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FORMULAICITY IN TURKISH: EVIDENCE
FROM THE TURKISH NATIONAL CORPUS !
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Abstract: Formulaic sequences attee most frequently occurred forms in a
language. ldentification of formulaic sequences in language is useful for a
wide range of areas including linguistics, second language learning, natural
language processing, etc. To identify formulaic sequencedaingaiage, the
most preferred method is to use a corpus, which may be formed from written
texts or tapeecorded conversations in the language, and count the
frequencies of sequences in the corpus. Then, most frequently occurring
sequences are examinedfittd formulas. Numerous studies have been made
to identify formulas for several languages like English. There exists only few
studies about formulaicity in Turkish and most of these studies focus on
identifying formulas in the forms of multi word units. rkish, however, is an
agglutinating language having a rich and complex morphology, therefore
formulaic sequences in affixation should be discovered. Only very limited
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studies about formulaicity in affixation of Turkish exist in the literature. In
this study, we try to discover formulaic sequences in affixation of Turkish by
counting frequent suffix {grams in written and spoken Turkish by using the
Turkish National Corpus, which is a balanced, large scale, and
generalpurpose corpus for contemporary Turkiskle list the most frequent
suffix combinations not only for verbs but also for all lexical categories like
noun, adjective, verb, and adverb for both written and spoken corpora from
Turkish National Corpus, and discuss similarities and differences in
affixation in written and spoken usage of Turkish. We observe that, we prefer
shorter suffix sequences in spoken Turkish than in written Turkish, and as the
length of the suffix grams increase, we use different formulaic sequences in
written and spoken Turgh.

Keywords: Frequent suffix rgrams written Turkish, pokenTurkish, Turkish
National Corpus

T, RKCEODE KALI P ANLATI MLAR: T, RKCE ULU
DERLEMKONDEN G¥R] N] MLER
¥z Kal ép aypadaadaldtrfdde diziler{ f or m¢ 1l | er ) bir dil de en
g°zlenen bi-imlerden olukur. Di Il deki formegl |
yabancé dil °Jregimi ,pedlojabkdal ankl ema faydal
dil deki sabit ifade dizilerini belirleyebil mel
bir derl em kull anmak v e bdlidemekérmd e Kk i di zil eri
T¢rk-eobdeki formegl |l er il e i | giul i az sayéda
-al ekxmada, T¢k-edde ekl erde yer al an for mgl
Derlembnkul | anar ak, yazéel e vegorsflzdry nI&lrik - edde
bi-imbirim dizil erritmiym s &)égaria ydaj-all @mamakt ay € :

s®zc¢k kategoekkbnmbriinasybonl a@ané slekstel enmektedir
Teéek-edde yazeleée Tg¢rekdiezdiyleergnrienn@Gbehhac ikheseadi | di ] |

bi-imbiri mzdindiulkdrairei nartteék-a vyazélé ve s°zl
formegl dizilerinin kullanél déjé g°r¢l mektedir.
Anahtar ers2kO¢kl bi -inpazgmestiga Eift ke,

T¢rk-e Ulusal Der | emi

1. INTRODUCTION

A considerable proportion of natural languages contain formulaic
sequences that are predictable, fixed, or det@d chunks (Wray,
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2002). Formulaic sedunce is defined aBa sequence, continuous
discontinuous, of words or other meaning elements, which is, or

appears to be, prefabricated: that is stored and retrieved whole from

memory at the time of use, rather than being subject to generation or

analys s by t he | angufRekinsg200@)mmar 0 ( Wr ay

As the definition of formulaic sequences implies, identification of

formulaic sequences in a language is useful for a wide range of areas

including linguistics, second language learning, natural language

processing, spell checking, POS tagging, and the like (e.g., Durrant,

201 3; G¢ngor o, 200 3; Wr avy, 2008) . Mo st C
formulaic sequences identification belong to English language (Wray

& Perkins, 2000; Wray, 2002; Wray, 2008; Biber, 2009; Bibe

Conrad& Cortes, 2004; Durrank MathewsAy dénl e, 2011, among
many others) in which formulaic sequences are in the form of multi

words or word rgrams.

