
���������
	�� ��
���
�������������������� 	�!#"�$%� �'&(���*) 
�",+-� 	."/�0!213�0!4�657�98;:

<�=?>�@BADC*EGFH>�F*IKJ�=L>MFKN�C*EGF

OH>�PRQSCHT*U�V�WXWMT



=?=



� �����������	�


 �
����������� �������������! #"%$�&('*)+&,�.-,/102&( 435�!�76(�8/:9;&<��/=��-�>?��-%�A@B�DCFE 


G�HIG J F8KRPR@�I!L*QMKR=?@XF HNH+HNH+HNHNHNHNHNH+HNH+HNHNH+HNH+HOHNH+HNHNH+HNH+HNHNH+HOHNH+HNH+HNHNH G

G�H V P @QKS>7K =?@�F!R HNHNH+HNH+HNHNHNHNHNH+HNH+HNHNH+HNH+HOHNH+HNHNH+HNH+HNHNH+HOHNH+HNH+HNHNH S

G�HTS U C E+V�P @�W!X?EMY H+HNH+HNHNHNHNHNH+HNH+HNHNH+HNH+HOHNH+HNHNH+HNH+HNHNH+HOHNH+HNH+HNHNH T

G�H T AD= PRQMX?EOV�>MQ[Z�= F!\1V P @�W!X E�Y HNHNHNH+HNH+HNHNH+HNH+HOHNH+HNHNH+HNH+HNHNH+HOHNH+HNH+HNHNH T

G�H^] _ L*P N�@�X`L�KR=?@XF H+HNH+HNHNHNHNHNH+HNH+HNHNH+HNH+HOHNH+HNHNH+HNH+HNHNH+HOHNH+HNH+HNHNH a

G�HTb N�C >�Pdc F*E�ReR _gf�U C*E OH>7h/=`YiL!YjP�E QGE�ReR >�PlkDm�@�cKAD@�L*F8K H+HNH+HNHNH+HOHNH+HNH+HNHNH G W

G�H^a AD@�F*Q�XnL!RR= @XF HNHNH+HNH+HNHNHNHNHNH+HNH+HNHNH+HNH+HOHNH+HNHNH+HNH+HNHNH+HOHNH+HNH+HNHNH G=]

=



=?= �������������
	



� �������	��
 �


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

� 
 �! � � " � � � � � # � � $ � % &

U C*=`R c >Qc EGP =?F('XEMReK =n\ > KRE�R > f L*F*I > YBE F K >QX�QSC >�PR>�QMKREGPR=nReKR=?Q @ f >+Y @�W*=nX?E.>�I*)0C*@�Q�F EMK,+#@XPdZ.- O0/gP21 U4365
K C*E�YB>7h/=`YiL!Y F*EGQ E�ReR >�Plk F L!Y W�E P;@ f C*@Qc!R F*EGE I*EGI K @�I*E�X =7'�EGP;> c >�Q[Z�E K f P @�Y > RR@QL*PRQ E KR@ >
I*E�RlK =?F*> K = @XF H J F	KRC*=`Ric*>Qc�E PGU8+.=IK C*@�L�KiX?@QRdR @ f \�EGF*E P >QX =nK kXU9+DE(> RdRdL�YBE;KRC > K KRC*E(>�P E > =nR >KQ =?PRQMX?E
+.=nK C9> PR>�I*=`L�RB@ f;: U :=< G U >MF*I KRC*EDKRP >�F!ReYB=nRdR =?@XF'P >�F�\XEH@ f E >MQSC YB@�W =`X?E4ReKS>7K =?@�F9=`R G�H U C*E
Y >7h/=nYiL!Y F*E QGE�ReR >�Plk F L!YiW EGP @ f C*@�c!R�F*EGE I*EGIiKR@�I*E�X =7'�EGP > c >�Q[Z�E K f PR@�Y >gR @�L*P QGE KR@ >2I*EMReK = F > KR=?@XF
=`R0>,?@ A2B :DC E@ AGF V2H GJI >,?LK,M@ A CON - :P3�Q
a*R V ]Q]S: V CTN - :P3 HVU EOR C*@G+ K C*> K K C*=nR PRE�ReL!XnK.=nRD'XEGPlk Q�X @�RRE
K @ @�c�KR=`YiL!YW+.=nKRC;@�F!Xnk > I*=YX�E PRE F*QGE @ fVN - :P3 H

Z �8"\[i&( ^].� 5 >�I_)0C @/QMU!YB@QW*=`X EgReK > K = @XF U!c*>�Q[Z�E K U K PR>�F!RdY =`ReRR= @XF P >�F!\�E�U`+.= PRE�X E�ReR F EMK,+#@XPdZ

acbda egfih`jlk4m	n;ophrqskif

t E QGEGF8K >�I`'M>�F*Q E�R =?F	KREGQSC*F @�X?@�\ k C >u'XE c*P @v'�= I*EGI c�@�PeKS> W!X?E Q @�Y:c!L�K E PdRw+.=nKRCx+.=?PREMX?EMRdR =?F8KREGP f >MQGE�R
K C > K > X`X?@G+ F*E K,+D@�PdZ�E I QG@QY1YiL F*=?QG> K = @XF->QY @XF!\ Y @�W*=nX?E1L!RRE PdR H U C E(PRE�ReL!XnKR=?F!\ E F('/= PR@XF�YBE F K F*@

G



V ������� �����	��

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

B
CA 1 2

%�=n\�L*P E G�HnG 5 /2F;E h >QY:c!X?E @ f >�F;>�I_) C*@�Q;+.=?PREMX?EMRdR.F*EMK,+#@XPeZ

X?@XF!\�EGPDP E'& L*= PRE�R L�RREGPeR K @iYB>�=?F8K >�=?F >)(�h/EGI;>�F*IBL*F =7'XE PdRR>QX`XIk1Z F*@G+.F�c�@QRR=nKR=?@XFB=?F4KRC*E F*E K,+D@XPeZ >�F I
EGF >QW�X?E�R >QXnYB@QReK L*F PRE�RlK P =?QMKREGIDYB@�W =`X?=IK k H

/+*-,/.'02143�576/8:9;,=<">?3A@CBD,FEHGJICKML�N�OQPSR =`R f @XPeYBE I W k >(Q�X`L�ReK E P @ f YB@QW*=`X E ReK > K = @XF!R�PR>�F*I*@QY1XIk
X?@�Q > KREGI +.=nKRC*=?F > QGEGPlKS>�= F >�PREG> +.=nKRC*@�L�K K C*E = F f P >QRlK PeL*QMKdL*PRE @ f W*>QRRE RlKS> KR=?@XF!R HOU C*E >Qc!c!X =?Q >7K =?@�F!R
@ f O0/5PJ1 U R > c!c�EG>�P�= F c!XL>MQGE�R;+.C EGPRE c PREGI E�c!X @=k�Y EGF8K @ f F*E K,+D@�PdZK= F f P > ReK PeL*QMKdL*PRE =`R�I*=UT Q�L!XIK�@XP
L*F >u'M>�=`X?>QW!X?EMU f @�P E h >QY:c!X E�U�V E EMKdR =?F�@�QGEG>�F!R U >�PdY =?EMR = F	Y >MPRQSC U F*> K L*PR>QX I*=`RR>QReKREGPdR U W > KeK X?E�( E�X I U
f E�ReKR=7'M>QX?(*E�X?I�\XP @�L*F*I!R U�>�F*I;C*=`RlK @XP =?Q5R =nKRE�R H
J F�>;O0/gP21 U U�ReKS>7K =?@�F!R QG@�Y:YiL*F =?Q >7K E +.=IK C E >�QSC @QK C EGPOW8k RRE F*I*=?F�\K>�F I P EGQ EG=7'�= F!\ c >�Q[Z�E K R H

