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�
b���i� �F� � �F� �F� � � 
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 � �huv^Q[�ab^�� �kMONQP&eOuvMZTYa�avc MZNQP&sQeOa 1 u 1 TYrVTYM 2 afc _yNQanabRUTV^Qm � ��
�� �kMOa�MZN*P
s*eOa 1 u 1 TVrYTYM 2 afc _yN*a�abRUTV^Qm �������.ufR6MZNQP)^QP ��M&RUMZuvMZPv� | NQP){vufrYWQPSR`afc � ufeOP cdabe
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K�b��� �F� � �F� �i�F� �F� � �F� �F� � � � � �F� �F� � �F� �F�i� �F� � �F� �F� � � 
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^*P �nM#RUMyu MZPf� � � �F� �i�F� �F� � �F� �F� � � � � �F� �F� � �F� �F�i� �F� � �F� �F� � �
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�*��
K� � TY{bP P �nMZeZu._yN;ufTY^QR %*s P\eUcdabe X uf^*_SP afc}rVan_ ufr . P\MOeOabsIabrYTVR�MOa'uvROROP\ROR#MZNQP {vufeUT u 1 TYrVT M 2
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. ufe0/vaK{�_yNQufTV^ . ab^�MZP �kufeOrYa � . � . �%� uvrVmbabeUTYMON X R g P\eOP:8QeORUM ufsQs*rVTVP\[�TY^�RwMyuvMOTVRwMZTV_SufrDsQN 2 ROTY_SR
uf^Q[ g PSeUP�r uvMOPSeiWQRUPS[�TV^�ROs;u MZT uvr RwMyuvMOTVRwMZTV_\R uv^Q[�T X ufmfPheUPSRwMZabeOuvMZTYab^ � � abe MONQP sQufRUM cdP g 2 PSufeOR\�
. � . � X P\MZN*a�[QR8NQuK{fP 1 PSP\^FP ��MOPS^QRUTY{fPSr 2 WQRUPS[FTV^ 3 u 2 P\ROT uv^FTY^*cdPSeUPS^Q_\P�uf^*[FTY^ _\r ufRUROTY_ ufrbRwMyuvMOTVRwMZTV_\R
ufR g P\rVr �
t T 1*1 R ROu X sQrVTY^Qm uf^Q[�RUT X sQrVPkcdabe X R afc MONQP . P\MOeOabsIabrVTYR ufrVmbafeOTYMON X MOPS^Q['MZa s*eOan[QWQ_SP�uF_yN;uvTV^

MZN;uvM X aK{bP\R=TY^ eZuf^*[Qa X$g ufr /�c ufRUNQTVab^ �=| N*PSeOP cdabeOPqMONQPq_yN;ufTY^ ^*PSPS[*R	� 
 RwMZP\sQR=MOa X aK{fPDMZa#u s abTY^�M
�
RUMZP\sQRqu g u 2 � � abe 3 u 2 P\ROT uv^ TV^*cdP\eOP\^Q_SP sQeOa 1 rVP X R=afcQNQTYmbN [*T X PS^QRUTVab^QR\� cdafe g NQTY_yN MZN*P _\a X sIab^QP\^�MZR
ufeOP WQRUW;ufrYr 2 NQTVmfNQr 2 1 [*PSsIPS^Q[QP\^�M � MZN*P [QTVRwMyuf^Q_\P MZNQP _yNQufTV^ X aK{bPSRiTY^ ab^QP RwMZPSs�TYR {bPSe 2 R X ufrYr � ROa
TYM#TVRBT X sIabeUMZuf^�M MZa eUPS[QW*_SPFMONQP ^nW X 1 P\e�avcqRUMOPSsQR#MZNQP _yN;ufTY^%^QP\PS[QR#MZa X aK{bPiMZa uhRwMyuvMOP��)RUMZP\sQR
u g u 2 �'��uv^Q[Qa X g ufr /3R _\abWQrY[ 1 P.ROWQs*sQeOP\ROROP\[/PST MZNQP\e 132 N 2n1 eUTV[ . ab^�MZP'�kufeUrVaQ�8TY^�MZeOan[QWQ_\PS[ 1�2
l W;uf^QPv�  iP\^Q^QP\[ 2 �Io}P\^Q[QrYP\MZaf^%uf^*[%�Ba g P MZN � 
�!������ �QafekMZNQeUabWQmbN`MZNQP aK{fPSeOeUPSrVu �*uvMZTYab^]MOPS_yNQ^*TVj3WQP
sQeOP\ROPS^�MOPS[ 132 L�[QrYPSe � 
�!�� 
 � TV^/u sQN 2 RUTV_\R _Sab^�MZP �nM �)L�[QrYPSe % R aK{bP\eOeUPSr u?�Qu MZTVaf^�TVR uvsQsQrVTY_ u 1 rVP.MZa
[QTVRwMZeOT 1 W*MOTVab^QR g NQabROPicdWQrYr21 _\ab^Q[QT MZTYab^;ufr�[QTYRUMZeUT 1 W�MZTVaf^QR ufeUP t ufW*ROROTVuf^ �
x3Myuf^Q[QufeO[ aK{bPSeUeOP\r u �*uvMOTVab^ ROWQs*sQeOP\ROROP\R/eZuv^Q[Qa X g ufr /nR�cdabe t ufWQRUROT uv^ [QTYRUMOeOT 1 W*MZTYab^QR g T MZN

NQTVmbN*r 2 s abRUTYMOTY{bP\r 2 1 _\abeOeUPSrVuvMZP\[ _Sa X s af^QPS^�MZR\� 1 W*M�c ufTVrYR}MOaF[QaiRUa cdabeqN*TVmbNQr 2 ^*PSm�uvMOTY{fPSr 2 1 _SabeUeOPSrVuvMZP\[
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_Sa X s af^QPS^�MZR\� xnMyuf^*[;ufeO[]aK{bP\eOeOP\r u �*uvMOTVab^]ufs*sQrVTYPS[�MZa t ufWQRUROT uv^][*TVRUMOeOT 1 W*MZTYab^ g TYMON`NQTVmbN*r 2
^QPSm�u MZTY{fPSr 2 1 _SabeUeOP\r uvMOPS[)_Sa X s af^QPS^�MZR g TYMON � �=MONQP'aK{fPSeOeUPSrVu �*uvMZTYab^�sQufeZu X P\MOPSe\�}RUP\M _\rVabRUP MZa � 

sQeOan[QWQ_\PSRBu _yN;uvTV^ MON;uvM N;uvR u _STYeO_\WQr ufe X a?{fP X PS^�M � 3 PS_ uvWQROP MONQP _yN;ufTY^ X aK{fPSR u R X uvrVr u X afWQ^�M
TV^�ab^*P RUMOPSs � uf^Q[ X abeOP\a?{fPSe X aK{bP\R6^QP ufeUr 2 TV^�u/_STVeU_SrYPf�kMZN*P _yN;ufTY^�P ��sQrVafeOPSR'MZNQP RwMyuvMOP ROs;uv_SP
{bPSe 2 RUrVa g r 2 uv^Q[ TV^*P�>h_STYPS^�MZr 2 �B| NQP ufrYmbabeUTYMZN X g P TV^�MZeUa�[*WQ_SPv� RUabrY{fPSR�MONQTVR�sQeOa 1 rVP X"132 WQsI[;uvM 1
TV^Qmh_Sa X sIab^QPS^�MOR�TV^&u'eOuf^Q[Qa X afeO[QP\e 1�2 u'eOuf^Q[Qa X RUPSj3WQP\^Q_SP MON;uvM�TVR#eOPSsIP u MZPS[%ROP\{fPSeOufr}MOT X PSRS�
_ ufWQRUTV^Qm MONQP6_yN;ufTY^/MZa X aK{bP�TY^ u _Sab^QRUTVRwMZPS^�M.[QTYeOP\_\MZTYab^ � l T27 P\eOPS^�M eOuf^Q[Qa X RUPSj3WQPS^*_SPSR'_ ufW*ROP
MZNQPi_yN;ufTY^]MOa X aK{bPiTY^][*T 7 PSeOP\^�M�[*TVeOP\_\MOTVab^QR\�*MZN*PSeOP 1�2 ufrVrYa g TY^Qm MONQPi_yN;ufTV^`MZa.P=>'_\TVP\^3MOr 2 P ��sQrVabeUP
MZNQPFRUMyu MZP RUs;uf_\Pf�#| NQP ufrYmbabeUTYMZN X TVR#sQeOP\ROP\^3MOPS[ TY^ ��N;ufs�MZPSe �*� ufrVab^*m g T MZN uhROT X WQr u MZTVaf^]RwMZWQ[ 2
cdabe t ufWQRUROT uv^ [QTVRwMZeUT 1 W*MOTVab^*R�afc�[QT27 P\eOP\^3M [QT X PS^QRUTVab^*R uf^Q[ _\aK{fuveOT uv^Q_SP X uvMOeOTY_SPSR g TYMON [QT 7 PSeUPS^�M
_SabeUeOPSrVuvMZTYab^ X ufmb^QT MZWQ[QP\RS�
�p�nMZP\^QROTYab^QRDavc�RUMyuv^Q[;ufeU[ aK{bPSeUeOP\r u �*uvMOTVab^ �fufsQsQrYTV_Su 1 rVPqMOa u g TY[QPSe=_SrVufROR}afc�[QTVRwMZeUT 1 W*MOTVab^*RS� g P\eOP

TV^�{bP\RUMZTYm�uvMOPS[ 1�2 3 eUa g ^)uf^*[�"�an_yN"� 
�!������ � t eUPSPS^�uv^Q[ ��uf^!� 
�!�!���� � uf^*[ � an[Qabe uf^Q[�<buf^QRUPS^
� 
�!�!#� � ��L�rVrDMONQPSRUP�aK{bPSeUeOP\r u �*uvMOTVab^�M 2 s P X P MZNQan[QR N;u {bP6u]_Sa XhX af^�ufs*sQeOa�uv_yN � MZN*P 2 sQeOafs abRUP
u ^QP g RUMZuvMZP 1 uvROPS[ ab^�MONQP6aK{bPSeUeOP\r u �*uvMOTVab^�M 2 sIP`WQs [QuvMZP6uv^Q[�MZNQP6^QP g RwMyuvMOP6TVR uf_S_\PSs*MOPS[ abe
eOP �UP\_\MOPS[ 132 _SeUTYMZP\eOTVu ROT X TVrVufe MZa MONQP6ab^QP6WQRUPS[ TV^ . P MZeUabs afrVTVR ufrVmfabeOT MZN X � �D{bPS^�u X an[QP\eZuvMOP
eOP �UP\_\MOTVab^�eZu MZP X TYmbN�M sQeUP\{fPS^�M MONQP._yN;ufTV^ cdeUa X X aK{�TY^Qm`ufrYab^Qm�MZN*PhrYPS^QmvMZN�afc MZNQP.[QTYRUMZeUT 1 W�MZTVaf^
cdabeiu]RUW 1 RwMyuf^�MZTVufr�s P\eOTYa�[�afc MZT X Pv� �#P ufr � 
�!�!���� uf^Q[ ��P uvr � �f�b�$� ��sQeOP\ROP\^3MOR M g a&RUabrVW*MOTVab^*R MZa
MZNQTYR#s*eOa 1 rYP X �Qab^QP _ uvrVrVP\[`abeO[QP\eOP\[%aK{bP\eOeOP\r u �*uvMOTVab^]uf^*[&MZN*PFafMONQPSeBaK{bP\eOeUPSr u?�*P\[%RUrVTV_\PiRZu X sQrVTY^QmQ�
� afe}MZN*P 8;eORwM X P MZNQan[ MONQP uf_\_SPSs�Myuf^Q_\P! veUP �UP\_\MZTYab^.RUMOPSs.TVR}^QafMqsQeUPSRUPS^�M uf^Q[ cdabe}MZNQPkrVuvMOMOPSe X P MZNQan[
MZNQP'eOP �UP\_\MOTVab^/eOuvMZP'_ uf^ 1 P X uf[*Ph{fPSe 2 R X ufrVrG�6| NQPSeUP\cdabeUP 1 afMZN X P MZNQan[QR uvrVrVa g MZNQP�_yNQufTV^)MZa
X aK{bP'cdabe u%rYab^Qm]MZT X PhTV^�MONQP�RZu X P'[QTVeUPS_\MOTVab^ �%| NQP\ROP X P\MZN*a�[QR X TYmbN�M sIabROP _Sa X sQW*MZuvMZTYab^;ufr
[QT >h_SW*rYMZTYPSR#"*MZNQP\eOP cdabeOPiafMONQPSeBaK{bP\eOeOP\r u �*uvMOTVab^6M 2 sIP X P\MONQan[QRB_ uf^`RUMOTVrYr 1 P [*P\{bP\rVabsIPS[ �

5 ^6��N;ufs*MOPSe � g P s*eOabsIabROP�uf^6ufrYmbabeUTYMZN X �fMON;uvM g P _SufrVr%$ � � �'& ���'( �*) ����� ��+ �-, � �����*( ��MZN;u MkROW*s�1
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MZNQPh{fuveOT u 1 rVP\RS�}MONQP�[QTYRUMZuf^Q_SP X aK{fPS[�TV^�ab^QP'RUMZP\s�TVRFR X ufrVrG� . abeOP\aK{bPSe\� uvM PSuf_yN�TYMOPSeOuvMZTYab^�MONQP
[QTVeUPS_\MOTVab^Fafc;MZN*PSROP�RUMZP\sQRqTVR}eZuf^*[Qa X T��SP\[ � _ ufWQRUTV^Qm�MZNQPk_yNQufTV^ MOa N;u {bPku�eZuf^*[Qa X�g ufr / 1 P\N;u {�TYabWQe\�
| NQPSeUP\cdabeUPf� ab^)u {bPSeOufmbP � 
FRwMZPSs*RFuveOP ^QP\PS[QP\[)MOa X aK{bP MOa]u�s abTY^�M ��RUMOPSsQR u g u 2 � l WQP MZa6MONQP
eZuf^Q[*a X g ufr;/ 1 P\N;u {nTVabWQe\� MZNQP._yN;uvTV^�_Sab^�{fPSeOmfPSR ROrVa g r 2 MOa`MONQP.PSj3WQTYrVT 1 eOTVW X [*TVRUMOeOT 1 W*MZTYab^ � uf^Q[
ab^Q_SPiT MBN;ufRB_Sab^�{fPSeOmfPS[ ��TYM g TYrVr P ��sQrVafeOP MZNQPi[QTYRUMOeOT 1 W*MZTYab^�{bP\e 2 ROrYa g r 2 �
t T 1*1 RBRZu X sQrVTY^Qm TVRBTY^3{vufeUT uf^�M W*^Q[QPSeBMZeOuf^QRUr uvMOTVab^]uf^Q[]RO_SufrVTY^QmQ� 1 W*M#TVRBROP\^QROT MZTY{fP MOa'eUafMyu MZTVaf^

uf^Q[ MZNQP\eOP cdabeOP MONQP sQeOP cdPSeUeOPS[)ROafrVW*MOTVab^ TYR�MZa 8;^*[�u MOeZuf^*RUcdabe X uvMOTVab^&MZN;uvM g TVrVr}[QPS_\abeOeUPSrVuvMZP MONQP
{fuveOT u 1 rVP\RS� 1 W*M cdabe X abRUMiNQTYmbN�1 [QT X PS^QRUTVab^Qufr 3 u 2 PSROTVuf^�s*eOa 1 rYP X MONQTVR TYRi^QafMicdP ufRUT 1 rYPf�hLkM P uf_yN
RUMZP\s&MONQP _yN;uvTV^ X aK{bP\R�uh[QTVRwMyuf^*_SP sQeOabsIabewMZTVaf^;ufr MOa'RUjnWQufeOPFeOanafMBafcpMONQP R X ufrVrYPSRUMBP\TVmbP\^�{fuvrVWQPiafc
MZNQP#{fuveOT uv^Q_SP 1 _SaK{vufeUT uf^Q_\P X uvMOeOT � cdabe g NQTV_yN'MZNQP X ufeUmbTV^Qufr*{vufeOTVuf^Q_\PSR g P\eOP ufrYr;RO_SufrVP\['MZa 1 P�ab^QPv�
|}ahP ��sQrYabeOPiMZNQP RUMZuvMZPiRUs;uf_SP MZNQPi_yN;uvTV^%^*PSPS[*R#MOa X aK{bP TV^`MZNQPirVaf^Qm.[QTVeUPS_\MOTVab^`MZNQuvM#TVRBmbTY{fPS^ 1�2
MZNQPBROj3W;uveOP#eOanafMqafc MZNQPBr uveOmbP\RUMqP\TVmbP\^3{vufrYWQPf� 5 c MONQPB_Sa X s af^QPS^�MZR ufeUPBNQTVmbN*r 2 _SabeUeOPSrVuvMZP\[ � 1 P\_ ufW*ROP
MZNQP RwMZPSshROT �SPBuf^*[ 1 PS_SufWQRUP#avc MONQP eZuf^*[Qa X g ufr / 1 PSN;u {nTVabW*eS� t T 1Q1 RpRZu X sQrVTY^Qm ^QP\PS[QRqMOa sIPSewcdabe X
u r ufeUmbP�^3W X 1 PSeqavc�WQs [QuvMZP\RDMZa X a?{fPkMZa u [*TVRUMZuf^�MqRUMZuvMZPv� t rVa 1 uvr . P MZeUabs afrVTVR}TVR}TV^�{vufeOTVuf^�MDWQ^Q[*PSe
eOafMZuvMZTYab^ ��MONQPSeUP\cdabeUP uheUafMyuvMOTVab^ g TVrVr ^QafMBT X sQeUa?{fP TYMOR s P\eUcdabe X uf^*_SPf�
xnWQsQsQeUPSRORUTV^Qm%eZuf^Q[*a X g ufr;/3Ri_ uf^ 1 Phuf_yN*TVP\{fPS[/P\TYMONQPSe 1�2 MZNQP.aK{bP\eOeUPSr u?�Qu MZTVaf^ X P\MONQa�[*R g P

g TVrVr sQeOP\ROP\^3M�TV^]x�P\_\MOTVab^%�����*� �n�Qabe 1�2 N 2�1 eOTV[ . ab^�MOP �kuveOrVa X P\MONQa�[*RS�
� 2n1 eOTY[ . ab^�MZP'�kufeUrVaQ� TV^�MZeUa�[QW*_SPS[ 1�2 l W;uf^QP P M ufr � � 
 !�� ��� � WQRUPSR ��u X TVr MZab^*T uf^`[ 2 ^;u X TV_\R

MZaimbPS^*PSeZu MZPBu MZeOu��UPS_ MZabe 2 g NQabRUPBPS^Q[hs afTV^�MqTVRpsQeOabsIabRUPS['ufR�u _ uf^*[QTV[;u MZP RUMZuvMZPv�nuf^Q[ MZNQTYRDRUMZuvMZP TYR
uf_S_\PSs*MOPS[%afe#eUP �UP\_\MZP\[ 1 uvROPS[]ab^`MZNQPi_yN;uv^QmbP TV^6MZafMZufr P\^QPSeUm 2 �IufR TY^`MONQP . P\MOeOabsIabrVTYR ufrYmbabeOT MZN X �
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eZuf^Q[*a X g ufr /3RS� � 2n1 eUTV[ . ab^�MZP��kufeUrVa/TYR uvsQsQrVTY_ u 1 rVP`MZa/_\ab^�MZTV^3WQafWQR�RUMZuvMZP&{fuveOT u 1 rVP\R g NQafROP
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� {fPSeUeOPSrVu �*uvMZTYab^ X P MZNQan[QRBN;u {bP 1 P\PS^&WQROP\[&cdabeBROafrY{nTV^Qm.R 2 RwMZP X avcprYTV^QPSufe PSj3W;uvMOTVab^*R#T MZP\eZuvMOTY{bP\r 2
�
� abWQ^*m 
 ! ��
 � ��uf^Q[.TV^ sQufeUMOTV_SW*r ufe=cdabe 8;^Q[*TV^Qmi^3W X PSeOTY_ ufr�ROabrYW*MZTYab^QRDavc sQufeUMOT ufr�[QT 7 PSeUPS^�MZTVufr*P\jnWQu�1
MZTVaf^QRS� 5 ^)MZNQTYRF_\ab^�MZP ��MS�pMZN*P X P\MONQa�[�TVR /3^Qa g ^�ufR �UROW*_S_SP\RORUTY{bP6aK{fPSeOeUPSrVu �*uvMZTYab^ � � x � � � � | NQP
8;eORwM . � . ��aK{bP\eOeUPSr u?�Qu MZTVaf^ X P\MONQan[ g ufRBTY^3MOeOan[QWQ_\PS[ 1�2 L�[QrYPSe � 
�!�� 
 � TV^`u sQN 2 ROTV_\R�_\ab^�MZP ��MS�
"�NQTYM X P\e1� 
�!��$� �qrVuvMZP\e�RUMZW*[QTVP\[ [QT27 P\eOPS^�M�ufsQsQrYTV_SuvMZTYab^QRqafc a?{fPSeUeOPSrVu �*uvMZTYab^'MOaFs*N 2 RUTV_SR�sQeOa 1 rVP X RS�
L�[QrVP\e % R&aK{fPSeOeUPSrVu �*uvMZTYab^ X P MZNQan[$_Suf^ 1 P�ufsQsQrYTVP\[�MOa�[*TVRUMOeOT 1 W*MZTYab^QR � cdabe g NQTY_yN�ufrYr�cdWQrVr

