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ABSTRACT

COMPUTER BASED STRUCTURAL
ANALYSIS
OF
DEVERBAL /
WORDS IN TURKISH

AYDIN, Serpil
M.S. in Electrical and Electronics Engineering
Supervisor: Asst. Prof. Dr. M. Mete Bulut
January 1991, 118 pages

In this thesis work, a software for the structural analysis of
deverbal words for Turkish language is developed.

The program has four main units: Root identification, suffix
recognition, meaning extraction, and learning. For the analysis of
words the first three units are used. The function of the fourth unit,

learning, is to teach the unknown roots to the system.

The steps for the analysis of a given word are as follows:

First, identify the root of the word using depth first search method.
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For this step, a data bank called Root Bank is used. If it is not
possible to identify the root of a given word the learning unit is
activated. As the second step, the suffixes affixed to the root are
found. For this operation, another data bank, which is called
SuffixBank, is used.

Once the root and the suffixes which constitute the given
word are found, the meaning of the word is determined using a third
data bank, which is called Meaning Bank. To do so the meaning
changes induced by each suffix is extracted from the Meaning Bank,
and concatenated in a proper manner to find the overall description

of the given word.

For the developed software, the source code occupies 97
KBytes. For the data banks 18 KBytes are used. The analysis time of
a given word with two suffixes, which is the most common usage in

Turkish, is 1.50 seconds for an IBM-AT compatible computer.

Key Words: Deverbal word, structural analysis, suffix, suffix
deriving verbs from verbal roots, suffix deriving nouns

from verbal roots.

Science Code: 619.02.05.
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TUKCE' DEKI FiiL. SOYLU SOZCUKLERIN
BILGISAYARA
DAYALI
YAPISAL COZUMLENMESI

AYDIN, Serpil
Yiksek Lisans Tezi, Elektrik ve Elektronik Mithendisligi
Tez Yoneticisi: Yrd. Do¢. Dr. M. Mete Bulut
Ocak 1991, 118 sayfa

Bu tez ¢aligmasinda, Tiikge'deki fiil soylu sdézctiklerin

¢6ztimlenmesi igin bir yazihim gelistirilmisgtir.

Program kék belirleme, sonek tanimasi, anlam c¢ikarma ve
6grenme olmak tizere doért esas tiniteden olusmaktadir. Kelimelerin
¢6ztimlenmesi icin ilk G¢ tinite kullamilmaktadir. Dérdiincd tinitenin
islevi bilinmeyen kékleri sisteme §gretmektir.

Verilen bir kelimenin ¢6ztimlenmesi iki basamaktan olusur:
IIk basamakta kelimenin koékiti derinligine tarama metodu

kullanmilarak bulunur. Bunu yapabilmek i¢cin K6k Bankas: ad: verilen



bir veri bankasi kullamlir. Verilen kelimenin kéktintin belirlenmesi
muimkiin degilse, 6grenme tinitesi faaliyete gecer. ikinci basamakta
koke gelen sonekler bulunur. Bu islemi yapabilmek i¢in Sonek

Bankas1 adi1 verilen baska bir veri bankasi kullanilir,

Kelimeyi olugturan kék ve sonekler bulundugunda kelimenin
tanimlamasi Anlam Bankasi adi verilen {i¢ilinct bir veri bankasi
kullanilarak belirlenir. Bunun i¢in her sonekin meydana getirdigi
anlam kaymalar: Anlam Bankasi'ndan ¢ikarilir ve bunlar kelimenin
tam tammlamasim vermek tizere uygun bir sekilde birlegtirilir.

Gelistirilen yazihm 97 KByte yer tutmaktadir. Veri bankalan
icin toplam 18 KByte kullamilmaktadir. Tlrkce'de en ¢ok kullamilan
bir bicim olan iki sonekli bir sézciigtin IBM-AT uyumlu bir
bilgisayarca tarminmasi 1.50 saniye tutmaktadir.

Anahtar Kelimeler: Fiil soylu s6zctik, yapisal gé{ﬁmleme, sonek,
fiil soylu kokten fiil tureten sonek, fiil soylu

kokten isim tireten sonek.

Bilim Dali Sayisal Kodu: 619.02.05. \
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CHAPTER 1

INTRODUCTION

There are some studies for translation to/from Turkish [12],
frequency count of Turkish words [13], grammatical structure of

Turkish [1-5], [7-9], and origin of the spoken Turkish [6].

Our study is the first one for the computer based recognition of

the Turkish language.

In order to understand the meaning of a sentence, all types of
the words and combinations must be recognized. Since the
recognition of all the words of a language is an involved study, the
scope of this thesis work is restricted by the recognition of the

deverbal words of Turkish.

Although computer aided recognition of Turkish words seems to
be difficult, it is not impossible. Turkish is characterized by a great
regularity of patterns and also it has a few irregular words taken

from other language families.

Turkish is an agglutinative type of language. There exist a root
and a number of suffixes for each word. For this reason, our study

uses systematic search for the decomposition of the deverbal words.



In order to accomplish the decomposition, all the relevant rules of

the Turkish language are used.

In order to analyse a word structurally, the root and the meaning
modifications caused by all the suffixes attached to the root must be
recognized. The first step of the analysis process is to identify the
root of a given word, and next to determine both inflection and
derivation which are induced by the suffixes. Therefore, the root and
the suffixes of a deverbal word are found by using knowledge about
verbal roots, suffixes which can be attached, and grammatical rules.
Knowledge banks are constructed to store verbal roots, their suffixes
and meanings. The root and the suffixes of a given word are
determined using the Root Bank and the Suffix Bank, respectively.
Once the suffixes are determined the meaning changes induced by
them are extracted from the Meaning Bank. As the final step of the
analysis, the description of the given word is found by the

- concatenation of the root and suffix inductions in a proper way.

1.1 SCOPE OF THE THESIS

This thesis describes the implementation aspects of recognizing
and finding the meanings of deverbal words in Turkish language
using the knowledge banks. For this purpose, a program has been
developed. Given words are analysed by using knowledge about verbal

roots and their suffixes.

In chapter 2, general characteristics of Turkish language have
been used to explain the word-formation of Turkish words. Sound
properties of Turkish (i.e., vowel harmony and consonant harmony),

verbal roots and their suffixes, possible structure of the deverbal
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words, conjugation of the verbs, verb structure, basic and compound

tenses and compound verbs are explained in this chapter.

Chapter 3 introduces a detailed insight into the developed
program for the recognition of a deverbal word. The program uses
three knowledge banks (Root Bank, Suffix Bank, and Meaning Bank)
and their structures are proposed in this chapter. Moreover,
deformation positions for a verbal root, the general rules and the

specific rules for the suffixes are introduced.

Searching method for extracting the root and the suffixes of a
given word, concatenating the meaning of the suffixes, and the
function of each module are explained in Chapter 4. The flowchart
and the software structure of the main procedure and its

subprocedures are also given.

Finally, Chapter 5 contains the concluding remarks together

with some comments for future research.

In Appendix A, a user's manual is given. The messages appearing
on the screen are shown in the user's manual and they are written in

Turkish as seen on the screen.

Appendix B and C shows the Root Bank (verbal roots and their
identity codes), Suffix Bank (suffixes and their identity codes).

The Meaning Bank (meaning of the suffixes) and how to combine

these meanings to a root are shown in Appendix D.

A glossary is provided in Appendix E.



CHAPTER 2

GENERAL CHARACTERISTICS OF THE TURKISH
LANGUAGE

Turkish is an agglutinative type of language that belongs to
Ural-Altaic language family. In agglutinative languages, there is a
root which is the simplest form of a word, and there is a number of
suffixes. Each of these suffixes has a different function. One or more
suffixes are affixed to a root in order to extend the meaning of the

word or create other classes of words [3].

Turkish is characterized by great regularity of patterns, and also
it has a few irregular words. Both inflection (conjugation of verbs and
declension of nouns), and derivation are indicated by suffixes which
are affixed to the roots. Therefore, affixes can be classified into two

groups as derivational affixes and inflectional affixes [7].

By using derivational affixes, verbs can be derived from nouns or
adjectives, nouns from verbs or adjectives, and also adjectives from
nouns or verbs. In other words, derivational affixes change the
meaning of the words to which they are added. Let us examine the
following examples : "bil" is a verb, and its meaning is "know", but
"bilmece" is a noun which means "riddle,puzzle"; "tas" is a noun that
means "stone”, but "taglag" is a verb, and it stands for "petrify, turn

to stone".



As it is seen in these examples, new words are produced by
means of derivational affixes. However, inflectional affixes do not
have any function in word-formation, that is, there is no change in
the semantic meaning or class of the word. For example, although
"ev" is a nominative form and "evi" is an accusative form, declension

of noun can not cause any difference on word-formation [1], [7].

Another important feature of Turkish is to have no distinction

of gender (masculine, feminine, neuter).

Before going further, a brief knowledge about vowels,
consonants, class of roots, their suffixes, and possible word

structures will be examined.
2.1 SOUNDS IN THE TURKISH LANGUAGE

Turkish alphabet consists of 29 letters, and these letters can be
divided into two groups according to their sounds: Vowels,

Consonants [6].

2.1.1 Vowels and Vowel Harmony

There are eight vowels in Turkish: a, e, 1, i, 0, 6, u, 1. These
vowels are classified into six groups according to their properties.

This classification is as follows [15]:

back vowels : a, 1,0, u
_front vowels : e i, 6, d
unrounded vowels : a, 1e,i

rounded vowels : 0,6, u, d
closed vowels : L i,u 0
wide vowels : a, e 0,0
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There is also vowel harmony in Turkish, and there are some

rules for this [1].

i) If the first syllable of a word has a back vowel, vowels of the
subsequent syllables are also back ones. If the vowel of the first
syllable is a front vowel, the vowels of the other syllables are also

front vowels. For example: sicak /hot; atmak /to throw.

ii) Unrounded vowels are followed by unrounded vowels; rounded
vowels are followed by either closed-rounded (u,1) or wide-unrounded

ones (a,e). For example: goézlik/ glasses; okumak /to read.

iii) The vowels of the suffixes are subject to the vowel harmony,
that is, they change in accordance with the vowel of the last syllable

of the word. For example: -a > smif-a, gel-e; -tir > bak-tir, kos-tur.

If the suffix follows another suffix,its vowel changes according

to the vowel of the preceding suffix (e.g., ev-de-dir-ler).

A few Turkish words (e.g., inanmak /to believe; avu¢/palm of the
hand), and foreign words do not obey these rules. There are also six

invariable suffixes: -yor, -ken, -das, -leyin, -ki, -(1)mtirak.

2.1.2 Consonants, Consonant Harmony and Changes in Consonants

Consonants in Turkish are divided into two groups as harsh and

soft consonants [3].

Unvoiced consonants: ¢, f,h k, p,s, s, t.

Voiced consonants: b,c,d, g g j,L, mn,rv,vy,z

The Turkish words mostly end in a harsh consonant; especially,

the soft consonants b,c,d and g are rarely found at the ends of
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Turkish words. If there is one of these consonants at the end of a
foreign word, it changes to the corresponding harsh sound of p,¢,t or
k, respectively (e.g., kitab - kitap).

When a suffix beginning with a vowel is attached to a word
ending with p,¢,t or k, the end of a word is mostly softened (i.e. it
changes to b,c,d or g). This rule especially works when the harsh
consonant falls between two vowels. However, it rarely works in verb-

stems, such as git-, giat-, tat-.

If a suffix beginning with c,d or g is added to a word ending with
harsh consonant, the initial consonant of the suffix becomes harsh
(¢c,t or k respectively). For example, if the suffix "di" is affixed to the
root "git", the word "git-ti" is obtained.

After attaching a suffix beginning with a vowel to some words of
two syllables, the vowel of the second syllable drops. For example,

agiz > agzim.

Some foreign words which end in a thin consonant, and whose
last syllable has an a,o or u take suffixes with front vowels. For

example, hal> halde.
2 .2 POSSESSIVE SUFFIXES

If a word ends with a consonant, the following possessive

suffixes are used [3], [15]:

-im (-im,- um, -Um) .ooeenvvniinnnene. (benim /my)

-in ((m, -un, -GN) .eeveeveenenneenn. (senin /your)

-i (5 TR § VIR ) R (onun /his,her,its)
-imiz (imiz, -umuz, -Gmz) .......... (bizim /our)



-iniz (-in1z, -unuz, -Gndz) ............. (sizin  /your)

-i (m1,7 U, =T} ceierrrnrrnneonneenecnncons (onlarnn /their)

However, if a word ends with a vowel these suffixes change. For
example, first singular possessive suffix changes from -im (-1m, -um,
-tim) to -m. Third singular and plural possessive suffix also becomes

-s1 (-si, -su, -su).

The plural suffix in Turkish is -ler (-lar), and is added directly to
the word before any possessive ending. For example: Ler-im/ ler-in/
ler-i/ ler-iniz/. -Ler is used when the last syllable of the word has a
front vowel, -lar is used if the vowel of the last syllable is a back

one.(e.g., ev - evler, kapi - kapilar)
2.3 CLASSIFICATION OF TURKISH WORDS

Turkish words are divided into four groups according to word

bases, that is the root or stem of words [7].

i) Denominal Nouns,
ii) Denominal Verbs,
iii) Deverbal Nouns,
iv) Deverbal Verbs.

Since this thesis studies the use of deverbal words in Turkish
with the aim of recognizing and finding the meanings of them, only
the verbal roots and their suffixes will be explained in the next

section.
2 .4 VERBAL ROOTS AND THEIR SUFFIXES

Classification of the suffixes which are affixed to the deverbal

roots is as follows [5]:



i) Suffixes for derivation:
- Suffixes which derive nouns or adjectives from verbal roots,
eg. -ak > yat-ak /bed
- Suffixes which derive verbs from verbal roots,
eg. -ele > silk-ele /shake off
- Suffixes which derive verbs, nouns or adjectives from verbal
roots,
eg -t > tas-1-t
The word tasit has two meanings. The first one is a verb and
its meaning is to make someone carry something. The second one is a

noun and it means vehicle.

ii) Suffixes for conjugation:
- Tense suffixes
- suffixes for basic tenses
e.g. -ecek > gel-ecek /He(she,it) will come.

- suffixes for compound tenses

e.g. -t > gel-mis-ti-m /I had come.
- Personal endings
e.g. -m > yaz-di-m / I wrote.

2 .5 POSSIBLE STRUCTURES OF THE DEVERBAL WORDS

After affixing the suffixes to a root, the root changes to either a

deverbal verb or a deverbal noun.

VR + (SDVV)* + (TS)* + (PE)* = Deverbal Verb

Example : kov-ala-di-m /I pursued

VR + (SDNV) ¥ = Deverbal Noun

Example : gul-ts /laugh
9



Abbreviations used in the structure :

VR  : Verbal Root

SDVV : Suffix which derives verbs from verbs
SDNV : Suffix which derives nouns from verbs
TS : Tense Suffix

PE : Personal Endings

PS : Possessive Suffixes

An asterisk (*) is used to indicate zero or more repetitions, and a

plus sign (*) shows that one or more repetitions are allowed.

