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ABSTRACT 
 

TURKISH TEXT TO SPEECH SYSTEM 
 

Barış Eker 
MS in Computer Engineering 

Supervisor: Asst.Prof.İlyas Çiçekli 
January, 2002 

 
Scientists have been interested in producing human speech artificially for more than two 

centuries. After the invention of computers, computers are used in order to synthesize 

speech. By the help of this new technology, Text To Speech (TTS) systems that take a 

text as input and produce speech as output were started to be created. Some languages 

like English and French has taken most of the attention and some languages like Turkish 

has not been taken into consideration.  

 

This thesis presents a TTS system for Turkish that uses diphone concatenation method. It 

takes a text as input and produces corresponding speech in Turkish. The output can be 

obtained in one male voice only in that system. Since Turkish is a phonetic language, this 

system also can be used for other phonetic languages with some minor modifications. If 

this system is integrated with a pronunciation unit, it can also be used for languages that 

are not phonetic. 
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ÖZET 
 

TÜRKÇE METİN SESLENDİRME 
 

Barış Eker 
Bilgisayar Mühendisliği, Yüksek Lisans 

Tez Yöneticisi: Yrd. Doç. Dr. İlyas Çiçekli 
Ocak, 2002 

 
Bilim adamları sesin yapay olarak üretilmesi konusunda iki yüzyılı aşkın bir süredir 

çalışıyorlar. Bilgisayarın icadından sonra, ses üretmek için bilgisayarlar kullanılmaya 

başlandı. Bu yeni teknolojinin yardımıyla girdi olarak bir metin alıp bu metnin sesli 

olarak okunmuş halini üreten “Metin Seslendirme” sistemleri üretilmeye başlandı. 

İngilizce ve Fransızca gibi bazı diller araştırmacıların ilgisini çekerken, Türkçe gibi diller 

konusunda çok fazla çalışma yapılmadı. 

 

Bu tezde Türkçe için ikili fonem birleştirme tekniğini kullanan bir “Metin Seslendirme” 

sistemi anlatılmaktadır. Sistem girdi olarak bir metin alır ve çıktı olarak bu metne karşılık 

gelen Türkçe sesleri üretir. Türkçe fonetik bir dil olduğu için bu sistem, ufak 

değişikliklerle benzer fonetik diller için de kullanılabilir. Eğer sisteme bir telaffuz ünitesi 

entegre edilirse, sistem fonetik olmayan diller için de kullanılabilir. 

 

 

Anahtar Kelimeler: Metin Seslendirme, Türkçe, Ses Sentezi, İkili Fonem Birleştirme 
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Chapter 1 

Introduction 

 

1.1 What is Text To Speech (TTS)? 

 

Computers that can interact with human via speech had become a dream for scientists 

since the early stages of the computer age. Computers that can talk and recognize speech 

had become favorites of the science fiction films. Scientists from different areas such as 

computer science, electronics engineering, etc. made a lot of research on these subjects in 

order to reach this dream. There have been two main research areas about this: Text to 

speech (TTS) and Speech recognition. These two problems are analyzed differently. 

Scientists are now working on TTS and speech recognition systems, however, they can 

be combined to create a computer that can understand speech and talk in the future when 

the systems become accurate enough. 

 

A TTS system is a system that can convert a given text into speech signals. The source of 

this text can be very different. While the output of an OCR can be an input for this 

system, the text that is generated by a language generation system can also be an input for 

a TTS system. The aim of an ideal TTS system is to be able to process any text that a 

human can read. For example, a TTS system should be able to read numbers, handle 

abbreviations, resolve different spellings for a word, etc. 

 

A TTS system consists of mainly two parts: Text processing part and speech synthesis 

part. Text processing part is involved in parsing the input text and preparing input text for 

the speech synthesis part. Text processing part can be very complex in an ideal system. 
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Because, in order to be able to process any text and produce a correct result, text parsing 

should be very accurate. First aim of the text processing part is to divide input text into 

“correct subparts” that can be processed by speech synthesis part. “Correct subparts” can 

change according to the synthesis technique that is used in speech synthesis part. Other 

aim of text processing part is to determine the intonation in a word and in a sentence. 

This information should also be transferred to speech synthesis part in a format that it can 

understand. These aims are achieved to some extent in text processing parts of TTS 

systems regarding the quality of the system. Speech synthesis part is responsible for 

synthesizing the final speech. It takes the input coming from text processing part and 

produces output speech. There are two popular types of speech synthesis technique: Rule-

based and concatenative synthesis. According to the type of the technique used, some 

preprocessing for the system has to be done. For example, a database for the main sound 

units that will be used in the synthesis should be recorded before the system starts 

running.  

 

1.2 Difficulties in TTS 

 

In order to work correctly in every case, a computer should be programmed accordingly. 

The programmer should predict the cases that the program can face. While this is easy for 

some tasks, it can be very hard to manage for some tasks like natural language 

processing. Since it is very hard to determine every possible input to the system, some 

techniques that are different from the classical programming approach should be used. 

However, these techniques usually offer some heuristics that give correct result in most 

cases but not in all cases. A TTS system deals with a natural language text, therefore a 

TTS system also meet such problems. 

 

Pronunciation is one of the problems. If a language is not phonetic, then TTS system 

should deal with pronunciation. One solution is to record the pronunciations for all the 

words for some language, but this is costly solution in terms of memory. Another solution 

is to produce some general rules about pronunciation and applying these rules to input 

words. This is a better solution in terms of memory, however it requires very good 
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linguistic research and it may fail in some exceptional cases, since these rules may not 

apply to every word. Another problem is ambiguity in pronunciation; there may be 

several possible different pronunciations for a word and text processing part should 

decide which one is correct. Text processing part should also deal with abbreviations. It is 

very hard to create a system that can handle all abbreviations, since every day new 

abbreviations are added to daily life. Beside this, there may be ambiguity in 

abbreviations. For example, TTS system should decide whether “St.” would be 

pronounced as “Street” or “Saint”. Reading numbers is another hard task in TTS systems. 

System should first understand what kind of number it is and behave accordingly. Normal 

numbers are read differently from phone numbers. Also a number can be read differently, 

if it is a serial number of a brand. For example, in “Nokia 8850”, this should be read as 

“Nokia eighty-eight, fifty”, not “eight thousand eight hundred fifty”.  

 

Deciding about the intonation is one of the most difficult tasks, since it may change in 

context. Consider these two cases: 

 

-Who wants to go? 

-I want to go. 

 

-What do you want to do? 

-I want to go. 

 

While intonation is on “I” in the first example, it is on “go” in the second example. Text 

processing part should understand this from the contexts. 

 

Text processing part is only half of the problem, perhaps less. After deciding on the 

correct pronunciation and intonation, speech synthesis part should realize this. This is a 

very difficult task, because perceptually identical sounds may be acoustically different in 

different context. For example, p’s in “speech” and “peach” are perceptually very similar; 

they are acoustically very different. The precise duration and frequencies of a sound 

depend on many factors like the segments that it precedes and follow, its place in the 
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word, whether it is emphasized or not, etc. As text processing part deals with intonation, 

it determines only where the intonation should occur for a natural speech, however it is 

the role of speech synthesis part to realize this. The mechanism of intonation is not fully 

understood yet; there are different intonation models, however none of them is successful 

enough to work correctly in all cases. 

 

An ideal TTS system should be able to come up with good solutions for these problems. 

There is no system that can solve these problems perfectly yet, all systems try to do their 

best, their level of success in solving these problems determines the quality of the system. 

 

1.3 Applications of TTS 

 

Although we use speech a lot in our daily life, in fact we do not learn many things by 

speaking with respect to seeing. Generally, we prefer reading book in order to learn 

something, instead of listening. On the other hand, we use speech frequently. By speech, 

we do not need to look a direction; we do not need to hold something. Therefore, our 

hands and eyes are free. We can do another thing that does not require much 

concentration. Moreover, text to speech technology opens the computer world to blind 

people. They can read every text, check that what they wrote, they can reach the text 

parts of Internet.  

 

Another usage of the text to speech is, by the help of the telephone line, reaching the 

computer from a distant place. This can be used by the reservation systems (e.g. airline, 

bus, etc). In addition, banking and finance corporations can use this technology to 

provide the account information to the user or to do new transactions by the telephone 

line. Therefore, people do not need to go to banks and wait for their turn to do simple 

transactions. Furthermore, it does not require special hardware. If a telephone can be 

found in any part of the world, a bank system can be reached.  

 

Synthesized speech can also be used in many educational situations. A computer with a 

speech synthesizer can teach 24 hours a day and 365 days a year. It can be programmed 
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for special tasks like teaching spelling and pronunciation for a lot of different languages.  

Electronic mail has become one of the mostly used ways of communication. However, 

sometimes it is impossible to reach emails. To solve this problem, some systems that can 

read emails are developed. Customer uses his telephone to listen his emails. These 

systems should be interactive in order to be useful. Ideally, people should interact via 

speech with system however this requires an automatic speech recognition system. 

Technology is away from understanding fluent speech, however systems that can 

understand some simple commands like "ok", "cancel", "next", etc. are available.  

 

1.4 A Short History of TTS 

 

History of TTS starts after the invention of first computer, because a text to speech 

system needs a computer. It should be able to convert a given text into speech 

automatically. However, early efforts about speech synthesis were made over two 

centuries ago. Russian Professor Christian Kratzenstein explained physiological 

differences between five long vowels (/a/, /e/, /i/, /o/, and /u/) and created a system to 

produce these sounds artificially in 1779 in St.Petersburg [27, 29].  

 

Wolfgang von Kempelen made a machine called as “Acoustic-Mechanical Speech 

Machine” which was able to produce single sounds and some sound combinations, in 

1791 in Vienna [28, 29]. In fact, he started his research before Kratzenstein, in 1769, and 

he also published a book about his studies on human speech production and his 

experiments with his speaking machine. 

 

Charles Wheatstone constructed his famous version of von Kempelen’s speaking 

machine in about mid 1800’s [27]. This was a bit more complicated machine and it was 

able to produce vowels and most of the consonants. It was also able to produce some 

sound combinations and even some words. 

 

In 1838, Willis found the connection between a specific vowel sound and the geometry of 

the vocal tract. He produced different vowel sounds using tube resonators that are 
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identical to organ pipes. He discovered that the vowel sound quality depends only on the 

length of the tube but not on its diameter [29]. 

 

In 1922, Stewart introduced first full electrical speech synthesis device, it was only able 

to produce static vowel sounds. Producing consonants or connected sounds were not 

possible in this system [28]. Wagner also developed a similar system. In 1939, first 

device to be considered as a speech synthesizer, VODER, is introduced by Homer 

Dudley in New York [27, 28]. Although the speech quality and intelligibility was far 

from good, the potential for producing artificial speech was demonstrated.  The first 

formant synthesizer, PAT (Parametric Artificial Talker), was introduced by Walter 

Lawrence in 1953 [28]. In 1972, John Holmes introduced his synthesizer that he tuned by 

hand the synthesized sentence “I enjoy the simple life”. The quality was so good that the 

average listener could not tell the difference between the synthesized sound and the 

natural one [28].  

 

Noriko Umeda and his companions developed the first full text-to-speech system for 

English in Japan. The speech was quite intelligible but monotonous and it was far away 

from the quality of present systems. Allen, Hunnicutt, and Klatt produced MITalk, which 

is used in Telesensory Systems Inc. commercial TTS system with some modifications, in 

1979 in M.I.T. [1, 28].  

 

In the late 1970’s and early 1980’s, a considerable amount of TTS products were 

produced commercially. There were different TTS chips that offer hardware solutions 

beside the software products that run on computers. After these days, a lot of TTS 

system, like DecTalk, Whistler, Mbrola, etc. that can be considered as successful has 

been created for different languages. However, more progress is needed for a system that 

produces quality sound in terms of both intelligibility and naturalness [4,5,10,13].  

 

1.5 Major TTS Systems 

 

This section describes some of the major TTS systems, developing tools and ongoing 
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projects. Although it is not possible to present all the systems, well-known systems are 

presented. 
 

1.5.1 MITalk 

 

This system was demonstrated in 1979 by Allen, Hunnicutt and Klatt. This was a formant 

synthesizer system that was developed in MIT labs. The technology used in this system 

formed the basis for many systems for today [1]. 
 

1.5.2 Infovox 

 

Telia Promotor AB Infovox is one of the most famous multilingual TTS systems. The 

first commercial version was developed at Royal Institute of Technology, Sweden, in 

1982. The synthesis method used in this system is cascade formant synthesis [18]. 

Currently, both software and hardware implementations of this system are available.  

 

The latest full commercial version, Infovox 230, is available for American and British 

English, Danish, Finnish, French, German, Icelandic, Italian, Norwegian, Spanish, 

Swedish and Dutch [17]. The speech is intelligible and system has 5 different built-in 

voices, including male, female and child. New voices can also be added by the user.  

 

Recently, Infovox 330 is introduced, this includes English, German and Dutch versions 

and other languages are under development. Unlike earlier Infovox systems, this version 

is based on diphone concatenation method. It is more complicated and requires more 

computational load.  

 

1.5.3 Bell Labs TTS System 

 

The current system is based on concatenation of diphones or triphones.  It is available for 

English, German, French, Spanish, Italian, Russian, Romanian, Chinese, and Japanese 

[14]. Other languages are under development. Software is identical for all languages 
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except English, so that this can be seen as multilingual system. Language specific 

information needed is stored in separate tables and parameter files.  

 

The system has good text analysis capabilities, word or proper name pronunciation, 

intonation, segmental duration, accenting, and prosodic phrasing. One of the best 

characteristics of the system is that it is entirely modular so that different research groups 

can work on different modules independently. Improved modules can be integrated 

anytime as long as the information passed among the modules are properly defined 

[6,14].  

 

1.5.4 CNET PSOLA 

 

France Telecom CNET introduced a diphone-based synthesizer that used PSOLA, which 

is one of the most promising methods for concatenative synthesis, in mid 1980’s.  The 

latest commercial product is available from Elan Informatique as ProVerbe TTS system. 

The pitch and speaking rate are adjustable in the system. The system is currently 

available for American and British English, German, French and Spanish. 

 

1.5.5 ETI Eloquence 

 

This system was developed by Eloquent Technology, Inc., USA. It is currently available 

for British and American English, German, French, Italian, Mexican and Castillian 

Spanish. There are some languages, like Chinese, under development. There are 7 

different voices for every language and they are easily customizable by the user [7,8].  

 

1.5.6 Festival TTS System 

 

This system was developed in CSTR at the University of Edinburgh. British and 

American English, Spanish and Welsh are currently available languages in the system. 

System is available freely for educational, research and individual use [2]. 
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1.5.7 MBROLA 

 

This is a project that was initiated by the TCTS Laboratory in the Faculte Polytechnique 

de Mons, Belgium. The main goal of the project is to create a multilingual TTS system 

for non-commercial purposes and research oriented uses. The method used in this project 

is very similar to PSOLA. However, since PSOLA is a trademark of CNET, this project 

is named MBROLA. 

 

MBROLA is not a complete TTS system, since it does not accept raw text as the input. It 

takes a list of phonemes with some prosodic information like duration and pitch and 

produces the output speech. Diphone databases for American/British/Breton English, 

Brazilian Portuguese, French, Dutch, German, Romanian and Spanish with male and 

female voices are available and work on databases for other languages is currently 

continuing [4,5,13]. 

 

1.5.8 Whistler 

 

This is a trainable speech synthesis system that is under development at Microsoft. The 

aim of the system is to produce natural sounding speech and produce an output that 

resembles acoustic and prosodic characteristics of the original speaker. The speech 

engine is based on concatenative synthesis and training procedure on Hidden Markov 

Models [10].  

 

1.6 Turkish Text-to-speech 

 

Most of the research on TTS has been made on English. There has been some research 

for other languages like German, French, Japanese, etc. There are systems that can be 

considered as “good” for a lot of language. However, since there are not enough 

researchers on this area for Turkish, sufficient progress has not been made up to now.  
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Currently, there is one commercial Turkish TTS system available. The system is 

developed by GVZ Technologies. Their system produces an intelligible sound. Although 

they claim that the system produces a natural sound, it is far from producing natural 

sound at that point. There are currently one male and one female voice available. They 

claim that a new speaker can be added to system in two weeks. Although this is not an 

ideal TTS system, it can be considered as a good attempt to an ideal TTS system for 

Turkish.  

 

Turkish is a language that is read as it is written as a difference from languages like 

English, German. This brings some simplicity to the system, because the system does not 

have to deal with how a word will be pronounced. TTS systems for languages that require 

a pronunciation module usually solve this problem by determining some general rules 

that are correct generally. Although, Turkish is a phonetic language, there are some 

special cases. Firstly, there are some words that have two possible pronunciations. For 

example, “hala” is pronounced differently in different contexts.  

 

-Annem hala gelmedi. (This is pronounced softly) 

-Babanın kız kardeşine hala denir. (This is pronounced strongly) 

 

The system should make the decision by looking at the context. Second problem is 

different pronunciations for some letters. For example, in word “kağıt”, “k” is soft, so it 

should be pronounced accordingly. In this case, system can not understand it from the 

context, because this is the property of this word. System should have information about 

these exceptional words and be able to handle them. 

 

If it is considered that there are some cases that even people read wrongly, creating a 

perfect TTS system that can read every text correctly is a very difficult task and this 

requires the time and effort of a big research team. Since we are only 2 people team, 

creating a perfect TTS system was not our aim. We thought our system as a step to a 

good TTS system for Turkish. We tried to concentrate on the understandability of the 

output speech of the system. Some other criterion like intelligibility of speech is beyond 
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the scope of our system.  

 

We can consider a text as sum of paragraphs. Paragraphs consist of sentences and 

sentences are built from words. Therefore a TTS system should be able to read a word. 

Our aim in this system was to cover as much Turkish word as possible. If a system is able 

to pronounce words, then it is easy to combine the output words and read a sentence. 

After reading sentences, the system can read paragraphs, finally all texts. However, if a 

simple concatenation within the words is applied, the output sentence may not be as good 

as a human can read, but it can be understandable. Since our aim in this system was to 

create an understandable output speech we did not concentrate on the process between 

words. We thought every word in text as independent and produce the output 

accordingly. A system that will be built on this system can concentrate on better passing 

between words and sentences and a much better speech quality can be obtained.  
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Chapter 2 

Speech Production 
 

2.1 Human Speech Production 

 

Speech is produced in vocal organs in human. Vocal organs can be seen in Figure 1. 

Lungs are the main energy source with diaphragm for speech production. The airflow is 

forced through the glottis between the vocal cords and the larynx to the three main 

cavities: vocal tract, pharynx and nasal cavity. The airflow exits from oral and nasal 

cavities through nose and mouth, respectively. Glottis is the most important sound source 

in the vocal system. It is a V-shaped opening between the vocal cords. Vocal cords act 

differently during speech to produce different sounds. It modulates the airflow by rapidly 

closing and opening, which helps to creation of vowels and voiced consonants. The 

fundamental frequency of vibration of vocal cords is about 110Hz with men, 200 Hz with 

women and 300 Hz with children. To produce stop consonants vocal cords may act from 

a completely closed position that prevents airflow to a totally open position.  However, 

for unvoiced consonants like /s/ or  /f/ they may be completely open. For phonemes like 

/h/ an intermediate position may occur. 

 

The pharynx connects the larynx to the oral cavity. It has almost fixed dimensions, but its 

length may be changed slightly by raising or lowering the larynx at one end and the soft 

palate at the other end. The soft palate also isolates or connects the route from the nasal 

cavity to the pharynx. At the bottom of the pharynx are the epiglottis and false vocal 

cords to prevent food reaching the larynx and to isolate the esophagus acoustically from 

the vocal tract. The epiglottis, the false vocal cords and the vocal cords are closed during 

swallowing and open during normal breathing. 
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Figure 1: Vocal Organs 

 

The oral cavity is one of the most important parts of the vocal tract. Its size, shape and 

acoustics can be varied by the movements of the palate, the tongue, the lips, the cheeks 

and the teeth. Especially the tongue is very flexible, the tip and the edges can be moved 

independently and the entire tongue can move forward, backward, up and down. The lips 

control the size and shape of the mouth opening through which speech sound is radiated. 

