KIPS Tr. Software and Data Eng.
Vol.6, No.5 pp.267~278 pISSN: 2287-5905

Sequence-to-Sequence Modelg Olgst Q0 LE 7= XS gt 267

Automatic Conversion of English Pronunciation Using
Sequence-to-Sequence Model

Kong Joo Lee" - Yong Seok Choi™

ABSTRACT

As the same letter can be pronounced differently depending on word contexts, one should refer to a lexicon in order to pronounce a
word correctly. Phonetic alphabets that lexicons adopt as well as pronunciations that lexicons describe for the same word can be different
from lexicon to lexicon. In this paper, we use a sequence-to—sequence model that is widely used in deep learning research area in order
to convert automatically from one pronunciation to another. The 12 seqZ2seq models are implemented based on pronunciation training data
collected from 4 different lexicons. The exact accuracy of the models ranges from 74.5% to 89.6%. The aim of this study is the following
two things. One is to comprehend a property of phonetic alphabets and pronunciations used in various lexicons. The other is to understand
characteristics of seq2seq models by analyzing an error.
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QJojt= B Axke] Wgol v clapat Qdojols] wol Aol 1o} Sl olo] WEIIEE Foloby Ao e e & & A,
o] Abxdwit} AR&-8H= ¥H8-7) 5 (phonetic alphabet) AlZ~glo] than] & gojo] fis] 7|&dta gl B A v B dfdME H
g oy Hopol A da] AMEE L JE sequence-to-sequence (seq2seq) modelS ©]-&3le] Aldvith thE WS Ao WEks] Huzl )
7 g T/ *Woﬂ"i F%3 g dolE S o] &ate] F 12719 seqseq modelS FEEY o, TS AHs WE mES A% dA&
& T45% ~ 89.6%°] A5 E‘ﬁi 2 Ao Fo BEALE ggo T Kotk AA Fo] LEr|E Axvln 7 Abde] W dolE 54%
AvEE Aolx, B4, I AR AF WHY oF B4 53 seqlseq modeld] 54& AW Hi= Aol
I|RE 1 WBTIE, BHof WE, Ao 2o w39 CtkM, Sequence-to-Sequence Model
LM B gk olal| 7t Aot
FINEA = Fol AHdEe] Agsle Evlae AR
o= FY3 SA(phoneme)’t AZ v AAZ 7% vty 2o, g gl Abgske Ee7lE Al2ES IPA
= 4 9= ddojo|tHl]. 287 wEeo] o] tholo] Ak (International Pronunciation Alphabet)o]t}H1]. Table 1&
oZE A S dFe 7] AT dof "ol A o] ‘gentle’?} ‘jurisdiction'®] W& FEE oA ApxlA
g3t 38 &7] AsiA e AR TleEo] e TeTE AREEE e B AR R 71Es] 2 ol
& glojof st} meh SAAA Y ST S 2ol & Table 12] ‘ARPAbet’'2 1| Jojo] @g AHE 7[A4H
AL OFE &8 A&F FHdE 7 "olo WU 5e o2 AHEst7] st Aetd wgr|Folm, 187 ulFd
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Table 1. Various Phonetic Alphabets for Transcribing Pronunciations

gentle jurisdiction
IPA 'dzentol dsoertsdikf(a)n
JHEHI NT JH UHZ2 R AHO S D IH1 K SH
ARPAbet | o 1 AHO N

MWCD | jen-t’ Jjur-os—'dik-shan

NOAD Jen(t)l Jjooros'dikSH(a)n

& Asjstue WRRe 4% /g WA gen. w4,
W GolelA i mE AbeldlA [/ ket A £%
W)= e,

Table 3. Consonant Allophone Different from British English
and American English

rhotic consonant /r/ | realization of /t/

ARPAbet& 7} Attt o272 85 3 F%
MWCD®| 7 $el&s 7 &4 (syllable)vitt 2 &5 3
Fokth Table 1014 B nbep o] Apdwitt AR&ate W
71578 927] widd Fo dFAdAE Faer A&
o 7otk B SAAYE AT &8 A2 FHAANE
ol g ARE FHE W AR & F5759 ALE
S AR AREY] AgHE 7S ¢ Sl

Abduith Algete e derlse o
oz Wslo]l HA] gt} Table 209 dﬂ“é 2™ NODE
(New Oxford Dictionary of English) AbAolA o] ‘gem’
9] /e/= CMUdict(Carnegie Mellon University Pronouncing
Dictionary) 2} MWCD(Merriam—-Webster Collegiate Dictionary)
e /EH/ BE Je/Z iR EE wA do] ‘congress’ Y
AS-ol= /AH/ B /o/2 vlE HIATh

