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This paper presents some ideas and preliminary results of a project aimed at automatic 
generation and translation of text horn conceptual (interlingual) representations. In the 
first part we give some arguments for treating translation and generation as closely 
coupled processes and motivate the need for conceptual text representations to aid these 
tasks. In the second part we describe an implemented method fw  multi-lingual gene­
ration of sentences.

1. Introduction
D uring the last decade unification-based  g ram m ar form alism s have becom e standard  too ls fo r 
gram m atical descrip tion  w ith in  com putational linguistics. A  sign ifican t advan tage  o f  them  is th e ir  
declarativeness, som ething w hich im plies tha t they  can be  used  by  parsers and  g enera to rs  w ith  the 
sam e ease. T w o developm ents in recent years are particu larly  in teresting  from  the p o in t o f  v iew  o f  
translation  and m ulti-lingual generation . T h e  first is the idea that descrip tions o f  d iffe ren t languages 
can be related  by v irtua lly  the sam e m eans as descrip tions belong ing  to  d iffe ren t leve ls  o f  
descrip tion  w ith in  a single language (K aplan  e t a l.. 1989; van  N oord , 1990; R ussell et a l., 1990). 
T his la tte r developm ent is especially  su itab le  fo r those w ho favour a tran sfe r m odel o f  translation , 
as w ell-know n descrip tion  levels such  as phrase structure , functional s truc tu re  and log ica l form  can 
be reused and set in to  correspondences.

T h e  second idea is th a t parsing  and genera tion  can  be  seen  as basica lly  th e  sam e p ro cesses  that 
d iffe r only  in th e ir inpu t (Shieber, 1988; Z ajac &  E m ele, 1990; E m ele  e t al., 1990). T h is  w ould 
m ake it possib le  to hand le  all p rocessing  by  the sam e m echan ism s and  by  m eans o f  a  sing le  g ram m ar 
and d ictionary  fo r each  language. T his idea, o n  the o th er hand , g ives som eth ing  to  th o se  w h o  are 
in terested  in  in terlingua approaches, since, i f  a  com m on  rep resen ta tion  language can  b e  found  fo r 
the descrip tion  o f  d ifferen t languages, w e can  use  it in  the d ifferen t g ram m ars and  ge t transla tion  
system s and m ulti-lingual generation  system  a lm ost fo r free.

In  th is p ap er w e repo rt on  a  p ro jec t w hich  is concerned  w ith  deve lop ing  the  secoiKl idea.^ In  the  
n ex t section  w e describe briefly  its goals  and m otivations. T h en , in  section  3 , w e  p rov ide  som e 
argum ents in favour o f  conceptual tex t-rep resen ta tions and p ropose  a w ay  o f  characteriz ing  
sem antic equ ivalence o f  generated  texts. In  section  4 , w e show  how  the concep tual rep resen ta tions 
are used for bi-lingual sen tence generation . In  the last section , finally , w e ind ica te  b riefly  o u r p lans 
fo r the future.
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2. The project
T h e p ro jec t is  exp lo ra tive  w ith the overall aim  to  ju d g e  the possib ilities o f  using  interlingual 
rep resen ta tions in  app lications such  as docum ent generation , in telligen t (cxi-line) handbooks, and 
translation . W e do  th is by  study ing  a specific  tex t genre, the serv ice m anual, and in  particu lar the 
exposito ry  sections, w here an  ob jec t is described  and its function  is explained. O u r in itial corpus 
com prises  86 sen tence  pairs  from  tw o  serv ice  m anuals issued by  V olvo T ruck  C orporation . M ore 
sp ecific  goals  o f  the  p ro jec t are to  d eve lop  an  in terlingual rep resen tation  language fo r th is gerue 
and a lgo rithm s fo r  m ulti-lingual genera tion  from  the  in terlingual represen tations. W e also  invest­
igate  the possib ilities  o f  u sing  the in terlingua fo r au tom atic  translation . T w o  languages ate 
considered , S w ed ish  and E nglish .

T h e  in te rlingua  shou ld  co v er all relevant aspects o f  the  texts: s tructu re , con ten t and textual 
coherence, b u t w e are  on ly  concerned  w ith  the  lingu istic  varia tion  tha t can  be  found w ith in  the 
genre. F o r  in stance, as all sentences o f  o u r corpus are declara tive  and p resen t-tense , w e treat such 
p roperties  as struc tu ra l invarian ts that need no t b e  accounted fo r o n  sem antic  o r  p ragm atic  grounds.

