A Tour of a Software Collection:
IBM 704 FORTRAN

Paul McJones
23 June 2005
Board Retreat

The next few slides are intended to give you an impression of what you can learn
studying the materials on the SCC’'s FORTRAN web site.



IBM SSEC
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A few months before | was born, John Backus walked into IBM off the street, and
was offered a job programming the SSEC. He accepted the job, and was soon
immersed in the complexities of this electromechanical monster. One pitfall he told
me about years later: accidentally gluing the long paper tape into a Moebius strip.



IBM 701
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A few years later, IBM completed the 701, a true stored-program computer, and
Backus, who considered himself lazy, considered how to ease the programming
task.



The machine had no index register or floating-point arithmetic, as indicated by this
quick reference card that once belonged to Roy Nutt, who worked for United Aircraft
at the time.
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IBM 701 SPEEDCODING AND OTHER AUTOMATIC- ¢ —
) PROGRAMMING SYSTEMS

John W. Backus and Harlan Herrick
International Business Machines Corporation, New York, New York

Before the discussion of IEM's 701 Speedcoding System, it is inter=
esting to consider the entire area of automatic programming for large-
scale caleulators to obtain a perspective ae to the position of such a
system in this field. The basic purposes of automaticprogramming
systems are primarily the following:

I. 5 provide operations which are not part of a machine's
repertoire as operations of the system,

2. to provide operations which are part of a machine's
repertoire in a more convenient form.,

In other words, it is desired to supply the programmer with a
more convenient language in which to designate a problem than that
now used by the machine.

So Backus and his colleague Harlan Herrick came up with an interpretive system
called Speedcoding that essentially provided a virtual machine that was more
capable but slower than the real 701.



704

electronic
data-processing
machine

manual of operation

In the mean time, IBM was learning from the 701 and building a much more reliable
and high performance scientific computer, the 704.
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1B 704 ELECTROMIC DATA-PROCESSING MATZHIMNES

It had core memory to the 701’s Williams tubes, and ...



All of the real work is done in the central processing
unit; that is, all additions, subtractions, multiplica-
ewns, ebc. are done in the 'F[‘E":'iill rgs-j_“[;ﬁ of the
central processing unit. In addition to standard ariths=
metic, the 704 has instrucrions which will perform
logical arithmetic for increased flexibility in doing
complex problems. Also in the central processing
unit are three index registers for automaric counting
and effective address modification,

Ao mportant festure on the 704 iy a complere set
of instructions which will perform floating-point
arithmetic. This manual includes a complete descrip-
rion of floating-point numbers and the special floar-
ing-point instructions (such as floating add, subrrace,
multiply, divide or halt, and divide o procesd)
peeded to manipulate data in this form.

... both index registers and floating-point. Backus realized that he needed to move
beyond Speedcoding to make an impact on programmer productivity.



CUSTOMER ADMINISTRATIVE CLASS NO.341
MAY 31354

There was lots of pent-up demand for the 704, as evidence by this photograph of
customers learning about the machines they would soon be taking delivery of.



IBM DEPARTMENT OF EDUCATION
Customer Administrative School - Class No. 941
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Note John Backus, Gene Amdahl, Herb Grosch, and Harwood Kolsky, among

others.
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Engineering Memorsndum E-364

A FROGRAM FOR THANSLATION
of
HATHEMATICAL EQUATIONS FOR WHTRLWIND I
by
Je He Laning Jre and He Zierler

Jamuary, 1954

INSTRUMENTATION LARORATORY

MASSACHUSETTS INSTITUTE OF TECHNGLOGY
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M. cRierler

Meanwhile, many people were thinking about how to ease the task of programming,
including Laning and Zierler at MIT’s Whirlwind project. They wrote an interpreter ...
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10. Examoles

