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Abstract

We proposea multilingual approacho

characterizingvord orderat the clause
level as a meansto realize informa-
tion structure. We illustrate the prob-
lem with threelanguagesvhich differ

in the degree of word order freedom
they exhibit: Czech, a free word or-

derlanguagdn which word ordervari-

ation is pragmaticallydetermined;En-

glish, a fixed word order languagein

which word order is primarily gram-
matically determined;and German,a
languagewhich is betweenCzechand
Englishonthescaleof word orderfree-
dom. Our work is theoreticallyrooted
in previous work on informationstruc-
turing and word order in the Prague
School framevork as well as on the
systemic-functionahotion of Theme.
The approachwe presenthasbeenim-

plementedn KPML.

1 Intr oduction

Theaimof this papeiis to describeanarchitecture
that addressetiow information structurecan be
integratedinto stratgic and tactical generation.
We focusprimarily hereon the tacticalaspectof
how word order (henceforth:WO) may function
asameansf realizinginformationstructure.The
approachwe take is multilingually applicable. It
isimplementedn kPMmL (Bateman1997b;Bate-
man,1997a)and hasbeentestedfor Czech,Bul-
garianand Russianas three Slavonic languages
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with different WO properties,aswell asfor En-

glish. The algorithmitself is not KPML-specific:

it combinegheideaof WO constraintgosedby

the grammay with a complementarynechanism
of default ordering basedon information struc-

ture. Thealgorithmcouldthusbeappliedin other

systemswich allow multiple sourcesof ordering

constraints.

Informationstructurels ameanghata spealer
emplog/s to indicate that some parts of a sen-
tencemeaningare context-dependen{“given”),
andthatothersarecontet-affecting (“new”). In-
formationstructurds thereforeaninherentaspect
of sentenceneaningandit contributesin anim-
portantway to the overall coherenceof a text.
While it is commonlyacceptedhat information
structuringis amajorsourceof constraintgor the
organizationof a givencontentin a particularlin-
earorderin mary languagesthereis very little
work in NaturalLanguagesSeneratiorthatexplic-
itly modelsthisrelation.

Froma practicalperspectie, in the mostcom-
monly emplged generationsystems such as
KPML, FUF (Elhadad,1993; ElhadadandRobin,
1997)or REALPRO (Lavoie andRambav, 1997),
linear ordering comesas a by-productof other
grammaticalchoices. This is fine for tactical
generationcomponentsand it is suficient for
languageswith grammatically determinedWO
(‘fixed” WO languages)suchasEnglishor Chi-
nese. However, mostlanguagesiave someWO
variability andthis variationusuallyreflectsinfor-
mationstructure Whenlanguages whichlinear
orderis primarily pragmaticallydeterminedare
involved, suchasthe Slavonic languagesve have



dealtwith, a numberof problemsbhecomemme-
diatelyapparent.

A comprehense accountof WO variationfor
naturallanguageyeneratiorthatis reusablecross
languagess thusrequired.Suchanaccounneeds
to representinearizationasan explicit decision-
makingprocesgshatinvolvesboththerepresenta-
tion of the language-specifitnear orderingpos-
sibilites and the representatiorof the language-
specific (and possibly cross-linguisticallyvalid)
motivationsfor particularlinearizations. Again,
while the former is cateredfor in mosttactical
generatiorsystemsonly selectedaspectof the
latter have beendealtwith andonly for selected
languagese.g.,(Hoffman,1994;Hoffman, 1995;
Hakkanietal., 1996)).

For example, (Hoffman, 1994) proposesa
treatmentof WO in Turkish using a cateorial
grammarframewnork (ccG, (Steedman,2000))
andrelatingthis to Steedmars (earlier) account
of informationstructure(Steedman]991). How-
ever, the mostimportantissue,that of providing
an integratedaccountof how information struc-
tureguidesthechoiceof (or, is realizedby) linear
ordering,is left unsohed (Kruijff, 2001).

Given that in mary languages,information
structureis the major driving force for WO vari-
ation, it is indeedthe moststraighforvard ideato
couplean accountof information structurewith
the choiceof linear ordering. However, for mul-
tilingual application the particularchallengds to
develop a solution that can be applied, no mat-
teratwhich pointon thefree-to-fixed WO cline a
languages located.

