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Machine Translation and
the SYGMART System

PC. Rotf and J. Chauché

1. Differences between Formal Languages and
Natural Languages

Much of the work 1n the field of machine transla-
tion and, more generally, of computational linguis-
tics, i3 based on work in modern lingustics
{Chomsky, Montague, etc.) and in computer
science, while differences between natural lan-
guage, the linguist’s area, and formal {(program-
ming} languages, the field of computer science, are
being disregarded.

Usually this difference is defined simply as the
problem of ambiguities: natural languages are am-
biguous, formal languages (at least programming
languages) are not. We are convinced that the es-
sential differences between the two types of lan-
guages are different and that ambiguities are one
of the manifestations of these differences and not
the differences themselves.

1.1 Natural Languages Are Not Precise

Every linguist knows from experience that, when
he has constructed a grammar for a subset of a nat-
ural language, there will always be cases which are
acceptable, but which are not described by his
grammar, Computational linguists, who are usual-
ly less interested in generating than in analyzing,
generally design grammars which from a genera-
tive point of view do both too little (not all cases are
generated} and too much {a number of cases are
generated which are not looked upon as “‘gram-
matical”). The latter is not a problem: they only of-
fer correct sentences for analysis.
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Furthermore, in natural language one often
comes across constructions (for instance adjuncts)
which can oceur in various positions in sentences
(e.g., 'he went home yesterday '’ vs. “yesterday he
went home™'). So the order of sentence constituents
cannot in all cases be defined precisely.

1.2 Natural Languages Are Not Defined
In contrast to programming languages, natural lan-
guages are not defined by formal grammars. This
makes the linguist's job completely different from
that of a computer scientist. Linguists design
models for existing languages which are not de-
fined and are not even known in a less formal sense:
linguists are always debating the grammaticality
(acceptability) of sentences. This problem does not
exist among computer scientists: a grammar is
designed and this grammar determines whether or
nota “‘sentence’” is grammatical. Computer scien-
tists may have problems with the defined language
in the sense that this language does not express
adequately what they want to define or the lan-
guage they have in mind is not defined at all. The
grammar defines precisely the set of correct
sentences.

Perhaps linguists do not know their language; on
the other hand they know quite precisely large se-
ries of local phenomena.

1.3 The Notion “Sentence”

For linguists the notion *‘sentence’” is linked to a
number of demands that are put with respect to
well-formedness. This provides the possibility of
disregarding a multitude of phenomena, such asel-
liptical sentences (e.g., “Yes, itis." or "‘And for me
one of those delicious red ones that you told me
about yesterday”’), while on the other hand it gives
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rise to many probiems, as in the case of coordina-
tion and concatenation of sentences,

Whoever occupies himself with machine trans-
lation, and wants to be abie, eventually, to translate
normal, running text, will often have tolook beyond
sentence boundaries,

Writing grammars for texts seems an impossibly
difficuit task. But here, too, the following applies:
a number of relations are known, and it should be
possible to describe these relations between parts
of different sentences in a formal way. For a start,
just for the correct translation of pronouns with an-
tecedents in previous sentences, it is necessary to
be able to go beyond sentence boundaries.

2. Machine Translation: A Different Occupa-
tion for Linguists

Machine translation, as has been mentioned, i1s a
different occupation for the linguist than the de-
velopment of generative models of any natural lan-
guage. The linguist has to define the transiticn
from one (natural) language into the other. Thisis
not the same as building an analyzing grammar
and, based on the results of this grammar, a gener-
ative one.

In these activities he must have the possibility,
first, to be not precise but vague, wherever this
should be necessary; second, to be able to restrict
himself to local structures {e.g., NPs} and not al-
ways have to consider complete sentences, and
thirdly, wherever necessary to consider global
structures (e.g., pronoun reference) and not to have
to restrict himself to {complete} sentences.

Indeed, these demands are not so strange for
structuralists: it is perhaps peculiar that modern
linguists are not aware of this. In the brief space of
this section we discuss three items which are rele-
vant in this respect.

2.1 Chomsky grammars

Allthe grammars in the Chomsky hierarchy of for-
mal gramrmars {Chomsky, 1859} define a set of
strings. It has already been said that for a natural
language this may be too precise a means, since the
set is not exactly known. In the case of machine
translation it is evident that word order changes,
deletions and insertions will have to take place, in
short, that transformations are necessary. But the
transformational grammar in the Chomsky hierar-
¢hy (Type 0} cannot be used as an analyzing gram-
mar (see 2.3},

There is yet another objection agains: Chomsky
gramrmars, viz., the notion label. Concord of gen-
der, for example, and number and caze between
subject and predicate are extremely diftficult toin-
dicate by means of these labels as thev are found
inmany languages. To express these marrers, one
needs a great extension of the number of labels
and, coupled to this, an extension of the number of
rules, The resulting lowered degree of abstraction
and grammars is difficult to grasp.

