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• 

• 
• • • 

• 

. A9,"stract,: First it is shown how a veil-known parsing method for 

• 

• • • 
• • • • • 

context free lang1..ia.ges can be extended to languages defined · 
• • • • 

• • 

by a van Wijngaarden two level syntax. · 

Next, application of .this technique to ALGOL 68 is 
• • 

Final.l.y. some conclusi.ons are drawn concerning 
. ...... ., - :t . ,11ip ..... e1nen ation. 

• • 
• 

• 

• 

expl~red. 

L 68 . · · 
• 

• 

• • 

• 

• 



• • 

. 1 . , Po.rs inr; acco_r,dinr; to ,a Co:it.e~ -·F:r;,,,e,e gr.~;nmar: 
• 

The problem of. parsing according to a Context-Free gra,111,r,ar 

G (V, V , ,::;' 1'') is. by now well attacked - understood, and can be j , , 

n. .J.. • I., 
• ntunber of ways. in a 

• 
• 

• ' • • • 

''method :functions'' -We t,ake ot: the • 1 that· a variant of syntactic , • 
• • 

· is J we· construct out of the CF gra•timar a progra1n in ALGOL- 60 by a 
• 

p::ocess ot: (mechanical) tra.nsscri~tion where a nonteri:iinaJ. in the 
• 

• 

• 

syntax corresponds to a procedure in the parser. The parser consists 

• 
of an ''environment'' and a '':parser bo 

• 

'' • The environftient contains 
a num'ber of declarations for 

• • . -
• 

• 

• • • • • 

• 

1) a reading procedure read which converts each terxr1j nal 
. ' 

symboJJ( word) to some unique · int~er · · . 
• 

• • 

2)·an integer ~rray I containing the codes for the words 
,. 

of the sentence to be parsed, ·1ollowed by a special code 

to 1·na.rk the end of sentence 
• 

3) an integer variable pin pointing to the word in I presently-

1Jnder consideration, initial pointing to the fir'!t vo~d 
• . in I • 

4) a boolean variable b 
• 

5) reading pro cedi12~e R, declared e.g. as 
• 

• 
• 

• boolean procedu.re R(~); jnt~ge~ ~; 
I 

• 

' 
end.make~ then R: = aZse eZse 

' 

. ' 

' 
' 

~ 

l •. R• trus end 
• 

. , :c ·then beg~n., pin: ., . . . ' 

' 

• • 
• 

eZ.se R: Zse· • • 
' ' • 

• 
• 

The parser body is constructed as fol.lows: 
• 

.Let the ruJ.es be of the :for1n 1 hs : rhs lhs~V) 
n 

Let 

Let 

• 

be of 

' ' . " . ' 
• • 

• 

•• • • • • ' . ' 

. (k > 0) 
• 

• 

(l. > 0 

identi:fie1· y •• 
i.,. 

• • • 

• • 

• • 

• 

• 

• 



• 

Now each rule. of the graxrhvno.r is treated as :follows·: • 

1 ) reula.ce the nonterminal symbol which • • le:rt hand x. l.S its - l. 
• . ... 

by Sl.O.e • 

• ,. b.ooZ.zan :> r.? c e d:1.::.'Je y . • ., 
't. 

~ . • • • • b: 
• baqi,n 1,,:r1-tgg~r. p1,; Z.se. ,, p1,: p1,n; • 

2) 
• 

'' • ,, replace each nonter,ninal by then eise X. " 7Y • • • J • J • • 
• 

3) replace each tei·minal. by It • 7R(y .) then eZse II X. 1, • • • J J 

4) rer.:ove al J co:rrirna. 1 s and the colon. 
• 

• 

5) replace each sexni colon by ' begfn b:= ·tr¥e;_ · oto end ·end; pin:- pi; 
• • 

• 

6) replace the point by ''· be n b:= t:eu.e. 
1 1 ,, 1 

• • • 

. 

