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1. FORTRAN BACKGROUND
1.1 Fortran History and Standards

Fortran (FORmula TRANSslation) was the first highde programming language. It was devised by John
Bachus in 1953. The first Fortran compiler was picat! in 1957.

Fortran is highlystandardised making it extremelyortable (able to run on a wide range of computers and
operating systems). It is an evolving languagesipgshrough a sequence of international standards:

Fortran 66 — the original ANSI standard (acceft@d?!);

Fortran 77 — ANSI X3.9-1978 — structured prograngni

Fortran 90 — ISO/IEC 1539:1991 — major revision, madernises Fortran;

Fortran 95 — ISO/IEC 1539-1: 1997 — very minor reision;

Fortran 2003 — ISO/IEC 1539-1:2004(E) — adds dkjpeiented support and interoperability with C

Many Fortran compilers exist. The Fortran 95 coegilavailable in the University clusters are:
. Silverfrost (formerly, Salforg compiler,FTN95
. NAG compiler,nagfor .

1.2 Source Code and Executable Code

For all high-level languages (Fortran, C, Pascal,programmes are written source codeThis is a human-
readable set of instructions that can be createmiaxtified on any computer with artgxt editor. Filetypes
identify the programming language; e.g.

Fortran 95 files typically have typt5

C++ files typically have typecpp

The job of thecompileris to turn this into machine-readaleleecutablecode.
Under Windows, executable files have typee

In this course the programs are very simple anbusilally be contained in a singf®@5 file. However,
. in real engineering problems code is often coetim many separate source files;
. producing executable code is actually a two-sfgeess:
—compilingconverts each individual source file into internagelobjectcode;
—linking combines all the object files with additional koy routines to create axecutablgrogram.

Most Fortran code consist of multiebprogramsall performing specific, independent functionse$e may
be in one file or in separate files. The latteaagement allows them to be re-used in differentiegipns.
1.3 Fortran 95 Compilers

There are many Fortran 95 compilers. Free (wittri®ns) Fortran 95 compilers for Windows include

Silverfrost FTN95 http://www.silverfrost.com# an upgraded version of the compiler used here.
G95 http://www.g95.org/

Gnu Fortran http://gcc.gnu.org/wiki/GFortran

The other Fortran compilers available in the Ursitgrfor use with Windows are:

NAG Fortran http://www.nag.co.uk/nagware/np.aspvailable in the clusters

Intel Fortran Have to talk nicely to IT serviceoabthis.

If you prefer the linux operating system to Windothen the gfortran compiler is also available oa BCs
which allow a choice of operating systems.

The web resources for this course contain a I@tgficommercial Fortran compilers.

! Salford Software has now passed on any future etiak and development of this product to a software
company called Silverfrost, so on the web you sék it referred to as Silverfrost FTN95.
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2. RUNNING A FORTRAN PROGRAM

You may create, edit, compile and run a Fortragm either:
. from the command line;
. in an Integrated Development Environment (IDE).

Whatever you choose to compile and run the codeayeuguite entitled to create the source code it
editor you like: for exampleyotepad .

Create the following source file and callgtogl.f95

PROGRAM HELLO
PRINT *, 'Hello, world!"
END PROGRAM HELLO

Compile and run this code using any of the methio@sl — 2.4.

2.1 NAG Fortran — Using the FBuilder IDE
Start the IDE:
Start - All Programs - Site-licensed applications — Compilers
- NAG Fortran Compiler 5.2
Either open the pre-existing source file or créatend save it) using the IDE’s built-in editor.
Run it from the “Execute” icon on the toolbar. Thisll automatically compile, then run. An executbl
progl.exe will appear in the same folder as the source file.

2.2 NAG Fortran — Using the Command Window

Open a command window:
Start — Run — cmd (or just look in the standard Windowsessories)

Navigate to any suitable folder; e.g.
cd \work

Create (and then save) the source code
notepad progl.f95

Compile the code by entering
nagfor progl.f95

or, if you prefer the executable to be caledgl.exe rather than the dull defawdtexe :
nagfor —o progl progl.f95

Run the executable by typing its name.

2.3 Salford Compiler — Using the Plato IDE
Start the IDE:
Start - All Programs - Site-licensed applications — Compilers
— Salford — Plato

Either open the pre-existing source file or crétafend save it as 495 file) using the IDE’s own editor.

Run it from the “Execute” icon on the toolbar. Thisll automatically compile, then run. An execubl
progl.exe will appear in the same folder as the source file.
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2.4 Salford Fortran — Using the Command Window

Open a command window:
Start — Run —cmd (or just look in the standard Windowsessories)

Navigate to any suitable folder; e.qg.
cd \work

Create (and then save) the source code
notepad progl.f95

Compile and link the code by entering
ftn95 progl.fo5 /link

This will automatically create an executapltegl.exe . (If you don’t include thélink  option it will only
create an object filprogl.obj )

Run the executable by entering
progl
2.5 Irritating Features of the University PCs

It is possible that the operating syster®ATH environment variable will not be set to find theevant
software. In this case yauustopen the command window from the compiler’'s gromptheStart menu,
not justrun —cmd . (Entirely at the whim of IT Systems, this probleould occur any time.)

The software packages will have to be downloadedirfst use on a particular PC. This occurs auticady,
but it might take some time. There is now a nidé aathe Pariser building.

If the software has just been downloaded then yay need a reboot.

2.6 Getting Help

Help (for both the Fortran language and the usth@fcompiler) is available from pull-down menusbioth
Fbuilder andPlato IDEs.

Help is also available from the command line:

nagfor —help (compiler options only)
or

ftn95 /help
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3. ASIMPLE PROGRAM
Example Quadratic-equation solver (real roots).

The well-known solutions of the quadratic equation

Ax® +Bx+C =0
are
L. ~B#B?-4AC
2A

The roots are real if and only if tiléscriminant B —4AC is greater than or equal to zero.

A program which asks for the coefficients and then outihaseal roots might look like the following.

PROGRAM ROOTS

I Program solves the quadratic equation Ax**2+Bx+C= 0
IMPLICIT NONE
REAL A, B, C Ide clare variables

REAL DISCRIMINANT, ROOT1, ROOT2

PRINT *, 'Input A, B, C' I're quest coefficients
READ *, A, B, C

DISCRIMINANT =B **2-40*A*C I ca Iculate discriminant

IF ( DISCRIMINANT < 0.0) THEN
PRINT *, 'No real roots'

ELSE
I Calculate roots
ROOT1 = (-B + SQRT( DISCRIMINANT )) /(2.0 *A)
ROOT2 = (-B - SQRT( DISCRIMINANT ) )/ (2.0 *A)
PRINT *, 'Roots are ', ROOT1, ROOT2 lou tput roots
END IF

END PROGRAM ROOTS

This example illustrates many of the features of Fortran.

(1) Statements

Fortran source code consists of a seriestatementsThe usual use is one per line (interspersed with blank
lines for clarity). However, we shall see later that it issfie to have more than one statement per line and for
one statement to run over several lines.

Lines may be up to 132 characters long.

(2) Comments

The exclamation mark (!) signifies that everything afteon that line is acomment(i.e. ignored by the
compiler, but there for your information). Sprinkle libéyal

(3) Constants

Elements whose values don't change are tercoedtants Here,2.0 and4.0 arenumerical constantsThe
presence of the decimal point indicates that they areabtype. We shall discuss the difference between real
and integer types later.
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(4) Variables

Entities whose values can change are terwagthbles Each has aamethat is, basically, a symbolic label
associated with a specific location in memory. To make the cmile readable, names should be descriptive
and meaningful; e.@ISCRIMINANT in the above example.

All the variables in the above example have been declaretypaf REAL Other types INTEGER
CHARACTERLOGICAL, ...) will be introduced later, where we will also explain tMPLICIT NONE
statement.

Variables araleclaredwhen memory is set aside for them by specifying thegie tynddefinedwhen some
value is assigned to them.

(5) Operators

Fortran makes use of the usuahary numerical operators+, -, * and/ for addition, subtraction,
multiplication and division, respectivel§% indicates exponentiation (‘to the power of’).

Note that £’ is anassignment operatigmot a mathematical equality. Read it as “becomes”. It is perfectly
legitimate (and, indeed, common practice) to write stateméuats li

N=N+1
meaning “add 1 to variabl¢

(6) Intrinsic Functions

The Fortran standard provides somginsic (that is, built-in) functions to perform important mematical
functions. The square-root functi®@QRTis used in the example above. Others inclO@s SIN, LOG EXP,
TANH A list of useful mathematical intrinsic functions isgh in Appendix A4.

Note that, in common with all other scientific programmiagguages, the trigonometric functidBBN, COS
etc. expect their arguments to beadians

(7) Simple Input/Output

Simplelist-directedinput and output is achieved by the statements

READ *, list

PRINT *, list
respectively. The contents are determined by what Istirand the*’s indicate that the input is from the
keyboard and that the computer should decide how to formaiutput. Data is read from thtandard input
device(usually the keyboard) and output to gtandard output devic@usually the screen). In Section 10 it
will be shown how to read from and write to files and howroducdormattedoutput.

(8) Decision-making

All programming languages have some facility for decisi@king: doing one thing if some condition is true
and (optionally) doing something else if it is not. Tlaeticular form used here is
IF ( some condition THEN
[ do somethinp
ELSE
[ do something el$e
END IF

We shall encounter various other forms of ifReconstruct in Section 6.
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(9) ThePROGRAIKINAEND PROGRARtatements

Every Fortran program has one and only onain program We shall see later that it can have many
subprogramgsubroutinesor functiong. The main program has the structure
[PROGRAM [namd]
[ declaration statemerits
[ executable statemeits
END [PROGRAM [namé]

Everything in square brackets [ ] is optional. Howeveis good programming practice to put the name of the
program in both header aBiNDstatements, as in the quadratic-equation example above.

(10) Cases and Spaces

Except within character strings, Fortran is completage-insensitiveEverything may be written in upper
case, lower case or a combination of both, and we can refeg same variable &00Tlandrootl within
the same program unitVarning this is a very bad habit to get into, because it is nm tn some major
programming languages: notably C and C++.

Spacesare generally valid everywhere except in the middle of namekeywdbrds. As with comments, they
should be sprinkled liberally to aid clarity.

