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The GIER ALGOL compiler makes use of an automatic 
system for handling the transfers of program segments from 
the drum store to the core store at program execution time. 
The logic of this system is described. The performance of the 
system is discussed, primarily on the basis of execution times 
related to two specific programs. The discussion concludes 
with an assessment of the potential gains of various ways of 
improving the system. 

Introduction 

In programming for a machine with a nonhomogeneous 
store, such as a core store and a backing drum, the han- 
dling of the transfers of program and data between the two 
media is usually a major problem. In designing an ALGOL 
compiler for such a machine this problem is added to all 
the other problems of the compiler. I t  soon becomes clear 
that tile problems of program and data  are essentially dif- 
ferent, for two reasons. On the one hand, the progTammer 
knows far more about tile most suitable allocation of data 
than of program, because he knows the volume of the data, 
while his knowledge of the size of the translated program 
is usually very crude. On the other hand, an automat*it 
handling of program transfers is much simpler titan the 
corresponding handling of data because the progrmu is 
unaltered during execution, at least in machines having 
~'easonahle addressing facilities. 

h:t planning the ALGOL compiler for the GIER,  a ma- 
chine having 11024 words of core store and 12,800 words on 
drum, it was therefore decided to include at, automatic 
segmentaliolt of the program, while the handling of data 
on the drum is left to tile programmer. This decision was 
based on rat;her crude estimates as to the structure of 
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actual programs, but  has proved very successful in prac- 
tice. In fact, the programming for the GIER machines now 
rmufing is done almost exclusively in ALC~OL. The time is 
timrefore ripe for another discussion of the problem, using 
the experience of tile GIER ALGOL system as the starting 
point. 

The present paper contains first a brief description of tile 
logic of the segmentation scheme. This is followed by a 
report and a discussion of some experiments on tile per- 
formance of the scheme in a few representative programs. 

T h e  S e g m e n t a t i o n  S c h e m e  o f  GIER ALGOL 

The principal design of the G I E R  ALGOL compiler has 
already been described [1]. In particular, the program 
storage allocation scheme is described in Sections 3.9 to 
3.12 of [1]. The basic features of the scheme are the follow- 
ing. 

1. The compiler has divided the translated program into 
a sequence of segments each held on one track of the drum. 
A program track of 40 machine words will on the average 
hold about 60 machine instructions. Tim division into seg- 
ments is done by filling the translated program into tracks 
without regard to the block, or other, structure of the 
source program. 

2. The compiler has prepared each segment to be exe- 
cuted from any location of the core store and during execu- 
tion the segment will make no assumptions with regard to 
the presence of other segments in the core store. 

3. The transfer of segments from the drum to the core 
store is done by a fixed administration which is kept perma- 
nently in the core store at run time. This administration 
will keep a list of the track numbers of the segments cur- 
rently present in the core store. Whenever the control is 
transferred from one segment to another the administra- 
tive routine will examine this list, thus avoiding unneces- 
sary transfers of program segments from the drum. 

4. The amount of core storage available for program 
segments is that  which is left over when the locations 
necessary for the currently declared variables have been 
reserved. Consequently, the number of segments held in 
the core store will generally change during the execution 
of the program. 

5. When the transfer of control to a new segment forces 
a segment in the core store to be cancelled, the segment is 
chosen for cancelb~tion which h~rs been left unused for the 
longest time. 

The administration of this logic is shown in the ALGOL 
procedure given in Appendix 1. 
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for intevnai purposes, so lhe first segment place uses the 
locations {; i(.} -I6, ~he 5e{:o,,'ut the ]oeations f rom 47 to 87, 
e{c. The sNstem will never  work with less than  two seg- 
meni plaoes, and the naaxhnum capacity is 20 plaoes. The 
fixed administPatio~, including the table of the t rack 
]I[H'iI})eF~ elf the avai]a})lt p rog ram segments ( S E G M E N T  
T R A C K )  and several other  routines which will not be 
described here, uses ~he locations from 836 to 1023. The 
~tack of vari~d:)les <)f' the ln'ogram starts  at loeation 835 
and will at any t ime reserve as many  loee~tions as are 
needed acuordin~: to the declarations of the plrogram. The 
largest number  of variables which {:'.an be aecomodated  is 
therefore 7-t6. As shown h~ detail below it is, however, 
uuwise to  go  that  far, fo:r reasons of the execution time. 
The  two iltustratious of the use of the storage should serve 
1o imI)ress o~ the reader the fact thav the sys tem 2t all 
times tries to nmko lhe best  possible use of the available 

core store. 
:\:< a basL< for the fur ther  discussion of the sChelTle so l t ] e  
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t){)r];m{'{' oi' the \:~l'hntx l;{sl<s iLL I'o:ll]sti¢ cases, wil h a vi{'~v 
{{) t}ossii)lo itnt)r{)vcnwnls of the ,%'>lclu. The ]mi)Pov{,- 
nwuts conshh'r{'d nn' {h{>e \vhhq, xv{mId entail only rda- 
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Chang{,s whiuh inv{}he the a{lol}ii{m o[ :/i '~}a,dca,lly Eft'e> 
e~{ 'aptwo:wh, .~u{.l~ ;is :l r{'/ia]w{' o[ i,ff(}rmati(m Sttl}l}]i0{/ 
by  the f}]'{}gralumcl ', aP{' H{}I u{mshl{,l'e{l here. 

