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k*)#V�g5��O�^‡g�/ O�^ VYkŸT�q�TWV�g;O�QH�E„ š��	”'`U^PQE^‡O�k=abk=a%‹™Q��%V a%V#Q�/2`U^ ��+�/2VP”'`Uq%a�gxQ���O•QYTWq�•��’sŸO�^E‹|V:T(�<TWQ V#lAT
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/7�%V#^EV�/2Vxgb`Ia%`UQ9��O 'UV?QE` j�O �IQE`b` l q�•��œO•QEQEV#abQWk=`Ua7QE` S�V�•#O�q�TWVx`�”Pk=QEV#l MUL �ea7`|Q��%V#^

/ `|^‡g%TD+�Q��%V ���nS%^rk�g*O•j%j%^E`nOU•��;j�V#^r” `U^ lAT S�V#QEQEV#^ /7�%V#a Q��%V?p

�

šnŠ

�

” V�O•QEq%^EV�T O�^EVAO•j%jbs~k=V�g

O�j%j%^E`Uj%^WkŸO�Q VRs �7O|•#•R`U^‡g|k=a%‹;QE`;Q��%V?a%`�kŸTWV TE•RV#a�O•^Wk=`�L � aœ•R`Ul j�O�^Wk=a%‹;Q��%V?Q�/2`;T��<TrQEV#lATD+ `Ua%V

T��%`UqbsŸg’a%`UQEVPQ���O�Q†Q��%V �=�bS%^WkŸgxO�j%j%^E`nOU•��?q�TWV�T†Kn[_L v �•j�O�^‡O�lmV#Q V#^‡TD+�/7�bk–s=V Q��%V
�†Š7> T��<TrQEV#l

v



q�TWV�T `|abs �xZbL=M �•j�O�^‡O�lmV#Q V#^‡T �=M�‚�	eL7�	`0/2VD'UV#^�+bk=axj%^EVD'|kt`|q�T7/2`U^ � k=axQ��%VY‹U^ `Uq%j +�Q��%VYabq%l S.V#^

`�”…j�O�^‡O�l V#QEV#^‡T�/ OUT k=a�•R^EV�OUTWV�g’S��?q%a%c'Q �|k=a%‹;'zO�^rk�O•a�•RV�TD+�V#Q‡•�L†Š��bkŸTPg|kŸg™a%`|Q O�j%j.V�O�^PQE`9�%VRs=j

j�V#^W”'`U^ElAO•a�•RV ” `|^YQ��bkŸT Q‡OUT � ��M�[�	eL

�

a%`UQ��%V#^YlAO < `U^Yg|k =�V#^EV#a�•RV•S�V#Q�/2V#V#aIQ��%VmQ�/ `™T(�<TWQ V#lAT

k�T Q���O�Q2Q��%V �†Š7> ^EV�•R`U‹Uabk*)#V#^2kŸT /7�%`�s=V#c /2`U^‡g•lm`%gbVRs�S�OUTWV�g�+�/ �%V#^EV�OUT2Q��%V����bS%^WkŸg?O�j%j%^E`nOU•��

k�T†j��%`|a%V#l kŸ• S�OUTWV�g(L ��T��%`UqbsŸg;Ozs�Tr`?a%`UQEV Q���O�Q†Q��%V s=`<•#O�s2VRh<j.V#^EQWkŸTWVAO•Q�� „ š�� kŸT	”'`<•Rq�TrV�gx`Ua

Q��%V �=�bS%^WkŸgxO�j%j%^E`nOU•���L�� Q†k�T •RV#^EQ‡O�k=abs*�xj�`nT T k=SbstV Q���O�Q���Š7> VRh<j.V#^EQ‡TP•R`UqbsŸgxVRh%QE^‡OU•RQ†S�V#Q QEV#^

j�V#^W”'`U^ElAO•a�•RV†” ^E`|l Q��bk�T†T��%TWQEV#l™L

�

•R`Uab”'q�T k=`Ua lAO�QE^Wk–hI`•”�Q��%V•^EV�•R`U‹Uabk=QWk=`Ua*^EV�TrqbstQ �eq�T k=a%‹���cep

�

šnŠ

�

&Y`|a7• stV�O•a7TWj�V#V�•�� kŸTmT��%`0/ a

k=a;Š,O�Sbs=V•o%L Š��%V�s=VR” QEl `nTWQP•R`�s=q%lma?k=a�g|kŸ•#O�QEV�T�Q��%V •R`U^ ^EV�•RQ�O�a�T�/2V#^PO�a�g?Q��%VYQE`Uj%l `nTWQ2^E`0/FkŸT†Q��%V

O�a�T�/2V#^B^EV#QEq%^Ea%V�g:S=� Q��%V2^EV�•R`U‹Uabk*)#V#^�L…]_^E`Ul Q��%V2lAO�j%jbk=a%‹ + / V TWV#V2Q���O•Q,Q��%V	V#^E^E`U^€kŸT…TWj%^EV�O|g O|•R^E`nTET

/2`U^‡g%T VRh�•RV#j%Q ”'`U^ Q��%V�/2`U^Rg

0 )

L…Š��%V#^EVYO•^EVY˜ k=a�• kŸgbV#a�•RV�T�/7�%V#^EVPQ��%V /2`U^‡g

01)

kŸT	S�VRk=a%‹?•R`Uab” q�TrV�g

/2k=Q��mQ��%V�/2`U^‡g

$&%('*)