Suppose 1t is desired to print a table of values of cosine x
for x = 0,41,42,++.,1 radian and thst wa decide to use up to
the x¥ torm in the power series for cosine x Tris could be

acconplished by the following programs

x =0,
1 PR N R IPC I 3
+ x%/2 3040506078 = x10/20 3+ 4+5-6-7-8-9+10,
FRINT x, z»

x =x 4.,
& = x = 1.05,
cP 1,

STOP

We might prefer en iterstive scheme to produce the ssrme
resultse The following scheme has the adventsge that the number of
terms in the series may be adjusted by changing a single number:

x =0,
1 ¥ =10,
=1,
2 2=1-axy (z=1),
FEy-2
e=1=0x,
CF 2,
FRINT x, 2e
x=x ¥ 0.1,
a=x - 1.05,
cp 1,
STOP

... that Backus (who with Herrick independently had a similar idea) believes “was
the world's first operating algebraic compiler, a rather elegant but simple one.”
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PRELIMINARY REPORT

Programming Research Group
Applied Belence Division
International Business Machines Corporation

Nowembét 10, 1054

Specifications [ur
The [BM Mathematlical FORmuals TRANslating System,
FORTEAN

Copyright, 1964, by Internationsl Duriness Machines Corppruim
580 Mm:nsan Avenue, New York, 22, New York

Backus went to his boss Cuthbert Hurd, and proposed to build a compiler, not an
interpreter, for an algebraic language to be called FORTRAN.



16, DESRABLE T TEURS TO UGE TH FPROGEAMMING &4 FROBLEM

TUBECODED BYFORIREN
Although the PORTRAN system is being designed to produce a correct
program from a correct meaninglul set of FORTRAN formulas and
although the programmer will invariably discover many possible
formulations of the same problem, the use of cerain technigues will,
of eourse, result in more efficient T04 programs.

A, REPRESENTALION OF COMPLICATED EXPRESSIONS

In translating a slngle arithmetic formula, the FORTRAN system
will permute the operations indicated in the expression on the right
wheraver thiz 1= permissible in order to minlmize the number of
STORE instructions which wlil be required in the reswlting 704
program. Thus a = b x ¢ /d/e would be permuted to a/dxb/exc.
Howewver, any order of computation which is specified by use of
parenthesiz will be followed. Furthermere, if certain portions

of an expression are ldentiesl to certain ather portions of the same
expression (all in the same formuls), ihe system will reccgnize
this ard avoid duplicalE calculaiions. To enable the FORTREAN
system 1o recognize duplications of varlous subexpressions in an
expression on the right side of an arithmelie formuls, it will only
b peceasary 1o enclose duplicaled subexpressions where they
appear as part of & term in the expressicn. Where duplieated
aubexpresalons ccour as complets terms, it will not be necessary
1 enciose the term in parentheses. Furthermore, H the duplicated
subexpression is = function which appears in several places with
‘ne same argument, I will not be necessary to enclose the function
in parentheses even though it may be a portion of a term. Thus
the followlng expreasion:

8 # b s e ws wbeesexecaln))/ (axbeeixcos(a)l) +8qrt (anbepsfxcos(a))
may be written in the following form 1o avoid duplicate caleulations:
[{@mb)ue)n(faeb) wer excos 61/ (b xerfacoa(a)) + agri({axbjxa+txcoss))

In general then, if a complicated expression Is Invelved in & problem,
il Is best not lo intreduce new dependerl variables to represent
portions of the complicated expresaion and then to represant the
complicated expression as an expression invelving the new dependent
variables. Adherence to this principle allows the FORTRAN system
w0 earry out the maximom amount of optimization.

From the beginning, he realized that the compiler would need to generate very
efficient machine code if he was to convince the aerospace companies and
radiation laboratories to use it.
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JOHN W.BACKLUS

A REGISTER OF HIS PAPERS
IN THE LIBRARY OF CONGRESS

Prepared by

Laura J. Kells

Unfortunately we don’'t have any email archives from the mid 1950s, but Backus
donated his papers to the Library of Congress ...
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Items for the Library of Congress

Item
No.

Name of item ‘ Box #/ ‘ Description/Comments

many of the objectives for Fortran (as discussed
in item # 18).