2.6 CONJUGATION OF THE VERBS

The infinitive forms of the Turkish verbs terminate with -mek/ -
mak. The first part of the infinitive to which -mek/-mak is attached

is called root or stem [15].

General Pattern :
(Verb - Stem) + (Tense Suffix) + (Personal Endings)
Example: yurG-r-tm /I walk.

There are some irregular positions for this pattern.
e.g. oku-yor-lar-mig, where personal ending "lar" is between two

tense suffixes.

We can make the verb affirmative or negative.
a. Affirmative
(stem) + (tense suffix) + (personal endings)

Example: yaz-di-m /1 wrote.

10



b. Negative
(stem) + (negative suffix) + (tense suffix) + (personal endings)
Example: yaz-ma-di-m /1 didn't write.

There is an exception for the negative of the simple present. In
the first singular and plural persons, personal ending directly follows
the negative stem without taking any other suffix (e.g., gel-me-m). In
other persons, "z" is used instead of positive tense suffix -(i/1/u/a)r

or -(e/a)r (e.g., gel-mez-siniz).

To form affirmative or negative question forms of tenses, the
interrogative particle "mi" is inserted between the tense suffix and
the personal ending . In the third person plural forms of all tenses,
and in all persons of the di-past, it comes at the end (e.g., geliyorlar
mi, gitmedin mi). In the first person of the negative-question of the

simple present, "z" comes after the negative stem (e.g., gelmez misin).
2.7 VERB STRUCTURE

i) Transitive, Intransitive Verbs
If the action passes over to a direct object, or the verb can

take direct object, that verb is called a transitive verb.
e.g. gor_ [see; tut_ /hold anything or anyone

If the action does not pass over to direct object, that verb is

an intransitive one.
e.g. gel_ /come; agla_ /cry

ii) Active and Passive
If the stems:
end with a consonant (except "1}, the suffix "-il" is added,
end in "1", the suffix "-in" is added,
11



end with vowel, "-n" is added, to obtain passive voice.

e.g. sdylemek >> sdyle-n-mek

iii) Reflexive Verbs
If the stem ends with a consonant, the suffix "-in" is attached;
if ending of the stem is a vowel, "-n" is added, to obtain reflexive

forms.

Although the passive and reflexive forms of some verbs have the
same structure, they differ in their meanings.
e.g. Reflexive : Cocuk yikandi. /The children washed by himself.
Passive: Gomlek yikandi. /The shirt was washed.

iv) Reciprocal Verbs
If the action is done by more than one subject either in
cooperation or in opposition or mutually, a reciprocal verb is used.

e.g. dév_ >> dov_iis

v) Causative, Factitive Verbs
If an intransitive verb is made transitive, it is called causative.

e.g. 6l_ >> 6l-dtGr-mek

If a causative or originally transitive verb is made causative,
this verb is called a factitive verb.

e.g. Ol_ >> ¢l-duar-t-mek
2 .8 BASIC TENSES

Basic Tenses can be classified into two groups: Five informative

tenses and four optative tenses [3], [5-6], [15].
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2 .8 .1 Informative Tenses

i) Simple Present
It is used to express a habitual, permanent or repeated action.
Suffix: (i/1/u/ti/a/e)r
e.g. Dlinya gtinesin ¢evresinde doner.

/The earth rotates around the sun./

ii) The Witnessed Simple Past
It is used to state an action completed at a particular time or
during some period in the past.
Suffix: -di (-di/-du/-da/-t1/-ti/-tu/-tG)
e.g. Dln gece Gt yaptim. /1 ironed yesterday night.

iii) The Reported Simple Past
It is used when the speaker has no direct, first hand
information, or if he was just informed, or has just become aware of
it.
Suffix: -mis (-mis/-mus/-mis)
e.g. O hastaymis. /(Someone reported that) he was ill.

iv) The Progressive Present
It indicates an action which began in the past and it is still
continuing at the moment of speaking,.
Suffix is -yor
e.g. O geliyor. /He is coming.

v) The Future Tense |
It is used to express an action which will take in the future.
Suffix: -acak (-ecek)
e.g. Yarm gelecek. /He will come tomorrow.
13



2 .8 .2 Optative Tenses:

i) Imperative
It is the form of the verb used in orders, and the second
singular personal ending of imperative is the verb-stem.
Suffix: ...
e.g. A¢. /Open.

ii) Optative or Subjunctive
This form is used to express wishes or concepts whose
realization is desired, and it does not express actual situations or
happenings.
Suffix: -a (-e)
e.g. Geleyim. /Let me come.

iii) Necessitative
This form expresses possibility, a strong likelihood or logical
conclusion.
Suffix: -mali (-meli)
e.g. Bu adam doktor olmali. /This man must be a doctor.

iv) Remote Condition
It is sometimes used to express a misty conditional, and
sometimes to indicate a will related with a condition. It may also
express wishes, often beginning with "kegke" /if only/.
Suffix: -se (-sa)
e.g. Hava glizel olsa da piknige gitsek.

/1 wish the weather be nice and we can go to the picnic./

14



2.9 COMPOUND TENSES

They are collected into three groups :
i) Compound Imperfect
It is formed by adding the past suffix of "-di" to the tense
suffix.
e.g. Onu gbérdtigtim zaman basketbol seyrediyordu.

/When I saw him he was watching the basketball game./

ii) Narrative Compound Tenses
It implies lack of a first hand or definite knowledge, the suffix
"-mis" is added.
e.g. O kitap okuyormus.
/He has been reading a book. /

iii) Conditional
It expresses a conditional state, and its suffix is -se (-sa).
e.g. Onemli birsey yapiyorsaniz rahatsiz etmeyelim.
/If you are doing something important, let us not disturb you./

2.10 COMPOUND VERBS
Compound verbs are divided into five groups.

i) Potentiality and Possibility
It express a physical or mental ability for an action.
e.g. yazabilmek /to be able to write/

ii) Acceleration, Quickness
It indicates acceleration or quickness in an action.

e.g. geliverdi /He(she,it) happened to come./.
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iii}) Continuence
It shows continuence in an action.

e.g. Siz yazadurun ben hemen gelirim.
/Continue with writing, I'll come back soon./

iv) Approximation
It indicates approximation to a state or situation.

(almost,nearly...)
e.g. diis-e-yaz-di-m. /I almost fell.

v) "etmek, olmak" is used to derive verbs from denominal words.

e.g. kabul etmek /to accept
muhtag¢ olmak /to be in need

2.11 PERSONAL ENDINGS

Two basic kinds of personal endings are used in conjugation of

the verbs:
-m - (y)im (ben/I)
in di-past -n - sin | (sen/thou)
and - - (o/he,she,it)
conditional -k - (y)iz (biz/we)
- se - niz - siniz (siz/you)
- ler - ler (onlar/they)

In the next chapter, structure of the knowledge banks, data

structure used and the rules for the suffixes are discussed.
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CHAPTER 3

DEVERBAL WORD RECOGNITION BY USING
KNOWLEDGE BANKS

Given words are analysed by using the knowledge about verbal
roots, their suffixes, meanings, and the related rules. For this reason,
a program has been developed in order to find the meaning of a word.
It uses three data files as knowledge banks and they are called Root
Bank, Suffix Bank, and Meaning Bank. Since these banks are
dynamically constructed, it is possible to delete and/or to insert
knowledge at any time. In other words, the program has the ability of
forgetting and learning.

The figure 3.1 shows the block diagram for the analysis of a given
word. After finding the root using the Root Bank, the Suffix Bank is
used for determination of the suffixes in the given word. Next, the

meaning changes due to the suffixes are extracted from the Meaning

Word »{ Root Bank [ Suffix Bank (i Meaning Bank [H— Word Recognition

KNOWLEDGE BANKS

Figure 3.1 Block diagram for analysis of a word
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Bank and the root information is combined with this knowledge.
Thus, the meaning of the word is obtained at the end of this analysis.
However, some problems may appear during the explained process.
The structure of the root, suffix, and meaning banks, search method
used in the program, learning aspect, deformation positions for a
root, general and specific rules that concern suffixes are explained in

the following sections.
3.1 ROOT BANK

In order to analyse a given word, the source of its meaning must
be found. In other words, the root of the word has to be determined.
For this reason, it is necessary to collect knowledge about the roots.
When a suffix, which has more than one meaning is affixed to a root
the suitable meaning of the suffix must be found. Moreover, any
deformation position for the root and any possible changes on the
root must be known. Therefore, a storage bank called Root Bank is

formed and it contains both the verbal roots and their identity codes.
3.1.1 Structure of the Root Bank

There are two ways of storing the verbal root: One of them uses
the letter order and the other one uses the number of letters in it.
Since it is much easier to take and to arrange the roots according to

the letter order, the Root Bank is constructed by indexing letters.

Example:  Alphabetical Order Number of Letters
al_ /take al_ / take
avla_ / hunt bak_ / look
bak_ / look gel  / come
gel  / come sor_ [/ ask
sor_ [/ ask avla_ / hunt
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The identity code of each root in the Root Bank is constructed by
using the necessary information about the root. The information
required for correct analysis of a word has to cope with the following

problems:

i) The root of a given word is not always the simplest root (i.e.,
the simplest form of a word).
Example: word: yemek / meal
root: ye_

word: yeter / sufficient
root: yet_

As it is seen in this example, the meaning of the first word
comes from the root "ye_". However, the second one takes its meaning
from "yet_". Since our aim is to find the correct meaning of a given
word, finding the correct root is very crucial. In order to express this
property, a binary digit (0/1) is used in the first field of the root code.
The binary digit "0" means that the root is the simplest root.
However, "1" shows any possible change for that root, that is, the
root can be replaced by another root which is part of the given word.

Therefore, the root "ye_" has "1" in the first field of its code.

ii) The type of the suffix affixed to a root, and its meaning may
depend on the root structure. That is, the transitive or intransitive
structure of the root may affect the analysis of the given word. For
this reason, the second field expresses the root structure. Three
numbers are used for this characteristics. "1" indicates a transitive
root and "0" shows an intransitive root. However, the structure of
some roots may be both transitive and intransitive. The number "2" is

used to show the roots having this structure.
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iii) If the suffix has more than one meaning and these meanings
have the same properties, there is a problem. The problem for that
position is how to distinguish these meanings, and which meaning of
this suffix is suitable for that root. This problem can be solved by
using some identity numbers. These numbers are called Return
Numbers and they will be explained in section 3.2.1. Thus, other
fields of the root code is reserved for return numbers to express the
specific meaning of a suffix. However, these numbers are not always
necessary. Although one root has the return number of a suffix, the
other one may not have that number or may have another return
number. This is due to the fact that all the suffixes cannot be affixed
to a root. Moreover, this part may be empty for some roots. The
following example explains the meaning of the return numbers for a

suffix.

Example: Since the suffix "-ak" can cause three different meaning

changes on a root, it has three return numbers: 006,007, and 008.

First Meaning: It shows the character of a person,
e.g. word: kork-ak / coward
root: kork_ / be afraid
return number of the first meaning "-ak": 006

Second Meaning: It denotes the place of the action,
e.g. word: yat-ak / bed
root: yat_ / lie down

return number of the second meaning "-ak": 007

Third Meaning: It indicates the tool by which the action is done,
e.g. word: kay-ak / ski

root: kay_ / slide
20



return number of the third meaning "-ak": 008

Although the return numbers (006, 007, 008) are necessary for
the roots "kork_", "yat_", and "kay_", they are not needed for the roots

Hye_ll and "yet—".

The part of the identity code for the explained examples is shown
in Table 3.1. Some commonly used roots and their identity codes
showing the necessary knowledge about the verbal roots are given in

Appendix B.

Table 3.1 Form change, root structure, and return numbers for some

roots

Root | Form Root Return
Change | Structure | Number

kay_ 0 0 008

kork_ 0 0 006

yat_ 0 0] 007

ye_ 1 1 -

yet_ 0 0 -

3.1 .2 Deformation Positions for a Verbal Root

The spelling of some roots change when a suffix is affixed to it.
That is, the root may be deformed when some suffixes are affixed to
it. In order to find the root correctly, we must know what causes this
effect. There are some conditions for which causes a deformation

occur.
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If a given root satisfies the condition part of one of the following

rules, the last letter of the root changes.

i) If a root starts with one of the unrounded vowels [a,e,1,i], ends
with one of the wide, unrounded vowels [a,e] and the suffix of the
progressive present (-yor) is affixed to the root, then wide vowel

becomes unrounded, closed vowel [1,i].

Example:
Root :basla_ /[ start
Suffix : -yor
Verb : bashyor

ii) If a root starts with one of the rounded vowels [0,5,u,1i], ends
with one of the unrounded vowels [a,e,1,i] and the suffix of the
progressive present (-yor) is attached to it, then unrounded vowel

changes to rounded, closed vowel [u,].

Example:
Root :boya_ /[ paint
Suffix : -yor
Verb : boyuyor

iii) If a root ends with one of the wide vowels [a,e,0,6], and the
buffer consonant "y_" is added between the root and the suffix, then

wide vowel becomes closed, unrounded vowel [1,i].

Example:
Root :ye_ / eat
Suffix : -ecek
Verb :yiyecek
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iv) Unvoiced consonants do not usually change. However, there

are some exceptions to this. For example, when a suffix is affixed to

"git " or "gat_ ", the last letter of the root may or may not change

from "t" to "d" as shown below.

Root : git
Suffix : -er
Verb : gider

Root
Suffix :
Verb

: git_
-ti
. gitti

As it is seen in these examples, change at the last letter of the

root "git_" depends on the suffix affixed.

3.2 SUFFIX BANK

After the determination of the root of a given word, the search

operation for finding the suffixes affixed to the root starts. For this

search, we have to know how a suffix changes meaning of a root, and

which type of suffix causes this effect. Since suffixes may have more

than one function, some rules are also necessary to identify these

Table 3.2 Examples for suffix knowledge

Suffix| Suffix Type 1{ Meaning 1 Return | suffix Type 2 Meaning 2 Return
Num. Num.
akes noun
derivation m about future
-acak| suffix for tools ooz | Temse suffix 084
-ecek | (derives noun| g¢-acak/opener (future tense) | ol-acak/It will be
from verbs)
derivation | makes reciprocal derivation makes noun
-n suffix verbs 065 suffix for objects 066
(derivesverb | k (derives noun
from verbs) | tit--n/to smoke from verbs) tiit-ii-n/tobacco
101 makes nouns
e derivation for property
—ucu suffix and carrier 039 _ _ _
_Gioti (derives nourn| ug-ucu/fluid
from verbs) kos-ucu/runner
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functions. Therefore, the necessary knowledge about the suffixes are
collected and this knowledge is shown with some examples in Table

3.2.

In order to store this knowledge, a knowledge bank called Suffix
Bank is formed. This bank consists of all the suffixes affixed to verbs
and their identity codes. This bank can be found in Appendix C.

3.2.1 Structure of the Suffix Bank

The suffixes are stored by indexing them according to their first

letter. For example, -a, -acak, -ag¢, -agan,-ak, ..., -bag, ..., -gan, ...

In order to separate the meaning of a suffix and its type, some
identity numbers are produced. These numbers are unique and they
are called Return Numbers. Therefore, for each meaning of a suffix
there exist a Return Number (RTN) and three digits are used for this
representation. That is, these numbers can change from "001" to
"999." After finding the RTN of a suffix, it is easy to find how the
meaning of a root is changed by affixing the suffix.