As the lh's{ lWOl)I{,m, lel us lry io got :u] idea o[ th{, 
sig~fi&.amte {)i' I/u' &'urn lP:u,st2,rs for IIw overall executio~ 
tim('. This will be im/}ortnnl it, {le[ininF the e]l'{)lUlllSl21.II(',eS 
under which {3tlwr l':urtors will Ira, re  {o be studied. Clearly 
the iml}ortanu{? of drum transfers will (tel)end on the 
m:mI){w of segmeul t}la('es a v a ] l a l b l e  ill t h e  cope  st()l'o. Ill is 

thePei'oro n:~{tu'al to slu(ty the cxecu{>ion t ime of a giv{,l: 
p rogram a.s a function {ff the availabk> mm]ber  of drum 
tracks. A reMist:ie way of (h,tcrn:ining this [unction is to 
perform timing exl){u'imenls on the machine. A fairly 
simple way of doing lifts is tile following. We embed the 
giv('t~ [)l'ogI',ttl]l it] t\\ 'O t)loclc.s ()[ i h e  f o r ' m :  

b e g i n  i n t e g e r  p;  
M p E  (p )  ; 

b e g i n  a r r a y  A[ I :  p]; 
• . . H e r e  we wr i t e  the  g iven  p r o g r a m  
e n d ;  

e n d ;  
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By val'yi~g P wc <:~ :~I will re~<i've rely desh'ed fraction 

of the core s[ore. 

Test l ' r o g r a m s  a n d  l{esu~ ts 

Experimenis ~dong these liu(~s h~we been made for two 
program's, ch<)s(m lo rq)r(,se]~{) {wo opposite extremes with 
respect to ]()()/) slrue{.ure, ~s follows: 

hwersion f'~',~V'a,~ the inversion of a matrix of order 

Time in seconds 

\ 
Track 
transfer 

Inversion program 

Segment transition 

Prograla execution 

I I I I I I I I I f [ 

3 4 5 6 7 8 9 i0 ii 12 13 14 
Segment places 

F~(;. 2 

10, using ~r slightly modified version of the gjr procedure 
of I{,utishauser [3]. 

Integration P~'ogram--thc evaluation of a double 
integral by means of t~ Romberg procedure used reeursively 
[4]. 

More details of the prograns  arc given in Appendix 2. 
In each case the value of p was varied in steps of 41, 

corresponding to the amount of store required by one 
segment, until the capacity of the core store was exceeded. 
The l~st successful run then corresponds to 2 segment 
places. The run times were obtained by the use of a stop- 
watch ~md so are only amurate  within a few tenths of a 
second. 

In order to facilitate the interpretation of the run- 
times obtained in this way, runs of the same programs 
were performed in which the fixed administration wg~s 
modified slightly in such a manner that  counts of the 
following three actions were obtained: (1.) drum transfers, 
(2) transfers of control to segment already in core, and 
(3) tests for coincidence of a searched track number and 
items in the S E G M E N T  T R A C K  table. Counts (2) and 
(3) together :allow a calculation of the exact time used for 
transfers of control to segments in the core store. 

The results of the experiments are given in Table 2 and 
m'e represented in Figures 2 and 3. They are discussed in 
the following sections. 

20 Time in 
seconds 

Integration program 

D r u m  Transfer  T i m e s  

The differences in the essential features of Figm'es 2 
and 3 can be readily explained in terms of the structure 
of the two programs as follows. The innermost loop of' 
the inversion program is the statement:  

i5 

Track transfer 

"~--~" Segment transition 

Segment p laces  
) 

Program execution 

~--T-----T i ! I I I I 
5 4 5 6 Y 8 9 I0 ii 

li'm. 3 

I I I I 
12 i~ 14 15 16 

for j := 1 s t e p  1 u n t i l  n do a[i, j] := a[i, j] + z X b[j] 

With n = 10 this loop is executed 1000 times. This loop 
is so short that  it will be held in one or at most two seg- 
ments. Consequently, even when there are only two seg- 
ment  places available in the core store this loop can be 
accolnodated. In  the particular experiment it is apparent 
that  the loop has been placed on only one track by the 
translator, since otherwise the number of transfers of 
control across segments would be greater than 2000. 
This explains that  the program will run with no substantial 
increase of run time due to drum transfers, even when 
there are only two segment places available. By contrast, 
the iImermost loop of the integration program is composed 
of the following program pieces: from procedure Roniberg: 

for k :=  1 s t e p  1 u n t i l  max ord do  

beg in  
z :=j /p;  x := x × a + ( l -x)  X b; fO := f ;  
12 := sum + j'O; 
error := error+ (if abs (fO) > abs(sum) 

then s u m -  (12-fO)else f 0 -  (/2-.sum)); 
sum := I2 
end summation of function values and errors; 

