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AbstractThe translation quality of current machine translation systems is limited by restriction to syntacticand semantic factors. A wider range of factors, including pragmatic and discourse factors, needs to beextracted from the source text and transferred to the target text. However, correct generation of thetarget text often requires factors which are not present in the source text. One way to add these factorsis by interactive inquiries to the user.Systemic Functional Grammar (SFG) includes the necessary wider range of factors. It is also ori-entated explicitly towards the organization of choices in the values of these factors. The aim of thethesis is therefore to investigate the possible advantages in the use of SFG in machine translation. Thisinvestigation is in two parts: a survey of the theory and practice of SFG in both monolingual andmultilingual generation, with reference to related issues in machine translation, and an implementationof a demonstration prototype showing an SFG-based approach to the inclusion of the wider range offactors by interactive inquiries.The demonstration prototype is an interactive generation system, in which inquiries concerningfactors needed in the generation of complex English modal and auxiliary verb groups are presented inJapanese to a Japanese user. The necessary factors are organized as an SFG network of choices, and theinquiries are based on felicity conditions for the appropriateness of the choices. The prototype systemcan be used for iterative revision of the generated sentences, under the control of the grammar. Thissuggests an approach to knowledge-based post-editing.The thesis concludes with a brief comparison of the strong and weak points of SFG and HPSG, andconsiders the bene�ts if their strong points could be combined.
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IntroductionAims of the thesisProblems in machine translationIn his invited lecture on \Future directions of machine translation" at COLING-86, Jun-ichi Tsujiidiscussed the need for machine translation (MT) to take into account a wider range of factors in orderto achieve improvement in translation quality.\: : :We have to extract explicitly more kinds of information from source texts than deep casestructures and utilize these to compute descriptions of the target sentences." [Tsujii 1986]He described a framework for future MT systems, in which source texts are analysed into \a set ofmonolingual factors which collectively determine surface structures of source texts", and target texts aregenerated from \a set of monolingual factors which collectively determine surface structures of targettexts". These factors need to include not only syntactic and semantic factors, but also discourse factors,pragmatic factors, and further \factors of certain aspects of understanding". The transfer stage betweenanalysis and generation would need to invoke understanding processes which are required for the speci�clanguage pair.However, he also pointed out that generation of the target texts needs to use other information,which is frequently impossible to obtain from the source text.\It often happens that to determine target surface expressions requires a set of factors whichare not expressed at all in the source language: : :" [Tsujii 1986]6



Such factors occur particularly frequently in translation from Japanese to English and other Euro-pean languages, as Japanese does not express de�niteness or number of noun phrases, and regularlyomits subjects and objects of verbs. I experienced direct con�rmation of the di�culties caused by thesemissing factors, in my own work on English generation in Japanese-English MT systems (Sections 4.1.1and 4.2.1).An approach to the inclusion of the wider range of essential factors in the generation stage, followingTsujii's proposed framework, requires the following three problems to be solved:1. The de�nition of a set of factors of various aspects of meaning (semantic, pragmatic, discourse: : : )which collectively determine the surface structure of target language texts,2. The design and implementation of a method for generating the speci�c target language textdetermined by a given set of values of these factors,3. The development of new methods for correctly deciding the values of these wider factors, includingnot only analysis of the source text but also other means, such as interactive user participation.Solutions from Systemic Functional GrammarGiven these problems, Systemic Functional Grammar (SFG) has two particular attractions. First, unlikesome other theories, SFG emphasises the wider range of factors (semantic, pragmatic, discourse: : : )discussed in [Tsujii 1986]. More speci�cally, semantic factors are handled in the ideational metafunction,pragmatic factors in the interpersonal metafunction, and discourse factors in the textual metafunction(see Section 1.2.3). Second, again unlike other theories, SFG is directly orientated towards the explicitorganization of the functional choices needed to decide the values of these factors.The general aim of this thesis is therefore to investigate SFG and its use in English and multilingualgeneration, and to consider its relevance to the problems of Japanese-English and Japanese-EuropeanMT. The more speci�c aim is to show that SFG o�ers an approach to solutions for all three of the aboveproblems, as follows.By traversing a systemic grammar network (Section 1.2.1) from left to right, using an \inquirysemantics" approach (Section 2.2.2) to the choices in each system, a set of values of various factors(semantic, pragmatic, discourse: : : ) is selected. The realization rules (Section 1.2.2) for the selected7



values then generate the structures and words of the output sentence. So a systemic grammar networkde�nes a set of factors of various aspects of meaning which collectively determine the surface structure oftarget language texts. The realization rules de�ne a method for generating the speci�c target languagetext determined by a given set of values of these factors. The inquiry semantics interface de�nes theinquiries which need to be raised to obtain all (and only) the information needed to decide the valuesof these factors. In relation to the three problems enumerated above:1. The systemic grammar network provides a de�nition as in problem 1.2. The realization rules provide a method as in problem 2.3. The inquiry semantics interface provides an approach to problem 3.This correspondence between the SFG approach to generation and Tsujii's proposed approach to MTwas the motivation for the further investigation of SFG and for the development of the cross-linguisticdemonstration prototype, which form the contents of this thesis.Structure of the thesisThe thesis is divided into three parts: Part I gives a background survey of SFG and its application tonatural language generation, and a review of some related issues in machine translation. Part II describesan implemented and working prototype system which demonstrates an SFG-based approach to the threeproblems listed above, which could be applied to target language generation in Japanese-English andJapanese-European MT. Part III brie
y evaluates the prototype and the SFG-based approach, andsuggests some areas in which an exchange of ideas between SFG and other approaches might be fruitful.In Part I, Chapter 1 reviews the basic concepts of SFG on which the rest of the study is based.These include the organization of functional choices into a network, the way in which these choicesare realized in surface structure, the coverage of the wider range of factors (semantic, pragmatic anddiscourse factors), and the way in which the di�erent factors are combined in generation.Chapter 2 describes two large computational implementations of SFG applied to English generation:the USC Penman system and the Cardi� COMMUNAL system. The descriptions include the grammars8



on which the systems are based, the ways in which inquiries for functional choices are made, and theother components of the generation environment in which the grammars are embedded.Chapter 3 looks at current research on the problems involved in extending SFG-based generationfrom monolingual English to multilingual generation. Two further projects are described: the Sydneyproject on SFG-based generation of English, Chinese and Japanese, and the Darmstadt KOMET projecton generation of German, English and Dutch. The descriptions include the functional approach tomultilingual grammar sharing, the representation of multilingual grammars, and problems in handlinggrammatical gender agreement in SFG.Chapter 4 reviews some basic issues in machine translation (MT), including the important di�erencesbetween import and export translation, and the need to reduce the extreme dependence on skilledpost-editors. Some research approaches towards the idea of MT for monolingual users are described.Multilingual MT and multilingual generation are compared, as two alternative solutions to the problemsof international organizations. The survey ends with ideas for an SFG-based approach to MT.In Part II, the demonstration prototype is described. Chapter 5 gives details of the small grammarembedded in the prototype. The organization of the choice networks of the grammar is explained.Chapter 6 describes the new implementation of the grammar to meet the requirements of the demon-stration prototype. The method of representation for the grammar network and the realization rules isshown, and the implementation of the procedures is described, with extracts from key parts of the code.Chapter 7 explains the design of the Japanese interface, and its use for interactive English generation.Illustrative examples of interactive sentence revision are presented in the form of window images.Chapter 8 describes the extension of the prototype to include French and German generation. Thegrammar network is shared by the three languages, but separate realization rules were developed.Examples of multilingual sentence revision using the Japanese interface are presented.In Part III, Chapter 9 evaluates the prototype. The possibility of applying this approach toknowledge-based post-editing is considered.Chapter 10 looks at strengths and weaknesses of SFG. These are brie
y contrasted with correspond-ing weaknesses and strengths of HPSG. The thesis concludes with a brief examination of the idea ofcombining the strengths of the two theories, and the potential bene�ts of doing so.9



Part IBackground survey

10



Chapter 1Systemic Functional Grammar1.1 Origins of SFGSystemic Functional Grammar (SFG) is a major linguistic theory, which has received special attentionfrom researchers working in natural language generation. It was developed at the University of Londonby Michael Halliday, as a continuation of the work of his predecessors there, in particular that of J.R.Firth. This approach is therefore sometimes called \Neo-Firthian linguistics", or the \London school oflinguistics" [Sampson 1980] (though both Firth and Halliday came from Leeds). [Steiner 1983] gives anexcellent survey of the development of the theory. Here only a few key points in the growth of SFG willbe mentioned.Firth's predecessor at London, the anthropologist B.K. Malinowski made important contributionsto early modern linguistics from an anthropological perspective. His view of \meaning as function inContext�����VerbalContext PPPPPNon-VerbalContext�����Context ofSituation PPPPPContext ofCultureFigure 1.1: Malinowski's analysis of context11



context" was inherited by Firth and Halliday. His analysis of di�erent types of context, summarisedin Figure 1.1 (from [Steiner 1983]), was the forerunner of Halliday's division of the functional areas oflanguage into three general metafunctions (see Section 1.2.3).J.R. Firth, the founder of modern British linguistics and the �rst Professor of General Linguisticsin the UK, continued Malinowski's emphasis on a social and functional approach to language, whileestablishing linguistics as an independent discipline. It was Firth who began to use the word \system"in a new sense as a technical term, from which the name \systemic grammar" originated.\The �rst principle of analysis is to distinguish between STRUCTURE and SYSTEM. Struc-ture consists of elements in interior syntagmatic relation and these elements have their placesin an order of mutual expectancy. : : : Systems of commutable terms or units are set up tostate the paradigmatic values of the elements." [Firth 1957]Firth emphasized the need for linguistics to give equal importance to both the \anatomy" and\physiology" of language. These two aspects of language can be summarized in the list of contrastingpairs of Firthian linguistic terms in Figure 1.2.\anatomy" \physiology"chain choicesyntagmatic paradigmaticstructural systemicformal functionallogical rhetoricalFigure 1.2: The \anatomy" and \physiology" of languageFirth disagreed with the American structuralists of his time (led by Bloom�eld), because they wereconcerned only with the \anatomy" of language. For the same reason Michael Halliday, Firth's pupiland successor at London, disagreed with the American formalists (led by Chomsky). Halliday is closerto the European functionalists, such as the Prague school, from whose theory of Functional SentencePerspective he adopted the theme/rheme structure for his textual metafunction (see Section 1.2.3). Inreaction to the dominant American schools, the Neo-Firthians stressed the \physiology" of language,not because the \anatomy" is unimportant, but in an attempt to redress the balance.Whereas Firth's theory was often expressed in general terms, and his concrete examples were oftenfragmentary, Halliday developed a systematic and comprehensive theory of language, with a new termi-nology of its own. This theory, expounded in Halliday's many publications, became known as SystemicFunctional Grammar. It was called \systemic" because of his development of detailed system networks12



(see Section 1.2.1) for many areas of English grammar, and for interesting areas of other languages. Itwas called \functional" because of his development of the theory of the ideational, interpersonal andtextual metafunctions (see Section 1.2.3).One unusual aspect of Halliday's theory is his non-acceptance of morphology as a separate levelof language. He showed how in
ections could be handled by systems and realizations in exactly thesame way as clause structures. His approach here may have been in
uenced by the relatively restrictedmorphology in the two languages - English and Chinese - in which he specialised.1.2 Some basic concepts of mainstream SFGThere is no single comprehensive and authoritative textbook of SFG. [Halliday 1985] is authoritativebut explicitly only covers the functional part of SFG, not the systemic part. A number of Halliday'ssystem networks are given in Chapter 9 of [Kress 1976].The comprehensive system networks of the USC Nigel/Penman project (see Section 2.2) are baseddirectly on Halliday's publications and his personal participation in the project, but only fragmentshave been published. The examples in this section are drawn from this project, speci�cally from[Matthiessen 1991].1.2.1 System networksA system consists of an entry condition and a set of output features. There is no upper limit to thenumber of output features, but most systems have only two. The basic form of a system is shown inFigure 1.3. This system has the system name \MOOD TYPE", a single entry condition \clause", andtwo alternative output features \indicative" and \imperative". The system represents the paradigmaticclause -MOODTYPE imperativeindicativeFigure 1.3: A basic system diagram13



choice between these features, for major clauses in English.An output feature of one system may be the entry condition for another system. In this way, systemsare linked together into a system network. A fragment of a system network for the English mood systemis shown in Figure 1.4. This �gure contains three separate systems: MOODTYPE, INDICATIVE TYPEand INTERROGATIVE TYPE. The output feature \indicative" of the MOOD TYPE system is alsothe entry condition of the INDICATIVE TYPE system, so that there is a dependency between thesetwo systems: the INDICATIVE TYPE system is only entered if \indicative" is chosen as the outputfeature of the MOOD TYPE system.
clause -MOODTYPE imperativeindicative -INDIC.TYPE declarativeinterrogative -INTER.TYPE yes/nowh-

Figure 1.4: A fragment of a system network diagramIn SFG, the dependencies between systems in the network also has a more general signi�cance.The more fundamental systems occur towards the left of the network, and the more \delicate" systemsoccur towards the right of the network. This left-to-right dimension of the network is called the scaleof delicacy. [Mellish 1988] discusses this aspect of system networks in terms of incremental descriptionre�nement.More than one system may share the same entry condition. In this case, the systems are enteredin parallel from the entry condition. In the system network diagram a left curly bracket f is drawnfrom the entry condition, spanning all the simultaneously entered systems. An example is shown inFigure 1.5. 14



clause 8>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>:
PROCESS-TYPE materialmentalverbalrelationalMOOD-TYPE indicativeimperativeTHEME- markedthemeunmarkedthemeFigure 1.5: Simultaneous systemsA system may have more than one entry condition. If two or more entry conditions are conjointlynecessary for entry to the system, they are linked to it by a right curly bracket g. If any one of twoor more entry conditions is disjointly su�cient for entry to the system, they are linked to it by a rightsquare bracket ].Systems represent paradigmatic choices not only between grammatical alternatives, but also betweenlexical alternatives. The lexicon is considered as a thesaurus. There is no clear division between grammarand lexicon, and Halliday uses the term lexicogrammar to include both. In general, grammatical choicesoccur towards the left of the network, and lexical choices occur towards the right of the network. Thishas given rise to the expression lexis as most delicate grammar.The explicit description of paradigmatic choices is what distinguishes SFG from other approaches togrammar. Halliday described the choices which are available in a language as the \meaning potential"of that language. The systems show meanings, which are realized in the structures of the language aswordings (see Section 1.2.2).1.2.2 RealizationRealization rules show how the paradigmatic choices in the systems are expressed as syntagmatic chainsin the structures of the language. The process of realization can be considered as a mapping from the\physiology" to the \anatomy" of Figure 1.2, i.e. from choices to chains, from function to form.In mainstream SFG, realization rules are embedded in the system network with the output features15



clause -MOODTYPE imperativeindicative+Subject+Finite -INDIC.TYPE declarativeSubject^Finite
interrogative -INTER.TYPE yes/noFinite^Subject