The identity code of a suffix is constructed as follows:

Fields 12 3 4 5 6 7 8 9 1011 12 13
Identity code

Field 1 is used to represent how many different meanings exist
for a suffix. Fields 2,3,4, and 5 correspond to four different types of
suffixes. If one of the fields has "0", it means that this suffix cannot
be in that type. If the content is "1", this suffix has only one meaning

in that type. However, if the number is greater than "1", this
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indicates the number of meanings for that type of the suffix. Suffix

types on the fields are as follows:

Field 2: Suffixes deriving verbs from verbs (SDVV)
Field 3: Suffixes deriving nouns from verbs (SDNV)
Field 4: Tense suffixes (TS)

Field 5: Personal endings (PE)

Depending on the suffix type, a RTN is obtained from the four
successive fields. Field 6 has a digit between 1 and 4, and these
numbers correspond to four different types of suffixes as shown
below.

1: SDVV 2: SDNV 3: TS 4: PE

When one of these numbers is placed in this field, fields 7,8, and 9
are used to find the return number of that suffix type.

If a suffix has one type and one meaning, these fields will be
enough. However, if a suffix has more than one type, the operation
explained for the fields from 6 to 9 will be repeated until all the types
of that suffix is covered That is, the pointer jumps to each type field
and then the RTN will be taken from the successive three fields.

Example:

Suffix: -acak/-ecek
Identity code of this suffix: 3-0210-2-003-2-004-3-084

This suffix has two types. One is SDNV type and the other one is
the future tense which is a TS. The former has also two different

meanings. The first meaning is an object which is used at the action
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(e.g., yak-acak), the second one is an object which makes that action
(e.g., kog-acak adam). RTN of these meanings are "003" and "004,"

respectively. Besides, the future tense is represented by "084".
3.2.2 Rules for the Suffixes

Rules can be used to decide which suffix is suitable to join or
which meaning of the suffix is appropriate to that place. For this
reason, the rules about the suffixes can be divided into two groups:

General Rules and Specific Rules.

The General Rules determine the types of suffixes which cannot
be affixed to some specific suffixes within new formed word.
Therefore, these rules are also called negative rules The impossible

positions for the suffixes are as follows:

i) SDNV + SDVV
SDNV + SDNV
SDNV + TS
SDNV + PE

If the new formed word becomes a noun, none of the suffixes can
be attached to the word. That is because, we only deal with the

suffixes which derive words from deverbal words.

if) TS+ SDVV
TS + SDNV

Only personal endings can follow a tense suffix. However, there
is a suffix "-ken" which doesn't obey this rule. If the word "geliyorken"
is taken as an example, it is seen that "-yor" is a progressive present

suffix and the suffix "-ken" is attached to it.

iiij PE + SDVV
PE + SDNV
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PE +TS
PE + PE

No suffix can be affixed after the personal endings. However, if
the given word has a compound tense, the third plural personal
ending "-lar" may come between two tense suffixes. For example,

"geliyorlard1” is used more frequently than "geliyordular”.

Since a suffix may have more than one type, a rule for this suffix
must be established to find its correct type. These rules are called
Specific Rules and they are explained as follows:

1) The suffix "-a (-e)" has two types: SDNV and TS. If "-a" is the
first suffix of a given word and if there is not any suffix following it,
the type of this suffix is chosen as SDNV type. At the same time, it
indicates an optative. That is, "-a" is a TS. For example, the word
"yara" has two meanings. The first meaning is "wound" and it is a
noun. The second one is "Let he (she/it} to split." However, if there is
at least one suffix after "-a", this suffix shows only a TS (e.g.,

kosalim).

2) The suffix "-acak (-ecek)" has two types: SDNV and TS. This
suffix is the same as the suffix "-a". For example, the word "acacak"
has two meanings. The former is a tool used to open something. The
latter is a verb and it means that "He (she/it) will open." However,

the suffix "-acak” in the word "acacaktim" is definitely a TS.

3) The suffix "-ar (er/-ir/-ir/)" has two types: SDVV and SDNV. If
the identity code of a root has the RTN of SDNV type, this suffix
changes the word to a noun (e.g., gelir). Otherwise, it forms a verb

and it is an SDVV (e.g., batir).
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4) The suffix "-im (-im/-um/-Gim)" has two types: SDNV and PE.
If the previous suffix is a tense suffix, it is a personal ending. If it is
not a tense suffix, "-im" cannot be a personal ending. That is, it is an

SDNV type suffix.

5) Although the suffix "-is (-13/-us/-Gs)" has SDVV and SDNV
types, these types cannot be distinguished. For example, the word
"bak-1s" is both a noun and a verb. However, if the number of the
suffix is greater than one, it is deﬁnitely a verb (e.g., bak-1g-ti-lar)

since any suffix cannot come after a noun.

6) The suffix "-k" has two types: SDNV and PE. If there is only
one suffix and it is "-k", the type of this suffix is SDNV (e.g., ada-k).
If the suffix preceding this suffix is a buffer vowel, then the word
becomes a noun (e.g., ag¢-1-k). However, if the preceding suffix is a TS,

this suffix shows the first plural PE (e.g., gel-di-k).

7) The suffix "-ma (-me)" has two types: SDVV and SDNV. If this
suffix is the only suffix of a given word, then it makes a verb and a

noun from the verbal root (e.g., kaz-ma). Otherwise, it is an SDVV.

8) The suffix "-mez (-maz)" has two types: SDNV and TS. If there
is only one suffix and this suffix is "-mez", it is an SDNV (e.g., tiiken-
mez). Moreover, it is also a negative of the simple present tense for all

suitable conditions (e.g., oku-maz-di-m).

9) The suffix "-mis (-1ms/-mus/-muis)" has two types: SDNV and
TS. If there is only one suffix in a given word and if it is "-mis", this
suffix both makes a noun and shows a tense. Otherwise, it is a TS

(e.g., gel-mis-sin).
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10) The suffix "-n" has three types: SDVV, SDNV and PE. If this
suffix is the first suffix and there is not any suffix following it, it is
an SDVV (e.g., sOyle-n). If there is at least one suffix following tflis
suffix, it is again an SDVV (sev-i-n-¢). If the previous suffix is a TS,
this suffix is a second PE (e.g., gel-di-n). Otherwise, it changes a

word to a noun (e.g., y18-1-n).

11) The suffix "-t" has two types: SDVV and SDNV. If the last
letter of the root is a vowel, "-1" or "-r," the type of "-t" is SDVV (e.g.,
kuru-t, ¢ogal-t, ucur-t). Otherwise, its type is SDNV (e.g., ge¢-i-t,
yak-1-t, um-u-t).

12) The suffix "-ti (-t1/-tu/-t)" has two types : SDNV and TS.
When the given word has the suffix "-ti" and the last letter of the
preceding suffix of "-ti" is "-1", "-n" or "-r," then "-ti" is an SDNV type
(e.g., gezinti). Otherwise, it is a TS (e.g., gecti).

These rules are used for deciding which type of the suffix is
suitable to that place. However, a suffix may be a part of the other
suffix. This position can cause a confusion and wrong analysis of a
word. Therefore, there exists some specific rules to prevent this

situation. For example;

If the the given word is "bilgi", its root is found as "bil_" and the
suffix "-gi" is affixed to it. Hoﬁrever, if the given word is "bilgin" and
the rule about the suffix "-gi" is not used for this word, the correct
solution cannot be reached and the suffixes "gi-" and "n-" are found.
Therefore, although the real solution is "bil-gin", the word is analysed
as "bil-gi-n". If the rule about the suffix "-gi" is activated, the suffix

of word is extracted correctly. The rule for the suffix "gi-" is as
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follows: If the suffix "-n" is attached to the suffix "gi-", they must be

concatenated and the suffix "gin-" must be obtained.

As it is seen in this example, if a suffix is covered by another
suffix and if these suffixes cannot be distinguished, a specific rule
has to be established. Moreover, if more than one type of suffix is
suitable to the given word, we have to deal with all possible types of
the suffix.

There are also some rules for the tense suffixes. If the given word
is an imperative, the compound tense suffixes cannot be affixed to
the word. Moreover, the narrative compound tense cannot be used
after the simple past tense. The conditional compound tense suffix
cannot be attached to the remote-condition, optative or necessitative
suffixes. Although, there is another conjugation which is called
double conditional compound tense, it is only for compound
imperfect and narrative tenses. For example, "geliyorduysam" and

"geliyormugsam”.

In addition, the suffixes for questions "-mi, -mi, -mu, -m@" come
before the personal endings and after the simple present, the
progressive present, the reported simple past, the future tense or the
necessitative. For example, bilirmiyim, biliyormusun, bilmismiyiz,
bilecekmisiniz. However, this suffix is written separately for the third
plural suffix and we do not deal with this situation.

3.3 MEANING BANK

When all the suffixes of a given word are determined, the return
numbers of the suffixes are obtained. The identity codes of the root

and the suffixes are used for this task. In order to find the meaning
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of the word, we have to concatenate each meaning of these return
numbers. For this reason, another bank is formed and it is called
Meaning Banlk.. This bank has all the return numbers of suffixes and
their formed meanings. This bank is given in Appendix D.1 in detail.
Two examples are given below to show what is meant by the meaning

of a suffix.

Example 1: Suffix: -ga (-ge)
RTN: 115
Description: The tool that is used for the action/function
mentioned by the root.
Assume that the given word is "stiptirge /sweeper". Therefore, its
meaning is "the tool that is used for sweeping (stpiirme eyleminde

kullanilan alet).”

Example 2: Suffix: -man (-men)
RTN: 059
Description: The agent who performs the action/function
mentioned by the root.
Assume that the given word is "6gretmen /teacher" and its

meaning is "the agent who teaches (6gretme ist yapan kisi).”

As it is seen in these examples, if we substitute the root of a
word with "kék,” the meaning is obtained correctly. Moreover, if the
given word has more than one suffix, the suffix meanings must be

attached. All the meanings are explained in Appendix D.2 in detail.
3 .4 DATA STRUCTURE USED

In order to implement the method, a software for IBM-AT

compatible computers was developed. We have used Pascal
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programming language and linked representation is used for data

movement,

If the roots and the suffixes are stored in an array, the insertion
and the deletion of a suffix will be time consuming. However, if
linked representation is used, it is possible to store the items
anywhere in the memory. That is, dynamic storage is used. To access
elements of the list in the correct order, the address or the location of
the next element for each element of the list is also saved. Therefore,
each data item in a linked representation is a pointer to the next
item. However, to find each node which precedes another node,
search has to be started from the beginning. The same problem arisés
when one wishes to insert or delete an arbitrary node. It is clear that
singly linked list is one way search and we need a better one called

doubly linked list.

rlink key llink

>
<

> >

L -— -

Figure 3.2 Doubly linked circular list

A node has at least three fields in the doubly linked list; data or
key, left link (llink) and right link (rlink). The right link is in the
forward direction and left link is in the backward direction. Moreover,
a doubly linked list may or may not be circular. If it is circular, its
last node points back to the first and the complexity of the insertion
or the deletion is O(1). That is, these operations take constant time

[14]. As it is seen Doubly Linked Circular List is more useful than
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the other. For this reason, it is used in our program. Figure 3.2

shows a doubly linked circular list.
3.5 HOW TO SET TURKISH LETTERS AND THEIR ORDERING

The type of the root and the suffix variables used in the program
is string type. Any two string values can be compared, because all the
string values are compatible. The relational operators "=", "<>", ">",

<", ">=" and "<=" compare strings according to the ordering of the

extended ASCII character set.

However, we have to deal with Turkish language and we need
Turkish characters (.e. 1/1, i/i, ¢/C, /G, 6/0, s/S, 1/U). If the
original ASCII character set is used, the comparison will be done
wrongly and the correct solution cannot be reached. For this reason,
another ordering is used for the twenty nine letters by using the letter

order of the Turkish language.

After taking the roots and the suffixes from the banks, they are
converted into new character set. Moreover, the given word is changed
when it is taken from the user. This conversion is called input
conversion and it is done by the function called InCov. When
anything is written on the screen, the backward operation must be
done to obtain correct writing. This process is called output
conversion and the function called OutCov is developed for this
purpose. Therefore, the forward and the backward form of the string
return in the function identifier. The tables 3.3 and 3.4 show the

forward and the backward conversion of the twenty nine letters.

Consider the word "kostu" as an example. After the word is taken

from the user, the function InCov is activated and the word becomes
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"nrwxy”. If the new formed word is sent to the function OutCov, it

changes to "kostu". *

Table 3.3 Forward Conversion Table 3.4 Backward Conversion
In Out In Out
A a a a A a
B,b | b b | Bb
C.c c c C.c
C.¢c | d d |¢c¢
D, d € e D, d
E, e f f E, e
F, f g g F, f
Gg | h h | Gg
Gg [ 1 i G, 8
Hh| ] i H, h
L1 k k L1
I, i 1 1 i, 1
J, j m m J, j
Kk n n K k
L1 o o L1
M, m P P M, m
N, n q q N, n
0,0 r r 0, o
0, 6 s ) 0, 6
P,p t t P, p
R u u R r
S, s v v S, s
SR w w8
T, t X X T, t
U, u y y U, u
U,a | 2z z U, a
V,v { { V., v
Y,y I | Y,y
Z, z i ] Z, zZ
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The method for identifying root and the suffixes of a given word,
and the general structure of the program will be introduced in
Chapter 4.
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CHAPTER 4

SOFTWARE

4 .1 INTRODUCTION

The program initially loads all the roots and their identity codes
from the Root Bank to the doubly linked circular list. If the root of a
given word is removed by the method explained in Section 4.1, the
complementary part of the word, which is the suffix part, is obtained.
If the root is not found and the correctness of the given word is
confirmed by the user, the information about the root has to be
added to the Root Bank. Then, analysis of the word continues.
However, if the given word is not correct, the program goes to start

and walits for a new word from the user.

After determining the root, all the suffixes and their identity
codes are loaded from the Suffix Bank to another doubly linked
circular list. Then, the search operation for the suffixes is started. If
it terminates successfully, it is assumed that our goal is achieved.
Otherwise, the given word seems to be unsuitable for our program.
That is, the suffixes of the given word have to be one of the following

types: SDVV, SDNV, TS or PE.
The flowchart for analysis of a word is shown in Figure 4.1.
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Figure 4.1 Flowchart for analysis of a word




The main program activates four modules called Determine_Root,
Extract_Suffixes, Dispose_Root_Links, Dispose_Suffix_Links.

Determine_Root procedure :
Function: Determines the root of a deverbal word.
Declaration: Determine_Root
Called By: Main program
Calls: SeparateRoot, NewRoot

Extract Suffixes procedure :
Function: Extracts the suffixes of a deverbal word.
Declaration: Extract_Suffixes
Called By: Main program
Calls: SeparateSuffix

Dispose_Root_Links procedure :

Function: Disposes the doubly circular linked list constructed
for the roots.

Declaration: Dispose_Root_Links

Called By: Main program

Calls: None

Dispose Suffix Links procedure :

Function: Disposes the doubly circular linked list constructed
for the suffixes.

