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on Normal (X’,Y’)

Model Boundary

Image Object

Nearest Edge 

Model Point (X,Y)

Normal to Model
Boundary
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Image Structure

Model Boundary

Model Point

Sample along Profile

Profile Normal
to Boundary

�&LTfgK6[kS}��GIHQ¸�dxM©S�N(y�irY�qDX6S�R5s5qgLIW�M~]ON(Y�s1RTS_N(RIqgW6fZN�s.[Oq ��RTSVW6q([kYZN(R$M�qmMOi6SVP5qgK.W.X.NQ[ �

o"F



�G���L� � ��� � � �F� ��� � � ��
�� � �\�/����� � � � o(�

��q �­S9±(S9[���YZq�X6S�R�s5qgLIW�MO]}NQ[OS�W6q(M-N(RT�xN��D]-s1RIN(yzS�X qgW�MOi6S�]�M�[OqgW6f(S�]�M-S�X6f(S LIW MOi6S�RTqDy9N(RILTM � �uMOi6S �
YZN �m[OS9s.[kS�]�S�W:M~Nh�­S�NQ\(S9[<]�S�yzqgW.X.NQ[ �ZS�X6f(Suq([©]�qgY�Suq(MOi6S9[©LIYmNQf(Su]OM�[kK.yzMOK6[OS(G�j©i.S�P5S�]�MxNQs.s.[OqgN(y�i�LI]­M�q
RTS�NQ[kWª{8[OqgY MOi.S�M�[kN(LlW.LIW6f`]OS9M��<i1NQM�M�q-RTq�q(\�{�q([~LIWmMOi6S�MONQ[kf(S9MxLlYZNQf(S(G@j©i.LI]�LI]­X6qgW6S<P��m]ON(YZs1RILIW6f_N(RIqgW6f
MOi6S�s.[kq ��RTS-W6q([kYZN(R2M�q�MOi6S�P5qgK.W.X1NQ[ �®LIWBMOi6S�M�[kN(LIW1LIW6fª]OS9M ��N(W.X P1K.LlRIX.LIW6fªN´]OMONQMOLI]�MOLIy9N(R@YZq�X6S�R2q({�MOi6S
f([OS ����RTS9±(S�R�]OM�[kK.yzMOK6[OS(G

���"R � 	 . ( '�'B�B-/U * 	  �#&' � !$3F�
 !6�/36(

JDK6s1s�qg]OS}{8q([`N fgLT±(S�W�s5qgLIW�Me��Sm]kN(Y�s1RTS�N(RTqgW6f®N s1[Oq ��RTS �Bs1L �DS�RI]eS�LTMOi6S9[`]kLIX6Shq({�MOi6SZYZq�X6S�R&s5qgLIW�MVLIW
MOi6S � "�� M�[kN(LIW.LIW.fhLIYmNQf(S(G@��S}i.N ±(S}b � � HV]ON(YZs1RTS�]x�<i.Llyki�y9N(W®P5Sus1K6M©LlW�N-±(S�yzM�q([ 0 < G�j>q�[OS�X.K1yzSVMOi6S
S �5S�yzMO]-q({~fgRTq(P1N(R­LIW:M�S�W1]OLTM � y�i.N(W6f(S�]h�­S´]ON(YZs1RTSZMOi6S X6S9[kLI±"NQMOLT±(S´N(RTqgW6frMOi6Sªs1[Oq ��RTS��2[kNQMOi6S9[hMOi.N(W MOi6S
NQP1]�qgRlK6M�Smf([OS ����RTS9±(S�R�±"N(RlK6S�]9G���S´MOi6S�W W6q([�YZN(RILI]�SmMOi6Sª]ON(YZs1RTSZP�� X.LT±DLIX.LIW.fªMOi6[kqgK6fgi P���MOi6Sª]kK.Y q({
NQP1]�qgRlK6M�SVS�RTS�Y�S�W�M©±QN(RIK6S�] �

0 <�� H
_ Q a 	 < Q a 0 < � ��GIH ¥

��Su[OS9s5S�NQMxMOi.LI]�{�q([­S�N(yki®M�[kN(LIW.LIW.f`LIYZNQf(S��DM�q-f(S9M~N}]�S9Mxq({�W.q([kYZN(RILI]OS�Xm]ON(Y�s�RTS�]&9 0 < Ae{8q([xMOi6S�fgLI±(S�W
Y�qDX6S�R�s�qgLlW:M9G ��S�N(]O]OK.YZSªMOi.NQM-MOi6S�]OS NQ[kS´X.Ll]�M�[kLTP1K.M�S�X N(]-N Y}K.RIMOLT±"NQ[�LINQM�SmfgN(K.]k]OLIN(W��@N(W.X�S�]�MOLlYZNQM�S
MOi6S�LT[VY�S�N(W c0 N(W.X yzq ±QNQ[kLIN(W.yzS 4 � G_j©i.LI]�fgLT±(S�]VN ]�MONQMOLI]OMOLIy9N(R&Y�q�X.S�R>{8q([uMOi6S-f([OS ����RTS9±(S�R&s.[Oq ��RIS}NQP5qgK6M
MOi6S_s5qgLIW�M9G�j©i.LI]~Ll]x[OS9s5S�NQM�S�X®{8q([©S9±(S9[ ��Y�qDX6S�R5s5qgLIW:M �6fgLI±�LIW.fhqgW.S_f([OS ����RTS9±(S�R�Y�qDX6S�R5{8q([©S�N(yki�s5qgLIW:M9G

j©i.S ��K.N(RlLTM �´q({ ��M~q({&NmW6S9� ]ON(Y�s1RIS�� 0 � �1M�qZMOi6S_Y�qDX6S�R¶LI]xfgLI±(S�W�P��
��� 0 � ¥ C � 0 � b c0 ¥ O 4 � E� � 0 � b c0 ¥ � ��Gcbg¥

j©i1LI]$LI]5MOi6S�pBN(i.N(RIN(W.q(P1LI]¶X.Ll]�MON(W.yzS�q({�MOi6S�]ON(Y�s�RTS�{�[kqgY�MOi6S�Y�qDX6S�R(Y�S�N(W �"N(W.X`LI]$RILIW6S�NQ[�R �©[OS�RINQM�S�X`M�q
MOi6SeRTq(f-q({$MOi6S�s1[Oq(P1NQP1LIRlLTM �}MOi.NQM 0 � LI]�X.[kN��<Wm{�[kqgY MOi6SeX.LI]�M�[�LTP1K6MOLTqgW¶G�prLlW.LIYZLI]kLIW6f ��� 0 � ¥�LI]�S���K.LI±"N(RTS�W�M
M�qmYZN"�6LIYZLl]OLIW6fhMOi6S_s.[kq(P1NQP1LIRILIM ��MOi.NQM 0 � yzqgYZS�]©{8[OqgY°MOi6S_X.Ll]�M�[kLTP1K.MOLTqgW$G

�uK6[kLlW6fª]�S�NQ[�yki��­Sh]kN(Y�s1RTS-N´s.[Oq ��RTS � s1L �DS�RI]©S�LTMOi.S9[u]kLIX6Shq({@MOi6S�y9K6[O[OS�W�Mes�qgLlW:M�� � � ��¥�GV��S
MOi6S�W M�S�]�M`MOi6S ��K.N(RlLTM � q({ �1M_q({xMOi6S´yzq([O[OS�]�s5qgW.X.LlW6f f([OS �:��RIS9±(S�R�Y�qDX6S�R@NQM}S�N(yki�q({xMOi6Sªb6� � b �.¥ � H
s5qg]O]OLTP�RTS<s5qg]OLTMOLIqgW.]�N(RIqgW6f-MOi6SV]ON(Y�s1RTS�� �&LTfgK6[OS`��Gcbg¥xN(W1X´y�i6q�qg]�S_MOi6SuqgW6Su�<i.Llyki´fgLT±(S�]~MOi6SuP5S�]�M~YZNQMOy�i
� RTq���S�]�M�±"N(RlK6Suq({ ��� 0 � ¥�¥�G

j©i1LI]©LI]<[OS9s5S�NQM�S�X�{8q([<S9±(S9[ �rY�q�X.S�R$s5qgLIW:M ��fgLT±DLIW6fZNm]kK6f(f(S�]�M�S�X W6S9��s5qg]OLIMOLTqgW�{8q([<S�N(ykiBs5qgLIW�M9Gx��S
MOi6S�W�NQs.s�R ��qgW6S�LTM�S9[kNQMOLTqgWBq({�MOi6SZN(RTf(q([kLTMOi1Y¬fgLT±(S�W�LlW¨�8F6Gc�g¥�M�q®K.s5X1NQM�S}MOi6S�y9K6[k[OS�W:Mus5qg]�S-N(W.X ]Oi.NQs5S
s1NQ[kN(YZS9M�S9[k]©M�qZP5S�]�M©YmNQMOyki®MOi.S`Y�qDX6S�R5M�qZMOi6S_W6S9��s�qgLlW:MO]9G

����� � � '?!6��� � ( 7 	�'���!X��	
- S  !X� �
( ��W/#�
 ( � 	 . ( ')7

j>qZLIY�s.[Oq�±(SuMOi6SVS �ªy9LTS�W.y�� N(W.X´[Oq(P1K1]�MOW6S�]O]xq({2MOi6SVN(RTf(q([kLTMOi1Y��6LTM~LI]~LIY�s1RIS�Y�S�W:MxLIW N�YhK.RTMOL � [OS�]OqgRIK6MOLTqgW
{8[kN(Y�S9�­q([O\�G j<i.LI]ZLIW�±(qgRT±(S�] �1[k]�Mª]�S�NQ[kyki1LIW6f {8q([´MOi6S�q(P���S�yzM LIW¹N yzqgNQ[�]�SBLlYZNQf(S��©MOi6S�W [OS���W.LIW.f�MOi6S
RTqDy9NQMOLTqgW LIW´N}]�S9[�LTS�]­q({ ��W6S9[­[OS�]�qgRlK6MOLTqgW´LIYZNQf(S�]9G@j©i1LI]�RTS�N(X1]�M�q�Nh{ N(]�M�S9[~N(RTf(q([kLTMOi.Y ��N(W.X´qgW6Se�<i.Llyki´LI]
RTS�]O]<RILT\(S�R �ªM�qZf(S9M<]�MOK.yk\ qgW�MOi6S_�©[kqgW6fZLIYZNQf(S`]OM�[kK.yzMOK6[OS(G

�6q([�S�N(y�i¨M�[kN(LIW.LlW6f�N(W.X�M�S�]�M�LIYZNQf(S��@NrfgN(K.]O]kLIN(W¨LIYZNQf(S´s���[kN(YZLIX LI]}P1K.LIRTM �v��� G�j©i6SmP�N(]�S´LlYZNQf(S
� RTS9±(S�R.a:¥�LI]�MOi6S~q([kLIfgLIW.N(RDLIYZNQf(S(G@j©i.SxW.Sz��M�LlYZNQf(S`� RTS9±(S�R�H ¥�LI]&{�q([�Y�S�X�P��h]OYZq�q(MOi.LlW6fuMOi6S~q([kLTfgLIW1N(RDMOi6S�W



�G��� � � � � �\���^� � � �������\� ��� 
 ��� � �'� � �

��	� � ��� � �'� o(�

���������
���������
����
���� 		
	





������������������

������������������







��
��
������������������

������������������

��
��
��
��

Model

Sampled Profile

Cost of Fit

�&LTfgK6[kS}��Gcb�¸­J�S�NQ[ky�i�N(RTqgW6fZ]kN(Y�s1RTS�X�s1[Oq ��RTSuM�q���W1XªP5S�]�M���M©q({>f([kS �:��RTS9±(S�R>Y�qDX6S�R

]OK6P�]ON(Y�s1RILlW6f}M�qªq(P.MON(LIWrN(WrLIYmNQf(S_�<LTMOi®i1N(RT{&MOi6S`W�K.Y`P5S9[©q({�s�L ��S�Rl]©LIW�S�N(y�irX.LlY�S�W.]OLTqgW¶GxJDK6P�]�S���K.S�W:M
RTS9±(S�RI]<NQ[OS_{8q([kY�S�X�P��ª{ K6[OMOi.S9[©]OY�q�q(MOi.LIW6f�N(W.X®]kK6P6��]ON(Y�s�RILIW6f�� �&LTfgK6[OS}��Gcog¥�G

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

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

���������������
���������������

Level 1

Level 2

Level 0

�&LTfgK6[OS}��Gco�¸­d fgN(K.]O]OLIN(W�LlYZNQf(S_s���[kN(YmLIX�LI]x{8q([kY�S�X�P��ª[kS9s�S�NQM�S�Xr]OY�q�q(MOi.LIW6f�N(W.X�]OK6P6��]ON(YZs1RILIW6f

�uK6[kLlW6fZM�[kN(LIW1LIW6f��­S}P1K1LIRIX�]�MONQMOLI]OMOLIy9N(R�Y�qDX6S�RI]<q({�MOi6S`f([kS �:��RTS9±(S�Rl]eN(RIqgW6fªW6q([�YZN(R¶s.[kq ��RTS�]~MOi6[kqgK6fgi
S�N(yki�s5qgLIW:M �.NQM<S�N(yki�RIS9±(S�R$q({>MOi.SVfgN(K.]O]OLIN(W®s���[kN(YZLIX¶G2��S}K.]OK.N(RIR �mK.]�SVMOi6S_]kN(Y�S_W�K1Y`P5S9[~q({2s1L �DS�RI]~LIW
S�N(ykirs.[Oq ��RTS_Y�qDX6S�R��6[OS9fgNQ[kX1RTS�]O]~q({@RTS9±(S�R GxJDLIW1yzSVMOi6S_s1L �DS�RI]~NQMeRTS9±(S�R���NQ[OShb��rMOLIY�S�]<MOi6S`]OL��9S`q({2MOi.qg]�S
q({�MOi.Seq([�LTfgLIW.N(R5LIYZNQf(S��DMOi6S_YZq�X6S�Rl]�NQM~MOi6SVyzqgNQ[k]OS9[<RTS9±(S�RI]x[OS9s1[OS�]�S�W�MxYZq([OSuq({�MOi6S_LIYmNQf(S�� �&LTfgK.[OS`��GvF�¥�G
JDLIYmLIRINQ[kR ���6X.K.[kLIW6fZ]�S�NQ[�ykiB��ShW6S9S�XrqgW.R ��]�S�NQ[ky�iBNm{�S9� s1L �DS�RI] �2� � � ¥ ��S�LTMOi6S9[�]kLIX6S_q({�MOi6S-y9K6[O[kS�W:M©s5qgLIW�M
s5qg]OLTMOLTqgW NQM}S�N(y�i¨RTS9±(S�R¡GrdxM�yzqgNQ[k]OS´RTS9±(S�Rl]`MOi.Ll]`�<LlRIR�N(RIRTq�� ��K.LTM�S´RINQ[Of(S Y�q ±(S�Y�S�W�MO] ��N(W1X MOi6S Y�qDX6S�R
]Oi6qgK1RIX yzqgW:±(S9[Of(SªM�q®N f(q�qDX ]�qgRlK6MOLTqgW$GhdxM_MOi6S
��W6S9[u[OS�]OqgRIK6MOLTqgW �­SZW6S9S�X qgW.R �BY�qDX.LT{ �®MOi.LI]V]�qgRlK6MOLTqgW
P��´]OYmN(RIR$N(Y�qgK.W�MO]9G

�
i6S�WZ]�S�NQ[�yki.LIW.f_NQM@NVfgLT±(S�W�[OS�]OqgRIK6MOLTqgW-RTS9±(S�R��:��S©W6S9S�XmNVY�S9MOi6qDX�q({�X.S9M�S9[kYZLIW.LlW6f���i6S�W-M�q_yki.N(W.f(S
M�qªN���W6S9[©[OS�]OqgRIK6MOLTqgW��Dq([�M�qª]�M�q(srMOi6S`]�S�NQ[ky�i$Gxj©i.LI]~LI]<X6qgW6SVP��´[kS�yzq([kX.LIW6f�MOi.S`W�K1Y`P5S9[~q({&MOLIY�S�]<MOi.NQM
MOi6S-P5S�]�Me{�qgK.W1X�s1LT��S�R2N(RTqgW6f�N ]�S�NQ[ky�i s.[Oq ��RTShLI]e�<LTMOi.LlW®MOi6S�yzS�W�M�[kN(R@�Qa � q({�MOi6Shs.[Oq ��RTS � � 	�MOi6S-P5S�]�M
s5qgLIW�M�LI]��<LTMOi.LlW�� � $Qbªs1L �DS�RI]<q({@MOi6S-y9K6[O[OS�W�M�s5qgLIW�M�¥�Ge� i6S�W N´]OK �ªy9LIS�W:MuW�K1Y`P5S9[��8S9f ���Qa �m¥©q({�MOi6S
s5qgLIW�MO]�NQ[OSu]�qh{�qgK1W.X��:MOi.SeN(RTf(q([�LTMOi.Y¦LI]�X6S�y9RlNQ[OS�XmM�q�i.N ±(SVyzqgW:±(S9[Of(S�X�NQMxMOi.NQM­[OS�]�qgRlK6MOLTqgW$G&j©i6Suy9K6[O[OS�W�M
Y�qDX6S�RxLI]-s.[Oq ��S�yzM�S�X LIW�M�q�MOi6S�W6Sz�DMZLIYZNQf(S�N(W.X¨[kK.W�M�q yzqgW�±(S9[Of(S�W.yzSBNQfgN(LIW$G�� i6S�W yzqgW�±(S9[Of(S�W.yzSrLI]
[OS�N(y�i6S�X®qgW�MOi.S ��W6S�]�M~[kS�]�qgRIK6MOLTqgW ��MOi.S`]�S�NQ[ky�i�LI]~]�M�q(s1s�S�X¶G



�G��� � � � � �\���^� � � �������\� ��� 
 ��� � �'� � �

��	� � ��� � �'� og�

Level 0

Level 1

Level 2

�&LTfgK6[OS}��GvF6¸~J�MONQMOLI]�MOLly9N(R$Y�q�X.S�RI]xq({&f([OS �:��RIS9±(S�R$s.[Oq ��RIS�]x[OS9s.[OS�]�S�W�M~MOi6S`]kN(Y�S_W�K1Y`P5S9[~q({&s1L �DS�RI]xNQM©S�N(yki
RTS9±(S�R

j>qm]OK.YmYZNQ[kLI]�S��DMOi6S`{8K.RlR�pB§<dVJDp ]�S�NQ[ky�i�N(RTf(q([kLIMOi.Y LI]~N(]<{�qgRIRIq �<]9¸
�
	 JDS9M � C � 3 � 5
��	 �
i.LIRIS � � a

� N:¥®wxqgY�s1K6M�S_Y�qDX6S�R5s5qgLIW�M~s5qg]OLTMOLTqgW.]xLIW�LlYZNQf(S`NQM<RTS9±(S�R��©G
�8P�¥�JDS�NQ[kykirNQM � � s5qgLIW�MO]xqgW�s.[Oq ��RTSuS�LTMOi6S9[<]OLlX6SuS�N(ykiBy9K6[O[OS�W�M~s5qgLIW:M
� y ¥$��s$X.NQM�S_s5qg]�S_N(W.X�]ki.NQs5SVs1NQ[kN(Y�S9M�S9[k]<M�q��1M©Y�qDX6S�R5M�qmW.S9� s5qgLIW:MO]
� X�¥´§<S9MOK6[kW M�q��¡bQN:¥VK1W.RTS�]O]_YZq([OSZMOi.N(W®� ����� ���_q({~MOi6Sms�qgLlW:MO]_NQ[kSm{8qgK.W.X y9RTqg]OSZM�q�MOi6S´y9K6[O[OS�W�M

s5qg]OLIMOLTqgW��Dq([
	 3 � 5ZLIM�S9[kNQMOLTqgW.]©i1N�±(S`P5S9S�W®NQs1s1RILTS�X NQM©MOi.Ll]x[OS�]�qgRIK6MOLIqgW$G
�8S�¥&� { � � a�MOi.S�W � � � � b H ¥


�	 �&LIW1N(R5[OS�]OK.RTM©Ll]xfgLT±(S�W�P��´MOi.SVs1NQ[kN(Y�S9M�S9[k]�NQ{�M�S9[eyzqgW:±(S9[kf(S�W.yzShNQM�RTS9±(S�R¶aDG
j©i.S_Y�q�X.S�R5P1K.LIRIX1LIW6f`s1[Oq�yzS�]k]~qgW.R �ª[OS���K1LT[OS�]xMOi6S`y�i6qgLIyzS_q({2MOi6[OS9S`s1NQ[kN(Y�S9M�S9[k]�¸
A !$#>�D; ��,1��, 
 ��� ���"7
� |eK.Y}P5S9[~q({&YZq�X6S�R5s5qgLIW�MO]
� |eK.Y}P5S9[~q({&YZq�X6S�]xM�q´K.]�S
� |eK.Y}P5S9[~q({2s�L ��S�Rl]�S�LIMOi6S9[<]OLIX.Seq({&s5qgLIW�MxM�qZ[OS9s.[OS�]OS�W:M<LlW f([OS �:��YZq�X6S�R

j©i.S`W�K1Y`P5S9[<q({�s5qgLIW�MO]©LI]�X6S9s5S�W.X6S�W�M©qgW®MOi.S}yzqgY�s1RISz�DLTM ��q({�MOi6S`q(P � S�yzM �5N(W.X®MOi.S}N(y9y9K6[kN(y����<LTMOi
�<i.LlykirqgW6S}��LI]Oi6S�]�M�q [OS9s.[OS�]�S�W�MuN(W �rP�qgK1W.X.NQ[kLTS�]�G<j©i6S-W�K1Y`P5S9[eq({�Y�qDX6S�]u]Oi6qgK.RIX�P5Shy�i6qg]�S�WBMOi.NQMVN
]OK �´y9LTS�W:M�N(Y�qgK.W�M<q({�q(P���S�yzM�±QNQ[kLINQMOLIqgW�y9N(W®P5Shy9NQs.MOK6[OS�X�� ]�S9S}F6Gc�mNQP5q ±(S�¥�G<j©i.S}W�K.Y`P5S9[©q({�s�L ��S�Rl]~M�q
Y�qDX6S�R1LlW�S�N(yki´s1L �DS�R6�<LlRIR6X6S9s5S�W.X�qgWªMOi6S<��LIX6MOi�q({$MOi6S�P5qgK.W.X.NQ[ �-]�M�[kK1yzMOK6[OS}� i6q���S9±(S9[ �.K.]OLIW6f`o_s1L �DS�RI]
S�LTMOi6S9[�]OLIX6SVi.N(]~fgLI±(S�W®f(q�q�X�[kS�]OK.RTMO]x{8q([<YZN(W���NQs.s1RILIy9NQMOLIqgW.]�¥�G

j©i.S_]�S�NQ[kykirN(RTf(q([kLTMOi1Y°i.N(]©{8qgK6[~s1NQ[kN(YZS9M�S9[k]9¸



�G� ��� ���


� � � ��� ��� ��� 
�� � � o(�

45��,.�"'"= �e,.�", 
 ��� ����7 � J6K6f(f(S�]�M�S�X�X.S9{8N(K.RIM�¥
�
3 � 5 w­qgNQ[k]�S�]OM<RTS9±(S�R$q({&fgN(K.]O]kLIN(W s���[kN(YZLlX M�qm]�S�NQ[ky�i
� � |�K1Y`P5S9[~q({�]ON(Y�s1RISes5qgLIW�MO]~S�LTMOi.S9[©]OLIX6SVq({&y9K6[O[OS�W�M~s5qgLIW�M`�¡bg¥
	 3 � 5 prN"�6LIYhK.Y W�K.Y}P�S9[~q({&LTM�S9[kNQMOLIqgW.]©N(RIRTq���S�X�NQM<S�N(ykirRTS9±(S�R��¡�g¥
� ��� � ��� �@[Oq(s5q([OMOLIqgW q({>s5qgLIW�MO]~{8qgK.W.X �<LTMOi1LIW � � $Qb-q({�y9K6[O[OS�W�M~s5qg]9G<� aDGc�g¥

j©i.S®RTS9±(S�RI]-q({eMOi6S�fgN(K.]O]OLlN(W s���[kN(YZLlX M�q ]�S�N(yki �<LIRIR­X6S9s5S�W.X¨qgW¨MOi6S�]kL��9S q({eMOi.S�q(P�� S�yzMªLIW�MOi6S
LIYZNQf(S(G

���P� ����#&0 
 'B( 7 	#" �8( #43� 	W

�&LTfgK6[OS-��Gc�ZX6S�Y�qgW1]�M�[kNQM�S�]eK.]OLIW6f�MOi.S`duJ6p¯M�qªRTqDy9NQM�S`MOi6S`{�S�NQMOK6[kS�]<q({�NZ{ N(yzS(G~j©i6S`YZq�X6S�R�LIW.]�MON(W.yzS}LI]
s1RIN(yzS�X�W.S�NQ[©MOi6S_yzS�W�M�[OS_q({2MOi6S_LIYZNQf(S_N(W.X�N�yzqgNQ[k]�S_M�q���W6SV]�S�NQ[kyki®s�S9[k{�q([kYZS�X$G�j©i6S_]�S�NQ[ky�i®]�MONQ[OMO]�NQM
RTS9±(S�R�o�� H �Q�®MOi6S�[OS�]�qgRlK6MOLTqgW�LIW :�N(W.X @ByzqgYZs1NQ[OS�X�M�q®MOi.SZq([kLTfgLIW1N(R2LlYZNQf(S�¥�GZU�NQ[Of(SªY�q ±(S�Y�S�W�MO]hNQ[OS
YZN(X6SZLlW MOi6S
�1[k]�Mu{8S9� LTM�S9[kNQMOLIqgW.] �¶f(S9M�MOLIW.f®MOi6S�s5qg]OLTMOLTqgW N(W.X ]Oy9N(RTS�[OqgK6fgi1R �ryzq([O[kS�yzM9Gmd�]_MOi6SZ]�S�NQ[ky�i
s.[Oq(f([kS�]O]�S�]@M�q ��W6S9[�[OS�]�qgRIK6MOLIqgW.]�Y�q([OSe]OK6P.MORTS©N(X ��K.]OMOY�S�W:MO]�NQ[OS�YmN(X6S(G�j©i6S ��W1N(R.yzqgW:±(S9[kf(S�W.yzSZ� NQ{�M�S9[xN
M�q(MON(R¶q({~H���LIM�S9[kNQMOLTqgW.]�¥�fgLI±(S�]<N�f(q�q�X�YZNQMOyki�M�qZMOi6S_MONQ[Of(S9MeLIYZNQf(S(G�� W�MOi.Ll]~y9N(]�S`NQM<Y�qg]OM���LTM�S9[kNQMOLIqgW.]
�­S9[OS}N(RIRIq �­S�XrNQMeS�N(ykiB[OS�]�qgRlK6MOLTqgW��1N(W1X�MOi6ShN(RTf(q([kLTMOi1Y¬yzqgW�±(S9[Of(S�]VLIW®YhK.ykiBRTS�]O]�MOi.N(WrNª]�S�yzqgW1X��8qgWBN
bQa(a(pB� �-�­w©¥�G

�&LTfgK6[kS´��Gc�®X6S�YZqgW.]�M�[kNQM�S�]hi6q � MOi6SmdVJDp�y9N(W { N(LIR@LI{�MOi6Sª]�MONQ[OMOLIW6f�s�qg]kLTMOLTqgW�LI]`M�q�qr{8NQ[}{�[OqgY MOi6S
MONQ[Of(S9M9G�JDLIW1yzS-LIM`LI]VqgW.R �B]�S�NQ[�yki.LIW.f®N(RTqgW6f®s.[kq ��RTS�]_NQ[OqgK1W.X MOi6Smy9K6[k[OS�W:M`s�qg]kLTMOLTqgW��¶LTM}y9N(W.W6q(M`yzq([O[kS�yzM
{8q([uRlNQ[Of(ShX1LI]�s1RIN(yzS�YZS�W:MO]�{�[kqgY MOi.S-yzq([k[OS�yzMus�qg]kLTMOLTqgW$G � Me�<LIRIR�S�LTMOi6S9[VX.LT±(S9[kf(S}M�q�LIW���W.LTM ����q([VyzqgW:±(S9[Of(S
M�qmN(W®LlW.yzq([O[OS�yzM<]OqgRIK6MOLTqgW��6X6qgLlW6fZLTMO]xP5S�]�M~M�qmYZNQMOy�i�MOi.S_RTq�y9N(R�LIYZNQf(S`X.NQMONDG�� W�MOi.S`y9N(]�S`]Oi.q �<W®LIM©i.N(]
P5S9S�W®NQP1RTSVM�qªRTq�y9NQM�S}i.N(RT{�MOi.S_{8N(yzS��1P1K6M~MOi6S_q(MOi.S9[<]OLIX6SVLI]©M�q�qZ{ NQ[<N �­N �(G

�&LTfgK6[kS®��G��BX.S�Y�qgW.]�M�[kNQM�S�]mK.]OLIW6frMOi6S®dVJDp^q({�MOi6S�y9NQ[OMOLIRINQf(S�M�q RTqDy9NQM�S�MOi6S�]�M�[kK1yzMOK6[OS�LIW�N�W6S9�
LIYZNQf(S(G � W MOi.LI]Vy9N(]�SªMOi6Sm]�S�NQ[ky�i ]�MONQ[kMO]`NQM}RIS9±(S�R�b �2]kN(Y�s1RTS�]VNQM-b s5qgLIW:MO]uS�LIMOi6S9[`]OLIX.S�q({­MOi.Smy9K6[O[OS�W�M
s5qgLIW�M�N(W.X´N(RIRTq��<]xNQM­Y�qg]OM~�}LTM�S9[kNQMOLIqgW.]�s5S9[xRTS9±(S�R¡G@d X.S9MON(LIRTS�X´X6S�]Oyz[kLTs1MOLTqgWZq({¶MOi.SeNQs.s�RILIy9NQMOLTqgWªq({�]OK.y�i
NZY�qDX6S�R$LI]xfgLI±(S�W®P���J�qgRlRTq �xN�� 	���� 
�� �­LIW �v�"F�� G



�G� ��� ���


� � � ��� ��� ��� 
�� � � o(�

� W.LIMOLIN(R d<{8M�S9[eb-LTM�S9[�NQMOLTqgW.]

d<{8M�S9[���LIM�S9[kNQMOLTqgW.] d�{�M�S9[hH���LTM�S9[kNQMOLTqgW1]
�2LIfgK6[OS}��Gc��¸xJDS�NQ[kyki®K1]OLIW6f�deyzMOLT±(ShJDi.NQs5S_prq�X.S�R5q({&NZ{8N(yzS

� W.LIMOLIN(R d�{�M�S9[eb�LTM�S9[kNQMOLTqgW1] d�{�M�S9[ebQa)� M�S9[kNQMOLTqgW.]
�&LTfgK6[OSu��Gc��¸�J�S�NQ[kyki´K.]OLlW6f_d�yzMOLI±(SVJDi1NQs�S�p�qDX6S�R.q({$N}{8N(yzS���fgLT±(S�W´N_s5q�q([�]�MONQ[OMOLlW6f_s5qgLIW�M9G&j<i6S<dVJDp�LI]
NZRTqDy9N(R$Y�S9MOi6qDX��.N(W.X�YZN�� { N(LIR5M�qmRTqDy9NQM�S`N(W�N(y9yzS9s1MONQP1RTS_[OS�]kK.RTM~LT{&LIW.LTMOLIN(RlLI]�S�XZM�q�qZ{ NQ[©{8[OqgY°MOi6S_MONQ[kf(S9M



�G� ��� ���


� � � ��� ��� ��� 
�� � � Fga

� W1LTMOLIN(R d�{�M�S9[hHVLTM�S9[kNQMOLTqgW

d�{�M�S9[��ZLTM�S9[kNQMOLTqgW.] d<{8M�S9[}HzFªLTM�S9[kNQMOLTqgW.]
�&LTfgK6[kS}��G���¸xJ�S�NQ[ky�i�K.]kLIW6f-duJDp q({&y9NQ[OMOLIRINQf(S`qgW®N(W�pB§�LIYmNQf(S_q({>MOi.S_\�W.S9S



� �������	��
 �

� ��� � ��� � � � � � � ��� �«� � � � � 	

� ��� ��-
!X3 	 .1�
 !X� 	�-

j©i6S}d�yzMOLT±(S�JDi.NQs5S_prq�X6S�R�]�S�NQ[kykiBN(RTf(q([kLIMOi.Y N(RIRTq���S�XBK.]~M�q´RTqDy9NQM�S`s5qgLIW�MO]~qgW�NªW6S9��LIYZNQf(S���YZNQ\DLIW6f
K.]�SVq({�yzqgW.]OM�[kN(LIW�MO]©q({&MOi6S`]Oi1NQs�S_YZq�X6S�Rl]9G	�uW6S_X.Ll]ON(X6±QN(W:MONQf(S`Ll]~MOi.NQM<LTM<qgW.R �ªK1]�S�]<]Oi1NQs�SVyzqgW.]OM�[kN(LIW�MO]
�8M�q(f(S9MOi6S9[u�<LTMOi�]�qgY�S}LlW6{�q([�YZNQMOLTqgW®NQP5qgK6M©MOi.S`LIYZNQf(Sh]�M�[kK.yzMOK6[kS`W6S�NQ[<MOi.S}RIN(W.X1YZNQ[O\D]�¥ �.N(W.X�X.q�S�]�W6q(M
MONQ\(S-N(X6±"N(W�MONQf(S-q({�N(RIR¶MOi6S}N�±QN(LIRINQP1RTS}LIW6{8q([kYZNQMOLTqgW �­MOi6S_M�Sz�DMOK6[OS-N(yz[Oqg]O]�MOi6S_MONQ[Of(S9Meq(P���S�yzM9G©j©i.LI]<y9N(W
P5S�Y�q�X.S�RIRTS�X�K.]OLIW6f N(W d�s.s5S�NQ[kN(W.yzS�p�qDX6S�R©��G � W�MOi.Ll]�yki.NQs.M�S9[m��S�X6S�]Oyz[�LTP5S´N(W N(RTf(q([�LTMOi.Y¯�<i.Llyki
N(RIRTq��<]<K1]©M�q)��W.X�MOi6S}s1NQ[kN(Y�S9M�S9[k]<q({@]OK.y�i�NmYZq�X6S�R¶�<i.LIy�i®f(S�W6S9[kNQM�S�]uNZ] ��W�MOi6S9MOLIy}LIYZNQf(S}N(]�y9RTqg]�ShN(]
s5qg]O]OLTP�RTS�M�qªN�s1NQ[OMOLIy9K1RINQ[xMONQ[Of(S9M�LIYmNQf(S��1N(]O]OK.YmLIW6f�N�[OS�N(]�qgW1NQP1RTS_]�MONQ[OMOLlW6fZNQs.s.[Oq �DLlYZNQMOLTqgW$G

� �"R � #� 	5 U 3 	
� -/. � ��-
!X( 3 
/36(\!$#e!6��	
- %�� �	� -
!XW/( 7X�)7

� W¹[OS�yzS�W�M �(S�NQ[�]ªYZN(W��¹Y�qDX6S�R � P1N(]OS�X¹NQs.s.[OqgN(y�i6S�]ªM�q MOi6SBLIW:M�S9[ks.[OS9MONQMOLTqgW q({_LIYZNQf(S�]ªq({uX.S9{�q([kYmNQP1RTS
q(P���S�yzMO]mi.N ±(S®P5S9S�W X6S�]Oyz[kLIP�S�X¶G �uW.S YZq(MOLT±"NQMOLIqgW¹LI]-M�q N(y�i.LTS9±(S®[Oq(P�K.]�M-s5S9[O{�q([�YZN(W.yzS�P���K.]kLIW6fBMOi6S
Y�qDX6S�R6M�qhyzqgW.]�M�[kN(LIWm]�qgRIK6MOLTqgW1]�M�q`P5S©±QN(RILIX-Sz�6N(Y�s1RTS�]�q({5MOi6S<q(P���S�yzM�YZq�X6S�RlRTS�X$G>d
Y�qDX6S�R.N(Rl]�q_s.[Oq�±�LlX6S�]
MOi6SrP1N(]OLI]m{�q([ N P.[kqgN(X¹[kN(W6f(SBq({_NQs.s1RlLIy9NQMOLTqgW.]�P�� � Sz�Ds1RIN(LIW.LlW6f ��MOi6SrNQs1s�S�NQ[�N(W.yzS�q({_N fgLT±(S�W�LlYZNQf(S
LIW M�S9[kYZ]}q({©NryzqgY�s�N(yzMh]�S9Mhq({©Y�qDX6S�R@s�NQ[kN(Y�S9M�S9[k]9GBj©i6S�]�Sªs1NQ[kN(Y�S9M�S9[�]}NQ[OS K.]�S9{ K.R�{8q([-i.LTfgi6S9[hRTS9±(S�R
LIW�M�S9[Os.[OS9MONQMOLIqgW¹q({_MOi6SB]OyzS�W6S(G��.q([ LlW.]�MON(W.yzS��~�<i.S�W N(W.N(R �D]OLIW.f�{8N(yzS LIYZNQf(S�]ªMOi6S � YZN � P5SrK.]�S�X M�q
yki1NQ[kN(yzM�S9[kLI]�S MOi6S´LIX6S�W�MOLTM ����s5qg]�Sªq([}Sz�Ds.[OS�]k]OLTqgW q({©N�{ N(yzS(G � W q([kX6S9[hM�qBLIW�M�S9[Os.[kS9M}NBW6S9�¦LlYZNQf(S��@N(W
S �ªy9LTS�W�M<Y�S9MOi.q�X�q({ ��W.X1LIW6fhMOi6S_P5S�]�M©YZNQMOy�i®P5S9M��­S9S�W�LIYmNQf(S`N(W.X�Y�qDX6S�R¶LI]x[kS���K.LI[OS�X$G

t@NQ[kLIqgK.]�NQs1s.[OqgN(yki.S�]�M�q-Y�qDX6S�RIRILIW.fe±QNQ[kLINQP�LIRILTM �}i.N ±(S�P5S9S�WmX.S�]Oyz[kLTP5S�X$G&j©i6S<YZqg]�M�yzqgYZYZqgWmf(S�W6S9[�N(R
NQs.s.[kqgN(yki LI]@M�q�N(RIRIq �
N`s.[kq(M�q(M ��s�SeM�qh±"NQ[ �ªN(y9yzq([kX.LIW6f}M�qh]OqgY�S�s�i �D]OLIy9N(R�Y�q�X.S�R¡G �­N �Oy9] �mN(W1X �Vq�±"N(y9Lly
� H �DX6S�]Oyz[kLTP5S�N�±(qgRIK.YZS�Y�qDX6S�R5�8q({.MOi6S­P.[kN(LIW�¥5MOi.NQM2N(Rl]�q�X6S9{8q([kYZ]>S�RIN(]�MOLly9N(RIR �uM�quf(S�W6S9[kNQM�S~W6S9��Sz�DN(Y�s�RTS�]9G
wxi6[�LI]�M�S�W.]�S�W 	�� 
�� � H(H���X6S�]Oyz[�LTP5S©NV±�Ll]OyzqgK.]� �q ��YZq�X6S�R.q({5X.S9{�q([kYmNQMOLTqgWZ�<i1LIyki�MOi.S �-N(Rl]�q`NQs.s1R �}M�q}MOi6S
P.[kN(LlW��6P1K6M<Ll]~±(S9[ �®yzqgY�s1K.MONQMOLTqgW.N(RIR �´Sz�Ds�S�W1]OLT±(S(G�j2K6[O\�N(W.Xr�2S�W:MORIN(W1X � �"a��>K1]�S_s.[kLlW.y9LTs1N(R5yzqgY�s5qgW6S�W�M
N(W.N(R �D]OLI]&M�q_X.S�]Oyz[kLTP5Sx{8N(yzS�LIYZNQf(S�]@LIW-M�S9[�YZ]�q({5N_]�S9M�q({5P1N(]OLI]&{ K.W.yzMOLIqgW.] �(q([ � S�LTf(S�W.{8N(yzS�] �TG@j<i6qgK6fgi-±QN(RILIX
Y�qDX6S�]Vq({­±"NQ[�LINQMOLTqgW NQ[OSªRTS�NQ[kW�MV{�[OqgY N�M�[kN(LIW.LlW6f�]�S9M �>N(W.X NQ[OSmY�q([OSZRlLT\(S�R ��M�q�P�SZYZq([OSZNQs.s.[Oq(s1[kLINQM�S
MOi.N(W N � s1i���]kLIy9N(R��¶Y�qDX6S�R��>MOi6SmS�LTf(S�W.{8N(yzS´LI]`W6q(M}[Oq(P1K.]OMVM�qr]Oi.NQs5Smy�i.N(W6f(S�] ��N(W.X X6q�S�]`W6q(MhX6S�N(R��­S�RIR
�<LTMOi´±QNQ[kLINQP1LlRILTM �ZLlWªs5qg]�SVN(W.X´Sz�Ds.[OS�]O]kLTqgW$G��<q���S9±(S9[ �1MOi6S_Y�qDX6S�R5y9N(W P5SVYZNQMOyki6S�X®M�qZN(W�LIYZNQf(SuS�N(]OLIR �
K.]OLlW6f�yzq([O[OS�RINQMOLTqgW®P1N(]�S�X®Y�S9MOi.q�X.]�G

F.H



� ��� � � ��� ��� � ��� ��� 
�

� ��� 

� � � F:b

�2q(f(fgLTqVN(W.XhyzqQ� ��q([k\(S9[k] �vb"F�� �vo(���6] ��W�MOi6S�]OLl]�S�W6S9��±DLTS9�<]>q({1N(Whq(P�� S�yzM2{8[OqgYCNu]�S9M2q({.Sz�6N(Y�s1RTS�±�LIS9�<]9G
j©i6S � �1M~MOi6S_Y�qDX6S�R�M�qmN(W�K.W1]�S9S�W ±�LIS9��P�� N�]�M�qDyki.N(]�MOLlyuq(s.MOLIYZLI]kNQMOLTqgW´s.[OqDyzS�X.K6[OS(G@j©i1LI]xLI]x]ORTq � �6P1K6M
y9N(W®P5S_[kq(P1K.]�M~P5S�y9N(K.]�S`q({2MOi.S���K.N(RILTM �ªq({&MOi6Sh] ��W�MOi6S�]OLl]�S�X®LIYZNQf(S�]�G~w­q�q(M�S�] 	�� 
�� � HzF��2X6S�]kyz[kLTP5SVNªoQ�
Y�qDX6S�R5q({2MOi6SVf([OS ����RTS9±(S�R�]OK.[O{8N(yzS��.N(RlRTq �<LlW6f-{8K.RlR�] �DW�MOi6S�]OLI]xq({�]Oi.NQs5SVN(W.X�NQs.s5S�NQ[kN(W1yzS(G��<q���S9±(S9[ �1MOi6S �
X6qVW6q(M@]OK.f(f(S�]�M@Nus1RIN(K.]kLTP1RTS�]OS�NQ[kykiZN(RIf(q([kLTMOi.Y M�q_YZNQMOy�i�MOi6S©Y�qDX6S�R�M�q_NVW6S9� LIYZNQf(S(G�|eN(]�MONQ[�
�� 
�� �v�"F��
X6S�]Oyz[�LTP5SuNm[OS�RINQM�S�X®YZq�X6S�R¶q({2MOi.S}oQ� f([OS ����RTS9±(S�R�]kK6[O{ N(yzS��1yzqgY`P�LIW.LIW6f�s�i �D]OLIy9N(R$N(W.X�]�MONQMOLI]�MOLIy9N(R>Y�qDX6S�]
q({<±QNQ[kLINQMOLIqgW$GBj<i6qgK6fgi�MOi6S � X6S�]kyz[kLTP5SªN ]�S�NQ[ky�i N(RTf(q([kLTMOi1Y���LTM}[kS���K.LI[OS�]}NB±(S9[ � f(q�qDX¨LIW.LTMOLlN(RILI]ONQMOLTqgW¶G
U�N(X.S�] 
�� 
�� � F:���2Y�qDX6S�R¶]Oi1NQs�S}N(W.X�]�qgYZS`f([OS ��RTS9±(S�R2LIW6{8q([kYZNQMOLTqgW�K1]OLIW6fª�uNQP5q([ � S9MO]�Gx��q �­S9±(S9[��5MOi6S �
X6qZW6q(M�LIY�s5qg]�SV]�M�[OqgW6fZ]ki.NQs5S_yzqgW.]�M�[kN(LIW�MO]©N(W.X�y9N(W.W6q(M©S�N(]OLlR �´] ��W�MOi6S�]OLI]OSuNmW6S9��LIW.]OMON(W.yzS(G

w­q�q(M�S�] 	�� 
�� � H ����Y�qDX6S�R&]Oi.NQs5S�N(W.X�RTqDy9N(R&f([OS ����RTS9±(S�R@NQs.s5S�NQ[kN(W1yzS��>K.]OLlW6f´deyzMOLT±(S´J6i.NQs5Shprq�X.S�RI]
� dVJDpr] ¥&M�q-RTq�y9NQM�S� 1Sz�6LTP1RTS~q(P � S�yzMO]­LIWmW.S9��LIYZNQf(S�]�G@U�N(W.LTMOLl] 
�� 
�� � F�����K.]�S�MOi.LI]@NQs1s.[OqgN(ykiªM�q-LIW:M�S9[ks.[OS9M
{ N(yzS�LIYZNQf(S�]�G@��N ±�LIW.f`{8qgK.W.X�MOi6Se]Oi.NQs5S©K.]OLlW6f_N(WªdVJDp �gMOi6S�{8N(yzSeLI]@�xNQ[Os5S�XZLIW�M�q}N}W6q([kYZN(RILl]�S�X-{�[�N(Y�S��
LIW-�<i1LIyki�N_YZq�X6S�R.q({�MOi6S�LIW:M�S�W1]OLTMOLTS�]&q({5MOi6S©]Oi1NQs�Sz� {8[OS9S©{ N(yzS<LI]�K.]�S�X-M�q}LlW:M�S9[Os1[OS9M�MOi6S©LIYZNQf(S(G@��X6�xNQ[kX.]