A  basic  assum ption  o f  the p ro ject is tha t it is  usefu l to  consider transla tion  and m ulti-lingual 
genera tion  as c lo se ly  related  tasks. I f  w e v iew  th e  general genera tion  problem  as one  o f  finding a 
tex t (o r all tex ts) tha t sa tisfies a g iven  set o f  constrain ts in  a g iven contex t, it  is easy  to  see that 
transla tion  fits th is defin ition . T h e  source tex t p rov ides one set o f  constrain ts w hile  A e  gram m ar 
and  genre-specific  ru les o f  the target language prov ide ano ther set. O n the  o th e r hand, in  m u lti­
lingual genera tion , w e m ust som ehow  ensure tha t the tex ts that a re  generated  are equivalen t in 
im portan t respects, e.g . as regards conten t, sty le and progression . T he requirem ents o f  such an 
equ ivalence  rela tion  com es very  close to  w hat one  dem ands o f  a rela tion  betw een  translations.

3. Towards a characterization of equivalence
T h e usual w ay  to  characterize  the relation  o f  translation  equivalence is perhaps w ith  reference to  a 
n u m b er o f  descrip tion  levels  on  w hich  tw o texts should  be  identical o r  corresponding . F o r  instance, 
C arbonell & T o m ita  (1987) m en tions the  fo llow ing  factors to  be  im portan t fo r good translations: 
p ragm atic  invariance  (m atters o f  illocu tionary  force, sty le e tc .), sem antic invariance, structural 
invariance , lex ical invariance and spatial invariance. Ignoring  the latter, w h ich  is concerned w ith 
the ex ternal p roperties  o f  the  tex t such  as length  and page layou t, it is  in teresting  to  no te  how  
invariance  is decribed  w ith  respect to  the  d ifferen t levels. In  the  case o f  p ragm atics and sem antics 
the  no tion  is  o n e  o f  "preserv ing  invarian t" the  relevant p roperties, w h ile  structural invariance is 
exp la ined  as "p reserv ing  as fa r  as possib le" the syn tac tic  structure , and lexical invariance  is 
exp la ined  as "preserv ing  a one-to -one  m app ing  o f  w ords o r  phrases from  source  to  target tex t". W e 
see  th a t it is ea sie r to  im ag ine  a com m on, language-independen t rep resen tation  fo r the h ig h er levels 
o f  tex ts, w hereas the  lo w er levels, such as syntax and  lex is, can  on ly  be  b rough t in to  correspondence 
w ith  each  other.

H ow ever, ev en  i f  tw o  lexem es, o r  tw o  OM istructions, o f  d ifferen t languages canno t be  treated  as 
h av in g  the sam e p r t ^ r t i e s ,  bu t se t in to  a co rrespondence fo r  lack  o f  b e tte r a lternatives, w e can still 
g ive  them  a co m m o n  descrip tion . F rom  the  form al po in t o f  v iew  there  seem s to  be  no  relevant 
d istinc tion  be tw een  iden tity  and correspondence , s ince, i f  tw o  elem ents co rrespond , w e can 
in troduce  a property  at the in terlingua level tha t is  expressed  by  these tw o elem ents (and  no  others) 
in  the  tw o languages. T h e  associa tion  betw een  the  elem ents and the in terlingual descrip to r is  then 
m ade in  the  g ram m ars o f  the tw o  languages. C onversely , o f  course, a perce ived  identity  o f  m eaning 
o f  tw o  e lem ents from  d ifferen t languages can  be  represented  as a triv ial co rrespondence betw een 
th e  e lem ents. N o te , though, tha t by  using  an in terlingua represen tation  w e can decom pose a
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correspondence betw een  often , quite  com plex  sets o f  p roperties in to  tw o  s im p ler rela tions b o th  o f  
w hich  relate a sim ple descrip to r at the in terlingua level to  com plex  lan g u a g e -sp e d flc  rep re­
sen tations, ju s t as a  w ord  form  is associated  w ith  its  m orpho-syn tac tic  and  sem antic  p roperties  in  
a dictionary . T h is  is advantegous n o t least from  the po in t o f  v iew  o f  m ulti-lingual generation .

