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On su\:s}i\'u}'\on, re'?\o.cemen’r and Fhe nox"lon o?&. @nc\ion.

Wivh resyeé ‘o Su\os\-i\u)c‘mn and replocemen\‘, Awo
exireme atidudes seem Yo PreVo{'\. Cither Yhe wedhe-
nisms ave c\ee'rnec\ 50 S'\m\o\e )r\w.“ }ke Ouu“nor‘ LSes
Yhem Wi"\woux' an ex \o~qu"10h or S‘OA'QW\QV\\' o€ e
ru\es, or the aubthor ‘ries Yo ohve o \')rec\se stote-
ment og) Yhe wosh enerol ru?es ond ends wp Wt
200 poges o? small Prin-) in which al) sim?lic‘. has
b een \osh. Newther s tn}rira\\j sa\is%e\ﬁr\j or the
?ur")oses o? s mom’SmP\"’

The 91‘& exYreme hos Yo be e ected n View ug)
owuy 5‘0“ ec\ soa\ QP ?\’eseﬂ‘in\a %“\A " ch\ Qu.\m"n QN "
or umzn\'.s, —ThQ. " m‘md\ess " W\Qni*i)u otion 0? un'\f\\‘er-

pre ed ?qrmu‘o-.e. '\er} is '\m‘—)\iec\ \0:) ”\e“\n ‘}'\ne

Sambals Do the wo-f\t" e c\zar\b \mpossl\se
without @ SMWc‘uen\\n clear View o? Yhe ?erm'\ss\\s\e

manipuia \ons.

'T\r\e Se.cor\c\ Qk\‘feme, \r\cxs \o ‘o@_ Te‘_')ec\‘eo\ )Decmuse

‘“ﬂ.‘ls is not a ')tl‘ec.\'tse. % \ \0 )
. on Trmo Snc ow\d wou\d
Tro]oa\O\n Prov.ée. W\vxc\\ i ore 3&'\'\0.10 h?edec\ or )f\‘-e

L4

mi\'e <o o
d;eve\o;\. Scope ? Yhe ';'\'\Qo'r:j we have set oul do

In Yhis Sec\“ior\ we s\r\o.\\ \rb ‘o so&] Be*weev\

S . ]
c:j“os Q-r\d Char\\:&us \:):j mc{.n\a con iY\‘l?\S QAT ~
=2

se\ves Yo the iden}ig;‘:co.)ﬁon o ¥ Soumrees o
CQY“%Y\W CC.\\loh, QS AN QW OTENeSSs 0? *»\em S\nou.\c:\

suY¥ice -\o Pfo\*ec\‘ ’\‘\ne "\U\W\Qﬁ ?orw\u\c\ momi\’)u\o.xor

@'Om mq\tina ‘““\e "s'r\\:j" m'\s\o\\es‘

ad
. %*
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Tt ol starks '\‘nnocen“b enougk. Gyven
(o) 3= 5+8 and
(1) X > A% R
we ol feel prePy conBdent n concluding

(2 X > 5+8

the Qquo«\i\“j (0) Yells wus '“nc& [Ra (2 e mo.:ﬁ

(e \&ce. A v 5+8 W:\'\'\w)r c\'\om (%2 (ad's
[ 3, - >

volue., We are however, cou.r\'\r\ﬁ frouble os Soon

oS WwWe ‘\Aew '\'\ne Ar Cuﬂs\x& o g'bm (03 Yo (Q)

u.re\:j s G mo\}\rer s} S\'t‘mj mom‘\\')u\oAion,

Wen
(3D Y <131 ond
CA) 2 = OL- 1% N

we should conclude weither
(5) vy <6+ 8

g)rcm () oma (3D . ‘nhor
(6) 2= 0-5+8

?rom ©) and (4> . “The 'hnor‘u\ o? -“«,e s}urj
1% Yot Yhere s wore Ao ]\- «\-MQY\ F \As\- *\ne
MO\ﬂ'\‘PU\\ o\\'lon o? SXT} “35 o? c\r\o\ra\g €ers.

