
A MetaPhoneme InventoryCarole Tiberius and Lynne CahillInformation Technology Research InstituteUniversity of BrightonBrighton, UKfCarole.Tiberius,Lynne.Cahillg@itri.brighton.ac.ukAbstractThis paper focuses on the sharing of phonolog-ical information in a multilingual inheritance-based lexicon. It explores the possibility of es-tablishing a phoneme inventory for a group oflanguages in which language-speci�c phonemesfunction as \allophones" of newly de�ned meta-phonemes. Danish, Dutch, English, and Ger-man were taken as a test bed and their vowelphoneme inventories were studied. The resultsof the cross-linguistic analysis are presented inthis paper. The paper concludes by showinghow these metaphonemes can be incorporatedin a multilingual inheritance-based lexicon.1 IntroductionThe work described here assumes a frameworkfor multilingual inheritance-based lexical repre-sentation which allows sharing of informationacross (related) languages at all levels of linguis-tic description. Most work on multilingual lex-icons up to now has assumed monolingual lexi-cons linked only at the level of semantics (MUL-TILEX 1993; Copestake et al. 1992). Cahill andGazdar (1995;1999) show that this approachmight be appropriate for unrelated languages,as for example English and Japanese, but thatit makes it impossible to capture useful gen-eralisations about related languages { such asEnglish and German. Related languages sharemany linguistic characteristics at all levels of de-scription { syntax, morphology, phonology, etc.{ not just semantics. For instance, words whichcome from a single root have very similar or-thographic and phonological forms. CompareEnglish, Dutch, and German:11The transcriptions are taken from CELEX (Baayen etal. 1995) and use the SAMPA phonetic alphabet (Wells1989;1995).

English Dutch Germanbed bed Bett/bEd/ /bEt/ /bEt/rib rib Rippe/rIb/ /rIp/ /rIp@/hand hand Hand/hfnd/ /hAnt/ /hant/cat kat Katze/kft/ /kAt/ /kats@/Most di�erences can be attributed to di�erentorthographic conventions and regular phonolog-ical changes (e.g. �nal devoicing in Dutch andGerman). The English /f/, the Dutch /A/, andthe German /a/ in the last two examples, areeven virtually the same. They have slightly dif-ferent realisations but they are phonologicallynon-distinctive, i.e. if the Dutch /A/ were sub-stituted by the English /f/ in Dutch, the resultwould not be a di�erent word, but it would sim-ply sound like a di�erent accent.Capturing such similarities can help to pro-duce more robust, more readily maintainableand more readily extensible multilingual natu-ral language processing systems for related lan-guages (Cahill and Gazdar 1995;1999). Con-sider lexical incompleteness. The multilingualinheritance architecture with cross-linguistic in-formation sharing allows one to exploit defaultinformation from both source and target lan-guages together with information about thedefault commonalities across those languages.This way it may be possible to deduce su�-cient information about a missing lexical itemvia information which is available in the lexi-con. Imagine that we want to know the Ger-man word for forbid, but this word is not inour lexicon. Assume, however, that the lexiconcontains the English verb bid and its Germanequivalent bieten. In addition, our lexicon may