wh-+WhWh^Finite
Figure 1.6: System network diagram with realization ruleswhich they realize. Figure 1.6 shows the system network fragment of Figure 1.4 with realization rulesadded. Here, the output feature \indicative" has two associated realization rules: \+Subject" and\+Finite". These are both insertion realizations. The output feature \declarative" has one associatedrealization rule: \Subject^Finite". This is an ordering realization.There are slight variations within SFG in the de�nitions, the terminology and the notations usedfor realization rules. [Berry 1977] gives a clear explanation of the types of realization and the stagesof the realization process. She carefully distinguishes the inclusion of functions from the realization ofthe functions by the insertion of elements of structure. But in mainstream SFG including the Nigelgrammar used here for illustration, these two stages are merged, giving the following main types ofrealization rules.� Insertion of a grammatical function. In Figure 1.6 \+Subject" requires the presence of a subjectwhen a clause is indicative, and \+Finite" requires the presence of a �nite verb when a clause isindicative.� Ordering of grammatical functions. In Figure 1.6 \Subject^Finite" requires the subject to precedethe �nite verb when an indicative clause is declarative.� Con
ation of grammatical functions. Figure 1.6 only shows a fragment of a system network fromthe interpersonal metafunction. Other parts of the network will insert grammatical functions16



from other metafunctions (see Section 1.2.3), such as \+Agent" in the ideational metafunction,and \+Theme" in the textual metafunction. The realization of these di�erent aspects of meaningin a single wording is achieved by con
ation of the functions (see Section 1.2.4). For example\Agent/Subject" con
ates the Agent and the Subject, and requires that they will be realized bythe same element of structure.� Preselection of features. Realization is e�ected at several successive levels, with a partial traversalof the system network for each level. For example after traversal of the clause part of the networka Subject may have been inserted, and a traversal of the noun group part of the network will thenrealize the internal structure of the Subject. Realization rules at the clause level may be used topreselect certain features, to be obligatory during traversal at the noun group level.� Exponence of an element. This type of rule requires that an element of structure is realized by aspeci�c lexical item.1.2.3 MetafunctionsHalliday developed a theory of the fundamental functions of language, in which he analysed lexicogram-mar into three broad metafunctions: ideational, interpersonal and textual. Each of the three metafunc-tions is about a di�erent aspect of the world, and is concerned with a di�erent mode of meaning ofclauses. The ideational metafunction is about the natural world in the broadest sense, including ourown consciousness, and is concerned with clauses as representations. The interpersonal metafunction isabout the social world, especially the relationship between speaker and hearer, and is concerned withclauses as exchanges. The textual metafunction is about the verbal world, especially the 
ow of informa-tion in a text, and is concerned with clauses as messages. Malinowski's in
uence (see Figure 1.1) seemsclear here: the ideational metafunction relates to the context of culture, the interpersonal metafunctionrelates to the context of situation, and the textual metafunction relates to the verbal context.In each metafunction an analysis of a clause gives a di�erent kind of structure composed from adi�erent set of elements. In the ideational metafunction, a clause is analysed into Process, Participantsand Circumstances, with di�erent participant types for di�erent process types (as in Case Grammar).In the interpersonal metafunction, a clause is analysed into Mood and Residue, with the mood element17



further analysed into Subject and Finite. In the textual metafunction, a clause is analysed into Themeand Rheme (as in the Prague School).In this job Anne we 're working with silverTheme Rheme textualMood interpersonalVocative Subject FiniteLocative Actor Process Manner ideationalFigure 1.7: Metafunctional layeringFigure 1.7, taken from [Matthiessen & Bateman 1991], shows an analysis of the sentence \In thisjob, Anne, we're working with silver" into three di�erent structures in the three metafunctions. Thiskind of diagram is called a \metafunctional layering" diagram in SFG, but the metafunctions do nothave any kind of relative \depth", rather they are di�erent dimensions.The metafunctional theory is part of the \functional" side of SFG, but it is also important in the\systemic" side of SFG. Each metafunction has a principal system in the networks for clauses, verbalgroups and nominal groups. For example the TRANSITIVITY system is the principal system for theideational metafunction in the clause network. These principal systems are shown in Figure 1.8, takenfrom [Matthiessen & Bateman 1991].ideational interpersonal textualclause TRANSITIVITY MOOD THEMEverbal group TENSE MODALITY VOICEnominal group MODIFICATION PERSON DETERMINATIONFigure 1.8: Principal systemsAn important theoretical point is that in general, in the system networks, the systems within eachmetafunction are closely interconnected, but are largely independent of systems in the other metafunc-tions. System interconnections across metafunctions are rare. This is illustrated in Figure 1.9, takenfrom [Matthiessen & Halliday to appear].In this network fragment, there are normal dependency relationships within the MOOD region of theinterpersonal metafunction, between the MOOD-TYPE and INDICATIVE-TYPE systems and betweenthe INDICATIVE-TYPE and INTERROGATIVE-TYPE systems, and there is also a further intercon-nection: the TAGGING system can be entered either from the imperative feature of the MOOD-TYPE18



clause
8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

PROCESS-TYPE materialmentalverbalrelational 8>>>>>>>>>>>>>><>>>>>>>>>>>>>>: -RELATIONTYPE circumstantialpossessiveintensive-RELATIONALAGENCY equativeascriptive
MOOD-TYPE indicative -INDIC.TYPE declarativeinterrogative -INTER.TYPE yes/nowh-imperative -TAG-GING untaggedtaggedTHEME- markedthemeunmarkedtheme textual:THEME

interpersonal:MOOD
ideational:TRANSITIV-ITY

Figure 1.9: Independence of metafunctionssystem or from the declarative feature of the INDICATIVE-TYPE system. But there are no intercon-nections at all between the MOOD region of the interpersonal metafunction and the TRANSITIVITYregion of the ideational metafunction.1.2.4 Con
ationAlthough there is a high degree of independence between the three metafunctions on the level of paradig-matic choice systems, the process of realization combines the paradigmatic choices from all three meta-functions into a single realization on the level of syntagmatic chain structure. This process of mergingin realization is performed by a speci�c realization operation called con
ation.The con
ation operation is preceeded by insertion operations, which insert grammatical functions asa step in the realization of paradigmatic choices in the three metafunctions. For example, certain choices19



in the systems of the ideational metafunction are realized by the insertion of the grammatical functionActor, other choices in the systems of the interpersonal metafunction are realized by the insertion of thegrammatical function Subject, and other choices in the systems of the textual metafunction are realizedby the insertion of the grammatical function Theme. The con
ation operation then combines thesegrammatical functions in various ways, speci�ed by the realization rules for further choices made in theinterpersonal and textual metafunctions. This is illustrated in Figure 1.10 (taken from [Halliday 1985]).(a) I caught the �rst ballThemeSubjectActor(b) I was beaten by the secondTheme ActorSubject(c) the third I stoppedTheme SubjectActor(d) by the fourth I was knocked outTheme SubjectActor Figure 1.10: Di�erent con
ationsIn Figure 1.10 example (a), all three grammatical functions are con
ated into a single element ofstructure: Subject, Actor and Theme are all realized by the same element \I". This is the unmarkedcase in English, an active declarative clause. In example (b), the two grammatical functions Subjectand Theme are con
ated, and again realized by the element \I", but Actor is not con
ated with themin this passive clause. In example (c), Subject and Actor are con
ated, but not together with Theme.Although the clause is active, a marked theme has been chosen in the textual metafunction. In example(d), Theme and Actor are con
ated, but not with Subject. The clause is passive like (b), but this timethe Actor is thematized.
20



1.3 Textual coherence and cohesionOne of the strong areas of SFG research is in aspects of language which concern complete texts asopposed to single sentences. In contrast to the formalist approach, which views the sentence as thebasic unit in linguistic analysis, SFG does not consider the sentence to be a particularly important unit.In SFG, the clause is the most important unit in grammatical analysis, but clauses are sub-units oftexts. Texts have textual features, functions and structures of their own, which a�ect the clauses andclause complexes which occur within them.Texts are analysed in SFG in terms of �eld, tenor and mode, corresponding respectively to theideational, interpersonal and textual dimensions of the metafunctional theory. Di�erent text types areanalysed in SFG work on genre, including studies of register variation. The typical structures of di�erenttext types are described in terms of their generic structure potential.Unfortunately, although SFG has a lot to say about the many issues involved in textual structure,coherence and cohesion [Halliday & Hasan 1989], these issues lie outside the scope of this thesis. Thedemonstration prototype, which is concerned with cross-linguistic user interaction in multilingual gen-eration, generates only single clauses. Therefore text-level issues will only be mentioned brie
y in thisbackground survey, despite the fact that for some of the projects described these issues are of funda-mental importance.
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Chapter 2Text generation2.1 Generation with SFG2.1.1 Parsing-oriented versus generation-oriented grammarsMost of the grammatical theories and formalisms used in computational linguistics (such as LFG, GPSG,UCG and HPSG) have been developed as part of the intensive work on natural language analysis andparsing over the past two decades, based on a formal rather than functional approach to grammar. Theparsing-oriented perspective and the form-oriented approach of these formalisms go together naturally.The starting point for parsing is a given input string, and the task is to produce from the surface formsof the string an appropriate analysis into syntactic structures and semantic contents using a grammar.The starting point for their theorizing is that a language is a set of strings, and a grammar is a set ofrules which specify those strings and the structures which are to be derived from them by analysis. Thegrammar formalisms therefore typically emphasise the surface properties of the strings. For example,emphasising word order, linear precedence information is (or was) typically included in phrase structurerules, and concatenation is typically the only string operation.More recently, some of these formalisms (such as UCG and HPSG) have been applied seriously togeneration. The emphasis has been on the importance of a declarative approach to grammar develop-ment, so that the grammar can be used not only for parsing but also \backwards" for generation. Oneof the problems in generation with these approaches is that the logical form used as the starting point22



for generation is typically under-speci�ed in interpersonal and textual information. This is discussedfurther in Sections 10.2.1 and 10.2.2.By contrast, SFG has been applied mainly in the development of text generation systems, and isbased on a functional approach to grammar. This generation-oriented perspective and function-orientedapproach also go together naturally. The perspective of SFG is that the starting point for generation isa functional grammar representing a language as a network of choices, and the task is to produce fromit an appropriate synthesis into a structure and hence a string (a \wording"). The starting point fortheorizing is that a language has a set of functional choices, and a grammar is a network of systemswhich specify those choices, plus realization rules which produce the appropriate wordings. The set offunctional choices of a language is called by Halliday the \meaning potential" of the language.SFG-based systems, especially the USC Nigel/Penman system (see Section 2.2), have made a majorcontribution to the development of the �eld of natural language generation in the past decade, but onlya few rather experimental attempts have been made to use SFG for analysis. These are surveyed in[O'Donnell 1992]. Two interesting approaches to running SFG \backwards" for parsing, emphasising adeclarative approach to grammar development, are based on the representation of SFG in the FUG andTFS formalisms. This is discussed further in Section 10.2.3.2.1.2 Structure-driven versus grammar-driven generation algorithmsIn text generation systems, a distinction is usually made between strategic generation (what to say) andtactical generation (how to say it). Many systems divide these functions into two separate modules, atext planner and a surface generator. The text planner is executed �rst, and the resulting text plan isthen passed to the surface generator for realization. The interface is usually some version of a logicalform representation of semantic content.This separation gives the usual bene�ts of modularization, breaking down the overall generationproblem into smaller parts, but it creates a double-sided problem of how to match the linguistic coverageof the two components. One side of this problem is how to guarantee that the surface generator includesthe linguistic resources necessary to realize the given text plan, and does not simply fail. The other sideof the problem is what to do when the surface generator's grammar generates more than one outputstring from a given logical form. Both sides of the problem arise because the generation algorithm is23



driven by the structure of the logical form, and searches the grammar for rules which match the currentsubstructure. If there is no matching rule, the generator fails, and if there is more than one matchingrule, the generator produces more than one output (or somehow has to select one of the rules).In SFG-based systems, the generation algorithm is driven by the grammar, organized as a network,not by a logical form. The grammar network is traversed, the output feature from each system decidingwhich system or systems must be entered next. Therefore exactly one output will always be produced.The range of possible outputs corresponds to the \meaning potential" of the given grammar.The problem in the SFG approach is therefore a di�erent one: how to make the choices in all thesystems. The choices have to be the \correct" ones, to express the content of the text plan, and to conveythe correct communicative intent. The Penman project approached this problem by developing theinquiry semantics or chooser/inquiry interface (see Section 2.2.2). The COMMUNAL project initiallyintended to use felicity conditions, but has recently developed predetermination rules as a basis for thechoices (see Section 2.3.2). My demonstration prototype simply presents the choices interactively to theuser, but does this cross-linguistically, with brief canned-text paraphrases in the user's language, whichis di�erent from the languages being generated (see Section 7.2).The choices have to come from somewhere outside the surface generator (the systemic grammar plusthe traversal algorithm), from the environment in which it is used. The design of SFG-based generationsystems has in fact followed the approach of building the lexicogrammar �rst and then using its demandsfor choices to infer how its environment should be organized to enable the correct choices to be made.This approach to the design of generation systems is described in [Matthiessen 1987].2.2 The USC Nigel/Penman systemThe Nigel/Penman system is the principal example of a fully-developed SFG-based generation system. Itwas developed at the University of Southern California Information Sciences Institute (USC/ISI) duringthe 1980's under the leadership of Bill Mann, with major contributions by Christian Matthiessen, SandraThompson, John Bateman, Robert Kasper, Eduard Hovy and others. Halliday's personal participationin the development of the Nigel systemic grammar, around which the Penman generation system wasbuilt, made this the \mainstream" SFG implementation.24



As well as being possibly the biggest and most signi�cant English generation system so far im-plemented, the Penman system has been the basis for other important developments in NLG. Mann,Thompson and Matthiessen's work on Rhetorical Structure Theory (see Section 2.2.4) at USC/ISI grewout of their work on the Penman project. Following Bateman's move to Darmstadt and Matthiessen'smove to Sydney, their collaborating projects used Penman as the starting point for development ofSFG-based generation systems for languages other than English, and for research on grammar-sharingand parallel multilingual generation (see Section 3.1).2.2.1 The Nigel grammarThe heart of the Penman generation system is the Nigel systemic grammar of English [Matthiessen 1988].It contains over 600 systems, starting with the RANK system which selects from the rank scale: clause,group, word or morpheme. However, Nigel is mainly a grammar of the clause and the group. At thebottom of the rank scale, at the word and morpheme levels, Nigel does not have the uni�ed lexicogram-mar of pure SFG theory (lexis as most delicate grammar - see Section 1.2.1). Instead there is a separatelexicon, which also includes a morphological system. At the top of the rank scale, at the clause level,Nigel covers clause complexes of two clauses in paratactic or hypotactic relation, but higher-level andmore complex structures are handled outside Nigel by the RST system (see Section 2.2.4).The systems in Nigel's grammar network take the form described in Section 1.2.1. During generation,the network is traversed iteratively and serially, proceeding generally down the rank scale (but with rankshift for clauses embedded in groups). When the output of a system satis�es the entry condition of twoor more systems, they are added to a list of waiting systems, from which one is selected at random. Thevarious operations in Nigel's realization rules are described in Section 1.2.2. Realization rules attachedto an output feature are executed immediately the feature is chosen, except ordering rules which arecollected and executed later.The Penman system is implemented in Common Lisp, and the Nigel grammar is written in a Lisp-like notation. The grammar fragment shown earlier in Figure 1.6 is written as follows. (This example isadapted from [Teich 1992b] to match Figure 1.6. It includes choosers which are described in Section 2.2.2below. The network diagram for this fragment, with the choosers incorporated, is shown in Figure 2.1below). 25



