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GENERAL | NTRODUCT! ON

Progranm ng | anguages has devel oped to be the nost
i mportant neans of communi cati on between the person with a
probl em and the digital computer used to solve it. |If the
conmputer had to be instructed in machi ne | anguage, it would be
unrealistic to find a solution to nost problens. This is because
nost machi nes operate in binary; therefore the only neans of
comuni cati on between the user and the conputer itself is the

progranm ng | anguage.

A. Definition of Programm ng Language

Accordi ng to Sammet, aut hor of Progranm ng Languages:
H story and Fundanental s, “a progranm ng | anguage is a set of
characters with rules for conbining them It has the follow ng
characteristics; 1) Machine code know edge i s unnecessary, 2)
Potential for conversion to other conputers, 3) Instruction

expl osi on, and 4) problemoriented notation.”

B. Basic Programm ng Language Term nol ogy’s
1. Source Program This is the actual programwitten in a
hi gher-1evel language and it is put into the conputer mainly

to obtain results.

2. bject Program This programcan exist in binary formor in a
somewhat conpl ex synbolic assenbly | anguage form It is
frequently used to signify the outcome of translating the

source programmng to an assenbly | evel.



3. Conpiler: This is a programthat interprets a source program
witten in a certain progranm ng | anguage to an object program
that is capable of running on a certain conputer. The conpiler
shoul d be able to performthe follow ng functions: Exam nation
of the source code, recouping of suitable subroutines froma
library, allocates storage, and devel opi ng of real mnachine

code.

4. Interpreter: This is a programthat executes a source program

The result is an actual answer.

5. Automatic Coding: This is the process of witing the source
programand translating it to a formthat can be run on a

conput er.

6. Automatic Progranm ng: Automatic coding is a specific subset
of automatic progranm ng. Automatic programmng is the process
used by a conputer to carry out part of the work involved in
t he preparation of a program

C. Advantages and Di sadvant ages of Hi gh-Level Programm ng

Language

Advantages

v The npst inportant advantage of high-level programmng is that
it is easy to learn as conpared to machi ne-oriented | anguage.
There are two aspects to this; First, even though the
programm ng | anguage can be conplicated, its ease of |earning

conmes about because the notation is fairly related to the



probl em zone than it is to the nmachine code, and second, nore
focus is placed on the | anguage and the | ogic of the program
wher eas when dealing in machi ne code the focus is on the

characteristic of the physical hardware.

The actual coded programis easier to wite since the notation
is nmore problemoriented. The programis also easier to

understand once it is witten.

It is easier to debug a programwitten using high-Ievel
progranm ng | anguage than a programwitten with | ow |l evel

| anguage. This is because nore attention is placed on the

| ogic of the programand | ess attention to the details of the
machi ne code. For instance, even though nore characters are
used in witing READ NEXT RECORD FROM THE TAPE ALPHA than in

REDABC, ALPHA, it is difficult to understand the latter.

Because of the notation advantages, high-1level programm ng

| anguage provi des specific docunentation automatically. It is
al so easier to maintain as conpared to | ow | evel programm ng
| anguage. There are very few prograns that last a long tine

wi t hout requiring a change.

The potential for conversion to other conputers is considered
a maj or advantage of high-level progranm ng. Conversion is a
key probl em because progranmm ng costs are equal to or even

surpasses hardware costs; hence nunmerous conpani es have been



unabl e to purchase new conputers. Neverthel ess, given that
hi gh-1 evel | anguages are sonewhat nachi ne i ndependent, the

ease of conversion is a very significant advantage.

v" Hi gh-level |anguages decrease the total anmount of el apsed tine
fromthe beginning of a problemto its solution. This is
specifically true for problens in which a small nunber of
cases need to be run. The elapse tine is reduced from nont hs
to weeks in sonme cases or even days to hours in different

cases.

