
InU04uc:. "'" 

Qtl a u..o.-- of >\CCOwon COnOlrDin9 tb. 

_ t r ""nt propoort~ of progr .... 

" 7t/07, ..... y 19" 

In t hio p~r wo 6i. c UO. tho .oat recent propert~ of ALGOL-li ke 
progn .. ( ( I), [51, [6 ) ). "proo,r .. h .. thlo p rope rty it n run ti_ 

t ho . tatlc chain polnter of • p~.dure f a lway. point. to tho ~ • • 
recant. not yot oo.ploted, activotlon o f th.t prootduro ~ ~hich 
l .xlc09ra~ic.l ly enc lo ••• f. Not .1 1 pr09r~. of a pr09r~in9 

14n9uo9" with proc.dure. hov. tho .oat r .cont prope rty, . xa.plo. 

oro 91 .. n for 8L In t S) and to r ALGOL GO in (21 . So tn. l~l ... n­

. ot i on of ~l~-.tructur.d 1&n9uag •• cannot b4 ba •• d only on t~ 

=00' recant atrot~y. In ( 5 ) McGowan 91V.' suffiei . nt ~pil. t~ 

doeld~l. condit ione lor tb. tact that a prog r ... h .. tho ~.t 
.... cent property. In tho f oliOlfin9 tho theoraa of _ a n i ... t ob­

Ilohod on • now basl a by inv.s.19.tin9 t~ o K. cutlon t.-. T. of . 

prO<jn .. T . 
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... deal with th4 lOll'lUa'le AI.GOI. 60 -P IP~P'Jn ) r .. l . 

~aoL 60-P ho. eh. foll~inq main r •• trictions on4 ~1-

fleatlono co.po. o4 to ALGOL 60 : 

0 ) Only proper proc8dureo, no funetion proc.duz •• oro 

dl .... ecl. 

b) Specification And va l ... po ..... 1n procedure hea<Unq. AU 

_,"Yo 

0) Only io-ntilie.. oro .1low04 .. actual p.r~t.r. o! pro­
~un .t.t~nt • . 

(I) a.al.a l>ei1n and !,!!g _ hu. on .<I4 tt1o".l poir of ,'ot_ ".' 
brae .. (! . Thoy oct .. blOck - boo'lin on4 b l<>d -~. Wo 

reqUire tho. oll "roc.dun bodi •• or o ineludod i n tb ••• 

broe • • and Ve call them body 1>.0000 in th1. centoxt. In 

othe r context . thoy ore collod call broo •• • 

oj Tru. only OoU types .~ E!!! and ~. 

f) We e .cludo orroyo, subscr iptod variabl •• , owiten •• , ow'teh 

deU'l0oton, and und'l'""d inUqu' .. loboh. 

A .0 .... """"hee do f1nition of Al.OO1. W - P ... y be founO i.n [~l • 

ALGOL Wop .. PUctlcdly tho _:we hr.q uo900 ... aI,. in McGoW"" 

( n . 

... Mood • .,.. defiDiUo"" rdeai"" ~O !\LOOL 6O-P p=llr ... . A 

fonod ALOOL 6o-P p=IIr ..... h a .. r1n9 o f butc s~b .. hich 

Oan b. reduced to the ax10m <p=IIr ... , b y the Coraal rul •• of the 

contnt fue 9<_r 'ip t or J.l.OOL 6O- P ond ..... 101> hu til. fo11"",1"9 

property, For overy occur.nce (i,~) of On identi!i e . 2 i~ ~ t~.re 

i. uacUy """' delini"'l OCCUUn'" (j,i) ./(1,1) in " "U" 
i . ~ . 1 ond l .-pu.e"t the occu.enco poOitiO". of the identi­

Ue .. . ~d i in T . TWo forwoot pr09r .... ore cOlled identico l 

if t~ey dift •• only b¥ "" '~10.ibLe .o "~i"q of ide"tifie ro . 
In the furth. r toxt w. oh otL ~ ... nO d1tf ... neo botw.on i de nti­

caL lo .... a l P""'lU"'O. 

A fo..al proqr .. i l cIlted d1.tinqu~oh.d if difteront defininq 

oecuronco. o f identifier . (1,,) • (1 ,') or. denoted by di tt ... o' 
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~der,Ut1.u • + !. A !"..,d 1'"'9 .... 10 cdlad puHally 

c95pl1oble if aft •• re~l.c.ment of all prcoodur. bOdl •• by 

e.pty on.. ~h. r • • ultl~ pID9raa T. has the p~perty that, 
fOr ahort, any applied OCcur.nee (I,.) of an ide ntifi e r, 

boW><! by tM <looUn1"" O<:curen"", Ill,,) ~ (1 , <), a a pplU4 

apprGprhteJ.y ac"Or<l.lnq to the "'aUOH!"r. (it h ... """,4 to 

b. "leu wht • ... proprl ..... ppl1cUIOn" of l<1.. ntiHara ""ani I . 

,,*Unlt10n, loOo ... boo parH&l1y cOOl;>lhbl • • A fOn:lal proqr= . ' 

b "alLed to xU" ... froz ... by . ppllc<>t10n of the ""Pr .ule 
lu-....... ') H the f oU""'i"'l con<!.lt1<>n 10<>14. , 

~t fla" ... , . ,,) t>o .. p~0Q04ur. ~t.tCDent In the matn pr09r~ 

of T • Let pro~ f (~l "" ' ''n)' !fl b . tho A .. "e1~hd procadur.o 

d. claration. Partial ~pl1ability qu.r~t ••• ~u.l nwobor n of 
actual and fO~1 pareDete r • • 

Than il .. _1tieo.tion of til" body If 1 into" bcxIy If'l ouch that 

the nphc_M ot f(al" " '&n) in " by ffl i n d o to .. '. 

