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AUTOMATIC HYPHENATION OF FINNISH

1. Introduction

In thisz paper, those s ; t I,
structure will be discuss =

high-guality, moderataly ient and obherwlse

tically implementable hyphenation algorithm. The meaning

the notions high guality, mederate size, cllicicncy, and 1
2,

mentability should e be agreed upon. iler only quality wall
be dealt wikh,

Optimally, a hyphenation algerithm should (a) biloe to
identify all potential hyphenation points (hencelorth: HPa),
and () do no ercors. In accocdance with standardized terminol-

gy, we Lalk sbout recall and precision. Recall defines the
g of the model, precision its correctness rabe,

Full recall ansg that all potential HPs of ordinary
unecdited running texkt were spotted. A potential HP
syllable boundary that complies with certain morphelogical and
typographical requirements. The former restricbions concern
morphologial compl (corpound or derived) words, chpecial by
those belonging to the following three groups. [Throughoul
this paper, erronsous hyphens ace itmmediately prelixed by a

star. Correct hyphens are indicated in the normal way.}

compounds with a medial n or 5 dmmediately purramndod by
vowels, e.g9. Ransane*-dustaj kardiml*=aenltyn pro

kansan-cdustaja, karsimis-esitys,

complaex word-[ with a medial diphthong omll

=lnd, wleate
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- pompounds where a noninitial member starts with a conto-

nant combination, e.g. pikkup*-lapeetta, neekeplgf-

hetto pro pikku-planeetta, neckeri-ghetto.

such HPs are unacceptable because one letter is digssociated
from where it morphologically kelengs, and because the nywhen
runs eountet to syllable structure

The basic typographical reguirement is that phenelogically

possible syllapifications such as a*-lue, i*-soisd, yalti*-o,

korke*-a are not potential HPs. Successful hyphenation must

refer at least two letters bo both lines {of which at least one

st be a vawel, e.g. stf-ratosfdici is not allowed]. Syllable

e

boundarics af this type are not potential HPs and need not be

treluded in recall assessments, Neither should they be suggest-
ed as HPs by a sophisticated algorithm.

The precision of a hyphenation algorithm making no ecrors
is, of course, 100 %. There are many wWays of estimatipng how
close to pecrfection a given algercithm is. The stricbest re-
gquirements are set when precision is determined in regard to
unedited running text insluding i.a.:

- all inflectional and derivatienal forms of native wWOrds,

- compounds such as kansanedustaja, ydinenccgia, vok Lubi,

pikkuplanestta, kKuskkustrudmnd, pienelainklinikka, neeke-

righetto,
- loan-words such as demonstraaktio, inflaatio, transplan-

toida,

- foreign names such as Mpnsterhjelm, Whitbread, @Zagort-

schik, Milpghen, Ghothzadeb,

- acronyms such as WSOY:113, SEDL

- word [orms containing non-letter characters such as

kilpa=aje-ori, naimisissafnaimaton/leskifeconnut

The most difficult hyphenpation problems acce engcountered in
compounds consisting ef native and/for borrowed parts. These are
not typical top items of [reguency digctionaries but frequent
enough in cunning text to pese a prohlem. Therciore, preciaion
cannot be properly estimated on the Sasis ef froquency diction-

Wi -

aries alone. Such estimates are bound to yield uncealisbically
good results.

Recall and precision are nob independent of ecach other. By
lowering tecall standards in order to avold cecrtain Lypes of
errors it is possible to raise precision. But this is noc
oprimal Erom the viewpoint of implementation realism. An inten-
tionally lowered recall tends to leave [alrly long letter
geguences {e.9. longer than 7 letters) where no HP is spotted,

o, difficult instances such as astanosalsena, betopiscinama,

real surroundings cannob leave such residues.

2., A sucvey

Ihnrmhcpmu
The noetion "rule™ here refers to any potential generalizacion
concecning the locations of HPs. The basic Finnish hyphenation
tule i1s the CV-rule (1].

(1} There i3 an UP belore any CV-seguence {l.e. seguence
of consonant + vowel}).

The recall of the CV-rule alone is 95,7 3 and its precision
98,7 % when tested on & running text of 6,000 word-=form tokens
containing some 13,000 HPs. Plain Ov-hyphenation thus works far
better in Finoish than In e.qg, English or Swedish. This is due
to the high congruence between morphological and syllable
boundaries in compounds. But disturbing ercors at & rate of
more than 1 % still remain, e.g9. kansa*-pedustaja, Limanttia®-

lalla, varap*-residentti. The lacking recall is manitfested in

vowel seguences such &s maa-ilma, raa-oissa, naythely-osasto.

The recall and precision of the CV-rule may Le improved
upan by postulacing hyphenation cules [or: (2} sequences of
three or four vowels, (1) some seguences of two vowels, (4)
some sequences of two or theee consonants, (5) the conscnants n
and 5 in certaln word-medial contexts, and (6) non-lebter

charackar:s.,
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¥, The CV=rule

The CY¥-rule (1) and its central Eypographical requirements weee
stated above, Some mofe pervasive cestrictions on this rule
ahould now be consldered, Pirst, proper CW-hyphepation is de-
pendent upon the nature af an eventually preceding VVW-string,
AfLer VW-ztrings, CV-hyphenation is poasible only if the sccond

vowsl of VW is i. Thus, one can hyphenate ajankohtai-nen,

bErlapii-sen, varoi-tusta, haltici-tumaan with a wery small
=4 1ap =l ¥

r risk (is50i%-238113). Wikthout Lthisg testriction, numerous

o
ors would be produced; lapia*-jokielto, parig*-vella,
-

assac*-loon, pucliu*-neen etc.

