UPFPSALA UNIVERSITY

Project ref. no.

Project title

Deliverable number

Deliverable title

Number of pages

WP/Task responsible

Author(s)
EC Project Officer
Keywords

Abstract

SGARRIE| ) )

SCARRIE Scandinavian Proof-reading Tools

DEL 4.1.3
Specification of Phonemic Representation, Swedish

12

Anna Sagall Hein, Department of Linguistics, Uppsala
Univesity, Box 513, S751 20Uppsala, Sveden
Email: anna@ing.uuse

Leif-Joran Olson, ljo@stp.ling.uuse

Pierre-Paul Sondag

Grapheme to phoreme conversion, spell checking, spelling
corredion, CORRe

This report outlines the phoremic representation d Swedish as
implemented for Swedish spelli ng corredionwith CORRe.



EXECUTIVE SUMMARY

Thistask consistsin the aedion d aspedficaion d phoremic representation for Swedish.
This edficaionwill bethe basisfor creding agrammar for the generation d aphoretic
dictionary of Swedish. The grammar uses the formalism for grapheme to phaneme @mnwversion
avail able in the CORRIe software padkage. The mnversion grammar and the phoretic
dictionary will be used as a part of a cmbined sound tased and spelli ng based word level
corredion d Swedish.

Conclusion: The grammar produces acarate phonetic representations and suggestions for
competence erors.

Some arredion examples reproduced from chapter nine of the spedfication. The word
following a >isthe user input and the numbered words are passhble @rredions. All examples
have the mrred word as number one of the suggestions.

> jora > diskisson
1.g6ra[900 1. dskusson [80Q
2.9or [70Q )

3.for [600 > konugn
4.fore[60Q 1. konury [800
5.forra[600

6.fyra[600

> grott
1. gétt [60Q

> kann

1. kan[70Q
2.fanns[60Q
3. hens[600

> shu
1.5u[900
2.s4[600

>jup
1. dup[90Q
> tj&g
1.tjog [90Q

> jystera
1.justera[80(Q

> diskution
1. dskusson[800Q
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Abstrad:
This report outli nes the phoremic representation d Swedish as implemented for Swedish

spelli ng corredion with CORRie.



1. INTRODUCTION

This report outli nes the phoremic representation d Swedish as implemented for Swedish
spelli ng corredion with the CORRIe software padkage. The phoremic representationis used
in the mmparison d the inpu string and the representations of the words dored in the
lexicon. This approach will hande both competence and performance erors.

The relations between phoremes and graphemes can be studied from two oppaite angles:

) how a grapheme is pronourced, Graphophonematic Relations, or

i) how a phoremeis gelled in writing Phonographematic Relations.

In chapter two and threethe rel ations between the phoreme andits gelling in Swedish is
presented as simmarised by Garlén, pages 157-162,[ GAR8S].

In chapter four thereisan dscusson d prosodic feaures. Some phondogica processs are
presented in chapter five. Chapter six deds with words with norelation between
pronurciation and written spelli ng and in chapter seven there ae some test words used during
the development. Chapter nine shows ssme arredion suggestions examples.

2. GRAPHOPHONEMATIC RELATIONS IN SWEDISH

The phoremes are represented by the IPA 1993symbals[SIL] in thisreport. In the
implementation the CELEX phoretic Alphabet, [CEL], has been used, with some
modifications though, sincethe Swedish language has nine vowels and rineteen consonants in
its alphabet. (Some of the vowel sounds were not represented in CELEX.)

Grapheme |Represents |Examples

a lal bar, hal, barr, hall.
b /bl bo, tub, stubke.
C /s In front of "e, i, y” in the same morpheme: ceder, citron, cykel.
cc ks In front of "e, i y” in the same morpheme: accet, succé
ch I or IX/
acording to:

/0 usually in words with French origin (where "ch” normally
represents /2 +/): champinjon, chef, champagne, charm.

/X[ usually in words borrowed from Engli sh and to some
extent Spanish (where "ch” normally represents /t%/):
charter, cheddar, chips, chada, chilen.

