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’ave.tr’ using 2:3
’cur.tr’ using 2:3
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’win’ using 1:3
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’cur.tr’ using 2:3
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’ave.tr’ using 2:3
’cur.tr’ using 2:3

³K,'HL?$("� ¹ I � ´A�C*&=&%G?92",'=L1o=Yd�2X!9��.L?$�:?9���", �:�[#&17\M=Yd�,'2X�#�*&�R("#&H&�

0

5

10

15

20

25

30

35

40

45

50

16 18 20 22 24

’ave.tr’ using 2:3
’cur.tr’ using 2:3

³K,'HL?$(F� ¹ I'�R¶$´ �
?$�:?9� �", �:� #&1$\@#�*B�:(X#YH&�R\n�", �:���+*B=&%G?-·2F,.=B1i´�# �:=-=BD

0

5

10

15

20

25

0 5 10 15 20 25 30 35 40 45 50

’Conn.tr’ using 1:8

³K,'HL?$("� ¹ I'�B�&´ �[?7DE;>�:(A=Yd�#&4+2F,.*&��4c=L1$19�R4c2F,.=B17�<#&�<#ed�?$1$4+2F,.=B13=Yd�2F,GDe�

���[,G1$4c%G?$\9�R\M,G1M2X!9�
#B;7=p*B� �X4+(",.892N*p#&(",'=L?$��/A#�_9� =&d�DT=B19,.2F=L(F,G19H7IKa<!9��\9,G(F�R4c2N/N#�_T=Yd�DT=L19,'2"=B(",.1$HE2"!$�
1-?$DE;>�:(C=Yd�("�+2X("#B1$�XDe,G�X�F,.=B1$��#B1$\M#B("(",'*p#&%.� =Yd)8$#&46�&�+2X��2"!7(F=L?9HB!S2X!9�
87(F=94c�R\$?$("��$&\$=B19� $�!$#&�C2"!9�[,.�CH&%.=B;7#Y%W´
,.2 H&,.*&�R��#Y%.%�2"!9�`\$#Y2X#|(F�:%.#&2F�:\�2"=|2"!9�n4+=B1$1$�:4c2",'=L1iIna<!9�Mb7=p/�DT=L19,'2"=B(�HB,'*B�:��=L1Q2X!9�o=&2X!9�:(E!$#&1$\^%.=94+#&%
,G1-dm=B(XDS#Y2F,.=B1n=B1n%'=L�"�"�:�N#Y2<#T8$#&("2F,G4+?9%G#&(C%.,.1$� IKq d�2X!9��4c=L1$19�:4+2F,.=B1n2"(X#�*&�:(X�"�:� �"�+*B�:(X#Y%�;7=B2F2"%'�R19�:46�S%.,.17�L�:�92"!$�
O (X�F2 DT�:2"!9=9\�,.� 2"!-?$�EDT=L(F�o#&\$*�#B1L2"#YHB�+=L?$�+Ioa<!9�M�"�:4+=B1$\^DT�+2X!9=9\^!$#&��2X!9�M#&\$*�#B1L2"#YHB�S=YdAH&,.*L,G19H|DT=B("�
\9�:2"#�_-%'�R\@%'=94:#Y%�,.1-dm=L("DS#&2F,.=B1@/5!9,G46!h4+#B1h;>�e?$�"�cd�?9%K2"=n?$1$\9�R("�"2"#B1$\|2X!9�e4+=B1L2"(",.;7?92F,.=B1|=&d��:#B46!@=Yd �"�+*&�R("#&%
19=9\9�R�A2F=M4c=L19H&�R�F2",'=L1n�X?D ��:("�:\@;L_n#S�F�R�"�",'=L1iI
�ov6u ��� �5��}5{+�A�5�
���34 @�� :=C/4c$&"* #"�� XzTV1fAD8 � 6@C�3�526BA@=@CD8 7�3[Ad52TVCk3*.�6 � ;%3>=r?uEkG9IKJ@?L6��Q;%�@P�IV1 � :{T � 8 g W�3_5a6�79CeT x CeIV: 3FT�5aIVbV6�:{IQ1��
0fIQ?�I ��� 0aAk3_:<6k1�3nT g 3�526h72IQCeIV:<6@3>6@C�A ��H9�9£7�6H � �S �¦4Y-��H9�9£7�6H � � � � «$£Q- U H9� � ;�R�T � Ad52TV0q? � 3_5a6kA@6h72IQCeIV:��
6r3F6@C�A�mBI�A � 6@?*?�I�A�3�526��k0f6@0f6�A�8
	�6<TQ1o?t8*1q^���� � Je6<=k5aTVA@6k1!A@T�I�A�3>T�:{Ir�j8*:�8
	�6{3�526{3�5|CeTV0 x 5@7�0q3kp��3(0 � W
3_5K8%A�JDW{AD8*:�0q?LIQ3(8_TV1 IV1 � 6d�@7�?LIQ8*1!3_5a6�3_CeI � 6�T��nAk;

���34 @�� :=C/4c$&"* #"*)��B1�6{T g 3_5a6{TKJ � 6�=@3(8*b�6kA{T g .�� � 8%A�3>T`IQ?*?LT � :<TVCe6 g IQ8*CD1�6kAdA�3FT�A�5aTVCk3�Jk02C�Ak3�A@;��h1�IQ?tW�	r6
3_5a6�3_5KCeTQ0 x 5r790q3�IQ1 � 3_5a6�?LTVAdA�79CeT|JdIKJk8�?�8�3_WwT g Io=�TV191�6�=r3_8_TQ1�I�A`I g 021u=@3(8_TV1ST g 8�3_A�AD8
	�6 � 8�3�5!.�� � IV1 �
=�TV:h72IQCe6�8�3�3>T � CeTD7��rG9IV8�?L;��[A@6�3_5a6hA@=@CD8 7�3�A�5aTQCk3%.�6 � ;%3>=@?�E@GfI|Jk?L6��Q;%�kPQ;<GqCDW�bVIVCD8_TV0aA�72IQCeIV:<6r3F6@C�A g TQCB.�� �
3>T x 6@3BJe6r3F3F6@C g IV8*CD1u6DA�A@;<G#526{6e�a6@Ce=k8%A@6�8%A�JeIVA@6 � TV1��(O��k;



� �������	��
 �

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

qr1M2X("#B\9,.2F,.=B1$#&% qr1L2"�:(X19�+2:�-#&%'%i4+=B1$19�R4c2",'=L1$� HB�+2N2"!9���X#&DT� 2X(F�R#Y2XDe�R1L2C,G1M2X!9��19�+2f/N=B(X� I�a<!9,G�N,.�N,G1n4+=B1L2"(X#&�"2
/<,.2"!@=&2X!9�:(<1$�+2f/N=B(X�B,G19Ho4c=L1$4c�R892"�:�7�X?$46!@#&�A2X!9�Ej�a�	 U�j[�F_91$46!7(F=L19=B?$�Aa�("#B1$�Fdm�:( 	|=9\9�&Z"�$2X!$#Y2[4+#&13=� �R(
.-?$#Y%.,.2f_g=Yd��F�R(F*-,G4c�@(F� .-?9,.("�:DT�R1B2X�S2F=]4c=L1$19�R4c2F,.=B17�o#Y2o2"!$�h8$(F,G4c�@=&d�De?$46!k!$,'HL!9�:(o�",'HL1$#Y%.%.,.19H]#B1$\k87(F=&·
4c�R�"�",G19H`("�+%G#Y2"�:\|2"=n2"!$�S#B4+4+�:892X#&1$4+� =YdC1$�+/ 4+=B1$19�R4c2",'=L1$�[#B1$\hDS#Y,G1L2"#&,.19,G19H`2"!9�THB?$#B("#B1L2F�+�R�5=&d =B19HB=&,G19H
4c=L1$19�R4c2F,.=B17�+I�	|=B("�+=p*B�:(:�7�F,G1$4+�e19�:2f/C=L("�`(F�R�F=L?$("4+�:�5#B(F�E%',GDT,'2"2F�:\)�i=( ��:(",.19HnHB?$#B("#B1B2"�+�R�<=B1h8>�:(Fdm=B(XDS#&1$4+�
DT�:#B�"?$("�:�C(F� .-?9,.("�:��2F=e("�"Nr�R4c2N19�+/�4+=B1$19�R4c2",'=L1$� ,'d�("�:�"=B?$(X4c�R��#&("� 19=B2C#�*p#Y,.%.#B;9%.�&IKa<!9,.�C,G� ,G1M4c=L1L2"(X#&�"2�/<,'2X!
2"!$� ;7�R�F2<�' =L(F2<1$#&2"?$("��=YdK2F=9\$#�_9�A2"!9��qr1L2"�:(X19�+2A/5!9�R(F��19=M#B\$DT,.�X�F,.=B1`4c=L1B2X(F=B%i,.�<8>�:(Fdm=B(XDT�:\iI

���+2:��,'2
!$#&�
;7�:�:1h("�:4+=&HL19, �:�:\@,.2 ,G� ,GDS87=L(F2X#&1L2 2"=`\9,  ��:("�:1L2F,G#Y2"�e;>�+2f/N�+�:1V4c=B1719�:4+2F,.=B1h4+%.#B�"�"�:�5#B1$\|2"=
;>�`#&;$%'�o2"=V#Y%.%'=94:#Y2F�`(F�R�F=L?$("4+�:��2"=V4c=L1$19�:4+2F,.=B1$�E#&4+4+=B(X\9,G19H@2F=h2X!9�+,G(E4+%.#B�"�:I|a<!L?7�E#h�X?$;$�X4+(",.;>�:( 2"!$#&2 ,.�
/<,.%'%.,.1$Hn2F=38$#�_@De=L(F�e4c=B?$%.\|;>�:19� O 2
=Yd �XDT#&%'%.�:([\9�+%G#�_9� #B1$\@%.#B(FHB�:(<2X!$("=B?9HL!$8$?92X�+I
a<!9,.� ,.�[,G1h8$#&("2F,G4+?$%.#B(
=YdK,G1B2"�:("�:�"2Ndm=B(<("�:#Y%�2",.DT�E#B8$89%.,.4:#Y2F,.=B17�C=p*B�:(N2"!$��qr1B2"�:(X19�+2�U�*&=B,.4+�&�-*-,.\9�:=$ZXI
³7=L(A2"!$#&25(F�R#&�"=B1i�-2X!9� &[,  i�F�R(F*3!$#&�<;>�+�R1`,G1L2"("=9\$?$4c�R\iI�qf2<,G�<;$#&�"�:\3=B13DS#&(X�L,.19HS8$#B46�Y�+2X�<#Y2A2"!$� �:\9HB�

=Yd�2"!9� 1$�+2f/N=B(X�o#&4+4+=B(X\9,G19He2"=S2"!9� 8>�:(Fdm=B(XDS#&1$4+�[%.�+*B�+%i2"!7#Y2A2"!9� 1$�+2f/N=B(X�S/<,.�X!9�:�A2"=o8$(F=p*-,G\9�
2"!9�RD L>2"!9�R1
#&4:4c=L("\9,G19H
2F=�2X!9� DS#&(X�-�+�Y2X!9�58$#B46�Y�+2X��#&("�A2"("�:#Y2"�:\T\9,  �R(F�R1B2"%'_T#Y2�2X!9� 19�:2f/C=L("��� ��1$=-\$�:�:I�j�4+=BDSDT=B1e/N#�_
2F=o\9,  ��:("�:1L2F,G#Y2"� 8$#&46�&�+2"�N,G�5;L_n?$�",.1$HTJ���& ;$?- �R("�5?7�F,G19Ho\9,  �R(F�R1B2<8$#B("#BDT�+2F�R("�Cdm=L(<\9,  ��:("�:1L258$#B46�Y�:2"�:I
a<!9�
1$�CDT=9\$?9%.�
2"!$#&2N!$#B1$\9%.�:�N\9,  ��"�:("*o!$#&�N;7�:�:1`\9�+*B�+%.=B8>�:\o,G1
� =L(F2"�+%L� �:2f/C=L("�-�:�L#B1$\o2"!$,.� �N!$#B892F�R(

,G�<;$#&�"�:\3,G1n%G#&("H&��8$#B(F2A=B1`2"!$��� P 4c�:%'%.�:1L2�� =L(F2"�+%)J5�R87=L(F2 � �&� � I
� v:w � �5��}<��{'J`�K{+�ey ����~������@��� � �&�E� � ~����h{+y@� ��{����5�5���
a<!9� &[,  ��"�:("*3,.DS89%.�:DT�:1L2"�:\|,G1h1$� dm=&%.%'=p/5�52"!9�
	"j �X�X?$(F�R\3dm=B("/N#B("\$,.19H $S#&8$8$("=B#B46!`�"2"#B1$\$#B("\9,��+�R\@,.1 � s ¶ � I
jl8$#&46�&�+2e;>�+%.=B1$H&,G19HV2"=Q#|b>=p/�DT#�_]("�:4+�+,.*&�n2X!$("�+�`8>=B�X�",.;9%.�`87(F,.=B(",'2f_^%.�+*B�+%G�E/<,.2"!9,G1g2X!9�`b7=p/�I�a<!$�:�"�
#&("�o4+#&%'%.�:\��F=LDT�+2F,GDT� $&\$("=B8�8$("�:4c�R\9�:174c�:� $$Ioa<!9,G��4+#B1Q;>�M?$�"�:\i��dm=B(�� P #BDS89%'�o2"=|8$(F=p*-,G\9�o#3%'=p/N�:(
%.=B�X�
8$("=B;$#B;9,.%',.2f_V2"=V�F_91$4n8$#&46�&�+2"�E,.1]#Va��	� 4c=L1$19�:4+2F,.=B1i�K�",.1$4+�`?$1$%',G�Y�M=B2"!9�R( 8$#B46�Y�+2X�+��2"!$�n%.=B�X�F�R��=Yd5�"_-174
8$#B46�Y�+2X�C("�:�X?9%.2C,G1M*B�:("_S%'=L19He2",.DT�+·W=L?92"� � s 
 � IKqr1`#B\$\9,.2F,.=B1M2"=T\$,  ��:("�:1L2F,G#Y2",'=L1M/<,.2"!9,G1`�:#&46!ob7=p/��9#Y%.%>b>=p/5�
#&("�<4c%G#&�X�F, O �R\e2"= �F�:*&�R("#&%$4c%G#&�X�F�R�AU�#Y2CDe=L�F2Kdm=L?$(+Z"�B#B1$\o\9,  �R(F�R1L2�2"("�:#Y2XDT�:1L2�4+#B1T;>�5HB,'*B�:1T2F=�2X!9� \9,  �R(F�R1L2
4c%G#&�X�"�:�:I

	|=L(F�:=p*&�:(:� ,'2�,G��87=L�"�",.;$%'�S2F=@\9,  �R(F�R1L2F,G#Y2F�o;>�+2f/N�+�R1hb7=p/5�:IE³>=B?$(�4+%.#B�"�"�:�
=YdCb7=p/5��#&("�T\$� O 19�R\i��#B1$\
8$#B46�Y�+2X�<=Yd�#oHB,'*B�:1@4c%G#&�X�5#B(F��.-?9�R?9�:\@,G1h#o4c%G#&�X�F· \9�R87�R1$\9�R1B2 .L?$�:?9�BINqr1@=L("\$�:(<2"=n\9,  �R(F�R1B2",.#&2F�E;>�+2f/N�+�R1
8$#B46�Y�+2X�e;>�+%.=B1$H&,G19HQ2"=^2"!9�@�"#BDT�34+%.#B�"�:��2"!7(F�:�3*-,G(F2X?$#Y% .-?9�R?9�:�S#&("�n,GDS89%.�:DT�:1L2F�R\ ,.1�:#&46!=Yd
2"!9�`dm=B?$(
.-?9�:?$�:�:IKa�=E�R#&46!S=&d�2"!9�e� s 4c=BDe;9,G1$#Y2",'=L1$��=&d)2"!9�[dm=B?$( b7=p/�4+%.#B�"�C#&1$\o2X!9�
2"!$("�+�[,.1L2F�R("17#Y%�8$(F,.=B(",.2f_e%.�+*B�+%G�
/<,.2"!9,G1e#5b7=p/g4c=L("("�:�X8>=B1$\ #[4c=9\9�A87=B,.1L2�2"!$#&2�#
8$#B46�Y�+2�,.��H&,.*&�R1�/5!9�R1 �:1L2"�:(",.19H
2"!$�N19�:2f/C=L("� I)qr1e8$(X#&4c2",'*B�
19=B25#Y%.%3.L?$�:?9�R�<#&1$\@#Y%.%)8$(",'=L(F,.2f_oHB("=B?78$�A19�+�R\`2"=M;7��,GDS89%.�:DT�:1L2F�R\iI

&
,  i�F�R(F*`#&(X46!9,'2"�:4+2"?$("�
!7#&�<2X!$(F�:��4c=BDS8>=B19�R1L2"�:´
�BI ��=&%.,.4+_M#&1$\@("�:�"=B?$(X4c��DS#&1$#&H&�:(:´K,'254:(F�R#Y2"�:�A87=B%',G4c,.�:� #&1$\@\9,G�F2X(F,G;$?92"�:�<2X!9�:D 2F=M\9,  i�F�R(F*n("=B?$2F�:(X�:I�j

� �



�Yt �����������
	�� P��� � ���O	 �
������� ���
�<(0�O	����'����(

87=B%',G4c_o\9�:2F�:(XDT,.1$�:�N/5!9,G46!M%.�+*&�:%�=Yd��"�:("*-,.4+�:��,G1M2X!9��19�+2f/N=B(X�T#&("�[#&�X�",'HL19�:\o2"=e/5!$,.46!`8$#&46�&�+2"�:IKa<!9,.�
#&�X�F,.HB1$DT�R1B2<DS#�_n\9�R87�R1$\@=B132X!9� ;7�R!$#�*-,'=L(A=YdK2"!9�e�F=L?$("4+��=YdK2"!9��b7=p/�U��BI H>I�,.2"� #�*B�:(X#YHB�[(X#Y2F��#B1$\
,'2X�<;$?$(X�F2",.19�R�"�+Z #&17\`�X87�R4c,G#Y%�1$�+2f/N=B(X�S�+%.�:DT�:1L2"� #&("�[2X!9�:("�cdm=L(F��#&\7\9�:\@#Y2A2X!9� �:\$H&��=Yd�2"!9� 19�:2f/C=L("�
�F=T#&�C2F=SDe�R#&�X?$("� 2"!$���"=B?7("4+� ;7�R!$#�*-,'=L(+I�qr131$�A�F,GDE?9%G#Y2",'=L1i�L2"!9��8>=&%.,.4+_o,.�Cd�?9%.%'_M\$�+2F�R("DT,G19�:\n,.1`2"!$�
2"4c%)�X4+(",G892+I

s I �C\9HB�N("=B?92"�:(X�+´�#&("�N("�:�X87=L1$�",.;9%.�A2F=�#&�X�",'HL1 2"!$�54c=9\9�<87=B,.1L2X��2F=�2"!$�58$#&46�&�+2"�K#B4+4c=L("\$,.19H[2F=�2"!$�587=B%',G4c_
�"8>�:4+, O �R\ ;L_�2"!9�A19�+2f/N=B(X�
#&\$DT,G19,.�"2"(X#Y2"=B(:I�a�=[\9=
�F=52X!9�+_ DT�R#&�X?$(F�C8$#&(X#&DT�+2"�:(X�)=&d$2"!9�N,.178$?92�2"(X#QNM4
=Yd��R#&46!nb7=p/�I

�7I �C=B("�M(F=L?92F�R("�:´e2X!9�@;$#&�",.4n#&8$8$("=B#B46!�=Yd5\9,  ��"�:("*^,.�e2F=V�&�+�R8]2"!9�`,.1L2"�+%.%',.H&�R1$4c�M,G1]2X!9�`�R\9H&�n=Yd52"!$�
19�+2f/N=B(X� L�("=B?$2F�:(X��/<,'2X!9,.1e2"!$�N19�:2f/C=L("��!$#�*B� �",.DS89%._ 2F=
#&�X�F,.HB1 2"!9�<#&878$(F=L8$(",.#&2F� 8$(",.=B(",'2f_
2F=�8$#&46�&�+2X�
#&4+4+=B(X\9,G19HM2F=`2"!9�:,.(�4+=-\$�TDS#&(X� I
a<!$�T8$(",.=B(",'2f_@2"(X#&17�F%G#Y2"�:�52"=387#&(X#&DT�+2"�:(X�5=YdC2"!9�S�"46!$�:\$?9%.,G19H`#B1$\
=Yd�2X!9� \$("=B8$8$,.19Ho\9�R4c,G�F,.=B17�A,.132"!$� 4c=B("��(F=L?92F�R("�:I

� v� G � � � ���e�`� �5���
� �43 ��� � �P$&��";?$#
, �P% !�"�:<H 9;:�*�$

a<!9�ed�#&4+2 2"!7#Y2
2"!9�R(F�T#&("�E2"!7(F�:�E*-,.("2"?7#Y%�J ��&�;$?D ��:(X�eU�4+#&%'%.�:\ 	|J ��&�·�	h?9%.2F,�J �	&EZA,G1|�:#B46!h8$!L_9�F,G4+#&%
.-?9�:?$�
#&%'%.=p/5��2"=E�:17!$#&1$4+�[,.2"�N;>�:!$#�*-,.=B(N#&1$\o2"=T4:(F�R#Y2"� \9�:8>�:17\9�:1$4+��;7�:2f/C�:�:1o2X!9�+,G(N=B8>�:(X#Y2F,.=B1)I��
19�[/N#�_
2F=Q\9=V2X!$#Y2e,.�E2"!$("=B?9HL!^2"!9�`J5q � � U�J5,.=��C=L?$89%.�:\�Z
*&�:(X�",'=L1Q=&d 	|J ��&T��,.1]/5!$,.46!]2X!9�`87(F=L;$#&;9,.%.,'2f_Q=Yd
\$("=B8$8$,.19H|%.=p/ 87(F,.=B(",'2f_Q8$#&46�&�+2"�SUW4+#&%'%.�:\ $&=B?92F·W=&d · 8$("= O %'�S8$#&46�&�+2X� $$ZA,G� ;$#B�F�R\�=B1�2"!9�n/C�:,'HL!B2"�:\^#�*&�R("#&H&�
%.�:19HB2"!$�T=Yd
#Y%.%N*-,G(F2X?$#Y% .-?9�R?9�:�:��/5!9�R(F�R#&�e2"!9�@8$("=B;$#B;9,'%.,.2f_�=&d[\$("=B8$8$,.19H^#V!$,'HL!8$(",'=L(F,.2f_¯U $&,.1-·f8$("= O %.�/$$Z
8$#B46�Y�+2A,G�<;$#&�"�:\`=B1$%'_M=L132"!9��/N�+,.HB!L2F�R\`#�*B�:(X#YHB�5%'�R19H&2X!3=YdK,'2X�A=p/51n*-,G(F2X?$#Y%3.-?9�R?9�&I
qr1 4+=B1L2"(X#&�"2+��,G1 J5q � ·9&0U�J5q � &
�c·f4c=L?$89%.�:\�Z 2"!9�A8$("=B;$#B;9,'%.,.2f_
=&d7\$("=B8$89,G19H[�:#&46!E8$#&46�&�+2),G��;7#&�"�:\�=L1 2"!$�

�", �:�[=&d�,.2"�A*-,.("2"?7#Y%3.-?9�:?$�&I�j 19=B2"!9�R(A*&�R("�",'=L1o,G�A2"!9����J �	&�U����+,.HB!L2F�R\nJ5�R\�Z�,G1n/5!9,G46!n#&%'%)87(F=L;$#&;9,.%.,'2",'�R�
#&("��;$#&�"�:\`=B13#S�F,G19HB%'� .-?9�:?$��%'�R19H&2X! � 
 � I�qf2<,.�<8>=B�X�",.;9%.��2F=o?$�"� #Y%G�"=e2X!9� \$("=B8$a�#Y,.%3.-?9�:?9�BI
� �43 �43 ��*8$���=87 ";? 9;:�*�$ *��� 5�� ! :�$ $&%

a�=S\$�+2F�R("DT,G19��2"!$� 1L?7DE;>�:(A=Yd�8$!L_9�F,G4+#&% .L?$�:?9�R�+�$/N��?$�"�
2X!9� 4c=LDSDT#B1$\
�B¢>�p�9£L¢ � �&£&���L±&  �Y±7£Y±7£7� � �R 
/5!9�R(F�;$ 4:#&1`2"#&�&��*�#&%.?$�:�<;>�+2f/N�+�:1���#&17\ t I

�C=B1 O HB?$(",G19H%.-?9�R?9��¶T2F=M;>� #eJ q � ·"��,.�5\$=B19��/<,.2"!32"!9� 4+=BDSDS#&1$\
�B¢>�p�9£L¢ � �&£&�0A0G�� 2 A$¡L¢9£ G � � ¥ _ ª
q dK2"!9��%G#&�"2<#&("HB?$DT�:1L2A,G�<19=&2<HB,'*B�:1M2X!9�:1@#&%'% .-?9�R?9�:�<#B(F���"�+2<2F=o;>��J5q � ·��[I>�L,.DT,.%.#B(F%._&�92f_98>�:�<=B2"!9�R(A2"!$#B1
J5q � ·���4:#&13;7� \9� O 19�R\iI�a�=M�X8>�:4c,'dm_n2X!9� 1-?$DE;>�:( �Y1n=&d�*-,G(F2X?$#Y%3.-?9�R?9�:�:�9/N��?7�F��2X!9� 4c=LDTDS#B1$\i´
�B¢>�p�9£L¢ � �&£&�`>B±&  � �9£.7�p�
J5�R\387#&(X#&DT�+2"�:(X�N#B(F�
2"!$�:1@4c=L19H&,G\$?$("�:\3?$�",.19HS2X!9� 4c=LDTDS#B1$\
�B¢>�p�9£L¢ � 7&¡Y�L35- U � � � ±7£&±$£�>B±& µ� ]C-p�L�L±$¦9¤ �Y±7£Y±7£�>B±&  �R  -R�`I�H �R  ¦4Y0I�H �R  ¦4Y �
qf2�2"!-?$� !$#&����8$#B("#BDT�+2F�R("�:´)2X!9� .-?9�:?9�51-?$De;7�R(+�&*L,G("2"?$#&%;.L?$�:?9�51-?$De;7�R(+��$@&)( *-, ��$'�"/ *-, #&1$\8$6�"/ < I�a<!$�
8$#B("#BDe�:2F�R(�	
	¯4:#&1|#Y%G�"=n;7�TH&,.*&�R1^U�#B� 2X!9� ¹ 2"!h8$#B("DS#&�+2F�R(cZN#&1$\|,'d ,.2 ,G�[1$=&2��F2X#Y2F�R\|2"!$�:1|,.2[,G�[2"#&�&�:1@2"=
;>� ¶$I ¶&¶ s ;L_n\9�+d�#&?9%.2+I
a<!9��\$("=B892X#Y,.%3.-?9�:?9� 4:#&13#Y%G�F=S;>� ?$�F�R\3/<,'2X!`2X!9� 4c=LDSDT#B1$\



� ��`���� ����� ����������� �'������( � �
�B¢>�p�9£L¢ � �&£&�0A0G�� 2 A$¡L¢9£ 2 G � �
a<!9� 4+=B1 O HL?$#Y2",'=L1M2X!9�:13,G�<H&,.*&�R1n#&�<;>�cdm=L(F��/<,.2"!3=L19%'_n2"!9� O (X�"2N2X!$("�+� 8$#B("#BDe�:2F�R("�:´
�B¢>�p�9£L¢ � 7&¡Y�L35- U � � � ±7£&±$£�>B±& µ� ]C-p�L�L±$¦9¤ �Y±7£Y±7£�>B±&  �R  -R�`I�H
j5%.%�#B("(",'*-,G19HS8$#&46�&�+2"�A#B(F��\$("=B8$8>�:\`/5!9�R1`2X!9� $'&E(+*-,T*p#&%.?9��,G�<("�:#&46!$�:\iI
j �N/N�
�X#�/�,G1n2X!9��46!$#&892"�:(N=B1nJ ��&T�-dm=B(A4+=BDS8$?92",.19HT2"!$��\7(F=L8n8$("=B;$#B;9,.%',.2f_o/C��19�:�:\n#B1n�R�F2",.DS#&2F�
=Yd

2"!$� 8$#&46�&�+2<�F,��+�BIK³7=B(<#S8$#B46�Y�:2N=&d��", �:�o�:¶B¶&¶E;L_-2F�R�<2"!$,.�54+=BDSDS#&1$\`,G�AH&,.*&�:13;L_M2"!$� 4c=BDSDS#&17\
�B¢>�p�9£L¢ �  �£L¦&� � e-�`+Q-��9£0§�ª-ª-ª
� � � 4D25>A<=:�� � ��#&("2F,G4+?9%G#&(��"46!9�R\$?9%.,.1$H�("�+HB,.DT�R��4:#&1e;7�5\9� O 19�R\iI�dm=L(K� P #&DS89%.�N2"!9�</N�+,.HB!L2F�R\E("=B?$17\e("=B;9,G1
/<,.2"!�.-?9�:?9��/N�+,.HB!L2X�A�T#B1$\���("�:�X8>�:4c2",'*B�+%._M/<,.%'%�;>� \9� O 19�:\32X!$(F=L?9HB!
�B¢>�p�9£L¢ � �&£&�L+.76H7£B¢B±>¤L¦L�4A$¡L¢-£ � G0G�B¢>�p�9£L¢ � ¦L¢L¢ �Y±7£&±$£ � £Q- U H9� � §k°
�[2"!$�:( 8>=B�X�F,G;9%.�n�X46!9�:\$?$%',G19Hh#&("�o���+,.HB!L2F�R\^qr1B2"�:("%'�R#�*&�R\VJ5=L?$1$\^J5=L;9,G1kU���qfJ5J�ZX��J =B?$1$\�J5=L;9,G1¯U�J5J�Z
/5!9,G46!3,.�A2X!9� \9�cd�#B?9%.25�"46!9�R\$?9%.,.1$H7�$#&17\`2X!9� �"2"(",.4+2A87(F,.=B(",'2",'�R�
U?� J q¸Z"I
����� � 8��A<?4 a<!9�e�F�:25=YdKdm=B?7( .-?9�:?9�R� #&%'=L19Ho/<,'2X!@2"!9�E*L,G("2"?$#&%A.-?9�:?$�:�<,G� �X?$8$89%.�:DT�R1B2"�:\@/<,.2"!h#�� '&�
U?���R(�'[=B8 �N�R!$#�*-,'=L(cZ[2"#&;$%'�BI�qf2X�T�:1L2"(",'�R�e#B(F�3\9� O 19�:\k;B_�U�,�Z�2"!$�34+=-\$�38>=&,G1L2`U�,',�Z�2"!9�@4c%G#&�X�nUW8$!L_9�F,G4+#&%
.-?9�:?$�YZ #&17\VU�,',.,�Z�2X!9��$&87(F�R4c�:\$�:1$4+�/$`U�*-,.("2"?7#Y%3.-?9�:?$�YZ"I�j[13�:1L2"("_o,.� #&�X�F,.HB19�R\M/<,.2"!32"!$��4+=BDSDS#&1$\`=YdK2"!$�
dm=B(XD
�B¢>�p�9£L¢ � ¦L¢L¢ ��� D �B�9�9���¬§-§gª §
/5!9,G46!@De�R#&1$�A2X!$#Y254+=9\9��87=B,.1L2��&�
,G�5DS#&8$8>�:\32F=S2X!9��*-,.("2"?$#&%3.-?9�:?9�o��=&d�2X!9� 8$!L_9�F,G4+#&%�.-?9�R?9� ¶$I
� �43 ��� � �
	���7 � "� :<$ =

a<!9��dm=B%'%.=p/<,G19Ho2"!$("�+�e4c=BDSDS#&17\$� ("�:�X?9%.2<,.1h87(F,G19H&,G19HM("�:�X87�R4c2",'*B�+%._VU�,�ZC2X!9� � '&�02"#&;$%'�B��U�,',�ZC2X!9�E1-?$DE;>�:(
=YdA8$!L_9�F,G4+#&%�#&1$\Q*-,.("2"?$#&% .-?9�:?9�R��#&1$\kU�,.,.,�Z52X!9�oJ ��&�/N�+,.HB!L2"�:\�#�*&�:(X#YHB�E�", �:�T=&dN2X!9�o�"8>�:4+, O �:\^8$!L_9�F,G4+#&%
.-?9�:?$�:��U�¶S,G13=B?$(A4:#&�"�YZ"´
�B¢>�p�9£L¢ � ²$�Q-R�9� ��� D`I$¦WV>¤B£�B¢>�p�9£L¢ � ²$�Q-R�9�L+B�9¦B� �
�B¢>�p�9£L¢ � U £&�0@0]$£L�-¦ U £ ª
� vFE � ���Vy|{+y@� J�� H+{+}5{ �5�
� ������� ! �P% !�"�:�H&9 :<*8$

j5%.%$b>=p/5��!$#�*-,.1$H�2"!9� �X#&DT�5�"=B?$(X4c�<#B1$\o\9�:�"2F,G1$#&2F,.=B1S#&("�5�"?7;DNr�:4+2�2F= # 4+=BDSDT=B1S8>=&%.,.4+_&IKj 8>=&%.,.4+_e\9� O 19�:�
#387=B%',G4c�R( 2f_98>�&��#`2"#B(FHB�+2[(X#Y2"�&�i#&17\h=&2X!9�:(�8>=&%.,.4+_h�"8>�:4+, O 4e8$#B("#BDT�+2F�R("�:I�qf2��"8>�:4+, O �R��#Y2
%'�R#&�"2[2f/N=`4+=-\$�
8>=&,G1B2X�+I`a<!9�n46!9=B,.4+�S;>�+2f/N�+�R1�2"!9�RD \9�R87�R1$\$��=L1�2"!9�M4+=BDS8$#&(",G�F=L1Q;>�+2f/N�+�R1Q2X!9�Sb7=p/ � ��2"#B(FHB�+2�#&17\Q,.2"�
4+?7("("�:1L2<�F�R1$\9,G19HM(X#Y2F�B�7#&17\38>=B�X�",.;9%._n=L132"!9�E8>=&%.,G4c_L· \$�:8>�:1$\9�R1L258$#&(XDS#Y�+2"�:(X��U��X?$46!@#&�<;$?7("�"2F,G19�:�X�+Z"ICa<!$�
8>=&%.,.4+_3�X87�R4c, O �:�
DT�+2"�:(52f_98>�:� 2"!$#&2[#&("� ?$�"�:\@dm=L(5DT�:#B�"?$(",G19HM2"!$�E(F�:%'�:*p#&1L25,G1$8$?92[2"(X#QNM4 8$#B("#BDe�:2F�R("�:I<j
8$#B46�Y�+2�#&(X(",'*-,G19H`#&2[2X!9�S�:\9HB�T\9�:*-,.4+�S4:#&?$�"�:�
2X!9�oDe�:2F�R([2"=|?$8>\7#Y2F�S2X!9�o�F2X#Y2F�S*p#&(",G#&;9%.�:�
4c=L("("�:�X87=L1$\9,G19H
2F=�2"!$�nb7=p/���#B1$\]2X!9�|8$#&46�&�+2 ,G�T2"!9�R1DS#&(X�Y�R\g#&4:4c=B(X\9,G19Hh2"=V2"!$�38>=&%.,.4+_&Iga<!9�38$#&46�&�+2T!$#&�T#&1,.19,.2F,G#Y%
4c=9\9��8>=&,G1B2A4c=L("("�:�X8>=B1$\9,G19H�2"=e2X!9�
("�/.-?9,G("�:\M�"�:("*-,.4+� %.�+*&�:% L-2X!9�
DS#B("�L,G19HE4+#B1n("�:�X?9%.2 ,G1n\9=p/519HL("#B\9,G19H 2"!$�
�"�:("*L,G4c��%.�+*B�+%i/<,.2"!@(F�R�"8>�:4+2A2F=o2"!$��,.19,.2F,G#Y%)("�/.-?9,G("�:\`=B19�BI
j 8>=&%.,G4c_32"#&;$%'�e,.�[?$�F�R\|,G1h1$�[2F=n�"2F=L(F� 2X!9�e8>=&%.,G4c_@2f_987�e=Yd��:#B46!3b7=p/�I � =B2[#&%'%��:1L2"(",'�R� #B(F�E#B4c2X?$#Y%.%'_

?$�"�:\iI�a<!$���:1L2"(",'�R�A#&("�



�&¹ �����������
	�� P��� � ���O	 �
������� ���
�<(0�O	����'����(

�BI[�L=B?$(X4c��19=9\9��qM&
s I &[�R�F2",.1$#&2F,.=B1319=9\9��qM&
�7I ��=&%.,.4+�:(C2f_-8>�
t I 	|�+2"�:(A2f_987�
�$I<qr19,'2",.#&%)4c=9\9� 8>=&,G1L2
¹ I �CqfJ UW4c=BDSDT,.2F2F�R\@,.19dm=B(XDT#&2F,.=B13("#&2F�&Z
� I ���5�hU�4+=BDSDT,'2"2F�R\|;$?$(X�F2<�", �:�YZ

7I ��;$?$46�&�+2�U�4:?$(X(F�R1B2<�", �:��=Yd�2"!9� 4+=BDSDT,'2"2F�:\@;$?746�Y�+2+Z
� I �8� �|U�� P 4c�R�"�<;7?$("�"2<�F,��+�&Z
�:¶7I �¯;7?$46�Y�:2
UW4+?$(X("�:1L2<�F,��+��=YdK2"!$��� P 4c�R�"�A;$?$46�&�+2+Z
�&�BI � qfJ�U�8>�:#&�M,.1-dm=L("DS#&2F,.=B13("#&2F�YZ
� s I �8� �|UW87�R#&�M;7?$("�"25�", �:�YZ
�:�7I �¯;7?$46�Y�:2
UW4+?$(X("�:1L2<�F,��+��=YdK2"!$� 87�R#&�M;$?746�Y�+2+Z
� t I<j (X(F,.*p#Y%�2F,GDT��=YdK%.#B�F2<8$#B46�Y�+2
�R�$I<j5*&�R("#&H&�
�F�R1$\9,G19HM("#&2F�
� ¹ I<a �L� /<,.17\9=p/^%'�R19H&2X!oU�a �L� ,.��# 8>=&%.,.4+�:(�;7#&�"�:\�=B1E#�*&�:(X#YHB�K2"(X#&1$�XDT,.�X�F,.=B1�(X#Y2"�:��#B1$\�2X!9�C#�*B�:(X#YH&,G19H

,.�<8>�:(Fdm=B(XDT�:\`=p*&�:(N2X!9��/<,.17\9=p/ %.�:19HB2"!i�7,.1@�"�:4c=L1$\$�:�-=Yd�\$#Y2X#9Z"I�a<!$��\$�cd�#&?$%'2<*p#Y%G?9��,G���:�"�:4&I
a<!9�
dm=&%.%.=p/<,.19Ho#B(F�
2"!9� 8>=B�X�",.;9%.� 8>=&%.,.4+�:(A2f_987�R�+´
�BI � ��� )�� ��� � ��� )�� � ��1�<?:���4D@	�r
5?$�"�:�A# �CqfJ #B1$\`2f/C=S\$("=B8n87(F�R4c�:\$�:1$4+�:�:IKa<!$�
%.=p/N�:(C=B19�
,.�
?$�F�R\`87(F=L;$#&;9,.%.,.�"2F,G4+#&%'%._o/5!9�:132X!9� �CqfJ¬,.�A� P 4+�+�R\9�:\iI

s I � ��� +
� ��� � ��� +
� � � 1 <=:�� 4 @	� � � ¹ � ´�?7�F�R�C# �CqfJE�L# �CqfJ�#&1$\M2"!$("�+� \7(F=L8o8$(F�R4c�R\9�:1$4+�:�:I�a<!$�
De�R\9,G?$D 8$(F,.=B(",.2f_E%.�+*&�:%7,G� ?$�"�:\n8$(F=L;$#&;$,'%.,.�"2F,G4+#&%'%._E/5!$�:1o2X!9���CqfJ�,G� � P 4c�+�R\9�:\)�L#B1$\S2"!9�[%'=p/N�:�"2�=B1$�
,.�<?$�"�:\@8$("=B;7#&;9,.%',G�"2F,G4+#Y%.%._o/5!9�:132"!$� � qfJ ,.�A� P 4+�+�R\9�:\iI

�7I � 1 � 4�� � >��� 4 ��� � 1 ��4�� �%>[���4 � � 1 <=:�� 4 @	�R´A?7�F�R� �CqfJ¬#&17\n# ���5���$#&1$\n2f/C=S\$("=B8n87(F�R4c�:\$�:1$4+�:�:I
t I � :�� � <=4 � 8�� 4 ��� @ 4D4� 1 <=1�@�� 8;@� 4D@���C @ � � � � 1 <=:�� 4D@�� � s&s � ´
?$�F�R���CqfJ � ���5�h#&1$\ �8� �32"=
46!9=-=B�"� d�("=BD�2X!$("�+� \$("=B838$("�:4c�R\9�:174c�:�:I

�$I ��� 1 � 8 �/4 ��� @B4D4�� 1 <=1�@� 8;@� 4D@��&�/@ � � � ��1�<?:���4D@	� � s&s � ´ ?7�F�R� �CqfJ � ��� � �;��� �n#B1$\ �8� �
2F=o46!9=-=B�"� d�("=BD 2"!$("�+��\$("=B838$("�:4+�:\9�R1$4c�R�+I

�C#B46!|=YdN2"!9�o#B;7=p*B�e8>=&%.,.4+�:(
2f_987�o\9� O 19�:�
2X!9�oDe�:2F�R(�,'2�?$�"�:�:IEj 87=B%',G4c�R(
2"#&;$%'�o\9� O 19�:�[dm=L([�R#&46!Q87=B%',G4c_
2f_987�[2"!9�[,.1$,'2",.#&% 4+=-\$�[8>=&,G1B2N#&� /C�:%'%�#&� =B19�[=B(�2f/N=E\9=p/51$HB(X#&\9�R\T4+=9\9�[8>=&,G1L2"�:I�a<!9�[,.1$,'2",.#&% 4+=-\$�[8>=&,G1B2C,.�
=Ydm2"�:1`4+#Y%.%.�:\ $&HB("�+�:1o4+=9\9�/$e#&1$\o2X!9�
%'=p/N�:�"2C\9=p/51$HB(X#&\9�R\o4c=9\9� ,G�O$&("�:\;$7I�q d�2X!9�:("� ,G�A#&19=B2"!9�R(C4+=9\9�[8>=&,G1L2
,G1L;>�+2f/N�+�R1i�9,.25,.�<4:#Y%.%'�R\ $&_&�:%'%.=p/ $$I



� ��`J(�� %J� � � ���'�!� � � ��� � � (`�
	�� �.�O	 ������� ���'�!�<� � ����� ���O	 ����� �J�R� ��"����$( ���

� �����43 ��*8$���=87 ";? 9;:�*�$

a�=�?78>\$#&2F�<2X!9�587=B%',G4c_e2"#B;9%'�B�Y2"!$� $&#&\7\-��=&%.,.4+_D�C1L2"("_-$54c=LDTDS#B1$\E,G��?$�"�:\e/5!9,G46!S4c=B1L2X#Y,G1$��2"!9�<�R\9H&� .-?9�:?$�
*p#&(",.#B;9%.� \9�:19=B2F,G19Hn2X!9� �R\9H&� .-?9�R?9�&� 2"!$�e�"=B?$(X4c�E#B1$\|\9�R�F2",.1$#&2F,.=B1|19=9\9�R�5=&d�2"!9�Eb7=p/��72X!9�e8>=&%.,.4+�:( 2f_-8>�&�
,.2"�5,G19,.2F,G#Y%�4c=9\9�E8>=&,G1L2+�>#B1$\@2"!$�:1@2"!$� *p#Y%G?9�:� =Yd�2"!9�e8$#&(X#&DT�+2"�:(X�A2"!$#&25,.2 ?$�"�:�/L>2X!9�:�"� #&("� �F=LDT� =B(5#&%'%�=Yd
�CqfJ �-���5����� qfJ�#B1$\��8� �e#&���"2"#&2F�R\o#&;>=p*&�&I��CqfJ�#&1$\��CqfJ�#&("�<H&,.*&�:1T,G1o;$8$�:�B#B1$\!��� � �����5�e#B1$\��8� �
,G13;L_-2F�R�+I�j[1`� P #&DS89%.��,.�:´
�L£L¢ U £ �Y±7£Y±7£ ¦L¢L¢ � ¡9¤.-47&£L� �L�-�9��� )F�Y��§J-p¢0/a)F�p� #,-p¢0/��9��I _ A�§Rª�E-ªLª-ª-ª-ªµ§�ªLª-ª?c-ª-ª-ª-ªLªµ§�ª-ª-ª
' �R(F�E/C� #B\$\9�:\|#n87=B%',G4c_`dm=B( 2"!9��b>=p/02X!$#Y2[=B(",'HB,.1$#&2F�R�A,.1Q�Y1i� #&17\@�:1$\$�[#Y2
�Y1;
$INq d�2"!$�Ea �L� 8>=&%.,.4+�:(X�
#&("��?$�F�R\i�9=B1$��4:#&1`#&\$\3#Y2A2"!$�
�R1$\32"!9��a �L� /<,G1$\9=p/�%.�:19HB2"!iI�q dK19=&2<#B\$\9�:\)�9,'2<,G�A2"#B�Y�:1n2F=o;>�T�R�F�R4[;L_
\9�+d�#&?9%.2+I
a<!9�R1|#&19=B2"!9�R( $&#B\$\-��=&%.,G4c_D�C1L2"("_-$e4+=BDSDS#&1$\|�X8>�:4c, O 4�2"=M2"!$�e8>=&%.,.4+_3#B1$\@2F=M2X!9� ,G19,.2F,G#Y%K4c=9\9�E8>=&,G1L2