N ow , i f  w e w ant to  g e t at the bottom  o f  a  genera tion  p rob lem , w e w ill need  to  re fe r  to  com plex  
com binations o f  p roperties. B u t th is is  d ie  case w hether w e woric w ith  in te rlingua  rep resen ta tions 
o r  correspondence rules. W ith  the in terlingua approach  w e then  have  the  ad van tage  th a t all 
in form ation  is  accessib le  at a sing le  level o f  descrip tion . It is  o ften  argued  th a t in  the  case  w e deal 
w ith  languages tha t m ake the sam e k ind  o f  d istinctions and use  the  sam e k ind  o f  construc tions, as 
is the case w id i Sw edish  and E nglish , w e need  no t co n sid er the  relevant p rag m atic  and  sem antic  
properties, but m ere ly  note the  co rrespondences. H ow ever, in  o u r  co rpus w e find  several pa irs  o f  
sen tences, such  as the fo llow ing , th a t seem  d ifficu lt to  describe  on  the b asis  o f  stru c tu ra lly  based  
correspondence ru les only:^

1. A n ellipsis occurs only  in  one  o f  the languages, bu t n o t in  the  o ther.
S: BasvOxeldelen manövreras mekaniskt, rangevåxeln pneumaäski.
E: The basic section is mechanically operated; the range gear is pneumaäcally operated.

2. A n  in tegrated  com plem ent co rresponds to  the sub jec t head , w hile  the  sub jec t co rresponds to  a
sub jec t m odifier.
S: Spärrventilen har till uppgift att förhindra växling av rangeväxeln n är ...
E: The purpose of the inhibitor valve is to prevent inadvertant shifting of the range gear when ...

3. A  passive c lause corresponds to  an active clause w ith  an  anaphoric  subject.
S: Spärrventilens kolv trycks upp urfördjuprungen pä kolvstängen ...
E: This moves the plunger o f the inhibitor valve out of its dimple...

4. A sim ple N P  corresponds to  a coord inated , d isjunctive  N P.
S: Den här nedkylningen kallas laddluftkylning.
E: This cooling process is known as charge air cooling or intercooling.

A s a basis fo r describ ing  the sem antic  equ ivalence o f  tw o sen tences th a t are transla tion  equ ivalen ts 
w e appeal to  the no tion  o f  top ic , o r  topical question  (C arlson , 1983; A hrenberg , 1987). S peak ing  
inform ally , w e can  say tha t a necessary  cond ition  fo r tw o sen tences be ing  tran sla tio n  equ ivalen ts 
is that they  answ er the sam e question  by  th e  sam e standards, w here  standards refe r to  such  th ings 
as tru thfu lness, com pleteness, c larity  and relevance.^ T h is  is actually  a lso  a  cond ition  tha t can  be 
applied in  practice; o ften  it is no t a d ifficu lt task  to  decide  w hich  question  o r  questicMis a  g iven  tex t 
sentence attem pts to  answ er, as ev idence  bo th  from  its form  and its con tex t can  b e  used.

I f  w e look  at the  fou r sen tence  pairs  above, th e  top ical questions o f  th e  first p a ir  c an  be  rendered  
in  E nglish  as H ow  is the basic section operated, a nd  how  is the range gear operated?  A t the  
conceptual level w e m ay  in troduce a concep t. O peration , w ith  tw o  a rgum ents, o n e  fo r  th e  o b jec t 
(gear o r  g ea r set) being  operated  upon  and one  fo r  the  m an n er in  w h ich  it  is  done. A  question  th a t 
relates to  th is  concep t, o n e  tha t m akes it a top ical concep t, can  be rep resen ted  as a  p ropositional 
structure  w hich is unspecified  w ith  respect to  o n e  o f  its  argum ents:

aspect Operation 
thing r-gearl
value [ ]
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A s fo r the  occurrence o f  the finite verb  in  the second con junct o f  the E nglish  sen tence aixl its 
absence  in  the correspronding S w edish  sen tence, it  can  be handled  com pletely  w ithin the gram m ars 
o f  the tw o languages. W e need no t form ulate  a separate  correspondence  ru le  saying that a finite 
v e rb  in  on e  language can correspond to  no th ing  in  the  o th er language un d er certain  circum stances.

A s fo r the  second  p a ir  o f  sen tences w e are faced w ith a co rrespondence pattern  w hich is even 
m ore  invo lved  than  the  sp litting /liising  exam ples d iscussed  by  K ^ l a n  e t al. (1989) and S ad ler & 
T ho m p so n  (1991). W e can  avoid  in troducing  exp lic it correspondence  rules, i f  w e state the rules in 
te rm s o f  rela tions b e tw een  in terlingua descrip tions and language-specific  gram m atical descrip tions, 
how ever. M oreover, they  becom e quite sim ple because  the  in terlingua descrip tion  is a  sim ple one. 
T h e  top ical question  is W hat is the purpose o f  the inhibitor valve?  w ith  the in terlingua descrip tion

aspect Purpose 
thing inh-valve2
value [ ]

T h e  rules w e need are associated  w ith  d ie  concep t P urpose  in  the  know ledge-base as explained 
in  section  4.4.

