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; FXa M[_ F _ M H�F ��DP\QF ZA< RXEcRGD Z R ;BZ F L M 3�RGC5\:RGaIanFIe5L`FX\ ;.< 3!L�^QF _ FIL`F M H M[ZAM m[DPaIR Z a M[_ _ O5C5DAL < @

�
C�a M CiL`HKRGJ`LI3#^ M HKD�� M CiL�R Z ��DPC5\5J _ FXRGJ�OQH�FX\ ;.< a Z FXRcH`12RGDAHbHKRG\5RcHKJdRcH�F _ M H�F RGaIanFIe5L`FX\ RGC5\

RcH�F ; FXDPCQm"DPC5a M H�e M HKRcL`FX\�DPC _ FIL`F M H M[ZAM m[DPaIR Z
_ M \QF Z JI@"� M H F � R _ e Z FG3 ��DPC5\ MG; J`FIH�EcRcL�D M C5J

RcLl��^QHKDPJ`L _ RGJ��
J Z RGC5\ � anFXCiL`HKR Z 7�RGaID g a���RcH�F ; FXDPCQm O5J`FX\"H M OQL�DPCQF ZA< ;.< L�^QF 	�RcL�D M C5R Z ��Fn1

L`F M H M[ZAM m[DPaIR Z �,FXCiL`FIH � 	�� � �+RGC5\YL�^QF��#OQH M efFXRGC �,FXCiL`H�F NkM H ��FX\5DPO _ ��RGCQmGF & FXRcL�^QFIH

� M H�FXaIRGJ`L�J � ������& � �
DPC�L�^QFXDAH�RGC5R ZA< J�DPJ�RGC5\ NkM H�FXaIRGJ`L�e5H M \5O5anL�J � %�RcmGFlFIL�R Z @��hUXWGoGo � �K@

��^QFlL`FIH _ a Z FXRcH`12RGDAH�HKRG\5RcH�aIRGC ; F _ DPJ Z FXRG\5DPCQm � R Z L�^ M OQm[^"HKRG\5RcH�J`L�O5\5DAFXJ MGN L�^QF



�

RcL _ M J`eB^QFIH�FlE$DPR J�aIRcL`L`FIHKDPCQm N H M[_ a Z FXRcH`12RGDAH�H�F N HKRGanL�DAEGFdDPC5\QF � �4O5anL�O5RcL�D M C5J�RcH�FlL�^QFbC M H _ 3

������HKRG\5RcHKJ RcH�F R Z J M J`FXC5J�DAL�DAEGF�L M J`L`H M CQmYe5H�FXaIDAeBDAL�RcL�D M C � FG@ mQ@/��OQH�HKDAFIH FIL�R Z @ �hUXWGW � � �

�"R < RGC5\ ��R � M eBRG\5^ < R < R �hUXWGW	� � �K@ ��^QFXJ`F8L < efFXJ MGN HKRG\5RcHKJ-RcH�F�R Z J M aIR ZPZ FX\�� � R
� ��DPC5\

e5H Mcg4Z FIHKJI3 ; FXaIRGO5J`F�L�^QF _ FXRGJ�OQH�F _ FXCiL MGN EGFIH�L�DPaIR Z e5H Mcg4Z FXJ MGN L�^QF�L�^QH�FIFn12\5D _ FXC5J�D M C5R Z ��DPC5\

DPJ+L�^QFXDAH _ RGDPCYRce5e Z DPaIRcL�D M CT3 M H � ; �b�$��HKRG\5RcHKJ NkM HbL�^QF�^QFXDAm[^iLlHKRGCQmGF L�^QF < a M EGFIH � ZAM �,FIH

J`L`HKRcL M J`eB^QFIH�F RGC5\:L`H M e M J`eB^QFIH�F �K@ � M �,FIEGFIHX3#a Z FXRcH`12RGDAHbHKRG\5RcHKJlRcH�F C M L Z D _ DAL`FX\ L M"_ FIL`Fn1

M H M[ZAM m[DPaIR Z Rce5e Z DPaIRcL�D M C5JI@d��^QF < RcH�F R Z J M O5J`FX\:DPC _ DP\5\ Z FdRcL _ M J`eB^QFIHKDPa RGC5\ D M C M J`eB^QFIHKDPa

J`L�O5\5DAFXJI@l� M H�F M EGFIHX3!L�^QF g HKJ`L ��DPC5\ _ FXRGJ�OQH�F _ FXCiL�J ;.< L�^QFXJ`F L < efF MGN HKRG\5RcHKJ �,FIH�F \ M CQF

RcL�L�^QF�D M C M J`eB^QFIHKDPa N RGaID Z DAL < � RcL
L�^5RcL
L�D _ F � MGN =[DPaIR _ RcHKaIR$357!FIHTSO DPC"UXW�� � � & M.M \ _ RGC RGC5\

%�O5D ZPZ SFXC �hUXW�� ��� �K@+� a M[_ e5H�FX^QFXC5J�DAEGFd^5DPJ`L M H <�MGN a Z FXRcH`12RGDAH�HKRG\5RcH�J`L�O5\5DAFXJ�aIRGC ; F NkM O5C5\"DPC

��RcHK\ < RGC5\�%�RcmGF �hUXWGW�� � @

%�DAEGFXC L�^QF _ FIL`F M H M[ZAM m[DPaIR Z a M[_ _ O5C5DAL < � J�J �GFIe5L�DPaIDPJ _ MGN HKRG\5RcH _ FXRGJ�OQH�FX\ EGFIH�L�Dh1

aIR Z EGF ZAM aIDAL�DAFXJI3fL�^5DPJ�L�^QFXJ�DPJ�H�FIe5H�FXJ`FXCiL�J�R�a M C5anFXCiL`HKRcL`FX\ F
	 M H�L�L M F � R _ DPCQFd\5D�	fFIH�FXCiL ��R < J

RcL _ M J`eB^QFIHKDPalEGFIH�L�DPaIR Z�_ M L�D M C5J�aIRGC ; F MG; L�RGDPCQFX\ ;.< a Z FXRcH`12RGDAH�HKRG\5RcHKJI@b��^QF a M H�F MGN L�^5DPJ

� M H��43[D @ FG@A3[L�^QF
a M[_ eBRcHKDPJ M C5J MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL < L`FXaK^5C5DPj.OQFXJI3[DPJ�a M EGFIH�FX\ DPC ��^5Rce5L`FIH �.@��
C

M HK\QFIH�L Ml; FIL`L`FIH,O5C5\QFIHKJ`L�RGC5\dEGFIH�L�DPaIR ZB_ M L�D M C5JI3 �,F g HKJ`L�e5H�FXJ`FXCiL#J M[_ F MGN L�^QFXDAH#D _ e M H�L�RGCiL

RGJ`efFXanL�J�DPC-��^5Rce5L`FIH �.@��
C L�^5DPJ�aK^5Rce5L`FIHX3 �,F M OQL Z DPCQF�L�^QFXDAH�D _ e M H�L�RGC5anFG3 _ FIL�^ M \5J NkM H _ FXR 1

J�OQHKDPCQm L�^QF _ RGC5\�J M[_ F MGN L�^QFXDAH�aK^5RcHKRGanL`FIHKDPJ`L�DPaIJ � N H M[_ L�^QF M H < RGC5\ N H M[_ MG; J`FIH�EcRcL�D M C5J �K@

�
C RG\5\5DAL�D M CT3 �,F J�O _ _ RcHKD��IFX\"L�^QF aIOQH�H�FXCiL+a M C5anFIHKC5J ��DAL�^ EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ _ FXRGJ�OQH�FX\

;.< a Z FXRcH`12RGDAH�HKRG\5RcHKJI@���^QFXCT3 �,F NkM aIO5J�DPC M C-L�^QF�EGFIH�L�DPaIR Z EGF ZAM aIDAL < e5H MG;BZ F _ DPC ��^5Rce5L`FIH � @

�
CY��^5Rce5L`FIH �.3 �,F R Z J M J`FIF L�^QF D _ e M H�L�RGC5anF MGN RGaIaIOQHKRcL`F-^ M HKD�� M CiL�R Z ��DPC5\"EGF ZAM aIDAL < RGC5\

RGCQm Z Fn1 MGN 12RcH�HKDAEcR Z5_ FXRGJ�OQH�F _ FXCiL�JI3$DPC R+J`efFXaID g a�L < efF MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL < L`FXaK^5C5DPj.OQFG@#�$DPC5anF

L�^QFXJ`F�L`FXaK^5C5DPj.OQFXJ,a M O Z \ M 	fFIH
CQF � DPC5J�DAm[^iL�J#DPCiL M L�^QF�EGFIH�L�DPaIR Z EGF ZAM aIDAL < RGaIaIOQHKRGa < 3 �,F�^5RXEGF

\QFX\5DPaIRcL`FX\ ��^5Rce5L`FIH ��L M a M[_ eBRcH�F
R�EcRcHKDAFIL <+MGN L`FXaK^5C5DPj.OQFXJ0L�^5RcL _ FXRGJ�OQH�F�^ M HKD�� M CiL�R Z ��DPC5\

EGF ZAM aIDAL�DAFXJ � � M C5R Z � � ��RGC5\ _ FIHKDP\5D M C5R Z � ����a M[_ e M CQFXCiL�J �K3fRGC5\ ��^5Rce5L`FIH�] L M D _ e5H M EGF+L�^QF

O5C5\QFIHKJ`L�RGC5\5DPCQm MGN RGCQm Z Fn1 MGN 12RcH�HKDAEcR Z�_ FXRGJ�OQH�F _ FXCiL�JI@���DPC5R ZPZA< 3fR J�O _ _ RcH < MGN H�FXJ�O Z L�J�RGC5\

N OQL�OQH�F�RGanL�DAE$DAL�DAFXJ�DPJ M OQL Z DPCQFX\ DPC���^5Rce5L`FIH �i@
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��^QFbEGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ �,F J`L�O5\ < L�^QH M OQm[^ M OQL�L�^5DPJ�L�^QFXJ�DPJ�RcH�FdL�^ M J`F MG; L�RGDPCQFX\

;.< ����� HKRG\5RcHKJ-O5C5\QFIH a Z FXRcH`12RGDAH a M C5\5DAL�D M C5JI@9� ; E$D M O5J ZA< 3�a Z FXRcH�RGDAH \ M FXJ-C M L a M CiL�RGDPC

J�O5aK^8R �,FXJ M[_ FleB^QFXC M[_ FXC5RdRGJ�L M HKC5RG\ M J M H ; RGJ`F ; R ZPZ 12J�D��IFX\�^5RGD ZfNkM O5C5\ DPC�J`FIEGFIH�FbJ`L M H _ JI@

� Z FXRcH`12RGDAH#J`L`HKO5anL�OQH�FG3iCQFIEGFIH�L�^QF Z FXJ�JI3.DPJ�HKDPaK^ DPC _ FIL`F M H M[ZAM m[DPaIR Z FIEGFXCiL�J#L�^5RcL#aIRGC Z FXRG\ L M L�^QF

\QFIEGF ZAM e _ FXCiL MGN L�^QFXJ`FlJ`L M H _ JI@

�"O5aK^ MGN�M OQHlaIOQH�H�FXCiL �$C M � Z FX\QmGF MGN L�^QF H M[Z F MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL < DPC �,FXRcL�^QFIH

RGC5\(a Z D _ RcL`F DPJ R�H�FXJ�O Z L MGN L�^QF MG; J`FIH�EcRcL�D M C5R Z RGC5R ZA< J�DPJ MGNbZ RcH�mGFn12J�aIR Z F J < C M e5L�DPa ��DPC5\

g F Z \5J MG; L�RGDPCQFX\dO5J�DPCQm�C M C$1 HKRG\5RcH _ FIL�^ M \5J � J`FIF��.FXanL�D M C �.@ �.@PU��K@,�$O5aK^dRGC5R ZA< J`FXJ�RcH�F
^5DAm[^ ZA<

J _ M.M L�^QFX\"RGC5\"J�O ; �`FXanL�L M O5C5anFIH�L�RGDPCiL�DAFXJI3fRGC5\�m[DAEGFdO5J�C M DPC NkM H _ RcL�D M C�R ;fM OQL�L`F _ e M HKR Z

RGC5\-J`eBRcL�DPR Z EcRcHKDPR ; D Z DAL <lM C J _ R ZPZ FIH#J�aIR Z FXJI@�* M aIR Z EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJI3 M C-L�^QF M L�^QFIH�^5RGC5\T3

a M CiL�RGDPC a M CiL`HKD ; OQL�D M C5J N H M[_ a M CiEGFXanL�D M CT3 ��RXEGFXJI3�L�OQH ; O Z FXC5anFG@ �
C5J`L�RGCiL�RGCQF M O5J EGFIH�L�DPaIR Z

EGF ZAM aIDAL�DAFXJ
aIRGC ; F�RGJ Z RcH�mGF�RGJ�J`FIEGFIHKR ZT_ FIL`FIHKJ
efFIH
J`FXa M C5\5JI@#��^QFXJ`F ZAM aIR Z DPC �4OQFXC5anFXJ � FG@ mQ@A3

M H M mGHKRceB^ < �
RcH�F Z D �GF ZA< L M \ M[_ DPC5RcL`F+L�^QF _ O5aK^ �,FXR �GFIH�J < C M e5L�DPa 12J�aIR Z F+EGFIH�L�DPaIR Z!_ M L�D M C5JI3

��^5DPaK^ RcH�F+L < eBDPaIR ZPZA< DPC�L�^QF+HKRGCQmGF MGN R N F �9anFXCiL�D _ FIL`FIHKJ�efFIH�J`FXa M C5\T@

�
C"L�^5DPJ�J`FXanL�D M C �,F J�O _ _ RcHKD��IFbL�^QF D _ e M H�L�RGC5anF MGN �$C M ��DPCQm�L�^QF EGFIH�L�DPaIR Z�_ M 1

L�D M C5J MGN a Z FXRcH RGDAHX@9& F R Z J M e5H M E$DP\QF"RYH�FIE$DAF � MGN L�^QF aIOQH�H�FXCiL _ FIL�^ M \5J MGN DPC N FIH�HKDPCQm

M H�\5DAH�FXanL ZA< 1 _ FXRGJ�OQHKDPCQm L�^5DPJ�j.O5RGCiL�DAL < @�& F DPC5a Z O5\QF+J M[_ FdaK^5RcHKRGanL`FIHKDPJ`L�DPaIJ MGN L�^QFbEGFIH�L�DPaIR Z

��DPC5\ MG; L�RGDPCQFX\ N H M[_ L�^QF M H < RGC5\ N H M[_ MG; J`FIH�EcRcL�D M C5JI30R ZAM CQm���DAL�^ R H�FIE$DAF � MGN L�^QF aIOQH`1

H�FXCiL�a M C5anFIHKC5J MGN L�^QFbRGaIaIOQHKRGa <�MGN \5DAH�FXanL�HKRG\5RcH _ FXRGJ�OQH�F _ FXCiL�J MGN L�^QFbEGFIH�L�DPaIR Z EGF ZAM aIDAL < @

��OQH�J�O _ _ RcH < a M EGFIHKJlJ < C M e5L�DPa 12J�aIR Z F � \5R < J�L M �,FIF �$JI3,U � � L M ]�� ��� _ ��RGC5\ _ FXJ M J�aIR Z F

� _ DPC.OQL`FXJ
L M \5R < JI30U�L M U � � � _ �,EGFIH�L�DPaIR ZV_ M L�D M C5JI@



�

����� ���	��

�����������������
��������� �
�"!#���
$&%'�"�����(����)*�+������,-�.

�"�/�(�0���1���(�'�
,

�
C�L�^QFbL�^QF NkM[ZPZAM ��DPCQm eBRcHKRcmGHKRceB^5J �,Fd\5DPJ�aIO5J�J�L�^QFdD _ e M H�L�RGC5anF MGN EGFIH�L�DPaIR Z�_ M 1

L�D M C5J�DPC�� _ FIL`F M H M[ZAM m < 3VRcL _ M J`eB^QFIHKDPa+H�FXJ`FXRcHKaK^T3VRGDAH�e M[ZPZ OQL�D M CT3 _ M \QF Z DPCQm-RGC5\"^ M HKD�� M CiL�R Z

��DPC5\ FXJ`L�D _ RcL�D M CT@
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��DPJ�DPCQm RGDAH�DPJ
L < eBDPaIR ZPZA< RGJ�J M aIDPRcL`FX\ ��DAL�^8a ZAM O5\ < a M C5\5DAL�D M C5J�RGC5\ e5H�FXaIDAeBDAL�RcL�D M CT@

�$O ; J�DP\5DPCQm
RGDAHX3 M CbL�^QF M L�^QFIH�^5RGC5\T3ce5H M \5O5anFXJ!RG\5DPR ; RcL�DPa,^QFXRcL�DPCQm�RGC5\da Z FXRcHKDPCQm�a M C5\5DAL�D M C5JI@

?,FXaIRGO5J`F�\QFXJ�anFXC5\5DPCQm�RGDAH!DPJ!a M[_ e5H�FXJ�J`FX\lRGC5\ ��RcH _ FX\T3Ga ZAM O5\ NkM H _ RcL�D M CbRGC5\+e5H�FXaIDAeBDAL�RcL�D M C

RcH�FdO5C Z D �GF ZA< DPC�RGC RGCiL�DPa < a ZAM CQF RGC5\�� N RGDAH � �,FXRcL�^QFIH+aIRGC O5J�O5R ZPZA<�; FlF � efFXanL`FX\ ��DAL�^8L�^QF

Rce5e5H M RGaK^ MGN R�^5DAm[^"e5H�FXJ�J�OQH�FbJ < J`L`F _ @b� < a ZAM CQFXJ�RGC5\��`J`L M H _l< � �,FXRcL�^QFIHX3 M C"L�^QF M L�^QFIH

^5RGC5\T3QaIRGC ; F�F � efFXanL`FX\���DAL�^�L�^QFlRce5e5H M RGaK^ MGN R ZAM � e5H�FXJ�J�OQH�F�J < J`L`F _ @

��FIH�L�DPaIR Z RGDAH _ M L�D M CbDPJ M CQF MGN L�^QF _ M J`L�D _ e M H�L�RGCiLVEcRcHKDPR ;BZ FXJ NkM H _ RGC <+NkM H�FXaIRGJ`L
1

DPCQm+Rce5e Z DPaIRcL�D M C5J�RGC5\ _ O5aK^ MGN J < C M e5L�DPa _ FIL`F M H M[ZAM m < DPJ#DPCiE M[Z EGFX\ ��DAL�^ L�^QF�e5H�FX\5DPanL�D M C MGN

EGFIH�L�DPaIR Z EGF ZAM aIDAL < @#�"RGC <-NkM H�FXaIRGJ`L�DPCQm��
HKO Z FXJ MGN L�^.O _l; �b^5RXEGF�L�^QFXDAH,H M.M L�J
DPC L�^QF�\ < C5R _ Dh1

aIR Z FXj.O5RcL�D M C5J NkM H�EGFIH�L�DPaIR ZV_ M L�D M C � FG@ mQ@,J`L`H M CQm e M J�DAL�DAEGF�E M H�L�DPaIDAL < RG\QEGFXanL�D M C8FXj.O5RcL`FXJ�L M

OQe ��RcHK\�EGFIH�L�DPaIR Z�_ M L�D M C �K@�� N R NkM H�FXaIRGJ`L`FIH+a M O Z \ _ M C5DAL M H�L�^QFdEGFIH�L�DPaIR Z EGF ZAM aIDAL <8g F Z \"DPC

H�FXR Z L�D _ FG3.^5DPJ�e5H�FX\5DPanL�D M C5J MGN J`FIEGFIH�F �,FXRcL�^QFIH � M O Z \ ; F�D _ e5H M EGFX\T@�� L#DPJ ��DAL�^5DPCdL�^QF �IFIH M 1

L M 12J�D � 12^ M OQH�L�D _ F N HKR _ F ��^QFIH�FbanH�FX\5D ;BZ F NkM H�FXaIRGJ`L�J MGN J`FIEGFIH�F �,FXRcL�^QFIH�^5RXEGFdL�^QFdmGH�FXRcL`FXJ`L

D _ eBRGanL M C e5H M L`FXanL�DPCQm Z D N F�RGC5\ e5H M efFIH�L < 3,RGC5\ DAL DPJde5H�FXaIDPJ`F ZA< ��DAL�^5DPCYL�^5DPJbL�D _ F N HKR _ F

L�^5RcL�a M CiL�DPC.O M O5J MG; J`FIH�EcRcL�D M C5J MGN L�^QF�EGFIH�L�DPaIR Z EGF ZAM aIDAL < aIRGC ; FXJ`L�^QF Z e �,FXRcL�^QFIH NkM H�FXaIRGJ`L
1

DPCQmQ@#%�DAEGFXC�a M CiL�DPC.O M O5J ZA< RXEcRGD Z R ;BZ F�EGFIH�L�DPaIR Z EGF ZAM aIDAL < e5H Mcg4Z FXJI3QR NkM H�FXaIRGJ`L`FIH�a M O Z \ ; FIL`L`FIH

_ M C5DAL M H�J`L M H _ _ M EGF _ FXCiL�RGC5\�\QFIEGF ZAM e _ FXCiL
DPC H�FXR Z L�D _ F � L�^QF�C M �
12aIRGJ`L�DPCQm Rce5e5H M RGaK^ �K@

� Z L�^ M OQm[^ _ FXJ M J�aIR Z F-EGFIH�L�DPaIR Z#_ M L�D M C � FG@ mQ@A3 _ M L�D M C5J+\5OQF L M a M[Z \ N H M CiL�JlRGC5\

; RcH M a Z DPC5DPa+J`L M H _ J < J`L`F _ J ��e Z R < J�R�J�DAm[C5D g aIRGCiL�H M[Z F DPC�L�^QF \ < C5R _ DPaIJ MGN J < C M e5L�DPa 12J�aIR Z F

J < J`L`F _ JI3$DAL,DPJ,C M L,H�FXJ M[Z EGFX\ ;.< a M CiEGFXCiL�D M C5R Z \5RcL�RbRGC5R ZA< J�DPJ � HKRG\5D M J M C5\QF�RGC5\ NkM H�FXaIRGJ`L�DPCQm

L M.M[Z J �K@



]

� L _ R < ; F�e M J�J�D ;BZ F
L M \QFX\5O5anF�^ M HKD�� M CiL�R Z \5DAEGFIH�mGFXC5anF N H M[_ L�^QF�EGFIH�L�DPaIR Z e5H Mcg4Z F

MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL < RcL,R+J�DPCQm Z F
J`L�RcL�D M CT@���^5DPJ�DP\QFXR�H�F Z DAFXJ�OQe M CdL�^QF�H�F Z RcL�D M C5J�^5DAe ; FIL �,FIFXC

^ M HKD�� M CiL�R Z \5DAEGFIH�mGFXC5anF�RGC5\ L�^QF
EGFIH�L�DPaIR Z mGHKRG\5DAFXCiL MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL <dNkM H#RGC DPC5a M[_ e5H�FXJ�J
1

D ;BZ F �4O5DP\T3�������� �	��
 �
��
��Q@���^.O5JI30L M L�^QF F � L`FXCiLbL�^5RcLdR8H�FIe5H�FXJ`FXCiL�RcL�DAEGF-e5H Mcg4Z F MGN

EGFIH�L�DPaIR Z#_ M L�D M C5JlDPJ MG; L�RGDPC5R ;BZ F RcLlR�J�DPCQm Z F J`L�RcL�D M CT3�DAL � M O Z \ ; F e M J�J�D ;BZ FbL M DPC N FIH+L�^QF

EGFIH�L�DPaIR Z \5DAEGFIH�mGFXC5anF
e5H Mcg4Z F N H M[_ L�^QF
EGFIH�L�DPaIR Z EGF ZAM aIDAL < e5H Mcg4Z F � %�RcmGF �hUXWGW�� � �K@#� M HKD�� M CiL�R Z

\5DAEGFIH�mGFXC5anFlDPJ
R EGFIH < D _ e M H�L�RGCiL
\ < C5R _ DPaIR Z j.O5RGCiL�DAL < DPC �,FXRcL�^QFIH NkM H�FXaIRGJ`L�DPCQmQ@
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�/eBRcH�L�DPR Z�Z DPJ`L�DPCQm MGN RcL _ M J`eB^QFIHKDPadH�FXJ`FXRcHKaK^:L M eBDPaIJ�L�^5RcLlDPCiE M[Z EGFXJ�EGFIH�L�DPaIR Z�_ M 1

L�D M C5J NkM[ZPZAM ��J �

� �.L�O5\5DAFXJ MGNVM H M mGHKRceB^5DPa�F
	fFXanL�JI@���FIH�L�DPaIR Z EGF ZAM aIDAL < _ FXRGJ�OQH�F _ FXCiL�J N H M[_ a Z FXRcH`12RGDAH,HKRG\5RcHKJ

J�^ M � L�^5RcL L�^QF _ M H�eB^ M[ZAM m < MGN RcL _ M J`eB^QFIHKDPa RGanL�DAE$DAL < DPC(L�^QF L`H M e M J`eB^QFIH�F RGC5\ ZAM �,FIH

J`L`HKRcL M J`eB^QFIH�F a M H�H�F Z RcL`FXJ �,F ZPZ ��DAL�^�L�^QF�e5H�FXJ`FXC5anF�� R ; J`FXC5anF MGN�_ R � M H _ M O5CiL�RGDPC�HKRGCQmGFXJI@

� � R _ e Z FXJ MGN L�^QFXJ`FdJ`L�O5\5DAFXJ � �#a�� Z O5C5\8FIL�R Z @ �hUXWGoG] � � ?�R Z J Z F < RGC5\ ��RcH�L`FIH �hUXWGoGW � � *0D��XD M[Z R

RGC5\8?�R Z J Z F < �hUXWGW�� � � 	�RGJ`L`H M[_ RGC5\ ��RGC �fRGC5\QL �hUXWGW	� � ��DPC5a Z O5\QF�L�^QF�mGFXCQFIHKRcL�D M C MGN�_ M O5C$1