U C*EKI*EMX?=Y'XEGPlk�@ f >�c >�Q[ZMEMK f P @�Y >�RR@�L PRQGEDReK > K = @XF KR@�> I*EMReK = F > KR=?@XF ReK > K = @XF =nR Q >QXnX?EGIWEH,FXY@C02>YZ H
V�>�PlK =?QML!XL>MPdXnk = F > O0/gP21 U UQK,+#@FReK > K = @XF!R QG>�F QG@QY1YiL F*=?QG> K E#I*=?P EGQMKdXnk	+.=nKRC E >MQSC @QK C*E P = f >�F*I @XF!XIk
= f K C EMk >�P E +.=nKRC*=?FKE >�QSC @QKRC*EGP\[TR]B^02EH3A143`_`_)@CEa5/>b_A*]04_`_A0:,F>cEd5/>YZY3 H+_ K C EGP +.=nRREMU K C*E Q @�Y1Y L*F*=?QG> K = @XF
W�E K,+DE EGF�KRC*E�Y C >QR5K @(P E�XIk @XF @QKRC*EGPFRlKS> KR=?@XF!R H % @XP�E h >QY1c�X?E�U�=?F K C*E F EMK,+#@XPdZ R C*@G+.F�= FJ%�=`\�L PRE
G�HnG U ReK > K = @XF!R	/ >�F*Ife >�PRE +.=nKRC*=?F E >�QSC�@QK C*E P'[ R+KRP >�F!ReYB=nRdR =?@XF P >MF!\XE.- =?F I*=?QG> K E I�W8k�K C*EBQG= PRQ�X E�R
>�PR@�L F*I�/3>�F*IJe P E�Rec�E QMK =Y'XEMXnk 3 HNJ2f /�+D>�F8K RFK @;R EGF*I >;c >MQ[Z�EMKhg K @
e2U�=IK�Q >MF RREGF I =IK�I*= PRE QMK XIk
=?F @XF E C*@�c H / >�F*I A >MPRE F*@ K2+.=nKRC*=?FHE >�QSC @QKRC*EGP\[TR K P >MF!RdY =`ReRR=?@�FKP >MF!\XE HgJ2f /�+D>�F8K R5K @4RREGF I >
c >�Q[Z�E K K @ A2U/=nK#C >QR KR@)( PeReK f @XPd+ >MPRI4KRC*E5c >�Q[ZMEMK KR@]e >�F*I1K C*E FBL!RREhe KR@ PR@QL�K E K C*E5c*>�Q[Z�E K K @ A H
U C*EGP E f @XP E�U�=nK K >QZ�EMR K,+#@ C @�c!R K @ I*EMX?=7'�EGP.> c >�Q[ZMEMK f PR@�Y /AKR@BA H

OK>�F8k PR@�L�K =?F�\ >QX`\X@�PR=nKRC!Y:R�C >u'XE:W�E EGF I*E�R =`\XF EGI�= F K C*E X?=IK E P > KdL*PRE -ai GAj UDi SFj Uki ]Fj Uki blj UDinm j 3 U�W!L�K
X?E�ReR8+D@�PdZ C > R W�E EGF I*@XF*E KR@ = F('XE�RlK =n\ > K E f L F*I >QY EGF8KS> X!c*PR@Qc�E PeK = E�R @ f O0/gP21 U = F >FY > KRC*E�YB> KR=?Q > X
+ > k H J FDK C =`R c >Qc EGP Ul+DE >�I*I*P E�ReR K C E =nRdRdL E @ f ( F*I =?F!\ K C*ENYB>7h/=`YiL!Y F*EGQ E�ReR >�PlkKF L!YiW EGP.@ f C*@�c!R
F*EGE I*EGI K @ I*E�X =7'XE P > c >�Q[Z�E K f P @�Y > RR@QL*PRQ E�KR@ > I*EMReKR=?F > KR=?@XF�= F > O0/gP21 U +.=IK C*= F > Q EGPeK >�=?F
>�PREG> H /2F =?F*=IK =L> X�> KeK EMY1c�KFKR@ RR@�XY'XE K C*E c*P @�W!X?EMY�W8k�L!R =`RFYB>�I*E = Foi V j H J F�KRC*=`RFc > c�E PGU +DE +.=`XnX



��
���
 � � �b� � � ��� 	 S

CA B
D

E

%�=n\�L*P E G�H V 5 /2F;E h >QY:c!X?E @ f >�F;>�I_) C*@�Q;+.=?PREMX?EMRdR.F*EMK,+#@XPeZ

PREGQ @XF!R =?I*E P K C*E5c PR@�W!X E�Y >�F*IBc PR@G'�=?I*E >iY L*QSCBW�E KdKREGP YB>7h/=`YiL�Y F EGQGEMRdRR>�Pek(C @�c(QG@�L F K H8U =nKRC*@�L�K
X?@�ReR @ f \XEGF*E P >QX =nK k�U8+DE;>QReRdL!Y E;K C >7K >QX`X K C*EBY @�W*=nX?E1ReKS>7K =?@�F!R >�P EBX?@�Q > KREGI�+.=nKRC*=?F->�F'>�PREG> @ f >
QG=?P Q�X E2+.=nKRCH> PR>�I*=nL!R : U :w< G U*>�F*IBK C*E5KRP >�F�RdY =`RdR =?@XF(PR>�F!\XE @ f > X`X,KRC*E F*@�I*E�R.=nR G >QRdReL!YB= F!\iK C EMk
L!RREOK C*E (�h/E IDK PR>�F!ReYB=nRdRR= @XFBc @v+#EGP H
U C*=`Ric*>Qc�E P =`R @XPd\X>�F*=�� EGI�>QR f @�X`X @v+ R 5 N/EGQ K =?@�F'VK=`R+KRC*E F*@ KS> KR=?@XF!R H N/EGQ K = @XF S c!L�KdR f @XP +D>�P I

K C*E;c PR@�W!X E�Y H N�EGQMKR=?@XF G�H TH=?F8K P @/I�L*QGEMR K C*E QG=?P Q�X E1c >MQ[Z�= F!\ c*P @�W!X E�Y H N/E QMKR=?@XF GQH ] c PR@G'�=?I*EMR @�L*P
RR@�XnL�K = @XF1KR@ K C*Egc*PR@�W�X?E�Y H N�EGQMKR=?@XF G�H^b RRC*@G+ R K C E5RRC >MPdc*F*EMRdR @ f @QL*P R @�X`L�KR=?@XF H /2F I;N/EGQ K =?@�F G�H^a =`R
K C*E QG@�F*Q�XnL!RR= @XF H

acb�� ��k�h��Vhrqskif
	

U E Q >�FDL!RRE > RR=`Y:c!X EF\XP >Qc C�� I � -�
���� 3 K @ PREMc*PREMRREGF8K >BO0/gP21 U U +.C EGPRENK C*E	'XE PeKRE hDRRE K�
3=`R
K C*E QG@QX`X?E QMKR=?@XF @ f Y @�W*=nX?E ReKS>7K =?@�F!R +.=nKRC*=?F;KRC*E +.=?PREMX?EMRdR F*E K,+D@XPeZ H /�F;E I!\XEOW EMK,+#EGEGF�K,+D@:ReK > K = @XF!R
� >�F*I�� I*E F*@QK E I?W8k ��� � Y E >MF!RFK C > KNW @QK C @ f K C*EMY >�PREw+.=IK C*= F EG>�QSC�@ K C*E P'[ RNKRP >�F!ReYB=nRdR =?@XF
P >�F!\�E H�U E >QReRdL!Y EFK C >7K K C*=nR \XP >Qc C�� =nR ( F*=IK E >�F*I QG@�F*F*EGQ K E I H

N/EGE >MF E h >QY:c!X?E#@ f >J+.= PRE�X E�ReR F*EMK,+#@XPeZ =?F)%�=`\QL*PRE G�H V H U C*E PRE.>�P Ek(r'�E ReK > K = @XF!RV/ U/e�U A2U�� U >�F I
17=?F O0/gP21 UFH U C*E QG= PRQMX?E >�P @�L*F*I E >MQSC @XF E PRE�c PRE�R EGF8K R =nKdR5K PR>�F!RdY =`ReRR= @XF P >�F�\XE H+U +D@ 'XE PeK = QGEMR
>�PRE QG@XF*F EGQMKREGI = f >�F*IH@XF!XIk = f KRC*EMkH>�P E +.=IK C*= FHEG>�QSC @QKRC*EGP\[TR K P >MF!RdY =`ReRR=?@�FHPR>�F!\XE H U C*E P E�RdL�XnKS>MF K
\XP >Qc CH=nR RRC*@G+.FK= F�%�=`\QL*PRE G�HTS�H



T ������� �����	��

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

B

C

E

A D

%�=`\�L PRE G�HTS`5 U C*EO\XPR>Qc*C K C > K.P E�c*P E�R EGF8K R2>�F;>�I_)0C @/Q;+.= PRE�X E�ReR F EMK,+#@XPdZ
acb�� ��������jlk
	��
���

J F�KRC*=`RFc*>Qc�E PGU\+#E >�I*I*P E�RdRFKRC*E =`RdReL*E @ f ( F*I*= F!\(@�L�KFKRC*E YB>7h/=`YiL!Y F*E QGE�ReR >�Plk F L!YiW EGP @ f C*@�c!R
F*EGE I*EGI4KR@ I*E�X =7'XE P >Nc >MQ[Z�EMK f PR@QY3>NR @�L*P QGE K @ > I E�ReKR=?F >7K =?@�F = F > O0/gP21 U +.=nKRC*=?F > QGE PeK >�=?FB>�PREG> H
U =nK C @�L�KNX?@�ReR @ f \XE F*EGPR>QX?=IK kXU +#E >QReRdL!Y E K C > K >QXnX K C*E:Y @�W*=`X EiReK > K = @XF!R >�P E +.=IK C*= F >�F->�P E > @ f >
QG=?P Q�X E2+.=nKRC > PR>�I*=nL!R : U :w< GQH U +D@:ReK > K = @XF!R � >�F*I � Q >�F QG@QY1YiL F*=?QG> K E4+.=nK C EG>�QSC @QK C*E P = f >�F I
@XF!Xnk = f K C*E =?P \XEG@Q\XP >Qc C*=?Q I*=nReKS>MF*QGE =`R X E�RdR K C*>�FH@�P�E\&�L*>QX K @ G�H eD>QRRE I @XF K C*E >QW @v'�E I E�RRQ PR=nc�K = @XF U
> R =`Y:c!X?Eg\XP >Qc C�� QG>�F�W�E I*PR>G+.F K @ P E�c*P E�RRE F8K KRC*E O0/5PJ1 U +.=nK C =?FBK C*=nR QG= PRQ�X E H U C E+YB>7h/=`YiL�Y
F*EGQ E�RdRR>�PekKF L!YiW EGP2@ f C*@�c!R K @ I E�X?=Y'XE P2>:c >�Q[Z�E K f PR@QY6>:RR@�L PRQGE+K @ > I*E�RlK = F > K = @XFK=nR2>MQMK L*>QX`XIk;K C*E
I*=L>QY EMKREGP @ f K C EN\�P >Qc*C � H

acb�� ��qdjlo���������o��4q f���� jlk
	������

eDE f @XP E +#EBc*PREMRREGF8K @�L*P PRE�ReL!XnKGU8+DE(= F8K PR@�I!L*Q E4K C E QG= PRQ�X E4c >MQ[Z�= F!\ c*P @�W!X?EMY +.C =?QSC X?EG>�I!R KR@ @�L*P
RR@�XnL�K = @XF H

U C*E-<A02EH<A143��;_��;9;3AE`3
�b5Y<`GF02>YZgc*PR@QW!X?EMY =`R K @ QG@XF�RR=?I EGP C*@G+ K @ ELX�EGQ K =Y'XE�XIkBc >�Q[ZBF*@XF_) @G'XEGPeXL>Qc�c*=?F!\
RdYB>QX`X Q =?PRQMX?EMR�� Rec*C*EGP E�R�@ f K C E+RR>QYBENRR= �GE =?F8K @B>1X?>�Pd\�E Q =?P Q�X?E � Rdc C*EGP E >QR YB>�F8k;>QR c @�ReRR=`W�X?ENRR@1KRC > K
K C*E�6Y3A>b_A02@"!Q,�# 5$�b5Y<`GF02>YZ�UG+.C*=?QSC =`R K C*E P >7K =?@.@ f K C*E PREM\X=?@XF%� Rdc >MQGE @/Q Q�L!c =?EGI+W8kNKRC*E QG=?P Q�X E�R��7Rdc*C*E PREMR
K @ K C*E +.C*@QX?E PREM\X=?@XF%� Rdc >MQGE�U =nR.>QR XL>MPd\XE >QR c @�RdR =`W!X E H
U C*E�C*=`RlK @XPlk�@ f Q =?PRQMX?E � Rdc*C EGPRE c*>�Q[Z =?F!\ c*P @�W!X?EMY \X@�E�R W*>�Q[Z KR@ KRC*E�E >MPdXnk G#b W�WQRGUG+.C*E F >QRlK P @XF*@�Y EGPs)

Y > KRC*E�YB> KR=?QG=?>�F J�@XC*>�F*F*EMR'& E�c�X?EGP >QReRRE PeK E I�KRC > K F*@�Rdc*C*E PRE:c >�Q[Z =?F�\HQ @�L!X?I W E:W EMKeK E POKRC >�F�K C*E



��
�� 
 ��� � ��� �	� � ��� � �)! � � ����� � � ]

%�=n\�L*PRE G�H T 5 /
c8k�P > YB= I;= FBK C*EQ%�>�QGE ADE F8K EGP EGI A L�W*=?QORdc C*EGP E+c >MQ[Z�= F!\

% >MQGE ADE F8K EGP EGI A L!W =?Q - %�% A 3 c >MQ[Z�= F!\ H U C*E]%�% A c*>�Q[Z =?F!\B=`R K C*E F > K L P >QX @XF*ENK C > K2>�P =`RREMR f P @�Y
c >�Q[Z =?F!\:Rdc C*EGP E�R =?F;>:c8k�P > YB= I U*>QR R C*@G+.FK=?F�%�=n\�L*P E G�H T H
E���� Z ��'
	 �� )+&<-������Q/=�. =� P 9;3"6Y3A>b_A02@"!�,�#]5/>%! _��;9;3AEH3 �b5Y<`GF02>YZ
02>#@29YEH3`3A8�6/02*-3A>b_A0:,F>�5/1?_��b5Y<`3 04_
5/@k*-,=_A@�
���� G m�� B�9Y0:<`9�04_Q@29;3 6Y3A>b_A02@ !�,�#h@29;3������ �b5Y<`GF02>YZ��

/gXnKRC*@�L!\�C�K C E & E�c!X EGP Q @XF�� E QMK L PRE;X @/@�Z R F > KdL*P >QX U�=IK =nR 'XE Pek�I*= T Q�L�XnKNK @ c*P @G'XE H t E QGEGF8KdXnkXU >
V ] W^)2c >Q\XEFc*P @/@ f @ f K C E & EMc!X?E P QG@XF�� E QMKdL*PRE	+ > R QMXL>�=nYBE I(=?F#i T j H

AD@�Y1c*>�PRE I +.=IK CBK C*E I*=UTBQML!XnKR=?EMR @ f KRC*E & E�c!X EGP.QG@XF�� EGQMKdL*PREMU<KRC*EOc*PR@QW!X?EMY @ f QG=?P Q�X EFc >�Q[Z =?F!\ =?F
K C*E c!XL>MF*E.C >QR W�E EGF4R @�X7'�EGI +.=nK CBE >QR E H U C*E PREMRdL!XIKD=nR ReKS>7K EGIB=?F K C E f @�XnX?@G+.=?F�\FX?E�Y:YB> H�J K +D>QR (*PdReK
c*PR@G'XE I W k / h/EMX U C L*E =?F G m��XW H J F(@XPRI*E P KR@iY > Z�E�@�L P c >Qc EGP RRE�X f )0Q @XF8KS>�= F*EGI Ug+#E�=?F*QMX`L*I E�> c*P @/@ f
c*PR@G'�=?I*E I�= F�i aFj +.=nKRC KRC*E f @QX`X?@G+.= F!\BRdX =`\XC8K QSC >�F!\�E 5 +.C =`X?E KRC*E1c PR@�@ f = F�i aFj L!R E�RiL*F =nK QG= PRQ�X E�RFK @
c >�Q[Z4KRC*EOc!XL>�F E�U_+#EOL!RRE Q =?PRQMX?EMR @ f P >�I*=nL!R G �XV+KR@ c >�Q[Z4KRC*EFc!XL>MF*E =?F(@XP I*EGP KR@ W�E Q @XF!RR=nReKREGF8K +.=nK C
K C*EOc*P @/@ f @ f�U C*EG@�PRE�Y G = FKN�EGQMKR=?@XF G�H^]�H

 ���	�?� 
 P 9;3 ,���@ 02*]X�*��b5Y<`GF02>YZ
,�#Q<A02EH<A143`_ 02>�@ 9;3$��1U5/>?3�9b5F_ 6Y3A>b_A02@"!!
���� G V���B�9Y0:<`9-04_ @29b5/@D,�#
@ 9;3 9;3#" 5=ZY,F>�5/1 �b5Y<`GF02>YZ�_`9;,FB^> 02>$��0UZ/XYEH3&%��('��

3+ =& &(0*) U EFYB>#k1RdL�c!c�@QRRE +.=nKRC*@�L�K X @�RdRD@ f \XEGF*E P >QX =nK k:K C >7K +DEOL!R E QG= PRQ�X E�R @ f PR>�I*=`L�R G �XVNKR@ c >�Q[Z
K C*E c!XL>MF*E H N KS>�PlKc+.=IK CB>�F >�PeW*=nKRP >�Plk c >�Q[Z = F!\ @ f QG= PRQ�X E�R @ f PR>�I*=nL!R G �XV =?F K C*E c!XL>�F E H /�PR@�L F*I E >MQSC
QG=?P Q�X E I*P >u+
> QG@XF QGEGF8KRPR=?Q Q =?PRQMX?E @ f P >�I =`L!R G ��� S�H - U C*E PREG>QRR@�F�KR@BQSC*@�@�R E G ��� S >QR K C*E PR>�I*=`L�R @ f
K C*E QG@XF QGEGF8KRPR=?Q QG= PRQMX?E =`RD+.C*E FDKRC*PRE E G ��V PR>�I*=nL!R.QG=?P Q�X E�R >�PREOc >MQ[Z�EGIKF*E h�K K @ E >�QSCH@QK C*E P+�eL!ReK X?=nZ�E



b ������� �����	��

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

%�=`\�L PRE G�H^]_5 U C*E C*E h*> \X@XF >QX Q =?P Q�X?EFc*>�Q[Z =?F!\ @ f K C*EOc!X?>�F*E

1/2

1/sqrt(3)1

23

%�=n\�L*P E G�H^b_5 U C*EOc!XL>�F ENc*>�PeKR=nK = @XF = F*I!L*Q EGI�W k;> RR>QY1c�X?E QG= PRQMX?E5c >MQ[Z�= F!\
>QR+R C*@G+.F-=?F KRC*E1X E f KNc >�PlK @ f %�=n\�L*P E G�H^b U.KRC*E K C*P EGE Q EGF8K E PdR Q >�F f @XPdY >MF E\&�L =`XL>7K EGPR>QX KRPR=L>MF!\�X?EMU
K C*E F4K C*E K C*P EGE�QG@�@XPREMRdc @XF*I*= F!\ Q @XF*QGE F8K PR= Q2Q =?PRQMX?EMR#QG>�F = F KREGPeRREGQ K.> K K C*E Y =?I*I!X E.@ f K C E2E'& L*=nXL> KREGPR>QX
K PR=?>�F!\�X E H 3 U C*E PRE�>+c >�=?P @ f QG@XF*Q EGF8K P =?Q�QG=?P Q�X E�RD@G'�EGPdX?>Qc U � @X=?F K C EG=?P c @X=?F8K R @ f = F8K EGPeRRE QMK = @XF(>�F I;L!RRE
K C*=nR >QRgK C E:W*>QRRE @ f K,+#@H=nRR@�R QGEMX?E�R5KRPR=?>�F!\�X E�R HOU C*E Q EGF8K E PdR @ f E >�QSC QG= PRQMX?E f @XPeY KRC*EiK C*= PRI '�EGPeKRE h
@ f EG>�QSC�KRPR=?>�F!\�X E H J F K C*=nR + > kXU KRC*EOc!XL>�F E QG>�F�W�EOc >�PlK =IK =?@�F*EGI(= F KR@ K C*P EGE PREM\X=?@XF�RGU�>QR.I*EMc*=?Q K EGI;=?F
%�=`\�L PRE G�HTb�H

G�H U C*E =`R @�RRQ E�X E�R K P =L>�F!\QX?E�R 5 = f KRC*EBK @�c >�F!\�X E @ f K C*EBKRPR=L>MF!\�X?E =`R � P >MI*=L>�F�RGU K C*E F =IK R >�P E > =`R
B G � � S F V R =?F � �XV I RR= F � � b >�F*I	KRC*E >�PREG> @ f K C*E4RREGQ K @XP =nR - G �XV 3 V � �XV I � �/m U R @ K C >7KiK C*E
c >�Q[Z = F!\ I*EGF!R =nK k =nR

� �lm
RR= F � � b I S �

T�RR= F �
�

+.C*E PRE � PR>�F!\XEMR W EMK,+#EGEGF W2>�F*I 
�� S P >MI*=L>�F�R H.U C*E YB>7h/=`YiL�Y 'M>QX`L E @ f K C E#I*E F!RR=IK k =`R 
���� G V/U
> KeKS>�= F*EGI;> K � I 
�� S P >�I*=?>�F!R H

V H t.E�\X= @XF!R @ f K C*E XL>�Pe\XEGP QG= PRQ�X E�R�F*@QK�= F >1KRPR=L>MF!\�X?E 5 C*E PRE KRC*E P E�\X= @XF!R�>MPRE R EGQ K @XPeR @ f >4c >�= P�@ f



��
��7
 ��� � 	 ��� � � � � � a
QG@�F*QGE F KRPR= Q Q =?P Q�X?EMR @ f P >�I*=nL!R G �XV >�F I G ��� S U!R @:KRC*E I*EGF�RR=nK k =`R

� G �XV
G � � S�� V I S

T�� 

� G V R

S�H t.E�\X= @XF!R F*@QK.= F;>�F8k(QG= PRQ�X E 5 C*E PREFK C E I EGF!R =nK k =`R � EGP @ H
N/=?F*Q E�KRC*EKI EGF!R =nK k'@ f EG>�QSC PREM\X=?@�F @ f Rdc >MQGE =nRB>7K4Y @�ReK 
�� � G V�U K C*EHI*EGF!R =nK k'@ f KRC*=`R Q =?PRQMX?E

c >�Q[Z =?F!\ =nR > K YB@�RlK 
�� � G V H % L*PlK C*E PdY @XPREMU�> c >�Q[Z =?F�\ Q >�F @XF�Xnk�W�E @Qc�K =nYiL!Y +.C*EGF�=IK Q > L!RREMR
Rdc >�Q E+KR@1W E I*=7'�=?I EGI;=?F8K @ E'& L*=nXL> KREGP > X K P =L>�F!\QX?E�R H U C*=`R @XF!XIk(C >Qc!c EGF�R f @XP KRC*E C E h >Q\X@XF*>QX c >�Q[Z =?F�\
@ f % =`\�L*P E G�H^]�H

9;���?�! =6 � ) U C*E2> W�@G'XE X?EMY1YB>�QG@�F*QGE PRF!R#QG=?P Q�X E c >�Q[Z =?F!\ =?F8KR@ >�F:L*F!X =`Y =nKREGIiRec >�QGE H P�@G+ Q @XF!RR= I*EGP
K C > K R @�Y E;Q =?P Q�X?EMR��
	.@ f P >�I*=nL!R G �XV >�P EBc >�Q[ZMEGI = F KR@ > X?=`Y =nKREGI-P E�\X= @XF RdL QSC >QR > XL>�Pe\XE Q =?PRQMX?E
+.=nK CK> PR>�I*=nL!R�� H %�P @�Y F*@G+ @�F Ul+DE+L!RRENK C*E F*@QK > K = @XF
� -�� 3 K @ PREMc*PREMRRE F K > Q =?PRQMX?E +.=nKRCK> P >�I =`L!R� H;J F�KRC*E1c PR@�@ f @ f�� E�Y:Y > G U +DEBI*P >u+ > QG@�F*QGE F KRPR= QBQ =?PRQMX?E�� - G ��� SP3 >�PR@QL*F*I E >�QSC��
	 H N/= F*QGE
>QX`X QG= PRQMX?E�R��
	 >�P E +.=IK C*= F >HQ =?PRQMX?E�� -�� 3 U�>QXnX K C*@�R E QG= PRQMX?E�R�� - G ��� S(3 Y L!ReK W�E +.=IK C*= F�KRC*E Q =?PRQMX?E� -�� C G � � S H G �XV 3 +.C*=?QSC =`R�QG@XF QGEGF8KRPR=?Q +.=IK C�� -�� 3 HFU C L!R5K C*E c PR@�@ f @ f�� E�Y:Y > G Q >�F RlK =nX`X�W�E
>Qc!c!X =?EGIBKR@ KRC*EOX?=nYB=IK EGIBPREM\X=?@XF�� -�� C G � � S H G �XV 3�� KRC > K =`R U