Declaration: Dispose_Suffix_Links

Called By: Main program

Calls: None

Figure 4.2 shows the software structure of the main program.
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MAIN PROGRAM

A N

Determine_Root Extract_Suffixes Dispose_Root_Links | | Dispose_Suffix Links

Figure 4.2 Software structure of the main program

4 .2 DETERMINING THE ROOT OF A GIVEN WORD

The search operation to find the root of a given word starts from

the left and continues to the right of the word.

The leftmost letter, that is, the first letter of the word is taken
and it is assigned to the variable called temporary root. When the
root search starts, the pointer goes to the head node, that is, the
starting of the list and the letters of the root in the node is compared
with the letters of the temporary root. If the string value of the
temporary root is greater than that of the root in the node, the
pointer jumps to the next node and this comparison is repeated until
the string value of the temporary root is smaller than that of the
root. Then, the following letter of the word is concatenated to the
temporary root. This procedure is repeated until either one of the root
in the Root Bank is equal to the temporary root or all the letters in
the given word is concatenated to the temporary root. Moreover, if the
number of letters in the temporary root is greater than or equal to

the maximum possible number of letters in a root, the search stops.

There is also a flag (true/false) to show whether the root is found

or not found. When the search stops, the flag is checked. If it is equal
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to true, the first field of the identity code is taken to see whether the
founded root is a simplest root or not. If it has "1" (i.e., the simplest
root) in the first field of the code, necessary change for that root is
done. After that, the temporary root is equalized to the variable called
root. However, if it is false at the end of this search, the rules about
the roots are activated. If any one of the rules adapts the given word,
the necessary changes are done and then the search operation starts
again. If the root still cannot be determined, it means either the root
does not exist in the bank or there is a spelling error. If the given
word is confirmed by the user, the root of the given word is asked to
the user and the necessary knowledge about this root is learned.
Therefore, the identity code of the root is automatically produced and
the root is obtained. Once the root is determined, the remaining part
of the given word is extracted. That is, the root is deleted from the
word. Now the program is ready to the find the suffixes in the
remaining part.

The steps to find the root of a given word are shown in the

following example.
Example:

Given word : buldu / He/She/It found
Steps : .

1) First letter of the given word: "b"

2) Remaining letters of the given word: "uldu”

3) Search "b" in the Root Bank

4) "b" is not a root

5) Concatenate the first letter of the remaining part to "b": "bu"

6) Remaining letters of the given word : "ldu”
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7) Search "bu" in the Root Bank

8) "bu" is not a root

9) Concatenate the first letter of the remaining part to "bu": "bul"
10) Remaining letters of the given word : "du"
11) Search "bul" in the Root Bank

12) "bul" is a root

Root is "bul_ " and remaining part which has the suffixes is "-du"

In this example the root is found at the end of the third trial by
using the doubly linked circular list. Therefore, it is understood that
searching a root requires breaking up the root into its constituent
characters. The following variables are used in the flowchart of the

root extraction shown in Figure 4.3.

i: It is used to show the number of the letters in the temporary
root which is the searched part of the given word.

rsize : It is the number of the letters in a given word.

rnews : It is the temporary root constructed by using i letter of
the given word.

maxrsize : It is the maximum possible number of letters in a
root.

rootkod : It is the identity code of the root found.

kdktypdf : It shows that the root either changes its form (1) or
does not (0).

Jeatist: It indicates the root structure (transitive, intransitive or
both).

rootpointer : It points the node whose key field is equal to the

root found.
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i<--1
>

rsize <-- Length (word)

!

» | mews <-- Copy (word,1,i)

!

Root <-- rnews

!

Rootkod <-- rposition. kod
koktypdf <-- rootkod [1]
fcatis1  <-- rootkod [2]
rootpointer <-- rposition

Are
rules searched

Search rules

STOP

Figure 4.3 Flowchart for determining the root of a given word
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The module Determine_Root uses two procedures called

SeparateRoot and NewRoot.

SeparateRoot procedure :
Function: Determines the root of the given word, if it exists.
Declaration: SeparateRoot
Called By: Determine_Root
Calls: ReadDataFile, GetWord, SeekRoot, RuleSearch,
StrRootKnw

NewRoot procedure :
Function: Learn a new root.
Declaration: NewRoot

Called By: Determine_Root
This module and its sub-modules are explained in Section 4.4.

ReadDataFile procedure :

Function: Reads the roots from the Root Bank and loads them
in the doubly circular linked list.

Declaration: ReadDataFile

Called By: SeparateRoot

Calls: InsertDataFile, InCov

InsertDataFile procedure :

Function: Creates a node, places the root in the node, and sets
its links.

Declaration: InsertDataFile (key:strroot; inum:strrkod;

var cposition:rpointer)
Called By: ReadDataFile
Calls: None
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Figure 4.4 Software Structure of determining the root of a given word

GetWord function :
Function: Takes the word from the user and finds the length of

the word.

Declaration: GetWord (var rsize: integer)

Called By: SeparateRoot

Calls: InCov
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SeekRoot procedure :

Function: Assigns the flag according to the return value of the
function called RootSearch which seérches the value of the variable
newstr.

Declaration: SeekRoot (newstr:strroot; var flag:boolean)

Called By: SeparateRoot, SeparateRootWithRules

Calls: RootSearch

RootSearch function :
Function: Searches the key value in the doubly circular linked
list by starting from the node pointed by cposition.
Declaration: RootSearch (key:strroot; var cposition:rpointer)
Called By: SeekRoot
Calls: None

RuleSearch procedure :

Function: Searches the rules, activates the rule if its condition
part is satisfied by the word and then seeks the root, sets the boolean
variable.

Declaration: RuleSearch (var found:boolean)

Called By: SeparateRoot

Calls: ChangelLetter

ChangeLetter procedure :
Function: Makes necessary letter changes on the word.
Declaration: ChangeLetter (ch:string; chplace:integer;
var flag:boolean)
Called By: RuleSearch
Calls: SeparateRootWithRules
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SeparateRootWithRules procedure :

Function: Searches the word whose some letters changed in the
procedure called ChangeLetter and sets the variable found.

Declaration: SeparateRootWithRules (var found:boolean)

Called By: Changeletter

Calls: SeekRoot

StrRootKnw procedure :
Function: Assigns the value of koktypdf (i.e., change form) and
fcatis (i.e., root structure) by using the root identity code.
Declaration: StrRootknw
Called By: SeparateRoot
Calls: None

InCov function :
Function: Makes the input conversion.
Declaration: InCov (st:strverb)
Called By: ReadDataFile, GetWord, ChangeLetter
Calls: None

OutCov function :
Function: Makes the output conversion.
Declaration: OutCov (st:strverb)
Called By: RuleSearch
Calls: None

4 .3 EXTRACTING THE SUFFIXES OF A GIVEN WORD

After the root is extracted from the given word, the remaining

part of the word is obtained and then the search starts from the
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leftmost letter, continues up to the rightmost letter of the remaining
part. The first letter of the remaining part is taken to determine
whether it is a suffix or not. If the search fails, the letter which is the
first of the new remaining part is concatenated to the searched letter.
This operation continues until either the suffix is found or the last
letter of the given word is reached. Moreover, when the suffix length
exceeds the maximum possible suffix size, separation process stops
there and if possible, it jumps to the upper level, adds a new letter,
continues from there. Besides, a buffer consonant and vowel must be
taken into consideration by using the rules. When the suffix is
found, it is separated from the remaining part and the procedures
repeat again. The following variables are used in the suffix extraction

algorithm.

i: It is used to show the number of the letters in the temporary

suffix.

remaining part : It is obtained after the root is extracted from
the given word.

remainchild : It is the the number of letters in the remaining
part.

news : It is the temporary suffix constructed by using i letter of
the remaining part. |

sufsize : It is the number of the letters in the temporary suffix.
The suffix extraction algorithm may be outlined as follows:

Stepl: SP<--0,i<-0.
Step 2: remainchild <-- Length (remaining).
Step 3: i<--i+l.

Step 4: news <-- Copy (remaining, 1,i);
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Step 5 :

Step 6 :

Step 7 :

Step 8 :
Step 9 :

Step 10 :
Step 11 :
Step 12 :

Step 13 :

sufsize <-- Length(news]),

remainchild <-- remainchild-1.

Search news from the doubly linked circular list whose
data come from the Suffix Bank.

If news does not exist in the linked list, go to Step 9.
Otherwise, Push(news, remainchild, remaining, SP).
Store identity code of the founded suffix, place their
possible types in an array.

Delete(remaining, 1, sufsize).

If "i" is equal to eksize, go to Step 11.

If the remainchild is not equal to "0", go to Step 2.

If flag is true, then go to Step 13.

Pop( news, remainchild, newremainig, SP),

i <-- Length(news), go to Step 3.

Stop searching the suffixes.

The following example is given to show the extraction of all the

suffixes of a given word.

Given word: gevsetseniz

Root of the given word: gevse /loose

Remaining part: tseniz

t-seniz (T)
ts - eniz (F)
tse -niz  (F)
tsen-iz (F)
tseni-z (F)
tseniz  (F)

p t-s-eniz F) g, r—Pt-se-n-iz (F)

() <PE>

<pvys [—® t-se-niz (D | pt-se-ni-z (F)
p t-sen-iz (F) ___p t-se-niz
<DNV> »t-seni-z F)
p t-seniz (F)

Result: gevse - t - se - niz

(Root) (SDVV) (TS) (PE)
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After finding all the suffixes in the given word, the possible types
of each suffix are checked by using general rules which are
affirmative rules and specific rules. If the type of the suffix does not
satisfy any general rule and it satisfies any of its specific rules, this
suffix type is stored as a solution for this suffix. Then the other types
of the suffix is checked and all the founded types of this suffix are
placed into the solution set. Next, succeeding suffix is checked. This
procedure is repeated until all the suffixes are examined. After that,
if exists, the second solution for the analysis of the given word is
found. If it exists, the explained steps are repeated. However, if one of
the suffixes in the word satisfies any general rule and it does not
satisfy any of its specific rule, other suffix combination for the word
is searched to see whether it exists or not. If another way is possible,
the program goes to the rules. The flow chart of this algorithm is

shown in Figure 4.5.

The module Extract_Suffixes calls the procedure SeparateSuffix

and then its sub-modules are executed as shown in Figure 4.6.

SeparateSuffix procedure :
Fupction: Extracts the suffixes of the given word.
Declaration: SeparateSuffix
Called By: Extract_Suffixes
Calls: ReadDataFile, FindSfx

ReadDataFile procedure :

Function: Reads the suffixes from the Suffix Bank and loads
them in doubly circular linked list.

Declaration: ReadDataFile
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Figure 4.5 Flowchart for the extraction of the suffixes
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Called By: SeparateSuffix
Calls: InsertDataFile

InsertDataFile procedure :
Function: Creates a node, places the suffix in the node and sets
its links.
Declaration: InsertDataFile (key:strsfx; inum:strkod;
var cposition: spointer)
Called By: ReadDataFile
Calls: None

FindSfx procedure :
Function: Extracts the suffixes of the remaining part and then
checks the solution.
Declaration: FindSfx (var newremaining:strremain)
Called By: SeparateSuffix
Calls: FindNewSfx, CheckHarshCnt, CheckFoundSfx, Initialize,
WriteSoln, PrepareSecondSolution, OpenMngFile,
SearchRoot.

FindNewSfx procedure :

Function: Extracts the suffixes of the remaining part and
prepares the knowledge arrays by using identity codes of the suffixes.

Declaration: FindNewSfx (var newremaining:strremain;

found: boolean; i:integer)
Called By: FindSfx
Calls: StoreSfx, StoreSfxKod, PutTypesInArray,
CheckCompoundVerbs
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SeekSuffix procedure :
Function: Extracts the suffixes of the remaining part, if possible.
Declaration: SeekSuffix (newstr:strsfx; var flag:boolean)
Called By: FindNewSfx
Called By: Search

Search function :
Function: Extracts the suffixes of the remaining part, if possible.
Declaration: Search (key:strsfx; var cposition:spointer)
Called By: SeekSuffix
Calls: None

StoreSfxKod procedure :

Function: Loads the identity code of the determined suffix into
the hth place of the suffix code array.

Declaration: StoreSfxKod (h:integer)

Called By: FindNewSfx

Calls: None

PutTypesInArray procedure :

Function: Loads the possible types of the determined suffix into
the suffix type array.

Declaration: PutTypesInArray (h:integer)

Called By: FindNewSfx

Calls: None

CheckCompoundVerbs procedure :

Function: Checks the remaining part to see whether there exists

a compound verb.
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Declaration: CheckCompoundVerbs (newremaining:strremain;
var i:integer)

Called By: FindNewSfx

Calls: None

CheckHarshCnt function :
Function: Checks the letters of the remaining part to see
whether any letter is softened (i.e., it changes to b, ¢, d, or g).
Declaration: CheckHarshCnt (onesoln:integer)
Called By: FindSfx
Calls: ChangeHarshCnt

ChangeHarshCnt procedure :
Function: Changes the soft consonant letter vl into the harsh
consonant v2, and then sets the variable ccs to true.
Declaration: ChangeHarshCnt (v1,v2:char;
var toldremain:strremain; css:boolean)
Called By: CheckHarshCnt
Calls: Nohe

SearchRoot procedure :

Function: Searches another root for the given word by starting
with the pointer called rootpointer.

Declaration: SearchRoot

Called By: FindSfx

Calls: RootSearch

CheckFoundSfx procedure :

Function: Checks the found suffixes and finds their possible

types.
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Declaration: CheckFoundSfx
Called By: FindSfx
Calls: FindOldKod, CheckOneSfx, CheckFoundSfx?2

FindOldKod function:
Function:Finds the possible types of the first suffix.
Declaration: FindOldKod
Called By: CheckFoundSfx
Calls: CheckSpecificRules

CheckOneSfx procedure :

Function: Finds the possible types of the suffix, checks the
change form field of the root identity code and then changes the root
or stores the suffix.

Declaration: CheckOneSfx

Called By: CheckFoundSfx

Calls: CheckSpecificRules

CheckFoundSfx2 function :

Function: Checks the rules and then stores the possible suffix
types.

Declaration: CheckFoundSfx2

Called By: CheckFoundSfx

Calls: CheckGeneralRules, CheckSpecificRules

CheckGeneralRules function :
Function: Compares the possible types of the previous suffix
(okod) with the types of the searched suffix (nkod).
Declaration: CheckGeneralRules (okod, nkod:strkod)
Called By: CheckFoundSfx2
Calls: None
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CheckSpecificRules function :
Function: Checks the specific rules of the searched suffix (ssuf).
Declaration: CheckSpecificRules (ssuf:strsfx; wsfx:integer)
Called By: CheckFoundSfx2

Calls: Specific rule functions for necessary suffixes

Initialize procedure :

Function: Sets the initial values of the arrays, if the found last
suffix is not found correctly.

