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Preface

Fortran has always been the principal language used in the fields of scientific,
numerical, and engineering programming, and a series of revisions to the standard
defining successive versions of the language has progressively enhanced its power
and kept it competitive with several generations of rivals.

Beginning in 1978, the technical committee responsible for the development
of Fortran standards, X3J3 (now called J3), laboured to produce a new, much-
needed modern version of the language, Fortran 90. Its purpose is to “promote
portability, reliability, maintainability, and efficient execution... on a variety of
computing systems”. The standard was published in 1991, and work began in
1993 on a minor revision, known informally as Fortran 95. Now this revised
standard is in use, it seems appropriate to prepare a definitive informal description
of the language it defines. This continues the series of editions of this book — the
two editions of Fortran 8x Explained that described the two drafts of the standard
(1987 and 1989), and Fortran 90 Explained that described the Fortran 90 standard
(1990).

The whole of Fortran 77 is contained in Fortran 90, but certain of its features
are labelled ‘obsolescent’ in the standard, and their use is not recommended. The

obsolescent features of Fortran 90 have replacements in Fortran 77 and some
have been removed from the Fortran 95 standard. Other Fortran 77 features,
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with replacements in Fortran 90, are labelled obsolescent in Fortran 95. We have
relegated the description of ail these Fortran 77 features to Appendix C. They are
falling into disuse and an understanding of them is required only when dealing
with old programs.

In this book, an initial chapter sets out the background to the work on the
new standards, and the ten following chapters describe Fortran 90/95 less the
obsolescent features in a manner suitable both for grasping the implications of the
new features, and for writing programs. Features that are available in Fortran 95
only are labelled as such. Where the word ‘Fortran’ is used, it means ‘common to
both Fortran 90 and 95’. Some knowledge of programming concepts, although

not necessarily of Fortran 77, is assumed. In order to reduce the number of

¥, A vafaramnns o
forward references and also to enable, as quickly as possible, useful programs to

be written based on material already absorbed, the order of presentatlon does not

always follow that of the standard. In particular, we have chosen to defer to the
final chapter the description of features that are redundant in Fortran 90 and whose



use we deprecate. It would impair the flow of the exposition if we were to describe
them in the main body of the text. They may be encountered in old programs, but
are not needed in new ones.

This edition differs from the first edition in that descriptions of Fortran 95
features are integrated into the body instead of being confined to a separate
chapter. This book is thus suitable for the reader who wishes to learn only
Fortran 95 as well as for one who wishes to learn just Fortran 90 or even both
Fortran 90 and Fortran 95.

We have chosen to use lower-case letters instead of upper-case letters for all
the Fortran keywords and names, since this is the preferred style of many Fortran
programmers and there are very few processors still in use that support only upper
case. Also, we have switched to a different typesetting system (now ISTigX). These
two changes give the book a very different (and in our opinion, improved) look.

This edition also differs from the first edition in that we have added two new
chapters, 12 and 13, on official extensions of Fortran 95. Each is specified by an
ISO Technical Report and WGS has promised that the features of both will be
included in the next revision of the 1 ianguage, apart from corr lcbung defects found
in the field. We expect Fortran 95 compilers increasingly to offer these features
as extensions.

In order to make the book a complete reference work, it concludes with six
appendices, They contain, successively, a list of the intrinsic procedures, a
summary of Fortran statements, a description of the obsolescent and deleted
features, an extended example illustrating the use of pointers and recursion, a
glossary of Fortran terms, and solutions to most of the exercises.

It must be remembered that although the obsolescent features appear in an

appendix, they were nevertheless an integral part of the Fortran 90 language, and
some remain part of Fortran 95. However, the appendix includes advice on how
to avoid their use, thereby enhancing the upwards compatibility of programs with
respect to possible future standards. The same is true for the features whose use
we deprecate, and which are described in Chapter 11.

It is our hope that this book, by providing a complete description of Fortran 90
and Fortran 95, will continue the helpful role that earlier editions played for the
Fortran 90 standard, and will serve as a long-term reference work for Fortran 95
int the nn
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Conventions used in this book
Fortran displayed text is set in typewriter font:
integer :: i, J
and a line consisting of a colon indicates omitted lines:

subroutine sort

end.subroutine sort
Informal BNF terms are in italics:
if (scalar-logical-expr) action-stmt
Square brackets indicate optional items:
end if [name]
and an ellipsis represents an arbitrary number of repeated items:

[case selector [name]
block]

The italic letter b signifies a biank character.



Contents

1 Whither Fortran? 1
1.1 Fortranhistory . . ... ... ... ... . ... ... ..... 2
1.2 Thedrive forthe Fortran90standard . . . . . . ... ... ... 3
1.3 Languageevolution . . . .. ... ................ 4
14 Fortran95 . . . .. . . ... ... e e 5
1.5 BeyondFortran9S . .. ... .. .. ... .. ... ...... 6
1.6 Conformance . .............. . ..., 7

2 Language elements 9
2.1 Introduction . . . . ... ... . . .. ..., 9
2.2 Fortrancharacterset .. ..................... 9
23 Tokens. . . . . . . . ... e 10
24 Sourceform . ... ... ... ... 11
25 Conceptoftype . . . .. . . . . .. 13
2.6 Literal constants of intrinsictype . . . . . .. .. ... ... .. 13

2.6.1 Integerliteralconstants . . . . ... .. ... ...... 14
2.6.2 Realliteralconstants . . . ... .. ... ........ 15
2.6.3 Complex literalconstants . . . . . ... ... ...... 17
2.6.4 Characterliteral constants . . . . . .. ......... 17
2.6.5 Logicalliteralconstants . ... ............. 20
27 Names . . . . . . . e e e 20
2.8 Scalar variables of intrinsictype . . ... ... ... ...... 21
2.9 Deriveddatatypes . .. ... ... ... ... 21
2.10 Arraysofintrinsictype . . . . . . . .. ... ... ... 23
2.11 Charactersubstrings. . . . . . ... ... ... ... ... 26
2.12 Objects and subobjects . . . . . .. .. ............. 27
213 Pointers . . . . . . L e e e e 28
2.14 Summary . . ... . e e e e e 29
2.15 EXercises . . . . . . . it e e e 30

3 Expressions and assignments 33
31 Imtroduction . ... ... ... . &« 33
3.2 Scalar numericexpressions . . . . . . . ... 34

3.3 Defined and undefined variables . . .. .. .. ... .. .... 37



3.4 Scalar numeric assignment . . . . . ... .. ... ... ... .
3.5 Scalarrelationaloperators . . . . ... ... ..........
3.6 Scalar logical expressions and assignments . . . . .. ... ..
3.7 Scalar character expressions and assignments . . . .. ... ..
3.8 Structure constructors and scalar defined operators . . . . . ..
3.9 Scalar definedassignments . . . ... ..............
3.10 Arrayexpressions . . . . . . . . ... ...t e .
3.11 Arrayassignment . . . . ... ... ... ............
3.12 Pointers in expressions and assignments . . . ... .. ... ..
313 Summary . . . . . e e e e e e e e e
3.14 EXercises . . . . . . . . ... e e
Control constructs
4.1 Introduction . . .. .. ... ... ... ... .. ... ..., .
472 The gotostatement . . . .. ... ... ... L.
4.3 The 1f statement and construct ..................
4.3.1 T DC lI Siatement. . . . . .. . .. ... . 0.,
432 Theifconstruct . . .. ... ... ............
44 ThecaseconstruCt. . . . . . . . . . . v v v v v v v v u ...
4.5 Thedoconstruct . .. ................ . .....
4.6 SUMMATY . . . . . o v vt e e e e e
47 EXercises . . . . . . . i e e e e e
Program units and procedures
5.1 Introduction . . .. ... ... ... ... ... .. .....
52 Mainprogram . . . .. .. ... e e e
5.3 Thestopstatement . .. ... ..................
5.4 Externalsubprograms. . .. ... ................
55 Modules . . . . .. ...
5.6 Internalsubprograms ... ....................
5.7 Argumentsof procedures . . . . ... ..............
57.1 Pointerarguments . ... ... ... ... .......
5.7.2 Restrictions on actual arguments . . . . . . ... .. ..
5.7.3 Arguments with the target attribute . . . . . ... .. ..
5.8 Thereturnstatement . . ... ..................
5.9 Argumentintent . . . .. ... ... ... ... .. .. ...,
50 Functions . . . . ......... .. .. .. ... .. .. ...
5.10.1 Prohibited side-effects . . . ... ... .........
5.11 Explicit and implicit interfaces . . . . ... ... ........
5.12 Proceduresasarguments . . .. ... ..............
5.13 Keyword and optional arguments . . . . .. ...........
5.14 Scopeoflabels . .........................
5.15 Scopeofnames . .. .. ... .. ... ... .. .. ... ...
5.16 Directrecursion . . . . . .. ... ... ... ..,
5.17 Indirectrecursion . . . . ... .. .. ... .. ...



Contents xi

5.18 Overloading and genericinterfaces . . . . . ... ... ... .. 93
5.19 Assumed characterlength. . . . ... ... ........ ... 98
5.20 The subroutine and function statements . . . . .. ... .. .. 99
521 Summary . .. ... ... 99
522 EXCICISES . . v v v v v e e e 100
Array features 103
6.1 Introduction . . ... ... .................... 103
6.2 Zero-sizedarrays . ... ... ... ... ..., 103
6.3 Assumed-shapearrays . . ... ................. 104
6.4 Automaticobjects . . .. .. ... ... .. .. ... .. .... 105
6.5 Heapstorage . ...................00...... 106

6.5.1 Allocatablearrays . ................... 106

6.5.2 The allocate statement . . .. ... ........... 107

6.5.3 Thedeallocatestatement . . . .............. 109

6.5.4 Thenullifystatement . . . ... ... .......... 110
6.6 Elemental operations and assignments . . . ... ........ 111
6.7 Array-valuedfunctions . . . ... ... ............. 111
6.8 The where statementandconstruct . . . . ... ... ...... 112

6.8.1 Some where construct extensions (Fortran 95 only) . . . 114
6.9 The forall statement and construct (Fortran95 only) . . . . . . . 116
6.10 Pure procedures (Fortran95only) . .. .. ... ........ 118
6.11 Elemental procedures (Fortran95only) ... ....... ... 120
6.12 Arrayelements . .. ... ... . ... . ... ... ...... 122
6.13 Arraysubobjects . . ... ... ... ... ... . ... 123
6.14 Arraysofpointers . . . . . .. .. ... .. ... .. .. ... 126
6.15 Pointersasaliases . . . ... ................... 127
6.16 Arrayconstructors . . . . ... .. ... 128
6.17 Maskarrays . . .. ... .. ... ... ... ... 129
618 Summary . . .. ... 130
6.19 Exercises . . ... .. .. ... ... .. .. 133
Specification statements 135
7.1 Introduction . . . ... .. ... ... ... . .. ... ... 135
7.2 Implicittyping . .. ... ... .. ... . ... 136
7.3 Declaring entities of differingshapes . . . . . ... .. ... .. 138
7.4 Named constants and constant expressions . . . . ... ... .. 139
7.5 [Initial values for variables . . . . . ... ............. 141

7.5.1 [Initialization in type declaration statements . . . . . . . 141

752 Thedatastatement . .. ................. 142

7.5.3 Pointer initialization and the function null (Fortran 95 only) 144

7.5.4 Default initialization of components (Fortran 95 only) . 145
7.6 The public and private attributes . . . . . ... ... ...... 146
7.7 The pointer, target, and allocatable statements . . . . . ... .. 148
7.8 The intent and optional statements . . . . . ... ... ..... 148



Xii

Contents

7.9

7.10
7.11
7.12
7.13
7.14

Thesave attribute . . . . . .. ... ... ... .. .......
Theusestatement . . . . . . . ... . ...,
Derived-typedefinitions . . .. .. .. ... .. ........
The type declaration statement . . . . . ... ... .......
Type and type parameter specification . . .. ... .. .. ...
Specificationexpressions . . . . . .. .. ... ... ... ...
7.14.1 Specification expression restrictions (Fortran 90 only)

7.14.2 Specification functions (Fortran 95 only) ........

7.15 The nameliststatement . . . . . ... ... ... ........
7.16 Summary . . .. ... e e e e
707 EXercises . . . . . o o v i e e e e e e e
Intrinsic procedures
8.1 Imtroduction . ... .. ... .. ..... .. ... .....
811 Keywordcalls .. ... .................
8.1.2 Categories of intrinsic procedures . . . .. ... .. ..
8.1.3 Theintrinsic statement . . . . .. .. ... .......
8.14 Argumentintents . . . . ... ..............
8.2 Inquiry functionsforanytype . ... ..............
8.3 Elemental numeric functions . . . ... ... ... .......
8.3.1 Elemental functions that may convert . .. ... .. ..
8.3.2 Elemental functions that donotconvert . . ... .. ..
8.4 Elemental mathematical functions . . . ... ... .......
8.5 Elemental character and logical functions . . ... ... .. ..
8.5.1 Character-integerconversions . . . .. .........
8.5.2 Lexical comparison functions . ... ..........
8.5.3 String-handling elemental functions . . . . ... .. ..
854 Logicalconversion . .. ... ..............
8.6 Non-elemental string-handling functions . . . . .. ... .. ..
8.6.1 String-handling inquiry function . . . . ... ... ...
8.6.2 String-handling transformational functions . . ... ..
8.7 Numeric inquiry and manipulation functions . . . . . ... ...
8.7.1 Models forintegerandrealdata . ... ... ... ...
8.7.2 Numeric inquiry functions . . . .. ..........,
8.7.3 Elemental functions to manipulatereals . . ... .. ..
8.7.4 Transformational functions for kind values . . ... ..
8.8 Bit manipulation procedures . . . .. ..............
8.8.1 Inquiryfunction .....................
8.8.2 Elementalfunctions . ..................
8.8.3 Elemental subroutine . . . ... .............
89 Transferfunction ... ......................
8.10 Vector and matrix multiplication functions . . . . ... ... ..
8.11 Transformational functions that reduce arrays . . . . ... ...
8.11.1 Single argumentcase . . . ... ... ..........

8.11.2 Optional argumentdim . . . . ..............



nnnnnnn

Iy iyt
\CURLLETLEY Alll

8.11.3 Optional argumentmask . .. ... ........... 180
8.12 Arrayinquiryfunctions . . . . ... ... ... ......... 181
8.12.1 Allocationstatus . . .. ................. 181
8.12.2 Bounds, shape,andsize ... .............. 181
8.13 Array construction and manipulation functions . . . ... . .. 181
8.13.1 The merge elemental function . . .......... .. 181
8.13.2 Packing and unpackingarrays . . ... ... ... ... 182
8.13.3 Reshapinganarray . ... ................ 182
8.13.4 Transformational function for replication . . ... ... 183
8.13.5 Array shiftingfunctions . .. .............. 183
8.13.6 Matrix transpose . . . . . . . . ...t .. 183
8.14 Transformational functions for geometric location . . . . . . . . 184
8.15 Transformational function for pointer disassociation (Fortran 95) 184
8.16 Non-elemental intrinsic subroutines . . . ... ... ... ... 184
8.16.1 Real-timeclock . . .. ... ... ............ 185
8.16.2 CPUtime (Fortran95only) . ... ... .. ... ... 185
8.16.3 Randomnumbers . . . ... ............... 186
817 Summary . ... ... .. ... 187
8.18 Exercises . . . ... .. ... .. ... 187
Data transfer 189
9.1 Introduction . . ... ... ... ... ..o, 189
9.2 Numberconversion . . . ... .................. 189
93 TOlists . . . ... ... . e 190
9.4 Formatdefinition . . .. ... .. ... ............. 192
95 Unitnumbers . .. ... ... ... ... . .. ... ... 194
96 Internalfiles . . . .. ... ... . ... .. . . ... 196
97 Formattedinput . . . ... ... ... ... .. .. ... ..., 197
9.8 Formattedoutput . . ... ...............,.... 198
99 Listdirectedl/O. . ... ... ... .. ............. 199
9.10 Namelist /O . . . . . ... ... ... ... ... ... 201
9.10.1 Comments in namelist input (Fortran 95 only) . . . . . . 203
9.11 Carriagecontrol . . . ... ... .. ............... 203
9.12 Non-advancingl/O . ... .................... 204
9.13 Editdescriptors . . . . .. ... ... .. ... ... 205
9.13.1 Repeatcounts . . . ... ................. 206
9.13.2 Dataeditdescriptors . . .. ............... 207
9.13.3 Minimal field width editing (Fortran95 only) . . . . . . 210
9.13.4 Character string editdescriptor . . . . . . ... ..... 210
9.13.5 Controleditdescriptors. . . . . ............. 210
9.14 Unformatted /O . . . . ... ... ... .. . ... ... 213
9.15 Direct-access files . . . . ) X
9.16 Execution of a data transfer statement .............. 216
9.17 Summary . . ... ... ... e 217
0.18 Exercises . . . . . . . . .. e e e e e 217



xiv  Contents

10 Operations on external files

10.1 Introduction . . . . v v v v v e e e e e e e e e e e e e e e
10.2 File positioning statements . . . . . . . . ... ... ...
10.2.1 The backspace statement . . . . . . ... ... .....
10.2.2 Therewindstatement . . . . . . ... ... .......
10.2.3 Theendfilestatement . . . . ... ... .. .......
10.2.4 Datatransferstatements . . . . ... ... .......
10.3 Theopenstatement . . . . .. ... ... ............
10.4 Theclosestatement . . . . . . . . . . v v v v v v v i e
10.5 Theinquirestatement . . . . . . . .. .. .. ... .......
106 Summary . . ... .. ... ... e,
10.7 EXercises . . . . v v v v v i e e e e e e e e e

11 Other features
11.1 Introduction . . . . . . ... ... ... . ...
11.2 Storage association . . ... .. ... .. .. ..........
11.2.1 Storageunits . . . ... .............o....
11.2.2 The equivalence statement . . . . ... ... ......
11.2.3 Thecommonblock . . . .. ... ... .........
11.2.4 The block data programunit . . . ... ... ... ...
11.2.5 Shape and character length disagreement . . . . . . ..
11.2.6 Theentrystatement. . . . .. .. ... .........
11.3 Newredundantfeatures . . . . . ... ..............
11.3.1 Theincludeline. . . ... .. ... ... ........

11.3.2 The do while form of loopcontrol . . . .. ... .. ..

('\IA ardiindant fanturac

I lUUulanllL l\latulUD ----------------------

ey
u—y
I

11.4.1 Double precisionreal . . . .. ... ...........
11.4.2 The dimension and parameter statements . . . . . . . .
11.4.3 Specific names of intrinsic procedures . . . . . ... ..

12.1.1 Abandoned alternative . . . . . ... ... ... ....
12.2 Intrinsicmodules . . . . ... .. ... ... . ... ... ...
12.3 ThelIEEEstandard . . ... ... ... ... .. ... ....

12.5 TheFortranflags . .. ... ... ................
126 Halting . . . . .. ... ... .. . . . . ..
12.7 Theroundingmodes . . ... .. ................
12.8 The module ieee_exceptions . . . . ... ... .........
12.8.1 Derivedtypes . . . . ... ... ... ...
12.8.2 Inquiry functions for IEEE exceptions . . . . . .. ...
12.8.3 Elemental subroutines . . ................
12.8.4 Non-elemental subroutines . . . ... ..........

12.9 The module ieee_arithmetic . . . ... .. .. .. ... ....



Contents xv

12.9.1 Derivedtypes . . . . . . . . . . o e 260

12.9.2 Inquiry functions for IEEE arithmetic . . . ... .. .. 261

12.9.3 Elemental functions . ... ............... 262

12.9.4 Non-elemental subroutines . . . ... ... ....... 264

12.9.5 Transformational function for kind value . ... .. .. 264

1210 Examples . . . . . ... ... .. 265
12.10.1Dotproduct . . . . . .. .. .. ... ... 265

12.10.2 Calling alternative procedures . . . . .. ... .. ... 266

12.10.3 Calling alternativein-linecode . . . . . ... ... ... 266

12.10.4 Reliable hypotenuse function . . . . . ... ... .. .. 267

13 Allocatable array extensions 269
13.1 Introduction . . . . .. .. .. .. ... ... 269
13.2 Allocatable dummy arguments . . . . . ... . .. e e . ... 270
13.3 Allocatable functions . . . .. ... ............... 270
13.4 Allocatabiecomponents. . . . . ... ... ........... 272

A Intrinsic procedures 277
B Fortran 90/95 statements 283
C Obsolescent features 287
C.1 ObsolescentinFortran95only . . .. ... ... ... ..... 287
C.1.1 Fixedsourceform . ... ................ 287

C.12 Computedgoto. . ... ................. 288

C.1.3 Character length specification character* . . . . . . .. 289

C.1.4 Data statements among executables . . . ... ... .. 289

C.1.5 Statementfunctions. . . ................. 289

C.1.6 Assumed character length of functionresults . . . . . . 290

C.2 ObsolescentinFortran90and95 . . . .. ... ... ...... 291
C.2.1 Arithmeticifstatement . . . ... ... ......... 291

C.2.2 Shareddolooptermination. . . . ... ... ...... 292

C.23 Alternatereturn . . . . . . .. .. .. ... ... ... 292

C.3 Obsolescent in Fortran 90, deleted in Fortran95 . . . . ... .. 294
C.3.1 Non-integerdoindices . . . .. ... ... ....... 294

C.3.2 Assigned go to and assigned formats . . . . .. ... .. 294

C.3.3 Branchingtoanendifstatement . . . . .. .. ... .. 296

C.34 Thepausestatement . ... ... ............ 296

C.3.5 Heditdescriptor . . .. .. ... ............ 296

D Pointer example 297
E Fortran terms 307
F Solutions to exercises 319

Index 331






1. Wh

~
[ 4
»

ther Fortran

a

This book is concerned with the Fortran programming language (Fortran 90 an
Fortran 95), setting out a reasonably concise description of the whole language.
The form chosen for its presentation is that of a textbook intended for use in teach-
ing or learning the language. Its description occupies Chapters 2 to 11, which are
written in such a way that simple programs can already be coded after the first
three of these chapters (on language elements, expressions and assignments, and
control) have been read. Successively more complex programs can be written as
the information in each subsequent chapter is absorbed. Chapter S describes the
important concept of the module and the many aspects of procedures, Chapter 6
completes the description of the powerful array features, Chapter 7 considers the
details of specifying data objects and derived types, and Chapter 8 details the in-
trinsic procedures, Chapters 9 and 10 cover the whole of the input/output features
in a manner such that the reader can also approach this more difficult area fea-
ture by feature, but always with a useful subset already covered. Finally, Chapter
11 describes those features that are redundant in the language, and whose use we
choose to deprecate. Here we emphasize that this deprecation represents our own
opinion, and is completely unofficial. In a concluding section of each of Chapters
2 to 10, we summarize the differences from Fortran 77. Chapters 12 and 13 de-

scribe official extensions to Fortran 95 that we expect increasingly to be present
in Fortran 95 compilers.

Fortran 95 is a minor revision of Fortran 90, so most of this book applies to
both. Features of Fortran 95 that are not part of Fortran 90 are usually described in
separate subsections, but sometimes we use separate paragraphs. Every example
that is not applicable to Fortran 90 is labelled as such. Features of Fortran 90 that
are not part of Fortran 95 are obsolescent in Fortan 90 and are described only in
Appendix C.

This introductory chapter has the task of setting the scene for those that follow.
The first section presents the Fortran language and its considerable evolution
since it was first introduced over thirty years ago. The second continues with

Aard tha 1m rtant
a justification for preparing the Fortran 90 standard, summarizes the important

new features, and outlines how standards are developed; the third looks at the
mechanism that has been proposed to permit the language to evolve. The fourth
section considers the development of Fortran 95 and the fifth some related issues.



The sixth concludes by considering the requirements on programs and processors
for conformance with the standard.

1.1 Fortran history

n the early days of computing was tedious in the extreme. Pro-

-.. Quayo

£
3
3
3

grar?rmers requ1red a detalled knowledge of the instructions, registers, and other
aspects of the central pruoeaomg unit \\_.r u; ofthec uuxupuwn for which t uw_‘y’ wWere
writing code. The source code itself was written in a numerical notation, so-called
octal code. In the course of time mnemonic codes were introduced, a form of
coding known as machine or assembly code. These codes were translated into
the instruction words by programs known as assemblers In the 1950s it became
increasingly apparent that this form of programming was highly in
though it did enable the CPU to be used in a very efficient way.

These difficulties spurred a team led by John Backus of IBM to develop one of
the earliest high-level languages, Fortran. Their aim was to produce a language
which would be simple to understand but almost as efficient in execution as
assembly language. In this they succeeded beyond their wildest dreams. The
language was indeed simple to learn, as it was possible to write mathematical
formulae almost as they are usually written in mathematical texts. (In fact, the
name Fortran is a contraction of Formula Translation.) This enabled working
programs to be written faster than before, for only a small loss in efficiency, as
a great deal of care was devoted to the construction of the compiler.

But Fortran was revolutionary as well as innovatory. Programmers were re-
lieved of the tedious burden of using assembler language, and were able to
concentrate more on the problem in hand. Perhaps more important, however, was
the fact that computers became accessible to any scientist or engineer willing to
devote a little effort to acquiring a working knowledge of Fortran; no longer was
it necessary to be an expert on computers to be able to write application programs.

Drrt A 1 A1 i+ £ 16 i i
Fortran spread rapidly as it fulfilled a real need. Inevitably dialects of the

language developed, which led to problems in exchanging programs between
computers, and so, in 1966 the then American Standards Association (later the
American National Standards Institute, ANSI) brought out the first ever standard
for a programming language, now known as Fortran 66.

Fortran brought with it several other advances, apart from its ease of learning
combined with a stress on efficient execution of code. It was, for instance, a lan-
guage which remained close to, and exploited, the available hardware rather than
being an abstract concept. It also brought with it the possibility for programmers

to control storage allocation in a simple way, a feature which was very necessary
in those early days of small memories, even if it is now regarded as being poten-
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ere was a widespread implementation in compilers of features
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which were essential for large-scale programs, but which were ignored by the
standard. Different compilers implemented such facilities in different ways.
These difficulties were partially resolved by the publication of a new standard,
in 1978, known as Fortran 77. It included several new features that were based on
vendor extensions or pre-processors and it was, therefore, not simply a common
subset of existing dialects. By the mid-1980s, the changeover to Fortran 77 was
in full swing. It was a relatively simple matter to write new code under the new
standard, and converting old standard-conforming code was usually easy as there
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is a large measure of compatibility between the two standards.

1.2 The drive for the Fortran 90 standard

After thirty years’ existence, Fortran was far from being the only programming
language available on most computers. In the course of time new languages
had been developed, and where they were demonstrably more suitable for a
particular type of application they had been adopted in preference to Fortran
for that purpose. Fortran’s superiority had always been in the area of numer-
ical, scientific, engineering, and technical applications and, in order that it be
brought properly up-to-date, the ANSI-accredited technical committee X3J3
(now known as J3) working as a development body for the ISO committee
ISO/TEC JTC1/SC22/WGS (which we abbreviate to WGS5), once again prepared
a new standard, formerly known as Fortran 8x and now as Fortran 90.

X3J3 itself is a body composed of representatives of computer hardware and
software vendors, users, and academia. It is accredited to ANSI, the body that
publishes final American standards, but reports directly to its parent committee,
X3 (computer systems), which is responsible for actually adopting, or rejecting,
the proposed draft standards presented to it. In these decisions, it tries to ensure
that the proposals really do represent a consensus of those concerned. X3J3

acts as the development body for the corresponding international group, WGS,

consisting of international experts responsible for recommending that a draft
standard become an international standard. X3J3 maintains other close contacts
with the international community by welcoming foreign members, including both
the present authors.

What were the justifications for continuing to revise the definition of the Fortran
language? As well as standardizing vendor extensions, there was a need to
modernize it in response to the developments in language design which had been
exploited in other languages, such as APL, Algol 68, Pascal, Ada, C and C++.
Here, X3J3 could draw on the obvious benefits of concepts like data hiding. In
the same vein was the need to begin to provide an alternative to dangerous storage
association, to abolish the rigidity of the outmoded source form, and to improve
further on the regularity of the language, as well as to increase the safety of
programming in the language and to tighten the conformance requirements. To
preserve the vast investment in Fortran 77 codes, the whole of Fortran 77 was
retained as a subset. However, unlike the previous standard, which resulted almost
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entirely from an effort to standardize existing practices, the Fortran 90 standard
is much more a development of the language, introducing features which are new
to Fortran, but are based on experience in other languages.

The main features of Fortran 90 are, first and foremost, the array language and
abstract data types. The former is built on whole array operations and assign-
ments, array sections, intrinsic procedures for arrays, and dynamic storage. It
was designed with optimization in mind. The latter is built on modules and mod-
ule procedures, derived data types, operator overloading and generic interfaces,
together with pointers. Also important are the new facilities for numerical com-
putation including a set of numeric inquiry functions, the parametrization of the
intrinsic types, new control constructs — select case and new forms of do, in-

tamemanl A
ternal and recursive procedures and optional and keyword arguments, improved

I/O facilities, and many new intrinsic procedures. Last but not least are the new
free source form, an improved style of attribute-oriented specifications, the im-
plicit none statement, and a mechanism for identifying redundant features for
subsequent removal from the language. The requirement on compilers to be able
to identify, for example, syntax vextensions, and to report why a program has
been rejected, are also significant. The resulting language is not only a far more
powerful tool than its successor, but a safer and more reliable one too. Storage as-
sociation, with its attendant dangers, is not abolished, but rendered unnecessary.
Indeed, experience shows that compilers detect errors far more frequently than
before, resulting in a faster development cycle. The array syntax and recursion
also allow quite compact code to be written, a further aid to safe programming.

1.3 Language evolution

The roced.zr es under which X313 works remnre that a nermd of notice be mven

befor exnstmg feature is removed from the language This means, in practxce,
a minimum of one revision cycle, which for Fortran means about five years. The
need to remove features is evident: if the only action of the committee is to add
new features, the language will become grotesquely large, with many overlapping
and redundant items. The solution finally adopted by X3J3 was to publish as an
appendix to a standard a set of two lists showing which items have been removed
or are candidates for eventual removal.

One list contains the deleted features, those that have been removed. Since
Fortran 90 contains the whole of Fortran 77, this list is empty for Fortran 90 but
is not for Fortran 95 (see Appendix C).

The second list contains the obsolescent features, those considered to be out-

moded and redundan
10ded and redundant, and which are candidates for deletion in the next revision.

The Fortran 90 and Fortran 95 obsolescent features are described in Appendix C.
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1.4 Fortran 95

Following the publication of the Fortran 90 standard in 1991, two further signif-
icant developments concerning the Fortran language occurred. The first was the
continued operation of the two Fortran standards committees, X3J3 and WGS, and
the second the founding of the High Performance Fortran Forum (HPFF).

Early on in their deliberations, the standards committees decided on a strategy
whereby a minor revision of Fortran 90 would be prepared by the mid-1990s and a
further revision by about the year 2000. The first revision, Fortran 95, is a subject
of this book.

The HPFF was set up in an effort to define a set of extensions to Fortran, such
that it would be possible to write portable code when using parallel computers for
handling problems involving large sets of data that can be represented by regular
grids. This version of Fortran was to be known as High Performance Fortran
(HPF), and it was quickly decided, given the array features of Fortran 90, that
u,, and not Fortran 77, should be its base Ianguage The final form of nl'r‘l is of
a superset of Fortran 90, the main extensions being in the form of directives that
take the form of Fortran 90 comment lines, and are thus recognized as directives
only by an HPF processor. However, it did become necessary also to add some
additional syntax, as not all the desired features could be accommodated in the
form of such directives.

The work of J3 (as X3J3 became known) and WGS went on at the same time as
that of HPFF, and the bodies liaised closely. It was evident that, in order to avoid
the development of divergent dialects of Fortran, it would be desirable to include
the new syntax defined by HPFF in Fortran 95 and, indeed, the HPF features are

the most significant new features that Fortran 95 introduces. The other changes
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consist mainly of what are known as corrections, clarifications and interpretations.
These came about as it was quickly discovered, as Fortran 90 compilers were
written and used, that the text of the Fortran 90 standard contained a number of
errors that required correction, some obscure wording that required further textual
clarification, and ambiguous statements that required interpretation. (J3 and WGS

processed about 200 requests for mterpretatlon ) All the resultmg changes have
been included in the Fortran 95 standard and, where appropriate, they have been
incorporated at the relevant places in this book. Apart from the HPF syntax and
the corrections, only a small number of other pressing but minor language changes
were made and these too are described.

Fortran 95 is backwards compatible with Fortran 90, apart from a minor change
in the definition of sign (Section 8.3.2) and the deletion of some Fortran 77
features declared obsolete in Fortran 90 (as described in Appendix C). However,
there are two new intrinsic procedures, null and cpu_time, which might also be

names of external procedures in an existing Fortran 90 program.




6 Fortran 90/95 Explained

The details of Fortran 95 were finalized in November 1995, and the new ISO
standard, replacing Fortran 90, was adopted in 1997, following successful ballots,
as ISO/IEC 1539-1 : 1997.

1.5 Beyond Fortran 95

About the time of the publication of Fortran 95, another interesting development
occurred. This was the specification of two (similar) subset versions of Fortran 90
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that retain its modern features while casting aside its outmoded ones. The present
authors were involved in the development of one of these, known as F, and that
language’s description can be found in “The F programming language” (OUP,
1996). These subsets can be regarded as important vehicles for the teaching of a
safe and reliable style of modern programming.

At the same time, a formal standard, ISO/IEC 1539-2 : 1994, was developed
for varying length strings. It defines the interface and semantics for a module
that provides facilities for the manipulation of character strings of arbitrary and
dynamically variable length. An annex contains a possible implementation in
Fortran 90, which demonstrates its feasibility, but the intention was that vendors
provide equivalent features that execute more efficiently. Unfortunately, none has
done so. At the time of writing, this standard is being revised to take advantage of
the Fortran 95 enhancements. In particular, this will allow a better implentation
within the standard language.

Further, in 1995, WGS decided that these three features:

i) handling floating point exceptions,

il) permitting allocatable arrays as structure components, dummy arguments,
and function results, and

iii) interoperability with C,

were so urgently needed in Fortran that it established development bodies to

‘ ; ’ ant wrae thot tha matamial AF thaca
develop Technical RCpOftS of Type 2’. The intent was that the material of these

technical reports be integrated into the next revision of the Fortran standard, apart
from any defects found in the field. It is essentially a beta-test facility for a
language feature. In the event, the first two have been completed and are the
subjects of Chapters 12 and 13. Difficulties were encountered with the third, so
the report mechanism has therefore been abandoned for interoperability with C,
but the intent of inclusion in the next standard remains.