+b[†k=a�• kŸgbV#a�•RV�T�/2k=Q��•Q��%V7/2`U^‡g

���

)

+nO�a�g•O�a%`UQ��%V#^…[ k=a�• k�gbV#a�•RV�T /2k=Q��mQ��%V�/2`U^‡g

)�+

L1�'”�`Ua%V7/2V#^EV Q `PVD'zO�s=q�O�QEV†Q��%V j.V#^W”'`U^ElAO�a�•RV	`Uabs*� `|amQ��%V�g|k=‹�k=Q‡T S�� QRO �Uk=a%‹ `Uq%Q…Q��%V	Q /2`P•R`UabQE^E`�s

/2`U^‡g%T

- % /

O�a�g

01)

” ^E`|l Q��%V•QEV�TWQmTWV#Q�+BQ��%V9/2`U^‡gxV#^ ^E`U^Y^RO�QEV9/ `|qbs�g S�V?^ V�gbq�•RV�g ” ^E`|l MUL [ @ QE`

‰%L v @AL

ŠBO�Sbs=V o

�

„…`|ab” q�T k=`Ua’lAO�QE^rk~h?`Ua�: VRs–sŸ•R`U^EVPkŸTW`•s�O•QEV�g™g|k=‹�k=Q‡T	QEV�TWQEV�g•`|a • s=V�O�a Trj�V#V�•���L

� � � � � � 	 
 � � 
 � �
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�

T†a%`UQEV�g’V�O�^Ws–k=V#^�+�Q��%V B	q%l S�V#^‡TFC ƒUo?•R`U^Ej%q�T	kŸTPO?•R`UabQWk=abq%`Uq�TWceTWj.V#V�•��*g%O�Q‡O�S�O|TWV •R`�s–s=V�•RQEV�g S=�’Q��%V

„ šn• � O�Q2Q��%V�� ^ V#‹U`Ua ��^‡OUgbq�O•QEV7�ea�TrQWk=QEq%QEVUL � Q •R`|a�T kŸTWQ‡T `�”,abq%l S�V#^‡T2TWj.` �UV#a?TWj�`UabQ‡O�a%V#`|q�T s*�A`0'UV#^

QEVRs=V#j��%`Ua%V’s–k=a%V�T?`Ua Q��%V™j%q%Sbs–kŸ•RceT�/2k=Q‡•��%V�g�a%V#Q�/2`U^ �(LFŠ��%V�TWV™abq%l S�V#^‡T•O�^EV’VRh<Q ^‡OU•RQEV�g ” ^E`|l Q��%V

OUg%gb^EV�T TWV�TATrj�` �UV#a S=� Q��%Vx•#O�s–stV#^RT•`�” „	šn• � C\T?šUj.VRs~s=V�g�O•a�gFšUj�` �UV#aEB�O�l V�T•„…`U^Ej%q�T � K�	eLFŠ��%V

B	q%l S.V#^‡TDC ƒ|o;g%O�Q‡O�S�O|TWV •R`|a�T kŸTWQ‡T `�” [%M�˜<Z TWj�V#V�•�� -%s=V�T `�”YTWj�` �|V#a*anq%l S�V#^RTmj%^E`%gbq�•RV�g*S��FMUM�oU[

•#O�s–s=V#^‡T#L � q�TrV�g M�‚Uo�Kx`�”YQ��%V�TWV’q%QEQEV#^‡O•a�•RV�T ”'`U^mQE^RO�k=abkta%‹ �RMUMUM�ZUZ�Knƒ•”'^‡O�lmV�T & O�a�g7gbVD'|VRst`|j%lmV#anQ

� vU˜ + ˜UoU‰:” ^RO�lmV�T"&	+�T O�'|k=a%‹?Q��%Vm^EV#l•O�k=abkta%‹xq%QEQ V#^‡O�a�•RV�T†”'`U^H-�a�O�s…Q V�TWQWk=a%‹™j%q%^Ej.`nTWV�T#L•Š��%V#^EVAO•^EVAoU˜

ƒ



Context-independent

           MLP

Context-dependent
   
           MLP

x x

P( | x )"eh" occuring
  after a "t"P( | x )"eh"

]€k=‹Uq%^EV o

�

„ `UanQ VRh<QEc&k=a�gbV#j.V#a�gbV#anQ�'%T#L…•R`UabQEVRh%QEcegbV#j�V#a�gbV#abQPT��<TrQEV#l™L

/2`U^‡g%T	k=a Q��%VG'U`%•#O�S%qbsŸO�^���+€a�O�lmVRs*�

$&%('*)�� )�+ � ������� ���

�����

� �
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� �

�

� �

�

� �

�

�

�����
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� �

�����
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	���/!+,� +�-�� + %(0 �

O�a�g
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���� %

LmŠ��bkŸTPQ‡O|T � +�k=a�• stq�g|k=a%‹IO•l q�•��xsŸO�^E‹UV#^ •R`�s–s=V�•RQWk=`UaI`•” TWj.`UanQRO�a%V#`Uq�T s*�

TWj.` �UV#a™abq%l S�V#^‡TF+bkŸT2S�VRk=a%‹?lAOUgbVPj%q%Sbs–kŸ•#O�s–s*�;O�'�O�k–sŸO�Sbs=VY”'^E`Ul „ šn• � L
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� a%V5/ O�� QE`Il `<gbVRs Trj�V#V�•�� •R`bO�^EQWkŸ•RqbsŸO�QE`U^��*V!=�V�•RQRT k=a Trj�V#V�•��œ^ V�•R`U‹Uabk=QWk=`Ua kŸTmQE` q�TWV •R`UabQEVRh%QEc

gbV#j�V#a�gbV#abQ™j��%`|a%V#QWkŸ•™l `<gbVRsŸT#L ]%`|^AV�OU•��7`•”YQ��%VxVRh<j.V#^Wk=lmV#anQRT?gbV�TE•R^Wk=S�V�g k=aFQ��bkŸT?TWV�•RQWk=`Ua +	Q��%V

j��%`Ua%V#QWkŸ• l `<gbVRsŸT O�^EV ^EVR”'`U^El qbsŸO�QEV�g’QE`?•#O�j%QEq%^EV<'zO�^Wk=`Uq�TPgbV#‹|^EV#V�TP`�” •R`UabQEVRh<Q q�O�s,k=ab”'`U^ElAO•QWk=`Ua;QE`

gb`•^EV�•R`U‹Uabk=QWk=`Ua�L Š��bkŸT	kŸT†OU•��bk=VD'UV�g’S��?QE^‡O�k=abk=a%‹?g|k =�V#^EV#abQPQ��nj.V�T2`�” •R`UabQEVRh%QEcegbV#j�V#a�gbV#abQY‘x•�Œ…T	QE`

•R`Ulmj%q%Q V Q��%VYV#l kŸTET k=`Ua j%^E`US�O�Sbk–s–k=QWk=V�TY^ V�,Uqbk=^EV�g’S��™Q��%V •R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ TWQ‡O�Q VYlm`%gbVRs,”'`U^†Q��%V

		ktQ V#^ESbkiO�s=‹U`U^rktQ��%l™L

Š��%V•S�OUT kŸ••g|k =�V#^EV#a�•RV•S�V#Q�/2V#V#a*O™•R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQA‘x•�Œ O�a�g;O’•R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ•‘ •€Œ

kŸT	k–s~s=q�TWQ ^‡O�QEV�g’k=a;]€k=‹Uq%^EVmo%L��†T k=a%‹?Q��%V ���nS%^rk�g O�j%j%^E`nOU•��?”'`U^P•R`UabQEVRh<Q c&kta�gbV#j.V#a�gbV#anQ ^EV�•R`|‹Uabk=QWk=`Ua +

Q��%VP‘x•�Œ kŸT…Q ^‡O�k=a%V�g•QE`YV�TrQWk=lAO�QEV†Q��%V†j%^E`US�O�Sbk–s–k=Q �•`�”iO�j��%`Ua%V#QWkŸ•Y• sŸOUT T…‹•k '|V#aAQ��%VP•Rq%^E^EV#abQ ” V�O•QEq%^EV

'UV�•RQE`|^�LI]_`U^m•R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ•^EV�•R`U‹|abktQrkt`|a +…Q��%V™‘x•�Œ kŸT Q ^‡O�k=a%V�g*QE`;g|kŸTE•R^Wk=l k=a�O�Q V™a%`UQ `Uabs*�

O�lm`|a%‹ j��%`|a%V#QWkŸ•™• sŸOUTETWV�TF+2S%q%QAO�sŸTW`;Q��%V?j��%`|a%V#QWkŸ•™•R`UabQEVRh%Q‡T q%a�gbV#^ /7�bkŸ•��*V�OU•��*j��%`Ua%V#QWkŸ•x• s�O|TET

`%•#•Rq%^‡T2k=a�L…Š �%VYVRh�O�lmjbs=V T��%`0/ a•k=ax]€kt‹|q%^EVYo kŸT�O stVR”'QEc'Sbk=j��%`Ua%Vm•R`UabQEVRh%QEcegbV#j�V#a�gbV#abQ ‘x•�ŒBL

�2VRh<j.V#^Wk=lmV#abQEV�g;/2k=Q��’Q��%^EV#VPQ��bj�V�T2`�”…•R`UabQEVRh%Q�gbV#j�V#a�gbV#a�•RVUL Š��%VD�9/2V#^EV

�‡L†T k=a%‹�s=V TWQ‡O•QEVP‹UV#a%V#^‡O�s–k*)#V�g?Q ^Wk=j��%`Ua%VYlm`%gbVRsŸTD+

� �RLPT k=a%‹�s=V#ceTWQ‡O�QEV QE^Wk=j��%`Ua%VPlm`%gbVRsŸTD+(O�a�g

��� �RL†l qbs=QWk=jbs=VmTWQ‡O�Q V�j��%`Ua%V#Qrk�•�lm`%gbVRs�T /2k=Q��’‹UV#a%V#^‡O�s–k*)#V�g’Sbktj��%`|a%V�T#L

]€k=‹Uq%^EV Kmj%^E`0'UkŸgbV�T†O�a™VRh�O�lmjbs=V�” `U^	V�OU•��’`Ua%VP`�”fQ��%V#l™L2Š��%VYQ `Uj%lm`nTWQ†‘ O•^ �U`0'A•���O�k=a?k–s–stq�TrQE^‡O�QEV�T

M�‰



Context-independent model:

seven s s s s v v ix ix ix n n neh eh eh

2-eh-1 2-eh-1 2-eh-1 ......