Di sadvant ages

v' The advant ages nenti oned above do not always exist in sone
cases. This would result in a conparison between a conplicated
and strong high-level |anguage and a sinple | owl evel
| anguage. Therefore, the high-level |anguage m ght be very
difficult and hard to learn; and also if appropriate attention
is placed on the conpiler and other aspects of the system the
ot her advantages may not accunul ate. Luckily this rarely

happens.

v. Wth the use of higher-1level |anguage, the nobst evident
di sadvantage is that the additional process of conpilation
needs nore machine tinme than the straight assenbly process.
One specific di sadvantage on one-shot problens is that the
conpilation tine occasionally fromtinme to tine exceeds the

time required to produce the answers. Another disadvantage is



that is the need to reconpile every tine there is a change in

the source program

v' The conpiler sonetinmes produces inefficient codes. This
problemis usually blaned on the conpiler unfairly. The
probl em occurs when the source programis witten
inefficiently in the higher-level |anguage and as a result
i nefficient object progranms are produced. Even though it is
easier to code in higher |anguage than in |ower |evel |anguage
there is still a difference between good and bad codi ng. Thus,
no matter how good a conpiler is a programwitten
inefficiently in any progranm ng | anguage will produce

i nefficient object codes.

v It may be difficult to debug a higher-Ilevel |anguage as
conpared to a nmachi ne | anguage if the person does not know the
conpi | er does not provide machi ne code and the proper
di agnosti cs and debuggi ng tools. Therefore if the conpiler
does not provide proper attention to this feature then the
advant ages of higher-1level |anguages may be reduced to a great

extent.

H STORY OF FORTRAN

A. Bi ography of John Backus
John Backus was the inventor of FORTRAN;, the first high-
| evel programm ng | anguage and the nost used progranmm ng | anguage

of physical science. The devel opnent of FORTRAN revol utionized



the technol ogy industry and served as a foundation for many
generations of |anguages to cone.

John Backus grew up in WI mngton, Delaware, although he
was born in Philadel phia in 1924. Backus famly was weal thy; he
attended Hill School in Pottstown, Pennsylvania. In 1942, he
graduated fromHi Il School and enrolled in University of
Virginia. Backus father wanted himto study chemstry. H s father
was a chemi st at one tine. Even though Backus disliked | ab work,
he Iiked the theoretical part of the science. Backus was expell ed
after his class attendance fell to once a week. In 1942 he joi ned
t he arny.

Wil e serving as a corporal in the army in charge of an
anti-aircraft crew at Fort Stewart, Georgia, he took an aptitude
test that changed his career. He then decided to enroll in a pre-
engi neering programat the University of Pittsburgh. He took
anot her aptitude test for nedical skill and he again enrolled at
Haverford Coll ege to study nedicine. As part of the prened
program he worked at Atlantic Gty hospital. Unfortunately at
that tine he was di agnosed with brain tunor and underwent an
operation in which a plate was installed in his head.

Backus enrolled in Flower and Fifth Avenue Medi cal schoo
and after nine nonths he decided that nmedicine is not for him
Since he liked nusic he decided to enroll at a radio technician's
school . At the school Backus, assisted an instructor perform
mat hemati cal cal cul ations for an anplifier curve. Al though the

work was tedious, it nade Backus realize that he had an aptitude



and an interest in mathematics. He then decided to attend

Col unbia University to study mathematics. During spring of 1949,
Backus visited the | BM Conputer Center on Madi son avenue, where
he toured one of IBMs early electronic conputers, the Selective
Sequence El ectronic Cal cul ator (SSEC)

Backus was hired to work on SSEC. Wth the SSEC, prograns
had to be entered on punched tape paper because it had no nenory
for software storage. It was al so very sl ow and undependabl e.
Backus’s responsibility was to fix it when there was a problem
Backus i nvented a program cal |l ed Speedcodi ng whil e he worked on
the SSEC. It was the first programthat included a scaling
factor, which permtted small and | arge nunbers to be stored and
mani pul at ed.