One of the earliest studies for identifying formulaic sequences in

Turkish |l anguage belongs to Tannen and 3
formulas used by native Turkish speakers for certain contexts and

compares these formulas with the ones used by native Greek speakers.

As shown by Tannen and ¥ztek (1977), for |
the language and culture of the speaker change and therefore

formulaic sequences should be identified for different languages and

contexts separately.

Identifying formulaic sequences for a language is not an easy task,

however,according toDurrant& MathewsAy dénl & (2011) , formul a
can be considered as fAthe most frequent r
cCorpuso &MbthewsAygn®Enl é, 2011) . Therefore, it
to define formulas by counting high frequency linguistic combinations

from a corpugBiber, 2009; Biber, Conra& Cortes, 2004; Durrant,

2013; Simpsof/lach& EI | i s, 2010, among many ot hers)
(1990) lists formulaic expressions and routines in Turkish that are

used by Turkish native speakers by using a dataset which is collected

by taperecordings of naturally occurring conversations. Formulaic

sequences are identified by analyzing the conversations and listing the

most frequent sequences, which consistiexdcal n-grams, in the
conversations (Dojan-ay, 1990).

r
e
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Dal k& It e bi 04)(ideritify most frequentexical n-grams in
Turkish by using a corpus which is collected from 12 different
websites that include websites of newspapers, magazines, bookstores,
etc., and has about 50 million words. Statistical analyzes for one, two,
three four and fivegrams are made and it is observed that the most
frequent ngrams are one and twgpams, the frequency of larger
grams decreases exponentially as n increases which indicates that a
word cannot be used in every position in a sentence of wahat

| anguage&q il k éd ®04) .

When studies to identify formulaic sequences for Turkish language
are analyzed, we have observed that the aim of these studies is to find
formulaic sequences in the formlekical n-grams. However, Turkish

is an aglutinating language which has a rich and complex
morphology. New words can be derived by attaching derivational
suffixes to a root. Therefore, it is possible to find formulaic sequences
within single word units.

Formualicity in affixation for Turkish hasot been studied widely.
G¢égngeor (2003) gives some statistics about
maximum, and average suffix length; minimum, maximum, and
average number of suffixes in a word for a corpus compiled from
several newspapers, periodicals, and & f@vels. Durrant (2013)
provides more detailed analysis for 20 most frequent verbs including
syntagmatic association betweefiectional suffixes, fixed sequences

of suffixes, and associations betwegparticular lexical and
grammatical forms for a corpusllected from 7 online newspapers in
Turkey. Apart from the existing studies, in this study, our aim is to
show formulaicity in affixation for both written and spoken Turkish
by using the Turkish National Corpus (TNC), which is a balanced,
large scale, rad generapurpose corpus for contemporary Turkish
(Aksan et al., 2012). We list the most frequent suffix combinations not
only for verbs but also for all lexical categories such as, noun,
adjectiveand adverb for both written and spoken partshefTNC;

and then we discuss similarities and differencetheaffixation in
written and spoken usage of Turkish. We also compare suffix
combinationn the basis dexical categories.
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2. TURKISH NATIONAL C ORPUS(TNC)

TNC (Aksan et al. 2012) is a balanced)arge scale, and
generalpurpose corpus for contemporary Turkish. It has
approximately 51 million words and follows the framework of British
National Corpus. To develop TNC opsaurce software are used for
specific tasks; as aaxamplePHP is used for gphical user interface
implementation, MySQL database management system is used for
storing text contents, Perl scripting language is employed for index
construction and some statistical computations. TNC is a free resource
for noncommercial use. To usthe TNC, a user needs to have a
username and password which are provided by the system
administrator, then the user can ask queries about usage of words and
suffixes over the corpus and the results as well as statistical analysis of
the results are also @w as the output.

