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�)��*,+.-0/1-���23+.-3+.4657+98:��;

��*<+=�?>A@.B,C15&DE;GF�50*<+

�?23/150H=I,J?>A4<8�K
;LC1;L20+9-�'MJ?��B<-0-
�N;LCOC1+.PA+M;AFQ�"4<PL/14<+.+920/14<PR>G4<8S��+9@T*<4<;LC1;LPAD

�
*</1;VU�4</XWL+.23-0/X5&D

�&4��Q>A2�57/O>AC%�YB<CXZYCOC1[\+.465

;AF(57*<+=��+.]^B</120+.[\+94^50-�F_;L2�50*<+=K
+.PL23+.+

��>A-350+.2�;AF`�a@./1+.4<@9+

b D

��>A23cR��C1CO[d>A4

IAB<4,+Ae%fhgLgLi
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b D ��>G20cR��COC1[d>A4

*Y>A- b +.+.4�>����<23;hWL+.8

F_;A2�57*<+M�a@T*<;!;LC%;AFQ�"CO+9@95020/1@ >AC(�"4<PL/14<+.+920/14<PV>A4<8��N;L[��<B,57+92
�!@./1+.4<@9+

>A4<8E57*,+M��B<-3-
�N;LC1C1+.PL+ ;AFQ�"4<PL/14<+.+920/14<PR>A4,8��(+.@T*<4,;LCO;APAD

�!*Y>���4:K J?�
-350+.23[V>G4<4
��-0-3/O-�5T>A465��"23;AF_+.-3-0;L2�;AF`�N;L[��<B,50+.2��a@./1+.4<@9+

	 >G2020+94�
 J�	 27> DAe?K
+ >A4
�?23/150H=I,J?>A4<8�K
;LC1;L20+9-�'MJ?��B<-0-

�N;LCOC1+.PA+M;AFQ�"4<PL/14<+.+920/14<PR>G4<8S��+9@T*<4<;LC1;LPAD
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=���������

��*</1-\57*<+9-0/1- �N;AB<CO8 4<;A5V*Y> WL+ b +9+.4 � ;L-3-0/ b CO+ ��/150*<;LB,5V*<+.C � F_23;L[ > 4!B,[ b +.2 ;GF � +9;
�

�<CO+GJ ��*Y>A4,c!- 57; �!*Y>���4 F_;L2�+94<C1/OPL*650+.4</14<P @.;L46WL+920-0>G57/1;L4<-9eQ@.C1+9WA+.2 /18<+ >A-9e �Y>G57/1+.4,@.+V>A4<8 F_;L2

�<20;hW!/O8,/O4<P�>E-357/1[ B,C >G50/O4,P�23+.-0+.>A20@T* +.46W!/O23;L4<[\+.465.JV� �N;LB,CO8 >AC1-0; CO/1cA+ 57;E50*Y>A4<c '�>A4<-=>A4<8

��*,/O; U�4</XWL+.23-0/X5&D�� -S�&4657+9204<+ 5 �N;L23c^/O4<P ��+.-0+.>A20@T* 
�20;AB�� F_;L2d[d>A46D >A4,/O[d>G50+.8 8</1-0@9B<-0-3/O;A4<-

>A4<8 [ B<@T* -3B���� ;L235M;hWL+92=50*<+\C >A-�5MF_+ � DL+.>A20-9JE��� +.@9/ >GC�50*Y>A4<c^- 57; [MD ;��d@9+.[d>G57+9-��N;A20/1-.e

�N20/O>A4 e��N*<20/1-.e�K
;LB<P >G4<8���/1@T*�F_;L2 50*<+./12E>A-3-0/1-35T>G4<@.+Ge
@.;L46WA+.20-0>G57/1;L4<- >A4,8�F_;A2 PL+94<+.20>ACOCXD

�<B,5050/O4,P B�� ��/X57*V[\+AJ"��C1-0;,ea�Q50*Y>A4<c\[=DdF >G[d/1CXDd>A4<8 [d>A46D\F_20/1+.4,8<- F_;L2"50*<+./12N-3B���� ;L235 ;hWL+.2

57*<+\DL+.>A20-9JE��*</O- �N;A20c �N;AB<CO8 4<;A5M*Y> WL+ b +9+.4 � ;L-3-0/ b CO+ ��/150*<;LB,5 PL+.4,+.20;AB<-=F_B,4<8</14<P�F_23;L[

�����!��� -�#%+ ��/1-���+9-0+ >G20@T* �N+94657+.2�>A4<8��
*</1; U�4</1WA+.23-0/X5&D�� - �a@T*,;a;LC%;GF`�"C1+.@95020/1@ >AC(�"4<PL/14<+9+.2
�

/O4<Pd>A4,8��N;A[ �,B,57+92��a@./1+.4<@9+AJN��;L-�5�/O[�� ;L2357>A4657CXDE��50*Y>A4<cV[MDVF >G57*<+92.e�	 +.-9e?>A4<8���+920+.8,/150*

F_;L2�57*<+9/O2�+94<@.;LB,27>APL+9[\+.465�>A4,8 -3B���� ;L235.J
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/1/

��� ��#$����� ���������������

��>APL+

#$���!� ��� �(� �N#(��� J=J=JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ W

#$���!� ��� ����
=U������ J=JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ W!/

fLJ ����������K�U��N����� � JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f

fLJ1f ��������WA+.23W!/1+ � J=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f
fAJOfLJ1f �aC1; � �!57>A235�>A4<8��N;L4,PL+.-�57/1;L4���WL;L/18Y>A4<@9+ J=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �

fAJOfLJ�� �?>A-35���+95027>A4,-0[\/15�>A4<8 �?>A-�5���+9@.;hWL+923D JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �

fLJ�� �������"23; b C1+.[\-�/14E57*<+M�,> 57+.C1C1/150+ �"46W!/O23;L4<[\+.465 J=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �

fAJ��aJ1f �"20; b CO+9[d-��&4<@920+ >G-0/14<PV50*<+M�aCO/18</14<P�	�/O4<8,; � J=J=JMJ=JMJ=J=J=J=J=JMJ i
fAJ��aJ�� �"20; b CO+9[d- 	�/X57* �������!57+.>A8,D

�
�!57>G57+ �N+9*Y> W!/O;L2 JMJ=JMJ=J=J=J=J=JMJ f��

fLJ	� �(;L-0-3/ b CO+ �a;LC1B,57/1;L4<- JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f��

�aJ �
� �
����#%���N�"�������
�
#$�`	���# �<��#$U�������� JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f
�

�aJ1f �
�Q��� ��*<+9;L23D JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f
�
�aJ�� �
��� +.20/1[\+.465T>GC��"46W!/O23;L4<[\+.465dJ=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f��

�!J��aJ1f ���
�a� ���N��� J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f �
�!J��aJ�� �a;AF 5 �N>A23+M�"[MB<C > 57;L2 J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f
�
�!J��aJ	� '�>G208��N>A20+=�"[ B,C >G50;L2 J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f��

�aJ	� �
��� +.20/1[\+.465T>GC���+.-3B<CX57- J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f��
�aJ � �
�Q��� #%+.-3-0;L4,-�JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

�!J � J1f �N/1PLPL+92 	�/14<8<; ��-�JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

�!J � J�� �a+9CO+9@957/XWL+M��@Tc^4<; ��C1+.8<PL[\+94^50-�J=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

�!J � J	� ��;L23+ ��PLPL23+.-3-0/XWL+ �!CO; � �^5T>A2�5 J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

�!J � J � ��;L23+ ��PLPL23+.-3-0/XWL+ �N;A4<PL+.-�57/1;L4 ��WL;A/O8Y>G4<@.+ JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � �

�!J � J�� �aC1; � �!57>A235���*<23+.-0*,;LCO8��"-357/1[d>G57/1;L4 J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � �



/1/O/

�Q>GPL+

�,J �,#(� 	 �a�����Q� ��� K
�������N�"����� ��� J=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

�,J1f �!CO; � �^5T>A2�5���;a8,/1ZY@.>G57/1;L4<- J=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

�,J�� �
��� +.20/1[\+.4657- 	�/150*�#$>A23PL+.2��&4,/150/ >AC 	�/14<8<; � J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �Li
�,J	� �
��� +.20/1[\+.4657- 	�/150*�>\��+ � 	�/14<8<; � �&4<@920+.>A-0+=��C1PL;L23/150*<[ J=JMJ=J=J=J=J=JMJ �Ag
�,J � �
��� +.20/1[\+.4657- ��/X57*S#$>A23PL+.2��&4,/150/ >AC 	�/O4,8<; ��-�>A4<8S> ��;!8</XZY+.8 	�/14<8<; � �&4

�
@920+.>A-0+=��C1PL;L23/150*<[ JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � �

�,J�� �YB,50B<20+ 	 ;L20c J=JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

� J �����
��#$U
�a������� �
��K �QU���U���� 	 ��� 
 JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � �

� J1f ��+.@9;L[\[\+.4<8Y> 57/1;L4<-�F_;L2��������
�a50+.4<-3/O;A4<- J=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � �

� JOfLJ1f #$>A20PA+ 	�/O4<8,; ��- JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � �

� JOfLJ�� �a+9CO+9@957/XWL+M��@Tc^4<; ��C1+.8<PL[\+94^50-�J=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

� J�� ��+.@9;L[\[\+.4<8Y> 57/1;L4<-�F_;L2��YB,57B<23+M��;a8,/1ZY@.>G57/1;L4<-�50;V����� JMJ=JMJ=J=J=J=J=JMJ ���

� J��aJ1f �aC1; � �!57>A235���;!8</XZY@ >G50/O;A4<-�JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

� J��aJ�� �N;L4<PA+.-350/O;A4���WA;L/18Y>A4<@9+ ��;!8</XZY@ > 57/1;L4<- J=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �6i
� J��aJ	� �aC1; � �!57>A235���*<23+.-0*,;LCO8��"-357/1[d>G57/1;L4 J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �6i
� J��aJ � ��+ � #%;L-3-���+.@9; WA+.2�D���+.@T*Y>G4</O-3[\- J=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

� J	� �N;A4<@.C1B<-0/1;L4<- J=JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �Lg

�N� ��#%��� 
=���
��'�� J=J=JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � �

�������	��

���

� J������������

 � �!����� � ������������# ��#(
M�����&��'
�:� JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

��J �Q��� �����
��� ����# �:��K
���Q���N�"�������
� J=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � g

��J1f �&465020;!8<B<@950/O;A4 J=JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � g
��J�� �������N;L[\[d>A4<8<- JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � g

��J��aJ1f ��U�#a� JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � g
��J��aJ�� �����Q� JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

��J��aJ	� �����!	 JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

��J��aJ � K
/1-0@.B,-0-0/1;L4 JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �af
��J	� �"4Y> b CO/14<P ��B<CX57/ �<C1+ K�>G57>\�N;L4<4<+9@950/O;L4,- JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �af
��J � K
/XW!/O8,/O4<PV>\�Q/1CO+ ��@920;L-3-
� B<C150/ �,CO+M�N;L4<4,+.@950/O;A4<- J=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

��J�� ��+.@9;L[\[\+.4<8<+98 #%/O[\/X57-\J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���



/1W

�Q>GPL+

� ���a�������N� JMJ=JMJ=J=JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � �



W

#%���a� ��� ��� ��#$� �

�Q> b CO+ ��>APL+

fLJOf �������NB<[ B,C >G50/1WA+ ��@Tc!4,; ��C1+.8,PL[\+.465 �
�,>A[��<CO+ J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �

�,JOf ��+ � 	�/O4,8<; � �&4<@920+ >G-0+=��C1PL;L20/X57*,[ 	�/150*<;LB,5��N;L4,PL+.-�57/1;L4 JMJ=JMJ=J=J=J=J=JMJ ���

�,J�� ��+ � 	�/O4,8<; � �&4<@920+ >G-0+=��C1PL;L20/X57*,[ 	�/150*:�N;A4<PL+.-�57/1;L4 J=J=JMJ=JMJ=J=J=J=J=JMJ �,f

� J1f �N;L4<PL+9-350/O;L4:�N;L465723;LC%��C1PL;L23/150*<[ �
�,>A[��<C1+ JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � �



W!/

#%���a� � � �Q��
 U������

�Q/OPAB<20+ ��>APL+

fLJOf �aC1; � �!5T>G235��N;L[��Y>A23/O-3;L4 J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �

fLJ�� �N;L4<PL+9-350/O;L4���WA;L/O8<>A4<@.+ �N;L[��Y>A23/O-3;L4 JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ g

�aJOf ���
�a� ���N�����,>G50+.C1CO/X57+ �!D!-350+.[ J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f �

�aJ�� ����� �a;GF 5 ��>A23+=��[MB<CO>G57;L2��a+ 57B�� JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f
�

�aJ�� � �N;L[��Y>A20/1-0;A4�;AFQ���
�a� ���N����>A4,8 ����� J=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f��

�aJ � '�>A238��N>A20+=�"[ B<CO>G50;L2
�!+957B�� JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ f i

�aJ�� � �N;L[��Y>A20/1-0;A4�;AFQ���
�a� ���N����>A4,8 50*<+='�>A238���>G20+=�"[ B<CO>G57;A2)J=J=J=J=J=JMJ f i

�aJ�� ���Q��� ��+9-35���+9-0B<CX57-�J=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ fhg

�aJ i ��;!8</1Z<+.8 ���Q��� �(+.-�57- J=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �af

�,JOf #$>A20PL+92��&4</X57/O>AC 	�/O4,8<; ��- 	�/X57*<;AB,5��N;L4<PL+9-357/1;L4)J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

�,J�� #$>A20PL+92��&4</X57/O>AC 	�/O4,8<; ��- 	�/X57*��N;L4<PL+9-350/O;L4 JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ �Ag

�,J�� #$>A20PL+92��&4,/150/ >AC 	�/14<8<; ��-">A4,8 >
� ;a8</XZY+98 	�/O4,8<; � �&4<@.23+ >A-3+���C1PL;L23/150*<[ 	�/150*
�

;LB,5��N;L4,PL+.-�57/1;L4 J=JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���

�,J � #$>A20PL+92"�&4</X57/O>AC 	�/O4<8,; ��- >A4<8V>=��;!8</1Z<+.8 	�/14<8<; ���&4,@.20+.>A-0+���C1PL;L23/150*<[ 	�/X57*
�N;L4<PL+9-350/O;L4 JMJ=J=JMJ=JMJ=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ � �

��JOf ���Q��� ��+9@.;L238��Y;L23[V> 5 J=J JMJ=J=JMJ=JMJ=J=JMJ=J JMJ=JMJ=J=JMJ=JMJ=J=J=J=J=JMJ ���
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�

/O@.>AC [\;!8<+.C ;AF$57*<+�50;A5T>GC >A[\;LB,4^5�;AF(8Y>G5T>M-0+.465�;hWL+92 b ;G57*R57*,+�57+92020+9-35020/O>AC 4<+ 5 �N;A20cE>A4,8R57*<+

-7>G50+.C1CO/X57+ 4<+ 5 �N;A20c:>G-
>VF_B<4,@957/1;L4 ;AF"50/O[\+GJ
�&4:57*<+M57/1[d+ /15�5T>AcG+.-�������57;E>A@T*,/O+ WL+ 57*<+ >A8
�

WL+.2�57/1-0+98 ��/14<8<; � � f
���M-3+.PL[\+94^50- ��/14 50*<+�-0>G57+9COC1/150+�4<+ 5 �N;A20c?e<����� /O- > b C1+�50; -0+94<8E20;AB<PL*<CXD

��� 57/1[d+9-�[\;L23+ 8Y>G5T> ;hWL+92�50*<+�57+92020+9-35020/O>AC%4<+95 � ;L23c J
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�Q/OPAB<20+\fLJ1f��aC1; �)�!57>A235��N;L[��Y>G20/1-0;L4
��*</O-MZYPLB<23+ -0*,; ��- >�[d>G57*,+.[d>G57/1@ >GC [\;!8<+.C�;AF�50*<+d50;A5T>GC >G[d;AB<465 ;AF�8<>G5T> -0+.465 b D �����
; WA+.2�>
-7> 57+.C1C1/150+�4,+95 � ;L20c >G4<8\>�57+92020+9-35020/O>ACY4<+95 � ;L23c >A-�>�F_B<4<@ 57/1;L4\;AF?57/1[\+AJ �N;G57* 5720>A4<-�F_+.20-
-35T>G235 ��/X57* > � � � � ;AF�fR-3+.PL[\+94^5 >A4<8 /14<@.23+ >A-3+R57*<+V-0/1H.+R;GF � � � � B<-0/14<P:50*<+ -3CO; � -357>A235
>ACOPA;L20/X57*<[SJ ��*<+�>A[\;LB<465d;AF�57/1[d+S-3*<; ��4 20+ �<20+9-0+.4650-V57*,+S50/O[\+S/X5d57>AcA+9-V����� ;hWA+.2\57*<+
-7>G50+.C1CO/X57+d4<+95 � ;L23c 50;�23+ >A@T* 57*<+V>A8,WA+.2�57/1-0+.8 ��/O4<8,; � � f
���S-0+9PL[\+.4657-9eQ/14 50*</O- @.>A-0+��
B<-3/O4,P
-0C1; � -35T>G235 J

fLJ��!JOfLJ�� �N;L4<PL+9-350/O;L4���WA;L/O8<>A4<@.+ ��WL+92��a>G57+9COC1/150+ �N*<>A4<4<+9CO-

����� B<-3+.-�@9;L4<PL+9-350/O;L4 > WL;L/18Y>A4<@9+�57; �<23; b +�57*,+�4<+ 5 �N;A20c F_;L2 >A8<8</X57/1;L4Y>ACY@.>��Y>A@9/15&DV>GF 50+.2

CO;L-3-.J �,> 57+.C1C1/150+V@T*Y>G4<4<+.C1- /14<@.23+ >A-3+V50*<+ >G[d;AB<465 ;AF 57/1[d+\57*,+V@9;L4<PL+9-357/1;L4 > WA;L/O8<>A4<@.+ >AC1PL;
�

20/X57*<[ 5T>AcG+.-�57;\/14<@.23+ >A-3+ � � � � ��*<+94�@9;L[��Y>A23+.8E57; 57+92023+.-35020/O>AC C1/O4,c!-9JN�Y;L2N+ �,>A[��<C1+Ae���*<+94

>\����� @.;L4<4,+.@950/O;A4�B,50/OC1/1H./14<P 57*<+ [d> �a/O[MB<[ � ;L-0-3/ b CO+ ��/14<8<; � � f���� -0+9PL[\+.4657-�@.;A4^57>A/14</O4,P

�af
� b D^50+.-N+.>A@T* �`+ ��� +920/1+.4<@9+.-�>=-0/14<PLC1+�-3+.PL[\+94^5�8<20; � e^50*<+�WA>GCOB<+�;AF � � � � /O-�20+98<B<@9+.8 50; � �

-0+.PA[d+94657-.J��?;A2�+ >A@T*�CO;L-3-
�
F_20+.+M�Q��� 50*<+�WG>ACOB,+M;AF � � � � /1-�/O4,@.20+.>A-0+98 b D >����<23; �,/1[d>G57+9C1D f

-0+.PA[d+9465 J���WL+92%57*<+"57+92023+.-35020/O>AC^4<+95 � ;L23c�8<+.-3@.20/ b +.8 > b ;hWL+�/X5%5T>AcG+.-
�aJOf���-3+.@9;L4<8<-$57;�/O4,@.20+.>A-0+

57*<+�WA>GCOB<+�;AF � � � � -3/OH9+�F_20;L[ � � -0+9PL[\+.4657-N50;Rf
���=-0+9PL[\+.4657-�B<-3/O4,P @.;L4,PL+.-�57/1;L4E> WL;L/18Y>A4,@.+AJ

