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The problem of designing general parsing procedures for arbitrary
families of languages has hardly been studied. One will usually be
satisfied with general procedures for the class of LR(k)-languages,
the class of precedence languages, the class of regular languages, etc.
For the types of abstract families of languages (AFL) studied by
Cremers and Ginsburg [3] , the availability of general procedures may
be of equal importance, however. To put it more precisely, if two
grammars are related by belonging to the same family, it will be
desirable to be able to use the same parser for both of them.

In the present paper we investigate the relationship between
structurally similar grammars from the parsing point of view. Apart
from providing an interesting parsing method, our approach will yield
time bounds for the word problems of related grammars [2] .

Our technique is basically a three-pass mechanism which will analyze a
given language L(G), if the first pass analyzes a language L(G") such
that G can be mapped on G'. The second pass is based on & construction
in [7] which is there used to obtain a decidability result. It takes
the output of the first pass as its input. The third pass produces a
derivation of the originsl word, if one exists, or else prints an
error message.

Some definitions of structural relatedness

Definitions 41 and 2 are slight modifications of concepts defined in [5].
Definition A context-free grammar form is a 6-tuple F=(V,T,VF,TF,P,S)
where (i) TeV, = (VF\TF)E (V~1T), Tpe T

(ii) GF=(VF’TF’P’S) is a context-free grammar.

Gp is called the form grammar of the grammar form F.
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Definition A strict interpretation of a grammar form F:(V,T,VF,TF,P,S)
is a S5~tuple Iz(f*’VI’TI’Pi’SI> where
(1) pm is a substitution on V* such that

(&) )*(a) is a finite subset of T for each aeTly

(b) m(A) is a finite subset of VT for each A4 eVy\ Ty

(e) /«»(A)/\/,L(B) = @ for A,BeV,, A # B
(2) P; is a subset of

U
(P) = DeP - (p)
where m(h— B) := {u—>v| u e pm(4), vef%B)}

(3) 87 is in m(8)
CON is the set of symbols in T occurring in Pq.

VI is the set of symbols in V occurring in PI augmented by SI‘
The context-free grammar GI=(VI,TI,PI,SI) is called the grammar of I.

Definition 3 is an essential concept for the categorial treatment of
grammars presented in [5] , [6] . By M we mean the set of derivations m
of a grammar G, s(m) is the source of m, t{(m) is the target of m.

Definition For two grammars G1=(V1,Tq,P1,Sq) and G2=(V2,T2,P2,S2),
an x-functor : Gq-—é G2 is a pair of mappings (C€4’CP2> where
@qt V'Z]‘—> V’2‘, Po: M’l — M2 such that @4 and Cf’g are homomorphisms,
that is

@ (4B) = @ (4) @ (B) for A,BeV)

(Fe(m,\omz) = (Fg(m,‘)o cpa(mz)
Polmyxmy) = ¢pp(mg)x ‘P2<m2>} for mqpmp ty

and ?1 is compatible with ?2, that is
¢4 (s(m)) = s(@y(m))
<F1<t(m>) = t(()o2(m)) for mell,

P is a length-preserving functor if P4 <V’I\ T,l)s-V2\ T2’ CPE(P’i)‘C'PZ’
P4(8q) = 555 @q(Ty) = Tp.

Using a proposition in [5] , it can be shown that the following
theorem connects functors with interpretations of grammar forms:
Theorem: Let GF be the form grammar of a c.f.grammar form F. GI is the
grammar of a strict interpretation of F, if and only if there exists

a length-preserving x-functor (?: GI-—+ GF‘
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Our parsing mechanisn

The intuitive meaning of a tree-automaton is easy to understand
[77 , [8], [2] . We will therefore skip the formal definition and
explain the underlying idea in less rigorous terms.

Imprecise definition A tree-automaton {l relative to a grammar G

possesses an alphabet T and a transition function h. Given any derivation
tree m of G, whose terminal nodes are Xﬂ”"’Xn in left-to-right order,

h assigns a value hm(Xﬂ"’Xn) to the top node of m. This value is
calculated by going from bottom to top and assigning a letter of T to
each node. Which letter is taken, depends on which letters have been
assigned to the immediately dependent nodes.

