                                                                                          Loanw ord formation: a neural netw ork approach

                                                  Alan D. Blair Department of Computer Science

                                                  blair@cs.uq.edu.au and Electrical Engineering

                                                  John Ingram Department of English

                                                  jingram @lingua.cltr.uq.edu.au University of Queensland, 4072, Australia

                                                                                                                  Abstract

Lo anword  phonology seeks to model th e

process bywhichforeignwordsare`nativised´

or  i ncorporated into the phonological syste m

of  the `borrowing´ language. We can conceiv e

of  t h is as a parsing of the phonetic inpu t

pr ovided  by the foreign word forms, i n

ac cordance  with phonological outpu t

constraints  of the borrowing language .

Fol lowing  Silverman (1992) we conceiv e

loanword  formation as fundamentally a two -

stage  process: the first of which yields a

parsing of the phonetic input int o segmentally

organised  phonetic feature bundles ,

i nt e rpretable  as segmental targets in th e

borrowing  language. In the second stage o f

processing, these segmental tar gets are parsed

into phonological structures (syllables, mora,

fe et...etc)  compatible with the word-prosod y

of the borrowing language.

J ap anese  borrowings from English provide a

good  test-bed for models of loanwor d

formation,  because examples are abundan t

and,  while the segmental mapping fro m

English  to J apanese is relativel y

straightforward,  their respective word-leve l

prosodies  are strikingly different, providin g

ample  opportunity to observe prosodic re -

structuring in loanword formation.

The  theoretical aim of this study is t o

invest igate the learning mechanisms required

for  phonological parsing in loanwor d

formation. Phonologists have typic ally sought
to construct `symbolic´ or  `analytical´ parsing

algorithms for this task, either with or wi thout

re ference  to a framework of learnabilit y

t heo ry.  This approach came under stron g

challenge  from `empirical´ Connectionis t

models  of language processing in the 1980’s .

The  debate between these competin g

parad igms,  or the search for some suitabl e

`hybrid´,  continues. It may be argued tha t

loanword  formation provides a mor e

res trictive,  and hence better controlled ,

environment  for studying parsing mechanism s

t h an  other natural language processing tasks ,

which  involve a host of lexical ,

morphological,  syntactic or pragmati c

influences.

In  this paper, we report the results obtaine d

from  a feed-forward neural network, traine d

on an 1100 word corpu s of American English

loanwords  ‘borrowed´ into J apanese, post -

WWII.  We make preliminary comparison s

with  an analytical constraint-based approac h

to modeling loanword formation.

An  intended application for the NN parser ,

wa s  to devise an English-J apanese proper o r

pl ac e-name  translator, which would map a n

En glish  phoneme sequence into  Katakan a

(e. g.:  Brisbane  /br
w
zb
c
n/ =>
L^X=^M^]

 ) .

Introduction

The  J apanese language has borrowe d

thousands of words from English, particularly

since  World War II, under the overwhelming

economic  and cultural influence of the United structure  of the English source word i s

States.  This massive borrowing over a converted to Japane se moraic timing. English
comparatively short pe riod of time provides a tense  (long) vowels and diphthongs ar e
uni q ue  window on processes of loanwor d usually  treated as two-mora units, whereas la x
formation.  Borrowed words  m ay refl ec t (short)  vowels are assigned to a single mora .

varying  degrees of nativisation to th e (S t re ss  pattern in the English source wor d
pho nological  patterns of the borrowin g pl ay s  a moderating role. Tense vowels o r
language. di phthongs  in unstressed syllables ma y

W h ile  the segments and phonetic features o f [
c
l
w
mp
w
k].)

En glish  words tend to be remarkably wel l
preserved  by the process of loanwor d Eng lish  voiceless obstruents following a la x
formatio n,  the resulting J apanese word forms vowel  are almost always treated as geminat e
ar e  so completely transformed in terms o f (t wo  mora) stops. But voiced obstruent s
their  prosodic structure that English listener s usually  do not geminate in this environment i n
almost  invariably fail to recognize thei r loanword  formation. Also, if the precedin g

En glish  sources, when loanwords ar e vow el  is tense (long) in the English sourc e
presented  to them as isolated words carefully word,  gemination of voiceless obstruents doe s
spoken  by a native speaker of J apanes e not  oc cur in the loanword. The reasons fo r

(In gram,  1998). The main factor underlyin g these  timing changes need not concern u s
p o or recognition of the English source words here.