Table 2. Examples of Various Mapping from Phoneme /&/

gem congress
IZII?)KI)E dsem 'kopgres
(%&dﬁ) JH EHI M K AAL NG G R AHO S
MWCD ; ki
(MWCD) o e

oo 2e olfz AT HE W&IEE AgsE AR
oA shpel wesEelN e weslEE AdY wY
2 F9 9 w@el Abeed 9 E3 2L weUlE
AzEe AETG e Ade] F2 95 olg v
A wE Qdolg BREAel wel 7eE ool Ael7h
ot

o Gole] g Aol[2] F, B m=wddAE
A3 b Al el 5eA 2 Ao
) q] I % _' o] HAFukS E]—

T
gt}

D 7 A3 AN Abg e
R

L71so] gk Awe 31l A8

British English /(1) /t/

American English /r/ /t/ or /(t)/

Table 4. Examples of Consonant Allophone in
Various Kinds of Lexicons

linger hard bottle winter
NODE (IPA)
1 ha : ' 1 '
(British) mge a:d bot(a) 'winto
NOAD ‘wintor
(NOAD) 1iNGgor hard badl Winor
(American)

Table 494= F= Fol&E UFI Uve
mx o]E tF= NOAD ARdeA F&8 U5 HARE
Hw3kgitl. NODE AMAL ‘linger, ‘hard w©ole] 7%
Table 3914 Awg upe} o] 4 /r/o] Ak RS &
sk 4 Q) E=d wof ‘hottle’ PTG o]0 NOADI A
= t7F /R B71HA,
W Swiner/7F E3EH AE 2 % e

Table 5+ E&olA YelYs G o]
HEAR Aol & A A gt

AT AE AR T *V*Oﬂ’ﬂ FE IS JRE
AsoR HIAANATE BES 54 99 sequence-to-
sl 53] Eaz g
Seq2seq model> Recurrent Neural Network (RNN)Q] o
Tor 7hd Aol 9d¥E& st WE=E
FE 7 Aole] ¥EE A F e ’d%%‘ﬂ‘jrﬁ]. o]
& 93te] AR tE T57E A2ds 3]
*}ﬂoilﬂrﬂ wole} 1 iy BRE —’F 5}3’— ol& 35|

Pm

sequence(seg2seq) modelS ©]&

K:M
r°*'
o
L
fr

B oeRAE olg Fa F NS Qdug @k A,
Aol £FH0] = we ARE Aold AFOZ WA
‘ 2 7 At ol we Aol o
& B4 AvEd B4, 48 doly 432 ol§dol
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Table 5. Vowel Allophone Different from British and American English and Its Examples

want class promotion

Na?]]ﬂerriti(sll?)A) wont /v/ Kla:s Jaz/ pralmas/n /av/

1\(12‘11221'1(?;3) ‘x:;}t ;g ; klzes e/ prolmos/n Joo/
2. &AM o Mz A2 "W X Y Z’E <EOS>7F =34 u7tx] wt

Eof Witk
21 4 ®7| . =Fo A= TensorFlowoll Al Al-&3l= seq2seq model
SR Eo)E @ dole] wA AAE the B4 AAR G & olEdel W A% wIe FARAL =Y,
Huls Aol /1AM, AR 14 SolN ol Bax £ TensorFlowdl Al AlFeki= RNNel Alohbd 5 sl
AS A8 99 g A% &3 w7 ATt A8 static RNN9| Abgo & Q] &9 Az ZHolo we
Atk [6loM = FE719e] BAA 7AW S (PBSMT) HAY S ZA5AT ol AR29 &Y ol Wl
% Bee] oA B/ ABOE WAL A2US

tg [¢) %

Fatdck (712 [6]19] 7]uke] RNN <loj=dls &8-3)¢]
= 3t [8lol A+ sequence-to-
sequence ©¥E E=93AE, seq-to-seq REVIO R
Ast SA%7] Al2~"ET= PBSMTe 23 95 seq-
to-seq @& o]&ste] AT Al&wlo] 97%9 dE F
A4S Bt

2.2 Seg2seq Model
NANG L shte] 94 AR~ gE

o2 M
=)
Z,
Z,
(3
i
o2
=9
N
L
1o
jin
L)
|
=
oX,

G A7) =t

FHol= ook 2 Sequenceftofsequence 2AE 9 ¥
Y dugEe o83 o AT ARNE Aw Qr) vk
Ao sequence-to-sequence wAE AITIR AREHE
RNN¢} 0362 Al85E RNNS dAAste] F&dc} o
A7k 98 ANEAS ugd A7)0 WEgtew ey,
tzoE o] WEHFGoERE thA] Tkt Zol9
A7 el

] E

w

f—> x
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Lo
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= —3)
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Fig. 1. A Basic Architecture of Sequence-to-Sequence Model[5]

Fig. 12 ¥4 <l sequence-to-sequence =@9] =g W
HE oz EOJI—T—IL 9t} sequence-to-sequence -
4 949 AEA A B CS shuA golsoA aHE A
719 WMEHE whEo ity ng¥ A7|e] WEZRE O

e 2dedt HdS Hisletw E&%<Q RNN &8
Aste] mg AojE wAR=E FvolHE ARRFse &

A olt}4]. TensorFlow?] RNN-2 long-distance dependency

TAE ¢3tety] flste] 48 AEaE AFE dYste] g

A2t Fig. 19] A9 44 943~

<5, 10>¢ o, 948& [PAD, PAD, C, B, A’} 91 =38&

[GO, W, X, Y, Z, PAD, PAD, PAD, PAD, PAD]¢| ¥t}

3.

olo

AP 2

e

31 AR M g B4

B AT AFEE A A X = Table 6% 2t}

7} AP e 24 e 2.