U�#B1$\@19=&2A2"=M#T87#&("2F,G4+?9%G#&(Nb7=p/�Z�\9� O 19�R�<2"!9� \$=p/519HB(X#&\9�R\n4+=-\$��8>=&,G1L2"�</5!$,.46!3#&("��4c=BDSDT=B1`2F=M#&%'%�b>=p/5�
2"!7#Y25?$�"��2"!9� 8>=&%.,.4+_n/<,.2"!32"!$� �"#BDe��,G19,.2F,G#Y%�4+=-\$��8>=&,G1L2+I�j[1`� P #&DS89%.�
,G�:´
�L£L¢ U £ �Y±7£Y±7£ ¦L¢L¢ � ¡9¤.-47&£L� �L�-�9�����Y��I _ A §Rª §-§ §6E
� ������� � �
	���7 � "� :<$ =

a<!9�edm=&%.%'=p/<,G19H`2"!$("�+�S4c=LDTDS#B1$\$��(F�R�"?$%'2
,.1Q8$(",.19HB,.1$H3("�:�X87�R4c2",'*B�+%._�U�,�Z<2X!9�S�:1L2F,G(F�T87=B%',G4c_V2"#&;$%'�B��U�,.,�Z<2"!$�
�:1L2",.("��87=B%',G4c�R(A2"#&;$%'� #B1$\VU�,',.,�Z 2"!9� 4:?$(X(F�R1B2A�", �:��,.13;L_L2"�:�<=&d�2X!9� ��;7?$46�Y�:2"�:´
�L£L¢ U £ �Y±7£Y±7£g²$�Q-R�9� � ¡-¤.-�7 �0I9¦WV>¤L£�L£L¢ U £ �Y±7£Y±7£g²$�Q-R�9� � ¡-¤.-�7&£L�4I$¦WV>¤L£�L£L¢ U £ �Y±7£Y±7£ U £&��D-±C7 e9£B�
� v � � {/� �IH+~
�K{c�Ty ��� �h{ �^�5�5����� J@��� �5�5}N��{c�ey ���w�3�IH+y��5��~U�IH'� J@~�} � �A���
qr1Ta��	�^4+=B1$1$�:4c2",'=L1$�:�p2"!9�<%.=B�X��=Yd �"=BDT�A�F�:HBDT�:1L2X��!$#&�KDT=B("�C,GDS8$#&4+2�2"!$#B1E=B2"!9�R("��=L1E2X!9�<87�R(rdm=L("DS#&174c�N=Yd
2"!$�E4c=L1$19�:4+2F,.=B1iI<a<!9�R�F�e�F�:HBDT�:1L2"� #&("�oU�,�ZC2"!$�E4c=L1$19�:4+2F,.=B13�:�"2"#B;9%.,.�X!$DT�:1L2 �"�+HLDe�R1L2"�:��U�,.,�ZC2"!$�E�F�:HBDT�:1L2X�
�"�:1L2�/5!9�R1o2"!9�
4c=L1$19�:4+2F,.=B1o!$#B� #e�"DS#Y%.%7/<,G1$\9=p/��-#&17\@U�,.,',�Z�2X!9�[�"�+HLDe�R1L2"� �"�:1L2N#pdm2F�R( #�2",.DT�:=B?92C=B( #�d�#&�"2
("�+2"(X#&17�"DT,.2+I<���e4+#&%'%�2"!$�:�"� $Y*9?9%G19�:(X#&;$%'� $o�F�:HBDT�:1L2"�:� =B(58$#B46�Y�:2"�:I<qr1h#M("�:4c�R1L2 8$#&8>�:( � s 
 � �>2X!9�e#B?92"!$=B(X�
�X!9=p/k2X!$#Y2�;L_TDT#B("�L,G19H�2"!$�:�"�5�F�:HBDT�:1L2"��/<,'2X!o#�!9,'HL!9�:(�87(F,.=B(",'2f_T#&1$\T,GDS89%'�RDT�:1L2F,G19H�2"!$� 8$(",'=L(F,.2f_E?$�",.1$H #
\9,  ��"�:("*�#&(X46!9,.2F�:4+2"?$("�&��2X!9�N8>�:(Fdm=B(XDS#&1$4+� =&d$2"!9�Aa��	��4+=B1$1$�:4c2",'=L1 4c=L1$�",.\9�R("#B;9%._[,GDS8$(F=p*B�:�:I�a<!9,G��DS#B("�L,G19H
("�/.-?9,G(F�R�+�-!9=p/N�+*&�R(+�B2"!$#&2N1$�+2f/N=B(X�E%G#�_&�R(��+%.�:DT�R1B2X�C;>��#�/N#B(F�<=&d�2"(X#&1$�X8>=B("2 %G#�_&�:(�,.1-dm=L("DS#&2F,.=B1i�-,WI �BI�=&d�2"!$�
�"2"#Y2"�<=Ydi2"!$� a��	�g4c=L1$19�:4+2F,.=B1iIKa<!9�<HB=B#Y%7=Yd�2"!9� �",GDE?9%G#Y2",'=L1e� P #&DS89%.�</C�<,G1L2"("=-\7?$4c�<,G��2"= �"!9=p/ 2"!7#Y2�=B1$�
4+#B1]#&46!9,.�+*B�M8$(",'=L(F,.2F,��:#&2F,.=B1�=Yd �"�:1$�",.2F,.*&�n�"�+HLDe�R1L2"��/<,.2"!9=L?92e#B1L_�?$�"�M=&dA2X("#B1$�X87=L(F2 %G#�_&�R(�,G1-dm=B(XDS#Y2F,.=B1)�
2"!-?$���",GDT8$%','dm_-,.19H|2X!9�S,.DS89%.�:DT�R1B2X#Y2",'=L1Q=&dN\9,  i�F�R(F*VDS#B("�L,G19H`=&dNa��	�µ8$#B46�Y�+2X�+ITa<!9,G� 8$#&("2
,.� ;7#&�"�:\h=L1
� � � I
� ���&��� ��� �)%�:<(E7 #�? 9 �P,D% ! �P$ ? "�:<*

� 4D@B<=:�� : � 8;@B:=4DC 1�� � � 4 C/4D@��3:���4 25:���4D@B4����/:=8 �/:=1�� aA/N=V8$(",.=B(",'2f_�%'�:*&�:%.�T#&("�n\9� O 19�:\)I�a<!9�3!9,.HB!9�R(
$Yqr1|87#&46�Y�:2"� $S=B( $YHB("�+�R1@8$#&46�&�+2"� $o#&17\|2"!9�e%'=p/N�:(�$ �
?92 87#&46�Y�:2"� $S=B( $&("�:\@8$#&46�&�+2X� $7I<�Q�Edm=-4:?$�5=L1|2"!$�
�",.DS89%.�:�"2
8>=&%.,G4c�:(
#�*p#Y,.%.#B;9%.�E,G1V1$�:´52"!$�e2",.DT�c·f�"%',G\9,G19H`/<,G1$\9=p/�UWa �L� s � 	]Z"I)j �CqfJ ,G�[\9� O 19�R\hdm=L( �R#&46!
�:\$H&�5("=B?92"�:(:I�j ��%'=L19H�#&��2X!9�54c=L1$19�:4+2F,.=B1 � ��(X#Y2"�N,G��;>�+%.=p/ �CqfJE�&#Y%.%78$#B46�Y�+2X��#&("�<DT#B("�&�:\T#&��!9,.HB!S8$(",.=B(",'2f_BI
��!9�R1E2X!9�5("#&2F�N� P 4c�:�:\$� �CqfJ �Y87#&46�Y�:2"�K#&("�ADT#B("�&�:\e8$(F=L;$#&;$,'%.,.�"2F,G4+#&%'%._��"?746!E2X!$#Y2�#Y2K2X!9�<#�*&�:(X#YHB�&�R2"!9�5(X#Y2"�
=Yd 87#&46�Y�:2"�[DT#B("�&�:\3/<,.2"!V!$,'HL!h8$(",'=L(F,.2f_`4+=B(X(F�R�"8>=B1$\7�<2F=`2"!9� �CqfJ I�a<!9�E2X("#B1$�"DT,.2F2"�:\h(X#Y2"� ,.�
4c=LDS8$?92F�R\
#&�A2X!9� (X#Y2F��#�*B�:(X#YH&�R\o=p*&�R( 2X!9��$&a �-� /<,G1$\9=p/ $ L9,.13=B?7(N�",GDE?9%G#Y2",'=L1n,.2"�5\7?$("#&2F,.=B1`,.� s ¶&DS�"�:4&I
qr13=B?$(A� P 87�R(F,GDT�:1L2"#&2F,.=B1$�A/N��*p#&("_M2"!9� �CqfJ¬%.�+*B�+%�#&2N2X!9�E�"=B?$(X4c���R\9H&��19=9\9�R�5#&1$\@�"2"?$\$_n,.2"�<,GDS8$#&4+2

=B138>�:(Fdm=B(XDT#B1$4c�BI



� 
 �����������
	�� P��� � ���O	 �
������� ���
�<(0�O	����'����(

��� 4 �/1�� 1 <=1���� �Q� 4+=B1$�X19,G\9�:(A2X!9���F,GDS89%'� 1$�+2f/N=B(X�S2F=B8>=&%.=&HB_o/<,'2X!@#T�",.HB19%.��;7=B2F2F%.�:1$�:46� �$\9�:8$,.4+2F�:\3,G1
³K,'H>I � I.�&I

Source
Node

Edge Node

Source
Node

Edge Node

Source
Node

Edge Node

Source
Node

Edge Node

Source
Node

Edge Node

���
�
���
�
���
�

��	
	


�
�
��


Edge Node Node
Destination

Core
Node

³K,.HB?$("� � I'�B´A� �:2f/C=L("�S2"=B8>=&%.=&H&_
�C#B46!h�"=B?$(X4c�S19=9\9�S,.��4+=B1$1$�:4c2"�:\Q2F=|#34c=B(X("�:�X87=L1$\9,G19Hn�R\9H&�o19=9\9�S/5!9�R(F�T2"!9�o2X("#ONM4E,G��DS#&(X�Y�:\Q#&4c·

4c=L("\$,.19H^2"=g8$#&(X#&DT�+2"�:(X�T2"!$#&2o/<,'%.%[;>�h�"8>�:4+, O �:\iI a<!$�|�:\9HB�h(F=L?92F�R("�o#B(F�|4c=L1$19�R4c2F�R\ 2F=]#];7=B2F2"%'�R19�:46�
4c=L(F�R(F=L?92F�R(+�-#&17\`2X!9�:132X!$(F=L?9HB!3#&1$=&2"!$�:(N�:\9HB� (F=L?92F�R(+�-2"=M#T\$�:�"2F,G1$#Y2",'=L1`19=9\9�BI
a<!9�R(F��#&("� s ¶S�F=L?$(X4c��19=9\9�:�:�7#&17\n�R#&46!`=B19��=YdK2"!$�:D�HB�:19�R("#&2F�R�Na��	��4+=B1$19�R4c2",'=L1$�+I
���|� P 87�R(F,GDT�:1L2o/<,.2"!¯#]!9,.HB!-·f�"8>�+�R\ %'=94+#&%5#&("�:#�2f_987�h1$�+2f/N=B(X��U��X!9=B("2o8$("=B8$#&HB#Y2",'=L1\9�:%.#�_9�+Z /<,'2X!

4c=LDS89%'�:2F�:%'_n�"_9DT�+2"(",G4�%',G1$�-�+´
. ��,G1$�-��;7�:2f/C�:�:1^2"!$�o�:\9HB�M19=9\9�:� #B1$\�2"!9�M4+=B(X(F�R�"8>=B17\9,.1$H3�"=B?$(X4c�o19=9\9�R� !$#�*B�S\$�+%G#�_-��=&d
�R¶��)�F�R4#&1$\ ¹ 	h;78$�<;$#&17\9/<,.\$2"!iI
. ��,G1$�-�C;>�+2f/N�+�R1M2"!$�
�R\9H&�
19=9\9��#&1$\n2"!9��4c=L("("�:�X87=L1$\9,G19HE\9�R�F2",.17#Y2F,.=B1`19=9\9��!$#&�[�:¶��)�F�R4[\9�:%.#�_o#B1$\�:¶ 	V;$8$�A;$#&17\9/<,.\$2"!iI
. ��,G1$�-�<;7�:2f/C�:�:132"!9�e4c=B("��19=9\9� #&17\n�R\9H&� 19=9\9�R�<2"!7#Y25#&("��#Y2"2"#&46!$�:\32F=S2"!$�E�F=L?$(X4c�:�A!$#�*B��¶$I.�:DS�F�R4\9�+%G#�_M#&1$\ ¹ 	h;$8$�<;$#B1$\9/<,G\92"!)I
. a<!9��%',G1$�n;>�+2f/N�+�R1n2X!9� 4c=L(F��19=9\9� #B1$\n�R\9H&��19=9\9��#&2F2"#B46!9�:\`2F=S2X!9� \9�:�"2F,G1$#&2F,.=B13!$#&���RDT�"�:4�\9�:%.#�_#&1$\Q�:¶B	h;$8$�<;$#B1$\9/<,G\92"!)I

��� 4 �/@B8��w� � 132A4D< j 2X("#B1$�Fdm�:("�:\ O %.�e!7#&�
# ��#&("�+2"=n\9,G�F2X(F,G;$?92",'=L1|/<,.2"!V�X!$#B87�T8$#&(X#&DT�+2"�:(E�&I s �o#B1$\
#&13#�*&�R("#&H&�
�F,��+��=YdA�:¶B�-;B_-2"�:�
U��"�+� � ¹ �7� ¹ � dm=B(<�",GDe,.%G#&(A8$#&(X#&DT�:2F�:(X�+Z"I
³K,'%.�:�S2"=];7�|2X("#B1$�"DT,.2F2"�:\ #&(X(F,.*&�@#Y2S�:#B46!k�"=B?7("4+�319=9\9�|#B4+4c=L("\$,.19H�2F=]#���=&,G�X�F=L1g8$("=-4+�:�X�T/<,'2X! #B1

#�*&�R("#&H&�@("#&2F�h=&dE� O %.�:�n8>�:(`�F�R4c=L1$\iI �L�+*B�:(X#Y% �"�:�X�",'=L1$�Td�(F=LD 2X!9�Q�X#&DT�h�"=B?$(X4c�h1$=-\$�V4+#B1�;7��#&4c2",'*B�
�",.De?9%'2X#&19�:=B?$�"%._&I
� >A4-> 4D:�� � � 8 � 8 ��4�� 4����`�58;@B8 � 4 �/4D@BC �
?9�R?9�S4+#&1Q;$?9,.%.\Q?$8Q=B19%._h#Y2[2"!9�o;>=&2F2"%'�R19�:46�|("=B?$2F�:(:��,�I �&I
#Y2 2"!9� %.,G1$�`;>�+2f/N�+�R1@2"!9�e4c=B("� 19=9\9�E#B1$\@2"!$� �:\9HB�E19=9\9��2X!$#Y2
4c=B1719�:4+2"�<2"=M2"!9�e\9�:�"2F,G1$#Y2",'=L1iIA�Q�e46!9=B�"�
,.2"�E�",��+�o2F=h;>�M=&d��R¶&¶@8$#B46�Y�+2X�+I`a<!L?7��2"!9� .B�R?9�:?$�MDT#B1$#YHB�:DT�:1L2 8$#B("#BDT�+2F�R("��#&2�=&2X!9�:( 1$=-\$�:� \9,G\]19=B2
!$#�*B�T#B1h,G1-b>?9�R1$4c�o=L1h2"!$�M(F�R�"?9%.2"�:IEqr1Q2"!$�M;7=B2F2F%.�:1$�:46�I.-?9�:?$�S#&2�2"!9�o4c=L(F�S19=9\9�B��#@DE?9%.2F,'·WJ���& .-?9�:?$�
DS#&1$#&H&�RDe�R1L2o,.�`?$�F�R\¯/<,'2X!�#]J5q � ·9& *B�:(X�F,.=B1 L /C�V46!$=L=L�F�@2X!9�Q�X#&DT�h8$#B("#BDe�:2F�R("�Sdm=L(M;>=&2"!�87(F,.=B(",'2f_
%.�+*&�:%.�EU�DT=B("�E\9�:2"#&,'%G�5/<,.%'%K;>�EH&,.*&�R1|;7�:%'=p/�ZXI �
?$( #&,.D ,G1h46!9=-=B�",.1$Ho2"!9�T8$#&(X#&DT�+2"�:(X�</A#&�519=B2 2"=M=B;92X#Y,G1
19�R4c�:�X�X#&(",'%._]#&1g=L892F,GDS#Y%<8>�:(Fdm=B(XDT#B1$4c�@;$?92o(X#Y2X!9�:(e2F=]4+("�:#&2F�34c=B17\9,'2",'=L1$�T2"!$#&2o#Y%.%'=p/�?$�S2"=��"2"?7\9_g2"!$�
�  ��:4+2n=&d�\$,  i�F�R(F*k=B1�\9,GDT,.1$,.�X!9,G19Hg2"!$�V%.=B�X�M8$("=B;$#B;9,'%.,.2F,.�:�o=&d�*9?9%G19�R("#B;9%'�h�"�+HLDT�:1L2"�:�5#&1$\ 2X!9�V,GDS8$#&4+2



� ��`J(�� %J� � � ���'�!� � � ��� � � (`�
	�� �.�O	 ������� ���'�!�<� � ����� ���O	 ����� �J�R� ��"����$( ���

=Yd[2"!9,G�S#&4c2",'=L1]=B1ka��	� 8>�:(Fdm=B(XDS#&1$4+�VU�\$�+%G#�_&��2X!$(F=L?9HB!78$?92cZXI^³7=B(T2X!$#Y2S(F�R#&�"=B1i�K/N�346!$=L=L�F�n2"!9�|�X#&DT�
8$#B("#BDe�:2F�R("�Cdm=B(A2X!9��2f/N=S87(F,.=B(",'2f_o%.�+*B�+%G��U�2X!9,.�5/<,'%.%�;>��� P 89%G#Y,G19�:\3;7�:%'=p/�ZXI
³7=L(K�:#B46!e4+=&%.=B(�=Ydi8$#&46�&�+2X�CUW(F�R\i�&HL(F�:�:1�ZX�Y2"!$�5#�*&�:(X#YHB�:\�.-?9�R?9�5�", �:�:\e,.��DT=L19,'2"=B("�:\`U�2X!9,.��,.��\$=B19�<?$�",.1$H

2"!$�e�"2"#&17\$#&(X\3� P 87=L19�:1L2",.#&%�#�*&�R("#&H&,G19He/<,.2"!V8$#&(X#&DT�+2"�:(�� � 3 ¶ � ¶$�YZXI ��#&46�Y�:2"�A=&d�#MH&,.*&�:1@4+=&%.=B(5�"2"#B(F2<2"=
;>�e\$("=B8$8>�:\h/5!9�:1|2X!9�S#�*&�:(X#YHB�:\31-?$DE;>�:([=Yd�.-?9�R?9�:\h87#&46�Y�:2"� =Yd�2"!$,.�
4c=B%'=L(5� P 4+�+�:\7�5$'&E( 		Li/N�E46!9=-=B�"�
$'&E( 	%3��R�;L>2X!9,.�
\$("=B8|8$("=B;7#&;9,.%',.2f_3,.1$4:(F�R#&�"�:� %',G19�:#B(F%._3/<,'2X!|2"!9�T#�*&�R("#&H&�:\�.-?9�R?9�E�", �:�e?$1L2F,.%�,'2�(F�R#&46!9�R�
2"!$� *p#Y%G?9�9$6��/ 	 3 t �9�$/5!$�:("��2"!9�E\7(F=L8387(F=L;$#&;9,.%.,'2f_`,.�<2X#&�&�:1@2F=M;>�9$6�"/=< 30¶ � �9I ��!$�:1|2X!9,.� *p#Y%G?9��,.�
� P 4+�+�:\$�:\i�92X!9� \$("=B838$(F=L;$#&;$,'%.,'2f_n,.���BI

� =B2F�[2"!$#&2C=&dm2F�:1n2"!9��\9,  ��:("�:1L2F,G#Y2",'=L1M;7�:2f/C�:�:1n2"!9��8$(",'=L(F,.2F,.�:�C,.�N\9=L19�
?7�F,G19He\$,  ��:("�:1L2A�F�:2"�N=Yd�8$#B("#BDe·
�+2"�:(X�+´[\$(F=L8$�
#&("�E87�R(rdm=L("DT�R\V#Y2
#n%G#&("H&�R(�.-?9�R?9�e�", �:�Edm=L( HL(F�:�:1h87#&46�Y�:2"�eU��BI H>I � �B� � ZXI��Q�S8$("�cdm�:(
19=B2[2"=
?$�"��2"!9,G�5#&878$(F=L#&46!i�9�",.174c��/<,'2X!@(F��Nr�:4c2",'=L1@#Y2<#T%.#B(FHB�:(N/<,.17\9=p/0�", �:��/C��#Y%G�"=THB�+2A%G#&("H&�:(A\9�:%.#�_9�:�-/5!9,.46!3,G1
�"=BDT�<� P 8>�:(",.DT�:1L2"�:\o8$#B("#BDe�:2F�R("��("�:�X?9%.2�,.1o# %'=p/N�:(K2X!$(F=L?9HB!78$?92�dm=L(�HB("�+�R1T87#&46�Y�:2"�K2X!$#&1Tdm=L( ("�:\S8$#&46�&�+2X�
#&17\|,.1hH&%.=B;$#&%�\9�:HB(X#&\$#&2F,.=B13=Yd 8>�:(Fdm=B(XDS#&1$4+� � �A_@H&,.*-,.19Hn2"!9�T�"#BDe�e8$#&(X#&DT�+2"�:(X�52"=`;>=&2"!V8$(F,.=B(",.2F,.�:�:�7/N�
4+#B1@%'�R#&(X1|#&;>=B?92 2"!9�T\9,.("�:4+25�  ��:4+2 =&d�87(F=B2F�:4+2F,G19HM*9?9%G19�:(X#&;$%'� 8$#B46�Y�:2"�<=L1@2"!9�Ta��	� 87�R(rdm=L("DS#B1$4c�BIAa<!$�
\9,  �R(F�R1L2F,G#Y2F,.=B1�,G��2"!$�:1]\9=L19�M;L_Q?$�",.1$H32X!9�MJ5q � ·9& #B8$8$("=B#&46!)�),.1�/5!9,G46!�2"!9�`(F��Nr�:4c2",'=L1^8$(F=L;$#&;$,'%.,'2f_V=Yd
�:#B46!V2f_98>�o=YdA4c=&%.=B(�\9�R87�R1$\$�E=B1Q2"!9�M#�*B�:(X#YH&�T1-?$DE;>�:(�=&dA8$#B46�Y�:2"�
=YdA2"!$#&2�2f_987�BIMa<!L?7��2F=h!$#�*B�eHL(F�:�:1
8$#B46�Y�+2X��\$("=B8$8>�:\S%.�:�X��2X!$#&1o("�:\S=L19�:�:�&/N� �",.DS89%._S46!9=-=B�"�<2"!9�:,.( 2"!$("=B?9HL!$8$?92 U�#&17\o4c=B17�F� .L?$�:1L2F%._T#&%.�"=�2"!$�
4c=L("("�:�X8>=B1$\9,G19HM#�*B�:("H&� .-?9�:?9�T�F,��+�&Z 2F=3;7�e%'=p/N�:(/L72X!9,G� ,G� \9=L19�e;L_32"!9�T8$("=B8>�:( 46!$=&,G4c� =&dK2X!9���CqfJ *�#&%.?$�
/5!9,G46!@\9�+2"�:(XDe,G19�R�A2"!9��d�(X#&4+2F,.=B1`=Yd�87#&46�Y�:2"�A2X!$#Y2</<,.%'%);>� DS#&(X�Y�R\nHL(F�:�:1iI
�L,GDE?9%G#Y2",'=L1$�<#&("��
&¶&�"�:4
%.=B19H>I�a<!9��("#&2F��=Yd�#&(X(F,.*p#Y%�=YdK;9,.2"�<2"=o2"!9� ;>=&2"2F%.�:19�R46�o,.�

s ¶ �Q� � ¶ t ���:¶�� � 

¶ � sBs 3 �D� � ¹ �����G1 �

a<!9,G�
,.�[=B;92X#Y,G19�:\Q#&� dm=&%.%'=p/5�:´5j 1Q#�*&�R("#&H&� 8$#B46�Y�+2
�F,��+�e,.�T�R¶ t ¶n;B_-2"�:�[=Yd /5!9,G46!g�R¶&¶B¶o#&("�e\$#&2"#n#B1$\ t ¶
;L_-2F�:�<#B(F��#B1n� P 2X("#S!9�R#&\9�R(+I�j[13#�*B�:(X#YHB�5dm2"8 O %.��,G�<#&�X�"?$DT�R\n2"=M4c=B1L2X#Y,G1h�:¶��S�:¶���;L_-2F�R�A=Yd�\$#Y2X#$�9/5!9,G46!
DT�:#B1$��2"!7#Y2�,.2"��2"=&2X#Y%7#�*B�:(X#YH&�A�", �:��U�,G1$4c%G?$\9,G19H 2X!9�5� P 2X("#�!9�R#&\9�R("�+Z),.� #&8$8$("= P ,.DS#&2F�+%._M� � ¶ t �o�:¶�� ��
�;9,'2X�+I
a<!9��("�:�X?9%'2N,G�A=B;92X#Y,G19�:\`;B_`DE?9%.2F,G89%._L,G19Ho;L_o2"!9� 1-?$De;7�R(N=Yd��"=B?7("4+�[19=9\9�R�<#&1$\3\9,.*L,G\9,G19HS;B_n2"!9��#�*&�R("#&H&�
2F,GDT� ;7�:2f/C�:�:1@#&(X(",'*p#Y%G�C=Yd O %'�R�5#Y2<#S19=9\9�BI
a<!9��1$�5�X4+(",G892A,.�<HB,'*B�:1n,.1@a�#&;9%.� � I.�&I



�:¶B¶ �����������
	�� P��� � ���O	 �
������� ���
�<(0�O	����'����(

�&£B�����*)W�7£Y«,+.-c 7±>¤L¦&�$¡L�0/
1 I�H7£L�9£�¦L�-£¬�Y£4]$£L�9¦-¤ �&¡&±$�Q7Y£7�£-¦.7[H U £&�7£L�9¦&�C-R� U   ¦&� �?I _�� �&£7�L�`-Y¡&��� �6H7¦L�5-:� U ¦:V$¡B�-�7¤L£Y�7£.7 e
1 ¤.-R�`e0¦&�$¢ ¦µ�`-R� U ¤B£¯¢9£7�p�C-:�7¦B�C-Y¡Y�<©�I4H7£Q-p�¯�-±& LV7£L�,-L� U -6]$£Y�:V �0�4H7£ ²7¦L�9¦� 7�$£L�:>9¡L¢-£�>4V
1 +�;�§4Bk¥-¥L¥-¥-¥ �$;�§4B ¥-¥L¥-¥
1 © �
1 © ¥L¥-¥-¥ �$; -0B ¥-¥L¥ _ ¡L�9£-¥-¥-¥-¥ �9¢¬¥L¥-¥-¥-¥-¥L¥-¥ 2
1 © �
1 +�; >9¡L¢-£�>4VRB&¥ �$; >9¡B¢9£�>4VRBY¥
�&£B�\7`-��9ª §�ªLª-ª-ª-ª � 1 ²7¡9¤L-�7`-R� U ²7¦L�9¦�  £B�$£L��&£B�\7`-��i§ §�ªLª-ª-ª-ª � 1 ²7¡9¤L-�7`-R� U ²7¦L�9¦�  £B�$£L��&£B��²`eL�L+Q-��9£ §�ªLª-ª�&£B�F>9¡B¢9£�>4V E-ª � 1 >B±& .V7£B�0¡43µ�Y¡&±$�Q7&£k�$¡L¢9£7��&£B�F>B±Y .V7£L� � ¤L¡&«�� c �-ª � 1 >B±& .V$£L��¡�3F3$¤L¡&«��]²$£L�¨�Y¡&±$�Q7&£k�$¡L¢9£�&£B�µ�Y¢&±$�9¦B�C-p¡&� �-ª � 1?2 ±$�9¦&�C-Y¡&� ¡43¨�`-6 7±>¤L¦B�5-Y¡&�
1�2 £435-R�7£¯¢5-63039£L�9£Y�9�87&¡9¤B¡L�>�939¡L��¢9¦&�$¦:3$¤L¡&«��<;=39¡L�?>�@0ACB�Y���?7&¡-¤L¡L� § D7¤Y±7£�Y���?7&¡-¤L¡L�FE?G9£L¢�Y���?7&¡-¤L¡L�Fc � �9£-£&��Y���?7&¡-¤L¡L��®FD9�9¡&«-��Y���?7&¡-¤L¡L� °��9£9¤-¤L¡&«�Y���?7&¡-¤L¡L� �:D7¤L¦.7 e
�&£B� � ±-� )r¡Y²7£&� � ±9�N©W���]«L/ � 1 35-Y¤L£87&¡&�9�$¦.-R�R-R� U �9�9¦&� � 39£L�

1 �C-6 �£7� ¡�3�¢5- 303-£L�9£&�9��7&¡&�-�7£L7p�C-Y¡&� ��&£B� _ ¡Y�-�d)r¡&²7£&� _ ¡Y�-�<© �9�«L/ � 1 35-Y¤L£87&¡&�9�$¦.-R�R-R� U ��H7£¯�-±& .V$£L��¡�3\7&¡&�-�7£L7p�C-Y¡&� �
�&£B���`3 )r¡&²7£&� ¡&±-�A© �9� «L/ � 1 � ²$£&� ��H7£JI9�9¦.7Y£?3Q-&¤L£�Y����9�-¦.7&£9¥L¦-¤-¤¯�&�`3
1 � ²$£&� ��H7£:>�@0A��9�9¦L7&£:35-&¤L£�&£B�F35-Y¤L£0EM)r¡&²7£Y�0¡&±9�A©W�$¦� 0«L/
1 �Y����7¦� >�9�-¦.7&£9¥L¦-¤-¤k�W35-&¤L£0E
1 ¢9£�35-R�C-R� U ��H$£��$¡Y²7¡9¤L¡ U ��&£B� 2 )F�Y���g�7¡L¢-£�/�&£B� �9¢ )F�Y���g�7¡L¢-£�/�&£B� _ ¡B�9£M)F�Y���g�7¡L¢-£�/



� ��`J(�� %J� � � ���'�!� � � ��� � � (`�
	�� �.�O	 ������� ���'�!�<� � ����� ���O	 ����� �J�R� ��"����$( �:¶7�

�&£B�F3$¤L-R�`e )F�Y�����`-6 7²>¤L£4Y$¥-¤.-R�`e¯� _ ¡B�9£ � �9¢ §�ª4A�V�§¸ )�¯¢>�6G�� 2 �L7Y¡L�9£�/�Y��� � ±$£&±7£9¥-¤L-c  -�� � _ ¡L�-£�� �9¢ §�ª-ª�Y�����`-6 7²>¤L£4Y$¥-¤.-R�`e�� �9¢0� _ ¡B�9£¨§�ª4A�V�§¸ ��k¢>�6G�� 2 �L£B¢ U £�Y���k¢B±L²>¤L£4Y7¥L¤.-R�`e � �9¢ � 2 §�ª4A�V ªC©rª�§¸ )� 2 �9¡&²`I9¦Q-&¤
39¡L��S$�Y£B� � § TFS-� � *�	$�4>9¡B¢9£�>4VQT9S�-:�C7Y� � TFS�&£&�8+�;6� � Bb)F�p���g�7¡L¢9£�/�&£&� � ;6� � Bb)F�p���g�7¡L¢9£�/�Y� � ¢&±-²>¤L£4Y$¥-¤.-R�`e ��+�;¸� � Bk� �$;¸� � B �WA�V ªC©rª §¸ �� 2 �9¡Y²`I$¦Q-&¤�Y� � �0-c 7²>¤L£WY7¥-¤.-R�0e�� �$;¸� � Bk� _ ¡B�9£ �WA�V ªC©c§X ��¢>� G�� 2 �L£L¢ U £�Y� � �0-c 7²>¤L£WY7¥-¤.-R�0e�� _ ¡B�9£ � �$;¸� � B �WA�V ªC©c§X ��¢>� G�� 2 �L7&¡L�-£�Y� � � ±7£&±7£9¥L¤.-c  -�����+�;6� � Bk� �$;6� � B §�ª-ª
T

10_ ¡Y�L35- U 2 -6303>�&£L�4]�&£B� � �-¢ _ )�)F�Y���¯¤.-R�0e0� �9¢ � _ ¡L�9£4/ � ±7£&±7£4/� � �-¢ _   £-¦&� � eL�L+Q-��9£g®$ª� � �-¢ _ �&£&���L±&  �Y±7£Y±7£7� � §� � �-¢ _ �&£B�`>B±Y  � �9£.7 E
39¡L��S$�Y£B� � § TFS-� � *�	$�4>9¡B¢9£�>4VQT9S�-:�C7Y� � TFS� � �9¢ _ ¦L¢-¢ � ¡9¤.-�7 ���L�9�9�	�*)F� 2 -�¢0/d)r��+�;6� � BJ-p¢0/?IL+ � E _ A §�ª �L7`-p�-ª ª ©rª0E
T� � �-¢ _ ¦L¢-¢ � ¡-¤.-�7&£L� �L�9�9��� IL+ � E _ A §�ª §-§� � �-¢ _ ¦L¢-¢ ��� D �L�9�9�	� §Rª0ª ª� � �-¢ _ ¦L¢-¢ ��� D �L�9�9�	� §L§kª §� � �-¢ _ 7&¡&�L35- U � ª ª�§�ª?c-ª ªC©c§� � �-¢ _ 7&¡&�L35- U � ª § §�ª?c-ª ªC©c§
� � �-¢ _ ²$�5-R�9� � ¡9¤.-�7 �0I$¦WV>¤&£� � �-¢ _ ²$�5-R�9� � ¡9¤.-�7Y£L��I$¦WV$¤L£
�&£B� � _ �9¢ )�)F�Y���¯¤.-R�0e0� _ ¡L�9£ � �-¢0/ � ±7£&±7£4/
1 �&£B� � _ �9¢ )F�439¤.-R�`e � ±$£&±7£�/� � _ �9¢  �£-¦&� � e-�L+Q- �9£¯�Y²0e-�L+Q-��-£� � _ �9¢¬�&£B���-±&  �p±7£&±7£7� � §� � _ �9¢¬�&£B�F>B±&  � �9£.7 E� � _ �9¢ ¦L¢-¢ ��� D �L�9�9�	� §Rª0ª ª� � _ �9¢ ¦L¢-¢ ��� D �L�9�9�	� §L§kª §� � _ �9¢¬�&£B�0A0G � 2 A$¡L¢-£9G � � ¥ 2� � _ �9¢,7&¡&�L35- U � ª ª�§�°¯®$° ªC©r°�ªC©fª�§� � _ �9¢,7&¡&�L35- U � ª § §�°¯®$° ªC©r°�ªC©fª�§



�:¶ s �����������
	�� P��� � ���O	 �
������� ���
�<(0�O	����'����(

39¡L��S$�Y£B� � § TFS-� � *�	$�4>9¡B¢9£�>4VQT9S�-:�C7Y� � TFS�&£&� � � _ ;6� � Bb)0)F�Y��� ¤L-R�`e � �$;6� � Bk� _ ¡L�-£�/ � ±7£&±$£�/� � � _ ;6� � Bh �£-¦&� � e-�L+Q- �9£¯�Y²0e-�L+Q-��-£� � � _ ;6� � B �&£B���-±&  �Y±7£&±7£$� � §� � � _ ;6� � B �&£B�`>&±&  � �9£L7 E� � � _ ;6� � Bg¦L¢-¢ � ¡9¤.-�7 � �L�9�9��� )F��+�;6� � BJ-�¢0/d)r� 2 -p¢0/:IL+ � E _ A §�ª0�L7`-p�i§gªC©fª0E� � � _ ;6� � Bg¦L¢-¢ � ¡9¤.-�7&£B� �L�9�9�	�9I`+ � E _ A §Rª §-§� � � _ ;6� � Bg¦L¢-¢ � � D �L�9�-��� §�ª0ª ª� � � _ ;6� � Bg¦L¢-¢ � � D �L�9�-��� §-§kª §
1 � � � _ ;¸� � BP7&¡Y�L35- U �¯ª ªFE-ª�®9ª0ªC©fª0E� � � _ ;6� � BP7&¡&�L3Q- U �¯ª ª §�ªFE-ª�ªC©c§� � � _ ;6� � BP7&¡&�L3Q- U �¯ª §0§�ªFE-ª�ªC©c§
� � � _ ;6� � BQ²$�5-R�9� � ¡9¤.-�7 �0I$¦WV>¤B£� � � _ ;6� � BQ²$�5-R�9� � ¡9¤.-�7Y£L��I$¦WV7¤L£
�&£&� � _ �$;6� � Bb)0)F�Y��� ¤L-R�`e � _ ¡L�-£0� �$;6� � B6/ � ±7£&±$£�/� � _ �$;6� � Bh �£-¦&� � e-�L+Q- �9£ ®$ª� � _ �$;6� � B �&£B���-±&  �Y±7£&±7£$� � §� � _ �$;6� � B �&£B�`>&±&  � �9£L7 E� � _ �$;6� � Bg¦L¢-¢ � � D �L�9�-��� §�ª0ª ª� � _ �$;6� � Bg¦L¢-¢ � � D �L�9�-��� §-§kª §
1 � � _ �$;¸� � BP7&¡Y�L35- U �¯ª ªFE-ª�®9ª0ªC©fª0E� � _ �$;6� � BP7&¡&�L3Q- U �¯ª ª §�ªFE-ª�ªC©c§� � _ �$;6� � BP7&¡&�L3Q- U �¯ª §0§�ªFE-ª�ªC©c§
T

1 �&£B��3$¤L¡&«k �¡Y�R-��$¡L��&£B�k �¡Y�L35-&¤L£ )f¡&²7£&�  �¡&�A© �9� «L/�&£B�F3p  ¡&�d)F�Y���� �¦4e9£�3$¤L¡&«Y �¡&� � -p¢0/�Y��� ¦B�L�$¦.76H>¥W3p �¡&���43$¤.-R�0e0�43p �¡&��43p  ¡&� ¦B�-�$¦.7[H �R �¡&�L3Q-&¤L£
1 I _	� +L¡&±$�Q7&£$� �`¢9£7���C-R�7¦B�5-Y¡&��� � 7&¡&�L�7£.7p�C-p¡&���
39¡L��S$�Y£B��-¬§ TFS-�.-(*�	$�4>9¡B¢9£�>4VQT9S�-:�C7Y�\-:TFS
39¡L��S$�Y£B� � § TFS-� � *�	$�4>B±Y .V7£L� � ¤L¡&«�� T9S\-R�C7Y� � T�S�&£B���57R²��Y�Q7 ;¸�.- �¸� � B )W�7£Y«?@ U £&�9���WI _�� �W>9£&«$�9£Y�7¡4/�&£B���57R² � ���`e ;6�.- �¸� � B<)��7£&«F@ U £&�-���WI _�� +Q-R�`e`/�&£B�?e )r£4YL²$� �L- � §�ª-ªLª �$� � / ��&�57R²��Y�Q7 ;¸�.- �¸� � B�&£&��3Q-p¢ � �We�&�57R²��Y�Q7 ;¸�.- �¸� � B�&£&��«C-R�$¢9¡&« � E-ª-ª-ª�Y��� ¦B�L�$¦.76H>¥B¦ U £&�9����+�;6�L-0Bk�&�57�² �Y�Q7 ;6�L- �¸� � B�Y��� ¦B�L�$¦.76H>¥B¦ U £&�9��� 2 �&�57�² � ���`e$;6�L- �¸� � B�Y���?7&¡Y�-�7£.7p�0�Y�57�²��Y�.7 ;6�.- �X� � B^�&�57�² � ���`e$;6�L- �¸� � B�&£B�F3L�B²
;6�.- �X� � BK)F�Y�57�²��Y�.7 ;6�.- �X� � BQ¦B�-�$¦L76H>¥$�&¡Y±$�Q7&£ � I � /
TFT



� ��`J(�� %J� � � ���'�!� � � ��� � � (`�
	�� �.�O	 ������� ���'�!�<� � ����� ���O	 ����� �J�R� ��"����$( �:¶B�

1� £&�7£L�-¦B�$¡L�>� 39¡L���9¦&�$¢-¡�  �`-��9£�¡�3F35-&¤B£7��©�&£B� �B� U §K)W�7£&«FG`> � /�B�B� U § �&£-£L¢?E0E
1 G$¦&�$¢9¡R  -R�9�$£L�9¥L¦L�-�5-[]$¦9¤^�C-c �£7� ¡�3?I _�� �9�-¦&��� 39£B��¦B� £-¦.76H¨�&¡&±9�Q7&£8-�&£B�?G ^ )W�7£Y«�G9¦&�$¢9¡�  ^ ¦L�5-Y¦ V>¤L£ � �4YL²7¡p�7£Y�9�5-p¦9¤ /�WG ^ �&£&�¬¦4] U � ªC©�E0E�WG ^ ±��Y£9¥B�B� U �&�B� U §
1 G$¦&�$¢9¡R  �`-��9£�¡�3F35-&¤L£$�g�$¡��-�9¦&���+  -���&£B�?G ^ +Q-��9£ )W�$£&«FG$¦&�$¢9¡R  ^ ¦L�5-p¦WV>¤L£ � � ¦B�9£&�9¡�/�WG ^ +Q-��9£0�&£&� ¦W] U � §�ª-ª-ªLª�WG ^ +Q-��9£0�&£&�¨�[H7¦&²7£ � §�©�E-°�WG ^ +Q-��9£k±��Y£9¥B�B� U �B�B� U §
1 ¢B±& - 
�\7&¡R - �¦&�$¢�&£B��� )F�WG ^ +.-��9£�]$¦-¤Y±7£�/
1 � £��$¡&«0¢9£�35-R�$£ ��H7£JV7£ U -R�L�R-R� U �5-c �£7�k¡�3��9�9¦Y��� 39£L�7�¦&�$¢���H7£¯�9�-¦&��� 39£B� �`-��9£7�
1 @9�-�5-6]9¦9¤$�¡�3µ�&£7�L�`-Y¡&��� 39¡9¤-¤L¡Y«¬¦ � ¡Q-B�-�&¡&�¯²9�9¡.7&£7�L��©
1
39¡L��S$�Y£B��-¬§ TFS-�.-(*�	$�4>9¡B¢9£�>4VQT9S�-:�C7Y�\-:TFS�Y£B��� )F�p���g�7¡&«L/

3-¡L��S$�&£B� � § T�SL� � *�	$�W>B±& .V7£B� � ¤L¡&« �WT S\-:�C7Y� � TFS
1 �&£B����H7£PV7£ U -R�-�R-:� U �C-c  £ ¡43��7£WY-���9�9¦&��� 39£L�J3-�-¡� ��&¡&±$�Q7Y£�¦&�$¢0¦B�-�9�5- V-±9�$£7��&�Q7�²��Y�Q7 ;6�.- �¸� � B]�&£B�¨�&£7�-�¯� ��&�Q7�²��Y�Q7 ;6�.- �¸� � B]�&£B���7¡L¢9£ �.-�&£&� �d)r£4YB²$�0�&��� )F�WG ^ ]$¦9¤Y±7£4/0/�&�Q7�²��Y�Q7 ;6�.- �¸� � B]�&£B�¨�p�$¦L�L�>� �&��&�57�²��p�Q7 ;6�.- �¸� � Bg�&£B�µ�`-��-£a)f£4YL²$�a)F�WG ^ +Q-��9£9]$¦9¤Y±7£4/0/�Y���¯¦B� )F�&�57�² �Y�Q7 ;6�L- �¸� � Bg�&£B�µ�p�9¦L�L� � / �R�43L�L²
;¸�.- �¸� � B�&£Y�$¢a)F�&�57�² �Y�Q7 ;6�L- �¸� � Bg�&£B�µ�`- �9£�/ ��Y���¯¦B� )F�&�57�² �Y�Q7 ;6�L- �¸� � Bg�&£B�µ�p�9¦L�L� �9/ � 7&¡&±L�9� � ¤L¡Y«���.- § �
T0T

39¡L��S$�Y£B� � § TFS-� � *�	$�4>9¡B¢9£�>4VQT9S�-:�C7Y� � TFS�&£B� _ �-� � ;6� � Bª
T

1 I�H7£?39¡9¤-¤L¡Y«R-R� U ²$�9¡.7&£B¢B±$�9£�-B��7&¦-¤-¤L£L¢ «0H$£&�7£4]$£B��¦�7&¡Y�-�7£.7p�5-Y¡&��£Y�$¢>�
@ U £Y�9���WI _	� -R���p�B²$�9¡.7g¢-¡&�7£FS0TFS
U ¤L¡ V7¦9¤k�57�² �Y�Q79>9¡L¢-£�>4VF>B±& LV7£L� � ¤B¡&«���� �PG ^ 3L�L² � ±-�0�57R² � ���`ePG ^ +Q-��-£
1 ²$�5-R�9��-R�¬� � ±9� �o�7¡L¢9£ �V�&£7�-�`-p¡&� �V�p�$¦B�L���C-c �£ ��£&�$¢��C-c �£ �3¢B±$�9¦B�5-Y¡&� �
1 �9�9¦&���&¥Y²`e-� � �M�9�9¦Y���+ i¥ V��-�$£7� �o�9£B�-�9¦&���B¥ V �-�$£7� �o��H9�9¡&± U HL²-±9��&£B�0¢B±$�9¦B�5-Y¡&�a)r£WYL²$�M)F�Y� ��$¡&«L/0¥a)r�$�&£9¤43 �Y£B� ���$¦L�L� � /J/�&£B��-*)F�9�&£9¤43 �&£&���$¡L¢9£�/�&£B� � )F�9�&£9¤43 �&£&�¨�Y£7�-� /�&£B� �C-c �£ )F�p���g�7¡&«L/