Indentationis optional but is highly recommended because it makesdhreasier to understand a program’s

structure. It is common to indent a program’s contbgt? or 3 spaces from its header &idDstatements,
and to indent the statements contained within, for exartplepnstructs oDOloops by a similar amount.

(11) Running the Program

Follow the instructions in Section 2 to compile and kimné program.

Run it by entering its name at the command prompt @m fwithin an IDE. It will ask you for the three
coefficientsA, B andC.

Try A=1,B=3,C=2 (i.e. x? +3x+ 2= 0). The roots should be —1 and —2. You can input the nusatser
132 [entef

or
1,3,2 [entel
or even
1 [entei
3 [entef
2 [entef

Now try the combinations
A=1,B=-5C=6
A=1,B=-5,C=10 (What are the roots of the quadratic equation irctEs?)

Fortran -7- David Apsley



4. BASIC ELEMENTS OF FORTRAN
4.1 Variable Names

A nameis a symbolic link to a location in memory. Variable is a memory location whose value may be
changed during execution. Names must:

. have between 1 and 31 alphanumeric characters (alphabet, digitsdmndcore);

. start with a letter.

It is possible — but unwise — to use a Fortran keywortti@®name of a standard intrinsic function as a variable
name. Tempting names that should be avoided in this reBpsote: COUNT LEN, PRODUCTRANGE
SCALE SIZE, SUMandTINY .

The following are valid (if unlikely) variable names:
Manchester_United
AS_EASY_AS_123

STUDENT
The following are not:
ROMEO+JULIET (+ is not allowed)
999Help (starts with a number)
HELLO! (! would be treated as a comment, not part of the variable name)

4.2 Data Types

In Fortran there areitrinsic (i.e. built-in) datatypes
integer
real
complex
character
logical
The first three are theumerictypes. The last two ar@n-numeridypes.

It is also possible to havderived types andpointers Both of these are highly desirable in a modern
programming language (they are very similar to featureseiitCtprogramming language), but they are beyond
the scope of this course.

Integerconstants are whole numbers, without a decimal point, e.g.

100 +17 -444 0 666
They are stored exactly, but their range is limited: typicalfy*+o 2**-1, wheren is either 16 (for 2-byte
integers) or 32 (for 4-byte integers — the default far aampiler). It is possible to change the default range
using thekind type parameter (see later).

Realconstants have a decimal point and may be entered as either

fixed pointe.g. 412.2

floating point e.g. 4.122E+02
Real constants are stored in exponential form in memorynatter how they are entered. They are accurate
only to a finite machine precision (which, again, can be changied thekind type parameter).

Complexconstants consist of paired real numbers, correspondiegltand imaginary parts. e(@.0,3.0)
corresponds to 2 H3

Characterconstants consist of strings of characters enclosed by &f pi&iiraiters, which may be either single
(' ) or double ) quotes; e.g.

'This is a string’

"School of Mechanical, Aerospace and Civil Enginee ring"”
The delimiters themselves are not part of the string.

Logical constants may be eith&/RUE. or.FALSE. .
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4.3 Declaration of Variables

Type Declarations

Variables should bdeclared(that is, have their data type defined and memory set asideeim) before any
executable statements. This is achieved typa declaration statemenf the form, e.g.,

INTEGER NUM

REAL X

COMPLEX Z

LOGICAL ANSWER

More than one variable can be declared in each statement. e.g.
INTEGER |, J, K

Initialisation

If desired, variables can hmitialised in their type-declaration statement. In this casdoable colon(:: )
separator must be used. Thus, the above examples might become:

INTEGER :: NUM = 20

REAL :: X =0.05

COMPLEX :: Z = (0.0,1.0)

LOGICAL :: ANSWER = .TRUE.

Variables can also be initialised witlb&TAstatement; e.g.
DATA NUM, X, Z, ANSWER / 20, 0.05, (0.0,1.0), .T RUE./
The DATAstatement must be placed before any executable statements.

Attributes

Various attributes may be specified for variables in their type-declaration rskatés. One such is
PARAMETERA variable declared with this attribute may not have itsevahenged within the program unit.
It is often used to emphasise key physical or mathematinatamts; e.g.

REAL, PARAMETER :: Pl = 3.14159

REAL, PARAMETER :: GRAVITY =9.81

Other attributes will be encountered later and there is a lteeaf in the Appendix. Note that the double colon
separator:( ) mustbe used when attributes are specified or variables are initialisésl optional otherwise.

Precision and “Kind'{Optional)

By default, in the particular Fortran implementation i@ tniversity clusters a variable declared by, e.g.,
REAL X
will occupy 4 bytes of computer memory and will be inacauratthe sixth significant figure. The accuracy
can be increased by replacing the type statement by the ofterbuseéprecated,
DOUBLE PRECISION X
with the floating-point variable now requiring twice as maytes of memory.

Unfortunately, the number of bytes with whiREAL andDOUBLE PRECISION(floating-point numbers are
stored is not set by the Fortran standard and varies befdggtan implementations. Similarly, whether an
INTEGER is stored using 2, 4 or 8 bytes affects the largest nuthia¢rcan be represented exactly. On
occasion these issues of accuracy and range may lead to diffesalis from the same program run on
different computers.

Thekind concept will not be mentioned much in this short courseit mivaluable in ensuring true portability
across platforms and one should be aware of its existengeu Mvish true portability then you may wish to
declare thé&ind of a variable type explicitly; e.g.
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INTEGER, PARAMETER :: IKIND = SELECTED_INT_KIND( 5)

INTEGER, PARAMETER :: RKIND = SELECTED_REAL_KIND  (6,99)

INTEGER (KIND=IKIND) |

REAL (KIND=RKIND) R
In this example, the first two lines work out the kiggd parameters needed to store integers of up to 5 digits
(i.e. 99999 to 99999) and real numbers of accuracy atdesighificant figures and covering a range 216
10°. These are assigned to parameter variail$D and RKIND, which can then be used to endow the
integerl and the reaR with the required range and precision.

To discover the default kinds for a particular Fortran im@atation try

PRINT *, KIND( 1), KIND( 1.0 ), KIND( 1.0D0 )
The intrinsic functionKIND returns the kind of its argument: in this example fefadlt integer, real and
double-precision data. (A quick test with the FTN95, B88 G95 compilers produces “3 1 2", “3 1 27
and “4 4 8", indicating that the default kinds are that same for different compilers even with the same
computer and operating system.)

Historical Baggage — Implicit Typing.

Unless a variable was explicitly typed, older versions afr&o implicitly assumed a type for a variable
depending on the first letter of its name. Thus, if nglieitly declared, a variable whose name started with
one of the letter6O was assumed to be an integer; otherwise it was assumedeal b@ience the appalling
Fortran joke: GODs REAL, unless declaredNTEGER?).

To allow older code to run, Fortran has to permit imptigiing. However, it isverybad programming practice

(leading to major errors if you mis-type a variable: ANGELinstead 0 ANGLE and it is highly advisable to:

. use a type declaration for all variables;

. put thelMPLICIT NONE statement at the start of all program units (thisgwff implicit typing and
the compiler will complain about any variable that you hawgdtten to declare).

4.4 Numeric Operators and Expressions

A numeric expressiors a formula combining constants, variables and functigitsg thenumeric intrinsic
operatorsgiven in the following table.

operator meaning precedentk = highest)
* exponentiationy) 1
* multiplication y) 2
/ division (x/y) 2
+ addition §&+y) or unary plus (%) 3
- subtraction X=y) or unary minus (¥ 3

An operator with two operands is calledbimary operator. An operator with one operand is callathary
operator.
Precedence

Expressions are evaluated in order: highest precedence (expooehfiast, then left to right. Brackets (),
which have highest precedence of all, can be used to oversde.thi

1+2*3 evaluatesas 1+§3) or 7
10.0/2.0*5.0 evaluatesas (10.0/20p5.0 or 25.0
50*%2.0**3 evaluates as  50(2.0°) or 40.0

Repeated exponentiation is the single exception to the leiftibrule for equal precedence:

C
A** B ** C evaluates asA®
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Type Coercion

When a binary operator has operands of different type, theewdagually integer) type isoerced(i.e.
converted) to the stronger (usually real) type and the resoltthe stronger type. e.g.
3/10.0 - 3.0/10.0 - 03

*»* WARNING *** The commonest source of difficulty is wih integer division If an integer is divided by an
integer then the result must be an integer and is obtdipaduncation towards zeroThus, in the above
example, if we had writte®/10 (without a decimal point) the result would have b@en

Integer division is fraught with dangers to the unwdsg. careful when mixing reals and integersriixed-
modeexpressions. If you intend a constant to be a real numbeig decimal poiht

Integer division can, however, be useful. For example,
25-4*(25/4)
gives the remainder (here, 1) when 25 is divided by 4.

Type coercion also occurs in assignment” ($ formally an operator — albeit one with the lowest precedence
of all, being performed after everything else is evaluatedhis case, however, the conversion is to the type
of the variable being assigned. Suppbskas been declared as an integer. Then it is only permitteddo ho
whole-number values and the statement

|=-25.0/4.0
will first evaluate the RHS (as — 6.25) and then truncateviatds zero, assigning the vak&tol .

4.5 Character Operators

There is only one character operatmmcatenation//; e.g.
‘Man' // 'chester' gives 'Manchester'

4.6 Logical Operators and Expressions

A logical expressioris either:

. a combination of numerical expressions and¢tetional operators

< less than

<= less than or equal

> greater than

>= greater than or equal

== equal

/= not equal
. a combination of other logical expressions, variables aniddieal operatorsgiven below.
operator meaning precedencél=highest)
NOT. logical negatio{. TRUE. - .FALSE. and vice-versa) 1
AND. logical intersection (both ard RUE. ) 2
.OR. logical union (at least one J¥RUE. ) 3
EQV. logical equivalence (botiTRUE. or both.FALSE. ) 4
.NEQV. logical non-equivalence (one.lBRUE. and the othelFALSE. ) 4

As with numerical expressions, brackets can be used to overeidedence.

A logical variable can be assigned to directly; e.g.
L =.TRUE.

or by using a logical expression; e.g.
L=A>0.0.AND.C>0.0
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Logical expressions are most widely encountered in decisiomgakg.