� 	 - >MPRE > @ f �
	 3
>MPRE > @ f � -�� C G � � S H G �XV 3�� 


� G V R
%(L PeK C EGPdY @XP E�U � E�Y:YB> G R C*@G+ R K C*> K�
���� G V =`R K C ENW E�RlKgL�c!c�E P W�@�L F*I f @�P K C*E P >7K =?@ @ f K C E >MPRE >
@ f >QXnX��
	:[TR K @ K C E >MPRE > @ f � -�� C G ��� S H G �XV 3 U =?FBK C*E QG>QRREOK C >7K�� -�� 3 =nR RdLbT Q =?EGF8KdXnk XL>MPd\XE P K C >�F
E >�QSCH@ f KRC*EORdYB>QX`X�QG= PRQ�X E�R �
	 H
acb"! # n;j%$4k
� nJhrqskif

e >QRRE I @XF;K C*E�>QW�@G'�EFX?E�Y:YB> U�KRC*E f @�XnX?@G+.=?F�\ =nR @�L*P P E�ReL!XnK @ f K C*EFYB>7h/=`YiL�Y3F*EGQ E�RdRR>�Pek C @�c(QG@�L F K
K @ I*E�X =7'�EGP > c >�Q[Z�E K f P @�Y > RR@QL*PRQ ENKR@B> I*EMReKR=?F > KR=?@XF = F;O0/5PJ1 UFH
E�����&( =��� 
 L�_`_AX�*-3�@ 9b5/@ 5/121�@29;3 *-,/.'02143 _A@ 5/@ 0:,F>b_ 5/E`3 B^02@ 9Y02> 5/> 5/E`3d5-,�# 5
<A02EH<A143�B^02@ 9�5�Ea576/02X7_



m ������� �����	��

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

u u D D+1=vuuu=u1 32

%�=`\�L PRE G�H^a_5 /ARRC @XPeKRE�ReK c > KRC W�E K,+DE EGF � >�F*I �
: � :0< G �$P 9;3�@ Ea5/>b_A*]04_`_A0:,F>�Ea5/>YZY3-,�#-3d5Y<`9 *-,/.'02143)_A@:5/@C0:,F> 04_ G ���"3A>?,F@ 3]@29;3)Z/Ea5 �;9�ZY3A>?3AEa5/@ 3d6
. !�<`,F>;>?3`<A@C02>YZM5/121 �b5/02EH_�,�#��/3AEA@ 0:<`3`_ B^02@ 9Y02>�3d5Y<`9J,F@29;3AE�� _)@ Ea5/>b_A*]04_`_A0:,F> Ea5/>YZY3]5F_ ��� @29b5/@D04_ �D@ BD,
�/3AEA@ 0:<`3`_ 5/E`3J<`,F>;>?3`<A@ 3d6 0 # 5/>�6 ,F>;1 ! 0 #�@ 9;3A02E
ZY3`,dZ/Ea5 �;9Y0:< 6/04_A@ 5/>?<`3 04_�143`_`_ @29b5/> ,FEc3	�'Xb5/1�@ , G �
P 9;3A> 5/> X � �;3AE-.A,FX�>�6 # ,FE�@ 9;3
6/0 5/*-3A@ 3AE
,�# � 04_ >,?@ A2B : C E@ A^F V H G � 02>�,F@29;3AE BD,FEa6F_ ��02@�@:5FG73`_
*�5 "�02*]X�* >,?@ A;B :DC E@ AGF V;H G;I >,? K,M@ A CON - : 3 >?3`<`3`_`_'5/E !"9;,��;_h@ ,-6Y3A1 0
�/3AEQ5 �b5Y<`G73A@ # EH,F* 5�_=,FXYEH<`3
@ ,-5M6Y3`_A@ 02>�5/@C0:,F> �

3+ =& &(0*) � E K�� W EBK C*E I*=?>QYBE K E P @ f K C*E \XPR>Qc*C � H ADC @/@�R EBK,+D@�'XEGPlK = QGE�R � U �?RdL QSC K C*> K K C*E
I*=`RlKS>�F*Q EH= F � W EMK,+#EGE F � >�F I ��U�
���- � � � 3 U#=nR�� � K C >7KB=nRGU�
��8- � ��� 3 I � H U C EGF KRC*EGP EHE h/=`ReK
I*=`RlK =?F QMKD'XE PeKR=?QGEMR � 	 U G ��� � � C G U!RdL*QSC�K C >7K

� I � E � � M � � A � ����� � ����� ����� E I �

=`R.> RRC*@XPlK EMReK c > KRCH@ f X?E F!\QKRC�� W EMK,+#EGE F � >�F I � -�RRE EQ%�=`\�L PRE G�H^aP3 H
U E I*E\(*F*E�>ORRE K�� I � � 	 5 � =nR @/I I"! H U C*E F4K C*E RR= �GE @ f ��U I*E F*@QK E I;W8k$# ��# U =nR&%s-'� C?GG3 �XV)( HVU E

Q >�F�c*PR@G'�E+K C*> K*� =`R >�Fc02>�6Y3��;3A>�6Y3A>;@�_=3A@ @ f 'XEGPlK = QGE�R H /�FH= F*I*E�c EGF I*EGF8K RREMK�@ f 'XE PeK = QGEMR2=`R I E\( F*E I
>QR > R EMK�@ f 'XEGPlK = QGE�R.= F +.C =?QSC K C*E PRE =`R F*@ EGI�\XEOW�E K,+DE EGF >�F8kBc*>�=?P @ f 'XE PeKR=?QGEMR�= FBK C*EORRE K H

) 	 � ��� 
 5 � =`R.>�F = F*I*E�c EGF I*EGF8K RREMK @ f 'XE PeKR=?QGEMR�= F \XP >Qc C � H

+DEH,=,�#h,�#&��1U5/02* %�� N�L!c�c�@�R EgK C*> K�� =nR#F @QK >MF =?F I*E�c EGF*I EGF8K RRE K U�K C > K#=`R U8K C*E PRE2E h/=`ReKdR > K X?EG>QReK#@XF*E
EGI!\XE:W EMK,+#EGEGF�RR@�Y E c >�= P @ f '�EGPlK =?Q E�R =?F$� HwU =nK C @�L�KOX?@QRdR @ f \XEGF*E P >QX =nK k�U\+DEB>QRdReL!Y E KRC > KOK C EGPRE
>�PRE K,+#@ 'XE PeK = QGEMR � M-, � E U � M/. � E = F0�DReL*QSC K C >7K*1 � 2 >�F*I � M-, � E � � M/. � E H e kDKRC*E I*E\(*F*=nKR=?@XF @ f
� U KRC*E4K,+#@ 'XE PeK = QGEMR >�PRE @�F?K C*E4RRC*@XPlK EMReK c > KRC f PR@QY � K @�� H U C*EGF K C E;RRC*@�PeK EMReK c >7K C-QG>�F W�E
PRE�c PRE�R EGF8K E I >QR

� I � E � ����� � � M-, � � M-, � E � � M/. � E



��
��7
 ��� � 	 ��� � � � � � �

� � M/. � M � ����� � ����� E I �

U C*EOX?EGF�\QK C @ f K C*=nR c > KRC U >QR P E�c*P E�RRE F8K EGI�U�=nR*� HWi7- V 2 C Gv3 H - V 1 C Gv3 j(C G I � C V 1	H�V 2 C G�H
J K.=`R X?EMRdR K C*>�F � H U C*=`R Q @XF8K PR>�I*=?Q K R KR@ 
���- � ��� 3�I � H U C*E PRE f @XPREFK C EGPRE =nR F*@ EGI!\XEOW EMK,+#EGE F >�F8k
c >�=?P @ f '�EGPeKR=?Q E�R =?F�� � =?F @QKRC*EGP +#@XPRI�RGU � =`R.>MF;= F*I*EMc�E F*I*EGF8K RRE K�= F � H

e k;A XL>M=`Y G >MF*I�KRC*E I*E\(*F*=nKR=?@XF @ f � U_+DE C >u'XEOK C*E f @�XnX?@G+.=?F�\ Q�X?>�=`Y H
) 	 � ��� � 5 U C*E+\�EG@�\XPR>Qc*C*= Q�I*=nReKS>MF*QGEOW EMK,+#EGEGF >�F8kBc >�= P @ f '�EGPlK =?Q E�R =?F � =nR XL>�Pe\XEGP K C >�F G�H
U C*EGF U f @XP2EG>�QSC.'�EGPeKRE h � 	�� ��U +#E I*EA( F*E > QG= PRQ�X E�� 	9+.=nKRC >BQ EGF8K E P > K � 	�>�F*I.+.=IK CK> P >�I =`L!R

