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Abstract

This Master’s thesis describes the implementation of a Swedish grammar arahlé&xiche grammar
formalism Prolog Embedding Type Feature Structure Gramr(RETFSG). Previously there has only
existed a grammar and lexicon for English. PETFSG is a unification baseghgrnaformalism strongly
inspired byHead-driven Phrase Structure Gramm@iPSG) written in Prolog by Mats Dablilf at the
Department of Linguistics and Philology at Uppsala university. The implerdegreammar covers only
a fragment of Swedish and the work has been aimed at particle verbuwzirsts.

Other changes in both grammar and lexicon has been made for the adapteedis!iS

The thesis also describes PetFsgGui, a graphical user interfacedh#tam making PETFSG easier
to use allows the use of PETFSG without a web server. Earlier it has oefygmzssible to use PETFSG
either directly from Prolog or from a Common Gateway Interface (CGl)iegjion which in some cases
has made PETFSG rather unpractical and hard to use. This has beed Isplthe implementation of
PetFsgGui. The PetFsgGui application is written in the program language Jav
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1 Introduction

The main purpose of this Master’s thesis is to describe the implementation ofrangrafor some
Swedish constructions using tf¥olog Embedding Type Feature Structure Gramr{RETFSG) for-
malism. The grammar and lexicon that have been available earlier descritzaegreeht of English and
were implemented by Mats Dabifl the author of PETFSG, at the Department of Linguistics and Philol-
ogy at the University of Uppsala.

The implemented grammar and lexicon for Swedish are restricted to some aspbetsollowing
grammatical constructions: reflexives, verbs and verb particles.

PETFSG is a unification based grammar formalism written in Prolog by Mats @althe Depart-
ment of Linguistics and Philology at Uppsala University. PETFSG compilasgrar and lexicon files
into a parser which can be accessed either directly from a Prolog systeyncalling it as aCommon
Gateway Interfac€CGl) application.

Semantic representations in PETFSG are expressed by the use of tpkedelecy semantics (TDS)
which is embedded in the PETFSG formalism. TDS draws inspiration from minimalsien semantics
(MRS) as described in Copestake, Flickinger and Sag (1999).

The PETFSG grammar described in this thesis is fairly close to the grammaibéesarSag, Wasow
and Bender (2003) with a few differences in the total number of grammatiles used.

The thesis also describes an application which makes it possible to use BEBRSstand alone ap-
plication with an easy to use graphical user interface, without having ta web server. This application
is written in Java and its graphical user interface (GUI) is implemented usivg Foundation Classes
(JFC orSwing.

1.1 Purpose

The goal of the work is to write a grammar and lexicon for PETFSG whichrilescsome aspects of
Swedish. The grammar implemented by PETFSG’s author is for a fragmemghiskE The work on
both grammar and lexicon has been restricted to a partial coverage ofgadawnatical constructions.
The implemented constructions are outlined in the thesis.

In the course of this work it became clear that PETFSG could be adaptegkinto make it easier and
faster to use in the development of grammars. Hence the implementation of GetFag application
that has solved these problems. The application is written in Java using thé-damdation Classes
(JFCor Swing. The necessary connections to Prolog are handled by the classikedrim the package
Jasperby the Swedish Institute of Computer Science (SICS). These classegared the SICStus
Prolog software package.

Java was considered the most suitable programming language for the tgplecause it is both
easy and powerful. Another important aspect is the availability of goodetafor the construction
of graphical user interfaces. Furthermore, a large number of studetiie language engineering pro-
gramme at Uppsala University have knowledge of Java and hopefullymdhgons, apart from the author
of PetFsgGui, will adapt and extend its functionality when and if needed.

1.2 Outline

Section 2 gives an introduction to HPSG. PETFSG, for which the Swedishrgar has been written, is
described in section 3.

The grammatical background is described in section 4. This section descefttexives, verbs and
verb particles in Swedish grammar. The grammatical background is summirizection 4.4.

The implemented Swedish grammar is described in section 5. The test suite® wsedlate the
implemented grammar are described in section 6.

PetFsgGui, the implemented graphical user interface for PETFSG is dabaribection 7 and sum-
marized in section 7.7.



The conclusions of the thesis can be found in section 8.

Section A contains more information on the implemented grammar and lexicon. Liecatieere the
grammar and lexicon files are specified.

Section B contains information on PetFsgGui, its source code, require@ehsefand how to compile
it. A short introduction on how to write Java code that calls SICStus Proldgasracluded.

2 Head-driven Phrase Structure Grammar

Head-driven Phrase Structure Grammar (HPSG) is a typed unificatied lggammar with strong lexi-
calism that combines elements from Generalized Phrase Structure Granf?&®)@nd other grammar
theories. HPSG was developed at Stanford’s Center for the Studyngiuage and Information (CSLI)
(Sag et al. 2003).

Both grammar and lexicon are defined by the means of feature struct@®eg (fe strong lexicalism
means that most information is encoded in the lexicon and very few grammeararngl@eeded.

It is possible to incorporate semantic models into the grammatical formalism. Tkerckemantic
model, however, has to use FSs and unification, as these ideas arey lsdld grammar and lexicon.

The main idea in HPSG is the focus on the lexical heads of phrases, fraoh avphrase get its name
and type. Furthermore it uses a sign based structure in which the linguistidddge is structured in a
type hierarchy accordingly to their types. In HPSG the hierarchy is atdioyclic graph, in PETFSG itis
atree. This hierarhy also allows constraint inheritance which means tingihiget nodes in the hierarchy
inherits features from its mother node and can be further specified.

Syntactic valency is expressed by specifying complements and specifiesl@xical entries where
wanted.

2.1 Type hierarchy

The elements of lexicon and grammar are assigned atype. The type espasd features are associated
to the specific element, which means that elements of the same type share theatures f but not
necessarily the same values.

Elements of the same type have the same feature set and the same constaaigsealsto them.
The different parts of speech have their own type and show their $jpbaieacteristics and constraints.
Grammar rules typically produce feature structures that have theptypse lexical rules are suggested
to have the typérule

The types each take their place in an hierarchy, in this case a tree strudtick expresses inheri-
tance and what features are associated with a type. This also guathateés example, lexical entries
of the same type has the same set of features, which is of great importameii¢ation. The feature
set associated to a type is inherited from mother node to daughter nodeisipdssible to extend the
feature set with appropriate features when needed in order to makeutjletelanode more specific.

The use of inheritance and specification makes the lexicon smaller due tathiesfathe properties
of the types are defined once and can be reused by simply assigningta &y[exical entity.

2.2 Syntactic valency

Syntactic valency is expressed by using the features SPR (specifid€MPS (complements), which
are lists containing specifications of what elements are needed to make tla éapity saturated. The
elements that specify complements and specifiers are declared as faattges. Consider, for exam-
ple, the transitive verhit, which needs an object upon which the act of hitting is performed. Thisbbje
should be included in the list of complements (COMPS) for the lexical dritryin order to make the
lexical entry grammatical a subject is also needed. This would be defined listlof specifiers (SPR)
for the lexical entryhit.



The implementation of HPSG as suggested by Sag et al. (2003) defindésra ARG-ST(Argument-
Structurg that is a list created by concatenating the SPR-list and the COMPS-list. ddtigé is sup-
posed to be used in the creation of semantic representations of phrasssndences. This feature is
however not implemented in the available PETFSG grammars.

2.3 Lexical rules

Since the different word forms that can be generated from lexemes shthe category are formed in
a regular way it makes sense to have some mechanism that can generterthesautomatically. This
mechanism is implemented as lexical rules.

A lexical rule is a feature structure that generates word forms or lexeropsdxisting lexemes.
This makes the writing of the lexicon less time consuming as well as the grammanigdiersin size.
Although the rules are expressed as feature structures, they cantselide simple functions that take
one argument in the form of a feature structure and returns anotheedhléng, feature structure.

Since lexical rules are feature structures they should be assigned & ¢yl rules can be of one
of the following types, as suggested in Sag et al. (2003). Inflection&idiesules generate word forms
from existing lexemes, for example generating a word form for the plorah fof nouns. Derivational
rules on the other hand generate new word forms by the addition of a prefiguffix to the surface form
of a lexeme. It is then possible for the generated lexeme to be transformatidryinflectional lexical
rules.

Typical lexical rules are such that they generate word forms from lexeaneate plural forms for
nouns or such that they generate the possible forms for the differesststefia verb lexeme.

The feature set of lexical rules contains the following:

e The type of the lexical rule which marks the rule as either inflectional ovalgwnal.

e The feature structure that should be altered. This feature structute baspecific enough so that
only the intended lexemes are subjected to the lexical rule, underspeeiitenie structures will
result in over-generation of surface forms, of which many most likely veilldzorrect. It should,
for example, only be possible to create plural forms of nouns, not fitrsve

e The resulting feature structure. This feature structure can either beradexr a word form which
is shown by what type is assigned to the feature structure.

2.4 Grammar rules

Grammar rules govern how lexemes can be combined into phrases. The maifitipalinguistic knowl-
edge is defined in the lexicon; for example, the lexicon defines syntactitoyaded what type of phrases
a lexeme can modify. The rules define how the feature structures aredu@fiammar rules combine
one, or more, lexemes into phrases. The rules work by unification addgedeature structures. Given
the fact that the rules work in a very general way and that most linguisticriretion is encoded in
the lexicon it follows that the number of grammar rules needed are few. Talentamber of grammar
rules suggested by Sag et al. (2003) is six; the rules that are of mogtsinter the grammar fragment
described in Section 5 are listed below:

e The head-specifier rule.

SPR  (m)

h
[p rase ]—>H VAL
COMPS ()

SPR ()

This rule states that a phrase can be constructed by a lexical head agfihiési pecifiers.



e The head-complement rule.

word

H [1].. M
COMPS <> ..o

COMPS

phrase ]_}
()

This rule states that a phrase can be constructed by a lexical head agfihiésldcomplements.

e The head-modifier rule.

COMPS ()

[phras%a H[COMPS <>] oD <>

This rule states that a lexical or phrasal head can be followed by a maglifiase given that
this phrase is declared to modify heads of the right kind.

The rules listed above are outlined in Sag et al. (2003) and are also implehireRETFSG with a
few minor changes.

2.5 Semantics

The semantic representation of lexemes are specified in the fedliie Sag et al. (2003) presents
a simple semantic model in some detail. The semantic model in PETFSG is called tq@adeecy
semantics (TDS) and is inpired by minimal recursion semantics (MRS) andsdgfeatly from the
semantic model described in Sag et al. (2003).