end: y.:::: b 
1,· 

• 

end;'' 

ot:.~, end .end; 
5 I 

The pa.rser body now has to be concluded by the necessary read in sta.te­
• 

:m.ents and calJ. on the procedl,lre corresponding to the special sta.:rt,ing 

symbol E. • 

• ,. 
• 

The parsing method described is reasonably efficient and appiicable under 

reasonably genera1 circumstances. For the fo1loving extension any other 
• • 

• 

parsing method will work also provided it makes use of & corre ndence 
• • 

• 

betveen nonterminaJ.s and (rec1Jx-sive) parsing procedures. • 
• 

• 

2. Tw'o-level grammar·s, 
1 

·· In two-J.eveJ. grw11rnars meta.notions 1r1a.y be . of three kinds 

• 

• 

• • ' 
• 

1 ) superfluous but convenient , e.g. , 'I1HE:I SF:. 
• 

• 

These metanotions choose from a srnaJJ, set. By· writing out 

each aJ..ternative of that metanotion the rul .. es in which it 
• • • 

it can be removed. • 
• 

for 

occurs, 

These metanotions choose from a countable set. They· can not be 

removed, but they ioay be treated as nuixiericaJ. pa;r'l.metera to the · · 
• • • 

• ·parsing :process. • 

• 

• 

3) ·rec,:1:x~sive, ~.g •• ?vDDE and its many poorer re1a:tion.a like lYOOt) 
• • • • 

. · and • • 

• 

• 



' . 
• 

• . ' 

These metanotions choose from a recursive set. The two previous 
• • 

kinds are of co, .. 1:,•se . subsets of this .one. vle will investigate 
• 

• 

their treatment. ' • 
• • 

• 
• 

• • • • • 

Chor..sky has J.e:rt a rema1·kable hiatus in his c1assification of a.uto1118ta : 
• • • • • 

• 
he forgot the weakest one, the· cl.ass 4 autoxna,ton or ''Finite Choice'' . . · 

• 
• 

autol:la:ton. • 
• • • • • • • 

• • 

A 1t·c automaton G (V, n has r\1) es of the· forxn a : A. where 

aG..V 
• 

n 
• 

• • • 

Using an obvious .notation, a two-level gra·m,rnar having only the first kind 
• • 

• • 

• 

gra.1n1na.:r G2 
' 

is probab 
• 

• 

• • 

• 

• 
l.S XllO're 

• • • • 

power_ than a CF graJrnnar since it can describe the l~~ge 

{ n "1 n a o 
• 

n a 

Sintzof-£ 
.L. . sys "'e,n. 

2 

• 

n > O}. 
• 

has proved a. CF 

• 

Later on we will make use of the 

• 

• 
• 

• 

be. equi vaJ· ent to a Se1n:i Thue 
• • • • 

• 
• • 

concept of 11nderlying CF gx•a111c11at·. From a 
• 

two-level. graJ·!lmar many equivalent two-l.eve1 grarwna:rs can be obtained with 
• 

possible di:f~ering underl.ying CF gra1n,oars. • • 
• • 

• 
• • 

• 

There:fore one should keep in rui.nd that there a1·e· .,.,..~ t1nde ing CF gramaria,1•s 

• 

• 

for any given language • 

• 
• 

3. Extension of the parsin5 method· 

The way metanotions are treated in the syntax of OL 68 bears some 
• 

attempt vil.l therefore be adding pa.ra111eters to the parsing procedures • 
• • • 

. 

We consider a. hypernotion like SOR['E:rY 11ni.ta:r-..v MOID c.Jause as a 11headvord''' 
• 

uni.tary clause with two ''affixes'' SOR:l'En.'Y ~nd MOID. 
• • • • • 

• • 

• 

• 
• 

Thus we 

beca.i..1s e 

have to make a cieax sepa:ration between headword a.nd aif,ixea, 
• • 

o~ the prope~ies of· 
• • • • • 

• • 

· OL '60, take ~are th&t 
• • • • • 

• 

a~fixes of a specific hea.dvord a.i · ·1.· s t,.,_e. ~ same.\• 
• • • 

• • • 

the u · ... · er ot 

and, 

• 

• 

• 

• 

• 



• 

• 

• • 

l4'or cla.ri ty sake we write SOh~'f:l'Y + tJnj ta:r:~,y + MOID + clau~se. • • 

• . - . .. ,. . '' · In particu1.:a·r, ve have to avoi~ p~~""'l.l.ng , as e.g. in (8.1.1.a): 
- . 