Declaration:Initialize

Called By: FindSfx

Calls: None

PrepmeSecondSoluﬁon procedure :
Function: Prepares the arrays for the second solution.
Declaration:PrepareSecondSoln (var check:boolean)I
Called By: FindSfx
Calls: OpenMngFile, StoreSfx, WriteSoln

OpenMngFile procedure :

Function: Finds the meanings of the found suffixes, and
concatenates them with the root meaning,

Declaration:OpenMngFile

Called By: FindSfx, PrepareSecondSoln

Calls: Mng

StoreSfx procedure :
Function: Loads the found suffixes into the suffix array.
Declaration: StoreSfx '
Called By: PrepareSecondSoln
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Calls: None

WriteSoln procedure :

Function: Writes the root and the suffixes of the word on to the
screen.

Declaration: WriteSoln

Called By: FindSfx, PrepareSecondsoln

Calls: WriteSolnSet

WriteSoInSet procedure :

Function: Writes the possible solutions (root and suffix
combinations) for the given word on the screen.

Declaration: WriteSolnSet

Called By: WriteSoln

Calls: FindReturnNumbers

FindReturnNumbers procedure :
Function: Finds the return numbers of the suffixes.
Declaration: FindReturnNumbers
Called By: WriteSolnSet
Calls: None

The functions InCov and OutCov are called for input and

output conversion by some modules.
4 .4 THE MEANING OF A GIVEN WORD

After determining the suffixes of a given word and finding their
return numbers, the meaning of each return number can be taken
from the Meaning Bank. However, the meaning of each suffix must be
written in the correct place. For this reason, a unit file called

Meaning.tpu is developed to combine the meanings of the suffixes.
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Besides finding the meanings of all the suffixes of the given word, we
may need some extra words between these meanings. Their places are

adjusted by the program depending on the suffix types.

If the given word is a verb, the personal ending is explained at
the beginning of the meaning sentence and then the root is added.
However, if the word is a noun, the root is placed at the beginning of
the meaning sentence. The meaning of the suffixes of the word are
combined to the root by adding necessary extra words. In order to
combine these meanings, all the meanings are placed in the array x.
Therefore, the meaning of a suffix or an extra word is in x[i] where i
shows the place of the suffix meaning or the word in the explanation
sentence. Then, the meaning of the word is concatenated by the
following statement Concat (x(1], x{2], x[3], ...). The examples shown

below explain the meanings of some words.
Examples:
1) Word = Root + SDNV --> NOUN

Word : stizgeg /filter
Root :stiz_ /to filter

SDNV : -ge¢
RTN of SDNV : 31
RTN 31 is used to indicate the equipment/device/tool which can

be used for the action/job/task that mentioned by the root.

The meaning of the word: The equipment/device/tool which can

be used for filtering. (siizme eylemine yarayan arac.)
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2)

3)

Word = Root + TS + PE --> VERB

Word : geldi /He(she,it) came.

Root :gel_ /to come

Although this word has only one suffix, there are two RTNs.
Because, the PE is hidden.

TS :-di

RTN of TS : 80

RTN 80 is used to indicate the witnessed simple past tense form
of the root.

PE : -
RTN of PE: 94
RTN 94 is used to indicate the third singular personal ending.

The meaning of the word: The action "to come" was done by the
third singular personal ending. (3. tekil kisinin gelme eylemini
géoriilen gecmis zamanda yapt bildiriliyor.)

Word = Root + TS + TS + PE --> VERB

Word : kosuyordum /I was running.

Root :kos_ /torun

TS: -yor
RTN of SDVV : 83
RTN 83 is used to indicate the progressive present tense form of

the root

TS: -du
RTN of TS: 89
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4)

RTN 89 is used to indicate the compound imperfect tense form

of the root.

PE: -m

RTN of PE: 92

RTN 92 is used to indicate the first singular personal ending.

The meaning of the word: The action "to run" was being
performed by the first singular personal ending. (1. tekil kiginin
kosma eylemini yapmakta oldugu hikaye ediliyor.)

Word = Root + SDVV + TS + TS + PE --> VERB

Word : kovalayacaksa / If he(she, it) will pursue.
Root :kov_ /to expel

SDVV: -ala
RTNof SDVV: 11

RTN 11 is used to indicate repetition of the root action.

TS: -acak
RTN of SDNV: 84
RTN 84 is used to indicate the future tense form of the root.

TS: -sa
RTN of SDNV: 91
RTN 91 is used to indicate that the root is used in a conditional

clause.

PE: -
RTN of PE: 94
RTN 94 is used to indicate third singular personal ending.
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5)

6)

The meaning of the word: If the third singular person will
pursue. (3. tekil kisinin kovma isini belli bir sitreyle
tekraralanmastu yapacagt gelecek zamanda kosul olarak

bildiriliyor.)
Word = Root + Negative suffix + TS + PE --> VERB

Word: okumamalisin /You must not read.

Root: oku_ /to read

SDVV: -ma
RTN of SDVV : 52
RTN 52 is used to indicate negation form of the root.

TS: -malh
RTN of SDNV: 87

RTN 87 is used to indicate necessity.

PE: -sin
RTN of SDNV: 93

RTN 93 is used to indicate the second singular personal ending.

The meaning of the word: The action "to read” must not be done
by the second singular personal ending. (2. tekil kisinin okuma

eylemini yapmamasuun gerekliligi bildiriliyor.)

The word "okumus" has two solutions. Because, two types of the

suffix "-mus" is suitable for this word.
Root: oku_ /to read

TS: -musg
RTN of TS: 81
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RTN 81 is used to indicate the reported simple past tense form
of the root.

SDNV: -mus
RTN of SDNV: 62
RTN 62 is used to indicate a person who performed the root

action.
The suffix "mus-" is both TS and SDNV.

The first meaning of the word indicates the action "to read" 3.
tekil kisinin okuma eylemini duyulan gecmis zamanda yaptigt

bildiriliyor.)

The second meaning of the word indicates a person who
performed the action "to read”. (Okuma eylemini yapmus olma

ozelligi taswyan kisi.)

The procedure Mng combining the meanings of the suffixes is

called by the main program and then this module calls the

procedures InitAry, AccessKnw, FindMeaning.

InitAry procedure :

Function: Sets the initial vulue of the arrays.
Declaration: InitAry

Called By: Mng

Calls: None

AccessKnw procedure :

Function: Takes the necessary knowledge from the data file

called StoreKnw.

Declaration: AccessKnw
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Called By: Mng
Calls: None

FindMeaning procedure :

Function: Finds the meaning of a given word and then writes the
meaning.

Declaration: FindMeaning

Called By: Mng
Calls: InitMng, Typ, Typel, Type2, Type3

MNG
/ v \
InitAry AccessKnw FindMeaning
N \\WT;
\
InitMng
¢
FindRtM

Figure 4.7 Software structure of the meaning concatenation
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InitMng procedure :
Function: Sets the initial value of the meaning array.
Declaration: InitMng
Called By: FindMeaning
Calls: None

Typ function :
Function: Assigns the suffix type to the function identifier.
Declaration: Typ (var i1,i2: integer)
Called By: FindMeaning, Typel, Type3
Calls: None

Typel procedure :

Function: Concatenates the meaning of the SDVV to the root
and then continues to find other suffix meanings.

Declaration: Typel (var i1, i2 : integer)

Called By: FindMeaning

Calls: FindRtM, Typ, Type2, Type3

Type2 procedure :
Function: Finds the meaning of the SDNV and concatenates the

previous suffix meanings.
Declaration: Type2 (var il, i2 : integer)
Called By: Typel, FindMeaning
Calls: FindRtM

Type3 procedure :
Function: Combines the meaning of the TS and then continues
the operation.

Declaration: Type3 (var il, i2 : integer)
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Called By: FindMeaning, Typel
Calls: FindRtM, Typ.

FindRtM procedure :

Function: Searches the meaning of the return number from the
Meaning Bank.

Declaration: FindRtM (var il, i2: integer)

Called By: Typel, Type2, Type3
Calls: None

The variables il and i2 show the il1th solution type of the i2th

suffix of the given word.

The figure 4.7 shows the software structure of the meaning

concatenation.
4 .5 HOW TO LEARN A NEW ROOT

If the root of a given word is not found, the unknown root can be
learned from the user to update the Root Bank. For this reason, a
unit file is constructed. When the program encounters an unknown

root, the TPU file called Learn is activated.

The first step of the learn operation is the confirmation of the
given word by the user. If the user says that the spelling of the word
is incorrect, the learning immediately stops and returns to the main
program, waits for another word. If the word is correct and if the user
wants to add the new root to the Root Bank, the program starts the

learning steps.

The new root is taken from the user and then it is searched in

the Root Bank. If this root already exists in the bank, a message
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Figure 4.8 Flowchart for learning a new root
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appears on the screen to warn the user and then learning stops. If
the new root does not exist in the bank, some necessary questions
about the suffixes which have more than one type are asked to the
user to produce the identity code of the new root. Moreover, the root
form, and the root structure is learned from the user. After that, the
password is asked to the user. Since the root and its identity code is
very important for recognition of a word, the key word is used for
entering a new knowledge to the bank. Therefore, unnecessary or
incorrect knowledge is prevented. If the user cannot enter the correct
password at the first time, he has a second chance. If he still does
not know, the program decides that the user is an unauthorized
person and learning stops. However, if the correct password is
entered, the root and its code is inserted to the bank and the learn
operation is achieved. The flowchart of this algorithm is shown in
Figure 4.8.

The learning is started by calling the module NewRoot from the
main program. This module has four sub-modules: ReadDataFile,
Root, LearnSmpForm, Dispose_Root_Links. The software structure of

the learning is shown in Figure 4.9.

ReadDataFile procedure:

Function: Reads the roots from the Root Bank and then loads
them to the doubly circular linked list.

Declaration: ReadDataFile.

Called By: NewRoot.

Calls: InsertDataFile
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Root procedure :
Function: Checks the correctness of the given word and asks to
the user whether he wants to add the new root to the bank,
” Declaration: Root.
Called By: NewRoot.
Calls: TakeRootKnow.

LearnSmpForm procedure :
Function: Learns the simple form of the new root, if exists.
Declaration: LearnSmpForm.
Called By: NewRoot.
Calls: Helpl, TakeSmpRKnow, SearchKey.

Dispose_Root_Links procedure:
Function: Disposes the links of the doubly linked circular list.
Declarations: Dispose_Root_Links.
Called By: NewRoot.
Calls: None.

The following modules are the sub-modules of the explained

modules.

InsertDataFile procedure :

Function: Loads the roots in the Root Bank to the doubly linked
circular list in sorted form.

Declaration: InsertDataFile (key: strroot; inum: strrkod; var
cposition: rpointer).

Called By: ReadDataFile.

Calls: None.
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TakeRootKnow procedure :

Function: Gets the root from the user and then confirms the

correctness of the root by asking to the user.

Declaration: TakeRootKnow.
Called By: Root.

Calls: GetRootInput, SearchKey.

NEWROOT
/ v l \
ReadDataFile Root LearnSmpForm DisposeRootLinlg
Help1
l \ 4 l
InsertDataFile TakeRootKnow TakeSmpRKnow]
v / /\

InCov RootSearch SortedInsert
DerivelDKod WriteDataFile
Pword OutCov
Help2 Functions for producing
identity code

Figure 4.9 Software structure of the learning
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GetRootInput procedure :
Function: Takes the root from the user.
Declaration: GetrootInput (message:string;var temproot: strroot).
Called By: TakeRootKnow, TakeSmpRKnow.
Calls: InCov.

SearchKey procedure :

Function: Either calls or not call the procedure SortedInsert
depending on the return value of the function RootSearch. If the root
is an already existing one, a message appears on the screen and the
learning is aborted.

Declaration: SearchKey (key: strroot).

Called By: TakeRootKnow, LearnSmpForm.

Calls: RootSearch, SortedInsert.

RootSearch function:

Function: Searches the new root in the Root Bank and then the
flag showing the root existence in the bank returns in the function
identifier.

Declaration: RootSearch( key: strroot; var cposition: rpointer).

Called By: SearchKey.

Calls: None.

SortedInsert procedure:

Function: Creates a new node, sets the links of the node by
using the pointer cposition and places the value of the variable key in
the data field.

Declaration: SortedInsert( var key:strroot; cposition: rpointer).

Called By: SearchKey.

Calls: DerivelDKod, WriteDataFile.
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DeriveIDKod procedure :

Function: Produces the root identity code by asking some
necessarsr questions about the root and the suffixes which have more
than one type.

Declaration: DerivelDKod.

Called By: SortedInsert.

Calls: Suffix functions for producing identity code.

WriteDataFile procedure :

Function: Loads the new doubly circular linked list to the Root
Bank, if the return value of the function Pword is true.

Declaration: WriteDataFile.

Called By: SortedInsert.

Calls: Pword, OutCov.

TakeSmpREKnow procedure :

Function: Reads the simple root and requires the confirmation
of the root by the user.

Declaration: TakeSmpRKnow.

Called By: LearnSmpForm.

Calls: GetRootInput.

Pword function:

Function: Takes the password from the user. If the password is
correct, true is set to the function identifier.

Declaration: Pword.

Called By: WriteDataFile.

Calls: None.

71



InCov function:
Function: Makes the input conversion of a root.
Declaration: InCov(st:strverb)
Called By: ReadDataFile, GetRootInput.
Calls: None.

OutCov function:
Function: Converts a root to the output form for the user.
Declaration: OutCov(st:strverb)
Called By: WriteDataFile.
Calls: None.

There are also two help procedures to explain the form change

and the structure of a root to the user.

General comments on the algorithm and the package are

presented in the following chapter.
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CHAPTER 5

CONCLUSION

In this thesis a method, which uses knowledge banks, for the
analysis and finding the meaning of the deverbal words in Turkish
language is proposed. If the given word has more than one meaning,
all the possible solutions are found by the program. Moreover, the
root or the suffixes of a word can be extracted in different forms for

each solution.

In order to implement the method, a software for the IBM-AT
compatible computers is developed. The processor of the computer is
80286 and runs at 8 MHz. The program is implemented in Turbo
Pascal programming language (version 5). Two units are prepared to
separate the program into modules. The main program is used to
distinguish the root and the suffixes of a deverbal word by the depth
first search method. The training for a new root and combining the
meanings of the suffixes to the root are done by the units. Therefore,
several code files are managed simultaneously. Totally 97 KBytes are
used for the source. The learn unit is about 20 KBytes and the
meaning unit is 12 KBytes. Each root occupies 40 bytes, and each

suffix occupies 50 bytes in the memory.
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There are approximately 1000 verbal roots in Turkish. Since each
root occupies 40 bytes, for the Root Bank 40 KBytes of a storage area
are used. Including the source and the other banks, approximately
126 KBytes of the storage area are occupied. If all of the deverbal
words of Turkish are stored directly, approximately 2.2 MBytes of the
storage area are used. This number does not include the meaning

definitions.

On the average, there are three letters for each root and two
letters for each suffix. Then, for five basic tenses and six personal
endings approximately 200 KBytes are used. Similarly, for the
imperative 120 KBytes of the storage area are used. For the
compound tenses and the verb structure 600 KBytes and 500 KBytes
are used, respectively. For the other suffixes deriving verbs or nouns-

from verbal roots at least 800 KBytes of the storage area are used.

The execution time for the recognition of a given word can be

approximated by
TR (Rc) + Y, Tsl (SiC)

where TR is the time for the identification of the root, R, is the
number of characters in the root, TSi is the time for the identification
of the suffixes, and S; o is the number of characters in the ith suffix.

