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Because of its vast software investmenc in Fortran programs, the nuclear
community has an inherent interest in the evolution of Fortran. This
paper reviews the impact of the new Fortran 77 standard and discusses the
projected changes which can be expected In the future.
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STANDARD FORTRAN

INTRODUCTION

"For most of its life, Fortran has been the blue collar worker of the
programming languages. What Fortran may have lacked in savoire faire
and style, it has returned in cost effectiveness."1 This quote from
the article "Fortran 77", accurately characterizes this programming
language. It has long been the "work horse" of the scientific computer
languages in spite of the fact that it may have lacked some of the
elegance of the other languages. Because it has had such wide acceptance,
there now exists a large number of functioning Fortran programs represent-
ing an enormous investment in computer software.

In 1966 the American Standards Association (ASA), announced the
"American Standard FORTRAN X3.9-1966". This was the first Fortran
standard. It will be referred to in this paper as the 1966 Fortran.
In 1969 this same standardizing organization (ASA), became the American
National Standards Institute (ANSI), by which name it is known today.

By 1968 sufficient extensions had appeared in actual implementations
of Fortran that a study was undertaken to determine who these extensions
could be standardized. As a result of this study, it was decided that
X3.9-1966 would not be reaffirmed at its review date in 1971, but that
it would be replaced by a revised Fortran. The work of writing the
revised Fortran standard commenced in 1970 and took seven years to
complete. The results of this effort were accepted by ANSI as a new
standard in 1978 and is designated "American National Standard Programming
Language FORTRAN, ANSI X3.9-1978". Since the actual document was
completed in 1977, the standard is commonly called "Fortran 77". This
same document was adopted in March of 1980 by the International Organization
for Standardization (ISO) as an international standard designated
"International Standard 1539, Programming Language FORTRAN".

This paper will address two aspects of Fortran, the impact of Fortran 77,
and what can be expected in the future for Fortran.



FORTRAN 77

Fortran 77 contains significant extentions over its predecessor, the 1966
Fortran. It represents over seven years of effort and work on several
hundred proposals from all over the world. The cost of producing Fortran 77
has been estimated to be in excess of two million dollars. Since standard-
ization work is voluntary, this cost has been borne by those organizations
which support the individuals on the Fortran standardization committee.
The ANSI committee responsible for the standardization of Fortran is de-
signated X3J3.

One of the active followers of the efforts of X3J3 has been the
European Computer Manufacturers Association (ECMA)• They had considerable
influence in the development of Fortran 77.

DEVELOPMENT CRITERIA AND DIFFERENCES

The main criteria followed by X3J3 while in the development of Fortran 77
were:2

1. Interchangeability of FORTRAN programs between processors,

2. Compatability with ANSI X3.9-1966, allied standards by existing
practices,

3. Consistency and simplicity to user,

4. Suitability for efficient processor operation for a wide range of
computing equipment of varying structure and power,

5. Allowance for future growth in the language,

6. Achievement of capabilities not currently available, but needed for
processes appropriately expressed in FORTRAN,

7. Acceptability by a significant portion of users, and

8. Improved ability to use FORTRAN programs and data in conjunction with
other languages and environments.

Since one of the main criteria which guided X3J3 in developing Fortran 77
was compatability with the 1966 standard, it is not surprising that there
are very few conflicts between the 1966 Fortran and Fortran "7. The known
conflicts are itemized in Appendix A of X3.9-1978.2



Two of the more significant conflicts are the removal of Hollerith data
from Fortran, and the removal of the extended range of the DO loop. In
Fortran 77 the Hollerith data has been replaced by character data. This
means that the common representation of alphabetic text using nH followed
by text, is no longer a part of Fortran. Although it is anticipated that
most Fortran 77 implementations will still compile Hollerith data,
programmers should not use Hollerith data in any new program development.