�� 
�� �vb(o���Sz�DM�S�W.X MOi1LI]u��q([k\BM�qrs.[OqDX.K.yzS�N®yzqgY}P1LIW6S�X Y�q�X.S�R&q({x]ki.NQs5SZN(W.X�f([OS ����RTS9±(S�R�NQs1s�S�NQ[�N(W.yzS��
P1K6MeNQfgN(LIWr[OS�R ��qgWrMOi6S}dVJDp M�q RTqDy9NQM�S}{ N(yzS�]uLIW�W6S9� LIYZNQf(S�]�G �uK6[eW6S9� NQs.s.[OqgN(y�iBy9N(WrP5S}]�S9S�WBN(]uN
{ K6[OMOi6S9[uSz�DM�S�W.]OLTqgW�q({­MOi.LI]uLIX.S�N���K.]OLIW.f´N(RIR&MOi.SZLIW6{8q([kYZNQMOLTqgW LIWBMOi6SZyzqgY}P1LIW6S�X�NQs1s�S�NQ[�N(W.yzSZY�qDX6S�R&M�q
�1M~M�qZMOi.S`LIYZNQf(S(G

� W¹X6S9±(S�RTq(s�LIW6f�qgK6[mW.S9�¬NQs.s.[OqgN(y�i¹�­S�i.N ±(S�P5S�W6S��1M�S�X {8[OqgYnLlW.]OLTfgi�MO]-s.[Oq�±�LIX.S�X¨P��¨M��­q S�NQ[�RILTS9[
s1NQs5S9[k]9G�w­q�±(S�RIR�� H�����X.S�Y�qgW.]�M�[kNQM�S�X®MOi.NQM©MOi6SVs1NQ[�N(Y�S9M�S9[k]~q({&N(W�S�LTf(S�WD� {8S�NQMOK6[OS}Y�q�X.S�R�y9N(W®P�S_K1]�S�X M�q
X6[kLI±(S_]Oi.NQs5S_Y�qDX6S�R$s5qgLIW�MO]xM�qmMOi6S`yzq([k[OS�yzM<s1RlN(yzS(G�j©i6S_dedep X.S�]Oyz[kLTP5S�X�i6S9[OS}LI]~N(W®Sz�DM�S�W.]OLTqgW�q({&MOi.LI]
LIX6S�NDG��xRIN(yk\mN(W.X ��N(yzq�q(P � F��5K1]�SeRIq�y9N(R��Di.N(W.X´yz[kNQ{8M�S�X�Y�qDX6S�RI]@q({2LIYZNQf(S� 1q �
M�q-M�[kN(yk\m{ N(y9LIN(R�{�S�NQMOK6[kS�] �
P1K6M­X6q}W.q(M­NQM�M�S�Y�s1M­M�q-Y�qDX6S�R�MOi6S���i6qgRTS<{ N(yzS(G@j©i6Sed�dep y9N(W´P5S<MOi.qgK6fgi:M­q({�N(]xN}f(S�W6S9[kN(RILI]kNQMOLTqgWZq({
MOi.LI]��.LIW��<i.Llyki�MOi6S}LIYZNQf(S`X.L ��S9[OS�W1yzS_s1NQM�M�S9[kW.]�yzq([O[OS�]�s5qgW.X1LIW6f-M�qmyki1N(W6f(S�]�LlW�S�N(ykiBY�qDX6S�R$s1NQ[kN(YZS9M�S9[
NQ[OS`RIS�NQ[kW:M©N(W1X®K.]�S�X M�q´Y�q�X1LT{ �ªNZY�qDX6S�R5S�]�MOLIYZNQM�S(G

� WªN`s1NQ[kN(RIRIS�R1X6S9±(S�RTq(s�Y�S�W:M~JDy9RINQ[Oq���N(W1X � ]OLIX6q([kq`i.N�±(SuX6S�Y�qgW1]�M�[kNQM�S�X��cd�yzMOLI±(S �xRTq(P1]��:{8q([�M�[kN(yk\�LlW6f
�v�DH � G j<i6S�NQs.s.[OqgN(y�i�LI]´P.[OqgN(X.R �¹]kLIYZLIRINQ[ LIW�MOi.NQM MOi6S ��K1]�S�LIYZNQf(S�X.L �5S9[OS�W.yzS�]´M�q¹X6[kLI±(SrM�[kN(yk\�LlW6f �
RTS�NQ[kW1LIW6f MOi6SB[OS�RINQMOLIqgW.]Oi.LTs P�S9M ��S9S�W�LlYZNQf(SrS9[k[Oq([´N(W1X s1NQ[�N(Y�S9M�S9[�q��5]OS9M LlW N(W q�����RlLIW6S�s1[Oq�yzS�]k]OLIW6f
]�MONQf(S(G j<i6S�YZN(LIW X.L �5S9[OS�W.yzS®Ll]-MOi.NQMZd�yzMOLI±(S��xRTq(P1]ZNQ[OS®X.S9[kLT±(S�X¨{8[OqgY N ]OLIW.fgRTSªSz�6N(Y�s1RIS����<i.S9[OS�N(]
deyzMOLT±(S­d�s.s5S�NQ[kN(W.yzS­p�qDX6S�RI]>K.]�S­N<M�[kN(LlW.LIW6f©]�S9M2q({6Sz�6N(Y�s1RTS�]9G&j©i6S�{�q([kYZS9[2K.]OS�N<]kLIW6fgRTS@Sz�6N(Y�s1RIS�N(]>MOi6S
q([kLTfgLlW.N(R&Y�q�X.S�R&M�S�Y�s1RINQM�S���N(RlRTq �<LlW6f�X6S9{�q([�YZNQMOLTqgW.]VyzqgW.]kLI]�M�S�W�MV�<LTMOi�RTq��«S�W6S9[Of � Y�S�]Oi�X6S9{8q([kYZNQMOLIqgW.]
� X6S9[kLI±(S�X®K.]OLIW.f-Nª�&LIW.LTM�SV��RIS�Y�S�W:M�Y�S9MOi6qDX�¥�G�d ]OLIYZs1R �Zs5qgR �DW6qgYZLIN(R5Y�qDX6S�R¶Ll]©K.]�S�X�M�qªN(RIRTq �Cyki.N(W6f(S�]
LIWBLIW�M�S�W.]OLTM ��N(yz[Oqg]O]uMOi6Shq(P���S�yzM9G`ded�pB]uRTS�NQ[kWB�<i.NQMuNQ[OS-±"N(RlLIXr]ki.NQs5S}N(W.X LIW�M�S�W.]OLTM �®±QNQ[kLINQMOLTqgW.]�{8[OqgY
MOi6S�LT[~M�[�N(LIW.LIW6f�]�S9M9G

JDy9RlNQ[Oq�� N(W.X � ]OLIX.q([Oqr]OK.f(f(S�]�MhNQs1s1R �DLIW6f®N®[kq(P1K.]�M_\(S9[�W6S�R�M�qBMOi6S´LIYZNQf(S X.L �5S9[OS�W.yzS�] �&N(W LlX6S�N®�­S
�<LIRlR$K.]�S}LlW®RINQM�S9[e��q([O\�G©deRI]�q ��]kLIW.yzS`N(W.W.q(MONQMOLIW6fmMOi.S`M�[kN(LIW1LIW6fZ]�S9MeLI]©MOi6ShY�qg]�M�MOLIY�S`yzqgW.]kK.YZLIW6fms1NQ[OM
q({2P1K.LIRIX1LIW6f_N(W�ded�p �.MOi6SVdeyzMOLT±(S �xRTq(P�NQs.s.[OqgN(y�i®YZN �ªP5SVK.]�S9{ K.R�{�q([ � P5q�q(MO]�M�[kNQs.s�LIW6f ��{�[OqgY�MOi.S ��[k]�M
Sz�6N(Y�s1RTS(G

� ��� ���
( 3����B(�� 	#" STS�� �8( #43� W

��Su�<LI]OiªM�qhM�[OS�NQM©LIW�M�S9[Os.[OS9MONQMOLTqgW´N(]xN(W´q(s.MOLIYZLI]kNQMOLTqgWms1[Oq(P1RTS�Y LIWm��i.LIykiª�­SuYmLIW.LIYZLl]�S~MOi6SuX.L �5S9[OS�W.yzS
P5S9M��­S9S�W®N�W6S9� LIYmNQf(S_N(W.X qgW6S_] �DW:MOi.S�]OLI]�S�X P��mMOi6S_NQs1s�S�NQ[�N(W.yzS_Y�qDX6S�R¡G�dCX1L ��S9[kS�W.yzSu±(S�yzM�q([�� � y9N(W
P5S_X6S���W6S�X¶¸



� � ��� � � 

� ��� ��� � � ����� � � ��� � ��� � � �X
���
�� � � � � � F:o

� ��C�� � b ��� �¡��GIH ¥
�<i.S9[OS � � LI]uMOi6S�±(S�yzM�q([hq({­f([OS �:��RIS9±(S�R@±QN(RIK6S�]VLIW MOi6SZLlYZNQf(S��>N(W.X ��� ��LI]uMOi6S�±(S�yzM�q([hq({­f([OS �:��RIS9±(S�R

±QN(RIK6S�]~{8q([©MOi6S_y9K6[k[OS�W:M�Y�q�X.S�R5s1NQ[kN(Y�S9M�S9[k]�G
j>q�RTqDy9NQM�S�MOi.S@P5S�]�M�YZNQMOy�i`P5S9M��­S9S�W`YZq�X6S�R:N(W.X`LIYmNQf(S����­S��<Ll]OiuM�q�YZLlW.LIYZLI]OS>MOi6S­YZNQfgW.LTMOK1X6S�q({DMOi6S

X.L �5S9[OS�W.yzS`±(S�yzM�q([���� C a � � a f �.P���±QNQ[ ��LlW6f�MOi6S`Y�qDX6S�R�s1NQ[kN(Y�S9M�S9[k]�� ' G<JDLIW1yzSVMOi6S`NQs.s5S�NQ[kN(W.yzShY�qDX6S�RI]
y9N(W�i1N�±(S}YmN(W � s1NQ[kN(YZS9M�S9[k] �.MOi.Ll]©NQs.s5S�NQ[k]©NQM �1[k]�M~M�qZP5S_NZX1L �ªy9K.RTM~i.LIfgiD��X.LIY�S�W1]OLTqgW.N(R�q(s.MOLIYZLl]ONQMOLTqgW
s.[Oq(P�RTS�Y�G­��ShW6q(M�S��5i6q���S9±(S9[��5MOi.NQM�S�N(yki NQM�M�S�Y�s.MeM�q YZNQMOykirMOi6S}YZq�X6S�R�M�q´NªW6S9�CLlYZNQf(S}LI]�N(yzMOK.N(RIR �
N-]OLIYZLlRINQ[�q(s.MOLlYZLI]ONQMOLTqgWªs.[Oq(P�RTS�Y�G&��SVs.[Oq(s5qg]�SeM�q�RTS�NQ[kW ]�qgY�S9MOi.LlW6fhNQP5qgK6M~i6q���M�q�]�qgRT±(SuMOi.LI]xy9RIN(]O]­q({
s.[Oq(P�RTS�YZ]eLIWrN(X.±"N(W.yzS(G � �rs.[Oq ±DLIX.LlW6fmN"� s.[kLIq([kL�\DW6q��<RTS�X6f(Shq({�i6q�� M�q®N(X ��K1]�M<MOi6S�Y�qDX6S�R>s1NQ[kN(Y�S9M�S9[�]
X.K6[�LIW6f�X.K6[kLlW6f�LIYZNQf(S�]�S�NQ[�yki��~�­S�NQ[O[kLI±(S�NQMªN(W S �ªy9LTS�W�MZ[kK.WD� MOLlY�S®N(RTf(q([kLTMOi1Y�G � W s1NQ[OMOLly9K.RINQ[���MOi6S
]�s1NQMOLlN(R$s1NQM�M�S9[kWrLIW � � �1S�W.yzqDX6S�]<LlW6{�q([�YZNQMOLTqgW�NQP5qgK6M<i6q���MOi6S}Y�q�X.S�R$s1NQ[kN(Y�S9M�S9[�]<]Oi6qgK1RIX P5S`yki.N(W.f(S�X
LIW�q([kX6S9[uM�q´N(y�i.LTS9±(S�NªP�S9M�M�S9[ �1M9G � WBN(X6q(s.MOLlW6fmMOi.Ll]�NQs.s1[OqgN(ykiBMOi6S9[OS-NQ[OShM��­q s1NQ[OMO]�M�q´MOi.S}s.[kq(P1RTS�Y�¸
RTS�NQ[kW1LIW6fmMOi.S}[OS�RlNQMOLTqgW.]Oi.LIs�P5S9M��­S9S�W � � N(W.XBMOi6ShS9[O[Oq([VLIWBMOi6S-Y�qDX6S�R>s1NQ[kN(Y�S9M�S9[k]�� � ' N(W1XBK1]OLIW6fªMOi.LI]
\DW6q �<RIS�X6f(S_LIW�N(W�LIM�S9[kNQMOLT±(S`N(RTf(q([�LTMOi.Y�{8q([<YZLIW.LlYZLI]OLIW.f�� G

� �P� *,( #43F- �B-/UV! 	 � 	 3636(  !�� 	 . ( ' � #436#&02(\!X( 367

j©i6SV]OLlY�s1RTS�]�MxY�qDX6S�R���S}yzqgK.RIX yki6q�qg]�S_{8q([~MOi6SV[OS�RlNQMOLTqgW.]Oi.LIsªP5S9M��­S9S�W � � N(W.X MOi6SVS9[O[kq([©LIW MOi6S_Y�qDX6S�R
s1NQ[kN(YZS9M�S9[k]}� N(W.X®MOi�K.]©MOi6S_yzq([O[OS�yzMOLTqgW��<i.LIy�i�W6S9S�X.]~M�qmP�S_YmN(X6S�¥xLI]~RILlW6S�NQ[�¸

� '/C�³ � � �¡��Gcbg¥
j©i1LI]@MOK6[�W.]�qgK.M�M�qhP5S�Nhf(q�qDXªS�W6qgK6fgi NQs.s.[Oq �DLlYZNQMOLTqgWªM�qhN(y�i.LTS9±(SVN(y9yzS9s.MONQP1RTSu[OS�]kK.RTMO]9G�j>q ��W1X ³ �

�­S@s5S9[O{�q([�Y�Y}K.RIMOLTs1RTS&Y}K1RTMOLT±QNQ[kLINQM�S@RILIW.S�NQ[$[OS9f([OS�]O]OLIqgWVqgW_N©]ON(YZs1RTS�q({D\�W.q �<W_YZq�X6S�R(X1LI]�s1RIN(yzS�YZS�W:MO] � � ' �
N(W.X`MOi6S­yzq([k[OS�]�s5qgW.X.LIW.f©X.L �5S9[OS�W.yzS�LIYmNQf(S�] � � � G2��S~y9N(W`f(S�W6S9[�NQM�S�MOi6S�]OS­]�S9MO]>q({6[kN(W.X.qgYCX.Ll]�s1RIN(yzS�Y�S�W�MO]
P���s�S9[kMOK6[OP1LIW.f}MOi6S � M�[kK6S���Y�q�X.S�R$s1NQ[kN(Y�S9M�S9[�]<{8q([�MOi.S}LIYZNQf(S�]�LIW®��i.LIyki®MOi6S �®NQ[OS`\DW6q��<W$G~j©i6S�]�S}y9N(W
S�LTMOi6S9[�P5S©MOi6S<q([�LTfgLIW.N(R6M�[�N(LIW.LIW6fVLIYmNQf(S�]�q([x] �DW:MOi6S9MOLly©LIYZNQf(S�]�f(S�W6S9[kNQM�S�X´�<LTMOiZMOi6S�NQs.s5S�NQ[kN(W1yzS<Y�qDX6S�R¡G
� W�MOi6S_RINQM�M�S9[ey9N(]�S_�­S_\�W.q ��MOi.SVs1NQ[kN(Y�S9M�S9[k]<Sz�DN(yzMOR ����N(W.X MOi6S}LIYZNQf(S�]©NQ[OS}W6q(M<yzq([O[kK.s.M�S�X P���W6qgLl]�S(G

de]x��S�RlR$N(]xs�S9[kMOK6[OP1NQMOLTqgW1]�LIW´MOi6S_YZq�X6S�R�s1NQ[�N(Y�S9M�S9[k] �6�­S_N(RI]�q�Y�qDX6S�R$]OYZN(RlR�X.Ll]�s1RIN(yzS�Y�S�W�MO]~LIW�bQ�
s5qg]OLTMOLTqgW �:]Oy9N(RTS��6N(W.Xªq([kLTS�W�MONQMOLTqgW��DN(W.XªMOi6SeLlW:M�S�W.]kLTM �Z]Oy9N(RlLIW6f`N(W.Xªq��$]�S9Mxs1NQ[kN(Y�S9M�S9[k]�G@j©i6S�]�Se]OL �ZSz�DM�[kN
s1NQ[kN(YZS9M�S9[k]�NQ[OS�LIW.y9RIK.X.S�XhLlW�MOi6S~[OS9f([OS�]k]OLTqgW$G�j>q_[OS9MON(LIWZRlLIW6S�NQ[kLTM �}�­S©[OS9s1[OS�]�S�W�M@]OYZN(RIR.y�i.N(W6f(S�]�LIW�s5qg]�S
K.]OLlW6f � � C � �� :5 > �" �� > � � 5 > � ���Q¥ O � JDS9S-d�s.s5S�W.X.LT���V¥�G�JDLIYZLlRINQ[kR �´��S-[OS9s1[OS�]�S�W�Mu]kYZN(RIR&yki.N(W.f(S�]_LIWrMOi6S
M�Sz�DMOK6[OS~K.]OLIW.f�� % C � � �	EJ> � � f ¥ O � d<s.s5S�W.X1L �_�­¥�G�� W}q([kX6S9[&M�quq(P.MON(LIW-Ne�­S�RIR � P5S�i.N�±(S�Xh[OS�RlNQMOLTqgW.]Oi.LIs`LTM&LI]
LIY�s5q([OMON(W�M­M�q-y�i6q�qg]�S_y9NQ[OS9{ K.RIR ��MOi6Su{8[kN(Y�Suq({�[kS9{�S9[OS�W1yzSuLlWm�<i1LIyki´MOi6SuLIYZNQf(SVX.L �5S9[OS�W.yzSVLI]­y9N(RIy9K.RlNQM�S�X$G
j©i6S_YZqg]�M<]OK.LIMONQP1RTSe{�[kN(YZS_q({>[kS9{�S9[OS�W1yzS`LI]~MOi6S_]ki.NQs5Sz��W6q([kYZN(RILl]�S�X´s1NQMOykirX6S�]Oyz[kLTP5S�X LIW�wxi1NQs.M�S9[���G

U�S9M '!� P5SuMOi6Su\DW6q �<W NQs.s5S�NQ[kN(W1yzSuYZq�X6S�R�s1NQ[�N(Y�S9M�S9[k]~{8q([xMOi6SVy9K6[O[OS�W�M~LIYZNQf(S�� �%� P5S�MOi6Suq(s.MOLlYZN(R
s5qg]�SVs1NQ[kN(YZS9M�S9[k]<N(W.X % � MOi6S_q(s1MOLIYZN(R5M�Sz�DMOK6[OS_M�[kN(W1]�{�q([�YZNQMOLTqgW$G

��Shy9N(RIy9K.RINQM�S_NZX1L ��S9[kS�W.yzSVMOi�K1]9¸
� §�N(W.X6qgYZR ��f(S�W6S9[kNQM�SªY�q�X.S�R��5s�qg]OS-N(W1X M�Sz��MOK6[kS�M�[kN(W.]�{8q([kY�s1NQ[kN(YZS9M�S9[`X.LI]�s�RIN(yzS�Y�S�W�MO] � � ' � � � �
� %

� U�S9M ' C � ' �¨'!�



� � ��� � � 

� ��� ��� � � ����� � � ��� � ��� � � �X
���
�� � � � � � F(F

� U�S9M � P5SVMOi6SVs5qg]�SVs1NQ[�N(Y�S9M�S9[k]<]kK.yki�MOi1NQM����Q� � ¥ C �����(� ��� � � � ¥�¥_� J�S9S`d�s.s5S�W.X.L �ª�_¥�G
� U�S9M % P5SuMOi6SuM�Sz��MOK6[kSeM�[�N(W.]�{8q([kY¦s1NQ[kN(Y�S9M�S9[k]~]kK.yki MOi.NQM �

�
� 0 ¥ C �

�
� � ���

�
� � ¥�¥u� J�S9SVd<s.s5S�W.X1L �

�x¥�G
� �VLT±(S�W ' N(W.X � f(S�W6S9[kNQM�S~MOi6S~]Oi1NQs�S~LIW}MOi6S~LIYZNQf(Sx{8[kN(Y�S�� � �gN(W.XhMOi6S~W6q([�YZN(RILI]�S�XhY�qDX6S�R�M�Sz��MOK.[OS

±(S�yzM�q([ � 0 3_G
� �VLT±(S�W®MOi6S_]ki.NQs5S�� � ��]ON(Y�s1RTSu{8[OqgY°MOi6S}LIYZNQf(SVM�qZq(P.MON(LlW 0 <63 G
� ��[Oq ��S�yzM©MOi6S`]ON(YZs1RTS_LIW�M�q�MOi6S_M�Sz�DMOK6[OS_Y�qDX6S�R${8[kN(Y�S_K1]OLIW6f 0 � C � � E

�
� 0 � ¥

� j<i6S_]ON(Y�s1RISVS9[O[Oq([<LI]xMOi.S�W � 0 C�0 � b 0 3 G
j©i.S´M�[�N(LIW.LIW6f N(RTf(q([kLIMOi.Y LI]-MOi6S�W ]OLlY�s1R ��M�q�[kN(W1X6qgYZR ��X.LI]�s1RlN(yzSªMOi6S®YZq�X6S�R��@s5qg]�S�N(W.X¨M�Sz��MOK.[OS

M�[kN(W.]O{�q([kYmNQMOLTqgWZs1NQ[�N(Y�S9M�S9[k]�{�[OqgY MOi6S©P5S�]�M ��M�M�q`S�N(y�i´M�[kN(LIW.LIW.fuLlYZNQf(S���[kS�yzq([kX.LIW6f`MOi6S�X.Ll]�s1RIN(yzS�Y�S�W�MO]
� ' � � � � � % N(W.X�MOi6S_]ON(YZs1RTS�X�S9[O[kq([ � 0 G

��S}MOi6S�W�s5S9[O{8q([kY°Y}K1RTMOL � ±QNQ[kLINQM�Su[OS9f([OS�]O]kLTqgW�M�qZq(P.MON(LlW�MOi6S_[OS�RlNQMOLTqgW.]Oi.LIs1]
� ' C � � � 0
� � C � " � 0
� % C � � � 0

�¡��Gcog¥

� J�S9S}d<s.s5S�W.X1L �ª�@¥�G
j©i.S�P5S�]�M2[kN(W6f(Sxq({1±QN(RIK6S�]>q({ � ' � � � N(W.X � % M�qVK.]�SxX.K6[�LIW6f©M�[kN(LlW.LIW6feLI]&X6S9M�S9[kYZLIW.S�X`Sz�Ds5S9[kLIY�S�W�MON(RIR �(G

� X6S�N(RIR � �­S}]�S9S9\�M�q Y�qDX6S�R�Nm[OS�RINQMOLTqgW.]ki.LTs�MOi.NQMui6qgRIX.]©q ±(S9[_N(]eRINQ[Of(S}Nm[kN(W6f(S}S9[O[Oq([k] � � 0 �$N(]es�qg]k]OLTP1RTS(G
��q �­S9±(S9[���MOi6S´[OS�N(R�[OS�RINQMOLTqgW1]Oi.LTs Ll]_{8qgK.W.X M�qrP5SªRlLIW6S�NQ[`qgW1R ��q ±(S9[ZNBRILIYZLIM�S�X�[kN(W6f(S´q({©±QN(RIK6S�]9G �uK6[
Sz�Ds�S9[�LIY�S�W�MO]@qgW´MOi6Se{8N(yzSuY�qDX6S�R1]OK.f(f(S�]�MxMOi.NQM�MOi.S<q(s.MOLIYhK.Y s5S9[OMOK6[OP1NQMOLIqgW��­N(]xNQ[OqgK1W.XªaDGc�}]�MON(W.X1NQ[kX
X6S9±DLINQMOLTqgW.]_�8q�±(S9[uMOi6SVM�[kN(LIW.LlW6f�]�S9M�¥­{8q([<S�N(ykirY�qDX6S�R$s1NQ[kN(YZS9M�S9[��1NQP5qgK6M_H9a �°LlW�]Oy9N(RTS��.MOi6S`S���K.LI±"N(RTS�W�M
q({@ohs1L �DS�RI]xM�[kN(W.]kRINQMOLTqgW�N(W.X®NQP5qgK6M_H9a � LIW M�Sz�DMOK6[OS`]Oy9N(RlLIW6f6G
� � � ��� � �4(
	 & 	8(*1��, �� �
� 1�� � � "$��%
�4&
��SªNQs1s1RILTS�X MOi6SªNQP�q�±(SªN(RTf(q([�LTMOi.Y M�q®MOi.SZ{8N(yzS´Y�qDX6S�R@X6S�]Oyz[�LTP5S�X�LIW�]�S�yzMOLTqgW���Gco�G d�{8M�S9[`s5S9[O{8q([kYZLIW6f
RILIW.S�NQ[¶[OS9f([OS�]O]kLTqgW��"��S�y9N(Why9N(RIy9K.RlNQM�S�N(W�
 f ]OMONQMOLI]�MOLIy�{�q([>S�N(ykihs1NQ[kN(Y�S9M�S9[>s5S9[OMOK6[OP1NQMOLIqgW�� � � <6M�qeY�S�N(]kK6[OS
i6q�� ��S�RIR&MOi.S-X1LI]�s1RIN(yzS�YZS�W:MVLI]�� s.[OS�X1LIyzM�S�X��5P��rMOi6S�S9[O[Oq([V±(S�yzM�q([ � 0 GZj©i6S-N�±(S9[�NQf(Sª§ f ±QN(RIK6S-{8q([VMOi6S
�Qa�s1NQ[�N(Y�S9M�S9[k]©�xN(]<aDGc�(b ���<LTMOi�NZYmN"�DLIYhK.Y�q({&aDGc�(���8MOi6SªH9]�M©s1NQ[kN(YZS9M�S9[ ¥xN(W.X®NmYZLIW.LIYhK.Y¦q({&aDGvF:��G

��S©y9N(Wh±DLI]OK.N(RILl]�S@MOi6SxS �5S�yzMO]&q({1MOi6S­s5S9[OMOK6[OP1NQMOLIqgW`N(]&{8qgRIRTq ��]9G � { , <1Ll]>MOi.S � "�� [Oq��¨q({1MOi6S­[OS9f([OS�]O]kLTqgW
YZNQM�[kLT� ³ �6MOi6S_s1[OS�X.LIyzM�S�X�y�i.N(W6f(S}LlW MOi6S � "�� s1NQ[�N(Y�S9M�S9[�� � � <@LI]xfgLT±(S�W®P��

� � < C
, < H � 0 �¡��GvF�¥
N(W.X , < fgLT±(S�]�MOi6S©�­S�LTfgi:M­NQM�MON(yki6S�X´M�qhX.L �5S9[OS�W:M�NQ[OS�N(]�q({5MOi6S�]ON(Y�s1RTS�XZs1NQMOykiª�<i6S�W�S�]OMOLIYZNQMOLIW6f`MOi6S

X.LI]Os1RIN(yzS�Y�S�W�M9Gh�&LTfgK.[OSZ��GIHZ]Oi6q��<]uMOi6S��­S�LTfgi:MO]`yzq([O[OS�]�s5qgW.X.LlW6fªM�q®y�i.N(W6f(S�]}LIW MOi6S-s5qg]�S�s1NQ[kN(Y�S9M�S9[�] �
�¡ :5�>k  � > � 5L> � �(¥�G �­[kLTfgi�MZNQ[OS�N(]mNQ[OS�s5qg]OLIMOLT±(S���S�LIfgi:MO] �xX.NQ[O\¨NQ[OS�N(]ZW.S9fgNQMOLT±(S(G�de]�qgW6S®�­qgK.RIX¨Sz�Ds5S�yzM �
MOi6S : N(W.XD@�X.LI]�s�RIN(yzS�Y�S�W�M<�­S�LTfgi:MO]uNQ[OS-]OLIYmLIRINQ[©M�q : N(W.XD@�X6S9[kLI±"NQMOLT±(ShLIYZNQf(S�]9G`JDLlYZLIRINQ[~[OS�]kK.RTMO]eNQ[OS
q(P.MON(LIW.S�X�{�q([<��S�LTfgi�MO]<yzq([k[OS�]�s5qgW.X.LIW.f}M�qZMOi.S`NQs.s5S�NQ[kN(W.yzS_Y�qDX6S�R5s1NQ[�N(Y�S9M�S9[k]



� � ��� � � 

� ��� ��� � � ����� � � ��� � ��� � � �X
���
�� � � � � � F:�

�&LTfgK6[kS`��GcbZN(W.X���Gcom]Oi6q���MOi6S �1[�]�M©N(W.X�MOi.LI[kX�Y�qDX6S�]©N(W.X®yzq([k[OS�]�s5qgW.X.LIW.f-X1LI]�s1RIN(yzS�YZS�W:M~�­S�LTfgi�MO]9G
j©i6S_NQ[kS�N(]<�<i1LIyki Sz�6i.LTP1LIM­MOi.S`RINQ[Of(S�]�M<±"NQ[kLlNQMOLTqgW.]x{8q([<MOi6S`YZq�X6S_NQ[kS`N(]O]OLTfgW.S�X�MOi6S`RINQ[kf(S�]�M©�­S�LTfgi:MO]<P��
MOi6S_M�[�N(LIW.LIW6fhs.[OqDyzS�]O]9G

�2LIfgK6[OS`��GIHQ¸@��S�LTfgi�MO]eyzq([O[OS�]�s5qgW.X.LlW6f}M�qªyki.N(W6f(S�]eLIW MOi6SVs5qg]�SVs�NQ[kN(Y�S9M�S9[k] �2�¡  5L>k  � > � 5�> ���"¥

�&LTfgK6[OS­��Gcb�¸2�&LT[k]OM�Y�qDX6S�N(W.X}X.LI]�s1RlN(yzSz�
Y�S�W�M©�­S�LTfgi:MO]

�&LTfgK.[OS���Gco�¸°j©i.LT[�X«Y�qDX6S N(W.X X.LI] �
s�RIN(yzS�Y�S�W�M©��S�LIfgi:MO]

� � � ��� - �� �	 	  � ����� � � � 1
� � � "$��% �4&
j>qhSz�6N(YZLIW.SeMOi.Ses5S9[O{8q([kYZN(W1yzS�q({>MOi6SVs.[OS�X.LlyzMOLTqgW��:�­S_] �D]�M�S�YZNQMOLIy9N(RlR �mX.LI]Os1RIN(yzS�XªMOi6Su{8N(yzS_Y�qDX6S�R�{8[OqgY
MOi6SªM�[kK6Sms5qg]OLIMOLTqgW�qgW�N�]�S9Mhq({_H9a�M�S�]OMhLIYmNQf(S�] ��N(W.X K.]OS�X MOi6S Y�qDX6S�R�M�qBs.[OS�X.LIyzM`MOi6SªX.Ll]�s1RIN(yzS�Y�S�W�M
fgLT±(S�W�MOi.S_]ON(Y�s1RTS�X´S9[O[kq([~±(S�yzM�q([�G��&LTfgK6[kS�]©��GvFmN(W.X®��Gc��]Oi.q ��MOi6SVs.[kS�X.LIyzM�S�X M�[kN(W.]kRINQMOLTqgW.]xNQfgN(LIW.]OM~MOi6S
N(yzMOK.N(R�M�[kN(W.]ORINQMOLIqgW.]9G�j©i6S9[OS_Ll]~N�f(q�qDX®RILlW6S�NQ[x[OS�RINQMOLTqgW.]ki.LTs �<LTMOi.LlW´NQP5qgK6MxFZs�L ��S�Rl]�q({ �9S9[Oq6G�d�RTMOi.qgK6fgi
MOi.LI]<P.[OS�NQ\D]�X.q �<Wr�<LTMOi®RlNQ[Of(S9[eX1LI]�s1RIN(yzS�YZS�W:MO] ��N(]�RIqgW6fªN(]�MOi6Shs.[OS�X.LIyzMOLIqgW®i.N(]�MOi6S}]ON(YZSh]OLIfgW�N(]�MOi6S
N(yzMOK.N(R�S9[k[Oq([��¶N(W.X X6q�S�]VW6q(Muq ±(S9[�� s1[OS�X.LIyzMVM�q�q�{8NQ[ �¶N(W�LTM�S9[kNQMOLT±(SZK6s$X.NQMOLlW6fª]Oy�i6S�Y�SZ]Oi.qgK.RIXByzqgW:±(S9[Of(S(G
� W�MOi.LI]~y9N(]�S}K6s®M�qªbQa�s�L ��S�R$X1LI]�s1RIN(yzS�YZS�W:MO]~LIW :BN(W.X®NQP5qgK6M_H9aZLlW @ ]ki6qgK.RIX´P5S_yzq([O[OS�yzMONQP1RIS(G

actual dx (pixels)

pr
ed

ic
te

d 
dx

−40 −30 −20 −10 0 10 20 30 40

−8

−6

−4

−2

0

2

4

6

8

�&LTfgK6[OS®��GvF6¸��@[kS�X.LIyzM�S�X 
 :¹±D]�N(yzMOK.N(R

 :>G��@[k[Oq([OP1NQ[k]~NQ[kSmHV]�MON(W.X.NQ[�X�S9[O[Oq([

actual dx (pixels)

pr
ed

ic
te

d 
dy

−40 −30 −20 −10 0 10 20 30 40

−8

−6

−4

−2

0

2

4

6

8

�&LTfgK.[OS®��Gc��¸��@[OS�X1LIyzM�S�X 
 @�±�]�N(yzMOK1N(R

 @�G��@[O[Oq([kP1NQ[k]~NQ[OSmHV]OMON(W.X.NQ[kX�S9[k[Oq([

��S�y9N(W��$i6q���S9±(S9[��5Sz�DM�S�W.XBMOi.LI]�[kN(W6f(ShP���P�K.LIRIX.LlW6f�NªYhK.RTMOL � [kS�]�qgRIK6MOLTqgW�Y�q�X.S�R¶q({@q(P���S�yzMVNQs.s5S�NQ[��
N(W.yzS(G@��S`f(S�W6S9[kNQM�Sh�uN(K1]O]OLIN(W´s���[kN(YmLIX.]­{�q([~S�N(y�i®q({>qgK6[~M�[kN(LIW.LlW6fhLlYZNQf(S�] �.N(W.X f(S�W6S9[�NQM�S_N(W®NQs.s5S�NQ[��
N(W.yzS`YZq�X6S�R¶{�q([�S�N(ykiBRTS9±(S�R$q({&MOi6S_s���[�N(YZLIX$G@�&LTfgK6[kS}��Gc�Z]Oi.q �<]~MOi.S_s.[OS�X.LlyzMOLTqgW.]xq({�Y�qDX6S�RI]~X.LI]Os1RIN(yzS�X



� ��� � ����� � 
 � � �'��� �4� � � � � � � � � � ����� F:�

LIW�: NQMVMOi6[OS9S-[OS�]OqgRIK6MOLTqgW.]�G_U�a LI]eMOi6S-P1N(]�S�Y�qDX6S�R��5�<LTMOi NQP5qgK6M-H9a�� a(a(a®s1LT��S�RI]�GuU�H-i.N(]VNQP5qgK6Mub �c�Qa(a
s1L �DS�RI]~N(W.X�U2b�NQP5qgK6M<�Qa(aZs�L ��S�Rl]9G

actual dx (pixels)

pr
ed

ic
te

d 
dx

−40 −30 −20 −10 0 10 20 30 40

−20

−15

−10

−5

0

5

10

15

20

L0

L1

L2

�&LTfgK6[OS<��Gc��¸@��[OS�X.LIyzM�S�X 
 :´±�]@N(yzMOK1N(R 
 :ª{8q([�oVRTS9±(S�Rl]@q({$N_pBK.RTMOL ��§<S�]�qgRIK6MOLTqgW-Y�qDX6S�R¡G&U�aD¸~H9a(a(a(a}s1L �DS�RI] �
U�HQ¸­b(�Qa(aZs1L �DS�RI] �6U2b�¸��Qa(a�s1L �DS�RI]9G���[O[Oq([OP1NQ[�]~NQ[OSmH_]�MON(W1X.NQ[kX S9[O[Oq([

j©i.S}RILIW.S�NQ[©[OS9fgLTqgWrq({@MOi6Shy9K6[O±(ShSz��M�S�W.X1]<q�±(S9[uN´RINQ[Of(S9[e[kN(W6f(ShNQM�MOi.ShyzqgNQ[k]OS9[e[kS�]�qgRIK6MOLTqgW1] �.P1K6M�LI]
RTS�]O]VN(y9y9K.[kNQM�SmMOi.N(W�NQM`MOi6S
��W6S�]�Mu[OS�]OqgRIK6MOLTqgW$GZJDLIYmLIRINQ[e[OS�]OK.RTMO]VNQ[kS�q(P.MON(LIW6S�X {8q([_±QNQ[kLINQMOLTqgW.]VLlWrq(MOi.S9[
s5qg]�SVs1NQ[kN(YZS9M�S9[k]<N(W.X®MOi6S_Y�qDX6S�R5s1NQ[kN(Y�S9M�S9[�]9G

�&LTfgK6[kSu��G��h]Oi.q �<]xMOi6Sus.[kS�X.LIyzM�S�X X.LI]�s�RIN(yzS�Y�S�W�MO]�q({&  5hN(W.X� ��_NQfgN(LlW.]�MxMOi6SVN(yzMOK.N(R$X.LI]Os1RIN(yzS�Y�S�W�MO]9G
�&LTfgK6[OSm��Gc��]Oi6q��<]_MOi6Sms.[OS�X.LIyzM�S�X X.LI]�s1RlN(yzS�Y�S�W:MO]_q({­MOi.S��1[k]�MVM ��q Y�qDX6S�R&s1NQ[kN(YZS9M�S9[k] � E`N(W.X � f � LIW
K.W.LIMO]`q({<]OMON(W.X.NQ[kX�X6S9±DLINQMOLTqgW.]�¥`NQfgN(LIW.]OM}MOi6S�N(yzMOK.N(R G � W¨N(RIR­y9N(]�S�]-MOi6S9[OS�LI]hNryzS�W�M�[kN(R~RILlW6S�NQ[}[kS9fgLTqgW��
]OK6f(f(S�]OMOLIW6fZN(W�LIM�S9[kNQMOLT±(S`N(RTf(q([�LTMOi.Y��<LIRlR�yzqgW�±(S9[Of(S}�<i6S�W�y9RTqg]�S`S�W6qgK6fgi�M�qZMOi.S`]�qgRIK6MOLIqgW$G

actual/scale

pr
ed

ic
tio

n/
sc

al
e

−0.4 −0.2 0 0.2 0.4

−0.20

−0.15

−0.10

−0.05

0

0.05

0.10

0.15

0.20

Sx

Sy

�&LTfgK6[OS`��G���¸­�@[OS�X1LIyzM�S�X®  5�N(W.Xr ��_±D]©N(yzMOK.N(R

actual dc (sd)

pr
ed

ic
te

d 
dc

 (
sd

)

−6 −4 −2 0 2 4 6

−6

−4

−2

0

2

4

6

C1

C2

�&LTfgK.[OSC��Gc��¸ �@[OS�X1LIyzM�S�X � E
N(W1X � f ±D]<N(yzMOK1N(R

� ��
 ��!X( 36#e!X� ��( � 	8. ( ' � ( � -/( 0V( -
!

�uLT±(S�W�N�Y�S9MOi6qDX {�q([©s1[OS�X.LIyzMOLIW.f}MOi6SVyzq([O[kS�yzMOLTqgW®�<i1LIyki W6S9S�X.]©M�qZYZN(X6S_LIW´MOi6S_Y�qDX6S�R5s1NQ[�N(Y�S9M�S9[k]~�­S
y9N(W�yzqgW1]�M�[kK.yzM©N(WrLTM�S9[kNQMOLT±(S`YZS9MOi6q�X {8q([<]�qgRI±�LIW.f�qgK6[~q(s.MOLIYZLl]ONQMOLTqgW s.[Oq(P�RTS�Y�G

�uLI±(S�W MOi6S´y9K6[O[OS�W�M_S�]�MOLlYZNQM�Sªq({©YZq�X6S�R@s1NQ[kN(Y�S9M�S9[k]�� ' � �&N(W1X MOi6S´W6q([kYZN(RILl]�S�X LIYZNQf(S´]ON(Y�s1RISmNQM
MOi6S`y9K.[O[OS�W�M~S�]�MOLIYZNQM�S�� 0 � �.qgW.S_]�M�S9s�q({2MOi6S`LTM�S9[�NQMOLT±(S_s.[OqDyzS�X.K6[kSuLl]~N(]©{8qgRIRTq ��]9¸
� ��±"N(RlK.NQM�S_MOi6SVS9[O[kq([©±(S�yzM�q([ � 0 �
C
0 � b 0 3



� ����� ��� �	� � � � ������

� � � �\� � ��� F��

� ��±"N(RlK.NQM�S_MOi6S_y9K6[k[OS�W:M<S9[O[Oq([ 
 �4C a � 0 � a f
� wxqgY�s1K6M�SVMOi6S`s.[OS�X.LIyzM�S�X�X1LI]�s1RIN(yzS�YZS�W:M � � ' C�³ � 0 �
� JDS9M � C H
� U�S9M ' E C
' � b � � '
� J6N(Y�s1RTSuMOi6S`LlYZNQf(S`NQM©MOi.Ll]~W6S9� s.[OS�X1LIyzMOLTqgW��6N(W.X�y9N(RIy9K1RINQM�S`NZW6S9��S9[O[Oq([©±(S�yzM�q([�� � 0 E
� � { a � 0 E a f � 
 � MOi.S�W®N(y9yzS9s.M<MOi.S_W6S9� S�]�MOLIYmNQM�S�� ' E��
� �uMOi6S9[O�<LI]OSeM�[ � NQM�� C H Hc� � � C aLHc� � � C aLHcb(��S9MOyQG
j©i1LI]2s.[OqDyzS�X.K6[OSxLI]2[OS9s5S�NQM�S�X�K.W�MOLIRDW6qVLIY�s.[Oq�±(S�Y�S�W�M@LI]&YZN(X6SxM�qVMOi6S~S9[O[Oq([ � a � 0�a f �gN(W.X�yzqgW�±(S9[Of(S�W.yzS

LI]~X6S�y9RlNQ[OS�X$G
��S-K.]�ShNmYhK.RTMOL � [OS�]OqgRIK6MOLTqgW®LlY�s1RTS�Y�S�W�MONQMOLTqgW���LIW��<i.Llyki®�­S}LIM�S9[kNQM�S}M�q yzqgW�±(S9[Of(S�W.yzS�NQM�S�N(y�i RTS9±(S�R

P5S9{�q([kSVs.[Oq ��S�yzMOLIW6f�MOi6S`y9K.[O[OS�W�M<]�qgRIK6MOLIqgW M�qZMOi6S`W6Sz�DM<RTS9±(S�R¶q({2MOi.S`Y�qDX6S�R¡G@j©i.Ll]~LI]~Y�q([OS_S �´y9LTS�W:M�N(W.X
y9N(W�yzqgW�±(S9[Of(S}M�qZMOi6S`yzq([O[kS�yzM<]�qgRIK6MOLIqgW {�[OqgY {8K6[kMOi6S9[©N��xN��®MOi1N(W®]�S�NQ[ky�i�NQM<NZ]kLIW6fgRTSu[OS�]�qgRlK6MOLTqgW$G
� ������� ��� � ��� & �'( �,)�� � 	8� ����� � � ���! 8� � � � "$��%
�4& 
 ���! 
� �
��SmK.]OS�X MOi6SZ{ N(yzSmd�dep�M�q�]�S�NQ[ky�i {8q([_{8N(yzS�]`LIW s.[OS9±DLTqgK.]OR ��K.W.]�S9S�W�LlYZNQf(S�]9GZ�&LTfgK6[OSZ��Gc��]ki6q �<]_MOi6S
P5S�]�M��1Mxq({&MOi6S_Y�qDX6S�R5fgLT±(S�W�MOi.S_LIYZNQf(SVs5qgLIW�MO]~YZNQ[O\(S�X�P��´i1N(W.X {�q([<MOi6[OS9SV{ N(yzS�]9G��&LTfgK6[kSV��GIH9aª]Oi6q��<]
{8[kN(Y�S�]­{�[kqgY N-ded�p ]OS�NQ[kyki {8q([xS�N(yki { N(yzS��6S�N(yki�]�MONQ[OMOLlW6f}��LTMOiZMOi6SVY�S�N(W Y�qDX6S�R�X.LI]�s�RIN(yzS�XZ{8[OqgY MOi6S
M�[kK6SV{ N(yzS}yzS�W�M�[OS(G

�&LTfgK6[kSV��Gc��¸­§©S�yzqgW.]OM�[kK.yzMOLTqgW�� RTS9{�M�¥­N(W1X�q([kLTfgLIW1N(R@�8[kLTfgi�M�¥�fgLT±(S�W®q([kLIfgLIW.N(R5RIN(W.X.YmNQ[O\ms5qgLIW�MO]
de]_N(W�Sz�6N(Y�s1RTS�q({xNQs.s1R ��LIW.fªMOi6SZYZS9MOi6q�X M�q®Y�S�X.LIy9N(R�LIYmNQf(S�] ���­S�P1K.LIRIMeN(W d�s.s5S�NQ[kN(W.yzSZprqDX6S�R

q({us1NQ[OM�q({eMOi6S®\DW6S9S®N(]m]OS9S�W¹LIW¹N�]ORlLIyzS�MOi6[OqgK6fgi N(W�pr§ LIYZNQf(S(G j<i6S®Y�qDX6S�Rx�­N(]mM�[kN(LIW6S�X¨qgW oQa
Sz�6N(Y�s1RTS�] �>S�N(yki�RINQP5S�RIRTS�XB�<LTMOi F:b�RIN(W.X.YmNQ[O\rs5qgLIW�MO]9Gm�&LTfgK.[OSm��GIH(Hm]Oi.q �<]`MOi6SZS �5S�yzM`q({x±"NQ[ ��LIW.f�MOi6S
�1[k]OMeM ��qBNQs.s5S�NQ[kN(W.yzSZY�qDX6S�R&s1NQ[�N(Y�S9M�S9[k]9GZ�&LTfgK6[kSm��GIH�b�]Oi6q��<]VMOi6SZP5S�]�M �1MVq({­MOi6SmYZq�X6S�R&M�q®N�W6S9�
LIYZNQf(S���fgLT±(S�W¨i.N(W.X�YZNQ[O\(S�X RIN(W.X1YZNQ[O\ s5qgLIW:MO]�GB�&LTfgK6[kS ��GIH�o ]Oi.q �<]h{8[kN(Y�S�]h{�[kqgY N(W¨ded�p ]�S�NQ[ky�i
{8[OqgY NZX.Ll]�s1RIN(yzS�X´s5qg]OLTMOLTqgW¶G

� ��� ��� 
 ( 3F�B0V( -
!X#&'	� ( 7$� '"!$7

j>qZq(P.MON(LIW�N ��K.N(W�MOLTMONQMOLT±(SVS9±QN(RIK.NQMOLTqgW®q({>MOi6SVs5S9[O{8q([kYZN(W1yzSVq({>MOi6S_N(RIf(q([kLTMOi.Y°�­SVM�[kN(LIW.S�X�NZY�qDX6S�R5qgW
�(�ªi.N(W.X®RINQP5S�RIRIS�X�{8N(yzS-LIYZNQf(S�]���N(W.X�M�S�]�M�S�X LTM<qgWrNmX.L �5S9[OS�W�M�]�S9M�q({©H9a(aªRlNQP�S�RlRTS�X®LIYZNQf(S�]�G©��N(ykir{ N(yzS
�xN(]<NQP5qgK6M<bQa(aZs�L ��S�Rl]���LIX6S(G



� ����� ��� �	� � � � ������

� � � �\� � ��� F:�

� W.LTMOLlN(R bZLTMO] ��LTMO] HzFªLTMO] bQaZLTMO] yzqgW�±(S9[Of(S�X
�&LTfgK6[kS`��GIH9aD¸�pBK.RTMOL ��§<S�]�qgRIK6MOLTqgW�]OS�NQ[kyki�{�[OqgY¬X.LI]�s1RlN(yzS�Xªs5qg]OLIMOLTqgW

�&LTfgK6[OS~��GIH(HQ¸��&LT[k]�M2M��­qVY�q�X.S�]
q({ NQs.s5S�NQ[kN(W1yzS ±QNQ[kLINQMOLTqgW q({
\DW6S9S`Y�qDX6S�R

�&LTfgK6[kS<��GIH�b�¸���S�]OM��1M@q({5\DW6S9S<Y�qDX6S�RDM�qhW6S9�
LIYmNQf(S_fgLT±(S�W®RIN(W1X.YZNQ[O\D]

�uW S�N(yki�M�S�]�M-LIYZNQf(S´�­S´] �D]�M�S�YZNQMOLly9N(RIR � X.LI]Os1RIN(yzS�X�MOi6S Y�qDX6S�R@{8[OqgY MOi6SmM�[�K6Sms5qg]OLTMOLIqgW P�� �-H��
s1L �DS�RI]}LIW :¹N(W1X @ �@N(W.X�yki.N(W.f(S�X LTMO]}]ky9N(RTS P�� ��H9a �´G ��S´MOi.S�W [�N(W MOi.S´YhK.RTMOL � [kS�]�qgRIK6MOLTqgW ]�S�NQ[ky�i��
]�MONQ[OMOLlW6f �<LTMOi¹MOi6SrY�S�N(W NQs.s5S�NQ[kN(W.yzSrY�q�X.S�R¡G
bg�"a(a¨]�S�NQ[�yki6S�]ª��S9[kS�[kK.W LIW M�q(MON(R��~S�N(y�i�MONQ\DLIW6f�N(W
N�±(S9[�NQf(S q({-F6GIH ]OS�yzqgW.X.]�qgWCN JDK.W �eRTM�[kNDG �u{}MOi6qg]OS bg�"a(a��}�DH���� H����m¥ { N(LIRTS�X
M�q yzqgW�±(S9[Of(S�M�q N
]ONQMOLI]O{8N(yzM�q([ ��[OS�]OK1RTM´�8MOi6S®YZS�N(W¨s�qgLlW:M}s�qg]kLTMOLTqgW S9[O[Oq([��xN(]-f([OS�NQM�S9[ZMOi.N(W ��Gc�Bs1LT��S�RI]}s5S9[-s�qgLlW:M�¥�G �e{
MOi6qg]�S MOi.NQM-X.LIX yzqgW:±(S9[kf(S���MOi6S §<p�J S9[O[Oq([-P5S9M��­S9S�W¨MOi6S´YZq�X6S�R­yzS�W�M�[OS�N(W.X MOi.SªMONQ[Of(S9MZyzS�W�M�[OS �xN(]
� aLHc��>�H Hc�g¥`s1L �DS�RI]9G-j©i6SZ]9G X¶G�q({�MOi6SªY�q�X.S�R�]Oy9N(RTS�S9[O[Oq([`�­N(]h���´GZj©i6SZY�S�N(W YZNQfgW.LTMOK1X6S-q({�MOi6S)��W.N(R
LIYZNQf(SxS9[O[kq([2±(S�yzM�q([�LIW`MOi.SxW.q([kYZN(RILI]OS�X_{8[kN(Y�Sx[OS�RINQMOLT±(S­M�quMOi.NQM&q({1MOi6SxP5S�]�M&Y�qDX6S�R ��M>fgLT±(S�W-MOi.S­YZNQ[k\(S�X
s5qgLIW�MO] ���xN(]`aDGc�(��� ]OX$¸haDGIH ¥ �&]kK6f(f(S�]�MOLIW6frMOi.NQM_MOi6S´N(RTf(q([kLTMOi1Y LI]_RTqDy9NQMOLIW6frN®P5S9M�M�S9[`[OS�]kK.RTMVMOi.N(W MOi.NQM
s.[Oq�±�LlX6S�X¹P�� MOi6SrYmNQ[O\(S�X s5qgLIW�MO]9G �­S�y9N(K.]�S�LTM´LI]ZSz�Ds1RILly9LTMOR � YmLIW.LIYZLl]OLIW6fBMOi6SBS9[O[Oq([m±(S�yzM�q([ ��LTMª�<LIRIR
yzqgY�s.[kqgYZLI]�SVMOi6S_]ki.NQs5S_LT{�MOi.NQM�RTS�N(X.]~M�qmN(W®q ±(S9[kN(RIR>LIY�s.[kq ±(S�Y�S�W�M©q({2MOi6S_f([OS ����RTS9±(S�R ��M9G

�&LTfgK6[kS ��GIHzF ]Oi.q �<]hMOi6S Y�S�N(W¨LIW�M�S�W.]OLTM � S9[O[Oq([-s5S9[}s�L ��S�Ru�8{8q([-N(W¨LIYmNQf(S K1]OLIW6frb(�(�Bf([kS �:��RTS9±(S�Rl]�¥
NQfgN(LIW.]OMªMOi6S�W�K.Y}P�S9[´q({`LTM�S9[�NQMOLTqgW.] �<N ±(S9[kNQf(S�X q�±(S9[®N¨]�S9Mªq({h]�S�NQ[ky�i6S�]�NQM�N�]kLIW6fgRTS®[kS�]�qgRIK6MOLTqgW¶G � W



� ����� ��� �	� � � � ������

� � � �\� � ��� F:�

� W1LTMOLIN(R b-LTMO] w­qgW:±(S9[kf(S�X � H(H`LIMO]�¥
�&LTfgK6[OS`��GIH�o�¸­prK1RTMOL ��§©S�]OqgRIK6MOLTqgW ]�S�NQ[ky�i®{8q([©\DW6S9S