�:¶ t �����������
	�� P��� � ���O	 �
������� ���
�<(0�O	����'����(

²-±9� �¯� � ±-� �R�.- �&�µ� � �&�¬�&�C-6 �£ �&� ��&�C-c �£ �Y�µ�B¢&±$�9¦B�C-p¡&� �&� )F�$�Y£9¤43¬�&£B���$¢9¦&�$¦&²7¦.76e � / �Y� �
)F�$�&£9¤W3 �&£B���$¢9¦B�9¦WV �-�$£$� � / �Y�d)r�$�&£9¤43 �Y£B� �$�9£4Yp  -���V �L�$£7� � / �&� �
)r£4YL²$�M)r�$�&£9¤43 �Y£B���$¢9¦B�$¦ V �-�$£7� � /��-�B¢&±$�-¦B�5-p¡&��/ �

1 ±-²9¢9¦B�$£ ��H$£��-±Y .V7£L��¡�3F3$¤L¡Y«��
7&¡&±-�9� � ¤L¡&«�� )F�$�&£-¤43 �&£B���7¡L¢-£�/ ª

T

1 I�H7£?39¡9¤-¤L¡Y«R-R� U �9£.7�±$�7�`-6]$£²9�9¡.7&£L¢&±$�9£±-²9¢9¦B�$£7�g�4H7£ �-±& .V7£B��¡�3�7Y¡&�-�7£.7��C-Y¡&���
1 ¦7��¦?3B±-�57p�C-Y¡&��¡�3 �5-c �£C© �$¦.7[H¬ª ©�E,-�� ²9�5-R�9� �g�4H7£� K-R�9�$¡ � _ ¡&�-�<© I�HC-L�
1 -L�¯¢-¡&�7£PV ��7&¦9¤-¤.-:� U ��H7£¯²$�9¡L7&£L¢B±$�-£«R-���H��4H7£ �p�`- U ���V²$¦L�9¦� �£&�$£L��£ � ±7¦9¤
1 c*; -:�0«0HC-�76H\7&¦7�Y£��4H7£ �W-R�$¢ �Q²7¦B�9¦� �£B�9£L�¯¢9¡-£$��$¡B��²>¤L¦	�0¦��9¡9¤L£QB�© I�H7£
1 ²$�9¡.7&£B¢B±$�9£�-B��¦9¤9�&¡87&¦9¤-¤L£B¢PV �0�4H7£ �:¢9¡&�7£ �V²$�9¡.7&£B¢B±$�9£«�H7£&�7£4]9£L��¦,7&¡&�-�7£L7p�C-Y¡&�
1 3-�9¡� ��&¡&±9�Q7&£8- £&�$¢>� V � ¦7�-�`- U �R-R� U ��H7£ �Y�`- U ���V²7¦L�9¦R �£B�$£L�¯ª �V¡B��«0H$£&�
1 -��FV$£ U -R��� � V �0¦7�-�`- U �R-R� U -R� §�; -F-L�k²$¦7�-�&£L¢¯�4H$�9¡&± U H���H7£��W-R�$¢ � ]$¦L�5-Y¦ V>¤L£QBK©
1²$�9¡L7F7Y¡&±-�9� � ¤L¡&«�� S�-R�$¢¬�`- U �,T�S
U ¤L¡ V7¦9¤ _ �9�>� _ ¡&�-��>9¡L¢9£4>4V�&£B�����*)�+Q-6 7±>¤L¦B�9¡L�8-R�����$¦&�C7&£4/

- 3�S0�$�0- U � 	 	-ª?T�S �&£B� _ �9�>� ;6�.-R�9¢5BK)r£4YB²$� � _ �9�>� ;6�.-R�9¢5Bg¥ §[/
T�£9¤$�&£Q-63FS0�$�0- U � 	 	�§ T�S �&£B� _ �9�>� ;6�.-R�9¢5BK)r£4YB²$� � _ �9�>� ;6�.-R�9¢5B ��§[/
T�£9¤$�&£FS²-±9� �¯¥Y�7¡Y�7£&«>¤.-:�7£�� _ ¡Y�-� � )F�Y� ��$¡&«L/ �&����&£B�¨��±& ¨ª
39¡L�8S$�&£B� � § T?S-� � *�	9�4>9¡L¢9£4>4VQTPS,-R�C7p� � TFS²-±-� �¯¥Y�7¡&�7£Y«>¤.-R�7£¯� _ ¡&�-� �R� _ �9� � ;6� � B �Y����&£&� ��±Y  )f£4YL²$�0�$��±Y  �µ� _ �-� � ;6� � B /
T²-±9� �¯� _ ¡Y�-� ���$��±&  ��Y���¯¦B� )r£4YL²$�a)F�p���g�7¡&«L/ �0ªC©�E�/�� 7&¡Y±-�9� � ¤B¡&«���§9c �

TFT

1�2 £435-R�7£�¦*N=35-R�C-L�6HONM²9�9¡.7&£L¢&±$�9£²$�9¡L7P3Q-R�R-L�6H8S�T�S
U ¤B¡WV7¦9¤���k�`3 � �`- �9£ � V-« � ¤L¡7����3Q-&¤L£0E�Y� �P39¤Y±��6H>¥Y�9�9¦.7&£
7B¤B¡7�&£��435-Y¤L£0E£4Y5-��0ª

T

�Y��� ¦B� ªC©r° � 7Y¡&±-�9� � ¤L¡&«���§Pc ��Y��� ¦B�d)r£4YB²$�0�$�Y¢B±$�-¦B�C-Y¡&��¥ ª ©rª�§[/����43� �¡&� ¢B±& $²���Y��� ¦B�d)r£4YB²$�0�$�Y¢B±$�-¦B�C-Y¡&��¥ ª ©rª-ª�§[/ �R� � _ �9¢ ²9�5-R�9�L+&�$¦B� �
��Y��� ¦B�¬�$�Y¢&±$�9¦B�C-p¡&��� 35-:�R-L�6H���Y���k�B±L�

a�#&;9%.� � I.�&´�\9,  ��:I 2X4c%��-4+(",.8$2



�  ��J(�� %J� � � ���'�!�\	 �!(���� �$( �:¶L�
�CqfJ �R¶&�-;$8$� �B¶&�-;$8$� �:¶B¶&�-;$8$� s ¶&¶B�L;78$� �&¶B¶&�-;$8$� �K	h;$87� �:¶B	h;$8$�%'=L�F2 ����� 8$#&46�&�+2X� � s ¶ � � �Y� t � � � � 
 �&� t³K,G("�"2<8$#&46�&�+2"�A%.=B�"2 � s � �B� � � ¶ � ¹ � � � � �&���a�=B2"#&%i%'=L�"�"�:� � ¹�� � � ¹ � s � t��Y¹ � s 
 ¹ �:¶�
 
 � s � ¶ �R� � �

a�#&;9%.� � I s ´ �C("=&2"�:4c2",'=L1n=&d�*9?9%G19�:(X#&;$%'��8$#B46�Y�+2X�A#&�<#ed�?$1$4+2F,.=B1@=Yd �CqfJ
� v6u � {/� �IH+~
�K{c�Ty ���5�K�IH¸�K�
� 1 C C/4DC ���`46!9�R46�Q2X!9�n,G1-b>?$�:1$4+�n=Yd52X!9�7�CqfJ DS#&(X�B,G19HV(X#Y2"�M=B1g2"!9�`%'=L�"�T8$("=B;$#B;9,'%.,.2F,.�:� =&d52"!9�|���@�
8$#B46�Y�+2X�A#&1$\3=Yd�2"!9� O ("�"25\$#Y2X#S8$#&46�&�+2N,.1@#S4c=L1$19�:4+2F,.=B1i�>#&�<;>�cdm=B("�&I
���M�F�:�T2X!$#Y2�/N�oDS#&1$#&H&�T2F=h\9�R4+("�:#&�"�T2"!9�o%.=B�X�F�R��=Yd5���@� 87#&46�Y�:2"��;L_V#3d�#&4+2F=L([=&dA�"�+*B�:1i��#&1$\�2"!$�

%.=B�X�F�R�A=Yd�2"!9� O ("�"2 \$#&2"#o8$#B46�Y�:2N=&d�#o4c=B1719�:4+2F,.=B1@;L_3#Td�#B4c2F=L(<=Yd�#B(F=L?$1$\3�$I t �7;>=&2X!@=B;92X#Y,G19�:\|#&2 �CqfJµ=Yd
�&¶B¶&�-;$8$�:I
��� @B1 > � � � >�� 8 � 2�� 13132��5> � a<!9�n1-?$DE;>�:( =Yd<\$#Y2X#|8$#&46�&�+2"��2X!$#Y2E/C�R(F�o�X?$4+4+�:�X�rd�?9%.%._V2"(X#&17�"DT,.2F2F�R\
\$?$(",G19Hh2"!$�`�",.De?9%.#&2F,.=B1$�E/N#B��.-?9,.2F�n,G1$\9�R87�R1$\9�R1B2T=B1^2X!9���CqfJE´�,.2E/A#&� ,G1]2X!9�`#�*B�:(X#YH&�o�(
 s 
L�9��/<,.2"!#
�"2"#&17\$#&(X\V\9�:*-,.#&2F,.=B1Q=YdN� � �`8$#&46�&�+2X�+ITa<!9,.��,G��\$?9�S2"=32X!9�Sd�#&4+2�2"!$#&2�#B("(",.*�#&%�("#&2F�T=Yd<�F�R�"�",'=L1$�
\9=-�:��19=B2
\9�R87�R1$\|=B1@2X!9���CqfJEI7qr1|*-,.�+/¬=Yd�2"!$�E%.=p/ %.=B�X�58$("=B;7#&;9,.%',.2F,.�:�:�72X!9�E2X!$("=B?9HL!$8$?9252"=-=7� ,.�[#Y%GDe=L�F2[4c=B17�F2X#&1L2
#&�<#ed�?$174c2F,.=B13=&d �CqfJ I
��� 4 � >�� � 4D@71 6�C 4 C C :=1��AC a<!9�S2F=B2"#&%�1L?7DE;>�:(�=YdA�F�R�"�",.=B1$��#&��#`d�?$1$4+2F,.=B1�=YdN2F,GDT�T,G��H&,.*&�R1V,G1Q³�,.H7I
� I s dm=L( 2X!9� �CqfJ¨=Yd s ¶&¶B�L;78$� U�2"!9�T=B892",.DS#&%�ZA#&1$\hdm=B([2"!9�S4+#B�F� =&dC19=38$(F,.=B(",.2F,��:#Y2",'=L1^U9�CqfJ =Yd �R¶ 	h;$87�cZXI
���S�"�+�ed�("=BD�2"!$�S�",GDE?9%G#Y2",'=L1h(F�R�"?$%'2�2"!7#Y2
=B?$(�DS#&(X�L,.19H3�"46!$�:DT�e/<,.2"! �CqfJ =&dN�B¶&¶&�-;$87� HB,'*B�:�
#`;>�+2"2F�:(

0

10

20

30

40

50

60

0 10 20 30 40 50 60

CIR 300kbps
CIR 10Mbps

³K,'HL?$("� � I s ´ � *&=B%.?$2F,.=B1M=&d�2"=&2X#Y%)1-?$DE;>�:(A=&dK�"�:�X�",'=L1$�
8>�:(Fdm=B(XDT#B1$4c�B´�%.�:�X�N1L?7DE;>�:(C=Yd�#B4c2F,.*&�[�F�R�"�",'=L1$�N#&("� 8$("�:�"�:1L2C?$17\9�:(N2"!$,.�NDS#&(X�B,G19H>I�a<!9,G�N,.�N("�+%G#Y2F�R\o2F=T2"!$�
d�#&4+2 2X!$#Y2[2"!9�E�"�:�X�",'=L1|\$?$(X#Y2F,.=B1@,G1|=L?$(5DS#&(X�L,.19Hn,.�[�"!9=L(F2"�:(:�>#B�5/N�E�"!$=p/ ,G1|2X!9�e19� P 2 �F�R4c2",'=L1iI5qr1$\9�:�:\i�
�",.1$4+��2"!9�T#&(X(F,.*p#Y%)(X#Y2"��=Yd��F�R�"�",'=L1$�<,G�<2"!$�E�"#BDT��,.1$\$�:8>�:1$\9�R1L2F%._3=&d �CqfJµ2X!9�E#�*B�:(X#YH&��1-?$DE;>�:( =Yd��F�R�"�",.=B1
�X!9=B?9%G\|;>�e8$("=B8>=B("2F,.=B1$#&%)2F=`2"!9�T#�*&�R("#&H&��\$?$(X#Y2F,.=B1@=&d #M�"�:�X�F,.=B1�U�2X!9�S8$(F=L87=L(F2",'=L1$#Y%.,.2f_od�#&4+2F=B([;7�:,.1$Hn2"!$�
#&(X(",'*p#Y%i(X#Y2"�
=&d��"�:�X�F,.=B17�cZXI
� 4 C C :=1�� 2 > @B8�� :=1�� qr1Qa�#&;$%'� � I �M/N�T8$("�:�"�:1L2[2"!9�o#�*&�R("#&H&� \$?7("#&2F,.=B1|=&dC#n�"�:�X�F,.=B1V#&��#od�?$174c2F,.=B1Q2"!$�
�CqfJ I$��� �"�+��2"!$#&2<,.132X!9� ("#B19H&�
=YdA�:¶B¶&�-;$8$�N2",'%.%��&¶B¶&�-;$8$�N2X!9� #�*&�R("#&H&�[\7?$("#&2F,.=B13\9�:4:(F�R#&�"�:�A;L_`#ed�#&4+2F=L(
;>�+2f/N�+�:1�� �p�`Umdm=B(��R¶&¶B�L;78$�cZ�#&17\Q� � s Umdm=L(<�&¶&¶B�-;$8$�+ZK/<,.2"!@("�:�X87�R4c2A2F=o2X!9� 4+#B�F�
=Yd�19=o8$(",'=L(F,.2F,��:#&2F,.=B1iI



�:¶ ¹ �����������
	�� P��� � ���O	 �
������� ���
�<(0�O	����'����(

�CqfJ �:¶B�L;78$� �B¶&�-;$8$� �:¶B¶&�-;$8$� s ¶&¶B�-;$8$� �B¶&¶&�-;$87� �K	V;$8$� �R¶ 	h;78$��F�R�"�:I�\$?$(X#Y2",'=L1 ¶$I s � s&¹ � ¹ ¶7I s �$�:¶ � � ¶$I.� ¹���Yt 
 ¶$I.� t��&t�� 
 ¶7I'�B� � �&¶ � ¶$I s ¶B� s ¶ s ¶7I sBs �&¶ � �
a�#&;$%'� � I �$´�j *&�:(X#YHB�
\7?$("#&2F,.=B1`=Yd�#S�F�R�"�",'=L1n#B�<#Ed�?71$4c2",'=L1@=Yd��CqfJ

� v�� �z{c��}5�@���K{c�Ty@��~ y���}<�Ty@} H+�@�K{c�Ty@�
a<!9�R(F�@#hdm�:/ %.,.DT,.2"#&2F,.=B1k=Yd 2X!9�|DT#B("�L,G19HQ#B8$8$("=B#B46!iIga<!9�@�F,.HB19, O 4:#&1L2e,GDS8$("=p*&�:DT�R1B2e2"!$#&2S/C�3=B;92X#Y,G1
/N=B?9%G\�19=&2`;7�h=L;92"#&,.1$�:\¯,G1�#&1L_k�X4c�R1$#&(",.=7�<#&1$\¯/N�h8$("=B8>=B�"�h#^dm�+/ HL?9,G\9�+%.,.1$�:�:�N/5!$,.46!¯/N�h*p#Y%.,.\7#Y2F�R\
2"!7(F=L?9HB!nd�?$("2"!9�R(<�F,GDE?9%G#Y2",'=L1$�:�92F=M\9�R�"4:(F,G;7��,.2"�<%.,GDe,.2"#&2F,.=B1$�:I
�BI�-�?9%.1$�:(X#&;9%.�387#&46�Y�:2"�T\9�+2"�:(",'=L("#&2F�n4+=B1$�",G\9�:(X#&;9%._]87�R(rdm=L("DS#B1$4c�3�F,G1$4c�@2X!9�+_g4:#&?$�"�`%.=B1$HV2F,GDT�c· =B?92X�+I
a<!9,.� ,.�C�:�X8>�:4c,G#Y%.%._e2X!9�[4:#&�"�<dm=B( 2"!9�[%'=L�"� =Yd)# �"_-1M2"!$#&2C("�:�X?9%'2X��,G1M#�2",.DT�+=L?92 =&d��&�"�:4<=L(�=Yd ¹ �F�R4YI�qr1
!9,'HL!M�X87�:�:\n1$�+2f/N=B(X�L� 2"!9��\$?$(X#Y2",'=L1o=Yd�# O %.� 2X("#B1$�rdm�R( ,G�A�"!$=B("2 U�=&dm2F�R1M2"!$�[/5!9=B%'�[2"(X#&1$�Fdm�:(C,G�CDe?$46!
�"!9=L(F2"�:(K2X!$#&1S2",.DT�+=L?92cZX�L�"=�/N�54+#&1T� P 8>�:4+2�2F=�HL#Y,G1SDE?$46!o;L_E�:%',GDT,.17#Y2F,G19H 2X!9�:�"�<%.=B19H�2",.DT�+=L?92"�:IKqr1
%'=p/��X87�:�:\319�+2f/N=B(X�-�+�L2"!$,.�N,G�<19=TDT=L(F�[2"!9��4+#B�F���"=E2"!$�
HL#Y,G1$�C,.1`=B?$(A#B8$8$("=B#&46!o;>�:4+=BDT��DT#B(FHB,.17#Y%WI

s I<qr1¯=B?$(M�",GDE?9%G#Y2",'=L1i�<#&1�#�*&�R("#&H&� O %.�V�F,��+�|,G�h�R¶&�-;L_-2F�:�:�N/5!9,.46!¯,G�M2X!9�V#�*B�:("�:#YHB�:\kDe�R#&�X?$("�:\ O %.�
�F,��+�e,.1|2X!9�Tqr1B2"�:(X19�+2 � � ¹ � I
a<!9,G�
De�R#&1$�[2"!7#Y2�#&("=B?$1$\^�R¶�� =Yd�2X!9�S8$#&46�&�+2"� ,.�
#3� �@� 8$#&46�&�+2 #B1$\
d�?$(F2X!9�:(:�5#&1$=&2"!$�:(|�R¶�� =Yd�2"!9��8$#&46�&�+2X�M#&("� O (X�F2M,G1�#]2X("#B1$�Fdm�:(:I¬a<!-?$�n,.1¯2X!9�Q#B;$�"�:1$4+�h=Yd�=B?7(
#&8$8$("=B#B46!i�Y#&("=B?71$\ s ¶��µ=Yd�%'=L�F2�8$#B46�Y�:2"�K/N=B?9%G\e4+=B(X(F�R�"8>=B17\E2"=�2"!9�R�F�<2f_98>�:��=&d *9?9%G19�R("#B;9%'�<8$#B46�Y�:2"�:�
�F=o�:%'%.,.DT,G1$#Y2",.1$Ho2"!9�R�F� %.=B�X�"�:�54:#&1@(F�R�"?$%'25,G1|#o4c=L1$�",.\9�R("#B;9%.�
,GDS8$("=p*&�:DT�R1B2<,G1|8>�:(Fdm=B(XDT#B1$4c�BI q d�/N�
/C�R(F��2"=M?$�F�E=B?$([#&8$8$("=B#B46!n2"=nDE?746!`%.=B1$H&�:( O %'�R�+�>2"!9�Ed�("#B4c2",'=L1`=&d�*-?$%'%G19�:(X#&;$%'� 8$#B46�Y�:2"�</N=B?9%G\|;>�
DE?$46!3�"DS#&%'%.�:(:�$�F=S2X!$#Y2A2"!$� #&\$\9�R\3*�#&%.?$�
=&d�=L?$(<#&878$(F=L#&46!o/N=B?$%.\@;>� �"DS#Y%.%.�:(:I

� v � ��� �5��}5{+�A�5�
�BI �
?$(��",.De?9%G#Y2F,.=B17��!$#�*B� ("�:�"2"(",.4+2F�:\ 2F= ³�a �Q2f_-8>�N2"(X#QNM4YI�qr1�2"!9,G��� P �:(X4c,G�"��/C�N�"!7#Y%.%L4+=B1$�",.\$�:( � ��� �
� �&��4�� @ 8 �w�q
 a<!9�N2F,GDT�<;7�:2f/C�:�:1 2X!9�N�:1$\E=Yd72X("#B1$�"DT,G�"�",.=B1�=&d># O %.�A2F,.%'%-2X!9�<;7�:H&,G1$19,G19H[=&d$2"!9�<19� P 2
2"(X#&1$�XDT,.�X�F,.=B1`,G�5� P 8>=B19�R1L2F,G#Y%.%'_3\9,.�"2"(",G;$?92F�R\@/<,'2X!h#oDT�:#B1@=Yd�¶$I.� �F�R4YIAa<!9,G�5,G�54+#&%'%.�:\|# $&2"!9,G1$�L,.1$H
2F,GDe� $$I a<!L?7�Sd�(F=LD �R#&46! �F=L?$("4+�h19=9\9�|2"!$�:("�h4+#&1¯;>�h=B1$%'_k=B19� O %.�|2"(X#&17�"DT,.2F2F�R\�#Y2o2X!9�V�X#&DT�
2F,GDe�3U�#&2
DT=L�F2
=B19�T#&4+2F,.*&�e�"�:�X�",'=L1�Z"I��^(F,.2F�o#M2X4c%�8$("=&HL("#BD�dm=L([2X!9,G�[2X("#ONM4EDT=9\9�+%�#&17\V46!9�R46�`,.2"�
87�R(rdm=L("DS#&174c��#&�<#ed�?$1$4+2F,.=B13=YdK2"!9� �CqfJEI �C=BDS8$#B(F�
/<,'2X!3³Ka ��2f_98>��2"(X#QNM4



� �������	��
 �

� � � � � � � � � 	 ����� ����� �

�ov:w ��~�}��M�E���T�|y��
a<!9�o=L;DNr�:4+2F,.*&�S=YdA%'=94:#Y%�#&("�:#@19�:2f/C=L("�-�
,G��2F=h�X!$#&("�o(F�R�F=L?$(X4c�:�
2X!$#Y2 #B(F�S�+,.2"!$�:( 4+=B�"2F%._h=B(�2X!$#Y2 #B(F�o19=B2
DT=B19=L87=B%',��+�R\S;B_S# �",.1$H&%.�5?$�F�R(+I5� P #BDT8$%'�R��#&("�5DT�:DT=B("_e!$#B("\o\$,.�X�-��#&1$\o87(F,G1L2F�:(X�:I ��=-4:#Y%7#B(F�R#�19�+2f/N=B(X�-�
�",.DS89%., O �:�oDT�:�X�"#&H&�`� P 46!$#&1$H&�:�:� �X!$#&(",G19HQ=&d O %.�:�o#B1$\k\$,.�"2"(",.;7?92F�R\k4+=BDS8$?92",.19H>I a<!$�+_#&%'%.=p/�2F=]�X!$#&("�
,G1$�F2X#Y%G#Y2",'=L1`#B1$\n=L87�R("#&2F,.=B1$#&%i4c=B�"2"�:I
³7=L?$(<DS#Y,G1n2"=B8>=&%.=&HB,'�R�C=&d�%.=94+#&%�#B(F�R#e1$�+2f/N=B(X�L�N� P ,G�"2+´�2"!$� �F2X#&(:�92"!9��DT�:�X!9�:\)�$2"!9� (",G19Ho#&1$\`2"!9� ;7?$�+I
qr1�#g�"2"#B(M2"=B8>=&%.=&H&_B�<2F�R("DT,G1$#Y%G�n#B(F�V4+=B1$1$�:4c2"�:\�2"=#4+�:1L2"(X#Y%
!-?$;�2"!7(F=L?9HB!�8>=&,G1L2r· 2F=Y·f8>=&,G1B2n%',G1$�-�+I

a<!9,G��#Y%.%'=p/5�[2F=|4+=B1L2"("=&%�,.1�#@4c�R1B2X("#&%',��+�R\h/A#�_|4c=B19b7,.4+2"��#B1$\V#&%'%.=p/5�
2F=|!$#&17\9%'�T�:#B�F,.%._h;$(F=L#&\$4:#&�"2+IEa<!$�
\$(X#�/5;$#&46�n,.�[2"!$�T("�+%.,.#B;9,.%',.2f_`=&d ,.2"�[=B8>�:(X#Y2F,.=B1@2X!$#Y2
,G� %.,.DT,.2F2"�:\V\7?9�e2"=n2X!9�T\$�:8>�:1$\9�R1$4c�e=B1|2X!9�S4c�:1L2X("#&%
!-?$;iI�³ ?$("2"!9�R("DT=B("�&�N2"!$�h4+#&87#&4c,.2f_g=&d
2X!9�V4c�R1L2"(X#Y%5!-?$; %',GDT,'2X�o2"!$�V1-?$DE;>�:(S=&d��"2"#&2F,.=B1$�o2X!$#Y2M4:#&1¯;>�
4c=L1$19�R4c2F�R\iI
a<!9� DT�:�X!9�R\`2"=B8>=&%.=&HB_M#Y%.%'=p/5�Ndm=L(<�F�:*&�:(X#Y%i8>=B�X�F,G;9%.� (F=L?92F�R�<;7�:2f/C�:�:132f/N=S?7�F�R("�:I�j 13� P #BDT8$%'��,G�<2"!$�

2F�:%'�R8$!9=L19� �F_9�"2F�RD`I
a<!9��(",.19HS19�:2f/C=L("�S4c=L1$�",.�"2"�N=YdK(F�R87�R#Y2"�:(X�C%.,G1$�Y�R\n2X!$(F=L?9HB!`87=B,.1L2F·W2"=Y·f87=B,.1L2A?$19,G\9,.("�:4+2F,.=B1$#&%i%',G1$�-�A�F=o#B�

2F=Tdm=L("D�#S4c%.=B�"�:\n%'=-=L8iI�� P #&DS89%.�:�A#B(F�
2"!9��q ��	 2F=B�&�:1`(F,G19H7�9qM�	��� 
&¶ s I �E#&1$\`2"!$��³5& &
q6I$qf2A,.�<�",.DS89%.�&�
#&17\o#Y%.%'=p/5��2"= 2"(X#&17�"DT,.2�=B1S=L19�5%.,.1$�e/5!9,.%'�
(F�R4c�:,'*-,G19H�d�(F=LD 2X!9�5=B2"!9�R(+I�qr1o=B(X\9�R(�2F=E#�*B=&,G\e4+=&%.%',G�",'=L1$��=B1$%'_
=B1$���"2"#&2F,.=B134+#B1`2X("#B1$�XDe,.2<#Y2<#S2F,GDT�&�$/5!$,.46!3DT�:#&17�<,.1$� NM4c,.�:1L2<?$�"��=Yd�2X!9� ("�:�"=B?$(X4c�R�+I
,G1$\9� P �C2"!9�R("19�:2Ea<!9�3;$?$�T2F=L87=B%'=BH&_Q4+=B1$�",G�F2X�E=&d #h�F,G19HB%'�3�F�:HBDT�:1L2 =&d 4+#&;$%'�`2F=V/5!$,.46!g�"2"#&2F,.=B1$�e#&("�

4c=L1$19�R4c2F�R\ L92"!$� 4c=B1719�:4+2F,.=B1`,.�A=&d�2X!9��DE?9%.2F,G87=B,.1L2<2f_98>�&´�#Y%.%i2"!$� �F2X#Y2F,.=B17�<4c=B1719�+2"�:\`2F=o2"!$��;7?$�5!9�R(F��2"!$�
�",'HL1$#Y%W�$#&1$\3,'d�2f/C=o�"2"#Y2",'=L1$�<2X("#B1$�"DT,.25#Y2A2"!$�E�"#BDT�
2",.DT� 2X!9�:("��,G�5#o4c=B%'%.,.�",.=B1iI�� P #BDS89%'�R�<#&("��2"!9� 2"=B�&�:1
;$?$��U�qM���	� 
&¶ s I t ZK#&1$\`2"!9���C2"!9�R("19�:2[U�qM���	� 
&¶ s I �$�LqM���	�	
&¶ s I � �BqM�����O
&¶ s I.� s #&17\MqM���	�	
B¶ s I.� t Z"I�a<!$�
;$?$�e,.2"�"�+%'d5,.�T8$#&�X�",'*B�hU�,.2e\9=-�R�e19=B2e("�+HB�:19�R("#&2F�M19=L(E#&DS89%.,'dm_�2X!9�`�",.HB1$#&%�ZX��/5!$,.46!g("�:�X?9%.2"�E,.1k#|%',GDT,'2"2F�R\
(X#&19HB�&I�qr1`=L("\$�:(C2F=S� P 2F�R1$\32"!9��(X#&19HB�[=L19��19�+�R\$�A2F=o?$�"��#e("�:8>�:#&2F�R("�N/5!9,G46!`4:#&134c=L1$19�:4+2<�F�:*&�:(X#Y%�;$?$�"�:�
2F=o#o4:#&;9%.�&I
qr1h2"=B8>=&%.=&HB,'�R�52"!7#Y2�#&("�E=B2"!9�R( 2X!$#&1Q�F2X#&(X�+�i\9,G�F2X(F,G;$?92"�:\ 	hj�� U 	h?9%.2F,G89%'�oj��N4+�:�X�cZA8$(F=B2F=94c=B%.�[2F=32"!$�

46!$#B1$19�+%C19�+�R\Q2"=h;7�n,.DS89%.�:DT�:1L2"�:\iI3a<!9�n#&4:4c�R�"��8$("=&2"=94c=&%G��#&("�M\9,.*L,G\9�R\Q,G1L2F=|2X!$(F�:�M4+#&2F�+HB=B(",'�R�+´��"2"#&2F,G4
�X!$#&(",.1$H7�9("#B1$\9=LD�#&4:4c�:�X�:�-#B1$\@#&4:4c�:�X�A;L_`\9�RDT#B1$\
qr1�C � 8��/:_� C � 8;@B:�� �v�5@ 1 �/1[��1 <=C&�-�"=BDT�5(F�R�F=L?$(X4c�A,.� �"!$#B(F�R\T,.1o# O$P �R\S/N#�_E;>�+2f/N�+�R1o?$�"�:(X�+I�a<!9� DS#Y,G1

8$("=&2"=-4+=&%G�A#&("�
�BI5a &�	hj U�aA,GDe�I&
�+*-,G�F,.=B16	h?$%'2",.89%.�Vj[4+4c�R�"�+Z ,G1¯/5!9,.46! 2",.DT�h,G�M�"%'=B2F2F�R\¯#&1$\¯\9,  �R(F�R1L2M�F%.=&2X�M#&("�
#Y%.%'=94+#&2F�R\M2F=M\$,  ��:("�:1L25?$�"�:(X�+I

s I<³5&	hj�U�³ (F� .-?9�:1$4+_ &[�:*-,.�",'=L1G	h?$%'2",.89%.� j 4:4c�R�"�+Z�,G1`/5!9,.46!`�F�:*&�R("#&% ?$�"�:(X�N4+#&1n2"(X#&1$�XDT,'2<�",.De?9%.2"#&19·
?9=B?$�"%._g?$�F,G19H]\9,  �R(F�R1L2ed�("�/.-?9�R1$4c,.�:�S�R#&46!iI¯a<!9�|#&4:4c�R�"�T2F=]�X#Y2"�+%.%',.2F�R�S,.�Td�("�/.-?9�R1B2"%'_k;$#&�"�:\k=B1k#

�:¶ �



�:¶ 
 �����������
	��` �O�����@� ��	 �
�\������� �!	 " (

4c=BDe;9,G1$#Y2",'=L1M=Yd�a &	hjµ#&1$\3³ &	hj I
�7I �	&�	hj�UM�C=9\9� &[�:*-,.�",'=L1 	V?9%'2",.8$%'�Mj[4+4c�R�"�+Z5�F�:*&�R("#&%K?7�F�R("��4:#&1Q2"(X#&1$�XDT,'2�#Y2�2X!9�M�"#BDT�T2",.DT�M#B1$\
?$�F,G19HT2"!9� �X#&DT�
d�("�/.-?9�:174c,.�:�:�$;$?92A�:#B46!`?$�",G19Ho#&19=B2"!9�R(N4+=9\9�&I	�C=9\9�R�N#B(F��=&dm2F�:1`=B("2"!$=&H&=L1$#Y% /5!9,G46!
\9�:4:(F�R#&�"�:�<,G1L2F�:(Fdm�:("�:174c�&I��
�F�R\|,G1@2"!9�e2"!9,G("\hH&�:1$�:(X#Y2F,.=B1@DT=B;$,'%.�e19�:2f/C=L("�-�5�X?$46!|#B�52"!$� �[1$,'*B�:(X�"#&%
	|=B;9,.%.�:�<a��+%.�:4c=LDSDE?$19,G4+#&2F,.=B1$�5�L_9�"2F�RD U���	ha �>ZXI

qr1 @B8 � 251�� 8f�j��4DC CH�5@B1 � 1&��1 <=CB�A#B4+4+�:�X�S,.�M#&2F2"�:DS892F�R\¯#Y2M(X#&1$\9=LD /5!9,G46!�DS#�_4+#B?$�F�|4+=&%.%',G�F,.=B17�
#&17\k#^19�:�:\ =Yd�(F�:2"(X#&1$�XDT,.�X�F,.=B17�+I � P #&DS89%.�:�S#B(F�32"!9�hj %'=L!$#^?$�"�:\ ,.1 �X#Y2F�:%'%.,.2F�h4c=LDSDE?$19,G4+#&2F,.=B1$�S#B1$\
2"!$� � 2X!9�:(X19�+2:IMqr1^=B(X\9�R([2"=V("�:\$?$4+�o4c=&%.%.,.�",'=L1$�:��=B1$�M4+#&1 O (X�"2�%',G�F2"�:1�,'dA2X!9�:("�o,G� 19=|=&2X!9�:(E�F,.HB1$#&%�;7�:,.1$H
2"(X#&17�"DT,.2F2F�R\�=B1 2"!9�A4c=LDTDT=L1�46!$#&1$1$�+%W�Y#&1$\�,'d$2"!$�:("� ,G�+�p2X("#B1$�"DT,G�"�",.=B1�,G��\9�:%.#�_B�:\iI�a<!9,.��,G��4:#Y%.%'�R\�$ �N#B("(",.�:(
�L�R1$�F��	h?$%'2",.89%.� j 4:4c�R�"� $3U9�<��	hj Z"I�	h=B("�+=p*&�R(+�L=B1$��4:#&13#�*&=B,.\n2"(X#&1$�XDT,.�X�F,.=B1`#T%'=L19HS2"(X#&D�,'dK\7?$(F,G19HS2"!$�
2"(X#&17�"DT,G�"�",'=L1i��#V4c=&%.%.,.�",'=L1�,.�e\9�+2"�:4c2"�:\iIha<!$,.��,G�E4:#Y%.%'�R\ $ �C=B%'%.,.�",.=B1�&[�:2F�R4c2F,.=B1 $]U9�	&eZ"IKa<!9,G� *&�R("�",.=B1Q=Yd
�<��	hj0,G�C\9�R19=&2"�:\ �<� 	hj�� �	&¬#B1$\ �<��	Vj�,G�C,GDS89%.�:DT�:1L2F�R\o,G1n1$�:�9#&1$\o,G1M8$#B(F2",.4:?9%G#&(�2X!9���<��	hj�� �	&eI
��� 4c� � � 4D@ �A4 �j"
jE	hj�� 8$("=&2F=94+=&%�;$#B�F�R\@=B17�<��	hj;���	& ,.� 2"!9� � 2"!$�:(X19�+2:�>#&17\`*p#B(F,.=B?$�5*&�:(X�",'=L1$�

=YdN,'2 #B(F�o�"2"#B1$\$#&(",G�F�R\i�i�&I H7ISqM���	�	
B¶ s I �|U"�:¶ 	V;$8$�+Z"��qM�	���O
&¶ s I � U�DE?$%'2",.DT�:\$,.#$Z"��qM�	���O
&¶ s I'�B�MU�/<,G("�+%.�:�X�
� 2X!9�:(X19�:2cZ"�&qM�����O
&¶ s I.� s U $Bj 1L_ ��#B1;$[!$,'HL!-· �X8>�+�:\`�:¶B¶ 	h;78$�+�Y4+=BDS8$#&2F,G;9%'�N/<,.2"!S\9,  �R(F�R1B2K2f_98>�:�K=Yd���j&�[�+Z
#&17\eqM�	���O
&¶ s I'� t U�!$,'HL!T�X8>�+�:\iZ"I�a<!9� � 2X!9�:(X19�:2�,.1$4+%.?7\9�:��#�;7#&46�Y=� n#Y%.H&=L(F,.2"!$DS��dm=B(�2"!9�5("�+2X("#B1$�"DT,G�"�",.=B1$�:I
j�1-?$DE;>�:( � ,.�E46!9=B�"�:1Q("#B1$\9=BDT%._&��¶�� ��� s�� /5!$�:("�	��3 DT,.1)U-(��+�R¶9ZX��#&1$\�/5!9�R(F� (k,.��2X!9�o2F=B2"#Y%
1-?$DE;>�:([=Yd 4+=&%.%',G�",'=L1$� #&%.("�:#B\9_`� P 87�R(F,.�:1$4+�:\h;L_32"!9�S8$#B46�Y�+2:I[a<!9�e2F,GDT�e;>�cdm=B("�e("�+2X("#B1$�XDe,G�X�F,.=B1@,G� 2X#&�&�:1
2F=M;>� ��2F,GDT�:�52X!9�E4+=&%.%',G�F,.=B1`/<,G1$\9=p/�U�/5!9,G46!@,.�52f/<,.4+��2"!9�EDS# P ,GDE?7D 8$("=B87#YHB#&2F,.=B1n2F,GDe�E=YdK2"!9�E�",.HB1$#&%
,G1`2X!9��%.=-4:#Y%)#B(F�R#e19�:2f/C=L("�>ZXI���!$�:1'( 3µ� ¹ �92"!9��2X("#B1$�"DT,G�"�",.=B1M,G�5#B;$#&1$\$=B19�R\iI
a<!9�oqM�	�	
&¶ s I �M,G��,GDT8$%'�RDe�R1L2F�:\^,G1^1$�:I`a<!9�M4+=&%.%',G�F,.=B1Q/<,G1$\9=p/�,.� ;>=B?71$\9�:\^;L_��$�&I s �)�F�R4o#&1$\�2"!$�

%.=-4:#Y%7#B(F�R#�19�+2f/N=B(X��,G��%.,.DT,.2F2"�:\o2"=E�Y�-D3I�qf2N!$#&���"�+*B�:(X#Y%9*B�:(X�F,.=B1$�:�Y�BI H>IC�R¶&;$#B�F���9�9�:¶B;$#&�"� s �$�:¶B;$("=B#&\7� ¹ 1$\
=&2X!9�:(X�/L-a<!$� O (X�"2C1-?$DE;>�:(A�"2"#B1$\$�Cdm=B(C2"!9�
2"!7(F=L?9HB!$87?92C,G1G	V;$8$�:�92"!9���F�R4c=L1$\odm=L( 2X!9�
DT=9\$?9%G#Y2",'=L1hU�/<,'2X!
$&;7(F=L#&\;$`De�R#&19,G19H@19=|DT=-\7?9%.#&2F,.=B1�ZXITa<!$�S�",.%'�R1$4c�S87�R(F,.=9\Q;>�+2f/N�+�R1V2X("#B1$�XDe,.2F2"�:\Vd�("#BDT�:�
,.1k�:¶B;$#&�"�R�M,.�
=Yd � I ¹ �)�F�R4YIA��!9�:1V?$�F,G19Hn#od�#&�"2F�:( � 2"!$�:(X19�+2:�>2X!9,.�[�F,.%.�:1$4+� 2F,GDT�e#&� /C�:%'%�#&�<2X!9�eDS# P ,GDE?7D 8$("=B87#YHB#&2F,.=B1
2F,GDT� (F�R\$?$4+�&�$#&17\3�"=o\9=-�:�A2X!9� DS# P ,.De?$D�8$!L_9�",.4:#Y%)(X#&19HB�[=&d�2X!9� 19�+2f/N=B(X� I
a<!9�R(F�5� P ,.�"2"�N#&19=B2"!9�R( �C2"!9�R("19�:2 2"�:46!$19=B%'=BH&_S;$#&�"�:\M=B1o�"/<,'2X46!9,.1$HE/5!9�R(F�[%.#B(FHB�:(�DS# P ,GDE?$D�2X!$(F=L?9HB!9·

8$?92X�54+#B1`;>��=B;$2"#Y,G19�R\`#B1$\3/5!9�:("��2"!9�R(F��#&("��%'�R�"�<4+=&%.%',G�",'=L1$�+I
�ov� � {/� �IH+~
�K{+y@��
� � � ��{¸��� y@�
1$�[�F,GDE?9%G#Y2"=B(5�",GDE?9%G#Y2"�:�<2X!$(F�:� 2"!$�E%.�+*&�:%.� (F�:%.#&2F�:\@2"=n#S%.=-4:#Y%�#&("�:#S19�+2f/N=B(X� ´ %.,.17�n%G#�_&�R(<8$(F=B2F=94c=B%.� U��X?$46!
#&�E2"!9�@j5J � UWj ?92"=BDS#Y2",.4nJ5�:8>�:#&2e("� �
?9�R�F2E87(F=B2F=94c=B%�ZX��2X!9� 	hj���8$("=&2F=94+=&% U��&I H7I � 2"!$�:(X19�+2e=B( 2"=B�&�:1
(",.19H7Z�#&1$\32"!$� 8$!L_-�",G4+#Y%i46!$#B1$19�:%�I
a<!9�A;$#&�",G4 /A#�_�2F=�\9� O 19�<# ��j �¯2"!$("=B?$HB! /5!$,.46!e#[HL(F=L?$8�=&d 19=9\9�R��,G�K4c=L1$19�:4+2F�R\E,G�K;B_�2X!9�<4c=LDTDS#B1$\

�&£B� ¤L¦Y� )F�p���g�7£&« �9¦Y� *L¦L� U ±Y �£&�9� ��,4/
a<!9�R(F��#&("���F�:*&�R1`#B(FHL?$DT�:1L2"�:´
�BI5j0HL(F=L?$8`=Yd�19=9\9�:�:�9�&I H7I ���Y�Lc0�p�9®µ�p�7° � �
s I<2"!9� \9�:%.#�_B�
�7I<2"!9� ;$#B1$\9/<,G\92"!
t I5#e%.,G1$�o%G#�_&�:(N2f_98>�oU��&I H7I $ � �5$9Z"�
�$I<2"!9��,G1L2F�:(Fdm�:("�:174c��.L?$�:?9��2f_98>�&�$�BI H>I $ �
?9�:?$�'&�(F=L8`a�#Y,.% $7�
¹ I<2"!9� 	hj���2f_987�oU��&I H7I $ A$¦.7	� _ �+ �¦ � _ ¢ $
=B( $ A$¦L7	� #-ª0E � c $9Z



�` �LJ(�� %J� � � ������� � ����(9� �'���\� ( �:¶ �
� I<2"!9� �N!$#B1$19�:%i2f_-8>�oU��BI H>I $ �N!$#B1$19�:% $$Z
j �K#B1�� P #&DS89%.�&�Y4+=B1$�",G\9�:(�2"!9�<19�:2f/C=L("�[,G1E³K,.H7IA
7I'�C/5!9,G46! ,G��#
DT=9\9�+, O 4+#&2F,.=B1E=Yd72X!9�N1$�+2f/N=B(X�
�"2"?7\9,'�R\

,G1 �N!7#&892"�:( s U�³K,.H7I s I s ZA,G1�/5!9,G46!�1$=-\$�:� 1$�7��1 t #B1$\^17�3#&("�S87?92�=B1^#@4c=LDTDT=L1 ��j �EI�a<!9,G� DT�:#&17�

$n0

10ms

$n2

$n5

$n4

$n1

2Mbps

10ms
2Mbps

$n3
300kbps

300kbps
100ms

100ms

LAN

³�,.HB?7(F� 
$I.�&´�j ��j �µ� P #BDT8$%'�
2"!7#Y2�a��	� 87#&46�Y�:2"�
\9�:�"2F,G1$#&2F�:\Q2F=|19=9\9�S1 t #&(X(",'*B�E#Y%G�F=@#Y2�19=9\9�o17�VU�#B1$\Q#B(F�R#n\$("=B8787�R\V2X!9�:("�YZX��a��	�
#&46�-19=p/<%.�:\$H&�:DT�R1B2X���"�:1L2 ;L_o19=9\9�[1 t 2F=T19=9\9� 1$¶e#Y%G�F=E#B("(",.*&�5#Y2N19=9\9�[1>�SU�#B1$\n#B(F�5\$("=B8787�R\o2"!9�R(F�&Z�#B1$\
��& ��8$#B46�Y�+2X�A\9�:�"2F,G1$#Y2"�:\32F=o19=9\9� 1>�e#&%.�"=o#&(X(F,.*&��#Y2<19=9\9� 1 t UW#&1$\@#B(F��\$("=B8$8>�:\32"!$�:("�YZ"I
a<!9���X4+(",.892 O %.��,G�<2"!9�R132"!9� �X#&DT��#&�A� P �BI 2X4c%�UWa�#B;9%'� s I t Z�;$?92</5!9�R(F��/N��("�:8$%.#B4c��2"!9� 4+=BDSDS#&1$\7�

�Y���k¢B±L²>¤L£4Y7¥L¤.-R�`e��Y�.c0�Y�9®0ªC©r°4A4V0®9ª� �� 2 �9¡&²0I$¦Q-&¤�Y���k¢B±L²>¤L£4Y7¥L¤.-R�`e��Y�.c0�Y�7°�ªC©r°4A4V,cLª� �� 2 �9¡&²0I$¦Q-&¤
;L_M2"!$� 4c=BDSDS#&17\
�&£B� ¤L¦Y� )F�p���g�7£&« �9¦Y� ���Y�.c �Y�9® �Y�$° �]ªC©r°4A�V�®9ª� �� � � �Y±7£&±7£�� 2 �9¡&²0I$¦Q-&¤XA0@ _ � _ �+ �¦ � _ ¢ _ H$¦&�-�7£9¤W/



�&�R¶ �����������
	��` �O�����@� ��	 �
�\������� �!	 " (



� �������	��
 �

��� �;� � 	 � �¯� ����� �

a<!9�R(F�n#B(F�n2f/C=h#B8$8$("=B#&46!$�:��dm=L( /<,G(F�:%'�R�"� 4+=BDSDE?719,.4:#Y2",'=L1];7�:2f/C�:�:1]2f/N=V!9=L�F2X�+Iha<!9� O (X�F2 ,G� 2X!9�`4+�:1-·
2"(X#Y%.,��+�:\k4c�:%'%G?9%G#&(T19�+2f/N=B(X�V,G1k/5!9,.46!�:#B46!gDT=B;9,.%'�3,G�T4+=B1$1$�:4c2"�:\2F=�=B19�3=B(TDT=B("� O$P �:\k;$#&�"�@�F2X#Y2F,.=B17�
U��R#&46!Q;$#&�"�e�"2"#&2F,.=B1h,G��(F�R�"8>=B17�F,G;9%.� dm=B(�#B19=&2X!9�:(
4c�:%'%�Z"���"=n2X!$#Y2�#34c=BDSDe?$19,G4+#Y2",'=L1V;>�+2f/N�+�R1h2f/N=`DT=B;9,.%.�
�"2"#Y2",'=L1$��("�/.-?9,G(F�N2"!9�A2"=�,.1L*&=B%'*B� =L19�A=B(KDT=B("�A;7#&�"�A�"2"#&2F,.=B1$�:I�j��"�:4+=B1$\e\9�:4+�:1L2"(X#Y%.,��+�:\T#&878$(F=L#&46! 4+=B1$�",G�F2X�
;$#B�F�R\n=&dK#B13#B\-·f!9=94
1$�+2f/N=B(X�M;7�:2f/C�:�:13?$�"�:(X�A2"!$#&25/<,.�X!32F=o4c=LDSDE?$19,G4+#&2F� ;>�+2f/N�+�R1`�R#&46!`=&2X!9�:(:I�\$?9��2"=
2"!$�EDT=B("��%',GDT,'2"�:\|(X#&19HB�
=&d�#oDe=L;9,.%'� 2"�:(XDT,.1$#&%�U�/<,.2"!V(F�R�"8>�:4+2<2F=M# O$P �R\3;7#&�"� �F2X#Y2F,.=B1iZ"�72X!9,G� #&878$(F=L#&46!
("�/.-?9,G(F�R� DT=B;9,.%.�
19=9\9�R�A19=&2C=B19%._o2F=T;7���"=B?$(X4c�R��=B(N\9�R�F2",.1$#&2F,.=B1o=&d�8$#B46�Y�+2X�C;7?92N#&%.�"=E2"= dm=L(F/A#&(X\o8$#&46�&�+2X�
;>�+2f/N�+�:1`=&2X!9�:(ADT=B;$,'%.�:�:I��C�+%.%.?9%G#&(A�"2"#&2F,.=B1n!7#&�A#eDe?$46!`%.#B(FHB�:( (X#&1$H&�
2"!$#B1n#&\9· !9=94
19�+2f/N=B(X�-�+I�' =p/N�+*B�:(:�
#&\9· !9=94<19�:2f/C=L("�-��!$#�*B�A2"!9�
#&\9*p#&1L2X#YH&�A=&d�;>�+,G19H .-?9,G46�L%'_T\9�:89%.=p_B#B;9%.�A#B��2"!$�+_S\9=E19=B2�(F� .L?$,.("�5#&1T� P ,G�F2",.1$H
,G1-d�("#B�F2X("?74c2"?7(F�BI
qr1n4+�+%.%.?$%.#B(C19�:2f/C=L("�-�:�B2X!9��/<,.("�+%.�:�X�N8$#&("2C,G�A(F�R�F2X(F,G4c2"�:\o=L19%._o2F=T2"!9��#&4:4c�:�X�C2F=S#e19�:2f/C=L("� �-#&1$\n/<,'2X!9,G1

2"!$�S1$�+2f/N=B(X�34+%.#B�"�",G4+#Y%K("=B?92",.19H@8$("=&2"=-4+=&%G�[4:#&1Q;7�o?$�"�:\iITj \-·f!9=94S19�+2f/N=B(X�3,.1�4c=L1L2"(X#&�"2[("�+%._|=B1V�X8>�:4c,G#Y%
("=B?92",.19Ho8$("=&2"=94c=&%G�N2"!$#&25!$#�*&�
2F=M;>� #&\7#&892"�:\`2F=Td�(F� .-?9�:1L2<2F=L87=B%'=BH&_M46!$#B19H&�R�+I
a�=DT=-\$�+% /N�+%.%[4+�+%.%.?$%.#B(n19�:2f/C=L("�-�:�N=&dm2F�R1��F=L8$!9,G�F2",.4:#Y2"�:\��",.De?9%.#&2F,.=B1 2F=-=B%.�n=Yd 2"!$�Q8$!L_9�F,G4+#&% (X#&\9,.=

46!$#B1$19�+%<#B(F�319�+�R\9�:\i�N#&�T/N�+%.%A#B�T2"!9�@�F,GDE?$%.#&2F,.=B1g=&d
8>=p/C�R(e4+=B1L2"("=&%ADT�:46!$#B19,G�"DS�:Ig1$�o\9=-�:�S19=B2T!$#�*B�
#&1V#&\9*p#&174c�:\|87!B_9�",.4:#Y%�%.#�_B�:(5DT=9\$?9%.�nUW#Y%.2"!9=L?9HB!h,'2�4c=L1B2X#Y,G1$� �"=BDT�E�",GDT8$%'�SDT=-\$�+%.,.19Hndm�:#&2"?$("�:� =Yd (X#&\9,.=
46!$#B1$19�+%G�+Z"I
qr1�#&\-·f!9=94e1$�+2f/N=B(X�L�:�i,G1Q4+=B1L2"(X#&�"2+�i2X!9�M(F=L?92F,G19H@8$("=&2F=94+=&%G�
#B(F�S4c�R1L2"(X#Y%WIT1$��#&%'%.=p/5�
2F=|�",.De?9%.#&2F�S2"!$�

DS#Y,G1n� P ,.�"2F,G19Ho(F=L?92F,G19Ho#&�A/N�+%.%)#&�N2X("#B1$�"8>=B("2<#&1$\3#&8789%',G4+#&2F,.=B1$�N2X!$#Y25?$�"��2"!9�RD3I8	|=B("�+=p*B�:(:�&,.25#Y%.%'=p/5�N2"=
2"#B�Y�e,.1L2F=3#&4:4c=B?71B2[2"!9� 	hj��¬#B1$\|%.,.17�@%.#�_B�:(:�>2X!9�TDT=L;9,'%.,.2f_&�i#&1$\V�F=LDe�T;$#&�",G4�dm�:#&2"?$("�:�[=YdC2"!9�S8$!L_9�F,G4+#&%
%G#�_&�:(:I
a<!9��4+?7("("�:1L2<(F=L?92F,G19Ho8$("=&2"=-4+=&%G�N,.DS89%.�:DT�:1L2"�:\@;L_n1$�5#B(F�
. &�� &&-¬·�&[�R�F2",.17#Y2F,.=B1|�L� .L?$�:1$4+�:\ &[,G�"2"#&174c�-��:4+2F=B( � � s � �
. &��LJ · &
_91$#&DT,G4E�L=B?$(X4c��J5=L?92F,G19H � sY¹ � �
. a��[J j��pq�	I���· a��RDT8>=B(X#Y%.%._ �
("\$�:("�:\MJ =B?92",.19Hoj %'HB=B(",'2X!$D �Eqr1L2F�:(X19�:2�	Vj ���Na �N1$4+#B8$�"?$%.#&2F,.=B1
�C("=&2F=94+=&% � � � s � �$�B¶ � �

. j�� & - · j \-·f!9=94 �
1!&
�:DS#B1$\ &[,G�F2X#&1$4+��-��:4+2F=B( � �$� � I
�ov:w � ��� ���T�`�K{+y@� ~�Hc�e�E��{¸���I� �
a<!9�R(F� #B(F���"�+*&�R("#&%i#&8$8$("=B#B46!9�:�N,G1|4c=L1B*B�:1L2F,.=B17#Y%i(F=L?92F,G19Ho#Y%.H&=L(F,.2"!7DT�A,G1@2"(X#&\$,'2",'=L1$#Y%i/<,G(F�:%',G19� 19�:2f/C=L("�-�:�
#&17\V�"=BDT�E,G\9�:#B�[d�(F=LD 2X!9�:�"�S#&("�e#Y%G�"=`?$�"�:\V,.1�#&\-·f!9=94E1$�+2f/N=B(X�L�:I�j DT=B19H32"!$�e2X("#B\9,'2",'=L1$#Y%K#&878$(F=L#&46!9�R�
/N���X!$#&%'%)DT�:1L2",'=L1`2X!9��dm=&%.%.=p/<,.19H>´

�&�B�



�&� s �����������O	����% � ����� �P������� �!	 " (

�BI � :�� � � �/8�� 4�"��C#B46!E19=9\9�<DS#Y,G1L2"#&,.1$��#
*-,.�+/=&d>2X!9�54c=LDT8$%'�:2F�A2F=L87=B%'=BH&_�/<,.2"!S#�4c=B�"2�87�R(K�:#B46!E%.,.17�>I
�C#&46!T19=9\9�58>�:(",'=9\9,G4+#&%'%._E;$("=B#B\$4+#B�F2X��2"!9�5%.,G1$�E4+=B�"2"��=&d ,.2"��=L?92FHB=&,G19H�%',G1$�-��2"= #Y%.%$=&2X!9�:(�19=9\9�R��?$�",.1$H
b7=-=-\$,.19H>I	�N#&46!@19=9\9� ?$8 \$#&2F�:� ,'2X�5*-,.�+/¬=Yd�2"!$�E19�+2f/N=B(X�n#B1$\@#&8$8$%',.�:�[#o�"!9=L(F2"�:�"258$#Y2X!|#Y%.H&=L(F,.2"!$D
dm=B(<46!9=-=B�",G19He2X!9� 19� P 2F· !$=B8ndm=B(A�:#B46!`\$�:�"2F,G1$#Y2",'=L1iI

s I�	!:=C��/8 �[� 4���4a� �/1 @K" �C#B46!¯19=9\9�h=B1$%'_¯DT=B19,.2F=L("�o2X!9�V4+=B�"2M=Yd�,.2"�M=L?92FHB=&,G19H]%.,.1$�-�:I¬qr1$�F2"�:#B\¯=Yd
;$(F=L#&\$4:#&�"2F,G19H�2"!$�[,G1-dm=B(XDS#Y2",'=L1S2F=S#Y%.% 19=9\9�R�+�-,.2C8>�:(",'=9\9,G4+#&%'%._o;$("=B#&\74+#&�"2"� 2F=e�:#&46!S=&d�,.2"�N19�+,.HB!-;>=B(X�
#&1T�:�"2F,GDS#Y2F�<=&di2"!9� �X!9=L(F2"�:�"2�\9,.�"2"#B1$4c�<2"=��+*B�:("_E=&2X!9�:( 19=9\9�<,.1S2X!9� 19�:2f/C=L("� I�a<!9� ("�:4c�:,'*-,G19H�19=9\9�:�
?$�F�@2X!9,.�n,.19dm=B(XDT#&2F,.=B1k2F=g("�:4:#Y%G?$4c%G#Y2"�@("=B?$2F,G19H^2"#&;$%'�R�M?$�",.19Hg#^�X!9=B("2F�R�F2M87#Y2"!¯#&%'HB=B(",'2X!$D3I�a<!9,.�
De�:2"!9=9\�,G��De=L(F�o4+=BDS8$?92X#Y2F,.=B1Q� NM4+,'�R1B2:���R#&�",'�R(�2F=@,.DS89%.�:DT�R1B2 #B1$\^(F� .-?9,.("�:�
%.�:�X���F2"=B(X#YHB�T�X8$#&4+�
2"!$#B1n%.,.17�n�"2"#Y2"��(F=L?92F,G19H7I

�7I � 1�> @�� 4 @B1 > �/: � ��"@J5=B?92",.1$Hh\9�:4+,.�",'=L1$��#&("�T2"#&�&�:1�#Y2�2X!9�M�F=L?$(X4c�&��#&1$\^8$#B46�Y�+2X��4+#&(X("_h#Y%.=B19H@2"!$�
4c=BDS89%.�+2"��8$#Y2X!`2X!9�+_3�"!$=B?9%G\n2X#&�&�&I

t I�� <=131325:�� �["Na<!9���F=L?$("4+�
�"�:17\$�N2"!9��,G1-dm=B(XDS#Y2F,.=B1`2F=S#Y%.%)19�:,'HL!L;>=B(X�C/5!9=o4c=B1L2",.1-?9�
2F=o�"�:1$\9,G19HT,'2A2"=
2"!9�:,.(�19�:,'HL!-;7=L("�
�+2X4YI
�A_Q?7�F,G19H|�F� .-?9�:1$4+�o1L?7DE;>�:(X�
dm=B(�2"!$�M8$#&46�&�+2"�:�)#|19=9\9�S,G� #&;9%.�S2F=|("�+%G#�_h#
8$#&46�&�+2N=B19%._M=B174c�&I

� � P 2N/N� \9�R�"4:(F,G;7��2X!9� j \-·f!9=94�("=B?92",.19HS8$("=&2"=-4+=&%G�N,.DS89%.�:DT�:1L2"�:\@,G1317�+I
�����8��� ! �P%B9 :�$ ? 9;:�*8$���� ��7 �P$�! �P, ! :<%B9 ?A$ ! � F � !L9 * "
	 !�� ! F

& � & - ,.�C#E\9,G�F2X#&1$4+�5*&�R4c2"=B(�("=B?92",.1$HE8$("=&2F=94+=&%WIA�N#&46!o19=9\9� !7#&� #e(F=L?92F,G19H 2X#&;9%.�52X!$#Y2C,.1$\$,.4:#Y2F�R��dm=L(��R#&46!
\9�R�F2",.1$#&2F,.=B1i�-/5!9,G46!o,G�N2"!9��19� P 2A!9=B8n#&1$\`1L?7DE;>�:(C=Yd�!9=L8$�C2F=T2"!9��\9�:�"2F,G1$#&2F,.=B1iI �C#B46!o19=9\9��87�R(F,.=9\9,.4:#Y%.%'_
;$("=B#B\$4+#B�F2X�C("=B?92",.1$HS?78>\$#&2F�R�+I�j¬�"�/.-?9�:174c��1-?$DE;>�:(A,G�<?$�"�:\`2F=S2"#&HT�R#&46!`(F=L?92F�BI�qf2A�X!9=p/5�N2"!$��d�(F�R�"!$1$�:�X�
=Yd52X!9�`("=B?$2F�&´o#h("=B?$2F�n/<,.2"!!9,'HL!9�:(e�F� .-?9�:1$4+�`1-?$De;7�R( ,G�eDT=B("�od�#�*B=B(X#&;9%.�&I@qr1g#B\$\9,.2F,.=B1i��#BDe=L19Hh2f/N=
("=B?92"�:��/<,.2"!S2X!9�[�X#&DT� �"�/.-?9�R1$4c�[1L?7DE;>�:(:�B2X!9�5=B1$�5/<,'2X!o%.�:�X� !9=L8$��,G� DT=B("�<d�#�*B=B(X#&;9%.�&I�q di#E19=9\9�[\9�:2F�R4c2"�
2"!7#Y2�#n("=B?92"�E2F=3#n\9�R�F2",.17#Y2F,.=B1V!$#&�
;$("=B�Y�R1i� 2"!9�R1h,.2"��!9=B8V1L?7DE;>�:(
,.�
�"�+2 2"=`,G1 O 1$,'2f_h#B1$\|,.2"���F� .-?9�:1$4+�
1-?$DE;>�:( ?$8>\7#Y2F�R\]U�,G1$4:(F�R#&�"�:\�Z ;$?$2 #&�X�F,.HB1$�:\3#&1@=9\$\@1-?$DE;>�:(:´ �:*&�:1@1-?$De;7�R("�54+=B(X(F�R�"8>=B17\n2"=n�F� .-?9�:1$4+�
1-?$DE;>�:(X�A=Yd�4c=L1$19�R4c2F�R\`87#Y2"!7�+I
�����8�43 � ,�	 �&* !� $ !#�P( ?A$&, ! :�%B9�?A$�! � F � !L9�* "�	��� ! F

j�� & - ,G��#`\9,G�"2"#&174c�S*&�R4c2F=L( 2f_98>�o(F=L?92F,G19H7Ieqf2�\9=-�:��19=B2�("�/.-?9,G("�T19=9\9�R�
2F=|DS#Y,G1B2X#Y,G1V("=B?92"�:�
2F=|\9�R�F2", ·
1$#&2F,.=B1$�N2"!7#Y25#&("��19=&2<#&4+2F,.*&�:%'_M?$�"�:\)I�j �A%.=B19HS#&�N2"!$���:1$\$8>=&,G1L2"�A=&d�#T4c=BDSDe?$19,G4+#Y2",'=L1`4+=B1$1$�:4c2",'=L1n!$#�*B�
*p#Y%.,.\@("=B?92"�:�N2F���R#&46!`=&2X!9�:(:�$j�� & -¨\9=-�:�<1$=&2589%G#�_M#o(F=B%'�BI
a<!9�A8$("=&2F=94+=&%9?$�"�:�K\9,  �R(F�R1B2�DT�:�X�X#YH&�R��2"=�\9,.�X4c=p*B�:(�#&1$\TDS#Y,G1B2X#Y,G1 %.,.17�L�:´�J =B?92"�NJ �/.-?9�:�"2"�NU�J5J � �
�+Z"�

J5=L?92F�
J5�:8$%',.�:�
U�J J ���N�cZX�L#B1$\MJ5=L?92F� �C(X("=B(X�<U�J �CJ5J �+Z"I�a<!9�R�F��DT�:�X�"#&H&�52f_98>�:�A#&("�[("�:4+�+,.*&�:\S*-,G# � & ���
#&17\`19=L("DS#&%iqM�¯!$�:#&\$�:(<8$("=94c�:�X�",.19HS#&8789%',.�:�:I
j�� & -l?$�F�R�S#V\9�R�F2",.1$#&2F,.=B1g�"�/.-?9�R1$4c�@1-?$DE;>�:(Edm=B(e�:#B46!g("=B?92"�n�:1L2X(F_BI^a<!$�3\9�R�F2",.17#Y2F,.=B1k�F� .-?9�:1$4+�

1-?$DE;>�:(`,G�`4:(F�R#Y2F�R\�;L_ 2X!9�Q\$�:�"2F,G1$#Y2",'=L1¯dm=B(3#&1L_¯(F=L?92F�h,G1-dm=L("DS#Y2",'=L1�,.2`�"�:1$\$�`2F= (F� .-?9�:�"2F,G19H19=9\9�R�+I
�[�",G19HV\9�R�F2",.1$#&2F,.=B1]�"�/.-?9�R1$4c�n1-?$De;7�R("�E�:1$�X?$("�:�E%'=-=B8�d�("�+�R\9=BD�#&17\]#Y%.%'=p/5��2"=V�-19=p/ /5!9,G46!^=Yd �"�+*&�R("#&%
("=B?92"�:�5,G�
De=L(F�%$pd�("�:�X!;$$I/[,'*B�:1|2X!9�T46!$=&,G4c�E;>�+2f/N�+�R1h2f/N=n(F=L?92F�R�52"=`#n\$�:�"2F,G1$#Y2",'=L1i�i#n("�/.-?9�:�"2F,G19Hn1$=-\$�
#Y%./A#�_-�A�"�+%.�:4+2"�A2"!$��=B19��/<,.2"!32"!9��HL(F�R#Y2"�:�"2N�"�/.-?9�R1$4c� 1-?$De;7�R(+I
��!9�R1h#M19=9\9� /A#&1L2X�52F= O 1$\h#M("=B?$2F� 2"=n#&19=B2"!9�R(5=L19�&� ,'2
;$("=B#&\74+#&�"2"�<#MJ5J � � 2"=n#Y%.%�2X!9�E19�:2f/C=L("�

2F,.%.%��+,.2"!$�:(52X!9� \9�R�F2",.1$#&2F,.=B1@,G�5("�:#&46!$�:\3=B(<#B19=&2X!9�:(51$=-\$��,.�5dm=B?$1$\@/<,.2"!|# $Yd�(F�R�"!3�R19=B?9HL!;$S(F=L?92F��2"=M2"!$�
\9�R�F2",.1$#&2F,.=B1�UW# $Yd�(F�R�"!]�R19=B?$HB!;$h("=B?$2F�n,G�T#h*p#Y%.,.\(F=L?92F�`�:1L2"("_Vdm=L(E2X!9�@\9�:�"2F,G1$#Y2",'=L1]/5!9=L�F�n#B�"�"=94c,G#Y2"�:\
�"�/.-?9�:174c��1L?7DE;>�:(A,G�<#Y2A%'�R#&�"2<#&�NHB("�:#&2N#B�C2X!$#Y2<4+=B1L2"#&,.19�R\n,G1`2"!9��J5J ���EZ"I$a<!9�R1`#TJ5J���� ,.�<�"�:1L2<;$#&46�
2F=S2X!9� �F=L?$(X4c��#&1$\`2"!$� \9,.�X4c=p*B�:("�:\`(F=L?92F��,G�<DT#B\9� #�*p#Y,.%.#B;9%.�&I

� =9\9�R�S2"!$#&2o#&("�38$#B(F2S=&d
#&1k#&4+2F,.*&�|(F=L?92F�@DS#�_g=( ��:(S4+=B1$19�R4c2",'*-,.2f_g,.19dm=B(XDT#&2F,.=B1k;B_k;$(F=L#&\$4:#&�"2F,G19H
8>�:(",'=9\9,G4+#&%'%._n%.=B#B4c%�'[�+%.%'=nDT�R�"�X#YHB�:��UW�"8>�:4+,.#&%�J5J �	��DT�:�X�"#&H&�:�+Z�2F=o,.2"�[,GDTDT�R\9,.#&2F�E1$�+,.HB!-;7=L?$(X�+INq d$' �+%.%.=



�4��W8�����J	������������F�@�O���!	 �'����% ( �&�R�
DT�:�X�"#&H&�R�n�"2F=B8 #&(X(F,.*-,.19H^d�("=BD #k19�+,.HB!-;>=B(`;7�:_&=B17\��F=LDT�VH&,.*&�R1¯2F,GDT�Q2X!$(F�R�"!$=&%G\i�52"!$��4+=B1$19�R4c2",'=L1�,.�
#&�X�X?$DT�:\`2F=o;7��%.=B�"2+I
��!9�R1�#]19=9\9�V\9�:2F�:4+2"�n2"!$#&2n#g("=B?92"�|2F=g#g19�:,'HL!-;7=L(M19=9\9�|,G�n19=B2M*p#Y%.,.\¯,.2n("�:DT=p*&�R�S2"!9�V("=B?$2F,G19H

�:1L2X(F_3#&1$\@�"�:1$\$�[#SJ � J J¬DT�R�"�X#YHB�
2"=n19�:,'HL!L;>=B(X�A2"!7#Y2 #B(F��#&4+2F,.*&� #B1$\@?$�F�E2"!9�E("=B?$2F��L72"!9,G�5,G�58>=B�X�F,G;9%.�
;L_�DS#&,.1L2"#&,.1$,.19Hh#B4c2",'*B�M19�+,.HB!-;>=B?$(�%.,G�F2X�+I|a<!9,G�E8$("=94c�R\$?$("�o,.� ("�:8>�:#&2F�R\]#Y2E19=9\9�R��2"!7#Y2E("�:4+�+,.*&�oJ �CJ5J
DT�:�X�"#&H&�R�+IKjµ�F=L?$(X4c��2"!$#&2<(F�R4c�+,.*&�R�<#&1`J � J J 4:#&1@(F�:,.1$,'2",.#&2F��#TJ5J � �¨DT�:�X�"#&H&�&I
j�� & -µ\9=-�:�<1$=&25#Y%.%.=p/�2F=M!$#B1$\9%.��?$19,G\9,.("�:4+2F,.=B1$#&%i%',G1$�-�:I

�����8��� ! �$&?A( : !���*87 " ! �"56*87 9 :�$ =�	 !�� 5

&
�:�",'HL19�:\Qdm=B(EDe=L;9,.%'�M#B\�!$=-4o1$�+2f/N=B(X�L��/<,.2"!^?$8^2"=h#&("=B?$17\V2f/N=h!-?$1$\$("�:\^19=9\9�R��/<,'2X!^87=L�"�",.;$%'_�!9,'HL!
DT=B;9,.%.,'2f_n(X#Y2"�&I�a<!9��8$("=&2"=94c=&%i/N=B(X�-� $Y=B1`\9�:DS#B1$\;$$�7,�I �&I�/<,.2"!9=L?925#&1L_M8>�:(",'=9\9,G4�?$8 \$#Y2"�:�:I

��#&46�&�+2X�e4:#&(X(F_]#Y%.=B1$HQ2X!9�h4c=LDT8$%'�:2F�|8$#Y2X!2X!9�+_k�"!9=L?9%G\2X#&�Y�BI a<!$,.�M("�:\7?$4c�R�e=p*B�:(X!9�:#B\$�Edm=B(T%.#B(FHB�
("=B?92",.19HS?$8 \$#Y2"�:�<#&2N2X!9��19�+2f/N=B(X� I�a<!9��19=9\9�:�A�"2F=B("�
,.132"!$�+,G(<4+#&46!$�
#&%'%i�-19=p/513(F=L?92F�R�+IKa<!9��8$("=&2F=94+=&%�,.�
4c=LDS87=L�F�R\n=&dK("=B?92"��\9,.�X4c=p*B�:("_o#&1$\3(F=L?92F��DS#Y,G1L2F�R1$#&1$4+�&I
jA2�@B1�>�� 4!25:=Cr� 1a��4D@ ���$#��F=L?$(X4c�5("�/.-?9�:�"2F,G19H 2"=E�"�:1$\o#�8$#B46�Y�:2�2F=e#�\$�:�"2F,G1$#Y2",'=L1o;$(F=L#&\$4:#&�"2"��#�J =B?92"�

J5� .L?$�:�"2EU�J J � �EZA8$#&46�&�+2+I&� =9\9�:�
("�:4c�:,'*-,G19HMJ5J�� � �F�R#&(X46!3,.1|2X!9�+,G([J5=B?92"���N#B46!9� dm=L( #M("=B?92"�E2"=n2"!$�
\9�R�F2",.1$#&2F,.=B1iINq d #o("=B?92"��,.�[19=&2<dm=L?$1$\@2X!9�:1|2X!9� J5J�� �¨,.�5d�?$(F2X!9�:( 2"(X#&1$�XDT,'2"2F�R\|#&1$\32"!$�e19=9\9� #B\$\$�5,.2"�
=p/51V#B\$\$("�:�X�
2F=@2"!9�o("�:4+=B(X\9�:\Q!9=B8Q�F� .L?$�:1$4+�&ISa<!9,.��4+=B1L2F,G1-?9�:�
2",'%.%�2"!9�M\$�:�"2F,G1$#Y2",'=L1h=B(�#319=9\9�S/<,.2"!�#
("=B?92"��2F=M2X!9�E\9�R�F2",.1$#&2F,.=B1|#B(F��("�:#&46!$�:\iINa<!9�E("=B?92"� ;$#&46�`4+#&1|;>�E("�+2X(F�:,'*B�:\3;B_32"!$�E(F�:*&�R("�"��!9=B8@("�:4c=L("\)I
j �<("=B?$2F�:�<1$�+�:\319=B25;7���"_-DT�:2"(",.4&�-&��LJµ46!9�R46�-�C2X!9��J5=L?92F� �N#&46!$�
=&d�2X!9� (F�R89%._L,G19HS19=9\9� #&17\n,'dK#S("=B?92"�
,G�
dm=B?$1$\)��,.2�,.��?$�"�:\Q,G1$�F2"�:#B\iIoj5%.2F�:(X1$#&2F,.*&�+%._&��=B19�o4+#B1Q8$,'HBH&_9;$#&46�@2X!9�o(F�R89%._h=B1�#3J5J � ��2"#B(FHB�+2F�R\V#&2
2"!$��=B(",'HB,.1$#&2F=L(+I�' �R1$4c��?$19,G\9,G(F�R4c2",'=L1$#Y%i%.,.17�L� 4+#&13;>� !$#&1$\$%'�R\iI

� 1�> �/4 � 8 :����/4��A8 �[� 4�
M��!9�:1g=B(",'HB,.1$#&2F,G19H3=B(�dm=L(F/A#&(X\9,G19H|#|8$#&46�&�+2 ?$�",.1$Hh#|�F=L?$("4+�o(F=L?92F�B���R#&46!
19=9\9�T2"(X#&1$�XDT,'2"2F,G19Hn2X!9�S8$#&46�&�+25,G��(F�R�"8>=B1$�",G;9%'� dm=B(�4c=L1 O (XDe,G19HM2X!$#Y2�\$#&2"#n4:#&1@b>=p/µ=p*&�:( 2"!9�T%.,.1$�`d�("=BD
2"!7#Y2�19=9\9�S2F=32"!9�S19� P 2�!9=B8)IEj 1Q#&46�-19=p/<%.�:\9HLDe�R1L2[4+#B1h8$("=p*-,.\9�T4c=L1 O (XDT#&2F,.=B1|2X!$#Y2�#`%',G1$�@,G��4+#&87#&;9%.�
=YdN4+#&(X("_L,G19H3\$#Y2X#$IEj[46�L1$=p/<%'�R\9HBDT�:1L2X�[#B(F�e=Ydm2F�R1Q#&%.("�:#B\9_|8$#&("2
=Yd 2X!9�
	hj��¬8$("=&2"=-4+=&%�,.1�?$�"�`UW�"?746!Q#B�
2"!$��%',G1$�B·W%G#�_&�R(C#B46�-19=p/<%'�R\9HBDT�R1B2 d�("#BDT��\$� O 19�R\`;L_MqM�	��� 
&¶ s I.�&�YZX�B=L(<#&("� $B8$#&�X�",'*B�[#&46�-19=p/<%.�:\$HBDT�:1L2 $7�
,WI �BIE#`1$=-\$�T�-19=p/5�[2"!$#&2�,'2X�
87#&46�Y�:2 ,G��(F�R4c�+,.*&�R\h;L_h#&1V,.1L2F�R("DT�R\9,.#&2F�S19=9\9�S�F,G1$4c�T,.2�4:#&1Q!9�:#B( 2X!$#Y2�2"!$�
,G1B2"�:(XDT�:\9,G#Y2"�M19=9\9�od�?$("2"!9�R(�dm=B("/A#&(X\$��,'2:I`q d<�X?$46!]#&46�-19=p/<%.�:\9HB�:DT�:1L2X�
#B(F�o19=B2E#�*p#Y,.%.#B;9%.�T2X!9�:1]#|1$=-\$�
4+#B1h("�/.-?9�:�"2 #B1|#&46�-19=p/<%.�:\9HB�:DT�:1L2�U�/5!$,.46!Q4+#&1|;>�e�"�:1L2
\9,.("�:4+2F%._@2F=n2X!9�e�"=B?7("4+�E?$�",.19H`#&19=B2"!9�R( ("=B?92"�YZ"I
j 46�-19=p/<%.�:\$H&�:DT�R1B2X�ADT#�_`;7� ("�/.-?9�R�F2"�:\3�F�:*&�:(X#Y%�2",.DT�:� U�2F,.%.%��"=BDT��H&,.*&�:13;>=B?$1$\iZ"�>#B1$\`,.132"!$� 87�R("�",.�"2F�R1L2
#&;7�F�R1$4c�o=&d #&46�-19=p/<%.�:\9HB�:DT�:1L2+��2"!9�3(F=L?92F�M,G�E("�:DT=p*B�:\Vd�(F=LD 2X!9�nJ5=L?92F���N#&46!9�M#B1$\](F�:2"?$(X1]#7$&J5=B?92"�
�C(X("=B( $A2F=
�:#&46!E19=9\9�C2X!$#Y2�!$#B���"�:1L2K#[87#&46�Y�:2�("=B?92"�:\�=p*B�:(�2"!$#&2�%.,G1$���F,G1$4+�N#B1 #&46�-19=p/<%.�:\9HB�:DT�:1L2)/A#&��%G#&�"2
("�:4c�:,'*B�:\iI�� =9\9�R�K=p*&�:(X!9�R#&(",.19H =B(�dm=B("/A#&(X\9,.1$H[8$#B46�Y�+2X�K�"!9=L?9%G\eDS#&�&�N?7�F�<#Y%.%$4+#B("(",.�:\E("=B?$2F,G19H�,.1-dm=L("DS#&2F,.=B1
2F=o?$8 \$#&2F� ,.2"�A=p/51`J5=B?$2F� ��#&46�&�+2:I
�����8��� � �P( H�* "�? # #   "�,&��";�P, 56*87 9 :�$ = � #�= * " : 9;�&( 	 �� 5 �

a<!9,G� 8$("=&2"=94c=&%�,.�[=Yd�2"!$� d�#&DT,.%'_3=Yd�%.,.17�3("�+*B�:(X�"#&%)8$("=&2F=94+=&%G�+IAqf2 DS#�_@8$(F=p*-,G\9� �"�+*&�R("#&%�("=B?92"�:�5;>�+2f/N�+�R1|#
�"=B?$(X4c� #B1$\h#M\9�R�F2",.17#Y2F,.=B1)I a��[J j¨4+=B1L2"#&,.1$� 2"!$("�+�e8$#&("2"�:´N4:(F�R#Y2",.19H>�>DS#Y,G1L2"#&,.19,G19Hn#B1$\|�R("#B�F,G19HM("=B?92"�:�:I
jA2 �R#&46!|19=9\9�B� #n�F�R8$#&(X#Y2"�E4c=L8B_`=Yd a��[J j ,.� ,.�
(X?$1|87�R( �R#&46!|\9�R�F2",.17#Y2F,.=B1)I5a��[J j ;$?$,'%G\$�
#M\9,G(F�R4c2F�R\
#&4+_94c%.,.4AHL("#B8$!e("=-=&2"�:\T#Y2�2"!$� \9�:�"2F,G1$#&2F,.=B1iI�qf2 #&�X�"=-4+,.#&2F�R��#
!$�+,.HB!L2�/<,.2"!T�:#B46!T1$=-\$�<,.1S2X!9�519�+2f/N=B(X�oU�/<,'2X!
("�:�X87�R4c2�2F=|#34c=BDSDT=B1�\9�R�F2",.1$#&2F,.=B1�ZXI 	h�:�X�"#&H&�:� b7=p/ d�(F=LD 19=9\9�:�
/<,.2"!^!9�:,'HL!9�:(�!9�:,'HL!B2�2"=32X!9=B�"�S/<,'2X!
%.=p/C�R(N!$�+,.HB!L2"�:IKJ5=B?92"�:�5#B(F��\9,G�"4+=p*&�R(F�R\n?$�",.1$H �
?$�:("_hU �[J �EZ #B1$\ �[8 \$#Y2"�oU�� ��&eZ 8$#&46�&�+2"�:I
��!9�R1h#n19=9\9�e/<,'2X!V19=3\9=p/51$�"2"("�:#BD %.,.17�L�
19�:�:\$�
#n("=B?92"�E2"=`#M\9�R�F2",.17#Y2F,.=B1)� ,.2�;$(F=L#&\$4:#&�"2"�5# �[J �

8$#B46�Y�+2 2"!$#&2C8$("=B8$#&HB#&2F�:�K2",'%.%�,'2C�+,.2"!9�R( O 1$\$�N# 19=9\9� /<,.2"!n#E("=B?92"�52F= 2X!9��\9�:�"2F,G1$#Y2",'=L1S=B( 2"!9�
\9�:�"2F,G1$#Y2",'=L1
,.2"�"�+%'drIVa<!$#Y2e19=9\9�M/<,.%'%A(F�R�"8>=B17\];B_^;$("=B#B\$4+#B�F2",.19H|#M� ��&l8$#&46�&�+2E4+=B1L2"#&,.19,G19H|2X!9�`19=9\9� � �e!9�+,.HB!L2:Ihj
19=9\9�
(F�R4c�+,.*-,.1$HE2"!$�&���	&µ8$#&46�&�+2 ?$8 \$#&2F�:�N,.2"�N!9�+,.HB!L2N#&4+4+=B(X\9,G19H&%._T#B1$\M;$("=B#B\$4+#B�F2X��#&1$=&2"!$�:( � ��&TI9a<!9,.�
DS#�_n("�:�X?9%'2A,G1@#T1-?$De;7�R(<=YdK\9,G(F�R4c2F�R\@8$#Y2X!$�Nd�(F=LD�2"!$� �F=L?$("4+��2F=S2"!9� \$�:�"2F,G1$#Y2",'=L1iI



�&� t �����������O	����% � ����� �P������� �!	 " (

q d #M19=9\9�T\9,G�"4+=p*&�:(X�<#M8$#B(F2",.4:?9%G#&( \$�:�"2F,G1$#Y2",'=L1@2F=`;>�e?71$(F�R#&46!$#B;9%.�&�$,.2[�"�+2X� 2X!9�e4+=B(X(F�R�"8>=B1$\$,.19Ho%.=94+#&%
!9�:,'HL!B2<2"=n#oDS# P ,GDE?$D *�#&%.?$�&INqr134:#&�"��2"!9�e19=9\9� 4+#B1$19=&2 O 1$\|#&1L_`1$�+,.HB!-;7=L?$(</<,.2"! O 1$,'2"�E!9�+,.HB!L2</�I (+I 2+I
2"!$,.�A\9�R�F2",.1$#&2F,.=B1i�-,.2<#Y2F2"�:DS892X�C2"= O 1$\n#e19�+/ ("=B?$2F�&IKqr1`4+#&�"� 2X!9�:("�
,.�A19=T(F=L?92F�
2F=T#e\9�R�F2",.17#Y2F,.=B1hU�,WI �BI�=Yd
#T19�+2f/N=B(X�o8$#&("2F,.2F,.=B1iZ"�92"!$��1$=-\$��;7(F=L#&\$4:#&�"2"�N#��C%.�:#B([UM� ��J�Z DT�R�"�X#YHB�[("�:�"�+2F2",.1$HT#&%'%)("=B?92",.1$HT�"2"#&2F�:�A#B1$\
("�:DT=p*-,.19HT,G1B*p#&%',G\@(F=L?92F�R� d�("=BD ,'2X�<8$#&("2A=YdK2"!9� 1$�+2f/N=B(X�>I
a��[J jl=B8>�:(X#Y2"�:�T=B1k2F=L8=&d[q�	I�	� U�qr1L2F�:(X19�:2 	Vj ���Na �N1$4+#B8$�X?9%.#&2F,.=B1 �N(F=B2F=94c=B%�Z�2"!7#Y2M8$("=p*-,.\9�R�

("�+%.,.#B;9%'�S\9�:%',.*&�R(F_@=YdN(F=L?92F�+· DT�:�X�X#YH&�R� #B1$\h2X!$#Y2�,G1-dm=B(XDS�[2X!9�S(F=L?92F,G19H@8$(F=B2F=94c=B%�=&dC46!$#B19H&�R� =&d 2"!9�S%.,.17�L�
2F=o,.2"� 19�+,.HB!-;>=B?$(X�+I q�	I���¯2"(",.�:�<2"=M#YH&HL(F�:HB#&2F� q�	7����#&17\3a��[J[jµDe�R�"�X#YHB�:�N2F=`#T�",G19H&%.� 8$#&46�&�+2�U�4:#Y%.%'�R\
;9%.=946�7Z �"=h#&� 2F=h("�:\$?$4+�o=p*&�R("!9�R#&\iI`a�=|HB�+2�,G1-dm=B(XDS#Y2F,.=B1�=L1Q2X!9�n�"2"#&2"?$��=&d519�+,.HB!-;>=B(",.19,.H@%',G1$�-�:��q�	I�	�
8>�:(",'=9\9,G4+#&%'%._n�"�:1$\$��� �Nj�� �@�¬DT�R�"�X#YHB�:�A#&1$�"/N�:("�:\n;L_ ' � � � �µ("�:�X8>=B1$�"��De�R�"�X#YHB�:�:I

�ov� � {/� �IH+~
�K{+y@� � ���|{'H'� y��A��� �E���M�
���43 ��� ��:<( 7�#�? 9;:�*8$ % ! �P$ ? "�:<*

���S�"2"#B(F2
;L_h8$(F�R�F�R1L2F,G19H3�",GDT8$%'�S�"4:(F,G892
2"!$#&2�("?$17�
#3�",.19HB%'�Ta��	� 4+=B1$1$�:4c2",'=L1h=p*B�:( #3�p·f19=9\9�R�[19�:2f/C=L("�
=p*&�R(A#&13#&("�:#e=Yd�#T�",��+��=Yd��Y¶B¶&D =p*&�R( t ¶&¶BD�\9�:8$,.4+2F�:\3,G13³�,.H � I.�&I�a<!9��%.=94+#Y2",'=L1`87(F=94c�R�"�A,G�<#&�Ndm=B%'%.=p/5�:I

2

1

0

³K,'HL?$(F� � I'�B´5� P #&DS89%.�[=&dK#T2"!7(F�:��1$=-\$� #&\-·f!9=94�19�+2f/N=B(X�

. a<!9� ,G19,.2F,G#Y% %'=94+#&2F,.=B1$� =Yd�1$=-\$�:� ¶7���&�-#&1$\ s #&("� ("�:�X87�R4c2F,.*&�:%'_3UW�$� �9Z"��U t � ¶7� s 
B�-Z)#B1$\|UF���Y¶7� sYt ¶9Z�U�2"!9�
� 4+=-=B(X\9,.17#Y2F��,G�<#&�X�"?7De�R\n2X!$("=B?9HL!9=B?92A2"=M;7� ¶$Z"I

. jA2N2",.DT�M�R¶$�919=9\9� ¶S�"2"#Y2X(F2X�<DT=p*L,G19HS2F=p/N=B(X\$�A8>=&,G1B2�U s �Y¶7� s �Y¶$ZK#&2A#S�X87�:�:\3=Yd��&DC�Y�F�R4YIjA2N2",.DT�M���9�919=9\9�o���"2"#Y2X(F2X�<DT=p*L,G19HS2F=p/N=B(X\$�A8>=&,G1B2�U t �9� s 
L�-Z�#Y25#S�X87�:�:\3=Yd��YDC�p�"�:4&I
jA2N2",.DT�M�R¶$�919=9\9� ¶S�"2"#Y2X(F2X�<DT=p*L,G19HS2F=p/N=B(X\$�A8>=&,G1B2�U t 
&¶7� �B¶&¶$ZK#&2A#S�X87�:�:\3=Yd��YDC�Y�F�R4YI
� =9\9� s ,.�<�"2F,.%.%)2"!$("=B?$HB!9=L?92A2"!9� �",.De?9%G#Y2F,.=B1)I

a<!9� �",.De?9%G#Y2F,.=B1n%.#B�F2X���R�&¶&�"�:4YIKjA2<2F,GDT�o�:¶7�$#Ta��	��4+=B1$19�R4c2",'=L1n,G�A,.1$,'2",.#&2F�:\@;>�+2f/N�+�R1`19=9\9� ¶S#B1$\`1$=-\$�
�&I
��� �"!$#&%'%)?7�F��;>�+%.=p/ 2"!$� &�� &&- #&\-·f!9=94�(F=L?92F,G19Ho8$("=&2"=-4+=&%i#&17\n2X!9��qM���	�	
&¶ s I.�&�&	Vj���8$("=&2"=94c=&%WI

���43 �43 � "�: 9;:�$ =)9;� � 9 ! # % !�"�:<H 9

���E;7�:H&,G1h;L_3�X8>�:4c,'dm_-,.1$Hn�F=LDT� ;$#&�",.4E8$#&(X#&DT�+2"�:(X�Ndm=B( 2"!9�E�",GDE?9%G#Y2",'=L1$�+� 8$("=p*L,G\9,G19Ho,G1-dm=B(XDS#Y2F,.=B1`dm=L(52"!$�
\9,  �R(F�R1L2<%.#�_B�:(X�+IKa<!9,G�A,.�5\$=B19��#&�Ndm=B%'%.=p/5�:´
�&£B�?]$¦-¤�;'76H7¦Y�RB _ H7¦&�L�7£9¤�� � -p�9£9¤L£$�-� _ H$¦Y�-�9£9¤ � 1 76H$¦&�-�7£9¤g���L²7£