appears  to lie in the extensiv e
resyllabificat ion,  involving vowel epenthesis, The  segmental mapping from the Englis h
which is required to parse the segment al input source  word to segments in the Japanese loan s
into  J apanese prosodic frames. Som e i s  basically one-for-one, without any featur e
examples are given below: exchange  between adjacent segments. Ther e

        orthographic phonemic J apanese

        Olympic
                                                                                                                   c
limpik oriNpikku

        truck trak torakku

        cut kat katto

        cud kad kado

        cart kart kaato

        cat kæt k attoj

J apanese  syllable structure is predominantl y

CV,  lacking complex onsets and codas. T o
m a intain  faithful representation of th e
segment structureoftheEnglishsourcewords ,
extensive useis madeoftheepentheticvowel s

(chiefly,  /u/, /o/ and /I/). The tempora l

em erge  as one-mora vowels, as in Olympi c
are  some palatalized consonants in J apanes e
borro wings  which appear to `pick up´ th e
palatalization  feature from the followin g
vowel (see, cat above). However, this fea ture-
s wa pping  between adjacent segments occur s
onl y  under quite restrictive conditions. Not e
that  Japanese has no sound which correspond s
t o  t h e low front  English /æ/. We hypothesis e
that Japanese listeners respond to t he `palatal´
quality  of English /æ/, by relocating thi s
feature onto the pr eceding consonant, thereby
re gularizing  the foreign phonetic contrast t o

J apanese phonemics.

The  examples given above illustrate the majo r
phonological transformationsrequired topars e

English sou rce words into English loanwords
i n  J apanese, within the limits of a phonemi c
transcription.  Implicit in thes e

transformations,  though they are not explicitl y How ever,  for purposes of modeling stage I I

cap tured  by the phonemic representation, ar e p r ocesses of loanword formation, whether an

t h e  contrasting prosodic structures, such a s analytical  orastatistical NNmodel is adopted ,

syllable structure constraints, which motivate an initial segme ntal parsing of the input word

the transformations. i n to  sequences of  phoneme-like featur e

Modeling loanword formation

In  an `analytic´ account of loanwor d

formation, theseprosodicconstraintswouldb e

ex pl i citly  represented in the form of re-writ e We  compiled a database of 1100 words from

rules,  filters or constraints on well-formednes s a  di ctionary of neologisms borrowed mainl y

for  particular aspects of prosodic structure . from  American usage in the post-war er a

Th e output of parsing would take the form of (Bailey, 1962).

as s i gnment  of an explicit prosodic phras e The English  phonemic transcriptions of these

marker.  Bycontrast, in a NN based account o f word s  were obtained from the Carnegi e

l oan word  formation, the details of prosodi c M e l l o n  P r o n o u n c i n g  D i c t i o n a r y

f e a t u r e  assignment are not explicitl y ( f t p : / / f t p . c s . c m u . e d u / p r o j e c t / f g d a t a / d i c t / )

rep resented,  but are typically regarded a s which generally reflects A merican rather than

em ergent  features, contained in the weight - British pronunciation.

states  of the trained network. The N N

demonstrates  acquisition of the prosodi c

constraints onword formation bybeingablet o W e  use a two-layer feed-forward neura l

transform  phonetic segments and features o f net w ork  with 65 inputs, 20 hidden units an d

input  source words into well-forme d 53  outputs. A featural representation i s

pho nemic  sequences in the borrowin g em pl oyed  for the (English) input and a

l ang uage.  (The further step of transformin g ph onemic  representation for the (J apanese )

J apanese  phonemic representations int o ou tput.  This architecture was inspired b y

Katakana  s cri pt  i s  t ri vi al .) NETtalk  (Sejnowski & Rosenberg, 1987 )

In  a complete model of loanword formation, i t re verse  of that performed by NETtalk, sinc e

would of cours e be necessary to specify more the  latter used an orthographic representation

preci sely  how the stage I extraction o f for  its input and a featural representation fo r

phonetic  segments and features from th e its output.

speech signal is achieved and wha t perceptual

filtering  takes place on the segmental phoneti c If  the aim of the exercise were to model th e

properties  of foreign words as processe d way  humans learn the task of loanwor d

t hr ough  the ear of the native listener. Thes e form ation,  it would be more appropriate t o

initial auditory representations are not, strictly train the network on some task involv ing only

speaking,  sequences of  phonemic  segments o r the target language, prior to t esting it on input

fe atures.  Rather, they are likely to b e from the source language. In that scenario, the

evanescent  and somewhat fragmentary, made training  task would presumably involv e

up  of phoneme-like segments and `foreign ´ deri ving  the correct surface form from som e

pho netic  features of sufficient auditor y hypothesised  underlying structure. However ,

saliency  that they cannot be ignored by th e many choices and assump tions would need to

perceptual mechanism. be  m ad e in order to devise an appropriat e
bundles w as assumed (see Appendix I for the

segments and features used).