_Sab^Q[*TYMZTYab^;ufr�[QTVRwMZeOT 1 W*MOTVab^QR\� � ��� ! � � � ��� ���" ! �.uveOP t ufW*ROROTVuf^ � LkM'MOT X P % ��
 g P%W*s [;u MZP`MZNQP # ���
_Sa X s af^QPS^�Miafc MZNQP {fPS_\MOabe ��� | N*PhavMZNQP\e _\a X s ab^*PS^�MZRiufeUP /fPSs�M 8��*P\[ �.L ^QP g RUMyu MZP ��� � 
 � ! TYR
mbPS^QP\eZuvMOPS[&ufR cdabrVrYa g R��
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 � � � �n� �$!��

g NQPSeUP �
!
uf^Q[ 	

!
ufeUP�MZNQP6_\ab^Q[QT MZTVaf^;ufr X PSuf^ uf^Q[ RUMZuf^Q[;uveO[ [QP\{nTVuvMZTYab^�afc � ! mfTY{bP\^ ufrVr afMZNQP\e

_Sa X s af^QPS^�MZR�� ��� � ��� ���" ! �-��TVR�u t ufWQRUROT uv^&eOuf^Q[Qa X {vufeUT u 1 rYP g TYMZN X PSuf^ �\PSeUa�uf^Q[&{fuveOT uv^Q_SP ab^QPv�
uf^Q[ ��TVR MONQP.s;ufeZu X P MZPSe�MZN;uvMi_\ab^�MZeUabrVR MONQP.a?{fPSeUeOPSrVu �*uvMZTYab^ � � abe�MZNQPhufrYmbabeOT MZN X MOa]rYP u {bP MONQP
[QTVRwMZeOT 1 W*MOTVab^�TV^�{vufeUT uf^�M � g P ^*PSPS["� 
�� ��� 
b� � abe � � �*�-� �n� �$!���TVR t T 1Q1 RiRZu X sQrYTV^Qm*� "�P
TVrVrYWQRUMOeZuvMOPBNQa g L�[QrVP\e % RkaK{bP\eOeOP\r u �*uvMOTVab^ ROWQsQs*eOPSRUROP\R�eOuf^Q[Qa X g ufr;/3R�cdafeku 1 T {vufeOTVuvMZP t uvWQRORUT uf^�TY^
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Adler’s overrelaxation

� TVmbW*eOP�����
�� t T 1Q1 R�ROu X s*rVTV^*m/uf^Q[�L�[QrVP\e % R6a?{fPSeUeOPSrVu �*uvMZTYab^ X P\MZN*a�[�ufs*sQrVTYPS[+MOa u 1 TY{vufeOTVuvMZP
t ufW*ROROTVuf^�[QTYRUMZeUT 1 W�MZTVaf^ g TYMON�_SabeUeOP\r uvMOTVab^"

� ������!$!*��| NQP rVP c M�sQrYafM�RUNQa g R`M g PS^�M 2 t T 1Q1 R
RZu X sQrVTY^QmiTYMOPSeZu MZTVaf^QR�uf^Q[ MONQP#eOTVmfN3M sQrYafM�M g P\^�M 2 TYMOPSeOuvMZTYab^QRqafc8aK{fPSeOeUPSrVu �*uvMZTYab^ g T MZN �&� ��� ��!����
| NQP#MONQTV^hrVTY^QP TVRqMONQP�sQuvMZNha 1 MZufTV^QP\[ u c MZPSe WQsI[;uvMOTV^QmiP uv_yN _Sa X sIab^QP\^3MS�D| NQP#MZNQTY_ / rVTV^*PSR�ufeUP#MONQP
s;uvMZN*R�u c MZPSe PSuf_yN%T MZP\eZuvMOTVab^ �}L�^]TYMOPSeZu MZTVaf^6_Sab^QRUTVRwMZRBafc}WQs [QuvMZTY^Qm.P uf_yN]_Sa X sIab^QPS^�M#ab^Q_\Pf�

� TVmbW*eOP ����
b�
| N*P'P=>'_\TVP\^Q_ 2 afc L�[QrYPSe�% R aK{bPSeUeOP\r u �*uvMOTVab^ cdabe u 1 TY{vufeUT uvMOP t uvWQRORUT uf^�[QTYRUMZeUT 1 W�MZTVaf^ g ufR TV^�1

{bPSRwMZTYm�uvMZP\[&TY^ ��PSufr � 
 !�!�� � � ��P cdabWQ^*[`MON;uvM g T MZN]u _SabeUeOP\r uvMOTVab^6_\a�P=>'_\TVP\^3M 
'afc}����!�!��*�QL�[QrVP\e % R
a?{fPSeUeOPSrVu �*uvMZTYab^ g TYMZN&uf^ � � ��������!.TVR��b� MZT X PSR X abeOP P=>h_STVP\^�M�MON;uf^ t T 1*1 RBRZu X sQrVTY^Qm TV^]PSRwMZT 1
X uvMOTV^Qm � ���$
 ��uv^Q[ 
 �'MOT X PSR X abeUP P�>h_STYPS^�M TY^ PSRUMOT X uvMZTY^Qm � ��� 

 � � � abe�u 1 T {fuveOT u MZP t ufW*ROROTVuf^
[QTVRwMZeOT 1 W*MOTVab^ �IL�[*rVPSe�% R�aK{bPSeUeOP\r u �*uvMOTVab^ sIPSewcdabe X R�MONQP ROu X PFcdabe�sIabROT MZT {bPSr 2 abe�^QP\m�uvMOTY{bP\r 2 _SafeOeOP 1
r uvMOPS[`_Sa X sIab^QPS^�MOR#[*WQP MZa MZNQPiR 2�XhX P\MZe 2 afc=MZNQP\ROP [QTVRwMZeUT 1 W*MOTVab^*RS�

3 ufeOab^*P6uf^Q[ � eOTYmbPSRUROT1� 
�!�!f� � [QP\eOT {bPS[�MONQP6abs*MOT X ufrq{fuvrVWQPhcdabe MZN*P�s;ufeOu X P MZP\e �$cdabeFROa X P
TV^�MZP\eOPSRwMZTY^Qm _ ufRUPSR.afc X WQr MZT {fuveOT u MZP t uvWQRORUT uf^�[QTYRUMOeOT 1 W*MZTYab^QR uv^Q[ RONQa g PS[ MZN;uvM a?{fPSeUeOPSrVu �*uvMZTYab^
_ uf^ 1 P ufe 1 TYMOeZufeUTVr 2 1 P MOMZP\e�MZNQuf^ t T 1Q1 R RZu X sQrVTY^Qm TY^�_SP\eUMZufTV^�_SufROP\RS��| NQP 2 8;^Q[6MON;uvM�MONQP�c ufRwMZP\RUM
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eZuvMOP�afc _\ab^�{bPSeUmbPS^*_SP cdabeku X WQrYMOTY{vufeOTVuvMZP t ufWQRUROTVuf^�[QTYRUMZeUT 1 W�MZTVaf^ g T MZN6ufrYr _\abeOeUPSrVuvMZTYab^QR ^QPSm�u MZTY{fP
TVR uf_yNQTVP {bP\[ cdabe � ���*� � abe t ufWQRUROT uv^ [QTYRUMZeUT 1 W�MZTVaf^QR g TYMON�ufrYr;s abRUTYMOTY{bPB_\abeOeUPSr u MZTVaf^QRS��MZN*P#c ufRwMZP\RUM
_Sab^�{bP\eOmbP\^Q_SP eZuvMOP TVR#uf_yNQTYP\{bP\[&cdabe � � �*��L�[QrVP\e % R#aK{fPSeOeUPSrVu �*uvMZTYab^`[Qa�P\R�^*afM#RZu X sQrVP P=>h_STVP\^�MZr 2
cdabe t uvWQRORUT uf^`[QTYRUMZeUT 1 W�MZTVaf^QR g TYMON`^QPSm�u MZTY{fPSr 2 1 _SabeUeOP\r uvMOPS[`_Sa X sIab^QPS^�MOR#avcp[QT X P\^QROTYab^ � �����
�p�nMZP\^QROTYab^QRqafcQa?{fPSeUeOPSrVu �*uvMZTYab^ MOa�^Qab^�1 t ufWQRORUT uf^F[QTVRwMZeUT 1 W*MOTVab^*R g PSeUPkTV^�{bP\RUMOTVm�uvMOPS[ 1�2�3 eOa g ^

uf^Q[ "�a�_yN!� 
�!�� � � �B| NQP 2 sQeOafs abRUPFM g a6[QT 7 PSeUPS^�M X P\MONQan[QRS� � ^*P TVRBMZa MOeZuf^*RUcdabe X MONQP _\a�abeU[QT21
^;uvMZP\R#MOa 1 eOTY^Qm._Sab^Q[*TYMZTYab^;ufr [QTVRwMZeOT 1 W*MOTVab^QR MZa'u t ufWQRUROT uv^`cdafe X � ��{fPSeOeUPSrVu �*uvMZTYab^`TVR sIPSeUcdafe X PS[
TV^ MONQPkMZeOuf^QRUcdafe X PS[ ROsQuf_SPBuf^*[ MZNQP\^.MONQP RUMZuvMZP�TVRpMOeZuf^QRwcdabe X PS[ 1 uf_ /FMOa MZNQP abeUTVmbTY^;ufr3ROsQuf_SPv�D| NQP
ROPS_\ab^Q[ X P\MONQa�[hsQeUabs afROPS[ TVR uf^ aK{bP\eOeUPSr u?�*P\[ . P MZeOafs abrYTVR ufrYmbabeOT MZN X �=L$^QP g RUMZuvMZP�TVR�sQeOafs abRUPS[
_SabeUeOPSRUs af^Q[QTV^*m.MOa.uf^ � � � 
 aK{fPSeOeUPSrVu ��PS[]RUMZP\s&TY^ g NQTV_yN`MZN*P s abTY^�M afc}eOP��QPS_\MOTVab^`TYR�MZNQP X a�[*P
afc�MONQP`_Sab^*[QTYMOTVab^;uvr�[QTYRUMZeUT 1 W�MZTVaf^ ��|=a�s*eOan[QWQ_SP]uf^ P\eOmban[QTV_6_yNQufTV^ ��MZN*P X P MZNQan[ TVR _Sa X 1 TV^*PS[
g TYMZN]u cdP g _Sab^�{bP\^�MZTVaf^;ufr . P MZeOafs abrYTVR abe t T 1*1 R RZu X sQrYTV^Qm RwMZP\sQR�TY^ 1 P M g P\PS^ �
t eOP\PS^ uv^Q[���uf^�� 
�!�!����ksQeUabsIabROP\[&MZa 8;^Q[%u t ufWQRORUT uf^%ufsQsQeUa �*T X u MZTVaf^�MZa'MONQP _\ab^Q[QT MZTYab^;ufr

[QTVRwMZeOT 1 W*MOTVab^ � � ��� ! � � � � � � �" ! � � g N*abROP X P uf^ � � ! �*uv^Q[�RUMZuf^Q[;uveO[6[QP {�TVuvMZTYab^ ��	 ! �n[Qa ^QavMk[QP\s P\^Q[6ab^
MZNQPF_SWQeUeOPS^�M�_Sa X s af^QPS^�M#MZa 1 P W*s [;u MZPS[ ����� � ! � �B| NQPF_Sa X sIab^QPS^�M ��� � ! TVRBMZNQP\^ WQsI[;uvMOPS[%W*ROTV^*m�u
RUMyuv^Q[;ufeU[6a?{fPSeUeOPSrVu �*uvMZTYab^ RwMZP\s&uvR�TV^ � �*��
 � �Quf^Q['MZNQP ^*P g RUMZuvMZP TYR�uv_S_SP\s*MZP\[`abe�eUP �UPS_ MZP\[6WQROTY^Qm u
. P\MOeOabsIabrVTYR uf_\_SPSs�Myuf^Q_\P MOPSRwM �

5 ^`u s*N 2 RUTV_SR _\ab^�MZP ��MS� � a�[*abekuf^*[ <buf^QROP\^ � 
�!$!$� � s*eOabsIabROP\[`u X P\MZN*a�[ MON;uvM TYR�WQRUP\cdWQr g NQPS^
MZNQPh_Sab^*[QTYMOTVab^;uvrq[QTVRwMZeOT 1 W*MOTVab^QRiuveOPhWQ^QT X an[;ufr �'| NQP 2 sQeUabsIabROP\[�u]^*P g RUMZuvMZP � �! ab^)MZNQP'afMZNQP\e
ROTV[*PFafc}MZNQP X a�[QP ROW*_yN%MZN;u M � ��� �! � � � � � ���" ! � � � ��� ! ��� � ��� ���" ! � ��| NQP ^QP g RUMZuvMZP g TVrYr 1 PFuf_\_SPSs�MZPS[
abe�eUP �UPS_ MZP\[ 1 ufROP\[6ab^ MONQP�eOuvMZTYa afc MONQP [QP\eOT {fu MZTY{fP�afc MZNQP _\ab^Q[QT MZTYab^;ufr;[QP\^QROT M 2 P {vufrVW;u MZPS[�uvM�MONQP
abrV[�RwMyuvMOP MZa MZN*P [QPSeUTY{vuvMOTY{bP�P\{vufrVWQuvMZP\[&u MkMZNQP s*eOabsIabROP\[`RUMyu MZPf�q|=ahuf_yNQTYP\{bP P\eOmban[QTY_STYM 2 ab^QP NQufR
MZa X T �6TY^6ROa X PiafMZNQP\e MZeZuv^QROT MZTVaf^QRS��ROWQ_yN%ufR . P\MOeOabsIabrVTYRkWQsI[;uvMOPSRS�
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b� 1 W*M [Qa`MZNQP�8;eURUM afc



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� �#�

−2 −1 0 1 2
−2

−1

0

1

2

� TVmbW*eOP ��� � �p| NQP �#uf^Q[Qa X x�P\jnW*PS^Q_\P ��{fPSeOeUPSrVu �*uvMZTYab^ X P\MZN*a�[ g T MZN 
 � ��������!�!�!�!*��$ �$� uf^Q[
' � �����k| NQP sQrVafM#RUNQa g R�MZNQP s;uvMONQR#sQeOan[QWQ_\PS[ WQRUTV^Qm.MZN*eOPSPFeZuf^*[Qa X ROP\j3WQPS^Q_\PSR � ) � 
 � 
 � �,+G�
) 
 �]� �&� 
.+quf^Q[") �]� � 
'� 
 +/��sQeUa �UPS_ MZP\[�ab^ MZN*Phs*r uf^QP mbPS^QP\eZuvMOPS[ 1�2 M g a]PSTYmbPS^�{bP\_\MOabeORiafc
0 _SabeUeOPSRUs af^Q[QTV^*m]MOa&MZN*PhM g a%rVufeOmbP.P\TVmbP\^3{vufrYWQPSR\��| NQPhs;uvMONQR RUNQa g MZNQPhRUMZuvMZP\R uvc MOPSe ab^QP.cdWQrVr
eZuf^Q[*a X ROP\j3WQPS^Q_\P g ufR#ufsQsQrYTVP\[ �q| NQPi_STYeO_SrYP TVRkMONQP M g ahRUMZuf^Q[;ufeU[&[*P\{nT uvMOTVab^`_\ab^�MZabWQe\�

MZNQP�'�$ � WQsI[;uvMOPSR g TYMZN � � �*�=TV^�abeU[QPSeiMZa&ufrYrVa g MZNQPh_yN;ufTY^)MOa X aK{bP.cdeOa X af^QP's*eOa 1 u 1 TVrYTYM 2
_Sab^�MZafWQe MZa]uf^QafMONQPSe\� 5 ^ MZNQP.P ��sIPSeUT X PS^�MZRisQeUPSROP\^�MZPS[�r uvMOPSeS�8N*a g P\{fPSe\� g PhTY^QRUMOP uf[�_yNQanabRUPhMONQP
1 P\RUM �/cdabekMZNQP ��x � X P\MONQan[ �d^Qa �&�	� WQs [QuvMZP\R � �IufR g P _Sa X s;ufeUP MZNQP X P\MZN*a�[ g TYMON&L�[QrVP\e % R
a?{fPSeUeOPSrVu �*uvMZTYab^6cdabe g NQTY_yN%ufrYROa MZN*P 1 PSRwM �/TVR _yNQabRUPS^ �

� ��� ��
�� � � � � � � � � � 
 � ��
 � � � 
 � � � 
����

| NQP%eOuf^Q[Qa X RUPSj3WQPS^*_SP aK{bP\eOeOP\r u �*uvMOTVab^ X P\MZN*a�[+ufeOabRUP]cdeUa X MZN*P%^QP\PS[+MOa�ROW*sQsQeOP\ROR6eOuf^Q[Qa X
g ufr /3R g NQP\^�^QPSm�u MZTY{fPSr 2 _SabeUeOPSrVuvMZP\[�_\a X sIab^QP\^�MZR X u /vP'L�[QrVP\e % R aK{bP\eOeOP\r u �*uvMOTVab^ g afe0/�s anabeUr 2 �
"�P g abWQrY[]rYT;/vP�MZNQP ^*P g�X P\MONQan[�MZa g abe0/ g PSrYr cdabeksIabRUTYMZT {bP\r 2 _SabeUeOPSrVuvMZP\[6_Sa X sIab^QPS^�MOR�uvR g P\rVr �
| NQP�MZP\RUMZR.uveOP6[Qab^*P cdabe t ufWQRUROT uv^�[QTVRwMZeOT 1 W*MOTVab^QRicdabe g N*TV_yN�MZNQP'{fuveOT uv^Q_SP 1 _SaK{vufeUT uf^Q_\P X uvMZeUT �



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� ���

N;ufR MZNQP cdabe X � �*����� �
| N*P P ��s P\eOT X P\^3MOR sQeUPSROP\^�MZPS[�TY^%MZNQPFcdabrVrYa g TY^QmhROPS_ MZTYab^QR _\ab^QROTYRUM�afcqM g a6sQufeUMORS� 5 ^ MZN*P 8;eURUM

RUMyuvmbPf�nWQROTY^QmFufW*MZan_SafeOeOP\r uvMOTVab^ MOT X Pf��P\RUMZT X u MZPS[hufR [QP\RO_SeUT 1 PS['TV^ x�PS_ MZTVaf^�����
b� g P�_yNQabRUP#MONQP 1 P\RUM
{fuvrVWQP\Rqafc �%cdafeqL�[QrYPSe % RqaK{bP\eOeOP\r u �*uvMOTVab^huf^*[hcdabeD��x � � g NQP\^hMONQP cdWQ^Q_ MZTVaf^.MOa 1 P P\RUMZT X u MZPS[ g ufR
_Sab^QRUTV[QP\eOP\[]MOa 1 P MZNQPiRUjnWQufeOP afc=MZNQP �qWQ_SrYTV[QPSuf^`^Qabe X �q| NQPi{vufrVW*PSR afc �/TV^�{bP\RUMOTVm�uvMOPS[ g P\eOP �
1 �*��!�!�!�1 �*��!�!
� 1 �*��!�! 1 �*��!$� 1 ����! � 1 �*��!���1 �*��!
� 1 �*��!#� 1 ����!���1 �*��!�� 1 �*��! 
 1 �*��! 1 �*��� 1 �*� ��1 �*� � 1 �*� ��1 �*� �
1 �*����1 �*� � 1 �*��
 �.�*��
F�*� � �*���.�*� �h�*���.�����.�*��� �*���h�*��!.�*��!$!*�
"�Pi_Saf^QROTY[QPSeUPS[&cdafWQe [QT 7 PSeUPS^�MB{vufrVWQP\R cdabekMZNQP [QT X P\^QROTYab^;ufrYTYM 2 � ����uv^Q[]cdafe P uf_yN�� g P TV^�{bP\RUMZT 1
m�uvMZP\[ M g a s abRUTYMOTY{bP#_SafeOeOP\r uvMOTVab^*R uv^Q[�M g a ^QPSm�u MZTY{fP�_\abeOeUPSr u MZTVaf^QRS�D| N*PSROP�eOPSRUWQrYMOR ufeUP�sQeUPSROP\^�MZPS[
TV^ � TVmbW*eOP �*� � MZN*eOabWQmfN � TYmbWQeOP �*��
?����| N*P%rVP\^QmfMON+afc . ufe0/va?{ _yN;uvTV^QRhcdabehMONQTVR.RwMyufmbP&afc MONQP
ROT X WQr uvMOTVab^*R g ufR�ROWQ_yNhMZN;uvM u mbanan[ PSRUMOT X uvMZP cdabeDMZNQPBuvW*MZan_SabeUeOP\r uvMOTVab^ MOT X PSRD_\abWQrY[ 1 P a 1 MZufTV^*PS[
cdabe ��_SrYabROP MOa�MZNQP.abs�MZT X ufr cdabe PSuf_yN X P\MONQan[ � � abe ��_SrVafROP MZa&� 
.abe 
b� MONQP.ufW*MOa�_\abeOeUPSr u MZTVaf^
MZT X PSR X u 2�1 Pis anabeOr 2 P\RUMOT X uvMZP\[]TY^`ROa X P _ ufRUPSR\�

5 ^ MONQPkROP\_Sab^*[hRwMyufmfPf� g P eZuf^ {fPSe 2 rVaf^Qm _yN;ufTY^QRDWQRUTV^Qm MONQPkabs�MZT X ufr�{vufrVW*PSRpcdabe �]cdabW*^Q[ TV^ MONQP
8;eORwM RUMZufmbPf� 3 ufROP\[]af^�MZNQP\ROP _yN;ufTY^QRS� g P a 1 MyufTY^QPS[�uf_S_\WQeZuvMOP PSRwMZT X uvMOPSR cdafe MZN*P ufW*MOa�_\abeOeUPSr u MZTVaf^
MZT X PSR\� g NQTY_yN g PSeOP WQRUPS[&MOa.sQeOaK{nTV[QPimbanan[]P\RUMOT X uvMZP\R#avc}MONQPiP�>h_STYPS^Q_ 2 avcD��x � {fPSeORUWQR�L�[QrVP\e % R
a?{fPSeUeOPSrVu �*uvMZTYab^�uv^Q[�{fPSeORUWQR t T 1Q1 RhRZu X sQrYTV^Qm*� "�P%PSRwMZT X uvMOPS[ MZNQP%ufW*MZan_SafeOeOP\r uvMOTVab^�MOT X P�cdabe
MZNQeUPSP�cdWQ^*_\MZTYab^QR=afc;MZN*P�RUMZuvMZP �=MONQP�RUW X afcQMZN*P�ROj3W;uveOPSRqavcQMZNQP _Sa X sIab^QPS^�MORS�fMONQP 8;eURUMD_\a X s ab^*PS^�M
ROj3W;ufeUPS[ �;uv^Q[6uf^'TV^Q[QTY_ uvMOabeqcdWQ^Q_ MZTVaf^'MZNQuvMkTYR 
 T c MONQP u 1 ROabrYW*MZP#{fuvrVWQP#afc MONQP 8;eURUM _\a X s ab^*PS^�M�TYR
mbeOPSuvMZP\e MZN;uf^ 
����kuf^Q[ � afMONQPSe g TVROPv�}| N*P ROu X Pq_yN;ufTV^ g ufR WQRUPS[iMZaBPSRwMZT X uvMOPpMZNQP�uvW*MZan_SabeUeOP\r uvMOTVab^QR
cdabe�ufrVrnMZNQeUPSPkcdWQ^*_\MZTYab^QRqafcIMZN*P RUMyu MZPf�3WQRUTV^Qm MONQP �%MZN;u M g ufR�abs�MZT X ufr3cdabeDMZN*P ROW X avc MONQP ROj3W;ufeUPSR
afc�MZNQP _\a X sIab^QP\^�MZRS�p| NQPBabs*MZT X uvr �%cdafepMZNQP RUW X avcIMONQP ROj3W;uveOPSR�afcIMZN*P _Sa X s af^QPS^�MZRqTYRD_SrYabROP MZa
MZNQPFabs*MZT X uvr {vufrVWQP\R#cdafe1�/cdabeBMZNQP afMONQPSe#M g a cdW*^Q_\MOTVab^QR\��ROa MONQP uvW*MZan_SabeUeOP\r uvMOTVab^6MZT X P\RBRONQabW*rV[
1 Pij3WQTYMOP _SrYabROP MZa MONQPiabs*MZT X uvr {vufrVW*PSRkcdabeBufrYr cdWQ^Q_ MZTYab^QR afc}MZNQPiRUMZuvMZPv�
"�P�_Sab^*ROTV[*PSe8MZNQeUPSP�sIabROT MZTY{fPq_SabeUeOP\r uvMOTVab^QR MZaB[QP X ab^QRwMZeOuvMZPDMON;uvM8MZN*P P=>h_STVP\^Q_ 2 avcQ��x � {fPSeUROWQR



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� � �

L�[QrYPSe % R�aK{fPSeOeUPSrVu �*uvMZTYab^ ��cdabe u 8*��PS[ ���*eUP X ufTV^*R _\ab^QRwMyuf^�M uvR MZN*P�_SafeOeOP\r uvMOTVab^*R uvsQsQeOabuf_yN�
b�pL�R
MZNQP sIabROT MZT {bP _SafeOeOP\r uvMOTVab^ 1 P\_Sa X PSRq_\rVabRUPSeDMZaiT MZRqWQsQsIPSeqrYT X TYM}ab^QP ^QP\PS[QRqMOa eUWQ^ {bP\e 2 rVaf^Qm _yN;ufTY^QR
TV^�abeO[*PSe MZa`a 1 MZufTV^�mbanan[)P\RUMOT X uvMZP\R cdabe MZNQPhufW*MOa�_\abeOeUPSrVuvMZTYab^%MZT X P\R cdabe MZN*P t T 1Q1 R RZu X sQrVTY^QmQ�
| NQPSeUP\cdabeUP�TYMFTVR _Sa X sQW*MZuvMZTYab^;ufrYr 2 {bP\e 2 TY^�MZPS^*ROTY{fP'MOa%TV^�{fPSRUMOTVm�u MZP�uvrVrq{vufrVWQP\RFavc ��cdeUa X � 
'MZa

 cdabe�MZN*P RUMOeOab^QmfPSRUMisIabRUTYMZT {bP _\abeOeUPSrVuvMZTYab^%MZNQuvM TVR#cdabWQ^Q[�WQ^*[QPSe MONQP [QabW 1 rVP rYTV^QPFTV^ |}u 1 rYPSR �*� �
MZNQeUabWQmbN �*��
��*�i| NQP\eOP cdabeOP g P N;u {bP.^QafM cdafWQ^Q[ MZNQP abs*MZT X uvr ��cdafe�MZNQP\ROP _SufROP\RFuv^Q[ eZuvMONQPSe g P
WQROP\[%PST MZNQP\ekMZNQPiROu X P ��ufR cdabekMONQPirVP\ROR RUMOeOab^*m'_\abeOeUPSr u MZTVaf^6abeBuf^ �/_SrVafROPSekMOa � 
b�

5 ^�|}u 1 rYP �*��
 g P RUW XhX ufeUT��\PS[&MONQP rVP\^QmfMONQR afcqMONQP _yN;ufTY^ cdabe uvrVr X P MZNQan[QR uf^*[ MZNQP rVufmbR�uvM
g NQTV_yN�MZNQP.uvW*MZan_SabeUeOP\r uvMOTVab^QR�ufeOP _\rVabRUP MZa �SP\eOaQ� | N*PhrVufRUM _SabrYW X ^ TY^ MZNQP\ROP.Myu 1 rVPSR�eOPSs*eOPSRUPS^�MZR
MZNQP ^3W X 1 PSe�afc TYMZP\eZuvMOTVab^*R�cdabe g N*TV_yN t T 1Q1 R�RZu X sQrVTY^Qm�uv^Q[�L�[QrYPSe % R aK{bP\eOeUPSr u?�Qu MZTVaf^ g P\eOP.eOWQ^ �
� ^*P&T MZPSeOuvMZTYab^/cdabe t T 1Q1 RhROu X sQrVTY^Qm�uf^Q[ L�[QrYPSe�% RhaK{bPSeUeOP\r u �*uvMOTVab^ _Saf^QROTYRUMZRhafc�WQs [QuvMZTY^Qm�P uf_yN
_Sa X s af^QPS^�Mhab^Q_\Pf� � afe.��x � uf^�T MZP\eZuvMOTVab^�_\ab^QROTYRUMORhavc WQsI[;uvMOTV^Qm MZN*P]_\a X s ab^*PS^�MZR 1�2 WQROTY^Qm
ab^Q_SP MONQP'eOuf^Q[Qa X ROP\j3WQPS^Q_\P�afc rVP\^QmfMZN ��$��h| NQP.^3W X 1 PSe afc TYMZP\eZuvMOTVab^*R�cdabei��x � TVRiuv[ �UWQRUMOPS[
ROWQ_yN MZNQuvM P uv_yN)_\a X s ab^*PS^�M g TVrYr 1 P WQsI[;uvMOPS[ MZN*P RZu X P ^3W X 1 PSe�afc�MZT X PSR�ufR�cdabe t T 1Q1 R�ROu X 1
sQrVTY^Qm uv^Q[%L�[QrVP\e % R�aK{bP\eOeOP\r u �*uvMOTVab^ � | NQPSeUP\cdabeUPFMZN*P ^3W X 1 PSe�afcqTYMOPSeOuvMZTYab^QR g TVrYr 1 PF[QT 7 PSeUPS^�M#cdabe
MZNQP X P MZNQan[QRS� � abe 
 � �*�}cdafe t T 1Q1 RFROu X s*rVTV^*m&uv^Q[/L�[*rVPSe�% R aK{bP\eOeOP\r u �*uvMOTVab^ � g P6uf[ �UWQRwM MONQP
rVPS^*mfMZN�avc _yN;ufTV^*R 1�2 MZu /3TV^Qm af^Qr 2 MZN*P � ��� RUMZuvMZP avc8MZNQP _yNQufTV^ � g NQPSeUP �'TVR _yNQabRUPS^`ROWQ_yN6MON;uvMkMONQP
_yN;ufTV^*R g TYrVr N;u {bPiMZNQPiRZu X PirVP\^QmfMON � � abe%
������*Myu /3TY^Qm.P\{bP\e 2 � ��� RUMyu MZPiTVR ^QavM#ufr g u 2 R#sIabRORUT 1 rYP
1 P\_ ufWQRUPFMONQPFrVufm'uvM g NQTV_yN]MZNQPFufW*MOa�_\abeOeUPSr u MZTVaf^QRkcdabeBL�[QrYPSe�% R#aK{bPSeUeOP\r u �*uvMOTVab^%ufeOPi_SrYabROPiMZa �SP\eOa
TVR�{fPSe 2 R X uvrVr uf^Q[ 1�2 Myu�/nTY^Qm P\{fPSe 2 � ��� T MZP\eZuvMOTVab^ MONQP eOP X uvTV^QTY^Qm RwMyuvMOPSR g TVrYr 1 PS_\a X P TY^Q[QP\s P\^�1
[QPS^�MFuf^Q[ MZN*PSeOP cdabeOP ^*afMisQeOaK{nTV[*P.u`mfa�an[ PSRwMZT X uvMOP cdabe MZN*P.ufW*MZan_SafeOeOP\r uvMOTVab^]MZT X Pv� "�NQP\^)MONQP
rVPS^*mfMZNQRBafc=MZN*PF_yN;uvTV^QR#ufeUP [*T 7 PSeOP\^�M � g P uf[��UWQRUM#MZNQP ufW�MZan_SabeUeOPSrVuvMZTYab^ MOT X P 132`X WQrYMOTVsQr 2 TY^Qm MONQP
ufW*MZan_SafeOeOP\r uvMOTVab^�MOT X P cdabeBMZNQPF��x � g TYMON%u.c uf_\MOabeB[QP\MOPSe X TV^*PS[ 132 MONQPFeOuvMZTYa.afcpMONQPFrYPS^QmvMZN`cdabe
L�[QrYPSe % RBaK{bPSeUeOP\r u �*uvMOTVab^`_yN;ufTY^6MZa.MZNQPirVP\^QmfMON]avcD��x � _yNQufTV^ �
� abeqMONQP�RwMZeUab^QmbP\RUM s abRUTYMOTY{bPB_\abeOeUPSr u MZTVaf^.cdafe PSuf_yN �)�nMONQP#_yN;ufTV^*R W*ROTV^*m t T 1Q1 R�ROu X s*rVTV^*miuf^Q[



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� ���

� " � ��� ��� �����	�
����
 " 
 �����	������
 " � ������������� � � ���
 ��� � � ��� �!� � ��� � � ��� �!� � ��� � � ��� �!� � ��� � � ��� �!� � � �#"$���%� � & ���

� � � ')(#(#* � * � � � � � 
#* � * � � � � � 
#* � * � � � � � � � * � � � � � 
 
 � � � � � � � �

� � � ')(#(#( � * � � � � � 
 
 � � * � � � � � 
 
 � � * � � � � � 
 
 � * � � � � � + � � � � � � � � �
� � (#(),�* � 


+#+#+#+ , � * �

 � � � � � � + � ')(#(#(#(�� 
#* � � � � � � 



 
 � 
 � � � � � �
� � (#(#(#* � 


+#+#+#+ ,


* � � 
 � � � � � � 


* � ')(#(#(#( + ,�* � � � � � � � � � �

 � � � � � �

� � (#(#(���� 

+#+#+#+ , � � � � 
 � � � � � � 
 � � * � � � �#+ 


* � � � � � � ' 
 + � � 
 � � � � � �

� " ' ��� ��� �����	�
����
 " 
 �����-�
����
 " � ���������.��� � � ���
 ��� � � ��� �!� � ��� � � ��� �!� � ��� � � ��� �!� � ��� � � ��� �!� � � �#"$���/� � & ���

� � � � � � � � 

+#+#+#+ , 
 � � 


+#+#+#+ , 
 � � 

+#+#+#+ , + � 


+#+#+#+#+ + � 
 � � � � � �
� � � � � � 
#* 
#* � � � � + � � 
#* � � � � * � � 
#* � � � � 
 � � 
#* � � � 
 
 � � 


* � � � � �
� � (#(), � � 
 � � � � � � 


* � � 
 � � � � � � + � * � � � � � * � � � � � � � � 
 � � 
 � � � � � �
� � (#(#(�' � 
 � � � � � � + � � � 
 � � � � � � 
 � � * � � � � � 
 � � � � � � � � � ( � � 
 � � � � � �
� � (#(#(��#* 
 � � � � � � * � � � � 
 � � � � � � � � � * � � � � � � + � � � � � � ' �



* � � 
 � � � � � �

� " 
 � ��� ��� �����-������
 " 
 �����-�
����
 " � ���������.��� � � ���
 ��� � � ��� �!� � ��� � � ��� �!� � ��� � � ��� �!� � ��� � � ��� �!� � � �#"����0� � & ���

� � � 
 
 
 � ( * � � � � � � � � * � � � � � � � � * � � � � � 
 
 � * � � � � � 
 
 � � � � � � � �

� � � 
 
 
 
 � * � � � � � 
 � � � * � � � � � 
 � � � * � � � � 
 
�� � * � � � � � 
�� � � � � � � � �
� � (#(��#* � 
#* � � � � 
 � � � 
#* � � � � ' � 
#* � � � � * � � � 
#* � � � 
 *#* � 


* � � � � �
� � (#(#( + * * � � � � � � � � � * � � � � � + � * � � � � 
 
 
 � � � * � � � � 
 


* � � � � � � � � �
� � (#(#(#( � * � � � � � 
 � � � � * � � � � � 


* � * � � � � � 
 � � � � * � � � � � � � � � � � � � � � �

� " 
 
 ��� ��� �����-������
 " 
 �����-�
����
 " � �����1���.23� � � ���
 ��� � � ��� �!� � ��� � � ��� �!� � ��� � � ��� �!� � ��� � � ��� �!� � � �#"$���/� � & ���

� � � � (#(#(��#* * � � � � � ( � � * � � � � � ( � � * � � � � � 
 
 � * � � � � � 
 � � � � � � � � �

� � � � (#(#(#( + * � � � � � ' � � � * � � � � � 
#* � � * � � � � � � � � * � � � � � ( � � � � � � � � �
� � (#(�� + * � 
#* � � � � 
#* � � 
#* � � � � ' � 
#* � � � � ' � � � 
#* � � � 
 + � � 


* � � � � �
� � (#(#( + * � * � � � � � ( � � � * � � � � � + � * � � � � 
 � � � � � * � � � � 
 
 � � � � � � � � � �
� � (#(#(#( � � * � � � � � ( � � � * � � � � � 
 � � ')(#(#(#(#( * � � � � * � � � � � � � � � � � � � � � �

|pu 1 rVP ����
���| NQP rYPS^QmvMZN�afc MONQP _yN;uvTV^QR�W*ROPS[�cdabe'P uf_yN X P\MONQa�[�uf^Q[+MONQP r uvmbR�uvM g NQTV_yN�MONQP
ufW*MZan_SafeOeOP\r uvMOTVab^*R ufeOP _\rVabRUP MZa �SP\eOaQ�



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� �$�

��x ��NQuK{fP NQTYmbN uvW*MZan_SabeUeOP\r uvMOTVab^QR W*s&MZa u'rVufeOmbPirVufm'_\a X s;ufeZu 1 rVP MZahMZNQP rVP\^QmfMON%afc}MZNQPF_yN;ufTV^ �
| NQPSeUP X u 2 MZNQP\eOP\cdafeOP ^QafM 1 P P\^QabWQmfN]TY^Q[QP\s P\^Q[QPS^�MBsIabTV^�MOR�MZa sQeUa�[*WQ_SP u eUPSrYT u 1 rYP�P\RUMOT X uvMZP#cdabe
MZNQP ufW*MOa�_\abeOeUPSrVuvMZTYab^ MZT X P\RS�

� ��� � � � � � � � � � � � 
�� � � � � � � � � � 
 
�� � ��� �

| NQPi��x � X P\MONQa�[ 1 P\N;u {bPSRB[QT27 P\eOP\^3MOr 2 cdabekan[Q[ {fPSeORUWQR#P\{bP\^`[QT X PS^QRUTVab^Qufr X WQrYMOTY{vufeOTVuvMZP t ufWQR 1
ROT uv^�[QTYRUMZeUT 1 W�MZTVaf^QR uf^Q[�cdafeFsIabROT MZT {bP {bP\eOROW*R ^QPSm�u MZTY{fP'_\abeOeUPSrVuvMZTYab^QRS� 5 ^)MZNQP'^QP �nM ROPS_ MZTYab^QR g P
sQeOP\ROPS^�M#MZNQPisIPSewcdabe X uf^Q_\P afcq��x ��cdafekMZNQP\ROP ROTYMOW;uvMOTVab^QR\�

	 ��� ��� � � � � � ��$ 
 ��� ������� �6�"� 
�� ����� � � ��� � �#��� 
 ����� � � �������
  !� ��� 
�
 ��� � � ������
 ��� ��
 � � � $ ������
 � � �
� afe t ufWQRUROTVuf^ [QTYRUMOeOT 1 W*MZTYab^QR8afc;an[Q[ [QT X PS^*ROTVaf^ � g N*P\MZN*PSe}MONQP rVPS^*mfMZNFafc*MONQP�eOuf^Q[Qa X RUPSj3WQP\^Q_SPkTYR
a�[Q[habeqP {bPS^�u�7 P\_\MOR MONQPBP�>h_STYPS^Q_ 2 avc eOuf^Q[Qa X ROPSj3WQP\^Q_SP�a?{fPSeUeOPSrVu �*uvMZTYab^ � � TVmbW*eOP �*��� RUNQa g R MONQP
ROrVa g�X aK{bP X PS^�M�afcDMZN*P _yN;ufTY^%WQRUTV^Qm6��x � cdabe�u t ufWQRUROT uv^%[QTYRUMZeUT 1 W�MZTVaf^&afcD[QT X PS^QRUTVab^�� � ���
g TYMZN rYPS^QmvMZN�afc ROP\jnW*PS^Q_\Pf��� ��� �#afMZP MON;uvM MONQP sQrVavM ROs;uv^QRiu6eZuf^QmfP afc ab^Qr 2 ��� ����ab^�ab^QP.u?�*TYR
uf^Q[ � � � � ab^]MZNQPFafMZNQP\eS� g NQP\eOP uvR�MZN*P RUMZuf^Q[;uveO[%[*P\{nT uvMOTVab^]TVRBab^*Pf�#��a X s;ufeUP MONQTVR g TYMON � TYmbWQeUP
�*� � g NQP\eOP ��x � g T MZN�$ ��� g uvR�WQRUPS[ ��cdabe g NQTV_yN uheOuf^QmbP afc 
 � � ab^%af^QP u?�*TYR�uv^Q[ � � �.ab^&MONQP
afMZNQP\e#u ��TVR g ufR�RUs;uf^Q^*PS[ g TYMZN&u ROT X TYr ufe _Sa X sQW*MZuvMZTYab^;ufr P�7 abeUMS�
L${fuveOT uv^Q_SP 1 _SaK{vufeUT uf^Q_\P X uvMOeOT �'uvRkTV^&� �*��� � g T MZN 
._SrYabROP#MZa MONQP rVa g P ��MOeOP X Pv� � 
 � � � � 
 � �

N;ufR ��� 
 rVufeOmfP PSTVmfPS^�{vufrVWQP\R uv^Q[�af^QP'R X uvrVrDP\TVmbP\^3{vufrYWQPf�'| NQP [*TVRUMOeOT 1 W*MZTYab^ MZN*PSeOP cdabeOPhN;ufRFu
��uvM PSrYrVTVs*ROabTY[;ufr*RUN;ufsIPf� 5 c g P#RUMZufeUM g TYMON uisIabTV^�M�ab^'ab^QPBROTY[QP�avc MONQP �;uvM PSrVrYTVsQRUabTV[ � 1�2 WQs [QuvMZTY^Qm
MZNQP._Sa X sIab^QP\^3MORiab^Q_SPhWQRUTV^Qm]u6eZuf^*[Qa X RUPSj3WQPS^*_SP avckan[Q[�rVPS^*mfMZN �8MONQP._yN;ufTV^�P\^Q[QR WQs�af^)MONQP
afMZNQP\eqROTY[QPkafc�MZN*P PSrVrYTVsQRUabTV[ � "�N*PS^ g PBeUPSsIP uvMqMONQP eZuf^*[Qa X ROPSj3WQP\^Q_SP�u ROP\_Sab^Q[.MZT X Pv� g P#ufr X abRUM
eOP\MOeZuf_\P abWQe�RUMOPSsQR\�8eZuvMONQPSe�MON;uf^ uv_S_Sa X sQrYTVRUNQTV^Qm.MZN*P [QPSRUTVeUPS[ eOP\ROWQr M afc X aK{nTV^Qm�_\ab^QRUTVRUMOPS^�MZr 2 TY^



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� �$!