Unlike the oral cavity, the nasal cavity has fixed dimensions and shape. Its length is about 

12 cm and volume 60 cm3. The air stream to the nasal cavity is controlled by the soft 

palate [15,16]. 
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2.2 Speech Synthesis Techniques 

 

There are several methods to produce synthesized speech. All of these methods have 

some advantages and disadvantages. These methods are usually categorized as 3 groups: 

articulatory synthesis, formant synthesis, and concatenative synthesis. In this section, we 

will give an overview of each method. 

  

2.2.1 Articulatory Synthesis 

 

Articulatory synthesis method tries to model the human vocal organs as perfectly as 

possible, therefore it is potentially most promising method. However, it is most difficult 

method to implement and requires a lot of computation. Because of these reasons, this 

method has got less attention than other synthesis methods and has not been implemented 

at the same level of success with the other methods [21,22]. 

 

The vocal tract muscles cause articulators to move and change the shape of the vocal tract 

and this results in different sounds. The data for analysis of the articulatory model is 

usually derived from X-ray analysis of the natural speech. However, this data is usually 

obtained as 2-D although the real vocal tract is naturally 3-D. Therefore, articulatory 

synthesis is very difficult to model due to unavailability of sufficient data of the motions 

of the articulators during speech. By this method, the mass and degree of freedom of 

articulators also could not be considered and that causes some deficiency. The 

movements of tongue are so complicated that it is also very hard to model precisely. 

 

The articulatory synthesis is very rarely used in current systems. Because analyze 

operation to obtain the necessary parameters for this model is a very difficult task and 

this model require a lot of computation in run-time. However, by the development of the 

analysis methods and increase in computation power may make articulatory synthesis 

future’s method, because it seems the best model for the human speech system. 
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2.2.2 Formant Synthesis 

 

This is probably the most widely used method during last decades. This is based on 

source-filter model. Here, source models lungs and filter models vocal tract. There are 

two basic structures used in this technique: cascade and parallel. However, for a better 

performance, usually a combination of these used. This technique also makes it possible 

to produce infinite number of sounds, so it is more flexible than concatenative synthesis. 

DECTalk, MITalk, earlier versions of Infovox are examples of systems that use Formant 

Synthesis method [1, 17, 18, 19]. 

 

The cascade structure is better for non-nasal voiced sounds. Since it requires less control 

information than the parallel structure, it is easier to implement. However, it is a problem 

to generate fricatives and plosive bursts. The parallel structure is better for nasals, 

fricatives and stop consonants, but some vowels can not be modeled with this structure. 

Since none of these techniques is enough to produce satisfying sound, a combination of 

these two is used in most of the systems [1,11,23]. 

 

Formant synthesis systems do not require a speech database; therefore they need small 

memory space. Also, they are able to produce different sounds, namely they are not 

dependent on one speaker. These are the advantages of a formant synthesis system. 

However, for modeling human speech some parameters should be extracted for the filter 

that will be used in this model. Obtaining these parameters is a difficult task. Also, these 

parameters should be used according to some formula and this requires some 

computational load in run-time. Although computational load in these systems are much 

less than articulatory synthesis systems, they are more than concatenative synthesis 

systems. 

 

2.2.3 Concatenative Synthesis 

 

Connecting prerecorded utterances can be considered as the easiest way to produce 

intelligible and natural sounding synthetic speech. However, concatenative synthesizers 
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are usually limited to one or a few speakers and require more memory than the other 

techniques require. 

 

One of the most important steps in concatenative synthesis is to decide on the correct unit 

length. There is usually a trade-off between longer and shorter units. It is easier to obtain 

more natural sound with longer units; however in this case the amount of unit required 

and memory needed becomes more. When shorter units are used, less memory is needed, 

however preparing database requires a more precise process and usually output speech is 

less natural. 

 

The decision on unit length changes according to the need of the application. Unit length 

can be very different in the range starting from “phoneme” and goes to “word”. 

 

2.2.3.1 Word Concatenation 
 
If an application with a small vocabulary is needed, such as airline reservation system, 

this method can easily be used. If the words are recorded separately, intonation will be 

lost. Moreover, system will be limited with prerecorded words. In addition to this, since 

the words start from zero level and finish at zero level, concatenating without further 

processing produces a sentence that in every word you stop for a while. If the words are 

taken from a sentence and there is intonation in the sentence, that will affect the system. 

For example, if there is intonation on “I” in sentence “I want to go” and word “I” is 

recorded from this sentence, the system will always read word “I” with intonation even 

when it is not wanted. However, these systems require very little computation in run-

time, since they simply concatenate prerecorded words. One other advantage of these 

systems is that speech quality within the output words is almost perfect since they are 

prerecorded, not created in run-time [1].   

 

2.2.3.2 Phoneme Concatenation 
 
In this method, firstly the phonemes in the language should be extracted. This number is 

about 30-60. Then, phonemes are recorded. Namely, some sample words or sentences are 
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recorded and phonemes are extracted from them using a sound editor by hand or using 

some automated techniques, which are not fully available yet. After that, energy values of 

the different phonemes are normalized. Finally, these phonemes are concatenated in order 

to build the words. In this concatenation operation, some digital signal processing 

techniques should be used to provide the smoothness in passing between the phonemes. 

One of the difficulties in these systems is to obtain the phonemes accurately from an 

input speech since the start and end of a phoneme in speech signal can not be determined 

certainly. So, a lot of trial may be needed to get the final phoneme set. After obtaining the 

phoneme set, these phonemes should be concatenated smoothly; however this is also a 

difficult task. Also, if more than one phoneme is possible to use at a point, decision on 

which one will be used should correctly be made by the system. On the other hand, these 

systems do not require much memory since only a few speech parts is prerecorded. Also, 

different type of voices can be obtained with some process on phonemes [1]. 

 

2.2.3.3 Diphone Concatenation 
 
Syllables are segments, which are longer than phoneme and smaller than a word. These 

are the basic speech units. There are a few methods for concatenating these segments. 

Diphones can be used as segments for concatenation. In order to get a good result, 

concatenation should be made from the stable parts of the sound. Thus, the stable parts of 

the speech are the voiced expirations or the unvoiced ones that can be nearly zero. 

Joining at the voiced parts of the speech gives good results, but as they are recorded at 

different times with different words there may be unbalanced transitions between two 

voiced segments. In order to pass this bottleneck, some algorithms like PSOLA are used. 

PSOLA method takes two speech signals. One of these signal ends with a voiced part and 

the other starts with a voiced part. These voiced parts should correspond to same 

phoneme. PSOLA changes the pitch values of these two signals so that pitch values at 

both sides become equal. So a much smoother passing between the segments is provided. 

The advantage of this technique is to obtain a better output speech when compared to 

other techniques. However, these systems require a lot of memory since lots of speech 

units should be prerecorded. The control on the output speech is less in this technique 

when compared to others so these systems are usually limited to one speaker. Adding a 
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new speaker usually means recording the entire database from beginning for the new 

speaker. Bell Labs TTS System, later versions of Infovox, CNET PSOLA are examples 

of systems that uses diphone concatenation method [6, 14, 24]. 
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Chapter 3 

Turkish TTS 
 

3.1 Structure of Turkish TTS System 

 

The technique that will be used in speech synthesis part of a TTS system determines how 

NLP part will work to some extent. For example, if phoneme concatenation will be used, 

then NLP part should parse the text accordingly and give phonemes in the text as its 

output. 

 

Diphone concatenation is the most commonly used method in speech synthesis part of 

TTS systems. The input text is parsed accordingly and passed to speech synthesis unit. 

Speech synthesis unit finds the corresponding pre-recorded sounds from its database and 

tries to concatenate them smoothly. It uses some algorithms like PSOLA and some other 

techniques to make a smooth pass in diphones and for intonation, if this is wanted to be 

achieved in TTS system. This method is used in my project. My system does try to 

produce intelligible sound, but does not care about intonation. In this system, text 

processing and speech synthesis parts are not fully separated. Text processing part seems 

to have control over speech synthesis part. While text-processing part tries to parse the 

input text, it also produces the output speech with the help of speech synthesis part. 

 

My system takes a text as its input. It assumes that the text consists of words, and it 

progresses word by word. Words can include letters and numbers, and they are assumed 

to be separated by blank(s), newline character or punctuation marks. When a word is 

obtained from the text it is passed to a unit that can process a word, namely that takes a 

word as text and produces corresponding speech. This part separates the word into 
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diphones; using diphone database it gets speech file corresponding to diphone and its 

pitch value and finally it concatenates the previously recorded speech segments using 

PSOLA algorithm and produces sound. The overall system concatenates the words that 

are produced by this part and creates final speech. The general structure of the system can 

be seen in Figure 2. 

 

 

Figure 2: The general structure of the system 

 

3.2 Text Processing 

 

Text processing part in this system only separates the given text into its words and words 

into units that speech synthesis part can understand, which are diphones. Lengths of these 

speech units are two or three letters. In order speech synthesis part to work correctly, 

separations are made at voiced parts as much as possible. If this is impossible with saving 

three letters length limit, then separation in unvoiced parts is also made. PSOLA 

algorithm is used in concatenation of voiced parts; unvoiced parts are concatenated 

directly. If separation is made at a voiced place, then this voiced letter is included in both 
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diphones. For example, word “kar” is separated as “ka” and “ar”. Since separation is 

made at a voiced letter, which is “a”, it is included in both diphone. This does not apply 

to unvoiced case. In ideal case, all separations should be made at voiced parts, however 

this increases possible length of the units to about 4-5. For example, the word “kartlar” 

should be separated as “ka”, “artla” and “ar”. In this case there is a 5-letter-length speech 

unit. By this way the number of units to be recorded explodes. Therefore, such a limit is 

put with the constraint, if it is impossible to separate at voiced parts, then separation 

should be made between two unvoiced sounds. Since unvoiced parts are also usually 

stable parts of speech, concatenation in unvoiced parts does not reduce output quality 

much. How the system produces its output can be understood better with examples in 

Table 1.  

 

Input Output 
Barış Ba-arı-ış 
Karartmak Ka-ara-art-ma-ak 
Bilkent Bi-il-ke-ent 
Tren Tre-en 
Sporcu Spo-or-cu 
Saat Sa-at 
Bilgisayar Bi-il-gi-isa-aya-ar 

Table 1: Examples of separating a word into diphones 
 

The general separation strategy can be explained as follows: First, separations are made 

only at voiced parts, this should be made in all voiced parts, however if 3 letter length 

limit rule is violated, then the units having length more than 3 are also separated in 

unvoiced parts. For example, word “karalamak” is firstly separated as “ka”, ”ara”, ”ala”, 

”ama”, ”ak”. Since all units obey 3-letter length limit, this separation is the final 

separation.  

 

However, word “bildirmek” is initially separated as “bi”, “ildi”, “irme” and “ek”. Since 

“ildi” and “irme” have length 4, they are also separated and the final result is  “bi”, “il”, 

“di”, “ir”, “me”, “ek”. However the system works a little bit different than this, and it 

makes separation in one pass for all cases. In this technique, the system outputs diphones 
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while processing it letter by letter, while it is on a letter sometimes it may look one letter 

behind or one letter forward. Finite state machine for this process can be seen in Figure 3. 

Program code can easily be written from this finite state machine. 

 

 

Figure 3: Finite state machine for word parser of the system 

 

States in this FSM are related with the length of the candidate diphone. Namely, “L3” 

means the length of the candidate diphone is 3. “L2U” means length is 2 and second 

letter of the diphone is an unvoiced letter. For “L2V”, the second letter of diphone is a 

voiced letter.  

 

The input text should only contain letters and numbers. Numbers are converted into 

words by the system. The system does omit the punctuations, since intonation and correct 

timing are not aimed in the system. 

   

Testing whether a TTS system works well in text processing part may be very hard, 

because only the output of text processing part may mean nothing, in some cases 

produced speech should be tested, for example to test intonation. Also, as it is said before 

how speech synthesis part works determines how text-processing part works to some 
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extent. Since the main aim of this thesis project is to obtain a system that can produce an 

intelligible speech, speech synthesis part gets more importance. In that case, a text 

processing part that can simply obtains words from a text, converts numbers into words 

and divides them into diphones correctly is considered to be enough for our purposes. A 

system that has a better speech synthesis unit may need a better text processing part to be 

able show its abilities. For example, if speech synthesis part is able to produce intonation, 

text-processing part should give necessary parameters to speech synthesis part. In this 

project, different pronunciations for some letters are not considered, if this was to be 

considered, then speech synthesis part should have been able to deal with words having 

these letters.  

 

3.3 Turkish Speech Synthesis 

 

The duty of the speech synthesis part is to concatenate two given sounds smoothly. There 

are two possible concatenation strategies in our system: With PSOLA or without PSOLA. 

The strategy that will be used is decided in text processing part. There are also some 

other techniques that are used in the system to make a smooth pass at concatenation 

points. 

 

3.3.1 Basics About Sound Files 

 

There are different file formats to represent sounds. Different sound formats may hold 

different information about the sound. The file format used in this project is “wav” 

format, which is one of the most famous sound formats. According to wav file format, 

samples are stored as raw data, namely no process for compression is made. The wav file 

itself consists of three "chunks" of information: The RIFF chunk which identifies the file 

as a wav file, The FORMAT chunk which identifies parameters such as sample rate and 

the DATA chunk which contains the actual data (samples). 
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Byte Number 

0 - 3 "RIFF" (ASCII Characters) 

4 - 7 
Total Length Of Package To Follow 
(Binary, little endian) 

8 - 11 "WAVE" (ASCII Characters) 

Table 2: RIFF Chunk (12 bytes in length total)  

 
 

Byte Number 

0 – 3 "fmt_" (ASCII Characters) 

4 - 7 
Length Of FORMAT Chunk (Binary, 
always 0x10) 

8 - 9 Always 0x01 

10 - 11 
Channel Numbers (Always 
0x01=Mono, 0x02=Stereo) 

12 - 15 Sample Rate (Binary, in Hz) 

16 - 19 Bytes Per Second 

20 - 21 
Bytes Per Sample: 1=8 bit Mono, 
2=8 bit Stereo or 16 bit Mono, 4=16 
bit Stereo 

22 – 23 Bits Per Sample 

Table 3: FORMAT Chunk (24 bytes in length total)  

 

Byte Number 

0 - 3 "data" (ASCII Characters) 

4 - 7 Length Of Data To Follow 

8 - end Data (Samples) 

Table 4: DATA Chunk  
 

In the wav file format, the value of a sample corresponds to energy level of sound at that 

point, and absolute value of energy level is related with the volume of the sound. 

Therefore, increasing the absolute value of a sample means increasing the sound volume. 

Time domain representation shows the energy level of sound at a certain time, therefore it 

can be said that wav file format represents sound file in time domain. Since, the values of 

samples of sound files are seen as one-dimensional array, making modifications on the 
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array means modification in time domain. Since TD-PSOLA (Time Domain PSOLA) 

algorithm requires sound files represented in time domain, and TD-PSOLA technique is 

used in this project, all these properties of wav file format makes the dealing with sound 

files easier. 

 

There are mainly two kinds of voices in human speech: voiced and unvoiced. Voiced 

speech shows a periodic characteristic when we look at their time domain representation. 

On the other hand unvoiced sounds are non-periodic. Examples of voiced and unvoiced 

part of a speech can be seen in Figure 4. In that graph, the x-axis is the time, and y-axis is 

the energy level. 

 

Pitch is a period of speech data. Pitch is only applicable to voiced parts of the speech 

since these parts are periodic. We can not talk about pitch values in unvoiced parts of the 

speech since these parts are non-periodic. The value of pitch can be calculated by 

dividing the number of samples in a given speech part to the number of period in this 

part. For example, if there are 900 samples in a part and 6 period of speech, pitch value is 

900/6=150. Periodic speech signals and pitch periods can be seen in Figure 5. 

 

Figure 4: Examples of voiced and unvoiced letters 
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Figure 5: A periodic speech signal and pitch period 

 
 
3.3.2 Database Preparation 

 

Database preparation is one of the most vital parts in TTS systems that use a 

concatenation technique in speech synthesis part. The subunits should be recorded before 

the system starts running. The characteristics of the subunits depend on the concatenation 

technique used in speech synthesis part. If words are concatenated, the necessary words 

should be recorded. In my system, since diphone concatenation is used, necessary 

diphones are recorded in the sound database. Database preparation part can be divided 

into two parts as obtaining the text to be recorded and obtaining diphones from recorded 

speech. 

 

3.3.2.1 Obtaining Text 
 
As mentioned before, to create diphone database, some text is initially read, recorded and 

analyzed by the help of a sound editor. To obtain diphones from a text or from full words 

gives better quality than obtaining diphones by only recording themselves which causes 

very strange intonations. To decide on these input text or input words is an important 

step. First, we started database preparation by reading and recording some articles from 

newspapers, books, etc. and obtaining diphones from there that are not included in our 
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database. After some point we realized that, new articles recorded adds very few 

diphones to our database, since most of the diphones passing in text are recorded before 

although number of recorded diphones are about %10 of possible diphones. At that point 

we decided on finding a better way to obtain diphones. Our aim was to record as less 

word as possible, so that we will not spend time on words that will not bring new 

diphones to our database. To decrease the number of words recorded, as few diphones as 

possible should repeat in input words. Since it is very hard to prepare such an input text 

manually a program for this purpose is written. A greedy algorithm for this purpose is 

used. Program takes a big word list, calculates the number of diphones in each word and 

gets the word that has the largest number of diphones. Then, it adds obtained diphones 

from this word to a list and process all the words again to calculate the number of 

diphones that are not in this list. The word having largest number of diphones is taken 

again and process goes on like this. Process ends when all the words have 0 new diphone. 

However, since this process requires passing word list over and over again, when the size 

of word list increase it takes very much time to complete the operation. To overcome this 

problem, we used another greedy approach here. We created a sublist from the real list by 

having the words that are longer than a limit such as 16 letters. Processing this list could 

be completed in a tolerable time. After completing this process if all diphones can not be 

obtained the limit is decreased and process is repeated again. With the help of these 

methods, the input text to record is obtained. 

 

3.3.2.2 Obtaining Diphones from Speech Records 
 
There are several possible techniques that can be used for obtaining diphones from 

recorded speech. First, they can be divided as automated and un-automated techniques. In 

automated technique, a text is read by a speaker and it is recorded. Then, speech is 

separated into its diphones by the system using some intelligent algorithms. Although this 

makes database preparation much easier, there are no algorithms that are successful 

enough to be used in a TTS system. The research on automating this process is 

continuing [9]. 

 

The most convenient way is to read some text, record it and then extract diphones from 
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this sound using a sound editor.  However, some standards that can change from system 

to system should be considered in order to have a consistent system at least in itself. 

There are some standards in my system. First, when cutting speech units in voiced parts, 

we cut all diphones to have “8” full pitch period. This number could be different for 

different diphones, however to prevent different length voiced parts at output speech that 

can distort the quality, this is a good way. Increasing or decreasing this number also 

increases or decreases the length of the voiced part of the speech respectively. We chose 

“8” as the number of pitch period, because after making some experiments on this 

number, we realized that we obtained acceptable output speech with this number of pitch 

period. Although we recorded 8 pitch period, we can change it to any number less than 

“8” by the help of PSOLA, while the system is running to produce output. Another 

standard is to cut voiced parts at their peak point. If all voiced parts are recorded like this, 

it is more likely that they will match at concatenation points. This is very important, 

because if the levels of two sounds are very different at concatenation point, a disturbing 

noise is heard at this concatenation point that reduces intelligibility of the speech. The 

third standard is to cut unvoiced parts at a point as stable as possible and at zero energy 

level. 

 

Perceptually same sounds may be acoustically very different in different places of a 

word. When a sound taken from a part of the word is replaced with a same sound that is 

taken from another part of the word, some changes in quality is very likely to appear, 

because phonemes are affected by their neighbour phonemes. Therefore we thought that 

there must be different diphones recorded for different parts of the words in order to have 

a better quality speech. We divided these parts into three: beginning, middle, and end. We 

tried to record different diphones for these parts and they are used accordingly; namely a 

diphone extracted from the beginning of a word is not used in constructing a word that 

needs this diphone in the middle or at the end. For example, if a “ba” diphone is recorded 

from word “Barış”, it is not used in synthesis of “Kurbağa”. We make a differentiation 

between these phonemes by putting a letter at the end of each phoneme with a “_” which 

tells the system from where the diphone is extracted. “na” extracted from “namlı” is 

recorded as “na_b”, “na” extracted from “atnalı” is recorded as “na_o” and “na” extracted 
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from “ayna” is recorded as “na_s”.  