_HieatiO" o! If 1 _an. th.t dl lo.,.d pu;uooun x; occ~n"9 

in f ...... replaced by tho couo .pOr.d1ny actual ..... _t.r a
1 

a.~d 

that, .v.nt~ally, 1dent1fior. locally d.tlnod in f are r.nADed 

1" adlOi. .. ;blo """r.er . 
h"J U co.lled 'aneuud block; {J in lr'J a ra edled call bu"". 

in """t ...... to the Ix>dy bra,,",. in I,l . 

• • ••• P rO<: 

T 
.,.' , ... pro<: 

If ... U dhUn<;uiol\ed , 1<' "ut not be doo dlstin<;uhhed. a". 
~ can •• Oily COnotruct an i dent1cal and diotlnyul.hod pr09r .. ~d 

If ~ '."&De . LL Idantlfloro locol to f' by Idont1fio.o which do 

not yo. o<:cu. in r'. I" tho fu rt~ •• to .... oholl .t.~1Iy ••• ~ 

that on prO<j"r&l:l.ll .r. dhtin~ul'hO<l .. ~d t hat .... w1th .......... h .. 

bo." ~do dl0tinqu1.hed li~o ~d ' rurtharon, w. ahall of ton 

ido nt1fy a doclarat lon and tho idont ifier which d~not.o tho 

dedautiOn. 



If ....... ,,' then all <lecl&nt10~a .~d procwure atate.nonU up 

to l(al" "' _n' are ,clontlcol'¥ copi~. Declatatlon. on<l 
prooodure .. otezenU 1n Ifl have additiona l cop1 .. ie. 1<;'1 , 
~h,ch we call modlfied copie.,The notion 11dentical Or modified) 

copy c.~ b ... slly tr&nafured to T>'- T ' , T ,.L .. ', whue ...... , r"­

are the tun.1Hy. ""d n an.'t !.ve refhxlv. r e .p . closure ofl­

in tho •• t of oIl !o~.l proqroms . 

Oelin1Hon: A t OrJl\al proqr ... r !.o called ouginal H 11 n. uud 

only o. hody brae •• . 

....t On. innOrB¢.t q.nerat~d 
block 1 

Ut .-,'1:, ... " -v, .. '1- " •. In ~ ' <.he caUl"" sU'_n~ 

f~.l ""'.n) w~!ch la .upondbl. for IOO(,·) 10 uniquely 

deU.dncd, no~.tlot>. , ['(a ,"" '.n ' _ .totl .. " ) . The proc.<'un. t· 
call~ in r' 10 a copy of e~actly one p<oc.dur. f in r • We call 
I the Uo<>chtod procedu~e ... (~ ' ) 1n ... 

An orlginel program, 1. c all .~ to h~ve for~.llv oorr.c~ 

p$ra~.t.r t r.n&~i •• ions If oil (·~T~ a re p. rt1 a lly co~pll.ble . 

A procedure f in An o.i9,n.1 pr09raM T i. call.d fo~"lly 

reachol>l. if thre a. nod. T'. T .. with f ~ auf .. '). H f 

and 9 a re rroood~. in an or191nol proqr .. ~ than f forma lly 
call. 9 if th .... . .. Y' ..... . TO' with .,.' ..-!-~ . OM ." I~') _ f , 

a.&(~ ·) _ 9 . ! i. c"ll. ~ ~otmal ly r . OUt . ive if f for.ally 

call. t , It 1. q.n.nlly un~ecld<Ol>!. "hether • pro",,~ur .. t in .. 

is for'lO.OUy ruch<Ol>le, "h • • her { in". i. {o .... lly .ecurti"" and 

"hath •• { in .,. [0=->.111 co lla another proce.l~ra ~ ,n'" (~J 

A non-toZl>&i ide"t1! l .. " it Iono.lIy innrted in • lo .. d 

:.de ntin ... x '* 
(3. ·~ 1r>(rl)( & tH(.·). r'(' . ', &l ,' . . )' r. au( 0) ","$. 

declarat ion pro. f( • .. ,x i •••• );{ ••• ! In ,. a nd 

x • x.1 , ":I. ~.no t ... copy or • in ,. . 
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W. OhOU](\ 11ke to g ive do c ldo ble .u!fl o len~ oonditiona viler. • 

c olli ."other 
lnur~.d In a 

rUChabl e , when • p'Q~.dur . fcroolly 
ld.~Utier 1. tor",al ly on., wh.n • non·!or~.l 

tor ... ] ldont1!lor. Loot T or lg1 .... l 

?r~<~. L4t P1""'P. b e the procedu<* .den~l t l.r. In r , 

let x1 •.•• ,x, boo the for.aal ldent,ne ro ,~ r , let P",+l " ",Pr 
be tn.. r~nhu ",,~· rO"'d ldooU! lO ro in"' . W. oonol~.:" to 

be t he bOdy o! • tlcUtIQ"Froee<lun n &t&.d ~y PT - ~c ' .~. 

ma in P<D9~~ o t ~ 1. the ~. ln p ••• of t~ bOdy of P, Ith. ~.i~ 

p~<~ ~p(~) of the body ~f • pooe.due. Pk l ' ,h~t p.r~ out­
.ld • • 11 procedu<& deelaration'deel~~e4 within t he body ) . 