@ fgG �XV H e k A XL>M=`Y6V/U K,+#@;Q =?P Q�X?EMR�� , U�� . >�PRE I =`R � @�=?F8K = f 1	�I 2 H N�=?F*Q E >QX`X.K C*E '�EGPeKR=?Q E�R =?F �K>�PRE
QG@G'XE PREGI W8k�K C EBQ =?PRQMX?E�� - : 3 U >QX`X KRC*EBI =`R � @�=?F8K QG= PRQ�X E�R
� 	 - � =nR @/I*I 3 QG>�F?W EBQ @G'XEGP EGI	W8k >DX?>�Pd\�EGP
QG=?P Q�X E F >QY EGI � - :;C G ��V 3 +.C*=?QSC C >QRFKRC*E R >QY E QGE F KREGP >QRFK C*E Q =?PRQMX?E � - : 3 >�F*I C >QR >(P >MI*=`L!R @ f
: C
G �XV -�R EGE
% =`\�L*P E G�H m f @XP >�F E h >QY:c!X E 3 H P�@G+ +#E Q >�F PREMXL> KRE KRC*=`R I*=?>QY EMK E PFc*PR@QW!X?EMY�K @ K C*E
QG=?P Q�X E5c >�Q[Z =?F�\1c*P @�W!X E�Y;U�K C*> K =`R U*C*@G+ KR@ ELX�EGQMKR=7'�E�Xnk4c >�Q[Z;KRC*E�R E F @XF_)0@G'�EGPdX?>Qc!c*= F!\ QG= PRQMX?E�R�� 	c- � =`R
@/I*I 3 >QROYB>�F8k >QRNc�@�ReRR=nW!X?E =?F8KR@ KRC*E4X?>�Pd\�EGP QG= PRQMX?E�� - :;CAG �XV 3
� e k K C*E PREMY >MPdZ R f @QX`X?@G+.= F!\;K C*E
c*PR@�@ f @ f�� E�Y:Y > G =?F N/E QMK = @XF G�H T - P @QK E KRC > K KRC*E QG= PRQMX?E�� -�� C G � � S H G �XV 3 = F K C*E P E�YB>�PdZNRRC @�L!X?I
W�E QG@�Fg'�EGPlK EGIDK @�� - : C G � � SP3 RR=?F QGE � I :DC G �XV H 3 U`+DE C >u'�E

� 	 - >MPRE > @ f � 	 3
>�PREG> @ f � - :DC G � � S(3 � 


� G V �

+.C*EGP E � - :pC G ��� S(3 =`R KRC*E.QG= PRQ�X Ei+.C*= QSC C*>QR K C*E RR>QY E QGEGF8KREGP >QR K C*E Q =?P Q�X?E�� - :P3 >MF*I C >QR > P >�I =`L!R
@ fV:DC G ��� S�H U C L!R

# ��# 
 B EM F V

 B : C E@ A F M � 


� G V R
N/@�X7'�= F!\ f @XP�# ��# U

# ��# � V�

� S

� : C G
� S � V R

N/=?F*Q E�# ��# I %d- � C Gv3 �XV)(�� -'� C Gv3 �XV/U*+DE C >u'XE
� � V�# � #uH G � T 


� S
� :DC G

� S � V;H GPR



G W ������� ��� �	�/

��� � ����� � � � � ��	 	�������� ��� ����� � ����������� ��� � ��� ����� � �"!c� �$��� � � �

r+1/2r

1/2

1/2

1/2

% =`\�L*P E G�H m 5 /gXnX K C*E�� 	:[TR >�P E QG@G'XE PREGI W k(> Q =?PRQMX?E�@ f PR>�I*=`L�R : C*G �XV

N/@*U =IK K >QZ�EMR Y >=h =nYiL!Y >,?@ A B : C E@ A F VDH GJI >,?LK,M@ A C N - : 3 F EGQGEMRdRR>�Pek(C @�c!R KR@ I*E�X =7'�EGP > c*>�Q[Z�E K
f PR@�Y > R @�L*PRQ EFK @B> I E�ReKR=?F >7K =?@�F H

acb�� $ �
��j�� f�� 	 	 #�� ������� �	�2q
��n�� ��� o � 	 	 ��j�

��k�� � kin fih

J F:KRC*=`R RRE QMKR=?@XF U(+#E R C*@G+%K C E R C >�Pec*F*E�ReRD@ f K C E YB>7h/=`Y L!Y F EGQGEMRdRR>�PekBC*@�c QG@�L F K H U C*E =?I*EG> =`R X?=nZ�E
K C*=nR 5 = f +#E Q >�FK>�QMKdL >QX`XIk Q @XF!ReKRPdL*Q K > \XP > c*C���+.=IK CH> I*=?>QY EMK E P.@ f T 
 : V���� S4C N - : 3 =?FH> Q =?PRQMX?E� - :P3 U�KRC*EGF @�L*POYB>7h/=`YiL!Y F*E QGE�ReR >�Plk C*@�c�Q @�L*F8K >,?@ A B : C E@ A F V H G =nR;'XE Pek Q�X @�RRE K @;@�c�KR=`YiL�Y
+.=nK C @XF!XIk >HI*=YX�E PRE F*QGEB@ f N - :P3 H4U C*EBQG@XF�ReK PeL*QMKR=?@XF�@ f ReL*QSC�> � =nR+W > RREGI�@XF->�c >�P > X`X?EMX?@�\�P >QY
c >�Q[Z =?F!\ =?F8K @ KRC*EHQ =?P Q�X?E�� - : 3 H eDE f @�PRE K C*E QG@�F!ReKRPdL*Q K =?@�F Ui+#EDc*P E�R EGF8K;R @�YBE;>QReRdL!Y:c�KR=?@XF!R >�F I
c*PR@�c EGPlK = E�R.@ f K C*EOc >�Q[Z = F!\1L F*=nK��lc >�P > X`X?EMX?@�\�P >QY�� H

� E K�� - W � � � Gv3 W E > c @�RR=IK =7'�E PREG>QX F L!YiW EGP H U E I*PR>u+ > c >�P > X`X?EMX?@�\�P >QY���� � � H U C*E F.+DE
QSC*@/@QRRE4c @X= F KdR�� >�F I � @XF�K C*E1RR=?I EB@ f ���KU�>�F*I�QSC @/@�R E > c�@�=?F8K�� @�F�K C E1R =?I*EB@ f � � ReL*QSC
K C > K�# � ��# I # � � # I G C �GU # ����# I G U�# � � # I G H�� >�F*I #�� ��# I # � � # I # ��� # I � U\+.C*EGP E
# # P E�c*P E�R EGF8K R:K C*EBX EGF!\QKRC�@ f >�X =?F*E1RREM\�YBE F8K H - N�EGE�%�=n\�L*PRE G�H � H 3�U C*E F # ����# >�F*I # � � # Q >MF
W�E L*F*= & L*E�XIk I*E K EGPeYB= F*EGI =?F KREGPdY:R @ f �NR =?F*Q E������ � =nR >Bc >�P > X`X?EMX?@�\�P >QY H P�E h�K +DE \X=Y'XE RR@QYBE
c*PR@�c EGPlK = E�R.@ f K C*EOc >�PR>QX`X E�X @�\XP > Y H

3+ =&(' �  =/ "�� � # �!� # I #�� ��# I G U # �"��# I # � � # I �GU�>�F*I # � � # I # ��� # IAGiC � H



��
���
 	b� � � ��� ��	 	 ��� � � �	����� ���o��� � � � ��	 	Y� ���o� ��� ��������� G�G

A F E

B CG D

%�=n\�L*PRE GQH � 5 /
c*>�P >QXnX?EMX?@�\XPR>QY / e � 1
U C*=`R c*P @�c�E PeK k(=nR @�W('�=?@�L!R f P @�Y KRC*E >QW�@G'�E > RdRdL�Y1c�KR=?@XF�R H

3+ =&(' �  =/ " 
 � /2F8k K,+#@ 'XEGPlK = QGE�R QSC*@QRREGF f PR@�Y RRE K R � � � � � � ! >MF*I � � � � � ��! PREMRdc EGQ K =7'�E�XIk >�PRE
> K X?EG>QReK GcC � I*=nReKS>MF*QGE >Qc >MPeK H

+DEH,=,�# ,�#�+kEH,��;3AE @"!�%��^%�=?PeReKGU�RR= F*QGE # � � # I # � � # >�F I$# � � # I # � ��# UXE�X E�Y EGF8KS>�Plki\XE @�Y EMK PlkiR C*@G+ R
K C > K K C*E KRPR=L>MF!\�X?EMR	� � �3>�F I �
� � >MPRE = I*EGF8K = Q >QX H�U C L!R # � � # I # ��� # U >�F!\QX?E�� � � � =nR�>�F >�QML�K E
>�F!\�X E�U >�F IH>MF!\�X?E�� � ��� =`R.>�F @�W�KdL!RRE >�F�\�X?E H U C*EGF�� � ��� < � � ��� =`Y:c!X?= E�R # � � # < # � � # U�R @