(system:name MOOD-TYPE:inputs CLAUSE:outputs ((INDICATIVE (INSERT SUBJECT) (INSERT FINITE))(IMPERATIVE)):chooser MOOD-TYPE-CHOOSER:region MOOD:metafunction INTERPERSONAL)(system:name INDICATIVE-TYPE:inputs INDICATIVE:outputs ((DECLARATIVE (ORDER SUBJECT FINITE))(INTERROGATIVE)):chooser INDICATIVE-TYPE-CHOOSER:region MOOD:metafunction INTERPERSONAL)(system:name INTERROGATIVE-TYPE:inputs INTERROGATIVE:outputs ((YES/NO (ORDER FINITE SUBJECT))(WH (INSERT WH) (ORDER WH FINITE))):chooser INTERROGATIVE-TYPE-CHOOSER:region MOOD:metafunction INTERPERSONAL)2.2.2 The chooser/inquiry interfaceTo generate with a systemic grammar, a choice must be made in each disjunctive choice system duringgrammar network traversal. In SFG theory, these choices are made implicitly by speakers in orderto express their communicative intent, but for a computational implementation an explicit formaliza-tion of the choice mechanism is necessary. For Penman, Mann developed the inquiry semantics orchooser/inquiry interface [Mann 1983].Each choice system has an associated procedure called its chooser, which traverses a decision treefrom its root to a single leaf node. The leaf nodes of the tree are the possible choices, and the geometryof the tree is arranged so that the branching nodes are simple binary decisions. Each branching node hasan associated inquiry, which obtains information from the external environment in which the grammaris embedded. The chooser then selects which branch to take according to the reponse to the inquiry(see Figure 2.1, from [Matthiessen & Bateman 1991]).Figure 2.1 shows the contrast between the grammatical terminology (\indicative"/\imperative")used in the labels on the system networks and the functional terminology (\command?") used in the26



clause -mMOODTYPE imperativeindicative+Subject+Finite -mINDIC.TYPE declarativeSubject^Finite
interrogative -mINTER.TYPE yes/noFinite^Subject

wh-+WhWh^Finite
Command?'& $% Question?'& $% Polarity?'& $%

Figure 2.1: System network diagram with choosers and inquiriesinquiries raised by the choosers. This contrast is discussed further in the description of the COMMUNALproject in Section 2.3.1.The applicability of the inquiry semantics approach to multilingual generation and export machinetranslation is discussed later in Section 4.4.2.2.3 Upper Model and SPLIn the Penman generation system, the Nigel grammar is embedded in an environment which includesan Upper Model. An Upper Model is a particular domain model developed inside a general taxonomy,which is itself based on an ideational grammatical semantic typology for English known as the \Bloom-ington Lattice". Whereas most knowledge bases in AI applications are claimed to hold non-linguistic\propositional" knowledge, organized according to some apparently non-linguistic principles (logical orpsychological, physical or metaphysical), the Upper Model in Penman re
ects English lexical semantics(in fact, English lexicogrammatical semantics). But since it is a domain model, it re
ects the ideational27



metafunction (see Section 1.2.3). To distinguish it from the AI type of knowledge base, and becausethe interpersonal and textual metafunctions are usually not included, the Upper Model is called theideation base.Penman can be run interactively, in which case the inquiries are presented to the user as shortnatural language queries. But usually it forms part of some text generation application, in which casethe interface between the application and the generator is the Sentence Plan Language (SPL). TheSPL input includes not only ideational content but also interpersonal and textual speci�cations. Theideational content refers to the Upper Model, mainly by mapping referents from the ideation baseonto ideational grammatical functions (such as Actor). The interpersonal and textual content speci�esappropriate responses to the inquiries which will be raised by the generator.A simpli�ed example of an SPL expression, from [Matthiessen & Bateman 1991], is:(p1 / class-ascription:domain (A2 / adder:identifiability-q identifiable):range (B1 / binary-operator:identifiability-q notidentifiable))Here Domain and Range are ideational grammatical functions, mapped to \adder" and \binary-operator" from the Upper Model. Identi�ability-Q is the inquiry raised by the chooser of the IDEN-TIFIABILITY system, which has the two alternative output features identi�able and notidenti�able.Given a full version of this SPL input (with speci�cations needed for choice of tense, mood, etc.) Penmanwill generate the sentence \The adder is a binary operator".2.2.4 Rhetorical Structure TheoryThe highest-level rank in the Nigel grammar is that of clause-complex, which handles the relationshipbetween main and subordinate clauses or between co-ordinated clauses. The work of Thompson, Mannand Matthiessen on higher-level text structures led to the development at USC/ISI of Rhetorical Struc-ture Theory (RST). Originally RST was developed as a descriptive theory for use in the analysis of texts[Mann & Thompson 1988]. Subsequently Hovy developed a constructive version of RST for use in textgeneration [Hovy 1988].Although developed as part of the work of the Penman project, RST is not part of SFG theory, whichhas other approaches to text structure [Halliday & Hasan 1989]. Recently text generation researchers28



using various approaches have adopted RST, without necessarily adopting SFG. Some researchers havecombined SFG and RST approaches, for example using system networks to build RST paragraph trees[Vander Linden et al. 1992]. Unfortunately, these areas lies outside the scope of this thesis.2.3 The Cardi� COMMUNAL systemThe COMMUNAL English generation system has been developed at the University of Wales Collegeof Cardi� by a team led by Robin Fawcett. Unlike most other current SFG-based generation systems,it is not directly based on the Nigel/Penman system. An early version of Fawcett's approach is fullypresented in [Fawcett 1980].2.3.1 The Genesys grammarThe heart of the COMMUNAL system is the Genesys systemic grammar of English. Genesys containsabout 600 grammatical systems, and is therefore of broadly similar size to Nigel. All other systemicgenerators (apart from those which are directly based on Nigel) are much smaller.A small fragment of Genesys, extracted and modi�ed to be free-standing as a coherent and fairlycomplete (within its stated coverage) mini-grammar for English modal and auxiliary verbs, was publishedas an appendix to [Fawcett 1988]. This mini-grammar, which is described in Chapter 5, was used as thebasis of the demonstration prototype system for interactive Japanese-European generation described inPart II.Functional level of the system networkSome systemic linguists, particularly Hudson in his earlier publications such as [Hudson 1971], concen-trated more on the syntactic structures of language and less on the social and functional aspects, in anapproach which was in
uenced by the dominant American formalist school. System networks were usedprimarily as a representation for the classi�cation of syntactic structures and the variations betweenthem. In this approach, the mapping between the systemic choices and their syntactic realizations wasmore direct, and the labels on the systems used a more syntax-oriented terminology.Fawcett, by contrast, has concentrated more on the cognitive and social functions of language29



[Fawcett 1980]. He uses system networks primarily as a representation of these functions, at an in-dependent, functional level. This requires a more complex mapping from the systemic choices at thisfunctional level to their realizations at the level of form. In this approach, the labels on the systems usea more function-oriented terminology.Mainstream SFG, following Halliday, considers the system network as a representation of semanticand functional choices, which are often related fairly directly to alternative syntactic structures. Wherethe mapping is direct, syntax-oriented labels are used, and where it is not, function-oriented labels areused.
-MOOD directiveinformation - giverseeker - seeking polarityseeking new content
Figure 2.2: System network diagram with functional labelsAn example of the more functionally-oriented labelling used on system networks in the Genesysgrammar is shown in Figure 2.2, adapted from [Tucker 1989]. This shows the same choice systems asFigure 2.1 from the Nigel grammar. In Genesys, the alternatives are labelled \information"/\directive",rather than \indicative"/\imperative", (information-)\giver"/(information-)\seeker", rather than\declarative"/\interrogative", \seeking polarity"/\seeking new content", rather than \yes/no"/\wh-".Comparison of these fragments shows the similarity between the functionally-oriented labelling ofthe system network in Genesys and the functionally-oriented terminology of the inquiries in Penman(\Command?", \Question?", \Polarity?"). Whereas in Penman the inquiries at the functional level areseparate from the Nigel system network at the grammatical level, in COMMUNAL the Genesys system30



network is itself the representation of the choices at the functional level.The functional labelling adopted for the systemic choices in the Genesys grammar was helpful whenthis approach was applied to the cross-linguistic interface in the demonstration prototype, as describedin Section 7.1.Separation of realization rulesIn Genesys the realization rules are not embedded in the system network with the output features whichthey realize. They are more complex than in Nigel, and are organized separately. The reason for thegreater complexity is the functional level of the Nigel system network: a more complex mapping isrequired from this functional level to the level of form than is required from the grammatical level inNigel.The greater complexity of this mapping takes the form of complex conditions in the Genesys real-ization rules. The rules are similar to the production rules used in expert systems, with a left-hand side(LHS) stating a set of conditions and a right-hand side (RHS) stating a set of actions to be taken onlyif the set of conditions is true. The LHS consists of conditional features, each of which is \true" only ifthe named feature has been selected as an output feature in the traversal of the system network. Theconditional features are combined into complex conditions by the Boolean operators NOT, AND andOR.The features selected during a traversal of the system network are collected into a selection expression.The process of realization takes place after the network traversal, and consists of checking the truth ofthe LHS complex condition of each realization rule against the set of features in the selection expression,and executing the RHS set of realization operations if the complex condition is true. The realizationoperations are basically similar to those of Nigel, described in Section 1.2.2, and can include re-entryoperations which cause a further traversal of the system network to �ll substructures within the structurebeing realized.The separation of the realization rules from the system network, adopted in Genesys for monolin-gual English generation, was helpful when this approach was applied to multilingual generation in thedemonstration prototype, as described in Section 8.1.31



Starting structuresAlthough the realization operations in Genesys are basically similar to those in Nigel, there is a di�erencein the approach to word order. In Nigel, the ordering operation speci�es that two grammatical functionswill be realized as adjacent elements of structure, one preceeding and the other following. The overallordering of a complete series of elements forming a larger structure is worked out from the composition ofthese pair-wise orderings. In Genesys, an array of numbered slots called a starting structure is prede�nedfor the larger structure, and the ordering operation for an element speci�es which slot it is to �ll.In the very restricted mini-grammar used for the demonstration prototype, the starting structurefor Clause has only 9 slots, as described in Section 5.2. In the full Genesys grammar, the startingstructure for Clause has over 100 slots. This use of Fortran-like arrays with numbered positions seemsinappropriate in natural language processing, where the use of recursive operations on data structureslinked by pointers has been so successful in handling both potentially in�nite and potentially emptystructures elegantly. However, the SFG approach to constituency uses ranked constituent analysis ofrelatively 
at and wide structures, as described in [Halliday 1985] Section 2.2, rather than the immediateconstituent analysis of the dominant American formalist approach, so the use of �xed starting structuresis not totally inappropriate.Some of the slots in starting structures are marked as the default positions for speci�c elements.When an element is to �ll its unmarked position, the explicit ordering operation can be omitted, onlythe insertion operation is necessary. In this way, starting structures hold some of the information whichis explicitly stated in linear precedence rules in other approaches.Probabilities and preselectionsThe output features of the choice systems in Genesys have probability values. The probability valuesare used to weight the choices in random generation, which can be started either from initial entry orfrom a point where some choices have already been made, to check or demonstrate the behaviour of thesystem.The Nigel grammar includes preselection as one of its realization operations. During a traversalof the system network at a given rank (such as clause rank), the realization rules for a grammaticalfunction at that rank may request a subsequent traversal of the network at another rank (such as group32



rank) to select the features for the grammatical function and realize its structure. The realization rulesfor the grammatical function (such as Actor) may preselect some of the features (such as noun group,animate) to be selected in the subsequent traversal.The Genesys grammar has a more sophisticated approach to preselection. When a realization rulerequests a re-entry to the network to \�ll" a grammatical function, the probability values to be usedduring the re-entry may be set to appropriate new values. Appropriate sets of probability values arede�ned in preferences subrules for speci�c grammatical functions, such as Agent. An example of thesubrule for Agents is given in [Fawcett 1992b] as follows:"Ag_preferences_subrule":for "Ag" prefer [thing,99% count / 1% mass,99% concrete / 1% abstract,99% living / 1% non_living,99% creature / 1% plant,98% human / 2% non-human,99% whole_human / 1% part_human],for "Ag" re_enter_at thing.The absence of a probability value for the feature thing at the beginning of the list indicates thatthis feature is preferred absolutely, i.e. its probability value is to be 100%. The assignment of absolutepreference to a feature is equivalent to preselection in Nigel. The assignment of relative preferences issimilar to Wilksian preference semantics. A feature may also be inhibited for a given re-entry to thenetwork, by setting its probability value to zero, while still permitting a choice to be made among theother output features in the choice system containing the inhibited feature.Implementation and grammar representationThe COMMUNAL project is implemented in POPLOG Prolog. In contrast to the Lisp-like represen-tation used for Nigel, the Genesys grammar is written in a Prolog-like notation. The system networkfragment shown in Figure 2.2 is written as follows, adapted from [Tucker 1989]:MOOD -> 90% information / 10% directive.information -> 30% seeker / 70% giver.seeker -> 50% seeking_new_content / 50% seeking_polarity.33



2.3.2 Felicity conditionsAs described in Section 2.1.2, the key problem in the SFG-based approach to generation is how to makethe choices in all the choice systems. The systems specify the choices in terms of what the alternativesare, and the network speci�es whether and when a choice is required in terms of the dependenciesbetween systems. But the actual decision as to which alternative is the correct one has to come fromsomewhere outside the system network.In Nigel, as described in Section 2.2.2, the approach to this problem is to have a decision tree foreach system in its chooser, and to raise a functionally-oriented inquiry for each branch in the chooser.The response to the inquiry can come from another component of the overall Penman system, or it canbe speci�ed in advance in the input Sentence Plan Language (which may be the output from anothercomponent), or it can come from a human user when the system is used interactively. Many of theinquiries have a brief canned-text natural language form which can be displayed to clarify the choice toa human user.In Genesys, as decribed in Section 2.3.1, the approach to this problem is to have functionally-orientedsystems, so that the system network itself is a decision tree. It was, however, also originally intended thatevery choice would be given an associated felicity condition, which could be used by other componentsof the overall COMMUNAL system to decide on the correct choice. Many systems were given felicityconditions, in brief natural language form, which can be displayed to clarify the choice to a human userwhen the system is used interactively.Although the chooser/inquiry interface in Nigel and the use of felicity conditions in Genesys arenot identical, they both include the possibility of using brief canned-text natural language to enable ahuman user to make functional choices interactively. This approach was adopted in the demonstrationprototype described in Part II, with the di�erence that the felicity conditions are displayed in a di�erentnatural language (Japanese) from the language generated by the system, as described in Section 7.1.Recently, the COMMUNAL project has investigated the use of complex algorithms which applyweightings to factors from di�erent components of COMMUNAL in order to predetermine the systemicchoices. This recent work is described in [Fawcett 1992a].34