T h e  th ird  pa ir  illustrates the im portance o f  co-texL T h e  topical question  m ay be tendered  as W hat 
happens in connection with this?, w here this refers to  an  even t o f  sh ifting  the range g ear described  
in  the  p rev ious sen tence. W hile  the even t is expliciU y referred  to  in  the  E nglish  sen tence, it is no t 
so in  the S w edish  sen tence, illu strating  the com m on property  o f  tex ts tha t causal rela tionships 
b etw een  even ts are  often  no t g iven  exp lic it expression . A t presen t w e have  no t defined text-level 
ru les, so  th is  sen tence-pa ir cannot be handled  by o u r generator, bu t it seem s clear that a correspon­
dence  ru le  u sing  only  structural in fo rm ation  is no t su ffic ien t fo r the purpose.

T h e  fou rth  p a ir  o f  sen tences, finally , addresses the topical question  o f  w hat a certain  process is 
called . A s it happens tw o  term s are  used fo r  it in E ng lish  w hile  on ly  one is used  in Sw edish. The 
resu lt is tha t a d isjunction  is used in  E ng lish  -  p robab ly  in response to  som e standard o f  com pleteness 
-  w ith  rx) co rrespond ing  d isjunction  in  the  S w edish  sentence. T h e  fact tha t a sim ple N P  in one 
language  in  som e cases can  correspond to  a  d isjunctive  N P  in  an o th er language is fo r obvious 
reasons no t som eth ing  that one  w ould  like  to  express as a general possib ility  o f  structural 
co rrespondence . H ow ever, w ithout access to  a sem antic/pragm atic  level o f  descrip tion  one  cannot 
exp ress the appropriate  constrain ts.

4. The unification-based generator
4.1 Overview
In  th is  section  w e show  h o w  sen tences can  be  generated  from  conceptual representations. W e refer 
to  these  rep resen ta tions as  con ten t descrip tions as they  m ain ly  con ta in  sem antic  inform ation. T he 
genera tion  p rocess rough ly  have the  stages illustrated  in  figure 1.

T h e  first m odu le  o f  the g enera to r constructs language specific  gram m atical descrip tions using  
rela tional g ram m ar ru les and inform ation  in  the  com m on know ledge-base  (K B ). T hese w ill then 
be fed  in to  the surface s tring  generator, w h ich  has its  ow n  gram m ar. B etw een  these tw o  m ain  
m odu les th ere  is a lso  an  in terface w hose purpose  is  to  fine-tune  the incom ing  gram m atical 
descrip tions so  tha t they  conform  to  the dem ands o f  the su rface generator.

10
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Content Descriptions

________________i ______________
/Grammar rule selection, application 
V  and resolution J

Grammatical Descriptions

T
Grammatical^Descnptions

f Surface string generation^
---------------

Linguistic String

Figure 1: Basic architecture of the generator

A n ed ito r is bu ilt o n  top  o f  the KB enabling  con ten t descrip tions, g ram m atica l descrip tions, 
g ram m ar rules, dom ain  and lingu istic  know ledge to  be  in terac tive ly  and  in crem en ta lly  added  o r  
m odified . A ll in fo rm ation  is coded  as feature-value m atrices w ith  un ifica tion  as the so le  m ethod  o f  
com bining.

T he generation  p rocess is no t language specific . T h e  K B  can  support kn o w led g e  fo r  several 
languages. G iven  a con ten t descrip tion  the system  concurren tly  genera tes the co rrespond ing  strings 
fo r  all the supported  languages. In  the  n ex t subsections w e w ill describe  con ten t descrip tions, 
g ram m ar ru les, and KB fo r the  first stage o f  generation . T h e  surface string  genera tion  m odu le  is 
m odeled  on  S h ieber (1988) and uses g ram m ars w ritten  in  the  P A T R -n -fo rm at.

4.2 Content descriptions
In  o rd er to  ach ieve m ulti-lingual generation  w e w an t to  w ork  w ith  language  in dependen t chunks 
o f  inform ation. T h e  trad itional approach  is  to  u se  log ical p ropositions, such  as a  co n ju n c tio n  o f  
facts, w hich  th e  tex t is supposed  to  express. T h e  con ten t descrip tions in  the  system  con ta in  log ica l 
propositions, bu t also  d istingu ish  them  o n  the  b asis  o f  p ragm atic  f im e tio a  M o reo v e r th e  co n ten t 
descrip tions need n o t be fu lly  specified  as som e o f  the  con ten t m ay  b e  retrieved  from  th e  K B .