S�N(yki y9N(]�ShMOi6S-Y�qDX6S�R$�xN(]eLlW.LTMOLIN(RIR �mX.LI]�s�RIN(yzS�X®P��®K6s�M�qBH��Zs�L ��S�Rl]9G~j©i6S}X.q(M�M�S�XrRILlW6S_fgLT±(S�]�MOi6S}YZS�N(W
[OS�yzqgW.]OM�[kK.yzMOLTqgW`S9[O[Oq([>K1]OLIW6fxMOi6S­i.N(W.X_YZNQ[k\(S�X`RIN(W.X1YZNQ[O\es�qgLlW:MO] �"]OK6f(f(S�]�MOLlW6f<N©f(q�qDX_[OS�]OK1RTM¶LI]$q(P.MON(LlW6S�X
P��ªMOi6S}]�S�NQ[kyki¶G

�&LTfgK6[kSu��GIH��-]Oi.q �<]­MOi6Sus.[Oq(s5q([OMOLIqgWZq({�H9a(a�YhK.RTMOLT� [OS�]�qgRIK6MOLIqgWm]�S�NQ[ky�i6S�]x�<i.Llyki´yzqgW:±(S9[Of(S�X�yzq([O[OS�yzMOR �
fgLT±(S�W¨]�MONQ[OMOLlW6f�s5qg]OLTMOLIqgW.]_X.LI]Os1RIN(yzS�X {8[OqgY MOi6S´M�[kK6Sms5qg]OLIMOLTqgW�P�� K6s M�q �Qars1L �DS�RI]`LlW : N(W.X @�GBj©i6S
Y�qDX6S�R$X.LI]Os1RIN��D]xf(q�q�X�[kS�]OK.RTMO]x�<LIMOi�K6s�M�q´bQa�s�L ��S�Rl]u� H9a � q({2MOi6S_{ N(yzS_�<LIX6MOi�¥�X1LI]�s1RIN(yzS�YZS�W:M9G

Number of Iterations

M
ea

n 
in

te
ns

ity
 e

rr
or

/p
ix

el

0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

0

2

4

6

8

10

12

14

�&LTfgK6[OSe��GIHzF6¸�p�S�N(W LIW�M�S�W.]OLIM �-S9[O[Oq([xN(]�]OS�NQ[kykiªs.[Oq(f([OS�]k]�S�]9G@�eq(M�M�S�X RILIW6S<Ll]@MOi6SeY�S�N(WmS9[k[Oq([�q({$MOi.S<P5S�]�M
�1M~M�qZMOi.S`RIN(W.X.YmNQ[O\�]�G

� ��� 	� �� � � � ��� 	�� ��� �



� ����� ��� �	� � � � ������

� � � �\� � ��� �Qa

Displacement (pixels)

%
 c

on
ve

rg
ed

 c
or

re
ct

ly

−50 −40 −30 −20 −10 0 10 20 30 40 50

0

10

20

30

40

50

60

70

80

90

100

dX

dY

�&LTfgK6[OS`��GIH���¸­�@[Oq(s5q([OMOLTqgW q({�]�S�NQ[�yki6S�]<�<i.LIy�i�yzqgW:±(S9[Of(S�Xr{8[OqgY X.L �5S9[OS�W�M©LIW.LTMOLlN(R�X.Ll]�s1RIN(yzS�Y�S�W�MO]



� �������	��
 �

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

� W
MOi.LI] yki.NQs1M�S9[®��S�X6S�]kyz[kLTP5SBYZq�X.L ��y9NQMOLTqgW.]ªM�q MOi6S�P1N(]OLlyBdedep N(RTf(q([kLIMOi.Y N(LIY�S�X
NQM®LIY�s1[Oq ±DLIW6f
MOi6S´]�s5S9S�X N(W.X [Oq(P1K.]�MOW.S�]O]_q({©]�S�NQ[�yki$GrJDLlW.yzSm]�qgY�Sª[OS9fgLTqgW.]`q({~MOi6SªYZq�X6S�R�YZN�� y�i.N(W6f(S RILTM�MORTS���i6S�W
s1NQ[kN(YZS9M�S9[k]�NQ[kS}±QNQ[kLTS�X�����S-W6S9S�X�qgW.R �®]ON(Y�s�RTS_MOi6ShLIYZNQf(S-LIW®[OS9fgLIqgW.]©�<i.S9[OS}]OLIfgW.L ��y9N(W�M<yki1N(W6f(S�]uNQ[OS
Sz�Ds�S�yzM�S�X¶G�j©i.LI]~]ki6qgK.RIX´[OS�X.K1yzSVMOi6S`yzqg]�M©q({&S�N(y�i�LTM�S9[kNQMOLIqgW$G

j©i.S�q([kLIfgLIW.N(R�{�q([kYhK.RINQMOLIqgW}YZN(W1LTs1K.RINQM�S�]>MOi6SxyzqgY`P�LIW6S�X-]Oi.NQs5SxN(W.X`f([kS �:��RTS9±(S�RDs�NQ[kN(Y�S9M�S9[k]�X.LI[OS�yzMOR �(G
deWªN(RTM�S9[�W.NQMOLT±(SVNQs.s.[OqgN(y�i LI]�M�q-K.]�SuLIYZNQf(Se[OS�]OLlX.K.N(RI]�M�q�X6[�LT±(S©MOi6Su]Oi.NQs5S<s�NQ[kN(Y�S9M�S9[k] �6yzqgY�s�K6MOLIW6f}MOi6S
f([OS ����RTS9±(S�R&s1NQ[kN(YZS9M�S9[k]VX.LT[OS�yzMOR ��{�[OqgY MOi6S-LIYZNQf(S-fgLT±(S�W MOi.Shy9K6[k[OS�W:Mu]Oi.NQs5S(G_j©i1LI]<NQs.s1[OqgN(yki�YZN ��P5S
K.]�S9{ K.R5�<i.S�W MOi6S9[OS`NQ[OSV{8S9��]Oi1NQs�S_YZq�X6S�]<N(W.X®YZN(W��ªf([kS �:��RTS9±(S�R>Y�qDX6S�]9G


 ��� ��� % � 7$#&0 
 '��B-/U�� �/3F�B-/U �8( #43� 	W

� W MOi6S-q([kLTfgLIW.N(R2{8q([kYhK.RINQMOLTqgW��¶X1K6[kLIW6f´]�S�NQ[ky�i���SZ]kN(Y�s1RTS�N(RIR2MOi6S�s5qgLIW�MO]uLIWBMOi6SZY�qDX6S�R2M�q�q(P.MON(LIW 0 � �
�<LTMOi®�<i.LIy�i���S`s.[OS�X.LIyzM<MOi6S`yki1N(W6f(S`M�qªMOi6S`Y�qDX6S�R$s1NQ[�N(Y�S9M�S9[k]9G~j©i6S9[kS`YZN�� P5SmH9a(a(a(aªq([�Y�q([kS}]OK.y�i
s1L �DS�RI] �5P1K.Me{8S9�­S9[_MOi.N(W H9a(a�s1NQ[�N(Y�S9M�S9[k]9G�j©i6S9[kSZLI]eMOi�K.]`yzqgW.]OLIX6S9[�NQP1RTSh[OS�X.K.W.X1N(W.y����¶N(W.X�LTMVYZN �rP5S
s5qg]O]OLTP�RTS©M�q-q(P.MON(LIW´f(q�q�X´[OS�]OK1RTMO]�P��m]ON(YZs1RILIW6fhNQMxqgW.R �ZN-]OK6P6��]OS9M�q({>MOi6SeYZq�X6S�RlRTS�Xms�L ��S�Rl]9G2j<i.LI]�yzqgK1RIX
]OLTfgW1L ��y9N(W�MOR �m[OS�X1K.yzSVMOi6S_yzqgY�s1K.MONQMOLTqgW.N(R¶yzqg]�M�q({>MOi.S`N(RTf(q([kLTMOi1Y�G

j©i.S_yki.N(W6f(ShLIW MOi6S � "�� s1NQ[kN(Y�S9M�S9[�� � � < �.LI]xfgLT±(S�W�P��
� � < C�³ < � 0 �¡��GIH ¥

�
i6S9[OS ³ <&LI]~MOi6S � "�� [Oq �Cq({ ³ G
j©i.SªS�RTS�YZS�W:MO]hq({ ³ <<LlW.X.LIy9NQM�S´MOi6S ]OLTfgW.L ��y9N(W.yzSmq({�MOi6S´yzq([k[OS�]�s5qgW.X.LIW.f®s1L �DS�R�LlW MOi6S y9N(RIy9K.RlNQMOLTqgW

q({©MOi6S´yki.N(W.f(S LlW MOi6S´s1NQ[kN(Y�S9M�S9[ Grj>qBy�i6q�qg]OSªMOi6S Y�qg]�M-K.]�S9{ K.R�]OK6P1]�S9M}{�q([-NrfgLT±(S�W s�NQ[kN(Y�S9M�S9[����­S
]OLIYZs1R � ]�q([OM`MOi.SªS�RTS�YZS�W:MO]hP�� NQP1]�qgRIK6M�Sª±"N(RlK6SªN(W.X�]�S�RTS�yzMhMOi6S´RINQ[Of(S�]�M9GB�<q���S9±(S9[���MOi6Sms�L ��S�Rl]_�<i.Llyki
P5S�]�M~s.[OS�X1LIyzM~yki.N(W6f(S�]�M�qZqgW6SVs�NQ[kN(Y�S9M�S9[�YmN���W6q(M©P5S_K.]�S9{ K.R�{8q([<N(W � q(MOi6S9[�s1NQ[kN(Y�S9M�S9[ G

j>qB]OS�RTS�yzM}NrK.]�S9{ K.R@]OK6P�]�S9M`{8q([}N(RIR�s1NQ[kN(Y�S9M�S9[�]`�­S´yzqgYZs1K6M�SmMOi.SmP5S�]�M ����q({~S�RTS�YZS�W:MO]h{8q([`S�N(yki
s1NQ[kN(YZS9M�S9[��:MOi6S�Wmf(S�W6S9[kNQM�S�MOi6S<K.W.LIqgW-q({5]kK.ykiª]�S9MO]9G�� { �´LI]@]OYZN(RlR6S�W6qgK6fgi��:MOi6S<K.W.LIqgW-�<LIRIR�P5S<RTS�]O]@MOi.N(W
N(RIR5MOi6S`S�RTS�Y�S�W�MO]9G

�uLI±(S�WZ]OK.y�iZN_]OK6P�]�S9M �g�­S©s5S9[O{�q([�Y NVW6S9� YhK.RTMOL � ±QNQ[kLINQM�S~[OS9f([kS�]O]OLTqgW��:M�q`yzqgY�s1K6M�S~MOi.S©[OS�RINQMOLTqgW1]Oi.LTs �
³ � P�S9M ��S9S�W�MOi6S_yki1N(W6f(S�]�LlW MOi6S_]OK6P1]OS9M~q({&]kN(Y�s1RTS�] � � 0 � ��N(W.X MOi6S`y�i.N(W6f(S�]<LlW s1NQ[kN(Y�S9M�S9[k]

� ' C�³ � � 0 � �¡��Gcbg¥
�DH



� ���L� � � 

� ���+� ��� ��� � ��
 ��� �$

� 

� � ��� � � �(b

J�S�NQ[�yki�y9N(W®s.[OqDyzS9S�X�N(]©X6S�]kyz[kLTP5S�X NQP�q�±(S��1P1K.M©K.]OLIW6f-qgW.R �ªNZ]OK.P1]�S9M~q({&N(RIR$MOi6SVs1LT��S�RI]�G


 �"R �8( #43� W��T7X�B-/U ��W/#�
 ( � #436#&0V(\!$( 367

j©i6S­q([kLTfgLlW.N(Rg{8q([kYhK.RINQMOLTqgWhYZN(W.LTs�K.RINQM�S�]¶MOi.S�s1NQ[�N(Y�S9M�S9[k] � ' G�deW-N(RTM�S9[kW.NQMOLT±(SxNQs.s.[kqgN(yki�LI]>M�qeK1]�S­LlYZNQf(S
[OS�]OLlX.K.N(RI]­M�qmX6[�LT±(SuMOi6S`]Oi.NQs5Sus1NQ[kN(YZS9M�S9[k] � ! � �.yzqgY�s�K6MOLIW6f�MOi6SVf([kS �:��RTS9±(S�R�s1NQ[kN(Y�S9M�S9[�] � !�� �.N(W.X�MOi�K.]
' �&X.LT[OS�yzMOR ��{8[OqgY MOi6SmLlYZNQf(SZfgLT±(S�W MOi6SZy9K6[O[OS�W�M`]Oi1NQs�S(Gªj©i.LI]uNQs.s.[kqgN(yki YmN���P5SZK.]�S9{ K.R&�<i6S�W MOi.S9[OS
NQ[OS_{8S9��]Oi1NQs�SVY�qDX6S�]©N(W1X®YZN(W��´f([kS �:��RTS9±(S�R�Y�q�X.S�]9G

j©i.S_K6s$X.NQM�SVS���K1NQMOLTqgW®LIW MOi.Ll]~y9N(]�S}i.N(]©MOi6SV{�q([�Y
� ! � C
+ � 0 �¡��Gcog¥

�<i.S9[OS�LIWZMOi.LI]�y9N(]OS � 0 LI]�fgLT±(S�WmP���MOi6SeX.L �5S9[OS�W.yzS©P5S9M��­S9S�W´MOi6S�y9K.[O[OS�W�M�LIYZNQf(Se]ON(Y�s1RIS 0 � N(W.XmMOi6S
P5S�]�M��1M~q({&MOi6SVf([OS ����RTS9±(S�R>Y�q�X.S�R5M�qmLTM � 0 3 �

� 0 C 0 � b 0 3
C 0 � b��Bc0 ������!�� ¥ �¡��GvF�¥

�<i.S9[OS ! ��C � O � � 0 � b c0 ¥�G
�uK6[kLlW6fBN M�[kN(LIW.LIW.frs1i1N(]�S ��S®K.]OS´[kS9f([OS�]O]OLTqgW¨M�q RTS�NQ[kW¨MOi6S [OS�RINQMOLIqgW.]Oi.LTs � + ��P5S9M��­S9S�W � ! � N(W.X

� 0 � N(]_fgLT±(S�W LlW¹�¡��GvF�¥�¥�G�JDLlW.yzS�N(W � � 0 Ll]Vq([OMOi6q(f(qgW.N(R@M�q®MOi6SmyzqgRIK1YZW.]uq({ ��� ��MOi.SZK6s$X.NQM�S�S���K1NQMOLTqgW
]OLIYZs1RIL �1S�]�M�q

� ! � C + � 0 � b c0 ¥
C +-0 � b ! ����� � � "

�¡��Gc�g¥
j©i�K.]uqgW6S�NQs.s1[OqgN(yki�M�q �1M�MOLIW6f�N Y�qDX6S�R&M�q®N(W LIYZNQf(S�LI]V]kLIY�s1R ��M�q�\(S9S9s M�[kN(yO\Bq({­MOi6S�s5qg]�S�N(W.X

]Oi.NQs5S´s1NQ[kN(Y�S9M�S9[�] � ! � G j©i6S f([OS ����RTS9±(S�Rxs1NQ[�N(Y�S9M�S9[k]�y9N(W¨P5S´yzqgYZs1K6M�S�X¨X.LT[OS�yzMOR ��{�[OqgY MOi6S�]ON(YZs1RTS
NQM�MOi6S�y9K6[O[kS�W:M-]Oi.NQs5S(G j©i.S´yzqgW.]OM�[kN(LIW�MO]-q({<MOi6S�yzqgY}P1LIW6S�X¨NQs.s5S�NQ[kN(W.yzS�Y�qDX6S�Rxy9N(W¨P5S´NQs1s1RILTS�X P��
yzqgY�s1K.MOLIW6f ' K1]OLIW6f �¡��Gc�g¥ �@NQs.s1R ��LIW.f´yzqgW.]OM�[kN(LIW�MO]_MOi6S�W [OS�yzqgY�s1K6MOLlW6f�MOi6Sm]Oi1NQs�S�s�NQ[kN(Y�S9M�S9[k]9G´d�]}LIW
MOi6Suq([kLTfgLlW.N(R.{8q([kYhK.RINQMOLTqgW���MOi6SVYZNQfgW.LIMOK.X6Seq({¶MOi6Su[OS�]OLIX1K.N(R a � 0\a y9N(WªP5SuK.]�S�X´M�q-M�S�]�M~{8q([xyzqgW�±(S9[Of(S�W.yzS(G

� W y9N(]�S�]ª�<i6S9[kS�MOi6S9[OS�NQ[OSB]OLTfgW.L ��y9N(W:MOR � {8S9��S9[ Y�qDX6S�]�q({V]Oi.NQs5S®±QNQ[kLINQMOLTqgW¹MOi.N(W yzqgY}P1LIW6S�X NQs6�
s5S�NQ[kN(W.yzSZY�qDX6S�] ��MOi.LI]VNQs.s.[kqgN(yki YZN � P�S-{ N(]�M�S9[�GZ��q �­S9±(S9[��&]OLIW.yzSZLTMVLI]uqgW1R �rLIW1X.LT[OS�yzMOR �rX6[kLT±DLIW6fªMOi6S
s1NQ[kN(YZS9M�S9[k]©yzqgW�M�[OqgRIRILIW.f}MOi6SV{ K.RIR�NQs.s5S�NQ[kN(W.yzS�� ' �.LTM©YZN�� W6q(Mxs5S9[O{8q([kY�N(]~��S�RlR$N(]xMOi6SVq([kLTfgLIW1N(R�{8q([kYhKD�
RINQMOLTqgW¶G

|�q(M�S`MOi.NQM<��S`yzqgK1RIX�M�S�]�M�{�q([<yzqgW�±(S9[Of(S�W.yzShP�� YZqgW.LTM�q([kLIW.f-y�i.N(W6f(S�]�LIW�MOi6S_]Oi1NQs�SVs�NQ[kN(Y�S9M�S9[k] �1q([
]OLIYZs1R �ZNQs.s1R �ZN �.��S�X W�K.Y}P�S9[xq({2LTM�S9[kNQMOLTqgW.]~NQM~S�N(y�i�[OS�]�qgRlK6MOLTqgW$G�� WªMOi1LI]xy9N(]�SV��S_X.q-W.q(MxW.S9S�X M�qZK.]�S
MOi6SZf([kS �:��RTS9±(S�R�Y�qDX6S�R@NQM`N(RIR�X.K6[kLIW.f´]�S�NQ[�yki$G´��Sm�­qgK.RIX �OK.]�M_X.q®N�]OLIW.fgRTS�YZNQMOyki M�q®MOi6SZf([kS �:��RTS9±(S�Rl]
]ON(Y�s�RTS�X {�[kqgY°MOi6S ��W1N(R$]Oi.NQs5S(G�j©i.LI]~YZN � fgLT±(S`NZ]OLIfgW.L ��y9N(W�MOR �Z{ N(]�M�S9[�N(RIf(q([kLTMOi.Y�G


 ��� � ( 7X� '?!X7 	#"���� 
 ( 3F��02( -
!X7

j>qZyzqgY�s1NQ[OS_MOi.SV±"NQ[kLlNQMOLTqgW.]xqgW�MOi6S_N(RIf(q([kLTMOi.Y�X6S�]Oyz[�LTP5S�X´NQP5q�±(S���N(W�NQs.s5S�NQ[kN(W.yzS_YZq�X6S�R5�xN(]~M�[kN(LlW6S�X
qgW N ]�S9M�q({eoQa(a�RlNQP�S�RlRTS�X { N(yzS�]9G�j©i.LI]h]�S9MZyzqgW�MON(LIW.]�]�S9±(S9[kN(R<LIYZNQf(S�]-q({<S�N(y�i q({<Fga s5S9q(s1RIS����<LTMOi¨N
±QNQ[kLTS9M ��q({�X.L �5S9[OS�W�M�Sz�Ds.[OS�]O]kLTqgW.]9G<��N(yki�LIYmNQf(S}�xN(]ui.N(W.XBN(W.W6q(MONQM�S�X �<LTMOi H�b(b RIN(W.X.YmNQ[O\ s�qgLlW:MO]�qgW



� ��� � � � �\� � ��� ��� ��� �	� �&�?� ������� �(o

MOi6S~\(S �-{8S�NQMOK6[OS�]9G��6[OqgY MOi.LI]�X.NQMONu�xN(]@P�K.LIRTM2N_]Oi.NQs5S~Y�qDX6S�RD�<LTMOi�o(�us1NQ[�N(Y�S9M�S9[k] ��Nuf([OS �:��RIS9±(S�R1Y�qDX6S�R
q({~H9a(a(a(aZs1LT��S�RI]x��LTMOi®b(b(o-s1NQ[kN(YZS9M�S9[k]<N(W.X�NZyzqgY`P�LIW6S�X�NQs.s5S�NQ[kN(W.yzS}Y�q�X.S�R5�<LTMOi®�(o-s1NQ[�N(Y�S9M�S9[k]9G

j©i.[OS9Sx±(S9[k]OLTqgW.]2q({�MOi6S~d�dep¬�­S9[OSxM�[kN(LIW.S�X}{8q([�MOi6S�]�S©YZq�X6S�Rl]9G��uW.S��<LIMOi}MOi.S­q([�LTfgLIW.N(R�{�q([�Y}K.RlNQMOLTqgW��
Nm]OS�yzqgW.XrK1]OLIW6fmNª]OK6P6��]OS9M<q({�b(��� q({�MOi6S`s1LT��S�RI]©M�q´X6[�LT±(S_MOi6S}s1NQ[kN(Y�S9M�S9[k] ' �5N(W.X�NªMOi.LT[�X�M�[kN(LIW6S�X�M�q
X6[kLI±(SVMOi6S_]Oi.NQs5SVs1NQ[kN(YZS9M�S9[k] � ! � �1N(RTqgW.S(G

d�M�S�]�M@]�S9M�q({&H9a(a_K.W.]OS9S�W�W6S9�¹LIYZNQf(S�]©�8q({�MOi6S©]ON(Y�S©]OS9M�q({�s5S9q(s1RTS­P1K6M&�<LIMOihX1L ��S9[kS�W:M&Sz�Ds.[OS�]O]OLIqgW.]�¥
�xN(]eK1]�S�X�M�q�yzqgY�s�NQ[OS}MOi.S}s5S9[O{8q([kYZN(W.yzS}q({@MOi6S-N(RTf(q([kLTMOi1YZ]9G �VW�S�N(y�i�LIYZNQf(ShMOi6S}q(s1MOLIYZN(R>s�qg]OS`�xN(]
{8qgK.W.XB{�[kqgY i.N(W.X N(W.W6q(MONQM�S�X RlN(W.X.YZNQ[O\D]9G`j<i6S�Y�q�X.S�R>�xN(]_X.Ll]�s1RIN(yzS�XrP�� � � H�� ��a � �kH��g¥us1L �DS�RI]uLIW�:
N(W.X @ �2MOi6Sm[kS�YZN(LIW.LIW.f�s1NQ[kN(Y�S9M�S9[k]}�­S9[OSª]�S9M}M�q �9S9[OqBN(W.X NrY}K1RTMOL � [OS�]�qgRlK6MOLTqgW�]�S�NQ[ky�i�s�S9[k{�q([kYZS�X �¡�
M�S�]�MO]<s�S9[©LlYZNQf(S����Qa(amLlW�N(RIR�¥�G

j~�­qª]OS�NQ[kyki�[OS9fgLIY�S�]<��S9[OShK.]�S�X$G � W�MOi6S ��[k]�M©NmYmN"�DLIYhK.Y°q({@�mLTM�S9[kNQMOLTqgW.]©��S9[OShN(RIRTq���S�XrNQM<S�N(yki
[OS�]�qgRlK6MOLTqgW RTS9±(S�R¡G ��N(yki LIM�S9[kNQMOLTqgW M�S�]�M�S�X MOi6S®Y�qDX6S�R~NQM ' � ' b � � ' {8q([ � C H H aL>OaLHc� E >IHIHIHJ>OaLHc��� �
N(y9yzS9s.MOLIW.fZMOi6S �1[�]�MxMOi.NQM©fgN�±(S-N(W®LIYZs.[Oq ±(S�X®[OS�]OK.RTMxq([<X.S�y9RINQ[kLIW6fZyzqgW�±(S9[Of(S�W.yzShLT{&W6qgW6S_X.LIX¶G

j©i.S-]OS�yzqgW.X [OS9fgLIY�Sh{8q([kyzS�X MOi6SZK6s$X.NQM�S ' � ' b � ' �<LTMOi.qgK6M�M�S�]OMOLIW6f �<i6S9MOi6S9[_LIM��xN(]uP5S9M�M�S9[Vq([
W6q(M �1NQs1s1R �DLIW6f���]�M�S9s1]©NQM<S�N(ykir[OS�]�qgRIK6MOLIqgW�RTS9±(S�R¡G

j©i.S ��K.N(RlLTM �´q({ ��M~�­N(]<[OS�yzq([kX6S�X®LlW M��­qm�xN��D] �
� j<i6S_§<p�J´f([OS ����RTS9±(S�R¶S9[k[Oq([©s5S9[~s1L �DS�R$LIW MOi6S`W.q([kYZN(RILI]OS�Xª{8[kN(Y�S���� a � 
ea f $ ��� <65 � � �
� j<i6S_Y�S�N(W�X1LI]�MON(W.yzSVS9[O[kq([©s5S9[©Y�q�X.S�R5s�qgLlW:M
�6q([hSz�6N(Y�s1RTS��>MOi6Sm[OS�]kK.RTMVq({xMOi6S��1[�]�M`]�S�NQ[ky�i ]Oi.q �<W LIW��&LTfgK6[OSª��GIH9aBNQP5q ±(SªfgLT±(S�]`N(W §<p�J f([OS �

S9[O[Oq([<q({&aDGvF:��s�S9[<s1L �DS�R�N(W1X®NZY�S�N(W®X1LI]�MON(W.yzSVS9[O[kq([©q({@o�G��hs1L �DS�RI]9G
J�qgYZS�]�S�NQ[ky�i6S�]��<LIRIRD{ N(LIR6M�qhyzqgW:±(S9[Of(SeM�q}W.S�NQ[�MOi6S�yzq([O[OS�yzM­[OS�]OK.RTM9G&j©i.Ll]@LI]@X6S9M�S�yzM�S�X´P���N_MOi6[OS�]ki6qgRIX

qgW MOi6SVY�S�N(W�X.Ll]�MON(W.yzSuS9[O[Oq([~s5S9[~Y�qDX6S�R1s5qgLIW�M9G@j©i6qg]OSeMOi1NQMxi1N�±(S_N�Y�S�N(W S9[O[kq([~q({ � � Hc�hs1LT��S�RI]��­S9[OS
yzqgW.]OLlX6S9[OS�X M�qmi.N ±(S`{ N(LIRTS�X M�qmyzqgW�±(S9[Of(S(G

j2NQP1RTS~��GIH~]OK.YZYmNQ[kLI]�S�]>MOi6Sx[OS�]OK.RIMO]9G>j©i.S���W1N(R:S9[O[kq([k]2[OS�yzq([kX6S�X-�­S9[OS~N�±(S9[kNQf(S�Xmq ±(S9[�MOi6qg]OS©]�S�NQ[kyki.S�]
�<i.LlykiZyzqgW�±(S9[Of(S�X´]OK.y9yzS�]O]�{ K.RIR �(GTG2j©i.S~M�q(sª[Oq���yzq([O[kS�]�s5qgW.X.]&M�q`MOi.S©q([kLTfgLIW1N(RD{�q([kYhK.RINQMOLIqgW-q({�MOi.S�ded�p G
� M��­N(]-MOi6S®]kRTq �­S�]�M �­P1K6MhqgW¹N�±(S9[kNQf(SrfgN�±(S®MOi.S�{�S9�­S�]�M�{ N(LIRIK6[OS�]-N(W.X¨MOi.S ]kYZN(RIRTS�]�M-f([OS ����RTS9±(S�R~S9[k[Oq([�G
�6q([ky9LlW6fZMOi6S_LTM�S9[�NQMOLTqgW.]©X6S�yz[kS�N(]�S�X®MOi6S���K.N(RlLTM �ªq({2MOi.SV[OS�]OK.RTMO]��6P1K6Mx�­N(]�NQP5qgK6M<b(����{ N(]�M�S9[�G

JDK.P6��]ON(Y�s1RlLIW6f yzqgW1]OLIX6S9[kNQP�R ��]�s5S9S�X6S�X�K.s MOi6S ]�S�NQ[�yki �8MONQ\DLIW6f qgW1R �
oQa � q({-MOi6S�MOLIY�S {8q([®{ K.RIR
]ON(Y�s�RILIW6f�¥�P1K6Mx�xN(]<YhK.ykirRTS�]O]~RILI\(S�R �mM�qmyzqgW�±(S9[Of(S-yzq([O[OS�yzMOR ����N(W.X�fgN�±(ShN�s5q�q([kS9[©q ±(S9[kN(RlR$[OS�]OK.RIM9G

�e[kLT±DLIW6f-MOi6Sh]Oi.NQs5SVs1NQ[kN(YZS9M�S9[k]<X.K.[kLIW6f�]�S�NQ[ky�i®�xN(]<{ N(]�M�S9[e]�MOLIRIR��DP1K.M©NQfgN(LIW�RTS�N(X�M�qmY�q([OS`{8N(LIRlK6[OS�]
MOi.N(W�MOi.S~q([kLTfgLIW.N(R6dedep G:��q �­S9±(S9[��6LTM�X.LIX�RIS�N(X�M�q`Y�q([OS©N(y9y9K.[kNQM�S�RTqDy9NQMOLTqgW�q({�MOi6S©MONQ[kf(S9M@s5qgLIW:MO]&��i6S�W
MOi6SV]�S�NQ[ky�i®yzqgW�±(S9[Of(S�X�yzq([O[kS�yzMOR �(G�j©i.Ll]��xN(]©NQM~MOi6SuSz�Ds5S�W.]�Suq({>LIW1yz[OS�N(]OLIW6fhMOi6SVS9[O[kq([©LIW´MOi6Suf([OS �:��RIS9±(S�R
YZNQMOy�i$G

j©i.S�P�S�]OM
�1MZq({eMOi6S�d�s.s5S�NQ[kN(W.yzS�prq�X.S�R~M�q MOi6S�LlYZNQf(S�]�fgLT±(S�W MOi6S�RINQP5S�RI]hfgN�±(S N Y�S�N(W�§<p�J
f([OS � S9[O[Oq([<q({&aDGcog�Zs5S9[~s1L �DS�R5q ±(S9[uMOi6SVM�S�]�Me]�S9M ��]kK6f(f(S�]�MOLIW6fmMOi6S_d�dep¯�xN(]©f(S9M�MOLIW6fªy9RTqg]�S_M�qªMOi6S_P5S�]�M
s5qg]O]OLTP�RTS�[kS�]OK.RTM~Y�qg]�M<q({>MOi6S`MOLIY�S(G

j2NQP1RTSZ��Gcb ]Oi6q��<]eMOi6S-[OS�]OK.RIMO]�q({­N ]OLIYZLIRlNQ[<Sz�Ds�S9[�LIY�S�W�MeLIWB�<i1LIykiBMOi6S�Y�qDX6S�RI]���S9[kSZ]�MONQ[OM�S�X {8[OqgY
MOi6SVP5S�]�MxS�]�MOLIYmNQM�SVq({>MOi6SVyzq([O[kS�yzM©s5qg]�S��DP1K6Mx�<LTMOi´q(MOi6S9[<YZq�X6S�R�s1NQ[�N(Y�S9M�S9[k]©LIW1LTMOLIN(RILI]OS�XZM�q �9S9[Oq6G�j<i.LI]
]Oi6q��<]&NuY}K.y�ih[OS�X.K.yzS�Xh{ N(LIRIK6[OS�[kNQM�S��gP1K6M&yzqgW��1[�YZ]�MOi.SxyzqgW1y9RIK.]OLTqgW1]>X6[�N��<W}{�[kqgYCMOi.S��1[�]�M>Sz�Ds5S9[kLIY�S�W�M9G
j©i6S~]�S�NQ[�ykiZyzqgK.RlX}{ N(LIRDS9±(S�W�fgLI±(S�W-MOi6S©yzq([O[OS�yzM@LIW1LTMOLIN(R�s�qg]OS­P5S�y9N(K.]OS©]�qgY�Sxq({�MOi.S©LIYZNQf(S�]�yzqgW�MON(LIW ��K.LTM�S
Sz�6NQf(f(S9[kNQM�S�X�Sz�Ds.[OS�]O]OLIqgW.]<N(W.XBi6S�N(XBY�q ±(S�YZS�W:MO] �¶N´RTqgW6fª�­N �®{8[OqgY¬MOi.ShY�S�N(W¶G<j©i6S�]�Sh�­S9[OS}X.L �ªy9K.RTM
M�qmYZNQMOy�i®M�q ��S9±(S�W�K.W.X.S9[~MOi6SVP5S�]�M©yzqgW.X.LTMOLIqgW.]9G



� ��� � � � �\� � ��� ��� ��� �	� �&�?� ������� �"F

��[�LT±(S�W JDK6P6��]kN(Y�s1RTS � M�S9[kNQMOLTqgW.] �.N(LIRIK.[OS �&LIW.N(R$�@[k[Oq([k] prS�N(W
�2NQ[�N(YZ] pBN"�5G �6q([�yzS�X §�NQM�S �2qgLIW�M �u[OS � j©LIY�S

�uaLH ag� �uaLH a(ag� � YZ]�¥
' H9a(a � � H F6GIH � F6Gcb aDGvF:� o(bg�"a
' H9a(a � � � F6Gc��� F6GvF aDGvF:� b"F:�Qa
' b(��� � H H�o�Gc��� F6Gc� aDGc�Qa �(bQa
' b(��� � � b(b�Gc��� F6Gc� aDGc�(o �(oQa
! � H9a(a � � H H(HQGvF�� F6G a aDGc�(� �(�Qa
! � H9a(a � � � H(HQGc��� F6GIH aDGc�(� F:�Qa

j>NQP�RTS`��GIHQ¸xw­qgYZs1NQ[kLI]�qgW P5S9M ��S9S�Wrd�dep¯N(RTf(q([kLTMOi.Ym]xfgLT±(S�W®X.LI]Os1RIN(yzS�X�yzS�W�M�[OS�]}� J�S9S}j�Sz�DM�¥

�e[kLI±(S�W J6K6P6��]ON(Y�s�RTS � M�S9[�NQMOLTqgW.] �1N(LIRIK6[OS �&LIW.N(R$��[O[Oq([k]
�&NQ[kN(Ym] pBN"��G �6q([kyzS�X §<NQM�S �2qgLIW:M �e[OS �

�uaLHIH �uaLH a6H
' H9a(a � � H o�� F6Gcb aDGvF:�
' H9a(a � � � F�� F6GvF aDGvF��
' b(��� � H H9a � F6Gc� aDGc�Qa
' b(��� � � H9a � F6Gc� aDGc�Qa
! � H9a(a � � H ��� F6G a aDGc�"F
! � H9a(a � � � ��� F6GIH aDGc�g�

j>NQP�RTS`��Gcb�¸­w­qgY�s�NQ[kLI]�qgW P5S9M��­S9S�W�dedep N(RIf(q([kLTMOi.YZ]��6fgLT±(S�W®yzq([O[OS�yzMeLIW.LTMOLlN(R1s5qg]�S(G�� JDS9S`j�Sz�DM�¥



� � ��� �
� � ��� � ������� �(�

 �P� � �)7  �/7 7X��	
-

��S�i.N ±(S�X6S�]Oyz[�LTP5S�X�]OS9±(S9[kN(R©Y�qDX.L ��y9NQMOLIqgW.]hMOi.NQMmy9N(W P5S�YZN(X6S�M�q�MOi6S®deyzMOLT±(S�d�s.s5S�NQ[kN(W.yzS®prqDX6S�R
N(RTf(q([kLIMOi.Y�G�JDK6P6��]kN(Y�s1RILIW.f N(W1X X6[kLI±�LIW.f´MOi.S´]Oi1NQs�Sms1NQ[kN(Y�S9M�S9[k]hX.K6[�LIW6f�]�S�NQ[ky�i P5q(MOi RTS�N(X M�qB{8N(]OM�S9[
yzqgW�±(S9[Of(S�W.yzS��2P1K6Mu��S9[kSZY�q([OS�s.[OqgW.ShM�q�{ N(LIRIK.[OS(G}j©i.S-]ki.NQs5S}P1N(]OS�X Y�S9MOi6qDX �­N(]`NQP1RTS-M�q®RTqDy9NQM�S�MOi6S
s5qgLIW�MO]m]ORILIfgi:MOR �¨Y�q([OSBN(y9y9K6[kNQM�S�R � MOi1N(W¹MOi6Srq([kLTfgLIW.N(R©{�q([kYhK.RINQMOLIqgW$G�j�S�]�MOLlW6f {8q([´LIYZs.[Oq ±(S�YZS�W:M´N(W.X
yzqgW�±(S9[Of(S�W.yzS-NQM©S�N(ykirLTM�S9[kNQMOLTqgW®]kRTq �­S�X®MOi6S_]OS�NQ[kykirX6q �<W �6P1K6M©RTS�N(X�M�qmP�S9M�M�S9[ ��W.N(R5[OS�]kK.RTMO]9G

� M�YZN � P�S`s�qg]k]OLTP1RTSuM�q´K.]�S`yzqgY}P1LIW.NQMOLIqgW.]~q({�MOi6S�]�S}NQs.s.[OqgN(y�i6S�]<M�q´N(yki.LIS9±(S}f(q�q�X�[OS�]OK.RIMO] ��K1LIyO\DR ���
{8q([`LIW.]�MON(W1yzS-K1]OLIW6f MOi6SZ]Oi1NQs�S-P1N(]OS�X ]�S�NQ[ky�i LIW MOi6S�S�NQ[kR �B]�MONQf(S�]���MOi6S�W�s5qgRILl]Oi.LIW6fm�<LTMOi MOi6S�q([kLIfgLIW.N(R
ded�p G��.K.[OMOi6S9[©�­q([O\ �<LIRIR5LIW1y9RIK.X6SVX6S9±(S�RTq(s�LIW6f�]�M�[kNQM�S9fgLTS�]�{8q([<[OS�X.K1y9LIW6f-MOi6S`W�K.Y}P�S9[�]xq({&yzqgW�±(S9[Of(S�W.yzS
{ N(LIRIK6[OS�]xN(W.X®Sz��M�S�W.X1LIW6f�MOi6S_Y�qDX6S�RI]xM�q´K.]�S_yzqgRTqgK.[©q([<YhK.RTMOLI]�s5S�yzM�[kN(R5LIYmNQf(S�]9G

j©i.qgK6fgihqgW.R �}X.S�Y�qgW.]�M�[kNQM�S�X-{8q([�{ N(yzS©Y�q�X.S�RI] �QMOi6S©N(RTf(q([kLIMOi.Y i.N(]&�<LIX6SxNQs.s1RlLIy9NQP1LIRILIM ���"{�q([@LIW1]�MON(W.yzS
LIWZYmNQMOyki.LIW.f}Y�qDX6S�RI]�q({$]�M�[�K.yzMOK6[OS�]�LIWZpB§ LlYZNQf(S�] � H�b�� G&j<i6S<ded�p N(RTf(q([�LTMOi.YZ] �:P�S�LlW6f_NQP1RTS©M�q-YZNQMOy�i
H9a(a(a(a s1L �DS�R��­H9a(ars�NQ[kN(Y�S9M�S9[�Y�qDX6S�RI]_M�q W6S9��LIYZNQf(S�]-LIW N�{8S9�¦]OS�yzqgW.X.]}q([hRTS�]k] ��NQ[OSªs5q���S9[O{ K.R�W6S9�
M�q�qgRI]~{8q([<LIYZNQf(S`LlW:M�S9[Os1[OS9MONQMOLTqgW$G



� �������	��
 ���

� � � � � � �x	�� � � � � � � � � � � � 	 � � �

� � 	

�uLT±(S�WBN(W NQs.s5S�NQ[kN(W.yzS-Y�qDX6S�R¶q({�N(Wrq(P���S�yzM �$��S-y9N(WBYZNQMOyki�LTM�M�q´N(W LIYmNQf(ShK.]kLIW6fZS�LTMOi.S9[�MOi6Shd�yzMOLI±(S
JDi.NQs5S`prqDX6S�R>N(RIf(q([kLTMOi.Y���q([uMOi6S}deyzMOLT±(S�d<s1s�S�NQ[�N(W.yzS}prq�X.S�R>N(RTf(q([�LTMOi.Y�G<j<i6S`dVJDp �<LIRlR ��W.X�s5qgLIW�M
RTqDy9NQMOLTqgW.]�qgW.R �(G��uLT±(S�WmMOi6S�]�S��DLTM�LI]�S�N(] ��M�q ��W.XZMOi6S<M�Sz�DMOK6[OS<YZq�X6S�R1s1NQ[kN(Y�S9M�S9[�]@�<i.Llyki�P5S�]�M@[kS9s.[OS�]�S�W�M
MOi6S_M�Sz�DMOK6[OS_NQM�MOi6S�]�SVs5qgLIW�MO] �.N(W.X�MOi.S�W�MOi6SVP5S�]�M��1M�MOLIW.fZNQs.s5S�NQ[kN(W.yzS`Y�qDX6S�R5s1NQ[�N(Y�S9M�S9[k]9G

j©i.SrdVJDp YZNQMOy�i6S�]´MOi6SBYZq�X6S�R<s5qgLIW:MO]mM�q N W6S9��LIYZNQf(SBK.]OLIW.f N(W
LTM�S9[kNQMOLT±(SBM�S�yki.W1L ��K.S��<i.Llyki
LI]�Nm±QNQ[kLIN(W�M<qgWrMOi6S-���Ds�S�yzMONQMOLIqgWrpBN"�DLlYZLI]ONQMOLTqgWrN(RTf(q([kLTMOi1Y�G©d«]�S�NQ[ky�irLl]�YZN(X.S}NQ[OqgK.W1X®MOi6S-y9K6[O[OS�W�M
s5qg]OLTMOLTqgWhq({�S�N(ykims�qgLlW:M&M�q ��W.X�Nus5qgLIW�M�W6S�NQ[OP��}��i.LIykihP5S�]�M@YZNQMOy�i6S�]�NVYZq�X6S�RDq({�MOi6S~M�Sz�DMOK6[OS~Sz�Ds5S�yzM�S�X
NQMVMOi6SZRIN(W1X.YZNQ[O\�G}j©i.S�s1NQ[kN(Y�S9M�S9[k]_q({�MOi6S�]Oi1NQs�S�Y�qDX6S�R�yzqgW�M�[OqgRIRILlW6fªMOi.S�s�qgLlW:Mus5qg]OLTMOLTqgW1]eNQ[kS�MOi6S�W
K6s$X.NQM�S�X M�qmYZq ±(S`MOi.S`Y�qDX6S�R5s5qgLIW:MO]~y9RIqg]�S9[©M�qZMOi6S`s�qgLlW:MO]x{8qgK.W.X�LIW MOi.S`LIYZNQf(S(G

j©i.Smd�dep�YZN(W.LTs�K.RINQM�S�]_N�{ K.RIR�YZq�X6S�R@q({xNQs1s�S�NQ[�N(W.yzS��>��i.LIyki [OS9s.[OS�]�S�W�MO]_P5q(MOi ]ki.NQs5S�±"NQ[kLlNQMOLTqgW
N(W.X MOi6SuM�Sz�DMOK6[OSVq({2MOi6Su[OS9fgLTqgW�yzq�±(S9[OS�X�P��mMOi.SuYZq�X6S�R G@j©i.LI]­y9N(W�P5SVK.]�S�X´M�q�f(S�W6S9[kNQM�S_{ K.RIR�] �DW:MOi.S9MOLIy
LIYZNQf(S�]&q({�Y�qDX6S�RIRTS�X}q(P���S�yzMO]9G�j©i6Sxd�dep K1]�S�]2MOi6S~X.L �5S9[OS�W.yzS­P�S9M ��S9S�WZMOi6S~y9K6[O[OS�W�M2] ��W�MOi6S�]OLI]OS�XhLlYZNQf(S
N(W.X�MOi.SVMONQ[Of(S9M�LIYmNQf(S_M�qmK6s$X.NQM�S_LTMO]xs�NQ[kN(Y�S9M�S9[k]9G

j©i.S9[OS_NQ[OS_MOi6[kS9SV\(S �®X.L �5S9[OS�W.yzS�]xP5S9M��­S9S�W®MOi6S`M��­qmN(RTf(q([kLTMOi1YZ]9¸
�
	 j<i6SªdVJDp qgW.R � K.]�S�]hY�q�X.S�RI]_q({©MOi.S´LIYmNQf(SªM�Sz�DMOK6[OS LIW�]OYZN(RIR�[OS9fgLTqgW.]hNQP5qgK6M`S�N(y�i RIN(W.X.YZNQ[k\

s5qgLIW�M �(�<i6S9[kS�N(]>MOi.Sxdedep K.]OS�]2NuY�qDX6S�R�q({.MOi6S~NQs.s5S�NQ[kN(W1yzS­q({�MOi6Sx�<i6qgRTS­q({1MOi.S­[kS9fgLTqgW�� K.]OK.N(RIR �
LlW.]OLIX6SuNZyzqgW�±(Sz��i�K1RIR5NQ[OqgK.W.X�MOi.SVs�qgLlW:MO]�¥�G

��	 j<i6SBdVJDp ]OS�NQ[kyki6S�]�NQ[kqgK.W.X�MOi6SBy9K.[O[OS�W�Mªs5qg]OLTMOLIqgW��xM ��s1LIy9N(RIR �¹N(RIqgW6f s1[Oq ��RTS�]´W6q([kYZN(R�M�q�MOi6S
P5qgK.W1X.NQ[ ���D�<i6S9[OS�N(]©MOi6S`ded�p qgW.R � ]ON(Y�s�RTS�]xMOi6S`LIYmNQf(S_K.W.X6S9[~MOi6S}y9K6[O[OS�W�M~s5qg]OLTMOLTqgW$G


�	 j<i6S`dVJDp S�]k]�S�W:MOLlN(RIR � ]�S9S9\�]<M�qªYZLlW.LIYZLI]OS�MOi6S_X1LI]�MON(W.yzS_P5S9M ��S9S�WrY�q�X.S�R$s5qgLIW:MO]<N(W.X�MOi6S`yzq([k[OSz�
]Os�qgW1X.LIW6f s5qgLIW�MO]V{�qgK1W.X LIW�MOi.SmLIYZNQf(S��2�<i6S9[OS�N(]`MOi6Smded�p ]OS9S9\�]}M�qrYZLlW.LIYZLI]OS}MOi6SªX.L �5S9[OS�W.yzS
P5S9M ��S9S�W�MOi6S`] �DW:MOi.S�]OL��9S�X®Y�qDX6S�R$LIYmNQf(S_N(W.X�MOi6S_MONQ[kf(S9M�LIYZNQf(S(G

j©i1LI]-yki.NQs.M�S9[ªX6S�]Oyz[kLTP5S�]}[OS�]OK.RIMO]}q({eSz�Ds�S9[�LIY�S�W�MO]}M�S�]OMOLIW6f�MOi6S s5S9[O{8q([kYZN(W.yzS q({<P5q(MOi dVJDpB]�N(W.X
ded�pB]2qgW`M ��qVX.NQMONe]�S9MO] �(qgW6S�q({.{ N(yzS�] �(MOi6S�q(MOi.S9[2q({�]�M�[kK.yzMOK6[kS�]�LIW}pr§¨P.[�N(LIW`]�S�yzMOLIqgW.]9G&p�S�N(]OK.[OS�Y�S�W�MO]
NQ[OS�YZN(X6S q({hMOi6S�LT[�yzqgW�±(S9[Of(S�W.yzS s.[kq(s�S9[kMOLTS�] �©MOi6S�LI[ N(y9y9K.[kN(y�� LlW RIq�y9NQMOLIW.f�RIN(W1X.YZNQ[O\¹s5qgLIW�MO] �©MOi.S�LT[
y9NQs.MOK6[kS_[kN(W6f(S_N(W.X®MOi6S_MOLIY�SV[kS���K.LI[OS�X´M�qmRTqDy9NQM�S`N�MONQ[Of(S9Me]�M�[kK.yzMOK6[kS(G

�(�



��� ����� � � ��� � � � ������� �g�
�
���B� � � 
 ( 3F�B02( -
!$7

j~�­qmX.NQMONZ]OS9MO]~��S9[kS`K.]�S�X�{8q([©MOi6S}yzqgY�s1NQ[kLI]OqgW$¸
� Fga(am{8N(yzS}LIYZNQf(S�] �.S�N(y�irYmNQ[O\(S�X��<LTMOi�H�o(oZs5qgLIW:MO]
� �Qb ]ORILIyzS�]-q({upr§ LIYZNQf(S�]Zq({�P.[�N(LIW.] �@S�N(y�i YZNQ[k\(S�X¹K6s �<LTMOi�H�o(o�s�qgLlW:MO]�NQ[OqgK1W.X ]OK6P6��yzq([kMOLIy9N(R

]OM�[kK.yzMOK6[OS�]
�6q([�MOi6S_{ N(yzS�] ��YZq�X6S�Rl]x��S9[OS`M�[kN(LIW6S�X�qgWrbQa(aZMOi6S�W�M�S�]OM�S�X�qgW�MOi.S_[OS�YZN(LIW1LIW6fZbQa(aDG��6q([eMOi6SVP.[�N(LIW.]

