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Abstract
This paper concerns formal tools and methods for describing the transfer phase of a 
machine translation process. The unificational firameworic o f the MuITra formalism is 
elaborated. The transfer relation rqrresenting a relation between translation units is 
formally defined. A control structure based on qiecificity is introduced, and shown to 
provide a way o f treating some linguistic phenomena.

1 Introduction
L I  The MuTTra system
T h e M uIT ra system  is being developed  w ith in  the  p ro ject ”M ultilingual Support fo r  T ransla to rs 
and W riters". T h e  p r o je a  is sponsored  by  D ig ital E qu ipm ent C orporation  and by  N U T E K . It runs 
in  tandem  w ith  a s is te r p r o je a  at IPPI in  M oscow .

T he M uIT ra system  is a  support system  fo r transla ting  and w riting . T h e  system  is fu lly  in terac tive , 
w here the transla to r o r  w rite r alw ays is  in  com m and. T h e  in fo rm ational dom ain  o f  the  system  is 
no t ju s t tex t, bu t consists o f  several d ifferen t k inds o f  e lem ents, rang ing  from  ord in ary  tex t to  layou t 
and 3D  graphics. T he system  thus opera tes in  a Com pound D ocum ent Environment.

O ne functionality  o f  the system  is a M achine T ransla tion  com ponent. T h e  tran s la to r o r  w rite r can  
use this com ponent by selecting  an elem ent o r  a reg ion  o f  the docum ent and  query ing  the  system  
fo r a translation.

T he transfe r approach to  m ach ine  translation  has been  adopted . A nalysis  is  p e rfo m ied  by  a  chart 
parse r producing  feature structu res (see [Sflgvall-H ein 1987]). S yn thesis  is perfo rm ed  by  a  u n ifi­
cation-based genera to r tak ing  feature  structures as input. T h is  p ap er w ill focus on  th e  tran sfe r  phase  
o f  the M uIT ra system .

1.2 Transfer Process
T echniques and too ls fo r analysis w ith in  the  field  o f  M ach ine  T ransla tion  (M T ), and du ring  the  las t 
years to  som e ex ten t also  generation , are reasonably  weU understood  and developed . T h e  tran sfe r 
process, o n  the  contrary , is  still o ften  described  as a b lack  box. V ery  few  descrip tions o f  the tran sfe r 
com ponent in  an  M T  system  has been  given. I f  the tran sfe r p rocess is  described  at a ll, the  descrip tion  
is alm ost alw ays procedurally  form ulated , and  som etim es even  hardcoded . T h is  leads to  several 
unfortunate consequences. T h e  translation relations w h ich  the  tran sfe r ru les are supposed  to  
describe, becom es h idden  behind  sequentially  o rdered  transform ations. T h e  g ram m ar w rite r is
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fo rced  to  try  to  fo resee com plicated  in teraction  betw een  rules. T he m ain tainab ility  and extendibility  
o f  the  g ram m ar becom es poor.

D uring  the  las t years, though, som e efforts have been  m ade to  describe the transfer process w ithin 
a  u n ificational fram ew ork  (see fo r exam ple the E L U  pro ject in  G eneva E stival et.al. 19901 o r 
K a iisso n  etxil. in  H elsink i [C arlsson  &  V ilkuna 1990]). T h is is also the  iq)ptoach o f  the M ulTra 
system . F o r  reasons o f  transparency , a  transfe r form alism  should be declara tive ly  form ulated . T he 
form alism  shou ld  be  transparen t, in bo th  an  ex ternal and in ternal sense. T h e  possib le  in teraction  
b etw een  ru les shou ld  be fu lly  con tro lled  b y  the form alism . R u les should  be stated  in  a linguistically  
in tu itive  w ay.

T h e  unificaticnud parad igm  has show n to  be fru itfu l w ith in  analysis and generation , and has 
b eco m e a  d e  fac to  standard  in  the  research  com m unity . Form alism s w ith in  the  paradigm  is 
charac te rized  b y  th e ir  declara tiveness and transparency . T h e  M ulT ra  form alism  is thus form ulated 
in  term s o f  un ifica tion  and  subsum ption .

