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Concurrent processing and procec\ure invocations

In +his note we c\es§8n o mechanism g)r ConCu.rven‘\'
execw\'.ion og)q. collec ion or programs bn o sing\e—
processor  Von Newmann cowx[au}er. As a sFec'ua\ case

op this we shall derive the mechanisms Yor‘

PV'OCCAM.YE CQ.“ anc\ v‘e.-‘wrn'.

The operochon o? the processor con, as a Qfs-l approxima"‘\'om
be described ‘03 the ;E

2 llows— -

) do frue - TIR,PI:= SPI, PI+4
3 Kexecv«:\'e the Ins“ruc"ﬁon m IR’
od

_— 3

ouowlng progrom ——ex\o\ana:hon

where S is an array oi—j “words” represewhn the shore
of the wmachine , IR is an iwl-erna\ regls‘er oé the
vocessor ond where voriable PT — “Pv‘oaram fndex”

Jd
ic\enLiGes Yhe “instruckon 4o be execuled next”. PI

1S Parl o? Yhe state o? te COmPu"q:hon3 ?or (Jus‘-igec‘)
veasons o? emciehc:’ PI s usm\lg imPlememleo\ as

Qo V‘egi\sjrer in +he processor .

The comPqua.Jrion -Hmw\' emerges when a progrom S
execw‘ec‘ is Oo.,“ea\. o process ; So, Wcheas o Progrwm
s a piece o? Coo\e O process is @ comP,u4¢Jrion. T‘na}

the distinclion is relevant ?o“ows ?rom the okSer\/w\'\'on
‘“’\G} C\\"q"ﬁ‘f en*’ Frocessea can execu:‘e 'Hne sawe Proaram

—"'COC‘G SL!QV‘;V}%—“ . ConSeq'uen'Ha > ever PTOCCS‘& neecds

»

Ijrs “own voaram index . evew when the oprocess shares
P9 > P
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,‘A's. code wiu\ o"’\ne.v‘ ‘processes .

We wvow Coms.ic:\er, n+i processes e.xecu:‘ing their cOc\e ‘o\a
Yhe sowe processor . We osgsume the processes o e
vmum‘oerec\, , \-., 0¢4 €n o.\'\o\ we in'l'roc\uce o1}] Otrvm&

P (J -,.,osj <n) with the ivx‘erpr&a‘lﬁon -\-‘na} :
o P‘J = ';__-uv.\.ew WPko‘g@m mo\cx o\?,“ process j >

d‘u.s-\- an ,orc\,ino,nd seciuevx'ha.\ processor :

The processor. s
r one process ot a

rl _Ccan on‘g | ,,e,x,ec,w‘e,_ ,ihs,‘lruc‘hons
time. ‘Tkercs?ore, ‘we hnlroc‘uce o saslreW. variable cp ,

| with “\Le‘,v.jm/o.riam:li o

\clevxlw%.ng Hhe process @\r w\/\,ic\n the .processér His
executin ,__..,,i.ns‘ruc‘ions . The oPero:hon o} +he processor
- can nowie c\escrn!oec\\oa-\-\ne _S,?)Howing Frogram:

1) .ég,“'rue — IR, 'P~;'¢P = S-(pf‘vq:) R Pi'cP+i
o 3 ,«,,execw‘e e nstruckon m TR>

(Because cp occurs n this progrom il- s veasownable

| b ex\oec* -Wa} cp be ?Mp\emen‘]to\..o\s o re%isjrer )

In orc‘e\r '\'0 a.Hou) @v process SWEL:k')Ing we Teauire ‘uno.l
‘Hne processor be eau]PPea\ with O vew ins"-rw:‘-ion:

'swi'k:\n Cpd with &K)GC'L: cp = p
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By  wmeans of swil'c\a and o (SO-CQ,“ecD Sc\weclwhng
sf’ra-‘ceg\é‘ (%r selectin leues F) COV\C\A.rTen't
rocessing Con be eﬂgeo‘kv\z‘ implemented s bud how
P J P

Yo do this s no-)' the '\-oPGC o? dhis \nole.