RTS�N ±(Sz� qgW6Sz� P.[kN(LIW6� qgK6M<Sz�Ds5S9[kLIY�S�W�MO]x��S9[kS_s5S9[O{�q([�Y�S�X$G
j©i.Sªd�s.s5S�NQ[kN(W.yzSªYZq�X6S�R��­N(]}P1K.LlRTMVM�qr[kS9s.[OS�]�S�W�Mh�Qa(a(aBs1L �DS�RI]_LlW P5q(MOi y9N(]�S�]�GrpBK.RTMOL � [OS�]OqgRIK6MOLTqgW

]�S�NQ[ky�i��­N(]-K.]�S�X �2K.]kLIW6fro�RTS9±(S�RI]}�<LTMOi [kS�]�qgRIK6MOLTqgW1]_q({<b(��� ���Qa � N(W.X H9a(a � q({~MOi6Sªq([�LTfgLIW.N(R@LlYZNQf(S
LIW S�N(y�i X.LlY�S�W.]OLTqgW¶G-dxMhY�qg]�MmH9arLTM�S9[kNQMOLTqgW1]V��S9[kSZ[kK.W�NQM}S�N(yki [OS�]�qgRIK6MOLIqgW$GZj©i6SZdVJDp�K.]�S�X�s1[Oq ��RTS
Y�qDX6S�RI]�H(H�s�L ��S�Rl]@RTqgW6f �¡�`S�LIMOi6S9[­]kLIX6S©q({¶MOi.S�s5qgLIW�M�¥&NQMxS�N(yki´[OS�]�qgRlK6MOLTqgW���N(W.Xª]OS�NQ[kyki6S�X�o`s1L �DS�RI]@S�LIMOi6S9[
]OLIX.S(G�j©i.S´s5S9[O{8q([kYZN(W1yzS´q({eMOi6S®N(RTf(q([�LTMOi.YZ]�y9N(W¹X.S9s�S�W1X qgW¹MOi6S®yki6qgLlyzS®q({�s�NQ[kN(Y�S9M�S9[k]-�_�­S®i.N ±(S
yki.qg]�S�W®±QN(RIK6S�]~��i.LIyki�i1N�±(S_P5S9S�W�{8qgK.W.X M�qZ�­q([O\ �­S�RIR5qgW®N�±QNQ[kLTS9M �´q({&NQs.s1RlLIy9NQMOLTqgW.]9G

� #�
�!6�/36( 36#&-/U (

j©i6ShY�qDX6S�R�LIW1]�MON(W.yzSh�­N(]u] �D]�M�S�YZNQMOLIy9N(RlR �®X.LI]�s�RIN(yzS�X�{8[OqgY MOi6S`\DW6q ��W�P5S�]�Mes5qg]OLTMOLTqgW�P���K6srM�q ��H9a(a
s1L �DS�RI]_LlW : �&MOi6S�W�NB]�S�NQ[kyki��xN(]`s5S9[O{8q([kY�S�X M�qBNQM�M�S�YZs.M}M�q RTqDy9NQM�SªMOi.SmMONQ[Of(S9M-s5qgLIW�MO]9G®�&LTfgK6[OSBH9aDGIH
]Oi6q��<]�MOi6S©§�p J}S9[k[Oq([�LIWhMOi6S~s5qg]OLTMOLIqgW}q({5MOi6S©yzS�W�M�[OS©q({�f([kN ±�LTM �}fgLI±(S�W�MOi6S©X.L �5S9[OS�W�M@]�MONQ[OMOLIW.fVs�qg]kLTMOLTqgW.]
{8q([©P5q(MOi®duJ6pr]©N(W1X®d�depB]9G

0

20

40

60

80

100

-60 -40 -20 0 20 40 60

%
 c

on
ve

rg
ed

Initial Displacement (pixels)

AAM
ASM

0

20

40

60

80

100

-30 -20 -10 0 10 20 30

%
 c

on
ve

rg
ed

Initial Displacement (pixels)

AAM
ASM

�.N(yzS-X.NQMON �­[kN(LlW®X.NQMON
�2LIfgK6[OSZH9aDGIHQ¸�§<S�RINQMOLT±(S`y9NQs1MOK6[OS_[kN(W.f(SVq({&dVJDp N(W.X®ded�pB]

j©i�K.]VMOi.Sªded�p�i.N(]}N�]ORILIfgi:MOR �BRINQ[Of(S9[hy9NQs.MOK6[OSZ[�N(W6f(Sm{8q([`MOi6Sm{8N(yzS��&P1K6M`MOi6SmdVJDp�i.N(]`N®YhK.y�i
RINQ[Of(S9[�y9NQs.MOK6[OSV[kN(W.f(S_MOi.N(W�MOi6S_dedep {8q([©MOi6SVP1[kN(LIW ]�M�[kK.yzMOK.[OS�]9G	�e{&yzqgK6[k]�S��6MOi.S_[OS�]OK.RIMO]x�<LIRIR�X6S9s5S�W.X
qgW�MOi6S`[OS�]�qgRIK6MOLIqgW.]~K.]�S�X��DMOi6S}]OL��9SVq({&MOi6S_Y�qDX6S�RI]~K.]OS�X®N(W.X�MOi6S_]OS�NQ[kykirRTS�W6f(MOi�q({&MOi6S_dVJDp s.[Oq ��RIS�]9G

� 	��B-�! ' 	  �#e!X� 	�- #�  �/36#� �

�uW6SVS�N(y�i®M�S�]�M�LIYZNQf(SV�­S_X.LI]�s1RlN(yzS�XªMOi.S_Y�q�X.S�R$LIW.]�MON(W.yzSV{8[OqgY�MOi6S`M�[kK6Sus5qg]OLTMOLTqgW´P�� �-H9amLIW :rN(W.X @
�8{8q([eMOi.Sh{ N(yzS�¥eN(W.X �V�´LIWD: N(W.X�@ �8{�q([VMOi.S}P.[�N(LIW�¥ �$�ªX1LI]�s1RIN(yzS�YZS�W:MO]eLIWrM�q(MON(R��$MOi6S�WB[kN(WBMOi6S�]�S�NQ[ky�i



��� ���L� ��� �)��� � � ��
 ��� ��� ��� �(�

]�MONQ[OMOLlW6fr��LTMOi MOi.S´Y�S�N(W ]ki.NQs5S(G �uW�yzqgY�s1RIS9MOLTqgW�MOi6Sª[kS�]OK.RTMO]}��S9[kS yzqgYZs1NQ[OS�X��<LTMOi�i.N(W.X�RINQP5S�RIRTS�X
s5qgLIW�MO]9G_�&LTfgK6[OS H9aDGcb ]Oi6q��<]u{�[kS���K6S�W1y���i.LI]�M�q(f([�N(YZ]e{�q([uMOi6S-[OS�]OK1RTMOLIW6fªs�qgLlW:M � M�qQ� P5qgK.W.X1NQ[ ��S9[O[Oq([k]��8MOi6S
X.LI]OMON(W.yzS}{8[OqgY MOi6S-{8qgK.W.Xrs�qgLlW:MO]eM�q MOi6S�N(]O]�qDy9LINQM�S�X P5qgK.W.X.NQ[ ��qgWrMOi.S-YmNQ[O\(S�X�LIYZNQf(S�]�¥�G_j<i6S�duJDp
fgLT±(S�]}Y�q([OSZN(y9y9K6[kNQM�Sª[OS�]OK.RIMO]uMOi.N(W�MOi6Smdedep�{8q([_MOi6S�P1[kN(LIW�X.NQMON��2N(W.X yzqgY�s1NQ[�NQP1RTS�[OS�]OK1RTMO]u{�q([`MOi6S
{ N(yzS`X.NQMONDG

0

5

10

15

20

25

30

0 1 2 3 4 5 6 7 8

F
re

qu
en

cy
 (

%
)

Pt-Crv Error (pixels)

AAM
ASM

0

5

10

15

20

25

30

35

40

45

50

0 0.5 1 1.5 2 2.5 3 3.5 4

F
re

qu
en

cy
 (

%
)

Pt-Crv Error (pixels)

AAM
ASM

�.N(yzShX.NQMON ��[�N(LIW®X.NQMON
�2LIfgK6[OSZH9aDGcb�¸��eLI]�M�q(f([�N(YZ]~q({&s5qgLIW:M � P5qgK.W1X.NQ[ �ZS9[O[kq([k]©NQ{8M�S9[<]�S�NQ[ky�i®{8[OqgY X.LI]Os1RIN(yzS�X s5qg]OLTMOLTqgW1]
j2NQP1RTShH9aDGIHe]kK.YZYZNQ[kLl]�S�]@MOi6Se§<p�J�s5qgLIW�M � M�qQ� s5qgLIW�M�S9[O[Oq([ ��MOi6Su§<p�JZs�qgLlW:M � M�qQ� P5qgK.W.X1NQ[ �}S9[k[Oq([���MOi6S

Y�S�N(WªMOLIY�S©s5S9[�]OS�NQ[kyki N(W.X�MOi.S<s.[Oq(s5q([OMOLIqgW�q({¶yzqgW:±(S9[kf(S�W.yzSu{8N(LIRlK6[OS�]9G2�.N(LIRIK6[kS©�­N(]­X6S�y9RINQ[kS�XZ�<i6S�WZMOi6S
§<p�J��2qgLIW�M ���2qgLIW�M}S9[O[kq([}LI]`f([OS�NQM�S9[-MOi.N(W H9a�s1L �DS�RI]9G j©i6Sm]�S�NQ[�yki6S�]h�­S9[OSms5S9[O{8q([kY�S�X�qgW N®F:�Qa(pB� �
�2S�W:MOLlK.Y�� �­�­w [kK1W.W.LIW6f-U�LlW�KD�5G

�uNQMON p�qDX6S�R j©LIY�S��"]�S�NQ[�yki �@M ����M<�@[O[kq([ ��M � w­[O± �@[O[kq([ �.N(LlRIK6[OS�]
�.N(yzS dVJDp H��Qa(YZ] F6Gc� b�Gcb HQG a �

dedep �"Fga(YZ] F6G a b�GIH HQGc���
�­[kN(LIW dVJDp b(bQa(YZ] b�Gcb HQGIH a �

dedep o(bQa(YZ] b�Gco HQGIH a �
j2NQP1RTS�H9aDGIHQ¸}w­qgY�s1NQ[�LI]�qgWrq({�s5S9[O{8q([kYZN(W.yzShq({xduJDp�N(W.X d�dep�N(RTf(q([kLTMOi.Ym]�qgW {8N(yzSZN(W.XBP.[�N(LIW X.NQMON
� J�S9S`j>Sz�DM�¥

j©i�K.]�MOi6S-duJDp¯[�K.W.]<]kLTfgW.L ��y9N(W�MOR � { N(]�M�S9[u{�q([uP5q(MOirYZq�X6S�Rl] ��N(W.XBRTqDy9NQM�S�]eMOi6S}s5qgLIW�MO]eY�q([OS}N(y9y9K6�
[kNQM�S�R �´MOi.N(W�MOi.S`d�dep G

�
���?R Y ( � !X�/36( � #e!  	W ��-/U

j©i6S�ded�p Sz�Ds1RILIy9LTMOR �Bf(S�W.S9[kNQM�S�]mN M�Sz�DMOK6[OS®LIYmNQf(S´��i.LIyki¨LTM�]�S9S9\D]�M�q YZNQMOy�i M�q�MOi6S MONQ[Of(S9MmLlYZNQf(S(G
d�{�M�S9[ ]�S�NQ[ky�i��­Sry9N(W�MOi�K.]ªYZS�N(]OK6[OSrMOi6S�[OS�]kK.RTMOLIW6f §�p J¹M�Sz�DMOK6[OS�S9[k[Oq([�G j©i6SBduJ6p qgW.R � RTqDy9NQM�S�]
s5qgLIW�MO]�s5qg]OLIMOLTqgW.]9G`��q �­S9±(S9[��2fgLT±(S�W�MOi6S�s5qgLIW�MO]e{�qgK1W.XBP��BMOi6S�duJ6p �­SZy9N(W ��W.XrMOi6S�P5S�]�M �1MVq({�MOi6S
M�Sz�DMOK6[OS-Y�q�X.S�R�M�q MOi6S-LIYZNQf(S��5MOi6S�WB[OS�yzq([kXBMOi6Sh[OS�]OLlX.K.N(R¡G<�&LTfgK.[OSªH9aDGco ]Oi.q �<]e{8[OS���K.S�W.y��®i.LI]�M�q(f([�N(YZ]
{8q([mMOi6Sr[OS�]OK.RTMOLlW6f�§<p�J¨M�Sz�DMOK6[OS�S9[k[Oq([k]Zs5S9[Zs�L ��S�R G�j©i6S®LlYZNQf(S�]ªi1N�±(SrN yzqgW:M�[�N(]�Mª[�N(W6f(S®q({_NQP5qgK6M
� a��cb(�(��� Gxj©i6S_ded�p s.[OqDX.K.yzS�]~N�]OLIfgW.L ��y9N(W�MOR �ZP5S9M�M�S9[©s5S9[O{8q([kYZN(W.yzSVMOi1N(W MOi6S`dVJDp qgW MOi.S_{8N(yzS}X.NQMON��



��� ���L� ��� �)��� � � ��
 ��� ��� ��� �(�

�<i.Llyki�Ll]<LIW�s1NQ[OMeM�qªP5S_Sz�Ds5S�yzM�S�X��$]OLIW.yzS`LIM�LI]<Sz��s1RlLIy9LTMOR � NQM�M�S�Y�s.MOLIW.fªM�q YZLIW.LlYZLI]�SuMOi6ShM�Sz��MOK.[OS}S9[k[Oq([�G
��q �­S9±(S9[��.MOi6SVdVJDp s.[kq�X.K1yzS�]�NhP5S9M�M�S9[x[OS�]OK.RTM­qgW´MOi6SuP.[kN(LIW´X.NQMONDG�j<i.LI]�Ll]­y9N(K1]�S�X P��ªNhyzqgY}P1LIW1NQMOLTqgW
q({&Sz��s5S9[kLlY�S�W:MON(R$]OS9M<K6s®N(W.X�MOi.S_N(X.X.LTMOLTqgW1N(R$yzqgW.]�M�[kN(LIW�MO]©LIYZs�qg]OS�X P��´MOi6S_NQs.s5S�NQ[kN(W.yzS}Y�q�X.S�R¡G

0

2

4

6

8

10

12

0 5 10 15 20 25 30 35

F
re

qu
en

cy
 (

%
)

Intensity Error

AAM
ASM

0

2

4

6

8

10

12

14

16

18

0 5 10 15 20 25

F
re

qu
en

cy
 (

%
)

Intensity Error

AAM
ASM

�.N(yzS-X.NQMON �­[kN(LlW®X.NQMON
�2LIfgK6[OS�H9aDGco�¸­�eLI]�M�q(f([�N(YZ]~q({�§<p�J´M�Sz�DMOK6[OS_S9[O[kq([k]©NQ{8M�S9[�]�S�NQ[ky�i®{8[OqgY°X.LI]Os1RIN(yzS�X s5qg]OLTMOLTqgW1]

�&LTfgK6[kS�H9aDGvFVyzqgY�s1NQ[OS�]>MOi6SxX.LI]�M�[�LTP1K6MOLTqgWuq({6M�Sz�DMOK6[OS­S9[O[Oq([�]�{8qgK.W.X}NQ{�M�S9[&]�S�NQ[ky�i}��LTMOi_MOi6qg]OS�q(P.MON(LlW6S�X
�<i6S�WmMOi6S<Y�qDX6S�R�LI]��1M�M�q`MOi6S-� i.N(W.XZYZNQ[k\(S�X�¥&MONQ[Of(S9M­s5qgLIW�MO]�LIW�MOi.S�LIYZNQf(S-�8MOi6S � �­S�]�M­�&LTM ��RILlW6S�¥�G2j<i.LI]
X6S�Y�qgW1]�M�[kNQM�S�]VMOi.NQM`MOi6SZd�dep�LI]VNQP1RTS�M�q®N(y�i.LTS9±(Sª[OS�]OK.RTMO]uYhK.yki y9RTqg]�S9[_M�q�MOi.S�P�S�]OM �1MV[OS�]OK.RIMO]uMOi.N(W
MOi6S-duJ6p^�8P�S�y9N(K1]�ShLIM�LI]eY�q([OShSz��s�RILIy9LTMOR � YZLIW1LIYZLI]OLlW6f}M�Sz�DMOK6[OS-S9[O[kq([k]�¥�G�j<i6S}X.L ��S9[OS�W1yzS`P5S9M��­S9S�WBMOi6S
P5S�]�M��1M©RILlW6S�]x{�q([<MOi6S_duJ6p N(W1X�d�dep¯i.N(]©M ��qmy9N(K1]�S�] �

� �.q([©MOi6SVduJ6p Sz�Ds�S9[�LIY�S�W�MO] �DMOi6qgK6fgi N�RTS�N�±(Sz�kH � qgK.M<NQs.s.[OqgN(y�i��xN(]~K.]�S�X´{�q([~M�[�N(LIW.LIW6f}MOi6SV]Oi.NQs5S
YZq�X6S�Rl]_N(W.X f([kS ��s.[Oq ��RTSZYZq�X6S�Rl] �>Nr]OLIW6fgRTS�M�Sz�DMOK6[OS´Y�qDX6S�R�M�[kN(LIW.S�X qgW N(RlR�MOi6SmSz�6N(Y�s1RIS�]_�xN(]
K1]�S�X {�q([<MOi6SVM�Sz��MOK.[OS_S9[O[Oq([~S9±QN(RIK.NQMOLIqgW$G@j©i.LI]~yzqgK1RIX&�1M~Y�q([OS_N(y9y9K6[�NQM�S�R � M�qZMOi6S_X.NQMON�MOi1N(W MOi6S
YZq�X6S�R$K1]�S�X�P��ªMOi6S}d�dep �1M�[kN(LIW6S�X®LlW�N�RTS�N�±(Sz�kH � qgK6Me[OS9fgLIYZS(G

� j<i6S�ded�p ��MO]�N(W´NQs.s5S�NQ[kN(W.yzS�YZq�X6S�R.�<i.LIy�imyzqgK6s1RIS�]�]Oi.NQs5S<N(W1XZM�Sz�DMOK6[OS<Sz�Ds1RILly9LTMOR �}�>MOi6SeduJDp
M�[kS�NQMO]&MOi6S�Y N(]&LIW.X6S9s5S�W.X6S�W�M9G��6q([�MOi.S­[kS�RINQMOLT±(S�R �_]OYmN(RIR:M�[�N(LIW.LIW6fe]�S9MO]&K.]�S�XhMOi.LI]>q ±(S9[�yzqgW.]�M�[kN(LIW.S�X
MOi.S`Y�qDX6S�R��6RTS�N(X.LIW.fhM�qªs5q�q([OS9[~[kS�]OK.RTMO]9G

j©i.S®RINQM�M�S9[Zs5qgLIW�MZLI]�X6S�Y�qgW.]OM�[kNQM�S�X¹LIW �&LTfgK6[kS H9aDGc� �~�<i.LIy�i ]Oi6q ��]-MOi6S�X.LI]OM�[kLTP1K6MOLIqgW q({eM�Sz��MOK.[OS
S9[O[Oq([�]`�<i.S�W �1M�MOLlW6frY�qDX6S�RI]}M�qBMOi6SªM�[�N(LIW.LIW6frX.NQMONDG��uW6SªRlLIW6Sª]ki6q �<]}MOi6S´S9[O[Oq([k]}�<i6S�W��1M�MOLIW.frN��Qa
Y�qDX6S M�Sz��MOK.[OS�Y�qDX6S�R­M�q MOi6S®LIYmNQf(S �8�<LTMOi¨]Oi.NQs5S�X6S���W6S�X¨P��¨N �Qa�Y�q�X.S®]Oi.NQs5S�Y�q�X.S�R���M�M�q�MOi6S
RINQP5S�RIRTS�Xms5qgLIW:MO] ¥�G&j<i6Se]OS�yzqgW.X�]Oi6q��<]­MOi6SuP�S�]OM��1M­q({�Nh{ K.RIR��Qa�YZq�X6SuNQs.s5S�NQ[kN(W.yzSuY�qDX6S�R�M�q-MOi6SVX.NQMONDG
j©i6S�N(X.X1LTMOLTqgW.N(R&yzqgW.]�M�[�N(LIW:MO]_q({�MOi6SZRINQM�M�S9[}Y�S�N(W�MOi.NQMV{8q([`N fgLT±(S�W W�K.Y}P5S9[eq({xY�qDX6S�]VLTMVLI]VRTS�]k]VNQP1RTS
M�q$�1MVM�q�MOi6SZX1NQMON MOi.N(W LIW.X.S9s�S�W1X6S�W:Me]Oi.NQs5S�N(W.X M�Sz�DMOK6[OSZY�qDX6S�RI] �$P5S�y9N(K.]OS�MOi6S-M�[kN(LIW.LIW.f´]�S9M}LI]uW6q(M
RINQ[Of(S�S�W.qgK6fgi�M�q�s.[Oq(s5S9[kR �®Sz��s�RTq([OS-MOi6SZ±QNQ[kLINQMOLTqgW1]9Gh�.q([}N�]OK �´y9LTS�W:MOR �rRINQ[Of(S�M�[�N(LIW.LIW6f ]�S9MV�­SZ�­qgK.RIX
Sz�Ds�S�yzMhM�q P5SªNQP1RTSªM�q s.[Oq(s5S9[kR � Y�qDX6S�R�MOi.S´yzq([O[kS�RINQMOLTqgW P�S9M ��S9S�W ]ki.NQs5SªN(W.X M�Sz��MOK.[OS��@N(W.X�MOi�K1]`P5S
NQP1RTS<M�q}f(S�W6S9[�NQM�SeN(W´NQs.s5S�NQ[kN(W.yzSeY�q�X.S�R.�<i.Llyki�s5S9[O{8q([kY�S�XªN(RIY�qg]�M­N(]��­S�RIR1N(]­N`LlW.X6S9s5S�W.X6S�W�M@Y�qDX6S�RI] �
S�N(yki¨��LTMOi MOi6S ]ON(Y�S�W�K.Y}P�S9[}q({<Y�qDX6S�]9G �e{©yzqgK6[k]�S���LT{xMOi6SªM�q(MON(R~W�K.Y}P5S9[`q({<Y�qDX6S�]}q({©MOi6S ]Oi.NQs5S
N(W.X�M�Sz�DMOK6[OS_YZq�X6S�R5�­S9[OS`yzqgW1]�M�[kN(LIW6S�X M�qmMOi.NQM©q({2MOi6S`NQs.s5S�NQ[kN(W.yzS_YZq�X6S�R���MOi.S_RINQM�M�S9[<�­qgK.RIX s5S9[O{8q([kY
YhK.yki�P5S9M�M�S9[�G



��� ��� � ��� � ��� � ������� �Qa

0

5

10

15

20

25

0 5 10 15 20 25

F
re

qu
en

cy
 (

%
)

Intensity Error

Search
Best Fit

0

2

4

6

8

10

12

14

16

18

0 5 10 15 20 25

F
re

qu
en

cy
 (

%
)

Intensity Error

Search
Best Fit

d�dep dVJDp
�2LIfgK6[OS�H9aDGvF6¸­�eLI]�M�q(f([�N(YZ]~q({�§<p�J´M�Sz�DMOK6[OS_S9[O[kq([k]©NQ{8M�S9[�]�S�NQ[ky�i®{8[OqgY°X.LI]Os1RIN(yzS�X s5qg]OLTMOLTqgW1]

0

5

10

15

20

25

30

35

0 2 4 6 8 10 12 14 16

F
re

qu
en

cy
 (

%
)

Intensity Error

App.Model
Tex.Model

�2LIfgK6[OSZH9aDGc��¸xwxqgY�s1NQ[kLI]OqgW P�S9M ��S9S�W�M�Sz��MOK.[OS`Y�qDX6S�R5P5S�]�M��1M©N(W.X�NQs.s5S�NQ[kN(W.yzS_Y�qDX6S�R$P5S�]�M��1M

�
��� � � �B7( �/7$7X��	�-

deyzMOLT±(S�JDi.NQs5Smprq�X6S�Rl]}]�S�NQ[�yki NQ[OqgK.W1X MOi6S y9K6[O[OS�W�M-RTq�y9NQMOLIqgW���N(RTqgW6fBs.[Oq ��RTS�]��2]�qBqgW6S´��qgK1RIX Sz�Ds5S�yzM
MOi6S�Y¯M�q�i.N ±(S®NBRlNQ[Of(S9[Zy9NQs.MOK6[OS [kN(W.f(S´MOi1N(W¨MOi6S�d�dep^�<i1LIyki qgW.R � Sz�6N(YZLIW.S�]-MOi6S�LIYZNQf(S�X.LT[OS�yzMOR �
K.W.X.S9[©LTMO]©y9K6[O[kS�W:M©NQ[OS�NDG�j©i.LI]~LI]~y9RIS�NQ[kR � X6S�Y�qgW.]�M�[�NQM�S�X®LIW�MOi6SV[kS�]OK.RTMO]xqgW�MOi.S_P.[kN(LIW�X1NQMONZ]�S9M9G

dVJDpB]_qgW.R ��K.]OSmX.NQMON�NQ[kqgK.W.X�MOi6SªY�q�X.S�R�s5qgLIW:MO]��>N(W.X X6q�W6q(M}MONQ\(S´N(X6±QN(W�MONQf(Sªq({~N(RIR�MOi.Smf([OS ���
RTS9±(S�R2LIW6{8q([kYZNQMOLTqgWrN�±QN(LIRINQP1RIShN(yz[Oqg]k]eN(WBq(P���S�yzMuN(]�MOi.Shded�p�X6q�S�]9G�j©i�K.]�MOi6S ��YZN �®P5S}RTS�]k]<[OS�RlLINQP1RTS(G
��q �­S9±(S9[��$MOi6S-Y�q�X.S�R¶s5qgLIW�MO]<M�S�W.XrM�q´P�S}s1RIN(yzS�]�q({�LIW�M�S9[OS�]�M-�8P�qgK1W.X.NQ[kLTS�]<q([eyzq([�W6S9[k]�¥©�<i6S9[OS}MOi6S9[OShLI]
MOi6S`YZqg]�M�LIW.{�q([kYmNQMOLTqgW$G �uW.S_yzqgK.RIX�M�[kN(LlW®N(W�ded�p¯M�qªqgW.R � ]�S�NQ[ky�i�K.]OLlW6fZLIW6{8q([kYZNQMOLTqgW�LlW®NQ[OS�N(]eW6S�NQ[
]�M�[OqgW.fVP�qgK1W.X.NQ[kLTS�]��¶MOi.LI]&�­qgK.RIX-[kS���K.LI[OS­RIS�]O]@LIYZNQf(S©]kN(Y�s1RILIW.f�X.K6[�LIW6fu]�S�NQ[kykiª]�q_Nus5q(M�S�W:MOLlN(RIR � ��K.LIyk\(S9[
N(RTf(q([kLIMOi.Y�G&d�Y�q([kS~{�q([kYmN(R.NQs.s.[OqgN(y�iZLI]&M�q`RIS�NQ[kW-{�[kqgY MOi6S~M�[kN(LIW1LIW6fV]�S9M��<i.Llyki-s1L �DS�RI]&NQ[OS<YZqg]�M@K.]�S9{ K.R
{8q([­]�S�NQ[�ykim�2MOi.Ll]��­N(]­Sz�Ds1RTq([OS�XªLIW � H�o�� G&j<i6S<[OS�]kK.RTMOLIW6f_]OS�NQ[kyki LI]�{8N(]�M�S9[ ��P1K.M@M�S�W.X.]�M�q}P5S<RIS�]O]@[OS�RlLINQP1RTS(G

�uW.SeN(X6±QN(W�MONQf(S_q({¶MOi6SVded�p LI]­MOi.NQMxqgW6SVy9N(W P1K.LIRIXmNhyzqgW�±DLIW.y9LIW6f-Y�qDX6S�R��<LTMOi´N}[kS�RINQMOLT±(S�R �m]kYZN(RIR
W�K.Y`P5S9[�q({$RIN(W.X1YZNQ[O\D]9G2deW��hSz�DM�[kN_]ki.NQs5S~±"NQ[kLlNQMOLTqgWZLI]�Sz�Ds.[OS�]k]�S�XZLIWZN(X1X.LTMOLTqgW.N(R6YZq�X6S�]@q({�MOi.S©M�Sz��MOK.[OS
Y�qDX6S�R¡G@j©i.S_duJDp W6S9S�X.]©s�qgLlW:MO]©NQ[kqgK.W.X P5qgK.W.X.NQ[�LTS�]x]�qmN(]~M�q´X6S���W6SV]OK.LIMONQP1RTSVX.LT[OS�yzMOLIqgW.]x{�q([e]�S�NQ[ky�i$G
�­S�y9N(K.]�S-q({�MOi.ShyzqgW.]kLIX6S9[kNQP1RIS_��q([k\®[OS���K.LT[OS�XrM�qªf(S9MV[kS�RILINQP1RTS}LIYZNQf(S-RINQP5S�RIRILIW6f �1MOi6S}{8S9�­S9[uRlN(W.X.YZNQ[O\D]
[OS���K.LT[OS�X ��MOi.SVP�S9M�M�S9[ G

j©i.S dedep N(RTf(q([kLIMOi.Y [OS�RILTS�]hqgW ��W.X.LlW6frN RILIW.S�NQ[h[kS�RINQMOLTqgW.]Oi1LTs P5S9M��­S9S�W Y�qDX6S�R­s1NQ[kN(Y�S9M�S9[ªX.LI] �
s1RIN(yzS�YZS�W:MO]uN(W.XrMOi6S}LlW.X.K.yzS�X�M�Sz��MOK6[kS}S9[O[kq([�±(S�yzM�q([�Gu��q �­S9±(S9[��$��S-yzqgK.RIXBN(K6fgY�S�W�MeMOi6S}S9[k[Oq([�±(S�yzM�q([
�<LTMOi�q(MOi6S9[ZYZS�N(]OK6[OS�Y�S�W�MO]-M�q�fgLT±(S MOi6S�N(RTf(q([kLIMOi.Y¯Y�q([OS�LIW6{8q([kYZNQMOLTqgW¶G � W�s1NQ[OMOLly9K.RINQ[-qgW6S�Y�S9MOi6qDX
q({<yzqgY}P1LIW.LlW6f�MOi6S dVJDp^N(W.X�d�dep^�­qgK.RIX P5SªM�q ]�S�NQ[ky�i N(RTqgW6fBs.[Oq ��RTS�]}NQM-S�N(yki Y�qDX6S�R�s�qgLlW:MhN(W.X



��� ��� � ��� � ��� � ������� �DH

N(K6fgY�S�W�MVMOi6S-M�Sz�DMOK6[OS�S9[O[Oq([V±(S�yzM�q([`�<LTMOiBMOi6S�X.LI]�MON(W1yzS-N(RIqgW6f S�N(yki s1[Oq ��RTS}q({�MOi6S-P5S�]�MVYZNQMOy�i$GhU>LT\(S
MOi6SªM�Sz��MOK6[kSmS9[O[Oq([ �>MOi.Ll]_]Oi6qgK.RlX�P5SmX6[kLT±(S�W M�q �9S9[OqB{�q([hN®f(q�q�X�YZNQMOy�i$G®j©i.LI]`NQs.s.[OqgN(y�i �<LIRlR&P�SmMOi6S
]OK6P � S�yzM~q({&{ K6[OMOi6S9[©LIW�±(S�]�MOLTfgNQMOLIqgW$G

j>qeyzqgW1y9RIK.X6S��Q�­S���W1X_MOi.NQM2MOi6S�dVJDp Ll]¶{ N(]�M�S9[�N(W.X}N(y�i.LTS9±(S�]�Y�q([kS�N(y9y9K6[kNQM�Sx{8S�NQMOK6[OS­s5qgLIW:M2RTqDy9NQMOLTqgW
MOi.N(WmMOi6S<ded�p G:��q �­S9±(S9[��6N(]�LTM@Sz�Ds1RILly9LTMOR �`YZLlW.LIYZLI]OS�]�M�Sz�DMOK6[OS�S9[O[Oq([k]�MOi.S<d�dep fgLT±(S�]­NVP5S9M�M�S9[�YZNQMOy�i
M�qZMOi6S}LIYZNQf(SVM�Sz�DMOK6[OS(G



� �������	��
 � �

� � � � � � � � � ��� � � � � � � �
	

� ���B� S ��! 	�02#e!6�! *,#&-/.10V#4365 ��'B#� �( 02( -
!

j©i6S_YZqg]�M©MOLIY�S_yzqgW1]OK.YZLIW.f-N(W1X�]Oy9LTS�W�MOL ��y9N(RIR �´K.W.]ONQMOLl]�{8N(yzM�q([ �ªs1NQ[kM~q({2P�K.LIRIX.LlW6f`]Oi.NQs5S_Y�qDX6S�RI]~Ll]xMOi6S
RINQP5S�RIRILlW6f q({~MOi6SªM�[�N(LIW.LIW6f®LlYZNQf(S�]9GrpBN(W�K.N(RIR � s1RIN(y9LlW6f�i�K.W.X6[OS�X1]m� LIW¨bQ�V¥_q([hMOi6qgK.]ON(W.X1]´� LIW�oQ�_¥Vq({
s5qgLIW�MO]<qgW S9±(S9[ �BLIYZNQf(S�LI]�P5q(MOirM�S�X1LTqgK.]uN(W.XBS9[O[Oq([us.[OqgW.S(G_j�q´[OS�X.K.yzS-MOi6ShP1K6[�X6S�W��5]�S�YZL ��N(K6M�qgYmNQMOLIy
] �D]�M�S�YZ]&i.N ±(S�P5S9S�WhX6S9±(S�RTq(s5S�X$G'� W`MOi6S�]�S~N<Y�qDX6S�R�LI]¶P�K.LIRTM¶{8[OqgYCMOi6Sxy9K6[O[OS�W�M>]�S9M2q({.Sz�6N(Y�s1RTS�]x�8s5qg]O]OLTP�R �
�<LTMOirSz�DM�[kN NQ[OMOL ��y9LIN(R>Y�qDX6S�]uLIW.y9RIK.X.S�X®LIWrMOi6S}S�NQ[�R ��]�MONQf(S�]�¥eN(W1XrK.]OS�X�M�q�]�S�NQ[ky�i MOi6S-y9K6[O[OS�W�MeLlYZNQf(S(G
j©i6SuK.]�S9[xy9N(W´S�X.LTM­MOi6Se[OS�]OK.RTM��<i6S9[OSuW6S�yzS�]O]kNQ[ ���DMOi6S�W N(X.XmMOi.SeSz�6N(Y�s1RIS<M�q-MOi6SuM�[kN(LIW.LlW6f`]�S9M9G@j©i.qgK6fgi
MOi.LI]uy9N(W�yzqgW.]kLIX6S9[kNQP1R ��[OS�X.K.yzS-MOi6S-MOLIY�S�N(W.XBS �5q([OMV[OS���K.LT[OS�X ��RINQP5S�RIRlLIW6fmRINQ[kf(S-]OS9MO]uq({�LIYZNQf(S�]`LI]u]�MOLIRIR
X.L �´y9K.RTM9G � MVLI]�s1NQ[OMOLIy9K.RlNQ[kR ��i.NQ[kXrM�q s1RIN(yzS-RIN(W.X.YZNQ[k\�]eLIW oQ� LIYmNQf(S�] �5P�S�y9N(K1]�S-q({@MOi6S�X.L �ªy9K1RTMOLTS�]~q({
±DLI]OK.N(RILl]ONQMOLTqgW$G

� X6S�N(RIR �BN�{ K.RIR �BN(K6M�qgYZNQM�S�X�] ��]OM�S�Y �­qgK.RIX P5SZX6S9±(S�RTq(s5S�X��2LIW �<i.LIy�i MOi6SmyzqgY�s�K6M�S9[}LI]_s.[OS�]�S�W�M�S�X
�<LTMOimN`]�S9M�q({$M�[kN(LIW.LIW.fuLlYZNQf(S�]�N(W1XmN(K6M�qgYZNQMOLly9N(RIR �-s1RIN(yzS�]�MOi6S�RIN(W1X.YZNQ[O\D]�M�q`f(S�W.S9[kNQM�SeN`Y�q�X.S�R.�<i.Llyki
LI]©LlW®]�qgY�Sh]�S�W.]�S_q(s1MOLIYZN(R¡Gxj©i.LI]~Ll]©NmX.L �ªy9K.RTMxMON(]�\ ��W.q(M<RTS�N(]�M�P�S�y9N(K1]�S`LTM<Ll]©W6q(M�y9RIS�NQ[�i6q���M�qªX.S���W6S
�<i.NQM©Ll]~q(s.MOLIYZN(R G

�,� ��� ��� � 	�	<� � � 	8� �#& � � % � �! �������� ��� � /
d�s.s.[OqgN(y�i6S�]©M�q´N(K6M�qgYZNQMOLIy}RIN(W.X.YZNQ[k\ms1RIN(yzS�YZS�W:MeLIW�bQ� i.N ±(ShN(]O]kK.Y�S�X�MOi.NQM�yzqgW:M�qgK6[�]h�8S�LTMOi.S9[<s1L �DS�R �
RINQM�S�X�q([}yzqgW:MOLIW�K6qgK.]��>K.]OK1N(RIR ��y9RTqg]OS�X�¥ei.N�±(SªN(RT[OS�N(X �BP5S9S�W ]�S9fgY�S�W�M�S�X {8[OqgY�MOi6SZM�[�N(LIW.LIW6f ]�S9MO]9Gªj©i6S
N(LIY°LI]xM�qms1RIN(yzSVs5qgLIW�MO]~]�qZN(]~M�qZP1K1LIRIX´N�Y�q�X.S�R5�<i.LIy�i P�S�]OMxyzs1MOK6[OS�]~MOi6S_]ki.NQs5Se±QNQ[kLINQMOLIqgW��DP1K6M~�<i.Llyki
i.N(]©YmLIW.LIYZN(R�[OS9s1[OS�]�S�W�MONQMOLTqgW�S9[O[Oq([ G

�xN(K.Y}P5S9[Of N(W.X
�<q(f(f �vb��_X6S�]kyz[kLTP5SBN¨] �D]�M�S�Y��<i1LIyki f(S�W6S9[kNQM�S�]�RIN(W.X.YZNQ[k\�]´N(K6M�qgYZNQMOLIy9N(RlR � {8q([
qgK6MORILlW6S�]Zq({_�xN(RT\DLIW6f s�S9q(s�RTS(G�j©i6SrqgK6MORILIW.S�]mNQ[OSB[OS9s.[OS�]OS�W:M�S�X
N(]´s1L �DS�RIRINQM�S�X P�qgK1W.X.NQ[kLTS�]ZSz��M�[kN(yzM�S�X
N(K6M�qgYZNQMOLly9N(RIR �-{�[kqgY N`]OS���K6S�W1yzS<q({$LIYZNQf(S�]­K.]OLIW.f_Y�q(MOLTqgWmN(W1N(R ��]kLI]9G&U�N(W.X.YmNQ[O\�]�NQ[OS<f(S�W6S9[�NQM�S�XmqgW´N(W
LIW.X1LT±�LlX.K.N(RDP1N(]OLl]�{8q([�S�N(y�i�P5qgK.W.X.NQ[ �hP��myzqgY�s�K6MOLIW6f}MOi6Sus.[kLIW.y9LIs1N(R6N"�DLl]�q({�MOi6SuP�qgK1W.X.NQ[ ����LIX6S�W�MOLT{ �DLIW6f
N¨[OS9{8S9[OS�W.yzS s�L ��S�ReqgW�MOi.S�P�qgK1W.X.NQ[ � NQM���i.LIyki
MOi.S�s.[kLIW.y9LIs1N(R<N"�6LI]®LIW�M�S9[k]�S�yzMO]®MOi6S�P5qgK.W.X.NQ[ ��N(W.X
f(S�W6S9[kNQMOLlW6fZN�W�K1Y`P5S9[xq({�S���K.N(RIR �´]�s1N(yzS�X s5qgLIW�MO]­{�[OqgY�MOi.SV[OS9{�S9[kS�W.yzSVs5qgLIW:M­�<LTMOi´[OS�]Os�S�yzM~M�q�MOi.SVs1NQMOi
RTS�W6f(MOi q({©MOi6S´P5qgK.W.X.NQ[ �(G®� i1LIRTSZMOi.Ll]`s.[kq�yzS�]O]hLI]h]ONQMOLI]�{ N(yzM�q([ � {8q([�]OLIRIi.qgK6S9M�M�S�]_q({©s5S�X6S�]OM�[kLIN(W.] �&LTMhLI]
K.W.RlLT\(S�R �_MOi.NQM­LTM@�<LlRIR�P�S~f(S�W.S9[kN(RIR �-]OK.y9yzS�]O]O{8K.R G2j©i.S<N(K6MOi6q([k]@��S�W�M�qgWmM�q}X6S�]Oyz[�LTP5Sxi.q � MOi.S©s5qg]OLTMOLTqgW-q({

�(b



��������� 
 �����4�D
 � ��� � 
 �
���D

� � � �	
 � � � ����� �(o

MOi6S<RlN(W.X.YZNQ[O\D]�y9N(WZP5S©LTM�S9[�NQMOLT±(S�R ��K6s$X.NQM�S�X�LIW�q([�X6S9[@M�q`f(S�W.S9[kNQM�S�LIYZs.[Oq ±(S�Xm]Oi.NQs5S©Y�qDX6S�RI]&f(S�W6S9[kNQM�S�X
{8[OqgY°MOi6S_RIN(W1X.YZNQ[O\D] �vo�� G

�eLIRIR 	���� 
�� ��X6S�]Oyz[kLTP5S�XBN Y�S9MOi6qDX q({�W6qgWD� [�LTfgLIXByzq([O[OS�]�s5qgW.X6S�W1yzShLIW�bQ�¦P5S9M��­S9S�W�N s1N(LT[eq({�y9RTqg]OS�X��
s1L �DS�RIRINQM�S�X-P5qgK.W1X.NQ[kLTS�] �vo(��� �vo(��� G@j©i6S©Y�S9MOi.q�XªLI]�P1N(]�S�XZqgWZf(S�W6S9[kNQMOLlW6f`]�s1NQ[�]�S©s5qgR ��f(qgW.N(R.NQs.s.[kq��6LIYZN"�
MOLTqgW.]­{8q([~S�N(yki®]ki.NQs5S��DW.qhy9K6[k±"NQMOK6[kSeS�]OMOLIYZNQMOLTqgW´{8q([~S�LTMOi6S9[xP5qgK.W.X.NQ[ ���xN(]x[OS���K.LT[OS�X¶G&j<i6SeRlN(W.X.YZNQ[O\D]
�­S9[OS@{ K6[OMOi6S9[�LlY�s.[Oq�±(S�XVP��VN(W}LTM�S9[kNQMOLT±(S@[kS���W6S�Y�S�W�M�]�M�S9s¶G2§©S�]OK1RTMO]$�­S9[OS@s.[OS�]OS�W:M�S�X`�<i.LIy�i_X6S�Y�qgW.]OM�[kNQM�S
MOi6SVNQP1LIRlLTM ��q({>MOi.LI]xN(RTf(q([kLTMOi1Y M�q-s.[kq ±DLIX6SuN(y9y9K6[kNQM�S��1W6qgW6� [kLTfgLIXªyzq([O[OS�]�s5qgW.X6S�W1yzS�]9G@j©i.LI]�s1N(LT[O� �<LI]�Seyzq([��
[OS�]�s5qgW.X.S9[��­N(]­K.]�S�X���LTMOi.LIW-N_{8[kN(Y�S9�­q([O\-{8q([�N(K6M�qgYZNQMOLly<RIN(W.X1YZNQ[O\`f(S�W.S9[kNQMOLTqgWª�<i.LIy�i�X6S�Y�qgW.]�M�[�NQM�S�X
MOi.NQM<RlN(W.X.YZNQ[O\D]~]OLIYmLIRINQ[­M�qZMOi6qg]�S`LlX6S�W:MOL �1S�X�YZN(W�K.N(RIR �ª��S9[OS`s.[OqDX.K.yzS�X´P�� MOi.Ll]~NQs.s.[OqgN(y�i$G
�Vq(MOy�i6S �®N(W.X-j>N ��RIq([ � F(F��.K.]�S�X�X.LI[OS�yzM>q(s1MOLIYZLI]ONQMOLIqgW}M�qVs�RIN(yzS~RIN(W.X.YZNQ[k\�]2qgW�]�S9MO]�q({�y9RTqg]�S�X�y9K6[k±(S�]9G

j©i6S �ZX.S���W6S<NhYZNQMOi6S�YZNQMOLly9N(R�Sz�Ds.[OS�]k]OLTqgWZ��i.LIykiªY�S�N(]OK6[kS�]�MOi6SeyzqgY�s1N(yzMOW6S�]k]­N(W1XmMOi6Se]�s5S�y9L ��y9LTM ��q({¶N
Y�qDX6S�R¡G&j©i.LI]@fgLT±(S�]�N}Y�S�N(]OK6[kS<�<i.LlykiZLI]�N_{ K.W.yzMOLTqgWZq({$MOi6S�RIN(W1X.YZNQ[O\hs5qg]OLTMOLTqgW.]@qgWZMOi6S�M�[kN(LIW.LIW.f_]�S9M�q({
y9K6[O±(S�]�G@d�f(S�W6S9MOLIyeN(RTf(q([kLTMOi1Y LI]�K.]�S�XªM�qhN(X ��K.]OM�MOi6Ses5qgLIW:M�s5qg]OLTMOLTqgW.]�]�qhN(]­M�qhq(s.MOLIYZLl]�S<MOi.Ll]�Y�S�N(]OK.[OS(G

�­q�q(\�]�M�S�LlW �v���.X6S�]Oyz[kLIP�S�]&N(WZN(RIf(q([kLTMOi.Y {8q([�RIN(W.X.YmNQ[O\�LlW6f�]�S9MO]@q({�yzqgW�MOLIW�K6qgK.]�yzqgW�M�qgK6[k]�[OS9s1[OS�]�S�W�M�S�X
N(]@s5qgR ��f(qgW.]9G&�2qgLIW�MO]�NQ[OS<N(RlRTq �­S�X�M�q}]kRILIX6SxN(RTqgW6f`yzqgW�M�qgK6[k]�]�q`N(]�M�q`YZLIW.LlYZLI]�SxNVP5S�W.X.LIW.f�S�W6S9[kf �hM�S9[�Y�G

§�N(W6fgNQ[kN �ON(W 	�� 
�� �v�(�����(���&X6S�]Oyz[kLIP�S_NªY�S9MOi6qDX®q({�s5qgLIW�M©YZNQMOyki1LIW6fm��i.LIykir]OLIYhK.RTMON(W6S9qgK1]OR �ªX.S9M�S9[��
YZLIW.S�]�NV]�S9M�q({�YmNQMOyki6S�]�N(W.X-MOi6S©]OLIYmLIRINQ[kLTM �VM�[kN(W.]�{8q([kY s1NQ[�N(Y�S9M�S9[k]@[kS���K.LI[OS�XhM�qV[OS9fgLI]�M�S9[@M ��q}yzqgW:M�qgK6[�]
X6S���W.S�X�P���X6S�W1]�S<s5qgLIW�M@]�S9MO]9G@j©i.S<Y�S9MOi6qDXmLI]@[Oq(P1K.]�M�NQfgN(LIW.]�M@s5qgLIW�M@{8S�NQMOK6[OS�]�qgWmqgW6S�yzqgW:M�qgK6[xMOi.NQM­X6q
W6q(M@NQs.s5S�NQ[@qgW-MOi.S~q(MOi6S9[�G@deW-q(s.MOLIYZLI]kNQMOLTqgW�Y�S9MOi6qDX�]OLIYZLlRINQ[>M�q}]OLIYhK.RINQM�S�X�N(W.W6S�N(RlLIW6fuLI]�K.]�S�X-M�q`]OqgRT±(S
MOi6S�s.[kq(P1RTS�Y M�q�s.[OqDX.K.yzS-N�YZNQM�[kL �Bq({­yzq([k[OS�]�s5qgW.X6S�W.yzS�]�G}j©i6S�yzqgW.]OM�[kK.yzMOLTqgW�q({�MOi6SZyzq([O[OS�]Os�qgW1X6S�W.yzS
YZNQM�[kLT� y9N(W.W.q(M©fgK.NQ[kN(W�M�S9S`MOi6SVs1[Oq�X1K.yzMOLTqgW q({&NZRTS9fgN(R¶]�S9M<q({2yzq([O[kS�]�s5qgW.X6S�W.yzS�]9G

�,� ��� ��� � 	�	<� � � 	8� �#& � � % � �! �������� ��� � /
j©i6S��­q([O\ qgW RlN(W.X.YZNQ[O\DLIW6f LIW oQ� i1N(]_YZN(LIW.R �rN(]O]OK1Y�S�X N�M�[kN(LlW.LIW6f�]�S9M_q({~y9RTqg]OS�X oQ�°]OK6[k{8N(yzS�]}i.N(]
N(RT[OS�N(X � P5S9S�W¹]�S9fgY�S�W�M�S�X {8[OqgY MOi6S�M�[�N(LIW.LIW6f LIYZNQf(S�]�G¨de]ZLIW¹bQ� �@MOi.S®N(LIY LI]-M�q�s1RIN(yzS®RlN(W.X.YZNQ[O\D]
N(yz[Oqg]O]<MOi6S`]�S9M©]OqmN(]©M�qZfgLI±(S`N(W � q(s.MOLIYmN(R��.Y�qDX6S�R¡G

�&RTS�K6M�SZN(W1X�U�N�±QN(R��S9S �vb(����K1]�S�N(W {�[kN(YZS9��q([O\Bq({�LlW.LTMOLIN(RIR � YmNQMOyki.LIW.f�S�N(yki�M�[kN(LlW.LIW6f´Sz�DN(YZs1RTS-M�q®N
]OLIW.fgRTS`M�S�Y�s�RINQM�S��$P1K.LIRlX.LIW6f�N Y�S�N(W {8[OqgY¬MOi.S�]�S�YZNQMOyki6S�X Sz�6N(Y�s1RIS�] �$N(W.XBMOi6S�W LTM�S9[kNQMOLT±(S�R �rYZNQMOyki.LlW6f
S�N(ykiZSz�DN(Y�s�RTSxM�qVMOi6S~y9K6[O[OS�W�M�Y�S�N(WZN(W.Xh[OS9s5S�NQMOLIW6fVK.W�MOLIR�yzqgW:±(S9[kf(S�W.yzS(G�pBNQMOyki.LIW.f_LI]2s�S9[k{�q([kYZS�XhK1]OLIW6f
MOi6S`YhK.RTMOLT� [OS�]�qgRIK6MOLIqgWª[kS9fgLI]�M�[kNQMOLTqgWrY�S9MOi6qDX�q({�J �9S�RILI]O\�L$N(W.X�U�N�±QN(R��S9S �v�(��� G­j<i.LI]~Y�S9MOi6qDX®X6S9{8q([kYZ]©MOi6S
±(qgRIK.YZS_q({@]�s1N(yzS}S�Y`P5S�X.X.LlW6f�MOi6S}]kK6[O{ N(yzS_[kNQMOi6S9[eMOi.N(W�X.S9{�q([kYmLIW6f�MOi6Sh]OK6[O{ N(yzS`LTMO]�S�RI{ G �VS�RTS�Y�S�W 	�� 
��
� F:b��¶s1NQ[�N(Y�S9M�S9[kLI]�SuMOi6S_]kK6[O{ N(yzS�]xq({>S�N(y�i®q({2MOi6S�LT[~]Oi.NQs5SuSz�DN(YZs1RTS�]~K.]OLlW6f}MOi.S_Y�S9MOi6qDX q({ �­[OS�yki�P��K.i1RTS9[
	�� 
�� � ��� G`w­q([O[OS�]Os�qgW1X6S�W.yzS`YZN ��MOi6S�WBP5S`S�]OMONQP1RILI]Oi.S�X®P5S9M��­S9S�W�]OK6[O{ N(yzS�]�P1K6Me[OS�RILTS�]�K6s5qgW�MOi6S-yki.qgLIyzS
q({©N®s�NQ[kN(Y�S9M�[kLIymq([kLTfgLIW qgW S�N(y�i�]kK6[O{ N(yzSªYZNQs.s�LIW6f®N(W.X [OS9fgLI]�M�[kNQMOLIqgW q({~MOi6S´yzq�q([�X.LIW.NQM�Sm] ��]�M�S�Ym]`q({
MOi6S�]�S}YZNQs.s1LIW.fg]�P�� MOi6S_yzqgY�s1K.MONQMOLTqgW®q({&N�[Oq(MONQMOLTqgW¶G

