
� �����������
	

� ��
���������������
�� �"!#��$&%��(' )
*,+.- /�0 13240,5.1768+9+:+9+:+9+9+:+;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ <
*,+=< >,?�@;ACBEDGFH2IAKJMLNFH2O5NPQ17RS24TU+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ V

*,+=<�+.- WX2YFMRSF RZT�[�1�+9+:+;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ \
*,+=<�+=< ?^]_]_5.RY5NFH`_J La2O13b�c_5N2O13PQ13`(RSBEDGFH2Kd_`�J Le0H172YBO5NFH` +:+9+:+9+9+:+9+ f

*,+gV >,?�@;ACBEDGFH2Eh�2SJMikj�5.`_l +;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ m
*,+n\ ho@;ACB +9+9+:+9+:+9+9+:+;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ *

*,+n\p+.- WX2YFMRSF RZT�[�1�+9+:+;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ *
*,+n\p+=< qZ`_5rRS5NJ LsRY13BORI2O13BYcpL.RSBt+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ u
*,+n\p+gV ?^]_]_5.RY5NFH`_J La2O13b�c_5N2O13PQ13`(RSBEDGFH2Kd_`�J Le0H172YBO5NFH` +:+9+:+9+9+:+9+ -"v

*,+=f @�5NBYi72Y5.Pw5.`�JMRSF 2YBxJ `_]y?zPQ[_LN5rd�132OB{+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ -"v
*,+gm |,i}J L.132OB^JM`_]y~�J�RSik�_17BU+:+;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ -"v
*,+=* �^5Nl ����F L.RkJMlH1 +:+9+9+:+;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ -H-
*,+g� W�J ikj�J lH5.`_l +:+9+:+9+9+:+;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ -H-
*,+gu �I13J ]_FHcpRI�xc_B +:+9+9+:+;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ -H-
*,+.-}v�ACFH`_BORY2Yc_i�RS5.FH` +:+9+9+:+;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ -"V
*,+.- -��tJ `_[�F"6C172�+:+9+:+9+9+:+;+9+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ -}\

-



� � ��� ����� �

� ���	� ��
 � � 
&��� ���
��� ��� 	

����� ��������� �!�#"
hE�_1 lHF(JMLaF D RS�p1%$'&)(+*-, 2Y1}JM]_FHcpRE17LN17i7RS2OFH`_5.i3BKB4T,B4RS17P 5NBCRYF ]_5Nl 5.RS5/.31^J `_]�2Y13J ] FHcpR
RS�_1E]p17RS17i7RYFH2XBY5.lH`�J L.B�DGFH2 L.170H17Le-KRS2O5NlHl 132�2YJMRS17BXF D�c_[ RSF9< v v10�243;6o5rRS�_FHc,RX5N`_i7c_2Y2O5N`_l
]_1}JM]pRS5.Pw1M+t? [p5N[�13LN5.`_13] J [_[_2OF(J ik�
5.B 2O13b�c_5N2O13]e+thE�_1�]_5.lH5.RY55.317]�5.`pDGFH2OP�JMRY5NFH`U6o5.LNL
6 1wBORYFH2Y17] DGFH2 BO170 132SJML87+9w6o�_5.LN1 RS�_1wLN1�0H13L^-wRY2Y5Nl lH132;5NB9DGFH2YPQ13]a+t�yc_L.RY5N[_L.1Q1�0H17`�RYB
P c_B4R 6 1 6 c;:s132O13] 6o5.RS�p5N` RS�p1Q]p5NlH5rRS55.7132^PwF�]_c_L.13B J `p]�2O1}J ]U6o�_5.LN1 RS�p1 DG2OFH`(R;13`_]pB
i3FH`(RY5N`�c_1 RSFwJ i3b�c_5.2Y1 `_1�6 170 13`(RSB7+

hK6CF 6 J BO5NizRZT�[�13BEF D�2Y13J ]_FHc,RE13L.13i7RY2YFH`p5Ni3Bx6o5NLNL 6 1 c_BY17]y5.`<$'&=(>*-,@?BADCFE>GsBoJ `p]
H E>GsB3+�@�17RS17i7RYFH2YB�6o�_5Nik�:Pw13J BYc_2O1C17`_132Ol T;6o5NLNL 6 1 i3FH`(RS5.`�c_FHc_BOL.T;BSJMPw[_L.13]96o5.RS�JI J BO�
C>EFGsB 6o�_5.LN1�]_17RY13i�RSFH2OB&6o�_5.ik� 2Y17b�c_5N2O1x[_2O13i75NBY1�RS5.Pw1XPQ1}JMBYc_2O13PQ13`(RSB�6o5NLNL c_BY1xJ^P cpL.RS5LK
�_5.R H E>G&+NM^F i7c_2Y2O13`(RSLrT�J}0MJ 5.L J 6 L.1oi3FHPQPw172Yi75 J L BYF LNcpRY5NFH`_B 1PO,5.BOR}+�hE�_17BY1 6 F(J 2O]_Bx6o5.LNL
6 19]_17BY5Nl `_13] 6 T�F c_2oi3FHL.L J 6 FH2SJ�RS5NF `e+�WX2YF RYF RZT�[s17B^��J}0 1 6 1313` i3FH`pBORS2Oc_i7RY13]Q?aJ `_] J 2Y1
6 175N`_l RY13BORY13]e+

hE�_1t`�c_P 6 132QF Dzik��J `_`_17LNBw5N` RS�_1R$'&=(>*-, ]p17RS17i7RYFH2�5.BQ`pF R�LNJ 2Yl 1 13`_FHcplH� RYF
SOc_BORY5.D T RS�p1wd�`�JM`_i35NJ LNLrTU2Y5.BYj(T ]_170 13LNF [_Pw17`(R F DEi7c_BORYFHP 5.`(RS13l 2SJMRY13]
i75N2Yi7c_5.RYB3+ WX2YFTK
lH2SJMPwPwJ 6 L.1ULNFHlH5.iU]_170�5.i313BtJ 2Y1 D�J B4Rt17`_FHc_lH� J `_] J}0MJ 5.L J 6 L.1 JMR 2Y1}JMBYFH`�J 6 LN1 i3FHB4R}+
WX2YFHlH2YJ PQP�J 6 LN1tL.FHlH5.iUJ LNBOF�J LNL.F#6oB�DGF 2 FH[pRS5.Pw5/.}JMRY5NFH` F D9RS�_1 ]�JMRSJ�[_JMRS��6o5.RY�_FHcpR
2Y17]_13BO5NlH`_5.`_l J:[_2Y5.`�RY13]�i75N2Oi3c_5rR}+�q4ACBC]_170 13LNF [s17]�DGFH2CFMRS�_172x1UOp[�132O5NPQ13`(RSBx6o5NLNL JMLNBYF 6 1
c_BY17]e+
V L.13i�RS2YF `_5Ni7B RS13ik�p`_FHLNF l T
5.B i3FH`_B4RkJ `(RYL.T
1�0HFHLr0�5N`_l-? J `p] RY�_1�FH[pRY5NP c_P BYF LNcpRY5NFH`

DGFH2KRS�p1W$'&=(+*-, ]_1�RS13i�RSFH2o]_17[s17`_]_BIFH`�6o�_13`yDGc_`_]_5.`_l 6 17i3FHPQ13BIJ}0MJ 5NLNJ 6 LN1zJ `_]�RS�_1
i3FH`pBORS2Oc_i7RY5NFH` BYik�_17]_c_L.1 +IWX2Y13BO13`(RS17]U�_132O1:5.BzJ [_2O13LN5.Pw5.`�J 24T�]_17BY5.lH` 6o�_5.ik� i3F c_LN] 6 1
5NPQ[_LN17Pw17`(RS13]�6o5rRS�yi3c_2O2Y17`�RYL.T�J}0MJ 5.L J 6 L.1zi7FHPw[�FH`_17`(RSB3+

<



���������
	���
�����	�����������	���	����
���������� V
���"! #�$&% ')(+*-,��&').0/1,�� �12 ��3 ��4
hE�_1�i3J LNFH2O5NPQ17RY132YBX6o5.LNL 6 1^2Y13J ] FHcpR 6o5.RY� � K 6 5.R ?,<HfMv�5 243QL.5N`_13J 2 A!C>EFGsB7+�hE�_1;<Hf v
5 243zBSJMPw[_L.5N`_lCi3LNF�ikjz6o5.LNL 6 1X]_172Y5.0 13];DG2YFHP8RS�_1o-}\HuHu65 243�J i3i713LN172SJMRYFH2�i3L.F,ikj +�hE�_5NB
BSJ PQ[_L.5N`_l;2SJ�RS1IJ `_] 6 5.R ]_17[pRS��5.BX6C17LNL P�J�RSik�_17]wRSF9RS�_1^> V�7 �M\TK V98;: H B c_BY17]�5N` RS�_1
>�FH2O6CJ 2Y] AKJ LNFH2O5NPQ17RY132!?�J `p]�RSF RY�_1��(T 6 2Y5.]<8;: H BCcpBY13] 5.`�RS�p1 �KJ 2O2Y13LaAKJ L.FH2Y5.Pw1�RS1327+
?z]_]p5.RS5.FH`�J L ADCFE>G�ik�_J `_`_17LNB:6o5.LNL 6 1�cpBY13]�DGFH2;l(J 5N` PwJMRSik�_5.`_l J `_] PQFH`_5rRSFH2O5N`_l FMD
RS�_1 WX�_F RYFH` h&J lHlH172!?o|�RkJ 24R�ACF c_`(RS132D?6=AC132O13`_jMF#0 @�17RY13i�RSFH2D?EJ `_] hE5NPQ1yFMD >�L.5NlH�(R
8;: H B3+

>�5Nl c_2Y1w*,+r-->9? 
A@ �B>:@�5Nl 5.RS5/.317] > V�7 � \TKZV [_c_LNBO1 +���%DCFEs�B>n�o13BYF LNcpRY5NFH` J B9J�DGc_`_i7RY5NFH`
F D�17`_132Ol T DGFH2 BO5NP c_LNJMRS17]�> V�7 � \TKZV Wx�yh BSJ PQ[_L.13]�JMRw� 6 5.RYB!?C<Hf v��t� .M+ ~HG;@
2Y17BYFHL.cpRS5.FH`t5.B^BO�_F"6o` 6 T ]_F RORS13]tLN5N`p1 +^>,?�@;A8BSJ PQ[_LN17B�J 2O1 BOc_PwPQ13] RSF�]p17RS172YPQ5N`_1
13`_172Yl T +

