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This is Interview TC-46 in the IBM Oral Histor~' of Corr:P.11tcr 

Technology1 Larry Saphire interviewing John Backus December 15, 1967, 

in San Francisco, California. 

S. Jo1)n when did you fir.st come to \Vorkfor IBl.1? 
\ 

B. In September of H350. 

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

B. Well I was i.."Yl school actually. I was just about to get rn y Master' .s 

degree at Columbia in mc1.~hematics. 
-·-

S. And v1~at did you start working on L"1 IBNI? 

B. I was hired by Rex. Seiber, v:ho hired me as a program:rr.er for 

the SSEC. l 
I , 

s. 

B . 

. thougi.1. 

out worki!lC" on or.e J~('\"' ~.,..,,., T p{cl..:-oA 1'+- "D r 0 ')11,r E 11 +- sr,::,v,o •r•;:'>->CI no 1·nc:~""'"'"' 0 ' ~Y1s ;; ,. ,._,...., __ .............. - ... -~ ""'...-l_ -- ,,;• ~- ......... ____ 1. .......... - ................. -~-------- • 

S. \Vhat did ~'OU ;ick 11p? 

.. 
B. Well how :.o p:-,:)gra:r.., •.vhat the instr'J.c~ioi1s fa::.· r..:1e SSEC Wc:l'e. 

,. 
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Also over a considerable period I acquainted myself with the problem that I 

was assigned to and that was computing the position of the moon which was 
G<> \).J '-~ -t- • 

a fantastically complex¼ series 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. Ji you know the machine L-ristruc-

• 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 from somebody th2.t 
--

they have discovered how to do a certain kind of thing very easily. But I rapidly 

got interested ..... oh one of the things that interested me very much -...vas 

how to .... well the mac:\ir..e had a very short error-free inter•;al t:iat it v:ou:d 

~ run and then yo'..l had to stop the macMpe and find out what v;as ·wrong by flip}.:':'..!1g 

or not. So you'd rW1 for L";.:ree !ninutes and be stopped for fi,ie \V:iils you f::.g-u.::-ec 
. . 

out what was wrong 2.:ncl go: it restarted. And so one of L.1.e ~½.::.ngs I •:ias in-

' 
terest'00 ·~..., r•i."l"'.~( 7I'Om ... ,.,.,e ~!.'.:\.,....:. 'V2.S honJ to src!'d j-\.-,~t- 1un i,t.,c, a·oi- a ~Trs'-oyv, 

--- ..... ·':;;·~- - .. ...... ~~- ... " .. . ·- • 17--, ~---~. ·1::'• ..... ., ~ ...,J '-'--•• 

• n,dC 1X' dI d. rl • f.. • • ..... going, 1e OE an , we ev1se....L a sysr.em o_ 2u,.OI:;.at1c erro!' c.e~ecnon a:'1a 

error correct.ion that !nvo!ved peculiar features of the SSSC.· i.}:Jr1at you'd do 

is you'd code a sub-routine which was on a paper tape loop and :.he normal 

-practice 1.'.'as to ... ·there v:ere 2.ctu2.lly t\0.10 ta;9 loor:s for ope sub-routine t1::a.t 

,. 



Q would go simultaneously and the tradition was to have one doing the calculation 

"1/ and the other doing the calculation again in duplica tc and simultaneously and 

then at frequent intervals checkL.~g and comparing these results and stopping 

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

without any checking, doing it all in duplicate without comparing anything, 

compare U1e results at the end. If they were the same, to go on to the next 

routine 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 lhat were being used so that during the next 

pass, it would go through and act..1ally check each inst.ruction and would nov; 

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

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

"""' . that would then check the results of Ui:at single pair of instructions that you'd 

done. and if that vms correct, it ·would send you b2.ci< to the sub-rout.:.ne tape, 

do another p2.ir of instructions- or another fe.v; sets of instructions, after 1Nhic.h 
' .. 

•. 

an altered code ~Hould send you back to t..11.e ·error de:cction tapes and so en. 

S. So after figuring out what· kind of an error checking code you r.ad, 

. you had to p1.mch out the tapes and get them on to the mac:iine. . . 

coded E:e problem you had to code 
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all the sub-routine tapes and the error correction tapes a...rid set. up a lot of 

plugboards ·that were p9.rt of the machine that would affect this error detection 

mechanism. 

S. Was this error detection mechanism there to start with? 
. . \ ... ·. -

·B. No, it was ju.st a way of using the facilities of the machine. The 

ma:chine was enormously flexible. Iviost 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. '!'hey went through a decoder and you. could arrange it so that ·that code _ 

ref erred to any particular tape station and in fact you could have it go through t 

"" a selector so t!-la.t at one time, i..'ihen the selector was in one position, the code 

' 
another. That was the facility that we used in this error de:ection scheme. 

S. So you \~1ere r,eally slowing dovm the cor.nputer but by slowing it do1.vr., 

you eliminated errors VJ:;.ich. slmued it down even more. 

B. What actually h3.ppened ~;;as t.he way the t..1:.ing would work with this 

system vms th.e machil1e would go through the tape, the sub-routine, if it then 

• made a mistake, it would go through fae second time but the altered rhy thm 

• ... it worked out foat rhythm was rafaer impor~3.nt with a_ lot of relays. It would 

~­
~ 



~ often go through successfully, the next time because it would do this one instruc-
J_,; 

Uon and the rhythm would be entirely altered ·by. the error detection mechanism 

operating on the second g·o_-round. Then it would conclude successft.lly the 

second time and would go on. 

---

S. And you knew that it was concluded successfully how? 

B. Because it just didn't stop. 

S. I see. 
I 

B. It was so arranged that if it went through and checked everyt.h.ing 

and everything checked, it then just went on. 

S. So you had enough confidence that the machine was ch2cking cor-

recUy. 

B. In fact it was ~.rranged to actually onerc.te as follows. It went t.1-ir::iugh . ,. . 

once. Ii l·t m~ jc ~ r cr"'O.... i+ ·~1ould ,.....0 +·:1 .... 0"·''}. ·"'nee ar,<;J. h·, ~,,st st-.,,.a1'gh+ ,;i.,...,4 
-- - --. .... J. \,,,.o, • ,.1,,,' -"" \ ~ t.,..a. .._ '-l.':J•"' .,_1;,. ·-;;-.!.J.J. J ""'" - .. ..-.. ... _..., -.a.!.U 

then if it made an error a $econd time, then all the error detection tapes v1oi_:ld 

.be broug-ht in and sometirnes it would get through the second time on a fast 

run. 

S. The second time was Seiber's method of error detection, t..v?-..sn't :.:? 

I remember he told me SOI!}ethi:1.g about that. 

- . B. Oh just running it twice. Yes. 

,. 

' 
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• S. In fact running the proble:rr. in parallel or almost. 

B. • Oh no1 his fundamental method of checking for-errors was used 

all along in this thing a.rid tha.t was that the entire machine was sort of divided 

.... the memory was divided into two halves and everything was kept in duplicate 

and every step \1;as 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 do all check calculations because it was ·important 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 made an error and this involved 

flipping lots of toggle s1,vit.ches. And if you only did one check at the end of 

~ a sub-routine it v10uld take you all nig1:1t to find ou: \'.1here the error had occurred. 

But wifa our ~ethoci, s:.1:.co v.1e had :r,.is 2.1..:to::!',a:.:c m::: ~r1od for looking for errors 

once. one w2.s r.c.2.d2, we didn 1 t r..a ve to put in a total of a lot of che8ks that 

were always done as yo1..1- did in his method. You only had one check at foe end 
·,_ 

of a sub-routine. It m::.gtit be a verJ lo:::g :St:b-:routine wit...'ri. no comparison 

calculat:ons. \Ve were doing everyt}1.ing in dup:icate jt:st as he had done. But 

there weren't a lot of foese compar:.sons being r.1ad2 all thro'..lgh this sub-routine. 

So when the lhing did end and an error was made, it was determined that some-

thing had gone wrong beca:.ise foe results didr1't com;are and then you'd try 

'\ 
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again and if it then went wrong, fhen ?.11 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 fir.al error detection run, then it stopped 

you and told you exact]y which line was wrong so. that you had none of this toggle 

' 
swi lching thing to do. 

S. That was where the tir.1.e savings came in. You· spent a lot more 

iline computing. 

B. No, you spent less time computing. But only when there was an -.. 
error did you spend fais time. In the .... you did less computing because 

.... you did far fev,er comparisons than you did in the old method. But then 

when an error was actually in effect, then there was a lot more computing. 