The corpus covers Turkish documents from a period of 20 years (1990
- 2009). Balance of the corpus is achieved through a wide range of
text categories it covers so that 98%tloé TNC consists of written

text and the remaining 2% consisbf transcribed spoken data.
Number of words irthe TNC is computed as 50,086,419 for written
corpus, and 998,383 for spoken corpus. Number of distinct words is
found as 1,316,462 for written corpus, and 114,044 for spoken corpus.
Number of word stems 61,437 for written corpus, 13,429 for spoken
corpus. Domains of the documents that form the corpus and thei
ratios are presented in Table 1. Numbers of documents for each genre
are given in Table 2.

Table 1L Domain of the documents in TNC

Domain Ratio

1. World Affairs 20.05 %
2. Imaginative 19.22 %
3. Leisure 14.96 %
4. Social Science 14.55 %
5. Commerce and Finance 9.21 %
6. Art 7.50 %
7. Applied Science 7.19%
8. Belief and Thought 431 %
9. Natural Science 2.96 %
TOTAL 100 %
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Table 2. Numberof documents in TNC

Genre # of documents
Unprinted written text 471
Scientific prose 2142
Unscientific prose 774
Written Part Other printed written text 520
Newspaper 469
Fiction & poem 678
TOTAL # of documents 5058
Spoken Part Conversatiao & other 457

3. SUFFIX N-GRAMS

In this study, first of all, we list the most frequent suffegrams by
counting their frequencies in both written and spoken parts of the
TNC. After that, we compute number of suffixgnams for each
lexical category ike noun, adjective, verb, adverb, etc. Then, we
discuss similarities and differences in affixation in written and spoken
usage of Turkish.

An n-gramis acontiguous sequence pftemsfrom a given sequence
of text or speech. As an example, suffixgnans for the word

fiaml mekdree | isted in Table 3.
Example al mekt é al VB perf+vi+past+3s
Table 3.Suffixnrgr ams fak mawotr & 0
1-grams 2-grams 3-grams 4-grams
perf perf+vi perf+vi+past perf+vi+past+3s
vi vi+past vitpast+3s
past past+3s
3s
As shown in TablmEgkhast ieuworsdffii xes and

suffix forms a 1gram, therefore from the word, we can find four
1-grams. Any adjacent two suffixes form ayéam therefore there are

three 2grams. Consecutive three suffixes are called3gram, as

shown in the table we have twegBams, and finally as we have only
four suffi xelsm@ wwe hhea viegradhdrigitione 4
not possible to have longer suffixgnams from the word. For all
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distinct words extracted fromte TNC, we list all ngrams, and count
their frequencies in the corpus.

First of all, we compute all-§rams in the TNC. As shown in Table 4,

in the written part of TNC we have 86 differentgdams; in the
spoken part of the TNC we observe 77 differeigrdms.When we
compare these two values, we can conclude that in spoken Turkish,
we do not use some suffixes which are only used in written Turkish.
In Table 4, numbers of the expected and the observed stgfiams

are also presented. We compute the expectddgevfor an rgram,
where n is greater than 1, by computing the number of all possible
distinct ngram sequences from the observedrdm values in the
written and spoken parts tifie TNC. In the observed column of the
table, numbers of distinctgrams tlat are observed in the corpus are
presented. As shown in the table, from 86 different suffixes, it is
possible to generate 86*86=7396 distinagrams, if repetitions of the
suffixes are allowed, however, we only observe 983 different suffix
2-grams in thewritten part of the corpus. This shows that suffixes are
not attached arbitrarily; there is a formula to combine them and form a
Turkish word.In short, the combination of suffixes follows the rules

of morphological suffix orderingn Turkish.According b Table 4, for

n values which are greater than or equal to 5, as n increases, the
number of unique suffix-grams decreases sharply. When written and
spoken parts of the corpus are compared, we observe that in spoken
Turkish, we prefer shorter suffixgrams. In written part, we observe

up to 9grams and 4 and-§ams have the highest number of distinct
instances. In the spoken part on the other hand, the longgamm
observed has length 8, and 3 andrdms have the highest number of
distinct instancesThe length of suffixes reflects the differences in
writing and spekingThis is because of the interactjviaterpersonal

and sporgnous nature of spoken languagehich generally
necessitates shorter formwsconvey the message.