Another auxiliary standard, ISO/IEC 1539-3 : 1998, has been developed to
meet the need of programmers to maintain several versions of code to allow for

different systems and different applications. Keeping several copies of the source
code is error prone. It is far better to maintain a master code from which any of the

=% 2 26Ra WAL WaA VW asalRsiatiiin G raaldvv: Wi New

versions may be selected. This standard is for a very snmple form of condmonal

compilation, which selects some of the Fortran lines from the source and omits
the rest or converts them to comments. The process is controlled by ‘coco lines’
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in the source that are also omitted or converted to comments. It is hoped that
the facilities will be built into compilers, but they may also be implemented by
a preprocessor.

The next full language revision is planned for 2001 and is already being refer-
enced as Fortran 2000, and the main features have been chosen:

¢ handling floating point exceptions, as in TR15580,

e permitting allocatable arrays as structure components, dummy arguments,
and function results, as in TR15581,

e interoperability with C,
e parameterized data types,
e object-orientation: constructors/destructors, inheritance, and polymorphism,

e derived type I/O,

e asynchronous I/O,

procedure variables, and
e various minor enhancements.

All this activity provides a means of ensuring that Fortran remains a powerful and
well-honed tool for numerical and scientific applications for the next decade and

hawvnAnd
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1.6 Conformance

The standard is almost exclusively concerned with the rules for programs rather
than processors. A processor is required to accept a standard-conforming program
and to interpret it according to the standard, subject to limits that the processor

may impose on the size and complexity of the program. The processor is allowed
to accept further syntax and to interprat rplahnnchmq that are not cnemﬁpd in
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the standard, provxded they do not conflict with the standard. Of course, the
programmer must avoid such syntax extensions if portability is desired.

The interpretation of some of the standard syntax is processor dependent, that
is, may vary from processor to processor. For example, the set of characters
allowed in character strings is processor dependent. Care must be taken whenever
a processor-dependent feature is used in case it leads to the program not being
portable to a desired processor.

A drawback of the Fortran 77 standard was that it made no statement about
requiring processors to provide a means to detect any departure from the allowed
syntax by a program, as long as that departure did not conflict with the syntax

rules defined by the standard. The new standards are written in a different style
form of BNF with acenciatad
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constraints, and the semantics are described by the text. This semi-formal style is
not used in this book, so an example is perhaps helpful:

R609  substring is  parent-string (substring-range)
R610 parent-string is  scalar-variable-name
or array-element
or scalar-structure-component
or scalar-constant
R611  substring-range is  [scalar-int-expr] : [scalar-int-expr]
Constraint: parent-string must be of type character.
The first scalar-int-expr in substring-range is called the starting
point and the second one is called the ending point. The length
of a substring is the number of characters in the substring and is
MAX(€— f+1, 0), where f and £ are the starting and ending points,
respectively.

Here, the three production rules and the associated constraint for a character
substring are defined, and the meaning of the length of such a substring explained.

The standard is written in such a way that a processor, at compile-time, may
check that the program satisfies all the constraints. In particular, the processor
must provide a capability to detect and report the use of any

obsolescent feature,

additional syntax,

kind type parameter (Section 2.5) that it does not support,
non-standard source form or character,

name that is inconsistent with the scoping rules, or

non-standard intrinsic procedure.

Furthermore, it must be able to report the reason for rejecting a program. These
capabilities are of great value in producing correct and portable code. They were
not required for Fortran 77 programs.



2. Language elements

2.1 Introduction

Written prose in a natural language, such as an English text, is composed firstly
of basic elements — the letters of the alphabet. These are combined into larger
entities, words, which convey the basic concepts of objects, actions, and quali-
fications. The words of the language can be further combined into larger units,
phrases and sentences, according to certain rules. One set of rules defines the
grammar. This tells us whether a certain combination of words is correct in that it
conforms to the syntax of the language, that is those acknowledged forms which
are regarded as correct renderings of the meanings we wish to express. Sentences
can in turn be joined together into paragraphs, which conventionally contain the
composite meaning of their constituent sentences, each paragraph expressing a

rm L ¢+
larger unit of information. In a novel, sequences of paragraphs become chapters

and the chapters together form a book, which usually is a self-contained work,
largely independent of all other books.

2.2 Fortran character set

Analogies to these concepts are found in a programming language. In Fortran
(Fortran 90 and Fortran 95), the basic elements, or character set, are the 26
letters of the English alphabet, the 10 Arabic numerals, 0 to 9, the underscore,
—» and the so-called special characters listed in Table 2.1. The standard does
not require the support of lower-case letters, but almost all computers nowadays
support them. Within the Fortran syntax, the lower-case letters are equivalent to
the corresponding upper-case letters; they are distinguished only when they form
part of character sequences. In this book, syntactically significant characters will
always be written in lower case. The letters, numerals, and underscore are known
as alphanumeric characters.

Except for the currency symbol, whose graphic may vary (for example, to be
£ in the United Kingdom), the graphlcs are fixed, though thexr styles are not

and ? have no specific meaning within

€ﬁ

fixed. The special characters
language.

In the course of this and the following chapters, we shail see how further
analogies with natural language may be drawn. The unit of Fortran information



Table 2.1. The special characters of the Fortran language

Character Name Character Name
= Equals sign : Colon
+ Plus sign Blank
- Minus sign ! Exclamation mark
* Asterisk " Quotation mark
/ Slash % Percent
( Left parenthesis & Ampersand
) Right parenthesis ; Semicolon
. Comma < Less than
. Decimal point > Greater than
$ Currency symbol ? Question mark
' Apostrophe

is the lexical token, which corresponds to a word or punctuation mark. Adjacent
tokens are usually separated by spaces or the end of a line, but sensible exceptions
are allowed just as for a punctuation mark in prose. Sequences of tokens form
statements, corresponding to sentences. Statements, like sentences, may be joined
to form larger units like paragraphs. In Fortran these are known as program units,
and out of these may be built a program. A program forms a complete set of
instructions to a computer to carry out a defined sequence of operations. The
menarame nf mar

auuplcbt prograin may consist of o unuy a few statements, but programs Or more
than 100,000 statements are now quite common.

Within the context of Fortran, alphanumeric characters (the letters, the under-
score, and the numerals) may be combined into sequences that have one or more
meanings. For instance, one of the meanings of the sequence 999 is a constant

in thoe mathamatical canca Qimilarly th 1 data m
in e mainémarica: sense. osimiany, uie sequence Ga e xuight represent, as one

possible interpretation, a variable quantity to which we assign the calendar date.

The special characters are used to separate such sequences and also have var-
ious meanings. We shall see how the asterisk is used to specify the operation of
multiplication, as in x*y, and has also a number of other interpretations.

Basic significant sequences of alphanumeric characters or of special characters
are referred to as fokens; they are labels, keywords, names, constants (other
than complex literal constants), operators (listed in Table 3.4, Section 3.8), and
separators, which are

/()(//),==>:::;°/o

For example, the expression x*y contains the three tokens x, *, and y.
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Apart from within a character string or within a token, blanks may be used
freely to improve the layout. Thus, whereas the variable date may not be written
asd a t e, thesequencex * Y issyntactically equivalent to x*y, In this context,
multiple blanks are syntactically equivalent to a single blank.

A name, constant, or label must be separated from an adjacent keyword, name,
constant or label by one or more blanks or by the end of a line. For instance, in

real x
read 10
O do k=1,3

w

P Yy

HUL I'GquI'CU to UC bC[)dfd.tCU ouuuarxy, Some m:y WUFUD may UU bplll, IUI' cxamplc
inout may be written in out. We do not use these alternatives in the main text,
but the exact rules are given in the statement summaries in Appendix B.

2.4 Source form

Fortran 90/95 brings with it a new source form, well adapted to use at a terminal.!
The statements of which a source program is composed are written on lines. Each
line may contain up to 132 characters,? and usually contains a single statement.
Since leading spaces are not significant, it is possible to start all such statements
in the first character position, or in any other position consistent with the user’s
chosen layout. A statement may thus be written as

x = (-y + root_of discriminant)/(2.0+a)

In order to be able to mingle suitable comments with the code to which they

refer, Fortran allows any line to carry a trailing comment field, following an
exclamation mark (!). An example is

x =y/a-b ! Solve the Tinear equation

Any comment always extends to the end of the source line and may include
processor-dependent characters (it is not restricted to the Fortran character set,
Section 2.2). Any line whose first non-blank character is an exclamation mark,
or contains only blanks, or which is empty, is purely commentary, and is ignored
by the compiler. Such comment lines may appear anywhere in a program unit,
including ahead of the first statement (but not after the final program unit). A
character context (those contexts defined in Sections 2.6.4, 9.13.4, and C.3.5) is
allowed to contain !, so the ! does not initiate a comment in this case; in all other

cases it does.

!Some hints on maintaining compatibility between the old and the new source forms are given at
the end of Section C.1.1,

2Lines containing characters of non-default kind (Sections 2.6.4) are subject to a processor-
dependent limit.



Since it is possible that a long statement might not be accommodated in the
132 positions allowed in a single line, up to 39 additional continuation lines are
allowed. The so-called continuation mark is the ampersand (&) character, and this
is appended to each line that is followed by a continuation line. Thus, the first
statement of this section (considerably spaced out) could be written as

X = &
(-y + root of discriminant) &
/(2.@*&)
In this book, the ampersands wa!l normally be aligned to improve readability

blank character ahead of the comment symbol !, the statement continues from
the character immediately preceding the & Normally, continuation is to the first
character of the next non-comment line, but if the first non-blank character of the
next non-comment line is & continuation is to the character following the &. For

instance, the above statement may be written

X = &
&(-y + root_of _discriminant)/(2.0+a)

In particular, if a token cannot be contained at the end of a line, the first non-blank
character on the next noncomment line must be an & followed immediately by the
remainder of the token.

Comments are allowed to contain any characters, including &, so they cannot
be continued since a trailing & is taken as part of the comment. However, com-
ment lines may be freely interspersed among continuation lines and do not count

towards the limit of 39 lines.
) I

¢ “ti
In a character context, continuation must be

4
comment and to a line with a leading ampersand. This is because both ! and &
are permitted both in character contexts and in comments.

No line is permitted to have & as its only non-blank character, or as its only
non-blank character ahead of !. Such a line is really a comment and becomes a

commeant if & 1¢c ramanved

NASAZRALRAWELL A1 WA AT A WARAW Y WA,

When writing short statements one after the other, it can be convenient to write
several of them on one line. The semi-colon (;) character is used as a statement
separator in these circumstances, for example:

=0; b=0; c=0

Since commentary always extends to the end of the line, it is not possible to insert
commentary between statements on a single line. In principle, it is possible to
write even long statements one after the other in a solid block of lines, each 132

characters long and with the appropriate semi-colons separating the individual
statements. In nractice, such code is unreadahle. and the uge of multinle-statement
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lines should be reserved for trivial cases such as the one shown in this cxample

Any Fortran statement (that is not part of a compound statement) may be la-
belled, in order to be able to identify it. For some statements a label is mandatory.
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jation be from a line without :
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A statement label precedes the statement, and is regarded as a token. The label
consists of from one to five digits, one of which must be nonzero. An example of
a labelled statement is

100 continue

Leading zeros are not significant in distinguishing between labels. For example,
10 and 010 are equivalent,

2.5 Concept of type

In Fortran, it is possible to define and manipulate various types of data. For
instance, we may have available the value 10 in a program, and assign that value
to an integer scalar variable denoted by i. Both 10 and i are of type integer; 10
is a fixed or constant value, whereas i is a variable which may be assigned other
values. Integer expressions, such as i+10, are available too.

A data type consists of a set of data values, a means of denoting those values,
and a set of operations that are allowed on them. For the integer data type, the
valuesare ..., -3, -2,—1,0,1, 2,3, ... between some limits depending on the
kind of integer and computer system being used. Such tokens as these are literal
constants, and each data type has its own form for expressing them. Named scalar
variables, such as 1, may be established. During the execution of a program, the
value of i may change to any valid value, or may become undefined, that is have no
predictable value. The operations which may be performed on integers are those
of usual arithmetic; we can write 1+10 or i-3 and obtain the expected results.
Named constants may be established too; these have values that do not change
during a given execution of the program.

prnpprhpc like those just mentioned are associated with all the data type of

ﬁ
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Fortran, and will be described in detail in this and the following chapters. The
language itseif contains five data types whose existence may aiways be assumed.
These are known as the intrinsic data types, whose literal constants form the
subject of the next section. Of each intrinsic type there is a default kind and a
processor-dependent number of other kinds. Each kind is associated with a non-

negatxve integer value known as the kind type parameter This is used as a means
of identifying and distinguishing the various kinds available.

In addition, it is possible to define other data types based on collections of data
of the intrinsic types, and these are known as derived data types. The ability to
define data types of interest to the programmer — matrices, geometrical shapes,
lists, interval numbers — is a powerful feature of the language, one which permits
a high level of data abstraction, that is the ability to define and manipulate data
objects without being concerned about their actual representation in a computer.

2
&0

The intrinsic data types are divided into two classes. The first ciass contains
three numeric types which are used mainly for numerical calculations — integer,
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real, and complex. The second class contains the two non-numeric types which
are used for such applications as text-processing and control — character and
logical. The numerical types are used in conjunction with the usual operators of
arithmetic, such as + and -, which will be described in Chapter 3. Each includes
a zero and the value of a signed zero is the same as that of an unsigned zero®.
The non-numeric types are used with sets of operators specific to each type; for
instance, character data may be concatenated. These too will be described in

Chapter 3.
2.6.1 Integer iiterai constants

The first type of literal constant is the integer literal constant. The default kind is
simply a signed or unsigned integer value, for example

D

(0]
JIT

99
2767
+10

[F%)

The range of the default integers is not specified in the language, but on a
computer with a word size of n bits, is often from —2"~! to 427! — 1. Thus
on a 32-bit computer the range is often from —2147483648 to +2147483647.

To be sure that the range will be adequate on any computer requires the specifi-
cation of the kind of integer by giving a value for the kind type parameter. This is
best done through a named integer constant. For example, if the range —999999
to 999999 is desired, k6 may be established as a constant with an appropriate value

by the statement, fully explained later,
integer, parameter :: kb=selected int kind(6)

and used in constants thus;

-123456_k6
+1_ké6
~2_k6

Here, selected_int_kind(6) is an intrinsic inquiry function call, and it returns
a kind parameter value that yields the range —999999 to 999999 with the least
margin (see Section 8.7.4).

On a given processor, it might be known that the kind value needed is 3. In this
case, the first of our constants can be written

~123456 3

3Although the representation of data is processor dependent, for the numeric data types the
standard defines model representations and means to inquire about the properties of those models.
The details are deferred to Section 8.7.
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but this form is less portable. If we move the code to another processor, this
particular value may be unsupported, or might correspond to a different range.

Many implementations use kind values that indicate the number of bytes of
storage occupied by a value, but the standard allows greater flexibility. For
example, a processor might have hardware only for 4-byte integers, and yet
support kind values 1, 2, and 4 with this hardware (to ease portability from
processors that have hardware for 1-, 2-, and 4-byte integers). However, the
standard makes no statement about kind values or their order, except that the kind
value is never negative.

The value of the kind type parameter for a v"n d“t“ ype on a given processor
can be obtained from the kind intrinsic functxo (Sectlo 8.2):
kind(1) for the default value
Linmd/lD L&\ Frnwm Fha Aavameala
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and the decimal exponent range (number of decimal digits supported) of a given
entity may be obtained from another function (Section 8.7.2), as in

range(2_k6)

which in this case would return a value of at least 6.

In addition to the usual integers of the decimal number system, for some
applications it is very convenient to be able to represent positive whole numbers
in binary, octal, or hexadecimal form. Unsigned constants of these forms exist in
Fortran, and are represented as illustrated in these examples:

binary (base 2): b'01100110"

octal (base 8): 0'076543'

hexadecimal (base 16): z'l0fa'
In the hexadecimal form, the letters a to f represent the values beyond 9; they may
be used also in upper case. The delimiters may be quotation marks or apostrophes.

The use of these forms of constants is limited to their appearance as implicit
integers in the data statement (Section 7.5.2). A binary, octal, or hexadecnmal

ithant
constant may also appear in an internal or external file as a digit string, without

the leading letter and the delimiters (see Section 9.13.2).
Bits stored as an integer representation may be manipulated by the intrinsic
procedures described in Section 8.8.

2.6.2 Real literal constants

The second type of literal constant is the real literal constant. The default kind
is a floating-point form built of some or all of: a signed or unsigned integer part,
a decimal point, a fractional part, and a signed or unsigned exponent part. One

or both of the integer part and fractional part must be present. The exponent

part is either absent or consists of the letter e followed by a signed or unsigned
integer. One or both of the decimal point and the exponent part must be present.
An example is



-10.6e-11

meaning —10.6 x 107!!, and other legal forms are

1.
-0.1
le-1
3.141592653

The default real literal constants are representations of a subset of the real
numbers of mathematics, and the standard specifies neither the allowed range of
the exponent nor the number of significant digits represented by the processor.
Many processors conform to the IEEE standard for floating-point arithmetic and
have values of 1077 to 10*%7 for the range, and a precision of six decimal digits.

To be sure to obtain a desired range and significance requires the specification
of a kind parameter value. For example,

integer, parameter :: long = selected real kind(9, 99)
ensures that the constants

1.7 long
12.3456789e30_long

have a precision of at least nine significant decimals, and an exponent range of at
least 1077 to 10+%%. The number of digits specified in the significand has no effect
on the kind. In particular, it is permitted to write more digits than the processor

.
can in fart 1100
vali 11l iavt usw.

As for integers, many implementations use kind values that indicate the number
of bytes of storage occupied by a value, but the standard allows greater flexibility.
It specifies only that the kind value is never negative. If the desired kind value is
known it may be used directly, as in the case

1.7 4

but the resulting code is then less portable.

The processor must provide at least one representation with more precision
than the default, and this second representation may also be specified as double
precision. We defer the description of this alternative but outmoded syntax to
Section 11.4.1.

The kind function is valid also for real values:

kind(1.0) for the default value
kind(1.0_long) for the example

In addition, there are two inquiry functions available which return the actual
precision and range, respectively, of a given real entity (see Section 8.7.2). Thus,
the value of

precision(1l.7 long)



Language eiements 17

would be at least 9, and the value of
range(1.7_long)

would be at least 99.

2.6.3 Complex literal constants

. .
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the advantage of having as third literal constant type the complex literal constant.
This is designated by a pair of literal constants, which are either integer or real,
separated by a comma and enclosed in parentheses. Examples are

(1., 3.2)

(1, .99e-2)

(1.0, 3.7_8)
where the first constant of each pair is the real part of the complex number, and
the second constant is the imaginary part. If one of the parts is integer, the kind
of the complex constant is that of the other part. If both parts are integer, the kind
of the constant is that of the default real type. If both parts are real and of the
same kind, this is the kind of the constant. If both parts are real and of different
kinds, the kind of the constant is that of one of the parts: the part with the greater
decimal precision, or the part chosen by the processor if the decimal precisions
are identical.

A default complex constant is one whose kind value is that of default real.
The kind, precision, and range functions are equally valid for complex enti-
ties.

Note that if an implementation uses the number of bytes needed to store a real
as its kind value, the number of bytes needed to store a complex value of the

corresponding kind is twice the kind value. For example, if the default real type
hag kind 4 and needs four hvfpe of storage, the default complex type has kind 4

S awaz Al WALED AN wei WS VA StVIRa™ AV WeVALRAL VRRIIpAVA o

but needs eight bytes of storage.

2.6.4 Character literal constants

The fourth type of literal constant is the character literal constant. The default
kind consists of a string of characters enclosed in a pair of either apostrophes or
quotation marks, for example

"Anything goes'

"Nuts & bolts"

The characters are not restricted to the Fortran set (Section 2.2). Any graphic
character supported by the processor is permitted, but not control characters such
as “newline”. The apostrophes and quotation marks serve as delimiters, and are
not part of the value of the constant. The value of the constant
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'STRING'

is STRING. We note that in character constants the blank character is significant.
For example

'a string'
is not the same as
'astring’

A problem arises with the representation of an apostrophe or a quotation mark
in a character constant. Delimiter characters of one sort may be embedded in a
string delimited by the other, as in the examples

'He said "Hello"'
"This contains an '

Alternatively, a doubled delimiter without any embedded intervening blanks is
regarded as a single character of the constant. For example

'Isn''t it a nice day'

has the value Isn't it a nice day.

The number of characters in a string is called its length, and may be zero. For
instance, '' and "" are character constants of length zero.

We mention here the particular rule for the source form concerning character
constants that are written on more than one line (needed because constants may
include the characters ! and &): not only must each line that is continued be with-
out a trailing comment, but each continuation line must begin with a continuation

s &K fadsiiias wo222222% LREL LR LV udaAativit v AL UES 1114

mark. Any blanks following a trailing ampersand or preceding a leading amper-
sand are not part of the constant, nor are the ampersands themselves part of the
constant. Everything else, including blanks, is part of the constant. An example
is

Tong_string = &
'Were I with her, the night would post too soon; &
& But now are minutes added to the hours; &
& To spite me now, each minute seems a moon; &
& Yet not for me, shine sun to succour flowers! &
& Pack night, peep day; good day, of night now borrow: &
& Short, night, to-night, and length thyself tomorrow.'

On any computer, the characters have a property known as their collating
sequence. One may ask the question whether one character occurs before or
after another in the sequence. This question is posed in a natural form such as
‘Does C precede M7, and we shall see later how this may be expressed in Fortran
terms. Fortran requires the computer’s collating sequence to satisfy the following
conditions:



e AislessthanBisless thanC... is less thanY is less than Z;
e Oislessthanlislessthan?2...is less than 8 is less than 9;

e blank is less than A and Z is less than 0, or blank is less than 0 and 9 is less
than A;

and, if the lower-case letters are available,
e aislessthan bisless thanc...isless thany is less than z;

e blank is less than a and z is less than 0, or blank is less than 0 and 9 is less
than a.

Thus we see that there is no rule about whether the numerals precede or succeed
the letters, nor about the position of any of the special characters or the under-
score, apart from the rule that blank precedes both partial sequences. Any given
computer system has a complete collating sequence, and most computers nowa-
days use the collating sequence of the ASCII standard (also known as ISO/IEC
646:1991). However, Fortran is designed to accommodate other sequences, no-
tably EBCDIC, so for portability, no program should ever depend on any ordering
beyond that stated above. Alternatively, Fortran provides access to the ASCII col-
lating sequence on any computer through intrinsic functions (Section 8.5.1), but
this access is not so convenient and is less efficient on some computers.

A processor is required to provide access to the default kind of character
constant just described. In addition, it may support other kinds of character
constants, in particular those of non-European languages, which may have more
characters than can be provided in a single byte. For example, a processor might
nnnnnnn I nsmis th tha Liwd wamamiatans vyaliia ). thic raga Wani: rharantar
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constant may be written

2 B

or

where kanji is an integer named constant with the value 2. We note that, in
this case, the kind type parameter exceptionally precedes the constant. This is
necessary in order to enable compilers to parse statements simply.

There is no requirement on a processor to provide more than one kind of
character, and the standard does not require any particular relationship between
the kind parameter values and the character sets and the number of bytes needed
to represent them. In fact, all that is required is that each kind of character set
includes a blank character. As for the other data types, the kind function gives
the actual value of the kind type parameter, as in

kind('ASCIT')

Non-default characters are permitted in comments.
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2.6.5 Logical literal constants

The fifth type of literal constant is the logical literal constant. The default kind
has one of two values, . true. and .false. . These logical constants are normally
used only to initialize logical variables to their required values, as we shall see in
Section 3.6.

The default kind has a kind parameter value which is processor dependent. The
actual value is available as kind(.true.). As for the other intrinsic types, the kind
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parameter may be specified by an integer constant following an underscore, as in

.false._l
.true. long

logical kinds are useful for storing logical arrays compactly; we

Papies 421 Qaneinea £ 177
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defer further

2.7 Names

A Fortran program references many different entities by name. Such names must
consist of between 1 and 31 alphanumeric characters (letters, underscores, and
numerals) of which the first must be a letter. There are no other restrictions on the
names; in particular there are no reserved words in Fortran. We thus see that valid
names are, for example,

a
a_thing
x1

mass

~n122
Jico

real
time of flight

and invalid names are

la First character is not alphabetic
a thing Contains a blank
$sign Contains a non-alphanumeric character

Within the constraints of the syntax, it is important for program clarity to
choose names that have a clear significance - these are known as mnemonic
names, Exampies are day, month, and year, for variables to store the calendar
date.

The use of names to refer to constants, already met in Section 2.6.1, will be

fully described in Section 7.4.
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2.8 Scalar variables of intrinsic type

We have seen in the section on literal constants that there exist five different
intrinsic data types. Each of these types may have variables too. The simplest way
by which a variable may be declared to be of a particular type is by specifying its
name in a type declaration statement such as

integer :: i
real it a
complex :: current
logical :: pravda

character :: letter

WFILAT W v

Here all the variables have default kind, and 1etter has default length, whichis 1.
Explicit requirements may also be specified through type parameters, as in the

VAaalllpivo

integer(kind=4) 2o i
real (kind=1ong) tra
character(len=20, kind=1) :: english_word

character(len=20, kind=kanji) :: kanji_word

Character is the only type to have two parameters, and here the two character
variables each have length 20. Where appropriate, just one of the parameters may
be specified, leaving the other to take its default value, as in the cases

character(kind=kanji) :: kanji_ letter
character(len=20) :: english_word

The shorter forms

integer(4) s i

real(long) 1 a
character(20, 1) :: english word
character(20, kanji) :: kanji_word
character(20) :: english_word

are available, but note that

character(kanji) :: kanji_letter ! Beware
is not an abbreviation for

character(kind=kanji) :: kanji_letter

because a single unnamed parameter is taken as the length parameter.

2.9 Derived data types

When programming, it is often useful to be able to manipulate objects that are
more sophisticated than those of the intrinsic types. Imagine, for instance, that
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we wished to specify objects representing persons. Each person in our application
is distinguished by a name, an age, and an identification number. Fortran allows
us to define a corresponding data type in the following fashion:

type person
character(len=10) :: name
real 11 age
integer ioid
end type person

This is the definition of the type. A scalar object of such a type is called a
structure. In order to create a structure of that type, we write an appropriate type
declaration statement, such as

type(person) :: you

The scalar variable you is then a composite object of type person containing three
separate components, one corresponding to the name, another to the age, and a
third to the identification number. As will be described in Sections 3.8 and 3.9, a
variable such as you may appear in expressions and assignments involving other
variables or constants of the same or different types. In addition, each of the
components of the variable may be referenced individually using the component
selector character percent (%). The identification number of you would, for
instance, be accessed as

you%id

and this quantity is an integer variable which could appear in an expression such

as
you%id + 9

Similarly, if there were a second object of the same type:
type(person) :: me

the differences in ages could be established by writing
you%age - me%age

It will be shown in Section 3.8 how a meaning can be given to an expression such
as

you - me

Just as the intrinsic data types have associated literal constants, so too may
literal constants of derived type be specified. Their form is the name of the type

followed by the constant values of the components, in order and enclosed in
parentheses. Thus, the constant

person( 'Smith', 23.5, 2541)



may be written assuming the derived type defined at the beginning of this section,
and could be assigned to a variable of the same type:

you = person( 'Smith', 23.5, 2541)

Any such structure constructor can appear only after the definition of the type.

A derived type may have a component that is of a previously defined derived
type. This is illustrated in Figure 2.1. A variable of type triangle may be
declared thus

type(triangle) :: t

and t has components t%a, t%b, and t%c all of type point, and t%a has compo-
nents t%a%x and t%a%y of type real.

Figure 2.1

+una A'int

type poin
real :: X, ¥y
end type point
type triangle
type(point) :: a, b, ¢
end type triangle

2.10 Arrays of intrinsic type

Another compound object supported by Fortran is the array. An array consists
of a rectangular set of elements, all of the same type and type parameters. There
are a number of ways in which arrays may be declared; for the moment we shall
consider only the declaration of arrays of fixed sizes. To declare an array named

a of 10 real elements. we add the dimansion attribute to the tvne dvr‘larnflnn
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statement thus:
real, dimension(10) :: a

The successive elements of the array are a(l), a(2), a(3), ..., a(10). The
number of elements of an array is called its size. Each array element is a scalar.

Many problems require a more elaborate declaration than one in which the first
element is designated 1, and it is possible in Fortran to declare a lower as well as
an upper bound:

real, dimension(-10:5) :: vector

This is a vector of 16 elements, vector(-10), vector(-9), ...,
We thus see that whereas we always need to specify the upper b
bound is optional, and by default has the value 1.

An array may extend in more than one dimension, and Fortran allows up to

seven dimensions to be specified. For instance
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real, dimension(5,4) :: b
declares an array with two dimensions, and
real, dimension(-10:5, -20:-1, 0:1, -1:0, 2, 2, 2) :: grid

declares seven dimensions, the first four with explicit lower bounds. It may be
seen that the size of this second array is

16 x20x2x2x2x2x2=10240,

and that arrays of many dimensions can thus place large demands on the memory

f t Tha
of a computer. The number of dimensions of an array is known as its rank. Thus,

grid has arank of seven. Scalars are regarded as having rank zero. The number of
elements along a dimension of an array is known as the extent in that dimension.
Thus, grid has extents 16, 20, ....

The sequence of extents is known as the shape. For example, grid has the shape
(16,20,2,2,2,2,2)
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A derlved type may contain an array component. For example, the following
type

type triplet
real it u
real, dimension(3) :: du
real, dimension(3,3) :: d2u
end type triplet

might be used to hold the value of a variable in three dimensions and the values of
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its first and second derivatives. If t is of type triplet, t%du and t%d2u are arrays
of type real.

Some statements treat the elements of an array one-by-one in a special order
which we call the array element order. It is obtained by counting most rapidly in
the early dimensions. Thus, the elements of grid in array element order are

grid( 5, -1, 1, 0, 2, 2, 2).

This is illustrated for an array of two dimensions in Figure 2.2. Most implemen-
tations actually store arrays in contiguous storage in array element order, but we
emphasize that the standard does not require this.

We reference an individual element of an array by specifying, as in the exam-
ples above, its subscript values. In the examples we used integer constants, but in
general each subscript may be formed of a scalar integer expression, that is, any
arithmetic expression whose value is scalar and of type integer. Each subscript
must be within the corresponding ranges defined in the array declaration and the

number of subscripts must equal the rank. Examples are
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Figure 2.2 The ordering of elements in the array b(5,4).

b(1,1) //—:::2) //—:::;» (/—:::JH

b (2.1) b (2,2) b(23) | b(24)

b (3,1) b (3,2) b (3,3) b (3,4)

b (4,1) b (4,2) b (4,3) b (4,4)

Y
b (5,1) b (5.2) b (5.3) b (5.4)
JJ J J

a(1)
a(i*j) I i and j are of type integer
a(nint(x+3.)) I x is of type real

t%d2u(i+l,j+2) ! t is of derived type triplet

where nint is an intrinsic function to convert a real value to the nearest integer
(see Section 8.3.1). In addition subarrays, called sections, may be referenced by
specifying a range for one or more subscripts. The following are examples of
array sections:

a(i:j) ! Rank-one array of size j-i+l

b(k, 1:n) | Rank-one array of size n

c(l:i, 1:3, k) ! Rank-two array with extents i and j
We describe array sections in more detail in Section 6.13. An array section
is itself an array, but its individual elements must no t be accessed through the
section designator. Thus, b(k, 1:n) (1) cannot be written; it must be expressed
asb(k, 1).

A further form of subscript is shown in
a(ipoint) ! ipoint is an integer array

where ipoint is an array of indices, pointing to array elements. It may thus
be seen that a(ipoint), which identifies as many elements of a as ipoint has
elements, is an example of another array- -valued object, and ipoint is referred to
as a vector SuuSC‘i‘ipL This will be met in greater detail in Section 6.13.

It is often convenient to be able to define an array constant. In Fortran, a rank-
one array may be constructed as a list of elements enclosed between the tokens (/

and /). A simple example is



(/1, 2, 3,5, 10 /)

which is an array of rank one and size five. To obtain a series of values, the
individual values may be defined by an expression that depends on an integer
variable having values in a range, with an optional stride. Thus, the constructor

(/1, 2, 3, 4, 5/)
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as

(/ (1,1 =2,8,2) /)
and

(/ 1.1, 1.2, 1.3, 1.4, 1.5 /)

(/ (i*0.1, i=11,15) /)

An array constant of rank greater than one may be constructed by using the
ion reshape (see Section 8.13. ’l\ to reshape a rank-one array constant

1
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full description of array constructors is reserved for Section 6.16.

2.11 Character substrings

It is possible to build arrays of characters, just as it is possible to build arrays of
any other type:

character, dimension(80) :: line

declares an array, called 1ine, of 80 elements, each one character in length. Each
character may be addressed by the usual reference, 1ine(i) for example. In this
case, however, a more appropriate declaration might be

character(1en=80) :: line

which declares a scalar data object of 80 characters. These may be referenced
individually or in groups using a substring notation

line(i:j) ! i and j are of type integer
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which references all the characters from 1 to j in 1ine. The colon is used to sep-
arate the two substring subscripts, which may be any scalar integer expressions.
The colon is obligatory in substring references, so that referencing a single char-
acter requires 1ine(i:1). There are default values for the substring subscripts.
If the lower one is omitted, the value 1 is assumed; if the upper one is omitted, a
value corresponding to the character length is assumed. Thus,

line(:i) 1is equivalent to line(l:i)
line(i:) is equivalent to line(i:80)
line(:) is equivalent to line or line(1:80)

If i is greater than j in 1ine(i:j), the value is a zero-sized string.
We may now combme the length declaration W1th the array declaration to build

60 elements of an array, each f length 80. To eference the lme J on a page we
may write page(Jj), and to reference character i on that line we could combine
the array subscript and character substring notations into

page(j) (i:i)

A substring of a character constant or of a structure component may also be
formed:

' ABCDEFGHIJKLMNOPQRSTUVWXYZ' (3:3)
you%sname(1:2)

At this point we must note a limitation associated with character variables,
namely that character variables must have a declared maximum length, making

~cashla N ¢+ hi £«
it impossible to manipulate character variables o; variable length, unless they are

defined appropriately as of a derived data type. Nevertheless, this data type is
adequate for most character manipulation applications.