�
WA+.2
50*<+ ���N��� -0>G57+9COC1/X57+ @T*Y>A4,4<+.C`50*<+ -7>A[\+ /14<@.23+ >A-3+ 5T>AcG+.- � �aJ	� � -3+.@.;A4<8<-.J ��>A@T* �����



g

57*Y>G5M����� /1-M4<;G5MF_B<C1CXD B,57/1CO/1H./14<P 57*<+V> WA>G/OCO> b C1+ b >A4<8���/18,57* 20+ �,20+.-3+.4657- CO;L-�5M50*<20;AB<PL*��<Ba5 J

�Q/OPAB<20+EfLJ�� �<23+.-0+94657-M>S[d>G50*<+.[d>G50/O@.>AC`[\;!8<+.C`/1C1COB<-�5720>G57/14<PS57*<+ 50;A5T>ACQ>A[\;LB<465 ;AF�8Y>G57>R57*<+

����� @.;A4<PL+.-�57/1;L4 > WL;L/18Y>A4,@.+d>AC1PL;L20/X57*,[ /1-�> b CO+ 50;R-0+94<8 ;hWL+.2 b ;A50*�57*<+ -7>G50+.C1CO/X57+ 4,+95 � ;L20c

>A4<8�50*<+ 57+92023+.-35020/O>ACQ4,+95 � ;L20c�>A-
>VF_B,4<@950/O;L4 ;GF`57/1[\+AJ
��*<+MZYPLB<23+ -0*<; ��-
50*Y>G5 ��*,+.4 �����

/O-�; � +.20>G57/14<P\;hWL+.2�> 57+92020+9-35020/O>AC%4<+95 � ;L23cS50*<+�/14<@.23+ >A-3+=50;d50*<+ >A8,WA+.2350/O-3+.8���/14<8<; � /1-�[\;L20+

27>��</18R>G4<8V50*<+.23+9F_;L23+������ /1-�> b C1+�57;=-0+.4,8E>AC1[d;A-35Ng=57/1[\+.- [d;A20+�8Y>G5T> ;hWL+92 57*,+�50+.2023+.-�5720/O>AC

4<+95 � ;L20cE/14S57*<+ -7>G[d+M>A[\;LB<465�;AF(57/1[\+ ��*,+.4�@9;L[��Y>A23+.8S57; 57*<+ -0>G57+9COC1/150+M4,+95 � ;L20c?J

10000

100000

1e+06

1e+07

1e+08

0 5 10 15 20 25 30 35 40

D
at

a 
T

ra
ns

m
itt

ed
 (

by
te

s)

Time (seconds)

Satellite Network
Terrestrial Network

�Q/OPAB<20+\fLJ�� �N;L4,PL+.-�57/1;L4���WL;L/18Y>A4<@9+ �N;A[ �<>A20/1-0;L4
��*</O-MZYPLB<23+ -0*,; ��- >�[d>G57*,+.[d>G57/1@ >GC [\;!8<+.C�;AF�50*<+d50;A5T>GC >G[d;AB<465 ;AF�8<>G5T> -0+.465 b D �����
; WA+.2�>
-7> 57+.C1C1/150+�4,+95 � ;L20c >G4<8\>�57+92020+9-35020/O>ACY4<+95 � ;L23c >A-�>�F_B<4<@ 57/1;L4\;AF?57/1[\+AJ �N;G57* 5720>A4<-�F_+.20-
-35T>G235 ��/150*�> � � � � ;AF � � -3+.PL[\+94^50-
>A4,8 /14<@920+ >G-0+M50*<+ -0/1H.+=;AF � � � � B<-3/O4,Pd50*<+ @.;L4<PA+.-350/O;A4
>hWA;L/18Y>A4<@9+ >AC1PL;L23/150*<[ B<4657/1C � � � � 23+ >A@T*,+.- 57*<+\>A8aWL+.2�57/1-0+98 ��/14<8<; � -3/OH9+ � f
���R-3+.PL[\+.4650- �TJ
��*<+�>A[\;LB<465`;GFY57/1[d+N-0*<; ��4\20+ �<20+9-0+.4650-�50*<+N50/O[\+�/X5Q57>AcA+9-"����� ;hWL+92Q57*<+N-7>G50+.C1CO/X57+�4,+95 � ;L20c
57;\20+.>A@T*�50*<+=>A8,WL+92350/O-3+.8 ��/14<8<; � B,-0/14<P @9;L4<PL+9-357/1;L4�> WL;L/18Y>A4<@9+AJ
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fLJ��!J�� �"20; b CO+9[d- 	�/X57* �������!57+.>A8,D
�
�!57>G57+ �N+9*Y> W!/O;L2

��*<+E-0>G57+9COC1/X57+S@T*Y>A4<4,+.C�-350B<8</1+.8 /14 50*</1- �Y>�� +.2 *Y>A-EfAJ������ � b /X57- � -0+.@9;L4<8 � ;L2 fhg �ae	�����

b D^50+.- � -0+.@9;L4<8 �N;AF$@.>��Y>A@9/15&D � ��f�- � +.+98 �TJ���4EB���� +92 b ;LB<4<8EF_;L2 ����� 57*,20;LB<PA*��<B,5�/1-�PL/XWL+94

/O4 +9]!B<>G57/1;L4 fLJ�� � �(;L- �af � J���*,/O-�+9]!B<>G57/1;L4 >A-3-0B<[\+.-=>RC1;L-0-
�
F_23+.+ 4<+ 5 �N;A20c:>G4<8 > ����� 50*Y>G5

8<;a+9-�4<;A5�B<-0+=>A46DE;GFQ57*,+=@9;L4<PL+9-350/O;L4 @.;A4^5020;LC$>GCOPL;A20/X57*<[\-�8<+.-3@.23/ b +.8�/O4 -0+9@957/1;L4 fLJOfAJ

� ������� � �����F� � � � � � � � ��
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� fLJ�� �

��*<+.23+9F_;L23+Ae ��*<+.4�B<-3/O4,P 57*<+:[d> �a/1[ B<[ ����� 23+.@.+9/1WA+ ��/O4,8<; � ;AF ���ae�� � � b D^57+9-E; WA+.2E>

-7>G50+.C1CO/X57+ @T*Y>A4<4<+9C � �Q��� ;AF ������[\- � 57*<+�B���� +.2 b ;AB<4<8 ;A4=50*<20;LB,PL*��<B,5�/1-�PL/XWL+94 b D +.]^BY>G50/O;A4

fLJ��aJ
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 � � ��� � � fLJ	� �

�NCO+.>A20CXD 50*</1- B���� +.2 b ;AB<4<8 ;A4 ����� 50*<20;AB<PL*��<Ba5 +94<-0B<23+.- 50*Y>G5M����� ��/1C1C b +VB<4<> b C1+V57;

F_B<COCXDEB,50/OC1/1H.+ 57*<+ b >A4,8���/O8a57*��,20;hW!/O8<+98 b DE��f=-7>G50+.C1CO/X57+=@T*Y>A4,4<+.C1-.J

fLJ�� �(;L-0-3/ b C1+ �!;LCOBa57/1;L4<-

��*<+ �<20; b CO+9[\-";LB,57C1/14<+.8 > b ;hWL+N@ >A4 b +N[\/X57/1P6>G50+.8 B<-3/O4<P
>�4^B<[ b +.2`;GF >����<23;6>A@T*<+9-.J��
4<+

>����<23;6>A@T*S57*Y>G5�*Y>G- b +.+94�-�57B<8,/O+98�/1-�50; b 20+ >Gc 57*<+ ����� @9;L4<4<+9@957/1;L4�>G5�57*<+ 23;LB,57+92 b + F_;L20+

57*<+R-0>G57+9COC1/X57+E@T*Y>A4,4<+.C � � ��g���� J U�-0/14<P:57*,/O- [\+9@T*Y>A4</1-0[Se�57*<+R23;LB,50+.2 b +9F_;L23+ 57*,+R-7>G50+.C1CO/X57+

@T*Y>A4<4<+9C?>A@.@9+ �,50-�>A4<8 ��� 
�-�>ACOC!57*<+�-3+.PL[\+94^50-�-0+.465�57; >
[d>A@T*,/O4<+�>A@920;L-3-`57*<+�-0>G57+9COC1/X57+�C1/O4<c?J

�?23;L[ 57*,+�-3+.4<8<+92 � - � +920- � +9@957/XWL+Ge,57*,+�5720>A4<-�F_+.2�/O- @.;L[��<C1+950+ ��*<+94R57*<+�20;LBa57+.2���� 
�-�>AC1CY57*<+

-0+.PA[d+94657-.J"��*,+�23;LB,50+.2%57*<+94 -3+.4<8<-$57*,+ 8Y> 5T>�57;�57*<+�*<;A-35�>A@.23;L-0-$57*,+�-0>G57+9COC1/X57+�@T*Y>A4<4<+9C JQ��*</O-

[V>GcA+.-�50*<+�5720>A4<-�F_+.2 � >���� +.>A2 � [MB<@T*SF >A-350+.2NF_23;L[ 50*<+�-0+94<8<+920- � +920- � +9@957/XWL+GJN'�; �N+ WL+.29eY57*<+

��� 
 -�20+9@.+./XWL+98 b D 50*<+=-0+.4,8<+.2
8,;V4<;G5�/14<8</1@ >G50+M50*Y>G5�57*<+M8Y>G57>��N>A-�23+.@9+./XWL+.8 > 5�50*<+=Z<4Y>AC

8<+.-�57/14Y>G57/1;L4 >A4<8:50*<+.23+9F_;L23+Ae 50*</O-�[d+9@T*Y>A4</1-0[ b 20+ >Gc!-
50*<+ +94<8
�
50;
�
+94<8 -0+9[d>A4657/1@.- ;AF�������J

� -0/1[\/OCO>A2�/18<+.> /O-�57; [d>AcG+�50*<+
20;AB,57+92N*Y>A4,8<CO+�20+ 5727>G4<-0[\/1-0-0/1;L4<-�F_;A2 57*,+�-0+94<8<+92 � ���a� 
 g ��� J



fLf

��>Ac^/O4,P�57*<+d20;AB,57+92M23+ �Y>A/12M>ACOC�C1;L-0- ��/150*<;LB,5M4<;A50/1F D!/14<P�50*<+ ����� -3+.4<8<+92 >AC1C1; ��-M20+ 5727>G4<-
�

[d/1-0-3/O;A4���/150*<;LB,5�[d>Ac^/14<PV50*<+ -0+.4,8</O4,P ������20+98<B<@.+ 57*,+ 5027>A4,-0[\/O-3-0/1;L4:20>G57+GJN��+.-3+ >A23@T*<+.23-

*Y> WL+S>AC1-0; /146WL+.-�57/1P6>G50+.8 @.;L[��<23+.-0-3/O4,P 50*<+R����� >A4<8 ��� *<+ >A8,+.20- /14 >A4 +�
 ;A235 50;:20+98<B<@.+

57*<+ ;hWL+920*<+.>A8 e?CO+.> Wa/14<Pd[\;L20+ b >A4,8���/O8a57*SF_;L2�57*<+ 8Y> 5T> � IL>G@ g��L>�� � K�������g�� � J���/O4Y>GCOCXDLeY4<+ �

]!B,+.B<+9/O4<PM[\+.@T*Y>A4,/O-3[d-9e,-3B<@T* >G-���>A4,8<;L[ ��>A23C1D K
+957+9@950/O;L4 � �"ILg���� � ����� � g6i�� e �<20;hW!/O8,+�/14
�

57+.23[\+.8</O>G57+�20;LBa57+.23- ��/X57* > �N>hD\50;M/14,F_;L23[ 57*<+������ -3+.4<8,+.2 50*Y>G5 @.;L4,PL+.-�57/1;L4 /1-N;!@.@9B<2023/O4<P

b + F_;L20+ 57*,+d����� -3+.4<8<+92M-3+.4<8,- >A4 /14Y>����<23; �<23/ >G50+ >G[d;AB<465M;GFN8Y> 5T>,J � D PL/XW!/O4,P������ >A4

+ >A23C1Dd@.;A4<PL+.-�57/1;L4 /14<8</1@ > 57/1;L4 e^57*<+�20;LB,50+.2�@ >G4VF_;L23@.+������ 50; 23+.8<B<@9+�50*<+�5027>A4,-0[\/O-3-0/1;L4R20>G57+

b + F_;L20+�50*<+
����� -3+.4<8,+.2�5720>A4<-3[d/X57-�>G4E/O4Y> ���<20;��<20/O>G57+
>A[\;LB<465�;AF(8Y>G57>MF_;L23@./14<P 57*<+�20;LB,50+.2

57;S8</1-0@ >G208 >ECO>A20PA+ 4!B,[ b +.2=;AFN-3+.PL[\+94^50-.J 	�*</OC1+�� ;G57+.4650/ >AC1CXD B<-0+ F_B<C e$57*,+.-0+\[\+.@T*<>A4</1-0[\-

>A20+ ;LB,50-0/18<+�57*<+ -3@.; � +M;GFQ;LB,2�/O46WL+9-350/OP6> 57/1;L4 J

��*<+=ZY20-�5
> ���<20;L>A@T*�� + -350B<8</1+.8 �N>A-
>G4:>����,CO/1@ >G50/O;A4
�
C1+9WA+.CQ-3;LC1B,57/1;L4 J 	 +M[\;!8</1Z<+.8 >A4

�Q���)@9CO/1+.465\>G4<8 -0+923WA+.2 57;�B<-0+R[MB<CX57/ �<CO+ �<>A27>AC1C1+.C������ 8Y>G57>�@9;L4<4<+9@957/1;L4<- 50;�5720>A4<-�F_+.2 >

-0/14<PLC1+=ZYC1+AJ 	�*</1CO+=4<;A5�> PL+94<+.20>AC �<B<2 � ;L-3+=-3;LC1B,57/1;L4�F_;A2�/O[��<23; W!/14<P Ba57/1CO/1H >G50/O;A4�;AF�-7>G50+.C1CO/X57+

@T*Y>A4<4<+9CO-�57*</1-�WA+.20-3/O;A4 ;AFY�Q��� �<23;hWa/18<+98 /O4,-0/1PL*657-`/14657;�50*<+Nc^/14<8<-�;AFY����� [\+.@T*Y>A4,/O-3[d-`50*Y>G5

[V> D\[\/X57/1P6>G57+�50*<+ �,20; b C1+.[\-�/O465020;!8<B<@.+98 b D\-7>G50+.C1CO/X57+�@T*Y>A4,4<+.C1-.J ������� >A4<8d57*<+�C1+.-0-3;L4<- /15

�<20;hW!/O8,+.-�>G20+�;LB,50CO/14<+98 /14V@T*Y> �,57+92 �!J`��*<+�-0+.@9;L4<8V-357+ �V;GF ;LB,2 � ;L23c /O-"57;�57>AcA+�57*<+�/14<-0/1PL*657-

�<20;hW!/O8,+.8 b D ���Q��� >A4<8\+94<*Y>A4<@9+�57*<+������ �<20;G57;!@.;LCa>A@.@9;L208,/O4<PAC1DAJ���4,+�;AF?57*<+N/O-3-0B<+9-�50*Y>G5

���Q��� /1C1COB<-�5720>G57+98 �N>A-�50*Y>G5�B<-3/O4,PR> C >G20PL+92�/14</X57/O>AC%-0C1/18</O4,P ��/14<8<; � +94<*Y>A4<@9+.- b >A4<8���/18,50*

B,57/1CO/1H > 57/1;L4 J 	 +�[\;!8</XZY+.8d����� 57;=[d>AcA+�57*<+�-3CO; ��-�5T>A2�5N>GCOPL;A20/X57*<[ [d;A20+�>APLPL23+.-0-3/1WA+AJ"��*<+

>ACOPA;L20/X57*<[ [\;!8</1Z<@ >G50/O;L4,-�>A4<8:+ ��� +920/1[d+9465T>AC"23+.-0B,C150-�>A20+M;LB,50CO/14<+.8 /14 @T*Y>��a57+.2 �,J
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�
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50*Y>G5�57*</1-
-3[V>GCOC1+.2 ��/14<8<; � F_B<2�57*<+92�20+98<B<@9+.-
57*,+M57*,20;LB<PA*��<B,5
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� � Wag,f � e ��*</O@T* /O-d/14 PL+9;L-3D!4<@T*,20;L4<;AB<- ;L2 b /X5 J 	 + >AC1-0; B<-3+.8 > -3;AF 5 ��>G20+ +.[ B,C >G50;L2 b B</1C15

>G5V�
*</O; U�4,/1WA+.20-3/15&D /14 @.;L4 	�B,4<@950/O;L4 ��/150* 50*</1-d23+.-3+ >A23@T* >A4<8 > @.;A[d[\+920@./O>AC1C1D > WG>A/1C > b CO+

*Y>A208���>A23+ +.[MB<C > 57;L2�50;E[\;a8<+9C�50*<+ ���N���:-3D!-350+.[ ��*,+.4 57*<+ -7>G50+.C1CO/X57+ -�Da-�57+9[ ��>G- b +9/O4<P

B<-0+98 b D ;A50*<+.2�23+.-3+ >A23@T*<+.23-.J 	�*<+94 @9;L4<8<B<@ 57/14<P ;LB<2
57+9-350-.e �N+\8</18 4<;A5�-3*Y>A23+V>G4^D�;AF�57*<+
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>A23+
8</1-0@9B<-0-3+.8

/O4 8<+957>A/1C b +9CO; � J
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+.[MB<CO>G57;L2NB<-0+98 /14R;LB,2N+ ��� +.23/O[\+.4650-�/1-N50*<+
�(+.-357#%/O4<c K�>G5T> #$/14<c �a/1[ B
�

C >G50;L2.JQ��*<+
+.[MB<CO>G57;L2N20B<4<- ;L4E>A4 �&4^50+.C � ���M[d>A@T*,/O4<+�+9]^B</ ��� +98 ��/150*R5 �N; - � +9@./O>AC �,B<2 � ;L-0+

+ ���Y>A4<-3/O;A4d@.>A208,-Q57*Y> 5">A23+N8<+9-0/1PL4<+.8 50;
+.[MB<C > 57+�57*,+N4<+ 5 �N;L23c @9;L4,ZYPLB,20+.8 b DM57*<+ B<-0+92.J`��*<+
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ACTS
Hardware Emulator

�Q/OPAB<20+ �aJ�� � �N;L[��Y>A23/O-3;L4�;GF`�����a� ���N����>G4<8E57*<+='�>G208��N>A20+M�"[ B<CO>G50;L2
��*</O-�ZYPLB<23+N-0*,; ��-�57*<+�20+9-0B<CX57-`;GFY20B<4,4</O4,P
/O8,+.4657/1@ >AC!57+9-357-�B<-0/14<P�50*<+������a� ���N��� -7>G50+.C1CO/X57+
-3D!-350+.[ >A4<8E57*,+=*<>A208��N>A23+M+9[ B<CO>G57;A2.J



f��

+.[ B,C >G50;L2�/1-
@.;L4aZYPLB<23+.8 B<-0/14<P > -3[V>GCOC`-3;AF 5 �N>A20+ �<23;LPL20>A[SJ���*<+ 4<+95 � ;L23c:C > DA;LB,5 B<-3+.8 /O4

;LB<2Q+ ��� +920/1[d+94657-"/1-`/OC1C1B<-35027>G50+.8 /14 ZYPLB<23+ �aJ � J(��-`/14 50*<+������a� ���N��� + ��� +920/1[d+94657-.ea�N/1-0@9;

