Hunting the Snark

The problem posed for MT by
non-concatentive morphologies

They sought it with thimbles,
They sought it with care,
They pursued it with forks and hope,
The threatened its life with a railway share,
They cajoled it with smiles and soap.
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A common question

e Why not use
Google Translate?

65 languages
¢ saves time & money

e etc...

Lingui tCmptgtBFBS

.............................
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Genesis 1.1

» Ancient Greek - LXX ¢ English...

e £V apyi) €moinocev o
060G TOV 00paVOV Kal
TV YAv. 1 0¢ YA v
A0PATOC Kol
AKATOHOKEDAOTOC KUl
OKOTOC EMAVW TAC
apvocoL Kol TVeDUQ
000 emeépeTo
EMAVW TOD VOATOC.
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in the beginning
epotisen God heavens
and the earth. And the
earth unseen and HN
akataskevastos and
Scott epdno avissou
and Spirit of God
epeféreto epano
waters.


mailto:linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk/

One or two problems

e Fixable

e Harder to fix

e better Gk lexicon

e and grammar

e i.e.putin more
knowledge

Linguistic Computing at BFBS
linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk

e Target language

any of 7,000 +
no lexicon
no grammar

different language
tomorrow...
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o A translator’s workbench (language independent)

ParaTExt

» Editing environment, Base texts, Model texts
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Checking & Review

e Key term list  Semi-automatic

- Automatic analysis of morphology analysis
text for consistency ~ Spelling checks

@ Major Biblical Terms: YAWO (MAT 1:1-REV 22:21) (Attributes) BRSNS
File Edit View | Tools @) Search Help
YAWO - Chiya ~ Word Prefixes and Suffixes... Close: -
Lemma = Recheck All Renderings Renderings B
fryaformoua Clear Guessed Renderings... gt is good |
3 . Guess renderings based on words appearing in text and similarity in spelling to proper names. }7
f} dyabomouog Co e ST

i sty Build Biblical Terms Localizations File... uonstil..

GryaBoupyen - [HTEES dd good, perfonm good deeds - 1o engage in...

Finirillicreisr Dtk dac PR FLEyf: QLR e [yt Gt ooy i
YAWO: RSV52: E
LUK 6:9

|| [Kaneko Yesu Wawusisye Wandu fala kuti, *Ana Malamusi And Jesus said to them, °l ask you, is it lawful on the sabbath

eakusatukinda kutenda cici pa lisiku lyakupunula? Kumtendela to do good or to do harm, to save life or to destroy it?”

' |yambone kapena yakusalkala? Kuwululupusya umi kapena

|
kreujonanga?™ {odiy

fITTTK A-33 B
| (388 of 6484 terms shown)

Linguistic Computing at BFBS
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Checking & Review

e Automatic interlinear back-translation

‘oject Interiineanzer: ¥ AV RUM

Approved | Gloss Phrase | S |

"1 Ana  Ayuda  akusifepunda uli Wandu ®a  mitmdu = jine 7% ¥

who jews - is people of clan other

tapate cici mu  kuwumbala P *'wF
fwumbalas
- circumcise
kn- fwombals -a
- circumcise -

cici mu knrwumbala

i L 1 L
what in circumc

mu knwwuombala

Enter Morphology for:
krenmmbala

Linguistic Computing at BFBS
linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk
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Spelling review

AL3ID0S 314149
NDIFd04 3 HSILIYg

174 Word list: NVL98JR (2= 5|
° File Edit View  Tools (Jq,iFin::I Vi'ord

® Word IISt tOOI Viord s Hyphenation KMorphology Spelling Count| |
negabat nega=bat fnegl -abat 1
negabimus nega=bi=mus Ineg/ -abimus 1
(] p ars e d by negabis nega=his Inegl -abis 5
negabit nega=bit Inegi -abit 4
negabo nega=bo Ineg/ -abo 3
- morp hOIOgy negandum negan=dum Inegl -andum 1
negant negant Inegs -ant 2
— Syllable negantes negan=tes inegl -antes 4
Hegantibus negan=ti=bus Ineqgl -antibus 1
negare nega=re neg/ -are 5
negassem negas==em negassem 1
negasti negas=ti Ineg/ -asti 2
negastis negas=tiz /neg/ -astis 2