2.12 Obijects and subobjects

We have seen that derived types may have components that are arrays, as in

type triplet
real, dimension(3) :: vertex
end type triplet

may be of
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type(triplet), dimension(10) :: t
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4But see Section 1.5.
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A single structure (for example, t(2)) is always regarded as a scalar, but it may
have a component (for example, t (2) svertex) that is an array. Derived types may
have components of other derived types.

An object referenced by an unqualified name (up to 31 alphanumeric charac-
ters) is called a named object and is not part of a bigger object. Its subobjects have
designators that consist of the name of the object followed by one or more quali-
fiers (for example, t (1:7) and t(1)%vertex). Each successive qualifier specifies
a part of the object specified by the name or designator that precedes it.

Because of these possibilities, the terms array and variable are now used with a
more general meaning than in Fortran 77. The term ‘array’ is used for any object
that is not scalar, including an array section or an array-valued component of a
structure. The term ‘variable’ is used for any named object that is not specified to
be a constant and for any part of such an object, including array elements, array
sections, structure components, and substrings.

2.13 Pointers

In everyday language, nouns are often used in a way that makes their meaning
precise only because of the context. ‘The chairman said that ...” will be under-
stood precisely by the reader who knows that the context is the Fortran Committee
developing Fortran 90 and that its chairman was then Jeanne Adams.

Similarly, in a computer program it can be very useful to be able to use a name
that can be made to refer to different objects during execution of the program.
One example is the multiplication of a vector by a sequence of square matrices.
We might write code that calculates

we might first make x refer to z and A refer to C, thereby using our code to
calculate y = Cz, then make x refer to y and A refer to B so that our code
calculates the result vector we finally want,

An object that can be made to refer to other objects in this way is called a
pointer, and must be declared with the pointer attribute, for example

real, pointer $: son
real, pointer, dimension(:) :: X, y
real, pointer, dimension(:,:) :: a

In the case of an array, only the rank (number of dimensions) is declared, and the
bounds (and hence shape) are taken from that of the object to which it points.
Given such a declaration, the compiler arranges storage for a descriptor that is
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initially undefined but will later hold the address of the actual object (known as
the target) and holds, if it is an array, its bounds and strides.

Besides pointing to existing variables, a pointer may be made explicitly to point
at nothing:

nullify (son, x, y, a) ! Further details are in Section 6.5.4
or may be given fresh storage by an allocate statement such as
allocate (son, x(10), y(-10:10), a(n, n))

In the case of arrays, the lower and upper bounds are specified just as for the
dimension attribute (Section 2.10) ) except that any scalar i integer expression is
permitted. Permitting such expressions remedies one of the major deficiencies of
Fortran 77, namely that areas of only static storage may be defined, and we will
discuss this use further in Section 6.5.

Components of derived types are permitted to have the pointer attribute. This
enables a major application of pointers: the construction of linked lists. As a
simple example, we might decide to hold a sparse vector as a chain of variables
of the type shown in Figure 2.3, which allows us to access the entries one by one;

given
type(entry), pointer :: chain

where chain is a scalar of this type and holds a chain that is of length two,
its entries are chain%index and chain%next%index, and chain%next%next will
have been nullified. Additional entries may be created when necessary by an
appropriate allocate statement. We defer the details to Section 3.12.

Figure 2.3
type entry
real :: value
integer :: index
type(entry), pointer :: next

end type entry

A subobject is not a pointer unless it has a final component selector for the name
of a pointer component, for example, chain%next.

2.14 Summary

In this chapter, we have introduced the elements of the Fortran language The
bll&f&Clef set has been llS[C(l, and [ﬂC manner lﬂ which sequences OI characters
form literal constants and names explained. In this context, we have encountered
the five intrinsic data types defined in Fortran, and seen how each data type has
corresponding literal constants and named objects. We have seen how derived



types may be constructed from the intrinsic types. We have introduced one
method by which arrays may be declared, and seen how their elements may be
referenced by subscript expressions. The concepts of the array section, character
substring, and pointer have been presented, and some important terms defined.
In the following chapter we shall see how these elements may be combined into
expressions and statements, Fortran’s equivalents of ‘phrases’ and ‘sentences’.
With respect to Fortran 77, there are many changes in this area: the larger char-
acter set; a new source form; the significance of blanks; the parameterization of
the intrinsic types; the binary, octal, and hexadecimal constants; the ability to

~L¢ Aa nd »
obtain a desired precision and range; quotes as well as apostrophes as character

constant delimiters; longer names; derived data types; new array subscript nota-
tions; array constructors; and last, but not least, pointers. Together they represent
a substantial improvement in the ease of use and power of the language.

2.15 Exercises

1. For each of the following assertions, state whether it is true, false or not determined,
according to the Fortran collating sequences:

b is less than m
8 is less than 2
* is greater than T
$ is less than /
blank is greate

LY bl 2. 1

piank 1S iess t

than A

[ 4

r
[V,
nan o

2. Which of the Fortran lines in Figure 2.4 are correctly written according to the require-

o wtmnie cartman faemaf) Wliabh Anae ~ tn.“ miemantaru’) Whish linae ar

ments of the Fortran source form? Which ones contain commentar ry? Vyviici iunes arc

initial lines and which are continuation lines?

Figure 2.4
X =Y
3 a=nbtc ! add
word = 'string'
a=1.0;b=2.0
a =15. ! initialize a; b =22. ! and b
song = "Life is justd
& a bowl of cherries"
chide = 'Waste not,
want not!'
0 c(3:4) = 'up"

3. C(lassify the following literal constants according to the five intrinsic data types of
Fortran. Which are not legal literal constants?
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-43 'word'

4,39 1.9-4

0.0001e+20 'stuff & nonsense'
49 (0.,1.)

(1.e3,2) 'T can''t'
'(4.3e9, 6.2)' .true._l

e5 'shouldn' 't'

12 "0.K."

z10 z'19'

4. Which of the following names are legal Fortran names?

name name32
matrtant 122

quu\. 1IN & L

al82c3 no-go
stop! burn_
no_go Tong__name

S. What are the first, tenth, eleventh and last elements of the following arrays?

real, dimension(11)
real, dimension(0:11)
real, dimension(-11:0)
real, dimension(10,10)
real, dimension(5,9)
real, dimension(5,0:1,4) ::

. - *w LX) ..
0O o O T o

Write an array constructor of eleven integer elements.

6. Given the array declaration
character(len=10), dimension(0:5,3) :: ¢

which of the following subobject designators are legal?

c(2,3) c(4:3)(2,1)
c(6,2) c(5,3)(9:9)
c(0,3) c(2,1)(4:8)
c(4,3)(:) c(3,2)(0:9)
c(5)(2:3) c(5:6)

c(5,3)(9) c(,)

7. Write derived type definitions appropriate for:

a) a vehicle registration;

b) acircle;

Give an example of a derived type constant for each one.
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8. Given the declaration for t in Section 2.12, which of the following objects and subobjects
are arrays?

t t(4)%vertex(1)
t(10) t(5:6)
t(1)%vertex t(5:5)

9. Write specifications for these entities:

a) an integer variable inside the range —10% to 10%;

b) a real variable with a minimum of 12 decimal digits of precision and a range of
107'% to 10'%,

¢) aKanji character variable on a processor that supports Kanji with kind=2.



3. Expressions and assignments

3.1 Introduction
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Fortran — the constants, keywords, and names — from the basic elements of the
character set. In this chapter we shall discover how these entities may be further
combined into ‘phrases’ or expressions, and how these, in turn, may be combined
into ‘sentences’, or statements.

In an expression, we describe a computation that is to be carried out by the
computer, The result of the computation may then be assigned to a variable. A
sequence of assignments is the way in which we specify, step-by-step, the series
of individual computations to be carried out, in order to arrive at the desired
result. There are separate sets of rules for expressions and assignments, depending

on whether the operands in question are numeric, logical, character, or derived

Vil VVilwiilvi Uil Vi Giiies il ‘1 ul.l.vll Qi aaBiiIViI LYy AV SV, VaiGa GWVe A Nawa

in type, and whether they are scalars or arrays. There are also separate rules
for pointer assignments. We shall discuss each set of rules in turn, inciuding a
description of the relational expressions which produce a result of type logical

and are needed in control statements (see next chapter). To simplify the initial
discussion, we commence by considering expressions and assignments that are

intrinsically defined and mvolve neither arrays nor entities of derlved data types.
An expression in Fortran is formed of operands and operators, combined in a

way which follows the rules of Fortran syntax. A simple expression involving a
dyadic (or binary) operator has the form

operand operator operand
an example being

x+y

and a unary or monadic operator has the form

operator operand

an example being

-y



The operands may be constants, variables, or functions (see Chapter 5), and an
expression may itself be used as an operand. In this way, we can build up more
complicated expressions such as

operand operator operand operator operand

where consecutive operands are separated by a single operator. Each operand
must have a defined value and the result must be mathematically defined; for
example, raising a negative real value to a real power is not permitted.

The rules of Fortran state that the parts of expressions without parentheses are

evaluated sucnnccnmlu from left to ﬂaht for operators of equal precedence, with

the exception of ** (see Section 3.2). If it is necessary to evaluate part of an
expression, or subexpression, before another, parentheses may be used to indicate
which subexpression should be evaluated first. In

operand operator (operand operator operand)

the subexpression in parentheses will be evaluated, and the result used as an
operand to the first operator.

If an expression or subexpression has no parentheses, the processor is permitted
to evaluate an equivalent expression, that is an expression that always has the same
value apart, possibly, from the effects of numerical round-off. For example, if a,
b, and ¢ are real variables, the expression

a/b/c
might be evaluated as

- 17
a/ (bxc)

on a processor that ~n
Vil k.ll Vvwoaul I-lla‘- wall

changes are welcome to the programmer since the program runs faster, but when
they are not (for instance because they would lead to more round-off) parentheses
should be inserted because the processor is required to respect them.

If two operators immediately follow each other, as in

operand operator operator operand

the only possibie interpretation is that the second operator is unary. Thus, there is
a general rule that a binary operator must not follow immmediately after another
operator.

3.2 Scalar numeric expressions

A numeric expression is an expression whose operands are one of the three
numeric types — integer, real, and complex — and whose operators are

*k exponentiation

a / [ Pegn | Py
n / Uil p lUIl, UlVlblU

+ - addmon, subtraction
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These operators are known as numeric intrinsic operators, and are listed here in
their order of precedence. In the absence of parentheses, exponentiations will be
carried out before multiplications and divisions, and these before additions and
subtractions.

We note that the minus sign (-) and the plus sign (+) can be used as a unary
operators, as in

-tax

Because it is not permitted in ordinary mathematical notation, a unary minus or
plus must not follow immediatedly after another operator. When this is needed,
as for x 77, parentheses must be placed around the operator and its operand:

x*%(-y)

The type and kind type parameter of the result of a unary operation are those of
the operand.

~
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tiations. Whereas the expression
-atbh+c

will be evaluated from left to right as
((-a)+b)+c

the expression
axkhixcC

will be evaluated as
a% (bwxc)

For integer data, the result of any division will be truncated
t

A Voo wxrhhn (RO | : e 1 HT 1

is to the ii‘ltcgm vaiu€ wiiosc magnituac is cgua
of the exact result. Thus, the result of

6/3 is 2
8/3 is 2
-8/3 is-2

This fact must always be borne in mind whenever integer divisions are written.
Similarly, the result of

2**3  is 8
whereas the result of

O e 3
& N

which is zero.



The rules of Fortran allow a numeric expression to contain numeric operands
of differing types or kind type parameters. This is known as a mixed-mode
expression. Except when raising a real or complex value to an integer power,
the object of the weaker (or simpler) of the two data types will be converted,
or coerced, into the type of the stronger one. The result will also be that of the
stronger type. If, for example, we write

a*i
when a is of type real and i is of type integer, then i will be converted to a real
data type before the multiplication is performed, and the result of the computation
will also be of type real. The rules are summarized for each possible combination
for the operations +, -, * and / in Table 3.1, and for the operation ** in Table 3.2.

The functions real and cmp1x that they reference are defined in Section 8.3.1. In

(o o000 N |

both Tables, I stands for integer, R for real, and C for compiex.

Table 3.1. Type of result of a .op. b, where .op. is +, -, * or /.

Type Type Value of Value of Type of
ofa ofb aused b used result
I I a b I
I R real(a,kind(b)) b R
I C cmplx(a,0,kind(b)) b C
R I a real(b,kind(a)) R
R R a b R
R C cmplx(a,0,kind(b)) b C
C I a cmplx(b,0,kind(a)) C
C R a cmplx(b,0,kind(a)) C
C C a b C

If both operands are of type integer, the kind type parameter of the result is that
of the operand with the greater decimal exponentrange, or is processor dependent
if the kinds differ but the decimal exponent ranges are the same. If both operands
are of type real or complex, the kind type parameter of the result is that of the
operand with the greater decimal precision, or is processor dependent if the kinds
differ but the decimal precisions are the same. If one operand is of type integer
and the other is of real or complex, the type parameter of the result is that of the
real or complex operand.

In the case of raising a complex value to a complex power, the principal value'
is taken.

!The principal value of a® is exp(b(log |a| + i arga)), with -7 < arga < 7.
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Table 3.2. Type of result of a**b.

Type Type Value of Value of Type of
ofa ofb aused b used result
I I a b I
I R real (a,kind(d)) b R
I C cmplx(a,0,kind(b)) b C
R I a b R
R R a b R
R C cmplx(a,0,kind(b)) b C
C I a b C
C R a cmplx(b,0,kind(a)) C
C C a b C

3.3 Defined and undefined variables

In the course of the explanations in this and the following chapters, we shall often
refer to a variable becoming defined or undefined. In the previous chapter, we
showed how a scalar variable may be called into existence by a statement like

real :: speed

In this simple case, the variable speed has, at the beginning of the execution of the

tn faranca
program, no defined value. It is undefined. No attempt must be made to reference

its value since it has none. A common way in which it might become defined is
for it to be assigned a value:

After the execution of such an ass,gnmert statement it has a value, and that value
may be referenced, for instance in an expression:
speed*0.5

For a compound object, it is necessary for all its subobjects to be individually
defined before the object as a whole is regarded as defined. Thus, an array is said
to be defined only when each of its elements is defined, an object of a derived
data type is defined only when each of its components is defined, and a character
variable is defined only when each of its characters is defined.

A variable that is defined does not necessarily retain its state of definition
throughout the execution of a program. As we shall see in Chapter 5, a variable
that is local to a single subprogram usually becomes undefined when control is
returned from that subprogram. In certain circumstances, it is even possible that
a single array element becomes undefined: this causes the array considered as a
whole to become undefined; a similar rule holds for entities of derived data type
and for character variables.



A means to specify the initial value of a variable will be explained in Section
7.5.

In the case of a pointer, the pointer association status may be undefined (its
initial state), associated with a target, or disassociated, which means that it is not
associated with a target but has a definite status that may be tested by the function
associated (Section 8.2). Even though a pointer is associated with a target, the
target itself may be defined or undefined. A means to specify the initial status of
disassociated is provided by Fortran 95 (see Section 7.5.3).

3.4 Scalar numeric assignment

The general form of a scalar numeric assignment is
variable = expr

where variable is a scalar numeric variable and expr is a scalar numeric expres-
sion. If expr is not of the same type or kind as variable, it will be converted to
that type and kind before the assignment is carried out, according to the set of
rules given in Table 3.3 (the function int is defined in Section 8.3.1).

Table 3.3. Numeric conversion for assignment statement variable = expr

Type of variable Value assigned

integer int(expr, kind(variable))

real real(expr, kind(variable))

complex cmplx(expr, kind=kind(variable))
Wa nata that |F tuma nf variahls 1o intacar bt svnw 10 nnt than tha nnn;nn_
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ment will resultin a loss of precision unless expr happens to have an integral value.
Similarly, assigning a real expression to a real variable of a kind with less preci-
sion will also cause a loss of precision to occur, and the assignment of a complex
quantity to a non-complex variable involves the loss of the imaginary part. Thus,
the values in i and a following the assignments

i
a

7.3 ! i of type default integer
(4.01935, 2.12372) ! a of type default real

are 7 and 4.01935, respectively.

3.5 Scalar relational operators

It is possible in Fortran to test whether the value of one numeric expression bears

P N -~ P '1"'»\5
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relational operators are
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Jdt.or < less than

.le. or <= less than or equal
.eq. or ==  equal

.ne. or /= notequal

.gt. or > greater than

.ge, or >=  greater than or equal

If either or both of the expressions are complex, only the operators == and /= (or
.eq. and .ne.) are available.
The result of such a comparison is one of the default logical values true. or

----
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tance in controlling the flow of a program. Examples of relational expressions (for
i and j of type integer, a and b of type real, and charl of type default character)
are

i<0 integer relational expression
a<b real relational expression

atb > i-j mixed-mode relational expression
charl == 'Z' character relational expression

In the third expression above, we note that the two components are of different
numeric types. In this case, and whenever either or both of the two components
consist of numeric expressions, the rules state that the components are to be
evaluated separately, and converted to the type and kind of their sum before the
comparison is made. Thus, a relational expression such as

atb .le. i-j

will be evaluated by converting the result of (i-J) to type real.
For character comparisons, the kinds must be the same and the letters are

compared from the left until a difference is found or the strings are found to be

o
identical. If the lengths differ, the shorter one is regarded as being padded with

blanks? on the right. Two zero-sized strings are considered to be identical.

No other form of mixed mode relational operator is intrinsicaliy available,
though such an operator may be defined (Section 3.8). The numeric operators take
precedence over the relational operators.

3.6 Scalar logical expressions and assignments

Logical constants, variables, and functions may appear as operands in logical
expressions. The logical operators, in decreasing order of precedence, are:

2Here and elsewhere, the blank padding character used for a non-default type is processor depen-
dent.



unary operator:

.not. logical negation

binary operators:
.and. logical intersection
.or. logical union

logical i,j,k,]
then the following are valid logical expressions:

.not.j
i and L
J e GATIAd o n

j .or. 1 .and. .not.j
( .not.k .and. j .neqv. .not.1) .or. i

In the first expression we note the use of .not. as a unary operator. In the third
expression, the rules of precedence imply that the subexpression 1.and. .not.j
will be evaluated first, and the result combined with i. In the last expression, the
two subexpressions .not.k.and.j and .not.1 will be evaluated and compared
for non-equivalence. The result of the comparison, .true. or .false., will be
combined with 1.

The kind type parameter of the result is that of the operand for .not., and for
the others is that of the operands if they have the same kind or processor dependent
otherwise.

We note that the .or. operator is an inclusive operator; the .neqv. operator
provides an exclusive logical or (a.and..not.b .or. .not.a.and.b).

=S G20 LALIRIIVL e e e S v e v--—

The result of any logical expression is the value true or false, and this value may
then be assigned to a logical variable such as element 3 of the logical array flag
in the example

flag(3) = ( .not. k .eqv. 1) .or. j

The kind type parameter values of the variable and expression need not be iden-
tical.

A logical variable may be set to a predetermined value by an assignment
statement;

flag(l) = .true.
flag(2) = .false.

In the foregoing examples, all the operands an
pe
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assignment.
The resuits of several relational expressions may be combined into a logical
expression, and assigned, as in
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real tta, b, X, ¥
logical :: cond

cond = a>b .or. x<0.0 .and. y>1.0

where we note the precedence of the relational operators over the logical op-
erators. If the value of such a logical expression can be determined without
evaluating a subexpression, a processor is permitted not to evaluate the subexpres-
sion. An example is

behaviour. For example when a y ha s size 10, an out-of-bounds subscript might
be I'CICI'CIILCU if the Pprocessor (. es to cvalua[e the rlgm-nana suoexpressmn
before the left-hand one. We return to this topic in Section 5.10.1.

when i has the value 11. However, the programmer must not rg,ly on such

3.7 Scalar character expressions and assignments

The only intrinsic operator for character expressions is the concatenation operator
//, which has the effect of combining two character operands into a single char-
acter result. For example, the result of concatenating the two character constants
AB and CD, written as

‘AB'//'CD"

is the character string ABCD. The operands must have the same kind parameter

values, but may be character variables, constants, or functions. For instance, if
wordl and word?2 are both of default kind and length 4, and contain the character

Kaiv U wwalswein thaaane {Faave dwax

strings LOOP and HOLE respectively, the result of
wordl(4:4)//word2(2:4)

is the string POLE.
The length of the result of a concatenation is the sum

operands. Thus, the length of the result of
wordl//word2//'S"

is 9, which is the length of the string LOOPHOLES.
The result of a character expression may be assigned to a character variable of

the same kind. Assuming the declarations

ths of the
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character(len=4) :: charl, char?
character(len=8) :: result

we may write

charl = ‘any '
char2 = ‘book'
result = charl//char2
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= 4

A
gn
ih.

In this case, result will now contain the string any book. We note in these
examples that the lengths of the left- and right-hand sides of the three assignments
are in each case equal. If, however, the length of the result of the right-hand side
is shorter than the length of the left-hand side, then the result is placed in the left-
most part of the left-hand side and the rest is filled with blank characters. Thus,

in

haracte 5) :: fill
i1 (1 B!

—u,n

fi11(1:4) will have the value ABbb (where b stands for a blank character). The

value of fi11(5:5) remains undefined, that is, it contains no specific value and
should not be used in an expression. As a consequence, fi11 is also undefined.
On the other hand, when the left-hand side is shorter than the result of the right-
hand side, the right-hand end of the result is truncated. The result of

:: trunc8

is to place in trunc8 the character string TRUNC. If a left-hand side is of zero length,
no assignment takes place.

The left-hand and right-hand sides of an assignment may overlap. In such a
case, it is always the old values that are used in the right-hand side expression.
For example, the assignment

result(3:5) = result(1:3)

is valid and if result began with the value ABCDEFGH, it would be left with the
value ABABCFGH.
Other means of manipulating characters and strings of characters, via intrinsic

Lucanmbimemn maaa PR, OB 10 L
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3.8 Structure constructors and scalar defined operators

No operators for derived types are automatically available, but a structure may
be constructed from expressions for its components, just as a constant structure
may be constructed from constants (Section 2.9). The general form of a structure
constructor is

type-name (expr-list)

where the expr-list specifies the values of the components. For example, given the
type

type string

integer :: length
character(len=10) :: value
end type string
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and the variables
character(len=4) :: charl, char2
the following is a value of type string
string(8, charl//char2)

Each expression in expr-list corresponds to a component of the structure; if it is
not a pointer component, the value is assigned to the component under the rules of
intrinsic assignment; if it is a pointer component, the expression must be a valid
target for it,® as in a pointer assignment statement (Section 3.12).

When a programmer defines a derived type and wishes operators to be avail-
able, he or she must define the operators, too. For a binary operator this is done
by writing a function, with two intent in arguments, that specifies how the resuit
depends on the operands, and an interface block that associates the function with
the operator token (functions, intent, and interface blocks will be explained fully
in Chapter 5). For example, given the type

type interval
real :: lower, upper
end type interval

that represents intervals of numbers between a lower and an upper bound, we may
define addition by a module (Section 5.5) containing the procedure

function add interval(a,b)
type(interval) ::oadd
type(interval), intent(in) :: a, b
add_interval%lower = a%lower + b%lower ! Production code
add_interval%upper = a%upper + b%upper ! would allow for
end function add_interval ! roundoff.

dd interval

IPvwl ¥

and the interface block (Section 5.18)

interface operator(+)
module procedure add interval
end interface

This function would be invoked in an expression such as
ytz

to perform this programmer-defined add operation for scalar variables y and z of
type interval. A unary operator is defined by an interface block and a function
with one intent in argument.

The operator token may be any of the tokens used fo

Yo aily L LUA

may be a sequence of up to 31 letters enclosed in decimal points other than . true.
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31n particular, it must not be a constant.



. Sum.

In this case, the header line of the interface block would be written as
interface operator(.sum.)
and the expression as

y.sum.z

If intrinsic token is used, the number of arguments must be the same as for
tringic ope.r..f!Qn the nrmrnv of the nneratmn is as for the intrinsic opera ation,

he

h the priorit

and a unary minus or plus must not follow immediately after another operator.
Otherwise, it is of highest priority for defined unary operators and lowest priority
for defined binary operators. The complete set of priorities is given in Table
3.4. Where another priority is required within an expression, parentheses must

be used.

(s

-nn

Type of operation when intrinsic Operator

—_ monadic (unary) defined operator

Numeric *k

Numeric *or /

Numeric monadic + or -

Numeric dyadic + or -

Character //

Relational .eq. .ne. .1t. .le. .gt. .ge.
== /= < <= > >=

Logical .not.

Logical .and.

Logical .or,

Logical .eqv. or .negv.

—_— dyadic (binary) defined operator

Retaining the intrinsic priorities is helpful both to the readability of expressions
and to the efficiency with which a compiler can interpret them. For example, if +
is used for set union and * for set intersection, we can interpret the expression

i*j + k
'Ar cate 1 nAd b writh et A m . [ P
101 5CS 1, J, ana K witliout qaiil uity.

If either of the intrinsic tokens .eq. and == is used, the definition applies to both
tokens so that they are always equivalent. The same is true for the other equivaient
pairs of relational operators.



Note that a defined unary operator not using an intrinsic token may follow
immediately after another operator as in

y .sum. .inverse. X

Operators may be defined for any types of operands, except where there is an
intrinsic operation for the operator and types. For example, we might wish to be
able to add an interval number to an ordinary real, which can be done by adding

function add interval real(a,b)
type(interval) add_interval_real
type(intervai), intent(in) :: a
real, intent(in) st b

add_interval_real%lower = a%lower + b ! Production code would
add_interval_real%upper = a%upper + b ! allow for roundoff.
end function add_interval_real

and changing the interface block to

interface operator(+)
module procedure add_interval, add_interval _real
end interface

The result of a defined operation may have any type. The type of the result, as
well as its value, must be specified by the function.
Note that an operation that is defined intrinsically cannot be redefined; thus in

real :: a, b, ¢

3.9 Scalar defined assignments

Assignment of an expression of derived type to a variable of the same type is
automatically available and takes place component by component. For example,
if a is of the type interval defined at the start of Section 3.8, we may write

a = interval(0.0, 1.0)

(structure constructors were met in Section 3.8, t00).

In other circumstances, however, we might wish to define a different action for
an assignment involving an object of derived type, and indeed this is possible.
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An assxgnment may be redefined or another assngnment may be deﬁned by a

SUDI'Oll[ll'\e with two arguments, the first navmg intent out or intent inout and
corresponding to the variable and the second having intent in and corresponding
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to the expression (subroutines will also be dealt with fully in Chapter 5). In
the case of an assignment involving an object of derived type and an object of
a different type, such a definition must be provided. For example, assignment
of reals to intervals and vice versa might be defined by a module containing the

subroutines

subroutine real from interval(a,b)
real, intent(out) ira
ype(interval), intent(in) :: b

{

\
(b%1ower + bfupper)/

interval

t
a
end subroutine real from

and

subroutine interval_from real(a,b)
type(interval), intent(out) :: a
real, intent(in) it b
a%lower = b
asupper = b

end subroutine interval_from real

and the interface block

interface assignment(=)
module procedure real_from interval, interval from real
end interface

Given this, we may write

ype

-...-\ .
ntervai) :: a

it o

(3
!
0.0

o

A defined assignment must not redefine the meaning of an intrinsic assignment
for intrinsic types, that is an assignment between two objects of numeric type, of
logical type, or of character type with the same kind parameter, but may redefine
the meaning of an intrinsic assignment for two objects of the same derived type
For inctanca for an accionment hetiuwaan rneiallac ~F rims odaad

LR HEISwWILY, LU all aSS1gnmciin petween two var laulc«b (0 ulc Lypc QLI HTIY \DCLUUII
3.8) that copies only the relevant part of the character component, we might write

subroutine assign string (left, right)

type(string), intent(out) :: left

type(string), intent(in) :: right

left%length = right%length

left%value(1l:1eft%length) = right%value(1:right%length)
end subroutine assign_string

Intrinsic assignment for a derived-type object always involves intrinsic assign-
ment far all 1te R P Y AL o cennt e Al A Aaviva

ment 1or ail i8S non-pointer components, even it a coir nponeniis ora derived type
for which assignment has been redefined.
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3.10 Array expressions

So far in this chapter, we have assumed that all the entities in an expression are
scalar. However, any of the unary intrinsic operations may also be applied to
an array to produce another array of the same shape (identical rank and extents,
see Section 2.10) and having each element value equal to that of the operation
applied to the corresponding element of the operand. Similarly, binary intrinsic
operations may be applied to a pair of arrays of the same shape to produce an
array of that shape, with each element value equal to that of the operation applied
to corresponding elements of the operands. One of the operands to a binary
operation may be a scalar, in which case the result is as if the scalar had been
broadcast to an array of the same shape as the array operand. Given the array

declarations

real, dimension(10,20) :: a,b
real, dimension(5) 1TV

the following are examples of array expressions:

a/b | Array of shape (10,20), with elements a(i,j)/b(i,J)
v+l, ! Array of shape (5), with elements v(i)+1.0
5/v+a(1:5,5) ! Array of shape (5), with elements 5/v(i)+a(i,5)
a.eq.b ! Logical array of shape (10,20), with elements

| .true. if a(i,j).eq.b(i,j), and .false. otherwise

Two arrays of the same shape are said to be conformable and a scalar is con-
formable with any array.

Note that the correspondence is by position in the extent and not by subscript
vaiue. For example,

«.Q
7

a(2:9,5:10) + b(L:

s/ e d

hac element valueg
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a(i+l,j+4) + b(i,j+14), i=1,2,...,8, j=1,2,...,6.

This may be represented pictorially as in Figure 3.1.

The order in which the scalar operations in any array expression are executed
is not specified in the standard, thus enabling a compiler to arrange cfficient
execution on a vector or parallel computer.

Any scalar intrinsic operator may be applied in this way to arrays and array-
scalar pairs. For derived operators, the programmer must define operators directly
for array operands, for each rank or pair of ranks involved. For example, the type

type matrix
real :: element
end type matrix

might be defined to have scalar operations that are identical to the operations
for reals, but for arrays of ranks one and two the operator * defined to mean



Figure 3.1 The sum of two array sections.

a(1,1) a(1,20)

a(2,10)

2(9.5) e r a(9.10)\
a(10,1) ] a(wE‘\.‘

r

a(2,5)

+ =
b(1,1) b(1,15) /-—-—""">
: 3 6(1,20)
b(8,15) b(8,20)
b(10,1) b(10,20)

matrix multiplication. The type matrix would therefore be suitable for matrix
arithmetic, whereas reals are not suitable because multiplication for real arrays
is done element by element. This is further discussed in Section 6.7.

3.11 Array assignment

By intrinsic assignment, an array expression may be assigned to an array variable

of the same shape, which is interpreted as if each element of the expression were
A .

assigned to the corresponding element of the variable. For example, with the
declarations of the beginning of the last section, the assignment

a=a+1.0

replaces a(i,j) by a(i,j)+1.0fori=1,2,...,10andj=1,2,...,20. Note
that, as for expressions, the element correspondence is by position within the
extent rather than by subscript value. This is illustrated by the example

a(l,11:15) =y I a(1,j+10) is assigned from
'v(j), j=1,2,...,5

A scalar expression may be assigned to an array, in which case the scaiar vaiue
is broadcast to all the array elements.
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If the expression includes a reference to the array variable or to a part of
it, the expression is interpreted as being fully evaluated before the assignment
commences. For example, the statement

v(2:5) = v(1:4)

results in each element v(i) for i = 2, 3, 4, 5 having the value that v(i-1) had
prior to the commencement of the assignment. This rule exactly parallels the rule
for substrings that was exnlamed in Section 3.7. The order in which the array
elements are assigned is not specified by the standard, to allow optimizations.

Sets of numeric and mathematical intrinsic functions, whose resuits may be
used as operands in scalar or array expressions and in assignments, are described
in Sections 8.3 and 8.4.

For a defined assignment (Section 3.9), a separate subroutine must be provided
for each combination of ranks for which it is required. Intrinsic as sngnment
is overridden Umy for those combinations of ranks for which a corre sponamg
defined assignment is accessible.

A form of array assignment expressed with the help of indices is provided by
Fortran 95 (Section 6.9). Also, elemental defined assignments are available in

Fortran 95 (Section 6.11).

3.12 Pointers in expressions and assignments

A pointer may appear as a variable in the expressions and assignments that we
have considered so far in this chapter, provided it has a valid association with
a target. The target is accessed without any need for an explicit dereferencing
symbol. In particular, if two pointers appear on opposite sides of an assignment

statement, data are copied from one target to the other target.
Sometimes the need arises for another sort of assienment. We may want the

WRAILLAIAVE iV RIVAL S idOVO ava KUl OV Vi QSSigiiitavis

left-hand pointer to point to another target, rather than that its current target
acquire fresh data. That is, we want the descriptor to be aitered. This is calied
pointer assignment and takes place in a pointer assignment statement:

pointer => target

where pointer is the name of a pointer or the designator of a structure component
that is a pointer, and target is usually a variable but may also be a reference to a
pointer-valued function (see Section 5.10). For example, the statements

X =12
a=>2c

have variables as targets and are needed for the first matrix multiplication of

Section 2.13, in order to make x refer to z and a to refer to ¢. In Fortran 95, the
statement

x => null() ! Fortran 95 only
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nullifies x. Pointer assignment also takes place for a pointer component of a struc-
ture when the structure appears on the left-hand side of an ordinary assignment.
For example, suppose we have used the type entry of Section 2.13 to construct a
chain of entries and wish to add a fresh entry at the front. If first points to the
first entry and current is a scalar pointer of type entry, the statements

allocate (current)
current entry(new_value, new_index, first)

allocate a new eniry and link it into th he assignment statement

has the effect
current%next => first

and establishes the link. The pointer assignment statement gives first the new
entry as its target without altering the old first entry. An ordinary assignment
would be incorrect because the target would be copied, destroying the old first
entry, corresponding to the component assignments

first%value = current%value
first%index = current%index
first%next => current%next

In the case where the chain began with length two and consisted of

first : (1.0, 10, associated)

firstsnext : (2.0, 15, null)
following the execution of the first set of statements it would have length 3 and
consist of

first : (4.0, 16, associated)
first%next : (1.0, 10, associated)
first%next%next : (2.0, 15, null)

If the tareetin a

Qv A

pomterorasubobjectofa ointer, it must have the target attribute. For example,
the statement

real, dimension(10), target :: y

declares y to have the target attribute. Any subobject of an object with the
target attribute also has the target attribute. The target attribute is required for
the purpose of code optimization by the compiler. It is very helpful to the compiler
to know that a variable that is not a nmnter or a target may not be accessed hv a
pointer.
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character(1en=80), dimension(:), pointer :: page

and an appropriate association, the following are all permitted targets:
page, page(10), page(2:4), page(2)(3:15)

Note that it is sufficient for any part of the subobject to have the pointer attribute.
For example, given the declaration

type(entry) :: node ! This has a pointer component next,
] see Section 2.13.

and an appropriate association, node%next%value is a permitted target.