~or the original prD9r~ ~ w. ~.v. 

TIl. C>ov. ,..,ntlone<l .~Hl"hnt cond i tion' ..... ~lv.n ~h~o~gh .n 

aI90~1~hm ~ ~ppll'd <0 T . It work. with ~ Bool •• n lnse<t lOn 

Mat~l ~ 1 , & aool.an e.ll Dat~ l ~ C and 6 Boolean r~ach v.k t ~r R 
lnltlall.od 1n tho !ollovl~ v~ , 

, 
", o ... 0 

". o 
~ ... , . 0 

o 

by O. 

• . . 0 

• •• 0 

... 0 

, 
'0 
" 
• 

'. 

p,,,.p. 
"I 

0 . .. 0 

0 ... 0 

0 ... 0 '. o 

Ev~ry .up S o f A190rithm c:t t1 .. tho follow1nq pnthl .Up. 

SI" ... 68, 

SI, Ct100 ••• pr oc.6ur. Pk Wlth i(Pk) - I and Look at ~P(Pk )' 
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S2, Lo t y, • . .. ,y. ". the (lGc~1 ~nd 910bal) for. • • pAr~.t • • • 

of Pk' Chooo. non-to~.' identifle ••• i, •• ..• ~i. ~Ith 

r (":l
j

,1 j ) • I. 

!l! I __ 910. 1" •. ,,1 . to be r.pl.e.~ by ~1"" " ~1. I n ~p(P~I. 

!!l If dter ohio uphC&Ront thore a a n Inappropr iate 

idenUUer applicaUon, tho" l e t" be"""", I a nd 90 J,.,,~ 

to 51, oU. ...... io. qo on . 

5S , C/l".,... • v<o<>",,"uu .ut .... nt f 0 ((:, ..•• t n) In ",p(?~ ) • 

If ttl ... h non. t~U 90 hac~ t o SI, 0,1" .. ",,108 qQ on . 

lli Look H tho p~.d~.e OUt=ent \01 ! I"" . J") of s~ . 

Accordir.; to 53 w. go. ' 0('" • •• ,",,) ~l th 

" 
" 

!~ 10 non-tonool 

!. _ Y
j 

(Yj tonod) 

a pprOpriate ~&n' •• poel.,ly that '0 , . A pro~ure idon­

tlfie r and tho. n ,. the numbe r o f the to~.' p.r~t.r. 

1" .•• •• " Gf '0 ' 

S1 , ~C.ol , c("" •• o1 ond 1(a,",l , .•. , I [ 'n" "] bocaoe I. 

i!l R.turn to 51 . 

Chi,,, a: i. nondeutlltnUUc ond ruovu end • . 

To • • • ,h i . Wo ~~.t ~ our. th~t evor y parti~l otop io ~I l 

e~cut&ble. Thi. ,. Obv1ouo for ov.ry OtOP but t he 2nd one, 

"hore ~ n.e<! nO"- ["nod 1<1enUUero '" i1 ' . .. ''''1. "'th I r"' l j ,Y:\) 
~ 1 . Tha. o~ch iden t il i er> ar. alway. av . ilable ' 0 • COn •• quo nco 
o ~ th o [o l lovln~ con.i~orot ion> . 

DeUn1tl0n; Let Q b . on idonUfUr in • prO</u .. y . 9(ql to 

ddlned .. the .: .. ll .. t pr"".du.-. p "q ""'ch containa the 

do~l&<at1on of q . If q to • p""".du ro l<lentiflor tho" ~(q) 10 

~.llod the ~edi~ •• o.a.lc prodec. .... r o f q . 



L_a I , "'''''<lUtely ".for. tM .... c\lUon ot the Hut 

~.rtial .to~ 51 of a .to~ S the follovlng tlvo ~roporti • • 
,\1 - ... S hold, 

... " Rw.cl - ,>- .. r1(~kn - I 

,1,2, 1Lolj')j! • 1 ?- " [ ,\, (al j )) - I 

... ), I~ Y is a (loe. l -I."I01>&1) to ..... 1 p.ra..eUr ot P~ wltlt 

RrPj,l - I thea there Is • r.on-fo .... d lde"t1He. "'i. 

w\tlt n"'l ,y I • 1 . 

lli cr~~,I\c') • I >- Rf>\J • Rrl'~l • I 

,1, 5 : R!»-~l • 1 * t hu& Is • ""'I"onc. 1'0 • 

"'" ~ 0 , 'Hth CC>\J. '>\1+IJ _ , tor.· 

Proof, AI - AS u o tri vial helo ... a La .... ud . Let AI - ... 

ho l d i_CU~ely hefor~ aup sr' /" • 1 . 

Clear< A' - A5 hold H, ... dla tely ".tore s tap 

t~ S4 or ss . Now Lot ~. r etu rn to .. S6 , 
if " . return 

lli w.,."., t , hOw R('\'(.ol)· 1 " hu,".o h taken t..". tl><> new 

pertHl o.ep S6. Let a ., - 10' 1. • . l . t \0 he non- fo ..... l . Then 

... hno 

't(.o) - P
k 

(,,~.e~. >\ U the procedure jUl, r e9Hded In ne 
""" a.ep) 0. 

t( .o) • Pk ( .. h~r. ~ I . on. of t lte ( i mmedi.'. or non-1~di •• e ) 

.hUe pn""'ceuoro of PA) . 

By induction hypot.,> .. lo,l,l."e he". R r ,,(.o)] ~ I. 

