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The article describes formalization of phonological rules of Kazakh language and use it to
automate the process of formation carried the text of the material with a given phonetic units of
representativeness (in particular diphones). This is necessary, particularly in the development of
automatic speech synthesis. Using this versatile program, it will be able to get the text material with
full coverage of all possible diphones for all Turkic language.
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HEOOXOIMMO, B YaCTHOCTH, NPU pa3padOTKe CHCTEM aBTOMATHYECKOrO CHHTe3a peud. Tak,
UCIIONB3Yysl JAHHYK YHUBEPCAJIbHYI NMPOrPaMMy, MOSBUTCS BO3MOXKHOCTb MOJYYUTb TEKCTOBBIN
MaTepHal ¢ MOJHBIM MOKPBITHEM BCEX BO3MOKHBIX TU(OHOB s IFOOOTO TIOPKCKOTO SI3bIKA.

KaroueBbie cioBa: CuHTE3 peyun, TEKCTOBBIH aHAJIHM3AaTOP, 3BYKOBBIE €IUHHLBI, ITHU(OHBI,
CTAaTUCTHKA, aKyCTUYECKast 0a3a, TEKCTOBBII KOPITYC

Introduction: Many modern trends of development speech technologies involve the use of
speech databases. These databases are based on the texts in the utterance of one or more speakers.
The criterion of suitability speech serves as the base, above all, the fullness its speech elements. For
example, for the development of speech synthesis systems, such elements may be different
depending on the selected base units. Most often it is diphones or allophones. For the diphone’s
synthesis requires a database, containing all possible for a given language binomial combination of
phonemes (allophones).

In this connection with the above, particular importance is the preparation of text material in
problems where a set of necessary elements of speech pre-defined framework, especially in cases
where the resource for processing and structuring of the speech material is limited.

In addition to the phonetic representation, using a special text material provides a fixed
amount of compactness. This further allows to significantly reduce the time to process it. It is
believed that the use of large amounts of textual material completeness of the coverage units is
achieved without special selection, however, this approach inevitably arises redundant database
(which may in the future to require post-processing of the material to exclude duplicates). Also,
some rare phonetic combinations that occur at the junction of words, may not once meet. In order to
simplify and automate the process of formation of the texts with a given phonetic
representativeness, assessing the completeness of coverage of items in a given text, as well as
reducing the body text of redundancy due to the removal of a recurring items, was developed by the
phonetic analyzer text material.

A feature of this program is its versatility. It can be used for virtually any Turkic language,
even without the formalization of phonological rules, it is enough just to have a complete
pronouncing dictionary rather than spelling.

The formalization of the phonological rules of sound combinations in Kazakh
language: For the development of phonetic transkriptor were investigated orthoepic rules of the Kazakh
language. For the conveniance of the reader in this text, the rules are divided into groups that are numbered:

1. In the Kazakh language, if the word begins with vowel «e», then in front of it
pronunciation is heard as «ii», if the word starts with the vowel «o», «e», then the pronunciation in
front of them formed a brief insert «y» for example, «et» — «ifer», «OH» — «YOH», «OHEP» —
KyOHEDPY.

2. If a word begins with a consonant «p» or «J», then the pronunciation of these sounds
could be heard before the vowel «b1», «i», depending on the hardness or softness of consonants here
«r», «I» means soft analogs "«p» and «m». For example, «pac» — «bIpacy, «peT» — «ipeT», «Iac» —
«bLTACY, «JIE3/1e» — «iJe3aey.

3. When pronouncing borrowed sound «to» as part of word is heard «ityy», «iiyy»,,
depending on the hardness or softness of the other vowels in syllables. For example: «xoro» —
CKONYY», «TYKO» - «TYHYY»;;

4. When pronouncing borrowed sound «s» as a part of a word is heard «iiay, «iioy,
depending on the hardness or softness of the other vowels in syllables. For example: «asa» —
«aiaHy, «ANHs» — KoY,

5. When pronouncing borrowed sound «u» in a consisting of words heard «wbrit», «ii»,
depending on the hardness or softness of the other vowels in syllables. For example, «une» —
«iitHey, «kuHa» — «kKblitHay. If before or after «u» go according to «k», «r» with descender, that
the pronunciation of the sound «m» always heard «erity. For example, «KMbIH» — «KBIABIHY,
«KHUFAI» — «KbIMFaI.
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6.  When the pronunciation of the diphthong «y» as a part of a word is heard «yy», «yy»,
depending on the hardness or softness of the other vowels in syllables. For example, «Tybic» —
KTYYBIC», KKYTY» — KKYTYY».