�4 �LJ(�� %J� � � �������8% � ����� �J������� �!	 " ( �&���
�&£B�?]$¦-¤�;F²$�9¡Y²RB � �9¡&²$¦ U ¦B�C-p¡&�
�WIL«$¡4G9¦	� � �9¡p±-�$¢ � 1 �9¦B¢5-Y¡9¥Y²9�9¡&²7¦ U ¦B�C-p¡Y�^  ¡L¢9£9¤�&£B�?]$¦-¤�;F�7£B�5- 35B � H ��� � -p�9£9¤B£7�-� � H�� � 1 �7£&�L«7¡L��e8-R�9�$£L��39¦.7&£k���L²7£�&£B�?]$¦-¤�;  �¦.70B A$¦.7	� #-ª0E � §L§ � 1 A0@ _ ���L²7£�&£B�?]$¦-¤�; - 3 � B �Y±7£&±$£ � 2 �9¡Y²`I$¦Q-&¤�� � �5- �p±7£p±7£ � 1 -R�-�$£L�039¦L7&£ � ±7£Y±7£ ���L²7£�&£B�?]$¦-¤�;6¤-¤.B � � � 1 ¤.-:�`e ¤L¦	�$£L�¯���L²7£�&£B�?]$¦-¤�;¸¦&�9�5B @L�9�$£Y�-�7¦ � �  7�R-6@L�-�$£Y�-�$¦ � 1 ¦&�-�$£&�-�7¦� �¡L¢9£9¤�&£B�?]$¦-¤�; - 3 � ¤L£&�RB °-ª � 1  �¦WY�²$¦.7 e$£B�\-:� - 3 ��&£B�?]$¦-¤�;F�-�RB c � 1 �-±Y .V7£L��¡�3k �¡WVC-&¤L£&�7¡B¢9£7��&£B�?]$¦-¤�;X�B²RB 2 + 20^ � 1 �9¡Y±9�C-R� U ²$�9¡B�$¡L7&¡9¤�&£B�?]$¦-¤�;=YCB °-ª-ª � 1�� ¢5-c �£Y���`-Y¡&��¡�3��$¡&²7¡ U �9¦&²0H ��&£B�?]$¦-¤�; �CB ®$ª-ª � 1 �0¢5-c �£Y���`-Y¡&��¡�3��$¡&²7¡ U �9¦&²0H ��&£B�?]$¦-¤�;+�p�$¡Y²RB §�°-ª � 1 �C-6 �£�¡�3¬�`-c 7±>¤B¦B�C-Y¡&��£&�$¢
a<!9�R�F�n87#&(X#&DT�+2"�:(X��#&("�M?$�F�R\^,.1^2X!9�`4+=B1 O HB?$(",.1$H3=&d<2"!9�319=9\9�:�:��/5!$,.\$!g,.�e\9=B19�o/<,.2"!g2"!9�n!$�+%G8]=Yd<2"!$�
dm=&%.%.=p/<,.19Ho4+=BDSDS#&1$\

�Y���g�7¡L¢9£-¥L7&¡&�L3Q- U ¥L¦B¢4H7¡.7 G9¡&±9�C-R� U �W]9¦9¤�;X�B²CB �¥-¤-¤ I��L²7£�� ]$¦9¤�;6¤L¤.B �
¥R �¦L7 I��L²7£¯�W]$¦9¤�;W �¦.7`B �
¥.- 3 � I��L²7£¯�W]$¦9¤�;'- 3 � B �
¥.- 3 � �9£&�0� ]$¦9¤�; -63 � ¤L£&�CB �
¥L¦&�-�0I��L²7£¯�W]$¦9¤�;X¦&�9�CB �
¥Y²$�-¡&²`I��L²$£��W]$¦9¤ ;F²$�9¡&²CB �
¥Y²0H��0I��L²7£¯�W]$¦9¤�;r�7£B�C- 3QB �
¥L76H$¦&�-�7£9¤ I��L²7£k�W]$¦9¤ ;'76H7¦&�CB �
¥&�$¡Y²7¡ � �����$¦&�C7&£k�&�$¡Y²7¡ �
¥L¦ U £&�9�0I9�-¦.7&£ � >��¥B�9¡Y±9�$£L��I-�9¦.7&£ � >��¥R �¦L7 I9�9¦.7Y£ � � � �¥R �¡W]$£� �£&�-�0I9�9¦.7Y£ � >

39¡B�8S9�&£B��-¯ª0T�S-�L- * �W]$¦-¤�;F�-�RB�TFS,-R�C7Y�\-JT�S
�&£B���7¡L¢9£ � ;6�.-0BK)r�Y���g�7¡L¢9£4/

T

a<!9� dm=B?$(C%.#B�F2C=B892",'=L1$�C,.1o2X!9��19=9\9�c·f4c=L1 O HE4:#&1o�R#&46!M;>� HB,'*B�:1M#�*p#&%.?9�
=Yd5�@�0=B( �[³�³AI9a<!9�
#YH&�R1L2"a�("#B4c�
/<,.%'%AH&,.*&�n,.1=B?$(T4+#B�F�M2X!9�32"(X#&4c�`=Yd a��	���K(F=L?92F�R("a�(X#&4c�`8$(F=p*-,G\9�:�E2"(X#&4+,.19HV=Yd[8$#B46�Y�:2"� ,G1L*&=B%'*B�:\^,G1g2"!$�
("=B?92",.19H>� DS#&4:a�(X#&4+�n,G�T("�+%G#Y2"�:\2F=^2"(X#&4+,.19H�	hj���87(F=B2F=94c=B%N8$#B46�Y�:2"�:� #&1$\kDT=p*&�:DT�R1B2Xa�(X#&4+�M,G�o?$�F�R\g2"=
#Y%.%.=p/�2"(X#&4+,.19HS2X!9� DT=&2F,.=B1`=Yd�19=9\9�R��Umdm=B( 1$#&D`Z"I
a<!9��,G19,'2",.#&%)%.=-4:#Y2",'=L1n=&dK19=9\9��¶T,G�<H&,.*&�R1`#B�Ndm=&%.%'=p/5�:´

�Y�7¡B¢9£ � ;¸ª.B �&£B� � � °C©rª�Y�7¡B¢9£ � ;¸ª.B �&£B��� � °C©rª
�Y�7¡B¢9£ � ;¸ª.B �&£B��� � ªC©rª
#&17\`�",.DT,.%.#B(F%._M/N��8$(F=p*-,G\9��2"!9��,G19,.2F,G#Y%)%.=94+#B#Y2F,.=B1n=YdK=&2X!9�:(<19=9\9�R�+I
j�%.,.1$�:#&( De=LD *B�:DT�:1L2K=Yd)#�19=9\9�5,G��HB�:19�R("#&2F�R\e;L_S�"8>�:4+, dm_-,G19H�2"!9� 2F,GDe�[,.1S/5!$,.46!T,.2 �F2X#&("2"�:�&2X!9�5/n#B1$\

� *p#Y%G?9�R�<=Yd�2"!9��2X#&("H&�+2<8>=&,G1L25#&1$\`2"!9� �X8>�+�:\)I�³7=B(A�R# P DS89%.�&�$19=9\9� � ����DT=p*&�RDT�:1L2A/<,'%.%);7��/5(",.2F2F�R1@#&�
�Y��� ¦B��§�°C©fª��R�Y�7¡L¢9£ � ;�§4B�&£B�9¢9£$�p��®$°C©rª?ED#L°C©rª�°C©rª �
��� 19�+�R\n2"=M4+("�:#Y2"�[2X!9��,G19,'2",.#&%�19=9\9� 8>=B�",'2",'=L1Mdm=L(<1$#&D ?$�",.19H



�&� ¹ �����������O	����% � ����� �P������� �!	 " (

39¡L��S$�Y£B��-¯ª`TFS-�.- * �W]$¦9¤�;r�-�RBWTJS,-R�C7p��-JTFS
1 c-ª ¢-£�35-R�7£$�g��H7£ �7¡L¢9£ �`- �9£:39¡L�¯�7¦� �Y���F-R�C-��C-Y¦9¤ � �7¡L¢9£ � ²7¡7�^�Y�7¡B¢9£ � ;6�L-0B c-ª
T

����2F�+%.%)19=9\9�R�</5!9�:132X!9� �F,GDE?$%.#&2F,.=B1`�:1$\$�A/<,.2"!
39¡L��S$�Y£B��-¯ª`TFS-�.- * �W]$¦9¤�;r�-�RB9TFS\-:�C7Y�\-:T�S

�Y� ��¦B� �W]9¦9¤�;+�p�9¡&²RB���p�7¡L¢9£ � ;6�.-0B��9£7�&£B� � �
T

����2"!9�R134:(F�R#Y2"�
2X!9� a��	��4c=L1$19�:4+2F,.=B13#&1$\32X!9��dm2"8|#B8$89%.,.4:#Y2F,.=B1`=p*&�R(N,'25#B�<?$�"?7#Y%W�$�F�:���&I H7I	�N!$#B892F�R(
t I �N1$\9,G19Ho2"!9� �",GDE?9%G#Y2",'=L1n,G�<#Y%G�F=o#B�<?$�"?7#Y%W�9� P 4c�R892Ndm=B(5#B1`#B\$\9,.2F,.=B1$#&%)4c=BDSDS#&17\Mdm=L(A�:1$\9,G19HM1$#BD3´
�Y��� ¦B�¬�W]$¦-¤�;+�p�$¡Y²RB���Y� �]�7¦� i¥L£Y�$¢$¥Y«R-��9£9¤L£7�L�]� ]$¦9¤�;+���$¡&²RB��
a<!9��4c=LDS89%'�:2F��2X("#B4c��=Yd�=B?$(<8$("=&HL("#BD�,.�<HB,'*B�:1`,.1@a�#&;9%.� � I.�&I

�ovFE �k��~�} ���Y�e� � ~
�
j 13� P #BDS89%'��=&dK#T%.,.19��,G132"!9��=L?92"87?92<2"(X#&4+�
,G�
��®$ªC© �0c � �B®Lc0E # � � § � @ � I ¥-¥-¥µ§�° � ���Q7�²�§Rª0c0EM)r¦0E¨§9E #-ªLª�/0¥-¥-¥-¥-¥L¥-¥
)rª �rª¨§ �fªFc�E §[/ )�c-°�ª�/�E ª
. a<!9� O ("�"2 O �+%G\n,G�A#E%.�+2"2F�:(N2X!$#Y2<4+#B1n!$#�*B� 2X!9��*�#&%.?$�:�A(+� �:� dr� &¬dm=B( $&("�:4+�+,.*&�R\;$$� $&�"�:1L2 $7�D$Ydm=B("/N#B("\$�:\;$#&1$\ $&\$("=B8$8>�:\ $$�-(F�R�"8>�:4+2F,.*&�+%._&IKqf2A4+#B1n#Y%G�"=e;>�	 dm=B(NH&,.*-,.1$He#e%'=94+#&2F,.=B1n=B(N#eDT=BDE*&�RDe�R1L2C,G1$\9,G4+#Y·
2F,.=B1i�92X!9,.�5,.�5\$�:�X4+(",.;>�:\`%.#&2F�R(+I

. a<!9���F�R4c=B17\ O �:%.\3,G�<2"!$��2F,GDe�BI
. a<!9��2"!9,G("\ O �:%.\3,G�A2"!9� 1$=-\$� 1L?7DE;>�:(:I
. a<!9� dm=L?$("2"! O �+%G\E,G� 	hj��^2"=[,G1$\9,G4+#&2F�A,'d>2"!$�A87#&46�Y�:2�4+=B1$4+�:(X1$�K#@	hj��^%.#�_B�:(:�R,.2K,.��j&/
a2F=
,.17\9,.4:#Y2"�#e2X!9��2"(X#&17�"8>=B("2A%.#�_B�:(
U��BI H>I�2"4+8iZ 8$#&46�&�+2+�9=L(AJ�aAJ ,'dK,'254+=B1$4+�:(X1$�A2"!9� ("=B?$2F�:\38$#B46�Y�+2:I�qf254+#B1`#&%.�"=
;7��qf³ �¬2F=S,G1$\9,G4+#&2F���+*B�:1L2"�<("�+%G#Y2"�:\`2F=S2"!$��,.1L2F�R(rdm�R(F�R1$4c��8$(",.=B(",'2f_ .-?9�R?9�oU�%.,.�&��\$(F=L8n=&dK87#&46�Y�:2"�+Z"I

. j<dm2F�R(�2"!$�5\$#&!$�"�:��4+=BDT�A2"!9�<HB%'=L;$#Y%$�"�/.-?9�R1$4c�<1-?$De;7�R(K=Yd�2"!9�58$#B46�Y�:2NU�2"!9,G��,G��19=B2�2X!9�<2"4:8o�F� .-?9�:1$4+�1L?7DE;>�:(+Z"I
. jA2N2X!9� 19� P 2 O �+%G\34+=BDT�:�<DT=L(F��,G1-dm=B(XDS#Y2F,.=B1`=B1`2"!$� 8$#&46�&�+2A2f_987�SU��BI H>I�2"4:8i�7#&46�M=B(<?$\$8iZ"I
. a<!9�:134c=LDe�R�A2"!9� 87#&46�Y�:2<�F,��+��,G13;L_-2F�R�+I
. a<!9� t 1-?$De;7�R("��,G1�2"!9� O ("�"2�� .-?$#B(F�S;$#&(X�Y�:2"��4c=L1$4c�R("1�DS#&4T%G#�_&�:([,G1-dm=B(XDS#Y2F,.=B1)ISa<!$� O ("�"2�!9� P #Y·\9�:4+,.DS#Y%A1-?$DE;>�:(:��# s U�/5!9,G46!]�/.-?$#&%.�n� ¹Ls ,.1k\9�:4+,.DS#&%�Z��"8>�:4+, O �R�E2X!9�n� P 87�R4c2F�R\g2",.DT�3,.1g�"�:4+=B1$\7�
2F=h�"�:1$\�2"!$,.� \7#Y2"#|87#&46�Y�:2�=p*&�:(
2X!9�o/<,.("�+%.�:�X� 46!$#B1$19�:%�IMa<!9�`�F�R4c=B17\Q1-?$De;7�R(+�C�&���"2"#B1$\$��dm=L(�2"!$�
	hj�� ·W,G\Q=YdA2"!9�M�"�:1$\$,.19H|19=9\9�B��#B1$\Q2"!9�o2X!9,.(X\i� s �),G��2X!$#Y2�=&dN2X!9�M(F�R4c�:,'*B�+,G19H31$=-\$�&IMa<!9�Sdm=L?$(F2X!
1L?7DE;>�:(:�;
&¶&¶7�9�"8>�:4+, O �R�<2"!7#Y2<2"!$� 	hj��¯2f_98>��,.� �0I � �0G�I � � � � � � I

. a<!9�V19� P 2`1L?7DE;>�:(X�M,G1¯2"!9���F�R4c=B17\ � .-?$#&("�h;$(X#&46�&�+2"�n4c=B174c�:(X1 2"!9�QqM���F=L?$(X4c�h#&17\�\9�:�"2F,G1$#Y2",'=L1#&\$\$("�:�X�"�:�:�L2X!9�:132X!9��2F2"%�U�aA,GDT� a�= ��,.*&�&Z�=Yd�2"!9� 8$#B46�Y�:2
U�,.13=L?$(<4+#B�F��� s Z"�
. a<!9��2"!9,G("\3;$(X#&46�&�+2"�A4+=B1$4+�:(X1M2"!$��2"4+83,G1-dm=B(XDS#Y2",'=L1i´K,'2X�<�F� .L?$�:1$4+��1-?$De;7�R(<#&1$\`2"!$� #&46�-19=p/<%.�:\9HB�c·De�R1L2A1-?$De;7�R(+I



�4��`8��	 � ��� �O�!	�% � � �&� �
a<!9�R(F��#&("��=&2X!9�:(Ndm=L("DS#Y2X�A(F�:%.#&2F�:\`2F=o=B2"!9�R(<(F=L?92F,G19HoDT�:46!$#B19,G�"DS�<#&17\7��=L(N87#&46�Y�:2C2f_98>�:�:I
j¬DT=p*&�:DT�R1B2<4+=BDSDS#&1$\3!$#&�A2X!9��dm=B(XD3´

A�§�ªC©rª-ªLª-ª-ª¯ª*;¸°C©rª-ª �@°C©rª-ª �@ª ©rª-ªQB �J; E-°-ªC©rªLª � E-°-ªC©fª-ªQB � c ©rª-ª
/5!9�R(F�M2X!9� O ("�"2E1-?$DE;>�:(E,.�E2"!9�`2F,GDT�&��2"!$�`�"�:4c=L1$\^,G� 2"!$�`19=9\9�n1-?$De;7�R(+�K2X!9�:1g4+=BDT�:�E2"!9�`=B(",'HB,.1^#B1$\
\9�R�F2",.1$#&2F,.=B1`%'=94:#Y2F,.=B17�+�$#B1$\ O 1$#Y%.%._M,.�AHB,'*B�:1`2"!9� �X8>�+�:\)I

1 @,c9¥p�7¡L¢9£�£4Y9¦� 7²>¤L£J3-¡L� ¦L¢$¥ H7¡L7 �0-c 7±>¤L¦&�C-Y¡&�k«R-���H 2 + 2�^
1?2 £�35-R�$£�¡&²9�C-Y¡Y����&£B�?]$¦-¤�;'76H7¦Y�RB _ H7¦&�L�7£9¤�� � -p�9£9¤L£$�-� _ H$¦Y�-�9£9¤ � 1 76H$¦&�-�7£9¤g���L²7£�&£B�?]$¦-¤�;F²$�9¡Y²RB � �9¡&²$¦ U ¦B�C-p¡&�
�WIL«$¡4G9¦	� � �9¡p±-�$¢ � 1 �9¦B¢5-Y¡9¥Y²9�9¡&²7¦ U ¦B�C-p¡Y�^  ¡L¢9£9¤�&£B�?]$¦-¤�;F�7£B�5- 35B � H ��� � -p�9£9¤B£7�-� � H�� � 1 �7£&�L«7¡L��e8-R�9�$£L��39¦.7&£k���L²7£�&£B�?]$¦-¤�;  �¦.70B A$¦.7	� #-ª0E � §L§ � 1 A0@ _ ���L²7£�&£B�?]$¦-¤�; - 3 � B �Y±7£&±$£ � 2 �9¡Y²`I$¦Q-&¤�� � �5- �p±7£p±7£ � 1 -R�-�$£L�039¦L7&£ � ±7£Y±7£ ���L²7£�&£B�?]$¦-¤�;6¤-¤.B � � � 1 ¤.-:�`e ¤L¦	�$£L�¯���L²7£�&£B�?]$¦-¤�;¸¦&�9�5B @L�9�$£Y�-�7¦ � �  7�R-6@L�-�$£Y�-�$¦ � 1 ¦&�-�$£&�-�7¦� �¡L¢9£9¤�&£B�?]$¦-¤�; - 3 � ¤L£&�RB °-ª � 1  �¦WY�²$¦.7 e$£B�\-:� - 3 ��&£B�?]$¦-¤�;F�-�RB c � 1 �-±Y .V7£L��¡�3k �¡WVC-&¤L£&�7¡B¢9£7��&£B�?]$¦-¤�;X�B²RB 2 + 20^ � 1 �9¡Y±9�C-R� U ²$�9¡B�$¡L7&¡9¤�&£B�?]$¦-¤�;=YCB °-ª-ª � 1�� ¢5-c �£Y���`-Y¡&��¡�3��$¡&²7¡ U �9¦&²0H ��&£B�?]$¦-¤�; �CB ®$ª-ª � 1 �0¢5-c �£Y���`-Y¡&��¡�3��$¡&²7¡ U �9¦&²0H ��&£B�?]$¦-¤�;+�p�$¡Y²RB�§�°-ª � 1 �5-c �£�¡�3¬�`-c 7±7¤L¦B�C-Y¡Y� £&�$¢
�&£B����� )W�7£&«8+Q-c $±>¤L¦B�$¡B�0/�&£B���9�-¦.7&£�3-¢ )r¡&²$£&�µ�`-c 7²7¤L£C© �9�«L/�&£B��«R-:�$¢9¡&« ^ � IC-c �£�E )r¡&²$£&��«R-R�<©W�9� «L/�&£B���7¦R >�9�9¦.7Y£ )r¡&²$£&�µ�`-c 7«9�$¤$��©W�$¦� �«L/
�Y����9�-¦.7&£9¥L¦-¤-¤¯�&�9�-¦.7&£�3-¢�Y���g�7¦R >�9�9¦.7Y£9¥L¦9¤-¤L¥Y«R-p�9£L¤L£$�L�]�p�7¦� >�9�-¦.7&£��W]9¦9¤�;=YCBk� ]$¦9¤�; �5B
1 �&£B��±-² �$¡&²7¡ U �9¦&²0H ��¡WV � £.7���&£B���$¡Y²7¡ )W�$£&«FI$¡&²7¡ U �9¦&²0H �0/
�&�$¡Y²7¡ ¤L¡-¦L¢ � 3$¤L¦B� U �5-p¢ �W]$¦9¤�; YCB�W]$¦-¤�; �CB
7Y�9£L¦B�$£9¥ U ¡L¢��W]9¦9¤�;F�-�CB
1
1 _ �9£-¦&�$£k�-�¯ �¡WVR-&¤B£&�7¡L¢9£$�K)F�W]9¦9¤�;F�-�CB /¯¦&�9¢0¦&�-�$¦.76H ��H$£�  �$¡���H7£,76H7¦&�-�$£9¤ ©
1



�&� 
 �����������O	����% � ����� �P������� �!	 " (

1 7&¡&�L35- U ±$�9£k�4H7£ �7¡L¢9£7��Y� ��$¡L¢9£9¥L7Y¡&�L35- U ¥L¦L¢4H$¡.7 G$¡&±-�C-R� U �W]$¦9¤ ;X�B²RB �¥-¤-¤ I��L²7£�� ]$¦9¤�;6¤L¤.B �¥R �¦L7 I��L²7£¯�W]$¦9¤�;W �¦.7`B �¥.- 3 � I��L²7£¯�W]$¦9¤�;'- 3 � B �¥.- 3 � �9£&�0� ]$¦9¤�; -63 � ¤L£&�CB �¥L¦&�-�0I��L²7£¯�W]$¦9¤�;X¦&�9�CB �¥Y²$�-¡&²`I��L²$£��W]$¦9¤ ;F²$�9¡&²CB �
¥Y²0H��0I��L²7£¯�W]$¦9¤�;r�7£B�C- 3QB �¥L76H$¦&�-�7£9¤ I��L²7£k�W]$¦9¤ ;'76H7¦&�CB �¥&�$¡Y²7¡ � �����$¦&�C7&£k�&�$¡Y²7¡ �¥L¦ U £&�9�0I9�-¦.7&£ � >��¥B�9¡Y±9�$£L��I-�9¦.7&£ � >��¥R �¦L7 I9�9¦.7Y£ � � � �¥R �¡W]$£� �£&�-�0I9�9¦.7Y£ � >

39¡L��S$�Y£B��-¯ª`TFS-�.- * �W]$¦9¤�;r�-�RB9TFS\-:�C7Y�\-:T�S�&£B���7¡B¢9£ � ;6�L-0BK)F�Y� ��$¡L¢9£�/
T

1 � �9¡4]C-�¢9£8-R�R-��5-Y¦9¤�¤L¡.7Y¦B�C-Y¡&��¡�3   ¡WVR-&¤L£Y�7¡L¢9£7��Y�7¡B¢9£ � ;¸ª.B �&£B� � � °C©rª�Y�7¡B¢9£ � ;¸ª.B �&£B��� � °C©rª�Y�7¡B¢9£ � ;¸ª.B �&£B��� � ªC©rª
�Y�7¡B¢9£ � ;�§WB �&£B� � � ® �-ªC©fª�Y�7¡B¢9£ � ;�§WB �&£B��� � ED#-°C©fª�Y�7¡B¢9£ � ;�§WB �&£B��� � ªC©rª
�Y�7¡B¢9£ � ; E.B �&£B� � � §�°-ªC©fª�Y�7¡B¢9£ � ; E.B �&£B��� � EB®$ªC©fª�Y�7¡B¢9£ � ; E.B �&£B��� � ªC©rª
1� £&�7£L�-¦B�C-Y¡&��¡�3 �¡4]$£�  £&�9� ��Y��� ¦B��§�ªC©fª��R�Y�7¡L¢9£ � ;¸ªQB�&£B�9¢9£$�p�FE-°-ªC©fªFEL°-ªC©rª:cC©fª ��Y��� ¦B��§�°C©fª��R�Y�7¡L¢9£ � ;�§4B�&£B�9¢9£$�p��®$°C©rª?ED#L°C©rª�°C©rª ��Y��� ¦B��§-§�ª ©rª ���Y�7¡L¢-£ � ;¸ªQB�&£B�9¢-£7�p��®;#-ª ©rª:c-ª-ªC©fª ° ©rª �
1 +-£B� ¦?I _	� 7Y¡&�-�7£.7��C-Y¡&��V7£B�L«7£L£&���7¡L¢9£ � ;¸ªQBg¦Y�$¢��$¡L¢9£ � ;R§4B�&£B���57R² )W�$£&«F@ U £&�9���WI _�� �W>9£&«$�9£p�7¡�/�&�57R² �Y£B�\7B¤L¦7�-� � E�&£B�µ�`-:�`e )W�7£&«F@ U £Y�9���WI _	� +Q-R�`e0/�Y��� ¦B�L�$¦.76H>¥B¦ U £&�9���Y�7¡L¢-£ � ;¸ªQBg�&�57�²�Y��� ¦B�L�$¦.76H>¥B¦ U £&�9���Y�7¡L¢-£ � ;�§4Bg�$�`-R�`e�Y���?7&¡Y�-�7£.7p�0�Y�57�²¬�$�`-R�0e�&£B�F3L�B² )W�$£&«F@L²-²>¤.-47&¦B�C-Y¡Y�
� � I � /�43L�B²¬¦&�-�$¦.76H7¥L¦ U £&�-���&�57R²�Y��� ¦B��§�ªC©fª��R�43L�L²¨�p�$¦B�L���
1 � �5-R�9�5-R� U ��H$£�«R-:�$¢9¡&«µ�`- �9£²$�9¡L7²7¤L¡B� � -:�$¢9¡&«?S&�57�².+L¡&±$�Q7&£�35-&¤L£`T:S
U ¤L¡ V7¦9¤����&£B���C-6 �£�ªC©rª�§�&£B���7¡Y« )F�p���g�7¡&«L/



�4��`8��	 � ��� �O�!	�% � � �&� �

�&£B�\7�«L�$¢a)F�&�57�²L+-¡&±$�Q7Y£��&£B��7�«-�9¢ � /²-±9�>���W35-&¤L£ ���p�7¡&«¬�L7�«-�9¢ ��Y��� ¦B�d)r£4YB²$�0�Y�7¡&«��9�&�C-c �£4/ �c²>¤B¡B� � -R�9¢9¡&« �Y�57�².+-¡Y±$�Q7&£ �435-&¤L£ � T�Y��� ¦B��§�ªC©6§ �6²>¤L¡B� � -R�$¢9¡&«��&�57�²¬�Y«C-R�$¢9¡&« ^ � IC-c  £0E �
1?2 £�35-R�$£k�7¡L¢9£,-R�R-R�C-Y¦9¤²7¡$�`-��C-Y¡Y�\-R� �7¦� 
39¡L��S$�Y£B��-¯ª`TFS-�.- * �W]$¦9¤�;r�-�RBWTJS,-R�C7p��-JTFS
1 c-ª ¢-£�35-R�7£$�g��H7£ �7¡L¢9£ �`- �9£:39¡L�¯�7¦� �Y���F-R�C-��C-Y¦9¤ � �7¡L¢9£ � ²7¡7�^�Y�7¡B¢9£ � ;6�L-0B c-ª
T

1 I$£9¤-¤.-:� U �7¡L¢9£$�]«0H7£&� ��H7£¬�`-c $±>¤L¦B�C-p¡&��£&�9¢>�
39¡L��S$�Y£B��-¯ª`TFS-�.- * �W]$¦9¤�;r�-�RB9TFS\-:�C7Y�\-:T�S�Y� ��¦B� �W]9¦9¤�;+�p�9¡&²RB���p�7¡L¢9£ � ;6�.-0B��9£7�&£B� � �
T

1 £&�$¢5-R� U �7¦�  ¦&�$¢���H7£ �`-c $±>¤L¦B�C-p¡&��Y��� ¦B�¬�W]$¦-¤�;+�p�$¡Y²RB���Y� �]�7¦� i¥L£Y�$¢$¥Y«R-��9£9¤L£7�L�]� ]$¦9¤�;+���$¡&²RB���Y��� ¦B�¬�W]$¦-¤�;+�p�$¡Y²RB�Y�p�9¡&²���Y��� ¦B��§�°-ª ©rª�§ �c²-±-� � � �R£&�$¢ �0-c 7±>¤L¦&�C-Y¡&� � ���V�Y��� H7¦9¤&� �²$�9¡L7 ���$¡&²,S0TFS
U ¤B¡WV7¦9¤���k�9�9¦L7&£�3-¢ �7¦R >�9�9¦.7Y£�Y� �J3$¤p±��6H>¥&�-�9¦.7&£
7B¤B¡7�&£ �&�9�9¦L7&£�3-¢
7B¤B¡7�&£ �Y�7¦� 7�9�9¦.7&£

T

�Y���k�B±L�

a�#&;9%.� � I.�&´K2"4+%��"4:(F,G892A/5("%.�F· \7�"\9*�I 2"4+%�dm=B(<a��	�¯=p*&�R(N#B1`#B\-·f!9=94
1$�+2f/N=B(X�



� s ¶ �����������O	����% � ����� �P������� �!	 " (

�ov � � y@~�H��n�K{c����� ��{/� �IH+~
�K{c�Ty ���5�K�IH¸�K�
jA2S2"!9�|;>�+HB,.1$1$,.19H^2X!9�|19=9\9�:�o#B(F�32F=-=Qd�#&(o#�/A#�_�#B1$\k#^4+=B1$19�R4c2",'=L14+#B1$19=B2T;>�|�F�:2+I¯a<!9� O ("�"2oa��	�
�",'HL1$#Y%.,.1$H 8$#&46�&�+2K,.� 2"(X#&1$�XDT,'2"2F�R\o#Y2�2F,GDT�E�R¶
;7?92 2X!9� 4c=L1$19�R4c2F,.=B1S4:#&1$19=B2�;7� =B8>�:19�R\iIA	|�:#B1B/5!$,'%.�519=9\9�:�
¶M#B1$\h19=9\9�R�E�E�"2"#B(F2
DT=p*L,G19Ho2"=p/N#B("\$� 19=9\9� s I[j<dm2"�:( ¹ �"�:4c=L1$\]U�2F,GDe�:=B?92+ZA#n�F�R4c=B17\|(F�R#Y2F�RDS892 =94+4:?$(X�
;$?92<�"2F,.%'%i2X!9��4c=L1$19�:4+2F,.=B1`4+#&1719=&2A;7���R�F2X#&;9%.,.�X!9�R\`#B1$\M2X!9��2F,GDe�:=B?92A*p#Y%G?9��,G�N\$=B?$;9%.�:\`2F=3� s �F�R4YI�jA2A2F,GDT�
s 
S#B19=&2X!9�:(A2X("#B1$�"DT,G�"�",.=B13#Y2F2"�:DS8925=94:4+?$(X�+I�a<!$��2F,GDe�:=B?92<*p#&%.?9��,G�5\9=L?$;9%.�:\@#YHL#Y,G1n2"= spt �"�:4�#&1$\@#&HB#Y,G1
2F= t 
e�"�:4&I�a<!-?$�<=B1$%'_n#&2A2F,GDe�n�:¶&¶T�"�:4
2"!9� 4+=B1$1$�:4c2",'=L1@!$#&�<;>�+�R1`�R�F2X#&;9%.,G�"!9�R\iI�a<!9��19=9\9�R����#&1$\@¶S#&("�
4c%.=B�"� 2"=M�:#B46!@=&2"!$�:( �"=o2"!$�:("�E,G� #M\9,G("�:4c2[4c=B1719�:4+2F,.=B1@�:�"2"#B;9%.,.�X!9�:\)I a<!9�EDT=B;$,'%.�:� H&�+2 d�?$("2"!9�R( #&87#&("252F,.%'%
2"!$� \9,G(F�R4c2�%.,.1$�T;$(X#&�&�:�:I�a<!9�5("=B?92",.1$H 8$(F=B2F=94c=B%9,.� 2F=-= �"%'=p/ 2F= ("�:#B4c2�#&17\e2"=E4+("�:#&2F�<#&1S#&%'2"�:(X1$#Y2",'*B�5(F=L?92F�BI
a<!9�e/<,.1$\$=p/ �:*&=B%.?92",'=L1@,.�[H&,.*&�R1@,.1h³�,.H7I � I s #&1$\V#M�"17#&8-·f�"!$=&25=&d 1$#&Dl#Y2[2F,GDe�`� sYt I.�R�S�"�:4�,G� HB,'*B�:1@,G1
³K,'H>I � I t I

0

10

20

30

40

50

60

70

0 20 40 60 80 100 120 140 160

’win.tr’

³K,'HL?$("� � I s ´Ca��	��/<,G1$\9=p/¬�", �:� ,.1|#S2X!$("�+�E19=9\9��X4c�:17#&(",'=T/<,'2X! &�� &&- (F=L?92F,G19HS8$("=&2F=94+=&%

0
10
20
30
40
50
60
70
80
90

100

0 20 40 60 80 100 120 140 160

’win.tr’

³K,.HB?$("� � I �$´Ca��	��/<,.17\9=p/ �",��+��,G1|#o2"!$("�+� 1$=-\$��X4c�R1$#&(",.= /<,.2"! &�� &&- ("=B?92",.19H¨87(F=B2F=94c=B%M/<,'2X!;>=&2X!32f/C=o#&17\`#S�",.19HB%'��!9=L8@8$#Y2X!
� � P 2N/N���F%.,.HB!L2F%._n46!$#B19H&�
2"!9� 87#&(X#&DT�+2"�:(X�C=&d�2X!9� �F,GDE?$%.#&2F,.=B1iI�a<!9��=B1$%'_n46!7#&19HB�
,G�A,G1nd�#B4c2A2"!7#Y2<2"!$�

dm2"8h2"(X#&1$�Fdm�:(</<,.%.%��"2"#&("2 19=p/¬#Y2 2F,GDe�`� s ,G1$�"2F�:#B\@=Yd�#Y2 2F,GDe�n�:¶$IAa<!9,G�5/<,.%'%K4+#B?$�"� ;7=B2"!|19=9\9�R� ¶M#B�</C�:%'%
#&�E19=9\9�V�o2"=V;7�`/<,'2X!9,G1]2"!9�`("#B\9,'=|=&d519=9\9� s /5!9�R1^2"!9�`2F,GDT�+=B?$2E#Y2E#B(F=L?$1$\]�Y�|�"�:4M� P 89,G(F�R� �F=V2"!$#&2
/5!9�R1V2X4+8^4c=L1$19�:4+2F,.=B1Q,.��("�:#&2F2"�:DS892F�R\Q#&2�2"!$#&2
2",.DT�M#32f/N=3!9=L8Q87#Y2"!Q,G���:�"2"#&;$%',G�"!$�:\�;7�:2f/C�:�:1�19=9\9�o¶
#&17\M19=9\9�E�BI�a<!9,.�C,G� ,.%'%G?$�"2"#B(F2"�:\o,G1M³K,.H7I � I��9IKjA2 2",.DT� ¹&¹ 2X!9�:("�[19=-�R\$�C¶e#&1$\h�[#&("� �X?�NM4c,.�:1L2F%._o4c%.=B�"�[�"=
#o\9,G(F�R4c254+=B1$19�R4c2",'=L1n,G�<�:�"2"#B;9%.,.�X!9�:\)I a<!9��/<,G1$\9=p/¬�F,��+���+*B=&%G?92F,.=B13,G�AH&,.*&�R1`,G13³K,'H � I �7I�jA252"!9� DT=LDe�R1L2
=YdK2"!$� 8$#Y2X!`46!$#B19H&��2X!9�:("��,.�5#S�",.1$H&%.��a��	��8$#B46�Y�:2N%.=B�X�N2"!$#&254+#B?$�F�R�A2"!9��/<,G1$\9=p/02F=o\9�R4+("�:#&�"�&I
jA2�2F,GDT�h� s �9I��n1$=-\$�:� ¶|#B1$\ �M#&("�T2"=-=@d�#&( #B8$#&("2
dm=B(�2X!9�M4c=L1$19�:4+2F,.=B1�2F=h;>�nDS#Y,G1L2"#&,.19�R\^#&1$\�2"!$�

4c=L1$19�R4c2F,.=B13;$(X#&�&�:�:I

�ov6u � � � J@~���{+���Ty �l{6��� � �����5� ~ �����@�n}����T�`�K{:y@�
���4� ��� � ��� *��8��"6!�� 5

��� O (X�F2[46!$#&19HB��2"!9�e(F=L?92F,G19Hn8$("=&2"=94c=&%�2F= & �LJ ;L_@46!$#&19HB,.1$Ho,.1@/5("%.�F·f\$�"\$* I 2"4+%�2X!9�e4+=B(X(F�R�"8>=B1$\$,.19HS%.,.1$�
2F=
�&£B�?]$¦-¤�;X�B²RB 2 +4G � 1 �9¡&±-�C-R� U ²$�-¡B�$¡.7&¡-¤
��!9�R1�8>�:(Fdm=B(XDT,.1$H`2X!9�M�F,GDE?$%.#&2F,.=B1i�)/N�T=B;$�"�:("*&� O *&�o8$!7#&�"�:�
=YdN=B8>�:(X#Y2F,.=B1)Ieqr1Q2"!9� O ("�"2�#&1$\Q%.#B�F2:�)2"!$�
19=9\9�R�
#B(F�e2F=-=`d�#&(�#�/N#�_@#&17\h2"!$�:("�e,G��19=`4+=B1$19�R4c2",'*-,.2f_&I�&�?$(",.19H38$!$#B�F� s #B1$\ t �i4c=B1719�:4+2F,.=B1V;>�+2f/N�+�R1



�4 ��8� � %&�R��	 �=(R�!�*� �'��� �������
	8����� ������	 ���!������� � s �

2

1

0

³K,'HL?$("� � I t ´�a��	�^,.1S#
2"!7(F�:�519=9\9�<�"4+�:1$#B(F,.=[/<,.2"!
& � & -¯(F=L?92F,G19H 8$("=&2"=94c=&%W��2F,GDT� � sYt I.� t �"�:4&��#[�F,G1-·H&%.��!9=B8@8$#&2"!

2

1

0

³K,.HB?$("� � I��9´�a��	�^,G1S#[2X!$("�+�<19=9\9�5�X4c�:17#&(",'=
/<,'2X!
& � & -�(F=L?92F,G19HM8$("=&2"=94c=&%W�72",.DT�S�(
o�"�:4Y´A# s !9=L887#Y2"!