The above program (1) cli(@:vs ?mm the ear‘ier progrom
©0) n that PI  has been re‘;\o.cecl \oé) pi-cp . For
\arae n i} is nol reasonable +o require ot oll
elements oC p! be kepjr in  processor regislrers 3 but
keepin pi-cp in the shore S gives rise b ot lecst
2 od H—iona\ store accesses per ins-‘rucl-ion execw\ea\ :
For-hmo}e\é , o ver a.cceF"aL\e Comprowise 15 possiue,
u.nAer the w\i\a\ QSSumF-L\on ‘Hno.“ Swi-LcL, \S fvwo\ceA
ot oo opren: in thal cose cp 1S mo.in\d constant
ond it Sumces to \(eeP ovsl:) Pi-cP n a feaisr\-er.
Forwso;\\a, with PT  dhal regis"e.r and  with ci(J':Oédsn)
in the slore > Pt con be mpresehxec\ ‘03

q oOs -(;now.s:

on ovva
PI O\ni]

Q: Pi.cP =PT A (‘vﬁ:dyfc‘:: Pid: ad)
T’ne,n, " program 1) we ma\é s\.«.\osl-i-lme PL Q;r

Pi-cp , G5 & resull o} which we o\o"ain Proaram (o)
bock aoain: so, the oood od Von Newmann processor
can hill be wsed . P:l? we need 15 that the wachine
hos an instruckon switch in ie rePers-oIre3 in

terms op the new represed'a:hon R us.'na the reg_uirecl

Invarionce op ®, we can derive Yat™ swilch wow

must  be c\eg‘nec\ os g“owsz
switch Cp) has eﬂ»?zci:
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{3
qcp = PI |
5 31 (\V:) pij =3.J> 3
S cp = P
5 1 (\73 i PIJ = ‘3.J) 5
PI = q-cp
tg 3
- T\ne oPevK‘aJ'l'on\,_ - Q:Cp = PI s “\,'racl.if‘-n‘.ono.néj Canec\ v“_S,OLVihg_
dhe Progmmwmdex?(o‘: dhe .sus‘:eno\,.ec\, ..\amcess.). and
PL:= qucp s '\Tac{i'\-iono_“a colled “restoring the
program. index (op the resumed .,Process).. The above
shows that the necessit ,.,o? . ,5o.vi,n3.a,vm\. resl-ormg B
operations ¥o”ow5, not ‘%;‘ovn the process switchin )
{fse\r o ‘ou.Jr « ‘FV‘O\M 'Hne , ..Skmri,.ng , o.?v (o W YEgi.s"er oumo,,na,. ‘Hne .

PTOCGSSE&.. R R

The above ‘\‘.V'ans@rma:‘ﬁl‘on .,._,\/i‘a.,w,invari‘aw‘f &, @om; program
1) ‘oac\c ‘\'o prograwm ) con be Q,PP\ ied ‘o Qo.vx%
Siveke shaved use ov a r_egisxer L 1(-’ et 5 In,‘&r_o__c‘uce_ Qr each
= process o'V’ instonce o? the regisler 5 like Py @r
PI ond | seconc‘,.‘ intvoduce the r.e%i.s-‘er and the
SNLore re,Pre_sen'\a%on '03. means ot on invariant like
S then %L\e,‘,wsa\/ing_,Q,nc!.ureswLor}n, , ok\iga‘l-ians ..gr
Yot re:(;)i_s*er : “%uow ‘\.mmcc\ia}e‘g | graom that in\[a.rfcm* |
and the as,signwuen"' cp = P . The on\g AiWerence -
bebween PI and other regicters is dhat S
e “fnstruction to be execu.%eo\ next” c‘epewo\s upon
O PI '“neregre., the above process ,swi.-\-c.‘n, wust 5 |
with sa.v‘mg and res‘\forina PL iwc\uc\eo\,,, be considered
as a sin%\e instruchon , whereas soving and