Backus wrote a neno to his boss in 1953 that summarized the
design of a programr ng | anguage for I1BM s new conputer, the 704.
The 704 had a floating point, and an indexer, which decreased
operating tinme. He wanted to invent a programthat was easy and
fast to use while working on the machi ne. Backus’s proposal was
approved and a team of programers and mat hematici ans were hired
to work with him thus the birth of FORTRAN.

Desi gned for nathematicians and scientists, FORTRAN is
still in use forty years after its introduction. It permts
people to work with their conputers w thout an understandi ng of
how t he conputer works and al so | earni ng the machi ne assenbly

| anguage.



Backus invented a notation called the Backus- Naur Form
whi ch explains granmatical rules for high-level |anguages. It is
al so used in other |anguages. He al so invented the function-|evel
| anguage.

Backus was appointed an IBM Fellow in 1963. He was awar ded
the WW MDowell Award of the IEEE in 1967, National Medal of
Sci ence of 1975, the Draper Prize in 1993, and in 1977 the Turing
Award of the ACM In 1991, Backus retired fromthe conputer
i ndustry.

On Cctober 28, 1988, John Backus died at the age of 77 in

t he UCLA Medical Center.

B. Oigins of FORTRAN

Early Background and Environnent

Prior to 1954, alnost all programm ng was done in machi ne
| anguage or assenbly | anguage. The programmer’s main effort was
dedi cated to overcomng the difficulties created by the conputers
at the tine. The conputers |acked index registers, built-in
floating point, limted instruction sets, and anci ent i nput-
out put arrangenents. Because of the nature of the conputers at
the tinme, the services which “automati c progranm ng” rendered to
t he programer were anxi ous to overcone the machine’'s Iimtation.
Therefore the main concern of sonme “autonmatic progranm ng”
systens was to permt the use of synbolic addresses and deci mal

nunbers.



Because all the early “automatic progranm ng” systens
sl oned down the nachines, they were costly to use. The reason why
they were slowis that they spent nost of their time in floating
poi nt subroutines. The programer’s experience with slow
“automati c programm ng” systens and problens of putting |loops in
order and address nodification, persuaded themthat efficient
programm ng could not be automated. Another reason why the
conmputing comunity did not take “automatic programm ng seriously
was that “their “automatic progranm ng” systens had al nost human
abilities to understand the | anguage and the needs of the user;
whereas cl oser inspection of these same systenms would often
reveal a conpl ex, exception-ridden perforner of clerical tasks
whi ch was both difficult to use and inefficient.” (Wxelblat 26)
In general it was hard to get across to a reader in the late
seventies the strength of the uncertainty of “automatic
programm ng” and al so about its capability of producing efficient
programs, as it was in 1954.

Economi cs of programm ng in 1954 was another factor that
i nfl uenced the evolution of FORTRAN. The cost of the conputer was
relatively the same as the cost of the programmers associ at ed
with the conputer center. Also about half of the computer’s tine
was spent debuggi ng. Therefore debuggi ng and progranm ng took up
nost of the cost of operating a conputer. And as the price of the
conput ers dropped the situati on became worse. This factor is what
| ed John Backus to propose the FORTRAN project in a meno to his

boss at the tine Cuthbert Hurd in 1953. Backus stated in the
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paper he wote, H story of FORTRAN I, Il, and IIll that “I believe
that the econom c need for a system|i ke FORTRAN was one reason
why | BM and ny successive bosses, Hurd, Charles DeCarlo and John
McPherson, provided for our constantly expandi ng needs over the
next five years w thout ever asking us to project or justify

t hose needs in a formal budget.”

Early Stages of the FORTRAN Project

After the approval of the proposal witten by John Backus
to his boss at the tinme, Cuthbert Hurd, to create a realistic
automatic programm ng for 704, lrving Ziller was assigned to the
project. They began work in one of the small offices in | BM
headquarters at 590 Madi son Avenue in New York. John Backus,
Harl an Herrick and Irving Ziller devel oped nost of the FORTRAN
| anguage. Roy Nutt, who was at the tinme not a nenber of the
FORTRAN PROQJECT, and was al so an enpl oyee of United Aircraft
Corp., designed the input-output |anguage and facilities.