If the target in a pointer assignment statement is itself a pointer, then a straight-
forward copy of the descriptor takes place. If the pointer association status is
undefined or disassociated, this state is copied.

If the target is a pointer or a subobject of a pointer, the new association is with
that pointer’s target and is not affected by any subsequent changes to its pointer
association status. This is illustrated by the following example. The sequence

b =>c¢ ! ¢ has the target attribute
a=>bhb
nullify (b)

will leave a still pointing to c.

The type, type parameters, and rank of the pointer and target in a pointer
assignment statement must each be the same. If the pointer is an array, it takes
its shape and bounds from the target. The bounds are as would be returned by the
functions 1bound and ubound (Section 8.12.2) for the target, which means that an
array section or array expression is always taken to have the value 1 for a lower
bound and the extent for the corresponding upper bound.

| nl; n al 1
Fortran is unusual in not requiring a special character for areference to a pointer

target, but requiring one for distinguishing pointer assignment from ordinary
assignment. The reason for this choice was the expectation that most engineering
and scientific programs will refer to target data far more often than they change
targets.

3.13 Summary

In this chapter, we have seen how scalar and array expressions of numeric, log-
ical, character, and derived types may be formed, and how the corresponding
assignments of the results may be made. The relational expressions and the use of
pointers have also been presented. We now have the information required to write
short sections of code forming a sequence of statements to be performed one after
the other. In the following chapter we shall see how more complicated sequences,

involving branching and iteration, may be built up.

Featiy d antan whinkh ses maw cince artra
Features described in this Chayucn which are new since Fortran 7

of the alternative representations <, <=, . .. for the relational operators; the abi
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of the two sides of a character assignment to overlap; structure constructors;
defined operators and assignment; array expressions and assignment; and the use
of pointers in expressions and assignment.

3.14 Exercises

1. If all the variables are numeric scalars, which of the following are valid numeric
expressions?

a+b -C

a+-C d+(-f)

(a+c)**(p+q)  (a+c) (p+q)

- (X+y) **] 4.((a-d)-(a+4.*x)+1)

2. In the following expressions, add the parentheses which correspond to Fortran’s rules
of precedence (assuming a, c-f are real scalars, i-n are logical scalars, and b is a logical
array), for example

a+d**2/c becomes a+((d**2) /c)

C+4 , *f
4.%g-a+d/2.
a*kpkkCird
axe-cxxd/ate

i .and. j .or. k

1 oar nnt 9 m an
[ ) o\l o sl o 1 e« QI (3 m .Ilc\‘ .

3. What are the results of the following expressions?
3+4/2 6/4/2
3. *4x%2 3.%%3/2
21 %x? {1 Yex2
i [4 \"de)7%J

4. A scalar character variable r has length 8. What are the contents of r after each of the
following assignments?

r = 'ABCDEFGH'
r = 'ABCD'//'01234"
r(:7) = 'ABCDEFGH'
r(:6) = 'ABCD'

S. Which of the following logical expressions are valid if b is a logical array?

.not.b(1).and.b(2) .or.b(1)
b(1).or..not.b(4) b(2) (.and.b(3).0r.b(4))
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6. If all the variables are real scalars, which of the following relational expressions are
valid?

d .le. ¢ p.lt. t>0
x-1 /=y xty < 3 .or. > 4,
d.1t.c.and.3.0 qg.eq.r .and. s>t

7. Write expressions to compute:

a) the perimeter of a square of side /;

[¢]

b) the area of a tria

ngle of base b and height h;
o o
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¢) the volume of a sphere of radius r.

8. Anitem costs n cents. Write a declaration statement for suitable variables and assign-
ment statements which compute the change to be given from a $1 bill for any value of n
from 1 to 99, using coins of denomination 1, 5, 10, and 25 cents.

9. Given the type declaration for interval in Section 3.8, the definitions of + given in
Section 3.8, the definitions of assignment given in Section 3.9, and the declarations

type(interval) :: a,b,c,d
real e r

which of the following statements are valid?

B S OO
[ LI L}

o o o

+ 4+ 4+ 4+ +
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10. Given the type declarations

real, dimension(5,6) :: a, b
real, dimension(5) :: c

which of the following statements are valid?

a=bh c = a(:,2) + b(5,:5)
a=c+l.0 c = a(2,:) + b(:,5)
a(:,3) = ¢ b(2:,3) = c + b(:5,3)






4. Control constructs

We have learnt in the previous chapter how assignment statements may be written,

and how fhpcp mny hn ordered one qﬁ'nr the 0'!"8{' to form a Sﬁqu@"nsu Ofccde ‘v'v'hiCh

is executed step-by-step. In most computations, however, this simple sequence
of statements is by itseif inadequate for the formulation of the problem. For
instance, we may wish to follow one of two possible paths through a section of
code, depending on whether a calculated value is positive or negative. We may
wish to sum 1000 elements of an array, and to do this by writing 1000 additions
and assignments is clearly tedious; the ability to iterate over a single addition is
required instead. We may wish to pass control from one part of a program to
another, or even stop processing altogether.

For all these purposes, we have available in Fortran various facilities to enable
the logical flow through the program statements to be controlled. The facilities
contained in Fortran correspond to those now widely regarded as being the most
appi‘()pi‘iaw for a modern prﬁgrammm g xanguage Their general form is that of a
block construct, that is a construct which begins with an initial keyword statement,
may have intermediate keyword statements, and ends with a matching terminal
statement, and that may be entered only at the initial statement. Each sequence
of statements between keywords is called a block. A block may be empty, though

arirch Arncae ara rar

SUCH Cascs arc rarc.,

Block constructs may be nested, that is a block may contain another block
construct. In such a case, the block must contain the whole of the inner construct.
Execution of a block always begins with its first statement.

However, we begin by describing the simple go to statement.

4.2 The go to statement

In this section, we consider the most disputed statement in programming lan-

guages — the go to statement. It is generally accepted that it is difficult to
understand a program which is interrupted by many branches, especially if there
is a large number of backward branches — those returning control to a statement
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preceding the branch itself. At the same time there are certain occasions, espe-
cially when dealing with error conditions, when go to statements are required in

even the most advanced languages.
The form of the unconditional go to statement is

go to label

where label is a statement label. This statement label must be present on an
executable statement (a statement which can be executed, as opposed to one of
an informative nature, like a declaration). An example is

X = y+3.0

an to 4

go to 4
3 x = x+2.0
4 z = xty

in which we note that after execution of the first statement, a branch is taken to
the last statement, labelled 4. This is a branch target statement. The statement
labelled 3 is jumped over, and can be executed only if there is a branch to the
label 3 somewhere else. If the statement following an unconditional go to is
unlabelled it can never be reached and executed, creating dead code, normally a
sign of incorrect coding.

A go to statement must never specify a branch into a block, though it may
specify a branch

e from within a block to another statement in the block,
e to the terminal statement of its construct, or

e {0 a statement outside its construct.

4.3 The if statement and construct

The i f statement and i f construct provide a mechanism for branching depending
on a condition. They are powerful tools, the i f construct being a generalized form
of the if statement.

4.3.1 The if statement

In the i f statement, the value of a scalar logical expression is tested, and a single
statement executed if its value is true. The general form is

if (scalar-logical-expr) action-stmt

where scalar-lomcal-exnr 1s any scalar logical expression, and action-stmt is any

executable statement other than one that marks the beginning or end of a block (for

1¢ nd 3F crp mev certinm) amnthan 3 £ ctatamant
instance, if, else if,else, end if, see next subsection), another i f statement, or

an end statement (see Chapter 5). Examples are
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if (flag) go to 6
if (x-y > 0.0) x = 0.0
if (cond .or. p<q .and. r<=1.0) s(i,j) = t(Jj,i)

The if statement is normally used either to perform a single assignment de-
pending on a condition, or to branch depending on a condition. The action-stmt

may not be labelled separately.

4.3.2 The if construct

The if construct allows either the execution of a sequence of statements (a block)
to depend on a condition, or the execution of alternative sequences of statements

(blocks) to depend on alternative conditions. The simplest of its three forms is

[name:] if (scalar-logical-expr) then
block
end if [name]

where scalar-logical-expr is any scalar logical expression and block is any se-
quence of executable statements (except an end statement or an incomplete
construct). The block is executed if scalar-logical-expr evaluates to the value true,
and is not executed if it evaluates to the value false. The 1f construct may be op-
tionally named: the first and last statements may bear the same name, which may
be any valid and distinct Fortran name (see Section 5.15 for a discussion on the
scope of names). The fact that the name is optional is indicated here by the square
brackets, a convention that will be followed throughout the book.

We notice that the if construct is a compound statement, the beginning being

marked by the if...then, and the end by the end if. An exampleis
swap: if (x < y) then
temp = X
X =Y
y = temp
end if swap

in which we notice also that the block inside the if construct is indented with
respect to its beginning and end. This is not obligatory, but makes the logic easier
to understand, especially in nested i f constructs as we shall see at the end of this
section.

In the second form of the if construct, an alternative block of statements is
executable, for the case where the condition is false. The general form is

[name:] if (scalar-logical-expr) then

else [name]

| S Y
UI()LKZ

end if [name]
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in which the first block of statements (blockl) is executed if the condition is true
and the second block (block2), following the else statement, is executed if the
condition is false. An example is

if (x <y) then

X = =X
else

y=-=y
end if

in which the sign of x is changed if x is less than y, and the sign of y is changed
if x is greater than or equal to y.

Tha third and manct canaral ¢ unn nF'l‘F
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make a succession of tests, each of which has its associated block of statements.
The tests are made one after the other until one is fulfilled, and the associated
statements of the relevant i f or e]se i f block are executed. Control then passes to
the end of the i f construct. If no test is fulfilled, no block is executed, unless there
is a final ‘catch-all’ else clause. The general form is shown in Figure 4.1. Here,
and later in the book, we use the notation [ ] to indicate an optional item and [ ]...
to indicate an item that may occur any number of times (including zero). There
can be any number (including zero) of else if statements, and zero or one else
statements. Anelseorelse if statement may be named only if the corresponding
if and end i f statements are named, and must be given the same name.

Figure 4.1
[name:] if (scalar-logical-expr) then
block
[else if (scalar-logical-expr) then [name]
block]
{ Ise LnameJ
block]
end if [name]
The statements within an i f construct may be labelled, but the labels must never

be referenced in such a fashion as to pass control into the range of an i f construct
from outside it, to an e1se i f or el se statement, or into a block of the construct
from outside the block. For example, the following if construct is illegal:

if (temp > 100.0) then
go to 1 I illegal branch
boil = .true.
steam = .true.



It is permitted to pass control to an end if statement from within its construct.
execution of an end i f statement has no effect.

It is permitted to nest i f constructs within one another to an arbitrary depth, as
shown to two levels in Figure 4.2, in which we see again the necessity to indent the
code in order to be able to understand the logic easily. For even deeper nesting,
naming is to be recommended. The constructs must be properly nested, that is
each construct must be wholly contained in a block of the next outer construct.

Figure 4.2
if (i < 0) then
if (j < 0) then
X = 0.0
e

v o= [ [a)
oV

else
Z:
end if
else if (k < 0) then
= 1.0

(o]
@

else

x
[}
—
o o

4.4 The case construct

Fortran provides another means of selecting one of several options rather similar
to that of the if construct. The pﬁnClpal differences between the two constructs
are that, for the case construct, only one expression is evaluated for testing, and
the evaluated expression may belong to no more than one of a series of pre-defined

sets of values. The form of the case construct is shown by:

[name:] select case (expr)
[case selector [name]
block] ...
end select [name]

As for the if construct, the leading and trailing statements must either both be
unnamed or both bear the same name; an intermediate statement may be named
only if the leading statement is named and bears the same name. The expression
expr must be scalar and of type character, logical, or integer, and the specified
values in each selector must be of this type. In the character case, the lengths are

permitted to differ, but not the kinds. In the logical and integer cases, the kinds



may differ. The simplest form of selector is a scalar initialization expression' in

parentheses, such as in the statement
case(1)

For character or integer expr, a range may be specified by a lower and an upper
scalar initialization expression separated by a colon:

case (low:high)

Either low or high, but not both, may be absent; this is equivalent to specifying
that the case is selected whenever expr evaluates to a value that is less than or
equal to high, or greater than or equal to low, respectively. An example is shown
in Figure 4.3.

Figure 4.3
select case (number) ! number is of type integer
case (:-1) I a1l values below 0
n_sign = -1
case (0) ! only 0
n_sign = 0
case (1:) t all values above 0
n_sign =1
end select

The general form of selector is a list of non-overlapping va
of the same type as expr, enclosed in parentheses, such as

Iy
1

<-
th
[N}
=
C;.
m
=
ag
[¢]
n

case (1, 2, 7, 10:17, 23)
The form
case default

is equivalent to a list of all the possible values of expr that are not included in the
other selectors of the construct. Though we recommend that the values be in order,
as in this example, this is not required. Overlapping values are not permitted
within one selector, nor between different ones in the same construct.

There may be only a single case default selector in a given case construct as
shown in Figure 4.4. The case default clause does not necessarily have to be the
last clause of the case construct.

Since the values of the selectors are not permitted to overlap, at most one
selector may be satisfied; if none is satisfied, control passes to the next executable
statement following the end select statement.

! An initialization expression is a restricted form of constant expression (the restrictions being
chosen for ease of implementation). The details are tedious and are deferred to Section 7.4. In this
section, all examples employ the simplest form of initialization expression: the literal constant.
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Figure 4.4
select case (ch) ! ch of type character
case ('c', 'd', 'r':)
ch_type = .true.
case ('i':'n')
int_type = .true.
case default
real_type = .true.
end select

Like the if construct, case constructs may be nested inside one another.
Branching to a statement in a case block is permitted only from another statement
in the block, it is not permitted to branch to a case statement, and any branch to an
end select statement must be from within the case construct which it terminates.

4.5 The do construct

Many problems in mathematics require, for their representation in a programming
language, the ability to iterate. If we wish to sum the elements of an array a of
length 10, we could write

sum = a(1)
sum = sum+a(2)

sum = sum+a(10)

which is clearly laborious. Fortran provides a facility known as the do construct
which allows us to reduce these ten lines of code to

sum = 0.0

do i=1,10"! i is of type integer
sum = sum+a(i)

end do

In this fragment of code we first set sum to zero, and then require that the statement
between the do statement and the end do statement shall be executed ten times. For
each iteration there is an associated value of an index, kept in i, which assumes
the value 1 for the first iteration through the loop, 2 for the second, and so on up
to 10. The variable i is a normal integer variable, but is subject to the rule that it
must not be explicitly modified within the do construct.

The do statement has more general forms. If we wished to sum the fourth to
ninth elements we would write

d01=499
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thereby specifying the required first and last values of i. If, alternatively, we
wished to sum all the odd elements, we would write

do i=1,09, 2

where the third of the three loop parameters, namely the 2, specifies that i is to be
incremented in steps of 2, rather than by the default value of 1, which is assumed
if no third parameter is given. In fact, we can go further still, as the parameters
need not be constants at all, but integer expressions, as in

do i = j+4, m, -k(j)**2

in which the first value of i is j+4, and subsequent values are decremented by
k(3)**2 until the value of m is reached. Thus, do constructs may run ‘backwards’
as well as ‘forwards’. If any of the three parameters is a variable or is an
expression that involves a variable, the value of the variable may be modified
within the loop without affecting the number of iterations, as the initial values
of the parameters are used for the control of the loop.

The general form of this type of bounded do construct control clause is

[name:] do [,] variable = exprl, expr2 [,expr3]
block
end do [name]

where variable is a named scalar integer variable, exprl, expr2, and expr3 (expr3
is optional but must be nonzero when present) are any valid scalar integer expres-
sions, and name is the optional construct name. The do and end do statements
must either both bear the same name, or both be unnamed.

The number of iterations of a do construct is given by the formula

max( (expr2-exprl+expr3) [expr3, 0)

where max is a function which we shall meet in Section 8.3.2 and which returns
either the value of the expression or zero, whichever is the larger. There is a
consequence following from this definition, namely that if a loop begins with the
statement

do i=1,n

then its body will not be executed at all if the value of n on entering the loop is zero
or less. This is an example of the zero-trip loop, and results from the application
of the max function.

A very simple form of the do statement is the unbounded

[name:] do

endless loop. In practice, a means to exit from an endless loop
s is provided in the form of the exit statement:

exit [name]
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where name is optional and is used to specify from which construct the exit should
be taken in the case of nested constructs. Execution of an exit statement causes
control to be transferred to the next executable statement after the end do statement
to which it refers. If no name is specified, it terminates execution of the innermost
do construct in which it is enclosed. As an example of this form of the do, suppose
we have used the type entry of Section 2.13 to construct a chain of entries in a
sparse vector, and we wish to find the entry with index 10, known to be present.
If first points to the first entry, the code in Figure 4.5 is suitable.

Figure 4.5
type(entry), pointer :: first, current

current => first
do
= 10) exit

if (current%index =
current => current%next
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The exit statement is also useful in a bounded loop when all iterations are not
always needed.
A related statement is the cycle statement

cycle [name]

which transfers control to the end do statement of the corresponding construct.

Thus, if further iterations are still to be carried out, the next one 1s initiated.
The value of a do construct index (if nreeenﬂ is incremented at the end of every

loop iteration for use in the subsequent iteration. As the value of this index is

available OU[SIGC [ﬂC lOOp auer its CXCCU[IOI’I, we nave mree posswle suuauons,
each illustrated by the following loop:

do i=1,n

if (i==j) exit
end do
1=

The situations are:

1) If, at execution time, n has the value zero or less, 1 is set to 1 but the loop
is not executed, and control passes to the statement following the end do

statement.
ii) If n has a value which is greater than or ual to j, an exit will be taken at
the if statemer‘ nd 1 will acquire the last value of i, which is of course



64  Fortran 90/95 Explained

iii) Ifthe value of nis greater than zero but less than j, the loop will be executed
n times, with the successive values of 1 being 1,2, ... etc. up ton. When
reaching the end of the loop for the nth time, i will be incremented a final
time, acquiring the value n+1, which will then be assigned to 1.

We see how important it is to make careful use of loop indices outside the do block,
especially when there is the possibility of the number of iterations taking on the
boundary value of the maximum for the loop.
The do block, just mentioned, is the sequence of statements between
d

MW Al dhy =t RARRA2RIVARAS 24 L

statement and the end do statement. From any where outside a
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prohibited to jump into the block or to its end do statement.
sequence is thus illegal:

go to 2 ! i1l1egal branch
;o i=1,n

2 ; =b+c
end.do

It is similarly illegal for the block of a do construct (or an if, case, or where
construct, see Section 6.8), to be only partially contained in a block of another
construct. The construct must be completely contained in the block. The follow-
ing two sequences are thus legal:

if (scalar-logical-expr) then
doi=1,n
end do
else
end.if
and
doi=1,n
if (scalar-logical-expr) then

end if
end do
but this third sequence is not:

if (scalar-logical-expr) then
do i=1,10
end if ! illegal position of if construct termination

end do



Any number of do constructs may be nested provided that the range of each
nested loop is completely contained within the range of another. We may thus
write a matrix multiplication as shown in Figure 4.6.

Figure 4.6
do i=1

Another example is the summation loop in Figure 4,7.

Figure 4.7
do i=1,n
sum = 0.0
j =1

o i

sum = sum+b(j,i)
end do
a(i) = sum

end do

A final form of the do construct makes use of a statement label to identify
the end of the construct. In this case, the terminating statement may be either a
labelled end do statement or a labelled continue (‘do nothing’) statement?. The
label is, in each case, the same as that on the do statement itself. Simple examples

are
Sav

do 10 i =1, n
10 end.do
and
do 20 i =1, j
do 10 k = 1, 1
10 conéinue

20 continue

2The continue statement is not limited to being the last statement of a do construct; it may appear
anywhere among the executable statements.



As shown in the second example, each loop must have a separate label. Addi-
tional, but redundant, do syntax is described in Section 11.3.2 (and Appendix
C.2.2 and C.3.1). The full do construct syntax is given in Appendix B.

Finally, it should be noted that many short do-loops can be expressed alter-
natively in the form of array expressions and assignments. However, this is not
always possible, and a particular danger to watch for is where one iteration of the
loop depends upon a previous one. Thus, the loop
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end do
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cannot be replaced by the statement

a(2:n) = a(l:n-1) + b(2:n) ! Beware

4.6 Summary

In this chapter we have introduced the four main features by which the control
in Fortran code may be programmed - the go to statement, the i f statement and
construct, the case construct and the do construct. The effective use of these
features is the key to sound code. Of these features, the case construct is new
to Fortran, and the do construct was formerly limited to the labelled form ending
on a continue statement.

We have touched upon the concept of a program unit as being like the chapter
of a book. Just as a book may have just one chapter, so a complete program

=20 £2 (S0 LN 2 ety S

may consist of just one program unit, which is known as a main program. In
its simplest form it consists of a series of statements of the kinds we have been
dealing with so far, and terminates with an end statement, which acts as a signal
to the computer to stop processing the current program. In order to test whether
a program unit of this type works correctly, we need to be able to output, to a

terminal or prmter, the values of the computed quantmes This toplc will be fully

o e e i ~r el

explained in \,uaptt‘:x“ 9, and for the moment we need to know omy that this can be
achieved by a statement of the form

print * , ' varl = ', varl , ' var2 = ', var2
which will output a line such as
varl = 1.0 var2 = 2.0

Similarly, input data can be read by statements like

read *, vall, val2



Control constructs €7

RATwer b U redsr v e

Figure 4.8
1 Print a conversion table of the Fahrenheit and Celsius

! temperature scales between specified limits.
!

real celsius, fahrenheit

integer :: low_temp, high temp, temperature

character :: scale

!

read loop: do

!

! Read scale an
c

[P

reaa *, S

nd 1imit
le, 1

~ do voenrm o el
Ow_vemp, lyl

ale, temp
! Check for valid data
if (scale /= 'C' .and. scale /= 'F') exit read loop

! Loop over the limits
do temperature = Tow_temp, high temp

I Choose conversion formula
select case (scale)

case ('C')

celsius = temperature

fahrenhe1t = §.09/5.0%ceisius + 32.0
case ('F')

fahrenheit = temperature
celsius = 5.0/9.0*(fahrenheit-32.0)

end select

! Print table
print *, celsius, ' degrees C correspond to', &
fahrenheit, ' degrees F'
end do

end do read loop
|
! Termination
print *, ' End of valid data’

end
C 90 100
F 20 32
* 0 0




This is sufficient to allow us to write simple programs like that in Figure 4.8,
which outputs the converted values of a temperature scale between specified
limits. Valid inputs are shown at the end of the example.

4.7 EXxercises

1. Write a program which
a) defines an array to have 100 elements;
b) assigns to the elements the values 1, 2, 3, ..., 100;

eads two integer values in the range 1 to 100;

c)

d) reverses the order of the elements of the array in the range specified by the two
values.

2. The first two terms of the Fibonacci series are both 1, and all subsequent terms are
defined as the sum of the preceding two terms. Write a program which reads an integer
value 1imit and which computes and prints the coefficients of the first 1imit terms of the
series.

3. The coefficients of successive orders of the binomial expansion are shown in the normal
Pascal triangle form as

1
11
121
1331
14641
etc.

Write a program which reads an integer value 1imit and prints the coefficients of the first
1imit lines of this Pascal triangle.

4. Define a character variable of length 80. Write a program which reads a value for this
variable. Assuming that each character in the variable is alphabetic, write code which sorts
them into alphabetic order, and prints out the frequency of occurrence of each letter.

S. Write a program to read an integer value 1imit and print the first 1imit prime numbers,
by any method.

6. Write a program which reads a value x, and calculates and prints the corresponding value
x/(1.4x). The case x=-1. should produce an error message and be followed by an attempt
to read a new value of Xx.

7. Given a chain of entries of the type entry of Section 2.13, modify the code in Figure 4.5
(Section 4.5) so that it removes the entry with index 10, and makes the previous entry point
to the following entry.



5. Program units and
procedures

As we saw in the previous chapter, it is possible to write a complete Fortran
program as a single unit, but it is preferable to break the program down into
manageable units. Each such program unit corresponds to a program task that
can be readily understood and, ideally, can be written, compiled, and tested in
isolation. We will discuss the three kinds of program unit, the main program,
external subprogram, and module.

A complete program must, as a minimum, include one main program. This may
contain statements of the kinds that we have met so far in examples, but normally
its most important statements are invocations or calls to subsidiary programs
known as subprograms. A subprogram defines a function or a subroutine'. They
differ in that a function returns a single object and usually does not alter the
values of its arguments (so that it represents a function in the mathematical sense),
whereas a subroutine usually performs a more complicated task, returning several
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known collectively as procedures.

There are various kinds of subprograms. A subprogram may be a program unit
in its own right, in which case it is called an external subprogram and defines
an external procedure. External procedures may also be defined by means other

than Fortran (usually assembly language). A subprogram may be a member of a

collection in a program unit called a module, in which case we call it a module
subprogram and it defines a module procedure. A subprogram may be placed
inside a module subprogram, an external subprogram, or a main program, in
which case we call it an internal subprogram and it defines an internal procedure.
Internal subprograms may not be nested, that is they may not contain further
subprograms, and we expect them normally to be short sequences of code, say up
to about twenty lines. We illustrate the nesting of subprograms in program units
in Figure 5.1. If a program unit or subprogram contains a subprogram, it is called
the host of that subprogram.

ions and subroutines are

'Tt is possible to write a subprogram that defines more than one function or more than one
subroutine (see Section 11.2.6), but we do not recommend this practice.



Figure 5.1 Nesting of subprograms in program units.
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Besides containing a collection of subprograms, a module may contain data
definitions, derived type definitions, interface blocks (Section 5.11), and namelist
groups (Section 7.15). This collection may be expected to provide facilities
associated with some particular task, such as providing matrix arithmetic, a library
facility, or a data base. It may sometimes be large.

In this chapter, we will describe program units and the statements that are
associated with them. Within a combplete nrogram. thev may appear in any order,
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but many compilers require a module to precede other program units that use it.

Every complete program must have one, and only one, main p
it may contain calls to subprograms. A main program has the

[program program-name]
[specification-stmts)
[executable-stmts]

[contains
internal-subprograms])

end [program [program-name]]

The program statement is optional, but we recommend its use. The program-name

may be any valid Fortran name such as model. The only non-optional statement

is the end statement which has two purposes. It acts as a signal to the compiler
that it has reached the end of the program unit and, when executed, it causes the
complete program to stop. If it includes program-name, this must be the name on



the program statement. We recommend using the full form so that it is clear both
to the reader and to the compiler exactly what is terminated by the end statement.

A main program without calls to subprograms is usually used only for short
tests, as in

program test
print *, 'Hello world!'
end program test

The speciﬁcation statements define the environment for the executable state-
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complex, logical, character, and type(type-name)) that specifies the type and
other properties of the entities that it lists, and the type definition block (bounded
by type type-name and end type statements). We will meet other specification
statements in this and the next two chapters.

The executable statements specify the actions that are to be performed. So far,

we have met the assignment statement, the pointer assignment statement, the go to
statement, the i f statement and construct, the do and case constructs, and the read
and print statements. We will meet other executable statements in this and later
chapters. Execution of a program always commences with the first executable
statement of the main program.

The contains statement flags the presence of one or more internal subpro-
grams. We will describe internal subprograms in Section 5.6. If the execution
of the last statement ahead of the contains statement does not result in a branch,
control passes over the internal subprograms to the end statement and the program
stops. The end statement may be labelled and may be the target of a branch from
one of the executable statements. If such a branch is taken, again the program

& o

stops.

5.3 The stop statement

Another way to stop program execution is to execute a stop statement. This
statement may be labelled, may be part of an if statement, and is an executable
statement that may appear in the main program or any subprogram. A well-
designed program normally returns control to the main program for program
termination, so the stop statement should appear there. However, in applications
where several stop statements appear in various places in a complete program, it
is possible to distinguish which of the stop statements has caused the termination
by adding to each one an access code consisting of a default character constant or
a string of up to five digits whose leading zeros are not significant. This might
be used by a given processor to indicate the origin of the stop in a message.
Examples are
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5.4 External subprograms

External subprograms are called from a main program or elsewhere, usually to
perform a well-defined task within the framework of a complete program. Apart
from the leading statement, they have a form that is very like that of a main

program:

subroutine-stmt
[specification-stmts]

[executable stmts]
[contains
internal-subprograms]

end [subroutine [subroutine-name]]
or

function-stmt
[specification-stmts]
[executable-stmts]

[contains
internal-subprograms]

end [function [function-name]]

The contains statement plays exactly the same role as within a main program
(see Section 5.2). The effect of executing an end statement in a subprogram is to
return control to the caller, rather than to stop execution. As for the end program
statement, we recommend using the full form for the end statement so that it is
clear both to the reader and to the compiler exactly what it terminates.

The simplest form of external subprogram defines a subroutine without any
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arguments and has a subroutine-stmt of the form
subroutine subroutine-name

Such a subprogram is useful when a program consists of a equence of distinct
phases, in which case the main program consists of a sequence of call statements
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that invoke the subroutines as in the example

! Main program to control a card game
! First shuffle the cards.

program game !
1
! Now deal them.
I
1
1

call shuffle
call deal
call play
call display
end program game

I Play the game.
! Display the result.
I Cease execution,

But how do we handle the flow of information between the subroutines? How
does play know which cards deal has dealt? There are, in fact, two methods by

which information may be passed The first is via data held in a module (Section

£ &\ nmd ancacce AL ams. and the secon i
2.0) ana acCessca oy the auuplug arns, an nd the second is via arguments (Section

5.7) in the procedure calls.
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5.5 Modules

The third type of program unit, the module, provides a means of packaging global
data, derived types and their associated operations, interface blocks (Section
5.11), and namelist groups (Section 7.15). Everything associated with some task
(such as interval arithmetic, see later in this section) may be collected into a
module and accessed whenever it is needed. Those parts that are associated with

the internal working and are of no interest to the user mav be made ‘invisible’ to
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the user, which allows the internal design to be altered without the need to alter
the program that uses it and prevents accidental alteration of internal data. We
expect Fortran 90/95 libraries to consist of sets of modules.

The module has the form

module module-name
[specification-stmts]

[contains
module-subprograms]

end [module [module-name]]

As for the end program, end subroutine, and end function statements, we
recommend using the full form for the end statement.
In its simplest form, the body consists only of data specifications. For example

e e
integer, dimension(52) :: cards
end module state

might hold the state of play of the game of Section 5.4. It is accessed by the
statement

use state

appearing at the beginnings of the main program game and subprograms shuffle,
deal, play, and display. The array cards is set by shuff1e to contain the integer
values 1 to 52 in a random order, where each integer value corresponds to a pre-
defined playing card. For instance, 1 might stand for the ace of clubs, 2 for the
two of clubs, etc. up to 52 for the king of spades. The array cards is changed by
the subroutines deal and play, and finally accessed by subroutine display.

A further example of global data in a module would be the definitions of the
values of the kind type parameters that mlgm be fequeu uuuuguuul a prograin
(Sections 2.6.1 and 2.6.2). They can be placed in a module and used wherever
they are required. On a processor that supports all the kinds listed, an example

might be:



module numeric_kinds
t named constants for 4, 2, and 1 byte integers:

integer, parameter :: &
i4b = selected_int_kind(9), &
i2b = selected int_kind(4), &
ilb = selected int_kind(2)

I and for single, double and quadruple precision reals:

integer, parameter :: &
sp = kind(1.0), &
dp = selected real kind(2*precision(1.0 sp)), &
gp = selected real_kind(2*precision(1.0_dp))

end module numeric_kinds
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associated operators. For example, a module might contain the type interval of
Section 3.8, as shown in Figure 5.2. Given this module, any program unit needing
this type and its operators need only include the statement

use interval_arithmetic

at the head of its specification statements.

Figure 5.2

module interval_arithmetic
type interval
real :: lower, upper

and +una intarual
CiiU Lypc ifiLeivail
1

interface operator(+)
module procedure add_intervals
end interface

contains

function add_intervals(a,b)
type(intervai) :: add_intervals
type(interval), intent(in) :: a, b
add_intervals%lower = a%lower + b%lower
add_intervals%upper = a%upper + b%upper

end function add_intervals

end module interval arithmetic

A module subprogram has exactly the same form as an external subprogram,

xcnnffknf Fiinrtinan necithnaiitbinag wirras ha mvoacant ~en tha aewd tasmant an thara
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is no need for a separate description. It always has access to other entities of the
module, including the ability to call other subprograms of the module, rather as if
it contained a use statement for its module.

R ¢
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A module may contain use statements that access other modules. It must not
access itself directly or indirectly through a chain of use statements, for example a
accessing b and b accessing a. No ordering of modules is required by the standard,
but normal practice is to require each module to precede its use. We recommend
this practice, which will make it impossible for a module to access itself through
other modules. It is required by many compilers.

It is possible within a module to specify that some of the entities are private
to it and cannot be accessed from other program units. Also there are forms of
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the use statement that allow access to only part of a module and forms that allow
renaming of the entities accessed. These features will be explained in Sections 7.6
and 7.10. For the present, we assume that the whole module is accessed without
any renaming of the entities in it.

Besides data definitions, type definitions, subprograms, and interface blocks, a
module may contain namelist groups (Section 7. 15) The ability to make single
£
1
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definitions of interface blocks will be seen to be uupux tant in tnc Comtext o
constructing large libraries of reusable software.

5.6 Internal subprograms

We have seen that internal subprograms may be defined inside main programs and
external subprograms, and within module subprograms. They have the form

subroutine-stmt
[speczﬁcation stmts]
nnnnnn wbLlo ctsmatol
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end subroutine [subroutine-name)

Q
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function-stmt
[specification-stmts]
[executable-stmts)

end function [function-name]

that is, the same form as a module subprogram, except that they may not contain
further internal subprograms. Note that function or subroutine must be present
on the end statement. An internal subprogram automatically has access to all the
host’s entities, including the ability to call its other internal subprograms. Internal
subprograms must be preceded by a contains statement in the host.

In the rest of this chapter, we describe several properties of subprograms that
apply to external, module, and internal subprograms. We therefore do not need
to describe internal subprograms separately. An example is given in Figure 5.10
(Section 5.15).
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5.7 Arguments of procedures

Procedure arguments provide an alternative means for two program units to access
the same data. Returning to our card game example, instead of placing the array
cards in amodule, we might declare it in the main program and pass it as an actual
argument to each subprogram, as shown in Figure 5.3.