Tgr and Tg, are the functions of R, and S;, , respectively.

The recognition of a root which has three characters takes 0.66
seconds. However, the execution time for the identification of the
suffixes depends on the number of suffixes in a given word. If there is
only one SDVV type suffix in the word, it is found in 1.50 seconds. If
the given word has an SDNV type of suffix, the execution time for the
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identification of this suffix is 1.11 seconds. The execution times for
the identification of TS and PE are 0.44 and 0.11 seconds,

respectively.

It must b'e pointed out that the execution time does not linearly
increase. When the given word has more than one suffix, the expected
running time cannot be equal to the real running time. In other
words, the execution time cannot be found by adding the execution
time of each suffix in a word. The real execution time may be less
than the expected time. Because, when the number of suffixes
increases, the possibilities for the type of a suffix decrease. For
example, the word "geldi" has one suffix and its execution time is
2.20 seconds. However, the word "geldim" has two suffixes and its
execution time takes 1.21 seconds. Since the suffix "di" has two types
and two meanings, the execution time of the second word is less than
the first one. Besides, there is a hidden personal ending in the word

"geldi".

In Turkish, most commonly used deverbal words have roots of
three characters and two suffixes. This corresponds to about 1.50

seconds for the recognition.

The worst case complexity for searching a root and a suffix is

O(n), n is the number of roots or suffixes in the banks.

The program which is developed during this thesis work extracts
the meaning of a given deverbal word by combining the suffix induced
meaning modifications and the root. We only examine how the
suffixes modify the meaning of a word. However, the meanings of the
roots are transparent to the program. Some roots may have two or

more meanings and each meaning can be examined separately. But it
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is impossible to distinguish the meanings without context
information. The meanings of the roots can also be added to the Root
Bank as suffix meanings stored in the Suffix Bank. However, due to
the conceptual dependencies, which are learned via sense organs, it

is very difficult, if not impossible, to break the definition loops.

The method introduced in Chapter 3 is also applicable to the
denominal words. However, the program based on this method is
formed by taking into account the characteristics of the deverbal
words. For this reason, the knowledge banks and the rules must be

revised to analyse both the deverbal words and the denominal words.

After the recognition of the meanings of all the words in
Turkish, the sentence meanings can be recognized by using word
knowledge. However, it is not an easy task. The same word in
different sentences may have different meanings depending on the
context. In order to distinguish the meanings of a word, the
grammatical rules and the other words in the sentence must be
considered. For this task, the grammatical rules have also to be
stored; and the return numbers have to be updated accordingly. After
that, the meaning modifications due to the suffixes can be
concatenated to the root meaning and the complete meaning of a

word in a sentence can be recognized.
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APPENDICES



APPENDIX A

USER'S MANUAL
FOR

DEVERBAL WORD RECOGNITION PACKAGE

At some stages, the program interacts with the user to obtain
the word, comments, and specifications on related fields. These are

input, learning, and output stages.
Input Stage :

At this stage, after the message "Enter the word:", the user
enters a deverbal word to be worked on. The user must be careful
about the type of the word. If the given word is not a deverbal word,

the analysis cannot succeed.

Learning Stage :

If it is not possible to analyse the given word, this means that
the root does not exist in the Root Bank. At the learning stage, the
program interacts with the user to obtain the new root and its
- identity code. After entering a new root, the questions about the root
and the suffixes which can be affixed to this root are answered by the
user through typing the letter of the selected choice. Therefore, the
user is provided with the flexibility of deriving the code.
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First, the user is required to confirm the given word. Note that if

the user disconfirms, the program returns to the start and waits for é

new word. | '
"Verilen kelime: ..."

"Verilen kelime dogru mu ? (E/H) :"

Next, it is asked to the user whether the unknown root is to be
learned or not.

"Yeni bir kék dgrenmemi istiyor musunuz ? (E/H) :"

If the root is not required to be learned, the program again
returns to the start. Otherwise, tfle new root is taken from the user
and then it is confirmed. The root of the given word is repeatedly
asked until the user confirms its correctness. -

"Verilen kelimenin kéktinti giriniz :"
"Bu kék dogru mu ? (E/H) :"

If the given word is found in the Root Bank, the following
message appears on the screen.

"Bu kok biliniyor ..."

If the new root does not exist, the root structure is learned by

the question below and also a comment helps to the user for

answering.
"Bu kok:
A) Gecisli
B) Gecissiz

C) Gegcisli ve gecissiz

Aciklama: Eger k6k "neyi,kimi" sorusunu cevapliyorsa, kék
gecislidir.
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Ornek : gegisli kok : yaz_
gecissiz kok: kos_
gecisli ve gecissiz kok : bul_

After selecting one of these choices, questions about the suffixes

affixed to the root follow.

Question 1:

"-acak/-ecek" eklerinden biri kéke eklenirse,

kelimenin anlamu:
A) Kokte bildirilen eylemde kullanilan nesne (6rn., yak-acak).
H) Hicbiri

Seciminizi Giriniz:

Question 2:
"-a¢/ e¢" eklerinden biri kéke eklenirse,
kelimenin anlamai:
A) Kokte bildirilen eylemi yapan veya yapmak i¢in kullamilan
nesne (6m., tik-ac).
B) Kokte bildirilen eylemin &zelligini tasiyan (6rn., gtil-eg).
H) Hicbiri

Seciminizi Giriniz:

Question 3:

"-ak/-ek" eklerinden biri kdke eklenirse,

kelimenin anlamu:
A) Kokte bildirilen eylemi genellikle yapan kisi (6rn., kork-ak).
B) Kokte bildirilen eylemin yapildig: yer (6rn., yat-ak).
C) Kokte bildirilen eylemi yapmaya yarayan alet (6rn., kay-ak).
H) Hicbiri
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Sec¢iminizi Giriniz:

Question 4:
"-ca/-ce/-ca/-ce" eklerinden biri kéke eklenirse,
kelimenin anlamu:
A) Kokte bildirilen eylemi saglayan veya eylemin sonucu
(6rn., eglen-ce).
B) Kokte bildirilen eylemin nedeni (6., gtiven-ce).
H) Hicbiri

Seciminizi Giriniz:

Question 5:
"-ga/-ge" eklerinden biri kéke eklenirse,
kelimenin anlamai:
A) Kokte bildirilen eylemi yapan (6rn., stipiir-ge).
B) Kokte bildirilen eylemin sonucu (6rn.,6ner-ge).
C) Kokte bildirilen eyleme maruz kalan yer, nesne, sey
(6rn., s6mur-ge).
H) Hicbiri
Seciminizi Giriniz:

Question 6:
"-gac/-gec/-kacg/-ke¢" eki kdke eklenirse,
kelimenin anlami:
A) Kokte bildirilen eyleme yarayan arag¢ (6rn., kis-kag).
B) Kokte bildirilen eylem duygusu olan, tasiyan, doguran;
eyleme neden olan veya sonucu olan (6rn., utan-gag).
H) Hicbiri

Seciminizi Giriniz:
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Question 7:
"-g1/-gi/-gu/-ga/-ki/-ki/-ku/-ki" eklerinden biri kéke eklenirse,
kelimenin anlama: |
A) Koékte bildirilen eylemi yapmaya yarayan alet (6rn., bur-gu).
B) Kokte bildirilen eylemin sonucu (6., ¢iz-gi).
C) Kokte bildirilen eylemle ilgili nesne. sey (6rn., duy-gu).
H) Hicbiri

Seciminizi Giriniz:

Question 8:
"-gic/-gi¢c/ gug/-gti¢" eklerinden biri kéke eklenirse,
kelimenin anlamai:
A) Koékte bildirilen eylemi yapmaya yarayan alet
(6rn., patlan-gig).
B) Kokte bildirilen eylemle ugrasan kisi (6rn., dal-gig).
C) Kokte bildirilen eylemin durumu (6rn., baslan-gig).
H) Higbiri
Seciminizi Giriniz:

Question 9:
"-gin/-gin/-gun/-gin" eklerinden biri kéke eklenirse,
kelimenin anlama:
A) Kokte bildirilen eylemi yaparak veya maruz kalarak edinilen
nitelik veya kisi (6rn., gez-gin).
B) Kokte bildirilen eylemin yapilmasi olay1 (6rn., yan-gin).
H) Hicbiri

Seciminizi Giriniz:

Question 10:
"1/-i/-u/-" eklerinden biri kéke eklenirse,
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kelimenin anlama:
A) Kokte bildirilen eylem sonucu olusan yapi veya sekil
(6rn., yaz-)
B) Kokte bildirilen eylem icin gerekli nesne (6rn., kok-u).
C) Kokte bildirilen eylemi tanimlayan ad (6rn., kos-u).
H) Hicbiri

Seciminizi Giriniz:

Question 11:
"-im/-im" eklerinden bri kéke eklenirse,
kelimenin anlamai:
A) Kokte bildirilen eylemin birden, bir defada veya aralikh
tekrarlanmasini tammmlayan ad (6rn., dog-um).
B) Kokte bildirilen eylemi yapmak icin gerekli nesne
(6rn., ak-1m).
H) Hicbiri

Seciminizi Giriniz:

Question 12:
"-k" eki kke eklenirse,
kelimenin anlamai:
A) Kokte bildirilen eylemin sonucunda olusan (6rn., ag-1-k).
B) Kokte bildirilen eylemin sonucunda olusan nesne
(6rn., takdr-t-k).
C) Kékte bildirilen eyleme maruz kalan sey (6rn., ada-k).
H) Hicbiri

Sec¢iminizi Giriniz:

Question 13:

"-ma/-me" eklerinden biri kéke eklenirse,
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kelimenin anlamai:
A) Kokte bildirilen eylemle elde edilen nesne (6rn., dol-ma)
B) Kokte bildirilen eylem icin gereken ara¢ (6rn., kaz-ma)
H) Hicbiri

Sec¢iminizi Giriniz:

Question 14:
"-maca/-mece" eklerinden biri kéke eklenirse,
kelimenin anlamu:
A) Koékte bildirilen eylemi yapilarak oynanan oyun, oyalanma,
stirdtirtilen is (6rn.,bil-mece).
B) Kokte bildirilen eyleme maruz kalabilen arag, nesne
(6rn., cek-mece).
C) Kokte bildirilen eylemi kendi kendine yaptiran hayvan
(6rn., at-maca)
H) Hicbiri
Seciminizi Giriniz:

Question 15: |

"-mac¢/-me¢" eklerinden biri kéke eklenirse,

kelimenin anlam:
A) Kokte bildirilen eylemle ilgili nesne, sekil (6rn., yirt-macg).
B) Isi kékte bildirilen eylem olan (6rn., ¢igirt-mac).
C) Kokte bildirilen eylem icin gerekebilen sey (6rn., de-meg).
H) Hicbiri

Sec¢iminizi Giriniz:

Question 16:
"-mak/-mek" eklerinden biri kdke eklenirse,

kelimenin anlama:
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A) Kokte bildirilen eylemi yaparak ¢aligan alet (6rn., ye-mek).
B) Kékte bildirilen eylemi yapmak icin gerekli nesne

(6rn., cak-mak).
H) Hicbiri

Seciminizi Giriniz:

Question 17:

"-man/-men" eklerinden biri kdke eklenirse,

kelimenin anlamai:
A) Kokte bildirilen eylem sonucu olusan (6rmn., sis-man).
B) Kdokte bildirilen isi yapan kisi, nesne (6rn., 6gret-men).
H) Higbiri

Seciminizi Giriniz:

Question 18:
"-mis/-mis/-mus/-mis" eklerinden biri kéke eklenirse,
kelimenin anlamai:

A) Ozel kaliplasmus bir anlam (6rn., dol-mus).

H) Higbiri

Seciminizi Giriniz:

Question 19:
"-n" eki koke eklenirse,
kelimenin anlamu:
A) Kokte bildirilen eylemin yapilmasi sonucu olusan nesne
(6rn., y1g-1-n).
B) Kokte bildirilen eyleminin yapilmasi stirecinin adi
(6rn., ak-1-n).
C) Kokte bildirilen eylemin yapilmasinda kullanilabilen nesne

(6rn., ttt-G-n).
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H) Hicbiri

Seciminizi Giriniz:

Question 20:

"-s1/-si/-su/-sti" eklerinden biri kdke eklenirse,

kelimenin anlamu:
A) Kokte bildirilen eylemin yapilma zamani (6rn., yat-s1).
B) Ko6kte bildirilen eyleme yatkin (6., sin-si).
C) Kokte bildirilen eylemini yapabilen nesne (6rn., tiit-sti).
H) Hicbiri

Sec¢iminizi Giriniz:

Question 21:
"-t" eki kéke eklenirse,
kelimenin anlama:
A) Kokte bildirilen eylemin yapilmasina yarayan yer, nesne,
arag¢ (6rmn., tasi-t).
B) Kokte bildirilen eylem i yapabilen nesne (6rn., um-u-t).
C) Kokte bildirilen eylemin sonucunda ¢ikan nesne
(6rn., yazi-t).
D) Ozel kaliplasmus bir anlam (6rn., yogur-t).
H) Hicbiri
Seciminizi Giriniz:

The answers of the above questions are used to generate the
identity code of the new root. In order to store the root and its
- identity code, the user is asked if she/he is an authorized person or
not.

"Yaptigimiz degisikliklerin gecerli olmas: icin liitfen anahtar-
kelimeyi giriniz"
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If the given password is incorrect, then the following message
appears.

"Girilen anahtar-kelime yanlis! Litfen bir kez daha deneyiniz ..."

The user is given a second chance to enter the password. If the
user fails again, the learn operation stops and the message below
appears on the screen.

"Siz degisiklik yapmaya yetkili degilsiniz ..."

If the given password is correct, it is asked if the given root
covers a simpler one.
"Bu koéktin basit bir sekli var m1 ? (E/H)"
Aciklama: Bazi kelimelerin basit bir kékii oldugu halde,
kelimenin anlamim o kék vermez.
Example: kelime :azdi > koék: az_
kelime : azaldi > kok: azal_

"azal_" kékiniin basit sekli "az " kékadtir.

If the given root has a simple form, then it is asked to the user
and confirmed. If it is disconfirmed, the user is repeatedly asked the
simple form.

"Verilen kéktin basit seklini giriniz: ...

"Yazilan kék dogru mu ? (E/H)"

When the correct simple form is entered, all of the steps of

learning are repeated for the simple form

Output Stage :
At the output stage, the root and the suffixes of the given word,
a table for the solution and the meanings of the given word appear on

the screen.
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After the solution is displayed, any key can be pressed to see the
second solution, if it exists. If the second solution does not exist, it
is asked to the user whether there exists another root for the given

word. If there exists a new root, then it is learned.
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Appendix B

ROOT BANK

Some commonly used verbal roots and their identity codes are
shown below.

The first field of the root code is used to express the simple
root. If the root is a simple root, this field is "1". Otherwise, it is

"Ol'
.

The second field expresses the root structure. "1" indicates a
transitive rot, and "0" shows an intransitive root. The number "2" is
used to show the roots having both transitive and intransitive

structure.

Other fields of the root code is reserved for return numbers.