>�5NlHcp2Y1 *,+.-BI�LN1�D R"JEBY�_F"6oB;J ` > V�7 � \TKZVK8;: H [pc_LNBO1 ]_5.lH5.RY55.317] 6 TyRS�_1 [_2YF RYF RZT�[s1
A!C>EFG
]_17BYi72Y5 6 13] 5.`UBY13i�RS5.FH`�*,+=<�+.-H+JMIF RS1 RY��JMR�RY�_1 BYc_P�F D�RS�_1 BYJ PQ[_LN17BzDG2YFHP -#< v
RSFy-"�HvMLON:5.B9-3\�< uOP_DGFH2ERY�_5NB�8;: H RS�_1:� K 6 5.R A!C>E>G 5NBo17b�cp5.0MJ LN17`(RIRYF�J�-"v FH2;-H-DK 6 5.R
i3FH`(0 13`(RS5.FH`�J L�ik��J 2OlH1PK 5N`(RS17lH2SJMRY5N`_l'C>EFG�+Ch�F�J ]_]p2Y13BOBz2O13BYF LNcpRY5NFH`�i3F `_i3172Y`_BD?sBO5NP c_LNJ K
RS5.FH`_B�6x132Y1Q[�132ODGF 2YPQ13] RSF�BO�_F"6 RS��J�R RS�_1 [_2OFH[sF BY13]�A!C>E>G [_2OF"0,5.]_13B9J ` J ]p13b�c�JMRY1
Pw13J BYcp2Y13PQ13`(R3+ WXc_L.BY13B PQ1}JMBYc_2O13] 6o5.RY� J ]_5NlH5rRkJ L�F�i35.LNLNF BYi3F [s1 6C172Y1�d_RORS17] RYFU]_1PK
RS172YPQ5N`_1�RY�_135.2CDGc_`_i�RS5NF `�J LaDGFH2OP +�hE�_1:2O13BO[sFH`pBY1;F D�RS�_1 A!C>E>GU6CJ BoBY5.P c_L J�RS13] cpBY5N`pl
RS�_5.BXDGc_`_i7RY5NFH`_J LpDGFH2OP J `_] RS�_1ERY5NPQ1K5N`(RS17lH2SJML�F DsRY�_1EDGc_`_i�RS5NF `Q6CJ B�i3FHPQ[�J 2O13] RSF;RS�_1
BYc_PQPQ13]QFHcpRS[pcpR F DsRY�_1IBY5NP c_L JMRY13]�A!C>E>G�DGFH2XPwJ `(T [_cpLNBY17B3+ |,5.`_i31ERY�_1o2Y13LNJMRS5.FH`_BO�_5N[
6 1�RZ6C1713` ]_17[sF BY5.RY13]:13`_172Yl T:J `_]:[_c_L.BY1 �_135.lH�(R&5.`9RY�_5NB RZT�[s1 F D�i3J LNF 2Y5NPQ17RY132e5.B&j�`_F"6o`Q?
]_5N2O13i�Roi3FHPQ[�J 2O5NBYF ` F D&RY�_1 2Y17BYFHL.cpRS5.FH` ]_c_1 RYF RS�_1 A!C>E>G J `p]�RY�_1 2Y17BYFHL.cpRS5.FH` F D�RS�_1
i}J L.FH2Y5.Pw1�RS172x5.BC[�FHBYBO5 6 L.1 +X>�5.lHc_2O1 *,+r-AI�2O5NlH�(RQJ BY�pF#6oBKRY�_1�2O13BYcpL.REF D�RY�_5NBxi3FHPQ[�J 2O5NBOFH`e+
ACLN13J 2YLrT ?,J 6 F"0 1 vORr-#f9SUTWV{RS�p1�2Y17BYFHL.cpRS5.FH`�F DaRS�_1 ADCFE>Gt5NB BYPwJ L.L�i7FHPQ[�J 2Y17]�RS�p1zRS�_1
5N`(RS2O5N`_BO5Ni�2O13BOFHLNcpRY5NFH`�F D�RS�p19i3J LNF 2Y5NPQ17RY1327+



���������
	���
�����	�����������	���	����
���������� \

hE�_1 A!C>EFG�B 6o5NLNL�J L.BYF^lH5.0 1EJzPQ1}J BOc_2Y17Pw17`�R F D�RS�_1xRS5NPQ1xJz[_�_F RYFH` J 2O2Y5.0 13] J�R RS�_1
i}J L.FH2Y5.Pw1�RS1723+ WX2Y170�5.FHc_B^6xFH2Oj�� - ?s<��&5.`_]_5.i}JMRY13BERS��J�RzJ RS5.Pw1 2O13BYF LNcpRY5NFH` 6 17RYRY132oRS��JM`
RS�_1 A!C>E>G8BSJMPw[_L.5N`_lU5.`(RS13240MJ LEi}J ` 6 1tJ ik�p5N170 13] 6 T dpRYRS5.`_l RS�_1 A!C>E>G�6CJ"0 17DGFH2OP +
h&F BORYc_]pT �_F"6 6x13LNLXRY�_5NB RS5.Pw1 i7FHc_L.] 6 1Q]p17RS172YPQ5N`_17]
J��OLN5 6 2SJM2OT���F DK[_cpLNBY17B9DG2OFHP
[_�_F RYF RSc 6 17BKF D�RS�p1zRZT�[s1�RYF 6 1^c_BY17] 6KJ BCi32Y13JMRS17]�c_BY5.`_l J ]_5.lH5.RSJ L�F�i35NL.LNFHBOi3FH[�1E6o5.RY�
J <,+gf	� 2 3KBYJ Pw[pLN5N`pl9DG2O13b�c_13`pi7TH+ hE�_1�L.1}J ]p5N`_l:13]_lH1 FMD�RS�_17BY1 BSJMPw[_L.13]w[_c_LNBO13BK6x132O1
d_RYRY13] RYF;J�uMRS� F 2Y]_172�[�FHL.T�`_FHPQ5 JML�RYF�]_1�RS132OPw5.`_1xRY�_1KL.F,i3JMRS5.FH` F D�0MJ 2O5NFHcpB
�4DG13JMRSc_2O13B��
F DaRY�_1o[_c_L.BY13B7+ hE�_1oDG1}JMRYc_2Y17Bxi7FH`_BO5N]_172Y13]Q6C172Y1oRS�_1ERY5NPQ1KRS�_1o[_c_L.BY1IJ ik�_5.170 13]t-}v;?,<Hf ?
f v;?�*Hf)? uHv�J `_] -"vHv
� F D 5.RYB P�J O,5.P c_P 0 JMLNc_1M+ hE�_17BY1 DG1}JMRYc_2Y17B9i3J 2Y24T RS�p1 J 2Y2O5.0MJ L
RS5.Pw1�5.`pDGFH2OP�JMRY5NFH`�F D&RY�_1;[_c_L.BY13BIJ `p]y6x132O1:c_BO13] J Bo2Y1�DG132Y17`_i31;RS5.Pw17B3+

h&F�]p17RS172YPQ5N`_1 �_F"6 6x13LNL(RY�_14A!C>E>Gwi3F c_LN]:]_17RY132YPQ5N`p1 RY�_1x[pc_LNBO1KJ 2O2Y5.0MJ LHRY5NPQ1 ?#RS�_1
BSJ PQ[_L.13BKDG2YF P RY�_1;]_5NlH5rRkJ L�F�i35NL.LNFHBOi3FH[�10I <,+gf�� 2 3QJx6x132O1 J}0H172SJ l 13]yF#0 132;-"v BYJ Pw[pLN13B
IGRYF�<Hf v 5 2 3 JzJ `p] b�c�J `(RS5/.313] RYF � 6 5rRSB7+zhE�_17BY1 RS2YJ `_B4DGFH2YPQ13] BYJ PQ[_LN17B�J 2O1:6o��JMR
6CF c_LN] 6 1 1UOp[�13i�RS17] DG2OFHP RS�_1 A!C>EFG B4T,B4RS17P�[_2OFH[sF BY13]U�p132Y1M+ 7 BO5N`_l�F `_L.T�RS�p1 6 5N`
i3FH`(RSJ 5N`_5.`_lzRY�_1E[_c_L.BY1KPwJ O,5NP cpP JM`_] RS�_1CRZ6xF;BSJ PQ[_L.13B [_2O13i71313]p5N`_l;5.R J `_]QJ�BY5.Pw[pLN1
J LNl FH2Y5rRS�_P ?�5.RK6CJ BoDGFHc_`_] RS�_JMRERS�_19fMv
� i72YFHBOBY5N`plQRY5NPQ1zi3F c_LN] 6 1 ]_17RY132YPQ5N`p13] 6o5.RY�
J:2O13BYF LNcpRY5NFH`wF DX-"mHv
� N�i3F Pw[�JM2Y13]QRSF9RS�_1IRS5NPQ1I]_17RY132YPQ5N`p13] 6 TQRS�_1^]_17RSJ 5NL.13] d_RYRY5N`_l
]_13BOi32O5 6 13] J 6 F"0H1M+xhE�p5NBo2Y17BYFHL.cpRS5.FH`�5NBEBYc��wi713`(RzRYF ]_17RY132YPQ5N`p195rD&JQ[_cpLNBY1;5.BE5N` RS5.Pw1
6o5.RY� J ` 170 13`(R I�2O1 SO13i�RS5.`_l 6 J ikj�lH2OFHc_`_] J FH2:RYF ]_17RY132OPw5.`_1�RS�p1�RS5.Pw1QF DERS�p1�170 13`(R
BYc��Qi75N13`(RYL.T�6x13L.LeRSF BY17LN13i�R^RY�_1 6 13J P�� 6 c_ikj 1�R���RY��JMRo5.`_5.RY5 JMRY13]�RY�_1;170H17`(R}+

��������� ��� �"!#�"!%$'&)(
? BY5N`plHLN1 ik��JM`_`_13LI[_2OF RSF RZT�[�1�F DzRY�_1�i}J L.FH2Y5.Pw1�RS132 A!C>EFG���J B 6 1713`�]_13BO5NlH`_17] J `p]
6 c_5.L.RCJMRKqZ`_]p5 J `�J 7 `_5r0H132OBY5rRZTH+�? 6 L.F,ikj ]_5NJ lH2YJ P 5NBCBO�_F"6o`�5N`�>&5Nl_+,*,+g< J `_]�J:[_�_F RYF
5N`y>�5.l_+�*,+nVp+

>&5NlHc_2O19*,+g< >��CLNF�ikj�]p5 J lH2YJ P FMD�[_2OF RSFMRZT,[�1 A!C>EFG 6 F(J 2Y]a+



���������
	���
�����	�����������	���	����
���������� f

>&5NlHc_2O19*,+nVO>�WX�_F RSF lH2SJ [p�yFMD�[_2OF RSFMRZT,[�1 A!C>EFG 6 FHJ 2Y]e+

? ]_5/:s132O13`(RS5NJ L�J PQ[_LN5rd�132�5N`(0 132ORYBCRS�p1�`_13lHJMRS5r0H1 8;: H BY5Nl `�J LsJ `_]�BO�_5.D RYBxRS�p1z0HFHLrR K
J lH1 L.170H17LNB RYF P�JMRYik�
RS�_1 5.`_[_cpR 2SJ `_l 1 F DoRS�_1 ]_5.lH5.RY55.713295N`(RS17lH2SJMRY13] i35.2Yi7c_5.R3+ hE�p1
]_5Nl 5.RS5/.}JMRY5NFH` 5NB [�1324DGFH2YPQ13] 6 T J `�|pWXhI*H*H<�-w5.`�RY13lH2YJMRS17] i35N2Oi3c_5rR;P�JM`�c,D�J i7RYc_2Y17] 6 T
|,5Nl `�J L&W�2OF,i713BOBY5N`pl h&17ik�_`_FHL.FHlH5N17B � V � + hE�p5NBzq4A i3F BORSB�J 6 F cpR 7 | � <Hfw13J ik�U5N` BOP�JMLNL
b�c�J `(RS5rRS5N17B3+�?^` � K 6 5.RI0 JMLNc_1:5NBz[p2YF�]_c_i317] 5N`(RS172Y`�J L.L.T�1�0H1324T \�LONBPsRZ6CF BYJ Pw[pLN13BzJ 2Y1
FHcpRY[_cpRI170 132OTy� LON I -#<Hf 5 243 J +

