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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*gihn¼6jh�» 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
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~�ks��g]k���_Hv�hlv�p�xz�]hto
rnjijlx´{,_�p���_
_Hg � rsgD�¯Á�¢
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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]_
gDo
_`ks�
�zhlv�hip�_H�GvypVrsp�_HvBhlv�r�©D~�vypy¥±kn~���_
~�³®rn~��?k��To�ZDrshlgw¢;£±pqhtv�o
rnjijl_H�Gr`Z]ht�]��_HgG³´rs~V�nk���^`k���_
j v�hlgDo�_�pVZ]_�v�p�r�pV_Hv��FoHrsg]gDkspB{,_
��hl~�_Ko'pVjixTk?{Dv�_
~V�n_H�w² pVZ]_
xNrs~V_fZDhl�]�]_
gw ]hlgD��_H_H�NkngDjix�pVZ]_�o�k?~�~V_Hv��,kngD��hlg]m�rno�k?uDvyp�hto��?_Ho�p�kn~�v�3 5 rn~�_fkn{=vy_H~��?_H�.¢

£¤g´r�ZDhl�]�]_
g!³´rs~V�nk��T^`k���_
j�� ��hip�Z®�Drn~Vrn^`_�p�_H~Vv�2
� ��� � 7Brsg=� 2�� �
� � 2W7$7' ,p�ZD_q��k?hig�p��D~�k?{Drs{]hljlh«p�x&ks�Fr�v�_H|�u]_HgDo�_�ks�
rno
knuDvyp�hto��n_Ko'pVkn~�v�/ 0 2436587$9;:<5=:�>°rsg=�Gks�;r�vy_K|?uD_
gDo
_�ks��v�p�r�pV_Hv�� 0 2��<57! }:<5=:�>#"�9���h«pVZ$�% �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 2H3657 ^
�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~�_?¢

��Æ � Ê#Fe¤�¥ � ¥RÊ<¤ �
�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$rnvVvyuD^�_K��p�k*{=_f��hlrnmnk?gDrsj6 D»HGJIKG�pVZ]_fo
kn^`�,kng]_Hg?p�v�kn�.rng
rno
knuDvyp�htof�n_Ko'p�k?~�rs~V_fr?v�v�u]^`_H��p�k�{,_�hig=��_
�,_
gD�]_
g�pH¢
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�z�=_Ko�htrsjlhlvypVv$hlg��]Z]kngD_�p�hto
v$ZDrP�?_��]u�p[higT_H�zhl��_HgDo�_Bp�ZDrsp$�]Z]k?g]_Hv$o
rngT{=_f��htv�pVhig]m?u]htvyZ]_K�`{zx*pVZ]_
hl~$�]u]~Vrsp�hlkngTr?v���_
jlj,r?v

{zx�pVZ]_
hl~�r?o�k?uDv�pVhlo��¡_Hr�pVu]~V_HvH¢�·$rno�Z®�]ZDkng]_�_
§�Z]hi{Dh«p�vqrT��uD~Vrsp�hlkng2hlg]Z]_
~V_
g�pBpVk�p�ZD_�jlkzoHrsjlhi¨Kr�pVhik?gGrngD�Np�ZD_�^`k���_�kn��hipVv
rs~�p�hto�uDjlrsp�hlkng2µÛanaK¶± �rsgD�Tp�Z]htv$oHrsg]gDksp${,_�o�kn^`�]~V_HvVv�_H�`u]gD�]_
~[r�^`higDhi^�rsj.��uD~Vrsp�hlkngTg]k?~Fjtrnvyp${,_
x?kngD�Tr�^�r�§�hi^�rnj,��uD~Vrs¥
p�hlkngµÛa � ¶±¢�Y[Z]_���uD~Vrsp�hlkngGrsjtvyk`o�k?g?p�rshlgDv[hlg��¡kn~V^�r�p�hlkng=v[kng&p�Z]_�jlhigDmnu]htv�pVhlo�o
kng�p�_
§zp[kn� pVZ]_��]Z]k?g]_�µi�PÁK¶±¢�¾]u]~�p�Z]_H~�^`k?~�_? 
��u]~�r�pVhik?g´o
rng®_
g=rs{]jl_�pVk&��htv�pVhigDmnu]htvyZ!{=_
p��$_H_
g2p���k&r?o�k?uDv�pVhloHrsjljixNo�jlk?v�_*v�_
g�p�_HgDo�_Kv.%.r&o�kngz�zhlgDo�hlg]m�_
§]rs^`�]jl_�htvqm?hi�?_
g
{zx�pVZ]_Bp���k��¡k?jijlk���higDm�vy_Hg?pV_
gDo
_HvH² �yh«p���r?v�p�ZD_Bp�k?�]htoBks�:pVZ]_qx?_Hrs~%$[rngD���yh«p���r?v�p�Z]_qp�k?�T�]hto��*kn�,pVZ]_qx?_Hrn~&$'¢*( Z]_Hg�p�ZD_
��u]~�r�pVhik?g�kn�wp�Z]_fk�o
o
jiuDv�hl�n_('P�)'�hig �¤pVkn�]hto�$qhlgDo
~�_Krnv�_HvH ?k?g]_�~V_Ho
knm?g]hi¨H_Hv�p�Z]_�v�_Ho�k?gD��v�_
g�pV_
gDo
_�hlgDvyp�_Hr?�Tkn�wp�Z]_�©D~�v�p[kngD_
µl�KaK¶±¢��z_
_�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¢
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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¢
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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
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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��_
�zhto�_*hlvBp�Z]_�|?uD_Hvypq�¡kn~�~�_Krsji¥RpVhi^`_�rngD�
jlk�� _
~V~Vkn~�¥6~�r�pV_qvyx�vyp�_H^N¢

Y[Z]_*p�~�rshlg]hlg]m&vypVrnmn_*rnjik?g]_`o
rsg´{=_Hg]_�©]p��¡~Vkn^ �Drn~Vrnjijl_
jlhl¨Hr�pVhik?gw ,_Hv��=_Ko�htrsjljix2��hip�Z!p�Z]_�~V_H|�u]hl~�_K�2jik���_
~V~�k?~y¥±~Vrsp�_�hlg
knuD~qp�rs~Vmn_�p�rs�D�]jihto
rsp�hlkngDvH¢�£¤gD��_H_H�. :pVZ]_�p�~�rshlg]higDm&vypVrsm?_*oHrsg®p�rs�?_*r&jik?g]m�pVhi^`_���h«pVZ¦r�^`_H��hlu]^�¥±v�hl¨
_��nk�o
rn{]u]jtrs~Vxn :r
jtrs~Vmn_�pV~VrnhigDhig]m��]rspVrs{=rnv�_$rsg=����kn~��]v Z=rP��hlg]m�o�jlk?v�_F�]~Vkngzu]g=o�htr�p�hlkng=vw�¡k?~4hlgDvypVrngDo�_?¢�³2_H¨
htrsg]_fµi�K��¶�~V_
�,kn~�pVv4_�§��,_
~Vhi^`_
g�p�v
��u]~Vhlg]m�af�$_H_
��v�kng`r��$k?~���vypVrsp�hlkngw²:pVZ]_B�nk�oHrs{]u]jtrs~Vx���r?v;o�k?^��,k?v�_H�*ks�,p�ZD_qÁs�n�f^`k?vyp��¡~�_K|�u]_
g�p���kn~��]v4ks�,p�Z]_q¾D~�_HgDo�Z
jtrsg]m?uDrsm?_n¢B¾]uD~ypVZ]_
~V^`kn~V_n ,~�_
¥RpV~Vrnhig]hlg]m�k?~q~�r�p�ZD_
~B�¡uD~ypVZ]_
~�p�~�rshlg]hlg]mThip�_
~�r�pVhik?gDvqoHrsg®{,_�u=vy_
�¡u]j���Z]_
g2pVZ]_
~V_�htvqr�g]_
_K�
p�k`rn�Drs��p$p�Z]_�vyx�vyp�_H^ p�k*r*g]_H��vy�,_Hrn�n_
~K ?p�k`r�g]_H� rsuD�]hik���_
�zhto�_�v�uDo�ZNrnv�r�^`hlo
~�k?�]Z]k?g]_qk?~FpVk*r*g]_
��pV~VrngDvy^`htv�v�hlkng
o�ZDrng]g]_
j[v�uDo�Zªrnv�r®^`k?{]hijl_TpV_
jl_
�]ZDkng]_?¢¦£¤gªp�Z]_Kvy_No
r?vy_Kv
 ;hip�Z=rnv�p�k´{,_N�n_
~Vx|?uDhlo��¯v�higDo
_TpVZ]_Nv��,_
_Ho�Z0~�_Ko�k?mng]hip�hlkng
v�xzvyp�_H^éhtvBrsjl~�_Krn��x�hlgGkn�,_
~�r�pVhig]m�^`k���_�rsgD�&uDv�_
~�v[�$k?g � p[{,_���hljijlhigDm*pVk���rnh«p[�¡k?~Br�pVkzk�jlkngDm*pVhi^`_?¢

� u]~;p�rs~Vmn_
pF�Drs~�rsjljl_
j=o
kn^`�]u�pV_
~$hlv�vyhl^`�]jlx�r��]hijl_Bkn�w} �� �v�hlgDo�_�h«p�hlvFp�Z]_�^`k?vypF��hl�]_
jlx`rP��rnhijtrs{]jl_��Drn~Vrnjijl_
j=^`r?o�Z]hlg]_
r�p�p�Z]_Tjlk���_Hvyp��D~�hto�_?¢NY[Z]_�hig�p�_H~Vo
kng]gD_Ho'pVhik?gg]_�p���kn~V�®htv�³2xz~Vhig]_
p����?¢ a �?cf{)'sv ��rngD�!p�Z]_�o
kn^`^�uDg]hloHr�pVhik?g¦�D~�knp�k�o�k?j
htv ��£¤}éµl��¶±¢ �zhlgDo
_Tp�ZD_TpVrn~�m?_�p��?k�o
rs{Du]jlrn~�x!ZDrnv*r®jlhi^`hip�_K�°vyhl¨
_? ;h«p�hlv*�,k?vVvyhl{]jl_Tp�k!{]u]hljl�ªrsgD�°vyp�k?~�_�_�§��]jlhlo
h«pVjix¦p�ZD_
o�k?~�~V_Hv��,kngD��hlg]m �q³®³äk?~[oHY � ��³®³ähigG^`_
^`kn~Vxn¢

��
W	 �����  � 	�!������%�& �Q"8&(�Z�i��� � ���
Y�k®knu]~���gDk���ji_K��mn_? �k?g]jix!�¡_
�Ã�=rs~�rsjlji_HjFrsjlmnk?~�hip�Z]^�v�Z=rP�n_�{,_
_
g¯�D~�k?�=k�vy_K�higpVZ]_�jlh«pV_
~�r�pVu]~�_?¢2Y[Z]_T^�rshlg°�]~Vkn{]jl_
^
o�k?gDv�hlvypVv[hlgN©DgD��hlg]m`hig=��_
�,_
gD�]_
g�p�o�k?^`�]u�pVrsp�hlkngDv�hlgAqhip�_
~V{]h rnjim?kn~Vh«pVZ]^G ���Z]hto�ZNoHrsgN{=_�vypVrsp�_H�Gr?v��¡knjljik��BvH²

�������������������

���������������! #"���
�"�$%��&���'#$(���
��'!)*��&,+-�/.0�21��435&�67��'�)8��&,+-�59��	.;:!1�<8&,+=:>.-�#1�<% ?+=:>.-�#1>+-@,+-�A1�1B9!9C35&�6D��E�'��'�E�'*!@�F#�#$!$!:G 2)�'�:

hipB_�§�Z]hl{]h«p�vBvyp�~Vkng]m`��_
�,_
g=��_
gDo
hi_Kv�hlg&pVZ]_��Fjlkzkn�w¢
�ñ�]~Vkn�,k?vVrsjBo
knu]jt�0p�ZzuDv�{,_2p�k°v��]jlh«p�pVZ]_��°jikzkn��hlg�p�k°v�_
�n_H~Vrnj[�Drs~�rsjlji_HjBo�k?^��Du�pVrsp�hlkngDvH¢�£±p&oHrsg�{=_G�¡k?u]gD��hlg

µl�HÀP¶±²�pVZ]_ ��³®³�htv�hl^��Djihto�hip�rngD�h«p�v*v�_�p*ks�Bv�p�r�pV_Hv�htv�{]uDhijip*��Z]_Hg°g]_H_H��_K�&%�p�Z]_Nv�p�r�pV_Hv�rn~�_��]hlvyp�~Vhi{Du�p�_K�¯o�x�o�jlhloHrsjljix
rs^`k?g]m¯�]~Vkzo
_HvVvyk?~Vv�rsgD��_Krno�Z�o�k?^`�]u�pVrsp�hlkngDrnj�pVr?vy�¬ZDrngD��jl_Hv�pVZ]_®pV~VrngDv�h«pVhik?gDvT_
§zhip�hlg]m°hipVvNvypVr�pV_HvH¢ �Bk���_
�?_
~�pVZ]hlv
rsjlmnk?~�hip�ZD^ hi^`�]jlhl_HvH �k?g¬r¯v�ZDrn~�_K�z¥6^`_H^�k?~�x¯�=rs~�rsjlji_Hj[o
kn^`�]u�pV_
~K �r¦o
ji_H�n_H~�jik�o��zhigDmrnjim?kn~Vh«pVZ]^ �¡k?~`p�Z]_®hlg�p�_HgDvyhl�n_Hjix
rnoHo�_Kv�v�_H�&ZDrnv�Z&pVrs{Dji_?¢;£±pBhlvB�]h«¿To�uDj«pBpVk�rn�]rn��pBh«p��¡k?~Br���htv�pV~�hl{]u�pV_H�N^`_
^`kn~Vx�o�k?^`�]u�p�_H~BvyhlgDo
_�h«pB��knu]jt�&higz�nk?ji�?_qpVkzk
^�rsgzx�o
kn^`^�u]gDhloHr�p�hlkng=v${,_�p���_
_Hg&�D~�k�o�_Kv�v�kn~�v �¡hlg?pVu]hip�hl�n_
jlx&�]u]_fp�k`p�ZD_�pV~VrngDv�h«pVhik?gDv[{=_
p��$_H_
gGv�p�r�pV_Hv	�' .»HGJIKG�pVkzk�^�rng�x
v�x�g=o�Z]~�k?g]hl¨Hr�pVhik?gDv$��Z]hlo�Z2rn~�_f�zg]k���g�pVk�Z]_HrP�zhljixT�]_�p�_H~�hlkn~�r�pV_qpVZ]_��,_
~��¡kn~V^`rngDo�_Kv
¢

�BgDksp�ZD_
~��]~Vkn�,k?vVrsj:ks�4p�ZD_�v�rn^�_��zhlgD�¦µ��P¶�o�k?gDvyhtvypVv[hlgG�]hlvyp�~Vhi{Du�p�hlg]m`p�ZD_��]~�k�o
_HvVvyhlg]m�ks�;v�p�r�p�_Kv�rs^`kngDm��D~�k�o�_Kv�v�kn~�v
hlg`r�^�r?v�pV_
~�¥±v�jlrP�?_Hv���rPx? sZ]k���_
�?_
~&����kn~V�n_H~4�D~�k�o�_Kv�v�kn~�v�_Hrno�Z�Z]k?jl�`o�k?�]hl_Hv;kn�,r��,k�k?j]ks���n¢ -?Ás�qpV~�hi¥¤v�p�r�p�_[^`k���_
jtv&$�¢���rs~V_
htv�p�rs�n_Hg�p�k�o�k?^�^*u]g]hto
rsp�_qk?g]jlx*~V_�¥±_Hvyp�hl^�r�p�_K���]~Vkn{Drn{]hljihip�hl_Hv$r�p$_Krno�ZThip�_H~Vrsp�hlkngTrngD�`�¡u]~�p�Z]_H~$�=rs~�rsjlji_Hjihtvy^ÝhtvFk?{�pVrnhig]_K�
r�p[pVZ]_�vyjtrP�n_Kv�ji_H�n_
j.{zx&^�u]jip�hip�Z]~V_Hr?��_H�&�]~Vknm?~Vrn^�^`hlg]mD¢

�BgDksp�ZD_
~Fv�knjlu�p�hlkng�o
kngDv�hlvypVv�hig`{]~V_Hrn��hlg]mfp�ZD_q��_
�,_
g=��_
gDo
hi_Kv�hlg`p�Z]_��4jlkzkn�`{zx�uDv�hlg]m�knjt���PrnjiuD_Hv�kn� ��'�)*��&H+-�59��	.I:!1
�¡kn~[pVZ]_�o�k?^`�]u�pVrsp�hlkngNks� ��'!)*��&,+-�/.0�21 rngD�N{zxTh«pV_
~�r�pVhig]m�pVZ]hlv[�D~�k�o�_Kv�vH²;r�p�pVZ]_KJ]¥6p�ZGv�pV_
�w 

L�MON;P 2
���	��7(0�PRM6S� L�MONRQ 9 P 2
� -+(]�S�87 ����� �=���
� ��243 5 7
Y[Z]htvfhlv�rNvyhl^`�]jlh«©D_K�´v�u]^`^�rs~Vx2ks�qµl�
��¶±¢TSqg��¡kn~�p�u]g=r�p�_Hjix´g]k&_
§��=_H~�hl^`_
g�pVv�o�k?gD��uDo�p�_K�®kng¦r��=rs~�rsjlji_Hj4o
kn^`�]u�pV_
~�rs~V_
�]~V_Hv�_
g�p�_K�.¢ ¾Du]~ypVZ]_
~V^`kn~V_n $p�Z]htv�^`_�pVZ]k���hig=o�~V_Hrnv�_Hv�pVZ]_2_
~V~Vkn~`~Vrsp�_2{zx0rn{=k?u�p��]¢ �zÂ hig�pVZ]_2~�_H�=k?~ypV_H��v�_H|�u]_
g�pVhlrnj
_�§��,_
~Vhi^`_Hg?p�v
¢

