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Abstract

In this paper, we represent the morphological structure of Turkish in the form of an ATN (Augmented Transition Network). We divide the morphological analysis into two interrelated parts: morphotactic and morphophonemic analysis. The morphotactic rules determine the order in which suffixes can be attached to a word root and are defined as transitions on the network. The morphophonemic rules determine surface variations of suffixes arising from phonemics. They augment the network in terms of functions that are activated as the transitions between the nodes occur.

1.INTRODUCTION

A language whose words are generated by adding affixes to the root form is called an agglutinative language. In such a language, given a word in its root form, we can drive a new word by adding an affix to this root form, then drive another word by adding another affix to this new word, and so on. This iteration process may continue several levels. Thus a single word in an agglutinative language may correspond to a phrase made up of several words in a non-agglutinative language. The large number of suffixes and the combination of these suffixes in different orders lead to a large number of words. It is pointed out in [8] that it is possible to obtain over 10,000,000 words from a single noun word in its root form in Turkish.


This productive nature of agglutinative languages forces us to have a thorough morphological analysis for the language. Before this morphological analysis is handled, the syntactic or semantic parsing of the language is quite impossible. We can examine the morphological analysis of an agglutinative language in two interrelated stages:


1. Morphotactic rules: These rules state the order of the suffixes. That is, which suffixes can be attached to a word in a predefined category (noun, verb, etc.) and in which order are these suffixes attached. Words are grouped in different categories according to their functions and a suffix that can be attached to a word in a particular category may not be attached to a word in another category. Also, after a suffix is attached to a word, some of the suffixes may be valid and the rest may not.


2. Morphophonemic rules: These rules state the form of the suffixes. According to some properties of a word, the form of a suffix that will be attached to that word may change. For example, in Turkish, the possessive suffix -ìm (my) may take one of the four forms -ìm, -im, -um, -üm according to the last vowel of the word, which can be in the set {a,ì}, {e,i}, {o,u}, and {ö,ü}, respectively. It can be thought that these different forms of a suffix can be handled separately. In this case, the number of the suffixes would be very large (a single suffix can have 24 different forms in Turkish) and, worst of all, all of the morphotactic rules must have been duplicated for each different form of a suffix.


In this paper, we will examine the morphological structure of Turkish. The morphological structure will be represented in the form of an ATN (Augmented Transition Network) [3,6]. The ATN formalism provides a formal framework to obtain a uniform representation schema for both the morphotactic and the morphophonemic rules. The morphophonemic rules will be defined as separate rules that are activated as a result of the transitions between the nodes of the network. Combination of the state transitions in the network and the rules will form the structure of a morphological parser for Turkish.

2. MORPHOTACTICS OF TURKISH

In this section, we will examine the morphotactics of Turkish. First, we must make a categorization of the words. This is necessary because all the suffixes are not attached to all of the words. We use the following word categories in this work: A(Adjective), B(Chemical abbreviation), C(Conjunction), D(Adverb), E(Preposition), I(Interjection), K(Abbreviation), L(Letter), N(Noun), P(Pronoun), R(Proper noun), S(Number), V(Verb), and W(Unknown category). The category W is used for words whose categories are not specified in the references [11,12].


We can divide the suffixes into two parts: conjugational suffixes and derivational suffixes [4,5,8]. A conjugational suffix that is defined for a word category can be attached to all of the words in that category. A conjugational suffix does not change the meaning of the word that it is attached to; it only adds something to the functional properties (such as the possession or the tense) of the word.


A derivational suffix, on the other hand, changes the meaning of the word that it is attached to, i.e. it forms a new word. It can also change the category of the word; for example, a noun may be a verb after a derivational suffix is attached. Also, the number of words that a derivational suffix can be attached to differs from a single word to nearly all of the words in the related category.


Table 1 lists the derivational suffixes that are used in this work. Source category indicates the category of the words that the suffix can be attached; destination category indicates the category of the new word after the suffix is attached. In fact, there are large number of derivational suffixes. In this work, we have included into our morphological analysis those derivational suffixes that are widely used.