......   eh  eh-1 2-eh

...s-eh-v s-eh-v s-eh-v...

I.   Generalized triphone context:

II.  Triphone context:

III. Multiple state phonetic model:

]€k=‹Uq%^EVPK

�

dBh�O�lmjbs=V�T ” `U^2‹UV#a%V#^RO�s–k )#V�g’QE^rktj��%`|a%V�+�QE^rktj��%`|a%V�+�O�a�g?l qbs=QWk=jbs=VmTWQ‡O�QEV†j��%`Ua%V#QWkŸ•�lm`<gbVRseL

Om•R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQYlm`%gbVRs�”'`U^ Q��%V /2`U^‡g

/&%��(%�0

L �	a�gbV#^†QE^Wk=j��%`Ua%V •R`|anQEVRh%QEcegbV#j.V#a�gbV#anQPlm`%gbc

VRs–k=a%‹ +BV�OU•�� j��%`Ua%V#lmV kŸT†”'q%^EQ��%V#^Y• sŸOUT T k -�V�g*OU•#•R`U^‡g|k=a%‹™Q `mk=Q‡T stVR”'Q O•a�gx^Wk=‹��bQPj��%`Ua%V#l kŸ•A•R`|anQEVRh%Q�L

�ea•‹UV#a%V#^‡Ozs~k*)#V�g•QE^rktj��%`|a%V •R`UabQEVRh%Q�+�k=Q k�T�`Uabs*�A• sŸOUTET k -�V�g?OU•#•R`|^‡g|k=a%‹ Q `PQ��%V ‹UV#a%V#^‡Ozs~k*)#V�g?•#O�Q V#‹U`U^�� QE`

/7�bkŸ•��•ktQRTBs=VR” Q O�a�g ^Wk=‹��bQ2a%VRkt‹ �nS.`U^2S�VRs=`Ua%‹nT#L Š��%V#^EVPO�^EV†VRkt‹ �nQ2‹UV#a%V#^‡Ozs~k*)#V�g•S%^E`bOUgm•#O�QEV#‹|`U^Wk=V�TD+%O�a�g

Q��%VD�?O�^EVY• s=q�TWQEV#^ V�g™OU•#•R`U^Rg|kta%‹ QE`mQ��%VPjbsŸOU•RV `�”iO�^EQrk�•RqbsŸO�Qrkt`|a�� TWV#V

�

j%j�V#a�g|k–h

�

&‡L1�ea™O�a™O�s=QEV#^ a�O�QEV

O�j%j%^E`bOU•��’QE`•lm`<gbVRs–k=a%‹™`•” •R`UanQ VRh<QEq�OzsiV!=�V�•RQ‡TD+.Q��%V l qbs=QWk=jbstV•TWQ‡O�QEV j��%`Ua%V#QWkŸ• lm`%gbVRs…lmV#Q��%`%g™VRh%c

j�O�a�g%TBQ��%V T k=a%‹�s=V†j��%`Ua%V#QWkŸ• TWQRO�QEV…l `<gbVRs%k=abQE`YO†Q��%^EV#V TWQ‡O•QEV…lm`%gbVRs��œOY•R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQ2l kŸgbc

g|s=VmTWQ‡O�QEV�+(O ‹UV#a%V#^‡O�s–k*)#V�g’s=VR” Q c'Sbktj��%`|a%VAgbV#j�V#a�gbV#abQ�-�^‡TrQ TWQRO�QEV�+(O�a�g™O ‹UV#a%V#^‡O�s–k*)#V�gx^Wk=‹��bQEc'Sbk=j��%`Ua%V

gbV#j�V#a�gbV#abQ†sŸOUTWQ�TrQ‡O�QEVUL
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s~sfQ��%^EV#VmO�j%j%^ `nOU•��%V�T O�^EV S�`b`UQ‡TWQE^RO�j%j�V�g ”'^E`Ul O•T k=l k–sŸO�^PS�OUTWVRs–k=a%VAT��%TWQEV#lˆOUT gbV�TE•R^rktS.V�g’k=a šUV�•Rc

QWk=`UaAo +UVRh�•RV#j%Q…Q���O�QfQ��%V ‹UV#a%V#^‡O�s–k*)#V�g•QE^Wk=j��%`Ua%V†O�a�g Q��%V Q ^Wk=j��%`Ua%V�l V#Q��%`<g%TB^ V�,Uqbk=^EVPO�aA‘x•�Œ /2k=Q��

O sŸO�^E‹UV#^m`|q%QEj%q%Q s�O �UV#^ `�” ƒU‰xO�a�gFMUM|MAq%abk=Q‡T:^EV�TWj�V�•RQrk '|VRs ��+ /7�bk–s=V™Q��%V•l qbstQrktjbs=V;TWQ‡O•QEVAj��%`|a%V#QWkŸ•

lm`%gbVRs�O�j%j%^E`nOU•�� q%QWk–s~k*)#V�T•Oxg|k =�V#^EV#abQm•R`Ua%a%V�•RQWk=`UabkŸTWQ?O�^‡•��bk=QEV�•RQEq%^EV?T k=l k–sŸO�^mQE`xQ��%V•`Ua%V?gbV�TE•R^Wk=S�V

k=a � ˜�	eLAŠ€`™TWq%j%j�`|^EQYQ��%V•l qbs=QWk=jbstV?TWQ‡O•QEV j��%`Ua%V#QWkŸ••lm`%gbVRsf” `U^ l qbsŸO�Qrkt`|aIO™•R`Ua%a%V�•RQrkt`|abk�TrQ j%^ `US�O�c

Sbk–s–ktQ�� V�TWQWk=lAO�Q `U^m•R`Ua�T kŸTWQWk=a%‹;`�”YM�Z?‘x•�Œ…T�kŸT q�TWV�g�+ / ktQ�� v’a%V#Q‡T •R`U^E^ V�TWj�`Ua�g|k=a%‹;Q `™V�OU•��I`•”�Q��%V

v ‹UV#a%V#^‡O�s–k*)#V�g s=VR” Q c'Sbktj��%`|a%V�TD+Pvxa%V#Q‡T:” `U^•Q��%V’‹UV#a%V#^‡O�s–k*)#V�gF^Wk=‹��bQEc'Sbk=j��%`Ua%V�TD+†O�a�g M?a%V#Qm”'`U^•Q��%V

•R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQYTWQ‡O�QEV�T � TrV#V ]€k=‹Uq%^EVY‚�&RL

Š��bq�T†k=a7O�j%j%^E`bOU•�� �YO�a�g����"+,Q��%Vmj%^E`US�O�Sbk–s–k=Q��IV�TWQrktl•O�QE`U^�k�T QE^RO�k=a%V�g;QE`’V�TWQWk=lAO�Q VmQ��%V•j�`nTWQ V#^Wk=`U^
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200 hidden units

41 out.L1 L8 R1 R8. . . . . .

17x9 = 153 inputs

. . . . . .
1 8 8kk k k k 1

P(q   | x)

glc = generalized
          left context

grc = generalized
          right context

P(q   | glc   , x) P(q   | glc   , x) P(q   | grc   , x) P(q   | grc   , x)

]€k=‹Uq%^EVI‚

�

Š��%V;j.`nTWQEV#^rkt`|^?j%^E`US�O�Sbk–s–k=Q � V�TWQWk=lAO�QE`|^m”'`U^?Q��%V;•R`UabQEVRh%QEcegbV#j�V#a�gbV#abQxl qbs=QWk=jbs=V*TWQ‡O�QEV

j��%`Ua%V#QWkŸ•�lm`<gbVRseL

j%^E`US�O•Sbk~s–k=Q������ �"!

�

�����

���

�	�

#%$�&"+BkeL VUL;Q��%V?j%^ `US�O�Sbk–s–ktQ�� `�”�Q��%V™•Rq%^ ^EV#anQ ”'^‡O�lmV•S�VRk=a%‹*O’j��%`Ua%V#lmV �"!

`%•#•Rq%^E^Wk=a%‹IS.V#Q�/ V#V#a s=VR” Q?•R`UabQEVRh<Q•• s�O|TET

�����

O�a�g ^Wk=‹��bQA•R`UabQEVRh<Q•• s�O|TET

�

�	�

LœŠ��bkŸT j%^E`US�O�Sbk–s–k=Q�� k�T

^EVRsŸO�QEV�g QE` Q��%V†s–k��UVRs–k �%`b`%g�����$ #%�"!
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&fS=��:2O �UV�TDCb^Eqbs=V O|T ” `•s~s=`0/�T
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�ea™O•j%j%^E`nOU•��G�	+
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O�a�g
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^ VR” V#^2QE` Q��%V�VRk=‹��bQ ‹UV#a%V#^RO�s–k )#V�g s=VR”'Q Sbk=j��%`Ua%V�+�O�a�g Q��%V†VRk=‹��nQ2‹UV#a%V#^RO�s=c

k*)#V�gx^Wk=‹��bQ�Sbk=j��%`Ua%V�+(^ V�TWj�V�•RQWk*'UVRs*�UL�� a;O�j%j%^E`nOU•������"+(Q��%VD�?^EVR”'V#^�QE`•Q��%V K�MPs=VR”'QPSbk=j��%`Ua%V�+�O�a�g’Q��%V

K�M	^Wk=‹��nQ2Sbk=j��%`Ua%VY• sŸOUTETrV�TD+b^EV�TWj�V�•RQrk '|VRs �UL Š �%V�j%^Wk=`U^ �����"!