Theapproacho WO proposedn this papelis a
maove in exactly this direction. We startin §2 with
presentinglatafrom Czech,GermanandEnglish
thatmotivatethe perspectie we take oninforma-
tion structure,and its role in generatingcoher
entdiscourse. In §3 we introducethe linguistic
notionsemplg/ed in the presentaccount. In §4
we discusshow information structurefits into a
generalsystemarchitecture,and we discussthe
implementationof the stratgic generationcom-
ponenton the basisof KpML. We continuewith
anelaboratiorof therole of informationstructure
in tacticalgenerationpresentinganalgorithmfor
generatingcontextually appropriatdinearization,
given a sentence information structure,andil-

lustrateits implementatioron CzechandEnglish
examples(§5). We concludethe paperwith a
summary(§6).

2 Linguistic motivation

There are a number of factors commonly ac-
knowledgedto play animportantrole in express-
ing a given contentin a specific linear form.

The inventory of thesefactorscontainsat least
the following: information structue, syntactic
structue, intonation, rhythm and style Cross-
linguistically, thesefactorsmay be involved in

constraininglinear orderingto varying degrees.
English, for instance,is an example of a lan-

guagein which WO is ratherrigid, i.e., strongly
constrainedby syntacticstructure. In suchlan-

guagesdifferencesin information structureare
often reflected by varying the intonation pat-
tern or by the choice of particular types of

grammaticalconstructions suchas clefting and
pseudo-cleftingor definiteness/indefinitess of

thenominalgroup. Czech,in contrastwhich has
a rich casesystemand no definite or indefinite
article,belonggo the so-called‘free word order”
languageswherethesameeffectsareachieredby

varying WO. Finally, Germanlies betweenEn-
glish and Czechin the spectrumbetweenfixed
andfree WO. We illustratethe generalpoint that
WO selectionsrerelatedto informationstructure
by appropriatenegsdgement®f someexamples
of instructionsin Czech,GermanandEnglish?

(1) Oteviemepiikazem Open soubor.
openipPL commands Open file-Acc

Sie offneneineDateimit demBefehl Open.
Youopen a file withthe commandOpen.

Openafile with the OQpen command.

The orderingin (1) is neutralin that no partic-
ular contetual constraintshold with respectto
the newsworthinessof ary of the elementsex-
pressedn this clause.This kind of orderingcan

1The English examplesuseimperatize mood, while the
Czechand the Germanexamplesuse indicatve mood as
the mostcommonway of conveying instructionsof the dis-
cussedype. Alternatively, both CzechandGermancanuse
alsoimperatvesor infinitivesfor instructions but theseare
consideredesspolite thanthe indicative versions.Last but
not least, instructionscan also be formulatedin indicative
moodwith passie voicein bothCzechandGerman.



be elicited by the questionwWhatshouldwe do??
We follow PragueSchoolaccountgFirbas,1992;
Sgalletal., 1986)in calling this neutralordering
the systemimrdering (cf. also§5). Alternatiely,
(1) could be usedin a context characterizedy
the questionWhat shouldwe openby the Open
command?whenthe Qpen commands not be-
ing contrastedvith someotherentity.

(2) Oteviemesoubor prikazem Open.
opendpL file-Acc commandiNs Open

Sie offnendie Dateimit demBefehl Open.
youopen thefile withthe commanddpen.

“Openthefile with the Gpen command.

(3) Soubor otevfeme prikazem Qpen.
file-acc opendpPL commandiNs Open

Die DateioffnenSie mit demBefehl Open.
the file open youwith the commanddpen.

“Openthefile with the OQpen command.

Theword ordervariantsillustratedin (2) and(3)

are appropriatewhen somefile is active in the

context (Chafe,1976),for instancevhentheuser
is working with afile. In (2), the actionof open-
ing is alsoactve; in (3) it can,but doesnot have

to be active, too. The contexts in which (2) and

(3) can be appropriatelyusedcan be character

izedby the questiondVhatshouldwe do with the

file? or How shouldwe openthe file?. Unlike

(2), example(3) canbe usedif file is contrasted
with anotherentity. In German,this contrastis

required,whereasn Czechit is optional. In En-

glish, intonationcould mark whethercontrastis

required.