and actual parameter corresponding to f:  

i f  'Iv = 0 t i le , ,  0 e l s e  ( - - / n ( w ) ) + ( - n )  
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't?h]~ loop comprises four differeat parts :  the t,h>mlscrg 
i:)ro:+edu]'e, the a(+tLta{ 15ar:.:meter, the /~ ('():le all(} the 
I>owcr eo<}e. These  are :+.[1 s~ored iu differem :>l:.>s <>:: t} , ,  
(h'um aml (]('I>e:~(litsg <>:] the seg:m,::tadon d(me }>3 :h{' 
+r'.mslator wfl] use fl'on: )':+:u' to ,qx dKfere.t ~ru('[.>+ This 

ex:>hth:s the dra,stb rise of drum transfer {it::(' [(>r ]('ss 
I: } i ~ ~L ~ ~ S ] X ~vai[abk:, segme::t p}aees 

I t  should be :realized that  the drum tr:msfer thuos just 
{]]scussed it: n() way ('a]: be used as t:t: argument ag::]ust 
the aut(>nmth* segln(,t-K adn:h:istr::tk):: seh('me, "['}::'3 are 
enth'ely a t':methm of the l imited size or' the ::mchi:~e ::t:d 
would m'ise when G e  core s tore  is filled a lmost  to the 
br im with varia, bles t:o nmtter  which ',:Ldmi~dstratio]: 
S(!}l()ll]() \vel'e [tse(l, [Fhe ~\+d 3" to  {:V()i(:} thel]1 iS i0  ()t'~[H1iZ(' 

t}]o i>rogram so as to keel5 the ::umber o{ \'ar]a}:)les i:: t}:(? 
<+(sro s tore  below ,a retted:: limit. 

The impor tant  resu]t of the pr('se:t:t seetio:~ ]s t}mt tiae 
drum transfer thn(,s are im/)orta, nt only when the I)rogr un 
i~ squ('eze(t )'a,t]wr t ight ly  by  vm'iables,  while {h{'re :s a 
wide range of :]ormal si tuat  () Is in which (hese t imes are 
:nsig:l i f icmit. IL therefore makes sense (o ('onth:ue the 
diseussi(sn of these nornm, l sih:alions. 

S e g n t e n  t T , + a n s i  t i o n  T i  ri tes 

We now discuss the :~ormal s i tuat ions,  as rvprese~:te<{ 
by  t he inversion p]'ogran: runn]t]g with six segment ]?}aces 
or more ,  an:t by  t}:o in tegra t ion  p rog ram ru)mit:g with l0  

~. .C ( se~me::t, places or more.  In  these  si tuatio::s  we m:.} :ha :  
the  seglnent  t rans i t ion  t imes a m o u n t  to 1t percent  and 

32 percent of the total execution time in the two programs. 
[ towever,  these times are quite sensitive to otherwis(? 
insig~fifieant changes  of the programs,  which :may move  
g~ segment transition i:: or out of the innermos* h:)op of the 
t)rogran], :ks a], example ,  suppose  tha t  a segn]ent t ransi-  
tion had  beet, placed r ight  in the  innermost  loop of the 
invers ion p rogram.  This  would cause a:,  e x t r a  2 0 0 0  seg+ 
:nent  t ransi t ions ,  usit:g abou t  2+2 seconds. The  exeemion  
t ime  would be 9.6 seeor:ds and  the segment  tra>sit]on 
t ime would be 3:1 percent  of this. 

3 (ore  gener~d]y, the shorter the i::nermost l(,op eo>- 
tr ib:ttJ::g to the bul l :  of' the exe(+ution time, the more 
sensit ive wi l l  the program be to differences of' segmenta+ 
don a::d the more  sig'nifiear+t m a y  the tram:sit:ion t ime 
become.  The  ex t reme  ease w}]ieh is still of (>tact i('ai h~ t(r(~t  
is probab ly  someth ing  like the following: 

for i := j while A[i} ~ }/(Io j := j-F1; 

T}:(! ]o(:5 I) t ime o}' this is abou t  1.6ms. A seg)nent, t.r:msit]o)~ 
placed its tt:Js migh t  h~ the ex t reme  (:ase contrib+:te ,.l: 
extr:~ 3.2ms, thus slowing the exeeu(;io): (low~l by  a factor 
of 3. T h e  other  ex t r eme  is the case of ~1, ]or~g loop i)~eh:di.g 
(,xteusive ealcula, tior:s, wi thout  :?:dis of procedures  or 
formal  mmses+ [. 1his <,se the)+e will be ul) to 80 ftoM]ng 
opera t ions  betweet~ each segment  t r a a s i i i o n  "l'hi,< wil l  
give ~ cons tan t  (:outri})ution (5[ transit i(m l im(::s of ,b(>ttt 
10 15er(+ent, in(let>e):de~t of the segme:~ta!i(m. 