MZNQPFRZu X P [QTYeOP\_\MZTYab^ � L�^ P\{fPS^ rVP\^QmfMON%eZuv^Q[Qa X ROP\j3WQPS^Q_\P.uf_S_\a X sQrVTYRONQP\R#MONQP X a?{fP X PS^�M TY^&MONQP
RZu X PB[QTVeUPS_\MOTVab^ 1 PS_SufWQRUP�uvc MOPSe�ab^QP eUPSsIP\MOTYMZTYab^.afcIMZNQPBROP\j3WQPS^Q_\Pf�nMZNQP#RUMZuvMZPBPS^*[QR�WQs'af^hMONQPBRZu X P
ROTV[*PFafc}MZNQP ��uvM�PSrYrVTYsQROabTY[ �*RUa'MON;uvM 132 eUPSsIP uvMOTV^Qm.MZN*P ROP\j3WQPS^Q_\P g P _Saf^3MOTV^3WQPiMZNQP X a?{fP X PS^�M TY^
MZNQPiRZu X P [QTYeOP\_\MZTYab^ �
"�P TYrVrVW*RUMZeOuvMZP`MZN*P s P\eUcdabe X uv^Q_SP&afc ��x � ab^ t ufWQRUROTVuf^�[QTYRUMZeUT 1 W�MZTVaf^QR g T MZN � � ��uf^Q[

� � 
�
b� 5 ^ � TVmfWQeOP ��� � uf^*[ � TVmbWQeUP �*��
�
 g P _\a X s;ufeOP MONQPiufW*MOa�_\abeOeUPSrVuvMZTYab^ MZT X P#cdabekMZN*Pi��x �
ufsQsQrYTVPS[ g T MZNhP\{bP\^�rVP\^QmfMON uf^*[ an[Q['rYPS^QmvMZNhROPSj3WQP\^Q_SP\R�MZaiMZN*P�ufW�MZan_SabeUeOPSrVuvMZTYab^ MZT X Pkcdafe L�[QrVP\e % R
a?{fPSeUeOPSrVu �*uvMZTYab^�cdabe�{vufrYWQPSR�afc���eZuf^*mbTV^QmFcdeOa X ������!�!
�FMOa.����!*�qL�rYrIMONQeOP\P _yN;ufTV^*R N;u {bP u ROT X TYr ufe
ufW*MZan_SafeOeOP\r uvMOTVab^�MOT X P cdabe � u g u 2 cdeOa X � 
b��| N*P 1 PSRUM�sIPSeUcdafe X uf^Q_SP cdabe#��x ��TVR#uf_yN*TVP\{fPS[]cdabe
{fuvrVWQP\R afc ��_SrVafROP�MZa�� 
]uf^Q[ cdabe eOuf^Q[Qa X ROP\jnW*PS^Q_\PSR avc�P {bPS^ rVP\^QmfMON ��| NQP`abs�MZT X ufr�{vufrVWQP\R
afc ��cdafeFL�[QrVP\e % R aK{bP\eOeOP\r u �*uvMOTVab^ g NQPS^ uvsQsQrVTYPS[�MZa t ufWQRUROTVuf^�[QTYRUMOeOT 1 W*MZTYab^QR g TYMON/^QPSmbuvMZT {bPSr 2 1
_SabeUeOPSrVuvMZP\[/_Sa X sIab^QP\^3MOR ufeUP sIabROT MZT {bP�uv^Q[�ufeUabWQ^Q[����%| NQTYR eOP\ROWQr M TYR ROT X TYr ufe MOa 3 ufeUab^QP uf^Q[
� eUTVmbP\RORUT % R � 
�!�!f� �FeOP\ROWQr MZR\��| NQP 2 cdafWQ^Q[ MZN;uvM cdafe s abRUTYMOTY{bP\r 2 1 _\abeOeUPSrVuvMZP\[/_Sa X sIab^QPS^�MORhL�[QrVP\e % R
a?{fPSeUeOPSrVu �*uvMZTYab^.TVR 1 PSRwM T cIs P\eUcdabe X P\[ g T MZN�� � �iuf^Q[ g T MZN�� ��� g NQPS^'ufsQs*rVTVP\[ MZai^QPSmbuvMZT {bPSr 2 1
_SabeUeOPSrVuvMZP\[`_Sa X s af^QPS^�MZRB_SufROPv�

5 ^ |}u 1 rYP �*� �#MONQeOabW*mbN |}u 1 rVP �*� � uf^Q[ |}u 1 rYP �*��
�
�MONQeOafWQmbN"�*��
�� g PksQeUPSRUPS^�MZP\[hMONQPkeOP\ROWQr MZR=cdabe
M g aFa�[Q[.[QT X P\^QROTYab^.[QTVRwMZeUT 1 W*MOTVab^*RS� ��� � uf^Q[ ��� 
�
b� � afeqP uf_yN'[QT X PS^QRUTVab^ g P�[*P X ab^QRUMOeZuvMOP
MZNQP'P�>h_STYPS^Q_ 2 af^�M g a&{fuveOT uv^Q_SP 1 _SaK{vufeUT uf^Q_\P X uvMOeOTY_SPSR ufRFTV^�� �*��� � g TYMON 
 � �*� � abe ufrYrDMZNQeUPSP
cdWQ^Q_\MOTVab^*R afc}MONQPi_Sa X sIab^QPS^�MORBMON;uvM g PiTV^�{bP\RUMZTYm�uvMOPf����x � g T MZN`P\{fPS^%rYPS^QmvMZN`ROP\jnW*PS^Q_\P TVR X abeUP
P�>h_STYPS^�M MZN;uv^6L�[QrYPSe % R aK{bP\eOeOP\r u �*uvMOTVab^�uf^Q[�MZNQuf^ t T 1Q1 R�ROu X sQrVTY^QmQ�p| N*P P�>h_STYPS^Q_ 2 afc MZNQP ��x �
X P MZNQan[ g T MZN
$ � � eOuf^QmbP\R`cdeUa X � MZa � MOT X PSR 1 P\MOMOPSe`MZN;uv^�MONQP�L�[QrVP\e % R`a?{fPSeUeOPSrVu �*uvMZTYab^
uf^Q[�cdeUa X �%MOa��&MOT X PSR 1 P\MOMOPSe MZN;uf^ t T 1Q1 R RZu X sQrYTV^QmQ�'L�R MZNQP'_SabeUeOPSrVuvMZTYab^�mbP\MOR _\rVabRUP'MZa]TYMOR
rVT X TYMS�1� 
 � � �#��
 � �BMONQP P�>h_\TVPS^*_ 2 avc MONQP ��x � _Sa X s;ufeUPS[�MZa�L�[QrYPSe % R�aK{bP\eOeUPSr u?�Qu MZTVaf^�uf^Q[
t T 1Q1 R�ROu X sQrVTY^Qm TY^Q_SeUP ufRUPSRS� x�TY^Q_SP t T 1Q1 R RZu X sQrVTY^Qm sIPSewcdabe X RkuFeZuf^Q[*a X g ufr /I�*u c uf_\MOabe�avc8M g a
TV^Q_\eOP uvROP TY^)MONQP RUj3W;ufeOP eOanafM afckMZN*P'eOuvMZTYa&afc�MZNQP'r ufeUmbPSRwM MOa%R X ufrYrVP\RUM PSTYmbPS^�{vufrVW*P'sQeUa�[*WQ_SP\R u



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� �b�

c uf_\MOabe�avcDcdabWQe#TV^Q_\eOPSufROPFTV^&MONQP uvW*MZan_SabeUeOP\r uvMOTVab^6MZT X Pv�Bx�TY^Q_SP ��x ��RUWQsQsQeUPSRUROPSRieOuf^Q[Qa X g ufr /nR\�
u c uf_ MZabe�afc M g a TY^Q_SeUP ufRUP�TY^hMONQP#ROj3W;ufeUP�eOanafM afc MONQP#eZuvMOTVaiafc MONQP�rVufeOmfPSRUM�MOaFR X ufrYrVP\RUM�PSTYmbPS^�{vufrYWQP
g TVrVr sQeOan[QWQ_\P u c uv_\MZafe afc M g ahTV^Q_\eOPSufROPiTV^6MONQP P�>h_STYPS^Q_ 2 afcp��x � X P MZNQan[`_Sa X s;ufeUPS[6MZa t T 1Q1 R
RZu X sQrVTY^QmQ� � abe � � �*�8MZNQPhP�>h_\TVPS^*_ 2 afc ��x � {fPSeORUWQR t T 1*1 RiRZu X sQrVTY^Qm6TV^*_SeOPSufROP\RFcdeUa X �`MZa
u 1 afW*M 
�
 g NQPS^]MZNQPiROj3W;uveOP eUa�avMBafc}MONQPiPSTYmbPS^�{vufrVW*PSRBTV^Q_\eOPSufROP\R 1�2 u c uf_\MOabe afc��n� � abe � � 
�
f�
cdabe u c uf_\MOabe afc M g a'TY^Q_SeUP ufRUP TY^�MZNQP RUj3W;ufeOP eOanafM avc=MONQPiPSTYmbPS^�{vufrVW*PSRkMZN*PSeOP TYRBu TV^Q_\eOP uvROP TV^6MONQP
��x � % R P�>h_STYPS^Q_ 2 {bP\eORUWQR t T 1*1 RkRZu X sQrYTV^QmFcdeOa X ufeOafWQ^Q[ � MZahufeUabWQ^Q[ 
�
 cdabe MZNQP RUjnWQufeOPi^Qabe X �
l WQP'MOa&MZN*P eOafWQ^Q[/a 7 P\eOeOafeOR g P RUPSP6uv^�TV^*_SeOPSufROPhcdeOa X ufeUabWQ^Q[��&MOa ab^Qr 2 ufeOabW*^Q[ �&cdafe MONQP
ROj3W;ufeUPFafc=MZN*P 8QeORUM#_\a X sIab^QP\^�M cdWQ^Q_\MOTVab^&uf^Q[6cdabekMONQPiTV^Q[*TV_ u MZabe�cdW*^Q_\MOTVab^ �

−0.06 −0.04 −0.02 0 0.02 0.04 0.06
−0.92

−0.91

−0.9

−0.89

−0.88

−0.87

−0.86

−0.85

−0.84

−0.83

−0.82

� TVmbW*eOP"�*��� � �#uf^Q[*a X x�P\j3WQPS^Q_\P ��{bP\eOeUPSr u?�Qu MZTVaf^ X P MZNQan[ g TYMON �#� ��� 
�� � ����!�!�!�!*� $ � �
uf^Q[�' � �b����| NQP sQrVavM�RUNQa g R�MONQPFsQuvMZNQR#sQeUa�[QW*_SPS[&WQROTY^Qm.MZNQeUPSP eOuf^Q[Qa X ROP\jnW*PS^Q_\PSR��*) 
 � 
 �

"�`� �`� +G� ) 
h� �`� 
 �6� � 
.+quf^*[�) 
 �`� �6��
.��
"�,+ �#sQeUa �UPS_ MZP\[)af^ MZNQP RUs;uf_\P mbPS^QP\eZuvMOPS[
132 M g a.P\TVmbP\^3{fPS_ MZabeUR afc 0 _\abeOeUPSROsIab^Q[*TV^Qm MOa MZNQP�M g a.r ufeUmbP�P\TVmbP\^�{fuvrVWQP\RS�q| NQP s;u MZNQRkRUNQa g MONQP
RUMyu MZPSR#uvc MOPSeBab^QP cdWQrYr eOuf^Q[Qa X ROPSj3WQP\^Q_SP g uvR�ufs*sQrVTYPS[ �



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� � 


	 ��� ��� � 
 
 � � � ��$ 
 ��� ������� �]�"� 
�� � ��� � � ��� � �#� � 
 ����� � � � �����
  !� ��� 
�
 ��� � � ������
 ��� ��
 � � � $ ������
 � � �
��x �+TYR X abeUP P=>h_STVP\^�MpMZNQuf^ t T 1Q1 R}ROu X s*rVTV^*m�uv^Q[ L�[QrVP\e % R}aK{bP\eOeUPSr u?�Qu MZTVaf^Fcdabe=P\{fPS^ [QT X P\^QROTYab^;ufr
sQeOa 1 rVP X RS��uv^Q[&MONQPFP=>h_STVP\^Q_ 2 afc}MZNQP X P\MZN*a�[][QanPSR#^QafM#[QPSsIPS^*[ ab^ g NQP\MONQPSe#MZNQP s;ufeOu X P MZP\e1$
TVR#a�[Q[%abe�P {bP\^ �8ufRBMZNQPFrVP\^QmfMZN&afcqMZN*P ROP\j3WQPS^Q_\Pf� ��$b� TVR#P\{fPS^ TY^ 1 afMZN RUTYMOW;uvMZTYab^QR\� L�R�cdafe�an[Q[
[QT X PS^QRUTVab^Qufr�[QTVRwMZeUT 1 W*MOTVab^*RS�KMZNQP P�>h_\TVPS^*_ 2 afcQMZN*P X P\MONQa�[ ufR=_Sa X s;ufeUPS[FMOa t T 1*1 R}ROu X sQrVTY^Qm#uf^Q[
L�[QrYPSe % R a?{fPSeUeOPSrVu �*uvMZTYab^.TV^Q_\eOPSufROP\RkufRqMZN*P�_\abeOeUPSr u MZTVaf^.ufsQsQeUa�uf_yNQP\R�TYMORqrVa g PSe rVT X TYM 1 P\_ ufW*ROP���x �
X aK{bP\R P�>h_STYPS^�MZr 2 TY^/MZNQP�[*T 7 PSeOP\^�M.[QTVeUPS_\MOTVab^*R mbTY{fPS^ 1�2 MONQP6eZuv^Q[Qa X ROPSj3WQP\^Q_SP\RS��|}u 1 rYPSR"�*���
MZNQeUabWQmbN �*��� uf^Q[`|pu 1 rVP\R ����� MZN*eOabWQmfN ����
K� uv^Q[ � TVmbWQeUPSR ��� � uf^Q[ �*��! RONQa g MONQP eOP\ROWQr MZR cdabekMONQP
P\{bP\^ [QT X P\^QROTYab^;ufr _SufROP g NQP\^ ��� �'uf^Q[�����
 �*����x ��TYR �hMZa � MZT X PSR X abeUP P=>h_STVP\^�M�MON;uf^
t T 1Q1 R�ROu X sQrVTY^QmQ�qxnTV^Q_\P�MZNQP afs*MZT X ufr ��cdafe�L�[*rVPSe�% R�a?{fPSeUeOPSrVu �*uvMZTYab^6TVR ^QP uveB�*�*T MZR�sIPSewcdabe X uf^Q_\P
TVR ROT X TYr ufe�MZa.MZNQuvMBafc t T 1Q1 R RZu X sQrYTV^Qm*�

	 ��� �
	 �"� 
�� ����� � , ��� � �#� � 
 ������� � ����� � ��� � ��� 
 
 ���
�	�!����
 ��� � 
�� �	� $ ������
 � � �

� afe t ufW*ROROTVuf^][QTVRwMZeOT 1 W*MOTVab^QR g TYMZN]sIabROT MZTY{fPi_SabeUeOPSrVuvMZTYab^QR\�QL�[QrYPSe�% RBaK{bP\eOeOP\r u �*uvMOTVab^ g TYMON � _\rVabRUP
MZa � 
 sQeOan[QWQ_\PSR P=>'_\TVP\^3MBP\RUMOT X uvMZabeURS�}| NQP eOP\ROWQr MZR�cdabe t uvWQRORUT uf^�[*TVRUMOeOT 1 W*MZTYab^QR g TYMZN'{fuveOT uv^Q_SP 1
_SaK{vufeOTVuf^Q_SP X uvMZeUT �]ufR#TV^ � �*��� �BufeOP RON*a g ^ TY^ � TVmbWQeUPSR �*� �*� �*����� �*��
K�huf^Q[ ����
?�n� � afe 
��$�hMONQP
{fuveOT uv^Q_SP 1 _SaK{vufeUT uf^Q_\P X uvMZeUT �'N;ufR af^QP r ufeUmbP�P\TVmbP\^�{fuvrVWQP uv^Q[ � � 
 R X ufrVrIPSTYmbPS^�{vufrVW*PSRS�qL�[QrVP\e % R
a?{fPSeUeOPSrVu �*uvMZTYab^ RUWQsQsQeUPSRORUPSRqMZN*PkeZuf^*[Qa X-g uvr;/iTV^ MONQP�rYab^Qm�[QTVeUPS_\MOTVab^F_SabeUeOP\ROsIab^Q[QTY^Qm MZa#MZNQPkrVufeOmfP
PSTVmfPS^�{vufrVWQPv�p��x ��TVR=^QafMDufRpmfa�an[ ufR}L�[QrYPSe�% R}a?{fPSeUeOPSrVu �*uvMZTYab^ � 1 W*MDMONQP�P=>h_STVP\^Q_ 2 cdabe}��x ��{fPSeUROWQR
L�[QrYPSe % R�aK{fPSeOeUPSrVu �*uvMZTYab^'cdabe�u 8*��P\[ � [QanPSRk^*afM�mfP\M g abeUROP ufR MZNQP�_SabeUeOPSrVuvMZTYab^'ufsQsQeUa�uf_yNQP\Rkab^QPv�
� afe � � �*��cdabeqP �*u X sQrYPf�3��x ��TYR � MOa 
 � MOT X PSR X abeOP�TV^QP=>'_\TVP\^3M�MON;uf^hL�[QrYPSe % RqaK{bP\eOeOP\r u �*uvMOTVab^ �
cdabek[QT27 P\eOPS^�Mk{vufrYWQPSR avc�
 ��� uf^*[][*T 7 PSeOP\^�MkcdWQ^Q_ MZTVaf^QR afc RUMZuvMZPv� � afe%��� 
K� uf^*[ ��� 
�
b�*MONQP