Figure 5.3

program game ! Main program to control a card game
integer, dimension(52) :: cards
call shuffle(cards) ! First shuffle the cards.
call deal(cards) ! Now deal them.
call play(cards) ! Play the game.
call display(cards) ! Display the result.

end program game ! Cease execution.

Each subroutine receives cards as a dummy argument. For instance, shuffle
has the form shown in Figure 5.4.

Figure 5.4

subroutine shuffle(cards)
! Subroutine that places the values 1 to 52 in cards
! in random order.
integer, dimension(52) :: cards
! Statements that fill cards

end subroutine shuffie ! Return to caller.

We can, of course, imagine a card game in which deal is going to deal only
three cards to each of four players. In this case, it would be a waste of time for

shuffle to prepare a deck of 52 cards when only the first 12 cards are needed.

This can be achieved uy rcqueblmg shuffie to limit itself to a number of cards
that is transmitted in the calling sequence thus:

call shuffle(3+4, cards(1:12))

Inside shuffle, we would define the array to be of the given length and the
algorithm to fill cards would be contained in a do construct with this number of
iterations, as shown in Figure 5.5.

We have seen how it is possible to pass an array and a constant expression be-

tween two program units. An actual argument may be any variable or expression

(or a procedure name, see Section 5.12). Each dummy argument of the called

procedure must agree with the corresponding actual argument in type, type pa-
rameters, and shape (the requirements on character length and shape agreement
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Figure 5.5
subroutine shuffle(ncards, cards)
integer :: ncards, icard

integer, dimension(ncards) :: cards
do icard = 1, ncards
cards(icard) = ...
end do
end subroutine shuffle

are relaxed in Chapter 12). However, th‘ names do not have to be the same. For
instance, if two decks had been needed, we might have written the code thus:

program game
integer, dimension(52) :: acards, bcards
call shuffle(acards) I First shuffle the a deck.
call shuffle(bcards) ! Next shuffle the b deck.

end program game

The important point is that subprograms can be written independently of one
another, the association of the dummy arguments with the actual arguments oc-
curring each time the call is executed. We can imagine shuffle being used in
other programs which use other names. In this manner, libraries of subprograms
may be built up.

Being able to have different names for actual and dummy arguments provides
a useful fiexibility, but it should only be used when it is actuaily needed. When
the same name can be used, the code is more readable.

As the type of an actual argument and its corresponding dummy argument
must agree, care must be taken when ncmo comnonent selection within an actual
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argument. Thus, supposing the type definitions point and triangle of Figure 2.1
(Section 2.9) are available in a module def, we might write

use def
type(trlang]e) ¥

ca11 sub(t%a)

contains
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type(point) :: p
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5.7.1 Pointer arguments

A dummy argument is permitted to have the attribute pointer. In this case, the
actual argument must also have the attribute pointer. When the subprogram is
invoked, the rank of the actual argument must match that of the dummy argument,
and its pointer association status is passed to the dummy argument. On return,
the actual argument normally takes its pointer association status from that of the
dummy argument, but it becomes undefined if the dummy argument is associated
with a target that becomes undefined when the return is executed (for example, if
the target is a local variable that does not have the save attribute, Section 7.9). The
intent attribute (Section 5.9) would be ambiguous in this context, since it might

aotating alA ritnhnth tha '™ ctatize
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and the value of its target; it is not allowed to be specified.

In the case of a module or internal procedure, the compiler knows when the
dummy argument is a pointer. In the case of an external or dummy procedure,
the compiler assumes that the dummy argument is not a pointer unless it is told
otherwise in an interface block (Section 5.11).

A pointer actual argument is also permitted to correspond to a non-pointer
dummy argument. In this case, the pointer must have a target and the target is
associated with the dummy argument, as in

real, pointer :: a(:,:)
allocate ( a(80,80) )
call find (a)

subroutine find (c)
real :: c(:,:)

5.7.2 Restrictions on actual arguments

There are two important restrictions on actual arguments, which are designed to
allow the compiler to optimize on the assumption that the dummy arguments are

il thi th
distinct from each other and from other entities that are accessible within the

procedure. For example, a compiler may arrange for an array to be copied to a
local variable on entry, and copied back on return. While an actual argument is
associated with a dummy argument:

i) Action that affects the allocation status or pointer association status of the
argument or any part of it (any pointer assignment, allocation, deallocation,
or nullification) must be taken through the dummy argument. If this is
done, then throughout the execution of the procedure, the argument may
be referenced only through the dummy argument.

ii) Action that affects the vaiue of the argument or any part of i
through the dummy argument unless
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a. the dummy argument has the pointer attribute,
b. the part is all or part of a pointer subobject, or

c. the dummy argument has the target attribute, the dummy argument
does not have intent in, the dummy argument is scalar or an assumed-
shape array, and the actual argument is a target other than an array
section with a vector subscript.

If the value of the argument or any part of it is affected through a dummy
argument for which neither a., b., or c. holds, then throughout the execution
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of the procedure, the argument may be referen

argument.

An example of i) is a pointer that is nullified (Section 6.5.4) while still associ-
ated with the dummy argument. As an example of ii), consider

ara aflA.E) mmay na changa rough either dummy areumen
ch, 3(3..)) mniay not b uh‘a. lgcd thluugu citner aumimy alguuwm bmu: Ullb

would violate the rule for the other argument. However, a(1:2) may be changed
through the first argument and a(6:9) may be changed through the second.
Another example is an actual argument that is an object being accessed from
a module; here, the same object must not be accessed from the module by the
procedure and redefined. As a third example, suppose an internal procedure call
associates a host variable h with a dummy argument d. If d is defined during the
call, then at no time during the call may h be referenced directly.

5.7.3 Arguments with the target attribute

In most circumstances, an implementation is permitted to make a copy of an
actual argument on entry to a procedure and copy it back on return. This may
be desirable on efficiency grounds, particularly when the actual argument is not
held in contiguous storage. In any case, if a dummy argument has neither the
target nor pointer attribute, any pointers associated with the actual argument
do not become associated with the corresponding dummy argument but remain
associated with the actual argument.

However, copy in / copy out is not allowed when

i) a dummy argument has the target attribute and is either scalar or is an
assumed-shaped array, and

ii) the actual argument is a target other than an array section with a vector
subscript.

In this case, the dummy and actual arguments must have the same shape, any
pointer associated with the actual argument becomes associated with the dummy
aranmant AN INUACATION and any rmaintas aocnnain ad ety o Aicernsrne: At roemsnd A on
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return remains associated with the actual argument.



When a dummy argument has the target attribute, but the actual argument is
not a target or is an array section with a vector subscript, any pointer associated
with the dummy argument obviously becomes undefined on return.

In other cases where the dummy argument has the target attribute, whether
copy in / copy out occurs is processor dependent. No reliance should be placed
on the pointer associations with such an argument after the invocation.

We saw in Section 5.2 that if the last executable statement in a main program
is executed and does not cause a branch, the end statement is executed and the
program stops. Similarly, if the last executable statement in a subprogram is
executed and does not cause a branch, the end statement is executed and control
returns to the point of invocation. Just as the return statement is an executable
statement that provides an alternative means of stopping execution, so the return
statement provides an alternative means of returning control from a subprogram.
It has the form

return

Like the stop statement, this statement may be labelled, may be part of an
if statement, and is an executable statement. It must not appear among the
executable statements of a main program.

Shuffl e and the dummy argument ncards was used to pass information in. A
third possibility is for a dummy argument to be used for both. We can specify the
intent on the type declaration statement for the argument, for example:

subroutine shuffle(ncards, cards)

integer, intent(in) :: ncards
integer, intent(out), dimension(ncards) :: cards

For input-output arguments, intent inout may be specified.

If a dummy argument is specified with intent in, it must not be redefined by
the procedure, say by appearing on the left-hand side of an assignment or by being
passed on as an actual argument to a procedure that redefines it. For the specifica-
tion intent inout, the corresponding actual argument must be a variable because
the expectation is that it will be redefined by the procedure. For the specification
intent out, the corresponding actual argument must again be a variable; in this
case, it becomes undefined on entry to the procedure because the intention is that
it be used only to pass information out.

If a function specifies a defined operator (Section 3.8), the dummy arguments
must have intent in. If a subroutine specifies defined assignment (Section 3.9),



the first argument must have intent out or inout, and the second argument must
have intent in,

If a dummy argument has no intent, the actual argument may be a variable or an
expression, but the actual argument must be a variable if the dummy argument is
redefined. It has been traditional for Fortran compilers not to check this rule, since
they usually compile each program unit separately. Breaching the rule can lead to
program errors at execution time that are very difficult to find. We recommend
that all dummy arguments be given a declared intent. Not only is this good

documentation, but it allows compilers to make more checks at compile time.
If a dummy argument has the pointer attribute, its intent is not allowed to be

specified. ThlS is because of the ambiguity of whether the intent applies to the
target data object or to the pointer association.

If a dummy argument is of a derived type with pointer components, its intent
attribute refers to the pointer association status of those components. For example,
if the intent is 1n no pointer aqqmnment allocation, or deallocation is nermmgd_ .
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5.10 Functions

Functions are similar to subroutines in many respects, but they are invoked within
an expression and return a value that is used within the expression. For example,
the subprogram in Figure 5.6 returns the distance between two points in space and
the statement

if (distance(a, c) > distance(b, c) ) then

invokes the function twice in the logical expression that it contains.

Figure 5.6
function distance(p, q)
real :: distance
real, intent(in), dimension(3) :: p, g
distance = sqrt( (p(1)-q(1))**2 + (p(2)-q(2))**2 + &
(p(3)-q(3))**2 )
! The intrinsic function sqrt is defined in Section 8.4.
end function distance

Note the type declaration for the function result. The result behaves just like a
dummy argument with intent out. Itis initially undefined, but once defined it may

appear lﬁ an 6)(pf€bbluu allu ll may oc rcacnncu 1 nc typc may alSO Dc (16111’16(1 on
the function statement thus:

real function distance(p, q)



It is permissible to write functions that change the values of their arguments,
modify values in modules, rely on saved local data (Section 7.9), or perform input-
output operations. However, these are known as side-effects and conflict with
good programming practice. Where they are needed, a subroutine should be used.
It is reassuring to know that when a function is called, nothing else goes on ‘behind
the scenes’, and it may be very helpful to an optimizing compiler, particularly for
internal and module subprograms. A formal mechanism for avoiding side-effects
is provided by Fortran 95, but we defer its description to Section 6.10.

A function result may be an array, in which case it must be declared as such. It
may also be a pointer,2 which is very useful when the size of the result depends
on a calculation in the function itself. The result is initially undefined. Within the
function, it must become associated or defined as disassociated. We expect the
function reference usually to be such that a pointer assignment takes place for the
result, that is, the reference occurs as the right-hand side of a pointer assignment
(Section 3.12) or as a pointer component of a structure constructor. For example,

the statements

use data handler
real +: x(100)
real, pointer :: y(:)

L4
.

y => compact(x)

might be used to reference the pointer function

function compact(x) ! a procedure to remove duplicates from
! the array x
real, pointer :: compact(:)
real ee x(:)
integer it n
: ! find the number of distinct values, n
allocate(compact(n))
: ! copy the distinct values into compact

end function compact

in the module data_handler. The reference may also occur as a primary of an
expression or as the right-hand side of an ordinary assignment, in which case the
result must be associated with a target that is defined and the value of the target
is used. We do not recommend this practice, however, since it is likely to lead to
memory leakage, discussed at the end of Section 6.5.3.

The value returned by a non-pointer function must always be defined.

As well as being a scalar or array value of intrinsic type, a function result may
also be a scalar or array value of a derived type, as we have seen already in Section
3.8. When the function is invoked, the function value must be used as a whole, that

2However, it is not possible for a pointer to have a function as its target. In other words, dynamic
binding, or association of a pointer with a function at run time, is not available.



is, it is not permitted to be qualified by substring, array-subscript, array-section,
or structure-component selection.

Although this is not very useful, a function is permitted to have an empty
argument list. In this case, the brackets are obligatory both within the function
statement and at every invocation.

5.10.1 Prohibited side-effects

In order to assist an optimizing compiler, the standard prohibits reliance on certain
side-effects. It specifies that it is not necessary for a processor to evaluate all the
operands of an expression, or to evaluate entirely each operand, if the value of the
expression can be determined otherwise. For example, in evaluating

x>y .or. 1(z) ! x, y, and z are real; 1 is a logical function

the function reference need not be made if x is greater than y. Since some
processors will make the call and others will not, any variable (for example z)
that is redefined by the function becomes undefined following such expression
evaluation, Similarly, it is not necessary for a processor to evaluate any subscript
or substring expressions for an array of zero size or character object of zero
character length.

Another prohibition is that a function reference must not redefine the value of a
variable that appears in the same statement or affect the value of another function
reference in the same statement. For example, in
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sions that are arguments of a single procedu
With respect to this rule, an if statement,

if (lexpr) stmt
is treated as the equivalent i f construct

if (lexpr) then
stmt

end if

and the same is true for the where statement (Section 6.8).

5.1 Explicit and implicit interfaces

A call to an internal subprogram must be from a statement within the same
program unit. It may be assumed that the compiler will process the program
unit as a whole and will therefore know all about any internal subprogram. In

particular, it will know about its interface, that is whether it defines a function or



a subroutine, the names and properties of the arguments, and the properties of the
result if it defines a function. This, for example, permits the compiler to check
whether the actual and dummy arguments match in the way that they should. We
say that the interface is explicit.

A call to a module subprogram must either be from another statement in the
module or from a statement following a use statement for the module. In both
cases, the compiler will know all about the subprogram, and again we say that
the interface is explicit. Similarly, intrinsic procedures (Chapter 8) always have
explicit interfaces.

When compiling a call to an extern

compiler normally does not have a mechamsm to access its code We say that
the interface is implicit. To specify that a name is that of an external or dummy
procedure, the external statement is available. It has the form

external external-name-list

and appears with other specification statements, after any use or implicit state-
ments (Section 7.2) and before any executable statements. The type and type
parameters of a function with an implicit interface are usually specified by a type
declaration statement for the function name; an alternative is by the rules of im-
plicit typing (Section 7.2) applied to the name, but this is not available in a module
unless the function has the private attribute (see Section 7.6).

The external statement merely specifies that each external-name is the name
of an external or dummy procedure. It does not specify the interface, which
remains implicit. However, a mechanism is provided for the interface to be
specified. It may be done through an interface block of the form

interface
interface-body

end interface

Normally, the interface-body is an exact copy of the subprogram’s header, the
specifications of its arguments and function result, and its end statement. How-
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e other specifications may be included (for example, for a local variable), but
not internal procedures, data or format statements;

e the information may be given by a different combination of statements®;
and

e in the case of an array argument or function result, the bounds may differ
as long as the shape does not.

3 A practice that is permitted by the standard, but which we do not recommend, is for a dummy
argument to be declared implicitly as a procedure by invoking it in an executable statement. If the
subprogram has such a dummy procedure, the interface will need an external statement for that
dummy procedure.




An interface-body may be provided for a call to an external procedure defined by
means other than Fortran (usually assembly language).

Naming a procedure in an external statement or giving it an interface body
(doing both is not permitted) ensures that it is an external or dummy procedure.
We strongly recommend the practice for external procedures, since otherwise the
processor is permitted to interpret the name as that of an intrinsic procedure.
It is needed for portability since processors are permitted to provide additional
intrinsics. Naming a procedure in an external statement makes all versions of
an intrinsic procedure having the same name unavailable. The same is true for
ngmg it an interface buuy in the way described in the next section (
the interface is generic, Section 5.18).

The interface block is placed in a sequence of specification statements and this
suffices to make the interface explicit. Perhaps the most convenient way to do this
is to place the interface block among the specification statements of a module and

then use the module. We imagine su hr\rnarnm libraries being written as sets of
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external subprograms which are precomprled and whose interfaces are collected
into modules. This keeps the moduies of modest size. Note that if a procedure
is accessible in a scoping unit, its interface is either explicit or implicit there. An
external procedure may have an explicit interface in some scoping units and an
implicit interface in others.

Interface blocks may also be used to allow procedures to be called as defined
operators (Section 3.8), as defined assignments (Section 3.9), or under a single
generic name. We therefore defer description of the full generality of the interface
block until Section 5.18, where overloading is discussed.

An explicit interface is required to invoke a procedure with a pointer or target
dummy argument or a pointer function result, and is required for several useful
features that we will meet later in this and the next wapter. It is needed so
that the processor can make the appropriate linkage. Even when not strictly
required, it gives the compiler an opportunity to examine data dependencies and
thereby improve optimization. Explicit interfaces are also desirable because of
the additional securrty that they provide. It is strarghtforward to ensure that all

/ 0

5.12 Procedures as arguments

So far, we have taken the actual arguments of a procedure invocation to be
variables and expressions, but another possibility is for them to be procedures. Let
us consider the case of a library subprogram to perform function minimization. It
needs to receive the user’s function, just as the subroutine shuffle in Figure 5.5
needs to receive the required number of cards. The library code might look like
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interface block playing a similar role to that of the type declaration statement for
a data object. Although such an interface block is not required, we recommend

its use.
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Figure 5.7
real function minimum(a, b, func) ! Returns the minimum
| value of the function func(x) in the interval (a,b)
real, intent(in) :: a, b
interface
real function func(x)
real, intent(in) :: x
end function func
end interface
real :: f,x

= func(x) ! invocation of the user function.

ne = oo

end function minimum

Just as the type and shape of actual and dummy data objects must agree, so must
the properties of the actual and dummy procedures. The agreement is exactly as
for a procedure and an interface body for that procedure (see Section 5.11). It
would make no sense to specify an intent attribute (Section 5.9) for a dummy
procedure, and this is not permitted.

On the user side, the code may look like that in Figure 5.8. Notice that the
structure is rather like a sandwich: user-written code invokes the library code
which in turn invokes user-written code. Again, we recommend the use of an
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external statement.

Figure 5.8
program main

real :: a, b, f

interface
real function fun(x)

real, intent(in)

end function fun

end interface

f = minimum(1.0, 2.0, fun)

end function fun
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The procedure that is passed must be an external or module procedure and its
specific name must be passed when it also has a generic name (Section 5.18).
Internal procedures are not permitted because it is anticipated that they may be
implemented quite differently (for example, by in-line code), and because of the
need to identify the depth of recursion when the host is recursive (Section 5.16)
and the procedure involves host variables.

5.13 Keyword and optionai arguments

In practical applications, argument lists can get long and many of the arguments
may often not be needed. For example, a su b routine for constrained minimization

might have the form

ower, &
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subroutine mincon(n, f, x, upper,

equalities, inequalities

b T3

On many calls, there may be no upper bounds, or no lower bounds, or no equali-
ties, or no inequalities, or it may not be known whether the function is convex, or
a sensible starting point may not be known. All the corresponding dummy argu-
ments may be declared optional (see also Section 7.8). For instance, the bounds
might be declared by the statement

real, optional, dimension(n) :: upper,lower
If the first four arguments are the only wanted ones, we may use the statement
call mincon(n, f, x, upper)

but usually the wanted arguments are scattered. In this case, we may follow a
(possibly empty) ordinary positional argument list for leading arguments by a
kevwnrd argument list, as in the statement

call mincon(n, f, x, equalities=q, xstart=x0)

The keywords are the dummy argument names and there must be no further
positional arguments after the first keyword argument.

This example also illustrates the merits of both positional and keyword argu-
ments as far as readability is concerned. A small number of leading positional
arguments (for example, n, f, x) are easily linked in the reader’s mind to the cor-
responding dummy arguments. Beyond this, the keywords are very helpful to the
reader in making these links. We recommend their use for long argument lists
even when there are no gaps caused by optional arguments that are not present.

A non-optional argument must appear exactly once, either in the positional list
or in the keyword list. An optional argument may appear at most once, either in
the positional list or in the keyword list. An argument must not appear in both
lists.

The called subprogram needs some way to detect whether an argument is
present so that it can take appropriate action when it is not. This is provided by
the intrinsic function present (see Section 8.2). For example
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present (xstart)

returns the value .true, if the current call has provided a starting point and
.false. otherwise. When it is absent, the subprogram might use a random
number generator to provide a starting point.

A slight complication occurs if an optional dummy argument is used within
the subprogram as an actual argument in a procedure mvocatton For example,
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our minimization subroutine might start by ca

corresponding equality problem by the call
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call mineg(n, f, x, equaliti

In such a case, an absent optional argument is also regarded as absent in the

;
second-level subprogram. For instance, when convex is abse

mincon, it is regarded as absent inmineq too. Such absent arguments may be prop-
agated through any number of calis, provided the dummy argument is optional in
each case. An absent argument further supplied as an actual argument must be
specified as a whole, and not as a subobject. Furthermore, an absent pointer is
not permitted to be associated with a non-pointer dummy argument (the target is
doubly absent).

Since the compiler will not be able to make the appropriate associations unless
it knows the keywords (dummy argument names), the interface must be explicit
(Section 5.11) if any of the dummy arguments are optional or keyword arguments
are in use. Note that an interface block may be provided for an external procedure
to make the interface explicit. In all cases where an interface block is provided,
it is the names of the dummy arguments in the block that are used to resolve the
associations.
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Execution of the main program or a subprogram always starts at its first executable
statement and any branching always takes place from one of its executable state-
ments to another. Indeed, each subprogram has its own independent set of labels.
This includes the case of a host subprogram with several internal subprograms.
The same label may be used in the host and the internal subprograms without am-
biguity.

This is our first encounter with scope. The scope of a label is a main program or
a subprogram, excluding any internal subprograms that it contains. The label may
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Notice that the host end statement may be labelled and be a branch target from a

host statement, that is the internal subprograms leave a hole in the scope of the
host (see Figure 5.9).



5.15 Scope of names

In the case of a named entity, there is a similar set of statements within which
the name may always be used to refer to the entity. Here, type definitions and
interface blocks as well as subprograms can knock holes in scopes. This leads
us to regard each program unit as consisting of a set of non-overlapping scoping
units. A scoping unit is one of the following:

e a derived-type definition,

e a procedure interface body, excluding any derived-type definitions and
interface bodies contained within it, or

e aprogram unit or subprogram, excluding derived-type definitions, interface
bodies, and subprograms contained within it.

An example containing five scoping units is shown in Figure 5.9.

Figure 5.9
module scopel I scope 1
: ! scope 1
contains ! scope 1
subroutine scope2 ! scope 2
type scope3 ! scope 3
: ! scope 3
end type scope3 ! scope 3
interface ! scope 2
: ! scope 4
end interface ! scope 2
: ! scope 2
contains | scope 2
function scope5(...) ! scope 5
: ! scope 5
end function scope5 ! scope 5
end subroutine scope2 ! scope 2
end module scopel ! scope 1

Once an entity has been declared in a scoping unit, its name may be used to
refer to it in that scoping unit. An entity declared in another scoping unit is always
a different entity even if it has the same name and exactly the same properties*.
Each is known as a local entity. This is very helpful to the programmer, who does
not have to be concerned about the possibility of accidental name clashes. Note
that this is true for derived types, too. Even if two derived types have the same

4 Apart from the effect of storage association, which is not discussed until Chapter 11 and whose
use we strongly discourage.



name and the same components, entities declared with them are treated as being
of different types®.
A use statement of the form

use module-name

is regarded as a re-declaration of all the module entities inside the local scoping
unit, with exactly the same names and properties. The module entities are said to
be accessible by use association. Names of entities in the module may not be used
to declare local entities (but see Section 7.10 for a description of further facilities
provided by the use statement when greater flexibility is required).

In the case of a derived-type definition, a module subprogram, or an internal
subprogram, the name of an entity in the host (including an entity accessed by

same properties, provided no entity with this name is declared locally, is a local
dummy argument or function result, or is accessed by use association. The host
entity is said to be accessible by host association. For example, in the subroutine
inner of Figure 5.10, x is accessible by host association, but y is a separate local
variable and the y of the host is inaccessible. We note that inner calls another
internal procedure that is a function, f; it must not contain a type specification for
that function, as the interface is already explicit. Such a specification would, in
fact, declare a different, external function of that name. The same remark applies
to a module procedure calling a function in the same module.

Figure 5.10

subroutine outer
real :: X, v

v

real :: y

end function f
end subroutine outer

Note that the host does not have access to the local entities of any subroutine
that it contains.

3 Apart from storage association effects (Chapter 11)



Host association does not extend to interface blocks. This allows an interface
body to be constructed mechanically from the specification statements of an ex-
ternal procedure. Note, however, that if a derived type needed for the interface is
accessed from a module, the interface block constructed from the procedure can-
not be placed in the module that defines the type since a module is not permitted
to access itself. For example, the following is not permitted:

module m
type t
integer :: i, j, k
end type t
interface g
subroutine s(a)
use m ! I1legal module access.
type(t) :: a

end subroutine s

.
end interface

end module m

Within a scoping unit, each named data object, procedure, derived type, named
construct, and namelist group (Section 7.15) must have a distinct name, with
the one exception of generic names of procedures (to be described in Section
5.18). Note that this means that any appearance of the name of an intrinsic
procedure in another role makes the intrinsic procedure inaccessible by its name
(therenaming facility described in Section 7.10 allows an intrinsic procedure to be
accessed from a module and renamed). Within a type definition, each component
of the type, each intrinsic procedure referenced, and each derived type or named
constant accessed by host association, must have a distinct name. Apart from

these rules, names may be re-used. For instance, a name may be used for the

components of two types, or the arguments of two procedures referenced with
keyword calls.
The names of program units and external procedures are global, that is available

anywhere in a complete program. Each must be distinct from the others and from
any o of the local entities of the program unit,
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At the other extreme, the do varlable of an implied-do in a data statement
(Section 7.5.2) or an array constructor (Section 6.16) has a scope that is just the
implied-do. It is different from any other entity with the same name.

5.16 Direct recursion

Normally, a subprogram may not invoke itself, either directly or indirectly through
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a sequence Ol otner invocations. However, if the w&dnﬁg statement is preﬁxed

recursive, this is allowed. Where the subprogram is a function that calls itself
directly in this fashion, the function name cannot be used for the function resuit
and another name is needed. This is done by adding a further clause to the



function statement as in Figure 5.11, which illustrates the use of a recursive
function to calculate n! =n(n — 1)...(1).

Figure 5.11
recursive function factorial(n) result(res)
integer, intent(in)
integer 1. res
if(n==1) then
res =1
se
res = nxfactorial(n-1) ! Beware - few computers check for
end if ! integer overflow.
end function factorial

al
i

The type of the function (and its result) may be specified on the function
statement, either before or after the token recursive:

integer recursive function factorial(n) result(res)

or
recursive integer function factorial(n) result(res)

or in a type declaration statement for the result name (as in Figure 5.11). In fact,
the result name, rather than the function name, must be used in any specification
statement. In the executable statements, a reference to the function name is a
recursive invocation of the function and the result name must be used for the result

variable. If there is no result clause, the function name is used for the result, and
lb not a_\’a.lld.DlC IOT a TéCufSn'vc lunuu‘)ﬁ Ca.ll

The result clause may also be used in a non-recursive function.

Just as in Figure 5.11, any recursive procedure that calls itself directly must
contain a conditional test that terminates the sequence of calls at some point,
otherwise it will call itself indefinitely.

Each time a recursive procedure is invoked, a fresh set of local data objects
is created, which ceases to exist on return. They consist of all data objects
declared in its specification statements or declared implicitly (see Section 7.2),
but excepting those with the data or save attribute (see Sections 7.5 and 7.9) and

any dummy arguments. The interface is explicit within the procedure.

5.17 Indirect recursion
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A procedure may also be invoke

Y 1
through calls to other procedures. To i lustrate that this may be useful suppose
we wish to perform a two-dimensional integration but have only the procedure
for one-dimensional integration shown in Figure 5.12.



Figure 5.12

recursive function integrate(f, bounds)
! Integrate f(x) from bounds(l) to bounds(2)
real :: integrate
interface
function f(x)
real
real, intent(in) ::
end function f
end interface
real, dimension(2), intent(in) :: bounds

o ee
e e
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end function integrate

a rectangle. We might write a Fortran function in a module to receive the value
of x as an argument and the value of y from the module itself by host association,
as shown in Figure 5.13. We can then integrate over x for a particular value of

Figure 5.13
module func
real :: yval
real, dimension(2) :: xbounds, ybounds
contains
function f(xval)
real N
real, intent(in) :: xval
r=... ! Expression involving xval and yval

end function f

end module func
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y, as shown in Figure 5.14, where integrate might be as shown in Figure 5.12.
We may now integrate over the whole rectangle thus

volume = integrate(fy, ybounds)

Note that integrate calls fy, which in turn calls integrate.

5.18 Overloading and generic interfaces

We saw in Section 5.11 how to use a simple interface block to provide an explicit
interface to an external or dummy procedure. Another use is for overloading,
that is being able to call several procedures by the same generic name. Here



Figure 5.14
function fy(y)
use func
real e
real, intent(in) :: y
yval =
r = integrate(f, xbounds)
end function fy

the interface block contains several interface bodies and the interface statement
specifies the generic name. For example,

interface gamma
function sgamma(x)
real (selected real
1

real \:clcutcd reai
end function sgamma
function dgamma(x)
real (selected real kind(12)) :: dgamma
real (selected real_kind(12)), intent(in) :: x
end function dgamma

end interface

_kind( 6))
binAl £Y\
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permits both the functions sgamma and dgamma to be invoked using the generic
name gamma.

A specific name for a procedure may be the same as its generic name. For
example, the procedure sgamma could be renamed gamma without invalidating the
interface block.

Furthermore, a generic name may be the same as another accessible generic
name. In such a case, all the procedures th..t have this generic name may be

invoked through it. This capability is important, since a module may need to
extend the intrinsic functions such as sin to a new type such as intervail (Section
3.8).

If it is desired to overload a module procedure, the interface is already explicit
so it is inappropriate to specify an interface body. Instead, the statement module
procedure procedure-name-list is included in the interface block in order to name
the module procedures for overloading: if the functions sgamma and dgamma above
were defined in a module, the interface block becomes

interface gamma
module procedure sgamma, dgamma
end interface

It is probably most convenient to place such a block in the module itself.

Fortran 95 allows any generlc specmcauon on an inter face statement to be
repeated on the corresponding end interface statement, for example,



end interface gamma ! Fortran 95 only

As for other end statements, we recommend use of this fuller form.

Another form of overloading occurs when an interface block specifies a defined
operation (Section 3.8) or adefined assignment (Section 3.9) to extend an intrinsic
operation or assignment. The scope of the defined operation or assignment is the
scoping unit that contains the interface block, but it may be accessed elsewhere
by use or host association. If an intrinsic operator is extended, the number
of arguments must be consistent with the intrinsic form (for example, it is not
possible to define a unary *).

The general form of the interface block is

interface [generic-spec]
r:nfnvfnnn_l\nr’\n 1
LLIH’rCIJubC UUu'y J e
[module procedure procedure-name-list] . . .
i In Fortran 95, interface bodies and
! module procedure statements may appear in any order.
end interface [generic-spec] ! Only in Fortran 95 is
! generic-spec allowed here

where generic-spec is
generic-name, operator(defined-operator),or assignment(=).

A module procedure statement is permitted only when a generic-spec is present,
and all the procedures must be accessible module procedures (as shown in the
complete module in Figure 5.16 below). No procedure name may be given a
particular generic-spec more than once in the interface blocks within a scoping
unit. An interface body must be provided for an external or dummy procedure.
If operator is specified on the interface statement, all the procedures in the

block must be functions with one or two non-optional arguments having intent
in®. If assignment is specified, all the procedures must be subroutines with
two non-optional arguments, the first having intent out or inout and the second
intent in. In order that invocations are always unambiguous, if two procedures
have the same generic operator and the same number of arguments or both define
assignment, one must have a dummy argument that corresponds by position in the
argument list to a dummy argument of the other that has a different type, different
kind type parameter, or different rank.

All procedures that have a given generic name must be subroutines or all
must be functions, including the intrinsic ones when an intrinsic procedure is
extended. Any two non-intrinsic procedures with the same generic name must
have arguments that differ sufficiently for any invocation to be unambiguous. The

rule is that either

6Since intent must not be specified for a pointer dummy argument (Section 5.7.1), this implies that
if an operand of derived data type also has the pointer attribute, it is the value of its target that is passed
to the function defining the operator, and not the pointer itself. The pointer status is inaccessible within
the function.



i) one of them has more non-optional dummy arguments of a particular data
type, kind type parameter, and rank than the other has dummy arguments
(including optional dummy arguments) of that data type, kind type param-
eter, and rank; or

ii) at least one of them must have a non-optional dummy argument that both

e corresponds by position in the argument list to adummy argument that
is not present in the other, is present with a different type or kind tvne
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parameter, or is present w1th a different rank, and

e corresponds by name to a dummy argument that is not present in the
other, is present with a different type or kind type parameter, or is
present with a different rank.

For case (ii), both rules are needed in order to cater for both keyword and posi-
t+ E'
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because the two functlons are always distinguishable in a positional call, but
not on a keyword call such as f(i=int, x=posn). If a generic invocation is
ambiguous between a non-intrinsic and an intrinsic procedure, the non-intrinsic
procedure is invoked.

Figure 5.15
! Example of a broken overloading rule
interface f
function fxi(x,i)

real o fxi
real, intent(in) :: x
integer i
end function fxi
function fix(i,x)
real v fix
real, intent(in) :: x
integer A

end function fix
end interface

Note that the presence or absence of the pointer attribute is insufficient to ensure
an unambiguous invocation since a pointer actual argument may be associated
with a non-pointer dummy argument, see Section 5.7.1.