õ4¬ )wõJ



��
�� �_�����Q""8 �"���z�¦���8��% �����i���ª o&�� ���Z��� ��  �ª���Q�$%��%�& ���ª�¦&( 
(¦_�ZDrP�?_�rsjl~�_Krn��xT^`_Hg?pVhik?g]_H�2p�ZDrspBp�Z]_�p�~�rshlg]hlg]mTv�p�rsm?_�o
rsg2{,_��?_
~Vx�jlkng]m�k?~BpVZDr�p�v�kn^`_�|�u]hto��&p�~�rshlg]higDm�h«pV_
~�r�p�hlkng=v
^�rPx�ZDrP�?_[p�k�{,_q�,_
~��¡kn~V^`_H�*�¡~Vkn^ p�hl^�_Kv�pVk�p�hl^`_Hv$rsgD��pVZ�u=v;p�Z=r�p�pVZ]_BpV~Vrnhig]hlg]m�vypVrnmn_B��_Kvy_H~��?_Hv;�Drn~Vrnjijl_
jlhl¨Hr�pVhik?gw¢ � uD~
pVrn~�m?_�p��Drn~Vrnjijl_
j.o�k?^`�]u�p�_H~�hlvqr��]hlvyp�~Vhi{Du�p�_K�&^`_H^�k?~�xTrn~Vo�ZDh«pV_Ho'pVu]~V_f��hip�ZG�,k?vVvyhl{]jlx�r�jlrn~�m?_�gzu]^*{=_H~�ks���]~Vkzo
_HvVvyk?~VvH¢

Y[Z]_T�D~�hlgDo�hl�]jl_�kn��p�Z]htv��=rs~�rsjlji_Hjihl¨Hrsp�hlkng¯o�k?gDvyhtvypVv�hlg0v��]jlh«p�p�hlg]m®pVZ]_��?k�o
rs{Du]jlrn~�x¦rs^`kngDm2p�Z]_&�]~Vkzo
_HvVvyk?~VvH F»HGJIKGhlg
�Drn~Vrnjijl_
jlhi¨HhigDmGp�Z]_Tjlkzkn�¯k?g¯�$k?~V�]v�rsgD�u�p�p�_H~VrngDo�_Kv�hl^��Djihto�hip�jlx_
gDo
jik�vyhlg]m$Aqhip�_H~�{Dh�rnjim?kn~Vh«pVZ]^�m?hi�?_
g¯hlg�+ � ¢Ûa�¢G·Fr?o�Z
�]~Vk�o�_HvVv�kn~[hlvBhig2o�ZDrn~�m?_fkn��o
_
~�pVrnhigN�$k?~V�Dv�rsgD�NhipBZDrnv[pVk`p�~�rshlgGkng&p�Z]_�v�_�pBkn�4u]pyp�_H~VrngDo�_Kv�ks��hipVv�k���gN�$k?~V�Dv
¢�£¤gNpVZ]hlv
vyp�~�r�p�_Hmnx? :p�Z]_`g]_
p��$k?~���� ��³®³ìkn~�o
Y � �q³®³��fhtv�o�k?�]hi_K�´k?g�p�k&p�Z]_`^`_
^`kn~Vx2ks��_Hr?o�Z´�]~Vk�o�_HvVv�kn~�rngD�´p�ZzuDvf�$_`��hljij
~V_��¡_
~fpVk2h«p�rnv`º[I±¹��æ»���¸
	6»½¼Tl d�	6º�¸
	�I���*higk?u]~�_�§��=_H~�hl^`_
g�pVvH¢ �zhlgDo�_�rN�]~Vkzo
_HvVvyk?~�Z=rsgD��jl_Hv�rnjij;u]pyp�_H~VrngDo�_Kvfks��r�jlhi^`hip�_K�
gzu]^�{,_
~qks����kn~��]vH �h«pB��hljlj ��_�pV_
~V^`hig]_�k?��p�hl^�rsjw�=r�p�Z=v���J��¡kn~�u�p�p�_H~VrngDo�_Kv�/ Jfp�Z=r�pBuDv�_�r`jihl^`h«pV_H�Grs^`knuDg?pBkn��vypVrsp�_Kv
rsg=�p�~�rsgDv�hip�hlkngDvH¢��B_HgDo�_&kng]jlx¦�]~�k?{Drs{Dhijlh«pVhi_Kv�~V_
jtr�pV_H�¦p�k´p�Z]_Kvy_Nv�p�r�pV_Hv�rsgD�¦pV~VrngDvyhip�hlkng=v���hljij�{=_N{]~Vk?r?�]o
r?v�p�pVk®p�ZD_
kspVZ]_
~��]~Vk�o�_Kv�v�kn~�v
 4»HGJIKG�p�Z]htv�vyp�~�r�p�_Hmnx2rshl^�v�r�p�jihl^`h«pVhig]mNpVZ]_`�nknjlu]^`_�ks��o
kn^`^�uDg]hloHr�pVhik?gDv
¢*�Bg]knp�Z]_H~�r?����rsg�pVrnmn_*ks�
p�ZDhlv�v�pV~Vrsp�_Hmnx`o�kng=vyhtv�p�v�hlgTpVZ]_qjlhi^`hip�_K�T^`k���h«©,o
r�pVhik?gDv�kn�wp�ZD_�v�_H|�u]_
g�pVhlrnjD�]~Vknm?~Vrn^N¢4Y[Z]_q^�rnhig��]~VrP��{Dr?o���htv�pVZDr�p�p�ZD_
�]~Vknm?~Vrn^ �]k�_Kv�g]knp[{,_
gD_�©]pB�¡~Vkn^ép�Z]_�hlgDo�~V_Hr?vy_fks�4p�ZD_f^`_H^�k?~�x&vyhl¨
_?¢

Y[Z]_�o�k?~�~V_Hv��,kngD��hlg]m��Drs~�rsjljl_
j:h«pV_
~�r�pVhik?g&kn� p�ZD_�p�~�rshlg]higDm�htv[pVZ]_��¡knjljik���hlg]m=²

� _Hrno�Z2�D~�k�o�_Kv�v�kn~Bo
kn^`�]u�pV_HvH ,�¡kn~q_Krno�Z2u�p�p�_H~VrngDo�_ /@J�kn�FrT��kn~��&{,_
jlkngDmnhlg]mTpVkTh«p�v�v�_�pfks����kn~��]vH  V 2H/HJ�X �\7�k?~
~Vrsp�Z]_H~ V 2W/ J]�0��J?X �\70%

� _Hrno�Z�]~Vk�o�_Kv�v�kn~�o
knu]g�pVv�p�Z]_Tgzu]^*{=_H~�kn�[u=vy_Kv�ks�[_Hr?o�Z°v�p�r�pV_TrsgD�_Krno�Z¦p�~�rsgDv�hip�hlkng°r�p*_Hrno�ZhlgDvypVrsg�pK $»HGJIKG®hipVv
�Drs~�p�htrsj.v�u]^�v[�¡kn~[pVZ]_�vyuD^`v�rn�]�,_Hrs~Vhlg]m*hlgNp�Z]_�~V_
_Kv�pVhi^�rsp�hlkng&�¡kn~V^�u]jtrs_ %

� _Hrno�ZN�]~Vk�o�_HvVv�kn~[{]~Vk?rn�Do
rnvypVv�hipVvq�Drs~�p�htrsjwv�u]^�v[p�k`pVZ]_�knp�Z]_H~��]~�k�o
_HvVvyk?~Vv �¡k?~B~V_H��uDo�p�hlkngDv�oHrsgG{,_��=_H~y�¡k?~�^`_K�TpVk
o�kn^`�]u]p�_�p�Z]_Tv�u]^�v�ks�$p�Z]_Kvy_��=rs~�p�htrsj;vyuD^`v	��rsg=�´~V_Ho
_
hl�n_Hv�pVZ]_To�k?~�~V_Hv��=k?gD��hlg]m�hlg��¡k?~�^�r�pVhik?g´�¡~Vkn^óp�Z]_�knp�Z]_H~
�]~�k�o
_HvVvyk?~Vv %

� _Hrno�Z&�]~Vkzo
_HvVvyk?~[u]�,�Dr�p�_Kv�p�Z]_�gD_�p���kn~V���Drs~�rs^`_�pV_
~�v
¢
£¤g¬µ ÀP¶± .pVZ]hlv��Drs~�rsjlji_Hjihl¨Hrsp�hlkng´vVo�Z]_H^�_�htv�uDvy_K�.¢`Y[Z]_`k��n_
~Vjtrs�]�]hlg]m&ks��o
kn^`^�uDg]hloHr�pVhik?gDvq{zx´o
kn^`�]u�p�r�pVhik?gDvfhlv�_H^*¥

�]ZDr?vyhl¨
_K�.²�p�Z]_��]~Vk�o�_Kv�v�higDm�ks���$k?~V�Dv�htv�v��]jihip�hig�pVkGv�_
�?_
~�rsj��Drn~yp�vfrngD�¦o�kn^`^*u]g]hto
r�pVhik?gDvfk�o
o�uD~�rsp�p�Z]_�_HgD�´kn�$_Krno�Z
�Drn~ypK ?hlg�k?~V��_H~�pVk�{,_�k��?_
~Vjlrn�]�=_K�`{zx*pVZ]_f�]~�k�o
_HvVvyhlg]m�kn�.p�Z]_��¡knjljik���hlg]m��=rs~�pH¢�£¤gTknuD~$_
§z�,_
~Vhl^�_Hg�pVvH �o
kn^`^�u]gDhloHr�p�hlkng=v
pVrn�n_�r�gD_
mnjlhlmnhl{]ji_��Drs~�p[ks�wpVZ]_fp�ksp�rsj,p�hl^`_�rsgD�Tp�ZzuDv[g]k��Drs~�p�hto�uDjlrn~$_.�,k?~yp[hlv�^�rn�]_qpVk*k��?_
~Vjlrn�`p�Z]_H^àrs�Drn~yp��¡~Vkn^ p�ZD_
kn{z�zhlknuDv�kngD_Hv�v�uDo�ZNr?v[�=_H~y�¡k?~�^`hlg]m�vyk?^`_fjlk�o
rnj.u]�,�Dr�p�_KvBv�hi^*u]j«p�rsg]_HknuDv�jlx���h«pVZ&pVZ]_�o�k?^`^�u]g]hto
rsp�hlkngDvH¢

Y[Z]htv��Drn~Vrnjijl_
jlhi¨Kr�pVhik?g¦htv���_K��hto
r�pV_H�¦pVk2p�Z]_Tp�~�rshlg]higDm®v�p�rsmn_TrngD�¯o
rng]g]knp�{=_�uDvy_K�¦�¡kn~�pVZ]_T~V_Ho
knmngDh«pVhik?gvypVrnmn_�hlg
mn_Hg]_
~�rsj6²;hlgD��_
_K�. ]_Krno�ZG�]~Vkzo
_HvVvyk?~[jikzkn��v��¡k?~�p�Z]_�k?��p�hl^�rsjw�=r�p�Z2hlgGh«p�vBg]_
p��$k?~��: ���Z]hto�ZGhlv�p�Z]_�m?jik?{Drsj.gD_�p���kn~V�,¢�Y[ZD_
kngDjixT�,k?vVv�hi{]hljlh«p�x��¡k?~��Drs~�rsjljl_
j.~V_Ho�k?mng]hip�hlkng&k�o
o�uD~Vv���Z]_HgGv�_
�?_
~�rsj:��kn~��]v�ZDrP�n_�p�k�{,_�~�_Ko�k?mng]hl¨
_K��v�hi^*u]j«p�rsg]_HknuDv�jlxn¢

��
�� �_�����Q""8 �"���z�¦���8��% �����i���ª o&�� ���Z��� ��  �ª���Q�$%��%�&��Q%�� �i #���Z&(% �����8�(% ������&Z ��
Y[Z]htv$vyp�~�r�pV_
m?x�o
kngDv�hlvypVvFhig&��hlvyp�~Vhl{]u�p�hlg]m*g]ksp�kng]jlx�p�Z]_f�nk�o
rn{]u]jtrs~Vx�{]u]p�rsjtv�k�p�Z]_fg]_
p��$k?~���rs^`kng]m�p�Z]_f�]~Vkzo
_HvVvyk?~VvH shlg
kn~���_H~$pVk�o�hl~Vo
u]^��?_
g�p$pVZ]_���~�rP��{Drno��`kn� p�ZD_��]~�_H�zhik?uDv��Drs~�rsjlji_Hjihl¨Hrsp�hlkng�vyp�~�r�pV_
m?xTrsgD��p�k�_HgDrs{]jl_��Drs~�rsjljl_
j:~�_Ko�k?mng]hip�hlkng
rnv[��_
jlj6¢

Y[Z]_��]~VhlgDo�hl�]jl_�ks�4p�Z]htvB�=rs~�rsjlji_Hjihl¨Hrsp�hlkngNhlv[pVZ]_��¡k?jijlk���higDmD²�_Krno�ZG�]~Vkzo
_HvVvyk?~[mn_�p�vBrTv�u]{Dv�_�pBkn�4pVZ]_��?kzoHrs{]uDjlrn~�xTrngD�
r¦g]_�p���kn~V� � ��³®³ kn~ToHY � �q³´³��`o�k?~�~V_Hv��=k?gD��hlg]m®pVk¦p�Z]htvTv�u]{�¥±�nk�o
rn{]u]jtrs~Vxn¢0Y[ZDhlv`^`_HrngDv�p�Z=r�p�p�ZD_2^�k���_Hj�ks��r
�]Z]k?g]_�pVhlofu]gDh«pBhtv[g]kspBv�ZDrs~V_H��{=_
p��$_H_
g&p��$k��]~Vk�o�_HvVv�kn~�vFk?~�_H�n_Hg�{,_�p���_
_
g&p���k*��kn~��]v�kng&p�Z]_�vVrs^`_��]~Vkzo
_HvVvyk?~H �kn~[hlg
kspVZ]_
~q�$k?~V�]v�p�ZDrspBp�Z]_��]~�k?{Drs{Dhijlh«pVhi_Kv���»HGJIKGBp�Z]_��]hlvyp�~Vhi{Du�p�hlkngDv�rnv���_
jlj r?v�p�ZD_��Drs~�rs^`_
p�_
~�v	�F��hljlj {,_*��h �,_H~�_Hg�pqh«��pVZ]_
x
rs�D�=_Krs~qk?g´��h �,_H~�_Hg�p���kn~��]v�kn~��]~Vkzo
_HvVvyk?~VvH²$p�Z]_HxGrn~�_*��u]�]jlhloHr�pV_H�2{]u]p�g]knp�~V_
�]jlhloHr�pV_H�®r?vBhip���knu]jt�2^`_Hrng2p�ZDrspqp���k
o�k?�]hl_Hvfrs~V_�ht��_
g�p�hto
rnjR¢�£¤g!knu]~f_�§��,_
~Vhi^`_Hg?p�vBpVZ]htv�v�pV~Vrsp�_
m?x&��hljlj4{,_`~�_
�¡_
~V~�_K�Np�kGrnv h�»�d�	6º'»��fg�	6»½¼Tl�d�	6º�¸
	�I����¢�Y[ZD_*k?g]jix
�]Z]k?g]_�pVhloBu]g]hipVv$ZDrP�zhig]m�pVZ]_�vVrs^`_�~V_
�]jlhto
r�pV_H�`^`k���_
j=��h«pVZ�p�ZD_qv�rn^`_B�Drs~�rs^`_
p�_
~�v�kng�_H�n_H~�x*�]~�k�o
_HvVvyk?~�rs~V_[p�Z]_�hig]hip�htrsj
rsg=�T©Dg=rsj v�hijl_
g=o�_HvH¢

Y[Z]_�rn����rng?p�rsm?_Hv�kn�wp�ZDhlv�rn�]�]~Vk?rno�ZTrn~�_qp�ZDrsp$pVZ]_�^`_
^`kn~Vx`ks�wpVZ]_���Z]knjl_��=rs~�rsjlji_Hj,o
kn^`�]u�pV_
~�hlv[{,_�p�p�_
~[_H^��Djik�x?_H�
rsg=�¦rnjlv�kD  p�ZDrng]��v�p�kGpVZ]_T�]~Vkn{=rs{]hljihip�hl_Hv��]u]�]jlhloHr�p�hlkng   pVZDr�p�jl_HvVv�o�k?^`^�u]g]hto
rsp�hlkngDv�rs~V_�~V_H|�u]hl~V_H�. �gDrs^`_
jlx´k?g]jlx®p�ZD_
o�k?^`^�u]g]hto
rsp�hlkngDv.�¡kn~wpVZ]_F�=rs~�rs^`_�pV_
~�v:ks��p�ZD_�higDh«pVhlrnj�rngD�f©DgDrnj�v�hijl_
g=o�_HvH¢ Y[Z]_���~�rP��{Drno��BZ=rnv rnji~V_Hr?��xB{,_
_Hg�^`_
g�p�hlkng]_K�
�¡kn~�ksp�ZD_
~�^`k���_HjlvH²*rng¦hlgDo
~�_Krnv�_�higpVZ]_Tgzu]^�{,_
~*ks�[�Drs~�rs^`_
p�_
~�v�hl^��Djihl_Hv*rsg¯hlgDo�~V_Hr?vy_`ks�[pVZ]_�v�hi¨H_Tks�[p�ZD_�p�~�rshlg]hlg]m