Each return number has three digits.

If the root "a¢” is taken as an example: This root is not a
simple root and its structure is transitive. Besides, the return
numbers of the suffixes "-acak, -4, -k, -maca, -nus” are necessary
for the identity code of this root. Therefore, the identity code of this
root is "01003121044054062 ".

Root Identity Code

ac 01003121044054062
ak 10040125

aksa 01044

S0



Root Identity Code

al 11041044

- aldat 01053
as 01003044050
as 11053
at 11002006034053
atla 01053
bak 0000204040043
baris 00053
bas 11035040124044050
basil 00053
basvur 00122
bil 11115035037032041053
bile 11062116
biles 00041045
bul 21111035053063
bula 00053127
bulasg 00040044
cevapla 01053
COoS 00035032053
cal 110341230530
ciz 01036040045053
dal 00116032037053
daya 00008044053
de 11053
dene 01040046053
dinle 01053
dék 01040044053
dése 01045053
dur 00007032
duy 01035123
dis 11032044060
distin 01023
ek 11126
engelle 01053
eski 00023
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Root Identity Code

ez 01044053
“gee 01125072
gel 10125

gelis 00040

gez 00038123

gir 00032

gy 01003041

gé¢ 10044060
géster 01116030040
gozle 01050053

gul 00111053
gliven 00019
hazirla 01125

1S1r 01045

1s1t 00002

ic 11003

icer 11

icerle 00

isle 01044050

it 01053

kag 00006053
kalk 00044

kay 00008035044053
kaz 11006121040044051053
kaz 01044

kes 01003034032040044
kis 11030044
kiskan 01

kok 00122

kork 00006

kos 00123041053
kov 01053

oku 01

otur 00007

Ogret 01060

6l 00032121040

92



Root

Oner
sakla
say
se¢
ser
sev
sik
soy
suri
tasi
tut
usan
utan
uyu
uz
ver

yan
yap
yar
yara
yat
yaz

yet
yonet

Identity Code

01122
01040113
01002035032122040053060
01032040060
01036

01035

01032121
01003038
11111034038122040
01125

01125
01003002035032
00031

00031

00

01032

01035122

01038

01072

00038

00040121

11035

00040060
00007032068
01035122074
1100305763
00035

01060

01030

93



Appendix C

SUFFIX BANK

All the suffixes affixed to verbs and their identity codes are
shown below. The first field of the suffix code is used to represent
how many differenti meanings exist for a suffix. Field 2,3,4, and 5
correspond to four different types of suffixes (SDVV, SDNV, TS, PE).
Depending on the suffix type, a RTN is obtained from the four
successive fields. Field 6,10,... has a digit between 1 to 4 which
correspond to the types of the suffixes.

Let's take the suffix "-a” as an example. This suffix has two
types and two meanings. The first type of this suffix is a SDNV type
and the RTN is "001". The second type is a TS type and the RTN is
"086". Therefore, the identity code of this suffix is "2011020013086".

Suffix Identity Code

a 2011020013086

abil 110001101

acak 30210200320043084
ac 2020020022111
adur 110001102

agel 110001102

agan 101002005

ak 30300200620072008
akal 110001103

akla 110001010
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Suffix

ala
alak
ah

amac
amak
amaz

anak

arak

as1
ay
ayaz
bacg

ca
ce
cama
ceme

dikce

du
duk
dukca

Identity Code

110001103
10001011
101002012
101002078
101002013
101002014
2020020092015
100103098
101002016
101002017
2110010792018
101002107
01002031
101002020
101002026
110001105
101002021
101002021
2020020192023
2020020192023
101002025
101002025
101002024
2020020192023
1010020192023
2002030803089
101002028
101002109
110001029
2002030803089
101002028
101002109
110001029
2002030803089
101002028
101002109
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Suffix

dur
da
dik
dtikce

e

duir

ebil
ecek

ec

egel
egden

ekal
ekle
ekoy
ele
elek
eli

emeg
emek
emez
en
enek
er
erek
eri
esi

eyaz
ga
gac
gan
ge
geg

Identity Code

110001029
2002030803089
101002028
101002109
110001029
2011020013086
110001101
30210200320043084
2020020022111
110001102
110001102
101002005
30300200620072008
110001103
110001010
110001103
110001011
101002012
101002078
101002013
101002014
2020020092015
100103098
101002016
101002017
2110010792018
101002107
101002031
101002020
101002026
110001105
30300211521162117
2020020242030
101002033
30300211521162117
2020020242030
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Suffix

gen
g1
gic
gin
gi
gic

gin

gug¢
gun
gl

gice

A U=
g.

1C1
1kla
1m
imsa
1n
mca
1mniz
1p

r

19
ver
1Z

ici

im
imse
in
ince
iniz
ip

Identity Code

101002033
30300203420352036
30300211821192120
2020020322038
30300203420352036
30300211821192120
2020020322038
30300203420352036
30300211821192120
2020020322038
30300203420352036
30300211821192120
2020020322038
190000000
20300212121222123
101002039
110001010
20201204020414092
110001106
100014096
101002077
100014096
101002027
2110010792018
32100104710482043
110001104
100014095
30300212121222123
101002039
110001010
20201204020414002
110001106
100014096
101002077
100014096
101002027
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Suffix

ir
‘is
iver

maca
mag
madan
mak
mah

maz
me
mece
meg¢

Identity Code

2110010792018
32100104710482043
110001104
100014095
303012044204520464095
2020020242030
2020020332108
2020020242030
2020020332108
30300203420352036
2020020322038
30300203420352036
2020020322038
30300203420352036
2020020322038
30300203420352036
2020020322038
110001042 -
100014097
100014097
100014095
100014095
100014095
100014095
200014092
413001052204920502051
30300205320542055
30300212721282129
101002056
30300204920572058
100103087
2020020592060
2011020373098
413001052204920502051
30300205320542055
30300212721282129
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Suffix Identity Code -

meden’ 101002056

mek ‘30300204920572058
meli 100103087

men 2020020592060

mez 2011020373098

mi1 2100110524110
-muk 101002061

mis 402202062206330813090
mi 2100110524110

mik 101002061 .

mis 402202062206330813090
mu 2100110524110

muk 101002061

mur 101002064

mus 402202062206330813090
mu 2100110524110

muk 101002061

muir 101002064

mus 402202062206330813090
n 5130111122124212521264093
niz 100014096

niz 100014096

nt1 101002076

nti 101002076

ntu 101002076

nti 101002076

nuz 100014096

niiz 100014096

P 110001065

pak 101002066

pek 101002066

r 100103082

sa 2002030853091

sak 101002063

sal 101002067

se 2002030853091
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Suffix Identity Code

sek 101002063

sel 101002067

S1 30300206820692070
smn 2000240934094
smniz 100014096

sinlar 100014097

si 30300206820692070
sin 2000240934094
siniz 100014096

sinler 100014097

su 30300206820692070
sun 2000240934094
sunlar 100014097

sunuz 100014096

st 30300206820692070
stin 2000240934094
sunler 100014097

suniiz 100014096

stir 110001022

stir 110001022

t 5140010712063207220732074
t1 30220207530803089
tur 110001029

ti 30220207530803089
tir 110001029

tu 30220207530803089
tur 110001029

ta 30220207530803089
tir 110001029

u 30300212121222123
ucu 101002039

um 20201204020414092
umsa 110001106

un 100014096

unca 101002077

unuz 100014096
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Suffix

up
ug
uver

tecli
1imse
tince
tintiz
up

us
tiver

varn
ven

yor

Identity Code

101002027
32100104710482043
110001104
100014095
30300212121222123
101002039
20201204020414092
110001106
100014096
101002077
100014096
101002027
32100104710482043
110001104
100014095
101002113
201002061
201002061
101002026
100103083

101
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Appendix D

RETURN NUMBERS AND THE MEANING BANK

All the return numbers of the suffixes and their formed
meanings are shown in Appendix D.1. This knowledge is used for
concatenating meanings of the suffixes to the root meaning. Some

extra words are also added by the program between these meanings.

In Appendix D.2, a detailed explanation about the meaning of
the RTNSs is given with examples.

D.1 MEANING BANK

RTN Description

001 ulasilan sonug, nesne,yer
002 yapan veya yapmak i¢in kullanilan nesne
003 kullamilan nesne

004 yapacak olan nesne

005 aligkanlik haline getiren, asin veya devamh yapan veya olan
006 genellikle yapan kisi

007 yapildig: yer

008 yapmaya yarayan alet

009 tiremis yahn isim

010 olasi araliklarla belli bir stireyle yapmasi veya devam
ettirmesi

Ol1 belli bir stireyle tekrarlamasi

012 yapmak zorunda olan veya aliskanlik haline getiren nesne

013 sonunda elde edilen (nesne)

014 yapudig: yer veya arag |

015 yapildig: yer veya arag
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016
017
018
019
020
021
022

024
025
026

027

029
030

Description ‘

yapan

stirekliliginin veya bulunmasinin sonucu
yapan (kisi,alet,nesne)

nedeni

olmasi veya maruz kalmas: istenilen
gerektiren yer veya nesne

smiflandirmaya dayal: olarak yapmasi
saglayan veya eylemin sonucu

duygusu olan,tasiyan,doguran; eyleme neden olan veya
sonucu olan

strekliligi

stireci veya sonucu

tamamlayip

maruz kalmsg

yaptirmasi

yarayan arag

6zelligini mecazi olarak tasiyan

yaparak veya maruz kalarak edinilen nitelik veya kisi
niteligi tasiyan veya alisgkanlik haline getiren
yapmaya yarayan alet

ilgili nesne,sey

sonucu

olmamasi 6zelligini tasiyan

yapilmasi olay:

yapan, yapabilen

birden, bir defada veya aralikli tekrarlanmasim tamimlayan
ad

yapmak i¢in gerekli nesne

maruz kalmasi

adi

sonucunda olusan

sonucunda olusan nesne

maruz kalan sey

karsilikli yapilmasi veya birlikte yapilmas:
ady
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RTIN Description

050 elde edilen nesne

051 icin gereken arag

052 olumsuzluk

053 yapilarak oynanan oyun, oylanma, stirdtirtilen is
054 maruz kalabilen arag,nesne

055 kendi kendine yaptiran hayvan

056 yapmaksizin (yapmadan)

057 yapmak icin gerekli nesne

058 yaparak calisan nesne

059 sonucu olusan

060 yapan kisi,nesne

061 olusan veya bu eylem olmuscasina bir 6zellik tagiyan nesne
062 yapmis olma 6zelligi tasiyan

063 0zel kaliplasmis anlam ttiremis

064 yapan nesne

065 yumusakea veya kesintili yapmasi

066 aliskanlik haline getiren
067 yatkin, yapan

068 yapima zamam

069 yatkin

070 yapabilen nesne

071 gerceklestirmesi veya neden olmasi
072 yapimasina yarayan yer, nesne, arag
073 yapilabilen nesne

074 sonucunda cikan nesne

075 veya duygusu verme durumunda olma
076 durumunda olma

077 yapildiginda

078 bitirilisinden beri/sonraki zaman
079 bir nesneye uygulamasi

080 goérilen gecmis zamanda

081 duyulan gecmis zamanda

082 genis zamanda

083 yapmakta

084 gelecek zamanda

085 bir kogul veya dilek olarak
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087

089

091

093

095

097

101
102
103
104
105

106
107
108
109
110
111
112

113
115
116
117
118
119
120
121

Description

isteniyor

gerekliligi

emrediliyor

hikaye

rivayet

kosul olarak

1.tekil kisinin

2.tekil kisinin

3.tekil kisinin

1.¢cogul kisinin

2.¢ogul kisinin

3.cogul kisinin

genis zamanda

yapabilmesi

stirdtirmesi

bagka hicbir eylem olmaksizin stirdtirmesi
muimktin oldugunca kisa stirede yapmasi

yapma durumuna ¢ok kisa bir stire girip / yaklasip
yapmamasi

asirtya kagmadan yapmasi

Bir olay veya durum sirasinda veya énce yapilmis olmasi
yapildig: sirada

Bir olay veya durumun bagl olarak tekrarlanmasi
soru

ozelligi tasiyan

maruz kalmasi veya kendi kendine yapmasi, eylemden
kendinin etkilenmesi

olusmasim saglayan nesne

kullanilan alet

sonucu

maruz kalan,yer,nesne,sey

yapmaya yarayan arag

ugrasan kisi

durumu

sonucu olugan yap1 veya sekil
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122
123
124
125
126
127
128
129

Description

icin gerekli nesne

tarumlayan ad

yapimasi sonucunda olugsan nesne
yapilmasi stirecinin adi
yapilmasinda kullanilan nesne
elde edilen nesne

isi olan

icin gerekebilen sey

D.2 DESCRIPTION OF THE RETURN NUMBERS

RTN

001

005

007

-a/-e

Ko6kuin bildirdigi eylemi yaparak ulasilan sonug, nesne, yer.
(yar-a)

-ac/-eg

Kokutn bildirdigi eylemi yapan veya yapmak icin kullamlan
nesne. (tut-ag)

-acak/-ecek

Kokun bildirdigi eylemde kullanilan nesne. (yi-y-ecek)

-acak/-ecek

Ké6kiin bildirdigi eylemi yapacak olan nesne. (ag-1-1-acak)
-agan/-egen

Kéktin bildirdigi eylemi aliskanhik haline getiren, asir: veya
devamli yapan veya olan. (ol-agan)

~ak/-ek

Kokiin bildirdigi eylemi genellikle yapan kisi. (kork-ak)
-ak/-ek

Koktin bildirdigi eylemin yapildig: yer. (yat-ak)

-ak/-ek

Koktin bildirdigi eylemi yapmaya yarayan alet. (kay-ak)
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009 -amak/-emek
 Koékin bildirdigi eylemden tiiremis yalin isim. (ka¢-amak)
010 -akla/-ikle

Kokin bildirdigi eylemi olas: araliklarla belli bir stireyle
yapmasi veya devam ettirmesi. (dur-akla)

011 -ala/-ele
Kokiin bildirdigi eylemi belli bir stireyle tekrarlamasi.
(lkov-ala)

012 -alak/-elek

Koktin bildirdigi eylemi yapmak zorunda olan veya
ahskanhk haline getiren nesne. (yat-alak, as-alak)

013 -am/-em
Koktin bildirdigi eylem sonunda elde edilen nesne.
(tut-am).
014 -amac/-emec¢
Koktin bildirdigi eyleminin yapildig: yer veya arag.
(d6n-emeg).
015 -amak/-emek
Koktin bildirdigi eylemin yapildig: yer veya arag. (tut-amak)
016 -an/-en
Koéktin bildirdigi eylemi yapan. (gtil-en)
017 -anak/-enek

Kokin bildirdigi eylemin stirekliliginin veya bulunmasinin
sonucu. (sag-anak, gel-enek)

018 -ar/-er/-ir/-ir/-ur/-tir

Kokiin bildirdigi eylemi yapan kisi, alet, nesne. (kes-er)
019 -ca/-ce/-ca/-ce

Kokun bildirdigi eylemin nedeni. (gerek-ce)
020 -as1/-esi

Koktin bildirdigi eylemin olmas: veya maruz kalmasi
istenilen. (ol-as1)
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021

