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The Problem

Written Hebrew texts are ambiguous.
The reasons

¢ [[he vowels and gemination are omitted.

¢ small wordsfare prepended.

9 Hebrew morphelegy. s complex



The structure of a Hebrew word

morphemes
¢ the lexical lemma,
¢ short woerds such as determiners,

prepositions and conjunctions
pPrepended tor the word,

¢ SUFfIXEs fior possessives and! ebject
clitics,

inguistic ireatulres

9 e lImguistic ieatlres  malke palt-0li-
SPEECH ((POS)); tERSE, PERSON ELC.




Example

¢ SOMTI NNA7Y

¢ Sigmati — mnpw’ my. sycamore

¢ $Se-gamiti — mnyes that I got up

¢ Se-gammats—nagys that my: REY,




Previous work

Morphological Analyzers
o Rav Millim Choueka

o AVGAD—IBM Haifa Scientific Center
Ben-Tur et al. 1992

» Sedal 2001




Three stages

Word stage — find the most probable
reading of a word regardless of its context.

Pallif stage —correct the analysis off ar word
Pased on the analysis of its iImmediate
AEIghbors.

SENLERNCE; Stage) — USe) al syntactic parser te
fUle eutimprenablieranalyses:




The Word Stage

¢ Give each word its most probable analysis.

How to estimate the probability of each
analysis?

Estimate the probability: off each analysis

from al large analyzed corpus.

Allarger enoudghn Corpus dees net exist.

SINCE Eachl Word Ras many, forms, the
AUMBER OiFWerartokenSHISFseHaRrgE; thiat many
WoRENGRMSTWON tappeEaFeveERNRT IOV Woerd
COrpuUS,




The Word Stage

¢ Following the “Similar Words Method”,
(Levinger, Ornan and: Itai 1995) estimate the
probability of each analysis of an ambiguous word
By changing a (single) feature of each analysis, and
comparing the occurrences of the resultant words: in
a large corpus.

» Example: HOQPH aopn
¢ the cofffee: definite to Iindefinite
¢ encirclement: indefinite to definite

¢ her perimeter: feminine possessive to masculine
POSSessive

9 Distribution: QPH 180, HHQFH=18, HQPW=2

e mimeris i peoie, B2




Our variation of the SW method

¢ [0 OvVercome sparseness, We assumed
that the lemma and the other
moerphemes/linguistic features are

statistically independent.
Namely,

o EVen thougih' the assumptien s net
Valialh the restltant ranikingl s CorkeCt.




Evaluation and Complexity:

¢ Errors 36% ~> 14.5Y%

» Complexity: o algorithms O(¢), Where
C IS| the) size off the corpus.

¢ KEEPING a Copy. ot the corpus as an
INVErse e redUces the complexity to
IREaR IR thE AUIMBPER O diffferent
Sianlllzle Werels




The pair stage

¢ Following Brill, we learned correction
rules from a corpus.

¢ [[he initial morphological score of an
analysis is its probability: as oebtained
at thie wWordl stage.

¢ Correction rules modily: the ScCores By,
CONSIdering pairs O adjacent Words)
Checking IiF the rule applies), and i se
MEEITH thE SCOrES.




Example of a correction rule




Example

YAWSP. &DR TV 50!

¢ YWSP = proper noun; masc.(Joseph)

¢ QDR = REUN Masec. sg. abs indef
(herd) score=,

¢ QDR = Verprpast 550 mase;
(hoed) score=.=




Learning the Rules from a training
COIpUS

& RUn the word stage on the training corpus.
¢ Generate all pessible rules.

¢ Eor each rule, set the correction fiactor tor he
the minimum: valte that dees; mere good
thanrdamade.

¢ Choeose the rule that does) the maximum
PDENERIC

9 Repeat tntitnerrule impreVes: theroverall
analySES oI ther thaling ConpUs:




Evaluation and Complexity:

¢ [raining corpus 4892 word tokens
learned 95! rules.
errors 14.5% =2 6.2%

» Complexity: o the learning algorithm
O((c>), WhEere ¢ = size off the training
COrpus.

oCompIeX|ty eI the correction G(r=m))
WHERE = RUmBER O FUIES),
[, = Size off trial text:




TThe sentence stage

¢ Use a syntactic parser to rule out
improbable analyses.

¢ [[he pailr stage — adjacent words,
the sentence stage — leng term
dEPENCdERCIES,




Example

& NN'D7 0101 N2ININ NN'DN NN
MWRIEFHKITHFENMWKH NKNS LKITE

more/mora haskitta ha-nmuka niknas ...
masc/fiem VErb-masc




Score of a syntax tree

score(s)
= score(more)xscore(ha-kitta) x ... xscore(la-kitta)

The challenge: calculate the score of all syntax trees
without enumerating all trees




Dynamic Programming

¢ lablell,j Al = the maximum score of all

PArSeES A_*)Wi,,,wj

» Fill tablel by incrasing values of £ = ] —1
¢ £=0
Table|i,i, A]=max{s,, :A—t,, €G andt, €T |
¢ (>0:
Tableli, j, A]= max {Table[i,k,B]xTable[k—l—l,j,C]}

A—>BCeG
i<k<j

Time complexity O(|G|n’)




Evaluation

error rate

Word %
Stage

Pair‘_\Sentence

Stage Stage




Conclusions and Future Work

¢ We used statistical methods to obtain a
96% accurate morphological
disambiguator:.

Error Analysis

¢ ldiems) - $R HPNIM =
MINIStEY off the e/ IRtERIGR MIRISERY,

9 PHOPER REMES
o The limits of statistical methods 2%67




