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Abstra
tThis paper des
ribes a method (reverse engineering)to improve the quality of hyphens in a di
tionarydatabase. Hyphens are re
omputed with spelling-based linguisti
 rules. Sin
e the input of the hyphen-ation program is supplied with high-quality lexi
o-graphi
 information in
luding morphologi
al make-up, good results 
an be obtained with a simple al-gorithm without 
ompound analysis. These results
ould not have been a
hieved with earlier hyphen-ation programs based on word lists. The 
urrentmethod also has advantages over earlier hyphenationprograms based on phonologi
al syllable stru
ture.Traditionally, the 
ompiling of di
tionaries hasbeen the work of lexi
ographers who laborious-ly and 
ons
ientiously re
ord words with theirmeaning, usage and formal features su
h asspelling with hyphens, in
e
tion and pronun-
iation. Parti
ularly with respe
t to formal fea-tures, however, 
omputers have two advantagesover human editors: when provided with a 
or-re
t algorithm, they 
an 
al
ulate these featuresrapidly and eÆ
iently for large quantities ofwords, and they 
an do so without in
onsisten-
ies or errors. By using the 
omputer, di
tio-nary makers 
an leave the 
hore of des
ribingregular words to the 
omputer and 
on
entrateon rules and ex
eptions.In this paper, I will 
on
entrate on the auto-mati
 generation of one formal feature of Dut
hwords: the spelling with hyphens, i.e. marksthat indi
ate where words 
an be divided at theend of a line. It will be argued that all existinghyphenation algorithms have serious disadvan-tages, so that a new program had to be writtenthat is suitable to 
ompute the hyphenation pat-tern of di
tionary entries. A simple hyphenationprogram without morphologi
al de
omposition

suÆ
es, sin
e its input 
onsists of words withhigh-quality lexi
ographi
 information whi
h in-
ludes morphologi
al make-up. The paper is or-ganized as follows: Se
tion 1 explains why a newhyphenation program was developed. Se
tion2 summarizes some earlier proposals. Se
tion3 des
ribes the Dut
h hyphenation rules andtheir ba
kground. Se
tion 4 des
ribes the im-plementing and testing of the hyphenation pro-gram. Se
tion 5 dis
usses the di�eren
es of hy-phenation positions added by editors and those
omputed by the program. Finally, the paperends with some 
on
lusions and suggestions forfurther improvements of the algorithm. 11 Motivation for the development ofa new hyphenation programVan Dale Lexi
ogra�e publishes several Dut
hand bilingual di
tionaries. Formal features ofthe entries of these di
tionaries su
h as spelling,spelling with hyphens, in
e
tion and pronun
ia-tion are extra
ted from a produ
t-independent,
entral database. Until re
ently the bulk of theinformation in this database was 
ompiled andedited by hand. This also holds for the spellingwith hyphens, whi
h is the subje
t of this pa-per. However, after some time it be
ame ap-parent that this method had some serious dis-advantages.Obviously, this method is very time 
onsum-ing sin
e every word must be provided withdi�erent syllable markers (to be dis
ussed be-low). An improvement was obtained by break-1Following the typographi
al 
onventions of Dut
hdi
tionaries, hyphenation positions will not be markedby hyphens but by dots, to distinguish them from hy-phens that are used to join two words. The word niet-ro �ker (`non-smoker'), for instan
e, is always writtenwith one hyphen; a se
ond one is only inserted whenthe word is divided.