19=9\9�R�C¶ #B1$\|� ?7�F�
19=9\9� s #B�C#E(F�:%.#�_B�&/5!9�R(F�R#&��,G1o2X!9�[�B("\M87!$#&�"�&�B2"!9�R(F�[,.�N# \9,G(F�R4c2N8$#Y2X!M;7�:2f/C�:�:1M1$=-\$�
¶S#&1$\��BI

�C!7#&�"� s �"2"#B(F2X�<#Y25#&("=B?71$\M2",.DT� t ¶$I��C!7#&�"�
�o�"2"#B(F2X�<#Y25#&("=B?71$\ ¹ ¶T�"�:4&I jA2<2F,GDT�o� s �9I��Y¶e2"!9��dm=L?$(F2X!
8$!$#B�F�T�F2X#&("2"��#&17\V#Y2[2F,GDT�3� t�� �F�R4 ,.2
�R1$\$�:�i/5!9,G46!|�:1$\7�[2X!9�S/5!9=&%.�S4c=B1719�:4+2F,.=B1iI�a<!9,G�
,.��\9�R�"4:(F,G;7�R\h,G1
³K,'HL?$("� � I ¹ I

0
20
40
60
80

100
120
140
160

0 20 40 60 80 100 120 140 160

’win.tr’

³K,'HL?$("� � I ¹ ´)��,G1$\9=p/¯�F,��+�A�+*B=&%G?92F,.=B1e=Yd 2"!9�5a��	�4c=L1$19�R4c2F,.=B1ndm=B( & �LJ

0

10

20

30

40

50

60

70

80

90

0 20 40 60 80 100 120 140 160

AODV, 3 nodes

³K,.HB?$("� � I � ´)��,G1$\9=p/¯�", �:�N�:*&=B%.?92",'=L1E=&d>2X!9�5a��	�4+=B1$1$�:4c2",'=L1Mdm=L(<j�� & -
' �R(F��#B(F���F=LDT�[d�?7(F2X!9�:(<=L;$�"�:("*�#&2F,.=B1$�:´
. �Q�^19=&2"�V2X!$#Y23,.1 2"!9� & � & -e�N2X!9�^�F_9�"2F�:D /A#&�319=B2`#&;$%'��2F=¯8$("=p*L,G\9�h2X!9� t 2"!08$!$#B�F�B�[�"=2"!$�
4c=B1719�:4+2F,.=B1`/N#B�C�R1$\9�R\3De?$46!`�:#&("%.,'�R(+I

. a<!9�e2"=&2X#Y%�1-?$DE;>�:(
=YdAa��	� 87#&46�Y�:2"�[2"(X#&1$�Fdm�:("�:\V?$�F,G19H &��-J ,G��DE?$46!V%.#B(FHB�:( 2"!$#B1V,G17& � & -eI)qr1
&��LJE� ¹�� � ¶Ea��	��U�\$#&2"#$Z�8$#B46�Y�+2X� !$#�*B� ;>�+�:1`(F�R4c�:,'*B�:\o\$?$(",G19H 2"!$�
�",.De?9%G#Y2F,.=B1)�B/5!9�R(F�R#&� ,.1 & � & -
/<,'2X!^2"!9�n�X#&DT�M8$#B("#BDT�+2F�R("�SUW4c=L("("�:�X87=L1$\9,G19H|2F=|2X!9�`�X4+(",G892�/5(F%G�F· \$�X\9*�I 2"4c%�Z5,.2E,G� s ¶ �� IQU����n4+#B1
=B;92X#Y,G1n2X!9,.�5,.1-dm=L("DS#&2F,.=B13;B_n2f_-8$,.19H
U �9£&² � � � � �0-c 7²>¤L£ © �9� � U �9£&² �+�Q7�²�� � U �9£&² � � § � @ � I�� ,��57R²<© �9�
#&1$\o2X!9�:134c=L?$1L2F,G19HE2X!9��1L?7DE;>�:(N=Yd)%.,.1$�:�:I	�
( /N�[4:#&1n;>��De=L(F�
8$("�:4c,G�"�[#&17\M%.=L=L�S#Y2 2X!9���F� .-?9�:1$4+�
1L?7DE;>�:(A=Yd�2"!9��%G#&�"25("�:4c�:,'*B�:\n2"4+8@8$#B46�Y�:2+I'Z



� sBs �����������O	����% � ����� �P������� �!	 " (

q dC/N�Sdm=&%.%.=p/¨2"!9�o2X("#B4c�S=YdA#@a��	�¬87#&46�Y�:2+���X#�_|2"!$�o=B19�S/<,.2"!^�F� .-?9�:1$4+�o1L?7DE;>�:( ¹ ��/C�o�"�+�S2"!7#Y2�,.2
#&8787�R#&(X�C*p#B(F,.=B?$�A2",.DT�R�+´
�k®$ªC©�E � #-ª-ª0c0ELª � � ª � @ � I ¥-¥-¥µ§�°-ª ���Q7�²�§RªB®$ªM)rª�ª ª ª�/ ©-©-©
��®$ªC©�E � #-ª-ª0c0ELª � � ª � G�I0G ¥-¥-¥µ§�°-ª ���Q7�²�§RªB®$ªM)rª�ª ª ª�/ ©-©-©
�k®$ªC©�E � #-ª-ª0c0ELª � � ª � G�I0G ¥-¥-¥µ§�°-ª ���Q7�²�§Rª �-ªM)rª�ª ª ª�/ ©-©-©
3�®$ªC©�c�§Rª-°-ª0c � §6c � E � G�I0G ¥-¥-¥µ§�°-ª ���Q7�²�§Rª �-ªM)c§6c-¦?E ª #Lª-ª�/ ©-©-©
��®$ªC©�c�§Rª-°0ED# � §6c � E � G�I0G ¥-¥-¥µ§�°-ª ���Q7�²�§Rª �-ªM)c§6c-¦?E ª #Lª-ª�/ ©-©-©
3�®$ªC©�c�§Rª-°0ED# � §6c � E � G�I0G ¥-¥-¥µ§�°-ª ���Q7�²�§Rª �D#M)c§6c-¦?E ª #Lª-ª�/ ©-©-©
��®$ªC©�cB®-#D# �0c ��c � � § � G�I0G ¥-¥-¥µ§�°-ª ���Q7�²�§Rª �D#M)c§6c-¦¨§9E #Lª-ª�/ ©-©-©
��®$ªC©�cB®-#D# �0c ��c � � § � @ � I ¥-¥-¥µ§�°-ª ���Q7�²�§RªB®$ªM)c§6c-¦¨§9E #Lª-ª�/ ©-©-©
qf2�,G� O (X�"2 �F�R1L2�;B_T2"!$� a��	�g#YHB�:1L2�#Y2 1$=-\$� ¶$�B2"!9�R1o(F�R4c�+,.*&�R\S;B_T2"!$� (F=L?92F,G19H 8$("=&2"=94c=&%7=Ydi2"!9�[�"#BDe�51$=-\$�
#&17\h�F�R1L25d�("=BD 2"!9�R(F�e/<,'2X!h#&1h#B\$\9,.2F,.=B1$#&%�!9�R#&\9�R(+I qf2[,G�52X!9�:1Q(F�R4c�+,.*&�R\|#&1$\|dm=B("/N#B("\9�R\@;B_@19=9\9� s ��2F,.%'%
O 1$#&%'%._3,'2[,.�[(F�R4c�+,.*&�R\|#Y2 1$=-\$�M�E#Y2[2"!9�e(F=L?92F,G19HM%.�+*B�+%�#B1$\@2"!$�:1h;L_32"!9�Ta��	� #YHB�:1L2+I<a<!9�T#&;>=p*&��2"(X#&4+�
/A#&��=B;$2"#Y,G19�R\�;L_Q�:1$#B;7�:%',G19Hh2X!9�o2"(X#&4+,.19H|=&dA#&H&�R1B2Xa�(X#&4+�T#B1$\^(F=L?92F�R("a�(X#&4c�BI t =&2X!9�:(�%.,G19�:� 4+=B1$4+�:(X19,G19H
2"!$� �"#BDe��8$#B46�Y�:2N/<,.%.%)#&8$8>�:#B(A, dK/C���R1$#&;9%.� #Y%G�"=e2X!9��2"(X#&4+,.19HS=&d�DS#&4:a�(X#&4+�&I
���4� �43 � ��� *��8��" �� ! F

a<!9�n�",GDE?9%G#Y2",'=L1$��/<,'2X!^2"!9�`�"#BDe�M87#&(X#&DT�+2"�:(X��#&� ;>�cdm=L(F�o,G�E("�:8>�:#&2F�:\�/<,.2"!]j�� & -eI�a<!9�o/<,G1$\9=p/ �", �:�
,G�oH&,.*&�R1k,G1¯³K,'HL?$("� � I � I0a<!9�h4+=B1$1$�:4c2",'=L1 2"(X#&1$�Fdm�:("�:\¯#Y%.2F=BH&�:2"!9�R(o� �BsYt a��	� \7#Y2"#]87#&46�Y�:2"�:I�qf2n!$#B\
2"!7(F=L?9HB!9=L?92 #�%.=B1$HE�F,G19HB%'�
8$!$#&�"�5,G1o/5!9,G46!o2"!$�[�X#&DT�52f/N=E!9=B8n8$#Y2X!o/N#B��?$�"�:\i�-,G1o/5!9,G46!M19=9\9� s (F�:%.#�_B�:\
2"!$� 8$#&46�&�+2"�:I

&�?9� 2"=52"!9� d�#&4+2�2"!7#Y2�46!7#&19HB�:�i,G1�8$#Y2X!$��/C�R(F��#�*B=&,G\9�:\i�R2"!$�:("� /N�:("��19=5%.=B�X�F�R���"=52"!9�C/<,.17\9=p/](F�RDT#&,.1$�:\
!9,.HB!iI '[=p/C�:*&�:(:�&/N� �"�+�[2"!$#&2 ,.2N("�:#B46!9�:��*p#&%.?9�R� %.�:�X��2X!$#&1 &��LJEI-a<!$,.�C,.�N\$?9�[2F=e2"!9�[d�#&4+2 2"!7#Y2 2X!9��(F=L?$1$\
2"(",G8Q2",.DT�hUW19�+�R\9�:\^2"=|,.174+("�:#&�"�S2"!9�o/<,G1$\9=p/ ;L_V=L19�M?$19,.2cZ ,G��%.=B19HB�:(��",.174c�M#|\9,G(F�R4c2 8$#&2"!^,G� 19=B2 ?$�F�R\
!9�R(F�BIAa<!$,.� � P 89%G#Y,G1$�<2"!$� d�#&4+252"!7#Y25,.2 2X("#B1$�rdm�R("�5%'�R�"�5\7#Y2"#n\$?$(",.19Hn2"!9�E�",GDE?9%G#Y2",'=L1@2"!$#B1�&��LJEI>��� 2"!-?$�
�"�+��2"!$#&2 O 1$\9,G19HM#S�X!9=B("2F�R(N87#Y2"!@("�:�X?9%.2"�A,G13#S;>�+2"2F�:( a��	�¯8>�:(Fdm=B(XDS#&1$4+�&I
���4� ��� � ��� *��8��" �� 5 �

��,.2"!|2X!9�e�X#&DT�E8$#B("#BDT�+2F�R("� #&�52X!9�e87(F�:*L,.=B?7�5�F,GDE?$%.#&2F,.=B1$�:�>,WI �&I</5("%.�F· \7�"\9*�I 2"4+%���a��[J jµHL#�*&� 19=n87#&46�Y�:2
2"(X#&17�rdm�R("�[#Y2�#Y%.% ��a�=n,G1$4+("�:#B�F�E4+=B1$1$�:4c2",'*-,.2f_&��/N�T#B\$\9�:\V#&19=B2"!9�R( O$P �R\V19=9\9�T#Y2�87=B,.1L2TU s �&¶$� spt ¶9Z�/5!9,G46!
=B1$%'_n�"�:("*&�R�N2F=M("�+%G#�_M8$#&46�&�+2"�:IKa<!9��/<,.17\9=p/0�", �:���+*B=&%G?92F,.=B1n,.�<HB,'*B�:1`,.1`³K,'H � I 
7I

0
5

10
15
20
25
30
35
40
45

0 20 40 60 80 100 120 140 160

’win.tr’

³K,'HL?$("� � I 
$´���,.17\9=p/ �F,��+�Q=Yd a��	��=p*&�R(Ma�=B(X#/<,.2"! t 19=9\9�:�

0

10

20

30

40

50

60

0 20 40 60 80 100 120 140 160

’win.tr’

³K,.HB?$("� � I � ´�a��	�k=p*&�R( j�� & - /<,'2X!n%G#&("H&� *�#&%.?$�=&dKDS# P ,GDE?$D�/<,.1$\$=p/



�4 �48�����P�������O	 � � ���'�!�b� ��� ���<� �'��� �����:%&� ���
	���� ��� ��� � s �
���Sd�(F=LD 2"!$�M1$#&D�#&19,GDS#Y2",'=L1U�=B(�d�("=BD 2"!9�o=L?92"8$?$2 2"(X#&4+�YZ<2"!9�Mdm=&%.%'=p/<,G19H@�+*B=&%G?92F,.=B1iI`jA2�2"!9�n;>�c·

H&,G1$19,G19HM2X!9�:("� ,G� 19=`4c=B1719�:4+2F,.*L,.2f_&I<��!$�:1|4c=L1$19�R4c2F,.*-,'2f_@�"2"#&("2"�:�>#n8$#Y2X!@,.� �:�"2"#&;$%',G�"!$�:\|?$�",.1$Hn#Y%.%�19=9\9�R�+´
¶p· s ·f�p·¸�TU��"�+��³K,'H>I � I'�R¶T2"!$#&2 \9�:�X4+(",G;7�R�<2"!9�e�F,.2"?$#&2F,.=B1@#Y2 2F,GDe�e�&�9ZXICjA252",.DT�E� t I��Y�"�:4
#M�X!9=B("2F�R(Ndm=B("/N#B("\
8$#&2"!@,G�5�:�"2"#B;9%.,.�X!9�:\)´N¶Y· s ·X�B�7;$?92[2"!9�E87#Y2"!h=Yd�j��	� �5("�:DS#Y,G1$� ?71$46!$#&1$H&�:\)INa<!9�R1h#Y2 2F,GDe� t&t 2X!9�ej��	�
8$#&2"!@46!$#&1$H&�:�N2"=3�+· �Y· ¶`U��BI H>I�³K,'H>I � I'�B�YZXI

32

1

0

³K,'HL?$("� � I'�R¶$´¯a��	��=p*&�:(@a�=B(X#/<,.2"! t 19=9\9�R�+�2F,GDT� �&�

32

1

0

³K,.HB?$("� � I.�&�B´ a��	��=p*&�R(@a�=L("#k/<,'2X! t 1$=-\$�:�:�2",.DT�E� ¹

���4� ��� ��*8( � ! *8( (+��$89;%

qr1h2X!9�T� P #&DS89%.�:�[2"!$#&2[/N�e4+=B1$�",G\9�:("�:\i� %.=B�X�F�R� =94+4:?$(X(F�R\@�+,.2"!9�R([/5!$�:1h2X!9�TH&�+=BHB(X#&8$!$,.4:#Y%�(X#&19HB� /A#&�52"=-=
d�#&(�dm=L(�(F�R4c�R892F,.=B1T=B(K/5!$�:1e2"!9�R(F�</A#&��#�("=B?92"�A46!7#&19HB�&�&#B1$\T2"!9�R(F�A/N�:("�A1$=
%.=B�X�"�:��\$?9�<2"= ;$?D ��:(�=p*B�:(Fb7=p/�I
a<!9,G�N,.�<\$?$�[2"=e2X!9�
d�#&4c2A2X!$#Y2N/C��?$�"�:\`2"!9��\9�+d�#&?9%.2A*�#&%.?$�[=&d�2"!$�
DS# P ,GDE?$D�/<,.1$\$=p/��F,��+�
=YdKa��	�k=&d s ¶7I
a<!-?$�<2X!9�E#&4+2"?$#&%)/<,G1$\9=p/ 2"!$#&25,.�[?$�"�:\3,.� 2"!9�eDe,G19,GDE?$Dl;>�+2f/N�+�:132X!9�E4c=L19H&�R�F2",'=L13/<,.1$\$=p/ #B1$\ s ¶$ICqr1
³K,'H>I � I � /C�E87(F�R�F�R1B2 2"!9� /<,G1$\9=p/µ�", �:��=p*9?9%'2",'=L1@=Yd�a��	��?$�",.1$Hnj�� & - ?$17\9�:( 2"!9�T�"#BDe� 4+=B1$\$,'2",'=L1$� #B�
2"!$=B�"�E2"!7#Y2
/C�R(F�T?$�F�R\h2"=n=B;$2"#Y,G1|³K,.H7I � I � ;$?$2[/<,.2"!�#nDS# P ,GDE?$Dl/<,G1$\9=p/¨�", �:�e=&d s ¶B¶&¶$I[�Q�o�"�+�e2"!$#&2
/N�
=L;92"#&,.1@#&%.�"=e%.=B�X�"�:�A\$?9��2"=o=p*&�:(Fb7=p/�I
�ov�� � ��� {:yT�5�5��~�}N��{c�Ty ��� � ��� �l{6��� ����� G � � J@��� ���M}<�%H
��� ����� � ?$!�� = ";*87&$@,

qr1�2"!$� 8$("�+*-,'=L?$�)�"�:4+2F=&,G1$�i/N� 4+=B1$�",.\$�:("�:\
#5�"DS#&%'%&1-?$De;7�R()=&d9DT=L;9,'%.�:�:��#&1$\��X#�/�!$=p/�DT=B;$,'%.,'2f_�8$!9�R19=BDT�R1$#
,G1-b>?9�R1$4c�R\|2"!9�e87�R(rdm=L("DS#&174c��=Yd a��	��I7��!9�:1|2X!9�:("�E#B(F� #o%G#&("H&� 1-?$De;7�R(5=&dK2"�:(XDT,.1$#&%.�:�>1$�+/µ8$#&("2F,G4+?$%.#B(
8$!9�R19=BDT�R1$# \$?$�C2"= 2"!$� 	hj��]#&1$\ 87!B_9�",.4:#Y%L%.#�_B�:(X��DS#�_�!$#�*&�N# 4+(",.2F,G4+#Y%L,G1-b>?9�R1$4c�N=B1 a��	��87�R(rdm=L("DS#B1$4c�BI
a�=S?71$\9�:(X�"2"#&17\`2X!9,G�A,.1L2F�R("#B4c2",'=L1n/N� O ("�"25\9�R�"4:(F,G;7���"=BDT��#&�X87�R4c2X�A=YdK2"!9��=L87�R("#&2F,.=B1M=&d�2X!9��qM���	�	
B¶ s I.�&�
	hj���%.#�_B�:(A#&17\n=&d�2X!9� 8$!L_9�F,G4+#&% %G#�_&�R(+I

�C#B46!
2"(X#&1$�XDT,.�X�F,.=B1�=&d$# & j�a�jk87#&46�Y�:2)#Y2�2"!9� 	hj��Q%'�:*&�:%B,G��8$#B(F2�=Yd$#<dm=L?$(F·W/A#�_[!$#B1$\$�X!$#&�&��8$("=&2F=94+=&%WI
a<!9��DT=B;9,.%'�
2"!7#Y2N/<,.�X!9�:�C2F=S�"�:1$\M#T8$#B46�Y�+2:�B/5!$,.46!n/C�
4+#Y%.% 	]�&� O (X�F2A�"�:1$\$�N#&1nJ�a �@U�J �/.-?9�:�"2N2F=S�-�:1$\�Z
8$#B46�Y�+2:I�q d�2"!9�
\9�:�"2F,G1$#Y2",'=L1MDT=B;9,.%.�&�L/5!9,.46!M/C�
4+#Y%.% 	 s �-4+#B1M(F�R4c�:,'*B�52"!9�
8$#&46�&�+2:�B,.2C�"�:1$\7�C#��Na �3U9�C%.�:#B(
2F=h�L�R1$\�Z 8$#B46�Y�+2:I�q d 	]�o("�:4+�+,.*&�:�[2"!$� �Na �|,'2�4:#&1Q2"!9�R1Q�"�:1$\V2"!9��& j�a�j�8$#B46�Y�+2eU��BI H>Iea��	�¬\$#Y2X#n=L(
j��	� 8$#B46�Y�:2cZ"IK³K,G1$#Y%.%'_B�;	 s �F�R1$\$�A#nU 	hj��¯%G#�_&�R(cZKj��	� �"=E2"!7#Y2�	]���L1$=p/5�C2X!$#Y2N2"!$��\7#Y2"#T8$#B46�Y�+2A!$#B�
;>�+�:13/N�+%.%)(F�R4c�:,'*B�:\iI
a<!9,G� !$#B1$\$�X!$#&�&�E8$("=&2"=-4+=&%),G�[,.1L2F�R1$\9�R\|2F=3(F�R\$?$4c�E2"!9�T4c=&%.%.,.�",'=L1|8$("=B;$#B;9,'%.,.2f_&I �C=&%.%.,.�",'=L1$� DS#�_3=94+4+?7(

�",.1$4+� #oDT=B;9,.%'�B�>�X#�_G	h�7�7DS#�_n/<,G�"!32F=M�"�:17\|#T87#&46�Y�:2<2F= 	 s #&2<2"!9�e�"#BDe��2",.DT�E#B��	]� \9=-�:�/L 	V�oDT#�_
;>�e=L?92 =&d ("#B19H&� 2"=`�"�:1$�"� 2X!9�e2X("#B1$�XDe,G�X�F,.=B13d�("=BDD	]�&�i�"=n#n4+=&%.%',G�",'=L1@=Yd�	]� � �[#&1$\ 	h� � �[87#&46�Y�:2"�[DT#�_
=94+4:?$(�#Y2 	 s I�a<!$,.��87!9�:19=LDT�:19=L1e,G��4:#Y%.%'�R\E2X!9��$&!$,.\$\$�:1T2F�R("DT,G1$#Y%787!9�:19=LDT�:19=L1;$$I���,'2X!S2"!9�5!$#B1$\$�X!$#&�&�



� sYt �����������O	����% � ����� �P������� �!	 " (

8$("=&2"=-4+=&%W� 	h�`/<,'%.%�19=&2�#&2F2F�RDS892�2F=|�"�:1$\Q#&1L_h8$#&46�&�+2
/5!9�:1Q,.2 !9�:#B("�[2"!9� �Na �V8$#B46�Y�+2
�F�R1L2�;L_ 	 s 2"=
	]�BI
q d�#o�F�R1$\9�R( 	]�E\9=-�R�519=&2[(F�R4c�+,.*&��# �Na �`8$#B46�Y�:2<2"!9�R1@,'2
\9,  ��:(X�<,.2"� 2"(X#&1$�XDT,.�X�F,.=B13#&17\|DT#B�Y�R�<%.#&2F�R(

#Y2"2F�RDT8$2"�[=Yd �"�:1$\9,G19H3#&1|J�a � I�j �"�:17\9�:([\$(F=L8$�52X!9�%& j�a�j�8$#B46�Y�+2 , d�,.2
!7#&� ("�:�"�:1L2[2"!9�eJKa �|De�R�"�X#YHB�
�"�+*&�R1h2",.DT�:�E#&1$\�!$#&��19=B2�!9�:#B("\�#7�Na �h("�:89%._|d�("=BD�2X!9�M(F�R4c�:,'*B�:(:Iej & j�a�j�8$#&46�&�+2
,.��#&%.�"=3\7(F=L8$87�R\
#pdm2"�:(Ndm=L?$(<(F�:2"(X#&1$�XDT,.�X�",'=L1$�N/<,'2X!9=B?925("�:4+�+*B�+,G19HT#3U 	hj���%G#�_&�R(cZ�j��	�oI
j5%.2"!$=B?9HL!Q2X!9�n!$#B1$\$�X!$#&�&�M(F�R\$?$4+�:��2X!9�n8$("=B;$#B;9,.%',.2f_h=Yd $B!9,.\7\9�:1^2"�:(XDe,G1$#&% $|4+=&%.%',G�F,.=B17�+��,'2E\$=L�R� 19=B2

�+%.%.,.DT,G1$#Y2"�e2X!9�:D3I�a�=3?$1$\9�R("�"2"#B1$\h!9=p/¨�X?$46!h4+=&%.%',G�"=&,G1$� DS#�_@=94+4+?7(+��/N�e�X!9=B?9%G\|2X#&�Y�e,.1L2"=`#&4:4c=L?$1L2 2"!$�
H&�:=&HL("#B8$!9,G4+#Y%C("#B19H&�M=&d5,.1L2"�:(Fdm�:("�:1$4+�`#&17\g(F�R4c�R892F,.=B1iI �N?$(X(F�R1L2E!$#&(X\9/A#&("�M�"8>�:4+, O �:�T2"!$#&2E2X("#B1$�"DT,G�"�",.=B1
(X#&19HB�n,G�T#&=B;$?$2 s �Y¶&Dz#B1$\g2X!9�|4+#&(X(",'�R(e�"�:1$�",G19HQ(X#&19HB�`#B�e/N�+%.%<#&�T2"!$�`,G1L2F�:(Fdm�:("�:174c�@("#B19H&�3#&("�`#&;>=B?$2
�&�&¶&D3I �C=L1$�F,G\9�R(e2X!9�|46!$#Y,G1k2F=B8>=&%.=&HB_^,.1k³K,'HL?$(F� � I.� s ��/5!9�R(F�@2"!$�@\$,.�"2"#B1$4c�@;7�:2f/C�:�:1 19=-�:�S,G� s ¶&¶BD3I
j5%.2"!$=B?9HL!g19=9\9�:�E2"!$#&2e#B(F�M2f/N=V!9=L8$�E#B8$#&("2E#B(F�n1$=&2E!9,G\$\9�R1]d�("=BD �:#B46!^=&2"!$�:(:�K1$=-\$�:�e2"!$#&2e#&("�o2"!7(F�:�
!9=L8$�S#&8$#B(F2T#&("�&��#&17\DS#�_]4+("�:#Y2"�`4+=&%.%',G�F,.=B17�+I^qr1$\9�:�:\i� , d�19=9\9� 	 t /<,G�"!9�R�T2F=^�F�R1$\#�8$#&46�&�+2e2F= 	Q�
\$?$(",G19Ho#E2X("#B1$�"DT,G�"�",.=B1od�("=BD 19=9\9��	]��2F=
	 s �9,.2<4+#B1$19=&2<!9�R#&(N2"!$� �Na �Sd�("=BD�1$=-\$�	 s �",G1$4c��,.2N,G�A=B?$2
=Yd�2X!9� s �Y¶BD�dm=B( H&=-=9\h("�:4c�R892F,.=B1)I<qf2[4+#B1$19=B2[!9�R#&( 	]� � �[J�a �3=B( & j�a�j�8$#B46�Y�+2[�F,G1$4c�E,'2[,.�
DT=B("� 2"!$#B1
�&�&¶&D�#�/A#�_Td�(F=LD 	]�&I�a<!9�R(F�+dm=B("��	 t DS#�_o,G19,.2F,G#Y2F��2X("#B1$�"DT,G�"�",.=B1M2"=
	V�e2"!$#&2N/<,.%.%�4c=B%'%.,.\$�
#&2A1$=-\$�	 s
/<,.2"!@2"(X#&17�"DT,G�"�",'=L1$�Nd�("=BDD	]�&IC�Q�E�X!$#&%'%��"2"?7\9_`,G1@2"!$,.���L�:4+2F,.=B1@2"!$� ,.DS8$#B4c25=&d�2X!9,G�52f_987�R�5=&dK4+=&%.%',G�F,.=B17�
=B1Sa��	�]8>�:(Fdm=B(XDT#B1$4c�<?$�",G19H�1$���",.De?9%.#&2F,.=B1$�:�&("�:�"2"(",.4+2F,G19H�2F=�2X!9�546!$#Y,G1e2F=B8>=&%.=&HB_&I��Q�5�X!$#&%'%$19=B2�4c=L1$�F,G\9�R(
DT=B;9,.%.,'2f_n#B�"8>�:4+2"�5!$�:("�&IK�Q� ("�cdm�R(A2F= � �$�)� � �$� � � dm=B(<DT=B("��\9�+2X#Y,.%.�:I

TCP
SOURCE

TCP
DESTINATION

M1 M3M2 M4 M5

³K,.HB?$("� � I.� s ´�a<!9��46!$#&,.1`2F=L87=B%'=BH&_
a<!9�E87!9�:19=LDT�:19=L1@2"!$#&2 /N� NF?$�"2[\9�R�"4:(F,G;7�R\@%',GDT,'2X� 2X!9�e1-?$De;7�R(5=&d 8$#&46�&�+2"�52"!$#&2[4+#B1|;7�T�F,GDE?$%'2X#&19�+·

=B?7�F%._e2X("#B1$�XDe,.2F2"�:\n,.1M#B1M#&\9· !9=9451$�+2f/N=B(X�E/<,.2"!9=L?92C4+=&%.%',G�",'=L1$�+IKa<!9,G�C�X8$#&2F,G#Y%�4c=B17�F2X("#&,.1L2�2X?$("17� =L?92 2"=e;>�
2"!$�SDS#&,.1hd�#&4c2"=B([%',GDT,'2"2F,G19H@2"!9�o8>�:(Fdm=B(XDS#&1$4+�E=YdNa��	�0,G1Q�X?$46!|�R1L*L,G("=B1$DT�:1L2�#&1$\Q19=&2�;$?D ��:(�=p*B�:(Fb7=p/�I
qf25,G� �X!9=p/513,.1 � � �� 2X!$#Y2<dm=L(<=B?7(546!$#Y,G1@2F=L87=B%'=BH&_B�$,'2 ,.�[;7�R19� O 2",.#&%�2"=M%',GDT,'2[2"!9�eDT# P ,.De?$D /<,G1$\9=p/¬�", �:�
=Yd a��	� 2F=n#B(F=L?$1$\6( F t L7d�?7(F2X!9�:( ,.1$4:(F�R#&�"��,.1h2"!9�TDT# P ,.De?$Dl/<,.1$\$=p/¬�",��+�E4:#&?$�"�:�[De=L(F�e4c=&%.%.,.�",'=L1$�5#B1$\
#h\9�:2F�R(F,.=B(X#Y2",'=L1Q=&d52"!9�`2"!$("=B?$HB!$8$?$2+Ihqr1]2X!9,G�e�"�:4+2F,.=B1^/N�`�X!$#Y%.%C46!9�R46�V2X!9,G�e#B�"�"�:(X�F,.=B1�;L_]�F,GDE?9%G#Y2",'=L1$�:I
	|=L(F�:=p*&�:(:�-�F,G1$4c��2X!9� 1-?$DE;>�:(A=&d��",.De?9%'2X#&19�:=B?$�<87#&46�Y�:2"�N2"!7#Y2<4+#B1`;>��2"(X#&1$�XDT,'2"2F�R\`,G�A%.,.DT,.2F2F�R\i�$/N���"!$#&%'%
2"("_@2F=3,.DS8$("=p*&�ea��	� 2"!7(F=L?9HB!$87?92[;L_|\9�:4:(F�R#&�",.1$HM2"!9�Sj��	� b7=p/5�:�i?$�F,G19H3\9�+%G#�_&�R\|j��	�oI 1$��#&%'%.=p/5� ?$�
2F=M�",GDE?9%G#Y2"� \9�+%G#�_&�R\`j��	� �</<,.2"!�� 3 s I ��� �X!$#Y%.%id�?$("2"!9�R(5�X!9=p/ !$=p/ 2F=`!$#&1$\$%'��2X!9�E4+#B�F��=&d���� s ;L_
DS#&�L,G19Ho46!$#&19HB�[,G1@1$�5�",.De?9%G#Y2F=L(+I
��� ���43 ��� �)%�:<(E7 #�? 9 �P,D% ! �P$ ? "�:<*

���3?$�"�n2X!9�@�F2X#&1$\$#B("\^2f/N=Y·f(X#�_VHB("=B?71$\g8$("=B8$#&HB#&2F,.=B1^DT=-\$�+%W��2"!9�3qM���	�	
B¶ s I.�&� 	hj��[��#&17\g#&1]=LDS19, ·
\9,G(F�R4c2",'=L1$#Y%)#B1B2"�:1$17#TDT=9\9�:%)=Yd�1$�:I��Q� ?7�F��2X!9� j�� & -¨("=B?92",.19Ho#&%'HB=B(",'2X!$D3�$#&13,.1L2"�:(Fd�#&4c� .-?9�R?9��%'�R19H&2X!
=Yd �Y¶�#Y2o�R#&46! 19=9\9�|���|2F�:�"2F�R\ 2"!9�M�[�+/<J5�R19=]*&�R("�",'=L1g=&d
a��	����/5!9,G46!k,.�o2X!9�hDT=B�"2M\9�:8$%'=p_B�:\g=L19�&I
���e2"�:�"2F�:\hdm=B?$(
�X4c�:17#&(",'=L�+´5�7� � � s ¶M#&1$\V�&¶n1$=-\$�:�:I�a<!$�T4:#&�"�:�5=&dC�n#B1$\ � 19=9\9�:��("�/.-?9,G(F�R\^�R�&¶n�"�:4E8>�:(
�",.De?9%.#&2F,.=B1^U�2F=n=L;92"#&,.1|�"2"#&2F,.=B1$#B(F_@;>�:!$#�*-,.=B(+Z"I5a<!9�e=&2"!$�:( 4:#&�"�:�5("�/.-?9,G("�:\^�R�&¶&¶o�"�:4 8>�:(
�",.De?9%.#&2F,.=B1iI[j
a��	��\$#Y2X#S8$#&46�&�+2N,.�<2X#&�&�:1M2"=M;7��=&d��", �:�S�:¶ t ¶e;L_-2F�R��U�,G1$4c%G?$\9,G19Ho2X!9��!9�:#B\9�:(+Z"I�a<!9���X4+(",.8$2Cdm=L(A2"!9� 4:#&�"�
=YdN\9�+%G#�_&�R\hj��	� U�/<,.2"!��'3 s ZA,.�
HB,'*B�:1|,G1Va�#&;9%.� � I s I�A�+%.=p/�� /5!$�:1V4+=B1 O HB?$(",.1$Hn2"!$�T19=9\9�R�
/C�T�"!$#&%'%
?$�"��2"!9��=L892F,.=B1�$&DS#B4+a�("#B4c���@� $S,.1`=B(X\9�R(A2F=o!$#�*&��\9�:2"#&,'%.�:\`2"(X#&4+,.19HS=&d 	hj�� 8$("=&2F=94+=&%G�N87#&46�Y�:2"�:I�a<!9,.�
/<,.%'%�#&%'%.=p/ ?$�52F=o#&1$#&%'_9�"��2"!9� ("�:#B�F=L1M=Yd��:#B46!`a��	��8$#B46�Y�+2A%.=B�X�N2"!$#&2<=-4:4+?$(X�:I



�4 �48�����P�������O	 � � ���'�!�b� ��� ���<� �'��� �����:%&� ���
	���� ��� ��� � s �

1?2 £�35-R�$£�¡&²9�C-Y¡Y����&£B�?]$¦-¤�;'76H7¦Y�RB _ H7¦&�L�7£9¤�� � -p�9£9¤L£$�-� _ H$¦Y�-�9£9¤ � 1 76H$¦&�-�7£9¤g���L²7£�&£B�?]$¦-¤�;F²$�9¡Y²RB � �9¡&²$¦ U ¦B�C-p¡&�
�WIL«$¡4G9¦	� � �9¡p±-�$¢ � 1 �9¦B¢5-Y¡9¥Y²9�9¡&²7¦ U ¦B�C-p¡Y�^  ¡L¢9£9¤�&£B�?]$¦-¤�;F�7£B�5- 35B � H ��� � -p�9£9¤B£7�-� � H�� � 1 �7£&�L«7¡L��e8-R�9�$£L��39¦.7&£k���L²7£�&£B�?]$¦-¤�;  �¦.70B A$¦.7	� #-ª0E � §L§ � 1 A0@ _ ���L²7£�&£B�?]$¦-¤�; - 3 � B �Y±7£&±$£ � 2 �9¡Y²`I$¦Q-&¤�� � �5- �p±7£p±7£ � 1 -R�-�$£L�039¦L7&£ � ±7£Y±7£ ���L²7£�&£B�?]$¦-¤�;6¤-¤.B � � � 1 ¤.-:�`e ¤L¦	�$£L�¯���L²7£�&£B�?]$¦-¤�;¸¦&�9�5B @L�9�$£Y�-�7¦ � �  7�R-6@L�-�$£Y�-�$¦ � 1 ¦&�-�$£&�-�7¦� �¡L¢9£9¤�&£B�?]$¦-¤�; - 3 � ¤L£&�RB °-ª � 1  �¦WY�²$¦.7 e$£B�\-:� - 3 ��&£B�?]$¦-¤�;F�-�RB � � 1 �-±Y .V7£L��¡�3k �¡WVC-&¤L£&�7¡B¢9£7��&£B�?]$¦-¤�;X�B²RB @ �W20^ � 1 �9¡Y±9�C-R� U ²$�9¡B�$¡L7&¡9¤�&£B�?]$¦-¤�;=YCB E0E-ª-ª � 1 � ¢Q-c �£&���0-Y¡&� ¡�3��$¡&²$¡ U �9¦&²�H ��&£B�?]$¦-¤�; �CB °-ª-ª � 1 � ¢Q-c �£&���0-Y¡&� ¡�3��$¡&²$¡ U �9¦&²�H ��&£B�?]$¦-¤�;+�p�$¡Y²RB�§�°-ª � 1 �C-c �£�¡�3µ�`-c $±>¤L¦B�C-p¡&��£&�9¢
�&£B����� )W�7£&«8+Q-c $±>¤L¦B�$¡B�0/�&£B���9�-¦.7&£�3-¢ )r¡&²$£&�µ�`-c 7²7¤L£C© �9�«L/�&£B��«R-:�$¢9¡&« ^ � IC-c �£�E )r¡&²$£&��«R-R�<©W�9� «L/
�Y����9�-¦.7&£9¥L¦-¤-¤¯�&�9�-¦.7&£�3-¢
1 �&£B��±-² �$¡&²7¡ U �9¦&²0H ��¡WV � £.7���&£B���$¡Y²7¡ )W�$£&«FI$¡&²7¡ U �9¦&²0H �0/
�&�$¡Y²7¡ ¤L¡-¦L¢ � 3$¤L¦B� U �5-p¢ �W]$¦9¤�; YCB�W]$¦-¤�; �CB
7Y�9£L¦B�$£9¥ U ¡L¢��W]9¦9¤�;F�-�CB
1
1 _ �9£-¦&�$£k�-�¯ �¡WVR-&¤B£&�7¡L¢9£$�K)F�W]9¦9¤�;F�-�CB /¯¦&�9¢0¦&�-�$¦.76H ��H$£�  �$¡���H7£,76H7¦&�-�$£9¤ ©
1

1 7&¡&�L35- U ±$�9£k�4H7£ �7¡L¢9£7��Y� ��$¡L¢9£9¥L7Y¡&�L35- U ¥L¦L¢4H$¡.7 G$¡&±-�C-R� U �W]$¦9¤ ;X�B²RB �¥-¤L¤WI��L²7£¯�W]$¦9¤�;¸¤-¤.B �¥R  ¦.7 I��L²$£��W]$¦9¤ ;  �¦.7`B �¥.-63 � I��L²$£��W]$¦9¤ ; - 3 � B �¥.-63 � �9£&� �W]$¦9¤�;'- 3 � ¤L£Y�RB �¥L¦Y�9�0I��L²$£��W]$¦9¤ ;¸¦&�9�CB �¥Y²9�9¡&²`I��B²7£¯�W]9¦9¤�;F²$�-¡&²RB �¥Y²�H �0I��L²$£��W]$¦9¤ ;F�7£B�C-635B �¥L7[H7¦&�-�7£-¤WI��L²7£k�W]$¦-¤�;'76H7¦Y�RB �¥&�9¡&²7¡ � � �p�$¦&�C7Y£ �&�9¡&²7¡ �¥L¦ U £&�9�0I-�9¦.7&£ � > �¥B�-¡&±9�$£L�4I9�9¦.7&£ � >��¥R  ¦.7 I9�9¦L7&£ � >��¥R  ¡4]$£� �£Y�9�0I9�9¦L7&£ � � �

39¡L��S$�Y£B��-¯ª`TFS-�.- * �W]$¦9¤�;r�-�RB9TFS\-:�C7Y�\-:T�S�&£B���7¡B¢9£ � ;6�L-0BK)F�Y� ��$¡L¢9£�/
T



� s&¹ �����������O	����% � ����� �P������� �!	 " (

1 � �9¡4]C-�¢9£8-R�R-��5-Y¦9¤�¤L¡.7Y¦B�C-Y¡&��¡�3   ¡WVR-&¤L£Y�7¡L¢9£7�

39¡L��S$�Y£B��-¯ª`TFS-�.- * �W]$¦9¤�;r�-�RBWTJS,-R�C7p��-JTFS�Y�7¡B¢9£ � ;6�L-0Bk�&£&� � � )r£4YB²$� ;6�.- ��§4B � E-ªLªC©rª�/�Y�7¡B¢9£ � ;6�L-0Bk�&£&� � � E-°-ª ©rª�Y�7¡B¢9£ � ;6�L-0Bk�&£&� � � ªC©rª
T

1 +-£B� ¦?I _	� 7Y¡&�-�7£.7��C-Y¡&��V7£B�L«7£L£&���7¡L¢9£ � ;¸ªQBg¦Y�$¢��$¡L¢9£ � ; #QB�&£B���57R² )W�$£&«F@ U £&�9���WI _�� �W>9£&«$�9£p�7¡�/�&�57R² �Y£B�\7B¤L¦7�-� � E�&�57R² �Y£B� «R-R�$¢-¡&« � E-ª-ªLª
@ U £Y�9���WI _	� +Q-R�`e�� 2 £-¤ @576e��&£B��-R�9�9£L��]$¦9¤ � §�ª-ª� )��&£B�µ�`-:�`e )W�7£&«F@ U £Y�9���WI _	� +Q-R�`e�� 2 £9¤ @576e`/�Y��� ¦B�L�$¦.76H>¥B¦ U £&�9���Y�7¡L¢-£ � ;¸ªQBg�&�57�²�Y��� ¦B�L�$¦.76H>¥B¦ U £&�9���Y�7¡L¢-£ � ;F#QBg�$�`-R�`e�Y���?7&¡Y�-�7£.7p�0�Y�57�²¬�$�`-R�0e�&£B�F3L�B² )W�$£&«F@L²-²>¤.-47&¦B�C-Y¡Y�
� � I � /�43L�B²¬¦&�-�$¦.76H7¥L¦ U £&�-���&�57R²�Y��� ¦B��§�©rª ���W3L�L²¨�p�$¦L�B���
1 � �5-R�9�5-R� U ��H$£�«R-:�$¢9¡&«µ�`- �9£²$�9¡L7²7¤L¡B� � -:�$¢9¡&«?S&�57�².+L¡&±$�Q7&£�35-&¤L£`T:S
U ¤L¡ V7¦9¤����&£B���C-6 �£�ªC©c§�&£B���7¡Y« )F�p���g�7¡&«L/�&£B�\7�«L�$¢a)F�&�57�²L+-¡&±$�Q7Y£��&£B��7�«-�9¢ � /²-±9�>���W35-&¤L£ ���p�7¡&«¬�L7�«-�9¢ ��Y��� ¦B�d)r£4YB²$�0�Y�7¡&«��9�&�C-c �£4/ �c²>¤B¡B� � -R�9¢9¡&« �Y�57�².+-¡Y±$�Q7&£ �435-&¤L£ � T�Y��� ¦B��§�©c§�c²7¤L¡B� � -:�$¢9¡&«��&�57�²¬�Y«R-:�$¢9¡&« ^ � IC-c �£�E �

1 I$£9¤-¤.-:� U �7¡L¢9£$�]«0H7£&� ��H7£¬�`-c $±>¤L¦B�C-p¡&��£&�9¢>�
39¡L��S$�Y£B��-¯ª`TFS-�.- * �W]$¦9¤�;r�-�RB9TFS\-:�C7Y�\-:T�S�Y� ��¦B� �W]9¦9¤�;+�p�9¡&²RB���p�7¡L¢9£ � ;6�.-0B��9£7�&£B� � �
T

�Y��� ¦B�¬�W]$¦-¤�;+�p�$¡Y²RB�Y�p�9¡&²���Y��� ¦B�d)r£4YB²$�0�W]$¦9¤�;c�p�$¡&²RB �9ªC©c§[/ �6²-±9� � � �:£&�$¢¬�`-c 7±7¤L¦B�C-Y¡Y� � � �Q�Y� ��H7¦-¤&���²$�9¡L7 ���$¡&²,S0TFS
U ¤B¡WV7¦9¤���k�9�9¦L7&£�3-¢�Y� �J3$¤p±��6H>¥&�-�9¦.7&£
7B¤B¡7�&£ �&�9�9¦L7&£�3-¢

T

�Y���k�B±L�

a�#B;9%.� � I s ´K2"4+%)�"4:(F,G892<2"4:8L/ &eI 2"4+%idm=B(<a��	�¯=p*&�R(A#T�"2"#&2F,G4�#&\-·f!9=94�19�+2f/N=B(X�S/<,.2"!@#S46!$#Y,G1n2"=B8>=&%.=&HB_



�4 �48�����P�������O	 � � ���'�!�b� ��� ���<� �'��� �����:%&� ���
	���� ��� ��� � s'�
��� ����� ��:<( 7�#�? 9;:�*8$ ";�P%�7 #�9;%

�
?$(K�",.De?9%.#&2F,.=B1T(F�R�"?$%'2X��dm=B(>( 3 � � s ¶
#&1$\T�&¶
19=9\9�R��#&("�N�X?$DSDS#&(", �:�:\ ,G1Sa�#B;9%.�:� � I.�:�Y· � I'���9��(F�R�"8>�:4+2F,.*&�:%'_BI

8

10

12

14

16

0 5 10 15 20 25 30 35 40

standard TCP
DelAck d=2
DelAck d=3
DelAck d=4

³K,'HL?$("� � I'�R�$´Ka<!$(F=L?9HB!78$?92N,.138$�L2 �Y�F�R45dm=L(I( 3 �#&�<#ed�?$174c2F,.=B13=&d�2X!9� DS# P ,.De?$D�/<,G1$\9=p/ �F,��+�

5

6

7

8

9

10

11

12

13

0 5 10 15 20 25 30 35 40

standard TCP
DelAck d=2
DelAck d=3
DelAck d=4

³K,.HB?$("� � I.� t ´ia<!$(F=L?9HB!78$?92i,G1 8$�L2 �Y�F�R4�dm=B(+(	3 s ¶#B�<#Td�?$1$4c2",'=L13=Yd�2X!9� DS# P ,GDE?$D /<,.1$\$=p/0�", �:�

5

6

7

8

9

10

11

5 10 15 20 25 30 35 40

standard TCP
DelAck d=2
DelAck d=3
DelAck d=4

³K,.HB?$("� � I.�R�$´�a<!$("=B?$HB!$8$?$2N,G1@8$�L2 �Y�F�R4 dm=L( ( 3 �&¶T#&�<#ed�?$174c2F,.=B1@=&d�2X!9� DS# P ,.De?$D�/<,G1$\9=p/ �F,��+�
��� �F�:�
2X!$#Y2<2X!9� �"2"#&17\$#&(X\ &
�+%G#�_&�R\`j[46�M=B8$2F,.=B1QU �83 s Z �"%',.HB!L2"%'_M=L?92"8>�:(Fdm=B(XDS�A2"!9� �"2"#B1$\$#B("\3a��	�

U�_B�+2A/<,.2"!3#&19=B2"!9�R(C*p#&%.?9�
=YdKDS# P ,.De?$D�/<,G1$\9=p/ �",��+�YZKdm=L(I(	3 � �$#&1$\`%G#&("H&�+%._S=B?92X87�R(rdm=L("DS�
U�DT=L(F�
2"!$#B1
�:¶ �MZK2X!9���F2X#&1$\7#&(X\na��	� dm=B( ( 3��B¶$I�j0d�?$(F2X!9�:(A,GDS8$("=p*&�:DT�R1B2N,G�A=B;92X#Y,G19�:\3;L_M2"!9��&
�+%G#�_&�R\`j[46�o/<,'2X!
� 3 �gUmdm=L(e;>=&2X! ( 3 � #B�E/N�+%.%C#B�2( 3 s ¶9Z"I �A?$2E2"!$�3DT=B�"2 ,GDS87=L(F2X#&1L2E,GDS8$(F=p*B�:DT�:1L2 2X!$#Y2e/C�`�F�:�
,G��2"!$#&2 #Y%.%�\9�+%G#�_&�R\Vj��	� *B�:(X�F,.=B17�[#B(F�S;7�:2F2"�:(�2X!$#&1Q2"!9�M�"2"#B1$\$#B("\Qa��	�0dm=L(�DS# P ,.De?$D /<,G1$\9=p/��F,��+�R�
=Yd<DT=B("�S2"!$#B1k�R¶$�)/<,.2"!�2X!9�o=B892",'=L1$��=Yd �J3 �@=L( � 3 t =B?92X87�R(rdm=L("DT,G19H@2"!9�M�"2"#B1$\$#&(X\�\9�+%G#�_&�R\Qj��	�
=B8$2F,.=B1iI`³7=B(9( 3 � ��2"!9� &
�+%G#�_&�R\^j��	� *B�:(X�F,.=B1Q/<,'2X! ��3��@,.�e�F�:�:1�2F=|_-,.�+%G\];7�:2f/C�:�:1]�&¶ �l2F= t ¶��
=YdK,GDT87(F=p*B�:DT�:1L2N=p*&�:(A�"2"#B1$\$#&(X\3a��	�kdm=L(<#&1L_nDS# P ,GDE?$D /<,.17\9=p/0�", �:�:�A%G#&("H&�R(C2X!$#&1��R¶;L-,.132X!$#Y25(X#&19HB�
,.2E#Y%G�F=@=L?92"8>�:(Fdm=B(XDS� �F2X#&1$\7#&(X\�a��	�¨;L_ s ¶�� ·f�&¶ � dm=B( ( 3 s ¶@#&1$\];L_ ¹ ��? s ¶���dm=B( (�3��B¶$I`a<!$�
*&�R("�",.=B1 �83 t 87�R(rdm=L("DS�A�:*&�:1@;>�+2"2F�:(5dm=B( ( 3 s ¶Tdm=L(<DT# P ,.De?$D /<,G1$\9=p/5�<;>�+2f/N�+�R1��:¶S2F= s �9I j[1@�+*B�:1
;>�+2F2"�:(A8>�:(Fdm=B(XDT#B1$4c�[=Yd�\$�+%G#�_&�:\nj��	� 4+#B1n;>�[=L;92"#&,.19�R\n;L_o=B8$2F,GDe,��+,G19HT=p*&�R(�2"!$�[2",.DT�:(A\$?7("#&2F,.=B1M=&d�2"!$�
&
�+%G#�_&�:\3j 46�M=B892",'=L1$�+�$#B�A/C���X!$#Y%.%��"�+��%G#Y2F�R(+I

���+2�2"!9�NDe=L�F2�,.DS8>=B("2"#&1L2�4+=B1$4+%.?7�F,.=B1[d�("=BD02"!9� 4:?$("*&�:�),.��2"!9�N(F=L;$?$�"2"19�R�"�i=&d92"!9� &
�+%G#�_&�R\�j 46�[=B892",'=L1$�:I
qr1@8$(X#&4c2",.4+�&�-/5!9�R1`/N��\9=o19=&2<�-19=p/02"!9� 1-?$De;7�R(A=Yd�1$=-\$�:�:�$2"!9�R(F��,G�<19=o(F�R#&�"=B1n2F=S%',GDT,'2<2X!9� DS# P ,GDE?$D
/<,G1$\9=p/ �", �:�`2"=�#��XDT#&%'%A*p#Y%G?9�B�C�",.1$4+�`2X!9,G�o4c=B?$%.\k\9�+2"�:(",'=L("#&2F�n2X!9�@2"!$("=B?$HB!$8$?$2T4+=B1$�",.\$�:(X#&;9%._&I]��!9�R1
46!9=-=B�",G19H|%.#B(FHB�nDS# P ,GDE?$D /<,.17\9=p/��K2"!9�@\9�+%G#�_&�R\^j��	� *&�:(X�",'=L1$� 4c=L1$�",.\9�R("#B;9%._V=B?$2"8>�:(Fdm=B(XD �"2"#B1$\$#&(X\



� s 
 �����������O	����% � ����� �P������� �!	 " (

a��	��I$a<!9�:_`#&46!$,'�:*&��#Y%GDe=L�F2A2X!9��=B892",.DS#&%i*�#&%.?$��2"!$#&2<2"!9� �"2"#B1$\$#&(X\na��	��4+=B?9%G\@#&46!9,.�+*B�[,'d�,.25�-19�+/ 2"!$�
1-?$DE;>�:(A=&dK1$=-\$�:�<#&17\34+=B?9%G\346!9=-=B�"�
#B4+4c=L("\$,.19HB%'_o2X!9� DS# P ,GDE?$D /<,.1$\$=p/�I
³7=L(5# O$P �:\|�XDS#Y%.%��", �:��=Yd�DS# P ,.De?$D /<,.1$\$=p/ �", �:�&�>2"!9��&
�+%G#�_&�R\@j 46�M=L892F,.=B1|\$=L�R�519=B25=B?92X87�R(rdm=L("D

2"!$�N�"2"#B1$\$#&(X\ a��	��*&�R("�",'=L1��F,G1$4+�NDT=B�"2�=&d72"!$�N2",.DT�B�p2"!9�A/<,G1$\9=p/g�", �:�C%.,.DT,.2"��2"!$�N1-?$De;7�R(�=&d72"(X#&17�"DT,.2F2F�R\
a��	�8$#B46�Y�:2"�K2F=E%'�R�"� 2"!$#B1 �7�-/5!9,G46!oDT�:#&17��2"!$#&2 2X!9� \9�:%.#�_B�:\Sj��	�¬=B892",'=L1o!$#&��2"= /A#Y,.2 ?$1L2F,.%>2X!9�52",.DT�:(
U�=&do�:¶&¶BDS�M;L_k\9�+d�#&?9%.2cZT� P 89,G(F�R�M;7�+dm=B("�|H&�R19�:(X#Y2",.19Hg#B1¯j��	� LC\$?$(",G19H]2"!$#&2M2F,GDT�V2X!9�V�"=B?$(X4c�h4:#&1$19=B2
2"(X#&17�"DT,.2A87#&46�Y�:2"�:I

� � P 2+�&/N�589%.=&2�2X!9�</<,G1$\9=p/¯�F,��+�<�:*&=&%G?92",'=L1Edm=L( (	3 � dm=B( �F2X#&1$\$#B("\Ta��	�g#&17\Tdm=B(�a��	�]/<,.2"!o\9�:%.#�_B�:\
j��	�l=B892",'=L1Q/<,.2"! ��3��$I3a<!9�M/<,G1$\9=p/��F,��+�M,G� �X#&DS89%.�:\��+*B�:("_V¶$I.�M�"�:4YIn�Q�n�"�+�o2X!$#Y2e#Y%.2"!9=L?9HB!�2"!$�

0

2

4

6

8

10

12

14

0 20 40 60 80 100 120 140 160

simple TCP

³K,'HL?$("� � I'� ¹ ´[��,.1$\$=p/ �", �:�T�:*&=B%.?92",'=L1hdm=L(��F2X#&1-·\$#B("\3a��	�¯/<,'2X!3DS# P ,GDE?7D�/<,G1$\9=p/ =&d s ¶&¶&¶

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100 120 140 160

DelAck d=3

³K,.HB?$("� � I.� � ´ ��,G1$\9=p/ �F,��+�z�:*&=&%G?92",'=L1 dm=L(
&
�+%Gj 46�oa��	� /<,'2X! � 3 �$�L/<,.2"!3DT# P ,.De?$D�/<,.1-·\9=p/0=Yd s ¶B¶&¶

DS# P ,GDE?$D�/<,G1$\9=p/��", �:� ,G� s ¶&¶B¶$�&2X!9�[#B4c2X?$#Y%�4c=L19H&�R�F2",'=L1S/<,.1$\$=p/�\9=-�:�A19=&2C� P 4c�:�:\o2X!9�
*�#&%.?$� =Yd��R�$IK���
�"�+�N2"!$#&2�d�("=BD¬2X!9� O HB?7(F�R��2X!$#Y2K,G1e�"2"#B1$\$#B("\ a��	���p%.=B�X�"�:��#&("�NDT=B("�Cd�(F� .L?$�:1L2�#B1$\EDT=L(F�A�F�:*&�R(F�[U�("�:�X?9%'2",.1$H
,G1`2",.DT�:=B?92X�cZ�/5!9�R(F�R#&�N2"!$� �83��T*B�:(X�F,.=B1n=Yd�\9�+%G#�_&�R\nj��	� \9=-�:�<19=B2NHB,'*B��(F,G�F��2"=T2",.DT�:=B?92X�+I
qr13³K,'HL?$(F� � I'� 
E/N� 8$("�:�"�:1L2A2"!9���:*&=&%G?92",'=L1n=&d�2X!9� 4c=L19H&�R�F2",'=L1M/<,G1$\9=p/¬�F,��+�
dm=B(<�"2"#B1$\$#B("\3a��	��/<,'2X!