[

Second, the CV=Tule must be made subrordinate to certain
special rules concerning medial CC-combinatiens in compounds.

Otherwise, ercocs such as Yarap*-cesidentti, xonwnuw|mcmm:ﬂnf

yik*-1lubi, paxkist*=reganoff are Lound te occur.

Gecisions have to be made for how to hyphoenate cectain

Letter strings occurring anly in loans. Are e.q. hyphenations

such as Ric-hard, Manc=hester acceptable?

4. Rules For three=- and [our=vowel strings

Im mosc WWYIVI-strings there is a unigue HP unneticed by the
CW=rule. The wowal tules below are equally wvalid for simplex
and compound words. These rules are presupposed not te apply to
vowel strings where the less of a k due to consonant gradation
has been marked by an apostrophe {e,g. raa'an, poi'itte,

tiv'unm}, nor te vawel strings in compounds whoere the hiatus

betweaen identical vewels is hyphenated by ancther convention
fe.9. erdmaa-alueen, maanantai-ilta).

{Za}) It there are Ewo ildeptical adjacent vowels in a
three= or four-vowel string, there is an HP botween
Ehese and any neighbouring vowel.

-

The relevant types are Vo= vowel):

V-aa aa=v
V-di dd-v
¥-ca eg-V
V=i G-V
V=oo no-\
V-1l ii-v

¥y -V

[FIFERN

The [ollowing ace examples of the application of rygle (Za}:
raa-aoissa, raa-uvitte, perjantai-aamu, sunnuntai-uusinta, raa-
emnpi, alue=pukiser, radio-uutinen, mosa-iikki, ka-cottinen,
mid-yntd, kocxe-aa, vedke=53n, kuti-aa, valti-oon, yhei-&dn,
mini-ddnsd, ainoe-aa, halu-aan, pesy-een, kiry-id, ndkd-ain, po-
cebtinen, kole-iing, muse-oon, elake-gudistus, puolu-eessa, di-
wetbi, heroo-inen, hera=-iint, pParo-uuni, maa-ilma, raa-unta,
lii-an, lii=stj, fUu-assa, puu-istutus, mii-itte, Noo=an, pii-
elinke]no.

The following rule (25), which i3 nothing but a lisk of
instances, completes the byphenatlion of three- and Eour-vowel
strings. The mostk Erequent Ly oCourcing strings have been D=
ived by a plus sign.

{2 In the follewing three- and four-vowel strings the HE
iz where the hyghen indicates,

STRING EXAMPLE

Al=0OT ai-oin

AI-U1 periantai-winti :
AL-0O1 Lau-oisgs

EU-01 leu=oissa

IE-O1 lig-nissa

[E-UL kic-uitbe

OI-01 loi-aimme

OI-41 Joi-uissa
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0g-01 hua-uimme

¥O-YI hyé-yissd
A=ET la=-eissa
-0 va-oissa
E=AL halke-aisi
-0 nope-oida
E-AT repe-aigi
B=01 Lipe-Gida

b [-AL kuti-aisi
I-A0 farmari-auta
I=EU keski-earooppalainen

+ I-01 asi-oikta

+ I-AT aelvi-disi

+ I-01 yhti-oita

+ O-p1 kaha-aisi

+ U=Al halu=aini

+ U=EI punlu-elssa
=01 salppu=-oita
¥=EI prsy=oikd
¥l kiiry-disi
A-Y1 ni=yisod
A=D1 pi-Gissd
AL-R tai=-an
AL-E perjantai-esitys
AI-0 ai=on
AI-U Kali=un
A=A kau-an
Al=E hau=-en
EU-A leu-an
TE-i lie=an
IE=0 lie—on
LE-0 kie-utbe
1E-Y tie=yhdlstys
I10=h valio-akku
I0-E valkbio-elin
Ii-E yhbid-esitys

-9H-

Li-i
1u-a
IU-E
iu=-0
QI-A
0I-E
oI-0
01=u
au=-E
ou=0
UE-A
UI-E
Uo-n
vo-1
uo-u
¥E-h
¥i-E
RI-E

kiu-as
lLiu-eta
liu-ote
joi-ata
oi=ekta
ai-omme
joi-un
lou=akbba
EQu=0an
puasluc-ansiot
hui=eta
Tuc-an
ruo=iss

hua-ubbe

tyid=olike

sdi-etta

The list centains some sterings whece the HE location is, in

S

fagt, ambiguous: EAL, EAI, [AT, IAU, I[OI, IAL, 18I, UAl, UETL,
¥YEI. Most of these, in particular 10! and IOI, are so Ereguent
that recall considerations argue for hyphenating accerding to

the [eptimized} proposal. OF couwrse, this will leave a small

residue of ercocs, ©.9. hope*=aistukka, geminaati*-oilmid,

keitbi*-Gikkuna, puolu*-cilbamat.

The Following amblguous strings have not been included in

the list [2b):

AUL
f%4]s]
ELA
[OU

hau=issa / ha-uissa
tau-on /S vara-uoma
rei=dn / elake-ian
kavio-ura / hi-ocutua

1t would he easy to generalize over some of the instances (2b).