L�RGDPC ��RXEGFXJI3QL�^QF�e5H M eBRcm[RcL�D M C MGN L�^QFXJ`F ��RXEGFXJ
DPCiL M L�^QF�OQe5efFIH,RcL _ M J`eB^QFIH�F�O5C5\QFIH,J`efFXaID g a

_ FXRGC�a M C5\5DAL�D M C5JI3[L�^QF�H�FIL�RcHK\5RcL�D M C�� RGaIanF Z FIHKRcL�D M C MGN ��RXEGFXJ ;.< ��RXEGF ; H�FXR �$\ M ��CT3$RGC5\-L�^QF

\QFIL`HKD _ FXCiL�R Z F
	fFXanL�J MGN RcL _ M J`eB^QFIHKDPalmGHKRXE$DAL < ��RXEGFXJ M C L�^QF RGaIaIOQHKRGa <"MGN ��DPC5\ _ FXRGJ�OQH�Fn1

_ FXCiL�JI@

� �+C M � Z FX\QmGF MGN L�^QF�EGFIH�L�DPaIR Z0_ M L�D M C5J�DPC _ FXJ M J�aIR Z Fla M CiEGFXanL�DAEGFdJ < J`L`F _ J � � ���$J �,DPJ
D _ 1

e M H�L�RGCiL NkM H�O5C5\QFIHKJ`L�RGC5\5DPCQm
L�^QF,eB^ < J�DPaIR Z e5H M anFXJ�J`FXJ M efFIHKRcL�DPCQm ��DAL�^5DPC+L�^QFXJ`F�J < J`L`F _ J � FG@ mQ@

e5H�FXaIDAeBDAL�RcL�D M C�e5H M \5O5anL�D M CT3XJ`L`HKRcL�D NkM H _ RGC5\+a M CiEGFXanL�DAEGF,H�FIm[D M C+\ < C5R _ DPaIJ �K@���CQF�R Z J M CQFIFX\5J

L M O5C5\QFIHKJ`L�RGC5\�^ M � L�^QFXJ`F N FXRcL�OQH�FXJ�DPCiL`FIHKRGanL ��DAL�^ L�^QF Z RcH�mGFn12J�aIR Z F+FXCiE$DAH M C _ FXCiL�L�^QH M OQm[^

L�^QF�L`HKRGC5J`e M H�L MGN ^QFXRcLI3 _ M DPJ`L�OQH�F�RGC5\ _ M[_ FXCiL�O _ � FG@ mQ@,� M O �IF �hUXWGoGW � �K@

� �+C M � Z FX\QmGF MGN L�^QF,EGFIH�L�DPaIR Z ��DPC5\ g F Z \bDPJ MGN a M C5J�DP\QFIHKR ;BZ F#D _ e M H�L�RGC5anF�DPClO5C5\QFIHKJ`L�RGC5\5DPCQm

L�^QF�L`H M e M J`eB^QFIH�Fn12J`L`HKRcL M J`eB^QFIH�F#F � aK^5RGCQmGF,e5H M anFXJ�J`FXJ0anHKO5aIDPR ZGNkM H!a Z D _ RcL`F#aK^5RGCQmGF,e5H M anFXJ�J`FXJI@



�

� �
CdL`H M eBDPaIR Z H�FIm[D M C5JI3GEGFIH�L�DPaIR Z EGF ZAM aIDAL < DPC NkM H _ RcL�D M Cb^QF Z eBJ!L M O5C5\QFIHKJ`L�RGC5\lL�^QF
D _ e M H�L�RGCiL

J�aIR Z F"DPCiL`FIHKRGanL�D M C5J L�^5RcL L�R �GF"e Z RGanF ; FIL �,FIFXC(a M CiEGFXanL�D M C RGC5\ Z RcH�mGF"J�aIR Z F"aIDAHKaIO Z RcL�D M C5J

� FG@ mQ@A35&:R Z �GFIH�aIDAHKaIO Z RcL�D M C �K@�� M H
F � R _ e Z FG3B%�RcmGF+FIL�R Z @ �hUXWGW$UIR �!e5H�FXJ`FXCiL`FX\ RGC�F � R _ e Z F MGN

R�e M J�J�D ;BZ F,a M H�H�F Z RcL�D M C MGN � Z 	�D �C M FIEGFXCiL�J ��DAL�^ _ FXRGJ�OQH�F _ FXCiL�J MGN4_ FXRGCdEGFIH�L�DPaIR Z5_ M L�D M C5JI@

� �
C RcL _ M J`eB^QFIHKDPa ��RXEGF�J`L�O5\5DAFXJI3�EGFIH�L�DPaIR Z EGF ZAM aIDAL < _ FXRGJ�OQH�F _ FXCiL�J8RcH�FYD _ e M H�L�RGCiL DPC��

� R
�,j.O5RGCiL�D Nk< DPCQm Z RcH�mGFn12J�aIR Z F+L`HKRGC5J`e M H�L
RGC5\�L�^QFIH _ R Z J�DAm[C5RcL�OQH�FXJ MGN ��RXEGFn12\QHKDAEGFXC8H�FXJ�DP\5O5R Z

aIDAHKaIO Z RcL�D M CYRcL ;fM L�^ ZAM �,FIH RGC5\�OQe5efFIH Z FIEGF Z JI3 � ; �+DP\QFXCiL�D Nk< DPCQm8L�^QF _ Rcm[C5DAL�O5\QFG3�C5RcL�OQH�FG3

RGC5\ J`efFXanL`HKR Z aK^5RcHKRGanL`FIH MGN EcRcHKD M O5J ��RXEGF RGC5\ L�OQH ; O Z FXC5anFde5H M anFXJ�J`FXJI30RGC5\ � a���RGJ�J`FXJ�J�DPCQm

��RXEGF g F Z \ RGC5DPJ M L`H M e < RGC5\ NkM HKaIDPCQm E$DPRdEGFIH�L�DPaIR Z �4O � FXJ MGN ^ M HKD�� M CiL�R ZV_ M[_ FXCiL�O _ @
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�"RGC < F � L`FXC5J�DAEGF�RGC5\ ZAM CQmc1 Z DAEGFX\:RGDAHle M[ZPZ OQL�D M C"FIEGFXCiL�JdaIRGC ; F Z DPC �GFX\:\5DAH�FXanL ZA<

L M L`F _ efFIHKRcL�OQH�FdDPCiEGFIHKJ�D M C5J�L�^5RcL�\QFIEGF ZAM e:DPC�H�FIm[D M C5J MGN J�DPC �$DPCQm RGDAH � ��� �
��RGJ�J M aIDPRcL`FX\

��DAL�^ J ZAM �
1 _ M E$DPCQm RGCiL�DPa < a ZAM C5DPa�anFXCiL`FIHKJ MGN ^5DAm[^ RGDAH
e5H�FXJ�J�OQH�FG@

� M H�F M EGFIHX3�RcL C5DAm[^iL-L�D _ FG3 ��^QFXC>DPC5a M[_ DPCQm:J M[Z RcH-HKRG\5DPRcL�D M C DPJ-J _ R ZPZ FXJ`LI3 ZAM �

Z FIEGF Z L`F _ efFIHKRcL�OQH�FlDPCiEGFIHKJ�D M C5J
L`FXC5\8L M e5H�FIEcRGD Z @�� N J�O5aK^8a M C5\5DAL�D M C5J�RcH�FlRGaIa M[_ eBRGC5DAFX\ ;.<

Z DAm[^iL ��DPC5\5JI3�L�^QFXC \5D�	TO5J�D M C:HKRcL`FXJ ��D ZPZ�; F eBRcH�L�DPaIO Z RcH ZA< J _ R ZPZ RGC5\�e M[ZPZ OQL�RGCiL�JlF _ DAL`L`FX\

N H M[_ mGH M O5C5\ J M OQHKanFXJ ��D ZPZ RGaIaIO _ O Z RcL`FlDPC�L�^QFlDPCiEGFIHKJ�D M C Z R < FIHX@
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��CYRGC:F � L`FXC5\QFX\YJ�aIR Z FG3 ;fM L�^:EGFIH�L�DPaIR Z EGF ZAM aIDAL < RGC5\:^ M HKD�� M CiL�R Z EGF ZAM aIDAL < \5RcL�R

N H M[_ R CQFIL � M H�� MGN a Z FXRcH`12RGDAH�HKRG\5RcHKJ�a M O Z \ ; F O5J`FX\ DPC"L�^QF DPC5DAL�DPR Z D��XRcL�D M C�RGC5\ OQeT\5RcL�DPCQm

MGN H�FIm[D M C5R Z 	�RcL�D M C5R Z �,FXRcL�^QFIH+e5H�FX\5DPanL�D M C � 	�& 7 � _ M \QF Z JI@���FIH�L�DPaIR Z EGF ZAM aIDAL <"_ FXRGJ�OQH�Fn1

_ FXCiL�J�RcH�FlR Z J M D _ e M H�L�RGCiL NkM H�L�^QF+EGFIHKD g aIRcL�D M C MGN C.O _ FIHKDPaIR Z 1 _ M \QF Z 12\QFIHKDAEGFX\ �$DPCQF _ RcL�DPac3

L�^QFIH _ M \ < C5R _ DPa�RGC5\ _ DPanH M 1 eB^ < J�DPaIR Z4g F Z \5JI@

� M H�F � R _ e Z FG34m[DAEGFXC _ FXRGJ�OQH�F _ FXCiL�J MGN L�^QF J < C M e5L�DPa 12J�aIR Z FlEGFIH�L�DPaIR Z EGF ZAM aIDAL < 3VR

J�DPCQm Z F J`L�RcL�D M C�a M O Z \ e5H M E$DP\QF L�D _ F-^5DPJ`L M HKDAFXJ MGN L�^QF-EGFIH�L�DPaIR Z,_ M L�D M C:L�^5RcLbF � DPJ`L ��DAL�^5DPC

; RcH M a Z DPC5DPa J`L M H _ J < J`L`F _ JI@Y��^5DPJbaIRceBR ; D Z DAL < � M O Z \�efFIH _ DAL _ M H�F�H�FXR Z DPJ`L�DPa \QFXJ�anHKDAe5L�DAEGF



�

_ M \QF Z J�L M ; F NkM H _ O Z RcL`FX\T@

� M \QF Z DPCQm J`L�O5\5DAFXJ�e5H�FXJ`FXCiL`FX\ ;.< �.L�RcH�H�RGC5\ � M � �hUXWGoG] �#J�^ M �,FX\"RGJ�anFXCiL M C"L�^QF

_ FXJ M J�aIR Z F�L M J < C M e5L�DPa 12J�aIR Z F�DPJ,j.O5DAL`F�D _ e M H�L�RGCiL#L M L�^QF�FIE M[Z OQL�D M C MGN0_ RGanH M J�a M eBDPa�a ZAM O5\

e5H M efFIH�L�DAFXJI@,�"RGanH M J�a M eBDPalaK^5RcHKRGanL`FIHKDPJ`L�DPaIJ�J�O5aK^�RGJ�a ZAM O5\ L�^5DPa��$CQFXJ�JI34RcFIHKDPR Z a M EGFIHKRcmGF RGC5\

M e5L�DPaIR Z \QFIe5L�^b^5RXEGF ; FIFXCbJ�^ M ��CbL M�; F,j.O5DAL`F�J`FXC5J�DAL�DAEGF#L M L�^QF Z RcH�mGFn12J�aIR Z F�EGFIH�L�DPaIR Z$_ M L�D M CT@
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��L�L�D _ FXJ
RGC5\ e Z RGanFXJ ��^QFIH�F�EGFIH�L�DPaIR Z0_ M L�D M C5J
RcH�FlRce5e5H�FXaIDPR ;BZ FG3$EGFIH�L�DPaIR Z EGF ZAM a 1

DAL < _ FXRGJ�OQH�F _ FXCiL�J+RcH�F CQFXanFXJ�J�RcH < DPC M HK\QFIH+L M MG; L�RGDPC _ M H�F RGaIaIOQHKRcL`F _ FXRGJ�OQH�F _ FXCiL�J MGN

^ M HKD�� M CiL�R Z ��DPC5\5J
O5J�DPCQm a Z FXRcH`12RGDAH�HKRG\5RcHKJI@�� M H�F � R _ e Z FG35& F ; FIH�FIL�R Z @��hUXWGW � ��a M C5a Z O5\QFX\

L�^5RcLI3.DPC L�^QF
e5H�FXJ`FXC5anF MGNTZ RcH�mGF
EGFIH�L�DPaIR Z EGF ZAM aIDAL < \5DPJ`L�OQH ; RGC5anFXJI3[^ M OQH ZA< RXEGFIHKRcmGFX\ ^ M HKD�� M C$1

L�R Z ��DPC5\5J�aIRGC ; FdJ M[_ FIL�D _ FXJ ; F Z FXJ�J _ FXRGC5DPCQm N O Z L�^5RGC"L�^QF _ FXRGJ�OQH�F _ FXCiL�J _ RG\QF _ M H�F

N H�FXj.OQFXCiL ZA< RcL�DPCiL`FIH�EcR Z J MGN R N F � _ DPC.OQL`FXJI@

��� � � �9��

�
	 ,7����� , �������+�����
$ ��

�
	 �"�����(����)�� ��� 	
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��^QF _ FIL�^ M \5J MGN FXJ`L�D _ RcL�DPCQm a Z FXRcH`12RGDAH�EGFIH�L�DPaIR ZV_ M L�D M C5J�aIRGC ; F+a Z RGJ�J�D g FX\�a M C$1

EGFXC5DAFXCiL ZA< DPCiL M ��C M C$1 HKRG\5RcH,RGC5\ a Z FXRcH`12RGDAH#HKRG\5RcH _ FIL�^ M \5JI@���^QFXJ`F _ FIL�^ M \5J�RcH�F�\QFXJ�anHKD ; FX\

J`FIeBRcHKRcL`F ZA< DPC L�^QF NkM[ZPZAM ��DPCQmdeBRcHKRcmGHKRceB^5JI@

��� ����� ���'��� ��� 	 �1�6���9��

�
	 ,

	 M C$1 HKRG\5RcH _ FIL�^ M \5J NkM H
\QFIHKDAE$DPCQm�L�^QF�EGFIH�L�DPaIR Zf_ M L�D M CT3��l3$RcH�F�L�^ M J`F�O5J`FX\ L < eQ1

DPaIR ZPZA< ;.< L�^QF _ FIL`F M H M[ZAM m[DPaIR Z a M[_ _ O5C5DAL < @��$O5aK^ _ FIL�^ M \5J�DPCiE M[Z EGF Z RcH�mGFn12J�aIR Z F _ FXRGJ�OQH�Fn1

_ FXCiL�JI3�RGC5\ e5H M E$DP\QF DPC5\5DAH�FXanL�FXJ`L�D _ RcL`FXJ N H M[_ J < C M e5L�DPa RGC5R ZA< J�DPJI@ �
CiL`FIHKa M[_ eBRcHKDPJ M C5J MGN

L�^QFXJ`FdJ`L�RGC5\5RcHK\ _ FIL�^ M \5J ; FIm[RGC ^5R ZAN R anFXCiL�OQH < Rcm M � 7�RGC MGN J � < �hUXW ��� � ��RGC5\"RcH�FdR a M C$1

L�DPC.O M O5J�L M eBDPa MGN H�FXJ`FXRcHKaK^ � )�OQH�HKRGC8RGC5\"�$CQF ZPZP_ RGC �hUXWGo�� � � )�O5C5C �hUXWGW$U � �K@

	 M C$1 HKRG\5RcH _ FIL�^ M \5J MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL < FXJ`L�D _ RcL�D M C-RcH�F�O5J�O5R ZPZA< Rce5e Z DAFX\dO5J�DPCQm

DPJ MG; RcHKDPa�a M.M HK\5DPC5RcL`F�J < J`L`F _ JI3iD @ FG@A3iO5J�DPCQm�e5H�FXJ�J�OQH�F � � �!RGJ�L�^QF
EGFIH�L�DPaIR Z a M.M HK\5DPC5RcL`F
DPC5J`L`FXRG\



o

MGN ^QFXDAm[^iL � ���K3�J M L�^5RcL � � � � �/) � � )���DPJ�DPC N FIH�H�FX\"HKRcL�^QFIH+L�^5RGC � � ��� ��) � � )�� @-��^QFXJ`F

L � M EGFIH�L�DPaIR Z EGF ZAM aIDAL < j.O5RGCiL�DAL�DAFXJ
RcH�F+H�F Z RcL`FX\ L�^QH M OQm[^T3

� � � ��	 � � �.@PU��

��^QFIH�F �8DPJ�L�^QF RGDAH�\QFXC5J�DAL < RGC5\ 	8DPJ�L�^QFdRGaIanF Z FIHKRcL�D M C \5OQFlL M mGHKRXE$DAL < @+��^5DPJ�F � e5H�FXJ�J�D M C

_ R < C M L ; F R m M.M \ Rce5e5H M � D _ RcL�D M C ��^QFXC�� � R
� L�^QFYRcmGF M J`L`H M eB^5DPa ��DPC5\ a M[_ e M CQFXCiL

DPJbH�F Z RcL�DAEGF ZA<�Z RcH�mGF � FG@ mQ@ RGJ DPC _ M J`L ;fM O5C5\5RcH <:Z R < FIH-FIEGFXCiL�J � � � ; �lL�^QF ZAM aIR Z e5H�FXJ�J�OQH�F

L`FXC5\QFXC5a < DPJ�H�F Z RcL�DAEGF ZA< Z RcH�mGF � FG@ mQ@8DPC:RGCYDPCiL`FXC5J�D Nk< DPCQm�J < J`L`F _ � � � a���L�^QF-RcL _ M J`eB^QFIH�F-DPJ

C M L�DPC8^ < \QH M J`L�RcL�DPa�FXj.O5D Z D ; HKDPO _ � FG@ mQ@�DPC R L�^.O5C5\QFIHKJ`L M H _ �K@,� M[_ F MGN L�^QF _ M J`L�a M[_ _ M C

C M C$1 HKRG\5RcH _ FIL�^ M \5J MGN FXJ`L�D _ RcL�DPCQm �'RcH�F M OQL Z DPCQFX\ ; F ZAM �+@
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�
	

��^5DPJ _ FIL�^ M \ DPJ ; RGJ`FX\ M C L�^QF�RGJ�J�O _ e5L�D M C�L�^5RcL-aK^5RGCQmGFXJ MGN J`L�RcL`F MGN RcL _ M 1

J`eB^QFIHKDPa�RGDAH�RcH�FbRG\5DPR ; RcL�DPac@��0FXaK^5C5DPj.OQFXJ�L�^5RcL�O5J`FlL�^5DPJ _ FIL�^ M \"RcH�F �
L�^QFbRG\QEGFXanL�DAEGFdL`FXaK^$1

C5DPj.OQFG3$L�^QFlJ�DPCQm Z Fn12J`L�RcL�D M C L`FXaK^5C5DPj.OQFG35L�^QF+mGHKRceB^5DPaIR Z L`FXaK^5C5DPj.OQF+RGC5\8L�^QF+DPJ`FXCiL`H M eBDPa�L`FXaK^$1

C5DPj.OQFG@���^QF�RG\5DPR ; RcL�DPa _ FIL�^ M \ DPJ�DPC5RGaIaIOQHKRcL`F�DPC J�DAL�O5RcL�D M C5J ��^QFIH�F�J`L`H M CQm \5DPR ; RcL�DPa�^QFXRcL
1

DPCQm8DPJ�e5H�FXJ`FXCiLI3�D @ FG@A3!DPC:J`L M H _ JlDPC ��^5DPaK^:^QFXRXE < HKRGDPC N R ZPZ!M aIaIOQHKJ M EGFIHdR Z RcH�mGF-RcH�FXR � FG@ mQ@
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RGC5\8&:RcHKC M a����hUXWGW ��� � �#R _ R _ M L M FIL�R Z @ �hUXWGW	� � �K@�& DAL�^�L�^5DPJ�L < efF MGN J`L�RcL�D M CT3 ��DPC5\8RGC5\

L`F _ efFIHKRcL�OQH�F _ FXRGJ�OQH�F _ FXCiL�J!RcH�F�RXEcRGD Z R ;BZ F ��DAL�^+L�^QF�CQFXanFXJ�J�RcH < L`F _ e M HKR Z J`FXj.OQFXC5anF,L M O5J`F

L�^5DPJ _ FIL�^ M \ M CYR H M OQL�DPCQF ; RGJ�DPJI@-� M HbF � R _ e Z FG3 �#R _ R _ M L M FILbR Z @ �hUXWGW	� �
^5RXEGF J�^ M ��C

e5H�F Z D _ DPC5RcH < _ FXRGJ�OQH�F _ FXCiL�J MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ MG; L�RGDPCQFX\ ��DAL�^�L�^QF �"� HKRG\5RcH`12�����5�

J < J`L`F _ @ ��J�J�O _ DPCQm�^ < \QH M J`L�RcL�DPabFXj.O5D Z D ; HKDPO _ 3 �#R _ R _ M L M FIL+R Z @ MG; L�RGDPCQFX\ L�^QF EGFIH�L�DPaIR Z
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��^QFIH�F 	 DPJ mGHKRXE$DAL < 3 � DPJdL`F _ efFIHKRcL�OQH�F�RGC5\ � DPJ L�^QF�?,HKO5CiL
1 � �RGDPJ �R Z �R N H�FXj.OQFXC5a < @ �#R 1

_ R _ M L M FIL�R Z @ NkM O5C5\ L�^5RcL � N H�FXj.OQFXC5a < J`efFXanL`HKR MGN L�^QF�\QFIHKDAEGFX\-EGFIH�L�DPaIR Z ��DPC5\ �,FIH�F _ M H�F

a M C5J�DPJ`L`FXCiL ��DAL�^ R+mGHKRXE$DAL < ��RXEGF _ M \QF Z L�^5RGC L�^ M J`F�J`efFXanL`HKRlaIR Z aIO Z RcL`FX\ N H M[_ \5DAH�FXanL _ FXR 1

J�OQH�F _ FXCiL�J MGN L�^QF+EGFIH�L�DPaIR Z ��DPC5\ �$@

�
C RG\5\5DAL�D M CT3�J M[_ F MGN L�^QF \5DPJ�aIO5J�J`FX\(C M C$1 HKRG\5RcH _ FIL�^ M \5J�a M O Z \ ; F Rce5e Z DAFX\

L M R CQFIL � M H�� MGN a Z FXRcH`12RGDAH�HKRG\5RcHKJI3�J�O5aK^ RGJ L�^QF 	�RcL�D M C5R Z ��anFXRGC5DPa RGC5\ ��L _ M J`eB^QFIHKDPa

��\ _ DPC5DPJ`L`HKRcL�D M C � 	�������� ��DPC5\8e5H Mcg4Z FIH�\QF _ M C5J`L`HKRcL�D M C CQFIL � M H�� � & 7#)�	�� � *VFIFdFIL+R Z @

�hUXWGWG] � � �"RGanF FIL R Z @ �hUXWGWG] � � �"RGanF RGC5\Y��a��GFIH _ RGC �hUXWGW	� � �K@ � M HdF � R _ e Z FG3��"RGanF FIL R Z @

�hUXWGWG] ��^5RXEGFlJ�^ M ��C ^ M � L M O5J`F�R �$DPCQF _ RcL�DPa _ FIL�^ M \ ��DAL�^�R CQFIL � M H�� MGN ��DPC5\ e5H Mcg4Z FIHKJI@

� M J`L MGN L�^QF�a Z FXRcH`12RGDAH�HKRG\5RcH#L`FXaK^5C5DPj.OQFXJ M OQL Z DPCQFX\dR ;fM EGF�aIRGC-R Z J M�; F�Rce5e Z DAFX\dL M

M L�^QFIH�mGH M O5C5\$1 ; RGJ`FX\�H�F _ M L`F J`FXC5J�DPCQm DPC5J`L`HKO _ FXCiL�J NkM H�EGFIH�L�DPaIR Z EGF ZAM aIDAL <"_ FXRGJ�OQH�F _ FXCiL�JI@

� M �,FIEGFIHX3QL�^QFXJ`F�DPC5J`L`HKO _ FXCiL�J�\ M C M L,H�F ZA<dM C-L�^QF ; RGa��$J�aIRcL`L`FIH
FXaK^ M FXJ MGN H�F N HKRGanL�DAEGF�DPC5\QF �
DAH�H�FIm[O Z RcHKDAL�DAFXJ
RGC5\"RcH�FdC M L�O5C5\QFIH�a M C5J�DP\QFIHKRcL�D M C�^QFIH�FG@�� M H�F � R _ e Z FG3fa M ^QFIH�FXCiL�) M e5e Z FIH

Z DP\5RcHKJ�O5J`F�R �4FXC5DAL�^ L`FXaK^5C5DPj.OQF ; OQL ; RGa��$J�aIRcL`L`FIH�FX\ FXaK^ M FXJ
RcH�F N H M[_ RcL _ M J`eB^QFIHKDPa�RcFIH M J M[Z

eBRcH�L�DPa Z FXJ � FG@ mQ@��QH�FX^ Z DPaK^ FIL�R Z @��hUXWGW ��� �K@���J�R J`FXa M C5\8F � R _ e Z FG3B) M e5e Z FIH �,FXRcL�^QFIH�HKRG\5RcHKJ

O5J`FXJ�R-����)�L`FXaK^5C5DPj.OQFdRGC5\�L�^QFXDAH�L�RcH�mGFIL�J+RcH�F _ RGDPC ZA< ^ < \QH M[_ FIL`F M HKJ � FG@ mQ@�) M E$DPR �"RGC5\
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mGH M O5C5\dRGC5\dDPJ�RGJ
1

J�O _ FX\bL M�; F �IFIH M RcL�L�^QF�L`H M e M eBRGO5J`F � ? Z OQFXJ`L`FXDPC �hUXWGW � � 3.eV@ �GW	� �K@���^QF NkM H _ FIH�DPJ!H�FXj.O5DAH�FX\