=]

105 | Automatic coding for digital compurers by Grace Murray Hopper. no date
106 | Roy Nutt’s Correspondence (in and out) 5/38 to 4/35 2 Lots of stuff about debugging Fortran, back and
forth between Roy and Fortran group

107 | Roy Nutt’s trips to NY to work with Fortran group + more correspondence 2
with us

108 | Notes & Manual for Speedcoding 1 & 2 2

109 | Description of source language additions to the Fortran I system this 2 Fortran III allowed users to insert symbolic 704
describes what became known as Fortran ITL It is the work of Irv Ziller. instructions into a Fortran source program

110 | Letter from me to Franz Ross, Applied Science Publications Group 2 May 7. 1957, Thus letter also announces a
announcing a version of Fortran I for machines with a larger core storage unit Fortran editing program, FNEDT1

(8192 words or more). The 1* version would run with 4096 words
111 | Preliminary report: Proposed specifications for Fortran Il for the 704 6/28/57 | 2
see item # 76

112 | Note from David Sayre re the ongin of the “function statement” in Fortran I 2

113 | Letter from me to John Greenstadt (responsible for distributing programs to 2 It soon turned out to be impossible to punch the
SHARE) announcing the availability of FN1 (1" version of Fortran) on binary binary cards, so this distribution did not take
cards + an addenda to the manual + preliminary operator s manual. February place. Seeitem # 114
8. 1957

114 | Letter from me to John Greenstadt announcing the availability of Fortran 4-1- | 2
4-1 (requiring at least 4096 words of core storage) to be distributed on tapes.

115 | Programming Research Dept memos: (a) Tel extensions 3/19/57, (b) Job 2

classifications 3/20/57, (c) ditto 8/15/58

116 | “Pro Res™ 1957 — Dept newsletter produced by secretary Rosemarie Wright 2 This looks embarrassingly silly today
with contributions from dept members — 4 issues: Jan. Feb. Mar, Apr

117 | Letter from C L (Chuck) Baker at Rand Corp to William Heising, 4/22/58 2
about “fatal error stops” in Fortran & how to overnide them

118 | Proposed additions and modifications in the specifications for the Fortran 2
system 2/10/53 this note was retrieved by Jean Sammet from her files,

probably around 6/78 for HOPL, see item # 17
119 | Letter from John McCarthy enclosing a histing for a machine language 2 Includes the listing and the 2 chapters
program FUNC. and chapters | & 2 describing a new compiler OMNITRAN

Page 7 of 13

... and from sources like these, oral histories, etc., we can get a good impression of
the course of the project.



Programmer’s

Reference Manual

Ocrober 15, 1956

THE FORTRAN

AUTOMATIC CODING SYSTEM
FOR THE

IBM 704 EDPM,

This manual supersedes all earlier information about the ForRTRAN
system. It describes the system which will be made available during
late 1956, and is intended to permit planning and ForTkan coding in
advance of that time. An Introductory Programmer’s Manual and an

Operator's Manual will also be issued.

APPLIED SCIENCE DIVISION

AMD PROGRAMMING RESEARCH DEPT.
Business

590 Madizon Ave,, New York 22, N, ¥.

WORNING EOMMITTER

J. W, BACEUS L. B, MITCHELL

W 7, BEERER B A NELSON
8. BEST

R, MUTT
Undted Abreraf! Corp.,
East Hartford, Conn.
H. L. HERRICK B, SAYRE

R, GOLDBERG

B A. HUGHES ¥ B SHERIDAN
Univerdity &f Lalifdwnia

Radistion Laborstory. H, §TERA

Livarmure, Calif. L ZILER

After what seemed like endless delays, the team prepared for their first release. The
date, October 15, 1956, proved to be a bit premature.



Formal Rules for Forming Expressions. By repeated uwse of the following
rules, all permissible expressions may be derived,

1. Any fixed point {foating poand ) constant, variable, or subscripted variable
is an expression of the same mode. Thus 3 and 1 are fixed point expressions,
and ALPHA and A{LL K} are floating point expressions.

2. If SOMEF is some function of n varinhles, and if E, F. .... , H arc a set
of n expressions of the correct modes (or S3OMEF, then SOMEF (E, F,
. . H} iz an expresion of the same mode a3 SOMEF.

3. If E is an expression, and if its first cheracier is noi 4+ or —, then +E and
~FE are expressions of the same mode as E. Thus —A is an expression, bt
+~A Is not.