E.g., given that X stands for all vowels except i, the HP wou Ld
bbe afber the middle i in Al=-X, EI-X, OI-X, UL-X.

Rt .
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3. Bules for two-vowel strings

For combinations of two vowels, two subcasces may be distin=
gquished. One concerns HPs due to vowel harmony (3al, the other
certain nondiphthongs (3b0).

l3a} If a two-vowel Skring runs counter to the reguice-—
ments posed by wveowel harmony, there is an HP be-
tween the wvawels,

The fellowing nonhacmonic strings thus contain HPs {ay, fre-
quent in English borrowings, has not been included). As above,
Plus-signs have been prefixed to the most freguent ones. Some
of these strings are noxt ko nonexistent.

STRING EXAMPLE

A= sukkela-dlyinen
+ A=l raaka-éljy
O=f teko-3ly
o= kanto-yrikys
t Q=0 osto=o0l]y
o-4i
=
u-¥ kaasu-yhtid
+ K-k midri=-ala
+ -0 cteli-osa
h-U epli-urheilullinen
v O=3 henkilé-arvio
G-0 kiinteistd-osake
-0
+ Y-A myckky=annos
Y-0 risteily-ohjus
Y-u nyky-urheilu

Rule ([3b) provides HPFs [or nondiphthongs. BY definition, these
strings contain a syllable boundary between the vowel segments.

(3b) The [ellowing nendiphthongs contain an HE.

STRING EXAMPLE

+ h=E anta-ess5a
h=-0 kala-oSkos

+ E=0 Lae—-0g

+ =N adio-ant
u-n auktu=asta

+ Rh-E vatli-assh
A-0 ulkond-ossi
O-E nikb-eriskys
Q-5 ndké-dni
¥=E nyky=ennusta
¥edi kadnby-dkscen

The =trings EA, EA, Ia, I&, 10, 18, OB, UE have naot heen
included since they would often overgencrakte ercors like
korke*-akoulu, He*-ading, lipe*-ikala, ko*'-chisitbely. Cf. rule

{32) for some precisions.

tic) The [ollowing Ereguent word-Linal strings are hy-

phenated as indicated.

STRINGE EXMRMPLES
+ E=AN, E=AT karke-an, karke-at
E=AN, E-HT hilpe-in, hilpe-it
I=AN, 1=AT halti-an, halti-at
1-EN sali=en (except alter k)
1-CN, 1-07 valti-on, valti-ot
1=AN, I=aT mini-dan, mini=at
1-0N, 1-07 neli-dn, neli-&t

=10 =
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ule for consanant strings

The Cw-rule properly hyphenates all domestic consonant combina-
tiens, e.g. kal=lio, yk-si, mels-keessi. Problems are poscd by

simples leans and by compounds where & word=medial (borcowed)
pact beging with a consonant cluster. Hyphenations such as
Lundsti-zdm, Whith*-read, voittop*-rosentkbi, nakkist*-roganoff

are unacceptable. Rule {4) staktes some Instances where the HP
5ansmwpmhumnnmnmaUcﬁonmnmnnmpaznhuuamawmy ﬁzaununmnzp:r

compinations.

strings (with a consonant or vawel to the left, and a

vawel ko the right].

STRING EXAMPLES

-BL Lind-hlad, Ek-blem, suurvalta-blokkid

=B kilpailu-bridge, kekonals-brutto, Rem—brandt
=DR perhe-draama

-FL housu-flanelli, in-flaatio, Bulter=ELly

=PI Wil=Fried, seind-[reska, kohtelialsuus-fraasi
-GL lihas-globuliini, pre-glasiaalinen [pot after H)
-G Lind=gren, milli-gramma [=%=}

-KL hammas-kliniikka, basso-xlarinetti

-KR kulttuuri-keiisi, raamatun=-kritiikki

—EY jazz-kvartetto, sdteily-kvantei

-PL gus=platopnismi, neni-plastlikka

-PR apulais-professori, ilma-prikaaci

=-QL rupla-clearing

-0 Lund-gvist, Er-gvist

-50CH Welk=-schmerz

This rule is based also on Strategle reasoning in the sense
that there are o few domestic words containing some of these
strings, in particular KL, KE, PL, PR. Counter to {4), these
words are hyphenated wik-=1a, wuok=rakta, kup=lia, etc. The prop-

er solutien is Lo list these words, amounting only to a fow

S FE

(4] There is an HP before the [ollowing word-medial

kens, as exceptions te {4). This finite procedure makes Lt
possible to use (4) as the general case.
But there are also borrowings diverging from the prescrip-

tions of {4), e.q. ak-vaario, hyb-ridi, sop-raang, mig-recni.