negat negat fneq/ -at "
negaturus nega=tu=rus negd -aturus 1
negaverit nega=ve=rit Inegl -averit 3
negaverunt nega=ve=runt I'negav/ -erunt 2
negavi nega=vi inegavy -i 2
negavit nega=vit Inegd -avit 10
neges neges inegl -e= 1
neglecta neglec=ta neglecta 1
neglectis neglec=tiz neglectiz 1

neglegas negle=gas Inegleg/ -az T [

Linguistic Computing at BFBS
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Beyond translation

e Literacy - Dictionaries & Concordances

<i# Concordance Builder: LNTS - LHNT5.cnc

File Edit Wiew Toos  Help @ |5=arch Help |
il Headiag Drescription: ‘ i
iftesel e
oo See Alan; | |
ifriesins _11 OCCULTEIcEs
iftilkima e T 11 turi kgsti bausme uf savo 13tvirkavima ir bjaurinosing nusikaltinms”, — tai b
i#rikima meile IESPATIES #odis.
tériks it 5.32 O af jums sakaw kielvienas, kriz atleidfia fmona, jei ne 1%tvirkavimo atveju, skatina ja
LErired = svetimauti; ir jeigu kas atleistaja veda, svetimauja.
fraanke bt 19.9  Taigiaf jums sakaw kas atleidfia £mong — jei ne del 13tvirkavime - ir veda kita,
iienn svetimauja”,

%ﬁtn‘ame Rom  1.27 Panafiai ir vyrai, pamete prigimeinius santylius su moterimis, u¥sidege geiduliais vienas

%§tr1nlc kitam, 13tvirkawvo vyral su vyrais, ir uf ifloypimsg jiems patiems biadavo vertai atlyginama,

;::’Ef:;s 1Kor 6.13 ,Valgis yra pilvui ir pilvas — valgini”, bet Dievas sunailing ir wieng, ir kita, Kanas skirtas ne

e 13rvirkavimud, bet Viefpalini, o Viefpats — kinui,

iSrvers 1Kor 7.2 Tafiani3tvirkavimd iSvengti kiekwienas tegul turi sau £mona ir kiekviena tegul turi san

itvirkoanty Rt 5
Edit/Rename Heading... F2 ino darbai £inomi; tai 13tvirkavimas, netymmas, gatlavimas,

iftvirkele i Add New Heading. .. irat 13tvirkavimas, visoks netyrmas ar godulysté tenebdna jisy net minimi, kaip dera

i5rvirkeelius @ BeleteEsaing Del ENtiesiems:

iErvirkimo M Flag Heading 6 imarinkiite, kas jlsy nariuose femifka: 13tvirkavima, netymma, aistringuma, pikza =

ifradann - : : E A

3466 Headings, 47541 Yerses F.0,100,5331 .

Linguistic Computing at BFBS
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Glossing Technologies

e Provide

 Language
independent

e [emmatisation

« Morphology analysis
- driven by glossing

e Problems

 Orthography
— spaces...

e Complex
morphologies

Linguistic Computing at BFBS

linguistics@biblesociety.org.uk

http://lc.bfbs.org.uk
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Complex Morphologies 1

e Concatenative . akipenda, anakupenda,
atanipenda, mlipenda,

* >75% of languages mpende, nakupenda,

e e.g. Bantu languages nawapenda, nilipenda,
_ swahili ninakupenda, [-[pendana,
_ verb -pend- [-]pendea, [-]pendwa,

sikupendi, tulipenda,
tutapenda, ulipenda,
ungependa, utapenda,
- [Pre]stem[Suff] walipenda, wanaupenda,
watapenda

O
Linguistic Computing at BFBS
linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk

« Word Form Template:
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Complex Morphologies 2

e Non-concatenative ‘mpn JJBDP me
e <?259% HBDP 15qu

e e.g. Semitic languages .
ambaric arabie, TTR0PT THOIR

Hebrew, Syriac

o Template: QF+AL QF+AL:NW.
- [m]$[m]$[m]$[m]  TIQ:+OL YIQ:+:LW.
* $=stem QO+:L”Y Q:+W.LOWT

e m = morphs

YIQ:+:L”HW.

