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hardware which analyzes and manipulates the instruction stream." ,: "1! 
�~� I "-, • . d 

This analysis is very involved and �i�~�'�o�u�r� view is no more difficult than: ' ",' ,.:. �~� 

" the,analysis required in the execution of a high-level language. '.f �~�:�,�;�.�'�,�:�'� �~� 

.. 3. Although it would be possible to build a FORTRAN machine or a . .i'-.: . , '," " .... ; t.J 
. !.' ,..." " 

I '. �~� 
PL/I machine, this would not necessarily be a good thing to do. What.. " ' :1 

, �,�~� !I 

we need is a machine which satisfies both the programmers and the 

engineers. , On the one hand, it should be easy and foolproof to pro'" 

. .' . . �~� ;, 
I i.; " 'II 

, �~� , " 'j 
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gram and it should mak.e compiling easier. ' On the other �h�~�n�d� it should, 

be possible to build it with an economical amount of hardware. To be ",: 
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:, preCise, we need a machine languag.e with the following properties: . 
I, . ' .. I! 
i; 
i: ,- -- ----,.- The language should be both powerful and complete. 

.-... .• .. .. �-�:�-�:�~� I 

a) 

FORTRAN will not suffice. ' �F�O�~�+�R�A�N� is powerful but not complete: ' �.�~�'� , " 'l 
�~� 

'il ' 
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�~�,� city we can use either the number of instructions in a program which ' .. , ;! 

. . Ii ' 
'; simulates the language, or the number of microcode instructions in an ' , ,:j 

: 'I 
'; emulator or the number of components ina hardware implementation. t\ �~� 

- .. __ ...... __ ..... . .... ,). -.. .. �_�.�~�~�_� ... _w 
; consider the difficulty of writing a compiler or assembler or loader in" 

,1,: I ,,<.,. 
I FORTRAN. 

b) The language should be simple'. As a measure of simpli-

,; The size of the current PL/I compiler suggests that PL/I is too �c�o�m�p�l�e�x�~� �~� 

i'There is a proposal by Sugimoto (1969) for a PL/I-l1ke machine but""; .', "'. ' " ,', �~� 
" I " . / : �~� 

, : , , ': 'I 

, " :; ,:' I 
The language should be concise and should, not ask. the ". ", 

i ,', �~� 

t '" 
, there is no information on its implementation. 

c) 
I, , 

r programmer to state the same thing repeatedly. ,On the IBM/3GO (and t 
; ; , :' . , :' �~� 

'1 �a�l�m�o�s�~� all pther machines). every time you wish to add two floating , ',I 
.0 . '. , J . i . f �~� 

; point numbers you have to repeat that it's floating 'point addition. In I', .: .J 
•• " fO" ." ,..., _ ,.-1 

.', �,�_�~� ... �_�~�L� �~� �h�i�g�h�e�r�.�l�e�'�V�e�~� �~�~�q�u�'�~�~�~�'�.�,�,�~�,�~�,�Y�C�?�U� need say �l�~� .. �'�,�!�.�~� .. �s�~�~�e�.�,�~�~�.�c�:�o�~�p�1�l�e�r�"�c�a�n�:� �-�"�"�~�-�-�~�,�~�~�.�-�.�~�-�~�,�'�i� 
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; easUy discover the type of arithmetic tp use. l :'.: : .. 
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I.. d) The ~achi~~.~hould check for errors at the place where.:.;: __ Y,;f~': 
'. ~ they are likely to; occur.· The statements 'J.; ' .. 
f' /\ .• ' i ! <.. DIMENSION A(lOO) . , .' .' 
;' i 

. "l A(lOl) = 9.25 ;':l 
I ,'. ., J 

.,' r should produce a subscript range error. With most compilers on most ~"-'!. . .' .. , ...... . ,~ 
. ! computers the execution of these statements w~ll not cause an imme- .. ! '.' .' .:~ ~\.:·il 
I diate"error, but it will usually gen~rate' some catastrophe at a later i :. ' :.~ 
.,' I,' ·n ~ : ; time. By the time the error is detected, all trace of the original I Ii 
! . "'''1 . i' 

