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NOTE: 	 This memo sterna from discuosiona between the quthore 

on December 3, 1957 

1. Objectives 
CL 

Two important considerations in deciding whether the Stretch 
computer eyatsm can be multiprogrammed in a general 'and practical 
way are automatic protection and relocation. 

1. 1 Need for Automatic Protection 

k 	 We #hall a~ iurnethat two or mare programe ara rhariag memo 
1 ory and their execution is to bo interleaved and overlapped. Furthw,
i kmv 	 wo rhrll aarume that these programr w e r e  written either without the 

knowledge that they w e r e  to be opwrted together or not rruking u8e of 
this knowledge. There assumptions represent the normal circumrtancaa 
in whleh Stretch users will be multiprogramming, tftfrdymultiprogram 
at all. 

Consider now the environment in which any one of theae programs 
is operating: thia environment can be thought of a8 a r p t a m  conrrirting 
of the machine, the aupervisory program, and the other programs with 
which it is 8brfng  memory apace and CPU time. The teliatbflity of thi8 
ryrrtem (definedas  the probability of running wtthout error for a given 
period of time) is the product of the reliabilttiee of itr cornpanant.; : 
that irr, the reliability of the machiae itrtlf ia  multiplied by t b t  of the 

1 

rapdrkisb~prbgrrni and that orf tach program b d n  time-# b r e d  
with ths given program. It i e  felt that a aupervirory pr?gram can be 
doveloped with a degree of reliability that can for all Intiant8 and pur-
poses be taken as unity, and hanct ignorod. 

What, then, can be raid of the reliability of th4 problem progrrmr 
themsalvss? The chancer that one of there will clobber aabther or clobbar 
tho supervieory program c m o t  be ignored, even though W e  m r y  arrumo 
that:
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each problem program ha0 been "debuggedf' 

during assembly a check is mado on addrmm 
parts to determine that there i a  ne obviaua 
reference outride of the area allotted in a 
rolativo way to the program.' 

reamm for thir is that dobugging i a  rsldom, if everv 100 
parcont complete. Thie is particulakly true of problem8 involving 
computed rofaroncos to memory, or indsxsd referancer for which 
the limit or count dsponds on dat8, It is jurt thass kiladr of refer-
e n c e ~which are likely to go outride of the region r l l~t todto the 
program &I a whole, and it ir jurt there kind8 of rsftrences which 
are not dctoctabls at aaeembly time. 

In additicon to programming blundarrr there ir always tbe pors-
ibility that a machihe malfunction m r y  cauro a program P to elobbor 
a program Q. The likslihoad of ruch malfunction may be small, but 
it ir greater the longer a program sitr in the machina -m d  it rhould 
be obsmrvad tbrt individual programrr sit longer whul  multiprogramming 

bf ir the erder of the day. 

Taking bath programming blunders and machine Mlfunctiaa ihto 
con#id8ration, we m a y  conclude that, fer the basic cernputar 8 8  ncbw 
&fined, a program ir operrting in a aignificaatly larr xeliablo en-
Pirelzment whoa it i 8  time-rhared wi th  ather program@than when it ir 
ax~)cutedby itrelf, 

Let us turn our attention now to fault lacation, +ppore program
P clebberr program Q sither in Qgsfnrtruction r r s r  or data area, It 
ir very likely that P wil l  not discover what it has done if tho machine i 8  

aot equipped with protectian frciliticrr, Thq execution Of P ewld,  in frct, 
bllr completed succ~osfullyif It 80 happonad tfut Q did not change any of 
it# locatfans which P had writtan into, A8 far 18 the p7ogr.m iQ i r a  con-
cerned, the effect of being clobbered by P is romswbt  akin to baing 
etared in an unreliable memory which b e  nQ automrtiq error detection 
and no customer eagizmer. lit waufd be ratirfictory if *ore were a 
reliable, general and afficiont pregrrmming technique for Q ta dstsr-
mine tbrt it had been clobbered. fjuch a twhnique docrq not appear to 
exirk (The methad of forming a check ~ u mfor 0wBeaevtr it loser #he 
CPU and aum checking ba*mpit regrinr the CPW i a  reliable but 
adds a heavy burden ta rrsultipregramming). 
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A curtomor’r codidrncs in using Stretch on rr multiprogramming 
baotr wi l l  depend on the machine being as alert to clobbering ar it ia  
to a uimpla malfunctioning ofmrmory. 