�­[OS9M�M 	���� 
���� �v������W.XByzq([O[OS�]�s5qgW.X.S�W.yzS�]eqgW s1N(LT[k]�q({�M�[kLlN(W6fgK.RINQ[uY�S�]Oi6S�]�G`d P1LIW1NQ[ ��M�[OS9S�q({�yzq([k[OSz�
]�s5qgW.X6S�Xm]Oi.NQs5S�]@y9N(WªP�S<f(S�W6S9[kNQM�S�X´{�[kqgY N_M�[�N(LIW.LIW6f_]OS9M9G@U�N(W.X.YmNQ[O\�]@s1RIN(yzS�XZqgWªMOi6S �cY�S�N(W���]ki.NQs5S<NQM
MOi6S©[kq�q(M�q({$MOi6S©M�[OS9Sey9N(WmP5S~s.[Oq(s5q(fgNQM�S�XªM�q`MOi6S�RTS�N�±(S�]V�8MOi6S�q([kLTfgLIW.N(RDM�[�N(LIW.LIW6f_]OS9M�¥�G@j©i6S�]�S<RlN(W.X.YZNQ[O\D]
NQ[OS_MOi.S�W®K.]�S�X M�qªP1K.LIRIX oQ� ]Oi.NQs5S_Y�qDX6S�RI]�G

wxN(K1W.yzShN(W1Xrj2N��DRTq([�� H9a��2X.S�]Oyz[kLTP5S_P1K1LIRIX.LIW.f�oQ�¦]�MONQMOLI]OMOLIy9N(R>YZq�X6S�Rl]©q({@MOi6S-yzq([OMOLIy9N(R&]OK1RIy9L¡G©�2qgLIW�MO]
NQ[OSeN(K6M�qgYZNQMOLIy9N(RIR �ZRTq�y9NQM�S�X´qgWmMOi6Se]kK.RIy9N(R���]k]OK6[OS�]�N(W.Xmyzq([O[kS�]�s5qgW.X6S�XmK1]OLIW6fV±QNQ[kLIN(W�MO]�qgWªMOi6S � M�S9[kNQMOLI±(S
wxRTqg]OS�]�M>�2qgLIW�M>N(RTf(q([�LTMOi.Y�G2j©i6S�RlN(W.X.YZNQ[O\D]¶NQ[OS­s.[Oq(f([kS�]O]OLT±(S�R �VLIYZs.[Oq ±(S�X}P��_N(X.X.LIW6f©LlW`Y�q([OSx]�M�[kK1yzMOK6[kN(R
N(W.X�yzqgW���fgK6[kN(R$LIW6{8q([kYZNQMOLIqgW$G�j©i6S ��W.N(R�[OS�]kK.RTMOLIW6f-RIN(W.X1YZNQ[O\D]~NQ[OS_yzqgW.]OLI]OM�S�W:M~�<LIMOi q(MOi6S9[<N(W.NQM�qgYZLly9N(R



��������� 
 �����4�D
 � ��� � 
 �
���D

� � � �	
 � � � ����� �"F

]�MOK.X1LTS�]9G



� �������	��
 � �

� �����
�

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

j©i6S_NQs1s�S�NQ[�N(W.yzSVq({�N-{8N(yzShLIW�NZbQ�«LIYZNQf(S_y9N(Wryki.N(W.f(S`X6[kN(YZNQMOLly9N(RIR �ªN(]<MOi6SV±DLTS9�<LIW6f�N(W6fgRIS_yki.N(W6f(S�]�G
j©i6ShYZN ��q([kLTM ��q({��­q([O\�qgWr{8N(yzShM�[kN(yk\�LIW.f´N(W.Xr[OS�yzq(fgW.LIMOLTqgW�N(]O]kK.Y�S�]eW6S�NQ[�{8[OqgW�M�qQ� s1NQ[kN(RIRIS�R¶±DLTS9�<] ��N(W.X
M�S�W.X.]`M�qrP1[OS�NQ\ X6q ��W �<i6S�W s.[OS�]�S�W�M�S�X �<LTMOi RINQ[kf(Sm[Oq(MONQMOLTqgW1]`q([hs.[Oq ��RISZ±�LIS9�<]9G�j©i6[OS9Smf(S�W6S9[kN(R­NQs6�
s.[OqgN(y�i6S�]&i.N�±(S­P5S9S�W}K1]�S�X_M�quX6S�N(R��<LTMOi_MOi1LI] �(N:¥¶K1]�S�N<{8K.RlR:oQ� Y�qDX6S�R�� ��H ���QP�¥$LlW:M�[OqDX.K.yzS�W6qgWD��RILIW.S�NQ[kLTMOLTS�]
LIW�M�qBN�bQ� Y�q�X.S�R��vog���©N(W.X�y ¥}K.]�S Nr]OS9Mhq({�Y�q�X.S�RI]`M�q [OS9s1[OS�]�S�W�MhNQs.s5S�NQ[kN(W1yzSª{8[OqgY¯X.L �5S9[OS�W�M`±DLTS9�
s5qgLIW�MO] �v�(b�� G�� W®MOi.LI]�yki.NQs1M�S9[��­S`Sz�Ds1RTq([OS}MOi6S`RIN(]OM�NQs.s.[kqgN(yki���K.]OLIW6fª]�MONQMOLI]�MOLIy9N(R>Y�qDX6S�RI]~q({@]Oi1NQs�S}N(W.X
NQs.s5S�NQ[kN(W.yzS`M�qZ[OS9s.[OS�]OS�W:M~MOi6S`±"NQ[kLlNQMOLTqgW.]~LIW�NQs.s5S�NQ[kN(W1yzS_{�[kqgY N-s1NQ[OMOLIy9K1RINQ[~±�LIS9�©s5qgLIW:M9G

j©i.S�]�S_NQs.s5S�NQ[kN(W.yzS_Y�qDX6S�RI]~NQ[kS_M�[kN(LIW6S�X qgW®Sz�DN(Y�s�RTS_LIYZNQf(S�]�RINQP5S�RIRTS�Xª�<LTMOi�]�S9MO]<q({2RIN(W1X.YZNQ[O\D]xM�q
X6S���W.S`MOi6S-yzq([O[OS�]�s5qgW.X.S�W.yzS�]<P5S9M ��S9S�W LIYZNQf(S�]�� H�b�� GuU�N(W1LTMOLI] 	�����
�� � � F����2]Oi.q �­S�XrMOi1NQMuN´RILIW.S�NQ[�Y�qDX6S�R
�xN(]�]OK �ªy9LTS�W�M@M�qh]kLIY}K1RINQM�S<yzqgW.]OLlX6S9[kNQP1RTS©y�i.N(W6f(S�]­LIWZ±DLTS9�©s5qgLIW�M �:N(]­RTqgW6f`N(]­N(RIR1MOi6S<Y�qDX6S�RIRTS�XZ{�S�NQMOK6[kS�]
�8MOi6SuRIN(W.X.YmNQ[O\�] ¥&[OS�YZN(LlW6S�XZ±DLI]OLTP�RTS(G2d�Y�q�X.S�R.M�[kN(LIW.S�XmqgW W6S�NQ[x{8[OqgW:M�qQ� s�NQ[kN(RIRTS�R1{8N(yzSVLIYZNQf(S�]xy9N(W yzq(s5S
�<LTMOi-s5qg]�Sx±QNQ[kLINQMOLTqgW1]&q({5K.s�M�qVF:� � S�LTMOi6S9[@]OLIX.S(G2�6q([­Y}K1ykiZRINQ[kf(S9[@N(W6fgRTS©X.LI]Os1RIN(yzS�Y�S�W�MO] �:]�qgYZS~{�S�NQMOK6[kS�]
P5S�yzqgY�S_qDy9y9RIK.X6S�X �DN(W1X�MOi6S`N(]O]kK.Y�s.MOLTqgW1]�q({&MOi6S_YZq�X6S�R¶P.[OS�NQ\ X6q �<W¶G

��S´X6S�Y�qgW.]�M�[�NQM�SZMOi.NQM_M�qBX6S�N(R��<LTMOi { K.RIR~H��Qa �-[kq(MONQMOLTqgW��8{8[OqgY RTS9{8M_s.[kq ��RTS-M�q�[kLIfgi:MVs.[kq ��RTS�¥ �¶�­S
W6S9S�XmqgW.R �h�`Y�qDX6S�RI] �([OqgK.fgi.R �-yzS�W:M�[OS�XmqgWZ±DLTS9�©s5qgLIW�MO]�NQM�� �Qa � � � F:� � � a � �vF:� � �c�Qa � �8�<i6S9[OS©a � yzq([O[kS�]�s5qgW.X.]
M�qm{8[OqgW�M�qQ� s1NQ[kN(RIRIS�R�¥�G~j©i6S`s�N(LT[k]~q({@Y�qDX6S�RI]<NQM �V�Qa �m�8{ K.RIR¶s.[Oq ��RTS�¥­N(W1X �eF:� �(� i.N(RT{&s.[kq ��RTS�¥xNQ[OSh]OLIY�s�R �
[OS  1S�yzMOLIqgW.]mq({uS�N(y�i�q(MOi.S9[��<]�q MOi6S9[OSrNQ[kS�qgW.R �¹o X.LI]�MOLIW1yzMZY�q�X.S�RI]9G
��SBy9N(W K.]�SrMOi6S�]�SBY�q�X.S�RI]Z{8q([
S�]�MOLIYmNQMOLIW6fui6S�N(X-s5qg]�S��({�q([�M�[�N(yO\DLIW6fu{8N(yzS�]@MOi6[OqgK6fgih�<LIX.S­y�i.N(W6f(S�]�LIWhq([kLTS�W�MONQMOLTqgW�N(W.Xh{8q([@] �DW:MOi6S�]kL���LIW6f
W6S9� ±DLTS9�<]xq({�NZ]kK6P���S�yzM~fgLT±(S�W®NZ]OLlW6fgRTSu±�LIS9�_G

��N(ykiBY�q�X.S�R$LI]~M�[kN(LIW.S�X�qgW®RINQP5S�RIRTS�X LIYmNQf(S�]©q({�N�±QNQ[kLTS9M � q({&s5S9q(s1RTSV�<LIMOi�NZ[kN(W6f(S`q({2q([�LTS�W:MONQMOLIqgW.]
yki.qg]�S�W�]�q¹W.qgW6S�q({}MOi.S�{�S�NQMOK6[kS�]®{8q([®MOi.NQM®Y�qDX6S�RuP5S�yzqgY�S qDy9y9RIK.X6S�X¶G�j<i6S�X.L �5S9[OS�W:M®YZq�X6S�Rl]�K.]�S
X.L �5S9[OS�W�M~]�S9MO]©q({2{�S�NQMOK.[OS�]`� ]�S9S`�&LTfgK.[OS�H�b�GIH ¥�G���N(y�i®Sz�6N(Y�s1RTSu±DLTS9��y9N(W�MOi.S�W P�SVNQs.s1[Oq��6LIYZNQM�S�X®K1]OLIW6f
MOi6S�NQs.s.[kq(s.[kLINQM�SBNQs.s5S�NQ[kN(W.yzS�Y�qDX6S�R<��LTMOi�N�±(S�yzM�q([®q({`s1NQ[kN(Y�S9M�S9[k]�� ' G ��S�N(]O]kK.Y�S MOi.NQM�N(]´MOi6S
q([kLTS�W�MONQMOLTqgWªyki.N(W6f(S�]���MOi6S�s1NQ[kN(Y�S9M�S9[�] � ' ��M�[kN(yzS�qgK6M�N(WªNQs.s.[Oq �DLIYmNQM�S�R �}S�RlRILTs.MOLIy9N(R�s1NQMOi¶G���S�y9N(WmRIS�NQ[kW
MOi6Se[OS�RINQMOLTqgW1]Oi.LTsZP5S9M ��S9S�W ' N(W.X´i6S�N(X´q([kLTS�W�MONQMOLTqgW��DN(RIRTq ��LIW6f}K1]�M�qhP5q(MOimS�]�MOLlYZNQM�SuMOi6S�q([�LTS�W:MONQMOLIqgWmq({
N(W�� i.S�N(X®N(W.X�M�qZP5S_NQP1RISeM�q´] �DW:MOi6S�]kL��9S_N�{ N(yzS`NQM<N(W��´q([�LTS�W:MONQMOLIqgW$G

� �}K1]OLIW6feMOi6S~d�yzMOLI±(Sxd�s.s5S�NQ[kN(W.yzS~prq�X.S�R�N(RIf(q([kLTMOi.Y �vb(b��6H�b��6�­Sxy9N(W�YmNQMOykiZN(W��`q({�MOi6S~LIW.X.LT±DLIX.K1N(R
Y�qDX6S�RI]2M�q_NVW6S9�¹LIYmNQf(S­[�NQs1LIX.R �(G � {���S~\DW6q��¹LIW-N(X6±"N(W1yzS~MOi6S©NQs.s.[Oq �DLlYZNQM�Sxs�qg]OS��g��S©y9N(W-S�N(]kLIR �}]OS�RTS�yzM
MOi6SmYZqg]�M`]OK.LIMONQP1RTSZY�qDX6S�R¡G)� {x��SªX6q�W6q(M_\DW6q�� �>�­Smy9N(W�]�S�NQ[ky�i �<LTMOi S�N(yki q({­MOi.S��1±(SmY�qDX6S�RI]`N(W.X
yki.q�qg]�S-MOi6ShqgW6Sh�<i.LIy�irN(y�i.LTS9±(S�]uMOi6ShP5S�]�MuYZNQMOyki$G �uW1yzShN´Y�qDX6S�R>Ll]�]�S�RIS�yzM�S�X�N(W.XrYmNQMOyki6S�X��$�­S-y9N(W

�(�



���L����� � � � 
 ��� � � ����� �(�

S�]�MOLIYmNQM�S©MOi6S©i6S�N(X-s5qg]�S��:N(W1X-MOi�K.]@M�[kN(yO\-MOi6S~{ N(yzS���]���LTMOyki.LlW6f�M�q}NVW6S9�¹Y�qDX6S�R6LT{1MOi.S©i6S�N(X�s5qg]�Sx±"NQ[�LTS�]
]OLTfgW1L ��y9N(W�MOR �(G

�uLI±(S�W�N´]kLIW6fgRTShLIYZNQf(S-q({�N W6S9� s5S9[k]�qgW��5�­S�y9N(W�YZNQMOyki�MOi.S-YZq�X6S�Rl]<M�q S�]�MOLIYmNQM�S�MOi6S-s�qg]OS(GV��S
y9N(W�MOi6S�W�K.]�SmMOi.SªP5S�]�M �1M�MOLIW6fBY�q�X.S�R�M�qBf(S�W6S9[kNQM�S�W6S9�¦±�LIS9�<]`{8[OqgY N(W6fgRTS�]h]OLIYZLlRINQ[_M�qBMOi.NQM-q({~MOi6S
q([kLTfgLlW.N(R1LIYmNQf(S(G@��SVy9N(W�N(RI]�qhSz��s1RIqgLTM�yzq([O[kS�RINQMOLTqgW.]xN(yz[Oqg]O]~YZq�X6S�Rl]�q({�X1L ��S9[kS�W:M­±�LIS9�<]�M�q-S�]�MOLlYZNQM�SuMOi6S
NQs.s5S�NQ[kN(W.yzS~q({5MOi6S©]kK6P���S�yzM@LIW�N_yzqgY�s1RIS9M�S�R �}X.L ��S9[OS�W�M�±DLTS9�_G&j©i6qgK6fgi-MOi.Ll]@y9N(W�s5S9[ki.NQs1]&P5S~X6qgW6S©YZqg]�M
S �5S�yzMOLT±(S�R �-�<LTMOiZN_{8K.RlRDoQ��Y�q�X.S�R � ��H ���:�­S<X6S�Y�qgW1]�M�[kNQM�S©MOi.NQM�f(q�qDX�[OS�]kK.RTMO]�y9N(WZP5S©N(y�i.LTS9±(S�X ��K.]OM��<LTMOi
NZ]�S9M<q({&bQ� Y�qDX6S�RI]�G

� W�MOi.S`{8qgRIRTq ��LIW6fZ�­ShX.S�]Oyz[kLTP5S_MOi6S}M�S�yki.W1L ��K.S�]�LIWBY�q([OShX6S9MON(LIR2N(W.X®fgLI±(S}Sz�6N(Y�s1RTS�]�q({@MOi6ShY�qDX6S�R��
LTMO]©NQP�LIRILTM �mM�qZS�]�MOLlYZNQM�S_s5qg]�S��6M�qZM�[kN(yk\�{8N(yzS�]�N(W.X�M�qm] ��W�MOi6S�]OL��9S_K1W.]�S9S�W�±DLTS9�<]9G

��R �B� � ( ')#e!X( . � 	 365

J�MONQMOLI]OMOLIy9N(R©Y�qDX6S�RI]�q({V]Oi1NQs�S®N(W1X¹M�Sz�DMOK6[OS�i.N ±(S�P5S9S�W �<LlX6S�R � K1]�S�X¹{8q([Z[OS�yzq(fgW.LIMOLTqgW��xM�[kN(yO\DLIW6f N(W.X
] �DW:MOi.S�]OLI] �vo(� �6F�����b(b ���"a����.P�K6M~i.N�±(S}M�S�W.X6S�X�M�qZqgW1R �ªP5SVK.]�S�X®�<LTMOi�W6S�NQ[©{8[OqgW�M�qQ� s1NQ[kN(RIRIS�R¶LIYZNQf(S�]9G

prq(fgi.N(X.X.N(Y N(W1X��2S�W�MORIN(W.X �v�(b��©X6S�]Oyz[�LTP5SmK.]OLIW.f�±DLTS9�~� P1N(]�S�X�S�LTf(S�W.{8N(yzS�Y�qDX6S�RI]}M�q�[OS9s.[OS�]OS�W:M-N
�<LIX.S©±"NQ[�LTS9M �Zq({�±�LTS9�<s�qgLlW:MO]9G��uK6[���q([k\mLI]�]kLIYZLIRINQ[�M�q}MOi.Ll] ��P�K6M@P��mLIW.y9RIK1X.LIW6fV]Oi.NQs5S�±"NQ[kLlNQMOLTqgWr�8[kNQMOi.S9[
MOi.N(W�MOi6S´[kLTfgLIX S�LTf(S�WD� s�NQMOyki6S�]�¥ ����S´[OS���K.LT[OSª{�S9�­S9[ZY�qDX6S�RI]hN(W.X�y9N(W¨q(P.MON(LIW�P5S9M�M�S9[h[kS�yzqgW.]�M�[kK.yzMOLIqgW.]
�<LTMOi {8S9�­S9[�Y�qDX6S�R$Y�qDX6S�]9G

pBN(K6[OS9[ N(W.X¹±(qgW�X6S9[ prN(RI]OP1K6[Of � F:���uX6S�Y�qgW.]OM�[kNQM�S�X M�[�N(yO\DLIW6f i.S�N(X.]ZMOi6[kqgK6fgi¹�<LlX6S®N(W6fgRTS�]ªP��
M�[kN(yk\�LIW.f_f([kNQs1i.]@�<i6qg]�S<W.q�X6S�]�NQ[OS©{ N(y9LIN(R.{8S�NQMOK6[OS�] ��RTqDy9NQM�S�XZ�<LTMOim�VNQP�q([ � S9MO]�G@j©i6S©] �D]�M�S�Y Ll]�S ��S�yzMOLI±(S
{8q([©M�[kN(yO\DLIW6f �1P1K6M©LI]~W6q(M�NQP1RTSVM�qm] �DW�MOi6S�]OL��9SVMOi6S}NQs.s5S�NQ[kN(W.yzSVq({&MOi6SV{ N(yzS`P5S�LIW6f-M�[kN(yk\(S�X$G

pBK6[kN(]�S-N(W.X |eN��gNQ[ �vog���@]Oi6q���S�XBMOi.NQMeMOi6S-s.[Oq ��S�yzMOLTqgW.]�q({�YhK.RTMOLTs�RTS_±DLTS9�<]�q({�N´[kLTfgLIX�q(P�� S�yzMuLIW�M�q
N(W S�LTf(S�W.]�s�N(yzS�{�S�RIR�qgW
N bQ� YmN(W.LT{8qgRIX LIW MOi.NQM�]�s�N(yzS(G � ��Y�qDX6S�RIRILlW6f MOi.LI]´YZN(W.LI{�qgRIX�MOi6S � yzqgK1RIX
[OS�yzq(fgW.Ll]�S�q(P���S�yzMO]2{�[kqgYCNQ[OP�LTM�[kNQ[ �e±�LIS9�<]9G>d ]OLIYZLIRlNQ[¶NQs.s.[OqgN(y�i}i.N(]>P5S9S�W_MONQ\(S�W-P��}�eqgW6f�	���� 
���� �v�(b ��F:���
�<i6q´K.]�S-W6qgWD��RILlW6S�NQ[<[OS9s1[OS�]�S�W�MONQMOLTqgW.]eq({@MOi6Shs.[Oq ��S�yzMOLTqgW.]uLIW�M�q´N(WrS�LTf(S�WD� { N(yzSZ]�s1N(yzSh{8q([eM�[�N(yO\DLIW6f N(W.X
s5qg]�S�S�]�MOLIYmNQMOLTqgW���N(W.X P�� �e[kN(i.N(Y N(W.X deRIRILIW1]�qgW��vb(�����<i6q®K.]OSZLTMV{�q([`[OS�yzq(fgW.LTMOLTqgW {�[OqgY K.W6{ N(YZLIRILINQ[
±DLTS9�©s5qgLIW�MO]9G

§<qgYZX.i.N(W.L�	���� 
�� � �v�Qa �>i.N ±(S`Sz�DM�S�W.X6S�X®MOi.S`d�yzMOLI±(S-JDi.NQs5S_prq�X.S�R$M�qªX6S�N(R¶�<LTMOi�{ K.RIR�H��Qa � [Oq(MONQMOLIqgW
q({<Nr{8N(yzS K.]OLlW6frNBW6qgWD��RILlW6S�NQ[`Y�qDX6S�R¡GB�<q���S9±(S9[���MOi6S´W.qgWD��RILIW6S�NQ[�LTMOLTS�]_Y�S�N(W�MOi6S Y�S9MOi6qDX�LI]`]ORIq ��M�q
YZNQMOy�i M�q NBW6S9�¦LlYZNQf(S(Grj©i.S � i.N�±(S N(RI]�qBSz��M�S�W1X6S�X MOi.S´ded�p �v�g���­K.]kLIW6f�Nr\(S9[kW6S�R­�­wxd}G>d¬W6qgWD�
RILIW.S�NQ[�bQ� ]Oi1NQs�S}Y�q�X.S�R�LI]�yzqgY`P1LlW6S�X®�<LIMOi®NªW.qgWD��RILIW6S�NQ[<M�Sz��MOK6[kS}Y�qDX6S�R¶qgWrN´oQ�«M�Sz��MOK6[kS}M�S�Y�s�RINQM�S(G
j©i6S}NQs.s.[OqgN(y�i�LI]<s.[OqgYZLI]kLIW6f �DP1K6M<yzqgW1]OLIX6S9[kNQP�R �ªY�q([kS`yzqgY�s1RTSz��MOi.N(WrK.]OLIW.fZNm]OYZN(RlR¶]�S9M©q({@RILlW6S�NQ[�bQ�
Y�qDX6S�RI]9G

t�S9M�M�S9[ � ��H��@i.N(]_X6S�YZqgW.]�M�[kNQM�S�X�i6q�� N®oQ��]�MONQMOLI]�MOLly9N(R@Y�qDX6S�R2q({�{ N(yzSZ]Oi.NQs5S�N(W.X M�Sz�DMOK6[OSZy9N(W�P5S
K.]�S�XZM�q_f(S�W6S9[kNQM�SuW6S9�¹±DLTS9�<]�fgLI±(S�WZN_]OLIW.fgRTS~±�LIS9�_G2j<i6S©Y�qDX6S�R.y9N(WZP5S©YZNQMOy�i6S�XZM�qhN_W6S9� LlYZNQf(S©{8[OqgY
Y�q([OSªq([}RTS�]k]`N(W���±�LTS9�<s�qgLlW:M_K.]kLIW6f®N®f(S�W.S9[kN(R@q(s.MOLlYZLI]ONQMOLTqgW ]Oyki6S�YZS��2MOi.qgK6fgi MOi1LI]_LI]}]ORTq �`G�JDLlYZLIRINQ[
�­q([O\Zi.N(]�P�S9S�WªX6S�]Oyz[kLIP�S�XZP��Z�.K1N}N(W.XªprLly9y9LTq �vb(����N(W.Xª��LTfgi.LlW 	���� 
�� � �v�(��� G �	�mSz��s1RlLIy9LTMOR �}MONQ\�LIW.f}LIW�M�q
N(y9yzqgK.W�M�MOi6S�oQ� W.NQMOK.[OSªq({<MOi6Sªs1[Oq(P1RTS�Y��&MOi.Ll]}NQs.s1[OqgN(yki LI]hRILT\(S�R �BM�q �DLTS�RIX P5S9M�M�S9[h[kS�yzqgW.]�M�[kK.yzMOLIqgW.]
MOi.N(WªMOi6Ses1K6[OS�R ��bQ��YZS9MOi6q�X´X6S�]Oyz[�LTP5S�X�P5S�RTq �_G���q �­S9±(S9[��6MOi6Se±�LIS9� P1N(]�S�X´Y�qDX6S�RI]���Ses.[Oq(s5qg]�S<yzqgK1RIX
P5S_K.]�S�X M�qmX.[kLT±(SVMOi6S_s�NQ[kN(Y�S9M�S9[k]~q({&MOi6S`oQ� i6S�N(X®Y�qDX6S�R��6]�s5S9S�X.LIW.f-K.s®YZNQMOyki.LlW6fZMOLIY�S�]�G



���L���L� �\� 
�� ��� ��� � 
 ��
 �g�
��R �?R Y 36#&��- �B-/U � #e!$#

j>qZSz��s�RTq([OSVMOi6S`NQP�LIRILTM �mq({&MOi6S`NQs.s5S9[kN(W1yzS_Y�q�X.S�RI]xM�qZ[OS9s.[kS�]�S�W:M<MOi6S_{ N(yzS_{�[kqgY¬N�[kN(W.f(SVq({&N(W.fgRTS�] �.�­S
fgNQMOi6S9[OS�X�N-M�[�N(LIW.LIW6fh]�S9M~yzqgW.]OLI]OMOLIW6f`q({2]�S���K6S�W.yzS�]xq({>LlW.X.LT±DLIX.K.N(Rl]&[Oq(MONQMOLIW6f-MOi6S�LT[~i6S�N(X1]xMOi6[OqgK6fgi H��Qa � �
{8[OqgY�{8K1RIR1s1[Oq ��RTSuM�q�{ K.RIR�s.[Oq ��RTS(G��&LTfgK6[kSZH�b�GIH_]Oi6q��<]xM ��s1LIy9N(R5Sz�6N(Y�s1RTS�]��6M�q(f(S9MOi6S9[<�<LIMOiªMOi.S_RIN(W.X.YZNQ[k\
s5qgLIW�MO]_s1RIN(yzS�X qgW S�N(y�i Sz�6N(Y�s1RIS(G j<i6Sª]�S9MO]}�­S9[OSªX.LI±�LIX.S�X�K6s LIW�M�qr�®f([OqgK6s1]´� RTS9{�M}s.[Oq ��RIS��>RTS9{8M}i.N(RI{
s.[Oq ��RTS��6{�[kqgW:MON(R��6[�LTfgi:M©i1N(RT{>s1[Oq ��RTSVN(W.X�[�LTfgi:M~s1[Oq ��RTS�¥�G@deY`P�LTfgK6qgK.]~Sz�6N(Y�s1RIS�]~��S9[kS`N(]O]OLTfgW.S�X�M�qZP5q(MOi
f([OqgK6s�] ��]�q�MOi.NQMhMOi6S � yzqgK1RIX P5SªK1]�S�X M�q�RTS�NQ[kW MOi6S´[OS�RINQMOLTqgW.]ki.LTs1]uP5S9M��­S9S�W¨W6S�NQ[OP���±�LIS9�<] ��N(RIRTq��<LIW6f
]OY�q�q(MOi�M�[kN(W1]OLTMOLTqgW P5S9M��­S9S�W®MOi.S�Y � ]�S9S`P5S�RTq��e¥�G

�@[kq ��RTS �eN(RT{2��[Oq ��RTS �6[OqgW�MON(R
�&LTfgK6[OSZH�b�GIHQ¸­���6N(Y�s1RTS�]x{8[OqgY°MOi6S`M�[kN(LIW.LIW.fh]�S9MO]<{�q([<MOi6S`Y�qDX6S�RI]

��ShM�[kN(LIW6S�XrMOi6[OS9ShX.LI]�MOLlW.yzM<Y�qDX6S�RI]~qgWBX.NQMON´]OLIYZLlRINQ[©M�q´MOi.NQM�]Oi.q �<WBLIW��&LTfgK.[OSªH�b�GIHQGej©i6S`s1[Oq ��RTS
Y�qDX6S�R­�­N(]ZM�[kN(LIW6S�X¨qgW b(o"F RlN(W.X.YZNQ[O\(S�X LlYZNQf(S�]�MONQ\(S�W q({-H���LIW.X1LT±�LlX.K.N(RI]u{8[OqgYnX.L ��S9[OS�W�M-q([kLTS�W�MON"�
MOLTqgW.]�G`j©i6S�i.N(RT{�� s.[Oq ��RTS}Y�qDX6S�R2�xN(]uM�[kN(LIW6S�X qgW �(b LIYmNQf(S�] �¶N(W.XBMOi6S�{8[OqgW:MON(R�YZq�X6S�R2qgW b(�"F®LIYmNQf(S�]9G
§©S  �S�yzMOLTqgW.]~q({&MOi6S_LIYmNQf(S�]©�­S9[OS`K.]�S�X M�qmS�W.RINQ[Of(S_MOi.SVM�[kN(LIW.LIW.f-]OS9M9G

�&LTfgK6[kS´H�b�Gcb ]Oi.q �<]eMOi6ShS ��S�yzMO]_q({@±"NQ[ ��LIW.fmMOi6S �1[k]OM<M��­q®NQs.s5S�NQ[kN(W.yzS-Y�qDX6S�R>s1NQ[kN(Y�S9M�S9[k]�� � E � � f �q({�Y�qDX6S�RI]~M�[kN(LlW6S�X qgW�NZ]OS9M<q({&{8N(yzShLIYZNQf(S�] ��RINQP5S�RIRTS�X N(]�]ki6q �<W�LIW��&LTfgK6[OSmH�b�GIHQG~j©i.S�]�S_yki.N(W.f(S`P5q(MOi
MOi6S`]ki.NQs5SuN(W1X�MOi6SVM�Sz�DMOK6[OS`yzqgY�s5qgW6S�W�M©q({&MOi6S_] �DW�MOi6S�]OLI]�S�X�LlYZNQf(S(G

��R � � � 36( .1�  !X��-/U � 	 7$(

��S}N(]k]OK.Y�SVMOi.NQM<MOi6S_Y�qDX6S�R5s1NQ[kN(Y�S9M�S9[�]<NQ[OS_[kS�RINQM�S�X�M�qZMOi6S`±�LTS9��LIW6f�N(W6fgRTS�� � �.NQs1s.[Oq��6LIYZNQM�S�R �´N(]
'/C
'!� �¨' � yzqg]�� ��¥ �¨' � ]OLIW¶� ��¥ � H�b�GIH ¥

�<i.S9[OS '!� � ' � N(W1X ' � NQ[kS_±(S�yzM�q([k]�S�]�MOLIYZNQM�S�X�{�[OqgY�M�[�N(LIW.LIW6f�X.NQMONr� ]�S9S`P5S�RTq��e¥�G
� ��S9[OS`�­S}yzqgW1]OLIX6S9[©qgW1R � [Oq(MONQMOLTqgW�NQP5qgK6M�NZ±(S9[OMOLIy9N(R>N"�DLl]~��i6S�N(X�MOK6[kW.LlW6f6G�|�q�X1X.LIW6f�y9N(WrP�S}X6S�N(RTM

�<LTMOi�LlW�NZ]OLIYZLlRINQ[x�­N �(G�¥
j©i1LI]xLI]~N(W�N(y9y9K6[kNQM�S_[kS9s.[OS�]�S�W�MONQMOLTqgW�q({2MOi6SV[OS�RINQMOLIqgW.]Oi.LTs´P5S9M��­S9S�W�MOi6S_]Oi1NQs�S�� � �.N(W.X q([�LTS�W:MONQMOLIqgW

N(W6fgRTSxK.W.X.S9[2N(W-N��ªW6S­s.[Oq ��S�yzMOLTqgW��8MOi6S~RIN(W.X1YZNQ[O\D]�M�[kN(yzS~y9LT[�y9RTS�]>LlWhoQ���<i.LIy�i}NQ[kS­s1[Oq � S�yzM�S�X-M�quS�RIRlLTs1]�S�]



���L� ��� �\� 
 �\� � ��� � �
� �/� � � ���?� � 
 ����� � � �(�

� E ±QNQ[kLTS�]#�Vb�]�G X$G ] � f ±"NQ[�LTS�]
�Vb-]9G X¶G ]
�&LTfgK6[OS}H�b�Gcb�¸@�2LI[k]�M�M��­q-Y�q�X.S�]�q({5MOi6S<{ N(yzS�Y�qDX6S�RI]©�8M�q(s´M�q`P5q(M�M�qgY�¸&s.[kq ��RTS��:i.N(RI{l� s.[kq ��RTS~N(W.X�{8[OqgW�MON(R�¥

LIWBbQ�V¥ �5P1K.M©qgK6[eSz��s5S9[kLIYZS�W:MO]�]OK6f(f(S�]�MVLTM<Ll]�N(RI]OqªN(WBN(y9yzS9s.MONQP1RTS-NQs.s.[Oq �DLlYZNQMOLTqgWr{�q([eMOi6S}NQs1s�S�NQ[�N(W.yzS
Y�qDX6S�R5s1NQ[kN(YZS9M�S9[k] � ' G

� Wmq([�X6S9[�M�q-RTS�NQ[kWªMOi6S�[OS�RINQMOLTqgW.]ki.LTsZ{8q([~N_fgLT±(S�W Y�qDX6S�R�����SuY}K1]�M�\DW6q �
MOi6S�q([kLTS�W�MONQMOLTqgW´q({¶S�N(yki´q({
qgK6[~M�[kN(LlW.LIW6fhSz�DN(YZs1RTS�]9G���S`X.q-W.q(M �(S9M<i.N�±(S_N(y9yzS�]k]©M�qmN�] �D]�M�S�Y��<i1LIyki�y9N(W�Y�S�N(]kK6[OS_LTM~N(y9y9K6[kNQM�S�R ���
]OK.y�i}N(]>MOi.NQM2K.]�S�X_P�� �v�Qa �"F:� �Q�(b�� G���q �­S9±(S9[��(�­S­NQ[OS­NQP1RTS�M�q<S�]�MOLIYmNQM�S�MOi6S­N(W6fgRTS�P�� ��W1X.LIW6f~MOi6S�{�[�N(Y�S�]
LIW-qgK6[�M�[kN(LIW.LIW.fu]OS���K6S�W1yzS�]�NQM�{ K.RIR�s.[kq ��RTS~N(W.X�{8[OqgW�M�qQ� s1NQ[kN(RIRTS�R.P��hS �(S���MOi.S�WmN(]O]OK1YZLIW6fVN_yzqgW.]OMON(W:M�[kNQM�S
q({h[Oq(MONQMOLTqgW N(yz[Oqg]k]�MOi6S�{8[kN(Y�S�] P5S9M��­S9S�W$G°j©i.LI] RTS�N(X1] M�q¹LIYZNQf(S�]®RINQP5S�RIRIS�X �<LIMOi�q([�LTS�W:MONQMOLIqgW.] � �J< �
N(y9y9K6[kNQM�SVM�q�NQP5qgK6M �-H9a � G@�6q([~S�N(yki�]OK.yki LIYmNQf(S��­S ��W.XªMOi6S�P5S�]�M	�1M�MOLIW.fhY�qDX6S�R�s1NQ[kN(Y�S9M�S9[�] � ' < G���S
MOi6S�W s5S9[O{8q([kY�[OS9f([OS�]k]OLTqgW P5S9M��­S9S�W 9 ' <?AmN(W.X MOi.S�±(S�yzM�q([k] 9�� H >Oyzqg](� �N<¡¥�>O]OLlW¶� �J< ¥�¥ � AmM�q®RTS�NQ[kW '!� � ' � N(W.X
' � G

�&LTfgK6[kSZH�b�GcoZ]Oi6q��<]~[OS�yzqgW1]�M�[kK.yzMOLTqgW1]©LIW �<i.Llyki MOi6S_q([�LTS�W:MONQMOLIqgW�� � �.LI]x±QNQ[kLTS�X®LlW�� ��K.NQMOLTqgW H�b�GIHQG
�uLI±(S�WmN`W.S9� Sz�6N(Y�s1RTS©��LTMOi�s1NQ[kN(YZS9M�S9[k] ' ���­S�y9N(WZS�]OMOLIYZNQM�S�LIMO]@q([kLTS�W�MONQMOLTqgWªN(]�{8qgRIRTq��<]9G&U¶S9M � � E�P5SVMOi6S_RTS9{8M~s1]�S�K.X.qQ��LIW:±(S9[�]�SVq({&MOi6S_YZNQM�[kL � � ' � a ' � ¥V�8MOi�K.] � � E� � ' � a ' � ¥ C
� f ¥�GU�S9M

�;: � >"@ � ¥ � C � � E� � ' b '!� ¥ � H�b�Gcbg¥
MOi6S�W®MOi6S_P5S�]�M~S�]�MOLIYmNQM�S_q({>MOi.S_q([kLTS�W�MONQMOLTqgW®LI]©MON(W � E �;@ � $N: � ¥�G�&LTfgK6[kSmH�b�GvF´]ki6q �<]�MOi6S_s1[OS�X.LIyzM�S�X�q([kLTS�W�MONQMOLTqgW.]©±D]�MOi6S}N(yzMOK.N(R>q([kLTS�W�MONQMOLTqgW.]<{�q([�MOi6S`M�[�N(LIW.LIW6fZ]OS9MO]

{8q([~S�N(yki�q({>MOi6SVY�q�X.S�RI]9G�� M~X6S�YZqgW.]�M�[kNQM�S�]xMOi.NQMxS���K.NQMOLTqgW�H�b�GIH_Ll]­N(W N(y9yzS9s.MONQP�RTS_Y�qDX6S�R�q({�s1NQ[kN(YZS9M�S9[
±QNQ[kLINQMOLTqgW®K1W.X6S9[x[Oq(MONQMOLTqgW$G

��R � � Y 36#� 	58�B-/U !6W/3 	��/U
W � �). (+#&-/U�'B( 7

��Sry9N(W K.]�S�MOi6S�]�S9Mªq({_Y�q�X.S�RI]�M�q M�[�N(yO\ { N(yzS�]mMOi6[kqgK6fgi¹�<LlX6S®N(W6fgRTS�y�i.N(W6f(S�] �8{8K1RIR©RTS9{8MZs.[Oq ��RTS�M�q
{ K.RIR&[kLTfgi�MVs.[Oq ��RTS�¥�Gm��S´K.]�SmN®]kLIY�s1RTS�]Oy�i6S�Y�S´LIW��<i.Llyki��­SZ\(S9S9s¨N(W S�]�MOLIYmNQM�SZq({~MOi6Smy9K6[k[OS�W:M}i6S�N(X
q([kLTS�W�MONQMOLTqgW®N(W1X®K.]�S_LTM~M�qªyki6q�qg]�S`��i.LIyki�YZq�X6S�R$]ki6qgK.RIX´P5S_K.]�S�X�M�qªYZNQMOyki�M�qZMOi6S`W6Sz�DM©LIYZNQf(S(G

j>quM�[kN(yO\-Nu{8N(yzSxMOi6[kqgK6fgi�Nu]�S���K.S�W.yzSx��S~RTqDy9NQM�S©LTM&LIWhMOi6S �1[k]�M2{�[�N(Y�S~K.]OLIW6feNefgRTq(P1N(RD]�S�NQ[ky�iZ]Oyki.S�Y�S
]OLIYmLIRINQ[©M�q´MOi.NQMuX6S�]Oyz[kLTP5S�XrLIW �vbDH � Gej©i.LI]�LIW�±(qgRT±(S�]es1RIN(y9LIW6fªNªY�qDX6S�R>LIW.]�MON(W.yzShyzS�W:M�[kS�XrqgWBS�N(y�irs5qgLIW�M
qgWBNmf([kLlX�N(yz[Oqg]O]�MOi6S-LIYZNQf(S���MOi6S�Wr[kK.W.W.LlW6f�Nm{8S9� LIM�S9[kNQMOLTqgW.]<q({�MOi6ShdedepnN(RTf(q([kLTMOi1Y�G©�2q�q([ �1MO]eNQ[OS



���L� ��� �\� 
 �\� � ��� � �
� �/� � � ���?� � 
 ����� � � �(�

�kH9ag� � � �Qa � � �Qa �

� �Qa � � Fga � � bQa �

� F:� � a � F:� �
�&LTfgK6[OSZH�b�Gco�¸­§©q(MONQMOLTqgWrY�q�X.S�]~q({&MOi6[OS9SV{ N(yzS}Y�qDX6S�RI]

X.LI]ky9NQ[kX6S�X�N(W.X�f(q�qDX�qgW6S�]~[OS9MON(LlW6S�X�{8q([<Y�q([OS`LIM�S9[kNQMOLTqgW.]9G@j<i.LI]xLI]~[OS9s5S�NQM�S�X�{8q([<S�N(y�i�Y�qDX6S�R��6N(W.X®MOi6S
P5S�]�M��1M�MOLIW.fZY�q�X.S�R$LI]~K.]�S�X�M�qmS�]�MOLIYZNQM�S_MOi.S_s5qg]OLTMOLTqgW N(W.X�q([�LTS�W:MONQMOLIqgW�q({&MOi6S_i6S�N(X$G

��S MOi.S�W
s.[Oq ��S�yzM�MOi6S y9K6[O[OS�W�M P5S�]�M�Y�q�X.S�ReLlW.]�MON(W.yzS LIW�M�q¨MOi6S W6Sz�DM {�[kN(YZS N(W.X
[kK.W
N YhK.RTMOL �
[OS�]�qgRlK6MOLTqgW�]�S�N(y�im�<LIMOi�MOi6S<ded�p G:��S�S�]�MOLIYZNQM�S<MOi6S<i6S�N(Xmq([kLTS�W�MONQMOLTqgWZ{8[OqgY MOi6S<[OS�]OK.RTMO]@q({�MOi.S<]�S�NQ[ky�i��
N(]-X6S�]Oyz[kLIP�S�X NQP5q ±(S(GB��S´MOi.S�W�K1]�SmMOi6S´q([kLTS�W�MONQMOLTqgW�M�q yki6q�qg]�S MOi6S Y�qg]�M-NQs.s.[Oq(s.[�LINQM�SmY�qDX6S�R��<LTMOi
�<i.LlykiBM�q�yzqgW�MOLIW�K.S(G-��N(yki Y�q�X.S�R2Ll]u±"N(RILlXrq�±(S9[}N s1NQ[kMOLIy9K.RINQ[u[kN(W6f(S�q({xN(W6fgRTS�]���X6S9M�S9[kYZLlW6S�X {�[kqgY LTMO]
M�[kN(LIW1LIW6fZ]�S9M}� ]OS9Shj2NQP1RTSmH�b�GIH ¥�G � {&MOi6S_q([kLIS�W:MONQMOLTqgWB]OK6f(f(S�]OMO]�y�i.N(W6fgLIW6fmM�qªNmW.S9��Y�qDX6S�R��.�­S`S�]�MOLlYZNQM�S
MOi6S_s�NQ[kN(Y�S9M�S9[k]<q({2MOi.S`W6S9��Y�qDX6S�R5{8[OqgY MOi.qg]�S_q({&MOi6S`y9K6[k[OS�W:M~P5S�]�M���M9G���S`MOi.S�W�s5S9[O{�q([�Y°N(W�ded�p
]�S�NQ[ky�i M�q�YZNQMOyki MOi6S-W6S9� Y�qDX6S�R2Y�q([OS-N(y9y9K6[kNQM�S�R �(G_j©i1LI]<s1[Oq�yzS�]k]�LI]e[OS9s5S�NQM�S�XB{8q([eS�N(y�i�]OK6P1]OS���K6S�W�M
{8[kN(Y�S��1]���LTMOyki.LlW6f-M�qmW6S9��Y�qDX6S�RI]~N(]©MOi6S`N(W6fgRTSVS�]OMOLIYZNQM�S`X.LlyzMONQM�S�]9G

�
i6S�W�]��<LIMOyki.LIW.fªM�q�N W6S9�«YZq�X6S�R2�­SZY}K1]�MVS�]�MOLIYZNQM�S�MOi.S-LlYZNQf(S�s5qg]�S®�8s�qg]kLTMOLTqgW��5�<LTMOi1LIWrLlYZNQf(S
q([kLTS�W�MONQMOLTqgW N(W.X¨]Oy9N(RIS�¥`N(W1X�YZq�X6S�R­s1NQ[�N(Y�S9M�S9[k]hq({<MOi6S�W6S9��Sz�6N(Y�s1RTS {8[OqgY MOi6qg]�S q({<MOi.S´qgRlX$G ��S
N(]O]OK1Y�ShRlLIW6S�NQ[e[OS�RINQMOLTqgW.]ki.LTs1]~��i.LIykiBy9N(W P5ShX.S9M�S9[kYZLIW6S�Xr{8[OqgY MOi6S}M�[�N(LIW.LIW6f´]�S9MO]e{�q([VS�N(y�i�Y�qDX6S�R��5N(]
RTqgW6fuN(]&MOi6S9[OS~NQ[OS©]OqgY�S~LIYZNQf(S�]©�8�<LTMOihLIW�M�S9[kY�S�X.LlNQM�Sxi.S�N(X}q([�LTS�W:MONQMOLIqgW.]�¥��<i.LIy�ihP�S�RIqgW6f�M�quMOi6SxM�[kN(LlW.LIW6f
]�S9MO]<{�q([©P5q(MOi®YZq�X6S�Rl]9G

�&LTfgK6[kS H�b�G���]Oi6q ��]VMOi6S-[OS�]OK.RIMO]uq({­K.]kLIW6f´MOi6S�Y�q�X.S�RI]uM�q�M�[kN(yO\ MOi6S�{ N(yzSZLIW�N W6S9�«M�S�]OM_]�S���K.S�W.yzS
� LIW MOi.Ll]ey9N(]OSmN s.[OS9±DLTqgK.]OR ��K.W.]�S9S�W�]OS���K6S�W1yzS�q({­N s5S9[k]�qgWB�<i.q®LI]uLIW MOi6S�M�[kN(LIW1LIW6f ]�S9M�¥�G�j©i6SZY�qDX6S�R
[OS�yzqgW.]OM�[kK.yzMOLTqgW Ll]_]Oi6q��<W�]OK6s5S9[kLIYZs�qg]OS�XrqgW {�[kN(YZS�]V{�[kqgY MOi6Sm]�S���K6S�W.yzS(Gªj©i6SZY�S9MOi6qDX.]_NQs1s�S�NQ[�]VM�q
M�[kN(yk\���S�RIR��DN(W1X®LI]~NQP1RTSVM�qm[OS�yzqgW.]�M�[kK1yzM<NZyzqgW�±�LIW1y9LIW6f�]OLIYhK.RINQMOLTqgW q({2MOi6S`]OS���K6S�W1yzS(G

��S K.]�S�X MOi.LI]m] ��]�M�S�Y�M�q M�[�N(yO\CH�� W6S9��]�S���K.S�W.yzS�]mq({VMOi.S�s5S9q(s1RTS®LIW MOi6S�M�[�N(LIW.LIW6f ]OS9M9G���N(y�i



���L��� � � � � �
� ���\� ��� � � ���	��� � � ��� � �"a

-150

-100

-50

0

50

100

150

-150 -100 -50 0 50 100 150
P

re
di

ct
ed

 A
ng

le
 (

de
g.

)

Actual Angle (deg.)