LO < 10 h . f ome l vitt. I[ao ' !"l • 1 . Thon by l.pd~~Uon hy"" thuu 

,1,2 "8 have R [" I.
o

) ) _ I . 

"'2, W8 IIU.' _how ~[-t l .l)l _ I . i )O. no arque .. above. 
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~ we ~.t .h~, For ~v.ry (local Or 9100.1) tO~.l p.ra­
_Ur y of p ro0;e4ure . 0 <.h .... h • n",,- tO.,.. l IdenUtle. "'1 

... HI> 1("'1.'Y ) - 1. wt y be local and y • ' j ' Thu by S7 

I(.j 'Y ) • I tOj"jl • I. ~t Y ~ 910001 . Tha" y '0 • (1.,..,01 
or ,Ioball to ... l I""r-.ter o ! f 1.0 ), ... eau .. o f AI.",,". 

R ('1'( .0)) - I hOl d • • By IndueHon hypothuH Al w. hovo • 

non- f ornod IdontUtu "-, wtth 1("l 'Y) . l. • 

• • and A~ are • • • y to .how. 0.£ . 0. 

Every not ondl"9 "tI<l"-"". T of aup. S) ,$1 ,s1 , ••• of 111,<1-

rlolm (( It .. . H ro •• up S ouch ok .. t S ,S . , S " .•• 
t t .+, t ~ 

do not chon,. tho volwoo of I.C,R or v. ~ c 011 th • •• Ilnal ly 

"""otant .. aUI ... t'. C·, vector Rr . ud varlal>h \If tn. 
r<toult of Q val> r"P'Oct to .eqa"," • • r · SI'Sl .S l •... • 

!lIHue,,' .Up "*Quone .. '{ . 1' ... y yhl<! <liHuen. r n"lto . 
but thor. 10 d".y. another aequonc. r" ",;U, 1"-"1 r'~ If : 

C" .. c.;; <;': .,.r" rf'! If": .r" Vl'~ v~ · . The W>.ion. IT '~Vlr, 
C .. , - ~ c f , R .. ,- 'I R', v~ ' - '1v'- are ".Uod tl!e "tug of tt. 
Th. re.~lt can . tt.Cti~ly ba ~te"lned If we 90 .y.~.tl­
c ol ly thro~9n &11 choices vhlch ••• offe rod In tho parti al 
atepa Sl, .2 and 55. 

$OJ>t! 2rO]>!nl!1 of PWr ..... buln" on Algor!.t"," a 

Ily ..... . ~" 0( Al9Cri ..... a ... 4eflno ....... (COIOpUe H_ 

<leeld""l.) propartt .. of 0 pr<>9r_ 11, 

We uy that r h .. wtent1&Uy cor .... ct par ........ 'ranu,h01ono 
If V. " O. N. call • prooeduro pk POtontially r • • cha~ l . i f 
R.,.r p~ l ~ 1. W. .oy a proc.dure p~ POtont la lly calh p.oeedu", 

~. if c ; rp~ , I'),..J " I. " h ... C· U tho tunUU ve d o.un of C 

A p"",-",duro Pk h call .. d ""Un'UUy recuntv .. if P k pouMUlly 

cdb ~. " non- fo.,..1 i"-nUf1u PI 1& coiled to boo pRtonHdly 

I n'o rtad In the forasl identlfl •• "j I t 1 , (PI' ~ jJ ~ I. 
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"0 ,..,y pro"", 

fh~relO " 1. If :.- ha.. potenthH y c o ruet .... rA>l<ltu 
tron •• i •• i ono the~ T ho. fQ~11y correct p~rAmet. r ' r.~ ­

_1 .. 1""., t oo. 
1 . It • procedure ~ 1ft ... is f" .... lly ruc~.bl .. the~ 9 U 

pot.~ t l.' 1y re. c h ob l • . 

l. If • procoduro 9 In T fo ... lly call • • p"",adun f I n T 

d.e .. 9 potentblly call. f . 

4. If • procodu ro 9 in ~ 10 fo .... lly recu r _Iv. then 9 1. 
pOunthlly ucurolv • . 

~ . If • non-fo .... ! id'"tl h er p U f" .... U y i nure..! In tho 

fOrmAl idontlfl .r 1 t ho" p 1& potential ly in •• rted in •• 

Proof, !..ct y ' bot . prDOJrUl In T. aDd ,_ ... (a'). 

Th. thear .... U • eon • .,. .... nooo of u. .. foU_I .... ch. .... o, 

Chi., " q U po t e ntiolly ... oohohl • . 

potU,blly eornet p"'r _ter c . ""u.1Ul""". 

1.4t0 T'*rU&uy _Hable and lu l ' ('i""'-;') be. proce-

duro . ...... ". o f IGR(y', i n tho •• In pr09ran of ~' . ~ t [ ' 

d,not. , copy o f f .. l oh tbo """lua U"" 

pr oe U " ), .. ,, x") : il l 

In ... .. ~ Le. a ~ de""U eop1 .. of Uo"tlH ... 't 'n " . 
Clot. l. 9 pOt.~tl.11y c.l l s t 

Cl~l~ ~ , "1 i. pOten ti. l ly in.erte4 in XI' 

~h . c lai~ or. prove~ by in4u~tion. They are obvi ouo tor 

".' . ". _ lot .. o!L ......... 1n TT a nd 1". Chl a 1, .•• " 1>0 lul· 

fUled tor -r" aM n . t_ntudl pr ed • .,. .. o ••. 