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� ���

0.2
0.3

0.4
0.5

0.6
0.7

0.8

0.2

0.4

0.6

0.8
0.35

0.4

0.45

0.5

0.55

0.6

0.65

���������	�
����
���������������������� �!�������#"$���#�&%#��'�(#)

����*+�,�&*+"�(#-���./�0�21�%#�,(#3,�4�45768�:9	6�9;���<6&9;�:9	6����

6���9;��9=6

−1.5
−1

−0.5
0

0.5
1

1.5
2

−2

−1

0

1

2
−1.5

−1

−0.5

0

0.5

1

1.5

2

���>9#���?�@62A�
����������B�$���0����� �!���#�:�#"$���#�&%#��'B(�)

����*+�,��*C"$(D-���.@���41E%��4(#3F�2�,5G�:9?��9H689H6I�=6��D��9H6

��9��J6�9H6���68��9=68��9J68��9�


� TVmbW*eOP"�*� � � ��x � g TYMZN � � �*� 
 � ����!�!�!*� ��� � 
f� | NQP.s;uvMZN*R RONQa g MONQP.RUMZuvMZP\RFu c MZPSe af^QP
cdWQrVr�eZuv^Q[Qa X ROP\j3WQPS^Q_\P g ufRkufsQsQrYTVPS[ � 5 rVrYWQRUMOeZuvMOPSR�MZNQP 1 PSNQuK{nTYabWQe�avc MZNQP�_yN;ufTV^*R cdabe $1��� {fPSeUROWQR
$ � �*� �#afMZP MONQPi[QT 7 PSeUPS^�M#RO_ uvrVPSR cdabekMONQP M g ahsQrYafMZR\�

TV^QP=>'_\TVP\^Q_ 2 afc ��x ��TVR mbeOPSuvMZP\eS� 1 P\_ ufWQRUP�MZN*P�sQeUa 1 u 1 TYrVT M 2 afc mbP\^QPSeOuvMZTY^Qm u mba�an[ RUPSj3WQP\^Q_SP � Pv� m*�
) 
 �y�
� � � � � � +/�kTVR rYa g �
"�P]^QafMZTY_SP6MZNQuvM.MZNQP X P\MZN*a�[ TVR.ROrYTVmbN�MOr 2�X abeUP`P�>h_STYPS^�M'cdafe $&� ��cdafehrYa g [QT X P\^QROTYab^;ufr

sQeOa 1 rVP X RS�*uf^Q[6MZN*P [*TVRO_\eOP\s;uf^Q_ 2 TV^6P=>'_\TVP\^Q_ 2 TY^Q_SeUP ufRUPSR#ufRkMONQP [QT X PS^*ROTVaf^;ufrVT M 2 TV^Q_\eOP uvROPSR\� � afe
� � 
 �6uf^Q[ � � 
�
b� ��x � g T MZN $ � �6TVR"
 �6MOT X PSR X abeUP P�>h_STYPS^�MiMZN;uf^)��x � g T MZN $�� �n�
� TVmbW*eOP ����� TYrVrYWQRUMOeZuvMOPSRFMONQP�[QT27 P\eOP\^Q_SP�TY^/MZNQP 1 P\N;u {�TYabWQe avc#��x � g TYMON�$�� �&{bP\eOROW*R $ � ���
��x � g T MZN�$ � � X aK{bPSR u&eZuv^QmbP avc#ufeOabW*^Q[������&TY^�P uv_yN�[QTVeUPS_\MOTVab^ � g NQP\eOP uvR cdabe $ � �&MONQP
eZuf^QmfP RUs;uf^Q^*PS[ TYRBufeOabW*^Q[ � ���*� ��a g P\{fPSeS�Icdabe rVa g [QT X PS^QRUTVab^Qufr sQeUa 1 rYP X RBMONQP ufW*MOa�_\abeOeUPSr u MZTVaf^
MZT X PSR ufeUP�^QafM {bP\e 2 [QT 7 PSeUPS^�M 1 PS_SufWQROP�afc MZN*P NQTVmfN sQeUa 1 u 1 TYrVT M 2 afc mbP\^QPSeOuvMZTY^Qm uFmba�an[hROPSj3WQP\^Q_SP
ROWQ_yN%ufR ) 
 �y�
� � � � � � + �



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� ���

��x � TYR#� MZa �3� MZT X P\R X abeUP P�>h_STYPS^�MBMZN;uv^ t T 1Q1 R RZu X sQrVTY^QmQ�
� abeB{vufeOTVuf^Q_\P=1 _\aK{fuveOT uv^Q_SP X uvMZeUTV_SP\R#ufR�TY^ � �*����� g T MZN�
 �$�*�I��x ��[QanPSR 1 P\MUMZP\e#MON;uf^ t T 1Q1 R

RZu X sQrVTY^QmQ� 1 W*M g abeORUP MON;uf^]L�[QrYPSe % RBaK{bPSeUeOP\r u �*uvMOTVab^ �*PSROsIPS_\T ufrYr 2 cdabe r uveOmbP �)�



���������
	���� � � ����� � ��� 	�� ��	 � ��	 ����	�����	 	%������������� �$�

−1 −0.5 0 0.5 1
0

20

40

60

80

100

120

140

160

180

200

τ

α

τ for n=3 and ρ=−0.4995

Standard Overrelaxation
RSO with seq=2, rep=8
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RSO with seq=2, rep=16
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Standard Overrelaxation
RSO with seq=2, rep=5
RSO with seq=3, rep=4
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Standard Overrelaxation
RSO with seq=2, rep=10
RSO with seq=3, rep=7
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Standard Overrelaxation
RSO with seq=2, rep=5
RSO with seq=3, rep=3
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RSO with seq=2, rep=10
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Standard Overrelaxation
RSO with seq=2, rep=4
RSO with seq=3, rep=3
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Standard Overrelaxation
RSO with seq=2, rep=7
RSO with seq=3, rep=5
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Standard Overrelaxation
RSO with seq=2, rep=4
RSO with seq=3, rep=3
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Standard Overrelaxation
RSO with seq=2, rep=9
RSO with seq=3, rep=6
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4 Ô Î�Ö WCb'Z�È � ¨ ÃÅÄÇÆ ¶#� W�KC/�wH£-Z � ¶
4 Ô Î�Ö °}± WCb'Z�È � ¨
Ã ± Æy¶ W@��Ñ�� Z W�KC/�wH£-Z � ¶LLL
4 Ô W1bXZeÈ ��¨ Ã Ö Æ ¶ W@��Ñ��DZ W�K*/�wH£ Z��
�%6@>?n8I':;/35x),5J67=76s>?6@&.F�IJ:</3I(/3:;><67/3+'),=}></ / W14 Ê W1bXZ Z � G Ê W1b'Z����@Wy�E¡3t Z��%n'&.:;&�G Ê WCb'Z�È � ��� Ê L

��nJ&¢Fy>z)2><&�-znJ/3F<&4+�67FOa�\JÈ � ¨ Ã Î Ã Ô Î�Ö Æ ° Ö<] Æ ¶ W@��� W t���� Z!ÑÐ� ± Z W�KC/�wH£ Z � È
W�É���
��m¶ Ws�¢��W©t����DZ!Ñ�� ± Z W�KC/�wA£-Z Z�),+Jwi1�/,=7=7/E�%F#>?n'&�w'6@F;><:<675 { >?6@/3+�/}L���:;/3I'I'6@+'r�>?nJ&�F<&.-4/3+'w-./3KCI}/,+'&.+�>j/,1 a���~���&�/35J>?),67+Y><nx)2>�>?n'&%K*),:<r,67+x),=�w'67Fy>?:;675 { ><67/3+�/21¥É «s°}± 67FewJ67F;><:<6@5 { >?&4w|)2-.-./,:<w'6@+'r>?/ �e~�),+'wq><n'&.:;&41�/3:;& ��67F�=@&41 >%6@+�92),:;6G),+�>�5�Do><n'& Y l { I(wx)2><&.F.L��nJ&�),=@r3/3:<6s>?n'K�-zn'/�/3F<&4F��8)2>#:<),+'w'/3K )m>
&.),-zn�Fy>?&4I¢>?/�&.+JF { :;&�&.:;r3/�w'67-46@>�D3L ^�1'�86@F!�Jp�&.w¥~m>?n'&4:<&),:<&�-.),F<&4Fe1�/3:��%n'6@-zni><n'&�-znx),6@+iI':</�w { -4&.wi5�D]Y3),-4/35'6G)2+�/�9,&.:;:<&.=7)mpJ)2>?6@/3+Y�%67=@=�+J/,>e5(&�&.:<r,/�w'6@-,L � /,:) { +'6@92),:;6G)2><&�w'6@F;>?:;675 { >?67/,+o/3:%)YK { =s>?6s9,)2:<6G)m>?&�w'67Fy>?:<6@5 { ><67/3+|�%6s>?n867+Jw'&.I(&.+'wJ&.+�>�-./3KCI}/,+'&.+�>?F�><n'&-./3+'wJ6@>?6@/3+x),=�KC&v)2+Y67F >?n'&�F?),KC&�1�/,:�)�I'),:;><67- { =G),: -./,K*I(/3+'&4+�>.~,F;/�6@1��867F 3 &4IJ>e-./,+'F;>?),+�>v~,><n'&�-znx)267+-./ { =@wAKC/E93&¢/3+'=@D|>?n':;/ { r3nA)*-4/ { +�>z),5J=7&�+ { KY5}&4:�/21�F;>?)2>?&4F.L :�&¢&®p�I'=7/3:;&�><n'&�&4:<r3/�w'6@-.6@>�D|/,1�><n'&
\ ),: 3 /E9|-znx)267+|IJ:</�w { -.&4wo5�Di>?n'& Y3),-./,5'6G),+*/E93&.:;:<&4=G)mpJ)2><67/3+*),=7r,/3:<6s>?n'K�1�/,: 
4&.:;/YK*&.),+ 5�) { F<F<67),+w'67Fy>?:<6@5 { ><67/3+'F��%6s>?n�6@+'w'&4I}&4+'w'&.+�>|-./3KCI}/,+'&.+�>?F4~�93&4:;D =7/E�`-./,:<:<&4=G)2><67/3+Ð5(&4>���&.&4+ -./3KCI}/,+'&.+�>?F4~
),+'wHF;>?:;/3+'riI(/3F<6s>?6@9,&0-./3:;:<&4=G)2><67/3+q5(&4>���&.&4+U-./3KCI(/3+'&.+�><F.L

� /3:%)�5'6s92),:<67)2>?&�w'67Fy>?:<6@5 { ><67/3+o�%6s>?n867+'wJ&.I(&.+'w'&4+�>�-4/3KCI}/3+J&.+�>?F�),+'wH�	� ¼�~J>?n'&�-znx)267+8+'&49,&.:
:<&v)2-zn'&.F#I}/,67+�>?F!/3+0><n'&eK|)267+�)mp�&.F4~25(&.-.) { F;&j/,+'-.&�6@>¥r3&4><F ><n'&.:;&,~m6@>¥�%6@=7=2+'/,> KC/�9,&�)v��)vD3L,8�/E��&$93&4:.~F<67+J-.&¢><n'&Y-znx)267+Ur3&$>?F�-.=7/,F<&¢></|>?nJ&�)mp�&.F4~}>?nJ&Y-znx),6@+U67F�&.:;r3/�wJ67-Y)2F�=7/,+'ro),F�6@>�67F�+'/,>�F;>z)2:;>?&4wO/3+
>?n'&�K*),67+8)mp�&4F�)2F%��&�-v),+HF<&4&�6@+ � 67r { :<& Á L ¹ L
^�+ � 6@r { :<&4F Á L ¹ ><n':</ { r3n Á L Á ~¥��&CF;>?),:;><&.w��%6@><n�)q5'6s92),:<67)2>?&¢67+'w'&4I}&4+'w'&4+�> 5�) { F<F;6G),+�w'6@F;><:<6P65 { >?6@/3+�),+Jwu67+'-4:<&.),F<&4wÐ><n'&o-4/3:<:;&.=G)m>?67/,+�5(&4>���&.&4+�><n'&o-./,K*I(/3+'&4+�><F�>?/U¼J½@�,~ 3 &4&.I'6@+'rU>?n'&|F?),KC&67+�>?&4:;92),=
1�/,:0� L :�&�-.),+�F<&4&Y>?nx)2>0),F���&�KC/E93&i)v��)ED�1�:</3K >?n'&�6@+'w'&4I}&4+'w'&.+�>�-.),F<&2~¥>?n'&�-znx)267+

&$p�I'=7/,:<&.F�>?n'&¢F<Ix)2-.&�KC/3:;&¢&�
*-467&4+�><=@D,L :�&�n')E9,&�>?/*+'/,><&�><nx)2>�>?n'&¢-zn'/367-4&�/,1�>?n'&�67+�>?&4:;92),= 1�/3:��



���������
	���
�����������������������	�����	� !��"����#�$�%� Á��
67F�+'/,>�/3I�>?67K*),=�1�/3:�>?nJ&.F<&�-./,:<:<&4=G)2><67/3+JF.~J5 { >�6@>���),F%-zn'/3F<&4+�/3+J=@Do1�/3:�6@=7= { F;><:?)2><67/3+*I { :<I(/3F;&.F.L
:�&�6@+�93&.Fy>?6@r�)2>?&0><n'&�5'6s92),:<67)2>?&[5�) { F;F<6G)2+H�%6s>?nH67+'w'&4I}&4+'w'&4+�>�-./3KCI(/3+'&.+�><F��%6@><n��Ð-.=@/3F<&4:�>?/�¢�¢),+'w�tuÈ �E¼�Lj��nJ67F%F<6s> { )2><67/3+86@F�I':<&4F<&.+�><&.wU6@+ � 67r { :;& Á L 
 W�)7Z 6MW�w Z®Le��n'&¢-zn'),67+H&$p�I'=@/3:<&4F�><n'&F;>z)m>?&�F<I'),-.&�9,&.:;DYF<=7/E�%=sDY),+Jw�6@>�6@F�F;D�KCK*&$>?:;67-��%6s>?n�:<&4F<I(&.-$>e>?/05(/,>?n�K*),67+Y)mp�&.F { IY></06@>?&4:?)2><67/3+JF�E¼3¼J¶z¼,¼3¼ W�F;&.&-W©)7Z�),+Jw W�5 Z Z®Li��F0>?n'&i-znx)267+�K*/E93&4F�),5}/E9,&A�E¼,¼J¶z¼3¼3¼*6@>?&4:?)2><67/3+JF.~¥>?nJ&C-zn'),67+�r3&$>?F

-.=7/,F<&.:�></i><n'&�¯}��)mp�67F%)2+'w86@>%F<I(&.+Jw'F�KC/3:;&�>?67KC&�><n'&.:;&�5(&41�/,:<&�6@>%KC/E93&.F�></���),:;w'F�><n'&�� ��)�pJ6@F.L
��nJ&H-.),F<&q/21%F;>?:;/3+'r3=sD�I(/3F;6@>?6s93&4=@D�-./3:;:<&.=7)2>?&4wu-./,K*I(/3+'&4+�><F.~e1�/3:��%nJ67-zn�>?n'6@FYKC&4>?nJ/�wu6@FY67+@6

>?&.+Jw'&.w¥~�6@F�I':<&4F<&.+�><&.wU6@+ � 67r { :;& Á L � Le��n'&�-znx),6@+H&®p�I'=7/3:;&.F�>?nJ&�Fy>z)2><&�F<Ix),-4&�9,&.:yD8& 
C-.6@&.+�>?=sD3L
� /3: 5�) { F<F;6G),+Ow'6@F;><:<675 { >?6@/3+'F%�%6@>?nO6@+'w'&4I}&4+'w'&.+�>�-4/3K*I(/3+'&4+�>?F.~�I}&4:;1�/3:;K*6@+'r Y3),-4/35'67),+U/E93&4: 6:<&.=7)mpJ)2>?6@/3+U�%6@><n�����¼o�%6@=7=�+'/2>�I':</�w { -4&*)2+�&4:<r3/�w'67-�-zn'),67+�),F0>?nJ&C-zn'),67+�F;>?)vD�F�67+O><n'&iF?),KC&

� { ),w':?)2+�>�),F%>?n'&¢F;>z)2:;>?6@+'rCI}/36@+�>vL���n'6@F�-.),+�5(&�&.),F<6@=@DqF;&.&.+�)2F�><n'&�-4/3+'w'6s>?67/,+x),=¥KC&v),+JF�),:;&¢><n'&>���/*K|),6@+H)mp�&.F.L ^�1�>?nJ&��x:;F;>�-./3KCI(/3+'&.+�>�/,1
>?n'&�93&4-4>?/,:�>?n')2>%��&¢),:<&�67+�><&.:<&4F;><&.w�6@+ { I}wx)m>?67+JrC6@F+'&.r�)m>?6@9,&,~�>?n'&��x:<Fy>�-./,K*I(/3+'&4+�>�/,1¥><n'&�+J&$p�>�F;>?)2>?&��%67=@=x5}&�>?n'&��x:<Fy>�-./,K*I(/3+'&4+�>�/,1¥><n'&�IJ:<&49�6@/ { FF;>z)m>?&�K { =@><67I'=@67&4wo�%6@>?nA��~x�%n'6@-znA�%6@=7= ),=@F</i5}&�+'&4r�)2>?6s93&2L � /,:��CÈÓ¼�½Å¼J�¢),+'w���� ¼J~x��&�-.),+�F;&.&
67+ � 6@r { :;& Á L � >?n')2>�>?nJ&�-znx),6@+o67F�&4:<r3/�w'6@-,~�),=@><n'/ { r3n|6@>�w'/�&4F�+'/,>�F?),KCI'=7&�& 
C-.6@&.+�>?=sD3~�F<I(&.+'w'6@+'ri)=7/3+'r,&.:�>?67KC&�),:</ { +'w|><n'&�K*),67+|)mp�&.F4L 8�/E��&$93&4:.~'��&0),:<&�+'/,>�67+�>?&4:<&4F;>?&4wq67+ { F<6@+'r�>?nJ67F�),=7r3/,:<6@><n'K�%6@>?nH�	� ¼�L



���������
	���
�����������������������	�����	� !��"����#�$�%� Á �

−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(a)

�����������	��
 ����
 
�������� 


−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(b)

���#���+��
���� �������������	��
 ����
 
�������� ����� 
�� �����4� 
��������

�� ���� �!���#"%$&��
 ����
 
������ 


� 6@r { :<& Á L ¹ � ��È ¼J~xtuÈ��3~�� 5�Wy��¼J½ � �3¶v��¼J½ � �7Z

−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(a)

�����������	��
 ����
 
�������� 


−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(b)

���#���+��
���� �������������	��
 ����
 
�������� ����� 
�� �����4� 
��������

�� ���� �!���#"%$&��
 ����
 
������ 


� 67r { :;& Á L � � ��È ¼J½Å¼��3~�t�È��3~x� 5/Wy��¼J½ � �3¶v��¼J½ � �7Z



���������
	���
�����������������������	�����	� !��"����#�$�%� � ¼

−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(a)

�����������	��
 ����
 
�������� 


−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(b)

���#���+��
���� �������������	��
 ����
 
�������� ����� 
�� �����4� 
��������

�� ���� �!���#"%$&��
 ����
 
������ 


� 67r { :<& Á L Á � ��È�¼J½s�3~�tuÈ �3~�� 5 Wy��¼J½ � �3¶v��¼J½ � �7Z

−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(a)

��������� 
#�+� ������������� ��
 ��� 
 
�������� �#��� 
 � � ���,� 
 �������

�� ���� �!���#"%$ ��
 ��� 
 
������ 


0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
−5

−4

−3

−2

−1

0

1

2

3

4

(b)

�������+� 
���� ����� � ����� � 
 ��� 
 
�������� � ��� 
 � � ���,� 
��������

�� ���� �!���#"%$ � � � � �%
�� ��� � ��� � � 
���� 
�	 


� 6@r { :<& Á L � � �YÈ ¼J½ ¼J�3~xtuÈ � ~�� 5�W©¼J½ ¼ � ¶z¼�½@� � Z



���������
	���
�����������������������	�����	� !��"����#�$�%� � �

−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(a)

�����������	��
 ����
 
�������� 


−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(b)

���#���+��
���� �������������	��
 ����
 
�������� ����� 
�� �����4� 
��������

�� ���� �!���#"%$&��
 ����
 
������ 


−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(c)

�������+� 
���� �����������������&� 
 ��� 
 
�������� � ��� 
 � � ���,� 


������� �� ���� �!�����#"%$ � 
 ��� 
 
������ 


−5 −4 −3 −2 −1 0 1 2 3 4 5
−5

−4

−3

−2

−1

0

1

2

3

4

5

(d)