I w ill first describe the  declarative fo nnu la tion  o f  the M ulT ra  form alism . D iscussing the 
p rocedura l read ing  o f  the  form alism  w ill lead  m e to  tire issue o f  contro l. I w ill show  how  a control 
s truc tu re  based  o n  the no tion  o f  specific ity  can  be defined  w ith in  the un ificational paradigm .

2 Translation Relations
T h e  p u rpose  o f  a  tran sfe r com ponen t is to  c ^ t u r e  the translation  relations tha t m ay  hold betw een 
un its  in  tw o  languages (see [W ikholm  1 9 9 1 ]o r[ In g o  1991]). T h ese  un its can  be o f  d ifferen t type. 
A  tra n d a tio n  re la tion  can ho ld  betw een  tw o  lexemes,, like  ‘ro ck ’ in  E ng lish  and ‘k lip p a ’ in  Sw edish. 
It can  hold  b etw een  tw o  structural( units,, ph rases (see [W ikholm  1989]), like fo r exam ple a noun 
p h rase  consisting  o f  a head and a prepositional phrase in  E ng lish , and a phrase  w ith  the  sam e 
struc tu re  in  Sw edish . It m ay  also  ho ld  betw een  com binations o f  lexical and structural units, like 
co re  phrases (see [Sägvall-H cin  et.al. 1990] o r  [Ö stling 1991]), o r  cases w here a  lexem e in  one 
language is related to  a phrase in the o th er language.

T h ese  d ifferen t cases have in  M T  trad itionally  been referred to  as a  d istinction  betw een  lexical 
and  s rru cm ro /tran sfe r. B u t since the d ifferen t cases are  conceptually  equal on  the level o f  translation  
rela tions, the no tio n  o f  transla tion  rela tions im plies tha t no  sharp  d istinction  should  be m ade betw een 
structu ral and lex ical transfer. Y ou should  be  ab le  to  describe them  w ith  the sam e type o f  rules.

T h e  basic  b u ild ing  b locks in  un ification-based  fo rm alism s are fea tu re  structures (see [Shieber 
1986]). A  fea tu re  s truc tu re  is  an unorded  set o f  feature value  pairs. F eatu re  struc tu res provides a 
un ifo lm  fram ew ork  fo r rep resen ting  translation  units. A  transla tion  un it, be  it a lexical o r  a com plex 
un it, is  in  th e  M ulT ra  form alism  represen ted  b y  a featu re  structure. A  transfe r re la tion  is thus a 
re la tion  betw een  tw o featu re  structures.

3 Transfer Rules
T h e  re la tions be tw een  transla tion  un its  are defined  by  transfe r rules. T h ese  ru les describe the feature 
s truc tu res  rep resen ting  th e  transla tion  un it be ing  related , and p laces  restric tions o n  these  structures.

3.1 Syntax
F eatu re  struc tu res are  u sually  described  by  a set o f  iden tity  equations ho ld ing  o v er the  feature 
s truc tu re  be in g  described . A n iden tity  equation  sta tes w hat va lue  should  be  fo r a  specified  feature. 
T h e  ^ c i a l  sym bol usually  refers to  the ‘ro o t’ o f  the feature  structure  being  described. In  the 
M ulT ra  fo rm alism , an iden tity  equation  m ay  con ta in  variab les, p refixed  by  a questiorunark  ’? ’.
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T hese  are no t variab les in  the feature structure  being  described , bu t in  th e  descrip tion  itse lf. A  
variab le  thus deno tes a substructure . A  special variab le  is  *AN Y’ w h ich  can  be  v iew ed  as the 
anonym ous variable.