?zLNL�]_5.lH5.RSJ L�DGc_`_i7RY5NFH`pB J 2Y1 [s172ODGFH2OPw17] 5N`UJ���5NL.5N` O � \ ���^AE<H|_f v�[_2OFHlH2YJ PwPwJ 6 L.1
l(JMRY1 J 2O2SJ}TH+IhE�_5NB^q4A i3FHB4RSB J 6 FHc,R 7 | � -#fw13J ik� 5.`tBYPwJ L.L�b�c�JM`�RY5.RY5N13B7+^? ]_c�J L�[�FH2OR
�I?���i3F `pd�lHc_2O13]�J BCJ:i75N2Yi7c_L JM2 6 c :a172CBORYFH2Y17BCRS�p1z]�JMRSJ:DGFH2x�:PQ5Ni72YFHBO13i3F `_]_B3+ 7 [sF `
2Y17i3135.[pRIF D�J RY2Y5.lHlH132EBO5NlH`_J LaRS�p19]_JMRkJ DG2YF P RS�p1;RY5NPQ1�6o5N`_]pF#6 F D&5N`(RS172Y13B4RI5NBEi3F [_5N17]
RSF;J ` FHc,RS[_cpRX>�q >�/�6o�_5.ik�Qi3J ` 6 c;:s132XRY�_1K]�JMRSJ�DG2YFHP{P c_LrRS5N[pLN1 170H17`(RSB3+�hE�_5.BX>�q >�/
5NB&5N`(RS172OD�J i713] RSF;JzV(< 6 5rR ?HV V 5 243:W ACq 6 c_B3+��yFH2Y1K5.`pDGFH2OP�JMRY5NFH`9FH` RY�_5NB�[_2YF RYF RZT�[s1
5NBoJ}0MJ 5NLNJ 6 L.1 � f � +
������� � �����
	�!�	 �
����� � (�����	 � (�� (�� !���� � ����������� ( ����	 �
�
hE�_1;d�`�J L�0H172YBO5NFH` F D&RY�_19i}J L.FH2Y5.Pw1�RS1324A!C>EFG 6 F(JM2Y]�6o5NLNLa5N`_i7LNc_]_1;[_5.[s17LN5.`_13]�J ]p]_132OB
FH[�132SJ�RS5N`plwJ�RERS�_1Q-#<Hf 5 243�]_5Nl 5.RS5/.3172CFHcpRY[_cpRIi3L.F,ikjw6o�_5Nik� i3FH`(RS5.`�c_FHc_BOL.T BOc_P RS�_1
]_5Nl 5.RS5/.317]�5N`pDGF 2YPwJMRS5.FH`^DG2OFHP J L.L ik��JM`_`_13L.B�FH`9J 6 F(JM2Y]e+ ?z]p]_5.RY5NFH`�JML [_5.[s17LN5N`p13] J ]p]_132OB
6o5NL.L,BOc_P�RS�p1E5N`pDGFH2OP�J�RS5NF `9DG2OFHP�JMLNL 6 F(J 2O]_B 5.` J�i32SJ�RS1 ?�J `p] RS�_17`QBOc_P�RY�_1E5N`pDGF 2YPwJ K
RS5.FH`:DG2OFHP{J LNL(RS�p1Ci32YJMRS17BXJ BOBYF�i35 J�RS13]:6o5.RS� J^]_1�RS13i�RSFH27+ hE�_1KBOc_P{F D�J LNL�ik��JM`_`_13L.B&6o5.LNL
6 1w[�J BOBY13]
RY�_2YF c_lH�
JyBY�_5rD R 2O13lH5.BORY1329lH5.0�5N`pltJ�RS5NPQ1Q�_5NB4RSFH24TH+y|,c_i7i317BYBY5r0H1 BYJ Pw[pLN13B
6o5.RY�_5N` J [p2YFHlH2YJ PQP�J 6 LN1 RS5.Pw1Q6o5N`_]_F"6 6o5NL.L 6 1 BYcpPwPQ13]Q?�JM`�J LNl FHc_B:RYF RS�_1�l(JMRS1



���������
	���
�����	�����������	���	����
���������� m

>�5NlHcp2Y19*,+ \ >��CL.F,ikjw]_5 J l 2SJ P F D 17`_132Ol T BOc_P +

6o5N]pRY� 5N` J i3FH`(0H17`(RS5NF `�J LXik��J 2OlH1 BY17`_BY5rRS5.0 1�CFE>G&+ hE�_5.B;13`_172Yl TUBOc_P�6o5.LNL 6 1 c_BY17]
5N` RS�p19L.170 13LX- RS2O5NlHlH1723+X? 6 L.F,ikj�]_5 J l 2SJ P 5NBEBO�_F"6o`t5N`y>�5.l_+�*�+n\_+

?zBYBOc_PQ5N`_l:JQ-}vHv�LONIRS5.Pw1K6o5.`_]_F"6 ?�1}J ik��A!C>EFG�ik��J `_`p13L�6o5NL.L_[_2YF�]_c_i71�< f 6 T�RS17B
F D9]�JMRSJ
[s172�LN1�0H13L -tRS2O5NlHlH1723+ qZ`�RS�p1td�`�J L^0H132OBY5.FH`�F D;RS�_1 A!C>EFG 6x1 6o5NLNLo6CJ `(R
RSF�BYc_[_[p2Y13BOB�RS�p1t2Y13J ]_FHc,R�F D�ik��J `_`_17LNBQ6o5.RS� `_F ]_JMRkJp+�hE�p1 A!C>E>G ]�JMRSJ 6o5NL.L 6 1
[_2YF�i317BYBO13]Q5N` 2O1}J L�RS5.Pw1 RSF�[_2OF"0,5.]_1EJ ` 17`_132Ol T J `_] RS5.Pw1 PQ1}J BOc_2Y17Pw17`�R3+���1 6 17LN5.170H1
RS��J�RzRS�p1 2SJ}6 A!C>EFG ]_JMRkJQi}J ` 6 1 2O13]_c_i713] RYF J 6 FHcpR:-"v 6 T�RS13B [�132^ik��J `_`p13L +^hE�_5NB
.3172YF BYcp[_[_2Y17BYBO5NFH` J `_] [_cpLNBY1zBY��J [�1�[_2OF,i713BOBY5N`pl P�J}T 6 1�]pFH`_1 JMRCRS�_1�ik�_J `_`_17LeLN1�0H13L
5N`�RY�_1zlHJMRS1zJ 2Y2YJ"T ?_JMRxRS�_1 6 F(JM2Y]�L.170 13L ?�RS�_1zi32SJ�RS1zL.170 13L ?�RS�p1�]_17RY13i�RSFH2KB4T�BORS17P L.170H17L ?
FH2E5N`�BOFHPw1;i7FHP 6 5.`�JMRS5.FH`�F D�RS�p13BY19LN1�0H17LNB3+

����� #�$&% ')(+*-,���� ��.��	� ��

�
hE�_1 AC17`�RY2SJ L�h�2SJ ikj�5N`pl @�2Y5rD R�AC�_J P 6 132�JM`_F,]p13B^6o5.LNL 6 1 2O1}J ] FHcpRz6o5rRS�t� K 6 5rR ?s<Hf v
5 243w`_F `_LN5.`_1}J 2 A!C>EFG�B3+�hE�_1 ]_5.lH5.RY55.3172 6o5.LNL 6 1 [p2Y13i713]_17] 6 T�J LNFHl(JM2Y5.RY�_PQ5NioJ PQ[_LN5LK
d�132 6o�_5.ik� 6o5NL.LHi3FHPQ[_2O13BYB�J9-}v K 6 5rR ]pT�`�J PQ5Ni�2SJM`_lH1 ]_F"6o` RSF^� 6 5rRSB7+&hE�_5.B�JM]_]_5.RY5NFH`_J L
]pT�`�J PQ5Ni 2YJ `_lH1;5NBE2O13b�c_5.2Y13]�DGFH2KRY�_1����������tPQ1}JMBYc_2O13PQ13`(R}+

hE�_1�>�FH246KJM2Y] h&2YJ ikj�5N`_l @�2Y5rD R9AC��J P 6 172 i}JMRY�_F,]p13B;6o5NLNL&[_2YF�]_c_i71 [sFHBO5.RY5.0H1 [�FTK
L J 2O5.RZT BY5.lH`�J L.B3+9hE�_13BO1wBO5NlH`�JMLNB J 2O1 2Y17L JMRY5.0H17L.T BYL.F#6 ? JM`_] P�J}T 6 1 BSJ PQ[_L.13] 6 T -#<Hf
FH2E[�FHBYBO5 6 LrT m(<,+gf 5 243 A!C>EFGsB7+

hE�_1 JM]_]_132OBEDGFH2KRS�_1;17`_132Ol T�BYc_P 6o5.LNLs`_F R 6 19`p1313]p13]tF `yRY�_1 RS2SJMikj�5.`_l A!C>EFGsB7+



���������
	���
�����	�����������	���	����
���������� *
����� � % ')(

hE�_1wW��pF RSFH` h&J lHlH172!?&|�RkJM2OR:ACFHc_`(RY132!? ��1324RS1UO h&2YJ ikj 172!? >�FH246KJM2Y] @�2Y5rD R9AC��J P 6 132
J `_F�]_13BD?U=AC172Y17`_j F"0t@�17RS17i7RYFH2!?��KJ 2O2Y17L�AKJMLNFH2O5NPQ17RS172!?�JM`_] hE5.Pw1;F D >�LN5.lH�(R �
JMLNLa6o5.LNL
6 1;2O1}J ]yFHcpR 6 T�P c_LrRS5LKZ�_5rR H E>GsB7+
�����'��� ��� �"!#�"!%$'&)(
|,c_ik��J �_5.lH� 2O13BOFHLNcpRY5NFH` [_5.[s17LN5.`_1 H E>G8PQF,]_cpLN1 ��J B 6 1313` ]_170 13L.FH[s17] DGFH2 c_BO1tJMR
� 1D:s132OBYFH` ~�J 6 ?�J `_]95NB�]_17BY5Nl `_13];RSFoPQ1317R�RY�_1�2Y17b�cp5N2Y17Pw17`(RSB�F Dpi7c_2Y2O13`(R�1PO,[�132Y5.Pw17`(RSB!?
J B�6x13L.L_J B�RYF BY172O0H1oJMBXJ�[_2YFMRSF RZT�[�1CDGFH2&DGc,RSc_2O1K1PO,[�132Y5.Pw17`(RSB!?(5.`_i3L.c_]_5.`_l��^J LNL,@ +MhE�p1
]_13BO5NlH`t5NBI5NPQ[_LN17Pw17`�RY13] J B^JQ�;� V KZm \TO PQF,]_cpLN1 +EhE�p5NB 6 c_BzB4RkJ `p]�J 2Y] 6KJ Bzik�_FHBY17`
6 17i}J cpBY1�5.R 5.B J L.2Y1}JM]pT 5.` c_BY1�J�R � 1D:s132OBYFH` ~ J 6 ?���J B l F,F�] I J `p] 170HF L.0�5N`_lBJ:]�JMRSJ
RS2YJ `_BODG172 i}JM[�J 6 5.LN5.RY5N17B!?�J `_]
2O1}J BOFH`�J 6 LN1�ik�_J `_`_17LK]_13`pBY5.RY5N17B J 2O1�[�FHBYBO5 6 L.1 +t? 6 LNF�ikj
]_5 JMlH2SJ P 5NBEBO�_F"6o`t5N`�>&5Nl_+_*,+=f J `_]yJ [_�_F RYF 5N`y>�5Nlp+�*,+nmp+