4. If E 15 an expression, then (E) is an expression of the same mode as E.
Thus £A), (CAYY, (LLALYY, elc. are expressions.

8. If E and F are expressions of the same mode, and if the first character of
F is noi + or —, then

+

&

m m m m
- ™ M -,

£
s

are expresions of the same mode. Thus A—+ B and AS+ B are nol expres-
sions, The characiers +, —, =, and / denote addition, subtraction, muli-
plcation, and division.

While computer scientists made fun of FORTRAN for the next few decades, it was
actually a very powerful language with a compact and elegant reference manual,
whose notation foreshadows the BNF Backus came up with later for the Algol
project.
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Freliminary
-
Operator's Manual

April 8, 1957

THE FORTRAN

AUTOMATIC CODING SYSTEM

FOR THE
IBM 704 EDPM
This manual descrlbes the use ul FORTRAN 4-1-4-1.

Programming Research Department

International Business Machines Corporation

590 Madison Ave., New York 22, New York

Lest you think FORTRAN was “just” a compiler, remember there were no operating
systems at that time.



RUNNING THE
OBJECT PROGRAM

The binary deck which is produced when switch 1 is UP
consists of the object program in relocatable binary,
together with the four-card FORTRAN relocating loader

UA C5B3 and appropriate control card and transfer card.

The binary deck is thus ready for immediate loading and
execution. For further details see the forthcoming
SHARE writé-up for UA CS5B3.

Details about using the binary tape form of the object
program will be announced later.

The printer board to be used with FORTRAN object
program is SHARE #2.

FORTRAN supplied a complete operating environment, with I/O, a loader, etc.
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REM PASS1 / CALLS ON RDCIT1 AND MIH F4R01200
REM THIS ROUTINE SCANS THE COMPTT7IZ ... TT0'CTICNS AND F4R01210
REM DIVIDES THE OBJECT PROGRAM INT( BASIC BLOCKS. A BASIC BLOCRKF4AR012Z0
REM IS A STRETCH COF PROGRAM WITH ONL. ~NF FENTPT pQINT AND ONE F4201230
REM EXIT POINT. THE OUTPUT OF THIS ROUTINE IS BBLIST, A TABLE F4A01240
REM LISTING THE BEGINNING OF EACH BASIC BLOCK (THE LOCATION F4R01250
REM SYMBOL OF THE 1ST INSTRUCTION OF EACH BASIC BLOCK). A TABLEF4A01260
REM CALLED DOLIST IS ALSO COMPILED OF THE BEGINNING AND END CF F4AR01270
REM EVERY LOOP IN THE OBJECT PROGRAM. F4R01280
REM PASS]1 ALSO STARTS READING TIFGO, TRAD AND FRET FROM F4R01280
REM TAPE FOR LATER PROCESSING. F4R01300
PASS1 ZAC F4R01310
DCT BE SURE DIV-CHECK IND IS OFF. F4R01320
NOP F4R01330
SXD CITCNT, O CLEAR DECREMENT OF CIT COUNT. F4R01340
LDQ CITCNT DIVIDE NO. OF WORDS IN CIT BY F4R01350
STQ ILNGTH LENGTH OF RESERVED AREA TO F4R01360
DVP CTSPC1 FIND TOP OF LAST RECORD READ. F4R01370
DCT F4R01380
TSX ERRM4, IR4 DIVIDE ERRCR GO TO DIAGNOSTIC. F4R01380
REM LENGTH OF CITS PLACED IN CITCNT F4R01400
REM BY SEC 3 , LENGTH OF CIT AREA DEFINED F4A01410
REM BY ASSEMBLY. F4R01420
ADD CTRD1 ADD BOTTOM OF AREA TO GET LAST LOADED F4R01430
STA LASTI1 ADDRESS+1 AND SET FOR EXIT ROUTINE. F4R01440
TSX RDTBLS, IRZ START READING TIFGO. F4R01450
TSX (TAPE) , IR4 READ FIRST RECCRD OF CIT. F4Rr01460
CTRD1,, (RBEC) F4R01470

CTLBL, , CTAPE F4R01480

LXA (SCHU) +CTAPE, IR1 F4R01480
LXA CTRD1,IR2 F4201500

Now we’ve been harping on the idea that collecting and preserving the history of
software means source code, so here’s a look at some. This is from Section Four,
which produces a flow graph. Here is where the idea of “basic block” originated.