A  transfe r rule consists o f  fou r parts:
• A  label
• A  set o f  identity  equations w hich  describes the source fea tu re  structure.
• A  sim ila r se t o f  iden tity  equations describ ing  d ie  ta rg e t feature  struc tu re
• A  set o f  tran sfe r equations rela ting  v ariab les m en tioned  in  th e  source  and  ta rg e t iden tity  

equations. A  tran sfe r rela tion  sta tes tha t the  transfe r rela tion  ho lds b etw een  the subparts  o f  the 
source  and targ e t structure  deno ted  by  the  variables.

F igure  3-1 below  is  a  sim ple exam ple  o f  a  lex ical ru le. It describes  th e  re la tion  b e tw een  tw o  
structures represen ting  lexem es in  S w edish  and G erm an. It says th a t a  struc tu re  w ith  the va lue  
‘m on tering ’ on  the lex  featu re  stands in  the  transla tion  relation  to  a  struc tu re  hav ing  the v alue  
‘m o n tiien ’ on  the lex  feature.

It does not con ta in  any tran sfe r relations. I t is thus an  ‘a to m ic ’ rule.

Label
M ontering

Source
<* lex> ■ m ontering 

Target
<* lex> «= m ontieren 

Transfer 
{)

Figure 3-1 Lexical rule

F igure  3-2 below  is  a  little  m o te  com plex  ru le , describ ing  th e  transla tion  rela tion  b etw een  tw o  
prepositional phrases. It relates a structure  hav ing  the  substructu re  deno ted  by  ?p re p l as va lue  on  
the  prep  feature, and  the substructure  denoted  by  ? rec tl as the value  on the  rect fea tu re , w ith  a 
structure  tha t has ?p tep2  as va lue  on  the prep  feature  and  ?rect2  as the  va lue  o f  the rect feature . It 
also says that the  substructu res denoted  by  ?p re p l and ?p tep 2  stands in  tran sfe r re la tion  to  each  
o ther, and d itto  fo r ? re c tl and ?rect2.

Label
PP

Source
<* prep> ■ ?prepl
<* rect> ■ ?rectl

Target
<* prep> ■ ?prep2
<* rect> ■ ?rect2

Transfer
?prepl <B> ?prep2
?rectl <B> ?rect2

Figure 3-2 Structural rule
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F ig u re  3-3 below  is an exam ple o f  a hybrid  ru le  rela ting  structures w ith bo th  structural and lexical 
in fo rm ation . It describes the rela tion  that ho lds betw een  a  structure  represen ting  an N P  w ith the 
lex em e ‘W h isk y ’ as its head , m odified  by  the PP  ‘on  the ro ck s ’, and a structure representing  an N P  
w ith  the lex em e  ‘W h isk y ’, m odified  by  the P P  ‘m ed  is ’.

S ince  the tran sfe r  ru les rela tes feature structures, no t lexem es o r  trees, the g ram m ar w rite r m ay 
take  an  arb itrarily  large  con tex t in to  account.

Label
whisky>on-the*rocks

Source
<* head lex> ■ ’whisky*
<* prep lex> » ’on’
<♦ rect def^ - d e f
<* rec t det lex> « ’the’
<* rec t head lex> ■ ’rocks’

Target
<* head lex> = ’whisky*
<* prep  lex> ■ ’med’
<* rec t head lex> * ’is’

Transfer
{)

Figure 3-3 Hybrid rule

3.2 Semantics
T o  th is  syn tax , w e have  to  add som e sem antics to  say  w hat it m eans that tw o  feature structures 
s tands in  the tran sfe r relation . G iven  tw o feature  structures S and T , w e start by  defin ing  the set o f  
applicable  ru les w rt. S and T . W e say  tha t a ru le  is  applicab le  if f  its source p art subsum es S. L e t A 
be the  se t o f  app licab le  ru les as defined  in  3-1 below ;

A  = { r: sou rce(r) subsum es S )

Definition 3-1 Applicable rules

T h e  use o f  subsum ption , in the defm ition  w ill guaran tee that th e  tran sfe r p rocess be sound. N o 
fea tu re  can  be  added  to  S  b y  any rule.