2.3.3 Dialogue Model and other componentsCOMMUNAL di�ers fromPenman in being orientated more speci�cally towards dialogue, while Penmanis orientated more towards the generation of written texts. In SFG this is a distinction of mode,as mentioned brie
y in Section 1.3. In Genesys the MODE system has two output choices: spokenor written. In spoken mode, the realizations include prosodic features and intonation patterns. TheCOMMUNAL approach to written texts is in fact to consider them as \extended monologues" in writtenmode.The Genesys grammar is embedded in the overall COMMUNAL system together with other compo-nents, just as Nigel is embedded in the overall Penman system. However, the di�erence in orientationis re
ected in the overall system. Penman's Upper Model is primarily an ideation base, and the in-terpersonal and textual factors are added explicitly in SPL statements, as described in Section 2.2.3.COMMUNAL, on the other hand, includes a Belief System as an ideation base, an Addressee Model forinterpersonal factors, and a Discourse Model for textual factors.The Discourse Model combines Rhetorical Structure Theory with a Systemic Flowchart Model ofdialogue structure. This is described in [Fawcett 1992c], but lies outside the scope of this thesis.
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Chapter 3Multilingual generation3.1 The importance of multilingual generationMultilingual aspects of natural language processing have been the subject of much research in the �eldof machine translation, and have also been addressed in the �eld of database interfaces, but most workin the �eld of text generation has been restricted to monolingual systems, almost all for English.However, there are important practical reasons for developing systems which can generate equivalenttexts in several languages in parallel. International organizations like the EC and the UN need to producelarge quantities of equivalent administrative documents on a regular basis in a �xed set of o�ciallanguages. International companies need to produce equivalent product documentation in various setsof languages, especially for uni�ed but multilingual market areas such as the EC.These requirements are currently addressed by large-scale translation operations, but it is question-able whether translation is the right approach for these requirements. This question is discussed inSection 4.3. When all the documentation needs to be newly created in all the required languages, andwhen all the languages have equal status (so that there is no original document in one language whichis \primary" or more \authentic" than the others), it seems more appropriate to generate all the textsat the same time.In the case of the drafting of administrative documents, the source of informationmay be the recordedminutes of many separate committee meetings or legislative sessions, which may have taken place invarious di�erent languages which happened to be convenient for the meetings. Documents based on this36



information then need to be drafted in all the o�cial languages of the organization, following establishedstandards and conventions for the document type. In the case of product documentation, the sourceof information may be a technical design database created during product development as part of aComputer-Aided Design process. A range of documents then needs to be produced, for widely-di�eringpurposes (installation instructions, user guides, reference manuals, marketing literature, etc.), in thelanguages of the intended markets.3.2 The Sydney multilingual SFG projectA group at the University of Sydney, led by Christian Matthiessen, are currently developing an SFG-based approach to multilingual generation. They have deliberately chosen to work with three languages- English, Chinese and Japanese - from three di�erent language families, in order to establish a soundtheoretical basis and methodology for the research, without taking advantage of the structural simi-larities between related languages. Following the functional approach of SFG, the project is based onidentifying functional commonality across languages, rather than structural commonality. The researchincludes work on grammar sharing in SFG.3.2.1 Grammar sharingOther researchers, approaching grammar sharing from a uni�cation-based perspective, have investigatedtechniques for sharing syntagmatic, syntactic and structural descriptions of di�erent languages. Forexample, [Kameyama 1988] describes a process of \grammatical atomization" based on generalizationof feature structures and uni�cation of grammatical templates composed by multiple inheritance in aninheritance lattice. The focus of this research is \the syntactic well-formedness of nominal expressions"and \grammatical agreement, and word order types" [Kameyama 1988].The Sydney research, by contrast, approaching grammar sharing from a functional perspective,is investigating techniques for sharing paradigmatic, semantic and systemic descriptions of di�erentlanguages. The focus is \common functionality based on text in communicative context : : :manifestedin the paradigmatic, strategic organization of the resources of (a) stratum in the �rst instance and onlysecondarily in the tactic organization of the structural realization" [Bateman et al. 1991b].37



3.2.2 Multilingual system networksAn example of the representation of common functionality in shared system networks is given in Fig-ure 3.1 (adapted from [Bateman et al. 1991b]). This shows a fragment of the MOOD systems for Englishand Chinese. It di�ers from the monolingual fragment for English given in Figure 1.4 by the use of dou-ble lines for the MOOD-TYPE, INDICATIVE-TYPE and INTERROGATIVE-TYPE systems, to showthat they are shared by both English and Chinese, and by the addition of a box containing two furthersystems, POLARITY-TYPE and TAG-TYPE, which are required for Chinese but not for English.
--MOODTYPE imperativeindic-ative --INDIC-ATIVETYPE declarativeinterrog-ative --INTER-ROG.TYPE wh-yes/no -POLAR-ITYTYPE tagparticleChinese -TAGTYPE �nalmedial

Figure 3.1: A fragment of a shared system network for English and ChineseWhen Japanese is added, the shared network fragment is represented as in Figure 3.2 (adaptedfrom [Bateman et al. 1991b]). The triple lines show that English, Chinese and Japanese share threecommon systems. The double lines and the language identi�ers in the box around POLARITY-TYPEshow that this system is shared by Chinese and Japanese but not English. The single lines and singleidenti�er show that the TAG-TYPE system is speci�c to Chinese. A new system, PROJECTION-TYPE, which is speci�c to Japanese, is added in a box with a Japanese-only identi�er. In Japanese,other-projected information, which a speaker has heard from another source, is realized by the sou desuform, in distinction to speaker-projected information, when the speaker is the original source, which is38



realized by the unmarked form.
---MOODTYPE imperativeindic-ative ---INDIC-ATIVETYPE declarativeinterrog-ative -PROJECTIONTYPE other-projectedspeaker-projectedJapanese---INTER-ROG.TYPE wh-yes/no --POLAR-ITYTYPE tagparticleJapanese, Chinese -TAGTYPE �nalmedialChinese

Figure 3.2: A fragment of a shared system network for English, Chinese and Japanese3.2.3 Multilingual realization rulesThe diagrams do not include realization statements. In the monolingual Nigel grammar, realizationstatements are normally shown in the network diagrams alongside the features which they realize, asin Figure 1.6. However, in the diagrams for multilingual networks, this practice has been dropped.Although such di�erent languages as English, Chinese and Japanese share common functionality exten-sively, the structural realizations are typically quite di�erent. Therefore the realization rules are set outseparately for human readability (as in the COMMUNAL project).In the computational implementation, the realization rules are still embedded inside the system de�-nitions. As the realizations are generally di�erent for the di�erent languages, language identi�ers need tobe added to most of the realization statements. As the languages also di�er in which systems are applica-ble, language identi�ers also need to be added to many system de�nitions. The grammar representationtherefore becomes quite complex. This is illustrated by one small example from [Bateman et al. 1991b]:39



(system:name (:chinese :japanese POLARITY-TYPE):inputs polarity:outputs( (tag:chinese (insert Tag):japanese ((expand Process Positive Negative)... ))(particle:chinese (lexify Interrogator ma):japanese (order-at-end Interrogator)) ):chooser POLARITY-TYPE-CHOOSER)3.3 The Darmstadt KOMET systemA group at Gesellschaft f�ur Mathematik und Datenverarbeitung (GMD)/Integrated Publication andInformation Systems Institute (IPSI) in Darmstadt, led by John Bateman, are working on the KOMETsystem for generation of German and multilingual text. Although Penman was the main startingpoint for development of the KOMET system, the German grammar, documented in [Teich 1992b], isstrongly in
uenced by Fawcett's work. This is the result of close collaboration with the Eurotra-D groupat Saarbr�ucken, led by Erich Steiner, who used Fawcett's approach to semantic relations in their workon German in the Eurotra and CAT2 frameworks, as described in [Steiner et al. 1988].3.3.1 Grammatical gender agreementThe KOMET work on SFG-based generation of German has investigated areas which have been relativelyneglected in previous computational implementations of SFG. Unlike English, Chinese and Japanese,German has both an extensive morphological system and extensive syntactic agreement requirementswithin noun groups. Morphology and agreement are based on number, gender and case. Gender inGerman is \grammatical" gender based idiosyncratically on individual lexemes, not \natural" genderbased on animacy and sex as in English.In the monolingual English generation systems described in Chapter 2, both number and genderhave been handled as semantic features. The lexicogrammatical generation component (the systemicgrammar) raises inquiries about these features, and the response comes from the ideation base, asdescribed in Section 2.2.2. In German, grammatical gender is a lexical feature. For example, der Wald(the forest) is masculine. However, it makes no sense to ask the ideation base to specify the sex of a40



forest.The basis of the solution adopted in KOMET is to create a new pseudo-metafunction AGREEMENT,to include a LEXICAL-GENDER choice system in the lexicogrammar, and to arrange that the responseto this system's LEXICAL-GENDER-CHOOSER comes from the lexicon, not from the ideation base.The system, from [Teich 1992b], is as follows:(system:name LEXICAL-GENDER:inputs (ORNOMINAL-TERM-RESOLUTIONRELATIVE-WHICHRELATIVE-THAT):outputs ((MASCULINE-GENDER (CLASSIFY THING G-MASC))(FEMININE-GENDER (CLASSIFY THING G-FEM))(NEUTER-GENDER (CLASSIFY THING G-NEUT))):chooser LEXICAL-GENDER-CHOOSER:region DEICTIC:metafunction AGREEMENT)Given the grammatical gender of the head noun, obtained by the above system, another systemDEICTIC-LEXICAL-GENDER is necessary to achieve syntactic agreement between the determinerand the head noun in noun groups, and another system is also needed to achieve agreement betweenadjectives and the head noun. The details are given in [Teich 1992b].The KOMET researchers, faced with these di��culties in implementing grammatical gender agree-ment in the SFG framework, have begun investigating the question of whether the notion of linguisticdependency can be more explicitly incorporated into SFG. This issue is discussed as part of the evaluationof SFG in Section 10.2.2.3.3.2 Situated texts and multilingual textualityAs well as developing a systemic functional grammar of German and an Upper Model for German derivedfrom the Penman Upper Model for English (see Section 2.2.3), the KOMET group has developed anarchitecture for situated text generation. This is based on the SFG approach to text as situated in thethree dimensions of �eld, tenor and mode as mentioned in Section 1.3. This SFG approach is combinedwith Rhetorical Structure Theory for text structure, and with an Explanatory CombinatorialDictionary(derived from Mel'�cuk's Meaning-Text Theory) for lexicalization decisions. This work, described in[Bateman et al. 1991a], is outside the scope of this thesis.41



The Darmstadt group have also investigated fundamental issues in SFG-based multilingual genera-tion. An SFG of Dutch [Degand 1993] has been added to the Nigel grammar of English and the KOMETgrammar of German, and a uni�ed Upper Model has been created from those of Penman and KOMET.The group is now extending its architecture for situated text generation to handle multilingual textuality.The issues of divergent textuality across languages are described in [Bateman et al. 1993], but are alsooutside the scope of this thesis.
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Chapter 4Machine translation4.1 Mainstream MT4.1.1 Commercial development in JapanIn Japan, several companies have worked on the development of machine translation systems over thepast 10 years or so. Sharp Corporation, for example, have produced and are selling the DUET Qt systemfor translation in both directions between Japanese and English. This is a highly-developed practicalcommercial system using mainstreamMT techniques. Documents can be input easily in either languagevia a very accurate OCR scanner. A general dictionary of around 80,000 words is augmented by largespecialist dictionaries for information processing, electronics, economics and various other �elds, andby the facility to develop the user's own dictionary. The MT system is implemented in C and runson a portable (notebook-type) Unix system with a mouse-driven window interface. The translationthroughput is around 12,000 words per hour. All these practical facilities are being steadily improved.In the DUET Japanese-English system on which I worked, translation is based on a combinationof syntactic dependency structures and semantic case frames. The basic unit of translation is a singlesentence. Noun phrases and fragmentary input can be translated, but larger texts of more than onesentence are split into separate sentences which are translated independently of each other, so there is noprocessing of coreferentiality across texts. As Japanese does not generally specify de�niteness or numberin noun phrases, and generally drops subjects and objects, leaving them to be inferred from the context43



by the reader, while English requires all of these to be made explicit, the English generation componenthas to make decisions for these features, based only on whatever information is available in the sourcesentence, without the context in which it occurs. Inevitably, this information is frequently insu�cient tomake the necessary decisions correctly, so post-editing is essential in cases where high-quality translationis required, as discussed in Section 4.1.2.There are two approaches to solving the insu�ciency of information for high-quality English gener-ation. One is to extend the analysis of the source text from single sentences to larger units, ultimatelythe whole text. This approach is being followed in Sharp Corporation's Twintran research project[Jelinek et al. 1990]. The other approach is to obtain correct choices from a human user at some point,before, during or after translation. This approach is the one investigated in this thesis.4.1.2 Di�erences between import and export translationIn the practical development of e�ective machine translation systems the direction of translation isfundamental. Import translation from foreign languages into the user's language should be contrastedwith export translation from the user's language into foreign languages. This di�erence in directiondetermines what kind of MT system design is most e�ective.In import translation the source text is normally in only one foreign language, but in export transla-tion the same text often needs to be translated into several target languages. For example, a companywhich sells products throughout the European Community needs to translate the same product docu-mentation into all the EC languages.If the original documentation is in Japanese, and is to be translated into the EC languages, there isa major linguistic di�erence in the direction of translation. Translation into European languages fromJapanese requires decisions about singular/plural and de�nite/inde�nite for every noun phrase in everysentence, and decisions about pronouns to �ll missing subjects and objects in nearly every sentence.These decisions require both text-wide linguistic analysis of the source text and factual knowledge aboutthe real-world domain. However, most of the information required for these decisions is the same for allthe EC languages.Another di�erence is that import translation always starts with a source text, but export translationsometimes has no source text. For example, there are 2 approaches for a Japanese company needing44



product documentation for the EC. One approach is to write the documentation in Japanese �rst, thentranslate from the Japanese into the 9 EC languages. The other approach is to write the documentationin both Japanese and European languages at the same time. These alternatives are discussed furtherin Section 4.3.Another di�erence is that in export translation it is usually not so di�cult to get further informationabout the subject matter to be translated. The company which wants the export translation is usuallythe same company which makes the products. So the people who do the export translation can ask thepeople who designed the products for extra information and real-world knowledge.Above all, there is a crucial di�erence in the requirement for post-editing. The quality of the rawoutput of MT has reached a level at which, in import translation, the post-editing stage is no longeralways necessary for comprehension. The user, without needing a knowledge of the source language,can read the rough translation in his own language, and may �nd it su�ciently useful as it is.For export translation, however, the target text is typically intended for customers, and the rawoutput of current systems falls short of the required standard. So post-editing by a target languageexpert is essential. This extreme dependence on the human post-editor means that current systems arerestricted, for export translation, to use by professional translation agencies.4.2 Research directions in MT4.2.1 MT for monolinguals: the Alvey projectThe question of how to reduce the dependence on expert post-editing was made the central researchtheme of the UK Alvey programme's MT project from 1984 to 1987. The research prototypes weredesigned to be suitable for use by monolingual English speakers for both import and export translationof Japanese without post-editing. The project, described in [Wood & Chandler 1988], was thereforecalled \Read and write Japanese without knowing it".Aidtrans: Japanese-English for English usersThe Japanese-to-English part of the Alvey MT project was led by Jiri Jelinek at the University ofShe�eld, with myself as the participant from ICL, the industrial partner. In this approach to import45



translation for monolinguals, source text ambiguities were deliberately \explicated". Therefore very littledisambiguation by semantic restrictions was included in the system. Multiple target text alternativeswere generated, expressing all the ambiguities, and these were presented to the user for interactiveselection based on the user's own domain knowledge. In this way, the user could act as post-editor,without knowledge of the source language.The She�eld Aidtrans project was restricted to single sentence translation, without text-wide contex-tual analysis. This led to massive overgeneration of alternatives. In the subsequent Protran and Twin-tran projects at Kobe University, with Sharp Corporation as industrial partner ([Jelinek et al. 1990]),the system was redeveloped with semantic preferences and text-wide coreferentiality analysis, to generateonly the most plausible and textually coherent alternatives.Ntran: English-Japanese for English usersThe English-to-Japanese part of the Alvey MT project was led by Pete Whitelock at UMIST, withBrian Chandler from ICL. Recent grammatical theories from mainstream Computational Linguisticswere used: Lexical Functional Grammar for English analysis, and Uni�cation Categorial Grammar forJapanese generation.In export translation for source language monolinguals, it is essential to decide between the possiblealternative translations, and generate only a single target language sentence. Therefore techniquesfor interactive source disambiguation were developed which did not require a knowledge of the targetlanguage.Structural ambiguities in the source text were again \explicated" by the analysis stage, not auto-matically disambiguated. The ambiguities were presented to the user with questions and paraphrasesto assist interactive selection of the intended alternative, again based on the user's domain knowledge.This form of pre-transfer editing therefore removed the need for one of the normal tasks of the targetlanguage post-editor, the correction of the system's mistaken structural disambiguations.Alternative lexical choices in the target language were handled by presenting source language para-phrases of the choices to the user for interactive selection. This again removed the need for oneof the target language post-editor's tasks, the correction of the system's mistaken lexical choices.[Wood & Chandler 1988] contains a fuller description of Ntran.46



