A funckional program that replaces varcalles by thecr Lexc-
cal oddress
Maactem M Polduinga, 16 Mauy 1985

We preseat o funclional Predranme Lr an abstractlon
of the problem to replace wn a pregram text eack appled
occurrence of a wvarialle by Us lexceal address, that ts
@ twobuple [w, p1 ufere n e the (exical level of ibs
declacation awd p is the posibion of Hhat declacation within
Mot Lavel, The fact Hhat variables way precede hair
defimtion wakes the proldem Lvmtaresﬁvxj. The preajraw
s strengly related to aun attribufe arauwmar fer the
probleue.
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1_The problem stateweut

Tt s a well-kwown adcwe,g éF auny compiler of a block
struckued (.D-\«a*upﬁe T cowpute for cach variable

a gvem progmw Wit its Lexical address, that s a
twotuple [w,p) where v 8 the fxical level B,; e
declasakion of Hat vartable awnd p s the ploce

of thet decdarotion wifinm thot Lvel. The oulermest
ot 45 block has lved wumber 1 and Hhe declacarions
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of « block are wumlboered froma Lefl to right, Acga.um_\ﬁ
w1, We abstract _?fowx e forwx a pregram text
has, except  prowa the westing of blocks awd the orler

of vartables awd Aeelacakions. So we constder Lsts
Like

[‘b;- 0", [B’ a, 4J,A’ﬂ-, B_]

whoe capitel Letfus represemt declarations jamek Smatl
Letacs represemt applied  ocorrenced of mtab&beo‘:ta
Yot the fist & precedes s declaration, nanely the
second (net Hha $int) B, If awy declasakion waust precede
all of s applied occwrrences the pegmwm s very Muaple
Undaed.

It s the task of e requestest Pregram to 'trams@-rw\ any
Aech givom List w e Clesived woy; Ao reswll of Hhe
prograws %r the abee AList ohowlol read

00
[0l # [, b4, [41LA M1, 2]

This problzw £as been conumunicated o we bj S. Doautbse

Swirsbroe,

%,

oand. dhe st struckure represewmts the block struckure

R A e e



2. The jorearowm

Lek ws ?irsl: F\‘x Aowe *te.rvwluo(.o53 avd wotakional con-
vewtions. Twn éhe requel.  the F;u.om\»j wames are used,

n: Laxical Lovel wamber (a nuwber)

P position (a wuwdber)

0 address (o pair Tn,pl)

U veniedle (a pwoll op eapitel Leller)

€:  program text or Lloch (« westesd Lisk over variables)
$: pynlactic ewvirouwment (see betows).

A syntackic ewviionmesmt is sowetiwmes called Aywbot table
or dickionary, it contaiuns addresses for (some, wot e cenoarily
all) vaciables. The fumclions wupd avd frad, to be oo fivaol
below, sewe bo update ewutroumeuts auwd to retrieve Gufor-
wmakion from thews ; Hey rakisfy the fllowing axiown

frd (pd s v a)

a “F V=V

ch\A s v offerusise

We chesse to represent a Abv\to.ckic ewviroument s a function
wapping vasiables onto +hatr addresses. So we defive

wpd 5 v a = ' uwhoe
fnd 5 v = sy

wmitS v =

s'vl=z vizv > a; s VY

“undeclared”?
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Now  we design Wmd&m F whick s o geweralisedion
c"zf the requested  prograwa. In addibion to taxt t, fumckion
f has extvo parawmeters 5, n awd Py and in addlibiow
o the requi real rerett £ fuwoﬁo\« ,F Sizfpls an extra terwlt <l

More pvfwa-@%, fafowﬁ call ‘?snpt = [4, 9 we
HMall see b it Hhak

t s #aa part of the text to he Eransformaed,

5 5 4he 55vx’to.ch omviroumeunt wm wikch t s to be ewdeddeg

oot e Lvel nawber of &,
P e wumdber of declarations in 5 on leel w

and it will thew Autd +hat

t s the requived tmmsﬁrm%(m €,

$ s the envirowment  cbtained frem 5 by wpdatiung
it witk the declacakions from t on level n (ve
b outeomost Level of t).

Wit s ’cjpe. strwckure of £ the wwost creative th‘ufu‘vj
fas beem cowmplated. Jn paxticalar the gv:v\ob‘.»\ﬂ of

§' as an additional past of the resull s cruciol for an
elegput solubion awd way be aw Eureka iscovery, (However,
s finding is actually just o ntandasd techwigue; e
e.q. [Fekivga 985, seckion 13)1)  Here s the defini-
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tiow D? ‘? o &f the waain ?‘.mobi.a\«.

trawsforme £ = 4 whew @ 572 § ks 1 0 ¢
Fsw p L1 =I[[], s
fsn puwt:

stk = DGE, 7] whoe %', 1= § o o0 x
t', 5”3 = fsnopt
Cap X = [Xit', s"1 uwhane [¢, s"] = £ n o)t
= upd s (lowercase %) [, p+]
fswast x 2} [ard, o7 whoe [t s7= fsnpt

= fwd s x

Notice Hat inAhe first clowse x represewts am tamer block,
the scope of the declarations withiv. x does wot eyt out-
Stk X andk ‘cﬂut,ﬁre enviionmeat 8 s not wsed fartf;)w

the Hird clamse kIS emvironmeut 5 f—ebtertrint—as——bg-
ftsM-@F—pw%;.uﬁ_ﬁ atch is wsedl b bock up x5 s’
s dtained as a bj-product ot processing t aud, as way
be verifud from clouwse two, coutains the declatations

of the oulerwmost Luvel ,7? £ W addition tp what S alreadly
coutaiung), 4

cxereises, 4. C&Mge ‘F S0 that it yulds o treple L4, S, ]
where w s a st o,f the undeclared varia®les ?\rom t,
2. Chomge £ sothat & yibds [, 3 where ¢ okiffes

