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Seminar Controlled
Uncontrolled

Type Description Accessibility

Controlled

1 -> N
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Long term setup, lecture w/

managed discussion

Special event version of

Course Lecture

Planned

Planned

Scheduling

EventModel of

Interaction Flow

Data

Panel/Debate

Conference
Controlled Controlled

M -> NModerated Q&A from

a subset of participants (M << N) Planned

M -> N
(M << N) Planned

Small subset of senders

many receivers
Static UncontrolledPublic Hearing

Dynamic N -> N
actively send/receive data

All participants
Meeting

UncontrolledDynamic N -> N
actively send/receive data

All participants
UnplannedMeeting

Casual

Business
Controlled Planned

X G�~�2N3 ` � � zo68c�TQCNMO68G�2�1�eJG�?dGOckTQ3�?QCF7WTQC�c�7:M�x"�_6DTQ3�?U=83�?d7WMR68G(2�1�MR5&5{zo6oC�c�G�TUCuMO6 b MDID3�2F7 �

X G�~o243 ` 7Bzo5&50G�?QC4;�3(7¡�HeJG�T��"3!eJGs��3|=o?U3(7B3�6>TU3(I&CN6�TQeoC�7�7W3(ckTUCNMR6 � �_T#7Be�M��#7#eoM(��G�6Dzo5{~83�?
M�x"TW<D=oCFc�G(2�5&MDID3�2F7HM�x�C46>TU3�?Q=83�?@7BMO68G�2 ckMR5w5�zo6�CFc�G(TQCNMO6�tJT�CN6DTQM{TQeo3�ck2FGO7Q7WCutvc�G(TQC4MR6 =�?QMR=8M�7B3(I
G�~8M(��3 � �_T#7BeoMOzo2FI�~r3|6oMOTQ3(I�TQe8G(T�TUeo3|TdG(~o2N3|3�6DTQ?UCN3(7"G�?Q3�5&3(G(6>T�TQMwI>3(7Uck?QC4~83!TUeo3�I>MR5wCN68G(6>T
c�GO7B3(7��8G�68I�7BeoMOzo2FI�6oMRTH~83/c�MR687WCFI>3�?U3(I&GO7�I>C�7Qck?UCN5&C468G�TUCN��3HC46�TUeo3|5�G�TUeo3�5�G(TQC�c�G�287W3�687W3 �

� ��3�6-TUeoMRz�PRe�MRTUeo3�?|CN5&=8MO?QTdG(6>T|3�}�G�5w=o2N3(7He8G���3{=o?QMO~8G�~o24<-~83�3�6-243kx�T|MRzoT��¡�:3{~83�2NC43���3
TQeJG�T�TQeo3#MR6�3(7�CN68ck24z8I>3(I	C46�TUeo3HTdG(~o2N3yG�?U3�PO3�6o3�?@G�283�6oMOzoPRe{TQM�?Q3�=�?Q3(7W3�6>T TQeo3#cde8G�?@GRckTU3�?QC�7BTUCFc�7
M�xJ5&M�7WT¡M(x8TQeo3 c�GR7W3(7 � �_6	TQe�3:6o3�}DT 7B3(ckTUCNMO6!�"3:�HC42N2D7Be�M����He8G(T�ADCN68I�M�xv6o3�TB�"MR?UA|7Bzo=�=rMO?QT��"3
6o3�3sI/7BM	TUe8G�T"7Wz8c�e{5&MDI>3�2F7�c�G(6�~83#3k�v3(ckTUCN��3�24<|7Bzo=�=rMO?QTU3(I�~D</ckMO5&=ozoTU3�? Z ~8GR7W3(I	5{zo2NTUCN5{3(I>CFG
TQM�MO2F7 �

� 
 � 	�� � ��� �A�Q� � � � 
��������

C 3��HC42N2�6oM(� 7W�HCNTdcde�MRzo?�G�TUTQ3�6DTQC4MR6�x�?QMO5ÍTUeo3�=�e><�7BC�c�G�2��"MR?U2FI�M�x#CN6DTQ3�?Q=83�?d7WMR68G(2"ckMR5&5{z Z
6oC�c�G�TUCNMR6 �rTUM�TUeo3	�DCN?UTQz8G(2¡�"MR?Q2�I�M(x�3�2N3sckTQ?UMR6oC�c�G�242N<w7Bzo=o=8MO?QTQ3sI���5{zo2NTUCN5{3�I>C�G!C46>TU3�?dGOckTQC4MR6 � p
6Dzo5�~83�?iM�x b � b G�=�=o2NC�c�G�TUCNMR6J7 eJGs��3#~83�3�6{=o?QMO=8M�7B3sI�TQM�CN5&=o243�5{3�6>TiG(68I&7Wzo=o=8MR?UT:TQe�3�ckMO5 Z
5{zo6oCFc�G�TQC4MR6�5&MDID3�2F7�2NC�7BTU3(ILC46 X G�~o243 `O� �_6�GRIoIDCNTQC4MR6.TUM TUeoM�7W3���MRTUeo3�?/G(=o=o24CFc�G(TQCNMO687!eJGs��3
~83�3�6�=o?U3(7B3�6DTQ3sI���TQe8G(T#I>M/6oMRTHeJGs��3ÚG�6 3�}oGOckTHckMO?Q?U3(7B=8MR6JI>3�6DTHCN6&TUeo3�TQ?@GRI>C4TQC4MR68G(2¥3�}oG(5&=o243(7
M�x$7BMDckC�G�2iG�6JI�=o?UM�x�3(7U7BCNMO68G�2iCN6DTQ3�?dGRc�TQCNMO6 �

p�7¥�:3�e8G���3"7B3�3�6|C46	TQe�3$=�?Q3��DCNMOz87¡7W3(ckTUCNMR6 ��C46>TU3�?Q=83�?@7BMR6JG�2DckMO5&5�z�6oCFc�G(TQC�MR6y5&MDI>3�2�7�7Be�M��
I>C���3�?Q3�68c�3(7�CN6�TQeo3"�HG�<|IoG(TdG�C�7Ä3�}�cde8G�6oPO3(I	G(5&MR6�P�C46>��MO2N��3(I�=JG�?QTUCFckC4=8G�6DTd7 � ��6�MR?@I>3�?iTQM�M(��3�?
ckMO5&=ozoTU3�? Z ~8GR7W3(I�5{zo24TQCN5{3(I>C4G|TQM�MR2�7�CN5&=o243�5{3�6>TUC�6oP	TUeo3(7B3{G(68I MRTUeo3�?�5wMDI>3�2F7��o�:3�6o3�3(I TUM
G�6JG�2N<D;�3|eoM(�ª7Bz8cde�I>Cu�v3�?U3�68ck3(7�CN6 'Jzo3�68ck3yTQeo3|ADCN68I&M�x ckMO5&5�z�6oCFc�G�TUCNMR6w7B3�?Q�DCFck3#TQeo3s7B3|TQM�MO2F7

E



?Q3 � zoC4?Q3�x�?UMR5qTUeo3�6o3�TB�"MR?UA ��X eoC�7Hc�G�6�~83�I>MR6�3	~D<&ckMO687BC�I>3�?UCN6oP��oGR7HTQe�3!=�?Q3��OG�C42NC46oP/GO7B=83(ckT��
TQe�3 7;N � /B$�NO&�58? KO/ R "@TUKM58N@?�ck?UCNTU3�?QC4MR6¥�DI>3ktJ6o3(I&CN6�TQe�3!=�?Q3��DCNMOz87H7B3(c�TQCNMO6 �

C 3y�HCN2N2v=o?Q3s7B3�6DT�MRzo?#ckMO6! W3(ckTUzo?Q3s7$~D<&ckMO687BC�I>3�?UCN6oP�G/ckMR5&=�zoTQ3�?"7Wzo=o=8MR?UTQ3(I&5{zo2NTUCN5{3(I>CFG
3�6D�>C4?QMO6o5&3�6DTH�Heo3�?U3�=8G(?QTUCFckC4=8G�6DTd7�TQM�G&5�zo24TQC Z =8G(?QTW<�ckMR5w5�zo6�CFc�G�TQC4MR6�G�?Q3{PR3�MRPR?@G�=oe�CFc�G(2N2N<
I>C�7BTQ?UCN~oz�TQ3(I 3�6DTQC4TQC43(7!� ?AN � /10 � �vCN6DTQ3�?@GRckTUCN6oP&TUeo?QMOzoPRe ckMO5&5�z�6oCFc�G(TQC4MR6�G�~87WTQ?@GRckTUCNMR6J7�� T <>"@? '
? /B$ 0 � M(��3�?#G	?U3(G�2 Z TUCN5&3#CN6DTQ3�?U6o3�TW�:MO?QA �

p �@L%?A"@7;58T�CN6DTQ3�?dGRc�TQCNMO6�CF7�?U3 � zoCN?U3(I0x�MO? b � b G�=�=o2NC�c�G�TUCNMR6J7�CN6��HeoCFcde�TQe�3{G�5&MOzo6>TyM�x
CN6Dx�MR?Q50G�TQC4MR6�TQe8G(T/c�G(6.~83�3�}ocde8G�6�PR3(I.G(5&MR6�P G(2N2�TQe�3&=8G�?UTQC�ckCN=8G(6>T@7�CF7	G(2N5&M�7BT|3 � zoCN�OG(2N3�6DT
G�6JILTUeo3{c�eJG�?dGOckTQ3�?QCF7WTQC�c�7�M�x"TUeo3&G(=o=o24CFc�G(TQCNMO687�I>M�6oMOT�G�2N24M(�ÎTQe�3{I>3�TQ3�?Q5&C468G�TUCNMR6�M�x G&=8G�? Z
TQC�ckzo2�G�?/7Wzo~87W3�T/M�x#=8G(?QTUCFckC4=8G�6DTd7	TUe8G�T/�HC42N2�~83�TUeo3&5�G(CN6 7BMOzo?dck3�M(x�TUeo3�IoG(TdG '8M(� � 9�CN68ck3
TQe�3	c�M�3�}>C�7BTU3�68ck3�M(x�5{zo24TQCN=�2N3�'8M(�#7:M�x CN6>x�MO?Q5�G(TQCNMO6�7Be�MRzo2�I0~83��oC46�TQeo3(7W3�c�GR7W3(7k�D=r3�?Q5&C4TQTQ3sI��
7Bz�=o=8MR?QT/x�MR?�7BC45�zo24TdG(6o3�MRzJ7	ckMO5&5�z�6oC4c�G�TUCNMR6J7�G�5&MO6oP�TQe�3&6oMDI>3(7/7WeoMRz�2FI.~83�=�?QM(�>C�I>3(I-~D<
TQe�3�6o3�TB�"MR?UA��RC46{7B=oC4TQ3#M�xÄG�6D</G�?U~oCNTU?dG(TQCNMO6�MO?HckMO6>TU?QMO2o5&3(cde8G�6�CF7B507�TQe8G(T$5wCNPReDTi~r3#CN5w=rM�7B3(I
~D<&TQeo3|z87W3�?d7 �

p 0(KM"%KM58T C46>TU3�?dGOckTQC4MR6{CF7�?Q3 � zoC4?Q3(I/CN6wG�2428TQeo3 b � b G�=�=o2NC�c�G�TUCNMR6J7$�Heo3�?U3�TQe�3�C46>x�MR?U5�G�TUCNMR6
'8M(�#7�x�?QMO5 G.7WTdG�TUCFc�G(2N24< ID3�TQ3�?U5&CN6�3(I�7Bzo~87W3�T&M(x	6�MDI>3(7k��MO?&�Heo3�?U3�TQeo3�G(5&MRz�6>T{M�x�IoG(TdG
'8M(�HCN6�P0x�?UMR5 TUeo3/MRTUeo3�?|6oMDI>3(7�I>M�3(7�6oMOT  WzJ7BTQC�x�< TUeo3&c�?Q3(G(TQCNMO6�M�x�G�ID3(I>CFc�G�TQ3sI���?Q3sG�2 Z TQC45&3
ckMO5&5�z�6oCFc�G�TUCNMR6wcde8G�6o6�3�2 � X <D=oCFc�G(2vG�=o=o24CFc�G(TQC4MR687:?U3 � z�3(7BTUCN6oP�7Bz8cde�A>C468I�M�x CN6DTQ3�?dGRc�TQCNMO6�G�?U3
TQe�M�7B3|PO3�6o3�?@G�2N24</?Q3kx�3�?Q?Q3sI�TUM{GR7DK /B$0/ - RB/10�/(?ATU/ � W �\� p�6&3�}�G�5w=o2N3HM(x�TUeoCF7�A>C468I�M�x G(=o=o24CFc�G(TQCNMO6
CF7HK /B$0/ - R�N �@R "@7;7;58?�� �¼a�� �Â�He�3�?Q3#G�z87W3�?�?Q3(ck3�CN��3(7iG�6>zo5{~83�?iM�x I>C���3�?Q3�6DT�5&3(IDCFG:x�?QMR5º?U3�5&MOTQ3
I>3��DCFc�3(7k��7W3�687WMR?d7�MR? ckMR5&=�zoTQ3�?@7k�RTW<D=oCFc�G�2N24<|TQM�ckMR6DTQ?UMR28MR?"5�G�6�CN=ozo2�G�TU3#GÚ?U3�5&MOTQ3#G�=�=8G�?@G�TQzJ7k�
GRc�ckMR?@I>CN6oP/TUM&G/5�G(6>< Z TUM Z MR6o3|C46>x�MR?U5�G�TUCNMR6 '8M(� �

p TBN@? KMR N%$ $0/
�	CN6DTQ3�?@GRckTUCNMO6 CF7H?Q3 � zoC4?Q3(I��Heo3�6�TQeo3{G(=o=o2NC�c�G�TUCNMO6�7B=83(c�Cutvc�G(2N24<&=83�?Q5&C4Td7:TUeo3
CFID3�6>TUCutvc�G�TQC4MR6{M�x G/I><D68G�5&C�c�G�242N<��RG(?QC�G�~o243|7Bzo~J7B3�THM(x�=8G(?QTUCFckC4=8G�6DTd7�TQe8G(T#ckMR6DTQ?UCN~ozoTU3(7�TQM/TUeo3
IoG(TdG�'8M(� ��X eo3�7Bzo~87W3�T#5�G�<{I>3�=83�68I&MR6�TQeo3�7W=r3sckCutvcyG�TQTU?QC4~ozoTQ3s7:M�x TQeo3|=8G(?QTQC�ckCN=JG�6DTd7 ��� MO?
3�}�G�5&=�2N3��8CN6 G�ckMR6>x�3�?Q3�68c�3��¥TQeo3�?U3/3�}DCF7BT�7Wzo~87B3�Td7�CN68c�2Nz8I>C46oP&TUeo3&c�MR6>x�3�?U3�68ck3{7W=83(G�A�3�?@7|G�68I
TQe�3 c�MR6>x�3�?U3�68ck3{5�G(68G�PO3�?d7	?U3(7B=83(ckTUCN��3�24< ��� MRTQe�7W3�Td7/G(?Q3&3�}D=83(ckTU3(I-TQM�c�MR6DTQ?QC4~ozoTU3&TQM�TUeo3
IoG(TdG�'JM��º5wMR?Q3/TUe8G�6 TQeo3�G(TQTU3�68I>3�3s7 �&X e�3&CFI>3�6>TUCutvc�G(TQC4MR6�M�x#TUeo3w7Bzo~87W3�T	M(x#7W3�68I>3�?@7	c�G(6
G�2�7BM I>3�=83�68I�MR6²G�=o=o24CFc�G(TQC4MR6 Z 7B=83(ckC�tvc&?Qzo243(7/G�6JI G�PR?U3�3�5&3�6>T@7 �.� MO?�3�}�G�5w=o2N3���C46�G-ck2�GR7U7
2N3sckTQzo?U3�7BTQzJI>3�6DTd7/G�?U3 3�}D=83(ckTU3(I.TQM GR7BA�x�MR?{=83�?Q5&C�7Q7WCNMR6�TUM-C46>TU3�?Q?Uzo=oT/TQe�3�=�?QM�x�3s7Q7BMO? � �_6
7BzJc�ewc�GR7W3(7k�DTQeoM�7B3�?Uzo2N3s7$G(68I&G(PR?Q3�3�5&3�6DTd7�ID<>68G(5&CFc�G�2N24<�5&MDI>C�x�</TQeo3y7Bz�~87B3�T"M�x =8G�?UTQCFc�CN=8G(6>T@7
G�z�TQeoMO?QCN;�3(I�TQM�TQ?@G�687W5&CNT"IoG(TdG � �_6�TUeo3�243(7Q7WMR6&3�}�G�5w=o2N3��OTQeo3|7WTQz8ID3�6>T��HeoM/C�7:G(zoTQeoMO?QC4;�3(I�TUM
CN6DTQ3�?Q��3�6o3#�HCN242�~83(ckMO5&3#TQeo3�7B=83(G(A�3�?#G�6JI�TQe�3!5{zo24TQCN5{3�I>CFG�I�G�TdG/=o?UMDI>z8ck3(I�~><weoCN5 �HCN242�~83
TQ?@G�687W5&CNTUTQ3(I�TQM�TQe�3/MRTQe�3�?|=8G�?UTQCFc�CN=8G(6>T@7�CN6�GOIoI>CNTUCNMO6�TQM�MR?|CN6�G(2NTU3�?Q68G(TQC4MR6��HCNTQe�TUeo3{IoG(TdG
'8M(�HCN6�P�x�?UMR5qTUeo3|=o?QM(x�3(7Q7WMR? �

p�6 C45&=8MR?UTdG�6DTH3�}�G�5&=�2N3|cde8G�?@GRckTU3�?QC4;�3(I�~D<&TUeoCF7H5&MDI>3�2¥M(x�CN6DTQ3�?dGRc�TQCNMO6�CF7HTQeo3|MR6�3/PR3�6 Z
3�?@G�2N24<{ck2FGO7Q7WCut83(I{GR7H1H9o1 C �oMR?#TBN@7 - + K /(R 0V+�-@->N@R K /
�;TBN%$0$ "&3BN@R "%KM58S�/�% N@R�� ��X eo3yPRM�G(2�M(xiTQeoC�7
7B3�?Q�DCFck3&C�7�TUM.7Wzo=o=8MR?UT&TQe�3 c�MR5&=o243�}�CN6DTQ3�?@GRckTUCNMR6J7	?Q3 � zoCN?U3(I-TUM.G(2N2NM(�q3���3sckTQC4��3&5&3�3�TUCN6oP�7
G�5wMR6oP�PR3�MOPR?dG(=oeoC�c�G�242N<wI>CF7WTQ?QC4~ozoTU3(I�=o?UM�x�3(7U7BCNMO68G�2�7 � �_6�GRIoIDCNTQC4MR6&TUM/�>C�I>3�M�G�68I�G�zJI>CNM{IoG(TdGD�

�



actively send/receive data

All participants
Dynamic N -> N UnplannedControlled

Distributed
Computing

actively send/receive data

All participants
Dynamic N -> N UnplannedUncontrolled

Type Description Accessibility
Scheduling

EventModel of

Interaction Flow

Data

receiver

Many senders, one
Static N -> 1 UnplannedControlled

ControlledN -> N
actively send/receive data

All participants
PlannedDynamicCSCW

Controlled
Broadcasting

Services
One sender

many receivers
Static 1 -> N Planned

Telepresence

Virtual Cafe

X G(~o2N3 � �H1�e8G(?dGRc�TQ3�?UCF7BTUCFc�7�M�xH9�3�2N3(c�TQ3(I b � b p�=�=o2NC�c�G�TUCNMR6J7 �

=8G(?QTQC�ckCN=JG�6DTd7�CN6�TQeoC�7�5&MDI>3�2�M(x#CN6DTQ3�?@GRckTUCNMO6�7Be8G(?Q3�G(=o=o2NC�c�G�TUCNMO687	7Wz8c�e GR7|3(I>C4TQMR?@7k�i7B=�?Q3(GOI Z
7Be�3�3�Td7iG�6JI/I>?dG��HCN6�P|7B=8GOck3(7 � �_6>x�MR?U5�G�TUCNMO6 '8M(�#7�GOc�ckMR?@I>CN6�P�TQMyG�eoC4PReo24<	ID<>68G(5&CFcO�(G�2N2 Z TUM Z G�242
=8G(TQTQ3�?Q6 � 9�CN68c�3	TQe�3	TdG(?QPO3�T�3�6D�>C4?QMO6o5&3�6DT�CF7HM�x�TQ3�6�TQe8G(T�M�x"TQ3sc�eo6�CFc�G(2¥G�6JI�ckMR5&5w3�?dckC�G�283�6 Z
TQ3�?Q=o?UCF7B3s7k�oGOc�ck3(7U7HckMR6DTQ?UMR2¥e8GO7�zJ7Bz8G(2N2N<wTQM{~r3|3�6Dx�MR?dc�3(I �

p�6oMOTQeo3�?w3�}oG(5&=o243 CF7{TQeo3�7WM Z c�G�242N3(I S�CN?UTQz8G(2!1"G�x��3 � X eo3�CFID3(G-CF7&TUM G(2N24M��
z87W3�?d7�G(T
I>C���3�?Q3�6DT/7WCNTQ3s7	TQM�ckMO5&5�z�6oCFc�G(TQ3/C46>x�MR?U5�G�242N< TUeo?QMOzoPRe²G�6�3�2N3(c�TQ?QMO6oCFc{ckMO5&5&MR6 7B=JGRck3 �����_�
� M(�:3���3�?�� I>zo3&TUM-TUeo3&CN6Dx�MR?Q50G�2:6JG�TQz�?Q3�M�xyTQeoC�7!5&MDID3�2_��GOc�ck3(7U7	ckMO6>TU?QMR2HC�7	PR3�6�3�?dG(2N2N<�6oMOT
M�x!ckMR68c�3�?Q6�G�6JI 7Qcdeo3(IDzo2NC46oP C�7	z87Bz8G(2N24<.2NC45&CNTU3(ILTUM-TUeo3�7B=83(ckC�tvc�G(TQCNMO6�M�x�7WMR5&3��UMR=83�6oC46oP
eoMOzo?d7�� �

X G(~o2N3 � 2NC�7BTd7{TQeo3(7W3�6o3�� G�=o=o24CFc�G(TQC4MR687 � p�7��HC4TQe X G�~o243 ` ��TQe�3-3�6DTQ?UCN3(7{G�?U3-5w3(G�6DT
TQM CN68I>C�c�G�TU3 TUeo3�I>MR5wCN68G(6>Twc�GR7W3(7k�H~oz�T�7BeoMOzo2FI 6oMOT&~83�TdG�A�3�6µGR7&I>C�7Qck?UCN5&C468G�TUCN��3&C46 TUeo3
5�G(TQeo3�50G�TQC�c�G�2D7W3�687W3 ��X �:M�5&MR?U3H3�}oG(5&=o243(7¡e8G���3H~83�3�6�GOIoI>3(I/TQM�TQeoC�7$T@G�~o243�� 3�R�N�"&�@TB"�0(K 58?��
0�/(R(S�58TU/10�G�68I �@5 0(KMRU543V+ K /
� TBN@7 - +@KM58?�� � � ��3�6.TQe�MRzoPOe TUeo3�< I>M�6oMOT{I>CN?U3(ckTQ24<�x\G(2N2:C46>TUM TUeo3
I>3ktJ6oCNTUCNMR6µM�x b � b G(=o=o24CFc�G(TQCNMO687k�#�:3�CN68c�2Nz8I>3sI TQeo3�5 x�MR?�TQe�3�CN?�?Q3�2N3��OG�6Jck3�CN6 TU3�?Q5�7{M�x
6o3�TW�"MR?QA07Bzo=o=8MO?QT#?Q3 � zoCN?U3�5&3�6DTd7 �

� ����� � 
�� � �����D��	 �

9�M�x\G�?{�:3�ckMR687WCFI>3�?Q3(I.=ozo?U3�2N<�x�zo68ckTUCNMR6JG�2#GR7W=83(ckTd7/M�x b � b G�=�=o2NC�c�G�TUCNMR6J7�G(68I 6oM 2NCN5wCNTd7
M�x G(6><�7BMO?QT��"3�?Q3�GR7U7Bzo5&3sI0x�MR?#TQe�3{c�G�=8G(~oCN24CNTW<&M(x"G�?Q3sG�2 Z TQC45&3|ckMO5&5{zo6oCFc�G�TQC4MR6�7W<o7WTQ3�5
TUM
=o?UM��DCFID3�TQeo3�7W3�?Q�DCFck3s7$?Q3 � zoC4?Q3(I{~><&TUeo3(7W3	G(=o=o24CFc�G(TQCNMO687 �

C 3|~83�24CN3���3��OeoM(�:3���3�?���TQe8G(THTQeo3|CN5w=rMO?QT@G�6DT:CF7U7Bzo3yM�x 7BCN;�3�M�x b � b G�=o=o24CFc�G(TQC4MR687H7WeoMRzo2�I

�



1 100 100010 ...