Figure 1 lists the order, in the general sense, of the conjugational suffixes for nouns and verbs with respect to the Turkish morphotactic rules. Some of the suffixes shown in the figure are optional. Also, the use of a suffix may limit the other suffixes that may follow it. For example, the relative suffix -ki can not directly follow the plural suffix -lar.

1Table 1. Derivational suffixes for word categories.

PRIVATE 
Source categorySuffixes                                                    Destination category
A (Adjective)-ca, -ìmsì, -lìkA (Adjective)

-ca, -dan, -en, -ìnaD (Adverb)

-alV (Verb)

D (Adverb)-dan, -lìklaD (Adverb)

N (Noun)-al, -ca, -cì, -cìl, -ik, -kâr, -lì, -lìk, -sal, -sì, -sìzA (Adjective)

-ca, -yìlan, -yìnan, -ylaD (Adverb)

-ca, -cì, -cìk, -da, -giller, -hane, -ist, -izm, -ki, -lìk,N (Noun)

-name, -ölçer, -sìzN (Noun)

-et, -la, -lan, -la(, -lat, -saV (Verb)

R (Proper noun)-giller, -lar, -lìk,N (Noun)

-caºìz, -cì, -cìk, -ist, -izm, -lì, -sìzR (Proper noun)

-la, -la(V (Verb)

S (Number)-gen, -ìncì, -ìz, -(arA (Adjective)

-altì, -altmì(, -be(, -bin, -bir, -doksan, -dokuz, -dört,S (Number)

-elli, -iki, -kìrk, -milyar, -milyon, -on, -otuz, -sekiz,S (Number)

-seksen, -trilyon, -üç, -yedi, -yetmi(, -yirmi, -yüzS (Number)

V (Verb)-gìn, -ìk, -mì(, -yacak, -yan, -yasì, -yìcìA (Adjective)

-ca, -casìna, -dan, -ìna, -sa, -sìzìn, -ya, -yalì,D (Adverb)

-yan, -yarak, -yasìya, -yìnca, -yìpD (Adverb)

-laE (Preposition)

-aç, -ak, -ar, -ca, -gan ,-gì, -ì, -ìm, -ìntì, -ìt,N (Noun)

-lìk,-maç,-tìN (Noun)

-ar, -da, -dan, -dìk, -dìr, -ìl, -ìn, -ìr, -ìt, -ki,V (Verb)

-ma, -maz, -mì, -t, -yì(,-ykenV (Verb)

2Figure 1. Order of conjugational suffixes for nouns and verbs.

PRIVATE 
Noun:
1. Plural suffix (-lar)

2. Possessive suffixes (-ìm,-ìmìz,-ìn,-ìnìz,-sì)

3. Case suffixes (-da:locative, -dan:ablative, -nìn:genitive, -ya:dative, -yì:accusative)

4. Relative suffix (-ki)

Verb:
1. Reflexive (-ìn), reciprocal (-ì(), and factitive (-ar, -ìr, -ìt) suffixes

2. Factitive suffix (-dìr)

3. Factitive suffix (-t)

4. Passive voice suffix (-ìl)

5. Negation suffix (-ma)

6. Compound verb suffixes (-yabil, -yadur, -yagel, -yagör, -yakal, -yakoy, -yayaz, -yìver)

7. Main tense suffixes(-ar, -dì, -ìyor, -mak, -makta, -malì, -mì(, -sa, -sana, -sanìza, -sìnlar, -ya, -yacak, -yalìm, -yìn)

8. Question suffix (-mì)

9. Second tense suffixes (-ydì, -ymì()

10.Person suffixes (-ìm, -ìz, -k, -lar, -m, -n, -nìz, -sìn, -sìnìz, -yìm, -yìz)

11.Definiteness suffix (-dìr)

3. MORPHOPHONEMICS OF TURKISH

In this section, we will define the morphophonemic rules used in Turkish. These rules are used, in general, to determine the form of a suffix that will be attached to a word. In addition to the suffix formation, some of the rules may operate on the word itself instead of the suffix; i.e. the rules change the form of the word. This situation is rare in Turkish, but to arrive at a complete morphological structure, we must consider these exceptional situations.


