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M�H�T <���<UHZf�gZ<U9ZT_>ofnuJ<�>e^���<
9ZHJ`%��DGR
iJ:=<��J^cf_g�D;�Ì>ji2<�<���u�T_<���DZIJHJ^cf«^cDJH�fj9;>n�d>Þu29�>QIGT <U9;fe:=g�^hHJ�UT_<U9�>e<�`
/
�6D��$<�bZ<UT�kBfnuJ<�bº9�>ef�R
9;�_DGT_^=f_g�D����$DGT«��u29;>-^ HdbZDZ:=bZ<�`��e��:=<U9ZH���>ni2<�<���u¿��Dd:c:=<���fe<�`0^hH �8FJ^=<�f�<UHdbG^"!
T_DGH2R�<UHdfe>U/$4�DGT6i2Te9;��f«^c�U9�:¯>egJ>efe<UR�>Q^=f�^c>�HJ<���<�>«>n9ZT_g%feD�R
9Z�;<-: 9dT_IZ<�bdDG�U9ZS2FJ:h9ZT g�>egJ>efe<UR�>�T_DGS2FJ>ef
feD%^hHZfe<UT²��<UT_^hHJI¿HJDZ^=>e<Z/|.!9dHZgÁ`2^"#
<UT_<UHZf�9Zi2i2T_DG9��ÅuJ<�>�feDÁ9;��uJ^c<�bJ^hHJI¿HJDZ^=>e<�T_DGS2FJ>«fnHJ<�>e>»u29�bZ<�S2<�<UH
>efnFJ`2^=<�`%$hX�y'&_/(l6uJ<�>e<�9Zi2i2T DG9;��uJ<�>QR
9�g�S5<�>niJ:=^=f�^ HdfeD
f(�$D�IGT_DGF2iJ>�/

4E^hT_>efe:=gZkmfnuJ<
��DJTeTeF2iJfe<�`)�69�bZ<j�xDGTeR R
9�gÁS2<%i2T_<Ui2T_DJ��<�>e>e<�`¤^ H >nFJ��u¿9*�69�g�fju29;f�fnuJ<�T_<�>nFJ:=f(!
^ HJIÁi29ZTe9ZR�<�fe<UT_>�9ZT_<|��:cDd>e<�:=gÐT_<�:h9;fe<�`¿f«D�fnuJDZ>«<»D��Þ��:=<U9ZH!>ni2<�<���uB/%l
<���u2HJ^��8FJ<�>
^hHÁfjuJ^c>��U9;f«<�IZDGT_g
^ HJ��:hFJ`2<�>ni2<���fjTe9;:m>nF2SJfnTe9;��f«^cDJH%$�~GkmXU[+&²k�>ni2<���fjTe9;:(R
9Zi2iJ^hHJI)$\[+&²kB9ZHJ`Á^hH2uJ<UT_<UHdfe:=g!T DGS2FJ>ef�i29ZTe9ZR�<,!
fe<UT_^=>n9;fe^=DGHJ>�$hXU}+&²/El6uJ<�>e<�R�<�fnuJDJ`2>EDGHJ:=g�FJ>e<6>efj9;fe^=>efe^=�U9;:2^hHd�xDGTeR
9;f«^cDJH»9dS2DGFJf'fnuJ<6^hHZf«<UTO��<UT ^ HJI�HJDZ^=>e<
^ H�fnuJ<���DJR
i2<UHJ>n9�fe^=DGHÁi2T_DG��<�>«>U/ªPoD%9;����DGF2Hdf6^=>�fn9Z�;<UH�D;�-�Qu29;f.�Þ9�>6>n9;^=`
/0/�fnuJ<UTo>e��uJ<UR�<�>@u29�bZ<
9;:=>eD¿9;fefe<UR
iJf«<�`¿feD�<�>«fe^hR
9;fe<
fjuJ<���:=<U9ZH >ni2<�<���u¤>e^=IGH29;:$FJ>e^hHJIÁ^ Hd�xDGTeR|9;fe^=DGH¤9ZS2DGFJf-fnuJ<�>ni2<�<���uB/
l6uJ<�>e<�^hHJ��:hFJ`2<
^hH2uJDGR�DdIZ<UHJ<�DGFJ>�<�>efe^hR
9�feDGT_>6FJ>e^hHJI1�o.á.Á>�$�]2&(9ZHJ`�R�^hHJ^hR�F2R R�<U9ZH >3�8F29dT_<�<UT4!
T_DGTo<�>efe^hR
9;feDJT_>�$�}2&_/6W�`2`2^cf«^cDJH29;:=:cgZkmfe<���u2HJ^��8FJ<�>�u29�bZ<»9;f«fe<UR
iJfe<�`�feD�<�>«fe^hR
9;fe<�fnuJ<-��:c<U9dHÁ>ni2<�<���u
F2HJ`2<UTQ9;`2`2^=fe^=bZ<�9ZHJ`���DJHZbZDd: FJf«^cDJH29;:¯HJDZ^=>e<-��DGHJ`2^=fe^=DGHJ>�$ X3&_/

l6uJ<6>«<���DGHJ`
��:h9;>e>$D;�
R�<�fnuJDJ`2>Þ9�fefe<UR
iJfEfeD�R�DG`2^��xg
fnuJ<Qi29;f«fe<UTeH�R
9;fe��uJ^hHJI�>efj9;IZ<6^hH|DGT_`2<UTmfeD
9;����DGF2Hdf(�xDGT$fjuJ<Q^hHdfe<UTO�x<UT_^hHJI�HJDZ^=>e<Z/Ñ.á<�fjuJDG`2>QFJ>«^ HJI|fnuJ^=>Q9Zi2i2T_DG9��Åu�^hHJ��:hFJ`2<
HJDZ^=>e<�R
9;>n�d^hHJI1$hXU~Jk
XU]5&²kd>efn9;fe<�S29;>e<�`763:cf«<UT_^hHJI1$\q+&²kZ��<UiJ>«fnTe9;:BR�<U9ZH|��DGR
i2<UHJ>j9;fe^=DGH8$\{JkZy9&²k:�o.Á. `2<���DGR
i2Dd>e^=fe^=DGH8$\q2X;&²k
9ZHJ`�rE9ZTe9;:=:=<�:m.áDJ`2<�:
N$DGR�SJ^hH29;fe^=DGH¤vxrE.¿N6z�$=<Jk
X'>+&²/

l6uJ^=>�i29Zi5<UT�^=>���DJHJ��<UTeHJ<�`?�6^=fnu¤fjuJ<%: 9�fefe<UT�9Zi2i2T_DG9��Åu¤feD¿HJDZ^=>e<ÁT_DGS2FJ>efjHJ<�>e>UkE^hH i29dT_fe^=�UFJ:h9ZT
rE.¿N�/3l6uJ<�S29�>e^=�»��DJHJ��<UiJf@S5<UuJ^ HJ`¿rÑ.!N ^c>�fnu29;fofnuJ<»i5<UTO��DJTeR
9ZHJ��<-D;�Ì>ji2<�<���u�T_<���DZIJHJ^cf«^cDJH�>«gG>(!
fe<UR�>6^=>6DGiJf«^ R|9;:��QuJ<UH%fnuJ<UT <�^c>�HJD�R�^=>(!²R
9;f«�Åu%S5<�f@�$<�<UH�fnT«9;^hHJ^ HJI�9ZHJ`%fe<�>ef6��DJHJ`2^cf«^cDJHJ>U/ªMOHZb;9ZT_^"!
9ZSJ:=g�^hH¿T_<U9;:E9Zi2iJ:=^=�U9;fe^=DGHJ>-fnuJ<UT_<�^=>�>eDGR�<�R�^=>nR
9;fe��uBkB<�^=fnuJ<UT�^hH�fnuJ<-��DGT«RYD;�ª9�`2`2^cf«^cbd<�HJDZ^=>e<ZkBDGT
bº9ZT_^h9;f«^cDJHJ>»^hH fnuJ<
��u29ZH2HJ<�:(��DJHJ`2^cf«^cDJHJ>U/�AJDGR�<�R�<�fnuJDJ`Á��DJT���DGR
i5<UHJ>n9;fe^hHJIÁfnuJ<�i29dTe9ZR�<�fe<UT >�D;�
fnuJ<�R�DJ`2<�:c>o^c>ofnuJ<UT_<j�xDGT_<�T_<2�2FJ^hT_<�`
/(rE.¿N ^=>@9�R�<�fjuJDG`��xDGT'��DGR
i5<UHJ>n9;fe^hHJI
fnuJ<�i29dTe9ZR�<�fe<UT >ª^hH%9
��DGR
i2FJfn9;f«^cDJH29;:=:cg�<,A���^=<UHdf(R
9ZH2HJ<UT�/El6uJ<$fe<���u2HJ^��8FJ<�u29;>ES2<�<UH�>juJDB��H�f«DC�$DGTe���$<�:=:2DGH->nR
9�:c:JbZD�!
�U9ZS2FJ:h9ZT_g
fn9�>n�Z>�kGuJD��$<�bZ<UT�k;feD-`39;fe<6:=^=fefe:=<��$DGTe��u29;>$S2<�<UH|`2DGHJ<QDJH�R�<�`2^hF2R*feD-: 9dT_IZ<6bZDJ�U9ZS2FJ:h9ZT_g
>egG>«fe<UR�>U/El6uJ^=>6i29Zi2<UT'`2<�>e�UT ^ S5<�>6<��2i2<UT_^hR�<UHdfe>$^hHZbZDd:cbJ^hHJI�9�R�<�`2^ F2R >e^���<�`�bZDJ�U9ZS2FJ:h9ZT_g|fn9;>n��kZfnuJ<
D$<�>eDGF2T_��<�.¿9ZH29;IZ<UR�<UHZf�vEDÞ.!z�lm9;>n�F�6^=fnu HJDZ^=>e<
��T_DGRÒfjuJ<�P�/�M�A2K�G0!@<Zq `39;fn9ZS29�>e<�9ZT_f«^=63��^h9;:=:=g
9;`2`2<�`
/
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l6uJ<U6±T_>ef'`2<���^=>e^=DGH�feD�S2<�R
9;`2<o^ H�9�R�DG`2<�:"!²S29;>e<�`�>e��uJ<UR�<�^c>'fnuJ<$�xDGTeR D;�±fnuJ<o��DGTeTeF2iJfe<�`�!�>ji2<�<���u
R�DG`2<�:x/%M�H rE.¿N�kBfnuJ<�R�DG`2<�:$FJ>e<�`Ð^=>�9%>efn9dHJ`39ZT_`)�6.Á.W�6^=fnu¤7�9ZFJ>e>«^ 9dHÁDGFJfni2FJf�i2T_DJS29ZSJ^=:c^=f_g
`2^c>«fnT_^hS2FJfe^=DGHJ>U/�louJ^c>
R�DJ`2<�:(fjuJ<UT_<j��DJT_<�T_<2�2FJ^hT_<�>»HJD¿R�DJ`2^"63�U9;fe^=DGH D;�ªfnuJ<%T_<���DZIJHJ^cf«^cDJHÁ>eD;�xf(�Þ9dT_<
9ZHJ` 9�:c:=D��6>-fnuJ<
>efn9dHJ`39ZT_`%�o.Á.�<�>efe^hR
9;fe^=DGHá��DGT«R»FJ:h9;<|feDáS5<�9Zi2iJ:=^=<�`
/Ál6uJ<�`2^=>n9�`2bº9ZHdfn9;IZ<|D;�
FJ>e^hHJIá7�9dFJ>e>e^h9ZHÁ`2^=>efnT ^ S2FJf«^cDJHJ>»^=>�fnu29;f�fjuJ<»��DJTeTeF2iJfe<�`¿>ji2<�<���u¿`2^=>efnT ^ S2FJf«^cDJHJ>�9dT_<��JHJDB��H�f«D�S2<
HJDGHX!²7�9ZFJ>«>e^h9ZH*$hX'<+&²/El6uJ^=>$i2T_DGSJ:=<URÙR
9�g�S2<6D;bZ<UT_��DJR�<6SZg�FJ>e^hHJI�R�FJ:=fe^hiJ:=<Q��DJR
i2DGHJ<UHdfª7-9ZFJ>e>e^h9ZH
`2^c>«fnT_^hS2FJfe^=DGHJ>�feD�R�DG`2<�:mfnuJ<���DGTeT«F2iJfe<�`�>ni5<�<��Åu�`2^=>efnT ^ S2FJf«^cDJH%$ XUq+&²/Y�oD��$<�bZ<UT�kd��DJT$fnuJ^=>C�$DGT«�
fnuJ<
>e^hR
iJ:=<UT�9;>e>jF2R
iJfe^=DGH�^=>»R
9;`2<�fnu29�f@FJ>e^hHJIÁ9
>e^hHJIZ:=<�7-9ZFJ>e>e^h9ZH�feD�R�DG`2<�:EfnuJ<���DGT«TeF2iJfe<�`Á>ni2<�<���u
`2^c>«fnT_^hS2FJfe^=DGHF�6^=:=:¯gJ^=<�:c`Á>nFXA���^c<UHdfe:=g%IZDJDG`�T <�>nFJ:=fe>U/
��9UbJ^hHJI�`2<���^=`2<�`0DGHÁfjuJ<���DJTeR D;�6fnuJ<�R�DG`2<�:=>Ukm^=f�^=>»HJ<���<�>e>n9dT_g¿feD%��uJDGDd>e<�9ZH¿9di2i2T_DG9;��uÁfeD

