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gD�]v�k?gTp�ZD_�g]_Hhim?Zz{=k?u]~F�]ZDkng]_Kv ��²�pVZ]htv�v�_�p[ks�w�DZ]kng]_Kv$rngD���]hi�]ZDkng]_KvFhtv[o
rsjljl_H��¹edfI*gihn¼6j
h�» ¹ik]¼Tl�I;dfµ a�¶6¢

# z ei r o $ End

End

Start

Start $# z~ei ei~r

b) Representation of the word "0" in diphones

Start $# z ei ei~r End

#~z r~o o~$

#~z r r~o o o~$

c) Representation of the word "0" in pseudo-diphones

a) Representation of the word "0" in phones

z~ei
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rnjijlx´{,_�p���_
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¾]k?~q_Krno�Z®v�uDo�Z2g]_�p���kn~V�: =rng2_
g�p�~Vx&gDkz�]_�rsgD�´rsg2_�§�hip�g]k���_*rs~V_�rn�]�]_H�. ,_
gDrn{]jlhig]mTp�kT_Krnv�hijlx���k?hig®p��$kTgD_�p���kn~V�zv[{zx
^`_
~Vmnhlg]mfp�Z]_�_
§�h«p�g]k���_�kn�DpVZ]_�©D~�v�p;g]_
p��$k?~�����hip�Z`pVZ]_�_
g�pV~�x�gDkz�]_�ks�,p�Z]_Bv�_Ho
kngD�*kng]_?¢4Y[ZD_�g]_�p���kn~V��o�k?~�~V_Hv��=k?gD��hlg]m
p�kTrT�$k?~V�&hlvqkn{�p�rshlg]_H�N{zx���k?higDhig]mTp�Z]_�gD_�p���kn~V�zv�r?v�v�k�o�htr�pV_H��p�k�hipVvB�=vy_HuD��ks¥¤��hl�]Z]k?g]_HvBrngD�&p�Z]_�mnjlkn{Drnj.g]_�p���kn~V�T�¡k?~
p�ZD_��nk�oHrs{]u]jtrs~Vx�htv�kn{�p�rshlg]_H�2{zx���knhlg]hlg]mTpVZ]_�gD_�p���kn~V�zvqks��hipVv��$k?~V�Dv
¢
( hip�Z!g]k���_Hv�{,_
hlg]m&oHrsjlji_K�2v�p�r�p�_Kv�rngD�2_K��mn_Kv
{,_
hlg]mTo
rnjijl_H��p�~�rsgDv�hip�hlkngDvH zh«pBhtvBr*©Dg]hip�_�vypVrsp�_�rsu]p�kn^�rsp�kng ¢

��pqr`��htv�o
~�_
p�_�hig=v�p�rsg�p��' ]hipBmnkz_Hv��¡~Vkn^àvypVrsp�_��Fp�k�v�p�r�pV_���uDv�higDm*pVZ]_�p�~�rsg=vyhip�hlkng 2����	��7� ]��Z]_
~V_���oHrsgG{=_�_K|�uDrsj:pVk�� �rngD�¦mn_
gD_
~�r�p�_Kv�rsg­rno�k?uDvyp�hto*�?_Ho�p�kn~a3?5V¢TY[ZD_To�Z]knhto�_`ks��p�ZDhlv 2
���	��7�p�~�rsgDv�hip�hlkng­v�p�rs~�p�hlg]mN�¡~�k?^�v�p�r�pV_��Bhlv�~VrngD��kn^
��hip�Z´�D~�k?{Drs{]hljlh«p�x
����� � %:pVZ]_�r?o�k?uDv�pVhlo��n_Ko'p�k?~�3 5 htv�rsjtvykTm?_
g]_H~Vrsp�_K�G��h«pVZ´�]~Vkn{Drn{]hljihip�x
����� ��2H3 5 7 �¡p�Z]htvf�]~�k?{Drs{Dhijlh«p�xGo
rng
��_H�=_HgD�Tk?g�p�Z]_�vypVr�pV_��;k?~FkngTp�Z]_�p�~�rsgDv�hip�hlkng 2
������7' zhig�p�Z]htv��Drs�,_
~�hip[��_H�=_HgD�]v$kng�p�Z]_qp�~�rsgDv�h«pVhik?gThlg�kn~���_H~�p�k*_
gDrn{]jl_
r�©=g]_
~�^`k���_
jljihlg]mN��Z]_
g!g]_
_K��_H�w ,ZDk��$_H�n_
~fvyk?^`_����
� �*^�rPxG{=_��]u�p�hlg!o�k?^`^�k?g®{zx®vy_H�n_H~Vrnj.p�~�rsgDv�hip�hlkngDv�h«�$p�Z]_H~�_*hlv
g]k`g]_H_H�&p�k���htv�pVhigDmnu]htvyZG{,_�p���_
_Hg�pVZ]_
^ �'¢