7. The Vowels «y», «y», «o», «e» at the beginning or the first syllable of the word in the
pronunciation change in the next syllable vowel sounds «bp», «i» on the vowels «y», «y»
respectively. For example, «KOATBIKY — «KONTYKY», «KYJIBIH» — «KYIYH», «KYJIKI» — «KYJIKY»,
KKONIK» — KKOIYKY;

8. Vowels «y», «e» in the beginning or in the first syllable of the word during the
pronunciation changes in the following syllables vowel «e» to the next vowel «e», for example,
KYJIKEH» — KYJIKOHY», KOHEP» - KOHOpY.

9. Vowels «o», «y», «i» in the beginning or in the first syllable of the word during the
pronunciation changes in the following syllables vowel «a» to its allophone «o», for example,
«J1933aT» — «I3339TY, «IIHIAAP» — «IIHIIPY.

10. Ifin a word sounds «c» and «m», «c» and «k» or «3» and «i» meet in succession, then
instead of them is pronounced the sound of double «mmmy. Also, instead of borrowed sound «m» is
pronounced «mmmy. For example: «gocikaH» - «IommmaH», «0aciibl - OAallb»y, «CO3IIEH —
COLILIOHY, KKOLICEH»-«KOIIIIOHY, «allb»-KaLIIIbD».

11. If in a word after sounds «3» and «x» meet in succession, instead of them pronounce
dual sound «xky, if sounds «3» and «c» meet in succession, instead of them pronounce dual sound
«cey. For example: «003:x0pray - «O0KOKOPFay, €a3ChIHY - aCCHIHYY.

12. If in a word after sound «H» BcTpeuaercs «O» unu «1», then the pronunciation of sound
«n» replaced to «m». For example: «miaOep — MiMmOep», «OHBIHIA3)» — OUBIMITA3Y.

13. If in a word after sound «H» meet «», «¥», «k» or «k» then pronounce of «u» replaced
to «u». For example: «TyHI» — «TYHIY», «KAIIAHFbD» - KKALIAHFBIY, «3USHKEC» — «3bIHAHKECY,
«COHKON» — «COHKON».

14. When pronouncing the word in the composition of sound combinations M, FH, £
between two sounds is formed a brief insertion of vowels «b1», «i», depending on the hardness and
softness corresponding syllable.  For example, «memieker» — «MmemiliekeT», «OarnmaH» —
«OaFbTaly, «IFHW» — «HaFbIHBINY.

15. Uncombinable sounds found in many compound words are replaced by the
pronunciation sound. For example, «mambay» - «mamrmnay», «atderi»-«armneri», «aTkaliMany» -
«armwanman», «Kenbocbin» - «Kemmocyn», «rymmepex» - «TyOOepeK», «KOIKHUbIH» -
«KOOKBIBIHY, «KONMYIIE — «KOOMYIIO», «TYIHErI3» - «TYOHeri3», «TacOayblpy» - «Tacmayyyp» H
T.JI.

Transkriptor implemented as a program that replaces some other characters in accordance
with the rules contained in the control file. Rules are written in accordance with the each item of
orthoepic rules of Kazakh language:

1. #e=iie, #o=yo, #o=ye;

2. #pfa=pura, #nho=wur"0, #MY=bUTY, #1'o=11"9, #n'y=1mly, #n'e=inle, #Ha =i,
p~a=bIp”a, #p~o=bIp”0, #p"Y=bIp"Y, #p"o=ip”e, #py=1p"y, #p~e=ip”e, #pi=ip”,

