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L Introduction

Lemmas are rare in running text

North Saami | Finnish | Norwegian
Number of words
in the text 252 461 | 45 144 64 994
Number of lemmas
in the dictionary 99 071 | 94 111 38 983
Coverage 7,9 % | 10,0 % 30,5 %

(Antonsen et al 2009)
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The morphology is rich, and not always concatenative

> Inflection:

» Case: niidii — nieida girl, gdatan — gdetie house

» Person-tense: eahtsa — iehtsedh love, bodii — boahtit come
» Derivation:

» Passivisation: juhkkojuvvui — juhkat drink, juohkit share
» Superlative: nééremes — noere young

v

Compounding:

» bargojoavku — bargu + joavku work + group
> bigkemegierkine — bigkedh + gierkie building + stone

> In a 1.1 mill word North Saami corpus, 26.7 % of the nouns
are compounds, or 7.0 % of all words

Cliticisation:
» bodiige — boahtit + ge came + too

v
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Finite state transducers (FST), compiled with lexc

lavka+M

+Ess

girji+N:gir'ji GOAHTI ;
lavka+N:lav'ka GOAHTI
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Morphophonological transducer — twolc

lavka+N+Ess lavkan
lavka+N+Sg+Nom lavka
lavka+N+Sg+Loc lavkkas
girji+N+Ess girjin
girji+N+Sg+Nom girji
girji+N+Sg+Loc girjis

vk -> vkk
rj -> rjj

_ Vow* "WeG ;

Vow* “WeG

! "WeG: bahcahat

girji+N:gir'ji GOAHTI ;
lavka+N:lav'’ka GOAHTI ;
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Two different approaches to using FSTs with dictionaries

» generating a list of wordforms pointing to their respective
lemma articles

» analysis via FST at runtime and using outcome for lookup in
dictionary
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Wordform dictionaries (static)

» Vuosttas digisanit: 9999 lemma — 110 000 wordforms

» Voestes digibaakoeh: 10 657 lemma — 85 000 wordforms
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Dynamic FST dictionaries

FST-analysis and translation via a web service

<e>

<t>sparke</t>
e

<l pos="V">Eiekéat</1>

BHo>>>5>>>5>>>>>>>555>53555>>>>>>>> 100K
ggai éiekéat fi]fhrisﬂskf:n-lnd jSaIaiv:ékkl 24 jahuséiekéamiid
ke (Tt e e ‘ekéa Zajdhuséiekéamiid  &Gjéhus+N+SgGenCmp+Cmp#EiekEan+N+Pl+Gen
keat CAjdhustiekcamiid avkk————*|¢4jdhuséiekéamiid  ¢43jdhus+N+SgGenCmp+Cmp#ciekéantN+PlAcc
baht . . &djdhus¢iekéamiid  &4jdhus+N+SgGenCmp+Cmp#&iekEat+V+TV+Der/NomAct+N+P1+Gen
&ijdhus (s.) — utstilling Zdjdhuséiekéamiid  &Gjéhus+N+SgGenCmp+Cmp#éiekeat+V+TV+Der/NomAct+N+Pl+ACe
vi R diekéan (s.) — fotbalkamp Spabl
Main,  gekéat (v) — spenne, sparke  fku & J
svak 4 Sal =
‘\ <l pos="N">&djdhus</1>
<trutstilling</t>
</e>
<e>
<l pos="N">&iekéan</1>
<t>fotbal lkamp</t>
o
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The dictionary understands inflected forms

o000

Neahttadigisanit

(] (=) (a baakoeh.oahpa.no/sma/nob/ ¢ | Luija | (©Q]
Neahttadigisanit Home  Plugins  About -
Norwegian — South Sami eahtsa Search
Other dictionaries iehtsedh (V" I) Hifeba
1. elske, veere glad i .
possible form
Manne datnem eahtsam. of ...
Jeg elsker deg. iehtsedh
. TV Ind Prs Sg3
2. engste seg for noen v £
Datneste eahtsam.
Jeg er engstelig for deg.

