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' Natural Language Processing (NLP)
* Parsing

? Information Extraction

* Machine Translation

> Abstraction

¢ Summarization

" Corpus

¥ Tagging

? Part-of-Speech tag ( POS tag)

' Alignment

' Parallel Multi-Lingual Corpora
"2 Tools
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Boundary Triggering
Rule Action Context
AB &= A B Insert (delete) between A and B any
xB <= x B Insert (delete) before any B any
Ay & Ay Insert (delete) after any A any
ABC <«= A B C | Insert (delete) between A and B any
AND Insert (delete) between B and C
JAB <= JA B Insert (delete) between A and B J to left of A
~JAB <= -JA B | Insert (delete) between A and B no J to left of A
ABK <= A BK Insert (delete) between A and B K to right of B
AB-K <= A B-K | Insert (delete) between A and B no K to right of B
XA y <= x Ay Move from after A to before A any
xAB y <= x ABy Move from after bigram AB to before AB any
xABC y <= x ABCy | Move from after trigram ABC to before ABC | any
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Initial Initial | Rules Improved || Error
algorithm score | learned | score reduction
Character-as-word 40.3 5003 78.1 63.3%
Maximum matching 64.4 2897 84.9 57.8%
Maximum matching + CAW | 82.9 2450 87.7 28.1%
NMSU segmenter 87.9 1755 B9.6 14.0%
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Lexicon | Initial Rules | Improved || Error
Language size | score | learned score || reduction
Chinese 57472 64.4 2897 B4.9 || 57.8%
Chinese (with CAW) 57472 82.9 2450 87.7 || 28.1%
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Persian Letters Romanization Pronunciation
alef with madd A father
alef a and or bed o7 so
be b boy
pe p pool
te t oy
se 3 sun
Jim J Joe
che ch church
he H horse
khe % similar to German buch
dal d dog
zal z Zoro
re T similar fo Spamish “1”
ze z Zorro
zhe i mirage
sin g S
shin sh shoe
sat ) S0
zat Z Zorro
ta T toy
za z Zomo
and or bed or so or
=n © uh oh (glottal stop)
gheyn Q similar to French *1™
fe f fun
ghaf q similar to French “1”
kaf k kite
gaf g great
lam 1 love
mim m Mary
i n nun
vav v very or food
he h horse
ve with hamze i voul o uh oh (glottal stop)
ve v you or sea
short space (marking a )
final 1!1::1‘11:1 character) -
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(1) “riys~Jmhvr”-->“riys”*“Jmhvr”
Lit.: head republic
‘President*

(2) “zng~zdnd”-->“zng”*zdnd”
Lit.: bell hit (past/3pl)
‘(they) phoned"
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(3) "nathay79__>“namh’,“ay’,
letter-Indef
‘a letter’

(4) “namhay”

name-Plur-Ezafe
‘(the) names of’
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(5) “shrab” “xvb” --> “shrab™xvb”

wine good
S WLl L S5lg Toazme 0,5 aleal aalS S5 L a5 ol Sl boazss, 51 S 51 @

(6) “kvtah” “tryn”-->“kvtah~tryn”
short est
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(7) “my’\", CcrquNQ,__>1 . “my rquQ,

IMPdancing(1sg)2.“my ~rqSm”
‘(I) am dancing.’
[where “my” can also mean “wine”]

iUl SledS g1y w6501 F-F-4-

2l s g, dsgese | (A) Jlo 5)ls (cylb (i 4o (soges oSl o Jate lalS

o ly olals wilgs e by s ;LS 9 aSulenil 5lanl oed (LG SLL IS5 4 5T
JLsdl g (8l SLaS 5 Sho 5 el oals ools lias Jlio cpl jo 4S5 9 (S lox o slo)S'es
3o g Jd il ailas 4SS aS (6 ka0 090 Sl Ladd g Lay) B> 0ligS adlsl g > ool
1y asloass laz el Jad elyl a5 Juaite 0590 S5 31 Jlie g so yolls Sl alold g0y aalS
oledlay 8 a ol ra ail aila 4SS aS g,k 050 Slodl Lad) Jlise ol jo 0w oo lis
Ceomnd 90l pl el ooy ate (gam 4ol (Wio,S o, ) rd kardand ool Jxé1d DS jion

8) a. compoundsamvrxarJh--> amvr xarJh

affairs foreign
‘foreign affairs’

b.light verbs pyshnhadkrdnd--> pyshnhad krdnd

proposedi@3 pl)
‘(they) proposed.’