���af � 20;LB,50+.23-Q+.[��<C1;hD!/O4<P�8,20; �
�
5T>A/1C^]^B<+.B<+9/O4,P >A20+ B<-0+98 J"�YB<2350*<+.23[\;L20+GeA57*<+ [\/ �M;AF �!B<4 �����

>A4<8 �&4657+9C � ���:��+ 5 ���,K fAJOfV[V>G@T*</O4,+.- B<-3+.8 /14 57*<+ ����� 57+.-�5 b +.8 8<+9-0@920/ b +98 > b ;hWL+R>A20+

>AP6>A/14SB<-0+98:>A-�57*,+=+94<8 � ;L/14657-�F_;L2�+ ��� +.23/O[\+94^50-
B,50/OC1/OH9/O4,Pd50*<+ *Y>A208���>A23+ +.[ B,C >G50;L2.J

��*<+ *Y>A208���>A23+R+.[MB<CO>G57;L2 CO/1[\/150- 57*<+ b >A4<8���/18,57* b +95 � +.+94 50*<+R23;LB,57+920- b D �<20;hW!/18</O4,P

>A4 >����<23; �<23/ >G50+R@.C1;!@Tc �<B<C1-0+R50;:57*<+ @T*Y>A4<4<+9C b >A-3+.8 ;L4 50*<+EB<-0+92
�
@.;L4,Z<PLB<20+98 b >A4<8���/18,50*

-0+95357/14<P<J���*<+�@9CO;!@Tc �<B<C1-0+�8,+957+920[\/14<+.-�57*<+�27>G50+
57*<+�23;LB,57+920-�@.>A4E5720>A4<-0[\/X5�-0+9PL[\+.4657-9J ��*<+

]!B,+.B<+ 8<+.CO> D�/O- �<23;hWa/18<+98 b D�57*<+ 23;LB,57+920-9e 	�B<-35�>A-S/14�57*<+ ���N��� -�Da-�57+9[ J ��*<+ B<-0+92
�

@.;L4,Z<PLB<20+98 �<23; �Y>AP6> 57/1;L4 8,+.CO>hD /1-M/14 	�+.@ 57+98 b D 50*<+d+.[ B,C >G50;L2 8,+.CO>hD!/14<P:-3+.PL[\+.4650- F_;L2 57*<+

B<-0+92
�
@9;L4,ZYPAB<20+98:>A[\;LB<465�;AF(57/1[\+ b +9F_;A20+�F_;L2 �N>A238</O4,Pd50*<+.[SJ

	 +E@.;L4aZYPLB<23+.8 50*<+S*Y>A238���>G20+E57+9-35 b +.8 57; [\;a8,+.C�57*,+ ���N��� +.46W!/O23;L4<[\+.465R>A4<8 27>A4

57*<+ -7>A[\+�+ ��� +920/1[\+.4657-R/14 b ;A50* +94^W!/120;L4,[d+94657-.J �Q/1PLB<23+ �!J�� -0*<; ��-V50*Y>G5\57*,+�*Y>G208��N>A20+

+.[ B,C >G50;L2�>A@.@9B<27> 57+.CXDS[\;a8,+.C1-�50*<+ ���N��� -7> 57+.C1C1/150+=@T*<>A4<4<+9C J

�aJ�� �
��� +920/1[\+.465T>AC���+.-0B,C150-

�
B<2NZ<20-35�+ ��� +920/1[d+94657-�-3*<; �N+98 50*Y>G5 �
�Q��� �N>A-�> b C1+
57; B,50/OC1/1H.+ � � � ;AF(57*<+ > WG>A/1C > b CO+

b >A4<8���/18,50*�;hWL+92�57*<+�-0>G57+9COC1/150+�CO/14<c b D /O4<@920+.>A-0/14<P\57*<+�4^B<[ b +92�;GF�8<>G5T> @.;A4<4<+.@ 57/1;L4<-�B<-3+.8 J

�Q/OPAB<20+ �aJ	� �<23+.-0+94657-N50*<+�23+.-3B<C150-�;AF 5727>G4<-3F_+920/14<P > � � ��� ZYCO+�>A-N> F_B<4,@957/1;L4R;GF 57*,+�4^B<[ b +.2

;AFQ8<>G5T> @.;A4<4<+.@ 57/1;L4<-�B<-0+98 J���*</O-�ZYPLB,20+ /OC1C1B<-35027>G50+.-�>\4^B<[ b +92�;GFQ/14657+.23+.-�57/14<P ZY4<8,/O4<PA-.J

��-E8<+.-3@.20/ b +.8 /14�� 
�20B<g ��� >A4,8 �,20+.8,/O@ 57+.8 > b ; WA+ /O4 +.]^BY>G50/O;A4 �aJ��ae�B<-0/14<P ;L4<+ �����

@.;L4<4,+.@950/O;A4 57; 5720>A4<-3F_+92�> ZYC1+ 8,;a+9-�4<;G5 F_B,COCXD�B,57/1C1/OH9+ 57*,+ > WG>A/1C > b CO+ b >A4<8���/O8,50* J ��*<+

8</ 
 +.23+.4<@9+ b +95 � +.+.4 50*<+ �<20+98</O@ 57+98 57*<23;LB<PL*��<B,5 � +.]^BY> 57/1;L4 �aJ�� � >A4<8=57*<+ >A@950BY>AC657*,20;LB<PA*��<B,5

� ZYPLB,20+ �aJ	� ��@ >A4 b +V+ ���<CO>A/O4,+.8 b D ����� � ���)-0+.PA[d+9465 *<+ >G8<+.2 ;hWA+.20*,+ >A8 � > ���<20; �a/1[V> 57+.CXD

� � �TJ

�����.�)1(�� E�F�6� ��
+��"�� %'& "�),+�-���"�) +.- - /��
�% & "�� )�-	����

��� -0/0�
�% %G
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TCP Data Connections

Throughput

�Q/OPAB<20+ �aJ	� �
�Q��� ��+9-35���+.-0B,C150-
��*</O-`Z<PLB<20+N-0*<; ��-`57*,+N57*<23;LB<PL*��<B,5"B<-3/O4,P ���Q��� 57;�5027>A4,-3F_+.2`> �
� � ZYC1+�B<-3/O4,P 50*<+������a�
���N��� -7>G50+.C1CO/X57+ -3D!-350+.[ �<C1;A5050+.8 >A-�>�F_B,4<@950/O;L4M;AF<50*<+ 4^B<[ b +92Q;AF��Y>A27>GCOC1+.C^8Y>G57>�@9;L4<4<+9@950/O;L4,-
+.[��<C1; DA+.8 J

U�-0/14<P � 8Y> 5T> @.;L4<4,+.@950/O;A4<- PA/1WA+.- �
�Q��� >A4d+ 
 +.@ 57/XWL+ ��/O4<8,; � ;AF g��,e���� � b D^50+.-.J���*</1-�/O-

>����<23;��a/1[d>G57+9C1DVg,f � ;AF 50*<+ ��/O4,8<; ��-0/1H.+�4<+.+98<+.8d57; F_B<COCXD B,50/OC1/1H.+�57*<+�> WA>G/OCO> b C1+ b >A4<8���/18,50*

� >A@9@.;L238</O4,P 57; +.]^BY> 57/1;L4 �aJ � �TJ�U�-0/14<P � 8Y>G57> @.;L4,4<+.@ 57/1;L4<- ���Q��� �N>A-�> b C1+�57; B,57/1CO/1H.+ �Li �

;AF�50*<+=> WA>G/OCO> b C1+ @ >��Y>G@./X5&D >GF 57+92�5T>Ac^/14<PV;hWA+.20*,+ >A8�/O4657;V>A@9@.;LB<465.J

��-M/14<8</1@ >G50+.8 /O4 +.]^BY>G50/O;L4 �aJ��ae�B,-0/14<P � 8Y>G57> @9;L4<4<+9@957/1;L4<-M8<;!+.-=4<;A5 �<20;hW!/18<+R>SC >G20PL+

+.4<;LB,PL* + 
 +.@ 57/XWL+ ��/O4,8<; � 57; B<-0+ 50*<+ > WG>A/OCO> b C1+ @ > �Y>A@./X5&DLJ='�; � +9WA+.29e �R8<>G5T> @9;L4<4<+9@950/O;L4,-

�<20;hW!/O8,+.-�>A4�+�
 +9@950/1WA+ ��/14<8<; � ;AF fhg��,e	����� b D^57+9- ��*,/O@T*�/O-�[ B,@T*�CO>A20PL+92�57*Y>A4E50*<+\f��6iae������

b D^50+.-
4<+9+.8<+98 J ��+95.e B,-0/14<P �d@.;L4<4,+.@950/O;A4<-�;L4,C1DED!/1+.C18<-�> � � � B,50/OC1/OH.>G57/1;L4�;AFQ50*<+ > WG>A/1C > b CO+

b >A4<8���/18,50* JN�`WA+.4 ��*<+.4 -0+9PL[\+.465�*,+ >A8<+92�;hWL+.23*<+ >G8�/1-�5T>AcG+.4 /O4657;d>A@9@.;LB,4^5.eYB,57/1C1/OH.>G57/1;L4 /O-

-357/1C1C%;L4<CXDSg � � J



���

�`WL+94�50*<;LB<PL*S57*,+=23+.]^B</120+98���/O4,8<; � -0/1H.+ � f��Liae������ b D^50+.-�F_20;L[ +9]^BY>G57/1;L4 �aJ � � ��>A-�+ �
�

@.+.+98<+.8 e!Ba57/1CO/1H >G50/O;A4d@9;L4657/14^B<+.8\57;�/1[��<20;hWL+�>G-"@.;L4<4,+.@950/O;A4<- �N+920+�>A8<8,+.8 57*<23;LB<PL* ��@.;L4<4,+.@
�

57/1;L4<-.J�'�; �N+ WL+.29e���*<+94�f�� >A4,8�f
�
8Y> 5T> @.;L4<4,+.@950/O;A4<- � +.23+�+9[��<CO;hDA+.8RB,50/OC1/1H >G50/O;L4V8<20;���� +98 J

� �,>A[\/14Y>G50/O;L4 ;AF 4,+95 � ;L20c\5720>A@.+9- /14<8</1@ >G50+.8 >MCO>A20PL+�C1;L-0-�+9WA+.465�> 5�50*<+�+.4<8V;AF -3CO; ��-357>A235�;L4

[d;A-35
;GF`57*<+M����� @9;L4<4<+9@950/O;L4,-.J���*,/O-
C1;L-3-
+ ���<CO>A/14<-�57*,+ 20+98<B<@ 57/1;L4:/14�57*<23;LB<PL*��<B,5 e -0/14<@.+

����� [ B<-�5 ZY23-35 �N>A-350+�50/O[\+�20+95027>A4,-0[\/15357/14<P=CO;L-�5�8Y>G5T>=>A4<8 50*<+.4V20+.8,B<@.+�57*<+�-3+.4<8</14<PM27>G50+AJ

��*<+�@.>AB<-3+�;AF$57*<+
C1;L-3-�@ >A4 b +
8</120+.@ 57CXDR+ ���,C >A/14<+98 b D 50*<+�-0C1; � -�5T>A2�5�>AC1PL;L23/150*<[SJ���>G@T*

8Y>G5T>�@.;A4<4<+.@ 57/1;L4 b +.PA/O4<- b D + ��� ;L4<+.4650/ >AC1CXD /O4<@920+.>A-0/14<P�50*<+�-0+.4,8</O4,P�27> 57+�+9WA+.23DM�Q��� B<4657/1C^/15

ZYCOC1-�57*<+ 23+.@.+9/1WA+ ��/14<8<; � ;A2�CO;L-3-�/O-�8<+ 57+.@ 57+98 J 	�/X57*S[MB<C150/ �,CO+=8Y>G57>\@9;L4<4<+9@950/O;L4,-�8<;AB b C1/O4<P

57*<+9/O2 -3+.4<8</14<P 27> 57+E+9WA+.2�D �Q����eQ50*<+R/14^50+.2�WL+.4,/O4<P 20;LBa57+.2 /O- +.>A-0/1C1D ;hWL+.2 ��*<+.C1[\+.8 b D 57*<+

b B<20-�57-�;AF -0+9PL[\+.4657- >A4<8 [MB<-35�8</1-0@.>A208\57*<+�-3+.PL[\+.4650- /X5"@ >G4<4<;A5�]^B<+9B<+AJ��&4 57*<+�+ ��� +920/1[d+9465

-0*<; ��4 /O4 ZYPLB,20+ �aJ	�,e 50*<+ 20;AB,57+92 ��>A- > b CO+ 50;E]^B<+.B<+\+94<;LB<PL* 5027> �d@ 50;EcA+.+ � C1;L-3-0+.-�F_23;L[

;a@9@.B<2320/14<P ��*,+.4 ��8<>G5T>�@.;A4<4<+.@ 57/1;L4<- �N+920+�B<-3+.8 b D �
�Q����J '�; �N+ WL+.29e ��*<+94 f���@9;L4<4<+9@950/O;L4,-

�N+920+ +9[��<CO;hDA+.8 e 50*<+ >GPLPL20+9P6>G50+ 5027>A4,-0[\/O-3-0/1;L4 27> 57+ ;hWL+.23CO;L>A8<+.8:50*<+=20;LB,50+.2 � -�]!B,+.B<+ >A4<8:>

[V>G-0-0/XWL+MCO;A-0-�+9WA+.465
+94<-0B<+98 J

��F 57+.2�50*<+.-3+ ���N���S+ ��� +.23/O[\+94^50-.e �N+ � +.23+=4,;A5�> b C1+
57;\+ ���<CO>A/14 ��*6D �
�Q��� �N>A-�;L4<CXD

> b C1+ 50; B,57/1C1/OH9+ g�� � ;AF=57*,+ @T*Y>A4<4<+9C @ >��Y>G@./X5&D b D�>A46D������ 23+.CO>G57+98 �,20; b C1+.[SJ U � ;L4

�<20;AZ<CO/14<P ;AB<2 �
�Q����@.C1/O+9465�>A4<8�-0+923WL+92 � +MF_;LB<4,8�57*<>G5�5027>A4,-0[\/15357/14<PR>G4<8�23+.@.+9/1W!/14<P � +.20+

B<4<4<+9@.+.-3-7>A23/OCXD -3CO; � J �
�Q��� ��20/X57+.- >A4<8 23+ >A8<-M8Y>G57>�/O4 ��
 � @T*^B<4<c^- � -3+.+E> ��� +94<8</ � �

F_;L2 8<+ 5T>A/1C1- �TJ ��*<+�WA+.20-3/O;A4 ;GF ���Q��� 8<+9-0@.23/ b +.8 > b ;hWL+�� ;LB<C18 ��20/X57+ � 
 � >G5R> 57/1[\+Ae

+9WL+94 /1FQ57*<+=4<+95 � ;L23c �N>A-�B<4Y> b C1+M50;R>A@9@.+ �,5�50*<+MF_B,COC � 
 ��J 	�*,+.4�50*<+ ; � +.20>G57/14<Pd-3D!-350+.[

��>A- B,4Y> b C1+R57; ��23/150+R57*<+E+94^50/O23+E@T*^B<4<c?e �
�Q��� �N>A- F_;L23@.+98 57; �N>A/15\B,4^50/OC 57*<+R4,+95 � ;L20c

@.;LB<C18 >A@.@9+ �,5 50*<+ 20+9-35.J ��-0/1[\/OCO>A2 �<23; b C1+.[ ��>A-�;!@.@9B<2023/O4,P ;A4:57*<+ 23+.@.+9/1W!/14<P -0/18<+\;AF�57*<+

@.;L4<4,+.@950/O;A4 J ��F 57+.2�57*<+ ZY23-35 23;LB<4<8 ;AF�50+.-350-.e �
�Q��� �N>A-�[\;a8,/1ZY+98 57;EB<-3+\>A-3D!4<@T*<23;L4<;LB,-

20+ >G8</O4,PV>G4<8 ��20/X57/14<P\@ >AC1C1-.J���*<+�[\;a8,/1ZY+98EWL+.23-0/1;L4 ;AF ���Q��� 5720>A4<-0[\/X57-�>A-�[MB<@T* ;AF$57*<+ �


 � @T*^B<4<c�>A- � ;L-3-0/ b CO+ >A4<8�]!B,+.B<+9-�57*<+=20+9-35�F_;L2�C >G50+.2�5720>A4<-0[\/1-0-3/O;L4 J���*,/O-�>ACOC1; ��- �
�Q���

57; 5720>A4<-3[d/X5�8Y> 5T> ;L4S>A4,;A57*<+92�8Y>G57> @.;L4,4<+.@ 57/1;L4S27>G50*<+.2N50*Y>A4 �N>A/X57/14<P F_;L2 50*<+
+.4650/O23+ � 
 �

@T*!B,4<c�57; b + 5027>A4<-3[\/15357+.8 J=� -0/1[d/1CO>A2�[\+.@T*Y>A4,/O-3[ /O-�+9[��<CO;hDA+.8 ;L4:57*<+ 20+.@9+./XW!/O4<P -0/18<+ ;AF



�af

57*<+E@9;L4<4<+9@957/1;L4 J �&4 50*</O- �N> DLe ���Q���)/O-d>AC ��> D!- ��20/X57/14<P ;L2 20+.>A8</14<P � B<4,CO+9-0-V>ACOC ;AF�57*<+

@.;L4<4,+.@950/O;A4<-�>A23+MB<4<>hWG>A/1CO> b C1+��TJ���*</1-
; �a57/1[d/1H > 57/1;L4�D!/1+.C18<- b +95050+.2�4<+95 � ;L20c B,50/OC1/OH.>G57/1;L4 e >A-

-0*<; ��4 /14�ZYPLB<23+ �aJ iaJ�U�-3/O4<P �
�

�V@9;L4<4<+9@950/O;L4,-�57*</1-�WA+.23-0/1;L4 ;AF ������� �N>A-�> b CO+=57;VB,57/1CO/1H.+

>����<23;��a/1[d>G57+9C1D\g�� � ;GF 50*<+�> WG>A/OCO> b C1+�@ > �Y>A@./X5&DLJ 	�*<+.4\-0+9PL[\+.465�*<+ >G8<+.2";hWL+920*<+.>A8d/O-`57>AcA+94

/O4657;V>A@9@.;LB<465.e ���Q��� /1-�B,57/1CO/1H./14<PV>����<23; �,/1[d>G57+9C1D g�� � ;AF(57*<+ @T*Y>G4<4<+.C$@.>��Y>A@9/15&DAJ
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TCP Connections

Throughput

�Q/OPAB<20+ �aJ i ��;!8</XZY+.8 ���Q��� ��+9-357-
��*</O-
Z<PLB<20+ -0*<; ��-
57*,+ 57*<23;LB<PL*��<B,5�; b 5T>A/14<+.8 B,-0/14<PS>A4 >A-�Da4,@T*<20;L4,;LB<-
WL+920-3/O;L4 ;AF �
�Q���
57; 5727>G4<-3F_+92V> � � ��ZYCO+ >A@920;L-3-d50*<+S*Y>A238���>G20+S+.[MB<C > 57;L2 �<C1;A5050+.8 >A-d> F_B,4<@950/O;L4 ;AF�57*<+
4!B,[ b +.2�;AF �<>A27>AC1C1+.C%8Y>G57> @.;L4<4,+.@950/O;A4<-�+9[ �,CO;hDL+98 J



���

�aJ � �
�Q����#%+.-0-3;L4<-

�!50B<8,D!/14<P �
�Q��� � - b +.*Y> W!/O;A2�*<>A- �<20;hW!/O8,+.8 /14<-3/OPL*65�/14^50;M����� [\;!8</XZY@ >G50/O;A4<-"57*Y>G5�[d> D