‘ -

CA sens (NESMIPE CARPS 18 FUTRAN PATOLEM, S AEM [

CAEE SuMR INTE 5 weas
: wie E.agens "‘M‘“m"
-

_ L : L/

One of the artifacts that I've been chasing for a long time was referred to by Backus
in his history paper as “The Tome”. | also learned that Roy Nutt, who was on loan
from UAC, saved microfilm from the FORTRAN project. Here’s an image, from a
microfiche borrowed from his son Micah.



= ~/Desktop/s709win

$ ./runibsys.bat primesII.job primesii.txt
IBM 7094 Simulator 2.0.5

061805

PRIME NUMBERS
FORTRAN
PRIME

BEGIN COMPILATION

77 LINES OUTPUT THIS JOB.

FORTRAN MONITOR RETURNING TO IBSYS
$STOP

PERIPHERAL UNIT POSITIONS AT END OF JOBS
SYSPP1 A8 REC. 0000O, FILE 00002
sysout A4 REC. 00089, FILE 00000
SYSIN1 A3 REC. 00002, FILE ooeo1
END OF JOBS

Luckily, in addition to the microfiche, | learned that machine-readable source and
object code was available, on the web site of Paul Pierce, a private collector in
Portland, Oregon. An emulator begun by Pierce and further developed by Dave
Pitts is able to run the FORTRAN Il compiler, although we can’t yet run the
generated code.



FORTRAN COMES
TO WESTINGHOUSE-BETTIS, 1957

s Bright

ratation Planning, lne.

1 Westhard Ave.
Washington, 0.6. 20016

1L was late Priday afternoon, April 20, 1957, Ollie
i, Low Ondis, and 1 were standing in the halluay out-

il the T04 room, talking 55 usual about when we'd
Iy et vid of the 630, wh
s rom 110,

i
Fior with = box of cas

Curdous, 1opened the packagge and found hat the deck
ey, that it just about filled the (2000 cardy
bk, There wore no identifyirg marks and no instrae-
thons of any ki 18 oF with the box or in other mall re=
evived that day,

o of the ek was sboot th
ot o e the "lates 1956 FORTRAN
W oceurrd to me dhal, i we enuld make it
. s Fct would mak: st gews A1
(e was 10 e o SIARE Meoting the following Monday.

which 1 was golng s g W — We ‘lm;,huusr Teitis
e —r

A that the

Labrutory = rop
v 1 1o v somo mintannce &
Free, Mo wanted 1o try o make FORTIRAN 0.

had writion n smal test progeam in
secont roport by Otlic 02 2 as
[«

Hotins an Caimmn (Fm)
Figua 1. Noths on G (Tou]

ul\.u\ g “Gamma of Tau fox the InHour Fermula'
igure 1.} Lew commented that, §f the FORTRAN

AT F/?t 3, % E}M@g‘

ris, the compilor deek should be seli-

‘loating: why not try it and see? Ollic supgosted o way
to teat the possibility: hang a full set of hlank tipes
ter) and try 1o go in through the an-line reader, OF
course, our T84 had the SHARE Standord licarer, Print
and Punch Tanrs unlnvm\wr 2. 1 bl started o us
these und the SHARE Stadard RER's,  Ineredtiiie thows!
it might secm t e wha e weamel o Sysin
it just might b that we could fly the now sampHlor Liia

We mounted the biznks, saw thit the on-line parch
was stocked, oaded the First several inches of eards
into the Bopner, nd pushed the epmmeneer, The 1
stuttored aml a couple of tipes v, We ket car
the bopper until all the Fheon pat in.The BILT
WILETE dight showeed some setion, Alter the last eond I
e fe, there w w- act soweu sesond
atter which all of the tapes o were rowoun
The maehine stopped, with ho WHADY m.x an.

