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Abstract

The article describes essential parts of a prototype system for machine 
aided translation from Norwegian-Bokmal to Norwegian-Nynorsk. The 
central parts of the system are a bilingual word list, inflection paradigms, 
phrases, and routines to deal with compound words. There are also syn- 
t2ictic and semantic rules, but they can be considered as preliminary. The 
article also includes a simple comparison of the two Izinguages in question. 
The program is written in TurboPascal and runs on IBM PC compatible 
machines.

1 Introduction

T h e  m ain g oa l o f  the p ro je c t  M ach in e aided translation from  N orw egian-B okm al 
to  N orw egian -N yn orsk  is t o  au tom atize  translation  betw een the tw o official N or­
w egian languages, b o th  fo r  p rop osin g  translated text, and for look in g  up w ords, 
phrases an d  tex t parts. T h ere  is a lso an im portan t o b je ct iv e  to  gain know ledge 
a b o u t m ach ine translation  in general. T h e  system  w ill be  based on  com prehen ­
sive bilingual w ord  lists and  lingu istic rules im plem ented as d a ta  for  a  com pu ter 
program .

T h e  developm en t has so  far partly  been  su pported  by  the N orw egian Research 
C ou n cil fo r  S cience and  the H um anities (N A V F ) for  8 m onths in 1987-88 . T h e  
a u th or  o f  this presentation  has been  responsib le  for  the linguistic and com p u ­
ta tion a l w ork . F orm al coop era tors  are also T h e  N oregian  C om p u tin g  C entre for 
th e  H um anities and D epartm en t o f  P h on etics  and L inguistics at the U niversity 
o f  B ergen .
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1.1 The Soft- £ind Hardware

T h e translation  program  and oth er d a ta  developm en t program s (especia lly  for 
w ord lists) are w ritten  in T urboP asca l w ith ou t usage o f  graph ics emd specia l 
database procedu res, and  is com patib le  w ith  versions 3 .0 ,4 .0  and  5 .0 . T h e  sou rce 
cod e  takes abou t 50 k b , and the com piled  version  a b ou t 34 kb w ith ou t the d a ta  
tables. T h e  program  is run on  IB M  co m p a tib le  m achines w ith  the op era tin g  
system  D O S  4 .0  and  low er. A m on g  the m achines is a  T osh iba  TIOOO w ith  512 
kb R A M  and on e floppy  disc w ith  720 kb.

2 The Two Official Norwegian Languages, 
General Remarks

T h e  tw o oflScial w ritten  N orw egian languages are the m a jority  language N orw e- 
gian-Bokm 41 (N B ), w ith  an unoflScial English nam e D an o-N orw egian , and  the 
m inority  language N orw egian -N ynorsk  (N N ), w ith  an unofficial E nglish  nam e 
N ew -N orw egian. T hese languages can , for  foreigners, b e  regarded as relatively  
sim ilar b o th  in spelling, in flection , voca b u la ry  and  syn tax , w hich  will b e  ex ­
em plified below . T o  N orw egians these tw o languages are felt as d ifferent, b o th  
because o f  the linguistic differences and  becau se o f  the p o litica l im pact o f  the 
languages. T h e  tw o languages have b y  p o litica l decision  been  stated  as officia l 
N orw egian languages w ith  equal status.

N N  is based on  N orw egian  d ia lects, w hile N B  is based  on  an o ld er version  o f  
w ritten  D anish w hich  has later been im proved  w ith  elem ents from  N orw egian  d i­
alects. T here  is now adays n o  com p lete  agreem ent as to  w h ich  o f  the tw o w ritten  
languages are nearest to  N orw egian d ia lects. T h a t depends on  w hich  linguistic 
categories are considered  and their relative im p ortan ce . T h ere  is a lso  n o  co m ­
plete agreem ent to  w hat extent a  w ritten  language shall b e  based on  d ia lects in 
op p osition  to  w ritten  tradition .

T h is language situation  im plies that there w ill exist tw o N orw egian  languages 
in the future. A n d  this w ill m otivate  translation  too ls  betw een  the tw o languages, 
especially  from  the m a jority  language tow ards the m ihority  language.