Number of Participants

Static

Dynamic

Controlled

Model of

Interaction

Course Lecture

Distributed Computing

Broadcasting Services

Teleprogramming

Public Hearing

Seminar

Conference

CSCW, Virtual Cafe

� CNPOzo?Q3 ` ��9�C4;�3 Y G�6oPO3(7HM�x b � b p#=o=o2NC�c�G�TUCNMO687 �

~83�T@G�A�3�6�CN6DTQM0GRc�ckMOzo6DT ��`����_�{� < 0V5
�
/��"3/?Q3kx�3�?!TUM�TQeo3{3�}D=r3sckTQ3(I�~8MRzo68I.MO6-TUeo3�6Dzo5{~83�?

M�x�=8G(?QTUCFckC4=8G�6DTd7 � ��6 =JG�?QTUCFckz�2FG�?��:�:3�G(?Q3�C46>TU3�?Q3(7WTQ3(I.C46 eoM(�Ï7Wzo=o=8MR?UT&x�?QMR5 G-?Q3sG�2 Z TQC45&3
ckMO5&5�z�6oCFc�G�TUCNMR6w7Bz�~87B<�7BTU3�5qe8GO7�TUM&ckMO=83!�HC4TQe�TQe�CF7#GR7B=83(c�T �

�_68I>3�3(Iv�ÄTUeo3/5�G(}>C45�zo5 6>zo5{~83�?#M�xH=JG�?QTUCFckC4=8G�6DTd7�TUe8G�T�G&=8G�?UTQC�ckzo2FG(?�G�=o=o24CFc�G(TQC4MR6�5�G�<
7Bz�=o=8MR?QT�I>3�=r3�68Io7HMR6��Heo3�6�C4T�~83(c�MR5&3(7:C46>x�3(GO7BCN~�2N3|3�CNTUeo3�?Hx�MR?�TUeo3	eDzo5�G(6�z87B3�?yMR?�x�MO?�TUeo3
7B3�?Q�DCFck3�=o?QM(�DCFI>3�?#TQM�GOIoI�G�6oMOTQeo3�?!=JG�?QTUCFckC4=8G�6DT ��� MR?�3�}oG(5&=o2N3��>x�?QMR5 G�2NMOPRC�c�G�2��DCN3��H=rMOCN6DT��
TQe�3 ID<>68G(5&CFc{5&MDI>3�2"M�x|C46>TU3�?dGOckTQC4MR6.M(x�7BMO5&3 b � b G(=o=o24CFc�G(TQCNMO687	5&C4PReDT	?Q3 � zoC4?Q3�G x�zo242N<
CN6DTQ3�?dckMO6o6o3(ckTU3(I&ckMO5&5{zo6oCFc�G�TQC4MR6w7BTU?Qz8ckTUzo?Q3 ��X e�CF7H?Q3 � zoCN?U3�5&3�6DT"7B3�3�5�7:TQM�IDCFckT@G�TQ3�G&7W5�G�242
~8MRzo6JI¿MR6µTQeo3�50G�}DCN5{zo5Í6Dzo5{~83�?�M(x/=8G(?QTUCFckC4=8G�6DTd7���7WCN68c�3�TQeo3�ckMO6o6o3(c�TQCNMO6µckMR5w=o2N3�}DCNTW<
PR?UM(�#7 � zJGRI>?@G�TQC�c�G�242N<��vG�6JI TQeo3�CN6>x�MO?Q5�G(TQCNMO6 TUM&~83{ckMR687Wzo5&3(I&~D<�3(GRcde =8G(?QTUCFckC4=8G�6DT�PO?QM(�#7
2NC46o3(G(?Q2N<��HCNTUe-TUeo3�6Dzo5{~83�?�M(x#=8G�?UTQC�ckCN=8G(6>T@7 �{X eo3�?U3kx�MR?U3��¥TQeo3{3�}DCF7WTQ3�68c�3/M�x#7Wz8cde.G�~rMOzo68I
CF7wI>zo3�6oMOT�MO6o2N<�TQM.C45&=o243�5�3�6>T@G�TQC4MR6.?U3(GR7WMR687��|GR7�TUeoM�7W3-?U3�2FG(TQ3(I�TQM�TQe�3�ckMR5&=�2N3�}DCNTW<�M�x
TQe�3/?Q3 � zoCN?U3(I�ckMR5w5�zo6�CFc�G(TQC�MR6�7BTU?Qz8c�TQzo?U3��r~�zoT|G�2�7BM&TUM�TQeo3�2NCN5wCNTd7�CN6oe�3�?Q3�6DT#CN6 TUeo3/eDzo5�G�6
c�G(=8G�~oC42NC4TB<{M�x 3k�v3(ckTUCN��3�24</=83�?dck3�CN��3y7B3���3�?@G�2i7WCN5{zo2NT@G�6o3�MOz87�CN6>x�MO?Q5�G(TQC4MR6 '8M(�#7 �

C 3y7BTUz8I>C43(I�eoM(� 7WCN;�3#?Q3�2FG�TU3(7�TQM�TQeo3#�OG�?QC4MRz87"G�=o=�2NCFc�G�TQC4MR687�CN6DTQ?UMDI>z8ck3(I/CN6{TQe�3�=o?U3��DCNMRzJ7
TW�:M�7B3(ckTUCNMO687�� X G(~o2N3(7 ` G�68I ���d��X eo3�?U3(7Bz�2NT:C�7$=o?U3(7B3�6>TU3(I�C46 � C4PRzo?U3 ` �D�Heo3�?Q3yTQeo3�6Dzo5{~83�?
M�x =8G�?UTQCFc�CN=8G(6>T@7:G�6JI�TQe�3!5wMDI>3�2�M(x�CN6DTQ3�?dGRc�TQCNMO6&e8G���3�~83�3�6�z87B3sI�GO7�c�?QCNTU3�?QC�G �

� ?QMR5 � CNPRz�?Q3 ` �:3{MR~J7B3�?U��3�TUe8G�T�TQeo3{zo=o=83�?|~8MRzo6JI MO6.TQe�3�6Dzo5{~r3�?�M�x =8G�?UTQCFc�CN=8G(6>T@7
CF7/7WMR5&3�eoM(�º?Q3�2�G�TQ3sI-TQM�TUeo3�7B=83(c�Cutvc&G(=o=o24CFc�G(TQCNMO6 � �_T�7BeoMOzo2FI.~83�6oMRTU3(I.TQe8G(T/TQeoC�7!t8PRzo?U3
CF7�C46>TU3�68I>3(I TUM�~r3{MR6�2N<�CN6JI>CFc�G(TQC4��3 � 9�TQCN242_���"3&c�G�6 I>CF7WTQCN6�PRzoC�7Be G�5&MO6oP�7B5�G(2N2_�82FG(?QPO3��iG�68I
��3�?U<&2FG(?QPR3{7Uc�G�243/G(=o=o2NC�c�G�TUCNMO687 � p�7#G�t8?@7BT�POzo3(7U7k�¥�:3�3�}>=83(c�T�TUeo3	~8MRz�68Io7�x�MR?�3sGRcde M�x"TUeo3
TQe�?Q3�3{ck2�GR7U7B3(7�TUM&~83&G(?QMOzo68I �R^ �iG(?QMRz�68I `�^R^ �¡G(68I�=o?dGOckTQC�c�G�242N<�zo6D~rMOzo68I>3sI��¥?Q3(7W=r3sckTQC4��3�2N< �

a



�Hx�c�MRzo?@7B3��o5&MO?Q3�=�?Q3(ckC�7B3�6Dzo5{~83�?d7�?Q3 � zoCN?U3|G�6�G(68G�24<o7WCF7HM�x CN68I>C4�>C�I>z8G(2¥G�=�=o2NC�c�G�TUCNMR6J7 �

� � ���D� ��� ��� � �Q� � ����
 ��
 � � ���B��
 � ������� ���B�
� �Q�	�

C 3|c�G�6�6oM(�µTQ?U<�TUM/2NCF7WT�TQeo3 b � b ck24CN3�6DTd7 "R�HCF7We Z 2NCF7WT��DC � 3 � TUeo3�24CF7BT"M�x 7B3�?U�>C�ck3(7�TQeJG�T#G/ck24CN3�6DT
�:MOzo2FI/2NC4A�3�TQM|MR~oT@G�C46�x�?UMR5ÎTUeo3#6o3�TW�:MO?QA/7W3�?Q�DCFc�3:=o?UM��DCFID3�?��(CN6/MO?dI>3�?�TUM	GOc�ck3(7U7�G�6JI�5�G(68G�PO3
b � b G�=o=�2NCFc�G�TQC4MR687��

��� N@58?A58?�� "@? �	� /�"@SV58?�� / -@-�$J58TB"%KM58N@? 0��	1�2NC43�6DTd7H�HCN2N2 I><D68G�5wCFc�G(2N2N<  WMRCN6�MO?|2N3(G���3 b � b
G(=o=o2NC�c�G�TUCNMO687 �ºX e�3�?Q3kx�MO?Q3��H5&3sc�e8G(6oCF7W5�7	7WeoMRz�2FI ~r3�=o?UM��DCFID3(I ~><�TQeo3�6�3�TW�:MR?UA TUM
G(2N2NM(��7Wz8cde�I><D68G�5wCFc�~83�e8G��DCNMO?�M(x"ck2NC43�6DTd7k�>x�MO?�3�}oG(5&=o2N3yTQMwckMR6DTdGOckT�TUeo3/G(=o=o24CFc�G(TQCNMO6
MO?QP�G(6oCN;�3�?�~83kx�MR?U3�e8G(68I�TUM�PR3�T�G�6/C46>�DCNT@G�TQC4MR6�Cux8=8M�7U7BC4~o2N3 ��� MO?�TQeoC�7Ä?U3(GR7WMR6¥�DG �@58RB/�TUKMN@RUL
NO&�0�/ RUS�58TU/
0;"@? � "U-@-�$ 58TB"%K 58N@? 0 7Be�MRzo2�I G�2�7BM{~83	G��OG�C42FG(~o2N3�x�?QMO5qTQe�3!6�3�TW�:MR?UA �

� : N@? &�/ R /(?ATU/	
HR �@"@?>5
�
"%K 58N@? "@?�� � "@?A" � /(79/ ? K­� X e�CF7#7B3�?U�>C�ck3/7WeoMRzo2�I =83�?Q5&C4T#G�?Q3sG�2 Z

TUCN5&3i6o3�TW�:MO?QAyck2NC43�6DTrTUM�7W3�T¥zo=¥�(7Uc�e�3(I>zo243���?Q3(7W3�?Q��3iCN6�GOI>�OG�68ck3��RGOI>��3�?QTUCF7W3�G�68I�5�G(68G�PO3
C4Td7HM��H6 b � b G(=o=o2NC�c�G�TUCNMO687 �#b G�6JG�PR3�5&3�6DT#7BeoMOzo2FI C468ck2NzJI>3|5&3(cde8G�6oC�7B5w7 x�MO?�GOc�ck3(7U7
ckMO6>TU?QMO2_�oG(zoTQe�3�6>TUCFc�G(TQC4MR6¥�oC46>�DCNT@G�TQC4MR6�G(68I�C46oCNTUCFG(TQCNMO6 �

� GHN�P � /�T <>"@?A5 0V7 0�� b � b G(=o=o24CFc�G(TQCNMO687!C46>��MO2N��3/TUeo3&c�M�MR?dIDCN68G(TQCNMO6�M�xyG 6Dzo5�~83�?yM�x
I>C��v3�?Q3�6DT¥5&3(IDCFG>��3(GRcde|MR6o3"M�x8TUeo3�5�cde8G(?dGRc�TQ3�?UCN;�3(I#~><�C4Td7¥M(�H6��#M>9Ú7B=83(ckC�tvc�G�TUCNMO687 � �_6
7WMR5&3 c�GR7W3(7k��G|7W3�=8G�?@G�TU3#7B3�T�M(x 7B=83(ckC�tvc�G�TUCNMO687¡5&C4PReDT¥~r3#G(2N24M��"3(I!TUM|3(GRcde	=8G(?QTUCFckC4=8G�6DT �
X eo3w6o3�TW�:MO?QA 7BeoMOzo2FI.=o?UM��DCFID3&5&3(cde8G�6�CF7B507�x�MR?�� KMR "�� T R /�
�+I58R /(79/ ? K 0 -�/�T�5 ��TB"%KM58N@?
��3 � P � 5wCN6oC45/zo5
G�6JI.G���3�?dG(PR3{TQeo?UMRzoPOeo=ozoT���~ozo?d7WTQC46o3(7Q7 � �6- / R &VN@R(7;"@?ATU/ RB/�
�+ 58RB/(79/(? K
0 -�/�T�5 ��TB"%KM58N@?&�­3 � P � I>3�2�G�<{G�68I� WCNTUTQ3�?"~8MRzo68I�7 � � 0VL ?AT <>R�N@?A5

�
"%K 58N@? TBN@? KMR N%$8��3 � P � G(5&MR6�P

I>3s7BTQC468G�TUCNMO687:G(68I&G�5wMR6oP�I>C���3�?Q3�6DT�5&3(I>C�G � ��R /B$J58"&3V50$J50K L 0 -�/�T�5 � TB"%K 58N@?���3 � P � 2NM�7Q7�=o?QMO~ Z
G(~oCN24CNTQC43(7:G(68I0x\G(zo2NT Z TUMR243�?dG(68ck3�?U3 � z�CN?Q3�5&3�6DTd7 �@�

� P TB"%$ "&3�50$J50KML "@?���
6-�K 587;5
�
"%KM58N@?>� b � b G(=o=o24CFc�G(TQCNMO687�CN6D��MR24��3/G�6Dzo5{~83�?�M�xyIDCu�v3�?Q3�6>T

5&3sI>CFGD�>c�MR6o6o3sckTQC46oP{G�=8MOTQ3�6DTQC�G�2N24<�2�G�?UPR3	6Dzo5{~83�?�M�x�=8G(?QTUCFckC4=8G�6DTd7 � � zo3|TQM{TQeo3|2�G�?QPO3
7Uc�G�243�M(x�7WMR5&3#M�xiTUeo3|G�=�=o2NC�c�G�TUCNMR6J7k�D7BMO5&3�MO=oTQC45&CN;sG�TQC4MR6/C46&TQeo3ÚG�2N24MDc�G�TUCNMO6�G�68I&5�G(6 Z
G(PR3�5&3�6>T/M(x	?U3(7BMOzo?dc�3(7�C�7�?U3 � zoCN?U3(I���CN68ck24z8I>C46oP-TUeo3�G��OG�C42FG(~oCN24CNTW<-M(x�2NM�GOI Z ~8G�2�G�68ckC46oP
c�G(=8G�~�CN2NC4TQC43(7 �

� P�/�TV+ R(50K L � /�T <>"@?A5 0V7 0�� b 3(cde8G�6oC�7B5�7H7WeoMRz�2FI ~83/=o?QM(�DCFI>3sI�TQMweo3�2N=�6o3�TW�:MO?QA�ck2NC43�6>T@7
5�G(68G�PO3�7B3(ckz�?QCNTW<wG�68I�GOc�ck3(7U7BCN~�CN2NC4TW</M�x b � b G�=�=o2NC�c�G�TUCNMR6J7 �

p�242rTUeo3yG�~8M(��3�5&3�6DTQC4MR6o3(I!x�z�68ckTQC4MR68G(2NC4TQCN3s7¡e8G���3�TUM	~83|ckMO687BC�I>3�?U3(I&GR7�TQeo3y~8GR7WCF7 x�MO?:TUeo3|I>3 Z
7BC4PR6{M�x G|ck24CN3�6DT Z 6o3�TW�:MO?QA|CN6DTQ3�?Bx\GRc�3���7BMO5&3HM�xiTUeo3(7W3:x�zo68ckTUCNMR6JG�2NC4TQC43(7k�Re�M��"3���3�?���G�?U3�C46>TU3�68I>3(I
TQM�~83�GRc�ck3(7Q7WCN~o243&MR6�2N<�TQM�G�7Bz�~87B3�T/M(x�TUeo3�G�=o=�2NCFc�G�TQC4MR6�=8G(?QTQC�ckCN=JG�6DTd7!MO?/TQM�TUeo3�6o3�TW�:MO?QA
GRID5&CN6oC�7BTU?dG�TUMR?@7 �#X M{PR3�T|G�~83�TUTQ3�?#e8G(68I>2N3�MR6�TUeoCF7���G&7WCN5&=�2N3|ck2�GR7U7BCutrc�G�TUCNMR6�M�x�TUeo3	�OG(?QCNMOz87

W



x�MR?U3(7B3�3�6 C46>TU3�?Bx\GOck3(7:CF7#6o3�3(I>3sI��o�Heo3�?U3	x�zo68ckTUCNMR6J7�G(?Q3{ckMO687BC�I>3�?Q3sI GR7#=8G�?UT�M�x�TUeo3{7QG(5&3|CN6 Z
TQ3�?Bx\GRc�3��>C�x�=83�?U5&CF7U7BCNMO687:TQM{z87W3!MO6o3	M(x�TQe�3!C46>TU3�?Bx\GOck3�x�zo6JckTQC4MR687HCN5&=�2NCN3s7 =83�?U5&CF7U7BC4MR6&TUM�z87W3
G�242�M(x�TQeo3yCN6DTQ3�?Wx\GRck3�x�z�68ckTQC4MR687 ��X eo3|TQ3�?U5�7
TU$J5*/(?IK�G�6JI - R�N@S�54� /(R�G�?U3!TUeo3�6�I>3ktJ6o3(I&?Q3�2�G�TUCN��3
TQM�G(6&CN6DTQ3�?Wx\GRck3 �¡X eDz87��ock2�GR7Q7WCux�<DCN6oPyCN6DTQ3�?Wx\GRck3(7 G�68I�x�MDc�z87Q7WCN6oP�MR6{MR6o24</=8G�?UT:M�x TQeo3s7B3yG�2N24M(�#7
z87�TQM�ckMO68ck3�6DTQ?@G�TU3HMR6wG!c�MReo3�?U3�6DT�7Bzo~J7B3�T�M�xÄG�242oTQeo3Hx�zo68c�TQCNMO687�TQM|~83:x�MRzo6JI�CN6{G�5&MO6oMR24CNTQe�CFc
ck24CN3�6DT Z 6o3�TW�:MO?QA/C46>TU3�?Bx\GOck3 �

C 3�ckMO687BC�I>3�?HTUeo?Q3�3�I>C45&3�687WCNMO687 x�MO?HCN6DTQ3�?Wx\GRck3|c�2FGR7U7BC�tvc�G�TUCNMO6�=�zo?Q=8M�7W3(7 �

� � "@L /(R10
NO& / 3 0(KMR "@TUKM58N@?>� � MO2N2NM(�HC46oP|TQeo3F�|9D� Y 3kx�3�?Q3�68c�3 b MDI>3�2v�:3yGR7U7BCNPO6&3(GOc�e/x�zo68c Z
TUCNMR6{TQM�G�ck3�?QT@G�C46/2FG�<�3�? �i� MR?"TQeoC�7¡=8G(=r3�?��>2�G�<�3�?d7¡M(x¥C46>TU3�?Q3(7WT�G�?U3 � /BK % N@R��#G�68I 4AR�"@? 0('
->N@RBK �

� � /(S�/B$ 0#NO&HP 5 �
/d��pyc�ckMR?@I>CN6�P�TQM�TQeo3#7WTQ?QzJckTQzo?U3�M(x¥2�G�?QPO3�C46>TU3�?Q6�3�TW�:MR?UAo7��R�:3#IDCF7BTUCN6oPOzoCF7We

~83�TW�:3�3�6ÉTQe�3 2N3���3�2F7 / -@-�$J58TB"%K 58N@?I'*P@-�/�T�5 ��Tk� � /BK % N@R���'*P@-�/�T�5 ��T���G�68I �(? K /(R(? /BK % N@R �.'
P@-�/�T�5 � T � �_T/CF7/CN5&=8MO?QTdG(6>T/TUM-z�68I>3�?@7BTdG(68I TUe8G�T��H7QG�<�� �dG(=o=o24CFc�G(TQCNMO6 Z 7B=83(ckC�tvc ��I>M�3(7
6oMOT�5&3(G�6�TQe8G(T�CN6DTQ3�?Wx\GRck3(7/x\G�2N24CN6oP CN6DTQM.TUeoCF7�c�G(TQ3�POMR?Q<²G�?U3.I>3�=r3�68I>3�6DT&MR6ªG.=8G�? Z
TUCFckzo2�G�?�G�=o=o24CFc�G(TQC4MR6¥��~ozoT/TUe8G�T/3(GOc�e�C468I>CN�DCFIDz8G�2 G�=o=o24CFc�G(TQC4MR6�CF7|3�}>=83(c�TQ3(I-TUM-50G�A�3
G�7W=r3sckCutvc{z87B3&M(x|7Wz8cde�G�6�CN6DTQ3�?Bx\GRc�3�~D<-=JGR7Q7WCN6oP G�=�=o2NC�c�G�TUCNMR6 Z 7W=r3sckCutvc/=8G(?dG�5w3�TQ3�?@7 �
� C4A�3��HCF7W3��:G�6o3�TW�"MR?QA Z 7B=83(ckC�tvc�x�zo68ckTUCNMR6�CF7/z87B3sI �HCNTUe G.7WCN6oPO2N3�7B3�T{M�x|=JG�?dG(5&3�TU3�?d7
6o3�TB�"MR?UA Z �HCFI>3 � 9�z8cde&x�zo68ckTUCNMO687HG�?U3!5w3(G�6DT:TUM&7Wzo=o=8MR?UT�5�G(68G�PO3�5&3�6DT�TdGO7BA�7H7Bz8cde�GR7
7W<o7WTQ3�5 Z TQz�6oCN6oP �/� C468G�242N<���C46>TU3�?Q6�3�TW�:MR?UA Z 7B=83(c�Cutvc�x�zo68ckTUCNMR6J7ÚeJGs��3{c�MR5&5&MO6 =8G(?dG(5&3 Z
TU3�?d7$x�MO?�G(2N2�6�3�TW�:MR?UAo7Hc�MR6o6o3sckTQ3(I&~D<&TQe�3	7UG�5&3yCN6DTQ3�?U6o3�TW�:MO?QA �

� P�/M-A"@R�"%K 58N@? NO& $�+ ?AT(K 58N@? 0��"�_6&5&M�7BT�M�xiTUeo3�=o?UMR=8M�7W3(I&?Q3(G(2 Z TQCN5w3H=o?QMOTQMDckMO2F7HIoG(TdG	e8G(6 Z
I>24CN6oP{G(68I c�MR6DTQ?QMO2¥3�6DTQCNTUCN3(7�G(?Q3|5&CN}D3(I/CN6�G{7BCN6�PR2N3Ú7BTdGOc�AwM�x"G(~87BTU?dGRc�TQCNMO687 � 9�C468ck3�TUeo3
ckMO6>TU?QMO2�c�G�=JG�~oC42NCNTUCN3(7H?Q3 � zo3s7BTQ3sI0x�?QMO5,G�=o?UMRTQMDc�MR2�=o?QM(�DCFI>C46oP&POz8G�?@G�6DTQ3�3(I�ckMO5&5�z�6oC Z
c�G(TQC4MR6�G(?Q3�CN68ck?U3(GR7WCN6oP{CN6�ckMO5&=o243�}>C4TW<����:3|=o?QMO=8M�7B3wG{ck2N3(G(?#7B3�=JG�?dG(TQC4MR6�M�x
) "%KM"|G�68I
: N@? KMR N%$¸�$3�}DTQ3�68I>CN6�P�TQeo3�5&MDI>3�2"=o?QMO=rM�7B3(I C46 ��` �\� � MR?/3�}�G�5w=o2N3���GO7B=83(ckT@7�M(x�IoG(TdG
?U3�=o?Q3s7B3�6DTdG(TQCNMO6¥�Äx�?@G�PO5&3�6DTdG�TUCNMO6¥��G(68I.?Q3 Z GR7U7B3�5{~o2N<�G�?U3�G�242HIoG(TdG Z ?Q3�2FG�TU3(ILx�zo6JckTQC4MR687��
�HeoC42N3�cde8G(6o6o3�2H3(7WTdG(~o2NC�7Beo5&3�6>T���GRID5&CF7U7BCNMO6�ckMR6DTQ?UMR2_�"G�6JI I><D68G�5wCFc  WMOCN6oC46oP���2N3(G��DCN6oP
G(?Q3�ckMR6DTQ?UMR2 Z ?U3�2FG(TQ3(I�x�zo68c�TQCNMO687 �

�_6-TUeo3w7Bzo~87W3 � zo3�6DT	7W3(ckTUCNMR6J7Ú�"3��HC42N2�c�MR68ck3�6>TU?dG�TU3�MO6.TQe�3�C46>TU3�?Bx\GOck3(7�TUe8G�T�~r3�2NMR6�P TQM�TUeo3
TBN@? KMR N%$ ' R /B$J"%K /
� "U-@-�$ 58TB"%K 58N@? ' 0 - /�TV5 ��T!7Wzo~87W3�T ��X M�G(?Q?QC4��3/G(T|G�x�3(GO7BCN~�2N3{G�6JI =o?dGOckTQC�c�G�2i2FG�<�3�?
I>3(c�MR5&=8M�7WCNTUCNMR6 ���:3{7WTdG�?UT	~D<�I>3�t86oCN6�P G(~87BTU?dGOckTQC4MR687�TQeJG�T/IDCN?Q3sckTQ24<�?U3�2FG(TQ3/TUM�MOzo?�I>MR50G�CN6
G�6JG�2N<�7BC�7:G(~rM(��3 � X eo3�?U3(Gsx�TU3�?����:3yckMO687BC�I>3�?"7BMO5&3HCN5&=�2N3�5{3�6DTdG�TUCNMO6	G(2NTU3�?Q68G(TQC4��3(7�G�68I�tJ68G�242N<
=o?UMR=8M�7W3/ckMO68ck?Q3�TQ3|CN6DTQ3�?Wx\GRck3y=8G�?@G�5&3�TU3�?QC4;(G�TUCNMO687 x�MO?HTQeo3|2NM(�"3(7BTHTUeo?Q3�3y2FG�<�3�?d7 �

[



� 
 ��� ��� � �6	F�
� �����Q� ��� �
�

�_6�MR?dID3�?�TUM.G(=o=o?UM�GRcde TQe�3�I>3(7WCNPO6 M(x�ckMO68ck?Q3�TQ3�CN6DTQ3�?Wx\GRck3s7k���:3�6o3�3(I.TUM�I>3kt86�3 G(~87BTU?dGOc Z
TQC4MR687H�:3�2N2¥7WzoCNTU3(I�TUM�TUeo3|?Q3 � zoCN?U3�5&3�6DTd7iM�x�TUeo3�G�=o=o24CFc�G(TQC4MR687:�"3	G(68G�24<>;�3(I&CN6�TQeo3|=o?U3��DCNMRzJ7
7B3sckTQC4MR687 � p�242HI>3�t86oCNTUCNMO687�C46>TU?QMDI>zJck3��RG(?QC4MRz87	x�MR?U5�7	M�x TB<>"@?A? /B$ 0��H�Heo3�?Q3��:3�ckMO687BC�I>3�?wG
cde8G�6o6�3�2¡TUM&~83{G�2NMOPRC�c�G�2�24CN6oAw~r3�TB�"3�3�6�CN6>x�MO?Q5�G(TQCNMO6�7WMRzo?@ck3(7�G(68ILC46>x�MR?U5�G�TUCNMO6 7WCN6oA�7�M(��3�?
�HeoC�c�e ckMR5w5�zo6�CFc�G�TQC4MR6�c�G�6.MDc�ckzo? ��X e�3&I>3�t86oCNTUCNMO687!z87W3�TW�"M�TU3(cdeo6oC � zo3(7#TQM�ID3�?QC4��3/6o3��
G�~J7BTQ?@GRckTUCNMO6¥� X eo3�"&�&�@50K 58N@? NO& ->"@R "@79/BK /(R10 G�68I�TUeo3�TBN@7 -AN�0V50KM58N@? NO& 7;+@$ KM5�-�$0/��M7;N@RB/=- R(587F'
50KM58S�/�� T <>"@?A? / $ 0HCN6DTQM{G/7WCN6oPO2N3��D5&MR?U3�=8M(�:3�?Bx�zo2vMR6o3 ��X e�3Úx�MO?Q5&3�?$243(GRI�7:TQM{I>3ktJ6oCNTUCNMR6J7:TQe8G(T
G�?U3	5&MO?Q3|c�MR68ck?U3�TQ3{�\G�68I�2N3(7U7�PO3�6o3�?@G�2 � �o�HeoCN243|TQeo3|2FG(TQTU3�?�ID3kt86o3(7Hcde8G(6o6o3�2�7:TQe8G(T|G�?U3!5wMR?Q3
=8M(�:3�?Wx�zo2��_G(68I�243(7Q7H7W=r3sckCutvc �d�

�	��

��� j�������������������n�m����! im����"�#�%$ / 24MRPRC�c�G�2Jc�e8G(6o6o3�2'&F58? "9? / K % N@R���TBN@?A? /�TUKM58?�� " 0�/BK
NO&�?AN � /10�(*) 5 0�" ->"@58R:�,+.-0/ � ))% <�/(RB/1+��,&�-32�-�4 � "@?��5/o�,&�-32"-�4 � "@R /�K % N#- RB/
�@58TB"%KO/
0�0V+IT < K <>"%K76

� " ?>N�� /82�9�:;( 5 0�0V"@54�9K N 3U/#"�cde8G(6o6o3�2 7B3�68ID3�?;"%K�K 5879/<4 5 =>+��,&�-32?9@-�4 � <>N%$ ��03A

� " ?>N�� /82�9�:;( 5 0�0V"@54�9K N 3U/#"�cde8G(6o6o3�2v?Q3(ck3�CN��3�?#"%KQKM5879/<4 5 =B/o�,&�-32?9@-�4 � <>N%$ ��0�C

X eo3yG�~87WTQ?@GRckTUCNMR60G�~8M(��3|I>3kt86�3(7�G!��3�?U</7BC45&=o243$x�MR?U5ºM�x ckMO5&5{zo6oC4c�G�TUCNMO6	CN6D��MR24�>C46oP|G�6Dzo5 Z
~83�?iM�xv7WMRzo?@ck3(7�G(68I!M(x¥ID3(7BTUCN68G(TQCNMO687¥M�xvIoG(TdG � , M�7W=83(ckCutrc�G�TUCNMR6�CF7¥PRC4��3�6|?Q3�P�G�?dIDCN6oP#TQeo3 � zJG�2 Z
CNTW<�M�xvTQeo3yckMO5&5�z�6oC4c�G�TUCNMR6�7W3�?Q�DCFck3"=o?QM(�DCFI>3sI	~><�5&3(G�6J7¡M�xÄ7Bz8cde{G�6wG�~87WTQ?@GRckTUCNMR6 � � M(�:3���3�?��
G�?U3(G�2 Z TUCN5&3|c�MR5&5{zo6oC�ckG(TQCNMO6&CF7#GRc�TQz8G(2N2N<�cde8G�?@GRckTU3�?QC4;�3(I&~D< G{7B=83(c�Cutvc�G(TQC4MR6�M�x TQeo3�=r3�?Bx�MR? Z
5�G(68ck3/M�xyTQe�3&ckMO5&5{zo6oCFc�G�TQC4MR6 � E �\� � MO?	TQe�CF7!?U3(GR7WMR6.�"3&6oM(�ºCN6DTQ?UMDI>z8ck3wTQeo3wckMR6Jck3�=oT�M�x
?Q3sG�2 Z TQC45&3#cde8G�6o6�3�2¥GO7HG!2NMOPRC�c�G�2 c�e8G(6o6o3�28x�MR?H�HeoC�c�ewG/cde8G�?@GRckTU3�?QC4;(G�TUCNMR6{M�x CNT@7$=83�?Wx�MR?Q50G�68ck3
c�G(6�~83�7B=83(ckC�t83(I��

�	��

��� j������>DE��F;�Dm��HG3IJ��KL�M�! im����"�#�,$ / ?U3(G�2 Z TUCN5&3|cde8G(6o6o3�21N 58? " ? /BK % N@R�� TBN@?>? /�TUK '
58?�� " 0�/BK�NO&�?AN � /10�(*)65 0 ",RB/ ��? /
��2NMRPOCFc�G(2Dc�eJG�6o6o3�28�,+.-3/ � ) % <�/(R /�+��@NO-02"-,PQ-�4 � "@?��</o�,N�-32"-,PQ-�4 �
"@R /�K % N�- RB/
�@58TB"%KO/
0 0V+IT < K <>"%K76

� " ?AN � /R2�9�:S( 5 0 0V"@54� KMN(3U/�"�cde8G�6�6o3�2 7B3�68ID3�? "%KHK 5879/84 % 50K8< -�/(R0&VN@RU7;"@?>TU/�P 5 =
+��@NO-32�9�-,P.-�4 � <>N%$ ��03A

� " ?>N�� /82 9 :;( 5 0�0V"@54� KMN 3U/ "�c�e8G(6o6o3�2¥?U3(ck3�C4��3�? "%K�K 5879/<4 % 50K < -�/(R0&VN@RU7;"@?ATU/
P 5 =
/o�@NO-32 9 -,PQ-�4 � <>N%$ ��0�C

X eo3{?Q3(G(2 Z TQC45&3/cde8G�6�6o3�2�I>3�t86o3(I�G�~8M(��3�C�7�5&3(G(6>TÚGR7	G�7WCN6oPO2N3/5&3(IDCFG>�v�>C4?QTQzJG�2�ckMO6o6o3(c�TQCNMO6
G�5wMR6oPwG�7W3�THM�x 6o3�TW�:MO?QA&6oMDID3(7�G�6JI�CNTHC�7�C46>TU3�68I>3sI�TQM{~83/G�6�3�}DTQ3�687WCNMO6�M(x�TQe�3	ID3kt86oC4TQCNMO6
M�xy?Q3sG�2 Z TQC45&3wc�e8G(6o6o3�2 GR7/MR?UCNPRC468G�242N<�CN6DTQ?UMDI>z8ck3(I�CN6 �����_� � GOc�e�6oMDI>3�=8G(?QTUCFckC4=8G�TU3(7	TQM�TUeo3
ckMO6o6o3(ckTUCNMO6�GR7	G�7WMRzo?@ck3�MO?�GR7	G�7WCN6oA�M(x#IoG(TdG>� G�68I�CF7|cde8G�?@GRckTU3�?QC4;�3(I�~><�C4Td7�M(�H6�=r3�?Bx�MR? Z
5�G(68ck3/7W=83(ckCutrc�G�TUCNMR6 �&� MR?|3�}�G�5&=�2N3��vG�7B3�68ID3�?|5�G�<�~83w7B=83(ckC�t83(I�TQM�e8G���3{ck3�?UTdG(CN6�TQ?@Gs�0c
cde8G�?@GRckTU3�?QC�7BTQC�c�7k���HeoC42N3�G	?Q3sck3�CN��3�?$50Gs<{~83�7B=83(ckC�t83(I&TQM{e8G���3|ck3�?UTdG(CN6��#M>9{?Q3 � zoC4?Q3�5&3�6>T@7 �

`�^



X eo3(7W3|I>3kt86�CNTQC4MR687�TU?Q<{TQM	C468I>C4�>C�I>z8G�TU3�G�t8?d7WTHck2�GR7U7$M�xi?UMR243(7k��C � 3 � 0�/ ?�� /(R10"G�68I RB/�TU/(58S�/(R10
M�x�G&?Q3(G(2 Z TQCN5w3	c�MR6o6o3sckTQC4MR6 �{X eo3/C46>TU?QMDI>z8c�TQCNMO6-M(xHTUCN5&3�CN6�TQe�CF7�I>3�t86oCNTUCNMO6-C�7�?Q3 � zoC4?Q3(I TUM
3�}D=o?Q3s7Q7HTQeo3|x\GRckT#TQe8G(T��8CN6�PR3�6o3�?dG�2\�8G�?Q3sG�2 Z TQC45&3yc�e8G(6o6o3�2iCF7#I><D68G�5wCFcR�DCN6�TQeo3�7B3�6J7B3	TUe8G�TÚG
=8G(?QTQC�ckCN=JG�6DT:c�G�6�~83|7BMOzo?dck3yMR?#I>3(7WTQC468G�TUCNMR60G�THIDCu�v3�?Q3�6>T�TQC45&3HCN6J7BTdG(6>T@7HI>zo?UCN6oP�TQeo3|cde8G(6o6o3�2
2NC�x�3�TQC45&3 �

9�CN6Jck3 b � b G(=o=o24CFc�G(TQCNMO687Hz87Bz8G(2N24<&CN6D��MR24��3|G�6Dzo5{~83�?�M�x"I>C��v3�?Q3�6DTH5&3(IDCFG>�D�:3�c�G(6 6oM(�
CN6DTQ?UMDI>z8ck3�G(6�G�~J7BTQ?@GRckTUCNMO6�G�~�2N3�TUM�3�6Jc�G�=87Wzo2FG(TQ3|TQe�CF7Hc�G(=8G�~oC42NC4TB<v�

�	��

��� j������ � �����"�Fj���KL�����­m �! im����"�#�%$ / 5{zo24TQCN5{3(I>C�G�cde8G�6o6�3�2>5 5 0�"
K R(5�-�$0/R��� )
	<)����
% <�/(RB/�� 5 0�" ��?>50KO/ 0�/BK NO&#R /�"%$3' K 5879/�T <>"@?A? /B$ 0�
�N��������3N���� "@?���	#���S-32�-�4 � "@?����¡���S-32"-�4 �
"@R /�K % N�- RB/
�@58TB"%KO/
0 0V+IT < K <>"%K76

� " ?AN � / 2?9 : ( 5 0�0V"@54�XKMN 3U/ "-5�zo24TQC45�3(IDCNG c�e8G(6o6o3�2|MO?QP�G(6oCN;�3�? "%K KM5879/;4 5 =
	#���S-32?9@-�4 � <>N%$ ��03A

� " ?AN � / 2?9 : ( 5 0�0V"@54� K N 3U/ ".5{zo2NTUCN5{3(I>C4G.cde8G�6o6�3�2	5�G(68G�PO3�? "%K KM5879/	4 5 =
�i���S-32?9@-�4 � <>N%$ ��0�C

C 3#c�G�6/6oM(��TQ?U<	TUM�z87B3#TQe�3$x�MR?U5�G�24CF7W5�7�=o?Q3s7B3�6DTQ3(I�G�~8M(��3H~><�G�=o=�2N<DCN6oP#TQeo3�5ÎTQMyTQeo3#ck2�GR7U7BC Z
tvc�G(TQC4MR6&�"3�CN6DTQ?UMDI>z8ck3(I	x�MR? b � b G�=�=o2NC�c�G�TUCNMR6J7 � �­xi�:3yckMR6J7BCFID3�?:TUeo3�5&MDI>3�2oM�xiC46>TU3�?dGOckTQC4MR6¥�
C � 3 � eoM(�ºI>C���3�?Q3�68c�3(7�C46-TUeo3{G�=�=o2NC�c�G�TUCNMR6J7�CN6 'Jzo3�68ck3/TUeo3/ADCN68I M(x#ckMO5&5�z�6oCFc�G(TQC�MR6�7W3�?Q�DCFck3
TQe�3(7B3yG�=o=�2NCFc�G�TQC4MR687�?U3 � z�CN?Q3:x�?UMR5ºTUeo3H6o3�TW�:MO?QAv���:3#c�G(6�I>3��DCF7W3HTQeo3:x�MO2N2NM(�HC46oP�ck2FGO7Q7BC�tvc�G(TQCNMO6
x�MR?yG	?Q3sG�2 Z TQC45&3yc�e8G(6o6o3�2�N��

� P�KM"%KM58Tk�:pyc�ckMR?@I>CN6�P!TUM/TQeo3y3(G�?U2NCN3�?:ID3kt86oC4TQCNMO687k��G�6�G(=o=o24CFc�G(TQCNMO6&CF7"c�eJG�?dGOckTQ3�?QCN;�3(I�~D<wG
7WTdG�TUCFc�5wMDI>3�28M�xiC46>TU3�?dGOckTQC4MR6{�Heo3�6&~8MRTUe�=o?Q3(IDCFc�G(TQ3(7 +��,N�-32"-,PQ-�4 � G�68I;/o�@NO-02"-,PQ-�4 � G�?U3
C468I>3�=83�68ID3�6>T"M�x�TUCN5&3��ÂC � 3 �
+��@NO-32�-,P.- 4 ��� +��,N�-32�-,P � -8/o�,N�-32"-@P.-�4 ��� /o�@NO-32�-,P �@�

� : N@? KMR N%$ $0/
�R� ��6�TUeoCF7�c�GR7W3�TQeo3²7BMRz�?dck3�G�6JIÎI>3(7WTQC468G�TUCNMR6 =o?Q3sI>CFc�G(TQ3(7�G(?Q3�?Q3�2FG�TU3(I��
+��@NO-32�-,P.- 4 ��� � �"!S-3/o�@NO-32�-,P.- 4 �U� �Heo3�?U3#! CF7{I>3�TU3�?Q5&C46o3(I�~>< G�=o=o24CFc�G(TQC4MR6�I>3�=83�6 Z
I>3�6>T�?Qz�2N3(7 ��� MR?�3�}�G�5&=�2N3��(CN6{TQeo3Úc�GR7W3�M(xi?Q3�5&MOTQ3"2N3(ckTUzo?QC46oPo�O�:3#e8G���3�7Wzo=o=8M�7W3(I&TQe8G(T
TUeo3�?Q3�c�G(6�~83	MR6�2N<�MR6o3�7B=83(G(A�3�?�G(T�3sGRcde TQC45&3 � 1�MO687B3 � zo3�6DTQ24<��oTQe�3	?Q3�2FG�TUCNMO6�c�G(6 ~83
7WCN5&=o24</3�}D=o?Q3(7U7B3(I�GO7k�
2�$ 2&%(' +��,N�-32)% -,P*% -�4 ��+ $
+��,N�-32"-@P.-�4 �d�

� ) L ?A"@7;58Tk�H�_6�TQeoC�7�c�GO7B3�TQeo3�?Q3�2�G�TQC4MR6�~83�TW�:3�3�6 +��@NO-02"-,PQ-�4 � G�68IS/o�@NO-32�-,P*% - 4 � C�7���3�?Q<
7WCN5&=o243��
+��@NO-32�-,P.- 4 ��� /o�,N�-32�-,P % -�4 �@�

`R`



� � ���B��
 �
���
� � � �(� �
� �B� � �����

�_6�TQeoC�7�7B3sckTQC4MR6��:3/=�?QMR=8M�7B3&TUeo3/=o?QC468ckC4=o2N3(7:x�MR?�G�7BMO2NzoTUCNMO6�M�xHTUeo3/=o?UMR~o243�5ÏM(x#ckMO5&5�z�6oC Z
c�G(TQCNMO6�7Bzo=�=rMO?QT�x�MR? b � b G(=o=o2NC�c�G�TUCNMO687 ��X eo3	t8?@7BT|7WMR2Nz�TQCNMO6��:3/=o?UMR=8M�7W3�C�7�~8GO7B3(I�MR6�TUeo3
7BC45&=o243�}�5�zo24TQC�c�GR7WT�ckMO6o6o3(c�TQCNMO6¥��G(68I-�HC42N2�~83&=o?U3(7B3�6>TU3(I CN6�TQeo3/x�?dG(5&3��"MR?QA�M�x#TUeo3 X 3�6o3�T
?Q3sG�2 Z TQC45&3#=o?QMOTQMDckMO2�7WzoCNTU3 � ���\�

C 3�eJGs��3�CN68IDCN�DCFI>z8G(TQ3(I�TW�:M�5�G�C46 ?Q3sGR7BMO687�x�MR?�GOI>MR=�TQCN6�P 7Wz8cde 7BMO2NzoTUCNMO6 �ÎX e�3 t8?d7WT
MR6�3�C�7�TQe8G(T|5&3(cde8G�6oC�7B5�7�x�MR?�G�6�3k�0ckCN3�6>T#CN5&=�2N3�5{3k6DTdG(TQC4MR6�M�x 5�zo24TQC�c�GR7WT#ckMR5&5{zo6oC�c�G�TUCNMO6
~83�PRC46�TQM&~83{G��OG�C42FG�~�2N3	C46�G&6Dzo5�~83�?HM(x"=8GRcdA�3�T Z 7B�HC4TdcdeoCN6�P/6o3�TW�:MO?QA�7 ��X e�3{7B3(ckMO68I CF7#TQe8G(T
G/7BC45&=o243�}/5�z�2NTQC�c�GR7WT"c�e8G(6o6o3�2vCF7HG	POM�MDI�ckMR5&=�?QMR5wCF7B3H~83�TW�"3�3�6&TUeo3|6o3�3(I&M�x G	5&3(cde8G(6oCF7W5
5&MO?Q3{=rM(�"3�?Bx�zo2�TUe8G�6�TQe�3&7WCN5&=o243�}�cde8G(6o6o3�2"7BMO2NzoTUCNMO6 �­MO6 �He�CFcde-TUeo3�t8?@7BT X 3�6o3�T	7Uc�e�3�5&3
�HGO7�MR?QC4PRC468G�242N<�~8GR7W3(I �����­� �¥G�68I TUeo3/6o3�3sI M�x"6oMRT|TUM�GRI>MO=oT|5&3(cde8G�6�CF7B507$TQM�M�=8M(�:3�?Wx�zo2�TUM
~83|3k��c�CN3�6DTQ24</CN5&=o243�5{3�6�TQ3(I �

p�6�GOIoI>C4TQCNMO68G�2\��G(68I =o?UMR~8G(~o2N<�5&MO?Q3|CN5&=8MO?QTdG(6>TH?U3(GR7WMR6�c�G(6 ~83/7W3�3�6�CN6 TUeo3!x\GOckT#TQe8G(T
TQe�3/7BC45&=o243�}/5�z�2NTQC�c�GR7WT"c�e8G(6o6o3�2ic�G�6 ~83�3k�v3(ckTQC4��3�2N</zJ7B3(I�GR7�G/~8GR7W3!x�MO?�TUeo3	?U3(G�24CN;(G(TQCNMO6�M�x
TQe�3/ckMO5&5�z�6oCFc�G�TUCNMR607B3�?U�>C�ck3(7:?Q3 � zoC4?Q3(I&~D<�5�zo24TQC45�3(IDCNG�G�=o=�2NCFc�G�TQC4MR6 � �_6�x\GOckT��8CN6�TQeo3�c�GR7W3
M�x G�7BT@G�TUCFc	TW<>=83�M�xHC46>TU3�?dGOckTQC4MR6¥�vG&7WCN5&=o243�}&5{zo2NTUCFc�GO7BT#cde8G�6�6o3�2 7B3�3�507�TUM�t8T�68G(TQzo?@G�242N< C46
TQe�3/7Qc�3�68G�?UCNM{M�x G	t8}>3sI 7B3�=8G�?@G�TQC4MR6�M(x:TUeo3/G(=o=o24CFc�G(TQCNMO6 =8G(?QTUCFckC4=8G�6DTd7HCN6�7BMOzo?dc�3(7�G�6JI�I>3(7 Z
TQC468G�TUCNMO687k��c�e8G(?dGOckTQ3�?UCN;�C46oP|TQeoC�7$ADCN68I/M�x b � b 7 � � MO?:TUeo3(7B3yG�=�=o2NC�c�G�TUCNMR6J7$TQe�3�3(7BT@G�~o24CF7Weo5&3�6DT
M�x�G&?Q3(G(2 Z TQCN5w3!5{zo24TQCFc�GR7BTyckMO6o6o3(ckTUCNMO6 x�?QMR5 3sGRcde�7BMRz�?dck3{TQM�G�242�TQe�3{I>3(7BTUCN68G(TQC4MR687�CF7|7Wz>� Z
ckC43�6>T��D7BCN6Jck3�TUeo3�MO6o2N<�x�MO?Q5 M�x IoG�T@G/ckMR5w5�zo6�CFc�G�TQC4MR6	x�?UMR5 TQeo3|ID3(7BTUCN68G(TQCNMO687:TQM/TUeo3|7WMRzo?@ck3
CF7|PR3�6�3�?dG(2N2N<�?U3�2FG(TQ3(I�TQM�G(=o=o24CFc�G(TQCNMO6�G�6JI c�MR5&5{zo6oC�ckG(TQCNMO6�ckMR6DTQ?UMR2\��G�6JI c�G�6.~83&?U3(G�24CN;�3(I
~D<.5&3(G(687	M�x|6�MR6 ?U3(G�2 Z TUCN5&3wIoG(TdG-TU?dG�6J7B5&C�7Q7BC4MR6 ��� MO?�3�}�G�5w=o2N3��iCN6�TQe�3�c�GO7B3�M�x�G(6 G(= Z
=o24CFc�G(TQCNMO6 ?U3 � z�CN?QC46oP{G&7WTdG�TUCFc/ckMO5&5{zo6oCFc�G�TUCNMO6�G�5&MO6oP�G�tJ}>3(I�7B3�T#M�x"C46>x�MR?U5�G�TUCNMR6�7BMOzo?dck3s7
� � 
�� ����� ��������G(68I GLtJ}>3(I�7W3�T�M(x�CN6>x�MO?Q5�G(TQCNMO6�7BCN6�Ao7	� � 
�
�� � � �

�� ���HG�7BMO2NzoTUCNMO6 �HCNTUe
TQe�?Q3�3�?U3(G�2 Z TUCN5&3#5{zo2NTUCFc�GO7BT"ckMR6�6o3(ckTUCNMR6J7:c�G(6�~83�I>3��DCF7B3sI��DGR7#7BeoM(�H6�CN6 � C4P �A�D� �_6&TUeo3�c�GR7W3
�Heo3�?U3�CN6DTQ3�?dGRc�TQCNMO6{G�5&MO6oP	TUeo3|7WMRzo?@ck3(7$C�7:G(2F7BM�?Q3 � zoC4?Q3(I���C4T$C�7:7Wz>��c�CN3�6DT�TQM	C45&=o243�5�3�6�T¡TUeo3
ckMO6o6o3(ckTUCNMO687:~><0ckMR687WCFI>3�?QCN6�P/TQeo3�I>3(7WTQC468G�TUCNMR6�7W3�T��q7Wz8cde�TUe8G�T������ �

C eo3�6{TQeo3H243���3�2DM�xvCN6DTQ3�?dGRc�TQCNMO6{G�5&MO6oP|TQeo3H=JG�?QTUCFckC4=8G�6DTd7iCN68ck?U3(GR7W3(7k�OTQeo3�6wG�?QC�c�eo3�?�ckMO5 Z
5{zo6oCFc�G�TQC4MR6�7BTU?Qz8c�TQzo?U3He8GR7�TQM|~83H=o?UM��DCFID3(I � � M��"3���3�?���TUeo3#7BC45&=o2N3�}�5{zo2NTUCFc�GO7BTicde8G�6�6o3�28c�G(6
7BTUCN242�=o?UM��DCFID3�TUeo3|~8GR7WCFc�ckMO5&=8MR6o3�6>T�x�MR?#G�6�3k�0ckC43�6>T�C45&=o2N3�5�3�6�T@G�TUCNMR6/M(x�7Wz8cde G/7WTQ?Uz8ckTQz�?Q3 �
� MR?{3�}�G�5&=o243���CN6�TQeo3�c�GR7W3 M(x/G I><>6JG�5&C�c�TW<>=83 M(x|CN6DTQ3�?dGRc�TQCNMO6¥���Heo3�?Q3�G�242�TUeo3�G(=o=o2NC�c�G Z
TQC4MR6#"¸7:=8G�?UTQC�ckCN=8G(6>T@7HG�?U3	G(2N24M��"3(I�TUM�x�?U3�3�2N</C46>TU3�?dGOckT:�HC4TQe�TQe�3!MOTQeo3�?d7k�8G{ckMO5&=o2N3�TQ3#6o3�TW�:MO?QA
M�x#?U3(G�2 Z TUCN5&3/5{zo24TQCFc�GR7BTÚc�e8G(6o6o3�2�7	ckMO6o6o3(c�TQCN6�P 3(GOc�e�=8G�?UTQC�ckCN=8G(6>T��HCNTUe.TQeo3wMRTQe�3�?d7/c�G(6.~83
GRIDMR=oTU3(I �

X eo3w7QG�5w3{7BMR24zoTQC4MR6¥�iM�x�ckMRzo?@7B3��ic�G(6.~83&G(=o=o24CN3(I C46-TUeo3&c�GR7B3{M�x�G�=o=�2NCFc�G�TQC4MR687|cde8G�?@GRc Z
TQ3�?QCN;�3(I&~><�G{ckMO6>TU?QMR242N3(I&TW<D=r3�M�x�C46>TU3�?dGOckTQC4MR6�G�5wMR6oP{TQeo3|=8G(?QTUCFckC4=8G�6DTd7 � � ��3�6�TQeoMOzoPRe�TUeo3
G�~8M(��3/7WA�3�Tdcdeo3(I�7WMR2Nz�TQCNMO6�G�=o=83(G(?d7�TQMw~r3�7BTU?dG�C4PReDTBx�MO?Q�HG(?dI�G�68I 3sGR7B3�TQM&C45&=o243�5�3�6>T��>7WMR5&3
ckMO687BC�I>3�?dG(TQC4MR687|5&CNPOe>T#~83�5�GOI>3/?Q3�P�G�?@I>CN6�P CNT@7�3k��c�CN3�68c�< � p�7��:3{=8MRC46>TU3(ILC46.G&=o?U3��DCNMRzJ7

`��



1

3

3

j

k

l

m

p

s

s

s

d

d

d

d

d

� CNPOzo?Q3 � � � M�7Q7BC4~o2N3|C45&=o2N3�5�3�6>T@G�TUCNMR6{M�x G/5�zo24TQC45�3(IDCNG|cde8G�6�6o3�2 �

7B3sckTQC4MR6¥��G b � b c�G�6�~83�I>3kt86�3(I&GR7:?U3 � zoCN?UCN6oP�G/ckMR6DTQ?UMR2N243(I/CN6DTQ3�?@GRckTUCNMR6w�Heo3�6&TUeo3|=8G�?UTQCFc�C Z
=8G(6>T@7��HeoMwc�G(6 GOckTQC4��3�2N<{c�MR6DTQ?QC4~ozoTU3!TUM/TQeo3�IoG(TdG�'8M(��ckMO687BTUCNTQz�TQ3�G/7Bzo~J7B3�T#TQe8G(T#c�G�6��OG�?Q<
I><D68G�5wCFc�G(2N2N< � 9�z8cde�7Wzo~87W3�T�c�G�6 ~83�z87Bz8G(2N24<�C�I>3�6DTQC�t83(I�~D<�ckMO687BC�I>3�?QC46oPw7B=83(ckC�tvc|G�TQTU?QC4~ozoTQ3s7
M�x TQeo3�G�=�=o2NC�c�G�TUCNMR6 �

�_6&TQeo3Úc�GR7W3�M�x G|TQ3�243(ckMR6Dx�3�?Q3�6Jck3���x�MO?:3�}�G�5&=�2N3���G(2N28TQe�3|7B=83(G(A�3�?d7"ckMRzo2�I&7BC45�z�2NTdG(6o3�MOz87B24<
G�=�=r3sG�?:MO6&TQe�3H5�GRcdeoCN6�3(7ÄM(xiTQeo3yckMO6>x�3�?Q3�68ck3HG(TQTU3�68I>3�3s7k��3���3�6/TUeoMRzoPOe&CN6{=o?@GRckTUCFck3HMO6o2N</MO6o3
G�5wMR6oP�TUeo3H7W=83(G�A�3�?@7¡MR? G�7B5�G(2N243�?i7Bzo~J7B3�T�M(xvTQeo3�5�C�7�GRckTUCN��3�24<�C46>��MO2N��3(I�C46	TQe�3#ckMR6>x�3�?Q3�68c�3 � �

�_6 TUeo3�c�GO7B3�M�xyG�c�MR5&=oz�TQ3�?�7Bzo=o=8MO?QTQ3sI 243(ckTUzo?Q3��iTQeo3 '8M�MO?/�HCN242:~83�5�G�C46o2N<�TdG�A�3�6 ~D<
TQe�3&=o?QM(x�3(7Q7WMR? ��e�M��"3���3�?���G PRM�MDI�CN6DTQ3�?@GRckTUCNMO6.~83�TW�:3�3�6 eoCN5 G�68I.TUeo3�7BTUz8I>3�6DTd7/G(68I�G�2�7BM
G�5wMR6oP|TQe�3�7WTQz8I>3�6>T@7 TUeo3�5�7W3�2N��3�7¥CF7¡eoC4PReo24<{I>3(7WCN?dG(~o2N3 �¡� MO?$TUeoCF7�?U3(GR7WMR6¥��7BCN6Jck3HCN6{TQeo3�MR?Q<{G(2N2
TQe�3�7WTQz8I>3�6>T@7:ckMOzo2FI�C46>TU3�?Q��3�6o3HI>z�?QCN6�P	TQe�3�2N3(7U7BMO6¥�>C4T:c�MRzo2�I�~83|G(?QPRz�3(I&TQe8G(THG	c�MR5&5{zo6oC�ckG Z
TQC4MR6�7BTQ?Uz8ckTUzo?Q3�M��v3�?QC46oP�G/?Q3(G(2 Z TQC45&3|ckMO6o6o3(ckTUCNMO6�G�5wMR6oPwG�242¥TQeo3�=8G�?UTQCFc�CN=8G(6>T@7�C�7�?U3 � z�CN?Q3sI �
� M(�:3���3�?�TQeo3|CN6�eo3�?Q3�6>T"MR?dID3�?H?Q3�POzo2FG(TQC46oP/TQeo3�ckMOzo?d7W3|M�x TQeo3|2N3s7Q7BMO6�5&CNPOe>T"~r3|3�}D=o24MRCNTU3(I�TUM
?Q3sI>z8ck3�TUeo3�ckMR5w5�zo6�CFc�G(TQCNMO6�?U3 � zoCN?U3�5&3�6�T@7 �

� MRTUe/TQeo3"3�}oG(5&=o243(7�=o?Q3s7B3�6DTQ3(I�7BeoM(��TQe8G(T�G�5&MO?Q3�3k�0ckCN3�6DTi7BMO2NzoTUCNMO6	x�MR?�TUeo3HCN5&=�2N3�5{3�6 Z
TdG(TQC4MR6	M(x8TQe�3HckMO5&5�z�6oCFc�G�TUCNMR6Ú7BTQ?Uz8ckTUzo?Q3"c�G(6	~83$x�MOzo68I��R~D<|ckMO687BC�I>3�?UCN6oP#TQeo3"cde8G�?@GRckTU3�?QC�7BTUCFc�7
M�xiTUeo3yG�=o=o24CFc�G(TQC4MR687 � �_6�TUeo3#TQ3�243(ckMR6Dx�3�?Q3�6Jck3:3�}�G�5w=o2N3��(TQe�3�7WMRzo?@ck3|7B3�T$C�7�z87Bz8G(2N24<{7B5�G(2N2�G�68I
MR6�2N<wG	7Bz�~87B3�T"M�xiTUeo3|7B=83(G(A�3�?d7"GRckTUCN��3�24<�ckMR6DTQ?UCN~ozoTU3(7$TUM	TUeo3�c�MR6>x�3�?U3�68ck3yG�T"TQeo3Ú7QG�5w3�TUCN5&3��
TQe�CF7/cde8G�?@GRckTU3�?QC�7BTQC�c�7WeoMRz�2FI ~83�3�}D=o2NMOCNTU3(I.I>zo?UCN6oP�TUeo3�3(7BT@G�~o24CF7Weo5&3�6DT|M�xyTQeo3�cde8G�6o6�3�2_��TUM
I>3�TU3�?Q5wCN6o3{7WMR5&3/x�MR?U5 M�xyMR=oTUCN5&C4;(G�TUCNMO6�CN6�TQeo3w?Q3(7W3�?Q�OG�TUCNMO6.M�xyTQeo3w?Q3(7WMRzo?@ck3(7	6o3�3sI>3(I-TUM
PRzJG�?dG(6>TU3�3wG ck3�?UTdG(CN6 � z8G�24CNTW< M(xy7B3�?U�>C�ck3 � �_6�TQeo3wc�GR7W3�M(x#G(=o=o2NC�c�G�TUCNMO687��Heo3�?Q3{TQe�3&7WMRzo?@ck3

�WÙ ÀÂ¶�¬�®(«­½�¦�°k½�¬k³#¦oÀ4¬k«�³-¬dÀ(À4¦B¦UË�×O¾k¶�Ê$À4«­¬�³�¨�¤�¦i¶_¬�§�ÀN¦W«�¦W§R¶_¦ ¾�¨�¨�¦B§OË�¦W¦W½�½�¤�¬�®(Æ�Ë$×O¦¥¾dÆ¼Æ¼¬��v¦QË�°QÆ¸·¼Êk¦��k®(¦W½�¨­·¼¬�§(½
¬�«H¶_«­·¸¨­·�¶_·¼½�³#½QÐ/ÌF§&¨�¤(¦|¶W¾�½�¦�¬dÀ�Æ�¾d«�Þk¦#½_¶W¾dÆ¼¦�¨�¦WÆ¼¦U¶�¬�§�À4¦B«�¦W§O¶�¦W½U°¡½�®O¶­¤&ÀN¦W¦UË�×O¾k¶­Êw¶_¬k®(Æ�Ë/×R¦y·¼³�¯(Æ¼¦W³#¦W§�¨­¦UË|×�Å
³#¦Q¾d§(½�¬dÀv¾$§(¬�§�«�¦Q¾dÆÇÑ�¨­·¼³#¦ ¶�¬�³#³H®�§(·�¶W¾d¨­· ¬�§H¶­¤O¾d§�§(¦WÆF°��¥¤(·¼Æ¼¦¥ÀN¬�«¥½�³�¾dÆ¼Æ¼¦W«�½\¶W¾�Æ¸¦���Ì��É¾�¯(¯(Æ¼·�¶W¾d¨­·¸¬k§(½�½�®O¶­¤�¾�½
¾:¨�¦BÆ¸¦B½�¦W³�·¸§R¾d«U°(¾:Ë�·
	�¦W«�¦W§�¨¡½�¬�Æ¼®(¨­·¼¬�§y¶�¬�®(Æ�Ë�×O¦¡À4¦Q¾d½�·¼×(Æ¼¦�¬�«i¾�¯(¯(«­¬�¯(«­·Ü¾�¨�¦�Ð

`�]



7B3�T/CF7/7BT@G�TUCFc�G(2N2N< I>3�TU3�?Q5wCN6o3(I�G(T/TQeo3�~83�POCN6o6oC46oP�M�xyTQe�3 G(=o=o24CFc�G(TQCNMO6¥���:3�c�G(6�GRI>MO=oT�TW�"M
I>C���3�?Q3�6DTHG(=o=o?QM�GRcdeo3(7 �

� � � � � � � ����� ����� � �
� �B�
�����H�

X M/=o?Q3(7W3�6DT:TQe�3�t8?d7WT#G�=o=�?QM�GOc�e �o�:3��HC42N2¥c�MR687WCFI>3�? G�P�G�CN6�TUeo3|2N3(7U7BMR6�3�}�G�5w=o2N3 � p�7:�:3�eJGs��3
7B3�3�6¥��3���3�6/TUeoMRzoPOe&TQe�3�=o?UM�x�3(7U7BMO?:CF7�TUeo3�MO6o2N<{7WMRzo?@ck3#M�xiI�G�TdG�x�MR?"5&M�7WT�M�xiTUeo3�TUCN5&3��RG(2N2oTUeo3
7BTUz8I>3�6DTd7"G�?U3	7Wzo=o=8M�7W3(I&TQM/C46>TU3�?Q��3�6�3:x�MR?#G!24CN5&C4TQ3(I	TUCN5&3#IDzo?QC46oP	TUeo3|ckMOzo?d7W3!M(xiTQeo3y2N3(7U7BMR6 �
p�P�G�CN6 �¥G�t8?d7WT	7WMR24zoTQC4MR6�TQM�TUeoCF7�=�?QMR~�2N3�5 ckMRzo2�I ~83�TUM&=o?QM(�DCFI>3/3���3�?Q<�=8G(?QTQC�ckCN=JG�6DT��HC4TQe G
5{zo2NTUCFc�GO7BT"ckMR6�6o3(ckTUCNMR6�TUM{G�2N2¥TUeo3|MRTUeo3�?d7 �

� M(�:3���3�?���I>z�3�TUM/cde8G�?@GRckTU3�?QC�7BTQC�c�7¡M(xiTQeo3yG�=o=�2NCFc�G�TQC4MR6¥�DTQeo3#5{zo2NTUCFc�GO7BT ckMR6o6�3(ckTQC4MR687�MO?QCNP Z
CN6JG�TQC46oP	x�?QMO5qTQe�3|7BTUz8I>3�6DTd7:�"MRzo2�I0~83|5&M�7BTQ24</zo6Dz87B3(I � p 7WMR24zoTQC4MR6�TQM/TUeoCF7:=o?UMR~o243�5 ckMRzo2�I
~83|TQM{CN5&=o243�5{3�6�T"G/I><>6JG�5&C�c�5�G(68G�PO3�5&3�6DT�M�x�TUeo3�ckMR6�6o3(ckTUCNMR6J7k�o7Wz8cde�TUe8G�T#MR6�2N<&TUeo3�ckMR6 Z
6o3(c�TQCNMO6�x�?UMR5
TQeo3�=o?QM(x�3(7Q7WMR?�TUM�TUeo3/7WTQz8ID3�6>T@7�C�7�3s7BTdG(~o2NC�7Beo3sI G�TyTQeo3�~r3�PRCN6�6oCN6oP��r�He�CN2N3|TUeo3
MRTUeo3�?{ckMO6o6o3(c�TQCNMO687	G(?Q3�ck?U3(G�TU3(I-MR6²I>3�5�G(68I��i�Heo3�6o3���3�?/G�ckMO5&5�z�6oCFc�G�TUCNMR6�C�7	?Q3 � zo3(7WTQ3(I
~D< TQe�3{7BTQzJI>3�6DTd7 ��X eoCF7|7BMO2NzoTUCNMO6�G�=o=83(G(?d7!TUM�~r3wckM�7BT Z 3k�v3(ckTUCN��3��8~ozoTyCNT|7WeoM(�#7!TW�:M&50G� WMR?
I>?@Gs�H~JGRcdAo7���TQe�3�t8?d7WT/CF7|TQe8G(T/TQeo3&TUCN5&3/?U3 � zoCN?U3(I-TQM�3(7BT@G�~o24CF7We G 6�3�� ckMR6�6o3(ckTUCNMR6 ckMRzo2�I
~83&6oMO6 Z 6�3�PR24CNPRC4~o2N3��¡G(68I���C46-PO3�6o3�?@G�2_�izo6o=o?U3(I>C�ckTdG(~o2N3 ��X e�3&7W3(ckMR6JI-CF7|TQe8G(T	TQe�3�?U3(7BMOzo?dck3s7
?Q3 � zoC4?Q3(I/x�MR?#6o3��ªckMR6o6�3(ckTQC4MR687:MO6�I>3�5�G�68IwckMRzo2�I&~r3|6oMOT�=�?QMR5w=oTQ24<&G��OG�C42FG�~�2N3 �

X eo3#7B3sckMR68I/7WMR24zoTQC4MR6/CF7iG�P�G�C46/~8GR7W3(I�MO6{G�6{G(68G�24<o7WCF7¡M(x�TUeo3HG(=o=o24CFc�G(TQCNMO6/cde8G�?@GRckTU3�?QC�7BTUCFc�7
G�6JI-MR6�7WMR5&3{CFID3(GR7|I>3�?UCN��3(I�x�?UMR5,TQeo3{MR?UCNPOCN68G(2 X 3�6o3�T/7Qcdeo3�5w3 � �_6.TQe�3�243(7Q7WMR6.3�}�G�5w=o2N3��
G X 3�6�3�T Z ~8GR7W3(I G(=o=o?UM�GRcde �:MOzo2FI�3(7BT@G�~o24CF7We G�PR?QMOzo= M�x!7BCN5w=o2N3�}�z�6oCFc�GO7BTwc�eJG�6o6o3�2F7	�HCNTUe
PRzJG�?dG(6>TU3�3(I¿�#M>9�x�?QMO5 TQe�3 =o?UM�x�3(7U7BMR?wTQM.TUeo3�7WTQz8I>3�6>T@7 � �_6 G�6 3�}>TU3�68I>3(I�7Uc�eo3�5&3&�HCNTUe
5{zo2NTUCFc�GO7BT{ckMO6o6o3(ckTUCNMO687&c�G(=8G�~oC42NC4TB<�TUeo3�ckMR5w5�zo6�CNc�G�TQC4MR6�7BTU?Qz8c�TQzo?U3 �:MOzo2FI G(=o=83(G�?�GR7�C46
� C4PRzo?U3 ]>� G � � 3�T&z87�6�M�� 7Wzo=o=8M�7W3-TUe8G�T&C46 MRzo?0G�=o=o24CFc�G(TQC4MR6 MR6�2N<�MR6o3�=JG�?QTUCFckC4=8G�6DT�G(T
G-TUCN5&3�c�G�6 TQ?@G�687W5&CNT{I�G�TdG��­C � 3 � C�7�G(zoTQeoMO?QC4;�3(I TQM�CN6DTQ3�?Q��3�6o3 �d� 9�C468ck3�TQe�3�7BMOzo?dc�3(7&G�?U3
5{zoTQz8G(2N24< 3�}�ck2NzJ7BCN��3���Cux TQeo3&6�3�TW�:MR?UA.c�MRzo2�ILM(��3�?{G�PRzJG�?dG(6>TU3�3(I �#M>9�C46.~8MRTUe IDCN?Q3sckTQC4MR687
M�xÚTQeo3�7QG(5&3�5�z�2NTQC�c�GR7WT�ckMR6o6�3(ckTQC4MR6¥�"�:3�ckMRz�2FI�7BC45&=o2N< G�242NM(� ckMR5&5{zo6oC�c�G�TUCNMO6Lx�?UMR5 TUeo3
7BTUz8I>3�6DTd7H~D<�C45&=o2N3�5&3k6DTQC46oPo��G�T#TQeo3�G�=�=o2NC�c�G�TUCNMR6�243���3�2_�DckMO6>TU?QMO2¡5&3sc�e8G(6oCF7W5&7�?U3(G�24CN;�C46oP	TUeo3
?Q3 � zoC4?Q3(I{5�zoTUz8G�2¥3�}ock24z87BC4MR6 ��� CNPRz�?Q3 ]>� ~�7Be�M��#7#TQeo3�IoG(TdG '8M(�É�He�3�6 MO6o3	M(x�TQeo3�7WTQz8I>3�6>T@7
� 
�� � 7BT@G�?QT@7�TUM/TQ?@G�687W5&CNT#IoG(TdG �

p�THTUeo3|6o3�TW�:MO?QA&2�G�<�3�?���TQe�CF7HckMO6>TU?QMR2¥5w3(c�eJG�6oC�7B5º6o3�3sIo7:TQM{~83	3�6>x�MO?dck3sI��>TUM&G���MRC�I&TQe8G(T
G�6�CN242 Z ~r3�e8G��>C46oP{G�=o=�2NCFc�G�TQC4MR6�ckMRzo2�I� W3�MR=8G(?dI>C4;�3	TUeo3|=83�?Bx�MO?Q5�G(68ck3|M�x�MOTQeo3�?�3�}DCF7WTQC46oP{G�=o=�2NC Z
c�G(TQCNMO687 � �_6�TQeo3 X 3�6o3�T�7Bz�CNTQ3��ÄTUeoCF7�3�6Dx�MR?dc�3�5&3�6DT�c�G�6�~r30I>MR6o3{~D<�5&3(G�6J7ÚM(xHTUeo3&G(2N?U3(GRI><
3�}DCF7WTQCN6�P!5w3(c�eJG�6oC�7B5w7 x�MO?:?dG(TQ3yckMR6DTQ?UMR2 � C CNTQew7BzJc�e{5&3(cde8G�6�CF7B507k���Heo3�6�3���3�?�=8GRcdA�3�T@7 '8M(� Z
CN6�P x�?QMR5 G�6²G�=o=�2NCFc�G�TQC4MR6�G(?Q3�3�}�ck3�3(IDCN6oP�TQe�3 G(5&MRz�6>T|M�xy?Q3s7BMRz�?dck3(7	MO?QC4PRCN6JG�2N24<.G(2N24MDc�G�TU3(I
TQMwCNT��vTQeDz87��DCNMR2�G�TUCN6oP&TUeo3 � z8G�24CNTW<&M�x�7B3�?U�>C�ck3�G�PO?Q3�3�5w3�6>TH�HC4TQe�TUeo3/6o3�TW�:MO?QAv�rTUeo3�<��HCN2N2i~83
I>C�7Qc�G(?dI>3(I �HC4TQe�6oM�e8G(?Q5 TQM�TQeo3/MOTQeo3�?|ckMR6�6o3(ckTUCNMR6J7 ��� 2NM�MO? Z ckMR6DTQ?UMR2�5&3sc�e8G(6oCF7W5�7:�HCNTUeoCN6
TQe�3!6�3�TW�:MR?UA&=o?UMRTQMDc�MR2F7#c�G(6�TUe>zJ7�~83�G���MRCFID3(I �­3 � P �
��` W ���d�

` E



D   =   6
max

2

2

2

2

2

2

1
1

j

k

l

m

p

d

d

d

d

d

s

1

j

k

l

m

p

d

d

d

d

d

s

max
D   =   8

2

2

2

2

2

1 1

1

2

a) b)

� C4PRzo?U3 ] �"pÉe8G�2�x Z IDzo=o2N3�}&5�z�2NTQC�c�GR7WT"ckMR6o6�3(ckTQC4MR6 �

p 6o3��²G�~87WTQ?dGOckTQC4MR6wc�G�242N3(I	TUeo3D<>"%$ &(' �@+�-�$0/ 1 R /�"%$ 'MK 5879/
TB<>"@?A? /B$�c�G�6{6oM(� ~83�C46>TU?QMDI>zJck3(I �
X eo3�5�G� WMO?	=o?UMR~o243�5,M�x|TUeoCF7|CN6DTQ?QMDIDz8ckTQC4MR6�CF7	TUe8G�T/TUeo3�?Q3(7W3�?Q�OG(TQCNMO6�5&3(cde8G�6oC�7B5w7�CN6.TUeo3
X 3�6o3�T#7Uc�eo3�5&3|G�?U3/I>3�=r3�68I>3�6DTHMR6�TQeo3�IoG�T@G&I>CN?U3(ckTUCNMR6wM���3�?HTQeo3�c�e8G(6o6o3�2 � �_6�TQeo3|3�}�G�5&=�2N3
M�x � CNP ��] ��G�242oTQeo3#6o3�TW�"MR?QA�2NC46oAo7ie8G���3H~r3�3�6&GO7Q7WCNPR6�3(I�G|I>3�2FG�<	~8MRz�68I�CN6{TQC45&3:z�6oCNT@7 �=C e�3�6
TQe�3|IoG�T@G '8M(�#7$x�?UMR5ºTQe�3�=o?QM(x�3(7Q7WMR?���TQM�TQeo3y7BTUz8I>3�6DTd7��>TUeo3�5�G(}>C45/zo5 I>3�2FG�</TUeo3�I�G�TdG	�HC42N2
7BzD��3�?!C�7�~rMOzo68I>3sI-~>< � zo6�CNTd7��¥�HeoCN243/CN6�TQeo3{c�GO7B3{�Heo3�?U3�TUeo3{IoG�T@G�'8M(�#7�x�?QMR5 
��ªTQM�G(2N2
TQe�3/MRTQe�3�?�=JG�?QTUCFckC4=8G�6DTd7���TQe�3	5�G(}>C45�zo5 ID3�2FG�<��HCN242¡~83 W�zo6�CNTd7 �|X M0Gs��MOCFI�G�TQM�M�ckMO5&=o2N3�}
cde8G�6o6�3�2�3(7BT@G�~o24CF7Be�5&3�6DT�5&3sc�e8G(6oCF7W5��8�:3{~r3�2NCN3���3/TQe8G(T	TQe�3&7W=r3sckCutvc�G�TQC4MR6.M(x#TQeo3{?Q3 � zoC4?Q3(I
� z8G�24CNTW<&M�x 7W3�?Q�DCFck3�7WeoMRzo2�I ~83/G�242NM(�:3sI�MR6�2N<&x�MR?�TUeo3	50G�CN6�I>C4?Q3(c�TQCNMO6 M(x:TUeo3/I�G�TdG '8M(� � �_6
TQe�3�2N3(c�TQzo?U3�3�}�G�5w=o2N3��(TQe�3 � zJG�2NC4TW</M�x 7B3�?Q�DCFck3#?Q3 � zoC4?Q3�5&3�6�Td7¡�HC42N28~83|7B=83(ckC�t83(I�~D</TQe�3 7;"@58?
0VN@+IR TU/|ckMO?Q?U3(7B=8MR6JI>CN6oP�TUM TUeo3&=o?UM�x�3(7U7BMR?��$�He�CN2N3{3(GOc�e�MR6o3�M(x#TQeo3&MOTQeo3�?	=8M�7U7BCN~�2N3�7BMOzo?dck3s7
�B"%$3KO/(R(?A"%KM58S�/�0VN@+ R�TU/10 � �DckMO?Q?Q3s7B=8MR68IDCN6oP{TQM/TUeo3|7BTUz8I>3�6DTd7��o�HCN242rMO6o2N<we8G���3�x�?QMO5 TUeo3|6o3�TW�:MO?QA
G	t8}>3sI��><�3�T"PRz8G(?dG(6>TU3�3(IL�#MD9 �

X eo3:C46>TU3�?dc�MR6o6o3sckTQC4MR6|7Uc�eo3�5&3¡=�?QMR=8M�7B3(I/G(~rM(��3 c�G�6|M��v3�?��RCN6�GH?Q3(G(2 Z TQC45&3�=o?UMRTQMDc�MR2�7BzoC4TQ3��
G�6{3k�0ckCN3�6>T G�68I{ckM�7BT Z 3k�v3(ckTUCN��3 G�2NTU3�?Q6JG�TQC4��3:TUM!TUeo3#G�24?Q3(GOI></G��OG�C42FG(~o2N3��(x�zo2N24<	CN6DTQ3�?dckMO6o6o3(ckTU3(I
7Qcdeo3�5w3 �

� ��3�6�TUeoMRz�PRe�TQeo3Hx�MR?U5&3�?�7WMR24zoTQC4MR6�7W3�3�5�7¡TUM	?U3(7BTU?QCFc�T$TUeo3yc�G�=8G(~oCN24CNTW<	M(x G�6�G(=o=o24CFc�G(TQCNMO6
TQMw7B3�2N3(ckT#G/?Q3sG�2 Z TQC45&3yckMR5&5{zo6oC�c�G�TUCNMO6�=83�?Wx�3(ckTQ24<�50G�TdcdeoC46oP/CNT@7:6o3�3(Io7���GO7�C4687BTU3(GRI�G�242NM(�:3(I
~D< TQe�3/2FG�TUTQ3�?����:3/~83�24CN3���3�TQe8G(T�TQe�3&GOI>�OG�6DTdG�PO3(7|c�eJG�?dGOckTQ3�?QCN;�CN6oP�G{e8G�2�x Z I>z�=o2N3�}�5�z�2NTQC�c�GR7WT
ckMO6o6o3(ckTUCNMO6 G(?Q3|�:3�2N2��"MR?UTQe TUeo3|2NC45&CNT@G�TQC4MR687�TUe8G�TH5&C4PReDT:~83�GR7U7BMDckC�G�TQ3sI TQM/CNT �

� CN?@7BT��>TQe�CF7:7WMR24zoTQC4MR6&PO?Q3(G(TQ2N<w7BC45&=o24Cut83(7¥TQe�3�3(7BT@G�~o24CF7Weo5&3�6DT�M�x G/c�MR5&5{zo6oC�ckG(TQCNMO6{7BTU?Qz8c Z
TQz�?Q3#�HCNTQe/POz8G�?@G�6DTQ3�3sI��#M>98��=8G(?QTQC�ckzo2�G�?Q24<!x�MO? b � b G�=�=o2NC�c�G�TUCNMR6J7$cde8G(?dGRc�TQ3�?UCN;�3(I|~><{G�2�G�?QPO3
6Dzo5�~83�?#M�x =8G�?UTQC�ckCN=8G(6>T@7	�B1�x�? �{� CNPOzo?Q3 `(� ��7WCN68c�3/MR6o24< TQe�3�3(7WTdG(~o2NC�7Beo5&3�6>THM(x#G&5�z�2NTQC�c�GR7WT
cde8G�6o6�3�2oCF7i?Q3 � zoCN?U3(I �iX eoC�7 C�7�=8G�?UTQCFc�zo2FG(?Q2N<|TU?Qzo3HC46&G(2N28c�GO7B3(7�C46/�HeoCFcde{G|7BMR?UT�M�xiGO7B<D5&5&3�TU?Q<
CN6�TQe�3 '8M(�HC46oP�M�xH5{zo24TQCN5{3(I>C�G/IoG�T@G G(5&MR6oP�TUeo3�=JG�?QTUCFckC4=8G�6DTd7|c�G(6-~83{MR~87W3�?Q��3sI �¡C46�7Bz8cde

`��



n j

c
3

c
2
’

c
2
"

n j

c
3

c
1

c

c
1

2

b)a)

� C4PRzo?U3 Eo�"p¿=8M�7Q7WCN~o243/7WMR2Nz�TQCNMO6&x�MR?#e8G�2�x Z I>z�=o2N3�}0ckMR6o6�3(ckTQC4MR687 �

c�GO7B3(7��rTUeo3|=rM�7Q7WCN~oC42NCNTW<&M(x"G/?Q3(I>zJck3(I��o~oz�T�7WTQCN242¥PRz8G(?dG(6>TU3�3(I � z8G(2NCNTW<&M(x"7B3�?Q�DCFck3�x�MO?�243(7Q7HCN5 Z
=8MR?UTdG�6DT�ckMR6�6o3(ckTUCNMR6J7ÚC�7�z87Wz8G�242N<�G(6.GOc�ck3�=�TdG�~�2N3/ID?dG��H~8GRcdA x�MR?ÚGwx\GO7BTU3�?�3(7WTdG�~�2NCF7Weo5&3�6DT#M�x
TQe�3	c�MR5&=o243�TQ3yckMO5&5�z�6oCFc�G�TUCNMR6w7BTU?Qz8c�TQzo?U3 �

9�3(ckMO68I���TUeoCF7#7BMO2NzoTUCNMO6�=o?QM(�DCFI>3(7#7QG��DCN6oP�7�CN6�TQ3�?U5�7:M�x"?U3(7BMOzo?dck3s7�?U3 � z�CN?Q3sI0TUM&3(7WTdG�~�2NCF7We
G.?Q3(G(2 Z TQC45&3�ckMR6o6�3(ckTQC4MR6 � � MR242NM(�HCN6oP TQeo3�TQ?@GRI>C4TQCNMO68G�2ÚG�=o=o?UM�GOc�e¥��TUeo3�7QG(5&3�G(=o=o24CFc�G(TQCNMO6
�:MOzo2FI&e8G���3|?Q3 � zoC4?Q3(I{TQeo3�3s7BTdG(~o2NC�7Beo5w3�6>T�M(x"GR7H5�G�6D</5{zo2NTUCFc�GO7BT"c�eJG�6o6o3�2F7HGR7HTQe�3!6Dzo5{~83�?
M�x�=8G�?UTQC�ckCN=8G(6>T@7k�HTQM�G(2N2NM(� 3(GRcde M�x�TQe�3�5 TUM eJGs��3�?U3(G�2 Z TUCN5&3�C46>TU3�?dGOckTQC4MR687��HC4TQeµG(2N2�TUeo3
MRTUeo3�?@7 � ��6�TUeo3	6�3�}>TÚ7B3(ckTUCNMO6��:3	�HC42N2¥x�MDckz87�MR6�TUeoCF7#2FGR7WT|GR7W=83(ckT�G�68I��:3��HCN242�I>C�7QckzJ7Q7�TUeo3
CN5w=o2N3�5{3�6DTdG(TQC�MR6{M�x�TUeo3|=o?QMO=8M�7B3sI 7Qcdeo3�5w3��HC4TQeoC46�TUeo3 X 3�6o3�TH=o?UMRTQMDc�MR2 7BzoC4TQ3 �

� � � ���
��� � ��� � ��� �H� � � �.��� � � 
 ���Q�,�
� �

X M.G(68G�24<>;�3�TUeo3 =o?UMR~o243�5�7|?Q3�2�G�TQ3sI TUM-TUeo3�CN5&=�2N3�5{3�6�TdG(TQC4MR6�M�x�G�e8G�2�x Z IDzo=o2N3�}.5�z�2NTQC�c�GR7WT
ckMO6o6o3(ckTUCNMO6��HCNTQe�PRzJG�?dG(6>TU3�3(I.�#M>98�¥�:3/�HC42N2�c�MR687WCFI>3�?ÚG�7WCN5&=�2N3	3�}oG(5&=o2N3 � ��6 � C4P E � G0�"3
e8G���3�G�6o3�TW�:MO?QA�6oMDI>3 2 � �HC4TQe�TQe�?Q3�3�cde8G(6o6o3�2�7	=8GR7U7BCN6�P-TUeo?QMOzoPRe�CNT � C 3w6oM(�
7Bzo=�=rM�7B3
TQeJG�T{MR6o3�M�xyTQeo3(7W3�c�e8G(6o6o3�2�7k� &�����e8GO7�TQM�~83 eJG�2ux Z I>zo=�2N3�} � �_6 TQe�3 X 3�6o3�T{G�=o=o?UM�GOc�e�TQeoC�7
�:MOzo2FI.C45&=o2N<�TUM.7W=o2NC4T/cde8G�6�6o3�28&���C46 TW�"M�I>Cu�v3�?U3�6>T�c�eJG�6o6o3�2F7k� &����"G�68I &���� �$�HCNTUe�7BCN5wCN2FG(?
cde8G�?@GRckTU3�?QC�7BTQC�c�7k��~oz�T '8M(�HC46oP�TUeo?QMOzoPRe�6oMDI>3 2 � C46�MR=o=8M�7WCNTU3/I>C4?Q3(ckTUCNMO687�� � C4P � E � ~ �d�

X M�I>3�TU3�?Q5&C46o3�TQeo3yG�5wMRzo6DT�M�xi?U3(7BMOzo?dc�3(7¡?Q3 � zoC4?Q3(I	TUM/GOc�ckMR5w5&MDIoG�TU3:~8MRTUe�cde8G�6o6�3�2F7¡�"3
e8G���3:TUM�=83�?Bx�MO?Q5�t8?d7WT�TQeo3"2NMDc�G(2oTQ3s7BTd7iCN6/G(2N2DTQeo3H6�MDI>3(7¡MO?QCNPOCN68G(2N24<!TU?dG���3�?@7B3(I|~><!& � G(68I	TQe�3�6
TQe�3!t868G(2�TQ3s7BTd7#G�TyTQeo3�?Q3(7W=r3sckTQC4��3	ID3(7BTUCN68G(TQCNMO687 �yX Mwzo68I>3�?@7BT@G�68I C�x�TQeo3�5�z�TQz8G(2¥3�}oc�2Nz87WCNMR6
ckMO68I>CNTUCNMO6�c�G(6�~r3/3�}>=o24MRC4TQ3(I&TQMw?Q3(I>zJck3|TQeo3{G(5&MRzo6DTHM�x"?U3(7BMOzo?dck3s7�?Q3 � zoC4?Q3(I&�:3��HCN242�x�MDckz87
MRz�?#G�TQTU3�6DTQCNMO6&TQM�TQeo3y2NMDc�G(2�TQ3s7BTd7 ��X eo3|=o?QMDc�3(I>zo?U3�x�MR?"TQeo3�3s7BTdG(~o2NC�7Beo5w3�6>T M�x G	PRz8G(?dG�6DTQ3�3(I
?Q3sG�2 Z TQC45&3yc�e8G(6o6o3�2¥C�7�ID3(7Qck?UCN~83(I&CN6�I>3�T@G�CN2¥C46 �����\��� 3�?Q3|�:3|�HC42N2¥MR6�2N<&?U3�5&CN6JI�TQe8G(T�C46 3(GOc�e
6oMDI>3|TUeo?Q3�3#TQ3s7BTd7�e8G���3�TUM	~83|=83�?Bx�MO?Q5&3(Iv�ÄTUeo3 � /BK /(R(7;58?A5 0(KM58T,K /10(K­�DTQeo3 0(K "%KM5 0(K 58TB"%$ KO/
0(K­��G�68I
TQe�3 � / $J"@L 3BN@+I?�� KO/10(K �

`��



��� � IJ �� �	��j��>l�KL���"��hkj��Fn I��Dhkj
p�c�c�MR?dIDCN6oPHTUM�TQeo3 X 3�6o3�T 7Qcdeo3�5w3��kTUeo3:TU?dGs�0c�?Q3 � zoC4?Q3�5&3�6>T@7JM(xvG�ckMO6o6o3(c�TQCNMO687iG�?Q3"3�}D=o?Q3(7U7B3(I
CN6 TQ3�?U5�7�M�xyTQe�3&5&CN6�CN5/zo5
CN6DTQ3�? Z G�?Q?UCN�OG�2�TUCN5&3(7Hx�MR?/TQe�3&TQ?@G�687W5&CNTUTQ3(I =8GOc�A�3�Td7k��� �"9����¡TUeo3
5&C46oCN5/zo5 �RG(2Nzo3/M(xHTUeo3&G���3�?@G�PO3/=8GRcdA�3�T�C46>TU3�? Z G�?U?QCN�OG(2�TQC45&3������
	��k�iG(68ILTUeo3{CN6DTQ3�?U�RG(2�
 MO6
�HeoC�c�e�TQeo3(7W3:�OG�24zo3He8G���3:~83�3�6{ckMR5&=�zoTQ3(I �¥X eo3 � z8G�24CNTW<|M�x 7B3�?U�>C�ck3�?Q3 � zoC4?Q3(I�~D<	TQe�3HckMO6o6o3(c Z
TQC4MR6�CF7¡3�}D=o?U3(7Q7W3(I�CN6	TU3�?Q507�M�x G�6{G(~87BMO2NzoTU3:~8MRzo6JI�MO6/TQeo3 7BMRz�?dck3 Z I>3(7WTQC468G�TUCNMR6/TU?dG(687B5&C�7Q7WCNMR6
I>3�2�G�<���� ���
� � ��6�TQeoC�7�c�GO7B3HTQe�3#c�e8G(6o6o3�2DCF7 c�G�242N3(I � /BKO/ RU7;58?A5 0(KM58T ��Cux G�ID3�TQ3�?U5&CN6�CF7BTUCFc�cde8G(6o6o3�2
� C�7¡3(7BT@G�~o24CF7Weo3(I���CN6/3sGRcde/6oMDI>352&MR6{TQe�3#c�e8G(6o6o3�2�=8G�TUe&TQeo3H=JGRcdA�3�Td7¡�HC42N2o~83y7Bzo~� W3sckTQ3(I|TQM�G
5�G(}>C45�zo5ÛI>3�2�Gs< 
���� �{ckMO5&=ozoTU3(I&G�T#TQe�3	3�68I&M(x�TQeo3|3(7WTdG(~o2NC�7Beo5&3�6>T"=oe8GR7W3 � p�2NTU3�?Q68G(TQC4��3�2N<��
G/?Q3 � zoCN?U3�5&3�6DT�MO6�TQeo3|3�}D=83(ckTQ3sI�ID3�2FG�<wc�G�6�~r3�3�}D=o?Q3(7U7B3(I&C46�TU3�?Q507$M�x$G�5�G(}>C45�z�5Î�OG�24zo3
� ���
�#TQM|~83#7QG�TUCF7_t83(I/~><�TQeo3H=8GOc�A�3�Td7¡�HC4TQe{G�=o?QMO~8G�~�CN2NC4TW<!PO?Q3(G(TQ3�?�TUe8G�6{MR?�3 � z8G�2�TQM|G��OG�24zo3� �"9���� 0(KM"%K 5 0(KM58TB"%$ocde8G�6�6o3�2 � � �

� MR?#MRzo?#7WCN5&=o243�3�}oG(5&=o2N3#TQe�3	ID3�TQ3�?U5&CN6�CF7BTUCFc:TU3(7BTHC�7��
4 �

� �"9���� ���
4 � �

� ��9���� � ���
4 � � �

� �"9���� � � ���
4 �

� ��9���� ��� ` � `(�

�Heo3�?U3 4 � CF7�TQe�3/5�G�}DCN5{zo5 =8GRcdA�3�T�=o?UMDck3(7U7BCN6�P�TUCN5&3|x�MR?�x�MR?�cde8G�6�6o3�2 �8� �­x:TUeo3/?Q3sG�2 Z TQC45&3
ckMO5&5�z�6oCFc�G�TUCNMR6y7B3�?Q�DCFck3i?Q3 � zo3(7WTQ3(I#e8GR7¥TQeo3 7QG�5w3�c�eJG�?dGOckTQ3�?QCF7WTQC�c�7rC46�~8MRTQe�I>CN?U3(ckTUCNMR6J7k�(cde8G�6 Z
6o3�2�7 &�����G(68IS&���� ���HCN2N2ic�MR6DTQ?QC4~ozoTU3!C46 TUeo3�7QG�5w3!� G�<�TUM�TUeo3	243kx�THTQ3�?Q5qM(x:TUeo3�I>3�TU3�?Q5&C46oCF7WTQC�c
TQ3s7BT � � M(�:3���3�?��oCux"TQe�3�5{zoTQzJG�2i3�}oc�2Nz87WCNMR6�CF7�3�6>x�MR?@ck3(I TQe�3�< �HC42N2�6o3���3�?�c�MR6DTQ?QC4~ozoTU3/G�T|TUeo3
7QG(5&3�TQC45&3 � �_68I>3�3sI��H7BC468ck3�TQe�3�I>3�TU3�?Q5wCN6oC�7BTQC�c�TU3(7BT{CF7	~JGR7B3sI MR6o24< MO6�� ��9�� �:TUM-eJGs��3�C4T
=8GO7Q7B3sILC�7!7Wz>�0ckCN3�6DT#TQe8G(T!~8MOTQe.TUeo3/6o3�� '8M(�#7ÚeJGs��3/TUeo3w7QG�5w3	�OG�24zo3�x�MO?|TQeoC�7�=8G�?@G�5&3�TQ3�?
M�x TQeo3|MR?UCNPOCN68G(2i7BCN5w=o2N3�}{cde8G(6o6o3�2 � �\x TQe�3/I>3�TU3�?Q5wCN6oC�7BTQC�c:TQ3(7WTHe8GR7H~83�3�6�=8GR7U7B3(I�~><�cde8G(6o6o3�2
&����>CNT"�HCN242�~83|=8GR7U7B3(I�G�2�7BM/~D<&cde8G(6o6o3�2'&�����G(68I	&���� � � �_6�TQe�3|c�GR7W3|TQe8G(THTQeo3 'JM��#7:C46�TQeo3�TW�"M
I>C4?Q3(ckTUCNMO687:7WeoM(��I>Cu�v3�?U3�6DT:�OG�24zo3(7$x�MR?�� �"9�� G�6JI�� �
	�� �oTQeo3�6��"3|e8G���3�TQM{��3�?QC�x�</TQeo3|TU3(7BT:x�MO?
G{c�e8G(6o6o3�2'&��#7BzJc�e�TQeJG�T�� ��9���� � � �! ,2¡�"� ��9���� ��� -#� ��9���� ��� � �d�
��� D IJ ��%$vj(m>j���hkj���n�m��1I��Dhkj
K#CN��3�6 TQeo3&5{zoTUz8G�2"3�}oc�2Nz87WCNMR6 e><D=8MRTQe�3(7BC�7k��TQe�3�TW�"M�c�e8G(6o6o3�2�7J& ��� G�6JI & ��� � c�G�6�6o3���3�?	~83
CN6Jck2Nz8ID3(I C46¿TUeo3�7QG(5&3 N@S�/(R'&
N&% TBN@7 3�58?A"%KM58N@? � p�6µM���3�? '8M(� ckMR5{~oC468G�TUCNMR6�CF7&G�7W3�T�M�x
cde8G�6o6�3�2F7�TUe8G�T����Heo3�6	7WCN5{zo2NT@G�6o3�MRz87W2N<yGRckTUCN��3¥x�MR? G�7Wz>��c�CN3�6DT�24MR6oPHTUCN5&3���5�G�<�c�G�z87W3$=JGRcdA�3�Td7
TQM/�DCNMO2FG(TQ3�TUeo3�2NMDc�G�2iI>3�2�G�<�~8MRz�68Io7 �"b MR?U3�M(��3�?���C�xi�:3�3�6J7Bzo?U3!TUe8G�THTUeo3�6Dzo5{~r3�?$M(x�=JGRcdA�3�Td7
?Q3sck3�CN��3sI0~D< 6�MDI>3	2 �ÚM���3�?�~8MRTUe�cde8G�6o6�3�2F7R& ��� G�6JI & ��� � C�7k�rx�MO?!3sGRcde�TQ3�5&=8MO?dG�2 �HCN68I>M(� M�x
I>zo?@G�TUCNMR6(
8�r3 � z8G(2�TQM&TUeo3/6Dzo5�~83�?#M�x"=8GOc�A�3�Td7HTQe8G(T	cde8G(6o6o3�2
& � �"MRzo2�I e8G���3	TQ?@G�687W5&CNTUTQ3(I
CN6�TUeo3	�"MR?d7WT�c�GR7B3�CN6�TQe�3	7UG�5&3|C46>TU3�?Q�OG�2\�>�"3!eJGs��3|3�}�GRc�TQ2N<wTQeo3�7QG(5&3|6>z�5�~83�?"M�x�M(��3�? '8M(�
ckMO5�~oC468G�TUCNMO687�GO7!C�x:�"3/e8GRI�MR6o24<�cde8G�6o6�3�21& � �/X M�3�687Wzo?Q3/TUeoCF7�?Q3 � zoC4?Q3�5w3�6>T��>�"3�e8G���3/TUM
3�6>x�MO?dck3HTUe8G�T�TUeo3#ckMR6J7BTQ?@G�C46>T@7Äx�MR?)� �"9��|G�68I*���
	��¡�HC42N2D~r3H?U3(7B=83(c�TQ3(I	3���3�6	CN6/TUeo3#�:MR?@7BT�c�GR7B3 �
+ á�¬�«�¨­¤(¦�½\¾dÊk¦#¬�À ×(«­¦W»�·¸¨FÅ�°8¾�¨­¤(·¼«\Ë/¨FÅ�¯R¦�¬dÀi«�¦Q¾dÆÇÑ�¨­·¼³#¦H½�¦B«�»�·�¶_¦�°¥¶W¾dÆ¼Æ¼¦UË-,_·¼¨­¨�¦W«#¶_¬k§�¨�«�¬kÆ¼Æ¸¦QË�° �¥·¼Æ¸Ær§(¬�¨:×O¦