In afew English words, e.g. cheviot, /L is the normal.

A few words can have bath /[1 and /X/: chans, choke, match.

Ikl In the word och (and)

C Ikl In ather places, also in the mwmbination ck: ca€, cowboy, cup,
clown, crawl, flicka, suck.




d /d/ dal, rad, lada, ladda.
dj il Morpheme initialy: djup, dur, dé&vul.
/dj/ In the word donk.
e lal In some words borrowed from French: engagemang, cendré
e /el Usually when redised as”long’: ed, se
/E/ Sometimes (e.g. in the prefix er-, in names and foreign words):
erkénna, erhdll a; Per, Erling; intern, korsert.
e IE/ Always short redisationin front of "r”: berg.
e When redised as ”short” in ather placesalot of people use /e/
In some words and/x/ in ather.
f Ifl fel, tuff, soffa
g /) acording
to:
1. Morphemeinitialy or initially in stressed syllable in front
of e, i,y, & G': ge, gissy, gynna, gaspa, gora.
Exceptions for some foreign words in which /g/ is the norm,
e.g. ggser, getto, gerill a, logik, region.
In afew other foreign words/j/ aternates with /g/, e.g. agera,
gigant, zigenare, or with /{1 gigolo, giraff, geniali sk.
2. After”I” or "r” in the same morpheme: ag, galge, helg,
arg, berg, varg.
Some exceptions are foremost proper names and foreign
words:
/lg/ in e.g. Helge, Algot, helgon.
Irg/ in e.g. Borgd, embargo, largo.
g IN/ Between avowel andan ”n” in the same morpheme: agn, lugn,
magnet, regn, vagn, hagn.
Exceptions are: champagne,where gn(e) represents/nj/,
and words like diagnos, prognas (in which ”gn” stands
morpheme initialy in the original language), which are
pronourced /gn/.
g /a Infront of "e, i” initidly or in front of astressed vowel in some
foreign words, foremost of French arigin: geni, genera, logi.
ge a Word final andin front of an other vowel grapheme: garage,

prestige, sergeant.




o] /a In front of other vowel grapheme: religios.

g o/ In all other places: glad, gno, gris, gal, gol, gul, g3, egen, héger,
mOge.

o] il Morpheme initially: gjorde, avgjord.
Exception: Gjalarnornet which is pronourced /gj/.

h /h hal, hur, behodwver.

hj /] hjort, hjarta.

i /il is, sil, il ska, sill.

] /a In many foreign words of foremost French arigin: jasmin,
jargong, jour, projekt.

| usually /ijf |jaga, haj, hda.
In additionto this”j” occursin various grapheme sequences
which represents /[, /X/ and /j/. Seebelow.

Kk IX/ Morphemeinitialy in front of "e, i,y, & &": kela, kila, kyla,
kéra, kora
Exceptions are some foreign words and slang and children’s
language words, which are pronourced /k/: kefir, kex, kill e,
kis, kissa, kiss.

Ki IX] In kiosk (which has an aternate representation /k/).

Kj IX/ Morpheme initialy in afew words: kjol, kjortel, kjusa (small
vall ey).

k Ik/ In all other places: kal, kal, kula, kal, klar, krog.
"k” also occursin the combinations ”sk” och ”skj” which
represents /1. Seebelow.

usualy /l/ lat, tal, mala, tall.

In the cmbination”rl”, ”I” isusually "muted”: karl (man),
varld.

lj /] Morphemeinitialy: ljud, ljuga, ljus.

m /m/ mat, tam, timme.

n usuadly /n/  |ndl, 1an, ana, hinna

In foreign words from French which endsin ”-nd, -ns, -nt”
there ae spellings with /-Nd, -Ns, -Nt/ aswell as/-nd, -ns, -nt/,




e.g. fond,chans, brons, patiens, genant, intressant. The
pronurciation with /n/ is more frequent with younger spekers.

ng

IN/

Where "n” and " d” belongs to the same morpheme: séng, anga,
ring, gunga.