 

PSOLA method uses pitch values for the diphones in the concatenation process. Pitch 

value is the number of samples in a full wave period for periodic sounds like voiced 

sounds. Using these pitch values, it calculates the final pitch values for these diphones 

and makes necessary changes to obtain these values. Every diphone has pitch values for 

both left and right side. If left or right side is unvoiced, then the pitch value for this part is 

considered to be 0. For example, in my database, pitch values for “ka_b” is 0 for the left 

side and 147 for the right side; pitch values for “ara_o” is 142 for the left side and 145 for 

the right side. These values should either be calculated in real-time or they should be    

pre-calculated and used in run-time. Since this is a time consuming process and hard to 

do automatically we preferred to calculate them while preparing database, so that the 

system could get this values from a table while running. To make these calculations we 

used a semi-automatic technique. We programmed a tool that makes calculating pitch 

values easier. This tool draws AMDF (Average Magnitude Difference Function) function 

for the speech signal; by this way it becomes easier to see the pitch values. The formula 

for the AMDF function is here: 

                          N  

     AMDF(k) = Σ  | s(i) - s(i-k) | ,     

                        i=k+1  

Here, “s” corresponds to speech signal and N is the length of the analysis window. At the 

points that AMDF function has minimum, there is a pitch period. This tool takes three 

parameters: The name of the diphone, the number of samples that is wanted to be 

processed (typically 500, so that about 3 or 4 pitch period appears in the plot) and 

whether pitch value for right side or left side is calculated. AMDF function drawn for the 

right side of the diphone “ka_b”, using 500 samples can be seen in Figure 6. By this way, 

exact values may not be found, but guesses very close to real values can be made. After 

these values are calculated, they are stored in a text file and they are used by the system 

in the run-time. 
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Figure 6: AMDF function for diphone “ka_b” in our database 

 
3.3.2.3 Database File Format 
 
Sound database in Turkish TTS consists of two files. One file holds all the sound files 

and other file is an index to this file. These two files could be combined into one binary 

file, however due to some limitations in MATLAB, this was very hard.  

 

Index file holds information about the diphones in the system. It holds their pitch values 

and their locations in the sound file. Index file is a simple text file that includes 5 lines for 

every diphone. The content of these lines can be seen in Table 5. Sound file is a huge 

“wav” file in that all diphones are concatenated. 

 

Line # Content Example 
1 Diphone name ene_o 
2 Left pitch value 138 
3 Right pitch value 150 
4 Starting position in sound file 495529 
5 Ending position in sound file 500884 

Table 5: Content of 5 lines for every diphone in sound database index file 
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Firstly, all diphones are recorded as separate “wav” files. Also, a text file to hold pitch 

values of these diphones is created manually. A helper program takes these two files and 

creates two files for sound database. Both index file and sound file is sorted according to 

diphone name. 

 
 
3.3.3- Diphone Concatenation 

 

The technique used in speech synthesis part is diphone concatenation technique, because 

this is the easiest method to implement among others and it can be considered as 

successful. Articulatory synthesis requires very good understanding of speech processing 

and an intensive research for obtaining necessary parameters. After obtaining parameters 

a good modeling and a lot of calculation is needed. Therefore, we decided that this kind 

of systems require more than what a 2 people team can do in about a year. Formant 

synthesis also requires a good background on signal processing and intensive research for 

obtaining necessary parameters. Obtaining signal processing background and these 

parameters may require years for our team, therefore we considered this method also as 

not suitable for us. However, concatenation methods do not require much background, by 

simply recording some words, a very simple system could be created. On the other hand, 

in order to establish a good system, lots of effort is required for this method too. 

 

Diphone is selected as the speech unit for concatenation. Different sizes have different 

advantages and disadvantages. Word concatenation is a good method for systems that 

require limited number of vocabulary. Only necessary words are recorded and they are 

used in runtime, no serious job is done in concatenation. If phoneme is used as the speech 

unit, the system can handle unlimited number of vocabulary by recording all phonemes in 

the language. The number of phonemes in a language is typically between 30 and 60. 

Although database size is small for this case, preparing this database requires a lot of care 

and it is very hard to deal with. Also, handling concatenation of these units in the system 

requires more operations in runtime to produce intelligible speech. Diphone 

concatenation stays in between them. Database size is larger than phoneme database, 
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however they are easier to deal with in runtime. Also, it is easier to obtain a successful 

system with diphone concatenation. 

 

3.3.3.1 Accessing Diphones in Run Time 
 
As it is mentioned in Section 3.3.2.3, previously recorded sounds are stored in a database 

in our system. While program starts running, the information stored in the database is 

loaded into memory as a sorted array of records according to diphone name. Each record 

holds diphone name, pitch information about diphone and corresponding sound data. 

When pitch information or sound data for a diphone is needed in run time, array is 

searched by comparing diphone names. Binary search algorithm is used for this purpose. 

When a diphone is found, necessary information can be obtained from the record. By that 

way database access is made once at the beginning and data is used from main memory in 

run time. 

 
3.3.3.2 PSOLA 
 
The main technique used in speech synthesis part of this system is PSOLA. PSOLA 

(Pitch Synchronous Overlap Add) method was firstly developed at France Telecom 

(CNET).  PSOLA actually is not a speech synthesis method, however it allows 

concatenation of prerecorded speech units smoothly [3]. Since it provides a good control 

over pitch and duration, it is a successful method; therefore it is used in some commercial 

systems such as ProVerbe and HADIFIX [20]. 

 

There are several versions of PSOLA like TD-PSOLA (Time Domain-PSOLA), FD-

PSOLA (Frequency Domain-PSOLA), etc [3, 25, 26]. The most commonly used version 

is TD-PSOLA, which is also used in this system, since its computational efficiency is 

better when compared to others. The basic algorithm consists of three steps. In the first 

step, the original speech signal is divided into separate but usually overlapping short-term 

analysis signals. Each analysis signal is modified to synthesis signal in the second step. 

At the end, the synthesis step, the signals are added in an overlapping manner [3, 26]. 

Short term signals xm(n) are obtained from digital speech waveform x(n) by multiplying 

the signal by a sequence of pitch-synchronous analysis window hm(n): 
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where m is an index for the short time signal. The progress of PSOLA can be seen in 

Figure 7. The windows, which are usually Hanning windows, are centered around the 

successive instants tm, called pitch-marks. These marks are set in a pitch synchronous 

way in the voiced parts of the signal. The window length is proportional to the local pitch 

period and usually varies from 2 to 4. The pitch markers are either determined manually 

or by some pitch mark estimation algorithm [3]. In this system, speech signal is recorded 

in a way that first pitch mark is at the beginning of the signal, first sample, and the others 

are assumed to be located in a periodic way over the signal according to the pre-

calculated pitch values. For example, if pitch period of a sample is 150, first pitch mark is 

on the 1st sample, second pitch mark is on 151st sample, third one is assumed to be on 

301st sample, etc. With this assumption we do not need to neither inspect pitch marks 

manually nor use an algorithm for automatically inspection of pitch marks.  

 

 

Figure 7: Progress of PSOLA algorithm 

 

The aim of the PSOLA is to modify the pitch periods so that two consecutive speech 

parts to be concatenated has same pitch values. The modification of pitch periods is 
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achieved by changing time interval between pitch markers. For the previous example, if 

we want new pitch period to be 160, new pitch marks will be at 1st, 161st, 321st, etc. 

speech samples. Although, the modification of pitch period also means modification of 

duration of speech; by omitting speech segments or by replicating speech segments, more 

control over duration can be obtained.  

 
One of the problems with applying PSOLA algorithm is the mismatches at the 

concatenation points. Although unvoiced signals are cut at peak points in the database 

preparation phase, peak points of every sound does not match always. The values of 

samples in our project is between –1 and 1. Therefore, if a diphone ends at level 0.7 and 

other starts at 0.4, concatenating these two diphones will cause a mismatch in speech 

signal and distortion in output speech. We thought that, we could cut some part of the 

signal from beginning or end until the end of the signal is at some level. We thought that 

if all voiced signals starts or ends in about level 0.5 as much as possible, mismatch 

problem with voiced part concatenation is minimized. Therefore, if PSOLA algorithm is 

applied to one side of a diphone, this side is omitted until it starts or ends about level 0.5. 

It is observed that this simple process improves the quality of output speech to some 

extent. 

 

Since this system uses diphone concatenation technique, to be able to read all Turkish 

words, all necessary diphones for Turkish should be pre-recorded. However, preparing a 

complete database is a very difficult and time-consuming task. Also, new words for 

Turkish that includes diphones that is not seen before may appear. To be able to handle 

some diphones that is not in the database, our system tries to produce these diphones in 

run-time by using other pre-recorded diphones. This usually works for three-letter length 

diphones. We have recorded a sound for each letter in our database. When a diphone that 

is not in our database is needed, we split it into two according to characteristics of it. If 

it’s VUV(voiced, unvoiced, voiced) diphone it is splitted as V and UV. We have a sound 

for V in our database and if we have sound for UV part in our database, we combine 

them and produce VUV sound. This is also added in our sound array in memory so that if 

this diphone is met again in run time it can be used from memory. UUV diphones are 



Chapter 3: Turkish TTS 

 40

splitted as U and UV, VUU diphones are splitted VU and U. Creating diphones in run 

time may sometimes reduce the sound quality, since phonemes are affected from their 

neighbor phonemes. Therefore, necessary diphones should be recorded as much as 

possible. 

 

3.4 Evaluation 

 

Our aim in that project was to create a system that produces understandable speech output 

for a given Turkish text. The things like prosody or intonation that affect the naturalness 

of the speech are beyond the scope of this project, therefore this project should be 

evaluated according to this criteria. 

 

In order this system to read every Turkish word properly, a diphone database that will 

cover all diphones that occur in Turkish words should be prepared. The diphone database 

in our system has not been fully completed; therefore we can not say that this system will 

read every Turkish word properly. However, by creating some necessary diphones in run-

time using pre-recorded diphones, the number of Turkish words that can be read is very 

high. When we look at the words that we can obtain by our diphone database, we see that 

system gives acceptable outputs in most cases. Bad outputs are usually caused by bad 

recordings. This means that the method used in this project is an applicable one and an 

effort on completing and preparing a better diphone database will result in a system that 

will produce more understandable output for all Turkish words. 
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Chapter 4 

Implementation 
 

The decision on the implementation environment is vital in the progress of the system. 

Because, this may affect the completion time of system, it may affect the performance of 

the system, etc.  

 

After some research on this area we realized some alternatives that we can use for 

implementation. First alternative was to use some libraries that are written by some 

researchers and used in some systems. In that case, we would prepare the speech database 

and write a small code, however we would not have enough control over the process and 

would not obtain much information about the process. We did not choose this option, 

because our aim was to learn the basics of constructing of TTS system while creating a 

Turkish TTS system. 

 

Second alternative was to use C or C++ as the language and use a development 

environment for them. One important problem with these languages was the difficulty of 

the accessing and manipulating sound files that would be used in the project very 

frequently. This would require a lot of effort to create libraries only for these purposes. 

The other disadvantage was that the code would be platform dependent, because 

accessing sound files is different in different platforms like Windows, Unix. Although the 

system would run faster than the other alternatives we did not choose this option due to 

its negative points. 

 

Third alternative was Java that is a platform independent language. It has also lots of 

good interactive development environments (IDE). It is very easy to play sound files in 
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Java, however we needed to make manipulations on them in run-time and in Java, this is 

more difficult than C or C++. Also the output code would be slower. Due to these points, 

we eliminated this option. 

 

4.1 Implementation Environment 

 

We chose Matlab as our development environment which is a program that makes some 

scientific experiments easier and also has a programming language which is very similar 

to C. Matlab runs under Windows and Unix and the code written in Matlab in one 

platform runs in other platforms without any problem. Accessing and manipulating sound 

files in Matlab is very easy when compared to others and this was the most important 

point while we were making our decision. Although the program runs a bit slower than C, 

since Matlab does not create an executable file and only interpret the programming code, 

the required time for the completion of the program was acceptable, since our system is 

not intended to be used as a real-time system.   

 

The sound files can be seen as one-dimensional array in Matlab. The size of the array is 

determined by the sample frequency and time length of the sound file. For example, if 

sample frequency of a sound is 22050 and it lasts in 2 seconds, array corresponding to 

this sound file has 22050x2=44100 samples. A sample in an array corresponds to energy 

level of sound at that point. Changing the value of an element of an array simply changes 

the energy level of the sound file at that point. Therefore, making modification on sound 

files in Matlab is equal to making modifications on arrays in other languages. Playing 

sounds is also very easy in Matlab and done by "sound" command. It takes two 

parameters, one is the array corresponding to our sound and the second one is sample 

frequency for playing. Second parameter is optional, default value for sample frequency 

is 8000 Hz. Reading a sound file is also easy and it is done via "wavread" command. It 

takes the location of the sound file as the input parameter and gives the corresponding 

array as the output.  

 

Beside these good points mentioned above, there are some other advantages of using 
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Matlab. It is very easy to manipulate arrays in Matlab. You can easily copy some part of 

the array to another array by a simple command. The graph of the array can also easily be 

drawn so that the modifications made can be inspected visually. 

 

On the other hand, there were some difficulties that we met during our Matlab 

experience. The first problem was binary files. We wanted to put our sound database and 

all necessary information into one sound file. However, since it is not possible to write 

structures into binary files with Matlab, we had to separate our database into two files. 

Another problem was the difficulty in using strings. Since strings are behaved as matrix, 

some operations like comparing string are difficult. There is a built-in function to check 

the equality of string however it requires two strings to have equal length to make 

comparison. There is no built-in function to compare alphabetical order of strings. 

Therefore, we wrote such a function, since it is needed in some sorting and searching 

operations.  

 

4.2 Algorithms and Complexities 

 

4.2.1 Text Processing Algorithms 

 

Text processing is done very simply in this system. Text is initially divided into words; 

therefore every letter in the word is passed once. After word is obtained, it is separated 

into its diphones and during this process each letter is also processed once more. 

Therefore, the complexity of text processing is related with the length of the text. If the 

length of the text is N, then the time required in the text processing part is O(N). 

 

4.2.2 Speech Processing Algorithms 

 

Output speech grows diphone by diphone in speech synthesis part. The corresponding 

signal for every new diphone obtained in the text processing part, signal R, is added to 

the right of the resulting speech signal obtained up to now, signal L. If the letter at the 
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concatenation point is an unvoiced letter, the signal L and the signal R are normalized 

and concatenated with a simple process. The normalization process requires finding the 

maximum points in two signals and multiplying every sample in the part that does not 

contain the maximum of these two maximums by the ratio of them. If signal L has M 

samples and signal R has N samples, the time required for finding maximums is 

O(M)+O(N) and time required for multiplication is O(max(M,N)). Concatenation process 

is achieved by setting the values of N sample to the end of signal L, which means O(N) 

time. Therefore, total time required for adding a new diphone to the resulting signal is 

O(M)+O(N)+O(max(M,N))+O(N), simply O(M+N) if the letter at the concatenation 

point is an unvoiced letter. 

 

If the letter at the concatenation point is a voiced letter, as a difference from the unvoiced 

case, PSOLA algorithm is applied for signal L and signal R to make their pitch values 

equal at concatenation point, after that the signal L and signal R are normalized and 

finally they are concatenated with a simple process. The PSOLA algorithm is achieved in 

two steps. Windowing is applied to the some part of the speech signal that is considered 

to belong voiced part and different speech signals are obtained. Length of this part is 

equal to T(pitch value)xP(number of pitch periods processed). P is equal to 8 in our 

system and TxP can practically be considered as equal to the length of the signal. This 

windowing operation is applied P times and every windowing requires TxP 

multiplication. If signal length is N the time required for the first step is                       

O(T xPxP)=O(NxP). If P is equal to 8, the complexity is O(N). Second step requires 

adding obtained speech signal. This requires (P-1) times addition of NxP points. 

Therefore, O(TxPx(P-1))=O(Nx(P-1))=O(N) time required for the second step. If the 

signal length is N, time required for PSOLA operation is O(N). In our case, PSOLA is 

applied to both signal L and signal R and this results in O(M)+O(N) operation. As a 

result, O(M)+O(N)+O(M+N)=O(M+N) time required if the letter at the concatenation 

point is a voiced letter.  

 

Although the complexities for two cases seem to be equal, the time required for the 

second case will be much higher for the first cases, since hidden constants, such as P, are 



Chapter 4: Implementation 

 45

big numbers.  
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Chapter 5 

Conclusion 
 

5.1 Conclusion 

 

As a result of this project we obtained a working system that gets a Turkish text as input 

and generates corresponding speech signal for this text. Although the software part of the 

system is nearly complete according to aims of the projects, the diphone database is not 

complete yet. However, the results obtained from the current database are an indication 

that a complete database will match the aims of the project much better.  

 

One point that should be noted is that this is not a high level TTS system; it takes its input 

as text and it accepts that the text comes in a format that words are in their phonetics 

forms. Therefore, with some minor refinements, this system can be used to create TTS 

systems for other languages like English, German, French, etc. with a preprocessing 

module that converts the text in those languages in the phonetic form. 

 

5.2 Future Work 

 

The first thing that should be done about this project is to complete the diphone database 

and apply more experiments on words. Applying some standard tests that are used in the 

evaluation of TTS system would be useful in understanding the quality of the system. 

 

Second step may be to make the architecture more parametric. For example, pitch values 

or speech durations can be given by the user. In order to do this easier and more formal a 
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simple scripting language can be developed. 

 

Third thing that can be done is to make a faster system. Although system produces output 

in acceptable for small sentences, it requires much time for long sentences. Therefore, in 

order to have a real-time reading system, the system should be faster. According to our 

experiments, the part that consumes most time is PSOLA part.  Therefore, if all diphones 

are applied PSOLA offline, so that all diphones have same pitch values, the system will 

have a better speed. 

 

After obtaining a stable system for one voice, other voices could be added to the system. 

Some better methods other than recording all the diphones for adding a new voice can be 

researched. 