Y[Z]htv�htvTgDrn^�_K� r¯³®rs~V�nk��ª^�k���_Hj�v�hig=o�_2pVZ]_®�]~Vkn{Drn{]hljihip�xªkn��m?knhlg]m­hig�pVkªv�p�r�pV_��ª�]k�_Kv�kngDjix���_
�,_
g=��kng�p�ZD_
�]~V_
�zhlknuDv�vypVr�pV_��B�zhlr&pVZ]_��]~Vkn{Drn{]hijlhip�x������ �`{]u�p�g]knp�kng¦p�Z]_��D~�_Ko�_H�]hig]mNkngD_HvH  ��Z]hto�Z!^`_KrsgDvfpVZDr�p�pVZ]_Tvy_K|�u]_
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j�� ��hip�Z®�Drn~Vrn^`_�p�_H~Vv�2
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gDo
_�ks��v�p�r�pV_Hv�� 0 2��<5
7! }:<5=:�>#"�9���h«pVZ$�% �pVZ]_�_Hg?pV~�xNv�p�r�pV_n &�e>#"�9
p�ZD_�_�§�h«pqvypVrsp�_�rsg=�'�<5$k?g]_�ks� pVZ]_��,k?vVvyhl{]jl_�ksp�ZD_
~BvypVr�pV_Hv��¡k?~�(*)+�,).-8hlv

V 2H//�0� X �\7Q01�3254 � 276 >85�9�9 ��25: � 25:<;36���2=: � 25:<;36 2H365
7 ^
�zhlgDo�_��$_Tr?v�v�u]^`_�p�ZDrsp�p�Z]_�_
g�p�~Vx!vypVrsp�_�htv�u]g]ht|�u]_Trnv��$_HjijFr?v�p�ZD_T_�§�hip*v�p�r�pV_n wpVZ]_T�]~Vkn{=rs{]hljihip�x´kn�[vypVrn~ypVhigDm2hig>�  
rsg=�&_HgD��hlg]m`hig
� >#"�9 hlv���rngD�&�]k�_Kv�g]knp�rn�]�,_Hrs~�hlgNp�Z]htv[�¡k?~�^*u]jlrD¢;Y[Z]_��]~Vkn{Drn{]hijlhip�x�p�k`kn{=vy_H~��?_qpVZ]_�v�_H|�u]_
g=o�_a/Ýks�
rno
knuDvyp�hto$�n_Ho�p�k?~Vv�hig*p�ZD_�^�k���_Hj%�Ý  V 2H/ X �\7� shlv4pVZ]_�vyuD^ k��n_H~�_H�n_
~Vx��,k?vVvyhl{]jl_�v�_H|�u]_HgDo�_?�àkn�,vypVrsp�_Hv4kn� V 2H//�0� X �\7�¢
£¤g�k?~V�]_
~wpVk�v�hi^`�]jlhi�¡x�p�Z]htv�o�kn^`�]u]pVr�pVhik?gw srsg�uDvyu=rsjzrs�]�]~VkP§�hi^�rsp�hlkng�o�k?gDv�hlvypVv�hig�~�_H�]jlr?o�hlg]m V 2W/]X �\7.{zxfp�Z]_�^�r�§�hl^�u]^
k��n_H~�_
�?_
~Vx��,k?vVvyhl{]jl_�vy_K|�u]_
gDo
_@� ks��vypVrsp�_Hvqks� V 2H//�0� X �\7�¢[Y[ZDhlvqhlvfo�k?^��Du�p�_K�G{�xBAqhip�_H~�{Dh4rnjim?kn~Vh«pVZ]^G ]��Z]hto�Z2hlvfr
o�jtrnvVv�hloHrsj.rsjlmnk?~�hip�Z]^Ãhlg2��xzgDrs^`hto��]~Vknmn~�rs^`^`hlg]mD¢
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Y[Z]hlvfhtv�o
rnjijl_H�®p�Z]_*p�~�rshlg]hlg]mNvypVrnmn_?¢�£±p�~V_H|�u]hl~V_HvH =�¡k?~�_Hrno�Z´�$k?~V�2kn�FpVZ]_`�nk�o
rn{]u]jtrs~Vxn :r&v�_�p�ks��u�pypV_
~�rsgDo
_HvH²qvyhlgDo
_

knuD~��?kzoHrs{]uDjlrn~�x&hlv�v�^`rnjiji¥�p�k�^`_K��hiuD^*¥¤v�hi¨H_H�. :��_���k&g]ksp�vyu#�,_H~��¡~Vkn^ �]rspVr&vy�Drn~Vv�hip�xNrngD�®ZDrP�?_�v�_
�n_H~Vrnj u�p�p�_H~VrngDo�_Kv
�¡kn~�_Krno�ZN�$k?~V�w¢

Y[Z]_���_�pV_
~V^�hlgDrsp�hlkng2ks�;pVZ]_H� �
� � rsg=�I� ��� � 2 7Bhtvf��kng]_�{�x2rng®h«pV_
~�r�pVhi�?_��]~Vkzo
_H��uD~�_?¢q��pfr�mnhl�n_
g®vyp�_H�w ,p�Z]_�o�u]~V~V_
g�p
^`k���_
j$hlv*��_
g]knp�_K�¯{zx>�Ý¢2¾]k?~�_Krno�Z­u�pypV_
~�rsgDo
_c/@J�hlg¯pVZ]_&�]rspVrG{Dr?vy_? Q/@J�htv�r®v�_�p�kn�qrno
knuDvyp�hto`�n_Ko'p�k?~Vv�rngD�­��_
��_Hg]kspV_f{zx���JBpVZ]_�o�k?~�~V_Hv��,kngD��hlg]m`vy_K|�u]_
gDo
_�ks�4vypVrsp�_Kv
²