ing up 
ompounds into their 
onstituting partsand hyphenating all di�erent parts only on
e,e.g. avond (`evening'), s
he �mer (`dusk') ratherthan hyphenating all simplex words and 
om-pounds, e.g. avond, s
he �mer, avond �s
he �mer(`twilight'), s
he �mer �avond (`dusky evening').Derivations and in
e
ted forms, however, mustall be handled individually be
ause of resyl-labi�
ation: s
he �me �rig (`dusky'), avon �den(`evenings'). This ineÆ
ien
y is be
oming moreurgent with the rapid in
reasing of the size ofthe database whi
h is 
urrently taking pla
e:for the ele
troni
 version of the Grote Van Dale(large Van Dale) whi
h will appear shortly �250.000 entries have to be hyphenated. In ad-dition, all possible in
e
ted forms of ea
h entrymust be hyphenated as well.These forms 
onsist of the diminutive andplural forms of nouns, the in
e
ted form,
omparative and superlative of adje
tives andtheir in
e
ted forms, and the 
omplete ver-bal paradigm 
onsisting of twelve verb forms.To 
reate this enormous amount of hyphenatedwords by hand would 
ost a lot of time. Further-more, after the database has been 
reated it hasto be maintained, whi
h is not eÆ
ient either:a small 
hange in the hyphenation 
onventionswould ne
essitate a new round of editing.Another, more serious disadvantage is thathyphenating by hand may lead to in
onsisten-
ies and errors. The Dut
h hyphenation rulesare not very expli
it. Editors who hyphenatewords based on these rules may interpret rulesdi�erently. This means that it is probable thatsome word types are not treated 
onsistently.Furthermore, editors may make mistakes, but sofew that they are hard to �nd. By using a 
om-puter program these disadvantages are avoid-ed. After all, the rules must be made expli
itin order to make the algorithm, so hyphenationbe
omes both 
onsistent and reprodu
ible.2 Hyphenation algorithmsA hyphenation program that 
an be used in thedi
tionary database must ful�l the following re-quirements: in the �rst pla
e, it must gener-ate the most re
ent hyphenation patterns, sin
ea re
ent spelling reform in 1995 a�e
ted someaspe
ts of hyphenation (see below). Se
ond-ly, it must generate all hyphenation positionsof words. Thirdly, it must formalize hyphena-

tion in an insightful manner so that the rulesmay be easily understood and adjusted if ne
-essary. Preferably this goal should be a
hievedby using rules that imitate the oÆ
ial hyphen-ation rules in order to eliminate the possibilityof mismat
hes between hyphenation rules andhyphenated words.In the literature, two types of algorithm havebeen proposed for Dut
h: those based on lin-guisti
 rules, e.g. Daelemans (1987, 1989), andthose based on word lists, e.g. Brandt Corstius(1970) or pattern mat
hing, e.g. Boot (1984),Tutelaers (1996), whi
h is a Dut
h version ofLiang (1989). These hyphenation algorithmsdo not ful�l the requirements mentioned above.In the �rst pla
e, they generate the hyphena-tion patterns from before the spelling reform of1995. Se
ondly, they do not always generate allpossible hyphenation positions. For instan
e,in Daelemans' algorithm hyphenation positionsthat are two letters away from the word edgeare ignored, for typographi
al reasons. Final-ly, the methods used deviate quite signi�
antlyfrom the oÆ
ial hyphenation rules. I will brie
ydis
uss the disadvantages of the two types ofproposals.Hyphenation programs based on word listswill treat all words whi
h are in the list 
orre
t-ly. However, as already extensively argued byDaelemans, they will fail for many new words.The reason is that the morphologi
al make-upof words in
uen
es their hyphenation, 
f. for in-stan
e the underived word lui �ster (`lustre') andthe word lui �ste (`laziest') whi
h 
ontains thesuperlative suÆx -ste. Compound boundariesare also 
ru
ial for hyphenation, 
f. the 
om-pound min �a
ht (`disdain'), 
omposed of min(`poor') and a
ht (`respe
t'), versus underivedmi �na �ret (id.). This is problemati
 sin
e 
om-pounds, whi
h are highly produ
tive in Dut
h,
annot be easily distinguished from underivedwords sin
e they are written as one word. Hy-phenation programs based on pattern mat
h-ing, e.g. Boot (1984) and Tutelaers (1996), areessentially list-based as well: on the basis of aword list 
ertain patterns are 
omputed wherehyphens 
an be inserted. Again, patterns whi
hare 
orre
t in underived words may derive in-
orre
t hyphens in derived words. Using a list-based program would 
onsiderably fa
ilitate thetask of hyphenating new words, but it would not



help to �nd rare errors and subtle in
onsisten-
ies in the words whi
h are already hyphenatedby hand.In prin
iple, an algorithm based on linguisti
rules 
ould be entirely 
orre
t. However, Dae-lemans reports an su

ess rate of 99.88 %, eventhough Daelemans' algorithm does not provideall hyphenation positions (and although we willsee below that at least some hyphens that Dae-lemans 
lassi�es as a