Cldrn 1 for "' , Beoo" .. of 01010' J f or ... w. ~. ve cre l •.• ,91 • I 

and au. t o pr operty A. ~ril. I . 
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Clal", 1 for 1[ " aeC~"U or clol .. 1 for n '. elab ~ tor .. an~ 
it. padecu.ou, a nd t>eeau.. 1" U not parUolly c""'Pli oble 

AI~or1t"'" a. yl8ld5 v ... 1. 

Chi .. l a nd 4 tOr .', Meaun or elab 2 for " . ch .... 4 to . ... 

an<! its pr.d. cenon. and boen.. .' 10 pan14Hy C¢mpHo.b l ~ 

"'1~orHluo GI; Y'dd, C. fq,t]. 1 and "[~l,xI l _ 1. Q.E.a . 

~I wlnt to rlp,.llnt I Ylt ... t 'co l ly thl ~odlflc.tion of 

bodl .. h! , ,,,ct. that .n I pro<Jr ... , " .. T-r 1t U neO\lnlZabl" 

In ""-iclo prO\l r ..... ' wl<h r<-" ..-·'£t'<he r"nARln9 o!. ""nU n 

idl ntUlor h .. happer.ad. Tt •• pr<><jr .... . - , T~ "Ill "" c~ . rac­

terlznd by . trlng. ~ ~r • For thl. purpose " " lOOk I t the 

' taticII proOldu," I tr~ctu.. at • bo~y which hi' ohe for~ 

• • • J 
(or end) 

o • • 
• •• 

procedurl dlClarotionl and proced~re .t .t~ntl ' ".p. 

nl. tinq wl~~ln bodie. II ~lected too. 

IIl ec k 

':"ha relativI ,.,oltion ot t"" d. clantion of a procedUr<I Pi ,P IP.) ,- I, 

tho nhUve ,.,oition of • ohteooent X_ a i O("') ,s (a IO ("') \ ,-1, 

thl rilativi ,."Ition of I f o .... par~ter x.o j k,X (Oj k\ , · k. 
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P,S, X a~ • • rt ... d~ to aU pr<>ju"s "<,Tr .. hlch 1. """",n.traU," 

only for S, 

S( ~ ') ,~S(::f) .men .tat ..... nt :E;' 1R r h a C¢j>Y of .tne-nt! 

ln ,,-. 

The above _otton ... ,""auour tu.lon of pr"'lr .... ..- .. t ..- CAn b • 

• tate" in tho follOWI~ way, 

I
! lu pty Urln9 1 

1:("-") , ~ 

-d..-'J Slotae(T")) 

if y " ~ ~ 

. 10 a l - I - .... ppl"'1 00 that .11 pre<;um« T' . .... COuld", Cd.nU­

lled with their .trl"'1' tiT') . tiT.) ,. an I.v.ntuolly intlnito ) 

~ree 'I' .. ith thol followl"'l cn .. actuUl"'l properU .. , 

',)"'~"~.T.9 

1. ) .,. 10 cloa.d unde r Initial ,oq!!nt rala.lon 

L a . If at~T th.n •• T,too. 

l .) H Or Wlth "'>1 U ln T thOn "'(~-l) 10 00 • too. 

~.) Any nod. t ln T h •• at ~.t finitely .~y l-=cd' •• ' 

."""" .. on .... 1n 'I' .. lth ... IN. 

Th • • y . tomatlc rona.lnq o f identiller. In a pplying the copy 

ru l e can now 1>. utablloh.d, IdenUfi . ro in a pro<jr_ T' ~ Tr 

will b. pairs (ld,t), writun idCtl , " h . .. 1d is an Idon.Hlor 

of Old klnd In T and t 10 an at_no o f t(T . )' .e All ld .. ntlH ... 

In " u. I"dnod by ! _ t{TI, ld[tl . Lot , ' ... y " 1" T~ . All 

ldent.t1.n icc&! to IG8( .. " ) qn the in<'lu T( ' -) . wh11@ ~h. 

r .... l "lny ldeotHle .. vet .~e ..... lBdu U 1 n ~' . 

" I ' b!qln proc 

p<oc 

r {oJ (yCtl), fy [' ll, 

fr.l(x ( lll:{proc qCn,{proc h[f1( x (O),/fC,l(rMI!, 
- - f(ll(hlllll, x[,](q(>J)j, 
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T 
"., 

" ,bo91n 

T 

. . . 
. . . 

wan ~he ...... yoto .... t1e rlna,unq of Iden~Hleu In p<O<jr...,." 

T·.', _ con detina 'o=e ee ...... I"""r~ent for th. dooU niUon 

. n~ Inv..tlqatlon of the no" POcent propor'y . 

the Gyn_Ie pn>c.e ... or o f , . h dyn ( • • ) , _ o· "'it h 1"'0--""', 
the <l.y"anic ehaln of ,. U tho nt ~( • • ) ' _ !dyn~( ... ) I ~ -o ,l •.. .• 

I ~( · · II ! 
( <ly,, " 1. the ' <!e"tlcal ",.wln'l)' 

The .~.tle p"e:leCfluo. of ... h don ... d >t(,. ) ,- r-' (to) 

",h ore OUt{ , ·) - H 'ol (.,f t ,l •.• . ,."f' "ll 

Th. u , 1"(T· ) , - {ot~( . ·)i ... 0 • . .. , ~(u.(t· )) is call&<! tho 

H att c choln of .... (nO 10 the l<Untied a;op plr. g ). A(a .. ( .. · )) 

I . t ho o.otlC lov.l of "'(T·) wh ich I . lnttod~d 1n the 

foll""'ng "-Un.t1on. 