� J 0 M6N[OZPRMTSK V 2W/ J �0� X �\7
p�ZD_
gG�$_���_
p�_H~�^`hlg]_�r�g]_
�I^`kz�]_
jL�NM.��Z]hto�ZN^`rs§�hi^`hl¨
_Hv�rn^`kng]m`_
�?_
~Vx��=k�v�v�hl{]ji_�^`k���_
jG�NM M.p�Z]_�|�uDrng?pVh«p�xO J V 2H/HJP�0�QJ?X � M M 7'¢­¾]k?~*gzu]^`_
~Vhto
rsj$~�_Krnv�kngDvH 4gDrs^`_
jlx¦p�k¦rP�nknht�­u]gD�]_
~SRDk��Bv
 4pVZ]_&jlknm�rs~Vh«pVZ]^äks��p�ZDhlv`|�uDrsg�pVh«p�x¦hlv
o�k?gDv�hl��_H~�_K�.¢;Y[Z]_��]~Vkn{]jl_
^éhtv[pVZ�u=v�p�k`©DgD�

� M 0 M6N[OZPRMTSTHU U�V JNWYX O V 2H/ J �0� J X � M M 7 ^
Y[Z]_ � rnmn~�rsg]m?hlrng��¡kn~4p�ZDhlv��]~Vkn{Dji_H^ hlv4�¡k?~�^`_H���¡~�k?^ p�ZDhlv�_
§z�D~�_Kv�v�hik?g�rsg=��pVZ]_�o�kng=v�pV~Vrnhig�pVv4vypVr�pVhigDmqpVZDr�p�p�ZD_�u]g]�zg]k���g
�Drn~Vrn^�_
p�_H~Vv ~�_H�]~�_Kvy_Hg�p �]~Vkn{Drn{]hijlhip�hl_Hv��¡�¡kn~4hig=v�p�rsgDo
_n =Z[�� ]\ � ���
� ��0^(��'¢���p4rng�_�§zpV~�_H^`rnj?�,knhlg�pH srnjij��Drs~�p�htrsj���_
~Vhl�Prsp�hl�n_Kv
ks�4p�ZD_ � rsm?~Vrng]mnhtrsg���h«pVZN~V_Hv��,_Ho'p�pVk�rsgzxT��rs~Vhlrn{]jl_f^*uDvypqo
rsg=o�_
j6 ���Z]hto�ZGji_Krn�]v�pVk`p�Z]_��¡k?~�^*u]jlrn_f�¡kn~[p�ZD_��Drs~�rs^`_�pV_
~�v� M��� � rsg=�B� M�
� � 2W7�kn��pVZ]_�g]_H� ^`k���_
j_� M %��¡k?~�higDvypVrngDo�_

� M��� � 0 \ J gz{Nks�4p�hl^�_Kv[p�ZD_�p�~�rsgDv�h«pVhik?g 2
������7¤htv�uDv�_H�&hig
��J\ J g�{Nks�4p�hl^`_Hv[pVZ]_�v�p�r�pV_��Frs�]�,_Hrn~Vv�hlg
� J ^
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£±pqo
rng&{,_�v�Z]k���g�pVZDr�p�pVZ]htv�h«pV_
~�r�pVhi�?_frnjim?kn~Vh«pVZ]^ào�k?gz�n_
~Vmn_Kv;pVk���rn~V�]v[r�jlkzoHrsj.^�r�§�hl^�u]^îks��p�Z]_��¡u]g=o'p�hlkngGkn���
V J WYX O V 2H/ J �0� J X �\7 ^

£±� pVZ]_��¡u]gDo�p�hlkng&p�k`{,_f^�rs§zhl^`hi¨H_H��hlv�\ J WYX O V 2H/HJ�X �\7' ]rngNrnjim?kn~Vh«pVZ]^ hlv�rnjlv�k�rP��rnhijtrs{]jl_n²��[rsu]^�¥ (!_Hjlo�Z&�]~Vkzo
_H��uD~�_?¢
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�K� F,Æ
� mnhl�n_HgNv�_H|�u]_HgDo�_ / kn�;r?o�k?uDv�pVhlof�?_Ho'pVkn~�v[hlvBkn{Dv�_
~V�n_K�´²�/ 0 243 5 7 9;:<5=:�> rsg=��pVZ]_�~V_Ho
knmngDhi¨H_H�&�$k?~V�&hlv�p�Z]_���kn~��

o�k?~�~V_Hv��,kngD��hlg]m*p�k�p�ZD_�vy_K|?uD_
gDo
_fkn�4vypVrsp�_Hv�����0�M?N$OQPRM6S K V 2H//�0� X �\7'¢
� �]�P��� Æ � Æ ���
Y[Z]_]2��3�
� �K7	�`o�kn~V~V_Hv��=k?gD�&p�kTpVZ]_*vypVrsp�htv�pVhloHrsj�uDvy_*ks�;pVZ]_�pV~VrngDv�h«pVhik?gDv�_�§�hip�hlg]m&vypVrsp�_H�V ,hlg]h«pVhlrnjijlxNp�Z]_Hx2rs~V_�vyuD�]�=k�vy_K�

p�k`{,_�u]g]hi�¡kn~V^àk?~[p�Z]_Hx�rs~V_�mnhl�n_
gN��rsjlu]_Hv[k?{�pVrnhigD_H���¡~�k?^àr��]~�_Hjihl^`hig=rs~Vx�v�p�r�pVhlvyp�hto
rnjwv�pVuD��xn¢
Y[Z]_ ����� ���?@ A.B�� ' 	&�=(f),rn~�_fo�Z]k?v�_
g`pVk�{,_fc�rnuDv�v�htrsg���htvyp�~Vhi{]u]p�hlkngDv��½o'��¢�pVZ]_fjik?m?rs~Vhip�Z]^ rs�]�Djihl_H��hlg�pVZ]_q�¡~V_H|�u]_HgDo�x

��k?^`rnhig ��
\2
� �
� �]���,�
� �K7F��Z]_
~V_�p�ZD_�o�k���rn~�htrsgDo
_[^`rsp�~Vh«§��,�
� �qhlv$rnvVvyuD^�_K��p�k*{=_f��hlrnmnk?gDrsj6 D»HGJIKG�pVZ]_fo
kn^`�,kng]_Hg?p�v�kn�.rng
rno
knuDvyp�htof�n_Ko'p�k?~�rs~V_fr?v�v�u]^`_H��p�k�{,_�hig=��_
�,_
gD�]_
g�pH¢
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hl~$�]u]~Vrsp�hlkngTr?v���_
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{zx�pVZ]_
hl~�r?o�k?uDv�pVhlo��¡_Hr�pVu]~V_HvH¢�·$rno�Z®�]ZDkng]_�_
§�Z]hi{Dh«p�vqrT��uD~Vrsp�hlkng2hlg]Z]_
~V_
g�pBpVk�p�ZD_�jlkzoHrsjlhi¨Kr�pVhik?gGrngD�Np�ZD_�^`k���_�kn��hipVv
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g�p�_HgDo�_Kv.%.r&o�kngz�zhlgDo�hlg]m�_
§]rs^`�]jl_�htvqm?hi�?_
g
{zx�pVZ]_Bp���k��¡k?jijlk���higDm�vy_Hg?pV_
gDo
_HvH² �yh«p���r?v�p�ZD_Bp�k?�]htoBks�:pVZ]_qx?_Hrs~%$[rngD���yh«p���r?v�p�Z]_qp�k?�T�]hto��*kn�,pVZ]_qx?_Hrn~&$'¢*( Z]_Hg�p�ZD_
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o
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gDo
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_�rsjtv�k�µÛa��s ���¶:�¡k?~[r���htv�o
uDvVvyhlkngTkn� pVZ]_�hlg�p�~Vk���uDo'pVhik?g�kn� �]Z]k?g]_Hv ����u]~�r�p�hlkng&hig�pVk�v��=_H_Ho�Z&~�_Ko�knm?g]hip�hlkng���_H�zhlo
_HvH¢

� � Ê%E$Ê � Æ Ë¬� Ê # 
�� ¥½Êe¤ �
Y[Z]_���u]~�r�pVhik?gGhlv�hl^`�]jlhlo
h«pVjixN^`kz�]_
jlji_K�G{�xGr �q³´³¯ ]pVZDrsg]��v[pVk�p�ZD_�p�~�rsgDv�hip�hlkngG�]~Vkn{Drn{]hijlhip�hl_HvH²;p�Z]_��]~�k?{Drs{Dhijlh«p�x�ks�

vypVrPxzhigDm*��u]~Vhlg]m�*�u]gDh«p�v[ks�wpVhi^`_fhigGv�p�r�pV_ ��htv,�,+�
� � 20(.-�� �
� � 7 %�Z]k��$_H�n_H~H ?p�Z]_HxTo�k?~�~V_Hv��=k?gD��p�k�mn_Hkn^`_�pV~�htoq�]hlvyp�~Vhi{Du�p�hlkngDv
�¡kn~$p�ZD_f��uD~Vrsp�hlkngDvH ?��ZD_
~V_Hrnv�p�Z]_f_�§��,_
~Vhi^`_Hg?p�rsjljix`k?{Dvy_H~��?_H����htvyp�~Vhi{]u]p�hlkngDv[rs~V_B��_
jljD©Dpyp�_K��{zxTc�rs^`^�r��]hlvyp�~Vhi{Du�p�hlkngDv
�½o���¢�µ � ¶ ��¢A�rs~VhlknuDvfvyk?jiu]p�hlkngDv�rs~V_��]~�k?�=k�vy_K�®hlg!k?~V�]_
~�p�kGhig�pV_
mn~�r�pV_�pVZ]_���u]~�r�pVhik?g´hlg?pVkNp�Z]_`^`k���_
j6¢�� v�knjlu�p�hlkng!�]~Vkn�,k?v�_H�
{zx0µl� ��¶$htv�p�ZD_�_�§zpV_
gD��_K�¯v�p�r�pV_Hv ��³®³¯²�_Hrno�Z°vypVrsp�_Tkn�[p�Z]_���³®³ htv�~V_
�]jtrno
_H�¦{zx¦r2v�u]{�¥±g]_
p��$k?~��!^�k���_Hjijlhlg]m2p�ZD_
��u]~�r�pVhik?gw¢�Y[Z]_��]~Vkn{Dji_H^`v�rn~�_fpVZ]_
gGpVZ]_���_�pV_
~V^`higDrsp�hlkngGks��r`mnkzk��TpVkn�,knjlknm?x��¡kn~[pVZ]_Hv�_�vyuD{�¥6gD_�p���kn~V�zv[rngD�Grsjtvyk�p�ZD_
hlgDo�~V_Hr?vy_fhig2v�hi¨H_�ks�4p�Z]_�pV~Vrnhig]hlg]m��]rspVrs{=rnv�_fv�hig=o�_fp�Z]_H~�_�rn~�_f^`kn~V_��Drs~�rs^`_�pV_
~�v$p�k`_Hvyp�hl^�r�p�_?¢

