" BROBENRROIFN - RERVREE ~
# f-div. (BD)IicE3 <—%‘F"D’|‘ﬁ1-ﬂ$

|

] Bhattacharyya dlstance
ﬁ\ q ‘ ﬁ,’/ l
| N

| : Co : G \'FI’ 22
| S Gy > G o Ik
l G G G G

— —

il spectrogram (spectrum slice sequence)

cepstrum vector sequence

N O Y Y 2 Y Y 2t W 2
U N a0 o o N e N a N o o

\ N SSSSSOSO y




- SEOBENRRKROIER - EEMIREE -

# f-div. (BD)IcED < —FEDHEE(L

G

Bhattacharyya distance

7 ﬁh q II, / \\‘|
> G : A ' B .
: A 1 - // 1 ~\§/:‘§‘ :
C C R SIS B
C G G ¢: BD-based distance matrix

¢ 2%m (= 2iERETY) ROEERS
S 2BEEHTIIRDI—2 U v R

4

Y EE  EERER

gﬂ\ 5 CYTN I RAUER
‘A»gf Y FEREEID - RIRENED X
@ i

O 7 HVELIER L 8 H
J%%ﬁ%mﬁbt%%%%




i *Eamﬁaﬁiml%‘m RERHHREE “

| Speech S|gnal Statlstlcal structure model ]

~ Cepstrum vector sequence =
l
| L1 Ll
|

Cepstrum distribution

sequence (HMM) 8 8 8_,. .

Distances of distributions < — o

S=(Sl,sz,4=x=




" EROBENRROIFN - EERIVEREE -

¢ M B EET A DEREERR
Q " DDMEREE Z DR
Y BT EBARENES>NILFARNY —LBEICKBEED K WAREHEAN
U BT EDRTH BB (LDA) o & 2 RITEHIR
Q A7 BEEEERAERR IC &K D IREFIED M
¢ BABARSEELOEZ TERS N3 1 208 B AN H B
100 FEEEELS
AHMmEEEEX 8

S 80
= PP=120

X 60 _

E oy WM (205
g 40 SR T 17Z8HMMs

BIETTIL(20S)

. |
e
[ ]




\

Acoustic model

&
L anguage model

N

ARE S

Input speech z
v

HMM-based ASR

|
Candidate 1 Y1
|

|
Candi(?ate 2 Y2

|
Phone alignments
\ 4

Extract invariant structure

3.

|
Invariant structure

v

Y

Calculate structure score

@--

|
Statistical edge Structure score o ®(z,y1) ASR Score ¢o(z, y1)

model

p—

..........................

i Training data;

g[fairzf]a)

e gf i)

€ (f-n).\|

Reranking

€23 (&) \\;
AN

[rgﬂgr -a). /'
(SK] gr n)
€3 (an)

Eaaam \DIFH
§ BERSKEERRIOYUS VY INEICT

F

Hypothesized structure[ r ei n]
|

Statistical |
edge model elz(f e)
< ¢ (I’ |)
3
(SEN o Fo v Gu(rn)
9555559525558, e23(e-|)
i SEM of r-i 4-------9
JPLETETTeLererr e24(e-n)
ASEM of rng-esmmeroee
e (B
B S
o -
| P s | s 2 34
N ™ VIR I 2N A A
: . (4} Normalization

. T T T T T T
l Slz Siz Su S S4 Sm

v A/ \ v \4

+

b X(Xre X0Or-i X0r-n X0le-i X0le-n X0li-n
B)—L Lol 1 |

Structure score




Application of structures to ASR

G5

e

& Application to more realistic ASR tasks [suzuki+'15]
@ Digits recognition and LVCSR (dictation)

& Use of structural features in discriminative reranking

Q Str. scores and ASR scores are combined with average perceptron.

Input speech x

y
HMM-based ASR

| | |
Hypothesis y, Hypothesisy, - Hypothesis y,

Calculate f-divergences for each hypothesis

f-divs fory,  f-divs fory, f-divs for y,
l l f-divs: f-divergences l
Convert f-divergences into feature vectors
| | |
® (v,) ®(v,) . @ (Yn)
y ! y
Rerank the hypotheses
'

Best hypothesis y*

reture vector sspence | HHHH\HH LG

Phone alignment «—><

Distribution sequence

Invariant structure




Application of structures to ASR ¢

¢ Continuous digits recognition 040 1 —
i\ 038 | —=— 1=0.0002 ||
@ Language = Japanese 5o | \« 200005
Q@ Baseline = GMM-HMM ASR S oa |-
Q@ Reranking = averaged perceptron 032 | M
@ Error reduction rate = 30% e s 10 15 20 2o
# of iteration (T)