��������� 
#�+� ������������������� ��
 ��� 
 
�������� � ��� 
 � � ���,� 


������� �� ���� �!��������"%$ ��
 ����
 
������ 


� 6@r { :<& Á L 
 � �YÈ ¼J~(t�È �E¼i� 5 WÇ��¼J½	� � � ¶v��¼�½�� � � Z



���������
	���
�����������������������	�����	� !��"����#�$�%� �3¹

−4 −3 −2 −1 0 1 2 3 4
−4

−3

−2

−1

0

1

2

3

4

(a)
0 50 100 150 200 250 300 350 400 450 500

−4

−3

−2

−1

0

1

2

3

4

(b)

� 67r { :<& Á L � � ����� � ¼3¼ Y3),-./,5'6G),+�/�9,&.:;:<&.=7)mpJ)2>?6@/3+O6@><&.:<)2>?6@/3+'F�1�/,:�)o5'6s9,)2:<6G)m>?& 5�) { F;F<67),+Uw'6@F;>?:;675 { 6>?67/,+��%6s>?n�-./3:;:<&.=7)2>?6@/3+�5}&$>���&4&.+u><n'&*-4/3KCI}/3+J&.+�>?F�/,1 �UÈ�¼J½	� ��W�>?nJ&|F � { )2:<&C:</�/,>�/,1�><n'&*:<)2>?6@//,1�><n'&8=G),:;r3&.Fy>i>?/O>?n'&8F;K|),=@=7&4F;>�&467r3&4+�92),= { &867Fi),IJI':</vp�67K*)2>?&4=@D � Á Z®L���nJ&AIx)2:?),KC&4><&.: { F;&.w�6@+>?n'&'Y3),-4/35'67),+Ð/�9,&.:;:<&.=7)mpJ)2>?6@/3+�KC&4>?nJ/�w�),:;&Ht È Á ¼O),+'w�� 5 Wy��¼J½	� � ¶v��¼J½	� � Z �����*��n'&o�x:;F;>
-./3KCI}/,+'&.+�>�/,1�><n'&�-zn'),67+¥L���n'&�) { >?/�-./3:;:<&4=G)2><67/3+'F�1�/,:�><n'&%�x:<Fy>�-4/3K*I(/3+'&4+�>�)2:<&�-.=7/,F<&%>?/¢¼¢)2>j=7),r�JLe��n'&¢) { >?/�-./,:<:<&4=G)2><67/3+JF�1�/3:�><n'&�F � { ),:;&¢/,1#>?nJ&��':<F;>�-4/3K*I(/3+'&4+�>�)2:<&0-.=@/3F<&0></*¼C)2>%=7),rq� � L

��nJ&�1�/3=7=@/E�%67+'r�>?n'&4/3:<&4K¾F;>z)m>?&.F�>?n'&�-4/3+'w'6s>?6@/3+'F { +'w'&4:��%n'67-zn*��&�IJ:</E93&�><nx)2>�1�/,:�)�5J6@92),:<67)2>?&w'67Fy>?:<6@5 { ><67/3+�6s>e67FeI(/3F<F;675'=@&�>?/�KC/�9,&�1�:</3K�),+�D�F;>?)2>?&�>?/�),+�D�/2>?n'&4:eF;>z)m>?& { F<6@+'r Y3),-./,5'6G),+i/E93&4:<:;&L6=G)mpJ)2><67/3+ { I(wx)2>?&4F.L�¤�/,>?&�><nx)2>�67+C�%nx)2>�1�/3=@=7/E�%Fe��&�>z),= 3 )25}/ { >�),IJI':</vp�67K*)2>?&�-./,+'w'6@><67/3+'),=xK*&.),+1 { +'-4><67/3+JF.~�5 { >�><n'&4D*-v)2+|67+JF;>?&.),wo5(&�><n'&�1 { +J-4>?6@/3+'Fjr36@9�6@+'r�><n'&�-4/3+'w'6s>?6@/3+x),=xKC/�wJ&�/3:�),+�DC/,>?n'&4:K*&.),F { :;&�/,1�=@/�-.)2>?6@/3+|1�/3:�><n'&�w'67Fy>?:;675 { ><67/3+q/21�/3+J&�-4/3KCI}/3+J&.+�>%-./3+Jw'6@><67/3+'&4w8/3+H><n'&�/,>?nJ&.:<F4L
������������� �������:��!#"$" A#% J`T1& J C2E HI=DKMEF=DT J 
DE9%LTUKMEFC ! TUEVAIG Q9E T'&�G AIG�= E G(
@J " JLG(
@JLG T ?BA*) " AIG JLG T1%�� ���
E9%_% ! ? &XT'&>=DT � W�� Z � ¼�� T'& J = "$" KNA Q E')`=DT J ?BAIG(
DE TFEVAIG =DOT) J =DG�; ! G ?LTUEVAIG@% =DKNJ ?BAIG TFE G ! A ! % JLHDJLK�BK=
Q^& JLKBJ J Q ?BJ " T = % JLT!A<; ) J =*% ! KNJ�¼�� =DG(
_T1& J[G ! )`CLJLK A<; KNJ �DEVAIG@%H�@JLG JLK =DT JF
 C�B`T'& J = "$" KBA Q E')`=DT J



���������
	���
�����������������������	�����	� !��"����#�$�%� � �
?BAIG(
DE TUEVAIG =DO�) J =DG�; ! G ?LTFEVAIG@% E9% E G E T J6Q9E T'&@E G�='CLA ! G(
@JF
 KNJ �DEVAIG(L W T E9% " A#% %LEFC2O4J T AD) AIHDJ ;MKNA*)
=DG�B %LT =DT J T A =DG�B AIT1& JLK %LT =DT J ! %LE G�� ;>=@?BADC2EF=DG AIHDJLKMKNJLOP=RQS=DTUEVAIG TCB " J !�" 
7=DT J % Q9E T'&Y� 5�Wy��´�¶.��·LZ
AIK�� 5 W�·�¶?´ Z�Q9E T'&|´x¶z·�� ¼�� J Q ?BJ " T(;RAIK = % JLT A<; " AIE G T'%]A<;�� " KNADCB=7C2E O E TCBY¼�L���& J:% JLT A<; " AIE G T1%
A<; � " KNADCB=7C2E O E T�B¢¼ ?BAIG@%LE9%LT'% A<; T'& J[E G T JLK3% JB?LTFEVAIG " AIE G T'% A<; T1& J ?BAIG(
DE TFEVAIG =DO�) J =DG�; ! G ?LTFEVAIG@%�L

� AIK =DG E G(
@J " JLG(
@JLG T C2E HI=DKMEF=DT J 
DE9%LTFKMEFC ! TFEVAIG � ;>=@?BADC2EF=DGXAIHDJLKMKBJLOP=RQS=DTFEVAIG Q9E T'&¢� � ¼[
@A J %!G AIT
" KBA�
 ! ?BJ = ? &>=DE G T'&>=DT J Q " O4AIKNJ %!=DO OM%LT =DT J % A<;!T'& J % " =@?BJ�L � AIK E G(
@J " JLG(
@JLG T C2E HI=DKMEF=DT J 
DE9%LTUKMEFC ! TUEVAIG
; =@?BADC2EF=DG AIHDJLKLKNJLOP=RQS=DTFEVAIG8Q9E T'&*�	� ¼�� T'& J ?BAIG(
DE TUEVAIG =DO ) J =DG " AIE G T'% ? =DG G AIT CLJ KBJ =@? & JF
$L
� KNA A<; L � /,:�>?n'&�F<I(&.-.67),=�F;6@> { )2>?6@/3+*�%nJ&.+8>?n'&�5J6@92),:<67)2>?&�w'6@F;>?:;675 { >?67/,+'F�nx)2F�67+'wJ&.I(&.+'w'&4+�>%-./3KCI}/I6+'&.+�>?F�5�DAI(&.:y1�/3:<KC67+Jr Y3)2-./35'67),+H/�9,&.:;:<&.=7)mpJ)2>?6@/3+A�%6s>?nA����¼C�%6@=7=¥+J/,>�&®p�I'=7/3:;&¢Fy>z)2><&.F�1�:</3K ><n'&
&.+�>?6@:<&0F<I'),-.&�F<6@+'-.&�><n'&0-znx),6@+q-v),+8KC/E93&�),+�D��%n'&.:;&¢6@+o>?n'&0:;&.r36@/3+q/,1 >?nJ&0F;>z)2:;>?6@+'r�I(/367+�>v~�5 { >%6s>-v),+'+J/,>�-.:</,F<F�>?n'&�-4/3+'w'6s>?67/,+x),=�KC&v)2+81 { +'-4><67/3+'F�),+JwAKC/E93&�67+8),+J/,>?n'&4:%:<&.r,67/3+¥L

� /3: 5'6s92),:<67)2>?&�wJ67F;><:<6@5 { >?6@/3+'F¥�%6s>?n�67+'wJ&.I(&.+'w'&4+�>�-./,K*I(/3+'&4+�><F.~DY3),-./,5'6G),+�/E93&4:<:<&4=G)mpJ)2><67/3+0�%6s>?n� �¾¼�~�6@>�6@F�+J/,>�I(/3F;F<675J=7&i>?/�KC/E93&i>?/H>?n'&*I}/36@+�>?F0>?nx)m>�=@67&i/3+�><n'&*),I'I':;/Ep�6@K|)2><&*-4/3+'w'6s>?6@/3+x),=
K*&.),+8=767+J&.F�5(&.-.) { F<&�6@1 ><n'&0-znx),6@+H:;&v),-znJ&.F�F;>z)m>?&.F%/3+8>?nJ&�),I'I':;/Ep�6@K|)2><&�-./,+'w'6@><67/3+'),=�KC&v),+8=@67+'&4F6@>*-v),+'+J/,>oKC/E93&U)v��)vD 1�:;/3K >?n'&4:<&,L � /3:C><n'&�F<),KC&�:<&.),F</,+¥~�1�/3:*),+�D�w'6@F;><:<675 { >?6@/3+¥~�6s>|6@F*+J/,>I}/3F;F<6@5'=7&�></YKC/�9,&�>?/�I(/367+�><F�1�/ { +'w8)m>�>?n'&06@+�>?&.:;F<&4-4>?6@/3+q/,1 >?nJ&0),I'I':;/vpJ6@K|)m>?&�-4/3+'w'6s>?67/,+x),=�K*&.),+1 { +'-4><67/3+JF.L��nJ&�I':;/�/,1�67F%w'/3+'&�1�/3:�F<67KCI'=@67-.6s>�D*�%6s>?nUt�È �3~�5 { >�6@>�6@F�92),=@67wq1�/3:�t � �3~�F;67+'-4&¢>?nJ&.:<&¢67F�)
+'/3+ 6 
.&.:;/*IJ:</35x)25'67=@6@>�DC/,1
K*/E9�67+'r�></i><n'&�F?),KC&0F;>?)2>?&4F�)2F�6@+o>?n'&�-.),F<&�t�È �,L

��nJ&�>���/�),IJI':</vp�67K*)2>?&%-4/3+'w'6s>?67/,+x),=JKC&v)2+C1 { +J-4>?6@/3+'F�w'6s9�6@w'& { Ii>?n'&�F<Ix)2-.&�67+�>?/�:<&4r367/3+JF.L�:�&+'&.&4w�>?/AF<n'/E�¾>?nx)m>�6s>¢6@F¢I(/3F;F<675J=7&�>?/AK*/E93&C1�:</3K )2+�D�I(/367+�>¢67+�)A:;&.r36@/3+�></U),+�D�/,><n'&.:¢I}/36@+�>
67+A><n'&�F?),KC&¢:;&.r36@/3+U)2+'wA></|I':;/�9,&�>?n')2>�6s>�67F�I}/3F;F<6@5'=7&0>?/*K*/E9,&¢1�:</,K )*I(/367+�>�67+�)*:<&4r367/,+H></o)
I}/36@+�>%67+H),+�D8),+'/2>?n'&4:�:<&.r,67/3+¥L

¤�/,>?&0><nx)2>���&¢-.),+AKC/E93&01�:</,K�� Ä ></*)2+�D8I(/36@+�>�F<67+J-.& � W � Z � ¼�L
� 67:<Fy>���&o��)2+�>�></OI':</E9,&o>?nx)2>���&q-.),+�r3&4>�1�:</3K ),+�DuI(/367+�>�� È�� Ä È W	� Ã ± ÆÄ ¶
� Ã��ÇÆÄ Z�>?/
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),+�DOI}/,67+�>�� >?nx)m>�),:<&�6@+�><n'&iF?),KC&�:<&4r367/,+�),F�w'&4><&.:<KC67+J&.w�5�DU>?n'&C),IJI':</vp�67K*)2>?&�-4/3+'w'6s>?6@/3+x),=
K*&.),+H1 { +'-4><67/3+'F4L :�&¢�%67=@=¥F<nJ/�� nJ/�� >?/|wJ/C><n'67F�5�DAI(&.:y1�/3:<KC67+JrY>���/o/E9,&.:<:;&.=7)mpJ)2>?6@/3+ { I}wx)m>?&.F4L��F<F { KC&�>?n'& { I(wx)2>?&4F0),:;&�w'/3+J&¢1�/3:�>?n'&��x:<Fy>0-./3KCI(/3+'&.+�>�/,1�>?nJ&�>���/|w'67KC&.+'F;67/3+'),=!93&.-$>?/3:�),+'w>?nx)2> � Ã ± ÆÄ È ¦ ± Ñ����%n'&.:;&�� � ¼�),+'wC¦ ± 67F�><n'&�),I'I':;/Ep�6@K|)2><&�-./,+'w'6@><67/3+'),=JKC&v),+i/3:e-4/3+'w'6s>?6@/3+x),=K*/�w'&�/,:�F</,K*&Y/2>?n'&4:�KC&v),F { :<&4K*&4+�>�/,1j=7/�-v)2><67/3+81�/3:�><n'&Yw'6@F;><:<675 { >?6@/3+�/,1e><n'&��x:;F;>0-4/3KCI}/3+J&.+�>-./3+'wJ6@>?6@/3+'&4wU/3+U>?nJ&�F<&.-4/3+'w¥L :�&YI':</E9,&i><nx)2>�1�:</3K � Ã ± ÆÄ 6@>�67F�I(/3F;F<675J=7&¢></qK*/E9,&�>?/8),+�D�I}/36@+�>
67+�W�¦ ± ¶�� Z$L
:�&�F<n'/E�u><nx)2> 6s> 67F!I(/3F<F;675'=@&�>?/%K*/E9,&�1�:;/3K � Ã ± ÆÄ ></�)2+�D�I}/36@+�> 67+`W�¦ ± Ñ_W©·$¡,´@Z��x¶?¦ ± Ñ W©´�¡,·LZ�� Z�6@+>���/¢/�9,&.:;:<&.=7)mpJ)2>?6@/3+ { I(wx)2>?&4F.L,:�&�n')E9,&�></¢IJ:</E93&%>?nx)m>j1�/,:�)2+�DYI}/36@+�> � Ã ± Æ� 5�W�¦ ± Ñ�W©·$¡,´@Z���¶<¦ ± Ñ

W©´�¡,·LZ��@Z$~
>?n'&4:<&o&®pJ6@F;>Y� ± ¶Y� � 5�Wy��´x¶v��·LZ
	 WÇ�¢��¡2·�¶.�¢��¡2´ Z�/3:Y� ± ¶�� � 5�W©·E¶z´@Z�	 Wy�E¡,´x¶v��¡,·LZ06@1� � ¼J~'F { -znA><nx)2> �
� Ã ± Æ± È ¦ ± Ñ�� ± W � Ã ± ÆÄ �u¦ ± Z W Á L Á Z

),+'w
� Ã ± Æ
�

È ¦ ± Ñ � � W	� Ã ± Æ± ��¦ ± Z W Á L � Z
È ¦ ± Ñ � � Ë ¦ ± Ñ � ± W	� Ã ± ÆÄ ��¦ ± Z���¦ ± Ï W Á L 
 Z
È ¦ ± Ñ � ± � � W	� Ã ± ÆÄ �u¦ ± Z W Á L � Z

��n'67F 67F &�� { 6@92),=7&4+�>#></�F;n'/E�%67+'r�>?nx)m>#><n'&.:;&�&®p�67F;>
� ± ¶j� � 5 Wy��´x¶v��· Z�	 WÇ�¢�E¡,·E¶v�¢�E¡,´@Z
/3:#� ± ¶�� � 5
W©·E¶z´@Z�	�Wy�E¡,´x¶v��¡,·LZ�6@1
�	� ¼�F { -znA><nx)2>

� ± � � È W	� Ã ± Æ
�
��¦ ± ZW	� Ã ± ÆÄ ��¦ ± Z W Á L � Z

:�& 3 +J/�� ><nx)2> � Ã ± ÆÄ ��¦ ± È
��)2+'w � Ã ± Æ
�
6@F�F { -zn|><nx)2> � Ã ± Æ� ��¦ ± 5 W W�·$¡,´@Z��x¶ W©´�¡,·LZ�� ZzLe��n'&4:<&41�/,:<&6@1�� �`¼���&qnx)v93&q>?/OF;n'/E�²><nx)2>�1�/3:�),+�D�ª 5 W©·$¡,´x¶z´�¡,·LZ¢><n'&.:;&q&$p�67Fy>i� ± ¶C� � 5�Wy��´�¶.��·LZ�	

Wy����¡,·E¶v����¡,´@Z F { -zn�><nx)2>
� ± � � È�ª!L :�&j-v),+¢-zn'/�/3F<&�),+�D�� ± 5 Wy��´x¶v��· Z /3:#� ± 5/Wy����¡,·E¶v����¡,´@Z®~
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),+'wu>?nJ&.+�=7&$>��
�
È¾ª(¡,� ± ~��%n'6@-znu�%67=@=j5(&o6@+�>?n'&|w'&.F;67:<&4w�:?),+Jr3&,LO�#/OF<&4&o>?n'6@F.~e),F;F { KC&8� ± 5

Wy��´�¶.��·LZ$~¥><n'&.:;&41�/3:;&o��¡,� ± 5 Wy����¡,·E¶v����¡,´@Z�)2+'wO-./3K�5'67+'&4w��%6@><n�>?nJ&�1�),-4>�>?nx)m>�ª 5�W©·$¡,´x¶z´�¡,·LZ��&U/,5J>z),6@+ ><nx)2>q�
�
È ª WÇ��¡,� ± Z 5�WÇ�¢�E¡,·E¶v�¢�E¡,´@Z$L ��6@K*6@=G),:;=@D�6@1�� ± 5"Wy����¡,·E¶v����¡,´@Z®~%�

�
È

ª(¡,� ± 5 WÇ��´x¶v��·LZ$L
��67KC67=G)2:<=@D|6@1�� �Ó¼J~}��&�-v),+�-zn'/�/,F<&i� ± 5 W�·E¶z´@Z�),+'wO=@&4>�� � È ª(¡2� ± ~(�%n'67-znU�%6@=7= 5}&�67+�><n'&w'&.F;67:<&4wA:<),+'r3&�5(&.-.) { F<&%ªS5 W©·$¡,´x¶z´�¡,·LZ®L��nJ&.:<&$1�/3:<&¢��&�1�/ { +'wO),+�67+�>?&4:;92),=
),:</ { +'w � Ã ± ÆÄ F { -znU>?n')2>�><n'&.:;&Y67F�)|+'/3+@6 
.&4:</oIJ:</35x)25'67=@6@>�Dw'&.+'F;6@>�D�/,1�K*/E9�67+'rq1�:;/3K � Ã ± ÆÄ ></�)2+�D�I(/36@+�>�6@+�><n'67F�67+�><&.:;92),=©L|��n'&Cw'6@F;>z)2+'-.&i1�:</3K ><n'&C=7/E��&4:

&.+'wo/21¥>?n'&�67+�>?&4:;92),=x>?/�>?n'&�-./,+'w'6@><67/3+'),=xK*&.),+o)m1 >?&.:�>���/Y/E93&.:;:<&4=G)mpJ)2><67/3+ { I}w')2>?&4F�67F W©·$¡,´@Z���),+'w)21 >?&4: ¹�� /E93&4:<:<&4=G)mpJ)2><67/3+ { I(wx)2>?&4F�6s>�6@F W�·$¡,´@Z�� ��L���nJ&.:<&$1�/3:<&Y),F�><n'&�+ { K�5}&4:�/,1�F;>?&4I'F�6@+'-.:;&v),F;&.F��&�-.),+�K*/E9,&�>?/0)2+�D¢I(/367+�>e)2:<5'6s>?:?)2:<67=sD0-.=@/3F<&j>?/�><n'&�-./,+'w'6@><67/3+'),=�K*&.),+¥L ��67KC67=G)2:<=@D���&�-v),+�I':;/E93&
>?nx)2>���&�-v),+8KC/E93&0>?/i),+�DqI(/36@+�>�67+ W�¦ ± Ñ �x¶�� Z®~'F<6@+'-.&�)21 ><&.: ¹�� /E9,&.:<:;&.=7)mpJ)2>?6@/3+o>�D�I}& { I(wx)2><&.F��&�-v),+8KC/E93&0>?/*)�w'67Fy>z),+'-4&_W©´�¡,·LZ�� � W W©´�¡,·LZ �Ó� Z$~��%n'67-znH-./3+�9,&.:<r,&.F�></ � ),F � 67+J-.:<&.),F<&4F.L