c. prepositionazShyvnystha--> az Shyvnystha
fromZionists
‘from the Zionists’
d.conjunction tablv+ >tablvv
painting and

' On Line
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‘painting and’

e. postpositionkshvrra-->kshvrra
countryObj
‘the country’ (object of sentence)

f. distinct wordsfrAyndbykarsazy-->frAyndbykarsazy
processunemployment
‘(the) process of unemployment’
nystndayran-->nystndayran
are notlran
‘..(they) are not Iran..’

g. separated wordsrard krdnd-->rard krdnd

Obj refusal did(3pl)

‘.. (they) refused..’
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(9) “dvrdnya”-->1."dv” “rd” “nya”around world

2."dvr” “dnya” [correct segmentation]|
3‘Hdvrd7’ Lﬂnya”
4."dv” “rdnya”
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(19 “chaqvzd®- > 1.“cha” “qvzd”
2.“chaqv” “zd” [correct segmentation]
3.“cha” “qv” “zd”
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Roman
character Persian transliteration

i (o1 A word-initially)
by—or b~
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Input token Tokenizer output
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- roceed to the next token
EOS Proceed to tl t tok
Format Rules:
Acronym rule 1
Abbreviation rules 1, 4
2. Token is not ambiguous with a word/| « Create the token as an acronym or as an
morpheme abbreviation
Token is ambiguous with EOS « Create sentence boundary
* Proceed to the next token. If there is a
Formar Rules: _ )
Aeromvm rule 1 stop. proceed to the mnext token
Acronym rite following the stop.
Abbreviation rules 1, 2, 4
3. Token is ambiguous with a word/morpheme » Create the token as word
Token 1s not ambiguous with EOS « Proceed to the next token
Formuat Rules:
Acronvm rule 2
4, Token 1s amguous with a word'morpheme » Create the token as an abbreviation
Token 15 smbignous with EOS ’
okea 18 ambigno ith EOZ » Create word token
Format Rules: * Create sentence boundary
Abbreviation rule 3 + Proceed to the next token following the
stap
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Persian Affix Inflection Information Affix Type Ambiguous with word
by derivational or subjunctive particle prefix no
my imperfective verbal particle prefix no
Hmy negation + imperfective particle prefix no
ha plural suffix ves (interjection ‘hey’)
hay plural + ezafe suffix yes (interjection ‘hey’)
ay indefinite marker suffix ves (interjection ‘hey’)
am copula/auxiliary/pronoun clitic (1sg) suffix yes (noun ‘mother’ -arabic)
shan pronoun elitic (3pl) suffix yes (noun ‘dignity’)
tr comparative suffix ves (adjective ‘wet”)
ty comparative + copula (2sg) suffix yes (adj. “wet’ + copula)
ayst indefinite + copula (3sg) suffix yes (noun/inter]. *stop’)
ast auxiliary (3sg) suffix yes (copula/3sg ‘is”)
hayy / haiy plural + indefinite suffix no
haym plural + pronoun clitic (Isg) suffix no
hayt plural + pronoun clitic (2sg) suffix no
haysh plural + pronoun clitic (3sg) suffix no
hayman plural + pronoun clitic (1pl) suffix no
haytan plural + pronoun clitic (2pl) suffix no
hayshan plural + pronoun clitic (3pl) suffix no
hast plural + copula (3sg) suffix no
hayym plural + copula (1pl) suffix no
hayyd plural + copula (2pl) suffix no
haynd plural + copula (3pl) suffix no
at pronoun clitic (2sg) suffix no
ash pronoun clitic (3sg) suffix no
man pronoun clitic (1pl) suffix no
tan pronoun clitic (2pl) suffix no
aym auxiliary (1pl) suffix no
Persian Affix Inflection Information Affix Type Ambiguous with word
ayd auxiliary (2pl) suffix no
and auxiliary (3pl) suffix no
ftryn superlative suffix no
trynha superlative + plural suffix no
trha comparative + plural suffix no
trynm superlative + pronoun clitic (1sg) suffix no
trynt superlative + pronoun clitic (2sg) suffix no
frynsh superlative + pronoun clitic (3sg) suffix no
trynman superlative + pronoun clitic (1pl) suffix no
tryntan superlative + pronoun clitic (2pl) suffix no
trynshan superlative + pronoun clitic (3pl) suffix no
; (hamze) ezafe suffix no
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2 Linearly Interpolating
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* Toolkit
> Clustering
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