 

Having obtained an intelligible speech, it can be better to pay attention on naturalness. In 

this respect, a better text processor according to needs should be implemented and models 

for intonation, prosody, etc. should be developed. 
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Appendices 
 

Appendix A- List of diphones in Turkish TTS & their pitch 
values 
 
a 137 137 
ab_b 0 0 
ab_o 133 0 
ab_s 140 0 
ac_b 0 0 
ac_o 142 0 
ac_s 154 0 
aca_o 148 148 
acx_b 0 0 
acx_o 142 0 
acx_s 147 0 
ad_b 0 0 
ad_o 148 0 
ad_s 150 0 
af_b 0 0 
af_o 147 0 
af_s 150 0 
ag_b 0 0 
ag_o 143 0 
ag_s 145 0 
agx_b 0 0 
agx_o 146 0 
ah_b 0 0 
ah_o 127 0 
ah_s 145 0 
aj_b 0 0 
aj_o 133 0 
aj_s 145 0 
ak_b 0 0 
ak_o 132 0 
ak_s 133 0 
al_b 0 0 
al_o 130 0 
al_s 142 0 
alix_o 142 143 
am_b 0 0 
am_o 145 0 
am_s 145 0 
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ama_o 141 138 
an_b 0 0 
an_o 130 0 
an_s 138 0 
and_o 139 0 
ap_b 0 0 
ap_o 145 0 
ap_s 150 0 
ar_b 0 0 
ar_o 140 0 
ar_s 136 0 
as_b 0 0 
as_o 135 0 
as_s 151 0 
asix_o 132 161 
asix_s 131 0 
asx_b 0 0 
asx_o 135 0 
asx_s 150 0 
at_b 0 0 
at_o 150 0 
at_s 135 0 
av_b 0 0 
av_o 149 0 
av_s 151 0 
ay_b 0 0 
ay_o 147 0 
ay_s 150 0 
az_b 0 0 
az_o 134 0 
az_s 152 0 
ba_b 0 135 
ba_o 0 135 
ba_s 0 0 
be_b 0 150 
be_o 0 135 
be_s 0 0 
bi_b 0 150 
bi_o 0 147 
bix_b 0 135 
bix_o 0 151 
bo_b 0 151 
bo_o 0 150 
box_b 0 137 
bro_b 0 149 
bro_o 0 149 
bu_b 0 145 
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bu_o 0 149 
bux_b 0 147 
bux_o 0 147 
c 0 0 
ca_b 0 140 
ca_o 0 144 
ca_s 0 0 
ce_b 0 141 
ce_o 0 141 
ce_s 0 0 
ci_o 0 147 
ci_s 0 0 
cix_b 0 135 
cix_o 0 133 
cix_s 0 0 
co_b 0 138 
co_o 0 138 
cox_b 0 133 
cox_o 0 133 
cu_b 0 133 
cux_b 0 141 
cux_o 0 141 
cx 0 0 
cxa_b 0 133 
cxa_o 0 133 
cxa_s 0 0 
cxi_b 0 150 
cxi_s 0 0 
cxix_o 0 117 
cxo_b 0 127 
da_b 0 135 
da_o 0 138 
da_s 0 0 
de_b 0 143 
de_o 0 133 
de_s 0 0 
di_b 0 142 
di_o 0 142 
dix_b 0 135 
dix_o 0 147 
do_b 0 148 
do_o 0 140 
dox_b 0 140 
dox_o 0 140 
du_b 0 137 
du_o 0 137 
dux_b 0 139 
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dux_o 0 139 
e 135 135 
eb_b 0 0 
eb_o 127 0 
ebi_s 150 0 
ec_b 0 0 
ec_o 127 0 
ec_s 127 0 
ece_o 140 152 
ef_b 0 0 
ef_o 127 0 
ef_s 127 0 
eg_b 0 0 
eg_o 133 0 
egx_b 0 0 
egx_o 127 0 
eh_b 0 0 
eh_o 135 0 
ej_b 0 0 
ej_o 130 0 
ek_b 0 0 
ek_o 130 0 
ek_s 130 0 
eke_o 140 153 
el_b 0 0 
el_o 130 0 
ele_o 143 142 
eli_o 148 124 
em_b 0 0 
em_o 133 0 
em_s 147 0 
eme_o 150 157 
en_b 0 0 
en_o 132 0 
en_s 152 0 
ene_o 138 150 
eni_o 133 135 
ent_s 150 0 
ep_o 133 0 
epe_o 133 155 
er_b 0 0 
er_o 145 0 
er_s 134 0 
ere_o 150 150 
ere_s 150 0 
ert_o 138 0 
ert_s 138 0 
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es_b 0 0 
es_o 133 0 
es_s 133 0 
esi_o 148 140 
esi_s 150 0 
et_o 135 0 
et_s 135 0 
eti_o 150 145 
ev_o 150 0 
ev_s 150 0 
evk_o 140 0 
ey_o 153 0 
eye_s 153 0 
eyi_s 153 0 
ez_s 140 0 
ezo_o 140 140 
f 0 0 
fa_b 0 138 
fa_o 0 138 
fa_s 0 0 
fe_b 0 137 
fe_o 0 137 
fi_b 0 128 
fi_o 0 128 
fix_b 0 133 
fix_o 0 133 
fo_b 0 138 
fo_o 0 138 
fox_b 0 143 
fox_o 0 143 
fu_b 0 127 
fu_o 0 127 
fux_b 0 135 
fux_o 0 135 
g 0 0 
ga_b 0 139 
ga_o 0 139 
ge_b 0 138 
ge_o 0 138 
gi_b 0 138 
gi_o 0 138 
gix_b 0 137 
gix_o 0 137 
go_b 0 138 
go_o 0 138 
gox_b 0 142 
gox_o 0 142 
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gu_b 0 145 
gu_o 0 145 
gux_b 0 143 
gux_o 0 143 
ha_b 0 145 
ha_o 0 145 
ha_s 0 0 
he_b 0 133 
he_o 0 133 
hi_b 0 135 
hi_o 0 135 
hix_b 0 128 
hix_o 0 128 
ho_b 0 127 
ho_o 0 133 
hox_b 0 133 
hox_o 0 133 
hu_b 0 125 
hu_o 0 125 
hux_b 0 113 
hux_o 0 113 
i 141 141 
ib_o 135 0 
ibe_o 135 142 
ici_o 142 147 
icx_b 0 0 
icx_o 130 0 
icxe_b 0 148 
ik_s 117 0 
ika_o 125 123 
il_o 147 0 
il_s 147 0 
ile_o 150 148 
ile_s 142 0 
im_o 120 0 
im_s 130 0 
in_o 131 0 
in_s 131 0 
ina_o 147 150 
ini_s 140 0 
ir_o 135 0 
ir_s 140 0 
ira_o 137 152 
ira_s 137 0 
ire_o 141 152 
is_b 0 0 
is_o 148 0 
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is_s 128 0 
isxi_b 0 140 
iv_o 141 0 
iva_o 141 148 
ix 150 150 
ixgxix_o 150 150 
ixk_s 149 0 
ixl_o 147 0 
ixl_s 147 0 
ixla_o 140 152 
ixn_o 140 0 
ixn_o 138 0 
ixna_s 140 0 
ixnix_o 140 138 
ixnix_s 138 0 
ixp_s 137 0 
ixr_b 0 0 
ixr_o 135 0 
ixr_s 145 0 
ixra_o 135 138 
ixrs_o 133 0 
ixrs_s 133 0 
ixsix_o 135 152 
ixsx_o 148 0 
ixt_o 142 0 
ixya_s 148 0 
iz_o 132 0 
iz_s 132 0 
ize_s 150 0 
ja_b 0 135 
ja_o 0 135 
ja_s 0 0 
je_b 0 140 
je_o 0 140 
ji_b 0 150 
ji_o 0 150 
jix_b 0 142 
jix_o 0 142 
jo_b 0 142 
jo_o 0 142 
jox_b 0 145 
jox_o 0 145 
ju_b 0 150 
ju_o 0 150 
jux_b 0 150 
jux_o 0 150 
k 0 0 
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ka_b 0 137 
ka_o 0 137 
ka_s 0 0 
ke_b 0 150 
ke_o 0 145 
ki_b 0 118 
ki_o 0 118 
kix_b 0 140 
kix_o 0 140 
kix_s 0 0 
ko_b 0 137 
ko_o 0 137 
kox_b 0 135 
kox_o 0 135 
ku_b 0 140 
ku_o 0 140 
kux_b 0 142 
kux_o 0 142 
la_b 0 138 
la_o 0 133 
la_s 0 0 
le_b 0 131 
le_o 0 131 
le_s 0 0 
li_b 0 139 
li_o 0 139 
li_s 0 0 
lix_b 0 140 
lix_o 0 140 
lo_b 0 145 
lo_o 0 145 
lox_b 0 140 
lox_o 0 140 
lu_b 0 140 
lu_o 0 140 
lu_s 0 0 
lux_b 0 139 
lux_o 0 139 
ma_b 0 135 
ma_o 0 136 
ma_s 0 0 
me_b 0 148 
me_o 0 138 
me_s 0 0 
mi_b 0 150 
mi_o 0 150 
mix_b 0 137 
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mix_o 0 137 
mo_b 0 152 
mo_o 0 152 
mox_b 0 150 
mox_o 0 150 
mu_b 0 142 
mu_o 0 142 
mux_b 0 148 
mux_o 0 148 
na_b 0 148 
na_o 0 148 
na_s 0 0 
ne_b 0 150 
ne_o 0 150 
ne_s 0 0 
ni_b 0 148 
ni_o 0 148 
nix_b 0 147 
nix_o 0 147 
nix_s 0 0 
no_b 0 149 
no_o 0 149 
nox_b 0 145 
nox_o 0 145 
nu_b 0 150 
nu_o 0 150 
nux_b 0 151 
nux_o 0 151 
o 150 150 
of_b 0 0 
of_o 125 0 
og_b 0 0 
og_o 147 0 
ogx_b 0 0 
ogx_o 150 0 
oh_b 0 0 
oh_o 145 0 
ol_o 151 0 
ol_s 151 0 
ola_o 148 165 
ola_s 135 0 
on_o 133 0 
on_s 133 0 
onz_s 149 0 
op_s 149 0 
or_b 0 0 
or_o 150 0 
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or_s 150 0 
oru_o 140 150 
oru_s 140 0 
os_o 139 0 
os_s 137 0 
ost_o 138 0 
ost_s 138 0 
osx_o 126 0 
osx_s 126 0 
ox 148 148 
oxb_o 146 0 
oxbe_o 146 153 
oxc_o 137 0 
oxce_o 137 143 
oxh_o 143 0 
oxl_o 142 0 
oxle_o 142 160 
oxle_s 142 0 
oxm_o 135 0 
oxn_o 139 0 
oxnt_o 140 0 
oxr_o 143 0 
oxr_s 143 0 
oxst_o 131 0 
oxst_s 131 0 
p 0 0 
pa_b 0 138 
pa_o 0 135 
pa_s 0 0 
pe_s 0 0 
ra_b 0 148 
ra_o 0 148 
ra_s 0 0 
re_o 0 133 
re_s 0 0 
rox_b 0 137 
rox_o 0 137 
ru_b 0 142 
ru_o 0 142 
ru_s 0 0 
rux_b 0 143 
rux_o 0 143 
s 0 0 
sa_b 0 134 
sa_o 0 134 
sa_s 0 0 
se_b 0 142 
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se_o 0 142 
si_b 0 131 
si_o 0 131 
si_s 0 0 
so_b 0 142 
so_o 0 142 
sox_b 0 145 
sox_o 0 145 
su_b 0 137 
su_o 0 137 
sux_b 0 142 
sux_o 0 142 
sxa_b 0 139 
sxa_o 0 139 
sxa_s 0 0 
sxe_b 0 140 
sxe_o 0 140 
sxi_b 0 135 
sxi_o 0 135 
sxix_b 0 139 
sxix_o 0 139 
sxo_b 0 140 
sxo_o 0 140 
sxox_b 0 139 
sxox_o 0 139 
sxu_b 0 128 
sxu_o 0 128 
sxux_b 0 143 
sxux_o 0 143 
t 0 0 
ta_b 0 125 
ta_o 0 135 
ta_s 0 0 
te_b 0 133 
te_o 0 133 
te_s 0 0 
ti_b 0 134 
ti_o 0 134 
tix_b 0 137 
tix_o 0 137 
to_b 0 141 
to_o 0 141 
tox_b 0 132 
tox_o 0 132 
tu_b 0 135 
tu_o 0 135 
tux_b 0 142 
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tux_o 0 147 
u 142 142 
uf_b 0 0 
uf_o 147 0 
uf_s 147 0 
uh_b 0 0 
uh_o 135 0 
uhu_o 135 145 
uk_b 0 0 
uk_o 139 0 
uka_o 145 148 
ul_b 0 0 
ul_o 147 0 
ul_s 147 0 
ulu_b 0 147 
ulu_o 137 147 
um_b 0 0 
um_o 145 0 
un_b 0 0 
un_o 135 0 
un_s 135 0 
un_s 151 0 
up_b 0 0 
up_o 135 0 
ur_b 0 0 
ur_o 135 0 
ur_s 134 0 
ura_o 145 150 
us_b 0 0 
us_o 143 0 
us_s 142 0 
usa_o 142 150 
usx_b 0 0 
usx_o 135 0 
usx_s 147 0 
usxa_b 0 150 
usxa_o 135 150 
ut_b 0 0 
ut_o 138 0 
ut_s 138 0 
uv_b 0 0 
uv_o 135 0 
ux 148 148 
uxb_o 150 0 
uxba_o 148 151 
uxbi_o 150 142 
uxc_b 0 0 
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uxc_o 137 0 
uxcx_b 0 0 
uxcx_o 140 0 
uxf_b 0 0 
uxf_o 143 0 
uxk_o 139 0 
uxks_o 139 0 
uxks_s 139 0 
uxl_b 0 0 
uxl_o 149 0 
uxm_b 0 0 
uxm_o 140 0 
uxn_b 0 0 
uxn_o 139 0 
uxn_s 137 0 
uxn_s 145 0 
uxnux_o 140 139 
uxp_s 145 0 
uxr_b 0 0 
uxr_o 145 0 
uxr_o 143 0 
uxre_o 145 150 
uxre_s 145 0 
uxrk_o 140 0 
uxrk_s 140 0 
uxs_b 0 0 
uxs_o 151 0 
uxs_s 151 0 
uxsu_o 131 137 
uxt_o 129 0 
uxtux_o 129 146 
uxv_b 0 0 
uxv_o 148 0 
uxve_b 0 0 
uxve_o 148 155 
uxy_b 0 0 
uxy_o 140 0 
uxye_b 0 0 
uxye_o 143 160 
uxye_s 143 0 
uxz_b 0 0 
uxz_o 143 0 
uy_b 0 0 
uy_o 138 0 
uz_b 0 0 
uz_o 135 0 
uza_b 0 152 
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uza_o 135 152 
va_b 0 140 
va_o 0 140 
va_s 0 0 
ve_b 0 150 
ve_o 0 150 
vi_b 0 150 
vi_o 0 150 
vix_b 0 150 
vix_o 0 150 
vo_b 0 150 
vo_o 0 150 
vox_b 0 150 
vox_o 0 150 
vu_b 0 145 
vu_o 0 145 
vux_b 0 150 
vux_o 0 150 
ya_b 0 143 
ya_o 0 143 
ya_s 0 0 
ye_b 0 147 
ye_o 0 147 
yi_b 0 150 
yi_o 0 150 
yix_b 0 147 
yix_o 0 147 
yo_b 0 141 
yo_o 0 145 
yox_b 0 148 
yox_o 0 148 
yux_b 0 148 
yux_o 0 148 
za_b 0 135 
za_o 0 135 
za_s 0 0 
ze_b 0 126 
ze_o 0 126 
zi_b 0 149 
zi_o 0 149 
zix_b 0 150 
zix_o 0 150 
zo_b 0 140 
zo_o 0 140 
zox_b 0 151 
zox_o 0 151 
zu_b 0 146 
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zu_o 0 146 
zux_b 0 147 
zux_o 0 147 