¢ Large vocabulary continuous speech recognition
Q@ Language = Japanese
@ Baseline = DNN-HMM ASR Many errors are due to

a large number of

homonyms in Japanese.
@ Error reduction rate = 5% y

_—

Table 6: CERs of the LVCSR experiment.
Baseline Proposed Relative improvement

2.67% 2.53% 5.24%

)

Reranking = averaged perceptron

©
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ZHEHDHEERBIC ’

¢ FEEBOREHAS 2T 2 RITDIESE
QXKFDERAEZEENICRAIO7LT 5,
QERDEFICKITD, PNEUGEREEUZELET 5,
¢ FEMIRMTEEICH (T SR RERE
O HEMERT —IN—ANSERXRDERDEEET I Z1E
Q FEEHIFNZEND LR,
Q BEEDEWVN=FEDEVN=EFIRDEN=FEBDZEL)

FYEELHOLERETNOBE

Y %,

by
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problem ¢
w
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O R DHREICHITD, TEVERSHUEBRET 3,
¢ HENMILMIEEICH T BIRAN L EEE
Q HEMFET —IN—ADSELXDOEFZDEETT ) =#EEIT 5,

Q 2EEII/NZEND LRV,
HeEDEW=FEDEWN=EFROEVN=FEBDE)
¢ FHREICH>IEBEETILDIEE
Q SEE BB
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Q RENE ? ERIREE 7 .
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¥ T, <cOLWS2DOHhTEE LT,
¢ ZEMDEEDHREBREIIELES(TIEVVDD ?

speaker USA/F12 x Minematsu d) Minematsu .
gender female x male O male
age 2 Y 3% (O 36
mic Sennheiser x cheap mic O cheap mic
O
AD SONY DAT X PowerBookO PowerBook
proficiency perfect A good x Japanized

Those answers will be straight forward if you think them through carefully first.
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Minematsu
Al | (Japanized)
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Minematsu
(Japanized)
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speaker

USA/F12

Minematsu

Minematsu

gender

female

male

male

age

¢?

36

36

mic

Sennheiser

cheap mic

cheap mic

recording
room

living
room

living
room

AD

SONY DAT

PowerBook

PowerBook

proficiency

perfect

good

Japanized
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¢ HEDBERRICED VW TIEEL B4l - #ie

O PEEORFMRNED KL SIRIAREICH B DO ZFLIKT 5
O BFADEFBEELLRUT, BENROBEFTZHRT 5
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Pronunciation state of S1

Accumulated distortion
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Pronunciation state of S2

Accumulated distortion
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Pronunciation state of S3

Accumulated distortion
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Pronunciation state of S4

Accumulated distortion
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Pronunciation state of S5

Accumulated distortion
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Pronunciation state of S6

Accumulated distortion
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Pronunciation state of S6

Accumulated distortion
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¢ HEDBERRICED VW TIEEL B4l - #ie
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O BFADEFBEELLRUT, BENROBEFTZHRT 5
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The current state of English

¢ It is the only language used for global communication.

@ About 1.5 billion users on earth

¢ It has the largest diversity in its form.
@ Internationalization of a thing inevitably alters its form.

@ English is not exceptional.

& Syntax, pragmatics, lexical choice, spelling, pronunciation, etc
¢ World Englishes (WE)

Q@ Three circles model [Kachru1992]

& E as native / official / foreign language Expanding circle
@ No standard pronunciation “'LE_
< AE and BE are just two examples Outer circle

Inner circle

=< 23% "

of accented Engilshes.




Pronunciation diversity of WE

¢ Is English a useful tool or a troublesome tool?
Q@ A useful tool for global communication
¢ The same language can be shared by all.

Q@ A troublesome tool for global communication

o Its pronunciation diversity can cause miscommunications.
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Diversity of pronunciation in WE

¢ What is the minimal unit and how many units?

Country?

l

Region / State / Prefecture?

l

City / Town / Village?

l

Individual!

[Kachru 1992]
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Diversity of pronunciation in WE

¢ What is the minimal unit and how many units?

Country?
Region / State / Prefecture?
City / Town / Village?

Individual!

1.5 billions!

_l'

[Kachru 1992]
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) Speaker-basis pronunciation clustering ~ g

¢ Requires a speaker-basis pronunciation distance matrix

dii  di2 ... din -
d21 d22 d2N uﬂ
a“. 2
d31 gl = @Mbg
. 1 & n,
l'”L ﬂ
wd
¥ 5 | le dN2 dNN | 5

¢ What is technically challenging?