O
Linguistic Computing at BFB S
linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk
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Finding morpheme structures

* Premise: » Three ways to find
e Valid morpheme morphemes
structures will occur . Statistically
in a text with o o
statistically e Minimum Description

Length

significant frequency
 Paradigm analysis

- i.e. by stem
association

)
Lin g t Cmpt g tBFBS
cs@biblesociety.org.u
hp//I c.bfbs.org.uk
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Paradigm Analysis

e Concatenative

 Find possible morphs

- examine initial and
final n-grams

e Validate

— build inflection
paradigms

e Non-concatenative

e Find possible morphs
-7

e Validate

— build inflection
paradigms

O
Linguistic Computing at BFBS
linguistics@biblesociety.org.uk

http://lc.bfbs.org.uk
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Finding morph templates

e Pre-requisites

e alexicon of surface
forms in the target
language

e Method

« compare each form in
the lexicon with every
other form and note
common sequences.

)
LgtCmptgtBFBS
cs@biblesociety.org.u

h ttp://lc.bfbs.org.uk


mailto:linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk/

Hebrew - Rendering

e UTF-8

o Difficult to render
zero width glyphs

» Michigan-Claremont
Enconding
e 7-bit ASCII

e Easier to render
morph templates

- Remove cantillation

Linguistic Computing at BFBS
linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk

Example MC Encoding:
UTF-8 MC

With Cantillation & Vowels:

DWNTD B.. o/ B" ) G130
Without Cantillation:
DWUR=3 B.:/R")SIYT

Consonants alone:
BR) SYT
fig. 5.

DMONRD2

@
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Example 1 - QF+AL / MFLA+

 Four matched | |
characters: MF+AL 1oz s e | s

e Rule: 1 M\
— successors must 2 F F
follow below and | | . | |
R 3
to the right
1 A
e Three solutions: s |+ 1 ]
- F+ FA,FL | ﬁ'g. . —_— for QF+AL / MFLA+

O
Linguistic Computing at BFBS
linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk
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E Assessing the solutions

e Match coordinates:

- F(272) 1 2 3 | 4 5
_ +(3,5) o d 0 r . | . .
— A(474) . M
— L(573) , F P
e S1 N |
L NS T
o { F(Z,Z) ’ +(375) } i
4 A \ A
e S2 | | | |
fig. 1 match matrix for QF+AL / MFLA+

e S3
- {F(2,2),L(5,3)}

O

Linguistic Computing at BFBS )

linguistics@biblesociety.org.uk J
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Solution Value (V)

e V=1+(1-d/f) « S1:F(2,2),+(3,5)
e where ¢« V=17
- d=distance between o S2:F(2.2) , A(4,4)

the twoxory

coordinates, e V=1.8

whichever is the

oreater. e S3:F(2,2),L(5,3)
- £=10 ¢« V=17

(distance beyond

which it is unlikely the

two items are related)

Linguistic Computing at BFBS
linguistics@biblesociety.org.uk
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E Example 2 - YIM:LO+ / YIQ:+OL

o Matched items: N B R B T
- Y(1,1) o Y I M L 0
- 1(2,2) LY Y
- : (4,4) 2 1 I
o L(577) : ’ Q
- 0 (6,6) e N
- +(7,5 I
(7,5) o o
7| L I
fig. 2 Match matrix for yig:tol / yim:lot

Linguistic Computing at BFBS
linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk
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E Example 2 - Solutions