 
Appendix B- List of all diphones to cover all Turkish words 
 
 
aa_b aa_o aa_s ab_b ab_o ab_s aba_b aba_o aba_s 
abb_b abd_b abe_o abe_s abi_b abi_o abi_s abix_o abix_s 
abl_o abl_s abo_b abo_o abo_s abs_o abu_b abu_o abux_o 
aby_s ac_b ac_o ac_s aca_b aca_o aca_s acc_o ace_b 
ace_o ace_s ach_b ach_o ach_s aci_b aci_o acix_b acix_o 
acix_s ack_o ack_s acl_s aco_o aco_s acs_s acu_b acu_o 
acx_b acx_o acx_s acxa_b acxa_o acxa_s acxe_b acxe_o acxi_o 
acxix_b acxix_o acxix_s acxo_o acxox_o acxs_o acxsx_o acxt_o acy_o 
acy_s acz_b acz_o ad_b ad_o ad_s ada_b ada_o ada_s 
add_o ade_b ade_o ade_s adi_b adi_o adi_s adix_b adix_o 
adix_s ado_b ado_o ado_s adr_o adt_s adu_o adux_o ady_o 
ae_b ae_o ae_s af_b af_o af_s afa_b afa_o afa_s 
afe_b afe_o afe_s aff_o afg_b afi_b afi_o afi_s afix_o 
afix_s afo_b afo_o afox_o afs_o afu_o ag_b ag_o ag_s 
aga_b aga_o age_b age_o age_s agh_b agh_o agi_b agi_o 
agix_o agix_s ago_o ago_s agox_o ags_o agu_b agu_o agux_o 
agx_b agx_o agx_s agxa_b agxa_o agxa_s agxi_o agxi_s agxix_b 
agxix_o agxix_s agxm_o agxo_o agxox_o agxu_b ah_b ah_o ah_s 
aha_b aha_o aha_s ahe_o ahh_b ahi_b ahi_o ahi_s ahix_b 
ahix_o ahix_s ahl_o ahm_o ahn_o aho_o aht_o ahu_b ahu_o 
ahu_s ahux_o ai_b ai_o ai_s aix_b aix_o aix_s aj_b 
aj_o aj_s aja_b aja_o aja_s aje_o aji_b aji_o ajix_o 
ajix_s ajo_o aju_o ak_b ak_o ak_s aka_b aka_o aka_s 
akd_b akd_o ake_b ake_o ake_s akf_o akh_o aki_b aki_o 
aki_s akix_b akix_o akix_s akk_o akk_s akl_o akm_b ako_b 
ako_o ako_s akox_o akr_s aks_o aks_s akt_b akt_o akt_s 
aku_b aku_o aku_s akux_b akux_o aky_o al_b al_o al_s 
ala_b ala_o ala_s alb_b alc_b alc_o ald_b ald_o ald_s 
ale_b ale_o ale_s alf_b alg_b alg_o algx_o ali_b ali_o 
ali_s alix_b alix_o alix_s alj_s alk_o all_o all_s alm_o 
alo_o alo_s alox_o alp_b alp_o alp_s als_b als_o alt_b 
alt_o alt_s alu_o alux_b alux_o aly_o aly_s alz_o am_b 
am_o am_s ama_b ama_o ama_s amb_b amb_o ame_b ame_o 
ame_s amg_b amgx_o ami_b ami_o ami_s amix_b amix_o amix_s 
amm_o amo_b amo_o amp_b amp_o amp_s ams_b ams_o amsx_o 
amu_b amu_o amux_o amy_o amz_s an_b an_o an_s ana_b 
ana_o ana_s anc_o ancx_o ancx_s and_b and_o and_s ane_b 
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ane_o ane_s ang_b ang_o ang_s anh_o ani_b ani_o ani_s 
anix_b anix_o anix_s anj_o ank_o ank_s anl_o anl_s anm_o 
anm_s ann_o ann_s ano_b ano_o ano_s anox_o ans_b ans_o 
ans_s ansx_o ant_b ant_o ant_s anu_o anu_s anux_o any_s 
anz_s ao_b ao_o ao_s ap_b ap_o ap_s apa_b apa_o 
apa_s ape_b ape_o aph_o aph_s api_o api_s apix_o apix_s 
apo_b apo_o app_b app_o aps_b apt_o apu_o aq_o aqa_s 
aqu_b aqu_o ar_b ar_o ar_s ara_b ara_o ara_s arb_o 
arc_b arc_o arcx_o ard_b ard_o ard_s are_b are_o are_s 
arf_o ari_b ari_o ari_s arix_b arix_o arix_s arj_o ark_o 
ark_s arl_b arl_o arm_o arn_b arn_o aro_o aro_s arp_o 
arr_o ars_b ars_o ars_s arsx_o art_b art_o art_s aru_b 
aru_o arux_o ary_o ary_s arz_b arz_o as_b as_o as_s 
asa_b asa_o asa_s asb_s asc_o ase_b ase_o ase_s ash_b 
ash_o ash_s asi_b asi_o asi_s asix_b asix_o asix_s ask_o 
aso_b aso_o aso_s asox_o asp_b asp_o asp_s ass_o ass_s 
ast_b ast_o ast_s asu_b asu_o asu_s asux_o asx_b asx_o 
asx_s asxa_b asxa_o asxa_s asxe_b asxe_o asxi_b asxi_o asxix_b 
asxix_o asxix_s asxk_b asxl_s asxm_s asxo_o asxox_o asxu_o asxux_o 
asy_s asz_o at_b at_o at_s ata_b ata_o ata_s atc_o 
atcx_o ate_b ate_o ate_s ath_b ath_o ath_s ati_b ati_o 
ati_s atix_b atix_o atix_s atk_o atk_s atm_b atm_o atn_s 
ato_b ato_o ato_s atox_b atox_o atr_o att_b att_o att_s 
atu_o atux_b atux_o aty_s atz_o au_b au_o au_s av_b 
av_o av_s ava_b ava_o ava_s ave_b ave_o ave_s avi_b 
avi_o avi_s avix_b avix_o avix_s avo_o avu_b avu_o avux_o 
aw_o awa_b awa_o awa_s awe_o awi_o awk_o aws_b aws_o 
ax_o ax_s axa_o axi_b axi_o axix_o ay_b ay_o ay_s 
aya_b aya_o aya_s aye_b aye_o aye_s ayi_b ayi_o ayi_s 
ayix_b ayix_o ayix_s ayn_o ayo_o ayox_o ayp_s ays_b ayt_b 
ayt_o ayt_s ayu_o ayux_o az_b az_o az_s aza_b aza_o 
aza_s aze_b aze_o aze_s azi_b azi_o azi_s azix_b azix_o 
azix_s azo_b azo_o azp_o azu_o azu_s azz_o ba_b ba_o 
ba_s bda_s be_b be_o be_s bgg_b bha_b bi_b bi_o 
bi_s bix_b bix_o bje_b bla_b ble_b bli_b blo_b blu_b 
blu_o blux_b bly_b bmg_b bmm_s bmw_b bo_b bo_o bo_s 
box_b box_o bpp_b br_b bra_b bre_b bri_b bro_b bro_o 
brox_b bru_b brux_b bry_b bu_b bu_o bu_s bux_b bux_o 
by_b byc_b byr_b ca_b ca_o ca_s cci_b cd_b cde_o 
cdu_b ce_b ce_o ce_s ch_b ch_o ch_s cha_b che_b 
che_o che_s chi_b chi_o chix_b cho_b chp_b chr_b chu_b 
ci_b ci_o ci_s cix_b cix_o cix_s cla_b cla_o cle_b 
cli_b clo_b clu_b cmu_b cn_b cni_o cnr_b co_b co_o 
co_s cox_b cox_o cr_b cra_b cre_b cri_b crix_o cro_b 
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cro_s cru_b cs_b csix_b cu_b cu_o cu_s cux_b cux_o 
cux_s cxa_b cxa_o cxa_s cxe_b cxe_o cxe_s cxi_b cxi_o 
cxi_s cxix_b cxix_o cxix_s cxo_b cxo_o cxox_b cxox_o cxu_b 
cxu_o cxu_s cxux_b cxux_o cxux_s cxyd_b cy_b cyi_s cyp_b 
da_b da_o da_s dda_s de_b de_o de_s dgm_b dh_b 
dhk_b dho_b di_b di_o di_s dix_b dix_o dix_s dja_b 
dje_b djo_b dju_b dmi_b dna_b dne_b do_b do_o do_s 
dox_b dox_o dra_b dre_b dri_b dro_b dru_b dsp_b dtm_b 
dtp_b du_b du_o du_s dux_b dux_o dux_s dve_b dy_b 
dya_s dye_s dyp_b dz_b ea_b ea_o ea_s eb_b eb_o 
eb_s eba_o eba_s ebe_b ebe_o ebe_s ebi_b ebi_o ebi_s 
ebo_o ebo_s ebr_o ebt_s ebu_b ebu_o ebux_b eby_s ec_b 
ec_o ec_s eca_o eca_s ecc_b ecc_o ece_b ece_o ece_s 
ech_o ech_s eci_b eci_o eci_s eck_o eck_s eco_b eco_o 
ect_o ect_s ecu_b ecu_o ecux_o ecx_b ecx_o ecx_s ecxe_o 
ecxe_s ecxi_o ecxu_s ed_b ed_o ed_s eda_b eda_o eda_s 
ede_b ede_o ede_s edg_o edi_b edi_o edi_s edix_o edo_b 
edo_o edr_o eds_s edt_s edu_b edu_o edux_o edy_o edy_s 
ee_o ee_s ef_b ef_o ef_s efa_o efa_s efe_b efe_o 
efe_s eff_s efi_o efi_s efo_b efo_o eft_s efu_o efux_o 
eg_b eg_o eg_s ega_o ega_s ege_b ege_o ege_s egh_o 
egi_b egi_o egl_o ego_b ego_o egox_o egu_b egu_o egux_o 
egx_b egx_o egxe_b egxe_o egxe_s egxi_b egxi_o egxi_s egxn_s 
egxsx_o egxu_o eh_b eh_o eh_s eha_o ehe_b ehe_o ehh_o 
ehi_b ehi_o eho_o ehr_b ei_b ei_o ei_s eix_o eix_s 
ej_b ej_o eja_o ejc_o eje_o eji_o eji_s ejix_o ejn_o 
ek_b ek_o ek_s eka_b eka_o ekb_b eke_b eke_o eke_s 
ekh_s eki_b eki_o eki_s ekix_o ekl_o ekm_o ekn_s eko_b 
eko_o ekox_o eks_b eks_o eks_s ekt_o ekt_s eku_o eku_s 
ekux_o eky_s el_b el_o el_s ela_b ela_o ela_s elb_o 
elcx_o eld_o eld_s ele_b ele_o ele_s elf_b elf_o elg_o 
eli_b eli_o eli_s elix_o elj_o elk_b elk_o ell_b ell_o 
ell_s elo_b elo_o elox_o elp_o els_o els_s elsx_b elt_o 
elt_s elu_o elu_s elux_o ely_b ely_s em_b em_o em_s 
ema_b ema_o ema_s emb_b emb_o eme_b eme_o eme_s emi_b 
emi_o emi_s emk_o emk_s emo_b emo_o emo_s emp_o ems_o 
ems_s emt_o emu_o emux_o en_b en_o en_s ena_b ena_o 
ena_s enb_o enc_b enc_o enc_s encx_o encx_s end_o end_s 
ene_b ene_o ene_s enf_b eng_b eng_o enh_o eni_b eni_o 
eni_s enix_b enix_o enk_o enk_s enl_b enl_o enn_o eno_o 
enox_o enq_b ens_b ens_o ens_s ensx_o ent_b ent_o ent_s 
enu_o enux_o eny_s enz_s eo_b eo_o eo_s ep_o ep_s 
epa_b epa_o epe_b epe_o epe_s epi_b epi_o epo_o epo_s 
eps_o ept_o epu_o equ_o er_b er_o er_s era_b era_o 
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era_s erc_b erc_o ercx_b ercx_s erd_s ere_b ere_o ere_s 
erf_o erg_b erg_o erg_s erh_o eri_b eri_o eri_s erix_o 
erix_s erk_b erk_o erk_s erl_o erm_o ern_b ern_o ern_s 
ero_b ero_o ero_s erox_o erp_o err_o err_s ers_o ers_s 
ert_o ert_s eru_b eru_o erux_o erv_o erv_s ery_o ery_s 
es_b es_o es_s esa_b esa_o esa_s esb_o esc_o ese_b 
ese_o ese_s esh_o esh_s esi_b esi_o esi_s esix_o esix_s 
esk_b esk_o esk_s esn_o eso_o esox_o esp_b ess_o ess_s 
est_b est_o est_s esu_o esu_s esux_s esx_b esx_o esx_s 
esxa_b esxa_o esxe_b esxe_o esxe_s esxi_b esxi_o esxi_s esxk_o 
esxm_o esxo_b esxo_o esxt_o esxux_o et_b et_o et_s eta_b 
eta_o eta_s etc_o ete_b ete_o ete_s eth_o eth_s eti_b 
eti_o eti_s etix_o etk_b etl_o etn_o eto_o etox_o etr_o 
ets_o ets_s ett_o ett_s etu_b etu_o etux_b etux_o eu_b 
eu_o eu_s ev_b ev_o ev_s eva_b eva_o eva_s evc_s 
eve_b eve_o eve_s evh_o evi_b evi_o evi_s evix_o evk_o 
evo_b evo_o evo_s evr_o evs_o evu_o evy_o ew_o ewa_o 
ewe_o ewi_o ewo_o ewr_s ews_o ewu_o ewux_o ex_b ex_o 
ex_s exa_b exa_o exc_b exe_b exe_s exi_b exi_o exp_b 
exs_b ext_b exu_o ey_b ey_o ey_s eya_b eya_o eya_s 
eye_o eye_s eyh_o eyi_b eyi_o eyi_s eyk_o eyk_s eyl_o 
eyl_s eyn_o eyn_s eyo_o eyp_o eyr_s eys_o eyt_o eyt_s 
eyux_b ez_b ez_o ez_s eza_b eza_o eze_b eze_o eze_s 
ezi_b ezi_o ezi_s ezix_o ezo_o ezu_b ezu_o ezux_o fa_b 
fa_o fe_b fe_o fe_s fi_b fi_o fix_b fix_o fla_b 
fle_b fli_b flix_b flo_b flox_b flu_b fna_b fo_b fo_o 
fox_o fp_b fr_b fra_b fre_b fri_b frix_b fro_b fru_b 
fu_b fu_o fu_s fux_b fux_o ga_b ga_o ga_s gby_s 
ge_b ge_o ge_s gha_b ghe_b ghi_b gi_b gi_o gi_s 
gix_b gix_o gix_s gja_b gkr_b gla_b gle_b gli_b glo_b 
gm_b gmb_b gne_b go_b go_o go_s gox_b gox_o gox_s 
gr_b gra_b gra_o gre_b gri_b gro_b grox_b gru_b grux_b 
gs_b gsm_b gtux_b gu_b gu_o gu_s gux_b gux_o gwy_b 
gxe_o gxi_o gxi_s gxix_o gxix_s gxu_o gxu_s gxux_o gxux_s 
gy_o gyu_b ha_b ha_o ha_s hbe_o hco_o hda_o hda_s 
hde_o hdk_b he_b he_o he_s hgg_o hhh_s hi_b hi_o 
hi_s hix_b hix_o hix_s hka_s hko_o hla_b hla_o hle_o 
hly_o hma_o ho_b ho_o ho_s hox_b hox_o hp_b hri_b 
hrix_b hro_o hrox_o hry_s hs_s hsix_o hsy_b hta_o hte_s 
hu_b hu_o hu_s hux_b hux_o hvi_b hvi_o hwa_o hy_b 
hy_o hy_s hye_s hyix_s hyu_b ia_b ia_o ia_s ib_b 
ib_o ib_s iba_b iba_o iba_s ibb_o ibe_b ibe_o ibe_s 
ibi_b ibi_o ibi_s ibo_o ibu_o ibux_o ic_b ic_o ic_s 
ica_b ica_o ica_s ice_b ice_o ice_s ich_o ich_s ici_o 
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ici_s ick_o ick_s ico_o ico_s ics_o ics_s ict_s icu_o 
icx_b icx_o icx_s icxa_b icxa_o icxa_s icxe_b icxe_o icxe_s 
icxi_b icxi_o icxi_s icxo_o icy_o icz_s id_b id_o id_s 
ida_b ida_o ida_s idd_o ide_b ide_o ide_s idi_b idi_o 
idi_s idix_s ido_b ido_o ido_s idt_o ie_b ie_o ie_s 
if_b if_o if_s ifa_b ifa_o ife_o ife_s iff_o iff_s 
ifi_o ifi_s ifo_o ifs_o ift_o ift_s ig_b ig_o iga_o 
iga_s ige_o igg_o igh_o igi_o igi_s ign_o ign_s igo_o 
igo_s igox_o igs_o igs_s igt_o igu_o igux_o igx_b igx_o 
igx_s igxe_o igxe_s igxi_o igxi_s igxix_o igy_s ih_b ih_o 
ih_s iha_b iha_o iha_s ihe_s ihi_o ihi_s ihix_o ihk_o 
ihl_b ihm_o iho_o ihox_b ihu_o ii_b ii_o ii_s iix_b 
iix_o ij_o ija_o ije_o iji_o ijn_s iju_o ik_b ik_o 
ik_s ika_b ika_o ika_s ike_b ike_o ike_s ikh_o iki_b 
iki_o iki_s ikix_o iko_b iko_o iko_s ikox_o iks_o iks_s 
ikt_b ikt_s iku_o iku_s ikux_o ikv_b il_b il_o il_s 
ila_b ila_o ila_s ilcx_b ild_o ild_s ile_b ile_o ile_s 
ilf_o ili_b ili_o ili_s ilk_b ilk_o ill_o ill_s ilm_o 
ilo_o ils_s ilt_o ilu_o ilux_b ilux_o ilv_o im_b im_o 
im_s ima_b ima_o ima_s imb_o imcx_b ime_b ime_o ime_s 
imi_b imi_o imi_s imix_o imix_s imk_b imk_o imo_b imo_o 
imo_s imp_o ims_o imu_o imux_o imv_s in_b in_o in_s 
ina_b ina_o ina_s inc_b inc_o incx_o incx_s ind_o ind_s 
ine_b ine_o ine_s ing_b ing_o ing_s inh_s ini_b ini_o 
ini_s inix_s ink_o inn_o inn_s ino_o ino_s inox_b inox_o 
inr_o ins_o ins_s int_b int_o int_s inu_o inux_o inz_o 
inz_s io_o io_s iox_o ip_b ip_o ip_s ipa_o ipe_b 
ipe_o ipi_b ipi_o ipo_b ipo_o ipp_o ips_o ips_s ipu_o 
iqu_o ir_b ir_o ir_s ira_b ira_o ira_s irc_o ird_s 
ire_b ire_o ire_s iri_b iri_o iri_s irix_o irk_o irl_o 
irl_s irm_s irn_o iro_b iro_o iro_s irox_o irs_o irt_o 
iru_o iru_s irux_o is_b is_o is_s isa_b isa_o isa_s 
isc_o ise_b ise_o ise_s ish_s isi_b isi_o isi_s isix_s 
isk_o isk_s ism_b ism_s iso_o iso_s isox_o isp_o iss_o 
ist_b ist_o ist_s isx_b isx_o isx_s isxa_b isxa_o isxe_b 
isxe_o isxe_s isxi_b isxi_o isxi_s isxk_o isxo_o isxox_o isxt_o 
isxt_s isxu_o isz_s it_b it_o it_s ita_b ita_o ita_s 
itc_o ite_b ite_o ite_s ith_o ith_s iti_b iti_o iti_s 
itm_b itm_o itm_s ito_b ito_o ito_s itox_o its_o its_s 
itt_o itu_o itux_o itux_s ity_o ity_s itz_o itz_s iu_b 
iu_o iu_s iv_b iv_o iv_s iva_b iva_o iva_s ive_b 
ive_o ive_s ivi_o ivo_o iwa_o iwi_s ix_o ix_s ixa_o 
ixa_s ixb_o ixba_o ixba_s ixbe_o ixbi_o ixbix_o ixbix_s ixbm_b 
ixbo_o ixc_o ixc_s ixca_o ixca_s ixce_b ixce_o ixch_s ixci_o 
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ixcix_o ixcix_s ixcx_o ixcx_s ixcxa_o ixcxa_s ixcxe_o ixcxix_o ixcxix_s 
ixd_o ixda_o ixda_s ixde_b ixde_o ixdi_o ixdix_o ixdix_s ixds_o 
ixds_s ixe_o ixf_o ixfa_o ixfe_o ixfi_o ixfix_o ixfix_s ixfu_b 
ixg_b ixg_s ixgi_o ixgix_o ixgox_o ixgux_o ixgx_b ixgx_o ixgx_s 
ixgxa_o ixgxa_s ixgxix_o ixgxix_s ixh_b ixh_o ixha_o ixha_s ixho_o 
ixi_o ixi_s ixix_b ixix_o ixix_s ixk_o ixk_s ixka_o ixka_s 
ixke_o ixkix_o ixkix_s ixkl_o ixkm_o ixko_o ixkox_o ixku_o ixl_b 
ixl_o ixl_s ixla_o ixla_s ixld_o ixle_o ixli_b ixlix_b ixlix_o 
ixlix_s ixll_o ixll_s ixlm_s ixln_o ixlo_o ixlox_o ixlp_s ixlt_o 
ixly_o ixly_s ixm_b ixm_o ixm_s ixma_o ixma_s ixmb_b ixme_b 
ixme_o ixmi_o ixmix_o ixmix_s ixml_s ixmm_o ixmo_s ixmt_o ixmu_o 