Q@ To which is Minematsu’s natural pronunciation closer?

“Those answers will be straightforward if you think them through caref:1lx #iwet-

& Pronunciation distance = phonetic distance between speake ﬁﬁb/“
# acoustic distance between speakel N =\
# spectral distance between speaker: <N
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Pron. clustering using real data of WE - g

¢ Speech Accent Archive (SAA) (weinberger'13]
@ A common paragraph read by about 1.8K international speakers
& The paragraph is designed to achieve high phonemic coverage of AE.

Q@ Speech samples and their narrow IPA transcripts are provided.

Please call Stella. Ask her to bring these things with her from = ' =
the store: Six spoons of fresh snow peas, five thick slabs of blue

cheese, and maybe a snack for her brother Bob. We also need a o ) e o

small plastic snake and a big toy frog for the kids. She can ‘&

scoop these things into three red bags, and we will go meet her o =¥/ rinann

Wednesday at the train station. : et SR T

AN — I o ey T
o = T :

IR
A Ny -
[plis kol stela ask ha b - B YUPR  wanged e, | sy g
r aca = ‘ o — . e,
dinlim kol stela ssk hanbily g g 47 2Rt T M e, S e
[pliss kol stela ask ha bl B, o~ .

di: Epks Wit b3 f25m do stor .

31k3 spiles of {3 sno piks
farf Bk Bik™ splape o¢ blu
iz 7&n merbi ¢ snxk fo ha
biade bop wt Tolsh rid Te
smol plastik snek 7#n 9 bik
1od frog f2¥m e kits fi k&n
skuwp 007 Higs Tnh fri: e
baks 73nwi wil go mit hs

winzders Tad da tréln stenf5)

AL GIEIGA
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Pron. clustering using real data of WE - g

¢ Speech Accent Archive (SAA) (weinberger'13]

. . I I
@ Abddsdabddiibdisis s snidsdosetcns sasisdial dadns s tiel bl iisabac Al b sanis aicl bii I Voad abint s hatadidit osisssiinl i e snises IS
[}

[p"lis kol ste:la ask™ 3 to biin diz Oinz wif h3

¥ f1Am) 0o stox siks spunz oy fuf snou pis farf |
Plea

. \J/ o i
e O1k slaebs ov blu tfi:z en maibi 3 snak™ fox |

chee
smal

¢ h3 biard 20 brads bap wi 01¥s0 nid o smol¥

haaaa. | *

plaestik sneik en o bik tui fiog f€ 0o kids i |

kén skop 0iz Oms mtu f1i 1ed baegz en wi




@ Speech AJ
Q@ A commo

Y The parel

Q Speech sa
T

chbvmalbomasa

Please call Stella. Ask
the store: Six spoons o
cheese, and maybe a si
small plastic snake an
scoop these things into
Wednesday at the train

—— .

p— A

e

A B ..

Vowels and Consonants used in Acoustic Analysis

1.1 2.1 351 4.1 3.1 6.1
7.y 8.1 9.1 10. 1: 1E:1 12.1
13.e 14. & 15.8 16. ¢ 17. & 18. &
19. 2 20. = 2]. ®: 22. & 23.a 24.3
25. 1 26. } 27X 28. u 29.u 30. >
31.3 32.3 33.® 34. % 35.a 36.0
37.6 38.9 39.5 40. 3 41.3 42. 2
43. w 44. 45. @ 46. u 47. 1 48. u:
49. i 50. @ 51. 4 52.0 53.x 54.0
55.6 56. 6 57. A 58. & 59.5 60. o:
61.5 62.5 63. a 64. a: 65. d 66. a
67. p 68.p" | 69.p 70. b 71.b 72.b
73. ¢ 74. B 75.B. 76. B 77.f 78.v
79.y 80. v 81.m 82.m 83.m 84.n
85.n 86. n 87. 1 88. n 89. 1 90. N
91.t 92. tb 93.1 94. ¢ 95. ¢ 96.
97.d 98. d 99. d 100. ¢ 101.s 102. g
103. s! 104. z 105. z 106. 1 107. 3 108. 1
109. r 110. r 111.¢ 112.1 113.] 114, Iv
115.6 116. 0 117.¢ 118. 2 119.z 120. [
121. 3 122. ¢ 123. 124. 125. k 126. k"
127. k 128.k | 129.k» | 130.k 131. g 132. g
133. g 134. g 135. x 136. y 137.y 138. iy
139.? 140. h 141. A 142.w | 143.y 144. pd
145.10 | 146.dd | 147.ts 148.dz | 149.t 150. dz
151.tf 152.d3 | 153.kx

al speakers

erage of AE.
provided.