3 Prolog embedding typed feature structure grammar

Prolog embedding type feature structure grammar (PETFSG) @a2003b) is a typed unifictation
based grammar formalism written in Prolog by Mats Détdit the Department of Linguistics and Philol-
ogy at Uppsala University. PETFSG can be used either directly fronoldmterpretator or from a
HTML-driven user interface. PETFSG currently runs on the propiesdCStus Prolog, distributed by
SICS (Swedish institute of computer science), and the free softwaraga&WI-Prolog. SWI-Prolog is
free in the sense that it is licensed under GNU GPL which gives certaits ttighll users of the software.
For more information on GNU GPL, sé¢tp://www.fsf.org

Since the earlier implemented grammars for PETFSG have been written in HRS@dnsay, the
Swedish grammar described in this thesis is also inspired by HPSG.

Semantics is expressed by the use of Token Dependency Semantics\WHB)is inspired by MRS,
described in Copestake et al. (1999). PETFSG compiles a grammar armhkexito a parser application.
Compiled applications are saved in external saved state files which cardiee loga Prolog interpretor
and reused.

A PETSG application must, at least, consist of the following parts:

e Atype hierarchy.
e A grammar.

e Alexicon.

e One initial symbol.

PETFSG allows the use of lexical rules as well as named feature struathicscan be thought of
as defined feature descriptions that are possible to reuse in otherefdatariptions. This is in some
aspects different from HPSG where, for example, lexical rules diieetkas feature structures. The
feature descriptions used in PETFSG are possible to combine and exteished.

The initial symbol, of which there can be only one, defines how a well d¢Byatactic expression
should be defined for it to be counted as a correct parse in the parsicedore.

3.1 Type hierarchy

The type hierarchy in PETFSG is declared with the Prolog tntaration , which has the following
structure:

declaration
TH

where

TL

In the first variableTH, all types are declared and in the second variable,all features that can be
associated with the different types are listed. The keyvguidsume is used to define the structure
of the type hierarchy in PETFSG. The structure represents a well fonreedierarchy in which each
daughter node has only one mother.

Types can be defined by using the following:

e A name of a type declared in the type hierarchy.
e Prolog terms (which are used by their names).

e Lists which should be declared to be of the tyisé



3.2 Named feature structures

Named feature structures (NFS) are descriptions of templates that aiblpds reuse. They are defined
using the operatds _short _for . NFSs have the following structure:

name is_short_for
feature_structure.

The name-part can be any Prolog atom. The FS declareteaiure _structure can use any
other named feature structure as long as it has been declared befouertéh@, which means that it has
to been declared earlier in the grammar file.

The NFS for intransitive verbs has the following structure:

verb_intransitive is_short_for
[nfs verb_general,
token: <>Token,
lexeme: <>Lexeme,
head:[v_sf. <>VSF],
spr:{[nfs np_subijl},
comps:{}].

In order to use a declared NFS it is necessary to list it within a FS with thedeeyvis before the
name of the NFS. As noted above, the NFS must have been declaree ®eydfS that uses it. Consider
the following example which shows the lexical entry for the intransitive \e(bmile:

le >>>
[infl_Ixm,
nfs verb_intransitive,
lexeme: <>le].

This entry reuses the NR&rb _intransitive which declares the features and their respective val-
ues that all intransitive verbs share.

3.3 Lexical entries

The lexical entries of the grammar are declared in the following fashion:

word >>>
FS.

The lexical entry for the wordchurmeldjur(groundhog looks like the following:

murmeldjur >>>
[infl_Ixm,
nfs common_noun_spr,
lexeme: <>murmeldjur].

3.4 Lexical rules

Lexical rules allow the generation of new lexical entries from ones ajreai$ting. They take the form
of a function that operates on feature structures and generates eevirom these. To each lexical rule
a morphological rule is connected which transforms the surface formeajeherated lexeme or word
form. It is however possible to override morphological rules for lexematsdb not adhere to the regular
way of forming the different possible forms. It is also possible to conad®itolog call to a lexical rule



which will be called when the lexical rule is executed. All defined lexicalgdes executed when a
PETFSG application is compiled. The form of lexical rules are as follows:

lexrule name

morph name_of_morphological_transformation
input feature_structure

output feature_structure

prolog_call

It is possible to choose any name for a lexical rule, even though it is recadedeto choose a
descriptive name. The name of the lexical rule has to be a Prolog atom ftaxibal rule to be parsed
by PETFSG. A morphological rule that is connected to a lexical rule mustkkbned, otherwise the
lexical rule will not be parsed, i.e not added to the application. For the syrfitmmorphological rules,
see Section 3.6. In the feature structure descriptions that make up thénpatts andoutput it is
possible to use variables which make the feature structures more general.

As an example, consider the following lexical rule which creates the ploradd of nouns:

lexrule plur_noun
morph  plur_noun_infl
input  [infl_Ixm,
token:x0,
lexeme:x1,
head:[x2,
cnnouny,
Spr:x3,
comps:x4,
slash:x5]
output [word_valency,
token:x0,
lexeme:x1,
head:[x2,
cnnoun,
agr:[num:plur]],
Spr:x3,
comps:x4,
slash:x5].



3.5 Grammar rules

Grammar rules are defined using the following syntax:

name
RESULT
=_==>
FSs

Wherenameis a string that describes the nature of the rule. The name of the rule haa ferbleg atom
for the rule to be recognized by PETFSG. The feature structure is thitimgsphrase after the rule has
been applied. The variable contains the necessary components fofettie be satisfied. This variable
can contain the following:

e Feature structures that represent the minimal set of elements and vadaesirier the rule to be
satisfied. This is expressed using features and values.

The following example shows the head-complement rule, which combines allbgid with its first
missing complement. The rule can be applied several times in order for a lagiadlto be combined
with all its missing complements.

hd_comps rule

[phrase_hc,
token: <>(T1+T2),
head:xHFP,
comps:xComps,
spr:xspr,
pm:neg_p] ===>

[ [token: <>T1,
head:xHFP,
Spr:xSpr,
comps:xComp xComps,,
pm:neg_p],

[xComp,
token: <>T2,

pm:neg_p]J.

The rule above shows how grammar rules are written in the grammar file, Higim@ws the rule in
the format PETFSG displays rules to the user, i.e HTML

3.6 Morphology

Morphology in PETFSG is handled by a combination of lexical rules and §miedicates that alter the
surface form of a given lexeme. Lexical rules change the values dé#teres associated with a lexeme
to values connected to certain forms of a lexeme. The morphology proc®STIRSG is handled by
general Prolog computation. This makes it possible to alter the surfaceofoaniexeme and features
associated with it. It is also possible for morphological rules to not chargsutface form which is
useful for lexemes that do not adhere to the regular way of formingisevtard forms. This is done by
using the predicatsuppletive  _form .

Morphological rules have to be connected to a lexical rule, as showrctin8e&.4.



FS rule hd_comps

phrase_hc
toker  MX1+KH2
1
gl head _sort
Mother:
spr 2| LIST
comps |3 LIST
pir Neg_p
sign
tokern  ®x1
head 1
spr 2
Draughter: 4 -
Sign
COTPS toleern WKZ |13 >
Pl neg p
pri neg_p
Daughter: |4

Figure 1: The head-complement rule

The morphological function associated with a lexical rule has to be conthedtea Prolog predicate
that either adds a suffix to a surface form or leaves it as it is. This ias®ocis made with the Prolog
predicateinfl _reg/2 . The following predicate states that the suffix should be added to nouns (in
Swedish) in their plural form.

infl_reg(plur_noun_infl,affx(ar)).

The first argument is the name of the morphological rule, which also is éelclarthe lexical rule,
and the second argument is a call to a predicate that changes the $onfacd the lexeme.

For nouns that do not adhere to this rule, for example the hokhande(bookstorg, the following
has to be declared.

suppletive_form(bokhandel,plur_noun_infl,bokl ador).

The first argument of the call is the lexeme whose morphological reshapmgd be overridden,
the second argument states which morphological function it is that showsdregdden and the third
argument is the surface form that should be given to the lexeme insteadtdh#t would have been
generated by the defined rule. Without this declaration the plural forboktiandelbookstorg¢ would
be*bokhandelar(bookstorek



4 Some constructions in Swedish grammar

This section will describe the grammatical background that has been takecdant when implementing

the Swedish grammar.

4.1 Reflexives

Reflexive pronouns normally co-refer to the subject in a phrase anglaced in the position of the
object. In Swedish there is agreement between the reflexive and thetdobjdich it refer. The reflexive

pronouns in Swedish are shown in table 1.

number 1st person| 2nd person | 3rd person
singular mig dig sig
myself yourself itself
plural 0SS er sig
ourselves | themselves| themselves
singular reflexive possessive pronoun sin sitt sina
its its its
plural reflexive possessive pronoun sin sitt sina
its its its

Table 1: The reflexives in Swedish

4.2 \erbs

Verb forms belong to one of the two classes finite and non-finite verb fdtissonly possible for finite
verb forms to act as predicates in sentences. Non-finite verb formg dleemeselves contain information
about tense and express tense with the aid of auxiliary verbs.

Verb phrases consist of at least one or more auxiliary verbs andrateevierb (Thorell 1977). The
possible verb phrases in Swedish as suggested by Thorell (1975)awa below.

e Auxiliary verb(s) + infinitive verb
The auxiliary verbs are used to express mode, tense or how the acticnibddsoy the verb is
performed.

The infinitive verb can be constructed either by using the infinitive matéto) or without using
it. As an example consider the senterdeg vill sova(l would like to sleep As an example of
a verb phrase using the infinitive marker consider the following sentéag&ommer att befinna
mig vid datorn(l will be by the computer

e Auxiliary verb + part participle verb
In phrases like this the auxiliary verb usechiz’har/hade(have/having/had The auxiliary verb
can be excluded in subordinate clauses.

e Auxiliary verb + present participle verb
Consider the following examples taken from Thorell (19Biken blev liggande @ taken(The car
remained lying on its rodfor Hon ansigs vara allande till olyckan(She was considered to be
responsible for the accident

e Auxiliary verb + past participle verb
The following examples from Thorell (1977) illustrates this type of vertaphiHon ar beundrad
(She is admiredandHan ville inte ha betaltdr hjalpen(He did not want to be payed for the hglp

10



e \erb + reflexive pronoun
The sentenceldon annélde sig till polisen(She reported herself to the poljc&ndHan angrar sig
(He regrets somethingllustrates this kind of verb phrase.