The Database

Network architecture

although the task perfor med is, in a sense, the

framework  and representation for thes e Fo r  example, consider the English word ca t
underlying  structures. By avoiding suc h which has the phonemic representation /kæt/
cho ices,  our approach has the advantage o f and becomes/kjatto/inJapanese. Thenetwor k
allowing  phonological constraints to b e views this as three separate training items:

s t udied  in a more canonical context. But i t   _ _ k æ t  =>  k j _
means that t he network is really performing a   _ k æ t _  =>  a _ _
co mposite  task, since it can make use of th e   k æ t _ _  =>  t t o
con straints  and statistics of the sourc e
language  as well as those of the borrowin g This means that the network, when presented
language. with the features encoding the input /_ _kæt/,

The 65 inputs are divided into 5 groups of 13, 1.0 for the /k/ output of the first group, the /j/
which  encodethephonological features of  th e output  of the second group and the /_/ (empty )
current phoneme,thetwoprecedingphoneme s output of the third group (and  an activation of
and the  two following phonemes (13 features 0.0 for the other 50 outputs).

× 5 phonemes = 65 inputs in all).

The  featural input representation has severa l each  group the output with the larges t
advantages over a phonemic one: activa tion is selected, and this determines the

   (1) it reduces the number of inputs, net wo rk  to correspond with the salient inpu t

   (2) features  often influence the form o f phoneme.

                                                  loanwords in a systematic way,

   (3) t he  same word is often rendere d The  networks were trained b y

                                                  di f ferently  in different dialects (fo r back-propagation (Ru melhart et al., 1986) for

                                                  example,  British vs. America n 100 epochs, with a l earning rate of 0.01 and a

                                                  English)  and the featura l momentum  of 0.9. The cross-entrop y

                                                  representation  is less sensitive to thi s minimization criterion was used.

                                                  than a phonemic one would be.

In put  and output phonemes do not alway s Each  of 11 networks was trained on 100 0
co rrespond on a 1-to-1 basis. In some cases a words  from the database, and tested on th e
phonem e  may be deleted, or it may have a other  100 words. Each word occurred in th e
cons on ant  and/or a vowel appended to it. I n test set of exactly one network.

order  to allow for these possibilities, w e
di vi de  the outputs of our network into thre e The  1100 words in the database had a n
gro ups.   The first group has one output fo r average  of 8.8 phonemes per word, making a
each possible phoneme (cons onant or vowel); t ot al  of 9658 input phonemes. Each of thes e
t h e  second group has one output for eac h input  phonemes can produce output consistin g
pos sible  consonant; the third group has on e
ou tput  for each possible vowel. Each grou p
has  one additional output representing th e

‘em pty’  phoneme ^_~. Since there are 2 0
consonants  and 5 vowels in Japanese, the tota l
number of outputs is 26+21+6=53.

s ho uld  be trained to produce an activation o f

W he n  it comes to the testing phase, withi n
three-phoneme  sequence chosen  by th e

Results

of a head phoneme (group 1 outputs), plus an

optional  added consonant (group 2) and/o r

added vowel (group 3).

Fi gures  1-3 show the percentage of errors o n

t he  t raining and test sets for each of thes e

t hr ee  groups. In our data set, the hea d

pho neme  was nonempty 97% of the time ,

while  the added consonant and added vowe l

were nonempty only 4% and 17% of the time,

respectively,  so the network error is muc h

s m al l e r  for the latter two groups. After 3 0

epochs  the training and test errors ,

res p ectively,  reach a level of 7.4% (resp .

9.9%) for the head phoneme, 1.1 % (resp. 2%)

for  the added consonant, and 1.1% (resp .

1.6% )  for the added vowel. After this, th e

t ra ining  error continues to fall while the tes t

error  levels off. (Note: the test error wa s

comp uted at the end of each epoch, while the

training  error was computed during the epoch .

There fore  the training error may exceed th e

test error in the first few epochs.)