Pron. clustering only based on SAA  ~

N speakers M, c AR

Gl co . dq N
d22 dgN

w N =
=
)
=

N le dNQ dNN

dloli= kol stala asik ha o bl
dloliz kol stela asicha bl o
alolis kol stela ask ha i bily o,
dloliz= kol stela asik ha m biir ks ke
[pliss kol steda ask hatublly jo; s -1’ i ol s b b bt
di: Bigks wi® hs fa%m da stor e | f di: Bgks wi8 hs £13m da stas
ll i!x St 3

sikS spiins of Def gsnopitk |
farf 8k Bik™ sylaps ov blu 5
iz 72n meibi & snzk fo hu

biade bop Wi Tolsd nid s

s

L < p
ik 5 |
smol plastik snxk 7@na bik § |
toid f1og £33m & kits fi k&n i B

skup 8oz Hins Tntu fric 260 | bl §
" e I%] r—

aks 7%n wi a6 mit ha |
baks 7¢n wi wil go mit h3 B

winzders Tad da réln sterf5] jm [Miller et al."95, Bailey et al.’05, Wieling et al."12]
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Pron. clustering only based on SAA

N speakers

{dmn} ~ {pmn} !

Pron. Structure
Analysis
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IPA-based reference pron. distance

¢ Optimal alignment bet. two transcripts [shen et al./13]
@ Dynamic Time Warping (DTW) s

< DTW can minimize the accumulated distortion.

phliz kAl stElallbl1eubi?701so0
O I R I O HEEE  (ERE
p_hl1s k O 1_G S & .E Y b L u Aso

& Similar to edit-distance-based alignment of transcripts [Wieling et. al,’12]
Q@ DTW requires a distance matrix of all the 153 IPA symbols used.
& 20 productions for each by a phonetician |
Y HMM is built for each symbol (SD-HMM)
¢ HMM = Hidden Markov Model

& Acoustic distance is obtained from '
each HMM (phone) pair.

153




kg IEVOTTRITIT  STRITIONY . JIVENTIRIVITIN TV IvITITNIu Frerevrvresrmmve K
lPA- Vowels and Consonants used in Acoustic Analysis nce
i 1.i 2.7 3. i: 4. 5.7 6.
: | | 7.y 8.1 9.1 10. 1: 11. 12.1
& ()pt|ma| al 13.c | 14.6 | 15.6 | 16.c |17.& | 18.¢
1 19.2 [20.2 [2l.a: [22.2 |23.a 24.3
Q DynamiCT 25. i 26. i 27.1 28. u 29. 4 30. >
31.3 32.> | 33.e 34. % 35.a | 36.0
& DTW can|37.s 38. 2 39. 3 40. 3 41.3 42. 2
AAAAAAAAAA 4-——} 43. w 44. 45.w 46. u 47.1 .U
p_h 1 1 3[29.5 [50.8a |5La: | 520 | 53.% >
I I I | 55.6 56.0 57.a 58. 4 59.5 %
\p_h 1 1 ¢ 61.5 62.5 63.(: 64. a: 65.2
v 67.p | 68.p* | 69.p 70.b | 71.b
QLG 1 73. 74. B 75.B 76. f 77.f
& Similartd 79 v [80.0 | 8lm | 82.m | 83.m
85.n 86.n 87.n 88. n 89.n
@ DTW requ 47, 92.¢ | 931 |9.{ |95.¢
© 20 produ 97.d 98. d 99. d 100.4 | 10l.s
103.s | 104.z | 105.z | 106.1 | 107.;
© HMM is k| 109.r |110.c [ 111y [ 1121 [113.]
115.0 | 116.8 | 117.¢ | 118.z | 119.z
®© FIMME[T121.5 [122.¢ | 123 | 124.] | 125.k
. . 1 127.x [ 128.x¢ [ 129. | 130.k | 131.g
& ACOUSHIC) 33 =113, T 135, 136y [ 137y
each HM [139.2 [ 140.n | 141.5 | 142.w | 143.4
145.10 | 146.dd | 147.ts | 148.dz | 149. 1
151.¢f | 152.d3 | 153.kx




“ Pron. distance calculation using structure *

¢ A common paragraph to pron. structure

Please call Stella. Ask her to “ 3! 221 ¥
bring these things with her
from the store: Six spoons |} * e |
of fresh snow peas, five ¥ % A |
y

221

thick slabs of blue cheese,
and maybe a snack .......... /

1.5 billions_

1.5 billions

IPA-based distance fil it




Pron. clustering using real data of WE - g

¢ Use of IPA transcripts to prepare reference distances

@ DTW-based calculation of the reference distance bet. transcripts

¢ Prediction of the ref. distances using pron. structures

Q@ SVR-based supervised prediction using structures as input features

== [Nagl Ia

¢ Use of phonemic transcripts to calculate distances

Q@ Corresponds to calculate pron. distances somewhat coarsely.

phonemic,. phonemic...