Al{hollg}5 [5oJ ~+]al'Ir~lJIlg, (l+ose figm'os J)~v]l+ +,, <:<)m<id;~)':+, 
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:hm (>( [.>~:-.ii+h' r,',ix-- I~ !~'~IH.~ ~ l] . ' I~,  T)!r{'i' such possi.. 
15ititi{'L< .r~' <h'-.q'il.'~I he}'<'+ '11. '  ( i r - I ) . 5 ~ ' . i b i l i i y  is to aid 
~uitab](' I(5~i. :~5 the (ra)>htt<>r f(>r ,hqc(+t i~ a ,<uita,})ly 
:'II()>,('I: i']:P,,'- t)[ >[Itll't i]sIlcFIll()-q I(5(5))--, a)tI[ lll~t,l,:itl~ 8tlre 
t}~:tt It() +H(+}t hs<))+ i+ ptm.'(~ ~tcr(>~-,. ;+ -:i'~nl(,It( ()'tmsitJ0t:, 
ii' ll('('('~:<:tt'y l+v ',~a~liI~g <I m . '  ,>~t ~ <Ii:tts: t+'~t('l.:. T'his ap- 
[)]'oa<'h wi)u]d be i'+,l+rlv +im[>h' t() ]~+5[>]emc)~t, itt particular 
itl :t muh  il>a,<~ tr :m~htt( . '  l]k(' ( ; ]Ei~  ,\]+<:<>L l}(+w:wer, iL is 
:,i' :'::t[scr ] ituit( . l l  v+,t]5:{ ,, ~ill(':' it w()tth[ ( m ] y  t)('}i5 to avoid 
~ h e  : ) t t (2qt:sI] ( l i I igIv  I):({I (!+t~(L ,4 \~+hiI(, ~v~,.qt i [ )g -,,[}{t{!(~ ()[] dr'tit:: 
Jr:t:'(<> it] 15<:t13" :ltt+l+]p(+t+t:+I:~ ('H+e+; 1lot :,\+{,ry sl5ort itltset'+ 
m o s t  ]ooI) iB a ++~:silicat:t ('(s)~tI'i}+::tor t(+ the  exe(mtic)r: 
t im(' .  

A +ec<+ll(l )><>~+ibilit3' \voltld is(, to ]).+]u(le ])'t the run- 
t ime a(lI~dt:i~tr:di()n :~ pcri()(lh + :umlysi:~ <>f the program 
+:'u3Yt~+ co:)[i~:|t 'ati(m wil/~ a, [ . ,ss ibi t i iy ()f tel)lacing 
seg'me:~t t rat :s i t i (ms withi)~ .vu]h(,bh' +ogtm,.t+ by dh'ect 
juts:p<. "F}:i+ :5:i~}d (:t)tt ()tit t:) }se :t -:iml>h,r tin((tel + ~Ii+~tl 
n:]ght: t)er}ml).< ~t~)[5:,;tl tit {il':<i Bi*]II. [}:SW(+V(+I'+ tl~aitl Lilt(> 
H(]VtlIS{ d~('S ill'G' (t()II}>{ *'t:l, sil, '(, the ([(,tt,(+tJt)n ()I' :t (:at~didat:o 
eo:t]figurtdi:)~+ f(sr jura l) r(15Ia(+esm'tlt wilt (i(,p(+ud (m this 
(+o+digl,trtdi()n }:t:ivh]a ttIl'i'HI[+ + )'tH5 (or" HHtlI~ + ('3'('les, wllieh 

m a y  well be too h+te, 
A third !)ossibility w(mh} }>e It> :t(}(l ~t )~ew iustruc[ion 

vo the ha:'(lwar(~ l(sgh~ :st' the In:lc}sitle It) take ct~l'e of the 
segment  tratssitioI< ]7 this were <iota5 tim tr:msition might 
t )(  ~ ~,4I)(}(,{le(l {{15 })3 + :t }J{[(tt()]' { ) [  {{ t)(>/t{  {~, \ V } l ] ( j l  t i led, l iB t I t t~  

the pr(>blem wOtlt(l }?e solve(l. Wi l l ( i l l  ( ; l l < l {  AL(a)L the 
+'(5st ()it +him ~ohtth>)5 w()uh] be high, sit+(,e })oth ha,rdw+u'o 
atLd sof tware  w()u[(l have  to be ('})attgec[+ However, irt a 
new macl+h:e this would be the o})vh)tts sc)httic)m 