Many verbs can only be used together with a reflexive pronoun.

e \erb + prepositional phrase
The following sentences illustrates this type of verb phrétsa str pa stolen(He stands on the
chair) or Mitt talamod $itts g prov(My patience is testd

The verb preceding the prepositional phrase is often of the charaatet shows changes leading
towards a certain goal. It also often marks a change. The most commoulyregmsitions are
(in), pa (on) andtill (to).

Many verb phrases of this type is lexicalized phrases and the nouns gfdpesition phrase
does not occur in the given form apart from in the verb phrase. i@enthe exampleblagotar i
gorningen(Something is in the makihgndGa till vaga(Set about somethihg

The different particle verb constructions consisting of a verb andtejesin different combinations are
listed in table 3.
The main type of different sentences at hand are:

1. Active sentences
2. Passive sentences
3. Interrogative sentences

Table 2 derivated from Holm and Larsson (1976) shows the structule aifferent type of sentences.
The different columns in the table refers to what elements that normally aredoia them. Note that it
is possible to put phrases in the columns, not just single words.

The elements in the first row of the table enclosed within parenthesis are agioth can be left
out of a sentence. Examples (1)-(5) in table 2 shows variations on thessar®nce in which different
elements of the sentence is made fundament. The element that is made fungachesen in a way
such that the focus of the sentence is set to a specific part of it. Serf@nndable 2 shows an active
sentence in which the subject is made fundament. The finite verb takes itopl#te second position.
In interrogative sentences as (5) in table 2 the subject takes its plactydafer the finite verb. Passive
sentences, as examples (7) and (8) in table 2 show can be created inyg«dmaxample (7) the finite
verb has been changed to the verb’s passive voice. This verb fameated by adding the suffsdo the
verb. The subject and the object also changes position with each otinreffnore the subject is made
into a preposition phrase consisting of the prepositiefby) and the former subject. Passive sentences
can also be formed as in example (8) in which the subject and object chaleges with each other.
The verb is replaced with its past participle form preceded by the bigrfis). It is also the case here
that the subject is turned into a preposition phrase consisting of the firep@s (by) followed by the
subject. According to Holm and Larsson (1976) the sentences (I)-@@ple 2 form a structure that
is almost always followed in Swedish. There are however exceptions ichvgarts of a sentence can
occur in places not really covered by the current schematics. Seatéd)eel 7) show such exceptions.
In sentence (9) an adverbiahart (soor) is placed directly before the subject. This can be done for
adverbials that are not stressed. An adverbial that is not stresseadstabe placed directly before the
second predicate, as in sentence (10). Adverbial phrases normalidptathe fieldAdv 2can be moved
to the field preceding the second predicate. Sentences written in this stj@ssueasual than ones in
which the adverbial phrase is placed in the fidldv 2 In examples (11) and (12) adverbials usually
placed in the field of adv 2 have been placed in the field of adv 1. Objectarthptonouns can be placed
before the first adverbial as in example (13). This can only be done ezt is not stressed and the
sentence is written in either present or past tense. Negated objectsgandxztin the field ADV 1 when
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Number | Fundament | Pred 1 (Subj) (Adv 1) (Pred 2) (OBJ/PF) (Adv 2)
1 Man maste alltid ha kostym pa biollop
Men must always wear a suit at weddings
2 Alltid maste man ha kostym pa biollop
Always must men wear a suit at weddings
3 Kostym maste man alltid ha pa biollop
A suit must men always wear at weddings
4 Pa billop | maste man alltid ha kostym
At weddings| must men always wear a suit
5 Maste man alltid ha kostym pa bidllop?
Must men always wear a suit at weddings?
6 En kvinna | stanger fonstret
A woman closes the window
7 Fonstret stangdes (av en kvinna)
The window| was closed (by a woman)
8 Fonstret blev stangt (av en kvinna)
The window| was closed (by a woman)
9 Nu borjar shart programmet
Now starts soon the show
10 Programmet har redan visats
The show | has already been showr
11 Henne lat han sedan avskeda
Her had he later fired
12 Har han pagrund av ... | missat labben
Has he on account of ..| missed the lab
13 Kanner du honom | inte
Know you him not
14 Ville han inga pengar ha
Wanted he no money have
15 Det visas aldrig bra program| pa TV
There shown never good shows| on TV
16 Sover gor jag aldrig
Sleeps do I never
17 Sovit har jag aldrig (gjort)
Slept have | never (done)

Table 2: The structure of sentences

both PRED fields are filled. If not both PRED fields are filled this can notdmedExample (14) shows
this structure. Example (15) shows a sentence in which the subject aatéces The formal subjeadet
(it) takes the position of the fundament whereas the formal subject is pladkd freld OBJ/PF. The
formal subjectdet(it) can be excluded in sentences that starts with an adverbial phrasénitdgerb
can as in example (16) and (17) be made fundament. In such sentenfiest firedicate has to be a form
of gora (doeg otherwise the sentence will be interrogative.

As opposed to verbs in English, Swedish verbs do not show agreeriierthe/subject in sentences.
This means that a verb in any of its forms and tenses has the same fordieegaf person and number
of the subject.

Finite verbs are inflected with regards to tense and mode. Swedish has twe &mges, present and
past. These are formed either by altering the verb by the adding of a®uiffiar altering its stem. Verbs
either have strong or weak inflections depending on how its differemtSare created. A verb that forms
an inflection by adding a suffix is said to be of weak inflection, otherwise it &gfrong inflection. The
past tense of verbs of the weak inflection is usually formed by the addititre suffixde, hitta - hittade
(find - found, the suffix-te is used when the verbs end with a toneless consofstefi Dahl 1982).
Verbs of strong inflections change their stem in the forming of the diffdestges. An example of this is
the verbskjuta (shoo) whose past tense &bt (sho).

12



Future tense of verbs normally has to be formed with the aid of auxiliary va@gimscally in the
following fashion:kommer att (will) + infinitival verb form , the future tense is also
frequently formed aska (shall)+ infinitival verb form (Osten Dahl 1982).

Except in interrogative sentences, predicates are always placed sedbnd position, after the sub-
ject, in Swedish sentences (Holm and Larsson 1976). In interroga&tiversces the predicate is always
placed first.

4.3 Particle verbs

Particle verbs are lexical and semantical constructions consisting obaawdra particle. A particle is
normally stressed and the verb to which it belongs is not. The particle anéth&re semantically and
positionally linked together. A verb can at most have one particle.

In some cases the particle appears as a prefix to the verb and in othethmparticle is separated
from the verb and appears after it. Particle verbs of the latter type aréodaéda loosely connected and
those of the former are said to be firmly connected. The meaning of verbarthéirmly and loosely
connected are sometimes different. The implemented grammar that is describisdliresis deals only
with verb particles of the loosely connected kind.

Particle verbs with a loosely connected particle form a single semantic unittflevegh they can be
separated by other words.

The fundament of a sentence is placed first in a sentence and marks ritee dhéhe sentence in
regards to what the speaker/writer wants to be the starting-point or the &da sentence (Holm and
Larsson 1976). The fundament can also function as a way to introdseenantic structure that can
be elaborated or explained further on in the sentence. For example eottsidfollowing sentences:
Han alskar verkligen sin dotte(He really loves his daught®in which Han (He) is the fundament of
the sentence. The fundament of the sentence can also be changedeasentdnc&in dotteralskar
han verkligen(His daugher he really lovégThe example is taken from Holm and Larsson (1976)). In
declarative main clauses particles can not be made to be fundament, figplexaompare the sentence
Jag hittar & (?I make upto *Pa hittar jag (*Up | make.

Particles are often similar to adverbs asilla upp (pour) or sla ner ("knock s.b downthat marks
direction or prepositions such as ga av (break or hitta pA (make up. Particles can also be similar
to nouns as irsla vakt(guard), adjectivesbryta lost (break loosg or even verbs in participle form, for
examplegora gallande("make a statementEven though they may appear to be of a number of different
parts of speech particles should be marked as “miscellaneous advecbsdiag to Teleman (1974).

The most common place for the particle is directly after the verb to which it belang before
any other complements and modifiers of the verb. For some verb particlewdims the verb and the
particle can be separated by an object, especially if the object is refléoiexamplea sig an ragonting
(set about somethingbara sig at (behave or gora sig av med agonting(get rid of something There
are however cases in which objects that are not reflexives can leglfdatween the verb and the particle
as in the phraseskilja demat (separate thenor sta ndgon bi(stand by someoie

An adverbial that marks location can be separated from a particle by aikirs location in the
sentence. Adverbials that marks location are adverbials if they appentres object (Teleman 1974).

In speech the particle is always stressed, a fact that can be used tguigtiparticles from other
parts of speech.

An analysis of how to separate a preposition from a particle is outlined bakserding to Teleman
(1974) it is possible to distinguish particles from prepositions using the follpariteria:

1. If an indirect object appears before a direct object as in the santen
ta ifran flickan hennes god{sake the candy from the g)rl
the preposition should be interpreted as being a patrticle.
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2. If the supposed preposition can be made a prefix of the verb, withteting the word order any

more it is to be interpreted as a particle. For example, consider the following:
ta (i)fran flickan hennes god{sake the candy from the g)rl
franta flickan hennes god(sake the candy from the gjrl

. If the supposed preposition together with a following nominal phrasdeanade fundament or

first element of a relative clause or a interrogative clause it is to be ietegbras a preposition.
Example:

Flickan Hller i godispasen(The girl holds the bag of canjly

Detar i godispasen flickan Aller (It is the bag of candy that the girl holyls

This holds for sentences in which the particle has weak intonation.

. In cases in which the nominal phrase following the supposed preposéiobe made subject of a

passive phrase it is to be intepreted as a particle.

. In cases where the nomimal part of a prepositional phrase is emphasgizbe use of the word

sarskilt (especially, it is possible to place the worshirskilt (especiallybefore prepositions with
the intent of marking the following object as in the sentejagehar lekt srskilt med Kallg(l have
played especially with Kallelt is however not possible to place the weaadskilt before a particle
in order to mark the object as fijag har brutit sarskilt av lapparna( | have especially broken the
stickg.

