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Tokenization

Concatenations in Arabic nouns

Proclitics atern suffix Enclitic
Cotyunction | Preposition Definite Houn | GenderTumber | Genitive
question atticle profnoun
article
Conjunctions | @ “bi” {with), Al “al” Masc Dual (4) First person
s wa” (and) | & “ka” (as) (the) (2]
or b “fa” of & “li” (to) Fern Dual (4)
(then)
(Juestion Stem MMasculine mecond person
word 1%a” regular plural (4) | (2
(does or did) Feminine Third person

regular plural (1) | (2)

Feminine hiarl:

(1)

FPossible concatenations in Arabic nouns




Tokenization

Concatenations in Arabic verbs

Proclitics Prefix mtemn | Suffiz Enclitic
Conjunction/ | Complementizer | Tensefmood — | Verb | Tensefmood — | Object
question nutb erf gender nutnberfgender | pronoun
atticle
Conjunctions | ¢ “17 (to) Imperfective Imperfective First person
s wa (and) tensze (o) tense (10) (2)
of i fa”

(thetn) tetn

(Juestion oo “zal (wll) Pertective Perfective mecond

word 1%a” tense (1) tense (12) person ()

(does or dad) | J“1a” (ther) Imperative (2) Imperative (5 | Third person
=)

Poszzible concatenations in Arabic verbs




Tokenization

The Ambiguity Pyramid HypotheS|s

—iS  ktb books / wrote / was-written
<SS  ya-ktb writes / is-written
458 ya-ktb-hu [he]-writes-it

Stem
ktb

books

wrote

was written

writes

Inflected
ya-ktb

Inflected+enclitic
a-ktb-hu

IS written

writes-it




Tokenization

The Ambiguity Pyramid Hypothesis

In Arabic, tokenization creates extra ambiguities.

—  Form: &S kitabu-hum (their book) — Not ambiguous

— Tokenized: «5@e2 kitab@hum, three different
readings
o2 QUS kitab hum (book they)
~¢5S kitabu-hum (their book)
o4 QS ktabu-hamm (book of worry)



Tokenization

The Ambiguity Pyramid Hypothesis

Ambiguity rates decrease, on average, with
the increase in word buildup complexity

Stem
1.88
(Pl‘efb: ( {71 ) Sufﬂ*{)
( Clitic ( 165 ) (_f]iti{.‘>

The ambiguity pyramid hypothesis



Tokenization and Tagging

* Proposed solution - Tagging
e 43Gya-ktb-hu ([he]-writes-it)

— iSy/+verb+active@q/+pron+acc
» a¢lS Kitaba-hum (their book)

— QUS/+noun@e2/+pron+gen



Arabic Morphology

« Reducing the ambiguity rate per word
» Choosing the most probable solution

OPTIMALITYORDER
LeaveOut "Imperative”
NOGOOD
uncommon "uncommon morphological forms (lx Sleay pald  ald Jia"
STOPPOINT
FirstPerson
SecondPerson
Passive
+PreferFunc "prefer function word analysis over other words"
+propernoun



Grammar

* Current State
— Rules: 49
— Disjuncts: 1788
— Test sentences: 482
— Real sentences: 40
— Longest sentence: 43



Grammar

« Cascade of STOPPOINT Optimality Mark

uncommonSubcat “on Bush to help the Palestinians =l of Jis Lo

Cymindadal) "
STOPPOINT
uncommon "uncommon morphological forms (s Flxas (@l ald Jia"
STOPPOINT

SuijoArtReI "Arab commentators (who) neglected him of ignoring the Israeli
occupation Ul sl dMial Jala o segil e (silea’

STOPPOINT

AdjAsNoun "the latter (person) clarified the point bl muz iy aY) 8"
STOPPOINT

AdjAsNounDispref



Grammar

* |Increased ambiguity with the increased number
of words

— (384+435,107,008) (35 words)
— (384+44,851,840) (32 words)
— (384+44,851,840) (32 words)
— (120+16,074,008) (31 words)
— (120+15,273,560) (30 words)
— (24+2,789,560) (29 words)
— (128+5,606,400) (25 words)
— (400+299,328) (22 words)
— (128+720) (12 words)



Grammar

e Clitics are %35 of the number of forms

— 43 words => 192 tokenizations => 63 tokens
(Longest analyzed sentence)

— 21 words => 8 tokenizations => 33 tokens
— 14 words => 4 tokenizations => 23 tokens
— 26 words => 128 tokenizations => 43 tokens



Grammar

« Current approach: 5 articles, 200 sentences

* Limitation of the current approach to grammar
development
— Too limited portion of the corpus

— Contains all varieties: long sentences, rare
constructions, rare morphological forms, etc.

— It does not allow us to make general judgments about
the language, such as:
* Average length
« Frequency of certain syntactic structures



Grammar

 Future Plan

* Developing a sentence segmenter
— Arabic currently segmented by hand

— Segmentation in English revolves around
punctuation marks which signal the end of a
sentence [. ?], you need only to avoid
abbreviations and acronyms.

— In Arabic, a comma can signal a new
sentence and also certain words can signal a
new sentence
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Grammar

e Future Plan

« Developing a sentence segmenter

— Use of punctuation marks has not been regular in Arabic for a long time.
A sentence is a stream of ideas with or without a full stop at the end =
English paragraph

— Effect of translation appears:

‘q%m\ﬁﬁwdgj;c\ﬁﬁwj ‘w.qswd\.duj ¢ e Agmﬁeﬁeﬁéw\j
laaa o€ gy e g cdaal Hlelu dmug,
“The suspects are Umar, and Sulaiman, and Mohammed, and Said, and

Abbud”
— Mgy and hence
— b e and therefore
— 1Sa and thus
— dale s and usually
— bl and [he] added
— i Ju Al 5 oy S (3 OS5

— ¢ comma + and (productive but not safe waly i)



Transfer

« Where to place the bilingual lexicon?
* In Transfer?

Duplicate lexicon
— @noun_noun(xs, boy).
— @noun_noun(s)s<, banana).
— @noun_noun(=\ apple).
— PRED(%X, ale), +NTYPE(%X, %%), +HUMAN(%X, +) ==> PRED(%X,
scientist).
— PRED(%X, ale), +NTYPE(%X, %%), +HUMAN(%X, -)==> PRED(%X,
world).
Duplicate Subcats

— @verb_subj_obj(%X, Jsi, %Subj, %0bj), +HUMAN(%Subj, +) ==>
@verb_subj Obj(%X eat %Subj %QObj).

— @verb_subj(%X, Jsi, %Subj), +HUMAN(%Subj, +) ==>
@verb_subj(%X, eat, %Subj).

— @verb_subj(%X, Jsi, %Subj), HUMAN(%Subj, -) ==



Transfer

Where to place the bilingual lexicon?

One default gloss in morphology (+gloss-?7?7+gloss-)
— upper language: «“S+sg+nonhuman+gloss-book+gloss-
— lower language: «Us

Modified in lexicon according to subcats and mwes
— adic] V XLE {@(V-Subj-Obl %stem =) GLOSS=rely" on
|@(V-Subj-Obj %stem) GLOSS=accredit.

Refined in transfer



