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This is Interview TC-46 in the IBM Oral Tistory of f‘omputcr
Technology, Larry Saphire interviewing John Backus December 15, 1967,
in San Ffancisco, California. o .

S. John when did- you firs.t.come to wérk;\for IBM?

B. In September of 1950.

S. Were you out of school or did you have a prev1ous job?

B. Well I was in school actuaxly I was just about to get my Master's

degree at Columbia in mathematics.

- S. And what did you start working on in IBM‘?
B. Iwas nired by Rex Seiber, who hired me as a programmer for
the SSEC.
S. Itakeitat that time like ever; bodj else. you didn't know what pro-
graraming was, rmuch less how to do . |
B. That's right, yez. TIwas delighted nol ¢ have to tacome a ieachser
-thougn.

S. How did you ¢o about lezrning adout the 38nC?

B. OCh justirom the other people that were already tnere. They star:ed

-+

out work-ng on ore job and I picked it up really. But there were no insiruciions.

S. Wh hat did you ';&1 up?

B. Well how 0 program, what the insiructions for tha SSEC were,
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3 Also over a considerable period I écquainted myseli with the prohlem that I
was assigned to and that was computing the position of the moon which was
a fantastically complex‘:(;% cslgles of 1, 500 terms with all kinds of little correc-
tions and what not.
S. Did you have to be a mathematician to do that problem?
B. Not really, just common sense. I you know &1e machine instruc-

" tions, why you can begin to program if you have some sense. That's all you
need. Of course you do it very badly and then you learn fr‘ozﬁ.somebody that
they?lave discovered how to do a certain kind of thﬁ'ng very easily. But I rapidly
got interested ..... oh one of the things that interested me very much was

how to .... well the machine had a very short error-iree inferval that it v:ou‘:d

) run and then you had to stop the machine and Iing om What was wrong by flm*:,ng

toggle switeics (o see t.f.fhe:ner two storage unx‘:” had the same kind of canten:s
or not. So you'd run for three mmu*eb and be stopped for Iiv w..J‘“ you ficuresd

out what was wrong and got it restarted. And so one of the things I was in-

terested in tirom ihe start was how to speed that up. We got a system

CI
<
T.
‘.

going, Ted and I, we devised a system of automatic error detection and

error correcticn that involved peculiar features of the SSEC.- Wnat you'd do
is you'd code a sub-routine which was on a paper tape loop and the norma

. -

Ppractice was to .., there were °C‘L&l1 y two tape loors for one sub-routine that
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would go simultaneously and the tradition was to have one doing the calculation
and the other doing the calculation again in duplicate and simultaneously and

then at frequent intervals checking and comparing these results and stepping

it if it was wrong. And the method we used was to just run right to the end

without any checking, doing it 211 in duplicate without compéring anything,
compare thev results at the end. If they were the same, to go on to the next
ro't..ltine or whatever and go back to the main routine and everything was all
right. If it was wrong, this would cause a relay to be set and that would change
the reference of a lot of codes that were being used so thét during the next
pa.sé, ‘it would go through and acmaliy check each instruction and would now

refer, if you designed it that way, to another set of tapes that were the error

detection tapes for this sub-routine. They would have a set of instructions

~ that would then check the results of that single pair of instructions that you'd

done and if that was correct, it would send you back to the sub-routine tape,
do another pzir of instructions or another few sets of instructions, after which -
an altered code would sand you back to the error detection tagxes and so cxn.

S. So after figuring out what kind of an error checking coce you nad,

-you had to punch out the tapes and get them on to the machine.

B. Yes, when you coded them .... coded the problem you had to code

-
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all the sub-routine tapes and the error correciion tapes and setup a lot of

plugboards that were part of the machine that would affect this error detection

meéchanism.

-

S. Was this error detection mechanism there to start with?
‘B. No, it was just a way of using the facilities of the machine. The
machine was enormously flexiblé, Most of the signals that the machine generated

and used in its operation were available in plugboards and you could do all

-

-~

kinds of things. Like each instruction had a two digit code that indicated which

tape station the next instruction would come from. But those codes were not
fixed. They went through a decoder and you could arrange it so that that code
referred to any particular tape station and in fact you could have it go through

a selector so that at one time, when the selector was in one position, the code
would refer to one station and when it was in another vosition, it would refer 10
another. That was the facility that we used in this error detection scheme.

S. So you were really slowing down the computer but by slowing it down,

.
‘
.
-~

you eliminated errors which slowed 1; cown even more.

- B. What actually happene'd was the way the thing would work with this
system was the machine would go throucjh the tape, the sub-routine, if it then
- made a mistake, it would go through the second time but the altered rhy thm

... it worked out that raythm was rather imporizat with a lot of relays. It would

I R ke
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often go through successiully, the next time because it wbuld do this one instruc-
tion and the rhythm would be entirely altered "by..th‘e error detection mechanism
operating on the second g‘o'-round. Then it would conclude successfully the
second time and would go on.
| S. And you knew that it was concludéd successfully how? _..-.;;
B. Because it just didn't stop. | |
S. Isee, | Lot

\
B. It was so arrahged that if it went through and checked everything
and e\}erythinq checked, it then just went on.
S. So you had enough confidence that the machine was checking cor-
rectly. |
B. Infact it was arranged to actually operafé és follows. It went through

once. If it made an error, it would go through once again just straight and

then if it made an error a second time, then all the error detection tapes would

‘be brougnt in and sometimes it would get through the second time on a fast

S. The second time was Seiber's method of error detection, wasn't i2?
I remember he told me something about that,

. B. Oh just running it twice. Ves.
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8. In{act running the problem in parallel' or almost..
B. Oh no, his fundamental method of checking for-errors was used -
all along 'in this thing and that was that the entire machine wé.s sort of divided :

.

.... the memory was divided into two halves and everything was kept in duplicate
and evéry step was done in duplicate. That was his basic operating philosophy
and we fell in line and followed that. The difference between his method and

ours was simply that we didn't take the time in a normal sub-routine execution
to dg.all check calculations because it was'imporiant to do it frequently in his
arrangement because the machine was going to stop and then you had to sort

of manually check to see on which line it had nﬁade an error 2nd this involved
flipping lots of toggle switches. And if you 'only did one check at the end of

a sub-rcutine it would take you all night to find oul where the error had occurred.
But with our method, sincs we had this a‘;tcndazic r<inod for iooXing for errors
once ons was rmads, we didn't have to put‘in a total of a lot of checks that

were always done as you did in his method. You only had one check at the end

of a sub-routine, It mignt be a verj’ long sub-routine with no compar:{éon ‘
calculations. | We were doing evefyﬁning in dupliczate just as he had done.. But
there weren't a lot of these comparisons being rade 21l through‘ this sub-routine,

-

- 8o when the thing did end and an error was mads, it was determined that some-

thing had gone wrong bacause the results didn't comgare and then you'd try
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a;gain and if it then went wrong, then all of this automatic mechanism went into
effect to find exactly on what line the error was made, not what block of lines

but when it did make an error on its firal error detection run, then it stopped

you and told you exactly which line was wrong so that you had none of this toggle
\

.
1

switching thing to do.

S. That was where the time savings came in. You spent a lot more

time computing. | | - .

B. No, you spent less time computing, But only when there was an
errc?xz did you Speﬁcl this time. In the .... you did less computing because
cres $rou did far fewer compa.ris.ons than you did in the old method. But then
when an error \;/as actually in effect, then there was a lot more computing.
But that computing was doing at high speed what you ordinai"ily had to do at

a very slow speed manually.” Its purpose was to do what was being done manually,

namely to find which line was going wrong. Then when you knew thal, generaliy

.if it made an error, it had to make the same error thre2 times or an error in

£,

the routine three times in order for it to stop, so that generally when it di

stop it was a solid error and you could see exactly what device in the machine

-was wrong and the engineer would change it and it was ezsy then to restart.