-T%ou.ca\'\ 5\'\-%7\35 o? chormaters are whol we
wrile down ond see, e onlu SiPnas we ore
‘m\Eres}ed T ore ﬁ:&rmv‘\ ae tho Sa\i‘s o -?ormtx\
rammor . “The role o? Mnis grommar  ooes \oa:jom\
Qeghiha which sxl"lr\ s T‘Q\PT‘QSQT\;‘ WQ“- orvea
@:rmu ae , 1 o\\so geenes \ﬂouo e WQ“- ormed

E{)rmu\o.. mcsj be ‘Darse&. ’in&ico‘)r'ma Permiss{\a\e
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parsings Wit purentheses, we would ot
(2") x > (3+8)

D) Y < (5 + (3

(6" 2= ((q-5) +8)

Cowparin (2 witw (8)  ond (&) reveols
w\no}- wenP\' wéona. "’l:\’e?\acinj Qqu.a\s \’-‘3 Qquo\s "
-s\nou\c\ )oe, < re.vers':\o\e ero.\-'uon , \.e. ?rcm\ (03
ond (2) we should ke able Yo conclude (1),
as, ndeed, We oare. Mhereas m @) S48
occurs as s:jn\rac\‘ac \An\\- c? on admissible parse,
m (3) and (6D it does viot. “The wmorol o? Yhe
s\'m 1% ‘“’\c«\', o\‘)o.r\- ?f“om )l'\'le 'm}erno.\ s)rruc\'ures
o? ‘g'\e su\oex]aressims EXc\nanSe_c\, ’Pne Ywo @rmu-
loe equo.)tecl s\nou\d Qo\m'u\- n'\e. Same T:o\rsinss.
The consequences o? Yhis rec\u\remen)f o\ovious\:j
c.\e‘:ae.m:\ on the oramwar qc\o‘o)rec\: with o grommar
with o‘Pero}tors o? di%ren)r Windin \Powef‘, @y{' ins\-omce.,

& \')oren}t\nes'\s Poir Moy hove o We introduced.

/\?emr\( We c&cﬂ\\‘ \"EGI\A’\\"Q -'\‘\'\Q Sf‘o\mmc\r' \O \oe. Wwwy ~
am\:iauous. For ‘ms\mnce, \-\ne ossociq\‘wﬁg o?
e Otdc\i)r'mn m‘uﬁ\n\- be rendered Sro‘m»mo}ix:o.\\b

" G Pmc\u\ c\"ton ru\e \ike

< SumnmD> = <O~Adendum> \ <S> + <SuwmD
(End o-? (Remo‘r\«)
x ¥
*

We Se\' Omo\-\'\er C.om?\icc.\r'lon with Srommo\rs
 whickh vario\a\es MQU hove o \'\mi}ch SCQPQ,

such oS e c\umma \ [} fpne. qumn\"lec\. ex\fx‘ess'lov\
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(Eli 5 Q1) . Here the outer ‘Puren“’\es‘\s ‘Podr‘
delineales Ythe scope c? He dumm v, Whic \
s Yheredore scid be “locel Ao R\\s expression |
o varieble Ythat occurs wm the text of an ex pres-
Sion | but is ho\' \Qco\ o '\\‘ or Yo ene 0? e
SQ\oex?ress'\ons 'S soid {\"0 \oe "3\0\00‘:\ }\'0 “'\Q\‘
ex‘i)\"ess"ﬁh ". C’Fc)r‘ ”\oco.\ anc " S\\o\oo.\ N 0\50 %—\ne
lerms "Bound" and l'g*er.:" res\oec\-‘we\n are used.)
Semetimes t is convenient Yo resord “oloboo)
)ro N 6?(‘?1"833'!0’() ! aS h\oco\\ 3rc: \-\qo.\ ex?ressicm"s

) i
en\l\\"onme-n" .

Vario.\c,\es are ‘a\cace \f\o\&ers I “’\Q Sense ;'\'\Q\' “‘\ei‘r
moin purpose s Yo 3& 50me}\mn5 su\_f)s\"t\m\eq\ Fof‘
}\1% Mor'e TJFQC.|S€\D; N\'\en we su\os\‘l\u\-e some“\ing
@;r o voria\o\e, ‘_eﬁ_c_\:-_ occurrence o? “’\o." Varioble
‘s re?hggd \on '}\no.\' same Somethin X —Idev\\"\%'mg
) d\f?efiaﬂ¥ variobles \ij di eren‘r '\Qen\‘. ers 1S o

meom s @r 'mdico.;‘nnﬁ whic \o\c.ce.s hove Yo boe

@“ec\ \m\\n “ne Some scme}\'\‘m N “ne caose
substitukion,  rom 3 OP

[2-% = XaxX)  £or ansy %
e \rno:j \'»\U»s c\er‘we

['2.'\{ = X« Y-l ond

e (-2 =0-2)+ DY .