Y�u]_
~V��rsg=�0/�k?u]g]m�µÛas�P¶,��_
�zhtvy_K��r
��p���ks¥¤vy�,_
_K�!��³®³ � �÷pVZ]_q��_Hg]kn^`hlgDr�pVhik?g*htv;k?u]~Vv	�'²�_Hr?o�Z ��³®³ o�k?~�~V_Hv��=k?gD��hlg]m
p�k`r*jik?mnhto
rsj,�]Z]k?g]_�pVhlofu]gDh«p�htv��]u]�]jlhloHr�p�_K��rngD��k?g]_�o�kn�zx�o�k?~�~V_Hv��,kngD�]v�p�k�r�vyjlk�� �]~Vkngzu]gDo
hlrsp�hlkngT��Z]_H~�_KrnvFp�Z]_�knp�Z]_H~
o�k?~�~V_Hv��,kngD�]v�p�k�r��½rnvyp�k?g]_n¢;Y[Z]_f�]~Vkn{]jl_
^Ãkn����_�pV_
~V^`hig]hlg]m`r�m?kzkz�Tp�k?�=k?jik?mnx���htv�rn�]�=_Krs~�vF{Du�p�g]ksp�p�Z]_�~V_H|�u]hl~�_H^`_
g�p
�¡kn~Br�jtrs~Vmn_H~$pV~VrnhigDhig]m��]rspVrn{Drnv�_n¢

�z_H^�hi¥ �q³®³ ZDrP�n_®{,_
_Hg �]~Vkn�,k?v�_H��hig µ -s¶6²¯pVZ]_­vykn��knu]~Vg ��u]~�r�pVhik?g�hlg8rªvypVrsp�_¦hlv&_�§��]jlhto�hip�jlx ^�k���_Hjijl_H� �zhlr0r
�]~Vkn{Drn{]hljihip�xf�]_HvVo�~Vhi{]hlg]m�h«pK¢�£±p�hlv4o
rnjijl_H��vy_H^�hi¥ �q³®³Ã{,_HoHrsuDv�_�pVZ]_[³®rs~V�nk����]~�k?�=_H~yp�x�Z]k?jl�Dv k?g]jix�{,_�p���_
_Hg�o�k?gDvy_Ko�u�pVhi�?_
��h �,_H~�_Hg�p�v�p�r�p�_Kv�{]u�p*g]ksp���ZD_
g¦p�Z]_&v�p�r�p�_�~V_
^�rnhigDv�p�Z]_�vVrs^`_?¢�( hip�Z­p�ZDhlv�^�k���_Hj�hip�hlv�^`rngD�]rsp�kn~Vx2pVk´rn�]rn��p�p�ZD_
p�~�rshlg]hlg]m*rngD��p�Z]_f~�_Ko�k?mng]hip�hlkng�rnjim?kn~Vh«pVZ]^�v$rngD��pVZ]_fg]_
�Irsjlmnkn~Vhip�Z]^�vFrn~�_f^`kn~V_BpVhi^`_�¥¤o�k?gDv�u]^`hig]m*p�Z=rsgTpVZ]_�o�jtrnvVvyhto
rnj
kngD_Hv��1�[rnu]^�¥'(¦_
jto�Z&k?~�{Drnv�_H�&kngBAqhip�_H~�{Dh ��¢

�z_Hmn^`_
g�pVrnjFY � ��³®³ ZDrP�?_�{=_H_
g¯�]~Vkn�,k?v�_H�¦{zx��zuDrsu=��_Hrnu µi�K-P¶6 �hip*~V_
jlhi_Kv�kng°r0¸`¹:º'»½¼�º'»Fv�_
m?^�_Hg�pVr�pVhik?g¯ks�[p�ZD_
v�him?gDrsj,hig�pVk��DZ]kng]_Kv[r�p�p�Z]_�v�him?gDrsj,�]~Vkzo
_HvVvyhlg]m*ji_H�n_
j6 :»HGJI}G�p�ZD_f{Djik�o���v�ZDrP�n_fr���rs~Vhtrs{]jl_qjl_
g]mnp�Zw ]o
kn~V~�_Kvy�,kng=��higDm�p�k�p�ZD_
jl_
g]mnp�ZGks��p�Z]_��]ZDkng]_ %]Z]k���_
�n_H~H ?p�ZDhlvBv�_
m?^`_
g�pVrsp�hlkng�htv�g]knp�~�_Hjihtrs{]jl_n¢