/O[��<23; WA+ � +.2�F_;L20[d>A4,@.+ ;hWL+.2 -7> 57+.C1C1/150+ @T*Y>G4<4<+.C1-.J ������� � -SB<-0+ ;AF � 8Y>G57> @9;L4<4<+9@950/O;L4,-

PL+.4<+927>AC1CXD [d>AcG+.-�/15 � 57/1[d+9-�[\;L23+ >APAPL20+9-0-0/XWL+ 57*Y>A4 > -3/O4,PLCO+ ����� @.;L4,4<+.@ 57/1;L4 J �Y;L2

+ �,>A[��<C1+Ae?-0C1; � -�5T>A2�5�+ 
 +.@950/1WA+.CXD b +9PL/14<- b DE-0+94<8</14<P � -0+.PA[d+94657-�27>G50*<+.2�50*Y>A4 f�-0+9PL[\+.465 J

�a/O[\/1C >G20CXDLe�@.;L4,PL+.-�57/1;L4�> WL;L/18Y>A4<@9+:+ 
 +.@ 57/XWL+9C1D�>G8<8<- � -0+.PA[d+94657- � +.2R����� 27>G50*<+.2d57*Y>A4

	�B<-35�>\-0/14<PLC1+=-3+.PL[\+94^5.J��YB<2�57*<+920[\;L20+Ge ���Q��� /1-�[\;L20+=>APLPA20+.-3-0/XWL+=/O4S57*,+ F >G@.+ ;AF`8,20; ��� +.8

-0+.PA[d+94657-.J��Y;L2(+ �,>A[��<C1+Ae^/XF +.>A@T* ;AF � 8<>G5T>
@9;L4<4<+9@957/1;L4<-�>G20+�B<-3/O4,P > � � � � ;AF � -3+.PL[\+.4650-

>A4<8 >:-0/14<PLC1+E-0+9PL[\+.465\/1- 8<20; ��� +98 ;L4 ;L4<+R;GF�57*<+E@9;L4<4<+9@957/1;L4<-9e ���Q��� ��/OC1CN23+.8<B<@9+E57*<+

� � � � 50; 50*Y>G5\PL/XWL+94 /14 +.]^BY>G50/O;L4 �aJ	� 20>G57*,+.2 57*<>A4 23+.8<B,@./14<P � � � � b D *Y>ACXF�>A-d> -3/O4,PLCO+

����� @9;L4<4<+9@950/O;L4 �N;AB<CO8 J ��*</1- 20+98<B<@ 57/1;L4 23+ �<23+.-0+94657-R;L4,+ ;GF�57*,+ � 8Y>G57> @9;L4<4<+9@950/O;L4,-

20+.8,B<@./14<P�/X5 � - � � � � b D *Y>ACXF�e ��*</1CO+\57*<+\;A50*<+.2 � � � 8Y>G57>E@.;L4<4,+.@950/O;A4<- @9;L4657/14!B,+VB<-3/O4,P
57*<+ -7>G[d+ ��/14<8<; � -0/1H.+GJ

� � �
� �� � ��� � �aJ	� �

	�*</OC1+ ���Q��� /O-�[\;L20+ >GPLPL20+9-0-3/1WA+=50*Y>A4 > -0/14<PLC1+=����� @9;L4<4<+9@950/O;L4 /X5�@ >A4 �<20;hW!/18<+ /O4<-3/OPA*^5

/O4657;=4<+ ��[\+.@T*Y>A4,/O-3[d- 57*Y>G5 ��/1COCY*,+.C � ����� b +95050+.2�B,57/1C1/OH9+�-0>G57+9COC1/150+�@T*<>A4<4<+9CO-9J"��*<+�C1+.-3-0;L4,-

�<20;hW!/O8,+.8 b D ������� /O4,@.C1B<8<+V50*<+d4<+.+98 F_;L2�CO>A20PA+.2 ��/O4,8<; ��-.e`-3+.C1+.@950/1WA+E>A@Tc^4<; ��C1+.8<PL[\+94^50-

>A4<8 � ;L-3-0/ b C1D\50*<+�4,+.+.8d57;=[d>AcA+�57*<+�-357>A4<8Y>A238 ����� @.;A4<PL+.-�57/1;L4 @9;L465723;LC >ACOPA;L20/X57*<[\-�[\;L20+

>APLPL23+.-0-3/1WA+AJ

�aJ � JOf �N/1PLPL+92 	�/14<8<; ��-

��*<+�@ >G-0+ F_;A2(CO>A23PL+.2$����� ��/O4,8<; ��-Q/1-�PL/XWL+94 /14 -0+9@950/O;L4 fLJ��!J��aJ��YB<2350*<+.23[\;L20+GeG57*,+ �
�Q���

+ ��� +920/1[\+.4657- �<20+9-0+94^50+.8 /O4 �aJ	�R-0*<; �)57*Y> 5 C >A23PL+.2�+ 
 +.@950/1WA+ ��/O4<8,; ��-M>AC1CO; � ����� 50;SF_B,COCXD

B,57/1CO/1H.+�50*<+�@ >��Y>G@./X5&D ;AF -7>G50+.C1CO/X57+�@T*Y>A4,4<+.C1-.J������ ; �a57/1;L4<-"57; �<23;hWa/18<+�C >G20PL+92 ��/O4<8,; ��-�*Y> WL+

b +9+.4 8,+9ZY4<+98�� I � ��� ��� ��I�� g������ I � �Ng ��� JV��*<+9-0+V+ �!57+94<-0/1;L4<-M*Y> WL+ b +9+.4 �,20;hWL+94 B<-0+ F_B<C�/O4
4<+95 � ;L20c^- ��/150*�*</1PL* C > 57+.4,@9D � �
' 
���g6i��(>A4,8�/14�*,/OPL* b >G4<8���/18,57*�4<+95 � ;L20c^- � 	��,g ��� J



���

�aJ � J�� �a+9CO+9@957/XWL+M��@Tc^4<; ��C1+.8<PL[\+94^50-

�
�Q����-0*<; ��- 50*Y>G5R+92023;L20-V@ >A4 b +�23+ �Y>G/O23+.8 b +95050+.2V/1F ����� /O-VPL/XWL+.4�> b + 5057+92 /18<+ >

> b ;AB,5 ��*</1@T*�-0+.PA[d+94657-S*Y> WL+ b +.+.4�C1;L-�5 J)U�-3/O4<P � 8<>G5T> @9;L4<4<+9@957/1;L4<-S>GCOC1; ��-E����� 57;

8<+950+.@95dB�� 50; � CO;L-�5\-0+9PL[\+.4657-d-0/1[ B<CX5T>G4<+.;LB,-0CXDLJ ����� /1-\> b C1+R57; 20+ �Y>A/12 B�� 57; � C1;L-35

-0+.PA[d+94657-RB<-3/O4,P F >A-�5 23+95720>A4<-3[d/X5 e�>A-V;���� ;A-0+.8 57; f�C1;L-35V-0+9PL[\+.465 ��*<+94 B<-3/O4,P > -3/O4,PLCO+

����� @9;L4<4<+9@957/1;L4 J���*</1-�-3B<PLPL+9-357-�57*Y>G5�57*,+ ������-0+94<8<+.2�4<+.+98<-
[\;L20+=/14,F_;L20[d>G50/O;A4 > b ;LB,5

��*</O@T* -0+9PL[\+.4657-d*Y> WL+ >A2320/XWL+98 > 5 57*<+E23+.@9+./XWL+.29J � 
 � � � � ��

�	� � � � � ��� � ��� � ����� � � �!��� 
 �

[d+9@T*Y>A4</1-0[ �<23; W!/18<+.- /O4,F_;A20[d>G57/1;L4 > b ;AB,5 + �,>A@950C1D ��*</1@T* -0+9PL[\+.4657- *<>hWA+R>A2320/XWL+98 >G5=57*<+

20+.@9+./XWL+92.J��a��� 
�-�>GCOC1; � 57*<+=������-0+94<8<+.2�57;d20+ 5727>G4<-0[\/X5
;L4<CXDE57*,;L-0+=-0+9PL[\+.4657-�57*Y>G5�*Y> WL+

b +9+.4 8<20; ��� +98 b D 57*,+d4,+95 � ;L20c?Jd� �a��� 
 /1-=8,+9ZY4<+98 F_;L2������ /14 � �:���`��g�� � Jd�!��� 
 -

*Y> WL+ b +.+94 �<20;hWA+.4 B<-3+9F_B<C�/O4:-3+9WA+.27>GCQ20+9-0+.>A20@T* �<23;A57;!@.;ACO- � +AJ P<J1e ���"� ��#a��� ��# � �Li�� e ��K��
� 	
'
� � � � e<	������ � �N*,+ ��� ���Te?>G- � +.C1C(>A-������ � �
' 
���g6i�� � �`�`g���� J

�aJ � J�� ��;L23+ ��PLPL23+.-3-0/XWL+ �!CO; � �^5T>A2�5

�
B<2 ���Q����+ ��� +.23/O[\+.4650-�-0*<; � 57*Y> 5
;L4<+M;AF"57*,+ 20+.>A-0;A4<-
����� ��>A-�4<;A5�> b CO+=57; F_B,COCXD

B,57/1CO/1H.+�57*<+:@T*<>A4<4<+9C b >A4<8���/O8,50*�+9WA+.4 ��*<+.4�B,-0/14<P >A4�>A8,+.]^BY>G50+ ��/O4<8,; � -3/OH9+ ��>A-V57*<+

-0C1; � -�5T>A2�5 >AC1PL;L23/150*<[SJ ��*,/O- *<>A- >AC1-0; b +9+.4 -0*,; ��4 /14 @9;L[��Y>A4</1;L4 23+.-0+.>A20@T* � �
' 

��g6i�� J

��8<8</14<P [\;L23+
@.;L4,4<+.@ 57/1;L4<-�57; >A4 ���Q��� ZYC1+�5720>A4<-�F_+.2�>AC1C1; ��- ���Q��� 57; b +95357+92�B,57/1C1/OH9+
57*<+

@ >��Y>G@./X5&DLJ���*</1-
@ >G4 b +M+ ���<CO>A/O4,+.8 b D�50*<+ /14<@.23+ >A-3+.8 27>G50+ >G5 ��*</1@T* �
�Q����/O4,@.20+.>A-0+9-�57*<+

WA>GCOB<+M;AF � � � � J ���Q����+ 
 +.@ 57/XWL+9C1D�[ B<CX57/ �<C1/O+9-�-0C1; �)-�5T>A2�5 b D�50*<+ 4^B<[ b +92
;AF"@9;L4<4<+9@950/O;L4,-

b +9/O4<P=B<-3+.8 J"��-3/O4<PACO+������ @.;A4<4<+.@ 57/1;L4d@ >A4dPL+95"50*</1-�-0>A[\+�+ 
 +.@95 b D\/14<@.23+ >A-3/O4<P 57*,+�/14</X57/O>AC

@.;L4<PA+.-350/O;A4 ��/14<8<; � � @.B<2320+.4650C1DEf�-3+.PL[\+.465 �TJ"��*<+�B<-3+�;GF >
CO>A20PA+.2"/14</150/ >GC���/O4<8,; � *Y>A- b +.+94

�<20; � ;L-3+.8 20+9@.+.4650C1D � �QC1;6g6i�� J 	 + *Y> WA+ + ��� +920/1[\+.4657+98 ��/150* 57*</1-�[\;L20+ >GPLPL20+9-0-3/1WA+dWA+.20-3/O;A4

;AFQ-3CO; � -�5T>A2�5�>A4<8 ;LB<2�20+9-0B<CX57-�>A23+ �<20+9-0+.4650+.8:/14�@T*<>��,57+92 �,J



� �

�aJ � J � ��;L23+ ��PLPL23+.-3-0/XWL+ �N;A4<PL+.-�57/1;L4 ��WL;A/O8Y>G4<@.+

�
�Q���:>AC1-0;�-0B<PAPL+.-�57-$57*Y>G5$F_B<2�57*<+92$-357B,8,D /O4650;�50*<+"57*<+�@.;A4<PL+.-�57/1;L4 > WA;L/O8<>A4<@.+ >AC1PL;L23/150*<[

/O-�4<+.+98<+.8 JQ��-Q;AB,57C1/O4,+.8 /14 -3+.@950/O;A4EfLJ��!JOfLJ��ae @.;L4,PL+.-�57/1;L4 > WL;L/18Y>A4,@.+�23+.]^B</120+.-`>�CO>A20PL+ >A[\;LB<465

;AF 57/1[d+:50; /14<@.23+ >A-3+ 50*<+ ��/14<8<; � -3/OH9+ ; WA+.2E-0>G57+9COC1/150+ @T*Y>A4<4,+.C1- 8,B<+:57; 50*<+ CO;A4<P �Q����J

���Q��� /O-E> b CO+�57; [ B,C150/ �<CXD 50*</1-R/O4,@.20+.>A-0+ b D 50*<+:4^B<[ b +92E;AF @.;L4,4<+.@ 57/1;L4<- b +9/O4,P B<-0+98

� / J +GJOea+ >A@T*E8Y> 5T> @9;L4<4<+9@957/1;L4E@.>A4R/14<@.23+ >A-3+
57*<+�+ 
 +.@950/1WA+ ��/O4,8<; � b D�f
-0+9PL[\+.465 � +.2������ �TJ

�?Ba57B<23+ �N;A20c /14 50*</O-�>G20+ >M[V> D /O4<@9COB,8<+ >G5050+.[��,50/O4<P 50; @T*Y>A4,PL+
57*<+�@.;L4<PA+.-350/O;A4�> WA;L/O8<>A4<@.+

>ACOPA;L20/X57*<[ 50;:5T>AcG+ 57*<+R�Q��� /O4657;:>A@.@9;LB<465 ��*<+94 /14<@920+ >G-0/14<P � � � � 27>G50*<+.2=57*Y>A4 -3/O[��<CXD

B<-0/14<P\57*<+ 4^B<[ b +.2�;AF`�Q����-�57*Y>G5�*<>hWA+ �<>A-35�-0/14<@9+=50*<+ CO;L-3-�;!@.@9B<2023+.8 J

�aJ � J�� �aC1; �)�!5T>G235���*<23+.-0*,;LCO8��"-357/1[d>G57/1;L4

�Q/14Y>AC1CXDLe �
�Q��� -0B<PAPL+.-�57-M50*Y>G5=F_B<2350*<+.2M-350B<8,D /O4657;�@T*<;!;L-0/14<P���*<+94 ����� 57+.23[\/O4Y> 57+.-

57*<+R-3CO; � -357>A235\>GCOPL;A20/X57*<[ /1- 4<+.+98<+.8 J ��>G-0-0/XWL+SC1;L-0- *Y>���� +.4<- ��*,+.4 ���Q��� B,50/OC1/OH9+.- 50;a;

[V>G4^D 8Y>G5T> @9;L4<4<+9@957/1;L4<- b +.@.>AB<-0+S57*,+E+ 
 +.@950/1WA+�-3CO/18</14<P ��/O4<8,; � ; WA+.2 ��*<+.C1[\-d50*<+S/O4657+92
�

WL+.4,/O4<P\23;LB,57+92.J"����� @9;LB<C18S> WL;L/18E57*<+
[d>�	�;A20/X5&DR;AF%50*<+.-3+=C1;L-3-0+.-9e���*</1CO+�[d>A/1465T>A/14</14<P PL;!;a8

B,57/1CO/1H > 57/1;L4 e /1FQ/15�@.;LB,CO8 57+.23[\/O4Y> 57+=-0C1; � -�5T>A2�5 	�B,-35 b + F_;L20+�57*,+MC1;L-0-�+9WA+.465
;!@.@9B<20-9J���*<+M23+
�

]!B,/O23+.8 ��/14<8<; � @ >A4 b +�@.;L[��<B,50+.8EB<-3/O4,P +.]^BY>G50/O;A4 �aJ	�,J`����� >ACO23+ >A8aDV; b -0+923WL+9-�57*<+��Q����e

b B,5 � ;LB<C18\4<+.+98\50;�+.-�57/1[V> 57+�57*,+�>hWG>A/1CO> b C1+ b >A4<8���/O8,50*\;AF?57*<+ b ;A5357C1+.4<+9@Tc CO/14<c 57;�@9;L[��<B,57+

57*<+�20+.]^B</120+98 ��/O4,8<; � J���4,@.+�-3B<@T*S>A4V+.-350/O[d>G50/O;A4R/O- [d>A8<+�50*<+�4<+.+98<+.8 ��/14<8<; � -0*<;AB<CO8 b +

>A-0-3/OPL4,+.8�50; 57*<+ 
�
���� ����
�� WG>A23/ > b CO+ � ��*</O@T*�8<+950+.23[d/14<+9- ��*<+94�-3CO; � -�5T>A2�5�/O-�57+920[\/14Y>G57+98 �TJ



���

�,J��,#(� 	 �a�(�
�Q� �:��K
���Q���N�"�������
�

��- 8</1-0@9B<-0-3+.8S/14 -0+9@950/O;L4 �aJ � J��,e �
�Q��� /O- > b C1+�50; b +95357+92 B,50/OC1/1H.+�50*<+
> WG>A/1C > b CO+�@ > �Y>A@./X5&D

;AFQ-0>G57+9COC1/X57+ CO/14<c^- �Y>A2�57CXD b +9@ >AB,-0+ /15�/1-�> b C1+�57;\/14<@.23+ >A-3+ 50*<+�+ 
 +.@ 57/XWL+M-0C1/O8</14<P ��/14<8<; � -0/1H.+

[d;A20+�27>��</18<CXD 57*<>A4 > -0/14<PLC1+������ @.;L4<4,+.@950/O;A4 J���-�;LB,50CO/14<+.8V/O4d-0+9@950/O;L4�fLJOfAJOfLe6����� b +.PA/O4<-

+ >A@T* @9;L4<4<+9@950/O;L4 b D B<-3/O4<P�57*<+V-0C1; � -�5T>A2�5 >AC1PL;L23/150*<[SJE��*</1- >AC1PL;L20/X57*,[ /O4</X57/O>AC1/OH9+.-�� � � �
57;Rf
-3+.PL[\+94^5.J ���Q��� � -�B<-0+
;GF � �Y>A20>AC1CO+9C 8Y> 5T> @9;L4<4<+9@957/1;L4<- �,20;hW!/O8<+9-�>A4R+�
 +9@957/XWL+�/14</X57/O>AC

� � � � ;AF � -0+9PL[\+.4657-9J ��*</O-�/14<@920+ >G-0+ /14�57*<+ + 
 +.@950/1WA+\/O4</X57/O>AC(-0/1H.+ ;AF � � � � /1-
/1[�� ;L2�5T>A465

b +9@ >AB<-3+ /X5
20+98<B<@9+.-�50*<+M50/O[\+ ������- � +.4,8<-
/14:-0C1; � -�5T>A2�5 e ��*</1@T* 20+.8,B<@.+9-
57*<+ >A[\;LB<465
;AF

B<4^B<-0+98:@ >��<>A@./X5&D � >G-�8,/O-3@.B<-3-0+.8�/O4 -0+9@957/1;L4 fLJ��!JOfLJ1f �7J

�a+9@950/O;L4 �,J1f\;LB,50CO/14<+.-�5 � ;�-3CO; � -35T>G235 [\;a8,/1ZY@.>G57/1;L4<-�50*Y>G5 ��/1COC`23+.8<B,@.+\57*<+\>A[\;LB,4^5=;AF

57/1[d+������ - � +.4,8<-�B<-0/14<P 50*<+�-3CO; � -35T>G235�>GCOPL;A20/X57*<[SJ��a+9@957/1;L4 �,J�� �<23+.-3+.4657-�23+.-0B,C150-�;AF%57+9-357-