(4) Prikazem Open otevfeme soubor.
commandis Open open4dpL file-acc

Mit demBefehl Qpen 0offnenSie eineDatei.
with the commanddpen open youa file.

With the OQpen commandppenafile.

(5) Prikazem Open soubor otevieme.
commandiNs Open fileAcc opendpL

Mit demBefehl Qpen offnenSie die Datei.
with the commanddpen open youa file.

With the OQpen commandppenthefile.

2\We usequestiongor presentationgburposeso indicate
which contets would be appropriatefor utteringsentences
with particularWO variants.Suchquestion-answepairsare
known asquestiontests(Sgalletal., 1986).

Thecontetsin which (4) canbeusedarechar
acterizedby What shouldwe do with the Open
command? While (4) doesnot refer to a spe-
cific file, in (5) anactvatedfile is presumed(5)
is appropriatein contexts characterizedy What
shouldwedoto thefile with theQpen command?

It is alsopossibleto use(4) in acontext charac-
terizedby Whatshouldwe do?, and(5) in a con-
text characterizedby What shouldwe do to the
file?, if it is presumedhat we are talking about
usingvariouscommandgor variousmeansor in-
struments}o do variousthings. In thelattertype
of contet, the Open commanddoesnot have to
beactivated.

(6) Soubor prikazem Open otevfete.
file-acc commandiNs Open opent2pL

Die DateioffnenSie mit demBefehl Open.
the file open youwith the commandOpen

Openthefile with the Qpen command.

Example(6) is like (5) in thatit is appropriate
whenbothafile andthe Open commandareacti-
vated.The contets in which (6) canbeappropri-
ately usedcan be characterizedy What should
we do to thefile with the Qpen command? Un-
like (5), (6) canalso be usedwhen file is con-
trastedwith anotherentity. In German,thereis
no differencein word order between(6) and(3)
(they differ only in intonation).This is aresultof
the strongorderingconstrainin Germarto place
thefinite verbassecondin independentjeclara-
tive clauses)ln Czechverbsecondnesalsoplays
arole, butit is muchwealer.

Analogousjudgementsconcerningcontextual
appropriatenesapply to WO variantsin differ-
entmoodand/orvoice (whenavailablein thein-
dividuallanguages)Theordersin whichtheverb
is first do not presumethe activation of eithera
file or a command. The ordersin which ‘file’
precedeghe verb appearto presumean active
file, the ordersin which ‘command’ precedeshe
verb appearto presumethe activation of a com-
mand. Whenboth‘file’ and‘command’precede
the verb, the activation of both a file anda com-
mandappearso be presumed.

Thesgudgementshav thatdifferencesn WO
(in languagesvith a moreflexible WO thenEn-
glish, e.g.,Czechand German)very often corre-
spondto differencedn how the spealer presents



the information statusof the entities and pro-
cessedhat are referredto in a text, in particu-
lar, whetherthey are assumedo be alreadyfa-
miliar or not, and whetherthey are assumedo
be activatedin the contet. Notethatin English,
the samedistinctionis expressedyy the useof a
definitevs. anindefinite nominalexpressionj.e.
‘althefile’.

To summarize: Since sentencesvhich differ
only in WO (andnotin the syntacticrealizations
of clauseelementshrenot freely interchangable
in a given contet, we have to be able to gen-
eratecontetually appropriateWOs. In orderto
achiere this, we needto be able to capturenot
only the structuralrestrictionsspecificto individ-
ual languageshut alsothe restrictionsreflecting
the information statusof the entities (and pro-
cessesheingreferredto.

3 Underlying notions

In orderto provide constraint§or WO decisions
within our generationarchitecture,we require
mechanismshroughwhich particularpatternsof

information structuringcan constrainthe choice
amongthe WO variantsavailable. Thesepatterns
areprovidedby ourtext planningcomponentWe

have foundtwo complementargpproacheso the

relationshippbetweeraspect®f informationstruc-

turing and WO to be ripe for applicationin the

generatiorof extendedexts; theseapproacheare

briefly introducedbelow.