)*)èö,+.-$/0/21



�]rspVrs{=rnv�_n¢®·;§��,_
~Vhi^`_Hg?p�rsjljix¦��_&��ht�¯g]knp*kn{=vy_H~��?_Tr®jlk?vVv�{]u�p`kngpVZ]_Go�kng�pV~Vrn~�x´rng°hl^��D~�k��?_
^`_
g�p�kn� � ¢ÛÁ?Âóks��p�ZD_
_
~V~Vkn~�¥6~�r�pV_n n��hip�Z®r��?kzoHrs{]uDjlrn~�x`ks��as�*��kn~��]v�rsgD�&��hip�ZNp�Z]_�vVrs^`_fp�~�rshlg]hlg]m��]r�p�rs{Dr?vy_?¢

Y[Z]_f�¡knjljlk���hig]m`�Drn~Vrnjijl_
j.rnjim?kn~Vh«pVZ]^Ãhi^`�]jl_
^`_Hg?p�v[p�ZDhlvB�]hlvyp�~Vhi{Du�p�_K�Nvyp�~�r�pV_
m?x`�¡kn~[p�ZD_�o�_
g�pV~Vrnj:p�~�rshlg]higDm*hip�_H~Vrsp�hlkngw²

� _Hrno�Z2�D~�k�o�_Kv�v�kn~Bo
kn^`�]u�pV_HvH ,�¡kn~q_Krno�Z2u�p�p�_H~VrngDo�_ /@J�kn�FrT��kn~��&{,_
jlkngDmnhlg]mTpVkTh«p�v�v�_�pfks����kn~��]vH  V 2H/HJ�X �\7�k?~
~Vrsp�Z]_H~ V 2W/ J]�0��J?X �\70%

� _Hrno�Z&�]~Vkzo
_HvVvyk?~${D~�k�rn�]oHrnvypVv$p�k�p�ZD_�ksp�ZD_
~��]~Vk�o�_HvVv�kn~�vFhipVv[�Drn~ypVhlrnjwvyuD^`v��¡k?~[p�Z]_��=rs~�rs^`_�pV_
~�v$kn� pVZ]_�^`kz�]_
jtv[ks�
vyhlji_HgDo�_�rngD��~V_Ho
_
hl�n_KvFpVZ]_�o�k?~�~V_Hv��,kngD��hlg]m�hig]�¡kn~V^`rsp�hlkng&�¡~�k?^Ãp�ZD_�ksp�ZD_
~��]~Vk�o�_HvVv�kn~�v.%

� _Hrno�Z&�]~Vkzo
_HvVvyk?~[u]�,�Dr�p�_Kv�p�Z]_�gD_�p���kn~V���Drs~�rs^`_�pV_
~�v
¢
( hip�ZNp�Z]htvBvyp�~�r�pV_
mnx? �p�Z]_�~V_Ho
knmngDh«pVhik?g&o
rngNrnjlv�k`{=_��]kng]_�hlgN�=rs~�rsjlji_HjR²

� _Hrno�Z`�]~Vk�o�_Kv�v�kn~Fo
kn^`�]u�pV_Hv�p�Z]_�kn��pVhi^�rsj,�Drsp�ZTo�k?~�~V_Hv��,kngD��hlg]m�pVk�p�ZD_qhlg]�]u�p��$k?~V�`hlg�h«p�vFjlk�o
rnjDg]_
p��$k?~���rsgD��hipVv
�]~�k?{Drs{Dhijlh«p�x %

� p�Z]_f^�r�§�hi^�rnj,�D~�k?{Drs{]hljlh«p�x�rs^`k?g]m*rnjij:�]~Vk�o�_HvVv�kn~�v;hlv�~V_�p�rshlg]_H�&rsgD�Tp�Z]_�rsg=vy��_
~$hlv$p�ZD_f��kn~��Tr?v�v�k�o�htr�p�_K�`p�k*p�ZD_
o�kn~V~V_Hv��=k?gD��hlg]m��Drsp�Zw¢

£±��kng]jlx0p�Z]_®~V_Ho
knm?g]h«pVhik?g0Z=rn�0p�k°{,_®�Drn~Vrnjijl_
jlhl¨
_H�w $pVZ]_
g hip&o
knu]jt��{=_´�=k�v�v�hi{Dji_GpVk°~�_H�]jlhloHr�p�_GpVZ]_®^`k���_
jtv`�¡k?~Tp�ZD_
��h �,_H~�_Hg�p��]Z]kngD_�p�hto�u]gDh«p�v
 =»HGJI}G;p�k�uDv�_[p�Z]_�v�rn^�_��D~�k?{Drs{]hljlh«pVhi_Kv �½vVrs^`_B��htv�pV~�hl{]u�pVhik?gDv�rsg=��vVrs^`_[�Drn~Vrn^�_
p�_H~Vv	� �¡kn~�_Krno�Z
k�o
o
u]~�~V_
g=o�_fks�4p�Z]_�vVrs^`_��]Z]k?g]_�pVhlofu]g]hipH¢

��
�� �R�8�<�?�  	�K�a o�i��� #%��ª�Q" �� ��t� "����
� u]~�_
§z�,_
~Vhl^�_Hg�pVv�uDv�_��nk�oHrs{]u]jtrs~Vhl_Hv�ks��as��rngD�2Ás���$k?~V�Dv��÷p�ZD_�©D~�v�pBgzu]^*{=_H~VvH ]hlgG¾D~�_HgDo�Z��� ]_Hr?o�ZNZ=rnv[{,_
_
g2u]pyp�_H~�_K�
kngpVZ]_TpV_
jl_
�]ZDkng]_�p���hto�_�{�x¦_Hr?o�Zks��p�ZD_®�H�®v��,_Hrs�?_
~�vf�¡kn~�p�Z]_�p�~�rshlg]higDm®�]r�p�rs{Dr?vy_TrngD�kngDo
_��¡kn~�p�Z]_&~�_Ko�k?mng]hip�hlkng
p�_Kv�p�v
¢�Y[Z]_[p�rs~Vmn_�p��nk�oHrs{]u]jtrs~Vx�ZDr?v�Ás�n����kn~��]v
 �{Du�p$v�higDo
_�p�Z]_�_
§z�,_
~Vhl^�_Hg�pVrsj��D~�k?mn~�rs^�v Z=rP�n_�{=_H_
g�©D~�v�pVjix���_
�?_
jlkn�,_H�
hlg¦} A�³ì�¡kn~�pVZ]_TY�_
jl^`rsp�Y!� � �H�]  ��Z]hlo�Zhtv�|�u]h«pV_Trsgknjt�!^`r?o�Z]hlg]_�� � a&Y�-?�n�?�&Y�~VrngDv��]u�p�_H~Vvf��hip�Z��n³®{¦^`_H^�k?~�x
_Hr?o�Z��' Fh«p��[rnv�hi^`�,k?vVvyhl{]jl_�pVkZDrsgD�]ji_&p�Z]_2o
kn^`�]jl_�p�_G�?kzoHrs{]uDjlrn~�xrsgD�0��_&ZDr?�¯pVk¦~V_Hvyp�~Vhto'p*hip`p�k°Ás�!��kn~��]v
¢°Y[ZD_
�]~Vknm?~Vrn^ÃZDrnv[pVZ]_
g2{,_
_HgG�=k?~ypV_H�&p�k�³®}�£�rsgD�N~Vu]gGkng2rsg]knp�Z]_H~�^�rno�Z]hlg]_n¢�Y[Z]_��Drn~Vrnjijl_
jwo
kn^`�]u�pV_
~Bk?gN��ZDhlo�ZNp�ZD_Hv�_
_�§��,_
~Vhi^`_Hg?p�vFZ=rP�n_�{,_
_
gNo�k?gD��uDo�p�_H�Thlv�o�k?^��,k?v�_H�`kn���Ka�£¤g�pV_
j,}4_Hg�p�hlu]^Ã}�~Vk�as�?�n³��q¨�hig�pV_
~�o�kngDg]_Ho�p�_H�T��htr�³2xz~VhigD_�pH¢
Y[Z]_�^`_HvVvVrsmn_��Dr?v�v�higDmfjlhl{]~Vrn~�x�htv�³2}F£' s{]u]hlj«p$kng*p�kn�`kn� ��£¤}��Z]hto�Z*htv�v��=_Ko�htrsjljix�pVu]g]_K���¡kn~�p�ZDhlv;gD_�p���kn~V�,¢4Y[Z]_[�$k?~V�Dv
rs~V_f~VrngD��kn^`jlxT��htv�pV~�hl{]u�pV_H��p�k�p�Z]_��]~Vk�o�_Kv�v�kn~�v
 ?p�ZD_�kng]jlxTo�~Vh«pV_
~Vhik?g �T��hip�Z]k?u�pBrsgzx��]~Vhik?~[r?v�v�u]^`��pVhik?g�kn~[�zg]k���jl_H��m?_
kng�pVZ]_B��kn~��]v ��hlv�p�ZDrsp�p�ZD_Bgzu]^�{,_
~�kn�,��kn~��]v�htvFrn�]�]~VkP§zhl^�r�pV_
jlx�p�Z]_qvVrs^`_��½u]�`p�kT�$�4kng`_Hr?o�Z`�]~�k�o
_HvVvyk?~H¢ Y[ZDhlvFjik�rn�
{DrnjlrngDo�hlg]m�htv��,_
~��¡kn~V^�_K��d�	¤¸
	6»��V¸�� � �� F»HGJIKG�hip�k�oHo�u]~�v���u]~Vhig]mGrsg!higDh«pVhlrnjihl¨Hrsp�hlkng!vypVrnmn_�rsgD�!hlvfg]_H�n_H~f^`k���hi©D_H�¦��u]~Vhlg]m
p�ZD_�o�kn^`�]u]pVr�pVhik?gDvH¢

Y[Z]_�_�§��=_H~�hl^`_
g�pVrnj,p�hl^�_Kv[rs~V_�v�Z]k���gTkngT©Dmnu]~V_ � ¢;Y[Z]_f�]hlvyp�~Vhi{Du�p�hlkngNv�pV~Vrsp�_
m?x*u=vy_Kv�r�^`kz�]_
j.��h �,_H~�_Hg?p��¡~Vkn^ p�ZD_
kngD_�uDvy_K�`{zx�p�ZD_B~�_H�]jlhloHr�p�hlkng`vyp�~�r�p�_Hmnx�rngD�`ZDr?v;^`kn~V_��=rs~�rs^`_�pV_
~�v4p�k���_
p�_
~V^`higD_ %?p�Z]_B_
§�_Ho�u]p�hlkng�p�hl^`_HvFrn~�_[pVZzuDv;g]knp
�¡u]jljix®o
kn^`�Drn~Vrn{]ji_?¢ �Bk���_
�?_
~K ]pVZ]_
~V_*htvfrTm?rnhig2kn��p�hl^`_*hlg2�½rP�?knu]~�ks�;p�ZD_���htvyp�~Vhi{]u]p�hlkng´vyp�~�r�pV_
mnxN��Z]_Hg®p�ZD_�gzu]^�{,_
~
ks���]~Vk�o�_HvVv�kn~�vFhlgDo�~V_Hr?vy_Kv
²�rsgN_�§��]jtrsg=r�p�hlkngNks��p�Z]htv��]ZD_
g]k?^�_Hg]kngNhtv�mnhl�n_HgNrsp�pVZ]_�_
g=�&kn� pVZ]hlvqvy_Ko'p�hlkng ¢

Y[Z]_&_�§��=_H~�hl^`_
g�pVrnj$_
¿To�hl_
gDo
hi_Kv*rn~�_�v�Z]k���g°k?g¯©Dm?u]~�_&�D¢Y[Z]_&�]_�©Dg]hip�hlkng0ks��pVZ]_&_
¿To�hl_
gDo
x¦htv*p�Z]_&~Vrsp�hlk 5������
N	� 5�
�
��Z]_H~�_ Jhlv�p�ZD_�gzu]^*{=_H~�ks�$�D~�k�o�_Kv�v�kn~�vH #������pVZ]_�p�hl^`_�kn��rNvy_K|�u]_
g�p�htrsj�_
§z_Ko�u�pVhik?g!rngD�������p�ZD_*pVhi^`_�kn�$r��=rs~�rsjlji_Hj

_�§�_Ko�u�pVhik?g&k?g J2�]~Vk�o�_Kv�v�kn~�v
¢4Y[Z]_
xNrs~V_�gDkspq��~�rs^�r�pVhlon²;rsgNhl��_Krsj._
¿�o
hi_HgDo�x&�$k?u]jt��{,_��H�?��Â�¢
Y[Z]_*_�§�_Ho
u�p�hlkng2pVhi^`_Kv�kn��p�ZD_��½r?v�pV_Hvyp��]~Vk�o�_HvVv�kn~�rngD�GpVZ]_�v�jlk��$_Kv�pq�D~�k�o�_Kv�v�kn~frs~V_�~V_
�,kn~�p�_H�®hig´p�Z]_*pVrn{]ji_*{=_Hjik��� 

rsjlkngDm���hip�ZNp�Z]_�~V_
jtr�pVhi�?_���h �,_H~�_HgDo�_ � 5 ������� Q 5��� � :5 ������� �'²4pVZ]_Hv�_��PrnjiuD_Hv��]u�p�hlg?pVk`jihlmnZ�p�rsgNhi^*{DrsjtrsgDo
_qkn� p�ZD_f��kn~V�zhigDm�jlk?rn�w¢
Y[Z]htv�hl^�{DrnjlrngDo�_�htv�m?~�_Kr�pV_
~��¡kn~�p�Z]_T~V_
�Djihto
rsp�hlkng¯v�pV~Vrsp�_Hmnx®pVZDrsg�¡k?~�p�ZD_&��htv�pV~�hl{]u�pVhik?g¯kng]_?²�pVZ]hlv�^�rPx´_�§��]jtrshlgp�ZD_
{,_�pypV_
~�pVhi^`_Hv�rngD�®_
¿To�hl_
gDo
hi_Kv�k?{�pVrnhigD_H�®��hip�Z!p�ZD_�jtr�p�p�_H~fk?g]_n¢�³2kn~V_��D~�_Ko�htvy_Hjix? :p�Z]_�o�k?^`�]u�pVrsp�hlkng!ks��pVZ]_`kn��pVhi^�rsj
�Drsp�Z��_
�,_
gD�Dv�p�hlmnZ�p�jlx®k?g´pVZ]_��]~Vkzo
_HvVvy_K�®��kn~��´rngD�´hlg�p�u]hip�hl�n_Hjix´kng¦h«p�v�ji_Hg]mspVZw¢ �B_
g=o�_n ���ZDr�p�pVZ]_Hv�_�_�§��,_
~Vhi^`_
g�p�v
vyp�~Vkng]m?jix`vyuDmnmn_Kv�p�htvFp�Z]_fg]_
_K��ks� r�{=_
pyp�_H~$jlk?r?��{DrnjlrngDo�hlg]m�vyp�~�r�pV_
mnx?¢ £¤g�pVZ]_fg]_�§zp�v�_Ho�p�hlkngTrng!¸q¹,º'»½¼sº'»D_Hvyp�hl^�r�pVhik?g�ks�
p�ZD_[rn^`knu]g�p�ks�,o
kn^`�]u�p�r�pVhik?g�hl^��Djihl_H�*{zx�_Hr?o�Z��$k?~V��hlv4m?hi�?_
gw PpVZ]_
g�rfv�p�r�p�hto$jik�rn�z¥±{Drsjtrsg=o�hlg]m�rnjim?kn~Vh«pVZ]^ hlv��]~V_Hv�_
g�pV_H�
rsg=��_
§z�,_
~Vhl^�_Hg�pVrsj.~V_Hv�u]jipVv[hljijluDvyp�~�r�pV_�pVZ]_�hl^��D~�k��?_
^`_
g�pVvH¢

õ4¬ )wõJ



0 2 4 6 8 10
0

2

4

6

8

10

12

14
replication
distribution

0 2 4 6 8 10
0

20

40

60

80

100

120

140
replication
distribution

¾4him?u]~V_ � ²�Y[hl^`_Hv�hlg¯v
¢&�n_
~�v�uDvfp�Z]_�g�uD^�{,_
~�kn���]~Vk�o�_Kv�v�kn~�v��¡kn~�p�ZD_T~�_H�]jlhloHr�p�hlkngrsg=�¦p�Z]_T��htvyp�~Vhi{]u]p�hlkng°vyp�~�r�p�_Hmnhl_HvH 
��hip�Z"�q³®³ �½ji_
�÷p	��rngD�&oHY � ��³®³ �¡~Vhim?Z?p0�'¢

0 1 2 3 4 5 6 7 8 9 10
0

10

20

30

40

50

60

70

80

90

100

replication − HMM
distribution − HMM
replication −cTLHMM
distribution − cTLHMM

¾4hlmnu]~V_��D²�·;¿To�hl_
gDo
hi_Kv��n_H~Vv�uDv$p�ZD_�g�uD^�{,_
~�ks���]~Vk�o�_HvVv�kn~�v��¡k?~[p�Z]_�~V_
�]jlhto
r�pVhik?gNrngD��p�Z]_���htvyp�~Vhi{]u]p�hlkng2v�pV~Vrsp�_Hmnhl_HvH¢