IF ( DISCRIMINANT < 0.0 ) PRINT *, 'Roots are co mplex'
The older formsLT. , .LE. , .GT. , .GE. , .EQ. , .NE. may be used instead of <=, >, >=, ==, /= if
desired.

Character strings can also be compared, according twhtracter-collating sequenagsed by the compiler:
this is often (but does not have to be), ASCII or EBCDO he Fortran standard requires that for all-upper-case,
all-lower-case or all-numeric expressions, normal dictionargroisl preserved. Thus, for example, both the
logical expressions

'ABCD' < 'EF'

'0123' < '3210'
are true, but

'DR' < 'APSLEY"
is false. However, upper case may or may not come before taserin the character-collating sequence and
letters may or may not come before numbers, so that mixedeogsessions or mixed alphabetic-numeric
expressions should not be compared as they could conceivablgifierent answers on different platforms.

4.7 Line Discipline

The usual layout of statements is one-per-line, interspewatid blank lines for clarity. This is the
recommended form in most instances. However,
. There may be more than one statement per line, separatetinycalone.g.
A=1; B=10; C=100
This is only recommended for simple initialisation of rethvariables.

. Each statement may run onto one or nzangtinuation linesf there is arampersandé&) at the end of
the line to be continued. e.g.
RADIANS = DEGREES * Pl &
/180.0
is the same as the single-line statement
RADIANS = DEGREES * P1/180.0

There may be up to 132 characters per line.

4.8 Miscellaneous Remarks

Pi
The constant appears a lot in mathematical programming, e.g. when comyéxttween degrees and radians.
If a REALvariableP! is declared then its value can be set within the program:
Pl =3.14159
but it is neater to declare it as a PARAMETER in its typéeshent:
REAL, PARAMETER :: Pl = 3.14159
Alternatively, a traditional method to obtain an accurate valt@irsvert the result tan(d4) = 1:
Pl =4.0* ATAN(1.0)
This requires an expensive function evaluation, so shoutibibe only once in a program.

Exponents

If an exponent (“power”) is coded as an integer (i.e. vatteodecimal point) it will be worked out by repeated
multiplication; e.qg.

A**3 will be worked outas A*A*A

A ** (=3) will be worked outas 1/ (A*A*A)
For non-integer powers (which includes whole-number pswea decimal point is used) the result will be
worked out by using the fact that

ab — (elna b :eblna
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(Actually, the base may not leebut the premise is the same.) e.g.
A**3.0  will be worked out as something akinetf .
However logarithms of negative numbers don’t ex&i the following Fortran statement is legitimate:

X=(-1)*2

but the next one isn't:
X=(-1)* 2.0

The bottom line is that:

. if the exponent is genuinely a whole number, then daset a decimal point — or, for small powers,
simply write it explicitly as a repeated multiple: e.g. A */A

. take special care with odd roots of negative numbers; e J”*(ybu should work out the fractional

power of the magnitude, then adjust the sign; e.g. wrig't-as — (82

Remember: because N TEGERarithmetic, the Fortran statement

X*(1/3)
will actually evaluate aX ** 0 ( which is 1.0, and presumably not intended). To enREAL arithmetic,
code the statement as

X**(1.0/3.0)

A useful intrinsic function for setting the sign of atpeession is
SIGN( X, Y) — absolute value of times the sign oY

Fortran -13- David Apsley



5. REPETITION: DOAND DO WHILE

ISee Sample Programs — Wefek 2

5.1 Types of DO Loop
One advantage of computers is that they never get bored éstirepthe same action many times.
If a block of code is to be performed repeatedly it is pgitlnaDOloop, the basic structure of which is:

DO

repeated section

END DO

(Indentation helps to clarify the logical structure of theecedt is easy to see which section is being repeated.)

There are two basic typesDBDloops:
(a) DeterministicDOloops — the number of times the section is repeated is stgpéditly; e.g.,

DOI=1,10

repeated section

END DO

This will perform the repeated section once for each valubextdunterl =1, 2, 3, ..., 10. The value of
itself may or may not actually be used in the repeated section.

(b) Non-deterministidOloops — the number of repetitions is not stated in advalrte.enclosed section is
repeated until some condition is or is not met. This magdne in two alternative ways. The first requires a
logical reason fostoppinglooping, whilst the second requires a logical reasoodatinuinglooping.

DO

IF ( logical expression EXIT

END DO
or

DO WHILE (  logical expressior

repeated section

END DO

5.2 Deterministic DO Loops

The general form of the DO statement in this case is:
DO variable= valuel value2[, value3

Note that:
. the loop will execute for each value of theriable fromvaluelto value2in steps ofalue3
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. value3may be negative or positive; if it is omitted (whicliie usual case) then it is assumed to be 1;

. the countewvariable must be ofINTEGER type; (there could be round-off errors if usiRgEAL
variables);

. value], value2 and value3 may be constants (e.g. 100) or expressions evaluatingegers (e.qg.
6*(2+J)

The counterl( in the program below) may, as in this program, singplynt the number of loops.

PROGRAM LINES
I lllustration of DO-loops
IMPLICIT NONE

INTEGER L lac ounter

DOL=1, 100 | sta rt of repeated section
PRINT *, 'l must not talk in class'

END DO I'end of repeated section

END PROGRAM LINES

Alternatively, the counter (in the program below) may actually be used in the repeatedrsecti

PROGRAM DOLOOPS
IMPLICIT NONE
INTEGER |
DOI1=1, 20

PRINT *,/ 1,1 *1
END DO
END PROGRAM DOLOOPS

Observe the effect of changing th®statement to, for example,
DO 1=10,20,3

or
DO | =20, -20, -5

5.3 Non-Deterministic DO Loops

The

IF(..)EXIT
form continues until some logical expression evaluatesTR&JE. . Then it jumps out of the loop and
continues with the code after the loop. In this formMRUE. result tells you when tstoplooping.

The

DO WHILE (...)
form continues until some logical expression evaluates asSEA Then it stops looping and continues with
the code after the loop. In this formTRUE. result tells you when toontinuelooping.

Most problems involving non-deterministic loops can betemiin either form, although some programmers
express a preference for the latter because it makes clear isilgricemtified place (the top of the loop) the
criterion for looping.

Non-deterministidGloops are particularly good for

. summing power series (looping stops when the absolute \a@fl a term is less than some given
tolerance);
. single-point iteration (looping stops when the chasdess than a given tolerance).
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As an example of the latter consider the following code édvirsg the Colebrook-White equation for the
friction factora in flow through a pipe:

1 —-20log [ks 4201 j
Jioo T P(37D Revh
The user inputs values of the relative roughnkssY) and Reynolds number Re. For simplicity, the program

actually iterates fox =1/+/A
X = —2.0Iog10( ks + Zslxj

37D Re
Note that:
. x must have a starting value (here it is set to 1);
. there must be a criterion for continuing or stopping itenathere: looping/iteration continues until
successive values differ by less than some tolerance, Sy 10
. in practice, this calculation would probably be part of icimbigger pipe-network calculation and

would be better coded asumction(see Section 9) rather thamnain program

PROGRAM FRICTION

IMPLICIT NONE
REAL KSD ! relative roughness (ks/D)
REAL RE I Reynolds number
REAL X I 1/SQRT(lambda)
REAL XOLD I previous value of X
REAL, PARAMETER :: TOLERANCE = 1.0E-5 I convergence tolerance
PRINT *, 'Input ks/D and Re' ! request values
READ *, KSD, RE
X=1.0 linitial guess
XOLD =X +1.0 I anything different from X
DO WHILE ( ABS( X - XOLD ) > TOLERANCE )
XOLD =X | store previous
X=-2.0*LOG10(KSD /3.7 +251*X/RE) !new value
END DO

PRINT *, 'Friction factor =', 1.0 / (X * X) ! output lambda

END PROGRAM FRICTION

Exercise re-code théOloop repeat criterion in thé& (... ) EXIT form.

5.4 Nested DO Loops

DOloops can beested(i.e. one inside another). Indentation is definitely reconastedrhere to clarify the loop
structure. A rather unspectacular example is given below.

PROGRAM NESTED
I lllustration of nested DO-loops
IMPLICIT NONE
INTEGER I, J I'loo p counters
DOI1=1,5 I sta rt of outer loop
DOJ=1,3 I sta rt of inner loop
PRINT *,'1,3="1,J
END DO l'end of inner loop
END DO I'end of outer loop
END PROGRAM NESTED
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5.5 Non-Integer Steps

The DOloop counter_musbe anINTEGER (to avoid round-off errors). To incremertin a non-integer
sequence, e.g

0.5,0.8, 1.1, ..
you should work out successive values in terms of a sepataggeal counter by specifying:
. an initial value Xo);
. a step sizeAx)
. the number of values to be outphiX

The successive values are:

Xor Xo TAX, Xg +2AX, ... ,Xg +(N,-1)AX.
Thei™ value is

Xo + (i — 1AX fori=1, ... ,N.

PROGRAM XLOOP
I lllustration of non-integer values

IMPLICIT NONE

REAL X I'val ue to be output

REAL X0 Lini tial value of X

REAL DX linc rement in X

INTEGER NX I num ber of values

INTEGER | !'loo p counter

PRINT *, 'Input X0, DX, NX' lreq uest values

READ *, X0, DX, NX

DO 1 =1, NX | sta rt of repeated section
X=X0+(1-1)*DX I'val ue to be output
PRINT *, X

END DO I'end of repeated section

END PROGRAM XLOOP

If one only uses the variab¥once for each of its values (as in the example above) theoenised to define it
as a separate variable, and one could simply combine the lines
X=X0+(1-1)*DX
PRINT *, X
as
PRINT *, X0+ (1—=1)* DX
There is then no need for a separate varigble
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6. DECISION-MAKING: IF AND CASE

ISee Sample Programs — Wefek 2

Often a computer is called upon to perform one set of adfi@asgne condition is met, and (optionally) some
other set if it is not. Thibranchingor conditionalaction can be achieved by the uséFofor CASEconstructs.
A very simple use ofF ... ELSE was given in the quadratic-equation program of Section 3.