4.3.1 The word order of verb particle constructions

Teleman, Hellberg and Andersson (1999) list the word order for Stedigb particle constructions as
shown in table 3. The structures outlined in this table are the basis for the impeshwammar, as far
as the implementation of particle verbs goes.

Number | Verb | Reflexive/Adv. phrase| Particle | Adverbial | Object Object | Adverbial

1 ga - av - - - -

2 gora | - bort - sig - -

3 sla | - av pa takten | - - -

4 sikta | - in - sig - pa nagonting
5 ta - ifran - eleven pennan| -

6 ta sig an - nagonting| - -

7 ga snabbt at - - - -

Table 3: The structure of particle verbs

The simplest word order for verb particle constructions is shown in exafhpla table 3, namely a

verb followed by a particle. The particle is normally placed directly after thaitefverb and before any
other complements to the verb, as mentioned earlier can a verb at most legearticie connected to it.

Example (2) in table 3 shows a simple verb particle construction followed bffexike object, this

structure is close to that shown in example (1) in table 3.

In some verb particle constructions prepositional phrases can funetjmarticles, as in the following

examplesHan satte i ging diskmaskine(He started the dishwasheor Han kbrde i vag nasarenHe
made the monger go awgyFor prepositional phrases that can only function as particles it is titen
case that they are lexicalized phrases, sudhoagning (in order), (ta) till vara ( make the most ¢for

i land (on land. Such prepositional phrases are, according to Teleman et al. (@998 viewed as
adverbials. This structure is shown in example (3) in table 3.
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The structure shown in example (4) in table 3 shows a verb particle cotistrircwhich the particle
is followed by a prepositional phrase, functioning as an adverbial.

Example (5) in table 3 shows a verb particle construction in which there arselijgats, an indirect
and one direct. In constructions like this the particle is most often a prepodttisrare for adverbs to
be followed by an object and an objectival predicative, for exarmigen gjorde om garaget litedgre
(*He remade the garage a bit lowerSome constructions of this form can be paraphrased so that the
object is placed on the place of the partitemed sig Agonting(bring somethinjjcan be written aga
nagonting med sigbring somethiny However, this does not hold true for all constructions, for example
ha for sig nhgonting(imagine somethingdoes not mean the same thingresragonting br sig (be up
to somethiny

Verb particle constructions with an object and an adverbial, such as (@bl 3, can not be para-
phrased as a construction with two objects if the parts of speech that thebad\governs not can be
seen as the receiver of the action. Compdae siktar in sig & en segefHe aims for a victoryto *Han
pa en seger siktar in si¢FHe for a victory aim3.

As mentioned earlier there are alternative structures for verb particlegishwhe particle is not
placed directly after the verb. In some particle verb constructions theavetihe particle are separated
by a reflexive pronoun, for examplia sig an ragonting(take up somethingr bara sigat (behavé. This
type of construction is listed as example (6) in table 3. Constructions like thisftere frequent when
the verb is also followed by an object that could be viewed as a complemémé @ireposition, as in
the following phrasédon lagger sig i sakefShe interferes Many verbs have a reflexive pronoun in the
place of the object, as iata upp sig(gain weighj} or traka ut sig(bore oneself. For some verbs it is
possible to place the reflexive pronoun either directly after the verb efmtebthe particle or after the
particle. The meanings of such phrases are however not necessagnie, comparsilla sig in hos
nagon(curry favour with somebodio stilla in sig hos @gon(report to somebody

It is possible for an adjective or an adverbal phrase to be placed éetive verb and the particle,
as inHan skkmmer snabbt ut si(He quickly puts himself to shaiéion skillde mycket  honom(She
scolded him a Igtor se sliten ut( look worse for wear. This word order is listed in example (7) in
table 3. The verbs in such phrases normally have weak intonation andjéuthadlor adverbial phrase
has as strong intonation as the particle or even stronger.

For a small number of verb particle constructions, an adverb or prepoditad together with the
verb is part of a lexicalized phrase is separated by an object. Thesgbadw prepositions are however
to be viewed as particles. Examples of such construction¥idae val se tiden ar(Time will tell) or Det
brukar hora henne till att tackadr maten( She normally says thanks for the dinper

For declarative main clauses, particles can normally not be made fundafreeséntence. Consider
the following examplestpa hittar jag (*Up | make or *Ut skamde hon sig?To shame she put hersglf
However, for intransitive verbs can some patrticles be fundaments,laskimm nu en stor mafA big
man now entered the rogror Ut kommer de aldrig*Out they will never come

Example (6) in table 3 shows the use of a reflexive pronoun as a r&flekiect. In such cases the
verb and the reflexive pronoun are often lexicalized units. Furthenpbes of such constructions are
bita sig fast(cling tight to somethinp, arbeta sig upgwork one’s way upandbara sigat (behave.

The structures in table 3 is the basis of the implemented grammar.

4.4 Summary

The discussed grammatical aspects discussed in this section will be funofati@implemented gram-
mar as described in section 5.
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5 APETFSG grammar for Swedish

This chapter will describe a Swedish grammar and lexicon that can be ysgdT+SG. The grammar
is not a complete grammar for the Swedish language but a partial covdrpggiole verbs and reflex-
ives. Since a big part of the work described in this thesis has been to wgreanar that implements
particle verbs it is necessary for such a grammar to deal with both vedog#exives. All verb particle
constructions contains at least one verb. It is also the case that pagibtleonstructions can contain
reflexives, hence the inclusion of reflexives in the grammar.

Verb particle constructions follow a schema (covered in more detail in set®nThe implemented
grammar uses the suggested schema to implement the particle verbs. A partict®nstruction is
represented by letting the elements bound by valency be included in the C@8VI&She verb.

The complete lexicon and grammar is not included in the thesis, since theyitedigu All files
however are available to download from the Internet. See Appendix ifiermation on how to obtain
them.

The different FSs used will be shown as tables, generated from RETller the assumption that
this will make it easier to read and understand them.

5.1 Noun inflection

Since Swedish sentences mostly requires a noun phrase to be completenis fibléd a grammar for
Swedish has to have some way to analyze them. From this it follows that the grdrasnt cover the
different forms nouns can take since nouns are parts of noun ghrssshown in the schema for particle
verb constructions (figure 3) it is often the case that objects can takimphem. In some constructions
containing objects nouns appear in their definite form which means thatahentar needs some way to
generate the definite form.

There are two cases in Swedish, nominative and genifd&en Dahl 1982). The implemented
PETFSG grammar for Swedish does not handle the genitive form of nouns

There are two genders in Swedish grammar, common and nébséer( Dahl 1982). Nouns that
are preceded by the determirgm (a/an) are of the common gender. Nouns that are preceded by the
determinerett (a/an) are of the neuter gender. The definite form of a noun depends oritbaénder
and number. Nouns that describe non-persons are also assignedea ddouns form their plural forms
according to their declension. The following list shows the five differemyswplural forms are created
(Stroh-Wollin 1998).

e Some nouns form their plural form by adding the suffix For exampleskola - skolor(school -
schools.

For some nouns the suffar is added, as for the nouiff - biffar (steak - steaks

The suffix(e)r is also used for some nouns, considsr- rotter (root - roots.

Some nouns use the suffiXo form their plural formsnore - sroren(string - strings.

e Some nouns have the same form in both singular and plural forhysashughouse - housg®or
are totally alteredjas - gass(goose - geege

The stem is altered for some nouns in their plural forot { rotter).

Nouns in the grammar is by default marked to form their plural form by adttingsuffixar. The
plural form for nouns of other declensions can be formed by usingrétiqatesuppletive  _form/3

In Swedish the definite form of nouns are formed according to the schexsared in table 4 (Stroh-
Wollin 1998)
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singular indefinite | singular definite | plural indefinite | plural definite
flicka flickan flickor flickorna

girl the girl girls the girls

bok boken bocker bockerna
book the book books the books
snore snoret snoren snbrena
string the string strings the strings
hus huset hus husen

house the house houses the houses

Table 4: The definite forms of Swedish nouns

In the PETFSG grammar for Swedish, the lexical rule shown in figure 2rgersethe definite forms
of nouns.

Morph: morph _objekt

infl_lxm

token X1

head |
Input: spr LIST

comps 1 LIST
slash 2 LIST

lexerne X2

word _valency
tolen xS
head Hom :
case  obijc
Cutpuat: spr <
cornps |3 LIST
slash 4| LIST
lesermne  Xxd
Sharing: ¥Rl = ¥¥3 & ¥¥Z2 = ¥4 & (1| = |3 | & (2| = |4

Figure 2: The lexical rule for definite forms

The following Prolog call asserts that, if nothing else is stated, all nounddlfarm their definite
form by adding the suffiet .

infl_reg(morph_objekt,affx(et)).
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It is however possible to override this behaviour for nouns whoseitieform is different, according to
the ways of forming the definite form of nouns presented earlier in this gectio

5.2 Reflexives

Reflexive pronouns are used in sentences to corefer to the sulijedt-{8ollin 1998).
In PETFSG reflexive pronouns have the following feature structsréeined by the NF&flexive

MNamed feature structure reflexive_pronoun

lexitermn

tokenn XKD

head reflexive
mod neg.s

Spr <

COMps < x

slash <

pri neg_p

lexeme XK1

Figure 3: The NFS for reflexive pronouns

The reflexives must agree with the subject in a sentence, from whichviotlmat lexical entries for
reflexives must define agreement with the subject. Consider the lexirgl gimown in figure 4, for the

reflexivemig (mysels.

spr

P

token

head

COTTpS
slash

lescerme

word _valency

X0
reflexive
mod neg.s
Agr_sort
agr rnurrl  Sing
pers pl
<>
<>
< x>
neg_p
mig

Figure 4: The FS for the reflexive pronoomig (mysel)

5.3 \Verbs

_pronoun .

In Swedish there is no agreement between a verb and its subject. ThsBgeanmar handles infinitival
verbs and the present and past tense of verbs. The lexical_iofepresentreshapes a lexeme to a FS
that represents a verb form in its present tense. This includes both ohogpdal and lexical adaptations.
The lexical rule has the structure shown in figure 5.
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Morph: v_present_tense

infl_lxm
tolenn XX1
head verk
Input: spr & LIST
comps | 3 LIST
slash 4 LIST
lexermne Xx2
word _valency
tolken  XX3
5| [verb
vform  present
head (-,
V_Sf T
Cutput: -]
spr & | LIST
comps |7 LIST
slash 8| LIST
lexerne Xx4
Sharing: o - s g = o & |1 = Sl g 2 - 8 g 3 - 7 g 4B

Figure 5: The lexical rule for present tense verbs

The lexical rule uses the NR®esentform in reshaping the verb to its new form, which gives the
feature structure shown in figure 6.