N
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and may generate word paradigms via FST

0’5>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
sma—nob~ noere Oza »|noere+A+Comp+Sg+Nom
noere+A+Comp+Sg+Nom nuerebe
’ l.«—1noere+A+Comp+Sg+Nom noerebe
noere (ad] ) adj. Sg Nom noere
adj. Comp Sg Nom  nuerebe

© ung adj. Superl Sg Nom  ndoremes

N
0
i)
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L Finite State Transducers
Necessary adjustments

» Add lexicalised forms to the transducer:
gaskabeaivi ‘noon’ — gaskabeaivvit ‘dinner’
gavdni ‘guts’ — gavnnit ‘bedclothes’

— gaskabeaivvit+N+Pl, gavnnit+N+Pl

» Resolve homonymy in the analyser:
vuovdi / vuovddi vs. vuovdi / vuovdi ‘forest’ vs. ‘salesman’
beassi / beassi vs. beassi / beasi ‘birchbark’ vs. ‘nest’
— vuovdi+N+NomAg, beassi+N+G3

» Clean up the generated paradigms when there are variants:
fievrridin — fievrredin ‘transport’
— fievrridit+v1+V, fievrridit+v2+V
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v

http: //sanit. oahpa. no
» North Saami <+ Norwegian, Finnish
> http://baakoeh. oahpa. no
» South Saami <> Norwegian
> http://sanat. oahpa. no
» Livonian <> Finnish, Estonian, Latvian
» Kven <> Norwegian
» Ingrian < Finnish
> http://valks. oahpa. no
» Erzya <> English, Finnish, Russian
» Moksa <> Finnish
> http://muter. oahpa. no
» Eastern Mari <> Finnish
» Western Mari <> Finnish
> http://kyv. oahpa. no
» Komi <> English, Finnish
> http://vada. oahpa. no
» Nenets <> English, Finnish


http://sanit.oahpa.no
http://baakoeh.oahpa.no
http://sanat.oahpa.no
http://valks.oahpa.no
http://muter.oahpa.no
http://kyv.oahpa.no
http://vada.oahpa.no
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Neahttadigisanit — Implementation

» Python with Flask framework (http://flask.pocoo.org)

» Twitter Bootstrap
(http://twitter.github.io/bootstrap/)

» JavaScript with jQuery (http://jquery.com/)


http://flask.pocoo.org
http://twitter.github.io/bootstrap/
http://jquery.com/
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User interface (also works on a mobile phone)

nordsamisk — norsk (- Swap)
vaccat Sek
vazzit (v.) =

1. g, spasere

Odne mun vaccén johtilit bargui, go mus lea
hoahppu.

| dag gér jeg fort til jobb, fordi jeg har det travelt.
vaccdt is a possible form of ...
vazzit

v. ind. pres. 2.p.ent.
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Reading dictionary: read and alt-click

® 06 it - Neahttadigisanit Reader
3 » ah(tp://vada.oahpamo/read/ ]r Q- Google
T —_—

Neahttadigisénit ~ Home  Plugins  About

Neahttadigisanit Reader

WARNING!! We have problems with Internet
Explorer 8!

Bookmarklet

Drag and drop the following link to your
Bookmark toolbar, then click it when you are
on a page you wish to read. The service will
automatically be installed, and you will see a
menu icon on the left-hand side of the page.

Read with Neahttadigisénit

In order to look up a word, hold Alt or Option
(¥) and double click the word. The service will
will connect to this website and return
dictionary entries after a brief pause.

To change the dictionary, click the menu icon.

A

6 o TEFas do o simwontaguovid, oo beasd doandt Gr
T i Rl Ptersos Goa guomen ot ool ot ot
g4 samivuohta sinke ¢ valdorolat ms,
i, go dvvudit tv-réid siia
5, lohket lagideaddjit,  véldorolia (s.) — hovedrolle

Fmsmm 19, beaiv,lea Romssa Intemasuna Fibmafestivala
ivi igokinos.

Includes
* Nenets — English
* Nenets — Finnish

If you are looking for other
languages, please see our other
dictionaries.

-
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Eastern Mari

Bukuneanh

KaH IHUHKIOnE It

e
A nawTsIK
—

ITapThILL
TOpnaTbimMall-Bnak

YoKbIM nawTsIK
Monwsik
Mogamo Bep
Hapbip

~ Varap-snak

ThbilKe KOHABILLO
KbiBep-Bnak

Baw keinpgantue

TANNATRIMAII-RAAK

& trondtr KaWawWbIMalW KenbilWTapbiMaL 3CKepbIMALL NYMer.