3. aw=allyy, OHO=OWyy, YIO=YIYy, BIIO=BIAYy, YIO=YHYy, €H=€lyy, KHIO=KbIYY,
#TUIOH=Tiilyy, KUIO=KIHYYy, #HCHIO#=Cblilyy, #HKuUIO#=Kblilyy, a’uo=a’blilyy, O HI0=0"Yyilyy,
Y 'uro=y \yiyy, bI"HIO=bIblyy, o HI0=0"illyy, e’ uto=e’\yiyy, Y ‘HIO=Y"‘YHyy, 1"uro=1"iiyy,
e nro=eiyy;

4. as=ala, os—=oia, ysI=yia, bIs=bIlia, KUA=KbIia, #CUA=CBINA, #KUS=KbIHa, #MUI=MBbIIA,
#3us=3blifa, a’‘usg=a’plia, O™uUA=0"yHa, Yy ‘msi=y yia, bI“UA=bI"bIla, o UA=0"iHo, Y ‘UA=Y"YHo,
usi™a=biia’a;

5. #Mu=wmbIli, #HKu=Xblid, a“w=a’blii, O"W=0"bIH, Y U=Y"bIl, BbI"U=BbI"bIH, o U=0"M,
o u=e"li, y 'u=y" i, 1"u=1"11, e u=e"H, na=b1ii"*a, " 0=bIi"0, W y=bIIN"Y, N bI=bII"bl, 19=11"9,
uMe=ii"e, n y=1i"y, " =11\, u’e=1it"e, KW=KbIiA, FU=FbIH, HK=bIIK, HF=bIIF,
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6. a’y=a'yy, o"y=o'yy, y'y=y'yy, b"y=byy, o"y=d9"vy, e"y=e'vy, Y'Y=Y"YY,
1"y=1yy, ety=e"yy, y a=yy”a, y"0o=yy"o, y'y=yyy, y bI=yy” bl, y 9=Yy”9, y e=yy”e, y Y=Yy"Y,
Y=Yy, yhe=yye;

7. o"pEOMY, Y=Yy, 071=0"Y, Y=Y

8. o"e=o"e, Y'e=y"e;

9. 1Ma=1"g, yha=y"e, 0"a=e"9;

10. crr=mim, CK=IUI, 31I=II1I, [IC=LIII, =L,

11. 3=xXK, 3¢=CC,

12. HO=MO, HOI=MIT,

13. HIr=Hr, HF“Hf, HK=HK HK=HK,

14. ™M = MiJ1, FH=FbIH, FJI=FbLI;

15. wb=rm, TO=Tn, TK=TII, N0=nI, NA=01, k=0, TM=0M, MH=0H, cO=cm, cA=CT, KO=KII,
KI=KT, KO=FJI, KX=FK, K3=F3, KM=FbIM, KH=FbIH, KO=KII, K[=KK, KI=KT, KX=DK, K3=T3, KM=IM,
KH=TH, 3K=3T, 311=30, 3T=CT, KJI=FbLI

Each substitution rule is composed of two parts separated by a sign «=». From the left of
this sign are original alphabetic character for word recording, on the right - the characters that
should be replaced in the transcription.

For transcription of the given word consistently searches next occurrence of the left part of
rule in it. If any of it detected, then instead of it, inserted the right part of the rule.

As a transcription symbols for vowels used mainly relevant Kazakh letters. Solid consonants
are transcribed as Kazakh letters and the relevant soft consonants with the analogous Latin letters.

«#»means the beginning or end of word, depending on the location of: if«#» standing in
front of characters, then it is the beginning of word; if «#» stands after the characters, it's the end.

«“»means any characters in any number between two sounds.

Each substitution rule is composed of two parts separated by a sign «=». From the left of
this sign are original alphabetic character recording word on the right - the characters that should be
replaced in the transcription.

For transcription of given word consistently searches next occurrence of the left part of rule
in it. If any of it is detected, then it is inserted along the right side of the rule.

It is recommended that in the control file of these groups in numerical order, without
changing the order of the rules in groups, because the order of substitutions is obviously important.