/ p3lizz kol¥ stilo &sk hsi tVo bifin / #symbols = 153

X « s
£o mabi ¢ aoed

[pahliyzkaolstihlahaesk #symbols =39
hhahrtowbrihng]



@ W

Pron. clustering using real data of WE - g

@ Pronunciation structure extraction from an SAA sample

ﬂ .M 4“.', —> MAP _}9_9_9 —> structure

"Please call Stella." adapted HMM

1 \

3 9@@ op=
HMM 3 . 221 x 221 0,
“ training paragraph distance matrix )
UBM-HMM
T——

@ Differential features from two pronunciation structures

~

Speaker S’s Speaker T’s Difference matrix
distance matrix distance matrix between the two
0 0
o [Sii = Tiil | 9g
0 0 _ — > 0 0
{54 } {D;;}
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¢ Three kinds of distances

Q@ [PA-based distances
@ SVR-based predicted distances

Q@ Phoneme-based distances

@ Assessment In terms of correlation

IPA vs. SVR + STR P

=
=

IPA VS. Phoneme

'ov

Z;;
o
es)

o
o

o
~

SO
Predicted distance

Predicted distance
o O P P PP
o N

o))
T
o
(V)

Corr.=0.829

0 .‘E‘;- L L L L L L L I
0 02 04 06 08 1.0 1.2 1.4 16 18
Reference distance

o
~

Corr.=0.903 |

92002 04 06 08 1.0 12 14 16 18
Reference distance

Q@ |IPA phone : minimum unit of sounds perceived by phoneticians
Q@ Phoneme : minimum unit of sounds perceived by general listeners

@ Our method can estimate distances better than general listeners.



"Application of speaker-pair-open prediction”
¢ TED talks browser from your viewpoint

@ If TED talkers provide their SAA readings.... e
Q If these readings are transcribed by phoneticians.... it u

¢ Visualization of pronunciation diversity [Kawase et al.’14]

b

Ken Jennings: Watson, Jeopardy -
and me, the cbsolete know-it-all




“Application of speaker-pair-open prediction”

N +1

¢ TED talks browser from your viewpoint
@ If TED talkers provide their SAA readings.... il
Q If these readings are transcribed by phoneticians.... i

LN |

¢ Visualization of pronunciation diversity [Kawase et al.’14]

Y. Kawasg, et al., “ Visualization of pronunciation diversity of World Englishes
from a speaker’s self-centered viewpoint”



“Possible application of spk-open prediction”

¢ Individual-based and really global map of WE pron.

¢ Can be used for WE communication facilitator

Q@ Easy access to speakers with pronunciation similar to yours

, By . \\
-l ——
- % W« e - N . 4 o
= e ‘ SIS
™ x > - - . - ‘1 O

- by ~ ?

B . 4

4

/

At a restaurant | at a hotel at a ticket office




“Possible application of spk-open prediction”

¢ Adaptation of others’ accents to a listener’s own accent

b4
l T == qccent info.

accent info. of the owner

of the owner

— accent adapter
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¢ Roman Jakobson (1896-1982)
@ The sound shape of language (1949)

- Physiologically identical sounds may possess different L
T values in conformity with the whole sound system, i.e.
_ with their relations to the other sounds.

- We have to put aside the accidental properties of
 Individual sounds and substitute a general expression
" that isthe common denominator of these variables.

y

Y

i
':-i.;.- .
e
i ~m
g
e
'™ -
SET .
a4 Roman Jakobson

=== Linda R. Waugh
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¢ Nikolay Trubetskoy (1890-1938)
Q@ The Principle of Phonology (1939)

@ The phonemes should not be considered as building blocks out of
which individual words are assembled. Each word is a phonic entity, a
Gestalt, and is also recognized as such by the hearer.

Q@ Asa Gestalt, each word contains something more than sum of its
constituents (phonemes), namely, the principle of unity that holds the
phoneme sequence together and lends individuality to aword.




" N EERICR SN E R i
¢ Ferdinand de Saussure (1857-191 3)

Q@ Father of modern linguistics
Q@ Course in General Linguistics (1916)

@ What defines alinguistic element, conceptual or phonic, isthe relation
In which it stands to the other elements in the linguistic system.