B<-0/14<P C >A23PL+.2 /14</X57/O>AC � � � � WA>GCOB<+9-.JV�a+9@957/1;L4 �,J	� �,20+.-3+.4657-M20+9-0B<CX57-=;AF�57+.-�57- +.[��<C1;hD!/O4<P�;LB<2

[d;!8</XZY+.8 � � � � /O4<@920+.>A-0+ >GCOPL;A20/X57*<[SJ��a+.@ 57/1;L4 �,J � �<23+.-0+94657-
57+9-350-�57*Y> 5�+9[ �,CO;hD b ;A50*�-0C1; �

-35T>G235�[\;a8</XZY@.>G57/1;L4<-9J ��/O4Y>GCOCXDLeY-3+.@950/O;A4 �,J�� ;LB,57C1/14<+.-�F_B,50B<20+ � ;L20cE/14 50*</1-�>G20+ >aJ

�,JOf �aC1; �)�!57>A235���;!8</XZY@ > 57/1;L4<-

	 +�*6D � ;G57*<+9-0/1H.+.8S57*<>G5 b DV/O4,@.20+.>A-0/14<P 57*,+�/14</150/ >GC -0/1H.+�;AF � � � � e!> -0/14<PLC1+
����� @.;L4<4,+.@ �
57/1;L4 [d> DM; b 5T>A/14 @T*<>A4<4<+9C,B,50/OC1/OH.>G57/1;L4 b +.4,+9Z<50-`-0/1[\/OCO>A2Q50;�57*,;L-0+ ; b 5T>G/O4<+98 b D �
�Q����JG�QC1;hDa8

� �QC1;6g6i � �,20; � ;L-0+9-
>AC1C1; ��/14<PS>A4�/O4,/150/ >AC � � � � ;AF � -0+9PL[\+.4657- � ;L2 � ����� b D^50+.-.e ��*</O@T*,+9WL+92 /O-

-0[d>AC1CO+92 �TJ���*</1-�>A@9@.+.C1+.20>G57+98S-0C1; � -�5T>A2�5 b +9*Y> W!/O;L2N/O-�;L4,C1DVB<-0+98S>G5�50*<+ b +.PL/14<4</14<P ;AF(> @9;L4
�

4<+.@ 57/1;L4 �Y/XF������ 20+9WA+.2�57-�57; -3CO; � -�5T>A2�5 b +.@ >GB<-0+�57*,+ �Q��� + ���</O23+.8 e � � � � /1-�20+ � /14</150/ >GCO/1H.+98

57;SfM-3+.PL[\+94^5.e >A-�/O4 -357>A4<8Y>A238������(J



���

	�*<+94 >A4 /14</150/ >GC ��/14<8<; � ;AFN-0/1H.+ � � -0+.PA[d+94657- /1-=B<-0+98 e`����� -7> WA+.- 50*<+ >G[d;AB<465 ;AF

57/1[d+ 4<;A20[d>AC1C1DR>A-0-3;a@9/ >G50+.8 ��/150*�/14<@920+ >G-0/14<Pd50*<+ ��/O4,8<; � 57; � � -3+.PL[\+94^50- � ��

����� � �Q����-

>A- 8<+ ZY4<+98 b D
� I 
 ��� � �7J �"]^BY>G50/O;A4 �,JOf�/O-R> PL+94<+.20>ACO/1H.+98�WL+.23-0/1;L4�;AF�+9]^BY>G57/1;L4 fLJ1f�50*Y>G5

PL/1WA+.-�50*<+ >G[d;AB<465
;AF`50/O[\+M4<+.+98<+.8 57;V/O4,@.20+.>A-0+ � � � � F_20;L[ >G4:/O4,/150/ >AC � � � � ;GF � � 50;R>A4

>A8,WL+92350/O-3+.8���/14<8<; � ;AF ��� ;L4�>\4,+95 � ;L20c ��/X57*�>d����� ;AF ��J


 � ��� 
�� �	��� ��
���� ��� � ��
 � ����� � ��
 � ��� � � � �,J1f �

�NCO+.>A20CXDLe<+9]^BY>G57/1;L4 �,J1f
-3*<; ��-�57*Y>G5 F_;L2N/14</X57/O>AC ��/O4<8,; ��-�;GF$[d;A20+�50*Y>G5
f�-0+.PA[d+9465 e,50*<+
-0C1; �

-35T>G235�57/1[\+=/1-�20+98<B<@.+98 J

��*<+V-0+9@.;L4<8 [\;!8</1Z<@ >G50/O;L4 B<-0+98 57;:23+.8<B<@9+ 57*,+E>A[\;LB<465 ;GF�57/1[d+ �����)- � +94<8<- B<-3/O4,P

57*<+�-3CO; � -�5T>A2�5�>AC1PL;L20/X57*,[ /1-�57;\/O465020;!8<B<@.+=> [\+.@T*<>A4</1-0[ 57; @9;LB<4657+927>A@ 5 � � � � � ��� � � � � ��� �
�

��� � ����� � 
 >G- 8<+9ZY4,+.8 /14 ���(� fLf
��� � �N20>��Lg�� J K
+9C > DL+98 ��� 
�-d>AC1CO; � ����� 20+9@.+9/1WA+.20-\57;

20+9F_20>A/14RF_20;L[ -0+94<8</14<Pd>A4E��� 
 F_;A2�+ >A@T*S-3+.PL[\+.465�23+.@.+9/1WA+.8 J '�; � +9WA+.2.e >A@9@.;L238</14<P 57;\���(�

fLf
��� >G4:��� 
 [MB<-35 b + PA+.4<+927>G50+.8 F_;L2�+9WL+923D ;G57*<+92�-0+9PL[\+.465 20+9@.+9/1WA+.8 J=�&4 >A8<8</X57/1;L4 e /1F�>

-0+.@9;L4<8R-3+.PL[\+94^5N8<;!+.-�4<;A5 >A2023/1WA+ ��/X57*</14R> PL/XWL+94 57/1[\+.;LB,5.e!50*<+�20+.@9+./XWL+92N[ B,-35�PA+.4<+927>G50+�>A4

��� 
 >GF 50+.2�50*<+ 57/1[\+.;LBa5 � >A@9@.;L238</O4,PS50;E������fLf
���d57*<+M57/1[d+9;LB,5 [MB<-35 b + 4<;E[\;L20+M57*Y>A4

������[\- �TJ��a/14<@.+R-3CO; � -�5T>A2�5 /14<@.23+ >A-3+.- 50*<+VWG>AC1B<+d;AF � � � � b D f -3+.PL[\+.465 F_;A2M+.>A@T* ��� 


57*Y>G5�>A2023/1WA+.-�>A4,8R8<+.CO> DL+98 ��� 
�-�23+.8<B<@9+�57*,+
��� 
 >G2020/XWG>AC 27>G50+ b D 23;LB<PL*,C1DV*Y>ACXF�e!50*<+
20>G57+

>G5 ��*</1@T* � � � � /O- /O4<@920+.>A-0+98 /1- 23+.8<B<@9+.8 J ��*</1- 20+98<B<@ 57/1;L4 @ >AB,-0+.- ����� 57;:- � +94<8 [\;L20+

57/1[d+=B<-3/O4<Pd57*<+ -3CO; � -�5T>A2�5
>AC1PL;L23/150*<[ 50;V23+ >A@T* 57*<+M>A8,WA+.2�57/1-0+.8 ��/O4<8,; � J ��-�8</1-0@.B,-0-0+98 /O4

-0+.@ 57/1;L4 fAJ��aJ1fLJ1fLe,50*<+�57/1[d+ - � +94^5�/14�-3CO; � -�5T>A2�5�@ >A4 20+ �<20+9-0+.465 ��>G-357+98 b >G4<8���/18,57* J

����� @ >A4\>A@T*,/O+ WL+�57*<+�-0>A[\+�/O4,@.20+.>A-0+�20>G57+�23+.P6>G208<C1+.-3-";AF *<; � ;AF 50+.4 50*<+�20+9@.+./XWL+92�PL+.4<+92
�

>G57+9-`��� 
�-"/1F � � � � /1-`/14<@.23+ >A-3+.8 b D 57*,+�4^B<[ b +.2";AF?4,+ � -0+9PL[\+.4657-�>A4 ��� 
�@.;hWA+.20-9e^27>G50*<+.2

57*Y>A4 /14<@.23+ >A-3/O4,P � � � � b D ;L4<+ -3+.PL[\+.465=F_;L2�+ >G@T* ��� 
 20+.@9+./XWL+98 JV��*,/O- 27> 57+ ;AF /O4,@.20+.>A-0+

/O-�@9;L4<-0/1-350+.465 ��/150*E57*Y>G5 �<20;hW!/O8,+.8 b D 57*,+�;L20/1PL/14Y>AC 8<+9ZY4,/150/O;L4 ;AF$-3CO; � -35T>G235 � I 
 ��� � e���*</1@T*

�<20+98Y>G57+9-�57*<+�8<+.CO> DL+.8 ��� 
 [\+9@T*Y>A4</1-0[SJN��B,2�/O[��<C1+.[\+94^57>G57/1;L4S;AF$57*,/O-�[\;!8</XZY+.8 ��/14<8<; �

/O4<@920+.>A-0+ >AC1PL;L23/150*<[ 5T>GcA+.- �,C >A@9+ b ;A57*R>G5N50*<+ b +.PL/14<4</14<P ;AF 57*<+�5727>G4<-3F_+92�>A4<8R/14R-3CO; � -357>A235

�<*Y>A-3+.-�57*Y>G5�F_;LC1C1; � 57*,+=+ ���</O20>G57/1;L4�;AF�50*<+=�Q��� J



�Li

�,J�� �
��� +920/1[\+.4657- 	�/X57*�#$>A20PA+.2��&4</X57/O>AC 	�/14<8<; �

	 +EB<-0+98 �Q���)57; 5720>A4<-3F_+92 ZYCO+9-\;AF�WG>A2�D!/O4<P -0/1H.+9-V;hWA+.2 57*<+ ����� 57+.-�5 b +.8 4<+95 � ;L23c e

��*</O@T* ��>G-�@9;L4,ZYPLB,20+.8 57;\[\;a8,+.C 57*,+=���N���S-7>G50+.C1CO/X57+=+.46W!/120;L4<[\+94^5 � >A-�8<+9-0@920/ b +98:/O4S-3+.@
�

57/1;L4 �aJ��aJ�� �TJ��&4 50*<+�Z<20-35 -0+ 5R;AF
50+.-�57-.e�50*<+�23+.@.+9/1WA+.2 � -S>A8aWL+.2�57/1-0+98 ��/14<8<; � �N>A- C1/O[\/X57+98

57; +.4<-3B<20+\57*Y> 5M4,;�@9;L4<PL+9-357/1;L4 CO;L-3-M;!@.@9B<2023+.8 J �Q/1PLB<20+ �,J1f��<20+9-0+94^50-M50*<+V23+.-3B<C150-M;GFN57*,+.-0+

57+.-�57-9e�-3*<; ��/O4,P > �<CO;G5 ;AF�50*<+ 57*,20;LB<PA*��<B,5 @T*Y>A4<PL+ b +95 � +.+94 ����� ��/X57* >A4 /14</X57/O>AC � � � �
;AF
fd-0+9PL[\+.465 � -357>A4<8Y>A238 �������
>A4<8 ����� ��/X57* C >G20PL+92=/14</X57/O>AC � � � � WG>AC1B<+9-.J ��- � +d*^D �
� ;A50*<+.-3/OH9+.8 ea/O4,@.20+.>A-0/14<P 50*<+�/O4,/150/ >ACYWG>AC1B<+�;AF � � � � 20+.8,B<@.+98V57*,+�50;A5T>AC<50/O[\+�;AF 50*<+�5727>G4<-3F_+92.e

57*^B<- /O4,@.20+.>A-0/14<PE57*,+ 57*<23;LB<PL*��,B,5 J=��*</1- �N>A-�[\;L-�5 4<;A57/1@.+.> b C1+ ��*<+.4 5720>A4<-�F_+.20/14<PS>R-3[V>GCOC

>A[\;LB<465�;AF 8Y>G5T>aJ`�Y;L2"+ �,>A[��<C1+Ae ��*<+94V-3+.4<8,/O4<P ��� 
 � B<-0/14<PM> � �
-0+.PA[d+9465 /14</X57/O>AC���/14<8<; �

57*<+ 57*<23;LB<PL*��<B,5 ��>A-�/1[ �,20;hWL+98 b DS20;LB<PA*<C1D f ��� � JNU�-0/14<PV50*<+ � -3+.PL[\+.465�/O4</X57/O>AC ��/14<8<; �

-0B<PLPA+.-350+.8 b D �QC1;hD!8 � �QCO;Lg6i���> �Li � /14<@920+ >G-0+�/14 57*<23;LB<PL*��,B,5 /1-d-0*<; ��4 F_;A2\50*<+ ��� 
 �

5727>G4<-3F_+92.J"��*<+�57*<23;LB<PL*��,B,5N/14<@920+ >G-0+�/14 -3*<;L2�5N5720>A4<-�F_+.20-�@ >G4 b +�+ ���<CO>A/14<+.8 b D\50*<+�@9CO;A-0+�23+
�

C >G50/O;A4<-0*</ � b +95 � +.+94R57*<+�57;A57>AC<5720>A4<-�F_+.2 50/O[\+�>A4<8d57*<+�57/1[\+�-7> WA+.8 b DdB<-0/14<P > CO>A20PL+92 /14</X57/O>AC

� � � � WA>GCOB<+GJ���*<+M57*<23;LB<PL*��,B,5
/14<@.23+ >A-3+ /O-�4<;A5
>A-�CO>A20PA+ /14�57*<+ CO;L4,PL+.2�5727>G4<-3F_+920- b +.@.>AB<-0+

57*<+ 57;A57>AC 5027>A4<-�F_+.2�57/1[\+M8,;L[\/O4Y> 57+.-�57*,+=-3[d>ACOC$4^B<[ b +92�;AF`�Q����-�-7> WL+98 b DSB<-0/14<P >\CO>A23PL+.2

/O4</X57/O>AC � � � � WG>ACOB,+AJ �Y;L2=/O4<-�5T>A4,@.+Ae�;L4,C1D > � � /14<@.23+ >A-3+R/O4 50*<20;AB<PL*��<Ba5 /O-M-0*<; ��4 ��*<+94

B<-0/14<P >A4 /14</X57/O>AC � � � � WG>ACOB,+ ;AF � �S-0+9PL[\+.4657- 50;�5720>A4<-3F_+92 > ��� � ZYC1+AJ���*<+R-0B,PLPL+.-�57+98

/O4</X57/O>AC � � � � WA>GCOB<+ ;AF � -3+.PL[\+.4650- 8</18 4,;A5 8,+.PL20>A8<+ � +923F_;L23[d>A4<@.+ /14 >A46D ;AF�57*<+ @ >G-0+.-

57+.-�57+98 J

��*<+ 57+.-�57-";LBa57C1/O4<+98\> b ; WA+ �N+920+�23+ � + >G50+.8 B<-3/O4<P=>�CO>A23PL+.2">G8,WL+92357/1-0+98 ��/O4<8,; � e^+94<-0B<23/O4,P

57*<+R�����)-0+94<8<+.2 � ;LB<C18 ;hWL+92 ��*<+9CO[ 50*<+R/14657+.2�WL+94</O4,P 23;LB,50+.2 ]^B<+9B<+ � �<23;hWa/18<+98 57*Y>G5 57*<+

5727>G4<-3F_+92�/1-�-0B �d@9/O+94^50C1D�C1;L4<P 57;d>AC1CO; � ����� 57;d/O4<@920+.>A-0+ 57*<+�WG>AC1B<+ ;AF � � � � 50;d50*<+=>A8,WL+92 �
57/1-0+.8 ��/O4,8<; � �TJV�Q/OPAB<20+ �,J�� �<20+9-0+.4650-M57*,+d23+.-3B<C150-M;GFN57*,+d-3+.@9;L4<8 -3+95=;AF�57+9-357-9JV��-M/14 57*<+

> b ;hWA+�50+.-350-.eA50*</1-(ZYPAB<20+�/1COC1B<-35027>G50+.-(57*<+"57*,20;LB<PA*��<B,5�@T*Y>A4<PA+ b +95 � +.+94 -357>A4<8Y>A238 ����� � ��/X57*

>A4:/14</150/ >GC	� � � � ;AF�f -3+.PL[\+94^5 ��>A4<8:����� ��/150* > CO>A20PL+92�/14</X57/O>AC	� � � � WG>AC1B<+AJ
�Q/OPAB<20+ �aJ��

/O4<8,/O@.>G57+9-�57*Y> 5�50*<+ -3*<;L2350+.2�5720>A4<-3F_+920- � ��� 
 ��e(f ��� 
 � >G4<8 ����� 
 ��� � +923F_;L23[d+98 >AC1[\;L-35
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Initial Window (segments)

30,720 byte transfer
102,400 byte transfer
204,800 byte transfer

1,048,576 byte transfer
5,242,880 byte transfer

�Q/OPAB<20+ �,J1f #$>A23PL+.2��&4</X57/O>AC 	�/14<8<; ��- 	�/X57*,;LB,5��N;L4<PL+9-350/O;L4
��*</O-�ZYPLB<23+ -0*,; ��-�57*<+=57*<23;LB<PL*��,B,5
/1[��<20;hWL+9[\+.465=;AF"[\;a8,/1ZY+98:����� ��*<+.4 @9;L[��Y>A20+98�57;
-35T>G4<8Y>A238 ����� � /14</X57/O>AC � � � � ;AF
f\-0+9PL[\+.465 � �<C1;A5050+.8 >A-=>SF_B<4,@957/1;L4 ;AFN50*<+\/O4,/150/ >AC � � � �
-0/1H.+ B<-3+.8 J ��*<+ >G8,WL+92357/1-0+98 ��/14<8<; � /O4�57*<+9-0+ 57+9-350-�+.4<-3B<20+98 50*Y>G5������ � ;LB<C18 4,;A5
@.>AB<-0+
@.;L4<PA+.-350/O;A4�C1;L-0- b DE;hWL+92 ��*<+9CO[\/14<PR57*<+ 23;LB,57+92�]^B<+.B<+GJ

/O8<+94657/1@ >AC1C1D 57;
57*,+�5727>G4<-3F_+920-"/14 57*<+�ZY23-35�-3+95";AF?50+.-350-.J"��*</1-"/14<8</1@ >G50+.-"57*Y> 5`57*<+N����� -0+94<8<+.2

@.;L[��<C1+950+.8�50*<+�5727>G4<-3F_+92 b +9F_;L23+�57*<+�WG>AC1B<+M;GF	� � � � ��>A-�/14<@.23+ >A-3+.8�+94<;LB<PA*�57;d;hWL+92 ��*<+9CO[

57*<+ /14^50+.2�WL+.4,/O4<P 20;LB,50+.2�]^B<+.B,+AJN��*,+df � � >A4<8 �\� ��5027>A4,-3F_+.23-�-3*<; � WL+923DSC1/15357C1+ @T*Y>A4<PL+

/O4 57*<23;LB<PL*��,B,5 >A@920;L-3- >AC1C"/14</150/ >GC � � � � WA>GCOB<+9-.J �
�,>A[\/O4Y> 57/1;L4 ;AF�4,+95 � ;L20c 5720>A@.+9- ;AFN57*<+

fd� � >A4<8 �E� � 5720>A4<-�F_+.20-�/14<8</1@ > 57+.-�50*Y>G5
50*<+ CO;A-0- �Y>G5357+9204 /O-�-3/O[\/1C >G2 >A@.23;L-0- >AC1CQ/14</X57/O>AC