022

024

025

027

029

031

032

-bag/-bec

Koékiin bildirdigi eylemi gerektiren yer veya nesne.
(dolan-bac)

-stir/-gtir

Kokiin bildirdigi eylemin simiflandirmaya dayah olarak
yapilmasi. (ara-stir)

-ca/-ce/-¢ca/-ce
Koktin bildirdigi eylemi saglayan veya eylemin sonucu.
(distin-ce)

-¢: -gag/-geg

Koktin bildirdigi eylem duygusu olan, tasiyan,doguran;
eyleme neden olan veya sonucu olan. (kiskan-¢; utan-gac)
-cama/-ceme

Kokitin bildirdigi eylemin stirekliligi. (stirti-n-ceme)
-ay/-ey/-y

Koktin bildirdigi eylem stireci veya sonucu. (ol-ay, dene-y)
-1p/-ip/-up/-Gp

Koktin bildirdigi eylemi tamamlayip. (kos-up)
-dik/-dik/-duk/-dik

Ko6ktin bildirdigi eyleme maruz kalmis. (tami-dik)

-dir /-dir/-dur/-dGr

Ko6ktin bildirdigi eylemi yaptirmasi. (ye-dir)

-gag/-ge¢

Koktin bildirdigi eyleme yarayan arag. (stiz-geg)

-ar1/- eri

Kokiin bildirdigi eylemin 6zelligini mecazi olarak tasiyan.
(ug-an)

-gin/-gin/-gun/-gliin

Koéktin bildirdigi eylemi yaparak veya maruz kalarak
edinilen nitelik veya kisi. (gez-gin, bil-gin)
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037

039

045

-gan/-gen '

Kokun bildirdigi eylemin niteligini tagiyan veya kék-meyi
aliskanhk haline getiren. (alin-gan)

-g1/-gi/-gu/-gu

Koktn bildirdigi eylemi yapmaya yarayan alet. (bur-gu)
-g1/-gi/-gu/-gu

Koktin bildirdigi eylemle ilgili nesne,sey. (duy-gu,ver-gi)
-g1/-gi/-gu/-gi

Kokiin bildirdigi eylemin sonucu. (ser-gi,ciz-gi)
-maz/-mez

Kokiin bildirdigi eylemin olmamas: ézelligini tasiyan.
(c1k-maz)

-gin/-gin/-gun/-gin

Ko6ktin bildirdigi eylemin yapilmasi olayi. (yan-gin)
-1c1/-ici/-ucu/-Gci

Ko6ktin bildirdigi eylemi yapan, yapabilen. (kos-ucu, ak-ici)
-1m/-im/-um/-Gm

Kokiin bildirdigi eylemin birden, bir defada veya aralikli
tekrarlanmasimi tanimlayan ad. (bak-im)

-m/-im/-um/-Gm

Koktin bildirdigi eylemi yapmak icin gerekli nesne. (ak-im)
-1

Oznenin kékiin bildirdigi eyleme maruz kalmasi. (ye-dir-i-I)
-i§/-18/-us/-ts

Koktin bildirdigi eylemin adi. (bak-is)

-k

Kokiin bilrdirdigi eylemin sonucunda olusan. (ag-1-k)

-k
Koéktn bildirdigi eyleminin sonucunda olusan nesne.
(tuktr-ak)
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046 -k
Kokiin bildirdigi eyleme maruz kalan sey. (ada-k)
047 -i§/-19/-us /-t

Koékin bildirdigi eylemin karsilikli veya birlikte yapilmasi.
(vur-us, kos-us)

049 -ma/-me; -mak/-mek
Koktin bildirdigi eylemin adi. (oku-ma)

050 -ma/-me
Koktin bildirdigi eylemle elde edilen nesne. (dol-ma)

051 -ma/-me
Koktn bildirdigi eylem igin gereken arag¢. (kaz-ma)
052 -ma/-me

Koéktin bildirdigi eylemin olumsuzu. (ye-me)

053 -maca/-mece
Ko6ktin bildirdigi eylemi yaparak oynanan oyun, oyalanma,
stirdiirtilen is. (bil-mece)

054 -maca/-mece
Kokun bildirdigi eyleme maruz kalabilen arag,nesne.
(cek-mece)
055 -maca/-mece
Kokiin bildirdigi eylemi kendi kendine yaptiran hayvan.
(at-maca)
056 -madan/-meden
Koktn bildirdigi eylemi yapmaksizin. (yap-madan)
057 -mak/-mek
Kokiin bildirdigi eylemi yapmak icin gerekli nesne. (ye-mek)
058 -mak/-mek

Ko6ktin bildirdigi eylemi yaparak ¢alisan nesne. (cak-mak)

059 -man/-men
Ko6ktn bildirdigi eylem sonucu olusan. (sis-man)
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061

062

067

069

070

071

-man/-men

Kéktin bildirdigi eylemi yapan kisi, nesne. (6gret-men)
-muk/-mik/-muk/-muk; -van/-ven

Koéktin bildirdigi eylemle olusan veya bu eylem olmuscasina
bir 6zellik tasiyan nesne. (kiy-mik; yay-van)
-mig/-mig/-mus/-mus

Kokiin bildirdigi eylemi yapmigs olma 6zelligi tasiyan.
(oku-mus)

-mis/-mis/-mus/-mus; -sak/-sek; t

Ozel kahplasmig anlam. (dol-mus, ye-mis; tut-sak; yogur-t)
-mur/-muar

Koktin bildirdigi eylemi yapan nesne. (yag-mur)

P

Koktin bildirdigi eylemin yumusakea veya kesintili
yapimasi. (ser-p)

-pak/-pek

Koéktin bildirdigi eylemi aliskanhk haline getiren. (kay-pak)
-sal/-sel

Koékiin bildirdigi eyleme yatkin, yapan. (uy-sal)
-s1/-si/-su/-si

Kokiin bildirdigi eylemin yapilma zamani. (yat-si)
-s1/-si/-su/-st

Kokin bildirdigi eyleme yatkin. (sin-si)

-s1/-si/-su/-su

Kokin bildirdigi eylemi yapabilen nesne. (tiit-sii)

-t
Kokiin bildirdigi eylemi gerceklestirmesi veya neden olmasi.
(gevse-t)
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072

073

074

075

076

077

078

079

081

-t ‘
Koékiin bildirdigi eylemin yapilmasina yarayan yer, nesne,
ara¢. (tasi-t)

-t

Ko6kiin bildirdigi eylemi yapilabilen nesne. (um-u-t)

-t

Kokiin bildirdigi eylemin sonucunda ¢ikan nesne. (yaz-1-t)
-t1/-ti/-tu/-tt

Koktin bildirdigi eylem (veya duygusu verme) durumunda
olma. (Grper-ti)

-nt1/-nti/-ntu/-nta

Koéktin bildirdigi eylem durumunda olma. (gez-i-nti)
-ince/-mca/-unca/-tince

Koktin bildirdigi eylem yapildiginda. (gel-ince)

-ah /-eli

Koktin bildirdigi eylemin bitirilisinden beri/sonraki zaman.
(bitir-eli)

-1r/-ir/-ur/-Gr

Kokiin bildirdigi eylemin bir nesneye uygulanmas:. (bat-ir)
-di/-d1/-du/-dia/-ti/-t1/-tu/-tG

Koktin bildirdigi eylemin gbriilen ge¢cmis zamanda
yapildig: bildiriliyor. (gel-di)

-mig/-mig/-mug/-mis

Kokiin bildirdigi eylemin duyulan ge¢cmis zamanda
yapildig: bildiriliyor. (gel-mis)

-r

Kokitin bildirdigi eylemin genis zamanda yapildig:
bildiriliyor. (gel-i-1)

-yor

Koktin bildirdigi eylemin yapilmakta oldugu bildiriliyor.
(gel-i-yor)
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087

091

095

097

101

-acak/-ecek

"Kokiin bildirdigi eylemin gelecek zamanda yapilacag:

bildiriliyor. (gel-ecek)

-sa/-se
Koktin bildirdigi eylemi yapmas: bir kosul veya dilek
olarak bildiriliyor. (gel-se)

-a/-e
Koktin bildirdigi eylem isteniyor. (gel-e)
-mah/-meli

Kékiin bildirdigi eylemi yapmasimn gerekliligi bildiriliyor.
(gel-meli)

-emir
Ko6kiin bildirdigi eylem emrediliyor. (gel)

~-di/-di/-du/-da/-ti/-tn/-tu/tia
Kokiin bildirdigi eylem hikaye ediliyor. (geliyor-du)

-mis/-muig/-mug/-mis ,
Kékiin bildirdigi eylem rivayet ediliyor. (geliyor-mus)

-sa/-se
Kokiin bildirdigi eylem kosul olarak bildiriliyor. (geliyor-sa)

Kokiin bildirdigi eylemin 1.tekil kisi tarafindan yapilmasi.
Kokun bildirdigi eylemin 2.tekil kisi tarafindan yapilmasa.

Kokin bildirdigi eylemin 3.tekil kisi tarafindan yapilmasi.

Koéktin bildirdigi eylemin 1.¢ogul kisi tarafindan yapilmast.
Kokiin bildirdigi eylemin 2.cogul kisi tarafindan yapilmasi.
Kokitin bildirdigi eylemin 3.¢ogul kisi tarafindan yapilmast.

-maz/-mez; -amaz,emez
genis zamann olumsuzu. (gelemez)

(a/-e)bil
Kéktin bildirdigi eylemi yapabilmek. (yazabil)
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102

103

104

105

106

107

108

109

110

111

112

(a/-e)dur;(a/-e)gel
Kokiin bildirdigi eylemi stirdtirmesi. (bakadur)

(a/-e)kal; (a/-e)koy
Koktin bildirdigi eylemini bagka hicbir eylem olmaksizin
stirdirmek. (bakakal)

(/-i/-u/-G)ver
Koktin bildirdigi eylemini miimktin oldugunca kisa siirede
yapmak. (geliver)

(a/-eJyaz

Koéktin bildirdigi eylemi yapma durumuna ¢ok kisa bir stire
girip/-yaklasip yapmamak. (kosayaz)
-imsa/-imsa/-umsa/-timse

Kokiin bildirdigi eylemi asiriya kagmadan yapmak.
(gil-Gimse)

-arak/-erek

Bir olay veya durum sirasinda veya énce kékuin bildirdigi
eyleminin yapilmis olmasi. (anla-y-arak)

-kan/-ken

Kokun bildirdigi eylem sirasinda. (geliyor-ken)
-dike¢a/-dikce/-dukca/-diikce

Bir olay veya durumun kdéktn bildirdigi eyleme bagh olarak
tekrarlanmasi. (gel-dikge)

-mi/-m/-mu/-mi

soru eki

-ac/-eg

Kokin bildirdigi eylemin 6zelligini tasiyan. (giil-ec)

-n

Oznenin kékiin bildirdigi eyleme maruz kalmas: veya kendi
kendine yapmasi, eylemden kendinin etkilenmesi. (yika-n)
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116

117

118

119

120

121

122

123

124

125

126

-v
Ko6ktin bildirdigi eylemin olusmasim saglayan nesne. (6de-v)
-ga/-ge

Koktin bildirdigi eylemde kullanilan alet. (stiptir-ge)

-ga/-ge

Koékiin bildirdigi eylemin sonucu. (6ner-ge)

-ga/-ge

Koktin bildirdigi eyleme maruz kalan, yer, nesne, sey.
(sOmuir-ge)

gic/-gic/-gue/-gue

Kékiin bildirdigi eylemi yapmaya yarayan arag¢. (patlan-gic)
-gi¢/-gi¢/-gug/-gug

Ko6ktin bildirdigi eylemle ugrasan kisi. (dal-gig)
-gic/-gi¢/-gug/-glg

Koékiin bildirdigi eylemin durumu. (baslan-gic)

-1/-i/-u/-G

Koktn bildirdigi eylem sonucu olugsan yapi veya sekil.

(yap-1, diz-i)

-1/-i/-u/-4

Koékiin bildirdigi eylemi i¢in gerekli nesne. (¢cak-1)
-1/-i/-u/-t

Koéktin bildirdigi eylemi tanimlayan ad. (kos-u)

-n

Koéktn bildirdigi eylemin yapilmasi sonucunda olusan nesne.
(718-1-n)

-n

Kéktin bildirdigi eylemin yapilmasi stirecinin adi. (ak-1-n)

-n

Koktin bildirdigi eylemin yapilmasinda kullanilabilen

nesne. (ttit-Gi-n)
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127

128

129

-mag¢/-meg
Kokiin bildirdigi eylemle elde edilen nesne, sekil.
(bula-mag)

-mac/-meg
Isi k6kiin bildirdigi eylem olan. (¢igirt-mag)

-macg/-meg
Kokiin bildirdigi eylem i¢in gerekebilen sey. (de-meg)
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English

Acceleration

Active Verb

Agglutinative Languages

Approximation

Causative Verb

oooooooooooo

oooooooooooo

oooooooo

Appendix E

GLOSSARY

ooooooooooooo

ooooooooooooo

oooooooooooooo

Compound Imperfect Tense ....

Compound Tense
Compound Verb

Conditional
Conjugation of Verbs
Consonant Harmony

Continuence

Future Tense
Imperative

Inflectional Affix

-----

-----------

cres

oooooooo

oooooooooo

ooooooooooo

ooooooooooooooo

oooooooooooooo

ooooooooooooooo

oooooooooooooo

-------------

ooooooooooooo

--------------

oooooooooooooo

oooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

Turkish

Tezlik

Etken Fiil
Bitigken Diller
Yaklasma
Oldurgan Fiil
Hikaye Bilesik Zaman
Bilesik Zaman
Bilesik Fiil

Sart

Fiil Cekimi

Sessiz Uyumu
Strerlik

Isim Cekimi

Isim Soylu Kelime
Yapun Eki

Fiil Soylu Kelime
Ettirgen Fiil
Gelecek Zaman
Emir

Cekim Eki



English

Intransitive Verb ..........c........
Morphology ...cc.covevviniiiniinninnee
Narrative Compound Tense......
Necessitative .......cocoveeevenininnen
Optative ....ccvvvvvineniiinininnninnns
Passive Verb ......ccocvvevininnneen.
Personal Ending .........c....c.....
Possessive Suffix ........cc....eeen.
Potentiality and Possibility ....
Progressive Present ................
Reciprocal Verb ........ccccoeeuvenes

Reflexive Verb ..cvvvvvvvvivirnnrnnns

Vowel Harmony .........oceeeeneens

Witnessed Simple Past ...........
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Turkish

Gegcigsiz Fiil
Bicimbilgisi
Rivayet Bilesik Zaman
Gereklilik

istek

Edilgen Fiil
Sahis Eki

Iyelik Eki
Yeterlik

Simdiki Zaman
Istes Fiil
Doéntsla Fiil
Dilek-Sart
Duyulan Ge¢mis Zaman
Kok

Genis Zaman
Govde

Sonek

Zaman Eki
Gegisli Fiil

Sert Sessiz
Yumusak Sessiz
Sesli Uyumu

Gorilen Gegmis Zaman

T. C.
Yitksekogretim Kurulu

Dokiimantssyon Merkezi