Propositions can be  o f  a  n u m b er o f  d ifferen t types. T h ey  are  expressed  d iffe ren tly  d epend ing  on  
the  type. T he types can  be  grouped in to  tw o  m ain  ca tegories. H rs t  those  th a t have  a p u re ly  log ical 
m eaning, curren tly  being  the sim ple type th ing-aspect-value  (tav) and the  co n junc tion  (and). 
Secondly , w e have a n um ber o f  types tha t besides hav ing  a  log ical in terp re ta tion  a lso  have  a 
non-logical function. B elow  w e w ill d iscuss instances o f  both  types and g ive  sm all ex am p les  o f  
th e ir use.

11
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T hing -aspect-value , w hich  is used to  express a value o f  an  aspect o f  a certain  thing. T he exam ple 
below  show s a sim ple fact w ritten  as an attribu te-value m atrix  w hich says that a th ing  called 
rlOOO has the co lo r green.

type tav 
thing rlOOO 
aspect color 
_value green

A nd, a log ica l c o n ju ra tio n  o f  tw o  o th er propositions:

type and

*> [] 
a2 []

M ost often the a l  value is o f  type tav while the o2 is either a  tav or an and.

• R eference-scope, w hich  log ically  is a  conjunction . It has tw o a ttribu tes, called  re f  and  scope 
each  con ta in ing  propositions abou t a g iven  o b jec t (o r set). T he non-log ical aspect o f  it lies in 
the  w ay  the  tw o propositions have been  d iv ided. T he first a rgum ent specifies a proposition  
w h ich  is used  fo r  m ak ing  reference to  the  object. T h e  in ten tion  is that the ob jec t and proposition  
m ust be know n  to  the read er a t th is po in t, e ith e r by  hav ing  been  in troduced  at an earlie r point 
in  the  tex t o r  included  in the  read e r’s background know ledge. T he proposition  w ill determ ine 
h o w  reference  to  the ob jec t w ill b e  ach ieved  a t the surface level; e.g . b y  using  its p ro p er nam e, 
a p ronoun , o r  a  defin ite  descrip tion , possib ly  includ ing  a n u m b er o f  ad jectives and so on. The 
scopo va lu e  con ta in s in fo rm ation  tha t is new  in  the  curren t contex t. It iden tifies the proposition  
th a t is  asserted  abou t the  ob jec t.T he reference-scopo type is  used  to  express the contents o f  
sim p le  c lauses. T h e  first a rgum ent w ill fo n n  th e  sub jec t o f  tha t c lause  w hile the scopo value is 
u sed  to  bu ild  the  p red icate , includ ing  verb  and com plem ents.

B elow  is a sim ple exam ple  o f  a con ten t descrip tion  o f  the c lause The basic section is mechanically 
operated. "T he basic  section" is know n w hile  "m echanically  oporated" is new  inform ation  w hich  
is asserted  in the sentence.

type rs

type tav

ref thing *[rl000bs]
aspiect isa
_value b-sectionj

type tav

SCOJO thing ■[]
aspiect Oporation
value JJ

12

12Proceedings of NODALIDA 1991



T he value rlOOObs m eans the basic  section  o f  the gearbox  r l  000. T h e  aspec t isa  gets the  reflex ive 
and transitive c losure o f  the  classes rlOOO belongs to. F rom  these, the  concep t b -sec tion  h as  been  
chosen. It has the  nam e "basic section" a ttached  to  it.

T he scope value  is an unspecified  p roposition , i.e. one  correspond ing  to  a top ical questio n  as 
explained  above. T h e  unspecified  value  w ill be retrieved from  the K B  during  the genera tion  process.

4.3 Mapping content descriptions onto grammatical descriptions
A conten t descrip tion  represen ts p roperties tha t are  com m on  to  equ iva len t sen tences o f  d ifferen t 
languages. In  addition , each  sen tence in  the  equ ivalence  class sa tisfies a  lan g u ag e-sp ec ific  g ram ­
m atical descrip tion . G ram m atical descrip tions and  con ten t descrip tions are  re la ted  rough ly  as the  
tw o sides o f  the classica l S aussurean  lingu istic  sign. T hus, it  is na tu ra l to  exp ress po ssib le  rela tions 
betw een  gram m atical features and  con ten t fea tu res as a  rela tion  be tw een  p artia l strucu ires. In  the 
cu rren t g ram m ar w e actually  u se  a n u m b er o f  d ifferen t re la tions, w h ich  encode  b o th  the  language  
and the textual hm ction  o f  the  structures be ing  rela ted , as in  the  fo llow ing  ex am p les  w h ere  cd  and  
gd stand fo r  con ten t and g ram m atical descrip tions respectively :

1. in form -sw (cd , gd), refer-eng(cd , gd), describe-eng(cd , gd)