In orderto clarify thecomplementaryatureof
the approachethatwe have adoptedijt is neces-
saryfirst to distinguishbetweentwo dimensions
of organizationthat are often confusedor whose
differenceis contested: in his SystemicFunc-
tional Grammar(SFG), (Halliday, 1970; Hall-
iday, 1985) distinguishesbetweenthe thematic
structue of a clauseand its information struc-
ture. Whereasthe Themeis “the starting point
for the messageit is the groundfrom which the
clauseis taking off” (Halliday, 1985, 38), infor-
mationstructureconcernghedistinctionbetween
the Givenas“what is presentedisbeingalready
known to the listener” (Halliday, 1985, 59), and
the New as“what the listeneris beinginvited to
attendto as new, or unexpected,or important”
(ibid).

3.1

In Halliday’s original approach(Halliday, 1967),
the basic assumptionfor English and also for
otherlanguagess thatordering,apartfrom being
grammaticallyconstrainedis iconic with respect
to “newsworthiness”. So on a scalefrom Given
to New information,the “newer” elementsvould
cometowardsthe endof theinformationunit, the
“newest” elementbearingthe nuclearstress.This
approachreliesonthepossibilityof givingacom-
pleteorderingof all clauseelementswith respect
to their newsworthiness.

The notion of orderingby newsworthinessin
Halliday’s approachis parallel to the notion of
communicativelynamisnm(CD) introducedin the
early works of Firbas (for a recentformulation
seg(Firbas,1992))andusedalsowithin the Func-
tional Generatre Description(FGD, (Sgalletal.,
1986)). Also from the viewpoint of CD, the pro-
totypical ordering of clauseelementsfrom left
to right respectsievsworthiness:In prototypical
casesWO correspondgo CD. However, textu-
ally motivatedthematizatioror grammaticakton-
straintsmayforce WO to diverge from CD.

The FGD approachdiffers from Halliday’s in
that, in addition to CD, it works with a de-
fault (canonical)ordering,called systemicorder
ing (SO). SO is the language specificcanonical
ordering of clauseelements(complementsand
adjuncts) aswell asof elementf lower syntac-
tic levels,with respecto oneanother

For the currentpurposesve concentraten the
SOfor asubsebdf theclauseslementsghataredis-
cernedn FGD. We usethefollowing SOsfor the
Slavoniclanguagesndfor EnglishandGermar®

Inf ormation structur e and ordering

SOfor Czech,RussianBulgarian:
Actor < TemporalLocatie < Purpose< Space-
Locative < Means< Addressee< Patient <
Source< Destination

SO for English: Actor < Addressee< Pa-

tient < Spacelocatie < TemporalLocatie <

Means < Source < Destination< Purpose-
dependent

SOfor German:Actor < TemporalLocatie
< Spacelocatie < Means< Addressee< Pa-
tient < Source< Destination< Purpose

3Thelabelswe usefor the varioustypesof elementsare
amixture of FGD andSFGterminology



The SOfor the Slavonic languagess basedon
the one for Czech(Sgall et al., 1986); the only
differenceis that we have placedPatient before
Source(‘from where’). We follow (Sgall et al.,
1986)in consideringthe SOsfor the main types
of complementations RussiarandBulgarianto
be similar to the Czechone,thoughtherecanbe
slightdifferencegcf. theobsenrationsreportedn
(Adonovaetal. 1999)). The SOfor Englishcom-
binesthe suggestionsnadeby (Sgalletal., 1986)
andthe orderingdefaults of the NIGEL grammar
of English(cf. Section5.2). The SOfor German
is basedon (Heidolphetal., 1981,p.704).

The informationalstatusof elementss estab-
lishedthroughdeviation of CD from the SO.This
leadsus to the distinction FGD makes between
contetually bound (CB) and contextually non-
bound (NB) items in a sentence(Sgall et al.,
1986). A CB item is assumedo corvey some
contenthatbearsontheprecedingliscoursecon-
text. It may refer to an entity already explic-
itly referredto in the discoursepr an“implicitly
evoked” entity. At eachlevel of syntacticstruc-
ture,CB itemsarerankedlowerthanNB itemsin
the CD ordering. The motivation behindandthe
meaningof the CB/NB distinctionin FGD cor
respondgo thoseunderlyingthe Given/Nev di-
chotomyin SFG.