urate are in fa
t in
or-re
t). In Daelemans' view, hyphenation is basedon (phonologi
al) syllabi�
ation. Hyphens aretherefore 
omputed as follows: letters are 
on-verted to phonemes whi
h are syllabi�ed, andhyphens are inserted at syllable boundaries ex-
ept in those pla
es in whi
h hyphenation isimpossible, e.g. taxi (id.). This was in linewith the literature on this subje
t at the time,
f. for instan
e Booij (1987), Wester (1985a/b),but more re
ent literature has drawn attentionto the di�eren
es between phonologi
al and or-thographi
al syllables, 
f. Nunn (1998). I willdis
uss these mismat
hes between phonologi
alsyllables and hyphenation in se
tion 3. For thisreason Daelemans' method in whi
h hyphen-ation is essentially 
omputed on the basis ofphonologi
al syllables seems less adequate.Another drawba
k of Daelemans' approa
his the fa
t that hyphenation is entangled with
ompound splitting. In some 
ases, 
ompoundboundaries 
an be predi
ted by phonota
ti

onstraints; the o

urren
e of a 
onsonant 
lus-ter whi
h is not allowed morpheme-internallybetrays the 
ompound boundary. In postzegel(`stamp'), for instan
e, the sequen
e stz betraysthe presen
e of the 
ompound boundary be-tween t and z. In other words 
ompound bound-aries 
annot be predi
ted this way, 
f. near mini-mal pairs su
h as avon �tuur (`adventure') versusavond �uur (avond+uur, `evening hour'). In this
ase, Daelemans applies automati
 
ompoundanalysis, but this is not 
awless and does noto�er a solution for ambiguous words sin
e itdoes not involve semanti
 information. In otherwords, many errors reported by Daelemans arenot hyphenation errors, but errors in the pre
ed-ing morphologi
al analysis. A more satisfa
toryhyphenation program should disentangle mor-phologi
al analysis and hyphenation itself.Evaluation of the hyphenation methods foundin the literature shows that only rule-based hy-

phenation 
an eventually assign the 
orre
t hy-phenation to all words, taking their morpho-logi
al make-up into a

ount. Furthermore, it
an be su

essfully applied to new words, un-like methods based on word lists. However, theprograms proposed so far fail to 
ompute hy-phenation by rules that are 
omparable to thehyphenation rules given by the orthography di
-tionary. Furthermore, to disentangle morpho-logi
al analysis and hyphenation it is 
ru
ialthat the input to the algorithm has already beenmorphologi
ally analyzed.3 Dut
h hyphenation rules and theirba
kgroundHyphenation rules are given inWoordenlijst vande Nederlandse taal, the Dut
h orthographi
di
tionary, hen
eforth denoted as [Dut
h wordlist 1995 ℄. The main rules are the following:(1) Hyphens are inserted:a) at 
ompound boundaries: min �a
hting(`disdain'), after pre�xes: be �horen (`to be-long'), her �ademen (`breathe more freely'),before the suÆxes -aard (`-ard') and -a
htig(`-like'): laf �aard (`
oward'), waar �a
htig(`really'); and before suÆxes beginning in a
onsonant: boom �pje (`little tree'), dek �sel(`lid'), et
.b) between two adja
ent vowels that do notdenote one vowel like eu, oe, ui, aai, ooi andoei: dooi �er (`yolk'), kri �oelen (`to swarm')
) after intervo
ali
 y: roy �aal (`generous'),relay �eren (`to lead further')d) before the maximal possible onset in inter-vo
ali
 
onsonant 
lusters: amb �ten (`oÆ
es'),art �sen (`do
tors'), ek �ster (`magpie'), ern �stig(`serious'), erw �ten (`peas'), koort �sig (`fever-ish'); praktis
h �te (`most pra
ti
al')e) st and sp are split after the s: oes �ter(`oyster'), has �pel (`reel')f) 
h is one 
onsonant: bo �
hel (`bump'); ng
onsists of two 
onsonants: konin �gin (`queen')g) between two vowels there is no hyphenationbefore or after x: exa �men (`exam'), exo �tis
h(`exoti
')h) in some 
ases hyphenated forms are writtendi�erently, e.g. opaatje/opa �tje (`little grand-dad')