1, 2 Need for  Automatic Relocation 
r 	 i 

The &!Wmary&qe l t iprogramhg i@to obt rb  batter utUia;-
ation of the equipment, iculcrly Ithe CPU, Xn numy inrtallrtione tho 
amout of memory availirbls wil l  be a limitfng factor On the aumbccr of 
pragramr which can be eperattd together and therafqre on the advantage 
to be p i n e d  by multiptogrrcmming, This lir the firat F~IIOXL, for requir-
ing that it be pesrib,3e to pack grogrrrnr in memory, 

The second teaaon for packing program8 is -It idle mamary locs -
tions raprerant a rignFficant dollar lass in valve ext-r cted tram 
h@kll&tiQZL 

How tr the packing ofprogram, related to rdocStion? Suppare 
we have a memory packed to &m hilt with programs and, in a broad 
r~snre. start off their mwcutios together, It f a  moat uplfk+iy that tihare 
program8 wi l l  bo completed together. A8 v w b u r  pro#raans i r e  coql+t.d, 
lipace in memory bscomea available firrt in orre part cpf mamorpr, the^ in 

Jrrrry 	 another. After a while, there wil l  be rrevst~lrcattsre6 8rq)ir Sn mamory 
into which a new problem program would fit, if only thps. axerr wera 
contiguaue. In order to collect all the rvailrbla spaelre into a lrinrpls area, 
it ia  nacsrsarary to ralqcrta rome ar all of the prabXsM program8 which 
are a t i l l  being executed, 

Relocation of program# which are still Miag executed need8 carea 
f d  conrider&tionfrom two strndpointr: 

1) is it fersibls? 

2) if feasible, fs it wcorrthwhils? 

W i t h  regard to fraaibility, it is quite obviour that I program elkmot, in 
gexa+ralt bo relocated at an arbitraxy stage in ita exrl!<?:utiibnin the Strcstch 
-chine a a  now d+find. An 8ddrsr8 rtrndiq in *let accumulator, index 
registers or tarry’;lFsJt4ry otnrage would bs o v q k g  d iq0 programmed 
rslaeatfon bmcedure’unllarrr a rMltPcgtba hkt:hW#~ *rnsarrna*st, ,.*f!J 

i2aer”nS Wt) *are  kept d58dPtbi)c bp-t@-&ts fbrU r i 6 . Y  bf ~ v & Z Y  ~ 

location. Abmluts up-to-drtenraa is not quite achievable. 
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It i s  natural to s w e a t  that, if programmed rdiocrtion ie not 
furribla at an irbihrry stage in the execution of a given program, it 
r b d d b. porribls at specif$sdpoint#. Ln prlctics, hOMIever, ruch 
points sitbar do not occur or occur very ~ r e q o l m ~ p  8 pro-ItDSid.. 
gf&mmartakes #peck1 p r h e  (and extra program 8tap4 to create them, 

number of ruch poiate ha crertta can hardly be leqirlrtsd and thsrs 
tm little or no incentire for him to create any at all, 

W i t h  the currently defined nuchine, w 8  are, thereforu, reduced 
to m m e  ruch approach aa the frsllopoing: o new prsgranci wi l l  not tm 
brought into the memory -til enough programr &re braan completad 
e0 mako arri_lrblea mingle 1x89 ofmemory suffici y large to recorn-
glMists the new prograxn, In other word#, excluding hiha1 rllocatisn, 
ralocrtion wil l  be avoided altogether, It i lr  

of this approach reuults in poorer utfllultion afthe eguihrnt than 
could be achieved with a machine which provided for relacation in a 
-viable rad efficient form. 

Ans@&sraopsct of the nasd for automatic rducrkiola ie aha U ~ Iof 
unrxlryr! t&lt it$, orerwrithg one portion of a progrrm‘byanother par-

kw 	 tion of the 8ame program, t b  new portion being brought lia from atax-
t3iarr.g storage. In a mtrltiprogrammtd Stretch there w e d d  be banefit. 
to be pined by using overlayo in sums -see w b r a  there w 
ELOPII fn a riagly programmed machime, Lww-duty portbnr 
gram +buld yield memory rpaca to high-duty portirsmu of ~11Qtha1p.Rc-
locating progruns with werlryr during exscu&m ir a ottffieibnfiy corn-
plsx pracsdure in a machine which does not have aubnmatic rsifocrtion for 
8#!@&p1abhm@programmer to abandon the u80 of overhy 
rtlpenriscrry programmer to aroid relacation, 

I 

1.3 	 summrry of Objacti-ass 
, -

The objectives 	of thh propoa.1 m y  be runaazariaed a a  followa: 

1) 	 to, ‘lprotride a protection mechanism whtch w i U  confine 
all. memory rafllrrancsr made by I f l r rs  
il rpecffied area tagether with those loc 
m%drerrssare l e sr  ‘than 64; 

2) 	 to provide a saelsctirrr means of adjrsrtbg a 
843 that relocation during execution bacomsr hmaibls 
and efficient. 

12..qo?siataatU tclslrr 
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prsgram 

1) 	 it wuf be arcer@aryta relocate contra1 ur~rdr 
by traditiaartl (brute farce) rnsthade 

, 

3, 	 Comments 
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