know that verbs beginning with the syllable forin English generally start with ver in German.The English verb forgive, for example, has theGerman equivalent vergeben, the English verbforget has the German equivalent vergessen, etc.On the basis of this information, it is possibleto construct a hypothesised German form bysimply adding the syllable ver onto the verb bi-eten, giving the form verbieten. In this case, thehypothesised form is the correct translation offorbid. This will not always be the case becauseof lexical idiosyncrasies to be found in one orboth languages. This kind of educated guess is,however, the best we can do given the way En-glish and German work and given the way theyusually relate to each other (Cahill and Gazdar1995).Cahill and Gazdar (1995;1999) describe an ar-chitecture for multilingual lexicons which aimsto encode and exploit lexical similarities be-tween closely related languages. This architec-ture has been successfully applied in the PolyLexproject to de�ne a trilingual lexicon for Dutch,English, and German sharing morphological,phonological, and morphophonological informa-tion between these languages.2In this paper, we will take the PolyLex frame-work as our basis. We will focus on the phono-logical similarities between related languagesand we will extend the PolyLex approach bycapturing cross-linguistic phoneme correspon-dences, such as the /f/ - /A/ - /a/ correspon-dence mentioned above.3First, we will discuss how a phoneme inven-tory can be de�ned for a group of languages {Danish, Dutch, English, and German. Then,we will explain the multilingual architectureused in PolyLex. Finally, we will discuss theadvantages of integrating these cross-linguisticphoneme correspondences into the multilingualframework.2 A Metaphoneme InventoryIn this section we describe how a phoneme in-ventory can be de�ned for a group of languagesin which language-speci�c phonemes function as\allophones" of newly de�ned metaphonemes.2http://www.cogs.susx.ac.uk/lab/nlp/polylex/3We believe the approach would be even more bene-�cial if extended to a featural level, but for the presentpurposes we con�ne ourselves to the segmental level.

We will restrict ourselves to the vowel phonemesof four Germanic languages { Danish, Dutch,English, and German. If we know, for exam-ple, that words which are realised with an /f/in English are usually realised with an /A/ inDutch, and an /a/ in German and Danish (asin cat /kft/ versus /kAt/ versus /kats@/ versus/kad/), we might be able to generalise over thesefour language-speci�c phonemes and introducea metaphoneme, e.g. jfAaj, which captures thisgeneralisation.To give an impression of the distribution ofthe di�erent vowel phonemes across Danish,Dutch, English, and German, their vowel charts(Basb�oll and Wagner 1985; K�onig and van derAuwera 1994; Wells 1989;1995) were mergedinto one big vowel chart containing all the vowelphonemes of these four languages.4 The result-ing chart is given in �gure 1:5
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Figure 1: Vowel phonemes in Danish, Dutch,English, and GermanThis �gure shows which vowel phonemesare realised in which language (e.g. /f/ oc-curs in English and Danish, but not in Dutchand German), but it does not tell us any-thing about cross-linguistic phoneme correspon-dences. Knowing that Dutch and German bothhave a phoneme /o/, does not mean that theyare cross-linguistically non-distinctive.To �nd cross-linguistic phoneme correspon-dences, we followed O'Connor's (1973) strategy4Phonemes that only occur in loanwords were not in-cluded as languages adapt loanwords to di�erent degreesto their own phonetic system.5The vowels are described along the three dimen-sions of vowel quality: [high], [back], and [round]. Therounded vowels are /y,Y,2,2 r,9,Q,O,o,U,u/. All Danishvowels in this chart can be either long or short.The ex-tension \ r" means that the vowel is raised, \ o" meansthat the vowel is lowered.



for establishing phoneme correspondences be-tween di�erent accents, identifying phonemes ofone accent with those of another:\How are we to decide whether toequate phoneme X with phoneme A orwith phoneme D? We can do so onlyon the basis of the words in which theyoccur: if X and A both occur in a largenumber of words common to both ac-cents we link them together as repre-senting the same point on the pattern.If, on the other hand, X shares morewords with D than with A, we link Xand D. [...] Even so, if X and D occurin a very similar word-set and X and Ado not, then it is much more revealingto equate X and D than X and A."(O'Connor 1973, p.186)For example, O'Connor (p.187) comparesYorkshire and British English Received Pronun-ciation (RP), and concludes that both have thephonemes /E,f,Q/ in opposition in largely thesame set of words, pet, pat, pot, and that in addi-tion there is a set of words all of which have /U/in Yorkshire, but some of which have /V/ andsome /U/ in RP. For instance, both but /bVt/and put /pUt/ in RP will be realised with the/U/ phoneme in Yorkshire resulting in respec-tively /bUt/ and /pUt/ . Thus, Yorkshire /U/can be linked to both RP phonemes /V/ and/U/. We capture this situation by introducing ametaphoneme jUVj for those words which have/U/ in Yorkshire but /V/ in RP, in addition tothe phonemes /E,f,Q,U/ which occur in bothaccents in largely the same set of words.For our research purposes, we extendedO'Connor's strategy and applied it to a groupof (closely) related languages sharing a com-mon word stock { in our case a subset of theGermanic languages sharing words with a com-mon Germanic origin. We compiled a list of800 (mono- and disyllabic) Germanic cognates,looked up the transcriptions (Baayen et al.1995, Hansen 1990), and then mapped wordscontaining a particular vowel in one languageonto its cognates in the other three languagesto see how this particular vowel was realised inthe other three languages. This process was re-peated for all the vowels, for all four languages.