S. Did you have to go back through tae wrole sug-routine at that point?
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B. Well in the restarting procedure you're not dependent upon the
situation. The main thing was if you knew what line it was, “then you'd look
at the coding and you could see exactly wherg: was the approrriate place to start
and what had to be done t;ef‘ore you could do so. |

| S. In those days did you have to hover over the ma.chine.most of the
time?

B. Oh yes. I mean in those days the operatitm of the machine was
much more fun than programming now, because you spent a long time pro-
gra?riminq. Then you spent weeks preparing thesevtapes’ and gluing them together
and doing all this stuff.

S. Those were the tape loops.

B. '‘Right. The sub-routines, you coded them and key punched t
and then you ran the key punch card L-rguc:‘n. a stranye machine that pregares

punched holes in tapes from the cards. Then you'd cut that tape off and you

qlued it together in the back room...

~
0

S. To make a 1cop.
B. Yes to kind of mai;e 2 loop. Then you numbered them all and huag
them on tape stations. Then once you were reaw to go and the maching was

ready, you took over the entire ma\,hme nightand day. You had it full time

There was no interchan 1gability of problems at all. It fook weeks to get a
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problem running, let alone to do it. Then it would run for months, very unlike

present dziy operations.

S'. With these loops, did you have to keep substitating them or"coul'd '
you put a lot on at the same time? |

B. Oh there were 66 tape stations and you could puf all of the routines
that the problem was going to use on the machine at one time. It was programmed
then to transfer from one loop to another. It had a main ro{ltine. And the
-main routine, when it had done certain things, would then call in the sub-routine.

S. Was this system of error detection adopted for all programs after-
wards or did you just use it personally ?

B. Iguess it wasn't adopted for alJ: programs afterward. I don't know.
As I recall, I'm a little foggy about it now, I think I used it on'the problems
that I was associzted with aiter that. Anoi‘nér interesting feature of that macnine
that we made use of was that we actually‘ took one of the'stoArage cells which was

N e P

a relay storage thing, and essentially rewired .... what was his name, Brooks!

N
/

A

made a special storage cell that was essentially just a plugboard where you
could fiddle with the relays and all, ‘and we made use of that in this first problem
Vﬂﬂv{!ﬁ:ﬂ’t ' F'é e

1

I did on the moon position to wire it in such 2 way that you'd need an arqument

into it and instead of geiting what you put in out again, you could read out an
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instruction that had part of that arqument involved in it in a complicated way
and that was to speed up operations. It did speed things up quite considerably.

S. Well V{as this when you first started.getting ideas of ways to speed
t.hmgs up .

B. This was just a little deal that presented itself as a Way to ehmmate
a few steps in a very repetitive sub-routine that was used an awful lot. You
see, that pr;;gram ran for many months after we got it running.

S. Was the machine down frequently?

B. Well down, no, not too frequently but it was just that it was con-
stantly making intermittent errors.

S. How long did you work just programming the SSEC?

B. Let's see, from about the time I jéined the company until about
1951 or 21 .Jéss wihen they g ot the'701., I'd have to look up the records.

S. But then you moved on to the 701 |

B Yes.

.

S. Before we leave the SSEC, was there anything else, any innovations
that you got into in programmimj along the way?
-B. Idon't think s Every problem on that machine was very i n:eresiing

to do because you had the business of one other technique that made things

-Interesting which was a

o]

roclem in which there are so many choices to be

made that you'began o run out of ta tape stations for alternate sub-routines.
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So that there came into use in one protlem a techniciué whereby you had to make

choices without ....leaving just a straight line in computing and that involved

.

(&

computing a function that was O or 1 according to whether the result was yes or

no and then using that as a multiplier. You had the two calculations and you had
to go through both of them but you added the two results at the end multiplied
by O in one case and 1 in the other. There were loté of interesting applications
of selectors and all of this gr;sat flexibility of the machine.

S. Do you recall your own sentiments abo.ut the compute‘r?
- B. Onh1Iliked it very mL;ch. Oh one of the things I should rémark

about the computer was that it had a number of features that later came to be

~
regarded as advanced and mainl y Lhe fact that it was somovn. t 2 synchronous ,
\/

-

» anihad--—iﬁ«smsens&, T’ze arit‘nmetic tion would esk for a transmission
3 of a piece of data and beiore 1. mdicate.d irat it was ready to receive some-
thmq, anc the place where it was might not yet be ';‘eady to transmit it, so the
31gna111ng system was involved that vould sort of coordinats these requests and
abilities to deliver things. And since the machine was working on t Lwo.ratncr
involved insiructions simultaneousl 1y and had two rore Ins W*c:.ovxs also in its

3

decoding mechanism, it had quite a few instructions tha were in various states

£y

of completion involving getiing the orerand and doing the arithmetic and putting

-
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the results back. o : | )
S. Were those the eight bussing channels?

B. Yes. I'm sure he described that feature of the machine better than

e
P

Icould. But I thought th‘at was a very interesting feature of his machine.
" S. At that time did you have a chance to look at other computers, things
like the Princeton computer or the ENIAC?

B. I knew nothing about other computers really. Of course I heard
about these‘others. In fact, when the 701 carne along and'having gotten used
to thls strange bﬁast I was appalled at how anyone could conceive of a comzputer
like this operating. It was all operating silently and you couldn't see what
was going on or hear what was going on and it went on at such an incredible speed
by comparison that I figured, having gotien used to the kind of error rates
that the SSTC made, with the electro-mechanical gear, it just seemed impessible

that anyone could, where you wcra doing t‘lou nds of instructions a second

instead of twenty or thirty, that you could possibly get a correct answer out

of the machine. N

S. Were you disturbed by the lack of audio in the 7012
B. Well it was mainly that the communication between the inside of the

machine and the ouiside of the 701 was very difficult because it took rather

.€laborate programs to get just one number into the machine or gst one numbder



@)

called a relative assem
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out of the machine and when one thought of all of the work that had to go on

just in order to get the number out, let alorne the computation that might have

oo

been needed to generate it, why it was a pretty awe-inspiring thought. /‘," -
S. But when you fv.irst saw the 701,lwas it completed, or did you look

at it while it was being built? | .

. B. No Ididn't see it I don't think until it was completed.
S. Were you aéked to do anything on it? |
B. Well I was working on the program for it I guess, even before it

arri;‘ed. The chronology is a little foggy there bﬁt I know that at léast after it

arrived I got right away involved with a programming system for it.- |
S. ‘It didn't have any system to”run it when. .....

B. Ohno, heavens no. It had a printing program and a card readin

program and it didn't even have an assembly program, Ch yes, it had whal was

-

bly program which you wroie instructions ... you
were allowed a few symbols to use for location and then you referred to that
symbol, plus one plus two, plus fifiesn and so on. You didn't gensrate new

symbols,

.

S. This was for specifying storage locations?
B. Yes this was for sgecifying storage locations. So it had very primi-

-~

tive methods.....
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S. What was the symbol plus 13, the current just counted through 15

storage locations and stopped? .
B. It had these primitive facilities of accepting instructions in this

" form and you didn't ask it to assign a location to this symbol, but you wrote

cards;tllat said that A was to be stored in location such and such and then
it said do this......and you'd get whatever that storage cell number
was and put that in actual machine instructions and of course it had o do the

binary to decimal conversion and all that. That was another one of the principal

—

topics of interest in those days, conversion programs and would “ov get exactly
the conversion by such and such a conversion method or would you e off £ one.
And of course one of the big protlems was getting input/output programs that

would ..... in that machine it did input/output by sending out cozy. ... it workesd

°

WiLh so—calf;ed card images and it sent them out 2 row at a time so that it = ould

~send out a bit esseniizlly for each hole in tlzaL row and 0's for non-=oles and

4

. then there was a good dezl of or a goed number of millisecends <ha- could

o

elapse now before you had to send out the next row becanse *1's mechanics! masrira

e

9,

was cranxing away at a speed that was very slow as far 2s the cornruter was

concerned. Infact it was the only program I ever really wrote mysalf for

that was a printing program for the 701 thzi was rax: of

-

almost any computer
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this programming system that my friends and I generated and it did all of the
conversion of a bunch of floating point numbers from flo.afing decimal or floating
binary rather into some appropriate decimai nétation and reconverted that all

back to check and did this all between the cdpies of the ..., that had to be

sent out during the printing cycle.
S. How long did it take to write that ’program?
B. It took me a very long time because JTuseda lotof .... ITuseda

different technique than was popular in those days. The technique that was

~——

being uséd then was they had sort of a column indicator. .. it was a word with
a bit in the position corresponding to the column of the card and I used the
technique of generating the entire SGH-G—I card image by logical operations.
The machine had some very primtive logiczl operations, an and or an or or
sornething and a not and using those, I generated the card image but it was

very involved.