But that computing \vas doin;r at high speed v:hat you ordinarily had to do at 

• ! 

a very slo'!J s_peed manually.· Its purpose v12.s to do \vhat was being ::one. m2.nus.11~,, 

namely to find v1:1.i'.:'.:-. line \Vas going wror:..g. Then wheI?- yo'J. knew tha:, genera!l~· 

. if it made an error, it had to make the same error t.r.ree times or 2.::1 error in 

the routine t::ree tin:es in order :for it to stop, so t.:-:2.t gencrall~r whe~ it did 

stop it was a solid error and you co1-1:ld see exactly ·,vnat device in tr,e machine 

•" · was \Vrong and the Gr:gir:..eer, would d:ange i: and it was easy ~:c-:1 to restart. 

S. Did you h:;we to go back farough t:ie w~ole su°8-routine at faat point? 

..... 

I 
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B. Well in the restarti.'"!g procedure you 're not dependent upon the 

situation. The main thing was if you knew w~t line it was, ·then you'd look 

at the coding and you could see exactly where was the appropriate place to start 

and what had to be done before you could do so. 

S. In those days did you have to hover over the machine most of th.e 

time? 

B. Oh yes. I mean in those days the operation of the machine was 

much more fun t.i1.an programming now, because you spent a long time pro-
--

gramming. Then you spent weeks preparing these tapes and gluing them together 

and doing all this stuff. 

S. Those 1Nere the tape loops. 

B. ·Right. T:~e sub-routbes, you coded them and key punched the~ 

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

glued it toget:-1er in the bac~ rooP-1 ... 

' S. To make a ioop. '·· 

B. Yes to k:nd of Ynal-:e a lO?P· Then you nun1bered them all and hung 

them on tape stations. Then once you were ready to go and t."le machir18 ·:;as 

ready, you took over the entire rr.achine nig:it and day. You had it full time. . . 

There was no in:erc::2.nq3.bility of problems at all. It fook weeks to get a 

•• 



problem running, let alone to do it. Then it would run for months, very unlike 

present day operations. 

S. With these lo9ps, did you have to keep ~ubstiti.1ting them or ·could 

you put a lot on at the same time? 

B .. Oh there were 66 tape stations and you could put all.of the routines 

~t 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 routine. And the 

. main routine, when i_t 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. I guess it v,asn't adopted for all 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 associai.e:o. wifa a.iter that. Another interesting feature of that machine 

that we made use of was that we actually took one of the ·storage cells which ·,•ms 
/.JJt~ 

a relay stora~re t:1ing, and esse:itially rewired .... what was his na~e,A Broo~~; 
\. . . ~ 

made a special storage cell that \1,:as essentially just a plug'coard where you 

could fiddle wifo the relays and all,· and we made use of that in t..11.is first problem 
~/',~h/i,;, \·eel 

I did on the moon pe-sili:crn to wire it in_ such a way that you'd n.e.ea an argument 

into it and instead of ·getting what you put in out again, you could read out an 
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instruction that had part o: that argument involved ·.in it in a complicated way 

and that was to speed up operations. It did sp~ed things up quite considerably. 

s.' Well was this when you fi:rst started getting ideas of ways to speed 

things up .... : . 

B. This was just a little deal that presented itself as a way to eliminate 

a few steps in a very repetitive sub-routine that was used an awful lot. You 

se~, that program 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 joined t.he company until about 

1961 or 2 I c;.1ess, v.1:-:en :hey got th2· 701. I'd have to look up the records. 

S. But then you ~oved on to the 701. 

B. Yes. 

' s·. Before we leave foe SSEC, was there anything else, an~r m..··10v2.tio::.s 

that you got into in programming along the way? 

.B. I don't think s9: Every proble:T.. on that machine. was very interes:.f!1CJ 

to 90 because you had t!:e business of one other technique that 1nade th:ngs 

• interesting ~:;r.ich v/3..s a pro'clem in. which there are so .. many choices to be 

made that ::otf bega.vi to run out of tape stations for alternate sub-routines. 

' 
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So that there came into use .in one_ problem a technique whereby you had to make 

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

computing a function thal was 0 or 1 according to whether the result \Vas yes or 

no and then using that as a multiplier. You ·had the two calculations and you had 

to go _through bo+:.b. of them but you· added the two results at the end multiplied 

by 0 in one case and 1 in the other. There were lots of interesting applications 

of selectors and all of this great flexibility of the machine. 

S. Do you re~all your ovm sentiments about the computer? 

B. Oh I liked it very much. Oh one o: th~ things I should remark 

about foe computer w2.s that it had a number of features that later ca:!"!le to be 
. . . ,.~ 

regarded as ad·v·n.nced and mainly the fact t11at it was somev.1hat 9:_3ynchronous .17 

-.an.d-l-la-4+:rr-e-ome-s-er:s~ Th~ arithmetic sectio:1 would 2.sk fer a transmission 
. 

of a piece of data and before it ir~o.icated Li.";at it ;,vs.s ready to receive some -

thing, 2.nd the place whe:::-e it ·was. might not ye~ be ~8::.dy to transmit H, so t!1e 

signalling syste:::i ·::;as im.rol ved that vmu1d sorL of coordbats t:iese reque.sts and 

abilities to deli-,·er th:ncrs. And SL'1C8 the machine \'.7aS wor!dr.a on t\vo rather 
w "' -

involved ins~r1.:cticms s::.~u~taneously and had t-.•.70 r.:ore ::.nstructions also in its 

decoding r.:1ec:1anism., it had quite a fe\11 instr-c.cL:ms tha \Vere in various states 

of completion L"rvoh·ir...J gett::.r.•;r tb.e o;e:::-3.nd ar..d coi::g the arit'.'!::.:1etic and putting 

,. 
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the re.sul ts back. 

S. Were those the eight bussing channels? 

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

I could. But I thought that was a v~ry 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 lmew nothing about other computers really. Of course I heard 

about these oU1ers. In fact, when the 701 came along and having gotten used 

to this strange beast, I was appalled at how anyon·e could conceive of a computer 

like this operating. It was all operating silently and you couldn't see what 

was going on or hear what v,ras going on and it went on at such an incredible speed 

by comparison that I figured, having gotten used to the kind of error rates. 

that_ anyone couid, v;here you were doing t:1ousands of .instructions a second 

instead of twe;;ity or thirty, that you could possibly get a correct 2.nswc~ oi;.: 

of the machine. 

S. Were you disturbed by the lack cf audio in the 701? 

B. Well il was r~"lainly that the co:m~u:1.icat~on betwe2sn the inside o: the 

ma.ch~ne and the outside of t:ie 701 was very dif~icult because it took rather 
- . 

. elaborate prograr!:.s to get just one· number into the machine or get one m.m:oer 



0 
out of U1e machine and when one t.iought of all of th~ work that had to go on 

just in order to get the number out, let alone the computati~m that might have 
I .,";-·'" 

been need-~d to generate it, why it was a prettr awe-inspiring thought.;',.' _;.. • , 

S. But when you first saw the 701, was it completed, or did you look 

at it while it was being ?uilt? 

B. No I didn't see it I don't think until it was completed. 

S. Were you asked to do anything on it? 

B. Well I was working on the program for it I guess, even before it 

arrived. The chronology is a little foggy there but I know that at least a.fter it 

arrived·! got right away h1volved wHh a programming system for it.· 

S. • It didn't have any system to run it when ...... . 

B. Oh no, heavens no. It had a pr~ntir.g program and 2: card reading 

called a relative as~em.bly prog·rarr1 whicn you v1rote inst~uctions ... you . . . 

were allowed a few symbols to use ior location and th.en you referred to that 

' 
symbol, plus one plus· t•.t10, plus fifteen. and so on. You didn't generate new 

symbols. 

S. This v;as for specifying storage locatior,s? 

B. Yes this was for specifyir.g storage locations. So it had very primi­

tive methods ..... 

,. 

'\ 

,,-
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S. What was the symbol plus 15, thE: current just cou..11ted through 15 

storage ~ocations and stopped? 

B. It had U12se 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· that 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 fr,e 

binary to decimal conversion and all that. That was anoLl-ier one of the pri:::.cipal 
-. 

topics of interest in those days, conversion programs 2.nd v10uld you get e:,:8.ctly 

the conversion by such and such a conversjon melh.od or wo1..1ld you ':)e off t:; one. 