Furthermore there agre many frequent nendomestic names such as

Lind-skrém, Sid-stedt, whose HPs are not propecly determinaed Dy

the CW-rule and rule (4} as they stand. The enly conceivable
solution is an optimized freguency-based exception List. We
hawe compiled such a list containing some 10U ttems. Rule (4)
and the list together eliminate ercocs such as jazzk*=vartebbo,

lapsip*-sykiakri, Lindst*-rém, neckerig*-hetto,

7. The H/S-reskriction

Trivial Fimnish hyphenation programs contain only the CV-rule
ar some eguivalent ol iv. In programs with highec ambition
levels, the most persistent hyphenation errors conoocn CCeotain
word=medial strings consisting of:

wowel + n of 5+ vowel ¢ gonsonant + vowel

Ercors: asianof-mistaja, asia*-pomisktaija, asuina*-lucet,
asui*-nalues

t, haavoituso*-sasto, kaavoitu*-sosasto. The prob-

lem is that thece are three potential HPs in these Strings but
no fully safe non-lexical means of pigking the right oneis).
oF: :

CORRECT HP(s) EXAMPLE

¥ u/s5- Vv CWw hevo*=s=p*-mistala

Vvo=Hf5 ¥ -CY pinta-s*=i=vistys
Without a full root lexicon and a sopbisticated operational
derivational morpholegy there is no way of knawing on whict
side of the B/5 there is an HP, or whelher there 15 more than

one HP in the string. These ambiguous skrings are especial 1y

~1hs-



likely to ogour ia dnrived wards whose (all) components weould
not be [gpnd even in an extensive root lexicon. 3ome examples
with -ys-derivatives nave been provided above.

These crracs may be safely avoided only by lowsring recall
in regard to the critical H/8 strings.

(3) & word-medial pattern of W Hfs W EW iz not hyphen-

atned at all, provided the N/5 is not at the f[irst oc
last syllable boundary of the word.

(5) is a4 restrictien on the cyv-rule and leaves unhyphenated

strings such as the follawing italicized ones: kan-sanedus-

tr
taja, kaavei-tusosas-to, Rehi-tysapua, be-toniseindmi. The
restriction eoncerning ayllable boundaries is necessary it
cecall Ls nob to be lowered so much as te render the algerithm
practleally uscless. As it stands, {51 allows hyphenations like
ka-nala, kana-si and has a recall lowering effect of some 2 %.
The practical proeblem with (3} is that it leaves a residue
of faicly leng (7-L2 lektkers) unhyphenated strings (ef. section
1. In real systems, it would be adyisable teo imploement (3) to

he interactively checked by the human user.

§. pvaluation of implementations

Using Hrodda's BETA-syslem several versiens of the hyphenation
fule set have been implemented. The versions differ in regard
ta recall and precision. Different performance levels might be
appropriate for dilferent purposes. OF course, an optimal im-
plementation with Full coverage and minimized ecroc rake re-
quices more memory space and processing time than one compromi-
sing in either or both respeacts.

Pirst, we reiktecate that plain C¥=hyphenation, il.2. an
algorithm esentaining only rigle (1) while complying to the
typographical requirements, has a tecall of 95,7 % and a preci-
sion of 98,74 %.

The camplete version of the algerithm, BETA/FI6/HYP, mod=

=100 -

e2ls optimal hyphenation with maximal precision. It implements
tules (1-5] in the Eorm stated above. In particular, the HA5-
reskriction (5] is strictly interpreted. Ho chances arc taken
in hyphenating medial vowel-intecrnal n's and s's unless [full
security obtains. BETA/FLIN/HYP includes a list of some 250 ex-
ceptinnal wards or parts of words running counter ko the gencrs
al rules. This list is in addition Lo the ans mentioned in
connection with rule (4},

The recall of BETA/FIN/HYP is 95,0 1% and its precision,
within these confines, 99,86 - 99,95 & depending upoen what kind
nf text is being processed. It thus raises the precision of
plain CV-hyphenation by more than 1,1 %. These figures decive
from a test corpus comprising §,7%9 words of running text with
some 15,000 potential 1Ps. BETA/FIN/HYP thus eliminates almost
all errors lefr by Cv=-nyphenation and lags only some 0,1 & from
perfection. Its main limitation is practical and due to the
fact that recall was compromised in order %@ maximize preci-
sion. Some 2 % of the word Eocms in running text come Lo
contain sequences ol 7-12 letters where no HP is Eound with
esertainty. Relevant examples are the italicized strings in e.g.
bud-jet-tiesitys, kor-kgakouluis-sa, val-tioneuvog-ton, uu-del-

legporien-toi-tu-mi-nen, mas-sayliopis-ton, kon-sert-tivleisad=

jen.

The fmllowing example shows how HETA/FIN/HYP applics to
running text. ALl HPs identified by the progcam ace indicated
by hyphens. This particular text eontains some 450 words with
497 potential HPs and happens ko be free from ecrors. Aall
unhyphenated strings longer than 7 letters (H=12] have been
underlined. Not a single ene ocoucs at the actual border of two
lines, i.e. deficicnt recall causes actual harm only in a
fraction of the instances {and then hyphenation should he
interactively checked). R1l potential HPFs not spotbed by
BETA/FIN/HYP (H=41; 4,6 %jara indicated by a manually added
slash /.