Also orthoepic rules were included to transkriptor rules defining the softness and labial
consonants:

1. 96=ab, or=ag, an=ad, a3x=0v, 93=9z, oli=9j, ok=0ok, on=al, oM=om, oH=0n, SH=9(, an=af,
op=or, ac=9s, 9T=at, oy=ou, omm=ow, e0=eb, er=eg, en=ed, ex=ev, e3=ez, eii=e¢|, ek=ek, en=el,
emM=em, eH=en, eH=e(, en=ef, ep=er, ec=es, eT=et, ey=eu, em=ew, 10=ib, ir=ig, in=id, ixx=iv, 13=iz,
i=1j, ixk=ik, in=il, iMm=im, ig=in, ig=1q, in=if, ip=ir, ic=is, iT=it, im=iw, 0o=bo, ro=go, mo=ds,
HKO=VI, 30=z9, Mo=jo, ko=ko, mo=lo, Mo=mo, HO=NO, Ho=(d, Mo=f5, po=ro, CO=S9, TO=t3, yo=ua,
mo=wa, Oe=be, re=ge, ne=de, xke=ve, 3e=ze, iie=je, ke=ke, ne=le, me=me, He=ne, He=qe, ne=fe,
pe=re, ce=se, Te=te, me=we, Oi=bi, ri=gi, mi=di, xi=vi, 3i=zi, Hi=ji, ki=ki, m=li, Mi=mi, Hi=ni,
Hi=qi, mi=fi, pi=ri, ci=si, TI=ti, =W,

2. eb=eb, er=eg, en=ed, ex=ev, e3=ez, eli=e], ek=ok, enr=el, em=em, eH=en, eH=e(,
en=ef, ep=er, ec=es, eT=6t, ey=eu, em=ew, yO=yb, yr=yg, ya=yd, yx=yv, y3=yz, Yi=Y], YK=Yk,
Y=yl yM=ym, yH=yn, yH=Yq, yO=YE, yp=yr, ye=ys, Y=Y, yy=yu, yw=yw, 6e=be, re=ge, ne=de,
xKe=ve, 36=ze, lie=je, ke=ke, ne=le, Me=me, He=ne, He=(e, NI6=f6, pe=re, ce=se, Te=te, ye=ue,
we=we, 6y=by, ry=gy, ay=dy, xy=vy, 3y=zy, Ay=jy, ky=ky, ay=ly, my=my, Hy=ny, ny=qy, ny=fy,
PY=TY, Cy=sy, Ty=ty, yy=uy Wy=wy;

Let us explain marks used in the replacement rules. Latin characters in a group of 16 means
that the sound is soft and non-labial, 17 in group "2" after the consonant means that the consonant -
solid lip and in the group of 18 the number "3" after the consonant means that the consonant - soft
labial.
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In general phonetic transkriptor was about 400 rules. Similar rules have been further used
for the transcription of sounds borrowed from the Russian language, formalized in [1].

Description of the program: The program involves automating the process of forming the
texts of the material with a given phonetic units of representativeness (in particular diphones). This
is necessary for development of automatic speech synthesis. Thus, using this program, you will be
able to get a text material with full coverage of all possible diphones in Kazakh language.

Of course, we are not talking about the original generation of coherent text — we cannot
afford this machine. This refers to the layout of the text matching words contained in pronouncing
dictionary. Selection of the program will be implemented in such a way as to minimize redundancy
(repetition) of units in the text.

Thus, the program allows the following tasks:

— the generation of the primary list of diphones submitted by Alphabet;

— checking for the specified diphones in the pronouncing dictionary, and a definitive list
of the correct diphones;

— generation of mini-set of the text covering all sorts of diphones;

— evaluation of the degree of phonetic in formativeness of the words included in the text
material.

As mentioned above, the program can be used for virtually any Turkic language, without the
formalization of phonological rules, replacing the spelling dictionary to the pronouncing dictionary.
For Kazakh language, we used the spelling dictionary of 45,000 word forms.
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Fig. 2. Text analyzer’s window

The first field is displayed diphones occurring at the beginning, in the middle and at the end
of the words in the second - found only at the beginning of the word in the third - found only in the
middle of the word in the fourth - found only at the end of the words, with appropriate statistics.

By clicking on the "Full report" we get a detailed report with a set of text.
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A selection of the text carried by the following algorithm:

1. Get over the words for a particular diphones;

2. The words are divided into diphones;

3. [Each diphone in words is checked by a priority (the number of occurrences of words
chosen before);

4. Selection of the words with the lowest priority;

5. New priorities are assigned to each diphone in the selected word.

Of course, there are common diphones, for example, diphone «an» in the text set occurs
100 times, when diphone «ae» occurs only 1 time. Yet, due to the method of assigning priorities to
phonetic units, we obtain a set of text less redundant and compact.

