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PREFACE

ICALP is the acronym of the annual International Colloquium on Automata, Languages
and Programming sponsored by the European Association for Theoretical Computer
Science (EATCS). It is a broad-based conference covering all aspects of the founda-
tions of computer science, including such topics as automata theory, formal language
theory, analysis of algorithms, computational complexity, computability theory,
mathematical aspects of programming language definition, semantics of programming
languages, program verification, theory of data structures and theory of data bases.
Previously ICALP conferences were held in Paris (1972), Saarbricken (1974), Edinburgh

(1976) , Turku (1977), udine (1978) and in Graz (1979).

ICALP 80 is the 7th conference of EATCS, covering once again a broad spectrum of
theoretical computer science. ICALP 80 was organized by the University of Utrecht and
the Mathematical Centre at Amsterdam and was held July 14-18, 1980, in Noordwijker-
hout, the Netherlands. The program committee consisted of J.W. de Bakker (Amsterdam,
chairman), A. Blikle (Warsaw), C. Béhm (Rome), H.D. Ehrich (Dortmund), S. Even
(Haifa) , P. van Emde Boas (Amsterdam), I.M. Havel (Prague), J. van Leeuwen (Utrecht),
H. Maurer (Graz), L.G.L.T. Meertens (Amsterdam), K. Mehlhorn (Saarbricken), A.R..Meyer
(MIT) , R. Milner (Edinburgh), U. Montanari (Pisa), M. Nivat (Paris), M. Paterson
(Coventry) , - G. Rozenberg (Leiden), A. Salomaa (Turku), J.W. Thatcher (YorFtown
Heights) , J. Vuillemin (Paris). We wish to thank the members of the program committee
for their arduous job of evaluating the record number of 169 papers that were sub-
mitted to the conference. On their behalf we extend our gratitude to the referees

which assisted this process (see next page).

ICALP 80 has been made possible by the support from a number of sources. We thank
the Dutch Ministry for Education and Sciences (The Hague), the Mathematical Centre
(Amsterdam) , the University of Utrecht, the University of Leiden, CDC-the Netherlands
and IBM-the Netherlands for sponsoring the conference. A special triblute goes to
Mrs. S.J. Kuipers of the Mathematical Centre (Amsterdam) for her expert assistance

in all organizational matters related to the conference.

We feel that ICALP 80 has succeeded in bringing together a variety of important
developments in modern theoretical computer science. The need for a thorough inves-
tigation of the foundations of computer science evidently is increasing rapidly, as
computer science moves on to ever more complex and diverse systems and applications.
We hope that the ICALP conferences will continue to be an exponent of this trend in
the years to come.

J.W. de Bakker and J. van Leeuwen
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HOW TO GET RID OF PSEUDOTERMINALS

W. Ainhirn

Institut filir Informationsverarbeitung """
T =58

Technische Universitdt Graz
Steyrergasse 17
A-8010 Graz/Austria

Abstract

We investigate the role of pseudoterminals for EOL forms. This leads us
to the definition of m - interpretation which avoids pseudoterminals.
We solve the problem of m - completeness of short and simple EPOL forms
and finally consider the validity of some basic results on EOL forms

under m - interpretation.

Introduction and Preliminaries

Investigations of EOL forms in [AiM], [cM], [CMO] and [MSW2] have shown
in the past that we actually deal with three (rather than two!)alpha-
bets: the terminal, the pseudoterminal and the nonterminal alphabet.

The pseudoterminal alphabet contains those symbols which are explici-
tely specified as terminal symbols but never occur in the language generated by
the system. It seems that pseudoterminals sometimes act rather patho4
logically. For this reason we define a new type of interpretation, so -

called marvellous interpretation (m - interpretation for short) which

does not allow the existence of pseudoterminals. As a consequence of

the modification of the interpretation mechanism we are able to give

necessary and sufficient conditions for the m - completeness of short
and simple EPOL forms. Finally the fact that many fundamental results
also hold under m - interpretation shows the close relation to the or- ;
dinary interpretation mechanism whereas complications in carrying over :
the technique of isolation to m - interpretation gives a good feeling ;
of what really happens when avoiding pseudoterminals. ‘
We will denote an EOL system G by G = (V,z,P,S) where V is the total,
I the terminal alphabet, P the set of productions and S the starﬁsym—
bol. G is called short if o » x € P implies |x| < 2, simple if card(V - .
I) = card(z) = 1, synchronized if a £ x implies x € E* for every a € : :
: and looping if « =%, & holds for some o € V. v}