¶_¬k§(½�·�Ë�¦W«­¦UË�Ð

`�a



X eo3|ckMO687BTU?dG(CN6DT:M(��3�?)� �"9���CF7�PRC4��3�6&~D</TQe8G(T:M(x�TUeo3�ID3�TQ3�?U5&CN6�CF7BTUCFc�TQ3(7WT ��Y 3�P�G(?dI>C46oP	TUeo3
ckMO68I>CNTUCNMO6 M(��3�? ���
	��d�r�"3	e8G���3�TB�"M�=8M�7Q7BC4~oCN24CNTUCN3(7 �HX eo3!tJ?d7BT#MR6�3	CF7HTQMwCN5&=8M�7W3|TQe8G(T��Heo3�6 Z
3���3�?HTUeo3�?U3!C�7�Gwc�e8G(6oPR3�CN6�TQeo3|TQ?@G�687W5&CF7U7BC4MR6�IDCN?Q3sckTQC4MR6��­C � 3 � & � �¥7WTQMR=J7��HeoCN243 & � � �¥7BT@G�?UTd7�TUM
TQ?@G�687W5&CNT��¡MO?	�DCFck3 Z ��3�?@7QG � �¥TQeo3�c�MR68I>C4TQC4MR6.C�7!?Q3s7B=83(ckTU3(I-CN6 TQeo3&�"MR?@7BT/c�GR7B3 � 9�z8cde�c�GO7B3&C�7
��3�?UCut83(I �He�3�6¥�¡C45&5&3(IDCNG(TQ3�24<&~83kx�MR?U3�7BTUMR=o=�CN6oP���c�e8G(6o6o3�2 & � ��TQ?@G�687W5&CNT@7�G�T�TQeo3&50G�}DCN5/zo5
=8M�7U7BCN~�2N3/?dG(TQ3 � ��9���� � �rx�MR?�TUeo3	24MR6oPO3(7BT�=8M�7Q7BC4~o2N3�CN6DTQ3�?U�OG�2�
 �"9���� � � � 
 � � � ������� � ��

�
	��
� � �
� G�68I C45&5�3sI>C Z

G�TU3�2N<�Gsx�TU3�?|7BT@G�?UTQCN6�Po�ic�eJG�6o6o3�2 & � � �¡TU?dG�6J7B5&C4Td7#G�T|TQeo3/50G�}DCN5/zo5 =8M�7Q7WCN~o243�?@G�TU3*� ��9���� � � �Äx�MO?
TQe�3!24MR6oPO3(7BT#=8M�7U7BCN~�2N3|CN6DTQ3�?U�OG�2�
 �"9���� � � � � 
 � � � � ������� � � ��

��	
�
� � � �
�

X MwG���MRC�I�TQeoC�7:=o?QMO~o2N3�5��>�"3�e8G���3|TQM/CN5w=rM�7B3|G/TQC45&3#CN6DTQ3�?U�RG(2��|~r3�TB�"3�3�6�7WTQMO=o=oCN6�P�TUeo3
TQ?@G�687W5&CF7U7BC4MR6�CN6�MO6o3wI>CN?U3(ckTQC4MR6�G�68I�7BT@G�?QTUCN6oP�TUM�TU?dG(687B5&C4T�CN6�TUeo3/MR=�=rM�7BC4TQ3wI>CN?U3(ckTQC4MR6 � �_6
TQe�3/c�GO7B3	M(x"G&7W�HCNTdcde&x�?QMO5 & � ��TQM	& � � �F�8�:3/c�G�6�ID3�TQ3�?U5&CN6�3�7Wz8c�e�CN6DTQ3�?U�OG�2¥~D<�C45&=8M�7WCN6oP/TUeo3
x�MR242NM(�HCN6�P{ckMR68IDCNTQC4MR6¥�

� � � � 
 ��9���� � ��� ��� �¥��
 � � - 
 � � � � � ���
�_6�TQeo3�c�GR7W3 TQeJG�T�
 � � � 
 � � � � 
 � ��x�?QMR5 TUeo3�G�~8M(��3�ckMO68I>CNTUCNMO6 �"3 e8G���3�TQeJG�T{TQeo3�TQC45&3
CN6DTQ3�?Q�OG�2 7BeoMOzo2FI�~r3��

� ������
 ��� 
 �"9���� ��� � 
 �k� ` � � �"9���� � �
��� 	 ��� � � � � ]��

9�C45&CN2�G�?Q24<���x�MO?#G�7W�HCNTdcde&x�?QMO5 & � � �rTQM & � �F�D�:3|e8G���3|TQM/CN5w=rM�7B3�TUeo3�x�MR242NM(�HCN6oP/TUCN5&3#CN6DTQ3�?Q�OG�2\�

� � � ��� 
 � � 
 �"9���� � � � � 
 � � ` � � �"9���� � � �
��� 	 ��� ��� � � �*E �

X M{Gs��MOCFI�TUM	e8G���3�TUM/CN5&=8M�7B3#TQeoC�7$TQC45&3HCN6DTQ3�?Q�OG�2v~r3�x�MR?Q3Ú7B�HCNT@c�e�CN6oP|x�?QMR5 MR6�3!TU?dG(687B5&C�7Q7WCNMR6
I>C4?Q3(ckTUCNMO6�TUM�TUeo3|MRTUeo3�?��vG{7B3(ckMO68I 7WMR24zoTQC4MR6 C�7:=8M�7Q7WCN~o243 � �_T#ckMO687BC�7BTd7HM�x M���3�? Z I>CN5&3�687BC4MR6oC46oP
TQe�3�MO?QCNPOCN68G(2Hcde8G�6�6o3�2_����CN6�MRzo?�3�}oG(5&=o243 & � � CN6�MR?@I>3�?�TQM eJGs��3{TQeJG�T	C4T�ckMRzo2�IL3�68I>zo?U3�TUeo3
�:MO?d7WT	c�GR7B3w7BC4TQz8G(TQC4MR6.�"3{I>3�=oC�ckTQ3(I�G(~8M���3 � �_6�TQeoC�7|c�GR7W3��"3/e8G���3/TQM =�?QMR=83�?U2N<�c�eoM�M�7B3!
 �
G�6JI����
	���� � 7Wz8c�e�TUe8G�T��


 �
���
	���� � � �


 �"9���� � �
� ��9���� � � �


 ��9���� � � �
� ��9���� � � � � � ���

G�6JI0x�?QMO5qTQe�3	ID3kt86oC4TQCNMO6�M�x 
 �"9��o�

 �

� � 	�� � � � �

 � �

���
	���� � � �

 � �

��� 	 ��� � � � � � ���

�_6�TQeo3|eD<>=8MRTUeo3(7WCF7:TQeJG�T�
 � � � 
 � � � � 
 � �o�"3!eJGs��3yTQe8G(T��

� �
	���� � � ��� 	 ��� � �������
	���� � � �
���
	���� � � � ��� 	 ��� � � � � aO�

` W



p�68I�CN68ID3�3(I��oC�x��:3�7Bz�=o=8M�7B3{TQeJG�T�� � 	�� � � � � ���
	���� � � ���:3�e8G���3|3�}oGOckTQ24<&TQe�3	?Q3s7Bzo24TH�:3	�"MRzo2�I
3�}D=83(ckT��

� � 	�� � � � ���
	���� � �
� � W �

X eo3yGRI>�OG(6>T@G�PR3#M�x TQeoC�7�2FGR7WT�7BMO2NzoTUCNMO6�C�7 TUe8G�T�C46/TQeoC�7$c�GR7B3HTUeo3�?U3HCF7�6oM|6o3�3(I!x�MO?"GÚTU?dG(687BC4TQCNMO6
CN6DTQ3�?Q�OG�2"I>zo?UCN6oP�TUeo3�I>CN?U3(ckTUCNMR6 7B�HC4Tdcde.M(��3�?	TUeo3�cde8G�6�6o3�2 � 9�C468ck3{TQeo3�C45&=8M�7BC4TQC4MR6�M�xyTQeoC�7
CN6DTQ3�?Q�OG�2�7BeoMOzo2FI|~r3"I>MO6o3HG(T¥TQeo3"G(=o=o2NC�c�G�TUCNMO6!243���3�2\�kTQe�3$2�GR7WTi7BMR24zoTQC4MR6�7B3�3�507rTQMH~83 7BCN5w=o2N3�?8TUM
CN5w=o2N3�5{3�6DT��kx�MO?:CNT"I>M�3s7:6oMRT"?Q3 � zoCN?U3#G�6D<&GOIoI>C4TQCNMO68G�28C46>x�MR?U5�G�TUCNMR6 '8M(� x�?QMO5 TUeo3#=o?QMOTQMDckMO2F7
TQM�TUeo3�G(=o=o2NC�c�G�TUCNMO6 ��X eo3�ID?dG��H~8GRcdAv��M�xyckMOzo?d7W3���CF7|TQe8G(T/�:3&6oM(�ºe8G���3&TUM ?U3(7B3�?U��3�5wMR?Q3
?Q3s7BMRz�?dck3(7:TUe8G�6�~><0GRI>MO=oTQC46oP�TUeo3�x�MR?U5&3�?H7WMR24zoTQC4MR6 �

��� � IJ �� �	�#�­m ��� � �"� � I��Dhkj
X eo3�ID3�2FG�<�~rMOzo68I.TQ3s7BT{I>3�TU3�?Q5wCN6o3(7#TQeo3&5wCN6oC45/zo5 I>3�2FG�<�~8MRzo68I.TUM�~r30GR7Q7WCNPO6o3(I TUM TUeo3
cde8G�6o6�3�2�~r3�CN6oP�3(7BT@G�~o24CF7Be�3(I-7WM TUe8G�T�7Qcdeo3(I>zo243�?|7UG�TQz�?dG�TUCNMO6 c�G�6.~83wGs��MOCFI>3sILC46-TUeo3&6oMDI>3 �
X M&I>Mw7BM��rTUeo3|TQ3(7WTHTdG(A�3(7:CN6DTQMwGRc�c�MRzo6DTHTQeo3�7W3�?Q�DCFck3yTQCN5w3�M�x =8GRcdA�3�T@7 '8M(�HCN6oP{TQeo?UMRzoPOe TUeo3
6oMDI>3 ��X eoCF7"I>3�=83�68Io7�MO6&TQeo3#2NMDc�G�2�=�?QMDck3(7U7BC46oP	TUCN5&3"=o2Nz87�TUeo3|IoG(TdG!24CN6oA�=o?QMDc�3(7Q7WCN6oP�I>3�2FG�<�7 �
X eo3�x�MR?Q5w3�?¥c�G(6	~83H7We8G�?U3(IÚx�MO? & ��� G(68I & ��� � zo68ID3�?¡TUeo3�5�z�TQz8G(2R3�}�ck2NzJ7BCNMO6�GR7Q7Wzo5&=oTUCNMO6¥���He�CN2N3
TQe�3�2�G�TQTU3�?�CF7�~8GO7B3(I/MR6&TW�"M	IDCu�v3�?Q3�6>T�MRz�TQPRMOCN6oP�2NC46oAo7iTQe8G(T:CN6JI>CN�DCFI>zJG�2N24<|?Q3 � zoCN?U3H=o?QMOTQ3(c�TQCNMO6
CN6�TUeo3|�:MR?@7BTyc�GR7W3 �

� 3�68c�3���TUeo3#I>3�2�G�<!~8MOzo68I/TQ3(7WT¡?U3 � z�CN?Q3s7¡cdeo3(cdA>C46oP:x�MR? TQeo3#7Wzo5ÎM(x�TUeo3#IoG(TdG�24CN6oA|=o?UMDck3(7Q7 Z
CN6�P&I>3�2FG�<o7 � �_6�7WCN5&=o243��:MO?dIo7��rTUeo3/ID3�2FG�<&~8MRz�68ILTU3(7BT#3�68I�7�zo=�CN6�I>MRzo~�2NCN6�P�TUeo3	?U3(7BMOzo?dck3s7
G�242NMDc�G(TQ3(I�CN6�TQ3�?U5�7:M�x"M(��3�?dG(2N2vz87B3/M(x�~8G�6JI>�HCFI>TUe ��X e�CF7HCF7HTQM&~83	3�}>=83(ckTU3(I 7WCN68c�3!TUeo3	TW�"M
G�24TQ3�?U68G�TU3�'8M(� I>CN?U3(ckTQC4MR687H=o?U3(7B3�6DTyG�T�3(GOc�e�3(I>PO3/M�x G&e8G�2�x Z I>z�=o2N3�}�TU?Q3�3�TB<D=oC�c�G�242N<&5�G(= TUM
I>C���3�?Q3�6DT:24CN6oA�7k�D~rMOTQe�?U3 � z�CN?QC46oP	?U3(7B3�?Q�OG�TUCNMR6J7 �

X M�ckMR6Jck2Nz8ID3��R�:3yc�G(6�7QG�</TQeJG�T:TUeo3yckM�7WTd7$M(x¥3(7WTdG(~o2NC�7BeoC46oP�G!e8G(2ux Z I>zo=o243�}/5�z�2NTQC�c�GR7WT¡TU?Q3�3
G�?U3&G(T|5&M�7WT�TW�HCFck3/TUe8G�T|M�xyG�7WCN5&=o243�}&5{zo2NTUCFc�GO7BT#TQ?U3�3���C468I>3�=83�68ID3�6>TU2N<�M�xHTUeo3{6>zo5{~83�?#M�x
=8G(?QTQC�ckCN=JG�6DTd7 � ��6�TUeo3wc�GR7W3��Heo3�?Q3/TQe�3/=o?QMDck3s7Q7BC46oP 6�MDI>3(7|G�?U3�TUeo3/~8MRTQTU2N3�6�3(c�A �­C � 3 � ~8G�6JI Z
�HCFIDTQewG�2N24MDc�G�TUCNMO6�C�7 6�MRT:3�}>=83(ckTU3(I	TQM|~83yG!2NC45&CNTUCN6oP:x\GOckTQMO? � �>G(68I��Heo3�?Q3#TQeo3HMO=oTQC45&CN;(G(TQC4MR687
I>3(7Uck?QC4~83(I�G�~8M(��3/G�?U3/G(=o=o2NC43(I��oTUeo3/ckM�7BT@7�x�MR?yG�eJG�2ux Z I>zo=�2N3�}�TQ?U3�3�c�G�6�3���3�6�G�=�=o?QM�GRcde�TQe8G(T
M�x$G/7BCN5w=o2N3�}/TU?Q3�3 �

��� � ����� ��	�� �A�Q� � � � � 
��)���(�Q� �.��� � ��������� � � ��� ���

6� �
�

� GR7W3(I	MR6{MRz�?�G�68G(2N<�7BC�7 M(xvTQeo3#G(=o=o2NC�c�G�TUCNMO6/?Q3 � zoCN?U3�5&3�6DTd7vG�68I/MRz�?$C46>��3s7BTQC4P�G(TQCNMO6	M(x��OG(?QCNMOz87
5&3(cde8G(6oCF7W5�7�TQM�7Wzo=o=8MR?UT/TQeo3s7B3����"3�6�M�� =o?UMR=8M�7W3�G�6�C46>TU3�?Bx\GOck3�x�MO?/TQeo30ckMR6DTQ?UMR2 Z ?Q3�2FG�TU3(I��
G�=�=o2NC�c�G�TUCNMR6J7 Z 7B=83(ckC�tvc KMR "@?&0 -AN@RBK¥2FG�<�3�? �/X eo3{CN6DTQ3�68I C�7�TQM�=o?QM(�DCFI>3{G&~oz�CN2FIDCN6oP&~�2NMDcdA�TQe8G(T
G�242NM(�#7(0�/1020V58N@? MO?�e�CNPRe�3�?�2FG�<�3�?d7{TQM�ckMR5w=rM�7B3�6o3�3(ID3(I G�~87WTQ?@GRckTUCNMR6J7�2NC4A�3�TQeo3 7;+@$ KM58TB"�0(K
T <>"@?A?�/B$�M�xÚ7B3(c�TQCNMO6 �>� C 3&?Q3(7WTQ?UCFckT�MRzo?@7B3�24��3(7!TUM-TUeo3�c�e8G(?dGOckTQ3�?UCF7WTQCFc/=8G(?dG�5w3�TQ3�?@7!M(x�TUeo3

`�[



=o?UM��DCFID3(I�G�~87WTQ?dGOckTQC4MR6 ��X e�3!x�zo68I�G�5&3�6DTdG(2�C�I>3(G!C�7�TUe8G�T:x�MO?�G/cde8G(6o6o3�2¥TUeo3�?Q3yCF7#G/ckMR5&5wMR6
TQ?@Gs�0c�7W=83(ckCutrc�G�TUCNMR6/=�2Nz87H��MD9	?U3 � zoCN?U3�5&3�6DTd7�=83�?"I>3(7WTQC468G�TUCNMR6 ��X eoCF7�CF7�7W3�3�6{GR7"G TBN@? K R�"@TUK��
�­x"G{c�e8G(6o6o3�2 ck24CN3�6DTH7WTdG�<o7#�HCNTQe�CN6 TUeo3	TU?dG���c|7B=83(c�Cutvc�G(TQC4MR6¥�8TQeo3�6 TQe�3/cde8G�6o6�3�2¡=�?QM(�>C�I>3�?HC�7
MR~�2NCNP�G�TU3(ILTUM�PRz8G(?dG�6DTQ3�3�TUeo3/?Q3 � zoC4?Q3(I-�#M>9J�ÄMO?|TQM�?Q3kx�zJ7B3/3(7WTdG�~�2NCF7Weo5&3�6DT#M�xHTUeo3{cde8G�6o6�3�2 �
p�7{G-PR3�6o3�?dG(2�=�?QCN6JckCN=o243��H��MD9�=8G�?@G�5&3�TQ3�?@7/G�?Q3�7W=83(ckCutJ3(I.~><�?dG(6oPR3s7��Heo3�?U3�TQeo3�I>3(7BC4?Q3(I
�OG�24zo3�G(68I�TUeo3�50G�}DCN5�G(2N2�<�TQMO2N3�?@G�~o243�ID3��>C�G�TUCNMR6{CF7�POCN��3�6 �i� MR?"3�}�G�5&=o243��O7B=83(ckC�x�<>C46oP|G	ID3�2FG�<
~8MRzo6JI�~></TUeo3#?dG�6�PR3/�"� ��� � -��*� ��� � � GR7BA�7 x�MO?HG|I>3(7WCN?U3(I�ID3�2FG�<	~8MOzo68I � ���
�D��~ozoT�?Q3�P�G�?@Io7
G�242#I>3�2�Gs<�~8MRzo6JIo7�zo=�TQM(� ��� � � �*� ��� � GO7�GOc�ck3�=�TdG�~�2N3 ��X eoC�7�C�7	CN68IDCFc�G(TQ3(I-zJ7BCN6�P-TUeo3
6oMOTdG�TUCNMO6 �dI>3�2�G�< Z ~8MRzo68I � : � � ��� � - � ���
� � �*� ���
� � � � ��X eo3/TU?dG���c�G�68I =83�?Wx�MR?Q50G�68ck3
cde8G�?@GRckTU3�?QC4;�CN6oP�=8G�?@G�5&3�TQ3�?@7$e8G���3|~83�3�6�CN6DTQ?UMDI>z8ck3(I&C46 � ���\�

��� � � I:l(m��ih��1�rl�j �"m � �Dl
X eo3�TQ?dG(687B=8MO?QT&2�Gs<�3�?	=o?UM��DCFID3(7	TQeo3�ckMO6>TU?QMO2�G(~87BTU?dGRc�TQCNMO6 x�MO? 0V58?�� $0/B' 79/
�@58" $JN �@58TB"%$
T <>"@? '
? /B$ 0 % 50K < GHN�P � �_T�c�MR5&=oz�TQ3(7HTQeo3�?QMOzoTQ3(7|G(68I TQeo3/?U3(7BMOzo?dc�3	?Q3 � zoC4?Q3�5w3�6>T@7 �HX e�3/?Q3(7WMRzo?@ck3
?Q3 � zoC4?Q3�5w3�6>T@7!C468ck2NzJI>3 6o3sck3(7Q7UG�?U< ~oz>�v3�?�7W=8GRck3�GO7&�:3�242�GO70=JG�?dG(5&3�TU3�?d7{7Bz8cdeµGR7&24MDc�G�242N<
=83�?Q5wCF7Q7WCN~o243�7Uc�e�3(I>zo24CN6oP�I>3�2FG�<�7 �
4�'B:=<>"@?A?�/B$ � � 4AR�"�� T('*P@-�/�Tk��P R�TU'*P@-�/�Tk��)�0(K '*P@-�/�Tk��P T <�/
�@+@$0/B' 2 /�
k�#�(?��@58TB"%KM58N@? 0 �
4>R "�� TU' P@-�/�T � � � "�1�' � "@T �@/BK '*P 5