<�>efe^hR
9;fe<|fnuJ<�HJ<2� R�DJ`2<�:ªi29ZTe9dR�<�fe<UT_>U/%l6uJ<�S2<�>ef�fe<���u2HJ^��8FJ<��xDGT�9;`2`2^=fe^=bZ<�HJDZ^=>e<Zkm^hH fe<UTeR�>-D;�
S2FJ^c:=`2^hHJI 90R
9;fe��uJ<�`�>egJ>efe<UR%kU�$DGFJ:=`½S5<áf«D 9;`2`�>n9dR
iJ:=<�>�D;��fnuJ<¿S29;���dIGT_DGF2HJ` HJDZ^=>e<ÁfeD0fnuJ<
��:c<U9dH fjTe9;^hHJ^hHJI0`39;fn9¿9;f|fnuJ<8�Þ9�bZ<j�xDGTeR�:=<�bZ<�:�9ZHJ` T <�fnTe9;^hH0fjuJ<!R�DG`2<�:=>U/ l6uJ^=>Z�6^=:=:�HJDGTeR|9;:=:cg
S2<�^hR
i2T«9;��fe^=�U9;:$�xDGT
9�:h9ZT_IZ<%`39�fn9ZS29;>e<Z/[�oD��ª<�bd<UT�kE^���fnuJ<%��:=<U9ZH0>ji2<�<���u R�DJ`2<�:=>�9ZT <�9;>e>nF2R�<�`

X



feDÁ��DGHZfj9;^hH¿>nFXA���^c<UHdf
^hHd�xDGTeR
9;f«^cDJH09ZS2DGFJf�fnuJ<�>efn9�fe^=>efe^=��>�D;�QfnuJ<%fnT«9;^hHJ^ HJI `39;fn92kmfnuJ<�gÐR|9Ug¤S2<
FJ>e<�`0^hH¿fnuJ<���DGR
i5<UHJ>n9;fe^=DGH¤>«�ÅuJ<UR�<�^hH0iJ:h9;��<�D��QfnuJ<�`39;fn9%^=fe>«<�:\�e/Á.ÁDGT_<�D;bZ<UT�km9�R�DJ`2<�:$D;�QfnuJ<
S29;�Å�dIGT_DJF2HJ`�HJDd^c>«<6�U9ZH�S2<6Id<UHJ<UTe9;fe<�`
FJ>e^hHJI���u29;fe<�bZ<UTEHJDZ^=>e<o>n9ZR
iJ:=<�>(9ZT_<69�bº9�^c:h9ZSJ:=<�feD�T_<Ui2T_<�>«<UHZf
fnuJ<�S29;���ZIGT DGF2HJ`�HJDZ^=>e<���DJHJ`2^cf«^cDJHJ>U/ªlouJ<�i2T_DGSJ:=<UR fnuJ<UH ^c>ofeD 6±HJ`á9
R�<�fjuJDG`%D;�m��DGR�SJ^ HJ^hHJI%fnuJ<
f@�$D
R�DJ`2<�:=>QfeD
9;���UF2T«9;fe<�:=g%<�>efe^hR
9;f«<�fnuJ<���DGTeTeF2iJf«<�`�!�>ni2<�<���uÁR�DG`2<�:=>U/

Cepstral Domain

C

Log-Spectral Domain

Log-Spectral Domain

Cepstral Domain

Clean Speech HMM Noise HMM

Corrupted Speech HMM

-1

Model Combination

-1
CC

4E^=IGF2T_<�XdVÌlouJ<»S29;>e^=��i29ZTe9;:=:=<�:¯R�DJ`2<�:
��DGR�SJ^hH29;fe^=DGH�i2T_DG��<�>«>

l6uJ<�S29;>e^=�
rE.¿N½i2T DG��<�>e>�^=>�^=:c:hFJ>efjTe9;fe<�`Á^hHF63IGF2T_<�XZ/QlouJ<�^hH2i2FJfe>�feD�fnuJ<�>«�ÅuJ<UR�<
9ZT <���:=<U9ZH
>ni2<�<���uÁR�DG`2<�:=>�9ZHJ`á9|HJDZ^=>e<
R�DG`2<�:x/6AJ^hHJ��<�fnuJ<���DGR�SJ^hH29;fe^=DGH�D;�EfnuJ<�>ji2<�<���u�9ZHJ`ÁHJDZ^=>e<�^=>�R�DZ>ef
H29;fnF2Te9;:=:=g�<��8i2T <�>e>e<�`�^hH�fnuJ<��B^hHJ<U9ZT4!²A2i5<���fnTe9;:�DGT�� DZI�!²A2i2<���fjTe9;:2`2DGR
9�^ HJ>�kZ^=fE^=>E>e^hR
iJ:=<�>ef(feD�R�DG`2<�:
fnuJ<�<,# <���f«>�D;�ªfnuJ<�9;`2`2^=fe^=bZ<�HJDZ^=>e<
DJH�fjuJ<
>ni2<�<���u¿i29ZT«9ZR�<�fe<UT_>�^hHÁDJHJ<»D��ªfnuJ<�>e<|`2DGR
9;^hHJ>U/�l6uJ<
��F2HJ��fe^=DGH�fnu29�fÞ9di2i2T_D;�G^hR
9;f«<�>QfnuJ^=>��6^=:=:ÌS5<»T_<j�x<UTeT_<�`�feD�9;>6fjuJ<����	�
���
���
���
�����������
��/ªM��ªN$<UiJ>efnTe9�:
i29ZTe9ZR�<�f«<UT_>�9ZT_<ÁFJ>e<�`
k6fjuJ<áR�DJ`2<�:@i29dTe9ZR�<�fe<UT >�R�FJ>ef�S5<�fnT«9ZHJ>_�xDGTeR�<�`0^hHdfeD0fnuJ<á9di2i2T_DGi2T_^h9;fe<
��DGR�SJ^ H29�fe^=DGH¿`2DJR
9;^hH v��BDdI�!²A2i2<���fnT«9;:(^hH 63IGF2T_<ÁXUz�/�louJ<
��:=<U9ZH¿>ji2<�<���uÐR�DJ`2<�:=>
9ZHJ`ÐfjuJ<�HJDZ^=>e<
R�DG`2<�:�9ZT_<�fnuJ<UH¤��DGR�SJ^hHJ<�` 9;����DGT `2^ HJI feDÁfnuJ^=>�R�^=>nR
9;f«�Åu ��F2HJ��fe^=DGHB/¤W6�xfe<UT�fjuJ<�R�DJ`2<�:=>�u29�bZ<
S2<�<UH���DGR�SJ^hHJ<�`
kBfnuJ<�<�>ef«^ R|9;fe<�D��(fnuJ<���DGT«TeF2iJfe<�`�!�>ni5<�<��ÅuÁR�DJ`2<�:¯^=>�fnT«9ZHJ>_�xDGTeR�<�`�S29;����^hHZf«D�fnuJ<
N$<UiJ>efnTe9�:±`2DJR
9;^hHBk2^��ªT_<2�2FJ^ T <�`
/

� ����M N ���	R JU�K� �"!7�O� �-�������

l6uJ<U6±T_>efE>«fn9;IZ<$^hH
9�R�DG`2<�:2��DGR�SJ^hH29;fe^=DGH|i2T_DG��<�>«>(^=>(feD�i2T DG`3FJ��<�>eDGR�<'��F2HJ��fe^=DGH|`2<�>e�UT_^hSJ^hHJI�uJD��
HJDZ^=>e<�95#
<���fe>�<U9;��u�D;�ªfjuJ<»>ji2<�<���u¿i29ZTe9ZR�<�fe<UT_>U/�M�HÁDJT_`2<UT�feD�`2<�>e�UT_^hS2<�fnuJ<
<,#
<���fe>�D;�$fnuJ<
HJDZ^=>e<
DGH�fnuJ<���:=<U9ZH�>ni2<�<���u�i29dTe9ZR�<�fe<UT >Uk29�>e<UT_^=<�>�D;�Ì9;>e>jF2R
iJfe^=DGHJ>�9ZT_<�T_<2�2FJ^hT_<�`
V

