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 The Von Neumann moachine as o Rs.nc-hovxa,\ progrom
v J

o A simP\e,, cose

~ Our SLM'LV)Q Po]n‘L s ‘Hne E)Howing "kxil—recurslve .c‘egn'shon
.ogwo.u.,\oinaré. ,,A.op_em)r,or ®, in terms of a 8‘wen Ex‘vxarg

Q.Pem:l.or_.,,,ﬁmz., .

- (oa) s e, [ = s
(b)) s @ ([blarax) = (s@b) g «

 Tn dhis delnibion s has dype S, b has hye B, @ bas
~ hype SxB oS, and x hes dgpe  [B] Clistof BTDs
 hence .®°___,Lno,s_r¥é)(>c« - SxIB]) » 5. | S

®, Con be considered as o pro m,wumaue W\Q.ckﬁne.
~In such o view, v.—{:ammelrerw ;s‘__,_reFresen%s dhe slale o? o
Hae.lrvvxo.cLiy\e ond o canjrfe{nkr)omleol os the list of ,
~ instruckons do be execuled —ihe progrom—; 5@ b, then,
is.:wem(new,) .s}o,{e, _of ,,-,Hf\e_ _.,,\mq.cL?Vxe, @s Q requ'L or - eXxec u‘k V\S ,
 instruchon b in stde 5. The case s &l = s represents
f‘ef,mina,‘l,,ion._,,af f%e_.k._,mo..ckimg?,s .o;chvilré, becouse it has
 veached the end ‘_,of.u.iha,yro%ro‘m o -
o \e now ,sjmo\é,_._”vomious f\‘Vfo\.V\.s%Vmwkons. o.f Yhe obove
c\eﬁm%on nto ;eaui\/g,\en-}..o\e_()ini.;ﬁons,_. albeil that in the
_ . new. Ac\.eﬁni%ons. \15#& is Ke\ares,enf\eol, ,c\ig\eren“é . The
- purpose o?%esghfmsgzrmx‘som is Yo obtain  versions ‘me‘ o
__more  QCouros _e\j.‘. describe (the ...oPem,\-[a,v» of ) ,COM\D\A.'\‘E,T&, _of o
~ the Von Neu,manwlrape_f\ms,we intend do show Hhat
 dedinibons ke (6) com be ;MP\EWGW4€A- a5 mochine code

_,‘,AProgm.ms, o _ogA.iﬂs)cfai%k:}_%rmarc\w W"‘éj N \oo.r#iCu\qr lg S0 when,, R

o Qp_e.raf‘cor o
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Yhe elements of B covrespona\ c\irec-Hs-\ro inshruckions n the
v‘ePer-\-oive o? the mo.c\-ﬁne, _ .

cample: W 9 =TI owd B - TodoOps, vhere
Ops s Sowme (Qn'r‘e) Su‘ose" ,,o,p; ,In+ x Int — In‘}., , We can
c\egne @, b‘{] 5 with m,ne Tl and @ eOps:

s ®, (Cnla ) o . =(5-H—[w]) B x ,
(54 [mn]) ®, ([@1+x) = (s-lmonl) @ x .

I

® Is on e\/o,\uoc\or ,g)r ,s{ije,_{chcS.er.ex.):ve.ssions.,.;.i.n,‘, o
POS‘W‘X ,%vw\ 5 in this cig-ﬁ ni,:l.-io.n.)m_,,,o.vs ! in‘}gggf n (in listx)
represents an instruchon to f‘,p.\acem .Injre%er_w.\/o.\u_e,. n cn-\'op
of the stack s and an oPeroc"or ‘__m,@_‘,,_;_,rep.re.sen*,s,,_ an .
in s,mecl ion 1o “re .P\,ace the. ..'}D.Pmos.'\i dwo stack elements wm

QV\A. . ‘Oéj ws@n,».._ ,

ik, e ssume | o ke o whe sobisfing 1B ad
We cx«lcncl, the cle(-)‘uvxi-‘-ion ,O,P -8y m}-o v,v_,%e,,,,,o\cﬁni:\ri,okn.__,of_,,a, B

new oPem,"ov ®| , Qs 1(?(7“0»05 R

(io) - 5Q, U o=_5
(4b) 5@ (blwx) = (sob) ® x
i (ic) .5 ®‘,,(.[|.]-i+.oc) o= 5

Now e v,‘ao.\/e - -5 @ (ar.-ﬂ-ll) *gla,ASm@chbwgraU xo
m:i contain ‘"3 i 5 this s, ...0£~.COU-[.S‘E..;)M.A,-._PrﬂllﬁdM,-_Llawm.s}_fai%L\"f:,.A..;

nga.ml.., Majc,k.emo}i @l ino\udian‘,_"_Qn.,v._.ﬂa_eﬁ,,_\emgr‘.L..,vh.ﬂog._\,ocﬂ...,m:[L.a R
value ! com be nte cpre)r.eol,..,W_.Qsl.w_,a,,mﬂaau_i_.,j‘nf;,-Ly:_chio_nm,__ I

exFlicng_ marking;. the u\o\._.og,,:\L\ew#Proa.m,mm,..w,A,.Rwle‘.,_..,ﬁia),;__.y\,in.v N
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this c\eﬁniL‘cn 1S SuPefﬁwus Prov?clec‘ all lismls x in