In what follows, we have derived all the rules that are used in our morphological structure. These rules include some well-known rules such as the vowel harmony rule, and some rules which are used for a very limited number of cases such as the vowel deletion rule 1. In fact, rules of this second kind are not considered as morphophonemic rules in grammar books on Turkish morphology, instead they are treated as exceptional cases [5,7,9]. Hence they are not given a name as a rule; the names for some of the following rules are due to the authors. In order to be able to build a uniform morphophonemic component, we have derived all the rules that modify the suffixes and/or the words.


Before explaining the rules, we must define the Turkish alphabet and the categorization of the letters in the Turkish alphabet:

Turkish alphabet = {a,b,c,ç,d,e,f,g,º,h,ì,i,j,k,l,m,n,o,ö,p,r,s,(,t,u,ü,v,y,z,â,û} 

Vowels = {a,e,ì,i,o,ö,u,ü,â,û}

Wide vowels = {a,e,o,ö,â}

Narrow vowels = {ì,i,u,ü,û}

Rounded vowels = {o,ö,u,ü,û}

Unrounded vowels = {a,e,ì,i,â}

Back vowels = {a,ì,o,u,â,û}

Front vowels = {e,i,ö,ü}

Consonants = {b,c,ç,d,f,g,º,h,j,k,l,m,n,p,r,s,(,t,v,y,z}

Harsh consonants = {ç,f,h,k,p,s,(,t}

Soft consonants = {b,c,d,g,º,j,l,m,n,r,v,y,z}


Now we list the morphophonemic rules. Some of the rules (rules 1,2,3,4,8,9, and 23) apply to each of the suffixes that are attached to a word, while the rest of the rules apply only to the first suffix that is attached to the word. To make the rules easy to read, we have used the following abbreviations: x denotes the first letter of the suffix, z denotes the first vowel of the suffix, y denotes the last letter of the current word, v denotes the last vowel of the current word, c denotes the last consonant of the current word, and yy denotes the last two letters of the current word.


By the phrase current word, we mean the word parsed up to that time. For the first suffix, the current word is the root form; for the succeeding suffixes, it is the word derived from the root form by the attachment of the previous suffixes.

Rule 1  Vowel harmony rule : All of the Turkish words obey the vowel harmony rule. But some loanwords do not obey this rule. So, we differentiate the words in two categories: words that obey the vowel harmony rule, and words that do not obey the vowel harmony rule. For each of these groups, we have different sets of rules.


For words that obey the vowel harmony rule: If z is 'a'; then if v is a back vowel then z is replaced by 'a', else z is replaced by 'e'. If z is 'ì'; then if v is a back and unrounded vowel, then z is replaced by 'ì', if v is a back and rounded vowel, then z is replaced by 'u', if v is a front and unrounded vowel, then z is replaced by 'i', if v is a front and rounded vowel, then z is replaced by 'ü'.
Example:kalem (pencil) + -da ---> kalemde (at the pencil)


For words that do not obey the vowel harmony rule: If z is 'a'; then if v is a back vowel then z is replaced by 'e', else z is replaced by 'a'. If z is 'ì'; then if v is a back and unrounded vowel, then z is replaced by 'i', if v is a back and rounded vowel, then z is replaced by 'ü', if v is a front and unrounded vowel, then z is replaced by 'ì', if v is a front and rounded vowel, then z is replaced by 'u'.
Example:saat (watch) + -ìm ---> saatim (my watch)


Note that we represent all the vowels (that are subject to the vowel harmony rule) in the suffixes as either 'a' or 'ì'; we do not use other vowels. With respect to the vowel harmony rule, these two vowels change accordingly.

Rule 2  Consonant harmony rule 1 : If x is a vowel and y is in {ç,k,p,t}, then y is replaced by {b,c,d,g or º}, respectively (note that 'k' is replaced by either 'g' or 'º'). For the first suffix, the word determines whether the rule will be applied or not. For the succeeding suffixes, the last suffix that has already been attached to the word determines whether the current word obeys the rule or not. Among the suffixes that end in {ç,k,p,t}, the following ones obey the rule: -aç,-ak,-cìk,-dìk,-dört,-et,-ìk,-ik,-k,-lìk,-maç,-mak,-yacak,-yarak,-ysak. The following suffixes do not obey the rule: -ìt,-ist,-kìrk,-lat,t,-üç,-yìp.