XZ/6l6uJ<�>ji2<�<���u�9ZHJ`ÁHJDZ^=>e<»9ZT <Q^hHJ`2<Ui2<UHJ`2<UHdfU/

q



q2/6l6uJ<|>ni2<�<���uÐ9dHJ`ÐHJDZ^=>e<%9ZT_<�9;`2`2^=fe^=bZ<�^hH¿fjuJ<
fe^hR�<
`2DGR|9;^hHB/�MOHÐ9�`2`2^cf«^cDJHBkE^=f�^=>
9;>e>nF2R�<�`
fnu29�f�fnuJ<UT_<�^c>�>nFXA���^c<UHdf�>nR�DJDZfnuJ^hHJI�DJHÁfnuJ<�>ni2<���fnT«9;:(<�>ef«^ R|9;fe<
>eD�fnu29;f-fnuJ<
>ni5<�<��Åu¤9ZHJ`
HJDZ^=>e<�R
9�g�S2<�9;>e>nF2R�<�`%feD�S2<�9;`2`2^=fe^=bZ<»9�fªfjuJ<»i2D��$<UT'>ni2<���fjTeF2RY:=<�bZ<�:x/

{2/$W >e^hHJIZ:=<%7�9ZFJ>e>«^ 9dHÁDGT�9�R�FJ:cf«^ iJ:=<�7-9ZFJ>e>e^h9ZH¿R�^c�JfnF2T_<|��DGR
i2DJHJ<UHZf�R�DG`2<�:'��DGHdfn9;^hHJ>�>nFd� !
63��^=<UHdf�^hHd�xDGTeR
9;f«^cDJH¤feDÐT_<Ui2T_<�>«<UHZf
fjuJ<�`2^=>efnT_^hS2FJfe^=DGH D;��fnuJ<%DGSJ>«<UT_bº9;f«^cDJH0bZ<���feDJT_>�^ H fnuJ<
N$<UiJ>«fnTe9;:BDGT�� DZI�!²A2i2<���fjTe9;:
`2DGR|9;^hHB/

y3/6l6uJ<'��Te9ZR�<U��>efn9;fe<(9�:c^=IGH2R�<UHZf(FJ>e<�`|feDQId<UHJ<UTe9;fe<$fnuJ<'>ni2<�<���u
R�DJ`2<�:=>E��T_DGRÀfnuJ<$��:c<U9dH�>ni2<�<���u
`39;fj9�^=>�HJDZfQ9;:=fe<UT <�`�SZg%fnuJ<�9�`2`2^cf«^cDJH%D;�(HJDZ^=>e<Z/

�Q9�bJ^ HJI¿R
9�`2<�fnuJ<�>«<�9;>e>nF2R|iJfe^=DGHJ>�^cf�^=>
i2DZ>«>e^hSJ:c<�feD1��T_^=fe<�<��2i2T_<�>e>«^cDJHJ>��xDGT�fnuJ<�<,#
<���fe>-D;�QfnuJ<
9;`2`2^=fe^=bZ<¿HJDZ^=>e<ÁDGH <U9;�Åu D;��fnuJ<¿i29ZTe9dR�<�fe<UT_>
D���fnuJ<%�x<U9;fnF2T_<�bZ<���feDGT�/½M�H DGT `2<UT
feD0FJ>e<�fnuJ<�>e<
<��8i2T_<�>«>e^=DGHJ>(^hH
9���DGR|i2<UHJ>n9;f«^cDJH
i2T_DJ��<�>e>Uk;^=f(^=>ªHJ<���<�>«>n9ZT_g-feD@u29�bZ<$>efj9;fe^=>efe^=��>m�xDGTE9;:=:2fnuJ<$bº9ZT ^ 9dSJ:c<�>
9ZHJ`%fnuJ<�b;9ZT_^=DGFJ>6��DJTeT_<�:h9;fe^=DGHJ>�S2<�f(�$<�<UH�fnuJ<�>«fn9;fe^=>efe^=��>QR�FJ>ef6S5<»9;`2<2�2F29;fe<�:=g%`2<�>e�UT_^hS5<�`
/
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l6uJ<Q>«fn9;fe^=�QHJDZ^=>e<,!���DJTeTeF2iJfe<�`%>ni5<�<��Åu �eDGSJ>«<UT_bº9;f«^cDJHJ>3��^hH�fnuJ< � DZI�!²A2i2<���fjTe9;:B`2DGR
9;^hH�9ZT_<6Id^cbd<UH�Sdg
fnuJ<�R�^=>nR
9;f«�Åu|��F2HJ��fe^=DGH

5768 v.92z;: <áv0= 68 v092z?>A@ 68 v092z«z: :cDdI vCB$<��8i
v.= 68 v092zezBw0<��2i
v0@ 68 v092zezez v_X�z

�QuJ<UT_<DB�^=>»9�IJ9;^hHáR|9;fe��uJ^ HJI�fe<UTeR ^hHZfnT DG`3FJ��<�`¤feD%9;����DGF2Hdf���DGT�:=<�bZ<�:'`2^"# <UT <UHJ��<�>»S2<�f(�$<�<UHÁfnuJ<
��:c<U9dH¿>ni5<�<��Åu¤9ZHJ`ÁfnuJ<�HJDd^c>«gá>ji2<�<���uBk(� 6 vFE²z�^=>�fjuJ<
��:=<U9ZH¿>ji2<�<���uÐ9ZHJ`¿� 6 vFE²z�^=>�fnuJ<
^hHdfe<UTO�x<UT_^hHJI
HJDZ^=>e<Z/,l6u2T_DGFJIGuJDJFJf�fnuJ<ÁT_<�>ef�D;��fnuJ^=>�i29Zi5<UT
fnuJ<Á>nF2i5<UT_>e�UT_^hiJf*�6^=:=:�S2<¿FJ>e<�`�feD¤^hHJ`2^=�U9;fe<¿fnuJ<
`2DGR
9;^hH D;�6fnuJ<�b;9ZT_^h9ZSJ:=<Z/Ál6uGFJ>��HG�vFE²z�^c>|fnuJ<
��DGTeT«F2iJfe<�`Ð>ji2<�<���u¿DGSJ>«<UT_bº9;f«^cDJH¿^hH¤fnuJ<
��<UiJ>«fnTe9;:
`2DGR
9;^hHBkt� 6 vFE²zÞ^c>�^hH�fnuJ<-:cDdI�>ni5<���fnTeF2R `2DGR
9;^hH�9ZHJ`¤� vFE_z6^=>�^hH�fjuJ<�:=^hHJ<U9ZT�>ni2<���fjTeF2RÒ`2DGR
9;^hHB/
4±F2T_fnuJ<UT«R�DGT_<Zk'�HGÅvIE²z �6^=:=:QT_<Ui2T_<�>e<UHdf�fjuJ<�DGSJ>«<UT_bº9;f«^cDJHÐ9;f�fe^hR�<JE�9ZHJ`¤fnuJ<%9;>e>eDJ��^h9;fe<�`0Te9ZHJ`2DGR
bº9ZT_^h9ZSJ:=<)�o^c:=:�S2<¤� G /½4�DGT|>e^hR
iJ:=^c��^=f_g D;�»HJDdfn9;fe^=DGHBkoDGHJ:=g DGHJ<Á>efn9�fe<�D;��<U9��Åu�R�DJ`2<�:��6^=:=:�S2<
��DGHJ>e^=`2<UT_<�`
/ l6uJ<*�69�gÁ^hH[�QuJ^=��u0R»FJ:=fe^"!�>efj9;fe<�R�DJ`2<�:=>�9ZT <���DGR�SJ^hHJ<�` ^=>
`2<�fj9;^=:c<�` ^hH i2T_<�bJ^=DGFJ>
�ªDJTe�*$hX'>+&²/

MÊ�mDGHJ:=g�9��o.Á. �6^=fnu�>«^ HJId:c<�7-9ZFJ>e>e^h9ZH�DJFJfni2FJf$`2^c>«fnT_^hS2FJfe^=DGHJ>�^=>6feD
S2<�<�>«fe^hR
9;fe<�`
kJDGT'^hH%fnuJ<
R�^=�GfnF2T <@7-9ZFJ>e>e^h9ZH|�U9;>e<�fnuJ<$��Te9ZR�<U����DGR
i2DJHJ<UHZf$9;:=:cDJ�U9;fe^=DGH�^=>69;>e>jF2R�<�`�f«D»S2<�F2H29;:=fe<UT_<�`�Sdg
fnuJ<
HJDZ^=>e<Zk3fjuJ<UH�fnuJ<�R�<U9ZHBkLKM 6 kJ^c>�IZ^=bZ<UH�SZg

KM 68 :�NDO(<áv.= 68 >P@ 68 z?Q vxqdz

9ZHJ`
KR 68TS :�N O <áv0= 68 >P@ 68 zU<Áv0= 6S >P@ 6S z QHV KM 68 KM 6S vx{dz

Mxf
^=>EHJDZf¯HJ<���<�>e>n9dT_gQf«DQT_<,!�<�>efe^hR
9�fe<EfnuJ<EfnTe9dHJ>e^=fe^=DGH�i2T_DGS29ZSJ^=:=^=fe^=<�>(DGTtR�^=�GfnF2T <E��DGR
i2DJHJ<UHZfK�$<�^=IGudfe>Uk
9;>6fnuJ<�>e<�9dT_<�9;>e>nF2R�<�`%feD�S2<�F2H29;:=fe<UT_<�`ÁSZg�fnuJ<�9;`2`2^=fe^=DGH�D;�EfnuJ<�HJDZ^=>e<Z/
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��./1�a23�b���
�
43DGT'R�<�`2^hF2R feD�:h9ZT_IZ<�bZDJ�U9ZS2FJ:h9ZT_g
>ji2<�<���u�T_<���DdIGHJ^=fe^=DGH�^=f(^=>6HJ<���<�>e>n9ZT_g|feD�^hHJ��DGTei5DGTe9;f«<Q`2g2H29ZR�^=�
��DG<,A���^=<UHdfe>�^hH�fjuJ<Ði29ZTe9ZR�<�fe<UT
>«<�f%feD 9;��uJ^c<�bd<¿IZDJDG` i2<UT²��DGT«R
9ZHJ��<Z/ l6uJ<�>e<Ði29ZT«9ZR�<�fe<UT_>%9ZT_<
9;`2`2<�`Á^ H�9ZH�9�fefe<UR
iJf6f«D�R�DJ`2<�:¯fnuJ<-��DGTeT_<�:h9;f«^cDJH�S2<�f(�$<�<UH%>jFJ����<�>e>e^=bZ<-��T«9ZR�<�>U/6M��(fnuJ<�`2g2H29ZR�^=�

{



��DG<,A���^=<UHdfe>»9dT_<��U9;:=�UFJ: 9�fe<�` FJ>«^ HJI�>e^hR
iJ:=<
`2^"#
<UT_<UHJ��<�>�Dºbd<UTQ9�IZ^=bZ<UH �6^hHJ`2DB� �o^c`2fjuBk�� �xDGT�fnuJ<
`2<�:cfj9;>@9dHJ`������xDGT'fnuJ<�`2<�:=fn95!�`2<�:=fn9%i29ZT«9ZR�<�fe<UT_>�kGfjuJ<UH�fnuJ<�DGSJ>e<UT_b;9;fe^=DGH���<U9;fjF2T_<�bZ<���feDGT �6^=:=:ES2<

����� G v092z
	):���� G v092z 	 
 � G v092z 	 
�� � G v092z 	�� 	 vÊyJz
�QuJ<UT_<


 � G v.92z�:ÙvO� G v.9�w���z V � G v09 V �Qz«z vx~dz
9ZHJ`


 � � G v.92z�: 
 � G v09�w�����z V 
 � G v09 V ����z vx[dz
9ZT_<
fnuJ<|`2<�:cfj9�9ZHJ`¿`2<�:=fn9B!�`2<�:cfj9ái29dTe9ZR�<�fe<UT >�T_<�>ni2<���f«^cbd<�:cgZ/�MÊ�6>efn9;f«^c>«fe^=��>»9ZS5DGFJf�fnuJ<
��DGT«T_<�:h9;fe^=DGH
S2<�f(�$<�<UH�>jFJ����<�>e>e^=bZ<o��Te9dR�<�>Ì9dT_<6�GHJD��QHBk��xDGTt<��89ZR|iJ:c<LN��Z� G v.9¯w��QzÅ� G v09 V ��z 	�� k;fnuJ<UH->efj9;fe^=>efe^=��>Uk
^ HJ��:hFJ`2^hHJI���DJTeT_<�:h9;fe^=DGHJ>Uk�<��J^c>«f6�xDGT$fnuJ<�9ZS2D;bZ<�<��2i2T_<�>e>«^cDJHJ>�9ZHJ`�fnuJ<���DJTeTeF2iJfe<�`�`2<�:cfj9�9ZHJ`�`2<�:=fn95!
`2<�:cfj9Qi29ZT«9ZR�<�fe<UT_>
R
9�g�S2<E<�>ef«^ R|9;fe<�`»FJ>«^ HJI�fnuJ<E>efj9ZHJ`39ZT_`�>efj9;fe^=�(i29ZTe9ZR�<�fe<UTBR�^=>nR
9;fe��uo��F2HJ��fe^=DGHB/
�6D��$<�bZ<UT�k�^hHÁDGT_`2<UT�feD�`2<�fe<UTeR�^ HJ<|fnuJ<���DGTeT_<�:h9;fe^=DGHÁS5<�f@�$<�<UH�>nFJ����<�>e>«^cbd<���T«9ZR�<�>�^=f�^=>�HJ<���<�>e>n9ZT_g
feD¿FJ>e<
��FJ:=:xk$DGT�i29ZT fe^h9;:'��FJ:=:xk(��D;b;9ZT_^h9ZHJ��<�R
9;fjT_^=��<�>��xDGT-fnuJ<���:=<U9ZH0>ni5<�<��ÅuBk �6^=fnu¤9ZH¤9;>e>eDJ��^h9;fe<�`
^ HJ�UT <U9;>e<�^hH�R�DG`2<�:t>efeDGTe9�IZ<@T <2�8FJ^hT_<UR�<UHdfe>U/

W�H 9�:cf«<UTeH29;fe^=bZ<¿f«DÐfnuJ<ÁbZ<UT g `2^hT_<���fáR�DG`2<�:=:=^hHJI IZ^=bZ<UH�9ZS2D;bZ<Á^=>�f«D T_<,!�<��2i2T_<�>e>�fnuJ<Á`2<�:=fn9
i29ZTe9ZR�<�f«<UT_>Q^hHÁf«<UTeR�>�D;�6i29ZTe9ZR�<�f«<UT_>C��uJDZ>e<�>efn9;f«^c>«fe^=��>»9ZT_<
�JHJD��QH�9ZHJ`
kt^��oHJ<���<�>«>n9ZT_gZk
R
9�gÁS2<
9;>e>nF2R�<�`%f«D�S2<-^ HJ`2<Ui5<UHJ`2<UHZfO$ XZX;&²/(Mxf�R
9�g�S5<�>nuJD��QH|fnu29;f

�D5 68 v092z : < � v0= 68 v.9 V �Qz >P@ 68 v09 V ��z > � = 68 v.92z > � @ 68 v092zez: :=DZI��e<��8i
v � = 68 v.92z±w!= 68 v09 V ��z
w%B 6 zBw0<��2i
v � @ 68 v092z
w!@ 68 v09 V ��zez
�
V :cDdI � <��2i
v0= 68 v.9 V �QzBw3B 6 z
w¤<��2i¯v0@ 68 v09 V ��zez � vx}dz

�QuJ<UT_<\B 6 :,:=DZI
vCB3z�/�l6uJ<���DGTeTeF2iJf«<�`�!�>ni2<�<���uÐNÞ<UiJ>efnTe9;:m`2<�:=fn9%��DJ<,A���^=<UHdfe>»u29�bZ<�S2<�<UH¤T_<2�QT_^=fefe<UH
^ H�f«<UTeR�>(D�� fjuJ<Q>efj9;fe^=�@9dHJ`�`2<�:=fn9-��DJ<,A���^=<UHZfe>oD;�¯fnuJ<���:=<U9ZH
>ji2<�<���u%9ZHJ`�^hHdfe<UTO�x<UT_^hHJI�HJDZ^=>e<Z/(PoDZfe<
fnu29;fEfnuJ<$<��2i2T_<�>e>e^=DGH-�xDGTmfnuJ<$`2<�:=fn9���DG<,A���^=<UHdf69;f¯f«^ R�< 9-^c>'`2<Ui2<UHJ`2<UHdf$DGH-fnuJ<6>efn9�fe^=�ª��DJ<,A���^=<UHdfe>
9;f6fe^hR�<&9 V ��/

l6uJ<QR�^c>jR
9;fe��u-��F2HJ��fe^=DGH�IZ^=bZ<UH|^hH�<2�8F29�fe^=DGH�}�u29�>ªS2<�<UH|`2<UT_^=bZ<�`|��DJTm`2<�:cfj9���DJ<,A���^=<UHZfe>�/(l6uJ<
>n9ZR�<��xDGTeR D��Ñ9ZH29�:cgJ>e^=>�R
9�g�S5<»9Zi2iJ:=^=<�`¿feD
`2<�:=fn9B!�`2<�:cfj9�i29ZT«9ZR�<�fe<UT_>�/ �6<UT <Zk3>e^hR
iJ:=<�`2^"#
<UT_<UHJ��<�>
D;�(`2<�:=fn9�i29dTe9ZR�<�fe<UT >@9ZT <��U9;:=�UFJ:h9;fe<�`
/�W�Há9�`2`2<�`���DGHJ>efjTe9;^hHZf�^=>�9;:=>eD�^ HdfnT_DJ`3FJ��<�`Áfnu29;f���:����;/
l6uJ<�R�^=>nR
9;f«�Åu���F2HJ��fe^=DGH ^=>6D;�EfnuJ<���DJTeR
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N$<UiJ>efnT«9;:Ìi29dTe9ZR�<�fe<UT >
�ª<UT <�:=^���f«<UT_<�`
k$^=fO�69;>
HJ<���<�>e>n9ZT_g feDÁ^ HdbZ<UT_>«<%:c^��xfe<UT|feD¿9;�ÅuJ^=<�bZ<%fjuJ<�`2^=>efnT ^ S2FJf«^cDJHJ>�T_<2�8FJ^hT_<�`¤�xDGT
��DGR
i2<UHJ>j9;fe^=DGHB/QMOH�9;`2`2^=fe^=DGHBk
NÞ<UiJ>efnTe9;:t>nR�DJDZfnuJ^hHJIZ�69;>�9Zi2iJ:=^c<�`
/�l6uJ<»q�y �BDdI�!²A2i2<���fnT«9;:¯b;9;:hFJ<�>
�ª<UT <�R
9Zi2i5<�`¿feDÐX�{%N$<UiJ>efnTe9�:(i29ZTe9ZR�<�f«<UT_>U/
l6uJ^=>»R�<U9ZHZf-fnu29;f��QuJ<UH i2<UTO�xDGTeR�^hHJI�fnuJ<
^hHZbd<UT_>e<
L�N6l0^=f �69;>$HJ<���<�>e>n9ZT g
feD���<UT_D
i29;`
fjuJ<6�x<U9;fnF2T_<obZ<���feDGT�/mAJ^hR�^=: 9dT_:=g*�QuJ<UH�R|9Zi2iJ^hHJI�S29��Å�-^=f �69;>
HJ<���<�>e>n9ZT_g�feD
fjTeF2HJ�U9;fe<�fnuJ<�NÞ<UiJ>efnTe9;:BbZ<���f«DGT$feD%XU{
9�IG9;^hHB/
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K'HJ<UT_IZg L�g2H29ZR�^=� l
<�>«fQAJ<�f W�bZ<UTe9;Id<
l
<UTeR lt<UTeR�> 4�<US��\] < /���f��\] < 43<US��=<2X
� DZI1$\qZ{B& DÞ<�IGT�/ y3/\~ ~2/hX y3/=> y3/\~
N$<UiJ>efnTe9 L�^"#(/ y3/\{ ~2/�y {2/=< y3/\[

lm9ZSJ:=<»q5V#� DGT_`%<UTeT_DJT6Te9;fe<�>�v �|z$D;�Ì9�>«^c�%��DJR
i2DGHJ<UHdfQR�DJ`2<�:
>e<�foDGH%��:=<U9ZHFD$.