Another problem of Chomsky grammars is the
expression of endless nesting and enc’2:3 coordi-
nation. Both can be expressed only by recursion,
so one has no means of discriminating betwveen the
two. A further probiem is that when applied as
analyzing grammars they can either accept or re-
ject sentences. When sentences are accepied, then
as arule the derivation(s) (treestructuras); is {are)
produced by the parser. For a translation these
trees could be a starting point (Van Bakei, 1984 is
a good example), but the other objection: remain.

In machine transiation we donot wish 1o be able
to reject anything at all: the mnput presented is
regarded as belonging to the language and has to
be translated. In computational linguistics this is
normal practice, but one does not take advantage
of this principle.

In computer science some types of grammars
have been defined with respect to a number of the
problems mentioned, such as twe-level Van Wijn-
gaarden grammars, Affixgrammars, Attribute
grammars, ATNs, etc. (for some of these and others
see Winograd, 1983). As far as linguistic activities
are occupied with precise subsets of natural lan-
guage, they are certainly worth studying, butthey
are not the most suitable for machine translation.
They all remain too precise.

2.2 Semantics and the problem of ambiguities

The greatest problem in machine translation, from
the side of Artificial Intelligence often said to be
the only problem, is usually said to be the “knowl-
edge of the world.” Scripts and/or concepts are pro-
posed as a solution to this problem. Without deny-
ing that on this level, too, there are a great many
problems, we are strongly convinced that the pre-
cise extent and nature of this problem cannot be
known until series of linguistic and algorithmic
problems have been studied in an adeguate way.
The “knowledge of the world”” problem is strongly
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The “knowledge of the world”” problem is strongiv
connected with the problem of ambiguities. It is
remarkable that ambiguous sentences are far less
frequent than is sometimes suggested: almost eve-
ry one always comes up with the same examples
and in a wider context these exampies are hardly
ever ambiguous. In other words, if one wants to
translate a text, one is confronted with local, or
rather, in terms of the process of machine transla-
tion, “‘temporary’” ambiguities. (Whenever sen-
tences are meant to be ambiguous, one normally
cannot translate them at all. So, not everything can
be translated.)

1f in the course of the translation process possi-
bly correct sentences are constructed on the basis
of all those ““temporary’’ ambiguities, this leads to
the combinatorial explosion (Barr, 1981) that has
thwarted many a research project. For the linguist,
moreover, this way of working tmplies that he must
write grammars that are precise enough to reject
ungrammatical (unacceptabie in a more intuitive
meaning) sentences as well: he must define pre-
cisely all the sentences of the language and none
other than these {our greatest objection with re-
spect to natural language processing).

Our conclusion 1s that as far as the analysis of the
source language is concerned, a method based en
possible sentences is not the right one, but a meth-
od based on sub-analyses that are really certain
must be applied.

2.3 Algorithmic notions ave linguistic notions
foo

Indesigning grammars of natural languages most
linguists have hardly been concerned with ai-
gorithmic matters with respect to the application
of these grammars. In fact, they define their lan-
guage statically, and, as has been said earlier, pre-
cisely. The assumption that a parser generator for
their grammars is sufficient to yield results analyt-
jcally seems theoretically correct, and turns out to
be incorrect only from an algorithmic viewpoint.
Type O grammars do not terminate at incorrect in-
put or in search of alternatives.

Computational linguists have for some time been
confronted with algorithmic aspects of language
definitions: even in writing context-free grammars
they often have to reckon with matters like left- or
right-recursion, because of the application of these
grammars, In more powerful grammars, certainly

'y
e

in type O, algorithmic aspects have to be reciones
with to a far greater extent; one has 1o write for the
same set of phrases quite different grammars de-
pending on the use of the formalism, e.g., Two level
Van Wijngaarden Grammar or EAG or Type 0
{Chomskv).

When grammars are used to construct sub-
analvses. without the entire input being taken into
consideration. the linguist will have to be abie to ex-
press algonthmic notions with respect to where in
the input vagueness must be exercised and where
precision, which (paris o7 grarmimars and ries ;must
iterate or not, and where recursion must be anpliec.

3. SYGMART a translator generator

The SYGMART system presents the linguist with
many possibilities to define translation systems
{Chauché et al., 1982). These translation systems
operate on the basis of tree transformational gram-
mars linked to one another in a conditional net-
work. In this section some essential features rele-
vant with respect to the foregoing, will be
discussed.