· ~ cause is lost. Some compilers (for example, PL/I level F) have an . I .~ . 
: option to produce code which checks for errors, but· the cost, in terms! .. ', . ;; 
~. , '. '" " ~~ 
; of program space and execution. time is so high that many progr~mme~~_J 'i .' '. '.:.' ij 

i'willnot use these checks.' ','.' ,I .: . ii 
.! ! r II 

( '" \ ) . 
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I I ' '\ ;- .. ______ !. e) The ~achine shou~d recogniz~ ~at programmers use sU~_-"_.:...i ' /;'-'.11 

;· .. ··_--....:.··'7 routines and that procedure-oriented languages use statements. It ....... j i . :1 
· t " · . ...,,-_:., ".. i: 

.. ,: should therefore keep track of subroutine names and statement num- i ,ii 
" I I ~ 

. ~ bers; this can 'be done by compiler-generated code but it is easier,!' \ il· 
1 faster, and:foolproof if the machine does it~ ! ':1 · :.' ;; 

, ~ 1 ! ~ 
:-. I '" .----{ 1I 

__ .,,--_ ..... 1. .. __ ,,_ .. f) ~_ "T~e machin_e~ho~ld" ;not .fox:c~. ~.~ 2f~gI.:~~.~~.~!._c~~p~~_~r:" _ ...... ! __ ..;,..............,...,.--,._. t; 
" ~ 

.;. to throwaway useful information. To take a simple'example,;if Band , ;':1 
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... i.e are matrices then the APL statement j .... " . ~ 
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DO 100 I = 1, N 

100 A{I,J} = B(I,J) ,+ C(I,I) 

, . . 

.' 
,i 

r, I 

" ,} ~ 

' .. ~" 

,.' loses the fact that we want all the elements of Band C and we are not' " I .1 

;' really interested in I and J. The IBM/3GO model 195 is forced to use' ..;,'. ;!/~ ';. ", /01-
, its elaborate hardware to try and detect this type of loop and to orga-, .;" 

'; 
. i nize the calculation more efficiently. . , 

. 
i 

g) ,. Programmers, particularly when working in high-level 

languages, use memory in a dynamic way.' The machine should sup­

port the dynamic use of memory • 

l' 
'; 4. It would be possible to design a language with the above proper-

, . 
ties. However, there is an existing language, namely APL, which we 

'; believe has most of these properties. It is easy to see that APL h~s 

; the virtues of a high-level lClllguage'. What is perhaps surprising is 
i • 

, that APL has the 'Virtues of a machine language, namely, APL can be 

implemented in a reasonably small number ·of microcode instructions 

a user's point of view and' then we will look at the underlying struc­

ture. Finally we will discuss the size, effort, and problems of 

'implementation and we Will 'compare performance of the APL machine 

, ,'with the IBM/360. 
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1000 Westchester Avenue, White Plains, N.Y. 10604 

Office of the President 

Systems Development Division 
May 7, 1970 

Mr. R. B. Talmadge 
IBM United Kingdom 
Laboratories Limited 
Hursley House, Hursley Park 
Winchester, Hants, England 

Dick, John is fighting back and that's healthy, at least to a point. 

Thought you would be particularly interested in Markstein' s letter. 

BOE:dm 
Attachment 

B. O. Evans 



April 28, 1970 

MEMORANDUM TO: Mr. B. O. Evans 

·t·~'J. 
;/ft. ~ i)l,>l4' 
J ,cf( t:. ~ 
fli t)! -r, 11 Jt(~, 

~~ " . 
/p' 1./'0 
l-~ I /t~ /,,(. ..jet, If rf ! ; t 'If l 1/ . ' 

;I'll Ir.! • 
/' ~ () 04/;.-1-/: 

Afte~ rereading the attache.d l~tte~ from Peter M~rkstein after t~ir:g' I) {L . l 
to DICk Talmadge, I am brlngmg It to your attention because I think It ,1JV't I. 
fairly states the case for the opposition to our study group proposal U h w~"" 7 
from our most expert programmers. They are today's conservatives /It';, I , J . 
who fear change and are more comfortable with the original machine ,~W 
instruction base for their work.. /w ," " L ' I 

I~ 1fI11f/ 

There is one anomaly in this situation. The powerful interpreter need-';p,t/~I 
ed to "interpret" HLS may not be very large. As Lathwell's memo /clftv- } . 
pointed out tha PL/I compiler is approximately 500,000 bytes, the "/ 
APL/360 interpreter is 60,000 bytes, and a Model 25 APL emulater 
is 7, 000 bytes. 
~ 

Please note that Peter's pOSition as stated in the final paragraph, that 
an "effort should be set up immediately to build a prototype andprove 
that HLS can work" is almost identical to the study group's position. 