Example:kitap (book) + -ìn ---> kitabìn (your book)

Rule 3  Consonant harmony rule 2 : If x is a vowel and y is 'k', then y is replaced by 'g'. This rule is an extension of rule 2 (consonant harmony rule 1).

Example:renk (color) + -ìn ---> rengin (your color) (also rule 1 applies)

Rule 4  Consonant harmony rule 3 : If x is in {b,c,d,g} and y is a harsh consonant, then x is replaced by {ç,k,p,t}, respectively.
Example:kitap (book) + -cì ---> kitapçì (book seller)

Rule 5  Vowel deletion rule 1 : If x is a vowel, then v drops. This rule is for nouns.

Example:aºìz (mouth) + -ìm ---> aºzìm (my mouth)

Rule 6  Vowel deletion rule 2 : If the suffix is in the set {-ì,-ìk,-ìl,-ìm,-ìntì,-ìt}, then v drops. This rule is for verbs.

Example:ayìr (to separate) + -ìl ---> ayrìl (to be separated)

Rule 7  Double consonant rule : If x is a vowel, then y doubles.
Example:tìp (medicine) + -ì ---> tìbbì (the medicine) (also rule 2 applies)

Rule 8  Phoneme deletion rule : If x and y are either both vowels or both consonants, then x drops.
Example:sev (to love) + -yacak ---> sevecek (will love)(also rule 1 applies)

Rule 9  Phoneme deletion rule for the suffix -ìyor : If the suffix is -ìyor and y is a vowel, then y drops.
Example:aºla (to cry) + -ìyor ---> aºlìyor (he/she is crying)

Rule 10  Phoneme deletion rule for verbs : If y is a vowel and x is 'y', then y is replaced by 'ì'. This rule is for verbs only.

Example:de (to say) + -yan ---> diyen (the one who says) (also rule 1 applies)

Rule 11  Possessive suffix rule 1 : If the suffix is -sì, then x (which is 's') drops.
Example:sanayi (industry) + -sì ---> sanayii (the industry) (also rule 1 applies)

Rule 12  Possessive suffix rule 2 : If the suffix is -sì, then x (which is 's') may or may not drop.
Example:mevki (position) + -sì ---> mevkisi (his/her position) (also rule 1 applies)

mevki (position) + -sì ---> mevkii (his/her position) (also rule 1 applies)

Rule 13  Rule for portmanteau words 1 : This rule applies to portmanteau words that end in 'sì'. If the suffix is -lar, then yy (which is 'sì') drops, -lar is inserted, and -ì is inserted. If the suffix is -sì, then the suffix drops. If the suffix is in the set {-ìm,-ìmìz,-ìn,-ìnìz}, then yy (which is 'sì') drops. If the suffix is -ca, then 'n' is inserted before the suffix. For other suffixes, -sì drops before the suffix.
Example:alìnyazìsì (destiny) + -lar ---> alìnyazìlarì (destinies)

alìnyazìsì (destiny) + -ìm ---> alìnyazìm (my destiny) (rule 8 applies)

alìnyazìsì (destiny) + -ìm ---> alìnyazìm (my destiny) (rule 8 applies)

alìnyazìsì (destiny) + -sì ---> alìnyazìsì (his/her destiny)

Rule 14  Rule for portmanteau words 2 : This rule applies to portmanteau words that end in a narrow vowel and c is in {b,c,d,g or º}. If the suffix is -lar, then v drops, c is replaced by {ç,k,p,t} respectively, -lar is inserted, and -ì is inserted. If the suffix is -sì, then the suffix drops. If the suffix is -ca, then 'n' is inserted before the suffix. For other suffixes except the suffixes in the set {-ìm,-ìmìz,-ìn,-ìnìz}, v drops and c is replaced by {ç,k,p,t}, respectively, before the suffix.
Example:ayakucu (foot) + -lar ---> ayakuçlarì (feet)