EXTENSIONS OVER 1966 FORTRAN

Fortran 77 contains many extensions over its predecessor, but only three
will be briefly mentioned here: A good summary of these extensions can be
found in the article "Fortran 77".*

The first significant extension was the addition of CHARACTER data type.
Since manipulation of alphabetic data in 1966 Fortran was very difficult
and was almost always accomplished by nonstandard and processor dependent
techniques, this feature greatly inhances program portability by providing
an easy, standard way to do text manipulation.
The functionalities provided by CHARACTER data type are:

1. manipulation of alphabetic text,
2. testing against alphabetic text,
3. sorting alphabetically (a collating sequence is defined),
4. manipulation of substrings,
5. concatenation of strings and substrings,
6. string searching for a specified substring (INDEX funtion), and
7. input and output to internal files (sometimes known in the past as

ENCODE/DECODE functionality).

The second significant addition in Fortran 77 is the inclusion of the if-
then-else construct. In Fortran 77 this is called the "block IF". It is
the first block structure in standard Fortran. The following example
typifies the "block IF" structure.

IF (expression) THEN

ELSE

ENDIF
The periods in the example represent blocks of Fortran statements. Block
IF constructs may be nested using constraints similiar to those for nesting
DO loops. This construct greatly facilitates structured programming in
Fortran, reduces the need for GO TO statement logic, and enhances program
readability.

The third extension discussed here concerns significant changes in the



DO statement. One change, the zero trip DO loop, may cause some concern.
If the loop conditions are already satisfied when a DO statement is en-
countered, the loop will not be executed at all. For example, the state-
ments

DO 10 J=5,4

10 CONTINUE

would result in the DO loop being skipped entirely and control resuming at
the statement following the CONTINUE statement. This is different from
the 1966 Fortran where all DO loops were executed at least once regardless
of the values of the DO parameters. In this instance, some existing Fortran
programs may execute differently under Fortran 77 than they did under the
1966 Fortran. The other changes include allowing DO parameters to be
expressions, allowing them to be real or double precision as well as integer,
and allowing negative DO parameters. The following examples are all valid
DO statements:

1. DO 10 I - N - l , N4M0DCK.M)
2. DO 20 X - 0 . , 1 . 0 , . 0 1
3 . DO 30 L=10 ,1 , -1

The first example demonstrates the use of integer expressions in a DO state-
ment. The second demonstrates the use of real DO parameters. Although the
use of real or double precision parameters is standard, the same inherent
roundoff problems of all real and double precision numbers exist, and there-
fore is not recommended. In the third example, L will decrement from 10 to 1.
This is a useful feature long needed in Fortran.

IMPACT OF FORTRAN 77
N

Foreran 77 will have a very favorable impact upon the nuclear community. It
provides a standard way of implementing most of the desirable extensions
which have been made to the 1966 standard. This will improve program port-
ability by reducing conversion problems and providing needed facilities not
previously available in Fortran. Some features, such as the block-IF, will
facilitate structured programming, making programs easier to read and to
understand. This means that programs will be easier to modify and maintain.

AVAILABILITY OF FORTRAN 77

In the three years since Fortran 77 was accepted as the standard,
appreciable effort has gone into writing Fortran 77 compilers. This has
been a significant task, but Fortran 77 is now available on a number of
computers ranging in size from the very small to the very large.



The author has observed some reluctance on the part of Fortran programmers
to change over to Fortran 77. There seems to be two reasons for this.
The first, and most significant, is that -many people are doing maintenance
work on large computer programs written in the 1966 Fortran, and they
hesitate to convert them. The second reason is that many programmers who
have not used Fortran 77, fail to appreciate the pow&r of this tool.

While some programmers feel a reluctance to change over to Fortran 77,
almost all recognize that they must eventually do so. Fortran 77 is the
current Fortran standard and support for the 1966 Fortran will not continue
indefinitely.

Users of Fortran 77 are enthusiastic about it. It is a powerful tool
and permits a degree of structured programming which has not been avail-
able in standard Fortran in the past.