>�5NlHcp2Y1;*,+gf >��CL.F,ikj�]_5 J l 2SJ P F D&[_2YF RYF RZT�[s1 H E>G 6 F(JM2Y]e+
c_`_`�JMPw17]

hE�_1tPQF,]pc_LN1 5.B 6 c_5NLrRQJ 2YFHcp`_] RY�_1 ho@;A KZ>C-y5N`(RS17lH2SJMRY13]�i35.2Yi3cp5.R DG2YFHP ?zi}JMPWK
� 13BOBY17LN13i�RS2OFH`_5Ni�G P 6 � � m � ?(FH2Y5.lH5N`�JMLNL.T�]_13BO5NlH`_17] DGFH2�RS�p1IAE/9� Ws? |p| 1UOp[�132O5NPQ13`(R�JMR
A V � M � * � +XhE�_5NBKik�p5N[ i3F BORSBoJ 6 FHc,R 7 | � -"VHv 13J ik��5N`�BOP�J L.L b�c_J `(RS5.RY5N17B3+Xq RE5.`_i3L.c_]_13B
P�JM`�TyDG1}J�RSc_2O13BzRY��JMR�6o5.LNL 6 1 c_BY1�DGc_L 5N` 1PO,[�132Y5.Pw17`(RSB;JMR � 1D:s132YBOFH` ~ J 6 +�hE�_5.B�ik�_5.[
cpRS5.LN5/.313Bo[_cp2Y13LrT�]_5Nl 5.RkJML�]_13LNJ"T RY13ik�_`p5Nb�c_13B^RSF�PQ1}JMBYc_2O1:RS5.Pw1M+KqZ` `_F 2YPwJ L�PwF�]_1;RS�_1
ho@;A K >C- ik�_5.[ [_2YF"0�5N]_17B9��5N`_[_c,R;ik��J `_`_17LNB 6o5.RY� c_[URSF -#< v�[_B;2O13BYF LNcpRY5NFH` I�~&|,� J�+



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

>�5Nl c_2Y19*,+nmO>�WX�_F RYFHlH2YJ [_��F D [p2YF RYF RZT�[s1 H E>G 6 F(JM2Y]e+

qZ`��p5NlH�U2O13BYF LNcpRY5NFH`UPQF,]p1 ik��J `_`_17LNB9J 2O1 i3FHP 6 5N`_17] 5.`U[�J 5.2YB�RSF T�5N17LN]Uc_[ RSFymHv�[pB
2Y17BYFHL.cpRS5.FH`:DGFH2�\�5.`_[_cpR&ik��J `_`p13LNB7+ hE�_1K],T,`_J Pw5.ix2YJ `_lH1 DGFH2�Pw13J BYc_2O13PQ13`(RX5.Bx-"m 6 5.RYB3+
hE�_1 2O13BYF LNcpRY5NFH` F D RS�p1 ik�_5.[ 5NBIRSc_`�J 6 LN1:J 6 FHcpR�5rRSBI`_FHPQ5N`�JMLe0 JMLNc_1M+^?�W ~ ~ i35.2Yi7c_5.R
J ] SOc_B4RSB�RS�_1Ii3F 2Y1E0HFHLrRkJ l 1EF DaRY�_1^ik�p5N[ RSF;i3FHPQ[�13`_BYJMRS1oDGFH2 RS17Pw[�132YJMRScp2Y1IJ `_]wBYc_[_[pL.T
0HFHLrRkJ l 1�0 JM2Y5 J�RS5NF `Q?pJMBYBYcp2Y5N`plwB4RkJ 6 5.LN5rRZT�F D�RS�p192O13BOFHLNcpRY5NFH`�0MJ L.c_1 + /�` K ik�_5N[ 6 c :a172Y5N`pl
DGFH2�5N`_[_c,R ik��J `p`_13L.B!? RY2Y5Nl lH132OB!?MJ `_] FHc,RS[_cpR�]�JMRSJzJ L.LNF"6oB�DGF 2&P cpL.RS5.�_5.R F [s172SJMRY5NFH`;6o5.RY�
`_1}JM2YL.T�.7132YF ]_1}J ],RS5NPQ1 +�hE�_1�ik�_5.[ J LNBOF ��JMBEJ i3F Pw[_L.1PO RY2Y5Nl lH132 P�J�RSik�_5.`_l c_`p5.R RS��JMR
i}J ` d�LrRS132XF cpR��_5.RYB�c_`_2Y17L JMRY13] RSF RY�_1o5N`_[_c,RXRS2Y5.lHlH1723+ ���p13`Q13`�J 6 LN13] ?�F `_L.T �_5.RYB RS��JMR
J 2Y1^6o5.RS�p5N`�J:[_2YFHl 2SJ PQPw17]wRY5NPQ5N`_l;6o5N`_]pF#682O13L J�RS5.0 1^RYF RS�_1^RS2Y5.lHlH172 RY5NPQ1zJ 2O1�j 17[pR}+

hE�_1 � ho@;A K >x-:ik�_5.[_BoFH`tF c_2oPwF�]_c_L.1�[_2YF"0�5N]p1 m \ ik��JM`_`_13L.B^5.` `pFH2YPwJ LePQF,]p1 ?
FH2 VH<Iik��J `p`_13L.B�5N`:�_5Nl � 2Y17BYFHL.cpRS5.FH` PQF�]_1 +�? -#<M��� 6xFH2Y] ]_1713[ >&q >&/ 5.B�JMRORkJ ik�p13] RYF
1}J ik��ho@;A KZ>C- ik�_5N[�RYF 6 c;:s132E5rRSBKFHc,RS[_cpRo]_JMRkJp+�hE�_1;PwF�]_c_L.1^i3J ` 6 1 BO17Roc_[�RYF 5N` K
RS172Y2Ycp[pR RS�p1Ci32YJMRS1Ci3FH`(RS2OFHLNL.132�JMD RY132 J^[_2YFHl 2SJ PQP�J 6 LN1X`�c_P 6 132�F D�RS2O5NlHlH172YB���J}0H1 6 1317`
2Y17i3135r0H17]e+z@�cp2Y5N`plQ2O1}J ]tFHcpRIRS�_19PwF�]_c_L.1 6o5NLNL�[p2YF"0�5N]_1:J 6 L.F,ikj FMD ]�JMRSJ�J BOBYF�i35NJMRS17]
6o5.RY��J�[_2OFHlH2SJMPwPQ13]U`�c_P 6 132;F D RS2O5NlHl 132YBD?�J `_] RS�_17` RY132YPQ5N`_JMRS1 RY�_1 RS2SJM`_BSJ i�RS5.FH`e+
h&Fw13`_�_J `_i31 BOT�BORY13P [s172ODGFH2OP�J `pi31:JwBY1�R�F D�ho@;A PwF�]_c_L.13BoPwJ"T 6 1 2O1}J ] FHcpRzJ B^J
BY5.`_lHLN1 L.FHlH5.i}J L&2Y1}JM] c_BO5N`_lyJ�P c_L.RY5 6 L.F,ikjy2Y13J ] [_2YF RYF,i7FHL + hE�_5.B;5N`(0HFHLr0H17B:[�JMBYBY5.`_l J
RSFHjM13` 6 17RZ6x1317` PQF,]_cpLN13BIJ L.FH`_lQJ �;� V 6 c_B^]�J 5.BOT KZik��JM5N`yLN5N`p1 + qZ` RS�p5NBoBY1�RSc_[Q?�FH`_LrT
RS�_1�d�2OBORQPwF�]_c_L.1 5N` RS�p1 ik��JM5N` 6o5NLNLxlH13`p132SJ�RS1�RS�_1y5N`(RS172Y2Oc_[pR ?CJ `_]�FH`_LrT RS�p1 LNJ BOR
PwF�]_c_L.1�5N` RY�_1;ik��J 5N`�6o5NL.LsRY132YPQ5N`_JMRS1zRY�_1 RS2YJ `_BSJMi7RS5.FH`e+

hE�_1who@;A PQF,]_cpLN1 5.B�D�J 6 2Y5.i}JMRY13] J B9J�BO5N`_lHL.1 -#< K L J}TH172�[_2Y5.`(RS13] i75N2Yi7c_5.R 6 F(JM2Y]e+
|,5 O�F D:RY�_13BO1�LNJ}TH132OB�i}J 2O2OT�BO5NlH`�JMLNB FH` f Pw5.L^6o5N]p1 RY2SJ i713B7+ qZ`(RY132Y`_J L;L J}TH172YByJ 2Y1



���������
	���
�����	�����������	���	����
���������� u

FH2YlHJ `_55.713]U5.`UJ�BORY2Y5N[pLN5N`p1 i3F `pd�lHc_2YJMRS5.FH`UJ `p]U��J}0H1QJ�ik��J 2YJ i7RY132Y5.BORY5Ni 5.Pw[�13]�JM`_i31 FMD
f v FH�_PQB3+E�I5NlH� K BY[�1317] V AK~
i3F Pw[�FH`_17`�RYB�J 2O1;c_BY17]tDGFH2ERS�_1;DG2YF `�R^13`p]e+E~�FHlH5.i95.`yJ
BY5.`_lHLN1x> W G ? ik�_5.[ I�\(�M\TKZ[_5.` ��G;?�J�i3F `�RY2YFHL.B&RY�_1C17`�RY5N2O1CPQF,]_cpLN1 +�hE�_1K�p5NlH�:]_13`_BO5.RZT
F D_RY�_1x]p13BY5.lH` ]_17P�JM`_]_B RS��JMR&BYcp2OD�J i71CPQFHc_`(R�i7FHPQ[sFH`p13`(RSB 6 1 5N`_B4RkJ L.LN17]:FH`9RS�_1�DG2YF `�R
J `_] 6 J ikj�BO5N]_17B^FMD&RY�_1 6 F(JM2Y]e+

tdc count (low resolution)