3 The Two Officicd Norwegian Languages, 
Simplified Comparison

T o  give som e im pression  o f  w hat the system  has to  w ork  w ith , I w ill present a 
sim plified com parison  o f  the differences betw een  the tw o languages, and  con sider 
som e differences in spelling, in flection , sufiSxes, vocabu lary , and  syntax.

F irst it m ust be  stated  that the tw o N orw egian  languages have m ore  sim ilar 
than different expressions, and  that the differences are very o ften  sm all and cover 
lots o f  expressions in a  system atic m anner (e .g . d ip h ton g  versus m on op h ton g ). 
T h is reflects a  com m on  h istory  for  the languages.
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Norwegian-Bokmål Comments
Mod. NB Rad. NB Rad. NN Mod. NN
spelling:
grøt graut graut (porridge)
høst haust (autumn)
løk lauk løk lauk (onion)
ren rein rein (clean)
fler fleir (more)
sette sette setje (put, set)
linje linje line (line)
skap skap skåp (cupboard)
hjem heim heim (home)

inflection:
gutter gutar (boys, m pi)
jenter jenter (girls, f  pi)
epler eple (apples, n pi)
hus hus (houses, n pi)
problemer problem problem (problems, n pi)
boken boka boka [boki] (the book, f sg def)
kastet kasta kasta (threw, pret)
svømte svømte (svam, pret)
kommer [kjerner] kjem (come, irreg pres)
skriver [skriver] skriv (write, irreg pres)

suffixes: 
utdannelse,-ing utdanning (education)
kjærlighet kjærleik (love)
lærer lærår (teacher)
elektriker elektrikar (electrician)

vocabulary: 
tillatelse,løyve løyve (permission)
erfaring røynsle (experience)

Table 1: Spelling, inflection, suffixes an d  vocabulary.

T h e  com parison  is presented in tw o tables. T ab le  1 conta ins exam ples o f  
spelling, in flection , suflSxes and  vocabu lary . T ab le  2 conta ins exam ples o f  syn­
ta ctic  con stru ction s.

T h e  exam ples in T ab le  1 are grou p ed  in to  fou r co lu m s, tw o for  each language. 
T h e  le ftm ost co lu m n  b elow  N B  and the rightm ost co lu m n  below  N N  contain  the 
form s that are m ost d ifferent from  the o th er language, and are usually called 
m oderate fo rm s. T h e  righ tm ost co lu m n  b elow  N B  and the leftm ost colu m n  be­
low  N N  represent expressions w hich  are regarded as approaching  form s, usually 
ca lled  radical fo rm s. T h e  square brackets m arks form s w hich  are allow ed in w rit­
in g  ex cep t in  d ocu m en ts from  the centra l governm ent and  text b ook s for the 
prim ary  and  secon dary  sch oo l, high sch oo l, and som e oth er institutions. T w o  o f
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genitive:
guttens bil

■> bilen til gutten
(the boy’s car; NN-phrase word by word: the car belonging.to 
the boy)

lederens forslag
>> forslaget/framlegget frå/til leiaren 

(the leader’s proposal; NN-phrase word by word: the proposal 
from/belonging to the leader)

passive voice;

bøkene kastes
•> bøkene vert/blir kasta 

(the books are thrown (away))

boka blir lest
“ > boka vert/blir lesen

(the book is read; common gender (i.e. masc. and fern.) 
singular)

congruence /occurs in passive and in predicative):

skriftet blir lest
•> skriftet vert/blir lese 

(the publication is read; neuter singular)

bøkene blir lest
■> bøkene vert/blir lesne 

(the books are read; plural)

nominalization:

forsamlingen gjorde vedtak om nye skatteregler 
•> forsamlinga vedtok nye skatteregler 

(the meeting/assembly approved new tax rules;
NB-phrase word by word: the meeting/assembly did/passed a 
resolution on new tax rules)

fyrbøteren har behov for mer kuU 
•> forbøtaren treng meir kol

(the stoker/fireman needs more coal; NB-phrase word by word: 
the stoker/fireman has/isJn need for more coal)

Table 2 : S yn tactic  phrases
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the expressions in  the table  axe sim ilar for  the tw o languages, e.g . the w ords for 
girls and houses. T h is  m eans that fem inine plural in flection  is the sam e (w ith  
som e ex cep tion s), and  that neuter plural in som e cases is sim ilar.