0y

S. Just give me an icdea of how you worked, kind of sitting down and

figuring this out. Did you rave an atsoluie knowiedge of the paths in"the machine
or.....
B. Oh heavens no. Ididn't know anything atout how the machine worke

physically. All I knew was the insiruciion set.

S. Yeu mean some guy like MNat Rochester told you-some of the.....
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peculiar code where each instruction had one three address part za

. numbers and there-were facilities for reading in floating decimal data and

#16. | oL

B. Well I simply had a manual of the instruction set and the timing

operations were very important since you had these things that had to be synchronous

and particularly in the work I was doing in the iorinting programs, ybu had to
know how long it would té-ke to do a piece of code because it had to be done
in time to get out the next copy of instructions to thé printer, or to receive the
echo check copies coming back.

| S. And how did you figure out the timing?

\
\

B. Oh just by reading the manual and seeing that .... I had written

——

the instructions and you'd look up the time for each instruction and added it up.

S. Sothe game was simply not to exceed the time with the set of instruc-

tions.

B. Right. There was no thirig much to it really.

B. .Well yes, in this relative‘codinq that we were talking about earliar
I was not writing in binary. I wé_s vzfitmg in decimal for this grimitive relative

assembly program that was available, this system then available to the maciine.
The system that I was working on with my friends was one that would accent

instead of the binary single address instructions of the 701, it accepted a

re
v

£,

one onse

N

adgl ress part and the {nree address part was referred to as floating dacimal
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printing O;lt flogt;ng de_ecimal data. It made the machine appear like a floating
decimal, three address sort _of odd ball three address computér with indexing
Operationé which the machine didn?t have. The further one address operations
came along with each inétruction was for maﬁipp_lating the index quantities

\

and making tests and doing a lot of the hoﬁsekeeping operations generally.

This was a system that was called gpeedwcoding”and was used by very many of
ti;e 701 installations for scientific cé,lculations, even. though the rate of arith-
metic operations was much slower but they were floating point and it saved
pec?;;ie a lot of analysis time. |

~S. What was the relationship between the later introduction of indexing
and this kind of effective indexing?

B. Well it showed peorle that it was much better to code with indexing
than without it and it was a demonstration that people wanted. It was a demon-
str;tion of 2 number of desirable feat1.1rss that we later put into the 704, namely
indéxing was one and floating point another. |

S. Well could :ﬁis thing that you just descrived be considerad a kind of
pointing toward the whole concept of indexing? |

| B. Oh well n_o,‘ we certainly didn't invent indexing. We simply hsard

about this guy Williams in England whe invented what he called the B line and

-~

W !’\. ‘- 4/‘“
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it seemed like such a magniﬁcent.idéa that we wanted to incorporate it and did
into this system, since we had to go through this interpretation cycle and the
typical operation of a computation was not paft of the machine's repertoire
and had to involve a number of instructions to do one floating point operation,
why the added time it took o superimpose on that extra work this indexing
business was very small and very worth while in speed. If you're going to
take the time to interpret an instruction it was very worth while to do this

IRy Juf f ool
extra kutike Hrj, so we did.

S. But it was based on what you observed from England?

B. Yes. Williams actually vxslbed the computing center there on
Madison Avenue anc 57tn Street and talked about that., - Of course it was puk-
lished. His ideas were pu‘olis‘ned. . |

S. So that you got 2 kind of hdexing throuch vrogramining, wieress -

- -

in the 704 it was built in,

B. -Right. Of course obviously there were things that should te dozsz
but when the 701 was designed Williams hadn't had his idea yeu. At laast
I don't think h2 had.

'S. Well what was the next step you took in regard to computers?

‘ B. Well let's see. 1was then associated with that operaiion Zor a wrile.

[XS
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In turning o~ut that system. ... do you want names of other people in this thing
who were involved in such a project or what? Is that appro_pria.te? |

S, How appropriate do you think the names are‘?

B. Well I think it“is very appropriate if you're going to mention the
syﬂstem"that you should mention the other péopie who made it. .They were prin-
cipally Harlin Herrick, a fz]_lo 7 'named Sklllman who is no longer with IBM

wacles

but is with RCA, and Don Quarrels, who is with IBM. I'm afraid I've left

somebody out there,

—

B {}@‘\'\J(M
S. Was Elaine Bowman working on that?

B. Ohno, she was working in Poughkeepsie on this assembly thing
and what not. I'm not sure that she was there yet even at this point. So anyway
after that, well really on leaving that thing I was starting alreza Qy then to get
into the business of gelting TORTRAN going. I wrote to Hurd, Cuthbert Hurd
sort of proposing ... .» wait a minute, no. During that business, working on
speed cods ‘ng and thereafter it must have been, because then cams the busmosa
of working on the 704 bec'ause of course tnhe idea for the FOR TR‘AN very neavily
depended on the idea that there would be a machine that had built in floating .
point and built.~in indexing. So I guess at that point in time there were a number
of meetings in Poughkeepsie involving John McPherson, Nat Rocnester, Gene

Andall, Werner Buchholz I think. I'm not too sure sbout that. It was called
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. objectives were so modest, that just where these various things were sort ¢
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the 701 Improvement Program and the idea }was for 25 cents or less to improve
the 701 without doing very much to it. There was a lot of discuésion. One of
the main .topics was how to get faster and bigg_é'r drums, magnétic drums

hooked up to the machine. There was much discussion éf that.
-

S. And V{hat that would do for processing.

B. Right. |

S. Did they ask you queétioné like if they hooked up so many bigger
and better drums, what you could do with them?

o B. Well this was something that it seemed was occuplying everybody

else bu£ it wasn't occupying me. I was pushing other things in that committee.

S. Like what?

B. | 'Well like the desire for indexing. I think it was sort of generall:
agreed ﬁqa‘_;ﬁere should ke some forrh of ivzde:<in§. I'm not sure just how Cﬁat

came, wncther that was agresed upon at the outset or not tecause the initial

admitted as being possible within the small expenditurs that was implied we were

to be allowed is not clear. But Iknow that my monomania at that point was

-to see that they got floating point into the machine. Ikept sayving, let's havs

floating point in the :fga.chi’ne. But I didn't have an;*hing more to s2y *han, lot's

'3

have floating point in the machine. . The most impartant thing you can do is put
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ﬂoating' point in it, But everubod y was so involved in the detailed discussions
of these Adrﬁm ideas that involved hours of description and technical discussion
that every time the committee would meet, I'd say how about floating point.
Let's put floating point in. They'd say yes, that's probably a good idea., Then
it would go on and be forgotten. So finally after doing that about three or four
times and getting no real response, nobody interested in doing it, I sat down
and I worked out the most lugubrious design involving ten more registers,
actually the clumsiest, worst, slowest, most expensive coocdivable way of
having. ‘floating point because I didn't understand many features of the machine
that act{ially made it possiblé to do it'very well; But I stood up at th‘e black-
board and talked for half an hour or so. Here's how you can build in floating
point. Iwanted to keep their attention on floating point for nalf an hour or
so instead of letiing them forget it. Tt turned out that this was such a laughable
prOposal hat Gene Andall and others tooklg t delignt and it was mainly Gene,
in showing that you didn't need any extira registers and you could do it fitty
times as fast and 0/5 ih the cost, BoL tnat was what I had really wan! :ed in
“the first place, was for somebody to‘do this. So I was very pleased that now

