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Morphological
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Spelling
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* Publication in progress
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Deasciifier

Problem

Case 1

e kagit 2 kagit
Case 2

® aci =2 aclI? aci?

Case 3

e olumsuz = olimslz
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Deasciifier

Two stage method

Discriminative
Sequence
Classifier (CRF)

Language

Validator
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Deasciifier

Discriminative Sequence Classifier

Riyamda evde oldugunu gérdim

Curr. Neig. Curr. Neig. Neig. Neig. Neig. Class
Letter Word(+1) Word Ch(-2) Ch(-1) Ch(+1) Ch(+2) Label
O GOrdUm 0ldUGUnU - - 1 d o
U GOrdUm 0OldUGUnU 1 d G U i
G GOrdUm 0ldUGUnU d U U n g
U GOrdUm OldUGUnU U G n U i
U GOrdUm 0ldUGUnU U n - - i

Table 1: The capital letters denotes the character that needs to be labeled as either the
ascii form or non-ascii form of it. Each row denotes a labeling step of the character given in
the first column, which was also underlined in the column of current word. The expression

(£n) where n € Z denotes the position of the feature relative to the current word or
character.

Language Validator

* Number of all possible tokens: 2°=32
 Valid tokens : Oldugunu, OldigiinG
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Deasciifier

Result Accuracy Miss

prediction

%

Sust Acc Acc
ystem Overall Amb

Yuret [3] 95.93 91.05

Zemberek [4] 87.71  82.55

Proposed model [2] 97.06 94.70

Correct
prediction
98%

Table 2: The comparative results of the proposed model
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Vowelizer

Problem

Examples

e s|m—> selam
e Mrb =2 Merhaba
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Vowelizer

Example

Input token :"kd”
q

Discriminative Sequential
Classifier

kidi

kedi (cat)
kadi (judge)
kado

kada

Enguago Validati

kedi (cat)
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Vowelizer

Discriminative Sequence Classifier

Predicted Curr. Neig. Neig. Neig. Neig. Neig. Neig. Class
Position @ Word Ch(-3) Ch(-2) Ch(-1) Ch(+1) Ch(+2) Ch(+3) Label

7 1 m_ slm - - - s | m -
8?7l m  slm - - S | m - e
8 17m_ slm - S 1 m - - a
s 1 m? slm s 1 m - - - -

Table 3: Vowelization steps

Language Validator

* Number of all possible tokens: 24=16

e Vali kens : Selam, Salam lam lim, Silam
alid tokens : Selam, Salam, Sulama, Salim, Sila URL: http://tools.nlp.itu.edu.tr
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Vowelizer

Result Accuracy

Correct prediction
63%
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Spelling Corrector

Base model

Learning

error model

Candidate
SN ceneration

Candidate

validation &
ranking
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Spelling Corrector

Aho-Corasick

aacoustic = acoustic ,B

ayeustic—>acoustic
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Spelling Corrector

SC #1

| - lllj| o—e—e—x
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Spelling Corrector

SC #2

apelling = spelling
* (Cost:-0.1
apeling—>-cpelling
* (Cost: 0.0

”ll i |‘||||H”
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Spelling Corrector

SC #3

|‘|| i ||||‘|||||
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Spelling Corrector

SC #4

Aro - Cormsick Search Tree

Eswrces ®

I
8

%
i
z
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Spelling Corrector

Results
Accuracy
ETFSR 49.0%
Zemberek 61.4%
MsWord 66.3%
SC1 68.6%
SC2 67.8%
SC3 78.7%
SC4 80.7%

Table 4: Benchmarking with existing solutions
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Morphological Analyzer

Problem

Example: kalem

e kalem = N(kalem) = pencil
e kale-m = N(kale) + 1PS-POSS(m) = my castle

Example (kalemler)

e kalem = N(kalem) + PLUR(ler) = pencils
» kale-m—>Nikale}+1PS-POSS{m} +PLUR{er} = 2my castles
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Morphological Analyzer

Base model

Suffix

Classification

SRR Generation

Unification
of all FSMs
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Morphological Analyzer

Step 1: Suffix Classification

Class # Class Type

1 Nominal verb suffixes Inflectional
2 Derivational suffixes Derivational
3 Noun suffixes Inflectional
4 Tense & person verb suffixes Inflectional
5 Verb suffixes Inflectional
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Morphological Analyzer

Step 2: FSM Generation

1

PR | |
-DUr

|
“(y)ken
Nom_Verb2, oy iy
|

-Um, -sUn,e

lAr
Uz, -sUnlz, -IAr ‘ £
& 2 7\ €, 6,7,8,9,5
-k, -nUz, -lAr @
Nom_'*\’erbz ‘\-/" @ /'@\
| kisi | ¢ €,10,11 £,12345
@ -DUr, ¢ -cAslnA