/ol eler /u/
acording to:

lo/

Usually in the foll owing stressed endings of foreign arigin:

-fon, e.g. grammofon, mikrofon, telefon
-for, e.g. metafor, semafor

-ob, e.g. mikrob

-of, e.g. fil osof

-0g, e.g. katalog, pedagog

-om, e.g. agronam, astronam, idiom
-on, e.g. elektron, metronam

-0s, e.g. narkos, neuros

-ot, e.g. despat

-skop, e.g. strobaskop, teleskop

fu/

Usually in the foll owing stressed endings of foreign arigin:

-od, e.g. metod, period

-onisk, e.g. harmonisk, platonisk

-orisk, e.g. naorisk

-orium, e.g. sanatorium

-(t)ion, e.g. unon, Esson, retion, station

lo/

Usually in front of a "v” in the same morpheme: dov, hov,lov,
sova. Please observe that hov and lov have homographs which
are pronourced with /u/.

In”short” redisation/o/ isthe most usual, i.e. in front of a
consonant combination a ”j” in the same morpheme: bock,
torsk, hdk, skoj.

In”long” redisation/u/ isthe most usua representation (but
not in front of "v”): bo,fot, skog, tokig.

Ipl

par, rep, apa, trappa

I/

Only marginally in proper names and a few foreign words:
Quist.

Ir/

rak, kar, mara, darra.

I

sak, tos, tuss massa




sC /a In some foreign words: crescendo, fascist.
Please observe the spelli ng with /s/ in scen, olscen.

sch /a When ”s’, "c” and”h” belongs to the same morpheme: schakt,
schism, dusch.

sh /a In afew foreign words: shoppa, shurt.

shi /a Between vowelsin afew foreign words: fashionabel.

S| /a Between vowelsin afew foreign words: division.

g a Morphemeinitialy in alarge anourt of words, mostly
domestic: §u, juk, §6.

sk /a Morphemeinitialy in front of "e, i,y, & ¢: sked, skina, sky,
skar, skon.
Exceptions are some foreign words li ke skeptisk and skiss
"sk” is also represented as /[ in the words manniska och
marskalk.

sKj /a Morpheme initially in afew domstic words: skjuta, skjorta.

sg a Between vowelsin foreign words: misson

SE| /a Between vowels within the morpheme: rysga, vysga.

stg /a In the words gastgivare, vastgote and ¢stgote, andin their
compounds and cerivations.

sti /a Between vowels in some foreign words: suggestion.

Stj /a Morphemeinitialy in the words: stjdla, stjalk, stjdlpa, stjdrna
och stjart.

t It/ ta, mat, matta.

ti /a In some words ending in -tion, e.g. auktion, lektion, station,
but /t[] in athers, e.g. motion, retion, pation.

i) IX/ Morphemeinitialy: tjata, tjog, tjuta, tjdra.

u [ 1 fura, sula, full, snurra.

u vl Marginally in proper names and afew foreign words. Ouist

v vl val, lav, ndve.




w vl Marginaly in proper names and afew foreign words: watt,
Wellander, well papp, weltervikt.

X usually /ks/ | ax, yxa

Xi /K] In the suffix —xion: reflexion.

X] /K] In the proper name Vé&xjo.

y usually /y/ yr, hyra, syster.

y 19/ In fyrtio and compounds and derivations of thisword.

y /] In afew foreign words: yoga, yoghurt.

z Its/ In foreign words with German or Italian origin: mezzosopran,
Schweiz, pizza

z /s In al other cases: zink, zon, zoo, zod ogi, zulu.

a /ol hal, 1at, hall, métt.

a /E/ hdl, I&, hal, matt.