Now we need some notation which will be used in the proof of the
following theorem. Suppose that we have two grammars G1=(V1,T1,P1,s1),
G2=(V2,T2,P2,s2) and a length~preserving x-functor @ : G —> G,.
We construct an automaton Ol= (T,h) relative to Gy. T is identified with
2D 4 is given by

By (XeeeX g ipy) 5= {Aef_”ll 3 P=4— Byee by €Py with

¢,(B) = p and A;€X; (1 =1t(p)1) }

for all peng.
By a lipma En.[?], we kgfw that thfn for all mel, hm<X1:"X|t(m)]) =
{aev] | 38 e, with s(@) = 4, $(@) = L SRR p,(E) =m
and A;€ X, (i< It(m)l)},

The main result

This gives us our next theorem, whose proof will also contain a
description of how the tree-automaton is to be employed.

Theorem: Let ¢ : Gq—é G2 be a length-preserving functor, where Gq and G2
are ¢.f.grammars and G2 is unambiguous. Suppose there is an algorithm
which will construct a parse for weL(G2) and reject w{;L(Gg) in less
than f£(|w]) steps. Then there is a constant ¢ and an algorithm which will
accept weL(G,) and reject w¢L(G,) in less than cf(lw]) steps.
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Proof: Let weg T,T. If there is an mel, with t(m)=w and s(m)—s,i, then by
the definition of ¢ there exists an m€M2 with (Pz(m)—m , s(m")= =S54
t(n®)=w ET*. By the unambiguity of GZ’ there is no m” éM2 with

s(m™)= =55, t(m”)zw', such that cpg(m) Z mn”. So we construct w'=c(),}(w)

in realtime and try to find a parse of w'in G5. If there is none, we
have we¢ L(G,l). If there is one, we have to check whether there is a
coimage m of m'eM2 such that s(m)~5,i st(m)=w., By the construction of our
finite automaton, this amounts to calculating h ({a,{s'{ 32} cee {a} )

where w= Bgqoeedye m’ has a coimage whose root is 84 if and only if $4 is

an element of 2ghe resulting set. Let n, be the number of nodes in a
derivation tree méMZ. Simulating tree-automata in time cn, poses no
problem. We simply represent parse trees by words of the bracketed
c.f.language [ 4] which is generated by the rules Ppi={o—> {p (L]p ‘

= ol — ﬁ e Pg} . Then each transition of our tree automaton corresponds
in an obvious way to a reduction step on a sentential form. As shown in

[4] , a reduction sequence can be obtained in linear time.

S0 far we have Jjust specified how a yes-no decision can be reached. To
use our mechanism as a parser in the strict sense of the word, some
additional considerations are necessary. What we have to do, 1s to store
a trace of all direct transitions and walk back from top to bottom.
Within our categorial framework, this can be compactly stated as follows:

Suppose h (X/I...X ) =X where m=T) » mcm, h—(X,]...X )= X/I’I“"X’lk ook

1k
1
such that hA(X 1... 1K’l°” ) X’I"“Xl and fi= (m x 9..xml)
m; eP,;uIdV wn.th
n (X, )= for iz 1.
Ml e 1k
Buppose further that Tree(m X,,,..X ) has been defined. If m, 1€P,, take a

rule p. e,P,I with s(p)eX ,b(p)e &, ’l"'X k, (i<1) and constr'uct
J,ree(mo m, X’I’I"’Xlk ) —(m,] cuuX ml) o 1 Tree(R, X,l...X ) where

1_p1 if mle P/I and ml&IdV2 otherwise.

To start this top-to-bottom process, we have to set Tree(p,X,l...Xn)

a8 a rule Pstart:“é‘ - ix,iu..&n in P, with A€X, A;€X; for i£n and

hp(X1 oo .Xn}=X.
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