A few examples of the results we obtained forEnglish vowels are included below.6English Dutch German Danishf 37 A 27 a 22 a 8a: 3 a: 3 A 6E 2 E 3 a: 3g 2 I 2 e 3o: 2 e: 1 O: 1u: 1 O 1 O o 1o: 1 y: 1u: 1 Q: 1j: 1 o: 12 1total 37 total 35 total 26Table 1: Correspondences for English /f/ wordsas in cat /kft/ vs /kAt/ vs /kats@/ vs /kad/.English Dutch German Danishi: 65 a: 14 a: 12 E: 4o: 11 i: 8 2 r: 3e: 9 ai 7 2 r 3i: 8 e: 5 y: 3u: 7 y: 5 E 2I 5 au 5 A 2E 4 I 5 O: 2EI 3 o: 4 9 2j: 2 a 3 u: 2/I 1 E 3 a: 2A 1 u: 3 2 1O 2 A: 1E: 1 O 1Y 1 Q: 1j: 1 Q 1total 65 total 65 total 30Table 2: Correspondences for English /i:/ wordsas in seed /si:d/ vs /za:t/ vs /za:t/ vs /sED/and deep /di:p/ vs /di:p/ vs /ti:f/ vs /dy:b/.As can be seen from these, there is some vari-ation in the closeness of the correspondencesdepending on language and vowel phoneme.76The remaining correspondence tables are availableat http://www.itri.bton.ac.uk/�Carole.Tiberius/mphon.html.7Note that the total number of words is not alwaysexactly the same in all four languages. This is because for



English Dutch German DanishA: 31 A 19 a 15 a 8a: 4 a: 5 a: 3E 4 E 5 f 3O 2 e: 2 A 2e: 1 E: 1 i: 1EI 1 U 1 O 1Y 1 e: 1ai 1total 31 total 31 total 19Table 3: Correspondences for English /A:/words as in heart /hA:T/ vs /hArt/ vs /hart/vs /jfRd@/.Dutch English German DanishA 77 f 25 a 53 a 23A: 17 a: 9 A 11eI 10 E 6 a: 7O: 8 I 3 E 5Q 4 ai 1 O o 3@U 4 e: 1 f 3u: 2 A: 2E 2 Q: 23: 2 e 2i: 1 E: 1I 1 O: 1aI 1 i: 1o: 1total 77 total 73 total 62Table 4: Correspondences for Dutch /A/ wordsas in hand (hand) and hart (heart).The vowel set /f/ - /A/ - /a/, as we antici-pated at the outset, does turn out to be a validcorrespondence. The set associated with En-glish /i:/, on the other hand, is less clearcut, asthere are several possible corresponding vowelphonemes in the other three languages. Es-pecially in Danish, there is no clear favourite.All vowels in the Danish list have about thesame likelihood of occurrence. Overall, the cor-respondences seem to be less clearcut for Dan-ish than for the other three languages. This isas expected, as Danish is the most distant ofthe four languages, belonging to the North Ger-some words the corresponding phonemic transcriptionwas not found.