;.< L�^QF �$DPCQF _ RcL�DPa ZAM �,FIH ;fM O5C5\5RcH < a M C5\5DAL�D M C � L�^QF Z RcL`L`FIH
DPJ,Rb\ < C5R _ DPa
H�FXj.O5DAH�F _ FXCiL M �
1

DPCQm-L M L M L�^QFbH�FIEGFIHKJ�R Z�MGN L�^QFdj.O5RGJ�Dh12^ M HKD�� M CiL�R Z L`F _ efFIHKRcL�OQH�FbmGHKRG\5DAFXCiLI@��
C"J`eBDAL`F MGN L�^5DPJ

RGJ�J�O _ e5L�D M CT3fL�^QF L`H M e M eBRGO5J`F DAL�J`F ZAN \ M FXJ�O5C5\5O Z RcL`FdOQe RGC5\ \ M ��CT@l� N � DPJ�C M C �IFIH M 30DAL�J

J�DAm[C DPJ MGN L`FXC L�^QF+J�R _ F+RcL�R ZPZfZ FIEGF Z J�DPC�R a M[Z O _ C MGN L�^QF�L`H M e M J`eB^QFIH�FG@���^QF Z FIEGF Z J ��^QFIH�F
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_ M J`L MGN L`FXC�F � efFXanL`FX\T35C M eB^ < J�DPaIR Z e5HKDPC5aIDAe Z F�DPJ,E$D M[Z RcL`FX\ D N L�^QFIH�F+RcH�F _ M H�F�L�^5RGC M CQFG@��
C

RG\5\5DAL�D M CT3[HKDPJ�DPCQm _ M L�D M C5J � � � �
��R ;fM EGF�Rb*0	�) _ O5J`L ; F�RGaIa M[_ eBRGC5DAFX\ ;.< a M CiEGFIH�mGFXC5anF

; F ZAM �'RGC5\"a M[_ efFXC5J�RcL�DPCQm \5DAEGFIH�mGFXC5anFdR ZAMGN LI@+�$D _ D Z RcH ZA< 35J�DPC �$DPCQm _ M L�D M C5J � � � �
� _ O5J`L

; FbRGaIa M[_ eBRGC5DAFX\ ;.< \5DAEGFIH�mGFXC5anF ; F ZAM �'RGC5\ a M CiEGFIH�mGFXC5anF R ZAMGN L � a M CiL�DPC.O5DAL < FXj.O5RcL�D M C DPC

R C M C$12a M[_ e5H�FXJ�J�D ;BZ F��4O5DP\ �K@

��EGFIH�R�J ZAM eBDPCQm�L`FIH�HKRGDPCT3 � _ R < C M L ; F �IFIH M \5OQF,L M � M H M mGHKRceB^5DPa NkM HKaIDPCQm �$@���^5DPJ

NkM HKaIDPCQm�\QFIefFXC5\5J M C ;fM L�^:L�^QF ^ M HKD�� M CiL�R Z ��DPC5\ J`efFIFX\YRGC5\:L�^QF J`L`FIFIeBCQFXJ�J MGN L�^QF J ZAM efF

MGN L�^QF J�OQH N RGanFG@ ��^5DPJ�F
	fFXanL _ R < ; F J M8Z RcH�mGF L�^5RcL M H M mGHKRceB^5DPadF
	fFXanL�J _ R < a M[_ e Z FIL`F ZA<

_ RGJ � L�^QF+F
	fFXanL�J MGN \ < C5R _ DPaIR ZfNkM HKaIDPCQmQ@

�"RGC < L`F _ efFIHKRcL�OQH�F DPCiEGFIHKJ�D M C5J�DPC L�^QF ZAM �,FIHlRcL _ M J`eB^QFIH�F-RcH�F RcL`L`HKD ; OQL�R ;BZ FdL M

J�DPC �$DPCQm _ M L�D M CT@"& ^QFXC�RGDAHdJ�O ; J�DP\QFXJ � � � �
�K3�DAL�JlL`F _ efFIHKRcL�OQH�F�DPC5anH�FXRGJ`FXJbRcLdL�^QF�\QH <

RG\5DPR ; RcL�DPa Z RceBJ`F HKRcL`F�� U � � � � _ @Y�
C J M[_ F8DPC5J`L�RGC5anFXJI3�L�^QF8J�O ; J�DP\QFXC5anF a M CiL�DPC.OQFXJdL M R

eBRcH�L�DPaIO Z RcH Z FIEGF Z RGC5\ L�^QFXC L�^QFlRGDAH�\5DAEGFIH�mGFXJ�^ M HKD�� M CiL�R ZPZA< @#��^QF _ M H�F�HKRceBDP\�L�^QFl\QFXanH�FXRGJ`F

MGN L`F _ efFIHKRcL�OQH�F ��DAL�^�^QFXDAm[^iLI3fL�^QF _ M H�FdO5C5J`L�R ;BZ F+L�^QFdRGDAHX3fRGC5\"L�^QFbmGH�FXRcL`FIH�L�^QFbEGFIH�L�DPaIR Z
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DAL�J�J�OQH�H M O5C5\5DPCQm[JI3QL�^QFdOQe ��RcHK\�e5H�FXJ�J�OQH�Fn1 mGHKRG\5DAFXCiL NkM HKanFbF � anFIFX\5J�L�^QFd\ M ��C ��RcHK\�mGHKRXE$DAL <

NkM HKanFG@���^5DPJ0H�FXJ�O Z L�J�DPCbR�e M J�DAL�DAEGF ; O M < RGC5a < RGC5\dL�^QF
RGDAH�HKDPJ`FXJ � a M CiEGFIHKJ`F ZA< ��^QFXCdR�E M[Z O _ F

MGN RGDAHlDPJ+a M[Z \QFIH+L�^5RGC:DAL�J+J�OQH�H M O5C5\5DPCQm[J�DAL+DPJ+CQFIm[RcL�DAEGF ZA< ; O M < RGCiLbRGC5\:DAL+J�DPC �$J � ?�RcL`L�RGC
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��^QF Z RcH�mGFXJ`L�L�^QF M H�FIL�DPaIR ZPZA< 12\QFIL`FIH _ DPCQFX\dEGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ#RXEGFIHKRcmGFX\ M EGFIH�R+J`FXR 1

J M C RcH�F M C L�^QF M HK\QFIH MGN R N F � _ D ZPZ D _ FIL`FIHKJbefFIH J`FXa M C5\T@>��^QFXJ`F8EcR Z OQFXJ M aIaIOQH-DPC L�^QF

FXj.O5RcL M HKDPR Z � M CQF�RGC5\ RcH�F�RGJ�J M aIDPRcL`FX\ ��DAL�^ L�^QF�RGJ�anFXC5\5DPCQm ; HKRGC5aK^ MGN L�^QF���RG\ Z F < anF ZPZ @

��FIH�L�DPaIR Z EGF ZAM aIDAL < _ Rcm[C5DAL�O5\QFXJ-\QFXanH�FXRGJ`F"a M C5J�DP\QFIHKR ;BZA< DPC L�^QF ZAM �,FIH�J`L`HKRcL M J`eB^QFIH�FG@ ��L

mGH�FXRcL`FIH�R Z L�DAL�O5\QFXJI3$L�^QF _ FXRGC�EGFIH�L�DPaIR ZV_ M L�D M C5J
\QHKDAEGFXC ;.< ��RXEGF NkM HKaIDPCQm RcH�F�F � efFXanL`FX\ M C

L�^QF M H�FIL�DPaIR Z mGH M O5C5\5J
L M-; F+a M C5J�DP\QFIHKR ;BZA< Z RcH�mGFIHX3 ; OQL�CQFIEGFIH�L�^QF Z FXJ�J�RcH�F � U � � � L�D _ F Z FXJ�J

L�^5RGC8aK^5RcHKRGanL`FIHKDPJ`L�DPa+^ M HKD�� M CiL�R ZV_ FXRGC _ M L�D M C5J � �QHKDAL`L�J�RGC5\8*0O M �hUXWGWG] � �K@

��^QF+a M C5anFIe5L�O5R Z0_ M \QF ZfMGN �"RcL`L M a��$J�RGC5\ ? Z FXa�� �hUXWGo	� �!e5H�FX\5DPanL�J�L�^QF+F � DPJ`L`FXC5anF

MGN R�L`HKRGC5J`EGFIHKJ`F aIDAHKaIO Z RcL�D M CYRcH M O5C5\�R �`FIL J`L`H�FXR �4@ � �`FILdJ`L`H�FXR ��DPJbRGC DPJ M L�RGaK^ � Z DPCQF MGN

a M C5J`L�RGCiL ��DPC5\�J`efFIFX\ � _ R � D _ O _ F _l; FX\5\QFX\lDPClR �`FILI3cL�^5RcL�DPJ0RGC �`DPCiL`FXC5J`F�� � � UX] _ J � � �K3

�`C5RcH�H M ��� � ��DP\QL�^dDPJ�RcL Z FXRGJ`L�R�^5R ZAN L M RGC M HK\QFIH MGNf_ Rcm[C5DAL�O5\QF Z FXJ�J�L�^5RGC DAL�J Z FXCQmGL�^ �0j.O5RGJ�D

^ M HKD�� M CiL�R Z4M H
^ M HKD�� M CiL�R Z aIOQH�H�FXCiL MGN ��DPC5\-L�^5RcL
DPJ,RGJ�J M aIDPRcL`FX\ ��DAL�^ J`L`H M CQmbEGFIH�L�DPaIR Z J�^QFXRcH

� ? Z OQFXJ`L`FXDPC �hUXWGW � � �K@ ��aIa M HK\5DPCQm8L M L�^5DPJ _ M \QF Z 3VEGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ+J�^ M O Z \ J�^ M �/RGJ�anFXCiL

R ;fM EGF+L�^QF��`FIL�RGC5\ \QFXJ�anFXCiL ; F ZAM � D N�_ FXRGJ�OQH�FX\8DPC�L�^QF�FXCiL`HKRGC5anFlH�FIm[D M C M C L�^QFla M[Z \ J�DP\QF

MGN L�^QF �`FIL-J`L`H�FXR � M H M C L�^QF���RcH _ J�DP\QF8DPC L�^QF8F � DAL H�FIm[D M CT@>��C M e5e M J�DAL`F ZA< \5DAH�FXanL`FX\

EGFIH�L�DPaIR Z aIDAHKaIO Z RcL�D M C � M O Z \ ; F�F � efFXanL`FX\ NkM H MG; J`FIH�EcRcL�D M C5J _ RG\QF�DPC L�^QF ��RcH _ � FXCiL`HKRGC5anF �

RGC5\ a M[Z \ � F � DAL ��j.O5RG\QHKRGCiL�JI@
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� � anFIe5L�DPCQm a M CiEGFXanL�DAEGFba M C5\5DAL�D M C5JI3 _ FXRGC8EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ�RcH�FlO5J�O5R ZPZA<-_ O5aK^

Z FXJ�J�L�^5RGC:^ M HKD�� M CiL�R Z EGF ZAM aIDAL�DAFXJ�DPC L�^QF N H�FIF RcL _ M J`eB^QFIH�FG@ *0RcH�mGFn12J�aIR Z F EGFIH�L�DPaIR Z�_ M L�D M C5J

RcH�F,O5J�O5R ZPZA<�Z FXJ�JTL�^5RGC N F ��anFXCiL�D _ FIL`FIHKJ0efFIH0J`FXa M C5\T@��$O5aK^lJ _ R ZPZ[_ M L�D M C5JVRcH�F#L`HKRG\5DAL�D M C5R ZPZA<

DPC N FIH�H�FX\ N H M[_ J < C M e5L�DPa+RGC5R ZA< J�DPJ MGN L�^QF Z RcH�mGFn12J�aIR Z F ��DPC5\ g F Z \ � 7�RGC MGN J � < �hUXWG]$U � � )�O5C5C

�hUXWGW$U � �K@�?,F Z L�RGC5\8�5OQF ZA; FIH�m �hUXWGo � � NkM O5C5\ L�^5RcL�EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ�aIR Z aIO Z RcL`FX\ ��DAL�^8J�O ; 1

J < C M e5L�DPa8J�aIR Z F"\5RcL�R �,FIH�F"RGJ _ O5aK^(RGJ �:a _ J � � Z RcH�mGFIH L�^5RGC>L�^ M J`F"aIR Z aIO Z RcL`FX\ ��DAL�^

J < C M e5L�DPa�J�aIR Z F+\5RcL�R DPC�L�^QFlJ�R _ Fla M C5\5DAL�D M C5JI@

��J�J�O _ DPCQm�L�^5RcL ZAM CQmc1 L`FIH _ _ FXRGC EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ �
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���!RcL�R�J�DPCQm Z F
J`L�RcL�D M C RcH�F

H�FIe5H�FXJ`FXCiL�RcL�DAEGF MGNVZ RcH�mGFn12J�aIR Z F�EGFIH�L�DPaIR Z4_ M L�D M C5JI3.	�RGJ`L`H M[_ FIL,R Z @ �hUXWGoG] �VRGC5\ *0RcHKJ`FXC FIL�R Z @

�hUXWGoGo ��^5RXEGF�a M[_ eBRcH�FX\YHKRG\5RcH`1 MG; J`FIH�EGFX\ _ FXRGCYEGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJlL M EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ

MG; L�RGDPCQFX\ N H M[_ RGC5R ZA< �IFX\ ��DPC5\ g F Z \5J#e5H M \5O5anFX\ ;.< L�^QF�	�RcL�D M C5R Z ��FIL`F M H M[ZAM m[DPaIR Z �,FXCiL`FIH

� 	�� � ��RGC5\ L�^QFl�#OQH M efFXRGC"�,FXCiL`H�F NkM H���FX\5DPO _ 12��RGCQmGF�& FXRcL�^QFIH�� M H�FXaIRGJ`L � ������& � �K3

H�FXJ`efFXanL�DAEGF ZA< @�	�RGJ`L`H M[_ FIL�R Z @��hUXWGoG] ��a M C5a Z O5\QFX\�L�^5RcL�L�^QF+J�DPCQm Z Fn12J`L�RcL�D M C HKRG\5RcH _ FXRGJ�OQH�Fn1

_ FXCiL�J �,FIH�F�H�FIe5H�FXJ`FXCiL�RcL�DAEGF MGN L�^QF�J < C M e5L�DPa 12J�aIR Z F�EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJI3.eBRcH�L�DPaIO Z RcH ZA< ��^QFXC
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	 M CQFIL�^QF Z FXJ�JI3 �
L�^QF ; DPRGJ�DPC�L�^QFbEGFIH�L�DPaIR Z!; FXR _ HKRG\5DPR Z EGF ZAM aIDAL <"_ FXRGJ�OQH�F _ FXCiL�J�e5H M \5O5anFX\

;.< \5DAEGFIH�mGFXC5anF"^5RGJ-L�^QF"J�R _ F NkM H _ RGC5\ L�^QF"J�R _ F"F
	fFXanL RGJ-L�^QF ; DPRGJ L�^5RcL � M O Z \ ; F

F � efFXanL`FX\ NkM H RGJ`efFXanL
12J`FXC5J�DAL�DAEGF�J�aIRcL`L`FIH�RGC5\>DPC5a Z DPCQFX\YH�F N HKRGanL�DAE$DAL < Z R < FIHKJ�� � *0RcHKJ`FXC>RGC5\

7�R ZP_ FIH �hUXWGW�� � �K@ *0RcHKJ`FXC RGC5\ 7�R ZP_ FIH ^5RXEGF8R Z J M J�^ M ��C�L�^5RcL E M H�L�DPaIDAL < ��D ZPZ R 	fFXanL L�^QF

������J ; OQL ��D ZPZ C M L ; DPRGJ�L�^QF�EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJI@�� M �,FIEGFIHX3QD N L�^QFXJ`F�R 	fFXanL`FX\$1 ;.< 1 E M H�L�DPaIDAL <

������J
RcH�F�OQL�D Z D��IFX\-L M a M H�H�FXanL�RGC �`O5C ; DPRGJ`FX\ �lEGFIH�L�DPaIR Z EGF ZAM aIDAL < O5J�DPCQmd�#j.O5RcL�D M C �.@ �Q3QL�^QF

a M H�H�FXanL`FX\8EGFIH�L�DPaIR Z0_ M L�D M C���D ZPZB; F ; DPRGJ`FX\ ;.< L�^QFXJ`F � g anL�DAL�D M O5J�� ������JI@
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%�DAEGFXC(L�^QF J�DAm[C5D g aIRGCiL�\5DPJ�anH�FIeBRGC5aIDAFXJ DPC(EGFIH�L�DPaIR Z EGF ZAM aIDAL < _ FXRGJ�OQH�F _ FXCiL�J ;.<

\5D�	fFIH�FXCiL�HKRG\5RcHlL`FXaK^5C5DPj.OQFXJI30eBRcH�L�DPaIO Z RcH ZA< DPC L�^QF ZAM CQmc1 L`FIH _ _ FXRGC:EcR Z OQFXJI3 �,F-^5RXEGF D _ 1

e Z F _ FXCiL`FX\ R�EcRcHKDAFIL <"MGN L`FXaK^5C5DPj.OQFXJ NkM H _ FXRGJ�OQHKDPCQm RcL _ M J`eB^QFIHKDPabEGFIH�L�DPaIR Z�_ M L�D M C5JI@d� ZPZ

MGN L�^QFXJ`F _ FXRGJ�OQH�F _ FXCiL�Jl^5RXEGF ; FIFXC MG; L�RGDPCQFX\:a M C5aIOQH�H�FXCiL ZA< O5J�DPCQm�L�^QF-=[DPaIR _ RcHKaIR �����

HKRG\5RcHX@#��OQH�m M R Z J#RcH�F�L M DPCiL`FIHKa M[_ eBRcH�F�L�^QF�\5D�	fFIH�FXCiL�L`FXaK^5C5DPj.OQFXJ�RGC5\ L M J`L�O5\ < L�^QF�EcR Z DP\$1

DAL <lMGN EcRcHKD M O5J!F � e Z RGC5RcL�D M C5J!L�^5RcL�RcL`L`F _ e5L�L M RGaIa M O5CiL NkM H�EGFIH�L�DPaIR Z EGF ZAM aIDAL < \5DPJ�anH�FIeBRGC5aIDAFXJ

� ��^5Rce5L`FIH � �K@

� � M �4FXC5DAL�^dL`FXaK^5C5DPj.OQFXJ#^5RXEGF ; FIFXC-D _ e Z F _ FXCiL`FX\ NkM H#L�^QFXJ`F�J`L�O5\5DAFXJI@���CQF
L`FXaK^$1

C5DPj.OQF�O5J`FXJ�RdEGFIH < C5RcH�H M �9RGCiL`FXC5C5R ; FXR _ 1 ��DP\QL�^T3 ��^5D Z F�L�^QF M L�^QFIH�O5J`FXJ�R ��DP\QF�RGCiL`FXC5C5R

; FXR _ 1 ��DP\QL�^T@ ? M L�^ ; FXR _ J+RcH�F-CQFXRcH ZA< a M[ZPZAM aIRcL`FX\ � L�^QF-\5DPJ`L�RGC5anF ; FIL �,FIFXC:L�^QF L � M RGC$1

L`FXC5C5RGJ-DPJ R ;fM OQL �G] _ N H M[_ anFXCiL`FIH`1 L M 12anFXCiL`FIH
�K@ �$DPC5anF ;fM L�^ L`FXaK^5C5DPj.OQFXJ _ R �GF O5J`F MGN

M H�L�^ M m M C5R Z e M[Z RcHKD��XRcL�D M C5JI3.L�^QFXDAH _ FXRGJ�OQH�F _ FXCiL�J�aIRGC ; F�a M C5J�DP\QFIH�FX\ DPC5\QFIefFXC5\QFXCiLI@���J�DPCQm

L�^QFXJ`F�L � M RGCiL`FXC5C5R ; FXR _ 1 ��DP\QL�^5JI3 �,F J`L�O5\ < L � M e M J�J�D ;BZ F-aIRGO5J`FXJ MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL <

\5DPJ�anH�FIeBRGC5aIDAFXJ+L�^5RcLd\QFIefFXC5\ M C�L�^QF RGCiL`FXC5C5R ; FXR _ 1 ��DP\QL�^T3�D @ FG@A3�L�D Z L`FX\:H�F N HKRGanL�DAEGF�DPC5\QF �
J`L`HKO5anL�OQH�FXJ�RGC5\ ��DPC5\ g F Z \ \5DAEGFIH�mGFXC5anFG@

& F ^5RXEGF-R Z J M D _ e Z F _ FXCiL`FX\ R J`FIHKDAFXJ MGN �$��L`FXaK^5C5DPj.OQFXJI@b� M J`L MGN L�^QFXJ`F L`FXaK^$1

C5DPj.OQFXJ � L�^QF�J M 12aIR ZPZ FX\8�$� �`a Z RGJ�J�DPaIR Z �lL`FXaK^5C5DPj.OQFXJ ��a M H�H�FXanL�FXJ`L�D _ RcL`FXJ MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL <

L�^5RcL�^5RXEGF ; FIFXC a M CiL�R _ DPC5RcL`FX\ ;.< ^ M HKD�� M CiL�R Z EGF ZAM aIDAL < � Z FXR �cRcmGF��$@,��^5DPJ Z FXR �cRcmGFlDPJ
RGJ�J M 1

aIDPRcL`FX\ ��DAL�^ ;fM L�^�L�^QFdRGCiL`FXC5C5R e M DPCiL�DPCQm-DPC5RGaIaIOQHKRGaIDAFXJ�RGJ �,F ZPZ RGJ ��DAL�^�L�^QFbF � DPJ`L`FXC5anF MGN

L�D Z L`FX\+H�F N HKRGanL�DAEGF
DPC5\QF � J`L`HKO5anL�OQH�FXJI@!	 M L`F�L�^5RcL M L�^QFIH�L < efF MGN �$� L`FXaK^5C5DPj.OQFXJ!DPC N FIH0EGFIH�L�DPaIR Z

EGF ZAM aIDAL�DAFXJ ;.< O5J�DPCQm R �`j.O5RGJ�D � )�?�� Rce5e5H M RGaK^8DPC R _ O Z L�Dh1 ; FXR _ a M C g m[OQHKRcL�D M CT@���^QF+O5J
1

RcmGF MGNT_ RGC <d; FXR _ J�R ZPZAM ��J�L�^QF�RXEGFIHKRcm[DPCQm M OQL MGN F
	fFXanL�J#L�^5RcL,\QFIefFXC5\ M C ; FXR _ 1 e M DPCiL�DPCQm
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\5DAH�FXanL�D M CT@

%�HKRXE$DAL < ��RXEGF F
	fFXanL�JlRcH�F C M L+\5DAH�FXanL ZA< L`FXJ`L`FX\:DPC L�^QF _ FXRGJ�OQH�F _ FXCiL�JI@ ��^5DPJ�DPJ

_ RGDPC ZA< ; FXaIRGO5J`F ��RXEGF-\ < C5R _ DPaIJ M EGFIHb=[DPaIR _ RcHKaIR � CQFXRcH�L�^QF �#j.O5RcL M H
��RcH�FdF � efFXanL`FX\ L M

; F _ O5aK^�\5D�	fFIH�FXCiL#L�^5RGC a M C5\5DAL�D M C5J#e5H�FXJ`FXCiL,RcL _ DP\$1 Z RcL�DAL�O5\QFXJI@!� M H
F � R _ e Z FG3.L�^QF�^ M OQH ZA<

_ FXRGC(EcRcHKDPRGC5anF RcL�L�^QF 7#DPOQHKR �$� HKRG\5RcH � � U � � � � _ 	 M H�L�^ MGN =[DPaIR _ RcHKaIR
�-DPJ � ���

L�D _ FXJ Z FXJ�J�L�^5RGC DPC _ DP\$1 Z RcL�DAL�O5\QFXJ � ��O5R _ RGC RGC5\ ?�R Z J Z F < �hUXWGW	� � �K@l��J�DPCQm 	�RGJ`L`H M[_ RGC5\

��RGC �fRGC5\QL �hUXWGW ����F � e5H�FXJ�J�D M C5J NkM H�L�^QF�F
	fFXanL�J MGN mGHKRXE$DAL < ��RXEGFXJI34EGFIH�L�DPaIR Z EGF ZAM aIDAL <�; DPRGJ`FXJ

CQFXRcH�L�^QF+�#j.O5RcL M H�J�^ M O Z \ ; F+R N HKRGanL�D M C MGN R anFXCiL�D _ FIL`FIH�efFIH�J`FXa M C5\T@

�$DPC5anF L�^QFYa M H�H�FXanL`FX\ EGFIH�L�DPaIR Z EGF ZAM aIDAL < FXJ`L�D _ RcL`FXJ MG; L�RGDPCQFX\ ;.< L�^QF:a Z RGJ�J�DPaIR Z

�$� _ FIL�^ M \5J
H�FXj.O5DAH�F�L�^QF _ FXRGJ�OQH�F _ FXCiL MGN ^ M HKD�� M CiL�R Z EGF ZAM aIDAL�DAFXJ�RGC5\8������J � J`FIFl�#j.O5R 1

L�D M C �.@ ���K3 �,F g HKJ`LlJ`L�O5\ < L�^QF RGaIaIOQHKRGa <:MGN L�^QFXJ`F-L � M _ FXRGJ�OQH�F _ FXCiL�JI@ �.L�O5\5DAFXJ MGN ^ M H`1

D�� M CiL�R Z EGF ZAM aIDAL�DAFXJ � ��^5Rce5L`FIH ���K3�m[DAEGFXC>L�^QF Z RcH�mGF�C.O _l; FIH MGN �$� L`FXaK^5C5DPj.OQFXJ NkM O5C5\ DPC

L�^QF Z DAL`FIHKRcL�OQH�FG3�^QF Z e�O5J+L M \QFIL`FIH _ DPCQF ��^5DPaK^Y^ M HKD�� M CiL�R Z EGF ZAM aIDAL < L`FXaK^5C5DPj.OQFXJbRcH�F _ M J`L