CMUdict: http://www.speech.cs.cmu.edu/cgi—bin/cmudict
NOAD: https://en.oxforddictionaries.com/definition/us/
MWCD : https://www.merriam-webster.com/

NODE: https://en.oxforddictionaries.com/

7 el di 5AS 212 Aelal mY thed 2o,

1) CMUdict (Carnegie Mellon University Pronouncing
Dictionary)©= ¢F 134,000 wojol thdt Hu] ofo] -5 ALA
ox F=E A AAY] Al AEE EHoR FHHSIA
tf. @57]5= ARPAbetS AM§3te 7|&stsion, Ayt
AFA 3 2] ‘“flowers', ‘makes’, ‘picked’ 9t #Zo] & E Y
wolEo] v xEgE o 9l

2) NOAD (New Oxford American Dictionary): &t
T2 dolg: wko g FEEo] gl7] wiEe nE o]
g0l 5o v x3HEo] gtk NOAD #AAe] 7]
S5 AR&et.

3) MWCD (Merriam-Webster Collegiate Dictionary)<
mla GolE Tl Sl Abdolth o E Abdel HlE ol
g 7157F Wol 2FH Stk (B8, & dFdA F

e
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Table 6. Summarization of Lexicons Used in This Paper

CMUdict NOAD MWCD NODE
Phonetic .
Alphabet ARPAbet NOAD MWCD IPA
number of phonemes 39 42 45 49
(consonant/vowel) (23/16) (24/18) (25/20) (26/23)
avg. number of phonemes 7625 8.2514 8413 8.030
per pronunciation
avg. number of stresses 1.259% 1.24096 1.3768 0.94009
per pronunciation
avg. number of pronunciations 1069 1293 1995 1313
per entry
total number 117413 24727 24983 24458
of entries

;](j]
Nae
27158 AHgstel dole) weg

4) NODE (New Oxford Dictionary of English) A}

F2 g% wee] 548 gol EPhm Atk W%

IPAS wath

g el ool d, g, JolshEaAts dole g
I ZIFAAA &uth) Merriam-WebsterAbsE zpA) o

EA T

(1) &2 AN 2 dEe] R W58 S5
() $8 we Ang dgeo dda

A AgAE olat A5 A Ao
oele o] Tk B ATAE AAUZ olgf L&

B RS R $gs] 94 W JuE

9] dzl= MWCDe 71&5 9] 9l

[<)
= groe A
e =

Fassnh

o
=
o 2A AE2 FEEE FES A9star A WA

&3 gEAE pEwe JEe ®
AAE 25 ool T o] AuHY
ol 2% 3

= T

Table 7. Examples of Pronunciations Described in MWCD

shsle] 943 WSS ‘extended pronunciation’

iz
X
~
y
I
°

entry

original pronunciation

extended pronunciation

(a) | acceleration

/ik—se-lo—ra-shen, ()ak-/

ik—se-lo-ra-shon
ak-se-lo-ra-shon
ak—se-la—ra-shan

(b) | accurately

/a-kyo-rot-le,

‘a-k(o-)rat-, 'a-k(y)ort-/

‘a-ko-rot-le
‘a-kyort-rot-le
‘a-kort-rot-le
‘a-krat-rot-le
‘a-kyo-rot-le

(¢) | proselytization

/pra-s(o-)lo-to—'za-shen,
pra-so-li-to—/

pra-slo-to—'za-shon
pra—so-la—to—'za-shan

(d) | conference

/kan-f(o-)ron(t)s, —forn(t)s/

'kan-fo-ronts
kan-fo-rons

kan—frants
'kan-frons
do-"bre
do-'bre, da-', 'da-,
(© | debris . . e /a ‘ da-bre  'da-bre
' ‘de-bre ‘de-bre




(3) A (stress) AHE A3},
golofl A A ARE woje Fahd ouiE WEA
S W F8Eith 2y 72 Apdeid Mg 71%st
Woolyel wdg dolo] EIAZ A9 st o
5% 3tsith. Table 8 7t Wg7]s AlZ=#njt} A}
= AA 71E ot IPA/MWCD/NOADS] 7%
of FAE YA A7) dhH ARPAbete] 7%

e
2o FHell 0, 1, 2 AE B AAE FAE

=

o o <o T o [

of

Table 8. Description of Stress According to Phonetic Alphabet

Phonetic Alphabet LTy SECImGAIy no stress
stress stress
IPA/MWCD/NOAD [ L]
ARPAbet 1 2 0

Table 9. Different Usage of Stresses According to Lexicons

insignia rare rehab
. IH2 NSIHI GN |REHL |R IYO HH AEO
CMUdict | 1o A0 R B
NOAD in'signéa rer réhab
MWCD in—'sig-né-a rer 'ré—hab
NODE IN'SIQNId re X i : hab

AT E IE AR 7] AFWFES A Ak g
= 1647] el Z} 3 A

AAFATE BAE AT 59 vE FHE =HE SaA
g FASALE dE 59, ‘insignia’® A%, /IH-%-N-S-
[H-+-G-N-IY-%-AH0/¢} %], A1 ZAl(primary stress)