�2LIfgK6[OSZH�b�GvF6¸���[OS�X.LIyzMOLIqgW ±�]©N(yzMOK1N(R�N(W6fgRTS_N(yz[kqg]O]©M�[kN(LlW.LIW6f�]�S9M
prq�X6S�R deW6fgRTS`§�N(W6f(S
U¶S9{8M<��[Oq ��RTS �kH(H9a � ��� �Qa �
U¶S9{8M<�eN(RT{����@[Oq ��RIS � �Qa �e��� Fga �
�6[OqgW�MON(R � Fga � ��Fga �
§<LIfgi:M©�eN(RT{����@[Oq ��RIS Fga �e���Qa �
§<LIfgi:M©��[Oq ��RTS �Qa � �eH(H9a �

j2NQP1RTSZH�b�GIHQ¸�t@N(RlLIX®N(W6fgRTSV[�N(W6f(S�]©{8q([©S�N(ykirY�qDX6S�R

]�S���K6S�W.yzS�yzqgW�MON(LIW6S�X P5S9M��­S9S�W bQa N(W1X oQa {8[kN(Y�S�]9G �&LTfgK6[OS H�b�Gc� ]Oi6q ��]ZMOi6S®S�]OMOLIYZNQM�S�q({eMOi6S�N(W.fgRTS
{8[OqgY¬M�[�N(yO\DLIW6fªNQfgN(LlW.]�M<MOi.S}N(yzMOK.N(R&N(W6fgRTS(G � WBN(RIR¶P1K.M©qgW6S}y9N(]OS}MOi6S}M�[kN(yO\DLIW6f ]OK.y9yzS9S�X.S�X���N(W1X�Nªf(q�qDX
S�]�MOLIYmNQM�SVq({�MOi6S_N(W6fgRISuLl]�q(P1MON(LIW6S�X$G � W´qgW6S_y9N(]�SVMOi6SVY�qDX6S�RI]xRTqg]�MxM�[kN(yk\�N(W.X´��S9[OS_K1W.NQP1RTSeM�q-[OS�yzq ±(S9[�G

j©i.S<] �D]�M�S�Y y9K6[k[OS�W:MOR �h�­q([O\D]@q�����RILIW6S���RTqgN(X.LIW.f_]�S���K.S�W.yzS�]�{8[OqgY«X1LI]�\�G �uWªN_F:�Qa(pB� �u�2S�W:MOLlK.Y � � �
LTM~[kK1W.]~NQM<NQP5qgK6M<o-{8[kN(Y�S�]~s5S9[©]�S�yzqgW1X��.MOi6qgK6fgi�]�qZ{ NQ[<RILTM�MORTSu�­q([O\ i.N(]~P5S9S�W®X6qgW6SVM�qmq(s.MOLIYZLI]OSVMOi.LI]9G

��R � 
 � 36( .1�  !X��-/U � -/7 ( ( - � �B(�� 7

�uLT±(S�WmN_]OLIW6fgRIS­±DLTS9�¹q({5N_W6S9� s�S9[�]�qgW��(�­S<y9N(W
��W.X-MOi.S©P5S�]�M@Y�qDX6S�R6YZNQMOykiªN(W.XZX6S9M�S9[�YZLIW6SxMOi6S�LT[�i6S�N(X
q([kLTS�W�MONQMOLTqgW$Gm��Sªy9N(W MOi.S�W K.]�S�MOi6SmP�S�]OM_Y�q�X.S�R&M�q�] �DW:MOi6S�]kL��9SmW6S9�«±DLTS9�<]VNQMhN(W �Bq([kLTS�W�MONQMOLTqgW MOi.NQM
y9N(WrP�S}[OS9s.[OS�]OS�W:M�S�XrP���MOi.S}Y�qDX6S�R¡G�� {�MOi6S`P5S�]�MeYZNQMOyki.LlW6fms1NQ[�N(Y�S9M�S9[k]eNQ[OS ' ���­S}K.]OS`S���K.NQMOLTqgW�H�b�Gcb
M�q�S�]�MOLIYmNQM�SeMOi.S_N(W6fgRTS�� �6G@U¶S9M ' � � � P5S�MOi.Se[kS�]OLIX.K.N(R�±(S�yzM�q([�W.q(M­Sz�Ds1RIN(LlW6S�XmP��mMOi.Se[kq(MONQMOLTqgW®Y�qDX6S�R��DLTS

' � � � C
' b�� '!� �¨' � yzqg]�� ��¥ �¨' � ]OLlW5� ��¥�¥ � H�b�Gcog¥
j>qZ[OS�yzqgW.]OM�[kK.yzM<NQM<NmW6S9� N(W6fgRTS�� � �.�­S`]OLIYZs1R �mK.]OSVMOi6S_s1NQ[kN(YZS9M�S9[k]

' � ��¥ C '!� ��' � yzqg]�� ��¥ �¨' � ]OLIW¶� ��¥ �¨' � � � � H�b�GvF�¥
j©i1LI]eqgW.R ��N(RIRIq �<]uK.]uM�q�±QNQ[ ��MOi.S-N(W.fgRTS�LIWBMOi6S�[kN(W6f(S�X6S���W.S�XrP���MOi.S-y9RIqg]�S�]�M_Y�qDX6S�R¡GhJ6LIW.yzShMOi6S

Y�qDX6S�RI]&N(RIR�[OS9s.[kS�]�S�W:M�MOi.S©]ON(Y�S©oQ��]�M�[kK.yzMOK.[OS��(��S©N(W�MOLIy9LTs�NQM�S~MOi.NQM�MOi6S9[OSx�<LIRlR:P5S~yzq([O[OS�RINQMOLIqgW.]&P5S9M��­S9S�W



���L��� � � � � �
� ���\� ��� � � ���	��� � � ��� � ��H

Actual Angle (deg.)

Pr
ed

ic
te

d 
A

ng
le

 (
de

g.
)

−100 −75 −50 −25 0 25 50 75 100

−100

−75

−50

−25

0

25

50

75

100

�&LTfgK6[OS�H�b�Gc��¸~w­qgY�s1NQ[kLl]�qgW´q({2N(W6fgRISuX.S9[kLT±(S�X {8[OqgY°d�dep M�[kN(yO\DLIW6f��<LIMOi�N(yzMOK.N(R$N(W6fgRTSm� H���]OS���K6S�W1yzS�]�¥

s1NQ[kN(YZS9M�S9[k]@{8q([�X.L �5S9[OS�W�M&±�LTS9��]�q({�MOi.S©]ON(Y�S<LIW1X.LT±DLIX.K.N(R¡G¶j>q_X6qVMOi.Ll]�S ��S�yzMOLI±(S�R �-��S©YhK.]�M��1[�]�M�s.[Oq ��S�yzM
qgK6M­MOi6SuS ��S�yzMO]xq({>s5qg]�S���RlLTfgi:MOLlW6f`S9MOyQG�d s.[kLIW.y9LIs1RTS�X�NQs.s.[kqgN(yki M�q-MOi.LI]­LI]­X6S�]Oyz[kLTP5S�XªLIW
� H���� G@�<q���S9±(S9[��
{8q([_qgK6[VSz�Ds�S9[�LIY�S�W�MO] �¶]OLIW.yzS�MOi.S9[OSZLI]VRILTM�MORIShRILIfgi:MOLIW.f´q([`Sz��s.[kS�]O]OLTqgW yki1N(W6f(SmLIW MOi6S�M�[�N(LIW.LIW6f ]�S9M �2LTMVLI]
]OK �´y9LTS�W:M �OK.]�M~M�qm[OS�Y�q ±(S}MOi6SVq([kLTS�W�MONQMOLTqgWryzqgY�s5qgW6S�W:MO]�G

� WZq([kX.S9[�M�qhRTS�NQ[kWZMOi.S<[OS�RINQMOLIqgW.]Oi.LTsmP�S9M ��S9S�Wªs1NQ[kN(YZS9M�S9[k]�LlWZqgW6SeY�q�X.S�R1N(W.XmMOi6qg]�S�LlWmN(W6q(MOi6S9[ ���­S
s5S9[O{8q([kY�MOi.S~{�qgRIRIq �<LIW.f�]�M�S9s1]�G2�6q([�S�N(yki�{8[kN(Y�S~LIWhMOi6SxM�[kN(LIW1LIW6f�]OS9M2�­S©K.]�S­S���K.NQMOLTqgW�H�b�GcouM�qVX6S9M�S9[kYmLIW6S
MOi6S´q([kLTS�W�MONQMOLTqgW�LIW.X6S9s5S�W.X6S�W�M_yzqgY�s5qgW6S�W�M}q({<MOi6Sms1NQ[�N(Y�S9M�S9[k]h{�q([hS�N(yki YZq�X6S�R G���S´MOi.S�W yzqgY�s�K6M�S
MOi6S´Y�S�N(W�q({©]OK.yki [OS�]OLlX.K.N(RI]V{8q([hS�N(yki�s5S9[k]�qgW$G®U�S9M c' < � Q P5SmMOi6S´Y�S�N(W�q({©]OK.yki [OS�]OLlX.K.N(RI]_LlW MOi6S	� "��
Y�qDX6S�R&{8q([_MOi6S � "�� s5S9[k]�qgW$G)� ��NQs.s1R �DLIW6f �­w~d M�q®MOi.SmY�S�N(W.]V{8q([`N�fgLI±(S�W Y�qDX6S�R��¶�­Smy9N(W ��W1X MOi6S
s.[Oq ��S�yzMOLTqgW�� ��Q �1LIW�M�qZN(W �cLIX.S�W:MOLTM � ��]OK6P6��]�s�N(yzS(G

U�S9M©MOi6S_s.[kq � S�yzMOLTqgW®q({>S�N(y�irY�S�N(W�LIW MOi6S`]OK.P1]�s1N(yzSVP5S
! < Q�C � OQ �?c' < � Q b c'JQ ¥ � H�b�Gc�g¥

�<i.S9[OS c'JQ Ll]~MOi6S_Y�S�N(W�q({>MOi6S}Y�S�N(W.]9G
��S´y9N(W K.]�SZRILlW6S�NQ[V[OS9f([OS�]O]kLTqgW�M�q�RTS�NQ[�W MOi6SZ[OS�RINQMOLIqgW.]Oi.LTsB�<i.Llyki�YZNQs1]_S�N(yki ! < Q LIW MOi.SmLIX6S�W�MOLTM �

]�s1N(yzS`q({>MOi6S � "�� Y�qDX6S�R5M�qªMOi6S_yzq([O[OS�]�s5qgW.X1LIW6f-Y�S�N(W ! < � LIW MOi.S`LIX6S�W�MOLTM �´]�s1N(yzS_q({&MOi6S � "�� Y�q�X.S�R��
! < Q C
� Q � ��� Q � ! < � � H�b�Gc�g¥

j©i�K.]xM�qª[OS�yzqgW.]�M�[kK1yzM©NZW6S9� ±DLTS9� q({&N�s5S9[k]�qgW fgLT±(S�W�NZYZNQMOykirLIW�NZX.L ��S9[OS�W�M~±DLTS9� �
�������	��

����������������������
���
������	 !��"#����
� %$'&)(+*�,.-�* /!021

3���4���
�56���2���� !��
������7�98:�� ����;�6<=�?>�@:AB��4�"����7�C
��D��������
E8��	F)$G&)(+*H,I-:*KJ�0�1

L���4���
�56���2�M"�����
����N�� !��
O�����P�?>�@Q�?4�"����R
#�������S�T"#��U��	�D��
:8:��F)$'&N(Q*�,.-�* V!021

W ��4���
�56���2�D����"
�M�� !��
O�������������98:>�"#FX��4�"����Y$C�� E���	������ �UY&)(+*�,.-�* Z�0



���L����� ��� � ��� � ������� ���

� �P"�8�8 �����P"�4�4���
�4����9"
���7
������	 !��"#����
� $G&)(+*D,.-�* �E02*

�����	��

�����������������	������
 �������!�#"��$�%�'&(�)����*$�,+-�%
#��./�/�$*��0�	�1�#"��2�����#��34�5
6�5*7*�./���8�	����9:�%

���	�;�'<="��
9�
#��>?*��@���)����*A+B�5�8�#"����C�2���#D
"����C�����E9/
#��>F*��@�7�2���5�G�53H�#"��'�2�7�#�#�$����9:�%

�#�	�JIK�#"��'
#��DL�	������
 ��DL�#���	�C�$�
�#"��M+0�FN �,<="��'���%�#"��)�O�����
DL

��.:���(��.:�QP5���$�R�#"����C�������O����9�
#�����$DL�0�#"��'��9/9?����
 �5��DL�'�/�#�$���S�#"��G3K
#�	�T�#�5*
���)����*H���6�U+V�C��� �:�%
#���W�6�5���	*����%�EX��5
'DL�	��9/��

�7���	���YDL�5
#

����9:�	�����$�����$�2���5���@�53V�#"��29:�%

���	�Z���@�#�7�2�$*$��

�5���	*����H��

�B�
"��Q+0�A�H[,�$P5���\�#"��=�#�2�5*$*������#��

�-�53?�#"��B��

�5�$�/�$���R�#�%�0I]�$�'�#"��$��D%�5���^�	��*�_S�L`!9?�%�59F*����5_��$��*$���$���
����aMbdce�7�����W�#�$�d_���9/�5DL�MN ���#"��@
#���#��*��#�^��

�6����DL�	��

���	�7�����

f-�����0X���� g0�%+ih,���%+ gR�%+jh,���%+

X����	��
#�k��������l0<="��G.:�����=>/�R+0���#"O�E9�

��>F*��@���)����*m�$�09/
#� �n��DL�����O�����#"��@3K
#�	�T�#�5*m�2������*m���k9�
#�����$DL�R���%+
P)���%+0�

��R � � � �B7( �/7$7X��	�-

<="��7�^D
"���9����%
,�������	�/����

�������R�#"����0�E�
�2�5*$*A�����G.?�%
0�53oP)���%+^bp.F�5���������#���#�$�#�#�$D%�5*Y���)����*$�=�53���9/9?����
 �5��DL�
D%�5��

�%9�
#�������T�=�#"��63]�5DL�@3K
#�	�q�2+0�$���!

�5���5�6�53�P����%+R�$�����5���	*����%�-rR*$�#"��	���	"s+-�@"��QP5�GDL�	��DL���T��

�������C�	�

#�5�#���#���	�\��.:�	���o�0P5�%
#�#�7D%�5*��ut��$� ��
#�5�#���#�$�	�'��.:�	���o�R"��5

���%�	�T�#�5*��ut��$�BI]���)�����$���TN;DL�	��*$�6���5�
�$*�_!.:�V�$�/D%*$�������
I]�5���Z9/
#�5./��./*�_(+V�	��*7�����v�,
#��������
#���5�T_C�Lt)��

�s���)����*$�,3K�5
@���)�������!

�5�#���#���	��� N �2wZ�S"���P5�E�
"��Q+0�x�#"����
�#"������)����*$�8D%�5�1.:�'���#���(���s��

�5D
y(3]�5DL���!�#"�
#�	���	"(+0�7���'�5���	*��'D "��5���5��� �m�5���C�#"����,�#"��%_OD%�5�C.:�'�/�����
���29�

�����$DL�^��9�9:����

�5��DL�63K
#�	�q���%+iP��$�%+=9:�	�$�W�#�-�	��P5���O���#�$���	*$�,�7�2���5�6�53H�\9:�%

���	�;�



���L����� �����������������	� 
 a

X����	��

�2����� 
 l��=��DL�	�/����

��DL�#���	���53o��
 �5D#y5���O3K�5DL���R�#��9:�%

�$��9:�	�����S�	��������������DL���



� �������	��
 ��


� ������� ����� � �

r8DL�#��P5���)"���9:��&(�)����*$���5*7*��Q+ 

��9F�$� *���D%���#�$�	� �53R�#"��s.:�	���/����
#_x�53R�5.��n��DL�#�E+0���#" �#�$�E�$*$��
\�#"���9:���\���
�#"��	���\�$�C�E��
 �5�$���$���k���%���;�5�#�#���E�$���2+-�\y����M+ 
#�	���	"�*�_�+0"��%
#�G�#"��G�5.�����DL�,�$�R�7�(�#"��\�$�2���5�5�!<="��%_���
#�
9/��
#�#�7D%��*$��

*�_S�����%3]��*:34�5
Ql

��� .��n��DL�#�0+0���#"�+-��*$*;���L>F�����s�#"���9:�EIK�%�2.:�	���������5
#�	�5�/����3]�5DL���=�%�#DQN

��� �5�����=+0"��%
#�!+V�@+0�$�#"k���ED%*$�5�
�#��3K_E�5.�����DL�#�=.�_s�#"���9:���u��9�9:����

�5��DL�

��� �5�����=+0"��%
#�6�\
#�%9�
#���#���W�#���#��P5�'���%�=�53o�Lt)�5�29/*����=�$�0��P��5�$*$��./*��

��� �5�����=+0"��%
#�!+V�G"���P5�@�2�5�T�)�s�	�����#�0�5�=���2+0"��%
#�!�#"��6�#��
#�5�%�8�$�^�$���#"��G�$�2���5�

 R�Q+-�%P5�%
!�?�#"��%_k��

�@���5�0����DL���
�#��

�$*�_k��9�9�
#�59/

�$�����,34�5


��� .��n��DL�#�0+0���#"�+0�7����*�_2P���
#_)�$���2�#"���9:���6IK�%�E�5�2�5
#9/"��	���=�#"��$���	���)��
#�%���!�F*��	����+R���5�	*�_E+-�5

�2�=�%�#DQN

�#" 
#�5./*����E�^�$�WP5�	*$P��$���\DL�	�/�W�#�$���2*$��
#�5�@�����G.?�%
 �B�53o�#�E�5*$*:�#"��$���	�

�#" 
#�5./*����E�2�$� +0"/�$D
" 9?�	�
���#���	� �u�#�%$%���M�5

�����T�#���#���	� �53!�#��
#�5�%�#�k�$�E���5�2y����Q+0� ��9�9�
#�Qt)�$�E������*�_iIK�5

D%�5�/���5�=.:�!���5�#�$*�_S�����#�$�2�������?N �

&n� �5���/���#���	�'�o���@�#"��	�/*$�1.:�E���5�����J�#"����@�#"��k�5D%D%��

�5DL_x���O+0"��$D "x�#"��%_xD%�5�J*��)D%�����k�(.?�	�/������
#_C�$�
DL�	������
 �5�$�����J.T_x�#"����2������*p�C<="��S���)����*-D%�5� �	��*�_x���%3K�5

� �$�J+-�Q_��\�5./�#�%
#P5��� �$� �#"��S��

�5�7���$���C���%�%�
& 3 �#"��\�5.�����DL�6�$�1�5�C�7�2���5�\�Lt)"��$./���#�8�S9F��
#�#�$D%��*$��
,�U_T9:�'�53V���%3K�5

�2���#���	�Z���5�89/
#�������T�,�7�(�#"��\��

�5�7���$���
���%�����#"��E�2������* +0�$*$*H���5�6>/�6���O�$�%�k<="/�$�6�$�!��
 ���2�53->F���E���%34�5

�E���#���	���@�5�@+V��*7* �5�GDL�	��
 ���E�	��������X��5

�$���#�#�5��DL�(�m�#"��S���)����* +R�$*$*H���#�/�5*$*�_ODL�	�/����

�5�$� .?�	�/������

�����6���(.:�E�#�����5�#"'�H��3-�	��*�_Z�#�����5�#"J�Lt)�5��9F*����
"��QP5��.?�%���C���%���;�6<0"T���,��3 �k.:�	�����/��
#_s�$�O�5�Z�7�2���5�'�7�R

�	���	"'�:�#"��\��������*m+R�$*$*;
#���E�5�$�1�#�����5�#"'�;�5���
+0�$*7*����5�V����DL���
�#��

�$*�_'>/�V+V��*7* �) R�Q+-�%P5�%
!�����
�$���!�����	���	"S��

�5�$�/�$���!�Lt��5��9/*����-D%�5�S�/�#���5*$*�_G�QP5�%

DL�	�2�!�#"��$�
9�
#�5.F*����s�
� ���s�538�#"����2�5�$� ��
 ��+=./�5D
y��E�53R�#"��(��9�9�
#�	�5D " �$�\�#"��(�5���	���T�2�53,*$��.:��*$*���� ��

�5�$���7���1�Lt)�5��9F*����


#�!*�����
#��� ���J./���$*7� � �5�T�)� �2������*p� <="����#�(D%�5� .:��P5�%
#_ �#�$�2�(DL�	���#���E�$���Z��� �5�����%

�����5�+ 0�M+V�%P5�%
!�
�-, .:���5�#����

��9/.o��9�9�
#�	�5D "JD%�5�J.:�S�5���59/�����;�swZ�E>F

���@�5�����5�#�����k�O�#�$���	*��E
#�%9�
#�������T�#���#��P5���$�2���5�S+0���#"
*$�5���/�2��
#y)���A�5���Z./�/�$*$�C�����)����*�34

�	� �#"��$�%�2<0"��$�8+0�$*$*�"��QP5�S��>/t����Z�#"/��9?�(�Y./���!+0�$*7*m.:���5*$*��M+V��� ���


 `




��

�#D%�5*��(�B
#�5�#�����1�5��� ��

�5���#*$�����5� wZ�(�#"���� �����(�#"��(r �)& �5*��5�5

���#"�� ���J�2���#D " �#"��C���)����*^��� �J���%+
�$�2���5�(�B�5��� ���/���\�#"���9:�	�$�T�#�\+0"��$D " ��� ���5�\>/��+-��*$* � wZ�(D%�5� �#"���� ./���$*7� �Z�2������*B3K
#�	� �#"��s�d+-�
*$��.:��*$*����\�Lt��5��9/*$��� +-�R"��QP5�(���5���S�/���0���V���G*��)D%�����R�#"��09:�	�$�T�#� �$�E�#"��0�#"��$

�;��<="��$�H9/
#��DL���
� �$� 
#�%9:���������'�
�$��DL

�������W�#�5*7*�_2./���7*$���$���6���2������* �����T�#�$*?�#"��!r �)& >?�����-���%+ �Lt)�5�29/*����^�#���kD%�����W�#*$_E�5D%D%��

������*�_k�%P5�%
#_
�#�$���(���#�E���%�����=���2���5
#�6��

�5�7���$�����

f-�5�#" �#"��s�#"���9:�k��������*$�\�5��� �#"����#����

D
" �5*��5�5
 ���#"��2�'D%�5� .:�S�Lt)����������� ��� a�c'�H<="���*$�5�����2��

y
9:�	�$�T�#�\.?��DL�	�2�Oa�c 9:�	�$�T�#��� �#"��O�#"���9:�sP5��DL���5

�S.?��DL�	�2�Oa��i���$�����/�#���	���5*-3K�5
�� 9:�	�$�W�#��� rR*��#"��	���	"
�#"������#���#�7���#�$D%�5*^�2�5D "��$���%
#_ �$�\�$�����T�#�$D%�5* � �xa�c �5*$�$�	�������T�\�5*$�5�5

���#"�� �'�����\.:�s�������iI]���%���va5a�	KN � � 3
DL�	��

�#�(� �5�����5�#���#�$���1a�c �$�2���5���'+0���#" *$�5���/�2��
#y)�@�$�\���
�kD%��*������5���J�2�5
#��9?�	�7�W�#�'��
#�k
#�!*T�/��
#���J�#"��5�
3K�5
,�s��c �5.�����DL�%� & �C�5�������#�$�	�'�F�#"��'���L>?�����#���	�(�53V�#��

3K�5DL���,�5���1a�c ���59:�	*��5�5_C�$�8���5
#��DL�	��9/*��LtO�#"��5�
�#"����,
#�!*�����
#���O3K�5
@��c .:�	�����/��

�����%�  R�Q+-�%P5�%
!�oa�c ���)����*$�8+0"��$D "(

�%9�
#�������T�!�#"���9:�'���%34�5

�E���#���	�1D%�5�
.:�6�#��D%DL���#�#3K��*7*�_E�����������E*��)D%�����@����

��DL�#��
#���=�$��a�c �����#�5�#�%�#�R�#�/D
"��5�=& � �$�2���5���@IK3K�5
R�$�/���#�5��DL���vau`�	KN �

<="��Gr �)& �$�0+V��*$*o�#���$������������

�5D#y)�$���k�5.�����DL�#�8�#"�
#�	���	"C�$�2���5�\���!*�������DL���%� & �(�#"��\�#�$��9/*$�����=3K�5

�
�#"��,3]��*$*/r �)& ������

D
"(D%�5��.?�,��9�9/*7�����2�����#"��8>/
 ���-�7�2���5�,���\*$��D%�����!�#"��,�#��
#�5�%�%�-rR�
�#���2�$���@�#"��,�5.�����DL�
�������6���5�@�2�QP5�2.�_Z*$��
#�5�2�5���	���T�#�6.:�%�U+V�%��� 34

�5�2�����Y�#"��2�
"���9:��34�5
6�	����34

�5�2�ED%�5�Z.:�2�������x�5�6�#"��
���#��
#�#�7���S9:�	�$�T�=3K�5
,�#"��'�#����

D
"1�$�O�#"��\���Lt����;�5���O�	��*�_��S3K�%+ �����%
 ���#���	���8+0�$*$*A.?�G
#�!*�����
#���(����*$��D
ys�	�;�
&O�5
#�!�5��Pu�5�/DL��������D
"���� *T�����-+-�	��*$���$�TP5�	*�P5�!��9�9/*�_)�$���G��
@�5*$�2�5�S>F*����%
B���\9�
#�����7DL�V�#"��!���5�#�$�	���v��	��v�5a�	p�

<="��\�
"���9:�\�2������*7�!�����#DL

��.:���1��.:�QP5�E�5�
�#�������s�#�$�29/*��'�	�5���#�#�$�5�Z�2������*�3K�5
!�#"��2���7����

��./���#���	���53
�#"����#"���9:�G9/��

�5���%���%

�!��� �6r ���5
#�'�5�����%

�5*H��9�9�

�	�5D
"1�$�8���s�����\�k�E� t��#��
#�@�53V�	�5���#�#�$�5�/�%�,wZ�2���%���
���Z�����#��
#���#"������#"������)����*-�5�����%

�������E9/*$�5���#�$./*��E�#"/��9?�������8�#�$���Z�1�#�$���	*$�k�	�5�/�#�#�$�5� +-��D%�5� �#�$��9F*�_
DL�	������
 �5�$�E�#"��R9/��
 �5���%���%

�-+0���#"S�@.:�	�����/�$���!.:��tE�5
^"T_T9:�%
�bp��*7*$��9/���5�mw �$�#"S�'�2� t)�#��
#�=�53Y�	�5���#�#�$�5�/� +-�
�'�����R��



�5���5�'�#"����R�#"��G9�

�5./��./�$*$�$�d_��������#���U_s34�5
8�#"��\D%��
#
#���T�R�#�%�R�53 9F��

�5���%���%

�,�$�R��.?�MP5���S�#�/���#��./*��
�#"�
#���
"��	*$�;�mw "��%

�-�����$�#�/.v���u+-�^D%�5�\�����-�5

�5�������T�o�5�
DL���W�H���8>F���@�#"��^������
#�����o9:�	�$�T�m�$�G9/��

�5���%���%
 �#9/�5DL�
+0"��7D
"x�������6�	�$P5�E��9/*7�5���#��./*$�'�#"/��9?���
����	p�  R�Q+-�%P5�%
!� �$�x9�

�5DL�#�$���(�o����*����
�6*$��
#�5�E���	�)bp�	�5���#�#�7�5�x�#"���9:�
P���

�$���#���	���\��
#�s�5.F���%
#P5��� �5��� �#"��s�#��

�5�%�E�$�2���5������
#�����	�$��_x�5
2D%*$�������%
#���'�V�/�#�$���1�1�#�$���	*��k�	�5���#�
�$�5�
��9�9�

��t��$�2���#���	��+-�5
#y)�=9:�%
#3K��DL�#*�_E+-��*$* �

<m�2�#���2�E��

�$���(��.T_S��

�5�$���7���'�#�#���#�$���#�$D%�5*;���)����*$�V�53��#"���9:�R3K
#�	� ���%�#�=�53m*$��.:��*$*����S�Lt��5��9/*����-+-�6D%�5�

#�%9�

�������W�^.:�5�#"s�#"��6�����5���#"���9:�!�53��2D%*$�5�#�=�53m�5.�����DL�#�0�5�/�s�#"��6DL�	�2���	�O���)�����B�53H�#"���9:�,Pu��

�7���#���	�;�
<m��*���D%�����2�
�$�2�$*$��
8�5.�����DL�#�6�$�Z���%+e�7�2���5���,+V�2D%�5� �����\�#"��2r8DL�#��P5� �)"���9:�\&(�)����*H�5*��5�5
 ���#"�� +0"��$D "'�
�	��P5�����2
#���5���	����./*$�6���#��
#�#�$����9:�	�$�T����D%�5�(�E���#D
"��#"��@���)����*:���2�#"��6�$�E���5�6P5�%
#_ *T�/�$D#y)*�_5�
����������� �"!�#%$&!�'(!��*)�+
c8
 � ���5�����!�$�8�5

�����%3K�/*����s�#"��-, " � � � 3K�5
6"��$�8rR��Pu�5��DL���ZX���*$*��Q+R�#"���9x[8

�5�T���Y�5���C����"��$�8DL�	*$*������	�����
���=�#"��@wZ�	*�3K�#�	� &n�2���5�@r8���5*�_)�#�$�.�8�����^3K�5
=�#"�����
0�
��9�9:�5
#�%� <="��6& � D%��
#�#�$*$���5�@�7�2���5���=+-�%
#�69�

�QP)�$�����
.�_Oc8
 � �/,=�' 8���#D
"/�$�����	�1�5���Z"��7�0�����5� �m�5���1+V�%

�\�5�/���5�#�������Z.�_Oc8
 �?� ���	*$*$�Q+B��_5�\<="��'3K�5DL�2�$�E���5���
+-�%
#�@�5�����5�#�������(.T_�['��,V��+B��

������c8
0rG��0Y�5�/���#�$�^�5�����5�#"��%
8�����G.?�%
 �^�53m�#"��1�R�/���%�



� � � ��������� �

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

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

��$�9/9&%('*)�+ )S+,+-'*.0/1%32�9�9/*�_02 " � r4/1%05��:bdcqP6)�D7/1%689'��
:<; �o+=.>)?8*)@5BA �
Cs<D.>)SD7%QPE2E89+-26F�D7)HGI2E/189+ t
+-' �KJ � �:+,.L+$DM.BGI2Q_(.N)GP6)?8
_O*-2E8*O6)6C  =%Q+P)%P6)?8!�A+P)�D?26FCD?25*7D?$�*-2E/1)Q+R/*'S)T+RO6)TFTP6)�D7/1%689'U26FLV3)T+RO6)TFTPW25*X$>)T'
3Y8*%(GZ2['9GI25*$*R)?8\5]J35QG^2E/189+ t_V>)?8M+�P6)TV(3Y8*%(G�/*.>)]VL2E/*2�C6fP)�D?26$L'1)Q/*.>)]/*+-GI)`/*2�y6)TF13Y%68a26F_)T+-O6)TFWP6)�D7/1%68
V>)�D7%(G�9N%('*+-/*+R%(FHO6%b)T'=26'D/*.>)6D?$�.&)a%53c/*.>)d'9+ $?)a%53e/*.>)UGI2E/189+ t �>/*.L+-'^D?26FBO(+�P6)@D7%(FL'9+-V>)?892�./*-)\'92�P�+-F>O('?C
��$�.L8925D7/�/*.>)UGQ)T26F(3f89%(Gg)T25D9._VL2E/*2�P6)�D7/1%68\26FLVs9h$>/�/*.L)TGi+-Fb/1%Q/*.>)dGI2E/189+�tHj

j�k I�IY:elnmpo:mN?qMr?r?rEq IY:tsnmuo:mN�N I]r`C-vQN
<D.L)6D7%QPE2E89+-26F�D7)wGI2E/189+ t�D?26F�.N)!+D89+R/1/1)TF

x k v
5 jyj[z I]r`C|{(}

0t)?/=~��N)a/*.>)d5`JB5`GI2E/189+ t
~�k v

5 j[ztj �]r`C|�(}
0t)?/=�b;
�&)a/*.L)w5`)T+RO6)TFb�6)T�7/1%689'S%6�n~��=+R/*.��7%68*8*)T'*�&%(FhVL+-F>O])T+RO6)TFb�W26�X$>)T'\�L; ��'1%68*/1)TV_+-Fb/1%@V>)T'*�7)TFhVL+-F>O

%689V>)?8�C�&�/^�?26F��&)�'9.>%��,F�/*.L2E/I/*.>)_5B�6)T�7/1%689'@jy� ; 2E8*)B26�X��)T+RO6)TF��6)T�7/1%68M'^%6� x �,+R/*.��7%68*8*)T'*�&%(FhVL+-F>O
)T+RO6)TFb�W26�X$>)T',�>; �>26FLV[/*.L2E/�26�-�&8*)TGI26+-Fh+-F>Od)T+-O6)TF��6)T�7/1%689'D%6� x .h2T�6) $?)?8*%])T+RO6)TFb�W26�X$>)T'?C��=%6/1)a/*.L2E/Djy��;�+-'
F>%6/,FL)T�7)T'*'*2E89+-�-�^%6�e$LFL+R/��R)TF>O6/*.B'1%^GI2��[89)!*b$L+-8*)aF>%689GI26�-+X'*+-F>O>C


E�



� � � ��������� �
	 � � �#� ��� � � � " ��� � � � 
 � �

� +R�6)TF]/�� %w{
	 '9.L2E�N)T'��E:�26FLVw:�� ��� )��,+-'9.`/1%�
&FLVd/*.L)��h2E8926GQ)?/1)?89'e%6�&/*.>)�/18926FL'*�f%689G^2E/*+R%(F��w� r }t�,.L+-�M.'�
�,.>)TF[2E�L�h�X+R)TVI/1%]: ���N)T'1/P26�X+RO(FL'P+R/ �=+R/*.^: � C��0)\�,+-�-��V>)�
�F>) , �N)T'1/�.>26' /*.h2E/P�=.L+-�9.[GI+-Fh+-GI+-'1)T'�/*.>)S'9$LG
%6�
' * $L2E8*)T'DVL+X'1/*26FL�7)6C��D. $L'��P)dG`$h'1/D�9.>% %('1)`/*.>)a�h2E8926GQ)?/1)?8M','1%^26'D/1%^GI+-FL+XGI+-'1)� k�q �w�Y:�}em : � q � ���SC-v�}�P)T�R% � �P)UO(+R�6)U/*.>)U'*%(�-$>/*+R%(FH�Y%68D/*.>)U)T$h�?�-+-V>)T26Fy26FLV�/*.>)U2��@F>)d�?26'*)T'?C��%^'*+-GI�h�-+R�Y�Q/*.>)UF>%6/*2E/*+R%(F/�L� )`V>)�
�F>)a/*.>)a�Y%(�-�R% �,+-F>OQ'*$hGI'��� k l���! ; ��" k l�#�%$ ;� �'& k l���  �; � "(& k l�#� $ �;� �'� k l���  �; � "(" k l�#� $ �;�)�'" k l� �  ; $ ;� �'�'& k l� �  ;  �; � "*"(& k l� � $ ; $ �;� �'" & k l� �! ; $ �; � "(� & k l� �%$ ;  �;

���SC|{(}
+-,*. /1032�4(57698;:=<?>@:BA�8
��$>�h�&%('*)D� )\.L2��6)S/�� %]'*.L2E�N)T'�� :_26FhV^: � ���7)TF�/18*)TV[%(F[/*.>)=%689+RO(+-F3�Y:
rDCQk�: � rDCQkFE�}MC��0)\�,+-'*.^/1%w'9�?26�R)
26FLV_8*%6/*2E/1)w:K� � � 5HG7I }�'1%[26'=/1%HGI+-Fh+-GI+-'1)^q 5KJ@:�mK:�� q �&�,.>)?8*)3JZ�N)?8*�f%68MGI',2^8*%6/*2E/*+R%(F3%6��2@'9.L2E�N)U:
� �LI>C%0t)?/ M

k �Y:
r : � }ON>q : q � ���SC|�(}P kRQ �S;DT�l �  ; $ �; m $ ;  �; }VUWN>q : q � ���SCYXb}�D.L)TF�5 � k M ��Z P � 26FLV[Idk /*26F]\ l � P N M }MC & �c/*.>)U'*.L2E�N)T'DV>%IFL%6/D.L2T�6) � C %>C � C 'D%(FB/*.>)a%689+RO(+XF'��/*.>)%6�L/*+-G^26�N/18926FL'*�-2E/*+-%(F�+-'��9.L%('1)TF�/1%^G^2E/*�9.�/*.L)T+R8 � C %>C � C '!�L/*.>)d'*�?26�X+-F>OQ26FLVy8*%6/*2E/*+-%(FB�9.L%('1)TFB26'=2E�&% �6)6C^�_K`�`ba�D.L)a/ �P%@VL+-GI)TFL'*+R%(FL26��)T$L�?�-+XV>)T26FH/18926FL'1�Y%689GI2E/*+-%(F�+-'
�!Q  $ U kcQ M m PP M UdQ  $ U Z Q�e �e " U ���SC � }

fgf



���������	�
����
	���
����� f��
�0)a�,+X'*.^/1%�
�FhV^/*.>)\�h2E8M26GQ)?/1)?89'U� M G P G e � G e " }n%6���w� r } �,.h+-�9.@�N)T'1/P26�X+RO(FL'P:_�=+R/*.[:�� �>+R)aGI+-Fh+-GI+-'1)T'�[� M G P G e � G e " }#k q �w�Y:�}cm : � }?q �

k � �; T�l � M  ; m P $ ; Z e � m  �; } � Z � P  ; Z M $ ; Z e " m $ �; } � ���SC � }	\+��N)?8*)TFb/*+-2E/*+-F>OQ�UC 8�C /?C�)T26�9._�h2E8926GQ)?/1)?8=26FLVy)!* $L2E/*+-F>OQ/1%	$?)?89%^O(+R�6)T'M
� ���'� Z ��"(" } Z e �g��� Z e "K��" k � �'�'& Z � "("*&P � ���'� Z ��"(" } Z e "K��� m e �g��" k � �'" &hm � "*� &M ��� m P ��" Z e � k � �'&P �)� Z M ��" Z e " k � "*& ���SC f6}

��%�'*+-GQ���-+R�Y�y/*.L+-F>O('Q� 26FLV0�=+R/*.>%($>/a�R%('*'\%6�PO6)TF>)?8926�X+R/ �L} �t26'*'*$hGQ)Q:�+-' 
h89'1/\/18926Fh'*�-2E/1)TV '1%y/*.h2E/U+R/*'
�7)TFb/18*)U%6�eO6892T��+R/��H+X'�%(Fy/*.>)U%68M+RO(+-F<C��D. $L' ��� k ��" kFE��h26FLVy�P)U%6�L/*26+XF

e � k � �'& e " k � "*& ���SC��(}
26FLV M

k � � �'�'& Z � "("*& }ON�� ���'� Z �)"(" }�k�:
r :��DN>q : q �P k � � �'" &hm � "*� &Y}ON�� ���'� Z �)"(" }�k�� � �'" &�m � "(� & }ON>q : q � ���SC��(}
& �</*.>),%68M+RO(+-FL26�h:B��26' F>%6/��7)TFb/18*)TV[%(F^/*.>)=%689+RO(+-F/��/*.>)TF@/*.>)=+XFL+R/*+-26��/18926Fh'*�-2E/*+R%(F@/1%`/*.L),%689+RO(+XF^Gw$L'1/

�N)a/*2��6)TFB+-Fb/1%^26�?�7%($LFb/,+-FH/*.L)#
�FL26�<'1%(�X$>/*+R%(F<C
+-,�� ��� <38 >@:BA�8�D.>)a/�� %[VL+-GQ)TFh'*+R%(FL26�&2��@F>)U/18M26FL'1�Y%689GI2E/*+R%(Fy+-'

�%Q  $ U k Q M P
 !

UdQ  $ U Z Q e �e " U ���=C-v'E�}
�0) �=+-'*.�/1% 
�FhV /*.L) �h2E8926GQ)?/1)?8M' � M G P G  G ! G e � G e " }[%6� �w� r }[�=.L+-�9.��N)T'1/y26�-+-O(FL'H:��,+R/*. : � �a+R)

GI+-Fh+-GI+-'1)T'

�[� M G P G  G ! G e � G e " }#k q �w�Y:�}cm : � }?q �
k � �;DT�l � M  ; Z P $ ; Z e � m  �; } � Z �   ; Z ! $ ; Z e " m $ �; } � ���=C-v6v�}

	\+��N)?8*)TFb/*+-2E/*+-F>OQ�UC 8�C /?C�)T26�9._�h2E8926GQ)?/1)?8=26FLVy)!* $L2E/*+-F>OQ/1%	$?)?89%^O(+R�6)T'M �)�'� Z P �)�'" Z e �g��� k � �'� &  ���'� Z ! �)�'" Z e "K��� k � �'" &M ���'" Z P �)"(" Z e � ��" k � "(�'&  �)�'" Z ! �)"(" Z e "K�)" k � "*"(&M ��� Z P ��" Z e � k � �'&  ��� Z ! �)" Z e " k � "*& ���=C-vT{(}
�,.L)?8*)a/*.>) �#" 2E8*)`26'DV>)�
�F>)TVB2E�&% �6)6C��%�'*+-GQ���-+R�Y�y/*.L+-F>O('Q� 26FLV0�=+R/*.>%($>/a�R%('*'\%6�PO6)TF>)?8926�X+R/ �L} �t26'*'*$hGQ)Q:�+-' 
h89'1/\/18926Fh'*�-2E/1)TV '1%y/*.h2E/U+R/*'

�7)TFb/18*)U%6�eO6892T��+R/��H+X'�%(Fy/*.>)U%68M+RO(+-F<C��D. $L' ��� k ��" kFE��h26FLVy�P)U%6�L/*26+XF



���������	�
����
	���
����� f��
e � k � �'& e " k � "*& ���=C-vT�(}

��$L�h'1/*+R/*$>/*+XF>Ow+XF�/1% �SC-vT{I26FhVy8*)T2E8*8926FLO(+-F>O]O(+R�6)T'
Q M P
 !

UdQ ���'� �)�'"���'" ��"(" U k Q � �'� & � "(� &� �'"*& � "*"(& U ���=C-v�Xb}�D. $L'
Q M P
 !

U k v
�
Q � �'�'& � "*�'&� �'"(& � "("(& U!Q � "(" m � �'"

m ���'" ���'� U ���=C-v � }
�,.L)?8*) � k ���'�H��"*" m � ��'" C
& �</*.>),%68M+RO(+-FL26�h:B��26' F>%6/��7)TFb/18*)TV[%(F^/*.>)=%689+RO(+-F/��/*.>)TF@/*.>)=+XFL+R/*+-26��/18926Fh'*�-2E/*+R%(F@/1%`/*.L),%689+RO(+XF^Gw$L'1/

�N)a/*2��6)TFB+-Fb/1%^26�?�7%($LFb/,+-FH/*.L)#
�FL26�<'1%(�X$>/*+R%(F<C



� ����� ������� �

	 � � �#� ��� � � � � 
 � � �����
	

 =)?8*)a� )\�L89)T'1)TF�/�'1%(�X$>/*+R%(FL'P/1%]/*.>)a�L8*%6���R)TG�%6� 
�FLVL+XF>Od/*.>)\%6�L/*+XGI26�&�h2E8926GQ)?/1)?89'�/1%I26�X+RO(F[/ �P%I'*.L2E�N)T'
'1%^26'D/1%^GI+-FL+XGI+-'1)\2]� )T+-O(.�/1)TV_'*$LG�� %6��� ' * $L2E8*)T'DGQ)T26'9$>8*)a%6�e�N%(+-F�/�VL+ �&)?8*)TFh�7)6C�D.L8*%($>O(.>%($>/=� )]26'*'*$hGQ)d/�� %y'1)?/*'S%6�%�K�&%(+XF�/*'��&:<;�26FLV_: �; C �0)Q26'*'*$LGI)w2@/18926FL'1�Y%689GI2E/*+-%(F'�h: � k��
W�Y:�}P�,+R/*.H��2E8926GQ)?/1)?89'��(C��0)`'1)?) �H/1%^�M.>% %('1)U/*.>)U��2E8926GQ)?/1)?89'���� �L'1%^26'�/1%@GI+-FL+-G^+-'1)

��k �S
;DT�l �Y: �; m ��
 �Y:<; }1} z�� ; �Y: �; m ��
W�Y:<; }1} � � C-v�}

�D.L)d'1%(�-$>/*+-%(FL'D2E8*)`%6�L/*26+-F>)TVB�b�H)!* $L2E/*+-F>O����� 
 k�� � VL)?/*26+-�R)TVBVL)?89+R�E2E/*+R%(F�+-'D�-)?�f/=/1%^/*.>)d+XF�/1)?8*)T'*/1)TV8*)T26V>)?87}MC

>!,*. ����:=<3A�4(:��)5! < " ��#%$
& ���h$L8*)\/18926FL'*�-2E/*+-%(F�+-'�26�-�R% � )TV/� ��
W�Y:�}nk : Z Q�e �e " U � � C|{(}
26FLV&�\k � e � G e " } z C& Fy/*.L+-'��?26'*)U/*.>)U�h2E8M26GQ)?/1)?89'`� e � G e " }�2E8*)UO(+R�6)TF��b�H/*.>)U'1%(�X$>/*+R%(FH/1%I/*.>)`�-+-F>)T2E8�)!* $L2E/*+R%(FQ �S ;DT�l(' ; UdQ e �e " U�k Q �S ; T�l�' ;1�Y: �; m :<; }VU � � C|�(}

)>%68=/*.>)d'1�N)T�?+-26�<�?26'*)U�,+R/*.y+-'*%6/18*%6�h+-�\�P)T+RO(.b/*'��h+-FH�,.h+-�9. ��; k
* ;,+ �>/*.L)U'1%(�-$>/*+R%(Fy+X'�O(+R�6)TFy� �
�Sk Q �S ;DT�l ' ; U \ l Q �S ;DT�l *�;*�Y: �; m0:<; }VU � � CYXb}

)>%68=/*.>)d$LFb�P)T+RO(.�/1)TVB�?26'1)d/*.>)U'*%(�-$>/*+R%(Fy+-'�'9+-GQ�h�R�^/*.>)dVL+��N)?8*)TFL�7)a�N)?/�� )?)TFB/*.>)UGQ)T26FL'��
�Sk4o: � mpo: � � C � }

�
E



� ��������� �	
�������� ��� 
 �	

	 � �
�
� ��
���
 ��	�� ��v
>!,�� ����:=<3A�4(:��)5! < :=<36�� 2�:=4*5(<�� " ��#%$
& ��/18926Fh'*�-2E/*+R%(Fy26FLVB'*�?26�-+-F>OI2E89)U26�-�R%��P)TV'�

��
W�Y:�}�kp5T: Z Q e �e " U � � C � }

26FLV&�\k � 5HG e � G e " } z C& Fy/*.L+-'��?26'*)U/*.>)U�h2E8M26GQ)?/1)?89'`� e � G e " }�2E8*)UO(+R�6)TF��b�H/*.>)U'1%(�X$>/*+R%(FH/1%I/*.>)`�-+-F>)T2E8�)!* $L2E/*+R%(F��� �)���9� x z �9�
x �9� x � ���� ��� 5e �e " ���� k

��� � ���9�'&
x � ������ � � C f6}

�,.>)?89) ����� � k � : z ; � ;Y:<; x �9� k � � ;Y:<; x � k � � ;� ���9�'&Nk � : z ; � ; :��; x � �'&&k � � ;Y:��; � � C��(}
& Fy/*.>)U$LFb�P)T+RO(.�/1)TV_�?26'1)U/*.L+X'�'*+-GQ�h�X+ 
h)T' /1%I/*.>)d'1%(�X$>/*+R%(FH%6���� � �'� Z � "(" � � � "��� � E��" E �

� �� ��� 5e �e " � �� k
��� � �'�'& Z � "*"(&� �'&� "(& � �� � � C��(}

�,.L)?8*) � �'� k �  �; � "(" k � $ �; � � k �  ; � " k � $ ;� �'�'& k �  ;  �; � "("(& k � $ ; $ �; � �'& k �  �; � "*& k � $ �; � � C-v'E�}
>!, � /1032�4(5(698�:=< " � # $
& ��/18926Fh'*�-2E/*+R%(F'�L'9�?26�-+-F>OQ26FLVy89%6/*2E/*+R%(FB2E8*)U26�X�R%��P)TV'�

� 
 �Y:�}nk Q M m PP M U�: Z Q e �e " U � � C-v6v�}

26FLV&�\k �
M G P G e � G e " } z C& Fy/*.L+-'��?26'*)U/*.>)U�h2E8M26GQ)?/1)?89'`�

M G P G e � G e " }�2E89)UO(+R�6)TFy� �@/*.L)d'1%(�-$>/*+-%(FH/1%I/*.>)d�-+XF>)T2E8�)!*b$L2E/*+-%(F��� �����9� �)���"! � x z �9������#! � ���$!��#! � x z �#! �
x �9� x �"! � x � ����

�����
M Pe �e "

������ k
��� � ���9�'&� �$!�� �'&

x �9� & ���� � � C-vT{(}

�,.>)?89) � �$!��#! � k � : z ;&% z ��; % : ; x �"! � k � ��; % : ;� �$!��9� & k � : z ; % z � ;f: �; x �"! � & k � � ; % : �; � � C-vT�(}



� ��� � �	�
� � 
	� 
 ��	�� �6{

26FLV % kRQ E mdv
v E U � � C-v�Xb}

& Fy/*.>)U$LFb�P)T+RO(.�/1)TV_�?26'1)U/*.L+X'�'*+-GQ�h�X+ 
h)T' /1%I/*.>)d'1%(�X$>/*+R%(FH%6������
�)�'� Z �)"(" E �)� ��"E ���'� Z ��"*" m ��" ������ m ��" � E� " � � E �

������
�����
M Pe �e "

������ k
�����
� �'�'& Z � "*"(&� "(� & m � �'" &� �'&� "(& ������ � � C-v � }

>!,�� � � <38 " ��#%$
& �c2^{
	 2��[F>)a/18926FL'1�Y%689GI2E/*+-%(F�+-'�26�-�R% � )TV/�

��
E�Y:�}�k Q M P
 !