Gene had demonstrated that we could have floating point in the machine and not

- atan exhorbitant cost. The fact that the majority I think of the 701 installations
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used this greatly slowed down Sp_eéd coding thing was enovgh evidence for the
company to show them that if they could get ﬂoating point in they better had.
I think I can modestly state that that was ... if there was any one thing that
made the 704 a paying machine, it' was that fact. r‘
S. But it was done without any real modification qf the machine.
B. Well you know it involved a fair bit of doing. The 704 ultimately
turnedout to be quite a different machine than the 701 but it didn't start out
on tEat basis. Itcostl thml\ very little more than the 701 to producAe, but
- it was learned by that time that the 701 was not mélcing zﬁoney, and since it
did so much more work in a unit time, that they were able to raise the price
like 40 per cent or some very large price iﬂcrease, and still sell 2 lot of
thein. Pecple cowd see that they were going to get'a whole lot more computing
per dollar even with this gre—ét increase tecause it had built-in flozting roint .
and it had built-in indexing. So the 704 I understood turned out to be the first
compute'r .... big computer that the company made money on. They rezily
lost on the 701. .
S. Talking about FORTRAN starting and the ideas for FORTRAN,

oooooo

+ B. Ohwell then after it was clear that there was going to be a computer

-~
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with built-in floating point, then the whole philosophy 6f speed-coding, you know
how to make a machine sort of doing....sort of do some of the coding work

for the user, made it clear that you cculdn't use this interpreter technique.

The interpreter technique it was clear was as efficient as compiling when you- —
. \ '

. ’ . .
had-to—ds most of the operations you wanted to do were not in the machines

~ repertoire. So that essentially while-a-eempiler-would-have-to-compile. ..

o «,\”)QM(I(“’.V
what i would have to compile would be just a string of calling scquences and

sub—routines. Well it turns out that an interpretive program does the work
of callmg in sub-routines with about the same soeed as having calling seguences.

It gets the main program informsation in a more compcat form also. But if

every operation that the programmer specifys is in the machine regertoire f

-

LEPN

as it was now going to be in the 704, ..vn the problem looked very different
because you ditn't want to have a calling sequence 2dded to a single machine,

operation because obvio: IQ]._/ it would be hi .hly inefficiant. So we nad to

P

- obviously have a compiler to do the job. So I orooosec. that there ought to be

an effort....oh I'was also xicked off on this idea by visiiing LIIT and sesing
,2 \ a)(\() ( : .
a program that Lanning and deater had at MIT that would take algetraic expressiors

and turn them into coce. That was parily a compiler, partly an inierpreter

S. Was this.the Whirlwind?
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B. These two gquys weren't even in the Whirlwind Project. They were
in the Instrumentation Lab and they just did this for their own amusement and
slight use and their own calculations; I guess it was for the Whirlwind computer.
I'm not even sure which c;,omputer it was for they_‘ did it. But it seemed like a
marvelous idea. They hadn't surrounded this with other features to make it
into a really vieble computing system, programming system but they had
certainly had this thing running. | It Was very nice. So anyway I wrote a letter
to Hurd asking him to let me and some others work on a systerm that would involve
alggs;aic expressions. and that would compile ccde, efficient code.
S. Why did you fix on algebraic expressions?
B. Weli just because it was an 1dea that was available to me. - , )

S. Was that bscause you saw that most of the work was.dene in mathematics.

1 N s -, ) . Ep: . PN 3 T '
B. Yes. LIy experiznce wes wilh scientific compuiing and Twasn't

at all oriented w0 the idea of bookkeeping on large computers. I wasn't interested

-in it.
S. Had any symbolic assembly proqrarﬂs come alox'”3 )
B. Oh sure. Nat Rochester had generated symbolic corputing on ¢t
701 and had gotien that bpe rati ﬁg and it was clearly a good thi ing. So that got
- underway. -

S. Was that after the machine came out that the symbolic assembly

program was introduced or did that come wita the macaine?
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. 'The Symbolic Assembly Program was supplied with the 704, yes.

v o

" Imean with the 701,

. No it was not supplied with the 701.

w

. Butit....

=

2

- But it came in later in the 701?

B. Later, yés. I guess Nat had a Symbolic Program running maybe
when the machine was ‘available but it wasn't the one that was generally used
at the beginning. I know that it was not used, at least-for'a long time in the
Coméuting Center 701 in New York. A lot of custorﬁers also did nbt use it
at the Beginning‘ When it sfarted to be used I‘fn not clear. So ther; this was now

the Summer of '54.,. .'starting with the Spring or Summer of '54 and working

through until the late Fall, working on specifications for the FORTRAN language

and working out methods for decodiny various of the proposed siatements and

ﬁnal’ly culminating in a tentative proposal of what the language would be like.

I was involved in a lot of trips to visit customers and describe this proposal
and hoped to get somé sﬁggestions out I didn't get.I don't tnink, one uééful Sug-
gestion after travaling all over tne éountry and talking to a lot of customers.
They hadn't thought a‘bout it and we had been thinkiny about it hard for six
months. But some of the customers liked it, tney lilked the idea and some

liked it so much that they supplied people to help and with that backing, we were
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able to continue for three years until we finished it. During that time I got
involved in one machine design effort which was never built but it was a proposal

to Livermore, Gene Andall was very much involved in that.

-
<

S. What kind of ﬁachine was this?
: B. Well this was a machine that was to be the big Supérfduper kind of
machine bﬁt at that time it was 'envisaged as being made of the same gear
aé the 704 and Gene Andall and a whole bunch of people in Péughkeepsie had
designed this machine and it was well along in the design busmess at which
p01;f: John Sheldon and myself were asked to go up and look at it and comment
on. it and John Sheldon's comment was that it was an absolute impossibility to

prograrc, he pcinted out because it was a machine that was designed as one

very high sreed central mzachine with very small m e["lOI‘j The bottleneck
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this machine was being fed by another machine that had its own instruction

1

set and you had (o keep these two things in synchronization. His cormment

was that it was an absolute abortion as far as rrogramming was concerned. .

- o

He then sugge sted that the way to do, this would be to use a lot of different
memory bits concurrently and this was an idea that appealed to me very much
and I went off and thought abeout that for a while and tried to see how this could

be done. I desinged what scemed to me was a charming little arrangement
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It involved having instructions corhirig in, after a coupie of steps having the
indexing being done and then having that instruction take its place in the line
aﬁd finally getting executed and while waiting in line, having the addresses being
sent out to boxes. It was not an engineering desi‘gn but it was that idea essen-
tially.. After a lot of back and forth between John Sheldon and myself on the

one hand and Andall and the other designers of the machine on the othe‘r, they
agreed even though we were under enormous time pressure to get this proposal
done, to change the design to this kind of a thing., I'm not trying here to claim

the design of the look ahead decoder because I didn't design it. I only proposed

a sort of sketch of an idea that this was possikle and that it would acivally co

the job correcily. It was Gene Andall who designed tne actual thing. ?
S. Well nhe raentioned that he phad a2 lot of-help {rom you. But the mechine

was not acceipied?

B. No. Thatwzsa very interesting story. Thatwas w here old shrawd

" Ralph Palmer entered the scene because he was then, from my viewpoint a very

high ofiicizl of IRM, and we were just some guys working on ihis progosal.