= /%2 A2 ZFAl(secondary stress)= /%/Z 5HE &4
A 7] w49 "= thgdl 53HE &

3} u:}. ‘rare’®] MWCD Abde] 7%

sl FAE e
¥ 27
#-R/9} o]

(4) non-ASCII codeE ASCII code® w3 shc},

5712 ARPAbets Al9jstile 5718 Al &gl6lA
AF&8HE S4E non-ASCIL codedl 7-$-7F Zth Ui A
g9 AYAE 98 non-ASCI codedl 2&7]5E ASCII
codex mjFatHct. ®gh 24 FAE FA TR Ask
& AbelE R Ul 7 Abdel diE HE A 4
3ol AR oA E Table 10 | A5
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Table 10. Examples of Normalized Pronunciations for
Inputs of seq2seq Model

insignia rare rehab
. IH-%-N-S-IH-*-G | R-EH—*- | R-IY-HH-AE-
CMUdiet | N 1y-05-AH R B
I1-N-S-11-*-G-N-E R-E2-*-H-Al-
NOAD 5 13 R-EIR |, o
. I1-N-S-I1-#-G-N-E | R-E1-*- | R-E2-*-H-Al-
MWED ) g R %-B
12-N-S-12-%-G-N-1 . R-11:-+-H-A4-
NODE 5 13 R-E2: B
4, A8 9 HIt
41 sh&Hlolel 2 HotdlolE

sk |olE FAS Table 113 2t}
Brtdole o] Aol 4719 Abde] FE o
o ZF, 1,000/ & AAsNA HrldolH 2 F+53)

:2
=

=
7 R mdlo] A wEvEvE A dvig g9
3 dAsl=rtR FrrE.

Table 11. Number of Pronunciations in Training Data

et Deita prgiﬁi:eiztioofns
MWCD(MWCD) < NODE(IPA) 44,086
MWCD(MWCD) < CMUdict(ARPAbet) 37471
MWCD(MWCD) < NOAD(NOAD) 45,549
CMUdict(ARPAbet) <> NODE(IPA) 34,664
CMUdict(ARPAbet) < NOAD(NOAD) 35,082
NODE(IPA) < NOAD(NOAD) 44,403

4.2 seg2seq model && EHA

= ATFAA OFE APE al0]7] witdd A= tE AL
Mo gV 3 R WEsy] e e BT 1279 2ds T
Saflof ghrh. 2o dFo] Hasd serHES 7 1Y
vt} §_°3H°P A RE ?L A= 7 7he] mdel tfs
JFHE &t

AAE F 8 A5 el

Table 12 seg2seq model®] EPOCH# S 4002 143}
1 learning rateE WSIAIA 7MY S Avte] JEEo
t}. Table 13 learning rate2 0.1, 0.013 0.05Z 314 A7]

i EPOCH+E 587 3% Ao|r}
Table 14+ seq2seq 229 layer o W& A&Eolt}
layer 71 29 W) 71 $& A% maAT
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Table 12. Accuracy According to the Parameter ‘learning rate’
with 40 EPOCHs

learning rate Accuracy
0.01 82.9
0.05 87.3
0.1 86.4
0.3 84.5
05 84.9
0.7 784

4.3 Seg2seq modele] M F7|of 2 Ms HlW

27l A A3 vlel 7o) seq2seq modelS 4 Zol9
Aol 2 Qs wAE HAser] $lste] HAYSE AR
Table 15% seq2seq model 8t Al WA A7|o wl& A%

& gungh dgol AgT AAAAS Ly Dol 3~
167] &9 W91 AHaich Hohelelg 10007 %, 5077 ]
ASols QAMAT BAND Bel o7k FAR
A A5 59 ) Hg Ee A5E wth

44 Seq2Seq model2 0|23t At5 €3S HE Hs

42743} 4349 ARz RE HF ol AHEE e E
= g3 2t} Seq2seq model?] hidden layer unit 7=
50, 249 layerv 25 A3 WA JlgE 55 ALE-S)
Stk Zdof e} learning rate®} EPOCHF=+= 0.01, 1609,

T 005 50 ARESHTE Batch 27]E 32, learning
rate decay:= 099 A}-&35it).

Table 162 A3 A3 2 mde] AHFEo|t), NOAD
(NOAD) — MWCD(MWCD) #gto] 74 = 5
2ith. Wk NODE(IPA) — CMUdict(ARPAbet) W gho] 7}
x]— \/1—_0_ A—L‘:P_ y_cd\;]_

Table 17 Abd Attt s 5o Hghs wlag
Aot} NOAD(NOAD) — MWCD(MWCD) ®#3gto] 743
2 TS BAY F APAS BEF uE o] B3-S )
&35kl oA TP FAMETE e ARdeldt) WO
NODE(IPA) < CMUdict(ARPAbet) W8 Ax7} 7} v
Aes BAed, ol 9% dol& vF= NODEZ} 2%
A7t 89l 3915 BT AA e S BokS W, v 9
ole} Q= cdole] Aol WSl Ao A

ol

o},

Table 182 Table 162 W] AAARH 3} SAAbAE =
e Gidg |l Aol Soldk H2 AAAH =2 CMUdict
S AT A M 22 4TS B v B R
o] CMUdicte 7H w2 455 B9tk CMUdict= 471 A
A, 7P A& 245 A8 ARPAbeto. 2 7]&E o]
gon, e g ALLE e Hd T4 NFEE Fiot TS
EAANAE A 2 SAAHY B 9 EHT 4 F
T dA g B AFEAERE 0 AFAE A de
A 2 vk AR £ 9 §old Aozt FAT
T Atk