FORTRAN OF THE FUTURE

When the X3.9-1966 Fortran standard was completed, the committee was
disbanded. This was not crue upon the completion of X3.9-1978. When
Fortran 77 was completed, X3J3 began immediately to work upon the next
Fortran standard. Fortran 77 is an important standard. It provides,
in a standard way, many functionalities which were extensions to the
1966 Fortran and which had been implemented in a variety of ways.
However, while Fortran 77 was badly needed, and long over-due, it does
not contain all of the features which will be needed in the future.
Examples of such features are array handling facilities, bit data type,
and more general looping constructs * In addition to this, it became
apparent that a future Fortran must interface with other special purpose
software standards. For example, it muse interface easily with standard
graphic packages or standard data base packages (X3J3 is currently working
with the CODASYL Fortran Data Base committee to interface it into Fortran).
Fortran 77 simply does not meet these needs. This prompted X3J3 to begin
work on the successor to Fortran 77, which has been informally called
"Fortran 8x".

FORTRAN DILEMMA

Early in the development of Fortran 8x, the X3J3 committee had to face
a dilemma. One of Fortran's characteristics has been that it compiles
quickly, producing efficient object code. How can X3J3 add all of the
new features, provide mechanisms to interface with other software standards,
and still compile quickly, producing a program which will execute efficiently?
This is one of the goals of the X3J3 committee, yet it is not obvious that
even Fortran 77 fully achieves it. The language should be comprehensive
enough to include all the features being considered, yet be fundamental
enough to permit efficient compiling and the development of efficient code.



CORE-PLUS-MODULES

The answer to Che Fortran dilemma seems to lie in a core-plus-modules
approach adopted by X3J3. With this approach the Fortran language will
consist of a core Fortran plus a small number of optional modules. The
core Fortran will be a complete, practical, general purpose programming
language in itself. It may be run alone or in conjunction with one or
more of the other modules. A model of the core-plus-modules approach
is portrayed in Figure 1. It will consist of the core Fortran, and
obsolete features module, one or more language extension modules, and one
or more application facilities modules. The core is intended to be a stable
language which will remain substantially unchanged through subsequent Fortran
revisions. It forms the basis for the other modules. The obsolete features
module will contain language elements which are considered outmoded by
X3J3, but are essential to maintain compatibility with previous versions
of the standard. These elements may eventually disappear from the
language. Most of Fortran 77 will be included in the first obsolete
features module. The language extension modules include highly desirable
language features that are not included in the core for one reason or
another. An example might be some high level macro facilities. The
application facilities modules are each a set of facilities which are
designed for a specific application. These might even be collaterial
standards in their own right, which interface with Fortran. An example
is the CODASYL Fortran Data Base module. The following criteria for
the various modules are given to promote understanding of the functions
and interaction of the various modules.

The criteria which X3J3 has adopted for the core Fortran are:2

1. Complete language,
2. Regular and consistent,
3. Concise,
4. Portable,
5. No duplication of functionality,
6. Efficient implementation,
7. Modern language technology,
8. Generally accepted,
9. Implenientable on wide variety of hardware, and
10. Compatible with obsolete features module.

X3J3 has agreed that all approved new language features will auto-
matically become part of the language extensions module. It will take
a special review and a vote of X3J3 before a feature may be moved into
the core. To do so, the feature must meet the above criteria.

The criteria for the obsolete features module are:3

1. It is an integral part of the language,
2. No features can be removed from the language without appearing

in this module,
3. Features in the module may be completely removed in the next

revision, and
4. If a feature is incompatible with another, there must be a standard

way of specifying which is in force.



Many of these features were in the 1966 Fortran and have become obsolete
while others were removed from the core to avoid duplicity of function-
ality. This is considered the "output" module for future Fortrans
in the sense that features appearing in this module may be dropped from
the language at the next revision.

The criteria for the language extension modules are:3

1. They are an integral part of the language,
2. Criteria for inclusion of features are the same as for core

but less stringent,
3. There may be more than one language extension module,
4. Language extension modiiles may be added between revision

cycles, and
5. Language extension modules cannot be revised or deleted between

revision cycles.
This module will contain modern language extensions which may be moved
into the core at subsequent revisions; hence, it is sometimes thought
of as the "input" module for future Fortran features.