�

�����

���

�	�

&f•#O�aAS.VPV�TWQWk=lAO�Q V�gmS��A•R`Uq%abQWk=a%‹

`0'UV#^2Q��%VYQ ^‡O�k=abk=a%‹mVRh_O•lmjbs=V�T#L

�eamO�j%j%^ `nOU•��
�����	+|Q��%V TWV#QB`�”iM�Z ‘x•�Œ…T€kŸTBQE^RO�k=a%V�gYQ `PV�TWQWk=lAO�QEV ��� �"!�#%$

�
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�

&	+ /7�%V#^EV�� kŸT�`Ua%V…`�”(Q��%V

K�MPj��%`|a%V#QWkŸ• • sŸOUT TWV�TD+ $•kŸT†Q��%V�” V�O•QEq%^EV�'UV�•RQE`|^�+

�

kŸT	Q��%VY‹|V#a%V#^‡O�s–k*)#V�gxSbk=j��%`Ua%Vm•R`UanQ VRh<QP• sŸOUTETD+(O�a�g




k=a�g|kŸ•#O�QEV�T�/7�%V#Q��%V#^…k=Q kŸT2Q��%V	s=VR” Q�+b^Wk=‹��bQ�+|`U^ •R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQ TrQ‡O�QEV�T#L

�

‹nO�k=a +bQ��bkŸT j�`nTWQ V#^Wk=`U^

j%^E`US�O•Sbk~s–k=Q��™•#O�a™S.V •R`Ua�'UV#^EQ V�g•QE` s~k��UVRs–k*�%`b`<g5'|kŸO :2O �UV�TDCb^Eqbs=V OUT ”'`�s–st`0/�T
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#%$�&2kŸTP•R`Ulmj%q%Q V�g™S�� O•a O|g%g|ktQrkt`|a�O�s ‘x•�ŒFQE^‡Ozkta%V�g QE` g|kŸTE•R^rktl:kta�O•QEV •R`|anQEVRh%Q‡T†O�a�g

TWQ‡O•QEV�TD+%O�a�g•Q��%V j%^Wk=`U^ ��� �"!
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&2•#O�a?S�V V�TWQWk=lAO�QEV�g•S��?•R`Uq%anQrkta%‹•`0'UV#^2Q��%VYQ ^‡O�k=abk=a%‹mVRh_O•lmjbs=V�T#L

Š��%V’lAO�<W`U^mj%^E`|SbstV#l V#a�•R`Uq%abQEV#^EV�g /2k=Q�� QE^‡O�k=abk=a%‹7•R`UabQEVRh<Q cegbV#j�V#a�gbV#abQ™T��<TrQEV#lAT:k�T Q��%V s�O|• �*`�”

M�[



g%O�Q‡O ” `U^†QE^‡Ozktabk=a%‹;�bk=‹��bs*� Trj�V�• k -5• j��%`Ua%V#QWkŸ• •R`UabQEVRh%Q • sŸOUTETrV�T#L � a%V TW`�s=q%QWk=`Ua +�OUg%O�j%Q V�g•”'^E`Ul � ˜ 	 +

kŸT Q `Yk=abk=QWkŸO�s–k*)#VAQ��%VY•R`UanQ VRh<Q�Trj�V�• k -5• ‘ •€Œ*QE^‡Ozktabk=a%‹9/2k=Q���/2VRk=‹��bQ‡T ”'^E`Ul•O lm`|^EVP‹UV#a%V#^‡O�sf•R`UanQ VRh<Q

a%V#Q�LfŠ��bq�TD+bQ��%V ‹UV#a%V#^RO�s–k )#V�g•Q ^Wk=j��%`Ua%V •R`|anQEVRh%QEcegbV#j.V#a�gbV#anQ a%V#Q�/2`U^ ��kŸT…Q ^‡O�k=a%V�gmS�� S�`b`UQ‡TWQ ^‡O�j%jbk=a%‹

”'^E`Ul Q��%Vxj%^EVD'|k=`Uq�T s*�7Q ^‡O�k=a%V�gF•R`UanQ VRh<QEc&k=a�gbV#j.V#a�gbV#anQx‘ •€Œ,L	š�k=l k–sŸO�^Ws*��+PQ��%Vx•R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ

QE^Wk=j��%`Ua%V a%V#QPO�a�g?Q��%V TWV#Q†`�”fl qbs=QWk=jbs=VATWQRO�QEVPlm`%gbVRs�‘x•�Œ T�O•^EVPQE^‡O�k=a%V�g’S��?S�`b`UQ‡TWQE^RO�j%jbk=a%‹m”'^E`Ul

Q��%V ‹UV#a%V#^‡Ozs~k*)#V�g QE^Wk=j��%`Ua%VA•R`|anQEVRh%QEcegbV#j.V#a�gbV#anQ ‘ •€Œ,L�Š€` s~k=l k=Q Q��%V abq%l S.V#^P`�”…”'^EV#V j�O�^‡O•lmV#QEV#^‡T

O�a�g’QE^‡Ozktabk=a%‹?QWk=lmV ”'`U^†Q��%V •R`UabQEVRh%QEcegbV#j�V#a�gbV#abQYa%V#QRTD+�`|abs �xQ��%V �bkŸg%gbV#a%c'QE`Uc'`Uq%QEj%q%Q /2VRkt‹ �nQ‡T /2V#^EV

QE^‡Ozkta%V�g(L B `mgbV#‹U^‡O|g%O�QWk=`Ua k=a?^EV�•R`U‹|abktQrkt`|a?j�V#^W”'`U^ElAO•a�•RV�/ OUTi” `Uq%a�g:k=a™•R`Ulmj�O�^rk�Tr`Ua / ktQ��AQE^RO�k=abkta%‹

O�s–sYQ��%V / VRk=‹��bQ‡TD+†OUT•gbV#QEV#^El k=a%V�gFS��œO jbk–st`|Q?VRh<j.V#^Wk=lmV#anQ’Q���O�Q9/ OUTAgb`|a%V `|a7Q��%Vx‹UV#a%V#^‡Ozs~k*)#V�g