[}

Lo\nere as -‘r\ne "Conc\us'uah
[r?.' (Y-ZB = (\(— 2> + X-X

1S UHJMS“'\K')IEA, Y\O\' Q\\ QCTAYTrences OG X »\O‘V‘]ng
\oeen '('QT)\O\CQC\.
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‘ln ll'le obsence o? \oc:o\ vqﬁa\)\es, O~“ VGf'm\')\e.s are
3\0\:m\ ond \'u{)e. S s}m?\e. There are as VnanJ var‘.o\o\es

as we Wove '\Aenh ers, -Hne:j are  in ene- Yo -ane Corres-

chc\ence lo each other o e ex'\ren" e}l we \'\o.rc\B
need Yo dishnowish Velween the vorichle cnd the

'IA enhﬁer 'lClQn '\%3?\8 ‘1\\
:Bu‘t cons) cler Now Gwn e.x\oreSS'\cn-\ \'l\‘(e.
€D (Bl ’P‘) v (Eo Q«))

Tn Yhis eK\‘DTQSS'IOV\ we hove {i}uf‘ Vor'-o\o\es . r—P, Q .
i ond 9} . “The ?nrs} Yvwo ore 3\g\oq\, e, expres-
C

Sion s A@am e.c\ '\u OTCLAT vy M envirgn-
\me-n\" nma\‘ W\o:j \1 ove ywore O CLTAYTeNCes 5.1 rP
ond Q@ N and S U\\O S\“l\u\i o af S c:ms?.}‘\f\'t n 3 o

Vo (or Q) s deemed 3o o\)op:j Jo _En_ QCTUArTeNC2 s
o? P Cor Q) . both in (TIB and
MQnL ﬂs \0\'\ S -\-\ne envirov\me-n} 0? oy exPrEss';cm
\'tke (?) \S qur DPEn, %\* eac\'\ 0? '\'L\Q. var‘ua\o\es
\o\oo\\ \‘Q )r\nq\r LRPression
9 ?

\s open- ended .

in '\\‘s environ -

-“ne ser o '.\s occurrences

‘e other two, i cw\c\L') , ore sealed qﬁ?,
so Ao 5Feo\<: Yheir sels accurrences ore c<losed.
The {frst one, mirodu ced o\@er the qqu\-;ﬁer 9_ , s
locol Yo the grs} c\‘l.s'umc\-‘ omd Yhe secend e |
‘“'\XFOOL%QQC\ &@‘Qr‘ é s \oco\\ 'lo ‘¥V\€. Secong dis-
'unc\‘. Their occurrences ore \oj deﬁm}im Comn b ned

Metr respec‘ﬁve_ Scopes  as ,,F;f.a\i“eo“)'ea \ob Hhe

parenthesis pairs.

Tn the environ went o &, v and Q
P\oﬂ o\'tﬁ’:!fen\' r'é\es : ’T) Yexrers *’0 4-\'1@ )fer ™ i 'H'\e.
wniversc \3 quan\r}gee\ exPrQSSio-n and Q \0 Fhe
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"erm m n }\'\e, EX‘lstn\? m\\ o‘mh\"@ed Qx\?res..
iy, ;
siomn., ’:\-.Y\ COn\ras\‘, v\-\'\o_ vaﬁno\\o\ea A and J ‘:\o\\j

1) Jf\ne_ env'\mnmen¥ no r&ke o~\ c.\\. As o resu“- '
should net be ver relevant ?«ar Yre environmn ent
w\r\ic\f\ '(c&en\'u 1ers ove \oeer\ wused )fo c\en o}-e. )t\nese

loeal  variables. In ?c,\c\, instead o? (7)Y, we
could equo\\‘j wel hove writren

@  (BaP) v (Bk: Q%)

or even

@ (@) v (Bix Qi)