Morphologically the surface form is generated by the morphological fastipresenttense which
is shown below.

infl_reg(v_present_tense,affx(er)).

This rule adds the suffier to all verbs in their present tense. For verbs that do not form theieptes
tense form this way it is possible to override the rule.

The infinitival forms of verbs are generated by the lexical nuiefl_infin, which gives the feature
structure shown in figure 7.

The morphological function connected to this lexical rule, shown belowthetfinitival form of a
verb be the same as the lexeme. It is possible to override this function.

infl_reg(v_infin_infl,id).

The past tense forms of verbs are generated by the lexicak it pret shown in figure 8. The
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sign

vierh
viorm present
head

[_ ¥
v_st -

-]

Figure 6: A feature structure that represents present tense verbs.

morphological rule/_pret.infl, shown below, alters the surface form of the verb form by adding tffi su
deto the lexeme.

infl_reg(v_pret_infl,affx(de)).

It is possible to override this morphological rule for verbs that do nahfthreir past tense form this way.

5.4 The structure of particle verb constructions

Given the structures for particle verb listed in section 4.3.1, | will in this chiageecribe how they were
implemented in the Swedish grammar for PETFSG.

The word order of verb particle constructions are illustrated in chaptet.4lBe listed data, in tables
of word order forms for verb patrticles, show a rather clear and cominactsre for the different possible
constructions of verb particles.

PETFSG is in no way limited to grammars written in a HPSG style. The Swedish gramwrétes
in a HPSG style because the English grammar as presented idD@0I03a) was written like that. The
possible ways of adapting the grammar to handle particle verb constructehmsded to a number of
strategies. One alternative is to list the particle as either a specifier or a coemgle a lexical entry.
This is done by simply listing the particle in one of the SPR or COMPS lists. Anothssilple way is to
view the particle as a modifer to the verb it belongs to. By using this strategyadhengar rules handling
modifiers probably has to be modified. A third strategy would be to view the [meica lexical head
and specify the verb to which the particle belongs to as a specifier to it. By tisgstrategy the particle
would also be required to carry the information about the valency of thesyaormally specified in the
COMPS feature of the verb.

It is not an ideal strategy to view particles as modifiers to its verb since itmua®ally capture the
different word order structures at hand. Modifiers are also natired elements and can furthermore be
repeated any number of times whereas particles can only appear oiscalsti the case that modifiers
are possible to appear before the element they modify, although this faat ieflected in the current
grammar. This leaves the alternative of using the SPR and COMPS fe&imes specifiers of a lexeme
are supposed to appear before and not after the lexeme this is notl@dssilse, given the fact that
particles appear after the verb to which they belong to. This means that thi°*S@eature is the only
feasible way of adding the capability of handling verb particles to the gramisafor the strategy
of making the particle a lexical head it is a grammatically dubious strategy anlil\atao make the
development of the lexicon harder.

By adding the different parts of the verb particle constructions to the CONMP of each lexeme
it is possible for the grammar to allow correct verb particle constructiondkoul incorrect ones. For
each type of verb particle construction supported by the grammar a naatadefetructure is defined in
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Lexical rule v_infl_infin
Morph: v_infin_infl

infl_lxm
tolken XK1
1
el wert
Input: spr 5 LIST
comps 3 LIST
slash 4 LIST
lexeme Xx2
word _valency
token K3
> verlk
vform infinitive
head [n,
v_sf -,
Cutpuat: -]
Spr & LIST
comps 7 LIST
slash & LIST
lexerme <4
Sharing: Rl = B2 & X2 = ¥4 & (1| = &5 & 2 = 6| & |2 =|7 & 4 =B

Figure 7: The lexical rule that generates infinitival verb forms.

which the needed complements for the verb particle construction are listezh Wéfining a lexeme all
that is needed is to declare which form the particle should have. For ampéxahe lexeme dhitta pa
(make up, has the following structure in the lexicon:

hitta >>>
[infl_Ixm,
nfs verb_particle_intransitive_adv,
comps:{[head:[pform: <>up]], XNpObj},
lexeme: <>hitta_ p 3]

Note that since the NFS for the lexerhidta pa (make up has a COMPS list consisting of two
elements, the COMPS list dfitta p (make up also has to consist of two elements. In this case the
second element is a Prolog variable that will be instantiated in the parsingsstoc
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Lexical rule v_infl_pret
Morph: v_pret_infl

infl_lxm
tolen M1
1
g verb
Input: spr > | 1I5T
comps 3 LIST
slash 4 LIST
lexerne Hx2
word _valency
token X3
5| [ verb
viorm  preterit
head [+,
v_sf -,
Cutput: -]
Spr & LIST
comps | 7| LIST
slash & LIST
lexerme  Xx4
Sharing: ¥l = X3 & W2 = X4 & |1 = 5 & |2 =6 & |3 = |7 &

Figure 8: The lexical rule that generates past tense verb forms.
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The NFS used to describe the various particles uses the fgaftumra to combine a verb with a
particle.

This shows some regularity of the word order for the different typesedb yparticle constructions.
HPSG, has three ways of defining word forms needed for a lexical itenerdith defining them as
possible modifiers to the lexeme or by listing them either as specifiers or comptefRenparticle verbs
it is not possible to define the particles and other words as modifiers whiabslélae use of specifiers
and complements as the tool for adapting verb particle constructions. Piecdiers of a lexical item
are to be placed before the lexical item as defined both in the theory of HR8@ the grammar for
PETFSG it is not possible to use them as a mean of defining verb particlewgimmns. This leaves the
use of complements as the only feasible way to define them. This also fits viéwyitleehe word order
form in which particle verbs appear.

5.5 Patrticles

As mentioned earlier particles can, although they appear to be of diffpeetst of speech, be seen as
adverbs. Verb particles are defined by the NFS shown in figure 9.

Mamed feature structure verb_particle

word _valency

head part_prep
mod neg.s

Spr <

COMps <=

slash <

Figure 9: The NFS for verb particles

5.5.1 Verb and particle

This is implemented by the NFS shown in figure 10.
The lexical entry foiga av(break looks as follows:

ga >>>
[infl_Ixm,
nfs verb_particle_simple,
comps: {[head:[pform: <>by]]},
lexeme: <>g a_av].

5.5.2 \Verb, adverbial and object

This is implemented by the NFS shown in figure 11
A lexical entry using this NFS is the following:

hamta >>>
[infl_Ixm,
nfs verb_particle_obj,
comps: {[head:[pform: <>ut]], xObj},
lexeme: <>h amta_ut].
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MNamed feature structure verb_particle_simple

lexitern
tolern XD
v
head mod neg.s
v_sf M1
phrase
head |
case  subc

sSpr < spr < >

COTpS <

slash <>

pIn Nneg_p

word _valency

0z | g s
COMps < E- >

Spr <>

COINpSs <>

slash <>
slash <=
prn neg_p
lexerme  XxXZ2

Figure 10: The NFS for simple particle verbs

5.5.3 \Verb, particle, adverbial

Implemented by the NFS shown in figure 12.
A lexical entry using this NFS is the following:

hitta >>>
[infl_Ixm,
nfs verb_particle_intransitive_adyv,
comps:{[head:[pform: <>p ajl, xNpObij},
lexeme: <>hitta_ p  a].

5.5.4 Verb, particle, object and adverbial

Implemented by the NFS shown in figure 13.
The follwing lexical entry uses this NFS:

sikta >>>
[infl_Ixm,
nfs verb_part_obj_adv,
comps: {[head:[pform: <>in]], xObj, xPrep},
lexeme: <>sikta_in].
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MNamed feature structure verb_particle_obj

lexitern
tokern  HHD
v
head mod 1neg_s
v_sf x1
phrase
head HOT
case subc
Spr < spr < >
COMmMps <>
slash <
pn neg_p
wOrd _valency phrase
10111
art_pre head
head Part-prep case objc
mod neg.s
comps < + | spr <> ”
Spr <x
COmMps < »
comps <> slash <
slash <
pin neg_p
slash <
prn neg_p
lexerme  HH2

Figure 11: The NFS for particle verbs followed by an adverbial andugech

5.5.5 Verb, particle, indirect object and direct object

This is implemented by the NFS shown in figure 14.
A lexical entry using the NFS is the following:

ta >>>
[infl_Ixm,
nfs verb_particle_ind_dir,
comps: {[head:[pform: <>ifr an]], xObj, xObj},

lexeme: <>ta_ifr an).
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Mamed feature structure verh_part_adv

leszitern
tolen XXD
K
head mod neg_s
v_sf WMl
phrase
head |o
case  subc
Spr < spr <% =
COMNpSs <>
slash <=
pm neg_p
word _valency
Head part_prep phrase
comps < mod neg.s , head Ik _prep N
Spr <= Spr <
COMNpSs < x> COmps < »
slash <=
slash <=
prn neg_p
leserne XX

Figure 12: The NFS for a patrticle verb followed by its particle and an duilier

6 Test suites

In this section | will give an overview of the test suite used to test the granfpart from the sentences
listed in table 3, the test suite consist of the following sentences:

e en pojke ler A boy smilep

e en pojke log A boy smiledl

e tva pojkar ler Two boys smile

e Mary avser att se en pojk&lary intends to see a bpy

e Mary avser attdsa en bokNlary intends to read a bogk
e tva pojkarat treapplen Two boys ate three apples

e en pojkeater ettapple @ boy eats an app)e

¢ en flicka raderar i filer (A girl erases two files
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Mamed feature structure verb_part_ohj_adwv

lexitern
tokern  XXD
W
head mod neg. s
v_sf ®Hl
phrase
IO
1
head agr et
Pers  pers_sort
Spr < 5
P case  subc
Spr <
COMps <>
slash <=
pri neg_p
lexitern
tokenn  HHZ
word _valency e
heaq | PATE-Prep head |mod neg.s phrase
comps < mod_neg.s i cgr (1 ]| [nead .
5T <> spr <% spr <
COMmps <= comps <> comps <>
slash <> slash <>
P neg_p
lexerne XH3
slash <
P neg p
lexerne X4

Figure 13: The NFS for a particle verb followed by its particle, an objedtaanadverbial

6.1 Summary of the test suite

The sentences in the test suite illustrates that the implemented grammar can hewdiffertant particle
verb constructions that are grammatically correct in Swedish.
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Mamed feature structure verb_particle_ind_dir

lexitern
tokenn  XHD
K
head |mod neg.s
v_sf (1
phrase
head |t
rase  subc
spr < | spr o =
COMPs <>
slash <>
pm___ neg.p
e phrase phrase
oI nom
part_prep
head head  oase obje || [P lease objc
mod rneg_s
COMps <
sor <> s hrps
comps _ SR PS oy
Sech s slash <> slash <>
pm_ negp pm __ negp
slash <>
pm  neg.p
lexcerne W2

Figure 14: The NFS for particle verbs followed by an indirect objectaddect object

7 A stand alone GUI for PETFSG

Previously there has been two ways of interacting with PETFSG, by usingrémemar directly from
Prolog or via the HTML/CGI interface. Both ways can be cumbersome fersygnteracting directly
with the parser through Prolog is time consuming and error prone due to thenawfayping needed
and the output of the interactions with the grammar can be hard to interpreHTM&/CGI interface
solves both these problems but adds others. Since the HTML/CGI versgals ho run via a web server
each user needs to have a CGl-directory defined for the web sedvieh can be unpractical and the
requirement of a web server is really quite unnecessary for an appfiatthis kind. Furthermore, it is
only possible to view one element of grammar and lexicon at the time, which caamibizdh hard and
time consuming to develop or even understand a grammar.