And of course one of the big problems was getting input/output p:-o;;-:::ams t:::J.t 

would ..... in that machine it_ did input;outpuL b? sending out co;:;-.... it ·.:iorke: 

wHh so-c2.E~d card irr:ages and it s~nt the:-!1 out 2. rov/ at a t:!1:.e so :.::at it --:':ould 

send out a bit essern:i2.lly for e2.c: ... hole i.11 tl:at row an:: O's :2:: rJ.:):::-~:oles a:-_d 

then there was a good deal of ·or a good nurr.ber of milliseco::ds ~2.: could 
' . 

t 

elapse n"\'J 'oe.::o e ' • ,. ' • • • • • • • • • • • • -., .i.. r you naa ,o S"-ra 011 - """' nc•Vt ro\11· or-,..,-::i,,~c ~~-s vv,,::;.,.,::,..-,, ..... ~' .,,.,..~,.,. .... ...,c,. 
...... .... .......... ..i. ,.,..,.i,,. """' ... - ... - .. ,., _\..,,_....,......,.._. -·- ...,. .. ;..--.1,_..._.,..,_\,., __ ..i..1. .......... --·-----

conce~ned. In fact it was tte only proq:-am I ever re2.ll7 w:·ote :rr.rself :o~· 

-· 
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() this programming .system that my friends and I generated and it did all of the 

'J conversion of a bu.'1ch of floaUng point numbers ·from floating decimal or floating 

binary rather into some appropriate d~cimal notation and reconverted that all 

back to check and did fais all betv;een the copies of the . . . . that had to be 

sent out during the printing cycle. 

S. How long did it tak.e to write that program? 

B. It ~ook me a very long time because I used a lot of : . . . I used a 

different technique than was pop1:,1lar in those days. The technique that vms 

being used then v1as they had sort of a colum.n indfcator ... it was a word with 

a bit in the position correspondir.g to the column of t.he card and I used the 
.. 

technique o: generating the entire -~ card image by logical operations. 

The machi_ne had so!ne very primtive logical op8rat.ions., an and or an or or 

sorncth~:ng 2.nd a :=1.ot and using those, I generated the card image but it v1as 

very in·,..rol·ved. 

S. Just give me an ice2. of how you v,orked, kind of sitting down and 

figuring this ou:. Did you :C-:.ave an absolute k.."1.owledge of the pa~hs in\he mach:ne 

or . .... 

B. Oh heavens no .. I didn't knov1 2.nything acout how the machine VJO~ked 

physically. All I kY1ew was the ins~ruct:on ;et. 

S. You rr:ean- some g,.1.y like l>Tat Roc::.es:er told you ·some of the ..... 

.. 

I.; 
I 
I 



#16. 

B. Well I simply had a manu2J of the instruction set and.the timing 

operatio~s were very important since you had _these things that had to be synchronous 

and particularly in the work I was doing hJ. the printing programs, you had to 

know how long it would take to do a piece of code because it had to be done • 

in time to get out the next copy¢' instructions to the 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 Lhat .... I had written 
--. 

the instructions and you'd look up the tin1e for each instruction a:id added it up. 

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

Uons. 

B. Right. There was no t...1:.ing much to it really. 

B .. 1.V.ell yes, i."1. this relative coding that we were talking about ~~Yli,:;1~. 

I was nol writing in bin2.ry. I was v1riting in decimal for t.:::s r;r:mitive re!2.~ive 

assembly program t..1--iat \Vas available, this syste~ t:1en av?..il2.ble to t: .. e n:ac:::ne. 

The system that I W3.S workir.g on wit.½ my friends w2...s one t:iat would. accept 

instead of the binary s~r.gle address instructions of foe 701. it acceoted a 
• • • J,,, 

peculiar code ·where eaci1 instruction had one L1.ree address part s.1d 0:1.e or.e 

add rcss p2.rt a!l.d fr .. e fr1..ree address ~art v✓as 'referred to as floatina c.2ci::-~J.2.l . ~ ~ 

. numbers and there-v;ere faciiities 'for reading in floating decimal data and 

' 



printing out floating decimal data. It made the machine appear like a floating 
- . 

decimal, .three address sort of odd ball three address computer with indexing 

operations which the machine didn't ~ve. The further one· address operations t,..:,~l;,tt._ 

came along with each instruction was for manip~ating the index quantities 
\ 

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

This was a. system that was called ~pee~coding1and was used by very many of 
. 

the 701 installations for scientific calculations, even. though the rate of arith-

metic operations was much slower but they were floating point and it saved 
--. 

people a lot of analysis time . 

.. S. What was the relationship between the later introduction of indexing 

and this kind of effective indexincr? . ., 

B. Well it shov;ed people that it was much better to code with indexing 

than \Vithout it and it was a dernonstr9.tion that people wanted. It was a demon-

stration of a m~mbcr of desirable :eatu:=-es faat we later p"Li.t into the 704, namel:,r 

indexing was one and flo2.tir1g point anot::er. 

·S. \Vell could tci,is thing that you just described be considere'ct a kind of 

pointing toward the whole concept o~ indexing? 

B. Oh well no, vJe certainly didr1 1t invent indexing. \Ve sin1ply heard 

about this gu~, \Villiams i::1 England tv!10 invented what he called the B line and· 

,. 

. I . 
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a seemed like such a magnifi.cent idea that we wanted to ir.corporate it and did 

into this system, since we had to go through this interpretation cycle and the 

typical operation of a con1putation was not part of the machine Is repertoire 

and had to involv8 a number of instructions to do one floating point operation, 

why the added time it took to superimpose on that extra work this indexh1g 

business wa~ very small and very worth while in speed. If you 're goi.'1.g to 

take the time to interp!'et an instruction it was very worth while· to do this 
1:H.ic- 1)jt .-t ,--~c 

extra -ku.ttk:e but i~ v.1.i.:1j, so we did. 
---

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

B. Yes. \Villiams actually visited the compating cente:::- there on 

Madjson Avenue and 57th Street and t.alked about tha~. · Of course it v:as put:-

lished. His ideas ,::ere published. 

in the 7()1 it v1as built frl. 

B. • Right. Of course obviously the;e \Vere faings th2.t S:lo".lld °8e do~·.2 

I don't think he had. 

• S. Well v1h2.t •,t_;as -foe next step you took in regard to ·comp"'J.te!'s? 

B. Well let's see. I was then associated 1,vith that operation :or a ~.~:tile. 

'. 

' 
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Jn turnir1g ont that system .... do you want names of other people in this llling . . 

who were involved in such a project or what? Is ·that: appropriate? 

S. • How appropriate do you think the names are? 

B. Well I think it is very appropriate if you're going to mention the 

system· that you should mention the other people who made it. They were prin­

cipally Harlin Herrick, a fellow named Skillman who is no longer with IBM 
. Q"" tv- I ('. _S 

but is wit.t-i RCA, and Don Qtlarrets, who is with IBM. I'm afraid I've left 

somebody out there. 

S. Was Elaine Bowman 'l.llork.ing on L½at? 

B. Oh no, she was working in Poughkeepsie on this assembly thing 

and what not. I'm not sure that she was t!l.e:re yet even at this point. So anyvmy 

after th2.t, well re,tlly on leavL'1g L11at thi!lg I was starting alre2.dy foen to get 

into t:i.e bi:.siness oi ge::~!':g E'OS.T?_L\N goi::g. I v1::-ote to Hurd, Cut:1bert ::Eiurd 

sort of proposing .... wait a minute, no .. • During that business, working on 

speed coding and thereafter it must have been, because t.11en c2.me the business 

' 
of working on the 704 because of course the idea for the FORT:?.AN very heavily 

depend8d on the idea t.~at there would be a mac:iine· lli.at 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, ~\fat .Rochester, Gene 

Andall, '\Verner Buchholz I think. I'm not too sure about t:-.at. It was called 

,. 
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the 701 Improvement Progr2..m P .... nd. the idea was for ;!.5 cents or l~ss to irnprove 

the 701 without doing very much to it. There was a lot of discussion. One oi 

the main topics was hov, to get faster and bigg_e·r drums, magnetic drums 

hooked uo to the machine. There was much discussion of that. ,. . . 
\ ' 

S. And what that would do for processing. 

B. Right. 

S. Did they ask you questions like if they hooked up so many bigger 

and better drums, what you could do with them? 
--. 

B. Well this was something that it seemed was occuplying everybod? 

else but it wasn't occupyi~g me. I was pushing other things in that committee. 

S. Like \vhat? 

B. Well like the desire for indexing. • I thin.1-c it \Vas sort oi generall:: 

I'm not sure just h~v, t::2..t 

came. wncfaer foat v,as o.areed u-son at t..'-1.e outset or not bcc2..use ~tie initial 
' w ... 