Application of BETA/FIN/HYP t

EAS-KU-JA, VIT-SE-JA, PI-LA-PILlR=-ROK-5IA, KO-ME-DI-OI-TA, PAKS-
SE-J&, HU-PAl=-LU=JA, HUU-LIA JHE. TAR-JOIL=LAAN [H=MIS-TEM KU-
LU-TET-TA-VIE-SI PAI-VIT=-TAIN ¥YHM=PA-RI MAA-IL-MAN SUUN=HAT=T0-
MI-EN TUQ=TAN-TO- JA LE-VI1=T¥5-KO/HELS-TO=JEN VOI-MAL-LA. JOUK-
RU—TIE-DO=-TUKR=SEN ULOT=-TU-MAT=-TO-MIS5-5h ELAA VIE-LA EDEL-LIS-TH
HULl=KE-AM-FI EAS-KU-JEN JA VIT-S5I-EN FLOO-ka, JO-KA EI OLE SO-
VE-LI/AL-SUUS-S5YIS-TA PARS-5YT MO-NEN-KAAN PAI-MO-KO-NEEN PU-
RIS-TUR-S5EEN, MUT-TA JO-KA UH-EUU SUUS=TA SUU-HUN KUL=-KE-VA-HNA
PE-HIN=-TEE-HA ELIN=WOI-MAA. OSA TAS=TA KAS-KUS-TOS=Th PAI-WIT-
THAIN URQU-TUU. MUT-Th AJAN-KOH-TAI-SIS-TAh TA-FAH-TU=-MIS-TA
SYN-TYY VA-LIT=-TO-MAS-TI UU-DET KAS-KUT JA UU-DET VIT=SIT. KAN-
SAN-PE=HIN-TEEN LA-JI-HA KAS-KUT OVAT TAA-JARAN SI-KISA/VIA,
RUN-SYI-LE-VI& JA SA-MAL-LA EH-EA HA-TA-RIM=MIN TUT-KIT-TU=JA.
ENG=LAN=TI-LAI-NEN ES-TEE-TIK-KO 3SPAR/SHOTT ON TO-DEN-HUT, ET-
TA UGU-MO-RIN-TUT-RI=MUK-5EN ALAL-LA MO-HET JAL=-JET VIE-VAT
LUC-LAAK, MUT-TA YH=DET-EAAN EI-VAT TU-LE ULDOS. LI-SAK-51 VA1-
TE-T&EN, ET-14 HUU-MO-RIN-TUT-KI-MUS-TA PUI-S5E=VAM-PAA PUU-HAA
SAA HA-KE-MAL-LA HA-KEA. KYL-LA TA-MAN-TA-PAI-SIL-LA EVAIL-LA
JO KE=SAN=NOI=-TUI=5I MI-KA TA-HAN-SA PEL-TO. KUN RU-VE-TAAN
JAL=JIT-TA-MAAN KAS-EU-JEH Ja NY-KY-PAI-VAN VIT-SI-EN MEN-NEI-
SYY¥T-TA, JOU-DU-TAAN PI-AN TE-KE-MI-SIIN SA-TU-JEH Ja BRI=TY¥1-
SES-TL PI-LASATU-JEN KANS-5h, JOI-DENM JUU-RET JOH=TA-VAT IN-TI-
ARN JA KII-NAAN, MIS-TA ON TA=-VAT-TU PI-LA/SA/TU-JEN VAR-HAL=-
SIM-MAT LAF-TEET. PI-LA/SA/DUIL-LA ON OL=LUT VA=-KI[N-TU-HUT
RESE-MAN-5A MYOS AN-TII-KIN KREI-XKAS-=SA, MIS-5A SA-DUN-KER-TOD-
JI=EN QH-JEL-MIS-TOON OVAT MUUN MUAS-SA EUU-LU=-NEET KE=VY-ET .JA
USEIN ERQOT=TIS-SA-VYI-SET PI-LASSA/DUT. HII-DEN AI-HEL-MIIN
POH-JAA-VAT MO-HET OVI-DI/UK-5CE8 ME-TA-MOR-FOQ-SIT, JOI-TA ON
LOY-DET=-TH=VIS=~5A SUC-MA-LAIS-TEN-HKIN KIR-JA-KAUR-FO-JEH JA
BIR=JAS-TO-JEN HYL-LYIL=TA MAAN KIE-LEL-LE KAAN-NET=TYI-NA. [L-
MEI-SES=TI KAN-SAN-OMAI-NEHN PI-LA/SA/TU-DE-RIN-NE ON EU-ROO-
PAS=5A LE-VIN-NYT LIOK-RAIM-MIN KES-KI/AJAL-LA KIER-TE-LE-WI1-EHN
TEI=-NI-EN HUU-LIL-LA. HEI-DAN SU0-SI-MAN-5&, ALUN-PE-RIN RANS=
KaS-TA LAH=TE-NYT JA 1200-1300-LU-VUL-LA YM-PA-RI EU-ROOF-FAR
FIRS-TOU-TU-NUT FAB-LI=-AUX=RU-NOUS, JO-KA AM-MEN-S] Al=-HEEN-5A