In order to solve these problems and making the PETFSG easier to use Hsaaaeed to implement
a stand alone graphical user interface (GUI) application. This applicationld have the following
features:

e No web server needed.
e The GUI should be easy to use.

e The application should be easy to set up.

28



e The application should use saved state files created by PETFSG.

The application, called PetFsgGui, is written completely in Java and usesldagasprovided by
SICS to interact with Prolog. These classes are distributed in a package dakper . Although
PETFSG works both with SICStus and SWI-Pral®etFsgGui only uses SICStus at the moment. Ac-
cording to the documentation for the Java bindings of SWI-Prolog it dod® d@ime not support the use
of Prolog programs written in modules. This fact makes it impossible to useF3ltbg together with
PetFsgGui to interact with PETFSG at the time being. However, it is most liketytlieasupport for
modular Prolog programs will be incorporated some time in the near future.

7.1 Overview of the programme

This section will give a description of how PetFsgGui works, for moreilbetanformation on how to
compile the application, a listing of all methods and classes in the program, peadip B.

The program starts a Prolog engine which it communicates later with to exeeutettbns that the
user generates from the GUI. Output generated by PETFSG is writtenléatladfi PetFsgGui reads and
presents to the user. The format of the output is HTML and is presentetegsreted HTML to the user,
which results in an easily read format. The generated output file can in sagee be quite large and
depending on the computer environment in which the program is run, it karsteme time to read it.

As input the program takes a saved state file containing a PETFSG applifgttonmar, lexicon
and parser). This file is generated from PETFSG with the aid of a Protmgygm, see Datilf (2003b)
for information on how this is done.

PetFsgGui consists of the following classes:

o PetFsgGui
The main graphical user interface.

e Parser
Manages all Prolog-calls.

¢ PrologException
A general exception class used in interaction with Prolog.

e Detall
A graphical user interface component that shows details about ctiuags in the interface.

The classes listed above are described in the following chapters. Foealatailed account of them,
see Appendix B.

Figure 15 shows the structure of the classes, Prolog and the savedstantelfiries to illustrate how
the different parts of the program interact.

7.2 The graphical user interface

Figure 16 shows a screen shot of the main window of PetFsgGui, withaganangar loaded. This is the
first thing that is shown to the user when the GUI is loaded.

The grammars that the application can use are supposed to be in the famedfssate files created
by the Prolog predicateavegrammarstate/0 The compilation is easily made with the Prolog program
make_tds.pl  which is available together with the rest of the source code that makes REBaSed
state files contain compiled Prolog code. The saved state file must be cremtg&LCStus Prolog. No
saved state file is loaded by default when the program is started. To |eagd State file the alternative
load grammar in the menuoptions is used which will present the user with a dialog box from

1see: hitp://iwww.sics.se
2SWiI-Prolog is a free Prolog implementation that can be downloaded ittami/www.swi-prolog.org
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PetFagEul Detail

(java class) (java class)

Throws:
PrologException

Parser

(java class)

Prolog
{jasper)

Saved state
file

Figure 15: The structure of the program

P petfsg::mainwindow —Ox
options save about gquit

string: | show: suites:

show chart postparse procedures:

This is petfsg

First of all, load a file! Use the menu and choose the correct option!

Mo grammar loaded!

Figure 16: The main window with no grammar loaded

which the user can choose a saved state file to load. After a saved statédiddad sentences can be
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parsed by typing them in the text field to the right of the ladefitence followed by pressing either
thereturn  key (on the keyboard) or by pressing the butparse . The result is shown in the white
colored area in the application.

In many cases the output from PETFSG contains hyperlinks. Thesdinkgeare possible to use in
PetFsgGui and depending upon what the hyperlinks actually refers toftlimation will be presented
in the main window of PetFsgGui. Hyperlinks can for example refer to NF&xemes of the grammar.

Any predefined actions available for the grammar are listed in the drop-domibo namedhow,
by choosing an item in the list the output of the action is shown in the main windoerpfedefined
actions can be of the following types:

e Showing all defined NFS's.

Showing the type hierarchy for the grammar.

Showing all defined lexical rules.

Showing all defined lexemes.

Showing a list of all generated lexical forms.

Showing all rules of the grammar.
e Showing general information about the PETFSG application.

Note that the set of predefined actions can differ depending on whisfoweof PETFSG is used.

In order to make the testing of grammars and lexicons easier it is possible ne defs of test
sentences in separate files. These sets of sentences are called sliitageato be declared in a certain
structure, see Daliif (2003b) for a detailed account on how this is done. Suites that areeddfin a
grammar that is loaded are listed in the drop down combo callétgs . By choosing a suite from
the list its sentences will be parsed and the output will be presented in theashited area. Note that
suites of test sentences can not be defined in PetFsgGui itself but hasléditeed when compiling the
grammar.

The parser that PETFSG uses is a chart parser and it is possible to eiehalt created during
parsing, this option can be switched on or off by clicking on the buty@ssrespectivelyno to the right
of the labelshow chart . The chart table created during parsing will be shown in the main window.

Grammars in PETFSG can have a number of predefined post parsdymexanplemented (Dalit
2003b). If any are available they are listed in the drop down combo gadistd parse procedures
By selecting one from the list it will be applied next time a sentence is parsexlavailable postparse
procedures are retrieved from PETFSG. Note that this list can diffeersing on which version of
PETFSG is used.

For detailed information on methods in the classes see Appendix B.

Some changes were made to the PETFSG code base in order to make the impiemehRetF-
sgGui. The changes are all of the kind that they add functionality to retfomuation from PETFSG
in a format that is easier to read in Java. These changes do not alteriiadi$on in any way but it
is necessary for saved state files to be compiled using this updated ver§i&TBSG for them to be
possible to use in PetFsgGui.

It is possible to view detailed information about entities of both grammar and lekigalicking on
the hyperlinks presented in the GUI. Detailed information is shown in a sepanadow, as the window
shown in Figure 17. It is not necessary to close other detail windows wpening another. This makes
the testing and development of grammars much easier.
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P Details for: np_subj 4

MNamed feature structure np_subj

phrase
head |loot
case  subc
spr <
comps <
slash <
pm_ negp

[act=gram,str=np_subj,al=nafs, az=English,sty=tah]

Figure 17: Details of a NFS

7.3 The graphical user interface Pet FsgQui )

The GUI is written using the Java Foundation Classes (JFC, often calledSWwhre class does not com-
municate directly with Prolog in any way but merely manages the way that infonmfati;n PETFSG is
presented to the user as well as it interprets the actions that the usemzesiod directs them to other
classes, such @arser which communicates directly with Prolog, and PETFSG.

The class lets the user choose a saved state file to load from a graphiogl dia

It is also possible for the user to save the output from PETFSG to a filetiaref reference. This file
contains HTML and should be possible to view in any program, such as &mwelser, that can display
HTML.

7.4 Interaction with Prolog (Par ser)

Interaction with Prolog is handled with the aid of the Java classes provided pattkagdasperwhich
contains classes that makes it possible to run a Prolog environment erdbiedddava object. These
classes are provided by SICS. In order to make the GUI application macdstd and easy to develop
all interaction with Jasper is performed in the cl&smsser . Apart from merely making the program
structured it also makes it easier to adopt the GUI to other Prolog envirdsifmeost likelySWI-Prolog
when so desired.

The clasParser contains methods for restoring saved state files as well as for executniggiu
in the Prolog-environment. For a detailed list of what methods are available atiguments and return
types, in the clasBarsersee Appendix B.

7.5 Details on chosen grammar element$et ai | )

This class shows information about a grammar item chosen by the user.féheation is shown in a

separate window. It is possible to have any number of detail windows apt®e same time, as long
as the computer’s memory is sufficient. The closing of one detail window dokaffect other detail

windows that happens to be open. Apart from being able to show a HTIKIit loes nothing. As the

classPetFsgGui it is written using JFC.
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7.6 Exceptions

In order to make the error handling uniform, the program uses the RlaésgException for han-
dling errors and exceptions that may occur in communicating with Prolog. [Bss packagdasper
provides a number of exceptions but these are obviously specific@8t8¢. By having a uniform way
of dealing with exceptions and errors it is most likely easier to adopt Petksg®ther Prolog engines
in the future.

This class inherits the standard cl&sgseptiorwith no additions and contains a string, defined in the
different classes, that explains the nature of the error or exception.

7.7 Summary of the graphical user interface

The implemented application, PetFsgGui, provides a fast and stable envitbtiraemakes the use of
PETFSG easier. The possibility to have several windows showing detditethation about the different
elements of both grammar and lexicon makes the development of grammars aodddéath easier and
faster.

Although the application is written completely in Java it is quite fast and respmnkiva is generally
not known as a fast environment in which to execute GUI applications igandrally considered to be
slow and resource consuming. The most time consuming task of the PetFsgeadtthe output file
generated by PETFSG. This is due to the fact that for some operatioescdrede quite big.