# �!��# I # � � # < # � ��# I GcC � R
N/EGQ @XF*I U R =?F*Q E # ����# I # � � # I G U +DE�Z F*@G+ K C*> K��
��� � =nRB> c >MP >QXnX?E�X @�\XPR>QY H U C*=nR =nY1c�X?=?EMR
#���� # I # �
��#�>�F*I�� � � � I � �
� � I � � � � < 
��XV P >�I*=?>�F!R H U C�L�R

#�� ��# < # � ��# < # � � # I # � � # IAGiC � R
U C*=?P I U RR= F*QGE�� � � � < � � � � < 
��XV P >�I =L>�F!R U`+#E C >u'�E

# ����# < # ����# < # � � # I # ����# < # � ��# I GcC � R

U C*EGP E f @XP E�U >�F8k1K,+D@ '�EGPeKR=?Q E�R QSC*@�R EGF f PR@�Y R EMK R � � � � � �&! >�F I � � � � � ��! P E�Rdc EGQ K =Y'XE�XIk(>�P E > K
X?E > ReK GcC �.I*=`RlKS>�F QGE >Qc >�PlK H

3+ =&(' �  =/ " � � U C*E >�PREG> @ f KRC*EOc >�PR>QX`X E�X?@Q\XP >QY��!��� � =`R E ���M � S4C G W � C S � M H



G V ������� ��� �	�/

��� � ����� � � � � ��	 	�������� ��� ����� � ����������� ��� � ��� ����� � �"!c� �$��� � � �

+DEH,=,�#),�# +kEH,��;3AE @"!�����e k;K C E+V k K C*>Q\X@XPR>QR K C*E @XPREMYHU�K C*E C*E =`\XC8K.@ f K C ENc*>�P >QXnX?EMX?@�\XPR>QY ��� � � =`R� # � � # M H - # � ��# �XV 3 V H U C L!R KRC*E >�PREG> @ f KRC*EOc >�PR>QX`X E�X?@Q\XP >QY3=nR

# ��� # ��� # � � # M H B�� � � �M F V
I - GcC � 3 ��� - GcC � 3 V;H B E
	 �M F V
I E ���M � S4C G W � C S � M R

3+ =&(' �  =/ "�� � #�� � # I � SJC a � C S � M H

+DEH,=,�#
,�# +kEH,��;3AE @"!�
�� ��PR>G+ >�X =?F*E RRE�\QYBE F K ��� c EGPec�E F*I*=?QML!XL>MP5K @ K C*E X?= F*E����KU >QROR C*@G+.F�=?F
%�=`\�L PRE G�HIG W H U C*E F # ��� # =nR K C*E C*E =`\XC8K.@ f K C ENc*>�P >QXnX?EMX?@�\XPR>QY;U/>MF*IDR @

# ��� # I � # � ��# M H B�� � � �M F V
I EM � S4C G W � C S � M R

/gc!c!XIk�=?F!\ K C E+V k K C*>Q\X@XPR>QR K C*E @XPREMYjK @ K C*E P =`\XC8K KRPR=L>MF!\�X?E������BU
#�� � # I � # ��� # M C #���� # M

I � # ��� # M C B # � � # C � � � �M F V
I � A � E�� �
�rA ���> C B A�� E �����M F V
I � S4C a � C S � M R

P�@G+ X?EMK�� I*E F*@QKRE5K C*E5c*>�P >QXnX?EMX?@�\XPR>QY �!��� ��+.=IK C b c @X=?F8KdR � � � � � � ��� � � �
@�F =nKdR W�@QL*F*I_)
>�Pek H U C*=nR(=`R @QL*P;c >�Q[Z = F!\ L*F*=nK;c >�P > X`X?EMX?@�\�P >QY H U E L!RRE c*>�P >QXnX?EMX c >MQ[Z�= F!\	K @ c*>�Q[Z >QRBYB>�F8k
F*@XF_) @v'�EGPeXL>Qc!c =?F!\���[TR.>QR c @�RdR =`W!X E =?F8K @ KRC*E QG=?P Q�X E � - :P3 U >QR RRC @v+.FH=?F�%�=n\�L*PRE GQHnG�GQH � E K

� I � S4C a � C S � M R



��
���
 	b� � � ��� ��	 	 ��� � � �	����� ���o��� � � � ��	 	Y� ���o� ��� ��������� G#S

A

B

E

HD

%�=`\QL*PRE G�HIG W 5 AD@QY1c!L�KS> KR=?@XF(@ f #�� � #

A E

B DC

F

%�=`\QL*PRE G�HIG�GP5 V >�P > X`X?EMX c >MQ[Z�= F!\ @ f c*>�P >QXnX?EMX?@�\XPR>QY:R#= F KR@ > Q =?P Q�X?E
e kiV�P @�c�E PeK k S UX>MF kNK,+#@5c�@�=?F8K R =?F�� >�P E > K�YB@QReK � I*=nReK >�F*QGED>Qc >�PlK H�U C*EGFiKRC*EDQ =?PRQMX?E � - : H � 3 Q @XF_)
QGEGF8KRPR=?Q +.=nKRC � - :P3 =`R EGF8KR=?PREMXnk Q @v'�EGP EGI W8k���[TR.W EGQ > L!RRE @ K C*E P +.=`R Ei+#EDQG@QL!X?I C*>G'�E c >�Q[ZMEGI @XF E Y @XPRE
�W+.=nKRC*@�L�K�PRE >MQSC*=?F!\BKRC*E W�@QL*F*I >�Plk @ f � - : 3 HNU C L!RGU�W8k�V�PR@�c EGPlK k V/U >7KFX?EG>QReK�� c*>�P >QXnX?EMX?@�\XPR>QY:R
� Q >�F�W ENc*>�Q[Z�E IK=?F8KR@ � - : 3 U_+.C*EGP E

� � /2P E > @ f � � K 	�� �/�PREG> @ f��
I ? � K 	�� � M� E ��� ��� M @ A � E�� �
�rA � �
I M ? - K 	 @ A �	� �
�rA � � 3 M� E ��� �Y@ A � E�� �
�rA � � R

� E K 
 W�E KRC*E RRE K @ f >QX`X�c�@�=?F8K R � U � U � U��HU �BU � = F ��[ R � KRC > K�=nRGU 
 I�
 � � � � � � � � ��� � � �&!
>�F*I�X?EMK # 
 # I*E F*@QKRENKRC*E F�L�YiW�E P.@ f c @X= F KdR =?F 
 H�U E C >u'XEOK C*E f @�XnX?@G+.=?F!\+c*PR@Qc�E PeK k 5



G T ������� ��� �	�/

��� � ����� � � � � ��	 	�������� ��� ����� � ����������� ��� � ��� ����� � �"!c� �$��� � � �

% =`\�L*P E G�HIG V 5 U C*E QG@�F!ReKRPdL*Q K =?@�FH@ f > c > KRC

3+ =&(' �  =/ "�� � # 
 # � V � H

+DEH,=,�#M,�#&+DEH,��;3AE @ !�� � U E4YB> k >QRdReL!Y E4K C >7K+KRC*E4c >MP >QXnX?E�X @�\XPR>QY1R�>�PRE1c >�Q[Z�E I�@XF*E4W8k @XF*EB=?F8K @� - :P3 U f PR@QY KRC*EiX?@G+#EGP5X?> kXEGP K @4KRC*E C*=n\XC*EGP XL> kXE PGU >MF*I =?F EG>�QSC XL> k�EGP f P @�Y KRC*EiX E f KgKR@4K C E PR=n\XC8K H
N/=?F*Q E E >�QSC�K =nYBE >MI*I*=?F�\ > c*>�P >QXnX?EMX?@�\XPR>QY V = F*QGP E >QR E�R # 
�#(W k > KOX?EG>QReK V�U�V�P @�c�E PeK k T C*@QX?I!RFW8k
=?F*I!L QMK = @XF H

m2>u'�=?F!\FK C E�> W�@G'XE�>QReRdL!Y:c�K = @XF!R >�F*I:c*P @�c�E PeKR=?E�R�@ f c >MP >QXnX?E�X @�\XPR>QYHU F*@G+=+#E.QG@XF!RlK PeL*QMKD>N\�P >Qc*C
��+.=IK C*= F�� - :P3 >QR f @�X`X @G+ R 5 X?E K