The main goal of the project was to design a | anguage t hat
woul d nake it possible for engineers and scientists to wite
prograns by thensel ves for the 704.

They formed the “Progranm ng Research group by the fall of
1954, and John Backus was the manager. By Novenber of that year
t hey produced a report the “PRELI M NARY REPORT, Specifications
for the I BM mat hemati cal FORmul ar TRANs| ati ng System FORTRAN’
whi ch was dated Novenber 10, 1954 was the earliest inportant

docunent the exists. The Programm ng Research G oup, Applied
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Science Division, of IBM issued it. According to Sanmet “ the
first sentence of this report states that the | BM Mat hemati cal
Formul ar Transl ating Systemor briefly, FORTRAN, will conprise a
| arge set of prograns to enable the I1BM 704 to accept a concise
formul ation of a problemin terns of a mathemati cal notation and
to produce automatically a high-speed 704 program for the
solution of the problent (Samet 143).

In the first paragraph of the report states that “systens
whi ch have sought to reduce the job coding and debuggi ng probl ens
have offered the choice of easy coding and sl ow execution or
| abori ous coding and fast execution.” They al so proposed that
programs “ will be executed in about the sane tinme that would be
requi red had the problem been | aboriously hand coded.” They al so
stated that “ FORTRAN nmay apply conplex, lengthy techniques in
codi ng a probl em which the human coder woul d neither the tinme nor
the inclination to derive or apply” (Wexelblat 30).

In addition the report also stated that each future | BM
cal cul ator should have a systemsimlar to FORTRAN accompanyi ng
it. It is felt that FORTRAN offers as conveni ent a | anguage for
stating problens for nmachine solution as is not known...... After
an hour course in FORTRAN notation, the average progranmer can
fully understand the steps of a procedure stated in FORTRAN
| anguage w thout any additional comrents.”

The FORTRAN | anguage explained in the “Prelimnary Report”

had function nanes of npbre than three characters, one or two

character variables, recurring expressions, arithmetic fornul as



and “DO fornmul as”. Expressions in arithmetic fornulas included
both integers and floating point quantities

In the Progranmer’s Reference Manual dated Cctober 15, 1956
expl ai ned the FORTRAN | anguage in a slightly different way from
that of the “Prelimnary Report”. This was because at the tine
the “Prelimnary Report” was witten the authors were not aware
of the problens that they woul d cone across |ater while producing
the conmpiler. There also a few noteworthy del eti ons such as the
Rel abel and Rel ative Constant statenents, and inequalities from
| F statenents. Other changes included; the sinplification of the
DO statenents, increased |ength of variables to six characters,
general enhancenent of input-output statenments, and addition of
FORMAT, CONTI NUE, and assi gnment of GOTO statenents.

After the conpletion of the “Prelimnary Report” in late
1954 and early 1955, Harlan Herrick, Irving Ziller, and John
Backus gave tal ks about the plans of FORTRAN to various groups of
| BM cust oners who had purchased the 704.

SAVPLE PROGRAM — FORTRAN

Probl em Construct a subroutine with paraneters A and B such that
A and B are integers and 2 < A<B. For every odd integer Kwith A<
K<B, compute f (K) = (3K + sin (K)) 1/2 if Kis not prine. For
each K, print K, the value of f (K), and the word PRI ME or
NONPRI ME as the case nay be.

Assune there exists a subroutine or sanction PRI ME (K)
whi ch determ nes where or not Kis a prinme, and assune that
[ibrary routines for square root, sine and cosine are avail able.