Results:

Quantity of diphones in the primary list 412=1681;

After checking on existence in their pronouncing dictionary remained — 1003;

From them:

Meeting at the beginning, in the middle and at the end of the word — 297,

Meeting at the beginning and in the middle of the word — 144;

Meeting at the beginning and at the end of the word — 3;

Meeting in the middle and at the end of the word — 159;

Meeting only at the beginning of the word — 45;

Meeting only in the middle of the word — 347;

Meeting only at the end of the word — §;

Quantity of words in a text set — 6131,

Found at the beginning, in the middle and at the end:

a0 aB ar aj axx a3 aif ak aK aj aM aH am ap ac ar ay ad ax ai am ast 9K 9K dM OH oIl 3p JT oIl
6a 69 6e 61 60 Op Oy Obl Oi Ba Be BM BO ra re 'l 'O T'y Fa FbI Ja JIe 1K TN 10 AP AY bl Ii €B €T eI €K
€3 €K €J1 €M €H eI ep eC eT ey e el 3ka e JKU KO 3Ky JKbI 3Kl 3a 3€ 31 30 3y 3bl 31 UB UT U] UE U3 UU
UK WJI UM FH O HIT UP UC UT UX UII He 1O i Ka Ke KU KJI KO Kp KC Ky KX Ki Ka KU Ky Kbl JIa JI€ JIH JUI
JI0 JIy JIBI JIb Ma MO M€ MH MH MO My MbI Mi Ha HO HE HU HO HY HbI HI Hb HIO 00 OB OT 011 0K 03 O OK
OK OJI OM OH 00 OIT Op OC OT O() OII OO 63 6K 6J1 6H 6C Ma 1€ MU I10 TP IIC IT My MBI Il pa pd pe pu
PO Py pbI Ca C& CU CK CM CO CC CT CY ChI Ci Cb Ta T€ TH TO TP TY ThI Ti Th ya YT V€ y3 YU YK yJI YM YH
YIL Yp YC YT YII ybI yi ¥3 YK YJI YM YH YII Y YC Y5 Y3 YH YK YJI YH YP YC YT Y Yo ba de dpo dp ¢t
¢b Xa 1a Ya Y¥ 114 e MU T Iy Wb M bIO bI3 BIK bUT bIM bIH BIP bIC BIT BIII 13 1JI 1H 1p iC 11 33 3J1
5H 3P 3T 0K IOM FOTI IO ST SI SIK SIH SIp SIC SILI

Found in the middle and at the end:

au abl a0 OM OC BM Bp BC BT Bl BIO I'M I'l Fy AT €M €I €0 es1 37 3] 3M 3b WK Ui U W4 UI0 us
W ik T M WH WA dp We Wt Wy W Hbl W KK KT JI JIK JIK JI JIC JIT J1i JiE MM MIT MC MT HT HA HXK H3
HK HH HP HC HT HY HII Hs 61 em1 i pO pB pr pa PX PK P pM PH PII pc pT py pd px pu pi pix pi pb
PO TJI TM TC TT T4 YO y vy v yX ¢M (¢ 10 11k bl bIH BIK BII 1K 1K 1M 11T 1T 1y B0 BJI b€ b3 BK bM
BH bC bT b() bsl 1011 103 IO F0C IOT IO SIK 513 STH SIK ST SIM AT STy

Found at the beginning and at the end:
all ¥y 1o

Found at the beginning and in the middle:

ar ao ad o0 o7 93 9if o1 o¢ oy 651 OH Oe Oy Oy Ox Oro B3 BJI B IJI TH I'p TY FY 119 OB OV 1y €0
€X JKO JKY JKY K3 Ma ub ny bl Ui KO KB KH K6 KY Kbl KO K6 KY KY JI9 JIY JIy JIFO MO M6 MY MY M3 MIO
HY HY OF OX OLl 04 051 60 er K M ep T o1l LI IH Iy ITb PY C9 CB CJI CH €O CII CY €Y ¢} CX CII CIO T
TB TO TY TY TIO Y9 VB YK YO V4 YF YA YK Yi yT yim1 YO yT YF Y2 YK YM Y du ¢ ¢y Xe Xu X1 X0 Xp
Xy X3 IIe LY Iy Y€ Yy [Io IIK [T [IM IIH [0 [Ie I P IIY bIF bIJ bDK 10 30 3B 311 31 5K 5M 311 3¢ 3¢
100 0B I0JT IOH SII 5IX
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Found only at the end:
HEO pY ysi YBI 1Bl 1€ FOBI FO1