A nother possib ility  w ould  be to  encode the function  and language as argum ents:

2. sign ify(cd , languge, function , gd)

A specification  o f  the relation  un d er a m ore com plete  genera tion  schem e w ould  have  to  tak e  m any  
o ther aspects into account, e.g . as follow s:

3. sign ify(cd , language, function , type, user-m odel-in , con tex t-in , con tex t-ou t, u ser-m odel-ou t, 
gd)

w here ‘ty p e ’ is the  type  o f  tex t object; such  as c lause o r  sentence, ‘u se r-m o d e l-in ’ is  a m odel o f  
w hat background know ledge the  reader posesses at th is po in t, ‘co n tex t-in ’ reco rds relevan t ob jec ts  
m entioned  in  the tex t so far to  aid pronoun generation  and ellipsis. T h e  user-m odel-ou t w ill reflec t 
the fact that the reader has accom odated  the  new  in fo n n a tio n  in  the  co n ten t descrip tion . 'This can  
be used  to  ensure tha t the new  in fo rm ation  indeed  is  relevan t, coheren t and  consisten t w ith  w hat 
has been said  and w ith  w hat the reader a lready  know s.

From  now  on  version  I o f  the relation  specification  w ill be  considered  since  it  is  the  one  has been  
im plem ented.

G iven  a conten t descrip tion  and a gram m atical descrip tion  the  g en era to r w ill try  to  prove the 
relation  betw een  them . E ither descrip tion  m ay be  partia lly  specified . T h e  g en era to r w ill d u ring  the 
p ro o f procedure suggest instan tia tions to  com plete  the specifications. I f  w e w ould  like  to  genera te  
a gram m atical descrip tion  that argum ent should  in itia lly  be  un instan tia ted . I f  the  p ro cess  w as 
successful the genera to r returns the  answ ers one  b y  o n e  ev en  i f  there  a re  an  in fin ite  n u m b er o f  them . 
In  princip le , w e could  also  parse  a  gram m atical descrip tion  w h ich  w ould  lead  to  a  con ten t 
descrip tion . A t the tim e o f  w riting  th is  is  no t ye t p rac tica l fo r e ffic iency  reasons. T h e  g enera to r 
w orks accord ing  to  the  p rincip le  k now n  as S L D -reso lu tion  (see e.g . N ilsson  &  M aluszynsk i, 1990). 
T he attribu te-value m atrices are  coded  as d irected  acyclic  graphs. T h e  se lec tion  function  is g rap h  
unification . T h is is s im ila r to , bu t n o t necessarily  lim ited  to , th e  w ay  log ic  p ro g ram m in g  languages 
w ork.

T h e  g ram m ar is a  ru le  base, w here  each  ru le  genera lly  tak es  the  fo llow ing  form : 

reloCcdo, gdo) < -  re l i(c d i, g d i) ...... reln(cdn, gd„).

W e refer to  the left-hand  side as the head and the righ t-hand  side as the  bo d y  o f  the rule. T h e  head 
consists o f  a single term , w hile  the  body  m ay  con ta in  any n um ber o f  term s. 'The ru les cu rren tly  in
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use actually  con ta in  te n n s  w ith  additional argum ents, b u t w e ignore these here.

G iv en  a  co n ten t descrip tion  fo r a sen tence, w e w ill first constn ic t a terni hav ing  inform -sw  o r 
in fo rm -eng  as a functor. T he con ten t descrip tion  w ill becom e the  first a rgum ent and the second 
a rgum en t w ill be  in itia lized  to  the  null dag. g iv ing , say. in fonn-sw (cd . []). T h e  generation  o f  the 
gram m atica l descrip tion  w ill s tart b y  p ick ing  o u t those  ru les w hich  have inform -sw  as the functor 
o f  th e ir  heads. T h ey  w ill then  b e  tried  ou t one  b y  one. T h e  a rgum ents o f  the term  w ill be unified 
w ith  the  co rrespond ing  a rgum ent o f  the  ru le  head . I f  tha t succeeds all subgoals appearing  on  the 
righ t h and  side  o f  the  ru le  m ust hold . T h ese  are  tried  o u t recursively . T h e  argum ents o f  the subgoals 
share  m ateria l w ith  each  o th e r and particu larly  w ith  th e  head  argum ents. A s n ew  m aterial is unified 
in to  th e  struc tu res.the  changes becom e im m ediately  v isib le  everyw here. W hen all the subgoals have 
successfu lly  b een  p roved  tiie p rocess suspends in  th a t state. T h e  argum ents o f  the  initial term  have 
been  fu lly  instan tia ted  and can  be  p icked  o u t  A fter tiiat the p rocess resum es by  backtrack ing  to  
cho ice  p o in ts  in  the  SL D -tree w here alternative  instan tia tions can be found.