6.1 The IF Construct
There are several forms If construct.
(i) Single statement.

IF ( logical expression statement

(i) Single block of statements.
IF ( logical expression THEN

things to be done if true

END IF

(iii) Alternative actions.
IF ( logical expression THEN

things to be done if true

ELSE

17

things to be done if false

END IF

(iv) Several alternatives (there may be seVELEBE If s, and there may or may not beESE).
IF ( logical expression-1) THEN

ELSE IF ( logical expression-2) THEN

[ELSE

END IF

As with DOloops,IF constructs can be nested; (this is where indentation is egyfub).
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6.2 The CASEConstruct

The CASE construct is a convenient (and sometimes more readable asftithent) alternative to an
IF ...ELSEIF ...ELSE -construct. It allows different actions to be performed depgndim theset of
outcomesgelectoj of a particular expression.

The general form is:
SELECT CASE ( expression)

CASE ( selector-1)
| block-1 |

CASE ( selector-2)
block-2 |

[CASE DEFAULT
| default block |
]

END SELECT

expressions an integer, character or logical expression. It is oftsihg simple variable.
selector-nis a set of values thakpressiommight take.

block-nis the set of statements to be executexjiressiories inselector-n

CASE DEFAULTIs used ifexpressiordoes not lie in any other category. It is optional.

Selectors are lists of non-overlappiimgeger or character outcomes, separated by commas. Outcomas can

individual values (e.g3, 4,5, 6 ) or ranges (e.g3:6 ). These are illustrated below and in the week’s
examples.

Example What type of key am | pressing?

PROGRAM KEYPRESS
IMPLICIT NONE

CHARACTER LETTER

PRINT *, 'Press a key'
READ *, LETTER

SELECT CASE ( LETTER)

CASE ('a','e', ', 'o', 'u', 'A", 'E', "I ,'0,'UY)
PRINT *, '"Vowel'
CASE ('b'd', 'f='n', j:'n', 'p"'t', 'v "'z &
'B"'D', 'F:'H', 'J3'N, 'PET 'V "z )

PRINT *, 'Consonant'

CASE ('0"'9')
PRINT *, 'Number'

CASE DEFAULT
PRINT *, 'Something else'

END SELECT

END PROGRAM KEYPRESS
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7. ARRAYS

ISee Sample Programs — Wepk 2

In geometry it is common to denote coordinatexhy,, x; or {x}. The elements of matrices are written as
auy, 12 ..., 8nn OF {8;}. These are examples sfibscripted variablesr arrays

It is common and convenient to denote the whole arrayshynsubscripted name; exg= {x}, a={a;}. The
presence of subscripted variables is important in any praogirggrianguage. The ability to refer to an array as
a whole, without subscripts, is an element of FortraB®@hich makes it particularly useful in engineering.

When referring to an individualementof an array, the subscripts are enclosed in parenthese¥(£)g,
A(1,2) ,etc..

7.1 One-Dimensional Arrays (Vectors)

Example Consider the following program to fit a straight litee the set of pointsx{,y,), )’:‘
(X2,¥2), ... , &n,yn) and then print them out, together with the besttfaight line. The data file xl Y1
is assumed to be of the form shown right and the bestrdiight line isy = mx+c where 2 Y2
Xy __ x
bkt A N Yn
N Xy _ _ XX _ 2y
m=—_————, c=y-nx where X=—, y=—7"
XY, N N
— =X
N
PROGRAM LINE_1
IMPLICIT NONE
INTEGER N ! number of points
INTEGER | I'a counter
REAL X(100), Y(100) I'arrays to hold the points
REAL SUMX, SUMY, SUMXY, SUMXX I various intermediate sums
REAL M, C !'line slope and intercept
REAL XBAR, YBAR I'mean x and y

SUMX = 0.0; SUMY = 0.0; SUMXY = 0.0; SUMXX =0.0 ! initialise sums

OPEN( 10, FILE = 'pts.dat") ! open data file; attach to unit 10
READ( 10, *)N ! read number of points

I Read rest of marks, one per line, and add to sums
DOI1=1,N
READ( 10, *) X(I), Y(I)
SUMX =SUMX + X(I)
SUMY =SUMY +Y(l)
SUMXY = SUMXY + X(I) * Y(I)
SUMXX = SUMXX + X(I) ** 2
END DO
CLOSE(10) I finished with data file

I Calculate best-fit straight line

XBAR = SUMX /N

YBAR = SUMY /N

M = (SUMXY /N - XBAR * YBAR ) / (SUMXX /N - XBAR ** 2)
C = YBAR - M * XBAR

PRINT *, 'Slope ="', M
PRINT *, 'Intercept=", C
PRINT '( 3( 1X, A10) )", X', 'y", 'mx+c'
DOI1=1,N
PRINT '( 3( 1X, 1PE10.3) )", X(I), Y(I), M* X(I) + C
END DO

END PROGRAM LINE_1
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Several features of arrays can be illustrated lsyekample.
7.2 Array Declaration

Like any other variables, arrays need to be detlateghe start of a program unit and memory spasigaed
to them. However, unlikescalar variables, array declarations require bothype (integer, real, complex,
character, logical, ...) ands&ze(i.e. number of elements).

In this case the two one-dimensional arrgysndY can be declared as of real type with 100 elemapthe
type-declaration statement
REAL X(100), Y(100)
or using theDIMENSIONattribute:
REAL, DIMENSION(100) :: X, Y
or by a separateIMENSIONstatement:
REAL X, Y
DIMENSION X(100), Y(100)

By default, the first element of an arrags subscript 1. It is possible to make the arrast §ftom subscript O
(or any other integer) by declaring the lower atvaynd as well. For example, to start at O instefald

REAL X(0:100)
Warning in the C programming language the default lowgestscript is 0.

7.3 Dynamic Arrays

An obvious problem arises. What if the number dhfsoN is greater than the declared size of the arrase(he
100)? Well, different compilers will do differenh@ unpredicatable things — most resulting in crashe

One solution (which used to be required in eaniersions of Fortran) was to check for adequate espac
prompting the user to recompile if necessary willrger array size:
READ (10, *) N
IF (N >100) THEN
PRINT *, 'Sorry, N > 100. Please recompile wi th larger array’
STOP
END IF
It is probably better to keep out of the way of amstrators if they encounter this error message.

A far better solution is to usdynamic memory allocatignhat is, the array size is determined (and copput
memory allocated) at run-time, not in advance dudampilation. To do this one must wE@catablearrays
as follows.

() In the declaration statement, use &id OCATABLEattribute; e.qg.
REAL, ALLOCATABLE :: X(:), Y(3)
Note that theshape but notsize is indicatecat compile-timey a single colon: ().

(ii) Once the size of the arrays has been idedtdierun-time allocate them the required amount of memory:
READ (10,*)N
ALLOCATE ( X(N), Y(N))
(iii) When the arrays are no longer needed, recov@amnory by de-allocating them:
DEALLOCATE ( X, Y)
7.4 Array Input/Output and Implied DO Loops
In the example, the lines
DOI=1,N
READ (10, *) X(I), Y(I)

END DO
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mean that at most one pair of points can be inputipe. With the single statement

READ (10, *) ( X(I), Y(I), I=1,N)
the program will simply read the firdt data pairs (separated by spaces, commas or lieek$r that it
encounters. Since all the points are read in onéhgy no longer need to be on separate lineseoiinut file.
The loop is implied without an actuaDstatement, so this is called (reasonably enougtithplied DO loop.

7.5 Array-handling Functions

Certain intrinsic functions are built into the larage to facilitate array handling. For example,dhe-by-one
summation can be replaced by the single statement

SUMX = SUM( X)
This uses the intrinsic functioBUM which adds together all elements of its arrayuargnt. Other array-
handling functions are listed in Appendix A4 andhe recommended textbooks.

7.6 Element-by-Element Operations

Sometimes we want to do the same thing to evemasié of an array. In the above example, for eaatk ma
form the square of that mark and add to a sum.afitsy expression

X*X
is a new array with elementg$. SUM(X*X)  therefore producesx?

Using many of these array features a shorter wersfothe program is given below. Note that use & t
intrinsic functionSUMobviates the need for extra variables to holdringgliate sums and there is a one-line
implied DOloop for both input and output.

PROGRAM LINE_2

IMPLICIT NONE

INTEGER N I number of points

INTEGER | ! a counter

REAL, ALLOCATABLE :: X(:), Y(3) I arrays to hold the points
REAL M, C !'line slope and intercept

REAL XBAR, YBAR I'mean x and y

OPEN( 10, FILE = 'pts.dat") ! open data file; attach to unit 10
READ( 10, *)N ! read number of points
ALLOCATE( X(N), Y(N)) I allocate memory to X and Y
READ( 10, *) (X(), Y(I), =1, N) !read rest of marks
CLOSE(10) I finished with data file

I Calculate best-fit straight line

XBAR = SUM( X ) /N

YBAR = SUM(Y)/N
M=(SUM(X*Y)/N-XBAR * YBAR )/ ( SUM( X * X ) /N - XBAR ** 2)
C = YBAR - M * XBAR

PRINT *, 'Slope =', M

PRINT *, 'Intercept =", C

PRINT '(3( 1X, A10 )), X, 'y, 'mx+c'

PRINT '( 3( 1X, 1PE10.3) ), (X(I), Y(), M*X() + C,1=1,N)

DEALLOCATE( X, Y) I retrieve memory space

END PROGRAM LINE_2
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7.7 Matrices and Higher-Dimension Arrays
An mxn array of numbers of the form

&y Ay

a a
is called amatrix. The typical element is denotegl It has two subscripts.

ml mn

Fortran allows matrices (two-dimensional arrayg),an fact, arrays of up to 7 dimensions. (Howeestjties
of the formajumno have never found much application in engineering!)

In Fortran the declaration and use G@BAL 3x3 matrix might look like
REAL A(3,3)
A(1,1)=1.0; A(1,2)=2.0; A(1,3)=3.0
A(2,1)=4.0
etc.
Other methods of initialisation will be discusseslduv.

Matrix Multiplication

Suppose, B andC are 33 matrices declared by
REAL, DIMENSION(3,3) :: A, B, C

The statement

C=A*B
doeselement-by-elememnultiplication; i.e. each element Gfis the product of the corresponding elements in
A andB.

To do “proper” matrix multiplication use the stand®&ATMUlfunction:
C =MATMUL(A, B)

Obviously matrix multiplication is not restricted Bx3 matrices. However, for matrix multiplication t@ b
legitimate the matrices must kbenformablei.e. the number of columns &f must equal the number of rows
of B.