s s

eontind

We then |
which didn‘C

the proggram,
chagod ivigh. This e thers was nore e mot
lnclding o coupl oftpes thi 't v et

The consoles L i prier
w.-uamw..uwm.v 2 which 15 4

e 1
photogeaph of that outpit. | telaw o heading, the
had anylur(‘ll e souree curd eontainivg Statem
e by a etartlingly explicit diagaostic, as llows

JURCI PROGIAM ERROI.THIS 1S A

a0t

T RIGHT PARENTHESIS 1§ NOT
FOLLOWED BY A COMMA

W tookel. How true! W tement 25 wnd

loded Jim's suirce deck ag:

This time the sn-line punch muttored and it stacker
grew o binary deck, which we placed i the on-3ine reat
Again, everything stopped with tapes rewound and IUEAL
on. Again, we pushed, Cavds read. Itewsurd, swoppe
READY o0, Pushesl,

We got a little whill of eomputing followed by twenty-
eight pages of cutput. (You ask: So what has changed ?

The first page of that output i6 reproduccd here i
Figare 1. You will note t mting several FORM,
errors (no spuce bolow the column heaiks; the first col
umn head displaced L the lelt; i items priated that
should have been blind; and one word of the page headin,
{RHO) misspelicd)

FORTRAN DIAGKDSTIE PROGRAN RESULTS.

23 @ o

s 05043 SOUACE PROGAAM £2203. THIS T3 A TYPe00 TO I 3

L-AUT THE RIGHT PARENTHESIS TS NOT FOLLONED Y A €OV

END OF DIACKOBTIC PROCAAM RESULTS

Figurs 2. Gamema (Tau) Disgnostic Printout
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CONPUIERS and AUTOWATION for eesas 1271
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Figure 3. Gamma (Taul Outau

It the numhers were Fight, The mumbers were
vight!

WIhad became 1 FORTRAN user,

Postiude: Thnnks o the hard-working Nettis photo-
grapher, who tose Lo the challonge and made projoetion
slides T me aver that weekend, 1 was able i share tbe
o experience with SUARE, 1 ereated quito a sti,

srnse o cTaim o,

o
espocilly VA ¢
(niversity of Cafifornia |
had partieipate in the roation of the first distrbutable
FORTIAN compiler, must have nd successfal FORTRAN
experientes on site before WD, which was merely 8 user
- s i fox me o magin thf any of tosa

sophisticates cxporienced the cormh

i =i it v T Tt
37, A couple of hundred eompiler Tixes
. it Tard to believs € had happened.

of inmocenc

s the: pen

S0, to o Backus and tha rest of the thirteen Merry
Men* of FONTRAN, fhirtecn vears later: Thanks ! Your
first. FOITRAN Conpler Iadod, compiled, digroeeds
15 abject s Ioaden, excented footreetly ', and printed
out i o it our FOTMAT wrvorar.

Computing would rever b the same.

BT Disker, €. Doet B. Oy, K. L. Herrik, B.A
Flughos‘ LI Mitehell, ILA. Nelo, R. Nut, D. Ssyre
. 1L, Sheridan, 1. Stom, 1. Ziller

renber
COMPUTERS and AUTONATION for BELEET 51

FORTRAN shipped in April 1957, and the users jumped on it immediately — as Herb
Bright reported in 1971, they were able to get it running after receiving a binary deck
unaccompanied by documentation.



Augusi 28, 1957

Preliminary Report: Propogad Specificatione for FORTRAN II for the 704

Geaneral

FORTRAN has now had scme use at a large number of instailations and has
been used heavily for some time at at least six installations. A largs numbaer
plan to use the systam for the majerity of their programming work., Difficultiss
in usihg FORTRAN bave [alisn into two categories (1) Difficultiss arising in the
initial pericd of puiting ths systarn loto usa, and (Z) Difficulties arising from the
properties of the systam. Prohlamec f= she S=ct aobasnne ave being sclved by
en-the-spot ~_.cc asaistance to those installations sxperiencing an und.: ~mount
of “ aculty, The consensus of opinion comcerning difficulties in catagosy {2) is
that the principal areas needing improvement ars (a) facilities for debugging sourcs
programa and (b} faciliti=a for crecting and neing anhroutines. FORTRAN 77 will
contain improved facilities in both these arses along the iines desciibed below.