T h e  ru les a re  w ritten  in  such  a w ay  tha t a structural dep th -first analysis w ill be perform ed on the 
co n ten t descrip tion . T h is a lso  m eans th a t the gram m atical descrip tion  w ill be bu ilt top-dow n. T he 
subgoals take  care  o f  the substructures. T h e  recursion  is stopped , aside  from  failing  unifications, 
by  ru les hav ing  n o  righ t hand  side o r  by  b u ilt-in  ru les accessing  the KB.

T h e  fa r  m o st im portan t bu ilt-in  ru le  is d ie  the  p rim itive  retrieval operation , iget. It has three 
argum ents: ca rrie r, ind ica to r, and value. T h e  carrie r deno tes an  o b jec t that has a  va lue  stored under 
a ce rta in  ind icator. I t can . from  the  gen era to r’s  p o in t o f  v iew , be regarded  as a sim ple property . T he 
ig e t is used  fo r  tw o  d ifferen t purposes:

1. C heck ing  the  valid ity  o f  the con ten t d e sc r ip tio a  T h e  w orld  m odelled  in  the KB m ust sanction 
the  in fo rm ation  expressed  there.

2. R e triev in g  lingu istic  in fo rm ation  fiom  dom ain  objects. A ll dom ain  concepts m entioned  in  the 
co n ten t descrip tion  con tribu te  fragm ents o f  g ram m atical descrip tions. T h e  ru les g lue these 
fragm en ts  to g e th e r to  form  the gd.

W e end  th is  subsection  w ith  tw o  ru les th a t hand les reference-scope descrip tions. T h e  first rule 
says th a t in  o rd er to  relate a cd o f  th is  type and  a  c o r r e ^ n d i n g  gd . besides th e  cond ition  tha t they 
shall un ify  w ith  th e  a rgum ent m atrices, the  reference in fo rm ation  m ust be  p o ssiU e  to  express as 
p art o f  a g ram m atica l sub jec t and the scope in fo rm ation  m ust be  expressed  as part o f  a  gram m atical 
p red icate . In  add ition  the  ru le  adds m ore  fea tu res to  the  gd . in  th is  case tense  in form ation .

inform-sw

type rs 

ref ■[]

scope [ ]

subject ■ []

predicate [yform pres]

iefer-sw( [ ] .  [ ] ) ,  dcscribc-sw ( [ ] ,  [ ] )
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describe-sw

thing [ ]  

aspect [ ]
3 n

value [_J

f

LJ, sw-epred, m  ’ [ ]
4

body [ ]

3„  5 - -
, iget(  |_J,sw-name, [J )

T h e pred icate  is  ob tained  b y  app ly ing  a n ile  fo r  the fu n cto r describe-sw . T h e  righ t-hand  side o f  
th is  ru le consists o f  th ree calls to  the  K B , w here  the  first answ ers the  top ica l q u estio n  and th e  o th e r 
tw o retrieves linguistic  in fo n n a tio n  as exp la ined  in  the n ex t section.

4.4 The knowledge base
T he know ledge necessary  fo r  the first stage o f  th e  genera tion  p rocess is kep t in  a  s ing le  know ledge 
base. T h e  p rim ary  aim  o f  the know ledge base is to  store  in fo rm ation  abou t th e  dom ain  objects. I t 
is  organized as an  inheritance netw ork , allow ing  instances to  inherit p roperties from  th e ir  concepts. 
T he properties can be d iv ided  in  tw o  classes, dom ain  related  and  language related . In  the  sm all 
exam ple below  the rlOOO, ca lled  the  carrier, is  an  instance  o f  the concep t G earbox , and it has the 
p roperty  sw -nam e, a lso  called  the ind icator, deflned  to  be the  va lue  [lex rlOOO].

sw-namc [lex rlOOO]

A ssociated  w ith  each  ind icator, there  is  a  m ethod  w hich  know s h o w  th e  value  is  to  b e  retrieved . 
T he value  can  e ith e r b e  cached  in  the  ca rrie r txxie d irec tly , inherited  from  a  co n cep t d u o u g h  
isa-links, o r  o therw ise  com puted . It is  the  fac t tha t the  know ledge is on ly  accessib le  th ro u g h  the 
dom ain  ob jec ts  th a t m akes genera tion  m uch  easie r d ian  parsing . In  o rd e r to  m ak e  the  system  
b id irectional w e w ould  also  have to  m ake dom ain  ob jec ts  accessib le  from  th e ir  p ro p erty  va lues, 
especially  the  lingu istic  p roperties.