, {JrL 
JOhnr C. McPherson 

JCM:gp 

att. 

Ji4UZ.t.4iAZW2i 4 ; . I 7, - a . __ x.., i.~ __ ._S..,-..,." .. J;&%iF,i,_$tf4lfGt:;}4Ai,q,¥._., 



. . 
. !,ub)osl: HI.S (Higher Leve~ System) Proposal 

k/,'f",ence:Pt'acocl\~C()nti.Presentations of Febru:l.ry 2G and 27, lD70 . 

I 

. . . 1 

The ll1ajor theme of the HLS l'roposal is 4;0 break away from the von~elUllann . 
a).'chiteci:urc, since the undedying 'a~sHmptioils behin,.} today's arcl1itooturearei 
held by the proposal to beinvulid; !'~;'~': ... ! . 

. . ." .!. ' 

, ''1'he H~S system operates on statements (consider an APL statemenfJs alleXallil)l,,,) 
. '.' .' ......, . ." I . '.' .' .... ' 
. l'athe'j~ then on instructions I l~ ro,~~rcnces objects by na1'11e rathcr t.bRnlby n1;l.ehi?le . 

. address, the ohJect.s al.·es~lf~·oe~;~l'Jbing, its operators are validoverlwidc'" 
. classes of objects, its operators li~;tcrl~inc tho nal:m'e of thcir operands . 
dYl13.l.·.n i CallY .. > and it. UlltO ... maticui1~; marlages lt8 stol'nge hie.I.'archY, thusII giving 
thehnpl'csslon of (1, unu?rmly referenced sLora~o mcdh.l.l'n. ' 

. I 
f 

I 

'rhe!~on.ls of this proposal arel;Jl.dable. Benefits claimed include easfel.' 
.i:tnplc!!1cntation of appUcations nrld Bystcms, g;ooJ c;.q)loltation or LSI technology • 

. 'a~ciinlproved l'nan-macl1inc interrace. A'~'ealth of ot.her bencfi,ls are ~Jai.med .... 
but these do not seem to depend as. strongly. on the radical architectural,chnnge 
as do ti)0 above. .' .. ~ 

Tbe p:rii1cJpnldepart.m·I;),of course, is to have the C()1'l,lputcr offel' tQthen8(;~ali 
tt,e lowest 1e\'010f langl1age, the equivalent vi \Vh3.t is (lonsinered to hea higher 
level 1 an g"ua ge today_ 'there are SO:D'lC exa.mplc.s of simila.r app:l'oaChci;I. 'fhe 
most notabl('; ofthe5e lsthe Burroughs 5500 type machine. Thisserias w~s 
intfHtded to be programm.ed in Algol at the lowest 'user level,and the hardware 
was strongly ini1uenced by this objecj.ive. Vlhile the basicmachinc is stilLofthe 
VOlll\'cuIIl~H1n type, it has been dcsiuned to make the compilation of Algol 
partinularlyei'fjctlJnt, a.hd indeed. users do not generally have au assembly 
language mndo available to them by Burroughs. HLS goes further by eliminating 
assembly language altogether. . . 

Since HIJS "interprets" a ni.ore ambitious in~tl'uction set tJllln does System/360, 
itrc.l ies on apowcriul1nterprct.el." b1.lilt \\' Hll or. .intcn'pret.cd by LSLcompol1CntB •.. 
My reservation herQ is the following: \~ih~ would b(.~· b1.lildini~ inhardware,. an 
" I, , •• .. • • ; , 
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H. G. Cohall 
March 11, 1970' 
Page 2 
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! 
interpreter of a language with which we have had il1BUfficientexperienc~', l1nlYtely, n 

· ..• h.lg.h ....•. er levell ... ang.uage which is sufficiently pow.erfUl arid. rich to Cl.lin. inj.to the .. U5er I S 
. need. to lapse into a lower level language. I venture to say that the fir1t attempts . 

. to implement this language in. software will not be error free, and that Isevcrnl rounds 
" of debugging and perhaps even redesign would be necessary. The prod~ction of 

software, unfortunately is not Yflt very systematized. Yet the hardwar6 which such 
a language requires is merely physical embodiment of such a softwareiintcrpreter. 