These rules are subje
t to two additional
onditions:i) the position of hyphens may not sug-gest an in
orre
t pronun
iation: �reg �lement(`rules'), �qu �eue (id.)j) hyphenation may not leave a syllable ofone separate letter at the end or begin-ning of a line. This also holds for wordsthat are part of a 
ompound or derivation:�a �drenaline (`adrenalin'), �studi �o (id.);�mensa �pen (mens+apen, `apes'), �vide �oa
htig(video+a
htig, `video-like').At �rst sight these rules seem to be basedon phonologi
al syllables whi
h in turn partlyre
e
t morphologi
al stru
ture. On 
loserinvestigation, however, we see that this is notthe 
ase, as illustrated under (2) and (3). Inthe �rst pla
e, although both phonologi
alsyllabi�
ation and hyphenation are sensitive tomorphologi
al stru
ture, hyphenation re
e
tsmorphologi
al stru
ture in more 
ases, 
f. theexamples under (2), where (`�') denotes s
hwa.The �rst two examples show that hyphenationeven disambiguates bots+te (`
ollided') andbot+ste (`rudest'):(2) bots �te (bots+te) bOt-st�bot �ste (bot+ste) bOt-st�waar �a
h �tig wa-rAx-t�xlaf �aard lA-fart(3) oes �ter pri-st�rdooi �er do-j�rtaxi tAk-siThe mismat
hes under (3) do not have a mor-phologi
al ba
kground. For instan
e, the be-havior of oester shows that the maximal onsetprin
iple is not always predominant in spelling.In the remaining two examples the 
hoi
e of let-ters 
auses deviations between phonologi
al andorthographi
al syllables, 
f. also Nunn (1998).Note that words with (almost) the same phono-logi
al syllabi�
ation 
an show di�erent hy-phenation behavior dependent on their spelling,
f. taxi ([tAk-si℄) vs. a
 �tie ([Ak-si℄, `a
tion'),dooi �er ([do-j�r℄, `yolk') vs. go �jim ([go-jIm℄,`goyim'). It is not 
lear how Daelemans, whobases hyphenation on syllabi�
ation, handles

these words, sin
e he does not mention rulesthat adjust su
h mismat
hes between phono-logi
al and orthographi
al syllables (ex
ept inthe 
ase of taxi). This also raises questionsabout how he judged a given hyphen as 
or-re
t or in
orre
t (espe
ially sin
e Daelemansalso in
orre
tly assumes that goo
helaar (`
on-juror') is hyphenated as �go �
he �laar instead ofgoo �
he �laar).The fa
ts under (2) and (3) may suggest thathyphenation is an autonomous pro
ess for whi
hthe pronun
iation is irrelevant. This may bethe 
ase when a ri
her spelling representationis used whi
h in
ludes CV-stru
ture, 
f. Nunn(1998). However, sin
e we 
an only refer toletter sequen
es, the pronun
iation is 
ru
ialin some 
ases, e.g. mu �se �um (id.) vs. kleum(`frowster'), op �ti �
ien (`opti
ian') vs. di �es(`day'), beat �nik (id.) vs. be �a �ti �� �
a �tie (`be-ati�
ation').Summarizing, to hyphenate words 
orre
t-ly it is ne
essary to have the 
orre
t spelling,the morphologi
al make-up (i.e. markers thatindi
ate the boundaries of pre�xes, 
ompoundmembers and some suÆxes) and the phonolog-i
al representation of words.4 Implementing and testing therulesThe starting point of the hyphenation pro-gram was formed by the hyphenation rules from[Dut
h Word List 1995 ℄. As dis
ussed above,these rules often were not expli
it enough, somany 
hoi
es had to be made, for instan
ewhi
h nonnative morphemes were to be treatedas 
ompound members, and whi
h 
lusters areallowed at the beginning of a syllable. Lookingup relevant examples in the [Dut
h Word List1995 ℄ was no alternative, sin
e the words weretreated in
onsistently there. The rules werewritten in su
h a way that words with varia-tion in the pronun
iation, whi
h 
ould possiblylead to hyphenation variation still get one pos-sible hyphenation pattern only. For instan
e,systeem (`system') 
an be pronoun
ed as [sis-tem℄ or [sIs-tem℄, but it must be hyphenatedas follows: sys.teem An extra requirement wasthe following: sin
e there is a 
ondition that hy-phenation positions should not suggest an in
or-re
t pronun
iation, we de
ided not to allow hy-phens before mute vowels (�ra �
e. [Dut
h Word