Error Analysis

An  analysis was undertaken of all `errors´ :

cases where there was a discrepancy between

the  romanji (J apanese Romanized )

rep resentation  of a loan word and th e

phonemic representation assigned  by the fully

t rai ned  network, when the item in questio n

was not included in the training  set. These are

summarised in Table 1. The `er ror´ categories

are not necessarily mutually ex clusive; nor do

they  necessarily indicate an error on the par t

of  t he network, but simply a discrepanc y

between thedictionary-basedphonemicizatio n

(Romanji  transcription) and that assigned b y

the network.

Discrepancies of Schwa vowel colouring:

The  most common `error´ or discrepanc y

between  the network-assigned J apanes e

phonemicization  and the Romanji dictionar y

entry  for loanwords (27% of cases) involve d The  second most frequent error involve d
unstressed vowels in English source words. di screpancies  of vowel length. English tens e

Table  1. P ri m ary ^error~ count long  (two mora) vowels in J apanese .

        Error or discrepancy Incidence

        Schwa vowel colouring 148   27%

        Vowel length discrepancy 107   19%

        Obstruent gemination  45    11%

        Vowel epenthesis  39      7%

        Dipthongs /ou/ and /ei/  23      5%

        Spelling pronunciation  20      4%

        Post vocalic /r/  20      4%

        Vowel quality, unexplained  20      4%

        Palatalization of /t/ to /
±

/  18     3%

        Back vowel phonemicization  10      2%

        Epenthetic vowel quality  10       2%

        Alternation: /
                                                                                  ®

                                                                                               / and /z/    8        2%

        Silent /g/ in  ng    7        1%

        Alternation: /w/ and /u/    7        1%

        Alternation: /s/ and /
¯

/    7        1%

        Alternation: /h/ and /f/    6        1%

        /y/ epenthesis: breaking    5        1%

        Others    8        2%

                                           TOTAL 489

 S uc h vowels would normally be transcribe d
wi t h  a schwa [
                                                                                                                        c

] in English phonemi c
representations.  Japanesehas no equivalent  t o
s c hwa  and Romanji transcriptions of suc h
vowe ls  are guided by English spelling in th e
selection  of an appropriate symbol. Becaus e
the network had no access to th e orthographic
representations  of English source words, thes e
discrepancies were frequent.

Discrepancies of vowel length:

vowels  and diphthongs should be perceived a s

However, stress and position  in the word may
act  as moderating influences. In primar y
stressed  position English vowels ar e
lengthened,  while reduced vowels i n
unstressed  syllables may be very short .

Therefore, tense English vowe ls in unstressed
position  may not be perceived as lon g

(bimoraic) by J apanese listeners.

An  analysis of discrepancies between th e
network predicti ons and the romanji assigned
vowel  durations (Table 2) revealed that onl y

13%  o f cases (example [1]) could b e
acco unted  for by shortening of a tense vowe l
in an  unstressed syllable.

  Table 2. Discrepancies of Vowel Length*

Romanji form of loanword       Englis h
orthography

Network assigned Romanji       English phonemic

           Incidence

1. a_f_ut_a_n_u_u_N      afternoon

    a_f_ut_ a _ a _n_u_u_N     æft
c
rnuun     14    13%

2. a_k_ut_i_b_i_t_i_i_z_u      activities

   a_k_uC_i_b_i_t_ i __z_u      æktiv
c
tiiz     42   39%

3. a_n_a_r_o_J_i_i_     analogy

    a_n_a_r_o_J_ i __
c
næl
c®
ii      21    20%

4. a_d_ob_a_N_t_ e _ e J_i    advantage         3    03%

    a_ddob_e_N_C_i_JJi_
c
dvænti
®

5. a_N_C_o___b_ e __    anchovy         14    13%

    a_N_C_o_o_b_i_i_    æn
±
ouvii

6. C_e_kkuo__f_u    checkoff

    C_e_k__o_o_f_u
±
ekoof              8    07%

7. a_u_t_oo_b_uf_a_SS_o_N_ out-of-fashion

  a u _ u t_oa_b_uf_a_SS_o_N_   autavfæS
c
n   3   03%

*Source of discrepancy indicated in bold .