There are many scientific applications in which it is useful to keep a check
on the sorts of quantities involved in a calculation. For instance, in dimensional
analysis, whereas it might be sensible to divide lenoth by time to obtain velocity,

it is not sensible to add time to velocny There is no intrinsic way to do this, but

we conclude this section s example. Figures 5.16 & 5.17. of h
wc conclude this section with an outline exarr iple, CIgUIcs 0.10 & J.1/, OT NOW it

might b achieved using derived types.
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Figure 5.16

module sorts

type time

real :: seconds
end type time
type velocity

real :: metres_per_second
end type velocity
type length

real :: metre
end type length
type length_squared

real :: metres_squared
end type length_squared

intanfara operator (/)
vaverialc Opdd aer \//

module procedure length by time
end interface
interface operator(+)
module procedure time plus_time
end interface
interface sqrt
module procedure sqrt_metres_squared
end interface

contains

function Tength by hmp(s 1)

AT 7 ' 4

type(length), 1ntent(1n)

type(time), intent(in) :: t
type(velocity) :: length by time

Tength_by time%metres per second = s%metres / t%seconds
end function length by time
funct1on t1me _Plus_time(t1, t2)
t.yp:\t.um:;, int Ei"t(li‘) ;0 tl, t2
type(time) :: time_plus_time
time_plus_time%seconds = tl%seconds + t2%seconds
end function time_plus_time
function sqrt_metres_squared(12)
type(length_squared), intent(in) :
type(length) qrt metres_squared
sqrt_metres_squared%metres = sqrt(12/metres squared)
end function sqrt_metres_squared

end module sorts




Figure 5.17

program test
use sorts
type(length)
type(length_squared)
type(velocity)
type(time)
v=s/t

! Note: v =5 +t or v=s%*t would be illegal
t =t + time(l.

sqrt (s2)
print *, v, t,

end program test

Tength(10.0), 1
length_squared(10.0)

LX)
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L}

Y4

ot <
]

time(3.0)
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Note that definitions for operations between like entities are also required,
as shown by time_plus_time. Similarly, any intrinsic function that might be
required, here sqrt, must be overloaded appropriately. Of course, this can be
avoided if the components of the variables are referenced directly, as in

t%seconds = t%seconds + 1.0

5.19 Assumed character length

A character dummy argument may be declared with an asterisk for the value of
the length type parameter, in which case it automatically takes the value from the
actual argument. For example, a subroutine to sort the elements of a character
array mwht be written thug

=8y 2222 VV i surswiai vaawe
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subroutine sort(
integer, 1nten
character(ien=

end subroutine sort

arc)
l 1IWAS I
t(in) :e N

, dimension(n), intent(in) :: chars

If the length of the associated actual argument is needed within the procedure,
the intrinsic function Ten (Section 8.6) may be invoked, as in Figure 5.18.

An asterisk must not be used for a kind type parameter value. This is because a
change of character length is analogous to a change of an array size and can easily
be accommodated in the object code, whereas a change of kind probably requires a

different machine instruction for every operation involving the dummy argument.
A different version of the procedure would need to he oenerated for each “OSSlble
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kind value of each argument The overloadmg feature (prev1ous SCCthl‘l) gives the

programmer an equivalent functionality with explicit control over which versions
are generated.



Figure 5.18

integer function count (letter, string)
character (1), intent(in) :: Tetter
character (*), intent(in) :: string
! Count the number of occurrences of letter in string
count = 0
doi =1, 1en(string)
if (string(i:i) == letter) count = count + 1

We finish this chapter by giving the full syntax of the Fortran 90 subroutine and
function statements, which have so far been explained through examples. It is

[recursive] &
subroutine subroutine-name [([dummy-argument-list])]

and

[prefix] function function-name ([dummy-argument-list]) &
[result(result-name) ]

where

(for details of type see Section 7.13).
Each feature has been explained separately and the meanings are the same in the

C‘T ii‘lauOi‘lS allUWUU Dy uic bymax 1 ne bymax has DCCI’] CX[CHGC(] m Fortran 95
o allow pure and elemental procedures to be specified (Sections 6.10 and 6.11).

5.21 Summary

A program consists of a sequence of program units. It must contain exactly one
main program but may contain any number of modules and external subprograms.
We have described each kind of program unit. Modules contain data definitions,

nd dunl h
type definitions, namelist groups, interface blocks, and module subprograms,

all of which may be accessed in other program units with the use statement.
The program units may be in any order, but many compilers require moduies to
precede their use.



Subprograms define procedures, which may be functions or subroutines. They
may also be defined intrinsically (Chapter 8) and external procedures may be
defined by means other than Fortran. We have explained how information is
passed between program units and to procedures through argument lists and
through the use of modules. Procedures may be called recursively provided they
are correspondingly specified.

The interface to a procedure may be explicit or implicit. If it is explicit,
keyword calls may be made, and the procedure may have optional arguments.
Interface blocks permit procedures to be invoked as operations or assignments, or

hy o t\ T"\ﬂ nhoronfor 'nnnﬂ'\c I\F r'nmm\l aranmaontc mav '\o aoco rl
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We have also explained about the scope of labels and Fortran names, and
introduced the concept of a scoping unit.

Many of the features are new since Fortran 77: the internal subprogram,
modaules, the interface block, optional and keyword arguments, argument intent,
pointer dummy arguments and function results, recursion, and overloading. These
are powerful additions to the language, particularly in the construction of large
programs and libraries.

5.22 Exercises

1. A subroutine receives as arguments an array of values, x, and the number of elements in
x, n. If the mean and variance of the values in x are estimated by

mean = — Y‘ x(i)
n 3
i=

]
=

1 n
variance = ;1 Z (x (i) — mean)?
n—14

write a subroutine which returns these calculated values as arguments. The subroutine
should check for invalid values of n (< 1).
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2. A subroutine matrix_mult multiplies together two matrices A and B, whose dimensions
arei x j and j x k, respectively, returning the result in a matrix C dimensioned i x k. Write
matrix_mult, given that each element of C is defined by

J
C(m,n) = Z(A(m,li) x B(£,n))
=1

The matrices should appear as arguments to matrix_mult.

3. the subroutine random_number (Section 8.16.3) returns a random number in the range
0.0 to 1.0, that is

call random number(r) ! O<r<l

Using this function, write the subroutine shuffle of Figure 5.4.



4. A character string consists of a sequence of letters. Write a function to return that letter
of the string which occurs earliest in the alphabet, for example, the result of applying the
function to 'DGUMVETLOIC’ is 'C’.

5. Write an internal procedure to calculate the volume of a cylinder of radius  and length £,
wr2e, using as the value of 7r the result of acos (-1.0), and reference it in a host procedure.

6. Choosing a simple card game of your own choice, and using the random number
procedure (Section 8.16.3), write subroutines deal and play of Section 5.4, using data in
a module to communicate between them.

7. Objects of the intrinsic type character are of a fixed length. Write a module containing
a definition of a variable length character string type, of maximum length 80, and also the

accary t
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i) assign a character variable to a string;
ii) assign a string to a character variable;
iii) return the length of a string;

iv) concatenate two strings.






6. Array features

s
v

In an era when many computers have the hardware capability for efficient process-
ing of array operands, it is self-evident that a numerically based language such
as Fortran should have matching notational facilities. Such facilities provide not
only a notational convenience for the programmer, but provide an opportunity to
extend the power of the language. However, new optimization techniques are re-
quired, for instance the ability to recognize that two or more consecutive array
statements may, in some cases, be processed in a single loop at the object code
level. These techniques are being progressively introduced.!

Arrays were introduced in Sections 2.10 to 2.13, their use in simple expressions
and in assignments was explained in Sections 3.10 and 3.11, and they were
used as procedure arguments in Chapter 5. These descriptions were deliberately
restricted because Fortran contains a very full set of array features whose complete
description would have unbalanced those chapters. The purpose of this chapter is
to describe the array features in detail, but without anticipating the descriptions
of the array intrinsic procedures of Chapter 8; the rich set of intrinsic procedures

should be regarded as an inteeral part of the array features,
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6.2 Zero-sized arrays

It might be thought that an array would always have at least one element. How-
ever, such a requirement wouid force programs to contain extra code to deal with
certain natural situations. For example, the code in Figure 6.1 solves a lower-
triangular set of linear equations. When 1 has the value n, the sections have size
zero, which is just what is required.

Fortran allows arrays to have zero size in all contexts. Whenever a lower bound
exceeds the corresponding upper bound, the array has size zero.

There are few special rules for zero-sized arrays because they follow the usual
rules, though some care may be needed in their interpretation. For example, two
zero-sized arrays of the same rank may have different shapes. One might have
shape (0,2) and the other (0,3) or (2,0). Such arrays of differing shape are not

! A fuller discussion of this topic can be found in Optimizing Supercompilers for Supercomputers,
M. Wolfe (Pitman, 1989).
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Figure 6.1
doi=1,n
x(i) = b(i) / a(i, 1)
b(i+l:n) = b(i+l:n) - a(i+l:n, i) * x(i)
end do

AA‘cAm_Al\'A ﬂnr‘ th A "‘l\' vrnty nat ha nand tAat LA" oo tha Ann-_n-\rln Af n luder aerer
CUIIv1i11aUulv allu uliviviul luay llUl UG UdLAL LUSCLI vl as> uiv UPUI IId Ul a Ulllal)’
operation. However, an array is always conformable with a scalar so the statement

zero-sized-array = scalar

is valid and the scalar is ‘broadcast to all the array elements’, making this a ‘do
nothing’ statement.

A zero-sized array is regarded as being defined always, because it has no values
that can be undefined.

6.3 Assumed-shape arrays

Outside Chapter 11, we require that the shapes of actual and dummy arguments
agree, and so far we have achieved this by passing the extents of the array
arguments as additional arguments. However, it is possible to require that the
shape of the dummy array be taken automatically to be that of the corresponding
actual array argument. Such an array is said to be an assumed-shape array. When
the shape is declared by the dimension clause, each dimension has the form

[lower-bound] :

where lower-bound is an integer expression that may depend on module data

or the other arguments (see Section 7.14 for the exact rules). If lower-bound is
omitted, the default value is 1. Note that it is the shape that is passed. and not the
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upper and lower bounds. For example, if the actual array is a, declared thus:
real, dimension(0:10, 0:20) ::

and the dummy array is da, declared thus:
real, dimension(:, :) :: da

then a(i,j) corresponds to da(i+1,j+1); to get the natural correspondence, the
lower bound must be declared:

real, dimension(0:, 0:) :: da

In order that the compiler knows that addition l information is to be supplied,
the interface must be explicit (Section 5.11) at pomt of call. A dummy array
with tha naintan atieiha o st smcemmdad o a acnireaaas abmis mnmmnnr hannnnea 1tg
WILLL LG PUTTILET attrioute is not lcgcuucu ad> dll dbbU[llCU Sllapv dallay Uvwvauouw its

shape is not necessarily assumed.



6.4 Automatic objects

A procedure with dummy arguments that are arrays whose size varies from call to
call may also need local arrays whose size varies. A simple example is the array
work in the subroutine to interchange two arrays that is shown in Figure 6.2.

Figure 6.2
subroutine swap(a, b)
-. (3
‘A

real, dimension{:), intent :
real, dimension(size(a)) 2 work
I size provides the size of an array,
! and is defined in Section 8.12.2.

work =
a=b>b
b = work

end subroutine swap

Arrays whose extents vary in this way are called automatic arrays, and are
examples of automatic data objects. These are data objects whose declarations
depend on the value of non-constant expressions, and are not dummy arguments.
Implementations are likely to bring them into existence when the procedure is
called and destroy them on return, maintaining them on a stack?. The non-

constant expressions are limited to be specification expressions (Section 7.14).
The other way that automatic objects arise is through varvmo character length.

22a%2 =L CRSRRAES ML Y se G220 2o RN

The variable word2 in

subroutine example(wordl)
h racter(] en = *), intent(inout) :: wordl
character(len = Jen(wordl)) :: word?

is an example. If a function result has varying character length, the interface must
be explicit at the point of call because the compiler needs to know this, as shown
in Figure 6.3.

An array bound or the character length of an automatic object is fixed for the
duration of each execution of the procedure and does not vary if the value of the
specification expression varies or becomes undefined.

Some small restrictions on the use of automatic data objects appear in Sections
7.5,7.9,and 7.15.

2 A stack is a memory management mechanism whereby fresh storage is established and old storage
is discarded on a ‘last in, first out’ basis within contiguous memory.



Figure 6.3
program loren
character (len = *), parameter :: a = 'just a simple test'
print *, double(a)
contains
function double(a)
character (len = %), intent(in) :: a
character (len = 2*len(a)) :: double
double = a//a

T am A

end function double
end program loren

6.5 Heap storage

There is an underlying assumption in Fgrgran that the nr nnpqsgr, Lpnlies a mech-

anism for managing heap
the user interface to that mechamsm.
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6.5.1 Allocatable arrays

Sometimes an array is required to be of a size that is known only after some
data have been read or some calculations performed. An array with the pointer
attribute might be used for this purpose, but this is really not appropriate if the

other properties of pointers are not needed. Instead, an array that is not a dummy
argument or function result may be given the allocatable attribute by a statement
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such as

real, dimension(:, :), allocatable :: a

Such an array is called allocatable. Its rank is specified when it is declared, but
the bounds are undefined until an allocate statement such as
allocate(a(n, 0:n+l1)) ! n of type integer

has been executed for it. Its initial allocation status is ‘not currently allocated’ and
it becomes allocated following successful execution of an allocate statement.
An important example is shown in Figure 6.4. The array work is placed in
a module and is allocated at the beginning of the main program to a size that
depends on input data. The array is then available throughout program execution
in any subprogram that has a use statement for work_array.
When an allocatable array a is no longer needed, it may be deallocated by
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3A heap is a memory management mechanism whereby fresh storage may be established and old
storage may be discarded in any order. Mechanisms to deal with the progressive fragmentation of the
memory are usually required.
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Figure 6.4
module work array
integer :n
real, dimension(:,:,:), allocatable :: work
end module work_array
program main
use work_array
read *, n
allocate(work(n, 2*n, 3*n))

@
*

deallocate (a)

following which the array is ‘not currently allocated’. The deallocate statement
is described in more detail in Section 6.5.3.

If it is required to make any change to the bounds of an allocatable array, the
array must be deallocated and then allocated afresh. Allocating an allocatable
array that is already allocated, or deallocating an allocatable array that is not
currently allocated, is an error.

If a variable-sized array component of a structure is required, unfortunately,
an array pointer must be used (see Section 6.14). The prohibition on allocatable
arrays here was made to keep the feature simple, but this is now recognized as a
mistake that will be corrected in Fortran 2000 (see Sections 1.5 and 13.4).

In Fortran 90, an allocatable array that does not have the save attribute
(Section 7.9) may have a third allocation state: undefined. Since an undefined
allocatable array may not be referenced in any way, not even an enquiry about its

tat tha allaratad int f, t3 nd M tnat
staius usmg the allocated intrinsic 1unciion, we recCommcna avoiding this state.

It occurs on return from a subprogram if the array is local to the subprogram or
local to a module that is currently accessed only by the subprogram, and the array
is allocated. To avoid this situation, such an allocatable array must be explicitly

deallocated before such a return.
In Fartran O] tha iindefinad z:"n‘(“L on statu

ARE A VA CASEEE Sy L1IiW WLIUWALILWALL RRLV Uil OvR

subprogram, an allocated allocatable array without the save attribute is automat-
ically deallocated if it is local to the subprogram, and it is processor dependent as
to whether it remains allocated or is deallocated if it is local to a module and is
accessed only by the subprogram. This automatic deallocation not only avoids in-
advertent memory leakage, but prevents the very undesirable undefined allocation
status.
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We mentioned in Section 2.13 that the allocate statement can also be used to
give fresh storage for a pointer target directly. A pointer becomes associated
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(Section 3.3) following successful execution of the statement. The general form
of the allocate statement is

allocate( allocation-list [,stat=star] )
where allocation-list is a list of allocations of the form

allocate-object [( array-bounds-list )]
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and stat is a scalar integer vari
allocated.

If the stat= specifier is present, stat is given either the value zero after a
successful allocation or a positive value after an unsuccessful allocation (for
example, if insufficient storage is available). After an unsuccessful execution,

anrh array that wae nnf cnr\r\nncfn"\r allnratad rataine ;fc nroviniiec allaratian Ar
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pointer association status. If stat= is absent and the allocation is unsuccessful,

program execution stops.
Each allocate-object is an allocatable array or a pointer. It may have zero
character length and in the case of a pointer may be a structure component.
Each lower-bound and each upper-bound is a scalar integer expression. The
default value for the lower bound is 1. The number of array-bounds in a list must
equal the rank of the allocate-object. They determine the array bounds, which do
not alter if the value of a variable in one of the expressions changes subsequently.

An array may-be allocated to be of size zero.
The bounds of all the arrays hemg allocated are rgga_d ed as undefined durin_g

the execution of the allocate statement so none of the expressnons that specify

the bounds may depend on any of the bounds. For examplie,
sV TV mmatn fafodo LAY Lfoi__7_%\0\ ¢ 21T
allocate (a(size(b)), b(size(a))) ! illegal
Or €ven
21T e .\ [T SR Y RS W N Y [ I R |
allocate (a(n), b(size(a))) ! illegal

is not permitted, but

allocate (a(n))
allocate (b(size(a)))

is valid. This restriction allows the processor to perform the allocations in a single
allocate statement in any order.

In contrast to the case with an allocatable array, a pointer may be allocated a
new target even if it is currently associated with a target. In this case, the previous

ascnr\;of;r\n ic hralan Tftha nrau:
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s target was created by aiiocation, 1t becomes
is

associated with it. We expect linked lists

u
inaccessible unless another pointer is



normally to be created by using a single pointer in an al1locate statement for each
node of the list, using pointer components of the allocated object at the node to
hold the links from the node. We illustrate this by the addition of an extra nonzero
element to the sparse vector held as a chain of entries of the type

type entry
real :: value
integer :¢ index
type(entry), pointer :: next

end type entry

of Section 2.13. The code in Figure 6.5 adds the new entry at the front of the
chain. Note the importance of the last statement being a pointer assignment: the
assignment

first = current

would overwrite the old leading entry by the new one.

Figure 6.5
type(entry), pointer :: first, current
real e fill

integer :: fill_index

allocate (current)
current = entry (fill, fill_index, first)
first => current

6.5.3 The deallocate statement

When an allocatable array or pointer target is no longer needed, its storage may
be recovered by using the deallocate statement. Its general form is

deallocate ( allocate-object-list [,stat=stat] )

where each allocate-object is an allocatable array that is allocated or a pointer
that is associated with the whole of a target that was allocated through a pointer
in an allocate statement. Here stat is a scalar integer variable that must not be
deallocated by the statement nor depend on an object that is deallocated by the
statement. If stat= is present, stat is given either the value zero after a successful

execution or a positive value after an unsuccessful execution (for example, if a
pointer is disassociated). After an unsuccessful execution, each array that was

Pvlllt\/l s ) UIO“GUVVIu\-\I\JI- 4 BLVvwa daii DWW WA WA Wil W WSS LALSAS A T ) et

not successfully deallocated retains its previous allocation or pointer association
status. If stat= is absent and the deallocation is unsuccessful, program execution
stops.
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A pointer becomes disassociated (Section 3.3) following successful execution
of the statement. If there is more than one object in the list, there must be no
dependencies among them, to allow the processor to deallocate the objects one
by one in any order.

A danger in using the deallocate statement is that storage may be deallocated
while pointers are still associated with the targets it held. Such pointers are left
‘dangling’ in an undefined state, and must not be reused until they are again
associated with an actual target.

In order to avoid an accumulation of unused and unusable storage, all explicitly
allocated storage should be explicitly deallocated when it is no longer required
(although, as noted at the end of Section 6.5.1, in Fortran 95, for allocatable arrays,
there are circumstances in which this is automatic). This explicit management
is required in order to avoid a potentially significant overhead on the part of the
processor in handling arbitrarily complex allocation and reference patterns.

Note also that the standard does not specify whether the processor recovers
storage allocated through a pointer but no longer accessible through this or any

nthar nninta Thic ht ha imnartant whara far ava ntar fiinets
et lJuuu,vn inis ll.l.lslll. |04 uul.l\.ul.ulu. YiIViw,y LUL \u\ulul.nv, a l.luuu.\u iuncluon is

referenced within an expression — the programmer cannot rely on the compiler
to arrange for deallocation. To ensure that there is no memory leakage, it is
necessary to use functions on the right-hand side of pointer assignments, as in
the example compact in Section 5.10, or as pointer component values in structure
constructors, and to deallocate the pointer (y in Section 5.10) when it is no longer
needed (but see also Section 13.3).

6.5.4 The nullify statement

A pointer may be explicitly disassociated from its target by executing a nullify
statement. Its general form is

nullify(pointer-object-list)

There must be no dependencies among the objects, in order to allow the processor
to nuilify the objects one by one in any order. The statement is also useful for
giving the disassociated status to an undefined pointer. An advantage of nullifying
pointers rather than leaving them undefined is that they may then be tested by the
intrinsic function associated (Section 8.2). For example, the end of the chain of
Figure 6.5 will be flagged as a disassociated pointer if the statement

nullify(first)

is executed initially to create a zero-length chain. Because ofte
ways to access a target (for example, through another po mter), the nu111f_y
statement does not deallocate the targets. If deallocation is also required, a

deallocate statement should be executed instead.
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6.6 Elemental operations and assignments

We saw in Section 3.10 that an intrinsic operator can be applied to conformable
operands, to produce an array result whose element values are the values of
the operation applied to the corresponding elements of the operands. Such an
operation is called elemental.

It is not essential to use operator notation to obtain this effect. Many of the
intrinsic procedures (Chapter 8) are elemental and have scalar dummy arguments
that may be called with array actual arguments provided all the array arguments
have the same shape. For a function, the shape of the result is the shape of the
array arguments For example, we may find the square roots of all the elements

of a real array thus:

a = cartla)
dﬂ. v‘“l

For a subroutine, if any argument is array-valued, all the arguments with intent out
or inout must be arrays. If a procedure that references an elemental function has

1stvievanr Ncrisvaant

an optional array-valued dummy argument that is absent, that dummy argument
must not be used in the elemental reference unless another array of the same rank
is associated with an non-optional argument of the elemental procedure (to ensure
that the rank does not vary from call to call).

Similarly, an intrinsic assignment may be used to assign a scalar to all the
elements of an array, or to assign each element of an array to the corresponding
element of an array of the same shape (Section 3.11). Such an assignment is also
called elemental.

If a similar effect is desired for a defined operator, a function must be provided

for each rank or pair of ranks for which it is needed (but this is not necessary in
Fortran 95, see Section 6.11). For example, the module in Figure 6.6 provides

A va ian Dwew bsww vazsan - a2 Ll tly of SAARPRARS A 222 2 =%

summation for scalars and rank-one arrays of intervals (SCCthﬂ 3.8). We leave
it as an exercise for the reader to add definitions for mixing scalars and rank-one
arrays.

Similarly, elemental versions of defined assignments must be provided explic-

itly (but, again, this is not necessary in Fortran 95, see Section 6.11).

6.7 Array-valued functions

We mentioned in Section 5.10 that a function may have an array-valued result, and
have used this language feature in Figure 6.6 where the interpretation is obvious.

In order that the compiler should know the shape of the result, the interface
must be explicit (Section 5.11) whenever such a function is referenced. The
shape is specified within the function definition by the dimension attribute for the
function name. Unless the function result is a pointer, the bounds must be explicit

expressions and they are evaluated on entry to the function. For another example,

see the declaration of the function result in Figure 6.7.
An array-valued function is not necessarily elemental. For example, at the end
of Section 3.10 we considered the type
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Figure 6.6
module interval_addition
type interval
real :: lower, upper
end type interval
interface operator(+)
module procedure add60, addll
end interface

contains
function add0® (a, )

type (interval) :: addoo
type (intervai), intent(in) :: a, b
add00%lower = a%lower + b%lower ! Production code would
add00%upper = a%upper + b%upper ! allow for roundoff.
end function add0o
function addll (a b)
type \llll.t:lle}, umu—:i‘lS‘lGﬁ( J, int (‘ll‘) HHI
type (interval), d1mens1on(s1ze(a)) :: addll
type (interval), dimension(size(a)), intent(in) :: b
addl1%lower = a%lower + b%lower ! Production code would
add11%upper = a%upper + b%upper ! allow for roundoff.
end function addll
end module interval_addition

type matrix
real :: element
ri

rank-one operations might be as fo , r multiplying ¢
two array by a rank-one array, we might use the module functio nin
6.7 to provide matrix by vector multiplication.
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6.8 The where statement and construct

It is often desired to perform an array operation only for certain elements, say
those whose values are positive. The where statement provides this facility. A
simple example is

where ( a > 0.0 ) a = 1.0/a ! a is a real array

which 1 cupruca €S
general form is

('I»

ive elements of a and leaves the rest unali Th

-
-
o

'Ui
U‘r
r-p

where (logical-array-expr) array-variable = expr
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Figure 6.7
function mult(a, b)
!
type(matrix), dimension(:, :)
type(matrix), dimension{size(a, 2))
! size is defined in Section 8.12
type(matrix), dimension(size(a, 1)) :: mult

.
o o

integer it i, n
!
mult = 0.0 ! A defined assignment from a real
! scalar to a rank-one matrix.

n = size(a, 1)
do j = 1, size(a, 2)
mult = mult + a(l:n, j) * b(j)

! Uses defined operations for addition of
! two rank-one matrices and multiplication
! of a rank-one matrix by a scalar matrix.

end do
end function mult

The logical array expression logical-array-expr must have the same shape as
array-variable. 1t is evaluated first and then just those elements of expr that
correspond to elements of logical-array-expr that have the value true are evaluated

and are ass1gned to the correspondmg elements of array -variable. All other
Clcrﬂe iSO l arr‘ay- Variaﬁle are ICIL ﬂﬁaltereu .lll I‘Or'l-r'aﬁ YU, UlC aSSIgﬁmeﬁt must
not be a defined assignment (this restriction is relaxed in Fortran 95, see Section
6.8.1).

A single logical array expression may be used for a sequence of array assign-

ments all of the same shape. The general form of this construct is

where (logical-array-expr)
array-assignments
end where

| array expression logical-array-expr is first evaluated and then each

array assignment is performed in turn, under the control f thls mask If any
of these assignments affect entities in logical-array-expr, it is always the value
obtained when the where statement is executed that is used as the mask.
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Finally, the where construct may take the form

where (logical-array-expr)
array-assignments

elsewhere
array-assignments

end where

Here, the assignments in the first block of assignments are performed in turn under

the control of logical-array-expr and then the assignments in the second block
are performed in turn under the control of . not.logical-array-expr. Again, if any

WA LR RRAW

of these assignments affect entities in logzcal-array-expr, it is always the value
obtained when the where statement is executed that is used as the mask. No array
assignment in a where construct may be a branch target statement.

A simple example of a where construct is

where (pressure <= 1.0)
pressure = pressure + inc_pressure
temp = temp + 5.0

elsewhere
raining = .true.

end where

where pressure, inc_pressure, temp, and raining are arrays of the same shape.
If a where statement or construct masks an elemental function reference, the
function is called only for the wanted elements. For example,

where (a2 > 0 ) a = log(a) ! Tog is defined in Section 8.4

would not lead to erroneous calls of 1o0g for negative arguments.
This masking applies to all elemental function references except any that are

within an argument of a non-elemental function reference. The masking does not
extend to array arguments of such a function. In general, such arguments have a
different shape so that masking would not be possible, but the rule applies in such

a case as
where (a > 0) a = a/sum(log(a)) ! sum is defined in Section 8.11

Here the logarithms of each of the elements of a are summed, and the statement
will fail if they are not all positive.

If a non-elemental function reference or an array constructor is masked, it is
fully evaluated before the masking is applied.

6.8.1 Some where construct extensions (Fortran 95 only)

In Fortran 95, it is permitted to mask not only the where statement of the where

construct (Section 6.8), but also any elsewhere statement that it contains. The

masking expressions involved must be of the same shape. A where construct may



contain any number of masked elsewhere statements but at most one el sewhere
statement without a mask, and that must be the final one. In addition, where
constructs may be nested within one another; the masking expressions of the
nested constructs must be of the same shape, as must be the array variables on
the left-hand sides of the assignments.

A where assignment statement is permitted to be a defined assignment, pro-
vided that it is elemental (Section 6.11).

Finally, a where construct may be named in the same way as other constructs.

These extensions allow sequences like those in Figure 6.8.

Figure 6.8
assign_1: where (cond_1) ! Fortran 95
: ! masked by cond_1
elsewhere (cond_2)
: ! masked by
: ! cond_2.and..not.cond_1
assign 2:  where (cond_4)
: ! masked by
: ! cond 2.and..not.cond_l.and.cond 4
elsewhere
: ! masked by
: ! cond 2.and..not.cond_l.and..not.cond 4

end where assign_2

elsewhere (cond_3) assign_l

: ! masked by

: ! cond_3.and..not.cond_1.and.not.cond_2
elsewhere assign_1

: ! masked by

: ! not.cond_1.and..not.cond_2.and..not.cond 3

AR~

end where assign 1

All the statements of a where construct are executed one by one in sequence,
including the where and elsewhere statements. The logical array expressions
in the where and el sewhere statements are evaluated once and control of subse-

+ cionme 1 1
quent assignments is not affected by changes to the values of these expressions.

Throughout a where construct there is a control mask and a pending mask which
change after the evaiuation of each where, e1sewhere, and end where statement,
as illustrated in Figure 6.8.



6.9 The forall statement and construct (Fortran 95 only)

When a do construct such as

doi=1,n
a(i, i) = x(i) ! a is rank-2 and x rank-1
end do

is executed, the Drocessor is requxred to Derform each successive iteration in

order and one after the other. This represents a potentially severe impediment to

Up[l[lllLallUll 011 a pai aucx processor so, for this purpose, Fortran 95 has the foral 1

statement. The above loop can be written as
forall(i = 1:n) a(i, i) = x(i) ! Fortran 95

which specifies that the individual assignments may be carried out in any order,
and even simultaneously. The forall statement may be considered to be an array
assignment expressed with the help of indices. In this particular example, we
note also that this operation could not otherwise be represented as a simple array
assignment. Other examples of the forall statement are

! Fortran 95
forall(i = 1:n, j = 1:m) a(i, j) =1+
forall(i = 1:n, j = l:n, y(i, J) /= 0.) x(j, i) = 1.0/y(i, j)

where, in the second statement, we note the masking condition — the assignment
is not carried out for zero elements of y.

The forall construct also exists. It allows several assignment statements to be
executed in order. The forall equivalent of the array assignments

a(2:n-1, 2:n-1) = a(2:n-1, 1:n-2) + a(2:n-1, 3:n) &
+ a(l:n-2, 2:n-1) + a(3:n, 2:n-1)
a(2:n-1, 2:n-1)

b(2:n-1, 2:n-1)

L]
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forall(i = 2:n-1, j = 2:n-1) ! Fortran 95
a(i, j) = a(i, j-1) + a(i, j+1) + a(i-1, j) + a(i+1, j)
b(i, j) = a(i, Jj)

end forall

This sets each internal element of a equal to the sum of its four nearest neighbours
and copies the result to b. The forall version is more readable. Note that each
assignment in a forall is like an array assignment; the effect is as if all the
expressions were evaluated in any order, held in temporary storage, then all the

assignments performed in any order. The first statement must fully complete

before the second can begin.
A forall statement or construct may contain pointer assignments. An examp
is



o
—
~J

Array features

type element
character(32), pointer :: name
end type element

type(element) ¢+ chart(200)

character(32), target :: names(200)

: ! define names

forall(i =1:200) ! Fortran 95
chart (i)%name => names(i)

end forall

Note that there is no array syntax for performing, as in this example, an array of
pointer assignments.

As with all constructs, forall constructs may be nested. The sequence

forall (i = l:n-1) ! Fortran 95
forail (j = i+i:n) :
a(i, j) = a(jg, i) ! a is a rank-2 array
end forall
end forall

assigns the transpose of the lower triangle of a to the upper triangle of a.

A forall construct can include a where statement or construct. Each statement
of awhere construct is executed in sequence. An example with a where statement
is

forall (i = 1:n) ! Fortran 95
where ( a(i, :) == 0) a(i, :) = i
b(i, :) =1 / a(i, :)

end forall

Here, each zero element of a is replaced by the value of the row index and,
following this complete operation, the elements of the rows of b are assigned the

reciprocals of the corresponding elements of a multiplied by the corresponding

rTow 1nacx.
The complete syntax of the forall construct is

[name:] forall(index = lower: upper [:stride] & ! Fortran 95
[, index = lower: upper [:stridel]l... [,scalar-logical-expr] )
[body]
end forall [name]

where index is a named integer scalar variable. Its scope is that of the construct;
that is, other variables may have the name but are separate and not accessible in
the forall. The index may not be redefined within the construct. Within a nested

construct, each index must have a distinct name. The expressions lower, upper,
and stride (stride is optional but must be nonzero when present) are scalar integer
expressions and form a sequence of values as for a section subscript (Section

6.13); they may not reference any index of the same statement but may reference



an index of an outer forall. Once these expressions have been evaluated, the
scalar-logical-expr, if present, is evaluated for each combination of index values.
Those for which it has the value .true. are active in each statement of the
construct. The name is the optional construct name; if present, it must appear on
both the forall and the end forall statements. The blank between the keywords
end and forall is optional.

The body itself consists of one or more: assignment statements, pointer assign-
ment statements, where statements or constructs, and further foral]l statements
or constructs. The subobject on the left-hand side of each assignment in the body
should reference each index of the constructs it is contained in as part of the identi-
fication of the subobject, whether it be a non-pointer variable or a pointer object.
None of the statements in the body may be a branch target, for instance for a go
to statement.

In the case of a defined assignment statement, the subroutine that is invoked
must not reference any variable that becomes defined by the statement, nor any
pointer obj ect that becomes associated.

l'\ IUY dl l consiruct WllUbC DU(ly lb a blﬂglc dbblg[llﬂell Lor pO“nte‘ lgnmcn[
statement may be written as a single forall statement.

Procedures may be referenced within the scope of a forall, both in the logical
scalar expression that forms the optional mask or, directly or indirectly (for
instance as a defined operation or assignment), in the body of the construct. All
such procedures must be pure (see Section 6.10)

As in assignments to array sections (Section 6.13), it is not allowed to make a
many-to-one assignment. The construct

forall (i = 1:10) ! Fortran 95
a(index(i)) = b(i) ! a, b and index are arrays
end forall

is valid if and only if index (1
t

permitted to associate m

6.10 Pure procedures (Fortran 95 only)

In the description of functions in Section 5.10, we noted the fact that, although it is
permissible to write functions with side-effects, this is regarded as undesirable. In
fact, used within foral1 statements or constructs (Section 6.9), the possibility that
a function or subroutine reference might have side-effects is a severe impediment
to optimization on a parallel processor — the order of execution of the assignments
could affect the results. In order to control this situation, it is possible for the

4This is not actually a requirement, but any missing index would need to be restricted to a single
Rﬂﬂ T2l
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forall (i = i1:42, j = j1:32) a(j) = a(j) + b(i, j)

is valid only if 11 and 12 have the same value.



A r - 1 1.0
Array jeaiures 117

programmer to assert that a procedure has no side-effects by adding the pure
keyword to the subroutine or function statement. In practical terms, this is an
assertion that the procedure

i) if a function, does not alter any dummy argument;

i) does not alter any part of a variable accessed by host or use association;
iii) contains no local variable with the save attribute;
iv) performs no operation on an external file (Chapters 9 and 10); and

v) contains no stop statement.