12,13
€,1,234,5,15
| 14
Figure 7: Nominal Verb Suffix - Left to right FSM [6]
€5 10

Suffix # Suffix # Suffix

~(y)JUm 6 -—m 11 -cAslnA

—sUn 7 - 12 —(y)DU

~(y)Uz 8 -k 13 —(y)sA
-sUnUz 9 Uz 14 —(y)mUs
-1Ar 10 -DUr 15 —(y)ken

Table 6: Nominal Verb Suffixes URL: http://tools.nlp.itu.edu.tr
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Morphological Analyzer

Step 3: Unification of all FSMs

Derivation
al Suff.

Figure 13: Unification of FSMs |[6] URL: htto://tools.nlp.itu.edu.tr
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Named Entity Recognition

Problem

In ELE. applied the general theory of relativity to model the large-scale structure of the
universe. He was visiting the HEte when came to power in and did not go
back to S guEi. where he had been a professor at the [ BN, He settled in

the I, becoming an American citizen in [[EELL. On the eve of World War I, he endorsed a letter to
President el alerting him to the potential development of "extremely powerful
bombs of a new type" and recommending that the begin similar research. This eventually led to
what would become the [[ENQENMENIProject. Einstein supported defending the Allied forces, but largely
denounced using the new discovery of nuclear fission as aweapon. Later, with the British

philosopher FEQEI GUEEE]. signed the WENlicEee. which highlighted the
danger of nuclear weapons. Einstein was affiliated with the LfFrinceton]

B, until his death in [IEEE.

Adopted from http://europeana-newspapers.eu
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Named Entity Recognition

Method

Tokenization
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Named Entity Recognition

Results

Related work Best Result Ev.Metr. Domain
Ozkaya and Diri [11] 84.24 n/a E-mail texts
Kucuk and Yazici [12] 90.13 OTHER  General news
Tur et al. [13] 91.56 MUC General news
Bayraktar and Temizel [14] 81.97 MUC Financial Texts
Seker et al. [15] 94.59 MUC General news
Tatar and Cicekli [16] 91.08 CoNLL Terrorism news
Yeniterzi [17] 88.94 CoNLL General news
Seker et al. [15] 91.94 CoNLL General news

Table 10: Comparative results of related works on NER
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Dependency Parser

Problem

arabanizdayd Mod
(it was in your car’)
arabanizda DB ydi T
araba+Noun+A3sg+P2pl+Loc DB +Verb+Zero+Past+A3sg spor arabanizda DB yd;
i©: G
‘in your car’ ‘it was’
Subj

e i) N ) e
R ) oL . PR o
e St ot S

bu okul ogrenci en  akil sura dur kiguk kz
+Det +Noun I +Ad) +Noun +Adv ~Nounl°l\d) lh\Xouu +Noun ‘\'cl‘bl'r\dj +Ady °Noun' +Verb
+Adsg | +A3pl +A3sg FWith|+Zero +A3sg +Pos |+Prespan +A3sg | +Zero
+Pnon I +Pnon +Pnon I'ASSg +Pnon I +Pnon _+Pres
+Loc +Gen +Nom ! +Plsg  +Loc +Nom ! +Cop
I | [+Nom | 1 +A3sg
This  school-at+that-is  student-s-' most intelligence+with+of  there stand+ing  little girl+is

The most intelligent of the students in this school is the little girl standing there.

Figure 17: The typical dependency links in a sentence, in Turkish [18]
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Dependency Parser

Word-based vs Inflectional Group (IG) based models

Figure 2
Mapping from word-based to IG-based representation of a sentence.
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Dependency Parser

Probabilistic Parser

n—1
T* — arg max P(T|S) = arg max H P(dep(ui, up(s))|S)
i=1

Classification-based Parser

* Features
* Root form
* POStag
* Inflectional features
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Dependency Parser

Results
Parsing Model (parameters) ASy WWy
Word-based model #1 68.1+04 77.1+0.7
Word-based model #2 68.3+£0.3 77.6%£0.5
IG-based model 72.1£0.3 79.0+0.7

Parsing Model (baselines) ASU WWU

Attach-to-next (first IG) 56.0 63.3
Attach-to-next (last IG) 54.1 63.3
Rule-based 70.5 79.3

Table 12: The experimentation results of probabilistic parser

Table 11: The erimentation results of baseline parsers Parsing Model (baselines) ASy ASy,
Word-based model 67.1+0.3 57.8+0.3
IG-based model 70.6x0.2 60.9+0.3

Table 13: Experimental results of classifier based model
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