7.8 Array Initialisation

Sometimes it is necessary to initialise all elers@rfitan array. This can be done by separate statengeg,
A(1) =1.0; A(2)=20.5; A(3)=10.0; A(4) =0.0; A()=0.0

It can also be done withATAstatement:
DATA A/1.0,20.5,10.0,0.0,0.0/

DATAstatements can be used to initialise multi-dimameli arrays. However, the storage order of elemisnts
important. In Fortrancolumn-majorstorage is used; i.e. the first subscript varestefst. For example, the
storage order of ax3 matrix is

A(1,1), A(2,1), A(3,1), A(1,2), A(2,2), A(3,2), A(1,3), A(2,3), A(3,3)
Warning this is the opposite convention to the C programgnanguage.

7.9 Array Assignment and Array Expressions

Arrays are used where large numbers of data elanaatto be treated in similar fashion. Fortrar®90iow
allows a “syntactic shorthand” to be used wherdfothe array name is used in a humeric expressibimowt
subscripts, then the operation is assumed to berperd onevery elementf an array. This is far more
concise than older versions of Fortran, where & necessary to ug#3loops.
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For example, suppose that arr&y®” andZ are declared with, say, 10 elements:
REAL, DIMENSION(10) :: X, Y, Z

Assignment
X=5.0

sets every element &fto the value 5.0.

Array Expressions

Y=-3*X
Setsy; to —3«; for each element of the respective arrays.

Y=X+3
Although 3 is only a scalay; is set tax, + 3 for each element of the arrays.

Z=X*Y
Setsz to xy; for each element of the respective arrays. Remerttiis is “element-by-element” multiplication.

Array Arguments to Intrinsic Functions

Y = SIN( X)
Setsy; to sinf;) for each element of the respective arrays.

7.10 The WHERE onstruct

WHERESs simply anlF construct applied to every element of an array. &@mple, to turn every non-zero
element of an arra& into its reciprocal, one could write
WHERE (A/=0.0)
A=1.0/A
END WHERE

Note that the individual elements Afare never mentionedWHEREELSE, ELSE WHEREEND WHERE}
can be used whenever one wants to use a correggoftbi, ELSE, ELSE IF , END IF} for each element of
an array.
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8. CHARACTER HANDLING

ISee Sample Programs — Wepk 3

Fortran (FORmula TRANSslation) was originally devatal for scientific and engineering calculationst no
word-processing. However, modern versions now leatensive character-handling capabilities.

8.1 Character Constants and Variables

A character constanfor string) is a series of characters enclosed in delimitghsch may be either single X
or double () quotes; e.g.

‘This is a string’ or "This is a string"
The delimiters themselves are not part of the gtrin

Delimiters of the opposite type can be used withgiring with impunity; e.g.
PRINT *, "This isn't a problem"

However, if the bounding delimiter is to be incldda the string then it must be doubled up; e.qg.
PRINT *, 'This isn"t a problem.’

Character variablesnust have theilength— i.e. number of characters — declared in ordsetaside memory.
Any of the following will declare a character vdria WORIDf length 10:

CHARACTER (LEN=10) WORD

CHARACTER (10) WORD

CHARACTER WORD*10
(The first is my personal preference).

To save counting characters, an assumed lengticgbed byL EN=* or, simply,*) may be used for character
variables with th® ARAMETERLttribute; i.e. those whose value is fixed. e.g.
CHARACTER (LEN=*), PARAMETER :: UNIVERSITY ='MA NCHESTER'

If LENis not specified for a character variable thedefaults to 1; e.qg.
CHARACTER LETTER

Character arrays are simply subscripted charactéahles. Their declaration requires a dimensiatestent
in addition to length; e.g.

CHARACTER (LEN=3), DIMENSION(12) :: MONTHS
or, equivalently,

CHARACTER (LEN=3) MONTHS(12)
This array might then be initialised by, for exampl

DATA MONTHS / 'Jan’, 'Feb', 'Mar', 'Apr', 'May', ‘Jun’, &

‘Jul’, 'Aug’, 'Sep’, 'Oct’, 'NoVv', ‘Dec' /

8.2 Character Assignment
When character variables are assigned they aedl fitom the left and padded with blanks if necgssgaor
example, ifTUNIVERSITY is a character variable of length 7 then

UNIVERSITY = 'UMIST' fills UNIVERSITY with 'UMIST '

UNIVERSITY ='Manchester' fills UNIVERSITY with 'Manches'

8.3 Character Operators

The only character operator/is (concatenatiopwhich simply sticks two strings together; e.g.
‘Man' // ‘chester' - 'Manchester'
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8.4 Character Substrings

Character substrings may be extended in a sinakstiion to sub-arrays; (in a sense, a charactegssrian
array — a vector of single characters). e.@IfY ='Manchester’  then

CITY(2:5) ='anch’
CITY(:3) ='Man'
CITY(7:) ='ster’

8.5 Comparing and Ordering

Each computer system haglaracter-collating sequendbat specifies the intrinsic ordering of the clutea
set. Two of the most common are ASCII (shown belamd EBCDIC. ‘Less than'<) and ‘greater than’()
strictly refer to the position of the characterghis collating sequence.

(
2
<
F
P
z
d
n
X

< oo OOl w~—

The ASCII character set. Characters 0-31 are cdrtharacters like [TAB] or [ESC] and are not shown.

The Fortran standard requires that upper-caserdefteZ and lower-case lettera-z are separately in
alphabetical order, that the numer@8 are in numerical order, and that a blank spaceesdmefore both. It
does not, however, specify whether numbers comerdedfr after letters in the collating sequenceloarer
case comes before or after upper case. Provided itheonsistent case, strings can be comparetieohasis
of dictionary order, but the standard gives no gn@ when comparing letters with numerals or upygr
lower case.

Example The following logical expressions are both trsadly):
'‘David Cameron' > 'David Apsley'
'First year' < 'Second year'

Example
100< 20 gives.FALSE. as a numeric comparison
'100' < '20' gives.TRUE. as a string comparison (comparison based onitechiaracter).

8.6 Intrinsic Subprograms With Character Arguments
The more common character-handling routines arengi Appendix A4. A full set is given in Hahn (¥99

Position in the Collating Sequence

CHAR(1) character in positioh of the system collating sequence;
ICHAR(C) position of characteC in the system collating sequence.

The system may or may not use ASCII as a collairggem, but the following routines are always aldé:
ACHAR(I) character in positioh of the ASCII collating sequence;
IACHAR(C) position of characteC in the ASCII collating sequence.
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The collating sequence may be used, for examplseptbnames into alphabetical order or convert betw
upper and lower case, as in the following example.

Example Since the separation ofb’*and ‘B, ‘c’ and ‘C etc. in the collating sequence is the same als tha
between &’ and ‘A’, the following subroutine may be used succesgif@ each character to convert lower to
upper case. [EETTERhas lower case it will:

. convert to its number usinfCHAR( )
. add the numerical difference between upper anél@asel CHAR('A")-ICHAR('a")
. convert back to a character usibglAR()

SUBROUTINE UC( LETTER)
IMPLICIT NONE
CHARACTER (LEN=1) LETTER

IF (LETTER >='a' .AND. LETTER <="z') THEN
LETTER = CHAR(ICHAR( LETTER ) + ICHAR('A") -ICHAR('a'))
END IF

END SUBROUTINE UC

Length of String

LEN( STRING) declared length 8 TRING, even if it contains trailing blanks;
TRIM( STRING ) same aSTRING but without any trailing blanks;
LEN_TRIM( STRING ) length of STRING with any trailing blanks removed.
Justification

ADJUSTL( STRING ) left-justified STRING

ADJUSTR( STRING ) right-justified STRING

Finding Text Within Strings

INDEX( STRING, SUBSTRING ) position of first (i.e. leftmost) occurrence 8UBSTRINGN STRING
SCAN( STRING, SET) position of first occurrence @iy character fronSETin STRING
VERIFY( STRING, SET) position of first character iISTRINGthat isnotin SET

Each of these functions returns 0 if no such pasiis found.
To search for thiast (i.e. rightmost) rather than first occurrence, adtlird argumenfTRUE. , e.g.:

INDEX( STRING, SUBSTRING, .TRUE. )
returns the position of tHast occurrence c8UBSTRINGN STRING.
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9. FUNCTIONS AND SUBROUTINES

ISee Sample Programs — Wepk 3

All major computing languages allow complex andfepetitive programs to be broken down into simpler
procedures, each carrying out particular well-deitasks, often with different values of theigumentsiIn
Fortran these subprograms are cafiatiroutinesandfunctions Examples of the action carried out by a single
subprogram might be:

. calculate the distance=/x? + y? of a point &,y) from the origin;
. calculaten! = n(n-1)...2.1for a positive integen

As these are likely to be needed several timés aippropriate to code them — just once — as aregkgm.

9.1 Intrinsic Subprograms

Certain subprogramsintrinsic subprograms — are defined by the Fortran standatdraust be provided by an
implementation’s standard libraries. For examgie,statement

Y =X * SQRT(X)
invokesanintrinsic functionSQRT with argumentX, andreturnsa value (in this case, the square root of its
argument) which is then employed to evaluate thmeric expression.

Useful mathematical intrinsic functions are listedAppendix A4. The complete set required by ttandard is
given in Hahn (1994). Particular Fortran impleméotes may supply additional routines; for examBiEN95
includes many plotting routines and an interfaCleérwin+ ) to the Windows operating system.

9.2 Program Units

There are four types grogram unit
main programs
subroutines
functions
modules

Each source file may contain one or more prograits amd is compiled separately. (This is why orguines
a link stage after compilation.) The advantage egfasating subprograms between source files iscdtier
programs can make use of the same routines.

Main Programs

Every Fortran program must contain exactly oran programwhich should start with RROGRAIMtatement.
This may invoke functions or subroutines which mayturn, invoke other subprograms.

Subroutines

A subroutine is invoked by

CALL subroutine-naméargument lisj
The subroutine carries out some action accordirtegovalue of the arguments. It may or may not gbkahe
values of these arguments.

Functions
A function is invoked simply by using its name (aardument list) in a numeric expression; e.g.

DISTANCE = RADIUS( X, Y)
Within the function’s source code its name (withatguments) is treated as a variable and shouassigned
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a value, which is the value of the function on exgee the example below. A function should be wgseh a
single (usually numerical, but occasionally chaeaatr logical) value is to be returned. It is pessitile, but
poor practice, for a function to change its argutmena better vehicle in that case would be a suin®.