4.2.2 MT without a source textFollowing the Ntran project described in Section 4.2.1, a more radical approach has been developed atUMIST to solve the problem of dependence on target language post-editing, in order to achieve successfulexport MT for monolinguals. In Ntran, analysis of the source text was followed by an interactivedisambiguation stage to check the source language-speaking user's interpretation of the source textprior to transfer. In the later approach, described in [Somers et al. 1990], interaction with the user ismade the starting point of the whole system, and there is no source text analysis. This approach istherefore called \MT without a source text".In this approach, as in SFG-based generation, the system initiates requests for functional choicesbased on the user's communicative intent. The functional choices are organized into a network ofmenus of increasing \delicacy" just as in a systemic grammar network. However, the realizations ofthe functional choices are not lexicogrammatical clauses and structures, but complete \canned text"documents. The documents, such as standard business letters, are pre-translated by human translatorsand stored by the system under a functional classi�cation.Traversal of the network of menus leads to a pre-stored text matching the functional requirementsof the user. The source language version of this text is then shown to the user as a potential \sourcetext". Certain restricted classes of items, such as numbers, dates, names and addresses, can be changedinteractively by the user. If the modi�ed source text is then accepted by the user as expressing thedesired communicative intent, the pre-translated and pre-stored target language version is retrieved andthis is the target text.The texts are stored in several languages, so this approach enables a monolingual user to achievesuccessful multilingual export translation without post-editing. However, communication is necessarilyrestricted to a �xed set of frequently-required and standardised messages. If the system does not havea text which matches the user's communicative intent, there is no way to proceed.4.3 Multilingual MT versus multilingual generationAs mentioned in Section 3.1, international organizations need to produce large quantities of equivalentadministrative documents on a regular basis in a �xed set of o�cial languages, and international com-47



panies need to produce equivalent product documentation in various languages. These requirementsare currently addressed by large-scale translation operations. The large quantities of documents to betranslated, and the extremely high cost of the translation operations, justify the great interest in thepossibilities for improving these operations by the use of machine translation and translator's aids, asshown by the EC's large-scale support for the Eurotra project. Yet it is not at all clear that multilingualMT, or in fact any translation-based approach, is actually the right solution for these requirements.The source of information from which equivalent texts need to be produced in di�erent languagesis not always a �nished primary \source text" in one of the languages. In the case of an internationalcompany's product documentation, as mentioned in Section 3.1, the information may come from aCAD database. Although such a database would normally itself be monolingual, and is a primaryand authentic source of information, it is not a source text ready for translation. However, in thecurrent translation-based approach, the product's operating instructions would �rst be written in onelanguage, then this new source text would be translated into the required target languages by a separatetranslation operation.Typically the language used for this new source text would be the same language as the designdatabase, and this text of the operating instructions would be written with the full participation of theproduct designers. It would therefore be an accurate and authentic source text. However, the subsequenttranslation operation would typically take place separately, with little or no participation from theproduct designers. The resulting target language texts therefore depend on the translators' inevitablyimperfect understanding of the product's design, which is based entirely on their interpretation of theinformation present in the text of the operating instructions in the �rst language.Languages di�er widely in what aspects of information are normally explicit in the surface forms ofwords and what aspects are normally implicit. So the source text of the operating instructions, althoughaccurate and authentic within the norms of the �rst language, will typically not explicitly express allthe information which needs to be explicitly expressed within the norms of the target languages, andwill also include explicit expression of some information which does not need to be expressed in thetarget languages.In the translation-based approach, this problem can be addressed by giving the translators access tothe design database and to the designers. In the multilingual generation-based approach, all the target48



language versions of the operating instructions would be generated directly from the information in thedesign database, with the interactive participation of the designers. Both approaches would still requirepost-editing of the target texts by target language experts, but the generation-based approach avoids�rst \�ltering" the information through the surface forms of a source text and then having to return tothe original sources to obtain the missing information.4.4 A systemic functional approach to export translationStructural versus functional approachesTransfer-based machine translation systems tend to be \source structure bound", if the target structureis based too closely on the source structure. Interlingua-based machine translation systems tend tobe \target structure bound", if the target structure is based on pre-de�ned canonical ordering whichfails to express the functional sentence perspective of the source text. Instead, a functional approachto machine translation seeks to treat structure as simply the syntagmatic realization of paradigmaticchoices in source and target functional systems.A functional, but non-interactive, machine translation system would tend to be \source systembound", because the only available information comes from an analysis of the source text. This canreveal the choices made in the functional systems of the source language, but cannot decide all thechoices to be made in the functional systems of the target language.The demonstration prototype described in Part II shows an approach to generating target sentencesby directly navigating the functional systems of the target language. Because the generation of thetarget sentence is driven entirely by the target grammar, there is no interference from source languagestructure. The results are still \target system bound", because the user can only make choices whichare available in the systems of the given grammar network.Inquiry semantics for export translationIn the inquiry semantics approach, described in Section 2.2.2, the grammar network is traversed andfeatures are selected from the systems of the language. At each choice point, the generation componentraises an inquiry, and obtains a response which enables it to decide which feature to select. This approach49



seems to be particularly suitable for target text generation in export translation. The inquiries comefrom inside the generation component, and are a method for consulting other components of the completesystem. In an export translation system, the other components should include a source text analysiscomponent and a human user interface component.To use this approach in machine translation, the purpose of the analysis of the source text wouldbe to enable preselections to be made in the target language grammar network traversal. This dependson being able to establish correspondences between the results of the analysis and the target functionalsystems, which would be easier if the analysis was itself functional. An approach to the future devel-opment of functional SFG-based analysis is brie
y discussed in Section 10.2.3. However, even a formalor semantic analysis could be used to make some preselections. Other functional choices in the targetlanguage would still be made by user interaction, including those where the necessary information isnot in the source text at all.A new interpretation of \pivot language"In multilingual translation systems, structural transfer rules are multiplied, so an interlingual or pivotapproach becomes attractive. Some of the Japanese companies faced with the challenge of translationfrom Japanese into the languages of the European Community have already developed Japanese-EnglishMT systems. To avoid the immense practical di�culties of building separate MT systems for eachlanguage-pair (Japanese-Portuguese, Japanese-Greek, : : : ), it makes sense for such a company to useEnglish as a \pivot" language.In the simplest form of the pivot approach, the Japanese documentation would be translated toEnglish, using the existing Japanese-English MT system. Then the English version would be translatedinto the other 8 EC languages, using some European multilingual MT system, perhaps of the typepioneered by the Eurotra research project. Unfortunately, there are likely to be many problems with thissimple approach if the MT systems are based on structural transfer. The problems already encounteredin a single translation are likely to be compounded by the double translation.A less simple approach might use an internal representation of the English text (similar to theInterface Structure in Eurotra, described in [Steiner et al. 1988]) as a pivot. Such an approach mightindeed be su�cient for the requirements of import translation.50



For Japanese-European export translation, however, the dependence on post-editors is an especiallydi�cult problem, due to the severe shortage of people with knowledge of both Japanese and the variousEuropean languages. Therefore the approach of the demonstration prototype, based on a functionalinterface to a systemic grammar for generation, is particularly relevant as a way to reduce the post-editing load.In a multilingual application of this approach, all the EC target languages would share a commonsystemic grammar. Most of the functional systems would be shared, but some would be unique to speci�clanguages, as described in Section 3.2.2. The realization rules need not be shared. The Japanese userwould make functional choices in the target systems, using a Japanese interface.English can be used in the role of a pivot language in this approach. Most Japanese users know someEnglish, but very few know other European languages. The English version of the generated target text,and not the other European language versions, can be displayed to the Japanese user for checking andinteractive revision. The systemic choices made for English would be re-used in the generation of theother European languages, with relatively few further choices speci�c to the other languages.
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Part IIThe demonstration prototype
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Chapter 5The Mini-grammarThe grammar used for the demonstration prototype is taken from [Fawcett 1988]. This is a systemicmini-grammar for generation of English auxiliary verbs. It is deliberately restricted to coverage of asmall area: English modal and auxiliary verbs. Therefore the only noun phrases included are trivial ones- proper names - with no attempt to include a normal system network for noun phrases, no adjectives, nodeterminers or quanti�ers, no relative clauses. There are also no circumstantial adjuncts, no adverbs orprepositional phrases (except \by" phrases for agents in passives). On the other hand, for the focussedarea of modal and auxiliary verbs, the mini-grammar has a fairly wide coverage of modality, tense,aspect, theme and mood, enabling generation of complex verb phrases such as in \Mark oughtn't tohave been being kissed".The mini-grammarwas therefore selected as a convenient, small example of a working SFG grammar,and was adopted unchanged as a ready-made basis for the demonstration prototype. The implementationof the mini-grammar, however, described in Chapter 6, is completely new and is not based in any wayon the implementation of Genesys in Cardi�. The requirements of the demonstration prototype - anX Window interface, Japanese menus, display of feature summary tables for modi�cation of choices,backtracking and regeneration for sentence revision, and multilingual realizations - were quite di�erentfrom those of the COMMUNAL project, so a new design and implementation was required.53



5.1 The grammar networkThe mini-grammar is a fragment of the full Genesys grammar described in Section 2.3.1, extracted andmodi�ed to be free-standing. Probability values are expressed in a simpli�ed scale from 0 to 10. Somefeatures which would lead into other areas of the full grammar are inhibited in the mini-grammar bybeing assigned zero probability, while other features are assigned absolute preference (i.e. 10).There are two entry points for the mini-grammarnetwork. The main entry point, which is the startingpoint for every generation with the network, has the entry condition situation and two output features,as shown in Figure 5.1. Congruent leads into the rest of the network for generation of a full clause,via 5 simultaneous systems, TRANSITIVITY, CONTINUING PERIOD, MOOD(1), POLARITY andINFORMATION FOCUS, which are described below. In a fuller grammar non-congruent would beused for generation of a nominalized situation, but in the mini-grammar the non-congruent choice isinhibited by setting its probability to zero.situation - 0 non-congruent10 congruent 8>>>>>>>><>>>>>>>>: TRANSITIVITYCONTINUING PERIODMOOD(1)POLARITYINFORMATION FOCUSFigure 5.1: The initial entry to the mini-grammarThe other entry point for the mini-grammar, which in a fuller grammar would be the starting pointfor generation of noun phrases, has the entry condition thing. In the mini-grammar, all choices in thesubnetwork for thing are inhibited except those which generate a proper name. The subnetwork forthing is only entered by a re-entry realization rule from the main network for situation, in order togenerate a proper name noun phrase to �ll a participant role in the clause.The TRANSITIVITY region of the network is shown in Figure 5.2. Only material and relationalprocess types are covered in the mini-grammar, so the choice of mental process type is inhibited bya zero probability value. Material processes are restricted to a choice of 5 verbs in the CULTURALCLASSIFICATION system. 54



TRANSIT--IVITY 0 (mental)6 material 8>>>>>>>>>>><>>>>>>>>>>>: CULTURAL -CLASSIFIC-ATION 2 killing2 kissing2 thumping2 touching2 washingSUBJECT-THEME 7 agentStheme3 a�ected-Stheme VOICE- 7 passive - 8 covert agent2 overt agent3 orientedtoa�ected4 relational - 10 attributive0 (others)Figure 5.2: The TRANSITIVITY networkThe MOOD network is shown in Figure 5.3. The output feature information is the entry condi-tion for 3 simultaneous systems, REFERENCE POINT LOCATION, RELEVANT PASTNESS andMOOD(2). This part of the network handles tense and aspect. The Nigel grammar, following Halli-day's mainstream analysis, divides primary tense into past, present and future, as described in detail in[Matthiessen & Bateman 1991] Chapter 7. However, Halliday also recognises an alternative analysis inwhich future tense is regarded as part of modality (i.e. a disposition to do something), and this is theview adopted in Genesys and the mini-grammar.
MOOD(1)- 7 information8>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>:

REFERENCE-POINTLOCATION 10 located - 7 performer'sMODALITY-present3 other time reference0 (not located)RELEVANT -PASTNESS 7 not relevant past3 relevant pastMOOD(2) - 7 giver3 seeker - 10 polarity0 (others)3 directive - 10 simple0 (others)Figure 5.3: The MOOD networkREFERENCE POINT LOCATION therefore leads to only two choices in the located system: per-former's present or other time reference (i.e. past). If the reference point is located at performer's55



present, the MODALITY network, shown in Figure 5.4, is entered, and if unconditional disposition isselected, a future tense form is generated. RELEVANT PASTNESS, despite its name, handles aspectnot tense: the choice of relevant past generates a perfective aspect form. The realization of these tense,aspect and modality combinations is described in Section 5.2.MODALITY1- 4 modalized 8>>>>>>>>>>><>>>>>>>>>>>: MODALITY2- 3 necessity3 disposition4 possibilityfrom theevidence0 (others)CONDITION--ALITY 6 non-conditional4 conditional6 unmodalizedFigure 5.4: The MODALITY networkThe CONTINUING PERIOD network, together with RELEVANT PASTNESS in the MOOD net-work, also handles aspect. CONTINUING PERIOD distinguishes progressive and non-progressive as-pect. It consists of the single system shown in Figure 5.5.CONTINUING-PERIOD 7 non-continuing3 continuingFigure 5.5: The CONTINUING PERIOD networkThe POLARITY network consists of a single system, shown in Figure 5.6.POLARITY - 8 a�rmative2 negativeFigure 5.6: The POLARITY networkThe INFORMATION FOCUS network, shown in Figure 5.7, has a system to select between markedand unmarked information focus, i.e. whether special emphasis should be placed on a particular item.56



INFORMATION-FOCUS 2 marked - 10 on polarity0 (others)8 unmarkedFigure 5.7: The INFORMATION FOCUS networkIn the demonstration implementation, the emphasis is shown by displaying the marked item in uppercase. In the mini-grammar, information focus can only be marked on polarity, other candidates formarked focus (such as Agent or Process) being inhibited by a zero probability value.5.2 The realization rulesThe realization rules in the mini-grammar are listed in full in [Fawcett 1988]. They take the form alreadydescribed in Section 2.3.1 for the full Genesys grammar. The use of complex conditions on the left-handside of the rules can be seen from the following examples.Forms of the auxiliary \have" for perfective aspect are realized according to the following complexconditions: if [relevant past & NOT modalized & performer's present] then \has", if [relevant past &NOT modalized & other time reference] then \had", if [relevant past & modalized] then \have".Forms of the auxiliary \will" for dispositional modality (including future tense) are realized accordingto the following complex conditions: if [disposition & conditional] then \would", if [disposition & non-conditional & a�rmative] then \will", if [disposition & non-conditional & negative] then \wo" (in themini-grammar the negative feature is realized as the su�x \n't"). These realizations are discussedfurther in Section 10.1.As mentioned in Section 2.3.1, the starting structure for Clause in the mini-grammar has 9 positions.The insertion realization operation puts an element of structure into one of these positions. The elementrealizing Subject is inserted at position 2 by the realization rule \S @ 2". The insertion position of the�nite auxiliary, referred to as Operator, depends on the output feature of the MOOD(2) system: if thecomplex condition includes seeker, Operator is inserted at position 1 by the operation \O @ 1", but ifthe complex condition includes giver, Operator is inserted at position 3 by \O @ 3". Since Subject isinserted at position 2, this mechanism achieves the required ordering of Subject and Operator.57