0

500

1000

1500

2000

2500

3000

3500

0 5 10 15 20 25 30 35 40

σ=69.0879 ps

>�5Nl c_2Y1K*,+=* >&ho@;A
[�132ODGF 2YPwJ `_i31x5N` L.F"6
2Y17BYFHL.cpRS5.FH`e+

tdc count (hi resolution)

0

200

400

600

800

1000

1200

1400

1600

1800

0 10 20 30 40 50 60 70 80

σ=59.2629 ps

>�5Nl c_2Y1 *,+g� > ho@;A [�1324DGFH2YPwJ `_i71 5N`
�_5Nl � 2Y13BOFHLNc,RS5NF `e+

�����'� � � ��	 ! 	 ��� !#(���! � (�� ����! �
hE�_1oL J}THF cpR�J `_] [�F"6C172 BO13i�RS5NF `_BXF D RS�_1 6 J 2Y1 6 F(J 2O]_B 6C172Y1ERS17BORY13]QJ `_] 0H172Y5rd�13]Q?�J `p]
RS�_17` RY�_1:[p2YFHlH2YJ PQP�J 6 LN1zL.FHlH5.i q4A c_BY5.`_lwJ 6 JMLNLelH2O5N]yJ 2O2SJ}T�[�J ikj�J lH1;6CJ B^5.`_BORSJ LNL.13]
6 T�5N`_]_cpBORS24TH+ WX2YFHlH2YJ PQP�J 6 LN1 L.FHlH5Ni 6KJ ByLNFHJ ]_13]8J `p]8RY13BORY13] BOc_i3i713BOBODGc_L.L.TH+ � 1
RS�_17`t[_2OF,i71317]_13]t6o5rRS��5N`p5.RS5NJ LsRY13B4RSBIF D�RY�_19RY�_19>C-9ik�_5N[y5.RYBY13LrD +�hE�_1:[p2YF RYF RZT�[s1;6KJMB
FHcpROd_RYRY13] 6o5rRS� JIBY5.`_lHLN1 >C-xik�_5N[ ? i3F 2Y2Y17BY[�FH`_]_5.`_l^RYFz175NlH�(R&ik��J `_`_17LNB&F D_L.F#6 I�`_FH2OP�JML J
2Y17BYFHL.cpRS5.FH`Q?�FH2oDGFHc_2oik��J `p`_13L.BzF DX�p5NlH�y2Y17BYFHL.cpRS5.FH`e+C?^LNL�ik��JM`_`_13L.B^6x132O1:DGFHc_`p] RSF 6 1
FH[�132SJ�RS5NF `�J L J `_]QRS17BORS17]�DGFH2 [s172ODGFH2OP�JM`_i31M+ hE5NPQ5N`_l;BO5NlH`�JMLNBX6C172Y1�l 13`_172SJMRY13]�6o5rRS�wJ
�^5.lH�_L JM`_]:���(f,-K]_5.lH5.RSJ L�]_13LNJ}T lH17`_132YJMRSF 2�6o5.RY� JzPQ1}J BOc_2Y17] SO5rRYRY132�F D�J [_[_2OF Op5.P�J�RS13LrT
VHv:[pB��7+ hE�_1zRY5NPQ1oi}J L.5 6 2YJMRS5.FH`QJMRKL.F#6 2Y13BOFHLNc,RS5NF `w6CJ BCDGFHc_`p]wRSF 6 1:-H-#f Rr-z[_B��Mi3F c_`(R
I4-#<Mv [_B���i3FHc_`(R�`_F Pw5.`�J L J J `p]�fH* Rgf�[_B��Mi3FHcp`�R�5.` �_5.lH� 2Y17BYFHL.cpRS5.FH` I�mHv [_B��Mi3F c_`(R
`_FHPQ5N`�JML J�+ hE�p1 RS5NPQ1 2O13BOFHLNcpRY5NFH`tF D�RZ6CF RZT�[_5Ni3J L ik��JM`_`_13L.B;J 2Y1 BO�_F"6o` 5N` >�5.lHB3+S*,+=*
J `_]Q*,+n�z5.`_]_5Ni3JMRS5.`_l��	��mHu^[_B 5N` LNF"6 2Y17BYFHL.cpRS5.FH` J `p]
����f u^[_B 5N` �_5NlH�:2Y17BYFHL.cpRS5.FH`e+
|,c 6 RY2SJ i�RS5.`_l RS�_1zi3FH`(RS2O5 6 c,RS5NF `�DG2YFHP RY�_1�RS5.Pw1IlH13`p132SJ�RSFH2C6x1 F 6 RSJ 5N`�m(<�� N9J `_]yf,-

��
������������������! �"$#� &%('�"*)�+,�.-/)�0213"4'�'��506"*�67��8�,�&9



���������
	���
�����	�����������	���	����
���������� -"v

� NIDGFH2 RS�_1o[_2OF RSFMRZT,[�1o[s172ODGFH2OP�JM`_i31E5.`QL.F"6 J `p]w�_5.lH� 2Y17BYFHL.cpRS5.FH` 2Y17BY[�13i7RY5.0 13L.T +XhE�_5NB
5NBKRYF 6 1;i3FHPQ[�J 2O13]�6o5.RY��RY�_1;b�c_F RS17] 2OPwBo2O13BYF LNcpRY5NFH` F D�RS�p1:>x-9ik�p5N[yF D�\Hv � NH+

�����'��� �����
	�!�	 �
����� � (�����	 � (�� (�� !���� � ����������� ( ����	 �
�
? i3FHPQPwF ` i7LNF�ikjt6o5NL.L 6 1w]_5.BORY2Y5 6 cpRS17] RYFtJMLNL H E>G PwF�]_c_L.13B BYFyRS��J�R:1�0H172OT ik��J ` K
`_13LE�_J B RS�_1 BYJ PQ1�RS5NPQ1�i3J LN5 6 2SJMRY5NFH`a+ q R PwJ}T 6 1 ]_13BO5N2YJ 6 LN1wRSF ]_132O5.0 1�RS�_5.B i3LNF�ikj
DG2YFHP RY�_1 J i3i713LN172SJMRYFH2 i3L.F,ikj ?K5.`�6o�_5.ik� i3J BY1yRS�_1 ~�|p� 2O13BYF LNcpRY5NFH` 6xFHc_LN] 6 1 -#<Hf
� N DGFH2IRS�_1 B4RkJ `_]_J 2Y] 0 132YBO5NFH` J `p] m(<,+gf � N DGFH2zRY�_1 �_5.lH� 2Y17BYFHL.cpRS5.FH`t0 132YBO5NFH`a+9hE�p1
|�RkJM2OR:ACFHc_`(RY132!?��KJM2Y2Y17L�AKJ L.FH2Y5.Pw1�RS132D?eJ `p] hE5.Pw1 F Dx>�LN5.lH�(R�]_1�RS13i�RSFH2OB 6o5NLNL&2Y17b�cp5N2Y1
[_5N[�13L.5N`_17] J ]p]_132OBwRSF 5NPQ[_LN17Pw17`�RwJ�RY2SJ ikj i7FHc_`(R�DGFH2Qc_BY1t5N` RY�_1tL.170H17L -yRS2Y5.lHlH1723+
hE�_13BO1 J ]_]p132YBxP�J}T 6 1^[�JM2ORxF DeRS�p1z�_5.lH�w2O13BOFHLNcpRY5NFH`Q0H172YBY5.FH`�FMDeRS�_1^ho@;A 6 FHJ 2Y]Q?�FH2
FH` J BO13[�JM2SJMRY1 6 F(J 2O]e+

����� % �1( � �N� 2 ��
 .93�,���( .�
�� $ 2 �6/ ���R����(
@�17RY13i7RYFH2YB�6o�_5.ik�w[_2OF"0,5.]_1o[_2Y17i35.BY1oRS5NPQ5N`pl�I WX�_F RYFH`Qh�J l lH132D?�|�RkJ 24RCACFHc_`(RS172!?,�KJ 2Y2O13L
AKJ LNF 2Y5NPQ17RY132D?^JM`_]�hE5NPQ1UF D:>�LN5.lH�(R i3FHcp`�RY132OBQJ�6o5NL.Lz2Y17b�c_5N2O1 �4i3FH`_B4RkJ `(R DG2YJ i7RY5NFH`#�
]_5NBOi32O5NPQ5N`�JMRYFH2YB7+�qZ]_13J LNLrTURS�_17BY1w]_5NBOi32Y5.Pw5.`�JMRYFH2YB�6xFHc_L.] 6 1 6 c_5.L.R KZ5N` JMB [�J 24R FMDKRS�_1
8;: H 6 J BY17B3+�hE�p1 =AC172Y13`pj F"0 ]p17RS17i7RYFH2!? > F 2O6CJ 2Y]9@�2Y5rD R&AC��J P 6 132�J `pF,]_17B�J `_];��132ORY1PO
h&2YJ ikj 172 d 6 172YB i3J `�[_2YF 6 J 6 LrT c_BO1 i3F `�0 13`(RS5.FH`�J L ]p5NBYi72Y5.Pw5.`�JMRSF 2YB3+ >�FH2�FH[,RS5NP c_P
[s172ODGFH2OP�JM`_i31�RY�_1�ik��JMP 6 172 ]_5.BYi32O5NPQ5N`�J�RSFH2OB9BO�_FHc_L.] 6 1�PwFHcp`�RY13] ]_5.2Y17i7RSLrT FH`
RS�_1
ik��J P 6 132z5.RSBO13LrD ?�5.`_BY5.]_1;RS�_1 BOFHLN17`_FH5.]e+^q RzP�J}T 6 1 [�FHBYBO5 6 L.19RYF�c_BY1:RS�_1 �4? |p@ �wq4ACB
]_170 13L.FH[s17] DGFH2oRS�_1 ?KRYL J B)� � ��]p17RS17i7RYFH23+^hE�_1 AC13`(RY2SJ L�@�2Y5.D RzAC��JMP 6 172�J `pF,]_17B�J `p]
>�FH2O6CJ 2Y] @�2Y5.D R�AC��JMP 6 172�i}J�RS�_F�]_13Bw6o5NLNLE`p1313]8J ` J Pw[pLN5.d_132 RSF�]_2Y5r0H1tRY�_1 A!C>E>G
5N`_[pcpRSB7+ hE�p13BY1:J PQ[_LN5rd�132OBKBY�pFHc_LN] 6 1;LNF�i}JMRY13]�FH` RS�_1;ik��JMP 6 172YBI5.D�[�FHBYBO5 6 L.1 +