Rce5e5H M e5HKDPRcL`F�L M EGFIH�L�DPaIR Z EGF ZAM aIDAL < a M H�H�FXanL�D M C5JI@

)�OQHKDPCQm�L�^QFXJ`F�^ M HKD�� M CiL�R Z EGF ZAM aIDAL < a M[_ eBRcHKDPJ M C5JI3GDPClE$DAF � MGN L�^QF Z RGa�� MGN RGCdR ; J M 1

Z OQL`F�J`L�RGC5\5RcHK\T3 �,F N RGanF�L�^QF�e5H MG;BZ F _�MGN O5J�DPCQmlRlH�F N FIH�FXC5anF�e5H Mcg4Z FG@�� m M.M \�aK^ M DPanF � M O Z \

^5RXEGF ; FIFXC L M O5J`F�L�^QF ��DP\QF ZA< 12RGaIanFIe5L`FX\-)�?�� _ FXRGJ�OQH�F _ FXCiL�JI@���C NkM H�L�O5C5RcL`F ZA< 3.)�?�� _ FXR 1

J�OQH�F _ FXCiL�J �,FIH�F C M L MG; L�RGDPCQFX\�RGJbeBRcH�L MGN L�^QFXJ`F�J`L�O5\5DAFXJI@"��^5DPJ M[_ DPJ�J�D M C ��RGJ ; FXaIRGO5J`F

MGN L�^QF H�F Z RcL�DAEGF ZA< J _ R ZPZ�_ R � D _ O _ RGCQm Z FXJ MGN L�^QF MG;BZ DPj.OQF ; FXR _ J � � ������RcLl=[DPaIR _ RcHKaIR$@

��J�O5\5R�FILbR Z @ �hUXWGo	� �
^5RXEGF�J�^ M ��C:L�^5RcL NkM HbRGCQm Z FXJ � U � � O5C5\QFIHlRGC5DPJ M L`H M eBDPa J�aIRcL`L`FIHKDPCQm

a M C5\5DAL�D M C5JI3iL�^QF�)�?��-^ M HKD�� M CiL�R Z EGF ZAM aIDAL < ��D ZPZQ; F�O5C5\QFIH�FXJ`L�D _ RcL`FX\ ; FXaIRGO5J`F�L�^QF�F
	fFXanL�DAEGF

; FXR _ \5DAH�FXanL�D M C ��D ZPZ�; F-a ZAM J`FIHbL M �IFXC5DAL�^:L�^5RGC:L�^QF-H�FXR Z�; FXR _ \5DAH�FXanL�D M CT@���^5DPJ+O5C5\QFIH`1

FXJ`L�D _ RcL`F"DPJ-aIRGO5J`FX\ ;.< L�^QF"RGC5DPJ M L`H M eBDPa RGCQm[O Z RcH-eBRcL`L`FIHKC MGN L�^QF"J�aIRcL`L`FIHKDPCQm � H�F
�BFXanL�DPCQm

DPC5^ M[_ M mGFXCQFXDAL�DAFXJ � RGJ`efFXanL J`FXC5J�DAL�DAE$DAL < �K@ ��^QFIH�F NkM H�FG3 �,F ^5RXEGF RcH ; DAL`HKRcHKD ZA< aK^ M J`FXC M CQF MGN

L�^QF _ M J`L�a M[_ _ M C ZA< O5J`FX\ N O ZPZ a M H�H�F Z RcL�D M C�RGC5R ZA< J�DPJ,L`FXaK^5C5DPj.OQFlRGJ�R H�F N FIH�FXC5anFG@

��^QF ����� J`L�O5\5DAFXJ�L�^5RcL ��D ZPZ0; F \5DPJ�aIO5J�J`FX\ DPC:��^5Rce5L`FIHl] ��D ZPZ ^QF Z e O5J�L M � � U��



�G]

a M H�H�FXanL ZA< DPCiL`FIH�e5H�FIL�L�^QF������ _ FXRGJ�OQH�F _ FXCiL�J MG; L�RGDPCQFX\ ��DAL�^ �$� J < J`L`F _ JI3.RGC5\ � � ��e5H M eQ1

FIH ZA< O5J`F�L�^QF _ FXRGJ�OQH�F _ FXCiL�J DPC EGFIH�L�DPaIR Z EGF ZAM aIDAL < a M H�H�FXanL�D M C5JI@6� M H�F � R _ e Z FG3 �,F ��D ZPZ

J`L�O5\ < L�^QFdmGF M[_ FIL`HKDPaIR Z F
	fFXanL�J+J�OQmGmGFXJ`L`FX\ ;.< ��DPC5anFXCiL�FIL�R Z @��hUXWGo�� �,RGC5\ �"R < �hUXWGW � � M C

������J _ FXRGJ�OQH�FX\���DAL�^ �`C M C$12a M[ZPZAM aIRcL`FX\ � � M H ; DPJ`L�RcL�DPa��
�$�6J < J`L`F _ JI@
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� M HKD�� M CiL�R Z ��DPC5\�EGF ZAM aIDAL < e5H Mcg4Z FXJ�aIRGC ; F _ FXRGJ�OQH�FX\ DPC�L�^QF L`H M e M J`eB^QFIH�FdRGC5\

ZAM �,FIH-J`L`HKRcL M J`eB^QFIH�F8O5J�DPCQm"EGFIH < ^5DAm[^ N H�FXj.OQFXC5a < � ����� �bHKRG\5RcHKJI@ ��^QFIH�F RcH�F8L � MY_ RGDPC

_ FIL�^ M \5JVL�^5RcL�aIRGC ; F#O5J`FX\bDPC+L�^QFXJ`F _ FXRGJ�OQH�F _ FXCiL�JI@#��CQF MGN L�^QFXJ`F _ FIL�^ M \5JI3cL�^QF,) M e5e Z FIH

M H0) M e5e Z FIH0?,FXR _ � ��DPCQm[DPCQm � )�?�� � _ FIL�^ M \ � ?�R Z J Z F < �hUXWGo$U � �K3iO5J`FXJTL�^QH�FIF M H _ M H�F#C5RcH�H M �

; FXR _ Jle M DPCiL`FX\YDPCY\5D�	fFIH�FXCiLb\5DAH�FXanL�D M C5JI@ �
CYL�^5DPJ _ FIL�^ M \T3!L�^QF ��DPC5\ EGF ZAM aIDAL < EGFXanL M H DPJ

\QFIL`FIH _ DPCQFX\ ;.<(_ FXRGJ�OQHKDPCQm�L�^QF ) M e5e Z FIH8J�^5D N L MGN L�^QF J�DAm[C5R Z RcHKDPJ�DPCQm N H M[_ L�^QF HKRG\5DPR Z

_ M L�D M C MGN L�^QF�H�F N HKRGanL�DAEGF"DPC5\QF � EcRcHKDPRcL�D M C5J-DPC L�^QF"J�R _ e Z FX\ J�aIRcL`L`FIHKDPCQm�E M[Z O _ FG@ ��^QF

)�?�� _ FIL�^ M \"DPJ�O5J`FX\ ;.<�_ M J`L M efFIHKRcL�D M C5R Z ��DPC5\8e5H Mcg4Z FIHKJ � FG@ mQ@b�.L`HKRGO5aK^"FIL�R Z @ �hUXWGo ��� �

%�RcmGFdFIL�R Z @ �hUXWGW$U ; � �K@l��^QFdJ`FXa M C5\ _ FIL�^ M \T3TaIR ZPZ FX\�L�^QFdJ`eBRGanFX\$12RGCiL`FXC5C5R � �$��� _ FIL�^ M \T3

��RGJ M HKDAm[DPC5R ZPZA< \QFIEGF ZAM efFX\ L MYZAM.M � RcL-D M C M J`eB^QFIHKDPa-H�FIL�OQHKC5J � ?,HKDAmGm[J FIL-R Z @ �hUXWG]�� � � RGC5\

O5J`FXJbR"EGFIH�L�DPaIR ZPZA< 12\5DAH�FXanL`FX\�RGCiL`FXC5C5R NkM HdL`HKRGC5J _ DPJ�J�D M CYRGC5\YL�^QH�FIF M H _ M H�F ^ M HKD�� M CiL�R ZPZA<

J`eBRGanFX\ H�FXanFXDAE$DPCQm RGCiL`FXC5C5RGJ � *0RcHKJ`FXC:RGC5\ ���M L`L`mGFIH �hUXWGoGW � � � M a��$DPCQm FIL+R Z @ �hUXWGoGW � �K@ ��^QF

�$� _ FIL�^ M \ _ R �GFXJ0O5J`F MGN L�^QF N RGanL0L�^5RcL ; RGa��$J�aIRcL`L`FIH�FX\dJ�DAm[C5R Z DPJfL�^QF#\5D�	fHKRGanL�D M C�eBRcL`L`FIHKC MGN

L�^QF�D ZPZ O _ DPC5RcL`FX\ H�F N HKRGanL�DAEGFlDPC5\QF � DAH�H�FIm[O Z RcHKDAL�DAFXJI@!��^5DPJ�\5D�	fHKRGanL�D M C eBRcL`L`FIHKC _ M EGFXJ�RGanH M J�J

L�^QF mGH M O5C5\YRcLlL ��DPanF-L�^QF EGF ZAM aIDAL < MGN L�^QF-J�aIRcL`L`FIH�FIHKJI@8	 M H _ R ZPZA< 3 ��DPC5\5J�RcH�F aIR Z aIO Z RcL`FX\

N H M[_ L�^QFlJ�DAm[C5R Z J�\QFIL`FXanL`FX\ ;.< FXRGaK^ MGN L�^QF+L�^QH�FIF � M H _ M H�F �
RGCiL`FXC5C5RGJ�O5J�DPCQm a M H�H�F Z RcL�D M C

L`FXaK^5C5DPj.OQFXJ � FG@ mQ@l?,HKDAmGm[J �hUXWGo ��� � ��FIF ���hUXWGo�� � �K@ �$DPC5anFlL�^QF \5D�	fHKRGanL`FX\"J�DAm[C5R Z DPJ�J�R _ e Z FX\

RcL _ M H�FlL�^5RGC"R-J�DPCQm Z F ZAM aIRcL�D M C ;.< L�^5DPJ _ FIL�^ M \T34DAL�J�^ M O Z \8C M L ; FbJ�OQH�e5HKDPJ�DPCQmbL�^5RcL�L�^QF

R _ M O5CiL MGN DPC NkM H _ RcL�D M C�L�^5RcL+aIRGC ; FbF � L`HKRGanL`FX\YDPC5anH�FXRGJ`FXJI@b���M L`L`mGFIHbRGC5\ *0RcHKJ`FXC �hUXWGW�� �



���

m[DAEGFlR \QFIL�RGD Z FX\�H�FIE$DAF � MGN L�^QFl)�?���RGC5\"�$� _ FIL�^ M \5JI@

7�HKRGanL�DPaIR ZPZA< J`efFXR �$DPCQmQ3!L�^QF-)�?��:RGC5R ZA< J�DPJ+aIRGC M C ZA< ; F-RGC5R ZA< �IFX\ ;.< L�^QF-FXJ`L�Dh1
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(a) Magnitude: Hor. Vel.
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(b) Direction: Hor. Vel.
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(c) Mean SNR
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(d) Time-Domain ∆

(Ref: FCAMt)
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(e) Freq.-Domain ∆

(Ref: FCAMt)
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(c) Low SNR  [(16.00-18.00)km]
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(d) Low SNR  [(16.00-18.00)km]

-15 -10 -5 0 5 10 15
FSA - FCAMt  m/s

0.0

0.2

0.4

0.6

0.8

1.0

N
om

al
iz

ed
 ( 

  6
82

)

µd= 1.986  m/s
σd= 4.028  m/s

Zonal Velocity Comparison 

��DAm[OQH�F �Q@ � @ � � R _ e Z FXJ MGN a M H�H�F Z RcL�D M C:RGC5\Y^5DPJ`L M mGHKR _ a M[_ eBRcHKDPJ M C5J MGN � 1 _ DPC.OQL`F � M C5R Z
EGF ZAM aIDAL�DAFXJ MG; L�RGDPCQFX\ ;.< L�^QF �!������L8RGC5\>L�^QF ���$� �$� L`FXaK^5C5DPj.OQFXJ�\5OQHKDPCQm:L�^QF j.O5DAFIL
efFIHKD M \T@ � R
�dRGC5\ � ; �l��DAm[^>�$	�� � ] 1KU � � _ �K3,RGC5\ � a��dRGC5\ � \ �l* M � �$	�� � U � 1KUXo � _ �
a M[_ eBRcHKDPJ M C5JI@ ���"H�FIe5H�FXJ`FXCiL�J�L�^QF a M H�H�F Z RcL�D M C a M F � aIDAFXCiLI@ ���"L�^QF _ FXRGC RGC5\ � � L�^QF
J`L�RGC5\5RcHK\ \QFIE$DPRcL�D M C MGN L�^QF+EGF ZAM aIDAL < \5D�	fFIH�FXC5anFXJ � �!������L�1#���$���K@



�
�

��DAm[OQH�F �Q@ ].@���^QF,L`FXaK^5C5DPj.OQFXJ ; FXDPCQm�a M[_ eBRcH�FX\bL M L�^QF
�!������L�H�F N FIH�FXC5anF
RcH�F
J�^ M ��CbDPClL�^QF

< 12R � DPJ MGN L�^QF�e ZAM L�JI@���^QF�L�^QH�FIF+R Z L�DAL�O5\QF�HKRGCQmGFXJ�DPC5a Z O5\QF � � U���R ZPZ L�^QF+^QFXDAm[^iL�J � � 1 �$U � _ �K3

� � � M C ZA< L`H M e M J`eB^QFIHKDPa#^QFXDAm[^iL�J ��DAL�^d^5DAm[^ �$	�� � ] 1KU � � _ �K3iRGC5\ � � � ��O5J`L�CQFXRcH`1 L`H M e M eBRGO5J`F

^QFXDAm[^iL�J � U � 1KUXo � _ � ��^QFIH�F�L�^QF��$	��>DPJ ZAM � � ����\5? �K@.�$D _ D Z RcH!H�FXJ�O Z L�J NkM H�L�^QF _ FIHKDP\5D M C5R Z

��DPC5\ EGF ZAM aIDAL < O5C5\QFIH�j.O5DAFIL
a M C5\5DAL�D M C5J
RcH�F+e ZAM L`L`FX\8DPC ��DAm[OQH�F �Q@ ].@

(a) ρd

0.0 0.2 0.4 0.6 0.8 1.0
 

 

FCAMa

FCAB

FCAH(r)

FCAH(p)

FCAK

FCAW

TDI

FSA

PSS

RIH

RIV

 

T
ec

hn
iq

ue

(b) µd

-6 -4 -2 0 2 4 6
m/s

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) σd

0 2 4 6
m/s

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FCAMa

FCAB

FCAH(r)

FCAH(p)

FCAK

FCAW

TDI

FSA

PSS

RIH

RIV

 

T
ec

hn
iq

ue

 3.0-21.0 km  5.0-10.0 km 16.0-18.0 km

"Quiet" period comparisons for the Zonal Velocity (Ref.: FCAMt)

��DAm[OQH�F �Q@ �Q@"�.L�RcL�DPJ`L�DPaIR Z a M[_ eBRcHKDPJ M C5J MGN ^ M OQH ZA< 12RXEGFIHKRcmGF � M C5R Z EGF ZAM aIDAL < NkM HlL�^QH�FIF J`FIL�J �
� 1 �$U � _ � Z DAm[^iL�mGHKR < �K3�] 1KU � � _ � ;BZ RGa�� ��RGC5\ U � 1KUXo�� _ � \5RcH��"mGHKR < � � \5OQHKDPCQm L�^QF-j.O5DAFIL
efFIHKD M \ � ��� 1 =[RGC$1 W��+L M ���X1 =[RGC$1 W�� �K@ � R
�,� M H�H�F Z RcL�D M C-a M F � aIDAFXCiL � �����K@ � ; ����FXRGC � ������RGC5\
� a���J`L�RGC5\5RcHK\8\QFIE$DPRcL�D M C � � � � MGN L�^QF+EGF ZAM aIDAL < \5D�	fFIH�FXC5anFXJI@

� � R _ DPC5RcL�D M C MGN ��DAm[OQH�FXJ �Q@ � RGC5\ �Q@ ]�J�^ M ��JlH�FXRGJ M C5R ;BZ F-RcmGH�FIF _ FXCiL ; FIL �,FIFXC

_ M J`L MGN L�^QF-�$��L`FXaK^5C5DPj.OQFXJ NkM H�L�^QF ] 1KU ��� _ j.O5DAFIL�efFIHKD M \ � ;BZ RGa�� J�j.O5RcH�FXJ � ��DAL�^ J M[_ F

F � anFIe5L�D M C5JI3 ;fM L�^ ��DPC5\ a M[_ e M CQFXCiL+a M[_ eBRcHKDPJ M C5J�J�^ M ��R8^5DAm[^ a M H�H�F Z RcL�D M C � ��� � �
�
o �K3

R J _ R ZPZ�_ FXRGC:\5D�	fFIH�FXC5anF � � ��� � � � U _ J � � ��RGC5\:R J _ R ZPZ J`L�RGC5\5RcHK\ \QFIE$DPRcL�D M C MGN L�^QF

\5D�	fFIH�FXC5anFXJ � � � � � _ J � � �K@���^QFlRcmGH�FIF _ FXCiL�mGFIL�J � M HKJ`FbDPC8L�^QF U � 1KUXo � _ HKRGCQmGF � \5RcH��

mGHKR < J�j.O5RcH�FXJ �K3 ��^QFIH�F ���8\QFXanH�FXRGJ`FXJ � � �
�
� �K3 ����^5RGJ _ M H�F8EcRcHKDPR ; D Z DAL < � � � _ J � � DPC

L�^QF � M C5R Z a M[_ eBRcHKDPJ M C5J �K3#RGC5\ � ��DPJ Z RcH�mGFIH � � � _ J � � �K@Y��^5DPJl\QFXanH�FXRGJ`FX\ RcmGH�FIF _ FXCiL

DPJ�a M C5J�DPJ`L`FXCiL ��DAL�^ L�^QF DPC5anH�FXRGJ`FX\:J`L�RcL�DPJ`L�DPaIR Z FIH�H M HKJ+RGJd�$	��/\QFXanH�FXRGJ`FXJI@ 	 M L`F-L�^5RcL+L�^QF



� �

(a) ρd

0.0 0.2 0.4 0.6 0.8 1.0
 

 

FCAMa

FCAB

FCAH(r)

FCAH(p)

FCAK

FCAW

TDI

FSA

PSS

RIH

RIV

 
T

ec
hn

iq
ue

(b) µd

-6 -4 -2 0 2 4 6
m/s

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) σd

0 2 4 6
m/s

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FCAMa

FCAB

FCAH(r)

FCAH(p)

FCAK

FCAW

TDI

FSA

PSS

RIH

RIV

 

T
ec

hn
iq

ue

 3.0-21.0 km  5.0-10.0 km 16.0-18.0 km

"Quiet" period comparisons for the Meridional Velocity (Ref.: FCAMt)

��DAm[OQH�F �Q@ ].@��.L�RcL�DPJ`L�DPaIR Z a M[_ eBRcHKDPJ M C5J MGN ^ M OQH ZA< 12RXEGFIHKRcmGF _ FIHKDP\5D M C5R Z EGF ZAM aIDAL < NkM HlL�^QH�FIF
J`FIL�J � � 1 �$U � _ � Z DAm[^iL+mGHKR < �K3�] 1KU � � _ � ;BZ RGa�� ��RGC5\>U � 1KUXo � _ � \5RcH�� mGHKR < � � \5OQHKDPCQm L�^QF
j.O5DAFILbefFIHKD M \ � ��� 1 =[RGC$1 W��"L M ���X1 =[RGC$1 W�� �K@ � R
�d� M H�H�F Z RcL�D M C a M F � aIDAFXCiL � ��� �K@ � ; �l��FXRGC
� ��� �,RGC5\ � a���J`L�RGC5\5RcHK\8\QFIE$DPRcL�D M C � � � � MGN L�^QF+EGF ZAM aIDAL < \5D�	fFIH�FXC5anFXJI@

_ FIHKDP\5D M C5R Z a M[_ eBRcHKDPJ M C5J NkM HdL�^5DPJlH�FIm[D M C�RcH�F ; FIL`L`FIHX3 ��DAL�^YJ _ R ZPZ FIH����-L�^5RGC�L�^QF � M C5R Z

a M[_ eBRcHKDPJ M C5JI@l	 M L`F-R Z J M L�^5RcL�L�^QF ��)���L`FXaK^5C5DPj.OQF J�^ M ��J�L�^QFde M.M H�FXJ`L�RcmGH�FIF _ FXCiL ��DAL�^

L�^QF�H�F N FIH�FXC5anF � �!������L �K34eBRcH�L�DPaIO Z RcH ZA< DPC � �c@

� ��� � � �#� ��� %'�����"�/�(�
	8���", � ) ��,

��^QF�RGanL�DAEGF#efFIHKD M \�RGC5R ZA< J�DPJVa M H�H�FXJ`e M C5\5JfL M L�^QF,] 12\5R < \5RcL�R�J`FIL0L�R �GFXCbDPC+�"RcHKaK^T3

UXWGW��i@+��DAm[OQH�F��Q@ � J�^ M ��J�J�D _ D Z RcH�H�FXJ�O Z L�J�L M ��DAm[OQH�F��Q@ � ; OQL NkM H�L�^QFdRGanL�DAEGFdefFIHKD M \T@���^QF

_ Rcm[C5DAL�O5\QFXJ MGN L�^QF ��DPC5\5J�RcH�F _ O5aK^8J`L`H M CQmGFIH�L�^5RGC L�^ M J`FlDPC ��DAm[OQH�F �Q@ �.@,��m[RGDPCT35R ZPZ L�^QF

\5D�	fFIH�FXCiL!L`FXaK^5C5DPj.OQFXJ�J�^ M � R�m M.M \ RcmGH�FIF _ FXCiL#DPCbL�^QF
\5DAH�FXanL�D M C MGN L�^QF ��DPC5\T3 ��DAL�^bR _ FXRGC

�,FXJ`L ��RcHK\ ��DPC5\ NkM H�L�^QF�� U � 1KUXo � _ H�FIm[D M CT3fRGC5\"R-J M OQL�^$1 FXRGJ`L ��RcHK\ _ FXRGC ��DPC5\8RcL�L�^QF

ZAM �,FIH�^QFXDAm[^iL�JI@#��^QF�H�F Z RcL�DAEGF _ Rcm[C5DAL�O5\QF+\5D�	fFIH�FXC5anFXJI3 � 3B^5RXEGFlL�^QFlJ�R _ F N FXRcL�OQH�FXJ�RGJ�L�^QF

j.O5DAFIL!efFIHKD M \T3 F � anFIe5L�L�^5RcL�L�^QF��!��� � H�FXJ�O Z L�J�RcH�F
a ZAM J`FIH�L M L�^QF�H�F N FIH�FXC5anFG3[eBRcH�L�DPaIO Z RcH ZA< DPC

L�^QF+U � 1KUXo � _ ^QFXDAm[^iL�HKRGCQmGFG3iRGC5\ �!���0&63i�!����� � H
��RGC5\d�!����� � e �!H�FXJ�O Z L�J�J�^ M �>R�J Z DAm[^iL

M EGFIH�FXJ`L�D _ RcL�D M C L�^5RcL DPC5anH�FXRGJ`F ��DAL�^�DPC5anH�FXRGJ�DPCQm"^QFXDAm[^iLI@Y��m[RGDPC NkM H R ZPZ L�^QF�L`FXaK^5C5DPj.OQFXJI3



�	�

; DPRGJ`FXJ
DPC5anH�FXRGJ`F ��DAL�^8\QFXanH�FXRGJ�DPCQm �$	��+@

�.L�RcL�DPJ`L�DPaIR Z a M[_ eBRcHKDPJ M C5J�J�D _ D Z RcH�L M L�^ M J`Fbe5H�FXJ`FXCiL`FX\ NkM H�L�^QFdj.O5DAFIL�efFIHKD M \�RcH�F

e5H�FXJ`FXCiL`FX\"CQF � LI@��
C���DAm[OQH�F �Q@ � �,Fbe5H�FXJ`FXCiL�F � R _ e Z FXJ MGN J�aIRcL`L`FIH�e ZAM L�J�RGC5\"^5DPJ`L M mGHKR _ JI3

J�D _ D Z RcH,L M ��DAm[OQH�F �Q@ � 3 NkM H�L�^QF+�!������L�RGC5\8���$�6a M[_ eBRcHKDPJ M C O5C5\QFIH
L�^QF+RGanL�DAEGF+efFIHKD M \T@

�"O5aK^ Z RcH�mGFIH#EGF ZAM aIDAL�DAFXJI3.J M[_ F ��^5RcL#^5DAm[^QFIH�EcR Z OQFXJ MGN ���G3.RGC5\ Z RcH�mGFIH#EcR Z OQFXJ MGN � �
H�F Z RcL�DAEGF

L M ��DAm[OQH�F �Q@ � RcH�F Rce5eBRcH�FXCiL+DPC L�^5DPJ g m[OQH�FG@d��^QF ^5DAm[^QFIH�a M H�H�F Z RcL�D M C H�F Z RcL`FXJ�L M J _ R ZPZ FIH

H�F Z RcL�DAEGF�FIH�H M HKJdDPC�EGF ZAM aIDAL < FIEGFXC L�^ M OQm[^ � � ^5RGJdDPC5anH�FXRGJ`FX\T@Y��^QF O5C5\QFIH�FXJ`L�D _ RcL�D M C ;.<

L�^QF+CQFXRcH`1 L`H M e M eBRGO5J`F+���$� _ FXRGJ�OQH�F _ FXCiL�JI3BDPJ
R Z J M a Z FXRcH�DPC ��DAm[OQH�F �Q@ � � a��K@#��^5DPJ
O5C5\QFIH`1