For a precise definition of the notions used we refer to [H], [RS] and

[MSW1]. However, we would like to give the fundamental definition of L

form theory:

An EOL form F is an EOL system, F = (V,Z,P,S). An EOL system F' = (V',

£',P',S') is called an interpretation of F (modulo u), if p is a finite
substitution defined on V and (i) to (v) hold:

(1) WA EAgeN " Bl Eor each ATE Vi= T;

e w(a) - 3" foreach a-€:%;

Bl i (o) SN n(B)i= ¢ for all o +-8B1in V;

(ig).~Brc ;:ﬁep (= y |8 emnlo), yre u(x)ls

(v) Sl e w(8).

In this case we write E' 9 F(u). YUAF) :=A{L(PY). ["FL 9 F} ig the fami=

ly of languages generated by F.

Examples of EOL systems are specified by listing the productions where
small letters are used to denote terminals, capital letters to denote
nonterminals and S to indicate the startsymbol. Many results in this
paper are only sketched. A detailed version is available as [Ai] and
has been submitted for publication elsewhere.

Underlying Philosophy

Rewriting systems have originally been introduced by Thue. Thue did not
make a distinction between a terminal and a nonterminal alphabet as it
has become customary in formal language theory. This distinction is due
to three reasons: firstly, the introduction of nonterminals has a lin-
guistic motivation since nonterminals can be viewed as representations
of syntactic classes. Secondly, the variety of languages obtained by
grammars is essentially increased with the use of nonterminals, cf.
[MSW3] where pure grammars (that are grammars without nonterminal sym-
bols) are investigated. Thirdly, nonterminals are necessary to obtain
Strong closure properties, e.g. one can show that the class of pure CF
languages is an anti - AFL, whereas it is well - known thét the class
of CF languages (which differs from the first one only in the existence
of nonterminal symbols) is a full AFL.

When considering parallel rewriting we may observe similar conditions:
originally parallel rewriting has been introduced in [L] to describe
the development of cell growth in simple organisms. These rewriting
systems, so - called L syétems, do not use nonterminals. However, it
turned out that the introduction of nonterminal symbols in [He] invol-

ves similar advantages concerning the increase of languages obtainable




and closure properties as mentioned above in the case of grammars, cf.
[S] and [He]. The extension of OL systems to EOL systems by introducing
nonterminals was found mathematically tractable and interesting. More-
over, we can justify the notion of extended OL systems from a biologi-
cal point of view pointed out in [HR]: the family of languages of re-
currence systems, which is of biological interest, equals the family of
EOL languages. A final argument for considering EOL systems is the
equivalence of the class of EOL languages and the class of codings of
OL languages, cf. [ER], and the significance of codings for biological
observations.
EOL systems differ from CF grammars in two ways: parallel rewriting is
used rather than sequéntial rewriting and in EOL systems there exist
productions also for terminal symbols. One could suspect that the lat-
ter is a natural consequence of the constraint of parallel rewriting:
if there are no productions for terminal symbols, any derivation in an
EOL system will stop whenever a terminal symbol is generated. Note that
this situation is simulated exactly by synchronized EOL systems. Thus,
as far as the generated languages are concerned, the existence of ter-
minal productions is quite insignificant since it is well - known that
for any EOL language L there exists a synchronized EOL system F such
that L(F) = L, cf. [HR]. However, when working with EOL families, it
turns out that terminal productions indeed lead to additional language
families as shown in [MSW1].
When introducing nonterminal symbols for CF grammars, the character of
all symbols not contained in the set of nonterminals is really "termi-
nal" in the sense that each of these symbols actually occurs in some
word of the generated language, provided the grammar is reduced. Clear-
ly, this is due to sequential rewriting in CF grammars. The situation
becomes more complicated in the case of EOL systems as demonstrated by
the following example: let F be defined by the productions S - aS, S -
b, a * b and b » b. Clearly, L(F) = bt. Although the symbol a is expli-
citely specified as member of the terminal alphabet, it does not occur
in any word of the language which is caused by the parallel mode of re-
writing.
Definition: Let F = (V,z,P,S) be an EOL system. A symbol a € I is cal-
led a pseudoterminal iff a € alph(L(F)). PS(F) denotes the

set of pseudoterminals of F.