ixmu_s ixmz_o ixn_b ixn_o ixn_s ixna_o ixna_s ixncx_o ixnd_s 
ixne_b ixne_o ixne_s ixng_o ixni_o ixni_s ixnix_o ixnix_s ixnk_s 
ixnm_o ixnm_s ixnn_b ixnn_s ixno_o ixnr_o ixns_b ixnt_b ixo_b 
ixo_o ixox_o ixp_b ixp_o ixp_s ixpa_o ixpa_s ixpe_o ixpix_o 
ixr_b ixr_o ixr_s ixra_b ixra_o ixra_s ixrd_s ixre_o ixrh_o 
ixri_o ixrix_b ixrix_o ixrix_s ixrk_b ixrk_o ixrk_s ixrm_o ixrn_o 
ixro_o ixrp_o ixrs_o ixrt_o ixs_b ixs_o ixs_s ixsa_b ixsa_o 
ixse_o ixsi_s ixsix_b ixsix_o ixsix_s ixso_o ixsox_o ixss_b ixst_b 
ixsx_o ixsx_s ixsxa_o ixsxa_s ixsxi_o ixsxix_b ixsxix_o ixsxix_s ixt_b 
ixt_o ixt_s ixta_o ixta_s ixte_o ixtix_o ixtix_s ixtl_s ixtr_o 
ixtux_o ixtz_b ixu_o ixu_s ixux_o ixv_o ixva_b ixva_o ixve_o 
ixvix_o ixvo_o ixx_o ixx_s ixy_o ixy_s ixya_o ixya_s ixye_o 
ixye_s ixyix_o ixyix_s ixyo_o ixyox_o ixz_b ixz_o ixz_s ixza_o 
ixza_s ixze_o ixzix_o ixzix_s ixzo_b ixzo_o ixzz_s iy_o iy_s 
iya_o iya_s iye_o iye_s iyi_b iyi_o iyi_s iyix_o iyix_s 
iyl_o iyl_s iyn_s iyo_b iyo_o iyo_s iyox_o iyu_o iyux_b 
iyux_o iz_b iz_o iz_s iza_b iza_o iza_s ize_o ize_s 
izi_b izi_o izi_s izm_o izm_s izn_s izo_b izo_o izox_o 
izu_o izu_s izux_o izz_o ja_b ja_o ja_s je_b je_o 
je_s ji_b ji_o ji_s jix_o jix_s jo_b jo_o jo_s 
jox_b jox_o ju_b ju_o jux_b ka_b ka_o ka_s kdp_b 
kdv_b ke_b ke_o ke_s kh_b kha_b kho_b kho_o khu_b 
ki_b ki_o ki_s kix_b kix_o kix_s kka_b kkk_b kkk_s 
kkt_b kl_b kla_b kle_b kli_b kli_s klo_b klu_b klux_b 
kma_b kn_b kni_b kni_o knix_o kno_b knox_b ko_b ko_o 
ko_s kox_b kox_o kr_b kra_b kre_b kri_b kri_o krix_b 
kro_b kru_b kry_b ksi_b ksix_b ksix_o kss_b ksy_s kta_b 
kti_b ku_b ku_o kux_b kux_o kux_s kvi_b ky_b ky_o 
ky_s kya_s kye_s kyix_s kyo_b kyr_b la_b la_o la_s 
lbs_b lci_o ldp_b le_b le_o le_s lgc_b lhe_b lhu_o 
li_b li_o li_s lix_o lix_s lju_b lkw_o ll_b lla_b 
lli_b lo_b lo_o lo_s lox_b lox_o lpg_b lu_b lu_o 
lu_s lux_b lux_o lux_s ly_b ly_o ly_s lyb_b lye_o 
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lyix_o lyn_b ma_b ma_o ma_s mbo_o mc_b mca_b mcb_b 
mcc_b mcg_b mde_o me_b me_o me_s mfox_b mgd_b mgk_b 
mhp_b mhz_b mi_b mi_o mi_s mix_b mix_o mix_s mka_b 
mkr_b mky_b mla_b mla_o mlk_b mmo_s mne_s mno_b mo_b 
mo_o mox_b mox_o mpi_b mpi_o mpix_o mr_b mrix_o msp_b 
msux_b mta_b mte_b mu_b mu_o mu_s mux_b mux_o mya_b 
myo_b mys_b na_b na_o na_s nba_b nbo_b ncux_b nda_b 
nda_o nde_s ne_b ne_o ne_s ngu_b nhi_b ni_b ni_o 
ni_s nix_b nix_o nix_s nji_b nne_o no_b no_o no_s 
nox_b npq_b nsu_b nte_b nu_b nu_o nu_s nux_b nux_o 
ny_b nye_b oa_b oa_o oa_s ob_b ob_o oba_b oba_o 
oba_s obb_o obe_b obe_o obi_b obi_o obn_o obo_o obs_o 
obu_b obu_o obu_s obux_o oc_b oc_o oc_s oca_b oca_o 
occ_o och_o och_s oci_o oci_s ock_o ock_s oco_o ocs_o 
ocu_o ocu_s ocx_o ocx_s ocxa_o ocxe_o ocxi_o ocxix_b ocxo_o 
ocxu_o od_b od_o od_s oda_b oda_o oda_s ode_b ode_o 
odi_b odi_o odi_s odm_s odn_s odo_o odo_s ods_s odu_b 
odu_o odux_o ody_o oe_o oe_s of_b of_o of_s ofa_b 
ofa_o ofe_o off_b off_o off_s ofi_b ofi_o ofo_o ofox_o 
oft_o ofu_o og_b og_o og_s oga_o oga_s oge_o ogh_o 
ogi_b ogi_o ogo_o ogq_o ogu_b ogu_s ogux_b ogx_b ogx_o 
ogx_s ogxa_o ogxa_s ogxl_o ogxo_o ogxu_b ogxu_o ogxu_s ogy_o 
ogy_s oh_b oh_o oh_s oha_b oha_o ohe_b ohe_o ohi_b 
ohi_o ohl_o ohn_o ohn_s oho_o ohp_o ohu_o oi_b oi_o 
oj_o oje_b oje_o oji_o oji_s ojo_o ok_b ok_o ok_s 
oka_b oka_o oka_s oke_b oke_o oke_s oki_b oki_o okl_o 
oko_b oko_o oko_s okox_o oks_o okt_o oku_b oku_o oku_s 
okux_o ol_b ol_o ol_s ola_b ola_o ola_s olb_o olc_o 
old_o old_s ole_b ole_o ole_s olf_o olg_s oli_b oli_o 
oli_s olix_o olk_o oll_o olm_s olo_o olo_s olox_o olp_o 
ols_o olt_o olu_b olu_o olu_s olux_b olux_o olux_s oly_b 
oly_o olz_o om_b om_o om_s oma_b oma_o oma_s omb_o 
ome_b ome_o omi_o omi_s omix_o omo_b omo_o omo_s omp_o 
oms_o omu_b omu_o omu_s omux_o on_b on_o on_s ona_b 
ona_o ona_s oncx_o ond_o ond_s one_b one_o one_s ong_o 
ong_s oni_b oni_o oni_s onix_o onix_s onk_o onk_s onl_o 
onm_o onn_o ono_b ono_o onox_o ons_o ons_s ont_o ont_s 
onu_b onu_o onu_s ony_b ony_o ony_s onz_o oo_b oo_o 
oo_s oox_b op_b op_o op_s opa_b opa_o opa_s ope_b 
ope_o oph_o opi_b opi_o opi_s opix_o opl_o opo_b opo_o 
opox_o opp_b opp_o opu_o opux_o oqu_o or_b or_o or_s 
ora_b ora_o ora_s orb_s orc_b orc_o orcx_o ord_o ord_s 
ore_b ore_o ore_s orf_o org_b org_o org_s ori_b ori_o 
ori_s orix_o orix_s ork_b ork_o orl_b orl_o orl_s orm_o 
orn_o oro_b oro_o orp_o orr_o ors_o ors_s ort_b ort_o 
ort_s oru_b oru_o oru_s orux_o ory_o ory_s orz_s os_b 
os_o os_s osa_b osa_o osa_s osc_o osd_b ose_o osi_b 
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osi_o osk_o oso_o oso_s oss_o ost_b ost_o ost_s osu_o 
osu_s osx_b osx_o osx_s osxa_o osxa_s osxe_o osxi_o osxl_o 
osxu_o osxux_o ot_b ot_o ot_s ota_b ota_o ota_s otc_o 
ote_b ote_o ote_s oth_b oth_o oth_s oti_b oti_o otix_o 
oto_b oto_o oto_s ots_o ots_s ott_b ott_o ott_s otu_b 
otu_o otu_s ou_b ou_o ou_s oux_o ov_b ov_o ov_s 
ova_b ova_o ova_s ove_b ove_o ove_s ovi_b ovi_o ovix_o 
ovo_b ovo_o ovo_s ovs_o ovu_b ovu_o ovu_s ow_b ow_o 
ow_s owa_o owa_s owe_b owe_o owi_o owix_o own_o own_s 
ows_o ows_s owu_o ox_o ox_s oxa_b oxb_o oxbe_b oxbe_o 
oxbux_b oxbux_o oxca_b oxce_o oxch_o oxcux_b oxcx_o oxcxe_o oxcxux_o 
oxd_o oxde_b oxde_o oxdi_b oxdo_o oxdp_b oxdux_b oxdux_o oxe_o 
oxf_b oxf_o oxfox_o oxg_b oxg_o oxge_b oxgx_b oxgx_o oxgxe_b 
oxgxe_o oxgxr_b oxgxux_b oxgxux_o oxh_o oxi_b oxjl_b oxk_b oxk_o 
oxka_o oxke_o oxko_o oxkux_b oxkux_o oxl_b oxl_o oxla_o oxlcx_b 
oxle_b oxle_o oxle_s oxlg_o oxll_o oxln_o oxlux_b oxlux_o oxlux_s 
oxly_o oxm_b oxm_o oxm_s oxme_b oxme_o oxmo_o oxmox_o oxmux_b 
oxmux_o oxn_b oxn_o oxna_b oxnd_o oxne_b oxne_o oxni_o oxnk_o 
oxnn_s oxnox_o oxnp_b oxnt_o oxnux_b oxnux_o oxp_b oxp_o oxpe_b 
oxpe_o oxpo_o oxpux_b oxpux_o oxr_b oxr_o oxr_s oxra_o oxre_b 
oxre_o oxre_s oxrf_o oxri_b oxri_o oxrn_o oxro_o oxrox_o oxrt_b 
oxrt_o oxrux_b oxrux_o oxrux_s oxs_o oxse_o oxsi_o oxst_b oxst_o 
oxsux_o oxsx_o oxsxe_o oxsxk_o oxsy_b oxt_b oxt_o oxta_b oxta_o 
oxte_b oxte_o oxtox_o oxtt_o oxtu_o oxtux_b oxtux_o oxv_b oxv_o 
oxv_s oxva_o oxve_b oxve_o oxvi_o oxvux_b oxvux_o oxy_b oxy_o 
oxy_s oxya_o oxye_s oxyi_o oxyl_o oxys_b oxys_o oxyux_b oxyux_o 
oxyux_s oxz_b oxz_o oxz_s oxza_b oxza_o oxze_b oxze_o oxze_s 
oxzi_b oxzo_b oxzox_o oxzux_b oxzux_o oxzux_s oy_b oy_o oy_s 
oya_b oya_o oya_s oye_o oye_s oyi_o oyo_o oyo_s oys_o 
oyu_b oyu_o oyu_s oz_o oz_s oza_b oza_o oza_s oze_o 
ozi_o ozn_o ozo_o ozo_s ozox_o ozs_o ozu_o ozu_s pa_b 
pa_o pa_s pc_b pdk_b pds_b pe_b pe_o pe_s pfd_b 
pfe_b pfi_b ph_b pha_b phe_b phi_b pho_b pho_o pi_b 
pi_o pix_b pix_o pkk_b pla_b ple_b pli_s plo_b plu_b 
plux_b pnv_b po_b po_o po_s pox_b ppk_b pr_b pra_b 
pre_b pre_o pri_b pro_b pru_b prux_b ps_b psa_b pse_b 
psi_b pso_o psy_b pu_b pu_o pu_s pux_b pux_o qa_b 
qa_s qi_o qi_s qla_s qu_b qu_o qu_s qvi_o ra_b 
ra_o ra_s rba_o rcd_b rde_b re_b re_o re_s rfo_o 
rhe_b rhe_o rho_b ri_b ri_o ri_s rix_b rix_o rix_s 
rna_o ro_b ro_o ro_s rox_b rox_o rp_b rpi_b rs_b 
ru_b ru_o ru_s rux_b rux_o rwa_b ry_b ry_o ryi_s 
sa_b sa_o sa_s sb_o sba_b sbe_b sc_b sc_o sca_b 
sce_b sch_b sci_b scn_b sco_b scu_b scxg_b sde_o sde_s 
se_b se_o se_s sga_b sh_b sha_b she_b shi_b shi_o 
shix_b sho_b sho_o shp_b shu_b si_b si_o si_s six_b 
six_o six_s sk_o ska_b ske_b ski_b sko_b sku_b sky_b 
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sla_b sle_b sli_b slo_b sma_b sma_o sme_b smi_b smi_o 
smo_b smy_b sne_b sni_b sno_b so_b so_o so_s sox_b 
sox_o sp_b spa_b spd_b spe_b spi_b spi_o spo_b spo_o 
spy_b squ_b sr_b sru_o ssa_b ssc_b sse_o ssi_b ssk_b 
st_b st_o sta_b sta_o ste_b ste_o ste_s sti_b sti_o 
sto_b sto_o stox_b stu_b stux_b su_b su_o su_s sux_b 
sux_o sux_s sva_b sva_o sve_b svi_o swa_b swa_o swe_b 
swi_b swix_b swo_b sxa_b sxa_o sxe_b sxe_o sxe_s sxi_b 
sxi_o sxi_s sxix_b sxix_o sxix_s sxne_b sxo_b sxo_o sxox_b 
sxox_o sxu_b sxu_o sxux_b sy_b sye_s sym_b syn_b sz_o 
sza_b sze_b szy_b ta_b ta_o ta_s tbm_b tbt_b tc_b 
tcd_b tcxix_o tda_b tde_s tdv_b te_b te_o te_s tff_b 
tgc_b tgr_b th_b th_o tha_b the_b the_o thi_b thk_b 
tho_b thu_b thux_b thy_b ti_b ti_o ti_s tix_b tix_o 
tix_s tja_b tkb_b tki_o tkp_b tl_b tmo_b tni_o tnt_b 
to_b to_o to_s tox_b tox_o tp_b tp_s tpa_b tr_b 
tra_b tra_o tre_b tre_o tri_b tri_o tro_b trox_b trox_o 
trt_b tru_b tru_o trux_b trux_o ts_b ts_s tsa_b tse_b 
tsi_b tsk_b tt_b tte_o ttg_b ttux_b tu_b tu_o tu_s 
tux_b tux_o tux_s tv_b twa_b twe_b ty_o tyk_o tys_b 
tz_b tze_o tzu_b ua_o ua_s ub_o ub_s uba_o uba_s 
ubb_o ube_b ube_o ubi_o ubo_o ubr_o ubs_b ubu_o ubux_o 
ubux_s uc_o uca_o uca_s uce_b uce_o uch_o uch_s uci_o 
uck_o uck_s uco_o ucu_b ucu_o ucu_s ucv_o ucx_b ucx_o 
ucxa_b ucxa_o ucxa_s ucxe_o ucxi_o ucxu_b ucxu_o ud_o ud_s 
uda_b uda_o uda_s ude_b ude_o ude_s udi_b udi_o udi_s 
udj_o udo_b udo_o uds_o udu_b udu_o udu_s udux_o ue_b 
ue_o ue_s uf_b uf_o uf_s ufa_b ufa_o ufe_o ufi_o 
ufi_s ufo_b ufo_o uft_o ufu_b ufu_o ufu_s ufux_o ug_b 
ug_o ug_s uga_b uga_o uga_s uge_o ugh_o ugh_s ugi_o 
ugo_o ugu_b ugu_o ugux_o ugx_b ugx_o ugx_s ugxa_o ugxa_s 
ugxix_o ugxu_b ugxu_o ugxu_s uh_b uh_o uha_o uhe_o uhe_s 
uhg_o uhi_o uhi_s uhr_o uhu_o uhu_s ui_o uj_o uja_o 
uji_o uju_o uk_b uk_o uk_s uka_b uka_o uka_s uke_o 
uki_o uki_s ukk_o uko_o uko_s ukt_s uku_o uku_s ul_b 
ul_o ul_s ula_b ula_o ula_s uld_o uld_s ule_b ule_o 
ule_s uli_b uli_o uli_s ulix_o ulk_o ull_o ulo_o ulox_o 
ulp_o ulr_s uls_o ult_b ult_o ult_s ulu_b ulu_o ulu_s 
ulux_o uly_b uly_o um_b um_o um_s uma_b uma_o uma_s 
umb_b umc_o ume_o ume_s umh_o umi_o uml_s umo_o ump_o 
ums_o ums_s umu_b umu_o umu_s un_b un_o un_s una_b 
una_o una_s unc_o unc_s uncx_o uncx_s und_o und_s une_b 
une_o une_s ung_o ung_s unh_b uni_b uni_o uni_s unix_b 
unk_o unl_o unl_s unm_o unn_o uno_b uno_o uns_o unt_o 
unu_b unu_o unu_s uo_o up_b up_o up_s upa_o upa_s 
upe_o upi_o upl_s upo_o upp_o upu_o upux_o uq_s uqu_o 
ur_b ur_o ur_s ura_b ura_o ura_s urc_o urcx_o urd_o 
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ure_b ure_o ure_s urf_o urg_o urg_s uri_b uri_o uri_s 
urk_o url_o urm_s urn_o uro_o urp_o urr_o urs_o urt_o 
urt_s uru_b uru_o uru_s urux_o ury_o us_b us_o us_s 
usa_b usa_o usa_s usc_o use_o use_s ush_o ush_s usi_o 
usi_s usix_o uso_o uss_o uss_s ust_o ust_s usu_b usu_o 
usu_s usux_b usux_o usx_o usx_s usxa_b usxa_o usxa_s usxe_o 
usxi_s usxt_o usxu_o usxu_s usz_o usz_s ut_b ut_o ut_s 
uta_b uta_o uta_s utc_o ute_o ute_s utf_o uth_s uti_o 
uti_s utk_o utl_o utm_o uto_o uts_o utt_o utt_s utu_o 
utu_s utux_o uu_o uv_o uva_o uva_s uve_b uve_o uvi_o 
uvo_o uvox_o uvv_o uwa_o uwe_o uwo_o ux_o ux_s uxa_o 
uxb_o uxba_o uxbe_o uxbi_o uxbo_o uxbu_o uxbux_o uxbux_s uxc_b 
uxc_o uxca_o uxce_o uxce_s uxci_o uxcu_o uxcux_o uxcux_s uxcx_b 
uxcx_o uxcx_s uxcxa_o uxcxe_b uxcxe_o uxcxix_b uxcxo_b uxcxux_b uxcxux_o 
uxd_o uxd_s uxda_o uxde_o uxde_s uxdi_o uxdu_o uxdux_o uxdux_s 
uxe_o uxf_b uxf_o uxfe_o uxfi_o uxfr_o uxfu_o uxfux_b uxfux_o 
uxfux_s uxga_o uxgi_o uxgux_o uxgux_s uxgx_o uxgxe_s uxgxu_o uxgxux_o 
uxgxux_s uxh_o uxha_o uxhe_o uxhi_o uxhux_o uxix_o uxj_o uxjux_s 
uxk_o uxk_s uxka_o uxke_o uxke_s uxki_o uxkix_o uxkk_o uxko_o 
uxks_o uxkt_s uxku_o uxkux_o uxkux_s uxl_b uxl_o uxl_s uxla_o 
uxld_s uxle_o uxle_s uxli_o uxlk_b uxlk_o uxll_o uxlo_o uxlox_o 
uxlt_b uxlt_o uxlu_o uxlux_o uxlux_s uxm_b uxm_o uxm_s uxma_o 
uxme_b uxme_o uxme_s uxmi_b uxmi_o uxmo_o uxmox_o uxmu_o uxmux_o 
uxmux_s uxn_b uxn_o uxn_s uxna_b uxna_o uxncx_o uxncx_s uxne_b 
uxne_o uxne_s uxni_b uxni_o uxnk_s uxnn_s uxno_o uxns_o uxnu_o 
uxnu_s uxnux_b uxnux_o uxnux_s uxp_b uxp_o uxp_s uxpe_o uxpi_o 
uxpo_o uxpu_o uxpux_o uxqux_o uxr_b uxr_o uxr_s uxra_b uxra_o 
uxrcx_o uxre_b uxre_o uxre_s uxri_o uxrix_o uxrk_b uxrk_o uxrk_s 
uxrn_o uxro_b uxro_o uxrp_o uxrt_o uxru_o uxrux_b uxrux_o uxrux_s 
uxrz_o uxs_b uxs_o uxs_s uxsa_o uxse_o uxsi_o uxso_o uxss_o 
uxst_b uxst_o uxst_s uxsu_o uxsux_b uxsux_o uxsux_s uxsx_o uxsx_s 
uxsxa_o uxsxe_b uxsxe_o uxsxe_s uxsxi_s uxsxo_o uxsxs_o uxsxu_o uxsxux_b 
uxsxux_o uxsxux_s uxt_o uxt_s uxta_o uxte_o uxte_s uxto_b uxto_o 
uxtt_o uxtu_o uxtux_b uxtux_o uxux_b uxux_o uxux_s uxv_o uxva_o 
uxve_b uxve_o uxvi_o uxy_b uxy_o uxya_o uxye_b uxye_o uxye_s 
uxyi_s uxyo_o uxyux_o uxyux_s uxz_b uxz_o uxz_s uxza_o uxze_b 
uxze_o uxze_s uxzi_o uxzo_o uxzox_o uxzs_o uxzt_s uxzu_o uxzux_b 
uxzux_o uxzux_s uxzy_o uy_b uy_o uy_s uya_b uya_o uya_s 
uye_o uyg_b uyi_s uyo_o uyu_b uyu_o uyu_s uz_b uz_o 
uz_s uza_b uza_o uza_s uze_o uzh_o uzi_o uzi_s uzo_o 
uzu_b uzu_o uzu_s uzux_o uzz_o va_b va_o va_s ve_b 
ve_o ve_s vi_b vi_o vi_s vix_b vix_s vla_b vlo_b 
vo_b vo_o vri_b vtux_o vu_b vu_o vux_b vux_o vyu_b 
wa_b wa_o wbc_b we_b we_o we_s whe_b whi_b whix_b 
wi_b wi_o wla_b wo_b wo_o wri_b wro_b wt_b wu_b 
wu_s wux_b wyn_b wyt_o xa_b xe_b xi_b xi_o xo_o 
xsa_b xu_o ya_b ya_o ya_s yde_o yde_s ydk_b ye_b 