@ The important thing in the word is not the sound aone but the phonic
differences that make it possible to distinguish thisword from the

others.
@ Language is asystem of only conceptual differences and phonic
differences.

} P Coursein
v ! Generallinguistics
PN //L\ Ferdinandde Saussure
J \ %
// 2 - \\\
?CD > G ,
\ C¢1 Q \\/\/::’///
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—_DMDR7A, Element first or system first?

@ An Introduction to descriptive linguistics
¢ Written by Gleason, H. A, 1961

& A phonemeisaclass of soundsthat: (1) are phonetically ssimilar and (2) show
certain characteristic patterns of distribution in the language or diaect under
consideration.

& A phoneme is one element in the sound system of alanguage having a
characteristic set of interrelations with each of the other e ements in that system.

& The phoneme cannot, therefore, be acoustically defined. The phonemeisa
feature of language structure. That Is, it is an abstraction from the psychological
and acoustical patterns that enables alinguist to describe the observed
repetitions of things that seem to function within the system as identical in spite
of obvious differences. The phonemes of a Ianguage are a set of abstractl ons.

VSAI ‘SAE' ‘SAB'




i a7V oHRRRE
¢ RBIRMEEAVCENER - SHRROER

K compact a

I

0 t diffuse i i

— -—
grave acute grave acute
: REIRMEZBVEROH
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p b mf v g t|d nys z | ¢ ¢ =z tf d3 ] a1 kK g np W ?
Back - + + + 4+ +
High T I I S T I S T s S
Coronal + + + |+ +]+ + + + + + + o+ -
Anterior + + + + + + 4+ ++ +|+ + + + -
L abial + + + + o+ +
Continuant - - - + + + + - |- -+ + + - + + - - + + -
L ateral R I e
Nasal - - + - IS = = - - - - - - - +
Sonor ant - - + - - - - - - + S = + + - - - - L + - - +
Strident = = - + + - - = = - +  + + + + 4
Voiced -+ 4+ - + - + -1+ +] - + + + - + - + + + - + +




i TODBEERLECTDEE "

LD« - AMA—2R it 2 2 JE A

(1905-)

e AT - T
O—~v>-.-va7v>

FERY J1896:1982) 7 A A ki S eher
e g e i gy S IE
274 F> K Y>a—lb
(1857-1913)
L= =HE
1 ] 800 ﬂx = ng% . 1 900 ZOOO.

TILVADS « ¥wWIN
(1838-1916)
Y - FEF - DEE

JUXAFv>Y « TAY  I—L2T7xILA

(1859-1932) DD IO i
\\\\ ~ I)_\_LI r’\‘\“’
- }

¥ s
HREFMEREER - 7 I A —F VA

As \
(L‘J OAxJ73=ZA b
lﬁ BT




Y “ODBEEREETDEE K

LY« - ARA—2R FE s 3 35 AT
(1905-)
L A -

g, A=y - vaAFVY LA
* ) L%896_-I 982) 7?){ ]) 75*%1%%‘%%?

e e e o oM =R IR M
1= BH I—0 v G S RET

~ Y a—Jp

(1857-1913)
— = =Ar
AT 2000,

1800

7zNFT4FY KT a—)(1857-1913)
SENETDIX, SEERRICE > THEETAB&ETHIETH AL,
72O EZRP AL 2EIENAR EFIERZ T TH 5 )
BRDIEFRD, FEZECHB VT, ED LI ICHEBRIE L TL3 D ?
FOMED, HEFHITBWT, ED L) ICHEBTEIL TWAD0?
BRDERFRIL, MFEDAEREZBE L THIOHTHHEEIZZ 5,

‘“"“““T[n‘ r‘ AEIR




i “ODBEEREECDEE I

LD« - AMA—2R it 32 28 AR
(1905-)
—\-“‘ ' e N EFE =T
SN = SR = AR, UG
O 50 1‘% %%%ﬁgﬁ_ﬁ = >/ Q*%%%%%?

2T F> kY >a—)
(1857-1913)

A

. =l l:ll:l% | 'I 900 ZOOOI

TILVAK « %I\ '

(1838-19106)

Y - FEF - DEE
JUXAFv>Y « TAY  I—L2T7xILA

(1859-1932) DD IO i
\\\\ ~ I)_\_LI r’\‘\“’
- }

¥ s
HREFMEREER - 7 I A —F VA

1]800

As \
(L “ Sy iy @
lﬁ R




Back
High
Coronal
Anterior
Labial
Continuant - - -
Lateral
Nasal
Sonorant
Strident
Voiced

(1896-1982) W e
s MBS TR a1y SR S R
A |52 do bV 200 SERYEVE 1 [

(1857-1913)

— =B

=h:=hein | 1900 2000

>

JLCED

Y

o—<y - ¥a7y 2 (1896-1913)
T EFEM DR RO DI HIENE % VTR

o A D R n] A
PR TCEEZZDLDZERDORE L TEET LD, ZHUIEAED?