TeS‘}orina other regis‘ers may be encoo‘ecl n .Aimrén4 |
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instructions. (That is Yo soy i the absence o?
Inlcrru‘:{‘s , o? Course. )

* * *

We now consider a ra,unev' spec],a,‘ case oC the o.Lov«a. The
Case 1S SPecio.\ wm the sense 4\m.4 we o.c\c\

5‘. CP:-.n

as on hnvcuriavnl fo +the saslem R ond  we SLU‘CLL) the
eWecls op h:=n+4 mexxension or the co“eC‘hon OC
processes wi‘\-\o a \ew [ProcessS— omo\ o n:=n-41
— Vemoval ot process n -@ow\ the co“ecjr-ion-—-.
Tawvariant N) can then be ]n“evPre*ec‘ as “the
process wijr‘n the \'\13‘/\25‘ number has  the \nig‘nesl
priori‘-éjn . We program this in terwms oP the " variable
P ?Irs\', thus Poslponina the iMP‘emew‘ax—Con in
‘l’erw\s o‘? PI and q -

n:= n+4d : with b “:)\f dhe oc\c\ress o? the (Gfs"
mstruction oP the) code covresFoncling Yo the vew
process , the ac\c\i\'ion or Hnalr new process to the
collechion amounts o --c\oina (jus‘ﬁce b S as well—:

n,cp == n+d, cp+d Pi"n = b .

n:=n-4: ' this isd'ud- Jr‘we_ invérse. op -Hne Q.Lo\/e:
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n,Ccp = n-4 | CF-i

Here, I have c\emoeralre\a avoided the use op switch :

the above Oh\b ref:rese\n‘}s the reauireo\ stote c‘no.na&
op dhe \mac.‘nine) ond we are not Cuet) interested in
inslrucl-ions encoc\ina these oFero,Efows.

Now we take into Q.ccounx' the re[:resen'la-hon of P,
vio. Q , by means O'P PI and q ;, woveover, we
eliminale the now suFerﬂuous varigble n whose role
is token over ‘03 cp. Thus we ouain @ Version
w{“-» &wina and ves orina oPem:hons (s{mi\ar to the

o‘oerq.l-ion swilch on P.3>, Qs Q:Hows.

h:=n+did : -H-nis Lecomes:

a.CP = PI 3 CP = CP+1 5 ?I = \D

n:=n-4 : this \aecomes

C,P = CP—’.L 5 fPI t= qu—P

Al wodern machines Covwx'aivw cleclic:o:\eo\ instrucions
?:r these +wo OPerq:\'ions") ‘Hne"g:rmer ) uswo.\\g

called “call b”  ond the ladter is usu.a.ug called
“return” For this sFecia,‘, nested arvan emenlr o
processes these two insjrrwchov\s are Su,g:[?:fen‘\' and
switch has becowe Su‘aerﬂmus. For this sPecio.i
case , “invocations” is the common term
f;r c‘)Dmces,ses» ond  the Pieces op code ‘oe\on%hn

the im/oca'hons are usuo.“a called «Pmceo\ures
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~ Thus, we have derived the Co.n—cx.nc\.-n%urn ‘mecL\an.ism
@:r Procec\ure ivwoco:hons \mc,) vfew;ng the later as
o S\oecia\ cose © COV\cu.rren'l'. processes . Notice 'Hoo.\l o
in  Ahis Cose c,ocAe s\na_ring Q.mounf‘s o
vecursion . Moveover, arroy .q and variable cp
Tooether constidude what is kvown os the “shack of
vefurn oddresses”. Tn the Q‘oove..view,,;‘aowever > 9
does no,'}, contain  vetwrn addresses | but  the progrom
) ,'th\icesm,o? s.ugng\nc\ec\ ,CovanLoaLfons, - The w.\anivpulq.#iov‘\.s,

| ,‘op 9, Cpy and PI  in the ietruchons call

ond  return  are the sPecio.‘,-ca.se fnstances ,oP o

process GWif\ch\i,.V\ﬁ,. L
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