If you've heard this story from another source, siop me, tut it was very inlsres:-

’

'5
r‘
'..
1]

Ing to me. We {inally got this design done and got these rather elaborate

and everything prepared and we were to go out to Livermore on Monday., This

~
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must have.been around 1955 and so we were 2ll....we weni home exhausted.
We were working night and day.....on Friday with our airline ticket reserva-
tions and everything, all ready to go on Monday. We got a hpone call on Saturday
or Friday night, cancel ilour reservations. The whole thing is off. We're not
going to go. We're not going to make the proposal at all. Then later in the
weekend we were told, don't cancel your reservations if you haven't., If you have,
gét them back because we may go. Anyway we finally were told to come in
!

to 590 Madison on Monday and see what happens.

S. With or without your reservatiéns ?

B. With our reservations. And so ive sat éround downstairs in 590
while f?alph Palmer and others were up in the executive suite discussing whether
this proposal should bé made or not, Finally it got a:‘oﬁnd, he plane was to r
leave say two o'clock or something like that. One o'clock nad arrived and
they still nad not decided. So they szid, well you'd betler go out to the airfield,
go 6ut to the airport even though we don't know yet because we still may go.
So there were about Qicjht of us who were going out to make this propbsél. So
we all went out to the airport and finally came fifteen minutes before flight
time and w2 called up and askad, well havev you made up yeur minds? No iau‘:
get on the tlarne and cjo ouvi. We still naven't decicded and we may maks the pro-

posal. So all eight of us went out and after we arrived out in Livermore, it
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became clear what cecision they arrived at. It wa;_s a very brilliant decjsion
although we all hated it because it just meant putting aside something we worked
very hard on. But it was that we really would not make a serious proposal.
That we would say we'll ;qa}: you this proposa.l but the deadline was so long
Wé knew it would be unacceptable. They said.for another few million dollars:
we'll make you this other machiine made at a much faster gear than this one.
But it toé had of course a longer delivery date fhan Livermore wanted.

S. And what was the competing machine? |

B. The comoetmg machine was tne Lark Sperry Rand s Lark. So

PRSI . v Sace \’
n,.-

they got the contract and like Palmer. aope rently who was the chief arguer

’J PN

- . L\ 1 ) - s . ' 3 .
at this po;ny they locked up all their best quys working on a machine . ... it was
made with devices that were already known. Tt had a productive life of just
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sald they were going to deliver it and they just wasted a lot of time and effort,
' j‘);‘\) nL”m
whlcn we would nave wasied if we had gotien the contract. e was smart enough

to see that if we'r t into some:ning like that, we cught to tie it to
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the develeopment of faster componentw' So we slipped out of that an
Rand get socked with that enormous con itract. But I thought that design was a
nice one and nad many of the features from which STRETCH took off.

as

s STRETCE was the succeeding machine?
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B. Yes it sort of started where this thing left off.

S. What 'was the name of this? .

C O

B Oh Iforget what it was called now} if it ever had a name. I guéss
it did. - | o -

S. Well by that time had FORTRAN been done or were you still work-
ing on thlS'7 |

B. No, this was '85. FORTRAN was in the process of being done

ha

but the quys that I was working on it with really did all the work on FORTRAM. Ihad
| of the ideas but ....
S. Quarrels and some others?
B. No ihis was another group now. This started off with Irv Ziller !

and then got Farlan Herrick and then Rob Nelson and then Peter Sherridan,

CO

Dick Goodberg, Abe Sayers....Sheldon Best from MIT came down to v vork on
it, Roy \ILtt from United Aircreft, The nammes of these people ...
 they're all listed elsewhere
S. Well way den't you tell me a little, while they maz have done the
work, since you are known as the father of FCRTRAN, If you can stand that
 phrase at this youthiul poin’; in your careser, ...,

'B. DPretty soon I'm going to be known as the f*rana.a‘:.er of FCRTZ2AN.

-~
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S. Why don't you tell me what those ideas were and how they were

implemented and what were the stumbling blocks and the successes in finally

'

getting the thing out.

‘B. Well all right. Well one of the ideas that is still not recognized in
many. quarters even today and that is th'e ‘principal problem is not that of decoding
algebraic éxpressions. That is relatively eésy, ~although it was new and
interesting and a nlcv; orderly problem so it got a lot of attention. The main
problem was how to deal with arrays of nurnbers and how- to obtain their addresses
in :he way that programmers got them when they hand coced, which in almost
all procedures was simply to save the address of the last reference and add
a constant to it to get the address of the ext element because almost always
you're working in an orderly way through an arrzay. II you do this thﬁugh,
you have to look at the eniire contaext of the problem to se2 whenever a
refgrence is being made to an element in an array.' You have to see well v’n;-‘

was the last reference rmade to an element in that array and how are the sub—

AN
scripts being buried between those two referznces. '

S. Byan array you mean whati?
B. A rectangular array is numbers like AIJ, a three dimensional array

A sub I sub J sub X where you are given two or three integers as the subscr igts

of a quantity and now vyou wan: o pick out that number that corresponds to

those subscripts. It always used to make me furious after we got FORTRAN

Crl e I/

ut...people like A} len-c Curiiss-would say, on these idiots, they took tnree

years to maxe the system and I had a graduate student write a compiler just

N\

this last sammer. What took them so long?. Well what took us so long was

this problem. What Curliss cnd and nis gracuate student did was when they
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would see a reference to A subl7, they'd multiply J by some constant of the

length of a row and add I to it and then add .. .. place the address of .....

End of Track #1.
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Track #9.
4.

S. This is Track #2 of Interview TC-48.

B. Well I was continuing my gripes ahout Perliss's (;?)—G&rl-issLsA»

comments about FORTRANf

S. Perlissisa....

B. Peecisely, he is a guy who was then at Carnegie Tech and very
interested in compilers and stuff like that. Well the reason he was able to
say that his graduate student could construct a FORTRAN cor;lpiler in a summer
wheTeas it had taken us twenty odd ang—‘eq;ré years LO do so, was that the way
he would handle references to arrays was to when a piece of code contained
reference to AIJ, he would do this fnultiplication and addition and f:xvé addi—
tions requirecd to get the address of AIT. It was a very time-consuming operation.
Every referenca to this ar ray wogld raquire this multipl'icationl and addition
just to get . ne acdiress of the elem -vn: in the arrzy. -This makes it possibl
to translate the source code item by item. You n ver havé 0 know what's going

2 A

on elsewhere in the problem, Whereas if we had a reference to AIT in a loop,

~a

we would have znalyzad the code to know that this reference was indead in a

\

loop and in fact that it might be in sevaral loops. We would know that fact,

and we would know that the T or J was varying most frequently and that the

last time we went through this loop, I was varying by l.or whatever it was

.
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varying by in the code that was elsewhere. We would know just what constant
to add to the address of AIT the last time to get AIT plus 1. So that instead

of doing a number of additions and a multiplication to get the address of the

thing, we did one addition and we did it very effic‘:iently, usually with a maximum

of possible efficiency. So that although we spent more time compiling, our
code ran often two, three, four or five times faster than Perliss's generated
code, Although for %s purposes, his method of compiling was perfectly satis-
factory because it was for students and students wanted to compile a few times
g._nd tin.en run a problem for a couple of minutes and forget it. So that it was
better for him to have short compiling time and mefﬁcieﬁt object code. Whereas
fdr us, we weré designing a system for the aircraft users and aerospace users
and peorle who had to have hignly efficient code for many applications. And

_,:1 2l \ -~ H 2 + A 1A -, ) . . 1. L. ~£22 (I .
so we fell it necessary, in fact we did oo much worx to make things efficient,

Anyway that is the major protlem that FORTRAN faces, the problem of analyzing

" the context of the program and knowing its structure so it can understand

N
\.

how to make the references to arrays with the maximum efficiency.
S. You mention that you wers dasigning it for the aerospace industry
and that is what I would want to ask you about.

B. Well I mean those were the primary customers we had in mind.

-~

. ——
.
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S. You had to 'know their problems first, right?