0 19/ fol, 16s, foll, |6ss

3. PHONOGRAHEMATIC RELATIONS IN SWEDISH

Phoneme Realised as Examples

Ip/ "p, pp apa, pappa

It/ "t t” tat, dtta

K/ "k, ck” kak, rycka

/bl "b, bl bar, tub, stubbe

/d/ "d, dd dad, ladda

I9/ "9, 99’ 94, aga, agg

/m/ m, mm tam, mamma

In/ n, ni ng, inne

IN/ "ng” ang, sunga (/Lly/ betedknas " gn”: ugn)




Ifl "f, ff” far, soffa

/s "C,S,S§Z" cykd, s, oss zon

IX/ "k, ki, kj, tj, ch” kar, kiosk, kjol, tjog, chedk

/a "ch, che, g, ge, gi, ige, | chef, apade, geni, bagage, religits, beige,
|, ]€ sc, sch, sh, shi, |jour, damejeanne,_crescendo, schadk, shurt,
s, 9, §< Skj s9, s9, fa_shi_onabel, (_jivision,q'u, sk(')'n,§_<jorta,_
stg, sti, sty, t” misson, rysga, vastgote, suggestion, stjarna,

station, (/k[I betecknas med "xi” i reflexion
och med "xj” i V&xj0©)

/n/ "h” ha, hund

Iv/ "V, W, w, U’ vav, vovve, watt, Quist

/! "1,0,d, g, h,lj,y" [|jord, genast, djur, gjord, hord, ljuga, yoga

N "7 a,le dla

Ir/ r " ra, orre

hl "7 bi, sil, sl

lel "e” Se, sett

/E/ "4, e sad, sétt, berg

Iyl "y fyra, fylla

19/ 0,y |6s, 16ss fyrtio (marginally)

[<1 "u’ ful, full

lu/ 0" bo, st

lo/ 0, kol, hopm, kal, 3ska

lal "a, e kal, katt, cendré




4. PROSODIC FEATURES

The only prosodic feaure, which is g/stematicaly represented in the spelli ng of Swedish, is
length. In the following sedions some rules for length are described.

4.1 Rule for short stressed vowels

Asamarker of short vowel quantity afoll owing consonant is doulded:

) between a stressed short vowel and ancther vowel, e.g. soppa, mass,

i) between ashort stressed vowel and morpheme boundxry, e.g. hopp, asg,

iii) between ashort stressed vowel and”1”, ”r” or "n"+ vowel, e.g. kittla, uggla, vadkla,
apple, tekna, vittna, 6ppra, béttre, offra, vadkra.

In all other casesthereisnormally asingle cmnsonant after a short stressed vowel, e.g. télt,
mast, flykt, orka.

The most important exceptions from thisrule ae & follows [GAR88] pages 162-164):

1.”m” isdoulded — except in damm, lamm and ramm— only in front of avowel, e.g. hemma
(c.f. hem), samma (c.f. samla), ramma (c.f. ramla), rummet (c.f. rum).

2.”m"” isnot douded in some other words, for instance anen, danare, déma, romare.

3.”n" isnot doulded in the prefixes an- (e.g. anta) andin- (e.g. inse), the morpheme kun-
(e.g. kurgora, kurskap) or in afew very frequent words: an, den, dn, en, han, hon, honm,
igen, in, kan , man, min, mun, man, sen (sedan), sin, §6n, snén,sven, ton (1000 lg), van
(noun), an.

4.”n” isnot doulded in front of a morpheme boundxy if the suffixes -t (neuter, participle or
supine), -d (participle) or -de (preterite) foll ows: sant, kant, spant, pamint; kand, spand,
pamind; kande, spande, paminde.

5.”]” isnever doulded: haj, loj, vaa, kava, skojig.

6.”Vv” isamost never doulded. One exceptionis vovve (doggy).

7. Inforeign words there ae some exceptions to these rules. On the one hand an expeded
douldingisnat performed e.g. artikel, cykel (bicycle), kapitel, plus, titel (even with along

vowel), and onthe other one unrecessary use of doulding whereit is not needed to mark short
vowel quartity isfounde.g. affér, grammatik och paralell.

4.2 General Rule for Pronunciation with Respect to Vowel Quantity
Thisisagenera rulefor pronurciation d vowels:

Avowel character in astressed syllableis pronourced with long quatity if it is followed by
at most one mnsonart within the morpheme.

Theruleisvalid for words like sko, bestd, stél, skaps (morpheme boundary between "p” and
"S') etc.