Pr ogram
SUBROUTI NE PROBLEM (A, B)
I NTEGER A, B
J=2*(A2) +1
DO 10 K=J, B, 2
T =K
IF (PRRME (K) . EQ 1) GO TO 2

13



E = SQRT (4.*T + COS(T))
WRITE (1,5) K, E
GO TO 10

2 E = SORT (3.*T + SIN(T))
WRI TE (1,6) K, E

10  CONTI NUE

5  FORMAT (16, F8.2, 4X, 8H NONPRI ME)

6  FORMAT (16, F8.2, 4X, 5H PRI ME)
RETURN
END

Source: Programm ng Languages: History and Fundanental s, 151.

The following are the technical features of FORTRAN

1

Character set is conprised of the twenty capital letters,

ten digits and ten synbols, that is, + - */ () =.

Data nane is conprised of a letter followed by zero to four
al phanuneric characters. Statement |abels have one to four
digits. Any string of characters can be used as a data nane

because there are no reserved words.

Language has no delimters, and the only punctuation is a
comma, which is mainly used to separate lists of itens. The

only operators are the five arithnetic ones. Blanks are not

i mportant.

. Asingle statenment is the snmallest executable unit. The DO

statenents and the tests in an I F statenent are handl ed by

t he | oops.

The four categories of procedures defined in FORTRAN are
Statenents, intrinsic, external functions, and external

subrouti nes.
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6. The variable type is determned by it’s name whi ch begins
with one of the following letters I, J, K L, M or N this
denotes the | NTEGER type whereas all the rest denotes type

REA

7. Integer and floating point is the only arithnmetic done. It
is not allowed to use real and integer variables or even

constants in the same expression.

8. The formv = e, where vis the variable nane and e is an

arithnetic expression, is the only assignnment statenent.

C. Construction of the conpiler

In early 1955, the FORTRAN conpiler was started. It was the
ancestor of all nodern conpilers, and it was the first to have
such power and breadth. It took about 25 man-years to produce the
first version (IBM[1954]. The initial versions of the FORTRAN
conmpi l er of 1955 were roughly as efficient as the assenbl ers of

the tine.

D. Rivals and Descendants of FORTRAN

There were other high |Ievel |anguages devel oped at the
time, FORTRAN was not the only one. During the period 1952 —
1957, nunerous conpil ed | anguages energed. These | anguages had an
intent was to ease the problens of handling mathemati ca
expressi ons. Exanpl es of these | anguages are MATHMATIC, al so

called AT3, and Internal Translator (IT).
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In 1957, a group |led by G ace Hopper inplenmented MATHVATI C
on the UNIVAC I. Even though it had renarkabl e features, that
| anguage had very little success. One of its major defects is
that it was witten for a machine that had no index registers or
built-in floating-point arithnetic.

IT got its name froma group that was led by Al Perlis at
Carnegie Mellon University. This |anguage was witten for the | BM
650 for the sole purpose of sinplifying the process of
comuni cating algorithnms to the machine. It illustrated that a
sinmpl e | anguage’s conpiler can be witten quickly if programers
with extraordinary ability do the work and that conplete
docunentation is not needed. IT initially did a syntax anal ysis
and then decoded the source programinto the assenbly | anguage.
Before I T gave way to FORTRAN, it was very fanous with users of
t he 1 BM 650.

There were many descendants of FORTRAN. One descendant was
t he PAF (Programmteur Automatique de Formules), which D
Starynkewitch for the SEA invented in France in 1958 machi ne CAB
500. The main purpose of this |anguage was “to wite in plain
| anguage, closely simlar to spoken French, the instructions to
be obeyed in the course of the calculation. Instructions like
POSER (PUT) or CALCULER (COMPUTE) or SI A > B ALLER EN (I F B GO
TO were included in the | anguage.” (Samret 165)

In France, PAF nmade a significant inpression. This is
mai nly because its statements were in French, thus everyone coul d

wite, for instance, | MPRIMER AVEC 2 DEC(i mal es) RC(racine
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carree) (de) N — PRINT SQUARE ROOT of N to 2 DECI MALS. At the
ti me any programm ng | anguage for France had to use French words.
FORTRAN i nstructions were translated into French, and IBM sold
two versions, English and French. The users preferred the English
form because the whol e international scientific community could
easily understand a scientific program It was also nore easily
transferable fromone center to another. In the m d-1960s the
terms used in the high-Ilevel programm ng | anguages were nostly in
Engl i sh.