� F;67KC67=7),:�IJ:</�/,1#67F�92),=@67w|�%n'&4+H><n'&0F;>?),:;><67+'r�I(/36@+�>�67F�/3+q><n'&0/,>?nJ&.:�F<6@w'&0/,1 >?nJ&�-4/3+'w'6s>?6@/3+x),=
K*&.),+¥~ ECLFJ�L � Ã ± ÆÄ È ¦ ± � �x~ � � ¼JL��nJ&.:<&$1�/3:<&A6@>i6@F�I}/3F;F<6@5'=7&q>?/�KC/�9,&q>?/�),+�DÐI}/36@+�>i/3+�><n'&HF?),KC&8F<67wJ&H/21�><n'&�)2I'I':</vp�67K*)2><&
-./3+'wJ6@>?6@/3+x),=jKC&v),+Ð),F�/ { :�F;>?),:;><67+'rUI(/36@+�>.~e/3+�>?n'&qnJ/3:<6 
./3+�>z)2=�)mp�67F¢>?nx)2>iI'),F<F;&.F�>?n':;/ { r3n�><n'&F;>z)2:;>?6@+'rqI(/367+�>vL ��67KC67=7),:<=sDo��&i-.),+�KC/E93&Y></A)2+�DUI}/36@+�>0/3+O>?n'&�9,&.:;><67-.),=e)mp�67F�><nx)2>�6@F0/3+�F?),KC&
F<67wJ&o/,1�>?nJ&o-./3+Jw'6@><67/3+x)2=jKC&v)2+Ð),F�>?nJ&oF;>?),:;><67+'rUI(/36@+�>.LU��n'&4:<&41�/,:<&q5�D�I(&.:y1�/3:<KC67+Jr�F { -.-.&4F<F;6@93&n'/3:<6 
./3+�>?),=#),+'wU93&4:;><67-v)2= { I(wx)2><&.F���&Y-.),+UKC/�9,&�1�:</,K ),+�D�I(/367+�> � 6@+O)*:;&.r36@/3+A></q),+�DAI}/36@+�>
� 67+q>?n'&�F<),K*&0:;&.r36@/3+¥L

��nJ&�-./3+Jw'6@><67/3+x)2=xK*&.),+*1 { +J-4>?6@/3+'F�),:<&�-./3+�><67+ { / { F�>?nx),+C>?n'&�:<&�� { 67:<&4K*&4+�>�>?n')2>�><n'&�),IJI':</vpS667K*)2>?&%-./,+'w'6@><67/3+'),=�K*&.),+*1 { +J-4>?6@/3+'F�/,1 5}&467+'r¢-./3+�><67+ { / { F�&493&4:;D��%n'&4:<&�&$p�-.&4IJ>�)¢F;&4>�/21 K*&.),F { :;&¼0�%6@=7=�5}&�KC&4>.L�B�&4-v) { F;&�><n'&%),I'IJ:</vp�67K*)2>?&�-4/3+'w'6s>?6@/3+x),=�K*&.),+�1 { +'-4><67/3+JF�),:<&�-4/3+�>?67+ { / { Fj),=7KC/3F;>&493&4:;D��%n'&4:<&,~�>?n'&�),I'IJ:</vp�67K*)2>?&�-4/3+'w'6s>?67/,+x),=JKC&v)2+i1 { +'-4><67/3+��%6@><ni:<&.F;I}&4-4>j>?/0�%n'6@-znC��&�I(&.:y1�/3:<K
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>?n'&�n'/3:;6 
4/3+�>z),= { I(wx)2><&.F�67F�+'/2>�I'),:?),=@=7&4=}�%6@><nH><n'&�� 6Ç)mp�6@F�)2+'wAF;67KC67=7),:<=sDC><n'&�),I'I':;/vpJ6@K|)m>?&0-./,+ 6w'6@><67/3+x)2=(KC&v)2+|1 { +'-$>?67/,+|�%6@><nq:<&.F;I}&4-4>�></��%n'67-zno��&0w'/Y><n'&�93&4:;><67-v)2= { I(wx)2><&.F�6@F�+'/,>�Ix),:?)2=7=7&4=x>?/>?n'&i¯76Ç)mp�67F4L���n'&.:;&41�/3:;&C1�/,:�),+�D�F;>z)m>?&���&C-v)2+�I(&.:y1�/3:<K { I}wx)m>?&.F�5(/,>?n�/3+O>?nJ&*n'/,:<6 
4/3+�>z),=�),+'w93&.:y>?6@-v),=!w'6@:<&4-4>?6@/3+'F4L
:�&�-v),+*K*/E93&%1�:</,KS)�:;&.r36@/3+�>?/¢),+'/,><n'&.:j:<&4r367/,+C6s1}><n'&%>���/¢:<&.r,67/3+'F�nx)v9,&�)�+'/3+ 6 
.&.:;/¢=@&.+'r2>?n

5}/ { +'wx),:yD3Le��n'&4+|�%6@><no� � ¼���&�-v),+o&46@><n'&.:��x67I*/3+*><n'&�/2>?n'&4:�F;67w'&�/,1!/3+'&�/,1¥><n'&�)2I'I':</vp�67K*)2><&
-./3+'wJ6@>?6@/3+x),=}K*&.),+'F�/3:�5�D { F<67+Jri><n'&�/,>?nJ&.:�),I'I':;/vpJ6@K|)m>?&�-4/3+'w'6s>?67/,+x),=�KC&v)2+8��&�K*/E9,&�><n':</ { r3n>?n'6@F�-./3+Jw'6@><67/3+x)2=(KC&v)2+ { +�>?67=(��&0/,5J>z),6@+q)YF;>?)2>?&�67+|><n'&0+'&4� :<&4r367/,+¥L,^�1 >?n'&�5}/ { +'wx),:yDo5(&4>���&.&.+>?n'&�>���/¢:;&.r36@/3+inx),Fe+'/3+@6 
.&4:</�=7&4+'r,>?nC),+Jwi><n'&%5}/ { +'wx),:yD�-./,+'F<6@F;>?F�/,1(>?nJ&%>���/�-./3+'wJ6@>?6@/3+x),=�K*&.),+1 { +'-4><67/3+JFj�%n'6@-zn|-4/367+'-467w'&%1�/3:e>?nJ&�5(/ { +'w'),:;D,~���&�-.),+|KC/E93&�6@+C><n'&�),w �<),-4&.+�>�:;&.r36@/3+i5�D��x6@I'I'6@+'r/3+C><n'&%/,>?nJ&.:�F<6@w'&%/,1}><n'&%-./3+Jw'6@><67/3+x)2=JKC&v),+i&.6s>?n'&4:e93&.:y>?6@-v),=@=@DY/,:en'/3:<6 
./3+�>?),=7=sD3L ^�1}><n'&�5(/ { +Jwx),:;D5}&$>���&4&.+ ><n'&�>���/Ð:<&.r,67/3+'F4~�� ),+'w�� nx),F 
4&.:</Ð=@&.+'r,><n	W�&46@>?nJ&.:|><n'&4D )2:<&U+'/2>q+'&.6@r3n�5}/ { :<6@+'r5}/ { +'wx),:;67&.F�/3:¢><n'&4D�nx)v93&8/3+'=sD�/,+'&oI(/367+�>Y6@+�-./3KCKC/3+¥~
><n'&q67+�><&.:<F;&.-$>?67/,+�/,1�>?n'&q-4/3+'w'6s>?6@/3+x),=K*&.),+q1 { +'-4><67/3+JFBZ�>?n'&4+�)2F�w'&.F;-.:<6@5}&4w�5(&41�/3:;&���&�nx)v93&�>?/iKC/E93&01�:</3K�� >?/C),+A),w �<),-4&.+�>�:<&.r,67/3+¥~
� ± �%6@><nA�%n'6@-zn�6s>�n'),F�+'/,+ 6 
4&.:</*=7&4+'r,>?nA5}/ { +'wx),:;67&4F.L :�&¢-.),+UKC/�9,&�1�:;/3K � ± ></	� 6@1�><n'&�>���/
:<&.r,67/3+'F�),:;&Y),w �<)2-.&.+�>�)2+'wUnx)v93&Y)*5(/ { +'wx)2:;DH/,1�+'/3+@6 
.&4:</o=@&.+'r2>?n¥L ^�1e>?n')2>�6@F�+'/2>�>?nJ&�-v)2F<&�><n'&-znx),67+|nx),F�></�Ix)2F<F�><n':</ { r3no)�F;&.:;67&.F�/,1!:;&.r36@/3+'F � ± ¶v½v½v½4¶ � � F { -zno><nx)2>j>���/�-4/3+'F;&.- { >?6@9,&�:<&4r367/,+'Fnx)v93&8)�5(/ { +'w'),:;D�/,1%+'/3+@6 
.&4:</O=@&.+'r,><n�),+'w � � nx),FY)�5}/ { +'wx),:yD�/21�
.&.:;/O=7&4+'r,>?n��%6@>?n
�|LO�F<&�� { &4+'-.&�/,1}F { -zn*:<&.r,67/3+ � ± ¶.½v½v½ � � &$p�67Fy>?F4L9^�+'w'&.&4w¥~�),F<F { K*&���),+Jw���),:;&�&.+'-4=7/3F;&.w*)�5(/ { +Jw'&.wF<&.-$>?6@/3+�),+'wY��&�),wJw'&.wi),=@=�>?n'&�:;&.r36@/3+'F#>?nx)2>�nx)v93&�)�+'/3+ 6 
.&.:;/0=7&4+'r,>?n¢5}/ { +'wx),:;67&4F
�%6@><n
� ),+Jw�),=7=>?n'&%:<&4r367/,+'F�>?nx)m>�nx)v93&�+'/3+ 6 
.&.:;/¢=@&.+'r2>?ni5}/ { +'wx),:;67&4F��%6@>?n�><n'&%+'&4� :;&.r36@/3+'F�),+Jw*F;/�/,+¥L���F;F { KC&>?n'&4:<&�67F�+'/�:<&.r,67/3+�><nx)2>�nx)2Fe)0+'/3+ 6 
.&.:;/0=7&4+'r,>?n�5(/ { +Jwx),:;D¢�%6@><n��|~�)21 >?&4:e),w'wJ67+'r�),=@=�><n'&�:<&4r367/,+'F&.+'-4=7/3F;&.w�67+�><n'&Y5(/ { +'wJ&.w�F<&4-4>?6@/3+¥L[8�/E��&49,&.:0>?n'6@F�67F�+'/,>0I(/3F<F;675'=@&,~�),F�>?nJ&Y=G),Fy>0:<&4r367/,+'F�),wJw'&.wnx)v93&�></�nx)v9,&�)�+'/3+ 6 
.&.:;/�=@&.+'r,><n*5(/ { +Jwx),:;Di�%6s>?nCF</3KC&�/2>?n'&4:�:;&.r36@/3+|)2+'w*><n'&.:;&41�/3:;&���&�w'6@w*+J/,>),w'w�),=7= >?nJ&�I}/3F;F<6@5'=7&Y:;&.r36@/3+'F4L l +'-4&���&�KC/E93&.w�6@+U>?n'&�:;&.r36@/3+��|~ ),F0IJ:</E93&4w�)m>0>?n'&YIJ:<&49�6@/ { F
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F;>?&4I¥~�6@>�6@F�I}/,F<F<6@5'=7&�></iK*/E93&0></|),+�DqFy>z)2><&�67+q>?n'&�F<),K*&0:;&.r36@/3+¥L
� /3:�� � ¼o6@>�67F�&4F<F<&4+�>?6G)2=�),F0K*&4+�>?67/,+'&.wO5(&41�/3:;&Y>?nx)m>�>?n'&�-4/3+'w'6s>?6@/3+x),=
K*&.),+'F0),:;&�+'/,>0><n'&

n'/3:<6 
./3+�>?),=!),+'wq><n'&093&.:y>?6@-v),=!=@67+'&4F.Le�#/CKC/E93&01�:</,K )i:<&.r,67/3+ � >?/C)�:<&4r367/,+ � �%6s>?nH�	� ¼J~'><n'&
>���/o:;&.r36@/3+H+'&.&4w�>?/Cnx)v93&�)i+'/3+@6 
.&4:</*=7&.+Jr,>?nA5}/ { +'wx),:yD8/3:�><n'&�-znx),67+Anx),F%>?/*K*/E93&�>?nJ:</ { r,nU)F<&.:;67&4F�/,1�+'&467r3n�5(/ { :<6@+'r�:;&.r36@/3+'F#�%6@>?n�+J/3+ 6 
4&.:;/�5}/ { +'wx),:;67&4F
>?/0KC/E93&�></0)�Fy>z)2><&�67+ �*L���n'&4:<&41�/,:<&6@>%67F%F { 
C-.67&4+�>�></CF;n'/E� >?nx)m>���&�-v),+HK*/E9,&�5(&4>���&.&4+U>���/C:<&4r367/,+8><nx)2>�nx)v93&�)�+'/3+ 6 
.&.:;/*=@&.+'r2>?n
5}/ { +'wx),:yD3LjÂ!&4> { F%w'&.+J/,>?&�>?n'&�5(/ { +'w'),:;Dq-4/3+'w'6s>?6@/3+x),=}K*&.),+H�%6s>?n � ± ),+'wH=7&4> { F�)2F<F { K*&0>?n')2>6@>0-4/3:<:;&.F<I(/3+'wJF�></o93&.:y>?6@-v),= { I(wx)2><&.F4~
)2+'wO>?n'&i/,><n'&.:0-4/3+'w'6s>?67/,+x),=�KC&v)2+�1 { +'-4><67/3+U�%6s>?n �

�
1�/3:

n'/3:<6 
./3+�>?),= { I(wx)2>?&4F.L!:�&�-v)2+'+'/,> { F<& � ± w'6@:<&4-4>?=sDq>?/*K*/E93&�67+8>?nJ&�/,><n'&.:�:<&4r367/3+A),F���&¢-v),+'+J/,>
�x67I*/3+*><n'&�/,><n'&.:�F<6@w'&�/21¥>?n'&�-./3+Jw'6@><67/3+x)2=xK*&.),+¥L�:�&�+'&4&.wo6@+'F;><&v),w*>?/�r,&4>j>?/Y)¢I}/36@+�>�6@+|:;&.r36@/3+
� 1�/3:%�%n'67-znA>?n'&�n'/3:;6 
./,+�>?),= =76@+'&0>?nx)2>�Ix),F;F<&.F�>?n':;/ { r3nH>?n'6@F�I(/367+�>�),+'wU6s>�67F�/3+�>?nJ&�F?)2K*&�F<6@w'&/,1�>?n'&|-./3+'wJ6@>?6@/3+x),=�KC&v),+�~ �

�
~e-./,+�>?),67+JFY),=@F</UI(/367+�><F�67+�:<&.r,67/3+ �|LU��n'&4:<&41�/,:<&,~�5(&.-.) { F<&q6s>�6@FI}/3F;F<6@5'=7&%>?/YKC/E93&�>?/�),+�DCI(/367+�>�/3+|>?nJ67F�=@67+'&2~�6@>�67FjI}/3F;F<6@5'=7&%>?/YKC/E93&�>?/�)�I}/36@+�>�6@+|:<&4r367/,+	�|L9^�1

��&Y/,5J>z),6@+U)CI}/36@+�>�6@+�:<&4r367/,+ �²1�:;/3K`>?n'6@F�I(/367+�>�6@>�67F�I}/3F;F<6@5'=7&�>?/*K*/E93&¢>?/*><n'&�wJ&.F<6@:<&4wOI}/36@+�>
� ~x),F���),F�I':<&$9�6@/ { F;=@DoF;n'/E�%+¥L
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MON�� � Z�� d�Z X�RUZqZ���T d�RUT �UW�aeWYk T�d�T0a�� �3ZCa
V|W�X�ZC[O\.W�] ^`_CT0a�a�T�b.W�cHW�de\.ZC]

^�+Y>?n'6@F�F<&4-4>?6@/3+Y��&�wJ&.:<6s93&�)�:;&.=7)2>?6@/3+'F<nJ67I�5(&4>���&.&4+|r3/�/�w�92),= { &4F�/,1(�U)2+'wCt�~�F { -zn�>?n')2>e/3+'=sD�/,+'&Ix),:?)2K*&$>?&.:
/,1�>?n'&�K*&$>?n'/�wY+'&4&.wi5}&�-zn'/3F<&4+¥Le��n'&�:;&.=7)2>?6@/3+'F<nJ67I�5(&4>���&.&4+C><n'&�Ix)2:?),KC&4><&.:<F�F<n'/ { =7w5}&YF { -znO>?nx)m>�>?nJ&Y:?)2><67/C/,1e>?nJ&YI':</,5x),5'6@=76@>�D8/21�F;>z)vD�67+Jro67+�><n'&Y6@+'6@><6G),=¥Fy>z)2><&�>?/*>?n'&YIJ:</35x)25'67=@6@>�D/,1eKC/�9�6@+'rqÒAFy>?&4I'F0)v��)vDA5�D { I(wx)2><67+'rC�%6@><nU� /,:¢��¡2��6@F�F { -znU>?nx)2>���&�),:<&¢:<&.),F</3+'),5'=@DH=@6 3 &4=@D>?/iK*/E9,&�ÒqF;><&.I'F�)v��)vD,L
��nJ&�:<&4=G)2><67/3+JF<n'6@I05}&$>���&4&.+��8),+'wYtA67F!�x:;F;>#w'&4:<6@9,&.w�1�/,: ) { +J6@92),:<67)2>?& 5�) { F;F<67),+¢wJ67F;><:<6@5 { >?6@/3+¥LÂ#)m>?&.:�67+H>?n'6@F�F<&4-4><67/3+���&��%6@=7=#),:<r { &�n'/E� )*F;67KC67=7),:�:<&4=G)2><67/3+'F;n'67IH5(&4>���&.&.+�� ),+'w�t n'/3=@w'F%1�/3:

)i5J6@92),:<67)2>?& 5�) { F<F<67),+8w'67Fy>?:;675 { ><67/3+o�%6s>?n8F;><:</3+Jr3=@D|-./3:;:<&.=7)2>?&4w8-./3KCI}/,+'&.+�>?F4L
d /,+'F<6@w'&.:%>?n'& { +J6@92),:<67)2>?& 5�) { F<F<67),+8w'67Fy>?:;675 { ><67/3+8£.W�¦�¶
	 � Z�),+'wA),F<F { KC&�><n'&�-znx),67+A)2>�><67KC&

4�6@F�67+o>?nJ&0F;>z)m>?&�¯ « È Ì�ÃÅÄÇÆ;LjB�D|I}&4:;1�/3:;K*6@+'riÒo/E93&4:<:<&4=G)mpJ)2><67/3+q>�D�I(& { I}wx)m>?&.F��%6s>?n8����&�/,5J>z),6@+>?n'&01�/3=@=7/E�%67+'r�F;>z)m>?&.F �
Ì Ã ± Æ È ¦|Ñ�� W�Ì Ã ÄÇÆ ��¦ Z
Ì Ã �ÇÆ È ¦|Ñ�� W�Ì Ã ± Æ ��¦ ZeÈ�¦*Ñ � � W©Ì ÃÅÄÇÆ �u¦ ZLLL
Ì Ã Ê?Æ È ¦CÑ � W©Ì ÃÅÊ Î ± Æ �u¦ Z�È ¦|Ñ�� Ê W©Ì ÃÅÄÇÆ ��¦ Z

��nJ&*I':;/35x),5J67=76s>?6@&.F�/,1�-zn'/�/3F<6@+'r8>?n'&iF;>?)2>?&4F�Ì Ã ÄÇÆ ¶zÌ Ã ± Æ ¶v½v½.½.¶zÌ ÃÅÊzÆ ),:;&iI':</3I(/3:y>?67/,+x),=
></ � W©Ì ÃÅÄÇÆ Z®~
� W©Ì Ã ± Æ Z � ��� ~sL.L.L4~ � W©Ì ÃÅÊzÆ Z�� ��� Ê L���n'&i:?)2><67/q5(&4>���&.&4+�>?n'&�IJ:</35x)25'67=@6@>�DA/,1�-znJ/�/3F;67+'r8Fy>z)2><&|ÒO),+Jw�><n'&
I':</35'),5'67=@6@>�D*/,1
F;>z)vD�67+JrC6@+q>?n'&�F?)2K*&0Fy>z)2><&,~(Ì ÃÅÄÇÆ 67F��

� W�/,1#KC/�9�6@+'r�>?/iF;>?)2>?&�Ì ÃÅÊzÆ Z
� W�/,1#F;>z)vD�67+Jr*6@+qF;>z)m>?&�Ì ÃÅÄÇÆ Z È � W©Ì ÃÅÊzÆ Z�� ��� Ê

� W�Ì ÃÅÄÇÆ Z W Á L	�7Z
È � ��� Ê
��� Î���� � Ã���� V�� Î�� Æ ��� ��� � �"! �#� Î Ã$�%� V�� Î�� Æ ��� ��� � � W Á L@�E¼ Z
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È � ��� Ê � Î Ã�� � V�� Î�� Æ � Ã � � � Î ± Æ � ��� � W Á L@�3� Z
^�1'>?n'6@F :?)2><67/�67F!>?/�/�F;K|)2=7=3>?nJ&�Fy>z)2><&�Ò�F;>?&4I'F�)v��)vD¢�%6@=7=,9,&.:;D¢:?)2:<&.=sD05(&�),-4-.&4IJ>?&4w�),+'w���&j>?n'&4:<&41�/,:<&
I}&4:;1�/3:;K*&4wo>?/�/�K|),+�D|/�9,&.:;:<&.=7)mpJ)2>?6@/3+o>�D�I}&�Fy>?&.IJF.L l +8><n'&0/,><n'&.:�nx)2+'w¥~'6s1#><n'&0:?)m>?67/�67F�-.=@/3F<&�>?/
�3~���&0I}&4:;1�/3:;K*&4w|>?/�/�1�&$� /E9,&.:<:;&.=7)mpJ)2>?6@/3+|>�D�I}&0Fy>?&4I'F.L ^�1#67+|1�)2-4>�><n'67F���),F�>?n'&�:;67r3n�>�),K*/ { +�>�/,1F { I'IJ:<&.F;F<6@/3+�/,1�:?),+Jw'/3K`��)2= 3 F���&Y-./ { =7wUnx)v9,& { F<&4w�),+���1 { :y>?n'&4:�1�:;/3K �¢�3~¥),+'wUKC/E93&.wU></q)
w'6 � &.:;&.+�>�-./3+�></ { :e=76@+'&,L#��+C),IJI':</3IJ:<6G)m>?&�:<)2>?6@/�KC67r3n�>�5(&%),:;/ { +'w���È ¼�½@�3L
��n'&.:;&41�/3:;&%5�D�F<&$><>?6@+'r
>?n'&�:?)m>?67/�/21
><n'&�I':</35'),5'67=@6@><67&.F�),5(/�9,&0>?/C5}&0&�� { ),=!>?/�����&¢/35�>z),6@+ �

� ��� Ê � Î W Ã$� � V�� Î�� Æ � Ã � � � Î ± Æ Z�� Ã ��� � Æ È�� W Á L@� ¹ Z
^�1!��&�>?) 3 &�>?n'&�=@/3r�),:;6@><n'K /,1 &�� { )2>?6@/3+ W Á L@� ¹ Zj),+Jwo=7&$> � È�� W©Ì ÃÅÄÇÆ ��¦ Z � ¡ W ¹ 	 � Z®~���&�/35J>z)267+|><n'&
1�/3=7=@/��%6@+'rY&�� { )2>?6@/3+867+H��),+'w�Ò �

� W�� ��Ê � � Z!Ñ Ò�=7/3r � ���E��=7/,r W�� ZeÈ ¼ W Á L@�E� Z
Â &$> { F��%:<6s>?&0>?nJ&�:<&4=G)2><67/3+JF<n'6@IH5(&4>���&.&4+��Ð),+'wOÒ867+8>?n'&�1�/3:;K �uÈ � � Î	� � Ê L�
�= { r3r36@+'r�>?n'6@F�6@+
W Á Ls�E�7Z®~J��&�/35J>?),67+o><n'&01�/3=7=@/E�%67+'rY&�� { )2>?6@/3+867+ � �

� W � ZeÈ � W � Î � � � � Z�� � �u=7/,r W�� Z�È ¼ W Á L@� Á Z
�%n'67-zn�w'/�&.F0+'/,>�6@+�93/3=s93&*Ò}L :�&�F;> { w'67&4w�><n'&C),5(/�9,&�1 { +'-4><67/3+�)2+'wO1�/ { +'w�>?nx)m>�6@>�),-znJ67&49,&.F�6@><FK|)mp�6@K { KÀ1�/3: ��
�����Èg����¡ ¹ =@/3r Wy����¡ ¹ � Z�),+JwÐ><nx)2>Y><n'&o1 { +'-$>?6@/3+ � 6@FY67+J-.:<&.),F<6@+'r�1�/3:
� 6@+
Wy��� ¶ ��
���� Z�),+'wAw'&.-4:<&.),F<6@+'r*1�/3: �¾67+.W ��
�����¶�� Z®L���=7F;/'~'>?nJ&¢=@67KC6@>�/21 � ),F � r3/�&4F�></���� 6@F
� � L���nJ&.:<&$1�/3:<&�>?n'&%1 { +'-$>?6@/3+ � nx),F�>���/ 
.&4:</3F4L9^�1 { I(wx)2>?&4Fj�%6s>?nH��¡,��),:;&�wJ/3+'&�),+'w*��&�w'&.+'/2>?&
� È���¡,� ��&�/35J>?),67+U><n'&�F?),KC&Y&�� { )2>?6@/3+�),F`W Á L@�E� Z�67+ � L���n'&.:;&41�/3:;&�>?n'&�I(/3F<6s>?6s93& 
4&.:</8/,1�><n'&1 { +'-4><67/3+ � -4/3:<:;&.F<I(/3+'wC>?/ { I(wx)2>?&4F�wJ/3+'&%�%6@>?n*��),+'wC>?n'&�+'&.r3)2>?6s93&�
.&4:</¢></ { I}wx)m>?&.Fjw'/3+J&��%6s>?n��¡,��L

��nJ&OF</3= { >?6@/3+'F|/21�&�� { )2><67/3+	W Á L@� Á ZCw'&4I}&4+'w /3+ ��~��%n'6@-zn 67F|)�1 { +'-4><67/3+�/,1�>?n'&UFy>z),:y>?6@+'rI}/36@+�>v~�),+'wA/3+���~x�%n'67-znA67F%>?n'&�:?)m>?67/i/,1
>?n'&¢I':</,5x),5'6@=76@>�D|/,1�Fy>z)vD�67+'r*67+8>?n'&�67+J6@>?67),=�Fy>z)2><&�></*><n'&
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 ¼
I':</35'),5'67=@6@>�D|/,1�KC/E9�6@+'ri>?/*><n'&�F;>z)m>?&�ÒHF;><&.I'F�)E��)vD3L��#/|6@+�9,&.Fy>?67r3)2>?&�>?n'&�I(/3F<F;675'=@&¢F;/3= { ><67/3+JF�1�/3:&�� { )2><67/3+ W Á Ls� Á Z$~���&0-4/3+'F;67w'&4:�>?n'&�:?),+'r,&�/,1 92),= { &.F �Ó),+'w �%-v),+o>?) 3 &2L ^�1
Ì�ÃÅÄÇÆ
6@F�w'6@F;>?:;675 { >?&.wo),F£�W�¦�¶%	 Z$~x><n'&.+�W©Ì ÃÅÄÇÆ ��¦ Z � ¡ 	 � 6@F � � ± L���n'& ��� ),+'w � ��� � { ),+�>?6@=7&4F�/,1 � � ± ),:;&¢¼�½Å¼3¼,� �*)2+'w���½ �,Á L��n'&�9,)2= { &4F0/,1 �S-4/3:<:;&.F;I}/3+Jw'67+'rq></o>?n'&4F<&�� { ),+�>?67=@&.F�),:;&q��¼�½Å¼3¼�� � 
 ),+'wÐ���3½	� ¹ L ^�+O>?nJ&i>?),5'=@&Á L@�*��&oIJ:<&.F;&.+�>�>?nJ&oF</3= { >?6@/3+'F�1�/3:¢><n'&o&�� { )2>?6@/3+ W Á L@� Á Z�1�/3:�F</3KC&o-4/3KY5'6@+x)2>?6@/3+'F�/,1 ��),+'w ��L
��n'&�92),= { &4F�1�/3: � � ��),:;&�67KCI(/3:;>?),+�>�5(&.-.) { F<& � � ¼Y-4/3:<:;&.F<I(/3+'wJF%></ { I(wx)2><&.F�w'/3+J&��%6@>?n8��),+'w
� ��¼�-4/3:<:;&.F;I}/3+Jw'Fj></ { I}w')2>?&4Few'/3+'&��%6@><n8��¡,��~,5 { >j/3+'-4&%��&%-zn'/�/3F<&�) �Ó��&%w'/ { I(wx)2><&.F�5}/2>?n�%6@>?nC�O),+JwH�E¡,��L
��n'&�9,)2= { &4F�1�/3: � � �m)2:<&�5(&4>���&.&.+|¼J½ Á ��),+'w 
 ½ 
 �3L � /3:eFy>z),:y>?6@+'r0I}/,67+�>?Fe-4=7/3F;&�>?/
>?n'&�K*/�w'&2~(-4/3:<:;&.F;I}/3+Jw'67+'rC>?/�� È ��¼�½Å¼3¼ ¹ 67+H�
),5'=7& Á Ls�3~x>?n'&�92),= { &.F�/,1�>?nJ&�>���/oF</,= { ><67/3+'F�),:;&-.=7/,F<&�6@+*K*),r3+J6@> { w'&���1�/3:�>?n'/3F;&�Fy>z),:y>?67+Jr�I(/367+�>?F�>?nJ&�F?)2K*&�:<&4=G)2><67/3+'F;n'67IC5(&4>���&.&.+H��),+'w8Òin'/3=@w'F1�/3: { I(wx)2><&.F��%6@><ni�U),+'w8��¡2��L � /,:�F;>?),:;><67+'r�I(/36@+�><F�1�),:e)v��)vDY1�:</3K >?nJ&�K*/�w'&,~,-./3:;:<&.F;I}/,+'w'67+Jr�>?/
� È � ¹ 6@+o>?n'&��
),5'=@& Á Ls�3~�1�/3: { I}w')2>?&4F��%6@>?n8�j~�><n'&0:<&4=G)2><67/3+'F;n'67I|5}&$>���&4&.+A�u),+'wq>?nJ&0+ { KY5}&4:/,1¥Fy>?&.IJF�:;&�� { 67:;&.F�92),= { &4F�/,1 � >?nx)m>�)2:<&%F<6@K*6@=G),:#>?/�>?n'/3F;&��%nJ&.+*><n'&�F;>z)2:;>?6@+'r�I}/,67+�>?Fj),:;&�-4=7/3F;&�>?/>?n'&�KC/�w'&2Le��n'67F%6@F�+'/,>�>?nJ&�-.),F<&�1�/3:�><n'& { I}w')2>?&4F�wJ/3+'&0�%6@><n���¡2��~J1�/3:��%nJ67-zn8>?n'&�:<&4=G)2><67/3+JF<n'6@I5}&$>���&4&.+A�u),+'wHÒ|6@F�5x),F;&.w8/3+o9,&.:;D|w'6 � &.:;&.+�>�92),= { &.F�/21 �*Le��n'67F�6@F�w { &�>?/Y>?nJ&�1�),-4>�>?nx)2>��%n'&.+>?n'&CF;>?),:;><67+'r8I(/367+�>�67F01�),:�)v��)vDO1�:;/3K >?n'&iKC/�wJ&,~ >?n'&C-znx),6@+�nx)2F�></AKC/E93&i>?/HF;>z)m>?&.F�-.=@/3F<&4:0>?/
>?n'&¢K*/�w'&¢),+'wA><n'&.:;&41�/3:;&¢��&Ynx)v93&¢9,)2= { &4F�/,1 �¾È¾��¼J½ Á �C><nx)2>�-4/3:<:;&.F;I}/3+Jw'F�></*92),= { &.F�1�/,:¢��¡2�-.=7/,F<&.:�>?/C��><nx)2>�),=@=7/E��><n'&�-zn'),67+C>?/�K*/E93&�-.=@/3F<&4:j></¢><n'&�KC/�w'&%/3:�)m>�=@&v),Fy>j+'/,>�r3/¢1 { :y>?n'&4:�)v��)vD1�:</3K >?n'&�KC/�w'&2L
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 � Ä ± � � � Ä � ���Ä � Ä ��Ä ��Ä ± Ä � � Ä � �
 � � ± Ä � � Ä � ��� ��Ä ���  Ä � ��� � � ± Ä � � Ä � ���
� ±�� � � � � � � � �

� 	 � � Ä�Ä�Ä��$Ô � � Ä�Ä � ��� � � � ��� � � � ��� � � � ��� � �

Ä � Ä�Ä � � �  � � Ä � �
 � Ä ��Ä � � Ä � ��� � Ä ± � � � Ä � ��� ��Ä  � � Ä � ���Ä � Ä�Ä � � �  �  Ä � ��� � � ± Ä � Ä Ä � ��� ��Ä  � � Ä � ��� ±4� ��� � Ä � �
 Ä � Ä�Ä  ±4�  � � Ä � � Ä � � ��� � Ä � ��� ��Ä ��� � Ä � � � ±4� ��� � Ä � ���Ä � Ä ± � ��Ä  � � Ä � � Ä ±4� ��� Ä Ä � ��� ��Ä  � Ä Ä � ��� ±4�  � � Ä � �<±
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Ô � ± Ä�Ä�� � ±�� � � � � ���Ä � Ä ± Ä ± � � Ä ± Ä � � ��� �Ä � Ä ��Ä ± � � Ä ± Ä � ± ±�±��  Ä � Ä � � ± Ä � � ��� � ± � � �
Ô � ��Ä�Ä�� � ±�� � � � � ���Ä � Ä�Ä � ���  ��� �  � �Ä � Ä ± Ä ��� � ��� �  � �Ä � Ä ��Ä ��� Ä  �  ��� ±Ä � Ä � Ä ± Ä � � ±�±��  ±�±�� �
Ô � � Ä�Ä�� � ±�� � � � � ���Ä � Ä�Ä  ��� � ��� � ��� ÄÄ � Ä ± � ��� � ���  ±�±�� ÄÄ � Ä � � ��� ± ��� � ��� �

Ô � � Ä�Ä�� � ±�� � � � � ��� � �Ä � Ä�Ä � ±�±�� � ��� �  � � ��� �Ä � Ä�Ä � ��� � ��� � ��� � ��� ÄÄ � Ä ± Ä � �  ��� � � � �  � �Ä � Ä ��Ä ��� Ä ��� Ä ��� � ��� �

Ô � � Ä�Ä�� � ±�� � � � � ��� � �Ä � Ä�Ä � ��� � ±4��� Ä ±�±�� � ��� �Ä � Ä�Ä � ��� � ��� � ��� � ��� �Ä � Ä�Ä  ��� �  � � ��� ± ��� �Ä � Ä ± � ��� � ��� � ��� � ��� �
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Ô � ± Ä�Ä�� � ±�� � � � � ���Ä � Ä ± Ä ��� �  � � ��� �Ä � Ä ��Ä ± Ä � �  � � ± Ä � �Ä � Ä � � ���  ��� � ±�±�� �
Ô � ��Ä�Ä�� � ±�� � � � � ���Ä � Ä�Ä � ��� � ± Ä � � ��� �Ä � Ä ± Ä  � Ä ��� � ��� �Ä � Ä ��Ä  �   � Ä ��� �Ä � Ä � Ä ��� � ��� � ��� �

Ô � � Ä�Ä�� � ±�� � � � � � ���Ä � Ä�Ä  ��� � � � � ��� ±Ä � Ä ± � ��� ± ��� � ± Ä � ÄÄ � Ä � �  � � ��� �  � Ä
Ô � � Ä�Ä�� � ±�� � � � � ��� � �Ä � Ä�Ä � ��� Ä � � � ��� � � � �Ä � Ä�Ä � ��� ± ��� ± � � � ��� �Ä � Ä ± Ä � � � ��� Ä � � � ��� �Ä � Ä ��Ä ��� � ���  ��� � ���  

Ô � � Ä�Ä�� � ±�� � � � � ��� � �Ä � Ä�Ä � ��� �  � �  � � ��� �Ä � Ä�Ä � ��� � ��� � ��� � ��� ±Ä � Ä�Ä  ��� � ��� � ��� � ��� ±Ä � Ä ± � ��� ± ��� � ���  ���  
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� { + 7 ´ � � � � � � 7 ´ � Ä�� � � �

� � � � L � ¼JL � � Á L 
 Á L Á
¹ ¹ ¼ � L � ¼JL � � � L@� � L@�
� � � � L ¼ ¼JL � � Á LÅ¼ Á LÅ¼
Á ¹ ¼ � L � ¼JL � � � L ¹ � L ¹
� ¹ ¼ �JL 
 ¼JL 
 ¼ � L � � LÅ�

��),5J=7& Á L � � �j),:;6G),5'6@=76s>�D 1�/3:Ð>?nJ& I(&.:y1�/3:<K*),+'-4& /,1 G�� 1�/3:�t È Á ¼,¼J~�	C4¾È 
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� { + 7 ´ � � � � � � 7 ´ � Ä�� � � �

� � ¼ � Á L ¼ ¼�LÅ�J� �v¼JL � �v¼JL@�
¹ � ¼ � Á L � ¼�LÅ�3¼ �v¼JL Á � L 

� 
 ¼ �3¼JL � ¼�LÅ�J� �JL � ��LÅ¼
Á 
 ¼ � Á L Á ¼�LÅ�3¼ �v¼JL � ��L �
� 
 ¼ ¹ �JL � ¼�LÅ�3¼ � L�� � L �
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Efficiency: SMCMC vs. 1st=22,  
 SMCMC vs. 3rd=52, 1st vs. 3rd=2.3 

Theta Parameter

PE SMCMC 1st 3rd

2.4067

2.4371

2.4675

2.4978

2.5282

2.5586

•

•

• •

Efficiency: SMCMC vs. 1st =29, 
 SMCMC vs. 3rd=24000, 1st vs. 3rd=850

Lambda 1 Parameter

PE SMCMC 1st 3rd

0.0691

0.0700

0.0709

0.0718

0.0726

0.0735

•

•

• •

Efficiency: SMCMC vs. 1st=13,
 SMCMC vs. 3rd=1900, 1st vs. 3rd=150

Lambda 2 Parameter

PE SMCMC 1st 3rd

0.1517

0.1545

0.1574

0.1602

0.1630

0.1658

•

•

• •

Efficiency: SMCMC vs. 1st=7.3,
 SMCMC vs. 3rd=80, 1st vs. 3rd=11

Lambda 8 Parameter

PE SMCMC 1st 3rd

0.8118

0.8312

0.8505

0.8699

0.8892

0.9086

 

PE=Precise Estimate, SMCMC=Estimate Based on One Chain,
 1st=Estimate Based on First Order Regression, 3rd=Estimate Based on Third Order Regression
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Parameters

1 2 3 4 5 6 7 8 9 10 11

0.90

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1.00

Simple Linear Regression 
 95% Confidence Intervals 

•

• •

• •

•

•
•

•

• •

Parameters

 Third Order Regression 
 95% Confidence Intervals 

1 2 3 4 5 6 7 8 9 10 11
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Parameters

Simple Linear Regression 
 90% Confidence Intervals

1 2 3 4 5 6 7 8 9 10 11
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0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

1 2 3 4 5 6 7 8 9 10 11

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

1 2 3 4 5 6 7 8 9 10 11

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

1 2 3 4 5 6 7 8 9 10 11

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

1 2 3 4 5 6 7 8 9 10 11

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

1 2 3 4 5 6 7 8 9 10 11

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

1 2 3 4 5 6 7 8 9 10 11

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

1 2 3 4 5 6 7 8 9 10 11

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

1 2 3 4 5 6 7 8 9 10 11

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

1 2 3 4 5 6 7 8 9 10 11

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

1 2 3 4 5 6 7 8 9 10 11

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

•

Parameters

Third Order Regression 
 90% Confidence Intervals 

1 2 3 4 5 6 7 8 9 10 11
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