The transformation of one tree structure by
means of a succession of transformations of sub-
trees is central in SYGMART. This is accomplished
in the subsystem TELESI. Since SYGMART is a
translator generator for natural language (strings),
both a morphologically analyzing component
{called OPALE} and a morphologically generating
component (called AGATE) have been provided,
The former turns in input text {string), into a tree,
and the latter a tree into an output text (string), us-
ing grammars and lexicons. These two subsystermns
are left outside the scope of this paper, as are scores
of other facilities in TELESL. We shall restrict our-
selves to the most relevant features of the tree
transformationat component TELESL

3.1 The notions tree and label

Attheuser’s choice, TELESI uses one to maximal-
ly sixteen trees (Chauché, 1984), in which initial-
ly every tree contains the input at the leaves, ac-
cording to the conventions of OPALE. Since all the
trees entirely or partly contain the same nodes, it
is possible to define far more complex graphs on
the input than a simple tree would permit. So in
fact there are two sets: a set of points and a set of
{maximally sixteen) trees of those points, and not
all the points need occur in all the trees.
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Furthermore, there is a set of complex data {in-
stead of the traditional label) and a set of functions
from the points to the complex data: for every point
there exists a function to an element from that set
of complex data. It is not necessary for them to be
a unique element from that set for every point. In
asimple way several points can be made to have the
same complex data as their values, This is essen-
tial where co-references in natural language are
concerned and matters like Trace and Pro in
Chomskyan theory {(Chomsky, 1981},

So abstractions have been made from the notion
label as it is used by Chomsky. In the output of 5YG-
MART the trees are written in a bracket structure
and the points are numbered (these numbers are
written down as labels, as it were); the numbers re-
fer to complex data, aiso numbered. Nodes with
identical numbers have the same complex data as
their values.

3.2 Subtrees and tree pattern matching

Each one of the maximally sixteen trees of TELE-
SIis transformed by successive transformations of
subtrees. A subtree consists of an arbitrary point
with all its descendants.

The SYGMART user defines transformations by
means of matching schemes (optionally followed
by conditions with respect to the node values), fol-
lowed by an arrow (=), followed by a transforma-
tion scheme. In this the rule holds that identical
names in the structurai description of the match-
ing scheme (to the left of the arrow) and the trans-
formation scheme {to the right) represent the same
nodes, in which nodes that are mentioned on the
left, but not on the right, are deleted, while nodes
that are menticned on the right but not on the left
are new nodes.

In this frameworlkt the mechanism to write down
structuraf descriptions is essential. Traditionally
we have only brackets ('(" and *Y) to indicate depen-
dency. In SYGMART the question mark ('?') has been
added, which, in front of an opening bracket indi-
cates a possibly indirect dependency. Sisters are
separated from each other by a comma {',’). Toin-
dicate horizontal continuity {(vertical continuity is
the traditional bracket) the asterisk (*") isused. In
fact, the asterisk stands for nothing, neither
horizontally nor vertically. In this it is implied that
*(0) indicates a top, and 0(*} a leaf, while 0{A * B}
indicates that A and B are direct sisters.

Furthermore there are the operator . which
indicates an optional point, the operatcr -. which
indicates a possible inverted order on the zame lev-
el, and the operator ‘@’, which defines z sructur-
al context.

The definition of an elementary tranzZzrmation,
according to the principles described abeve, ;3 used
to construct an elementary iterative or recursive
grammar with transformational power. A recursive
network constructed from a set of such ¢izmentary
grammars defines a TELES! grammar.

It is obvious that the linguist has all th2 possibil-
ities to remain vague or to be precise, wherever this
is necessary in the structural description of his
transformations.

It has already been said that the notion ‘zbel has
been defined in a more abstract sense in SVGAMART
than in Chomsky grammars, viz., as & runction
from a pointto an element of a set of complex data,
In the transformation rules there are ample possi-
bilities for positive or negative tests on subsets of
values of these complex data, so that here. tog,
there are a great many possibilities for precision
and vagueness. With regard to words belonging to
various categories, for mnstance, it is not necessary
to construct different sentences on the basis of this
fact. So one has the means to aveid combinarorial
explosion.

Precisely because there are possibiliues for
vagueness, the linguist will have to know how the
subtrees are searched for and transforimed in TEL-
ESIL. One has to know for instance that TELE3I is
working in a paraliel way on two levels. Thus he
will have to reckon with two types of parallelism:
the TELESI trees are transformed in a parallel man-
ner and for each tree the rules are one by one ap-
plied in a parallel way on all disjunct subtrees. In
this the inguist must be familiar with the workings
of tree pattérn matching: a matching scheme is
searched for from right to left and within a subtree
found, the one occurring on the highest level.

As a consequence, structures called recursive in
linguistics have to be written down in an iterative
way, while matters such as coordination and con-
catenation can be written down in an easy way, ap-
plying some rules, usually three, one after the
other,

The knowledge base which s associated with
the TELESI grammar defines a last characteristic
of the system. Consequently a TELESI grammar {s
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dependent in its internal structure on the input
presented. Elementary grammars change their be-
havior in function of the input and its conse-
quences. This approach is not static but dynamic
because the input of the knowledge base is built in
dvnamically, based on the input of the SYGMART
system and its transformations.