Appendices 

 76

ye_o ye_s yg_o yi_b yi_o yi_s yix_b yix_o yix_s 
ykix_o yl_s yla_s yle_o yle_s yli_o ym_o yn_o yni_o 
yns_o yo_b yo_o yo_s yox_b yox_o ypk_b ys_o ysi_s 
ysk_b yt_o yu_b yu_o yu_s yux_b yux_o yve_b yye_s 
yyi_s za_b za_o zd_b zda_b ze_b ze_o ze_s zi_b 
zi_o zix_b zix_o zix_s zo_b zo_o zto_o zu_b zu_o 
zux_b zyk_s               
 

 
Appendix C- A List of words to produce all necessary diphones 
for a complete TTS 
 

This is the list of words to produce all necessary diphones for a complete Turkish TTS 

and the diphones that should be recorded from these words. Repeated diphones are not 

written again. 

 

CIGInIn : cxix_b ixgxix_o ixnix_o ixn_s  CIGIrlar : ixr_o la_o ar_s  
CIGlIGInIn : ixgx_o lix_o  CIGlIklarI : ixk_o arix_s  
CIGlIklarIyla : arix_o ixy_o la_s  CIGlardan : ar_o da_o an_s  
CIbanIndan : ixba_o anix_o ixn_o  CIkISImIn : ixkix_o ixsxix_o ixmix_o  
CIkISlarImIn : ixsx_o  CIkISlarIydI : dix_s  
CIkISmasInI : ma_o asix_o ixnix_s  CIkIStIGImIz : tix_o ixz_s  
CIkIStaydI : ta_o ay_o  CIkIlIr : ixlix_o ixr_s  
CIkIlabilir : ixla_o abi_o ili_o ir_s  CIkIlamIyor : amix_o ixyo_o or_s  
CIkIlamaz : ama_o az_s  CIkIldIkca : ixl_o dix_o ca_s  
CIkIlmadIGI : adix_o ixgxix_s  CIkIlmasI : asix_s  
CIkIlmayan : aya_o  CIkInda : da_s  
CIkIntIlarIna : ixna_s  CIkIrken : ke_o en_s  
CIkIveriyordu : ixve_o eri_o iyo_o or_o du_s  CIkIyorsa : sa_s  
CIkaaar : ixka_o aa_o  CIkabileceGi : ile_o ece_o egxi_s  
CIkabilmek : il_o me_o ek_s  CIkabilmesi : esi_s  
CIkabilsin : si_o in_s  CIkacaGImIza : aca_o agxix_o ixza_s  
CIkacaklarInI : ak_o  CIkacaksIn : six_o  
CIkadI : adix_s  CIkalIm : alix_o ixm_s  
CIkamamakta : ta_s  CIkamazdI : az_o  
CIkamz : amz_s  CIkanlarImIz : an_o  
CIkarIcIlar : ixcix_o  CIkarIlmIStI : mix_o tix_s  
CIkarIlmam : am_s  CIkarIlsalar : sa_o ala_o  
CIkarImla : ixm_o  CIkarIncaya : ca_o aya_s  
CIkarIyorsun : su_o un_s  CIkarabilirim : ara_o iri_o im_s  
CIkarabilme : me_s  CIkaracak : ak_s  
CIkaramamIS : ixsx_s  CIkarcIlIGI : cix_o  
CIkarmIyoruz : oru_o uz_s  CIkarmakIn : akix_o  
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CIkarmalIdIr : ixdix_o  CIkarten : te_o  
CIkartmIyor : art_o  CIkartmaktaki : aki_s  
CIkartmamalI : alix_s  CIkarttIk : ixk_s  
CIkmadaki : ada_o  CIkmamalIsIn : ixsix_o  
CIkmasaydI : asa_o  CIkmayISIyla : ayix_o  
CIkmazI : azix_s  CIktIGImIda : ixda_s  
CIktIdaki : ixda_o  CIldIrIyorum : ixrix_o um_s  
CIldIrtma : ixrt_o ma_s  CIlgInI : gix_o  
CIlgInlaSan : asxa_o  CImacI : ixma_o acix_s  
CInara : ixna_o ara_s  CInaroGlu : aro_o ogx_o lu_s  
CIngIrakla : ixra_o  CInlatIn : atix_o  
CInlatmIS : at_o  CIpasIydI : ixpa_o  
CIplaklIk : ixp_o  CIrCIrlanmIS : cxix_o  
CIrpISInI : pix_o  CIrpIndIkCa : cxa_s  
CIrpInmayI : ayix_s  CIrpmIS : ixrp_o  
CItIrdata : ixtix_o ata_s  CItakta : ixta_o  
CItlakIn : ixt_o  CIvgInIn : ixv_o  
COkUSUn : cxox_b oxkux_o uxsxux_o uxn_s  COkUSlerde : uxsx_o le_o er_o de_s  
COkUnce : uxn_o ce_s  COkUntUnUn : tux_o uxnux_o  
COkUtUye : uxtux_o uxye_s  COkebildiGini : oxke_o ebi_o di_o igxi_o ini_s  
COkelek : ele_o  COkenler : en_o er_s  
COkertemeyen : eme_o eye_o  COkertilemez : ti_o ez_s  
COkertmiStir : ert_o mi_o isx_o  COkmUSler : oxk_o mux_o  
COkmedilerse : edi_o se_s  COkmesine : esi_o ine_s  
COkmeyecektir : ek_o  COktUGUnUn : uxgxux_o  
COktUrdUler : uxr_o dux_o uxle_o  COlaSana : oxla_o ana_s  
COlgeCenin : oxl_o ge_o ecxe_o eni_o  COlleSmesini : esx_o  
COllerinden : in_o de_o  COpCUlere : oxp_o cxux_o ere_s  
COpCatanlar : cxa_o ata_o  COplUGUne : lux_o uxne_s  
COplUklerinde : uxk_o  COpteki : eki_s  
COrekCinin : oxre_o cxi_o ini_o  COrtUkUn : oxr_o uxkux_o  
COzUcUdUr : oxzux_o uxcux_o uxdux_o uxr_s  COzUlUp : uxlux_o uxp_s  
COzUlUyormuS : uxyo_o mu_o usx_s  COzUleceGine : egxi_o  
COzUlemediGi : igxi_s  COzUlemezken : ez_o  
COzUlmUSler : uxl_o  COzUlmedi : edi_s  
COzUmUmde : uxmux_o uxm_o  COzUmlemeyle : ey_o le_s  
COzUmlenmeden : ede_o  COzUmlenmeye : eye_s  
COzUmlenmiSti : ti_s  COzUmsUz : sux_o uxz_s  
COzUverdik : uxve_o ik_s  COzdUGUnU : oxz_o uxnux_s  
COzdUm : uxm_s  COzebildiniz : oxze_o iz_s  
COzebilmiS : isx_s  COzelti : el_o  
COzememiS : emi_o  COzemeyiz : eyi_o  
COzerseniz : se_o  COzmUStUk : uxk_s  
COzmede : ede_s  COzmeyenleri : eri_s  
CUngUS : cxux_b gux_o uxsx_s  CUrUGUne : uxrux_o  
CUrUkkaya : ka_o  CUrUmeleri : uxme_o  
CUrUterek : uxte_o ere_o  CUrUtmeli : uxt_o eli_s  



Appendices 

 78

CUrUyeceGe : uxye_o egxe_s  CaGImIzda : cxa_b ixz_o  
CaGIra : ixra_s  CaGIrmasa : asa_s  
CaGalIkoC : agxa_o ixko_o ocx_s  CaGdISIlIGI : agx_o  
CaGdaSl : asxl_s  CaGdaSlIktIr : asx_o  
CaGdakilerle : aki_o  CaGlayangilin : gi_o  
CaGrISImdan : rix_o  CaGrIlacaGI : agxix_s  
CaGteks : eks_s  CabalIyordu : aba_o  
CabuklaSma : abu_o uk_o  CabukluGunun : lu_o ugxu_o unu_o  
CabukoGlu : uko_o  CadIrkent : ent_s  
Cadorlardaki : ado_o  CahIrhanIn : ahix_o ha_o  
CakIllIyalI : ixya_o  CakIltaSI : asxix_s  
CakIrbeyli : be_o li_s  CakIroGluda : ixro_o uda_s  
Cakabey : aka_o abe_o ey_s  Cakaloz : alo_o oz_s  
CakmakoGlunun : ako_o  CakmalIya : ixya_s  
CakrazI : ra_o  CalISIciGim : ixci_o  
CalISacaGIma : ixsxa_o ixma_s  CalISadursun : adu_o ur_o  
CalISamayac : ac_s  CalISkaner : ane_o  
CalISkanlIGa : ixgxa_s  CalISmIyorduk : du_o uk_s  
CalISmanIzI : ixzix_s  CalISmayISI : ixsxix_s  
CalISye : ye_s  CalIsan : ixsa_o  
CalIyI : ixyix_s  CaldIGImI : al_o ixmix_s  
CalgIcI : ixcix_s  CalkOye : kox_o oxye_s  
CamaSIrIna : asxix_o  Camdibinin : am_o ibi_o  
Camkoru : ko_o oru_s  CamlIbeli : ixbe_o  
CamlIgOze : ixgox_o oxze_s  Camolukla : amo_o olu_o  
Camurdur : amu_o ur_s  CamurluGunda : un_o  
Camurumuzdan : uru_o umu_o uz_o  Camyurdu : yu_o  
CanaGI : ana_o  Canakk : akk_s  
Canakkalespor : ale_o es_o po_o  CankIrIdaki : kix_o  
CapIna : apix_o  Capada : apa_o ada_s  
CapanoGlunu : ano_o unu_s  CapkInIn : ap_o  
Capulcuya : apu_o ul_o cu_o uya_s  CarSIda : sxix_o  
CarSaflI : sxa_o af_o lix_s  CarSambadaki : ba_o  
Careler : are_o  CaresizleSen : iz_o esxe_o  
Caresizlikten : li_o ik_o  CarkIfelekle : ixfe_o  
Carketti : et_o  Carklara : ark_o  
Carpacak : pa_o  CarpmISIm : arp_o  
CatIrel : ixre_o el_s  Catakdibi : ibi_s  
CatalaGzIna : zix_o  CatalhOyUke : hox_o oxyux_o uxke_s  
Cavdara : av_o  CavuSbaSInIn : avu_o usx_o  
CavuSi : usxi_s  CayOzU : ayox_o oxzux_s  
Caykovskinin : ovs_o ki_o  CeCenin : cxe_b  
CeCenyaya : ya_o  CeSidinde : esxi_o idi_o  
CeSitinde : iti_o  CeSitlenip : it_o ip_s  
CeSmibUlbUl : ibux_o bux_o uxl_s  CebelitarIkta : ebe_o eli_o ita_o  
Ceheltan : ehe_o  Cehreli : eh_o re_o  
Cekebilirsek : eke_o ir_o  Cekedursun : edu_o  
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Cekemezlerdi : di_s  Cekene : ene_s  
CekiCkIranIn : eki_o icx_o  CekiCte : te_s  
CekiSiyor : isxi_o  CekiSmeliydi : iy_o  
CekiciliGe : ici_o igxe_s  CekildiGimizi : imi_o izi_s  
Cekiliveriyor : ive_o  Cekilmeseydi : ese_o  
Cekimler : im_o  Cekincelerim : ce_o  
Cekinecekleri : ine_o  Cekmeliyim : iyi_o  
CekmeyiSi : isxi_s  Cekoslavakya : eko_o os_o ava_o ya_s  
Cektirebilir : ire_o  Cektirmem : em_s  
Cekveriyor : ve_o  Celebice : ice_s  
Celenkleri : enk_o  CeliSkisidir : isi_o  
CelikdoGan : do_o ogxa_o  Celikeri : ike_o  
Celikkort : ort_s  Cemberi : em_o  
Cemberinize : ize_s  CemiSgezekin : eze_o  
Cenelerin : ene_o  Ceneni : eni_s  
Ceperinin : epe_o  CerCevededir : cxe_o eve_o  
CerCevisinden : evi_o  Cerceve : eve_s  
CerkeS : esx_s  Cerkezi : ezi_s  
CerniSev : ni_o isxe_o ev_s  CernomIrdIne : no_o omix_o ixne_s  
Cerveciler : eci_o  Cetecilerden : ete_o  
Cetindi : eti_o  Cetinkale : ale_s  
Cetinkolu : olu_s  CetinyUrek : yux_o uxre_o  
Cetrefilli : efi_o  CevikCe : cxe_s  
Ceviri : iri_s  Cevirmeyi : eyi_s  
Cevlik : ev_o  Cevreme : eme_s  
Cevril : ri_o il_s  Ceyizin : izi_o  
CeytUrk : uxrk_s  CiCeGinin : cxi_b icxe_o  
CiGdemi : igx_o emi_s  CiGkOfteli : oxf_o  
CiGnediGinden : ne_o  Cicekin : ice_o  
CifCileriyle : if_o  CiftCiler : ift_o  
CiftCilerinki : ki_s  CiftCiye : iye_s  
Ciftekavak : eka_o  Ciftkurtlar : ku_o urt_o  
Cikaya : ika_o  Cikolatalarla : iko_o ola_o  
Cileeeeeeyi : ee_o  Cilller : ill_o  
CimenderoGlu : ime_o ero_o  CimentaS : asx_s  
Cimentonun : to_o onu_o  Cindogu : ogu_s  
Cipine : ipi_o  Ciplerinin : ip_o  
CiriCin : icxi_o  CirkefliGe : ef_o  
Cirozu : iro_o ozu_s  Citiciden : ide_o  
Citimi : imi_s  Civileme : ivi_o  
Civiyi : iyi_s  CizakCa : iza_o  
CizebildiGini : ize_o  CoCuGun : cxo_b ocxu_o  
CoGaltma : alt_o  CoGullaSmasI : ogxu_o  
CoGunluGu : ugxu_s  CoGunuzun : uzu_o  
CoSkulu : osx_o ulu_s  CoSmuStuk : tu_o  
Cobandan : oba_o  CocuGa : ocu_o ugxa_s  
CocuGumsu : um_o su_s  CocuGuydum : uy_o  
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Cocukkken : ukk_o  Cocuklular : ula_o  
Cohacopoulos : oha_o aco_o opo_o ou_o ulo_o os_s  Cohecopulosun : ohe_o eco_o opu_o osu_o  
CokeSliliGin : oke_o  CokkUltUrlU : ok_o kux_o lux_s  
CoktuG : ugx_s  Colpan : ol_o  
CorabIndan : ora_o abix_o  CorbacIda : acix_o  
Corlusporu : us_o  Coruhta : uh_o  
CotuksOken : otu_o sox_o  CubakIn : cxu_b uba_o  
CubuGumuz : ubu_o  Cubucakta : uca_o  
Cuhacopoulosu : uha_o osu_s  CukorovasInI : oro_o ova_o  
Cukurbaston : uku_o as_o on_s  Cukuru : uru_s  
CulfazIn : fa_o azix_o  Curpuk : pu_o  
CuvalIyla : uva_o  Cyddye : cxyd_b dye_s  
IGdIrI : ixgx_b ixrix_s  IIssin : ixix_b ixs_o  
ISIGInI : ixsxix_b  ISIkgOzUn : gox_o  
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elktrik : elk_b tri_o  ellmann : ell_b  
eloGlundan : elo_b  elyahu : ahu_s  
elyseedeki : ely_b  emanetCilerle : ema_b  
emballages : em_b  embrio : emb_b  
emeCler : eme_b  emilio : emi_b  
eminOnUnU : inox_o  emirgazi : azi_s  
emlakspor : aks_o  emotions : emo_b  
enIactan : enix_b  enayatullah : ena_b  
encUmene : en_b  enckelmanI : enc_b  
endorUloji : orux_o uxlo_o  enektiriik : ene_b  
enerijili : iji_o  enfarktUs : uxs_s  
enflasy : enf_b asy_s  engler : eng_b  
eniSteler : eni_b  enlfasyona : enl_b  
enqvist : enq_b  ensititUsU : itux_o  
enstalasyon : ens_b  enstitU : itux_s  
enstrUmandIr : trux_o  entgrasyon : ent_b gra_o  
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eokacIlardan : eo_b  epaSIn : epa_b  
epeydir : epe_b  epikmandan : epi_b  
erCelde : er_b  erCman : ercx_b  
eradication : era_b  erchler : erc_b hle_o  
ereGilsinde : ere_b  ergsanIn : erg_b  
eriSecektir : eri_b  erkmen : erk_b  
ernkyI : ern_b kyix_s  eroGlundan : ero_b  
eroksporun : oks_o  eruGrul : eru_b  
esaretin : esa_b  escada : es_b  
eseceGim : ese_b  esinlendi : esi_b  
esknIn : esk_b  espriden : esp_b  
estrellos : est_b  etUdUnUn : etux_b  
etadan : eta_b  eteGinden : ete_b  
etfale : et_b  etiGin : eti_b  
etklimeyecek : etk_b  etunun : etu_b  
eubanks : eu_b  eurobondu : uro_o  
eurodm : odm_s  eurythmicsin : ury_o th_o  
evangelia : eva_b  evcille : ev_b  
evelallah : eve_b  evideks : evi_b  
evorya : evo_b  examiner : exa_b  
exchange : exc_b  exeter : exe_b  
eximbankIn : exi_b  explorerI : exp_b  
export : ex_b  exspress : exs_b  
extranet : ext_b  exxonun : xo_o  
eyUlUne : eyux_b  eyUpoGlunun : uxpo_o  
eyaletinde : eya_b  eyfeli : ey_b  
eyiceden : eyi_b  eyyUbiler : uxbi_o  
ezaCIbaSI : eza_b  ezberciliGe : ez_b  
ezecek : eze_b  eziSine : ezi_b  
ezuero : ezu_b  fICIsI : fix_b ixcxix_o  
fIfaya : ixfa_o  fIlIpescuda : ixpe_o  
fIrsatClIGIn : atcx_o  fUgUrUnU : fux_b  
fUreya : eya_s  fUtUrist : uxri_o  
fUtuhatI : uxtu_o  faSiSt : fa_b isxt_s  
faazeh : eh_s  fahrUnnisa : isa_s  
fahrigUl : igux_o  faogqhI : ogq_o hix_s  
farnsa : arn_o  farrelIn : elix_o  
fatihini : ihi_o  faulUnU : ulux_o  
faulkner : ulk_o  favori : ori_s  
feSmekan : fe_b  federico : ico_s  
felCten : elcx_o  feldmanIn : eld_o  
fergusonda : uso_o  feriha : iha_s  
feritkOSkUnde : oxsx_o  fetUsteki : etux_o  
fiSekler : fi_b  fierro : ro_s  
figUranlarIn : uxra_o  fikstUrUmUzUn : iks_o  
filipescuyu : ipe_o  filippe : pe_s  
filmbUhne : ilm_o  filozofik : ofi_o  