Rule 15  Rule for portmanteau words 3 : This rule applies to portmanteau words that end in a narrow vowel. If the suffix is -lar, then yy are interchanged, -lar is inserted, and -ì is inserted. If the suffix is -sì, then the suffix drops. If the suffix is -ca, then 'n' is inserted before the suffix. For other suffixes except the suffixes in the set {-ìm,-ìmìz,-ìn,-ìnìz}, yy are interchanged before the suffix.
Example:aslanaºzì (snapdragon) + -lar ---> aslanaºìzlarì (snapdragons)

Rule 16  Rule for portmanteau words 4 : This rule applies to portmanteau words that do not meet the criteria given in rules 13, 14, and 15. If the suffix is -lar, then v drops, -lar is inserted, and -ì is inserted. If the suffix is -sì, then the suffix drops. If the suffix is -ca, then 'n' is inserted before the suffix. For other suffixes except the suffixes in the set {-ìm,-ìmìz,-ìn,-ìnìz}, v drops before the suffix.
Example:adaçayì (garden sage) + -lar ---> adaçaylarì (garden sages)

Rule 17  Aorist suffix rule : There are two forms of the aorist suffix in Turkish: -ar and -ìr. Some of the verbs take the first one, while the rest take the second. There is no specific rule to decide whether -ar or -ìr is attached to a verb. So, we accept the form -ar as the default aorist suffix for verbs and handle the verbs that use the form -ìr by the following rule: If the suffix is -ar, then the suffix is replaced by -ìr.
Example:gel (to come) + -ar ---> gelir (he/she comes) (also rule 1 applies)

Rule 18  Rule for the morpheme 'su' : Some words that end in 'su' show irregularities when a possessive suffix (-ìm,-ìmìz,-ìn,-ìnìz,-sì) or the genitive suffix (-nìn) is attached. If the suffix is in the set {-ìm,-ìmìz,-ìn,-ìnìz,-nìn,-sì}, then 'y' is inserted before the suffix.
Example:su (water) + -ìm ---> suyum (my water) (also rule 1 applies)

Rule 19  Rule for proper nouns : This rule applies to proper nouns only. If the suffix is a conjugational suffix, then the apostrophe character (') is inserted before the suffix. If the suffix is -lar, then the apostrophe character (') may or may not be inserted before the suffix. [2]

Example:Atatürk + -ìn ---> Atatürk'ün (also rule 1 applies)

Atatürk + -lar ---> Atatürk'ler (also rule 1 applies)

Atatürk + -lar ---> Atatürkler (also rule 1 applies)

Rule 20  Rule for abbreviations 1 : When a suffix is attached to an abbreviation, other rules (vowel harmony rule, consonant harmony rules, etc.) apply to the reading of the abbreviation; not to the reading of the expanded form of the abbreviation. If y is a consonant; then if v is a front vowel, then other rules apply as if v is a front vowel and y is either a vowel or a consonant, if v is a back vowel, then other rules apply as if either v is a front vowel and y is a vowel or v is a back vowel and y is a consonant, if the word has no vowels, then other rules apply as if v is a front vowel and y is a vowel. If y is a vowel; then if v is a front vowel, then other rules apply as if v is a front vowel and y is a vowel, if  v is a back vowel, then other rules apply as if v is a back vowel and y is vowel.
Example:TBMM + -da ---> TBMM'de (also rule 21 applies)

ÖSS. + -yì ---> ÖSS.yi
Rule 21  Rule for abbreviations 2 : If y is not '.', then the apostrophe character (') is inserted before the suffix. [2]

Example:TBMM + -da ---> TBMM'de (also rule 20 applies)

Rule 22  Rule for numbers : This rule applies to the numbers that are written as a sequence of digits. When a suffix is attached to a number, other rules (vowel harmony rule, consonant harmony rules, etc.) apply as if the number is written explicitly (i.e. as a sequence of words corresponding to the digits). Therefore, we first convert the number into its written form. This conversion process takes into account the spelling of the last digit. The number is converted into its written form, the apostrophe character (') is inserted before the suffix, and the suffix is attached as if the number is written in this form. [2]

Example:4 + -(ar ---> 4'er (also rule 1 and rule 8 apply to dört (four))