In T ab le  2 there are exam ples o f  gen itive, passive vo ice  o f  verbs, con gru ­
en ce  and nom in a lization . E ach  o f  the exam ples conta ins: N B  phrase, N N  phrase 
(prefixed  b y  an arrow : =>) and  an English translation  often  follow ed by  som e 
gram m atica l in form ation . W h en  the w ord  ord er in on e  o f  the N orw egian phrases 
differs from  th e  ord in ary  E nglish  translation , I have added  a  w ord  by  w ord 
translation  o f  the phrase in that language. See for instance M yking 1989 for an 
in stru ctive com parison  o f  the tw o languages.

A  system  for  m ach ine a ided  translation  w ill b e  based  on  these facts. T h e  
m ost sign ificant d ifferences are fou n d  in spelling and in flection  o f  w ords. A s well, 
we have to  perform  a syn tactic  and sem antic analysis (parsing) to  identify  the 
current form  am on g  h om on ym s (in  sou rce language w hich  m ay im ply different 
expressions in target lan gu age), t o  ensure con gruen ce (w hich  exist in N N ; see 
exam ples a b ov e ) and  to  ensure rew riting o f  syn tactic con stru ctions.

4 The Structure of the System
A t present the system  is a  bilingual translation  system  w ith  transfer routines, i.e. 
target language d a ta  is inserted in the result structures from  the analysis o f  the 
sou rce language. A  m ore  soph istica ted  solu tion , n ot im plem ented yet, cou ld  be  
an interlingua system , w here the source text w ou ld  b e  translated to  a  language 
in depen den t representation  before  generation  o f  the target text.

T h e  system  is based  on  syn tax  analysis, and a  sem antic analysis gu iding the 
syn tax  analysis. T h e  developm en t is perform ed  b o tto m -u p , i.e. it has been o f  
im p orta n ce  to  establish  a  skeleton o f  a  to ta l system , and then reflne the parts. 
B ecau se  o f  th is, the lingu istic m odels  that axe used have to  b e  considered  as 
prelim inary.

T h e  system  con sists o f  a  com p u ter  program  and a  co llection  o f  d a ta  files. T h e 
rules and  th e  reference d a ta  is stored  in text files that can  easily  be  ed ited . D uring 
th e  developm en t phase parts o f  the linguistic rules are part o f  the program  cod e  
becau se  o f  prelim inary  design  issues.

T h e  d a ta  files con sist o f  lingu istic rules for  con tro llin g  the translation  process 
(i.e . analysis and  gen eration ) and  reference d a ta  for  the rules. For the tim e 
bein g  there is on e  rule file, w ith  syn tax  rules, and seven reference files, which 
are the bilingual w ord  list, regular in flection  patterns, irregular in flected  w ords, 
phrases, w ord  form ation  pattern s (fo r  com p ou n d  w ord s), sem antic classification , 
and  internal co d e  conversion  (w hich  will n ot b e  expla ined  further).

5 Syntax Rules
T h e  syn tax  rules axe b in ary  u n ification  rules w ith  con tex t constraints. T h e  sys­
tem  is w ork ing  b o tto m -u p , i.e. grou p in g  related w ords in larger eind larger units 
until the result is com p le te  sentences. A t the tim e bein g  the rules are not based
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on a specific linguistic model, and the rules must be regarded as a basis for estab­
lishing a skeleton o f a syntax parser. Typical rules are ADNOM + NOM ->  NP, V + 
NP ->  VP, NP + VP ->  S, PREP + NOM ->  PP. The rules are at the time being 
based on the sequence o f SUBJECT -f VERBAL + OBJECT in main clauses, and ex­
istence of inversion in certain types o f subordinate clauses. The syntax rules can 
to some extent handle relative clauses, conditional clauses and adverbial clauses.