Table 13. Accuracy According to Parameters ‘learning rate’ and ‘EPOCH’

leargl;)}(g)cr}alte / Accuracy leargl}r)lgcr;te / Accuracy learggl(g)gﬁte / Accuracy

01/20 80.2 0.05 /40 87.3 0.01 / 40 829
0.1/30 86.1 0.05 / 50 87.4 0.01 / 60 85.1
0.1 / 40 86.4 0.05 / 60 85.9 0.01 / 80 86.9
0.1/50 86.0 0.05/ 70 873 0.01 / 100 86.9
0.1 /60 86.3 0.05 / 80 86.3 0.01 / 120 87.1
0.1 /70 86.2 0.05 /90 86.4 0.01 / 160 87.9
0.05 / 100 85.5 0.01 / 180 874

0.01 / 200 86.5

Table 14. Accuracy According to the Number of Layers of
seqzseq Model

Table 15. Accuracy According to the Number of Buckets in
seqzseq Model

number of layers Accuracy
1 86.1
2 87.9
3 86.9
4 83.3

number of buckets Accuracy
Bucket-2 884
Bucket-3 845
Bucket-4 879
Bucket-5 89.2
Bucket-6 89.1
Bucket-7 88.7
Bucket-8 89.1
Bucket-9 88.1




Table 16. Accuracy According to the Models

Sequence-to-Sequence Modelg 0=

NODE(IPA)=

AA AT BAAL A

ot Q0 g3 V= Ais H

213

BRI e %

[¢]

learning rate S 2354, NODE(IPA)ZF b8 AMd T &2 g0 Hgoj9]
Model Accuracy - = 1.0 = -]
/ EPOCH EAS ga gl7] Wito g gotHt)
MWCDMWCD) —
1 NODE(PA) 813 0.01/160 45 o8 Ha il
MWCDMWCD) — B oA A= zF AbA W 3kl S o== Bz R
2 CMUdict{ ARPAbet) 82.0 0.01/160 2 HoAe= 7 ; }L_ A3kl i3] S H/FE EAE 2tk
MWCDMWCD) — Mg Be RS A EE LR giEiA o o] &
3 NOAD(NOAD) 87.8 0.01/160 =39},
4 | CMUdict(ARPAbet) — 797 0.01/160 ZA e Hv RsE gy A B Aol Aol
NODE(IPA) ' ) apel 7 U= O HE on| i)
. CMUdict‘(ARPAb‘et) - 889 0.01/160 2L oFE wsE w3 A I3 Alolo] Alg
_ MWCEDOIWCD) d 2o Az thE 498 ojna
g | MIdaATbe 876 0.01/160 BE 9 Fe F2 ol vp T FUF Fa7h N
NODE(IPA) — A Yeygs 75 oueit
7 NOAD(NOAD) 82.1 0.05/50 Ae 9RE A4S St wANYAL 4 E= Al
g NODE(IPA) — 5 0.05/50 H A5 ougt}
' CMUdict(ARPAbet) i ' Table 19%= 7} £2 A58 /M @& d5& 2 ¥
9 1\?\%12]13)((115[[3\)7@‘;) 238 0.01/160 o i3] 1 L FE B Aot} 1 edit-dist LF =
NOAD(NOAD) A dgy 2do] A w& AR Al(edit distance)
10 NODEPA) ~ 779 0.05/50
Table 19. Error Analysis of Pronunciations Generated from the
1 Pﬁ@gg}?/g\?&; 89.6 0.05/50 Best and the Worst Models
NOAD(NOAD) NODE(IPA)
12 NOAD(NOAD) — 815 0.01/160 — =
CMUdict(ARPAbet) MWCDMWCD) | CMUdict(ARPAbet)
error with
L 79 176
) , 1 edit-dist
Table 17. Comparison of Average Accuracies of edit- Sh
Bi-directional Models dist | Srror wit 17 56
length 2 edit-dist
Bi-direction model Accuracy error with 8 23
3 or more
NOAD(NOAD) < MWCD(MWCD) 88.7
total number 104 955
CMUdict(ARPAbet) <> MWCDMWCD) 8.5 of errors
CMUdict(ARPAbet) < NOAD(NOAD) 846 —
nsertion 5 43
NODE(IPA) < MWCD(MWCD) 82.6 error2) *
NODE(IPA) <> NOAD(NOAD) 80.0 edit deletion 9 14
kind error
NODE(IPA) <> CMUdict(ARPAbet) 771
replacement 7 169
error -
Table 18. Comparison of Average Accuracies According to the "
Same Source and Target Lexicons. ) 19 (18.3%) 48 (18:8%)
Model Accuracy vowel
- replacement 37 (35.6%) 118 (46.3%)
CMUdict(ARPAbet) — 854 type error
of —
o MWCD(MWCD) — 83.7 error repetitive 0 14 (5.5%)
NOAD(NOAD) — 83.0 error
consonant-
NODE(PA) — 80.1 related 30 (28.8%) 8 (2.0%)
— MWCD(MWCD) 87.4 error
— NOAD(NOAD) 85.3
to 2) o] EollA AFI/AMA/LA Q5= A 5= AL EATE AF/AHA A
— NODE(PA) 06 A 25 FRaAN ALASLE.
— CMUdict(ARPAbet) 79.3 3) o] HqellA &F THE B v 7@ THY LHN dE A9