FXJ`L�D _ RcL�D M C�DPJlR Z J M J`FIFXC�DPC:L�^QF e M J�DAL�DAEGF-\5DPJ`e Z RGanF _ FXCiL MGN L�^QF efFXR �:DPC���DAm[OQH�F �Q@ � � \ �K@

	 M L`F-L�^QF-J �GF ��CQFXJ�JlDPC L�^5DPJ g m[OQH�FG3 ��^5DPaK^ e5H MG; R ;BZA< DPJ+\5OQF L M L�^QF-\5D�	fFIH�FXCiLl\QFImGH�FIFXJ MGN

O5C5\QFIH�FXJ`L�D _ RcL�D M C�RcL�\5D�	fFIH�FXCiL�^QFXDAm[^iL�J � J`FIFl��DAm[OQH�F �Q@ � � F � �K@

��^QF � M C5R Z RGC5\ _ FIHKDP\5D M C5R Z ^ M OQH ZA< H�FXJ�O Z L�J NkM HbL�^5DPJlRGanL�DAEGF efFIHKD M \:RcH�F J�^ M ��C

DPC ��DAm[OQH�F �Q@ o:RGC5\>��DAm[OQH�F �Q@ W H�FXJ`efFXanL�DAEGF ZA< @ ? M L�^ g m[OQH�FXJ ^5RXEGF"L�^QF�J�R _ F NkM H _ RcL-RGJ

��DAm[OQH�F �Q@ �Q@ �
CYL�^QF ] 1KU � � _ H�FIm[D M C � ;BZ RGa��YJ�j.O5RcH�FXJ ��L�^QF�^5DAm[^Ya M H�H�F Z RcL�D M C�efFIHKJ�DPJ`L�JlDPC

_ M J`L MGN L�^QF L`FXaK^5C5DPj.OQFXJI3VR Z L�^ M OQm[^ ��� RGC5\ � �d^5RXEGF-DPC5anH�FXRGJ`FX\ � � ��� � ��� _ J � � 3�� � �

� _ J � � �K@ � M H+L�^QF8U � 1KUXo � _ H�FIm[D M C � \5RcH���mGHKR < J�j.O5RcH�FXJ �K3VL�^QF L � M ��DPC5\"a M[_ e M CQFXCiL�J

^5RXEGF J�D _ D Z RcH���� RGC5\ � �G3 ; OQL���� DPJ Z RcH�mGFIH NkM H+L�^QF � M C5R Z a M[_ e M CQFXCiL ��^QFIH�F L�^5DPJ � M C5R Z

a M[_ e M CQFXCiL�DPJ�mGH�FXRcL`FIH+L�^5RGC"L�^QF _ FIHKDP\5D M C5R Z ��DPC5\ � J`FIF ��DAm[OQH�F��Q@ � � R
� 1 � ; � �K@l��m[RGDPC"L�^QF

e M.M H�DPCiL`FIHKa M[_ eBRcHKDPJ M C Rce5efFXRcHKJ
L M-Z DAF ��DAL�^�L�^QFl��)��,L`FXaK^5C5DPj.OQFG@

�
C8��DAm[OQH�F �Q@PU � �,Fle5H�FXJ`FXCiL�R ; RcH�aK^5RcH�L MGN � 1 _ DPC.OQL`F�� M C5R Z EGF ZAM aIDAL < � N RGD Z OQH�FXJ��

�
�
34DPC�efFIHKanFXCiL �K3 NkM H�L�^QF+L�^QH�FIF+HKRGCQmGFlJ`FIL�J�O5J`FX\ e5H�FIE$D M O5J ZA< 3Q\5OQHKDPCQm ;fM L�^ � j.O5DAFIL�RGC5\8RGa 1

L�DAEGF �TefFIHKD M \5JI@V��^QF#efFIHKanFXCiL MGNQN RGD Z OQH�FXJ0^QFIH�F,DPJ0\QF g CQFX\lRGJI3cL�^QF#HKRcL�D M�MGN L�^QF _ FXRGJ�OQH�F _ FXCiL�J

H�F��`FXanL`FX\ M EGFIH
L�^QF�L M L�R Z C.O _l; FIH MGN0_ FXRGJ�OQH�F _ FXCiL�JI3 ;.< U � �$@#��^QF
�
EcR Z OQFXJ#H�FIe5H�FXJ`FXCiL,L�^QF

\5RcL�R�H�F��`FXanL`FX\-DPC L�^QF�L � M a Z FXRGC5DPCQm�J`L�RcmGFXJ _ FXCiL�D M CQFX\ FXRcH Z DAFIHX3iD @ FG@A3.DPC �
e5H�Fn12a Z FXRGC5DPCQm ��RGC5\

�
e M J`L
12a Z FXRGC5DPCQm �$@l��DAm[OQH�F��Q@PU � � R
��J�^ M ��J�L�^QF N RGD Z OQH�FXJ NkM H�L�^QF j.O5DAFIL�efFIHKD M \T3 ��^5D Z Fb��DAmc1

OQH�F �Q@PU � � ; �0J�^ M ��J N RGD Z OQH�FXJ NkM H�L�^QF
RGanL�DAEGF
efFIHKD M \T@0��^QF ZAM �,FXJ`L�efFIHKanFXCiL MGNBN RGD Z OQH�FXJ M aIaIOQHKJ

DPC L�^QFl�!������L _ FXRGJ�OQH�F _ FXCiL�JI@
��^QF+efFIHKanFXCiL MGN�N RGD Z OQH�FXJ
DPC L�^QFd] 1KU � � _ H�FIm[D M CT3 NkM H�R ZPZ



�i]

(a) Magnitude: Hor. Vel.
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(b) Direction: Hor. Vel.
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(d) Time-Domain ∆
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(c) Low SNR  [(16.00-18.00)km]
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(d) Low SNR  [(16.00-18.00)km]
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"Active" period comparisons for the Zonal Velocity (Ref.: FCAMt)
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L�^5DPJ�L`FXaK^5C5DPj.OQFG@

� ��� � �(,-� �
,-,��(�'�
��C L�^QF ; RGJ�DPJ MGN L�^QF-R ;fM EGF�a M[_ eBRcHKDPJ M C5JI3 �,F NkM O5C5\:RGCYF � anF ZPZ FXCiLbRcmGH�FIF _ FXCiL
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 3.0-21.0 km  5.0-10.0 km 16.0-18.0 km

"Active" period comparisons for the Meridional Velocity (Ref.: FCAMt)
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J`FIL�J � � 1 �$U � _ � Z DAm[^iL+mGHKR < �K3�] 1KU � � _ � ;BZ RGa�� ��RGC5\>U � 1KUXo � _ � \5RcH�� mGHKR < � � \5OQHKDPCQm�L�^QF
RGanL�DAEGF-efFIHKD M \ � ��� 1 =[RGC$1 W�� L M ���X1 =[RGC$1 W�� �K@ � R
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_ R � M H!\5DPJ�anH�FIeBRGC5aIDAFXJ M aIaIOQH0e5HKD _ RcHKD ZA< DPC�L�^QF ��DPC5\ _ Rcm[C5DAL�O5\QFG@V�
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L�^QF��!������L � M OQH,H�F N FIH�FXC5anF �K@�?,FXaIRGO5J`F MGN L�^5DPJ �,F � M O Z \ F � efFXanL,RGC F � anF ZPZ FXCiL,RcmGH�FIF _ FXCiL
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(a) Failures (Quiet)

From: 20-Jan-97 ( 20)  to: 27-Jan-97 ( 27)
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(b) Failures (Active)

From: 25-Mar-97 ( 84)  to: 29-Mar-97 ( 88)
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 3.0-21.0 km  5.0-10.0 km 16.0-18.0 km

Zonal Velocity
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1

L`FIHKDPCQmQ3BJ�^ M � F � anF ZPZ FXCiL�RcmGH�FIF _ FXCiL ��DAL�^�L�^QF+H�F N FIH�FXC5anF �,Fb^5RXEGFbaK^ M J`FXC � �!������L � DPC�L�^QF

L`H M e M J`eB^QFIH�FG@���^5DPJ�DPJ�L�^QF g HKJ`L�L�D _ FbL�^5RcL�L�^QFXJ`FbL`FXaK^5C5DPj.OQFXJ�^5RXEGF ; FIFXC"L`FXJ`L`FX\ RcL������,3

R Z L�^ M OQm[^(L�^QF < ^5RXEGF ; FIFXC a M[_ eBRcH�FX\ RcL8����� � � M ^5C(FIL R Z @ �hUXWGW�� � � � M[ZPZAM ��R < FIL R Z @

�hUXWGW�� R � �K@��QH M[_ L�^QF+F � anF ZPZ FXCiL�RcmGH�FIF _ FXCiL�J�^ M ��C�^QFIH�F+L�^QFXJ`FlL`FXaK^5C5DPj.OQFXJ�RcH�FbJ`F ZAN a M C5J�DPJ
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J _ R ZPZ C.O _l; FIH MGN

eBRcHKR _ FIL`FIHKJ�H�FXj.O5DAH�FX\ L M FXJ`L�D _ RcL`F�L�^QF+^ M HKD�� M CiL�R Z ��DPC5\T@!� N � � ��� � DPJ�RGJ�J�O _ FX\T35�!���0&

RGC5\:�!����� � H
��L`FXaK^5C5DPj.OQFXJlO5J`F M C ZA< L � M eBRcHKR _ FIL`FIHKJ+L M \QFIL`FIH _ DPCQF L�^QF ��DPC5\ EGF ZAM aIDAL < 3

��^5D Z F L�^QF8�!����? L`FXaK^5C5DPj.OQF�H�FXj.O5DAH�FXJ NkM OQHX3,e5H M E$DP\QFX\�L�^5RcL �,F�RGJ�J�O _ F8R:^ M HKD�� M CiL�R ZPZA<

DPJ M L`H M eBDPa+J�aIRcL`L`FIHKDPCQm � D @ FG@A3 � � � RGC5\ � � � DPC��#j.O5RcL�D M C �Q@ � �K@+	 M H _ R ZPZA< L�^QFd�!����?

L`FXaK^5C5DPj.OQF�H�FXj.O5DAH�FXJ�J�D � �GF < L�D _ F Z Rcm[J � J`FIFG3.FG@ mQ@#� M a��$DPCQm+FIL,R Z @ �hUXWGoGW � �K@,� M H�F M EGFIHX35a M[_ 1

eBRcHKDPJ M C ; FIL �,FIFXC L�^QF�H�FXJ�O Z L�J MGN �!����� � e �K3 ��^5DPaK^ H�F Z DAFXJ M C-R %�RGO5J�J�DPRGC g L MGN L�^QF�������JI3

RGC5\:L�^ M J`F N H M[_ L�^QF �!����� � H
�K3 ��^5DPaK^YO5J`FXJ �
HKR ��� ������JI3�J�^ M ��JlF � anF ZPZ FXCiLbRcmGH�FIF _ FXCiL

RcL�^5DAm[^"�$	��9^QFXDAm[^iL�JI@,��L�CQFXRcH`1 L`H M e M eBRGO5J`Fl^QFXDAm[^iL�JI3B�!����� � e �,H�FXJ�O Z L�J�J�^ M �,FX\�J Z DAm[^iL ZA<

; FIL`L`FIH�RcmGH�FIF _ FXCiL ��DAL�^+L�^QF,H�F N FIH�FXC5anF,L�^5RGClL�^QF,�!����� � H
�VH�FXJ�O Z L�JI@!��^QFIH�F NkM H�FG3cH�FXRGJ M C5R ;BZ F

RGC5\ N RGJ`L�H�FXJ�O Z L�J
a M O Z \ ; F MG; L�RGDPCQFX\���DAL�^ M OQL�R-%�RGO5J�J�DPRGC g LI35D @ FG@#O5J�DPCQm �!����� � H
�K@

)�DPJ�anH�FIeBRGC5aIDAFXJ8DPC(L�^QF:�!���0& RcH�FYRGJ�J M aIDPRcL`FX\ ��DAL�^ L�^QF:^5DAm[^ efFIHKanFXCiL�RcmGF MGN

N RGD Z OQH�FXJ �
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L�^QF ��DPC5\ M �+3 _ R < D _ e5H M EGF�L�^QF M OQL`eBOQL�J MGN L�^5DPJ�L`FXaK^5C5DPj.OQF ��^QFXC Rd%�RGO5J�J�DPRGC NkM H _ DPJ�C M L

RGJ�J�O _ FX\ � ��FXaIR ZPZ,N H M[_ �.FXanL�D M C �Q@ ��L�^5RcLI3�D N R %�RGO5J�J�DPRGC NkM H _ DPJlRGJ�J�O _ FX\YL�^QF��!���0&
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MGN L�^QFd\5D�	fFIH�FXC5anFXJ NkM H�R ZPZ L�^QFdL`FXaK^5C5DPj.OQFXJ�H�F Z RcL�DAEGFdL M L�^QFd�!������L�H�F N FIH�FXC5anFbL`FXaK^5C5DPj.OQFG@

�
C RG\5\5DAL�D M CT3 �,Fl^5RXEGFle5H�FXJ`FXCiL`FX\ L�^QF�efFIHKanFXCiL MGN!N RGD Z OQH�FXJ NkM H�FXRGaK^ MGN L�^QF+L`FXaK^5C5DPj.OQFXJI@

��D _ Fn12\ M[_ RGDPC ^ M HKD�� M CiL�R Z EGF ZAM aIDAL <-_ FXRGJ�OQH�F _ FXCiL�J�L`FXaK^5C5DPj.OQFXJ#L�^5RcL#H�F ZA<dM C L�^QF

RGJ�J�O _ e5L�D M C MGN J`L�RcL�DPJ`L�DPaIR ZPZA< DPJ M L`H M eBDPa#eBRcL`L`FIHKC5J � �!����� � e �K3i�!����� � H
�K3.�!���0& �!J�^ M � F � 1

anF ZPZ FXCiL�RcmGH�FIF _ FXCiL ��DAL�^ _ FXRGJ�OQH�F _ FXCiL�J�O5J�DPCQm _ M H�Fda M[_ e Z DPaIRcL`FX\ N O ZPZ a M H�H�F Z RcL�D M C RGC5R Z 1

< J�DPJbL`FXaK^5C5DPj.OQFXJ � �!�����Y3#�!����? �K@,��^QFXJ`F �`DPJ M L`H M eBDPa � L`FXaK^5C5DPj.OQFXJ a M O Z \ H�FIe5H�FXJ`FXCiL R Z 1

L`FIHKC5RcL�DAEGFXJ NkM H�J�DAL�O5RcL�D M C5J ��^QFIH�F M CQFlCQFIFX\5J N RGJ`L _ FXRGJ�OQH�F _ FXCiL�J MGN L�^QF+^ M HKD�� M CiL�R Z ��DPC5\T3

eBRcH�L�DPaIO Z RcH ZA< RcL�L`H M e M J`eB^QFIHKDPa8^QFXDAm[^iL�JI@/%�DAEGFXC>L�^QF F � anF ZPZ FXCiL�RcmGH�FIF _ FXCiL ; FIL �,FIFXC(L�^QF

�!����� � H
��RGC5\:L�^QF �!����� � e ��H�FXJ�O Z L�JI3!R %�RGO5J�J�DPRGC g LlDPJlC M LlH�FXa M[_ _ FXC5\QFX\ ��^QFXC N RGJ`L

_ FXRGJ�OQH�F _ FXCiL�J�RcH�FlCQFIFX\QFX\T@

�QH�FXj.OQFXC5a < \ M[_ RGDPC L`FXaK^5C5DPj.OQFXJ�L�^5RcLba M H�H�FXanL NkM HlL�OQH ; O Z FXC5anF � D @ FG@ L`FXaK^5C5DPj.OQFXJ

L�^5RcL�DPC5a M H�e M HKRcL`FdJ`efFXanL`HKR Z ��DP\QL�^ �
F � ^5D ; DAL Z RcH�mGFIH�� �bL�^5RGC L�^QFXDAH�L�D _ Fn12\ M[_ RGDPC"a M O5CiL`FIH`1

eBRcH�L�JI@���^QFXJ`F L`FXaK^5C5DPj.OQFXJ � ���$� RGC5\Y���
����R Z J M a M C5J�DPJ`L`FXCiL ZA< O5C5\QFIH�FXJ`L�D _ RcL`F L�^QF ��DPC5\

EcR Z OQFXJ
RGC5\ H�FXj.O5DAH�F�R m M.M \8J`efFXanL`HKR Z ��DP\QL�^ FXJ`L�D _ RcL�D M CT@

��^QF8RGJ�J�O _ e5L�D M C MGN RY%�RGO5J�J�DPRGC NkM H _ MGN L�^QF ������J DPJ \QF _ M C5J`L`HKRcL`FX\ L M:; F

H�FXRGJ M C5R ;BZ F RcLl^5DAm[^Y�$	�� L`H M e M J`eB^QFIHKDPad^QFXDAm[^iL�JI3Vm[DAEGFXC L�^QF F � anF ZPZ FXCiL+RcmGH�FIF _ FXCiL MGN L�^QF

H�F N FIH�FXC5anF � �!������L � ��DAL�^bL`FXaK^5C5DPj.OQFXJ�C M L�RGJ�J�O _ DPCQm�L�^5DPJ NkM H _ � D @ FG@��!����? RGC5\ �!���0& �K@

��L�^QFIH
e M J�J�D ;BZ F�J M OQHKanFXJ MGN FIH�H M HKJI3.eBRcH�L�DPaIO Z RcH ZA< NkM H�L�^QF���)�� � O5C5\QFIH�FXJ`L�D _ RcL�D M C
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RGC5\ Z RcH�mGFIH � ����RGC5\ 7��5� � O5C5\QFIH�FXJ`L�D _ RcL�D M C �K3iDPCiE M[Z EGF�L�^QF�F
	fFXanL�J MGN L�^QF�RGCiL`FXC5C5RlJ`eBRGaIDPCQm

RGC5\ RGC5DPJ M L`H M eBDPa-J�aIRcL`L`FIHKDPCQm M C ����� _ FXRGJ�OQH�F _ FXCiL�JdRGC5\�F
	fFXanL�DAEGF e M DPCiL�DPCQm�e M J�DAL�D M C5J

� FG@ mQ@#�"R < �hUXWGW � � �K@
�$O5aK^ F
	fFXanL�J�^5RXEGF�C M L ; FIFXC-a M C5J�DP\QFIH�FX\ ^QFIH�FG@���^QF < ��D ZPZ$; F�J�O ; �`FXanL�J

NkM H N OQL�OQH�F+J`L�O5\5DAFXJI@

��^QF��`Rce5eBRcH�FXCiL��
EGF ZAM aIDAL�DAFXJ � D @ F���� �b3 �!�����"R
�K3[RGJVF � efFXanL`FX\T3cJ�^ M �YR�a M C5J�DPJ`L`FXCiL

M EGFIH�FXJ`L�D _ RcL�D M C � � ]��
	 ��RcL�R ZPZ ^QFXDAm[^iL�JI@���L,L�^QF�EGFIH < Z FXRGJ`LI3$L�^QFXDAH,O5J�RcmGF�DPJ,j.OQFXJ`L�D M C5R ;BZ FG@

& F \ M C M L�H�FXa M[_ _ FXC5\ DPC5a M H�e M HKRcL�DPCQm L�^QF��`Rce5eBRcH�FXCiL�� EGF ZAM aIDAL <�_ FXRGJ�OQH�F _ FXCiL�J�RGJ M CQF

MGN L�^QF+e M L`FXCiL�DPR Z L`FXaK^5C5DPj.OQFXJ NkM H�^ M HKD�� M CiL�R Z EGF ZAM aIDAL < \QFIL`FIH _ DPC5RcL�D M CT@

�
C�mGFXCQFIHKR Z 3 NkM H�R ZPZ L�^QF�L`FXaK^5C5DPj.OQFXJ�F � R _ DPCQFX\T3QL�^QFIH�F+DPJ�F � anF ZPZ FXCiL�RcmGH�FIF _ FXCiL�DPC

L�^QF ��DPC5\ \5DAH�FXanL�D M CT@���C-L�^QF M L�^QFIH
^5RGC5\T3.a M C5J�DP\QFIHKR ;BZ F�\5DPJ�anH�FIeBRGC5aIDAFXJ M aIaIOQH�DPC L�^QF ��DPC5\

R _ e Z DAL�O5\QF�FXJ`L�D _ RcL`FXJI@,��^5DPJ,e5H MG;BZ F _ CQFIFX\5J N OQH�L�^QFIH�J`L�O5\ < @#)�FIefFXC5\5DPCQm M C�R C.O _l; FIH MGN

N RGanL M HKJI3�L�^QF \5D�	fFIH�FXC5anFXJlDPC:L�^QF-^ M HKD�� M CiL�R Z EGF ZAM aIDAL < FXJ`L�D _ RcL`FXJbaIRGC ; F-J�DAm[C5D g aIRGCiLI@ � M H

F � R _ e Z FG34FIH�H M HKJ�DPC�FXJ`L�D _ RcL�DPCQm-L�^QFd^ M HKD�� M CiL�R Z ��DPC5\ _ Rcm[C5DAL�O5\QFbaIRGC"e5H M \5O5anFlFIH�H M HKJ�DPC

L�^QF�a M H�H�FXanL�D M C MGN EGFIH�L�DPaIR Z ��DPC5\ _ FXRGJ�OQH�F _ FXCiL�J � FG@ mQ@#���M L`L`mGFIH�RGC5\-� FIH��$DPa �hUXWGoG] � � *0RcHKJ`FXC

RGC5\-���M L`L`mGFIH �hUXWGW$U � � 7�R ZP_ FIH#FIL,R Z @��hUXWGW$U � � ��RGC ?�RcF Z FXC-FIL,R Z @ �hUXWGW$U � �K3QeBRcH�L�DPaIO Z RcH ZA< ��^QFXC

L�^QF�^ M HKD�� M CiL�R Z ��DPC5\ DPJ#O5J`FX\-DPC-a M C ��O5C5anL�D M C ��DAL�^ RGCQm Z Fn1 MGN 12RcH�HKDAEcR Z4_ FXRGJ�OQH�F _ FXCiL�J#L M mGFIL

R �
L`HKOQF��:EGFIH�L�DPaIR Z EGF ZAM aIDAL < @ �$O5aK^ ; DPRGJ`FXJ DPC EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ-aIRGC e5H M \5O5anF R _ R � M H

D _ eBRGanL�DPC _ FIL`F M H M[ZAM m[DPaIR Z J`L�O5\5DAFXJI@

��EGFXC L�^ M OQm[^ L�^QF�H�FXJ�O Z L�J#e5H�FXJ`FXCiL`FX\�^QFIH�F�RcH�F ; RGJ`FX\ M C�RGC RcH ; DAL`HKRcH < H�F N FIH�FXC5anF

EGF ZAM aIDAL < � �,Fb^5RXEGFdaK^ M J`FXC�L�^QFl�!������L �K3fL�^QF _ R � M HKDAL < MGN L�^QFlH�FXJ�O Z L�J�aIRGC ; FlD _ e Z DAFX\�D N

RGC <8M L�^QFIH�H�FXRGJ M C5R ;BZ FbL`FXaK^5C5DPj.OQF �,FIH�FbL M�; FdaK^ M J`FXCT@�� M H�F � R _ e Z FG3 M EGFIH�FXJ`L�D _ RcL�D M C ;.<

�`Rce5eBRcH�FXCiL�� EGF ZAM aIDAL�DAFXJ � �!�����"R$30��� ���K3fO5C5\QFIH�FXJ`L�D _ RcL�D M C ;.< ���$�l3f7��5� RGC5\ ��)��8RGC5\

L�^QF�m M.M \�RcmGH�FIF _ FXCiL�DPC�L�^QF+\5DAH�FXanL�D M C MGN L�^QF ��DPC5\�J�^ M O Z \�R ZPZf; F�F � efFXanL`FX\T@

�
C�L�^QF#H�FXJ�O Z L�JVe5H�FXJ`FXCiL`FX\l^QFIH�FG3cL�^QF _ R � M H!\5DPJ�anH�FIeBRGC5aIDAFXJ M aIaIOQH�CQFXRcH0L`H M e M eBRGO5J`F

^QFXDAm[^iL�JI@#��CQF�aIRGC RcL`L`HKD ; OQL`F�L�^QFXJ`F�\5DPJ�anH�FIeBRGC5aIDAFXJ�L M L�^QF�efFIHKanFXCiL MGNTN RGD Z OQH�FXJ�e5H�FXJ`FXCiL`FX\ DPC

��DAm[OQH�F �Q@PU �lRGC5\dL M L�^QF ZAM �(�$	��+@[� Z L`FIHKC5RcL�DAEGF ZA< 3iR�\5D�	fFIH�FXCiL�J�aIRcL`L`FIHKDPCQm _ FXaK^5RGC5DPJ _ _ R <

R Z J M a M CiL`HKD ; OQL`FG@��
C N OQL�OQH�F�J`L�O5\5DAFXJI3ia M[_ eBRcHKDPJ M C5J�RcL,CQFXRcH`1 L`H M e M eBRGO5J`F�^QFXDAm[^iL�J#J�^ M O Z \ ; F
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\ M CQF ��DAL�^:^5DAm[^QFIH+HKRG\5RcHlJ`FXC5J�DAL�DAE$DAL < DPC M HK\QFIHlL M O5C5\QFIHKJ`L�RGC5\ ; FIL`L`FIHlL�^QF \5D�	fFIH�FXC5anFXJ+DPC

L�^5DPJ�H�FIm[D M CT@

��DPC5R ZPZA< 3 ; RGJ`FX\ M C L�^QF R ;fM EGF \5DPJ�aIO5J�J�D M C5JI3fDAL�DPJ�D _ e M J�J�D ;BZ F+L M J`F Z FXanL�L�^QF ; FXJ`L

L`FXaK^5C5DPj.OQFG@���^5DPJ�DPJ�\5OQF�L M L�^QF N RGanL �,Fl\ M C M L �$C M � L�^QF+L`HKOQF ��DPC5\ g F Z \T@#��OQH
eBOQH�e M J`F