""Hnlt'on, Th .... UC lovel of on orl9 ' naJ. 1'<09r.., , ( .. h'eh h 

"'~'r""d u bo<l.y of . proce<l.ure I'.- I is }'(" .. I , _ 0, 

outic 10",,1 o f a proe.dure p ~ P, ' .l,(p) ' -~( f"<"p)) + J. 

110 .. &nO to (\od .. " ,. theore ... abo"t thl "",at ncent p."",,"'y. ThU 

pro~rty h •• to dO wi t h ~he .".t r eCent . "Ot le~ oo~l~te~ , 

~ct'v~tIOn. of thos. ~rQoodur@ . .. hieh l@x'coqraphie. l ly . "elo •• 
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D<lf1R'tlo~, r... ' ·.7, '1.10 .... 0_,." >" (u.I,.-· I) . ~hl ... th 

_t .... nt predeocuor of ," •• ""U~U .. I r ,. 1,'1 ,_ dYA~I. · I . 

.. h .... "" U the Ind l ... ~_r 'UCh t hat u.(dyn'( , " I) -
I •• ( 1.1'(.'11. Bro 1. tho Ident'CIl ~in~ • 

... " '""cUon ....... T. '''j to ~r' dyn, I t .,,,1 ""r 
It 1'1 •.. •• ".- ~If) , r. 0, 'Mo" _,. . .. ..... u 1." 1 "'. • c, 
AI on .'ImPI. WI nay"." 'h" l&lt F~.aa " I ' I. flq. I we 
h .... po<t of thl d'at . .. of T" .. ,th ~ .r~ ••• p • •• .nt.n9 

the ,,,,,cti,,,,a n, .. 2. or l ' """2' .... ,"" iliU ... h." .. IIIt.d "-~. 
dl .. nto .Ut ( ... I) and I .. (.1 , • • '. {f,. "" ..... r- . ,....,.j . 
( ... t(l) - ~T .... (01 - p.l. 

~I,. I '. .u,(.-i) .... (1';. 1 , 
" It(l i l l (q( l llIl) , 
• 
" H.I(It(1I 111 , 
• '1:1 I " 

, 
J 

.(.J(q(L11 ,. , 
I> f(>J(. (111 • r-(i 

" 0, 

1let1"alon , ..... '" f T. ~hJ. T' 10 c.llod.o fulfi U tit. ~ 

(.,.un,) ~t '.CI" t ptoportv It "(T' , - ~rl(~" 

( .... p ••• ""1 .... , - - 'r (o ' ] fOr d l r .. alt 0',.' )o(u.I. · 'II . 

~I or ' ~ l n.1 p~ ... T II c illed to f ulfill thl wolk lltrOn,1 

_ It r ... nt proporty, if aU 0 " . T, 'I <l [ulflll tU ..... ""~<I"" 

p ropn~y. 



_ H -

We ~r' lnt .... t.d in a n. ceos a ry condi . ion v hen f ~o !o! 

!u!t!ll !h! !t~~9_~'! !$£e~t_P£o~!tI' Then th ... 10 • 
pr<>gor.,. .. . ~ in ~ l .,,~. n_r r' 0 ' uCh tho • 

• J ot" (T") ~ "" ... 1.") 

b) .... C.- ' ). "".(J') for all t· ...... • . • 'P, 

and .11 ".-.ro ", 0 E" • ),(as .(n·) I. 

Be f ore invaa"9~tln~ ~. eonsequon~o of a l .n~ b) VG need .~ 

Mi nor conOide rotiona on non- formal Ident ifier' in ~ proq~~ 

T · ~T.,{ . J. W~ .. u., dinln~uloh u<l.oHy be twu" non-fo""",> 

,6entHioro on "non-fo"".l ...,altion" ."d non-fo "",.l identifiers 

on " ! o nll<l.l ""oltlon " . M occu"nc" of a ( 'j 1n r'i. on "non­

focao l positlon · .lf lt eor"'pOnd~ to (Is on the.~ place • • ) 

tho <>ccounoa of t ho non-fo ..... l Identifier a CO In T . • [tJ 

15 on • for .. al roSltion· , it it h on th" pl ace of tho fonna l 

ldentlfi ... xed in n . 

a"" dooo • • ( tl e<lOM to t he position of tho fonod ido!nt lfI .. r 

x r l J 1 ""t u , ""chr1n~ oecureneoo of x _ x (i.l be in 

PrOe gl ... , x, .. . I;j .. . t, 
a Ct) Co" .. to tho pos ition of" by l h . ~allln9 stot_nt 

~(tol (. _,a ft} .. . . ) 

1n . " v ah .. ~ ,.L r·. tl\e correopondl nq cUI In T ;, 

.. ) 9[ \ 1( .. . , .,11 ... . 1 o. 
~) 9[!l( ••• • "r.l, • .. ) . vh ..... yell I. fo ... ol. 

In c OS" ~) .1,1 i. 01"'41 In an e neloa ln9 block on fonoal 
p<>. I~ion I\J>;. t1>w ot yr. ) 1 . Th. eon. ider . tion "ontlnues 

~n tht VOy WItH .... hAve "au 0<1 . 