SO;Z'.i.1~:lry MOID con...4rontation may produce into (8.2.0.1.d): strong COERCE~D. 
' 

• 
' . 

}urthermore, in the 1e:rt hand side we may only allow metanotions as 

affixes. A le:rt hand side 1ike (8.3.1.1.a) reference to MODE assippatio~ • 
• 

' 

~nsuri~g that the mode of the assignation begins vith 'referen<'.!e-to', • 
• 

is una.cceptabl.e. • • • • • 

• 
• 

• 

• 

In order to make these affixes al1 metanotions, ve·have to move the 
• 

checking on a~fixes :from the le:rt hand side to the right hand side of 
' -

the ruJe, by introduction of two special headwords equa] and is plus, 
• 

such that for 

one saxne notion is substituted,· and otherwise is some special.· 

redundant symbol .. not present in program. · .. · • • 

• 

terminal production einpty 

or the redundant symbol, depending whether the notion substituted for 

• • • 

• 

With some effort, equal and is pll.lS can be defined by a two level syil.tax, 
• 

but for 01.1r :purpose it is· jzr1portant that· their corresponding parsing 
. . ' 

proce~'l,res can be constructed such that they a1·e ter1ujnating e.g._, • 

• • 

equaZ has two para1neters (probably pointers to possibly circular lists) • 
• 

I~ those para.-meters are modes, the mode equivalence algorithm is in-. ,/ 

volved (which terminates). I~ the modes turn out to )>e equi vaJ.ent, • 
• 

parsing proceeds, otherwise it fails. It is interesting to remark that 
• • 

• • 

• 

• 
' 

· the changes we have to introduce to a. two-level. syntax bring it 1nore . 

• 

• 
' 

nearly in the form advocated by Fraser Duncan • ~n :fact, the ~hole 

technique is vitho~t more appl.icabl.e to his. type of granaa -- •• 
... • ' • 

• 
• 

4. Apn7,icat:;.on .. ~o ALGOL 68. 
It • 

·Take the rule (8.3.1.1.a): 
• 

• • 

reference to ?IDDR assiro:1ation : reference to MODE ·dest • 
• 

becorres s 
• 

• 
• 

l , MODE s e. · · 
• • 

• • 

• 

• 

tion 
' 

• 

• 
• • 

The first problex:1 is how tcr split up.t~is r·uJ.e in.a·well·detined · 
• 

headword and affixes. 

• 

• 

• 

• 

• 



' 

• • 

Because of 8. 3. O. 1 .a ,we c·hoose assi[~;tiation as headword and MOD"l-1; as affix. 

Secondl.y>the affix on the left has to be a. metanotion. This leads to 
• 

• • • • 
• 

1 + assiepation: MODE 1 + destination., becomes s ..... al; 
• 

1 + is + reference to + plus + IDDE ·2, I"DD1◄: 2 source . 
' • 

Introducing special headwords dereference and sarr.e node with obvious 
• 

mea,ning,. we C'an write this • 

• ,. 

• • 

' . 
1 + assj.,E718,tion : :MODE 1 + destj,r1ation., .becorres syniool~ 

2 s · e, deref ere11qe + MODE 1 + · . DE 3 :1 sams Irxxl-e + 
• 

MODE 2 + lYDDE 3. · • 

An assignation is now recognized as fol1ows: 
• 

' 

1) a. destination is sought and its a priori 1rt0de MOl:E 1 obtained. · 
• • 

' • 

2) · a becow.es-s rn- 1 is sought 
• 

• 

3) a source is sought ana its a priori mode MODE 2 obtained 
• • 

• 
4) from MODR 1 by dereferencing MODE 3 is obtained 

• • 

5) it is checked whether MODE 2 and IDDE 3 are the sa;rn~ mode.· • 

• 
• 

• • 

• 

• 

Other special headwords which come to the niind are strong]y coerc.eable to + 
•• 

• 

MODE 1· + MOD~ 2 , etc .. 
• • 

• 

• 

•• 

. The parsing procedures for these headwords need.not be defined by syntax, 
• • 

Any sen,antic proc~s s involving affixes, defined in any manageab1e way-, 
• 

can be grafted onto the syntax. 
• 

. . ' 