ll';ll'eet o f  t h e  l ) r o g r a n t  ~ t o r a g e  ( ' , l l (+anup 

The  figures (>f' T a b l e  2 allow +m estimu.t(! o( the effec~ 
(>f the pr()graln stort~ge (:I(mttup pe r fo rmed  tit every ;5;10 
seglsei~ t 1Ftt]]siti()tl~.  [1"}](: (J(!alt t l l)  i ' t:tH(els {}ie segmellts 
s tored closest) to the s tack  as long ~s they have not been 
used durh G tl:e last 256 L<Cgm(m( (rtmsit ious.  This short- 
e:sb]g of the segme, t table wi l l  mak(> it:set( felt during the 
exeeudo,l of loo}>s ~xhich c~+t: easily b(, held in (Pie avail- 
~i]+)]e .~(?~Hlell{ ~)]tu;(ss, })}" r+,(ht<:i)~g the size of the 
A'KC3IKNT' 7'h'Ad'N ( a b b  (+> 1){! se:u'(die(t at every seg + 
m(mt lr.+tisit]o-+t. To  {>bt:dll a (lir(!c* {>xpression of this 
(~{]'ect wu hla,v m)nqsa)+(! t}le avuI 'ag(> ) : t lm})er  o} }he a::( i , lv 
!serfornwd sear(th (:o)nls+t:'i>o)L< ))(.t' Begin(rot, (r:msitiot: 
v<]th the ~ u m b e r  to }>e uxpeet(M i}' all ('tee segmc)fl; })laces 
w e r e  tl:<e(l, (7>@. ] ) / '2 ,  where p is t tIo i i t l l n b e r  o[: places. 
Tllu r(,lalio)~ })etw(~(:')~ lhe>(~ two Humb(q's is sh()w~: it: 
t"igure 4. This  figttr,u >h(>ws cb:u ' ly  tim,(, w}:tm there ++r(: 
HICJF( I }]H;lt {k C(t'{ Hill /IIIIII})(W {)[ H.VtlJ]D,})}(} ;-,:egHs(}I/l; pl~ces 
the :+:mlb(Pr (/' st!m'eh <:onfl)ttris()m: i:+ uxttally well below 

the expe(:i e(l }]+is)it)e('+ 
T o  (.)bI~dtt) th (  (~l]"(~(:t +m I}tu t()l~l,I (sx(!(',u(ioI: (.,ira(' ',re 

IS]fly )](St{~ t}Htr~ L}l(~ ~L\'i]} V re.,lize+I by the ch!m~tip (ech 
)+i(+tt(~ umo)mi> to rougi+l.y ;L +hh'd t(>., h . l l  :5[ (h:' t()tt+l 

itliU 11+-4+(] [O)' i}Ie-+(+++)+(ti+ e()l++ls+H'i;<()li:<, ()If t,h(+ b+sis o( 
T+d>les t .t:+l 2 +hi+ i-. f<.I))(l t() }5{+., few +)(fl'('(+l]t (7)[ []5(' 

~,o|,,m(+ 8 / N,,ml)<'," I( / Nov( ,mber ,  1965 
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refill ext,(:tiii(,~ {i~t< Th(~ ~:~.vit~g m(tst; b(, weighed against, 
t.h(: cosl,s o{ Ih(> [(~{ittirc). These arise l )~rt ly from th(; 
periodic C[(~{IIIiil 1) tJr()(!(!s~ itself, l)m't;ly t 'roF[l [;h(~ d r t t n ]  t r a i l s -  

fers which w()u/(l have' bo(',li ~woi(tcd if lhe segments had 
not been (m,~t(:(qlc(]. Tim tirst of tilese 'ianounts to less 
thati 2 millis(~ct)~lds (!v(~ry 510 segnlent l, ransitions a.nd 
so is negligibl(L The second is highly dependent on the 
program ~ti~({ Jm~y /'irate from nothing 1o an aniount 
whi(>,h wi l l  swamp 1,he con@ete saving, 

Ill I l l l lSt:  t,tlt¢(~ror(~ be (xii/( 'hJ(](~,(l t h a t  t h e  p r o g r a n i  s torage 
(:le<%nup fe~tttire is a. doubl.ful a(lvant~ge which probably 
niigh{ as well t:)e elnitted. 

Varying t h e  S e g m e n t  Size 

All the experi:ments reported ahove refer to the same 
segment, size, 40 words. In  general the segment size should 
be cor~sidered to be a, imt'ameter chosen in some opt imum 
manner. We h~tve rio experimental  results bearing di- 
rectly on this manet ' ,  but must  confine ourselves to the 
followh~g discussion. 

An upper limit I t  the segment size is imposed by the 
necessity of heing able to accommodate innermost loops 
comprising several segn'mnts completely in the core store. 
A signific~mt result related t;o this is the number  of seg- 
ment. places needed to reduce the drum transfer t ime to a 
negligible size. This is shown by Figure 2 to be 6 and by 
Figure 3 to be 10. Allowing for variables in the core. store 
it wotild seem from this tha t  the segments should be 
kept so short that  at least 20 can be held in the core store. 

A lower limit 1;o the segment size imposes itself by  the 
necessity o:f supplying a code indicating the segment. 
~,ermina, tion at the end of each segment. The fl'aetion of 
the stor~tge <~pacity used for this purpose will increase 
~s the segment, size is reduced and will eventuMly drown 
out ~11 the usehl/ information. This capacity effect is 
added to the increase of the segment transition time, 
whose importance depends greatly on the hardware 
f~eilities, however.  

Although this dis(.ussion is inconclusive there is nothing 
to i/:l(lie:ti,(~ t;I;m.l, a, segnlei l l ,  size in C, I L R  ALe, eL of, S'ty, 
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2 drum tracks, wouhl offer any advantages over the simple 
choice actuMly ~tdopted. 