bl -

TIS-TEN KIR-JOIT-TA-JI-EN KY-H15-TA, OLI KAI-KES-5A HER-LLS-T]-
SUU-DES-5AAN PI=LAT=LE=-VAA, AR-VO-Ja HA-PAT/SESVALE Jh AJAG-SAAN
SUO-RAS-TAAN EA-PINAL-LIS-TA. PIL-KAH-TE-ON KOH-TEI-NA OLI-VAT
YLEEN=S& AVIO-LIIT-TC Ji AVIO-ELA-MA SE-KR SHN-HEN KALK-KEA 0EN-
GEL-LI-HEN SAA=TY PAP=PEI-HEEM, MUNK-KELI-NEEN JA MUN-N[-HEEN.
HEI-DAN ELA-MAN-TA=PO=-JEN=5A HUE-JAA DUCL-TA ESI-TEL-TILIN KALl-
TE=LE-MAT-TO-MIH JA IVAI-LE-VIH SA-HA-RAAN-TEIN, JOT-KA ANT
HAR-VOIN KIER=-TYI=VAT SAA-TYYN KUU-LU=VI-EN EDUHE=-5T. BOC=CAo=
CI0 ON KAYT-TA-NYT DE-CA-ME-ROHNEH-SA, SA-MOIN KUINW CHAU-CER
CAN-TER-BU=-RYN TA-HI/WOI/DEN-5A AI-NMEIS-TU-NA LA-HES YK-5IN-
OMAAN KUU-LE-MI-AAN JA LU=-KE-MI=RAN PI-LA/SA/TU-JA. NAL-DEH
TEQOS-TEN HKER-TO-MUE-SET KIE-LI-VAT NY-KY-AJAN IHN-MI-SEL-LE EH-
Ki PAR-HAI-TEN MEN-HEIT-TEN AI-KO-JEN PI-LASSA/TU-JEN SUO-51-
TULM-MIS-TA AI-HEIS-TA. PI-LASSA/DUT KU-THN EAS=KUT-KIN OVAT
Al=HE=PIl=-RIL-TAAN REA-LIS-TI1-5[A JA DPOI-MI-VAT AI-NEK-SHN=5A
AR=HI=FAI-VAN ELA=MAN TI1=LAN=THIS-Th. SA=-TU=JEN HKAR=KI ON-KIN
MO-HES=T1 SUUN-MAT-TU IH-HMEI-TA HA-VIT-TE-LE-VIA JA TOI-SHEH-
LAT-SES-TA ELA-MAS-TH HAA-VEI=-LE-=VIA VAS-TAAN, Jh USEIM-M1-TEN
HE JOT-KA AM-TAU-TU-VAT UNEL-MIEN-Si VAL-TAAN, JOU-TU-VAT HAT-
KE-RAS-TI PE=TE=TYIK~-51 JA NO-LA-TULX=SI. KAS-KUIS=-TA PI-
LASSA/DUT EH-5I-SI-JAI-SES=TI ERD=-A-VAT SIT-HA, BET-THR JAL-KEIM-
MAI-SET OVAT Ta-VAL-LI-SES-TI MO-HI/EPI/S50/DI-5IA JA HIL-DEN
WAIH-TE-LE-VAT HAYT-TA-MOT J& KEK-SE-LI=-BAS-T[ ETENE=VAT Th-
BAH=TU=MAT LUO=YVAT USEIN ESI-TYK-5EL-LE TAI-DO-KAS-TA DRA-MANT-
TI-SUUT-TA JA JAN-TE-UYYT=TA. SUD-MA=LAIS=TEN PI=LASSASTU-JEN
TUN-HE-TUIM-HMAT HEN=-KI-LOT OVAT EPAI-LE=-MAT-TA MAT-TI Jh BI-RU.
MAT=T1, RKOY-1iA JA HEI-VE-ROI-MEN POI-KA, OH PES-TAU-TU-HUT PI-
RUL-LE REN-GLK-SI, Jh HAI-DEH KAH-DEH VOI[-MAIN=MIT=TE=LYIS=TH
S5A=DUT RA-KEN=-TU-VAT. MAT-TI SEL-VIT-TiAlk KIL-VAT PI-RUA ALYK-
EAAM-PA-HA LA-HES POIK-KEUK-SET-TA EDUE=-SEEN. MAT=TI VOIT-TAA
PI=-HUN KIL-PA/SY0N=NIS=54 MAT=-TA-MAL-LA PUU-RON RIN-HAL-LEEHN
SI-TO-MAAN-5A SEK-EI1IN. MOU-KA=-RIN=-HELT=-TO=-KIL=-VAS-5A MAT=TI
FE=RLL VOI-TON UH-KAA=MAL-LA HEIT-TAA PI-RUN HO-PER/MOU/EA-RIN
PIL=VEN-LOM-GAN PAAL-LE, JOL-LOIN PI-RU HA-TAAN-TYMEE-HA LUO-
VUT-Thh KO-KO KIL-VAN. LAS-TEN HU=VA=LEH=T[ JUL=KAI=SI AI-HKOI-
MAAN WUO=5I-EAU-50A MA-TIS-Th JA PI-RUS-Th KER-TO-YAA SAR-JA-
EU-WAMK OT-S5I-KOL-LA MAT-TI JA PEIK-KO. HA-TIS-TA JA PI-RUS=-TA
KER=TO=YAT PI-LASSASDUT TOIS-TA-VAT PE-TE-TY5-TA PA-HO-LAI-SES-

1
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T RER=TU=WAN o™ EBUB BOaeh ™ fsidey AR o200 T —mtade——t=—am
YAT-TU Sh=TA-KUN=-TA JA JOT-HA LAI-HAOD-TU-VAT WEIL-LE SUU-REK-51
O5AK-5T  IDAS=TA. TR=-MAN al-HEEN KAN-SAIN=VA-LI-SES-TI1 TUN=-HE-
TUIH TO=TEU-TUS LIZ=NEE OpYS-SEI=-AS-TH TUOT-TUO P=LY¥-FE-MOS-MO=
r1i-%I, JOS-5h JAT-TI-LAI-SEH AI-HO-AN SIL-MAN SO-KAI-SEE
ALYYH-5A TUR-VAU-TU=NUT ODYS-SEUS, »rEL-KU-KAAN> =,

peeall is lacking and uwnhyphenated atrings arise ecspecially
when word-medial vowel combinations and n's of §'s in short
syllables occur intermittantly. The word hi-plisevd: is a pet-
Linent example. Potentially, L. dapending apon morphological
structure, there could be HPs as in hi-pi-i-s-e-v&a.