W e th en  d efine  th e  se t o f  ac tually  applied  ru les to  be  a  subset o f  the  set o f  ^ p l ic a b le  rules A. 
w ith  the  add itional dem ands tha t
• th e  targ e t p a rt o f  the  ru les be urufied w ith  T  and
• a ll the  tran sfe r equations in the ru les holds.

L e t a be  the  se t o f  applied  ru les as defined  in  3-2 below :

a=  { n  sou rce(r) subsum es S &  
targ e t(r)  un ifies w ith  T  &
V  e  in  equations(r): e  ho lds)

Definition 3-2 Applied rules

N ote  th a t th e  defm ition  o f  applied  rules relies on  th e  transfe r rela tion  yet to  be  defm ed.

N o w  w e shall defm e the  m ost general featu re  structure  th a t un ifies w ith the source fiart o f  all the 
app lied  rules. L e t C  be  a structure  as defined  in  3-3 below :
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V r €  a :  C  unifies w ith r.

Definition 3-3 Completeness

C  will he lp  us guaran tee that the transfe r p rocess is  com plete , by  acting  as a ‘rec o rd ’ o f  all ^ jp lie d  
rules.

W e are  now  ready  to  form ally  define the  tran sfe r rela tion . W e say  tha t th e  tw o  featu re  structures 
S and T  stand  in  the transfer rela tions, i f  and  only  i f  there  ex ists a C , such  th a t the sou rce  structu re  
S subsum es C:

S <=>  T  i f  and on ly  i f  

B C  as in  D efin ition  3 -3 :  S subsum es C.

Definition 3-4 Tranter Relation

T he defin ition  im plies that, i f  S is n o t the  em pty  structu re , there  ex ists  a em p ty  set o f  applied  
rules, and T  is th e  un ification  o f  all target parts  o f  the applied  rules.

T h is is a recursive defin ition  o f  the transfe r relation , and  the  recursion  is in troduced  above in  the 
defin ition  o f  applied rules. It is recursive o v er sub-parts o f  th e  struc tu res S and  T , m en tioned  in  the 
rules. T he recursion eventually  ends w ith  atom ic ru les, w h ich  is to  say , ru les  th a t lack  fu rth e r transfer 
equations.

T he transfer process, o r  the actual com puting  o f  a tran sfe r re la tion , co n sis ts  in  crea ting  a 
constructive p ro o f  tha t the  transfe r rela tion  holds. T h e  procedural read ing  o f  the  tran sfe r  p rocess 
fo llow s readily:
• G iven  a source structure  S and an underspecified  target s tructure  T :
• C om pute the se t A o f  applicab le  ru les w it. S.
• A pply  the ru les in  A  in  paralle l, by  un ify ing  the  target parts  w ith  T  and recursively  com pute 

the  transfer equations, y ield ing  the  tqiplied ru les a.
• C om pute the  structure  C  by un ify ing  the  source part o f  all applied  ru les in  a.
• V e r i^  tha t S subsum es C.

From  the defin ition  fo llow s com pleteness o f  the transfe r rela tion . S ince C  is the un ifica tion  o f  
the source part, and S subsum es C , all features o f  the  source structu re  have  been  considered  in  the 
transfer process.

It can also be seen  from  the defin ition  tha t the transfe r p rocess w ill te rm ina te , since  the  recursion  
in troduced in the transfe r equations rela te  substructures.

4 Control
T he defln ition  o f  the transfe r re la tion  im plies tha t (any subset o f  the  app licab le  ru les w h ich  y ields 
an  appropriate C  could  be applied . T o  th is  general fram ew ork , w e w ill add  a  con tro l s truc tu re  
specify ing  w hich applicab le  ru les to  tq>ply. W e will base th is  con tro l s truc tu re  o n  th e  no tio n  o f  
specificity.