W�>�HJDZfe<�`¿9ZS2D;bZ<ZkB^hHÁDJT_`2<UT�feD�FJ>e<�rÑ.¿N feD%��DJR
i2<UHJ>n9�fe<�fnuJ<�R�DJ`2<�:=>�^=f��69;>�HJ<���<�>e>n9ZT g�feD
9;:=fe<UT'fnuJ<Q>ji2<�<���u%i29ZTe9ZR�<�f«<UTE>e<�fÑ��T_DJR,fnu29;f6FJ>e<�`�^hH�fnuJ<�>efn9ZHJ`39ZT `Z�Ql � D$. T_<���DZIGHJ^=>e<UT�/EW >e<�f

]



D;�6>e^=�á��DJR
i2DGHJ<UHdf»R�DG`2<�:=>UkE>«^ R�^c:h9ZT-feD%fjuJDZ>e<�FJ>e<�` �xDGT�fnuJ<
W�D6r�W D$.�>egJ>efe<URÚ`2<�bZ<�:=DGi2<�`09;f
N6aQKÑL $\qZ{+&²k��69;>mfnuJ<UT_<j�xDGT_<$IZ<UHJ<UTe9;f«<�`
/Ìlm9ZSJ:=<Qq�>nuJD��6>mfnuJ<6i2<UT²��DGT«R
9ZHJ��<6D;�3fjuJ^c>'>e^=����DGR
i2DJHJ<UHZf
>egG>«fe<UR DGH fnuJ<Á��:=<U9ZHQD$. fe<�>ef�>e<�fe>%��DGR|i29ZT_<�` �6^=fnu�fnuJDd>e<ái2F2SJ:=^=>nuJ<�`ÙFJ>e^hHJI fjuJ<á>«fn9ZHJ`39ZT_`
�Ql�� i29ZTe9dR�<�fe<UT_^=>n9;f«^cDJH1$\qd{2&_/ÌlouJ<UT_<C�69;>':=^cf«fe:=<�`2^=#
<UT_<UHJ��<�^hH%i5<UTO��DJTeR
9ZHJ��<ZkJy3/\[ � ��DGR
i29ZT_<�`�feD
y3/\~ � ��DJT�fnuJ<�>efn9ZHJ`39ZT ` ��l�� DÞ.��x<U9;fnF2T_<�>e<�f�/
l6uJ^=>�>e^=�á��DJR
i2DGHJ<UHdf»R�DG`2<�:E>e<�f��o^cfju8��<UT_DZfnu
N$<UiJ>efnTe9!<UHJ<UT_IZg 9ZHJ`0>e^hR
iJ:=<Á`2^"#
<UT_<UHJ��<Á`2g8H29ZR�^c�Ái29ZTe9ZR�<�fe<UT_>O�69;>
fjuJ<%>efn9ZHJ`39ZT ` R�DG`2<�:�>e<�f
FJ>e<�`�fnu2T DGFJIGuJDGFJf$fnuJ^=>�i29Zi2<UT�/


 �0W ����
�������,  1Z�� 
��_	 $&�_� ������	��'���(�
N$DGR
i�.Á<U9ZH N$DGR
i "(9ZT l
<�>ef�AJ<�f W�bZ<UTe9;IZ<

rE9ZTe9dR rE9dTe9ZR 4�<US��\] < /���f��\]X< 4�<US��=<2X
� �

{Z]2/�} {Zq2/"> {Z{2/�y {;y3/�}5
�

X'<2/"< XU}2/�} XU[2/"< XU]2/�q5 k �D5
�

XU~2/�{ XU{2/�~ XUq2/"> XU{2/�[5 k � 5 k � � 5
�

X'>2/"< XZXZ/ X <2/=> X'>2/�y5 5 XU[2/ X XU{2/�} XU{2/�~ X�y3/�y5 k �D5 5 k �D5 X'>2/�q X'>2/ X ]2/�y <2/\[5 k � 5 k � � 5 5 k � 5 k � � 5 }5/\{ ]2/\[ [2/=< }2/\[

l¯9ZSJ:=<�{5V �¿DGT `�<UTeT_DJTQTe9�fe<�>�v��
z6��DJR
i2<UHJ>n9�fe^hHJI�bº9dT_^=DGFJ>�i29ZTe9ZR�<�fe<UT6IJT_DGF2iJ>�FJ>e^hHJI%>e^hHJIZ:=<,!²i29;>e>
fnTe9;^hHJ^hHJI�DJH%9;`2`2^=fe^=bZ< �Bg2HJ��HJDZ^=>e<,!���DGT«TeF2iJfe<�` DÞ. 9;f�XU];`3p

W >«^c����DGR|i2DGHJ<UHdfE>egJ>efe<UR��69;>EfnTe9�^ HJ<�`|^ H|9�>e^hHJIZ:=<,!²i29;>e>(DJH%XU];`3p �Bg2HJ� �o<�:=^=��DGiJfe<UT$9;`2`2^=fe^=bZ<
HJDZ^=>e<,!���DGTeTeF2iJf«<�` `39;fn92/ "(9ZT_^=DGFJ>�i29dTe9ZR�<�fe<UT >�D;��fnuJ^=>�>egJ>efe<URW�$<UT_<¿R�<UT IZ<�` �6^=fnu fnuJ<¿��:=<U9ZH
>egG>«fe<UR%k6f«DÐ<��29ZR�^hHJ<ÁfnuJ<Á^hR
i2DGT fn9ZHJ��<ÁD;����DGR
i5<UHJ>n9;fe^hHJI <U9;�Åu �eIJT_DGF2i��¿D;�
i29ZTe9ZR�<�fe<UT_>
^hH 9
R�DG`2<�:"!²S29;>«<�` ��DGR
i5<UHJ>n9;fe^=DGH >e�ÅuJ<UR�<Zk6^x/�<Z/ >«fn9;fe^=�Zk$`2<�:=fn9¤9ZHJ`�`2<�:cfj95!�`2<�:=fn90i29ZTe9ZR�<�fe<UT_>U/�l6uJ<
T_<�>nFJ:=fe>6DGH�fjuJ<�bº9ZT_^=DGFJ>ofe<�>ef6>e<�f«>Þ9dT_<�>nuJD��QH|^ H fn9ZSJ:=<�{2/(louJ<�6±T_>ef$��DZ:hF2R
H%>juJDB�o>Y��uJ^c��u%D��ÌfnuJ<
R�<U9ZHJ>Q9ZT <Z�e��DJR
i2<UHJ>n9�fe<�` �3k39ZHJ`%fjuJ<Q>e<���DJHJ`���DZ:hF2R
H
�QuJ^=��u%b;9ZT_^h9ZHJ��<�>U/$M�H%S5DZfnu��U9;>e<�> 5 k �D5
9ZHJ` � � 5 T <Ui2T_<�>e<UHdf6>efn9;f«^c�Zk5`2<�:cfj9�9ZHJ`%`2<�:=fn9B!�`2<�:cfj9�i29ZT«9ZR�<�fe<UT_>�T_<�>ni2<���f«^cbd<�:cgZ/

AJ^hR
iJ:=g���DGR|i2<UHJ>n9;f«^ HJI%fjuJ<»>«fn9;fe^=�»R�<U9ZHJ>UkB9;>Q^=>�`2DGHJ< �6^=fnuÁuZg2i2DdfnuJ<�>e^=>e<�` ��^=<UHJ<UT.63:=fe<UT_^hHJI
��DGT�<��89dR
iJ:=<ZkÌT <�`3FJ��<�`ÐfnuJ<|<UTeT_DGT-Te9;fe<
SdgáyJ] �%/
W feDZfn9;:ET_<�`3FJ��fe^=DGH D;�Q[ > � �69;>�9;��uJ^c<�bd<�` Sdg
9;:=>eD���DGR
i5<UHJ>n9;fe^hHJI�fjuJ<ª`2<�:=fn9-R�<U9ZHJ>(9ZHJ`
k96±H29;:=:=gZkG^hHJ��DGT«i2DGTe9�fe^hHJI�fnuJ<$`2<�:=fn95!�`2<�:=fn9���DGR
i2<UHJ>j9;fe<�`
R�<U9ZHJ>mgG^=<�:=`2<�`�9�} > � T_<�`3FJ��f«^cDJHB/¯4�DGTtfnuJ^=>ÌHJDZ^=>e<$^=fm�U9ZH���:=<U9ZT_:=g�S2<$>e<�<UH-fnu29;f¯S5DZfnu�fnuJ<(`2<�:=fn9�9ZHJ`
fnuJ<�`2<�:=fn95!�`2<�:=fn9�R�<U9ZHJ>�R�FJ>ef@S5<���DGR
i2<UHJ>j9;fe<�`ÁfeD�9;��uJ^=<�bZ<�IZDJDG`Ái2<UTO�xDGTeR
9dHJ��<Z/@M��(^hH¿9;`2`2^=fe^=DGH
feD�fnuJ<�R�<U9ZHJ>Uk5fnuJ<�bº9ZT ^ 9dHJ��<�>C�$<UT_<���DGR|i2<UHJ>n9;f«<�`%fnuJ<���Dd:c:=D��6^hHJI%T_<�`3FJ��fe^=DGHJ>�^ H�<UT«T_DGT6Te9�fe<C�$<UT_<
DGSJfn9;^hHJ<�`
Vm�xDGT$fnuJ<�>«fn9;fe^=��>6~Z] �%kJfnuJ<�>«fn9;fe^=��9ZHJ`%`2<�:=fn9;>�}Zq �%kJ9ZHJ`�9;:=:
fnuJ<�R�<U9dHJ>Q9ZHJ`%bº9dT_^h9ZHJ��<�>
D;�6fnuJ<�>«gG>ef«<UR"}d] �%/�N$DJR
i2<UHJ>n9�fe^hHJIáfjuJ<�>efj9;fe^=��R�<U9ZHJ>�IG9�bZ<�fnuJ<�:h9ZT IZ<�>ef
T_<�`3FJ��fe^=DGH¤^hH <UTeT_DGT
Te9;fe<ZkZuJD��$<�bZ<UTt^cfE�U9dH
S2<$>e<�<UH�fju29;fEfeD�DGSJfn9;^hH-fnuJ<QS5<�>ef(i2<UTO�xDGTeR|9ZHJ��<6S2DZfnu�R�<U9dHJ>(9ZHJ`
bº9dT_^h9ZHJ��<�>
R»FJ>«fQS2<-��DGR
i2<UHJ>j9;fe<�`
/

l6uJ<6i2<UT²��DGT«R
9ZHJ��<�>(D�� 9�R�FJ:=fe^"!²i29;>e>(fjTe9;^hHJ<�`�>egG>«fe<UR,9ZHJ`�9�>e^hHJIZ:=<,!²i29;>«>ªfjTe9;^hHJ<�`�>egG>«fe<UR��6^=fnu
9;`2`2^=fe^=DGH29;:3^=fe<UT«9;fe^=DGHJ>ED;�
pª9dF2R ! �¿<�:=�Åu|T_<,!�<�>efe^hR
9;f«^cDJH �$<UT_<'��DGF2HJ`�feD�S5<6R
9ZT_IZ^hH29;:=:=g �$DGT_>e<$fnu29ZH
fnu29;f6D;�EfnuJ<->e^hHJIZ:=<,!²i29;>e>�fnTe9�^ HJ<�`�>egJ>efe<UR%/(louJ^c>�`2<�IGTe9�`39;fe^=DGH%^hH�i2<UTO�xDGTeR
9dHJ��<Zk3`2<�>niJ^=fe<�fnuJ<���9;��f
fnu29;f(fjuJ<QHJDGHX!²7�9dFJ>e>e^h9ZH�H29;fnF2T_<6D��±fnuJ<���DGTeTeF2iJf«<�`�!�>ni2<�<���u
`2^=>efjT_^hS2FJfe^=DGH��U9ZH
S5<@R�DJ`2<�:=:=<�`
k3^=>E�x<�:=f
feD�S2<�`3FJ<-feD
fnuJ<�i5DGDJT69;:=^=IGH2R�<UHdfe>@9��ÅuJ^=<�bZ<�`F�QuJ<UH%��DGT«TeF2iJfe<�`%`39;fn9�^c>�FJ>e<�`
/

l6u2T_DJFJIGuJDGFJfmfnuJ^=>(i29Zi2<UTmfnuJ<$>e^hHJIZ:=<,!²i29;>«>(fnTe9�^ HJ<�`�>egJ>efe<UR �6^=:=:3S2<QT <j��<UTeT <�`�feD�9;>EfnuJ< � � ���
�,$ 0
� � �
�)$���/