Chapter 6The Prolog implementation6.1 Representation of the grammar networkSystemic grammars have traditionally been presented in the form of systemic network diagrams, usinggraphical conventions which are not suitable for direct input to linear computer �les. For computationalimplementation, the Nigel grammar was written in a Lisp-like formalism, shown in Section 2.2, and theGenesys grammar was written in a Prolog-like formalism, shown in Section 2.3.1.The mini-grammar used for this prototype demonstration is extremely small, so a naive approachto a grammar-writing formalism is su�cient. A notation for writing systemic grammar networks wasimplemented simply by declaring a set of Prolog operators. Operator symbols were chosen which aresimilar to the graphical conventions normally used in writing systemic grammar networks.Choice systemsThe most important items in a systemic grammar are the disjunctive choice systems, represented in thetraditional network notation by a right-angled branching tree turned on its side, as in Figure 6.1.In Figure 6.1 'clause' is the entry condition, 'MOOD TYPE' is the name of the system, 'imperative'and 'indicative' are the alternative output features, exactly one of which must be chosen.The Prolog operator declared to represent the disjunctive choice system is the left square bracket'['. This is a binary in�x operator. The entry condition is written on the left of the operator. Thealternative choices are written on the right of the operator in the form of a Prolog list. The system in58



clause -MOODTYPE imperativeindicativeFigure 6.1: Disjunctive Choice System RepresentationFigure 6.1 is therefore written as:clause '[' [indicative, imperative].Dependencies between systemsIn the conventional systemic grammar network notation, dependency between systems is shown by theirspatial arrangement in the graphical representation. When an output feature of one system is the entrycondition for another system, the second system's entry point is simply aligned with the �rst system'soutput feature. So in Figure 6.2 'indicative' is both an output feature of the MOOD TYPE system andthe entry condition of the INDICATIVE TYPE system.clause -MOODTYPE imperativeindicative -INDIC.TYPE declarativeinterrogative
Figure 6.2: System Dependency RepresentationIn the simple Prolog notation, the dependency is represented by using the same feature name inboth systems, as a member of the output feature list of the �rst system, and as the entry condition ofthe second system. So the dependency shown in Figure 6.2 is written as:clause '[' [indicative, imperative].indicative '[' [declarative, interrogative].59



Simultaneous systemsSelection of an output feature in a choice system may cause simultaneous entry to two or more parallelsystems. This is represented in the traditional network notation by a left curly bracket, which verticallyspans the entry points of the simultaneous systems on its right, as in Figure 6.3.
situation 8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

TRANSITIVITY- mentalmaterialrelationalCONTINUING-PERIOD noncontinuingcontinuingMOOD1 - informationdirectivePOLARITY- a�rmativenegativeINFORMATION-FOCUS markedunmarkedFigure 6.3: Simultaneous Systems RepresentationThe Prolog operator declared to represent parallel simultaneous systems is the left curly bracket'f'. This is a binary in�x operator. The entry condition is written on the left of the operator. Thesimultaneous systems are written on the right of the operator in the form of a Prolog list. The parallelsystems in Figure 6.3 are therefore written as:situation '{' ['TRANSITIVITY', 'CONTINUINGPERIOD', 'MOOD1','POLARITY', 'INFORMATIONFOCUS'].'TRANSITIVITY' '[' [mental, material, relational].'CONTINUINGPERIOD' '[' [noncontinuing, continuing].'MOOD1' '[' [information, directive].'POLARITY' '[' [affirmative, negative].'INFORMATIONFOCUS' '[' [marked, unmarked].60



Compound and alternative entry conditionsCompound and alternative entry conditions occur comparatively rarely in systemic grammar networks.They do not occur at all in the demonstration mini-grammar, but are included in the Prolog notationfor completeness.In the traditional diagram notation, compound entry conditions are represented by right curly brack-ets and alternative entry conditions are represented by right square brackets. The dependencies arerepresented by drawing lines between the dependent systems. Typically these dependency lines crossthe diagram diagonally and look untidy.The Prolog operator declared to represent compound entry conditions is the right curly bracket 'g'.This is a binary in�x operator. The compound entry conditions are written on the left of the operatorin the form of a Prolog list. The system which is entered is written on the right of the operator.The Prolog operator declared to represent alternative entry conditions is the right square bracket ']'.This is a binary in�x operator. The alternative entry conditions are written on the left of the operatorin the form of a Prolog list. The system which is entered is written on the right of the operator.6.2 Representation of the realization rulesIn the systemic grammar literature, while established conventions have emerged for the representationof system networks, realization rules have been represented in a wide variety of notations. Realizationhas most often been indicated by a diagonal arrow & symbol. The Nigel grammar uses a Lisp-basednotation. The Communal grammar uses a set of realization operator symbols.Some systemic grammars include the realization rules as part of the system network. When anoutput feature has a realization associated with it, the realization is written next to the output featurein the system network. The Nigel grammar uses this approach.Other systemic grammars gather the realization rules into a separate place after the system network,and provide some means of relating the realization rules to the features of the network. The Communalgrammar uses this approach. The Communal grammar also includes conditions inside the realizationrules. A realization rule only applies if the conditions are true.In the mini-grammar demonstration, a simple notation for writing realization rules has been im-61



plemented by declaring a set of Prolog operators, based loosely on the notation used in the publishedversion of the mini-grammar [Fawcett 1988].The format of the realization rules is in three parts: the name of the feature with which the realizationis associated, the set of conditions for application of the rule, and the set of realization operations to beperformed. This format is therefore similar to the form of production rules in an expert system. Thefeature name forms the name of the rule. The set of conditions forms the left-hand side of the rule. Theset of operations forms the right-hand side of the rule.The general format of a realization rule is therefore:realization(featurename, [list of conditions], [list of actions]).An example of an actual realization rule is:realization(agentStheme, [directive], [complement '@' 9,affected '/' complement,affected 'RE' thing]).InsertionThe insertion operation, which inserts an element of structure at a speci�c position in a starting struc-ture, is represented by the Prolog operator '@'. This is a binary in�x operator. The element is writtenon the left of the operator. The position is written on the right of the operator.For example, to insert the element 'complement' at position 9:[complement '@' 9]Con
ationThe con
ation operation, which con
ates functions from two di�erent metafunctions into a single ele-ment of structure, is represented by the Prolog operator '/'. This is a binary in�x operator. The twofunctions are written one on each side of the operator.For example, to con
ate the functions 'a�ected' and 'complement':[affected '/' complement]ExponenceThe exponence operation, which expounds an element of structure by an item (such as a word), isrepresented by the Prolog operator '<'. This is a binary in�x operator. The element being expounded62



is written on the left of the operator. The item which expounds it is written on the right.For example, to expound the element 'relevantpastauxiliary' by the item 'has':[relevantpastauxiliary '<' has]Re-entryThe re-entry operation, which causes an element of structure to be realized by re-entry to the systemnetwork at a speci�ed point, is represented by the Prolog operator 'RE'. This is a binary in�x operator.The element to be realized is written on the left of the operator. The entry point at which re-entry isto be made is written on the right.For example, to realize the element 'a�ected' by re-entering the network at entry point 'thing':[affected 'RE' thing]Condition NegationThe negation of a condition, in the condition part of a realization rule, is represented by the Prologoperator 'NOT'. This is a unary pre�x operator.For example, to negate the condition 'directive':['NOT' directive]6.3 Grammar network traversal proceduresThe system network is traversed by a simple recursive algorithm. The fundamental parts of the algorithmare the 'traverse' procedure, which handles navigation across the network, and the 'choose' procedure,which handles choices in disjunctive choice systems.The 'traverse' procedureThe 'traverse' procedure controls traversal of the system network, based on the representation of de-pendencies between systems and of simultaneity of systems.The basic part of the procedure deals with one disjunctive choice system. Given an entry condition,if that entry condition is included in the network representation with the disjunctive choice operator anda list of alternative output features, the 'traverse' procedure calls the 'choose' procedure to select one63



of the output features, appends the chosen feature to the set of features selected so far, and recursivelycalls itself with the newly chosen feature as a new entry condition.This fundamental part of the algorithm is written in Prolog as:traverse(Mode, Entry, SetIn, SetOut) :-Entry '[' List,not member(Entry:_, SetIn),choose(Mode, Entry, List, Chosen),append(SetIn, [Entry:Chosen], SetChosen),traverse(Mode, Chosen, SetChosen, SetOut).Simultaneous systems should be traversed logically in parallel, but in ordinary Prolog are in facttraversed procedurally in sequence. The set of simultaneous systems is represented in the network as aProlog list, and the 'traverse' procedure calls a tail-recursion procedure 'traverseAll' to process the listin sequence:traverse(Mode, Entry, SetIn, SetOut) :-Entry '{' List,traverseAll(Mode, List, SetIn, SetOut).traverseAll(Mode, [], SetIn, SetIn).traverseAll(Mode, [H|T], SetIn, SetOut) :-traverse(Mode, H, SetIn, SetH),traverseAll(Mode, T, SetH, SetOut).The 'choose' procedureThe 'choose' procedure works di�erently in menu-driven mode and in random mode. In menu-drivenmode it calls a procedure to present the list of alternative output features as a screen menu using XWindows. The feature selected interactively by the user is returned and passed back to the 'traverse'procedure.In random mode, the 'choose' procedure itself selects an output feature from the list, using theprobability values included in the list, together with a random number generated by the Prolog built-infunction 'random'. This probabilistically selected feature is passed back to the 'traverse' procedure.The selection expressionAs the 'traverse' procedure traverses the system network, the selected output features are appended toa list. This list constitutes the selection expression from which the sentence structure is generated bythe realization component (the structure realizer and the realization rules).64



The selection expression consists of a list of system:choice pairs, similar to the sets of attribute:valuepairs used to represent feature structures in uni�cation-based grammars. Its format is simply:['SYSTEM1':choice1, 'SYSTEM2':choice2, ...]6.4 Realization proceduresThe realization procedures generate the output sentence structure from the selection expression by twologically distinct processes, which can be called functional realization and structural realization. Thedistinction is based on that explained in [Berry 1977] (see Section 1.2.2).Functional realization is performed by the 'realize' procedure, and structural realization is performedby the 'realizeStructure' procedure. The whole realization process is controlled by the 'realizeAll' pro-cedure, which uses tail recursion to call 'realize' for each output feature in the selection expression, thencalls 'realizeStructure' once. 'realizeAll' is written in Prolog as:realizeAll(Features, Functions, Structure) :-[First|Rest] = Features,realizeRest([First|Rest], Features, Functions, Structure),realizeStructure(Functions, Structure).realizeRest([_:Value|Rest], Features, Functions, Structure) :-realize(Value, Features, Functions, Structure),realizeRest(Rest, Features, Functions, Structure).realizeRest([],_,_,_).The procedure 'realize' is called for each output feature value. It uses the realization rule for thefeature to obtain the list of conditions and the list of actions, then checks the conditions, and if theyare all true, does the actions. It is written as:realize(Value, Features, Functions, Structure) :-realization(Value, Conditions, Actions),checkConditions(Conditions, Features),doActions(Actions, Features, Functions, Structure).checkConditions([], Features).checkConditions([First|Rest], Features) :-checkCondition(First, Features),checkConditions(Rest, Features).checkCondition('NOT' Value, Features) :-not member(_:Value, Features).checkCondition(Value, Features) :-member(_:Value, Features). 65



doActions([], Features, Functions, Structure).doActions([First|Rest], Features, Functions, Structure) :-doAction(First, Features, Functions, Structure),doActions(Rest, Features, Functions, Structure).Functional realizationFunctional realization creates a set of functions using the selection expression and the realizationrules. The set of functions is unordered and sideways-open, and is processed by DAG uni�cation[Gazdar & Mellish 1989] using the 'unify' procedure. The following 'doAction' clauses handle the real-ization operations of insertion, exponence, con
ation, and re-entry:% InsertiondoAction(Element '@' PlaceNum, Features, Functions, Structure) :-unify(Functions, [Element:[place:PlaceNum|_]|_]).% ExponencedoAction(Element '<' Word, Features, Functions, Structure) :-unify(Functions, [Element:[base:Word|_]|_]).doAction(Element '<+' Suffix, Features, Functions, Structure) :-unify(Functions, [Element:[base:Word, suffix:Suffix|_]|_]).% ConflationdoAction(Role '/' Element, Features, Functions, Structure) :-unify(Functions, [Element:X|_]),unify(Functions, [Role:X|_]).% Re-entrydoAction(Role 'RE' Entry, Features, Functions, Structure) :-unify(Functions, [Role:RoleList|_]),enter(unknown_mode, Entry, [], RoleFeatures, RoleStructure, Role),unify(RoleList, RoleStructure).Structural realizationStructural realization uses a pre-de�ned starting structure and �lls the places in the starting structurewith functions from the set created by functional realization. In the demonstration mini-grammar, thebasic prede�ned starting structure is for clause and consists of 9 numbered places. It is created by:doAction(clause, Features, Functions, Structure) :-unify(Structure, [clause:[1:Place1,2:Place2,3:Place3,4:Place4,5:Place5,6:Place6,7:Place7,8:Place8,9:Place9|_]|_]).66



The places in the starting structure are �lled by the following procedure:realizeStructure(Functions, Structure) :-Structure = [clause:PlaceList|_],fillPlaces(Functions, PlaceList).realizeStructure(Functions, Structure).fillPlaces(Functions, []).fillPlaces(Functions, [N:StructurePlaceN|RestStructurePlaces]) :-member(Element:ElementList, Functions),unify([place:N|_], ElementList),delete(place:N, ElementList, RestElement),unify(StructurePlaceN, Element:RestElement),fillPlaces(Functions, RestStructurePlaces).fillPlaces(Functions, [N:PlaceN|RestPlaces]) :-fillPlaces(Functions, RestPlaces).Sentence formattingThe sentence structure is �nally converted into a surface string by a �nishing procedure which processessu�xes and handles capitalization, spacing and punctuation.
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Chapter 7The Japanese interface7.1 Design of the menus and feature summariesThe purpose of the Japanese interface is to enable a Japanese-speaking user to make choices in thesystem network in order to generate English sentences. Typically, the Japanese user would have someknowledge of English, but would have great di�culty in using complexes of auxiliary and modal verbscorrectly.Because the generation is controlled by the systemic mini-grammar, the inquiry semantics approachguarantees that a coherent and complete set of choices will always be made, and the realization rulesguarantee that the generated sentences using these choices will always be well-formed. The problem ishow to present the functional choices for English to the Japanese user.The menu buttonsIt would not be very helpful to present the choices using terminology based on surface syntactic distinc-tions in English, as this is precisely the area of di�culty for the intended user. However, one reason forselecting the mini-grammar from the Cardi� COMMUNAL project is that the labelling of the choiceswithin the grammar is already semantically and functionally orientated rather than syntactically orien-tated, as discussed in Section 2.3.1. Therefore the choice labels themselves are used in the interface.Of course, the labels in the mini-grammar are in English, so equivalent labels in Japanese had tobe created. Since the intended user has some knowledge of English, both the Japanese and the English68



labels are used together in the interface, in the form of bilingual X Window buttons. An example menuis shown in Figure 7.1. The buttons are labelled \giver" and \seeker".
Figure 7.1: An example menuThe menu questionsThe labels alone would not make the functional choices su�ciently clear. Therefore short questionsasking about the user's communicative intent were added. It was intended that these questions would bebased directly on the felicity conditions used in the COMMUNAL system, as described in Section 2.3.2.However, felicity conditions are not given for the published mini-grammar, so the questions had to becreated for the demonstration prototype. The questions were created in both Japanese and English,and both versions are used together in the interface. In the example menu shown in Figure 7.1, thequestion asks whether the user wishes to give or seek the information.The feature summariesWhen the grammar network traversal is �nished, the set of selected feature values is used by therealization rules to generate the structures and words of the English sentence. The generated sentenceis displayed (in English only) with a summary table of the features which it realizes. The summary tableshows the feature names in both English and Japanese. An example of the display of the generatedsentence and the feature summary table is shown in Figure 7.2.In the summary table, the left-hand column shows the names of the features and the right-handcolumn shows their values. The length of the table is variable, as the number of features collectedinto the selection expression on any speci�c traversal of the network depends on the route taken: somechoices lead to many further (more delicate) choices in complex regions of the network, while other69