DS# P ,GDE?$D�/<,G1$\9=p/¨�", �:�E=&dC�odm=L( 2X!9�o4+#&�"� =&d � 19=9\9�R�+I����o�L1$=p/0d�("=BD � � � � 2X!$#Y2�#nDS# P ,GDE?7D �F,��+�e=Yd
;>�+2f/N�+�:1 s #B1$\h�n�X!9=L?9%.\h,.1$\$�+�:\VH&,.*&�e=B892",.DS#Y%K8>�:(Fdm=B(XDT#B1$4c�`U�#B1$\|2"!$,.�
,G�[4+=B1 O (XDT�:\|,G1h³K,.HB?$("� � I'�R�9ZXI
���M�F�:�o,.1�³K,'HL?$("� � I.�/
32"!$#&2�2"!9�R(F�M#B(F�o#&%.DT=B�"2�19=|%.=B�X�F�R�+I
�[=&2F�o2X!$#Y2�2X!9�n#B4c2"?7#Y%�/<,G1$\9=p/ �F,��+�o,G��2"!$�
DT,.1$,.De?$D ;7�:2f/C�:�:1o2X!9�[4+=B19HB�:�"2F,.=B1T/<,.17\9=p/¬U�\9�R89,.4+2F�R\o,.1M2"!9�[³�,.HB?7(F�&Z�#&1$\S2X!9�[DS# P ,GDE?7D /<,G1$\9=p/��", �:�
U�/5!$=B�"�
*p#&%.?9� !$�:("�
,G�<�9ZXI
qr1�2"!9�`8$(F�:*-,'=L?$��³K,'HL?$(F�R�+��#Y%.%�*&�R("�",.=B1$��?$�",.1$Hh\9�+%G#�_&�R\Qj[46�L�E!$#&\�2"!$�n\9�cd�#B?9%.2 ,.1L2"�:("*�#&%�=Yd��:¶B¶&DS�"�:4

U�#B�E� P 89%.#&,.1$�:\g,G1]2X!9�`qr1L2X(F=9\$?$4+2F,.=B1�ZXI � � P 2:��/C�`*p#&("_�2X!9�3,.1L2F�R(F*p#&%C%.�:19HB2"!k#&1$\g46!$�:46��,'2X�T,.DS8$#B4c2E=L1
2"!7(F=L?9HB!$87?92+���F�:�T³K,.H7I � I'� � IS�Q�M4+=B1$�",G\9�:(�2X!9�M\9�+%G#�_&�R\Vj��	� *&�:(X�",'=L1V/<,.2"! �J3 �7IT���M�"�+�o2"!7#Y2�2"!$�
\9�+d�#&?9%.2�*p#Y%G?9�587�R(rdm=L("DS��.-?9,.2F�5/N�+%.%W�&#Y%.2"!9=L?9HB!edm=L(��"DS#Y%.%7DS# P ,GDE?$D /<,.17\9=p/5�+�B�"!9=L(F2"�:(�,G1B2"�:("*p#Y%G��87�R(rdm=L("D
�"%',.HB!L2F%._n;>�+2"2F�:(:�7/5!$�:("�:#&�N/<,.2"!@%G#&("H&��DS# P ,.De?$D�/<,G1$\9=p/��>#e%G#&("H&�R(N,.1L2F�R(F*p#&%�UF�:�B¶&DS�+ZK,G�5�"%',.HB!L2"%'_3;7�:2F2F�R(+I
����2"(",'�R\`2"=Td�?$(F2X!9�:(5,.1$4:(F�R#&�"�[2X!9��2F,GDT��,.1L2"�:("*�#&%);7�:_&=L1$\V�R�&¶BDT�A;$?$252"!9�R132"!9��2X!$(F=L?9HB!78$?92<\9�:4:(F�R#&�"�:\iI
³K,.17#Y%.%'_B�)/C�S4c=L1$�",.\9�R(
2"!9�o4+#B�F�T=Yd (.3��`1$=-\$�:�:Ieqr1Q2"!$#&2�4+#&�"�T2"!9�o!9,G\$\9�R1Q2"�:(XDT,.1$#&%�8$!9�:1$=BDT�:19=L1

\9=-�:�e19=&2E=-4:4+?$(E#&1L_9De=L(F�B���"=|/N�n\9=V19=B2 =B;7�F�R(F*B�Sa��	� %'=L�"�"�:��dm=L(E#B1B_Q*p#Y%G?9�M=Yd</<,G1$\9=p/��", �:�&I�� *B�:1
2"!$�:1i��\9�+%G#�_&�R\|j��	� �54+#B1h;>�E?$�"�:\|2"=M,.DS8$("=p*&� 4+=B1$�",G\9�:(X#&;9%._n2X!9�e8>�:(Fdm=B(XDS#&1$4+�&I<a<!9,G�5,G� ,.%.%.?$�"2"(X#Y2"�:\@,G1
a�#&;9%.� � I �n2X!$#Y2�H&,.*&�R�
2"!9�M1-?$De;7�R(�=YdNa��	�¬8$#B46�Y�+2X���"?$4:4c�R�"�Fd�?9%.%'_V("�:4+�+,.*&�R\h/<,.2"!9,G1 � t�� �"�:4Edm=B(;(.3��$I
�L,G1$4c�
2"!$�:("�[#&("�[1$=E%.=B�X�F�R�+�L2"!9�R1n#B� %.=B19HT#&� �T,.�CHB("�:#&2F�:( 2"!$#B1M2X!9�
DS# P /<,G1$\9=p/��-/N� � P 8>�:4+2C2"=E,GDS8$(F=p*B�
2"!$�38>�:(Fdm=B(XDS#&1$4+�`#&� ��H&�:2"�T%G#&("H&�:(:���F,G1$4+�3a��	��8$#&46�&�+2"�T4c=LDS87�:2F�3/<,'2X!%.�:�X�ej��	� �:Iga<!9,G�T,.�T,G1$\9�+�R\
4c=L1 O (XDT�:\|,G1ha�#&;9%.� � I �7I
a<!9�e,.DS8$("=p*&�RDT�:1L252"!7#Y2
,.1$4:(F�R#&�"�:�Ad�("=BD��R¶�� 2F=Q�R� � #B� �3HB("=p/5�Ad�("=BD s 2"=
t �>\9=-�:�519=B25\9�:8>�:17\`=L132"!9�EDS# P ,GDE?7D�/<,G1$\9=p/ UW#&�<%.=B1$HS#B�<,.2<,.�<HL(F�R#Y2"�:(N2"!$#B1 �$ZXI ' =p/N�+*B�:(Cdm=B( �83 t
/N�
�"�+�B�-#B�C4:#&1`;7�
� P 8>�:4c2"�:\i�92X!$#Y2N/N�[HB�+2A#E;$#B\n8>�:(Fdm=B(XDT#B1$4c� dm=B(A#EDS# P ,GDE?7D /<,.1$\$=p/�=Yd��7�9�F,G1$4c�
2"!$�



�4 �48�����P�������O	 � � ���'�!�b� ��� ���<� �'��� �����:%&� ���
	���� ��� ��� � s �

0

5

10

15

20

25

30

35

40

0 20 40 60 80 100 120 140 160

’win.tr’

³K,'HL?$("� � I'� 
$´[��,.1$\$=p/ �", �:�T�:*&=B%.?92",'=L1hdm=L(��F2X#&1-·\$#B("\ a��	� U�\$�+%G#�_&�:\ j��	�\9,G�"#B;9%.�:\�ZV/<,.2"! �19=9\9�R�<#&1$\@DS# P ,GDE?$D�/<,G1$\9=p/ �F,��+��=&d��

8

10

12

14

16

0 5 10 15 20 25 30 35 40

Int=30ms
Int=80m

Int=100ms
Int=130ms

³K,.HB?$("� � I'� � ´Ka<!9��,.19b>?9�:174c��=Yd &
�+%G#�_&�R\nj[46�S,.1-·2"�:("*�#&%5=B1¯a��	��2X!$(F=L?9HB!78$?92+�A#&�n#Vd�?71$4c2",'=L1¯=Yd2X!9� DS# P ,.De?$D�/<,G1$\9=p/ �F,��+�BI � 3��
��3>IV1 � IQC � G�X[� � 6@?LIQWj6 � �h=D^��96@C�AD8_TV1qA��,.1�	h# P �-2"#&17\$#&(X\ �83 s � 3�� � 3 t� ¹ ¶ ¹ 
 ¹&¹ ¶ s ¹'�Y¹ � sY¹�� �s ¶B¶&¶ ¹ ¶ �Yt ¹ � ¹ � ¹'�B�� ¹ 
 
�


a�#&;9%.� � I �$´A�
?$DE;>�:(<=&d�2X("#B1$�XDe,.2F2"�:(587#&46�Y�:2"�<\$?7(F,G19H|� t � �"�:4 dm=B( (	30�o#&�<#Td�?$174c2F,.=B1@=&d�2X!9� DS# P ,GDE?$D/<,G1$\9=p/0�",��+�
\9�R�F2",.1$#&2F,.=B1o#&%'/A#�_9��19�+�R\$��2"= /A#Y,.2�2F,.%'% 2"!$�E�:¶B¶&DS��,G1L2F�:("*p#Y%$=&d)2"!9� &[�:%.#�_B�:\Sj 46�e=B8$2F,.=B1S� P 89,G("�:��,G1S=B(X\9�R(
2F=o�"�:1$\@#B1`j��	�lU��",.174c��2"!9��/<,G1$\9=p/5�<#&%'%.=p/5�Cdm=B(<�"�:1$\$,.19Ho=L19%._n�S\$#Y2X#T87#&46�Y�:2"�+Z"I
��� ����� � *�,@: � ! ?�9;:<*8$D*��2$@% � * " 9 �&� ! ? %'�������



�:�B¶ �����������O	����% � ����� �P������� �!	 " (



� �������	��
 ���

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

1$�[�F,GDE?9%G#Y2"=B(54:#&1@;>�E?$�"�:\@2F=`�F,GDE?9%G#Y2"� 4c%G#&�X�F,G4+#&% .-?9�:?$�+,G19HnDT=9\9�+%G�+INqr1@2"!$�e�",.DS89%.�:�"2 4c%G#&�X�",.4:#Y%)DT=9\9�+%G�+�
2"!$�n2F,GDT�`;>�+2f/N�+�R1]8$#&46�&�+2"�e#&(X(F,.*p#Y%�,G�E(X#&17\9=BD�#&1$\]!7#&�E�"=BDT�MHB�:19�R("#&% 8$("=B;$#B;9,.%',.2f_�\$,.�"2"(",.;7?92F,.=B1i��#B1$\
2"!$�h2F,GDT�h,'2o2X#&�&�:�o2"=]2"(X#&1$�XDT,'2M#]8$#B46�Y�:2o,.�M(X#&17\9=BD #B�o/N�+%.% \9,G�F2X(F,G;$?92"�:\�#&4:4c=L("\9,G19H^2F=g�"=BDT�|=B2"!9�R(
\9,G�F2X(F,G;$?92",'=L1iI a<!9�3d�#B4c2o2"!7#Y2o2"!$�h2"(X#&1$�XDT,.�X�",'=L1g2F,GDT�|*p#&(",'�R�oDT#�_k(F�+b7�:4+2M#��",.2"?$#&2F,.=B1 =Yd�#]4c=B17�F2X#&1L2
2"(X#&17�"DT,G�"�",'=L1n(X#Y2"��;7?925#T*�#B(F_-,G19HS�F,��+��=Yd�#S8$#&46�&�+2:I�a<!9� DS#&2"!9�RDT#&2F,G4+#&%)#&1$#&%'_9�",.�N=Yd .-?9�:?9�:,.1$Ho� P #&DS89%.�
/N��87(F�R�F�R1B2<!9�R(F��#B�A/C�:%'%�#B�<DS#&1L_M=&2X!9�:(X�A4+#B1`;>��dm=B?$17\ � sB� � I
w��`v+w � {'� �IHc~
��{+y@� ~ y G ��G �ow��7G �����Sw ~ y�� ����G �ow��n���[���5�
a<!9��.L?$�:?9�:,.19H� P #&DS89%.�h/5!9,G46!¯,.�`2"!$�Q�",.DS89%.�:�"2Mdm=L(nDS#Y2X!9�:DS#Y2",.4:#Y%
#&1$#&%'_9�",.�o,G�`2"!9� ��F ��F-�7.-?9�R?9�&´
,G1B2"�:(X#&(X(F,.*p#Y%>2F,GDe�R�A#&("� � P 8>=B19�R1L2F,G#Y%.%'_o\9,G�F2X(F,G;$?92"�:\n/<,'2X!`�"=BDT�[87#&(X#&DT�+2"�:(:�L�X#�_��)�9#&17\M2"!$�[2X("#B1$�"DT,G�"�",.=B1
\$?$(X#Y2",'=L1n=&dK#S8$#B46�Y�:2A!7#&�5#B1n� P 8>=B1$�:1L2F,G#Y%)\9,G�"2"(",.;$?$2F,.=&,G1`/<,.2"!|#B19=&2X!9�:(<87#&(X#&DT�+2"�:(:�-�X#�_ ��IO�
1$��87#&46�Y�:2
4+#B1e;>�A2"(X#&1$�XDT,'2"2F�R\T#&2�#[2",.DT�B�&#&1$\e2"!$�5;$?D ��:(��", �:�N,G�K,G1 O 19,.2F�BI�q d�/N�A\$�:19=B2F���83�� F ���B2"!9�A2",.DT�5#�*&�R("#&H&�
1-?$DE;>�:(A=&dK87#&46�Y�:2"�N,G1`2X!9� �"_-�"2F�RD�,G�<H&,.*&�R1`;L_

� � � � 3 �
� ?�� � UF�:¶7I'�&Z

qr1Sa�#B;9%.� �:¶7I'�A/N� 8$("�:�"�:1L2�#��F,GDE?$%.#&2F,.=B1T=Ydi2"!$,.�	.L?$�:?9�BI�a<!9�[�F,GDE?9%G#Y2",'=L1S8$(F=9\$?74c�:� #�2"(X#&4c� O %'�5=L?92+I 2"(
/<,.2"!g#&%'%N�+*B�:1L2"�:��#&1$\g#&%.�"=V#hDT=L19,'2"=B(F·9.-?9�R?9�M2X("#B4c�n4:#Y%.%'�R\ .-D`I =B?$2+��#&�e\9,G�"4:?$�"�"�:\^,G1k�L�R4c2",'=L1 t I �$I0�A_
89%.=&2"2F,G19H]4c=&%G?$DS1$�M�kU .-?9�R?9�h�", �:�`,G1¯8$#&46�&�+2"�+Z�#YHB#&,.17�F2S4c=B%.?$DS10�^U�2F,GDT�YZE/N�3=B;92X#Y,G1 UW�F�:�3³K,.H7I¬�:¶7I'�&Z
2"!$� .-?9�R?9�`%.�:1$H&2"!g�+*&=B%.?$2F,.=B1iI^a<!9�@#�*&�:(X#YHB�M�F,GDE?$%.#&2F�:\ .L?$�:?9�@�F,��+�`=p*&�R(M�:¶B¶&¶B�F�R4S,.� � I ¹ � �&� � �K#hH&=-=9\
#&878$(F= P ,GDS#Y2F,.=B1n=Yd�2"!9��*p#Y%G?9�o�R¶E=L;92"#&,.19�R\@;B_VUF�:¶7I'�&Z"I

� =B2F�32"!$#&2S/C�|?$�"�3#^�",.DS89%.�:(T/A#�_]2F=^\9�:4+%.#B(F�@#&17\kDS#&1$,.8$?$%.#&2F�@("#B1$\9=BDz*p#B(F,G#&;9%.�:�e2"!7#&1k2"!9�@=B1$�
\9�R�"4:(F,G;7�R\n,G1h�L�:4+2F,.=B1 s I � ´K/N��\9=o19=&25\9�R4c%G#&("��H&�:1$�:(X#Y2F=L("�N#&17\`�"�+�R\$�+I
qf2A,.� .-?9,.2F��,G1B2"�:("�:�"2F,G19HT2F=o#&1$#&%'_��:�[2X!9���F,GDE?9%G#Y2",'=L1n("�:�X?9%.2"�A#&1$\`2"("_o2F= O 17\n2X!9��87=L�"�",.;$%'��("�:#&�"=B17��dm=L(

2"!$� \9,  ��:("�:174c�&I	�
174c��/C��\9=o�"=S/C��DS#�_ O 1$\@�"�+*&�R("#&%i(F�R#&�"=B1$� dm=B(A2X!9� �F,GDE?$%.#&2F,.=B1 � �A,.DS8$("�:�X�",.�",'=L1$�
U�#B1$\
?$�"��2"!9� 4+=B1$4+%.?$�",.=B1$�A2"=T,GDS8$("=p*&��2"!9� �",GDE?9%G#Y2",'=L1$�cZX´

�:�7�



�:� s �����������
	 ���0�� � ��(L(��'���@� ��� � � �$�����F% �!���8��(

�&£B�����*)W�7£Y«,+.-c 7±>¤L¦&�$¡L�0/
�&£B���`3 )r¡&²$£&� ¡&±9�A© �-� «L/�Y����9�-¦.7&£9¥L¦-¤-¤¯�&�`3
�&£B� ¤L¦R .V$¢9¦:c-ª ©rª�&£B�k 7± c0c ©rª
�&£B����§b)F�Y� ��$¡L¢9£�/�&£B���.Ea)F�Y� ��$¡L¢9£�/
1 +Q-R�C7&£ ²7¦L7 e$£B�¬�`- �9£7�]«R-&¤L¤PV$£ �9¡Y±-�$¢9£L¢¯�9¡ ¦Y� -R�-�$£ U £L�
1 �-±& .V7£B��¡�3?V��-�$£7� �n«$£µ�6H$¡&±>¤B¢PH7¦W]$£ ¤L¦L� U £k²$¦.7 e$£B�>�k¦&�$¢
1 �$¡:H$¦4]$£ �+ �¦9¤L¤ �9¡&±-�$¢Q-R� U £L�-�-¡L�>� �3¦Y�$¢¨�Y¡¯«$£��$¦We$£ ¤L¦L� U £PV7¦Y�$¢B«R-p¢B��H�&£B� ¤.-:�`e )F�Y�����`-c $²>¤L£4Y7¥L¤.-R�`e��Y��§�Y�.E §�ª-ª4e4V0ª� �� 2 �9¡&²0I$¦Q-&¤4/�Y��� � ±$£&±7£9¥-¤L-c  -����Y��§k�Y�.E¨§�ª-ª-ªLª-ª
1 U £&�7£L�-¦B�$£ �9¦Y�$¢9¡� K-R�9�9£L�9¦L�-�Q-6]$¦9¤^�C-c �£$�¯¦Y�$¢¯²7¦.7 e$£&�¬�`-��9£7��&£B� � �-�$£L��@9�L�5-6]$¦9¤ IC-c �£K)W�7£Y«�G9¦&�$¢9¡�  ^ ¦L�5-Y¦ V>¤L£ � ��YB²7¡p�7£&�-�5-p¦9¤ /� � �-�$£L��@9�L�5-6]$¦9¤ IC-c  £¯�&£B�0¦4] U � )r£4YL²$�¨§ �-�-¤L¦� LV$¢9¦�/�&£B��²`eL�L+Q-��9£ )��7£&«FG$¦&�$¢-¡�  ^ ¦L�Q-Y¦WV>¤L£�� ��YL²$¡Y�7£p�9�5-Y¦-¤W/�Y²`eL�L+Q-��9£��&£B� ¦4] U � )r£4YB²$�¨§�ª-ª-ªLª-ªC©rª � ;F# � �R $±RB6/
�&£B�µ�Y�.7 )W�$£&«F@ U £&�9���� 2�� /�Y��� ¦B�L�$¦.76H>¥B¦ U £&�9���Y��§�$�Y�.7
1 � ±7£&±7£g �¡Y�R-��$¡L�Q-R� U�&£B� �   ¡&�d)F�Y���� �¡&�C-��$¡L�$¥ � ±7£&±7£k�Y��§k�Y�.EM)r¡Y²7£&� �  [©r¡Y±9�¯«L/ ªC©c§[/�-¤.-:�`e � ±7£&±7£-¥$�&¦� 7²7¤L£9¥&�C-¸ �£L¡Y±9�
²$�9¡L7P3Q-R�R-L�6H8S�T�S

U ¤B¡WV7¦9¤���k�`3�Y� �J3$¤p±��6H>¥&�-�9¦.7&£
7B¤B¡7�&£ �&�`3£4Y5-��0ª

T

²$�9¡L7 �Y£&�$¢B²7¦L7 e$£B�:S0T�S
U ¤B¡WV7¦9¤��� �Y�Q7 � �9�9£L��@9�-�Q-6]$¦9¤WI5-c  £^²`e-�L+.-��9£�&£&�0�C-6 �£M)F�Y���g�7¡&«`/�Y� ��¦B� )r£WYL²$�0�&�C-c  £ � )F� � �9�$£L��@-�-�5-6]$¦-¤WI5-c  £ ]9¦9¤Y±7£�/�/ �Y�&£&�9¢B²7¦.7 e9£B����&£&�FV �L�$£7� )r£4YB²$���9¡&±-�$¢ ;.)F�Y²`e-�`+Q-��9£�]9¦9¤Y±7£�/QB /�$�p�Q7��&£&�$¢0� V �L�$£7�

T

�&£B�µ�`-:�`e )W�7£&«F@ U £Y�9���4>B±7¤-¤4/�Y��� ¦B�L�$¦.76H>¥B¦ U £&�9���Y�.E �$�`-:�`e�Y���?7&¡Y�-�7£.7p�0�9�Y�Q7¯�$�`-R�0e�Y��� ¦B� ªC©rªLª-ª�§ �Y�&£Y�$¢B²7¦.76e$£B����Y��� ¦B��§�ª-ªLªC©rª � 35-:�R-L�6H��
�Y���k�B±L�

a�#B;9%.�T�R¶$I.�&´K2"4+%)�"4:(F,G8925DSD3�&I 2"4+%idm=B(<�",.De?9%G#Y2F,G19Ho#&1 	0	]� .-?9�R?9�



���0 �. ����� �'��� ����� � � �:�B�
. 2"!9�Cdm=B(XDE?9%G# U"�:¶7I'�&Z 4c=L?$1L2"��2"!9�N/5!9=B%'�N8$#&46�&�+2�2X!$#Y2�,G��;>�+,G19H
2"(X#&1$�XDT,'2"2F�R\i�p/5!9�:("�C#B��2X!9�<�F,GDE?$%.#&2F,.=B14c=B?71B2X�A=B19%._M2X!9��d�(X#&4c2",'=L1n=&d�2X!9��2"(X#&17�"DT,.2F2F�R\@8$#&46�&�+2A2"!$#&2<,.� �F2",'%.%),G1`2X!9� .-?9�R?9�&I�a<!9,G�5\9,  ��:("�:1$4+�
�"!9=L?9%G\`DS#&�&��2"!9� �",.De?9%G#Y2F�R\`("�:�X?9%.2A%'=p/N�:(N2"!7#&132"!9��� P #&4c2A=L19��;B_3#&;>=B?92<¶7I �T#S8$#&46�&�+2:I

. �
1@2"!9�e=&2"!$�:( !7#&1$\i� 2"!$�e�",.De?9%.#&2F�R\|8$#&46�&�+2"�52"?$(X1|=B?$2 2F=`;7�e2"(X?$1$4+#&2F�R\|#Y2 2X!9�E*p#&%.?9�E=Yd5�:�-;L_-2F�B�/5!9,.46!n,.�N2X!9��\9�cd�#B?9%'2<�", �:�[=&d�#J��& � 87#&46�Y�:2+I�a<!-?$�N2"(X#&1$�XDT,.�X�",'=L1o2F,GDT�:�<#&("��#E%.,'2"2F%.���"!9=L(F2"�:(C2"!$#B1
/C�T,.1L2"�:1$\9�R\h2X!9�:D 2"=|;7�BIea�=34+=B(X(F�R4c2 2X!$#Y2:�)=B1$�T�X!9=B?$%.\Q46!$#&19HB�E2X!9�o\9�cd�#B?9%'2�DS# P ,GDE?$D 87#&46�Y�:2
�F,��+�B�-dm=B(A� P #BDT8$%'��2F=|�R¶&¶B¶&¶&¶7I�a<!9,G�A,G�5\9=B1$��;L_n#B\$\9,G19HS2"!9��%.,G19�
�9�Y�Q7��&£B��²7¦.76e$£B�L+Q- �9£ � §Rª-ª-ª-ª-ª
#pdm2F�R(A2"!9� 4+=BDSDS#&1$\ �&£B�µ�Y�.7 )W�$£&«F@ U £&�9���� 2�� / I

. a<!9���F,GDE?9%G#Y2",'=L1M2",.DT��,.�<1$=&2<�"? No4+,'�R1L2F%._M%'=L19H7IK��,.2"!@#T\$?$(X#Y2F,.=B1`=Yd s ¶B¶&¶&¶7�&/N��H&�+2<#TDE?$46!3DT=B("�8$(F�R4c,G�F�
*p#Y%G?9�&I

0

10

20

30

40

50

60

70

80

0 100 200 300 400 500 600 700 800 900 1000

’qm.out’ using 1:5

³K,.HB?$("�S�:¶7I'�B´5�C*&=B%.?92",'=L1M=&dK#B12	 �O	 �-� .-?9�R?9���F,��+�
a<!9�	 �B&9�-� .-?9�:?9�
,G�C,G�N=B19�[/5!9�:("�
,.1L2F�R(r·f#&(X(",'*p#Y%>2F,GDT�:�A#&("� � P 8>=B1$�:1L2F,G#Y%.%'_o\9,G�"2FHB(",G;$?92F�R\n;$?$2N2X("#B1$�F·

DT,.�X�",'=L1M2F,GDT�:�N=YdK8$#&46�&�+2X�C#B(F�
4c=B17�F2X#&1L2+I�a�=T�",.De?9%G#Y2F�
,.2+�$�",.DS89%._M(F�R89%G#&4c�[2"!9��(X#&1$\$=BD *p#&(",.#B;9%.�[8$�L2¸�-, �:�
;L_Q,.2"�T#�*&�R("#&H&�BI@�L,GDT,'%G#&("%'_B��#I& �O	 �-� .L?$�:?9�M,G�e=B19�M/5!$�:("�M2"(X#&1$�XDT,.�X�",'=L1�\7?$("#&2F,.=B1^!$#B�E#&1g� P 87=L19�:19·
2F,G#Y%
\9,G�F2X(F,G;$?92",'=L1 #B1$\¯,G1B2"�:(X#&(X(F,.*p#Y%A2F,GDT�:�`#&("�h4c=B17�F2X#&1L2+I a�=g�",.De?9%G#Y2F�V2"!$#&2+�A/C�Q�"!9=L?9%G\ ("�:8$%.#B4c�|2"!$�
qr1L2F�R("#B("(",'*p#&%.aA,GDT�
(X#&1$\$=BD *p#&(",.#B;9%.��;L_M,.2"� #�*&�:(X#YHB�&I
w��`vF ��{+y|{6�5���n���[���
qr1h2X!9�o#&;>=p*&�T�F,GDE?9%G#Y2",'=L1i�i/N�T?$�"�:\V*&�R(F_@%G#&("H&�e;7?D �R("�
2"=3#�*B=&,G\|%'=L�"�"�:�:I �
19�S4+#B1V?$�"�T�XDS#Y%.%'�R([;7?D �R("�
#&17\n=L;$�F�R(F*B�[%.=B�X�"�:�:I�³>=B(�	 �O	 �-� �B� .-?9�R?9��/<,'2X! � ;$?D ��:(X�:�$2"!9��%.=B�X�<8$("=B;$#B;9,.%',.2f_o,.�5H&,.*&�:1`;L_

�SU���� ��&Z>3 ���
� �

	�
� � 	
�

a<!9�
/N#�_T2F=T4c=LDT87?92F�
2"!9�
%.=B�X� 8$("=B;$#B;9,.%',.2f_Td�(F=LD 2X!9���F,GDE?9%G#Y2",'=L1S,.�A�",.DS89%._S2F=S\9,.*L,G\9�[2"!9�
2F=B2"#Y%�1-?$DE;>�:(
=YdK%.=B�X�F�R�N;L_M2X!9��2F=B2"#&%�1-?$DE;>�:(A=&d�#&(X(",'*p#Y%G�:�-;>=&2X!3H&,.*&�:1`,G1`2X!9��%G#&�"2N%.,G19��=YdK2"!9� DT=L19,'2"=B(F·9.-?9�R?9� O %'�BI



�:� t �����������
	 ���0�� � ��(L(��'���@� ��� � � �$�����F% �!���8��(

�&£B�����*)W�7£Y«,+.-c 7±>¤L¦&�$¡L�0/
�&£B���`3 )r¡&²$£&� ¡&±9�A© �-� «L/�Y����9�-¦.7&£9¥L¦-¤-¤¯�&�`3
�&£B� ¤L¦R .V$¢9¦ c-ªC©rª�&£B�k 7± c0cC©rª�&£B� � �0-��9£ E�&£B� ¢B±9�9¦B�C-Y¡Y� E-ª-ªLª
�&£B����§b)F�Y� ��$¡L¢9£�/�&£B���.Ea)F�Y� ��$¡L¢9£�/�&£B� ¤.-:�`e )F�Y�����`-c $²>¤L£4Y7¥L¤.-R�`e��Y��§�Y�.E §�ª-ª4e4V0ª� �� 2 �9¡&²0I$¦Q-&¤4/�Y��� � ±$£&±7£9¥-¤L-c  -����Y��§k�Y�.E � � �`- �9£
1 U £&�7£L�-¦B�$£ �9¦Y�$¢9¡� K-R�9�9£L�9¦L�-�Q-6]$¦9¤^�C-c �£$�¯¦Y�$¢¯²7¦.7 e$£&�¬�`-��9£7��&£B� � �-�$£L��@9�L�5-6]$¦9¤ IC-c �£K)W�7£Y«�G9¦&�$¢9¡�  ^ ¦L�5-Y¦ V>¤L£ � ��YB²7¡p�7£&�-�5-p¦9¤ /� � �-�$£L��@9�L�5-6]$¦9¤ IC-c  £¯�&£B�0¦4] U � )r£4YL²$�¨§ �-�-¤L¦� LV$¢9¦�/�&£B��²`eL�L+Q-��9£ )��7£&«FG$¦&�$¢-¡�  ^ ¦L�Q-Y¦WV>¤L£�� ��YL²$¡Y�7£p�9�5-Y¦-¤W/�Y²`eL�L+Q-��9£��&£B� ¦4] U � )r£4YB²$�¨§�ª-ª-ªLª-ªC©rª � ;F# � �R $±RB6/
�&£B�µ�Y�.7 )W�$£&«F@ U £&�9���� 2�� /�$�Y�.7 �Y£B��²7¦.7 e$£&�L+Q-��9£ � §�ª-ªLª-ª-ª�Y��� ¦B�L�$¦.76H>¥B¦ U £&�9���Y��§�$�Y�.7
1 � ±7£&±7£g �¡Y�R-��$¡L�Q-R� U�&£B� �   ¡&�d)F�Y���� �¡&�C-��$¡L�$¥ � ±7£&±7£k�Y��§k�Y�.EM)r¡Y²7£&� �  [©r¡Y±9�¯«L/ ªC©c§[/�-¤.-:�`e � ±7£&±7£-¥$�&¦� 7²7¤L£9¥&�C-¸ �£L¡Y±9�
²$�9¡L7P3Q-R�R-L�6H8S�T�S

U ¤B¡WV7¦9¤���k�`3�Y� �J3$¤p±��6H>¥&�-�9¦.7&£
7B¤B¡7�&£ �&�`3£4Y5-��0ª

T

²$�9¡L7 �Y£&�$¢B²7¦L7 e$£B�:S0T�S
U ¤B¡WV7¦9¤��� �Y�Q7 � �9�9£L��@9�-�Q-6]$¦9¤WI5-c  £^²`e-�L+.-��9£�&£&�0�C-6 �£M)F�Y���g�7¡&«`/�Y� ��¦B� )r£WYL²$�0�&�C-c  £ � )F� � �9�$£L��@-�-�5-6]$¦-¤WI5-c  £ ]9¦9¤Y±7£�/�/ �Y�&£&�9¢B²7¦.7 e9£B����&£&�FV �L�$£7� )r£4YB²$���9¡&±-�$¢ ;.)F�Y²`e-�`+Q-��9£�]9¦9¤Y±7£�/QB /�$�p�Q7��&£&�$¢0� V �L�$£7�

T

�&£B�µ�`-:�`e )W�7£&«F@ U £Y�9���4>B±7¤-¤4/�Y��� ¦B�L�$¦.76H>¥B¦ U £&�9���Y�.E �$�`-:�`e�Y���?7&¡Y�-�7£.7p�0�9�Y�Q7¯�$�`-R�0e�Y��� ¦B� ªC©rªLª-ª�§ �Y�&£Y�$¢B²7¦.76e$£B����Y��� ¦B�¬�B¢B±9�9¦B�C-Y¡Y��� 35-R�C-L�6H��
�Y���k�B±L�

a�#&;$%'�S�:¶7I s ´K2"4c%��"4:(F,G892<DSD`�R� I 2X4c%idm=L(<�F,GDE?9%G#Y2",.1$HS#B12	 	]� .L?$�:?9�



���0 �. ����� �'��� ����� � � �:�L�
j \7\9,.1$Hn2"!$�e4c=LDSDT#B1$\ �$�Y�.7 �Y£B� ²$¦.7 e$£B�`+Q-��9£ � §�ª-ª-ªLª-ª #B� DT�:1L2",'=L19�:\|,G1|2X!9�e8$("�+*-,.=B?$���L�:4+2F,.=B1i�

/N�oH&�+2E*&�:("_hHB=L=9\^#YHL(F�:�:DT�:1L2�;>�+2f/N�+�:1^2X!9�n�",.De?9%G#Y2F,.=B1^#B1$\�2"!9�odm=L("De?9%G#$In³>=B(�� P #&DS89%.�&��dm=B(�� 3 s
/N�THB�+2 �SU � � ��YZ53�¶ ��s � 
n;L_V�",.De?9%.#&2F,.=B1Q=YdA\$?$(X#Y2F,.=B1V=Yd s ¶&¶B¶&�"�:4e#&1$\ �SU � � �	�&Z53 ¶ � �&¶ s �S2X!$(F=L?9HB!Q2"!$�
#&;>=p*&�Sdm=L("De?9%G#$I|³7=L(�� 3l�@/N�n=L;92"#&,.1]¶7I'�R�$�o#&17\g¶$I.� s 
|;B_^�",.De?9%.#&2F,.=B1]#B1$\^2"!$("=B?$HB!^2"!$�Mdm=B(XDE?$%.#7�
("�:�X87�R4c2F,.*&�:%'_BI�a<!9� �"4:(F,G892A,G�<H&,.*&�R1M,G13a�#&;$%'�S�:¶7I s I
J5�RDT#B("� ´<³>=B(���3��B��2"!9�S�F,GDE?$%.#&2F,.=B1V\$=L�R�[1$=&2
/C=L("�3/N�+%.% Li,G1h2X!$#Y2�4+#B�F�T#Y%.%�#B("(",.*L,G19Hn87#&46�Y�:2"�
#&("�

%.=B�"2 �



�:� ¹ �����������
	 ���0�� � ��(L(��'���@� ��� � � �$�����F% �!���8��(



� �������	��
 � �

� � � �
� � ��� ��� � � � � � � � � � � � � �5� � �

� � � �  � � � � �

J #B1$\9=BD¨*�#B(F,G#&;$%'�R��/<,.2"!T\9,  �R(F�R1L2�\9,.�"2"(",G;$?92F,.=B17��4+#&1e;7�54:(F�R#Y2"�:\ ,G1S1$�:IA&�?9�A2F=�,.2"��,GDS87=L(F2�("=&%.�C,G1T2"(X#QNM4
DT=9\9�+%.,.1$HE#&1$\S,G1o19�:2f/C=L("�e�F,GDE?9%G#Y2",'=L1T/C� ;7(F,.�cb7_S("�:4+#&%'%72"!9� \$� O 19,.2F,.=B17� #&17\oDe=LDT�:1L2"� =Yd)DS#Y,G1o("#B1$\9=BD
*p#&(",.#B;9%.�:�N,.1@j[8$87�R1$\9, P �B�&IK³7=L(<De=L(F��;$#B46�LHB("=B?$1$\)�B=L19��4+#&134c=L1$�"%.?92<�BI H>I H-�-�L² � ���Y«-«-«<© Y��57&¡-¡p�<© 7p¡�  � I
³7=L(<#S("#B1$\9=BD�*�#B(F,G#&;$%'�TU�J�- Z��g�9/N��\9�:1$=&2F�	��
$U �&Z 3 �SU�� � �&Z"� �
7U �&Z 3 �SU�� ���&Z ;$17\`_���
$U �&Z

/N��\$�:19=B2F��,.2"�5\9�R1$�",'2f_BINU��Q�E=Ydm2F�R1n=LDT,'2<2X!9� �"?7;$�"4:(F,G892 /�I'Z
�BI � 8;@B4 �/1 25:=C��/@B: � >�� :=1���"5j ��#&("�+2"=eJ�-µ,.�<\$� O 19�R\32"!$("=B?9HL!

�SU �&Z 3¬U �0F �&Z��3�
/5!9�:("� �M,G�<2"!$� De,G19,GDE?$D �F,��+��#B1$\�� �¯¶T,.�A2X!9� �"=S4:#Y%.%'�R\ $B�"!7#&8>��87#&(X#&DT�+2"�:( $$I�qf2<,.�<\9� O 19�R\`=L1
2"!9� (X#&19HB��� B ��I�a<!9��\9�:17�F,.2f_n,G�AH&,.*&�R1`;L_

��U �&Z>3 � � �
� ����� �

a<!9��� P 87�R4c2X#Y2F,.=B1@#B1$\n=B2"!9�R(<DT=BDT�:1L2"�<#B(F�
� � � � 3 � �

� ?k� � � ���
� � ��� � 3 � � �

� ? ( � ( ���
a<!9�;(i2"!@DT=BDT�:1L2<,G�A,.1 O 19,'2"� ,'d>(�B���I
a<!9�N�",��+�A=Yd O %'�R�K2"(X#&1$�Fdm�:(X(F�R\�=p*&�R(�2X!9�Aqr1L2F�:(X19�:2�,G��=Ydm2"�:1T46!$#&(X#&4+2F�:(",��+�:\ /<,'2X!e# ��#&("�+2"=[\9,G�F2X(F,G;$?92",'=L1
/<,'2X!V� ��� � s �$�F�:� � � ¹ �i�:¶ � I�j¬2f_989,.4:#Y%i*p#Y%G?9��,G��� 3¬� ��s � ¹ � I�j¬2f_989,G4+#&%i*�#&%.?$�[dm=L(A2"!9��� P 87�R4c2F�R\
�F,��+�5=&d�# O %.� ,G1Mqr1L2"�:(X19�+2C2"(X#&1$�Fdm�:(X��,G� �R¶(� ;9,.2"�:I�qr1n2"!9�
4c=L1B2"� P 2 =&d)� �8� 2"(X#&1$�Fdm�:(X�:�B2f_989,G4+#&%7*p#Y%G?9�:�
#&("��� 3µ� � ��#B1$\ � 3+
$� � �(� ;L_L2"�:�[U��"�+� � �:�9�>8iI � t ·f�B� � I'Z

s I ��� 4 4|�&� 1�� 4����/:?8;< �!8 � 251�� �;8 @ :?8��A<?49"5j[1M� P 8>=B1$�:1L2F,G#Y%.%'_o\9,G�"2"(",.;$?$2F�:\nJP- /<,'2X!n8$#B("#BDT�+2F�R(��
,.�<\9� O 19�R\`2X!$("=B?9HL!