Table 4.Number of expectednd observed suffiX-grams inthe TNC
# of Distinct Ngrams in Written # of Distinct Ngrams in

N Part Spoken Part
Expected Observed Expected Observed

1 86 86 77 77

2 7,396 983 5,929 574

3 636,056 3240 456,533 1456

4 54,700,816 5837 35,153,041 1743

5 4,704,270,176 5887 2,706,784,157 1046
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# of Distinct Ngrams in Written # of Distinct Ngrams in
N Part Spoken Part
Expected Observed Expected Observed

6 404.6 * 10 3227 208.4 * 10 347

7 34.8 *10°? 1030 16.048 * 102 70

8 2.99 * 10° 169 1.235*10° 7

9 257 * 107 13 9.51 * 105 0

In Table 5, the most frequently observedrams from the written and

spdken parts of the TNC are listed. The rows in the table are sorted in
descending order according to the observed frequency of the suffix in
the written and spoken parts of the TNC. According to Table 5, the

most  frequent

possessionip3so

listed with respect to their observed fregcies in descending order

suffixes

are

the

nominal suffix shawv

and the
written and spoken parts respectively. Only the top 12 most frequent
suffixes are included in the table. In the Written colusuffixes are

third

for written Turkish.Ai Ra n k column sBaws the rankn spoken
Turkishof thefrequentsuffix of written Turkish  A's
is the mostfrequent suffix in written Turkishwhile it is the second
most frequent suffix irthe spoken pardf the TNC Similarly, most
frequent suffixes for spoken Turkish are listed with respect to their

observed frequencies in descending order under the Spoken column.

i Ran

k in

Wider tibedSpokem oolunghows the rank of the

person agr ¢

an exampl e

frequent sffix of spoken Turkishin the written partof the corpus
frequent
written Turkish is 3 so it is the third most frequent suffix for written
Turkish. As shown in the tablemost of the top 12 suies are
common both in the written and spoken parts, however their rank may

The

change.

mo st

suf fi

X

for

Table 5.Top 12 most frequent-grams for written & spoken Turkish

Row Rankin Suffix Frequency Suffix Frequency Rankin

NOoO o~ WNPE

OO B_ANFPLPWNW

Written Spoken
(%) (%)
p3s 6.13 3s 5.28
acc 4.70 p3s 4.88
3s 4.36 acc 4.19
pl 3.63 loc 3.26
loc 3.40 past 3.24
p2s 3.21 dat 2.94
dat 3.02 pl 2.88

w

=
-b\loU'INHOO

spoken

Aip3so

Tur ki
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Written Spoken
Row Rankin Suffix Frequency Suffix Frequency Rankin

S (%) (%) w
8 10 gen 2.67 imprf 2.65 20
9 19 pasv 2.06 p2s 2.34 6
10 5 past 2.01 gen 2.23 8
11 17 nzma 1.76 neg 1.87 17
12 24 p3p 1.67 1s 1.84 25

Similarly, Table 6 presents the ranks of the most frequent twelve
2-grams for both written and spoken parts of the TNC. In Table 6, it is
also observed that most of the top 12 frequent suffgrains are
common in writen and spoken Turkish, however their ranks are
different. Examples for the most frequengams from the corpus are
given below.For the written Turkish, examples for top three most
frequent suffix 2grams are as follows:

a de al VB past+3s
séraséndga&rada PP p3s+loc
yorumlar yorumla VB aor+3s

For the spoken Turkish, examples for top three most frequent suffix
2-grams are as follows:

al de al VB past+3s
al eyor al VB imprf+3s
gi di yor ilgiar d\éB imprf+3p+vi+past