4.1 Specificity
Specificity  is a general heuristics w ell understood  and used  in  artificia l in te lligence , aiKl e laborated  
by fo r exam ple the E L U  p ro jec t in  G eneva ([E stival et.a l. 1990]). T h e  basic  id ea  is tha t a m o te  
specific  rule should  precede o r  b lock  the app lication  o f  a m ore general rule.

Specificity  can be defm ed in  term s o f  subsum ption  b etw een  the  source p a rts  o f  tw o  rules. A  rule 
A is m ore specific  than  a rule B i f  the source p art o f  B subsum es the source p art o f  A.
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I f  the ru les are  equal by subsum ption , a rule is m ore specific  i f  it contains m ore  transfer equations.

A  ru le  A is m ore  specific  than  a rule B if  
sou rce(A ) ^  source(B ) and 
sou rce(B ) subsum es source(A ), o r 

-  sou rce(A ) m source(B ) and
I transfeK A ) | >  | transfer(B ) |

Definition 4-1 Spec^icity

S pecific ity  th u s  constitu tes a partial o rd e r on  the tran sfe r rules. T h is  partial o rd er is independent 
o f  the  sou rce  and  target featu re  struc tu res S and T .

W e th en  have  to  m odify  the defin ition  o f  the  set o f  applied  ru les to  reflect th is princip le  o f  
specific ity . W e constra in  th e  se t o f  applied  ru les fu rth er by  say ing  th a t i f  a ru le  r  is in  the set o f  
app lied  ru les, no  o th er ru le  s w hich  is m ore  specific  than  r  is in  the set. I f  a ru le  is applied , we 
guaran tee  th a t n o  o th e r m ore  specific  ru le  also  is  ap i^ied . So, le t a  be the  set o f  applied ru les as 
defined  in  4 -2  below ;

a  =  { r: source(r) subsum es S & 
targe t(r) un ifies w ith  T  &

V  e in  equations(r):
e  ho lds &
- i3 s  €  a : s is m ore  specific  than  r}

Definition 4-2 Applied rules

T h is  defin ition  can  be  v iew ed strict, as actually  proh ib it the application  o f  less sp e d fic  rules. It 
m ay  also  be  used  to  deflne a preference ordering  o n  the tran sfe r relations. A  p reference ordering 
is thus a partial o rdering  on  the  resu lts o f  the tran sfe r so tha t a m ore specific  read ing  is p referred  
o r  p recedes a m o re  general in terpretation .

4.2 Blocking
T h is  contro l s tra tegy  can be  used  to  hand le  fo r exam ple b lock ing  phenom ena in  an  e legan t way. 
B lock ing  occurs in  cases w here there  is a specific  translation  w hich  one  w ants to  b lock a m ore 
general in terp re ta tion . F o r  exam ple, consider the translation  relations in figure 4-1 below :

’Whisky on tlie rocks’ <=> 

’Whisky med is’

’Whisky’ <=> ’Whisky’ 

’on’ <=> ’p&’

’rock’ <=> ’klippa’

Figure 4-1 Translation relations
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‘W hisky on  the  ro ck s’ w e p re fe r to  translate  in to  Sw edish  as ‘W hisky  m ed is ’. B u t ‘o n ’ in  iso lation  
can be translated  as ‘pfl’, and ‘ro ck ’ as ‘k lip p a ’.

T he general in te ip re ta tion  o f  an  E ng lish  N P  consisting  o f  a  noun  and a P P  is described  b y  the ru le  
show n in  figure 4 -2  below , w hich  ju s t  rela tes the noun  and the  prepositional ph rase  by  the tran sfe r 
equations.