:'e"". 2 ! cas .. " I, ... ~ r ". 'l'r 
forad ide ntHI ... in 1<;.8(T· ) ' 

• nd o {t l an occ urenc. of • non­

l e t a(t} .tand on the pl.~ of 
0(0 1n the body of p. 0.11.-" 1 In T. 
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~h.n -, , 
1: (~) ~ st (.-") with d - ~(p) - ~('t(a)) 

Proof, Trivial for ~-

if d~O 

If d ~O 

l.et T'o--- T' by 

tor " and ito 
I>ody of p ~h .. n 

or Ind.xln~, 

t he .t.t~ment p[t,,) ( ••• ) ~nd th .. I.~ hold 

dyn&DI~ predeooooora . If ~ io loe. ~ to ~~. 
d ~ 0 . "d ,,- I(t) _ T' _ .. a(r') by e<>tlotr~edO<l 

If • 10 910tlal then d~ 0 and a[tJ ""cur. In th .. body of the 

procedure pl to J "aU.d . • rtl occur. In IC~I~-llto)) , d-.'"O 

and by Induction hypothesi • 

.. -I(t) • " t<1-'(" ' ltol) _ s.d-l(ot(o'H _ .t~( 1 -) 

Leta. J ( cu. (l. ), I.et T" ~ TT and a (t 1 .n oecuunO<t or .. 

non-to ....... ldentHlu In ICB (T'), let a {t) a tand On the pla"" OI 

ttt<o !o ...... identifier x(o) In tI,. body of P ~ au(r -) \ n n. 

Then d ,_ ,,(pI - )'(,( x )) >0 ud iI. Ctl 10 the .. - tl> ac tual 

porAJ>eter of 

e tat( at
d
(, - )) _ Plt"I I.,Ct,} ""' .n[tnlJ , ".. X(xl . 

Proof by Induction, 

T<ivid for , - - 1' . 

l.et T' 0- T- ar.d th<o 1_ hold [0. ~. and ita dy"...uc p .... -

d8oo"ur¥. x I e nOt I QC~1 to the I>ody of p. Thorefore 

l. c u .. , x 1& the .,.-th to ..... l par.-tu x~ "f p H u H . 

Then i> - p, d - 0, Itd ("._) • ..-- , art! ~ ..... [t,l 
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1. cU~ ' ~ 10 tnc ,-th for ... \ p .......... ~ ... of P<OcedUDO 

ii • .,d(p) , d > O •• rtl occurs in lc;a(n(o")) w1O,. 

It(O") ,....!..- ~ ' ..... r" 

By induction h ypot""" art) .. t he y-tn actual 

p." .... tu of 

~e now <e lu<" to the q u •• ~lon w~.r. a pro9<an • does not 

fulfill tho It<"n. lIOn .. eceM p<oputy. iU>oV<l • ..., ha"" sun 

th o t ". do ... not f ull1l1 tM 0«0119 ..,ot racont property· h 
ooqui vdent t<> 

(h·~T.'f1J , ~;.< "Hh O ~r' ).(""(""I) 

(II It "' (.·) ~ . <1' (,·1, 

1» IV"'~ "r .. I/ ... ·1(I" with 0 l. ~ ~ ( ... or' ) I ) 
( .. :a( ,..) • _.(1')11 

"'0 hlvo f'~o j oth8 "",1 .. ,. . 0 .nd 

otf' (0·) .". •• ""'r1T"1 

In addIU<>",ltl'( r" ),.L. Iar ( 0" ) . 

(con tnd,cts 01 ) 

r 

••• " " " ... (St"'(o " )1 • .. s( . ..... (T " ) ) , ,. ... (T·" ), IUt(O· ) · 1(',,1 ( ••• ) ,. .' .... r" 

• ,. ... ( ..-' ), " 
,. ..- I (t,,) 

ill It U !,,=any "",,;:unol,... 

CD f 1. doIch<'O~ 1n t ho bOdy "f" (beHu~. h· r(f),, >O) 

@t [t,,) stondo o n tn. ph"" of. f "rooH 1dlntl Uu x [ ,] .n t hl 

~ln ~art of t ho body " f 9. 

Pr<lO[, A"""ption, t[t.;.tonds on tit. place of the ,..."' -

fo ..... l .MntHlu HtJ 1n H.o ... 1n port of tho 1>000y of 9' _"en 

..... ho"", ;I(T) ~ r(~') ( ...... \1 and th.~ .. for. T, ~ "(~ ' ) ond 

(3,.) ( .. I' ( T":) ..... ( 1" ' 1). 
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k cau •• of a) a nd I'"~O we he_ 

(31)(h . a •• (i), n l'"( o' ) o.L i..L ~' ..... ... ) atld ~hereton 

.. -(. ' ) .. . r.( ~') . Thlo =ntudleu 1». 

\ 

\ 

\ 

~ig. 2 

, ' " • , ... , • , 

h , ""'. 

\ 

• 

\ 

\ 
... , • 

\ 

~ , 
" - -

" • , 
• • • • 
" • , 

" 
• < 
" 

" ---, • -• • • , , 
· , 
: i-: , 
;iI ! , 

/ ; 
• • , , 
• • • 

\~ T • < • • 

• " • ; 
• , 
• • • , 

® T~. b<>~y of h contdna . procedu re nUe ... nt ql ••• • f , ... ) . 

• Proof, !ltol U act .. al par_tn <>f a pr<>"o dur<> «oto_O< i n . .... . ' 
a nd otondo On th .. p lace o ~ tho non-~ono.ol id.mdH .. no ,n the 

• main p o., of t he I>o~ of a •• (1). 