C o n c l u s i o n s  

Iu view of tche fact that  the segnient administration 
descrihed above was realized entirely 1,itrough n iaehine 
facilitates which in no way had been designed with this 
t)robleni in mi:nd, the performance achieved seeins very 
satisfactory. The approach can therefore be recomnmnded 
for' use it, machines of a siinilar structure. Lven better 
/)erform~mee may be achieved if erie rather special ma- 
ettine instruct ion is available, This would therefore be &it 
in-iportant feature to include in new machines. 

The importance of the characteristics of ALGer, 60 for 
the success of the system m~+y also be noticed. Indeed, the 
approaeh depends directly on the block structure of the 
language and the at tendant  possibility of using a stack 
for the variables of the program. 

Acknowledgement, .  The ideas described in the present 
paper are the outcome of the continued collaboration of 
,10rn Jensen and the [)resenl~ writer. The remarkably 
concise and effective machine coding of the fixed ad- 
minislration was done by  aOrn Jensen. In discussing the 
possibility of a special machine instruction for performing 
the segment Wansition we have been assisted by Per 
Mondrup, who did the necessary microprogran'lming. 

A P P E N D I X  1. 
P r o g r a m  S t o r a g e  A d m i n i s t r a t i o n  

The following ALGOL program gives the essentials of 
the program storage administration held permanently 
in the core store at run time. I t  is hoped that  the choice 
of idemifiers and the comments given will make further 
explanations unnecessary. 

integer M A X  SEGMENT, CURRENT PLACE, LAST USED, 
CURRENT PRIORITY; 

integer array SEGMENT TRACK, PIMORIT Y[1 : 201; 
comment  These variables define the state of the system. MAX 

SEGMENT gives the number of segments held in the core store. 
Depending on the number of locations reserved for variables 
this will be an integer between 2 and 20. CURRENT PLACE 
gives tile number of tile segment place holding the program 
being executed. For simplicity the program assumes that the 
segments are stored consecutively from address 0. LAST USED 
is the smallest address pointing to locations used for variables. 
CURRENT PRIORITY is the priority of the segment being 
executed. SEG3(ENT TRACK and PRIORITY list the track 
mnnber and associated priorities of the segments presently 
heht in the core store. Only the first elements, up to index = 
MAX SEGMEN T, are mean ingful ; 

procedure TRANSFER CONTROL(TRACK, RELATIVE AD 
DRE~S) ; 

in teger  TIA'tCK, RELATIVE ADDRESS; 
(,eminent This procedure must be called from the translated 

program every time the control should be trmlsferred to an- 
other segment; 

begin integer i, mir~ prt'oriCy; 
far CU17RENT PLACE := 1 step 1 until MAX SEGMENT do 

( ' , O l i i l i l u n i ( ! a l l o i l s  o f  the, . ,~C}[ 6 7 5  



i f  T / f . t C / \  - S/', '(;I/E'.\ T J A ' . t ( ' K { ( ' ( I L t f E N T  />L.t('E{ l h c n  
~(~ /o  N/ iT  ]~],'lO/i']'i'} ; 

(!41111111Clii 'l'r:lc'{< is lira{ i~/ (>731'o ~ Io l 'e :  
.+iTi /)"io."t!i : ..... ¢'[]Cli>t ' . \  T /'[?/()12/T) ; 
fo r  f : -- l st~'p i u n t i l  31.1.\ : ' i l f ( 7 . l [ [ f \ T  d o  

i f  ]>],~/{)]CI'=/') i < m!~ p ' i 'o ' ! t~  I h e n  
I )eg in  /n~si 7> ! . , , i t /  :=  ])L>[()Jf[T}'[~]: ('['/C/~>[f\ T t ' / . . t (  t;' : 

tr:lnsCer fr.Ii,< d r . m . 7 / ? A ( ' K  *a ,,~/hh'c, ss: ( ( ( ' i ? A ' F . \ T  t ' L . t ( ' / i < X  

SE(;: ' t lE\" 7" 7']{. { ( ' / (  ("~ [t't,>E.\ /" ]'I..L ('[fi :=  7"/?. t ( / f :  
i f  t / / _ t X  5E( ' ;1 /[q . \T  f- L~ X tl. < ] , .1S7'  UNE'D t i~en 

/~eg in  c o i / t n i e l i l  l { t ' lc : tse ~,( :i seTn~(']U ; 
] / . i ) (  :U:'(;.1//q.\ 7' :=  3[.~N ;<tT(7.]tH.Y7' {.- l;  
St;'(7:l[k/_\T 7 t e . t ( ' K { . l [ . t X  S t f ( ; 3 [ E . \ T ]  :=  O: 
(x}mrne t ] l  ' [ 'he ]]{)w1}" 7'()]()ltse/{ s('glHel/[ /8 iio{ Hse(t {i( o1/(,(,, ill 

(wder to cot l ,~teraot the i l l  e*Ye,('ts Of ',{ ra{)iicH3" { ] t {c tuath ig  still?l< 
(Q" va r iab les  {u {}it" c~>]'0 Sit/r( : 