The long unhyphenated strings due to intenticnally lowered
recall may be largely eliminated, at least to 70 %, by imple-
menting the M/s-restriction (3] as an interackive tule intca-
ducing secondary hyphens. Their correctness should then be

chenked by the human uscr. Such a gecondary hyphenation rule

not dependent upon mocpholegical information Cuns an eccoc Cisk

af 4,6 % when hyphenating in the contexts v_ny, ¥_sV, and a

somewhar higher error cisk eof 13,2 % when nyphenating in the

contexts ¥nv OV, VsV _CV (at non-first gyllable boundaries Lhis

risk ig 22 %, for o no less than 35 %1).
word-medial ViCW-strings beyond the first syllable bounda-
ry must be hyphenated V1-CV even at the risk of producing a Bew

arrors like isoi*-sd. Otherwlse, pecall will be lowered Lo an

impracticable level.

The Enllowing list exemplitices the performance of BETH/ -
FIN/HYE upon words that are ecspecially difficult to hyphenate
progerly while beying Lo cptimize recall. The list was compiled
for the very purpose of testing bhe system against as tough
inotances as possible and is thus not representative of running

texk, Ergors belonging to the 0,14 = 0,05 % precision deficit

are preflized by a star and the carract I[P iz provided in paren-
theses., Upidentified potential HP: are again indicated by a
manually added slash, and unhyphenated strings Langer Lhanm 7

letters underlined.

Applicetion of BETASEIHNAHYP to difficult t

||||| e

EIE-LI=ALU=-EEL=LA YLI=-OFLI5=-10

PAR=NET SAE-5A Ha-RU=-Aka=PALR=RA
SAl-KU-ERIS=TYS

U -HET < LU/ L LA-MAN MO-NI/ALA Y RIE-Thed1-Ex
TI-MANT-TL/ALAN
VA-RA-0S1-BH
ERIN=0MAL=5SEN

WAL

TH=DSAL-0LA

AR =T - LY —O8AS TS
UH=RA/ Y HL=TYS
UL-KU-AS5T-AIN-VA-LIDSREUN=-"TA
YOIH-ASEL-TA HE=HI-TY5 /Y N-TE[S-1YU=05A5-T0
PUO-LI0*-HEEN [PUO-LI-} SO=TE=LaS=VT=HAN/OMA L -HEN

M ARAK -5 1 BAM-SA-LALS/0PTIS-TO

VK- KOS/ BVUE-TA-J4

NI =MEN=OMAAN

K = KU A AN -MAT-T 1 - KO- LU

RE=HI-TYS5/YH-TEIS-TYU
AR LR AL L= LA YH-TEY/DEN O =T = AM-M L
LAA=TEN=5USSO5AN

RAR-51=M14=8E5 [=TYK-5E,
(RAR-5I-MIL5-]

AT =AN-D8A] S 5E=1A HALS-AE1A/HNAL-5LA
TUl-S1IM BIAT-TE=LI=F0OT=TA ARSUIN-ALU-EI-Th
WK =21 ASTHOM

EK-3LOH LIND=HBLAD

WIL-FRIED
REM=-BRANDTI L=LA

MaN-CHES-
FOE-LAMI-ROLE (DE-Li-)
FEH=-HO-5RRN=-DT=Aa5=5A ULL-5TEHN

DRAGE-FIARD BUT-TER-FLY

E L= Ll NG=TUN IN-FLAR=TIO
AI-WE-BRYCHOP=F1N {¥=CUOF-) SE-GEH=5TAM

WHT I =8READ

IS = WA R= A
FORTS=MOUT=1118 2a=GORY-5CHIK

P LHL-GREN HOCH-SCHUL- KUR-SE
*eLATN-KLINIE-EA (PIEH=) JAE*-BIL-TA-MAT (JAZZ~)
NEE=RE=RI-=CHET-TDO E...szccuu. Lan
AR 8| TYL-ELA-KE
TY¥G-LAN DLOS=0T=T=MI
[A*—NI*=KUT-HEN (LIS&H-1 ELA-KES TN
FIN-LAY fS0N MUG=T = SHOW
RUI-ME-PRO-TES=TT NIE-EHG-LAN=-TL-LAL=NEN
HUL=ME=-PRO-TES-TI

“YH=TY=MA

o N



GULDS*-MITH (GOLD=) TYOP*~ROSES-51 (T¥=)

BLE-KU-BLA/NEET-TA BYYS-ALE

U =5 I50/LA-TIONIS -1  (UUs-} YLELS-AVALN

- KLU-al L1-SA-KRAA-SA
Sh-TEL-LY-STAH-DAR=D] HMUR=RAYN
MIGIT-CLUB TO-YO-Th {PTOY-)
RAY/MOND AI-O1IN

LEU-DI5-5h LA-EIS=54
HAL-KE-A[-51 EU-TI-AI-51
LI=bBE=01~DA RE-PE-Al=5]
HES-KIE*=URDOP-PA-LAI-HEN [KES=H1=)