Top twelve most frequent suffix@ams for written and spoken parts
of the TNC are presented in Table 7. The observedtsdgfeul3grams
are also similato 1 and 2grams. Examples for frequerigBamsfrom
the corpus are given belowor written Turkish, examples for top
three most frqguent suffix 3grams are as follows:

a ekt é a- e kAJ vi+past+3s
al enmas al VB pasv+nzma+p3s
al dej énal VB pcdk+p3s+acc
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For spoken Turkish, examples for top three most frefseiffix
3-grams are as follows

al de al Al vi+past+3s
alsa al Al vitavsa+3s
al ér sak al VB aor+vi+avsa+1p

Table 6. Top 12 most frequent@rams for written & spoken Turkish

Written Spoken

Row Rank Suffix Frequency Suffix Frequency Rank

inS (%) (%) in W
1 1 past+3s 1.41 past+3s 1.69 1
2 5 p3s+loc 1.07 imprf+3s 1.16 16
3 4 aor+3s 0.90 vi+past 0.91 4
4 3 vi+past 0.88 aor+3s 0.88 3
5 7 p3s+acc 0.83 p3s+loc 0.82 2
6 13  pcdk+p3s 0.79 past+1s 0.81 27
7 9 pl+acc 0.77 p3s+acc 0.61 5
8 12 p2s+loc 0.69 perf+3s 0.60 16
9 14  p3s+dat 0.64 pl+acc 0.59 7
10 18 nzma+p3s  0.59 imprf+1s 0.58 54
11 15 p2s+acc 0.58 neg+inp2 0.53 17
12 26  pl+gen 0.51 p2s+loc 0.51 8

Table 7. Top 12 most frequent@rams for written & spoken Turkish

Written Spoken
Row Rank Suffix Freq. Suffix Freq. Rank
inS % % in W
1  vit+past+3s 0.68 vitpast+3s 0586 1
8 pasv+nzma+p3s 0.24 vi+avsar3s 0231 9
11 pcdk+p3s+acc 0.20 aor+vi+tavsa 0.169 20
12  pcdk+p2s+acc 0.20 vit+past+ls 0.159 17

5 imprf+vitpast  0.19 imprf+vitpast 0.155 5
10  perf+cop+3s 0.19 neg+aor+3s 0.144 13
27  cont+cop+3s 0.18 neg+imprf+3s  0.143 39
15 perf+vi+past 017 pasv+nzma+p3s 0.138 2
2 vitavsa+3s 0.16 neg+imprf+ls 0.129 60
30 p3s+loc+kia 0.13 perf+cop+3s 0.124 6
29 pasv+pcdk+p3s 0.12 pcdk+p3s+acc 0.117 3
23 pasvtperf+3s  0.12 pcdk+p2s+acc 0.115 4

PR e
SREBowoo~NoubwNER
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Table 8 and 9 present and give examples for tlstrfrequently
observed suffixes in 1, 2, anegBams for written and spoken Turkish,
respectively.

Table 8 Most frequently observed suffixes (in 1, 2g&ams) inthe written

Turkish
TAG Morpheme Function Asin
pasv I/n Voice s a | ikecele izledi
nzma mA Nominalizer y e
p3p 1Arl Possessive (onl atang
p3s I Possessive (onun) lag
pl 1Ar number/person okullar
gen In casegenitive deftein (rengi)
cont mAKktA TAM_continuous gitmektedir
loc DA caselocative deftede
pcdk DIk Nominalizer gittik lerinden
Table 9. Most frequently observed suffixes (in 1, 2gfams) inthe spoken
Turkish
TAG Morpheme Function As in
imprf  yor TAM_imperfective gidiyor
neg mA Negative gitmedik
1s (Hm Person geldim, gidiyorum
past DI TAM_past / perfective gitti
perf ml K TAM_referential/perfective gitmi K
3s | Person geliyor
imp2 | , s An A Imperative gel, gekene
Asln, ¢ gelesin,
aor I, r, z TAM_aorist acémayréun,,
uyuma
avsa SA A Adverbial gitse gideydi
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Table 10 Top 12 most frequentgrams forwritten & spoken Turkish