�
/d� � 58? ' � ? KO/ R "@R(R '�465879/@� / S �%' � ? KO/ R "@R(R '�465879/@� / S �%' � ? KO/ RUS�"%$ �

P R TU'*P - /�T � � � "@58? '*P R Tk��
 / $ K '*P R�T ��� �
� "@58? ' P R T � / $ K '*P R�T � 0VR�TU' 54�/�­24MRPRC�c�G�2¥6�MDI>3	C�I �

)�0(K*'*P - /�T � 
%)�0(K"�
)�0(K � � ��0(K*' 54�R� � /(R0&VN@R(7;"@?ATU/B' 2 /�
k� $�"@+@$ K*'V4AN%$0/ R "@?ATU/B' 2 /�
 �
��0(K*' 54�Ú24MRPRC�c�G�2¥6�MDI>3	C�I
� /(R &VN@R(7;"@?ATU/B' 2 /�
 � � );/B$J"@L�'��
N@+I?��R� � 50K KO/ R '���N@+ ? �R� / R(RU58SV"%$ ' � R N&3k��465879/B$J58? /
020(' � R N&3 �
);/ $J"@L�'���N@+ ? � � ��� ���
� -	� � ���
� �

 I>3�2FG�<�~8MOzo68I.�­C46�7B3(ckMO68Io7 � � : � � ��� � - � ���
� � �*� ���
� �

� 50K*K /(RB'��
N@+I?�� � ��� ���
� -��
� ��� � �

  WC4TQTQ3�?:~8MRzo6JI.�­CN6�7W3(ckMR6JIo7 � ��: � � ��� � -�� ��� � � �
� ��� � �

465879/B$ 58? /1020(' � R N&3 � � � ��9�� -�� � ��9�� �

 =o?UMR~8G(~oCN24CNTW<{M�x�A�3�3�=oCN6oP�I>3�2�Gs<{~8MRzo6JI � : ��� �"9�� ��� � ��9���- � ��9�� �

/ R(RU58SV"%$ ' � R N&3 � ��� ��9�� -��
� ��9�� �

 =o?UMR~8G(~oCN24CNTW<{M�x�=8GOc�A�3�THG�?U?QC4�RG(2�� : � � ��9�� ����� �"9��#-�� ��9�� �

$�"@+ $ K '�4>N%$0/(R�"@?ATU/B' 2 /�
 � �����
P T <�/
�@+ $ /B' 2 /�
 � � 
=-�/(?>58?��%'���N@+ ?��R� : $JN�0V58?��%'���N@+ ? � �
� ³y¾�«�Þk·¸§R¾dÆ(»�¾�Æ¸®�¦W½ ¾�«�¦"¶�¬�§(½­·ÜËs¦W«�¦UËÚ¨�¬H×R¦ ·¼§O¶�Æ¸®�½�·¼»�¦

�R^




=-�/(?A58?�� '��
N@+I?�� � � � �"9�� -�� � ��9�� �

 MO=83�6oCN6�P�TUCN5&3��­C46 7W3(ckMO68Io7HGsx�TU3�?#7BMO5&3 ������� : ��� ��9��#- � ��9�� � � � �"9�� �

: $JN�0V58?��%' �
N@+I?�� � ��4���� � -	� 4����
� �

 c�2NM�7WCN6oP/TUCN5&3��­C46�7B3(ckMO68Io7HG�x�TQ3�?y7BMO5&3 ����� 4<: � 4 ���
� ��� 4����
� -�4���� � �

� ?��@58TB"%KM58N@? 0 � � PA<>"@R(58?��%' � ?��@58TB"%K 58N@?D� � R(58N@RU50KML�' � ?��@58TB"%KM58N@? �
PA<>"@R(58?��%' � ?��@58TB"%K 58N@? � 0B<>"@RU58? �%' 54�
� RU58N@R(50K L�' �(? �@58TB"%K 58N@? � - R(58N%' $0/ S�/B$

9�MO5&3	M(xHTQe�3/=8G�?@G�5&3�TU3�?d7#?Q3 � zoCN?U3/GOIoI>CNTUCNMO68G�2�?@G�TUCNMR6JG�2N3s7Ú~83�<�MO68I��He8G�T|e8GO7Ú~83�3�6�G�?QPOzo3(I
CN6�TUeo3|=o?Q3��DCNMOz87H7B3sckTQC4MR687 �

� P R�TU' 0 -�/�Tk� X eo3|24Cux�3�TUCN5&3HM(x�G/TQ?@G�687W=rMO?QTyc�eJG�6o6o3�2¥CF7:3 � zoCN�OG(2N3�6DT�TQM{TQeo3�TUCN5&3#M�x 5&3�5 Z
~83�?@7BeoC4=�M�x"TQeo3{cde8G(6o6o3�2 "¼7H5�G�C46�7BMOzo?dc�3���C � 3 � TQe�3/5�G�C46�7BMOzo?dc�3{c�G�6o6�MRT�I><D68G�5&C�c�G�242N<
243(G���3�G�6JI ?Q3 Z  WMRC46¿C4Td7&cde8G�6�6o3�2 � pyc�ckMR?@I>CN6�P.TQM�TQe�3�e8G�2�x Z I>z�=o2N3�}�5&MDID3�2_�#G�7B3�TwM�x
G(2NTQ3�?Q68G(TQCN��3Ú7BMRz�?dck3(7Hc�G�6�G(2F7WM�~83�7B=83(ckC�t83(I �

��/ �@S�"@?ATU/
RB/10�/(R(S�"%K 58N@? 58? K /(R(S�"%$¼� X eo3 GRI>�OG�6Jck3H?Q3(7W3�?Q�OG(TQCNMO6/CN6DTQ3�?U�OG�2�CF7 7B=83(ckC�t83(I!zJ7BCN6�P
x�MOzo?:=8G(?dG(5&3�TQ3�?d7���PR?UMRzo=83(I&CN6DTQM��
&��
	 
���
�	 ��	�� � TUe8G�T"=oCN6wTQeo3�MO=83�6oCN6�P/TQCN5w3 � G�68I
ck24M�7WCN6oP{TQC45&3R4:=�2Nz87#G�242NM(�HG(~o2N3�I>3��DCFG(TQC4MR687|� � � G�6JI � 4 �@�HX eo3|?Q3s7B3�?U�RG(TQC4MR6�7Uc�e�3�5&3
C�7$3�}D=83(ckTQ3sI�TUM/3(7BT@G�~o24CF7BewTQeo3�50G�}DCN5{zo5�=rM�7Q7WCN~o243|7Bzo~J7B3�THM(xiTQeo3�?U3 � zo3(7BTU3(I�C46>TU3�?Q�OG�2 �
1�MO687BC�I>3�?QC46oP|G|7B3�T 
�2 � -�� ��� 2
� �HM�xv6oMDI>3s7 2�98TQe8G(T�e8G���3:TUM!?U3(7B3�?Q��3:?U3(7BMOzo?dc�3(7Äx�MR? TQeoC�7
C46>TU3�?Q�OG�2\��3(GRcde|6oMDI>3"5�G�<��"3�2N2Oe8G���3:G#I>C���3�?Q3�6DTi7Bzo~J7B3�TiCN6DTQ3�?U�OG�2RTUe8G�TiCNTic�MRzo2�I!?Q3s7B3�?U��3 �
X eo3�?U3(7Bzo24T¥�HCN242�~r3�TUeo3�CN6DTQ3�?@7B3(ckTUCNMO6�M�xvG(2N2�TUeo3(7B3�� ��� -�4 � ��� �9��&� ��� 9�-�479 ��� ��� ��9��#-�4���� � �@�

� $�"@+@$ K 4>N%$0/(R�"@?ATU/d� X eo3�7Bzo=�=rMO?QT&M(x�x\G�z�2NT Z TQMO2N3�?@G�68c�3�C46 TUeo3�I>MR5�G(CN6�M�xÚCN6DTQ3�?@GRckTUCN��3
?U3(G�2 Z TUCN5&3wG�=o=�2NCFc�G�TQC4MR687/CF7/G(6 MO=r3�6 ?Q3s7B3(G(?dcde =�?QMR~�2N3�5 � � M��"3���3�?��¡�:3�ckMO687BC�I>3�?/C4T
C45&=8MR?QT@G�6DT#G�68I�TQeDz87H5&3�6DTQCNMO6&eoM(�É�"3	3�}D=83(ckT:x\G�z�2NT Z TQMO2N3�?@G�68c�3!?U3 � zoCN?U3�5&3�6DTd7�TQM{~83
7W=r3sckCut83sI��>C � 3 � GR7#I>3(7BTUCN68G(TQC4MR6 Z 7B=83(ckC�tvc	�#M>9{=8G�?@G�5&3�TQ3�?@7 �

� � ?��@58TB"%K 58N@?&0�� X eo3�0B<>"@R(58?��%' 54��3�6JG�~o243(7:7We8G�?UCN6oP/M(xi?Q3(7WMRzo?@ck3(7:G(2N24MDc�G�TU3(I&~></TUeo3�TQ?@G�687 Z
=8MR?UT�2FG�<�3�?���~oz>�v3�? 7B=8GOck3��R~JG�68I>�HC�I>TQe �R=o?QMDc�3(7Q7WCN6oP�TUCN5&3 � x�MR? TQeo3"e8G�68ID2NCN6�P�M(x�=JGRcdA�3�Td7
M(xyc�e8G(6o6o3�2�7�TQe8G(T��_G�~8M(��3{TQ?dG(687B=8MO?QT � G�?U3&AD6oM(�H6.TQM�~r3w5�zoTUz8G�242N<�3�}�ck2NzJ7BCN��3�� X �"M
cde8G�6�6o3�2F7��HC4TQe�TQeo3w7QG(5&3 0B<>"@R(58?��%' 54�&G�?Q3{~D<�ckMR6DTQ?@GRckT|�HCNTUe.eoC4PReo3�?|2�Gs<�3�?d7�POz8G�?@G�6 Z
TU3�3(I TQM�~83�5{zoTQz8G(2N24< 3�}ock24z87BC4��3 �ÉX e�3 - R(58N%' $0/(S�/B$:3�}D=o?Q3s7Q7B3s7&G.PR3�6o3�?dG�2|6oMOTQC4MR6µM�x
=o?UCNMO?QCNTW<&TUM&~83	3�}D=o24MRCNTU3(I&TQM�ID3(ckCFID3	c�MR6 '8C�ckTd7#I>zo?UCN6oPwcde8G�6o6�3�2¥3(7BT@G�~o24CF7Weo5&3�6DTHMR?#?Q3 Z
3(7WTdG(~o2NC�7Beo5&3�6>T �

��� � D � ��j��J�8l��L�:m � �Dl
X eo3&6�3�TW�:MR?UA�2FG�<�3�?�=�?QM(�>C�I>3(7|G�6JI zJ7B3(7|?Q3(7WMRzo?@ck3(7	GO7	ckMO5&=ozoTU3(I ~D<-TUeo3�TU?dG(687B=8MR?UT/2FG�<�3�?
G�6JI ckMO6>TU?QMR2�7:2NMDc�G(2¥?QMOzoTQC46oP�M(x�=8GOc�A�3�T@7 � X MwI>Mw7BMo�oTUeo3|TQ?@G�687W=rMO?QT�2�G�<�3�?Hck?U3(G�TU3(7HG/?QMRz�TQCN6�P

�>`



TdG(~o2N3#G(68I/5�G�A�3(7¥CNT Gs�OG(CN2FG(~o2N3HTUM|TQeo3H6o3�TB�"MR?UA	2FG�<�3�? � p�2F7WMo��TQeo3H6�3�TW�:MR?UA	2�Gs<�3�?¡C45&=o2N3�5�3�6DTd7
TQe�3�=8GOc�A�3�T � zo3�zo3�CN6oP|G(68I&7Uc�eo3sI>zo2NC46oP�5&3sc�e8G(6oCF7W5 �v� MO?�TQeoC�7 =�zo?Q=8M�7W3���TQeo3#TQ?@G�687W=8MR?QT"2FG�<�3�?
e8GO7�TQM&=JGR7Q7�TUeo3/G(=o=o?QMO=o?QC�G�TU3/CN6>x�MO?Q5�G(TQCNMO6¥�83 � P � TQe�3	2NMDc�G�2�=o?UMDck3(7U7BCN6�P�I>3(GOI>2NC46o3(7#G�68I TUeo3
5�G(}>C45�zo5 6>z�5�~83�?"M�x�~ozD��3�? Z 7B=8GOck3	TUM�~83	zJ7B3(I�~><&TUeo3/cde8G(6o6o3�2 ��, MOTQ3|TQeJG�T#TQeo3�6o3�TW�:MO?QA
2FG�<�3�?¥C45&=o243�5�3�6>T@7J?@G�TU3#ckMR6DTQ?UMR2N24CN6oPH~D<|5�G�ADCN6�P#7Bzo?U3HTQe8G(T�TQeo3 c�eJG�6o6o3�2DI>M�3(7¡6oMOT�3�}�ck3�3(I�TUeo3
GR7U7BC4PR6o3(I�?Q3(7WMRzo?@ck3(7�G(68I-~D<�I>?UMR=o=oC46oP =JGRcdA�3�Td7�MOTQeo3�?Q�HCF7W3 �{X eoCF7�C�7ÚC45&=8MR?UTdG�6DT�TUM�3�687Bzo?U3
=o?UMR=83�?{=o?QMOTQ3(ckTUCNMO6 M(x|MRTUeo3�?/?U3(G�2 Z G�68I�6oMR6 Z ?U3(G�2 Z TUCN5&3�cde8G(6o6o3�2�7!x�?QMR5 GL5�G(2ux�zo6JckTQC4MR6oC46oP
?Q3sG�2 Z TQC45&3yc�e8G(6o6o3�2 ck2NC43�6DT �����_�

�Q� � �H�D
 �B��� �������

b � b G(=o=o24CFc�G(TQCNMO687HG�?U3	��3�?U<�I>3�50G�68I>C46oP	C46 TU3�?Q5�7�M�x�6�3�TW�:MR?UA�7Bz�=o=8MR?QT �HC 3|e8G���3�7BeoM(�H6
TQeJG�T�7BMO5&3/cde8G�?@GRckTU3�?QC�7BTUCFc�7�M(x#7Wz8c�e�G(=o=o24CFc�G(TQCNMO687�c�G(6-~83{3k�v3(ckTUCN��3�24<&3�}D=o2NMOCNTQ3sI�TQM�?U3(I>z8ck3
TQe�3	G(5&MRz�6>THM(x�?Q3(7WMRzo?@ck3(7:?U3 � z�CN?Q3sI�TQM{=o?QM(�DCFI>3 � z8G�24CNTW< Z M(x Z 7W3�?Q�DCFck3#PRzJG�?dG(6>TU3�3(7�C46�ckMR5&5{z Z
6oC�c�G�TUCNMR6 �

X M{G(2N24M�� TUeoCF7�3�}D=o2NMOCNTdG(TQC4MR6¥���:3ye8G���3�C46>TU?QMDI>z8c�3(I&G	6o3��µc�MR5&5{zo6oC4c�G(TQCNMO6{G�~87WTQ?@GRckTUCNMR6 �
c�G(2N2N3sIÚTUeo3:eJG�2ux Z I>zo=�2N3�}|?Q3sG�2 Z TQC45&3 c�e8G(6o6o3�2 �=C 3�e8G���3HG�2�7BM|7WeoM(�H6	eoM(��TQe�CF7iG�~87WTQ?dGOckTQC4MR6{c�G(6
~83|3k��c�CN3�6DTQ24</CN5&=o243�5{3�6>TU3�I/M(��3�?:TUeo3|3�}DCF7BTUCN6oP{7Wzo=o=8MR?UT�x�MO?�7WCN5&=�2N3�}/5{zo2NTUCFc�GO7BT"ckMO5&5�z�6oC Z
c�G(TQCNMO6�c�eJG�?dGOckTQ3�?QCN;�CN6oP&?U3(ck3�6DT#=o?QMO=rM�7QG(2F7Úx�MO?�=8GOc�A�3�T Z 7W�HCNT@c�eoC46oP{6o3�TW�:MO?QA�7 ��X eo3�=�?QMR=8M�7B3(I
7BMO2NzoTUCNMO6-?U3(I>z8ck3s7�TQeo3{c�MR5&=o243�}DCNTW<&M�x TQeo3/3s7BTdG(~o2NC�7Beo5w3�6>T#M�x =o?QMO=83�?|6o3�TW�:MO?QA�7Wzo=o=8MR?UT!x�MO?
G�=�=o2NC�c�G�TUCNMR6J7¡�HCNTUe{ck3�?QT@G�C46{ckMR5&5{zo6oC�ckG(TQC4MR687�=8G(TQTU3�?Q687��DG�68I/PR?U3(G�TU2N</ID3(ck?Q3sGR7B3s7¡TQeo3#G(5&MRz�6>T
M�x ?Q3s7BMRz�?dck3(7:TUM/~83	G(2N24MDc�G�TU3(I �"X eo3(7B3y?Q3(7Wzo2NT@7:e8G���3�~83�3�6�GRc�c�MR5&=o24CF7Weo3(I/CN6�TQeo3#x�?dG�5w3��:MO?QA
M�xÚTQeo3 X 3�6o3�T{G(=o=o?QM�GRcde TUM-?U3(G�2 Z TUCN5&3wckMR5w5�zo6�CFc�G(TQCNMO6¥�¡C � 3 � 7BTUCN2N2H=�?QM(�>C�I>CN6�P�PRz8G(?dG�6DTQ3�3(I
� z8G�24CNTW<�M(x�7W3�?Q�DCFc�3 �

� zoTQzo?U3��:MO?QA��HCN242�C468ck2NzJI>3 TUeo3 C45&=o?QM(��3�5{3�6DT	M(x	TUeo3�G(2NPOMR?QC4TQeo507�x�MO?&TQeo3�3s7BTdG(~o2NC�7Be Z
5&3�6DTHM�x$G�e8G�2�x Z IDzo=o2N3�}�?U3(G�2 Z TUCN5&3Úc�e8G(6o6o3�2 � �_6 =JG�?QTUCFckz�2FG�?��r�"3/G(?Q3	C46>TU3�?Q3s7BTQ3sI�CN6�I>3��DCF7WCN6oP
5&3(cde8G(6oCF7W5�7:7Wz8c�e�TUe8G�T��¥�HCNTQe�CN6�ck3�?UTdG(CN6 ~8MOzo68Io7��¡TQe�3{7B=83(ckC�tvc�G�TUCNMO6�M�x � z8G(2NCNTW<�M�x 7W3�?Q�DCFck3
?Q3 � zoC4?Q3�5w3�6>T@7¥c�G�6/~83yG�242NM(�:3(I	TUM�G�2N2�TQeo3H6oMDID3(7�CN6DTQ3�?@ckMR6o6�3(ckTQ3sI!~D</G�e8G�2�x Z IDzo=o2N3�}/cde8G�6o6�3�2 �

� 
 � ��� ���
� 	�� � � ��� �

X eo3�G(zoTQe�MR?d7/G(?Q3{3(7B=83(c�CFG�242N<�PO?dG�TU3kx�zo2�TQM � MR5w3�6oCFc�M � 3�?U?dG(?QC_�ip�5wCNT	K#zo=oT@G>� � ?Uz8ck3 b G�e �
b G�?UA b MR?@G�6¥�H1�MR24CN6 � G(?Q?QC�7k� b G(A>C4A�M���M�7WeoCFIoGD�:G(68I � zoC��8e8G(6oPo��x�MR?/TUeo3�C4?	CFID3(GR7��:ckMO5 Z
5&3�6DTd7��¥G�6JI c�?QCNTUCFckC�7B5�7 �FC 3�68I>< � 3k�v6o3�?�G(68I K#CN6oPO3�?9�#PO2N3wG�?Q30GRcdA>6oM(�H243(I>PR3sI�x�MO?	TQe�3�CN?
ckMO6>TU?QCN~�zoTQC4MR6�TQM{G(6 3(G(?Q2NC43�?:��3�?d7BC4MR6�M�x TQe�3 b � b G(=o=o2NC�c�G�TUCNMO687�T@G�}DMR6oMO5�< �

X eoCF7�?U3(7B3(G(?dcde�CF7�7Wzo=o=8MR?UTQ3(I�~><�TQeo3 , G�TUCNMO68G�2:9ÂckCN3�6Jck3 � MRz�68IoG�TUCNMO6�G�68I�TQe�3 � 3kx�3�687W3
p�I>�OG(68ck3(I Y 3(7W3(G�?@c�e � ?UM! W3(ckT@7:p�PO3�68ck<�� � p Y#� p � zo68ID3�?�1�M�MO=r3�?dG�TUCN��3�p�PO?Q3�3�5w3�6>T , 1 Y�Z
W [D`�[O^R] W	�HC4TQe{TQeo3�1�MO?Q=8MR?@G�TUCNMR6&x�MO? , G�TQC4MR68G(2 Y 3(7B3(G(?dcde{�_6oCNTUCFG�TUCN��3(7���~D</p X��|X � 3�2N2 � G�~8M Z
?dG(TQMO?QCN3s7k� � C4PRC4TdG�2 � � zoCN=�5&3�6DT¡1�MR?U=8MR?dG(TQC4MR6¥� � C4TdGRcdeoC\� � TdI � � � CNT@GRcdeoC�p#5&3�?QC�c�G>� � TdI � � � GOckCutvc

�%�



� 3�242_��TQeo3 � 6oCN��3�?d7BC4TW<	M�x�1"G(2NC�x�MR?Q6�CFG	zo68ID3�?HG b �Q1 Y �µPR?@G�6DT��oG(68I&TQeo3��_6DTQ3�?U68G�TUCNMR6JG�2¥1�MR5 Z
=ozoTU3�?�9DckC43�68ck3Ú��6J7BTQC4TQzoTU3 �

�R]



����� � ��	F� � �

X eo3|TQ3�?Q5&C46oMR24MRPR<{�:3y=o?QMO=rM�7B3/eo3�?Q3�e8GO7�~83�3�6 ID3�?QC4��3(I�x�?QMO5qTQe�3!MO6o3|z87BzJG�2N24<�GRIDMR=oTU3(I0x�MO?
TQe�3�I>3ktJ6oCNTUCNMR6�G(68I cde8G�?@GRckTU3�?QC4;(G�TUCNMO6 M(x|TW<>=�CFc�G(2H=8G�TUTQ3�?U687�C46�TQeo3�G�?Q3sGLM(x|CN6DTQ3�?U=83�?d7WMR68G(2
ckMO5&5�z�6oCFc�G�TUCNMR6 �u`V���\�

� : N@? &�/ R /(?ATU/@� � ��3�6 TUeoMRzoPOe�TQeo3�TQ3�?U5 TBN@? &�/(RB/(?ATU/HC�7�PO3�6o3�?@G�2N24<�GR7U7BMDckC�G�TU3(I TQMwG�7W=83 Z
ckC�tvc TW<>=83�M(x/5{zo2NTUCN=8G(?QTW<.CN6DTQ3�?dGRc�TQCNMO6¥�H�:3��HCN242�C46>TU3�?dcde8G�6�PR3(G(~o2N<�z87B3�~8MRTQeªTQ3�?U5�7
� � � "U-@-�$J58TB"%K 58N@?{G�68I TBN@? &�/(RB/(?ATU/:TUM�C�I>3�6DTQC�x�<&G(=o=o2NC�c�G�TUCNMO687:CN6D��MR24�>C46oP/G/6>z�5�~83�?"M�x
=8G(?QTUCFckC4=8G�6DTd7:3�}�cde8G�6oPOCN6oP/5{zo24TQCN5{3(I>C4G|IoG(TdG/zo68I>3�?H?U3(G�2 Z TUCN5&3yckMO687BTU?dG�C46>T@7 �

� � "@RBK 58T�5�->"@? K�� X eo3�=8G�?UTQC43(7�C46>��MO2N��3(I{CN6�G{ckMO6>x�3�?Q3�68ck3/G(?Q3�c�G�242N3(I ->"@R KM58T�5�->"@? K40 � � GRcde
=8G(?QTUCFckC4=8G�6DT�CF7 G�6wGRIoI>?U3(7Q7UG�~o243�6�3�TW�:MR?UA	3�6DTQC4TW<!?U3�2FG(TQ3(I	TUM|TQeo3#ckMO6>x�3�?U3�68ck3"CN6{G�T�243(GR7WT
MO6o3H=8MRCN6DT�C46	TQC45&3 � p�=8G�?UTQC�ckCN=8G(6>TiTW<>=�CFc�G(2N2N<yCF7�G�eDzo5�G(6|~r3�CN6oP �Âe�M��"3���3�?����"3:~83�2NC43���3
TUe8G�T�MRzo?�ck2�GR7Q7WCutvc�G�TQC4MR6�5&CNPOe>Ty~r3{3�}DTQ3�6JI>3(I TQM�ckMR6J7BCFID3�?�G�2F7WM 6oMO6 Z e>zo50G�6�=8G�?UTQCFc�C Z
=8G(6>T@7k�8GO7�C�7:TQeo3�c�GR7W3!M(x"7BMO5&3�5{zo2NTUCN5{3(I>C4G|G�=o=�2NCFc�G�TQC4MR687H7Wz8cde�GR7HTQ3�2N3�=o?UMRPO?dG�5w5&CN6oP
�¼a�� G(68I.5�z�2NTQC45�3sI>CFG&I�G�TdG(~8GR7W3�GRc�ck3s7Q7 �u` E �\� p ~8GR7WCFc�ck?QC4TQ3�?UCNMO6.ckMOzo2FI.~83&TUe8G�T/TUeo3
=8G(?QTUCFckC4=8G�6DTd7|CN6D��MR2N��3sI G�?U3�GR7U7Bzo5w3(I-TQM�~83�7Bzo~� W3sckT	TUM ?Q3sG�2 Z TQC45&3{ckMO687BTU?dG�C46>T@7k� G�68I
G(?Q3���CN6�7BMO5&3�7W3�687B3�� ��CN6DTQ3�?dGRc�TQCN��3 � � �_6>��MO2N��3�5&3�6DT�CN6�G�ckMO6>x�3�?Q3�68ck3&C�7	zo68I>3�?@7BTUM�MDI
eo3�?Q3&C46�G ?dG(TQeo3�?�PR3�6�3�?dG(2#7B3�687W3���3 � P � �¡C4T	C468ck2NzJI>3(7�?Q3�2�G�TU3(I.GRc�TQCN�DCNTUCN3(7�T@G�ADCN6oP�=o2�GRck3
3�C4TQeo3�?:~83kx�MR?U3|TQeo3�ckMO6>x�3�?Q3�68ck3&"¸7:7BT@G�?UTQCN6�P�TUCN5&3#MR?yGsx�TU3�?HCNT@7HckMR68c�2Nz87WCNMR6 �

� 2 N%$0/d� X eo3&=8G(?QTQC�ckCN=JG�6DTd7�?Q3�2�G�TU3�TUM�TUeo3�ckMO6>x�3�?U3�68ck3/~D<�TdG(A>C46oP�ck3�?QTdG(CN6�?UMR2N3s7 � � GRcde
?UMR2N3w?Q3�=o?U3(7B3�6>T@7	G�ckMO6>TU?QCN~�zoTQC4MR6.TUM�TQeo3�ckMO6>x�3�?Q3�68ck3{CNTd7W3�2uxU��C4Td7|MR?QP�G�6oC4;(G�TUCNMO6¥�$MO?/CNT@7
5�G(68G�PO3�5&3�6DT � �_6�MRzo?HMO=oCN6�CNMR6 �>x�MRzo?#~8GR7WCFc�?QMO2N3(7Hc�G�6 ~83�I>C�7BTQC46oPRz�CF7Be�3(I��


HR �@"@?A5
�
/(R �MN@R �(?A50KM58"%K N@R��O�{p =JG�?QTUCFckC4=8G�6DT	�He�M�CN6oC4TQCFG(TQ3(7 ��3(7WTdG(~o2NC�7Beo3(7|TQeo30ckMR6 Z

x�3�?U3�68ck3��>ID3(ckCFID3(7$MO6�C46>�DCNT@G�TUCNMR6J7k�>?U3(7B3�?Q��3(7�CN6�GRI>�OG(68ck3|TQeo3y?Q3(7WMRzo?@ck3(7:6o3�3sI>3(I&TQM/?Uzo6
TUeo3�ckMO6>x�3�?U3�68ck3���7W=83(ckCutJ3(7�7W3(ckzo?UCNTW<�G(68I GOc�ck3(7U7BCN~�CN2NC4TW<-?U3 � z�CN?Q3�5&3�6�Td7���7B=83(ckC�t83(7	TUeo3
� z8G�24CNTW<{M�x"7W3�?Q�DCFck3y?Q3 � zoCN?U3�5&3�6�T@7H�­e8G(?Q5&MO6oCN;�C46oP	TUeo3�5qTUM/TQeo3�c�eJG�?dGOckTQ3�?QCF7WTQC�c�7$M(x�TUeo3
3�}D=83(ckTU3(I�=8G(?QTQC�ckCN=JG�6DTd7 � �8G�68I&C�7:?Q3(7W=rMO687BC4~o2N3|x�MR?H=8G�<DCN6oP/TUeo3|~oCN242 �

� "@?>" � /(R �MN@R :=<>"@58R��O�{p =8G(?QTQC�ckCN=JG�6DT!�He�M RU+I? 0�TQeo3�c�MR6>x�3�?U3�68ck3���I>3(c�CFI>3(7|GOI Z
5&C�7Q7WCNMR6�M(x|2FG(TQ3�ckMR5w3�?d7��$5&MDID3�?dG(TQ3(7	TUeo3�I>CF7Uckz87Q7WCNMO6¥�:5�G(A�3(7/I>3(ckC�7BC4MR687/G(~rMOzoT&TUeo3
=8M�7U7BC4~o2N3&?U3(7BTU?Qz8c�TQzo?UCN6oP�M�xyTQeo3�c�MR6>x�3�?U3�68ck3wGsx�TU3�?/GOI>5&C�7Q7BC4MR687�G�68I I>3�=8G(?QTQz�?Q3(7���G�68I
ck24M�7W3(7:TQeo3�ckMO6>x�3�?U3�68ck3 �

2 /�TU/ 58S�/(Rd�Ép =8G�?UTQC�ckCN=8G(6>T��HeoMªc�G�6 GRc�ck3(7Q7�TQeo3�5{zo2NTUCN5{3(I>C4G�IoG�T@G =�?QMDI>z8c�3(I
�HC4TQeoC46�TUeo3�ckMR6Dx�3�?Q3�6Jck3 �

P�/(? � /(R���pÎ=8G�?UTQCFc�CN=8G(6>T��He�M�c�G(6-=o?UMDI>z8ck3{=8G(?QT|M�x#TUeo3/5�z�2NTQC45�3sI>CFG/IoG(TdG�TQe8G(T
5�G�<{~83	c�MR687Wzo5&3(I�~D<&TUeo3|?Q3(ck3�CN�DCN6oP�=8G�?UTQCFc�CN=8G(6>T@7$M�x TQeo3�ckMO6>x�3�?Q3�68ck3 �

� E



, MOTQ3|TQeJG�TyG�?UMR2N3�c�G�6�~83/7We8G�?U3(I�~D<&5{zo2NTUCN=o243�=JG�?QTUCFckC4=8G�6DTd7 �:� MO?�3�}�G�5w=o2N3���C46 7WMR5&3
c�GO7B3 G�2N2�=JG�?QTUCFckC4=8G�6DTd7��­MO?�G#7Bz�~87B3�T � c�G�6	T@G�A�3�TQe�3:5�G(68G�PO3�? "¸7�?QMR243��(3k�v3(ckTQC4��3�2N<H50G�ADCN6oP
TUeo3�ckMR6>x�3�?Q3�68c�3�5�G�6JG�PR3�5&3�6DT x�z�2N2N<��­MO?�=JG�?QTUCFG(2N2N< � IDCF7BTU?QC4~ozoTQ3sI �

� 2 N%$0/ / 020VN�T�58"%K 58N@?D�&pq=8G�?UTQC�ckCN=8G(6>T�5�G�< � z8G(2NCux�< x�MO?�5{zo24TQCN=�2N3	?UMR243(7 � �_6.=o?UCN68c�CN=o243��
=8G(?QTUCFckC4=8G�6DTd7¡50Gs<�?Q3 � zo3(7WT�MR?�POCN��3Hzo=wG�?QMR243#G�T"G�6D</=8MRC46>T�CN6/TUCN5&3 � p =JG�?QTUCFckC4=8G�6DT�C�7
I>3�t86o3(I�TQMHeJGs��3 GHck3�?QT@G�C46�?QMO2N3���3���3�6�Cux�CNTvCF7�6oMOTiGRckTUz8G�242N<#=o2FG�<DCN6oPHTUe8G�T¥=8G(?QTUCFckzo2�G�?v?QMR243
G(2N28TQeo3#TQC45&3 �¥X e�3|ck2FGO7Q7WCutvc�G(TQC4MR6{�:3#=o?QMO=rM�7B3�C�7�?Q3�2�G�TQ3sI�TUM	�Heo3�TUeo3�?"G�=8G�?UTQC�ckCN=8G(6>T�C�7
TUM�~83�G(2N2NM(�"3(I!TUM|GR7U7Bzo5&3#G#?QMR243#I>zo?UCN6oP|CNT@7Ä24Cux�3�TUCN5&3 � �­xvCNTiCF7��R=o?QMO=83�?"ckMR5&5{zo6oC�c�G�TUCNMO6
7Wzo=o=8MR?UTH5�z87WT�~83�=o?UM��DCFID3(I�~D</TQe�3�6o3�TB�"MR?UA � ��xÄckMRz�?d7B3��ock3�?UTdG(CN6{?Q3(7WTQ?QC�ckTQC4MR687�5&C4PReDT
G(=o=o2N<��>ID3�=83�68I>C46oP	MO6�TUeo3yG�=o=o24CFc�G(TQC4MR6#"¸7$cde8G(?dGRc�TQ3�?UCF7BTUCFc�7 ��� MR?"3�}�G�5&=o243��(TQeo3�6Dzo5{~83�?
M(x|=8G�?UTQC�ckCN=8G(6>T@7�GO7Q7Wzo5&CN6�P.G.c�3�?QT@G�CN6�?UMR2N3�G�68I TUeo3�ID<>68G(5&CFc�7!M�x�?UMR2N3�GR7U7BMDckC�G�TQC4MR6
5�G�<{~83	2NC45&CNTU3(I	~D<&?Qzo243(7HMR?yG�PR?U3�3�5&3�6>T@7k��3�}D=o2NC�ckCNTU2N</MR?#CN5w=o2NC�ckC�TQ2N<�GRc�c�3�=oTQ3sI0~D<&TUeo3
=8G(?QTUCFckC4=8G�6DTd7:TUeo3�5�7W3�2N��3(7 �

��� /
�@58"R��1�MR6>x�3�?Q3�68c�3(7�G(?Q3/~8GO7B3(I MO6�=8G�?UTQC�ckCN=8G(6>T@7�ckMO5&5�z�6oC4c�G�TUCN6oP�TQeo?UMRzoPOe-TUeo3	z87W3
M(x"G�6Dzo5{~83�?:M(x�5&3(I>C�G � X Mwck2FG(?QC�x�<&TQeo3�7UckMR=83	M(x�TQe�CF7HI>MDckz�5&3�6DT��>TUeo3!x�MO2N24M��HC46oP{G�?U3
TUeo3|5&3(I>C�G!~83�CN6�P{ckMR687WCFI>3�?Q3(I&eo3�?U3��

� N%KM58N@? � 54� /�N

/ + �@58N
P�KM50$0$#�(7;" � /
0
�(7;" �I/DP�K RB/�"@7 0
4>R "&�@50KM58N@?A"%$ ) "%KM"R�o=8M�7U7BCN~�2N<&TUM�~83�I>CF7WTQC46oPRzoC�7Beo3sIwx�z�?QTQe�3�?HCN6DTQM��
�6N&%='���"@?��&% 54�%K8< ) �(? K /(R "@T(K 58S�/
 5 ��<I' �
"@?��&% 54�%K8< ) �
+@$ ��'V4AR�"@? 08&�/(R

�%�



� � � � � � ��
 � �

��`U� p ��� G(6o3�?  W3(G�G(68I ��� p ��b G�e �8X eo3 � 3(7BC4PR6{M�x G Y 3(G(2 Z\X CN5&3H1�e8G(6o6o3�2Jp�I>5&C46oCF7WTQ?dG(TQC4MR6
� ?QMOTQMDckMO2 � �_6 � R N�TU/B/
�@58?���0 NO& P�/�TBN@?�� �(? K /(R(?A"%KM58N@?A"%$ � N@R�� 0B<>NU- N@? � / K % N@R�� "@?��

=-�/(R�"%K 58?�� P L 0(KO/ 7 P +�-@->N@R K�&VN@RF) 5 �@50KM"%$ / + �@58N "@?�� � 54� /�NR� � 3�CFI>3�2N~83�?QP�� , M(��3�5�~83�?
`�[O[>`O�

� ��� 9 � p ��� 24<��R9 �¼Y|� � G(?Q?QC�7BMO6¥�RG(68I�9 � ��?U�HCN6 ��b 3(I>CFG�9�=8GRck3s7k� � ?QC46oPRC46oP � 3�MR=o243 X MRPR3�TQeo3�?¥C46
G/S�CFI>3�Mo�op#z8I>CNM{G(68IL1�MO5&=ozoTUCN6oP � 6D�>C4?QMO6o5&3�6DT � : N@7;7;+ ?A58TB"%KM58N@? 0 NO& / : � � ]%� � `(� �
� G�6Dz8G(?Q< `�[O[R]>�

� ]�� ��3�3 Z � 7BC�G�6oP�1�e8G(6oP �#Y 3�5&MRTU3	1�MR6Dx�3�?Q3�6JckCN6oP���9�T@G�TQ3�5&3�6DT:M�x � 3(7BC4?Q3(I � zo68c�TQCNMO687 � �(? '
K /(RU?�/BK � ?��@58?�/B/(RU58? � 4A"�0 � $�N@R�TU/�) 2 /(7;N%K / : N@? &�/(R / ?AT�58?�� � 
 $X) R�"O&(K­�A�yckTUMR~83�? `�[R[ �>�

� E � �	�v� 3�?Q?@G�?QC � 1�2NC43�6DT Y 3 � zoC4?Q3�5&3�6>T@7 x�MO? Y 3(G�2 Z_X C45&3	1�MR5w5�zo6�CFc�G(TQCNMO6 9�3�?U�>C�ck3(7 � � � � �
: N@7;7;+I?A58TB"%K 58N@? � " �@"

�
58? /d� `O` � `R`�� � , M(��3�5{~83�? `�[ W%W �

� ��� �	�"� 3�?Q?@G�?QC\�:p ��� G�6o3�?  W3(G>� G�68I �	� �8eJG�6oP � , 3�TW�:MR?UA 9�zo=o=8MR?UT�x�MR? b z�2NTQC45&3(I>C�G>�wG
� C�7Qckz87U7BC4MR6�M�x#TQe�3 X 3�6o3�T�p�=o=�?QM�GOc�e �/X 3sc�eo6�CFc�G(2 Y 3�=rMO?QT XHYHZ_[ ��Z\^Âa�� �:�_6DTQ3�?U68G�TUCNMO68G�2
1�MR5w=ozoTQ3�?�9DckCN3�68ck3y��6J7BTQC4TQzoTU3�� , M���3�5�~83�? `�[O[%�D�

� ��� �	� � 3�?Q?dG(?QC�G(68I �	� S�3�?Q5�G � p 9Dcdeo3�5w3!x�MR? Y 3sG�2 Z\X CN5w3&1�e8G�6o6�3�2 � 7WTdG(~o2NC�7Beo5&3�6>T�C46
C CFID3 Z p#?Q3(G , 3�TW�:MR?UAo7 � � � � � � N@+IRU?A"%$>N@? P�/ $0/�TUK /
� / RB/�"�0
58? : N@7;7;+ ?A58TB"%KM58N@? 0��IW>� ]Â� �
p�=o?UCN2 `�[R[O^>�

�¼a����o��� zo68IoG �.X 3�243�=o?UMRPR?@G�5&5wCN6oP�� X M(�HG�?@Io7 � 3�2FG�< Z �_6D�OG�?QC�G�6DT Y 3�5wMRTQ3 b G�6oC4=ozo2FG(TQC4MR6 �
X 3(c�e�6oCFc�G(2 Y 3�=8MR?QT b 9 Z 1"�@9 Z_[D`kZ E ^ � � 6oC4��3�?d7WCNTW<|M�x � 3�6o687B<D2N�OG(6oCFGD� � 3�=oT � M(x�1�MR5&=oz�TQ3�?
G�6JI �_6>x�MR?U5�G�TUCNMO6 9DckC43�68ck3�� b G�< `�[R[>`O�

� W � �	�¸Y!� � M�x\7WTdGRIDTQ3�?#G(68I �	� 1 �>� 3�6o6o3�TQT � 4�<�/ � 58?���� 0�� 6 $�"@? KM"�0V5*/10�"@?�� 2 /'&�/�TUK 58N@?&0 N@?
P�/B$ & "@?��9P N@+@$ �"� GR7BC�c � M�MRA�7k� , 3�� ��MO?QAv� `�[ W `R�

� [���X��6�	� 1 � � CNTQTU2N3{G(68I.p � K#e8G�x�M�MR? �(, 3�TB�"MR?UAL1�MO687BC�I>3�?@G�TQC4MR687�x�MR? � CF7WTQ?QC4~ozoTU3(I b zo2 Z
TQC45&3(I>C�G �#~� W3(c�T 1�MR5&=8M�7BCNTUCNMO6ÉG(68I 1�MO5&5{zo6oCFc�G�TQC4MR6 � � � � � � /BK % N@R�� � " �@"

�
58? /@�

, M(��3�5{~83�? `�[R[O^>�
�u`�^���b.�.b MO?dG(6 G�68I Y|� K#z87W3�2N2�G � 9�<o7WTQ3�5 9�zo=�=rMO?QTÎx�MO? � �0ckC43�6>T � <>6JG�5&C�c�G�242N< Z

1�MR6Dt8PRzo?@G�~o243 b zo2NTUC Z\� G(?QTW<��_6>TU3�?dGOckTQC4��3 b zo2NTUCN5&3sI>CFG{p�=o=o24CFc�G(TQC4MR687 � �_6 � R N�TU/B/
�@58?�� 0
NO& K8<�/ 4�<>58R
� �(? K /(R(?A"%K 58N@?>"%$ � N@R�� 0B<>NU- N@? � / K % N@R�� "@?�� 
6- / R "%KM58?��FP L 0(K /(7 P +�-@->N@R K
&VN@R ) 5 �@50KM"%$ / + �@58N "@?�� � 54� /�NR��9DG(6 � C43�PRM�� , M(��3�5{~r3�? `�[O[%�>�

�u`O`U���o� 1 � � GR7 � z8G(2N3/3�TÚG�2 ��X eo3 b zo24TQC45&3(I>C�G b zo24TQCFc�GR7BT|1�e8G(6o6o3�2 � �_6 � R N�TU/B/
�@58?���0�NO&�K <�/
4�<>58R1���(? K /(R(?A"%K 58N@?>"%$ � N@R�� 0B<>NU- N@? � / K % N@R�� "@?�� 
=-�/(R�"%K 58? � P L 0(K /(7 P +.-@->N@RBK &VN@R
) 5 �@50KM"%$ / + �@58N "@? � � 54� /�NR��9ÂG�6 � CN3�POMo� , M(��3�5{~83�? `�[O[%�D�

�%�



�u`V��� �H�¼b.� 9DcdeoM�MR243�? �yX eo3{�_5&=8GRc�THM�x#9Dc�G(2NCN6�P&MR6�G b z�2NTQC45&3(I>C�G�1�MO5&5�z�6oCFc�G(TQC4MR6�p�?@c�e�C Z
TQ3sckTQzo?U3 � �_6 � R N�TU/B/
�@58?���0 NO& K8<�/ 4�<>58R1�(�(? K /(R(?A"%KM58N@?A"%$ � N@R�� 0B<>NU- N@? � /BK % N@R�� "@?��

=-�/(R�"%K 58?�� P L 0(K /(7 P +.-@->N@RBK=&VN@R�),5 �@50K "%$ / + �@58N "@?�� � 54� /�NR�:9DG(6 � CN3�POMo� , M(��3�5�~83�?
`�[O[%�D�

�u`�]�� �	� 9DcdeDzo2N;�?UCN6o6�3 � p X ?dG(687B=8MR?UT � ?QMOTQMDckMO2>x�MR? p�z8I>C4M#G�68I|S�CFID3�M�1�MR6>x�3�?Q3�68c�3(7¡G(68I!MOTQeo3�?
b zo24TQCN=JG�?QTUCFckC4=8G�6DT Y 3(G�2 Z_X C45&3�p�=o=�2NCFc�G�TQC4MR687 � �(? K /(R(? /BK � ?��@58? /B/ RU58?�� 4A"�0 � $�N@R TU/ )
�(?IKO/(R(? /BK '*) R�"O&(K­���yckTQMO~83�? `�[O[%�>�

�u` E ��b.� 9�TUMR6o3�~o?dG(A�3�?"G�68I �o�@� MO;�CN3�? � � G(?QPO3	1"G�=8GOckCNTW< ��~� W3sckT:9�3�?U��3�?d7iTQM/9�zo=o=8MO?QT�K#24MR~8G(2
1�e8G(6oPR3 Y 3(7W3(G�?@c�e ��X 3(cdeo6oC�c�G�2 Y 3�=rMO?QT [D` � ` �¡9�3 � zoMOCFG �R^O^R^ � � 3�?UA�3�2N3�<�� `�[O[>`O�

�u`V��� 1 � 9�;�<>=83�?@7BADCvG�68I�K � S�3�6DTQ?Q3 � p 1�eJG�?dGOckTQ3�?QCN;sG�TQC4MR6{M�x b zo24TQC Z_� G�?UTW<{��6DTQ3�?dGRc�TQCN��3 b zo2 Z
TQC45&3(I>C�G�p#=o=o2NC�c�G�TUCNMO687 �vX 3sc�eo6�CFc�G(2 Y 3�=8MR?UT XHYHZ\[R]�Z\^R^ � �v�_6>TU3�?Q68G(TQC4MR68G(2�1�MR5&=�zoTQ3�?"9DckC Z
3�68c�3	�_687WTQC4TQzoTU3�� � G(6>z8G(?Q< `�[R[O]>�

�u`V��� 1 �¥X MR=8MR2�ckCFcO�r3(IDCNTQMO? � � 1 - / RU5879/(?IK "%$�� ? K /(RU?�/BK�P�K RB/�"@7 � R N%KMN�TBN%$ ) � /(R10V58N@? � �8P 4�' �1��� �
Y 3 � z�3(7BT:x�MO?�1�MR5&5&3�6>T@7 � , 3�TW�:MO?QADCN6oP C MO?QADCN6oP&K#?UMRzo=¥� ,	�v`R`�[O^ �=�yckTUMR~83�? `�[R[R^D�

�u`(a���Y|� �"G��RG(TQAOG�? � �W7Q7Wzo3(7:M(x:1�M�MO?dI>C468G�TUCNMR6�G�68I X 3�5&=8MR?@G�2i9�<>6Jc�eo?UMR6oC4;(G�TUCNMO6�C46 b z�2NTQC45&3 Z
I>C�G01�MO5&5�z�6oCFc�G(TQC�MR6 � �_6 � R N�TU/B/
�@58?���0#NO&�� � � � � +@$ KM5879/
�@58" � � � � b MR6DTQ3�?U3�<�� `�[R[ �>�

�u` W ��Y|� �"G��RG(TQAOG�? ��b 1 � �op � ?UMRTUMDckMR2�x�MO?�1�M�MR?@I>CN6JG�TQC4MR6�G�68I X 3�5&=8MR?@G�2¡9�<>68cdeo?UMR6oC4;(G�TUCNMR6
CN6 b zo24TQCN5w3(I>CFG&1�MR242FG(~rMO?dG(TQCN��3wp�=o=�2NCFc�G�TQC4MR687 � ��6 � R N�TU/B/
�@58?���0 NO&�� � K <�� � � � � ? KO/ R '
?A"%KM58N@?A"%$�: N@? &�/(R / ?ATU/ N@? ) 5 0(KMRU543�+@K /
� : N@7 - + K /(R P L 0(KO/(7 0�� � zo6o3 `�[R[%�D�

�Âa