Rule 23  Rule for separate suffixes : Some forms of the suffixes -da (a suffix that is used as a conjunction, has a meaning like "even"), -ki (relative suffix), and -mì (question suffix) have a special feature: they are written separate from the word they follow. But they are subject to all the rules we have defined. If the suffix is one of the suffixes {-da,-ki,-mì} which must be written separate from the word, then a space character is inserted before the suffix.
Example:adam (man) + -da --> adam da (even this man)

kitap (book) + -ki --> kitap ki (such a book)

geldi (he/she came) + -mì --> geldi mi ? (did he/she come?) (also rule 1 applies)


Most of the rules listed above have some exceptions; i.e. they are not valid for all of the words. Only the rules 9,16,19,20,21,22, and 23 are valid all the time. For rule 1, we have handled the exceptional cases (i.e. words that do not obey the vowel harmony rule) with a separate rule within rule 1; the reason is that the exceptional cases also obey a different rule. For the rest of the rules that have exceptions, we did not mention those exceptional cases; the exceptional cases will be treated as if there is no such a rule. Some of the rules that have exceptions are valid for most of the words (e.g. vowel harmony rule) and some of them are valid for only a very limited number of cases (for example, rule 10 is valid for only two words in Turkish, which are de (to say) and ye (to eat)).

4. ATN FORMALISM FOR REPRESENTING MORPHOLOGY

As explained in Section 1, we will represent the morphological structure of Turkish in the form of an ATN. The complexity of the morphophonemic rules in Turkish prevents us from defining the morphological structure of the language as a FSTN (Finite State Transition Network) or a RTN (Recursive Transition Network). When attaching a suffix to a word, it is not enough just to attach the suffix as it is written on the network. In the meantime, several processes need to be handled. For example, a letter of the suffix may change due to the vowel harmony rule, the last consonant of the word may change due to the consonant harmony rule 1, or the last vowel of the word which precedes the last consonant in the word may be dropped. These modifications (change, deletion, and insertion of letters) cannot be handled by a FSTN or RTN; we need a more powerful formalism. Therefore, we use an ATN, which allows transformations of constituents that make up the network.


The morphotactic rules, that is the order of the suffixes, will be defined as transitions on the network. The morphophonemic rules will accompany the network as rules that are activated when transitions between the states occur.

5. TURKISH MORPHOLOGY IN ATN

In this section, we will explain the morphological structure of Turkish by using the morphotactic and the morphophonemic rules.

5.1. Transition network representation of morphotactics

For each word category, there is a transition network that is used to parse a word that is originated from that category. In addition to the main network for a category, there may be sub-networks for that category. These sub-networks are called recursively from other networks. In the transition networks, in addition to the arcs for recursive call, we also include a jump arc. A jump arc indicates that the parsing continues from another network. This process is different from a recursive call; when a jump to another network is performed, the process does not return to the originating network. The use of the jump arcs simplify the design of the network; it can be eliminated by introducing additional nodes. Also, if we think all the morphotactic rules as a single network, this jump operation can be seen just as a transition from one node to another. 


Table 2 gives the morphotactics of the noun network (see [7] for transition networks of other categories). In the table, we have used the following conventions:

 ( Name n represents the start of the network n.

3Table 2. Morphotactics of the noun network.

PRIVATE 
Name N
From Nto N1by (parse ND)
From N1to N/endby (parse NC)
Name NC
From NCto NC1by ~
From NCto NC2by ~
From NC1to NC2by l{a}r
From NC2to D1by {c}{a}
From NC2to NC3by [{ì}]m
From NC2to NC3by [{ì}]m{ì}z
From NC2to NC3by [{ì}]n
From NC2to NC3by [{ì}]n{ì}z
From NC2to NC4by ~
From NC2to NC5by ~
From NC2to NC5by {c}{a}
From NC3to *by s{ì}z
From NC3to D1by {c}{a}
From NC3to NC4by ~
From NC3to ND6by {c}{a}
From NC4to NC7by ~
From NC4to NC10by ~
From NC5to NC6by [s]{ì}
From NC6to NC7by n
From NC6to NC9by ~
From NC6to NC10by ~
From NC6to VF1by ~
From NC7to NC9by (parse NE)
From NC9to NC/endby ~
From NC9to NC/endby {d}{a} (#)