. objectives we--:e so :modest, that just v1here these vario:.is things v1ere sort c:: 

admitted_ as bei.rig possible v,ithin the s:mal1: expendi:ur~ tl"'..2.t was ::.xpf~ed v.1e ·,,_;ere 

to be allo'..ved is not clear. But I know that my tr..o:ioi-.r.a~ia 2.t th2.t point ~.:i2.S 

• to see that they got Eo2.tin:;r,point into the :machine. 

floating ~oint in th8 ~-~c:-1.foe. But I dicLYJ. 1t ha·ve a::'."1:/:.hing more to say ::.½an, :2t 1s 

have float~ng point 1/1 l~e machine .. The most imp.Jrtanl thing you can do· is ;ut 
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J floating point in it. But_ever~~y was so involved in the dcta.ilcd discussions 

of these drum 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 

ti.Tlles 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 concdivable way of 
--. 

having floating point because I didn't understand many features of the machine 

that actually made it possible to do it very v1el1. But I stood up at the black­

board and talked for half an hour or so. • Here 1s hmv you can build in floating 

,j point. I v;anted to keep their attention on floatinJ point for half an hour or 

so instc2.d of le:::ing them forg·et it. It turned out fr.at this v1as such a laughable 

proposal that Gene Andall and others took great delight and it was m2.inly Gene, . . 

in shm';ing Lriat you di:i:/t n8ed any extra registers and you could do it fif_ty 

times as fast and o/::Cifo foe cost. But that was vJh_at I had really wan:~d in 

• the first place, was for somebody to do this. So I was very pleased that now 

Gene had de:rr..onstratcd that v1e could have floating ~aint in the machine and not 

• at an cxhorbitant cost. The fact that t=i.e majority I think of the 701 installat:ons 

•• 



used this greatly slowed dawn speed coding thing was enot'gh evidence for the 

company to show them that if they could get flo~ting point in they better had. 

1 think I can modestly st~te that that was ... if there was any one thing that 

made the 704 a paying machine, it was that fact. 

S. But it was done without any real modification of the machine. 

B. Well you kiviow 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 that basis. It cost I think very little more than the 701 to produce, but 
--. 

it was learned by faat time that the 701 was not mating money, and since it 

did so much more work in a unit time, that they were able to rajse the p::.-ice 

like 40 per cent or some very large price increase I and still sell a lot of 

_J them. People could see tr.at they wer~ going to get a v;hole lot more co::::puti~-;; 

per dollar e·,.;en v,,:itn t.h:s great increa3e because it hs.d built-in ilo2.~L-.g ;·:-ir:.t . 

and ;t had built-in indexing. So the 704 I understood ,_urned out to be the first 

computer .... big computer that the compa,ny made n1oneJ° on. 

lost on the 701. 

They really 

S. Talking ac::mt :?O?..TR.~U'J starting a:id the ideas for FORTRAD7, 

B. Oh well then after it was cle:1r that there was going to be a c~mpu:2r 

•• 

'\ 



J 

4123. 

with built-in floating point, then the ·whole philosophy of 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 efiicient as compiling when you-- ~-
. \ 

/~ most of the operations you wante.d to do were not. in the machine' 

repertoire. So that essentially wane a compiler wet1.i-d-ha-vs- tG compile ... 
. C 

A C-OtM' d-t (I 

what i,f would have to compile would be just a string of calling sequences and 

sub-routines. ·wen it turns out that an interpretive program does the work 
---

of calling in sub-routines with about the same speed as having calling sequences. 

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

every operation that tb.e programmer specifys is in L1.~ machine repertoire f . 
as-it was now going to be in the 701, them the problem looked very different 

-

operation because obviously it would be highly inef::i.cient. So ~:.•e had to 
,i • ' • 

. obviousiy haTJe a c~mpiler to do the job. So I proposed t.h2.t there oJ.g:-/:. to be 

and turn them into cocle. :rhat was partly a compiler, partly an interpreter 

I believe. 
' 

S. Was this. the ·vVhirl\•Jind? .... 

,. 

-- --------- ----------- ------- ~~- ---
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B. These two guys weren't even in the Vlhirlwind Project. They were 

_in the Instrumentation Lab and they just did this for their ow::1 amusement and 

slight use and their own calculations. I guess.it was for the Whirlwind computer. 

1•~ not even sure which computer 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 viable 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 system that would involve 
-·-. 

algebraic expressions and that would compile code, efficient code. 

s. Why did you fix on algebraic expressions? 

B. Vlell just because it was an idea that 11vas a~Jailable to me. .. I 
I 

s. Was that because ~•au saw that most of. the work v;as .done in mathematics. 

B. 

at all or:ented w L"le idsa of bookkeeping 6n large computers. I wasn't interested 

. in it. 
' •, 

S. Had a.ny si!~bblic assembly programs co!Y'.e along? 

B. Oh sure. Nat Rochester had generated s:,.1m.bolic computing on L"'ie 

701 and had got~en that operatbg and it was clea!'ly a good thing~ So that got 

underway. 

--s. \Vas that after t:-~c machine came out fr.at the sy~colic assembly 

prograr.1 was introci:1~eci or did t...~at come ~.vith t11e :macb.ine? 

•• 



' 

B. The Symbolic Assf'mbly Program was supplied with. the 704, yes. 

S. · I mean with the 701. 
.. 

:B. No it was not supplied with the 701. 
)· 

LB. • But it .... 

S. But it came in later in the 701? 

B. Later, yes. I guess Nat had a Symbolic Program running maybe 

when the machine was available but it wasn 1t the one that was generally used 

at the beginning. I know that it was not used, at least for a long time in the 
---

Computing Center 701 in New York. A lot of customers also did not use it 

at the beginning. When it started to b~ used I'm not clear. So then this was now 

the Summer of 154., .. starting with the Spring or Summer of '54 and worki.ng 

~ through until the late Fall, workLr1g on speci:ications for the F.ORTHAN language 

and working out methods for decocihi'.J various of the proposed statements and 

finally culminating in a tentative proposal of v1hat the lan·guage would be like. 

I was involved in a lot of trips to visit customers and describe Lhis proposal 

and hoped to get some suggestions out I didn't get. I don't thiriJ<:, • one useful sug­

gesUon after traveling ~11 over the country and talking to a lot of customers. 

They hadn't thought about it and we had been tl1:.nld!"1J about it hard for six 

months. But some of the c1.:stomers liked it, they liked the idea and some 

liked it so n:uch that the:; supplied people to he_lp and VJith that backing, we were 



able to. continue for three years until v;e finished it. Du1•;.ng that time I got 

involved in one machine design effort which was never built but it was a proposal 

to Li~~rmore. Gene Andall was very much involved in that; 
.,-· ,. 

S. What kind of machine was this? 

B. Well this was a machine that was to be the big super-duper kind of 

machine but at that time it was envis2.ged as bei11:g made of the same gear 

as the 704 and Gene Andall and a whole bunch of people in Poughkeepsie had 

designed this rr1achine and it was well along in thG design business, at which 

point 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 

program, he pcinted out beca'.lse it was a machine that was designed as one 

very higb. speed central machine with very small memory. The bottleneck 

this machine ~Has being fed by another macr1ine that had its own instruction 

set and you h'.:l.d to keep foese t".;10 faings in synchronization. His comment 

was that it \Vas an absolute abortion as far as rrogramming v12.s concerned. 

He tJ1cn suggested that the way to do. this v10uld be to use a loi: of diiferent . 

memory bits concurrently a:!'ld L11is v1as an idea that appealed to me very much 

and I went off and thought about t..'-1at for a while and tried to see how this could 

be done. I dcsh1.gcd what se~med to me was a charming little arrangerr~en~ 

,. 
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1t involved having instruction3 ~omin9 in, after a couple of steps having the 

indexing ·being done and then having that instrt1:ctjon ·take its place in the line 

and finally getting executed and while waiting· "in line, having the addresses being 

sent out to boxes. It was not an engineering design 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 other, they 

agreed even though we vJere under enormous time pressure to get this proposal 

done, to change the desi~1 to fais kind of a thing. I'm not trying here to claim 
---

the design of the look ahead decoder bec2.use I didn't design it. I only propJsed 

a sort of sketch of an idea that this v,as possible and ::1at it would actually ca 

the job correctly. It was Gene Andall who designed fr.e actual thing. 

S. Well he r.'.lentio.r..ed that he )-;.2.d a lot of·help ir81Yl yo'.l. But the m.2.::::--.:.::.ne 

was not accepc.ed '? 

Ralph Palmer e:1.te.red the sce!l.e because h~ '.'/2.S Ulen, frorr. my vie'R~Jint a ~.-2r=7 

If you've he2.rd tt::.s stor~T from anot:::cr source, s:.op me, but it \'Jas very i:;.:eres:-

and everything pre_;:2.red and \ve • .. vere to go out to Livermore on :Monc.:?..y. r:'his 

•• 
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, must have been around 1955 and so we were all .... we went home exhausi:.ed. 