Modules (see Section 11)

Functions and subroutines may imernal (i.e. CONTAINed within and only accessible to one particular
program unit) oexternal(and accessible to all). In this course we foaushe latter. Related internal routines
are better gathered together in special prograins wailledmodules Their contents are then made available
collectively to other program units by the inithtement

USE module-name

The basic forms of main program, subroutines andtfans are very similar and are given below. Asaliy ]
denotes something optional but, in these casessitongly recommended.

Main program Subroutines Functions
[PROGRAM [namé] SUBROUTINEhame(argument-list [typd FUNCTIONname(argument-lis}
USE statements USE statements USE statements
[IMPLICIT NONE] [IMPLICIT NONE] [IMPLICIT NONE]
type declarations type declarations type declarations
executable statements executable statements executable statements
END [PROGRAM [namd] END [SUBROUTINE [ nhamd] END [FUNCTION [ namé]

The first line is called thesubprogram statemerdnd defines the type of program unit, its name &sd
argumentsFUNCTIONsubprograms must also haveype This may be declared in the subprogram statement
or in a separate type declaration within the rautiself.

Subprograms pass control back to the calling pragndnen they reach thEND statement. Sometimes it is
required to pass control back before this. Thisfiscted by thd(RETURNstatement. A similar early death can
be effected in a main program bypaOPstatement.

Many actions can be coded as either a function sukaoutine. For example, consider a program which
calculates distance from the originz (x? + y?)¥/2:

(Using a function) (Using a subroutine)
PROGRAM EXAMPLE PROGRAM EXAMPLE
IMPLICIT NONE IMPLICIT NONE
REAL X, Y REAL X, Y
REAL, EXTERNAL :: RADIUS REAL RADIUS

EXTERNAL DISTANCE
PRINT *, 'Input X, Y'

READ *, X, Y PRINT *, 'Input X, Y*
PRINT *, 'Distance ="', RADIUS( X, Y) READ *, X, Y
CALL DISTANCE( X, Y, RADIUS )
END PROGRAM EXAMPLE PRINT *, 'Distance ="', RADIUS

END PROGRAM EXAMPLE

REAL FUNCTION RADIUS( A, B)

IMPLICIT NONE
REAL A, B SUBROUTINE DISTANCE(A, B,R)
IMPLICIT NONE
RADIUS = SQRT(A**2+B** 2) REAL A, B, R
END FUNCTION RADIUS R=SQRT(A**2+B**2)

END SUBROUTINE DISTANCE

Fortran -29 - David Apsley



Note that, in the first example, the calling pragrenust declare the type of the functi@ADIUS amongst its
other type declarations. It is optional, but goodctice, to identify external functions or subraes by using
either anEXTERNALAattribute in the type statement (as in the firsareple) or a separatEXTERNAL
statement (as in the second example). This makes what external routines are being used and essoat
if the Fortran implementation supplied an intringdtine of the same name then the external rowtioeld

override it.

Note that all variables in the functions or subiweg above havecopethe program unit in which they are
declared; that is, they have no connection with\arjables of the same name in any other progratm un

9.3 Subprogram Arguments

The arguments in the subprogram statement aredailismmy argumentghey exist only for the purpose of
defining this subprogram and have no connectioother variables of the same name in other prognaits.u
The arguments used when the subprogram is actimathked are called thactual arguments They may be
variables (e.gX, Y), constants (e.dL.0 , 2.0 ) or expressions (.§.0+ X , or 2.0/Y ), but they must
be of the same type and number as the dummy argsnier example, thRADIUS function above could not
be invoked aRADIUS( X) (too few arguments) or &ADIUS(1, 2) (arguments of the wrong type).

(You may wonder how it is, then, that many intrinsubprograms can be invoked with different typés o
argument. For example, in the statement

Y = EXP(X)
X may be real or complex, scalar or array. Thisheved by a useful, but highly-advanced, processvk as
overloading which is way beyond the scope of this course.)

Passing by Name/Passing by Reference

In Fortran, if the actual arguments are variablesy are passelly referenceand their values will change if
the values of the dummy arguments change in thpregkbam. If, however, the actual arguments areeeith
constants or expressions, then the arguments aseghhy value i.e. the values are copied into the
subprogram’s dummy arguments.

Warning in C or C++ all arguments are passed by valuefeature that necessitates the us@ahtersin
order to change their values when returning tootiiginal program.

Declaration of Intent

Because input variables passed as arguments makdmged unwittingly if the dummy arguments change
within a subprogram, or, conversely, because acpéat argument is intended as output and so mast b
assigned to a variable (not a constant or expmgsdtois good practice to declare whether dumnguarents
are intended as input or output by usingIMEENT attribute. e.g. in the above example:
SUBROUTINE DISTANCE(A, B,R)

REAL, INTENT(IN) :: A, B

REAL, INTENT(OUT) = R
This signifies that dummy argumemisand B must not be changed within the subroutine and ttiethird
actual argument must be a variable. There is alsNBENT(INOUT) attribute.

9.4 The SAVEAttribute

By default, variables declared within a subprogidomnot retain their values between successive talibe
same subprogram. This behaviour can be overridgendSAVEattribute; e.g.

REAL, SAVE :: X
which will store the value oX for the next time the routine is used.
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9.5 Array Arguments

Arrays can be passed as arguments in much the wagnas scalars, except that the subprogram must kno
the dimensions of the array. This can be achiewedriumber of ways, the most common being:

. Fixed array size — usually for smaller arrays saglzoordinate vectors; e.g.
SUBROUTINE GEOMETRY( X )
REAL X(3)
. Pass the array size as an argument; e.g.

SUBROUTINE GEOMETRY( NDIM, X )
REAL X(NDIM)

To avoid errors, array dummy arguments should hlawesame dimensions and shape as the actual arggumen
Dummy arguments that are arrays must not have\th€® CATABLEattribute. Their size must already have
been declared or allocated in the invoking proguain

9.6 Character Arguments

Dummy arguments of character type behave in aaimilanner to arrays — their length must be madekno
to the subprogram. However, a character dummy aggtirmay always be declared with assumed length
(determined by the length of the actual argumeng),

CALL EXAMPLE( 'David")

SUBR6UTINE EXAMPLE( PERSON )
CHARACTER (LEN=*) PERSON

There are a large number of intrinsic charactedhag routines (see the recommended textbooks).eSaim
the more useful ones are given in Appendix A4.
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10. ADVANCED INPUT/OUTPUT

ISee Sample Programs — Welk 4

Hitherto we have used simplist-directedinput/output (i/0) with thestandard input/outputlevices(keyboard
and screen):
READ *, list
PRINT *, list
This section describes how to:
. useformattedoutput to control the layout of results;
. read from and write tfiles;
. use additionapecifiersto provide advanced i/o control.

10.1 READ and WRITE
General list-directed i/o is performed by the staats
READ( unit, format) list

WRITE( unit, format) list

unit can be one of:

. an asterisk , meaning the standard i/o device (usually the &ayt/screen);
. aunit numberin the range 1 to 99 which has been associatddamitxternal file(see below);
. a character variablénternal file): this is the simplest way of interconverting nwergand strings.

formatcan be one of:

. an asterisk , meaning list-directed i/0;
. alabel associated with BORMABtatement containing a format specification;
. a character constant or expression evaluatingdonaat specification.

list is a set of variables or expressions to be inpoutput.
In terms of the simpler i/o statements used before:
READ( *, *) is equivalentto READ *
WRITE(*, *) is equivalentto PRINT *
10.2 Input/Output With Files
Before an external file can be read from or writtenit must be associated withuait numberby anOPEN
statement. e.g. to associate the externairfjat.dat  with the unit numbet0:

OPEN( 10, FILE = 'input.dat' )

One can then read from the file using

READ( 10, )
or write to the file using
WRITE( 10, )

Although units are automatically disconnected aigpam end it is good practice (and it frees the nmmber
for re-use) if it is explicitly closed when no lergneeded. For the above example, this means:
CLOSE(10)

In general the unit number (10 in the above exajnpiay be any number in the range 1-99. Historically
however, 5 and 6 have been preconnected to théssthmput and standard output devices, respegtivel

The example above shovBPENused to attach a file f@wequential(i.e. beginning-to-end)ormatted (i.e.
human-readable) access. This is the default adl ise shall have time to cover in this course. iduer,
Fortran can be far more flexible — see for exartipderecommended textbooks.
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10.3 Formatted WRITE

In the output statement

WRITE(  unit, format) list
list is a comma-separated set of constants or variablbe outputunit indicates where the output is to go,
whilst formatindicates the way in which the output is to beast If formatis an asterisk * then the computer
will choose how to set it out. However, if you wikhdisplay output in a particular way, for exampleneat
columns, then you must specify the format morefadye

Alternative Formatting Methods

The following code fragments are equivalent medrspecifying the same output format. They show hoWw
andE edit specifierglisplay the number 55 in integer, fixed-point flodting-point formats.

(i) Using aFORMABtatement with a label (het®0):

WRITE( *, 150 ) 55, 55.0, 55.0

150 FORMAT( 1X, 13, 1X, F5.2, 1X, E8.2)

(ii) Putting the format directly into th&/RITE statement:

WRITE(*, '( 1X, 13, 1X, F5.2, 1X, E8.2)") 55, 55 .0,55.0

(iii) Putting the format in a character variakiideither in its declaration as here, or a subsecagsignment):

CHARACTER (LEN=*), PARAMETER :: C ='( 1X, 13, 1X, F5.2, 1X, E8.2)'

WRITE(*, C ) 55, 55.0, 55.0

Any of these will output (to the screen):
55 55.00 0.55E+02

Terminology

A recordis an individual line of input/output.

A format specificatiordescribes how data is laid out in (one or moredgs.

A labelis a number in the rande99999 preceding a statement on the same line. The comshoses are in
conjunction withFORMABtatements and to indicate where control showd flowing an i/o error.

Edit Descriptors

A format specificationconsists of a series @it descriptors(e.g. 14 , F7.3 ) separated by commas and
enclosed by brackets. The commonest edit descsipter.