By August, Backus’s group had helped put out a lot of fires and was planning the
next version, with improved debugging and the ability to define and use separately-

compiled subroutines.



Programming Research
September 1, 1957

Conclusions
MEMORANDUM TO:  Mr. J. C. McPherson 1 The survey reported above and visits to a number of 704
installations indicate that within the next six months more
than half the sclentific problems being solved on the 704
will be programmed by FORTRAN,

STTRIECT: Present Status of FORTRAN

2. The system is being widely accepted.
Survey Results
3. The plans for FORTRAN II cover virtually all the weaknesses
Recently the Applied Science Representatives associated with each in FORTRAN which heve bomm ~ A cut by custamers.
704 installation were asked to report on the use of FORTRAN at
their installation. Se far, replies covering 35 installations have 4. Customers estimate the time and money required for
been received. The following facts have been drawn from these programming at between 1/2 to 1/10 the time and money
reports formerly required.
1. Of the 35 installations, 9 do not have drums and therefore ) .

cannot woc FORTRAN,

PPy Ao
1. W. Backus

~

In addition to the 9 drumless installations, 3 installations
have problems of a special nature for which FORTRAN IWB:rw
was not intended.

The following apply to the ining 23 installations.

w

704, of thasa installations presantly use FORTRAN fo pre
pare at least 20% of their programs.

o

35% now use FORTRAN for at least 50% of their programs.
(see appendix A)

w

. Although specific estimates of future use were often not given,
usually some information was contained in the reports which
indicated the expected use. Our estimates indieate that 10
(83%) of these 23 plan to use FORTRAN for at least 50% of
their programs, (the average installation of these 19 will use
the system for an estimated 69% of their programs)

o

These programe for which FORTRAN is not uscd arc mest
frequently the few very large, very complicated bread-and-
butter jobs in the installation (e. g. reactor codes) which
nae mosat of the available machine running time. and those
jobs which use many subroutines written before FORTRAN
was avallable. (It is felt the avallability of FORTRAIN II
will eliminate the majority of these areas of non-use)

They surveyed the users, and found rapid adoption and based on estimates of large
gains in programmer productivity.



Programming
Research Mr. J. W, Backus WHQ

September 23, 1957

In connection with the memorandum on proposed speci-

fications for|Fortran IIlfor the 704, you will recall my request for a
staterment of what the proposed changs will prodoee in the way of

added flexibility., This would include an indication of the features
proposed for Fortran for the 709 and Comiran which will be realized

in Fortran II for the TO4.

JCMcP:im John C. McPherson

However the fifteen or twenty man-years that had been invested in FORTRAN were
without precedent for a software project, and IBM management was a bit anxious
and wanted to make sure that the software for the upcoming IBM 709 was suitably

advanced.



Programming Research
November 5, 1957

MEMORANDUM TO: Mr. J. C. McPherson
SUBJECT: FORTRAN II

REFERENGCE: Your memo of 9/23/57

The added flexibility of FORTRAN II stems from the ability to add
virtually any procedure as a new statement in the language. It is
therefore difficult to summarize the features which will be added.

Some examples undoubtedly are: matrix, complex and double precision
arithmetio; monitor routines for manipulating the arrangement of
subroutines in the store; routines for handling BCD information; special
input-output operations.

With the exception of some format and spelling changes proposed for
FORTRAN fur the 709, FORTRAN II specs pu cunsiderably beyund

any previous specs for the 709 system, in ways which we have discussed
(independent subroutines; substitution of argument variables in calling

statement for dummy variables in subroutine).
)
l:{.) —a -‘L‘Aﬂ

. W. Dackua

JWBirw

Backus confidently predicted that the planned FORTRAN Il extensions would be

well received.
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Dennis E. Hamilton. Impact of FORTRAN Il language changes.
Personal communication to Paul McJones, April 2005

"However, the impact of small changes and improvements can
be immense. The ability to build Fortran programs out of
independently-compilable modules and to have the ability to
decompose into functions and subroutines using Fortran or any
other tool that produced compatible code (usually the assembler,
in those days) had an immense impact. In Fortran | programs
were one giant file and there was no modularization structure.
That small change in Fortran Il was earthshaking in terms of
software development and, | think, the endurance of Fortran as a
technical-software programming tool.