PNIOH[T }{J[.I .Y ,gE(LllEN 7] := CUH[CEY 7' lqT[Oh'[T T; 
e w d  ; 

N E T  ]>t{'[O]?[T } :  
I)RIO]7[T }-{( 'URh'E.\  7' ~wE(7:IIEVT} :=  ( ' [ R / t E . \ T  t>A>IOA'IT Y 

:=  (>! : / f / /E 'NT P/f[()N[7"}- -b 1; 
i f  ( ' U A ' N E N T  P R I O R I T Y  > 5 l l  l h e n  

13egiil eo I I I l i lC l l l i  .l)txig/'D.II] s torag( ,  ( ,h,amu):  r a re ly  u sed  seg- 
m e n t s  at }~igh s e g m e n t  u u m b e r s  a re  (':~n('e]h,d; 

| i ( i o l e a l l  ('e~/Tct[: i n t e g e r  p;  
(V(.,C('~ : =  l r l i e ;  
f o r  7' :=  ] / . t [ \ -  L<]f(73[~'].V]' step --1 i t ( i t ( |  1 do 

i)egi~ /~ := PIi'[OtHTY[i] -:- 256; 
ifc,.n'mTq t h e n  o'7,+me] : =  7) = 0 / \  f > 2; 
i f  cani-'cl t h e .  M A X  SE(/ .1 /E. \ '7 '  :=  3 [ . t N  S E G M E N T  -- [ 

e l s e  P[i'K)RIT'}'{i] : =  p; 
e Il d ; 

CU]?/?E:\7 '  P]HO[HT}"  :=  2 
e n d  c]£an ~ff); 

go  Io  instr!mtio~7741 X CU[fRE.V  7' P L A C E  -7- I?fJLA 77 I E  A D 
SiR ESS};  

i m , I  77CA ASf"E t7  CO.\  7"]i>OL ; 

A P P E N I ) I X  2 
T e s t  P r o g r a i n ~  

T h e  [ttit tex ts  of the test p r o g r a n i s  g iven below inch tde  

seve ra l  (a l ls  of s t a n d a r d  I~roceclures o f  the GI I ; ;R  AL(;oL 

I I {  sy s t em.  T h e  effects of these  are g iven  brief ly a.s fol lows:  

drvr?z ;o{(Tce. An ]1170rnal va r iab le  whose valu0 eontrcJls the  par t  
Of the  (]FtliIi h~v . lved  i l l  (sails ,of f r o m  d r u m  and  g i e r d r u m ,  

f r o m  drT~m. T r a n s f u r s  v a l u e s  f rom t lq( dr'tim into an a r r a y  g iven  
3.8 I)?t ra {l!et{?I'. 

gierd.<'z~m. H e a d s  b i n a r y  code f rom tile i n p u t  t ape  to the  d r u m .  
giexpc, c, J u m p s  t(, t he  mac}dne  (:ode g iven  as p a r a m e t e r .  
kbor~. A t3oolean p r o c e d u r e  g iv ing  the  s t a t e  of a mal~ual switc~h. 
oEi ,  H .  Punches the a r i t h m e t i (  wt lue  of the secemd p a r a m e t e r .  
typecDax. W a i t s  for  i n p u t  of a c h a r a c t e r  f rom the  t y p e w r i t e r .  
ggpeino Wai ts  for  it~put of a number  f rom the typewri t ( : r> 
"write. T y p e s  t h e  a r i thmet i ( :  v a l ue  of the  second  l)g~ralnel(]', 
wxs*ecx. T y p e s  one earria, ge re t l l rn  eharlk(:t{:r. 
'~vriletczt. "[ 'ypes ~J. tex t .  

T h e  M a t r i x  I n v e r s i o n  P r o g r a l i l  

} i l ' g l  n 
L l l r (~ee(h l r ( .  ~ f/jY (KIT "#'t, t?p,<% .Sii'tfJl{fCXt'); 
va l i s e  ?*, c)oe; a r r a y  a ;  i n t e g e r  '#~7 r e a l  cp:% la l le l  sinft~dac; 
( j ( ~ n l r l e n t  I n v e r s i o n  {)f *n~,trl(:(s lsy {,he In('.t }toll of (Jatis<q-,lor(ial, 

/7<c~s,,vA~z, t l .  t l .  A;~ i n t r o d u c t i o n  to AL(;OI , .  Comm. / I C M  a 

t t ; t ,b. I{}(D2), N2 93 i  t~ {> {by /,rd(,r i}{" the tr<aO'ix a[/, i t ] to }> 
i l /Vt ' l ' { t ' t l ,  fi/,< {S :i {~>Ic'l':ln(q' f~ r  N(t(:elii~til(x! (1[ t)he 8it/gt:ll~tx'i[y 
<*1" th0 ~ivon nml r i×  I~d >inMt lur  15 {h(~ eli/(!F~elio,V exit; il'l 0E.;O 
<~1' ;i ~inL>tll:/r umll ' {× 

t ) l ' ~ i t l  i i l l l ' ~ l ' l '  7', ./, /~'~ r c i / l  7f i re / ,  ; { l l ' l ' i l )  it, <'I1:*~,}7 
i t l ! l *~ t ' l "  ~tI ' I 'H) ])j (][ HI; 