Found only in the middle:

aa ae ae ay a4 ar oK 00 6B Or 61 Ox 63 Ok On 6T 6¢ Orr 6u O 66 63 BO BB Br B BK BH B
BII BSI TO I'T TT IK '3 TK T'® T'C I'T IX T ¥O FI F3 FJ1 FH FO FI A0 AT OF IT K JUT IM JH I AC I A O5
€a €0 eF €¢ €M €K €6 ey ey ed el ei €3 KO XKF JKJ JKK JKH JKC KT JKII 30 3B 3T 3F 33K 33 3K 3K 3H 36 31
3p 3C 3T 3X 31 3b 310 U9 UF MK U6 WII UIIl U> Ha WO WB Wr UF ¥k W3 UK ie Wy X Wil WIm #y KT K1 KK
K3 KK KM KIT K KII K4 KIII KO KT KI K€ KXK KK KK KJI KM KH KIT Kp KC KT K KX Ki1 j10 JIB JIr JIF JIK J13
JIM JTH J1© Jip JIX JILT JTY JI JI3 MB MT' MF MJ{ MK M3 MK MK MJI M) MX MIII Mb HO HB HF HK HJI HM HII
H(}p HX HII Hb HY 04 09 0€ OU 06 Oy OY OY OBI 01 IO MB I IDK MK MK MMM T TX 11T T4 [T [T PF PXK p3
pe pp pb pst ¢O CT ¢ CK €3 CK Cp CII Cs1 TO TT TF TA ToK T3 TK TK TH TH T() TX TII TII T3 TSI VF YK VO Y¥
VY yir y3 ¥0 yx vy yio ya ys ye y¢ yx ysl ¢B pr dx dbe i dor st X6 XB XT XM XH XC XT XX XII XbI
Xb [T I 13 K T M 1T LI 9K 9K 9M 9T 94 0 M IF ] DDK K ¢ I IO I IIU b€ B0 bia
BIB BIT' bI€ bIU IO BIY BIX BII] bIY bISI iT 1] 13K 14 10 1X bB bT' bJ1 bO bIT bP bX bII b4 bIII b3 bIO F0a KK OU
KOO IOII FOY FOII 103 510 SIB SIF SII{

Found only at the beginning:

Ob BY BBI Bb ' FY I3 116 IIX JIb I3 IO K9 39 3Y 3y KO Kif KY K3 KIO KSI Mp HE 6] 19 ITh P3 Ch €3
yH YK Xy LIX IIB Iy WX Iy 3T 33K 30 3y 59X 31 0T

It is very important to know item distributions of vowel sounds in a word as in Kazakh
language the accent falls on a final syllable. It considerably simplifies and reduces diphone base.
For example, the sound O meets only at the beginning of a word and all diphones with sound
participation O have no shock analogs.

Vowel sounds meeting at the beginning and in the middle of a word sound almost equally
that also does diphone base of more compact.

Conclusion: Further development of the program involves automating the generation of
other phonetic units (allophones, Trifonov, syllables). The criterion can serve not only phonetic
(segment) text properties, but also communicative and syntactic component (for punctuation): for
example, you can specify the proportion of interrogative sentences, or sentences containing nonfinal
syntagma (by commas). Obviously, the efficiency of selection depends on the parameters of the
reference body text: the more complete and varied it is, the more informative and compact it will be
obtained on the basis of textual material.

It is also planned to automate the analysis of statistics of occurrence in the text of the speech
units of different levels: phonemes, allophones, syllables, sound sequences of words, the
development of automatic phonetic transkriptor Kazakh speech text to speech synthesizer Kazakh.
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