Written Spoken
Rank Suffix Freq. Suffix Freq. Rank
inS % % inW
1 1 imprftvitpast+3s 0.16  imprftvitpast+3s 0.082 1
2 3 perftvitpast+3s 0.13  aortvitavsat+3s 0.080 7
3 6 pasvtperftcop+3s 0.07  perftvitpast+3s 0.052 2
4 4 aor+vitpast+3s 0.06  aortvitpast+3s 0.043 4
5 20 pasvtconttcop+3s 0.06  imprftvitpast+ls 0.041 9
6 7 caust+pasvinzma+p3s 0.05 pasviperftcop+3s 0.036 3
7 2 aort+vitavsa+3s 0.05 caustpasvinzma+p3s 0.031 6
8 18  pasv+val+aor+3s 0.04 perftvitpast+ls 0.031 13
9 5 imprf+vi+past+1s 0.03  imprf+vitperf+3s 0.030 45
10 13 val+negtaor+3s 0.03  aor+vitavsa+2p 0.027 55
11 25  neg+imprf+vi+past 0.02  aor+vitpast+ls 0.026 31
12 38  negtpedkt+p3stace 0.02  aortvitavsat2s 0.026 80

Table 10 lists most frequent suffixgtams forthe written and spoken
Turkish. Examples fothe most frequent grams can be given as
follows:

For written Turkish

a akt ér éaraor v recp+caus+imprf+vi+past+3s
al mexkt é al VB perf+vi+past+3s
al eénméxktaér VB pasv-+perf+cop+3s

For spoken Turkish

al eyor dual VB imprf+vi+past+3s
al érsa al VB aor+vi+avsa+3s
al mexkt é al VB perf+vi+past+3s

When the most frequently occurredglams are analyzed, the most
frequently used suffiin the 4grams areopulafi ¢ o mpeg@afiveii n e g 0
andaccusativei acc 0 f or t h esecond personesimgularar t ; and

n2so0 for the spoken part. Al t hough M@Anego
4-grams of the written part, it is not frequent in the spoken part.
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Table 11.Most frequently observed suffixes ingdams of written &
spoken Turkish

TAG Morpheme Function Asin

cop Dir Copula gitmektedir
neg mA Negative gitmedik
acc I caseaccusative deftei

2s sin, In, n Person gekin

From the most frequentgrams it is also observed that majority of
the 4grams end with the same suffix. According to Figure 1, about

68% ofthe4gr ams i n the written part end with 0
the4gr ams in the spoken parthirdend with A3s:
person singulasuffix for both written and spoken parts are the same,

however,the second person singularu f f i x fA2pd is wused only

end of the 4grams obtained from the spoken pattis is an expected
finding since the speaker addresses the hearer in speech.

% of Suffixes at the end of the top 4-grams

0,70
0,60

0,50

0,40

m Written

0 Spoken

0,20
0,10

3s p3s 1s 2p

0,00

Figure 1. Percentage of suffixes observed at the end of the most
frequent 4grams

Most frequent suffix Sgrams for written and spoken parts of the TNC
are presented in Table 12. As shown in the tablgais occur very
infrequently in spoken part as comed to the written part. Examples
for frequent 5grams are given below.

For written Turkish, three most frequent suffegams are:
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a éenméxkt é al
al méyordu al
al énéeyor du al

VB
VB
VB

S.A . ¥ZEL,Y. BEK T AK. YILMAZER

For spoken Turkish, three most frequent suffigréms are:

almazsa al
al méyordu al
al exmé al

VB
VB
VB

pasv+perf+vi+past+3s
neg+imprf+vi+past+3s
pasv+imprf+vi+past+3s

neg+aor+vi+avsa+3s
neg+imprf+vi+past+3s
pasv+perf+vi+past+3s

Table 12 Top 12 most frequent§rams for written & spoken Turkish

Written Spoken

Row Rank Suffix Freq Suffix Freq Rank
ins % % in W

1 3 pasvtperf+vi+past+3s  0.02 neg+aor+vitavsa+3s 0.0145 11

2 2 negtimpritvitpast+3s  0.02 negtimprftvitpast+3ds  0.0081 2

3 7 pasvtimprf+vit+past+3s  0.02 pasvtperf+vi+past+3s  0.0071 1

4 14 neg+perftvitpast+3s 0.01 negtimprftvitpasttls  0.0064 20

5 8 neg+aort+vitpast+3s 0.01 pasvtvaldnegtaor+3ds  0.0059 6

6 5 pasvtval+neg+aor+3s  0.01 pasv+aortvi+tavsat3s 0.0054 8

7 10 caus+pasviperfrcopt3s 0.01  pasvtimpri+vitpast+3s  0.0054 3

8 6 pasvtaor+vi+tavsa+3s 0.01 negtaor+vitpast+3s 0.0053 5

9 28 caustimprf+vi+past+3s  0.01 p3st+loctvitpast+3s 0.0052 13

10 30 caus+perftvitpast+3s 0.01 caus+pasv+perftcop+3s 0.0049 7

11 1 negtaortvitavsa+3s 0.01 negtaor+vitpast+ls 0.0043 34

12 18 val+aort+vitpast+3s 0.01  p2stloctvitpast+3s 0.0042 106

In Figure 2, a comparison of frequengms for written and spoken
Turkish is given. As shown in Figure 2, all suffixgsams in written

Turkish endwi t h suf fi x fA3s0 whereas
5grams in spoken Turkish end
5grams end with HAlso. Anot her

5-grams in written Turkish and 50% of thegkams in spoken Turkish

end wi h
wi t h

(A

Avi +past + 3-grams in bpokén Turfkishtemde
Avi.+past +1s0

mor e
th A3so,
oOobservat

5

t han

.
[

(0]



FORMULACITY IN TURKISH 15

% of Suffixes at the end of the top 5-grams

m Written
Spoken

1s

Figure 2. Percentage of suffixes observed at the end of the most
frequent 5grams

In Table 13, most frequent suffixgrams are listed for written and
spoken Turkish. As we caasily guess, frequencies of suffbgfams
decieesesfor the spoken Turkishwhen compared to thevritten
Turkish. Also, as #increases frequencies of suffixgnams also
decrease sharply both for written and spoken TurlEstamples for
three most frequw suffix 6-grams are given as below:

For written Turkish:

ad améyorau VB val+neg+imprf+vitpast+3s
al amazdal VB val+neg+aor+vi+past+3s
al amame wlt & VBval+neg+perf+vi+past+3s
For spoken Turkish :

alamazsa al VB val+neg+aor+vit+avsa+3s

al amazdal VB val+neg+aor+vit+past+3s
al améy o rald u mVBval+neg+impri+i#past+ls
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In Figure 3, a comparison of frequeng@ms for written and spoken
Turkish is given. As shown in Figure 3, about 75% of suffigr&ms
in written Turkish end with suffix A3s0 w

sufikx 6gr ams in spoken Turkish end with A3s0
sufix5gr ams end with Also, Apast 0, and Alpo.
sufix 6gr ams i n spoken Turkish end with fiacc

suffix 6-grams in written Turkish and 25% of the suffisgrams in
spoken Tur kvis+tp aesntd+ Sasofithd suffix Glrams7
in spoken Tuwikt pséhs tetnlds ograsghsh ifin suf fi x 5

% of Suffixes at the end of the top 6-grams
0,80
0,70
0,60
0,50
0,40 | Written
0,30 Spoken
0,20
0,10 I
0,00 .

3s 1s ac

Figure 3. Percentage of suffixes observed at the end of the most
frequent égrams

c past 1p

In Table 14, twelve most fregnt suffix Zgrams are listed for written
and spoken Turkish. As shown in the table, 50% of the most frequent
suffix 7-grams observed in written Turkish is not used in spoken

Turkish. There is only one suffix ~ -@ram
Acaus+val+neg+past wsed npeoken FBksd® whi ch i s
but not observed in written Turkish. Examples for frequegtams

are as below:

For written Turkish :

al enama=aldé VB pasv+val+neg+aor+vitpast+3s
al enameéewlor dVuB pasv+val+neg+imprf+vi+past+3s
al ext ér am& k¥R d ucaus+valmeg+imprf+vi+past+3s
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For spoken Turkish :

al enamaaldé VB pasv+val+neg+aor+vi+past+3s
yapél am&apo r dBu pasv+val+neg+imprf+vi+past+3s
bu