Contetual boundnessanbe usedto constrain
WO (attheclauseevel) asfollows:

e TheCB elementqdif thereareary) typically
precedehe NB elements.

e Themutualorderingof multiple CB itemsin
a clausecorrespond$o communicatre dy-
namism, and the mutual ordering of mul-
tiple NB itemsin a clausefollows the SO
(with the exceptionsrequiredby grammati-
cally constrainedorderingas describedbe-
low). The default for communicatre dy-
namismis SO.

e The mainverb of a clauseis orderedat the
boundarybetweenthe CB elementsandthe
NB elementsunlessthe grammarspecifies
otherwise(verbsecondness).

It is the above abstracbrderingprinciplesthat
underlythealgorithmwe presenin §5.

3.2 Thematic structure

In all languagesve lookedat sofar, therearealso
orderswe cannotexplain solely on the basisof
the CB/NB distinctionalongwith SO andgram-
maticalconstraints.On the onehand,it hasbeen
claimedthatthe orderingof CB elementdollows
CD ratherthan SO, and that CD is determined
by contectual factors(Sgall et al., 1986). On the
otherhand,casesvhereanNB elemen@ppearst
thebeaginningof a clausearefar from rare.While
we currentlydo not have moreto addto the for-
merissue,the latter canbe readily addresseds-
ing thenotionof Theme.Forillustration,consider
(8) in Czech,GermamandEnglish,appearingn a
contet whereit is precedednly by (7).

(7) Firstopenthe Multiline stylesdialogbox usingone
of thefollowing methods.

8 z menuData  vyberemeStyl e.
FromDat a menuchooseg,; St yl e.

Im Menll Dat a wahlenSie Styl e.
In menuDat a chooseyouStyl e.

In the Dat a menu,chooseSt yl e.

Theprecedingontet doesnotrefertothe’Dat a

menu’ or make it active in ary way. Working

only with the notionof informationstructuredis-

cerningCB (Given)andNB (New) elementspne
is thus unableto explain this ordering. On the
other hand, the notion of thematicstructue as
areflectionof a globaltext organizationstratgy

makes suchexplanationpossible. In Halliday’s

approachThemeéhasa particulartextual function,

that of signpostingthe intendeddevelopmentor

“scaffolding” thatawriter emplgysfor structuring
anextendedext. In softwareinstructionmanuals,
for example,we encounteregular thematization
of (i) the locationwhereactionsare performed,
(i) the particularactionthatthe useris instructed
to perform,or (iii) thegoalthatthe userwantsto

achieve (cf. (Kruijff-Korbaywaetal.,in prep)for

amoredetaileddiscussion).

4 Information structur e and strategic
planning

In this sectionwe briefly describehow we in-
tegrate information structureinto stratgic gen-
eration, i.e. text- and sentence-planning.The
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Figure1: A text plan. In our system,a text plan organizescontentinto a linear fashion,shaving
where (and how) contentmight be aggrgjatedsyntactically(e.g. conjunction)or discursvely (e.g.
RSTrelations). In the exampleabore, the text plan specifiesa text consistingof an overall goal (the
title) andfive substepdo resole thatgoal (the tasks). Thefirst taskis a simple one,the secondtask
is acomplex formedaroundan RSTpurposerelation,afterwhich follows a conjunctionof tasks.(The
CONJOINED-INSTRICTION-TASKS nodesindicatethattheleft-daughtemode(a task)andthe task
dominatedby theimmediatenon-terminanodeabore a CONJOINED-INSTRICTION-TASKS node,
areto be relatedby a conjunction.) The contentto be realizedis identified by the leaves of the text
plan. Wheneer aleafis introducedin thetext plan,the discoursemodelis updatedwith the contents
(A-box) concepts.The sentenceplannerdecendshroughthe text plan depth-first. Therebyit gathers
theleaves’ contentinto sentence-specification®llowing ary indicationsof aggrgation. It makesuse

of thediscoursanodelto specifywhethercontentshouldbe realizedascontetually bound(or not).

principle ideais that during text-planning,a dis-
coursemodelis built thatis thenusedin sentence-
planningto determinea sentence information
structure.

We have developeda systemusing KPML. In
KPML, generationresourcesare divided into in-
teractingmodulescalledregions For the purpose
of text-planningwe have constructedregionthat
definesan additionallevel of linguistic resources
for the level of genre. The region facilitatesthe
compositiorof text structuresn awaythatis very
similar to the way the lexico-grammarbuilds up
grammaticaktructuresThis enablesisto have a
closeinteractionbetweengloballevel text gener
ationandlexico-grammaticaéxpressionwith the
possibility to accommodateand propagatecon-
straintson outputrealization.While constructing
atext plan,thetext plannerconstructsa (rudimen-
tary) discoursemodelthatkeepstrack of the dis-
courseentitiesintroduced.