)*)èö,+.-$/0/21



� ����������G�������N�$�
�&%�� ����%���������"G� ��� � 	����!	[���
��	��*�����������&�

�!
� � � �i�8�(�i�� ��?���$� �¦���8��% �/�R� �� "�Z�Q�
�zhlgDo�_*p�ZD_�gzu]^�{,_
~�kn���$k?~V�]vqkn~�p�Z]_�gzu]^�{,_
~fks���D~�k?g�uDgDo�htr�pVhik?gDv�pVk�{,_*�]~Vk�o�_Kv�v�_H�Ghtvfg]ksp�rT~V_
jlhlrn{]ji_*_Hvyp�hl^�r�p�hlkng´ks�
p�ZD_�r?o'pVuDrsj.��kn~V�zjik�rn�. zr�©=g]_
~�¸�¹,º'»½¼�º'»:_Kv�pVhi^�r�pVhik?g�htv���_
�zhtvy_K�.¢;£¤g�p�u]hip�hl�n_Hjix? zp�Z]_�jl_
g]mnp�ZDv[kn� pVZ]_��]~Vkngzu]gDo
hlrsp�hlkngDv�rs~V_
~V_
jtr�p�_K��pVkqpVZ]_�o
kn^`�]jl_�§�hip�x�ks�]pVZ]_
hl~��]~�k�o
_HvVvyhlg]mD¢�Y[Z]hlv4htv;o�k?g�©D~V^�_K��{zx�p�Z]_��¡k?jijlk���higDm�rsg=rsjlxzv�htv kn�%Aqhip�_H~�{]h�rnjim?kn~Vh«pVZ]^G¢
� " "
� _�p�� v���_Hg]kspV_&{zx
	�p�ZD_&gzu]^*{=_H~*kn�qv�p�r�p�_Kv
¢¾]k?~�r´mnhl�n_Hg¯�]~�k?gzu]gDo�htr�pVhik?g¯��h«pVZ -Ãk?{Dvy_H~��?_H�¯r?o�knu=v�pVhlo��n_Ho�p�k?~VvH Aqhip�_H~�{Dh rsjlmnk?~�hip�Z]^ÃhtvH²


��� � ������� - ���

��� � ������� 	 �!�
L 2�������7Z0 PRMTS ���� J � + M � P L 2���-+(]�0�87��,���
� ���?���
� ��243z2
�77�� 35&*6D�*E�'��'�E�'��@ � F��'���'��*'�$!$*�����
 �

¾]k?~BpVZ]_*o
kn^`�]u�p�r�p�hlkng´ks� L 2������t7� ,p�Z]_�o�kn^`�]u]pVr�pVhik?g®ks�;_Krno�Z�� �
� � 2436587�pVrs�?_Hv�r�o�k?gDvypVrsg�p�pVhi^`_��  2 ( 7[hlgD��_
�,_
g=��_
g�p�jlx
ks���� _�!k?~,365�rngD�p�ZzuDv*pVZ]_No
k?vyp�ks�qp�Z]htv`o�kn^`�]u]pVr�pVhik?g°htv�pVZ]_No
k?vyp*kn� ���&o
kn^`�Drn~�htvyk?gw �a2^*u]j«pVhi�Djihto
rsp�hlkngDv�rsgD���
o�k?^`�]u�pVrsp�hlkngNks� � �
� � 24365872�$pVhi^`_Kv[p�Z]_�gzu]^*{=_H~�ks���]~V_H��_Ko�_HvVv�kn~�vFkn� �= w»HGJIKGB 2�� V���� *<2 �t7$7'¢Y[Z]_fo�k?vyp$kn�.p�Z]_��*jikzk?�ThlvFp�ZzuDvN 2�\ � � V���� *<2 ��77'¢F£±������_Hg]kspV_HvFp�Z]_fgzu]^�{,_
~�ks�.pV~VrngDvyhip�hlkng=v�hlgTp�ZD_ ��³®³¯ �p�Z]_Hg
p�ZDhlvfhtvq_K|?u=rsj�p�k� 2��i7'¢ � r?v�pVjix&p�ZD_�o
k?vyp�ks�;pVZ]_���jikzkn�´hlv - p�hl^`_Hvqp�Z]htv�o�k�v�pK 4»HGJIKGfpVZ]_G¸�¹:º'»½¼�º'»4o�kn^`�]jl_�§�hip�x&kn��p�ZD_
�]~Vkngzu]gDo
hlrsp�hlkngNhlv� 2�� - 7'¢F£±pBhlv[pVZzuDv��]~Vkn�,kn~�p�hlkngDrnj,p�k`p�ZD_�ji_Hg]mspVZNkn��pVZ]_��]~Vkngzu]gDo
hlrsp�hlkngw �v�hig=o�_ �2��_
�,_
g=�]v�kngDjixTk?g
p�ZD_��q³®³ rsg=��g]knpBkng&p�Z]_�u]pyp�_H~VrngDo�_?¢

Y[Z]_¸�¹:º'»½¼�º'»$_Hvyp�hl^`rsp�_K�°o�k?^��Dji_
§zhip�x¦ks�qr®��kn~��htv*��_
©Dg]_K�°rnv�p�Z]_GvyuD^äkn��p�Z]_¸T¹,º'»½¼�º'»�o�k?^��Dji_
§zhip�hl_Hv*ks�BhipVv
u�p�p�_
~�rsg=o�_Hv[hlgNp�Z]_�pV~VrnhigDhig]m`�]rspVrs{=rnv�_n¢

��!#" � " "
Y[Z]_�rsjlmnk?~�hip�Z]^ �¡k?~[p�Z]_�oHY � ��³®³ählvH z�¡kn~Br��]~Vkngzu]gDo
hlrsp�hlkngNks�4ji_Hg]mspVZB-�²


��� � ������� - ���

��� � ������� 	 �!�

+%��1 L 2������]�=(K7Z0�PRMTS �$�� J � + U M � P PRMTS 9�: + U : +&%�')( L 2���-.( �0��� * M 7��,�3�
� ���?���
� ��243z2��7$7����+* M � P 2�* M 7�-,+. '��' V���� * M 2 ��7 :�$4� . 'D$*'*�D��
�F��'���'��*'�$!$*��A$ � ��
 ��  #'�)��8�0/5:G�0/4���7&*�#��� . '��F . �*��'��5:1��2��	:%�43 2��87 � . &*� �
5 × ØKÞ[öPã�Ü6áVÜ6ÙÛã'ö7698;:+<4ø�Þyá�öPÚ�Ü6ØPáVÜ;Ü6ØPÞ�ëyã'öKÚ6ÙÛòPÞ�ê½Þyò*ùHúPá�ö
ÜRÙ Ü>=�ÙÛÚ�çsã'úPöPòPÞ�ò�ç?=#@BAC:`ïiêRã'ø�çsÞ�âÛãED°á�öKòF@HGE:`ïiê½ã'ø8á�çsãyå�Þ?I�@BA[á�öPò7@HG

çsÞ�ÙÛö�J�Ü>D.ã[ë�ã'öPÚ½Ü±á�ö�ÜRÚ �

�B_
�]jlhloHr�pVhik?gNvyp�~�r�pV_
mnx Ä�hlvyp�~Vhl{]u�p�hlkng2vyp�~�r�pV_
mnx
�B{Gkn���]~Vk�os¢ p�hl^`_ p�hl^`_ ~V_
jtr�pVhi�?_f�]h���¢ p�hl^`_ p�hl^`_ ~V_
jtr�pVhi�?_��]h���¢

ks�4p�Z]_f�½r?v�pV_Hvyp ks��p�Z]_�v�jlk��$_Kv�p ks��p�Z]_��½r?v�pV_Hvyp ks��p�Z]_�v�jlk��$_Kv�p
hig2vH¢ hlgNvH¢ hlg®Â hig2vH¢ hig2vH¢ hlg´Â

�q³´³
a � ¢ À ��a ÀD¢ ÁnÀ]� � � ¢ � �]� �D¢Ûa��zÁ ÀD¢ Á?Ána � Á]¢ a]�n�
� a�¢ �s��À �=¢ Á � a Á��=¢ ��Á�� a�¢ � �n� �=¢��nÁ � � -D¢ � �P�
� �n¢ �?� � � ¢ a � - ÁsÀD¢ À �s� a�¢Ûa�� � � ¢�����a �?�D¢ ��Á6-
o
Y � �q³®³
a � -D¢ �?� � � � ¢ �n�s� �?ÀD¢ Á �P� �D�?¢ a?Á6- ÀnÀD¢ � ��À � ��¢ - � �
� a � ¢ � � � Án�]¢ �n�?a Á � ¢�� �sÁ anÁ]¢��nÁ � ��Á]¢ � �nÀ � � ¢ �?À?Á
� �H�D¢ � �s� � -]¢ �?À?Á � � ¢ À � � as�D¢i�H�?À � ÀD¢ À�a � �n�=¢ -�- �

Y4rs{]jl_T�n²�³2_Krnv�u]~V_�ks�;pVZ]_�jlk?r?�Ghi^*{DrsjtrsgDo
_�{,_�p���_
_
g®p�Z]_��½rnvyp�_HvypfrngD�Np�ZD_*v�jik���_Hvypq�]~Vk�o�_HvVv�kn~�v[��h«pVZ®p�ZD_�~V_
�]jlhloHr�pV_H�
rsg=�&��htvyp�~Vhi{]u]p�_H�Gvyp�~�r�pV_
mnhl_HvH¢

õ4¬ )wõJ



+��21 
��* * ������� *�H<I�J ���
L 2����	� � *t7(0�PRMTS �$�� J � + U U M � P L 2�� -.( �0��� *(-.( 7��,�3�
� ���?���
� ��243z2��7$7

�-,+. '��' V���� * M M 2 �t7 :�$ � . '�$8'�����
�F!�'���'��8'#$!$*��2$ � ��
 �
�  #'�)��8�0/5:G�0/4����� . 'D$*&%35' F . �*�#'��5: ��2!�	:%��&#$ �

Y[Z]_®o
k?vyp`kn� +%��1 htv * H<IMJ @ �y�2o�kn^`�Drn~�htv�kngw  � ^�u]jip�hl�]jlhloHr�p�hlkng=v
 f�2o�kn^`�]u]pVr�pVhik?g�ks� � ��� � 2H36587' ��®o�k?^��Du�pVrsp�hlkng¬ks�
�0* M � P 2�* M 7 �$p�hl^�_Kv[p�ZD_�oHrs~���hlgDrsj:ks� V���� * M 2Y��7f»HGJIKG  2�* H<IMJ @ � V���� * M 2 �t7$7'¢�Y[Z]_�o
k?vyp�kn� +��21 htv * H<IMJ @ ����o
kn^`�Drs~Vhtvyk?gw 
a*^�u]jip�hl�]jlhloHr�pVhik?gDv
  ��o�kn^`�]u]pVr�pVhik?g&kn��� ��� � 2H365872��pVhi^`_Hv�p�Z]_�oHrs~���hig=rsj.ks� V���� * M M 2Y��7'  »HGJI}GN 2�* H<IMJ @ � V���� * M M 2Y��7$7'¢$Y[ZD_o�k?^`�]ji_
§�h«p�x®kn� +%��1 rngD� +��21 htvP 2�*LH<IMJ�@ � V���� *e2Y��77���Z]_
~V_ V���� *e2Y��7�htv�pVZ]_Tvy_
p�ks�[_
�?_
~Vx®�]~V_H��_Ko�_HvVv�kn~�ks� �=  g]knp~V_
m?rn~V�]hig]mGpVZ]_N�]Z]kngD_�p�htoTuDg]h«p�v
¢¯Y[Z]_H~�_�hlv�rsg°_
§zp�~�r®^�uDj«pVhi�]jlhto
r�pVhi�?_T�½r?o'p�k?~ *�H<I�J2�¡k?~�pVZ]hlv`vyp�_H�ªo�k?^��=rs~V_H�pVk®p�ZD_
�q³´³üoHrnv�_n¢�Y[Z]_�mnjlkn{=rsjB¸�¹,º'»½¼sº'»�o
kn^`�]jl_�§�hip�x2ks�$r&�]~Vkngzu]gDo
hlrsp�hlkng®htvfp�ZzuDvH .��h«pVZ´pVZ]_�v�rn^`_*g]knpVrsp�hlkngDv�rnv�{,_��¡kn~V_n 
 21*�H<IMJ�� -F7'¢;£±pBhtv�rsm?rnhig&�]~Vkn�,kn~�p�hlkngDrnj=pVk`p�Z]_�jl_
gDmsp�ZNks�4p�ZD_�u�pypV_
~�rsgDo
_n¢

Y[Z]_T¸f¹:º'»½¼�º'»wo
kn^`�]jl_�§�h«p�x�ks�4r���kn~���htv�p�ZD_�vyu]^îks��p�Z]_�¸�¹,º'»½¼�º'»wo
kn^`�]jl_�§�hip�hl_Hv[ks�4h«p�v��]~Vkngzu]gDo
hlrsp�hlkngDvH¢

�!
W	 � �(��� ��� ��"�Q%��z�%�&Y�Q"8&Z�Z�<��� ���
�zhlgDo�_�p�Z]_G¸�¹,º'»½¼�º'»�jik�rn�G_Kv�pVhi^�r�pVhik?gDvBkn�;p�Z]_*�]~V_
�zhik?uDvBv�u]{Dv�_Ho�p�hlkng´rn~�_�k?g]jix2rn�]�]~VkP§zhl^�r�pVhik?gDv
 ]p�Z]_H~�_�htv�g]kTg]_H_H�GpVk
hl^��Dji_H^�_Hg�pqrsgNkn��pVhi^�rsj���hlvyp�~Vhl{]u�p�hlkngGvyp�~�r�p�_HmnxTrngD�Gr��½r?v�pqrngD�&Z]_
u]~Vhtv�pVhlofkngD_f��hljlj vyu]¿�o
_�µ ÁP¶6¢

Y[Z]_�^`k?vyp�o�jtrnvVvyhto
rnj;Z]_
uD~�htv�pVhlo`htv�rNmn~V_
_K��x®k?g]_��½oHrsjlji_K� � }FY��¡kn~ � rs~Vmn_Hvyp�}�~�k�o
_HvVvyhlg]m2Y[hi^`_$��rsgD�!p�ZD_T~�_KvyuDj«p�v
�]~V_Hv�_
g�p�_K�¦hig¯pVZ]htv��Drn�=_H~*rs~V_�kn{]pVrshlg]_K���h«pVZp�Z]htv�ZD_
u]~Vhlvyp�htos¢2Y[Z]_��$k?~V�]v�rs~V_Tvyk?~ypV_H�¦{zx¦��_Ko�~V_Hr?vyhlg]m®o�k?^`�]ji_
§�h«p�x?¢
Y[Z]_`��kn~��]v�rn~�_�hip�_
~�r�pVhi�?_
jlx2rnvVvyhlmng]_K�2pVk�pVZ]_`�]~�k�o
_HvVvyk?~VvfrnoHo�kn~���hlg]mTpVk�pVZ]_
hl~�kn~���_H~H²�pVZ]_`©D~�v�p�u]gDr?v�v�hlmng]_K�®��kn~��2hlv
rnvVv�him?g]_H�Tp�k�p�Z]_��D~�k�o�_Kv�v�kn~�ZDrP�zhlg]m�pVZ]_�v�^`rnjijl_
~�o
u]^�u]jtr�pV_H�&�$k?~��zjlk?r?���÷pVZ]_�p�hl_�¥±{]~V_Hrs�zhlg]m�~�u]jl_�o�k?gDvyhtvypVv�hig2o�Z]kzk�vyhlg]m
p�ZD_��]~�k�o
_HvVvyk?~���hip�Z¦p�ZD_Tvy^�rsjljl_Hvyp�ht��_Hg?pVh«©=_
~�hlg¦k?u]~�hi^`�]jl_
^`_Hg?p�r�pVhik?g��' 4rsgD�!p�ZDhlv�htv�~V_
�,_Hr�pV_H�!u]g�p�hlj�_
�?_
~Vx2�$k?~V�´hlv
rnvVv�him?g]_H�&p�kNr��]~Vk�o�_HvVv�kn~K¢
�zhlgDo
_�p�ZD_�gzu]^�{,_
~fks�;��kn~��]v�htvqg]knpq�n_H~�x&Z]hlmnZ®hlg®rTv�^`rnjij p�k&^�_K��hlu]^ vyhl¨
_��?k�o
rs{Du]jlrn~�x? 
p�ZD_�o�k�v�pBkn�;v�kn~�p�hlg]m`pVZ]_���kn~��]v[hlvqg]_
m?jihlmnhl{]jl_�o�k?^��=rs~V_H��p�k�pVZ]_�k��n_H~Vrnjijwo
k?vypBks�4p�Z]_�rsjlmnk?~�hip�Z]^G¢�Y[Z]_��,_
~��¡kn~V^`rngDo�_Kv
ks�;v�uDo�Z2rsgGZ]_
uD~�htv�pVhlo�rn~�_���_
jljw�zg]k���gw²�pVZ]_�jtrs~Vmn_Kv�p���kn~V��jlk?r?�Thtv�jl_HvVv[p�ZDrngG� ' � pVhi^`_HvBp�Z]_�jtrs~Vmn_Kv�p���kn~V�zjik�rn�ThlgGp�ZD_
kn�]p�hl^`rnjw��htv�pV~�hl{]u�pVhik?g¦µ �P¶±¢