<
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4E^cIJF2T_<á{2V WQbZ<UT«9;IZ< ��� HJF2R»S5<UT��xDGT���:=<U9ZH�R�DJ`2<�:6>e<�f%9ZHJ`�rE.¿N !���DGR
i5<UHJ>n9;fe<�` R�DG`2<�:�>e<�fe>
FJ>e^hHJI"L�^h9;IdDGH29;:xkÐKÑ�Gfe<UHJ`2<�`¤9ZHJ` AJfn9ZHJ`39dT_`�L�^h9;IZDJH29;:¯��D;b;9ZT_^h9ZHJ��<
9Zi2i2T_D;�J^ R|9;fe^=DGHJ>�DGH �Bg8HJ�
�6<�:=^=��DGiJfe<UT�9;`2`2^=fe^=bZ<�HJDZ^=>e<,!���DGTeT«F2iJfe<�` D$.�9;f-XU];`3p

4E^=IGF2T_<Á{Á>nuJD��6>�fnuJ<á9�bZ<UTe9�IZ< ���,HJF2R�S2<UT���DJT�9ZH F2HJ��DGR
i5<UHJ>n9;fe<�`�>egJ>efe<UR�9dHJ` bº9dT_^=DGFJ>
rE.¿N,��DGR|i2<UHJ>n9;f«<�`0>egG>«fe<UR�>U/ÁM�H fnuJ<763IGF2T_<Zkm�x<U9;fnF2T_<�bZ<���feDJT���DJ<,A���^=<UHZfe>�X�f«DÐXU{�9ZT_<����
feD
� � � k3X�y�feD�qd[�9ZT_<$fnuJ<�T_<�>ni2<���f«^cbd<Q`2<�:=fn9�i29ZTe9dR�<�fe<UT_>UkZ9dHJ`�qZ}�feD�{ <�fnuJ<6`2<�:=fn95!�`2<�:=fn9�i29ZT«9ZR�<�fe<UT_>�/43DGT�fjuJ<%��:c<U9dH R�DJ`2<�:6>e<�fUk :�( $ �
�3kEfjuJ<%>efn9;fe^=��i29ZT«9ZR�<�fe<UT_>7�ª<UT <%fnuJ<�R�DZ>ef�95#
<���fe<�` SZg09;`2`2^"!
fe^=bZ<»HJDZ^=>e<Zk �6^=fnu�fnuJ<-:cD��U!�DJT_`2<UT$>efn9�fe^=�»N$<UiJ>efjTe9
S2<�^hHJI%`2^=>efeDJT_fe<�`�f«D�9�IJT_<U9;fe<UT$<��Jfe<UHdfQfju29ZH%fnuJ<
uJ^cIJuJ<UT4!�DGT_`2<UT6NÞ<UiJ>efnTe92/ml6uJ<�`2<�:=fn9�i29ZTe9ZR�<�fe<UT_> �$<UT_<o:c<�>«>Q95#
<���fe<�`�fnu29ZH�fnuJ<�>efn9�fe^=�@i29ZT«9ZR�<�fe<UT_>�k
fnuJDGFJIGu�fnuJ<�>n9ZR�<�IZ<UHJ<UTe9�:E>nu29Zi2< �69;>�DGSJ>e<UT_bd<�`
/�l6uJ<
`2<�:=fn95!�`2<�:=fn9�i29ZTe9ZR�<�fe<UT_>��ª<UT <»95#
<���fe<�`
k
9Zi2i2T_D;�G^hR
9�fe<�:=gZkEfeD�fjuJ<�>n9dR�<�<��Jfe<UHdf»9;>�fnuJ<�`2<�:=fn9Ái29ZTe9ZR�<�fe<UT_>U/�louJ^c>�9;IGT_<�<�> �6^=fnu¿fjuJ<Z�$DGT_`
<UTeT_DGT-Te9;fe<
T_<�>nFJ:=fe>�^hH fn9ZSJ:=<�{5kK�QuJ<UT_<�S2<�>ef
i2<UT²��DGT«R
9ZHJ��<O�69;>�9;�ÅuJ^=<�bZ<�` �QuJ<UH¤9;:=:(fnuJ<�i29ZTe9ZR !
<�fe<UT_>��$<UT_<
��DGR|i2<UHJ>n9;f«<�`
/
l6uJ<�FJ>e<
D��ÞrE.¿N��6^=fnu!fnuJ<�L�^ 9�IZDGH29;:E��D;bº9dT_^h9ZHJ��<�9Zi2i2T_D;�J^hR
9;fe^=DGHBk
: 9dS2<�:=:=<�` 1�� ��*��
����(ckET_<�`3FJ��<�`0fjuJ<�9�bZ<UTe9�IZ< ��� HGF2R�S5<UT�km^ H¤i29ZT_f«^c�UFJ:h9ZT»��DGT�fnuJ<
>efj9;fe^=��9dHJ`ÐfnuJ<
`2<�:cfj9
i29ZTe9ZR�<�fe<UT_>U/-�oDB�$<�bZ<UT�kGfjuJ<�`2<�:cfj95!�`2<�:=fn9�i29dTe9ZR�<�fe<UT >Y�$<UT_<�HJDZf6>«D��$<�:=:
��DGR|i2<UHJ>n9;f«<�`
k2<�>(!
i2<���^h9;:=:=g
fnuJ<$:=DB�$<UT4!�DJT_`2<UTm`2<�:=fn95!�`2<�:=fn9�i29dTe9ZR�<�fe<UT >U/¯MOR
i2T_D;bG^hHJI�fnuJ<$��DGT«T_<�:h9;fe^=DGH�R�DJ`2<�:c:=^hHJI
FJ>e^hHJI
fnuJ<»KÑ�Gfe<UHJ`2<�`���D;bº9ZT_^h9ZHJ��<�9Zi2i2T_D;�J^ R|9;fe^=DGHBk ��� �)$���0�$ 0ZkJ`2<��UT_<U9;>e<�`ÁfnuJ<�9�bZ<UTe9�IZ< ���0HJF2R�S2<UT'�xDGT
fnuJ<%`2g8H29dR�^=�%��DG<,A���^=<UHdfe>U/0l6uJ<%FJ>e<%D;�QfjuJ<�AJfn9ZHJ`39ZT_`¤L�^h9;IZDGH29�:ª��D;b;9ZT_^h9ZHJ��<�9Zi2i2T_D;�J^hR
9;fe^=DGHBk

 ���
��0
��&>0�1�����* �
� ��(=k2>nuJD��6>Qi5DGDJT$`2g8H29dR�^=�»i29ZTe9dR�<�fe<UT'��DGR
i5<UHJ>n9;fe^=DGHB/

l6uJ<�T_<���DZIGHJ^=fe^=DGH�i2<UTO�xDGTeR|9ZHJ��<�D;�¯fnuJ<�bº9dT_^=DGFJ>Q��D;b;9ZT_^h9ZHJ��<�9Zi2i2T_D;�J^hR
9;fe^=DGHJ>$^=>6>nuJD��QH�^hH�fn95!
SJ:c<$y3/mN$DGR
i29dT_^hHJIQfnuJ<$L�^h9;IZDJH29;:Z��D;bº9ZT ^ 9dHJ��<Þ9di2i2T_D;�G^hR
9;f«^cDJH��6^=fnu�fnuJ<ªR
9�fe�ÅuJ<�`->egJ>efe<URÀ>nuJD��ª<�`
9Zi2i2T_D;�G^hR
9�fe<�:=g�fnuJ<�>n9ZR�<»:=<�bZ<�:ED��Þi2<UT²��DGT«R
9ZHJ��<Z/�l6uJ<
KÑ�Gfe<UHJ`2<�`¤9Zi2i2T_D;�G^hR
9�fe^=DGH�>e:=^cIJuZfe:=gÁ^hR !
i2T_D;bZ<�`0fnuJ<�i2<UT²��DGT«R
9ZHJ��<Z/0MÊ��fnuJ<�AJfn9ZHJ`39dT_`0L�^h9;IZDGH29;:$��D;bº9dT_^h9ZHJ��<�9Zi2i2T_D;�J^ R|9;fe^=DGH �69;>
FJ>e<�`
fnuJ<UT_<0�69;>(9�R
9dTe�;<�`
`3T_DJi�^hH�i2<UTO�xDGTeR|9ZHJ��<Z/-�6<UHJ��<Zkd�xDGTmIZDJDG`�T <���DZIGHJ^=fe^=DGH�i2<UTO�xDGTeR
9dHJ��<6DGH-fnuJ^=>
`39;fn9ZS29;>«<Zk2^=fC�69;>QHJ<���<�>«>n9ZT_g%feD�<��2iJ:c^=��^=fe:=g¿R�DJ`2<�:¯fnuJ<�9;`2`2^=fe^=DGH29;:Ei29ZTe9ZR�<�fe<UT_>QT_<2�2FJ^hT_<�`���DJT6fnuJ<
`2g8H29ZR�^c�-��DG<,A���^c<UHdfQR�^=>nR|9;fe��u|��F2HJ��fe^=DGHJ>�k39;IGT_<�<�^hHJIO�o^cfju%fnuJ<�DGSJ>e<UT_b;9;fe^=DGHJ>QFJ>«^ HJI�fnuJ<�9�bZ<UTe9�IZ<
���ÐHJF2R�S2<UT�/

l6uJ<QA2P�D[�69;>E:=D��$<UT_<�`�Sdg
];`3p¤feD»9dS2DGFJf6X'>�`3p0A2PCD�kJ9ZH
9;f«fe<UHGF29�fe^=DGH�D;�BfnuJ<6DGT_^=IZ^hH29;:BHJDZ^=>e<
>e^=IGH29;:¯Sdg�XUq;`3p�/3louJ<��ªDJT_`�<UT«T_DGT$Te9;fe<�>'�xDGT'fnuJ<�bº9dT_^=DGFJ>QrE.¿N ��D;bº9ZT ^ 9dHJ��<�9Zi2i2T_D;�G^hR
9�fe^=DGHJ>Q9ZT_<

