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for the several organization dimensions that expressions of natural language

manifest. Sadock's Autolexical Syntax ([Sadock, 1991]) and the architecture
of language faculty proposed in [Jackendoff, 1997] are two examples of this
new way of approaching grammar in Linguistics.

From all the above-mentioned follows that the ideas of parallelism and

interaction have great importance in several research areas.

If we approach Grammar Systems Theory with the ideas of parallelism

and interaction in mind, we will soon realize that this new theory could offer

us a good framework to account for interaction and parallel functioning. Let
consider Parallel Communicating Grammar Systems, for example. We have
already said that a PCGS is a set of grammars that work independently and

in a parallel way, interchanging information by means of 'query symbols' (or

some other mechanism of communication) in order to reach a common aim:
the generation of a language. So, if PCGS are parallel interactive systems,
it seems not so difficult to accept the idea that they could somehow describe

human sentence processing or be applied to Linguistics, since those both fields

advocate for parallelism and interaction it their explanations.

Parallelism and interaction -two very important features in several re-

search areas, and specially in the study of natural languages- are also present
in Grammar Systems. So, using Grammar Systems Theory could offer us
this additional advantage: be able to account for parallelism and interaction,
wherever those features appear.

3.4 Emergent Behavior

Another important notion in current Artificial Intelligence, that it is also

present in Grammar Systems Theory, is emergent behaviour.
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The so-called Deliberative Thinking Paradigm, dominant in Artificial In-

telligence since 1970, defended the view of intelligent tasks as reasoning pro-

cesses operating on internal symbolic representations. But serious problems

emerged, linked with the construction of task-oriented agents on the base of

the deliberative architecture. And, even though the approach had proved

successful in some aspects, in general it has shown to be unrealistic from

many perspectives. In order to solve those problems, an alternative approach

based in the so-called Emergent Functionality has been proposed. In this new

paradigm, the functionality of an agent is viewed as an emergent property of

its intensive interaction with its dynamic environment. Agents are built from

modules obtained by task-level decomposition. Communication among mod-

ules is reduced to the minimum and there is neither a global representation

nor a global planner of the activity of an agent. Activity of an agent emerges

from interaction of behaviours of modules.

Subsumption Architecture presented in [Brooks, 1991] can be considered

an example of that new paradigm in Artificial Intelligence. Colonies -a vari-

ant of Cooperating Distributed Grammar Systems- are precisely motivated

by Brooks' systems of autonomous agents. Colonies are presented -as we have

said in section 2.5- as a theoretical model to study some of the attributes of

Brooks' subsumption architecture: situadness, embodiment and emergence.

The generative elements of a colony are situated in their environment; they

satisfy the requirement of embodiness since their actions are part of the dy-

namics of the environment and have an immediate feedback on its rewriting;

and generative power of the whole colony emerges from its interactions with

the environment and can overcome the individual power of its components.

But, Colonies are not the only variant of Grammar Systems where emer-

gent behavior can be found. The same idea is present in the so-called Eco-

Grammar Systems.

So, Grammar Systems Theory does not offer just modularity, distribution,
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cooperation, parallelism or interaction, it also offers emergent behavior. And

in this way, Grammar Systems start to take shape of a theory that could be

able to account, in grammatical terms, for a large range of problems.

3.5 ... More than Context-Free

It is a known fact that the theory of context-free grammars is one of the

most developed part of Formal Language Theory due to its wide applicability

and its mathematical interest. But it is also well known -as pointed out

in [Dassow & Páun, 1989]- that very frequently context-free grammars are

not sufficient. It seems that 'the world is non-context-free/ there are lots of

circumstances where non-context-free languages appear. On the other hand,

if we look at context-sensitive grammars the scene is not much better: they

are too powerful, many problems" are undecidable or still open, there is no

semantic interpretation of nonterminals, etc. In view of this situation, it seems

unavoidable to look for intermediate generative devices able of conjoining

the simplicity of context-free grammars with the power of context-sensitive

ones. So, what we need are intermediate grammars, stronger than context-

free but with similar properties. Answering to that necessity, several new

types of grammars with restrictions in derivations have been introduced (cfr.

[Dassow & Páun, 1989]). Here we want to add to those well-known regulated

rewriting devices, a new way of obtaining more than context-free while using

context free rules: Grammar Systems Theory.

But, let look more carefully to such circumstances where context-free

grammars have revealed as not sufficient.

The possible 'inadequacy' of context-free grammars has been pointed out

in several areas, as we have already said.

« Programming languages;
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• language of logic;

• mapping graphs;

• developmental biology;

• economic modelling;

• and semiotics of fairy-tales, music and visual arts,

have been adduced in [Dassow fe Pàun, 1989] as fields where context-free

grammars seem to be not enough. But, if there is an area where the ade-

quacy or non adequacy of context-free grammars has given rise to a great

number of debates, this is for sure natural language.

[Savitch et al, 1987] distinguishes two main classes of formal models for

natural languages:

1. Finite state models, that offer simplicity]

2. and Transformational grammars that offer generality.

According to .this author, context-free grammars seems to be an interme-

diate model between those two extremes. Context-free grammars are simple

devices and offer some advantages: they are a formalism powerful enough to

describe most of the structures in natural languages and at the same time

they are restricted enough so that efficient parsers can be built to analyze

sentences.

But, can natural languages be characterized using context-free grammars?

This question has attracted considerable attention since Chomsky first out-

lined his hierarchical categorization of languages. In fact, one of the most

persistent issues in Linguisitcs has been the one of determining where natural

languages are located on 'Chomsky hierarchy.' This debate, that started sev-

eral years ago, still open in the field. Are -natural languages context-free or
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aren't they? Various authors have attempted to provide answers in the nega-

tive, and the negative answer seems to have become the standardly accepted

one. Several attempts have been made to prove the non-context-freeness of

natural languages. Many authors have brought as a demonstration of the non-

context-freeness of natural languages examples of structures that are present

in some natural languages and that cannot be described using a context-free

grammar. Among those arguments we can refer to:

• 'respectively' constructions (cfr. [Bar-Hillel & Shamir, I960]),

• English comparative clauses,

• Mohawk noun-stem incorporation,

• morphology of words in Bambara (cfr. [Culy, 1987]),

• Dutch infinitival verb phrases (cfr. [Bresnan et al., 1987]),

• assertions involving numerical expressions,

• English 'such that' (cfr. [Higginbotham, 1987]),

• English 'sluicing' clauses,

• subordinate infinitival clauses in Swiss-German (cfr. [Shieber, 1987]).

Those structures are examples of some of the three following non-context-

free languages:

1. {xx | x e V*}, called reduplication;

2. {anbncn | n > 1), {anbncndn \n>l}, called multiple-agreements;

3. {anbmcndm \n,rn> 1), called cross-serial dependencies.
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Examples of those constructions have been found in different languages,

as follows from the above-mentioned list. Bambara, Mohawk, Walpiri, Dxitch,

Swiss-German, English or Romance languages are just some examples.

If we pick reduplication, we could find some natural language construc-

tions that seem to fit quite well with the pattern {xx \ x € V*}:

• Bambara4 has a construction of the form wow, translated as 'whichever

w \ where the two nouns (w) have the same form. For instance, from

wulu -whose meaning is 'dog'- we can obtain wulu o wulu -with the

meaning 'whichever dog. ' Bambara also has an agentive construction

Noun + Transitive Verb + La which translates as 'one who TVs

Ns'. So from wulu (dog) + nyini (search for) -f la, we obtain wu-

lunyinila -with the meaning 'one who searches for dogs. ' The agentive

nouns from the second construction can be used in the w o w con-

struction given rise to forms like 'wulunyinila o wulunyinila. ' This pro-

cess of redoubling causes the vocabulary of Bambara to be of the form

{xx | x € V*} and, thus -according to [Culy, 1987]- non-context-free.

• Constructions of the form X or not X, like 'to be or not to be, ' have

been considered as examples of {xx \ x € V7*}, as well.

• And finally, let us look at Romance languages. Sentences like:

1. Le di la carta a María. (Spanish)

2. Las acelgas María las detesta. (Spanish)

3. A Pedro la carta hay que escribírsela pronto. (Spanish)

4. Di questo, non ne voglio parlare. (Italian)

5. A Roma, io non ci vado. (Italian)

6. Al jardí els nens s'hi diverteixen molt. (Catalan)

4Bambara is a Nothwestern Mande language spoken in Mali and neighboring coimtries.
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7. La chica es alta. (Spanish)

can be considered examples of reduplication. The strings marked in

bold face can be considered as copies (even though they have not the

same form) since they provide the same information. What we are

doing when we use le and a María, di questo and ne, a Roma and ci is

repeating, copying the same string in two different positions within the

sentence. The same can be said about gender/number agreement: in

the last example, features singular and femenine appear in the article,

in the noun and in the adjective. So, again, we are reapeating the same

information in different places, we are, therefore, copying, reduplicating

a string.

Gender/Number agreement and clitic doubling phenomena of Romance

languages could be considered, therefore, as another instance of {xx \

x Ç. T^*}, this is as non-context-free natural language structures.

Examples of the second language mentioned -multiple-agreements- are

more difficult to be found. We could regard the agreements of number in

Romance Languages as a structure which could fit with {anbncn \ n > 1}

{anbncndn | n > 1}. Look at the following examples:

(la) Pedro es alto. / Pedro y Juan son altos.

(2a) Maria vive sola. / María y Carmen viven solas.

(3a) II ragazzo è allegro. / I ragazzi sono allegri.

(4a) La bambina bionda. / Le bambine bionde.

structures like those above and the ungrammatically of

(Ib) * Pedro y Juan es altos.
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(2b) * María viven sola.

(3t>) * I ragazzi sono allegro.

(4b) * Le bambina bionde.

show that in those cases when we increase the number of the subject -say a-

we have to increase both the number of the verb -say 6- and the number of

the complement -say c-, as we can see in examples 1-3. So, the result is to

have the three elements coindexed anbncn. In a similar way, as can be seen

in example 4, when we increase the number of the article -call it a- we have

to increase also the number of the noun - 6- and the number of the adjective

-c. So, agreement impede us to have an structure of the form anbmcn , for

example. It is true, that if instead of having 'Pedro y Juan'-tins is a2- we had

'Pedro, Juan, y Antonio' -a3-, that is if we increased the subject, the verb

'son' -b- and the complement 'altos' -c- would remain the same. So, in that

case we would have an increase of a's without the corresponding increase of

b's and c's. But the fact that Spanish and Italian have only two morphemes

of number is not, in principle, any obstacle to state that when the number of

the subject is increased, the number of the verb and the complement increase

as well.

From all the above follows that iiumber agreement could fit with structure

an6nc™, where we have to control the a, ò, c coindexation. In other words,

number agreement in those languages could be a non-context-free structure.

And finally, if we tackle the case of cross-serial dependencies we could

refer to some well-known examples in the literature of non-context-freeness:

• Classical among the arguments defending the non-context-freeness of

natural languages is the structure found in Swiss-German known as

cross-serial subordinate clause (cfr. [Shieber, 1987]). In that construc-

tion, an arbitrary number of noun phrases (NP) may be followed by a
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finite verb and a specific number of nonfinite verbs, the number of NP's

being a function of the lexical properties of the verbs, and the semantic

relations between verbs and NP's exhibiting a crossed serial pattern:

verbs further to the right in the string of verbs take as their objects

NP's further to the right in the string NP's. Examples like:

Jan sait das mer (em Hans^ffi-Dat (es huusJ^-Acc nalfedvj

aastriichev2

translated literally as

John says that we

painty^

(the houseJ^-Acc helpyi

and with the meaning 'John says let's help Hans to paint the house'

presents the structure

NiN2...NnV1V2...V, 71)

where each name NÏ is in dative or accusative depending on what the

verb Vi needs.

So, as it follows from the above structure, it seems that Swiss- German

presents cross-serial dependencies constructions. We could say again,

thus, that non- context-free structures are present in natural language.

• Some structures used in Dutch have been also presented as arguments

for the non adequacy of context-free grammars in natural language. In

Dutch we can find constructions as

zwenmertv3
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translated literally as

Peíerjv2 Marieta sawv¿ helpv2 swimmingv3

with the meaning 'John saw that Peter help Marie to swim.' Those

constructions present the non-context-free structure

reason that has led some linguists (e.g. [Bresnan et al., 1987]) to use

them as an argument of the non-context-freeness of natural language.

» Instances of {anbmcndm \ n,m > 1} could be also found in those struc-

tures where the adverb respectively is present. [Bar-Hillel & Shamir, 1960]

presented 'respectively' structures as the earliest argument to show that

English is a non- context-free language. Those authors suggested that a

string of the form:

John, Mary, David, ... are a widower, a widow, a widower.

--- , respectively.

is a grammatical sentence if and only if the three dots are replaced by

a string of any length of proper names, with repetitions and commas

between the names, and the three dashes by a string of equally many

phrases of one of the forms 'a widower' or 'a widow' and such that

whenever the n—th proper name is male (or female), the n—th phrase is

'a widower' (or 'a widow. *) So, according to this argument 'respectively'

sentences could respond to the cross-serial dependencies structure, and

are therefore non-context-free.