�!
�� � �K�a o�i��� #%��ª�Q" �� ��t� "����
Y[Z]_®_
§��=_H~�hl^`_
g�pVrnj�p�hl^`_HvTkn��p�Z]_®�=rs~�rsjlji_Hjihl¨Hrsp�hlkngDv`��hip�Z�vypVrsp�hto2jik�rn�z¥±{DrnjlrngDo�hlg]m¯rs~V_®vyZDk���g¬k?g¬©Dmnu]~V_´Á�¢ ( Z]_Hg
o�k?^`�Drs~VhigDmTp�ZD_*pVhi^`_Kv���hip�Z!p�ZDk?v�_*kn��©DmnuD~�_ �  .k?g]_*gDksp�hto�_Kv�p�Z]_`m?rnhig®�¡kn~fp�Z]_`~V_
�]jlhto
r�pVhik?g´vyp�~�r�p�_Hmnx? ,��ZDhlo�Z¦~Vrng]mn_Kv
�¡~Vkn^ä� ��Â �½��h«pVZ®���]~Vk�o�_Kv�v�kn~�v �FpVk�� �zÂ �½��h«pVZª�K���]~Vkzo
_HvVvyk?~Vv	�F�¡kn~ �q³®³° ,rngD�G�¡~Vkn^ as��Â �¡��hip�Za��]~Vk�o�_Kv�v�kn~�v �FpVk
� �zÂ �½��h«pVZ ���]~�k�o
_HvVvyk?~Vv	���¡kn~[o
Y � �q³®³¯¢ ( hip�ZTpVZ]_���hlvyp�~Vhl{]u�p�hlkng&v�pV~Vrsp�_
m?x�pVZ]_qm�rshlgTks�.pVhi^`_fhlv$jl_HvVvFhl^`�]~�_Kv�v�hl�n_�{]u�p
g]k?g]_�pVZ]_
jl_HvVv[g]kngNg]_Hmnjlhim?hi{]jl_n²;{,_�p���_
_Hg&�=¢ Á�Â rsg=�!�Pa?Â��¡k?~�q³®³ rngD��{,_�p���_
_Hg � Â rngD�´�Pa?Â �¡k?~Bo
Y � �q³®³¯¢=Y[Z]hlv
o�k?~�~Vkn{,kn~�r�pV_HvFknu]~�~V_
^�rs~V��hlg + � ¢ÛÁ�²4p�ZD_�jik�rn�&hi^*{DrsjtrsgDo
_��[rnv�|�u]hip�_�ZDhim?Z��¡k?~[p�Z]_�~V_
�]jlhto
r�pVhik?gNvyp�~�r�pV_
m?xn¢

0 2 4 6 8 10
0

2

4

6

8

10

12

14
replication
distribution

0 2 4 6 8 10
0

20

40

60

80

100

120

140
replication
distribution

¾4him?u]~V_�Á�²�Y[hl^`_Hv�hlg¯v
¢&�n_
~�v�uDvfp�Z]_�g�uD^�{,_
~�kn���]~Vk�o�_Kv�v�kn~�v��¡kn~�p�ZD_T~�_H�]jlhloHr�p�hlkngrsg=�¦p�Z]_T��htvyp�~Vhi{]u]p�hlkng°vyp�~�r�p�_Hmnhl_HvH 
��hip�Z"�q³®³ �½ji_
�÷p	��rngD�&oHY � ��³®³ �¡~Vhim?Z?p0�'¢

)*)èö,+.-$/0/21



Y[Z]_T_
§��=_H~�hl^`_
g�pVrnj�_�¿To�hl_
g=o�hl_Hv�rn~�_Tv�Z]k���g¯k?g©Dmnu]~V_TÀ]¢®Y[ZD_
xrs~V_�^�uDo�Z¯Z]hlmnZD_
~�pVZDrsg°k?g©DmnuD~�_��= 4��hip�Z¯gDk
_�¿To
hi_HgDo�x0{=_Hjik�� À?Á�Â�¢8Y[Z]_2�½r?o'pTpVZDr�p�pVZ]_´m?~�_H_H��xªjik�rn�¬{Drsjtrsg=o�hlg]m¯hi^`�]~Vk��n_K�ª~V_
jtr�pVhi�?_
jlx¯�¡_
�èpVZ]_´��htv�pV~�hl{]u�pVhik?g
�Drn~Vrnjijl_
jlhi¨Kr�pVhik?g�^�rPxT{,_�_�§��]jtrshlg]_H�&{zx�p�Z]_�rnji~V_Hr?��x�mnkzk��&_�¿To�hl_
gDo
x�rno�ZDhi_H�n_H�&��hip�Z]k?u�pBjik�rn��{DrsjtrsgDo
higDmD¢

0 1 2 3 4 5 6 7 8 9 10
0

10

20

30

40

50

60

70

80

90

100

replication − HMM
distribution − HMM
replication −cTLHMM
distribution − cTLHMM

¾4him?u]~V_NÀD²&·;¿To
hi_HgDo�x¯�¡k?~`p�Z]_G~V_
�]jlhto
r�pVhik?g0rngD�¯pVZ]_2��hlvyp�~Vhl{]u�p�hlkng�vyp�~�r�p�_Hmnhl_Hv�uDv�higDm!m?~�_H_H��x¯jlk?r?�z¥6{=rsjtrsgDo
hig]m= ;��h«pVZ
�q³´³ärngD�No
Y � ��³®³¯¢

Y[Z]_*_�§�_Ho
u�p�hlkng2pVhi^`_Kv�kn��p�ZD_��½r?v�pV_Hvyp��]~Vk�o�_HvVv�kn~�rngD�GpVZ]_�v�jlk��$_Kv�pq�D~�k�o�_Kv�v�kn~frs~V_�~V_
�,kn~�p�_H�®hig´p�Z]_*pVrn{]ji_*{=_Hjik��� 
rsjlkngDm*��hip�ZNp�ZD_�~�_Hjlrsp�hl�n_���h �,_H~�_HgDo�_ � 5�������� Q 5 �� � :5 ������� �'¢

�B_
�]jlhloHr�pVhik?gNvyp�~�r�pV_
mnx Ä�hlvyp�~Vhl{]u�p�hlkng2vyp�~�r�pV_
mnx
�B{Gkn���]~Vk�os¢ p�hl^`_ p�hl^`_ ~V_
jtr�pVhi�?_f�]h���¢ p�hl^`_ p�hl^`_ ~V_
jtr�pVhi�?_��]h���¢

ks�4p�Z]_f�½r?v�pV_Hvyp ks��p�Z]_�v�jlk��$_Kv�p ks��p�Z]_��½r?v�pV_Hvyp ks��p�Z]_�v�jlk��$_Kv�p
hig2vH¢ hlgNvH¢ hlg®Â hig2vH¢ hig2vH¢ hlg´Â

�q³´³
a �D¢ �?Án� Á]¢i� � � Á�¢ � � � À]¢l�
�zÁ ÀD¢ a]�H� �n¢ �s� �
� � ¢ � � � � ¢ � � � �n¢ Àn�?À �D¢Ûa��PÁ �=¢ � � � a�¢ �s�zÁ
� a�¢ � �s� a]¢ À �sÁ �z¢ ÀnÀn� � ¢Ûa ��Á � ¢ Án�n� À]¢l�
� �
o
Y � �q³®³
a Á��=¢ � �n� Á �]¢ ��a � �z¢ �n�za À � ¢ �=�H� Às�=¢ � Á � �n¢ �?À�Á
� � �=¢ as��Á � �]¢ � ��À �n�?¢ -D�Ka ��a]¢ � � Á � � ¢ a � � a�¢ � ���
� a��?¢ � �?Á a?-]¢l� �?- asÀD¢�� � À � �D¢��s�nÀ � a]¢ -�Ás� À]¢ �]�K�

Y4rs{]jl_�a]²;³2_Hr?vyu]~V_fks� pVZ]_�|�uDrsjlh«p�x�kn� pVZ]_�mn~V_
_H�]x�jlk?r?�z¥±{DrsjtrsgDo
higDm�{,_�p���_
_
g&p�ZD_��½r?v�pV_Hvyp[rngD��p�Z]_�v�jik���_Hvyp��D~�k�o�_Kv�v�kn~�v
��hip�ZNp�Z]_�~V_
�Djihto
rsp�_H�Nrsg=�&��htvyp�~Vhi{]u]p�_H�Gvyp�~�r�pV_
mnhl_HvH¢

Y[Z]_�^�k�v�p[hl^��,kn~�pVrng�p$hl^�{DrnjlrngDo�_���r?v$rspypVrnhigD_H�T��hip�Z&�*�D~�k�o�_Kv�v�kn~�v�Ro'��¢�pVrn{]jl_*�$�' zh«p[ZDr?v$��_Ko�~V_Hr?vy_K�`�¡~�k?^éÁsÀ]¢ �nÂ
p�k �z¢ �nÂñhlg¯pVZ]_T~V_
�]jlhloHr�pVhik?g°v�pV~Vrsp�_
m?x®��hip�Z ��³®³ rsg=�¦�¡~�k?^��?�D¢i��ÂèpVk´À]¢l�PÂóhigpVZ]_&�]hlvyp�~Vhi{Du�p�hlkng°vyp�~�r�pV_
mnx!��h«pVZ
�q³´³¯¢;Y[Z]_&o
kn~V~�_Kvy�,kngD�]hig]mG©=mnu]~V_Hv��¡kn~*oHY � ��³®³ rs~V_&r´��_Ho
~�_Krnv�_��¡~�k?^ � � ¢ �nÂ p�kasÀ]¢ �nÂó��hip�Z°pVZ]_�~V_
�Djihto
rsp�hlkng
vyp�~�r�p�_Hmnx2rsg=�2�¡~Vkn^ ��Á]¢ �zÂép�k2À]¢ ��Âà��hip�Z!p�Z]_���htv�pV~�hl{]u�pVhik?g!vyp�~�r�pV_
mnx?¢�Y[Z]_�_Hvyp�hl^`rsp�_K�´hl^�{DrnjlrngDo�_��¡k?{�pVrnhig]_K�2�¡~Vkn^
p�ZD_�¸f¹,º'»½¼sº'»:jik�rn�&_Hvyp�hl^`rsp�hlkngDv	��htv[higG_
hip�ZD_
~Bo
r?vy_ � ¢ �zÂT¢

�!
�� � �(� �� #%����
� ©=~Vvyp$�,knhlg�p$��Z]hto�ZThtv�pVk�{,_�g]knp�_K��hlvFp�Z=r�pFpVZ]_�o
kn^`^�uDg]hloHr�pVhik?gDv;p�rs�n_fr�g]_Hmnjlhim?hi{]jl_BpVhi^`_�kng�pVZ]_�rn~Vo�Z]hip�_Ko'pVu]~�_quDvy_K�
�¡kn~fpVZ]_`_�§��=_H~�hl^`_
g�pVvH²B�¡k?~qpVZ]_���htv�pV~�hl{]u�pVhik?g!vyp�~�r�p�_Hmnx? =pVZ]_
x®pVrs�?_*{,_�p���_
_Hg!v�kn^`_��=_H~Vo
_
g�pVv�ks�$p�Z]_�p�knpVrnj�pVhi^`_�kng¦r
o�jtrnvVv�hloHrsjD·�p�Z]_H~�g]_
p�g]_�p���kn~V��pVk��D¢ � Â�kng�pVZ]_q�½r?v�p�³2xz~Vhig]_
p�gD_�p���kn~V�, �o'��¢�p�rs{]jl_Hv � rngD������Z]hto�Z�vyZDk���p�Z]_fk��n_H~�Z]_Krn�

õ4¬ )wõJ



��u]_�p�k�pVZ]_��Drn~Vrnjijl_
jlhl¨Hr�pVhik?gw²�p�ZD_
xGmnhl�n_�pVZ]_�p�hl^`_Hvqks��p�Z]_�o�k?^�^*u]g]hto
rsp�hlkngDvBrngD�G~V_
_Hvyp�hl^�r�pVhik?gDv[ks��p�ZD_��Drn~Vrn^�_
p�_H~VvH¢
�B_HgDo�_? ]��_f^�r?��_�g]k��Drs~�p�hto�uDjlrn~�_.�,k?~yp�k?g�pVZ]hlvqrnv��=_Ko'p �÷pVZ]_
~V_�hlvBg]k�o�jl_
�n_H~[k��n_
~Vjtrs�]�]hlg]m*�¡kn~�hlgDvypVrsg=o�_���¢

��_H�]jihto
rsp�hlkngGv�pV~Vrsp�_Hmnx Äqhtvyp�~Vhi{]u]p�hlkng2v�pV~Vrsp�_Hmnx
�B{Gkn���]~Vk�os¢ p�knpVrsj._
§�_Hos¢ o�k?^�^G¢ ~V_
jtr�pVhi�?_�hl^`�=k?~yp�rsgDo
_ p�knpVrsj._
§�_Hos¢ o�k?^�^G¢ ~V_
jtr�pVhi�?_�hl^`�=k?~yp�rsgDo
_

pVhi^`_ � ~V_
_Kv�pVhi^G¢ ks�4o
kn^`^G¢�� ~V_
_Kv�pVhi^G¢ pVhi^`_ � ~V_
_Kv�pVhi^G¢ ks�;o�kn^`^G¢�� ~V_
_Kv�pVhi^G¢
hlgNvH¢ p�hl^�_�hlg2v
¢ hlg®Â hlg2v
¢ p�hl^�_�hlg2v
¢ hlg®Â

�q³´³
a ÀD¢ Á?- � �]¢ � � Á �]¢ÛÁ � � ÀD¢ Á � � �]¢ �]�KÀ �]¢Ûa�� �
� �=¢��s�]� �]¢l�$�s� � ¢ À]�HÀ �=¢��nÁsÀ �]¢ �n��- �]¢l� �?-
� � ¢ À � - �]¢ �?� � �n�n¢ � ��� � ¢�����- �]¢ �n� � �]¢l� � �
o
Y � �q³®³
a � � ¢ � � � �]¢ � �na �]¢ �?-?- À?À]¢ ��-�a �]¢ �?a � �]¢ � � Á
� Án�]¢ �s��À �]¢l�}- � �]¢ � �n� �zÁ�¢ �?-?À �]¢ �]�PÁ �]¢ � � �
� � -]¢ � �na �]¢ ��Á?a �n¢l� � À � À]¢ À � À �]¢ �]�?� �]¢ � � �

Y4rs{]jl_ � ²4³2_Krnv�u]~V_Bks�.pVZ]_�k��?_
~VZ]_Hr?�`��u]_BpVk�pVZ]_��=rs~�rsjlji_Hjihl¨Hrsp�hlkngw²�~�_Hjlrsp�hl�n_Bhl^`�=k?~yp�rsgDo
_Bks�wpVZ]_�o
kn^`^�uDg]hloHr�pVhik?gDvFrngD�
~V_
_Hvyp�hl^�r�pVhik?gDvfks��p�Z]_��Drn~Vrn^`_�p�_H~Vvfo�k?^`�Drs~V_H�´p�kNp�ZD_`p�ksp�rsj;_
§z_Ko�u�pVhik?g¦p�hl^�_���hip�Z¦pVZ]_`~�_H�]jihto
rsp�_K�!rngD���hlvyp�~Vhl{]u�p�_K�
vyp�~�r�p�_Hmnhl_HvH z��h«pVZ]knu�pBjlk?r?�z¥±{DrsjtrsgDo
higDmD¢

��_H�]jihto
rsp�hlkngGv�pV~Vrsp�_Hmnx Äqhtvyp�~Vhi{]u]p�hlkng2v�pV~Vrsp�_Hmnx
�B{Gkn���]~Vk�os¢ p�knpVrsj._
§�_Hos¢ o�k?^�^G¢ ~V_
jtr�pVhi�?_�hl^`�=k?~yp�rsgDo
_ p�knpVrsj._
§�_Hos¢ o�k?^�^G¢ ~V_
jtr�pVhi�?_�hl^`�=k?~yp�rsgDo
_

pVhi^`_ � ~V_
_Kv�pVhi^G¢ ks�4o
kn^`^G¢�� ~V_
_Kv�pVhi^G¢ pVhi^`_ � ~V_
_Kv�pVhi^G¢ ks�;o�kn^`^G¢�� ~V_
_Kv�pVhi^G¢
hlgNvH¢ p�hl^�_�hlg2v
¢ hlg®Â hlg2v
¢ p�hl^�_�hlg2v
¢ hlg®Â

�q³´³
a Á]¢i���s� �]¢ �]��� �]¢ � � � ÀD¢ a?a � �]¢ �]� � �]¢Ûas�?-
� � ¢ Á?-s� �]¢l�H��- � ¢ � � � �=¢ � �H� �]¢ �n� � �]¢l� �nÀ
� a]¢ - � � �]¢ � �H� �H�]¢ÛÁnanÀ � ¢ Án�nÀ �]¢ �n�?À �]¢l�$�z�
o
Y � �q³®³
a Á �]¢ � �D� �]¢ �?Á � �]¢ �?-?- Àn�D¢ � �sÀ �]¢ �?an� �]¢ � � �
� � -]¢ �nÀ?� �]¢l�
�zÁ �]¢ � �z� � � ¢ÛanÁ � �]¢ �]�Pa �]¢ �?a �
� a?-]¢ÛÁ ��Á �]¢ � -�- �n¢ � ��- � a�¢ -?Án� �]¢ �n��- �]¢ �?a �

Y4rs{]jl_q�=²4³2_Krnv�u]~V_Bks�.pVZ]_�k��?_
~VZ]_Hr?�`��u]_BpVk�pVZ]_��=rs~�rsjlji_Hjihl¨Hrsp�hlkngw²�~�_Hjlrsp�hl�n_Bhl^`�=k?~yp�rsgDo
_Bks�wpVZ]_�o
kn^`^�uDg]hloHr�pVhik?gDvFrngD�
~V_
_Hvyp�hl^�r�pVhik?gDvfks��p�Z]_��Drn~Vrn^`_�p�_H~Vvfo�k?^`�Drs~V_H�´p�kNp�ZD_`p�ksp�rsj;_
§z_Ko�u�pVhik?g¦p�hl^�_���hip�Z¦pVZ]_`~�_H�]jihto
rsp�_K�!rngD���hlvyp�~Vhl{]u�p�_K�
vyp�~�r�p�_Hmnhl_HvH z��h«pVZNjlk?r?�z¥±{DrsjtrsgDo
higDmD¢