List 1995 ℄ was not 
onsistent in this respe
t, 
f.blues ([blu:z℄, id.) versus gu.erilla ([G�-rIl-ja℄,`guerrilla'). As a �rst step in the development ofthe ideal hyphenation rules, we de
ided to userules that are based on spelling and morpho-logi
al make-up only, and to leave the use ofphonologi
al representations aside for the mo-ment. The rules were formalized by means ofthe 
omputer language PERL. This language issuited for the formalization of linguisti
 rules,be
ause of the use of regular expressions whi
hfa
ilitate string manipulation.To ensure the 
onsistent treatment of wordsand their in
e
ted forms the hyphenation pat-tern of in
e
ted words was derived in the fol-lowing way: in
e
tional aÆxes are added tostems, and the spelling of the resulting word is
omputed by reapplying hyphenation at suÆxboundaries only, while leaving the hyphenationin the rest of the word una�e
ted. This way,related words are treated 
onsistently, while weallow for resyllabi�
ation at suÆx boundaries,e.g. leuk-leu �ke. In the remainder of this paper,I will only dis
uss the 
omputation of hyphensin unin
e
ted words.To be able to test the new algorithm, weneed a set of hyphenated words of whi
hthe a

ura
y has already been established.Fortunately, almost all words in the di
tionarydatabase were already hyphenated. This wasdone by editors who applied the rules from[Dut
h Word List 1995 ℄. The editors did notinsert hyphens (or omit them where hyphena-tion is impossible, e.g. in taxi), but used a morere�ned 
ode. This is summed up in table 1.Normal hyphenation positions are not markedby hyphens, sin
e this sign is also used to joinwords. Therefore the sign (`=') was 
hosen.When a hyphen 
oin
ides with a morphologi
alboundary this is denoted by (`+') or (`�').Ex
eptional hyphenation positions are markedwith a (`!'). Note that all these signs areredu
ed to one notation ` �' in the di
tionary.Positions where hyphenation is not possibleare further 
lassi�ed as `:' or ~̀'. Finally, anotation was introdu
ed to en
ode the di�erentspelling of the same word when it is or is nothyphenated. For instan
e, o:paa[1j�℄tje shouldbe interpreted as follows: when the word isnot hyphenated the information within thebra
kets is ignored, but when it is hyphenated

the information within the bra
kets means(`repla
e the last letter before the bra
ket by�'):Table 1: Hyphenation symbolsSymbol Explanation= syllable boundary, hyphenationpossible- hyphen (the sign used to join twowords) also syllable and 
om-pound boundary+ word boundary, also syllableboundary� other morphologi
al boundarywhi
h 
oin
ides with syllableboundary: syllable boundary after/beforea single letter or before inter-vo
ali
 x; hyphenation not per-mitted~ unpredi
table absen
e of a sylla-ble boundary before mute vowelsor within a digraph; hyphenationnot permitted! marks unpredi
table syllableboundaries[j℄ marks di�eren
e between hy-phenated and unhyphenatedvariantTable 2: Examples of the use of hyphenationsymbolsSymbol Example Di
tionary notation= s
he=mer s
he �mer- niet-ro=ker niet-roker+ min+a
ht min �a
ht� boom�pje boom �pje: a:vond avondta:xi taxi~ ra~
e ra
eblu~es blues! mu=se=!um mu �se �um[j℄ o:paa[1j�℄tje opaatje/opa �tjeBe
ause of this re�ned 
ode, the hyphen-ated words in the database 
ould be used asa test set for the new algorithm: by removingall hyphenation symbols ex
ept for the mor-



phologi
al boundaries (`-'), (`+') and (`�'), wederive words provided with the morphologi
alinformation ne
essary for the appli
ation of thehyphenation rules. Furthermore, ambiguouswords were disambiguated, e.g. be+ast (`
ov-ered with ashes') versus beast (id.), wets+taal(`legal language versus wet+staal (`knife-sharpener'). Hyphenation rules were applied tothese words, and the result was 
ompared withthe original set of hyphenated words. This way,it was possible to qui
kly dete
t errors in theimplementation of the hyphenation rules.5 Comparison of given and
omputed hyphenation positionsEven after all obvious errors of the rules hadbeen 
orre
ted, there were still di�eren
esbetween the result of the hyphenation programand the words that were hyphenated by hand.The mismat
hes were examined and 
lassi�ed,and they turned out to fall into six 
lasses:Table 3: Mismat
hes between hyphenatedwords in the database and the result of therules. The �rst hyphenated word is the wordfrom the database; the word in parentheses isthe form 
omputed by the program; asterisksdenote the in
orre
t forms:1. errors �a ��e �ro �dy �na �mis
h(a�e �ro �dy �na �mis
h`aerodynami
')2. in
onsisten
ies �trots �kist,ra �di �ka �lin �ski(trot �skist, `Trotsky-ist', ra �di �ka �lin �ski,`revolutionist')3. variation �sy �steem, sys �teem(sys �teem, `system')4. in
orre
t morpho-logi
al analysis spel �ling �re �gel(�spel �lin �gre �gel,`spelling rule')5. errors due to theomission of the pro-nun
iation ra
e (�ra �
e, id.),de �us (�deus, `god')6. in
orre
t spellingrule 
o �yo �te (�
oy �o �te,id.), te �ri �ya �ki(�te �riy �a �ki,`Japanese dish')The �rst three types of mismat
hes 
ould be at-