UB: Z Q e �e " U � � C-v � }

26FLV&�\k �
M G P G  G ! G e � G e " } z C�D.L)U26FL+-'1%6/18*%6��+-�S� )T+RO(.b/*',�?26'*)`+-' �*$L'1/��h+-O �>�h$>/�F>%6/,�7%(GQ���-+-�?2E/1)TV<C & . �-�N�D89+-/1)U+R/DV>%��=Fy%(F>)UVL2��6C

& Fy/*.>)U$LFb�P)T+RO(.�/1)TV_�?26'1)U/*.>)d�h2E8926GQ)?/1)?89',2E8*)UO(+R�6)TFy� �H/*.>)U'1%(�-$L/*+R%(FH/1%I/*.>)d�X+-F>)T2E8�)!* $L2E/*+R%(F��� ���'� ���'" ���� �'" � "(" � "��� ��" �
���� ���

M
 P !e � e " ���� k

��� � �'�'& � �'"(&� "(� & � "(" &� �'& � "(& ���� � � C-v f6}



� ����� ������� �

� ��
 ������� �#����� � � � � " ���

# ,(. /1032�4(5(698�:=< >F:BA 8
)>%68�{
	u'*.L2E�N)T'
�P)=$L'9$L26�-�R�d26�X�R%�� /18926FL'*�-2E/*+-%(FB� e � G e " } � 8*%6/*2E/*+R%(F'� IU26FLVI'*�?26�X+-F>O �b5�C��t%`8*)?/*26+-FI�-+XF>)T2E89+R/���P)08*)?�L8*)T'1)TFb/H/*.>)0�N%('1)0$L'*+-FLO ��k � 5 � G95 " G e � G e " } z �=.>)?8*) 5 � k � 5t�7%(' IHm�v�} �a5 " k#5t'9+-F I>C & F
.>%(GQ%6O6)TFL)?%($L',�7% � %689Vh+-FL2E/1)T'��L/*.h+-'��7%68*8*)T'1�N%(FLVh'�/1%^/*.>)a/18926Fh'1�f%68MGI2E/*+R%(F�GI2E/18M+��

~ 
�k
��� v Z 5 � m=5 " e �5 " v Z 5 � e "E E v

���� ��	wC-v�}
)>%68�/*.>)	�
�	�Z�P)=Gw$L'1/n89)?�L8*)T'1)TFb/ '*G^26�-�L�9.h26F>O6)T'�+-FQ�N%('1)=$h'*+-F>OU2d�6)T�7/1%68!�
� ��C��D.L+-'�+X'
/1%w26�X�R%�� $L'

/1%w�L8*)TVL+-�7/ '*GI26�-�h�&%('*),�9.L26FLO6)T'P$h'*+-F>Od2w�-+-FL)T2E8�8*)?O68*)T'*'9+R%(F@GI% V>)T�L%6� /*.>),�Y%689G�� �\k�����C )>%68��-+XF>)T2E89+R/��
/*.>) $?)?89%I�6)T�7/1%68S'9.>%($L�-Vy+-FhVL+-�?2E/1)aF>%^�M.L26F>O6)(�h26FLV�/*.>)U�N%('1)U�9.h26F>O6)`'*.L%($L�-V[�N)U2E�L�L8*%���+-G^2E/1)T�R�[�X+-F>)T2E8
+-FH/*.>)d�6)T�7/1%68=�h2E8M26GQ)?/1)?89'?C;�,.L+-'�+-'D'*2E/*+X' 
h)TVH� �@/*.>)`2E�&% �6)d�h2E8M26GQ)?/1)?89+-'*2E/*+-%(F<C�D.L)��	�
�i26�-O6%689+R/*.LG 8*)!*b$h+R8*)T't$h' /1% 
�FLVU/*.L)n�N%('1)n��2E8926GQ)?/1)?89' � �6%6�>/*.>)P/18926FL'*�f%689G^2E/*+R%(FU%6�L/*26+XF>)TV
� � 
h89'1/,2E�h�h�R��+-F>OQ/*.>)w'*GI26�-���9.L26F>O6)wO(+R�6)TF_�b����� �&/*.>)TF_/*.>)d�N%('1)`/18926FL'1�Y%689GiO(+-�6)TFB� �&�(C=�D. $L'��b
�FLV� � '1%I/*.L2E/=� 
 & �Y:�}�k ��
W� ��� 
 �Y:�}1}MC
& ���P)U�D8M+R/1)�� �ak ��� 5 � G��W5 " G�� e � G�� e " } z �h+R/��?26F��N)U'*.>% �,Fy/*.L2E/

v Z 5 �� k � v Z � 5 � }7� v Z 5 � }cm��W5 " 5 "
5 �" k � e � � v Z 5 � } Z � v Z �W5 � } 5 "e �� k � v Z 5 � }�� e � m 5 " � e " Z e �e �" k � v Z 5 � }�� e " Z 5 " � e � Z e " ��	wC|{(}

�=%6/1)^/*.L2E/d�f%68w'*GI26�-�
�M.L26F>O6)T'�� ��� 
�� � ��� 
�� �Y:�}1}� �"! � 
#�%$ � 
��'& �Y:�} �c�,.L+-�M. +-'a89)!*b$L+-8*)TV3�f%68`/*.>)(�	�
�
�L8*)TVh+-�7/*+R%(FL'P%6�e�N%('1)U�9.L26FLO6)U/1%^�N)a�7%(FL'*+-'*/1)TF�/?C

�6�



� ����� ������� �

� ��
 ������� �#����� � � ��� �+� ���

� � ��� � �U" � � �Z��� "#� �

�0)\26�-�R%���'*�?26�-+XF>O ��� � 26FhV^%��<'1)?/*'���� � %6� /*.>),/1) ��/*$>8*)=�6)T�7/1%689' ��C��t%w8*)?/*26+-F@�-+-F>)T2E89+-/ �]� )=8*)?�L8*)T'*)TF�/ /*.>)
/18926FL'*�f%689G^2E/*+R%(Fy�h2E8926GI)?/1)?89'D$L'*+XF>O]/*.>)U�6)T�7/1%68��3k �
	tl G�	 � } z k ���3m�v
G��e} z C;�D. $L'��
<� �<}�k � v Z 	tl }%� Z 	 � C � ,,C-v�}

�S'
�Y%68�/*.>)D�N%('1)(�(/*.L) �
�	��26�RO6%689+R/*.LG�8*)!*b$h+R8*)T'
$L'e/1%#
&FLV]/*.>)��h2E8926GI)?/1)?89'�� � '9$L�9.Q/*.h2E/�� 
 & � �N} k��
&� ��� 
 � �N}1}MC &�/=+-'�'*+-GQ���R)\/1%^'*.>% �p/*.L2E/
v Z 	 � l k � v Z 	 l }7� v Z ��	 l }

	b�� k � v Z 	 l }���	 � Z 	 � � ,,C|{(}�D. $L',�f%68\'*GI26�-���9.L26FLO6)T'������ 
 � � ��� 
 �6� �<}1}  � ! � 
 �%$ � 
 �'& � �<} �N�,.L+-�M.B+-',8*)!*b$h+R8*)TV��Y%68S/*.>) �	�
� �L8*) �
VL+-�7/*+-%(FL'�%6���N%('1)U�M.L26F>O6)`/1%I�N)U�7%(FL'*+-'1/1)TFb/?C

�KX



� ����� ������� �

� ��� � � � � � � ����� � � "#�

� +R�6)TF[/*.>) e �[5aGI2E/189+ ����26FLV[/*.>) ���y5aGI2E/189+����i�P)S�=+-'*.@/1% 
&FLV[/*.>) e ���38*)?O68*)T'*'*+-%(F[G^2E/189+�����,.L+X�9.y'*2E/*+-'O
h)T'
� k���� �,)PC-v�}�0)d26'9'*$LGQ)\/*.L2E/.���	� 5
� e C��D.>)aGI2E/189+ � ��26�X�R%��,'�$h'�/1%Q�L8*)TVL+-�7/ e � �6)T�7/1%689'����Q�Y8*%(G � � �6)T�7/1%689'!�: �h$L'9+-F>O
�`k��@:
C

�SF>�Y%68*/*$LFL2E/1)T�R�0/*.L)^)!* $L2E/*+R%(F �f%68 � +-'`.>%6�N)T�R)T'*'*�-� $hFLV>)?89V>)?/1)?8MGI+-F>)TV026FLVK/*.>)?8*)H2E8*)[26F +XF 
�FL+R/1)
F $LGd�N)?8�%6�
'1%(�-$L/*+R%(FL'?C

� ,(. ���38�� 8;<38 ��:=4 �  4*0 �)5  <
0 )?/�/*.>)a�7%(�-$hGIFL' %6�����a�N)S/*.>)��^)T+-O6)TF��6)T�7/1%689',%6��� z ���7%6898*)T'1�N%(FLVL+-FLOd/1%]/*.>)a�-2E8*O6)T'1/��@)T+RO6)TFb�W26�X$>)T'� �<lTrRrRr �����(C;�D. $L'

� z �����\k ���"!�� �,)PC|{(}
�,.L)?8*)
!
�ak !�# M%$ � �Nl�rRrRr ���(}MC
0t)?/

&'�\k � z � k �(! \ l� � z � � z })� �,)PC|�(}�D.L)=�7%(�-$LG^FL'
%6�*&'�a2E8*)=/*.b$L'P2U�h8*% � )T�7/*+-%(F^%6�</*.>)\�7%(�-$LG^FL'�%6�+�i+XF�/1%w2��@VL+-GQ)TFL'9+R%(FL26�>'*$>��'1�h26�7)6C
� $L'1)?� $L�N�L8*%6�N)?8*/��[+-'

&'�"&`z � k + � �,)PCYXb}
� %(Fh'*+-V>)?8�/*.>)a)!* $L2E/*+R%(F

� k�� � � &'� �,)PC � }
& � � � � +-'D2I'1%(�X$>/*+R%(F'��/*.>)TF

� �



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

���ak�� � � �(! \ l� � z � � z } �,)PC � }
+-',2Q'1%(�-$>/*+R%(FH/1%3�,) C-v�}MC
�=�L�h�R��+-F>Oy�,)PCYXb}�/1%_�,)PC � }�� )#
&FLV

� � � k ��& z � �,)PC f6}
26FLV�/*.b$L'

���\k � & z � �(! \ l� � z � � z } �,)PC��(}�D.L) * $>)T'1/*+R%(FK8*)TGI26+-Fh'����=.L2E/`+-'d/*.>)[%6�L/*+-GI26�n�W26�-$L)^�Y%68'� �
/*.>)[Fb$hGd�N)?8d%6�=GQ% VL)T'd/1%38*)?/*26+-F +-F
/*.>)]�?26�-�?$L�-2E/*+-%(F	� �0)]�?26F3)T'1/*+XGI2E/1)]/*.L+-',$h'*+-F>O^2[�R)T2��6) � %(F>) � %($>/d2E�L�h8*%(26�9.'�<26FLV_/*.>)w�N%��P)?8=%6�n�X+-F>)T2E8
26�RO6)?�L8M2�C

� ,�� 
�� �)5�
 :=4 2*�� 5(2�8��  ���

� /189+X�7/*�R� �P)B'*.>%($h�-V 
�FLV � � � �-)T2T��+-F>O0%($>/Q)T26�M. �7%(�-$hGIF'��� ��%6�
� 26FhV��7%68*8*)T'1�N%(FLVh+-F>O �7%(�-$LGIF %6�� +-F /*$>89F'�c)T'1/*+-GI2E/*+XF>O����y26FLV $L'9+-F>OB+R/d/1%_�L89)TVL+-�7/a/*.>)@)?8*8*%68]+-F0)T'1/*+-G^2E/*+-F>O����I�Y8*%(G :��EC[�D.L+-'d+-'
�N%6/1)TF�/*+X26�-�R�[�6)?8*���7%(GQ�h$>/*2E/*+-%(FL26�-�R�H+-Fb/1)TFL'*+R�6)6C ��GQ%68*)U/18926�7/*2E���R)`2E�L�h8*%(26�9.3+-'�/1% �1$L'*/,GI+-'*'D%($>/D)T26�9.
�7%(�-$LG^FH%6� &'�w+-FH/*$>89F C��D.L+-'��?26F��N)UV>%(FL)a�6)?8*�H) �@�?+R)TFb/*�R�6C
0t)?/ & ��� � �N)P2����[� 5�m@v�}cGI2E/18M+��d)!* $L+R�E26�R)TF�/�/1%	&'���,+R/*.`/*.>)������\�7%(�-$LG^F'����� � �(GI+X'*'*+-F>O>C ��+-GI+-�X2E89�R�

�R)?/ � � � �N)'���,+R/*.y/*.>)�� ��� �7%(�-$LG^F'��� �UG^+-'*'*+-FLO>C
�=%�� �

& ��� � & z ��� � k &'� &'�,m�� � � � z � �
k + �=m�� � � � z � � �,)PC��(}

& /D�?26F��N)U'*.>% �,Fy/*.L2E/
� + �=m�� z � � ��� � } \ l k�� + � Z"! � � � z � � ��� � } �,) C-v'E�}

�,.L)?8*)
! � � k ll \�#%$'& # ! q v�m � � � q �Sk)(

k E * e�+	,�- * # 5 , �,) C-v6v�}
�,.L)?8*) ��� � k�q ��� � q � 26FhV.(D+-'�2I�L8*)T�?+-'*+-%(F[VL)?�&)TFhV>)TF�/��E26�-$>)a/1%@2T�6%(+-V_'*+-F>O($L�X2E89+R/*+R)T'?C
0t)?/ � � ��� � �&)a/*.L)U'1%(�-$>/*+R%(FH/1%

� � � k�� � ��� � & ��� � �,) C-vT{(}�D. $L'
� � ��� � & ��� � k � � �

� � ��� � & ��� � & z ��� � k � � � & z �/� �
� � ��� � k � � � & z �/� � � + � Z"! � � � � � � z � � } �,) C-vT�(}



� ��� �����	� � � � � �Hf
& ���P)U/*.>)TFB$L'1)a/*.L+-'�/1%^)T'1/*+-GI2E/1) � �a�Y8*%(G � � � �>/*.>)U)?8*89%68,+-'�O(+R�6)TFB�b�

� ��� � k � � ��� � � � � m � �
k � � � & z �/� � � + � Z"! � � � � � � z � � } ��� � m ���
k � � � & z �/� � � ��� � Z ��� � ! � � � � � }�m � �
k ! � � � � � & z ��� � ��� � m � �

�,) C-v�Xb}
�=%6/*+-�7)U/*.L2E/ & z ��� � ��� � +X'�)!*b$L26� /1%I/*.>)U�6)T�7/1%68 & z � ��� � �,+-/*.H/*.>) � ��� )T�R)TGQ)TFb/�� ��� � �LGI+-'*'*+XF>O>C��D.b$h'

� ��� � k ! � � � ��& z � � � � m � � � � � }cm ���
k � ��& z � � � � m � �W}ON�� vDm � � � } # ! q v�m ��� � q � (
k m ��� * e +�, - * # 5 , �,) C-v � }

�D. $L'�/1%@)T'1/*+-GI2E/1)U/*.L)a/1%6/*26�t�R)T2��6) � %(F>) � %($>/S)?8*8*%68D�Y%68 �HGQ%�V>)T'��L�?26�X�?$L�-2E/1)� �ak S
�
q �"�%����q � �,) C-v � }

�D.L)S%6�h/*+-GI26�NFb$hGd�N)?8�%6��GQ%�V>)T'�+-'P/*.L2E/��=.L+-�9.HGI+XFL+-GI+-'*)T';� �bC���%Q)TFL'*$>8*)S/*.>)\8*)T'*$h�R/*+-F>O ��'1��26FL'
/*.>)d'*�h26�7)(�L%(F>)U'*.L%($L�-Vy�9.L%b%('1)`2E/,�R)T26'1/ e GQ%�V>)T'?C�=%6/1)�� � F>)\GQ)?/*.>%�V[%6���?26�-�?$h�-2E/*+-F>O3� �U+X'n/1%I�7%(GQ��$>/1)�� ��k ��& z � & �Pm � � /*.>)TFH'*$LG4/*.>)a' * $L2E8*)
�R)TF>O6/*.�%6��)T26�M._�7%(�-$hGIF'��� )T+-O(.�/1)TVB�b� !)�� � � $L'*+-FLO�q ��� q � +R��q v�m � � � q�� (M}MC

� , � /	��: 
 �9478
)e+RO($>8*) )PC-v\'*.>%��='n/*.>)\�h�-%6/n%6�t'*$h�9.H2`GI)T26'*$>8*)\2EO(26+-FL'1/�F $LG`�&)?8 %6��GQ%�V>)T' �f%68�/*.>)S8*)?O68*)T'9'*+R%(FH$L'1)TV[+-F
/*.>)U/18M26+-FL+-F>Ow%6�
2Q� 26�7) �
�	�KC

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 5 10 15 20 25 30 35 40

S
qu

ar
e 

E
rr

or

Retained modes

"res.xys"

)e+RO($>8*) )PC-v
��0t)T2T�6) � %(F>) � %($L/S)?898*%68D��'DFb$hGd�N)?8�%6�
GQ%�V>)T'�8*)?/*26+-FL)TV � vT{Q�h2E8926G^'�� X�{QVL+-'*�h�-26�7)TGQ)TFb/*'M}



� ����� ������� �

� � � � � � �u
 ��� �

��$>�h�&%('*)D� )S�,+-'9.Q/1%]�P2E8*�H26F[+-GI2EO6) + � '1%`/*.L2E/�2`'1)?/P%6���3�7%(F�/18*%(�&�N%(+-Fb/*' � :<; �a2E8*)SG^2E�L�N)TVI/1%]F>)?�
�N%('*+R/*+R%(Fh'�� � : �; �(C;�0)d8*)!* $L+R8*)a2Q�7%(Fb/*+-F $>%($L'D�6)T�7/1%68S�E26�-$>)TVyGI2E�L��+-F>O]�Y$hFL�7/*+R%(F'� a �L'9$L�9.y/*.h2E/

a �Y:<; }
k : �;�� # k�ver?r?r � � � C-v�}� +-�6)TF['9$L�9.H2`�Y$LFh�7/*+R%(F'� � )a�?26F[�L8*% �1)T�7/�)T26�9.H�h+���)T�L%6�c+-GI2EO6) + +XF�/1%]2`FL)?��+XGI2EO6)�� � C & F^�L8M26�7/*+-�7)(�
+-F]%689VL)?8�/1%d2T�6%(+XV^.>%(�R)T'n26FLVI+-Fb/1)?8*�N%(�-2E/*+R%(Fw�L8*%6���R)TGI'��(+R/�+X'
�N)?/1/1)?8�/1%#
�FLV]/*.L)D8*)?�6)?89'1)=GI2E�/� a . ��/*2���+-F>O
: �; +-Fb/1%^:<; C )>%68\)T26�9.3�h+���)T� +-FB/*.>)d/*2E89O6)?/=��2E8*�N)TVB+-G^2EO6)(��� � �P)`�?26F3V>)?/1)?89GI+-FL)U�,.>)?8*)w+R/,�?26GQ)w�Y8*%(G
+-F��c26FLV 
&�-�N+R/D+-F<C & FHO6)TF>)?8926� a ���kFa \ l �L�h$L/D+-'�2QO6% % Vy)TFL%($>O(.�2E�L�L89% �>+-GI2E/*+R%(F<C�P)T�R% ��� )��=+-�-� �7%(FL'*+-V>)?8e/�� %U�Y%689GI'e%6�)a �6��+R)T�7) � �,+-'1)�2��@FL)D26FLV]/*.>)�/*.L+-Fw�h�-2E/1)D'*�h�-+-F>)P+-Fb/1)?8*�N%(�-2E/1%68TC

�=%6/1)d/*.L2E/,� )d�?26F�%6�f/1)TFB�L8*)T2��HV>%��,F ad+-Fb/1%^2I'*$hG �
a �Y:�}�k �S

;DT�l ! ; �Y:�}�: �; � � C|{(}
��.>)?8*)U/*.L) � �7%(F�/*+-F $>%($L','*�?26�-2E8,�E26�-$>)TVH� $LFL�7/*+-%(FL' ! ; )T26�M.B'*2E/*+X'1�f�

! ; �Y: � }
k v # ! # k"�E # �k"� � � C|�(}
�D.h+-'�)TFL'*$>89)T'Bab�Y:<; }
k : �; C

� ,*. 	 5(8�2�8�
��!57A�8 ��� <38
�D.>)�'*+-GI�h�R)T'1/��P2E8*��+-F>OS�Y$LFh�7/*+R%(F`+X'�/1%a26'*'9$LGQ)�)T26�9. ! ;�+-'e�-+-F>)T2E8e+-Fw2S�-% �?26� 8*)?O(+R%(F]26FLV $?)?89%S)?�6)?89�b�,.L)?8*)
)T�-'1)6C)>%68=+-FL'1/*26FL�7)(�>+-F[/*.>)\%(F>)aVL+XGQ)TFL'*+R%(Fh26�h�?26'1)^� +-F[�,.h+-�9.[)T26�9.�: +X'P2w�N%(+-Fb/ %(Fy2Q�X+-F>) } ��'*$>�L�N%('1)=/*.>)
�7%(Fb/18*%(� �N%(+-Fb/*'�2E8*)d2E8*8M26F>O6)TV�+-Fy26'*�7)TFhVL+-F>OQ%689VL)?8`�  ;cA  ; $�l }MC�0)a�P%($L�-V[�-+ �6)S/1%Q2E8*8926F>O6)\/*.L2E/Ba\�,+-�X�hGI2E�y2w�N%(+-F�/P:3�,.L+-�M.@+-'�.L26�-�f��2T�I�N)?/�� )?)TF  ;t26FLV  ; $�l�/1%2Q�N%(+-Fb/�.L26�R�Y�P2��@�N)?/ �P)?)TF  �; 26FLV  �; $�l C;�D.h+-'�+-'D26�9.h+R)?�6)TV�� �['*)?/1/*+-F>O

� �



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

! ;1�  }�k �  m  ; }ON��  ; $�l m  ; } # !  �� �  ; G  ; $�l 	 M � !	# A ��  m  ; }ON��  Z # m  ; \ lM} # !  �� �  ; \ l'G  ; 	 M � !	# � vE * e +�,�- * # 5 , � � CYXb}
�0)w�?26Fy%(FL�R�H'1)TFL'*+-�h�R�I��2E8*�B+-FH/*.L)a8*)?O(+R%(Fy�N)?/ �P)?)TF�/*.L)d�7%(F�/189%(� �N%(+-Fb/*'����  l G  � 	 C& Fy/ �P%^VL+XGQ)TFL'*+R%(Fh'��b�P)d�?26F�$h'1)U2Q/189+-26FLO($L�-2E/*+R%(F �Y)?O 	S)T�-26$hF>)?�>}�/1%I�h2E8*/*+R/*+-%(FH/*.>)U�7%(F��6) �B. $L�-�&%6�

/*.>)Q�7%(Fb/18*%(�
�N%(+-Fb/*'S+XF�/1%y2y'1)?/\%6�P/189+-26F>O(�R)T'TC �t%y/*.L)w�N%(+-Fb/*'S�,+R/*.L+XFB)T26�M.0/189+-26F>O(�-)`�P)I�?26F02E�L�h�R�B/*.>)
2��@F>)d/18926FL'1�Y%689GI2E/*+R%(FB�,.L+-�M.�$LFL+ *b$>)T�-�@GI2E�h'D/*.>)`�7%689FL)?89'D%6�e/*.>)`/189+-26F>O(�R)a/1%@/*.>)T+R8SF>)?� �N%('*+R/*+-%(FL'�+-F
� �fC
��$L�L�N%('1) :el!�6: � 26FhV]:��P2E89)�/*.>8*)?)D�7%689F>)?8M'e%6�&'*$h�9.Q2\/189+-26FLO(�R)6C �SFb�w+-Fb/1)?89FL26� �N%(+-Fb/
�?26F]�&)��D8M+R/1/1)TF

: k : l Z � �Y: � m : l } Z�� �Y: � m : l }k ��:el Z � : � Z�� :�� � � C � }
�,.L)?8*) � k�v�m �
� Z�� } 26FLVH'1% � Z � Z�� k vEC )>%68�: /1%]�N)=+-FL'9+-V>)D/*.>)\/189+X26F>O(�R)(� E � � G���G � � vEC
�SFLV>)?8D/*.L)U2��@F>)U/18926Fh'1�f%68MGI2E/*+R%(F'�>/*.L+X'��&%(+XF�/�'*+-GI�h�R�^GI2E��'�/1%

: � kFab�Y:�}�k �t: � l Z �t: � � Z�� : � � � � C � }��%QO6)TF>)?892E/1)U2w��2E8*�N)TV[+XGI2EO6)\� )a/*2��6)a)T26�M.y�h+���)T� � :���+-F + � ��VL)T�?+-V>)\�,.L+-�M.^/18M+-26F>O(�R)\+R/��N)T�R%(F>O(' /1% �
�7%(GQ�h$L/1)d/*.>)w�7%b) �@�?+-)TF�/*' � G���G � O(+R��+-F>O^+-/*'D8*)T�-2E/*+-�6)d�N%('*+R/*+R%(FB+-F�/*.>)`/189+-26F>O(�-)d26FLV3$L'1)U/*.>)TG�/1% 
�FLV
/*.>)=)!*b$L+-�W26�R)TFb/n�N%(+-Fb/n+-FI/*.>),%689+-O(+-FL26�h+XGI2EO6)(� + C �0)\'*26GQ�h�-)D�f89%(G�/*.L+X'��N%(+-Fb/n26FLV^�7%6� �I/*.>)=�W26�X$>),+-Fb/1%
�h+���)T�N:��N+-F + �XC

�=%6/1)U/*.L2E/�26�R/*.>%($LO(.H/*.L+-'PO(+R�6)T'�2Q�7%(Fb/*+-Fb$L%($L'�V>)?�Y%689GI2E/*+R%(F'�>+R/�+-'�F>%6/D'*GI%b%6/*.<C ��/18926+RO(.b/��X+-F>)T'P�?26F
�N)�� +XF �6)TVy26�78*%('*',�&%($hFLVL2E89+R)T'P�N)?/ �P)?)TF�/18M+-26F>O(�R)T'U� '1)?) )e+RO($>8*) � C-v�}MC

1 2

3

1 2

3

44

)e+RO($>8*) � C-v
� �='9+-F>O]�h+R)T�7) � �,+X'1)U2��@F>)U��2E8*�h+XF>OQ�?26F��R)T26Vy/1% ��+-F ��'�+-Fy'1/18M26+RO(.�/=�-+-F>)T'
� ,�� ���95(< 	 4(:���8 � �94(5(<38;A
�D.L+XF " �-2E/1)	� �h�X+-F>)T'��P)?8*)w�&%6��$L�-2E89+-'*)TVH�b�[�P% % � '1/1)T+XF_�Y%68\'1/*2E/*+-'1/*+-�?26�c'*.L2E�N)w26FL26�R��'*+-',26FhV_2E8*)`�,+-V>)T�-�$L'1)TV_+-FB�7%(GI�h$>/1)?8\O6892E�h.L+X�?'?C=�D.>)?���R)T26V_/1%H'*GQ% %6/*._V>)?�Y%689GI2E/*+-%(FL'���26FhV_.L2��6)`/*.L)w26VLVL)TV_26V>�E26Fb/*2EO6)
%��6)?8y��+R)?) � �,+-'1)_2��@F>)B/*.h2E/@/*.>)?��2E89)3F>%6/H�7%(FL'1/18M26+-F>)TV�/1% /*.>) �7%(F��6) ��.b$h�-��%6�a/*.>) �7%(F�/189%(�,�N%(+-Fb/*'?C
 =%��P)?�6)?8!��/*.L)?�[2E8*)`GQ%68*)U) ���N)TFL'*+R�6)\/1%^�?26�-�?$h�-2E/1)6C



����� � � 
 � 		� � � 
�� ��� 
 �
E
� , � 
d<38 # 5 
R8;<3A)5  <
)e+R89'1/I�7%(Fh'*+-V>)?8Q/*.>)y%(FL)�VL+-GQ)TFL'9+R%(FL26���?26'1)6C 0t)?/��]� - }^k ���

�
} ��� * $ ���

�
} � �=.>)?8*)��u+-'Q2 '9�?26�-+-F>O �E26�-$>)

V>)�
�Fh+-F>Ow/*.>)d'1/*+��<F>)T'*'�%6�e/*.>)`'1�h�-+-FL)6C�D.L)Iv'	�/*.L+-FH�h�-2E/1)U'*�h�-+-F>)\+-'�/*.L)TF

! l��  }�k �S
;DT�l *�;	�]�*q  m  ;1q } Z M 
 Z M l  � � C f6}

�D.L)a� )T+RO(.b/*' *�; � M 
 G M l,2E8*)`�9.>%('1)TFB/1%^'*2E/*+-'*�f�[/*.>)U�7%(FL'1/18M26+-F�/*' ! �  ; }�k  �; � # C& ���P)dV>)�
&F>)a/*.>)a�6)T�7/1%68S�Y$LFh�7/*+R%(F
� l �  }�k �	�]�*q  m  l q }*G��Q�*q  m  � q G?r?r?r G��Q�*q  m  � q }*GTv
G  } z � � C��(}

26FLV��h$>/�/*.>)a�P)T+RO(.b/*',+-Fb/1%I2Q�6)T�7/1%68
�yl k � *\l G?r?r?r G * � G M 
 G M l }/*.>)TFK� � C f6}��N)T�7%(GQ)T'
! l �  }�k�� z l � l �  } � � C��(}�P�B���-$>O6O(+-F>O^)T26�9.0�h26+-8=%6�n�7%6898*)T'1�N%(FLVL+-FLO@�7%(Fb/18*%(�c�&%(+XF�/*'\+-Fb/1% � � C f6}=� )]O6)?/ � �X+-F>)T2E8S)!*b$L2E/*+-%(FL'

%6�e/*.>)a�Y%689G

 �� k �S
;DT�l *�;	�]�*q  �Dm  ;1q } Z M 
 Z M l  � � � C-v'E�}

0t)?/��c; �^k�� � # k��]�*q  ;<m  � q }MC 0 )?/���; # k E�C 0 )?/
� �&)`/*.>)1�KJ �KG^2E/189+����,.>%('*)d)T�R)TGQ)TFb/*'S2E8*)� ��;�� �(C
0t)?/

� lPk
������
v  lv  �CCC CCC
v  �

������� � � C-v6v�}
�DlPk Q � �Hl

� z l � � U � � C-vT{(}
�,.L)?8*)^��E�} � +-'�2^{IJB{ $?)?8*%@G^2E/189+��NC
0t)?/*�L� l k �  � l G  � � G?r?r?r G  �� G7E G7E�} z C �,.>)TFa/*.>)
�P)T+RO(.b/*' �Y%68 /*.>)�'1�h�X+-F>)�� � C f6}�� l k � * l G?r?r?r G * � G M 
 G M l }2E8*)UO(+-�6)TFy�b�[/*.>)d'*%(�-$>/*+R%(FH/1%I/*.L)d�-+-F>)T2E8�)!* $L2E/*+R%(F

�,l���k�� � l � � C-vT�(}



����� � � �	
�� 		��� � 
�� ��� 
�� ��v
� ,�� � :=<�� # 5 
 8 <3A�5! <3A�D.>)a) ��/1)TFL'*+-%(Fy/1%I/*.>) ! � VL+-GQ)TFh'*+R%(FL26�N�?26'1)d+X'D'1/18926+RO(.b/��Y%68*�P2E8MV<C& ���P)dV>)�
&F>)a/*.>)a�6)T�7/1%68S�Y$LFh�7/*+R%(F

���(�Y:�}�k �	�]�*q :Bm :elWq }*G?r?r?r G��Q�*q :Bm : � q }*GTv�q : z } z � � C-v�Xb}
/*.>)TF�/*.>) ! � Vh+-GQ)TFL'*+-%(FL26�&/*.L+-FH�h�-2E/1)U'*�h�-+-F>)\+-'�O(+-�6)TFy�b�ab�Y:�}�k � �����Y:�} � � C-v � }
�,.L)?8*) � +-'�2 ! J � � Z ! Z v�}�GI2E/189+ �[%6�c� )T+-O(.�/*'?C��%^�9.L%b%('1)d� )T+RO(.b/*'D/1%@'*2E/*+-'1�Y�@/*.L)d�7%(FL'1/18926+XF�/*'��L�7%(Fh'1/189$L�7/D/*.L)dGI2E/189+-�7)T'

� �,k
������
v : z l
v : z �CCC CCC
v : z �

������� � � C-v � }
�	�,k Q � � �

� z � �
� $�l U � � C-v f6}
�,.L)?8*) ��� $�l +-'�2y� ! Z v�}nJ3� ! Z v�} $?)?8*%QGI2E/189+����>26FLV�� +-'�2��BJ�� GI2E/189+ �@�,.>%('*) # �%���])T�R)TGQ)TFb/�+-'

�]�*q : ; m : � q }MC�D.L)TF��7%(FL'1/189$h�7/,/*.>) � Z ! Z vUJ ! GI2E/189+ � � � � �Y8*%(G�/*.>)d�N%('*+R/*+-%(FL'�%6�e/*.>)`�7%(Fb/18*%(� �N%(+-Fb/*'D+-F�/*.>)
��2E8*�N)TVy+-GI2EO6)
�

� � � k
���������
:�� lCCC
: ���
�CCC ���

���������� � � C-v �(}
�D.L)UGI2E/189+��H%6���P)T+RO(.b/*',+-'�O(+-�6)TF�� �@/*.>)`'1%(�-$>/*+R%(FH/1%^/*.>)U�-+-F>)T2E8�)!* $L2E/*+R%(F

� z � ��z � k�� � � � � C-v �(}
�=%6/1)d/*.L2E/=�?2E8*)dGw$L'1/��N)a/*2��6)TFB+-F�/*.>)U�9.>%(+X�7)U%6� � /1%^2T�6%(+-V_+-�-�N�7%(FLVL+-/*+R%(F>)TVH)!* $L2E/*+R%(FL'?C



� ����� ������� �

� � � � �
� � � � ����� � ��� "#�

�D.>) �6)?89F>)T�\GQ)?/*.L% V %6�`V>)TFh'*+R/ ��)T'*/*+-GI2E/*+R%(F�� � ���\O(+R�6)T'y26F )T'1/*+-G^2E/1)3%6�d/*.>) � C V<C � C �Y8*%(G#�,.L+-�M.��
'*26GQ���R)T'��>:<; �h.L2T�6)d�&)?)TFBV>892T�=Fy26'

� �Y:�}nk
	S;DT�� v
� +

� ��� :ym :<;
+

} ��
`C-v�}

�,.L)?8*) � � �E}dVL)�
�F>)T']/*.>)y'*.L2E�N)H%6�,/*.L) �6)?8MF>)T��/1%0�N)[���-26�7)TV�2E/Q)T26�9.��N%(+-Fb/�� + +X'Q23'9GQ%b%6/*.h+-F>O
�h2E8926GI)?/1)?8=V>)�
�Fh+-F>Ow/*.>)a�,+-V>/*.H%6�c)T26�9. �6)?89F>)T�t26FLV ! +X'�/*.>)UVL+-GQ)TFh'*+R%(F[%6��/*.L)dVL2E/*2�C�� FyO6)TF>)?8926� �>/*.>)�-2E8*O6)?8�/*.>)nF $LG`�&)?8t%6��'926GQ�h�R)T'�� /*.>) '9GI26�-�R)?8</*.>)n�,+-V>/*.a%6��/*.>) �6)?89F>)T��2E/�)T26�9.`�N%(+-F�/?C �0) $L'*)n2�O(26$L'*'9+-26F
�6)?89F>)T�t�,+R/*.�2@�7%��E2E89+-26FL�7)wGI2E/189+��y)�� $L26� /1%@/*.L2E/,%6�
/*.L)U%689+RO(+-Fh26� VL2E/*2^'*)?/�� x ��+R) ��� �W} k��^� � � ��G x }MC�D.>)a%6�h/*+-GI26�<'*GQ% %6/*.L+-FLOQ�h2E8926GQ)?/1)?8 � + �h�?26Fy�N)UV>)?/1)?8MGI+-F>)TVH� �[�789%('*' � �E26�-+-VL2E/*+R%(F�� � ��� C
� ,(. ���38 � 69: � ��5�� 8�� 8 �]<38;4 � 8 � �� �6
�D.>)w26VL2E�L/*+R�6) �6)?89F>)T�cGQ)?/*.>%�V_O6)TF>)?8926�-+-'*)T'D/*.>) �6)?89F>)T�cGQ)?/*.>%�VB� ��26�-�R% �,+-F>O^/*.>)w'9�?26�R)`%6�
/*.L) �6)?89FL)T�-'
/1%H�N)`VL+��N)?8*)TFb/S2E/\VL+��N)?8*)TFb/=�N%(+-Fb/*'?C ,n'*'1)TFb/*+-26�-�-�
���L89%(26V>)?8��6)?89F>)T�-'S2E8*)Q$L'1)TV3+-FB2E89)T26'\%6�n�R%�� V>)TFh'*+R/ �
�,.>)?89)a�f)?�p%6��'1)?8*�E2E/*+R%(FL'D2E8*)d) � �N)T�7/1)TV<C;�,.>)U'*+-GQ���R)T'1/�2E�L�L8*%(26�M.B+-'�26',�f%(�-�-%��,' �
��� � %(FL'1/189$L�7/D2I�h+-�R%6/�)T'1/*+-G^2E/1) � � �Y:�}�$L'*+XF>OH��
`C-v�}MC
!"� 	S)�
�FL)$#&%('*)�#,+-)�.0/2143�/257698:);'(5<%�=?>Z�>;�kZ� � � �Y:<; }ON $ } \ �� �t�,.>)?89) $ +-'\/*.>)^O6)?%(GQ)?/189+-�IGI)T26F %6�P/*.>)
� � �Y:<; }

@"� 	S)�
�FL)U/*.>)A);/;)CBD5�3FE2GIH;G:=C.DG:#�G:>C5�37JK);5LG�/1%I�N)
� �Y:�}nk v

� 	S ;DT�� � + �>; } \ � ��� :ym : ;+ �L;
} ��
`C|{(}

�6{



� ������� � � � � � ��� ��� � 
 ����� � � 	�� � � ��� ��� � � 
	� � � � � ��� ���
� �6�
� ,�� � � ���  ���5 
R:��)5*<���� �38 	 # � � �  
 : � 8 �]<38;4 / A��)5�
 :��)8�D.>) �6)?89F>)T�PGQ)?/*.>%�V �?26FKO(+R�6)@2BO6%b%�V )T'*/*+-GI2E/1)^%6��/*.L)@VL+-'*/189+R�h$>/*+-%(F<CA
=%��P)?�6)?8 ���N)T�?26$L'1)[+R/d+-'`�7%(F �
'1/189$h�7/1)TV��Y8*%(G#2K�-2E89O6)3F $LG`�&)?8@%6���6)?89F>)T�-' �D+R/@�?26F �N)B/1% %K) ���N)TFL'*+R�6)B/1% $h'1)B/*.>)_)T'1/*+-GI2E/1) +-F 26F
2E�L�h�X+-�?2E/*+R%(F<C �0)H�,+-'9. /1% 
�FLV 23'*+-GI�h�R)?8d2E�L�h8*% �>+-GI2E/*+R%(F �,.L+-�M. �=+-�-�
26�-�R% � � �Y:�}a/1% �N)@�?26�-�?$h�-2E/1)TV� $L+-� ���R�6C�0)S�,+-�-�>$h'1)=2d� )T+RO(.b/1)TVHGI+���/*$>8*)�%6����O(26$L'*'*+-26Fh'�/1%]2E�L�L8*%���+-G^2E/1),/*.>)SVL+-'1/189+-�h$>/*+R%(F]V>)?89+-�6)TVI�Y8*%(G
/*.>) �6)?8MF>)T�<GQ)?/*.>%�V<C

��� ; � �Y:�}�k �S
� T�� * �(�^�Y:	�����
G x � } ��
`C|�(}

� $h�9.32[G^+�� /*$L8*)d�?26F02E�L�L89% �>+-GI2E/1)]26F��BVh+-'1/189+R��$>/*+R%(Fy$>�3/1%y2E8*�h+R/1892E89�H26�?�?$L8926�7�
�t26'*'*$hGI+-F>O^'9$
	 �
�?+R)TFb/U�7%(GQ�N%(F>)TFb/*'a2E8*)I$L'1)TV<C �D.>)Q.>%6�N)w+X'\/*.L2E/a2y'*GI26�-�eF $LGd�N)?8\%6� �7%(GI�&%(FL)TF�/*'\�,+X�-�tO(+-�6)I2�� O6% %�V
)TF>%($>O(.�
L)T'1/*+-GI2E/1)6C=�,.>) , ���N)T�7/*2E/*+R%(F �32 �>+-GI+-'*2E/*+-%(F � , �0}�26�RO6%68M+R/*.LG ����v:�e+-'�/*.>)w'1/*26FLVL2E8MV�GQ)?/*.>%�V
%6��
�/1/*+-F>Oy'*$L�M.32yG^+�� /*$L8*)`/1%�2H'1)?/a%6�PVL2E/*2�C 
=%��P)?�6)?8 �e+R���P)]� )?8*)Q/1%�$h'1)w26'dGI26F��3�7%(GQ�N%(F>)TFb/*'a26'
'*26GQ���R)T'y��� k �0} ��/*.>)H%6�L/*+XGI26��
�/w%6�,/*.>)y'1/*26FLVL2E89V ,�� 26�RO6%689+-/*.LG +X'`/1%0.L2��6)�2 V>)T�R/*23�Y$hFL�7/*+R%(F
2E/I)T26�M. '*26GI�h�R)y�N%(+-Fb/?C��D.L+-'Q+-'^$LFL'*2E/*+-'*�Y26�7/1%68*�6C �0)_26'*'*$hGQ)y/*.L2E/^/*.L) �6)?89F>)T��)T'1/*+XGI2E/1)
� � �b�Y:�}Q+-'+-F0'1%(GI)I'1)TFL'1)I26F0%6�h/*+-GI26�e)T'1/*+-G^2E/1)
��V>)T'*+-O(F>)TV3/1%��N)T'1/aO6)TF>)?8926�-+X'1)]/*.>)QO(+R�6)TF VL2E/*2�C9�0)^� %($L�XV0�-+ �6)
��� ; � �Y:�}�� � � �Y:�}�26'���� �KC

� O6% % VI2E�h�L8*% �>+-GI2E/*+-%(FQ/1%U/*.L+-'n�?26FI�N)D26�9.L+-)?�6)TVI� �wGQ%�VL+R�Y��+-F>O\/*.>) � � '1/1)?�[+XF]/*.>) , ��26�RO6%689+-/*.LG
/1%]/*2��6)U+-Fb/1%w26�?�7%($LFb/�/*.>)\�7%��E2E89+-26FL�7)U2E�N%($>/P)T26�9.BVL2E/*2w�&%(+XF�/P'*$>O6O6)T'1/1)TVH� �I/*.>)��6)?89F>)T��)T'1/*+-G^2E/1)^� '1)?)
��
`C|�(}��N)T�R%��\}MC�D.L)BFb$hGd�N)?8Q%6�\O(26$L'*'*+X26FL'I$L'1)TV +-F /*.>)BG^+�� /*$L8*)�'*.>%($L�XV �&)��M.>%('1)TF '1% 26'^/1%K26�9.h+R)?�6)_20O(+-�6)TF
2E�L�L89% �>+-GI2E/*+R%(FH)?8*89%68D�N)?/ �P)?)TF � ���Y:�}�26FLV ��� ; � �Y:�}MC
� , � ���38 �  6 5�� 8�6 / � � 4 �� �]5 � � 
��% 
h/S2@G^+�� /*$L8*)U%6��� O(26$L'*'*+-26Fh'D/1% � '*26GQ�h�R)T'=:<; �&26'*'9$LGI+-F>O@2@�7% �W2E89+X26FL�7)]%6�n~U;�2E/S)T26�9.0'*26GI�h�R)
�
�P)d+R/1)?892E/1)U%(F�/*.>)U�Y%(�-�R%��=+-F>OI{]'1/1)?�h' �
����� ��� � � %(GQ�h$>/1)a/*.>)U�7%(Fb/189+R��$>/*+R%(FH%6�e/*.>) # ���I'926GQ�h�R)a/1%I/*.L) �����QO(26$h'*'*+-26F

� ; �=k * �(�I�Y:<; �����
G x � }� �� T�� * � �I�Y: ; �!� � G x � } ��
`CYXb}
" ��� ��� � � %(GQ�h$>/1)a/*.>)d�h2E8926GQ)?/1)?89',%6��/*.L)UO(26$L'*'*+X26FL'��

* � k �
	 � ; � ; � G#� � k �

	�$ & � ; � ; � : ; ��
`C%�(}

x �=k v
��* � S ; � ; � �R�Y:<;Nm&��� }7�Y:<;&m'����} z Z ~d; � ��
`C � }

� /18M+-�7/*�R�w� )=%($>O(.�/P/1%`GI% VL+-�f�w/*.>) , � '1/1)?�@/1%`/*2��6)U~U;<+-Fb/1%`26�?�7%($LFb/�26'��P)T�-� ����$>/n+-FQ%($L8n) ���&)?8M+R)TFL�7)
(*$L'1/D�9.h26F>O(+-F>OQ/*.>) � � '1/1)?�_O(+R�6)T'D'*2E/*+X'1�Y26�7/1%689�y8*)T'*$L�R/*'TC



� ����� ������� �

� � � 	 � � ��
 � �Z��� " 


�D.>%($LO(.y/*.>)U�7%68*)wGI2E/*.>)TGI2E/*+-�?',%6�e/*.>)dGQ%�V>)T�-'�V>)T'9�789+R�N)TVH2E�&% �6)`2E8*)d8*)T�-2E/*+R�6)T�R�H'*+-GI�h�R)
�>2QO68*)T2E/SV>)T26�
%6��GI26�M.L+-F>)?8*�y+-',8*)�� $L+R8*)TVy/1%[26�7/*$L26�-�R��+XGQ�h�R)TGQ)TFb/D2���) ��+R���R)U'1��'1/1)TGyC=�D.L+X'D�7%($L�-VB)T26'*+-�R�H�N)dV>%(F>)`�b�
2I�7%(GQ�N)?/1)TFb/D�L8*%6O68M26GIGQ)?8TC


=%��P)?�6)?8 �N+-GQ�h�R)TGI)TF�/*2E/*+R%(Fh'�%6��/*.>)`'1%6�f/��P2E89)`2E8*)U26�R89)T26V>�[2��W26+X�-2E�h�R)6C�D.L)`'*+-GI�h�R)T'1/���2T��/1%[) ���&)?8M+-GQ)TFb/,+-'D/1%[%6�L/*26+-FB/*.>) �32E/ 0t2E� �h26� �W2EO6)Q+-GI�h�R)TGQ)TFb/*+-F>OQ/*.>) �=�7/*+-�6)
� .L2E�N) �B%�V>)T�-'��62��W26+-�X2E�h�R)P�f8*%(G�
\+-'*$L26� �S$>/1%(GI2E/*+R%(F 0 /*V C �D.h+-'t�h8*%���+-V>)T'c26F]2E�L�h�-+-�?2E/*+-%(Fd�,.h+-�9.w26�-�R% �,'
$L'1)?8M't/1%a26FLF>%6/*2E/1)�/18M26+-FL+-F>OS+-GI2EO6)T'��6/1%\�h$h+-�-VUGQ%�V>)T�-'c26FLVw/1%a$L'1)P/*.>%('1)�GQ%�V>)T�-'�/1%\'*)T2E89�9.QF>)?��+-G^2EO6)T'?C
� F�26VLVL+R/*+-%(F@/*.L)U�h26� �E2EO6)`26�X�R%��,',�-+-GI+R/1)TV[�L89%6O68926GIGI+-FLOw��+-2Q2 �32E/ 0t2E�3+-Fb/1)?8*�Y26�7)6C

� � Z�Z '1%6�f/��P2E89)U�-+R�L892E89�
�b�7% � �D89+-/1/1)TFH�b�I/*.L)\26$L/*.>%68 �>+-'P26�-'1%Q2T�E26+-�-2E�h�-),�Y8*%(G�
S+-'9$L26� �S$>/1%(GI2E/*+-%(F
0 /*V C��D.L+-'�26�-�-%��,'DFL)?�p2E�L�h�-+-�?2E/*+-%(FL'�+-FL�7%68*�N%6892E/*+XF>O]/*.>)�� � �_'�/1%@�N)S�,89+R/1/1)TF<C

� )?)������������������������! �"�#��%$!"'&��("*)+�,#�-.��/�"�01�2���'$I�f%68,VL)?/*26+-�-'�%6�c�N%6/*.y%6��/*.L)d2E�N%��6)6C
� /,+-'=+-F�/1)TFhV>)TVy/*.L2E/S2Q�f89)?)[� � Z�Z }�'1%6�Y/ ��2E8*)d�h26� �W2EO6)Q+-GI�h�R)TGQ)TFb/*+-F>O � � �_',�,+-�-�&�N)U�L89%���+-V>)TVy�Y%68

/*.>)K� GI2EO6)43SFLV>)?89'1/*26FhVL+-F>O ,nFb� +R89%(FLGQ)TFb/Q� 2H�Y8*)?)Q�7%(GQ�h$L/1)?8U� +X'*+R%(F3�-+R�L892E89�y%6�P'1%6�Y/ ��2E8*) }MC )>%68dGI%68*)
V>)?/*26+-�X'�26FLVy/*.>)d�X2E/1)T'1/,'1/*2E/*$L' �h'1)?)
�*���5�������'�������6�7 �"'#��,$7"�&��(".)8��#�-9�*:�;�<�/7 �)�;.:���=?>�@.��=?>*@ A�"5�*;1������$B0>C

� FB�h8926�7/*+-�7)w/*.>)w26�-O6%689+R/*.LGI',� %68 ��� )T�X�t%(F3GI+-V � 8M26F>O6)DC � � {
EgE �3.*E }MC � )T2E89�9._�,+-�X� $L'*$L26�X�R�H/*2��6)
�R)T'*'D/*.L26F�2I'1)T�7%(FhVy�f%68=GQ% VL)T�-'��7%(F�/*26+XFL+-F>OI$>�y/1%[2]�f)?� .b$LFhV>8*)TVH�N%(+-Fb/*'?C	S)?/*26+-�-'D%6�c%6/*.L)?8=+-GQ���R)TGQ)TFb/*2E/*+R%(FL'P�,+-�-�&�N)a�N%('1/1)TVy%(F
�*���5�������'�������F �:?G.;H�,$7"�&��(".)8��#�-

�KX



� ��� 	 � "������ � 	�


��
������������������ �"!$#�%'&�(����*)+��#-, >�F�. )+/102��& FH>3. )�&4�50 F ��� . )6�87�� . �:9-)+�-; #=<?>A@CBED3FHG*IKJ�I1LMB NPORQ�S�L�TEUWV�@5L�X4GZY[IM>�Q:G�SMS\O]TPXA^
_4` a 
�b3c-
�^ 
2d�e4d-#