QE^Wk=j��%`Ua%V •R`UabQEVRh<Q cegbV#j�V#a�gbV#abQ�QE^RO�k=abkta%‹.L
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]%`|^ Q��%V
B	q%l S�V#^‡TFC ƒUo Q‡OUT ��+%Q��%V�s�O•a%‹Uq�O�‹UV lm`<gbVRsBkŸTPOm• sŸOUTET†Sbk=‹U^‡O•l gbV#^Wk*'UV�g ”'^E`Ul•Q��%V TWQ‡O•QWkŸTWQWkŸ•#T

`�”�Q��%V†QE^‡O�k=abk=a%‹mTWV#Q�LfŠ��bkŸT�sŸO�a%‹Uq�O�‹UV	lm`<gbVRs / OUTf•��%`nTWV#a•S�V�•#O�q�TrVPQ��%V�B	q%l S.V#^‡TDC ƒ|oPQE^‡Ozktabk=a%‹mTWV#Q�k�T

a%`UQ sŸO�^E‹UV†V#a%`Uq%‹��•QE` j%^E`0'|k�gbV†VRh�O�lmjbs=V�T ”'`U^ O�s–s�j�`bTET k=Sbs=V /2`U^‡g QE^‡O�a�T ktQrkt`|a�T…S.V#Q�/ V#V#a•abq%l S.V#^‡T#L

�

T k=lmjbs=VPSbk=‹U^‡O�l / OUTBQ��%V#^EVR”'`U^EV a%`|Q TWq 
 • k=V#abQ�L �…O�sŸTW` VRh<j.V#^Wk=lmV#abQEV�g9/2k=Q��?OPSbk=‹U^‡O�l /2k=Q��AOUg%gbc'`|a%V

TWlm`b`UQ��bk=a%‹ +(S%q%Q O?T k=lmjbs=VA• sŸOUTET�Sbkt‹|^‡O�l / OUT ” `Uq%a�g QE`AS.Vmlm`U^ V:O•j%j%^E`Uj%^WkŸO�QEVUL Š��%V QEV#a;• sŸOUTETWV�T

O�^EVY• s=q�TWQ V#^EV�g™OUT ” `�s–s=`0/

�

� )�+

�

�

� ���:��� � � ��� ��� � � �!� "�� #

� �,��� ����� ����� �&��� �,��� �,��� ���!� �,"�� �,#

� �

�

�:�

�

� �

�

���

�

� �

�

� �

�

���

�

� "

�

� #

�

� �

���

� �

�����

� �,0
	

� 	���/!+,��+ - �1+ %�0

� 	,)�
 � � %

� �

�†T k=a%‹IQ��bkŸT•• sŸOUTET Sbkt‹|^‡O�l k=lmj%^E`0'UV�T:Q��%V •R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQ?^EV�•R`U‹Uabk=QWk=`Ua j�V#^W”'`U^El•O�a�•RV?”'^E`Ul

M�‰%LtZ�@ �eanqbs–s,‹|^‡O�lmlAO•^D&fQE`mv%L [�@A/2`U^‡g•V#^E^ `U^2^‡O�QEVUL
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Š��%VP^EV�TrqbstQRT…`|aAQ��%V B	q%l S�V#^‡TFC ƒUo gbVD'UVRs=`Uj%lmV#abQ�TWV#Q ”'`U^…Q��%VY•R`|anQEVRh%QEcegbV#j.V#a�gbV#anQ VRh%j�V#^rktl V#anQ‡T	O�^EV

T��%`0/ a ktaxŠ,O•SbstV K�L ]_^E`Ul•Q��%VY^EV�TWqbs=Q‡T†q%a�gbV#^†Q��%V •R`�s=q%lma’s�O•S�VRs=V�g ��„…`|anQEVRh%QEcegbV#j.V#a�gbV#anQYŒ�^Wk=`U^ ��+

`Ua%V TWV#V�T Q���O�Q2k=a�•R`U^Ej.`U^‡O�QWk=a%‹?•R`UabQEVRh<QPgbV#j�V#a�gbV#a�•"�;gb`bV�T2k=lmj%^ ` '|VYj�V#^r” `U^ lAO�a�•RV�+%S%q%Q†Q��%VY^ V�•R`U‹Uc

abk=QWk=`Uaxj�V#^W”'`U^El•O�a�•RVY`Ua’Q��%V
B	q%l S�V#^‡TFC ƒUomgbVD'UVRs=`Uj%l V#anQPTWV#QPg|k�g’a%`UQ†•R`UanQrktabq%V QE` k=lmj%^E`0'UV�/ �%V#a

-�a%V#^ •R`|anQEVRh%QEq�O�s�q%abk=Q‡T O�^EV2k=a�•R`U^ j�`U^‡O•QEV�g(LfŠ��bkŸTfkŸT�j%^E`US�O�Sbs*�mgbq%V�Q `PQ��%V2sŸOU•�� `•”5QE^‡Ozktabk=a%‹ g%O�Q‡O†”'`U^