Appendices 

 97

finanmsmanI : anm_o sma_o  fincherdan : inc_o  
fischerden : isc_o  fiyatn : atn_s  
fiyonk : onk_s  flIpescu : flix_b  
flOrtUnUzU : flox_b  flaSIn : fla_b  
fleischeri : fle_b  flipperIn : fli_b  
florasI : flo_b  fludex : flu_b  
fnacda : fna_b  foCada : fo_b ocxa_o  
fokotopi : oko_o  folklar : olk_o  
fonseca : eca_s  forklift : ork_o ift_s  
formdayIz : orm_o  foroozesh : esh_s  
forster : ors_o  forsythe : yt_o  
forums : ums_s  fplilerin : fp_b  
frIedrIch : frix_b ixe_o ixch_s  frakla : fra_b  
frearsIn : fre_b  freeze : eze_s  
frepaso : aso_s  friborg : fri_b  
friendship : shi_o  frischtak : hta_o  
frlayp : fr_b ayp_s  frojeeeeye : fro_b  
frunkfurt : fru_b unk_o  fuarImIzda : fu_b  
fuchsun : uch_o  fujian : uji_o  
gIcIrdadI : gix_b  gIllIgISlI : ixgix_o  
gOCUnden : gox_b oxcxux_o  gOCebe : oxcxe_o ebe_s  
gOClerden : oxcx_o  gObeGinden : oxbe_o  
gOkalpIn : oxka_o  gOkovadIr : oxko_o  
gOkyiGiti : yi_o  gOllner : oxll_o  
gOmUlUr : oxmux_o  gOmdUkten : oxm_o  
gOnUllUde : uxde_s  gOnderdiGinz : inz_s  
gOnlUbolun : uxbo_o  gOralIn : oxra_o  
gOrmUSUlGU : gxux_s  gOsetriliyor : oxse_o  
gOtUceGi : oxtux_o  gOteborga : oxte_o  
gOtebourgu : gu_s  gOyUnC : uxncx_s  
gOzOrenin : oxzox_o  gOzUyaSlI : uxya_o  
gOzaGrIsIdIr : oxza_o  gUCalp : gux_b uxcxa_o  
gUClUsoy : uxso_o  gUftelerine : uxf_o  
gUlOren : uxlox_o  gUlUnCtU : uxncx_o  
gUlUnoGlu : uxno_o  gUmUSi : uxsxi_s  
gUneSi : esxi_s  gUniziyle : uxni_o  
gUrISIk : uxrix_o  gaCici : ga_b  
gallupa : upa_s  gangsterlerin : ste_o  
gapple : app_o  gardIrobu : obu_s  
gardrobumun : obu_o  garnett : ett_s  
garvaghy : agh_o  gaspCIlar : asp_o  
gassmanI : ass_o  gayrImenkule : ixme_o ule_s  
gayrImubah : ixmu_o  gazetesndeki : esn_o  
gazezoGlu : ezo_o  gazpromla : azp_o  
geCeCek : ge_b  geCiSimi : ecxi_o  
geaCen : acxe_o  gebrselassie : ebr_o  
gehrigs : igs_s  geniSliGIi : igxix_o ixi_s  
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geoghraphical : ogh_o  gepgenC : encx_s  
gerUstbau : erux_o  geturdi : etu_o  
ghazali : gha_b  gherasim : ghe_b  
ghinva : ghi_b va_s  giSede : gi_b  
girlste : irl_o ste_s  gitsbayla : its_o  
gjallIcanIn : gja_b  gkryye : gkr_b yye_s  
glades : gla_b  gleecGi : gle_b gxi_s  
gligorovun : gli_b  globale : glo_b  
gmbhye : gmb_b hye_s  gmyoya : gm_b  
gnesin : gne_b  goadaki : go_b  
gogoladze : ze_s  golUnu : uxnu_s  
goldberg : old_o  goldenblom : enb_o  
goldsmith : smi_o ith_s  gopinath : ath_s  
gorbaCovadan : acxo_o  gornje : je_s  
gotcheve : otc_o  gottliebe : ott_o  
gowaili : owa_o  goytisolo : olo_s  
grOnlanddaki : grox_b  grUndung : grux_b  
gracelanddeki : gra_b  grammyde : amm_o yde_s  
gramofonla : ofo_o  gravUrleri : avux_o  
grdUGUm : gr_b  greatse : gre_b  
gretchen : etc_o  gribinin : gri_b  
groenlanddaki : gro_b  groove : ove_s  
grossmana : oss_o  grotesk : esk_s  
groznyde : ozn_o  grubumdaki : gru_b  
gslilerin : gs_b  gsmhdeki : gsm_b  
gsmhsInI : hsix_o  gsmhyI : hyix_s  
gtUrmeye : gtux_b  gualtieri : gu_b  
gubbskjukt : ubb_o sk_o ukt_s  gunnery : ery_s  
gustave : ave_s  gutersloh : oh_s  
gwynneth : gwy_b nne_o eth_s  gyulay : gyu_b  
hICkIra : hix_b  hInClarIyla : ixncx_o  
hIrant : ant_s  hIrhIrik : ixri_o  
hIrslIdIr : ixrs_o  hOchsaya : hox_b oxch_o  
hOghun : oxg_o  hUcUmuna : hux_b uxmu_o  
hUcumbotlarI : uxcu_o  hUdainin : uxda_o  
hUdusu : uxdu_o  hUkumetlere : uxku_o  
hUsamettindir : uxsa_o  hUseverin : uxse_o  
hUsiyne : uxsi_o  hUznUyse : nux_o  
haCInlIyanIn : ha_b  haSimoto : oto_s  
habibullah : ibu_o  habsburglarI : abs_o  
hacIUmran : ixux_o  haciloizu : izu_s  
hagiyI : iyix_s  haguede : agu_o  
hainzlIn : inz_o  hakkInrda : ixnr_o  
hakuba : uba_s  halIdere : ixde_o  
halayi : ayi_s  halberstadt : adt_s  
hamitoGllarI : ogxl_o  hammudi : udi_s  
hampetrolU : olux_s  hamuCayIr : ucxa_o  
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hannofer : ofe_o  harClIGImI : arcx_o  
harIly : ixly_s  harbda : arb_o  
hareketIna : etix_o  harikuladedir : iku_o  
harmoko : oko_s  harryi : yi_s  
hasIlagsyih : ih_s  haselCiimkb : imk_o  
hawaide : awa_o  hazIrladIG : ixgx_s  
hdknIn : hdk_b  heSkeltraS : he_b  
hedefe : efe_s  helfried : elf_o  
hepimizn : izn_s  herCUmerC : ercx_s  
hercke : erc_o  hiCanIn : hi_b  
hillaryyla : ary_o yla_s  hillsde : sde_s  
himmetfakI : akix_s  hipnoza : oza_s  
hiraoka : oka_s  hiroSimalar : osxi_o  
hiroyasu : asu_s  hitchcockdan : itc_o hco_o ock_o  
hizzmet : izz_o  hlavacova : hla_b  
hoSbulduk : ho_b  hoffmann : off_o  
hohlbrookeun : ohl_o bro_o  holbach : ach_s  
holbrooketan : olb_o  holtmannIn : olt_o  
holzman : olz_o  homogenic : oge_o  
howInIzI : owix_o  hpdeki : hp_b  
hrIstiyanlIk : hrix_b  hrisostomos : hri_b  
hsykya : hsy_b kya_s  huasun : hu_b  
huckbaby : aby_s  hugodan : ugo_o  
hukuki : uki_s  humphry : ump_o hry_s  
huntingO : gox_s  huntsville : svi_o  
husUmet : usux_o  hutchence : utc_o  
hvidtin : hvi_b  hydeIn : hy_b  
hyundaI : hyu_b  iCaCIcI : icxa_b  
iCebilirsin : icxe_b  iCgUdUlerini : icx_b  
iCiCeyim : icxi_b  iCtimaInda : aix_o  
iGnelerine : igx_b  iIginiz : iix_b ixgi_o  
iSCilerce : isx_b  iSadamInIn : isxa_b  
iSemekte : isxe_b  iSimin : isxi_b  
iStihInI : ihix_o  iadeleri : ia_b  
ibadete : iba_b  iberian : ibe_b  
ibiSliklerini : ibi_b  ibneliGe : ib_b  
icabInIn : ica_b  iceberg : ice_b  
ickesin : ic_b  idaSIn : ida_b  
iddailarI : id_b  idealdi : ide_b  
ideology : ogy_s  idialarla : idi_b  
idolleri : ido_b  iettye : ie_b  
ifSaattIr : if_b  ifadeden : ifa_b  
igdaSda : ig_b  ihOlUlerin : ihox_b  
ihalatCI : iha_b  ihbarInda : ih_b  
ihlden : ihl_b  ihsanoGu : ogxu_s  
iiSkisini : ii_b  ikametgahIdIr : ika_b  
ikbali : ik_b  ikemetgahIdIr : ike_b  
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ikibin : iki_b  ikiyUzyIl : iyux_o  
ikonasI : iko_b  iktdarInI : ikt_b  
iktisadi : adi_s  ikvnin : ikv_b  
ilCelerde : il_b  ilCleerde : ilcx_b  
ilUzyonistin : ilux_b  ilaCladIk : ila_b  
ileSitim : ile_b  iliSiGi : ili_b  
ilkbaharIdIr : ilk_b  illerd : erd_s  
ilmUhal : uxha_o  imCnin : imcx_b  
imaginery : ima_b  imbatI : im_b  
imececiler : ime_b  imiSim : imi_b  
imkbda : imk_b bda_s  imonun : imo_b  
inOnUde : inox_b  inOnizmi : oxni_o  
inSaasInI : in_b  inaClara : ina_b  
inanClIlara : ancx_o  inanCyI : yix_s  
including : inc_b  ineGiydi : ine_b  
inegOle : egox_o oxle_s  ingrauya : ing_b  
iniSiyle : ini_b  inkIlp : ixlp_s  
insanl : anl_s  internetcafe : afe_s  
interpole : ole_s  intibaI : aix_s  
intizami : ami_s  intranetin : int_b  
ipbUken : ip_b  ipekCiden : ipe_b  
ipiltilere : ipi_b  ipoteGinde : ipo_b  
irSadi : ir_b  iradInIn : ira_b  
iranja : ja_s  irepoGlu : ire_b  
iridyum : iri_b  ironiye : iro_b  
irticai : ai_s  isabet : isa_b  
isbiri : is_b  isederginin : ise_b  
isidro : isi_b  iskenderunda : eru_o  
iskoClarI : ocx_o  ismmmo : ism_b mmo_s  
istanbu : bu_s  isthihbarat : ist_b  
istihdamIniS : ixni_o  istilahi : ahi_s  
itaata : ita_b  itebilir : ite_b  
itfaiyeciliGe : it_b  itiSine : iti_b  
itmgyle : itm_b gy_o  itochu : ito_b hu_s  
iuSCilere : iu_b  ivanCeviC : iva_b  
ivcanCeviCi : iv_b  ivediliGini : ive_b  
iyUzde : iyux_b  iyidereden : iyi_b  
iyonuydu : iyo_b  izahInda : iza_b  
izdUSUmU : iz_b  izindeki : izi_b  
izobilnoyeden : izo_b  jOrgen : jox_b  
jUbilemden : jux_b  jabbarIn : ja_b  
jacksonI : onix_s  jacqie : qi_s  
jakobenlerin : obe_o  janitschin : chi_o  
jaques : aqu_o  jeanmaire : je_b  
jerichowa : owa_s  jetskilerin : ets_o  
jiangI : ji_b gix_s  joachn : jo_b  
jocshka : ocs_o hka_s  johnsenden : ohn_o  
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johnstone : sto_o  jovonovska : ovo_o  
jubgaya : ju_b  jungcu : ung_o  
juninho : ho_s  jupiter : upi_o  
kICIkIrIk : kix_b  kIblesini : ixb_o  
kIbrIsi : ixsi_s  kIlIfInda : ixfix_o  
kIpIrd : ixpix_o ixrd_s  kIrcaalIC : ixcx_s  
kIrkdokuzuncu : ixrk_o  kIsagUn : agux_o  
kIvrIla : ixla_s  kIzIlOtesi : ixlox_o  
kIzIlelma : ixle_o  kIzIlorduyu : ixlo_o  
kOCekCelerin : kox_b  kOSkden : oxsxk_o  
kOlnden : oxln_o  kOpUGU : oxpux_o  
kOpeGinde : oxpe_o  kOprUlUkIlIC : uxkix_o  
kOrdOGUSU : uxsxux_s  kOroGlundan : oxro_o  
kOsice : oxsi_o  kOyaltI : oxya_o  
kOyiCi : oxyi_o  kUCUCUk : kux_b uxcxux_o  
kUCUltmemeli : uxlt_o  kUbalIdan : uxba_o  
kUfUrbazlar : uxfux_o  kUfrde : uxfr_o  
kUlUbU : uxbux_s  kUlUnk : uxnk_s  
kUlupleri : uxlu_o  kUnUCenin : uxcxe_o  
kUpUrU : uxpux_o uxrux_s  kUpurdeki : uxpu_o  
kUsUfuna : uxfu_o  kUsurunda : uxsu_o  
kaCISInIn : ka_b  kaCtIkmlarI : ixkm_o  
kaczyaski : acz_o  kadInbudu : udu_s  
kadayIfiyi : ixfi_o  kadrdo : adr_o  
kajegeldinin : aje_o  kalIba : ixba_s  
kalashnikof : of_s  kalisz : isz_s  
kalkInm : ixnm_s  kalpler : alp_o  
kamuoylarInda : uo_o  kapsamIhda : ixh_o  
kapuCino : ucxi_o  karabUkspora : uxks_o  
karamUrsele : amux_o  karayolub : ub_s  
kardUzt : uxzt_s  kardeSoGlu : esxo_o  
karlsruhe : sru_o uhe_s  kasImcOmert : cox_o  
kaslowskinin : ows_o  katIldGInI : ixld_o  
katadreuffe : fe_s  kathrin : ath_o  
katkda : atk_o  katzrinde : atz_o  
kayItl : ixtl_s  kazlICeSmenin : ixcxe_o  
kdpliler : kdp_b  kdvler : kdv_b  
keCecilere : ke_b  keCiOeren : iox_o  
keeehhh : ehh_o  kehnemuyi : uyi_s  
kenedy : edy_s  kennedynin : edy_o  
kerckhovenIn : kho_o  kesinleSeGn : egxn_s  
khabar : kha_b  khlaiwi : kh_b iwi_s  
khomitzerin : kho_b  khumalo : khu_b  
kiSibaSIna : ki_b  kimberly : erl_o  
kinetix : ix_s  kingstar : sta_o  
kirchbergerin : irc_o hbe_o  kirstene : irs_o  
kkadInla : kka_b  kkkdan : kkk_b  
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kktcdeki : kkt_b cde_o  kktcyi : cyi_s  
klUbUnU : klux_b uxbux_o  klUbede : uxbe_o  
klakete : kla_b  kleinin : kle_b  
kliSelerle : kli_b  kllanIlan : kl_b  
klonlama : klo_b  klubUnde : klu_b ubux_o  
kmamami : kma_b  knOsel : knox_b  
kndisine : kn_b  knicksde : kni_b  
knokeun : kno_b  koCCoban : ko_b  
koCoGlunun : ocxo_o  koSllarI : osxl_o  
kojima : ima_s  kokoschka : osc_o  
kokteyl : eyl_s  kokteyllerin : eyl_o  
kolejine : eji_o  kolodziejczyk : ejc_o zyk_s  
komSularI : sxu_o  komUncUlerin : omux_o  
komisyonunnda : unn_o  kompakt : akt_s  
komple : omp_o  komplesklerin : esk_o  
kompresOrleri : esox_o  konjOnktUre : oxnk_o uxre_s  
konjoktUrUn : jo_o  konnblum : blu_o  
konseptiyl : iyl_s  konseptlerini : ept_o  
konsersiyumun : iyu_o  konstruktiv : tru_o  
konulr : ulr_s  kooperatifi : ifi_s  
koreografI : afix_s  korkunC : uncx_s  
korkunCsun : uncx_o  korkuta : uta_s  
korolyo : yo_s  korsch : ch_s  
koskleri : osk_o  kosovada : oso_o  
koyiCi : oyi_o  kozlIha : ixha_s  
krIvoS : krix_b ixvo_o  krabbe : kra_b  
kreSin : kre_b  kriakov : kri_b  
krlarla : kr_b  krokilere : kro_b  
kruSCeve : kru_b  krushevc : evc_s  
kryztof : kry_b zto_o  ksIyla : ksix_b  
ksinden : ksi_b  ksslerde : kss_b  
ktarSI : kta_b sxix_s  ktiten : kti_b  
kuCaGIna : ku_b  kuSetli : usxe_o  
kuafOrUne : afox_o  kucvvetle : ucv_o  
kullanm : anm_s  kulpsuz : ulp_o  
kulubU : ubux_s  kumbernuss : uss_s  
kuopIodaki : opix_o  kupUrleri : upux_o  
kuponla : upo_o  kurita : ita_s  
kurllarI : url_o  kurukahve : ve_s  
kuruluunda : uu_o  kuruyemiSCi : uye_o  
kutlmalara : utl_o  kuttab : ab_s  
kuvOze : uvox_o  kuveyk : eyk_s  
kuveytliye : eyt_o  kuvvetimle : uv_o  
kuvvvet : uvv_o  kviraya : kvi_b  
kybele : ky_b  kyotoya : kyo_b  
kyrkostas : kyr_b  lOsemiden : lox_b  
lUbnanI : lux_b  lUgatInIn : uxga_o  
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lUtUfU : uxfux_s  lUzumuyla : uxzu_o  
laCkalaSmIS : la_b  ladyliGi : ady_o  
lahmacuncular : acu_o  lakayt : ayt_s  
lamborghini : org_o  languedoc : oc_s  
lapovo : ovo_s  laszloszabo : asz_o abo_s  
lavoirIn : irix_o  lbsnin : lbs_b  
ldpnin : ldp_b  leIxlIp : le_b ixx_o  
leeuwerden : uwe_o  lemekh : ekh_s  
lequertier : equ_o  letchkovun : hko_o  
levhden : evh_o  levinskynin : ky_o  
levotIron : evo_o otix_o  levyyle : evy_o  
lewinky : ink_o  lgcteeshde : lgc_b esh_o  
lhermitte : lhe_b  liability : li_b  
libbynin : ibb_o  liddye : idd_o  
liedholm : olm_s  lifshitzdi : ifs_o itz_o  
lights : ts_s  limuzinin : imu_o  
lipawskide : aws_o  little : itt_o  
ljubiC : lju_b  llacer : lla_b  
llisini : lli_b  llyods : ll_b ods_s  
lobiciliGimiz : lo_b  locarno : no_s  
lockeCu : ecxu_s  lojmalarla : oj_o  
lokvenc : enc_s  lombrozo : ozo_s  
lonely : ely_s  lpgyle : lpg_b  
lubich : lu_b  ludwigshafen : igs_o  
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unicretido : uni_b  unolarIn : uno_b  
unutabiliriz : unu_b  upjohn : up_b ohn_s  
uralla : ura_b  uretiyor : ure_b  
urfalIdIr : ur_b  urindide : uri_b  
uruguayda : uru_b  usUllerini : usux_b  
usalliyun : usa_b  uslandI : us_b  
usulUdUr : usu_b  utahda : uta_b  
utkanI : ut_b  uvertUr : uve_b  
uyabilme : uya_b  uyduGunuzu : uy_b  
uyglamaya : uyg_b  uyuSmadIGI : uyu_b  
uzaGIndayIm : uza_b  uzatamaaazzz : azz_o  
uzlaSIrIz : uz_b  uzunal : uzu_b  
vIplerini : vix_b  vUcudumu : vux_b  
vaCgeCerse : va_b  vakflar : akf_o  
valOrlu : alox_o  vangOlU : oxlux_s  
varoSa : osxa_s  vasiliku : iku_s  
veChelerinde : ve_b  vedrdiler : edr_o  
vejetaryan : eje_o  veldhvizen : hvi_o  
venezUelanIn : ezux_o  ventspils : spi_o  
vertigo : igo_s  viagara : vi_b  
vietnmam : etn_o  virginijus : iju_o  
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vizOrUnU : izox_o  vladimir : vla_b  
vlotomas : vlo_b  vodmoskovniye : vo_b  
volkswagendan : swa_o  vriyor : vri_b  
vuelve : vu_b  vujacic : uja_o  
vurdguladI : urd_o  vyugin : vyu_b  
wUrzburgda : wux_b uxrz_o  waelkens : wa_b  
wahlberg : ahl_o  walgrave : alg_o  
watchda : hda_s  wbcnin : wbc_b  
weather : we_b  wedgwooda : edg_o  
wembleyde : emb_o  whItney : whix_b  
wheeler : whe_b  whitaker : whi_b  
widdick : wi_b  wilfried : ilf_o  
wilmots : ots_s  windsurfCUsU : urf_o  
wladimir : wla_b  wohale : wo_b  
wolfram : olf_o  woolworths : hs_s  
worldda : orl_o dda_s  wrighta : wri_b  
wronskiyi : wro_b  wtfinin : wt_b  
wuldridge : wu_b uld_o  wyntonun : wyn_b  
xaninin : xa_b  xenephobia : xe_b  
xeroxtan : ox_o  xingin : xi_b  
xsarayI : xsa_b  yIGIlIp : yix_b  
yIldIzeli : ixze_o  yIldIzoGlu : ixzo_o  
yIlllIk : ixll_o  yOklerinden : yox_b  
yUcealpan : yux_b  yUkksek : uxkk_o  
yUrUtmUyi : uxyi_s  yUzOlCUmUyle : uxzox_o  
yUzssUzlerini : uxzs_o  yUzylIn : uxzy_o  
yaGISInI : ya_b  yakuvov : uvo_o  
yangtzeye : tze_o  yapIlacaGi : agxi_s  
yapIlm : ixlm_s  yapacaklarmI : mix_s  
yaptGIna : apt_o  yaratmlak : atm_o  
yardImlaSm : asxm_s  yardmlaSma : mla_o  
yatIrmlarI : ixrm_o  yazIOren : ixox_o  
ydkdan : ydk_b  yeGenaGayla : ye_b  
yeSilbaGOzgUr : agxox_o  yelpaze : aze_s  
yeltsinnden : inn_o  yenikOylU : ikox_o  
yerleSmS : esxm_o  yiGide : yi_b  
yiyeceGum : egxu_o  yoGrulmak : yo_b  
yoGunlGu : gxu_s  ypknIn : ypk_b  
ysknIn : ysk_b  yucatan : yu_b  
yveline : yve_b  zIkkImlanarak : zix_b  
zImbabwe : we_s  zIrhlIsInIn : ixrh_o  
zUbeyr : zux_b eyr_s  zUrefa : efa_s  
zaGranIn : za_b  zawita : awi_o  
zdarovkov : zda_b  zdravkovic : zd_b  
zebaniliGine : ze_b  zibnev : zi_b  
zivalj : alj_s  zodiaclarla : zo_b  
zubareyev : zu_b    
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