We were working night and day ..... on Friday with our airline ticket reserva­

tions and everything, all ready to go on 1.1onday. We got a .hpone call on Saturday 

or Friday night, cancel your 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 v1ere told, don't cancel your reservations if you haven't. If you have, 

g-et them back because we may go. Anyway we finally were told to come in 
I \ 

to b90 Madison on Monday and see what happens. 

-- S. With or without your reservations? 

B. With our reservations. And so "Ne sat around downstairs in 5B0 

while Ralph Palmer and others were up in fae executive suite discussing v.1hether 

this proposal S!10'J.ld be made or not. Finally it gol around, he plane was to 

leave say two 0 1clock or s0met:1inq Ukc that. One o'clock had arrived and 

they still ~,ad not decked. So tr1ey said, well you'd be~ter go 01.:t to the airfield, 

go out to the airport even ~hrn.:.gh \Ve don't k:,.ow yet because we still may go. 

So there \TJere a.bout eight of i..:s who were going out to make this proposal. So 

we all went out to the 2.irport and finally c2.!.:':e :fifteen minutes before flight 

time and we called up 2.nd asked, well have you made up your minds? No but 

posal. So all eight of us we:it 01..:t and after we arrived out in Livermore, it 



became clear what cecisinn they arrived at. It wa_s a very brilliant decision 

ajthough we all hated it because it just meant.rutting 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 ma}:e you this proposal but the deadline was so long 

we knew it v1ould be unacceptable. They said for another few million dollars 

we:u make you this other macl1ine made at a much faster gear than this one. 

But it too had of course a longer delivery date than Livermore wanted. 

S. And what wa.s the competing machine? 
-. 

B. The com.pE:ting machine v1as the Lark, Sperry-Rand's Lark. So 
• J 

~·r ... "' ·,.\ .. - ,_·-• - ' ' ,.. ! •. " 

they got the contract and like Palrner .. f pp2.rently wh~. y-ias the chief arguer 
• ' -: J . ......... C. .... 

'\ . 
at this poln)/ they locked up all their best ffuys working on a machine .... it was_ 

made v1it:1 devices that ·,•12re already k:'_o:,rni. It had a productive life of just 

said they were goir_g to deli?e.r it and they just wasted a lot of time a::id effort, 
~\\ \ ;h <.r 

which v12 -_;/oul.d ns.ve wasted if v;e had got~E:!1 fae contract. _He V/as smart e:r.ou·;~1 

the devclop::i~::1t of fa.s:e:r cor.:;.p::mern:r:;. So we slipped out of t:12.t and let Sperry-

Rand get socked v1i:h t~nt er:ormous con'.:.ract. But I thought that design was a 

nice one and had many of t.ne features from ·which STRETCH took off. 

S. STRETCE v.-as the succeeding r.iac:iir.e? 

\ 
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it did. 

B. Yes it sort of started where this thing left uif. 

S. Whal-was the name of this? . 

B. Oh I forget what it was called now, if it ever had a name .. I guess 

\ 

' 
S. Well by that time had FORTRAN been done or were you still work­

ing on. lh.is? 

B. No, this was 1 55. FORT.RAN was in the process of being done 

but the guys foat I was working on it with really did all the work on FOR.TRAN. I had 
--

of the ideas but .... : . 

S. Quarrels and some others? 

B. No this was another group now. This started oif v1iU1 Irv Ziller 

and then got Earb:r.. Herrick and t:ien Bob Nelson and then Peter Sherridan, 

they're all listed elsC\'J=1..ere. . 
-. 

S. \Vell \Vhy don't you tell me a little, v1hile tr:ey r..:.3./ t2.ve dons the 

work, since yo:i are knuwn as U1e :faU1er of FOR.rl'~:.J\T, if you can star.G. ttat 

phrase at this yout:'iu1 ;-oint in your career, .... 

B. Pretty soon I' r.'l going to be kn.::>wrt as t::e grand.fat:~er of FO:;.T?_~\. 

- - - -~ -----·-· - ----- ----... ,,. ________ .,, ______ ... -., .. ---~------·•··---
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S. Why dou't you tell me what Uiose ideas were and how they were 

implemented and what were the stumbling blocks a:r:id the successes in finally 

getting the thing out. 

·B. Well all right.· ·well one of Uie idea.s that is still not recognized in 

many. quarters even today and that is the principal problem is not that of decoding 

algebraic expressions. That .is relatively easy,_ although it was new and 
' 

interesting 2.nd a nice, orderly problem so it got ~ lot of attenfion. The main 

problem was how to deal with ar.rays of numbers ar..d how to obtain their addresses -.. 
in the way lhat programmers got them when t11ey hand coded, 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 next element becau·se almost always· 

you're wor:king in an orderly way throug!1 an array. If you do this though, 

refer~nce is being made to an element in an array. • You have to see well v1n.e~-. 

was the las~ reference rD.ace to 2.n eleme.Gt fa th2.t 2.:rray ar..d ho~.:.1 are th~ sub-

S. By an array you mea.c'1. what? 

a t~1ree dimensional arr2.,i 
. 

A sub I sub J sub K where you are given two or foree integers as the subscripts 

of a qua!ltity and now you wa11t to nick out that nuYrlber that corresuonds to . .. 
those subscripts. It alv1ays used to make me furious after we got FORT? ..... L\1-T 

- /• I": : ..: /I 

out. .. people like Al~n GL..'-t'iiss-woulci say, _Sh these idiots, they took three 

·years to make t.h.e system a.:-',d I nad a g:r3.duat2 student v;rite a compiler just 
.. 
' 

t.1-iis last s;.u~mer. \Vh~t t~o~ them so long?. \Vell what took us so long was 

this problem. vVhat Curliss did and his gn.duate student did ~v2.s ·when th~y 
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would see a reference to A subIJ, they'd multiply J by some cor..stan: of the 

length of a row and add I to it and then add .. ; .. plac·e the address of ..... 

End of Track 4f= l. 

\ 

-. 
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Track #2. 
4#1. 

S. This is Track #2 of Interview TC-46. 
. . 

B .. Well I was continuing my gripes about Perliss's { ?) Cur1-iss-1s_.___ 

comments about FORTRAN. 

;S. Perliss is a .... 

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 compiler in a summer 
1/j1 ., \'' 

whereas it had taken us twenty odd and end-.years to 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 fais multiplication and addition and two addi-

tions requirec to get the address of AIJ. It was a very time-consuming operation. 

Every re:erenc2 to this a.!'ray v1oald requi2:e this multiplication and addition 

just to c;et U1e ads.:ress of foe elsrneYit in the array. • This makes it possible 

to tr'anslate the source code item by item. You neve:t have to know what's going 

on elsE:v:he~e in t::e prob~em. ·'i.vhere2.s if we h2.d a reference to AIJ in a loop, 

we would h2..v2 ar.3.lyzed U:e code ~o k...'1...0W that t:i.is re:fe~er..ce was indeed ir. a 

loop and in fact th.2.t it mighl be in several loops. \Ve would know that fact, 

and v;e would }:r.:J"1'l ::-.:::.t the I or J was varying ;~ost frequentl:l and that the 

last time Vi2 '.':ent through L11is loop, I was •:arying by Lor whatever it was 

,. 
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varying by in the code that was elsewhere. Vle would k=Jow just what constant 

to add to the address of AIJ the last time to get AIJ plus 1. So that instead 

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

thmg, \11e did one addition and v1c did it very efficiently, 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 his purposes, his method of compiling was perfectly satis­

factory because it was for stu::ents and students wanted to compile a few times 

and then ruJ1 a problem for a couple of minutes and forget it. So that it was 

better for him to have short compiling time and inefficient object code. \Vhereas 

for us, we were designing a system for the aircraft users and aerospace users 

and people who had t:J have highl/ ~f:ficic::1t C8de for 1nany applications. And 

Any\vay that is the m2.jor proc~em that FORT?~N fac:es, the problem of anal~0z:.ng 

• the context of the progr~m and k..r:towing its structure so it can understar:-d 
' 

how to :rr.2.ke t1:1e re:;:ere~:.ces to arra:,,·s w:th t.½e r~axi:r:um efficiency. '-. 

S. You mention that you were designLvig it for ~he aerospace industry 

and that is \~ihat I v;ould want to ask you about. 