L ingu istic  inform aticm  can  b e  associated  w id i dom ain  concep ts in  d iffe ren t w ays. N o u n s are  
stored  un d er an  in d ica to r nam e w h ich  is then  d ifferen tia ted  fo r  the  tw o languages as in  th e  exam ple  
above. In fo rm ation  relevan t fo rp red ica tes  is stored  u n d er the  in d ica to r ep red  w hich  is  d ifferen tia ted  
in  the sam e w ay. In  the  case  o f  the concept O peration , the Sw edish  ep red-value  is  a  struc tu re , w hich  
says that th e  p red icate  should  con ta in  the v e rb  m anövrera  in  the  passive  vo ice , and a  m an n er 
adverbial expressing  the  m anner o f  operation:
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arg

body

' [ ]

passive yes

compll jmanner [̂aform t]]

lex manövrera

In  section  3 w e considered  the  fo llow ing  sen tence  pair, and  in troduced  a concep t Purpose fo r its 
descrip tion :

S: Spärrvenälen har till uppgtfl an fdrhindra växling av rangeväxeln när ...
E: The purpose o f the inhibitor valve is to prevent inadvertant shifting of the range gear when ...

T h e  Sw edish  sen tence  can be  hand led  by  the p rev ious ru le  fo r reference-scope propositions.^  T he 
s tructu re  fo r  the  S w edish  p red icate  in form ation  associated  w ith  P urpose  w ould  be  as follow s:

arg

body

compll

lex

compl2

pobj

■ [ ]

prep till 

obj [lex uppgift] 

ha

infeomp *[J

F o r  the E ng lish  sen tence w e actually  hav e  to  use a d ifferen t c lause-level ru le, in troducing relations 
o f  the  asserted  p roposition  bo th  w ith  the sub jec t and the pred icate . T h e  first association  w ill u se  the 
E ng lish  nam e o f  the  concept, w hile  the second  w ill u se  the p red icate  in form ation . In conjunction  
these  ru les w ill p roduce  a partial g ram m atical descrip tion  correspond ing  to  the  p an em  the purpose  
o f. . .  i s ... .

inform-eng

type rs 

ref ' [ ]

scope [ ]

2 ^

subject pmod
prep of 

obj ^ []

predicate r lex be 1 
[vform presj

3 „ 2 ,
refer-eng( [ ] ,  []),describe-eng ( [ ] , [ ] )  , identify-eng ( [ ]  [ ] )
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5. Status and future work
W e believe that the generation  procedure as fa r  as sen tences are concerned  is pow erfu l aiul flex ib le  
enough  to  handle  m ost o f  the  sen tence-level phenom ena o f  o u r corpus. H ow ever, th is  rem ains to  
be p roved , as the cu rren t g ram m ar on ly  co v e ts  a frac tion  o f  the  corpus. M oreover, w e w ill ex tend  
the ru le base to  han d le  paragraph-level phenom ena such  as coherence  re la tions and  a n a i^ o r ic  
dependencies as w ell.

I f  anything, the genera tion  p rocedure  is a t p resen t ra th e r to o  pow erfu l and unconstra ined , so  w e 
w an t to  investigate  fu rther w h ^  constra in ts to  p u t on  i t  A s fo r  s p ^ ,  th e  bo ttleneck  o f  the  genera tion  
p rocess is the surface generator. Ideally  w e w ould  like to  e lim inate  it  com ple te ly  and  w ork  w ith  a 
sing le  g ram m ar incorporating  ph rase  structure  as w ell as functional g ram m atica l in fo rm ation .

Notes
1. T he pro ject, K onceptuell tex trep resen ta tion  fö r  au tom atisk  generering  o ch  översä ttn ing , is 

funded by the C entre fo r Industrial Inform ation  T echno logy  (C EN H T) at the  L inköp ing  Institu te  
o fT ech n o lo g y .

2. W e take the  sen tence  pairs  in the corpus as prim a fa c ie  in stances o f  transla tion  equ iva len ts  and 
thus necessary  to  account for. T h is m ay  be  questioned  in  a few  cases, e.g . w here  one  sen tence  
contains a m od ifie r hav ing  n o  co u n te rp an  at all in  the o th e r sen tence, bu t all such  excep tions 
need careful m otivation .

3. T w o  paragraphs m ay be considered  equ ivalen t i f  th ey  an sw er the  sam e q uestions in  th e  sam e 
order.

4. I t needs a d ifferen t ru le  fo r describe-sw , how ever, as  the va lue  o f  th e  asserted  p roposition  need  
no t be a sim ple concept.
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