At the time PetFsgGui only supports the SICStus variant of PETFSG. Te®mreof SICStus used
to develop the application is rather old and in later versions of SICStudager classes have been
changed. This means that parts of PetFsgGui must be rewritten if to béogseder with later versions
of SICStus. It is unclear whether tasper classes will ever be finalized in that they will not change
from version to version of SICStus.

As for SWI-Prolog, the other Prolog environment that PETFSG suppalrtie time it does exist a
Java interface that makes it possible to be used fron?Jelavever, unfortunately this interface does not
support Prolog programs that are written in modules. This is most likely togehisnthe future which
will make it possible to extend PetFsg to use it as well.

All code of PetFsgGui will be released according to the license of GNUe@érPublic License
which hopefully will result in that the program will be adapted and subjettedore development even
if it's author lacks the time and energy to do it himself.

PetFsgGui has been used by Mats Dafrdind a group of his students in a course on syntactic theory.
The overall impression of PetFsgGui has been positive and accordihg students it has been easy to
use and made the use of PETFSG even more pleasant than before.

8 Conclusions

The aim of the work described in this thesis has been twofolded. One ainovwaplement a Swedish
grammar for PETFSG that implements some aspects of particle verbs in Swigtksbther aim of the
work has been to construct a graphical user interface for PETFSGvthdd make PETFSG easier to
use.

The implemented grammars adhers to the data presented in the backgradionss€arthermore it
is implemented in a way that avoids dubious grammatical solutions, that is the grditsmaall in with
both the presented grammatical data and the grammatical framework that BEpré\8des.

Since the implemented grammar does not totally cover Swedish, there is mucliaofurther de-
velopment. An interesting grammatical construction to implement could be passig&uctions which
are not handled in the current grammar.

3The interface and information about it can be fountitgp://sourceforge.net/projects/jpl/
4Seehttp://www.fsf.orgfor more information
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Even though the implemented grammar is rather complete compared to that pidseStyy et
al. (2003), there are some things missing. The coordination rule, asnfedsa Sag et al. (2003) is
not implemented in the grammar described in this thesis. An implementation of this ruld altow
constructions not handled by this grammar.

PetFsgGui, the GUI for PETFSG, makes the use of PETFSG simpler andetieoha web server
redundant. As of now there are no known bugs in the programme. Thamvisver room for further
development and improvement of the programme. A very useful extenkitsi capabilities would be
to make it possible to edit both grammar and lexicon files from within the programeeagplication
would also benefit from having the capability to compile saved state files.
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A Grammar and lexicon

A.1 Grammar, lexicon and test suites

In this section the grammar and lexicon will be listed. For instructions on howrtgpite an PETFSG
application see Datidf (2003b).

A.2 The grammar

The grammar that this thesis covers will, for a foreseeable future, be laeaita download from the
following URL:

http://stp.ling.uu.se/"tomasen/petfsg/gram_tds.pl

A.3 The lexicon

The lexicon that this thesis covers will, for a foreseeable future, be blaita download from the
following URL.:

http://stp.ling.uu.se/"tomasen/petfsg/lex_tds.pl

A.4 Test-suites

The test suite is stored in a file namedites _tds.pl , is available to download from the following
URL:

http://stp.ling.uu.se/"tomasen/petfsg/suites_tds.pl
The test suite will, for a foreseeable future, be possible to downloadthierfollowing URL.:

http://stp.ling.uu.se/"tomasen/petfsg

B The GUI for PETFSG

B.1 Source code
The source code for PetFsgGui is available to download from the followWRig:
http://stp.ling.uu.se/"tomasen/petfsg/petfsggui/

The application consists of the following files:

PetFsgGui.java

Parser.java

Detail.java

PrologException.java

Note that all listed files are neccessary to download in order to compile thieatm.

B.2 The structure of the program

Here | will describe the structure of the program and its classes. Tlgggmois developed and intended
to run on computers using the GNU/Linux operating system, it has not beed tasany other platform.
It should in principle work on any operating system as long as the requéesions of both SICStus
Prolog and Java are installed.
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B.3 Required software
The following software are necessary for running the program.

e Java
For merely running the program it is only necessary to havava Runtime EnvironmeiRE)
installed. In order to compile the prograndava Development K{tIDK) is heeded.
The program was created using Sujdk1.4.101°.

e SICStus Prolog
Although the PETFSG-application can use SWI Prolog this application onfySis&Stus Prolog.
The version used is 3.8.3. SICStus provides Java classes that aed rieethis application, thus
it is required that these are installed as well.
In later versions of SICStus Prolog the Java interface is changed andrtieat code may or may
not work as intended.

e Redhat GNU/Linux 9
The application was developed and tested using this operating $ystem

B.4 Required hardware

The program is developed and tested on a computer with the following equipmen
e AMD Duron 750 MHz
e 256 MB RAM

The program should work on any computer that supports the requifiechse.

B.5 Prerequisites for compiling the application

The interaction with SICStus Prolog is made possible with the classes availabéepadkagdasper
these must be available for the Java compiler. The easiest way to accomiglishidtset the environment
variableCLASSPATHo point to the right directories. Use the following command for this:

export CLASSPATH=.:/local/lib/sicstus-3.8.3/bin:/loc al/lib/sicstus-3.8.3

It is also necessary to point out where the libraries for threaded pmlaations are found this
is done by setting the environment variabhle_LIBRARY_PATHTto point to the right directory. Use the
following command for thi&

export LD _LIBRARY_PATH=/usr/javal/j2sdkl1.4.1_01/jrell ib/i386/native_threads/
The steps above can be made permanent by adding the lines to one, af biogjles:
e bashrc . Commands in this file will be executed any time a shell is started.
e bash profile . Command in this file will be executed at login.

Note that these instructions only hold true for Unix-like operating systems.

5Seehttp://java.sun.corfior downloads and documentation

8For more information sedttp://www.redhat.com

"Depending on the installation this may very well already be done

8This holds for the environment in which the program was developeatlfead the documentation for Java.

9The following holds for the shelbash (textitbourne again shell), distributed by the Free Software Foundation
(http://www.fsf.org.Read the manual for more information or setp://www.fsf.org
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B.6 Recommended structure for installation

At the moment this is totally up to the user although it is really recommended that albtinee code is
placed in a directory dedicated only to this application.

B.7 Compiling the program

There is dvakefile  provided with the source code that automatically compiles the source codeto by
code. TheMakefile also automatically sets all environment variables that are needed for compiling
the program.

To compile the program using thidakefile  do the followind®:

1. Start a terminal, such aserm , and move to the directory containing the source code.

2. Type the following:
# make all

Note that the sig# is to be interpreted as the prompt sign.

3. If no error messages are displayed the application is compiled andtceasl.

B.7.1 Makefile

The contents of th&akefileis listed below:

## Compiles PetFsgGui #Ht
## Written by: Tomas Englund (tomasen@stp.ling.uu.se) ##

Id = /usr/javal/j2sdkl.4.1_01/jre/lib/i386/native_thre ads/
classpath = .:/local/lib/sicstus-3.8.3/bin:/local/lib /sicstus-3.8.3
all : PetFsgGui.class Parser.class Detail.class PrologEx ception.class
clean :
echo Removes *all* class-files!
rm *.class
rm *°

PetFsgGui.class : PetFsgGui.java
export LD_LIBRARY_PATH=\$(Id)
javac -classpath \$(classpath) PetFsgGui.java

Parser.class : Parser.java
export LD_LIBRARY_PATH=\$(Id)
javac -classpath \$(classpath) Parser.java

Detail.class : Detail.java
export LD _LIBRARY_ PATH=\$(ld)
javac -classpath \$(classpath) Detail.java

1O0Note that this requires that the prograBNU makeis installed. For more information abo@NU make see:
http://www.fsf.org/directory/devel/build/make.html
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PrologException.class : PrologException.java
export LD _LIBRARY_PATH=\$(Id)
javac -classpath \$(classpath) PrologException.java

Finish.class : Finish.java
export LD_LIBRARY_PATH=\$(Id)

B.8 Running the program

In order to make the handling of the program easier | have written a sm#lkshpt which exports all
necessary environment variables and starts the program. This shltacrbe found in Appendix B.8.1.
The environment variables that need to be set are:

1. LD_LIBRARY_PATH
This variable should point to the library containing the Java libraries foatleé applications. In
this case it points to the directofysr/javal/j2sdkl1.4.D1/jre/lib/i386/nativethreads/

2. CLASSPATH
This variable should point to the directory containing the classes idabgerpackage as well as
the directory containing thgr file jasper.jar. In this case it points to the following directories:
llocal/lib/sicstus-3.8.3/bimnd/local/lib/sicstus-3.8.3

B.8.1 The script that runs the program

In order to make the use of the application easy for the user there is a seldb@ipt, runGui.sh
that sets all necessary environment variables to their correct valdetais the application. This script
is listed below:

#1 /bin/bash

echo exporting LD_LIBRARY_PATH

export LD _LIBRARY_PATH=/usr/javal/j2sdkl1.4.1_01/jrell ib/i386\
/native_threads/:/usr/javal/j2sdk1.4.1_01/jre/lib/i3 86/native_threads/

echo exporting CLASSPATH

export CLASSPATH=.:/local/lib/sicstus-3.8.3/bin:/loc al/lib/sicstus-3.8.3

echo ...starting application!

java -Djava.library.path=/local/lib/ -Dsicstus.path=/ local/lib/sicstus-3.8.3/ \
-classpath .:/loca\l/lib/sicstus-3.8.3/bin/jasper.ja r PetFsgGui

Note that this script is written for Unix-like operating systems.

B.9 A typical call to Prolog

The documentation provided fdasper by SICS is not too descriptive and quite poorly organized.
Therefore an example of a call to Prolog is shown and described belswgitte is taken from the class
Parser but adopted to suite its descriptive purpose.

The following code is taken from the methgdtPostParse() which returns an array @tring
objects which represents all defined post parse procedures. Nbtdl tthade apart from the declaration
of the variables must be enclosed withitrngcatch  -block as the operations can throw exceptions.

The code calls the predicagp@stparse _procedure/l , in Prolog the call would look like this:
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main_petfsg:postparse_procedures(L).

whereL is a variable which hopefully will be instantiated to a list containing the names pbatlparse
procedures.
Step by step instruction:

1. Define all necessary variables.

SPPredicate p;
SPQuery q;
SPTerm result;
String answer = "

This does not need to be done withitrg/catch  -block.