The existence of pseudoterminals has been observed in a number of
proofs in the past, cf. [MSW2] and [AiM]. In these cases pseudotermi-
nals often lead to rather nasty complications. However, pseudoterminals

play an important role for some results concerning the completeness of



EOL forms settled in [CM] and [CMO]. Also the gquite surprising and so-
mewhat pathological result of Theorem 3.4 in [AiM] seems to depend es-
sentially on the existence of pseudoterminals. The aim of this paper,
namely to consider EOL forms with restricted occurrence of pseudotermi-
nals, is due to two reasons: the first one is to avoid complications as
mentioned above and is a rather pragmatic one. The second reason beco-
mes obvious when analysing the proofs of Theorem 2.4 and Theorem 2.5 in
[CM]. These theorems establish the existence of complete EOL forms
which do not contain a nonterminal chain - production, i.e. a produc-
tion of the type A + B where A and B are nonterminals. This result is
shown by a construction which uses pseudoterminals, i.e. terminal sym-—
bols with nonterminal character, to generate necessary nonterminal
chains, thus veiling and falsifying in a certain way our knowldge about
the structure of derivation trees which are necessary to generate all
EOL languages. Indeed, Theorem 1 shows that such nonterminal chain -
productions are necessary for completeness when suppressing pseudoter-
minals. We think that the mentioned results in [AiM], [CM] and [CMO]
are not due to the structure of EOL systems in the first place but due
to a weakness in the definition of EOL systems.

.'Definition: An EOL system F = (V,z,P,S) is called marvellous if I‘ con-=

tains no pseudoterminals.

The following lemma, which is easy to prove, shows that the generative

capacity of EOL systems is not affected by this definition.

Lemma 1: For every EOL language L there exists a marvellous EOL system
F such that L(F) = L. o

When dealing with EOL forms one easily checks that the form being mar-
vellous is not sufficient to assume that all interpretations are mar-

vellous. A general relation beween the sets of pseudoterminals of the

form and its interpretations, respectively, is established by the fol-
lowing lemma.

Lemma 2: Let F = (V,I,P,S) be an EOL form. For every interpretation
F' = (V',£',P",S') |4 F(1) there holds: u(PS(F)) < PS(EL)s o

We next present two examples. The first one shows that the inclusion of
Lemma 2 may be proper; the second on shows that despite Lemma 2 inter-
pretations of forms containing pseudoterminals may be marvellous. (due
to the fact that u(PS(F)) = ¢ may hold).

Example 1:
Tee S weasl a |- broa > b biw b,
PlieS 3088 i bs a'>:b; b b,




@learly, 'F! @ F(u), P8(FP) = ¢ and PS(E') = {als

Example 2:
fisnigiee o ' f\bS: ‘a > aj'b > S,

e sS fhara Fias
BAgain, F''ae F(u); and PS(F) = {bl, PS(F') = ¢.

Note that the generation of pseudoterminals via interpretation is cru-

cial to the proof of the normal form result for EOL systems in [cM].
For example, the complete form G specified by the productions S » a |
&8 | sa, a > @l S |- 88 clearly does not contain pseudoterminals. How-
ever, the construction used in the proof of Theorem 2.5 in [CM] uses
pseudoterminals which are interpretations of the terminal symbol a.