Text planningresultsin a text plananda dis-
coursemodelthat sene asinput to the sentence

planner Thetext planis a hierarchicalstructure,
organizingthe contentinto a morelinearfashion
(seeFigure 3.2). The sentenceplannercreates
the input to the tactical generationphaseas for-
mulasof the SentenceplanningLanguage(SPL,
(Kasper 1989)). The SPL formulasexpressthe
bits of contentidentifiedby thetext plan’s leaves,
and canalso group one or more leaves together
(aggreation) dependingon decisionstaken by
the text plannerconcerningdiscourserelations.
Most importantly during this phaseof planning
what contentis to be realizedby a sentencethe
underlyinginformation structureof that content
is determined: Wheneer the sentenceplanner
encountersa piece of contentthat the discourse
modelnotesaspreviously used,it marksthe cor-
respondingtem in the SPL formula ascontetu-
ally bound(notethatwe areherebymakingasim-
plifying assumptiorthatin the currentversionof
thesentencg@lannemwe equatecontextual bound-
nesswith previousmention).

The text plannercan also choosea particular



textual organizationand determinethe element
which shouldbecomethe Theme. If no particu-
lar elementis choserasthe Theme the grammar
choosesomeelementasthedefault Theme.This

canbethe Subject(asin English),the leastcom-

municatvely dynamicelement(asin Czech);the

choiceof the default Themein Germanis freer

thanin English,but morerestrictecthanin Czech
(cf. (SteinerandRamm,1995)for a discussion).
The Themeis thenplacedat the beginning of the

clause,althoughnot necessarilyat the very first

position,asthismightbeoccupiedge.g.,byacon-

nectve. The placemenbf the Themeis alsore-

solvedby thegrammar

5 Realizinginformation structure
through linearization

It isin thesettingdescribedn §4 thattheissueof
generatingontetually appropriatesentencese-
ally arises. In this sectionwe describethe word
ordering algorithm (§5.1) and its applicationto
CzechandEnglish(§5.2).

5.1 Flexible word order algorithm

As discussed constraintsfrom various sources
needto be combinedin orderto determinegram-
maticallywell-formedandcontectually appropri-
ate WO. Contectual boundnesss usedto con-

strainWO at the clauselevel asspecifiedabove.

We combinethe following two phasesn which

information structure(CB/NB) is taken into ac-

countduringtacticalgeneration:

e information structurecan determinepartic-
ular realizationchoicesmadein the gram-
mar; for example,wheninsertingand plac-
ing the particle of a phrasalverb, whenin-
sertingandorderingthe SourceandDestina-
tion for amotionprocess;

e information structurecan determinethe or-
deringof elementsvhoseplacementasnot
beensuficiently constrainedby the gram-
mar.

For a multilingual resource this allows each
languageo establishts own balanceébetweerthe
two phases.To shaw our approachin a nutshell,
we presenanabstractWO algorithmin Figure2.

G ven:
a set GC of ordering constraints
i nposed by the grammar
a list L1 of constituents
that are to be ordered,
a list D giving ordering of CB
constituents (default is SO

Create two lists LC and LN of de-
fault orders:

Create enpty lists LC (for CB itens)
and LN (for NB itens)
Repeat for each el enent
if Eis CB,
then add E into LC,
else add E into LN
Order all elenents in LC
according to D
Order all elenents in LN
according to SO
if the Verb is yet unordered then
Order the Verb at
t he begi nning of LN

Ein L1

Order the elenents of L1
if GCis not enpty then
use the contraints in GC, and
if the contraints in GC are
insufficient,
apply first the default

orders in LC and then those in LN

Figure2: Abstractorderingalgorithm

The ordering constraintsposedby the gram-
mar have the highestpriority. Note that this in-
cludesthe ordering of the textually determined
Theme.Then,elementshich arenotorderedby
thegrammararesubjecto theorderingaccording
to informationstructurej.e. systemicorderingin
combinationwith the CB/NB distinction. Theor-
deringof the NB elementq(i) is restrictedby the
syntacticstructureor (ii) follows SO. The order
ing of the CB elementsanbe (i) specifiedonthe
basisof the context, (ii) restrictedby thesyntactic
structurepr (iii) follow SO.