UNIVERSITAT ROVIRA I VIRGILI 
GRAMMAR SYSTEMS: A FORMAL-LANGUAGE-THEORETIC FRAMEWORK FOR LINGUISTICS AND CULTURAL EVOLUTION 
Maria Dolores Jiménez López 
ISBN: 978-84-691-1893-1/DL: T-351-2008



3.5 MORE THAN CONTEXT-FREE 95

In spite of the above arguments and despite the fact that the non-context-

freeness of natural language has become the standardly accepted theory, there

are linguists as Pullum and Gazdar that, after reviewing the various attempts

to establish that natural languages are not context-free, arrive to the con-

clusion that every published argument purporting to demonstrate the iion-

context-freeness of some natural language is invalid, either formally or em-

pirically or both (cfr. [Pullum fe Gazdar, 1987]).

Anyway, independently on what different authors think, all the arguments

put above lead us to conclude the following: to maintain that absolutely all

of natural language syntax can be done by a context-free grammar seems to

be an untenable position. However, it is still consistent with known results to

maintain that the overwhelming bulk of natural language syntax is context-

free.

Taking into account the problems that context-free grammar seems to

pose when applied to the syntax of natural language, but having in mind

the difficulty of working with context-sensitive grammars, researchers have

sought for ways to generate the non-context-free structures present in nat-

ural languages while using context-free rules. Within the field of Formal

Languages the above idea has led to the branch of Regulated Rewriting (cfr.

[Dassow & Pàun, 1989]). Matrix grammars, programmed and controlled gram-

mars, random context grammars, conditional grammars, etc. are examples of

devices that use context-free grammars while applying some restrictions in

the rewriting process in order to obtain context-free structures as well as the

non-context-free constructions present in natural language. But those de-

vices present, in general, an excesive big generative power that leads to the

generation of structures non-significative for natural languages. The idea

of keeping under control the generative power, while generating context-

free structures and non-context free constructions, has led to the so-called
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mildly context-sensitive grammars5 [Joshi, 1985]. Tree adjoining-grammars

[Joshi, 1987], head grammars, indexed grammars, categorial grammars, sim-

ple matrix grammars, etc. can be examples of those mildly context-sensitivity.

Summing up, it seems that linguists, in general, agree that non-context-

free structures are present in natural languages. This fact constitutes, as we

have seen, a problem for researchers in the field, since they would like to still

using context-free grammars while increasing the power of them in order to

generate the non-context-free structures that can be found in natural lan-

guages. To solve this problem many devices have been proposed. Here we

would like to propose an additional way of increasing the generative capac-

ity of context-free grammars without the necessity of using context-sensitive

devices: Grammar Systems Theory.

Grammar Systems could be presented as a tool that will allow us to pro-

duce the non-context-free structures present in natural languages -namely

reduplication, multiple agreement and cross-serial dependencies- using only

context-free grammars. How can Grammar Systems increase the power of

context-free grammars? This new formal framework increase of the power of

context-free grammars thanks to Cooperation. The non-context-free struc-

tures present in natural languages can be easily generated using a Grammar

System (CD or PC) where several context-free grammars work together, co-

operating among them and following an specified protocol. This is to say,

using a system of context-free grammars (instead of a single grammar) we

can generate non-context-free languages. It is not necessary to say that

Grammar Systems of context-free grammars can generate context-free lan-

guages in an easier way that it could be possible using only one context-free

grammar. So,.using Grammar Systems we increase the generative capacity

5This type of grammars are only slightly more powerful than context-free grammars

and have the following three properties: limited cross-serial dependencies; constant growth

and polynomial parsing.
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and decrease the descriptive complexity of grammars. This is the power

of cooperationl For information about the generative capacity of Gram-

mar Systems Theory, the reader is referred to [Csuhaj-Varjú et al., 1994a,

Dassow, Páun & Rozenberg, 1997].

What is important here is the fact that although the generative power of

Grammar Systems goes far beyond the context-free family of languages, the

derivation process is done in a context-free manner. So, Grammar Systems

Theory can be seen as one of those devices able of conjoining the simplicity of

context-free grammars with a stronger generative power able to account for

the non-context-free structures present in natural languages. This property

makes of Grammar Systems Theory a good candidate for being applied to

the study of natural language.

3.6 Final Remarks

In this chapter we have reviewed some of the features that we think might jus-

tify the utility of Grammar System Theory. Easy generation of non-context-

free structures using context-free rules, modularity, parallelism, interaction,

distribution, cooperation and emergent behavior are some of the advantages

that Grammar Systems Theory presents and that could support its suitability

in many research fields.

The above notions, as we have seen, are present in many scientific areas,

but what it is important here, for our concern, is that all those concepts

have shown to be of a great utility in the study of natural languages. The

generation of non-context-free structures while using context-free rules has

a big interest since it offers a good solution to one of the most pervasive

problems in theoretical Linguistics, namely the search for devices to gener-

ate non-context free structures without loosing the simplicity of context-free

grammars. Emergent behavior may allow applicability of Grammar Systems
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to the description of natural language use: think, for example, in the emer-

gent and dynamic properties of conversational interchanges. Modularity and

distribution offer the possibility of distinguishing different sources of infor-

mation, this is, of dividing grammatical knowledge in different independent

components -syntax, semantics, phonology, etc. This division may have the

clear advantage of simplifying the work of every module that will not need to

take into account information different from its own and that will solve only

partial, and thus simpler, problems. With parallelism we will allow differ-

ent modules to work simultaneously without waiting for the output of other

components, avoiding in this way all the problems that serial and hierarchical

models have posed. Of no use will be distribution and parallelism without

interaction and cooperation. We cannot lose sight of our final scope, namely

the generation of language. To generate acceptable sentences we need the

interaction and cooperation of the several modules that constitute our gram-

mar. It would be no use to have different modules that work independently

if we do not allow them to cooperate and interact. If we want to get a cor-

rect sentence we should accept the possibility of interaction and cooperation

among independent and parallel modules. And this is offered by Grammar

Systems Theory, as well.

All the advantages pointed out in this chapter make of Grammar Systems

a very attractive theory with wide possibilities of applicability. This disser-

tation wants to be a modest contribution in the demostration of the fact that

Grammar Systems Theory is not only a good formal theory from the point

of view of its generative power or its descriptive complexity, but that it could

be also a good theory from the perspective of its utility in the description of

a large number of matters. Here we will try to show its suitability in linguis-

tic and cultural matters, but without loosing sight that those are just some

examples of the issues where Grammar Systems Theory could be useful.
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Linguistic Grammar Systems
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Chapter 4

Introduction

4.1 What?

Our goal here is to introduce an architecture for grammar of natural languages

in terms of Grammar Systems Theory. Talcing as starting point the idea that

natural language expressions can be organized along several independent di-

mensions each of which can give a different structure of the sentence according

to different perspectives, we would like to propose a highly modular frame-

work that will account for modularity and parallelism in grammar. In order

to define such a mechanism, we will extend the notion of Grammar System

to the notion of Linguistic Grammar System. A Linguistic Grammar

System is to be understood as a Grammar System whose components are not

grammars, but Grammar Systems as well.

It is worth to emphasize from the very beginning that we are not in-

tending to specify the content of each module that makes up a Linguistic

Grammar System. Our only goal here is to offer a general device -in terms of

Grammar Systems Theory- in which properties like modularity, parallelism,

interaction or distribution, that have revealed as determinant in grammatical

models, can be captured. We want to keep our Linguistic Grammar Systems

101
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as framework-free as possible in order to show which traits are indispensable

in any model that is to account for linguistic matters, and in order to iso-
late the features that make most sense no matter what specific machinery

one chooses for writing grammars. Rather than giving a detailed account

of every module that makes up a Linguistic Grammar System, we will put
our emphasis in interaction among modules and in the general design of the

system.

4.2 Why?

But why to introduce such a mechanism? It is quite probable that Lin-
guistic Grammar Systems -defined as Grammar Systems whose components

are Grammar Systems as well- will increase very much the complexity of

Grammar Systems without providing a higher generative power in exchange.

Things being like that and having in mind the good results Grammar Sys-
tems have already offered, it is quite natural to ask why we need to make our

framework more difficult to deal with it by introducing that .modification?
The answer could be as obvious as the question. From the very beginning of

this dissertation, we have been repeating that our goal, our unique aim here,
is to show the possible applicability of Grammar System Theory to natu-

ral languages, in other words, our scope is to show how such formal language

framework could account for several linguistic matters, understanding linguis-

tic in a very broad sense, from pragmatics to language evolution and evidently
without forgetting the basic design of grammar. So, being our objective the

applicability of Grammar Systems Theory to linguistic insights it is clear that
our first interest here is neither the generative power nor the complexity of

the model, but its capacity of appropriately describing how components of

grammar must be arranged in order to provide a good account of language

structures.
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Therefore, since our first and only intention in this part, as in the rest

of the dissertation, is to propose a description of linguistic facts in terms

of Grammar Systems, we will propose Linguistic Grammar Systems as a

framework able to provide a quite adequate architecture of grammar, where

different dimensions are arranged in a modular fashion and work in a highly

parallel way. We are perfectly conscious that this extension of Grammar

Systems to Linguistic Grammar Systems, with all the modifications it implies,

will probably give as a result a very complicate framework with little or none

interest from formal languages point of view. But being our interest the

applicability of Grammar Systems, we have to sacrify the formal beatifulness

and simplicity of the model in favour of its descriptional adequacy to language

facts.

Summing up, our goal here is to provide an architecture for natural lan-

guage grammar. Several linguistic theories have been proposed where parallel

and modular approach has revealed as the most adequate for grammatical rep-

resentations. Grammar Systems Theory could offer a good tool to account

for these two fundamental properties in grammar, and additionally it could

provide several mechanisms to solve issues as distribution, interaction or coor-

dinator elements. But since the basic definition of Grammar Systems would

be too simple to fully account for the intríncate arrangement of components

in grammar, we will define a possible alternative that, by combining several

properties of different variants of Grammar Systems and by allowing Gram-

mar Systems to have as components Grammar Systems as well, could provide

a quite adequate description of grammar architecture. In order to stress the

linguistic purpose of the model we propose, we will call it Linguistic Gram-

mar System.
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4.3 How?

The presentation of Linguistic Grammar Systems will be organized into five

chapters.

Chapter 5 will review some questionable assumptions about grammar that

have been very present in linguistic research in the last forty years or so, and

that somehow have revealed as not well-motivated and sometimes just as the

result of a historical accident. Syntactocentrism, hierarchicality, derivational-

ism, substitution, grammatically as basic notion, and non-redundancy will be

examined in order to determine to what extend they are reasonable assump-

tions about grammar or simply assumptions taken for granted and almost

never questioned.

Chapter 6 will briefly present two theories of parallel grammatical repre-

sentations -namely, Sadock's Autolexical Syntax and Jackendoff's Architec-

ture of Language Faculty- as a prior step of the introduction of Linguistic

Grammar Systems and with the double objective of showing how valuable

could be parallelism and modularity in grammar theory, and of justifying the

possible adequacy of the model we will propose. Adequateness of those two

theories could be viewed, somehow, as a proof of the possible adequacy of

our proposal that, at long last, will present similar traits. We will offer a

quick summary of both approaches stressing very much how they overcome

most of the assumptions of grammar that have widely dominated linguistic

research in the last years and how they are able to propose a good alternative

of grammar architecture that accounts for linguistic matters avoiding syn-

tactocentrism, hierarchically and derivationalism and postulating a modular

parallel framework.

Chapter 7 will sketch Linguistic Grammar Systems. In this chapter we will

informally present the framework we want to propose as a possible model for

the architecture of natural language grammar. We will individuate the basic
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traits we want our model to have. Once we know which features Linguistic

Grammar System should show, we will proceed step by step choosing the

most suitable Grammar Systems tools to account for those characteristics,

justifying at every moment the reasons that have led us to make any specific

choice.

Chapter 8 will present formal definition of Linguistic Grammar System

and will provide an example. We will also include, in this chapter, an informal

example in order to sketch how our generic framework could account for

generation of natural language expressions.

And finally, we will end this part dedicated to Linguistic Grammar Sys-

tems with chapter 9 that will offer some conclusions and some open problems

for future work.
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Chapter 5

Questionable Assumptions

about Grammar

Nobody casts doubt on the fact .that Generative Linguistics has been one

of the most -if not the most- influential linguistic trend in the last forty

years or so. Much of the linguistic research of the last four decades has

been carried out following somehow goals, assumptions and methodological

tools introduced in the last 1950s. Even though Generative Grammar has

undergone several revisions and reformulations, the model has retained some

of the most basic postulates introduced in its original definition. Some of those

assumptions, that still present in the Minimalist Program, have been qualified

by some authors as not well motivated, unnecessary and even pernicious (cfr.

[Sadock, 1991, Sadock, ms., Jackendoff, 1997]).