The context constraints concern both syntax and semantics. The syntac­
tic constraints concern the existence o f grammatical categories in the context, 
e.g. SUBJECT, OBJECT, 0BJECT2, THAT-clauses and INFINITIVES. The semantic 
constraints concern what semantic features may characterize the grammatical 
categories (see above) which is tied up to a kernel word or phrase (usually a 
verb). It is quite a big project to work out a complete classification o f semantic 
specification for all words. Therefore our principle is to start with classifying 
words which otherwise may cause wrong analyses and translations. The parser 
uses these specifications to reject analyses where the semantic features are in 
confiict. If one or none o f the two phrases (words) have semantic specifications, 
a semantic check will not be performed. For further details, please see the de­
scription o f the data file containing the semantic classification.

6 The Bilingual Word List

In the bilingual w ord  list, a  stem  and an in flection  co d e  for  b o th  N B  and N N  
are required. T h e  foilw ing op tion a l categories axe present: con tex t constra in ts 
(for  the m om ent) for  verbs (see syn tax  rules b e low ) and  sem antic classification . 
T h e  entries are stored in a lph abetica l order in a  file w ith  fixed  record  length  
to  facilitate qu ick  searches. T h e  d a ta  is u pdated  in a  text file and con verted  to  
fixed file form at.

T h e  representation  o f  stem s are carried  ou t a ccord in g  t o  a  form at that enables 
the program  to  search for the part o f  a  w ord  that is com m on  to  all form s, e.g . 
m ut are com m on  for  m u tter  (indef. sing .) and m utre  (indef. p lu r .), w hich  are 
the N B  w ord  fo r  the E nglish  w ord  nut. Instances o f  d ou b le  con son ants w hich  are 
single in in flected  form s are represented w ith  a  hyphen  in fron t o f  the secon d  
consonant, as for  instance -t. A n d  suffixes w hich  are redu ced  in  certain  in flected  
form s are prefixed w ith  an asterisk (* ) ,  as for  instance *er. A cco rd in g  to  this the 
entry for ‘m u tter ’ is m ut - t  *er.

7 Inflection

T h e  system  contains tw o d a ta  files consisting  o f  in flection  in form ation , a  table 
o f  regular in flection  patterns and  a  list o f  irregular in flected  w ords.

T h e  presentation  o f  the regular in flection  paradigm s has the fo llow in g  form at 
for each pattern : pattern  co d e  -f- in flection  expressions. F or on e  o f  the in flection
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pattern s fo r  verbs, e.g . on e  o f  the tw o patterns for  N B  for  the verb kaste (throw , 
ca st) , this m eans:

v6 e er a a

T h e  reading o f  this is that ^lccording to  pattern  v6 , these endings should 
b e  appen ded  to  the stem  kast to  p rod u ce  the form s kaste (in fin itive), kaster  
(present ten se), kasta  (past tense) and kasta  (past p erfect). T here  is a  m odule 
in  the p rogram  w hich  uses this pattern  in form ation  in com bination  w ith the 
stem  form  and its in flection  co d e  fou n d  in the bilingual w ord  list. T h is routine 
w ill b e  exem plified  in m ore  deta il below .

T h e  presentation  o f  irregular in flection  is d iv ided  betw een the bilingual w ord 
list and a  list con ta in in g  the irregular form s in N N . In the bilingual w ord  list 
the m ost relevant form s (fou r  o f  nouns and  verbs) o f  N B  are listed accord in g  to  
th e  a lph abetica l sequence. E ach  o f  the N B  form s are m arked for a  form  category 
in the bilingual w ord  list, e .g . present o f  verb  o r  definite singular o f  a  noun. In 
the list o f  irregular N N  form s w e usually find fou r form s organ ized  accord ing  
to  a  sequence, i.e. infinitive— present— preteritum — past perfect, that expresses 
w hat form  it is.