From NC9to NC/endby ki (#)

From NC10to D1by [y]{ì}l{a}n
From NC10to D1by [y]{ì}n{a}n
From NC10to D1by [y]l{a}
Name ND
From NDto Aby ~
From NDto Aby [{a}]l
From NDto Aby kâr
From NDto A1by {c}{ì}
From NDto A1by {c}{ì}l
From NDto A1by [i]k
From NDto A1by s{a}l
From NDto A1by s{ì}
From NDto NC2by giller
From NDto NDby hane
From NDto NDby [i]st
From NDto NDby [i]zm
From NDto NDby name
From NDto ND1by l{ì}k
From NDto ND3by {c}{ì}k
From NDto ND4by {c}{ì}
From NDto ND5by ~
From NDto ND6by l{ì}k
From NDto V4by et
From NDto V5by s{a}
From ND1to ND2by {c}{ì}
From ND1to ND5by ~
From ND1to ND5by {c}{ì}k
From ND2to ND5by ~
From ND2to ND5by l{ì}k
From ND3to ND4by ~
From ND3to ND4by {c}{ì}
From ND4to ND5by ~
From ND4to ND5by l{ì}k
From ND5to NDby ölçer
From ND5to ND6by ~
From ND5to V4by l{a}(
From ND5to V4by l{a}t
From ND5to V5by l{a}
From ND5to V9by l{a}n
From ND6to Aby l{ì}
From ND6to Aby s{ì}z
From ND6to ND/endby ~
Name NE
From NEto NE/endby [y]{ì}
From NEto NE1by [y]{a}
From NEto NE2by ~
From NEto NE2by {d}{a}n
From NEto NE3by ~
From NEto NE3by [n]{ì}n
From NEto NE5by {d}{a}
From NE1to NE/endby ~
From NE1to VF6by ~
From NE2to NE/endby ~
From NE2to VF1by ~
From NE3to NE2by ~
From NE3to NE4by ki
From NE4to NC1by ~
From NE4to NC6by ~
From NE4to NE2by ~
From NE5to NE2by ~
From NE5to NE4by ki
From NE5to VFby ~
( From n1 to n2 by lbl represents an arc where n1 is the source node, n2 is the destination node, and lbl is the label on the arc.

( (#) indicates that the suffix is written separate from the word it follows.

( A node labelled * indicates that parsing ends after the transition occurs.

( The end node of a network is labelled by n/end, where n is the name of the network.

( The label on an arc can be one of three types:

( A suffix

( A recursive call to another network, indicated as (parse n), where n represents a node in another network. The process continues from node n and when the end of the network is reached, the process returns to the node following the arc labelled (parse n). While processing the network that contains the node n, if a jump (not a recursive call) to another network is encountered, then the process continues from this new network and it does not return to the calling network.

( An empty suffix, indicated as ~. This means that the process may jump from the node preceding the arc to the node following the arc without attaching a suffix or performing a recursive call.

( [x], where x is a letter, indicates that the phoneme deletion rule (rule 8) can be applied to the letter x.

( {x}, where x is a letter, indicates that the vowel harmony rule (rule 1) (if x is a vowel) or the consonant harmony rule 3 (rule 4) (if x is a consonant) can be applied to the letter x.

( [{x}], where x is a letter, indicates that both [x] and {x} are valid.


Parsing of the noun network begins from node N. Then two sub-networks are called; network ND (network for the derivational suffixes) followed by the network NC (network for the conjugational suffixes). The NC network is further divided into two parts; the first part contains the plural suffix (-lar), the possessive suffixes (-ìm, -ìn, etc.), and some other suffixes that are used in this stage; the second part calls the network NE which contains the case suffixes (-da:locative, -dan:ablative, -nìn:genitive, -ya:dative, -yì:accusative) and the relative suffix -ki.

5.2. Augmented transition network representation for morphophonemics

Now we define the morphophonemic rules in a pseudo language. The rules make use of some variables and functions. The variables used by the rules are: word (the current word), suffix (the current suffix), x (the first letter of the current suffix), and z (the first vowel of the current suffix).