The assumptions we refer to are mainly the following ones:

• syntactocentrism;

• hierarchicality;

« derivationalism;
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108 CHAPTER 5. QUESTIONABLE ASSUMPTIONS...

• substitution;

• initial lexical insertion;

• non-redundancy;

• grammaticality as basic notion.

If we closely analyze the above postulates we will realize that they do not
seem to have any good motivation, but that in the main part of cases they
could be unnecessary or just the product of a historical accident. After a

careful examination we will arrive to the conclusion that most of the time the
opposite assumption could seem to be very much worth considering.

5.1 Syntactocentrism

If there is an assumption that lies behind all versions of Chomskyan Genera-

tive Grammar, this is for sure what [Jackendoff, 1997] has called syntacto-

centrism. This assumption presstiposes that the fundamental, and the only,

generative component of grammar is syntax, reducing, in this way, phonol-
ogy and semantics to interpretative components serving solely to interpret

structures syntax creates.

According to [Jackendoff, 1997], that assumption could have two different

explanations:

1. It could derive from the conception of a grammar as an algorithm that
generates grammatical sentences. We cannot lose sight that many years
ago, when Generative Grammar appeared, serial algorithms were the

currency and that, therefore, it made sense to generate sentences re-

cursively in a sequence of ordered steps. If we take into account that

Chomsky has always characterized generative grammar as a formal way

UNIVERSITAT ROVIRA I VIRGILI 
GRAMMAR SYSTEMS: A FORMAL-LANGUAGE-THEORETIC FRAMEWORK FOR LINGUISTICS AND CULTURAL EVOLUTION 
Maria Dolores Jiménez López 
ISBN: 978-84-691-1893-1/DL: T-351-2008



5.1. SYNTACTOCENTRISM 109

to describe the infinite set of possible sentences, it is plausible to think

that his syntactocentrism is due to the formal techniques available in

the early days of Generative Grammar.

2. It could derive, also, from the desire of avoiding redundancy. For Chom-

sky one of the essential characteristics of language is its discrete infinity.

According to syntactocentrism view, that discrete infinity arises from

exactly one component of grammar: the recursive phrase structure rules

(or the application of Select and Merge in the Minimalist Program). If

we find recursive properties in phonology or semantics, they are the

reflection of interpreting the recursion in syntactic phrases.

But a better understanding of the possibilities of parallel algorithms forces

us to divorce, in principle, syntactocentrism from considerations of efficient

computations. On the other hand,, the fact of considering several independent

paralleh sources of discrete infinity does not imply redundancy since each of

those generative components will describe orthogonal dimensions of a sen-

tence, so that there will not be in principle redundancy.

So, it seems that there is no reason for keeping a syntactocentristic view

of grammar anymore. We have a good knowledge of parallel algorithms; we

know that semantic, phonological or morphological representations can be as

coherent as syntactic ones and that can be considered as different sources

of that discrete infinity of language; and, even more, due to the fact that

each of those different sources presents a set of regularities quite different

from any other, there is no reason to suppose that to consider many parallel

independent generative components will introduce any unwanted redundancy,

if redundancy turns out, finally, to be something that must be avoided.

But if we still having doubts about the central role of syntax, we can

-following [Jackendoff, 1997]- consider an evolutionary perspective of syntac-

tocentrism. A quite common question is What are the antecedents of the
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110 CHAPTER 5. QUESTIONABLE ASSUMPTIONS...

modern language capacity? And a very plausible answer is the one offered by

Bickerton in the following quotation:

'How much could be communicated by an organism that could

perceive articulated sounds and establish sound-to-meaning asso-

ciations, but that had no (or very rudimentary) capacity for syn-

tax? His answer is Quite a lot, as we can see from the speakers of

pidgin languages, from children at the two-word stage, and from

agrammatic aphasies.' [Jackendoff, 1997, p. 18].

The above argument suggests that syntax seems not to be the primary

and unique generative power of language.

Summing up, from all the above-mentioned follows that there are no well

motivated linguistic reasons to keep a syntactocentristic view of grammar.

5.2 Hierarchicality

Another pervasive assumption in linguistic research is hierarchicality. It

has been, traditionally in Linguistics to take the organizational dimensions of

language to be 'levels,' obtainable one from another in a certain fixed order. In

this hierarchical view, output of one component serves as input to the next.

As it can be easily seen, this conception of grammar deprives components

from any autonomy, since each of them has tp wait for information of the

previous one in order to start its task.

This idea of a grammatical description where representations are passed

from a higher-level component to a lower-level one that in turn modifies

it and passes the result to other component, is a descendant -according to

[Sadock, 1991]- of the structuralist tradition of Zelling Harris. For structural-

ists, this hierarchical view of grammar was not just a practical consideration,

but the only scientific way of thinking of grammar.
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5.3. DERIVATION'ALISM 111

Generative Grammar supposed a real revolution in Linguistics with the

consequent rejection of the previous methodology. But, even though the top-

down methodology of structuralists was abandoned, generative revolution did

not tackle a really rethinking of the hierarchical view of grammar, in such a

way that the new theory was presented as one where three different compo-

nents (namely, a phrase structure grammar; a transformational component;

and morphophenemics rules) were arranged in a strictly hierarchical fashion

where, again, output of one component served as input to the next.

In fact, as [Sadock, 1991] points out, if we take a quick look at the history

of Generative Grammar, we will realize soon that one of its major preoccu-

pations has been to propose alternative different hierachizatioiis of grammar.

The result has been a remarkable diversity of opinion with regard to which

components feed which components, which is interpretative, and which gen-

erative. This diversity of opinion, and the fact that each of those proposals

has its merits and its drawbacks, lead us to think that maybe the hierarchi-

cal view of grammar is not the best option. If no hierarchization is able to

capture every interaction among different components, why to still thinking

of a hierarchical organization of grammar? Maybe what we need is a system

of parallel autonomous components working in an independent way -this is,

without waiting for inputs of higher-levels- in order to specify the several

dimensions of natural language.

5.3 Deri vat ionalism

Another assumption present in every version of Generative Grammar is deriva-
tionalism. By a derivationalism approach we understand an approach which

constructs well-formed structures in a sequence of steps, where each step adds

something to a previous structure, deletes something from it or alters it some-

how. Each step is discrete, in the sense that it has an input which is the
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output of the previous step, and an output, which becomes the input of the

next step1.

While in the earliest versions of Transformational Grammar, complex and

relatively unconstrained combinations of movement, adjuction, substitution

and deletion were allowed, now the only transformational operation that is

recognized is a single rule of movement. However, even though we can say that

in the latest versions of Generative Grammar the transformational component

has been greatly reduced, the assumption of derivationalism still present in

recent work, as it is shown by one of the conceptually necessary assumptions

of the Minimalist Program:

'The computational system takes representations of a given

form and modifies them.' [Chomsky, 1995, p. 172],

From the above quotation follows that derivationalism remains as an im-

portant postulate in Generative Grammar. However, it seems that along

its history, Generative Linguistics has made an effort of progressive reduc-

tion of transformational component till arriving to only one general rule of

movement. So, if, as it seems, diminishing the power of transformation is

desiderable, why not to eliminate it completely?

In fact, there are several grammatical theories that have completely elim-

inated derivationalism from their assumptions and that without transforma-

tional rules are able to capture all the generalizations that transformation

used to explain in Generative Grammar.

1Notice that we can say also that a string is derived in a Finite State Grammar following

an appropriate path from the initial to the final state or that a tree is derived in Phrase

Structure Grammar by rewriting symbols in a string by other strings. But in those two

cases, we do not speak of 'derivational theories' in the. sense pointed out here, since they

do not apply rules to full representations modifying them in order to obtain distinct full

representations as is the case in transformational theory.
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Monostratalism is one of the forms of reaction against derivationalism.

The idea is that all the relevant grammatical generalizations can be captured

in a system that includes only one full representation for every expression in

language. Obviously, if there is just one representation, derivations cannot

exist. To postulate transformational rules to modify representations means to

have two or more distinct representations, and this is, by definition, impossible

in a monostratal theory. Examples of monostratalism are Montague Grammar

[Dowty, Wall fe Peters, 1981] and Categorial Grammar, for example.

But a theory does not need to imply monostratalism in order to avoid

derivationalism. Existence of theories as Lexical Functional Grammar, Jack-

endoff's Architecture of Language (cfr. [Jackendoff, 1997]) or Autolexical

Syntax (cfr. [Sadock, 1991]) shows that it is possible to be non-derivationalist

while postulating more than one representation2.

In most of the above mentioned theories, the alternative to derivations

is a constraint-based approach. A constraint-based approach states a set of

conditions that any well-formed structure must satisfy, without specifying

any alteration in the representation in order to achieve well-formedness and

without any necessary order in the application of constraints, as is the case

in derivational theories.

Summing up, according to the great number of theories that offer an

alternative to derivationalism and taking into account that derivational the-

ories seems to be extremely implausible from a psychological point of view,

it seems that the general idea is that non-derivational theories are preferable

to derivational ones.

2It can be useful to introduce here the distinction referred by [Sadock, ms.] between

strata, i.e. representations connected by modificatory rules like transformations, and levels,

which are representations of different kinds that are not derivationally connected.
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5.4 Substitution

Another implicit assumption of Generative Grammar present in every version

of the theory -and pointed out by [Jackendoff, 1997]- is the one that states

that the fundamental operation of computational system is substitution.

This assumption implies that the basic and only operation we can perform

is substitution of one string for another string in a phrase marker. What

constitutes the phrase structure expansion in previous Chomskyan theories

equivals, in the Minimalist Program, to operations of 'Select' and 'Merge.'

But the idea still the same: to substitute a string for another is the basic

operation.

Taking substitution to be the fundamental operation, generativists ex-

clude from their repertoire other operations that could be useful as well.

Unification, for example, in which features from different constituents can be

combined within a single node, plays an important role in constraint-based

approaches. But unification is not the only possibility, we can think of several

other possible operations that can reveal themselves as very interesting.

So, it seems that, in principle, there is no reason to only consider one

type of operation, but on the contrary it seems that we could profit from

considering several different kinds of them.

5.5 Initial Lexical Insertion

One of the most persistent constants along the history of Generative Grammar

is the position of Lexicon. From Standard Theory to Minimalist Program,

the lexicon has always been seen as the initial point of syntactic derivation.

If we take into account that a lexical item has been defined as a triple of

phonological, syntactic and semantic features listed in a long-term memory
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and that the operation of lexical insertion is supposed to insert lexical items

in their entirity into syntactic phrase structures, it seems that semantic and

phonological information are dragged through syntactic derivation to be only

interpreted when derivation crossed the appropriate semantic and phonolog-

ical interfaces. This situation seems a countersense, if we take into account

syntactical autonomy defended by gener ativists. It is something like to say

that semantic and phonological information is present from the very begin-

ning but that syntactic rules cannot see them. Some researchers have noticed

this problem and have proposed some kind of later lexical insertion.

But, as we will see, it is possible to offer some different solutions to

the problem of lexical insertion. In some theories -as Autolexical Syntax

or Jackendoff's Architecture of Language- lexicon plays a crucial role as an

interface between different parallel representations generated by modules of

grammar. In those cases, there is no reference to lexical insertion. Lexical

items are not inserted at the initial point of syntactic derivation, they play

somehow a more important role: they are part of the interface module and

associate representations from different modules. Farmer's modular grammar

(cfr. .[Farmer, 1984]) is another example where we cannot find either any

initial lexical insertion. There is no projection of every lexical information

into syntax. Syntactic level of representation is considered as one domain

and lexical structure as another. Rules, principles and generalizations can be

stated over those domains independently, without postulating any initial lex-

ical insertion in syntactic derivation. The task is here to take a string, to give

it a syntactic analysis and then to interpret the various syntactic constituents

by accessing lexical structures of predicates.

So, once more, it seems that, in principle, there is no necessity of defending

an initial position of lexical insertion. We can solve some of the problems that

have been posed and still accounting for the important role of lexicon without

the need of postulating an initial lexical insertion.
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5.6 Non-redundancy

'It might be the case that for functional, evolutionary or purely

accidental reasons, the language faculty of our species really is

characterized by redundancy.' [Sadock, 1991, p. 14].

Another important assumption in Generative Grammar , stated explicitly

by Chomsky, is the one that refers to non-redundancy:

'A working hypothesis in generative grammar has been that the

language faculty is nonredundant, in that particular phenomena

are not 'overdetermined'by principles of language.' [Chomsky, 1995,

p. 168].

From the above quotation follows that generativists still considering as a

good quality of a system of grammar the fact of providing one and only one

way of hadling each grammatical phenomenon. As in its beginnings, Gener-

ative Grammar avoids overdetermination and advocates for non-redundancy

in language.