It also changed the way that computers had to operate to make
software building and use work more smoothly. | think it is no
coincidence that this paralleled increased interest in operating
systems (called things like tape monitors, at the time) and the
use of the computer for organizing the data processing
workflows. (There was also a lot of resistance to operating
systems in those days.)"

Via the Internet, | ran across someone whose memories of the advent of FORTRAN
Il supported that prediction.
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April, 1960

SYSTEMS MANUAL
FOR T04 FORTRAN

AND T09 FORTRAN

Applied Programming Department
International Business Machines Corporatior
590 Madison Avenue

New York 22, New York

As the importance of FORTRAN became clear, more and more people began to
work on. One of the benefits was improved documentation. This was before IBM

unbundled its software, so interested customers were able to order copies of the
source code and documentation.
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VI
SECTION FOUR
PART 1

The first task of this part is to divide the object program into basic blocks, a
basic block being a stretch of program with but one entry point, and one exit
point. In order to do this, a pass is made over CIT looking for tranafers,

tests and skip type instructions. Transfer and conditional transfer addresses,
and the locations of instructions following skip type instructions or TXLs (end
tests of Dos), are all entered in the BBLIST table once only, in algebraic order,
by means of a binary search technique. The assigned Go To instructions are
ignored for the moment.

During this pass, when a TXL is encountered, both its location and address are
entered in the DOLIST table, thus prowviding a list of the beginning and end
locations of all Dos, in end location order.

This is the chapter that describes the source code | showed you earlier. At the
Smithsonian, | found a listing of FORTRAN Il from around this same time period
that IBM had sent to Peter Z. Ingerman, then at the University of Pennsylvania.



©. Index register allocation for Algebraic languages
VWhereas rigorously based results applylng to simplified
models of reglster allocation in linearly ordered code

PROGRAMMING LANGUAGES AND THEIR COMPILERS are available (cf. Horwltz, Karp, Miller, and Winograd [1]),
Preliminary Notes no such resilts have been derived for code containing
Seconda Revised Version, April 1Y70 even simple loops, much less for code with general flow.

Thus register allocation in the presence of flow must use
Joln Cocke and J. T. Schwartz a heuristic lacking complete theoretical foundation. The
particular method used will depend strongly on the extent
to which global information 18 to be collected in support of
register allocation. Machine structure will, of course,
play a fundamental roll as well. The simplest scheme,
incorporated in many industrial compllers, is to put
a ncwly generated quantity in an empty reglster if possible;
if none 1s avallable, the contents of the reglster used
farthest away in the following code is displaced. In this
method, register contents are remembered over the extent
of a basic block, but all registers are stored and reloaded
at each label, This method requires only local look-ahead,.
A more elnborate register allocation heuristic has
been outlined in a preceding section. Here we shall
Courant Instltute of Mathematical Scisnces deseribe the allocation methods actually used in two
Hew York University interesting production compilers, the original FORTRAN T
compiler and a FORTRAN compiler for the RCA SPICTRA 70,
The mathod which was used for index reglster alleocation

in the FORTRAN I compiler is descridbed in Backus et al [1];

=510~

Because of the ACS project at IBM, John Cocke became very interested in compiler
technology. Fifteen years after the FORTRAN compiler was written, he and Jack
Schwartz found the FORTRAN index register allocation algorithms still worthy of
inclusion in their classic unpublished book.



CAPT. STARN’S

\ RESTAURANT AND BAR

Here’s an picture of John Backus and John Cocke in Atlantic City, New Jersey, date
unknown.

I hope you've enjoyed your tour of the FORTRAN exhibit of the Computer History
Museum.
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To take your own tour

http://community.computerhistory.org/scc/projects/FORTRAN/

http://community.computerhistory.org/scc/projects/LISP/

And my blog with the “behind the scenes” story:
— http://www.mcjones.org/dustydecks/
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