Theorderingalgorithmassuchis notlanguage
specific,andcouldbeusefullyappliedin thegen-
erationof any language Whatdiffers acrosdan-
guagess first of all theextentto whichthegram-
mar of a particularlanguageconstrainsordering,
i.e. which elementsare subjectto orderingre-
quirementgposedby the syntacticstructure,and
whichelementsanbeorderedaccordingo infor-
mationstructure Also, it is desirableglandour al-



gorithmallowsit) to specifydifferentsystemicor-

deringsfor differentlanguagesAnd, evenwithin

asinglelanguagepur algorithmallows the spec-
ification of differentsystemicorderingsin differ-

ent grammaticalcontets (just by addinga real-
ization statementhat (partially) definesthe SO
duringstrateic generation).

The algorithmis applicablein platformsother
than kPML. In the first place, ary grammar
can modify its decisionsto take information
structureinto account. In addition, thosetacti-
cal generatorsllows multiple sourcesof order
ing constraintsg.g.,a combinationof grammayr
determinecthoicesanddefaults,aslong assuch
that the default ordering basedon information
structurecanbeapplied.

5.2 Algorithm application

The algorithm describedabore hasbeenimple-
mentedandusedfor generatiorof CzechandEn-
glishinstructionaltexts. The Czechgrammairre-
sourcesisedn tacticalgeneratiorhave beenbuilt
up along with Bulgarianand Russiangrammar
resourcesas describedin (Kruijff et al., 2000),
reusingthe NIGEL grammarfor English. The
original NIGEL grammatritself alreadycombines
the specificationof ordering constraintsin the
grammamwith theapplicationof defaults. If anor-
deringis underspecifiedy the grammay the de-
faultsare applied. The defaults are “static”, i.e.
specifiedonceandfor all. Thealgorithmwe have
describedreplacesthese“static” defaults with a
“dynamic” constructionof ordering constraints.
Two separatsetsof “dynamic” defaultsarecom-
putedon the basisof the SO for the CB andthe
NB elementsn eachsentence/clause.

We use the SOs for Czech and English
specified abore (cf. §3.1). For each ele-
ment in the input SPL we specify whether it
is CB (: cont ext ual - boundness yes) or
NB (: cont ext ual - boundness no); in ad-
dition, we can specify the textual Themein the
SPL(t henme <i d>). TheSPLin Figure3illus-
tratesthis.

Note that the information structuredistinction
betweenCB vs. NB elementson the one hand,
andthe informationalstatusof referentsasiden-
tifiable vs. non-identifiableon the otherhand,are
orthogonal. WhereasCB/NB hasto do with the

(R / RST-purpose
:speechact assertion
: DOVAI N (ch/ DM : choose
ractor (al/DM:user
cidentifiability-q identifiable
: cont ext ual - boundness yes)
:actee (a2/object :nane gui-open
cidentifiability-q identifiable
: cont ext ual - boundness no)
rinstrumental (mea/ DM :nouse
cidentifiability-q identifiable
: cont ext ual - boundness no)
:spatial-locating (loc/DM: nenu
cidentifiability-q identifiable
. cont ext ual - boundness yes
:class-ascription (Iabel/object
:name gui-file))
: RANGE (open/ DM : open
: cont ext ual - boundness no
cactee (f/DM:file
: cont ext ual - boundness no)))
:thene open)

Generatedutput:

Prootevien souboruuzivatel v menu

for openinge&eN file-GEN userNOM in menu+ OC
vybere mysi Open.

choose3sG mouserNs Open

To openafile, theuserchoosepen in the menuwith the
mouse.

Figure 3: Sampleinput SPL for English and
Czechandgenerateautputs

speakr’s presentingan elementaseitherbearing
onthecontet or context-affecting, identifiability
reflectswhetherthe speakr assumeghe hearer
to pick out the intendedreferent. Thesetwo di-
mensionareindependentthoughcorrelated(cf.
the discussionof activation vs. identifiability in
(Lambrecht,1994)). What is encounterednost
often is the correlationof CB with identifiable
andNB with non-identifiable.The correlationof
NB with identifiablecorrespondss found,e.g.,in
casef “reintroducing”an elementtalked about
before,or in casedike Thee is a squae and a
circle. Deletethecircle. —in the secondsentence,
the sameorderingwould be usedalsoin German
(Losden SiedenKreis) andin Czech(Vymézte
kruh).