I~i>l' /C : - :  ] S I t '  1) ] i l n l l l  77 I l l )  
b e g i n  e o n u n ~ , n l :  de io rm in i t l  ion el  {lu~ t ) ivol  ('.tel(it?ill ; 
7fir/J( :~ {): 
f o r  f :~- X" s l c t l  1 t l i l t i l  71 (hi f o r j  ;:-: k sl.ep I l i n l i l T l ( l ( i  

ifcdl,< (<Ili, i l l  > abx (pfvoi)  I h c n  
Imgl l~ p / r E  := el / ,  j l ;  vT,l :=  I'; (/]kl := j eud; 

i f  7~t)8(])fT'ffl/ ~Q L]~<~' I l l e l l  g o  I() ~fl~fll¢/di'; 
( !O i l l l l l { ' i l l :  O×Uti~tl/gO o( lh(' I ) i \ 'o la l  ro,:v w l l h  {he k:th ruw: 
i : =  M ' ] ;  

i f  f ~>~ X." Ih~pil f o r  .j :=: ] s tep  I i l n l i l  *~ do 
l i eg l l (  : :=  a[I' , ,fl; a [ i , j ]  := c*{k, Jl; alk, j ]  := z e n d j ;  

COl l l : l l l l . l l [ :  exvt /4nge of the p i v o U I  (,olu~lin w]l~[l gh0 k{{: 
eel/IIHll ; 

d : =  cslsd; 
i f  j 7 I; I h l ' l l  f o r  i :~z I s i t , i t  I i i I I I i l  ,~t d o  

l i c g l n  z : =  a[f,  j ] ;  Oli, :il := o[/, Z,i; 7~Ii, t,q := z t,,ta i; 
( , o l l i l ( i e l l l  : Jor{l~Xl'~ 8tel) l 
f o r  f : ~  I s l e p  I u l i l i l  n (hl 

l l eg i : l  
i f j  = k t h e n  

b e g i n  b [ j  I := l / p f ! E ;  : { j {  ;=  I e l i d  
e lse  h e g l n  b[,7] : . . . .  a l / , ' , j l / p f l o t ;  c [ j j  : -  a l j ,  k ] e n d ;  
</,:, J} : =  "[L/: l  : =  0 
e n d  j ;  

f o r  { := 1 s l e p  i. I l i l l i l  11. do  
b e g i n  z : =  c[ i ] ;  
f o r j  :=  I s t e p  I u n t i l  ¢~ do  o[i ,  Ji :=  <Ill, j l  + z × b [ j l  
e n d  For i 

e l l d  ~'j 
e o n i m e t , t :  reordering of the matrix;  
[71r ]q :=  77. s l e p  --1 u n t i l  1 do  

b e l l  Ii 

J := pt/4;  
i f j  ¢ k t h e n  f o r  { :=  i s t e p  l u n [ i l  ?Z do  

t l e g i n  z : =  a['i, j ] ;  al l ,  j]  :=  - I f ,  L'I; all, 1:1 := z e n d  i; 
7 : =  q{k]; 
i f  f ¢ k t h e n  tTir j :=  I s l e p  1 u n t i l  n do  

b e g i n  z := all, j]; a{i, .'/i := all<:, Jl; q{k, jJ := z e n d  j 
e n d  k 

( ' r i l l  7jr ;  

i n l e g e r  c..lj 7V; 
d :=  drum p[cTc(; {tier drtnTI. (33, w);  
e O l l l l l l e l l l .  I l l [ ) l l [  Of I] l l t(,.}i i i le el>de {(i ( i l ' t l l l t ;  

l l e g i n  b o o h . a n  a r l ' a ) -  T{I: w]; i i i i ( ; g e r  7J7 
'wrigetc:d (( < 

Salt KH));  lgpccDac; dr .mp lac (  :=  d; j'rom, drtm* iT); 
c ( i i l i l n e l i l  NI::c(;hine cod(; to 7'; 
fo r  p :=  0 s t e p  1 ( I n l i |  25 (hl 

llegin array Ai(): 41Xpl, a!l: 10, I: I0!; inlel~er ~,.f; 
if/,.'5era th len  gicrproc(Tl3])  e l s e  Q/pc'c/tar; 
fo r  7 : =  I st;ep I I t ( i l . i l  10 (it, 
fo r  j :=  i s t e p  I ( i n i i l  10 do a{i, Jl :-- (',17, 71 :=  t l  -- j ;  
f/jT'((*~ 10, :i0-S, !~d); 
IIAJ : 

i f  kbon t h e n  i tegi i~ gicrproc(T{21); ovdp!ll ((nlhl),  p) c l i d  

e l s e  l l e g i n  wrf[cc:r; 'write ((mid}, p)', i : =  ~t/p~fn, e n d ;  

e t I d 

e l l d  

c l i d  ; 
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