�z_Ko�kng=��jix? �p�ZD_B_�§��,_
~Vhi^`_
g�p�v��]u�pFhlg�_
�zht��_
gDo
_�p�ZDrsp�p�Z]_BvypVrsp�hto[jik�rn��{DrnjlrngDo�hlg]m�ZDrnv�jl_H��pVk�r�vyhlmng]hi©=oHrsg�p�~�_K��uDo�p�hlkng
ks�.pVZ]_fhi^*{DrsjtrsgDo
_n �_
�?_
gThi� hip�ZDr?vFgDksp�o
kn^`�]jl_�pV_
jlx`v�u]�]�D~�_Kv�v�_H��hipH¢;� ©D~�v�p�_�§��]jtrsgDrsp�hlkng�pVk�p�ZDhlv��]Z]_Hg]kn^`_Hg]kngThtvFp�ZDrsp
p�ZD_�g�uD^�{,_
~;ks�:��kn~��]v4hlv4pVk�k�v�^�rsjljzp�k�_
g=rs{]jl_�r�jlk?r?�z¥±{DrsjtrsgDo
higDmq��hip�Z]k?u�p�mn~V_Hrsp;�]hlvVo�~V_
�DrngDo�hl_Hv4{,_�p���_
_Hg�pVZ]_�Z]_HrP�zhl_Hvyp
jlk?rn�¦rsg=�®pVZ]_�jihlmnZ�pV_Hvyp�k?g]_n¢�£¤g=��_
_K�. �v�hig=o�_�p�Z]_�gzu]^*{=_H~�ks���$k?~V�Dv�htv�©]§�_K�!rngD�|?uDh«pV_`v�^�rsjlj �¡_K|�uDrsj�pVk2Án�NhigknuD~
_�§��,_
~Vhi^`_Hg?p�v �� ,p�Z]htv�p�Z]_Hkn~V_�p�hto
rnj�hl^�{=rsjtrsgDo
_�hlgDo�~V_Hr?vy_KvB��hip�Z®pVZ]_�g�uD^�{,_
~�ks���]~Vk�o�_Kv�v�kn~�vBrsg=�®~V_Hrno�ZD_Hv�an��Âà��hip�Z¦an�
�]~Vk�o�_HvVv�kn~�v
¢ �Bk���_
�n_H~H D_
�n_HgGp�Z]_�kn��pVhi^�rsj�jik�rn�G{DrnjlrngDo�hlg]m�_
§zZDhi{]hipVv�rsg2hl^�{DrnjlrngDo�_�o
jik�vy_�p�k�pVZ]hlvqkng´an���]~Vkzo
_HvVvyk?~VvH¢
�zhlgDo�_fpVZ]_�jlk?r?�]v[rs~V_�|�u]hip�_�u]g]hi�¡kn~V^ �`p�Z]_H~�_fhtv�r*^�r�§�hl^`rnj,�½rno'pVkn~[ks� � ¢ÛÁ�{,_�p���_
_HgTp�ZD_fZDhim?Z]_Hvyp�¸f¹,º'»½¼�º'».o
kn^`�]jl_�§�h«p�x
rsg=�¯p�ZD_&jlk��$_Kv�p*kng]_? ���h«pVZ¬Án�®��kn~��]v ���h«pVZª^`kn~V_���kn~��]v�hip�hlv*hlgD��_
_K�°�,k?vVvyhl{]jl_TpVk¦��hl^`higDhlv�Z°pVZ]hlv`��htvVo�~V_
�DrngDo�x?¢
£±p�hlv�r?o'p�u=rsjljixGknuD~�rnhi^ñpVk&�D~�k�o�_Kv�vfr&�nk�o
rn{]u]jtrs~VxNkn�$v�_
�n_H~Vrnj Zzu]gD�]~�_K�]vfks�F��kn~��]vH¢��Bg]knp�Z]_H~f�,k?vVv�hi{]jl_�_�§��]jtrsgDrsp�hlkng
o�k?u]jt�°{,_&pVZ]_G{Drn�¬|�uDrsjlhip�x¯ks�BpVZ]_°¸&¹,º'»½¼sº'»�o
kn^`�]jl_�§�h«p�x¯_Kv�pVhi^�rsp�hlkngDvH¢ª�ño�k?^��=rs~Vhlv�kng°{,_�p���_
_HgªpVZ]_
k?~�_
p�hto
rnj�rngD�
)*)èö,+.-$/0/21



_�§��,_
~Vhi^`_Hg?p�rsj4o�kn^`�]jl_�§�hip�hl_Hv�hlvq^�rn��_*�=k�v�v�hi{Dji_�{zxNpVrn{]jl_Hv�Á�rsgD�2À&rsgD�2©Dmnu]~V_ ��¢B£¤g2p�ZDhlvqpVrn{]ji_? DpVZ]_���kn~��]v!�¡��Z]hto�Z
rs~V_�p�Z]_�©]�÷p�x�©D~�v�p�gDrsp�u]~�rsj:gzu]^�{,_
~�vH �higG¾]~V_
gDo�Z �[rs~V_�k?~V��_H~�_K�T{zxThlgDo�~V_Hr?vyhlg]m*_Hvyp�hl^`rsp�_K�No
kn^`�]jl_�§�hip�hl_Hv %�hig&p�Z]_�~VhlmnZ�p
ZDrngD�z¥¤vyht��_��Drn~yp�ks�;p�ZD_�pVrn{]jl_n ,p�Z]_*^`_Hrsg2htvfvyu]{]p�~�rno'pV_H�N�¡~Vkn^ñ_
�?_
~Vx&o
kn^`�]jl_�§�h«p�xGrsg=�Gp�Z]_�o�kz_�¿To
hi_Hg?pfrs�]�,_Hrn~�hlg]mThlg
p�ZD_*jlhigD_Hrs~�©]p�p�hlg]m��¡k?~�^*u]jtr�hlvfuDv�_H�®�¡kn~�v�oHrsjlhigDmD¢f£±p�rn�]�=_Krs~�v�pVZDr�pfp�Z]_2¸�¹,º'»½¼sº'» _Kv�pVhi^�r�pVhik?gDv�~�_ RD_Ho�p�|�u]hip�_*�$_Hjij4p�ZD_
rno�p�uDrnj�o
kn^`�]jl_�§�h«pVhi_Kv
²[hlgD��_H_H�. :o�k?~�~V_
jtr�pVhik?gGo
kz_�¿To�hl_
g�pVv�rs~V_�~�_Kvy�,_Ho�p�hl�n_HjixG�]¢ - �?�]��{=_
p��$_H_
g2pVZ]_N¸�¹:º'»½¼�º'»w_Kv�pVhi^�r�pVhik?g
jlk?rn�Dv$rngD��pVZ]_�k?{Dv�_
~V�n_H��o
kn^`�]jl_�§�hip�hl_Hv$�¡kn~$p�Z]_ �q³´³ rngD�T�]¢ -?-�asÀ�{,_�p���_
_HgTpVZ]_`¸f¹,º'»½¼�º'»=_Hvyp�hl^�r�p�hlkng&jik�rn�]v�rsg=��p�ZD_
kn{=vy_H~��?_H�To
kn^`�]jl_�§�h«pVhi_Kv$�¡kn~�p�Z]_�oHY � �q³´³¯¢�Y[Z�u=v
 zpVZ]_
~V_�htv[g]k�g]_
_K��pVk*©=gD��gD_
��_Kv�pVhi^�r�pVhik?gT�¡k?~�^*u]jlrn_qpVZDr�p���knu]jt�
pVrn�n_Bhlg�p�k�rno
o
knu]g�p�pVZ]_q_
§��=_Ko'p�_K�Tgzu]^*{=_H~Fks� o
kngDv�ht��_
~V_H��pV~VrngDvyhip�hlkng=vFrsg=�`p�Z]_fhlgD��uDo
_H���?knjlu]^`_Bks� o
kn^`^�u]gDhloHr�p�hlkng=v
�¡kn~�hlgDvypVrngDo�_? �hig2rn�D��h«pVhik?gNp�k�p�Z]_�o
kn^`�]u�p�r�pVhik?gDrsj.jlk?r?�.¢

(!k?~V� �$kn^`�]jl_�§�hip�hl_Hv �$_
g�p�_H~�_K�&rngD�Nv�oHrsjl_H�No�kn^`�]jl_�§�hip�hl_Hv

_Kv�pVhi^�rsp�_H� k?{Dv�_
~V�n_H� k?{Dv�_
~V�n_H� _Hvyp�hl^�r�pV_H� kn{=vy_H~��?_H� kn{=vy_H~��?_H�
�¡kn~�q³´³ �¡kn~BoHY � �q³´³ �¡k?~�q³®³ �¡k?~Bo
Y � �q³®³

� a�¢ � �?as� �]¢l�n�KÁ?- �]¢ �s�?�?� ¥ � ¢Ûa��za � ¥ � ¢ � �Ka�� ¥¤a]¢ ��-nÀ �
� a�¢ �?- �?� �]¢l�
� � � �]¢ - �D� � ¥�a�¢ �?anÀnÀ ¥¤a]¢ -?�?Á�� ¥¤a]¢ À?� � �
a a�¢ -?ÁsÀ?À �]¢l� � � � �]¢ - � �sÁ ¥�a�¢ ��À �]� ¥¤a]¢ anÀ �T- ¥¤a]¢ Á?-]�KÁ
- � ¢ �nÀ?a?a �]¢l�KÁ6- � �n¢ �s� �?- ¥�a�¢ ÀnÀ�a�� ¥¤a]¢ À �z�$� ¥¤a]¢ ��À]�H�
À � ¢l�
� �na �]¢Ûas�?Á?a �n¢ � �6- � ¥�a�¢ÛÁ � �P� ¥¤a]¢ �?�?Á � ¥¤a]¢ � -?Á��
as� � ¢Ûa�� � Á �]¢Ûas�s�=� �n¢l�
� �P� ¥�a�¢ � �D�n� ¥¤a]¢ ��anasÀ ¥¤a]¢ a?Á��
�
� � ¢ ÀnÀn�?� �]¢l�}-?-�- �n¢ÛasÀ?Às� ¥�a�¢ �nÀn�?À ¥¤a]¢ � �s�?� ¥V�?¢ -�- � �
� � ¢ � �z�PÁ �]¢Ûana � � �n¢ � Á � � ¥��n¢ -?Á � � ¥V�?¢ À?À �]� ¥V�?¢ �D�
�D�
�H� � ¢ �]� �?À �]¢Ûas�?-�Á �n¢ � �PÁ6- ¥��n¢ -n�?Àn� ¥V�?¢ -n��a6- ¥V�?¢ ��- � �
�Ka � ¢ �?Á ��� �]¢Ûa � � � �n¢ � �PÁ6- ¥��n¢ �nÀ �sÁ ¥V�?¢ Á]�KÁ�� ¥V�?¢ ��- � �
�KÁ �D¢ � � �?� �]¢Ûa � �?� �n¢ �D�K�n� ¥��n¢ À � ÀnÀ ¥V�?¢ À�a �P� ¥V�?¢ À�-?a6-
� �D¢l�Ka � � �]¢Ûana �D� �n¢ � � � � ¥��n¢ÛÁ6-?À?- ¥V�?¢ À �z�H� ¥V�?¢ Á?Á � �
� � �D¢l�}-?a?Á �]¢Ûa��?�D� �n¢ �D�K- � ¥��n¢ÛÁ � a�� ¥V�?¢ �t-nÀn� ¥V�?¢ À �sa��
� � �D¢Ûa �?-�a �]¢ÛasÀ]�KÀ �n¢ÛÁ��Pas� ¥��n¢ � � Á�� ¥V�?¢i���]� � ¥V�?¢ � ��Àn�
�HÀ �D¢ �?�s�za �]¢Ûa�� �6- �n¢ÛÁ�� � À ¥��n¢ � an�s� ¥V�?¢ � �]� � ¥V�?¢ � �sasÀ
�n� �D¢ À?Á�� � �]¢Ûa���Á?Á �n¢ Às�za � ¥��n¢ � �s�s� ¥V�?¢ �=�$��� ¥V�?¢i�K-?-n�
Á �D¢ �sÁ � � �]¢ÛanÁnÁn� �n¢ ��ÀD�Ka ¥¤�]¢ -nÀ?À � ¥V�?¢ a � �?Á ¥±�D¢ -n�?Àn�
� �D¢ �?- �?À �]¢ÛasÀs�za �n¢ � � ��Á ¥¤�]¢ �?anÀ]� ¥V�?¢i�H� � � ¥V�?¢ �?�?a6-
� a Á�¢ � À]��� �]¢ � �HÀ�Á �n¢ -?a]�HÀ ¥¤�]¢ � À�a6- ¥±�D¢ � � � � ¥±�D¢ À?�s��-
� � Á�¢ÛÁsÀ ��� �]¢ � � a?- a�¢ � � Á � ¥¤�]¢l�KÁ �sÁ ¥±�D¢i� � � � ¥±�D¢ � À?as�
�?� Á�¢ÛÁ �sÁ � �]¢ � � Á � a�¢ �?a?Á � ¥¤�]¢l�
�t-n� ¥±�D¢ ��-?Á � ¥±�D¢ � �s��Á
� � Á�¢ � � �nÁ �]¢ � a6-?À a�¢l�$���Ka �D¢ �D�Ka6- ¥±�D¢i��� �sÁ ¥±�D¢ � �P��a
� � Á�¢ � �?a]� �]¢ � � � a a�¢Ûana �n� �D¢ ��Á �sÁ ¥±�D¢ �zasÀ?a �D¢ �n�?À �
�}- Á�¢ �T-?Á � �]¢ � �?�D� a�¢l�n�PÁ � �D¢ � �z�n� ¥±�D¢ � � a6- ¥±�D¢i�K-?ana
a � Á�¢ - �T-�a �]¢ � Á � � a�¢ � � �?a �D¢ a?Á��?À �D¢ a � �?Á �D¢ � �?a?a

Y4rs{]jl_&Á�²`·Fvyp�hl^�r�pV_H�ªrngD�kn{=vy_H~��?_H�o�k?^��Dji_
§zhip�hl_Hv �¡k?g¯p�Z]_&~�hlmnZ�p�Z=rsgD�z¥¤v�hl��_? 4p�Z]_Hhi~�^`_Hrsg¯htv�vyu]{]p�~�rno'pV_H�¯rngD�p�ZD_
jlhig]_Krs~[©]p�p�hlg]mTo�kz_
¿�o
hi_Hg�p[htvBrn�]�]jlhi_K� �'²�©D~�vyp[Z=rsji�4kn� p�ZD_�pVrs{Dji_?¢

Y[Z]_Bk?�]�,kn~�p�u]g]hip�x�ks� ��xzgDrn^�hto�jlk?r?�`{DrsjtrsgDo
higDm���kz_Hv$g]ksp$rn�]�,_Hrs~$�n_H~�x*�]~�k?^`hlv�higDmD ?v�hlgDo�_�h«p��$k?u]jl�`hl^`�]jlx`r�|?uDh«pV_
_�§��,_
gDv�hl�n_�^`_Ho�ZDrng]htvy^é��ZD_
g2~V_
jlhlrn{]ji_�jlk?r?�&_Kv�pVhi^�rsp�hlkngDv�rn~�_�rP��rshljlrn{]jl_�rngD�Go
rngN{,_�vypVrsp�hto
rsjljlxTuDv�_H�.¢�¾]u]~�p�Z]_H~�^`k?~�_? 
hipF�$k?u]jt�`~�_K|?uDhi~V_�o�kn^`^*u]g]hto
r�pVhik?gDv;kn�:�=rs~�pVv;kn�,pVZ]_Bg]_
p��$k?~��*��Z]_
g`pVZ]_q��htvyp�~Vhi{]u]p�hlkngTvyp�~�r�p�_Hmnx�htv�u=vy_K�. ?��ZDhlo�Z���knu]jt�
pVrn�n_fp�hl^`_n¢

�BgzxzZ]k��� zhi��_
�?_
g&p�Z]_fpVZ]_
k?~�_
p�hto
rsj:hl^�{DrnjlrngDo�_�v�Z]knuDjl��~�_H^`rnhig&p�kzk`vyhlmngDh«©=oHrsg�pH zpVZ]_
gGr*�¡u]~�p�Z]_H~�{DrsjtrsgDo
higDm*��knu]jt�
o�k?gDv�hlvyp�hig¯��htv�pV~�hl{]u�pVhigDmNgDksp�kngDjix2pVZ]_���kn~��]v�rs^`kng]m&p�ZD_��]~�k�o
_HvVvyk?~VvH :{]u�p�rsjtv�k&pVZ]_
hl~�u�p�p�_
~�rsg=o�_HvH¢�Y[Z]htv�o�knuDjl�¦{,_
v�_
_
gGrnv�r*©DgD_
~Bm?~Vrnhig&ks���Drs~�rsjlji_Hjihtv�^N¢

õ4¬ )wõJ



(!k?~V� �$kn^`�]jl_�§�hip�hl_Hv �$_
g�p�_H~�_K�&rngD�Nv�oHrsjl_H�No�kn^`�]jl_�§�hip�hl_Hv

_Kv�pVhi^�rsp�_H� k?{Dv�_
~V�n_H� k?{Dv�_
~V�n_H� _Hvyp�hl^�r�pV_H� kn{=vy_H~��?_H� kn{=vy_H~��?_H�
�¡kn~�q³´³ �¡kn~BoHY � �q³´³ �¡k?~�q³®³ �¡k?~Bo
Y � �q³®³