� � � � WA>GCOB<+9-.J���*<+�;L4,C1DV8</ 
 +920+.4,@.+ � +�; b -0+923WA+.8 ��>A- 57*<+
23+.CO>G57/XWL+
50/O[\+ >G5 ��*</1@T*S50*<+
C1;L-0-

;a@9@.B<2320+.8 J���-N57*,+
/O4,/150/ >AC � � � � WG>AC1B<+
/14<@.23+ >A-3+.8 e<50*<+
20+9C > 57/XWL+
57/1[\+
;AF%50*<+
C1;L-0-�8,+.@.23+ >A-3+.8 J

��-=/O4 57*<+\ZY20-�5 -3+95M;AFN50+.-�57-.eQB<-0/14<P�50*<+d-0B<PLPA+.-350+.8 /14</X57/O>AC � � � � WG>AC1B<+ � � -0+.PA[d+94657- ��8</O8

4<;A5�8<+.PA27>A8<+ � +.2�F_;L20[d>A4<@9+�F_;L2�>A46DE;AF(57*<+�5027>A4<-�F_+.2�-0/1H.+9-�50+.-350+.8 J
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Initial Window (segments)

30,720 byte transfer
102,400 byte transfer
204,800 byte transfer

1,048,576 byte transfer
5,242,880 byte transfer

�Q/OPAB<20+ �,J�� #$>A23PL+.2��&4</X57/O>AC 	�/14<8<; ��- 	�/X57*��N;L4<PA+.-350/O;A4
��*</O-�ZYPLB<23+ -0*,; ��-�57*<+=57*<23;LB<PL*��,B,5
/1[��<20;hWL+9[\+.465=;AF"[\;a8,/1ZY+98:����� ��*<+.4 @9;L[��Y>A20+98�57;
-35T>G4<8Y>A238 ����� � /O4,/150/ >AC � � � � ;AF fN-0+9PL[\+.465 � �<CO;G5057+98 >A-Q>�F_B<4<@ 57/1;L4 ;AF,57*<+ /O4</X57/O>AC � � � � -0/1H.+
B<-0+98 J"��*<+�>A8,WA+.2�57/1-0+.8���/14<8<; � /14 57*,+.-0+�50+.-�57-�+.4<-3B<20+98 57*Y>G5`����� � ;LB<C18d@.>AB<-3+�@.;L4<PA+.-350/O;A4
CO;L-3- b D:; WA+.2 ��*<+.C1[\/O4<P 57*<+\23;LB,57+92�]^B<+.B<+Ge �<20;hW!/O8,+.8 50*Y>G5
50*<+ 5720>A4<-3F_+92 ��>G-=C1;L4<PS+94<;LB<PL*
57;\/O4,@.20+.>A-0+ 57*,+=-3/OH9+M;GF	� � � � 57;\57*<+=>A8aWL+.2�57/1-0+98 ��/14<8<; � J

�,J�� �
��� +920/1[\+.4657- 	�/X57*�>\��+ � 	�/14<8<; � �&4<@920+ >G-0+=��C1PL;L20/X57*,[

�(;�57+9-35"50*<+�[\;a8,/1ZY+98 � � � � /O4<@920+.>A-0+�>AC1PL;L23/150*<[);LB,57C1/14<+.8 /14 -0+9@957/1;L4 �,J��ae�� +�B<-0+98d�Q���

57; 5027>A4<-�F_+.2�ZYCO+9-�;AF WG>A23/O;LB,-�-0/1H.+9-�B<-0/14<P b ;A57*V57*<+�-35T>G4<8Y>A238 � � � � /O4<@920+.>A-0+�>GCOPL;A20/X57*<[ >A4<8

;LB<2 [\;a8</XZY+98 >AC1PL;L23/150*<[SJ\��-=/O4 57*<+ 50+.-350- > b ;hWL+Ge � +dB<-0+98 50*<+ ����� 57+9-35 b +.8 F_;L2
57*,+.-0+

57+.-�57-9J ��*<+�ZY20-�5R-0+ 5R;AF�57+.-�57-RB,-0+.8 > 20+9@.+9/1WA+ ��/O4<8,; � 50*Y>G5V+.4<-3B<20+98�> @.;A4<PL+.-�57/1;L4
�
F_20+.+

+.46W!/O23;L4<[\+.465 J ��> b C1+ �,JOf �<23+.-3+.4657-S57*<+ 23+.-0B,C150- ;GFM50*<+.-3+ 50+.-�57-.J ��*<+ 57> b C1+ -0*<; ��-S57*<+

57*<23;LB<PL*��,B,5 @T*<>A4<PL+ b + 5 �N+9+.4 -�5T>A4,8Y>A208 ����� >A4<8 ����� +9[��<CO;hD!/14<P:;LB<2 [\;!8</1Z<+.8 � � � �
/O4<@920+.>A-0+V>AC1PL;L20/X57*,[ J �Q> b CO+ �,J1f\-0*<; ��- 57*Y>G5=>GCOCQ5027>A4,-3F_+.2 -3/OH9+.- b +94<+9Z<50+.8 F_20;L[ B<-0/14<P ;LB<2

[d;!8</XZY+.8 � � � � /14<@920+ >G-0+ >AC1PL;L23/150*<[SJ���*<+ f���� 
 � >A4,8 ����� 
 � 5727>G4<-3F_+920- b +.4<+ Z<57+98 57*<+

[d;A-35`F_23;L[ 57*<+ 4<+ � >AC1PL;L23/150*<[SJQ�(27>A4<-�F_+.23-`;AFY57*,/O-`-3/OH9+�B,50/OC1/OH9+N57*,+�-0C1; � -�5T>A2�5">AC1PL;L23/150*<[ F_;L2

57*<+�+94657/120+N5027>A4<-�F_+.29eL-0;
@T*<>A4<PL+9-Q57;
-3CO; � -357>A235Q*Y> WL+�>�C >A23PL+N/1[��Y>A@ 5";L4 ;hWL+927>AC1Ca50*<20;AB<PL*��<Ba5 J



���

��*<+ ��� 
 � 5720>A4<-�F_+.2N-3*<; ��-�-0;A[d+ ��*Y>G5�C1+.-3-N/1[��<20;hWL+9[\+.465 b +9@ >AB,-0+
/X5N/1- 50;a;M-0*<;A235�57;M57>AcA+

F_B<COCQ>A8,WG>A465T>GPL+ ;AF"50*<+ [\;a8</XZY+98 >ACOPA;L20/X57*<[SJ���*<+Ef � � >A4<8 �E� � 5027>A4,-3F_+.23-�-0*<; � ;L4<CXD

[d/14<;L2(/1[ �,20;hWL+9[d+94657- b +9@ >AB,-0+N-3CO; � -�5T>A2�5Q/1-Q;L4,C1D B<-3+.8 8,B<20/14<P�>�-0[d>AC1C�� +.23@.+94^57>APL+ ;AF<57*,+.-0+

5727>G4<-3F_+920-.J"��*,+.20+ F_;L20+Gea@T*<>A4<PL+9- 57;=-0C1; ��-357>A235�*Y> WL+�CO/X5050CO+�+�
 +9@95 ;L4V50*<+�; WA+.20>ACOC?57*,20;LB<PA*��<B,5

;AF C1;L4<P 5720>A4<-3F_+920-9J"�Q> b CO+ �,J1f�-3*<; ��- 50*<20;LB,PL*��<B,5�P6>G/O4<-�B<-3/O4,P ;LB<2�[\;!8</1Z<+.8 � � � � /O4,@.20+.>A-0+

>ACOPA;L20/X57*<[ >A@.23;L-0-�>AC1C 5720>A4<-�F_+.2�-0/1H.+9-�57+9-350+.8 J

�Q/1CO+M�a/1H.+ ��*<23;LB<PL*��,B,5
�&[��<23;hWL+.[\+94^5 � � �

����
 � g,J �
f�����
 � f��,J g
������
 � f
�aJ	�
f � � �,J��
�V� � g,J��

�Q> b CO+ �,J1f���+ � 	�/14<8<; � �&4<@920+.>A-0+=��C1PL;L23/150*<[ 	�/X57*<;LBa5
�N;A4<PL+.-�57/1;L4
��*</O- 57> b C1+ -3*<; ��- 57*<+ 50*<20;AB<PL*��<Ba5 /1[ �,20;hWL+9[d+9465V;GF������ B<-3/O4<P ;AB<2 [\;!8</1Z<+.8 ��/14<8<; �
/O4<@920+.>A-0+�>ACOPA;L20/X57*<[ ��*<+.4V@.;L[��Y>A23+.8d57; -357>A4<8Y>A238 �����(J!��*,+�>A8aWL+.2�57/1-0+98 ��/O4,8<; ��+.4<-3B<20+98
57*Y>G5������ � ;LB<C18�4,;A5�@ >AB,-0+=@.;L4<PA+.-350/O;A4�C1;L-0- b DE;hWL+92 ��*<+9CO[\/14<P 57*,+=23;LB,50+.2�]^B<+.B<+GJ

	 +E20+ � +.>G57+98 50*<+ > b ;hWA+ -3+95d;AF�57+9-357-\B<-3/O4,P > CO>A20PL+92\>A8,WA+.2350/O-3+.8 ��/O4<8,; � 57; +.4<-3B<20+

57*Y>G5 57*<+d5727>G4<-0[\/1-0-0/1;L4 27>G50+ ��/1COC ;hWL+.2 ��*<+.C1[ 50*<+R20;AB,57+92 ]^B<+.B<+ � >A-0-3B<[\/O4,P 50*<+ 5027>A4<-�F_+.2

/O-�-3B �d@./1+.4657CXD CO;L4,P<e -0;E50*Y>G5�57*,+ WA>GCOB<+ ;GF � � � � /1-�/O4,@.20+.>A-0+98 50;R57*<+\>A8aWL+.2�57/1-0+98 ��/14<8<; �

-0/1H.+��7J���*,+ 20+9-0B<CX57-
;GF`57*<+9-0+=57+.-�57-�>G20+=-0*<; ��4 /14�5T> b CO+ �,J��aJ���-�/14�50*<+ > b ;hWL+M-0+95�;AF`50+.-350-.e

57*<+R50*<20;LB,PL*��<B,5\@T*<>A4<PL+ b +95 � +.+.4 -357>A4<8Y>A238 ����� >A4<8 ����� B<-3/O4,P ;AB<2 [\;a8</XZY+98 � � � �

/O4<@920+.>A-0+ >ACOPA;L20/X57*<[ /O-=20+ � ;L2�57+98 J ��*<+ ��� 
 � >A4,8 f���� 
 � 5727>G4<-3F_+920-=-0*<; ��57*,20;LB<PA*��<B,5

/O[��<23; WA+.[\+.4650-N;AF >����,20; �a/O[d>G50+.CXD � � >A4<8Sf
� � 20+9- � +.@950/1WA+.CXD���*<+.4\;LB<2	� � � � >GCOPL;A20/X57*<[ /O-

+.[��<C1; DA+.8 J���*<+9-0+
23+.-0B,C150-�>A20+�@.;A4<-0/1-350+.465 ��/150* 57*,+�ZY23-35�-3+95N;AF%+ ��� +.23/O[\+.4650-�/O46WL;AC1W!/14<P ;LB<2

[d;!8</XZY+.8 � � � � /14<@.23+ >A-3+�>AC1PL;L20/X57*,[ � 5T> b C1+ �,J1f �7J���*</1-"/14<8</1@ >G50+.-`57*<>G5`5720>A4<-�F_+.20-Q;AF?57*</1-`-0/1H.+

8<; 4<;G5N/14<@.23+ >A-3+�50*<+�WG>AC1B<+�;AF � � � � +94<;LB<PA*V57;M;hWL+.2 ��*<+.C1[ 57*<+�/O4650+.23WA+.4</14<P 23;LB,57+92 ]^B<+9B<+AJ



�,f

��B,2`[\;a8</XZY+98 � � � � /14<@920+ >G-0+�>AC1PL;L20/X57*,[ 23+.8<B<@9+.8 57*,+�57*<23;LB<PL*��,B,5";AFY50*<+ ����� 
 � 5027>A4<-�F_+.2

b D ��� � JQ��*</1-"57*<23;LB<PL*��<B,5�20+98<B<@ 57/1;L4V/14<8</1@ > 57+.-"50*Y>G5 ��*<+94VB<-3/O4,P=;AB<2"[\;a8</XZY+98\WA+.23-0/1;L4 ;AF

-0C1; � -�5T>A2�5 e,����� /1-�> b C1+�50; /14<@.23+ >A-3+ � � � � 57;=57*<+ � ;L/1465�>G5 ��*</1@T*S50*<+�/14657+923WL+94</14<P\20;LB,50+.2

]!B,+.B<+V/O-=;hWL+.2 ��*<+.C1[\+.8 JS'�; �N+ WL+.29e`-357>A4<8Y>G208 ����� /1-=B<4Y> b C1+\57;S/O4,@.20+.>A-0+ � � � � +94<;LB<PL*

57;�;hWA+.2 ��*,+.C1[ 50*<+V23;LB,50+.2M>A4<8 PA+.4<+927>G50+VC1;L-0-9JE��*</1- /1-M4<;G5 > � >���/O4 ;LB<2M>AC1PL;L20/X57*,[ e�>A-

>A46D:WL+920-0/1;L4 ;AFN����� *Y>A-=>R5727>G4<-3F_+92=-3/OH9+d>G5 ��*</1@T* /X5 ��/OC1C";hWL+.2 ��*<+.C1[ 57*<+ /14657+920[\+.8</O>G50+

20;LB,50+.29JN�
B<2�>AC1PL;L23/150*<[ -3/O[��<CXDS@ >AB,-0+.-������ 57;d20+.>A@T*S57*</1- ��b 20+.>Ac^/O4<P � ;L/O465 �dF_;L2�-3[d>ACOC1+.2

5727>G4<-3F_+920-.J ��*,+:fS� ��>A4,8 �:� � 5027>A4<-�F_+.23- -0*<; � CO/X5050CO+V@T*Y>A4<PA+R/O4 50*<20;AB<PL*��<Ba5 J:��- /O4

57*<+�CO>A-35�+ ��� +920/1[d+9465 eY57*</1-�/O- b +.@.>AB<-3+=����� - � +.4<8<-�;L4,C1DS> -3[d>ACOC � +920@.+9465T>APL+ ;AF(57*,+
57;A57>AC

5727>G4<-3F_+92`57/1[d+�B,-0/14<P=50*<+�-0C1; � -�5T>A2�5�>AC1PL;L20/X57*,[ J���*<+.23+9F_;L23+Ae^;LB<2Q[d;!8</XZY@ > 57/1;L4\;AF -3CO; � -357>A235

*Y> WL+ WL+.2�DSCO/X5050CO+ +�
 +9@95�;L4E57*<+ ;hWL+927>AC1C%57*<23;LB<PL*��,B,5 J

�Q/1CO+M�a/1H.+ ��*<23;LB<PL*��,B,5
�&[��<23;hWL+.[\+94^5 � � �

����
 � �,J1f
f�����
 � f � J	�
������
 �

�
���,J��

f � � �aJ1f
�V� � �,J i

�Q> b CO+ �,J�� ��+ � 	�/14<8<; � �&4<@920+.>A-0+=��C1PL;L23/150*<[ 	�/X57*��N;L4<PL+9-357/1;L4
��*</O- 57> b C1+ -3*<; ��- 57*<+ 50*<20;AB<PL*��<Ba5 /1[ �,20;hWL+9[d+9465V;GF������ B<-3/O4<P ;AB<2 [\;!8</1Z<+.8 ��/14<8<; �
/O4<@920+.>A-0+�>ACOPA;L20/X57*<[ ��*<+.4V@.;L[��Y>A23+.8d57; -357>A4<8Y>A238 �����(J!��*,+�>A8aWL+.2�57/1-0+98 ��/O4,8<; ��+.4<-3B<20+98
57*Y>G5 ����� �N;AB<CO8E@.>AB<-3+�@.;A4<PL+.-�57/1;L4RC1;L-0- b DV;hWA+.2 ��*,+.C1[d/14<P 50*<+�/14657+.23[\+.8</O>G57+�20;LB,50+.29e��<23;

�
Wa/18</14<PV50*<+�5720>A4<-3F_+92 ��>G-�C1;L4<P\+.4,;LB<PL*S57;d/O4,@.20+.>A-0+ � � � � 57; 57*<+=>A8aWL+.2�57/1-0+98���/O4,8<; � -0/1H.+GJ



� �

�,J � �
��� +920/1[\+.4657- ��/150*�#$>A23PL+.2��&4,/150/ >AC 	�/O4<8,; ��-�>A4,8�>d��;!8</XZY+.8 	�/14<8<; � �&4,@.20+.>A-0+ ��C
�

PL;A20/X57*<[

��*<+�F_;LCOC1; ��/O4,P 5 �N; -3+950-R;AF�57+9-350-R/O46WA;LC1WA+ > WL+920-3/O;L4�;AF
-0C1; � -357>A235 +.[��<C1;hDa/14<P b ;A57*

C >A23PL+.2 /O4,/150/ >AC WG>ACOB,+.-NF_;L2 � � � � >A4<8E;LB,2N[\;a8,/1ZY+98 � � � � /O4,@.20+.>A-0+ >GCOPL;A20/X57*<[SJ"��- ��/150*R57*<+

�<20+ Wa/1;LB<-�57+.-�57-�;LB,57C1/14<+.8:/14�50*</1-�@T*Y>��a57+.29e 50*<+.-3+M57+9-350- � +.20+ 20B<4�B<-0/14<P 50*<+ ����� 50+.-�5 b +.8 J

��- /14 57*<+S> b ;hWL+E+ ��� +.23/O[\+94^50-.e�57*<+RZ<20-35\-3+95 ;GF�50+.-�57- B<-3+.-d>A4 >A8,WA+.2�57/1-0+.8 ��/14<8<; � 50*Y>G5

+.4<-3B<20+9-�4<; @9;L4<PL+9-350/O;L4VCO;A-0-.J"��*,+�20+9-0B<CX57- ;AF 50*<+.-3+�50+.-350-�>A23+ �,20+.-3+.4657+98E/O4dZYPLB<23+ �aJ��,JQ��*</O-

ZYPLB<23+�-0*<; ��-"57*,+N57*<23;LB<PL*��<B,5"@T*Y>G4<PL+ b +95 � +.+.4d����� B,-0/14<P -35T>G4<8Y>A238 -0C1; � -357>A235">A4<8 �����

B<-0/14<PR;LB,2�[\;!8</1Z<+.8:-3CO; � -357>A235.J���- �N+M*^D � ;A57*,+.-0/1H.+98 e ZYPLB,20+ �,J��d-0*<; ��-�50*Y>G5 ��*<+.4�B<-0+98

57;LPL+ 57*<+92.e?57*<+=5 �N;V[\;a8</XZY@.>G57/1;L4<-�57; -3CO; � -�5T>A2�5
;LB,50CO/14<+98 > b ; WA+ >A23+ > b CO+ 57;V/O4,@.20+.>A-0+M57*<+

57*<23;LB<PL*��,B,5
[\;L23+M57*<>A4�+9/150*<+.2
[\;!8</XZY@ >G50/O;A4 >AC1;L4<+AJ���*<23;LB<PL*��<B,5�/1-�/14<@.23+ >A-3+.8 >A@920;L-3-
>AC1C

5727>G4<-3F_+92�-3/OH9+.-�>A4<8�>AC1C%/O4</X57/O>AC � � � � WG>AC1B<+.-9J

��*<+�-3+.@9;L4<8 -0+95�;AF(+ ��� +.23/O[\+94^50-�B,-0+.8�>A4 >A8,WA+.2�57/1-0+.8 ��/O4,8<; � 57*<>G5�+.4,-0B<23+.8�50*Y>G5�@9;L4
�

PL+.-�57/1;L4 CO;A-0- � ;LB<C18\;a@9@.B<2 �<20;hW!/O8,+.8 57*<+ 5727>G4<-3F_+92 �N>A-"CO;A4<P
+.4,;LB<PL* 50;�>AC1CO; � � � � � 57;�20+ >G@T*

57*<+�>A8,WL+92350/O-3+.8 ��/14<8<; � J��Q/OPAB<20+ �,J � �<20+9-0+94^50-N57*,+�20+9-0B<CX57-N;AF 57*,/O- -0+95N;AF 50+.-350-.J"��*</1-NZYPAB<20+

�<CO;G57- 50*<+V50*<20;LB,PL*��<B,5 @T*Y>A4<PA+ b + 5 �N+9+.4 -357>A4<8Y>G208 ����� >A4<8 ����� B<-0/14<P:;AB<2 [\;!8</1Z<@ >
�

57/1;L4<-.JV��*<+ ��� 
 �)>A4<8 f���� 
 �)5720>A4<-�F_+.20- � +.20+d4<;A5 > b C1+ 57; /O4,@.20+.>A-0+ � � � � +94<;LB<PL* 57;

@.20+.>G57+=C1;L-0-9J ��*<+920+ F_;L20+Ge 50*<+ ��� 
 � >A4<8 f�����
 ��5027>A4,-3F_+.23-�>G20+ 4<+ >G20CXDE/O8,+.4657/1@ >AC$57; 50*<;L-0+

/O4 50*<+�Z<20-35 -0+ 5�;AF 57+.-�57- � -0*<; ��4R/14 ZYPAB<20+ �,J�� �TJ`��- �<23+.8</1@950+.8 b D\57+.-�57- ;LB,57C1/14<+.8R/14R-3+.@950/O;A4

�,J��ae!50*<+ ����� 
 � 5720>A4<-�F_+.20-N-0*<; � 20+98<B<@.+98R57*<23;LB<PL*��<B,5 ��*,+.4EB<-3/O4<P b ;A50* -0C1; � -35T>G235�[\;!8
�

/1ZY@.>G57/1;L4<-9JR��- -3*<; ��4 /O4 5T> b CO+ �,J��ae(B<-0/14<P�;AB<2 � � � � /14<@.23+ >A-3+R>AC1PL;L23/150*<[ @.>AB<-0+98 C1;L-0-=/O4

57*<+ ������
 ��5727>G4<-3F_+92 ��*,/OC1+ B<-0/14<PV50*<+ -357>A4<8Y>A238�/14<@920+ >G-0+M>ACOPA;L20/X57*<[ 8</18�4<;G5 J���*<+.23+9F_;L23+Ae

57*<+ ����� 
 � 5027>A4,-3F_+.2"-3*<; �N+98R>
23+.8<B<@ 57/1;L4d/O4 50*<20;LB,PL*��<B,5 ��*,+.4dB<-0/14<P b ;G57* [\;a8,/1ZY@.>G57/1;L4<-

57;V50*<+ -3CO; � -�5T>A2�5
>AC1PL;L23/150*<[SJ���*<+ f � � >A4<8 � � � 5727>G4<-3F_+920-�-3*<; � CO/X5050CO+M@T*Y>A4<PA+ ��*<+94

B<-0/14<P b ;A57* -3CO; � -357>A235 [\;a8</XZY@.>G57/1;L4<-9J ��*</O- @ >A4 b +R+ ���,C >A/14<+98 b D 57*<+V20+9C >G50/1WA+.CXD -3[V>GCOC

/O[��Y>A@ 5�-0C1; � -35T>G235�*Y>A-�;L4S57*,+=;hWA+.27>GCOC%57*,20;LB<PA*��<B,5�;AFQCO;A4<P 5727>G4<-3F_+920-.J
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Initial Window (segments)

30,720 byte transfer
102,400 byte transfer
204,800 byte transfer

1,048,576 byte transfer
5,242,880 byte transfer

�Q/OPAB<20+ �aJ���#$>A23PL+.2`�&4,/150/ >AC 	�/O4,8<; ��-�>A4<8\> ��;!8</XZY+.8 	�/14<8<; � �&4,@.20+.>A-0+���COPA;L20/X57*<[ 	�/X57*
�

;LB,5��N;L4<PL+9-350/O;L4
��*</O-�ZYPAB<20+\-0*,; ��-�50*<+ 57*<23;LB<PL*��,B,5 /O[��<23;hWL+.[\+94^5 >A@T*</1+9WA+.8 b D ;AB<2
[\;a8,/1ZY+98 WA+.23-0/1;L4 ;AF
-0C1; � -�5T>A2�5 ��*<+94 @.;L[��Y>A23+.8 50;
-357>A4<8Y>G208 ����� >A-`>�F_B<4<@950/O;A4 ;AF<50*<+�/14</150/ >GC � � � � -3/OH9+�B<-3+.8 J
�&4�>A8,8</150/O;A4 50;dCO>A23PL+.2�/14</X57/O>AC ��/O4,8<; ��-.e ;LB<2�[\;a8,/1ZY+98 ��/14<8<; � /14<@920+ >G-0+ >GCOPL;A20/X57*<[ /O-�+.[

�
�<CO;hDA+.8 /O4S>AC1C 5027>A4,-3F_+.23-�+ �a@.+ �,5�57*<+�-35T>G4<8Y>A238 ����� 5720>A4<-3F_+920-9J���*,+ >A8,WL+92350/O-3+.8 ��/O4<8,; � /O4
57*<+9-0+ 57+9-357-�+94<-0B,20+.8 57*<>G5������ � ;LB<C18 4<;A5�@.>AB<-0+ @9;L4<PL+9-350/O;L4 C1;L-0- b D:;hWA+.2 ��*,+.C1[d/14<P 57*<+
/O4657+920[\+.8,/ >G50+ 23;LB,57+92.J

�,J�� �YB,50B<20+ 	 ;L20c

��*<+ 50+.-�5M23+.-3B<C150- �,20+.-3+.4657+98 > b ;hWL+\/1COC1B<-35027>G50+ 57*Y> 5�57*<+ 5 � ; -3CO; � -35T>G235 [\;a8,/1ZY@.>G57/1;L4<-

;LB,57C1/14<+.8 /14 -0+9@957/1;L4 �,J1fR/14<@.23+ >A-3+R;hWL+927>AC1CN57*,20;LB<PA*��<B,5 ��/150* CO/X5050CO+ � +.4<>AC15&D ;hWL+92 -7>G50+.C1CO/X57+

@T*Y>A4<4<+9CO-9JN'�; �N+ WL+.29e<57*<+9-0+�[\;!8</1Z<@ >G50/O;L4,-�57; -3CO; � -35T>G235�[d>AcG+������ [\;L23+�>APLPL23+.-3-0/XWL+ >A4<8

57*<+920+9F_;A20+ F_B<2350*<+.2�-�57B<8aD /O-�4<+9+.8<+98 50;E+.4<-3B<20+\57*Y> 5�57*<+ D ��/OC1C"4<;A5
@ >AB<-3+ �,20; b C1+.[\- ��*<+94

@.;L[�� +957/14<P 5720> �d@�/1- �<23+.-0+9465 J��&4 >�@9;L[��Y>A4</1;L4\-350B<8,DLe � +�>G20+�57+9-357/14<P 57*<+9-0+�[\;a8,/1ZY@.>G57/1;L4<-

; WA+.2�57*<+ PLC1; b >GC �&4657+.234<+95 � �
'
��g6i�� J
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Initial Window (segments)

30,720 byte transfer
102,400 byte transfer
204,800 byte transfer

1,048,576 byte transfer
5,242,880 byte transfer

�Q/OPAB<20+ �,J � #(>G20PL+92 �&4</X57/O>AC 	�/14<8<; ��-�>A4,8 > ��;a8,/1ZY+98 	�/14<8<; ���&4<@920+ >G-0+���COPA;L20/X57*<[ 	�/X57*
�N;L4<PL+9-357/1;L4
��*</O- ZYPLB<23+ -3*<; ��-�50*<+ 50*<20;AB<PL*��<Ba5�/1[��<20;hWL+9[\+.465 >A@T*</1+9WA+.8 b D�;LB<2S[\;!8</1Z<+.8 WA+.20-3/O;A4
;AF"-0C1; � -357>A235 ��*<+.4�@.;L[��Y>A23+.8�50; -�5T>A4<8<>A208������ >G-
> F_B<4<@950/O;A4:;AF`50*<+M/14</X57/O>AC � � � � -0/1H.+
B<-0+98 J"�&4\>A8<8</X57/1;L4 57;�C >A23PL+.2Q/O4</X57/O>AC���/14<8<; ��-9e!;AB<2`[\;a8,/1ZY+98 ��/O4<8,; � /O4,@.20+.>A-0+�>AC1PL;L23/150*<[)/O-
+.[��<C1; DA+.8S/14S>ACOCY5027>A4<-�F_+.23-�+ �a@.+ �,5�57*,+�-357>A4<8Y>G208R����� 5720>A4<-3F_+920-9J���*,+�>A8,WA+.2350/O-3+.8 ��/14<8<; �
/O4 57*,+.-0+R50+.-�57-\+.4<-3B<20+98 57*Y>G5\����� �N;AB<CO8 @.>AB<-0+S@9;L4<PL+9-357/1;L4 C1;L-0- b D ;hWA+.2 ��*,+.C1[d/14<P 57*<+
/O4657+920[\+.8,/ >G50+V23;LB,50+.2.e �<20;hW!/O8,+.8 57*<+ 5027>A4<-�F_+.2 �N>A- CO;A4<PE+.4<;AB<PL* 57;E/14<@.23+ >A-3+ 57*<+ � � � � 57;
57*<+ -0/1H.+=;AF(57*<+=>A8aWL+.2�57/1-0+98���/O4,8<; � J
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	 +E*Y> WL+ 8<+9WA+.C1; � +.8�> [\;a8,/1ZY+98 WA+.23-0/1;L4 ;AF��Q��� 50*Y>G5\/1[ �,20;hWL+9-V57*,+ Ba57/1CO/1H >G50/O;A4 ;AF

-7>G50+.C1CO/X57+ @T*Y>G4<4<+.C1-.J '�; � +9WL+92.e � +:F_+.+9C�50*Y>G5E;LB,2E>����<C1/1@ >G50/O;L4
�
C1+9WL+9C
-0;ACOB,50/O;A4 e �
�Q����eN/O-

57;!;V>GPLPL20+9-0-3/1WA+M57; b + B<-0+98:/O4 PL+94<+.20>AC �<B<2 � ;L-3+M4,+95 � ;L20c^-.JN�YB<2350*<+.23[d;A20+Ae?-3B<@T*:>\-0;LC1B,50/O;L4

20+.]^B</120+9-�50*Y>G5�[\;!8</1Z<@ >G50/O;L4,- b +�[d>A8<+�57; >GCOCY> ���<C1/O@.>G57/1;L4<-�>A4<8\-3+.23WA+.23-N/14d;A208<+92`57;=>A@T*</1+9WA+

F_B<COC!@T*Y>A4,4<+.C!B,57/1C1/OH.>G57/1;L4 ;hWL+92Q-0>G57+9COC1/150+NC1/O4,c!-9J"'�; � +9WA+.2.e650*<+ �
�Q��� + ��� +.20/1[\+.4657- �,20+.-3+.4657+98

/O4 @T*Y>��a57+.2 ���,20;hW!/O8<+98 /14<-3/OPL*650- /O4657; �����)[d;!8</XZY@ > 57/1;L4<- 57*<>G5 ��/1COC�*,+.C � b +95357+92 B,57/1CO/1H.+

-7>G50+.C1CO/X57+ @./120@9B</150-.J ��*<+ 20+9[V>G/O4<8,+.2\;AF�57*</1-\@T*Y>��,50+.2d/O-\8</XW!/O8<+98 >A- F_;ACOC1; ��-.J �a+.@ 57/1;L4 � JOf

8</O-3@.B<-3-0+9-�57*<+ ����� [\+.@T*Y>G4</O-3[\-�57*Y> 5S*Y> WL+ b +.+94 50*<;L20;AB<PL*<CXD 57+9-350+.8 >G4<8 � + b +9CO/1+9WA+

-0*<;LB,CO8 b + ��/18<+9C1D /1[��<CO+9[\+.4657+98 JR�!+.@950/O;A4 � J�� 8</1-0@9B<-0-3+.- 50*<+ ����� [\+.@T*Y>G4</O-3[\-M57*<>G5 �N+

b +9CO/1+9WA+:>A23+ �<20;L[\/1-0/14<P b B,5d4<+.+98 F_B,2357*,+.2\-350B<8,D b +9F_;L23+R57*<+ D >A20+ ��/18<+.CXD /1[ �,CO+9[d+94657+.8 J

�Q/O4<>ACOCXDLeY-3+.@ 57/1;L4 � J	� �<20;hW!/18<+.-�ZY4Y>AC%@9;L4<@9COB<-3/O;A4<-.J

� JOf ��+.@9;L[\[d+94<8Y>G50/O;A4<-�F_;L2��������
�!57+94<-0/1;L4<-

��*</1-(-0+.@ 57/1;L4 �,20;hW!/O8<+9-Q23+.@.;A[d[\+94<8Y>G50/O;L4,-QF_;L2%����� [\+.@T*Y>A4,/O-3[d-�57*Y>G5(-3*<;LB<C18 b +�>A8<8<+98

57;=>AC1C<PL+.4,+.27>GC��<B<2 � ;L-3+������ /O[��<C1+.[\+.4657>G57/1;L4<-9J���*,+.-0+�[\+.@T*<>A4</1-0[\-�>A23+�4<+.+98<+.8d57; b +95050+.2

57*<+EB,50/OC1/1H.+E-7> 57+.C1C1/150+E@T*Y>A4<4<+9CO-9J �YB<2�57*<+920[\;L23+Ae"57*<+9-0+E[\+.@T*<>A4</1-0[\-V*<>hWA+ b +9+.4 �<23; WA+.4 57;

�N;L23c �N+9COC%;hWA+.2�57*<+ PLC1; b >AC �&4^50+.234<+95.J

� JOfAJOf #$>A20PA+ 	�/14<8<; ��-

� 5M*Y>A- b +9+.4 -3*<; ��4 /O4 57*</1- �Y> � +92 � -0+.@ 57/1;L4<-RfAJ��aJ��ae �aJOf >A4<8 �aJ � JOf ��57*<>G5MF_;A2M����� 57;

F_B<COCXDdB,57/1C1/OH9+�57*<+�> WG>A/OCO> b C1+�@.>��Y>A@9/15&DV;AF%-0>G57+9COC1/X57+�@T*<>A4<4<+9CO-9e<C >G20PL+ ��/O4,8<; � ����� + �!50+.4<-3/O;L4,-

� I � �Ng ��� >A23+�4<+.+98<+.8 J �N+9@ >AB,-0+�57*<+�WG>AC1B<+�;AF � � � � C1/O[\/X57-�57*<+�>A[\;LB<465�;AF B<4Y>A@Tc^4<; ��C1+.8<PA+.8



���

8Y>G5T> > ����� -0+94<8<+.2d@ >G4 /14 	�+.@ 5 /14657; 57*,+�4<+ 5 �N;A20c?e�>A8,WA+.2�57/1-0/14<P > ��/14<8<; � C >G20PL+92 57*Y>A4

� +920[\/15357+98 b D -357>A4<8Y>G208d����� -0*<;LB,CO8d4<;A5 b +�*Y>A20[ F_B<C<50;�57*<+�4<+ 5 �N;L23c?J #$>A23PL+.2�>G8,WL+92357/1-0+98

��/O4<8,; ��- *Y> WL+ b +.+94 -3*<; ��4 50; �N;A20c � +.C1C�/14 -0>G57+9COC1/X57+ 4<+ 5 �N;L23c^- � �
' 

��g6i��
>A4<8�;hWL+.2

��/O8<+
�
>A23+ > 57+92020+9-35020/O>AC$4<+95 � ;L20c^- � 	��,g ��� J

� JOfAJ�� �a+9CO+9@957/XWL+M��@Tc^4<; ��C1+.8<PL[\+94^50-

��*<+M4<+.+98 F_;L2
�!��� 
 -�*Y>A- b +.+94 -0*<; ��4 /14:-0+9@957/1;L4 �aJ � J��aJ��!��� 
 -
>ACOC1; � 57*<+M20+.@9+./XWL+92

57; 23+ � ;L235 �<20+9@./1-0+9C1D ��*</O@T*�-3+.PL[\+94^50-E*Y> WL+ >G2020/XWL+98 J ��*,/O-R+ ���<CO/1@./X5E/14,F_;L23[V> 57/1;L4 >AC1C1; ��-

57*<+ -0+94<8<+92�50;d[\;L23+�+ 
 +.@ 57/XWL+.CXD 20+ 5727>G4<-0[\/X5�-3+.PL[\+94^50-�50*Y>G5�*Y> WL+ 4<;G5 b +9+.4 20+.@9+./XWL+98 JN��*<+

-0+.4,8<+.2�/O-�> b CO+�50; 4<+ >A23C1D +.C1/O[\/14Y>G50+�23+95027>A4<-3[\/15357/14<PM-3+.PL[\+94^50-�50*Y>G5�*Y> WA+ b +.+94V-3B<@.@9+.-3-3F_B<C1C1D

8<+.C1/1WA+.23+.8 b +.@.>AB<-0+S;AF�B<-3/O4,P > � ;a;L2 20+95027>A4,-0[\/O-3-0/1;L4 -�5720>G57+9PAD � / J +AJ1e B<-3/O4,P -3CO; � -35T>G235 57;

20+95027>A4,-0[\/15 >AC1C"-0+9PL[\+.4657-=57*Y>G5=*Y> WA+V4<;G5 b +.+94 @9B<[ B<CO>G50/1WA+.CXD ��� 
�+.8 �TJd�&4 >S@.;L[��Y>A4,/O;L4

-357B,8,DLe 57*<+=B<-0+M;AF��a��� 
�-�*Y>A- b +9+.4:-3*<; ��4�57; b +=+ 
 +.@ 57/XWL+ /14�50*<+ -0>G57+9COC1/150+ +94^W!/120;L4,[d+9465

� ��' 

��g6i�� J �&4 >G8<8</X57/1;L4 e��a��� 
�- *<>hWA+ b +9+.4 -0*<; ��4�57; b + b +94<+9ZY@9/ >GC�/O4�57*,+:F >A@.+ ;AF

WA>G23D!/O4,P >A[\;LB,4^50-�;AF`C1;L-0-�/14�-3/O[MB<CO>G57+98�57+92023+.-35020/O>AC%4<+ 5 �N;L23c^- � �`�`g���� J

� J�� ��+.@9;L[\[d+94<8Y>G50/O;A4<-�F_;L2��YB,50B<20+=� ;a8</XZY@.>G57/1;L4<-�57;\�����

��*</1- -3+.@ 57/1;L4 ;LB,50CO/14<+9- ����� [d+9@T*Y>A4</1-0[\- 50*Y>G5=*Y> WL+ b +.+94 �<23; � ;A-0+.8 b B,5M4<;A5=57+.-�57+98

; WA+.2=-7>G50+.C1CO/X57+V@T*Y>A4<4,+.C1- >A4<8 /14 >S-0*Y>G20+.8 4<+95 � ;L23c e�-0B<@T* >A-�57*<+dPLC1; b >AC"�&4657+9204<+ 5 JV��*<+.-3+