Figure 7.2: An example sentencechoices do not lead into those regions.The X Window SystemThe Japanese interface was implemented in the X Window System. There are two main reasons forusing this system. First, the user can make his functional choices very easily, simply by clicking themouse pointer on the desired menu item. Second, the summary of the selected feature values can itselfbe used as a menu, to allow easy revision of the choices. This is possible because in the X WindowSystem each item in the table of features is a separate window, so it can be selected for revision by70



simply clicking the mouse pointer on it.Other reasons for using X Windows are that it can support mixed Japanese and English displays(and accented European characters for multilingual generation), and that further help information canbe added and displayed easily by means of pop-up help texts.The C implementationIn the demonstration prototype, the systemic grammar network and realization rules are written ina Prolog-based notation, and the grammar network traversal and structure realization programs areimplemented in Prolog, as described in Chapter 6. However, the Japanese interface using the X WindowSystem is implemented in the C programming language.Some versions of Prolog now provide direct interfaces to X Windows. However, the implementationwas done in YAP Prolog without such a direct interface. A set of bindings was de�ned between theYAP Prolog system and the C functions which manipulate the X Window displays. Because of the needto switch between Japanese and European fonts, the lower-level Xlib interface to the X Window Systemwas used, rather than the higher-level Xt toolkit interface.7.2 Using the interfaceTo generate a new sentenceWhen starting to generate a new sentence, the grammar network is always entered at \situation"(see Section 5.1 for an explanation of the mini-grammar). This leads to menus for 5 parallel systems(TRANSITIVITY, CONTINUINGPERIOD, MOOD, POLARITY, INFORMATIONFOCUS). Choicesfrom all these menus will be required, but subsequent menus are only presented when previous choiceslead to them. So the requests for functional choices are driven entirely by the systemic grammar of thetarget language (English).Alternatively, the choices at each system choice point in the grammar network may be made prob-abilistically. In this mode, probability values written in the grammar network are used with randomnumbers to traverse the network. The randomly generated sentence is displayed with its feature sum-mary table, as in menu-driven generation, and can be revised in the same way.71



A future possibility is a combination of probabilistic and menu-controlled feature selection modes,in which the machine will start to generate a stream of English sentences in the probabilistic mode.As the user gradually makes functional choices by menu, these will replace the probabilistic ones, andthe stream of sentences will gradually become less random, and converge towards the expression of theuser's communicative intent.To revise an existing sentenceThe feature summary table may be used for iterative revision. It is an array of subwindows, so it can beused directly as a menu. Any feature to be revised may be selected simply by clicking on its subwindowwith the mouse. The bilingual functional choice menu for this feature is then presented again, and anew value for the feature may be chosen from it.This choice may lead to further choices from subsystem menus, until the network traversal is com-pleted. Then the realization rules generate a new sentence, which realizes the same features as the oldsentence, except for the changed feature and any subfeatures.7.3 Illustration of monolingual sentence revisionGiven the generated sentence displayed in Figure 7.2, the user might wish to remove the explicit referenceto the agent of the action. By clicking the mouse pointer on the AGENTOVERTNESS box in thesummary table, the AGENTOVERTNESS choice system will be re-entered and the Agent Overtnessmenu shown in Figure 7.3 will be presented.
Figure 7.3: The Agent Overtness menuIf the user selects covertagent instead of overtagent, no further choices are required in the net-72



work traversal, so the realization procedures will immediately generate the revised sentence. It will bedisplayed with its summary table, as shown in Figure 7.4.

Figure 7.4: The sentence after revisionAfter the new sentence is displayed, another feature may be revised. If the user clicks on SUBJECT-THEME in the new summary table, the SUBJECTTHEME system will be entered and the SubjectTheme menu shown in Figure 7.5 will be presented.If the user now selects agentStheme instead of a�ectedStheme, another revised version of the sentencewill be generated, as shown in Figure 7.6. This revision loop may be repeated as often as desired.73



Figure 7.5: The Theme menu

Figure 7.6: The sentence after further revision74



Chapter 8The multilingual version8.1 Adding French and GermanAfter the small demonstration prototype for generation of English auxiliary verbs had been implementedas described in the previous chapters, it was extended to add generation of French and German in parallelwith English.The intention was to give a practical demonstration that most of the feature choices needed forgeneration of European languages are common across at least most of the main EC languages. Theimportance of this commonality is that the cost of making the choices (whether by user interaction orby any other means within the inquiry semantics approach) is rewarded by a greater pay-o� if the samechoices can be used to generate several languages rather than just one, as discussed in Section 4.4.More speci�cally, it was intended to demonstrate practically that if the interactive Japanese interfacecan be used successfully by a Japanese user (with some limited knowledge of English) to make thechoices necessary for English, then with relatively few further choices the Japanese interface can beused successfully by a Japanese user (with some limited knowledge of English but no knowledge of otherEuropean languages) to generate several European languages in parallel. This is based on the newinterpretation of the old idea of using English as a pivot language for machine translation, as discussedin Section 4.4. 75



Shared system networkIn fact, the ideas for shared multilingual system networks, discussed in Section 3.2.2, have not (sofar) been implemented in the extension of the small demonstration prototype from monolingual Englishgeneration to multilingualEnglish, French and German generation. Within the narrow range of linguisticphenomena covered by the mini-grammar, the English network can be used unchanged for French andGerman with very few problems.Some systems in the shared network are not relevant for all three languages. For example, theEnglish distinction between progressive and simple present is redundant for French and German (exceptwhen it is pragmatically important enough to be marked by adverbial adjuncts), as shown in Figures8.3 and 8.4. However, the multilingual version of the demonstration prototype does not include anyfacility for selecting subsets of languages to be generated: all three languages are always generated inparallel. Therefore the progressive/simple decision must be made (for present tense sentences) - in factany choice needed for any one language must be made if its entry condition is satis�ed.One linguistic problem which arises in the multilingual use of the English mini-grammar is in subject-verb gender agreement in French. All the noun phrases in the mini-grammar are deliberately restrictedto third-person singular proper names, so that subject-verb agreement is trivially always third-personsingular. But some of the names are feminine, and in French passives the passive participle must agreein gender with the subject. This issue is discussed further in Section 9.1.Separate monolingual realization rulesAlthough the system network is shared, completely separate sets of monolingual realization rules werewritten for English, French and German. The English rules were unchanged from the monolingualversion, described in Section 5.2. The French rules were based closely on the English rules, as theFrench word order and use of auxiliaries is fairly similar to the English. The German rules requiredconsiderable changes, as the German word order is signi�cantly di�erent.Shared interactive Japanese interfaceBecause the system network is shared, and the Japanese interface is used solely for navigation throughthe system network, the same Japanese interface is also shared. The same selection expression, produced76



by the network traversal, is used for the realization of the three languages by the three separate sets ofrealization rules.Apart from the addition of two further windows in the top area to display the French and Germansentences as well as the English, the only modi�cation required in the X Window interface componentis to handle the display of accented characters for French and German. In order to do this, the defaultascii font used in the monolingual English version is replaced with an ISO-8859 \Latin" font. Thisfont is used for English as well as French and German, so that the same C code displays all the threelanguages.8.2 Illustration of multilingual sentence revision

Figure 8.1: Multilingual generation (1)77



Figure 8.1 shows an example result of a generation by the multilingual demonstration prototype. Thetable of selected features is displayed in exactly the same way as in the monolingual English version,but the parallel English, French and German sentences are all displayed in the top area.

Figure 8.2: Multilingual generation (2)Revision of the three sentences is also performed in exactly the same way as in the monolingualversion, because the revision is done at the shared functional level, not at the surface realization level. Ifthe user selects the SUBJECTTHEME window, and selects a�ectedStheme from the SUBJECTTHEMEmenu which is presented, and then selects passive from the VOICE menu which follows it automatically,followed by overtagent from the AGENTOVERTNESS menu which follows, all three sentences will be78



regenerated and displayed as in Figure 8.2.If the user now selects the MOOD2 window, and selects seeker from the MOOD2 menu which ispresented, the sentences will be regenerated and displayed as in Figure 8.3.

Figure 8.3: Multilingual generation (3)Finally, if the user selects the CONTINUINGPERIOD window, and selects continuing from themenu which is presented, all three sentences will be regenerated from the new selection expression, anddisplayed as in Figure 8.4.Here the resulting French and German sentences are identical to the previous ones, because the79



continuing/noncontinuing distinction is only required for English, as discussed in Section 8.1.

Figure 8.4: Multilingual generation (4)
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Part IIIEvaluation
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Chapter 9Evaluation of the demonstrationprototypeThe grammar embedded in the demonstration prototype is small in scope, but gives a fairly completecoverage of the generation of complex modal and auxiliary verb groups. The computational implemen-tation is e�cient, enabling the prototype to perform well as an interactive demonstration, especially inshowing the ease and speed with which sentences can be revised. Examples of interactive revision weregiven in Section 7.2 for the monolingual version and in Section 8.2 for the multilingual version.The response time of the system is so short that it takes the user just a few seconds to select afeature for revision from the feature summary table, select a new value for the feature from its systemmenu, select further values from dependent system menus when necessary, and then see the revised andregenerated sentence displayed. Since the grammar is so small, this speed cannot be taken as evidencefor the e�ciency of the implementation, or as an indication of possible response times of a large-scalesystem, but it means that the user gets rapid feedback on the realized e�ects of particular choices. Thisrapid feedback is important, because it provides a built-in way of learning about the choices and theirrealizations. If the user is presented with a menu where the meaning of a particular choice is not clear,it is possible to make an arbitrary choice, see the generated sentence, then go back and make the otherchoice and compare the result.The ease and speed with which sentences can be revised suggests that this type of point-and-click82



interface, directly manipulating the values of features used in generation, would be a good approach toknowledge-based post-editing in machine translation. This is discussed in Section 9.2.9.1 Limitations of the implementationThe restriction of the scope of the grammar means that some issues, which would require successfulsolutions for a viable full-sized system following this approach, were not addressed.Recursive embeddingSince only one clause is generated, with minimal noun phrases, a single table displaying the featuresummary for the clause is su�cient for the purposes of the demonstration. In a full grammar, even witha single main clause, it would be necessary to display separate feature summaries for each noun phrasein the clause, to allow revision of determiners, singular/plural number, adjectival modi�ers and so on.The noun phrases might include embedded relative clauses, requiring their own feature summaries, andthese in turn would include further noun phrases, with no theoretical limit to the depth of recursiveembedding. For full texts, higher levels of feature selections would need to be displayed for rhetoricalstructures, clause complexes, genre features, and so on.A full solution to this problem would require an initial display of only the surface strings of the text,with a facility to present pop-up feature summary tables in response to mouse clicks on speci�c strings.This would require a method of linking the surface strings back to their feature summaries. It wouldalso be necessary to provide a simple method for moving quickly up and down the levels of embeddingof the summary tables, in order to reach the appropriate level at which the revision is desired.Representation of realization rulesIn a computational implementation of SFG, the representation of the realization rules needs to beabsolutely clear. This is especially true when they include complex conditions, as in the Genesys formof rules used in the mini-grammar. There are various possible ways to organize the rules. One approachwould be a procedural style, in which all the rules are strictly ordered, and all the conditions take theform \if (condition1) then if (condition2) then (action1) else (action2) endif else (action3) endif" and soon. Another approach would be a strictly declarative style, in which the rules are unordered, and all the83



conditions are expressed as exhaustive logical conjunctions. Unfortunately, despite the extensive workon SFG-based generation systems surveyed in Part I, there is so far no really rigorous, perspicuous andwidely established representation system for realization rules.There is in fact a tendency in SFG literature for network diagrams to be presented very carefullyand realization rules to be left relatively unclear. Fawcett himself criticises this tendency, and presentsdetailed realization rules for the mini-grammar in [Fawcett 1988], but the interpretation of the structureof the complex conditions in the rules is not immediately clear, and some e�ort was required to workout exactly what was required. In the later development of new sets of realization rules for French andGerman, even for such a small grammar, it was di�cult to �nd the correct way to organize the rules.In the implementation of the demonstration prototype, no attempt was made to develop a repre-sentation system for realization rules which would be rigorous and perspicuous enough for use in alarge-scale system. It was easy in practice to produce Prolog code which implements the set of real-ization operations, and then to combine a semi-declarative form for individual realization rules with aparticular ordering of the complete set of rules, following approximately the published rules, to achievethe working and bug-free demonstration system described in Chapter 6.The example of agreement in FrenchAs mentioned in Section 8.1, a linguistic problem arose in extending the monolingual system to themultilingual version. In the English-only version, since all the noun phrases in the mini-grammar aredeliberately restricted to third-person singular proper names, subject-verb agreement is built-in byonly including third-person singular forms of the �nite verbs. In French passives, however, the passiveparticiple must agree with the subject not only in number but also in gender.The demonstration prototype therefore generates incorrect French passives when the subject is fem-inine. The example shown in Figure 8.2\Fred avait �et�e frapp�e par Phoebe"(Fred had been thumped by Phoebe)is correct because Fred is masculine, but the system will also generate\Phoebe avait �et�e frapp�e par Fred" 84



which is incorrect because Phoebe is feminine. The correct realization would be\Phoebe avait �et�e frapp�ee par Fred"(Phoebe had been thumped by Fred)in which \frapp�ee" takes the feminine ending.It would be possible to add a new choice system to the thing network to choose male or female sexfor the participant roles before choosing the name, with male as entry condition for the choice of men'snames and female as entry condition for the choice of women's names. However, the mini-grammar onwhich the demonstration system is based provides no mechanism for handling subject-verb agreement.So a satisfactory solution would require the implementation of a new mechanism to handle agreement.However, this problem leads into a set of more signi�cant issues. Grammatical agreement, andthe range of morphological variation involved in it, is an extremely restricted phenomenon in Englishin comparison with many other languages, including French and German. The emphasis in SFG onfunctionally signi�cant choices, and the concentration on English (and in Halliday's case also on Chinese)has meant that other issues such as syntactic agreement, lexical gender and morphology have beenrelatively neglected. These issues are discussed further in Chapter 10.9.2 An approach to knowledge-based post-editingMost machine translation systems rely on post-editing by a target language expert. For export trans-lation, as described in Section 4.1.2, post-editing is essential, and therefore the use of MT for exporttranslation is restricted to professional translation agencies.Professional post-editingAlthough post-editing is such an essential part of the use of MT, and forms a bottleneck in the through-put of MT-based translation, not very much has been done to apply natural language processing tech-niques to improve the way the task is carried out. In fact, post-editing is normally done with just anordinary word processor. This gives the post-editor the freedom to make totally unlimited changes, anadvantage in the case of the professional translator (which is a totally di�erent case from that of themonolingual user, discussed in Sections 4.2.1 and 4.2.2).85