tributed to 
aws in the hyphenation positionsthat were added by hand. 1. gives an exampleof mere errors in the database. 2. illustratesidenti
al letter sequen
es, e.g. a 
onsonant fol-lowed by sk, whi
h are treated in
onsistently.In this 
ase the re�ned hyphenation rules (s-
lusters are parsed as onsets after 
onsonant let-ters) generate a 
onsistent pattern. 3. gives anexample of variation in the database 
aused byvariation in the pronun
iation. The �rst vowelof the word systeem 
an be pronoun
ed as a long[i℄ or a short [I℄, so the editors gave sy �steem aswell as sys �teem as possibilities. However, sin
evowel length is irrelevant in native words (st issplit after a short vowel in bes �te (`the best') aswell as after a long vowel in mees �ter (`master'),only the se
ond variant was allowed.The remaining three types of mismat
heshad to be attributed to the hyphenation rules.In example 4., the in
orre
t result of the hy-phenation rules is 
aused by the in
orre
t in-put: for instan
e, the 
ompound spelling+regel(`spelling rule') in whi
h the boundary be-tween spelling and regel is not marked willbe in
orre
tly treated as an underived word.Among this type of errors were also examples ofnonnative words whi
h had 
ompound bound-aries after morphemes we had de
ided not totreat as 
ompound members, e.g. an+algetis
h(`relieving pain') (an �al �ge �tis
h) instead ofanalgetis
h (anal �ge �tis
h) or vi
e versa: Pa-leo
een (Pa �le �o �
een) instead of Paleo+
een(`Palaeo
ene') (Pa �leo �
een). The type of er-ror illustrated by 5. was unavoidable sin
e wedid not yet take the pronun
iation into a

ount.For this reason, hyphens are in
orre
tly insert-ed in words with mute vowels (ra
e ([res℄), andin
orre
tly omitted in words where vowel se-quen
es that normally en
ode one vowel, repre-sent two sounds and where this spe
ial spellingis not marked by dieresis, e.g. de �us ([de-jUs℄,`god'). 6. illustrates an interesting type of er-ror: even though rule (1
) from [Dut
h WordList 1995 ℄, repeated below as (4) was formal-ized a

urately, the hyphenation 
omputed bythe rules seemed 
ounterintuitive in words su
has �
oy �o.te, �te �riy �a.ki.(4) hyphens are inserted after intervo
ali
 y:roy �aal, relay �erenIt seemed that in this 
ase the rule is in
or-



re
t. This was supported by the fa
t that theformulation of the same rule was subtly, butalso 
ru
ially di�erent in 1954:y in words su
h as royaal, relayeren is partof the �rst syllable (Dut
h Word List 1954,p. LIII).y is part of the �rst syllable: loyaal, re-layeren (Dut
h Word List 1995, p. LIII).In other words, royaal, relayeren are notjust examples of the rule but they illustratea restri
tion. In both these words y and thepre
eding vowel form a digraph; or at least theyused to form a digraph in 1954, but in 
oy �o.teand te �riy �a.ki they do not. y is only part ofthe �rst syllable when it is part of digraph.The mismat
hes were removed in the follow-ing way: the errors in the database (1.-4.) were
orre
ted. The errors under 5. 
ould not yetbe solved, so the relevant words were marked asex
eptions for the time being. Finally, the ina
-
urate rule for the hyphenation of intervo
ali
 yof [Dut
h Word List 1995 ℄ was repla
ed by themore a

urate version of 1954.This implies that when the hyphenation rulesare applied to new unhyphenated words, hy-phens will be inserted 
orre
tly, ex
ept in a fewforeign words su
h as ra
e and deus.6 Con
lusionWe developed a hyphenation program to im-prove the quality of a di
tionary database, andto provide new words with hyphenation po-sitions. Earlier hyphenation programs 
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