NawTblk  KaHalbimaiu fNynaw Topnataw - ¥ | [Movck

VKblHA

MaraneH yxwiHa B

. M
; - yokaww (v.) — kutsua g ee
Ka)He aiifembinaH Toprnaratu noy Cno
e Text

Kbi3bIT Bukuneauitbllute Mapuii iibinve AeHe Bo3biMO 3448 naluTbiK yno.

eH-Bnak  Ywbls
Kyse y nawTbikbiM biwTaw [Monbiw lOMbIHtjna nop
Bna

Mopo keue! Mapwii apbikaH Bukuneauiibilu naraneH yxbiHi

Hobpo B Ha A f3blKke!

Welcome to Mari Wikipedia!

VlonTaly, KyMbINeT yfio rbiH, ToiAT Mapuii Caii cTaTtbs
Bukuneauiibim noiinapeH keprar. Y Teme novetu 3puk Canaes (4 Vsphs
mareouarnbiM CaBblKTall ane CaBblKTbIMe 1000 ai

B

[m] = =
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Komi

RS 4
Buxkuneaus

Mesguom snunknoneans

)vudside
A ukarportal
uelt
__ steendringar
Tilfeldig side
Hjelp
Gaver

w Verktoy
Lenkjer hit
Relaterte endringar
Last opp fil
Spesialsider
Utskriftsversion

Mepawdp nuct 60K

Tarb cy6aomMeHco BUA3OHbI, MeabIM BOYHbI
Bukuneaua
MNbITWKbIH KOMM KbIB BbIbIH MXXOABAC.

3878 rnxon

CAMbIA KO 3M CEPHUTHBI KOMUGH, CbONOM KO NOCb Aa BUMPOH ThbIp, TUX
T3 KOMUOH, KOMUOH, KOMUOH, MEAbIM ~miss sats muinl Taks  alx acincw
no3b0o rxHbl yHaTop. COMbIH rvX. K  BUPOH

Kono.

n.) — blood
OpuHaanbicb d &P (0.
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Kven

Kainun institutti — Kvensk institutt oon perustannu Kvaanin litteratuuripalkinon. Palkinon jaethaan tana vuone
Se ei ole suuri yllatys ette sen annethaan Alf Nilsen-Bérsskogile joka oon kirioittannu ensim” "set ia tAhAan as
— Borsskog oon ollu niin ko yksindinen paéaskynen kvaaninkielisessa litte jaethaan

esikuvana tulleevaisuu?essa. Hanen kirjat oon uniikit ja tarkkee apu kvai
paikalisesta kulttuurista, mutta samala rommaaniitten histooriat oon mailr
niita joitten aitinkieli oon kvaanin kieli, Kainun institutti kirjoittaa. jakkaat (v.) — dele
Bearsskog oon julkaissu kolme rommaanii ja nelje poeemi- eli diktikirjaa.

Palkintosumma oon 50 000 kruunuu. Palkinon jaethaan Kainun institutissa 29. maikuuta.
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L Evaluation

Comparing the dictionaries: North Saami

FST dictionary and wordform (WF) dictionary: 9999 lemmas.
(A lemma dictionary with 99 000 lemma covered 7,9 %)

Translation Partial No 100 %
translation translation
WEF dictionary:
all words 36 231 | 81.9 % 8025 | 18.1 % | 44 256
FST dictionary:
all words 390020 | 90.2 % | 549 | 1.2 % | 3787 8.6 % | 44 256
WEF dictionary:
different
words 7874 | 57.8 % 5758 | 42.2 % | 13 632
FST dictionary:
different
words 10862 | 80.0 % | 448 | 3.3 % | 2322 | 17.0 % | 13 632
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L Evaluation