But is redundancy so abominable? If we take into account that overdeter-

mination is quite characteristic of biological systems in general, why not to

expect to find it in language as well? We could say -following [Sadock, ms.]-

that redundancy offers two advantages:

1. It provides robutness. If one of the systems that overlaps to perform

a specific function is weak, the overdetermined function will be carried

out by the redundant system. If we only had non-redundant systems

we would not have that possibility and our systems will reveal as more

fragile.
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2. Having partly overlapping simple and weak structures we can produce

complex and powerful effects. We never could obtain those complex

effects from simple structures that never deal with the same phenomena.

From the above advantages follows that by having redundancy in grammar

we would obtain a robust linguistic system with simple interacting subsystems

that would produce -thanks to their overlappings- complex results that ought

to be handled otherwise by more complex mechanisms. So, redundancy could

offer the possibility of having robutness and simplicity in language.

Summing up, it seems that a linguistic theory that incorporates redun-

dancy need not to be as bad as generativists stated. As the matter of fact,

as has been pointed out by some authors, to have redundancy in a linguistic

theory could offer several advantages (simplicity and robutness) that lack in

a theory that advocates for non overdetermination.

5.7 Grammaticality

And finally, we have to mention another important assumption that derives

from the generativist conception of language. The assumption we are referring

to is the one that takes grammaticality as basic notion.

Following [Sadock, ms.j, we can say that generative linguists conceive lan-

guage as a set of pairs of sound and meaning. From this set of pairs (s, /), two

more sets could be defined, namely the set {/¿} of all semantic interpretations

that correspond to meanings expressible in L and {.s,-}, the set of all phonetic

representations that are associated with some semantic content in L. But, as

it is known, a (non-fuzzy)set either contains or does not contain some element.

So, any phonological representation s,- either is or is not grammatical.

From the above characterization of language follows that an expression

must be grammatical or ungrammatical. If we take language to be a non-
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fuzzy set, as generativists do, we cannot establish degrees of grammaticality:

something is grammatical or is not. It could result somehow incoherent to use

markers (like asterisks, question marks) to account for semigrammaticality in

a generative model that conceives language as a non-fuzzy set.

However, it is obvious that speakers judgments are rarely so sharp as

to consider a structure grammatical or uiigrammatical. In fact, linguistic

literature is full of cases where it is judged the degree of ungrammatically of

a structure or where it is disputed if a given construction is grammatical or it

is not. So, it seems that what we are dealing with, here, is with a hierarchy of

grammaticality, that can be hardly accounted for in a set-theoretic definition

of language as the one we find in Generative Grammar.

So, it seems that to have grammaticality as a basic notion does not fit with

what actually happens in language. What we would need is a system of gram-

mar which establishes different degrees of acceptability, strict grammaticality

and ungrammaticality being only the extremes on the scale.

One of the possibilities offered by Grammar Systems when applied to

language is precisely that of accounting for degrees of grammaticality (cfr.

[Csuhaj-Varjú, 1994]). In contrast with the main part of grammatical for-

malisms proposed till now where only grammatical sentences can be gener-

ated, Grammar Systems Theory offers the possibility of generating ungram-

matical sentences while accounting for their agrammaticality. In Grammar

Systems, ungrammatical sentences will be strings actually generated by the

grammar system but that do not belong to any language over the accep-

tance field (this is, the terminal set) of the system. So, we could account

for the actual generation of ungrammatical sentences while pointing out their

agrammaticality because of their not belonging to the acceptance field.

Summing up, grammaticality as basic notion has revealed as another as-

sumption of grammar that could not fit very well with what actually happens

in language.
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Chapter 6

Two Theories of Parallel

Grammatical Representations

Many of the assumptions we have reviewed in the previous chapter have

been abandoned by grammatical theories not directly linked to the genera-

tivist tradition. In this chapter -as a prior step of the presentation of our

proposal- we will briefly present two of those theories that, without taking

as necessary assumptions any of the above-mentioned ones, are able to ele-

gantly account for linguistic phenomena. The theories we are referring to are:

Autolexical Syntax and Jackendoff's Architecture of Language. For more in-

formation on the former the reader is referred to [Sadock, 1985, Sadock, 1991,

Sadock, 1994, Sadock, 1995, Schiller, Steinberg & Need, 1995], while for the

latter, [JackendofF, 1997] can be consulted.
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6.1 Sadock's Autolexical Syntax

6.1.1 Introduction

Starting from the fact that natural language expressions are organized along

a number of simultaneous informational dimensions that can be characterized

by autonomous modules in such a way that organization of an expression in

one module need not correspond to its organization in another, a different

view of grammar is presented in [Sadock, 1985, Sadock, 1991].

Autolexical Syntax is defined as a variety of nontransformational genera-

tive grammar in which autonomous systems of rules characterize the various

dimensions of linguistic representation. Those modules or components are co-

ordinated by means of the lexicon and a set of interface principles that limit

the degree of structural discrepancy allowed between autonomous represen-

tations given by several modular grammars. The number of modules remains

a matter of debate, but most studies in the framework have assumed at least

three: a syntactic, a morphological and a semantic module.

Conceived as a theory of parallel grammatical representations, the crucial

assumption of Autolexical Syntax is that components are independent mini-

grammars each containing information relating to a single aspect of grammar

(syntax, morphology, semantics) and being related to one another only by

an interface system. Unlike what is assumed in other linguistic theories,

those modules are not hierarchically related to one another: a module need

not wait for the output of another one to do its work, but it has the power

to generate an infinite set of representations, parallely and independently of

what is going on in any other component. Modules are static and do not

involve derivations, but representations of each of them are compared in the

interface system where any discrepancy is checked against a set of interface

principles.
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So, Autolexical Syntax offers modularity, parallelism and interaction, and

avoids hierarchicality, derivationalism, syntactocentrism and other classical

assumptions about grammar. Those two facts make of Autolexical Syntax a

very attractive theory able to give simple accounts to a wide range of gram-

matical phenomena that are intricate in other views of grammar.

Let give a quick sketch of Autolexical Syntax.

6.1.2 The Model

Roughly speaking, in Autolexical Syntax each component of grammar is rep-

resented as an autonomous module, is unordered with respect ,tp other mod-

ules, and works on an independent set of principles. The lexicon is non-

modular and contains structural information about the nature of an item in

each module. Representations given by each module are brought together to

form a grammatical expression of language through an 'interface' grammar.

These basic ideas are captured in figure 6.1, extracted from [Sadock, 1991].

As can be seen in figure 6.1, Autolexical Syntax distinguishes three basic

levels or dimensions of grammar:

1. Syntax which specifies phrasal constituent structures allowed by lan-

guage.

2. Morphology which gives us the set of well-formed morphological enti-

ties (i.e. words) and makes explicit structure of all and only the gram-

matical word-forms in language.

3. Semantics which gives us the set of well-formed meaning structures

in language, making explicit logical relations as function-argument and

variable binder relations.
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syn

I Interface

y'syn ; TSem i l'mor ^

Figure 6.1: Autolexical Syntax

Each of those three modules is a self-contained system, with its own inde-

pendent set of rules, principles, and basic vocabulary. Sadock adopts context-

free phrase structure grammar as the most suitable available theory for the

three components -syntax, semantics and morphology1.

From the ideas of modularity and autonomy present in Autolexical Syntax

follows that for an expression to count as fully well-formed it must satisfy the

independent requirements of each module that makes up grammar. Notice

that by radically separating syntax, semantics and morphology, this frame-

work allows for the possibility that a linguistic unit functions in syntax as a

constituent of type P, and, as such, obey whatever syntactic restrictions such

1It is worth to emphasize here that Sadock's concern in Autolexical Syntax is to con-

centrate on interactions of the various modules rather than to develop adequate versions

of each. .
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constituent obey, and in morphology as an affix of type A, and as such, obey

whatever restrictions affixes of this type obey. Due to the same reason, it

allows a piece of information to be represented along some dimensions, while

being entirely absent in others.

In this conception of grammar, each module acts as a filter of the rest. For

example, an expression that is syntactically well-formed may not be qualified

as a sentence because it does not have a well-formed semantic parsing, or

because there is no morphologically correct clustering of morphemes corre-

sponding to it, or for both reasons. Similarly, and expression that is generable

in semantics may not be parsed by syntax or may not be expressible in terms

of words allowed by morphology, or both. But, even in the case an expression

is well-formed with respect to every dimension, it may still not being qualified

as grammatical if it does not pass checking of the interface system.

As can be seen in figure 6.1,/grammar includes a subsystem called in-

terface whose task is to coordinate several representations produced by au-

tonomous modules. So, since interface has direct access to all varieties of

grammatical information it cannot be considered a module in Fodor's sense.

Interface contains three basic components:

1. Lexicon. It plays a central role in associating representations from

different modules. In Sadock's words it 'forms the axis around which

the several autonomous modules pivot' [Sadock, 1991, p. 29]. It con-

tains basic vocabulary for each module and information like structural

properties of each lexical item with respect to the several autonomous

components. Thus, each lexical entry will specify a syntactic, morpho-

logical and semantic value. Lexicon will play in this way a transmodular

role acting as a bridge among autonomous modules. Each module rep-

resentation in a triple structure must be fully and correctly lexicalizable,

by means of the same set of lexical items, in order for the triple to count

as the total representation of an expression of language.
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2. Paradigmatic Constraints. Even though the three modules that

make up the model are radically separated in the scheme presented, we

cannot forget that there are important correspondences among modules

that need to be accounted for. One important variety of intermodular

correspondence is the existence of some interpredictability between se-

mantics and syntax, morphology and syntax and semantics and mor-

phology. Instances of those correspondences are, for example, the fact

that semantic relations tend to emerge as intransitive verbs; that ele-

ments inflected for tense strongly tend to function as syntactic verbs;

that affixes tend not to be represented as formatives in the syntax, or

that semantically empty lexemes tend not to be morphological stems.

It is also often the case that features that belong primarily to one module

are needed by another. Agreement features, for example, are essentially

morphological, but agreement is basically a syntactic process in that

features that originate in one syntactic position are predictably found

in another as well. So, since there are features that, by their nature,

belong to one module but that are made use of in another, Sadock

assumes that features in general spread freely aceros modular interfaces.

Paradigmatic constraints, included in the interface system, account for

all these regularities.

3. Syntagmatic Constraints. As we have already said, the fact that

components in Autolexical Syntax are taken to be fully autonomous

gives rise to the situation that an element can be bracketed differently

in any pair of modules. It is precisely the existence of such discrep-

ancies between structural position of an element in two components

what provides the strongest evidence for autonomy of representations.

But, of course, the degree of allowable divergences between simultane-

ous positions of a lexeme in representations from two modules is by

no means unlimited. There are powerful principles operating to con-
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strain such mismatches. The most important requirements - according

to [Sadock, 1991, p. 163]- on any pair of representations of a single

linguistic expression are:

(a) Linearity Constraints:

i. Strong. The associated elements of LI and L-¿ representations

must occur in the same linear order.

ii. Weak. The associated elements of LI' and L<¿ representations

must occur in the same linear order except where the L-¿ re-

quirements of lexemes make this impossible.

(b) Constructional Integrity Constraints

i. Strong. If a lexeme combines with a phrase P at LI and with

a host at L2, then the L% host must be associated with the

head of the LI phrase P.

ii. Weak. If a lexeme combines with an expression P at LI and

with a host at £2> then the L2 host must be associated with

some element of the LI expression P.

(c) General Intermodular Homomorphism Constraint. Let each

of the strong homomorphism constraints count as two degrees of

similarity, and let the weak homomorphism constraints count as

one. The total degree of similarity between autonomous LI and

LI representations must be at least two.

So, up to now, we have three modtiles generating three different repre-

sentations of a given structure of language and an interface coordinating the

representations generated by the three components. What is, then, the out-

put of an Autolexical Grammar? An output of such a grammar is a set of

triples {rsyn, rsem,rmor}. Each triple corresponds to an expression of language

to which grammar ascribes syntactic, semantic, and morphological parsings.
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In any triple, each element must be an output of the appropriate component,

and in addition the separate elements must pass certain congruity require-

ments imposed by the interface.

6.1.3 Final Remarks

As it follows from what we have said, Autolexical Syntax is clearly a mod-

ular theory in that it recognizes the existence of various components. Even

thought the idea of modularity is not a new one in linguistic theory, mod-

ules have standardly been arranged hierarchically, as we have already said.

Sadock, unlike what is assumed in most theories of grammar, defends the idea

that to have autonomous modules is quite independent from the concept of

hierarchicality. And, therefore, in Autolexical Syntax, modules are indepen-

dent grammars of various dimensions of representation (syntactic, semantic,

morphology) that operate independently and in a parallel fashion in order to

generate their own output that will be independent on other modules. So,

Sadock's theory offers modularity and parallelism while avoids hierarchicality.

But the assumption of hierarchical arrangement is not the only one that

is abandoned in Sadock's Autolexical Syntax. As it can be easily seen, syntax

does not have a privileged position in grammar, but is situated at the same

level of semantics and morphology. This means that this theory eliminates

syntactocentrism view present in many linguistic studies.

It is, also, obvious that Autolexical Syntax cannot be considered as a

derivational theory, in the sense we have spoken about in section 5.3. We

cannot find in this theory representations connected by transformation rules.