° Sl {Y(lvl)r 1(272)7 :(474)7 +(775) } 1 2 3 4 5 6 7
- 1.9,1.8,1.7=5.814 e Y | I | M| : | L|O]|+
« 52{Y(1,1),1(2,2), :(4,4),0(6,6) } LY Y
- 1.9,1.8,1.8=6.156 2 1 I
* S$3{Y(1,1),1(2,2), :(4,4),L(5,7) } i
4 4 .
- 1.9,1.8,1.7=5.814 T Y i
¢ 0 \ o
7| I \L
fig. 2 Match matrix for yig:tol / yim:lot

O
Linguistic Computing at BFBS L
linguistics@biblesociety.org.uk J
http://lc.bfbs.org.uk
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E Example 3 -  YIQ:+:LW. / YIM:L:+W.

- Y(1,1) L2 s 4 s 6 | 7| 8
C - 1(2.2) o I M L fOW
< 3 - :(4,4) LY
- ~ :(4,6) 2 | e
s Q

- 1(5,7)

— (6’6) : + \: \ : \+\\
N +(775) 7 | L \LHH

‘-\_‘_1““—‘

- W.(8,8) s W W,

fig 3. Match matrix for YIQ+LW / YIM:L:+W

L)
Linguistic Computing at BFBS )é
linguistics@biblesociety.org.uk [
http://lc.bfbs.org.uk
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E.g. 3 Solutions

S1{Y(1,1), 1(2,2), :(6,4), L(7,5), w.(8,8)}
— 1.9¢1.6°1.9¢1.7 = 09.8192

S2{Y(1,1),1(2,2), :(4,4), L(7,5), w.(8,8)}
— 1.9¢1.8¢1.7¢1.7 = 09.8838

S3{Y(1,1), 1(2,2), :(4,4), :(6,6), w.(8,8)}
— 1.9¢1.8¢1.8°1.8 =11.0808

S4{Y(1,1),1(2,2), :(4,4), +(5,7), w.(8,8)}
— 1.9¢1.81.7°1.7 = 09.8838

S5{Y(1,1), 1(2,2), :(4,6), +(5,7), w.(8,8)}
— 1.9¢1.6°1.9¢1.7 = 09.8192

Linguistic Computing at BFBS
linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk
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e Eg.

Solution complements

1 QF+AL / MFLA+
S1{F(2,2), +(3,5)} Q__AL, M_LA_
S2{F(2,2), A(4,4)} Q_+_L, M_L_+
S3{F(2,2), L(5,3)} Q_+A_, M_L__

.2 YIQ:+OL / YIM:LO+

S1{Y(1,1),1(2,2), :(4,4), +(7,5) }
~Q 0L, _MI1O_

s2{Y(1,1),1(2,2), :(4,4), 0(6,6) }
__Q_+_L, __M_L_+

S3{Y(1,1),1(2,2), :(4,4), L(5,7) }
Q. +0_, _M_ O+

Eg.3 YIQ:+LW. / YIM:L:+W.

s1{Y(1,1),1(2,2), :(6,4), L(7,5), W.(8,8)}
Qe+, _M__+_

s2{Y(1,1),1(2,2), :(4,4), L(7,5), W.(8,8)}
_ Q.+, M__+_

S3{Y(1,1), 1(2,2), :(4,4), :(6,6), W.(8,8)}
__Q_+_L_, __M_L_+_

S4{Y(1,1),1(2,2), :(4,4), +(5,7), W.(8,8)}
_Q L, _M_L+_

S5{Y(1,1),1(2,2), :(4,6), +(5,7), W.(8,8)}
. Q L., _ML___

Linguistic Computing at BFBS

linguistics@biblesociety.org.uk
http://lc.bfbs.org.uk
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Hebrew Results

e Lexicon  Best 1% of templates
» Hebrew forms in « Complements
Genesis - 4,431 _ 50 stems,
» Templates Generated - 42 valid

e 52,357

e Build inflection
paradigms...

work in progress...

O
Linguistic Computing at BFBS
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http://lc.bfbs.org.uk
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Jon Riding

Linguistic Computing
at
British & Foreign Bible Society

jon.riding@biblesociety.org.uk
http://lc.bfbs.org.uk
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