E)
E)
>
=)
&
o2
Ol
e}
38 of
o
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(1) NOAD(NOAD) —
BEE&uA o 3170 F 20707}
oz WAEgT} Table 20& ESuA S5 oAt
NOAD?] &4 /o/= MWCDOA F 718 A& b8 &4
2 wjgo] 7hEsieth o] wigg Rdo] shpaluA ARH A

g AP A7t A LR PRE

AR 8.

MWCDMWCD) ¥t
w4 o/l g Z5E vl

Table 20. Examples of Vowel-replacement Errors in
NOAD(NOAD) — MWCD(MWCD)

D=2A/AZERI0 & HIOIH 33 M6z XM5=(2017. 5)

IATS i3
g 9 {9t} Table 2101] AL uA Q579 dAE RBelt

(2) NODE(IPA) — CMUdict(ARPAbet) %13t
o] Wale WA WA 7 G AES nol Aol

o 714 Mg FEHA AL RS Fo|t)h gy b
EQF7F &g AY viAge] NG/ 471 B8 Es B¢
ATt Table 2201 S dAE RHRIY. 5ol Fw3] o F
oA B3 Aol F2 dAE oFE detEl o w
EQF7F NG/ 549 A5t dAst=Ad daixes 2
ol§& shetar] ofeglrh
Table 22. Examples Repetitive Errors in
NODE(IPA) — CMUdict(ARPAbet)
CMUdict CMUdict ..
entry NODE (truth) (model) description
feclin it/ /F-IY1-L-1 |/F-IY1-L-IHO | /NG/
s S Ho-NG/ -NG-NG/ repetition
. e ey | /K-THI-NG- | /NG/
king /kiy/ /K-TH1-NG/ NG/ repetition

entry NOAD 1\(/272&11)) ?r/ilvgill)) description
rusk /rask/ /rosk/ /risk/ ﬁzgla;;é;/t
elate /olat/ /i-1at/ /o-"lat/ fo/ vs. /i
modest |/méadest/ |/ma-dest/ |/ma-dist/ |/o/ vs. /i/
seclude |/sa'klood/ |/si-klid/ |/se-klid/ |/o/ vs. /i/
demean |/de'men/ |/di-‘men/ /di-‘men/ | positive
jump /jomp/ /jomp/ /jomp/ positive

3, NOAD(NOAD) — MWCD(MWCD) W koA Eo]
3 BEo 0 FI 28% o] A& YE Holth
Table 494 Hol nke} o] NOADE 27 ‘v'9] wgo] /d/
2 93tEE A$7F AFdol %3k o] 2ltd. NOADNOAD)
— MWCDMWCD) ggdlolEdA &4 /d/E IUE /d/
2 o Aeo /2 He 5 A9 A F4E Y
Elytt} Table 199 AH-&9.F 3071 %, 2471 NOAD®] /d/

Table 21. Examples of Consonant-replacement Errors
in NOAD(NOAD) — MWCD(MWCD)

MWCD MWCD | descriptio
entry NOAD (truth) (model) n
/d/ vs.
o o L Vars
paddy /'pade/ /'pa-de/ /'pa-te/
replace—
ment
cotta /kads/ /ké-to/ /ka-doa/ g Ve
comedy | /kimode/ | /ki-mo-de/ | Aici-mo-te/ | V>
sweater /'swedar/ /'swe-tor/ /'swe-dor/ ;S// vs.
songwriter | /sONGyridar/ | /'son-ri-ter/ | /sop-ri-ter/| positive
girder /'gordar/ /'gor-dor/ /gor-dor/ | positive

AA 2579 46% ol A REwAE NODE9 &4
/1/7F CMUdict®] /AH/¢} /IH/Z wi8= 1 &4 /o/7} /AH/
o} /ER/Z wjg s wr] A3k 7o)t} Table 2301 oJAZ
Bl

Table 24 AA Abd W3 =
Al Ak Aol

ol Ahge] ¢} %

kil

rlr
mln

Table 23. Examples of Vowel-replacement Errors in
NODE(IPA) — CMUdict(ARPAbet)