By Lemma 2 and the above example it becomes obvious that the definition
of marvellous systems does not suffice for the consideration of EOL
forms. Indeed, we also have to modify the mechanism of interpretation,
thus getting what we call marvellous or m - interpretation. Before pre-
senting our definition we want to briefly discuss an alternative and
why we feel that this alternative is not suitable: the idea of the mo-
dification is to allow interpretations of terminals to be nonterminals
in the case that the interpreted terminal would have been a pseudoter-
minal. Thus, we could call an EOL system F' = (V',2';pY, s a marvels
lous interpretation of the EOL system F = (V,%Z,P,S) modulo u (in sym-
bols: F'ﬁ% F(u)) if p is defined as usual except point (ii) which is
altered to:

(i1) for all a '€ % and all o € p(a)

V' - $' if for all x' € SF(F') o € alph(x') implies alph(x')

o n u(v-2:x) #%# ¢

r' otherwise.

Clearly, the definition guarantees that every interpretation is marvel-
lous. The main drawback of this kind of definition is that it blures
the relation between the form and its interpretations. This fact great-
ly decreases the possibility of using complete forms as normal form re-
sults which, however, is one of the main objects in considering comple-
teness of EOL forms. By Lemma 1 one easily checks that for each EOL
form F there holds L(F) = zm(F). Thus, even under marvellous inter-
pretation as defined above the form G with productions listed above re-
mains complete. But, although G does not contain nonterminal chain -
productions, that result does not imply that every EOL language can be
generated by a marvellous EOL system containing no nonterminal chain -
production as shown by Theorem 1. Indeed, this type of definition sup-

presses pseudoterminals in a merely formal way. The character of pseu-



doterminal symbols is not taken into consideration and thus the main
complications which lead to the modification of the interpretation me-

chanism do not disappear. Let us now define m - interpretation:

Definition: Let F = (V,z,P,S) and F' = (V',z',P',S') be marvellous EOL
systems. Then F' is called a marvellous interpretation (m -

interpretation for short) of F (modulo u), symbolically F' 9 F(u), iff
F' < F(p). Additionally, 2m#F) and m - completeness are defined as
usual but with respect to m - interpretation.

Remarks: Note that it also has been customary in the past to put con-
straints on the involved systems when defining interpretations
for EOL forms. Since an EOL system must have a complete set of produc-
tions, i.e. there has to exist at least one production for each symbol,
it follows that not each rewriting system F' obtained from an EOL form
by a substitution p is an EOL system again. In this case we do not have
F' @ F(p) even if y satisfies conditions (i) to (v) since an interpre-
tation is defined only for EOL systems. In our case additionally to the
necessity of considering rewriting systems with a complete set of pro-
ductions, e.g. EOL systems, we have to take care that F and F' are mar-
vellous. Since it is decidable for every EOL system wether it is mar-
vellous as will be shown in Lemma 3 our definition of m - interpreta-
tion is meaningfull and the relation ﬁ remains decidable. Note further

that our definition exactly avoids the introduction of additional pseu¥

doterminals via interpretation. For example, let M(F) = {L(F') | F'a
F(u) and u(PS(F)) = PS(F')}. Clearly, every language in JW(F) can be

generated by an interpretation (of F) which does not introduce additi-
onal pseudoterminals. Using the technique of Lemma 1 it can be shown
that for every EOL form F there exists a marvellous EOL form F1 such
that J(F) = Jn(F1). This and the result of Lemma 1 show that our solu-
tion, which is somewhat more elegant, suffices since neither the gene-
rative power of EOL systems nor that of EOL forms (via interpretation)
is decreased by considering marvellous forms only.

We want to mention that clearly .‘Cm(F) c & (F) holds for every EOL form
F and that the inclusion may be proper. An example for the latter is
the form F specified in Example 1. Finally we give the following deci-

dability - result which is easily proved:

Lemma 3: Let F = (V,Z,P,S) be an EOL system. It is decidable for every

a € V wether it is a pseudoterminal. o




Results

Lemma 4: Let F = (V,%,P,S) be a marvellous EPOL system such that L(F) =
{a®"a"™"™ | n > 1}. Then P n (V - ) x (V = 3) # ¢.