���
	 � ��. /!� � (+.�
�� � .U3 ��
<��(
>�FH2xi7FHPQ[�JMRS5 6 5NL.5.RZT96o5.RY�QRY�_1�A!C>E>GsBEJ `p] H E>GsB!?pJ `(TQBYi}JMLN132OBCJM`_]�L J�RSik�_17BCP c_B4RKJMLNBYF
6 1o[_5.[s17LN5.`_13]e+ 7 [�FH` 2Y17i3175N[pR F DaJ LN170 13L�-ERS2O5NlHl 132!?HRY�_1EBYi3J LN172X0 JMLNc_17BXP c_BOR 6 1KRS2YJ `_B K
DG132O2Y13] RYFwJM`yF cpRS[_c,R 6 c;:s132K6o�_5.LN1zRY�_1 BYi3J LN172YBEi3F `�RY5N`�c_1 RSF i7FHc_`(R}+ ~ JMRYik�y[_JMRYRY132Y`pB
P c_B4RoJ LNBOF 6 1zRS2YJ `_BODG172Y2O13] RSF J ` F cpRS[_c,R 6 c;:s132EJM`_] L JMRY132x2Y1}JM]yF cpRC6o5rRS�_FHc,RE5N`(RS172 K
DG132O5N`_lz6o5rRS� 5.`_i3F Pw5.`_lIRY2Y5.lHlH132OB3+ 7 `_L.13BOBXJzi3F PwPQ132Oi35 JML�BOFHLNc,RS5NF ` 6 13i3F Pw17BXJ}0 JM5NL J 6 LN1T?
RS�_17BY1 6 FHJ 2Y]_BE6o5.LNL 6 1;]_13BO5NlH`p13] 6 T�FHc_2oi3FHL.L J 6 FH2YJMRS5.FH`e+



���������
	���
�����	�����������	���	����
���������� -H-
���P� � ��� 
 � , / 3 .��W�
hE�_1:> F 2O6CJ 2Y] AKJ L.FH2Y5.Pw1�RS132�8;: H BE6o5NL.L 6 19[�F"6C172Y17] 6 T ACF�ikj i32OF D R K �
JML.RSF `�0 FHL.RSJ lH1
P c_LrRS5N[pLN5N172YB � u �_6o�_5Nik� 6o5NL.L 6 1 6 c_5.L.R�JMR qZ`_]_5 JM`�J 7 `_5r0H132OBY5rRZTH+ hE�_5.B RZT�[s1oF D 6 J BO1I[p2YFTK
0�5N]_17BoDGF 2KRS�_1 0H172OT�L.F#6 [�F#6x132Ii3F `_BYc_PQ[pRY5NFH`�`_17i313BOBSJ 24T�DGFH2EBYc_ik�tJ RS5Nl ��RYL.Tw[�J ikjM13]
J 2Y2YJ}T J `_] 5.B i3F `�RY2YFHL.LN17] F"0H132�J�BO132O5 J L,i3FHPQP c_`_5.i}JMRY5NFH`:LN5.`_j +&hE�_1o�CJ 2Y2O13L AKJ L.FH2Y5.Pw1UK
RS172!? =AC172Y17`_j F"0 ?XhE5NPQ1 F DE>�L.5NlH�(R!?&JM`_] |�RSJ 2OR ACFHcp`�RY132 8F: H B:PwJ}T 6 1Q[�F#6x132O13] 6 T
BY5.Pw5.L J 2Ki75N2Oi3c_5rRS2OT +KhE�_17BY1�8;: H 6 J BO13Bz`p1313] 6 c_5NLrR KZ5.` ]_5NBOi32O5NPQ5N`�JMRYFH2YBC5.D [�FHBOBY5 6 LN1 ?�J B
`_F RY13] 5N` BO13i7RY5NFH` *,+gf,+ hE�_1�h&2YJ ikj�5N`_l AC�_J P 6 132YB 6o5.LNL [_2YF 6 J 6 L.T 6 1 [sF"6x132Y17] 6 T
i3FHPQPQ132Yi75 J La�I�{[�F#6x132oBOc_[_[_L.5N13BE6o5rRS��BY17`_BY5rRS5.0 1;i3c_2O2Y13`(R^PwF `_5.RYFH2Y5.`_l_+

����� �M.�� � .���� 

�
hE�_1#A!C>EFG�i35N2Oi3c_5rR 2Y13b�c_5.2Y17BCJ 6 FHcpRCf v����
	xF D 6 F(J 2O] BY[�J i71�J `p]�J ] SYJ i317`�Rxik��J `p`_13L.B
6o5NL.L^`_1713]�RSF 6 1UJ 6 FHc,Ry<RKQV���� JM[�J 2OR3+ hE�_5NB�5NPQ[_LN5.13BQJ
]_13`pBY5.RZT F D9J 6 FHcpR��
ik��J `_`p13LNBIFH`yJ m 7 6 FHJ 2Y]�FH2E[�FHBYBO5 6 LrT -"m ik��JM`_`_13L.B^F ` J u 7 6 F(J 2O]e+

qZ` RS�p1:L.F#6 2Y17BYFHL.cpRS5.FH` I4-#<Mv � N JC0 132YBO5NFH` F D�RY�_1 H EFG{m \Qik��J `_`_17LNBod_RIFH` Jwm 7
6 FHJ 2Y]e+&hE�_5NBX0 132YBO5NFH`QF D�RS�_1 H E>G�5NBXc_BO13]QDGFH2�RS�p1^>�FH246KJM2Y]Q@�2Y5rD R AC��J P 6 132 J `pF,]_17B!?
��1324RS1POyh�2SJMikj 132od 6 132OB!? J `_]�RS�p1 =AC172Y17`_j F"0y]_17RY13i�RSFH29+

hE�_1oWX�_F RSF ` h�J l lH132D?�|�RkJM2OR ACFHcp`�RY132D?��KJ 2Y2O13L_AKJ LNFH2O5NPQ17RY132!?MJ `_] hE5.Pw1xF D�>�L.5NlH�(R
i3FHcp`�RY132OBz2Y17b�c_5N2O19RY�_1:�p5NlH�y2Y17BYFHL.cpRS5.FH` I mHv � NWJC0H132OBY5.FH`tF D&RS�_1 H E>G&+KhE�_5.BI0 132OBY5NF `
F D�RS�_1 H E>G �_J BIV(< ik��J `_`_17LNBo[�132Im 7 6 F(J 2Y]a+

?zBYBOc_PQ5N`_l JwP�J O,5.P c_P F Dx<Mv�m 7 6 F(JM2Y]_B^5N` JQi32YJMRS1T?eJ `_]t\�i32YJMRS17Bz5N` Jw2SJMikj ?
RkJ 6 LN19*,+r-;BYc_PQP�JM2Y55.713BKRY�_1;BY[�J i71:2O13b�c_5.2Y13]a+

hE�_1;2Y1}JM]_FHcpRo17LN13i�RS2OFH`_5Ni7BC6o5NL.L 6 1 LNF�i}J�RS13]�JMBEi3LNF BY1zRYF RY�_1 ]_1�RS13i�RSFH2oJMBE[sFHBOBY5 6 LN1
RSF Pw5.`_5NPQ55.71�BO5NlH`�JMLEi}J 6 L.1�2Yc_`_B7+ MIF RS1 RS�_JMR RS�_1yh�JMlHlH132 17LN13i�RS2OFH`_5Ni7B 6o5NLNL 6 1 6 1
LNF�i}JMRY13] 5N`wJ BY17[�J 2SJ�RS1 6 c_5NL.]_5N`pl;�Hv�� c_[pBORS2O1}J P FMDaRS�p1IPwJ 5.` ]_17RY13i7RYFH23+XhE�p1^hE5.Pw1
F D9>�L.5NlH�(RQJ `_] > F 2O6CJ 2Y]�AKJMLNFH2O5NPQ17RS172 13LN17i7RY2YFH`_5.i3B 6o5NL.L 6 1t]pF#6o`pBORS2O1}J P F D RY�_13BO1
]_17RY13i�RSFH2OB3+ AKJ 6 L.5N`_l DG2OFHP ]_1�RS13i�RSFH2OBx5.`_BY5.]_1ERS�_1oBOFHLN17`_FH5N] 6o5.LNL_1UOp5rRxJMRXRS�_1Ic_[_B4RS2O1}J P
J `_] ]_F"6o`_B4RS2O1}J P 17`_]_BoF D�RY�_1 P�JMlH`_17RKJ `_]�i3F `_`_13i�RERSF `_13J 2 6 T�13LN17i7RY2YFH`_5.i3B7+�>�5 6 132
FH[pRY5Ni�i3J 6 LN17BC6o5NL.L�RY2SJ `pBY[�FH2ORKRY�_1 ]�JMRSJ DG2YFHP RS�p1 2Y1}JM]_FHcpRE[p2YF�i313BOBYFH2OBERSF RS�p1�LN1�0H13LeV
RS2O5NlHlH172K[_2OF,i713BYBOFH2oD�J 2YP 5N` RS�_1 $'&=(+*-, i3F c_`(RS5N`plw�_F c_BY1M+

����
 � ��. � ,�� 3����6(
>,?�|,ho� 7 | i72SJMRY13B�J 2O1t`_F LNFH`_l 132 6 135.`_l
PwJ `�cpD�J i�RSc_2O13]Q?oJ `p]�>,? |�ho� 7 | 5.B�`_F R
6 175N`_l i7FH`_BO5N]_172Y13] DGFH2 $'&=(>*-,�+�AC?�� ?IA8i72SJMRY13BoJ 2O1zD�J 5.2YL.T BOLNF"6 J `_]���J}0H1 L.5NPQ5.RY13]
6 FHJ 2Y]�BO[�J i31 JM`_]�[sF"6x132�J}0MJ 5NLNJ 6 L.1 + |,F Pw1 L.13l(JMi7T ]_170�5Ni713B L.5Nj 1 ]_5NBOi32O5NPQ5N`�JMRYFH2YBD?