T 2gAA = | 7
BEHER




i “ODBEEREECDEE I

LY - AbO—=2X R
(1905-)
b s A - R
SN, JA=NTTYITYI Y WITHIGY
/ \ | (1896-1982) 7 A RIS S EE
e e et
2zIT14F>Y k- VY>2a—)b
(1857-1913)

A

. =l l:ll:l% | 'I 900 ZOOOI

TILVAK « %I\ '

(1838-19106)

Y - FEF - DEE
JUXAFv>Y « TAY  I—L2T7xILA

(1859-1932) DD IO i
\\\\ ~ I)_\_LI r’\‘\“’
- }

¥ s
HREFMEREER - 7 I A —F VA

1]800

As \
(L “ Sy iy @
lﬁ R




il “ODBEEREETDEE "

'h&%;ZFD—Z il

S NET - T
WS = E 20 = i ATEY, (LI
/ 4 (1896-1982) 7 A AR S i

e g aEsy I — 0 v IS S e
ZIWTAFY K YYa—il
(1857-1913)

D = cne
11800 dEEE RN To00 2000,

LY 4 « A ba—2(1905-)
- URBtE S OBUGERGE O IS AZIN L BEENME 2 B L, £,
Rz L T4 OMEED IS AL iz Hw72 L7z
Wik = &b 5 2 HREIC & > TEE L kit - BIfR
Wi L AU RE A ThH D, EOBBICHERT 2 THEEDER L RL S, )
TT—— * iR AR
| l‘:“ HRER




i “ODBEEREECDEE I

LD« AbO—=2R R
(1905-)
b s A - R
SN, A=YV - ATV Y WITHIGY
/ \ | (1896-1982) 7 A RIS S EE
e e et
2zIT14F>Y k- VY>2a—)b
(1857-1913)

A

=l l:ll:l% | 'I 900 ZOOOI
TILVAK « %I\ '

(1838-19106)

YEZ - FEF - DEE
GHZFT « TAY - I—L2T7xILA

(1859-1932) DD IO i
\\\\ ~ I)_\_LI r’\‘\“’
- }

¥ s
HREFMEREER - 7 I A —F VA

1]800

As \
(L “ Sy iy @
lﬁ R




i TODBEERLECTDEE i

INLVAL » 29 (1838-1916)
- R OERIZ, ZOURDORE D DETOYIR E DR TS, filic
il & 72 WZER] O TIX, HEUMERDEEIZIE, MOEKRD )
4T O EABIG 3 RIE Y 252 55 0 BISUNAT B ARAE BRI D A A
4T DM T AR DR BT Lo Ze v, Z2f - BERREL & A p—o,
ZOBEWICBWT, 2—2Y vy FERLD IEL—2 Y v RO BRI,

- e —

1"\ v

——

TILYRA R« TYI\
(1838-1916)
viEs - BEZ - LEBEE

GHZFT « TAY - I—L2T7xILA

(1859-1932) DD TORa i -

_ \\: ~ v rﬁ\ .

“j k‘ 7a5)b ~NIDEZR (]904_]979) N\
- }

HREFMEREER - 7 I A —F VA

Sy iy @
BRER




"ONWBEERETDEE i

LU - AhA—2A
(1905-)
" BEANET - T
%Qx O—~> -va7vYy
/ PN |(1 896-1982)
s Mgy E E A

TJIILTAFY R eYoa—]

*%i%i%%/% ZFL\\

7 A ) AR
2 — 0y S S

(1857-1913)

WL—=FH 4
—xa EE—?

1]800

, 1900

2000,

TILVADS « ¥wWIN
(1838-1916)

YET - FEF - LES

L (1859-1932)
.“j 1) ML a7 )0 NIDIEE
5; ‘\
(.