Comparing the dictionaries: South Saami

FST dictionary and wordform dictionary: 10 657 lemmas

Translation Partial No 100 %
translation translation
WEF dictionary:
all words 44089 | 72.7 % 15268 | 25.3 % | 60 037
FST dictionary:
all words 532905 | 88.8 % | 475 | 0.8 % 6266 | 10.4 % | 60 037
WEF dictionary:
different
words 5015 | 41.4 % 7100 | 58.6 % | 12 092
FST dictionary:
different
words 8039 | 67.0% | 308 | 2.6 % 3660 | 30.5 % | 12 007
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#SoMe dictionary (Social media)

Jua, livzze buorre jus nu ain birgese dan aigge, ahte eamidat maid
alo siiddas go manat leat unnit, nu ahte manat harjanit ju unnin
leahket doppe ja besset de oahppat. Muhto oluhat darbbasit ...
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» From the Facebook group Artegis sagat: 20 % of which is written
without a North Saami keyboard, on either a desktop or mobile
device.
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#SoMe dictionary (Social media)

Jua, livzze buorre jus nu ain birgese dan aigge, ahte eamidat maid
alo siiddas go manat leat unnit, nu ahte manat harjanit ju unnin
leahket doppe ja besset de oahppat. Muhto oluhat darbbasit ...

Jua, livzze buorre jus nu ain birgese dan aigge, ahte eamidat maid
alo siiddas go manat leat unnit, nu ahte manat harjanit ju unnin
leahket doppe ja besset de oahppat. Muhto oluhat darbbasit ...

» From the Facebook group Artegis sagat: 20 % of which is written
without a North Saami keyboard, on either a desktop or mobile
device.

Our answer:

A North Saami FST dictionary where the text is analysed with an
ordinary FST, and in addition with an FST adjusted to the #SoMe
writing convention.
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#SoMe-FST

contain € ...

If the word in the text contains c, then the intended word may also
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Cell phone

Neahttadigisanit

Nordsamisk (#SoMe) «» Norsk (= Snu)

cazi Sek |

&ahci (s.) -

1. wvann, vatn

cazi er en mulig form av ...

cahcei
subst. ent. akk.
subst. ent. gen.
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#SoMe satnegirji

Results with an ordinary FST and with the #SoMe FST

Translation Partial No 100 %
translation translation
Ord. FST
all words: 50263 | 76.3% | 250 | 0.4 % | 15364 | 23.3 % | 65 877
#SoMe-FST
all words: 54197 | 80.6 % | 315 | 0.5% | 12753 | 19.0 % | 67 265
Ord. FST
different
words: 8813 | 50.8% | 224 | 1.3 % 8326 | 48.0 % | 17 363
#SoMe FST
different
words: 10596 | 59.8 % | 286 | 1.6 % 6825 | 38.5 % | 17 707
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Including Nynorsk in a Norwegian — Saami dictionary
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Why Nynorsk in a Norwegian — Saami dictionary?
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LEvaIuation

Why Nynorsk in a Norwegian — Saami dictionary?

Lov om stadnamn:

Saker som gjeld gards- og bruksnamn, skal eigar eller festar fa tilsendt direkte. Saker som gjeld samiske eller kvenske
stadnamn, skal dessutan sendast til lokale organisasjonar med szerleg tilknyting til saka. | tillegg skal saka kunngjerast i mir
aviser som er alminnelaa lasr - na staden aller nigrast kjend pa annan hgveleg mate. Saker som gjeld andre namn, skal
kunngjerai  gandast

Namn| n pa norsk, samisk og kvensk.
sende (verb) — s&ddet
Med n

Id av lov, gjeld reglane i forvaltningsloven kapittel IV, V og VIIl ikkje for sak
lova her.
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Why Nynorsk in a Norwegian — Saami dictionary?

Lov om stadnamn:

Saker som gjeld gards- og bruksnamn, skal eigar eller festar fa tilsendt direkte. Saker som gjeld samiske eller kvenske
stadnamn, skal dessutan sendast til lokale organisasjonar med szerleg tilknyting til saka. | tillegg skal saka kunngjerast i mir
aviser som er alminnelaa lasr - na staden aller nigrast kjend pa annan hgveleg mate. Saker som gjeld andre namn, skal
kunngjerai  gandast

Namn an pé norsk, samisk og kvensk.
sende (verb) — s&ddet
Med n

Id av lov, gjeld reglane i forvaltningsloven kapittel IV, V og VIIl ikkje for sak
lova her.