If al.l those special headwords together with their affixes are left out~ 
' . 

aJ.l remaining a.f'fixes have become superfluous, and can also- be omitted • 
• 

· :But then one has 01:;>tained an ,1nderlying context-free gr8-ln1nar of the 
• 

• 

two-leve1 gra.~nmar of ALGOL 68. Any ALG01, 68 progra1·n is a progrrun according 
• 

' 

· to the 1.1nderlying context-free gram1r1a,r, because special. headwords onJ.y 

• 

li:ci t the class o:r prog;r~xns. Since the :pa:rser according to the under-

1ying CF gra,1n:rnar te1·1ninates ,· and since we wiJ.l take due care that the 
• 

:Parsing proced1.1res -£or our special. headwords terminate, we can assur,e· . 
• • 

tha.t·we have a terminating parsing algorithm for L 68. 
• 

• 

The· :fra.se in the Report about mode-independent pa-rsin,g .0. 1 .4.3) in 
' ~ . . 

' ' < 

ef'f ect tells us that the under1ying CF grammar of . . L 68 .is un~· ·,;· 
• 

' .. 
ambigu.ous. This is not who true:· ,is :(2) ··a caJ.l .or·• slice? . 

• 



• 

.. 
• 

By a slir;ht change in. grarranar (leavi11g the distinction between call and 

• 

sl i.ce unresolved) this pr.oblem is resolved.· The 
' 

reasonably mode-independent, apart from a small 

spots.· 
• 

. Co~clusions about im lementation o~ ALGOL 68 
• 

• 

• 

grammar of ALG.OL 68 is 

n1znber o-£ those troub.le-
• 

• 

V..a,king use o~ the :present technique for Syntax Directed :parsing of 

ALGOL 68 programs, the following structure of a compiler is suggested • 
• • 

• . .. 
pass, ,,J. 

a 
. Get rid of cormnents > replace identif:Lers by unique integers, etc. 

' 

• 

• 

• 

• 

• 

pass ,g 

. ' 

Find de~i~ing occurences of operators and mode-indica~ions. 

Find priorities. 
• 

• 

Mode independent parsing_ 

Construct declarer list. 

• • 
• 

• 

( according to 1Jnder · ing CF gramznaj,,) • 
• • 

• • 

Find defining occurences of identifiers. 
• • • The result of this pass should not be a linear text but a tree, 

• 

in which alJ. structura1 infor,na.tion obtained is inco....., rated . 
• 

• • 

Thus, the :following passes ca.n znake u.se of a s:i mp1ified syn 
• • 

• 

intermediate Minimize size of decJat"er 1ist. : . 
• • ' 

d ·-di ..... - . Check for mo e-Jill ca'"'io11s WJ..thout defining occurence, context 
• 

• 

• 

• • conditions,· etc. • • • 

• 
• • 

' 

• 
• . ' . 

ass 3 
i i 10 

Mode dependent translation according to ·the s:impJ ified syntax 
• 

of the tree obtained in pass 2 • 
' 

:pass. ,4 productio_n of opt:imized code 
• 

• 
' . 

• 

• 

• 

The advantages of using the Syntax Directed approach are obvious: 
• 

' 

• 

1) instead o-r a.11 the te.dious detaiJ. of the i1tlple111entation, the 

• syntax i1sed may be co1n,n,micated,· together with· the 
' 

the special. headwords 
• • • used. Th:us the 111achine 1.ndepende~t pa,J•t . 

' 

of the impl.ementation is con-.mtlnicable ·. in .a clea,r and concise torJa 
• • 

' 

2) it becomes easy . to correct : or· change one ' s e1n,ent&tion 
' 

• • . - . 
3) it becomes 

• 

ea..sy to ,. exper:iment vith va.riant!i a~ 
' ,, •' ' . ' ~ ' ,, ., 

• 



• 

• 

• 

• 
• . . 

The advantage of getting a tree as output of pass 2 is that pass 3 and 
• 

can work more efficiently when a.11 problems or backtracking and local 
• • • 

a,·nbiguity have been removed in· the relatively .fast _and cheap pass 2 •. 

Va.nco~ver,-28/8/69 

Amsterdam. 16/10/69 
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