What is hardto find is the correlationof CB
with non-identifiable put it is the way we would
analyzea dollar bill in example (9) (Gregory



Ward,p.c.f

(9) (Whatdo you do if you seemong laying on the
ground?)

Dolarovou banlovku bych zvedla.
Dollar  note wouldisg pick-Upisg

Eine Dollarnotewiirdeich aufheben.
a dollarnotewould! pick-up

A dollarbill I would pick up.

The CB/NB assignmentgan be variedto ob-
tain different WO variants. The examplesbelov
shav someof the CB/NB assignmentombina-
tions and the outputsgeneratedising the Czech
andEnglishgrammars.

(10) user choose Open
Actor-NB (Finite-Verb) Purpose-NB
Uzivatel vybere pro
menu mouse  openfile
SpacelLoc.-NBVleans-NBPatient-NB
otevieri souboru v

Theuserchoosespen in themenuwith themouse
to openafile.

user
Actor-CB

(12) chooseOpen menu
SpaceLoc.-CRFinite-Verb)
UZivatel v menu vybere
mouse openfile
Purpose-NBMeans-NBPatient-NB

pro otevieri  souboru mysi
Theuserchoosespen in themenuwith themouse
to openafile.

(12) user choose Open menu

Purpose-CB Actor-CB SpaceLoc.-CB

Pro otevieri souboru uzivatel

mouse  openfile

Means-CB(Finite-Verb) Patient-NB

v menu mysi vybere

To opena file the userchooses<pen in the menu

with themouse.

As mentionedabore, we presere the notion of
textual Theme. An SPL cancontaina specifica-
tion of a Theme,andthe correspondingelement
is thenorderedat the front of the sentenceasde-
terminedby the grammar The WO of the restof
thesentencés determinedasdescribed.

“Regardingintonation: in English, thereare two into-
nationphrasesthefirst containingdollar bill with a L+H*
pitchaccenbndollar, andthesecondvith aH* pitchaccent
onpick up. In CzechandGermanit seemshata contrastve
pitch accenton dolarovou banlovkuis optional,andtherest
can have neutralintonationwith nuclearstresson the last
word.

6 Summary and conclusions

We have presented flexible word ordering al-
gorithm for natural languagegeneration. The
novel contrikution consistsin offering one way
of implementingnformationstructureasthe ma-
jor sourceof constraintson word order varia-
tion for languagesvith pragmatically-determirke
wordorder Apartfrom that,thespecialfeatureof
the word order algorithm proposeds thatit can
alsobe appliedto languagesvith grammatically-
determinedword order We have illustratedthe
applicationof the algorithm for Czechand En-
glish, Czechbeinga languagen which word or-
deris primarily pragmaticallydeterminecandEn-
glish beinga grammatically-determinedord or-
der language. We have thus provided evidence
thatthealgorithmcanflexibly beappliedto ‘free’
word orderlanguagesswell as‘fixed’ word or-
derlanguages.

Froma linguistic theoreticalpoint of view, the
most important preconditionfor achiezing this
hasbeento take seriouslythe linguistic obsenra-
tion thatin mary languagesnformationstructure
is the driving force for word ordervariation. For
the modelingof information structurefor strate-
gic generationyve have dravn upontwo well es-
tablishedinguistic framevorks,in bothof which
thediscourse-linguistiandpragmaticconstraints
ongrammaticafealizationareafocalinterestthe
PragueSchooland SystemicFunctionalLinguis-
tics. From a technicalpoint of view, we have
basedthe implementationon the KPML system,
integrating the proposedword order algorithm
with existing multilingual grammaticaresources
and re-usingkpPML's mechanismdor word or-
derrealizationaswell asits systemic-functionayi
basednotion of Theme. The algorithm is not
KPMmL-specific, though, and could be appliedin
otherframenorksaswell, especiallyif they allow
the combinationof linearizationconstraintcom-
ing from differentsources.
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