���������
	���
�����	�����������	���	����
���������� -#<
�CF(J 2O] RZT,[�1 @�17RY13i7RYFH2 AC�_J `_`_17LNB � F�]_c_L.13B AC2SJMRY13B �IJ ikj�B
~�5N`_13J 2 A!C>EFG WX�_F RSF ` h&J lHlH172IACFHc_`(RS172YB < f v V(< < -��H<
~�5N`_13J 2 A!C>EFG |�RkJM2OR^ACFHc_`(RY132YB -"v <
~�5N`_13J 2 A!C>EFG �KJ 2O2Y13L�AKJMLNFH2O5NPQ17RS172 f * m *H< \ -
~�5N`_13J 2 A!C>EFG =AC132O13`_jMF#0 @�1�RS13i�RSFH2 VH� f -��M\
~�5N`_13J 2 A!C>EFG hE5NPQ1 F D�>�LN5.lH�(RoACFHc_`(RY132YB VH< v \(v < -��H<
~�5N`_13J 2 A!C>EFG >�FH2O6CJ 2Y] AKJ L.FH2Y5.Pw1�RS172 <H<MvHv <H*Hf -"m \
~�5N`_13J 2 A!C>EFG 7 [_B4RS2O1}J P ��1�RSF <,- V -��M\
~�FHl(J 2O5.RS�pPw5.i�A!C>E>G AC13`(RS2YJ L�@�2Y5rD RK?z`pF,]_17B VHV mHv \�< v <,- m
W&FHBO5.RY5.0H1 A!C>E>G >�FH2O6CJ 2Y]y@�2O5.D RIAKJMRY�_F�]_13B fH*MmHv *H< v VHm u
-#< v � N H EFG ��1324RS1POyh�2SJMikj 132^>�5 6 172YB < v vHv V(< < -��H<
-#< v � N H EFG >�FH2O6CJ 2Y]y@�2O5.D RE?^`_F,]p13B < � �Hv \�f V V �M\
-#< v � N H EFG =AC132O13`_jMF#0 @�1�RS13i�RSFH2 VH� -
mHv � N H EFG WX�_F RSF ` h&J lHlH172IACFHc_`(RS172YB < f v � -��H<
mHv � N H EFG W&FHLNJ 2Y5.Pw1�RS172 < vM\(� m \ \ -
mHv � N H EFG |�RkJM2OR^ACFHc_`(RY132YB -"v -
mHv � N H EFG �KJ 2O2Y13L�AKJMLNFH2O5NPQ17RS172 f * m -"� - -��M\
mHv � N H EFG hE5NPQ1 F D�>�LN5.lH�(RoACFHc_`(RY132YB VH< v -"v -��H<
mHv � N H EFG 7 [_B4RS2O1}J P WX�_F RYFH` ��17RYF <,- -
h&FMRkJ L.B u \ <M\

h&J 6 LN19*�+.-->�? BOc_PwPwJ 24T�F D�RS�_1;17LN13i�RS2OFH`_5Ni7Boik��J `_`_17LNBIJ `_]yBY[_J i31;2Y17b�c_5N2O13]e+

RS2O5NlHlH172;LNFHlH5.i FH2:�I� BOc_[_[_L.5N17B96o�_5.ik� J 2O1w`_FMR [�JM2OR:F DKRS�p1�]�JMRSJ 2O1}J ]_F cpR PwJ}T 6 1
[�J ikj�J lH17] 5.` AC? � ?IA#? 6 cpRI`_F RERY�_1 6 c_L.j�F D&RS�_1;2Y13J ]_FHc,Ro13LN17i7RY2YFH`_5.i3B7+

�;� V 5NBx[sFH[pc_L J 2 JMR � 1D:s132OBYFH`�~ J 6 JM`_]�RS�p1 H E>G [_2OF RSF RZT�[�1z5.BCi3F `_BORY2Yc_i�RS13] F `
J �;� V m \TO�i}J 2O]e+xACFHPQ[�J i7REWxACqx5NBKcpBY13]y1PO�RY13`_BO5.0H17L.T 5.`�RS�_1�RY13L.13i3F PwP cp`_5Ni3JMRS5.FH`_B
5N`_]pc_BORY2OT J `p]wi3J ` 6 1o]_2Y5r0H17`�]_5.2Y13i�RSLrT 6 T RZT�[_5Ni3J L > W G;?�q4ACB�6o5.RY�_FHcpR�RY�_1o`_1317]wDGFH2
6 c_B�5.`(RS1324D�J i319q4ACB3+zWX2Y13]p17d�`_17] W ACqI5.`(RS1324D�J i31 �Oi7FH2Y17B � J 2O1 J}0MJ 5NLNJ 6 L.1 ?�PQ5N`_5.Pw5/.35N`pl
]_13BO5NlH`;RS5.Pw1M+&/ `p1x]_5.BSJ ],0 JM`�RSJ lH1�F Dpi}W ACqe5NB�RY��JMR 6 2Y5.]_lH17B&JM2Y1�2Y17b�cp5N2Y17]:DGFH2 JoBOT�B4RS13P
6o5.RY�tPQFH2Y1 RS�_J ` �QBYLNFMRSB!?�J LrRS�_F c_lH��i3FHPQPQ132Yi75 J L 6 2Y5N]plH13Bo6o�_5Nik� i3FH`pBYc_PQ1 `_FQBYL.F RSB
J 2Y19J}0MJ 5NLNJ 6 L.1 +

� ��q�JM`_]�W �zq�J 2Y1 �O5N`pBORS2Oc_PQ13`(RkJMRY5NFH`�� 1PO�RS17`_BY5.FH`_BCRYF9� � V J `_]wi}W ACqk+_|��_5N17LN] K
5N`_l;?HRS2Y5.lHlH172Y5N`pl-?Hi3L.F,ikj:]_5NB4RS2O5 6 cpRY5NFH` ?(J `_]wJ ]_]_5rRS5.FH`�J L,[sF"6x132xJ 2Y1oJ ]p]_13]QRSF RS�_1 6 JMBY5Ni
6 c_BIBORSJ `_]�J 2O]e+

hE�_1 A!C>EFGsB�2O13b�c_5N2O1oJ�LNF"6 BYj 1�6 D�J `pFHcpR�F D RS�p1I<Hf v 5 243:i3L.F,ikj ?�J BOT�`_ik�p2YFH`_5/.}J K
RS5.FH` BY5.lH`�J L ?aJM`_] RS�_1 LN170 13LK-:RS2Y5.lHlH1723+�hE�_1 `p1313]URYF�DGFH2YP J�]_5.lH5.RSJ L lHLNF 6 J L 13`_172Yl T
BYc_P DGFH2ERY�_1 L.170H17L�-:RS2O5NlHl 132K6o5NL.L�[_2YF 6 J 6 LrT ]_2Y5r0H1;RS�_1:ik�_FH5.i319F D [�JMikjMJMlH5N`_l DGFH2oRS�_1



���������
	���
�����	�����������	���	����
���������� -"V

i}J L.FH2Y5.Pw1�RS172NA!C>EFG�B3+ |,FHPQ1EBYF 2OR F Dsi3c_B4RSFHP 6 JMikj�[pL J `_1E6o5.LNL 6 1o2Y17b�cp5N2Y17]QRYF:BOc_[_[�FH2OR
RS�_1 RY2Y1317B^FMD J ]p]_132OBo6o�p5Nik��DGFH2YP RY�_1;13`_172Yl T�BYc_P J `p]�RY2SJ ikj i7FHc_`(RSB7+

hE�_1^RY13LN17i3FHPQP c_`p5Ni}J�RS5NF `_B 5N`p]_c_BORY2OT 5.B PQF"0�5N`_l RSF"6CJ 2Y]pB �S|�6o5.RSik�p13] |�132Y5NJ L > J 6 K
2Y5.i3B3+ � hE�_5.BQJ ]_]_BwJ �p5NlH��BY[�1317] BY172Y5NJ LEi3FH`p`_13i�RSFH2 RSF RS�_1 6 JMikj�[pL J `_1�6o�_5.ik� i}JM`
BYc_[p[sFH24R V RY�_132O`_17R J `_]8F RS�_172 �p5NlH�8BY[�1317] BY172Y5NJ L RS13ik�p`_FHLNF lH5N17B3+ >�FH2�� � V RS�_1
J [_[_L.5Ni3J 6 LN1�BORkJM`_]�J 2O] 5NB � �;| IG��qZh�? \_-WJ J `_] DGFH2 i}W ACq RY�_1yBORkJM`_]�J 2O] 5NB i3W |p�
I WXq4AE� G <,+r-"mBJ�+K> F 2zJ�-"mwik�_J `_`_17L�A!C>E>G�PQF,]_cpLN1;[_2YF�]_c_i75N`_l�<Hf 6 T�RY13B�[�132Iik��J ` K
`_13L&[s172�LN1�0H17LC- RY2Y5Nl lH132 PeJ�L.170H17LC- RY2Y5Nl lH132I2SJMRY1 F Dx<MvHv80�2 3 PeJ `p] J <%� F,i7i3c_[�JM`_i7T
RS�_1z]�JMRkJ 2O1}J ]pFHcpR 6 JM`_]p6o5N],RS� 2Y17b�c_5N2O13]�DGFH2CJ PwF�]_c_L.1^5.B�-"m � 17l(J 6 5rRSBK[�132CBY13i7FH`_]Q?
6C17LNLe6o5rRS�_5.`�RS�_1;i}JM[�J 6 5.LN5.RZTwF D�Jy-}vHv 6 J BO13h V RY�_132O`_17R^i3F `_`_13i�RS5.FH`e+

������� ' , 
6(
3 � � � 3 �1, 

qZ`_]_5NJ `�J 7 `p5.0H172YBO5.RZT��_J Bo1PO,[s172Y5.13`_i71 6 c_5NL.]_5N`pl L J 2OlH1z17LN17i7RS2OFH`_5.i�BOT�BORY13PQBIDGF 2K1PO,[�132 K
5NPQ13`(RSBoJ�RI> 172YPQ5NLNJ 6 ?,�C2YF�FHj���J}0H17`Q?�J `_] � 1D:s132OBYFH` ~ J 6 +�hE�_1 $'&=(>*-, 1PO,[s172Y5.Pw17`�R
5NB L JM2YlH172 J `_]�PwFH2O1 i3FHPQ[_L.1PO
RY��J ` [�J BORQ1UOp[�132O5NPQ13`(RSBQJ `p] 6o5NL.LC2O13b�c_5N2O1yRY�_1�]_1PK
0H17LNFH[_PQ13`(R;F D�`p176{RS13ik�p`_5Nb�c_17B3+ �I5NlH� 2O13L.5 J 6 5.LN5rRZT 5NB�i72Yc_i75 J L�RSF�RY�_1 BYcpi3i317BYB9F D�RS�_1
$'&=(>*-, 1UOp[�132O5NPQ13`(R}+ ��1 [pL J `�RSF 6 17lH5N`yLNFH`plQRY132YP RY13BORYBzF D�$'&=(+*-, 13L.13i7RY2YFH`p5Ni3B
J B BOF,FH` JMB RS�_1�T J 2O1E[_2YF�]_c_i713] lH5r0�5N`_l�13J 2YLrT95N]_17`�RY5.d�i3JMRS5.FH` F D [p2YF 6 L.13PQBXJ `_] D�JM5NLNcp2Y1
PwF�]_17B3+