Sketch of proof: We show that the following assumptions lead to a con-

tradiction:
(1) F is a marvellous EPOL system and L(F) = {a™"a™" | n > A by
WD (Vo 3 ) - X (V= ) i
It is well - known that every EPOL system generating L(F) must be loop-
ing. By condition (2) we can show that looping symbols in F must be
terminal symbols, i.e. are elements of {a,b} since F is marvellous. Let
us choose a to be looping, then at the same time b being looping im-
plies L(F) € &(CF). This is a contradiction and thus a is the only
looping symbol in F. Intuitively it is clear that the fact that every
loop of F has to use the terminal symbol a is too restrictive to allow
the generation of a language like L(F). In particular, we show that in
any F - derivation tree for a word a™"a"b"™ € L(F) there occurs a path
leading from the root labelled S to a leaf labelled b and containing no
node with label a. Since a is the only looping symbol in F the above
fact bounds the length of successfull derivations in F which leads to

the final contradiction as in [CMO]. o
Lemma 5: Let F = (V,:,P,S) be a short and marvellous EPOL system such
that L(F) = {a’® | n'> 1}. Then P n (V - ) x (V - 21 S

Proof: We assume the contrary, i.e. P contains no production of the ty-
pe A » BC, {A,B,C} € V - . Note that this implies that every
length - increasing production in F involves the terminal symbol a sin-

ce F is marvellous and thus @ = {a}. Consider x = a5 € L. By the above
observation and since F is short we have S =%> x,ax, =%> a5 where X Xy

€ V'. The subderivation a —%> a is impossible since it would imply L(F)
€ &(CF) and we have left a —%> aJ 2 < j < 4 since X%, e and ' Fi8
propagating. This immediately implies a contradiction since a53 ¢ L(F)
fora2iuj s, o

Theorem 1: A simple and short EPOL form F = ({S,a},{a},P,S) is m - com-

plete iff P contains all of the productions S » a, S > S and
S > SS and at least one of the productions a » S, a » aS, a » Sa and
de>850

Proof: By Example 5.1 in [MSW1] the EPOL form G with productions S - a,
S >S5, S >SS and a ~ S is complete. When analysing the proof
one easily checks that productions for terminal symbols are only used

to block the derivation after having generated a terminal symbol in the



interpretations of G. By Lemma 1 this implies that G is m - complete,
too. It is clear that we may use interpretations of the productions

a » aS, a + Sa or a » SS also only for blocking if the form contains

S +>a, S~»5 and S » SS. Thus, we may assume that those productions do
not cause pseudoterminals in the interpretations of the form. By the
above observations, Proposition 1.2 in [CMO] and the Lemmas 4 and 5 the

theorem follows immediately. =

Consequences

*
For a given EOL form F = (V,I,P,S) let N = {xi e eie s I S B i e e
il
finite set of words such that F contains the derivation o - X for a
fixed symbol o:€ V and every x € N. Then it is possible for every M. c

N
to construct an interpretation F' such that whenever a derivation (a)
starts with o and ends with a word over V then (a) contains a word y €
M, i.e. the derivations a =%> Yy, v € M have been "isolated". The idea

.is to rename all symbols occurring in the intermediate steps of the de-
rivations such that the new symbols differ from each other and all of
the new symbols differ from the symbols of the form F, cf. the Isola-
tion Lemma in [W]. This renaming is easily done in the case of ordinary
interpretation when viewing the renamed symbols as interpretations of
the original ones: it does not matter wether the original symbol is a
terminal or a nonterminal. Obviously, this changes in the case of m -
interpretation. Whenever an intermediate word of the derivation which
we want to isolate contains both, terminal and nonterminal symbols, the
renaming required in general leads to the introduction of pseudotermi-
nals in the interpretation. Moreover, even the possible context of the
intermediate words according to F must be taken into consideration. The
basic difficulties which occur when isolating via m - interpretation
are the following ones: i
(i) Introduction of pseudoterminals caused by renaming.

This may happen inside the isolated derivation if an intermediate
word of the derivation which contains a terminal symbol occurs together
with a nonterminal symbol in any word generated by the form; outside
the isolated derivation pseudoterminals may be introduced if a terminal
symbol occurs only together with a nonterminal outside the derivation
and thus becomes a pseudoterminal in the interpretation since all other
occurrences of the symbol have been renamed.

(ii) Introduction of pseudoterminals caused by eliminating productions.
If we isolate a derivation a =%> x then clearly any production for