^QFIH�F�^5RGJ ; FIFXC M C ZA< L M DPCiL`FIHKa M[_ eBRcH�F�L�^QF _ R � M H��$� L`FXaK^5C5DPj.OQFXJ�L�^5RcL�RcH�F�aIOQH�H�FXCiL ZA< O5J`FX\

NkM H�^ M HKD�� M CiL�R Z ��DPC5\ _ FXRGJ�OQH�F _ FXCiL�JI@
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��L _ M J`eB^QFIHKDPa _ FXRGJ�OQH�F _ FXCiL�J ;.< EGFIH < ^5DAm[^ N H�FXj.OQFXC5a < � ����� ��HKRG\5RcHKJ�L`FXC5\ L M

J�^ M � RGJ`efFXanL�J`FXC5J�DAL�DAE$DAL < F
	fFXanL�JI3iD @ FG@A3cL�^QF,H�FXanFXDAEGFX\dJ�DAm[C5R Z J`L`H�FXCQmGL�^b\QFXanH�FXRGJ`FXJ�RGJ0L�^QF ; FXR _

DPJ!L�D Z L`FX\ M 	�EGFIH�L�DPaIR Z � FG@ mQ@,%�H�FIFXC RGC5\-%�RcmGF �hUXWGo�� � � ��J�O5\5R�FIL�R Z @ �hUXWGo	�.3fUXWGW�� ; � �K@���J�O5R ZPZA<

L�^QF�RGJ`efFXanLdJ`FXC5J�DAL�DAE$DAL < N O5C5anL�D M CYDPJbanFXCiL`FIH�FX\ RcL �IFXC5DAL�^T@:� M[_ F MG; J`FIH�EcRcL�D M C5JI3�^ M �,FIEGFIHX3

J�^ M �/L�^5RcL M C M aIaIRGJ�D M C5J+L�^QF ^5DAm[^QFXJ`L�H�F
�BFXanL�DAE$DAL < RcH�HKDAEGFXJ N H M[_ J _ R ZPZ�M 	41 EGFIH�L�DPaIR Z,ZAM aIR 1

L�D M C5J � ������� � %�H�FIFXCdRGC5\d%�RcmGF �hUXWGo�� � � ���M L`L`mGFIH�RGC5\+� FIH��$DPa��hUXWGoG] � � ���M L`L`mGFIH�FIL�R Z @ �hUXWGW��GR � �

��J�O5\5R FIL�R Z @ �hUXWGW�� R � �K@+��^QFXJ`F M 	41 EGFIH�L�DPaIR Z anFXCiL`FIHKJ�^5RXEGF ; FIFXC�H�F Z RcL`FX\�L M L�D Z L`FX\"J�aIRcL`L`FIH`1

DPCQm � H�F
�BFXanL�DPCQm J`L`HKO5anL�OQH�FXJ � FG@ mQ@/���M L`L`mGFIH8FIL R Z @ �hUXWGW��GR � � *0RcHKJ`FXC RGC5\ ���M L`L`mGFIH �hUXWGW$U � �

7�R ZP_ FIH�FIL�R Z @��hUXWGW$U � �K@���J�O5\5RdFIL�R Z @��hUXWGW�� R ��H�FXanFXCiL ZA< J�OQmGmGFXJ`L`FX\�L�^5RcL�L�^QFXJ`F M 	41 EGFIH�L�DPaIR Z

anFXCiL`FIHKJ�RcH�FdaIRGO5J`FX\ ;.< R a M H�HKOQm[RcL`FX\ Z R < FIH�L�^5RcL�DPJ _ M \5D g FX\ NkM[ZPZAM ��DPCQm L�^QFlEGFIH�L�DPaIR Z \5DPJ
1

e Z RGanF _ FXCiL�aIRGO5J`FX\ ;.< mGHKRXE$DAL < ��RXEGFXJI@

��FXRGJ�OQH�F _ FXCiL�J MGN L�^QFXJ`F M 	41 EGFIH�L�DPaIR Z anFXCiL`FIHKJdH�FXj.O5DAH�F J < J`L`F _ J ��DAL�^�J�O � aIDAFXCiL

�BF � D ; D Z DAL < DPC ; FXR _ 1 e M DPCiL�DPCQmYRGC5\ ; FXR _ 12J`L`FIFIHKDPCQm aIRceBR ; D Z DAL�DAFXJI3 Z D �GF�L�^QF �"� HKRG\5RcH�DPC

=[RceBRGC � J`FIFG3
�5O �cR M FIL-R Z @ �hUXWGW�� � � ��M HX3�R Z L`FIHKC5RcL�DAEGF ZA< 3�R:J`eBRGanFX\>RGCiL`FXC5C5R � �$���dJ < J`L`F _

� *0RcHKJ`FXC8RGC5\8���M L`L`mGFIH �hUXWGoGW � � � M a��$DPCQm FIL�R Z @��hUXWGoGW � �K@

� M J`L ����� HKRG\5RcHKJ aIOQH�H�FXCiL ZA<YM efFIHKRcL`F"DPC R:) M e5e Z FIH ; FXR _ J ��DPCQm[DPCQm � )�?�� �

_ M \QFG3 ��^QFIH�F�L�^QF�RGCiL`FXC5C5R ; FXR _ DPJ,J`FXj.OQFXCiL�DPR ZPZA< J ��DAL�aK^QFX\ L�^QH M OQm[^ RdJ`FIHKDAFXJ MGN � RcL _ M J`L

g EGF � ; FXR _ e M J�DAL�D M C5JI@b?,FXaIRGO5J`F MGN L�^QF Z RGa�� MGN�_ RGC < 3!a ZAM J`F ZA< 12J`eBRGanFX\T3 ; FXR _ e M J�DAL�D M C5JI3

_ FXRGJ�OQH�F _ FXCiL�J MGN�M 	41 EGFIH�L�DPaIR Z anFXCiL`FIHKJbRcH�F-C M L�efFIH NkM H _ FX\ ��DAL�^ L�^QFXJ`F HKRG\5RcHKJI@��$� J < J
1

L`F _ JI3 M C L�^QF M L�^QFIH-^5RGC5\T3#RcH�F8R ;BZ F MGN�MG; L�RGDPC5DPCQm RGCQm Z Fn1 MGN 12RcH�HKDAEcR Z � �������dH�FIL�OQHKC5J ;.<
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_ FXRGJ�OQHKDPCQm�L�^QF�eB^5RGJ`F�eBRcL�^ \5D�	fFIH�FXC5anFXJ ; FIL �,FIFXC J�DAm[C5R Z H�FIL�OQHKC5J�O5J�DPCQm�L�^QH�FIF M H _ M H�F
J`eBR 1

L�DPR ZPZA< J`FIeBRcHKRcL`FX\T34EGFIH�L�DPaIR ZPZA< e M DPCiL�DPCQmQ35H�FXanFXDAE$DPCQm-RGCiL`FXC5C5RGJ � ���M L`L`mGFIH+RGC5\8� FIH��$DPa �hUXWGoG] � �K@

��^QFXJ`F+����� _ FXRGJ�OQH�F _ FXCiL�J�aIRGC ; F+RGJ�J M aIDPRcL`FX\ ��DAL�^ M 	41 EGFIH�L�DPaIR Z J�DAm[C5R Z H�FIL�OQHKC5JI@

����� _ FXRGJ�OQH�F _ FXCiL�J
RcL
�����,3B^5RXEGF ; FIFXC O5J`FX\ L M a M H�H�FXanL�EGFIH�L�DPaIR Z ��DPC5\ _ FXR 1

J�OQH�F _ FXCiL�J ;.< a M H�H�FXanL�DPCQm NkM H � Z FXR �cRcmGF�� MGN L�^QFd^ M HKD�� M CiL�R Z ��DPC5\�DPCiL M L�^QFdEGFIH�L�DPaIR Z�_ FXR 1

J�OQH�F _ FXCiL�J ��^QFXC M 	41 EGFIH�L�DPaIR Z H�FIL�OQHKC5J�RcH�Fle5H�FXJ`FXCiL � *0RcHKJ`FXC�RGC5\����M L`L`mGFIH �hUXWGW$U � � 7�R ZP_ FIH

FILdR Z @ �hUXWGW$U � � ��RGC ?�RcF Z FXC�FIL R Z @ �hUXWGW$U � �K@Y��FXanFXCiL ZA< 3���RGC5\QFIefFIFIHdRGC5\���FXDP\��hUXWGWG] ��RGC5\

��^ M HKJ`FXC�FIL+R Z @��hUXWGW�� �,^5RXEGF O5J`FX\ ������J�L M8_ FXRGJ�OQH�FbL�^QFdL�^QH�FIFn12\5D _ FXC5J�D M C5R Z ��DPC5\ g F Z \

O5J�DPCQm _ FX\5DPO _ N H�FXj.OQFXC5a < � �"� ��HKRG\5RcHKJI@

��^QFlD _ e M H�L�RGC5anF MGN L�^QFlH�F Z RcL�DAEGFle M J�DAL�D M C5J MGN L�^QFlL`HKRGC5J _ DAL`L�DPCQm RGC5\8H�FXanFXDAE$DPCQm

RGCiL`FXC5C5RGJ�DPC8����� _ FXRGJ�OQH�F _ FXCiL�J�RGC5\8EGFIH�L�DPaIR Z EGF ZAM aIDAL < a M H�H�FXanL�D M C5JI3f^5RGJ ; FIFXC�e M DPCiL`FX\

M OQL ;.< �"R < �hUXWGW � � @9�"R < R Z J M J�OQmGmGFXJ`L`FX\>L�^5RcL-L�^QFXJ`F _ FXRGJ�OQH�F _ FXCiL J�^ M O Z \ ; F�\ M CQF
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7!FIHTSO NkM H M OQH������(J`L�O5\5DAFXJI@!��^QF�=[DPaIR _ RcHKaIR�HKRG\5RcH M efFIHKRcL`FXJ�RcL �(]����"��� � � � � � �0RGC5\

^5RGJ�RGC � � � � _ ;.< � � � _ RGCiL`FXC5C5R RcH�HKR < @l��^QFdRGCiL`FXC5C5R�DPJ�a M[_ e M J`FX\ MGN � � J`FIeBRcHKRcL`F

_ M \5O Z FXJI@9�#RGaK^ _ M \5O Z F�a M C5J�DPJ`L�J MGN R(U�� ;.< U��YRcH�HKR < MGN anH M J�J
1 e M[Z RcHKD��IFX\(^5R ZAN 1 ��RXEGF
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\5DAe M[Z FXJI@ �
C ��DAm[OQH�F8].@PUc3 �,F8J�^ M � L�^QF RGCiL`FXC5C5R a M C g m[OQHKRcL�D M C NkM H L�^QFXJ`F F � efFIHKD _ FXCiL�JI@

� M H�L`HKRGC5J _ DPJ�J�D M CT3 �,FdeB^5RGJ`FX\ NkM OQH _ M \5O Z FXJ � J`FXanL�D M C � ��L M e M DPCiL�e5H�FXaIDPJ`F ZA< EGFIH�L�DPaIR ZPZA< 3

��DAL�^YR M CQFn1 ��R < ^5R ZAN 1 e M �,FIH ; FXR _ ��DP\QL�^ � ��7#?,& � MGN � � � @ ��CiL`FXC5C5R"J`FXanL�D M C5J � � �

RGC5\ � �,FIH�F O5J`FX\ NkM H�H�FXanFIe5L�D M CT@��#RGaK^ H�FXanFXDAE$DPCQm�RGCiL`FXC5C5R ��RGJ�e M DPCiL`FX\ M C$12R � DPJ � �

�lU
�
����� N H M[_ EGFIH�L�DPaIR Z R ZAM CQm�L�^QF L�^QF < 12R � DPJI3VD @ FG@lL M ��RcHK\ L�^QF-�.& ��RGC5\ ^5RG\ R M CQFn1 ��R <

��7#?,& MGN � o
�
���c@���^QF M OQL`eBOQL N H M[_ FXRGaK^ MGN L�^QF�H�FXanFXDAE$DPCQm�RGCiL`FXC5C5RGJ ��RGJ�DPC5\QFIefFXC5\QFXCiL ZA<

H�FXanFXDAEGFX\T3GJ�R _ e Z FX\T3cRGC5\lH�FXa M HK\QFX\T@�%�H M O5C5\la Z OQL`L`FIH!F
	fFXanL�J�DPC+FXRGaK^bH�FXanFXDAEGFIH �,FIH�F,H�FX\5O5anFX\

J`FIeBRcHKRcL`F ZA< DPC ;fM L�^ L�^QF H�FXR Z RGC5\:D _ Rcm[DPC5RcH < J�DAm[C5R Z aK^5RGC5CQF Z J N H M[_ L�^QF H�FXa M HK\QFX\:\5RcL�R$@

� M \ M L�^5DPJI3 �,FbaIR Z aIO Z RcL`FX\�L�^QF _ FXRGC"a M[_ e Z F � E M[Z L�RcmGFXJ�DPC8FXRGaK^ MGN L�^QFbDPC5\5DAE$DP\5O5R Z L�D _ F

;BZAM a��$J�\QF g CQFX\ ;.< L�^QF DPC5a M ^QFIH�FXCiL�RXEGFIHKRcm[DPCQm efFIHKD M \T@�& F L�^QFXC g L`L`FX\ R�J`FXa M C5\:\QFImGH�FIF

e M[ZA< C M[_ DPR Z L M L�^QFdL�D _ Fn12J`FIHKDAFXJ MGN L�^QFdH�FXR Z RGC5\ D _ Rcm[DPC5RcH < a M[_ e M CQFXCiL�J MGN L�^QFXJ`F _ FXRGC

EcR Z OQFXJI@ %�H M O5C5\ a Z OQL`L`FIH+F
	fFXanL�J �,FIH�F H�F _ M EGFX\ ;.< J�O ; L`HKRGanL�DPCQm�L�^5DPJ N O5C5anL�D M C N H M[_ L�^QF

M HKDAm[DPC5R Z E M[Z L�RcmGFXJ
EcR Z OQFXJ,L M e5H M E$DP\QF�L�^QF _ M \5D g FX\ L�D _ F�J`FIHKDAFXJ NkM H
J�O ; J`FXj.OQFXCiL�RGC5R ZA< J�DPJI@

& F"e5H�FXJ`FXCiL ^QFIH�F�L�^QF�H�FXJ�O Z L�J MGN R ] 12\5R < HKO5C L�R �GFXC DPC>�"RcHKaK^T3lUXWGW�� � N H M[_

�"RcHKaK^ �G].3�U ��� ]��:*$�/L M �"RcHKaK^ �GW.3 � ���PUX] *$� �K@���^QF M efFIHKRcL�D M C5R Z eBRcHKR _ FIL`FIHKJ NkM HdL�^5DPJ

\5RcL�R J`FIL�RcH�F�e5H�FXJ`FXCiL`FX\�DPC �!R ;BZ Fl].@PUc@

�!R ;BZ F�].@PUc@���efFIHKRcL�DPCQmbeBRcHKR _ FIL`FIHKJ NkM H
L�^QF�F � efFIHKD _ FXCiL�J�a M C5\5O5anL`FX\ RcL�=[DPaIR _ RcHKaIR � N H M[_
�G] 12�"RcH`1 W�� L M �GW 12�"RcH`1 W�� �

7�RcHKR _ FIL`FIH ��R Z OQF
7#O Z J`F�H�FIefFIL�DAL�D M C�efFIHKD M \ � _ J
	�O _l; FIH MGN a M ^QFIH�FXCiL�DPCiL`FImGHKRcL�D M C5J U��Go
	�O _l; FIH MGN DPC5a M ^QFIH�FXCiL�DPCiL`FImGHKRcL�D M C5J �

	�O _l; FIH MGN e M DPCiL�J U��Go
� 	fFXanL�DAEGFlJ�R _ e Z DPCQmdL�D _ F �G]	� _ J
��FXDAm[^iL�H�FXJ M[Z OQL�D M C �$@ �i] � _
�
C5DAL�DPR Z ^QFXDAm[^iL � � _
	�O _l; FIH MGN ^QFXDAm[^iL�J � �
�0HKRGC5J _ DAL`L�DPCQmde M �,FIH U � � �.&

�'aIR Z D ; HKRcL�D M C e5H M anFX\5OQH�F ��RGJ�efFIH NkM H _ FX\ ; F NkM H�F+RGC5\ R N L`FIH�L�^QF�F � efFIHKD _ FXCiL
L M

\QFIL`FIH _ DPCQF�L�^QF,e M J�J�D ;BZ F�eB^5RGJ`F,\5D�	fFIH�FXC5anFXJ0RcHKDPJ�DPCQm N H M[_ \5D�	fFIHKDPCQm Z FXCQmGL�^5J MGN L�^QF#H�FXanFXDAE$DPCQm
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��DAm[OQH�F�].@PUc@#��CiL`FXC5C5RbJ`FIL�OQe NkM H,L�^QF�=[DPaIR _ RcHKaIRlF � efFIHKD _ FXCiLI@���^QF�L`HKRGC5J _ DAL`L�DPCQmlRGCiL`FXC5C5R
DPJ+L�^QF EGFIH�L�DPaIR ZPZA< e M DPCiL�DPCQm�� _ M \5O Z F � RGC5\YL�^QF H�FXanFXDAE$DPCQm�RGCiL`FXC5C5RGJdRcH�F L�^QF � M C$12R � DPJ��
e M DPCiL�DPCQm �l3 ��RGC5\ � _ M \5O Z FXJI@!��^QF � M C$12R � DPJ��le M J�DAL�D M C \5D�	fFIH N H M[_ L�^QF��IFXC5DAL�^-e M J�DAL�D M C
; FXaIRGO5J`F8RGCiL`FXC5C5R:J�OQH N RGanF�DPJ C M L F � RGanL ZA< ^ M HKD�� M CiL�R Z 3 ; OQL DPJ L�D Z L`FX\ � U

�
�����c3�Rce5e5H M � Dh1

_ RcL`F ZA< L M ��RcHK\5JbL�^QF8� M OQL�^ �,FXJ`LI@ 	 M L�DPanF L�^5RcL CQFXDAL�^QFIH MGN L�^QF�RGCiL`FXC5C5R"R � FXJI3 �
	���
 �K3#DPJ
R Z DAm[CQFX\ ��DAL�^ L�^QF mGF M mGHKRceB^5DPa a M.M HK\5DPC5RcL`FXJ ������� �K@���^QF RGCiL`FXC5C5R8anFXCiL`FIHKJbRcH�F m[DAEGFXCYDPC
�
	���
 ��a M.M HK\5DPC5RcL`FXJI3QH�FXJ`efFXanL�L M L�^QF+L`HKRGC5J _ DAL`L�DPCQm RGCiL`FXC5C5R anFXCiL`FIHX@

Z DPCQFXJI@�?,HKDAF
� < 3$Rba M[_ _ M C�J�DAm[C5R Z � FXDAL�^QFIH�RGC M OQL`eBOQL N H M[_/M CQF MGN L�^QF�RGCiL`FXC5C5RGJ M H�R _ e Z Dh1

g FX\ J � < C M DPJ`F � ��RGJ N FX\ DPC"eBRcHKR ZPZ F Z L M FXRGaK^ MGN L�^QFdH�FXanFXDAE$DPCQm Z DPCQFXJ � aIR ;BZ FXJI3 N H M CiL
1 FXC5\5JI3

R _ e Z D g FIHKJ
RGC5\8H�FXanFXDAEGFIHKJ �K@���^5DPJ�J�DAm[C5R Z ��RGJ�H�FXa M HK\QFX\"RGC5\8e5H M anFXJ�J`FX\�O5J�DPCQm eBRcHKR _ FIL`FIHKJ

J�D _ D Z RcH�L M L�^ M J`F Z DPJ`L`FX\"DPC��!R ;BZ Fd].@PUc@�7#^5RGJ`Fb\5D�	fFIH�FXC5anFXJ�\QFIL`FIH _ DPCQFX\ N H M[_ L�^5DPJ�e5H M anFXJ�J

�,FIH�FlDPC5a M H�e M HKRcL`FX\ DPCiL M L�^QFlJ�O ; J`FXj.OQFXCiL�RGC5R ZA< J�DPJI@

����� _ FXRGJ�OQH�F _ FXCiL�J �,FIH�F MG; L�RGDPCQFX\ FIEGFIH < � � _ DPC.OQL`FXJ O5J�DPCQm ;fM L�^(L�D _ Fn1

RGC5\ N H�FXj.OQFXC5a < 12\ M[_ RGDPC _ FIL�^ M \5J � J`FIF-�.FXanL�D M C ].@ �.@ � �K@��
C ;fM L�^ _ FIL�^ M \5J�L�^QF _ FXRGJ�OQH�FX\

����� DPC5a Z O5\QFXJ+L�^QF NkM OQH a M CiL`HKD ; OQL�D M C5Jl\QFXJ�anHKD ; FX\YDPC �.FXanL�D M C ].@ �.@PUc@:& F ^5RXEGF8DAm[C M H�FX\

FXJ`L�D _ RcL`FXJ ��DAL�^ EGFIH < ZAM � J�DAm[C5R Z 1 L M 12C M DPJ`F8HKRcL�D M � �$	�� � � � \5?�3�R N L`FIH�a M ^QFIH�FXCiL RGC5\

DPC5a M ^QFIH�FXCiL�DPCiL`FImGHKRcL�D M C5J �#DPC M OQH
RGC5R ZA< J�DPJI@!� L
DPJ�D _ e M H�L�RGCiL,L M e M DPCiL M OQL�L�^5RcL�L�^QF�������J



���

e5H�FXJ`FXCiL`FX\:CQF � LlRcH�F H�F Z RcL�DAEGF L M L�^QF-RGCiL`FXC5C5R8J�OQH N RGanF-RGC5\:C M L+L M L�^QF-^ M HKD�� M CiL�R Z e Z RGCQF

� J`FIFl��DAm[OQH�Fl].@PU NkM H�\QFIL�RGD Z J �K@

& F�\QFIL`FIH _ DPCQFX\bL�^QF
L�D _ F�\ M[_ RGDPC ������J ;.<lg L`L�DPCQm�R Z DPCQF,L M L�^QF
eB^5RGJ`F MGN FXRGaK^

�����>eBRGDAH � � �l3���� RGC5\ ������RGC5\"FIEcR Z O5RcL�DPCQm�L�^5RcL Z DPCQFdRcL � � �$@d��^5DPJ�e5H M anFXJ�J ��RGJ

O5J`FX\ DPC M HK\QFIH�L M-_ DPC5D _ D��IF�L�^QF+H�FXJ�DP\5O5R Z a M CiL`HKD ; OQL�D M C5J N H M[_ C M DPJ`F�RcL�� ���$@

�
C ��DAm[OQH�F ].@ �.3 �,Fde5H�FXJ`FXCiL�^5DPJ`L M mGHKR _ J MGN ������J MG; L�RGDPCQFX\ DPC�L�^5DPJ _ RGC5CQFIH�DPC

L�^QF-L � M M H�L�^ M m M C5R Z,; RGJ`FXJ ��� RGC5\ � � � J`FIF���DAm[OQH�F�].@PU�� NkM H ^QFXDAm[^iL�J ; FIL �,FIFXC �8RGC5\

o � _ @ ��^5DPJ g m[OQH�F J�^ M ��JlL�^QF-\5DPJ`L`HKD ; OQL�D M C5J MGN �
HKR ���"����� EcR Z OQFXJ � J M[Z DP\ Z DPCQF ��RGC5\YR

%�RGO5J�J�DPRGC$1 g L`L`FX\ N O5C5anL�D M C � J`L�RcHKJ �K@#��FXRGC � ��� �#RGC5\ J`L�RGC5\5RcHK\�\QFIE$DPRcL�D M C � ��� ��EcR Z OQFXJ�RcH�F

J�^ M ��C NkM H ;fM L�^ L�^QF �
HKR ��� � J�O ; J�anHKDAe5L �
��RGC5\�%�RGO5J�J�DPRGC$1 g L`L`FX\ � J�O ; J�anHKDAe5L 	 ��\5RcL�R$@�	 M L`F

L�^5RcL�L�^QF�H�FXJ�O Z L�J
RcH�FlR ZP_ M J`L�L�^QF+J�R _ F ��DAL�^ RGC5\���DAL�^ M OQL�%�RGO5J�J�DPRGC g L`L�DPCQmQ@

��J _ FXCiL�D M CQFX\dR ;fM EGFG3iL�^QFXJ`F������>EcR Z OQFXJ�RcH�F
H�F Z RcL�DAEGF�L M L�^QF�RGCiL`FXC5C5R ; RGJ`F Z DPCQFG3

D @ FG@A3QL�^QF+L`HKOQF��IFXC5DAL�^ e M J�DAL�D M C L`HKRGC5J Z RcL`FXJ�DPCiL M � �
	 ��� ��RGC5\ � ��� �'U
�
�����c@

�
Cl��DAm[OQH�F�].@ � 3 �,F#e5H�FXJ`FXCiL0H�FXJ�O Z L�J NkM H!L�^QF N H�FXj.OQFXC5a < 12\ M[_ RGDPCl������J!DPClR NkM H _ RcL

J�D _ D Z RcH#L M ��DAm[OQH�F�].@ � NkM H
L�^QF�J�R _ F�L�D _ F�efFIHKD M \T@!& F MG; L�RGDPCQFX\ L�^QFXJ`F _ FXRGJ�OQH�F _ FXCiL�J ;.<

g L`L�DPCQm�R Z DPCQF�L M L�^QF�eB^5RGJ`F MGN L�^QF����$��J�RGC5\dFIEcR Z O5RcL�DPCQm�L�^QF _ RcL � � � �c3 ��^QFIH�F � �
DPJ�L�^QF

) M e5e Z FIH�J�^5D N L MGN L�^QFdH�FXJ`efFXanL�DAEGF-���$� � J`FIF-�.FXanL�D M C:].@ �.@ � �K@ � � R _ DPC5RcL�D M C MGN L�^5DPJ g m[OQH�F