õ4¬ )wõJ­
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Y[Z]_�ht��_Hr`�¡k?~B�]~Vkn�,k?v�higDmTo
Y � ��³®³ �[rnv[pVk�rP�nk?hl��p�Z]_�u]g]~V_
jlhlrn{]ji_*vy_Hmn^`_
g�pVrsp�hlkng2r�p�pVZ]_*r?o�k?uDv�pVhlo�jl_
�?_
jwhlg2kn~���_H~

p�k!��_Hrnj$��hip�Z¯pVZ]_&�]u]~Vrsp�hlkng°rs�÷p�_
~V�[rs~��]v�rsgD�¯p�ZzuDv�pVk´{,_&rn{]ji_Tp�k´o
kn~V~�_Ko'p�^`htv�p�rs�n_Kv�v�higDo
_�hip*htv�g]k��Ã��k?g]_�rsp�p�ZD_
vVrs^`_�vypVrnmn_n¢�Y[Z]_�rno
knuDvyp�hto��]ZDr?vy_�hlvFp�ZzuDv$pVZ]_fo
jlr?v�v�hto
rsj=kng]_�hig�pV~�k���uDo
_H��hlg +'a�¢l�n¢��8o
_
g�p�htv�_Ho�k?gD�TY � �q³®³ µl�n��¶:htv�r
Z]hl_
~�rs~�o�Z]hto
rsj:o�k?gDvyp�~VuDo'pVhik?gNrn{=k��?_fr`o�jtrnvVv�hloHrsj&�q³®³ �½Z]_
g=o�_fp�Z]_ ��p���ks¥±ji_H�n_
j �Brn�]�,_Hrs~Vhlg]m`higNh«p�v�gDrn^�_$��uDv�hig]m`{]jlk�o���v
ks� ©]§�_H�Tv�hi¨H_n zks� p�Z]_fkn~���_
~$ks�w^�rsm?g]hip�uD��_fks�.pVZ]_�o�_Hg?pVhlv�_Ho
kngD�w¢4Y[Z]_ �q³´³óhtv$vyp�hljij:uDv�_H�&rnvFp�Z]_�rno
knuDvyp�htoB^`k���_Hj,rngD�
rG�]Z]k?g]_�pVhlo`jl_
�?_
j�htv�r?�]��_K�.¢&Y[Z]_�jlhlg]�!{,_�p���_
_Hg¦p�Z]_Kvy_�p���kGji_H�n_Hjlv�htv�rng­rn�]�]jlhloHr�pVhik?g¦��ZDhlo�Z­mnhl�n_Kv
  �¡kn~�_Krno�Z­v�p�r�pV_
hlg2p�Z]_�vy_K|�u]_
gDo
_�ks��vypVrsp�_HvH =p�Z]_�o�kn~V~V_Hv��=k?gD��hlg]m`�]Z]kngD_�p�hto�vypVrsp�_�r?vB��_
jlj�r?v�p�ZD_�_
g�pV~�xG�]r�pV_�hlg2p�Z]htv��]Z]kngD_�p�hto�vypVrsp�_n¢
�z_H�n_
~�rsj;o
kngDv�_Ho
u�p�hl�n_`v�p�r�pV_Hv�r�p�p�ZD_`r?o�k?uDv�pVhlo*jl_
�n_Hj�o
rng´pVZ�u=v�{=_�rnvVv�kzo
hlrsp�_K�2p�kNpVZ]_�v�rn^�_��]Z]k?g]_�pVhlo`uDg]h«p���hip�Z¦p�ZD_
vVrs^`_�_
g�p�~Vx��]rsp�_n¢