Here we have different levels, this is, representations of different kinds, that

are not derivationally connected, but absolutely independent, and linked only

by means of an interface module.

Regarding the assumption of initial lexical insertion, we can see how in

UNIVERSITAT ROVIRA I VIRGILI 
GRAMMAR SYSTEMS: A FORMAL-LANGUAGE-THEORETIC FRAMEWORK FOR LINGUISTICS AND CULTURAL EVOLUTION 
Maria Dolores Jiménez López 
ISBN: 978-84-691-1893-1/DL: T-351-2008



6.1. SADOCK'S AUTOLEXICAL SYNTAX 127

Sadock's model there is no such a thing. Lexicon plays a crucial role but as

a bridge among different modules.

Sadock's opinion about redundancy in language is clearly summarized in

the following words:

'Though redundant descriptions of linguistic facts are often

frowned upon as methodologically undesirable, the fact is that there

are functional reasons for actual linguistic systems to be redun-

dant. [...] The simplest description of the language, that is, the

description in which the coverage of the f acts in EACH of the sev-

eral modules is optimal, might well turn out to be one that overlaps

to a large extent in the central cases, produces conflicting state-

ments in some peripheral cases, and yields no statements at all in

others.' [Sadock, 1991, pp. 14-15].

In what regards the generative power of Autolexical Syntax, the class of

languages describable by autolexical grammars that make use only of strictly

context-free components is beyond the set describable in terms of individual

single context-free phrase structure grammars (cfr. [Sadock, 1994]). This is,

using context-free grammar arranged in an autolexical model we will obtain

more than context-free.

Autolexical Syntax has been particularly successful in description of cli-

tization and incorporation. Both phenomena are analyzed as allowable dis-

crepancies between the combinatorics of lexemes in syntax and morphology

(cfr.[Sadock, 1991]). But clitization and incorporation are not the only phe-

nomena tackled from autolexical point of view, there is an interesting at-

tempt to give an autolexical explanation to some syntactic phenomena that

up to now have been treated in terms of movement and deletion. Examples

of autolexical explanations of different linguistic problems can be found in
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[Chelliah, 1995,Faarlund, 1995,Farkas, 1995, Kathman, 1995, Schneider, 1995,

Stump, 1995, Woodbury, 1995].

In general, it seems tliat Autolexical Syntax offers many of the features
we had pointed out as advantages for using Grammar Systems: modularity,

parallelism, distribution, interaction, 'more than context-free. ' At the same

time it avoids many of the assumptions that have been pointed out as per-
nicious: syntactocentrism, hierarchicality, derivationalism, non-redundancy.

This combination has revealed as very useful when applied to phenomena

that have posed several problems when approached from other grammatical

theories. Advantages shown by a theory like Autolexical Syntax -that presents
many characteristics that will be basic in our Linguistic Grammar Systems-

bear out, somehow, our initial hypothesis of considering that a Grammar
Systems approach to linguistic matters could be quite suitable.

6.2 Jackendoff 's Architecture of Language

6.2.1 Introduction

In The Architecture of Language Faculty, Jackendoff offers a tripartite par-

allel architecture of grammar. The author embeds his proposal into a larger

hypothesis of the architecture of mind called Representational Modularity and
tries to connect the theory of grammar he proposed with matters of process-

ing-

Starting from the traditional hypothesis of the autonomy of syntax which
claims that syntactic rules have no access to nonsyntactic features, and given

the differentness of phonological, syntactic and conceptual information, Jack-

endoff extends the claim of autonomy and considers that phonology and se-

mantics are generative systems as independent and autonomous as syntax.
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The author distinguishes, in this way, three independent modules in the ar-

chitecture of language, namely phonology, syntax and semantics.

Each of those three components is defined as a generative grammar in the

formal sense, with its own set of primitives and its own set of rules. Structural

description of a sentence emerges from the correspondence established among

structures from each of those three components.

So, architecture of grammar proposed by Jackendoff can be seen as a

parallel algorithm where the full grammatical derivation of a structure con-

sists of three independent and parallel derivations that impose mutual con-

straints through some interfaces. The result of the parallel derivation is a

triple < PS, SS, C S > that will be considered the grammatical structure of

the sentence.

Let see more carefully that tripartite architecture of language proposed

by [Jackendoff, 1997].

6.2.2 The Model

The tripartite parallel architecture proposed by Jackendoff is summarized in

figure 6.2, extracted from [Jackendoff, 1997],

As it is shown in figure 6.2, Jackendoff distinguishes three independent

modules -phonology, syntax and semantics- and two sets of correspondence

rules: one that relate phonological and syntactic structures and another that

makes the interface between syntactic and conceptual structures.

The tripartite architecture proposed by Jackendoff aims to put in evidence

the fact that phonological, syntactic and conceptual structures are indepen-

dent formal systems that provide an exhaustive analysis of sentences each of

them in its own terms. That it is necessary to distinguish those three nao duies
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Figure 6.2: The Tripartite Parallel Architecture

as difEerent and autonomous sources is obvious if we compare the primitives
and rules of each of them:

• Generative system of syntactic structure contains such primitives
as syntactic categories JV, V, A, P and functional categories Number,
Gender, Person, Case and Tense. Principles of syntactic combination
include principles of phrase structure (X-bar theory or some equivalent),
principles of long-distance dependencies, principles of agreement, case
marking, etc.

9 Generative system of phonological structure contains such primitives

as phonological distinctive features, notions of syllable, word, phonolog-
ical and intonational phrase, stress, tone, intonation contour, etc. Prin-
ciples of phonological combination include rules of syllable structure,
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stress assigment, vowel harmony, and so on.

• Generative system of conceptual structure contains such primitives

as conceptualized physical objects, events, properties, times, quanti-

ties, intentions. These entities (or their counterparts in other semantic

theories) are always assumed to interact in a formal system that mir-

rors in certain aspects the hierarchical structure of syntax. For exam-

ple, where syntax has structural relations such as head-to-complement,

head-to-specifiers, and head-to-adjunct, conceptual structure has struc-

tural relations such as predicate-to-argument, category-to-modifier, and

quantifier-to-bound variable. But, although semantics can constitute a

syntax in the generic sense, its units are not NPs, VPs, etc., and its

principles of combination are not those used to combine NPs, VPs,

etc.

So, from the above follows that each of those formal systems requires a

generative grammar, neither of which can be reduced to the other. However,

given the coexistence of these three independent analyses of sentences, it

is necessary that grammar contains a set of rules that somehow mediate

among those units. The two sets of correspondence rules -phonology-syntax

and syntax-semantics- shown in figure 6.2 are the answer to that conceptual

necessity. Such rules must be of the following general form:

'General form of Correspondence rules: Configuration X

in B IL A (B interface level of system A) {must, may, preferably

does} correspond to configuration Y in AILs (A interface level

of system B).' [Jackendoff, 1997, p. 24].

According to that general form of correspondence rules, any interface be-

tween two distinct forms of representation A and B formally reqtlires three

components:
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1. A set of representations in system A to which the interface has access
(the system B interface level of system A or BIL^). [Jackendoff, 1997,

p. 24].

2. A set of representations in system B to which the interface has access

(the system A interface level of system B or AILs). [Jackendoff, 1997,

p. 24].

3. A set of A-to-B correspondence rules of the general form illustrated
above which create the correlation between B I LA and

[Jackendoff, 1997, p. 24].

If we apply the above general form of correspondence rules to the two

interfaces that are considered in the tripartite architecture of language, we will

get the two following general forms of phonological-syntactic and syntactic-

conceptual interfaces:

'General form for Phonological-Syntactic Correspon-
dence Rules (PS-SS Rules): Syntactic structure X {must,

may, preferably does} correspond to phonological structure Y.'

[Jackendoff, 1997, p. 28].

'General form for Syntactic-Conceptual Correspondence
Rules (SS-CS Rules): Syntactic structure X {must, may, preferably}
does correspond to conceptual structure Y.' [Jackendoff, 1997, p.

32].

Notice that correspondence rules do not perform derivations in the sense of
mapping a structure within a given format into another structure within the

same format: they map between one format of representation and another.
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They are not 'translations' or one-to-one mappings from A to B] a given

representation in BIL/A constrains, but does not uniquely determine, the

choice of representation in AILe-

It is important to emphasize that correspondence rules do not relate every-

thing to everything, this is, PS-SS rules do not relate anything phonological

to anything syntactic nor SS-CS rules relate anything syntactic to anything

semantic. In principle, of course, correspondence rules might relate anything

to anything but in fact they do not, because it is not necessary. Let consider

PS-SS rules, for example: since syntactic rules never depend on whether a

word has two versus three syllables, and phonological rules never depend on

whether one phrase is c-commanded by another, these two aspects need not to

be related by correspondence rules. So, many aspects of phonological struc-

ture are invisible to syntax and vice versa, and therefore they are not related

by correspondence rules.

Up to now, we have presented the tripartite architecture of language pro-

posed by Jackendoff pointing out that it is made up by three components and

two sets of correspondence rules. But, there is a very important component

in the architecture that we have not mentioned yet: lexicon.

As we have seen in the previous chapter, in the traditional view of Gen-

erative Grammar, a lexical item is a matrix of syntactic, phonologial, and se-

mantic features. This view of lexicon presents some problems in Jackendoff's

model since, from a formal point of view, it does not allow 'mixed' represen-

tations that are partly phonological and partly syntactic, or partly syntactic

and partly semantic. In the model we are sketching, each of those represen-

tations -phonological, syntactic, and conceptual- lives in its own module and

all possible relation among them is encoded in correspondence rules.

A lexical item is by its very nature a mixed representation, because it is re-

garded, as we have said, as a triple of phonological, syntactic and conceptual

information, therefore it cannot be inserted as a whole at any stage of a syn-
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tactic derivation without producing an offending mixed representation. So,
somehow, phonological, syntactic and conceptual representations should be
strictly segregated in order to respect the prohibity of mixed representations.

From all the above follows that, in Jackendoff's architecture of language,

a syntactic tree as

the cat

that is taken as an abbreviation for

NP

Det N

/kaet//de/
[+Det]

[count singular]
[DEFINITE] [CAT, TYPE OF ANIMAL]

is completely ill form and must be replaced by a triple of structures such as
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Phrasec

cr

d e

Wordh

cr

k ae t

NPf

•Deta

count
sing

TOKEN
INSTANT OF [TYPE : CAT]b

[Thing

As can be seen, each of those structures contains only features from its

proper vocabulary. But it is not the case that these three structures do just

exist next to one another, they are explicitly linked by subscripted indices. Si-

multaneous unification of a lexical item with all three structures will have the

effect of adding those indices that link phonological, syntactic and semantic

structures. The result is clear: clitic the corresponds to Det and definiteness

feature, word cat corresponds to A^and Type-constituent of conceptual struc-

ture, and whole phrase corresponds to NP and the whole Thing-constituent.

So, according to this description we cannot say that there exists a rule that

inserts all the aspects of a lexical item in syntactic structure. Rather the only

part of the lexical item that appears in syntactic structure is its syntactic fea-

tures. In this way, a lexical item as cat, for example, is represented by three

structures (phonological, syntactical, and semantical) linked by the subindex.

UNIVERSITAT ROVIRA I VIRGILI 
GRAMMAR SYSTEMS: A FORMAL-LANGUAGE-THEORETIC FRAMEWORK FOR LINGUISTICS AND CULTURAL EVOLUTION 
Maria Dolores Jiménez López 
ISBN: 978-84-691-1893-1/DL: T-351-2008



136 CHAPTER 6. TWO THEORIES OF.,.

Nb

count
sing

TYPE: CAT
lïlimg

k ae t

On Jackendoff's view, therefore, the formal role of lexical items is not that

they are 'inserted' into syntactic derivation, but rather that they license the

correspondence of certain terminal symbols of syntactic structure with phono-

logical and conceptual structures. This approach is called lexical licensing.

There is no operation of insertion, only the satisfaction of constraints. As the

author points out

'A lexical item is to 6e regarded as & correspondence rule, and

the lexicon as a whole is to be regarded as part of the PS-SS and

SS-CS interface modules.' [Jackendoff, 1997, p. 89].

Notice that in this view there are not three interfaces -a phonological, a

semantical and a lexical one. Rather the lexical interface is part of the other

two.

We have presented Jackendoff architecture of language in a theoretical

way, but the author makes some remarks on processing. He asks himself what

language processor has to do. The answer is clear: in speech perception, it has

to map an auditory signal into an intended meaning; in speech production, it

has to map an intended meaning into a set of motor instructions. According

to the author, the only way this can be accomplished is via the intermediate

levels of representation, namely phonology and syntax. Moreover, principles

by which the processor is constrained to carry out the mapping are precisely

principles expressed in the formal grammar as correspondence rules.
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Now, if we think of how the language processor actually works, it makes

little sense to think of ramdornly generating a phonology, a syntax and a

meaning, and then seeing if you can match them up. It seems more feasible

to think that any single level of representation may receive fragmentary input

from a number of distinct sources. Its job, then, is to integrate them into a

unified form so as to be able to pass a single more complete result on to the

next level along the information pathway. So, in this way we are allowing

influence of one representation level on another.