�SU �YZ 3�� P 8�U ? � �&Z �!��U �&Z>3"� � P 8iU ? � �&Z �
j5%.%),'2X�<DT=BDT�:1L2"�5� P ,.�"2<#&1$\@#B(F�
H&,.*&�R1`;L_

� � � � � 3 ( �� � �
�:� �



�:� 
 �����������
	 � �4 ���O�
�
����� �\� �`	������ � % �`��	 ��� � � ��( � ��� ��" �!	���� ���

qr13#S� ��� 2X("#B1$�rdm�R(+� ��#&("�+2F=S\9,G�F2X(F,G;$?92"�:\@2X("#B1$�rdm�R("�<#B(F��2f_989,G4+#&%'%._`�"�:8$#B("#&2F�R\n/<,.2"!�� P 8>=B1$�:1L2F,G#Y%.%'_
\9,.�"2"(",G;$?92F�R\@�F,.%'�R1$4c��2",.DT�:� U $Y2X!9,G1$�L,.19HS2",.DT�:� $9Z�/<,.2"!@#�*B�:(X#YH&�
\$?$(",.#&2F,.=B1`=Yd � � � 3 ���	�	
 � s � � I

�7I�0�1�@ � 8;< 25:=C��/@B: � >�� :=1���" qf2�,G��46!7#&(X#&4c2"�:(", �:�:\�;L_�2f/C=[8$#&(X#&DT�+2"�:(X��U ��� ��� Z"I�qf2"�K8$("=B;$#B;9,'%.,.2f_
\9�R1$�",'2f_,.�AHB,'*B�:13;B_
��U �&Z>3 �

s�� � P 8 � ? �s	� � ? �� 
 ���
#&1$\`,'2X� O (X�F2<DT=BDT�R1B2X�<;L_

� � � � 3 ��� � � � � � 3 � � H � � �
a<!9,.�N\9,G�F2X(F,G;$?92",'=L1M,G�ADe=L�F2"%'_M?7�F�R\M2F=T\9,G�"4:(F,G;7�
2"!$�:(XDT#&%i19=&,G�F�[2"!$#&2N�X!9=L?9%.\`;7�
2"#B�Y�R1o,.1L2"=T#B4+4c=L?$1L2
/5!9�:134c=LDT87?92F,G19Ho2"!$� �F,.HB1$#&%i2F=o19=B,.�"��("#&2F,.=T,G13("#B\9,'=S%.,.17�L�:I

t I � 1����A1�@ � 8;< 25:=C��/@B: � >�� :=1���"
qf25,.� 46!$#&(X#&4+2F�:(",��+�:\3;L_n2f/N=M8$#&(X#&DT�:2F�:(X��U ��� ��� ZXICqf2X�5\9�R1$�F,.2f_`d�?$1$46·2F,.=B1`,.�<HB,'*B�:1`;B_

��U �&Z>3
� P 8 � ? �s � � (�U �&ZA? �� 
 ��� s�� � � � � �

#&1$\`,'2X�5DT=BDT�:1L2X�<#&("�
HB,'*B�:1`;B_
� � ��� � 3�� P 8���� � H �s U�� � Z ��� �

� ,G��%'=BHB19=L("DS#&%'%._h\9,G�F2X(F,G;$?92"�:\�/<,'2X!^8$#&(X#&DT�+2"�:(X�TU ��� ��� Z5,'dA#B1$\�=B19%._h,'dN%G1)U��]Z<,.� 1$=B(XDT#&%'%._h\9,G�r·2"(",.;$?$2F�:\k/<,.2"! 2"!9�h�X#&DT�|8$#B("#BDe�:2F�R("�:Iqf2M4:#&1k2"!-?$�o;>�|/5(F,.2F2"�:1¯#&� � 3 � P 8iU��oZ /5!9�R(F�����
�]U ��� ��� Z"Ikqr1 �	&	hjl/<,G(F�:%'�R�"�S4c=LDSDE?$19,G4+#&2F,.=B1$�:��2"!$�@("�:4+�+,.*&�R\8>=p/C�R( d�("=BD 8>=p/C�R(e4+=B1L2"("=&%.%.�:\
�F=L?$("4+�:�[/<,'2X!Qd�#&\9,G19H|46!$#&1719�+%G��!$#�*&�T%.=&HB1$=B(XDT#&%�\$,.�"2"(",.;7?92F,.=B1Q/5!9�:("� � ,G��2f_989,G4+#Y%.%._V;7�:2f/C�:�:1�¶$I �#&1$\3�&\ � � � � � I

�$I � 8 � � 8 2A:=C��/@B: � > �/:=1��j /
#&DSDS#o\9,G�F2X(F,G;$?92"�:\@JP- /<,'2X!h8$#&(X#&DT�:2F�:(X��U��	���LZA!$#&�[#o8$(F=L;$#&;$,'%.,'2f_
\9�:1$�",.2f_M=Yd

��U �&Z>3 ���� � � � � � � � � �� �
/5!9�:("�!��,G�<2X!9�"�)·Wd�?$1$4+2F,.=B1`/5!9,.46!@�X#Y2",.� O �:�#�CU$�LZ 3¨U$��?k�&Z �9dm=L(#�E,G1L2F�+HB�:(X�+I�a<!9� DT=LDe�R1L2"�<#&("�

� � � � 3 �
� � � � � � � 3 � � � � � �%

	 
 �
U&� H &XZ � ( � � �

a<!9�5\9,G�F2X(F,G;$?92",'=L1e,G��\9� O 19�R\S=B1T2"!9�[("#B19H&�<¶ ��� �('��L#B1$\T,'2X��8$#B("#BDe�:2F�R("��#B(F�<\9� O 19�:\Tdm=L( � � ¶
#&1$\)���¬¶7IEqr1Q2"!9�o�X87�R4c,G#Y%�4:#&�"�e/5!9�R(F�*�n,G��#&1Q,.1L2"�+H&�R(+�i2X!9,G��\9,.�"2"(",G;$?92F,.=B1Q,G�
4:#Y%.%'�R\V2X!9���C("%.#B19H
\9,.�"2"(",G;$?92F,.=B1)I



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

	�
����������������
������ �!�#"�$%���'&�()$%�+*+,.-�-������#
�/0�1��/2
 /.34*5/6
879����
�*5����
6�%�+$%:;,0-��<�%��,0�!,2����$%�+���1���=�%����>8?��+�%�1��/2
 /.3��/@�A�1/B�+�%�1�DCB,.�1�E�����F*5/6$%$%�+*'�%
����%�G/03H,B�1�DCI?�-�,0�1�+�J$%�+��?�-��'K�L�%�%,2
���,2$%�M��,;(N�%/N/2"��%,.�D
F,O"9�'�%�1��$P��$%�+*'���%��/2
M/.3��9�+$13Q/2$�CB,0
�*'�<C)�+,2�%?�$%�+�4/2"���,.�D
��+�#3R$%/2CS�%��CT?�-D,.�1��/2
���D� �1/U��,0V0�W�%���X,;:2�+$�,.Y2�Z/03E�%�':2�+$�,.-O[0��
����+�9�+
�����
6�%[U$�?�
��]\^��
����+�9�+
����+
�*'�X*',2
_"9�X/6"��%,0��
��+�`"6(a?��%��
�Y����bc��$1��
6�F�1�+�+���M,0
��dY2�+
���$%,0�1/6$%�'e%KT	�
����'���gfP"6(]����� �%�%$%/2
�Yh-�,;��/.3G-�,2$1Y2�)
8?�CT"���$'fP�%���,;:0��$%,0Y0� ij/03!k�D
����+�9�+
����+
6�F,0
��d�D����
2�%��*+,.-�-�(d�����%�%$%�D"�?��1���l:;,0-�?��+�Mi 	 fPm�npo0q'r�r�r�q%ka,0����$1/6,0*s�����N������5���9�+*'�%,.�%��/6
 �ut i]v�O���D*s�h�!�ECB,;( �w�D�%�Z�1/���1�%��CB,.�%�0Kx ?�$EY2/2,0-y���I�1/X*s����*sVX��/@�z,2*'*'?�$%,0�1� i{���T,0�F,2
|�+�%�1�DCB,.�1/6$E/.3 �ut iWv}KZ	�
U��,0$%�1�D*'?�-D,0$+fP�G��w�D�%�|�%/�+�%�%,2"�-������d�%/2C)�*5/6
��%�%,0
6� �]��?�*s�d�%��,0�E�%��� ��$%/2"�,0"���-����~(W�%��,.� i���� �ut i]v�� ��q �ut i]vc� �.�J"�� ,0�M-���,0�%�o5� �!f��O���+$%����D�w�1/6CT�E��CB,.-�-g�+$�$1/6$G��$1/6"�,0"���-����~(W\��%,;(Z��� e%K�w���M:@,0$%��,2
�*5�M/03 i����wY2��:2�+
Z"2( �
� �8\ iUe�n ���k�4�+� ��� "9�F�%���E:@,2$1�D,0
�*'�M/.3�i 	 K=	}3y�G�MV8
��+� � f9�!�F*'/2?�-D�h�+�%�1�DCB,.�1�E�����F,0*+*'?�$�,0*'( /.3 i�,0�O,B��$%�+���D*5�%��/6
/.3 �ut iWv4"6(u?��%��
�Y)�����F*5��
6�%$�,.-g-���C)���w�%���+/2$%�+Chf��O���D*s�Z�DCB��-������w�%��,0�

 k i�� �ut iWv� ��� \^��q'o.e�r	}3G�T\R�4eG�D���%���)��$1/6"�,0"���-����~(h�%��,.��,Z�1��,0
���,0$��X�#,0?����1�D,0
J�P���D��
�/0�OY6$1��,.�1��$O����,0
W�Pf��%����
W�%���D�#�%?�Y2Y0���1����%��,.�
�X� i���� �ut i]v����9q �Zt iWv�� �0�0�hn�� � �  k� 
 ��� � � �  k� 
 r \1o� �K�o0e

¡�/6$g�5��,2C)��-��2f���3 �ln��2¢£�%����
E�%���!*5/6
��%�%,0
6� ���%��,.�¤Y6?�$%,2
6�1�'���g�%��,.� �X� i��S� �Zt iWv�� ��q �ut iWv�� �0�.�]¥ow� �dn£��r ¦6�F�D�wY2��:2�+
h"2(��Tn�o2r ¦2§ �4¨  k�K	�
X��$%,2*5�1�D*5�2f � �D�M�~(�����*+,.-�-�(]?�
�V8
�/@�O
X,2
��X��,2�#�1/J"��B�+�%�1�DCB,.�%�+�d�1/0Y2�'�����+$#�w���%���ut i]v�K x 
��)*'/2?�-D�?��%� � �	�
 � \Ri 	 � i 	 e ��¨ k©,0�I,2
U�+�%�1�DCB,.�%/2$E3Q/6$ ��� f="�?��)�%���D�I�G/2?�-��|Y2��:2�u,]"��D,0�%�+�|���1�%��CB,.�%/2$+f��^K �0KX,2
�+�%�1�DCB,.�%/2$��O��/6�1�M�5���9�+*'�1�+�h:@,.-D?��E����bc��$%�G3R$%/2C ��� Ky	�
��%�1��,0�gf��%���E���1�%��CB,.�%/2$
ª � n � �	 
 � \Ri 	 � i 	 e �kZ�_o�%?�$%
���/6?��w�1/ "9�F?�
8"��D,0�%�+�gf���K �0K �ut ª � vgn ��� f��1�+� t «0¬�f��gKwo2o0o5v}K�	~�w���w*+,.-�-����u�����B'®@¯�°c±³²T´@®@µs¶R®.·c¸¹²5Kx 
��h�%����
a?��1���Z\%o� �K�o0e#�w���%� ª $%�+��-D,0*'��
�Y � ,2�B,0
L,2����$%/;����CB,.�%��/6
U/.3��%���W��$%/2"�,2"���-����~(U�%��,0� iº����w���%���D
h�%���F*'/2
879���+
�*'�E��
6�1��$1:@,0-^K

o+«2¦



o'¬6� ����������	�
������������	������������������ ��!"�#��	��$��	%�#�&��	�
�'(��)�*

�w���#
��5���!��*'$%�D���!�D
 ,;�OVB*',2
 "9��?��%�+�u�1/T*'/2CB��?��%�N�����#��,0CB��-���,;:2�+$�,.Y2�G/03P,0
 /2?�����?��!7�-��2f8�O���+$%�O�G�,;:0��$%,0Y0��/@:0�+$G�����F
8?�CI"9�+$��w,0���9�+,2$1�D
�Y)��
h�����F«0$��Z*'/0-D?�CB
,+
-(.(/ �1032 ��46587:9<;�7:= 2%>@?BACA = 2�D 5 DEAGFCH =6. 0BI�2KJ(LNMO> ;P7�QSR ?UT 7 DBVK>@? =	}3!�����D�E�%*+$1�D���#���M�O$%���%�1��
]�D
d,u7�-��B*+,.-�-����X[0�%�����IK ,;�OV8[h,0
��X�%���B:@,.-D?��+�#/03!i 	#W �E,0$%�IY2��:2�+
]�D
d�%���B�%����$��*5/2-�?�C)
h/03H,T7�-��F*',.-�-��+�h[0,.¬6�0
�[T�%���+
h/2
��E����/2?�-��Z�~(����
X<Y(ZG[B\ ;C] JS^ _ X<Y(Z6XB`�a >�D
Z/6$%���+$G�1/Y2�'� iUK�w���#3Q/0-�-�/@�w��
�YB�����+
J*5/6CB��?��1�����%���F*'/2
87c���+
�*'�E����
��+$%:@,.-¤$%�'-D,.�%�+�Z�1/ �ln��2¢b+
-(.(/ �1032 ��46587:9<;�7:= 2C?K>�ASA = 2 Q35 FCH [ ;c= 2cD<d 5 D<d6A Q�eBQG=6. 0CI 9
2�D 5 DKfSL ;hg D<d(V g ?1> [Ni<jCj�k J�LNMO> ;P7 D X:l J@? R%m X LNM X >on R T 7 D 7p9
q(r > \ _ �O> ; _bsStBuvT 7w;87 A�V [ 7 i _#sSx e D<V�DKfSL ;yg ?K> j =	}3y[Cz!/2
�3Q	�
2�+K ,;�OV8[T���������F
�,2CT�E/03P�����M7�-��F*5/2
6��,.�D
���Y)�%�����O��*'$%�D���'f��~(��9�
X<Y(ZG[ m{;(5C|C|S| [B\ q(r > \ ��> ; _ X<YSZ6XB`�a >�O����$1����
��%�1��,0�/034i]i]i /6
�������/2?�-�� ��?��!�����#:;,0-�?��N/.3 iUK��w�����G�w��-�-cY0��:0�#"�/2�%� ��������,0CB��-��#:;,2$1�D,0
�*5�N,2��G�'-�-¤,0���%���F$1��>6?���$%�+�h*5/6
879����
�*5�M�D
2�%�+$%:@,.-�K



� ��� ������� �
	�� ��

t³o5v���K��N-���C),2
gf0[2�L�%�%,.�%�'-��+���P,2����$%/2,2*s�#3Q/2$P��CB��$%/@:8��
�Y���z��l�9�+$13Q/2$�CB,0
�*'�<?��%��
�Y�����bg�1��$1:�[�f.��?�"�C)���1�%�+�gK
t  ;v���K2�O-��%CB,2
u,0
�� �MK��0�DC���+
����0f����6�DCI?�-D,.�%��/6
,0
�,0-�(��%���</.3¤� ���A�w���%�Z�%��/6$1�<-���:0��� ��z��L*5/6
�
���*5�1��/2
��%[�f��?�"�C)���1�1���gK
t «@v���Kc�N-���C),2
d,2
��X�MK!�0��C"���
��#�2f$�1	�CB��$%/@:6�D
�Yu��z��A/@:0��$�CT?�-��%����/2�X
��'�~�G/2$�V6��?��%��
�YJ���+-�,;(2�+�]��z�%F[�f��?�"�C)���1�1���gK
t ¬.vF�IK'&w,.-�-D,0$������2f2[Sz!/2$%�(&�,2�1���B�P$%�'���O\ z�&w�#e*)]?�-��1�D*',0�%�<�N/2?��%��
�YT�N$�*s�����%�+*'�%?�$%�+[�f2	�
6�1��$%
��'�=�O¡yz` 0 0��o\+�=������$1�DC)�+
6�%,0-Re�f,�6�+���1�+CT"���$Eo+¦2¦.-�K
t �;v/�cK0&�-D,0V0�0f1�)K2&�-D,0*sVcf�)UK zG,0$%-��%/2
gf��NK0�M,;:8�����'f(3HK04l,2
�Y�,0
��"4�K24l�'�D���'f5�%��
a,2$%*s�����1��*5��?�$1�h3Q/6$����b��+$%�+
6�1�D,.�%�+�h�1��$1:8�D*5�+��[�f8�O¡yz� .¬�-0��f.����*.K¤o�¦0¦76�K
t §@vF�MK8&�/2
�,.-D�d,2
��9��Kg�O/6"���$1���'fH[:�y��$�3Q/6$%CB,0
�*5�TC)/����+-��D
�YJ/.3��'-D,0�%�1�D*)�%$�,@79*)�D
d/@:2�+$%-�/6,0��[�fg��z;)<�8��Y0�C)�'��$1�D*'�+f����gK9«.¬6 @�}«0¬2«�f6 .�2��o2K
t -�v�&MK8&w$%,2���+
d�'�F,0-^K�f��%�O�+*'/2CBC)�+
���,.�1��/2
��M/2
9=#?��+?��>)X,0
�,0Y0�+C)��
2�E,2
�� z!/6
�Y0���1�%��/6
d�N:0/2����,2
�*5�B�D
�����E	�
6�1�+$�
��+�%[�f�����$%��-yo�¦0¦76�K��O:@,.��-�,2"�-��F,0�G�O¡�zA .«2�0¦),.�G3Q�%� +@?'?�3Q�%�¤K �D�1��K �+��?,?@��
��}
�/2�1���A?.$�3R*� .«0�2¦�K �����'K
t 6@v��)KB�)K z!-D,0$�V�,2
��C4�K)¡9,0
�Y�KB�<����-��D*5���L�N-�-�/�*',.�%��/6
 /.3D&��+�%���E� /2$%���=,0*sV0�'�F�#�'-���:2�+$%(
�6��$1:8�D*5�2K

GIH2H2HKJML/NKO�P�µ%®.·�BQ@·DRF²�SUT1Q.µAV�¶ ·�W.f�§�\R¬�e%f�«0§6 ;�~«.-.«�f8�N?�Y6?��1�Mo�¦0¦76�K
t ¦@vX)UKY�cKCz!/6$%�%/2
gf��cK7�=,2��,0����C)�'�%$%��/2?gf:�yK7�=,0��,2��/2�9/0-�/2?��+f@�IK'�TK'�=,0$�VF,0
��)�IK�=#,;(8(�?�Chf����N
)	�
6�1�+$�
��+�

)],2
��'�$�G
�*',2���%?�-�,0�1��/2
>�G$1/2�1/�*5/2-�\R	Z)D���Oe��8�9�+*5��79*+,.�1��/2
�[�f�	�
6�1��$%
��'�w��$�,@3Q�'f9��$%,.3Q���}���+��3 �~CB,0
��+���}��C)�+���������*'��o0K �����'f���?�Y2?��%�Eo+¦2¦76�K
t³o+�@vX)UK zG$1/@:2�'-�-�,|,0
��_�IK1&��+�%�%$�,;:0/6�'f![.�6�+-³3 �~�1�DC)��-D,0$%���~(L�D
[4l/2$%-D�[4©�D���\4l�+"`��$%,:] *K+\�!:6�D����
�*5�],2
���9/2���1�D"�-��E*',0?��1��[�f^L/N_Oa`c¶bW.¯²�SRµs¶R¸5sf4o+¦2¦0§�K
t³o0o5v/�cK_�#�'�+$%�D
�Y�f0�)KK�G�1��$1�D
gf*�)KH¡c,0$%��
�,0*'*'�^f��TK0�2,0*'/2"��%/2
¤fyzG���D
�Y0���#?�
�Y]�4�D?gf=,0
��U�<K_4d�+�^Ky��
L,0$�*s������%�+*5��?�$%�N3Q/6$!�w�D�%�5�~,0$%�+,FCT?�-��%��*+,0�%�G$%/2?��1�D
�Y�K��P�+*s��
��D*',0-9�N�+�9/2$%��c���z<�Z� z<�}¦0¬.���.§2��fSz!/6C)��?��1��$(��*5���+
�*'�

�#�+��,2$1��C)�+
6�'fYc#
���:2�+$��1���~( /032�6/6?��%���+$�
 zG,0-���3Q/2$�
��D,�f8�4/6�w�N
�Y2�'-��+�+f@zG��¦0�0�'60¦�K�f�o+¦2¦.¬9K
t³o� ;v$z�K_����/0�+f24�K0�M,0"�"9/2?��+f=,0
��[��KyzG$%/@�G*+$1/03Q�'K_)]?�-��1�D��/2��
6�B*5/2CBCT?�
��D*',.�%��/6
,+ ,X��?�$1:2�'(l/.3N��$%/0�%/�*5/0-D�+f3R?�
�*5�1��/2
��N,0
��WCT��*s��,0
�����CB�'K�	d���1�e�0/2?�$�
�,0-g/2
f�6�+-���*5�1���]�N$%�+,2�w�D
 z!/2CBCI?�
���*+,.�1��/2
��'f¤o;��\�«�e%fc�N��$o�¦0¦.-�K
t³o+«@v��G���6	sfhgH·�¶ ´@²5µ¹'®0± OfQ'i5¶Q±³²eP9²+±³²¹¸IQ.¯T¯5j�·�¶R¸¹®7SR¶UQ.·k`ml;nS�²'¯po�gKO[P8`.qsrB`�²+±³²¹¸�SR¶UQ.·a°cµtQ�¸�²Au:j�µ%²s5vnQ@µwSUx8²¸nx�Q.¶R¸�²yQzvFµ%®'u@¶UQ{S^µ%®@·�s¯T¶D¹s¶UQ@·FS�²¹¸nx2·|Q.±bQIW.¶R²55QzvBSUx8²fg�O[P!`9f,c�)]���J«2��K �0«)�y�+$��%��/6
h«�K  �K ��f¤o+¦2¦76.�}�0¬�K�N:;,0��-D,0"�-��B\^��?�"�-���*E��/6CB,.�D
�e<,.��6�1���,+}?7?;�w�w�EK �'���1��K /2$%Y�?;Y2�'��,0�%�%,0
���,0$��,?@��/2C)�0K �6�%C
t³o'¬.v�%K�¡c,.-�-4,0
��~%K��=,0$�,0����,0
gf�P!x�²I·��OX®.·^j�®.± f�,;:@,.��-�,2"�-��E,0� ](;S; J�T#VSV YSYSY _ MCD(M�_ RCQ7� V:>oDO> X:l VK>@DBV K

o'¬9o



o'¬8  �v��� ) � ��� 
 �������

t³o��;vF�w*'- z!�|�G�+"h��,.Y2�0K��6�1���,+@?'?;/2�%*5-��}�%*5-D*5-�K �1/6?�$%*'�53Q/6$1Y2�0K 
��'��?;�%*'-�*'- ?
t³o+§@v�4�K¡c,0
�Y9f��IK~�6��������Y2��,0
�� &MK��#,0
���(0fX� ���DCT� �6-��D����
�Y 4©�D
���/@�º�w��$1�+��z!/2-�/6?�$ )],0$�V.��$\����.4£��z;)|e%f��O¡�zA :66�.¦�f��6�1���,+}?7?@$13R*.K ��?�
��%���%�0K ��VM?@$13R*s?@$13R*+ 762�0¦�K �2��C)-^f��0?�
��I .�0�2��K
t³o -�vE¡�-�/@(8�¤f ��K�f ,2
�� �IK �2,0*5/6"��%/2
gf �1�N,2
���/6C �!,2$1-�( �#�'�%�+*'�1��/2
 Y6,.�1�+�G,;(�� 3Q/6$

z!/6
�Y0���1�%��/6
 �N:0/2����,2
�*5��[ �IK�o �TK ¬9f ��?�Y2?��%� o�¦0¦2«�f �gK «0¦�-��}¬�o�«�K �O:@,0��-D,0"�-�� ,0��6�1���,+}?7?;�w�w�EK �D*5�D$'K /2$%Y�?;&�/@(��,?@��,2����$%��?@$%�+�m?;$1���gK �2��C)-
t³o�6@v/�cKG¡�-�/@(��gfw�IKw�#?�CBCB,0���M,2
��e�cK��8����
�V.��$'fy���N��,2���1��:0�X�O�+�,+�,2
©,.-�Y0/6$1���%��C�3Q/2$u��
�*'$%�+,0�%�D
�Y��%���$%/2"�?��1��
��+���G/.3�� �1� W �w,2*5�%��:2�M>8?���?��FCB,0
�,0Y0��CT��
6�%[�f���?�"�C)���1�1���gKt³o+¦@v/3HK#¡9?¤f5�yKX3c��$�3Q/6�'f
	IKE�P?�/�f ��K#�H?gfB�<KX3���,2
�Y�f )UKI���+$%-�,�ff���w���L�DCB��,0*'�d/03ZCI?�-��1�D��/6� �w�D$1�'�-��+���I*s��,2
�
��+-!/6
���z�� �%��$1/6?�Y2����?��T,2
��U-�/2���%[�f���µtQ+¸��QZv/GIH2H2H GtR���� N��;OJfy .�2�0«�K4�O:@,.��-D,0"�-��Z,0��w�w�EK *'�+K ?�*5-D,�K �+��?,?@�w��
�Y�?@��?�"�-���*+,.�1��/2
m?@��?�"�-��D*',0�1��/2
gK �6�%C)-
t  .�@vB��K�	��'�D
�,0
��+
gfy¡�K*&w,0V.��$'f*4�K*4l�'�D�%�+f1��K_4|$1/�*5-D,;�O��V2��f �%���%��?�$%�+�|3Q/6$1��,0$����D
�YD��	�& Y6$1/6?���[�fH�N¡�z 2�.¦.-�f��2?�
��o�¦0¦2¦�K
t  �o5vB��K�	N�+��
�,0
���
 ,2
�� �FK��#?��+$%��
gf{[2� �1�D
�Y2-�� $�,.�%� ����$%�'� *'/0-�/2${CB,0$�V.��$%[�f �O¡�z  0§0¦.-�f�6�1���,+}?7?@$13R*.K ��?�
��%���%�0K ��VM?@$13R*s?@$13R*+ 0§0¦�-8K �2��C)-|�6�����'K¤o�¦0¦2¦�K
t  0 ;vB��K�	��'�D
�,0
���
 ,0
�� �IK �#?���$1�D
gf [0� �~�G/ $%,0�1� ����$%�'� *'/0-�/2$ CB,0$�V.��$%[�f �O¡�z  0§0¦76�f�6�1���,+}?7?@$13R*.K ��?�
��%���%�0K ��VM?@$13R*s?@$13R*+ 0§0¦'6�K �2��C)-|�6�����'K¤o�¦0¦2¦�K
t  .«@v��)K:�yK�	��'(�CB,0
gf6�MK.�IK.�H,0V8����CB,0
),0
��B�FK2�<K����'�D����,2$%���+f����_
��'�`CT�+�%��/��)3Q/6$y,0
�,0-�(��%��
�Y#3Q�+�+��"�,2*sV2�"�,2�1���X��$%/0�%/�*5/0-D���w�����d,2����-���*+,.�1��/2
����%/J�+
�Y2��
��+�+$%��
�Yu�G�+"d�%$�, ] *I/@:2�+$��%���B	�
6�1��$%
��'�%[�f��GµtQ�¸�2L/N_O

`c¶bW.¯²#S^µs¶R¸5¹f|�6�+,0�1�1-��0f4o+¦0¦�-8K
t  @¬.v$zG��$%�D�1�%��,2
�	#?����%�+CB,�K��O/2?��%��
�Y)�D
h�%���E	�
6�%�+$�
��'�+fM�!$%�+
6�1�D*5��	�,0-�-�f�����$1��-yo+¦2¦2��K� 0
�� �!�����1��/2
 +Go�¦0¦2¦�K
t  0�;vE�TK0�2,0*'/2"��%/2
¤K z!/2
�Y0�+�%�1��/2
L,;:0/0�D��,2
�*5� ,2
��L*'/2
6�%$%/0-�KX	�
 L/NKO `�G���N��;O{O����.f!��,.Y0���T .-@« �� :6'6�fo�¦7676�K
t  .§@v��)KX&MK/�0/2��
��%/2
¤f5�)KT�IKB)],0-��t�0f"!)K � z�K�	�?gf{��KT�TK5�.�+�%*s���+:;,�f9�%�w��� �#(�
�,0C)�D* �6/2?�$�*5�`�O/6?�����D
�Y �!$%/0�%/�*5/0-|3Q/6$ )W/6"���-�� �N�#	�/�*$�N�+�~�!/6$%V8� \U�X�6�Ee}[�fd	d�!��¡ )X�%���G��4d/6$%V6�D
�Y �#$1/6?��	&�#�$�<�%���!�G�E���N�N¡y�Mf4,;:@,.��-�,2"�-��B,.�F�6�%�%�,+}?7?@�w�w�EK ���'�13�K /6$1YY?;�D
2�%�+$�
��'�1�}��$%,.3Q�%��?@��$�,@3Q�1�����'�13 �}CB,0
��'���~����$����-8K �����O �oM¡���"�$%?�,0$%(0f� .�2�2 �K
t  '-�vE�!KY%E-��+��
�$%/�*sVcK�'$j�²#j�²5¶ ·�WB�l;nS�²'¯T¹K2�0/2��
 4©��-��+(0f(���'�)!=/2$�V9fgo�¦.-.§�K
t  :6@v�4�K*�N/6?�$1�������D
���,2
�� ¡�K8�4/6"�,.Y2�^f_�1	�CB��$%/@:8��
�YE�%�����y�+$13Q/2$�CB,0
�*'�w/.3¤	�
6�1��$%,2*5�1��:0����z��a�N����-��D*',0�1��/2
��?��%�D
�Yh�6�+$%:8��*'���#��bc��$1��
2�%��,0�1��/2
�[�f+�GµtQ�¸¹²�²Au.¶ ·.W.XQzv�GtH1H2H G5·�vnQ�¸IQ.¯Tf,�N�'���-!=/2$�VcfYc �8�If,�2?�
��I .�2�2 �K
t  .¦@vE�TK,�)K,�=,2$%VZ,0
��f)UK8��K,z!/6$%�%/2
gf1�%�P�+CB��/6$%,0-�-�(6� x $�����$1���u�O/6?��1�D
�Yh�O-�Y0/2$%���%��C \^� x �N�Fe!:2�+$��1��/2
lo<+3R?�
�*5�1��/2
�,.-¤������*5��79*',0�1��/2
���[�f�	�
6�1��$%
��'�w��$�,@3Q�'f9��$%,.3Q���}���+��3 �~CB,0
��+���}�1/2$�,@�~������*s�~��o0K �����+f6��?�Y2?��%�Eo+¦2¦76�K
t «0�@vE�TKY�TKM�=,2$%VB,2
��~)�K,�cKNz!/2$��%/2
gf_�%�S�9�+$13Q/2$�C),2
�*5�M*5/6
���,2$1�D�1/6
 /03P�%���#�%�+CB�9/2$�,.-�-�(6�}/2$����+$%�+� $%/2?��1�D
�Y,0-�Y2/2$%������C ,0
��J������,.-P-��D
�V2�}�%�%,0�1�F$%/2?��%��
�Y2[�f.�GµtQ�¸�²¹²Au@¶ ·�W@ QZv�GIH2H2H `,l@¯�°YQ@¹¶ j�¯ Q.·[N2Q@¯�°,jMS}²'µ¹T®@·mu

N2Q@¯)¯5j�·�¶R¸¹®:S^¶UQ@·9f,�0?�
��o+¦2¦76�K
t «�o5v$z�K'�NK:�y��$%V6�D
��=,0
��h�cK0�FK'�#,2�'f_�%�����/�* x 
8�E����C),2
�� �#���%�%,2
�*5�O�y��*5�%/2$O\�� x �O�FeP�O/2?��%��
�Y2[�f2	d�!��¡

)]�/���G� 4l/2$�V2�D
�YL�#$%/2?��L	&���$�<�/���!�G�E�#�N�O¡y�Mf<,;:@,.��-D,0"�-��Z/6
a�6�%�%�,+}?7?@�w�w�EK ���'�13�K /6$1YY?;�D
2�%�+$�
��'�1���$�,@3Q���A?.��$�,@3Q���}���'��3 �~CB,0
��+���~,./���:6�¹o0o0K �����+f�o+¦y�2?�
��2f9 .�2�2 �K



�v��� ) � ��� 
 ������� o'¬6«
t «2 ;v$z�KY��K.�y��$%V6�D
��G,0
��~�yK�&���,.Y0��,.�+f*� 	N��Y2��-�( ��(�
�,2C)��*#���+�%�1�D
�,0�1��/2
8�~�1��>8?��+
�*'�+�Z�����%�%,2
�*5�'��:2�+*'�1/2$G$%/2?��1��D
�YJ\U�X�.�O�Ie=3Q/2$wC)/2"���-��F*5/6C)��?��1��$%��[�f,�GµtQ�¸¹²¹²Iu.¶ ·.W./QZv�`YG � N���O{OWf9���gK9 .«0¬.�� @¬2¬�f�o�¦0¦0¬�Kt «0«@v��yK,�<���+��,�fm��K,�!�%��$%����Y0�0fm)UKm&�,0��
��+�N,2
��W¡�K!�8��,.-�-��G,2
��^f��%��
��'�~�G/2$�Vu�%��CT?�-D,.�1/6$O����bc��$1��
6�1�D,.�1���]�%�+$1�:8�D*5�+���DCB��-��+C)�+
6�%,0�1��/2
�[�f x ����
h	d�yf �N/2$%�1�+- �N�+�~�!/6$%V8�+fY�2?�-�(h 0§�f� .�2�0��Kt «.¬.v/�cK')UK.�O/6�%�+fY`9¶ ¯5j�±³®7SR¶UQ.·�f8«0$��B�G�����%��/6
gf2��*',2���+C)�D*$�!$%�+���'f'�8,2
8�E�����'Y2/�f.�P/2
���/6
gf:&�/2�%�1/6
gf ���'� !=/2$�Vcf

�6(���
��'(0f��P/2V6(2/�f��P/2$%/2
6�1/9f8 0�0�2 �Kt «2�;v/�cK7�8,2�8?gf �yK ��,.�D
gfBz�K �#��/2�'f.�TK�¡��D$1/2��?T,0
��B�TK;¡�K@�4/@�O�%-��'(�[�f@[ x 
I,0*s�����':@,0"�-����1��$1:8�D*5�<���³b��+$%�+
6�1�D,.�%��/6
�w���%�Z�1/6V.�+
h"�?�*sV0�'��CB,0$�V2�D
�YT3Q/2$w��z��G[�f��!$%/�*.K���z;) �8	%��)D�!���O	�z(� W �2��f,�8,2
2��, z!-D,0$�,�f zG�If^�0?�
�� 0�0�0��Kt «0§@v�&MK �8��V8��,2$'f/�cK�%F,.-�(2,2
�,0$�,0CB,0
A,0
�� %K �cK��=,2�1�%/0-D,�fD���N
S	�
6�1�+Y2$�,.�1��� )W/����'-I3Q/2$W�����L�H,.�1��
�*5(,2
�� �8�1�+,2��(6�Z�8�%,.�%�h�w��$1/6?�Y2����?��B/.3#��z�� z!/2
�
��+*'�1��/2
���[�f �w²5µ vnQ.µs¯B®.·c¸¹²{HG´;®0±@j�®:S^¶UQ@·9f�:cK ¬2§�f<
�/9K  @�«�f����gK�o+«0¦.��o;�@¬9fY�6�����1��CI"9�+$O 0�0��o2Kt «.-�v��yK,�6�D
���,�f�� Q:jMSR¶ ·�Wu®.·mu~SRµ%®.·�}°MQ@µnS<±�® l0²'µw°9µtQ7S Q�¸AQ.± 1vnQ.µXTy¶ µ%²+±³²5�E·�²#S+T1Q@µAV�sfM�!�gK �)K��w���+�%�D�'fMc#
���:cK�/.3	~-�-��D
�/2���w,0�;c#$%"�,0
�,.�#zG��,2CB��,.��Y2
gf z!/6C)��?��1��$��8*5���+
�*'�0f9 0�0��o0Kt «76@v��)Ky�w��,.-��+$+f2�)K0�!�%�%$%��
gf1�TK2)W�+(0��$u\+�!�����1/6$%�'e%f<[7&�/2$����+$B�#,.�1�+�G,;(9)]?�-��%��*+,0�%�/�G$1/2�1/�*5/2-�\+&O��)\�Oe�+
�G$1/2�1/�*5/2-��8�9�+*'�³79*+,.�%��/6
�[�f@	�
6�1��$%
��'�*�#$�,@3Q��� ��$%,.3Q���}���+��3 �~"�Y2CB�8�~������*s�~�2 ��0f;�G/2$�V��D
)��$1/2Y2$%�+���'f��N/@:2�+CT"���$ 0�0�0��Kt «0¦@vF�IK|��K��N���1�+$�"���fg�FK8)UKc�N���1�+$�"��y,0
��D�NK!3c�+��,;:6��K��y��$�3Q/6$%CB,2
�*5�E/03!��/@�G�+$1�~*5/2
6��$1/2-�-��+�Z�w�����+"�,2
��]�%�+$1�$%�+�%�%$%��,0-g����Y2����,.-4*'/2CBCI?�
���*+,.�%��/6
gK1GtH2H1H P�µ%®@·�5®2¸#S^¶UQ@·�/Q@·[N0Q.¯T¯5j�·�¶R¸¹®7SR¶UQ.·�sf�¬9o0\R¬�e�+ �0�0¦ �8§2¦�f6�N��$%��-o�¦0¦0«�K

t ¬2�@v��)K,4|,.���z��CB,0
gf z�K,�=,2$1��$1�D��Y2�0f�,2
��f�cK �NKm���+�+$%��
�Y9K^�#���%�%,2
�*5�I�y�+*5�%/2$�)]?�-��1�D*',2�1�O�N/2?��%��
�Y~�!$%/0�%/8*'/0-�f�O¡yzSo��.-.�I�+�����%��/6
gf¤o+¦'676�K



��� � ���

,0���}��/�*M
��+�~�!/6$%V8�+fco2o0o�N���}��/�*E��$%/0�%/�*5/0-D�� x �O�Tf¤o0o; 
�X�.�O�Tf4o0o; 
�X�6�Ff¤o2o+«� x �N�If¤o0o�«�OY2�+
6��P/2���t)W/6
����1/2$+f^-8o� x �O�Tf¤o0o2o0f�o0o; ,;�OVcf�«0«*'/2CB��?��%��
�Y ,;:2�+$�,.Y2�+�+f2«0«�%�%,2
���,0$��h���':8�D,.�1��/2
¤f�«0«

&��8�Mfm-�o
z�&��Ff9 0�*5��
6�%$�,.-�� �+�+�gf,-�oCT?�-��%��*+,0�%�'f�§�-*5/6
879����
�*5�M�D
6�1�+$%:@,.-D�'fgo�«0¦
zG$%�t)]*+,0�%�'f�§.-�f,-8o
z(��)]� ?<z��)f¤o+�'6
���'3R,0?�-��%�O��,0$�,0C)�'�%�+$��'f^-
�#�+
��%�X)W/����0f�§�-8f,-�o����bc��$1��
6�1�D,.�1���J�1��$1:8�D*5�+�+f�¦0«����b��%�+$%:�f�¦0«
� )���$1/2�1/�*5/2-^f�§'6��/6
��M��
��%�%��$1/�*.fc�'-
�X�.�O�IfPo0o2o0f�o0o; 
�X�6�Ff¤o2o0o0fgo2o+«
�O��)W� �yf�§�-8f,-8o
�+$�$%/2$�C)/8���'-�f�¬6 
�<�����+$�
��+�'fgo+�'6
�=���9/2
���
6�1�D,.- x 
8� x bHf� �o
3R,.��-D?�$1�/03H-���
�V6�+f�§0§/03�
�/������'f�§2§&�/@��CT/6
����1/2$+fM6.-¡y�$�yfgo+¦
Y2
8?���-�/2�'f�«.-

Y2$%�+�gf�«0¬��
h��*5-�f�«76
	d�1�1� 60�6 �K�o� �f9o��.-	d�1�1� 60�6 �K�o'¬9f9o��.-	d�1�1� 60�6 �K «�f�o+��-	d�1�1� 60�6 �K ¦�f�o+��-	d�1�1�;60�6 �K�o0o0f9o� 0«��z�%fgo� 0«

zG���cf¤o; .«
�N�y�H�Ff¤o; .«�y���cf¤o� 0«

�4/�*',0-¤,0$%�+,)
��'�~�G/2$�V8�'f�o+��--�/8/2�¤f�¬�-�4/2���I)W/2
����1/6$'f^-�o
)]��z 	d�1����60�6 �K�o0o2f�o� 0«��$%/0�1/�*'/0-D�'f�o+��-CT/6
����1/2$&�/@�EfM6.-
8?�CI"9�+$�/03��%�+���1��/2
��'f���o>8?��+?��2f�¬2«>8?��+?��E�%� �+�0f9��o>8?��+?��2f ����)Ufc 0§>8?��+?��2f�� �1�)fm-'-�w��
���/@�Ef� 0 CT/6
����1/2$1�~>6?��+?��2f���o
)W� �1�)f�¦0¬CI?�-��1�D*',2�1�

&��8�Mf,-8o*5��
2��$%,0-�� �'���gf�§.-�f^-8o
zG$1�I)]*',2�1�+f�§.-�f,-8o
����
��%�X)W/����0f�§�-8f,-8o
��)���$%/0�%/�*5/0-�f�§76
�O��)]� �yf�§.-�f,-8o
�<	Z)J�E� )Uf�§.-�f,-8o
�<	Z)J�z��)Uf�§�-
�!$�?�
�������C)�'/6?��'f,-�o�O�+
����#�+:0/2?����y/2��
6�+f�§.-$1/6?��1�D
�Y9f�§0§

o'¬2¬



�#����	h� o'¬8�
�8��,0$��1��)W/����2f�§.-

����) >8?���?��FC)/2
����1/6$1�D
�Y�f� 0§
���,0�%,2"2(8�%�+�+f��:6
���,0�%,2��,0*sVcf��'-
��+�~�!/6$%V��(6,0C)�D*'�+f�§0§
�$%�5��C)����"6(6�%�+�+f��:6
�$%�5��C)������,0*sV0�'���'f��:6
8?�CI"9�+$�/03��%�+���%��/6
��C)/2
����%/2$+f���o
/2�9�+
¤f�¦�fgo;�
�=,0$%�'�%/ x 
�� x b�f� �o�9�+$%-^f�«6�����$1/6?�Y2����?����5��,0CB��-��0f9«2�
��	�&£�%,2"�-��0f�¦6�
�<	Z)W� � )Uf�§�-8f^-8o
�<	Z)W�Z��)�f�§.-��$%��
6�+f�¦��$�?�
��2f�§76
�!$�?�
�������C)�+/2?��+f,-8o
>8?��+?��

� )Uo0f4o+«0«
)D�)o0f4o+«0«
)\)�o0fgo+«�o>8?��+?��FCT/6
����1/2$+f8¬2«>8?��+?��5�~�1� �'�C)/2
����%/2$+f���o

$�,0
���/6Chf�¬�-$�,0
���/6Cz:@,0$%��,2"�-��Y2�+
���$%,0�1/2$+f� .¦�%�'���gf� .¦$�,0
���/6Cz:@,0$%��,2"�-��+�+f� 0¦�fgo�«�o0f�o�«.-���D�%�%$%��"�?��1��/2
gf¤o�«.-
�<���9/2
��+
6�1�D,.-�fgo+«�-Y6,0CBCB,�fgo+«'6-�/0Y6
�/2$�CB,.-�fco�«76C)/2C)��
2���'fgo�«.-
�/6$%CB,0-^fgo�«76
�=,2$1�+�1/�f�o�«.-� ���Tfm-0��O��
����#�+:0/6?��$�y/0�D
6�'f�§.-�O	 x f�¦0¬

�8��,2$%�%��)W/����0f�§�-
�%*'-g7�-��+�

"��%�'K �%*5-�fm-�o����b��+K ��*5-�f¤o+�6���$����%,0��-�K ��*5-�f^62 �5�go0K �%*'-^f� 2 �5�� �K �%*'-^f�§2«�5��«�K �%*'-^f�¬Y-���DC)��CZK �%*'-^fc§76$%��$1/6�gK ��*5-�f�¬2«$1���gK �%*5-�fM6.-$1:�o2K ��*5-�f�«0��%��/2$%�1�O���gK ��*5-�fM6.-�%��/2$%�%�w*'�¤K ��*5-�f���o�%��/2$%�%�w*'�9 �K �%*5-�f��:6�%*+�2�(�)K �%*5-�f¤o; @¬�O$1-D�1�}������:�K �%*5-�fgo0o -�%*5-P�%*+$1�D���%�CBCZo2K ��*5-�f¤o+«�oCBCZo�VcK ��*5-�f¤o+«2«��z��yfgo+¦,0*sV8
�/@�w-��+��Y2�+C)�+
6���'f8«0¦*5/6
�Y0���1�%��/6
 �w�D
���/@�Ef�¬�o���+��*'$%�D���1��/2
gf�«2¦��/2
��0f��'--�/6�%�%�+�+f8¬2�/2"�����*5�%��:2�+�+f8«2¦�1(�
�*M��,2*sV.�+�%�+f6¬9o�%��$%�+����/2-���������f�¬9o�%��$%/2?�Y2����?��'f�¬2§�1�DC)�+$+f�¬2��w��
���/@�Ef�«0¦�%��$%/2?�Y6����?����z��yf�¬2§� x �N�Ffgo2o+«� x �N��?@	Z)D�1��fco2o0o�%$�,0*5� Y2$%�+�gf�«'6�%$�,0*'�M��$1��:0��
u��$%,:]*0f� �o�%$�,0*'�5�~,.-�-^f�o���%$�,0*'�5�~>6?��+?��2f� 0¦�w��
���/@�A�%� �+�0f�¬Y-�%$�, ] *
�=���9/2
���
2�%��,0- x 
8� x bHf� �o
�=,0$%�'�%/ x 
8� x bHfc �o�%$�,0*'�M��$1��:0��
gf� �o

c����yf9 .�?�
���� ��
h��*5-�f�«76
�w��
���/@�



o'¬6§ �#����	��

C)/2
����%/2$+f� 0 
��Y2$�,0���¤f8«'6