2. Create the terms needed for the call and make it a variable

result = new SPTerm(s,"Postparse”);
result.putVariable();

3. Create an object which represents the predicate we wish t@oaliparse _procedures )
p = new SPPredicate(s,"postparse_procedures”,1,"main_p etfsg");

where:

s refers to which SICStus object the predicate should be passed.

post par se_pr ocedur es is the name of the predicate we want to execute.
1 is the arity of the predicate.

mai n_pet f sg is the module in which the predicate can be found.

4. Try to open a query to Prolog.
g = s.openQuery(p,new SPTerm[] {result});
Where:

e p is the predicate we want to execute.

e new SPTern{] {result} is the list of arguments for the call (note that these must be
passed as an array here).

5. Try to execute the call to the predicate.
g.nextSolution();

Normally, and as is the case in the code, it is a good idea to put this calf instatement which
makes it possible to check whether the call was successful or not.

6. Close the question.
g.close();

This is quite important as it presumably releases allocated resources lihelofgerating system.

7. Convert the variable to&tring -object.
answer = result.toString();

8. Continue with what needs to be done.
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B.10 Java classes in the application

The application consists of the following files/classes

e Pet FsgCui
This class contains the graphical user interface.

e Parser
This class handle all calls to Prolog.

e Prol ogExcepti on
An exception used in the application.

e Detail
Shows details about elements of the grammar.

B.11 Class: PetfsgGui

This class is the actual graphical user interface. The class contairaltveifig methods and classes:

Methods:

e Pet FsgGui ()

The constructor for the class. Creates all graphical components.

Arguments:
— None.
Returns:

— Nothing.
Type: void

e set Debug()

Makes the program either to show or not to show debug information.

Arguments:

— The value for debug.
Type: boolean

e addSent ence()

Adds the sentence the user last entered to a visible so that it can be.reused

Arguments:
— None.
Returns:

— Nothing.
Type: void

e parseSent ence()

Tries to parse the sentence the user has typed in or chosen from thealisilable sentences.

Arguments:

The suffixjavais dropped in the list below
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— None.
Returns:

— Nothing.
Type: void

showSel ect ed()
Executes one of the predefined tasks that the user has chosen.

Arguments:
— None.
Returns:

— Nothing.
Type: void

chooseAndLoadFi | e()
Shows a file chooser dialog in which the user can choose a saved statéddd.tdhe name of the
chosen file is stored in the global variafilename

Arguments:
— None.
Returns:

— Nothing.
Type: void

restoreProl ogFile()
Tries to restore the saved state file the user has chosen.

Arguments:
— None
Returns:

— Nothing.
Type: void

set G anmar | nf o()
Collects information about the grammar and shows it in the graphical usefairger

Arguments:
— None.
Returns:

— Nothing.
Type: void

enabl el nput ()
Disables all graphical objects in the interface.

Arguments:
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— None.
Returns:

— Nothing.
Type: void

di sabl el nput ()
Enables all graphical objects in the interface.

Arguments:
— None.
Returns:

— Nothing.
Type: void

showSui t e()
Runs the selected suite of sentences.

Arguments:
— None.
Returns:

— Nothing.
Type: void

cl oseW ndow()
Currently not used. Tries to clean up everything before the applicatidoged.

Arguments:
— None.
Returns:

— Nothing.
Type: void

saveCQut put ()
Saves the HTML output shown in the window to a file. The name of the file mubtéh the
suffix .html

Arguments:
— None.
Returns:
— Nothing.

showAbout ()
Shows information about the application.

Arguments:

— None.
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Returns:
— Nothing.

e mai n()
Starts the application and creates the graphical user interface.

Arguments:

— Alist of arguments.
Type: Array of String

Returns:

— Nothing.
Type: void

Inner classes:

e i ndat aLi st ener
A listener for the various drop down combo menus in the interface.

e nenulLi st ener
A listener for the menu and its items.

e wor dLi st ener
A listener for the HTML that are shown in the main application window.

e Wi ndow
A listener for the window and some of the events that it raises. Currentlyseat.

B.12 Class: Parser

This class handles all interaction with SICStus Prolog. This is made possibsrigythe packagéasper
For information onJasper see the relevant web pages#p://www.sics.se
The class contains the following methods:

e Parser ()
Constructor for the class, tries to create a new SICStus object which @agPmterpretor.

Arguments:
— none
Returns:

— Nothing.
Type: void

e set Debug()
Sets the debug flag toue which results in that debug information is written to standard output

when the application is run.
It is recommended that this is setfadse because of all information that is written $tandard

out
Arguments:

— A boolean value that shows whether debug information should be shomat.or
Type: boolean
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Returns:
— Nothing.
Type: void

rest oreParser ()

Tries to restore a parser from file. The file containing the grammar showdaeed state file. For
information on how to do this see (Dadl2003b) where it is described in detail.

Arguments:

— The name of the grammar file that should be restored.
Type: String

Returns:

— Nothing.
Type: void

runSui te()
Runs a predefined suite. These are defined when creating the grammar.
Arguments:

— The name of the suite that should be run as a string. Note that the suitedines die the
grammar.
Type: String

Returns:

— The output from the grammar.
Type: String

changeQut put ()
Sets the output style to one of the following:

—tab
The output is written as HTML.

— text
The output is written as plain ASCII.

Arguments:

— The type of the output, that is one of the previous.
Type: String

Returns:

— The output from the grammar.
Type: String

get Wor dl nf o()
Returns the information the grammar has about a selected word.
Arguments:

— The word that the user wants information about.
Type: String

Returns:
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— The output from the grammar.
Type: String

e get Gram nf o()
Returns information about something of the following:
— A named feature structures.
— Alexical rule.
— A grammatical rule.

Arguments:
— The action that the grammar should perform.
Type: String

— The item the information should be written about.
Type: String

— The value of the parametad
Type: String

— The value of the parameta@
Type: String

Returns:

— The output from the grammar.
Type: String

e get Suites()
Returns an array of all predefined suites of test sentences thatferedder the grammar.

Arguments:

— None
Type: void

Returns:

— An array of strings (the defined suites).
Type: An array of String

e get Version()
Returns information about when the grammar was compiled and what vef$tdT&SG is used.

Arguments:
— None
Returns:

— The output from the grammar
Type: String

e get Conpi | edTi me()
Returns a string containing the date and time when the grammar was compiled.

Arguments:

— None.
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Returns:

— The output from the grammar.
Type: String

get Ti meFr onmPar ser ()
Returns the current time from parser.

Arguments:
— None.
Returns:

— The output from the grammar.
Type: String

cl oseParser ()
Tries to close the Prolog interpreter. It is strongly advised that this methant issed because it
causes the Java engine to crash. This is most likely due to bugsJdasper package.

Arguments:
— None.
Returns:

— Nothing.
Type: void

get Qut put ()
Returns the output of the Prolog statement last executed. The outputas stoa file named
out.html in the directory where the program was started from.

Arguments:
— None.
Returns:

— The output from the grammar.
Type: String

get Post Par se()
Returns an array containing all post parse procedures that arebdeddathe grammar.

Arguments:
— None.
Returns:

— The available post parse procedures as an array of string
Type: An array of String

par seSent ence()
Parses a sentence and returns the output as a string.

Arguments:
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— The sentence to parse.
Type: An array of String

— The value of the optioal.
Type: String

— The value of the optioaZ2.
Type: String
Returns:

— The output from the grammar.
Type: String

e get Edgel nfo()
Returns information about a specified edge in a chart. This can be ae activactive edge.
Arguments:
— The action to be performed by the grammar.
Type: String

— The sentence to parse.
Type: String

— The value for the optioal.
Type: String

— The value for the optioa?2.
Type: String
Returns:

— The output from the grammar.
Type: String

e get Predefi ned()
Returns the output of the standard questions to the grammar. The questibnaritbe executed
are the following:

— nafs
Returns all named feature structures.

— types
Returns the type hierarchy for the grammar.

— |l exrul es
Returns all lexical rules in the grammatr.

—lilex
Returns all lexemes in the grammar.

—lifor
Returns all lexical forms in the grammar.

—rules
Returns all rules for the grammar.

— gener
Returns general information about the grammar.

Arguments:
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— The act to perform, one of the previous.
Type: String

Returns:

— The output from the grammar.
Type: String

get Nf sFronti |l e()
Returns a string containing all named feature structures that are avaibatiteefgrammar. This
method calls the methagktPredefined() with the argumennafs .

Arguments:
— None.
Returns:

— The output from the grammar as a string.
Type: String

get TypesFrontil e()
Returns a string containing all types that are available in the grammar. Thisareztfothe method
getPredefined() with the argumentypes .

Arguments:
— None.
Returns:

— A string containing all types
Type: String

get Gener al I nfo()
Returns general information about the grammar.

Arguments:
— None.
Returns:

— The output from the grammar.
Type: String

get LexRul esFronti |l e()
Returns all lexical rules that are known to the grammar. This method calls thedugsttiPrredefined()
with the argumenlexrules

Arguments:
— None.
Returns:

— The output from the grammar.
Type: String
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e get LexenesFrontFil e()
Returns all lexemes that are known to the grammar. This method calls the ngetifoddefined()
with the argumentilex

Arguments:
— None.
Returns:

— The output from the grammar.
Type: String

e get FormsFronFil e()
Returns all words known to the grammar. This method calls the maikt@redefined()
with the argumenlifor

Arguments:
— None.
Returns:

— The output from the grammar.
Type: String

e get PsRul esFrontFil e()
Returns all rules that are known to the grammar. This method calls the ngtirdefined()
with the argumentules

Arguments:
— None.
Returns:

— The output from the grammar.
Type: String

e mai n()
The main method of the class. Performs tests on the methods in the class. Nttesthmgthod is
not supposed to be used for anything else than a test method!

Arguments:

— An array of arguments to the program
Type: Array of String

Returns:
— Nothing.
Type: void
B.13 Class: PrologException

This class extends the claEgceptionand is used as a general exception for the application instead of
the plethora of exceptions thdasperuses.
Methods:

e Prol ogException()
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B.14 Class: Detall

This is a window used for showing the user details about things in the grammar.
Methods:

e Detail ()
The constructor for the class, creates the GUI.

e mai n()
A main method, supposed to be used for testing purposes.

Inner classes:

e buttonLi stener
Manages all actions generated by the button in the GUI.

e Wi ndowCl oser
Currently not used.
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