� cf��!�#���� > 7 @ 0*/M;���� �$g"#AhC&4;�; #3ij0��A/M�-)+�-;Ckl0�m3) @�F 0[75&P�-0 F �jno/M&�7p)�7��A;408�10�q > 0�� ��02�*#Prs�5t # Avu #fwyx F�> � �39j^A0��3) . &4/�^
z�{4|~} D3IM>MB GMLAT�<y>�T2��G�IMG�TEQMG�>AT�<y>�@�B�D3FsG�I���O6S\OR>�T ^�(�& FH> 7�0�
4^j� ��;�02���Ad�d�b z4� e-#��P�-/M)+�-;�0�/ AH� 0*/ F ��; ^��[0*/ F )���^
�d4d _ #

� z ��!�#f��� > 7 @ 0�/1;W�A� ��g"#�hC&4;�; #4!C�"�4�-�A� . )+(�0y0�)�;40*� �19 �A��0=75&3�30 F #�rs�$g"#f�=�3��&3�:xE^�02�3) . &�/2^ `A�R�$� I\O]F�O6S1N"��L4QMN3O]T�G
�jO6S*>AT�<y>�T2��G�I1G*T�Q:G*^-� ��;�0��ZeP��b3d ` #P��, � !��y/M0��M�*^-�P0�� . #�
2d�d��3#

� _ ��,�#*tl#�� F ���:x���� ���"#*�=���*&�& @ #��Z0��*&�;4�-)���)�� ;�nR����)6� F 0�m3�-/M0��M��)+&�� � > �l�30*/�/1)+;�)6�'�A� ���-&4� A /M)+;�)6��nR�4��)6� F 75& . )+&�� ��#frs�
2  � V\TlFHG*I\T�LAF�OR>AT�LA¡C¢�>AI1£fS1N >MB�>AT~¤WD3Fs>�@�L�F¥ORQ�¦jL4Q:G"LAT�U�JCG�S:F¥D3I1GC§WG:QM>MX�T O]F¥OR>�T©¨�ª�ª4«A^-� ��;�0���
f¬2b�
��P^3­ > /M)+�:9�^
�d4d4�-#
� �f��®[#-iy# �[&P&�x3� . 0�)���#¯�y/M)+� ��)+� � FE° �A/M� � a¯± 9 )�� A � F � . 0'�1� F )�� 0��Z�A�l� . 9-0��30��*&�75��&4�1) . )�&4�²&�n��30*no&�/M75� . )+&�� ��#yV }y}=}³ I1L�T S�L4Q�F¥OR>�T S$>�T�YCL�F¥FHG*I\T~¤WT�LA¡µ´fS\O6S$L�T�U¶��L�Q:NPO]TEG�V�T FsG�¡]¡·O·X4G*T�Q:G*^j
�
�¸ `�¹\a � ` �2b3��e4�3^ 
�d�e4d-#
� ` ��®[#li=#��[&P&�x3� . 0*)+��#Ci��A� �37���/1x²7�0 . 9-&3�-��no&�/�no&�/M7�� ° ) . 9-& >3.�F �A� �37���/1x3� a 75&�/M�-9-&4750 . /M)6�*�Z&�n¯;4/1& > �º�3)�»�0�/ A0*�l��0���)+��& >3.�F )+�-0K�19 �A��0�#���G:U�ORQ:L�¡�V\@�L*X�G'¤WT�L�¡·´fS:O6S\^�
�¸ z ¹\a ¬�¬��fb3¬ _�_ ^l
�d4d��P#
�¼�2�¾½W#4�[/M0��:9 @¯¿> 9 F 0�/�^PÀ�#�À�0*/M)+; ^P�A� � u #�% ¿>�@�F 0*/2#E�?��/M��750 . 0�/1)6�M� . )+&��"&An�� F &4�10���� > /1nR���*0��¯no&4/ z A g��19 ���l0��-0��M��/M)�� A

. )+&��j#�<y>A@CBED3FHG*Iº�jO6S\OR>AT-Á�J�I1L:B-NPORQ�S"L�TEU$V�@5L�X4GKY[I1>2Q:G\S:S\O]T�X�^ ` 
 a 
2� _ b�
�� � ^l
�d4d4�3#
� e���!�#Eg"#��[/M0 .�. �A� ��½W#Et # ± �f� F &�/2#Z!�no/:�A750 ° &�/Mx¶no&4/W� >-. &�7�� . 0�� F �A�l�37��A/Mx¾;�0��-0*/:� . )�&4��no&�/�� >3. &�7�� . 0�� z g� . � . )+� . )6�*� F 7�&3�30 F ��&��l� . / > � . )+&���#$rs�Â
 `A�R� <y>�T2��G�IMG�TEQMG²>�T�V�T���>�I\@�L�F¥OR>�T�Y[I1>2Q:G\S:S\O]T�XºO]TÃ�ºG:UAORQMLA¡�V�@5L�XAO]TPXA^

� ��;�0�� z � ` b z e 
�^ � )+�10*;4/lÄ�4��^-h > �-;4��/1�4^Pt > �-0�
2d�d4d-#
� d����¯#�� > / . # ± 9-0Å�P��/:�A75)6�Æ���~��� . / > � .�> /M0ºno&�/~0�Ç¶�*)�0�� . ��&47�� >3. � . )+&���#Èrs�É!$# �Z&���0��3no0 F ��^C02�3) . &�/2^���D3¡µF¥O]Ê

§�G�S*>�¡µD3F¥OR>�T~V\@�L*X�G'Y�I1>�Q:G�S:S:O]TPX²LAT�U�¤WT�L�¡·´fS:O6S\^-�l�A;�02� ` b z �P#-�P� /1)+�-;�0�/ AH� 0*/ F �A; ^P�[0*/ F )+��^�
2d�e _ #
��
 � ��!�# ½[� > � ��0'�A�l�²½W#-t # ± �f� F &�/2#jËW��)+�-; F &3�*� F ;40*&47�0 . /M� . & @�> ) F � z �¾� >�F �*� F 75&3�30 F ��#jrs�©
 ` �R� <y>AT���G*I1G�TEQ:G$>�T

V\T2��>�I\@�L�F¥OR>�T�Y[I1>2QMG�S:S\O]T�X²O]Tº��G:U�ORQ:L�¡EV\@�L*X�O]T�X�^ � ��;�02�W
2d ` b3¬ � d-^l
�d�d4d-#
��
�
��¶À�#=w�#[½89-/M)+� . 0�� ��0���^Z�K#=g"#8�C� @�@ ) .�. ^C,�#=r\#=,º) F�F 0�/�^C�E#Z½W#=t4&4�19-)�^�Ë�#�À�/10�� �A�l�30*/2^ ± #8!�#�½8&P&4;4�A�j^[��� �g"#A½W# � #�w=�M��0���# ± &4�l& F &4;�)6�*� F �-/M&���0*/ . )+0���&Anl�175&P& . 9��A� � . &47�)6�y7���� �*#Prs�~
 _4�R� <y>�T���G*I1G*T�Q:G�>AT"V\T2��>�I\@�L�F¥OR>�T

Y[I1>2Q:G\S:S\O]T�X¾O]Tº��G:U�ORQ:LA¡�V\@�L*X�O]T�XAÁ¯¦�I1L�TEQ:G�^-�l�A;�02��
 � 
�b�
4
2¬3#P% F�>�° 0*/Z!W�*���-0*75)+�'� >�@�F )+�19-0*/:��^�
�d�d��3#
��
2¬f� ± #�®[#?½8&�& . 02�*^¯À�#�tl#�w=� ° ��/M�-��^���� �Ì½W#�tl# ± �f� F &4/�#¾!W� . )�(40¾�A�-��0���/M��� ��0�75&3�30 F ��#²rs�Ìh$# � > /MxP9 �A/:� . ��� ���#[Í�0 > 7����-��^C02�3) . &�/:�*^�� �R� } D3I1>MB G:L�TÈ<y>�T���G*I1G*T�Q:G�>�TÎ<y>�@�B�D3FsG*IÏ�jO6S\OR>�Tl^�(4& F�> 750©¬3^C�l�A;�02� _ e _ b _ d4e-#�P�-/M)+�-;�0�/�^3�[0*/ F )+��^�
2d�d�e #
��
 z � ± #A®[#4½8&P& . 02�*^�À�#At #Aw8� ° ��/M� �*^��A�l�5½W#�tl# ± �f� F &�/2#3!Æ��&�75� ��/M� . )+(�080*(�� F�> � . )�&4�"&�n��4� . )+(�0��A� �l02�A/:�A� �*0=75&3�30 F� F ;�&4/1) . 9 75��#$rs���¯#�ij0 ° )6�K�A� �Å,�#�ÍC)�m3&���^�0��3) . &4/M��^�d �R�Å� I\O]F¥O6S1NÃ��L4QMN3O]T�G��jO6S*>�TÉ<?>AT���G*I1G*T�Q:G�^�(�& FH> 750¶¬3^

� ��;�0�� ` e � b ` e4d-^��3& >3. 9 �A75� . &���^ ËW%5^l�P0�� . #�
2d�d4e-#3��, � !Ð�=/102�1��#
���



� � � � � � � � � � � � ���

��
 _ � ± #4®[#-½8&P& . 02�=��� �²½W#4tl# ± �f� F &�/2#�,�&3�30 FHF )+�-;�& @ �v0�� . �A�-��0���/M��� ��0 > ��)+�-; . 9-0�;4/10�� ABF 0*(�0 F � > /�nR�4��04#�rs�²wC#4hW�A� A��&3�:xE^[0��3) . &4/�^Z� �R� � I\O]F¥O6S1N ��L4QMN3O]T�GÉ�jO6S*>�T <y>�T���G*I1G*T�Q:G*^Z� �A;40�� _ �Adfb _ e�e ^?�y&�/MxE^[w=�-; F �A�l��^��30*� . #�
�d4d _ #��, � ! �=/102�1��#
��
2�f� ± #-®[#�½8&P& . 0��Z�A�l��½W#-tl# ± �f� F &�/2#�g�� . ���3/M)�(40*�¾/M0��l�-0*750*� . &�n���� . )+(�0K�19 �A��0'7�&3�30 F ��02�A/:�:9�#�rs�º� �R�²� I\O]F�O6S1N��L�Q:NPO]TEG���O6S*>�T�<y>AT���G*I1G�TEQ:G�^l� �A;40�� z e z b z d4¬-^�w8�3)�� @�> /1;49�^3Ë�%5^�
2d�d ` #
��
 ` � ± #j®[#¯½8&P& . 0��$�A� ��½W#�t # ± �f� F &4/�#~!�75)·m .�> /10�75&3�30 F no&�/$/10��-/102��0�� . )+�-;º��9l�A��0�(f��/1)6� . )�&4��#¾rs�Ì!$#¯½ F �A/Mx�04^0��-) . &�/2^-e �R�²� I\O]F¥O6S�N���L�Q:NPO]TEGÅ�jO6S*>�TÂ<?>AT���G*I1G*T�Q:G�^ � �A;40��'
�
 � bE
�
�d #4��, � !��y/M0��M�*^3w8�1�10�m�^-�P0*� . #j
2d�dP�P#
��
f�2� ± #�®[#�½8&P& . 02�*^¯½W#�t # ± �f� F &4/�^�g"#�½8&P&���0*/2^j�A� �Åtl#jÀ�/M��9 �A7�#"!W� . )�(405�19 ���l0575&3�30 F � AZ. 9-0�)�/ . /M��)�� )��-;���� �

�A� � F )6�*� . )+&���#'<y>�@�B�D3FsG*I��jO6S\OR>�TÃL�T�U�V\@�L*X�G���T�U4G�I:S\FsL�TEU�O]T�X�^ ` 
4¸v
 ¹\a z e�b3�Ad ^�t��A�j#�
�d�d��3#
��
�e���Í�#-½8&4� . 0���^ ± #�®[#-½8&�& . 02�*^3À�#�tl#Pw=� ° �A/:�-��^4�A�l�¾½W#�tl# ± �f� F &4/�#�! >3. &475� . )6�C0*m . /M�4� . )�&4��&An . 9 0CnR���*0C)6�30*� . ) . �� >�@ �1� ���*0�#�rs� ± #2�=/1)6�375&�/M0=��� �$g"#�w F�F )+7��A��^f0��-) . &�/:�*^3
 � �R� � I\O]F�O6S1N���L4QMN3O]T�G¾�jO6S*>�T�<y>�T2��G�IMG�TEQMG*^A(4& F�> 750�
�^� ��;�0��Z�-
 z b-��¬4¬3^4Í�& .1. )+�-;�9 ��7�^ Ë�%5^l�30*� . #�
�d4d�d-#3��, � !Ð�y/M0��M�*#
��
�d���,�#j½8&�(�0 FHF #Ww=)�;40*� A ��&�)+� . � a ½8&4� . /M& FHA ��&�)+� .SF &P��� . )�&4� > �1)��-;²�-/M)�� �*)��l� F ��&�75��&��-0�� . ��� � F �3��)6�*#�rs�Å¬ {�| V\TlFHG*I\ÊT�LAF�OR>AT�LA¡Z<?>AT���G*I1G*T�Q:G²>AT©¤WD3FH>A@5LAF�ORQ�¦jL4Q:G¾L�TEUÃJCG\S\F¥D3I1G�§WGMQ:>MXATlO]F�OR>AT�¨Aª4ª��*^�� ��;�0���
f¬�¬2bE
2¬��P^l%') F�F )+�-; . &���^ËW�-!�^�
2d�d ` #
� ¬ � �5r\#-gW/1�3�30������ �~%5# � # ,��A/:�3)+� # ³ N G	��FHLAF�O6S\F¥ORQ:L�¡�¤WTEL�¡µ´fS\O6S$>v�
�-N-L:B-G*#��Æ) F 0���^ ij&�� �3&4��^�
�d4d�e #
� ¬3
��¶À�#Ew=� ° �A/:�-��^ ± #E®8#�½8&P& . 0���^���� ��½W#�tl# ± �f� F &�/2#C!��3(��A�l��0��W)+����� . )+(�0$���-�l02�A/:�A� �*0K75&P�-0 F �*#Wrs�Å� �R� V\TlFHG*I\Ê

T�LAF�OR>AT�LA¡y<y>�T���G*I1G*T�Q:G5>�TÂ<?>A@CBED3FHG*I��jO6S\OR>AT ^-� ��;�02�'
 z �2b�
 _ ¬3^l
�d4d�d-#
� ¬�¬f�¶À�#8w8� ° �A/:�-�*^C½W#8tl# ± �f� F &4/�^��A� � ± #[®[#�½8&P& . 0���#�rs� . 0�/1�-/M0 . )�� ;ÃnR����0�)�7��A;40�� > ��)+�-;Ì��� . )+(�0º���-�l02�A/:�A� �*0

75&3�30 F �*#5rs� z�
:| V�T FsG�I\TEL�F¥OR>�T�LA¡C<y>�T2��G�I1G*T�Q:G~>�TÅ¤WD3Fs>�@�L�F¥ORQ"¦�L�Q:G²L�T�UÌJCG\S\F¥D3I1G�§�G:Q:>MXATlO]F�OR>ATÂ¨Aª4ª��A^¯� ��;�02�
z��4� b z�� �-^4t��A� ����^�
�d4d�e #

� ¬ z �¶À�#8tl#8w8� ° �A/:�-�*^C½W#�t # ± �f� F &4/�^Z��� � ± #8®[#�½8&P& . 0���#�i�02�A/M�-)�� ; . &Ì)6�30*� . )·no� �A� � . /M�4�:xÌnR�4��0��¾)��Æ)+7��A;40
�10�q > 0*�l��0���#¯rs�~e �R�~� I\O]F¥O6S�N���L�Q:NPO]TEG���O6S*>�T�<y>AT���G*I1G�TEQ:G�^l� �A;40���
 z4� b�
 z d ^3½8& F �:9-02� . 0*/2^3Ë�%5^�
2d�d��3#

� ¬ _ � ± #fwy�*�2� . �A� � ± #��¯&4;�;�)+& #A®l���*)+� F ��� � F �3��)6�j��� ���1��� . 9-0��1)+� > �1)�� ;�)+75��;�0 A @ �4��02�'75&P�-0 F �*#�rs��¬ {�| V\TlFHG*I\T�LAF�OR>AT�LA¡<y>�T2��G�I1G*T�Q:G5>�T�¤WD3FH>A@5LAF�ORQ'¦�L�Q:G5L�T�U�JCG\S\F¥D3I1G�§�G:Q:>1X�T O]F¥OR>�TÃ¨Aª�ª��*^E� ��;�0��'
4
 ` b�
2¬-
�^P%') F�F )��-; . &4��^ � 0*/M75&�� . ^
�d4d ` #
� ¬��f��,�#¯® F 0 >3. 0��A� �Â�E#?ij�f(�� F�F 0�0�#Å� > ) F �3)+�-;©�©��&�75� F 0 . 0~� > /1nR���*0¶75&P�-0 F no/1&47 ��� ��/M�10¾�-� . � > ��)+�-;Å� . � . )6� . )6�*� F�19 �A��0'7�&3�30 F � a !C� � F )6�*� . )+&�� . &¶�*&�75� >3. 0*/C���M�1)+� . 02�¾xP�-0�0'� > /M;�0�/1�4#�rs�Å�¾V�<�<j¤CV�^ � ��;�0���eP��efb3e�eP�P^�
�d�d4e-#
� ¬ ` ���¯#=® > �Ì�A�l��½W#8,�)6�*�*)�&l# ® /1&47 /M0*; >�F ��/�)�7���;�0�� . &����-)�7�� . 0�� 9-02���-� a ! F 02��� . �1q > ��/102�¶�A� �-/1&����:9�#�rs�

h�# � > /Mx�9l�A/:� . �A� �Ã��#jÍC0 > 7��A�-�j^�02�3) . &�/:�*^¯� �R� } D3I1>:B-G:L�TÉ<y>�T���G*I1G*T�Q:G�>�TÉ<?>A@CBED3FHG*I��jO6S\OR>AT ^�(�& F�> 750�
�^� ��;�0���
2e�efb-¬ � ¬3#��3�-/1)+�-;40*/2^-�80�/ F )+��^�
�d4d�e-#
� ¬4�2�¾½W#-À�&P&P� � F�F #¯�y/M&3��/ > � . 0��=7�0 . 9-&3�-��)+� . 9-0K� . � . )+� . )6�*� F �A� � F �3�1)+�8&An��19 ���l04#��3>�D3I\TEL�¡�>v�'FoN-GW§�>A´�L�¡��lFsL�F¥O6S\F�ORQ:LA¡

�E>2Q*ORG�F¥´ � ^�� z ¸¥¬ ¹�a ¬�e4�2b z�z d-^ 
2d�d 
�#
� ¬Ae���g"#�À�/:�A9l�A7 �A� �©Í�#�! F�F )+� �1&���#'® �4��0�/102��&4;��-) . )+&���no/M&�7 > �3nR��75) F )+��/W(P)+0 ° � a � >�@ ��� �4��0"7�0 . 9-&3�-�'��� ����&4�10

�30��l0�� �30*�l����#Ærs� z�
M| V\T FsG*I\T�L�F¥OR>�TEL�¡�<y>AT���G*I1G�TEQ:G©>AT ¤WD3FH>A@5LAF�ORQ~¦jL4Q:G�L�TEUÆJCG�S:F¥D3I1G²§�G:Q:>1X�T O]F¥OR>�TÉ¨�ª�ª��A^
� ��;�0�� z _ efb z � z ^4t��A�l�A��^�
2d�d�e #

� ¬Ad���Ë�#yÀ�/M0*� ��� �30�/���� ��,�#y,º) F�F 0�/�#Ì�C0*�-/M0��10*� . � . )+&�� �$&An�x�� & °�F 02�3;�0¶)+� ��&�75� F 0�m��1�3� . 0*7���#��3>AD3I\T�L�¡C>��¾FoN-G
§�>A´�L�¡���FHLAF�O6S\F¥ORQ:L�¡���>�Q*ORG�F¥´ � ^�� ` a ¬ _ d�b ` �4z ^-
2d�d z #

� z�� ��tl#PhW��� F ��7�^-½W#-tl# ± �f� F &�/2^���� � ± #P®[#l½8&P& . 0���#�! �-/M& @ � @ � F )6� . )+��� . �-02�1��7502��� > /10�no&�/Z�30*no&�/M75� @�F 0 . 0*75� F � . 075&3�30 F �*#�rs�²w�#PhW�A� �*&3�:x�^�0��-) . &�/2^3� �R�¾� I\O]F�O6S1N~��L4QMN3O]T�G��jO6S*>�T�<y>�T2��G�IMG�TEQMG*^-� ��;�02� z4z b _ ¬3^��y&�/Mx�^3w=�-; F �A� ��^�P0�� . #�
2d�d _ #3��, � !Ð�=/102�1��^ �P9-0*Ç50 F ��#



� � � � � � � � � � � � �Hf
� z 
�� ± #�hC02�A�©��� ��g"#�hC&4;�; #�! >3. &47�� . 02�º�-)+(�& .7F &3�*� . )+&���no&4/ . 9-05�*�A/ . 02��)6�A� A ��& F �A/W9�� @ /M)6���l&4)�� . �3)6� . /1) @�>3. )�&4�75&3�30 F #'rs�©�K#�®�)+�19-0�/���� �ºwC# ± / > �*��&l^l02�3) . &�/:��^�� �R�º� I\O]F¥O6S1N©��L�Q:NPO]TEGÌ��O6S�>AT <?>AT���G*I1G*T�Q:G�^j� �A;40���dP��bE
 � ` ^w=�-)�� @�> /M;�9j^PËW%5^l�P0�� . #�
2d�d ` #3��, � !��=/102�1��#
� z ¬f��!�#�hC) FHF ^ ± #�®[#?½8&�& . 02�*^?�A�l��½W#�tl# ± �f� F &�/2#�!�;�0��-0*/M)+���1�3� . 0*7 no&�/")�7��A;40¶)+� . 0*/M�-/M0 . � . )+&�� > �1)�� ;�k 0�m3) @�F 0

. 0�75� F � . 02�*#-rs�5g"#�hC&4;�;'�A� ���K#A�[&�� F 04^�0��3) . &4/M��^ z�
:| � I\O]F¥O6S1N5��L�Q:NPO]TEG²�jO6S\OR>�TÅ<y>�T���G*I1G*T�Q:G*^�� ��;�0��?¬�� ` b-¬Ae��3#�P�-/M)+�-;�0�/ AH� 0*/ F ��; ^Pi�&4� �3&��j^ �P0*� . #�
�d4d4¬-#
� z�z ��!�#PhC) F�F ^ ± #P®8#-½8&P& . 0���^4�A�l�²½W#�tl# ± �f� F &4/�#�!W� . )+(�0���9l�A��0C75&P�-0 F �8��� � . 9-0'�19 �A��0��A� �-/1&fm3)+7�� . )+&��5�-/M& @�F 0�7~#

V\@�L*X�G�L�T�UÌ�jO6S\OR>�T <y>�@�B�D3F¥O]T�X�^�
 _ ¸Re ¹\a ` � 
�b ` � �P^�! > ;l#�
�d4d ` #
� z _ ��!�#�h�) F�F ^ ± #�®[#�½8&P& . 02�*^4½W#�tl# ± �f� F &4/�^���� ��%5#�i�)+� � F 0*�4#P,º0��3)6�*� F )+7��A;�08)�� . 0*/M�-/10 . � . )+&�� a !Â;�0��-0*/M)6�=�A� �-/1&����:9

> �1)�� ;5�-0�no&�/M7�� @�F 0 . 0�7�� F � . 0���#��3>�D3I\TEL�¡j>v�K�ºG:UAORQMLA¡�V�T���>�I\@�L�F¥ORQ�S:^�
�dl¸v
 ¹�a _ ��b-�Ad-^�
�d4d _ #
� z �f��!�#�hC) FHF �A� �$½W#*tl# ± �f� F &4/�#�!Ã750 . 9-&3�'&An3�-&�� A /M)�;4)+����&4/1/M0��1��&�� �30�� ��0�no&4/�� >3. &�7�� . )+� F �A� �-75��/1xW)+�-0*� . ) �l�*� . )+&���#rs�º� �R��� I\O]F¥O6S1N���L�Q:NPO]TEG©�jO6S*>�TÂ<?>AT���G*I1G*T�Q:G�^l� �A;40�� z ¬ z b z�z ¬-#���, � !��y/M0��M��^3�30*� . #�
�d4d ` #
� z ` ��!�#Zh�) F�F �A� �É½W#Ztl# ± �f� F &4/�#È! >3. &�7�� . )+� F �A� �37���/1x )6�30*� . ) �l��� . )+&�� > ��)+�-; �Ì�-0 ° 750 . 9 &P��&An$� &�� A /1)+;�)6���&4/1/M0��1��&�� �30�� ��04#�rs��
f� �R� <?>AT���G*I1G*T�Q:G5>�T~V�T���>AI\@5LAF�OR>AT�Y[IM>�Q:G�SMS\O]TPX¶O]T��ºG:UAORQMLA¡EV�@5L�XAO]TPXA^l� �A;40�� _ e z b _ e4e-^
�d4d��3#
� z �2��h�# , > /:���10¾��� ���E#¯Í��f���A/2#�i�02�A/M�-)�� ;º�A� ��/M0��*&�;4�-) . )�&4��&An z ��& @ �v02� . ��no/M&�7 �A�-��0���/M��� ��04#©V\TlFHG*I\T�LAF�OR>AT�LA¡

�3>�D3I\TEL�¡j>v�¶<?>A@CBED3FHG*I��jO6S\OR>AT ^-� ��;�02�C�2b3¬4�3^3t��A��#�
2d�d4�-#
� z e���,�#�tl#Et4&�� 0����A� � ± #E�¯&4;�;4)�&l#W, >�F�. )6�3)+750*� �1)�&4� � F 75&�/M�-9 � @�F 0"75&3�30 F ��#Krs� `A�R� V�T FsG�I\TEL�F¥OR>�TEL�¡Z<y>�T2��G�I1G*T�Q:G

>�T�<?>A@CBED3FHG*Iº��O6S:OR>AT ^-�l�A;�02� ` e z b ` e�e ^ 
�d4d�e #
� z d���,�#�t #�t4&�� 0��y��� � ± #4�¯&�;4;�)+& # , >�F·. )+�-)�750*�l��)+&�� � F 75&�/M�-9 � @�F 0Z7�&3�30 F � a !Æno/M��7�0 ° &4/1x'no&4/=/M0*�-/M0��10*� . )��-;K��� �7�� . �:9-)�� ;�& @ �v0�� . � F ���M��02�*#yV\TlFHG*I\T�LAF�OR>AT�LA¡ �3>�D3I\T�LA¡j>v��<y>A@CBED3FHG*I��jO6S\OR>�Tl^l¬-¸¥¬Ad ¹\a 
 � �2b�
 z 
�^l
�d4d�e-#
� _ � ���¯#A%K�A/:�A& F ���-)¥^�À�#�g$#�� >�F�F )+(��A��^P%5#Ag$#����Ax�0�/�^A��� �5,�#�tl#A���A)+�-0���#l! � � ) . 0C0 F 0*750*� . 750 . 9-&3�"no&�/y�30*no&�/M75� @�F 075&3�30 F �*#¯rs�º� �R� ¤W¡

�
G�´Ì��O6S*>�T�<y>AT���G*I1G�TEQ:G\Á�§WG:L�U�O]TPX�Á } T�X�¡�L�TEU�^ �l�A;�02�C� z b ��e ^�
2d�e4d-#

� _ 
���,�#y%K�4�1��^8!$# �Æ) . x�)+��^Z�A�l�Âg"# ± 0*/M�*&���& >�F &��*# �P� �Ax40�� a !�� . )�(40���&�� . & > /575&3�30 F �*# rs� 
2  � V\TlFHG*I\T�LAF�OR>AT�LA¡<y>�T2��G�I1G*T�Q:G�>�TÂ<?>A@CBED3FHG*I��jO6S\OR>AT ^ �l�A;�02�Z¬��Ad�b3¬ ` e-^�i�&4� �3&��j^-t > � 0�
�d�eP�P#
� _ ¬f��!�#3%'0 F 0�7�0���^ À�#-�P��Ä0*x�0 F �4^���� ��À�#3À > )+�3&¶À�0�/1)+; # ± 9-/10�0 A �3)+7�0�� �1)�&4� � F ,�&3�30 FHAB@ ���10��¾�30*;�750�� . � . )�&4��# ± 0��:9 A�-)6�*� F �Z0*��&�/ . 
f��e ^3rs7��A;�0K�3�*)�0�� ��0�i�� @ ^-w ± hp­ ¿> /M)+�:9�^�
2d�dP�P#
� _ z ��,�#[%')�/ @ ���A� �Æi=#[�P)+/M&�(�)6�:9�# !C�-� F )6� . )+&��Æ&�n . 9-0ºx���/19 > 750*� A F &P0*(�0��-/M&3��02� > /M0�no&�/ . 9-0��:9 ��/M�4� . 0�/1)+��� . )+&��&Any9 > 7�����nR���*0���#'V }y}y} ³ IML�T-S*L4Q�F¥OR>�T S5>�T©YCL�F¥FHG*I\T�¤WT�L�¡·´fS:O6S�L�TEU²�ºL4QMN3O]T�G"V\T FsG*¡]¡µO·X4G*T�Q:G*^?
2¬ ¸v
 ¹�a 
 ��z b�
 � e-^
�d4d � #
� _�_ ��!�#j½W# ��#�%'& . �:9-0�»��A� �Å½W#Etl# ± �f� F &�/2#W! >3. &475� . )6�"�*&�� � . / > � . )+&��º&�ny0*)+;�0*�l��9 ���l0"75&P�-0 F � @ ���3)+/102� . &�� . ) A75)+�M� . )�&4��#[��GMUAORQ:L�¡�V\@�L*X�G�¤WTEL�¡µ´fS\O6S\^l¬-¸ _�¹�a z4��z b z 
 _ ^ 
2d�d4e-#
� _ �f��tl#-% ° &4�-;���� ���E#lÀ�&4�-; #yij0��A/M�-)+�-;5� > � �l&4/ . (40�� . &�/�7����:9-)+�-02�[no&�/���7 >�F·. ) A (P)�0 ° nR�4��0'75&P�-0 F #yrs� ± # �y/M)+� A75&�/M0¶�A� ��g"#�w FHF )+75����^�0��3) . &4/M��^8
 � �R� � I\O]F¥O6S1NÌ�ºL4QMN3O]T�G ��O6S�>ATÉ<y>AT���G*I1G�TEQ:G�^?(4& F�> 750¾¬3^�� �A;40��$� ��z b-�3
f¬3^ÍC& .�. )��-;49 �A7�^-ËW%5^l�P0*� . #�
2d�d�d #3�[, � !��=/102�1��#
� _4` ��,�#�ij�4�30���^�t # � &�/ @ / > ;�;40*��^Etl#E� > 9 75���-��^�tl#�i��A�-;40�^j½W#E(�&4���30*/K,º� F � @�> / . ^��K#�� > / . ��^���� ����#�%'&4�-0*��#

gW)+� . &4/ . )�&4�Â)+�P(f��/1)6�A� . & @ �v0�� . /102��&�;4�-) . )+&�� )�� . 9 0��3�P� �A75)6� F )+�-x �A/:�:9-) . 0�� .�> /M0�#ÉV }y}y} ³ I1LAT-S*L�Q*F�OR>AT-S�>�T
<y>�@�B�D3FsG�I:S\^ _ ¬ a z��4� b z 
�
4^-
�d4d z #

� _ �2��!�#4ij�A� ) . )+��^P½W#�tl# ± �f� F &4/�^A��� � ± #�®[#�½8&P& . 02�*#�! >3. &�7�� . )+��)+� . 0�/1�-/M0 . � . )�&4����� �5��&3�3)+�-;'&An�nR����0Z)+7��A;40�� > �1)�� ;k 0*mP) @�F 0"75&3�30 F ��#"V }=}y} ³ IML�T-S*L4Q�F¥OR>�T S5>�TÃYZL�F¥FHG*I\T�¤WT�LA¡µ´fS\O6S�LAT�U~��L�Q:NPO]TEG"V�T FsG�¡]¡·O·X4G*T�Q:G*^y
�dl¸¥� ¹�a � _ z b-�A� ` ^
�d4d��3#



� � � � � � � � � � � � � �

� _ e���%5# � #Z,º�A/:�3)6�-^Ctl# ± #[%'0�� . ^W��� �Ï!�#ZÍ$#��Ã� F �30�/�#�� . � . )6� . )+��� F ��9l�A��0©75&3�30 F �²)��É)�7��A;40��A�l� F �P�1)6�*# rs�
wC#-%'0�/M��75)+�-�4�*^P02�3) . &�/2^y<y>�@�B�D3FsG�I
��Q�ORG*T�Q:G�L�TEU ��FHLAF�O6S\F¥ORQ\S��[¬ z�
:| V�� ³ } §W¦-¤"< } �l´�@�B->�S:O]D3@�^ �l�A;�02�Z��� � b�����P#Prs� . 0�/�nR�4��0K®-& > � �-� . )+&���^-®l�A)+/�nR�Am~� . � . )+&���^�
2d�d 
�#

� _ d�� ± #�,º� > /10�/��A� ��½W#�(4&��©�-0*/$,º� F � @�> /M; # ± /M�4�:x�)+�-;��A� � F 0��A/M�-)+�-;�;�/:�A�-9l����� �©�l&���05&��Ã)+7��A;�05�10�q > 0*�l��0��&An?nR�4��02�*#Wrs�Å¬ {4| V\T FsG*I\T�L�F¥OR>�TEL�¡�<y>�T2��G�I1G*T�Q:G¶>AT©¤WD3FH>A@5LAF�ORQ�¦�L�Q:G�LAT�UÅJCG\S\F¥D3I1GK§�G:Q:>MXATlO]F�OR>AT�¨�ª�ª��*^�� ��;�02�
f� ` bE
�e-
4^4ij&4�Z! F �A75) . &��*^l½[� F )�no&�/M�-)6�-^ u � . #�
�d4d ` #Prvw8w=wÆ½8&�75� >3. 0*/��P&3��)+0 . �~�y/M0��M�*#
� � � � ± #P,º��rs�-0�/1� 0*���A� �²g$# ± 0*/M�*&4�l& >�F &��*#�gW0�no&4/17�� @�F 0W75&P�-0 F �=)+�¾750��-)+��� F )�7���;�0W��� � F �3��)6� a �$� > /M(�0���#?��G:U�ORQ:L�¡

V\@�L*X�G'¤WT�L�¡·´fS:O6S\^�
�¸�¬ ¹\a d-
\bE
 � e-^�
�d�d ` #
� �3
��¶À�#P,º�*i����:9 F �A�¶��� �¶%5# wC# �[�4�vno&4/M��#j��O��4F�D3IMGW�º>2U�G*¡¼S���V\T2��G�I1G*T�Q:GKLAT�U�¤8B4B�¡µORQ:LAF�OR>AT-S'FH>~<¯¡µDPS\FsG�I\O]TPXA#�gW0*xPx�0�/�^

ÍC0 ° �y&4/1xE^�
�d4e�e #
� ��¬f����#�,�&�;49 ���-� �A7 �A� �Å!�#��¯0�� .�F ��� ��#$®l���*0"/M0��*&�;�� ) . )�&4� > �1)��-;~(P)�0 °DA @ ���10��º��� ��75&3� >�F �A/'0�)�;40*� �1� ���*0���#'rs�

�3YyV } ^-(4& F�> 750�¬�¬4�4�P^�� �A;40��'
f¬2b3¬-
�^�
�d4d _ #
� � z �¾½W#�Í��4� . �A/?�A� �"Í�#�!��4�4�:9-0�#3ÍC&4� A /1)+;�)6�K75& . )�&4����� � F �3��)6�j)+��7�02�3)6�*� F )+7��A;�02� a �W� 9��3�1)+��� F�F � @ �4��02�$���-�-/M&4���:9j#rs��
 z �R� <?>AT���G*I1G*T�Q:G¶>�TºV�T���>�I\@�L�F¥OR>�T�Y[IM>�Q:G�SMS\O]TPX~O]T©��G:U�ORQ:LA¡jV\@�L*X�O]T�XAÁy¦=¡�L�X�S\FsL���Á8¤WI\O	�2>�TELfÁ � �3¤K^ � ��;�02�


f�2b z ¬3#3�P�-/M)��-;40*/ A¥� 0�/ F �A;l^l
2d�d z #
� � _ �¾½W#�Í��4� . �A/2^���#�,�&�;49 ���-� �A7�^��A� �Å!�#j�¯0�� .�F �A� ��#�À�0*�-0�/M� F )+�*02��)+7��A;�0�7�� . �:9-)�� ; a � . � . )6� . )+��� F F 0��A/M�-)+�-;~&An

�-9P�3��)6�*� FHF � A @ ���10����30*no&�/M75� . )+&�� ��#�rs� _��R� } D3I1>MB G:L�TÆ<y>�T2��G�I1G*T�Q:G~>�TÆ<y>�@�B�D3FsG*IÅ��O6S\OR>�T ^�(�& FH> 750²
�^�� ��;�02�
�Ae4dfb-�Ad�e ^P½[��7 @ /M)+�-;�0�^3ËW%5^�
�d4d ` #

� ���f��!�#A�¯#4�¯0*� .�F �A� �"�A� ���E#��-� F �A/M&A»¯#�½ F &���02� A no&�/M7 ��& FH>3. )�&4� ��no&�/?� 9��3�1)+��� F�F � @ ���10��"7�&3�30 FHF )+�-;��A� �"/M0���&4;��-) . )+&��j#V }=}y} ³ I1L�T S�L4Q�F¥OR>�T S">�T~YCL�F¥FHG*I\T�¤WTEL�¡µ´fS\O6S$L�TEU5��L�Q:NPO]TEGKV\T FsG*¡]¡µO·X4G*T�Q:G*^�
 z ¸¥� ¹\a �P
2�fb-��¬Ad-^l
�d4d-
�#
� � ` ��®[#=�y)+;�9 )���^[�K#8�P��0 F )+�1xP)�^��A�l�Âg"#8�3� F 02��)+��#Æ�Z0��1�P� . 9-02��)+�*)+�-;ÅnR���*)+� F �A�-)+7�� . )+&�� . 9 /1& > ;�9 z �Â75&P�-0 FHA @ �4��02�

. /:���:xP)+�-; #�rs��� �R� V\T FsG*I\T�L�F¥OR>�TEL�¡y<y>AT���G*I1G�TEQ:G�>AT�<y>�@�B�D3FsG*I��jO6S\OR>�Tl^-� �A;40��'
 z ��bE
 _ ¬3^ 
2d�d4d-#
� �4�2� ��#¯�y/M0��M�*^y�E# ± 0 > x4& F ��xP��^ ��# � 0 .1. 0*/ F )��-;l^y�A� �Â��#�® F �A�-�-0�/1�4#
��D3@5G*I\ORQ:L�¡?§�G:Q�O B G�S¾O]TÐ<���
�T�U } UAO]F�OR>AT���#½[�A7 @ /M)+�3;40�Ë��-)+(�0*/:�1) . �¾�=/102�1��^E
�d4d4¬3#
� �Ae���!�#��C�A�-;��A;������A�j^Eh$#�½89 > )¥^��A�l�©®[#ji=#j�[&�&4x3� . 0*)+��# ± 9-0���&�n . ���M�1)�;4�©�-/M&3��/ > � . 0���7�� . �:9-)+�-;�� F ;�&�/M) . 9-7�#�rs�


2� �R� <y>�T2��G�I1G*T�Q:G5>�T�V\T2��>�I\@�L�F¥OR>�TºY[I1>2QMG�S:S\O]T�X¾O]Tº��G:U�ORQ:L�¡EV\@�L*X�O]T�X�^ � ��;�0��Z¬�dfb _ ¬3^E
�d4d��3#
� �Ad���!�#2�C�A� ;4�A/:��������^*w�#*,5�v& F �1�-0��M�*^��E#2�?�A�-� > ^2i=#�g��f(f�4�:9-)¥^2�¯#���#fÀ�& F �37���� A ���AxP)+��^���� �Kt #2�E#�g > � ���A��#�!Ì/1& @�> � .��&�)+� . 7�� . �:9 )��-;"� F ;�&�/M) . 9-7 no&�/[� >3. &�/:���3)+&�;4/M���-9�� F )+;�� 7�0�� . #�rs�Ï��O6S:D LA¡µO6S*L�F¥OR>�TºO]T � OR>�@�G:U�ORQ:L�¡y<y>A@CBED3F�O]TPXA^� ��;�0��Z¬�����b-¬Ae ` ^ 
2d�d ` #
� ` � �¶�E#��Z&47��39 �A� )�^���#�À�&��-;l^j�A�l�©!$#��=�M�A/M/1& > #$!Î7 >�F·. ) A (P)�0 ° �-&4� A F )+�-0���/'�4� . )�(40��19 �A��0575&P�-0 F > �1)+�-;�x�0*/M�-0 F�E�*�-#²rs� ± #��y/M)6�375&�/M05��� �Ãg$#�w F�F )+7��A��^�0��3) . &4/M��^=
 � �R�Ã� I\O]F¥O6S1NÃ��L4QMN3O]T�G �jO6S*>AT�<y>�T2��G�I1G*T�Q:G*^¯(�& F�> 750¾¬3^

� ��;�0�� _ e z b _ d�¬3^4Í�& .1. )+�-;�9 ��7�^ Ë�%5^l�30*� . #�
�d4d�d-#3��, � !Ð�y/M0��M�*#
� ` 
��¶�E#3�3� F �A/M&A»��A�l�¾tl#4rv�1)+�-&�/M& #�!�� . )+(�0 @�F & @ ��#jrs� `��R� V\TlFHG*I\T�LAF�OR>AT�L�¡¯<y>�T2��G�IMG�TEQMG">�T�<y>�@�B�D3FsG*I²��O6S:OR>AT ^3� ��;�02�


�
 _4` b3� z ^ 
2d�d�e #
� ` ¬f��tl#4�P9-0�/1/:�A9�^P�E#�À�&4�-; ^��A� ��w�# u �-;l#�Ë�� �30�/M� . ��� �3)+�-;K�l&���0W�3)+�M��/M)+7�)+� � . )+&��5)��¶�1)+7�) F �A/M) . ����� �4��04#lrs� ± #��y/M)+� A75&�/M0¶�A� ��g"#�w FHF )+75����^�0��3) . &4/M��^8
 � �R�Ã� I\O]F¥O6S1NÌ�ºL4QMN3O]T�G ��O6S�>ATÉ<y>AT���G*I1G�TEQ:G�^?(4& F�> 750¾¬3^�� �A;40��$�4¬ z b-� z ¬3^ÍC& .�. )��-;49 �A7�^-ËW%5^l�P0*� . #�
2d�d�d #3�[, � !��=/102�1��#
� ` z ����#��P) F (40*/M7��A��#���G�T S\O]F�´ } S\F¥O]@5LAF�OR>AT~��>AI �lFsL�F¥O6S\F�ORQ�S¾L�T�U���L�FsL²¤WT�LA¡µ´fS\O6S\#�½89 ���-7��A���A� �ÃhW� F�F ^�i�&��l�3&���^
�d4e ` #
� `A_ �¶�E#P�P& F�F & ° �f��^P½W#4h >-. �:9-)+� �1&���^Pt #��Å� . 0*/ . &4��^P�A� �¾½W#�t # ± �f� F &�/2#�� > ��� . ) ���*� . )�&4�5&An��A/ . )6� >�F �A/8�*�A/ . ) F �A;�0[no/M&�7,º�Ã)+7��A;�02� > �1)�� ;���� . )+(�0y�19 �A��0y75&3�30 F �*#�rs�"�W#2� > m . &��K��� �K�K#A½8)���& F�F � ^�02�3) . &�/:��^ _4�R� } D3I1>MB G:L�T�<y>�T2��G�I1G*T�Q:G

>�T�<?>A@CBED3FHG*Iº��O6S:OR>AT ^-(4& F�> 750�¬3^3� ��;�0�� _ ��� b _ 
4
�^3½[�A7 @ /1)6�3;�04^3wy�-; F ��� ��^-!C� /1) F 
�d4d ` #3�3�-/1)+�-;40*/ A¥� 0�/ F �A;l#



� � � � � � � � � � � � � �

� ` �f���¯#y�P&���& > ^ ± #y®[#8½8&�& . 02�*^Z½W#yt # ± �f� F &4/�^y��� �Âw�#yg�)6,º� > /1&l#ÂÍ�&�� ABF )+�-02�A/��l&4)�� . �3)6� . /1) @�>3. )�&4�Â75&3�30 FHF )�� ;
> �1)�� ;¶�57 >�F�. ) A F �f��0�/Z�l0�/M�*0*� . /1&4��#yrs�ºg"#l�=�P�*&3�:x�^302�3) . &�/2^ `��R�~� I\O]F�O6S1Nº��L�Q:NPO]TEGÅ�jO6S*>�T <y>�T���G*I1G*T�Q:G*^l� ��;�02�

 � ��bE
�
 ` ^4�[)+/175)+�-;�9 ��7�^-wy�-; F ��� ��^-�P0*� . #j
2d�d��3#P�[, � !��=/102�1��#

� `�` ���¯#j�P&4�*& > ^ ± #�®[#�½8&P& . 0���^¯½W#�t # ± �f� F &4/�^��A� �ÃwC#�g$#�,º� > /M& #¶! �-&�� ABF )��-02�A/';�0��-0*/:� F )6�1� . )+&���&�nZ�l&4)�� . �3)6� A
. /M) @�>3. )+&��Ã75&3�30 F � > �1)+�-;��l& F �P�-&47�)6� F /10�;�/M0��M��)+&���#�V\@�L*X�G�L�TEUÆ�jO6S\OR>AT�<y>�@�B�D3F¥O]T�X�^8
 z ¸¥� ¹\a _ �-
\b _ �4�3^�t > � 0
�d4d4�-#

� ` �2�¶�E# �Z&�7��39l�A�-)¥^�!�# �=�M�A/M/1& > ^��A� �Å�E#jÀ�&�� ; # u � >3. ) F )+�1)�� ; . 0*75� F � . 05��� ��no02� .�> /10 A @ ���10����*&�/M/102����&��l�30*� �*0�)+�7 >�F·. ) A (P)�0 ° �A�-��0���/M��� ��0�75&3�30 F ��#Wrs� `A�R� } D3I1>:B-G:LATÆ<?>AT���G*I1G*T�Q:G¶>�TÆ<y>A@CBED3FHG*I���O6S:OR>AT ^�(4& F�> 750¾
�^E� ��;�02�
��d4dfb3e-
 z #��P� /1)+�-;�0�/�^ ¬ ���4� #

� ` e���iy#¯h�#=� . �A) @ ��� �Ìtl#y�E#?g > �l�*�A�j#Ì�8& > � �-��/1� � � �-)��-; ° ) . 9��l�A/:�A750 . /1)6�*� FHF �Å�-0�no&�/M7�� @�F 0¾75&3�30 F ��#�V }y}=}³ I1L�T S�L4Q�F¥OR>�T S$>�T�YCL�F¥FHG*I\T~¤WT�LA¡µ´fS\O6S$L�T�U¶��L�Q:NPO]TEG�V�T FsG�¡]¡·O·X4G*T�Q:G*^j
 _ ¸v
4
 ¹\a 
 � ` 
�b�
 � �A�-^3
�d�d�¬3#
� ` d��¶À�#8�P��0 F )+�1xP)��A�l� �E#[ij�f(�� F Ä0�0�# ,º� . �:9-)�� ; z A g �A� � . &�75)6�*� F � > /1nR���*0 ° ) . 9 � &�� A /1)+;�)6� �30�no&4/17�� . )�&4� � > �1)�� ;&3� . /10�0 A ��� F )+�-0���#¯V�T FsG�I\TEL�F¥OR>�TEL�¡ �3>�D3I\TEL�¡�>���<y>�@�B�D3FsG�I���O6S\OR>�T ^j
�e ¸¥¬ ¹�a 
��P
\bE
�e ` ^ 
2d�d ` #
�¼� � ��,�# ± > /Mx��A� ��!�#��¯0�� .�F �A� ��#-w=)�;40*�3nR�4��02��no&4/?/102��&�;4�-) . )+&���#��3>�D3I\TEL�¡ >v��<?>MX�T O]F¥O

�
G �$G*D3I1>�S�Q*ORG*T�Q:G�^ z ¸v
 ¹\a �P
�bPe ` ^
�d4d-
4#

�¼�P
�� ± # � 0 .1. 0*/2#$ij0��A/M�-)+�-;¾� &�(�0 F (P)�0 ° � . &��²�1)�� ; F 0$nR�4��0�)�7��A;40�#Krs��¬ {�| V\T FsG*I\T�L�F¥OR>�TEL�¡�<y>�T2��G�I1G*T�Q:G²>�TÅ¤WD3Fs>�Ê
@�L�F¥ORQ'¦�L�Q:G�LAT�U©JCG\S\F¥D3I1G'§�G:Q:>1X�T O]F¥OR>�T�¨Aª4ª��*^��l�A;�02��¬�¬fb3¬��P^-i�&���! F ��7�) . &��*^�½[� F )�no&�/M�-)+� ^ u � . #j
2d�d ` #-rvw=w8w½8&�75� >-. 0*/��3&P�*)�0 . �¾�y/M0��M��#

�¼�A¬f���"# �Ã�A�-;5�A�l�¾iy#3h$# � . ��) @ #�w F ��� . )6��75&3�30 F+@ ���10��¶� &�� A /1)+;�)6��/M0*;4)+� . /:� . )�&4��)�� �*&�/M�l&4/M� . )+�-;$� . � . )6� . )+��� F ��9l�A��0)+�3no&�/M7�� . )+&��j#�rs�Å�¾V�<�<j¤CV�^-� ��;�0��'
4
 ` ¬2b�
4
f� z ^-
2d�d�e #
�¼� z ��!�#�i=#�� > ) F�F 04^�g"#���#4½8&�9-0���^A�A� �"�¯#2hW� F�F )+� ����#3®-0�� .�> /M0[0�m . /:��� . )+&��Kno/M&�7 nR���*0�� > �1)�� ;W�30*no&�/M75� @�F 0 . 0�75� F � . 02�*#V\TlFHG*I\T�LAF�OR>AT�LA¡ �3>�D3I\T�LA¡j>v��<y>A@CBED3FHG*I��jO6S\OR>�Tl^lel¸�¬ ¹�a d4dfbE
�
2¬-^ 
2d�d4¬-#