In  the majority of cases (59%), th e

discrepancy  between the romanji and th e obstruents  was irregular in the Romanize d

network   assigned vowel length was caused b y forms  (3[5,7]) and consequently in th e

t h e  network shortening phonemicall y network  output as well (3[4,5]). Nor was th e

long/tense  vowels in final position (exampl e gemination  of voiceless obstruents entirel y

2[2.]) or elsewhere in the word  (2[3]). We are regular in the romanji forms (3[9]).

presently unable to account  for this behaviour

of the network. I n 13% of cases (2[5.]) vowel Table 3 Errors of Consonant Gemination*

length  discrepancies could be sourced t o

irregular  romanization on the part of th e

compilers  of the J apanese dictionary, or t o

errors of vowel length ph onemicization in the

the  American dictionary (7%, 2[6]). Th e

influence  of English spelling could be clearly

seen in the romanji forms in 3% of cases: e.g. ,

adva nt a ge  => adobaNt ee J i  because  age = >

eeJ I,   though the pronunciation [
c
dvænt

®
]

indicates  the vowel is short/lax. In a smal l

pro portion  of cases (3%, 2[7]) the vowe l

length discrepancy appeared to be  attributable

t o  the network’s allowance of three-mor a

vowel  sequences within a single syllabl e

(s uper-heavy  syllables), not sanctioned b y

J apanese syllable structure.

Gemination of obstruents :

Th e  basic rule of gemination for Englis h

l o anwords  is that voiceless obstruent s

geminate  following short vowels in stresse d

syllables.  Voiced stops also geminat e

irregularly  in this environment. The mos t

com mon  error of gemination involved th e

network  failing to geminate a voiceles s

obstruent in the expected environment (Table

3,  example [1]). But the network als o

inappropriately  produced geminates followin g

an  unstressed vowel (3[2]), though no t

consistently.  We observed that gemination di d

not  o ccur in romanji forms derived from a

cons o nant  cluster in the English word (e.g. :

the /k/ in vector  does n ot geminate, becoming

Romanji  /be k utoru/). However, this constrain t

was  not respected by the network (3[3]). The

network  occasionally produced geminat e

consonan ts linked to its propensity to shorten

vowels  (3[4]). Gemination of voice d

_desired_output_  English-orthography  Incidence

_actual__output_  English-phonemes

1. a_N_r_a__kk_i_i_ unlucky-net

    a_N_r_a_ k __i_i_
c
nlakiinet 18

2. a_n_e_k_ud_o_o_t_o anecdote

    a_n_e_ kk ud_o___t_o æn
c
kdout 12

3. b_e_k_ut_o_r_u vector

    b_e_ kk ut_o_a__ vekt
c
r 10

4. f_i_i_d_ob_a_kku feedback   3

    f_i__ dd ob_a_kku fiidbæk

5. b_o_ bb us_ur__e__e__ bob-sleigh   3

    b_o__b_us_ur__e__e__ bobslei

6. a_d_ob__a__N__s_u advance   1

    a_ dd ob__a__N__s_u
c
dvæns

7. a__d_or__I__b_u ad-lib   1

    a__ dd or__I__b_u ædlib

8. a_i_ky_a__CC_a__a__ eye-catcher   2

    a_i_ kk _a__CC_a__a__ aikæ

±c
r

9. f_e_ t _i_S_i_z_u_m_u fetishism   4

    f_e_tt_i_S_i_z_u_m_u feti

¯
iz
c
m

* The inferred site of error is indicated in bold .

Vowel epenthesis:

Errors  of vowel epenthesis are of particula r

interest in assessing  the network´s capacity to

adapt  to J apanese syllable structure .

Epenthetic vowelsareveryfrequentinEnglis h

l oa n  words (averaging 1.28 per word i n

rom a nji  forms in the current data set, o r

s l i ghtly  over 1400 occurrences). However ,

only  39 discrepancies of vowel epenthesi s

were  observed (an error rate of 3%) .

access
and  the perception of foreign loan words. I n

J .Wiles  (Ed)  Perspectives on Cognitiv e

Science  II: Theories, experiments, an d
foundations,  Ablex: [In press]

Lovi ns,  J . B.(1975) Loanwords and th e
ph onological  structure of Japanese ,

Bloomington :  Indiana University Linguistics

Club.

Rumelhart,  D.E., G.E. Hinton & R.J .

Williams, 1986. Learning representations
by  back-propagating errors, Nature  323 ,

533-536.

S ej n owski,  T.J . &   C.R, 1987. Rosenberg ,

P a rallel  Networks that Learn to Pronounc e

English Text, Complex Systems  1 , 145-168.