N

DIVXAFv> « TAY - I—L2T7x)ILAR

JT—L2R - FTYUD|
(1904-1979) RS
FREFHR#ER - 7 7A=Y VR

Sy iy @
BRER



i “ODBEEREECDEE I

JYARAF ¥+ 74 « T—L V7 2L A(1859-1932)
I, NROMERRE S L TR 2 D TlER <, ZLIE]
2N 7 PR O v CREGRR DS 2 B |
7 ad) b =2fk= TEo Dtk DL EDdb D
Bt EAEN : 7S 2 ¥V FICH DA Z L CTd, 72 2L bIFAE
(Am T 4 —LiEHRLE)

I —
TILVARN - 2w\ ' '

(1838-1916) Q
R . EE . e 090

GURFvY - TAY « T—LYT IR %@8@0

Aty Rl ey
| s;!\ ERZNRHGR - T I AP DX
. AxXJ7>a=—Rhk

lﬁ“ PR




i “ODBEEREECDEE I

LD« AbO—=2R R
(1905-)
b s A - R
SN, A=YV - ATV Y WITHIGY
/ \ | (1896-1982) 7 A RIS S EE
e e et
2zIT14F>Y k- VY>2a—)b
(1857-1913)

A

. =l l:ll:l% | 'I 900 ZOOOI

TILVAK « %I\ '

(1838-19106)

Y - FEF - DEE
JURXFv>Y « TAY  I—L2T7xILA

\\\\ ~ I)_\_LI r’\‘\“’
-}

o )
HRREFHEREGR - 7 7 A — AKX

1]800

As \
(L “ Sy iy @
lﬁ R




i “ODBEEREECDEE I

Yr—LbA-F7Y(1904-1979)

R THERMERE+Z0F o BTy CTldkl, THRo#E
(W) OHIZES N AENRHE ICHEDOAREDH 5 |
BBEAE o BilEEAENE o 28

TEDRIH © JeME 2 EROBEIC D Vi b g CEDAERPRTALE) |

BRIZANBDOHOPTEY BT DTIEZRL, BEZOLDDHIZHFEL T35,

E—— “‘N:/)

TILVADS « ¥wWIN
(1838-19106)
Y - FEF - DEE

JURXFv>Y « TAY  I—L2T7xILA

(1859-1932) PP s

> S ~ g f'ﬁ"“ Y

“j k‘ '7_/19“/ I\IL,\EE% (]904_]979)  NEEA,
- }

3 )
HRREFHEREGR - 7 7 A — AKX

Sy iy @
BRER




i “ODBEEREECDEE I

LD« AbO—=2R R
(1905-)
b s A - R
SN, A=YV - ATV Y WITHIGY
/ \ | (1896-1982) 7 A RIS S EE
e e et
2zIT14F>Y k- VY>2a—)b
(1857-1913)

A

. =l l:ll:l% | 'I 900 ZOOOI

TILVAK « %I\ '

(1838-19106)

Y - FEF - DEE
JUXAFv>Y « TAY  I—L2T7xILA

(1859-1932) DD IO i
\\\\ ~ I)_\_LI r’\‘\“’
- }

¥ s
HREFMEREER - 7 I A —F VA

1]800

As \
(L “ Sy iy @
lﬁ EHSR




"ONWBEERETDEE i

IV A L « =292V (1838-1916)

"FLE I 4 DERIZOWTOMEDP SR D 2T UX R 6 s, HARIZE
Z I F o R TIE R, FEPERN 2R R2r 64 HE2 %5 L,
A 7 FICEER T E 2 DIIMEN ICEE R ETh 5, L2LILbH)E
HIN TV EZ, WODTHIELEIEL 2B M%E TSI 2> Tk

57\, (FEREILERNDEH)
R LR CACA h.—wvv/)

TILVADS « ¥wWIN
(1838-19106)
Y - FEF - DEE

JUXAFv>Y « TAY  I—L2T7xILA

(1859-1932) DD TORa i -
‘ N C\JEH = rb}‘*‘ &
s;x RIS - T T AT A
(‘Lb“ OAxJ7>3= A b
Ny e




r | | R o S B . )
PRIRF2EDLDTIE R, BRBOR - 2R 2HATHIET
- ST A2 - BISEEICN L TAE R AhEZ HWET 2 &,
LYs - A8A—2R G 3 3 1A
(1905-)

BEANFET - HEEF

SN | M ST o BV, UL
/ S\N (-I 896_-' 982) A )( ]) 73*%1%%3%?
ES— S S 4‘% i‘fﬁ%%’égﬁ_ﬁ SIS 7, ‘31‘%%%%@?

TJIITAFY R Yoa—J
(1857-1913)

—IRSHET 11900 2000,
TILVAK « ¥\ ' |

(1838-1916)
YET - FEF - ILEF

JVAFvY +TAY - I—LYT7xILRA

(el sz SroLZ - #TY| A
T S S .\ FH 4 r}t
2

D S
ARSI - 7 A —Y VX
i Sy A2 iy G N
Ve e