To ensure that these requirements are met and that a compiler can easily check
that this is so, there are the following further rules:

i) any dummy argument that is a procedure and any procedure referenced
must be pure and have an explicit interface;

ii) the intent of a dummy argument must be declared unless it is a procedure
or a pointer, and this intent must be in in the case of a function;

iii) any procedure internal to a pure procedure must be pure; and

iv) a variable that is accessed by host or use association or is an intent in
dummy argument or any part of such a variable must not be the target
of a pointer assignment statement; if it is of derived type with a pointer
component, it must not be the right-hand side of an assignment; and it must
not be associated as an actual argument with a dummy argument that is a
pointer or has intent out or inout.

This last rule ensures that a local pointer cannot cause a side effect but unfor-
tunately prevents benign uses such as aliasing (Section 6.15) for use within an

expression.
The function in Figure 5.6 (Section 5.10) is pure, and this could be specifie

explicitly:

N
}

pure function distance(p, q) ! Fortran 95

An external or dummy procedure that is used as a pure procedure must have
an interface block that specifies it as pure. However, the procedure may be used
in other contexts without the use of an interface block or with an interface block
that does not specify it as pure. For example, this allows library procedures to be
specified as pure without limiting them to be used as such.

The main reason for allowing pure subroutines is to be able to use a defined

assignment in a forall statement or construct and so, unlike pure functions, they
may have dummy arguments that have intent out or inout or the pointer attribute.
Their existence also gives the possibility of making subroutine calls from within

pure functions.



All the intrinsic functions (Chapter 8) are pure, and can thus be referenced
freely within pure procedures. In addition, the elemental intrinsic subroutine
mvbits (Section 8.8.3) is pure.

The pure attribute is given automatically to any procedure that has the e1emen-
tal attribute (next section).

The complete set of options for the prefix of a function statement (Section 5.20)

is
prefix-spec [ prefix-spec ] ... ! Fortran 95

where prefix-spec is type, recursive, pure, or elemental. A prefix-spec must
not be repeated. A subroutine statement is permitted a similar prefix, except of
course that type must not be present.

6.11 Elemental procedures (Fortran 95 only)

We have met already t

and, later, Chapter 8) — those W1th scalar dummy arguments that may be called
with array actual arguments provided that the array arguments have the same
shape (that is, provided all the arguments are conformable). For a function, the
shape of the result is the shape of the array arguments. Fortran 95 extends this to
non-intrinsic procedures. This requires the el emental prefix on the function or
subroutine statement. For example, we could make the function add_intervals
of Section 3.8 elemental, as shown in Figure 6.9. This is enormously useful to
the programmer who can get the same effect in Fortran 90 only by writing 22
versions, for ranks 0-0, 0-1, 1-0, 1-1, 0-2, 2-0, 2-2, ... 0-7, 7-0, 7-7, and is an
aid to optimization on parallel processors.

£ 0
>4

Figure 6
elemental function add intervals(a,b) ! Fortran 95
type(interval) :: add_intervals
type(interval), intent(in) :: a, b
add_intervals%lower = a%lower + b%lower ! Production code
add_intervals%upper = a%upper + b%upper | wouid allow for
end function add_intervals ! roundoff.

A procedure is not permitted to be both elemental and recursive.

An elemental procedure must satisfy all the requirements of a pure procedure
(previous section); in fact, it automatically has the pure attribute. In addition,
all dummy arguments and function results must be scalar variables without the
pointer attribute. A dummy argument or its subobject may be used in a specifica-

tion expression only as an argument to the intrinsic functlons bit_size, kind,

len or numeric inquiry functions of Section 8.7.2. An example is
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elemental real function f(a) ! Fortran 95
real, intent(in) t:a
real(selected real _kind(precision(a)*2)) :: work

end function f

This restriction prevents character functions yielding an array result with elements
of varying character lengths and permits implementations to create array-valued
versions that employ ordinary arrays internally. A simple example that would

break the rule is .

elemental function c(n) ! Fortran 95
character (len=n) :: c ! Invalid
integer, intent(in) :: n

real :: work(n) ! Invalid
end function c
If this were allowed, a rank-one version would need to hold work as a ragged-edge
array of rank two.

An interface block for an external or dummy procedure is required if the
procedure itself is non-intrinsic and elemental. The interface must specify it as
elemental. This is because the compiler may use a different calling mechanism in
order to accommodate the array case efficiently. It contrasts with the case of pure
procedures, where more freedom is permitted (see previous section).

For an elemental subroutine, if any argument is array valued, all the arguments
with intent inout or out must be arrays. For example, we can make the subroutine
swap of Figure 6.2 (Section 6.4) perform its task on arrays of any shape or size,
as shown in Figure 6.10. Calling swap with an array and a scalar argument is

obviously erroneous and is not permitted.
Figure 6.10
elemental subroutine swap(a, b) ! Fortran 95

real, intent(inout) :: a, b
real 1 work
work = a
a=>b
b = work

end subroutine swap

If a generic procedure reference (Section 5.18) is consistent with both an ele-
mental and a non-elemental procedure, the non-elemental procedure is invoked.
For example, we might write versions of add_intervals (Figure 6.9) for arrays
of rank one and rely on the elemental function for other ranks. In general, one
must expect the elemental version to execute more slowly for a specific rank than
the corresponding non-elemental version



We note that an elemental procedure may not be used as an actual argument.

6.12 Array elements

In Section 2.10, we restricted the description of array elements to simple cases.
In general, an array element is a scalar of the form

part-ref [%part-ref]...
where part-ref is
part-namel[ (subscript-list)]

The last part-ref must have a subscript-list. The number of subscripts in each list
must be equal to the rank of the array or array component, and each subscript must

be a scalar integer expression whose value is within the bounds of its dimension
of the array or array component. To illustrate this, take the type

J Vi SRiiR) wRsial

type triplet
real s u
real, dimension(3) :: du
real, dimension(3,3) :: d2u
end type triplet

which was considered in Section 2.10. An array may be declared of this type:
type(triplet), dimension(10,20,30) :: tar
and
tar(n,2,n*n) ! n of type integer
is an array element. It is a scalar of type triplet and
tar(n, 2, n*n)%du
is a real array with
tar(n, 2, n*n)%du(2)

as one of its elements.
If an array element is of type character, it may be followed by a substring
reference:

(substring-range)
for example,
page (kxk) (i+l:j-5) ! i, j, k of type integer.

By convention, such an object is called a substring rather than an array element.

Notice that it ic the arrav nart-name that tha cithecrint lict analiffiac Tt e not
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permitted to apply such a subscript list to an array designator unless the designator
terminates with an array part-name. An array section, a function reference, or an
array expression in parentheses must not be qualified by a subscript list.



6.13 Array subobjects

Array sections were introduced in Section 2.10 and provide a convenient way to
access a regular subarray such as a row or a column of a rank-two array:

a(i, 1:n) ! Elements 1 to n of row i
a(l:m, j) ! Elements 1 to m of column j

For simnlicitv of descrintion, we did not e
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stride other than one may be specmea.

:) !
1

(i,
a(i, 1:n:3)
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Elements 1, 4, ... of row i

[s1]
e

Another form of section subscript is a rank-one integer expression. All the
elements of the expression must be defined with values that lie within the bounds
of the parent array’s subscript. For example,

vi((/1,7,3,2)))

is a section with elements v(1), v(7), v(3), and v(2), in this order. Such a
subscript is called a vector subscript. If there are any repetitions in the values of
the elements of a vector subscript, the section is called a many-one section because
more than one element of the section is mapped onto a single array element. For
example

ul (/1 2 2 7 /v
VRV \/ L 7y O 7 J)] )
hac elementc ? and 4 manned onto any section mi
nas eiements 2 ana 4 mappea onto v (7). A many-one section must not appear on

the left of an assignment statement because there would be several possible values
for a single element. For instance, the statement

V(L 7,3,7))=(/1,2,34/) 11lega
is not allowed because the values 2 and 4 cannot both be stored in v (7). The extent
is zero if the vector subscript has zero size.

When an array section with a vector subscript is an actual argument, it is
regarded as an expression and the corresponding dummy argument must not be
defined or redefined and must not have intent out or inout. We expect compilers
to make a copy as a temporary regular array on entry but to perform no copy back
on return. Also, an array section with a vector subscript is not permitted to be
a pointer target, since allowing them would seriously complicate the mechanism
that compilers would otherwise have to establish for pointers. For similar reasons,
such an array section is not permitted to be an internal file (Section 9.6).

A vaciilas an il an il b lin e matbanno 110t Aagnrihad tha
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intrinsic circular shift function cshi ft (Section 8.13.5) provides a mechanism that
manipulates array sections in a ‘wrap-round’ fashion. This is useful in handling
the boundaries of certain types of periodic grid problems, although it is subject to



similar restrictions to those on vector subscripts. If an array v(5) has the value
[1,2,3,4,5], then cshift(v, 2) has the value [3,4,5,1,2].
The general form of a subobject is

part-refl%part-refl ... [(substring-range)]
where part-ref now has the form
part-name [ (section-subscript-list)]

where the number of section subscripts in each list must be equal to the rank of
the array or array component. Each section-subscript is either a subscript (Section
6.12), a rank-one integer expression (vector subscript), or a subscript-triplet of the

form
[lower] : [upper] [ : stride]

where lower, upper, and stride are scalar integer expressions. If lower is omitted,
the default value is the lower bound for this subscript of the array. If upper is
omitted, the default value is the upper bound for this subscript of the array. If
stride is omitted, the default value is one. The stride may be negative so that it is
possible to take, for example, the elements of a row in reverse order by specifying
a section such as

a(i, 10:1:-1)

The extent is zero if stride>0 and lower>upper, or if stride<0 and lower <upper.
The value of stride must not be zero.
Normally, we expect the values of both lower and upper to be within the bounds

of the corresponding array subscript. However, all that is required is that each

value actually used to select an element is within the bounds. Thus,
a(l, 2:11:2)

is legal even 1f the uppe r bound of the second dimension of a is only 10.

£l
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going as far as possible without going beyond upper (above it when stride > 0 or
below it when stride< 0). The length of the sequence for the i-th subscript-triplet
determines the i-th extent of the array that is formed.

The rank of a part-ref with a section-subscript-list is the number of vector
subscripts and subscript triplets that it contains. So far in this section, all the
examples have been of rank one; by contrast, the ordinary array element

a(1,7)
is an example of a part-ref of rank zero, and the section

a(:,1:7)
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is an example of a part-ref of rank two. The rank of a part-ref without a section-
subscript-list is the rank of the object or component. A part-ref may be an array;
for example,

tar%du(2)

for the array tar of Section 6.12 is an array section with elements tar(1)%du(2),
tar(2)%du(2), tar(3)%du(2), .... Being able to form sections in this way from

sy nf A A+ n
arrays of derived type, as well as by selecting sets of elements, is a very usefu!

feature of the language. A more prosaic example, given the specification
type(person), dimension(1:50) :: my group

for the type person of Section 2.9, is the subobject my group%id which is an
integer array section of size 50.

Unfortunately, it is not permissible for more than one part-ref to be an array;
for example, it is not permitted to write

tarsdu 1 ITlegal
for the array tar of Section 6.12. The reason for this is that if tar%du were
considered to be an array, its element (1,2,3,4) would correspond to

tar(2,3,4)%du(1)

which would be too confusing a notation.
The part-ref with nonzero rank determines the rank and shape of the subobject.
If any of its extents is zero, the subobject itself has size zero. It is called an array

section if the final part-ref has a section-subscript-list or another part-ref has a
nonzero rank,

A substring-range may be present only if the last part-ref is of type character
and is either a scalar or has a section-subscript-list. By convention, the resulting
object is called a section rather than a substring. It is formed from the unqualified
section by taking the specified substring of each element. Note that, if ¢ is a rank-

one character array,
c(i:j)

is the section formed from elements i to j; if substrings of all the array elements
are wanted, we may write the section

c(:)(ks1)

An array section that ends with a component name is also called a structure
component. Note that if the component is scalar, the section cannot be qualified
by a trailing subscript list or section subscript list. Thus, using the example of

is such an array section and



tar(1, 2, 3)%u
is a component of a valid element of tar. The form
tarsu(l, 2, 3) ! not permitted

is not allowed.

Additionally, a part-name to the right of a part-ref with nonzero rank must not
have the pointer attribute. This is because such an object would represent an
array of pointers and require a very different implementation mechanism from that

tunalantrv) dimancianin) ¢¢ rawe | n af tuna intagar
LYME\GIHILT Y /g UIINGTIS IUNINTI) U oVl MyPE LSy
far tha tuna An'l-v\u Aafinad naar tha and Anf Qantinn 87 Tf wa wara allaward tn
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write the object rows»snext it would be interpreted as another array of size n and
type entry, but its elements are likely to be stored without any regular pattern
(each having been separately given storage by an al 1ocate statement) and indeed
some will be null if any of the pointers are disassociated. Note that there is no
problem over accessing individual pointers such as rows (i)%next.

6.14 Arrays of pointers

Although arrays of pointers as such are not allowed in Fortran, the equivalent
effect can be achieved by creating a type containing a pointer component. For
example, a lower-triangular matrix may be held by using a pointer for each row.
Consider the type

type row
real, dimension(:),

end type row

pointer :: r

and the arrays
type(row), dimension(n) :: s, t ! n of type integer
Storage for the rows can be allocated thus

doi=1,n ! i of type integer.
allocate (t(i)%r(1:1)) ! Allocate row i of length i.
end do

The array assignment
s =t
would then be equivalent to the pointer assignments

s(i)%r => t(i)%r
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for all the components.
A type containing just a pointer component is useful also when constructing a

linked list that is more complicated than the chain described in Section 2.13. For
instance, if a variable number of links are needed at each entry, the recursive type
entry of Figure 2.3 might be expanded to the pair of types:

type ptr
type(entry), pointer :: point
end type ptr

type entry
real :: value
integer :: index
type(ptr), pointer :: children(:)

node%children(j)%point%index

This extra level of indirection is necessary because the individual elements of
children do not, themselves, have the pointer attribute — this is a property only
of the whole array. For example, we can take two existing nodes, say a and b, each
of which is a tree root, and make a big tree thus

tree%children(1)%point => a
tree%schildren(2)%point => b

which would not be possible with the original type entry.

6.15 Pointers as aliases

If an array section without vector subscripts, such as
table(m:n, p:q)

is wanted frequently while the integer variablesm, n, p, and q do not change their
values, it is convenient to be able to refer to the section as a named array such as

window

Such a facility is provided in Fortran by pointers and the pointer assignment
statement. Here window would be declared thus

real, dimension(:, :), pointer :: window

and associated with table, which must of course have the target or pointer
attribute, by the execution of the statement

window => table(m:n, p:q)
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If, later on, the size of window needs to be changed, all that is needed is another
pointer assignment statement. Note, however, that the subscript bounds for win-
dow in this example are (1:n-m+1, 1:q-p+1) since they are as provided by the
functions 1bound and ubound (Section 8.12.2).

The facility provides a mechanism for subscripting or sectioning arrays such as

tar%u

where tar is an array and U is a scalar component, discussed in Section 6.13. Here
we may perform the pointer association

taru => tar%u
if taru is a rank-three pointer of the appropriate type. Subscripting as in

-~

taru(l, 2, 3)

is then permissible. Here the subscript bounds for taru

=:
""’:
i
[+ 7]
-3

be those o

6.16 Array constructors

The syntax that we introduced in Section 2.10 for array constants may be used to
construct more general rank-one arrays. The general form of an array-constructor
is

(/ array-constructor-value-list [)

where each array-constructor-value is one of expr or constructor-implied-do.
The array thus constructed is of rank one with its sequence of elements formed
from the sequence of scalar mmreqqmnc and elements of the array ex_nrgssggns in

array element order. A constructor—zmplzed -do has the form
(array-constructor-value-list, variable = exprl, expr2 [,expr3])

where variable is a named integer scalar variable, and expr] expr2, and expr3 are

ceralar intagar avnracoinne Jte intarneatatinn 1o ac 1F th
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list had been written
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max ( (expr2 - exprl + expr3)/expr3, 0 )

times, with variable replaced by exprl, expri+-expr3, .. ., as for the do construct
(Section 4.5). A simple example is

(/ (i,i=1,10) /)

which is equal to

(/1,2,3,4,5

I -3 =2 v L

Note that the syntax permits nesting of one constructor-implied-do inside another,

as in the example
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(/ ((1,i=1,3), j=1,3) /)

which is equal to
(/12,3 1,2,3,1,2,3/)

and the nesting of structure constructors within array constructors (and vice
versa), for instance, for the type in Section 6.7,

(/ (matrix(0.0), i = 1, 160) /)

The sequence may be empty, in which case a zero-sized array is constructed. The
scope of the variable is the constructor-implied-do. Other statements, or even
other parts of the array constructor, may refer to another variable having the same
name. The value of the other variable is unaffected by execution of the array
constructor and is available except within the constructor-implied-do.

The type and type parameters of an array constructor are those of the first
expr, and each expr must have the same type and type parameters. If every expr,
exprl, expr2, and expr3 is a constantexpression, the array constructor is a constant

.
avHracocinmn
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An array of rank greater than one may be constructed from an array constructor
by using the intrinsic function reshape (Section 8.13.3). For example,

reshape( source = (/ 1,2,3,4,5,6 /), shape = (/ 2,3 /) )
has the value

1 3 5
2 4 6

6.17 Mask arrays

Logical arrays are needed for masking in where statements and constructs (Sec-

t
tion 6.8), and they play a similar role in many of the array intrinsic functions

(Chapter 8). Often, such arrays are large, and there may be a worthwhile stor-
age gain from using non-default logical types, if available. For example, some
processors may use bytes to store elements of 1ogical (kind=1) arrays, and bits
to store elements of 10gical (kind=0) arrays. Unfortunately, there is no portable
facility to specify such arrays, since there is no intrinsic function comparable to
selected int_kind and selected real kind.

Logical arrays are formed implicitly in certain expressions, usually as compiler-
generated temporary variables. In

where (a > 0.0) a = 2.0 * a

or
if (any(a > 0.0)) then ! any is described in Section 8.11.1.
the expression a > 8.0 is a logi In such a an optimizing compiler

S U.Uisa 1usicai array. in sucil a case, an opti
an be expected to choose a suitable kind type parameter for the temporary array.

o
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6.18 Summary

We have explained that arrays may have zero size and that no special rules are
needed for them. A dummy array may assume its shape from the corresponding
actual argument. Storage for an array may be allocated automatically on entry
to a procedure and automatically deallocated on return, or the allocation may be
controlled in detail by the program. Functions may be array-valued either through
the mechanism of an elemental reference that performs the same calculation for
each array element (in Fortran 90, for intrinsic functions only), or through the truly
array-valued function. Array assignments may be masked through the use of the
where statement and construct. Structure components may be arrays if the parent

: ha thae ha
1S an array or the ¢ vompunent is an array, but not both. A subarra RY May either be

formulated directly as an array section, or indirectly by using pointer assignment
to associate it with a pointer. An array may be constructed from a sequence of
expressions. A logical array may be used as a mask.

Basically, the whole of the contents of this chapter represents features new since
Fortran 77, and is a hallmark of Fortran 90/95. The intrinsic functions are an
important part of the array features and will be described in Chapter 8.

We conclude this chapter with a complete program, Figures 6.12 & 6.13, that
illustrates the use of array expressions, array assignments, allocatable arrays,
automatic arrays, and array sections. The module 1inear contains a subroutine
for solving a set of linear equations, and this is called from a main program that
prompts the user for the problem and then solves it.
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Figure 6.12

module linear
integer, parameter, public :: kind=selected real kind(10)
public :: solve

contains
subroutine solve(a, piv_tol, b, ok)
I arguments
real(kind), intent(inout), dimension(:,:) :: a

! The matrix a.
real(kind), intent(in) :: piv_tol
I Smallest acceptable pivot.
real (kind), intent(inout), dimension(:) :: b
! The right-hand side vector on
! entry. Overwritten by the solution.
gical, intent(out) :: ok

! True after a successful entry
! and false otherwise.

! Local variables

integer :; i ! Row index.
integer :: j I Column index.
integer :: n I Matrix order.

real(kind), dimension(size(b)) :: row
! Automatic array needed for workspace;
! size is described in Section 8.12.2.
real(kind) :: element ! Workspace variable.

) ==n .and. size(a, 2) ==n
2

doj=1,n

! Update elements in column j.
doi=1,j-1
a(i+l:n, j) = a(i+i:n, j) - a(i,j) * a(i+l:n, i)
end do

! Find pivot and check its size (using maxval just to
! obtain a scalar).
i = maxval(maxloc(abs(a(j:n, j)))) +Jj -1
! maxval and maxloc are in Sections 8.11.1 and 8.14.
if (abs(a(i, j)) < piv_tol) then
ok = ,false.
return
end if




Figure 6.13

! If necessary, apply row interchange
if (i/=j) then
row = a(j, :); a(3, :) = a(i, :); a(i, ) = row
element = b(j); b(j) = b(i); b(i) = element
end if

! Compute elements j+1 : n of j-th co
sl 20 3 T, 347 m 3 f3
a(J+i:n, Jjj = ayg+in, Jjj/all

end do

! Forward substitution
doi=1, n-1
b(i+1:n) = b(i+l:n) - b(i)*a(i+1l:n, i)
end do

! Back-substitution
dQ j = ni li '1
b(j) = b(j)/a3, i)
b(1:j-1) = b(1:j-1) - b(§)*a(l:j-1, j)
end do
end subroutine solve
end module linear

program main
use linear
integer :: i, n
real (kind), allocatable :: a(:, :), b(:)
Togical :: ok

print *, ' Matrix order?'
read *, n

allocate { a{n, n), b{n) )
doi=1,n

o)

9
write(*,'{a, i2, a)') ' Eiements of row ', i, ' of a?'
! Edit descriptors are described in Section 9.13
read *, a(i,:)
write(,'(a, i2, a)') ' Component ', i, ' of b?'
read *, b(i)
end do

call solve(a, maxval(abs(a))*1.0e-10, b, ok)
if (ok) then
write(*, '(/,a,/,(5f12.4))') * Solution is', b
else
print *, ' The matrix is singular’
end if
end program main




6.19 Exercises

1. Given the array declaration
real, dimension(50,20) :: a

write array sections representing
i) the first row of a;

a lact ~nlinen
u) Lu last Lulull

'I P
iifulL a
iii) every second lement in each row and column,;
iv) as for (iii) in reverse order in both dimensions;

v) azero-sized array.

o

3. Write an array declaration for an array j which is to be completely defined by the

statement

j = (/ (3s 5! i“I,S), Ssssss (1’ 1 = 533:"1 ) /)

"U

4. Classify the following arrays:

subroutine example(n, a, b)
real, dimension(n, 10) :: w
real 10 a(:), b(o:)
real, pointer tod(:, )

5. Write a declaration and a pointer assignment statement suitable to reference as an array
all the third elements of component du in the elements of the array tar having all three
subscript values even (Section 6.12).

6. Given the array declarations

rewrite the statements

1(3:k+1, §-1:k) = 1(j:k+1, j=1:k) + 1(j:k+l, §-1:K)
1(3:k+1, §-1:k) = m(i:k+1, §-1:k) + n(j:k+1, j-1:k) + n(j:k+l, §:k+1)

as they could appear following execution of the statements

17 => 1(j:k+1, j-1:k)
mm => m(j:k+1, j-1:k)
nn => n(j:k+1, j-1:k)

7. Complete Exercise 1 of Chapter 4 using array syntax instead of do constructs.

8. Write a module to maintain a data structure consisting of a linked list of integers, with
the ability to add and delete members of the list, efficiently.

9. Write a module that contains the example in Figure 6.7 (Section 6.7) as a module
procedure and supports the defined operations and assignments that it contains.






7. Specification statements

In the preceding chapters we have learnt the elements of the Fortran language, how
they may be combined into expressions and assignments, how we may control the
logic flow of a program, how to divide a program into manageable parts, and have
considered how arrays may be processed. We have seen that this knowledge is
sufficient to write programs, when combined with a rudimentary print statement
and with the end statement.

Already in Chapters 2 to 6, we met some specification statements when declar-
ing the type and other properties of data objects, but to ease the reader’s task we
did not always explain all the available options. In this chapter we fill this gap. To

begm with, however, itis necessary to recall the place of spec1ﬁcatlon statements
in a programming language. A program is processed by a computer in (usually)
three stages. In the first stage, compilation, the source code (text) of the program
is read and processed by a program known as a compiler which analyses it, and
generates a file containing object code. Each program unit of the complete pro-
gram is usually processed separately. The object code is a translation of the source
code into a form which can be understood b oy the CGi’ﬁpuwx har dware, and contains
the precise instructions as to what operations the computer is to perform. In the
second stage of processing, the object code is placed in the relevant part of the
computer’s storage system by a program often known as a loader which prepares
it for the next stage; during this second stage, the separate program units are linked
to one another, that is joined to form a complete executable program. The third
stage consists of the execution, whereby the coded instructions are performed and
the results of the computations made available.

During the first stage, the compiler requires information about the entities
involved. This information is provided at the beginning of each program unit or
subprogram by specification statements. The description of most of these is the
subject of this chapter. The specification statements associated with procedure
interfaces, including interface blocks and the interface statement and also the
external statement, were explained in Chapter 5. The intrinsic statement
is explained in Chapter 8. The statements connected with storage association
(common, equivalence, and sequence) are deferred to Chapter 11.
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7.2 Implicit typing

Many programming languages require that all typed entities have their types
specified explicitly. Any data entity that is encountered in an executable statement
without its type having been declared will cause the compiler to indicate an error.
This, and a prohibition on mixing types, is known as strong typing. In the case
of Fortran, an entity appearing in the code without having been explicitly typed
is normally implicitly typed, being assigned a type according to its initial letter.
The default in a program unit or an interface block is that entities whose names
begin with one of the letters 1,j,...,n are of type default integer, and variables
beginning with the letters a,b,...,horo,p,...,z are of type default real. This
absence of strong typing can lead to program errors; for instance, if a variable

t ate ahle Ear thic
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reason, we recommend that implicit typing be avoided.

Implicit typing does not apply to an entity accessed by use or host association
because its type is the same as in the module or the host.

If a different rule for implicit typing is desired in a given scoping unit, the
implicit statement may be employed. For no implicit typing whatsoever, the
statement

implicit none

is available (our recommendation), and for changing the mapping between the
letters and the types, statements such as

impiicit integer (a-h)
implicit real(selected real kind(10)) (r,s)
implicit type(entry) (u,x-z)

are available. The letters are specified as a list in which a set of adjacent letters
in the alphabet may be abbreviated, as in a-h. No letter may appear twice in the
implicit statements of a scoping unit and if there is an imp1icit none statement,
there must be no other implicit statement in the scoping unit. For a letter not
included in the implicit statements, the mapping between the letter and a type is
the default mapping.

In the case of a scoping unit other than a program unit or an interface block, for
example a module subprogram, the default mapping for each letter in an inner
scoping unit is the mapping for the letter in the immediate host. If the host
contains an implicit none statement, the default mapping is null and the effect
may be that implicit typing is available for some letters, because of an additional
implicit statement in the inner scope, but not for all of them. The mapping may
be to a derived type even when that type is not otherwise accessible in the inner
scoping unit because of a declaration there of another type with the same name.

Figure 7.1 provides a comprehensive illustration of the rules of implicit typing.
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Figure 7.1

module example_mod
implicit none

interface
function fun(i) 11 is implicitly
integer :: fun ! declared integer.
~on F -

end function fun
end interface
contains
function jfun(j) ! A1l data entities must
integer :: jfun, j ! be declared explicitly.
end function jfun
end module example_mod
subroutine sub
implicit complex (c)
= (3.0,2.0) ! ¢ is implicitly declared complex.
contains
subroutine subl
implicit integer (a,c)
c = (0.0,0.0) ! ¢ is host associated and of type complex

z =1.0 ! z is implicitly declared real.
a=2 ! a is implicitly declared integer.
cc = 1.0 ! cc is implicitly declared integer.

end subroutine subl
subroutine sub?

z=2.0 I z is implicitly declared real and is
! different from the variable z in subl.
end subroutine sub?2
subroutine sub3
use example mod ! Access the integer function fun.
= fun(k) ! q is implicitly declared real and

! k is implicitly declared integer.

end subroutine sub3
end subroutine sub




The general form of the implicit statement is
implicit none
or
implicit type (letter-spec-list) [,type (letter-spec-list)]...

where type specifies the type and type parameters (Section 7.13) and each letter-
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The implicit statement may be used for a derived type. For example, given
access to the type

farm m e am e oam

type posn
real X, ¥
integer :: z
end type posn

and given the statement
implicit type(posn) (a,b), integer (c-z)

variables beginning with the letters a and b are implicitly typed posn and variables
beginning with the letters c,d, . ..,z are implicitly typed integer.

An implicit none statement may be preceded within a scoping unit only by
use (and format) statements, and other implicit statements may be preceded only
by use, parameter, and format statements. We recommend that all implicit
statements be at the start of the specifications, immediately following any use
statements.

7.3 Declaring entities of differing shapes

So far, we have used separate type declaration statements such as

integer tta, b
integer, dimension(10) :: c, d
integer, dimension(8,7) :: e

to declare several entities of the same type but differing shapes. In fact, Fortran
permits the convenience of using a single statement. Whether or not there is a
dimension attribute present, arrays may be declared by placing the shape infor-
mation after the name of the array:

integer :: a, b, c(10), d(10), e(8, 7)

If the dimension attribute is present, it providesadefault shape for the e tmes
l-\ l-n-...... t‘ | | [P [ P4 n ol 1a Lo

‘L - - — — o
that are not followed by their own shape information, and is ignored for those th
are:

integer, dimension(10) :: c, d, e(8, 7)



7.4 Named constants and constant expressions

Inside a program, we often need to define a constant or set of constants. For
instance, in a program requiring repeated use of the speed of light, we might use
areal variable ¢ that is given its value by the statement

¢ = 2.99792458

A dangerin this practice is that the value of ¢ may be overwritteninadvertently, for
instance because another programmer re-uses C as a variable to contain a different

qnnnhtv lemo to notice that the name ig nlrpadv in use.
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Another situation which can arise is that the program contains specifications
such as

(10 (10}
\LU}, Z\1U)}
0

), ipoint(100)

where all the dimensions are 10 or 102, Such specifications may be used exten-
sively, and 10 may even appear as an expiicit constant, say as a parameter in a
do-construct which processes these arrays:

doi=1, 10

Later, it may be realised that the value 20 rather than 10 is required, and the
new value must be substituted everywhere the old one occurs, an error-prone
undertaking.

Yet another case was met in Section 2.6, where named constants were needed
for kind type parameter values.

In order to deal with all of these situations, Fortran contains what are known as
named constants. These may never appeéar on the left-hand side of an a551gﬁmem
statement, but may be used in expressions in any way in which a literal constant

may be used. A type declaration statement may be used to specify such a constant:

reai, parameter :: ¢ = 2.99792458

The value is prote tecte d, as ¢ is now the name of a constant and may not be used as
a variable name in the same scoping unit. Similarly, we may write

integer, parameter :: length = 10
real :: x(1ength), y(length), z(1ength)
integer :: mesh(length, length), ipoint(length*2)

do i =1, Tength

which has the clear advantage that in order to change the value of 10 to 20 only a
single line need be modified, and the new value is then correctly propagated.

In this example, the expression 1ength**2 appeared in one of the array bound

specifications. This is a particular example of a constant expression. A constant
expression is an expression in which each operation is intrinsic, and each primary
is
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i) a constant or a subobject of a constant,

ii) an array constructor whose expressions (including bounds and strides) have
primaries that are constant expressions,

iii) a structure constructor whose components are constant expressions,

iv) an elemental intrinsic function reference whose arguments are constant
Y
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v) a transformational intrinsic function reference whose arguments are con-
stant expressions,

vi) a reference to an inquiry function (Section 8.1.2) other than present,
associated, or allocated, where each argument is either a constant ex-
pression or a variable whose type parameters or bounds inquired about are

neither assumed, defined by an expressmn that is not constant, defined by
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vii) an implied-do variable whose bounds and strides are constant expressions,
or

viii) a constant expression enclosed in parentheses,

and where each subscript, section subscript, and substring bound is a constant
expression. In Fortran 95, v) includes null,

Because the values of named constants are expected to be evalt

time, the expressions permitted for their definition are restricted in their form. An
initialization expression is a constant expression in which

i) the exponentiation operator must have an integer power,

ii) an elemental intrinsic function must have arguments and results of type
integer or character, and

the ansfor
selected int_kind, selected real kind, transfer, and trim are per-
mitted.

iii) of the tr rmational functions, only repeat, reshape

If an initialization expression invokes an inquiry function for a type parameter or
an array bound of an object, the type parameter or array bound must be specified
in a prior specification statement or to the left in the same specification statement.

In the definition of a named constant we may use any initialization expression,
and the constant becomes defined with the value of the expression according to
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real, parameter :: 1sq = length**2



Note from this example that it is possible in one statement to define several named
constants, in this case two, separated by commas.
A named constant may be an array, as in the case

real, dimension(3), parameter :: field = (/ 0.0, 10.0, 20.0 /)

For an array of rank greater than one, the reshape function described in Section
8.13.3 must be applied. A named constant may be of derived type, as in the case

Q
L |
=
=
(¢
—
<
3
(¢
(o}
[0
=]
]
®
(=}
)
=3
[land
=2
®
®
e
(o}
o
Iy
2]
[¢]
0
=-
o]
=]
~
t\)
Z
o]
—
[¢']
-
=
r)
-
N
7]
=
oy
]
&
1]
2}
Py
o
oy
3+
(@]
=]
=]
(72
P d
3]
=1
o

typ 1 cti hat ject
need not ne cessarlly have a constant value For example, 1f iisan mteger varlable,
field(i) may have the value 0.0, 10.0, or 20.0. Note also that a constant may not
be a pointer, allocatable array, dummy argument, or function result, since these are
always variables.

Any named constant used in an initialization expression must either be accessed
from the host, be accessed from a module, be declared in a preceding statement,
or be declared to the left of its use in the same statement. An example using
a constant expression including a named constant that is defined in the same
statement is

integer, parameter :: apple = 3, pear = apple**2

Finally, there is an important point concerning the definition of a scalar named
constant of type character. Its length may be specified as an asterisk and taken
directly from its value, which obviates the need to count the length of a character
string, and makes modifications to its definition much easier. An example of this
is

character(len=*), parameter :: string = 'No need to count'

Unfortunately, there is a need to count when a character array is defined using an
array constructor, since all the elements must be of the same length:
character(len=7), parameter, dimension(2) :: &
c=(/'Metcalf', 'Reid '/)
if the three blanks in 'Reid ' were removed.
The parameter attribute is an important means whereby constants may be

protected from overwriting, and programs modified in a safe way. It should be
used for these purposes on every possible occasion.