X'>



.ÁDJ`2<�: lt<�>efQAJ<�f W�bZ<UTe9�IZ<
AJ<�f 4�<US��\] < /���f��\] < 43<US��=<5X
N$:=<U9ZH {d]2/\} {dq2/=> {d{2/�y {�y3/\}

.!9�fe�ÅuJ<�` }2/\{ ]2/\[ [2/=< }2/\[
L�^h9;IZDGH29;: }2/\~ ]2/hX [2/�y }2/�y
KÑ�Gf«<UHJ`2<�` [2/\} }2/=< [2/\[ }2/hX

AJfn9dHJ`39ZT_`%L�^h9;IZDGH29�: <2/\[ <2/=> ]2/\q ]2/=<

l¯9ZSJ:=<%y3V��¿DGT_`¤<UTeT_DJT»T«9;fe<�>�v �
z-FJ>e^hHJIÐb;9ZT_^=DGFJ>�rÑ.!N ��D;bº9ZT_^h9ZHJ��<�9di2i2T_D;�G^hR
9;f«^cDJHJ>
DGH �Bg8HJ�
�6<�:=^=��DGiJfe<UT�9;`2`2^=fe^=bZ<�HJDZ^=>e<,!���DGTeT«F2iJfe<�` D$.�9;f-XU];`3p

.ÁDJ`2<�: lt<�>efQAJ<�f W�bZ<UTe9�IZ<
AJ<�f 4�<US��\] < /���f��\] < 43<US��=<5X
N$:=<U9ZH ]d[2/\[ ]�y3/\} ]d~2/hX ]d~2/\~

.!9�fe�ÅuJ<�` X�]2/\{ X�~2/\q X�~2/\} X�[2/�y
L�^h9;IZDGH29;: qX>2/=> X�~2/\] X�[2/\{ X�}2/�y
KÑ�Gf«<UHJ`2<�` X�}2/\{ X�y3/\q X�~2/\{ X�~2/\[

AJfn9dHJ`39ZT_`%L�^h9;IZDGH29�: q�y3/\] X5<2/\{ qX>2/�y q5XZ/\~

l¯9ZSJ:=<�~2V��¿DGT_`¤<UTeT_DJT»T«9;fe<�>�v �
z-FJ>e^hHJIÐb;9ZT_^=DGFJ>�rÑ.!N ��D;bº9ZT_^h9ZHJ��<�9di2i2T_D;�G^hR
9;f«^cDJHJ>
DGH �Bg8HJ�
�6<�:=^=��DGiJfe<UT�9;`2`2^=fe^=bZ<�HJDZ^=>e<,!���DGTeT«F2iJfe<�` D$.�9;f-X'>;`3p

>nuJD��QH�^hH
fj9ZSJ:=<@~2/tW6f(fjuJ^c>$:=D��$<UTEA2PCD fnuJ<�HJ<�<�`�f«D�<��8iJ:=^=��^=fe:=g�R�DG`2<�:B9;:=:3fnuJ<�i29ZTe9dR�<�fe<UT_>ED;�
fnuJ<
R�^=>nR
9;fe��u���F2HJ��fe^=DGHJ>(9ZHJ`->eDGR�<'��DGTeT_<�:h9;f«^cDJHJ>ÌS5<��U9ZR�<6R�DGT_<EDJSZbJ^=DGFJ>U/El6uJ<ªKÑ�Gf«<UHJ`2<�`»��D;b;9ZT_^h9ZHJ��<
9Zi2i2T_D;�G^hR
9�fe^=DGH¿T_<�`3FJ��<�`0fnuJ<7�ªDJT_`¿<UTeT_DJT�Te9;f«<�SZg¿9ZS5DGFJf�X5> � D;bZ<UT�fnuJ<�L�^h9;IZDGH29�:E�U9;>e<Z/�M�f�^=>
^ Hdfe<UT_<�>«fe^hHJI
feD
HJDZfe<�fnu29;f'fnuJ<�KE�Jfe<UHJ`2<�`%��D;bº9ZT ^ 9dHJ��<@9Zi2i2T Dº�J^hR
9;fe^=DGH%i5<UTO�xDGTeR�<�`�>e:=^=IGuZf«:cg�S5<�fefe<UT
fnu29ZH�fnuJ<�R
9;fe��uJ<�`
>egJ>efe<URÒvÊfnuJ^=>(^=>ª9�:c>«D»fjTeFJ<'��DGTÑfnuJ<QT_<�>jFJ:cf«>ª^hH�fj9ZSJ:=<QyGz�k;fnuJDGFJIGu�fjuJ<6`2^"# <UT <UHJ��<
�Þ9�>
DGHJ:=g0>e:=^=IGuZf�/0W i2DZ>«>e^hSJ:c<Á<��2iJ:h9ZH29;fe^=DGH ^c>�fnu29;f|^ H fnuJ<���DJR
i2<UHJ>n9�fe^=DGH0>e��uJ<UR�<�>�9�:c:���:=<U9ZH
>ni2<�<���u R�DJ`2<�:=>á9ZT_<�<,#
<���fe^=bZ<�:=g DJSJ>e<UT_bZ<�`�^hH 9;:=:�HJDZ^=>e<Á��DGHJ`2^=fe^=DGHJ>U/ 4�DGT|��DGR
i2DJHJ<UHZfe>*��uJ^c��u
9ZT_<áHJDdf
DGSJ>e<UT_bd<�` R
9ZHdg0fe^hR�<�>�^hH fjuJ<�fnTe9�^ HJ^hHJI¤`39;fn92k$fjuJ<áR
9;f«�ÅuJ<�` >egG>«fe<UR�R
9�g0HJDZf�u29�bZ<
DGSJ>e<UT_b;9;fe^=DGHJ>�^ H�9;:=:¯HJDZ^=>e<-��DGHJ`2^=fe^=DGHJ>U/

W,>e<���DGHJ`¿HJDZ^=>e<->eDGF2T_��< �69;>6<��29ZR�^hHJ<�`
kBfnuJ<O/�i5<UTe9;fe^=DGHJ>�D$DJDGRÒHJDZ^=>e<-��T DGR fnuJ<�PC/�MOA2K-G.!
<Zq�`39;fn9ZS29;>«<Z/�W�IG9;^hHBkEfnuJ<�HJDd^c>«<Z�69;>
9;fef«<UHGF29;f«<�`ÐSZg¤q >;`3p 9ZHJ`09;`2`2<�`0feD�Id^cbd<�9ZS2DGFJf%XU]�`3p
A2PCD�/Bl6uJ<��$DGT_`%<UT«T_DGT$Te9;fe<�>Þ��DGToF2HJ��DGR
i2<UHJ>j9;fe<�`
k3R
9�fe�ÅuJ<�`
k�9ZHJ`�b;9ZT_^=DGFJ>QrÑ.!N ��DGR
i2<UHJ>j9;fe<�`
>egG>«fe<UR�>Q9ZT <�>nuJD��QH�^hH�fn9ZSJ:=<»[5/6l6uJ<�>n9dR�<�IZ<UHJ<UTe9;:mfnT_<UHJ`2>�9;>$�xDGT$fjuJ< �Bg2HJ� �o<�:=^c��DJiJfe<UT�HJDZ^=>e<,!
��DGTeTeF2iJfe<�`0`39�fn9*�$<UT_<�DGSJ>e<UT_bd<�`
k(`2<�>niJ^=fe<%fjuJ<�bZ<UT gÐ`2^"#
<UT_<UHdf�H29�fnF2T_<�D;�QfnuJ<%^hHdfe<UTO�x<UT_^hHJIÐHJDZ^=>e<
>eDGF2T_��<Z/ �oD��$<�bZ<UT�k;�xDGT'fnuJ^=>6�U9;>«<�fnuJ<UT_<��69;>$:=^cf«fe:=<�^hR
i2T_D;bZ<UR�<UHdf$^hH%fe<UTeR�>ªD�� �$DGT_`�<UTeT_DGT$Te9;f«<Q^hH
FJ>e^hHJI�fnuJ<�R�DGT_<���DGR
iJ:=<��%��D;bº9dT_^h9ZHJ��<»9Zi2i2T Dº�J^hR
9;fe^=DGHJ>�/

� PQ��� �UL2� �	���V� �

l6uJ^=>ái29Zi5<UT%u29;>%`2<�>e�UT_^hS2<�` fnuJ<¿9Zi2iJ:=^=�U9;fe^=DGHÀD;��rE9dTe9;:=:=<�:�.áDJ`2<�:�N$DGR�SJ^hH29;fe^=DGHÙvxrÑ.¿N6z
f«D 9
R�<�`2^hF2R >e^���<�bZDJ�U9ZS2FJ:h9ZT_g�>ni2<�<���u%T_<���DZIGHJ^=fe^=DGH�fj9;>n��/Ìao>e^hHJI
fnuJ^=>$:h9ZT_IZ<UTÞbZDG�U9dS2FJ: 9dT_g
>egJ>efe<UR u29;>
uJ^cIJuJ:c^=IGudfe<�`ÁfnuJ<�HJ<�<�`�feD���DGR
i2<UHJ>j9;fe<�fnuJ<�`2<�:=fn9�9ZHJ`%`2<�:=fn95!�`2<�:=fn9�i29ZTe9ZR�<�fe<UT_>$feD
9;��uJ^c<�bd<�IZDJDG`

XZX



.ÁDJ`2<�: l
<�>«fQAJ<�f WQbZ<UT«9;IZ<
AJ<�f 43<US��\] < /���f���] < 43<US��=<2X
N$:=<U9ZH yZy3/\{�� { <2/\[�� {Z}2/�y�� y:>2/\~