� � À]¢l� � ��a �]¢ � � �?À a�¢ � �PÁnÁ �D¢ �=� � Á ¥±�D¢i� � � � �D¢ a � a �
a � À]¢l�HÀnÀ � �]¢ � Ás�?� a�¢ � - �sa �D¢ �?��a�� �D¢i�?�n�}- �D¢ ���nÀ?À
ana À]¢l�}-s� � �]¢ � ÁsÀ?À a�¢ �?�?Às� �D¢ � ���]� �D¢ an� �P� �D¢ �zasÀ?�
� À À]¢ � �KÁn� �]¢ � �
�=� a�¢ �?��Á � �D¢ Á?-n�s� ¥±�D¢ �=� � � �D¢ �za��zÁ
�
� À]¢ � � ��Á �]¢ � � ��� a�¢ �?� � - �D¢ À�a � - ¥±�D¢i�Pa � � �D¢ �zas� �
a6- À]¢ �?� � a �]¢ � Ás� � a�¢ÛÁnas� � �D¢ À � �nÀ �D¢i�Pa � � �D¢ À ��À �
�$� À]¢ÛÁna � � �]¢ � ÁsÀ � a�¢ � -�Á�� �D¢ �?� � � �D¢ an�s�?� �D¢ ���?a �
a � À]¢ À?Á � � �]¢ �?�]� � a�¢ À �na�� �D¢ - � ��a �D¢ �?À �T- �D¢ -�-]�K-
asÀ À]¢ ��À �?À �]¢ �D�n�?� a�¢ À �na � �?¢ �n�n�?� �?¢ �?�s��a �D¢ -�-?anÀ
anÁ À]¢ �T- � � �]¢ � � À � a�¢ �sa �?- �?¢ � � � � �?¢ � �n� � �?¢i�?�Kan�
� � À]¢ -]� � � �]¢ �n�n��À a�¢ À �?À]� �?¢i�K-s�?� �?¢ �t-s� � �?¢ ��a��K�
a�� À]¢ -?a � � �]¢ �n��ÁnÀ a�¢ �sa?a�� �?¢ an�s�D� �?¢ Án�?-n� �?¢ ��- ��a
� - À]¢ - �sÁs� �]¢ ��Á � a a�¢ ÀnÀ�-?a �?¢ a?Ás� � �?¢ À�as�nÀ �D¢ - �?Án�
� � �z¢ �]� � � �]¢ ��Á��t- a�¢ �?-�Á � �?¢ a � � � �?¢ Àn�n�?À �?¢ ��ÀnÀ?À
��a �z¢ �?anÁ � �]¢ ��ÁsÀ?� a�¢ À?- �nÀ �?¢ � �n� � �?¢ À?Àn�nÀ �?¢ �n� ���
� Á �z¢Ûas� �nÁ �]¢ ��Á � � a�¢ � �nÁ � �?¢ � �?a6- �?¢��s�?a�� �?¢ �za��=�
� � �z¢ � �s�t- �]¢ �?Àn�D� a�¢ -s��� � �?¢��sÀn� � �?¢��nas� � �?¢ ÁnÀ]�KÀ
� � �z¢ÛÁ � �sÀ �]¢ � � � � a�¢ - � � � �?¢ ��Á � � �?¢ -D� � - �?¢ À?À � À
�D� �z¢ �sÁ��Pa �]¢ � �?a?Á � ¢Ûa��PanÁ a]¢ ��asÀnÀ a]¢ �n� �T- a]¢i�H�?��Á
�n� �z¢ � �z�K� �]¢ ��-]�Pa � ¢Ûa��?��- a]¢ �n�?Às� a]¢i� �sÁ � a]¢ an�?-n�
a�� �z¢ �n� � � �]¢ÛÁs�?a?Á � ¢Ûa6-�-?a a]¢ � � � � a]¢ � �?�s� a]¢ � a�� �
��- �z¢ �?-?as� �]¢ÛÁnas�?À � ¢ � �D�H� a]¢i�KÀ � � a]¢ À?�?Á�� a]¢ �t- � �
� � �]¢l� � -?À �]¢ÛÁ � Á?- � ¢ �?À �?a a]¢ �=�KÁs� a]¢ ��a6-n� a]¢ À �s�=�
�?À �]¢ � � ��� �]¢ÛÁ � Á?- � ¢ À �D� � a]¢��nÁnanÁ a]¢ ��a � � � ¢i� � ���
��Á �]¢ � � Á � �]¢ÛÁ ����a � ¢ -nÀn�D� � ¢i�?�n�Ka � ¢ � � �
� � ¢�� � ��-

Y4rs{]jl_�À]²`·Fvyp�hl^�r�pV_H�ªrngD�kn{=vy_H~��?_H�o�k?^��Dji_
§zhip�hl_Hv �¡k?g¯p�Z]_&~�hlmnZ�p�Z=rsgD�z¥¤v�hl��_? 4p�Z]_Hhi~�^`_Hrsg¯htv�vyu]{]p�~�rno'pV_H�¯rngD�p�ZD_
jlhig]_Krs~[©]p�p�hlg]mTo�kz_
¿�o
hi_Hg�p[htvBrn�]�]jlhi_K� �'²�v�_Ho
kngD�&ZDrsji��kn��pVZ]_�pVrn{]jl_n¢

0 5 10 15 20 25 30 35 40 45 50
−4

−3

−2

−1

0

1

2

3

4
x 10

5

estimated complexities
experimental complexities for HMM
experimental complexities for cTLHMM

¾4him?u]~V_���²����÷pV_
~qvVo
rnjihlg]mD �pVZ]_�_Hvyp�hl^�r�p�_K�GrsgD�&kn{Dv�_
~V�n_K��o
kn^`�]jl_�§�h«pVhi_Kv
¢

)*)èö,+.-$/0/21



�zk?^�_�_�§��,_
~Vhi^`_Hg?p�v4ZDrP�n_�{=_H_
g`o�k?gD��uDo�p�_H��kng*p�Z]_[�Drn~Vrnjijl_
jlhl¨Hr�pVhik?g�ks�Dp�Z]_[~V_Ho�k?mng]hip�hlkng�v�p�rsm?_n¢ Y[Z]_�©Dm?u]~V_ �fvyZDk��Bv
p�ZD_�_�¿To�hl_
gDo
hi_Kv�ks�,p�Z]_�~V_Ho
knm?g]h«pVhik?g�kn�=pVZ]_��$k?~V� ���zÁ $' s��Z]hto�Z*{,_
jlkngDm?v4p�k�pVZ]_��nk�oHrs{]u]jtrs~Vxn PuDv�hlg]m�rsg�u�pypV_
~�rsgDo
_[g]ksp�hlg
p�ZD_��Dr�pVrn{Drnv�_n¢;Y[Z]htv[��kn~�� �y|�uDrn~Vrng�p�_�¥¤o�hlgD| $qZDr?v�rng&hlg�p�_H~�^`_H�]hlrsp�_fji_Hg]mspVZw¢�Y[Z]_�_�¿To�hl_
g=o�hl_Hv�rs~V_f~Vrn�]hl�]jixT��_Ko�~V_Hr?vyhlg]m
��Z]_HgTp�ZD_fgzu]^*{=_H~[ks� �]~Vk�o�_Kv�v�kn~�v;hlgDo�~V_Hr?vy_Kv
 ���Z]hto�Z�^�rPx�{=_���u]_fpVk�pVZ]_��?_
~Vx�vy^�rsjlj.vyhl¨
_fks� p�Z]_fjik�oHrsj:g]_�p���kn~V��vFrngD�
p�ZzuDv�p�k�p�Z]_��?_
~VxTvyZDkn~�p�o
kn^`�]u�p�r�pVhik?gDrsj:pVhi^`_�o�k?^`�Drs~V_H�Tp�k`p�ZD_�o�kn^`^*u]g]hto
r�pVhik?gTpVhi^`_n¢

0 1 2 3 4 5 6 7 8 9 10
0

10

20

30

40

50

60

70

80

90

100
HMM
cTLHMM

¾4him?u]~V_ �D²�·;¿To�hl_
gDo
xT�¡kn~[pVZ]_�~V_Ho�k?mng]hip�hlkng&ks�4p�Z]_���kn~��!�y��Á $� z��hip�Z"�q³´³ärngD�Go
Y � �q³®³¯¢

� � ���&�����N� ����� ��� � �������&�4	��������

Y[Z]_N�]~Vkn{]jl_
^ kn�frnoHo�u]~�r�pV_�~V_Ho
knmngDh«pVhik?g°ks��v�^�rsjlj«¥�pVk!^`_H�]hiu]^�¥¤vyhl¨
_N�nk�oHrs{]u]jtrs~Vhl_Hv�oHrsg0{=_NpVr?o��zji_K�°{zxp�Z]_GuDv�_Nks�
^`k���_
jtv*p�ZDrsp�p�rs�?_�hlg?pVk¦r?o
o
knu]g�p�p�Z]_N�]~Vk?v�kz�]x¦kn�fv��=_H_Ho�Zw $vyuDo�Z¬rnv*p�ZD_NoHY � �q³´³ ^`k���_
j[{]~Vhl_�RDx¯~V_HoHrsjlji_K�°Z]_H~�_?¢
Y[Z]_&g]_
_K��¡kn~*�Drs~�rsjlji_Hjihl¨
hlg]mGpVZ]_Tp�rnv��!kn�qrsu�pVkn^�r�pVhloHrsjljix!~�_Ko�knm?g]hl¨
hlg]mGp�Z]_Nvy�,_
_Ko�Z°ZDr?v�{,_
_
gª^�knp�hl��r�p�_K�°rsg=�p�Z]_Hg
p���k¦vyp�~�r�pV_
mnhl_Hv�kn���Drn~Vrnjijl_
jlhi¨Kr�pVhik?g°�¡kn~�rnu�p�k?^`rsp�htoGvy�,_
_Ko�Z0~V_Ho
knmngDh«pVhik?gªZDrP�?_&{,_
_Hg0�]~Vkn�,k?v�_H�0rsgD�0_�§��,_
~Vhi^`_Hg?pV_H�.¢
Y[Z]_*©D~�v�p�kng]_`o
rng®{,_`rn�]�]jlhi_K�2pVk�pVZ]_�pV~VrnhigDhig]mNv�p�rsm?_�kngDjix? :p�Z]_`vy_Ko�k?gD�®k?g]_�oHrsg®{,_�rs�]�Djihl_H�®p�k&p�Z]_*p�~�rshlg]hlg]m&rngD�
~V_Ho�k?mng]hip�hlkng¦v�p�rsm?_HvH¢�}F~�_Hjihl^`higDrn~�x´_�§��=_H~�hl^`_
g�pVv�Z=rP�n_��]u�p�hlg¦_H�zhl��_HgDo�_`pVZ]_�g]_H_H�´�¡kn~�rGjlk?rn��¥6{DrnjlrngDo�hlg]m�p�ZDrsp�pVrs�?_
hlg?pVkNr?o
o
knu]g�pqpVZ]_`o�kn^`�]u]pVr�pVhik?gDrsj4��kn~V�&hl^`�]jihl_H�!{zxG_Hrno�Z!�$k?~V�2rngD�®gDksp�kng]jlxNp�Z]_`gzu]^�{,_
~fks�$�$k?~V�]vfrnvVv�him?g]_H�NpVk
_Hr?o�Z��]~Vkzo
_HvVvyk?~H¢ � u]~f¸q¹:º'»½¼�º'»]jlk?r?�`_Hvyp�hl^`rsp�hlkngTo
kn~V~�_Kvy�,kngD�Dv�p�k�pVZ]_qjl_
gDmsp�Z�ks�.p�ZD_q��kn~��.²wpVZ]hlv$hlg?pVu]hip�hl�n_B_Kv�pVhi^�r�pVhik?g
ZDr?vq{,_
_Hg!o�k?g�©D~V^`_H�2{zxGp�ZD_�rngDrsjlx�vyhtvBkn��p�Z]_`rsjlmnk?~�hip�ZD^N¢����½rnvypfrsg=�®Z]_Hu]~�htvyp�hto�vypVr�pVhlo*jlk?rn��¥6{DrnjlrngDo�hlg]mTrnjim?kn~Vh«pVZ]^G 
{Dr?vy_K��k?g�pVZ]_Hv�_�¸f¹:º'»½¼�º'»:jik�rn�&_Hvyp�hl^�r�p�hlkng=v
 �ZDr?v[ji_K�&p�k�vyhlmngDh«©=oHrsg�p�hi^`�]~Vk��n_H^`_
g�pVv�ks�4p�ZD_��Drs~�rsjlji_Hj:�=_H~y�¡k?~�^�rsg=o�_HvH¢

�BgDksp�ZD_
~��Drn~Vrnjijl_
jlhi¨Kr�pVhik?g!vyp�~�r�p�_Hmnx2pVZDr�p���knuDjl�¦o�k?^�{]hlg]_`p�ZD_Trn����rsg�p�rsmn_Kvfks��p�Z]_`p���k2v�pV~Vrsp�_
m?hi_Kv��]~V_Hv�_
g�p�_K�´hlg
p�ZDhlv��=rs�,_
~�htv�p�Z]_��¡k?jijlk���higDm�k?g]_n²

� p�Z]_$g]_�p���kn~V��htv4��hlvyp�~Vhl{]u�p�_K��rs^`k?g]m�p�ZD_$�]~Vk�o�_Kv�v�kn~�v.rnv�hig�p�Z]_[��htv�pV~�hl{]u�pVhik?g�v�pV~Vrsp�_Hmnxn Khlg�kn~���_
~ p�k�uDvy_$_�¿To�hl_
g�pVjix
rsjlj:p�Z]_�^`_
^`k?~�xTrP��rshljtrs{]jl_ %

� p�Z]_2�]~Vkn{=rs{]hljihip�hl_HvTks�fp�Z]_2�]ZDkng]_
p�hto2u]g]hipVvTrn~�_®v�ZDrn~�_K�. �»HGJIKG rmnhl�n_Hg��Dvy_HuD��kn¥±��hl�]Z]k?g]_GZDrnv�p�Z]_®vVrs^`_2jtrP�Bv
��ZDr�pV_
�n_H~�pVZ]_���kn~��kn~*p�Z]_&�]~Vkzo
_HvVvyk?~���Z]_H~�_&h«p�rs�]�,_Hrn~VvH²�p�Z]htv�rP�nknht�]v�pVZ]_G��~VrP��{=rno���v�ks��pVZ]_G��hlvyp�~Vhl{]u�p�_K�
v�pV~Vrsp�_
m?xn =gDrs^`_
jlxNp�Z]_�g]_H_H�G�¡k?~fr�jtrs~Vmn_H~BpV~Vrnhig]hlg]m��Dr�pVrn{Drnv�_�v�hig=o�_�pVZ]_
~V_*rn~�_�^�k?~�_*�Drs~�rs^`_
p�_
~�v[pVk�_Hvyp�hl^�r�pV_
rsgD� rnjlv�kp�Z]_´jik?g]mn_H~T�]~Vkzo
_HvVvyhlg]mpVhi^`_®�¡k?~TkngD_®h«pV_
~�r�pVhik?g ��Z]hlo�Z Z=rnv�{,_
_Hg�_�§��,_
~Vhi^`_
g�p�rsjljix¬kn{Dv�_
~V�n_K�.¢I£±p
hi^`�]jlhi_Kv�r&jtrs~Vmn_
~q�nknjlu]^`_�kn�$o�k?^`^�u]g]hto
rsp�hlkngDvH ,{]u�p�h«p�ZDr?v�rnjlv�kT{,_
_
g!_�§��,_
~Vhi^`_
g�p�rsjljixG�]u�p�hlg®_
�zht��_
g=o�_*p�ZDrsp
p�Z]_�o
kn^`^�u]gDhloHr�p�hlkng=vFp�rs�?_�r�g]_Hmnjlhim?hi{Dji_fp�hl^`_n¢

Y[Z]htvBvyp�~�r�p�_HmnxTo
kngDvyp�hip�u�pV_Hv[k?u]~�g]_�§zpBhl^`�]ji_H^`_
g�pVrsp�hlkngGrsgD�N_�§��,_
~Vhi^`_Hg?p�r�pVhik?gNvyp�_H�w¢
�BgDksp�ZD_
~F�=rs~�rsjlji_Hjihl¨Hrsp�hlkng`v�pV~Vrsp�_
m?x���knu]jt�`{,_Bp�k�rn��k?��p$r�o
kn^`�]jl_�pV_
jlx���h �:_
~V_
g�p$�,knhlg�pFks�w�zhl_
� rsgD��pVk��Drn~Vrnjijl_
jlhi¨H_Aqhip�_H~�{Dhwrsjlmnkn~Vhip�Z]^G¢4£±p[��knuDjl�&o�kng=vyhtv�p[hlg&�Drn~Vrnjijl_
jlhl¨
hlg]m�pVZ]_��]~�k�o
_HvVvyhlg]m�kn��_Krno�Z���kn~��TrngD�ThlgNv�_
~Vhtrsjlhi¨Hhig]m�p�Z]_���kn~��]vH¢

Y[Z]htv�hl^��Djihl_Hv`pVZ]_´��htvyp�~Vhi{]u]p�hlkng�ks�fp�Z]_2gD_�p���kn~V�, $_Hr?o�Z0�]~Vk�o�_Kv�v�kn~`{,_
hlg]m¯hig�o�Z=rs~Vmn_Nks��r¦v�u]{Dv�_�pTkn��vypVrsp�_Kv
¢ Y[ZD_
_�§��,_Ho�p�_H�N�]~Vkn{Dji_H^`v�rn~�_�k?g�pVZ]_�kng]_�Z=rsgD��p�Z]_��nknjlu]^`_�ks��o�kn^`^*u]g]hto
r�pVhik?gDv[~V_H|�u]hl~�_K�TpVkTo�kn^`�]u]p�_n ]rspB_Hr?o�ZNvyp�_H�B�' 
p�ZD_f^�rs§zhl^�rsj:��rsjlu]_��¡kn~ L 2������t7 �Ro'��¢�+ � ¢ a �FrngD�&kngTpVZ]_�kspVZ]_
~[ZDrngD��pVZ]_��=kzkn~�vVo
rnjlrn{]hijlhip�x�ks�wpVZ]hlv[�=rs~�rsjlji_Hj,rnjim?kn~Vh«pVZ]^ %
hlgD��_
_K�¬p�Z]_H~�_´^�uDvyp�{,_´r�p�jl_Hr?v�pNrnv�^�rsgzx�v�p�r�pV_Hv �°p�k°_
§]rs^`higD_2hig��=rs~�rsjlji_HjBrnv�pVZ]_
~V_´rn~�_G�]~Vk�o�_HvVv�kn~�v�rsgD�¬pVZ]hlv
rnvVv�u]^`��p�hlkngGo
rng]g]ksp�Z]k?jl�&��Z]_Hg&pVZ]_�gzu]^�{,_
~�kn�4�D~�k�o�_Kv�v�kn~�v$higDo
~�_Krnv�_HvH¢