manic language family, while Dutch, English,and German are all West Germanic languages.If we consider the correspondences from thestarting point of one of the other languages, theresults are slightly di�erent. For instance, En-glish /A:/ corresponds strongly to Dutch /A/,but Dutch /A/ corresponds almost equally toEnglish /f/ and /A:/. Further investigationis required to ascertain how many of thesecases can be further generalised by recourse tophonological or phonotactic properties of thewords in question. Currently the mapping frommetaphoneme to (language-speci�c) phonemerequires reference only to the language. For amore sophisticated analysis, phonological andphonotactic information would need to be con-sidered as well. However, even at the presentlevel of analysis, the metaphoneme principle canbe helpful in the multilingual lexical structureproposed, as we now discuss.3 The multilingual inheritancelexiconIn this section, we will explore the sharing ofphonological information in the lexical entriesof a multilingual inheritance-based lexicon. Forclarity, we will ignore all other aspects of thelexicon such as semantics, syntax, and morphol-ogy, and focus purely on phonology. We fo-cus on phonology rather than orthography asphonology is nearer to primary language use(i.e. spoken language), it can be used as inputfor hyphenation rules, spelling correction, andit is essential as the level of symbolic represen-tation for speech synthesis (MULTILEX 1993).We will take the multilingual architecture ofPolyLex as our starting point. First, we willdescribe the PolyLex architecture. Then, wewill show how phonological information can beshared in the lexical entries.PolyLex de�nes a multilingual inheritance-based lexicon for Dutch, English and German.It is implemented in DATR, an inheritance-based lexical knowledge representation formal-ism (Evans and Gazdar 1996). The rationale ofinheritance-based lexicons requires informationto be pushed as far up the hierarchy as it can go,generalising as much as possible. In a multilin-gual lexicon, this means that information whichis common to several languages is stated athigher points in the hierarchy than that which



is unique to just one of the languages. In ad-dition, PolyLex makes use of orthogonal multipleinheritance which allows a node in the hierarchyto inherit di�erent kinds of information (e.g. se-mantics, morphology, phonology, syntax) fromdi�erent parent nodes. In this paper, we arejust interested in the phonological hierarchy.PolyLex assumes a contemporary phonologicalframework in which all lexical entries are de-�ned as having a phonological structure con-sisting of a sequence of structured syllables, asyllable consisting of an onset (the initial con-sonant cluster) and a rhyme. The rhyme con-sists of a peak (the vowel) and a coda (the �nalconsonant cluster). This structure is de�ned atthe top of the hierarchy, and applies by defaultto all words. Only the relevant values for onset,peak, and coda have to be de�ned at the in-dividual lexical entries (see Cahill and Gazdar1997). Following PolyLex we will concentrate ona segmental phonemic representation. An ex-ample of the lexical entry hair as it would berepresented in PolyLex, is shown in �gure 2.
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Coda    =Figure 2: A multilingual inheritance lexiconwithout metaphonemesThe multilingual phonological entry for hairis de�ned by sharing identical segments occur-ring in the majority of the language-speci�c en-tries (/hE@r/ in English, /ha:r/ in Dutch andGerman, /hQ:/ in Danish). That is, onset is/h/, peak is /a:/, and coda is /r/.8Dutch and German can inherit all the infor-mation from the common part. English and8In Standard British English pronunciation, the �nal/r/ is not always realised. CELEX, however, includesit, and it could be reasonable viewed as an underlyingsegment.