PAF had a fanous descendant; BASIC produced in 1965, after
it disappeared with CAB 500. Although the authors of BASIC were

not aware of PAF, BASIC had majority of its characteristics.

VERSI ON OF FORTRAN

FORTRAN 1 |

FORTRAN | had a nunber of evident defects, and the | ack of
any automatic process for checking syntax errors by the
programrer made it even worse. FORTRAN Il was the solution to
this problem Backus, Nelson and Ziller started to plan the
correcting these problens in the fall of 1957. A docunent
(Proposed Specification) dated Septenber 25, 1957 characterized
the changes as “(a) a need to for better diagnostics, clearer
comments about the nature of source programerrors, and (b) the
need for subroutine definition capabilities.” The title of the

document is “Proposed Specifications for FORTRAN || for the 704"
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and it described a nore diagnostic system the new subroutine
definitions and END statenents. It al so described “how synbolic
information is retained in the relocatable binary formof a
subroutine so that the “binary synbolic subroutine [BSS] |oader”
can be inplenented references to separately conpiled subroutines,
and al so new prol ogues for these subroutines and points out that
m xt ures of FORTRAN-coded and assenbl y-coded rel ocatabl e binary
prograns could be | oaded and run together.

Many changes were made to FORTRAN |. These changes
i ncluded: (1) sone characteristics were deleted which nmade it
hard to translate into machi ne | anguage, (2) enhancenent of the
i nput/out put statenents, (3) GO TO instruction was extended with
the “conpute GO TO, and lastly (4) increase of the variable
characters to six.

In spring of 1958, FORTRAN |1 was distri but ed.

As an illustration of programmng in FORTRAN I, think about the
summation of a 100 nunbers, the nunmbers to be put into the
machine fromone of it’s input devices and the total to be
printed on an output device. The programis as foll ows:

DI MENSI ON' A( 100)
READ 2, A
SUM = O
DO7 1 =1, 100
7 SUM = SUM + A(l)
PRINT 7, 1, SUM
STOP
1 FORMAT (F 10, 4)
2 FORWAT (E 10, 3)
END

18



FORTRAN 1|11

During the devel opnent of FORTRAN I, Ziller was devel opi ng
and even nore advanced version. It pernmitted a programer to
wite interm xed synmbolic instructions and FORTRAN st at enents.
“The synbolic (704) statenents could have FORTRAN vari abl es as
“addresses”.” Another feature is its machi ne dependency, which
consi sted of early versions of a nunber of enhancenents that
| ater appeared in FORTRAN | V. Qther feature of FORTRAN I
i ncl uded; Bool ean expressions, function and routine nanes, and
ability to handl e al phanuneric data such as a new FORVAT code “A’
simlar to codes “I” and “E".

FORTRAN Il was never distributed. In the winter of 1958-

1959 it was available on a limted scale until early sixties.

FORTRAN |V
FORTRAN |V was devel oped in 1962. It is still a significant
dialect. It is also widely used. The follow ng are significant
characteristics of FORTRAN |V:
1. It can explain a variety of algorithns, even though it is
used primarily for scientific and engi neeri ng conputati ons.
2. Gammar of the |anguage is defined specifically unlike
English. For this reason FORTRAN |V al gorithnms neans
precisely the sane thing to every other person who reads

it.
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3. Since the | anguage avoi ds any reference to special devices,
numer ous types of digital conputers can be programmed to

acknow edge algorithms witten in FORTRAN I V.