õ4¬ )wõJ



�è	���	[�4	��N�$	��

µl��¶�¾�¢ �$ZDrsuDvVv�u]^`hi_H~H ,¾$¢:Ä�_Hv��]~�_H¨n ,rsgD� � ¢=}F~�xzjljih6¢q�qv�xzgDo�Z]~Vkng]k?uDv�o�k?^`^�u]g]hto
rsp�hlkngDvqhig!³2}�£[¥FpVZ]_ �$£¤} '�³2xz~Vhig]_
p
rn�]�]~Vk?rno�Z ¢,£¤g � � �
�: ?_K��hip�kn~K ���º�¼ �}G�� 	4k���g�ºV¼V¹iIV¸6l��	��
��
������#d*I
º�d����[º�¼TgK¹: z�nknjlu]^`_��KÀ?- �z n�=rsmn_Kv�� �?Á��z��-�a� 
�K-?-?-D¢

µÛaP¶�³¯¢��$~�rP�n_
~VkD ���¢�}�hl_
~�rnoHo�hlg]hR frsgD� ¾$¢[�Brnhig]_H~�h6¢ Ä�_�©=g]h«pVhik?g8rngD��_H�Prnjiu=r�p�hlkng kn���]Z]k?g]_�pVhlo!u]g]hipVv&�¡kn~Nvy�,_
_Ko�Z
~V_Ho
knmngDh«pVhik?g�{zxTZ]ht�]��_HgG³´rs~V�nk��`^`kz�]_
j6¢;£¤g��[º�¼ �KG����������fl 	�I�º;l:¸
	6»½¼Tl,¸�����¼Tl��fI�º$I*l ��I�� ������ !"��# $=¼&%��n¼� ��}- �?À]¢

µ � ¶�Y�¢ ��¢�$~Vx�v�p�rsj�rsgD�¦��¢��:¢��Bk?uDvVvy_?¢ �z_Hmn^`_
g�pVrnj;��u]~�r�p�hlkng=v�hlgo�kngDg]_Ho�p�_H�!vy�,_
_Ko�Z¦v�hlmngDrnjlvH²q�]~V_
jlhl^�hlgDrn~�x2~V_Hv�u]jipVvH¢
'ªG(� ��¼6g�d 	6»��)�:¼ �}G��+*RGl ��sa � � ��²��s�?Á$�#�z�KÀ] =�}- ��a�¢

µ �s¶�Y�¢ ��¢ �$~�x�vypVrsj$rsgD�¯��¢ �:¢ �Bk?uDv�v�_n¢"�z_Hmn^`_
g�pVrnjF��u]~�r�pVhik?gDv�hlg°o�k?g]g]_Ho�p�_K�¯vy�,_
_Ko�Z°vyhlmngDrnjlvH²�o
u]~�~V_
g�p�~V_Hv�u]jipVvH¢,'ªG
� ��¼Tg�d�	R»����:¼ �}G��+*RGl  � � �¡� �'²l�KÁ?Á � �:�KÁ � �  ��K- � �]¢

µÛÁP¶�·B¢ ³¯¢DÄfrsk?uD��h6 �}�¢D³®rsgDg]_
{Dr?o��: z��¢]³2_
¨Hhlrng]_n ]rngD� /*¢ � ¢]³2knZDrn^`_H�&·�j*�qr?�P��¢,��p�u=��x�kn� p�ZD_�jik�rn�z¥±{Drsjtrsg=o�hlg]m�hlg
pVZ]_`�Drs~�rsjlji_Hj4p�~�rshlg]higDm&�¡k?~�rsu�pVkn^�r�pVhlo`v��=_H_Ho�Z¦~�_Ko�knm?g]hip�hlkngw¢*£¤g � ���
�: w_K��hip�kn~K -��g�ºV¼&��¸sº.� /102030� ��nk?jiuD^�_G�K-n�n�D 
�Drnmn_Kv[Án�nÀ ��Á��K�] zas�n�?�]¢

µ À�¶�·B¢ ³¯¢;Äfrsknu=��hR ���¢4³®_
¨
htrsgD_n �rsg=� /*¢ � ¢4³®knZDrn^�_K�¯·�j
�qr?�P��¢ �zp�uD��x¯kn�B�Drs~�rsjljl_
jlhi¨Kr�p�hlkng¯kn��p�Z]_�p�~�rshlg]hlg]m®�¡k?~
rnu�p�k?^`rsp�hto�vy�,_
_Ko�Z&~V_Ho
knmngDh«pVhik?gw¢�£¤g � ���
�: ]_K��hip�kn~K �4+�5�(67/103020� =�nk?jiu]^`_`� ��a �  ��=rsmn_Kv�Á ��À ��Á �T-] zas�?�n�]¢

µ �K¶�³¯¢:¾4ji_Hu]~Vxn :��¢ ��¢,Ä�k���g�p�kng  ,rngD�®��¢ ¾�¢��$jtrs~V�:¢B};rs~�rsjlji_Hj�vyp�~VuDo'pVu]~V_�hig!rsg®hlg�p�_
m?~Vrsp�_K�Nv��,_
_Ho�Z]¥6~V_Ho
knmngDh«pVhik?gNgD_�py¥
��kn~V�:¢�£¤g � � �
�: ]_K��h«pVkn~K ���g�º�¼���¸�º.� 838s D�?knjlu]^`_`�HÀ ��Á� z�Drnmn_Hv�-�-?Á��:�H�?�s�D =�}-�-?-]¢

µ ��¶���¢ � ¢ cf~�rsZ=rs^G¢0��knu]g=�]v��¡kn~�^�u]jip�hl�]~Vk�o�_HvVv�hig]m&p�hl^`higDmGrng]kn^�rnjihl_HvH¢�"��� 
9'z¼6g�º;l,¸��;¼:�)�$¹n¹��æ»HI�h;
´¸
	4k�I<*�¸
	6»��;d' 
� � �Ra �'² �D�KÀ$���za6-D ]�}-?À?-]¢

µ -�¶ �:¢ ·B¢ � _
�zhlgDv�kngw¢ �$kng�p�hlgzu]knu=vyjlx���rs~Vhtrs{]jl_B��u]~�r�pVhik?g�ZDhl�]�]_
gT³®rn~��?k���^`kz�]_
jtv��¡kn~�rsu�pVkn^�r�pVhlo�v��=_H_Ho�Z�~V_Ho
knmngDh«pVhik?gw¢
��¼=*q¹eg�	�I
º5�s¹iI[I ��k®¸6leh?>�¸Tl �6gD¸ ��I
 w�?² a?-$���zÁ� ,�}- �nÀ]¢

µl�H��¶���¢�³2_H¨
htrsg]_?¢@�;l 	Rº�¼KhTg � 	6»½¼Tl�h�I �i¸ hTg�ºBA�I h?Ifd`d
¼Tl�d h?¸Tlid gªlC*�¼}h3D � I h�IE
´¸�ºB%?¼=F ��¸ ��k.A¯¸6g�lD»GFTI�¸Tg d;gK¹,ºV¸Tj
d*I�H*RI*l 	¤¸
�æ¢;Ä�kzo�p�k?~Vrsp�� � e
pVr�pB_Kv�v�o
hi_HgDo�_Kv
 �Sqg]hl�,¢=³2knZDrn^`_H�!�HvypH D¾=rno�uDj«p�xTkn�4vVo�hl_
gDo
_Hv � u��y�Dr] w�K-?- ��¢

µl�n��¶���¢:³®_
¨
htrsgD_n ��f¢.�?r?o�kn{  :rngD�´��¢w�BgD��~Ve�¥ � {]~V_Ho�Z�pH¢�³2k���eHjihtvVr�p�hlkng!��_`jlr&��u]~Ve
_`��_Hv�v�kngDv��]rngDvfu]g!v�x�v�pV\
^`_��]_
~V_Ho
kng]gDrnhlvVvVrsgDo
_�rsu]p�kn^�rsp�ht|?uD_��]_fjtr��Drs~Vknjl_n¢5�ZGJI GK��GL��Gl  � a �#�¡£y£¤{ �'² � �T- � � �?a� D�}-?-�-]¢

µl�KaP¶��=¢ � ¢K³®hijlji_H~H¢��NM I � 	Wd�¼:�(d6¹iI�¸&%s»Jl ��º�¸
	�IB¼Tl dfI�2* I*l 	¤¸
��hs»�d 	6»Jl � 	6»½¼Tl�d' �o�ZDrs��pV_
~4}�_
~�vy�,_Ho�p�hl�n_Fkn�]p�ZD_�vyp�uD�]x�ks�=v��=_H_Ho�Zw 
�Drnmn_Kv � -$� �P�D¢ � rP��~V_
gDo
_�·F~�jl{DrsuD^�_���v�v�k�o�htr�pV_HvH �}�¢ Ä�¢=·�hl^`r?vBrsg=�&�=¢ � ¢D³2hljijl_
~��½_H�]v	��_H�]h«pVhik?gw w�}- �]�?¢

µl� � ¶ ��¢�³2kn�z{,_
j6  � ¢�³®rsu]u=rs~Vxn  � ¢PO�rs~V~�rPxn $Ä*¢��nk?u]�n_
pH ��=¢�³2k?g]g]e? B�D¢ �zhl^�k?g]hlgw BrsgD�QO`¢ �[rs~�p��?k��PrD¢IY�k��[rs~��]v
hl^`�]~�k��zhlg]m�� ��� ~Vkn{]uDvyp�gD_HvVvB�¡k?~q} ��� rngD�´c���³ p�_
jl_
�DZ]kng]_�rs�]�Djihto
rsp�hlkngDvH¢)�n¹�I�I �[k ��¼=*	* gªlD»���¸
	6»½¼Tl=  a � ²l�
�=�0�
�PÁ6-] :�K-?- ��¢

µl�
�s¶���¢ �qk��]r] �³¯¢ ��¢,�zZDhi~�rs¨HhR �rngD� �f¢SR,ZDrsgDmD¢!�î�Drn~Vrnjijl_
j$�]~�k�o
_HvVvyhlg]m´rnjim?kn~Vh«pVZ]^��¡k?~�v��,_
_Ho�Zª~�_Ko�knm?g]hip�hlkng¯uDv�higDm
³®rn~��?k��`~VrngD��kn^ ©=_
jt�]v
¢T'�¼6g�º;l,¸
�4¼U� 	4k�I �V¼H*?* gªlD»���¸�	R»½¼6l�d�º$IfdfI�¸sº �[k �i¸ ��¼sº�¸
	¤¼�º��� ,�D� �Ra ��² � � �:�H�n�D n�?u]jix!�}-�-s�D¢

µl�KÁP¶�Ä*¢ � � ��ZDrsu]m?Z]g]_Kv�v�xn¢4�Ivyp�u=��xTks���¡~�_HgDo�ZN�nk���_
j:rsgD�No�k?gDvyk?gDrsg�p[��u]~�r�p�hlkng=v
¢P'�¼Tg�º;l,¸�� ¼U�V�ZkD¼Tl�I 	6»��;d' i-D² � �?Á$���?�?À] 
�K- �]�?¢

µl�HÀ�¶ �:¢4}�Z]hljljihl�Dv`rsgD�ª��¢;��knm?_
~�v
¢2};rn~Vrnjijl_
j�vy�,_
_Ko�Z°~�_Ko�k?mng]hip�hlkngw¢´£¤gW��g�º�¼=�s¹iI[I ��kX� 8�Y
 F�?knjlu]^`_´�? 4�=rsmn_KvT� � Á��:� � �] 
�K-?- ��¢

µl�$�K¶ � ¢ ��¢]�qrs{]hlg]_
~K¢��BgGhlg�p�~Vkz�]uDo'pVhik?g�pVk �qhl�D��_
g2³®rn~��?k��T³2k���_
jtv
¢��������Z$]º�¸6l�d*G�� ������ �� � �Ra �'²ÛanÁ � ��a �nÀD ]�}- �?-]¢
µl� ��¶�³¯¢ �=¢:�BuDv�v�_
j;rngD�´��¢ ·B¢�$kzk?�,¢�·;§��,_
~Vhi^`_Hg?p�rsj�_
��rnjiuDrsp�hlkng!ks�$��uD~Vrsp�hlkng®^`k���_
jljlhig]m&p�_Ko�Z]g]ht|�u]_Hv��¡kn~�rnu�p�k?^`rsp�hto

v��=_H_Ho�ZN~�_Ko�k?mng]hip�hlkngw¢4£¤g[��º�¼ �}G\�B�����]�=�\� ������ ]�=rsmn_Kv�a � �sÀ$�]a � �6-] ]�K- � �z¢
µl�}-�¶���¢*�zuDrsu=��_Hrnu¦rngD�!��¢w�BgD��~Ve�¥ � {]~V_Ho�Z�pH¢��Bg_�¿To
hi_Hg?p�o
kn^�{DhigDrsp�hlkng¦ks�[rno�k?uDvyp�hto*rngD�!v�u]�]~�r�¥¤v�_
mn^`_Hg?p�rsj4hig]�¡kn~�¥

^�r�pVhik?g&hlg2r`vy�,_
_Ko�Z�¥6~V_Ho
knm?g]h«pVhik?g�v�xzvyp�_H^G¢;£¤g^�H�\� ���.�� 8<_D ]�Drnmn_Hv�À�Á���À �] z�B�D~�hlj��}-�-s�=¢
)*)èö,+.-$/0/21



µÛas��¶���¢�Y�u]_
~V� rsgD� �:¢./�k?u]g]m=¢Ý³2k���_Hjijlhlg]m0v��=_Krs�zhlg]m°~�r�p�_´uDvyhlg]m¬r°{,_�p���_
_
g��¡~Vrn^�_¦��htv�p�rsgDo
_´^`_�pV~�htos¢ £¤g ��gªj
º�¼Td6¹�I�I �[k�� 828n D�nk?jiuD^�_`�? w�}-�-?-]¢

µÛa���¶��=¢ A�rnhlvVvyhl_
~V_n¢ ��¼=*q¹eg�	�I�º�d6¹�I�I �[kB¹:º�¼ �[Ifd�d'»Jl �n no�ZDrs�]p�_
~ �z�,_
_Ho�Z�~�_Ko�knm?g]hip�hlkngw²wr[pVu�p�k?~�htrsj6 P�Drsm?_HvF�}-]� ��a � À]¢P}�~V_
g�pVhlo
_
��rsjljR z��¢��½rnjijtv�hl��_�rngD�&gw¢ rD¢]��kn~��]v �¡_H�Dv ��_K��h«pVhik?gw .�}- �nÀD¢

µÛanaP¶��=¢%A�rnhlvVvyhl_
~V_n¢VI I �[I*lehN¸?hHFP¸6l ��Ifd*»Jl dR¹iI�I �[k gªl�h?I
º�d 	¤¸Tl�h�»Jl �N¸6leh_h�»½¸��i¼ �_d�� d�	=I<*�d' ,�nk?jiu]^`_�¾4��À�ks������ :o�ZDrn��p�_H~
Y[Z]_*uDv�_�ks���D~�k�vyk���hto��Drn~Vrn^�_
p�_H~Vv�hlg´rnu�p�k?^`rsp�hto�v��=_H_Ho�Z2~V_Ho
knmngDh«pVhik?gw =�=rsmn_Kv ���0�,�K�n�D¢ ���;Y � ���z£ �z_
~Vhi_Kv
  ��¢
�qhi_H^`rng&_
pqrsj6¢�_H��hip�hlkng  w�}- � �]¢

µÛa � ¶��=¢ }�¢ ��¢&A�rng �]rsg�p�_HgNrngD�&�=¢ }4¢ � jihl�n_?¢4Y[Z]_�rngDrsjlx�vyhtv�ks�4o
kng�p�_
§zp�uDrnj._ �:_Ho'p�v[kngGvy_Hmn^`_
g�p�rsj.��u]~�r�pVhik?gw¢5�;¼H*B¹�g�	=I
º
�n¹�I�I �[k´¸Tl�h?>�¸Tl �?gD¸ �tI
 ]�D² � Á?-$� � -n�D D�}-�-n�D¢

µÛa��s¶ �:¢ /�knu]gDmD¢s�¯~V_
�zhl_
�¦ks�zjlrn~�m?_;�nk�o
rn{]u]jtrs~VxBo�kng�pVhigzu]k?uDv�¥¤v��=_H_Ho�Zf~�_Ko�knm?g]hip�hlkngw¢H�B�S��� �=» �?l,¸
�H��º�¼ ��I;d�d'»Jl � *�¸ ��¸��
»Jl�I� 
� � �RÁ �'² ��Á$��Á �� D�K-?-nÀD¢4�qjlv�k�rP��rshljlrn{]ji_fkng . �!��F��
	�	�$RE�59 ,+,+,�� '*�1/ � �*&G3 � &0� � 2��	8�'RF#����2$�	#:;����'*6A9�$%F�'!'�� .���. �%3	) ¢

õ4¬ )wõJ
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