However, the fact that, for example, a semantic anomaly influences syntac-

tic and phonological parsing is no reason -in Jackendoff's opinion- to believe

that we have to give up the notion of modularity. The only way semantics can

affect syntax is by rejecting a syntactic parse in response to the properties

of corresponding conceptual structure. And the only way syntax can affect

phonology is by doing the same thing to phonological parse. Summing up,

there are discrete stages at which different kinds of representations develop,

but different representations can influence each other as soon as information

for connecting them is available.

6.2.3 Final Remarks

It is not difficult to see that the parallel architecture for language proposed by

Jackendoff presents clear similarities with Sadock's Autolexical Syntax. But

while Saclock deals primarily only with relations between phonology and syn-

tax, Jackendoff looks at both interfaces -phonology-syntax, syntax-semantics-

at once, observing that they have similar structure. As in the case of Sadock's

Autolexical Syntax, Architecture of Language proposed by Jackendoff aban-

dons several of the assumptions of language we have referred to in the previous

chapter. It abandons syntactocentrism assumption, by treating phonology

and semantics as generative systems completely on a par with syntax. It
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abandons hierarchicality since no component has to wait for information of

a higher-level one in order to start its task. It abandons derivationalist as-

sumption since, even though there may well be derivations in the formation

rules for each of the three components, the relation among phonology, syntax

and semantics is not derivational at all: among these three components lie

correspondence rules that are of a different formal nature. It abandons ini-

tial lexical insertion, eliminating any operation of insertion and advocating

instead for a lexical licensing. And, finally it abandons the assumption that

the only operation allowed in grammar is substitution, by considering lexical

licensing as an unification operation.

Summing up, Jackendoff's architecture of language faculty can be viewed

as a theory that, leaving aside many of the questionable assumptions about

grammar that have borne in linguistic studies in the last forty years, is able

to offer a highly modular, distributed, parallel, cooperative and interacting

architecture of grammar.
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Chapter 7

Our Proposal: A Sketch of

Linguistic Grammar Systems

7.1 Introduction

In the above chapter we have seen how grammatical models that advocate

for modular parallel theories of grammar and that avoid many of the assump-

tions that have dominated linguistic studies during the last four decades have

revealed as quite adequate theories able to account for a wide range of lin-

guistic facts and to give simple explanations to problems that can be very

complicated when faced from other grammatical theories.

If we isolate the features that make the above two grammatical models at-

tractive and interesting theories of language, we will see that they are mainly

the following ones: modularity, parallelism, interaction, cooperation and dis-

tribution. Now, if we remember the traits that make advantageous the use of

Grammar Systems Theory (cfr. chapter 3), we will realize that they are again

the same: modularity, parallelism, interaction, cooperation and distribution.

So, if Sadock's Autolexical Syntax and Jackendoff's Architecture of Language

are considered good grammatical theories precisely because of those traits, it
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is easy to think that Grammar System Theory, which presents all the above

qualities, could offer an approach to linguistic matters at least as adequate

as the one offered by Autolexical Syntax and Jackendoff's model.

In this chapter we would like to introduce a modular parallel approach of

grammatical representations in terms of Grammar Systems Theory. Before

going on with the presentation of this new variant of Grammar Systems, it is

worth to stress, once more, that we are not intending to specify how different

modules that compose this new architecture are built up. In other words,

we do not intend to describe the specific content (rules, principles, etc.) of

every component in the architecture. We just want to offer a very general

architecture, a generic tool that could be able to capture what, we consider,

would be essential traits in any framework that intends to account for natural

language expressions, namely:

• Modularity. We would need several modules accounting for different

dimensions of grammatical structures (e.g. syntax, semantics, phonol-

ogy, morphology, pragmatics) working independently, with different al-

phabets (N, V, Adj... in syntax; Argument, Predicate... in semantics;

stems, derivational morphemes... in Morphology, etc.), different rules

and generating different types of structures (syntactic structures, se-

mantic structures, phonological structures...).

• Parallelism. Modules that build up our system should work simulta-

neously, in a parallel way. This is to say, a module would not need to

wait for the string generated by another module in order to start its

work. The output of a module would not be the input of another. All

the modules would be in the same level.

• Interaction among modules. Of course, even though modules are in-

dependent and work in a parallel way, they would need to communicate

among them in order to share information to reach their common goal:
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generation of language. We cannot forget that modules that build up

our system collaborate, cooperate among them. They are implicated in

a common task, so they would need to interact in order to interchange

information. Notice that even though we defend the idea that modules

should be independent, specialized in an specific subtask and different,

we have to keep in mind that we are not speaking about modules that

have nothing in common, but we are dealing with components that share

at least one thing: the aim to cooperate in order to generate acceptable

structures of language. So, from time to time, modules will need the

help of their 'colleagues,' and due to this fact we should advocate for

a high degree of interaction among components. Notice that we are

not defending the idea that one structure is derived from another one

(semantics from syntax, pragmatics from semantics, for example), but,

obviously, every component should take into account somehow what is

happening in the other ones, because, after all, they are not carrying out

completely independent works, but they are cooperating in a common

task.

Coordinator Element. If we stop here, and we remain just with

several modules working independently and generating different struc-

tures, we will get just a sequence of structures of different types. But,

we would like to obtain a single language as the output of our system,

we do not want to get a sequence of structures (as is the case in the two

above models). So, we would need an element able to coordinate the

work of all the modules and capable of supplying a single result of the

system. A suitable candidate to perform the role of coordinator could be

the master of Parallel Communicating Grammar Systems. The master

should be considered as a special module whose work would consist just

in coordinating the structures that modules of the system have already

generated in a parallel and independent way.
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The above features, therefore, should be present in our model. Notice that

by postulating a modular framework composed by several modules working in

a parallel way, interchanging information and coordinated by a special com-

ponent, we could avoid many of the pernicious assumptions pointed out in

previous chapters. By defending the idea of parallelism we would avoid hier-

archically because every module would work simultaneously without waiting

for the output of a higher level module. We would avoid derivationalism be-

cause structures would not be generated in a sequence of steps where each

step alters somehow the previous structure and which each of them has an

input which is the output of the previous step, and an output that will be

the input of the next step. Here, we would have a set of modules working in

parallel without waiting for any input coming from any other module. And

we would avoid syntactocentrism, as well, because, as we have pointed out,

every module would be on the same level, syntax would not be in a privileged

position in relation to the other modules, every component of the system

should have the same characteristics and none of them should deserve more

importance than any other.

In addition to hierarchicality, derivationalism and syntactocentrism, our

model would avoid substitution as the only allowed operation, initial lexical

insertion, and grammaticality as basic notion. The model we propose would

allow as many operations as we want, not just substitution of one string for

another; there would not be any initial lexical insertion because the lexicon

would be considered the coordinator element and jt would participate in the

generation of language just in the last moment in order to coordinate ev-

ery structure generated by the different modules of the system. And finally

we would not consider grammaticality as a basic notion: non-grammatical

structures could be generated by the system as well, although, of course, the

system would indicate the non-grammaticality of those structures by pointing

out the non-belonging of them to any language of the acceptance field, this is

UNIVERSITAT ROVIRA I VIRGILI 
GRAMMAR SYSTEMS: A FORMAL-LANGUAGE-THEORETIC FRAMEWORK FOR LINGUISTICS AND CULTURAL EVOLUTION 
Maria Dolores Jiménez López 
ISBN: 978-84-691-1893-1/DL: T-351-2008



7.2. WHICH GRAMMAR SYSTEMS' TOOLS ARE... 143

the terminal set. In this way we would not postulate grammaticality as basic

notion, but we would account for different degrees of acceptability.

Knowing what we would like to have, namely, modularity, parallelism,

interaction and coordinator element, let see which could be the most suitable

tools provided by Grammar Systems Theory, in order to combine all the above

traits in a model to account for linguistic structures, in what we will call from

now on Linguistic Grammar System.

7.2 Which Grammar Systems' Tools are the

most Suitable for Linguistic Grammar

Systems?

7.2.1 PC or CD Grammar Systems?

When we have presented the theory of Grammar Systems we have individ-

uated two fundamental types: those that work sequentially and those which

function in a parallel way, Cooperating Distributed and Parallel Communi-

cating Grammar Systems, respectively (cfr. chapter 2).

Both kinds of Grammar Systems could account perfectly for the modu-

larity we require in the framework we want to construct. But since we have

emphasized very much the idea of parallelism as well as the non-hierarchicality

and non-derivationalism among modules, it seems that the best choice for our

Linguistic Grammar System would be to postulate a PC Grammar System

where each component represents a grammatical dimension (i.e. syntax, se-

mantics, phonology, morphology, etc.), working independently and in a paral-

lel mode. Notice that by defending a PC Grammar System as the best device

for our framework, we would account also for interaction among modules
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and for coordinator element. Remember that when we defined PC Grammar

Systems we stressed the idea that components (i.e. grammars) interacted

among them via communication steps and that within PCGS there was a

distinguished element called master. So, it seems that PC Grammar Systems

could give us all the elements we would need for our Linguistic Grammar Sys-

tems, namely modularity, parallelism, interaction and coordinator element.

CD Grammar Systems, instead, even being highly modular tools, lack the

parallelism (they are serial models) and the strong module independence1

present in PC Grammar Systems, reason why CD Grammar Systems would

not be so suitable tools as PCGS to account for the big independence among

modules we want to postulate in our Linguistic Grammar Systems.

Notice, once more, that by considering Linguistic Grammar System to be

a PC Grammar System we would defend the idea that different modules of

the framework (syntax, semantics, phonology.;..) are completely independent.

This means that:

• they would work with different primitives and rules,

• they would generate different structures,

« and the output of one module would not need to be considered the input

of the next.

Therefore, we would emphasize again the idea that relationship among dif-

ferent modules is not derivational: we would not need to say that the output

of syntax is the input of semantics or vice versa, in our system all the compo-

nents would be in the same level, they would work independently, in parallel,

and would communicate among them just when it is necessary.
1Remember that while in PC Grammar Systems every grammar has its own axiom, in

CD Grammar Systems there is a common axiom where all the components of the system

perform their rewritings.
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We have emphasized above that components that make up Linguistic

Grammar System should have different primitives and rules because they

deal with very different information:

« Syntax would have primitives as TV, V, Adj., etc. and syntactic rules;

• Semantics would have Predicates, Arguments or whatever semantic cat-

egories and semantic rules;

• Phonology would deal with syllable, word, stress, tone and principles of

syllable structure, stress assigment, etc.

So, every module of the system should have a different set of rules and differ-

ent alphabets. With respect to thejformer requirement we would not have any

problem, because basic PCGS define different sets of rules for every grammar

within the system. The problem-could be to postulate different alphabets,

since in the original definition of PC Grammar System it is assumed that

all the grammars have the same terminal and nonterminal alphabets (cfr.

Definition 2.3.1). That situation is very convenient if we assume that all the

components have similar abilities and perform similar tasks. However, this

would not be the case in our Linguistic Grammar System, since here mod-

ules ought to perform totally different tasks (syntactic derivation, semantic

derivation...) and they would have different skills to do it. So we would need

some slight modification of the basic PCGS definition to account for that

situation.

A good solution is the one presented in [Mihalache, 1996] where PC Gram-

mar Systems with separated alphabets are defined. In this new variant of

PCGS each grammar in the system has its own terminal and non-terminal

vocabulary. Therefore, it seems that this new. type of PCGS could satisfy our

requirement of completely different primitives in each module that build up

Linguistic Grammar System.
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Summing up, a Linguistic Grammar System is to be understood as a

Parallel Communicating Grammar System with separated alphabets.

7.2.2 Which devices are to be considered the modules

of Linguistic Grammar System?

We are dealing with a framework that has been defined as a PCGS with

separated alphabets. But, as we know, Parallel Communicating Grammar

Systems can have as components any type of device. Our task now is, there-

fore, to specify which kind of tools we want to be the components of Linguistic

Grammar Systems.

Taking into account that modules of Linguistic Grammar System will

perform different tasks, we could defend the possibility that each of them is

represented by a different kind of formal language device. Thus, we could

say that one module is a CDGS, another is an Eco-Grammar System, a third

one is an Splicing System, and so on. However, having in mind the idea of

modularity that we want to postulate as a basic feature of any model that

wants to account for linguistic matters, and without forgetting the advantages

of modularity and distribution, it would be good to defend modularity also

within the modules of Linguistic Grammar System.

In fact, several authors have defended internal modularity in the differ-

ent dimensions of grammar. In [Crocker, 1991], for example, it is suggested

a highly modular organization of syntax where modules are determined by

representations they recover. The author defends four modules in syntactic

processor, each related with a 'representational' or 'informational' aspect of

grammar: '

1. Phrase Structure (X-Bar Theory, Move a);

2. Chains (Botinding Theory, Case Filter);
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3. Thematic Structure (0 Theory);

4. Coindexation (Binding and Control Theory).

Also in [Weinberg, 1987] is proposed a modularization of the syntactic

module. The author argues that syntactic processor first creates a basic syn-

tactic tree using phrase-structure, selectional, and subcategorization features

together with information retrieved using bounded amount of prior context

and from the first-stage representation it constructs another structure, which

it uses to establish binding relationships between categories.