The functions can be divided into two groups: general purpose functions and morphophonemic rules functions. The second group is categorized into two sub-groups: morphophonemic character check functions (used in the vowel harmony rules, consonant harmony rule 3, and the phoneme deletion rule) and the morphophonemic rule check function (denotes whether the word obeys a particular or not). In the following descriptions, str1 and str2 denote character strings; ch1 and ch2 denote letters; n1 denotes a number:

i) The general purpose functions:
consonant (ch1) : returns true if ch1 is a consonant, returns false otherwise.

delete (str1, str2) : deletes the string str2 from the string str1.

concat (str1, str2) : inserts the string str2 to the end of the string str1.

interchange (str1, ch1, ch2) : interchanges the characters ch1 and ch2 in str1.

last_consonant (str1) : returns the last consonant in the string str1.

last_letter (str1) : returns the last letter in the string str1.

last_letter_p (str1, n1) : returns the n1th last letter in str1, where n1 > 1.

last_vowel (str1) : returns the last vowel in the string str1.

vowel (ch1) : returns true if ch1 is a vowel, returns false otherwise.

vowel_exists (str1) : returns true if at least one vowel exists in str1.

ii) Morphophonemic rules functions:
a) Morphophonemic character check functions:
can_change (ch1) : returns true if the character ch1 can change; i.e. if {ch1}.

can_delete (ch1) : returns true if the character ch1 can drop; i.e. if [ch1].

b) Morphophonemic rule check function:
obey (rule, str1) : returns true if the string str1 obeys the rule.


Figure 2 shows three of the rules defined in Section 3 in terms of the above variables and functions. The complete list of the rules is given in [7].

4Figure 2. Examples of morphophonemic rules.

PRIVATE 
Rule 2 and Rule 3 : Consonant harmony rule 1 and Consonant harmony rule 2
if obey (chr1, word) then

   if vowel (x) then

      case last_letter (word) of

         'p' : last_letter (word) := 'b'

         'ç' : last_letter (word) := 'c'

         't' : last_letter (word) := 'd'

         'k' : if obey (chr2, word)

                  then last_letter(word):= 'g'

                  else last_letter(word):= 'º'

      endcase

Rule 5 : Vowel deletion rule 1
if obey (vdr1, word) then

   if vowel (x) then

      delete (word, last_vowel (word))

6. EXAMPLE

In this section, we will try to explain the morphological structure by the use of an example. The transitions during parsing are written under the columns source node, label, and destination node. The column current word holds the word parsed up to that time. The column rules applied indicates the rules applied at that stage. The word is kutbundaki (at your pole), whose root is kutup (pole) and root category is noun.

Source nodeLabel      Destination nodeCurrent word Rules applied
N(parse ND)N1kutup

ND     ~ND5kutup

ND5     ~ND6kutup

ND6     ~ND/endkutup

N1(parse NC)N/endkutup

NC     ~NC2kutup

NC2  [{ì}]n NC3kutbunrule 5 ('u' drops)

rule 2 ('p'-->'b')

rule 1 ('ì'-->'ì')

NC3     ~NC4kutbun

NC4     ~NC7kutbun

NC7(parse NE)NC9kutbun

NE  {d}{a}NE5kutbundarule 1 ('a'-->'a')

NE5    kiNE4kutbundaki

7. CONCLUSION

In this paper, we have examined the morphological structure of Turkish and represented it in the form of an ATN. The morphotactic rules are defined by the use of the transition network and the morphophonemic rules are shown as separate rules that augment the network. The parsing process on the ATN is demonstrated by the use of an example.


The morphological structure proposed in this work has been implemented as a spell checker program [1]. The program uses two lexicons for the root words: the main lexicon which contains approximately 22,000 entries, and a lexicon for the proper nouns which contains almost 11,000 entries. In addition, the suffix lexicon holds the suffixes. The morphophonemic rules are included in the source code of the program.
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     � Turkish alphabet contains 29 letters. But there are three extra letters used in loanwords and suffixes: â, î, and û. These are the deformed forms of a, ì, and u, respectively. For completeness, we include â and û in our alphabet; and, for consistency, we include these two letters in the above defined subsets. Note that we do not use the letter î, because the reference [2] which we regard as the basic lexicon in this research does not contain any words that include î.