SI GNI FI CANT CONTRI BUTI ONS TO TECHNOL OGY

In conparison to any other devel opment, FORTRAN has
probably the nost inportant inmpact on conputing. On the other
hand, the nost noteworthy contributions made by FORTRAN are its
usage rather than its technology. Since it was designed very
early, it has been inproved to do al nost anything. The foll ow ng
are nost significant technol ogi cal contributions nmade by FORTRAN
(1) the invention of a programm ng | anguage that could be used on
any avail able hardware, (2) the granting of sone control over
storage allocation to the progranmer using the EQU VALENCE
statenents, (3) independence of blanks, and lastly (4) its ease

of understandi ng and | earning the | anguage.

S| GNI FI CANT EXTENSI ONS OF FORTRAN

FORTRAN was extended for use in areas that it was not
originally intended for. These extensions are either far-reaching
in both realistic usage and inplications or mnor in concept and
character. The follow ng are sone of the actual |anguage
extensi ons to FORTRAN i nclude Proposal Witing Language, FORMAC
(cross-reference only), QU KTRAN (cross-reference only), GRAF

(cross-reference only), and DSL (cross-reference only).
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Proposal Witing Language
This is a rather unique extension to FORTRAN created by
Carl eton, Lego, and Suarez [CT64]. Twel ve statenments were added
to FORTRAN |1, as it existed for the IBM 704 in 1959. These
statenents included; ALPHABET | NPUT, RI GHT MARG N, LEFT MARG N
TABULATE, SI NGLE SPACE, DOUBLE SPACE, RESORE PAPER, ALPHABETIC
I NSERT, NUMERI C | NSERT FORTRAN, PARAGRAPH, END PARAGRAPH, PREPARE
PARAGRAPH, and STOP. The FORTRAN statenments are all used, apart
fromthe STOP statenent. The STOP statenent was changed to sone
extent to control the termnation of the proposal witing
process. The preprocessor inplenents the systemand it changes
all new statenents to CALLS and then to suitable subroutines.
Most of the statements are self-explanatory, only a few need
expl anati on. The statenments that are not self-explanatory
i nclude; (1) ALPHABETIC I NPUT nmakes the conputer read from card
format by | ooking for as nmany al phabetic variables as naned in
the list, (2) ALPABETIC I NSERT gi ves the nanes of variabl es that
are inserted into the text, (3) NUMERI C | NSERT nmakes the
insertion of the value of the FORTRAN vari abl e stable, (4)
PARAGRAPH st atenments permts the user to define a subprogram the
subprogramis used to produce a single paragraph of text
descri bing individual itens for instance motor, (5) PREPARE
PARAGRAPH i nvokes the subprogram and adds it text to the body of
the proposal, with the suitable replacenents made to the
paraneters, and finally, (6) the STOP statenent starts a

conpl eti on phase of the proposal witing system
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FORMAC

FORMAC i s an inportant extension of FORTRAN to do forma
al gebrai c mani pul ation on the conputer. It was an extension of
FORTRAN IV on the 7090/94; thus all the characteristics related
to FORTRAN |V apply to FORMAC.

The essential concepts of FORMAC (FORmul a Mani pul ati on
Compiler) was invented by Jean Sammet with the hel p of Robert
Tobey in July, 1962 at IBM s Boston Advanced Programm ng
Departnent. During that time what they wanted was a fornal
al gebraic capability related to an al ready existing nunerica
mat hemat i cal | anguage, that was, FORTRAN. The fundanent al
objective of the work was to create a practical systemthat would
perform formal mathemati cal mani pul ati on runni ng under
| BSYS/ 1 BJOB on the | BM 7090/ 94. In Novenber 1964 FORMAC was
rel eased as a Type IIl program in other words it was made
available to users in | BM

There are five major contributions of FORMAC to the
technol ogy. First and forenost, it initiated the idea of adding
this type of ability as a | anguage to a | anguage that is already
bei ng used for nunerical scientific problens. According to Samet
this is the nost inportant contribution. Second, it illustrated
that a practical systemcan be created to perform al gebraic
mani pul ati on on the conputer and it is easy to |learn and sol ve
engi neering and mat hematical problens. Third, it illustrated that
alimting factor in the problemsolving is the anmount of

storage. Fourth, it is the creation of a practical algorithmfor



doi ng automatic sinplification. Lastly, FORMAC assisted people to
turn away from nunerical analysis and nove back to anal ytica

solutions to problens.