6ITo)~CI;) ILo ... I); bee ..... of "o· n l l " ) "" Mve O.i'l."lfCl f"o) 

ane! the . efo . ... "or' )f (11) I.), 

1.". h _ 0 .. 10.1"111"")) =nUln. or 1 •• quo l to os'Il'1. 

® H , " non-to ..... 1 then q [o .... Uy call s h . 

OJ " , " to ...... 1 tn.n a non- l or.&1 procedure , " lo...,olly 

inouted " , and q {o",olly "olh •• 
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P"",f, 1,.oQ~ a t l~) fr<no the proof o [ §: 
I] ,. ;001 1 .","(T"1 e "':a (;) ; be cau.e of b) ow P'09 U " 1, wIt h . .' 
0<' I"') !-'-- .. hlfllh ... (~l _ h; ." ,, ~th (~I we h a ve 

CollecHnq til.'. ruulU and l>eulnq 1n ,.'nd '['h~OTe", L v. ~<It 

~h. foUowinq th. ore .. .. Met. 'JO"s back to I\cCow~n'. th.." *",, 

Tlteoren 2, H'" <1000. noe !olUll th .. ,e r on<; onost ~""'nt pr o ­

perty than 

) ) there oxio to • poteMially <. curo l"" pJ'(I"edure " ; 

l) the body o l 'h oOntUna tho "",,a<. t1o~ of a p r<I""'clu .... f; 

II tne body of h eMtaln. a ;:>"",. dur •• toto"",nt q I . .. , f • ... I 

hAvlnq f . 0 one of lu ."tu~1 p~r~ ... ur", 

01 I f q •• ruon-fo ... 1 th.n q poton t •• l1y " a lia h, 
51 If q .. fo .... l th.n • ;,on-for ..... p,o"oclu<e <i 10 p<>ten thl1y 

l~"rud 1n ~ ,and ~ potoMlolly "ell . h. 

:rho ne<;. tlon of II ... .. ~) 15 a suH1chnt c"""He 01,.., decldable 

condition for ~ho hct t h at T fulfillo t he otronq O'IOn .... c . nt 

p roperty an d • • fordor 1 , for the hot that r f~lf1 11 . t ho 

~.k meat re " . nt prope r oy . 

£u :.ples, Th. pro<j . _ T) , 

!>c91 ~ Ad . , pr<lC hlx);{< .... l b; proc f(rl;/",ut r u l b! , 

~,e .+I, b ,ea, x( tlJ; . , _ I;h(hl ~nd 

,,,,,,, T 2' 

beg~n p roc l(xl,fPlS!£ 9 Iyl,!y l xl l; 

P!2£ hl.I;I . (hlj, h(9)!' 
f ( f) 

h ...... nOt the otr<ln9 ""at re~nt propeny. T) ful fi lls )),21,11.~1 

'<111l~ T2 l ulUllO 11 . 2).Jl , 0). 
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Concl uding r.~ark. 

Mac GeNan' . Theor. " 2 cou ld b<o !or .. u la tea sharpe r; but " 0 

n otnlned bee a ,.". I ". [3 1 i t h u b &en pr<>ve d .h •• t he 

.. ron ~ o.nd tho ... e .al< """. r@c.nt p rope rty botl\ . .... """Pile t._ d<l c ldlll>l e . 

[II 01jk .tn, E .• • .... c " rd_ pro';"u ....... n'.l ·, I n Pr oq r onol n q 

.y'U'" and ta,.,;"U&9 U, S. R(>a on , l<cGu,,- lIllL , N . ... Yo r~ ,19 6 7 

12) "rau , A. A . , HIll, \1 . , L-"'.I=uck,H ., Tr ...... I . Uon of ALOOL ~O , 

HOJ\ d!>ook f Ur Auto ... tlc C0Jrt>uutlon, Vol. I~, SerHn-II a l de l­

" o rgo-liOW York, 1967 

[ll Kand . U , p " ' On tho ""' •• r.te<l n t p w .... r q of .uGOl,-Uke 

p r O<j " ...... · , In P rooattd lnq. of the Seeond CoHoqu»UII o r. 

A"t~t& , Lanquoq •• And P~r.~nq , s . a rbrUex.n , July 29-

11"9"" 2 , 19H, !.eet" ,," Not .. In CO,""UU < Seien~ , Springe r 

So r U n, He1d61be.-q ,W" , York 

~} L ...,~&ek, R., ' On corre ct p roc. du .... p.r~t. r tr.n s~I ~. 10n 

10. h19h.: p<09 <~n9 l on9U&Qe .· , Act o : n fo~tlc. l, 
110- 1'1 , 1971 

[5J .'lcGeN an , C .L . , 'toe ':ron r." e nt · u ror , I to causu ~n~ 

CQH8e tion-, In Proc •• dln9 0 o f on AC~ confeno"" on pro"l n~ 

.... rtic n. about p~oqr ... , SIGPLAN Motlce s , Vol. 7 , N~'r I, 

1'1 12 

i6l "_enftr , P . , ' 1"~ ..... computer " uit ur~ . - eotoputer t~ennolo c;y , 

compu~.r motA. na tl e o &n~ eomputor . Cl on~·, ~~v&n~. In 

COI<puu ro 10, 1-78, I no 

(7] ".9~U , P., proqr..-!.n 9 h n9u oqoo, ;.nfo ..... <10 " nruct u.u, 

and ~chln. o r9. "I.a.l0n, McCr.w-E I ) ) , Hew ~or\, St . ~ul. , 

Son Fr ancl."o, ~oronto, London, Sydn.y, 1'68 
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