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

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

B. Well no, I didn't really know their problems .so 1 couldn't think 

' 
of them first. All I knew was that it seemed to me that we wanted to produce 

a programming system t.T-).at would do a lot of tasks of coding for the user and 
. 

it seemed that we v1ere up against the attitude in the computing industry that 

felt it was imoossible 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 havina to beat a hostile world and prove tJiat it .really could produce 
~ . 

efficient code and do it with suificient reliability, that it would not be the kind 

of thing that would be efficient four times out of five and then on the fifth time 

be so disastc·.~ously inefficient t.'l-J.at you·.couldn1t use that program, so_ you would 

never kno\'l v1hee10r it was wort.½ ·while to compile or not. But it had to almost 

the compiling time un.r1ecessarily in causing t.~e -compiler to do a lot of analysis 

in the attempt to produce an efficient object pr.:igram, but it reall:,1 didn't pay 
' 

off. The am~lysis ·wasn't worth a candle in P-1any inst~nces. But we felt if 

we dicLr1 1t do it foat some of ~½at ari...alysis just mig·ht t2.ke care of a situatior. 

that in the early tests of tl-te thing would blast us ii we hadn't done it. 

S. In a way it v:as like designing a compuler, that you were trying 

to cover a lot of possibilities 2..,,vi,d the users' needs .... :·. 



. B. But here you see there was a price we. were payin9 a11 the time 

and we wcrcn 't so keenly aviare 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 of the Lii.ings, after FORTRAN was di_stributed and 

sort of out of our hands, I kept trying to convince the authorities then in pro­

gramming t...l-iat we should produce a quick and dirty FORTRAN compiler that 

would produce the most inefficient code conceivable a la Perliss. But do it 

as fast as possible. It is only recently that that is done. People kept arguing 

that they could, throi.igh extreme cleverness, sort of have the best of both 

possible worlds. That they could have very fast compiling and very efficient 

object code too, wifa only a slight loss in ooject code efficiency. It never 

really worki:;d out satisf2.c:o:-ily. 

III ayid IV, 

make those kind of chan:res? 
. ~ . 

B. No. V.fe prod1..:.ced ?ORTR..A..N II. My group did that and :from faen 

on FORTR.i\N iV made some ir.1provements in t~e lanrJuage and they did impro\:e 

the speed of foe corLpiler. But their arguments in designing, \Vhich .I disputed 

when the qwsstion came up, was that this v;as goir:g to be the answer to both 

of these ques:ions. Itwas going to be so fast :n compilbg that they v;oul_µn't 

have to prod·-1ce a quick 2:'.d dirty compiler. 
.. 

Tr:at it could compile quickly 

•• 
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and still produce good code. Jn other words, they could do it wiq-i one compiler 

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

' 
Jn 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 t.l-:tat? 

B. Just cutting analysi_s and going and doing it quick and dirty. You can 

produce an object program which does what is specified very quickly if you're 

not at pains to make it run fast. _Because ~mu then just don't do any analysis 

-at all. 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. Hl:iw did you get it to look at' the context? 

B. Well it ran through the sou:rce program a..'1d did what little transla- • 

tion it could, n2.mely the transl2.Uon of 2Jgebraic exp:ressions into code,. 

wh.ich is a relatively sir.c.:;;::le t2..sk and it stored av;ay .all. the rest of fae infor~na-

. tion that it \7.'as get:.ing as it deciphered the i~put code into a lot of tables. 

Then the sec-:):id r2.ss of :he system started lookir.:; at this busbess of context 

very heavily. It analyzed the entire structure of r:he do staten:ents that caused 

these repetitions that we were deteerlined to treat ef:icier:tly. If people had to 

have other loops that L½e :,,- did ... '1 1 t specify in t.1--ie form of do loops, why v;e let 

them know in advance .that tJ1ese would not be treated iri an efficient way.' 

' 

f 
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s. Well when you first started c.:once1vin<J the iaoa of FORTRAN, did you 

first think of a set of simple instructions that you v1ould want p~ople only to have 

to write or did they come afterwards? 

B. No, the language came first. We did.{l' t know how we were going 

to decode it. We tried to think of it but for the first six months we were sort 

of fiddling aroW1d v1ith various i~eas as to how you could express procedures. 

And we had a lot of other ideas in there that did have to do with lh.ings you 

would 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 iriput/output operations efficiently in overlying data when it was working 

on a large relaxation problem where you had ti-irec rows of a large array in 

) at one time. This could sort of over1.'1rite rm'Js successively and still not have 

to rearrange :111 of t.r"e coding. It's a little too diffic'J.lt to describe in V/Ords. 

But this is one kind of thing that v;e felt we v;ould need and later it would still 

• be nice to have. But we. never put it in. But most of the features that we put 
' 

. '·. 
in that initial description· wound. up in the system with only a few exceptions . 

.Does Lh.at kinct of ansv;er your question.? 

S. I guess it is tmdouc:edl.y 2. fair~y abstract S'J.bject because a;ain 

you were thinking of. ; . tell me if you v;ere or ycu weren I t. .. you were thinking 



of specific mathematical problems that had to be done and various arrays .... 

B. Well it was just from our collective coding and programming experience 

we knew that certain kinds of operations were done a lot..' Certain typical 

situations. The problem itsGlf was immaterial to 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 business, did you have a series of passes that would 

continually sca:i ·what might have been put in ..... 

B. Well no, you see all this source program was completely put away 

in the form we wanted it after one pass. Now it was all in Ule form of tables 

and some compiled codes, little bits arid pieces of compiled-codes. The basic 

structure of foe system was to _do this first pass .. Compile the cocte for 2.1gebr:ai(! 

expressions a:1d put essentials in and whatever could be translated thcY1 and 

. of tables. The second p2.ss then analyzed the structure of do loops and foe 

structu:te of subscripts that :..."1.ey controlled and provided e.sscnLially Ll1e basic 

indexing instruct:.ons that v;ould handle tJ1ese t..'lings. But it 'Nrote a program 

and I guc.ss tl-Lc idea to -:::.o t:::.s v;as one of the ideas tJJ.at I did ccntribu~e in 

•• this Lri.ing and that w3:~ U:.at instead of trying :o get this program that was v;rittcn 

' 



at this pomt, one thal worked for a machine with lhree indP.x registers which 

. the 704 had, was not to try to get into that problem at" this point but to assume 

.... to write a program that assumed that the machine had an unlimited nu.mber 

of index registers. Because that was anoth~r kind of a problem I felt and that's 

what was done. So that then there was a third pass which sort of put together 

all the bits and pieces and t..riere were lots of little 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 m we had a pro-
--

gram essent5.ally for a machine which ·was almost the same as th.e 704 but it 

had this unlimited number of ind.ex registers. The next two sections ·then ... 

Section IV did a sort of Monte Carlo analsrsis of how frequently the different 

J blocks of the program would be executed. It was like sort of playing a r/Io::1.te 

... the most frequently executed blocks of fae prog-ram, then this very1 very 
• • c,.t ... 1;c l~'" 

elaborate analisis that's~ Best did came into play to transform this 

• ' 
prograr.1 faat h:i.d 1..:sed maib2 sevente~n in.de:{ registers into ono ttat u::i2d three 

index registers and mL'1imized foe number of ..... and minimized the numbe.r­

of transfers of ind.ex qu2.ntiti2s between the real index registers and various 

• storage cells in wr..ich L1.ey were kept when they· wersn 't b£i:r..g used. That 

progra.:-:i nov; assu:nedly was asser..'.lbl2d by an assembly progrmYL which was 

•• 
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special to the system and that wci.s that. Now one interesting story in connection 
0 A • • 

with this analysis that Sheldon wrote is that we had one of our first big sample 

program~. It was a very elaborate calculation. I forget just what it was. 

But in the compilation of that it took about half an hour and of that half hour, 

about twenty minutes was involved in those last few sections. It sort of generated 

these larger and larger region$ of the program that were then to be treated 

by this indextng analysis. It was a very complex business. It turned out 

after the v,hole thing was over th~t that region generation was entirely unneces-

--sary because there wasn't any subscripts used at all in the whole program. 

That twenty minutes of ·work in the compilation was absolutely worthless and 
. . 

that's U1e 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· lrm ki:'.':d of m::.p out in flov; c'tar-ts or sornething, what you thought 

might work and-then try a~1d origin.ate or implc:nent ·it? 

B. No it really v;as not this sort of master plan business. The people 

who did these various sections were all very, very competent people 'and we 

sort of generally kne\v that and we got started right away on Section I and on . 

Section II and from there on and people v.12re sort of thinki..11g about Sections 
. . 