I w integer in a field of widthw;

Fw.d real, fixed-point format, in a field of widthr with d decimal places;

Ew.d real, floating-pointéxponentigl format in a field of widthw with d decimal places;

nPEw.d floating point format as above withsignificant figures in front of the decimal point;

Lw logical value (T oF) in a field of widthw;

Aw character string in a field of widik;

A character string of length determined by the auipt)
"text acharacter string actually placed in the formeaicfication;
nX n spaces

Tn move to positiom of the current record;

/ start a new record.

This is only a fraction of the available edit dgsits — see the recommended textbooks.
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Notes
Q) If the required number of characters is lesntthe specified width then the output will be tigh
justified in its field.

(2) (For numerical output) if the required numbécbaracters exceeds the specified width theniéié f
will be filled with asterisks. E.g, attempting toite 999 with edit descriptd2 will result in** .

3) Attempting to write output using an edit spigifof the wrong type (e.®.14 in integer specifier
14 ) will result in a run-time error — try it so thygbu recognise the error message.

4) The format specifier will be used repeatedlyiluhe output list is exhausted. Each use wilrtsta
new record. For example,
WRITE( *, '(1X, 12, 1X, 12, 1X,12)") ( L1=1,5)
will produce the following lines of output:
123
45
(5) If the whole format specifier isn’t required (astle last line above) the rest is simply ignored.

Repeat Counts
Format specifications can be simplified by collegtirepeated sequences together in brackets widpeat

factor. For example, the code example above cdstdlze written
WRITE(*, '(3(1X,12)))(1,1=1,5)

Historical Baggage: Carriage Control

It is recommended that the first character of atputurecord be a blank. This is best achieved blimgathe
first edit specifier eithet X (one blank space) @2 (start at the second character of the recordhdrearliest
versions of Fortran the first character effected ltontrol on a line printer. A blank meant ‘starew record'.
Although such carriage control is long gone, solme& evices may still ignore the first charactenogcord.

10.4 The READ Statement

In the input statement
READ( unit, format) list
list is a set of variables to receive the datdt andformatare as for the correspondidRITE statement.

Although formatted reads are possible (an examplgiven in the example programs for Week 4), it is
uncommon forformatto be anything other than(i.e. list-directed input). If there is more thame variable in
list then the input items can be separated by blamespaommas or simply new lines.

Notes
(1) EachREADstatement will keep reading values from the inmiil the variables irist are assigned
to, even if this means going on to the next record.

(2) EachREADstatement will, by default, start reading fromeawline, even if there is input data unread
on the previous line. In particular, the statement
READ(*, *)
(with nolist) will simply skip a line of unwanted data.

3) The variables ifist must correspond in type to the input data — thélebe a run-time error if you
try to read a number with a decimal point into mteger variable, or some text into a real variatole,
example.
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Example The following program reads the first two itemnsnfi each line of an input filmput.dat and
writes their sum to a fileutput.dat

PROGRAM IO
IMPLICIT NONE
INTEGER |
INTEGER A, B

OPEN( 10, FILE='input.dat')
OPEN( 20, FILE='output.dat')

DOI=1,4
READ( 10, *) A, B
WRITE( 20, *) A + B

END DO

CLOSE(10)
CLOSE(20)
END PROGRAM IO

A sample input fileiput.dat ) is:

10 3
-2 33
3 -6
40 15

Exercise

Q) Type the source code into filef95 (say) and the input data intoput.dat (saving it in the
same folder). Compile and run the program and clieeloutput file.

(2) Modify the program to write the output to sareéestead of to file.

3) Modify the program to format the output in dyticolumn.

(4) Try changing the input file and predicting/ohseg what happens. Note any run-time error message
® Change the first data item from 10 to 10.0kywloes this fail at run-time?
(i) Add an extra number to the end of the fiinsel- does this make any difference to output?
(iii) Split the last line with a line break — dosss make any difference to output?
(iv) Change the loop to run 3 times (without chiagghe input data).
(V) Change the loop to run 5 times (without chagghe input data).

10.5 Repositioning Input Files

REWIND unit repositions the file attached tmit at the first record.
BACKSPACE unit repositions the file attached toit at the start of the previous record.

Obviously, neither will work iunit is attached to the keyboard!

10.6 Additional Specifiers

The general form of thREADstatement is
READ( unit, formaf, specifier$)
Some useful specifiers are:

IOSTAT = integer-variable  assignsnteger-variablewith a number indicating status
ERR = label jump tolabel on an error (e.g. missing data or data of the gitgpe);
END = label jump tolabelwhen the end-of-file marker is reached.

IOSTAT returns zero if the read is successful, diffene@gative integers for end-of-fillEQH or end-of-
record EOR, and positive integers for other errors. (For BEN-1 mean&OFand —2 meanEOR this isn't
guaranteed by the Fortran standard, but it seemsttio for all the compilers available at the Unisigy)
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Non-Advancing Input/Output

By default, eaciREADor WRITE statement will automatically conclude with a cage return/line feed. This
can be prevented with &DVANCE = 'NO' specifier; e.g.

WRITE( *, '(A)', ADVANCE ='NO'") 'Enter a numbe r'

READ *, |

Note that a format specifier (het@d)' ) mustbe used for non-advancing i/o, even for a simpkpuat string.
The following statement won’t work:
WRITE( *, *, ADVANCE ='NO") 'Enter a number: '

AssumingCH has been declared as a character variable (ofhle)ghen a single character at a time can be
read from a text file attached to unit 10 by:
READ( 10, '(A1)', IOSTAT =10, ADVANCE ='NO") C H

To see programs using additional specifiers seexbheple programs for week 4.
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11. MODULES

ISee Sample Programs — Welk 4

Modules are the fourth type of program unit (aftexin programssubroutinesandfunctiong. They were new
in Fortran 90 and typify modern programming pragetic

A module has the form:

MODULEmodule-name
type declarations
[CONTAINS
internal subprogranis
END [MODULE [ module-nami

The main uses of a module are:
. to allow sharing of variables between multiplegreom units;
. to collect together related internal subprografmsations or subroutines).

Other program units have access to these modukebles and internal subprograms via the statement
USEmodulename
(which should be placed at the start of the proguaity before anyMPLICIT NONE or type statements).

Modules make redundant older elements of Fortrach sas COMMOMIocks (used to share variables),
statement functions (one-line internal function®) ¢he (never-actually-standariséN)CLUDE statement.

11.1 Sharing Variables

Variables are passed between one program unit motther via argument lists. For example a programng ma
call a subroutin®OLARShy

CALL SUBROUTINE POLARS( X, Y, R, THETA)
The program passes and Y to the subroutine and receivBsand THETAIn return. Any other variables
declared in one program unit are completely unknséavihe other, even if they have the same nameerOth
routines may also catOLARSn the same way.

Communication by argument list alone is OK provideel argument list is (a) short; and (b) unlikely}change
with code development. Problems arise if:

. a large number of variables need to be shareddestwrogram units; (the argument list becomes long
and unwieldy);
. code is under active development; (the variabdesgbshared may need to be changed, and will have

to be changed consistently in every program unkingathat subroutine call).

Modules solve these problems by maintaining a aéewllection of variables which can be modifiedemh
required. Any changes only need to be made in thdufe. This is analogous to a web-based database —
changes are made in one place (the server), bliecarade from anywhere linked to it.

11.2 Internal Functions

Subroutines and functions can bgternal or can beinternal to bigger program units. However, internal
subprograms are accessible only to the programiumitich they are defined (which is a bit selfjshrhus,
they are only of use for short, simple functionsdafic to that program unit. A better vehicle far mternal
function is a module, because if that containsrivgefunctions or subroutines then they are acbkssd all
the subprograms thatSEthat module.
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11.3 Example

The following, somewhat trite, example illustratesw a program CONE uses a routine from a module
(GEOMETRYo find the volume of a cone. Note the USE stetiet in the main program and the structure of
the module. The arrangement is convenient becduse ilater decide to add a new global variable or
geometry-related function (say, a functd@LUME_CYLINDER! is easy to do so within the module.

MODULE GEOMETRY
I Functions to compute areas and volumes
IMPLICIT NONE

I Shared variables
REAL, PARAMETER :: Pl = 3.14159

CONTAINS
! Internal subprograms

REAL FUNCTION AREA_CIRCLE(R)
REAL R
AREA_CIRCLE =PI*R ** 2

END FUNCTION AREA_CIRCLE

REAL FUNCTION AREA_TRIANGLE(B, H)
REAL B, H
AREA_TRIANGLE =05*B*H

END FUNCTION AREA_TRIANGLE

REAL FUNCTION AREA_RECTANGLE(W, L)
REAL W, L
AREA_RECTANGLE =W * L

END FUNCTION AREA_RECTANGLE

REAL FUNCTION VOLUME_SPHERE(R)
REAL R
VOLUME_SPHERE = (4.0/3.0) *PI*R ** 3
END FUNCTION VOLUME_SPHERE

REAL FUNCTION VOLUME_CUBOID( W, L, H)
REAL W, L, H
VOLUME_CUBOID =W *L*H

END FUNCTION VOLUME_CUBOID

REAL FUNCTION VOLUME_CONE(R, H)
REAL R, H
VOLUME_CONE =PI*R**2*H/3.0
END FUNCTION VOLUME_CONE

END MODULE GEOMETRY

PROGRAM CONE
USE GEOMETRY ! declare use of modul e
IMPLICIT NONE
REAL RADIUS, HEIGHT

PRINT *, 'Input radius and height'
READ *, RADIUS, HEIGHT

PRINT *, '"Volume: ', VOLUME_CONE( RADIUS, HEIGHT )
END PROGRAM CONE
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Note that the internal functions of the module (&l as any program units using the module) autaalhy
have access to any module variables abovE @ TAINSstatement (here, juBt ).

11.4 Compiling Programs With Modules

The module may be in the same source file as @ifoggram units or it may be in a different file. €oable the
compiler to operate correctly, however, the modulest be compiled before any program units th3Eit.
Hence,

. if it is in a different file the module must berapiled first;

. if it is in the same file the module must comedbefany program units thBaISEit.

Compilation results in a special file with the sarnet name and filename extensionod and, if there are
internal subprograms, an accompanyivigj file.

Assuming that the program is in fitene.f95 and the module in filgeometry.f95  the compilation and
linking commands for the above example (with thé&\B% compiler) are

ftn95 geometry.f95

ftn95 cone.f95

slink cone.obj geometry.obj
This will create an executable fitmne.exe (based on the first name supplied to the linker).