 W EOKRC*E	'XEGPlK E h R EMK�@ f �3>�F IDK,+#@ 'XE PeKR=?QGEMR2= F�
 >�P E Q @XF*F*E QMK E I
= f >�F*I @XF!XIkK= f KRC*EMk >�PRE > KFY @�RlK G I =`ReK >�F*Q E >Qc >�PlK H e k V P @�c EGPeK k W U\'XE PeK = QGEMR = F E >�QSC XL> kXE P >�PRE
QG@XF*F EGQMKREGI	KR@ f @XPdY >�c > KRC � >�F*I	W8k?V�PR@�c EGPlK k G U >�F8k�K,+D@ '�EGPlK =?Q E�R =?F�I =7X�EGPRE F8KiXL> k�EGPdR >�PREBF*@QK
QG@XF*F EGQMKREGI H N�@���=`R >�L*F*= @XF @ f I*=nR � @X= F K c*> K C!R H U E;QG>�F >MI*I R @�YBE F*E6+ 'XE PeKR=?QGEMR1KR@���>�F I
X?EMKgK C*EMY�W E K C*E = F8K EGPeYBE I*=L>7K E '�EGPlK =?Q E�R Q @XF*F*E QMK = F!\Bc > KRC!R @ f K,+#@H>MI��R>�QGE F8KOXL> kXE PdRGU >QRFRRC*@G+.F =?F
%�=`\�L PRE G�HIG V H N�=?F*Q E2> K X E >QRlK G F*E6+ 'XEGPlK E h =nR >�I*I*E I1K @ � U8KRC*E (*F >QX(\XP > c*CB=nR >Nc >7K C +.=IK CB> K X?EG>QReK
# 
 # C G '�EGPlK =?Q E�R H N�@B=IK C >QR > I*=L>QY EMKREGP @ f > K X E >QRlK

# 
 # � V � �
T 
 B : H � S4C a � C S � M F V- GcC � 3 � S4C G W � C S � M R



��
�� 
 ����� ��� �
	Y� � � G=]
N/=?F*Q EgK C E >QW�@G'�E >�Pd\�L�YBE F K C*@�X?I�R f @XP > X`X,KRC*E�P E >QX F L!Y W�E PdR �i+.=nKRC W � � � G U_+#E Q >�F YB>QZ�E��

>Qc!c*P @ >�QSC*= F!\ W H N/=?F*Q E
X =`Y ��� � >,? - K 	 @ A �	� � �rA � � 3 M� E ��� � @ A � E�� �
�rA � �I >,?@ A2B : H � S F V

I >,?LK,M@ A CTN - :P3 �
> \�P >Qc*C +.=nKRC > I =L>QY EMKREGP @ f T 
 : V�� � S C N - :P3 > X7+D>#k�R E h/=`RlK R -�W8k QSC @/@�R =?F!\ � 'XE Pek Q�X @�RRE KR@HW 3 H
U C*EGP E f @XP E�@�L P L!c!c EGP W�@QL*F*I f @XP K C E I*=L>QY EMKREGP4- Y >7h/=nYiL!Y F*EGQ E�RdRR>�Pek C @�cBQ @�L*F8K 3 =?F U C*E @XPREMY G U

T 

� S

� :DC G
� S � V H GJI T 
 : V

� S CTN - : 3 �
=`R 'XE Pek QMX?@�R EOKR@ @�c�K =nYiL!YW+.=nK C @XF�Xnk(> I*=YX�E PRE F*QGE @ fVN - : 3 H

acb�� � kif;o��dn
	rqskcf

J F?K C*=nR c > c�E PGU KRC*E4YB>7h/=`YiL�Y�F*EGQ E�RdRR>�Pek�F L!YiW EGP @ f C*@�c!R F*EGE I*EGI K @HI*E�X =7'�EGP >Dc >�Q[Z�E K f PR@QY >
RR@�L*P QGEBK @ > I*EMReKR=?F > KR=?@XF�C >QR W EGEGF f @�L*F I f @�P > O0/5PJ1 U +.=nKRC*=?F�> Q =?P Q�X?E @ f P >�I*=nL!R : U :x< G U
>QRdReL!YB= F!\FK C*E KRP >�F!ReYB=nRdR =?@XF P >MF!\XE @ f E >�QSC1YB@QW*=`X E ReK > K = @XF =`R G�H _ L P c PR@�@ f R RRC*@G+%KRC > K @�L P P E�ReL!XnK
=`R 'XE Pek QMX?@�R EOKR@ @�c�K =nYiL!YW+.=nK C @XF�Xnk(> I*=YX�E PRE F*QGE @ fVN - : 3 H

� � � � j%� f;o � 	
i G\j�� H e#C >�Pd\�C >u'�>MF U / H ��E�Y EGPdR U�N H N/C EGF!ZMEGPGU�>�F*I � H
	 C >�F!\ U2O / Ai/ U 5 /�OHEGI*=nL!Y /2Q QGE�ReR

V�P @QK @�QG@�X f @XP U =?P E�X?EMRdR � /5P RGU(V�PR@�Q H @ f N J�� A _ O O#[ ��T*U G ���MT H
i V j < H ADC*E F U J H N/C EGF U2>�F*I,< H � H J�=L> U4/2F�
 c�c�E P�e#@�L*F*I f @XP(>'OH@QW*=`X E /2I_) m�@�Q U =?P E�X?EMRdR

P EMK,+#@XPdZ�U,V�PR@�Q H @ f K C*E J F8K EGP F > KR=?@XF > X AD@XF f EGP EGF*Q E @XFDV�>MP >QXnX?E�X >�F*I ��=`ReKRPR=nW!L�K E I�V P @/Q E�ReRR=?F�\
U EGQSC F*=4& L*EMR�>�F*I / c!c!X?= Q > KR=?@XF�RGU JQL F*E VMWXW G U�c!c H G#b�G#a ) G#b V�W H

i SFj A H � H % L!XnX`Y EGP >�F*I J H J H�� >MPRQG=?>^) � L*F*>^),/�QGEL'�E�R U�% X @/@XP /�Q'& L*=`R =nKR=?@XF ODL!XnKR=`c!X E /2QGQ E�ReR4-C%_/�O0/ 3
f @�P V�>�Q[ZMEMK ),t�>MI*=?@1P�E K,+D@XPeZ RGU<V�PR@�Q H @ f N J�� A _ OKO#[ � ] U G ��� ]�H

i T j U E�W�c >Q\�E @ f UFH m2>QX E�RD+D+D+ H Y > KRC H X`R > H L!Y =?QSC H E I!L���� C E�X?EMR�� H



G#b ������� ��� �	�/

��� � ����� � � � � ��	 	�������� ��� ����� � ����������� ��� � ��� ����� � �"!c� �$��� � � �

i ] j A H t H � = F >�F*IHO H � EGPeXL> U O0/ Ai/��QV t 5 /�F / Rek�F*QSC*P @XF*@�L�R�ODL�XnK =nYBE I*=L> ODL!XIK =?C @�c U =?P E�X?EMRdR
P EMK,+#@XPdZ�U<V�PR@�Q H @ f�J P�% _ A _ O#[ � a U G ��� a�H

i bFj A H t H � = F >�F*I O H � E PdXL>/U t.E >QX ) U =`Y E N�L!c!c @XPeK =?F ODL!XIK = C*@�c +.= PRE�X E�ReR P�EMK,+#@XPeZ U
/ A O �/e >QXIK��GE P U =?PREMX?EMRdR P�E K,+D@�PdZ RGU ] - V 3 - G ����� 3 H

i a j � H N�L*PRE F*I*P >MF U U C*E AD@XFS& L*EMReK @ f KRC*E & EMc!X?E P AD@�F�� EGQ K L*P E�U OK>7K C�m�@XP =��G@�F!RGU m - V�WXW GG3 U�c!c H
mv) G V H

i m j J H U L >�F*I	m H � = U / I*@�Y =?F*> K = F!\S) N�EMK ) e >QR EGI�t @QL�K = F!\ N�QSC*E�Y E =?F�/2I	m�@�Q U = PRE�X E�ReRiP�E K )
+#@XPeZ�R U Rdc EGQ =L>QX =`ReRdL*E @XF U =?P E�X E�RdRgP�E K,+D@XPeZ R =?F KRC*E U E�X EGQG@QY1YiL F*=?QG> K = @XF N k�RlK EMY1R J�@QL*PRF > X U
S - V�WXW Gv3 U!c!c H(bQS ) m�T H