Since < VOU"IQ\O\E \oco\ \o on exPr‘essicm ‘o\o&js
btj de@ni\‘icm no r‘a\e in Yhat exPresSion‘s envitan -
men}, we com alwoys choose o {resh iden¥ifier
‘o denatre i n (Q) we thove corried X\nc.}‘-gpree-
dom do its ulhimsete consequence oand Nowve used
the sawme idEn\ﬁ?er or bokh \ocal variobles. No
Cohﬁ.ks\o-n arises os W s s'\-':“ qu.i"e c\ear- w\'\‘ac\q
var‘so\\o\e 1S universall O‘V\O\n\'\eeé ana w\n"c\n [$:1

cx\s)ren}ria\\j c\uom}\ ied.

No}e "\r\n 0\‘ we \\owe \-o.\Aev\ a wmodiar s\-e . e
one - Ya-cme Correspondence 1S no ‘\jcm er (éoe‘tween
voriokle and iden{: Eer‘, butr bebween var avle

and 'IC\Gn\'iger )roselr er with ‘n\s Scope.

-ﬂ' S Cus\(omar '\-c o one 5\'6\9 ?ur“ner.
T <o \f\O\'P‘OBﬂ'S ot <7% s equivo\e.n)r Yo

(1) B Py v CE_\‘):: Q.J)B
Tn Vviews o? (3) , we would like 4o Perm'}
Gy (R pio v Eis QU
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as well. Tn ?&c\' we do.

ScoPes , \'a'a'mf) de\‘(‘ﬂQOAecl \oa mo.\-c\n‘mb Fo\ren~
thesis Qirs , ofe either disiGink, as w (P, ®),
onal (01 , or mes\-e.c\ , @S N (‘\O) . ’B_ux‘ whakt
o\oau" (‘\\) ? \Aje“, -\'\qe. Sco‘;es ore s\‘n“nes\-e&
the nner Sc.o?e Per\-o\ins ¥o f\'lf\e. QX‘S\‘QN\}‘IG“‘j °1u.0m-
\-iged varicble, the ouler Scope Yo the univerSQ\\:j
o\u;cmH gecl variokle. More precise\ , g)cr ony
occLr rence o?o,, voriable  we finc\ q-\'te S cope o?
-‘r\no\‘ Vqriq\f;\e loa loo\c‘ms ?01— \I\Q smc\\esX‘ 520\02
(i) thal introedlces the ‘|<:\en\ﬁ€er' wsed Yo dencre
the verisble omd (i1) whose ée\'mza}‘mb poren-
«Haeses Surrou.ns:\ '\‘l’\e QCClATTen R, ﬁ Cansequence
of Yais vule s had ,m (1), the deouble uscge
o the idenh E)ier‘ T has created o "hole "
‘.‘rs ou}er‘ SC.QPQ: H'\e SCo‘?e o? H'\Q. lAY\'lVQrSQ“
uonhitfed ex\ends [Ea} pr‘mc‘.?\e -GS n (‘-?0)-
o Ve c:u\er enin Pcnren)r\\esis \An\-}\ '\*‘we
ouler C-\o-.a,in Poren}\ﬂes‘us . Lul in (‘M), over
“(Eix (3.‘!)', \ncu.j\'\ within the ouler \Po‘ren\\l\es'\s
Po\ir, the 'a&en\riger T does r\_cl‘" reFer- Yo Mhe
wniversol oluoun\"]gec\ Vc-.r‘\o.\o\e., bul Yo the
ex\ s)re‘n‘r'\ Q‘RD olu,o\n\"l fed one.

The 'Hf\'wxas \'o remem\oer ore
(i) t‘r\r\o-\' L4 ) 'té«e\'\\"lge\" MQJ QCCLAY ou\‘siée. '\\'S
Sccpe , ow\ck
(i‘u) we ore o\ wo-'js ?ree 3‘0 rezi:-\ oce a\\ '\-\r\ro-.u\j\q
s SCOT.)Q, a\\ oCtLArTemnces o? o loca\ vorioble
\OD o tres 'lc\en\"\ jer.
We ossume thol the reoder rvemembers s
and s\'\o\“ o@en not ‘mev\\-\crn QX\O\}Qi\‘\Cj '\‘:s
s‘:ec;ﬁc consequences, “Tor ins\-aﬂca, m the
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P\"esen\‘o.\}ov\ c? ')r\ne_ QA X VO
[Ca'\:: @ v(\j.'|3 = O v CQ\?I)]