PUO-LU-EIS-5h EATE-PU-01-"TA
PE-SY¥-EI-TA BA-RY=RI-5I

ThRI=AH AD=ON

KAU-EN TLE-YH=D15-1Y5
YA-LIO-AKE-KU VAL-TIG-EELIN
YH-TIO=ES] =75 KIU=a%5

LIUSE=Th SAI/ET-TA

ThU-0H TE=KO-ALY

MAR = RA=ALA BAA-SU-YH-TIO
RIS=TH[-LY /O0-J1U5 AN=TA=ES-5H

BSOS VE-THA-ES-5h
Ba=La=05-T0s EAAN-TY-AK-SEER
NY-KY-EN-NUS-TEET Khli- KE-AN

SA=L1=EN 181 L-PE-AT
VAL-TI-OT VAL-TI-015-5A
BAS-SU=KLA-RIRET-TL KULT-TUN-RI-KE1I-51
SA-TET-LY-KVANT-TI UISP* =LA=TONIS-M1 (UUS-)
RUP-LA-CLEA-RING BAM-MAS-ELI /N1 S =HA
SEI-NA-FRES=KQ HOU-5U-FLA/NEL-LI
PER=[IE-DRAM=MA KIL-PAI-LU-BRID=GE
LI-HAS-GLO=-BU=LIT-NIA Va-LU-GRA-FIIT-TI
MELZ=20=50P=RAA=N0D EAL-LIO=GNELS=5]
TAP=LA VIK-LA
LAP=5I=P5SY-KI/AT-RI ETE-LA-SLAR-VI-LAL-NEN
KOS-KEN-KOR-VA-SHAP-51 AM-MAT-TI-5Th-TUS
POH-JOIS-SLO~VEE-NT AL =T0=STE=REOT
MAT-EA-STI-PEN-DI EM-HMEN-THAL

It is pacticularly relovant to examine how BETA/PLN/NYE fares
in cegard Lo compounds Wwith borrowed constituent packs, to
Gtrings of three or more vowels, and to nalive wocds witnh such
special shortencd prefixes as wus-, plen-. The vast majority

evan gl these strings is correctly hyphepated. Soms of the

2rrors, e.g. puoliut-neen and Rarsimi*-sesityksen, might seen

surpeising. However, in foal cexts, they belonyg to the almost
vanisningly small 0,14 - 0,0% % arror share and are due tao
recall optimizacion of certain word-medial ot word=final suf-
fixal elements.

The errors Qoour parktly in borrowings or other Loceion
words. These are 1mpossible to incorporate a#xhaustively in
Lexical lists that cannot contain thousands of items LE the
EYsStem 18 to be practicable, vartly the ercors appeat in a fow
individual stems or words running counktet to abherwise por-
wasive regularities {(@.g. the errors ooccurclng at the £i

1
syllable boundary in compounds such as pig*-peldinklinikka,

[

Gur-sisolationismi, where festrictions are not nossible ko

Shate since wusl, pient have inflectional Stems wit

E-
=
=
e
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after pien— or uus=).

Firally, the tolloewing List demonstrates bow BETASFIN/HYE
Lreats word tokens containing aonietter characters. These afe
quite freguent im funning texl and shauld be properly treated
By a high-guality hyphenation algorithm, As above, all the Hpes
identitied by the program are marked by a hyphen {(the lower
form of cach pair). Of coursze, not all of these hyphens would
actirdlly occur in 4 production voersion since soveral nonlebber
Q,;Hpn_..mnmnag.:_..m.nmm_._n.:mm_:,.:r._._,:._::.,fT.:....?...E..:E:.

is the unhyphenated word,



Application of BETA/FINSEYE to test words containing non-lettec

L

characters

ETELA=AMERTHKA
ETE-LA=AME=H]E=HA

LEIZEI-I®XATNEN
LETK-Kl=1%hI=-HEN

KILFA=RIO-0OR]
KIL-PA-RJG-0CRI

SELNARIORI-ALAHARMA-Y L IHARMR
SEL=8A=-J0-K1-ALA-HAR-MA-YLI-ILAR=MA

TEOL.YLIOPP.
TEOL .. =¥LI=-0PP.

TEGQL.Y0.
TEOL. =10,

DIPL. INS.
DIPL.-INS,

BEC:HTA
EEC:-5Th

UNIC: 1IN
UNIC:-IIN

HAIMATONHAIMISISSA/LESRI AERCHNHUT
HAI=MA=TON/-NAI-MI-5I5-5A/LES-KI/ERON-NUT

BAATANLAINEN
BAA-AN-LAL-NEN

D'API
D'API

=11 2-

O HAakA
Q" Ha= R

HENRY"S
HEN=RY'S

"TELSET"=Y¥RITYS

*MTEL-SET"=Y-RI-TYS ("TEL-SET"=Y¥RI-TY¥S)

1=VUFI'LAS
l=yUua-TIAS

22=VUGTI MG
2A=VUG-TT A

14,00
ld.00

13,76
L1, 90

Lad . oag. oo
100,000, 000G

YL IMAARR"

UL =MAA=RAY
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