Danish need to override the value of the peakwhich is respectively /E@/ and /Q:/. In addi-tion, Danish needs to specify that the value ofthe coda is null.This example misses the generalisation thatthe English /E@/, the Dutch and German/a:/, and Danish /Q:/ are phonologically non-distinctive. For each lexical entry where En-glish uses /E@/, Dutch and German /a:/, andDanish /Q:/, the value for peak has to be spec-i�ed in the language-speci�c parts. By usingthe metaphoneme jE@a:Q:j instead, this infor-mation needs to be speci�ed only once. Theresulting multilingual phonemic representationfor hair is given in �gure 3.
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Figure 3: A multilingual inheritance lexiconwith metaphonemesAll the information has now been pushed upas far as it can go, capturing as many gen-eralisations as possible. The information thatjE@a:Q:j results in an /E@/ in English, an /a:/in Dutch and German, and an /Q:/ in Danishis speci�ed only at the top level. The language-speci�c boxes are almost empty, except for thevalue of the coda in Danish, which is de�ned asnull.It is a fundamental feature of this accountthat the inherited information is only defaultinformation which can be overridden. Thus, itis not required that metaphoneme correspon-dences are complete and we may choose to use ametaphoneme even if one of the languages uses adi�erent vowel in some words. So if we considerthe vowel correspondences in table 1, we cansee that of the 37 words which have cognates insome of the four languages, 27 can be de�ned ashaving the metaphoneme jfAaj in the common



lexical entry (those for which both English andDutch have the corresponding vowels). Five ofthese will require a separate vowel de�ned forGerman, while nineteen will require a separatevowel de�ned for Danish. The remainder of thewords will need separate vowel de�nitions forall four languages. For instance, the lexical en-try for hand requires a separate vowel for Dan-ish, as can be seen in �gure 4 below. As yetwe have only de�ned cross-linguistic phonemecorrespondences for vowels, not for consonants.However, the English /d/ and the Dutch andGerman /t/ are phonologically non-distinctivein syllable �nal position and this could be cap-tured by introducing a rule which devoices syl-lable �nal obstruents in Dutch and German butnot in English.
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Figure 4: A multilingual inheritance lexiconwith metaphonemesGiven the default nature of this information,economy of representation can be achieved evenin cases where the vowel correspondences arefar from conclusive. Even if only half or fewerof the Dutch words, for example, have the samevowel in cognates for which the English wordshave the same vowel, this still means that thosehalf can be de�ned without the need for thelanguage-speci�c vowel to be de�ned.Another feature of the metaphoneme prin-ciple that di�erentiates it from the phonemicprinciple is that there is no requirement for bi-uniqueness. A phoneme in a language can bea realisation of more than one metaphoneme.This means that we can de�ne a metaphonemejfAaj as well as another, jA:Aaj. Each of thesewill then be used in di�erent common lexicalentries. This can be used as an alternative to

phonological/phonotactic conditioning or in ad-dition to it, for just those cases where there ismore than one correspondence but no obviousphonological/phonotactic conditioning for thedecision between phonemes.4 ConclusionIn this paper, we have shown how a meta-phoneme inventory can be de�ned for a groupof languages and that incorporating these cross-linguistic phoneme correspondences in a multi-lingual inheritance lexicon increases the numberof generalisations that can be captured.To support our claims, we compared the syl-lable inventories for Dutch, English, and Ger-man in the CELEX database (the database doesnot contain data for Danish) and calculated howmany syllables they have in common by tak-ing the sum of the overlap of syllables betweenlanguages divided by the total number of sylla-bles per language, and then dividing this by thenumber of languages, i.e.P(overlap between languages=total per language)number of languagesThe �rst part of this expression, overlap be-tween languages/ total per language, gives theamount of sharing for a single language. Therest of the sum just averages across the numberof languages involved.Let us now calculate the amount of sharingbetween Dutch, English, and German on the ba-sis of the CELEX database. The CELEX databasecontains 5193 di�erent syllables for Dutch, 8713for German, and 7096 for English. 857 of thoseare shared between the three languages. Apply-ing our formula, this results in8575193 + 8578713 + 85770963 = 0:13This means that 13% of the syllables ofDutch, English, and German in the CELEXdatabase are shared between the three lan-guages. We then did the same calculationbut incorporated metaphonemes in the sylla-ble inventories given by CELEX. The amountof sharing rose to 20%. Finally, we calculatedthe amount of sharing after replacing all vowelphonemes in the syllable inventories by one sin-gle vowel phoneme, resulting in 30% sharing.