we Fée\ g-ee lo omit the standoard coveal “provided
T \s wnot 3\0\00.\ Ao Q. we should remember
’H’\O\\‘ wWe Ore @‘ee Yo viaw s a ?f‘@‘s\’\ iclew h -
Fer and  that , Were ) 3\0\00\ Ao Q ¥s oc-
currence n Ye second Q wou\& be ou\'s‘\c\e
'\\s s co?e . ‘H emce wl"& ‘Dre @.r —\o camnSi cler Yhe

Cco eo.} ws o\ov'a QUS .

Remork That last desire is ?er\\o..f.s very Woive n view
m O«:Y\Ounl‘ o? eWo& \os'nc'-oms howve S]D'E‘n} o ex-
Pio\'minj bound  versus "()ree " varickles. “Theu cemsider
Per]ﬂwrs more QOmP\ico}zo\ man'u\'au\o.\rions ﬂqn we
do. From the vmoment thol we decded Yo delineote
the s copes a? locol variobles ex \ici“v be, on obli o}o:-j
Paren\'\'lesis F\-:.\H‘ and Jo oso\o):x & Surmicx  the
leoves no doukt as Yo which lacal varieWel(s) <
scope Per‘rqins — and Yhis decision wos token many
years ogo —~ We never wiode on error due Yo
c\as\w’ms iden\'iﬁef‘s. One mcm'\\ou\c.x-es " the comstant
awareness thol ecach local varioble could hoave
been ic\en"iﬁed \‘-“'D Ca ﬁ’es\'\ idEY\\'l ‘.er; i} s o “Deu“-—
hr\omen\- Sepwervision ho}' V\V\\'l\(e \'\e, P\n:jsicisps
OWOATICNESS "\G}‘ \'\‘\5 ormu\c\e s\'\ou\c\ 19& '\Y'\VOur'lQn“
tunder c\'\anﬁe o? tLnits or o? cocr‘c\‘nnaX-e sbs‘eﬂm.
(End o? Remork)
X *
"
We hewe to Sow o word or two oboul

?&.«nc\-ions locccxuse, de}oe-nchnj on Yhe wous
Permi-nec\ @r -l'\’\eir‘ c\e(?n'n\‘\cms, W ma\n \Ee ques-
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-\'lono;)'.)\e I.J\ne“ner \'\"e:j wre we\\-degnec\ 0.\' o\\.
Tar‘\'mno.\e\:j, owmr g)uv-\c\'\cms w'\“ e Sim?\e‘

“Fiesh OE o.“, '“We:j un“ Ve '}'o\a\ @nc\'icm.s o?
orauvnen}-s O'V le\iar )b}aes, suc\f\ as \'::oo\ean
or Eﬁxeﬁer ~wWhich we dem well-understood ~
ond s\vruc\-ures Hnereo? “Their vo.\ues wall ke o{?
s‘.m'\\c,.r\ Sivm \e } es . O new ?v«nc}'lon s
Yy Stple dgp
q\wo»:js <. w:ovﬂo'mf) rom G \Orev‘aws\.‘a in\roo\uceé\

O Yo '\‘0 G Prev’;ousl‘j in‘roc\mcec\ OYVAQIN ,

QS'IC\Q P\, SO;':j, 'ln}e:?;f' o chion -“f\o..} &cce\o;s '\\selP

as argument, 1S o jPe: o«  that s;—;\-isges Yhe
\bFe ?.C.‘u.a"'\%

™ = O(-—‘)'\‘ﬂ\‘

W'\\'\'\ such o fe,cursive\:j de?mecl \:j:)e ‘1\- i no
lonoer o‘ov'mus w\ne“ner Q E}unc}iov\ etfinition
moies sense ar com lead Ao o C%Amo\ic\ivﬂ-

Such tunchions, ?W\MV'\CAQ\ﬂ, ?q“ cu\-sic}e_ Mne.
Sco‘oe o? s Vncwo‘grc«,)o\n. C End c? ﬂsi&e)