The application facilities modules may be standards in their own right.
The only critaria for them is that they interface in a standard way
with the Fortran standard. X3..T3 is spending considerable effort to
determine intarface mechanisms which will satisfy the needs of application
facilities modules. A list of features currently in the core and the
candidates for the obsolete features module are summarized in Table 1.

There are other language features, such as recursion, which have
recently been voted into Fortran 8x, which may eventually be candidates
for the core.

INTERNATIONAL FORTRAN EFFORT

It is important to acknowledge that X3J3 now has greater interactions
with the world computing community than ever before. This is especially
true of the European community. X3J3 works very closely with ISO, and
in addition, X3J3 members have met with Europeans in a Fortran Experts
meeting for the past thrae years. The first two of these annual
meetings were held in England and Italy. The last one was held last
October in Amsterdam. At that meeting, the Europeans in attendance
expressed a great deal of enthusiasm for the new features proposed for
Fortran 8x. It should also be noted that there are two representatives
from Europe who are members of X3J3. One is an American who lives and
works in London, and the other member is from Germany. Currently, most
X3J3 meetings have two or more people from Europe in attendance.



SUMMARY

Fortran is changing and the changes are designed to provide a more
modern programming language. Programs written in future Fortrans
(even Fortran 77) will be easier than ever to validate, easier to
read and understand, and easier to maintain. Progress is often a
mixed blessing however, and in this case the price for additional
power and flexibility will be reduced compatibility. In developing
Fortran 77, one of the primary considerations was compatibility with
the 1966 Fortran. In developing Fortran 8x, compatibility with Fortran
77 is considered very important, but it is not entirely consistent with
all of the new features which have been added to Fortran. As a result,
a future Fortran programmer may not enjoy the ease of upward compat-
ibility from Fortran 77 to Fortran 8x that we now have in converting
from the 1966 Fortran to Fortran 77. True, the obsolete features module
will ensure compatibility with Fortran 8x, but there appear to be some
features in it (e.g. free form source) which xri.ll not be compatible
with Fortran 77.

The nuclear industry has many very large Fortran computer programs
representing appreciable investment in software. Because of this
it is essential that we in the nuclear industry stay cognizant of
what is happening in Fortran. It is important that we are involved
and that we contribute toward tha development of future Fortran
whenever we can. One of the things we cannot afford to do is to
ignore the evoluation of Fortran.
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Table 1 The following is a list of additions to the core and
candidates for the obsolete features module:3

Added to core

1. Free form input
2. Larger character set
3. Longer names

4. Data structures
5. Array processing
6. Global data definition

7. Control structures
(looping and case)

8. Internal procedures

9. Precision specification

10. Enhanced CALL
11. Bit data type

Moved to obsolete module

1, Column 6 continuation
C for comment

2. EQUIVALENCE
3. COMMON and BLOCK DATA
4. Passing an array element to a

dummy argument

5. Arithmetic IF
6. Computed GO TO
7. Alternate return
8. ASSIGN and assigned GO TO
9. Statement functions

10. DOUBLE PRECISION

11. ERR=, END=
12. H, X, d edit descriptors
13. Specific names for intrinsics
14. ENTRY association



Figure 1 A conceptual model of the core-plus-module approach to
Fortran,)

Application
Facilities
Modles

Language
Extension
Module(s)

Core
Fortran

Obsolete
Features
Module



STANDARD FORTRAN

by
N.H. MARSHALL



First language standardized

1966 by American Standards Association
CASA) which became American National
Standards Institute (ANSI) in 1969

Entitled: "American Standard FORTRAN
X3.9-1966"

MHM-?