Another example of internal modularity, this time in semantic and phono-

logical modules, is presented in [Jackendoff, 1990] where the author suggests

that:

'... meaning, like phonological structure, is organized into in-

dependent but interacting tiers, each of which contributes a dif-

ferent class of conceptual distinctions to meaning as a whole. '

[Jackendoff, 1990, p. 2].

Studies on modularity in morphology can be found in [Everaert et al, 1988].

And about the internal modularity of pragmatics some approaches are pre-

sented in [Wilson <fe Sperber, 1991], in [Horn, 1988], where it is defended that

'Conceptually distinct subcomponents of pragmatic analysis may

be simultaneously called upon within a single explanatory account

of a given phenomenon, just as autonomous but interacting gram-

matical systems may interact to yield the simplest, most gen-

eral, and most comprehensive treatment of some linguistic phe-

nomenon.' [Horn, 1988, p. 115].

and in [Kasher, 1991], where pragmatics is divided into three independent

parts:

UNIVERSITAT ROVIRA I VIRGILI 
GRAMMAR SYSTEMS: A FORMAL-LANGUAGE-THEORETIC FRAMEWORK FOR LINGUISTICS AND CULTURAL EVOLUTION 
Maria Dolores Jiménez López 
ISBN: 978-84-691-1893-1/DL: T-351-2008



148 CHAPTER 7, OUR PROPOSAL: A SKETCH...

1. a purely linguistic compentence, embodying knowledge of certain speech

acts types;

2. a non-linguistic competence, governing aspects of intentional action in

general, and producing conversational implicatures;

3. and a class of various interface features.

So, from the above examples follows that not only grammar as a whole

could be regarded as a modular system composed by several parallel inter-

acting components (syntax, semantics, phonology, etc.), but that also every

component that builds up grammar could be viewed as internally modular,

being divided into several different modules as well. Therefore, according to

this double modularization, we could say that a Linguistic Grammar System

could be composed by several modular modules.

Thus, we should account for two levels of modularity. The first one -the

one that states that Linguistic Grammar Systems are composed by several

modules, namely syntax, semantics, pragmatics...- is already accounted for

by postulating a PCGS as definition for our framework. A good way to

account for the second one -this is, for internal modularity of components that

form Linguistic Grammar Systems- could be to consider that each module of

the framework is a Cooperating Distributed Grammar System, where

different components work sequentially, cooperating among them in order to

generate the language of the system, this is, the correspondent syntactic,

semantic, phonological or any other structure.

Notice that by considering CDGS as components of Linguistic Grammar

System, we would defend the idea that there is sequentiality inside the mod-

ules. In this way we could establish a clear difference between sequentiality

within modules and parallelism among them.

Up to now, we have a Linguistic Grammar System defined as a PCGS with

separated alphabets whose components are not grammars, bxit CDGS. So we
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should speak of a macro-PCGS composed by several micro-CDGS (having

grammars as components) that work independently and in a parallel way,

interacting among them from time to time. In this way we should speak

about different levels: a macro-grammar system composed by several micro-

grammar systems composed by several grammars2. •

7.2.3 Introducing Interaction

The characterization we have provided, up to now, presents several parallel

modular components working independently and generating different struc-

tures. But, we have stressed since the very beginning that modules in a

system as the one we are proposing here collaborate in a common task. So,

if modules are cooperating in a common task, they should interact among

them, they should interchange information from time to time. That this is so

is widely accepted in linguistic literature where interaction among different

dimensions of grammar has often been pointed out, and where to establish the

connection between grammatical components has been regarded as a central

issue in any theory of grammar conceived as a system of several independent

components, as it is stated in [Law, 1997], for example.

Interaction between morphology and syntax is stressed in [Baker, 1988].

Interaction between syntax and phonology has been pointed out by Pullum &

Zwicky, for example. These authors, after having recognized that syntax and

phonology are certainly distinct levels, state that

'The grammar and pronunciation of a language cannot be fully

described in disjoint vocabularies with either description making

2A similar ideáis presented in [Mitrana, Páun & Rozenberg, 1994] where hierarchies are

introduced in Grammar Systems allowing component of Grammar Systems to be themselves

Grammar Systems.
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any reference to the categories employed in the other. '

[Pullum & Zwicky, 1988, p. 255].

Relations between syntax and morphology or syntax and phonology, are

studied, of course, but if there is an interconnection between modules that

has been broadly accounted for in linguistic research, this is for sure the

interaction between syntax and semantics:

'The relation between syntax and semantics is a central issue

in linguistic theory, and assumptions about this relation hinge on

assumptions about the properties of the syntax and the semantics.

However, although the nature of this relation is controversial, it

remains uncontroversial that there is a relation.' [Enc, 1988, p.

239].

Nobody doubts that it could be profitable for purposes of study to separate

syntax and semantics, but we should agree that it is not so realistic to think

that people performs a complete parsing of a sentence before undertaking to

interpret its meaning. Evidence suggests just the opposite thing. Not only

we are able to interpret sentences that are broken off in mid course bxit we

are also able to have some clear semantic expectations of what will follow.

Interaction between syntax and semantics is forced by syntactic and se-

mantic ambiguity. Some examples from [Smith, 1991] will help to understand

this necessity. Let think of a parser that has to parse the following sentences:

(1) The wealthy can eat soup.

(2) I saw the elderly man and child.

(3) As he unlocked the door with his key the fire engine arrived.
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In (1) the parser will not be able to disambiguate can until it had seen the

entire sentence. In (2) a parser cannot decide whether elderly modifies only

man or man and child. Nor it can decide whether prepositional phrase in

(3) modifies unlocked or arrived. So, from those examples follows that many

sentences have multiple parses, and syntax is not able to choose between

them without the help of semantics. The fact that none of those ambiguities

impede communication suggests that semantics comes into play early in the

process of sentence comprehension.

Something similar happens if we look at semantic ambiguities. Consider

the following sentence:

(4) Maries flew John from New York to Boston.

If we use only the semantic module to analyze this sentence, we will have

four different interpretations: either Marie or John could be agent; either

New York or Boston could be the origin and the destination. To resolve these

ambiguities we might incorporate some information about word order and

preposition, and this is to introduce syntax!

All the above suggests that -in spite of our assertion that syntactic struc-

tures are different from semantic ones and, because of that they may be

generated by different modules- there should be interaction between syntax

and semantics, both modules should cooperate somehow between them.

Evidence of interrelation among those two grammatical dimensions has

led to the emergence of models of sentence processing that postulate inter-

leaved syntactic-semantic processing. In [Smith, 1991], for example, inter-

leaved modules for syntax and semantics are presented. In such a system as

soon as syntactic modtile parses each phrasal constituent, it hands its parse

over to semantic module. If that module can reach a plausible interpretation

of the phrase, control returns to syntax and the parser proceeds deeper into
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the sentence. In this manner, control and information shuttle back and forth

at each phrase boundary until interpretation is complete. The chief advantage

of this type of sentence processing is again modularity.

But interleaved processing is not the only way of relating syntactic and

semantic information. In [Miller, 1985], for example, syntactic structures

are generated in complete separation from semantic structures, and they are

correlated only by a third set of rules. Something similar is done in tan-

dem processing (cfr. [Smith, 1991]) in which two buffers and three kinds of

rules (interpretation, syntactic and interactive rules between components) are

employed and where syntactic and semantic processings remain largely au-

tonomous in that neither component guides the other. In fact, there have

been defined many different strategies in parsing techniques to interrelate

syntax and semantics. These methods range -according to [Allen, 1987]- from

enconding semantic information directly into grammar (the so-called 'seman-

tic grammars') through various degrees of interaction between syntactic and

semantic processing.

Summing up, interaction among modules seems essential if we want to

have a system able to account for acceptable sentences and if we want our

system to do this task in the best and simplest way. But how to define inter-

action in Linguistic Grammar Systems? It is not difficult at all: communi-
cation steps, already defined in Parallel Communicating Grammar System,

will provide us the way of giving account of that necessary interaction among

components.

7.2.4 Communication by Request or Communication
by Command?

We have emphasized, frorii the very beginning, that it is necessary to pos-

tulate interaction among modules in Linguistic Grammar Systems. We have
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stated that the way of accounting for that interaction in Linguistic Gram-

mar System could be by means of communication steps defined in PCGS.

But definition of Linguistic Grammar System as a Parallel Communicating

Grammar System, poses us a problem: which kind of communication should

we postulate? As we have pointed out in section 2.3, we can distinguish

different types of communication in PCGS. Mainly we can refer to:

1. communication by request,

2. communication by command.

Roughly speaking, we can say that while in the former type of communication

we allow components to use 'query symbols' anytime they need the help

of other module, in the latter, components can send information to other

modules when their strings fit with the requirements of other components.

So, while in the first type of communication, modules ask for information, in

the second one, modules give information (without having been asked for it).

We think that it could be good to have a combination of the above two

modes of communication in Linguistic Grammar Systems. By postulating

the two types of communication, components could both ask for information

from other modules if they need it, and send information to other modules if

they consider that their strings match with the requirements of those other-

modules.

Consider, for example, that syntactic module needs some semantic infor-

mation in order to solve a possible ambiguity that appears in its syntactic

derivation. In such a situation, syntax would introduce a query symbol asking

for help to semantic component. So, we would have interaction, communi-

cation by request. Now, consider that semantic module has already finished

its derivation, this is, it has arrived to a terminal string. It could send (by

command) its string to the master that would coordinate the different struc-

tures coming from every module. In this case we would have communication
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by command. Notice that the master has not asked the semantic module for

its string, but it has been this last module the one that has sent the string

without having been asked for it.

So, we should have communication by request and communication by

command. Regarding the first type of communication we have to clarify

which modules will be allowed to ask for information.

If we recall Definition 2.3.4, we will see that we establish the difference

between

1. centralized systems,

2. and non-centralized systems.

In the former type, only the master of the system is allowed to use 'query

symbols,' while in the latter type, any component can ask for the string of

other components. Therefore, according to these two types of PCGS:

• we could allow every component of the Linguistic Grammar System

(syntax, semantics, phonology...) to introduce 'query symbols' inter-

changing, in this way, information with the rest of components, when-

ever it considers it is necessary;

• or we could consider that modules of the system -syntax, semantics,

phonology, etc.- are totally independent and have not the possibility of

communicate directly among them.

In the latter case, we should introduce special modules able to supply infor-

mation from one module to another. These special components -similar to

Jackendoff's interface modules- would be able to read the current information

of one module (say, syntax) to translate this information in information of
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a different kind (say, semantics) and to send this information to the corre-

spondent module. In this way, we should speak about a centralized PCGS

where only some modules (i.e. the interface modules) have the possibility of

using query symbols, so where just few components are able to communicate

information.

It is true that if we would postulate interface modules, somehow we kept

more pure the idea of total independence of components of the system since,

in such case, modules themselves would not enter directly in contact with

other modules, but they would communicate among them always via a third

module, namely the interface module which would ask for information to an

specific module, would translate that information and would send it to an-

other module. However, for the sake of simplicity, we think that it would

be better to define a non-centralized system where every module is al-

lowed to ask for information. Notice that we would not lose independency of

components in this latter case, since every module would have independent

set of rules, independent alphabets, would work independently of any other

module, and would generate totally independent structures. After all, by al-

lowing every module to introduce query symbols we are stressing cooperation

and collaboration among modules necessary in every model that accounts for

arrangement and functioning of the several grammatical dimensions.

Up to now, we have clarified which types of communication we allow,

namely command and query symbols, and who is allowed to ask for informa-

tion: every module. But we still having some unsettled questions: what is

to be communicated? and what does it remain in a module after commu-

nicating some information (i.e. string)?

In what refers to the former question we could propose two possibilities:

1. a module can send its whole current string whenever it is asked for it,

or
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2. a module can send a part of its current string. '

The first possibility corresponds to the original definition of commmunica-

tion in PCGS in which whenever a query symbol were introduced, the module

to which the query referred to sent its whole current string. In the latter case,

instead, we are defending the possibility of communicating not the string in

its entirety, but subwords. This idea of communicating a substring of the

current string of an specific module is already present in [Paun, 1996a] where

a new class of PCGS, in which prefixes of the current sentential forms can be

communicated, is introduced.

Notice that by defending the possibility of communicating subwords of a

module string we are accounting for the actual fact that not all the infor-

mation present in one module is interesting for another one. Consider, for

example, that phonology needs syntactic information in order to perform its

derivation. The information that phonological module needs is not every syn-

tactic information present in syntax, but some specific one. Phonology will

not be interested in c-command relations, but it will need to have information

about word order, for example. In this case whenever phonology introduces a

query symbol referring to the syntactic module it would not receive the whole

syntactical string but just that substring that contains information it needs

(and that, therefore, will pass the input filter of the module).