J�^ M ��J�L�^QF
e5H�FXJ`FXC5anF MGNf_ M H�F � M OQL Z DAFIHKJ���DPCbL�^QF N H�FXj.OQFXC5a < 12\ M[_ RGDPCdH�FXJ�O Z L�J!L�^5RGC O5J�DPCQm�L�^QF

L�D _ Fn12\ M[_ RGDPC _ FIL�^ M \T@���^QF � M OQL Z DAFIHKJ��-RcH�FlmGHKRceB^5DPaIR ZPZA< _ RGC5D N FXJ`L`FX\ ;.< L�^QFbe5H�FXJ`FXC5anF MGN

Rla M C5J`L�RGCiL � � M.M H �+F � L`FXC5\5DPCQmbRGanH M J�J,L�^QF�^5DPJ`L M mGHKR _ JI3$D @ FG@A3.EcR Z OQFXJ�L�^5RcL,HKRGDPJ`F�L�^QF Z FIEGF ZBMGN

L�^QF ; RGJ`F MGN L�^QF %�RGO5J�J�DPRGC$1 Z D �GF N O5C5anL�D M C5J�RcL�R ZPZ EcR Z OQFXJ MGN ������JI@���^QFXJ`F�� M OQL Z DAFIHKJ��-RcH�F

R Z J M C M L�DPanFX\8DPC L�^QF+J`L�RGC5\5RcHK\ \QFIE$DPRcL�D M C�EcR Z OQFXJI3 ��^QFIH�F���� ��DPJ
a M C5J�DP\QFIHKR ;BZA<-Z RcH�mGFIH�L�^5RGC
���

�
NkM H ;fM L�^ ; RGJ`F Z DPCQFXJI@:	 M L`F8L�^5RcLdL�^QF�%�RGO5J�J�DPRGC g L`L`FX\ EcR Z OQFXJ RcH�F J�D _ D Z RcHlL M L�^ M J`F

MG; L�RGDPCQFX\ N H M[_ L�^QF+L�D _ Fn12\ M[_ RGDPC _ FXRGJ�OQH�F _ FXCiL�JI@

�QH M[_ L�^QFXJ`F�J�D _ D Z RcHKDAL�DAFXJI3 �,F�J`FIF�L�^5RcL ;fM L�^ _ FIL�^ M \5J�m[DAEGF�FXJ�J`FXCiL�DPR ZPZA< L�^QF�J�R _ F

DPC NkM H _ RcL�D M CT@l� L+DPJ�D _ e M H�L�RGCiL�L M e M DPCiL M OQL�L�^5RcLlD _ e Z F _ FXCiL�RcL�D M C DPJ�FXRGJ�DAFIHlRGC5\ aIR Z aIO$1

Z RcL�D M C"DPJ N RGJ`L`FIH�DPC�L�^QFbL�D _ Fn12\ M[_ RGDPCT@��QH�FXj.OQFXC5a < 12\ M[_ RGDPC _ FIL�^ M \5JI3f^ M �,FIEGFIHX3V^5RXEGFdL�^QF
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From: 25-Mar-97 ( 84)  to: 29-Mar-97 ( 88)

Time-domain AOA analysis

��DAm[OQH�Fd].@ �.@���DPJ`L M mGHKR _ J MGN � 1 _ DPC.OQL`Fd������J MG; L�RGDPCQFX\ ;.< R-L�D _ Fn12\ M[_ RGDPC _ FIL�^ M \ � J`FIF
�.FXanL�D M C ].@ �.@ � ��O5J�DPCQmlL�^QF���� � ��� �K3QRGC5\ � � � ��� �#RGCiL`FXC5C5RbeBRGDAHKJI@#� M[Z DP\ Z DPCQFXJ#H�FIe5H�FXJ`FXCiL
L�^QF�RGanL�O5R ZB_ FXRGJ�OQH�F _ FXCiL�JI3.RGC5\dL�^QF g L`L`FX\�%�RGO5J�J�DPRGC N O5C5anL�D M C5J�RcH�F
H�FIe5H�FXJ`FXCiL`FX\ ;.< J`L�RcHKJI@
��FXRGC � ��� ��RGC5\-J`L�RGC5\5RcHK\-\QFIE$DPRcL�D M C � ��� � MGN L�^QF������ _ FXRGJ�OQH�F _ FXCiL�J,RcH�F�m[DAEGFXC NkM H,L�^QF
�
HKR ��� � J�O ; J�anHKDAe5L �
��RGC5\ %�RGO5J�J�DPRGC g L`L`FX\ � J�O ; J�anHKDAe5L 	 ��\5RcL�R$@���^QFXJ`F-����� _ FXRGJ�OQH�Fn1
_ FXCiL�J,RcH�F�H�F Z RcL�DAEGF�L M L�^QF�RGCiL`FXC5C5R+e Z RGCQF � J`FIF���DAm[OQH�F�].@PU���RGC5\-DPC5a Z O5\QF�^QFXDAm[^iL�J ; FIL �,FIFXC
�dRGC5\8o � _ @

\5DPJ`L�DPC5anL+RG\QEcRGCiL�RcmGF ��^QFXCYDPCiL`FIH N FIH�FXC5anF-DPJ+FXC5a M O5CiL`FIH�FX\T@ �
C:L�^QF NkM[ZPZAM ��DPCQm8RGC5R ZA< J�DPJI3 �,F

��D ZPZ O5J`F M C ZA< ������J MG; L�RGDPCQFX\���DAL�^�L�^QF+L�D _ Fn12\ M[_ RGDPC _ FIL�^ M \T@

& F+C M �9a M[_ eBRcH�FX\�H�FXJ�O Z L�J MG; L�RGDPCQFX\ O5J�DPCQmbL�^QF�F � e5H�FXJ�J�D M C5J,e5H�FXJ`FXCiL`FX\ DPC8�.FXa 1
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Frequency-domain AOA analysis
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a) Theoretical AOAs for BC
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a) Autocorrelation [θx]
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� M[ZPZAM ��R < FIL�R Z @��hUXWGW�� ; � NkM H _ M H�F+\QFIL�RGD Z J �K@

��^QFba M H�H�F Z RcL�D M C Z FXCQmGL�^ 
�� H�FIe5H�FXJ`FXCiL�J�L�^QFdRXEGFIHKRcmGFdEcR Z OQF MGN L�^QF _ R � M H�RGC5\ _ DPC M H�R � FXJ

MGN R8^ M HKD�� M CiL�R Z RGJ`efFXanL+J`FXC5J�DAL�DAE$DAL <�N O5C5anL�D M CT3VRGC5\:DPJ�FXj.O5R Z L M ��
��� � 
��� � ���8DPC � M[ZPZAM ��R <

FIL�R Z @ �hUXWGW�� ; ��RGC5\ � � � � � � ���-DPC8��FIF � �hUXWGo�� � @���^.O5JI35L�^QF ; DAmGmGFIH 
�� 3BL�^QF _ M H�FlRGJ`efFXanL

J`FXC5J�DAL�DAEGF�L�^QF+RcL _ M J`eB^QFIH�FG@

��FX\5DPRGC EcR Z OQFXJ MGN L�^QFXJ`FlL � M eBRcHKR _ FIL`FIHKJ�RcH�F+e ZAM L`L`FX\�DPC8��DAm[OQH�F��.@ � 3 NkM H�L�^QFlL�^QH�FIF+L�D _ F

efFIHKD M \5JI@�� � R _ DPC5RcL�D M C MGN ��DAm[OQH�F �.@ � ; F ZAM � U � � _ J�OQmGmGFXJ`L�J L�^5RcL L�^QF8RGanL�DAEGF8efFIHKD M \

DPJda M C5J�DP\QFIHKR ;BZA<:_ M H�F�L�OQH ; O Z FXCiLbRGC5\ J M[_ F ��^5RcL Z FXJ�JdRGJ`efFXanL J`FXC5J�DAL�DAEGF�L�^5RGC�L�^QF j.O5DAFIL

efFIHKD M \T@,� L�DPJ�R Z J M Rce5eBRcH�FXCiL�L�^5RcL NkM H ;fM L�^�RGanL�DAEGFdRGC5\"j.O5DAFIL�efFIHKD M \5JI35L�^QFlH�FIm[D M C"R ;fM EGF

UX] � _ Rce5efFXRcHKJ
L M ; F _ M H�F+RGJ`efFXanL�J`FXC5J�DAL�DAEGF�L�^5RGC L�^QF ZAM �,FIH�^QFXDAm[^iL�JI@
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��DAm[OQH�F �.@ � @ � R
����FX\5DPRGC L�OQH ; O Z FXC5anF�DPCiL`FXC5J�DAL < � ��� �K3BRGC5\ � ; � _ FX\5DPRGC a M H�H�F Z RcL�D M C Z FXCQmGL�^
��
�� �K3 NkM H�L�^QF+L�D _ Fn1 efFIHKD M \5J ��� ZPZ � ���K3f��O5DAFIL ��� ��RGC5\8��anL�DAEGF ��� �K@

� � M HKD�� M CiL�R Z ��DPC5\ EGF ZAM aIDAL < e5H Mcg4Z FXJ @�& F�^5RXEGF�aIR Z aIO Z RcL`FX\ � M C5R Z RGC5\ _ FIHKDP\5D M C5R Z EGF ZAM aIDh1

L�DAFXJ N H M[_ L�^QF��$�>a M C g m[OQHKRcL�D M C ;.< Rce5e ZA< DPCQm�J M[_ F MGN L�^QF�L`FXaK^5C5DPj.OQFXJ�O5J`FX\dDPC ��^5Rce5L`FIH �Q@

�
C-��DAm[OQH�F �.@ �Q3$L�^QF � M C5R Z � OQe5efFIH#eBRGCQF Z J ��RGC5\ L�^QF _ FIHKDP\5D M C5R Z � ZAM �,FIH�eBRGCQF Z J � ��DPC5\-a M[_ 1

e M CQFXCiL�J�RcH�F e ZAM L`L`FX\ NkM H+FXRGaK^ MGN L�^QF L�^QH�FIF L�D _ F efFIHKD M \5JI@d� � R _ DPC5RcL�D M C MGN ��DAm[OQH�F �.@ �

J�^ M ��J�L�^5RcLI3 M EGFIH�R ZPZ 3$L�^QFIH�F+DPJ�R J`L`H M CQmGFIH _ FIHKDP\5D M C5R Z a M[_ e M CQFXCiL�\5OQHKDPCQmbL�^QF+RGanL�DAEGF+efFn1

HKD M \T3VL�^5RGC�\5OQHKDPCQm�L�^QF j.O5DAFIL+efFIHKD M \T@��5OQH�L�^QFIH _ M H�FG3�RcLdCQFXRcH`1 L`H M e M eBRGO5J`F-^QFXDAm[^iL�J � D @ FG@A3

R ;fM EGF � UX] � _ �K3
L�^QF � M C5R Z ��DPC5\ DPJ �,FXJ`L ��RcHK\(RGC5\(J M[_ F ��^5RcL J`L`H M CQmGFIH�\5OQHKDPCQm L�^QF

RGanL�DAEGF+efFIHKD M \ � � � � ��� _ J � � �,L�^5RGC8\5OQHKDPCQmbL�^QFlj.O5DAFIL�efFIHKD M \ � � � �lU � _ J � � �K@

�
C mGFXCQFIHKR Z L�^QF8RcmGH�FIF _ FXCiL R _ M CQm L�^QF"�$� L`FXaK^5C5DPj.OQFXJ aIRGC ; F J�O _ _ RcHKD��IFX\ RGJ � m M.M \

; F ZAM � U�� � _ RGC5\ e M.M H+R ;fM EGF8UX] � _ @d��^QF \5DPJ�anH�FIeBRGC5a < R ;fM EGF8UX] � _ DPJ�eBRcH�L�DPaIO Z RcH ZA<

MG; E$D M O5J�DPClL�^QF � M C5R Z a M[_ e M CQFXCiLI@���L�L�^QFXJ`F
^QFXDAm[^iL�JI3[�!����? � ��DAL�^dRGJ`L`FIHKDPJ �$J �0RGC5\d�!�����

� ��DAL�^b\5DPR _ M C5\5J � _ FXRGJ�OQH�F _ FXCiL�J�RcH�F
J M[_ F ��^5RcL Z RcH�mGFIH�L�^5RGCdL�^QF
���$��� � ��DAL�^bL`HKDPRGCQm Z FXJ �

RGC5\d7��5� � ��DAL�^dJ�j.O5RcH�FXJ � _ FXRGJ�OQH�F _ FXCiL�JI@��>\QFIL�RGD Z \5DPJ�aIO5J�J�D M C M CdL�^QF
^ M HKD�� M CiL�R Z EGF ZAM aIDAL <
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(c) Active Zonal
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��DAm[OQH�F �.@ �Q@87�H Mcg4Z FXJ MGN�_ FXRGC � M C5R Z RGC5\ _ FIHKDP\5D M C5R Z ��DPC5\ EGF ZAM aIDAL�DAFXJ � �
	"RGC5\ �
� � NkM H
L�^QF NkM[ZPZAM ��DPCQml�$�>L`FXaK^5C5DPj.OQFXJ �!L�^QF
H�F N FIH�FXC5anF�e5H Mcg4Z F
�!����� � ���K3.�!����? ��� �K3$�!����� ��� �K3
���$��� �
� �K3�RGC5\:7��5� ��� �K@ �#RGaK^�a M[Z O _ C:a M H�H�FXJ`e M C5\5J�L M R8eBRcH�L�DPaIO Z RcH+J`F Z FXanL`FX\YL�D _ F
efFIHKD M \ � � ZPZ � g HKJ`L
a M[Z O _ CT34��O5DAFIL ��J`FXa M C5\8a M[Z O _ CT35RGC5\ ��anL�DAEGF �#L�^5DAHK\ a M[Z O _ C �K@



W	�

RcmGH�FIF _ FXCiL MGN L�^QFXJ`Fd�$�9L`FXaK^5C5DPj.OQFXJ�DPJ�m[DAEGFXC�DPC���^5Rce5L`FIH �Q@

� �����'e5H Mcg4Z FXJ @ ��FX\5DPRGC EcR Z OQFXJ � \5DPR _ M C5\5J � ��DAL�^ J`L�RGC5\5RcHK\ \QFIE$DPRcL�D M C5J � ^ M HKD�� M CiL�R Z

J M[Z DP\ Z DPCQFXJ � MGN�MG; J`FIH�EGFX\ � M C5R Z RGC5\ _ FIHKDP\5D M C5R Z ������J RcH�F�e ZAM L`L`FX\ DPC ��DAm[OQH�F �.@ ].@��
C

RG\5\5DAL�D M CT3 �,F+J�^ M � L�^QF+����� � J M[Z DP\�aIOQH�EGF �#EcR Z OQFXJ�L�^5RcL � M O Z \ ; F�F � efFXanL`FX\ NkM H�J�aIRcL`L`FIH`1

DPCQm N H M[_ RGCYDPJ M L`H M eBDPa RcL _ M J`eB^QFIH�FG30m[DAEGFXC:L�^QF-RGCiL`FXC5C5R mGF M[_ FIL`H < RGC5\ e M DPCiL�DPCQm ; FXR _

\5DAH�FXanL�D M C5JI@8	 M L`F�L�^5RcLbL�^QFXJ`F L�^QF M H�FIL�DPaIR Z EcR Z OQFXJb\ M C M LdDPC5a Z O5\QF L�^QF mGF M[_ FIL`HKDPaIR Z a M C$1

L`HKD ; OQL�D M C5J,L�^5RcL�RcH�FlDPC5\QFIefFXC5\QFXCiL MGN L�^QFl^ M HKD�� M CiL�R Z a M H�H�F Z RcL�D M C�J�aIR Z FXJ � � �
\5DPJ�aIO5J�J`FX\ DPC

��^5Rce5L`FIHl].@ ��^QFXJ`F mGF M[_ FIL`HKDPaIR Z a M CiL`HKD ; OQL�D M C5J �,FIH�F H�F _ M EGFX\ N H M[_ L�^QF ������Jle ZAM L`L`FX\

DPC ��DAm[OQH�F �.@ ] RGC5\ N H M[_ L�^QF-������JlO5J`FX\:DPC �#j.O5RcL�D M C �.@ ��L M mGFIL �`a M H�H�FXanL`FX\ �8EGFIH�L�DPaIR Z

EGF ZAM aIDAL�DAFXJ � ����K@������ H�FXJ�O Z L�J#J�^ M � a Z FXRcH ZA< L�^5RcL,L�^QF�FXaK^ M FXJ�RcH�F�a M[_ DPCQm N H M[_ J _ R ZPZ � M 	41

EGFIH�L�DPaIR Z ��RGCQm Z FXJI@���^5DPJ0F
	fFXanLI3 M CbL�^QF M L�^QFIH�^5RGC5\T3GDPJ0H�FXRGJ M C5R ;BZA< e5H�FX\5DPanL�R ;BZ FG3GRGC5\ba Z FXRcH ZA<

RcHKDPJ`FXJ N H M[_ mGF M[_ FIL`HKDPac3Te M DPCiL�DPCQm ; FXR _ \5DAH�FXanL�D M C�RGC5\"RcL _ M J`eB^QFIHKDPa+F
	fFXanL�JI@b%�F M[_ FIL`HKDPa

RGC5\�e M DPCiL�DPCQm ; FXR _ \5DAH�FXanL�D M C8F
	fFXanL�J�R ZAM CQF � M O Z \�e5H M \5O5anFl������J�J�^ M ��C ;.< L�^QFdJ M[Z DP\

aIOQH�EGF � RG\5\5DAL�D M C5R Z RcL _ M J`eB^QFIHKDPa�F
	fFXanL�J � M O Z \de5H M \5O5anF�\QFIeBRcH�L�OQH�FXJ N H M[_ L�^QF�J M[Z DP\ aIOQH�EGFG@

	 M L`F+L�^5RcL�L�^QFlJ`L�RGC5\5RcHK\ \QFIE$DPRcL�D M C5J�DPC�L�^5DPJ g m[OQH�F+aIRGC ; F�J`FIFXC8L M ; F+RGJ�^5DAm[^ RGJ��
�
��� @

%�DAEGFXC L�^QF
H�FXJ�O Z L�J�J�^ M ��C DPC ��DAm[OQH�F �.@ ].3iHKRG\5DPR Z EGF ZAM aIDAL�DAFXJ _ FXRGJ�OQH�FX\ ��DAL�^dL�^QF��$�>J < J`L`F _

_ O5J`L ; F a M CiL�R _ DPC5RcL`FX\ ;.< L�^QF ^ M HKD�� M CiL�R Z EGF ZAM aIDAL < @ � Z FXRcH ZA< 3�R a M H�H�FXanL�D M C L M L�^QFXJ`F

�
EGFIH�L�DPaIR Z �lEGF ZAM aIDAL�DAFXJ#DPJ�H�FXj.O5DAH�FX\ DPC M HK\QFIH,L M mGFIL �
L`HKOQF��lEGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJI@���J�O5R ZPZA< 3Q�$�

HKRG\5DPR Z EGF ZAM aIDAL�DAFXJ�RcH�FlaIR Z aIO Z RcL`FX\ ;.< RXEGFIHKRcm[DPCQm L�^QFlHKRG\5DPR Z EGF ZAM aIDAL�DAFXJ MGN R ZPZ L�^QF+H�FXanFXDAE$DPCQm

RGCiL`FXC5C5RGJI@#��^5DPJ�RXEGFIHKRcm[DPCQm-e5H M anFXJ�JI35^ M �,FIEGFIHX3 ��D ZPZ J`L�D ZPZ aIRGO5J`F ; DPRGJ`FXJ�DPC�L�^QF �`a M H�H�FXanL`FX\ �

EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ
D N R C M C$12a M[ZPZAM aIRcL`FX\"�$�9J < J`L`F _ DPJ�O5J`FX\T@���^QFXJ`F ; DPRGJ`FXJ
RcH�F+aIRGO5J`FX\ ;.<

L�^QF mGF M[_ FIL`HKDPaIR Z a M CiL`HKD ; OQL�D M C5J�L�^5RcLb\QFIefFXC5\ M C:L�^QF ^ M HKD�� M CiL�R Z a M H�H�F Z RcL�D M CYJ�aIR Z FXJ � � �

\5DPJ�aIO5J�J`FX\�DPC ��^5Rce5L`FIH�].@+	 M L`FdL�^5RcLI3VDPC"R C M C$12a M[ZPZAM aIRcL`FX\:�$��J < J`L`F _ 3fL�^QFdmGF M[_ FIL`HKDPaIR Z

anFXCiL`FIH MGN L�^QF,RcH�HKR <�MGN H�FXanFXDAE$DPCQm�RGCiL`FXC5C5RGJ!\ M FXJ0C M L!a M DPC5aIDP\QF ��DAL�^�L�^QF�mGF M[_ FIL`HKDPaIR Z anFXCiL`FIH

MGN L�^QF�L`HKRGC5J _ DAL`L�DPCQm�RGCiL`FXC5C5R$@#�$DPC5anF M OQH#�$� J < J`L`F _ RcL�=[DPaIR _ RcHKaIR�DPJ�C M C$12a M[ZPZAM aIRcL`FX\T3.�$�

HKRG\5DPR Z EGF ZAM aIDAL�DAFXJ � �!����H
��L�^5RcL�RcH�F�O5J`FX\-DPC-�#j.O5RcL�D M C �.@ �lL M mGFIL �� ^5RXEGF ; FIFXC aIR Z aIO Z RcL`FX\

N H M[_ L�^QFdRXEGFIHKRcmGF MGN L�^QFlHKRG\5DPR Z EGF ZAM aIDAL�DAFXJ MGN RGCiL`FXC5C5RGJ�� RGC5\�� DPC M HK\QFIH�L M RXE M DP\�L�^QF
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(b) Quiet Zonal AOAs

       
 

 

 

 

 

 

 

 

 

 
(e) Quiet Meridional AOAs
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(c) Active Zonal AOAs
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(f) Active Meridional AOAs
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��DAm[OQH�F �.@ ].@ � M C5R Z RGC5\ _ FIHKDP\5D M C5R Z ������J NkM H�L�^QF�L�^QH�FIF�J`F Z FXanL`FX\ L�D _ Fn1 efFIHKD M \5J �V� ZPZ � g HKJ`L
a M[Z O _ C �K3���O5DAFIL � J`FXa M C5\�a M[Z O _ C ��RGC5\:��anL�DAEGF � L�^5DAHK\:a M[Z O _ C ��L�D _ F efFIHKD M \5JI@-��FX\5DPRGC
EcR Z OQFXJ�RcH�F J�^ M ��C ;.< \5DPR _ M C5\5J RGC5\ J`L�RGC5\5RcHK\ \QFIE$DPRcL�D M C5J�RcH�F J�^ M ��C ;.< ^ M HKD�� M CiL�R Z
J M[Z DP\ Z DPCQFXJI@!��^QF�J M[Z DP\-aIOQH�EGF�DPC FXRGaK^ e ZAM L#H�FIe5H�FXJ`FXCiL�J#L�^QF M H�FIL�DPaIR Z EcR Z OQFXJ N H M[_ ��^5Rce5L`FIH�]
F � efFXanL`FX\ N H M[_ RGC DPJ M L`H M eBDPa-RcL _ M J`eB^QFIH�FG3�m[DAEGFXC�L�^QF�RGCiL`FXC5C5R"mGF M[_ FIL`H < RGC5\�e M DPCiL�DPCQm
\5DAH�FXanL�D M CT@���^QF�EGFIH�L�DPaIR Z \5RGJ�^QFX\ Z DPCQFXJ�H�FIe5H�FXJ`FXCiL�������J MGN �IFIH M \QFImGH�FIFXJI@

; DPRGJ`FXJ�\5OQF�L M L�^QF+EcRcHKDPR ;BZ F�mGF M[_ FIL`HKDPaIR Z a M CiL`HKD ; OQL�D M C5JI@

� � M[_ F�EGFIH�L�DPaIR Z EGF ZAM aIDAL < aK^5RcHKRGanL`FIHKDPJ`L�DPaIJ @��
CY��DAm[OQH�F �.@ � �,F-e5H M E$DP\QF efFIH�L�DPCQFXCiL�H�FXJ�O Z L�J

NkM H0L�^QF,J`L�RGC5\5RcHK\+\QFIE$DPRcL�D M C � �
�
�fRGC5\+efFIHKanFXCiL�RcmGF MGN$N RGD Z OQH�FXJ �

� �
� MGN L�^QF#EGFIH�L�DPaIR Z EGF ZAM aIDAL <

e5H Mcg4Z FXJ NkM H!R ZPZ L�^QH�FIF�efFIHKD M \5JI@0��FXJ�O Z L�JVRcH�F,J�^ M ��C NkM H!L�^QF NkM[ZPZAM ��DPCQm
L`FXaK^5C5DPj.OQFXJ �0R�C5RcH�H M �

; FXR _ �4FXC5DAL�^�L`FXaK^5C5DPj.OQF � & C �K3VR �`a M H�H�FXanL`FX\ � EGFIH�L�DPaIR Z EGF ZAM aIDAL < L`FXaK^5C5DPj.OQF � �!����� �K3VR

�`j.O5RGJ�D � )�?���L`FXaK^5C5DPj.OQF � 7��5� �,RGC5\8R ��DP\QF ; FXR _ �4FXC5DAL�^�L`FXaK^5C5DPj.OQF � & � �K@

� � R _ DPC5RcL�D M C MGN ��DAm[OQH�F �.@ � J�^ M ��J Z RcH�mGFdEcRcHKDPRcL�D M C5J MGN L�^QFbefFIHKanFXCiL�RcmGF MGN�N RGD Z OQH�FXJ ��DAL�^
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(c) Active σw
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(f) Active αw
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Vertical Velocity Values

��DAm[OQH�F �.@ �.@�7�H Mcg4Z FXJ MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL < aK^5RcHKRGanL`FIHKDPJ`L�DPaIJ ��J`L�RGC5\5RcHK\(\QFIE$DPRcL�D M C5J � �
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Ww Theor.