A W Stead m mmra":’wu.t s" is wup( ﬁ:mx avol

&% contaius e de M% *tccgodzurm‘yt—
M ,pe (mamku’vow % alwody coTaiian).
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from the required ¢ 0\«1@3 wm Ahat  declarations are added

for undeckared variasles, Mace Mase declarabions as wauck
as pessible ot o glal/lecal Slock amd ok tha Browt/back
of fRat bloclc. 3. Treat double declaratious wwre satisCactorily.
Noﬂc&% .F "traversed” ¢ only onee; Hhe complebion of

e cowputation % address o (i clause +hree) is Aulal

up wnabil ' Ras beem delivered, Thus this shows —emwee

Y wete—  Hhat the adjeckives  ‘one pass’, “two pas’ aud

$% ow do not apply to cdjori&w.s but ow(hj to lmple-
wankions, i-¢. evaluations er executt ous oFf aBord&ms,
Th very same  phemomamon Aad already been Weticesd
eacler, aee ¢g. [Foldinga 1985, section 13].

3. fn_atbribule grammar selution

Teople acquainted Lith atbribute grawmmars way have
*«wugu o-fl attribute grauamars r‘Cg«U: f(om’i'fw. ]usi.uui\.«g
and; e wmere,  puch grawmars  may Rave beem the
problem mlglu e first place. We presewt %ere am
atribute grommar for the prollewc aud show the corres-
pondonce writh owr definibion of funchion f.

An uudu(t,i.vmﬁ tontext free guammar for blocks reods

™ T ewply l CTYT | VT | vT .
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Heee T, Vawd v  are newtecrminal S‘cjw«buﬁs; V is to
produce o capital Lelter and U a small Letter,  Now -
Lrmival T Aas  three wnherited aftributes, nawely
si, n, P (fer: Mmeomiug enuironned, Laved nundber and
wuwber of dechosakious i st om ALl n), awdl two
gnthesivest atiributes, hawtly  t avd so (for:  text
predamced awd awtoow\i.ns environment),  Here ase
the altribute wvabue dafimitions (Qenoting nW(T) by w
aud so ow).

T > ewmply t, so := [, si
T - (T)T s, W, pr o= sif e, 0
5,07, p" iz sl w, op
t, so = ¥t so
T-> VT si, W, p = upd si (owtrcase V) [, pHi, v pu

t, S0 = Vit, sof
T> ovT s, w, p’ := s, w, P
t, S0 := a:t', sof
Jhere @ = fiwd sof v

The Cotres pondence st owr definition of ,F is evideut:
givew the txt o be pased and Me heribed attribules
si,nand p for that toxt, § slmply owpules the two
rynthesized altribules Lk, s0] for Kot txt, using the same
defvikions a5 used aboe fr Ke aMribute vatues. few

— -8-

The resewiblance s brouﬁt o an exbrewe LF we vewrite

the defiwition of £ as .folbows‘

e np L) = [t 5]
Where %, %0 = [3, st
fo wop wt) =
Aisk x —» Ck, so] whene | st w, o = si¥n+1, 05 ¥ so’]:,? s pl X
s, W, p =Sty h, Py LE, so"J:F U ' p* &
g so = 4, =
cap ¥ - [k 0] whart s, v, p' =upd si de » Tn, P+, 1, pH;
(¢, 1= f st n p'k
;50 = b, s
{smatl x -} [b 50] whore st,w, p=si, v, p; (& s0T=F s p &
¢, %0 = a:t, sof
where a= find sof %

NewdLess ko ray that we  prefer the mi@imﬂ au_gcmﬁow
Df .F over s  attribule ww-uh fackuwto%,

(O 4 say ik the ofher Way acound: s ik gossible
odopt e fwwmla‘.sm B.? attribute 3@amvv\o.n5 2o that thay
doote wore Like +he fu.vxoﬁe\m,ﬁ i:roafa.w» 7) . Re-
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We“"geﬁ’ for 4 funchionar program. it s the so-called
‘Qa%j 2veluation /:km&ﬁg whickh contrels the order of *e
Computation steps, adereas for e attribute Jravamer
one usually wudg o arcpacate algerithwm 1o detact
e wandder of pames and Ake order in which e attributes
@n be evaluoteok, Yot e fuwn chional program. and the
attrioute glamwas  evoke the Aawe wnumber of computa-
tion Aleps (Mt Name computation ndeol), fhe Apace
weeded for the program wmay be «Zaxjer%m for the
grawwar, aktbeugh ihe Alte seews o G ot wmart a
Eauae as the compli parse tree , gewral .

Referemces
Fokl«.évﬁa, MM Funckioneel progrmammeren (u €em usgel-
vlucht. Tueute Univ of Techn, Nethurlawds, Meworauw-

Aeewa - INF-85-4 (T Dukch)

To be inserted at +the bettomn a-F page 3

(va a@o{: this meawns 4ot emuvironmewts evefre as
Linear Hists and Hhat find 15 a Lnear search. We
Leave it to the reoder to  represent emvironmemks as
brees 50 Rak find  Lehoves as a bimv seorch. Assume
Hat vamables ate ordered by < )