QUI KTRAN

QU KTRAN i s an on-line version of FORTRAN. It was devel oped
at the beginning for the I BM 7040. Wrk on QU KTRAN began by a
group of people with the guidance of John Mrrisey. The origina
pur pose was to enhance user-debugging abilities. This purpose in
the long run took the formof a dedicated system FORTRAN with a
strong debugging a termnal control ability added. In md- 1963,
a first version was running.

QUI KTRAN made some significant contributions to technol ogy,
for instance, it was the initial on-line systemto use standard

equi pnent and al so it remained conpatible w th existing | anguage.

GRAF

GRAF (GRAaphic Additions to FORTRAN) is an extension of
FORTRAN to handl e graphics. A display variable, a data type, was
added to FORTRAN. The value of the variable is a string of orders
that have the ability to generate a display when transmitted to
the right device. The names of the display variables are simlar

to the FORTRAN vari abl es.
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DSL/ 90
DSL/90 is an extension of FORTRAN to stinul ate bl ocked

diagrans. It was inplenmented on the | BM 7090/ 94.

| NFLUENCE OF FORTRAN

Even t hough the conputer conmunity | ooked on FORTRAN with
doubt, the fact remains that it still made witing and devel opi ng
prograns so nuch easier. Despite the fact that the initia
FORTRAN had characteristics of the IBM 704, the | ater versions of
FORTRAN coul d be used in any machi ne.

FORTRAN Il was very successful by 1959 that any
manuf acturer had to offer a high-Ievel |anguage as good as
FORTRAN in order to sell a scientific machine. For this reason
one | anguage was used for nmany different machi nes. Thus FORTRAN

becane the first machi ne-i ndependent | anguage.

FORTRAN S SUCCESS

FORTRAN has been very successful. It attained its goal of
illustrating that a high-1level |anguage can be adequately
efficient to be used in production programm ng. FORTRAN has
al ways been the nost greatly optim zed programm ng | anguage.

In alnost all application area, FORTRAN can be used
effectively. It is quite open to extension and alteration.
Because FORTRAN | acks el aborate data structuring nethods, this

has prevented its effective application to nonnumnerical problens.
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CONTI NUED EVOLUTI ON OF FORTRAN

I n concl usi on, FORTRAN was the first true high-Ievel
| anguage. According to Backus, one of its intent was to allow a
problemto be stated in briefly in mathenatical notations. It was
the nost striking success in the history of progranm ng.

The history of the evolution of FORTRAN is conparable to
t he overall evolution of programm ng John Backus was the |eader,
he is recognized for inventing what becone the nost wi dely used
hi gh-1evel programm ng | anguage in the world.

Al t hough newer | anguages introduced hi gher-|evel structures
such as the if-then-else and whil e-do, FORTRAN still remrained the
nost wi dely used | anguage. As a result of this, numerous
preprocessors, for instance, RATFOR, were designed that
acknow edged these structured control structures and transl ated
theminto FORTRAN. Since these preprocessors pernitted
progranmers to use FORTRAN wit hout giving up the use of the new
control features. This gave birth to a new dial ect of FORTRAN
call ed FORTRAN 77. It becane an Anmerican National Standard. The
ANSI’ s (Anerican National Standards Institute) FORTRAN S
comm ttee began work on the successor of FORTRAN 77, however it
took twelve years to conplete. It was known as FORTRAN 82, 88
and 90 prior to its approval in 1991.

FORTRAN 95 is a mnor inprovenent of FORTRAN 90. Its
features include support for exception handling, paraneterized

types and object-oriented progranm ng.
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Plans are on the way for FORTRAN 2000. Hence, FORTRAN is

continuing to evolve into the new m |l enium
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