If running from the command window then the seqeewsfccompiling and linking commands can convenientl
be put in a batch file.

Fortran -39 - David Apsley



12. OTHER FORTRAN FEATURES

This course is too short to cover more advancetlifes of Fortran. However, you may like to inveategfor
yourself some of the following:

. derived data types
. pointers
. object-oriented programming-ortran 2003 only)

12.1 Derived Data Types

The intrinsic data types aipteger, real, complex character logical. However, you are at liberty to devise
your owncompositeor deriveddata types. These are like database records.

For example you might defireetypeSTUDENTas:
TYPE STUDENT
CHARACTER (LEN=20) SURNAME
CHARACTER (LEN=20) FIRSTNAME
INTEGER YEAR
REAL MARK
END TYPE

VariablesA, B, C could then be declaredf this type by

TYPE (STUDENT) A, B, C
Such variables are also callstluctures Note that each one has multiple components, wdiiehobtained by
use of the %eomponent selectqsee below).

Variables of derived type can be assigeéber by specifying individual components; e.g.
A%SURNAME = 'Apsley'
A%FIRSTNAME = 'David'
A%YEAR =2
A%MARK =75.0
or, more efficiently, as a single statement:
A = STUDENT( 'Apsley’, 'David', 2, 75.0)
(The second method can also be included in thedgpkaration).

They can then be used as single entities, or i itdividual components; e.g.
IF (A%MARK > 69.5) PRINT *, 'First class'

You can have arrays of structures, just like arcfyany other type; e.qg.
TYPE (STUDENT), DIMENSION(300) :: CIVIL_ENGINEER ING

12.2 Pointers

Pointer variables (with type declaration includitige POINTER attribute) can be used to “point to” other
variables (declared with thBARGETattribute). They thus form an alias for that targgriable; the target can
change during program operation. Pointers arewsstul in linked lists — you don't need to contitiyae-sort
arrays, just have pointers to the next element.

12.3 Object-Oriented Programming (Fortran 2003 only )
Object-oriented programminig a modern paradigm or style of programming theludes the concepts of:

. encapsulation(“self-contained; private”) — individuabbjects of a givenclass contain variables
(“propertied) and code that are hidden to the outside world @mdonly be accessed indirectly by
subprograms ghethod® of that object. The best analogy | can thinkiothe Faculty’s IT support
object where the individual computer officers cdost the properties, are hidden from view in a
keypad-accessible office off the Pariser compultester, and can only be accessed by the “Hotline”
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method!

. modularity (“small, specialised parts”) — breaking down a pter task into many small, specific and
reusable individual tasks, which are only incorpedawhen needed. This is the purpose of
subroutines and functions.

. polymorphisn(“same name, but operation depends on contextllpws calling a routine of the same
name with arguments of different type; e.g. #@RTfunction with arguments which may be real or
complex, scalar or array. In Fortran this alsoudelsoperator overloadingso that you could (if you
really wanted to) redefine the operator to mean “subtraction” when applied totaiartypes of
variables. Hmm.

. inheritance— a subclass automatically receives the propeatnes methods of its parent. As a real-
world analogy a class “Road” may have subclassest@hlvay” and “Street”.

As you might infer, | am not a great fan of objedented programming, which is the raison d'étre of
languages like C++, but seems to lead to unjudtiiemplexity for most engineering tasks. Chapman’s
textbook explains it well in the Fortran contexbtbl that there are precious few (if any) compitbet fully
implement the Fortran 2003 standard.
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APPENDICES

Al. Order of Statements in a Program Unit

If a program unit contains no internal subprogréimes the structure of a program unit is as follows.

PROGRANFUNCTION SUBROUTINEbr MODUL Etatement

USEstatements
IMPLICIT NONE statement
PARAMETERN type declarations
DATAstatements
FORMAT
statements

executable statements

ENDstatement

Where internal subprograms are to be used, a nesrergl form would look like:

PROGRANFUNCTION SUBROUTINEr MODULEBtatement
USEstatements
IMPLICIT NONE statement
PARAMETERNd type declarations
DATAstatements yp
FORMAT
statements
executable statements
CONTAINS
internal subprograms
ENDstatement
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A2. Fortran Statements

The following list is of the more common statemeantd is not exhaustive. A more complete list mayooed
in the recommended textbooks. To dissuade you frsing them, the table does not include elementadier
versions of Fortran — e.gCOMMONMlocks, DOUBLE PRECISION real type, INCLUDE statements,
CONTINUEand (the truly awfullGOTG- whose functionality has been replaced by betmnents of Fortran

90/95.

ALLOCATE Allocates dynamic storage.

BACKSPACE Positions a file before the preceding record.
CALL Invokes a subroutine.

CASE Allows a selection of options.

CHARACTER Declares character data type.

CLOSE Disconnects a file from a unit.

COMPLEX Declares complex data type.

CONTAINS Indicates presence of internal subprograms.
DATA Used to initialise variables at compile time.
DEALLOCATE Releases dynamic storage.

DIMENSION Specifies the size of an array.

DO Start of a repeat block.

DO WHILE Start of a block to be repeated while some comlisdrue.

ELSE ELSE IF , ELSE WHERE

Conditional transfer of control.

END

Final statement in a program unit or subprogram.

END DQEND IF , END SELECT

End of relevant construct.

EQUIVALENCE

Allows two variables to share the same storage.

EXIT Allows exit from within aDOconstruct.

EXTERNAL Specifies that a name is that of an external pnareed
FORMAT Specifies format for input or output.

FUNCTION Names a function subprogram.

IF Conditional transfer of control.

IMPLICIT NONE Suspends implicit typing (by first letter).

INTEGER Declares integer type.

LOGICAL Declares logical type.

MODULE Names a module.

OPEN Connects a file to an input/output unit.

PRINT Send output to the standard output device.

PROGRAM Names a program.

READ Transfer data from input device.

REAL Declares real type.

RETURN Returns control from a subprogram before hittirgENDstatement.
REWIND Repositions a sequential input file at its firstoed.

SELECT CASE Transfer of control depending on the value of sexgession.
STOP Stops a program before reaching Ei¢Dstatement.
SUBROUTINE Names a subroutine.

TYPE Defines a derived type.

USE Enables access to entities in a module.

WHERE IF -like construct for array elements.

WRITE Sends output to a specified unit.
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A3. Type Declarations

Type statements:
INTEGER
REAL
COMPLEX
LOGICAL
CHARACTER
TYPE ( user-defined, derived types

The following attributes may be specified.
ALLOCATABLE
DIMENSION
EXTERNAL
INTENT
INTRINSIC
OPTIONAL
PARAMETER
POINTER
PRIVATE
PUBLIC
SAVE
TARGET

Variables may also havekdND, which will affect the numerical precision with igh they are stored.

A4. Intrinsic Routines

A comprehensive list can be found in the recommeneetbooks or in the compiler’s help files.

Mathematical Functions
(ArgumentsX, Y etc. can be real or complex, scalar or array srépecified otherwise)

COS(X) ,SIN(X) ,TAN(X) -—trigonometric functions (arguments argadiang

ACOS(X) ,ASIN(X) ,ATAN(X) - inverse trigonometric functions

ATAN2(Y, X) - inverse tangent of/X in the rangem to 1t (real arguments)

COSH( X) ,SINH(X) ,TANH(X) - hyperbolic functions

EXP(X) ,LOG(X) ,LOG10(X) - exponential, natural log, base-10 log functions

SQRT(X) - square root
ABS(X) - absolute value (integer, real or complex)

MAX( X1, X2, ...), MIN( X1, X2, ...) —maximum and minimum (integer or real)

MODULO( X, Y) —XmoduloY (integer or real)
MOD( X,Y) —remainder wheK is divided byY

Type Conversions
INT(X) - converts real to integer type, truncating towarelro
NINT(X) - nearestinteger

CEILING(X) ,FLOOR(X) - nearestinteger greater than or equal, lessahagual

REAL( X) - convertto real

CMPLX( X) orCMPLX(X,Y) —realtocomplex
CONJG(Z) - complex conjugate (compley
AIMAG(Z) —imaginary part (complex)

SIGN( X, Y) — absolute value of times sign ofY

Character-Handling Routines
CHAR(1) - character in positioh of the system collating sequence;
ICHAR(C) - position of characteZ in the system collating sequence.
ACHAR(I) —character in position of the ASCII collating sequence;
IACHAR(C) - position of characteZ in the ASCII collating sequence.

Fortran -44 -

David Apsley



LEN( STRING ) - declared length @TRING, even if it contains trailing blanks;
TRIM(STRING ) - same aSTRING but without any trailing blanks;
LEN_TRIM( STRING ) - length ofSTRING with any trailing blanks removed.

ADJUSTL(STRING ) - left-justifiedSTRING
ADJUSTR( STRING ) - right-justifiedSTRING

INDEX( STRING, SUBSTRING ) — position of first occurrence 8UBSTRINGN STRING
SCAN( STRING, SET) - position of first occurrence afhycharacter fronSETin STRING
VERIFY( STRING, SET) - position of first character B®TRINGthat isnotin SET

Array Functions

DOT_PRODUCT(vector_A vector_B) — scalar product (integer or real)

MATMUL( matrix_A matrix_B) — matrix multiplication (integer or real)
TRANSPOSE(matrix) — transpose of a matrix

MAXVAL( array) , MINVAL( array ) — maximum and minimum values (integer or real)
PRODUCT((arra y) — product of values (integer, real or complex)

SUM( arra'y) —sum of values (integer, real or complex)

A5. Operators

Numeric Intrinsic Operators

Operator Action Precedencé is highest)
** Exponentiation 1
* Multiplication 2
/ Division 2
+ Addition or unary plus 3
- Subtraction or unary minus 3

Relational Operators

Operator Operation
< or.LT. less than
<=or.LE. less than or equal
== or .EQ. equal
/= or .NE. not equal
> or .GT. greater than
>= or .GE. greater than or equal

Logical Operators

Operator Action Precedendé is highest)
.NOT. logical negation 1

.AND. logical intersection 2

.OR. logical union 3

.EQV. logical equivalence 4

.NEQV. logical non-equivalence 4

Character Operators

1 concatenation
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