B. Well no, Ididn't really know their problems so I couldn't think
of them first. All I knew was that it seemed to me that we wanted to produce
a programming system t.;la't would do a lot of tasks of coding for the user and
it seemed that we \*Je;é up against the attitude in the computing industry that
felt it was impossible to do this and do it and produce code that was sufficiently
efficient that people would actually use the system. And so primed with this
sort of having to beat a hostile world and prove that it .reailyf could produce
efficient code and do it with sufficient reliability, that it would not be the kind
of thing that would be efficiént four times out of five and then on the fifth time
be so disastercusly inefficient thét you“.cbuldn't use that program, so you would
never know wheﬁ;er it was worth while to compiie or nbt. But it had to almost

. - Am Y An N ~ s T IS Lo~ L3 Aqt - [ e & -
always procuc2 good code, Wa wentai that so hard that we very often ran up

19

the compiling time unnecessarily in causing the compiler to do a lot of analysis
in the altempt to produce an efficisnt object pi‘ogram, but it really didn't ray

off. The anzlysis wasn't worth a candle in many instances. rBut we felt if
we didn't dov it that some of that anzlysis jus‘t mignt take care of a situation
that in the early tests of the thing would blast us if we hadn't done it.

S. Ina way it was like designing a cémputer, that you were trying

-~

to cover a lot of possibilities and the users' neads......
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- B. | But here you see there was a price we were paying all the time
and we weren't so keenly aware of that price as we ought to have been. That
is that in attempting to produce efficient code, we were costing the customer
in compiling time. One 55 the things, after FORTRAN was distributed and
sort of out of our hands, Ikept trying to convince the authorities then in pro-
gramming that we should produce a quick and dirty FORTRAN compiler that
w;auld produce the most inefficient code conceivable a la Perl\iss. But do it
as fast as possible. It is only recently that thatAis done. People kept arguing
tha{ mey could, through extreme cleverness, sort of have the best of both
possible worlds. That they could have very fast compiiihg and very efficient
object code tco,' with only & slight loss in object code efficiency. It never
really workad out satisfactorily,

S. Did the subzegueni FORTRAN, FORT RAN I, IDand IV, did they
make those kind of clﬁange_s?

B. No. We prodﬁced TCRTRAN II. My group did that and irom then
on FORTRAN IV made some improvements in the language and they d‘id improve
the sPeed of the compiler. But their arguments iﬁ cesigning, wnich I dispuied
when the question came up, was that this was goir_g‘to be the answer to both
of these questions. It was going to be So fast in compiling that they wouldn't

have to produce a quick and dirty compiler. That it could compile quickly
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and still produce good code. In other words, they could do it with one compiler

instead of two. They turned out to be wrong. It wasn't that much faster.

In fact, when it first started out it was slower. But they worked up the speed

to a very nice.speed.

S. How do you work up speeds in that?

B. Just cutting anzlysis and going and doing it quick and dirty. You can
produce an object progfam whicﬂ doe's what is specified very quickly if you're
not at pains to make it run fast. Because you then just don't cio any analysis
at aa. You just translate things bit by bit. And you very definitely avoid any
kind of translating procedure that makes it necessary to look at the context.

S. .H(:»w did you get it to 1oolf at the context?

B. Well it ran through the source proéyrérn and did what little transla-
tion it could, namely the translation of algebraic expressions into code, ,
Wthh is a relatively simple task and it stored awas -all_ the rest of the infbrma-
-tion that it was geiting as it deciphered the input code into é lot of taples. |
Then the second pass of the system started looking at this business of céntext
very heavily. It analyzed the entire ‘structuz.'e of the do statements that caused

these repetiiions that we were determined to ireat efficiently. If people had to

have other leops that they didn't specify in the form of do loops, why we let

them know in advance.that these would not be treated in an efficient wa j

—————
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8. Well when you first started conceiving the iaea of FCRTRAN, did you
first think of a set of simplé instructions that you wéui{d want people only to have
to write or did they come afterwards? |

B. No, the language came first. We didp't know how we were going
to dec;)de it., We tried to think of it but for the first six months we were sort
of fiddling around with various ideas as to how you could ekpress procedures.
And we had a lot of other ideas in there that did have to do with tﬁir;gs you
Wouic} need to be able to express that in order that the machine could do the
job efficiently that we later cut out. One idea was a way of making it possible
to do input/output operations eificiently in bvei’iying data vwhen it was working
on a large relaxation problem where you had 4t‘1ree rov}s of a large array in
at one time. This could sort of overwrite rows successively and still not have
to rearrange all of tne coding. It's a little too difficult to descripe in words.
But this is one xind of thing that we feit we would need and léter it would still

‘be nice to have. But we never mh it in. But most of the features that we put
in that initial descripiion' wound up in the systern with only a few exce;;tions.
Does. that kind of answer your quéstion‘?

S. Iguessitis undoubtedly a fairly abs-i:rac:t subject beéause again

you were thinking of. .. tell me if you were or ycu weren't...you were thinking

-
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of specitic .mathematicai problems that had to be done .and various arrays....

~B. Well it was just from our collective coding and programming e.xperience
we knew that certain kinds of operations were done a lot- Certain typical
situations. The probiem-itseif was immaterial tp us. But we wanted a language

\
that would allow you to express these things that we knew were the basic in-

gredients of telling a machine about a process that you wanted it to perform.

S. In this analysis businéss, did you have a series of passes that would
continually scan what migat have_been putin..... ‘ ‘.
T B. Well no, you see all this soufce program was completely put away
in the form we wanted it after one pass. Now it was all in the formn of tables
and some compﬁed codes, little bits and pieces of compiled codes. The kasic
structure of the system was to do tnis first pass;, Ccocmpile the code for algenraic |

expressions and put e€ssentiais in and whatever could be translated then and

there was done and the rest was all put away in tables, in many different kinds

~of tables. The second pass then analyzed the structure of do loops and the

Structure of subscripts that they controlled and provided essentiaily tie basic

indexing instructions that would handle these tnings. But it wrote a program

and I gucss the idea to do this was one of the ideas that I did centribute in

" this thing and that was that instead of trying 0 get this program that was written

.~
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at this point, one that workad for a machine with three index registers which

- the 704 had, was not to try to get into that problerﬂ at this point but to assume
... towntea program that assumed that the machine had an unlimited number
of index registers. Becaﬁse that was another kind of a problem I felt and that's
what wa;s done. So that then there was a third pass which sort of put together
all the bits and pieces and there were lots of littie readjustments and things
that had to be done, things that had been overlooked and couldn't be done until
this time. It was done In Section III. So at the end of Section TII we had a pro-
gram essentially for a machine which was almost the same as the 704 pbut it
had this unlimited number of index registers. The next two sections then .
Section IV did a sort of Monte Carlo analysis' of how frequently the different
blocks of the program would be executed. It was like sort of playing a Monte
Carlo \ch.”l".e with it. Then having decided row which were the most freguent
...the most frequently executed blocks of the p program, then this very, very

' Shee Lo 4

elaborate analysis thai Sherwin Best did came into piay to transiorm this
program that had used maybe seventeen index registers. into one that L;s’ed three

“index regist ters and minimized the number of ..... and minimized the number
of transiers of index quantitiss between t e real index registers and various
-storage cells in which they were Aeot when t"1°_/ weren't being used, That

-~

program now assumedly was ascembled by an assunoxy program which was

.
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special to £he system and that was that. Now one interesting story in connection
with this analysis that Sheldon wrote is that we had one of our first big sample
programs. It was a very elaborate calcuiatic;n. I forget just what it was.
But in the compilation of that it took about half an hour and of that half hdur,
ab'oﬁt twenty minutes was involved in those last few sections. It sort of generated
these iarger and larger regions of the prograi'n that were then to be treated
by this indexing analysis. It was a very complex business. It turned out
after the whole thing was over that that region generation wa§ entirely unneces-
sar;because there wasn't ény subseripis used at all in the whole proéram. '
That twenty minutes of work in the compilation was absolutely worthless and
that's the kind of thing that we had not foreseen too well.