CMUdict CMUdict .
entry NODE (truth) (model) description
/AH/
Al i/ /F-TH1-L-AH | /F-IH1-L-IHO | vs. /IH/
b D 0-P/ -P/ replaceme
nt
v /B-R-AE1-K-| /B-R-AE1-K- | /AH/
bracket | /brakt/ |y p AHO-T/ vs. /IH/
fin fw/  |/FHIN/ | FIHIN/ | positive
lkeaar-MeA | K-AAT-M- Ny
comedy | /komidi/ HO-D-TY0/ AHO-D-TYO/ positive
. , ACTHILER | A-m1-L-aH| AT
miller /milo/ o/ o vs.
/ER/
. JK-AAL-T-A | /K-AALT-E | /A
cotta /kota/ HO/ RO/ vs.
/ER/
hurt /ha 1t/ /HH-ER1-T/ | /HH-ER1-T/ | positive
extra /'ekstra/ /EHL-K=S-T-| /BHI-K-S-T~ sitive
R-AH0/ R-AH0/ po




Table 24. Error Analysis of Pronunciations Generated from the
Model Between CMUdict, NODE and NOAD
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Table 25. The Number of Common Stresses According to
Pair of Lexicons

CMUdict(ARP | CMUdict(ARPA | NODE(IPA)
Abet)>NOAD( | bet)>NODE(IP | —NOADNO
NOAD) A) AD)
error with
1 edit-dist & 132 129
edit- error with
dist | o ecli-dlist 52 b 3
length -
error with 7 23 13
3 or more
total
number of 124 203 179
errors
msertion 4 12 25
error
edit deletion
kind error 9 21 R
replacemen 59 155 7
t error
stress 54 30 o
exror (43.5%) (g | B0
type vowel %6
0, 0,
of replacement (99.0%) 117 (57.6%) | 38 (21.2%)
error
error
consonant- 7
0,
related (5.69) 3 42 (23.5%)
error

(1) CMUdict(ARPAbet) — NOAD(NOAD) 3}

M e BES AAE 277 A LRtk CMUdict
s} NOADS) #& 3 dHd A /A+E 126, 1.242 247 1)
Zzslth. ey Table 25004 B wpel o] CMUdict®t

number of CMUdict "NOAD / CMUdict "\NODE /
stresses NOAD NODE
2 232 /276 20 / 22
1 673 / 717 715 / 971
0 0/7 0/7
incompatible 9% 65

Table 27. Examples of Various Mapping from /AH/
According to Lexicons

to
NOAD | MWCD

fillip /F-IHI-L-AHO-P/ | ‘filop fi-lop frlip

entry from CMUdict
NODE

bazaar | /B-AHO-Z-AA1-R/ | bazar | be—'zir | baza :
backup | /B-AE1-K-AH2-P/ | baksp | bak-op | 'bakap
(2) CMUdict(ARPAbet) — NODE(IPA) W3}

ol MBe A4 wewA oRsk WA Lol W ol ¥

Attt o= 7 AR B 7oA AMESE Sa S
7} v27) witoz ddEth, CMUdict7) AHE-8hs 337 &
ARPAbet®] 3970 $4(phoneme)E, NODE®| IPA7} 497§
o] ez Alge) oa Ao x].o]7]. Thokst ujg e s
o] ¥ 4= Ut} Table 279 A= %}-F]E‘:’q CMUdicte] =4~
/AH/+= NOADSF MWCDolM = B5F /o/Z wH ==y uF

o

1:!10 rﬂ

rlr

A, NODEoIM+&= Al 714 2% t& dgo 2 ngF
B 5 itk oo} 22 gy o R <ls] NODES| 4%
WA QF7F AA 47% o)F BAE Aoz ket