8 Phrases
P hrases are stored  in a  tex t file to  w hich  the program  has access. W ords that 
usually  o c cu r  in the phrase in on ly  on e  form  are presented in that form  in the 
file. W ord s  that m ay b e  in flected  as part o f  the phrase are presented in inflected 
form s (a t th e  tim e b ein g  in different entries, bu t this w ill soon  b e  concentrated  
in to  on e  en try ). A  w ild  card  (■•■) has been  inserted in w hich  an add itional w ord 
ca n  b e  inserted  (th is w ill b e  expan ded  to  phrases), e .g . adverbials as for  instance 
not. E ach  phrase (record ) is prefixed w ith  on e o f  the w ords in the phrase. T hat 
w ord  acts  as a  key to  the phrase. T h is  m eans that the keyw ord is a lso listed in 
th e  b ilingual w ord  list w ith  a  co d e  that tells the parser to  lo o k  in to the phrase 
list. T h is  ke}Tword is usually  chosen  am on g  w ords that is regarded as having low  
frequ en cy  in tex t, to  prevent t o o  m any superflous searches. T o  the right o f  the 
phrase w e find  th e  N N  syn on ym , prefixed  w ith  a  d o t ( ‘ . ’ ). A n  entry  m ay look  
like th is (vO is th e  in fiection  co d e  fo r  irregular verbs):

behov ha vO * behov for .trenge vO

9 Word Formation, Compound Words
A  m odu le  has been  im plem ented  for  the analysis and  translation  o f  com pou n d  
w ords. T h e  m ain  prin cip le  is that com p ou n d  w ords that d o  n ot exist in the 
bilingual w ord  list m ay b e  analysed as be in g  com p osed  o f  w ords in the list. T h e 
processin g  o f  w ord  form ation  has tw o im portan t types o f  restrictions.

O n e ty p e  o f  restriction  is that w ords that are part o f  a  com p ou n d  w ord 
m ust usually b e  th e  so -ca lled  form  1, i.e. in fin itive o f  verbs, indefinite singular o f
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nouns and com m on  gender (i.e. m asculine and fem inine) o f  ad jectives. B u t the 
rightm ost (last) part o f  the w ord  m ay o f  cou rse be  in flected . A t the tim e bein g  
these restrictions are included  in the p rogram  cod e .

T h e  o th er typ e  o f  restriction  con cern s w hat part o f  speech  the difierent w ord  
parts can  com e  & om . A n  ad jective  and a noun m ay b e  com bin ed , like rødvin  
(red  w ine). B u t we can not com bin e  a  n oun  and an article , like gu tten  (th e  b o y ) 
read as gu tt +  en  (b o y  +  a ) and w ill be  translated to  guttein . In the system  
these types o f  restrictions are w ritten  in to  a  d a ta  file w here patterns express 
illegal sequences o f  parts o f  speech.

10 Semantic Classification
A s m entioned above , a  m od u le  for  sem antic classification  to  gu ide  the parser has 
been  included . T h e  system  is im plem ented  as a  thesaurus in a  tree structure. T h e  
raw d ata  is w ritten  in to  a  text file w ith  expression  fo r  the su bord in ate  con cep t 
in the left colu m n  and the expression  for  the superior con cep t in the right. FVom 
these d a ta  the program  builds the thesaurus structure.

T h e  parser utilizes this in form ation  to  d ecid e  i f  tw o w ords o r  phrases can  be  
unified a ccord in g  to  the sem antic classification . T h is  is o f  im p ortan ce  w hen the 
tw o w ords/ph rases have sem antic representation  at difierent levels in such a  w ay 
that on e o f  the representations is su bord in ated  to  the other. T h a t m eans that 
th ey  are com patib le .

11 The Morphological Analysis for Single Stem 
Words

T h e  m ain com pon en t o f  the w ord  analysis is recogn ition  o f  w ords in the bilingual 
w ord  list and the related in flection  endings in the in flection  tables. In the analysis 
o f  com p ou n d  w ords this in form ation  is com bin ed  in repeated  w ord -recogn ition  
during the w h ole  com p ou n d  w ord.