unamauhé kK VB pasv+val+neg+perf+vit+past+3s

% of Suffixes at the end of the top 7-grams

1,00

0,80 —

0,60 —

W Written
040 | Spoken

0,20 —
0,00 [
3s 1s 1p

Figure 4. Percentage of sukes observed at the end of the most
frequent 7grams

According to Figure 4, more than 90% of suffixgi@ms in written

Turkish end with suffix fA3s0 whereas mor .
7grams in spoken Turkish end wi i3so0, :
7gams end with fAlso in written ki h, 1
Turkish. None of the frequent suffixgtams in written Turkish end

with Alpo. Al s ogradgifovritieh Turkisheands50% f i X

of the suffix 7gr ams i n s p ok e nvitgastr3ksi 0%6h 5eOnd wi t h 0
of the suffix Zgr ams i n writteao rTwwvwik+# pas tetn3ds owi t h
Aneg+past+vi +past +1s o-grams Ingpokenc cur s i n suf

Turkish.

Table 15 lists the most frequent suffixgBams in written and spoken
Turkish. As shown in Table 14, theaee only seven suffix-§rams
for all spoken part of TNC, and two of thesgr@ms only occur in the
spoken part. For the written part, only one of tigg@ns occugin the
spoken Turkish, other most frequent eleven suffigr&ns only
observed in writte Turkish. The frequencies of@ams are also very
low with respect to shortergrams.
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Examples for frequent suffix-§rams are listed below:
For written Turkish:
| amtaa YBl &€aus+pasv+val+neg+aor+vi+pads
anl at él| anfaa ¥B aaus+pasv+val+neg+aor+vi+avsa+3s
| a mé k\Br dauws+caus+pasv+val+neg+imprf+vi
+past+3s

For spoken Turkish:

ka r Kk énlalardaysa k a r K &B recp+caus+nzma+pl+loc+vi

+avsa+3s

uyukul amazwa VB recp+pasv+val+neg+aor+vi
+avsa+3s

gor ¢kt ¢or ¢l grfery o MBIracp+caus+pasv+neg+impri+vi
+past+3s

In Figure 5 and 6, suffixes observed at the end and at the beginning of
the most frequent suffix-§rams are displayed.

% of Suffixes at the end of the top 8-grams
1,00

0,80 —

0,60

B Written

0,40 — Spoken

0,20 —

0,00
3s 1s 1p avsa

Figure 5. Percentage of suffixes observed at the end of the most
frequent 8grams



22

As shown in Figure 5, all suffix-§ r a ms

Turkish,

star
8-grams
Nnpas
Tur k

S.A . ¥ZEL,Y. BEK T AK. YILMAZER

end with i3s0

in spoken Turkish,-§r ams end with fA3so,
ilavsao75% &f the8grams endsvi tvhi Hipast +3s 0 i n
Turkish.8gr ams start with #fAc
t wi t h Afddpaéyo Araecpp,okan Tur

in Table 15 are examined, all of

auso and Ar

them include

v+val +negod i n hdwbver inwthei $pokenn Tur

ish suffix Anegd has

di fferent

Figure 6. Percentage of suffixes observed at the beginning of the most
frequent 8grams

Table 16.Top 12 most fregent 3grams for written Turkish

Written Turkish

Rank

Suffix
recp+caus+pasv+val+neg+aor+vi+past+3s
recp+pasv+val+neg+nzma+p3s+vi+past+3
caus+caus+pasv+val+neg+aor+vi+past+3:s
caus+caus+pasv+neg+nzma+p3s+vi+past
caus+caus+pasv+val+neg+imprf+vi+past+
recp+caus+pasv+vaz2+neg+perf+vi+past+3:
recp+caus+pasv+val+neg+nzma+p3s+cop
caus+caus+val+val+neg+aor+vit+perf+3s
pasv+val+neg+pcan+pl+abl+vi+past+3s
caus+caus+pasv+val+neg+imprf+vi+avsa-
caus+caus+pasv+val+dsub+aor+vi+past+3
caus+pasv+val+neg+pcck+p3s+vi+past+3:

Freq.%
5.2E06
2.1E06
2.1E06
1.0E06
1.0E06
1.0E06
1.0E06
1.0E06
1.0E06
1.0E06
1.0E06
1.0E06

in  wr
ils o0, fi
written
ecpo in
ki sh.
ki sh;
suf fix