W�2OF,]pc_i35.`_l 17LN13i�RS2OFH`_5Ni7B J BYBO13P 6 L.5N17B 5.`w�pFHc_BY1^��J B BY1�0H132YJ LsJ ]p0MJ `(RkJ l 13B F#0 132x��J}0=K
5N`_lQJ i3F PwPQ132Oi35 JMLsd�2OP ]_FH5.`_l RS�_19J BOBY17P 6 L.T +�h&FwJ ik�_5.170H1;RS�p19L.F"6C17BORIi3FHB4R ? J i3F PWK
Pw172Yi75 J L&BY13240�5Ni31 6xFHc_L.] J BYBO13P 6 L.1 J L J 2OlH1 6 J�RSik��J LNL�JMR FH`_i71 + hE�p5NB 2Y5.BYj�B LN13J 2Y`p5N`_l
J 6 FHcpRw[_2YF 6 LN13PQBwJMD RS172w5rR�� BQRYF,F�L JMRY1yRYF ik��J `plH1 J `(T�RS�p5N`_l_+�?^BYBY17P 6 L.5N`_l�BYPwJ LNL.132
6 JMRYik�_13BI5N`��_FHcpBY1:J LNL.F#6oBC5NPQPw17]_5 JMRY1^DG1713] 6 JMikj�RSF RS�_19J BOBY13P 6 L.T�[_2YF�i317BYB3+

hE�_1 LN5rDG17RY5NPQ1�F D RY�_1'$'&=(+*-, 1PO,[s172Y5.Pw17`�R^6o5NL.L 6 1:LNFH`_lQ13`pFHc_lH�tRY��JMRI6C1 P c_BOR
[_L JM` DGF 2 P�JM5N`(RS17`�J `_i71 JM`_] 2Y13[_J 5N2 F DoRY�_1�i3c_B4RSFHP 17LN13i�RS2OFH`_5Ni7B3+ |�c��Qi35N17`(RwBO[�J 2O1
[�J 24RSB9P c_BOR 6 1w[_cp2Yik��J BO13] JMR9i7FH`_BORY2Yc_i�RS5.FH`�RY5NPQ1 RYFtJ}0 FH5N] RS�_1Q2Y5.BYjUF DKJ i3F Pw[�FTK
`_13`(R PwJ `�cpD�J i�RSc_2O132 ]p5NBYi7FH`(RS5.`�cp5N`_l BOFHPQ1�i32Oc_i35NJ L [�J 2OR3+ |,[_2O1}J ]p5N`_ltRY�_1�[_cp2Yik��J BO1
F D9i3FHPQ[�FH`_13`(RYB F#0 132�RYF,F
L.FH`_l J RY5NPQ1tJ L.BYF 2O5NBYj�B BOFHPw1ti3FHPQ[sF `_13`(RSB 6 17i3FHPQ5N`_l
c_`�J}0MJ 5NLNJ 6 L.1 +

� 1 [_LNJ `
RSFtP�J jM1 c_BY1 FMD^2OF 6 F RS5.i�13L.13i�RS2YF `_5Ni JMBYBY17P 6 LrT�RY13ik�_`_F LNFHl T 6 FMRS�
DGFH2
5N`_5rRS5NJ LEi3FH`pBORS2Oc_i7RY5NFH`�JM`_] DGFH2�2O13[_LNJ i35.`_l
]_1�DG13i�RS5.0 1 i3F Pw[�FH`_17`�RYB3+ |,c_ik�8J ]p170�5Ni71
� -}v � i}J `yBY17LN17i7RS5r0H17L.T 5.`_BORSJ LNL�JM`_] 2O13PQF"0H1;i3FHPQ[�FH`_13`(RYBI6o5rRS�_FHc,Ro]_5NB4RSc_2 6 5N`_l `_13J 2 6 T
]_170�5.i313B7+�hE�_5NB;6CF c_LN] D�J i35.LN5.RSJMRS1 6 c_5NL.]_5N`pl J 6 FHJ 2Y]�5N` BORkJMlH13B J `_]�RY13B4RS5N`pl [�JM2ORS5NJ L
J BYBO13P 6 LN5N17B!? JtRS17ik�_`_5.b�cp1y17BY[�13i75 J L.L.T c_BY1�DGc_LK5.` [_2YF�]_c_i75N`_l RY�_1yACF,ikjMi32OF D R K �
J LrRSFH`
8;: H 6 J BY17B3+



���������
	���
�����	�����������	���	����
���������� -}\
������� � .�
�� , "	���
ACFH2Y1 PwJ `_[�F"6C172 1PO,5NB4RSB JMR � 1P:a172YBOFH`�~�J 6 JM`_] qZ`_]_5 JM`�J 7 `_5r0H172YBY5rRZT J `p]�5.B BYc��WK
i35.13`(REDGFH2E[_2O13LN5.Pw5.`�J 24TQ���;@ BORYc_]_5N17B3+ �^F"6x170 132!?�J i�RSc�JMLNL.T 6 c_5.LN]_5.`_l-?�i3FHPQPQ5NBY5.FH`_5.`_l
J `_] 2Oc_`_`_5.`_l:RY�_1 $'&=(+*B, 17LN13i�RS2OFH`_5Ni7Bx6o5.LNL 2Y17b�cp5N2Y1�J ]_]_5rRS5NF `�J L�PwJ `_[�F#6x132 6 FMRS� JMR
� 1D:s132OBYFH`t~�J 6 JM`_]tJ�Roi3FHL.L J 6 FH2SJ�RS5N`pl 5N`pBORS5rRScpRY5NFH`pB3+

hE�_132O1:JM2Y1�BO170H172SJ L JM2Y1}JMBC6o�_132O1;J ]_]_5rRS5.FH`�J L i3F LNL J 6 FH2YJMRSF 2YB�6o5.RS� 17LN17i7RS2OFH`_5.i3BK1UO)K
[s172ORY5NBY1 6xFHc_L.] 6 1 6C17LNi3F Pw1M+xhE�_1;� ~ W ACBI[_2YFH[�FHBO13] DGF 2KRS�_1;��1324RS1POyh�2SJMikj 132^BYi75N` K
RS5.LNL J�RS5N`pl d 6 132 2O1}J ]pFHcpR�J 2O1 J `�c_`�c_BYc_J L�RS17ik�_`_FHL.FHl T ?^J `_]�`_F 1UO,[s172Y5N17`_i31 1UOp5.BORYB
6o5.RY�_5N` RY�_1�i7FHLNLNJ 6 F 2SJMRY5NFH`e+ ACFH`_B4RkJ `(R DG2SJMi7RS5.FH` ]p5NBYi72Y5.Pw5.`�JMRSF 2YB;DGFH2:RY�_1 ]_17RY13i�RSFH2OB
6o�_5Nik��[_2OF,]pc_i31U[_2O13i75NBY1 RY5NPQ13Bw`_1317]�RYF 6 1U]p170H17LNFH[�13]8J `p]�5N`(RS17lH2SJMRY13]�5.`�RYF
RS�_1
8;: H 6 J BO13B7+�hE�_1 ]_5.BYi72Y5NPQ5N`_JMRSFH2OBIJ `_] [_2O1}J PQ[_BIDGFH2^RY�_1 h�2SJ ikj�5.`_l�]_2O5.D R^ik��J P 6 132OB
6o5NL.Le`_1317] RYF 6 19J ]�J [pRY13]yDG2YFHP F RS�_172^1UO,[s172Y5NPQ13`(RYB3+ ?zLNl FH2Y5rRS�_PQBCDGFH2o2Y17]_c_i75N`_l RS�_1
A!C>EFGU]�JMRSJ 0 FHLNcpPw1 `_1713]�DGc_2ORY�_132o]_1�0H17LNFH[_PQ13`(R3+



� � 	t� ��� � ��� 
 �
� 	

*,+.- @�5NlH5rRS55.713] > V 7 � \TKZV [_c_LNBO1 +x+:+9+:+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ V
*,+=< �CLNF�ikj�]_5NJ lH2YJ P F D&[_2OF RSF RZT�[�1 A!C>EFG 6 FHJ 2Y]e+ +;+:+9+9+:+9+:+9+9+:+9+ \
*,+gV W��pF RSFHl 2SJ [_��F D&[_2OF RSF RZT�[�1 A!C>EFG 6 F(JM2Y]e+�+:+9+;+:+9+9+:+9+:+9+9+:+9+ f
*,+n\ �CLNF�ikj�]_5NJ lH2YJ P F D&13`p132YlMT BYc_Py+ +9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ m
*,+=f �CLNF�ikj�]_5NJ lH2YJ P F D&[_2OF RSF RZT�[�1 H EFG 6 F(J 2O]e+&+9+;+:+9+9+:+9+:+9+9+:+9+ *
*,+gm W��pF RSFHl 2SJ [_��F D&[_2OF RSF RZT�[�1 H EFG 6 F(J 2Y]a+ +:+9+;+:+9+9+:+9+:+9+9+:+9+ �
*,+=* ho@;A8[�132ODGF 2YPwJ `_i31 5.`�LNF"6 2O13BOFHLNcpRY5NFH`a+&+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ u
*,+g� ho@;A8[�132ODGF 2YPwJ `_i31 5.`��_5NlH��2O13BYF LNcpRY5NFH`e+ +:+9+;+:+9+9+:+9+:+9+9+:+9+ u

-#f



� � 	t� ��� � ��� 
&� 	

*,+.- �I13J ]_FHcpR V L.13i7RY2YFH`p5Ni3B^|,cpPwPwJ 2OT�+9+9+:+9+:+9+;+:+9+9+:+9+:+9+9+:+9+ -#<

-"m



� � � 
 �&� � �1� � ���

� - � � +p� J � ��2SJp+���� ���
	���
��"LON������ L���5�	������5?�? )����H>nVHup-���\_-#f ?s-"uH�Hm,+
� < �:@ + G +=ACcpBYBSJM`_B3+ ��� ���
	���
���LON��!��� L���5�	��"���5?�?�)�����>g<H*H* ?a-"uHu(f,+
� V � |,5NlH`_J LeWX2YF�i317BYBO5N`_lQh&17ik�_`_FHL.FHlH5.13B1>$#&%'%)(+*-,',/.'.&.�0�12(&% 0�3)425a+
� \ �
��5NL.5N` O >6#7%'%)( *-,&,/.'.'.�098�:<;7:>=�8?0�3)425e+
� f � � FH2Y1 5N`,DGFH2YPwJMRS5.FH` FH` RS�p1 >�?�@;A [p2YF RYF RZT�[s1 i}J ` 6 1 DGFHc_`p] JMR

#7%'%)( *-,&,A@<B�1C%'D'B'='=7E�0F('#7EG17:)3'1H0I:C=7@�:AJ<=�JK0ML'@<B�,'N�(�J<B�;',C#�J7;';/O�P'@ +
� m �:@�17RkJM5NLNBxF D�RY�_1 �Y>C- � ik�p5N[yi}J ` 6 1�DGF c_`_] JMR

#7%'%)( *-,&,/.'.'.�0QJ�3�J/5+09@7L_+
� * � AE/9� Ws? |p|y1PO,[�132O5NPQ13`(RIJMRzA V � MU>�#7%'%)( *-,&,/.'.'.�3'425&(�J�1&1H0�3�L<P)= 0�32#e+
� � �9?Xho~ ?�|�?�|p@ ik�_5N[ >$#&%'%)(+*-,',CD)5R3H0FD'B 0QL<@<B�,CD'5S3),<J�1A@�,)J�1A@ 3C#S:>( 0F#7%<5�;,+
� u �9? +_�x2Yc_`_`p132T	��?���U��? ACF�ikj i32OF D R K �
JML.RSF ` 6 J BY1�DGF 2xRS�p1;> V�7 � \TKZV [_�_FMRSFHP cpL.RS5LK

[_LN5.132CRYc 6 1M+ �V� ���
	���
���LON��!�$� L���5�	��"���5?�?��XW)��> \H\(m;?e-}uHuH�p+
� -}v �:�C1}J P:6CFH2Oj�Bz|�[�J 2Yj�\(vHvO>H#&%'%)(+*-,',/.'.&.�0FD�L'JA57.G4AP)Y�1H0�3)425�+

-#*