In April 1978. X3.9-1966 was replaced by:

"American National Standard Programming
Language FORTRAN ANSI X3.9-1978"

Often called "Fortran 77m

NHM-2



Fortran 77

Adopted as an international standard in
March 1980 by: International Organization
for Standardization (ISO)

Entitled: "International Standard 1539,
Programming Language FORTRAN"

NHM-3



Fortran 77

Developed by:

X3J3 committee of the American National
Standards Institute

Cost:

Seven years of effort

Two million dollars
NHM-4



DEVELOPMENT CRITERIA

• interchangeability

• Compatability with ANSI X3.9-1966

• Consistency and simplicity to user

• Suitability for efficient processor operation

• Allowance for future growth in the language

• Achievement of capabilities not currently
available, but needed

• Acceptability by a significant portion of users
NHM-5



Known conflicts between 1966 Fortran
and Fortran 77 \

• Hollerith data removed

• Extended range of DO removed

8HM-*



FORTRAN 77 extensions to 1966 FORTRAN:

• CHARACTER Data Type

• Block IF (if-then-else)

• Significant changes in the DO

• Many .others

NMM-7



Functionalities of CHARACTER data type:

• Manipulation of alphabetic text

• Testing against alphabetic text

• Sorting alphabetically (a collating
sequence is defined)

• Manipulation of substrings

• Concatenation of strings and substrings

• String searching for a specified substring

• Input and output to internal files
(ENCODE/DECODE)

NHM-7A



Block-IF" structure-.

IF (expression) THEN

ELSE

ENDIF

Increases program readability

Reduces need for GO TO statements

NHM-71



Zero trip DO loop:

DO 10 J-5. 4

10 CONTINUE

Loop will not be executed

NHM-7C



Valid DO statements-.

• DO 10 l=N-l N+MOD(K,M)

• DO 20 X=0.0. 1.0. .01

• DO 30 L=10, 1. -1

DO parameters may be:

Arithmetic expressions

Real or double precision

Decremented

NHM-7D



Availability of Fortran 77

Implemented by:

Control Data Corporation

IBM

Honeywell

Univac

Digital Equipment Corp. (DEC)

Siemens Corporation

Prime Computer

University of Sa l ford

Others NHM-S



CORE-PLUS-MODULES

LANGUAGE
EXTENSION

MODULE
CORE

APPLICATION
FACILITIES
MODULES

OBSOLETE
FEATURES
MODULE

WHM-9



Criteria for: Core Fortran

• Complete language

• Regular and consistent

• Concise

• Portable

• No duplication of functionality

• Efficient implementation

• Modern language technology

• Generally accepted

• Implementable on wide variety of hardware

• Compatible with obsolete features module NHM~IO



Criteria for: Obsolete Features Module

• It is an integral part of the language

• No features can be removed from the
language without appearing in this module

• Features in the module may be completely
removed in the next revision

• If a feature is incompatible with another,
there must be a standard way of specifying
which is in force

MHM-11



Criteria for*. Language Extension Modules

• They are an integral part of the language

• Criteria for inclusion of features are
the same as for core but less stringent

• There may be more than one language
extension module

• Language extension modules may be added
between revision cycles

• Language extension modules cannot be
revised or deleted between revision cycles

NHM-12



Core Fortran

• Free form input

• Larger character set

• Longer names

• Data structures

• Array processing

• Global data definition
NHM-13A



Core Fortran (cont'd)

• Control structures (looping and case)

• Internal procedures

• Precision specification

• Enhanced CALL

• Bit data type

NHM-I3A



Obsolete Features Module

• Column 6 continuation

• C for comment

• EQUIVALENCE

• COMMON and BLOCK DATA

• Passing an array element to a dummy
argument

NHM-ttt



Obsolete Features Module (cont'd)

• Arithmetic IF

• Computed GO TO

• Alternate return

• ASSIGN and assigned G O TO

• Statement functions

• DOUBLE PRECISION
HHM-I3B



X3J3 works closely with Europeans:

• Works with ISO

• Fortran Experts Meeting

• Membership includes some from Europe

NHM-M



Sacrifice some compatibility

Will probably not be able to mix
Fortran 77 source statements with
Fortran 8X free-form statements

NHM-19



Fortran 8X:

• Readable

• Understandable

• Maintainable

• Portable

• Program correctness

NHM-1*



Fortran 8X

GOOD

GREAT

EXCITING

BUT!! We cannot afford to ignore its
development

NHM-17