. Thus, the methodology for producing the hardware may be set back to the methodology 
used for producing software. My fear is that at this time. hardware b~sed on an 
interpreter will be su1)ject to all the difficulties that software (experiences today_ 
'rhe ease with which System/360 hardware was pr(}dll.c~d relative to the soft"Nare, 
. . '.' J 

makes it unattractive to put the next hardware design on the same metllodological 
footing as today's software. j. 

, " I .' 

. A second item which would be moved out of software is the control of t~e storage 
hierar~hy. Again. this control of a hierarchy ofwidc]y varyirlg performance by any 
technique is not a completely solved problem. Automatic control of tll~ cache ill 
the Models 85 and 195 is successful, but the two storage media involved only differ 
ill performance by one order of magnitude. In cases where the dif(erence is more 
l?ronouneed (e. g., paging systems as run 011 the Model 67), the best means of 
l'l:lunaglng tra.nsfer of information between levols of stol'age is fa1'· from! beIng a. 
closed question. 

To be sure, the atu()lllatic paging and t.he higher level language interpr¥ter will not 
be built dil'ectlyin hard\vare, but will be implemented in micro-code. I Writable· 
cOl1trolstores will make reworking of these cornponents easier than repairing a 
microprogl'amming error today. But firmware ehanges with the frequ(mcyof 
softwal'e changes would cause customers great an...·'dety. since they should view 
firm\vare as an extellSion of the hal'dware. 

~lsbort, the goals of IlLS are 110bie, but the need to move into. hardware. functions 
which ate traditionally done by software {but not well understooa)compr<1tniScs t.he 
stability of the hardware. Rather than shoot for making lILS the FSs~i·ics. an ad tech 
effort should beset up imnlediatelytobuUd a prototypealldprovethat }ILS can work. 
Then. for the next llileafter FS. the Company can baseitsdecisioIJ. .about an HLS 
architecture. 011 hard evidence. , 

ce: D. N. Streetc?-., I , 

C",: J. Me. pbets.n 'td';/7»j 
.. 

.44 , ,,_ ¢# 4. 



SDD POUGHKEEPSIE 
Dept. B58 - Bldg. 931 
Extension 59900 
April 22, 1970 

Mem.orandum. for Dr. R. B. Ta1m.adge 

Subject: High Level System. Interim. Report 

Reference: Your m.em.o to Mr. B. O. Evans of March 26, 1970 

I would be very interested in receiving a copy of your detailed 
critique when it is available. Thank you very m.uch. 

R. P. Case 

RPC:m.w 



MelTIorandulTI to: 

SUbject: 

Reference: 

Dr. R. B. TallTIadge 

SDD - HARRISON 
April 16, 1970 

High Level SystelTI InterilTI Report 

Your lTIelTIorandulTI of March 26, 1970. 

I hate to keep troubling you but alTI very lTIuch interested in a detailed 
critique frolTI you on the High Level SystelTI InterilTI Report and do want 
you to personally stay close to progralTIlTIing and advanced systelTIs plans. 
Therefore, at your earliest convenience, please send lTIe the detailed 
critique. 

Thanks. 

B. O. Evans 
BOE:lTIr 



Mr. B.O. EVGDI, 
Hatttson 

....... : YOfIIletter of 5th Match 1970 

26th March 1970 

'·.haw read the d,eet repcri wIth In __ and ........ to ·"'Y.thatl con 
find very IIttte In It with whIch to agree. It appean to me to be nelve 
where· 1. II not erroneous, both In the justificatIon atgumentt advonced 
and the conel_on drown .. 

I amlewlng tomorrow Oft holIday ,reh.In'. the middle of AprIl. I shall 
'-glad to pr .... (I detailed crlttque at that time, If It wlllM of any 
use to you. 



B. O. Evans 
1000 Westchester Avenue, White Plains,N.Y-10604 

March 5, 1970 

Dear Dick, 

You may have heard that we had a small task force 
studying the pos sibility of a higher level language system. 
John McPherson has led this effort which now reports 
enthusiastically about the potential of such an approach. 
I am forwarding my copy of the report for your study and 
consideration, and am very much interested in your 
conclusions and recommendations. 

Dr. R. P. Talmadge 
IBM United Kingdom Lab., Ltd. 
Hursley House, Hursley Park 
W inche ster, Hampshire, 
England 

Sincerely, 