Label
General-np

Source
<* head> s ?headl 
<* prep> B 7prepl 
<* rect> B ?rectl

Target
<* head> = ?head2 
<* prep> B ?prep2 
<* rect> B ?rect2

Transfer
?headl
?prepl
?rectl

< B >  ?head2 
< B >  ?prep2 
< B >  ?rect2

Figure 4-2 General NP rule

T he application  o f  th is  general ru le  can  is b locked  by the  ru le  p rev iously  described  above in  figure 
3-3, since tha t ru le  is m ore  specific  than  the  general ru le  in  figure 4 -2 . T h e  sou rce  p a rt o f  the  ru le 
in  figure 3-3 describes the lex  va lue  o f  the head and the  p reposition , and the  rect. 'Thus the  source 
part o f  the general ru le  subsum es the  source p a rt o f  the  ru le  in  figure 3-3.

4.3 Lexicalized Phrases
A s m entioned  above, since the  tran sfe r rela tion  is a  re la tion  b etw een  fea tu re  struc tu res, th e  g ram m ar 
w riter can  take an arb itrarily  large contex t in to  accoun t w hen  fo lm ula ting  a  tran sfe r  ru le . T h e  no tion  
o f  specificity  in con junction  w ith  th is  possib ility  o f  choosing  con tex t, a lso  p rov ides  fo r  a  w ay o f  
treating  a sim ilar class o f  no to rious problem s in  m achine translation , lex icalized  ph rases and  id iom s. 
C onsider fo r exam ple the E ng lish  phrase ‘k ick  the b u c k e t’. It is a lex icalized  p h rase , w h ich  should  
be translated  to  ‘d d ’ in  Sw edish. 'The m ain  v e rb  o f  the ph rases m ay  be  inflected . 'This transla tion  
relation  is  described  by  the  ru le  described  in  figure 4 -3  below .

T he rule relates an E ng lish  verbal phrase w hose head  v e rb  is  ‘k ic k ’ and  w hose  o b jec t is  ‘the 
b u ck e t’, w ith  a S w edish  verb  phrase w hose head  v e rb  is ‘d d ’. T h e  tw o p h rases  share  va lue  o n  the 
tense feature. T h is ru le  is m ore  specific  than  a general read ing  o f  the v e rb  p h rase , and  thus M ocks 
the general reading.
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Label
kick-the-bucket

Source
<* cat> = vp
<• tense> B 7tense
<* head lex> B*kick’
<* obj def> .d e f
<* obj det lex> - ’the’
<* obj head lex> B 'bucket*

Target
<* cat> B vp
<* tense> B ?tense
<* head lex> B*d6*

Transfer
{)

Figure 4-3 Kick the bucket

5 Conclusions
In  th is  paper, th e  transfe r form alism  o f  the  M ulT ra system  has been  described. F eatu re  structures 
have  been  show n to  p rov ide  a  un iform  w ay o f  rep resen ting  translation  units. A declarative 
fo rm ula tion  o f  the  tran sfe r rela tion  have been  sta ted  in  term s o f  un ification  and subsum ption. T he 
p rocedura l read ing  o f  th is  fo rm ula tion  have been  elaborated .

F u rther, th e  no tion  o f  specific ity  have  been d iscussed , and  a contro l structure  ba.sed on  th is 
p rinc ip le  have  been  in troduced . It has been  show n how  th is  contro l s tructure  prov ides a w ay o f  
trea ting  som e in teresting  lingu istic  phenom ena. T h is raises fu rther questions about on  w hich  level 
in  the  transla tion  p rocess these  phenom ena should  be treated  tha t is, in  the  analysis o r  in the transfer 
phase. C onsidera tions like  th is  rem ains to  be  investigated .

It m ay  also  tu rn  o u t tha t the princ ip le  o f  specific ity  is a to o  pow erfu l heuristics. B ut that w ould 
in  any  w ay  lead  to  fu rth er insigh t in to  b locking  phenom ena, and m igh t also  reveal o th er interesting  
genera liza tions to  be  d one  in  th is field.

In  conclusion , I have cla im ed  tha t the un ificational paradigm  p rov ides a very  su itab le  fram ew olk 
fo r  d escrib ing  th e  tran sfe r p rocess, and show n how  such  a descrip tion  can been  m ade.
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