IV and V. But as al~ __ qf these people progressed along they saw that one day 

•. 
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somebody would arise holdin<J ~heir head ancl saying, good Lord I need such and 

such information from you George in your section, and I didn't know it until 

now. But would you please create a table of fr.is stuff. 

S. Well this was alrnost like designing a computer, wasn't it? 
\ 

B. It was as involved, yes. I suppose that the amount of complexity • 

. an~ the degrees of freGdom of design in desig!'ling a system involving twenty or 

thirty thousand instrucUons is as complex ..... . \ 
\ 

S. Is that how 1nany compiler instructions there were? -
B. Just about. 

S. And everybody had his own section to work out. He was writing 

programs so that the machine would be· programmed. 

B. Yes. 

S. Did you use foe computer·frequen~iy in the course of this or v1as 

this _done on paper? 

B. Well this wh9le program was of necessity done on paper. 

s. But I mean' 'llJe·re j"OU trying these foings out on the machine every 

few days? 

B. Well esser1ti2.lly people would debug. Everybody :i.ad his ov;n philosophy 

of coding. Some people would \tJritc little sections and debug ll-iat right away. 

,. 
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0 I guess that's the more popdD.r method because otherwise you'd forget the 

~ technical details of the problem before the program· was written if you don't 

debug it pretty quickly. 

.. 

s. Was it a debugging for convenience or did they need to run it on the 

machine to see how it was working? 

B. Weil no, because we never !mew how it was going to work until 

we got tJ1e whole t.11.ing going. One of the essential qualities ()f programming is 

if you don't knov, how it is going to work when you design l½e program, it's 
---

not going to work. You can rest assured lhat if you don't know how it's going 
r 

to work when you 1ve got the program designed, tta.t it i.von't work. This has 

been demonstrated time and time again in progra::.:::T..ing systems. TvVith the 

exception of one or tv;o people who are temporarily mvolved in the project_, 

doing very involved and very complex things. Atter a while it got to the po:n.t . . 

where n:ost of the stuff v1as all written a:r.d the progra:-.c.s v,ere indivi.du.2.ll/ 

debugge<;:l and H came time to fire up tte whole thing. Of course nothing worked 

at all and th:.ngs were getting clobbe~ed right and le:::t ar:.d then 
.,.. 

• we were on the machine night and day. \Ve had a suite of ro~ms in the Landon ... 

or the Langdon Hotel ·which is now torn dovm. It w2.s on o6fo Street and Fifth 

Avenue and i.:1e 1..:sed to sleen there and we v10uld have the entire machine to . ~ 

ourscl ves practically all n.:aht. S ometJ1incr that c~onle would never think of 
y ~ - ~ 

doing nowad'.l~1s .. I c..;1n reme:nber ?..oy Ivietz sitting at foe console think~::---~g 

J for iiit-2en miautes while the machine jusc. s~: t:J-lere. Then he'd key in some­

thi.ng and see what happcnt:::d. 

S. ·wen th:s v12.s after three years of work, is that right? 
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B. Yes. It took us about?. year to debug· the thing before we distribuled 

it I guess. It was the last six months of the time before we dj_stributed it. 
r-

It was solid just debugging or more. 

S. When you went through this project you must have been pretty sure 

that it was going to work, right? 

B. Oh yes, we 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 go:ng to work. 

But it was sufficiently complex so that when it first started actually compiling 
---. 

bits of code, you didn't know in advance what the code was going to be like. 

You could ten how it got it. Everybody understood .. ~. not everybody but 
... 

the people in his sectio:i knew how this section :iad generated that piece of 

~ode. But it was very fascinating to look at a piece of code that was not cor..str:.:.c,_ed 

by human h9.nds and find all kinds o{ elaborate and 1..mexpected ch2:'1ges 

that_ the compiler had made in th~ original order of things.· That v;as a very 

exciting and fascin2.ting period. 
\· ... 

S. So it printed out the compiled code and then you checkE.:d it. 

B. Yes to see ..... 

S. Vis;;all:·. 

B. Well then we ran t!'le code to see that it did what it was supposed 

to do. We often four1d that it dr1di't and then had to find \Vhat the compiler had 

done wrong. 



S. Do you recall any il1stanccs where very difficult problems arose 

where it wasn't just fifteen minutes figuring ou~ what to do? 

B. We had one case which we used to laugh about later ...... there 

was.one guy who really d:dn't k'10W much about cqding. He was sort of thrown 

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

guy wrote a few little pieces of c?de ~;hich we later realized . . . or if we had 

realized he h'.3.d never done so we would have been far better off. He would 

do things in the most strange fashion. We discovered much later th2.n one 
..._,__ . 

debugging business, lh.at somethkng kept going wrong in the most mysteriot:.s 

way. And after ,about two or three days we discovered L'1at this piece of coc!.e 
I 

that thls guy had written due to some peculiarity and certain ·circur.cstances 

.;;; would st2.rt putting d?~ta all over memqry in a very selective 2.nd dis2..ster01.:.s 

~ 

• way. It did it' so cleve~ly t:i.,2.t it took us a very lo!1g ti:::1e to discove::- wc.s.t ·::as 

going on. Because his errors wcren 1t sho\11ing L'.:le:c1.selves during tl:e exec-:.:.:ion 

of his code: but .... somebod/ else th8.t should have had not::bg ~.r1h2::soe?e:-

to do wi~h his code ·:.12.s rur.ning theirs a.-rid all ki?ds of !.:lyste::-ious c·.:gs· v:oi..:.:.d 

occur and they \vould look at their coc.e and the code v-.1as correct ar.d. yet i: 
; 
I 

wasn't doing what the c-ode_sa1.d. It's the kind of thing Ulat h2.ppe,:1s 2.ll t::..e ::me 

in a. large system.. 

S. How d::.d you extract it once you found out? 
.. 

B. \Ven just jert1;;j t:-.2.t code out and re\T/rote it or cor-rectej it. 

So it didn't do these strange th:..."'1.gs 3.ny more. 

, 
i 
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S. How did you figure out that it was that code? 

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

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

to contain their program wa.s changed in some slight way when it was put in 

and we went through a lot of tests to find out what was causing the changes 

and we finally discovered s01ne.o?scure error. 

S. It was a tracing problem. .. 

-- B. V/ell I don't recall exactly. Usually tracing was not employed. 

Tracing in those days meant this busi.TJ.ess of sort of executing each instruction 

under the control of a tracing program and seeing what it did. That we didn't 

usually do. Vie usually just printed out parts of memory. 

S. And analyzed it on paper. 

It wa~ up to each guy ·who knew his own code hov; he ti;as going to do it. I guess 

there still aren't very good mefoods for doin;r it. Because you are essentially 

the owner of the unforeseen. 

S. What \'JaS your position with ?O:RTR.AN? You were the manager 

or the overseer of getting the- whole thing out? 

B. My formal ·status was unclear n:uch of the time that it was going on, 

•• 
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It was somehow understood th2.t I was more or less in cha:tge of this ·activity. 

Rather late in the game I guess I was made a manager or something. 

S. You had mentioned that these other people did a lot of the writing. 

You kind of coordinatee t.'1eir efforts. 

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

c~re of getting supplies and things like that. \Ve had a lot of discussions about 

technical problems with people. 

S. Well is there anything more that we $hould say about FORTRAN 

that I can't find out from reading all the write-ups of FORTRAN? 

B. I believe v;e've said more than enough about FORTRAN. I can't 

think of anything more. 
I 

S. Did you get involved ·,,0;ith anything else s:.!"11ultaneous·1y or .... 

B. Viel! yes, I think E was auring that period that I got. in-volved v1ith 

ST~TCE trying to combat w::at ~ though: v;ere stupid errors in STRE'TCH 

Programs. 
' 

S. This \Vas when t~e machine \'/as being ~uilt or b-s:ng desiq11ed? 

B. \Vcll it V.'8.3 beir:; ci0si,;rned. 1}Jhen it was being built it was much 

too 13.te. I always s-22msd to get into these thi::1.gs too late and always on the 

wrong foot. A group of people v1ho have been VlOrkir:g together designing some­

thing, neve:- receive a..'1 01.nsic.cr who cor:ies 2aying, Y?U 're all v1rong and rim 

rigi1t, w::h any great ~11elcor!'le ::::at. That's w::at :r..2~ppe:ied in this case. I was 

•• 
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S. Well how did you enter into the STRETCH picture? I· 

\ .. 
B. I don'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 . : . •. I was interested in what was happening 

with what appeared to be its successor. That is this Livermore proposal. 

When I looked I was dismayed and 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 done this way it would be faster than the kind -.. 
of thing that they have proposed. One of the things that my tinkering did do 

was to up the number of index registers very much in the rr.~8.chine that before 

I started howiding them they had very fev1 index registers in the machine as 

•~ compa_red to v,1h2.t the J fir:.ally wo11..i."':d up with. 