The latter case is equivalent to the maximalamount of sharing that can be obtained by in-cluding metaphonemes, i.e. all vowels corre-spond to one single metaphoneme. Thus, the in-clusion of metaphonemes results in an improve-ment of 7 out of 30 points, i.e. metaphonemesincrease the amount of sharing between Dutch,English, and German at the syllable level by23.33%.The potential uses for an approach such asthat described here are many and varied. Inaddition to the possibility the general frame-work o�ers for increased robustness in multilin-gual NL systems (as suggested by Cahill andGazdar (1995)), the extension of the model tothe metaphoneme level can also o�er a range ofapplications in NL and speech systems. As sug-gested in section 2 above, the approach we sug-gest for di�erent but closely related languages isalso applicable to di�erent accents within a sin-gle language. Just as we suggest above that aspeaker using the wrong phonemic variant of ametaphoneme would sound as though they havea di�erent accent, so the principle could be em-ployed explicitly to produce speech with di�er-ent accents. Although the work described aboveis very far from such applications at this stage,there exists the potential to \tune" speech syn-thesisers to particular languages in a linguisti-cally principled and robust way.Indeed, our approach to modelling languageor dialect similarity mirrors the work of Ner-bonne et al. (e.g. Nerbonne and Heeringa(1997), Nerbonne et al. (1996)), modelling di-alect dissimilarity. Their work could be viewedas taking the phonological correspondences thatwe model, measuring the distance between therealisations of the metaphonemes in order to de-termine the distance between di�erent dialects.Another potential area of application for suchan approach is in the �eld of language learning.It is clear that the kinds of substitution errors(where one sound is { usually consistently { re-placed by another similar one) that are actuallyfound do not necessarily correspond to meta-phoneme correspondences. For example, Dutchspeakers, who often have di�culty reproducingthe English /f/ segment, tend to replace it witha sound closer to /E/ than to the /A/ that cor-responds to it in our metaphoneme inventory.However, it is likely that at least some of the

correspondences we propose would be helpfulin suggesting the types of errors learners arelikely to make and in demonstrating to them thecorrespondences and distinctions between thephoneme inventories of the di�erent languages.Within computational linguistics it is possi-ble that the metaphoneme correspondences wesuggest could assist in phonology-orthographymapping. In languages like English, wherethe spelling is based largely on a historicalrepresentation of the phonology, it is possiblethat an underlying representation of phonol-ogy that had some historical foundations mightbe more helpful in determining the orthogra-phy. Metaphoneme de�nitions that distinguishdi�erent uses of (synchronically) the same seg-ment might permit easier orthographic corre-spondences. For instance, in French, the �e and�e characters are non-distinctive synchronically,but their orthographic distinctions are repre-sentative of historical phonological di�erenceswhich may be represented in the metaphonemecorrespondences for French and its closest rela-tives.ReferencesBaayen, H., R. Piepenbrock and H. van Rijn.1995. The CELEX Lexical Database, Release2 (CD-ROM). Linguistic Data Consortium,University of Pennsylvania, Philadelphia, PA.Basb�oll H. and J. Wagner. 1985. KontrastivePhonologie des Deutschen und D�anischen,Niemeyer Verlag, T�ubingen.Cahill, L. and G. Gazdar. 1995. \MultilingualLexicons for Related Languages", In Proceed-ings of the 2nd DTI Language EngineeringConference, pp. 169-176.Cahill, L. and G. Gazdar. 1997. \The in
ec-tional phonology of German adjectives, deter-miners and pronouns", In Linguistics, 35.2,pp.211-245.Cahill, L. and G. Gazdar. 1999. \The PolyLexarchitecture: multilingual lexicons for relatedlanguages", In Traitement Automatique desLangues, 40:2, pp.5-23.Copestake, A., B. Jones, A. San�lippo, H.Rodriguez, P. Vossen, S. Montemagni, andE. Marinai. 1992. \Multilingual Lexical Rep-resentation". ESPRIT BRA-3030 ACQUILEXWorking Paper No 043.
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