S Q x covafo,In ot leas! one ‘ ¢ in 'M\O.."’ cose vrule (4¢) rel'a‘aces
,mle (4a) . In \OL\OL“ Q;“ows we 5‘110.\\ *acioug assume !e:x

g)r al x n s ®, x under c.onsic\era#iom.

 Second, we observe 'Hna." all \i6+s x occu,rrimg in the
e\/o,\mlriow o? s® X , gjor some S;‘xeo\ X, 5&435% x = X‘LP*)
%r sowme notural P Theretore when we ore on\é) tnterested
i 5 ®, X we Ve\:resenjr x ,‘og O 6in8\e V\OC\‘LLY‘G,\

Pam.meier P, OGS g\\ows:

@)  sep = i XpeB - (sobd@, (pra) Lb=Xp

Thus ‘c\egneel., ®, Sxx’lsges S@ p = S ® (XJ/P> 5

Er all . 0¢p < #X (provided l e X{p) 5 in articular
P P \p P P

we \/\a\/e 5 ®, 0 = 5,®\ X . In '\"nis u)a:l 5 H‘\e Po.r{: OF

the program. S'LIH'I’O be execujreol 15 reFresevAeal 53 G

5ing\e nadural number 5 the po,\ro‘meler P traditionalle ,

p s called Yhe instruckion Poin4er, progrom index , or

Proam.m ,Couwka’ Csic] .

, Sujorounl?nes

We now Jrol<e d s,ovvsew\qa,Jr move coMP\EcawlecJ. Version | of (o)

as  our sxarjn‘ng Poin“;

(32) s @, () = s |
(3b) 5@ ([blwx) = (seb) ® =
(3c) S ®, (Lel o) = S ®, (sec + x) B

*) Ac#u.a_l\:j, §"- 15 5w icien't 'Hm" S® x = $Q (X“'F) R w\ﬁch 1% v./ea«\@" .
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, ,\.ohere ,,c.,,,,g\nas. 4 ,Pe,..,‘,;AC e Qr Sowme .,.'_\Tg\ge C w;JrL BnC = % Ly
and where  © c?«wo.s 4&,}6 - S5xC — [BuCl . (Nohce 4hat
X _now ,\aask_‘_-‘maev [Bucl . ) TRule (2¢) can be wode wore

N 8,enero,\,_,in:\-\najr s in e \(‘tg\n‘Ll)anc‘&lc‘e moy be r.eP.lo.cecL. o
o \oéj any - express 1on o\e.‘a..eno\i.ngm Oon_ . ,,6-,,omcl c ,\D'\,,J[L.o.u'.\? 'a“ﬁ B

. Prob\em . bw\' %r ‘Hne Sal(e O? . ﬁlmF\|C|‘LL —We Sha“nd‘ . c‘osa R
Meoreover, we shal | .,no.l_ ,,,,.,,m.ncer,n_,,,,,ouvt&e\“\/ﬁs iere wnllnnoe“—clegneclnes

- op @y We. ‘u.s“ O.&Sume‘“za“ dhe vecursion in (3b) and
o (z) is well-fownded . L
 TIn order o V,.Q.\lo,iaﬁ,,:meW.Ca:\'e.na,'!iion_. ;oPev_‘Q,lco.t 4 in (30)’s
~ right-hand side e now represent w by o lisk of lisks,
vamely by = = Fladten.xs  for some s of type

- [(fBucll . T\nocxm, ‘we introduce o new —ope rodor @,

widh sPecig Ccﬂ-,ion_,:__,,.._,,,,M

 Conereely, we have sgyx = 5@ L . A tailrecursive
o c\e\[’:m%on QP ]y Can be derived easnl:s ?rowx“ms I
- spec .Qca*qon and. gom_(s)),%le.\olmg E

e se U= s
(M) s @ ([l#waxlwaxs) = (s@b) ® ([xliras)

G s e, Wadkxlwas) = 5 @ ([soclaleluwas)

4-H-ACuS$umCD\» to be kmou)m) S

~ (The Br this deluikon relevont properkies of Plodlen ae

L R () may be replaced sally by:

( Yo ) ___,v,.__d_,s.__®LTA,,..L[‘.]_L.,,.# | = 9 ,
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Provio\eA, ‘Hna:‘ ,,a,\,| ,o,PPlicg}iovxs. S QxS so.J.ris% ocs;l N L, 05

is the case with s, [x] . S
We now O'PP‘\Q' the same kind of, -hfcmsafo.,m.,wxcx,\\iom.s,w a5 we -

did i dhe Pmevious,,.sec-‘,ionr Fi r.ajr,), we inmtroduce the value |

ocz\ain , how .5_0.‘h.6,¥ (g ‘ﬁ' BuC | as o‘nexF\icin eno\-og.,.l.i s
, mar\cev_‘. We ,recwr? ﬁom the ‘P,fevio.us,,.m, sgchQ_n “na} RT [‘]-H—g o
and x#Tllw2 are g.ui\z_a,\.enjrj_ %r,,a\\,..,ac,txj, 2. IncorPom:Linﬁf _,
'_Hnis n ouvo\egn\‘l-nonswco‘o-}am o

s.‘,®q,acs., = S@sxs\ - -grnonem,:rl:\ocs) e

here ws! s oblained fom ws by suluing cach lishin
x5 with a | ( Thad s, xs = @[!Dexs) The %Howmej
Aegn\jrwovmoc‘@sdoes%edok S

o GGa) s @ ([MNwoelsaxs) =
(b)) 5 @ ([[Nwaxlwaxs) = s @axs , as4 0

o (se) s @ ClBlwalwaxs) = (sob) @ (lel#as)
) s @ (elwaxlwas) = 5 @ ([sec [11]4 lalwxs)

no

;_ Him\i o more “readable’ ,’.,Hycmian.,,,og._:uaisw,Aeg.nilﬁgn, is obtained
- ,,\.05, LJLS,E,Qfj“le.,.“tCOy\.S‘.)ﬁ:—HQP,Q[_Q;\_‘OV s, with [elaexs = xgxs |
 ond \ajexploulo.l-lonogacs)s\oem naneym[:l-g N -?;rml
 element can be v te,senjma\_ﬁm Qs omo«cic\r‘:ona‘ param eler.
- Igwemujske,newgmckon_ FL ke &p_eﬂcigca.l-ion ECE I

. Fsxaxs = 5 @ (xyxs) . o,no\\lrs c\egm ‘}'IOV)

O redwn -

o Fs.(byx) xs = F.(s@b)-x.xs

. Felegx)xs = Fs(secw[']) (xgxs)

,
]|
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o .T}ne4ec‘onia_uewo$vmp.resenfhna the heod Or a list \og) oo
- additional Pafo»me"erm can be considered as the gmc"\'owo.l
, .,,,couw\‘eq:a,rlr o? \iee‘:i\ngT\'&\e‘.,f"o.\qweiemewk _.og Q. 5‘&ou:i< n

- G processor re%isjrer_ o

 Second, we assume the ovoilability of o lish X with e
‘P’KQFQ“-“L*‘Q\' et every ff.[e,ke,\lan&i,,lIEAL.. s ,,,e%‘._m\en{ o X l’P e
,@r,_,..,,‘soamev,_ notural P In por Lewlar we assuwe 4hat

 sec [l s .,.egui\zalen_‘.,_}qﬂs..ome_,,.A.XLP,, ‘and we shall
_ dencte this p by sBC S0, we. hove:

. secw[1] s e(_zlw\/a,levr"\nxxl{ (sBc) .

ers. ..

T‘msc\r\.o.n cof ,.,,Kepfes.e_njta;)dcm, s V‘eﬂ fed in 4he ;_‘sP,ec.i,Qcakon
,;,,,.Q“ndﬁ_d;eﬁni?\ion of o,..,,nmem.,._‘,ol:ero.ipt Q-5 Qs Vguaws S

All lisks involved are now represented by nabural ks

L) sey (plwps) = K Xp=l Ape=ll > s

0 Xpe® — (sob) @ Upnlips)

_,[],,_‘_X,,P.e C — s @, (el lp+i]wpsd

~ Tn Hhis defluikion lish ps con be inkerpreled os o lish of
S ims'.lma\&&io N po iyy\te,rs. - o,\.so, CQ,“ cc\,..‘,, the «6‘¥ac\< : O,C , ,re,‘tur;nwgr:ldfe,ss.es:,, .-
majrruaLomsorjr&\oehﬁcwres‘oow\am‘ﬂms view with

“ 6.u‘omw_\iy)¢ Caus,\,o neveas. . . ‘ oW JceLPfe.sen%S_; Q. éﬁ:ulofm«kne . Ve*\u.m’
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amps
¥ m\e (ac) wow\.c‘who&e {he shape:
s @, ([lwx) = 5@ (s0c),
bhe corresponding line in defintion ©) would ook e
 Ox%peC — s ([spclarps) Le-Xp .

Now, e inshruckons i C‘oxe%xe S:uncs-ionob\ _éomjrerparjrs

« %»

o? (either Conc\i“iono.‘, or uncondikional) (Juwps

, Einc\‘/sOVen , 120 se\o\lem‘oer 499y

?o\o ,R 'HOOSEV‘WOOrC{ | B