7.5 Initial values for variables

7.5.1 Initialization in type declaration statements

A variable may be assigned an initial value in a type declaration statement, simply
by following the name of the variable by an initialization expression (Section 7.4),

as in the examples:



149 [l IOy . o
194 ['U’l’u’l JU/IZ70 LApLAncd

0.0
(/ 0.0, 1.2, 4.5 /)

real H a
real, dimension(3) ::

The initial value is defined by the value of the corresponding expression according
to the rules of intrinsic assignment. The variable automatically acquires the save
attribute (Section 7.9). It must not be adummy argument, a pointer, an allocatable
array, an automatic object, or a function result.

7.5.2 The data statement

An alternative way to specify an initial value for a variable is by the data state-
ment. It has the general form
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: i, J, k
data a,b,c/1.,2.,3./, 1,3,k/1,2,3/
in which a variable a acquires the initial value 1., b the value 2., etc.

If any part of a variable is initialized in this way, the variable automatically
acquires the save atribute. The variable must not be a dummy argument, an
allocatable array, an automatic object, or a function result. It may be a pointer
only in Fortran 95, and the correspnding value must be nul1().

After any array or array section in object-list has been expanded into a sequence
of scalar elements in array element order, there must be as many constants in each
value-list as scalar elements in the corresponding object-list. Each scalar element
is assigned the corresponding scalar constant.

Constants which repeat may be written once and combined with a scalar
repeat count which may be a named or literal constant:

data 1i,j,k/3*0/

The value of the repeat count must be positive or zero. As an example consider
the statement

data r(1:1ength)/length+0./

where r is areal array and 1ength is a named constant which might take the value
zero.

Arrays may be initialized in three different ways: as a whole, by element, or by
an implied-do loop. These three ways are shown below for an array declared by

real :: a(5, 5)

Firstly, for the whole array, the statement
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data a/25+1.0/

sets each element of a to 1.0.
Secondly, individual elements and sections of a may be initialized, as in

data a(1,1), a(3,1), a(1,2), a(3,3) /2x1.0, 2%2.0/
data a(2:5,4) /4*1.0/

in each of which only the four specified elements and the section are initialized.
Each array SUUSCi‘ipt must be an initialization cX‘prSSiOﬁ, as must any character
substring subscript.

When the elements to be selected fall into a pattern which can be represented

by do-loop indices, it is possible to write data statements a third way, like
data ((a(i,j), 1=1,5,2), j=1,5) /15%0./
The general form of an implied-do loop is
(dlist, do-var = expr, expr|, expr])

where dlist is a list of array elements, scalar structure components, and implied-do
loops, do-var is a named integer scalar variable, and each expr is a scalar integer
expression. It is interpreted as for a do construct (Section 4.5) except that the do
variable has the scope of the implied-do as in an array constructor (Section 6.16).
A variable in an expr must be a do-var of an outer implied-do:

integer N ¢
integer, parameter :: 1=5, 12=((1+1)/2)**2
real ::oa(l,1)

data ((a(j,k), k=1,j), j=1,1,2) /12 » 1.0 /
This example sets to 1.0 the first element of the first row of a, the first three
elements of the third row, and all the elements of the last row, as shown in Figure
7.2.

Figure 7.2 Result of an implied-do loop in a data statement.

1.0
1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0

The only variables permitted in subscript expressions in data statements are do
indices of the same or an outer level loop, and all operations must be intrinsic.

An object of derived type may appear in a data statement. In this case,
the corresponding value must be a structure constructor having an initialization
expression for each component. Using the type definition of posn in Section 7.2,

we can write
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type(posn) :: positionl, position2
data positionl /posn(2., 3., 0)/, position2%z /4/

In the examples given so far, the types and type parameters of the constants in a
value-list have always been the same as the type of the variables in the object-list.
This need not be the case, but they must be compatible for intrinsic assignment
since the entity is initialized following the rules for intrinsic assignment. It is thus
possible to write statements such as

data q/1/, i/3.1/, b/(0.,1.)/

(where b and q are real and i is integer). Integer values may be binary, octal, or
hexadecimal constants (Section 2.6.1).

Each variable must either have been typed in a previous type declaration state-
ment in the scoping unit, or its type is that associated with the first letter of its
name according to the implicit typing rules of the scoping unit. In the case of
implicit typing, the appearance of the name of the variable in a subsequent type
declaration statement in the bu)pmg unit must confirm the type and typ€ parame-
ters. Similarly, any array variable must have previously been declared as such.

No variable or part of a variable may be initialized more than once in a scoping
unit.

We recommend using the type declaration statement rather than the data state-
ment, but the data statement must be employed when only part of a variable is to

be initialized.

7.5.3 Pointer initialization and the function null (Fortran 95 only)
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most undesirable status since such a pointer cannot even be tested by the intrinsic
function associated (Section 8.2). Fortran 95 allows pointers to be given the
initial status of disassociated in a type declaration statement such as

real, pointer, dimension(:) :: vector => null1() ! Fortran 95
or a data statement

real, pointer, dimension(:) :: vector
data vector/ null() / ! Fortran 95

This, of course, implies the save attribute, which applies to the pointer association
status. The pointer must not be a dummy argument or function result.

Our recommendation is that all pointers be so initialized to reduce the risk of
bizarre effects from the accidental use of undefined pointers. This is an aid too in
writing code that avoids memory leaks.

The function null is a new intrinsic function (Section 8.15), whose simple
form nul1(), as used in the above example, is almost always suitable since the
attributes are immediately apparent from the context. For example, given the type
entry of Section 6.5.2, the structure constructor
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entry (0.0, 0, null()) | Fortran 95
is available. Also, for a pointer vector, the statement

vector => null() ! Fortran 95

is equivalent to
nullify(vector)

The form with the argument is needed when null is an actual argument in a
reference to a generic procedure and the type, type parameter, or rank is needed

to resolve the reference (Section 5.18).

As in Fortran 90, there is no mechanism to initialize a pointer as associated.

~r Y

Means are available in Fortran 95 to specify that any object of a derived type
is given a default initial value for a component. The value must be specified
when the component is declared as part of the type definition (Section 2.9). If
the component is not a pointer, this is done in the usual way (Section 7.5.1) with
the equal sign followed by an initialization expression and the rules of intrinsic
assignment apply (including specifying a scalar value for all the elements of an
array component). If the component is a pointer, the only initialization allowed is
the pointer assignment symbol followed by nul1().

Initialization does not have to apply to all components of a given derived type.
An example for the type defined in Section 6.5.2 is

type entry
real +: value = 2.0
integer :: index
type{entry), pointer :: next => null() ! Fortran 95

end type entry
Given an array declaration such as
type(entry), dimension(100) :: matrix

subobjects such as matrix(3)%value will have the initial value 2.0, and the
reference associated(matrix(3)%next) will return the value false.

For an object of a nested derived type, the initializations associated with com-
ponents at all levels are recognized. For example, given the specifications

type node
integer :: counter
type(entry) :: element
end type node
type (node)



the component nkelement%value will have the initial value 2.0.

Unlike explicit initialization in a type declaration or data statement, default
initialization does not imply that the objects have the save attribute. However,
an object of such a type that is declared in a module is required to have the save
attribute unless it is a pointer or an allocatable array. This is because of the
difficulty that some implementations would have with determining when a non-
saved object would need to be re-initialized.

Objects may still be explicitly initialized in a type declaration statement, as in

type(entry), dimension(100) :: matrix=entry(huge(0.0), &
huge(0),nul1()) ! Fortran 95

in which case the default initialization is ignored. Similarly, default initialization
may be overridden in a nested type definition such as

type node

integer :: counter

type(entry) :: element=entry(0.0, 0 , null1()) ! Fortran 95
end type node

However, no part of a non-pointer object with default initialization is permitted in
a data statement (subsection 7.5.2).

As well as applying to the initial values of static data, default initialization also
applies to any data that is dynamically created during program execution. This
includes allocation with the allocate statement. For example, the statement

allocate (matrix(1)%next)

creates a partially initialized object of type entry. It also applies to automatic

objects and to dummy arguments with intent out. It applies even if the type

definition is private or the components are private.

Modules (Section 5.5) permit specifications to be ‘packaged’ into a form that
allows them to be accessed elsewhere in the program. So far, we have assumed
that all the entities in the module are to be accessible, that is have the public
attribute, but sometimes it is desirable to limit the access. For example, several
procedures in a module may need access to a work array containing the results of
calculations that they have performed. If access is limited to only the procedures
of the module, there is no possibility of an accidental corruption of these data by
another procedure and design changes can be made within the module without
affecting the rest of the program. In cases where entities are not to be accessible
outside their own module, they may be given the private attribute.

These two attributes may be specified with the public and private attributes
on type declaration statements in the module, as in



real, public tr X, Y, 2
integer, private :: u, v, W

or in public and private statements, as in

public

:: X, ¥, z, operator(.add.)
private :: u

, V, W, assignment(=), operator(*)
which have the general forms

public [ [ :: ] access-id-list]
private [ [ :: ] access-id-list]

where access-id is a name or a generic-spec (Section 5.18).
Note that if a procedure has a generic identifier, the accessibility of its specific
name is independent of the accessibility of its generic identifier. One may be
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specific name or only by its generic identifier.
If a public or private statement has no list of entities, it confirms or resets the
default. Thus the statement

public
confirms public as the default value, and the statement
private
sets the default value for the module to private accessibility. For example,
private
public :: means
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may be at most one accessrbility statement without a list in a scoping unit.
The entities that may be specified by name in publi¢ or private lists are named
variables, procedures (including generic procedures), derived types, named con-

stants, and namellst groups Thus, to make a generic procedure name accessible
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module example
private specific_int, specific_real
interface generic_name
module procedure specific_int, specific_real
end interface
contains
subroutine specific_int(i)

subroutine specific_real(a)

end module example
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An entity with a type must not have the public attribute if its type is declared
with the private attribute (because there is virtually nothing one can do with such
an entity without access to its type). As we shall see in Section 7.10, the public
and private attributes may be redefined for an entity accessed by use association
but, here, we refer to the original declaration in such a context. This restriction
is not needed when such a type is given the private attribute in another module
that uses the first, since a subsequent use statement referencing an object of that
type may be accompanied by an additional use statement for the original module
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that defines the type.

For similar reasons, if a module procedure has a dummy argument or function
result of a type declared with the private attribute, the procedure must be given
the attribute private and must not have a generic identifier that is public.

The use of the private statement for components of derived types in the context
of deﬁning an entity’s access within a module will be described in Section 7.11.
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module.

7.7 The pointer, target, and allocatable statements

For the sake of regularity in the language, there are statements for specifying the
pointer, target, and allocatable attributes of entities. They take the forms:

pointer [::] object-name[(array-spec)]
[,object-name [(array-spec)]]...

target [::] object-name[(array-spec)]
[,object-name [(array-spec)]]...

and

allocatable [::] array-name[(array-spec)]

l' nrrny-name r(nrrn} )]] .o s
as in
real ::da, son, y
allocatable :: a(:,:)
pointer $: son
target 12 a, y(10)

We believe that it is much clearer to specify these attributes on the type declaration
statements, and therefore do not use these forms.

7.8 The intent and optional statements

The intent attribute (Section 5.9) for a dummy argument that is not a dummy
procedure or pointer may be specified in a type declaration statement or in an
intent statement of the form
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intent( inout ) [::] dummy-argument-name-list
where inout is in, out, or inout. Examples are

subroutine solve (a, b, ¢, x, y, 2)

real tta, b, ¢, x, Y%, 2
jntent(in) :: a, b, ¢
intent(out) :: x, y, 2

The optional attribute (Section 5.13) foradummy argument may be specified

t
e declaration statement or in an optiona

argument that is a procedure.
Note that the intent and optional attributes may be specified only for dummy

arguments.

7.9 The save attribute

Let us suppose that we wish to retain the value of a local variable in a subprogram,
for example to count the number of times the subprogram is entered. We might
write a section of code as in Figure 7.3. In this example, the local variables, a
and counter, are initialized to zero, and it is assumed that their current values
are available each time the subroutine is called. This is not necessarily the
case. Fortran allows the computer system being used to ‘forget’ a new value, the
variable becoming undefined on each return unless it has the save attribute. In

Figure 7.3, it is sufficient to change the declaration of a to
real, save :: a

to be sure that its value is always retained between calls. This may be done for
counter, too, but is not necessary as all variables with initial values acquire the
save attribute automatically (Section 7.5).

A similar situation arises with the use of variables in modules (Section 5.5).
On return from a subprogram that accesses a variable in a module, the variable
becomes undefined unless the main program accesses the module, another sub-
program in execution accesses the module, or the variable has the save attribute.

If a variable that becomes undefined has a pointer associated with it, the
pointer’s association status becomes undefined.

The save attribute must not be specified for a dummy argument, a function
result, or an automatic object (Section 6.4). It may be specified for a pointer,
in which case the pointer association status is saved. It may be specified for an
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Figure 7.3
subroutine any(x)
real troa, X

integer :: counter = 0 ! Initialize the counter

counter = counter + 1
if (counter==1) then

- = DN
a = U.U
else
=3 + X

end if

allocatable array, in which case the allocation status and value are saved. A saved
variable in a recursive buupluglam is shared Uy all instances of the bUUpl ogram.
An alternative to specifying the save attribute on a type declaration statement

is the save statement:
save [ [::] variable-name-list ]

A save statement with no list is equivalent to a list containing all possible names,
and in this case the scoping unit must contain no other save statements and no
save attributes in type declaration statements. Our recomendation is against this
form of save. If a programmer tries to give the save attribute explicitly to an
automatic object a diagnostic will result. On the other hand, he or she might
think that save without a list would do this too, and not get the behaviour intended.
Also, there is a loss of efficency associated with save on some processors, so it is
best to restrict it to those objects for which it is really needed.

The save statement or save attribute may appear in the declaration statements

in a main program but has no effect.

7.10 The use statement

In Section 5.5, we introduced the use statement in its simplest form
use module-name

which provides access to all the public named data objects, derived types, inter-
face blocks, procedures, generic identifiers, and namelist groups in the module
named. Any use statements must precede other specification statements in a scop-
ing unit. The only attribute of an accessed entity that may be specified afresh is
public or private (and this only in a module), but the entity may be included in
one or more namelist groups (Section 7.15).

If access is needed to two or more modules that have been written indepen-
dently, the same name may be used in more than one module. This is the main
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reason for permitting accessed entities to be renamed by the use statement. Re-
naming is also available to resolve a name clash between a local entity and an
entity accessed from a module, though our preference is to use a text editor or
other tool to change the local name. With renaming, the use statement has the

form
use module-name, rename-list

v,

local-name => use-name

and refers to a public entity in the module that is to be accessed by a different local
name.

use stats_lib, sprod => prod
use maths_lib

makes all the public entities in both stats_1ib and maths_1ib accessible. If
maths_1ib contains an entity called prod, it is accessible by its own name while
the entity prod of stats_1ib is accessible as sprod.

Renaming is not needed if there is a name clash between two entities that are
not required. A name clash is permitted if there is no reference to the name in the
scoping unit.

A name clash is also permissible for a generic name that is required. Here,
all generic interfaces accessed by the name are treated as a single concatenated
interface block. This is true also for defined operators and assignments, where
no renaming facility is available. In all these cases, any two procedures having
the same generic identifier must differ as explained in Section 5.18. We imagine
that this will usually be exactly what is needed. For example, we might access
modules for interval arithmetic and matrix arithmetic, both needing the functions
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For cases where only a subset of the names of a module is needed, the only
option is available, having the form

use module-name, only : [only-list]

where each only has the form
access-id

or
[local-name =>] use-name

where each access-id is a public entity in the module, and is either a use-name or
a generic-spec (Section 5.18). This provides access to an entity in a module only
if the entity is public and is specified as a use-name or access-id. Where a use-
name is preceded by a local-name, the entity is known locally by the local-name.
An example of such a statement is
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use stats_1ib, only : sprod => prod, mult

which provides access to prod by the local name sprod and to mult by its own
name.

We would recommend that only one use statement for a given module be placed
in a scoping unit, but more are allowed. If there is a use statement withoutan only
qualifier, all public entities in the module are accessible and the rename-lists and
only-lists are interpreted as if concatenated into a single rename-list (with the form
use-name in an only list being treated as the rename use-name => use-name). If
all the statements have the only qualification, only those entities named in one or
more of the only-lists are accessible, that is all the only-lists are interpreted as if
concatenated into a single only-list.

The form

use module-name, only :

might appear redundant. It is provided for the situation where a scoping unit calls
a set of procedures that communicate with each other through shared data in a
module. It ensures that the data are available throughout the execution of the
scoping unit.

An only list will be rather clumsy if almost all of a module is wanted. The
effect of an ‘except’ clause can be obtained by renaming unwanted entities. For
example, if a large program (such as one written in Fortran 77) contains many
external procedures, a good practice is to collect interface blocks for them all into
a module that is referenced in each program unit for complete mutual checking.
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In an external procedure, we might then write:
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to avoid having two explicit interfaces for itself (where all_interfaces is the

icit
module name and name is the procedure name).
When a module contains use statements, the entities accessed are treated as
entities in the module. They may be given the private or public attribute
explicitly or through the default rule in effect in the module.

An entity may be accessed by more than one local name. This is i

in Figure 7.4, where module b accesses s of module a by the local name bs; if a
subprogram such as ¢ accesses both a and b, it will access s by both its original
name and by the name bs. Figure 7.4 also illustrates that an entity may be accessed
by the same name by more than one route (see variable t).

A more direct way for an entity to be accessed by more than one local name
is for it to appear more than once as a use-name. This is not a practice that we
recommend.

Of course, all the local names of entities accessed from modules must differ
from each other and from names of local entities. If a local entity is accidentally
given the same name as an accessible entity from a module, this will be noticed
at comprle time if the local entity is declared expllcrtly (smce no accessed entity

v nthas da o and that onl
lly, other than private or public, and that only ina
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Figure 7.4

module a
real :: s, t

end module a
module b
use a, bs => s

end module b
subroutine ¢
use a
use b

end subroutine ¢

module). However, if the local entity is intended to be implicitly typed (Section
7.2) and appears in no specification statements, then each appearance of the name
will be taken, incorrectly, as a reference to the accessed variable, To avoid this,
we recommend the use of

implicit none

in a scoping unit containing one or more use statements. For greater safety, the
only option may be employed on a use statement to ensure that all accesses are
intentional.

7.11 Derived-type definitions

When derived t
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private
integer, pointer :: key(:)
logical :: state

end type lock

The general form (apart from redundant features, see Sections 11.2 and C.1.3)
is
type [[,access]:: ] type-name
[ private ]

component-def-stmt
[component-def-stmi] . ..

end tlpe [ type-name | 1
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Each component-def-stmt has the form
type [ [ ,component-attr-list] :: ]component-decl-list

where type specifies the type and type parameters (Section 7.13), each component-
attr is either pointer or dimension(bounds-list), and each component-decl is

component-name [ (bounds-list)]1[ *char-len ]
or (Fortran 95 only)
component-name [ (bounds-list)] [ *char-len ] [ comp-int ]

The meaning of *char-len is explained in Section 7.13. If the type is a derived type
and the pointer attribute is not specified, the type must be previously defined in
the host scoping unit or accessible there by use or host association. If the pointer
attribute is specified, the type may also be the one being defined (for example, the
type entry of Section 2.13), or one defined elsewhere in the scoping unit.

A type-name must not be the same as the name of any intrinsic type or a derived
type accessed from a module.

The bounds of an array component are declared by a bounds-list where each
bounds is

for a pointer component (see example in Section 6.14) or

[lower-bound:] upper-bound

for a non-pointer component, and lower-bound and upper-bound are constant ex-
pressions that are restricted to specification expressions (Section 7.14). Similarly,
the character length of a component of type character must be a constant specifi-
cation expression. If there is a bounds-list attached to the component-name this
defines the bounds. If a dimension attribute is present in the statement, its bounds-
list applies to any component in the statement without its own bounds-list.

Only if the host scoping unit is a module may the access qualifier or private
statement appear. The access qualifier on a type statement may be public or
private and specifies the accessibility of the type. If it is private, then the
type name, the structure constructor for the type, any entity of the type, and
any procedure with a dummy argument or function result of the type are all
inaccessible outside the host module. The accessibility may also be specified in a
private or public statement in the host. In the absence of both of these, the type
takes the default accessibility of the host module. If a private statement appears
for a type with pub1i ¢ accessibility, the components of the type are inaccessible in
any scoping unit accessing the host module, so that neither component selection
nor structure construction are available there. Also, if any component is of a
derived type that is private, the type being defined must be private or have
private components.

We can thus distinguish three levels of access:
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i) all public, where the type and all its components are accessible;

ii) a public type with private components, where the type is accessible but
its components are hidden;

iii) all private, where both the type and its components are used only within
the host module, and are hidden to an accessing procedure.

H i h t
Case ii) has, where appropriate, the advantage of enabling changes t

to the type without in any way affecting the code in the accessing procedure.
Case iii) offers this advantage and has the additional merit of not cluttering the
name space of the accessing procedure. The use of private accessibility for the
components or for the whole type is thus recommended whenever possible.

We note that even if two derived- rvnp definitions are identical in every rncppnf
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except their names, that entities of those two types are not equivalent and are
regarded as being of different types. Even if the names, too, are identical, the
types are different (unless they have the sequence attribute, a feature that we do
not recommend and whose description is left to Section 11.2.1). Ifatype is needed
in more than one program unit, the definition should be placed in a module and
accessed by a use statement wherever it is needed. Having a single definition is
far less prone to errors.

7.12 The type declaration statement

We have already met many simple examples of the declarations of named entities
by integer, real, complex, logical, character, and type(type-name) state-
ments. The general form is

type [ [ , attribute] ... :: ] entity-list

where type specifies the type and type parameters (Section 7.13), attribute is one
of the following

parameter dimension (bounds-list)
public intent(inout)

private optional

pointer save

target external

allocatable intrinsic

and each entity is

object-name [(bounds-list)] [*char-len] [=initialization-expr]



pointer-name [ (bounds-list)] [*char-len] [=>nu11()]

The meaning of *char-len is explained in Section 7.13; a bounds-list specifies the
rank and possibly bounds of array-valued entities.

No attribute may appear more than once in a given type declaration statement.
The double colon :: need not appear in the simple case without any attributes and
without any =initialization-expr;, for example

f the statement specifies a parameter attribute, =initialization-expr must appear.

If a pointer attribute is specified, the target, intent, external, and intrinsic
attributes must not be specified. The target and parameter attributes may not be
specified for the same entity, and the pointer and allocatable attributes may
not be specified for the same array. If the target attribute is specified, neither the
external nor the intrinsic attribute may also be specified.

If an object is specified with the intent or parameter attribute, this is shared
by all its subobjects. The pointer attribute is not shared in this manner, but note
that a derived-data type component may itself be a pointer. However, the target
attribute is shared by all its subobjects, except for any that are pointer components.

The allocatable, parameter, or save attribute must not be specified for a
dummy argument or function result.

The intent and optional attributes may be specified only for dummy argu-
ments.

For a function result, specifying the external attribute is an alternative to
the external statement (Section 5.11) for declaring the function to be external,

SRe AL IR 2Rl AWV LR

and specifying the intrinsic attribute is an alternatlve to the intrinsic statement

14 A\ T~

(DCC[]OD 8.1. J)ior aec1armg the function to be intrinsic. These two attributes are

mutually exclusive.
Each of the attributes may also be specified in statements (such as save) that
list entities having the attribute. This leads to the possibility of an attribute being

specified expllcltly more than once for a ngen entity, but this is not penmtted Our

recommendation is to avoid such statements because it is much clearer to have all
the attributes for an entity collected in one place.

et

7.13 Type and type parameter specification

We have used type to represent one of the following

integer [( [kind=] kind-value)]
real [( [kind=] kind-value)]
comp]ex [( [kind=] kind—value)]

—..-u- - Py

cnaracter [_ \actuat-parameter-usr“

logical [([kind=) kind-value) ]
type ( type-name )



in the function statement (Section 5.20), the implicit statement (Section 7.2),
the component definition statement (Section 7.11), and the type declaration state-
ment (Section 7.12). A kind-value must be an initialization expression (Section
7.4) and must have a value that is valid on the processor being used.

For character, each actual-parameter has the form

[1en=] len-value

or
[kind=] kind-value

and provides a value for one of the parameters. It is permissible to omit kind=
from a kind actual-parameter only when 1en= is omitted and len-value is both
present and comes first, just as for an actual argument list (Section 5.13). Neither
parameter may be specified more than once.

For a scalar named constant or for a dummy argument of a subprogram, a /en-
value may be specified as an asterisk, in which case the value is assumed from
that of the constant itself or the associated actual argument. In both cases, the
len intrinsic function (Section 8.6.1) is available if the actual length is required
directly, for instance as a do construct iteration count. A combined example is

character(len=len(char_arg)) function 1ine(char_arg)
character(len=x) :: char_arg
character(len=*), parameter :: char_const = 'page’
if ( len(char_arg) < len(char_const) ) then

A len-value that is not an asterisk must be a specification expression (Section
7.14). Negative values declare character entities to be of zero length.

In addition, it is possible to attach an alternative form of len-value to individual
entities in a type declaration statement usmg the syntax enttty*char-len where
char-len is cither (len-value) or len and len is a scalar integer literal constant
which specifies a length for the entity. The constant /en must not have a kind type

parameter specified for it. An illustration of this form is
character(len=8) :: word(4), point*1l, text(20)+4

here, word, point and text have character length 8, 1, and 4, respectively. Simi-
larly, the alternative form may be used for individual components in a component
definition statement.

7.14 Specification expressions

Non-constant scalar integer expressicns may be used to specify the array bounds

(examples in Section 6. 4) d character lengths of data objects in a subprogram,

and of function results. Such an expression may depend only on data values that
are defined on entry to the subprogram. Any variable referenced must not have
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its type and type parameters specified later in the same sequence of specification
statements, unless they are those implied by the implicit typing rules.

Array constructors and derived-type constructors are permitted. The expres-
sion may reference an inquiry function for an array bound or for a type parameter
of an entity which either is accessed by use or host association, or is specified ear-
lier in the same specification sequence, but not later in the sequence!. An element
of an array specified in the same specification sequence can be referenced only if

2 Q.:nh - -
the bounds of the atray are specified eatlier in the sequence®. Such an expression

is called a specification expression.

An array whose bounds are declared using specification expressions is called
an explicit-shape array.

A variety of possibilities are shown in Figure 7.5.

Figure 7.5

subroutine sample(arr, value, string)
use definitions ! Contains the real a
real, dimension(:,:), intent(out) :: arr ! Assumed-shape array

integer, intent(in) :: value
character(len=*), intent(in) :: string ! Assumed length
real, dimension(ubound(arr, 1)+5) :: x ! Automatic array
character(len=value+len(string)) :: cc ! Automatic object
integer, parameter :: pa2 = &

selected_real _kind(2*precision(a))
real(kind=pa2) :: z ! Precision of z is at least twice

! the precision of a

The bounds and character lengths are not affected by any redefinitions or

JUIE Y o IS, S

undefinitions of variabies in the CXpI'CSSlOﬂS aurlng execution of the proceaure

7.14.1 Specification expression restrictions (Fortran 90 only)

In Fortran 90, references to non-intrinsic procedures are not permitted and
intrinsic function references are limited to:

¢ an elemental function reference for which the arguments and result are of
type integer or character,

I'This avoids such a case as

character (len-len(a)) 11 fun

........ A Y W -
character \lcu-lcn\lw } it @

2This avoids such a case as

integer, parameter, dimension (3(1):3(1)+1
$(1):1(1)41

integer, parameter, dimension (
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e areference to repeat, trim, transfer, or reshape for which the arguments
are of type integer or character,

¢ areferenceto selected_int_kindor selected_real kind,

e a reference to an inquiry function other than present, associated, or
allocated, provided the quantity inquired about does not depend on an
allocation or on a pointer assignment.

7.14.2 Specification functions (Fortran 95 only)

In Fortran 95, any of the intrinsic functions defined by the standard may be used
in a specification expression. In addition, a non-intrinsic pure function may be
used provided that such a function is neither an internal function nor recursive,
it does not have a dummy procedure argument, and the interface is explicit.
Functions that fulfil these conditions are termed specification functions. The
arguments of a specification function when used in a specification expression are
subject to the same restrictions as those on specification expressions themselves,
except that they do not necessarily have to be scalar.

As the interfaces of specification functions must be explicit yet they cannot
be internal functions,? such functions are probably most conveniently written as
module procedures.

This feature will be a great convenience for specification expressions that
cannot be written as simple expressions. Here is an example,

function solve (a, ... ! Fortran 95

1Hea adwmiv Ane
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type(matmx), intent(in) :

real :: work(wsize(a))

where matrix is a type defined in the module matrix_ops and intended to hold a
parse matrix and its LU factorization:
type matrix I Fortran 95

integer :: n | Matrix order.

integer :: nz ! Number of nonzero entries.

logical :: new = .true. ! Whether this is a new,
! unfactorized matrix.

end type matrix

andwsizeis amodule procedure that calculates the required size of the array work:

3This prevents them enquiring, via host association, about objects being specified in the set of

statements in which the specification function itself is referenced.
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pure integer function wsize(a) ! Fortran 95
type(matrix), intent(in) :: a
wsize = 2#%a%n + 2
if(a%new) wsize = a%nz + wsize

end function wsize

7.15 The namelist statement

It is sometimes convenient to gather a set of variables into a single group, in order
to facilitate lﬂpUUUULpUI. UIU) operauorns on the group as a whole. The actual
use of such groups is explained in Section 9.10. The method by which a group

is declared is via the namelist statement which in its simple form has the syntax

namelist namelist-spec

The namelist-group-name is the name given to the group for subsequent use in
the I/O statements. A variable named in the list must not be a dummy array
with a non-constant bound, a variable with non-constant character length, an
automatic object, an allocatable array, a pointer, or have a component at any depth
of component selection that is a pointer or is inaccessible. An example is

real :: carpet, tv, brushes(10)
namelist /household_items/ carpet, tv, brushes

It is possxble to declare several namelist groups in one statement, with the

as in the example
namelist /1istl/ a, b, ¢ /1ist2/ x, y, z

It is possible to continue a list within the same scoping unit by repeating the
namelist name on more than one statement. Thus,

namelist /list/ a, b, ¢
namelist /1ist/ d, e, f

has the same effect as a single statement containing all the variable names in the
same order. A namelist group object may belong to more than one namelist group.

If the type, type parameters, or shape of a namelist variable is specified in a
specification statement in the same scoping unit, the specification statement must
either appear before the namelist statement, or be a type declaration statement
that confirms the implicit typing rule in force in the scoping unit for the initial

letter of the variable. Also, if the namelist group has the public attribute, no

variable in the list may have the private attribute or have private components.
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Figure 7.6

module sort ! To sort postal addresses by zip code.
implicit none
private
public :: selection_sort
integer, parameter :: string length = 30

type, public :: address
character(len = string length) :: name, street, town, &
. statex?
integer 12 Zip_code

end type address

contains

recursive subroutine selection_sort (array arg)

type (address), dimension (:), intent (inout) &
:: array_arg

integer :: current size
integer, dimension (1) :: big

! Result of maxloc (Section 8.14) is array valued
current_size = size (array arg)
if (current_size > 8) then
big = maxloc (array_arg(:)%zip_code)
call swap (big(1l), current size)

call selection sort (array:arg(l: current_size - 1))

and i f
<y i

contains
subroutine swap (i, j)
integer, intent (in) :: i, j
type (address) :: temp

temp = array arg(i)

array_arg(i) = array arg(J)
array_arg(j) = temp
end subroutine swap
end subroutine selection_sort
end module sort
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Figure 7.7
program zippy

use sort
implicit none
integer, parameter :: array_size = 100
type (address), dimension (array_size) :: data_array
integer A B ¢
do i = 1, array _size

read (*, '(/a/a/a/a2,i8)', end=18) data array(i)

! For end= see Section 9.7;

write (*, '(/a/a/a/a2,i8)') data_array(i)
end do ! for editing see Section 9.13.
10n=1 -1

call selection sort (data array(1l: n))
write(*, '(//a)') 'after sorting:'
doi=1,n

{
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end do
end program zippy

7.16 Summary

In this chapter most of the specification statements of Fortran have been described.

The following concepts have been introduced: implicit typing and its attendant

dangers, named constants, constant expressions, data initialization, control of
the accessibility of entities in modules, saving data between procedure calls,
selective access of entities in a module, renaming entities accessed from a module,

specification expressions that may be used when specifying data objects and
function results, and the formation of variables into namelist groups We have
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also explained alternative ways of specifying attributes.

The features described here that are new since Foriran 77 are impiicit none;
initialization and specification expressions; a much extended type declaration
statement; data statement extended to include derived types, subobjects, and
binary, octal, and hexadecimal constants; new attributes and statements: public,
private, pointer, allocatable, target, intent, and optional; and the use and
namelist statements.

We conclude this chapter with a complete program, Figures 7.6 and 7.7, that
uses a module to sort US-style addresses (name, street, town, and state with a
numerical zip code) by order of zip code. It illustrates the interplay between many
of the features described so far, but note that it is not a production code since the

AAAAAA tnsmma ~PTTO A ddonnona i thandlad
sort routine is not very efficient and the full range o1 US aadresses is not nanGiea,

Suitable test data are:

)
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7.17 Exercises

1. Write suitable type statements for the following quantities:

i) an array to hold the number of counts in each of the 100 bins of a histogram
numbered from 1 to 100;

ii) an array to hold the temperature to two significant decimal places at points, on a
sheet of iron, equally spaced at 1cm intervals on a rectangular grid 20cm square,
with points in each corner (the melting point of iron is 1530° C);

iii) an array to describe the state of 20 on/off switches;

iv) an array to contain the information destined for a printed page of 44 lines each of
70 letters or digits.

real, parameter :: i = 3.1

What is the value of i in each case?

3. Write type declaration statements which initialize:
i) all the elements of an integer array of length 100 to the value zero.
it) all the odd elements of the same array to 0 and the even elements to 1.
iii) the elements of a real 10x 10 square array to 1.0 .

iv) a character string to the digits 0 to 9,