T h e  general strategy  for w ord  recogn ition  w orks from  right to  left. T h e  pro­
gram  first searches in  the w ord  list for  the w h ole  w ord . I f  it is not fou n d , a  new  
search is perform ed  w ith  the rightm ost ch aracter deleted. T h e  search process is 
repeated w ith  deletion  o f  the rightm ost ch aracter until there w ill b e  a  m atch  or 
there w ill be  n o  search string left. I f  the input w ord  is ka ster  the p rogram  will 
search for

kaster,
kaste, and  then 
kast,

which is a  verb  stem  in the list. K ast has tw o difierent in flection  cod es , v6  and 
v7.
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T h e  program  w ill expan d  the stem  w ith  endings from  b oth  the inflection 
parad igm s in order to  find iden tity  betw een the com p lete  input w ord  and on e or 
m ore  in flected  form s o f  the w ord  list entry. T h e  paradigm s are:

v 6  e 
v 7  e

er a  a
er et et

A cco rd in g  to  this the stem  kast and in flection  endings p rod u ce  these w ord  form s:

v6 : kaste kaster kasta kasta
v7 : kaste kaster kastet kastet

T h e  secon d  w ord  form s, i.e. the present tense in b o th  the paradigm s m atch. 
T h a t m eans that the p rogram  has identified ka ster  as present tense o f  the stem  
kast.

12 The Morphological Analysis of Compound 
Words

T h e  analysis o f  com p ou n d  w ords follow s the sam e m ain strategy as for  single 
stem  w ords. T h e  m ain  d ifierence is repeated  searches for  stem s, endings and  jo in ­
in g  characters. I f  the input w ord  is læ rerh øyskolestu d enter  (T each ers ’ T raining 
C o llege  S tudents, read stem  by  stem  as: ‘ teacher +  h igh -I- sh ool +  student +  s ’ ) 
th e  p rogram  w ill delete  th e  rightm ost letters until it m atches l<er. T h a t means 
th at searches w ill b e  d on e  fo r  the fo llow in g  character sequences:

læ rerhøyskolestudenter

læ rerhøyskolestudente

læ rerhøyskolestudent

læ rerh

læ rer

læ re

læ r

T h e  m atched  stem s in the w ord  list are the noun stem  læ r  w ith  the suflSx 
-e r  an d  the tw o m asculine in flection  cod es  m 3 and m 4, and the verb  stem  læ r  
w ith  th e  in flection  co d e  v l .  T h e  program  first expan ds these tw o stem s w ith the 
three parad igm s, like this:

m 3: læ rer læ reren læ rere læ rerne
m 4: læ rer læ reren læ rerer læ rerne
v l : læ re læ rer læ rte lært
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N one o f  these w ord  form s m atch  the w h ole  (co m p o u n d ) w ord  læ rerh øyskole- 
studenter. T hen  w e have to  activate  the m odu le  fo r  analysis o f  com p ou n d  w ords. 
A s stated  above , a ccord in g  to  ou r  rules, w ords w hich  are part o f  com p ou n d  w ords 
can on ly  o ccu r  in form  1. In this case there are three can d idates that m atches 
the beginning o f  the com p ou n d  w ord , o f  w hich  tw o w ord  form s are unique: Itsrer 
and lære. T h is  m eans that the rest o f  the w ord  is e ither h øyskolestu d en ter  o r  
rhøyskolestudenter. T h e  ])rogram  tries b o th  strings. It fails for  the last on e , but 
will succeed  fo r  the first. T h e  identified w ord form s as parts o f  the c o m p o u n d  w ord  
are høy, skole  and  studenter. T h e  program  w ill a lso  p rop ose  the noun stu d en t and 
the cop u la  verb  e r  instead o f  studenter. T h is  so lu tion  w ill b e  exclu d ed  becau se  o f  
the rules w hich  im p ly  that part o f  speech  sequences are n ot allow ed in com p ou n d  
words.

T h is  w ord  w ill b e  translated to  N N  lærarhøgskulestudentar.

13 PcLTsing Strategy
T h e  parsing strategy  is b o tto m -u p . It is based on  b in ary  rules like those listed  un­
der “ Syntax rules” . T h e  rules consists o f  tw o con jo in in g  (a  pair) syn tactic  labels 
and restrictions for  their syn tactic  features (gender, definitness, num ber, tense 
e tc ). T h e  parsing m od u le  per June 1989 is a  prelim inary one. T h e  details o f  the 
syntactica l and sem antical descrip tion  and procedu res w ill b e  r^ldicaily revised 
and a ccom od a ted  to  a  m eth od o logy  based  on  a  L exica l F unctional G ram m ar 
(L F G ).
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