Exceptions:
1) Words with final "m” and"n” and some other frequent words (se sedion 4.1,rule 7
abowe),

i) Many words with combinations of consonant charaders within the morpheme, they
still have along vowel. Thisistruefor:
a) Words with the sequences”rd”, "rl”, "rn” and sometimes "rt”, e.g. fard, hérd, jord;
Karl, sorl, parla; barn, han, varn; fart, kart, varta,
b) Words with combinations of one dharader and”j”, ”I”, "n” or "r”, e.g. st0dja,
stévja; tavla, segla; vakna, vekna; segra, sakra.

i)  Vowel shortening sometimes occursin front of the dental suffixes -t and—te, whichis
not seen in the spelli ng, e.g. hagt, kokt, kokte, kog, vitt.

5. PHONOLOGICAL PROCESSES

Some phondogicd processes working on consonants in Swedish:
1. Rule of Voicdessess
/d/ becomes [t] ine.g. kbpe

2. Assmilation d /n/
/n/ may become a[m] and[N] in“min kil” and “min katt”, respedively.

3. Supradentali sation
Irl transfersits placeof articulation ontheimmediately foll owing dentalsandis
thereby deleted.

6. NON DERIVABLE PRONUNCIATION AND SPELLING

Some frequent words have a @mplex relation between pronurtiation and spelling. The
pronurciationis nat derivable from the spelli ng and the spelling is not derivable from the
pronurciation. These words phorematic and graphematic forms have to be leaned lexicdly:

Examples: att (infinitive mark), beige, bradska, dag, dagen, dagar, de, dem, den, det, dig, du,
femtio, fredag, fyrtio, genre, godsel, hade, henne, honam, huvud ,jag, karl, korsert, kuwvert,
lade, ledsen, |6rdag, matsiadk, med, mig, morgon, mycket, mandag, nio, rittio, négon,
ndgonsin, rBgonstans, ndgot, nagra, och , orsdag riksdag, riksdagsman, sade, sedan, sextio,
sig, §juttio, skjuts, skjutsa, staden, sddan, sadant, sadana, séga, sbndag, tio, tisdag, tjugo,
torsdag, trettio, vad (pronoun,adverb), vara (verb), var (verb), varit, varld, &ttio, &r.

7. TEST WORDS

These words have been used for testing during the devel opment of the grapheme to phoreme
rules for a spell chedker of Swedish using the CORRie software padage.

Su sked skicka
jama jumper jodda



goéra
balja
dvérg
ga
addition
garage
tjock
tjuv
dygn
blinka
kdksbord
analys
lova

bl att
justera

8. ERROR CATEGORIES

Here ae the two topmost error caegories:
1. competence erors: jora (gora), skalv (§av), kanst (tjanst), gdgna (gangna), ballen (ballen),
ursekta (ursakta), kann (kan), dradkt (drékt), nyj (ny), gamal (gammal)

2. performance erors:. diskisin (diskusgon), férenign (férening)

gadda
ag
svdja
sutton
pension
energi
kyrka
kung
manga
gagna
héxa
scen
tjog
skarm
ljus

See dso [WED98] for the adual errorsin our newspaper material.

9. EXAMPLE CORRECTIONS

The word following a >is the user inpu and the numbered words are posshle @rredions
suggested by CORRie. All examples have the corred word as number one of the suggested

corredions.

> jora
1.gora[900
2.90r [70Q
3.for [600
4.fére[60Q
5.forra[600
6.fyra[60Q

> grott
1. gétt [60Q

> kann

1. kan [70Q
2.fanns[60Q
3. hans [600]

> shu
1.5u[900
2.4[600

>jup
1. dup[90Q

> tj&g
1.tjog [90Q

> jystera
1.justera[80(Q

> diskution

jamfora
torg

gick
gava
diskusson
giraff
kalke
bank
omtanksam
vélsigna
razzia
preds
konury
penna
djup

1. dskusson
[800Q

> diskisson
1. dskusson
[800Q

> konugn
1. konury [800
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