Jon Todal: Samisk sprak i Svahken sijte:

8 barnehagebarn og elevar som far opplering i eit lite sprak som er i stor fare for a dg ut - er det noko a
skrive hak am no kan - clik hak vere nakg 3 skrive bokmelding om? Det kan det vere, nar rgynslene fra
dettep elevar ver dette, med viktige leerdomar for alle som organiserer eller
driv an

elev (subst.) — oahppi . .

Boka h )g ho kom ut i februar i &r. Forfattar er Jon Todal, forskar ved
Nordisk Samisk Institutt. Handlinga foregar pa Austlandet, men innafor denne landsdelen s langt ein kan
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L Evaluation

Extended Norwegian dictionary

Bokmal - Saami FST dictionary tested on Nynorsk text (Wikipedia)

FST coverage Dictionary coverage
Bokmal | All Bokmal
text varieties 703950 | 93.36 % | 1 644 286 | 84.50 %
Nynorsk | Conservative
text Bokmal 2191 428 | 79.34 % | 3504 733 | 66.96 %
All Bokmal
varieties 1849 654 | 82.56 % | 3206 796 | 69.77 %
Bokmal with
Nynorsk 1101116 | 89.62 % | 2530995 | 76.14 %
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How did we extend the dictionary?

» The starting point was a Bokmal - North Saami dictionary

N
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How did we extend the dictionary?
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» An FST translates frequent Nynorsk words into Bokmal:
> kva, korleis, kjem, sjalv, ikkje, truleg, betre, ...
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» The Bokmal FST was then enriched with Nynorsk morphology
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L Evaluation

How did we extend the dictionary?

» The starting point was a Bokmal - North Saami dictionary
» An FST translates frequent Nynorsk words into Bokmal:
> kva, korleis, kjem, sjalv, ikkje, truleg, betre, ...
» The Bokmal FST was then enriched with Nynorsk morphology
LEXICON m1 ! dag, hane
+N+Msc+Sg: 0-en ;
+N+Msc+Pl: er-ene ;

+N+Msc+PIl+Nynorsk: ar-ane ;
+N: R



Using Finite State Transducers for Making Efficient Reading Comprehension Dictionaries
LEvaIuation

One dictionary thus gives rise to many dictionaries

1. Ordinary dictionaries

» If the word is lexicalised, then we show only the lexicalised
translation

2. Student dictionary
» The dictionary also translates each part of compound words
3. #SoMe dictionary

» #SoMe dictionary accepts also acdsz in place of Saami letters
acdsz
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FSTs for other Saami languages

1. Pite Saami: rgg/rrg <> rg
2. Skolt and Inari Saami: Extensive letter variation

3. Kildin Saami: Non-standard Cyrillic letters 4+ two competing
orthographies
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DinOrdbok (John Atle Sandbakken)

Engelsk* | 50562 Japansk | 14553
Svensk* | 48824 Tysk* | 14171
Spansk* | 48698 Slovakisk | 13264
Polsk | 20904 Tyrkisk* | 12915
Fransk* | 18846 Kinesisk | 12694
Nederlandsk* | 18804 Bulgarsk* | 11974
Italiensk* | 18587 Gresk | 11789
Finsk* | 18492 || Katalansk* | 11111
Nynorsk* | 17402 || Rumensk* | 9618
Russisk* | 17293 Samisk* | 9481
Portugisisk* | 17210 Islandsk* | 7674
Dansk* | 15793 Latinsk | 6864
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Conclusion 1

The online FST dictionary has many great benefits compared to the
offline wordform dictionary:

» Uses existing FSTs (plus modifications) and XML lexica

v

FSTs handle both linguistic and orthographic variation
. and more morphology:
» North Saami 57,8 % — 83.3 % , South S. 41.4 % — 69.6 %

The server-side setup is easy, can plug in new FSTs and lexica.

v

v
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L Conclusion

Conclusion 2

Many benefits to users, and easy to use.

v

No installation, just bookmark

v

New updates to lexicon and morphology arrive as they are
made

Works in all of the most popular desktop and mobile browsers

v

v

Allows easier access to written material in numerous languages
(also majority languages)
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