S. Well when you sat down originally to start figuring out what could
be done, did you kind of map out in flow charts or something, what you thm.lght
might work and-then try and originate or iraplement 4t ?

B. No it really was not this sort of master plan businéss. The pebple
who did these various sections were all very, very competent people‘anﬁ we
sort of generablly knew that and we got startéd right away on Section I and on
Section II anci irom there on and people ware sort of thinking about Sections

IV and V. But as all of these people pfoqreséed zlong they saw that one day

-
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somebody would arise holding their head and sayinj, good Lord I need such and
such information from you Géorge in your section, and I didn't mdw it until
now. But would you please create é table of this stuff.
S. Well this was é.lmost like designing a ‘computer, wasn't it?
B. It was as involvad, yes. | I suppose that the amount of complexity -
-and the degrees of freedom of design in designing 2 system' involving twenty or

thirty thousand instructions is as complex..... ~ .\

\

—

S. Is that how. many compiler instructions there were?
B. Just about. |
S. And gverybody had his own section to work out; He was Wwriting
programs so that the machine would be programmed. ;
B. Yes.
S. Did you use the computer frequen:ly in the course of this or was
this .doné on paper? |
B. Well this whole program was of necessity done on paper.
S. ButImean were 7ou trying these taings out on the machin\é every

few days?

B. Well essentially people would debug. Everybody had his own philosop

of coding. Some people would write little sections and debug that right away.

-

am

=



0

#11. | -
I quess that's the more popular metnod because otherwise &ou'd forget 'the
technical details of the problem before the program was written if you doﬁ‘t
debﬁg it pretty quickly. |

S. Wasita debﬁgging for convenience or did they need to run it on the

machine to see how it was working?

-

B. Well no, because we never knew how it was going tovwork until
we got the whole thing going. One of the essential quantles of programring is
if you don't' know how it is going to work when you design tne program, it's
ngt going to work. You can rest assured that if you don't know how it's going
to work when you've got the. program designed, that it won't work. This has
been dermonstrated time and time again in programming systems. With the
exception of one or two people who are temyporarily involved in the project,
these paople really knew what they were doing and they had to because they werse
doing very involved and very complex thingé. Aiter a while it got to the point

where most of the stuff was all wriiten and the programs were hddividua.’-_ly

N

debugged and it came time to fire up the whole thing. Of course nothing worked

at all and th.ngs we ting cLo‘h‘o ed right and leit and then

-

- we were on the machine night and day. We had 2 suite of rooms in the Landon. ..

or the Langdon Hotel which is now torn down. It was on 58tn Street and rifth

Avenue and we used to sleep there and we would have the entire machine to

ourselves prac:xcali" all nignt. S omething that reople would never think of
doing nowadays. I can remember Roy Metz sitting at the console Lmn-.mj
for {ifieen minutes while the machine just sat there. Then he d key in socme-

thing and see what happened. :

S. Well this was after three years of work, is that right?
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B. Yes. It took us about 2 year to debug the thing before we distributed
it I/guess-; It ’waé the last six months of the time before WQ distributed it.
It 'wa.s solid just debugging or moré. '

S. Wiqen you went through this project you must have been pretty sure
that it was going to work, right? |

B. Oh yes, 4we knew it was going to work but we didn't know by the time
you get through having worked out the details, you know it is going to work.
But\ it was sufficiently complex so that whén it first started actually compiling
bits of code, you didn't know in advance what the code was going to be like,
You cduld tell how it got it.' Everybody understood .... not everybody but
the people in his sectibn knew how this section had gene'rated that piece of
code. But it was very fas.cinating to look at a piéce of code that was not construcied
by human hénds and {ind all kinds of elaborate and unexpected changes ‘
that the compiler had made in the original order of things.' That was a very
exciting and fascinating period.

S. So it print-ed .out the compiled code and then you checked i{.\

B. Yestosee...., .

S. Visvall:,

B. Well then we rén the code to see that it did what it was supposed
to do. We often found that it dndi't and then had to finc~1~ what the compiler had

done wrong.
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‘way. It did it so cleverly that it took us a very leag time to discover what @

M3,
S. Do you recall any instances where very difﬁéult problems arose

where it wasn't just fifteen minutes figuring out what to do?
B. We had one case which we used to-laugh about later ...... there

was one quy who really didn't know much about cqding. He was sort of thrown

in to help speed things up a la IBM phil_osophy of the more the faster. And this

guy wrote a few little pieces of code which we later realized ... or if we had

realized he had never done so we would have been far better off, He would

do thmgs in the most strange fashion. We discovered much later than one

debugging busmess that somethkng kept going wrong in the most mysterious

way. Andafter about two or three days we discovered that this plece of code

that this quy haci written due to some peculiarity and certain circurnsiances f

would start pu! tinq data all over memary in a very selective and diszsterous

-~

4]

‘going on. Because his errors weren't showing themselves during the exec:iion

‘'of his code but .... somebod Qy else that should have had nothing whaisoever

to do with his code was running theirs and all kinds of mysterious bugs would
occur and they would look at helr coce and the code was correct ard yet it

4

)

wasn't doing what the code said. It's the kind of thing that happens all the ime

in a large system. -

S. How did you extract it once you found out?
B. Well just jerked that code out and rewrote it or correctsd it.

So it didn't do these strange th'ngs any more.
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S. How did you fiqure out that it was that code?

B. Finally by printing out enough memory, sémebody noticed finally

what was coming out maybe. . ..what was coming out of memory that was supposed

to contain their program was changed in sceme slight way when it was put in
and we {vent through a lot of tests to find ;3ut Wha.t was causing the changes
and we finally discovered sozne.obscure error; |

S. It Was a tracing problem.

- B. Well I don't recall exactly. Usually tracing was not employed.
Tracin§ in those days meant this business of sort‘of. executing each instruction
under the control of a tracing program and seeing what it did. That we didn't
usually do. We ﬁsually juét printed out fcarts of memofy.

S. And analyvzed it on paper.
B. Yes. How one detugged was a vary mysterious tﬁing in those days.
It was up to each guy who knew his own céde how he was going to do it. I guess

there still aren't very good methods for doing it. Because you are essentially

\\
~.

the ownar of the unforesesn.

S. What was your position with FORTRAN? Vou were the manager

or the overseer of getting the whole thing out?

B. My formal status was unclear much of the time that it was going on,

-

R
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') . It was somehow understood that I was more or less in charge of this activity.

<9

Y,

-

Rather late in the game I g'uéss I was made a manager or something.

S. You had mentioned that these other people did a lofhoftthe writing.
You kind of coordinatee their efforts. |

.B. . YeS.‘ I was general sort of handyman around the place. I took

care of getting supplies and things like that. We had a lot of discussions about

e
\

technical problems with people. L

<

_ S. Well is there anything mvor'e that we should say about FORTRAN
that I can't find out {rom reading all the write-ups of FORTRAN'?

B. Ibelieve we've éaid more than enoﬁgh about FORTRAN. . I can't
think of anything more.

S. Did you get involv,ed with anything else simulitaneously or ....

B. Well yes, I think it was during t11ét veriod that I got involvaed witn
STRETCEH trying to combat what I thoughtﬁ were stupid errors in STRETCIH
Programs.