Table 282 CMUdict —> NODE ®gold RSud 97
7} 2AE d A geldh

(3) NODE(IPA) — NOAD(NOAD) %%t

NOAD®] 73, %47} dlele 100074 & 24 A7k A= o NODE(IPA) — NOAD(NOAD) ##oAE 2&2 77t
2 dge] %70 Yebsth. CMUdictsh NODES] A5-e= 3 q7e] 235%2 #Aat}, Table 37 Table 4914 A3
Aoz e F22 4o, NODE®] 4% 37} dlo] npol o] = oJo] NODEE &4 /e Agsls =A<
HJ 97% o]/do] shtbe] M-S Zva §17] wiiel] 23] Zka1 glow nj= o] NOAD:= M/E /d/Z F3AA #e
AA LF77E AR R T Abdel vl WA YERT o A7t v XFgEo otk o]d o] f=E F WA
Table 26¢] CMUdict — NOADelA] &A1& FA] Q.79 /S BA o5 A/, /) WA 27T T BAE Y
dRE s Table 299 ellA] QH-= BT}
Table 26. Examples of Stress Errors in CMUdict(ARPAbet) — NOAD(NOAD)
. NOAD NOAD ..
entry CMUdict (truth) (model) description
. . While CMUdict has 1% and 2™ stresses,
photon /F-OW1-T-AA2-N/ /fotan/ /fotan/ NOAD has 1% only.
. . _ While NOAD has 1% and 2™ stresses,
prefix /P-R-IY1-F-IHO-K-S/ /pré fiks/ /prefiks/ CMUdict has 1% only.
afterglow /AE1-F-T-ER0-G-L-OW2/ | /aftorglo/ /aftorglo/ NOAD generates two 2 stresses.
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Table 28. Examples of Vowel-replacement Errors in CMUdict(ARPAbet) — NODE(IPA)
entry CMUdict NODE (truth) NODE (model) description
oversleep | /OW2-V-ER0-S-L-IY1-P/ Joova'sli : p/ /oova'sli  p/ positive
prolactin | /P-R-OW0-L-AE1-K-T-AH0-N/ /provlaktm/ /pralakton/ 13/ vs. a0/
replacement
lettuce /L-EH1-T-AHO0-S/ /letzs/ /letas/ /o/ vs. 1/
senator /S-EH1-N-AHO-T-ER0/ /'senata/ /'sentto/ /o/ vs. 1/
awake /AHO-W-EY1-K/ /o'werk/ /o'weik/ positive
chorus /K-AO1-R-AHO0-S/ /ko 1 Tos/ /koras/ o/ vs. /o1/
mothball | /M-AO1-TH-B-AO2-L/ /mnObo 11/ /mnBbho 11/ positive
wank /W-AA1-NG-K/ /wank/ /wank/ /a/ vs. /a/
chock /CH-AA1-K/ /tIok/ /tfak/ /o/ vs. /o1/
convoke | /K-AAO-N-V-OW1-K/ /ken'vask/ /kon'vask/ /o/ vs. /o
crotch /K-R-AA1-CH/ /krot[/ /krotf/ positive
Table 29. Examples of Consonant-related Errors in NODE(IPA) — NOAD(NOAD)
entry NODE NOAD (truth) NOAD (model) description
yarn /ja 1/ /yarn/ /yéan/ /r/ deletion
sigma /'s1gmo/ /'sigma/ /'sigmer/ /r/ insertion
nard /na :d/ /nérd/ /nérd/ positive
politic /polrtik/ /palotik/ /palodik/ N s, /d/
replacement
waiter /werta/ /'wador/ /'wadar/ positive
Table 30. Accuracy and Type of Errors According to the Models
Type of errors
Model A 4)
ode ceracy stress fiSey repetitive consonant-related
replacement
1 MWCD(MWCD) 187 28 88 5 7
— NODE(IPA) (81.3%) (15.0%) (47.1%) (2.7%) (3.7%)
9 MWCD(MWCD) 180 56 82 1 3
— CMUdict(ARPAbet) (82.0%) (31.1%) (45.6%) (0.01%) (1.7%)
3 MWCD(MWCD) 122 41 30 0 11
— NOAD(NOAD) (87.8%) (33.6%) (24.6%) (9.0%)
CMUdict(ARPAbet) 203 ] 117 2 3
4| NODE(PA) (79.79%) 0 (1480 (57.6%) (1.0%) (15%)
- CMUdict(ARPAbet) 111 29 46 0 4
° | - MWCD(MWCD) (88.9%) (26.1%) (41.4%) (3.6%)
CMUdict(ARPAbet) 124 , o
6 —» NOAD(NOAD) (87.6%) 54 (43.5%) 36 (29.0%) 0 7 (5.6%)
NODE(IPA) 179 a0 (91 50 1
7 . NOAD(NOAD) 821%) 52 (29.1%) 38 (21.2%) (05%) 42 (23.5%)
NODE(IPA) 25 . 118 14 .
8 | - OMUdict(ARPAbet (745%) 8 (I85%) (46.3%) (5.5%) 8 @0%)
NODE(IPA) 162 2 48
9 | S Mwepoawen) (83.82%) 23 (142%) R (1.2%) (29.6%)
10 NOAD(NOAD) 221 43 95 0 29
— NODE(IPA) (77.9%) (19.5%) (43.0%) (13.1%)
NOAD(NOAD) 104 . . .
11 s MWCDMWCD) (89.6%) 19 (18.3%) 37 (35.6%) 0 30 (28.8%)
12 NOAD(NOAD) 185 50 70 2 22
— CMUdict(ARPAbet) (81.5%) (27.0%) (37.8%) (1.1%) (11.9%)

4) B7HdlolE 1,0007] & ¢g Wde] &3 Z9 /gt Aot
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ARPAbet IPA NOAD MWCD
ch tf CH ch
hh h h h
hw (h)w hw
jh ds i i
X KH k
g g g g
ng | NG )
sh I SH sh
th C] TH th
dh d TH th
v i v v
zh 3 7ZH zh
The following letters have the same values in all systems
listed: b, d, f, g, k, I, m,n, p, 1, s, t, Vv, W, z.
ARPAbet IPA NOAD MWCD
ae ® a a
ely) er a a
ehr gor e(d)r ar
aa a: a a, a
aar ar ar ar
eh € e e
iy i: é é
ihr Tor i(o)r ir
ih I i i
ay ar i i
aa 0 a a
ow 00 0 0
ao 0! 0 0
or N .
or or
Jor
oy oI ol 0l
uh o 00 u
uh r Bar 0or ur
uw u: 00 i
aw as ou au
ah A ) 9
er 3r, 3 ar or
ah ) ) )
ah i 9, 1 )
er or ar or
y uw ju: N yil
a a
o, ® e ®, ¢
yi, Y Y e, ue
5 ON o"

5) https://en.wikipedia.org/wiki/Pronunciation_respelling_for_English