� _
p � vBvypVr�pV_�p�Z]htv�^`kn~V_�^�r�pVZ]_
^�r�pVhloHrsjljix?¢(/ 0 243 5 7 9�:e5=:e> ��_Hg]kspV_Hv[pVZ]_�v�_H|�u]_HgDo�_�kn�4k?{Dvy_H~��?_H�&rno�k?uDvyp�hto��n_Ho�p�k?~VvH¢
Y[Z]_�r?o�k?uDv�pVhlo ��³®³ htvBo�ZDrs~�rno�p�_H~�hl¨
_K��{zxTpVZ]_�pV~VrngDvyhip�hlkngG�]~Vkn{=rs{]hljihip�hl_Hv��3�
� ��rsgD�N{zx&p�Z]_��D~�k?{Drs{]hljlh«p�x��]hlvyp�~Vhi{Du�p�hlkngDv���
� ��2W7T��Z]_
~V_Q���
� ��243 5 7Thlv�p�Z]_!�]~Vkn{Drn{]hijlhip�x°p�Z=r�p]3 5 htvTk?{Dv�_
~V�n_H����uD~�hlg]m¯pVZ]_®pV~VrngDvyhip�hlkng��¡~Vkn^�vypVr�pV_��*p�k¬v�p�r�p�_B�D¢� 0�2
� 5 7  }:<5=:�>#"¦9 ��_
g]knp�_Kv�r�v�_H|�u]_HgDo�_�kn��vypVrsp�_Hv[hlg&p�Z]htvBrno
knuDvyp�hto �q³®³°¢D��p�p�Z]_��DZ]kng]_
p�htofji_H�n_
j6 ���0�2��
	*7 9�: 	 :��
htvBpVZ]_*�D~�k�o�_Kv�vq~�_H�]~V_Hv�_
g�p�hlg]m`p�ZD_�o
kn~V~�_Kvy�,kngD�]hig]mTv�_H|�u]_HgDo�_*ks���]ZDkng]_
p�hto�u]g]hipVvH¢�Y[Z]_�gzu]^*{=_H~�
Ý��_Hg]kspV_Hvqp�Z]_�p�knpVrsj
gzu]^�{,_
~qks���DZ]kng]_
p�hto�u]g]hipVvqhigNp�ZD_�vy_K|?uD_
gDo
_�rngD��� 	 0 2�� 	 ��� 	 7���h«pVZ�� 	 pVZ]_���¥6p�Z2�]ZDkng]_
p�hto�u]g]hipBhigNp�ZD_�vy_K|�u]_
gDo
_
rsg=��� 	 pVZ]_�_Hg?pV~�x&p�hl^`_*hlg�� 	 kn~q_K|�u]hi��rnji_Hg?pVjixNpVZ]_�pVhi^`_�higD�]_�§2ks�;pVZ]_�©D~�vypfvypVr�pV_�hlgI� ��Z]hto�Z2htvqhlg®pVZ]_��]ZDkng]_
p�hto
u]g]hip�� 	 � (�)�� 	 ).- �'¢

Y[Z]_Gvykn��knu]~Vgª��uD~Vrsp�hlkngªhlg0p�Z]_G�]Z]k?g]_�pVhloNu]gDh«p�� 	 hlv���htvyp�~Vhi{]u]p�_H�¬rnoHo�k?~V��hlg]m2pVk¯r´�]~Vkn{=rs{]hljihip�x°��_H�=_HgD��hlg]m!k?g
� 	 kng]jlx:²������62�*t7*htv�pVZ]_N�]~�k?{Drs{Dhijlh«p�x­kn�qv�p�rPx�hlg]m�*!uDg]h«p�v�ks��p�hl^`_&hlg�� 	 ¢¯¾�hlmnuD~�_Ga2Z]_Hji�Dv*pVk´mn_
p`r´^`kn~V_��zhlv�uDrnj
u]gD�]_
~�v�p�rsgD��hlg]m`ks��p�Z]htvB��_
©Dg]hip�hlkngw¢

phonetic level

acoustic level

 "!$#&%

')(�*�+-,

 �! "!�./%

')(�* '0(�*213, '0(�*54768+9,

¾4him?u]~�_�a]²
:�{tu�y �¦w.svu�| u�sv�Z�v�RpF�9:<;�=?>�>]�

Y[Z]_���k?hig�p��D~�k?{Drs{]hljlh«p�x0ks��p�Z]_´kn{Dv�_
~V�n_K�¬v�_H|�u]_HgDo�_ / ks��rno
knuDvyp�htoG�n_Ko'p�k?~Vv�rngD�¬p�ZD_´Z]ht�]��_Hg�vy_K|?uD_
gDo
_I�dks�
rno
knuDvyp�hto�v�p�r�pV_Hv[htv�p�ZzuDv
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��Z]_H~�_�*�	�0C�D	 "�9 -E�D	fhlv�pVZ]_�vykn��knu]~Vg&�]u]~Vrsp�hlkngNhigNpVZ]_���¥6p�ZG�]Z]k?g]_�pVhlo�u]gDh«pK¢
Y[Z]_qrnjim?kn~Vh«pVZ]^ o
kn^`�]u�pVhigDm�p�Z]htv�|?u=rsg�p�hip�x*htvFr�vyjlhim?Z�p$rn�]rn��pVrsp�hlkng`ks� A�h«pV_
~V{]h,rnjim?kn~Vh«pVZ]^�u=vyhlg]m � hlgD��hto�_Kv�hlgDvyp�_Hr?�

ks�$a��¡kn~qp�Z]_`o�jtrnvVvyhto
rnj k?g]_��½o���¢ +��D¢l��� %DpVZ]_�_�§zp�~�r�hlgD��_�§®vypVrngD�]vq�¡kn~�p�Z]_�vykn��knu]~Vg®��u]~�r�pVhik?g2hig¦r��]Z]k?g]_�pVhlo�u]g]hip�rngD�
{,_
jlkng]m�v;p�k�p�Z]_�hig�p�_H~���rnjGF ( � *�H<I�J"Kq��Z]_H~�_ *LH<IMJfhtv;pVZ]_q^�rs§zhl^�rsj,vykn��knu]~Vg���u]~�r�p�hlkng�hlgTrsgzx��]Z]k?g]_�pVhloqu]g]hipH¢;Y[Z]_�o
k?vyp
ks�Fp�Z]htvf^�k���hi©D_K�IAqhip�_H~�{Dh�rnjim?kn~Vh«pVZ]^èhlv�p�ZzuDv *�H<I�J`pVhi^`_Hv�pVZ]_�o
k?vypfkn�;p�Z]_�uDv�uDrsj�k?g]_n :{,ksp�Z!hig´p�hl^`_�rngD�®^`_
^`k?~�x?¢
�zhlgDo�_�pVZ]_���rsjlu]_�ks� * H<IMJ htv��KÁ�hlgNk?u]~�_�§��,_
~Vhi^`_Hg?p�v
 zpVZ]htv�hlv�r`~V_Hr?vyk?gDrs{Dji_�k��n_
~VZ]_Krn�.¢