Secov\c\\-j , owr wm:js o‘? C\QEI\'T\Y\S @r\ Q\‘-l ons
are Ve;j S'\m‘)\e. The onre cm\-j *wo. '—Ffrs}lb
we deline ()Un c)-'\cms ‘:?-:7 Y 2ons oj? ex?ress‘\cms

(ih '\'\'\eir O\f‘guw'\&n 55, \ou.'n“ rom T:rEV'xous\:j
deg)i‘ne& Krim‘n\rwes. An example would be

"“’\Q d@ﬁn\ 1o o? Squ\o\re oS G mo‘-??lhg of?
}-bpe. ik = int ) bJ

qu\.&re. xX = KQ-

T&r\-\ner‘mor‘e we S\"\c\“ C\eg\ne uw\c\"\csns oS
SQ\u\io'n of &GN equaa on that cgm\‘a‘ms W-e.

osrsume.n\- S) o? nﬁe Vunc\icm b@.n\cs de@neo\ s
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T)O\r&me\e\"(ﬁ) 1n “r\a\‘ cose we \‘ca\(e. uPov\ O -
Se\ues Xo {:rove +\no.\* .su.c\n vy Qo\uo.\“lcrn \r\ous ?gr o\nJ
A

volue o? e Po\ro\me\-er@) O unique SO\&A\"n o,

Note We could hove deg‘?’nec\ square.x os Yhe
So\w\'}o’n o?

\3: (3: XQB
~here the Preﬁx Y: denares Hot the @“owsnﬁ

b oolean expression s considered an equo\hov\ in
the un\‘(nown 3 —. The chove QO‘MR\'IW\,hOWQUGf,

1$ somewhal s‘:ec:‘:o.\ in Yhe Sense thal bhe task
o? So\vins W ois em‘?}':j. CEnd og’ Ncﬁe)

QOur wioin use o the no}‘\cm o?& @nc}im\
will e Xhel , @;r‘ o @mc};m\, wWe &T;]geq\ Yo

(x0= x1) = ({).xb = Exﬂ .

(o} ru\e %r‘ which we S'NQ. credi} Yo Lei\on‘az bb
nawiinog, | G\@er WNim. Since Yhe mr\c:)umen\-

i W \ae o s)rru\c\-wre and  Since -\-\'\e wn i o
V&Y%\e wiont be o s\mc\-ure . )r\'le oloave should

n
be @af\mu?o\]*eo\ as
Ixo=x1] = [?xo: EX"]

Bulr now o s\'B\n‘r roblem emeroes, Mot is

mosk 20*5"\3 shown with o simple exomple. Let

Wws de(?me +he R\nc\-icm E ,mwfg\o;yzj Moo

\OOO‘QG\\'\ 5"rue\-ures o O OO\ A= % g S)'FU\ c\ur—e -

al Yree on Yhe same spoce , \oj
[g).X.Y = X1 AY1)

\_ei\omz's ru\e 8‘1\/&5 s '\Yﬂm@.e\io}e\b
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Yo = x1] = [PXo.¥ = (4]
M2yl > [gX.YO = ?X\\’ﬂ

Bol conclusions are correct; the trouble with the
\as\‘ one s '\-\no)' 1) ?o“ows ﬁom H’la s‘mn&er

[(\(o‘-::\ﬁ) = ((’.X.Yo = ?X%Bl s

w\'\ic\n \s Q‘SQ cgrrec\', u\ﬁereas 'Hf\e Sim’n\ar s\YCng-n\—
enina o? +he Grs)' coma\usion wuu\d e 'mcorrec:}. .
"”"E{}\c&en}\j, the WoYS  n which Ae\oenc&s o ibs
hro Qrsumen"s are ?\Aﬁc}to«m Rvy 0\\3 i eren\‘.

To den o"e H\Q A v-Féf ence , we Co.“ P X .\( o
spatial @M\ etion of X  oamd o Dunctan | i)um < Vo
oV Y . \:Je S\'\o.\\ ‘re\‘ wrn g-c pﬂe cf d SSJ n eYion

orrer.

Aushin , 21 ﬁ'\—ari\ 1986

‘oro€ ar. Eo\sﬁer \J’\Df_l)ks}m
’Der;qr}men} OF C’om‘pu\er Sciences
The Un‘-versﬂ- c? Texros oﬁ- Qus‘in
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