Vertical Velocity Comparisons (Ref.: Wn)
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J�D _ D Z RcH�HKDPJ�DPCQm _ M L�D M C5JI@
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C�mGFXCQFIHKR Z 3

��DAL�^ H�FXJ`efFXanL
L M L�^QF+^ M HKD�� M CiL�R Z EGF ZAM aIDAL < H�F N FIH�FXC5anF � �!����� �K3 � R
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�
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	fFXanL�JI@ ��^QFIH�F NkM H�FG30D N EcR Z DP\5DAL <8MGN & C _ FXRGJ�OQH�F _ FXCiL�J�^5RGJ�L M ; F

L`FXJ`L`FX\�Rcm[RGDPC5J`LlEGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ MG; L�RGDPCQFX\ ;.< M efFIHKRcL�D M C5R Z RGC5R ZA< J�DPJI3 M CQF � M O Z \YCQFIFX\
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R H�FXRGJ M C5R ;BZ F+H�F N FIH�FXC5anF � & C � NkM H�a M[_ eBRcHKDPCQm R EcRcHKDAFIL <�MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL < _ FXRGJ�OQH�Fn1

_ FXCiL-L`FXaK^5C5DPj.OQFXJI@9��OQH-aK^ M DPanF ��RGJ ; RGJ`FX\ M C>L�^QF�H�FXRGJ M C5R ;BZ F8EcR Z OQF MGN L�^QF MG; J`FIH�EGFX\

_ FXRGC EGFIH�L�DPaIR Z EGF ZAM aIDAL < e5H Mcg4Z FG30RGC5\ M C:L�^QF-^5DAm[^Y�$	��/J�DAm[C5R Z J�RXEcRGD Z R ;BZ F RcLbR ZP_ M J`LlR ZPZ

^QFXDAm[^iL�JlO5J�DPCQm L�^5DPJ�L`FXaK^5C5DPj.OQFG@�& ^5D Z F L�^5DPJ�L < efF MGN�_ FXRGJ�OQH�F _ FXCiLlRce5efFXRcHKJ+L M m[DAEGF-L�^QF

_ M J`L H�FXRGJ M C5R ;BZ F�EGFIH�L�DPaIR Z EGF ZAM aIDAL < H�FXJ�O Z L�JI3�D _ e Z F _ FXCiL�RcL�D M C MGN L�^QF"& C>L`FXaK^5C5DPj.OQF"DPJ

EGFIH < F � efFXC5J�DAEGFG@ � L DPJ-D _ e M H�L�RGCiL L M J`L`H�FXJ�J-L�^5RcL-L�^QF _ M J`L H�FXRGJ M C5R ;BZ F�e5H Mcg4Z F8DPJ-C M L

CQFXanFXJ�J�RcHKD ZA< L�^QF-a M H�H�FXanLbe5H Mcg4Z FG@-�
C Z DAFXO MGN R8L`HKOQF �`J`L�RGC5\5RcHK\ � NkM Hba M[_ eBRcHKDPJ M CT3!DAL ��D ZPZ
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DPC L�^QF _ FXRGC(EcR Z OQFXJ-H�F Z RcL�DAEGF"L M L�^QF"& C(e5H Mcg4Z FXJI@9��^QF�& � J�^ M � \ M ��C ��RcHK\ _ FXRGC

\5D�	fFIH�FXC5anFXJ�RcL�L`H M e M J`eB^QFIHKDPa+^QFXDAm[^iL�JI3fRGC5\"OQe ��RcHK\ _ FXRGC \5D�	fFIH�FXC5anFXJ�R ;fM EGF UX] � _ @+��C

L�^QF M L�^QFIH�^5RGC5\T3BL�^QFbEcR Z DP\5DAL <�MGN �`DPC5J`L�RGCiL�RGCQF M O5J��-EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ MG; L�RGDPCQFX\ ;.< ��DP\QF

; FXR _ J!RcH�F�J M[_ F ��^5RcL0m[O5RcHKRGCiL`FIFG@�? M L�^ ��DP\QF#RGC5\bC5RcH�H M � ; FXR _ �4FXC5DAL�^+L`FXaK^5C5DPj.OQFXJ!J�^ M �

EGFIH < J�D _ D Z RcH!EcR Z OQFXJ MGN EcRcHKDPRGC5anFXJI@�%�DAEGFXC L�^QF�^5DAm[^ a M H�H�F Z RcL�D M C a M F � aIDAFXCiL�J ; FIL �,FIFXC ;fM L�^

L`FXaK^5C5DPj.OQFXJI35L�^QFbJ _ R ZPZ \5DPJ�anH�FIeBRGC5aIDAFXJ�DPC L�^QFlDPC5J`L�RGCiL�RGCQF M O5J�EcR Z OQFXJ�RcH�FbR ZP_ M J`L�anFIH�L�RGDPC ZA<

MGN J`L�RcL�DPJ`L�DPaIR Z C5RcL�OQH�FG@���^QF�J`L�RcL�DPJ`L�DPaIR Z �
FIH�H M HKJ��bRcH�F �(]la _ J � � \5OQHKDPCQmlj.O5DAFIL,a M C5\5DAL�D M C5J

RGC5\ � U �8a _ J � � \5OQHKDPCQm RGanL�DAEGF-a M C5\5DAL�D M C5JI@ �$D _ D Z RcH�a M C5a Z O5J�D M C5J�aIRGC ; F DPC N FIH�H�FX\ NkM H

L�^QF �`DPC5J`L�RGCiL�RGCQF M O5J�� EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ MGN L�^QF M L�^QFIH-L`FXaK^5C5DPj.OQFXJI3,eBRcH�L�DPaIO Z RcH ZA<Y; F ZAM �

U�� � _ @

��^QF
7��5�bH�FXJ�O Z L�J�RcH�F�R Z J M EGFIH < FXC5a M OQHKRcm[DPCQmQ@���EGFXC L�^ M OQm[^ L�^QF�7��5�lL`FXaK^5C5DPj.OQF

DPJ�J�OQe5e M J`FX\ L M-; FlR 	fFXanL`FX\ ;.< RGC5DPJ M L`H M eBDPa+J�aIRcL`L`FIHKDPCQmQ3f7��5� H�FXJ�O Z L�J�J�^ M � ; FIL`L`FIH�RcmGH�FIFn1

_ FXCiL ��DAL�^lL�^QF,H�F N FIH�FXC5anF,L�^5RGClFXDAL�^QFIH�L�^QF,EGFIH�L�DPaIR Z ��DP\QF ; FXR _ e5H Mcg4Z FXJ M H�L�^QF �`a M H�H�FXanL`FX\ �

e5H Mcg4Z FXJI@

��^QF a M C5anFIe5L MGN a M H�H�FXanL�DPCQm"EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJd\ M FXJdRce5efFXRcHbL M � M H��4@:��J�DPCQm

L�^QFb�$�9a M C g m[OQHKRcL�D M CT3 �,F �,FIH�F+R ;BZ F�L M MG; L�RGDPC �`a M H�H�FXanL`FX\ � EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ ;.< a M[_ 1

efFXC5J�RcL�DPCQm M OQH � M 	41 EGFIH�L�DPaIR Z ��FXaK^ M H�FIL�OQHKC5J ;.< J�O ; L`HKRGanL�DPCQm M OQL�L�^QFd^ M HKD�� M CiL�R Z EGF ZAM aIDAL <

a M CiL`HKD ; OQL�D M C5JI@���^QFXJ`F M 	41 EGFIH�L�DPaIR Z H�FIL�OQHKC5J�DPC5a Z O5\QF"R J < J`L`F _ RcL�DPa a M CiL`HKD ; OQL�D M C � � M 	41

EGFIH�L�DPaIR Z �"RGCQm Z F � �
�
�������+\5OQF-L M L�^QF�RGCiL`FXC5C5R�e M DPCiL�DPCQm�\5DAH�FXanL�D M C5JlRGC5\YL�^QF mGF M[_ FIL`H <

MGN L�^QFb�$�6J < J`L`F _ 35RGJ �,F ZPZ RGJ�RcL _ M J`eB^QFIHKDPa�a M CiL`HKD ; OQL�D M C5J�L�^5RcL�aIRGC�^5RXEGFlDPC5J`L�RGCiL�RGCQF M O5J

M 	41 EGFIH�L�DPaIR Z EcR Z OQFXJdRGJ ^5DAm[^�RGJ8U � @:& ^5D Z F L�^QFXJ`F8a M H�H�FXanL`FX\ _ FXRGJ�OQH�F _ FXCiL�Jdm[DAEGF ; FIL`L`FIH

_ FXRGC EcR Z OQF�H�FXJ�O Z L�J�L�^5RGC L�^QF ��DP\QF ; FXR _ �4FXC5DAL�^ L`FXaK^5C5DPj.OQFG3$L�^QF�a M H�H�FXanL`FX\ _ FXRGC EcR Z OQFXJ

Z DAF ; FIL �,FIFXC8L�^QF+& C8RGC5\ & � H�FXJ�O Z L�JI35RGC5\ RcH�Fla ZAM J`F+L M & � e5H Mcg4Z FG@

?�RGJ`FX\ M C�L�^QF#R ;fM EGF,\5DPJ�aIO5J�J�D M C5JI3IEGFIH�L�DPaIR Z EGF ZAM aIDAL <�_ FXRGJ�OQH�F _ FXCiL�JI3 eBRcH�L�DPaIO Z RcH ZA<

_ FXRGC EcR Z OQFXJI3QRce5efFXRcH�L M ; F�R 	fFXanL`FX\"C M L M C ZA<-;.< �
F
	fFXanL�DAEGF�� ; FXR _ e M DPCiL�DPCQmbe5H MG;BZ F _ JI3

; OQL,R Z J Md;.< M L�^QFIH�F
	fFXanL�J
L�^5RcL
\QFIefFXC5\ M C L�^QF�HKRG\5RcH ; FXR _ 1 ��DP\QL�^T@��5OQL�OQH�F�a M[_ eBRcHKDPJ M C5J

MGN C5RcH�H M � ; FXR _ RGC5\���DP\QF ; FXR _ H�FXJ�O Z L�J ��D ZPZ ^QF Z e L M j.O5R Z D Nk< RGC5\ e M J�J�D ;BZ F�L M j.O5RGCiL�D Nk<
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L�^QFXJ`F ; FXR _ 1 ��DP\QL�^$12\QFIefFXC5\ F
	fFXanL�JI@



������7#���#� �

�$���"�"��� ����	�) �����������>&(��� �

�
C L�^5DPJ�L�^QFXJ�DPJI3 �,Fb^5RXEGFbF � R _ DPCQFX\�R-C.O _l; FIH MGN L`FXaK^5C5DPj.OQFXJ NkM H ��DPC5\�EGF ZAM aIDAL <

FXJ`L�D _ RcL�D M CT3!RGC5\:^5RXEGF eBOQL+J`efFXaIDPR Z F _ eB^5RGJ�DPJ M C:L�^QF EGFIH�L�DPaIR Z a M[_ e M CQFXCiL MGN L�^QF ��DPC5\T@

�
C�L�^QF e5H M anFXJ�J MGN L�^QFXJ`F F � R _ DPC5RcL�D M C5JI3 �,F8^5RXEGF8J`L�O5\5DAFX\�L�^QF RGCQm Z Fn1 MGN 12RcH�HKDAEcR Z � �������

_ FXRGJ�OQH�F _ FXCiL�J�L�^5RcL�RcH�F+CQFIFX\QFX\ NkM H�R J`efFXaID g a�L < efF MGN EGFIH�L�DPaIR Z EGF ZAM aIDAL < L`FXaK^5C5DPj.OQFXJI@

�
C ��^5Rce5L`FIH �Q3 �,F
^5RXEGF
J�^ M ��ClL�^5RcL�L�^QF�J�D _ e Z FIH0^ M HKD�� M CiL�R Z EGF ZAM aIDAL < L`FXaK^5C5DPj.OQFXJ

L�^5RcL�RGJ�J�O _ F
^ M HKD�� M CiL�R ZPZA< DPJ M L`H M eBDPa,J�aIRcL`L`FIHKDPCQm+a M[_ eBRcH�F�EGFIH < a ZAM J`F ZA< ��DAL�^ _ M H�F
a M[_ e Z Dh1

aIRcL`FX\ N O ZPZ a M H�H�F Z RcL�D M C RGC5R ZA< J�DPJ�L`FXaK^5C5DPj.OQFXJI3[eBRcH�L�DPaIO Z RcH ZA<+; F ZAM �9U�� � _ @���^QF�RGJ�J�O _ e5L�D M C

MGN R %�RGO5J�J�DPRGC NkM H _ MGN L�^QFdanH M J�J
12a M H�H�F Z RcL�D M C N O5C5anL�D M C5J�DPJ�\QF _ M C5J`L`HKRcL`FX\�L M ; FlH�FXRGJ M C$1

R ;BZ FlRcL�^5DAm[^ �$	��9L`H M e M J`eB^QFIHKDPa�^QFXDAm[^iL�JI@��
C8mGFXCQFIHKR Z 3 NkM H�R ZPZTMGN L�^QFb^ M HKD�� M CiL�R Z EGF ZAM aIDAL <

L`FXaK^5C5DPj.OQFXJ F � R _ DPCQFX\T3#L�^QFIH�F�DPJdF � anF ZPZ FXCiL-RcmGH�FIF _ FXCiL DPC L�^QF ��DPC5\ \5DAH�FXanL�D M CT@>��C L�^QF

M L�^QFIH�^5RGC5\T34a M C5J�DP\QFIHKR ;BZ Fl\5DPJ�anH�FIeBRGC5aIDAFXJ ; FIL �,FIFXC"L`FXaK^5C5DPj.OQFXJ M aIaIOQH�DPC�L�^QF ��DPC5\�J`efFIFX\

FXJ`L�D _ RcL`FXJI35eBRcH�L�DPaIO Z RcH ZA< R ;fM EGF UX] � _ @

�
C ��^5Rce5L`FIH
].3 ; RGJ`FX\ M C�J�aIRcL`L`FIHKDPCQmbL�^QF M H < 3 �,F�^5RXEGF�J�^ M ��C L�^5RcL,L�^QF�DPCiL`FIH�e5H�Fn1

L�RcL�D M C MGN ����� _ FXRGJ�OQH�F _ FXCiL�J�^5RGJ ; FIFXCdD _ e5H M EGFX\T@!& F�^5RXEGF�DPJ M[Z RcL`FX\dL�^QF
a M CiL`HKD ; OQL�D M C5J

N H M[_ � U���L�D Z L`FX\ Z R < FIHKJI3 � � ��RGCiL`FXC5C5R e M DPCiL�DPCQmQ3QRGC5\ � � ��mGF M[_ FIL`HKDPaIR Z a M CiL`HKD ; OQL�D M C5JI@�� L�DPJ

R Z J M J�^ M ��C+L�^5RcL!L�^QF�FXJ`L�D _ RcL�D M C MGN5_ M J`L!����� a M CiL`HKD ; OQL�D M C5JI3 H�FXj.O5DAH�FXJVL�^QF _ FXRGJ�OQH�F _ FXCiL

MGN L�^QF�J�aIRcL`L`FIHKDPCQm eBRcHKR _ FIL`FIHKJI@��
C�RG\5\5DAL�D M CT3 �,F+^5RXEGF+J�^ M ��C L�^5RcL
L�^QF�a M H�H�FXanL�D M C MGN EGFIH`1

L�DPaIR Z EGF ZAM aIDAL�DAFXJbaIRGC ; F RGaIa M[_ e Z DPJ�^QFX\ ��DAL�^ M OQLlF � e Z DPaIDAL ZA< \QFIL`FIH _ DPC5DPCQm L�^QF M 	41 EGFIH�L�DPaIR Z

RcL _ M J`eB^QFIHKDPa"a M CiL`HKD ; OQL�D M C5JI@'��^QF a M[_ eBRcHKDPJ M C5J MGN R�L�D _ Fn1 RGC5\ R N H�FXj.OQFXC5a < 12\ M[_ RGDPC

_ FIL�^ M \ NkM Hd����� _ FXRGJ�OQH�F _ FXCiL�JbJ�^ M �,FX\�L�^5RcLlL�^QF L�D _ Fn12\ M[_ RGDPC _ FIL�^ M \�DPJ+FXRGJ�DAFIHbL M

D _ e Z F _ FXCiLI3 N RGJ`L`FIH�L M aIR Z aIO Z RcL`FG3[RGC5\ _ M H�F,H�F Z DPR ;BZ F�L�^5RGCbL�^QF N H�FXj.OQFXC5a < 12\ M[_ RGDPC _ FIL�^ M \T@

��J�J�O _ DPCQm�L�^5RcL#L�^QF�J�aIRcL`L`FIHKDPCQmQ3 M C-RXEGFIHKRcmGFG3QDPJ�DPJ M L`H M eBDPac3.����� HKRG\5RcH _ FXRGJ�OQH�F _ FXCiL�J#RcH�F
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DPC�m M.M \8RcmGH�FIF _ FXCiL ��DAL�^�L�^QF M H�FIL�DPaIR Z EcR Z OQFXJI@

�"R < �hUXWGW � �#J�OQmGmGFXJ`L`FX\"L�^5RcL�a M[ZPZAM aIRcL`FX\:�$� J < J`L`F _ J � ��^QFIH�FlL�^QFbL`HKRGC5J _ DAL`L�DPCQm

RGCiL`FXC5C5R+DPJ�anFXCiL`FIH�FX\ M C L�^QF�RcH�HKR <dMGN H�FXanFXDAE$DPCQm+RGCiL`FXC5C5RGJ ��J�^ M O Z \ ; F�O5J`FX\ DPC EGFIH�L�DPaIR Z EGFn1

ZAM aIDAL < a M H�H�FXanL�D M C5J�DPC5J`L`FXRG\ MGN C M C$12a M[ZPZAM aIRcL`FX\ a M C g m[OQHKRcL�D M C5JI@!� M �,FIEGFIHX3.O5J�DPCQm�J�aIRcL`L`FIHKDPCQm

L�^QF M H < RGC5\ ; RGJ`FX\ M C L�^QF�J�R _ F�RcH�m[O _ FXCiL�J#O5J`FX\ ;.< �"R < 3 �,F�^5RXEGF�J�^ M ��C DPC-�.FXanL�D M C-].@ �

L�^5RcL�J�O5aK^8a M H�H�FXanL�D M C5J�aIRGC ; F+\ M CQF�FIEGFXC�D N!M CQFlO5J`FXJ�C M C$12a M[ZPZAM aIRcL`FX\�J < J`L`F _ JI@�� L�DPJ
D _ 1

e M H�L�RGCiLI3Q^ M �,FIEGFIHX3QL M a M H�H�FXanL ZA< O5J`F�L�^QF������9RGC5\ HKRG\5DPR Z EGF ZAM aIDAL < DPC NkM H _ RcL�D M CT@���RXE$DPCQm

J�RGDP\ L�^5DPJI3iDAL,J`L�D ZPZ5_ R < ; F�e M J�J�D ;BZ F�L�^5RcL,L�^QFIH�F�RcH�F M L�^QFIH N RGanL M HKJI3 ��^5DPaK^ �,FIH�F�C M L,a M C5J�DP\$1

FIH�FX\:DPC M OQHl\QFIEGF ZAM e _ FXCiLI3!L�^5RcL _ R �GF C M C$12a M[ZPZAM aIRcL`FX\YJ < J`L`F _ JlO5C5J�O5DAL�R ;BZ F NkM H+EGFIH�L�DPaIR Z

EGF ZAM aIDAL < a M H�H�FXanL�D M C5JI@

��^QF�aK^ M DPanF MGN L�^QF�C5RcH�H M � ; FXR _ EGFIH�L�DPaIR Z EGF ZAM aIDAL < � & C ��e5H Mcg4Z F�RGJ�RlH�F N FIH�FXC5anF

� ��^5Rce5L`FIH � ��^5RGJ ; FIFXC J�^ M ��C L M ; F H�FXRGJ M C5R ;BZ F NkM H8a M[_ eBRcHKDPCQm a M C5aIOQH�H�FXCiL EGFIH�L�DPaIR Z

EGF ZAM aIDAL < _ FXRGJ�OQH�F _ FXCiL�J MG; L�RGDPCQFX\ ;.< R8EcRcHKDAFIL < MGN L`FXaK^5C5DPj.OQFXJI@8��OQHlaK^ M DPanF-L M O5J`F L�^QF

C5RcH�H M � ; FXR _ RGJlR H�F N FIH�FXC5anF ��RGJ ; RGJ`FX\ M C L�^QF H�FXRGJ M C5R ;BZ F EcR Z OQF MGN L�^QF _ FXRGC MGN L�^QF

MG; J`FIH�EGFX\ EGFIH�L�DPaIR Z EGF ZAM aIDAL < e5H Mcg4Z FG30RGC5\ L�^QF-^5DAm[^Y�$	��/J�DAm[C5R Z J+RXEcRGD Z R ;BZ F RcLlR ZP_ M J`LlR ZPZ

^QFXDAm[^iL�J�O5J�DPCQm L�^5DPJ
L`FXaK^5C5DPj.OQFG@
& ^5D Z F+L�^QFbC5RcH�H M � ; FXR _ _ FXRGJ�OQH�F _ FXCiL�Rce5efFXRcHKJ�L M m[DAEGF

L�^QF _ M J`L�H�FXRGJ M C5R ;BZ F
EGFIH�L�DPaIR Z EGF ZAM aIDAL < H�FXJ�O Z L�JI3iD _ e Z F _ FXCiL�RcL�D M C MGN L�^QF
L`FXaK^5C5DPj.OQF�DPJ�EGFIH <

F � efFXC5J�DAEGF�RGC5\ _ M H�F N FXRGJ�D ;BZ F�R Z L`FIHKC5RcL�DAEGFXJ�J�^ M O Z \ ; F+a M C5J�DP\QFIH�FX\T@

� M[_ eBRcHKDPJ M C MGN L�^QF�EGFIH�L�DPaIR Z EGF ZAM aIDAL < L`FXaK^5C5DPj.OQFXJ-O5C5\QFIH-\5D�	fFIH�FXCiL-J�anFXC5RcHKD M JI3

J�^ M ��C DPC"�!R ;BZ F �i@PUc30DPJ�J�O _ _ RcHKD��IFX\ ��DAL�^ R�J�O ; �`FXanL�DAEGFdHKRcL�DPCQmQ@�& F HKRcL`F L�^QF NkM[ZPZAM ��DPCQm

EGFIH�L�DPaIR Z EGF ZAM aIDAL < L`FXaK^5C5DPj.OQFXJ �!C5RcH�H M � ; FXR _ �4FXC5DAL�^dL`FXaK^5C5DPj.OQF � & C �K3 ��DP\QF ; FXR _ �4FXC5DAL�^

L`FXaK^5C5DPj.OQF � & � �K3 �`j.O5RGJ�D ��)�?��+L`FXaK^5C5DPj.OQF � 7��5� �VRGC5\lL�^QF �`a Z RGJ�J�DPaIR Z ���$� L`FXaK^5C5DPj.OQF � ����K@

��OQH�HKRcL�DPCQm[J#RcH�F ; RGJ`FX\ M C L�^QF�H�FXJ�O Z L�J�e5H�FXJ`FXCiL`FX\-DPC ��^5Rce5L`FIH �.@,�.efFXaID g aIR ZPZA< 3GL�^QF�HKRcL�DPCQm[J

M C _ FXRGC"EGFIH�L�DPaIR Z EGF ZAM aIDAL�DAFXJ�a M[_ F N H M[_ L�^QFdH�FXJ�O Z L�J�e5H�FXJ`FXCiL`FX\ DPC���DAm[OQH�F �.@ W.@+��^QF �GF <

NkM HbL�^QFXJ`F HKRcL�DPCQm[JbDPJ �de M.M H � � �K3 _ M \QFIHKRcL`F � ��� �K3#m M.M \ �
����� �K3�F � anF ZPZ FXCiL � ������� �lRGC5\

efFIH N FXanL � ��������� �K@+� � R _ DPC5RcL�D M C MGN �!R ;BZ F �i@PUdJ�^ M ��J�L�^5RcL�L�^QF M EGFIHKR ZPZ HKRcL�DPCQm NkM H�FXRGaK^

L`FXaK^5C5DPj.OQF�DPJ ��F � anF ZPZ FXCiL NkM H,L�^QF�C5RcH�H M � ; FXR _ �4FXC5DAL�^ L`FXaK^5C5DPj.OQFG3 _ M \QFIHKRcL`F NkM H#L�^QF ��DP\QF
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; FXR _ �4FXC5DAL�^ L`FXaK^5C5DPj.OQFG3Bm M.M \ NkM H�L�^QF �`j.O5RGJ�D �-)�?�� L`FXaK^5C5DPj.OQFG34RGC5\ _ M \QFIHKRcL`F NkM H�L�^QF

�`a Z RGJ�J�DPaIR Z �-�$�9L`FXaK^5C5DPj.OQFXJI@

�!R ;BZ F �i@PUc@Y�$O ; �`FXanL�DAEGF-HKRcL�DPCQm[J NkM HbEGFIH�L�DPaIR Z EGF ZAM aIDAL < L`FXaK^5C5DPj.OQFXJI@�� & C��-C5RcH�H M � ; FXR _
�4FXC5DAL�^T3$& ��� ��DP\QF ; FXR _ �4FXC5DAL�^T3Q7��5� � �`j.O5RGJ�D � )�?��43BRGC5\ �� � �`a Z RGJ�J�DPaIR Z �-�$� �

& C & � 7��5� ��

?,F ZAM � U�� � _ � � ��� ��� � � � � � �

� ;fM EGF UX] � _ � � ��� ��� � � � �

��O5DAFIL�a M C5\5DAL�D M C5J � � ��� ��� � � � ���

��anL�DAEGFba M C5\5DAL�D M C5J � � � ��� ��� ���

��FXRGC8EcR Z OQFXJ � � ��� � � � � ���

� 1 _ DPC.OQL`F+EcR Z OQFXJ � � � � � � ��� �
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