Y[Z]_[pV~Vrnhig]hlg]m�vypVrsm?_���_�pV_
~V^�hlg]_Kv�p�Z]_q�Drs~�rs^`_�pV_
~�v��¡kn~;pVZ]_N�O�`jlrP�Bv�hlg�rn�]�]h«pVhik?g`p�k�p�ZD_�ksp�ZD_
~��Drn~Vrn^`_�p�_H~VvH¢w£¤g`pVZ]hlv
�Drn�=_H~H Dp�Z]_P���!rs~V_�pVrn�n_
gGpVkT{,_�c�rsu=v�v�hlrngw =v�hlgDo�_�~V_
_Kv�pVhi^�rsp�hlkng2htvB_Hr?vyhl_
~q��h«pVZ!c�rsuDvVv�hlrng2jlrP�Bv[pVZDrsg´��h«pVZ!c�rs^`^�r
jtrP�Bv
¢FY[ZD_�p�~�rshlg]higDm��DZDrnv�_�hlvqvy�]jlhipBhigGpVZ]~�_H_�v�pV_
�Dvqrshl^�hlg]m�r�pB~V_H�]uDo�hlg]m`p�ZD_�o�kn^`�]u]pVr�pVhik?gDrsj�o�k?vyp��¡{zxNkn��pVhi^`hl¨
hlg]mTr
o�jtrnvVv�hloHrsj ��³®³è©D~�v�p0�;rsgD��r?o
o
_
jl_
~�r�p�hlg]mfp�ZD_�o�k?gz�n_
~Vmn_HgDo�_?¢ Y[Z]_�©=~Vvyp$vyp�_
��htv;pVZ]_�pV~Vrnhig]hlg]m��]~V_Hv�_
g�pV_H���¡kn~�p�Z]_ �q³®³¯ 
rsg=�TpVZ]_���u]~�r�pVhik?g&�Drn~Vrn^`_�p�_H~Vv[rn~�_�g]knp�p�rs�?_
gNhig�p�kTr?o
o
knu]g�pH¢;Y[Z]_HgNp�Z]_���uD~Vrsp�hlkng��=rs~�rs^`_�pV_
~�v�rn~�_�hlg]hip�htrsjlhi¨H_H�N��h«pVZ
��rsjlu]_Hvqo�kn~V~V_Hv��=k?gD��hlg]m�p�k�pVZ]_�~V_Ho�k?mng]hip�hlkngNks��pVZ]_�u�p�p�_
~�rsg=o�_HvBks��p�Z]_�p�~�rshlg]higDmT�]r�p�rs{Dr?vy_?¢ � rnvyp�jlxn Dr`pV~VrnhigDhig]m��DZDrnv�_
)*)èö,+.-$/0/21



v�hi^`hljlrn~�p�kGp�Z=r�p��¡kn~���³®³�rsgD�¦hlgDo�jluD��hlg]mGpVZ]_T��u]~�r�pVhik?g!�Drn~Vrn^`_�p�_H~Vvfhtv��,_
~��¡kn~V^�_K�.¢�·;§��,_
~Vhi^`_
g�p�v�hig=��hloHr�pV_`p�ZDrsp
mnkzk��­~V_Hv�u]j«p�v�rn~�_�k?{�pVrnhig]_K�­��h«pVZ]knu]p*hlgDo�~V_Hr?vyhlg]mGp�ZD_�gzu]^�{,_
~*ks�Bu�p�p�_H~VrngDo�_Kv�hig°p�Z]_�p�~�rshlg]higDm´�]r�p�rs{Dr?vy_2µl�n��¶6²�p�ZD_
~V_Ho�k?mng]hip�hlkngN~�r�p�_�kn�4_H~�~Vkn~���~Vkn�Dv��¡~Vkn^î�D¢ ��ÂÝ��hip�Z���³®³äp�k � ¢ a�ÂÝ��hip�Z®o
Y � �q³®³äk?g&pVZ]_�p�~�rshlg]hlg]m��]r�p�rs{Dr?vy_�rngD�
�¡~Vkn^àÀD¢i��Â p�k � ¢��?Â kngNp�Z]_�pV_Hvypq�]r�p�rs{Dr?vy_?¢
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� �  o #�����Z� ���z�� �"8 o���¦���
%�&�� �! ���a o #� � �� #���Z&�%������
�(%1�� z�!�
�� 
� ©=~Vvyp�rsg=�2kn{z�zhik?uDv�^`kspVhi��rsp�hlkngG�¡kn~frnoHo�_
jl_
~�r�pVhigDm`p�Z]_�vy�,_
_Ko�Z2~�_Ko�knm?g]hip�hlkng2��_
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