Referring to the second question we have posed, we have to recall that in

the initial definition of PCGS (cfr. Definition 2.3.5) there were two possibili-

ties for a module after communicating a string, the system could be

1. returning, or

2. non-returning.

In the first case, the component who sends its string has to re-start its

rewriting from the axiom, because it has sent its string to the module who
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has asked for it; in the second case, instead, the module sends just a copy of

the string, in such a way that it does not need to start from the axiom again,

but it can continue the derivation from the point it has left it when it has

been asked for its string.

Now, since we have defended that every module in the system will produce

a different structure (syntactic, semantic, phonological...), we do not want

modules to re-start their derivation processes everytime they are asked for

help. This is why we should say that Linguistic Grammar Systems are non-

returning PCGS, where components always send copies of their strings.

In what respect to the second type of communication we have referred

to, namely communication by command, we will consider -due to the same

reasons we have pointed out above- that it will be non-returning, this is, copies

of module strings will be sent to other modules, in such a way that components

can continue to process its current string and do not need to return to its

axiom every time a communication step is performed. In what refers to the

way in which target component incorporates the string it receives, we will

consider that strings will be adjoined to the current string of the addressee,

concatenated in the natural order of system components. We consider that,

since every component of Linguistic Grammar System generates a different

type of structure, it is more sensitive that strings sent by a module do not

replace the string of the addressee, but adjoin it, in such a way that target

module will not loose its string due to the communication step, but it will

maintain its string and incorporate additional strings sent by other modules

that could facilitate its task.

Summing up, we have a non-centralized, non-returning macro-PCGS with

separated alphabets, composed by several CDGS, with two modes of commu-

nication -request and command- and with the possibility of communicating

substrings.
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7.2.5 Introducing Renaming

Since we have stated that a Linguistic Grammar System is a PCGS with
separated alphabets -this is, every module in the system has its own termi-
nal and non-terminal alphabets-, and given the necessity of communication
among modules, we would need a way of translating information of one mod-

ule into information understandable for another. This is to say, if we want,
for example, syntax and semantic modules to interact between them, we have
to find out a procedure of making syntactical information understandable for
semantic component and vice versa. Since syntax will work with syntactic
primitives and semantics with semantical ones, neither syntax module will be
able to rewrite semantic symbols nor semantics will be capable of rewriting
syntactic ones, this is why it would not be very adequate to send semantic
strings to the syntactic module nor syntactic strings to semantics. We would

need some device that guarantees that transfer of information among modules
is preceed by a translation process in order to assure that each component
receives information in its own language.

A possible candidate for carrying out the translation task we are referring
to could.be the special type of PCGS with Generalized Sequential Machine
introduced in [Mihalache, 1998c]. In such systems when a grammar is asked
to communicate its sentential form to another, a gsm is first applied to this

sentential form and the resulting string is communicated to the grammar that
has performed the query. Therefore, in those systems, strings before being
communicated are translated into the language of the module who required
them. The translation process is represented by a gsm.

However, sequential machines are not the only device that could account
for that translation process. In fact, the mechanism we would like to postulate

in our model is not a gsm, but weak codes that translate information of
one type into information of another. The codes we are referring to are the
ones present in Parallel Communicating Grammar Systems with Renaming
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(cfr. section 2.3.1). Therefore, we will like to defend the idea that Linguistic

Grammar System is a PCGS with Renaming, this is, a PCGS with weak

codes that translate symbols before they are communicated to the module

who has asked for them. Notice that such weak codes could be equivalent

to correspondence rules in Jackendoff's model or paradigmatic constraints in

Autolexical Syntax.

Following the above-mentioned idea that not every information of a mod-

ule will be of interest for the rest of modules, weak codes of a Linguistic

Grammar System -that serve to translate information from one module into

information of a different one- would not necessarily relate every symbol of

one module to every symbol of another. There would be symbols of a module

that would not be of interest to any other module and that therefore would

not need to have a weak code in the system which translates them for being

after communicated.

For example, syntax does not depend on the fact that a word has two

syllables instead of three, this is information useful only for phonological

module; on the other hand, phonology does not care about the c-command

relationships, important only for syntax. So, we would not need to have a

weak code in Linguistic Grammar System which would translate information

about the number of syllables into something understandable for syntax nei-

ther one which would translate into phonological language information about

c-command relations. Summing up, many aspects of a module are invisible

for the rest of the system and, therefore, they would not need to be translated

by weak codes.

By adding weak codes to Linguistic Grammar Systems we have gone one

step further in the sketch of our framework. Now, we have a non-centralized,

non-returning macro-PCGS with renaming, having separated alphabets and

being composed by several CDGS. Communication among modules is per-

formed in two different ways -request and command- and there exist the
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possibility of communicating substrings.

7.2.6 Coordinator Element

According to what has been said up to now, each component that makes up

Linguistic Grammar System generates independently (with or without com-

munication, with communication by command or by request) and in a paral-

lel fashion a language: syntactic structure, semantic structure, phonological

structure, etc. The output of the system is, then, an n-tuple of structures

(Syntax, Semantics, Phonology...}.

But as we have pointed out in above sections we do not want the output

of our Linguistic Grammar System to be a sequence of structures of different

types. We would like to obtain a single language as the output of our system.

So, we would need an element able to unify structures coming from different

modules of the system in order to give as a result only one language: the

language of the system. And here is when the figure of the master would

enter.

The master would be a special component of the system, corresponding

here -as it was the case in Sadock's and Jackendoff's models- to the Lexicon.

The lexicon has become a major component of most contemporary theories3.

3The function of Lexicon varies greatly in different theories -as stated in

[Van Valin, 1993]:

• at one extreme are the theories in which it plays little or no role, as for example in Re-

lational Grammar and Generalized Phrase Structure Grammar [Gazdar d al., 1985];

• while at the other extreme lie heavily lexically oriented theories such as Lexical

Functional Grammar -where the lexicon plays a central role with many of the phe-

nomena described by syntactic rules in other theories treated as operations on lexical

forms in the lexicon- and Head-Driven Phrase Structure Grammar;

• other theories, such as Government and Binding Theory [Chomsky, 1981] and Role
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This prominent role that lexicon has developed in much of the work in syntax

and semantics in the last years lead us to consider it as the master - this is,

the coordinator element- of our Linguistic Grammar Systems.

The master should be defined as a meta-module without axiom that would

start its work only when it has already received every string from every mod-

ule that makes up Linguistic Grammar System. Master task would be to

unify, according to its rules, every information coming from diiferent modules

in order to generate the language of the system. In this way, language of

Linguistic Grammar System would be the result of putting in correpondence

via master every structure generated by every component of the framework.

7.3 Final Remarks

Before going on with the presentation of formal definitions of Linguistic Gram-

mar System, it is worth to summarize what we have defended in this chapter

as the most suitable Grammar Systems tools for Linguistic Grammar Sys-

tems. The framework we are proposing must be understood as a Parallel

Communicating Grammar System with the following attributes:

• with CDGS as components, where each CDGS:

— has an input and an output filter;

— and is composed by several grammars.

• with separated alphabets;

• with renaming;

and Reference Grammar [Van Valin, 1993] fall somewhere between these two ex-

tremes.
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• non-centralized;

• non-returning;

• with two types of communication: request and command;

• and with the possibility of subword communication.

The above machinery could be sketched in figure 7.1.

\Gi |G2

Gn\

G!

73

G2

Gn

MASTER

Figure 7.1: Linguistic Grammar System
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Chapter 8

Formalizing Linguistic

Grammar Systems

In this chapter we will provide a fprmal characterization of the machinery we

have sketched in the previous chapter. We will proceed in the usual way by

presenting, first, definition of Linguistic Grammar Systems, second, definition

of derivation process, and finally, definition of the language generated by

the framework. We will offer a formal example in order to show how this

machinery functions, and an informal example to make clear how this formal

language device could adequately account for generation of natural language

structures.

8.1 Formal Definitions

We have defended in the above chapter that a Linguistic Grammar System

should be defined as a Parallel Communicating Grammar System with Re-

naming, whose components are not grammars but Cooperating Distributed

Grammar Systems with separated alphabets and containing input and output

filters in order to allow communication by command. All these features could

163
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be formalized as follows.

Definition 8.1.1 A Linguistic Grammar System of degree n+m, with n, m >

1 is an (n + m + 1} -tuple,

= (K, (71, II, ), (72, I2, 02), . . . , (7n, In, On),

where

• K = {Qi,..., Qn; 9i> • • • )<Zn} are çuery symbols, their indices l , . . . ,n

pointing to 71,...,7n components, respectively. Q i , . . . jQ n refers to

the whole string of i-th component, while q\,..., Qn make reference to a

substring of i-th component.

• (71, A, )) (72, Í2) 02),. • . , (7n, In, On) are '¿Tie components of the system:

— 7i = (JVi, TI, GI, . . . , Gfc, /i), is i/ie 'master' of the system, where:

* JVi is the non-terminal alphabet.

* TI is the terminal alphabet.

* without axiom.

* GT = (Ni,Ti,Pr}, for 1 < r < k, is an usual Chomsky gram-

mar, where

• NI is the non-terminal alphabet.

• TI is the terminal alphabet.

• Pr are finite set of rewriting rules over NI U TI U K U K',

where K' = {[hj, Qi] \ 1 < i < n, 1 < j < m}, and every

\hj, Qi\ is a symbol.

* f i € {*,í, ̂  fc, > fc,= fc} is í/ie derivation mode 0/71

- — 7j = (IVj, T,-, S'í, GI, . . . , Gft, /¿), /or 2 < i < n, is a CD Grammar

System where
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* NÍ is the non-terminal alphabet.

* TÍ is the terminal alphabet.

* Si is the axiom.

* Gr — (Ni,T{,Pr), for 1 < r < k, is an usual Chomsky gram-

mar, where

• NÍ is the non-terminal alphabet.

• TÍ is the terminal alphabet.

• Pr are finite set of rewriting rules over N¡ U TÍ U K U K',

where K' = {[hj, Qi] \ 1 < i < n, 1 < j < m}, and every

[hj, QÍ] is a symbol.

* fi G {*,t, < k,> k,= k} is the derivation mode 0/7,-

~ li Ç Uj=2 27; ¿ — 1 z's ^e input filter of the master.

- li Ç U"=i(N¿ U T j}*, 2 < i < n is the input filter of the i-th

component.

- Oi Ç U"=i(^- U T j}* 2 < ¿ < n ¿s í/ie oiííptíí /t/íer o/ ¿fte i-íA

component.

hj : U?=i(^Vi U T¿)* -> U?=i(-íVi U T¿)*; 1 < ;"< m are weak codes such

that:

- hj(A) = A, for A £ N

- hj(a) 6TU{A} ; fora € T

We write Vt = NÍ U TÍ (J K U K' and Vr = U?=1(JVi U TÍ) (J K (J K'.

The sets NÍ, TÍ, K, K' are mutually disjoint for any i, 1 < i < n.

We do not require NÍ H Tj = 0 /or 1 < ¿, j - < n, i ̂  j.
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Notice that in the set of query symbols, K, we have established a difference
between Qi and g; symbols. The former type of query symbols will ask for
the whole current string of the ¿-th component, whereas whenever a $ symbol
is introduced it will determine the sending of a substring of ¿-th component

(a substring that will pass the input filter of the module that has introduced
the query). In this way we are accounting for the communication of subwords
we have defended in the above chapter.

We have a distinguished component -the first one- that is considered the
master of the system. The master corresponds to the coordinator element
we have referred to in the above chapter. Notice that the master lacks an

output filter. This is so because, since it will not send any string to any
other component - remember that its only function is to coordinate strings
generated by the rest of the modules- it does not need any output filter
that licenses the exit of strings from its inside and directed to some other
component. Briefly, the master will receive several strings, but will send
none, reason why it does not need any output filter.

Notice, also, that master's input filter is defined over the big union of
terminal alphabets of components 725 • • • , 7n> this is so because only terminal
strings from the point of view of ¿-th component, with 2 < ¿ < n, will be
accepted by this coordinator element. Taking into account that the task of the
master will be to put together strings generated by the whole system, it will
need to get complete terminal strings from the difEerent modules, in such a

way that its only function will be to rewrite those strings according to its rules.
The master lacks syntactic, semantic, phonological... rules. Only specialized
components have such kind of knowledge and they are the only responsible
for the generation of syntactic, semantic or phonological structures. Those

components have the duty of sending the master terminal strings, in such a
way that the only task that remains for the master is to rewrite (lexicalize)
what the modules of the system have already generated as acceptable (always

UNIVERSITAT ROVIRA I VIRGILI 
GRAMMAR SYSTEMS: A FORMAL-LANGUAGE-THEORETIC FRAMEWORK FOR LINGUISTICS AND CULTURAL EVOLUTION 
Maria Dolores Jiménez López 
ISBN: 978-84-691-1893-1/DL: T-351-2008