Q��%`nTrV:•R`|anQEVRh%QPTWj�V�• k -5••VRh�O�lmjbs=V�T �eVD'UV#a;Q��%`Uq%‹��5/2V:Trlm`n`|Q��%V�g’Q��%V QE^‡O�k=abk=a%‹�/2k=Q��xQ��%Vm•R`UabQEVRh%QEc

gbV#j�V#a�gbV#abQ?a%V#QD&‡L � a%VxTW`�s=q%QWk=`Ua kŸTAT ktl jbs � QE`;q�TWVxO;l `U^EV?‹UV#a%V#^‡Ozs •R`UabQEVRh<Q•• s�O|TET k -5•#O�QWk=`Ua +	`U^

lmV#Q��%`%g%T…Trq�•��?OUT…g��ba�O�l kŸ•	l qbstQrktc&s=VD'UVRs,•R`UabQEVRh%Q • s=q�TWQEV#^rkta%‹mOUT�j%^E`Uj.`nTWV�g:kta �=M�‰
	 LiŠ �%V�-�^‡TWQ Q��%^EV#V

•R`UabQEVRh%QEcegbV#j�V#a�gbV#abQYVRh%j�V#^Wk=lmV#abQ‡T gb`?a%`UQPQ‡O �UV ktabQE`™OU•#•R`|q%anQP`�” •R^E`nTETrc / `|^‡gx•R`UanQ VRh<Q�L � `0/2VD'UV#^�+

Q��%V ”'`Uq%^EQ��;VRh<j.V#^Wk=lmV#abQAgb`nV�T�lm`%gbVRs	•R^ `nTETWc /2`U^‡gx•R`UabQEVRh%Q�+ / �bk�•��*^EV�TWqbs=QEV�g k=a O•axk=lmj%^E`0'UV#lmV#abQ

”'^E`Ul•˜%L ƒ�@ QE`m˜%L [�@ `Ua;/2`U^‡g•^ V�•R`U‹Uabk=QWk=`Ua™V#^ ^E`U^2^‡O�QEVPq�T kta%‹ ��„…`|anQEVRh%QEcegbV#j.V#a�gbV#anQ�Œ�^Wk=`U^ �%L

ŠBO�Sbs=VYK

�

?;`U^‡g•^ V�•R`U‹Uabk=QWk=`Ua™V#^ ^E`U^2k=a3@ `Ua?Q��%V B q%l S.V#^‡TDC ƒUo gbVD'UVRs=`Uj%lmV#abQ TWV#Q	”'`U^ Q��%VY•R`UabQEVRh%QEc

gbV#j�V#a�gbV#abQPVRh%j�V#^Wk=lmV#abQ‡T#L

„ N Œf^rkt`|^ ‘ k~h™Œf^rkt`|^ Š�^RO�k=a%V�g™ŒfO�^‡O•lAT

�

•RQWk*'UVYŒfO•^‡O�lAT

„…`|anQEVRh%QEc � a�gbV#j�V#a�gbV#abQ � [U‰U‰��H��& v_L [ c Kn[%L v > o|v%L v�>

��V#a%c'QE^Wk=j��%`Ua%V „…`UabQEVRh%Q ˜_L ƒ ˜_L=M Knv%L v > Kbv%L ˜�>

Š€^Wk=j��%`Ua%V „…`UabQEVRh<Q ˜_L–Z ˜_L=M ‚U[%L v > ‚|[%L v�>

‘’qbstQrktc'j��%`|a%V#QWkŸ•RceTWQ‡O�QEV•„…`|anQEVRh%Q ˜_L v ˜_L–Z M•Zz‰%L ‰�> ‚|v%L [�>

��V#a%c'Q ^Wk=j��%`Ua%V / ����/2`U^‡gbcW„ `UanQ VRh<Q ˜_L [ ˜_L [ Zzƒ%L v > Z�[%L ‰�>

„…`|anQEVRh%QEc � a�gbV#j�V#a�gbV#abQ �eKn‰U‰��H��& ZbL [ c vU‚%L ˜ > Z|ZnL ˜�>

Š��%VP^EV�TrqbstQRT2q%a�gbV#^ � ‘?k–h™Œf^Wk=`U^��PkŸT	`US%Q‡O�k=a%V�g•q�T k=a%‹?O T s–kt‹ �nQWs*�™g|k =�V#^EV#abQ j%^E`%•RV�gbq%^EVP”'^E`UluQ���O�Q2`�”

d ,|q�O�QWk=`Ua MY`|^�d ,|q�O�QWk=`Uax[ k=a;•R`Ua�'UV#^EQWk=a%‹?•R`UanQ VRh<QEcegbV#j.V#a�gbV#anQPj.`nTWQEV#^rkt`|^�QE`••R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ

s–k��UVRs–k �%`b`%g(L�Š��%V†”'`�s–s=` / kta%‹9�%V#q%^WkŸTWQWkŸ•�kŸT q�TrV�g � ˜ 	
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! ���(&,kŸT	Q��%VYO�lm`|q%anQ2`�”fQE^‡O�k=abk=a%‹•VRh_O�l jbstV�T ”'`U^2j��%`Ua%V#QWkŸ•Y• sŸOUTET��B”'`U^2Q��%VY•R`UabQEVRh%QEc

k=a�gbV#j�V#a�gbV#abQxa%V#Q�+7/7�%V#^ V�OUT
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