S. \Vell what was your appro·ach? i,.Vr..en you took a look at the mac=-iine 

• .,- and it needed more index registers, what was your approach? 

B. It was not my approach to say it needed more index rsgister-s. 
,. f ... 

Th fact I didr1 ': really feel that because I 1,iJ2.nted an entirely different philosoph:;. 

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

would cc used in a somev.1hat diifercrit way '.:.ha!1 index registers \Vere used. 

I was sort o: pushbg ~or very little, tiny instructions that had a different character 

• 
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than these complex instructions that they had in the machine. ?II._y approach· ·, ... 
_./_/ 

was always to come at them with a different machine and ~ay, look here, my • ,, __ ,.,. 
• ,,, ... /fl" 

machine is better than your machine. 
.,-·1/ 

S. Wl'!at wa.s your reason for wanting smaller instructions? 

B. Well primarily because I felt that big, complex instructions existed 

because there was a-certain word size in _the computer and that if you sort of 

broke it up in various ways, you could get that word made into cme instruc-
1 

tion and then chop it up into various fields.. You could_get this complex package 
----... 

of action t..11.at in the hands of a human coder could be used with great efficiency. 

But that for automatic programming, these packages, these lugubrious packages 

of a.ctions v1hich had index quantities and little regis~er addresses and little b:ts 

that said yes or no to certain tb.ings, that all of this made far t~o difficult 

a combinatorial prcblem to get an efficient prog~ar.n from some sort of theoretic~ 

approach. It seemed, to r.c.2 tb.a~ if there was e·Jer go:.ng to be ,a v;ay of rr:echa::1ic~7 

devising 2,n efficie:1: prog~·am, you'd have to have so:.ne sort of theory aco'.1: it 

' 
and it would have to be conce~::ed wit.ri sort of elementary actions that the 

machine could take, like getting a nu_.mber from a storage cell or addbg t".tm 

numbers, or putting 3. number rack into a storage cell, very simple e!err:en~ar:r 

actions. And that if you had to deal with arbitrary packages of t.h.ese th~ng3 

•• 
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that came together faat ye,u might be able to figure oul an efficient s_equence 

of ~lementary actions that would do what you wanted wit~ th~ 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 most efficient way of doing it. Because if you figured out the 

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

find then that you Id only be able to effect one of those elementary actions in -.. 
each successive instruction and you would then be v1asting all of the other 

opportunities that eac.h of these instructions gave you, and so that in an entirely 

different \Vay it involved lots more actibn and would be a mo::re efficient way 

to do it on this machine. I was trying to see h01.·1 you co-q.ld design a mchine 

that v;ould be:~-::i•v·e e-+'-;"'1'r>ic.,~-'-Ll,r u;ifr c:::1-ri',;iil 1'nsf·..,.,,cc·;ons ·oe,-,,:ius 0 I +-J..-io 110l.-,• •h-;i+--~...... -- ...., __ .. _ -.1 .. _.,. .... "'- .l~-...... 1-. .J.. l,.;t. J.. .I, -- ._ ... J..:. ..... •J.- 1,,,...1,.,,._ ... 

operations than you could otherv;ise get. And bi (!Ourse, ST?.i~TCH ·.;.ms going to 

" the J011 St horr·{a' e•-~.,-.c.-~,c."' ,..,: C'"'""'r,l~--r~~ •• 1·,, ",,__ci~ 1·,. h-::id •'✓,~~ :.·,c:~ ·,·o--c· s,-.:n "v-" -1 i.... ...... .I., .i':arr.o.,.,.t,. ...... ..,_.1,.._..:;) UJ.. VJ.. ... J.~J..t.,;J..-. .... J J..i. '--..,_,,,. ........ - ~J,, ... J...:;,. .i..l...A.-;,,- "" ... lLJ ..... ~J..l.i...... 

felt no one had gotten this idea that you shou.i'c:n I t packa-;e thin;rs in such big 

packages and I ·,11anted to show foat you didn't have to. I me2.n it's not easy to 

make a rn.9.c::i~e wit:-. li:tl~ tin:.: ins:~::.ic:~or:s :r..2.~ \'.'.:.11 bcaL the conven.lioEal 

•• 
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kind of machine. 

S~ Well what was the reaction to your ·proposal? 

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

the main ingredients was that there be a number.of little registers that would hold • 
I 

various little quantities that you needed so that you woulon'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 modified by lots of quantities you got from these little cells, 

or index registers, as they kept referred ..... they kept re::erring to them, 

that it would be feasible and perhaps even preferable to have an operation 

~ and only the addressss of cells co:r::1i:!1g at you as instructio!;S, having nJne of 

these large const::i.nt ad.c~resses oi main mc:cnory and then using t:-.. ese in.str·.1c: 

tions to generEtte the addresse_s of main memory that you wanted .in a v;·ay 

and this would :nean that I •.112.s able to shov1 that in a nu:xcer of circu!r..stances 

that you could IT_a.ke an ins~ru.ction stream that had highe!' density of in:orr:i.a­

. tion in it arid that it \vasn 1 t so wasteful of instruction bits. 11any th.ir.gs could 

get do11c f:2.ste:r. Ir..s te'.1d of trying to mal<:e a m2.ch:~e that h::1.d small instructior;.s, 

what they did t..':n.s to improve t.he performance of their design by adding 9r s2.yi:r..g 

: •• ::·.w~ii your mac:1.ine v;orks lovely because it has got all these registers. If we put. 

,. 

n 
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them in our machine, our machine will work better and it did. So it was in that 
. . 

sense that I had the impression at least that tp.is argument had some effect in 

determining the registers they would use. 

S. Was this while Andall was th~re or after he had left? 

B. This was all so damn long ago and_ Pve been interested in so 

many th!ngs since, I can't remember the time scale. I think Andall had left 

by that time, but I'm not sure. When did he leave the STRETCH effort, while 

it was still being designed? 
--

S. Yes. 

B. He may well have left -then. 

S. Did you get involved in other things with STRETCH? \Vere you 

..J in_volved v1ith it all along t.11.e v1ay? 

B. No. This was or..e of the reasons o: course. The co1nfJ.aints of 

thes~ people about n!y appearances with these proposals wws always tha: i~ you 

really 1.vant to h~.ve an effect on this design, you should join it and get really 

involved h:. U-1e gorey details, which I didn't really \va.nt to do. It's haid enou;:1 

to try and come up v1~th a decent design wit.t-iout having to argue with a lar,;re 

committc~ of prople about design. I wa.s fat~lislic cnoug:i about the possibility 

of ever really influencing the design any,nay and to have it really be a test 



J . 

. . 
0£ your own theories, like Uiis example of this look ahead business_ getting 

blasted by interrupt. I thin.I< Lli.e look ahead decoder idea is still a good one. 

You'd never find it out through STRETCH. I think this is typica~ of machine 

design. There are so many people compF;qng to effect the design that it turns· 
;·~.-::-:. :-· ·:--;-.... 

out to be the union of everybody's ideas instead of the ictea of any one person. ; • 

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

do with the final programming? 

--~ 
B. No. I was very much involved with FO~TRAN anyway all _this time. 

These were just little forrays into this other field. 

S. What do you lriink the effect of your suggestion v;,:mld have been, 

to speed the machine up? 

B. ·wen you k.""1ov1 I c2.11 1t really say. It's not :fair of me to go c!a.imin;r 
. 

that if they had done ;,;,;hat I told them: .... machine design is a ha:td business 
. 

and :(OU may have an idea that lool~s elegant a.nd as if it has great possibilities, 

but some little cross effect with some other thing may screw it up. I've got 

another idea nov, foat I've nev2r checked out at all, again beca'..l.se I've' never 

worked it out to the point wrJ.ere I can even convin~e myself that it •s a good iciea. 

BecausG these th:.ng.s depend on so damn many factors that are hard to get 

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

,. 

' 
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S. Well did machlncs 3.t that point have, or even ur: to the 360 were 

programmers callt'.)d in early enough to avoid I?roblcms or has that nev~r occurred? 

B. Well you lmow, programmers a~e· always called":· They all say 

different things and rm not sure it 1s 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 lrian to get them. It 1 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 h:=ird thing is to say v1e won•t put that one in, because 

it doesn't make a good total thing. It may speed up some operat:.cns, but t.11.e 

cost that it adds to the machine is going to make a wor:se machine in the long 

run. 
" 

B. Yes. I went :..t1to ~esearc:: in 1 5B I believe. 
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