It is odd that, while sophisticated NLP techniques are used to produce the raw translation, andthe MT system includes extensive grammatical knowledge of the target language, normally none ofthese resources are applied to helping the post-editor. In the raw translation the post-editor sees errorswhich could be described in SFG terms as incorrect choices in speci�c functional systems of the targetlanguage. The post-editor not only needs to perceive the errors at the functional level, but also has tomanipulate the target text extensively at the level of strings and individual characters in order to realizethe correct functional choice.For example, in MT from Japanese to English, the absence of number features in Japanese nounsmeans that MT systems regularly make wrong decisions about singulars and plurals in English. Whenthe post-editor sees that an English singular noun needs to be plural, it is easy to add \-s" or \-es" toits string with the word processor. However, changing the noun from singular to plural may also requirea change in the determiner, a change in verb agreement, and changes in subsequent pronouns and othernouns. For example, suppose the raw translation is:\When the post-editor sees that an English singular noun needs to be plural, it is easy toadd \-s" or \-es" to its string with the word processor."If the post-editor decides that \noun" should be plural, it is necessary to make 5 di�erent changes toproduce:\When the post-editor sees that English singular nouns need to be plural, it is easy to add\-s" or \-es" to their strings with the word processor."In the case of professional translation, it is reasonable to assume that the post-editor has su�cienttarget language knowledge to do all this correctly, as well as the subject domain knowledge that morethan one thing is referred to by the noun. The MT system typically does not have the subject domainknowledge to make the correct functional choice for the number feature of the noun. However, theMT system does have the target language knowledge needed to realize the consequent agreement of thedeterminer and verb, and may be able to make a better attempt at the subsequent pronoun and noun.The functional, point-and-click approach to revision in the demonstration prototype, described inSections 7.2 and 8.2, suggests a new approach towards post-editing. Instead of changing the surfaceforms of the words, the post-editor can change the functional choices in the target language systems,86



and leave the detailed realization of the change to the machine. It is necessary for the response time forthe display of the regenerated sentence to be short enough for the post-editor to check that the desiredchanges have been made before moving on.As mentioned in Section 9.1, for a full-scale system the displays of features would need to be muchmore sophisticated than in the case of the mini-grammar. However, the prototype system gives a goodpractical demonstration of what this approach could look like and how it could work.Post-editing for monolingualsAlthough improvements in post-editing facilities for professional translators are very desirable, thereally signi�cant challenge is to �nd ways to enable ordinary people to achieve successful personalexport translation without professional post-editing. Some approaches to this challenge were describedin Sections 4.2.1 and 4.2.2.The approach taken in the demonstration prototype directly addresses this challenge. The linguisticknowledge of the target language is the responsibility of the system. The knowledge of the subject matterto be communicated is the responsibility of the user. The process of generating the target text is sharedbetween the system and the user, as the system initiates inquiries when further information is necessaryfor linguistic decisions, and the user initiates revisions when the generated text is unsatisfactory. Theuser can stop worrying about grammatical correctness, which is guaranteed by the control imposed bythe grammar, and can concentrate on the correctness of the choices required.In terms of the three problems listed in the Introduction, following the framework of [Tsujii 1986], itis the third problem which is crucial. The knowledge of the target language functional systems (and theirinternal relationships) is built into the systemic grammar network. The knowledge of target languagestructures (and their relationships to the functional systems) is built into the realization rules. The hardpart is how to help the monolingual user to understand and make those functional distinctions whichare not made in the user's own language.The prototype shows the basic approach of displaying felicity conditions, in Japanese, for the Englishchoices. It would be best if the felicity conditions were initially provided by the grammar writers, andthen tested and modi�ed in practical use with Japanese users. In the development of the prototype,suggestions from Japanese colleagues were adopted in the felicity conditions, with the result that the87



English and Japanese versions are not necessarily equivalent.Further developments could provide more feedback to the user. It would be possible to add \helptexts" with further explanations of the distinctions. It would be possible to add \back generation"from the set of choices into Japanese, to con�rm the choices made. It would be possible to add \backtranslation" of the English surface text into Japanese, to check for misunderstandings. These furtherdevelopments were outside the scope of the implemented prototype.
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Chapter 10Evaluation of Systemic FunctionalGrammar10.1 Strengths and weaknesses of SFGOne of the strengths of SFG is that it addresses the need for a wide range of factors to be included inlanguage processing systems, as described in the Introduction in the case of machine translation. Thefactors discussed by [Tsujii 1986] - semantic, pragmatic, discourse - are included in SFG as functionalsystems in the three metafunctions - ideational, interpersonal, textual - described in Section 1.2.3. Ofcourse, there is nothing special about the number three, except that we feel easier thinking in threedimensions. In fact Fawcett distinguishes not three but eight functional areas of language - experiential,logical relationships, negativity, interactional, a�ective, modality, thematic (theme-rheme structure),informational (given-new structure) [Fawcett 1980].A closely related but distinct strength is that these factors are not organized as separate strata atdi�erent levels, but are multidimensional. In SFG, there is a separation into two levels: the level offunction and the level of form. Realization is the mapping between these two levels. However, at thefunctional level, all the metafunctions apply in parallel. This means, in non-SFG terminology, thatsemantics, pragmatics and discourse are on the same level. This contrasts with some other approachesin which syntax, semantics and pragmatics are considered to be three distinct levels.89



Fawcett describes SFG as \holistic", and considers this as a strength:\: : :My point is that many of these matters are already incorporated into a HOLISTICsystem in SFL - and, moreover, that many of the choices in the language system that havein some approaches been relegated to `pragmatics' are in fact integral to the semantics andsyntax of the clause: : :" [Fawcett 1988]Morphology and syntactic agreementHowever, SFG sometimes appears to push this holistic tendency too far. While it may be good to havesemantics, pragmatics and discourse factors all operating in parallel on the same level - that of function -that level needs to be kept distinct from the lower level - that of form - at which syntax and morphologyalso operate in parallel. But there is a tendency in SFG for realization rules to be formulated in sucha way that there is no scope for syntactic or morphological operations at the lower level. Realizationrules often specify actual surface strings directly, rather than morphemes or lexemes.For example, in the mini-grammar described in Section 5.2, [disposition & non-conditional & a�r-mative] is realized as \will", whereas [disposition & non-conditional & negative] is realized as \wo".This works in practice because in the mini-grammar the negative feature is always realized as the su�x\n't". However, if a further choice system were added, which resulted in the inclusion in the gram-mar of both \not" and \n't" as negative forms, then while it would be natural for the realization ofthe negative feature to distinguish the new factor in its conditions, it would also be necessary for thecomplex conditions on the realization of the disposition feature to be revised. This could be avoided ifmorphological variation could be handled at the level of form by morphological rules, rather than beingpart of the realization mapping from the level of function. Yet SFG does not recognize morphology asa level of language with its own rules.An extreme case is the English inde�nite article. The variation between \a" and \an" must behandled by phonological rules at the level of form. It would be absurd for realization rules to state thatinde�niteness is realized as \a" if the complex condition includes the semantic feature \pearness", butas \an" if the complex condition includes the semantic feature \appleness".Syntactic agreement in English is so restricted that it can be handled successfully on the basis ofsemantic features of number, animacy and sex (\natural" gender). In French and German, on the otherhand, agreement depends on lexical features of \grammatical" gender. In an inquiry semantics approachto generation based on functional choices, it is appropriate to raise inquiries for semantic features such90



as number, animacy and sex, but it makes no sense to treat grammatical gender in the same way.However, the researchers on the KOMET project found that the techniques which the Penman projectused successfully with the Nigel grammar of English did not provide elegant solutions to the problem ofgrammatical gender agreement in German. As described in Section 3.3, they solved the problem withinthe existing framework only by creating a new metafunction for agreement, and by arranging that theinquiries raised by the LEXICAL-GENDER-CHOOSER would receive responses from the lexicon. Thisappears to violate the idea that lexicogrammatical information is held inside the lexicogrammar, andthe chooser/inquiry interface operates between the lexicogrammar and the environment in which it isembedded.These problems led the KOMET researchers to consider the need to include some notion of head-daughter dependency in SFG. This idea is discussed in Section 10.2.2.10.2 Scope for constructive exchanges10.2.1 Semantic head-driven generationSFG-based generation of a clause starts with a traversal of the clause network. Within the clausenetwork, choices in the transitivity system of the ideational metafunction lead to realization of the mainverb and preselections for some features (such as case) of the noun phrases which will �ll the participantroles of the clause. The participant roles are then �lled by secondary traversals of the noun groupnetwork. In this way, the generation is driven by the semantic head of the clause.Working in a di�erent framework, aiming at a uniform architecture for parsing and generation basedon the development of declarative representations of grammars in information-based approaches suchas UCG and HPSG, [Shieber et al. 1989] showed that semantic head-driven generation is more e�cientthan left-to-right generation.\The left-to-right scheduling of Earley parsing, geared as it is toward the structure of thestring rather than that of its meaning, is inherently more appropriate for parsing thangeneration. This manifests itself in an overly high degree of nondeterminism in the generationprocess. For instance, various nondeterministic possibilities for generating a noun phrase(using di�erent cases, say) might be entertained merely because the NP occurs before theverb which would more fully specify, and therefore limit, the options: : :Thus for generation, we want a traversal order geared to the premise of the generationproblem, that is, to the semantic structure of the sentence. The new [semantic head-driven91



generation] algorithm is designed to re
ect such a traversal strategy respecting the semanticstructure of the string being generated, rather than the string itself." [Shieber et al. 1989]This move towards semantic head-driven generation in work on information-based grammar for-malisms brings these approaches closer to that of SFG. However, in SFG-based generation, the traversalof the clause network selects not only semantic features from the systems of the ideational metafunction,but also pragmatic features from the interpersonal metafunction and discourse features from the textualmetafunction. All these features are included in the selection expression from which the surface stringis generated by the realization rules.The selection expression in SFG corresponds to the \semantic structure" referred to by Shieberas \the premise of the generation problem", that is, the logical form from which the surface string isgenerated by the rules of the grammar. However, the logical form in the information-based grammarformalisms with which he and others are working is typically restricted to a purely semantic structure.In contrast to the SFG selection expression, the logical form is therefore typically under-speci�ed ininterpersonal and textual information. The result of this under-speci�cation is that several alternativesurface strings, varying in interpersonal and textual factors, can be generated from the same logicalform.In response to this problem, rather than developing richer functional theories for the under-speci�edfactors, researchers working within these formal approaches have concentrated on the e�ciency of thegeneration algorithms. For example, [Haruno et al. 1993] adapt for generation the chart-based tech-niques developed in earlier work on the BUP parser, to avoid recomputation of partial results which canbe shared among several alternatives. While e�ciency of generation algorithms is extremely important,it seems that adoption of a wider range of factors, as in SFG, is more crucial to the problem.10.2.2 HPSG[Bateman & Momma 1992] contrast the strong points of SFG, oriented towards generation, and HPSG,oriented towards analysis, and propose that a combination of their respective strengths would be valu-able: \The generation task has required extensive work on the more abstract strata: without a richbreadth of communicative goals, grammatical resources for expression cannot be satisfactorlyutilized. : : : 92



In contrast to the generation perspective, work oriented towards analysis - particularly withincurrent information-based grammars such as LFG and HPSG - has paid extensive attentionto the less abstract strata of the linguistic system and has produced highly detailed accountsof syntagmatic organization. It naturally suggests itself, therefore, that a combination ofthe two paradigms should enable us to �ll gaps in the respective coverage of strata o�eredby the two perspectives individually." [Bateman & Momma 1992]The strengths of HPSG include elegant principles for handling head-daughter dependency relationsand syntactic agreement. These are precisely the problems which the researchers on the KOMET projectfound di�cult to handle in the SFG framework.\In computational systemic functional grammar (SFG) accounts of syntagmatic relationsand their representation are generally less well worked out than treatments of paradigmaticrelations, which have per traditionem been in the focus of theoretical interest in systemiclinguistics. Leaving syntagmatic relations practically implicit presents a number of problemsfor the representation of certain linguistic phenomena, such as agreement, government, etc."[Teich 1992a]In seeking to �nd a better solution to the problems of agreement than the one described in Section 3.3,the KOMET researchers wish\: : : to look at possible merits of a more explicit incorporation into SFG, and in particularinto its computational instantiation, of the notion of linguistic dependency found in worksuch as HPSG, Daughter Dependency Grammar, and Word Grammar." [Teich 1992a]Given that a combination of their respective strengths would certainly be valuable, it needs to beasked whether the similarities and di�erences between SFG and HPSG make this idea feasible.As discussed in Section 10.1, the wide range of factors included in SFG operate multidimensionallyin parallel rather than being organized into successive levels. HPSG similarly adopts a multidimensionalapproach. In HPSG, multidimensional lexical and phrasal signs include speci�cations of phonological,syntactic and semantic features. These features can share values and can be processed in parallel byuni�cation. As mentioned in Section 10.2.1, the range of features tends to be relatively restrictedcompared with SFG, though HPSG does include both a \Content" �eld for semantic features and a\Context" �eld for pragmatic features.However, there is a major di�erence between the lexicalist approach of HPSG and the approach ofSFG: \Attempting such a \uni�cation" of approaches might at �rst seem counter-intuitive becausedependency grammars are highly lexically-centered whereas in systemic functional grammarslinguistic information is not prominently tied to lexical heads but distributed over a numberof units of di�erent ranks. Implementations of SFG for natural language generation, suchas PENMAN and KOMET, are based on a situation-based perspective whereas HPSG-stylelinguistic descriptions are lexically-based." [Teich 1992a]93



10.2.3 Typed feature structuresA recent development in computer science is the elaboration of the theory of typed feature structures(TFS) [Carpenter 1992]. A TFS system was implemented at the ATR project [Emele & Zajac 1989],and subsequently applied to multilingual generation in Project Polygloss at the University of Stuttgart[Emele et al. 1990]. [Carpenter 1992] describes how both SFG system networks and HPSG featurestructures and signs can be represented and manipulated in the TFS formalism.[Bateman & Momma 1992] describe an experiment in which a small fragment of Penman was im-plemented in a TFS system. Part of the Upper Model (see Section 2.2.3), part of the system network,including realization rules, and part of the chooser/inquiry interface (see Section 2.2.2) were all trans-lated into the TFS representation. After de�ning this fragment of Penman in TFS form, it was possibleto run it in both directions, for generation and analysis. The analysis started with HPSG parsing toproduce a minimum set of grammatical features needed to determine a unique semantic analysis.The only sentence attempted was \Kim devours every cookie." Therefore this experiment wasextremely inconclusive. However, further research may result in further progress in �nding possibleways to combine some of the strong points of SFG with some of the strong points of HPSG by usingthe TFS formalism.If such progress can be achieved, it could become possible to develop some kind of integratedHPSG/SFG parser capable of extracting a wider range of factors from source texts. Up to now, none ofthe experiments in parsing with SFG have had great success. However, if an HPSG/SFG parser couldautomatically extract a wider range of factors from source texts, and if further factors not present insource texts could be obtained by means of inquiries, as in SFG-based text generation, the requirementsof [Tsujii 1986] for improving the quality of machine translation, discussed in the Introduction, wouldbe much closer to being met.
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