.!9�fe�ÅuJ<�` <2/\q XZXZ/�y ]2/�y <2/\}
L�^h9;IZDGH29;: <2/\} XZXZ/\~ ]2/\{ <2/=<
KÑ�Gf«<UHJ`2<�` <2/\~ X'>2/\[ ]2/=< <2/\}

l¯9ZSJ:=<�[5VM�¿DGT_`�<UTeT_DGT�Te9;fe<�>
v �
z�FJ>e^hHJI%bº9dT_^=DGFJ>»rÑ.!NÀ��D;bº9ZT ^ 9dHJ��<�9di2i2T_D;�G^hR
9;f«^cDJHJ>QDGH8/�i5<UTe95!
fe^=DGHJ>�D$DJDGR 9;`2`2^=fe^=bZ<
HJDZ^=>e<,!���DGTeT«F2iJfe<�`%D$.�9;f�XU];`3p�k � ^hHJ`2^=�U9;fe<�>->eDGR�<->e<UHZf«<UHJ��<�>�Te9ZH�DGFJf�D;�
uZg2i2DZfjuJ<�>e<�>

i2<UTO�xDGTeR
9dHJ��<Z/E43DGTÑ<��89dR
iJ:=<»9->e^hHJIZ:=<,!²i29;>e>6fjTe9;^hHJ<�`
k3R
9;f«�ÅuJ<�`
kJ>e^=����DGR
i2DJHJ<UHZf$>egJ>efe<UR 9;��uJ^=<�bZ<�>
XU]2/\q � �$DGT_`
<UTeT DGT$Te9;fe<�DGH|fnuJ<Q4�<US��\] <-fn9;>j�»9�f@X�]5!²q >;`3p �QuJ<UH
DJHJ:cg�fnuJ<�>efj9;fe^=�@i29dTe9ZR�<�fe<UT >ª9ZT_<
��DGR
i2<UHJ>j9;fe<�`
/ � uJ<UT_<U9;>���DJR
i2<UHJ>n9�fe^hHJIá9;:=:mfnuJ<
i29ZTe9ZR�<�f«<UT_>UkBT_<�`3FJ��<�>�fnuJ< �$DGT_`�<UTeT_DGT�Te9;f«<�feD
}2/\[ � DJH�fnuJ<�>n9dR�<�fn9�>n�3k29�T_<�`3FJ��fe^=DGH D;�ª~Z] � ^hH fnuJ<��$DGT_`%<UT«T_DGT6Te9�fe<Z/ªMOH%DGT `2<UT6feD|<,# <���f«^cbd<�:cg
��DGR
i2<UHJ>j9;fe<�fjuJ<�`2<�:cfj9�i29ZT«9ZR�<�fe<UT_>�kG^=f6^=>�HJ<���<�>e>n9ZT g�feD�FJ>e<�9ZH%9;`2`2^=fe^=DGH29;:ER�DJ`2<�:
>e<�fQS29�>e<�`�DGH
fnuJ<�>«fn9;fe^=>efe^=��>�9;f�fe^hR�<)9 V q%f«D���DGR
i5<UHJ>n9;fe<|fnuJ<�`2<�:=fn9Á9ZHJ`¤`2<�:=fn95!�`2<�:=fn9Ái29ZTe9dR�<�fe<UT_>U/%ao>e^hHJI
rE.¿NY9ZHJ`0fnuJ<%L�^h9;IdDGH29;:$��D;bº9ZT_^h9ZHJ��<Á9Zi2i2T_D;�J^ R|9;fe^=DGH09¿}2/�y"� �ªDJT_`Ð<UT«T_DGT�Te9;fe<%DJH¤fnuJ<%>n9ZR�<
fn9;>n��k3��DJR
i29ZTe9ZSJ:=< �6^=fnu�fnuJ<
R
9;f«�ÅuJ<�`�>egG>«fe<UR%k���DGR
i29ZT_<�`8�6^=fnuÁ]2/"< � �QuJ<UHÁHJD�9 V �ÙR�DJ`2<�:=>
�ª<UT <�FJ>e<�`
kmfnuJ<�AJfn9dHJ`39ZT_`¤L�^ 9�IZDGH29;:E��D;bº9dT_^h9ZHJ��<�9di2i2T_D;�G^hR
9;f«^cDJHB/�M�R|i2T_D;bG^hHJIÁfnuJ<
��DGT«T_<�:h9;fe^=DGH
R�DG`2<�:=:=^hHJI�FJ>e^hHJI�fjuJ<�KE�Jfe<UHJ`2<�`%��D;bº9ZT_^h9ZHJ��<�9Zi2i2T_D;�J^ R|9;fe^=DGH|��F2T_fnuJ<UT6T_<�`3FJ��<�`�fnuJ<�<UTeT_DJTªT«9;fe<�D;�
fnuJ<�>«gG>ef«<UR Sdg¿y"�%/�AJ^hR�^=:h9ZT�fjT_<UHJ`2> �ª<UT <
DGSJ>e<UT_bd<�`ÐDGH fnuJ<*/�i2<UTe9�fe^=DGHJ>OD$DGDJR"HJDd^c>«<�9;f�fnuJ<
>n9ZR�<QA2P�D�/JrE.¿N 9;:=>eD-IG9�bZ<6i2<UTO�xDGTeR|9ZHJ��<Q��DJR
i29ZTe9ZSJ:=<6f«D�fnuJ<QR|9;fe��uJ<�`
>egJ>efe<URÙ9�f6X'>;`3p0A2P�D�/

M�H!fnuJ^=>»i29Zi5<UT�9%>«<UT_^=<�>�D;�6<��2i2<UT_^hR�<UHdfe>»u29�bZ<|>nuJD��QH�fnu29;f�rE.¿N,R
9�gÁS2<%FJ>e<�`¿feD�9;��uJ^=<�bZ<
T_DGS2FJ>ef->ni2<�<���uÐT <���DZIGHJ^=fe^=DGHÁDGH 9�R�<�`2^hF2R�bZDJ�U9ZS2FJ:h9ZT_gÁfn9;>n��F2HJ`2<UT�9ZT_fe^"63��^h9;:=:=gÐ��DGT«TeF2iJfe<�`Ð9;`�!
`2^cf«^cbd<áHJDZ^=>e<%��DGHJ`2^=fe^=DGHJ>�/ l6uJ<�i2<UT²��DGT«R
9ZHJ��<�F2HJ`2<UT
T_<U9�:ª��DJHJ`2^cf«^cDJHJ>�u29;>�HJDZf
i2T_<�>e<UHdfe:=g S2<�<UH
<�bº9;:hF29;fe<�`
/U�oDB�$<�bZ<UT�kZIZ^=bZ<UH�fnu29�fªbd<UT_g��x<2�½9;>e>nF2R|iJfe^=DGHJ>69ZT_<�R
9;`2<�9ZHJ`%fnu29�fÞHJD�fnF2HJ^hHJI
D��ÌfnuJ<
9;:=IZDGT_^=fnu2R�>o^c>�T_<2�2FJ^hT_<�`���DGTÞ>ni2<���^"63�
HJDZ^=>e<���DJHJ`2^cf«^cDJHJ>UkB^=fQ^=>o��<�:=f6fnu29�f6>e^hR�^=:h9ZT�^hR
i2T_D;bZ<UR�<UHdfe>6^hH
i2<UTO�xDGTeR
9dHJ��<��6^=:c:ES2<-DGSJfn9;^hHJ<�`ÁF2HJ`2<UTQT_<U9�:±f«<�>ef6<UHdbG^hT_DGH2R�<UHZfe>�/

� ��� � ��� L�MU
� �M.R M.�C�
L�F2T_^hHJI
fnuJ<�i2<UT_^=DJ`%D;�¯fnuJ^=>0�$DGTe�-.0/27�9;:=<�>U�69;>E��F2HJ`2<�`áSdg�9�A2K D$N >efnFJ`2<UHdfe>nuJ^hi%9ZHJ`�9�N$W�A2K
9'�69ZT `Z�6^=fnu L�D$W .!9�:cbd<UTeHB/

� M	�5MY�	M0� � M �

$hX,&�W½W���<UT_D
9ZHJ`1D�. AJfe<UTeHB/�D$DGS2FJ>ef6>ji2<�<���u%T_<���DZIGHJ^=fe^=DGH%Sdg�HJDJTeR
9;:=^��U9;fe^=DGH�D;�mfnuJ<@9���DGFJ>efe^=�
>ni29;��<Z/$M�H 7M& � ��$ $ 0
� ��*
��
 :
� 
 
�7$kGi29;IZ<�>�] <Z{��8]X<Z[2k3X5< <2XZ/

$\q5& " � p'<U9;f«fe^=<�9ZHJ`ÐAÁ1ÁCEDGF2HJI�/�PoDZ^=>egÁ>ni2<�<���uÐT <���DZIGHJ^=fe^=DGH¤FJ>e^hHJI!uJ^=`2`2<UH .¿9ZTe�;D;báR�DG`2<�:
>efn9;f«<�S29;>e<�`
63:=fe<UT_^hHJI3/$M�H 7 & ��� $�$ 0
����* ��
':
� 
 
�7ªkGi29�IZ<�>C<2XU}�� <Zq >2k2X5< <2XZ/

$\{5& " �¤p'<U9;fefe^=<»9dHJ`áA�1�CEDJF2HJI3/0�6^=`2`2<UHÁ.¿9ZT«�;D;b�R�DJ`2<�:¯>efj9;fe<,!²S29;>e<�`ÁN$<UiJ>efnT«9;:¯HJDZ^=>e<���DGR !
i2<UHJ>n9�fe^=DGHB/ªMOH 7M& � ��$ $ 0
� ��*
��
 :�
�� 7ªkJi29;IZ<�>Q~2X5<��8~ZqZq5k2X'< <Zq2/

XUq



$�y�&�W,L p'<UT_>ef«<�^ HÁ9ZHJ`ÁM'L A2u29;:=:=DGR%/oW@H�uZg2i2DZfjuJ<�>e^���<�` ��^c<UHJ<UT�63:=fe<UT_^hHJI�9Zi2i2T_DJ9;�Åu feD�HJDZ^=>eg
>ni2<�<���uÁT_<���DZIGHJ^=fe^=DGHB/'M�H 7M& ��� $�$ 0
����*
� 
':
� 
 
�7$kZi29;IZ<�>C<5XU{�� <2X�[2k3X'<X<2XZ/

$\~5&�AÁ4 p'DZ:=:�/
A2F2i2i2T <�>e>e^=DGH D;�Þ9;��DJFJ>efe^=��HJDZ^=>e<
^hHÁ>ji2<�<���u¿FJ>e^hHJI�>ni5<���fnTe9;:E>jF2SJfnTe9;��fe^=DGHB/ 
 � � �
��& �
� �
�
�������
� � � 
 
�7ªkGqd}2VhXZXU{��±XUq >2k2X5<Z} <2/

$\[5&�� .�N6F2HJI�9dHJ`�C,P6DGT«R
9ZHJ`2^hHB/6P6Dd^c>«<»9;`39ZiJfj9;fe^=DGH%9;:=IZDGT ^cfju2R�>$�xDGT6T_DGS2FJ>«f6>ni2<�<���uÁT_<���DZI�!
HJ^=fe^=DGHB/(M�H 7M& ��� $�$ 0
����*
� ��
#:
��� ��&�� ��� ��� �
��
�� $ $�� �!7M& ��� $
� � ����* ��� � 0�5 $'& � $%: � ��0
����� � � ��k
i29;IZ<�>�X�}2X �±XU}�y3k3X'<X<Zq2/

$\}5&�W K'T_<�:=:(9ZHJ`Á. �¿<�^hHZfjTe9ZF2SB/�4E^=:=fe<UTeS29ZH2�9!�<UHJ<UT_IZgÁ<�>ef«^ R|9;fe^=DGHÁFJ>e^hHJI�R�^=�GfjF2T_<
9ZHJ`¿R
9ZTe�;D;b
R�DJ`2<�:c>��xDGT$T_<���DZIJHJ^cf«^cDJH%D;�(HJDZ^=>eg%>ni5<�<��ÅuB/	
 � � �	��& �
� � �
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