S. This was when the machihe was being built or being -design'éd?

B. Well it was being Qasgme:i When it was being built it was much
too late. Ialways seomed to get into these things too late and aiways on the
wrong foot. A group of peorle whb have been working together designing some-

thing, never receive an outsider who comes saying, you're all wrong and I'm

rignt, with any great welcome mat, That's waat nappened in this case. I was
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'S. Well how did you enter into the STRETCH picture? v
B. Idon't remember exactly how I got involved in it, whether I was

asked to or whether I just knew people who were working in it and since I had

‘been connected with this earlier effort .:.. Iwas interested in what was happening

with what appeared to be its successor. That is this Livermore proposal.
When I looked I was dismayed énd always enjoyed trying to figure out how
machine design should be done. I sort of tinkered around with various ideas
and tried to show that if it was dc‘)ne this way it would be féster than the kind

—

of thing that they have proposed. One of the things that my tinkering did do

was to up the number of mdex registers very much in the machme that before

I started hounding them they had very few index I“"ngt@I‘S in the machine as
compared to what they firally wound up with.
S. Well what was your approach? When you took a2 look at the machine

and it needed more index reglsters what was your ap ach?

B. It was not my approach to say it needed more index registers,

I S

In fact I didn't really feel that because I wanted an entirely different philosoghy

I wanted no index registers essentialy. ... that is I wanted registers but that

~-4

would te used in a socmewhat differeat way than index registers were used.

I was sort of pushing for very little, tiny instructions that had a different character

.-
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than these .complex instructions that they had in fhe machine. AM_y approach
wé.s always to come at them with a different machine and say, look here, my - R
machine is better than your machine. | |

S. What was you;' reason for wanting smaller instructions?

B. Well primarily because I felt that big, complex instructions existed
because there was a»cértain word size in the computer and that if you sort of
bx.‘oke it up in v}arious Ways, you could get that word made into one instruc-

tion and then chop it up into various fields. You could get.this complex package

of az:iion that in the hands of 2 human coder could be used Wlth great efficiency.

But that for automatic progr'amming,. these packages, these lugubrious package

of actions which had index quantities and little register addresses and little bits
that said yes or no to certain things, that all of this made far too difficult

a combinatorial prctlem to getan efficient prograr irom some sort of {heorerics!
approach. It seemm to mea that if fnero was ever going (o be away oz .;.ecna:;*:.:l;;
devi.sing an effi c1er1t prﬂg-am 10:1 'd have to have some sort of theory atout it

and it would have to be concernad with sort of elementary actlons that the

machine could take, like getting a numbrer from a sboragﬁ cell or adaing twe

numbers or putting 2 number back into a storage cell, very simple e'e-‘-m Ary

actions., And that if you had to deal witn arbitrary packages of these things

-
-~
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ﬁxat carne together tnat ycu rz.ught be able to figure c;uﬁ an efficient sequence

of elemeritary actions .that would do what you wanted with the utmost efficiency.
But now if you couldn't have those actions in that sequence and you had to take
the packages with these big bags of actions that were represented by machine
instructions, big complex machine instructions, that a quite different sequence
might be the rﬁost effic'ient way of doing it. Because if you figui‘ed out the

sequence of elementary actions that did the job most efficiently, you would

find then that you'd only be able to effect one of those elementary actions in

—

each successive instruction and you would then b'e‘ wasting all of the other
opportunities that each of these instructions gave you, and so that in an entirely
different way it involved l'ots‘ niore actiOn'ar'zd would be a rﬁore efficient way

to do it on this machine. I was trying to see ho‘.r} you could design a mchine
that would tenhave efficiently with small ;;nstructions pecause I thought that

aas

you vroul then get the possibility of rmore efficient antematic programme

(S

operations than you could otherwise get, And of course, STRETCH was going ¢
\

the just horrid extremes of complexity in that it had this quge word size and I
felt no one had gotten this idea that you shouldn't package things in such big

packages and I wanted to show that you dida't have to. I mean it's not easy to

7

make a machine with little tiny instructions tFat will beatl the conventional

-
-
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kind of machine. / .
-~ .

S. Well what was the reaction to your'proposal?

B. I've kind of forgot en now what all the details were. But one of

the main ingredients was that there be a number of little registers that would hold
\

various little quantities that you needed so that you wouldn't have to be sending

_ this back to.the memory all the time and that these be used in .... that instead

of having a machine that had an operation and then a large address, since you're

going to have lots of memory and so a very large address, and then having this

. ——

' constant address modifisd by lots of quantities you got from these little cells,

or index registers, as they kept referred.....they kept relerring to them,
that it would be} feasible and perhaps even preferable o hava; an operation

and only the addressées of cells coming at you as instructions, having none of
these large cbnstant acdresses of main memory and then using these instract
tions j:o} generate the acddresses of main memory uh you wc.*.ned inaway

and this would mean that I was atle to show that in a2 number of c1rcumsza 1CES

nio

-3

rma-
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that you could make an instruction stream that had higher density o

[

tion in it and ‘f*ﬂt it wasn't so wasteful of instruction bits. Many things could

n

get done faster. Instead o trying to make a machine that had small instructions

)

what they did was to improve the periormance OL tneir design by adding or sayin

R SN

. 7 well your machine works lovely because it has got all t.nese regisiers. I we put

——————
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them in our machine, our machine will work bettef and it did. S;J it was in thal
sense that I had the impression at least that this arqument had some effect in
determining the registers they would use.

S. Was this while Andall was there or after he had left?

B. This was all so damn long ago and I‘vé been interested in so
-ma,ny things since, I can't remember the time scale. I think Andall had left '
by that time, but I'm not sure. When did he leéve the STRE‘ZE‘CH effort, while
it was still being designed? | |

S. Yes.

B. He may well havé left then.

S. Did you get involved in other things with STRETCH? Were you
involved with it all along the way? | |

B. No. Thnis was onée of the reasons of course. The complaints of

these peogple about my appearances with these proposals wws

v

tways that if you
| really want to have an efiect on this design, you should join it and get really
involved in the gorey details, which I didn't yeally wenti to do. It's rara enough
to try and come up with a decept desiqn without having to argue with a large
committee of people about design., I was fatglistic enough about the possibility

of ever really influencing the design anyway and to have it really be a test
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w oi your oxﬁn theories, like this example of this look ahead bu.sines.s' getting
blasted by interrupt. I think the look ahead decoder idea is étill a good one.
You'd never find it out through STRETCH. I think this is typica. of machine

design. There are so many people competing to effect the design that it turns’

,-"_‘, ERRE Py
(T - -y
.

out to be the union of everybody's ideas instead of the idea of any one person. '

!
»
L

S. Aside from this session with STRETCH, did you have anything to

do with the final programming?

\

-

B. No. Iwas very much involved with FORTRAN anyway all this time.
These were just little forrays into this other field. | |
S. What do you think the effect of your suggestion would have been,
to speed the machine up?

B. Well you know I can't really Say. It's not fair of me to go claiming

that if they baa done what I told them.... machine d¢sign is 2 hard business
and you may have an idea that looks elegant é.r-.d as if in.has. great possivilities,
but some little cross effect with some other thing may screw it up. I've got
another idea now tnat I've never checked out at all, again because I’v“e‘ never
worked it out to the point where I can even convince myself that it's a good idea.
Becaus2 these things depsnd on so damn many factors that are hard to get

all in hand unless you actually go build a machire or desing it in detail. .

-
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S. Well did machinés'at that poiat have, 6r evén up to tl{e 360 were
programmers called in éarly enougn to avoid problems or has that never occurfed?
B. Well you know, programmers a.xfe’ always called in. They all say
different thinés and I'm ﬁot sure it's a good idea even to call them in because |
again the more people you call in, the more illfitting ideas get thrust together

into the final machine. Where the problem it seems to me; in machine design,

-

is to drop ideas rather than to get them. It's cutting them out that's

the decision. There are just so many good ideas that you want to put into a

-—

machine and the real hard thing is to say we won't put that one in, because

it doesn't make a good total thing. It may speed up some operaticns, but the

cost that it adds to the machine is going to make a worse machine in the long !

—
run.

<

S. After FORTZRAN, is tnat when you went to Ressarch?

- B. Yes. Iwent inlo Research in '69 I believe,

-
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