The SYGMART systemn has three basic aspects.
First, the transformation of an abstract unlabeled
structure, second, the evaluation of the multiple
labeis and third, the consultation of the possibly

SGRAMMALRE .,
SENTREE: TELWRB(IL).
DELTIGEN: O(L(*),*,2(*))

large knowledge base. These three aspects are in
fact mixed and influence each other.

3.3 An example

The simple example presented here uses only one
of the sixteen possible trees. The TELES! grammar
{all the rest is left out) defines the transformation
of Dutch number names up to one million {the
grammar is designed purely for demonstration
purposes, so the extent of the lexicon is arbitrary)
into the corresponding figures and is derived from
Rolf, 1983 and Rolf, 1985.

/

2: ((VORM="Lig”)}(VORM="en"))

=> (1) /

L: L{<VORM(2)="tig :SOQRT=SOQRT{2)>).

KEEROM: O(L{*),*,2(*))} /
1: SOORT=EENHEID ;
2: SOORT=TIENTAL
= 0(2,1).

DEL_ENHO: O(L(*),*,2(*),*,3(*)) /

L: (SOORT=DUIZTAL);
2: (SOORT=EENHEID);
3: (SOORT=HONDTAL)

=> 0(1,3) /

3: J(REPR=REPR(2)).

VULOP: O(1{*),*,2(*)) /

0: (WRDSOORT=TELW)

AANW(1,2)
=> 0(1,3,2) /
3: (KENTEL(1)).

VULAAN: O{L(*),*) /[

/

1: (SOORT=DUIZTAL) | (SOORT=HONDTAL) ! (SOORT=TIENTAL)

=> 01,2 /
2: (KENTEL(1)).

DEL_DU(*(*);0(2)): OCL(*),*,2(*)) /
L: {SOORT=EENHEID))(SOORT=COMBI};

=>  0(2) /.
2-

--> STGP.
SFIN.

i 2(REPR~REPR(1)).

2: (SOORT=DUIZTAL)!|{SOORT=HONDTAL}
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The input tree for this grammar consists of one
or more number names, all of them in disjunct sub-
trees. The leaves of these subtrees contain the lex-
ical parts of the number names.

The grammar TELWRD is an iterative one (indi-
cated by I), which means that the rules are applied
iteratively one by one in the order presented here,
until no rule can be applied anymere. The first nule,
DELTIGEN, deletes all occurrences of ‘tig’ and 'en’
(English 'ty’ and 'and’ in nurnber names like ‘a hun-
dred and forty’) and next KEEROM changes the or-
der of tens and units, which are normally inverted
in Dutch. The other four rules (DEL ENHO, VULOP,
VULAAN and DEL DU} see to the insertion and ad-
ditton of zeros {e.g., in number names like ‘a hun-
dred’ and ‘one thousand and two'}and the contrac-
tion of units and thousands or hundreds {’duizend’
{'a thousand'] is 1000 and ‘drieduizend’ {'three
thousand’] is 3000 and not 31060). Note that the
grammar does not define the language of Dutch
number names, but performs the correct transla-
tion of all number names into figures.

Vagueness is exercised here so that even number
names that are incorrect (not well-formed), but are
normally well understood, are transiated correct-
ly. For example ‘vierentwintighonderd-duizend’
(English: ‘twenty-four hundred thousand’) is not
correct, but is translated by this grammar into
2400000,

4, Conclusion

Machine transiation and, more generaily, natural
language applications in computers demand much
more complex analyses, both from a linguistic
point of view and from the point of view of com-
puter science than those which are normally used
in the field of artificial intelligence.

The local approach of the analysis concerning
the topology of the terms and not restricting the do-
main of the application, which is opposed to the
majority of today’s applications, has the following
advantages:

1) TELESIgrammars are defined for all input cases
and thus always produce output,

2) They do not presuppose to know everything
about the languages concerned. Even a TELES]
grammar does not obligatorially define the
recoguition of a well-defined subset, but it de-
fines an application of the set of all phrases.

3) Obviously it is always possible to def:ne 3 sup-
plementary constraint in addition and := 0 con-
struct ali different classic applications 2. 2.: the
definition of a context-free grammar I3 zlways
possible in a TELESI grammar, as is Towers of
Hanoi).

The technical implications of the SYGMART svstem
are pointed out in Chauché, 1974 and, scmiewhat
differently, in Boitet, 1976. An applicatior. withre-
spect to the analysis of French, implemer:edina
predecessor of SYGMART, is published in Welssen-
born, 1978.
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