[d+9@T*Y>A4</1-0[\-�-3*<; � �<20;L[\/1-0+M/O4�*<+.C �</14<P ����� b +95050+.2�B,57/1C1/OH9+ -7> 57+.C1C1/150+ @T*Y>A4,4<+.C1-�>A- �N+9COC�>A-

57+.2320+9-35723/ >GCYCO/14<c^-.J��a;A[d+�;AF?50*<+.-3+������ [\;!8</XZY@ >G50/O;A4<-�>A20+ �<23;a8,B<@950-";AF 50*<+ � ;L20c 8,+.-0@920/ b +98

/O4 50*</1- �Y>�� +.29e ��*</1CO+:;G57*<+920-R>G20+ �<20;!8<B<@ 57-R;AF
;A57*<+92V23+.-3+ >A23@T*<+.23-S>A4<8�>A23+�/14<@9COB<8,+.8�F_;L2

@.;L[��<C1+950+.4<+9-0-.J

� J��!JOf �aC1; �)�!5T>G235���;!8</XZY@ >G50/O;A4<-

��- -3*<; ��4 /14 @T*Y>��a57+.2 �,e^[\;a8</XF D!/O4,PM57*,+�-3CO; ��-�5T>A2�5�>AC1PL;L23/150*<[ @.>A4 �<23;hWa/18<+�>=50*<20;LB,PL*
�

�<B,5�/O4<@920+.>A-0+ ��*<+.4=5720>A4<-3F_+920/14<P�Z<CO+9-�;hWL+92�-0>G57+9COC1/X57+�@T*Y>A4<4<+9CO-9J"�YB<2350*<+.23[\;L20+GeA;LB<2%50+.-350-�-3*<; �



�6i

CO/X5050CO+ 8</1-7>A8aWA>G4^57>APL+ /14 B,-0/14<Pd50*<+.-3+ [d+9@T*Y>A4</1-0[\-�/O4E57*,+=-0>G57+9COC1/X57+ +.46W!/O23;L4<[\+.465.J�'�; � +9WA+.2.e

57*<+9-0+ [\+.@T*Y>G4</O-3[\-=/14<@920+ >G-0+ ����� � - >APLPL23+.-0-3/1WA+.4<+9-0-M>A4<8:;AB<2�50+.-350-�8</18:4<;A5�/14<@9COB<8,+ @.;L[
�

� + 57/14<P 5027> �d@GJ ��*<+920+9F_;A20+Ae F_B<2350*<+.2\-350B<8</1+.- >A20+S4<+9+.8<+98 57; +.4,-0B<23+�57*,+.-0+ [\;a8,/1ZY@.>G57/1;L4<-

8<; 4<;A5E4,+.P6>G50/1WA+.CXD�/1[ �<>A@95 > -3*Y>A20+98�4<+95 � ;L20c?e
-3B<@T* >A- 57*,+ PLCO; b >AC��&4650+.204,+95 J 	 + >A20+

@.B<2320+.4650C1D /14^WA;LCXWL+.8 /O4 -350B<8,D!/O4,P�57*,+d/1[��Y>A@ 5M;GF 50*<+.-3+V-3CO; ��-�5T>A2�5M@T*<>A4<PL+9-M;L4 50*<+\PLCO; b >AC

�&4^50+.234<+95 � ��'
��g6i�� J

� J��!J�� �N;L4<PA+.-350/O;A4���WA;L/18Y>A4<@9+ ��;!8</XZY@ > 57/1;L4<-

��-=;AB,57C1/O4,+.8 /O4 -0+9@957/1;L4<-dfLJ��aJ1fLJ��E>A4,8 �aJ � J � e%����� � -M@.;L4,PL+.-�57/1;L4 > WA;L/O8<>A4<@.+V>AC1PL;L23/150*<[

�<20;hW!/O8,+.-N+ �!5720+9[\+.CXD -3CO; � � � � � /O4<@920+.>A-0+�; WA+.2�CO;A4<P � 8,+.CO>hD\@T*<>A4<4<+9CO-9JN�^57B<8,D\/14657; > WA+.20-3/O;A4

;AF?@.;L4,PL+.-�57/1;L4d>hWA;L/18Y>A4<@9+�57*Y>G5`/O-`4,;A5 b /O>A-0+98\>AP6>A/14<-�5"CO;A4<P
�
8,+.CO>hDM@T*Y>A4,4<+.C1-�/O-`4,+.+.8,+.8 J��aB,@T*

>S[\+9@T*Y>A4</1-0[ -3*<;LB<C18 57>AcA+\/14657; >A@.@9;LB<465 b ;G57*:57*,+d4^B<[ b +92 ;AF�������- 50*Y>G5�*<>hWA+ �<>A-0-3+.8 e

>A- � +.C1C`>A-�57*<+MCO+94<PA50*:;AF"57*,+ �Q��� 20>G57*<+92�50*Y>A4:-3/O[��<CXD�50*<+ 4^B<[ b +92
;AF��Q����-�57*Y> 5
*Y> WL+

�Y>A-0-3+.8�>A-�57*<+ @.B,2020+9465�[\+.@T*<>A4</1-0[ B<-3+.-.J

� J��!J�� �aC1; �)�!5T>G235���*<23+.-0*,;LCO8��"-357/1[d>G57/1;L4

'�;a+ � '�;!+ g����$-0B<PLPA+.-350-�B,-0/14<P b ;A50* 50*<+=�Q��� >A4,8 ��� � � ���
�

���	
�� b >G4<8���/18,57*�+.-350/O[d>G50/O;A4

� 
�+.-0g,f �a57;�-0+ 5`57*,+�/O4,/150/ >AC!WG>ACOB,+�;AF 
�
���� ����
�� JQ�Q>A@TcG+95 � �Y>A/12"/1-">
[\+.@T*Y>A4,/O-3[ F_;L2Q8,+957+920[\/14</O4,P
57*<+�> WG>A/OCO> b C1+ b >A4<8���/18,50* ;AF 57*<+ b ;A5050CO+94<+.@Tc\C1/O4,c /O4\57*<+�4<+ 5 �N;A20c b +95 � +.+.4V57*<+�-0+94<8<+.2 >A4<8

57*<+
23+.@9+./XWL+.29J��
4<@9+�57*,+��Q��� >A4<8 50*<+�> WG>A/1C > b CO+ b >A4<8���/18,57* >A23+�c^4<; ��4 e,50*<+�>����<20; �,20/O>G57+

��/O4<8,; � -0/1H.+\@ >G4 b + @.;A[ �,B,57+98 B<-3/O4,P�+9]!B<>G57/1;L4 �aJ	�,J �a+ 5050/O4<P 
�
���� � ��
�� 57;R50*<+d>����<23; �<20/ �
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>A-�� � � � *Y>G- 20+.>A@T*<+.8 50*<+R20+9@.+9/1WA+ ��/14<8<; � J ��5 50*</O- � ;L/1465 e"+.>A@T* ��� 
 ��/1C1C�;L4<CXD

5723/OPLPA+.2�57*,+ 5027>A4,-0[\/O-3-0/1;L4:;AF f -0+9PL[\+.465 e >A-�/1COC1B<-35027>G50+.8 b DR+9WL+9465 fLfLJ"�&4S57*,/O-�+9WA+.465 e

57*<+V��� 
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50;R57*<+ 23+.- � ;L4,-0+ 57;

�����!	 8<+ ZY4<+.8�/O4 � ��� gLiA>�� J���*<+ 20+.- � ;A4<-0+ ��U
�!� b + �
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��COC^ZY+.C18<- ��/X57*,/O4 50*<+ �Y>G20+.4650*<+.-3/O-�>A23+NB<4<@T*<>A4<PL+98 F_20;L[ 57*,+�20+9- � ;L4<-0+ 57;������!	�8<+ ZY4<+98

/O4V/O4 � ����g6iA>�� + �a@.+ �a5�57*<+ !�5720>A4<-
�
>A8<8<2 � - � # ZY+9CO8 J"� F 57*<+�5720>A4<- � ;L2�5 �<23;A57;!@.;ACY/O- ������e^57*<+

!�5027>A4,-
�
>G8<8<2 � - � # ZY+.C18 @.>A4 @9;L465T>A/14 >A46D 4^B<[ b +92 ;AF������ � ;L2�5V4^B<[ b +92 -3+ �Y>A20>G57+98 b D

@.;L[\[d>A- � � e � �TJ��Y;L2N+ �,>A[��<C1+ �

� &(��)*� ���	�*� � ,�- � -	,�. � , ) � , )*� , ) , ) / 2�3���.�/14�4�, )$� �������	� ����; � � ��� �����>= 
 � ���

� F?57*,+�4!B,[ b +.2�;AF � ;A2357-"C1/1-357+98\/O4 57*,+������!	�20+9- � ;L4<-0+�+ �,@9+.+98<- 50*<+�[d> �a/O[MB<[ 4^B<[ b +.2

;AF�@9;L4<4<+9@957/1;L4<-M-0B���� ;L2�57+98 b D 57*<+d*<;L-�5 /1-0-3B</O4,P�57*<+ �����!	 @.;L[\[d>A4<8 e�57*,+V+ �a5027> � ;L2�57-

��U
�a� b + /1PL4<;L23+.8 J"��*Y> 5�/1-.eY4,;V8Y> 5T> @.;L4,4<+.@ 57/1;L4�-3*<;LB<C18 b + ; � +.4<+98�;L4S57*,+.-0+ � ;L2350-.J

��J��!J � K
/O-3@.B<-3-0/1;L4

��*<+ ��U�#a� @9;L[\[V>G4<8:/1-�4<;G5�23+.]^B</120+.8�F_;L2�@.;L2320+.@ 5�;�� +927>G50/O;L4 ;AF`50*<+=-3D!-350+.[Se b Ba5�/X57-

B<-0+M/O-�������� �:������K���K b + F_;L20+ 57*<+ �����Q� @9;L[\[d>A4<8 J��&4 57*<+=@ >G-0+ ��*<+.4 57*<+ ��U�#!�

@.;L[\[d>A4<8 /O-S4<;G5SB<-0+98 >A4,8 [MB<CX57/ �<CO+ 8Y>G57> @.;L4<4,+.@950/O;A4<- >A20+ 4<;G5S-0B���� ;L2�57+.8 e�>A4�+.2320;L2

@.;!8<+V;GF ����� � � @.;L[\[d>A4<8 4<;A5=B<4<8<+920-�57;!;a8�� � ��/1C1C b +d20+950B<204,+.8 JR�&4 57*</1-=@ >A-3+Ae�50*<+d@.C1/O+94^5

>A4<8 -0+923WL+92\[ B<-�5V23+9WA+.235 50; B<-0/14<P >:-0/14<PLC1+E8Y>G57>:@.;L4<4,+.@950/O;A4 J � F�57*<+ ��U�#a� @.;A[d[d>A4,8

/O-\B<-3+.8 � >A4<8 b ;A57* @.C1/1+.465V>A4<8 -0+.2�WL+92V[d>AcG+ B,-0+S;AF�57*<+���U�#a� 23+.- � ;L4,-0+ -35723/O4,P /14 57*<+

20+.@9;L[\[\+.4<8<+98 ��> D ��57*,+R*<;L-�5 ; � +.4</14<P�50*<+ 8<>G5T>�@9;L4<4<+9@950/O;L4,- �Y>A-3-0/XWL+.CXD ��/1COC�4<;A5 ��>G-357+

57/1[d+=>A4,8�23+.-0;AB<20@9+.-�; � +94</14<PV8<>G5T> @.;A4<4<+.@ 57/1;L4<-�57*Y>G5 ��/1C1C b + B<4^B<-3+.8 J

��J�� �"4Y> b C1/14<PR� B<C150/ �,CO+MK�>G5T>\�N;A4<4<+.@ 57/1;L4<-

�Y;L2�57*<+�B<-0+92�57; +94Y> b C1+
57*<+�B<-0+
;GF$[ B<CX57/ �<C1+=@9;L4<4<+9@950/O;L4,-.eY> 4<+ � [d+9@T*Y>A4</1-0[ [ B<-�5 b +

>A8<8<+98 57;E50*<+\@.C1/O+94^5.JR�
4<@9+d50*<+\B<-0+92 > 5057+9[��,57-�57;�>A@ 57/XWA> 57+\[ B<CX57/ �<C1+V@9;L4<4<+9@950/O;L4,-MB<-3/O4,P

57*</1- [d+9@T*Y>A4</1-0[Se$57*<+\@9CO/1+.465 �,'
��U�#(K -0+94<8 57*<+V��U�#a� ����� @.;A[d[d>A4,8 50;S50*<+ -0+923WA+.2.J

��*<+�@9CO/1+.465�[d> Dd>AC1CO; � 50*<+�B<-0+92 57;=- � +.@9/1F D\50*<+�4^B<[ b +92N;AF @.;L4,4<+.@ 57/1;L4<-N50; b +�B,-0+.8VF_;L2"57*<+

5727>G4<-3F_+92.J�� F`-0B,@T*:> @T*<;L/1@.+M/O- �<23; W!/18<+.8 e?50*<+=@.C1/O+94^5
�,'�� U�#$K �<CO>A@9+ > C1/O[\/X5�;L4E50*<+MB,-0+.2 � -

@T*<;L/1@.+ � -0+.+�-0+9@957/1;L4 ��J�� �7J �YB<2�57*<+920[\;L23+Ae�57*,+�@9CO/1+.465 �,'���U�#$K �
�
� >AC1C1; � 50*<+�B,-0+.2 � -



���

@T*<;L/1@.+R57; b + PA20+ > 57+.2M57*Y>A4 50*<+R4^B<[ b +92 ;AF�8Y>G57>:@.;L4<4,+.@950/O;A4<- -0B���� ;L2�57+98 b D 57*<+ -0+.2�WL+92

� ; b 57>A/14<+.8SF_20;L[ 57*<+ 23+.- � ;L4<-3+=50;d50*<+M��U�#!� @9;L[\[V>G4<8 �TJ

�Y;L2R+ �,>A[��<CO+Ge�> -0/1[��<C1+ �
�<�N�0�V/O4657+923F >A@9+ [d/1PL*65 �<23; W!/18<+ > 4<+ � � B<-0+92S@.;L[\[d>A4<8��

� /1-0-0B,+.8�50; 57*<+�@9CO/1+.465 b DV57*<+ B<-3+.2 �N@.>AC1CO+98 � [MB<CX57/ �<CO+ �<J 	�/150*<;LB,5�>A4 >A23PLB<[\+.465.e<57*</1-�@.;L[
�

[V>G4<8 �N;AB<CO8R5020/1PLPL+92�>A4S>G5357+9[ �a5N57; >A@950/1WG>G50+
[ B<CX57/ �<C1+�8Y>G57> @.;L4,4<+.@ 57/1;L4<-�B<-3/O4<P\>M8<+9F >AB,C15

4!B,[ b +.2 ;AF�@.;A4<4<+.@ 57/1;L4<-9J 	�/X57* >R4^B<[\+.23/O@d>A23PLB<[\+.465.e 57*<+ @9;L[\[d>A4<8 � ;LB<C18 > 5057+9[��,5
57;

>A@950/1WG>G50+ 50*<+ 4^B<[ b +.2�;AF`8<>G5T> @.;A4<4<+.@ 57/1;L4<-�20+9]!B,+.-350+.8 b DE50*<+ B<-0+92 � -0B b 	�+.@95�57; 57*,+=C1/1[d/X57-

/O[�� ;L-0+98 b DR57*,+=@9CO/1+.465�>A4<8 -0+923WL+92 �7J

��J � K
/XWa/18</14<PV>d��/OC1+ ��@.23;L-0-���B,C150/ �<C1+ �N;L4<4<+9@957/1;L4<-

�&4 ;L208,+.2�57;E5720>A4<-�F_+.2=>SZ<CO+d>A@920;L-3-M[MB<C150/ �,CO+d@.;L4,4<+.@ 57/1;L4<-.e(57*<+\ZYC1+V��U
�a� b + b 23;LcA+94

B�� /14^50; �,f g � b D^57+V@T*!B,4<c^-.J:��>A@T* @T*!B,4<c [MB<-35 b + �<20+ � +94<8<+98 ��/150* > � b D^50+ -0+9]^B<+.4<@9+

4!B,[ b +.2�57; F_;L20[ > 20+.@9;L208 � >A-�-0*<; ��4 /O4SZYPLB<23+ ��J1f �TJ���*<+ -0+9]^B<+.4<@9+ 4^B<[ b +920- b +9PL/O4�>G5 �

>A4<8\/O4,@.20+.>A-0+ b DRf�F_;L2Q+ >A@T*\-0B b -0+9]!B,+.465�23+.@.;A208 J`��*,+�-3+.]^B<+94<@.+�4^B<[ b +.2�[ B,C150/ �<C1/1+.8 b D 57*<+

@T*!B,4<cS-0/1H.+ � �,fhg�� b D^50+.- �NF_;L20[\-�>A4S;�
 -0+ 5�F_23;L[ 50*<+ b +9PL/O4,4</O4,PV;AF�57*<+�ZYC1+�57; 57*,+=C1;!@ >G50/O;L4

;AF�57*<+E23+.@.;A208 � -\8Y>G5T>aJ ��*<+E-3+.]^B<+.4,@.+�4^B<[ b +92\/O- 4<+9@.+9-0-7>G23D 57; 23+.@9;L4<-35020B<@ 5\57*<+RZYC1+Ae >A-

+ >A@T* 20+9@.;L238 [d> D b +�/14<8<+ � +.4,8<+.4657CXDE5720>A4<-3[d/X5050+.8 B<-0/14<Pd>A46DE;L4,+�;AF$57*<+�+9-35T> b CO/1-0*,+.8�8<>G5T>

@.;L4<4,+.@950/O;A4<-.J

� b D^57+9- �,fhg � b D^57+9-

�a+9]!B,+.4<@9+ K�>G5T>

��B<[ b +92 �N*^B<4<c

�Q/1PLB<23+ ��JOf ���Q��� ��+.@9;L208��Y;L20[d>G5
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��J�� ��+.@.;A[d[\+94<8<+.8�#%/O[\/X57-

��*<+9-0+�+ �!57+94<-0/1;L4<- 57;M�Q��� @ >G4R>AC1CO; � >=B<-3+.2�57;=/O4<>A8,WL+92350+.4657CXD � ;a;!8 57*<+�4<+95 � ;L23c���/X57*

5727> �V@GJV��*,+.20+ F_;L20+Ge(50*<+d@.C1/O+94^5 >A4<8 -0+923WA+.2 �a'
��U�#$K -0+95MC1/O[\/X57-=;L4 57*<+d4^B<[ b +.2=;AF�8<>G5T>

@.;L4<4,+.@950/O;A4<- + >G@T* /O- ��/OC1C1/O4<P�57;�-3B���� ;L235.J���*,+ 20+9@.;L[\[\+.4,8<+.8 C1/O[\/X5 F_;L2 b ;A57* 57*<+V@.C1/O+94^5

>A4<8R57*,+
-0+923WL+92�/O- � 8<>G5T> @9;L4<4<+9@950/O;L4,-.J �?B,2357*,+.20[\;L23+Aea/15�/1-�23+.@.;A[d[\+94<8<+.8S57*<>G5�/XF(> @.C1/O+94^5

+.[��<C1; D!-�>�8<+9F >AB,C15Q4!B,[ b +.2`;AF<@.;L4<4,+.@950/O;A4<-.eL50*</O-Q8<+9F >AB,C15 b + � JQ��*,+.-0+NCO/1[\/150- ��/OC1C![d/14</1[\/OH9+

57*<+ B<-3+.2 � -�> b /1CO/X5&DE57;\/14Y>A8,WA+.2350+.4657CXD � ;!;a8E57*,+=4,+95 � ;L20c?J
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 J � J � J IAB,4<+Ae%fhgAg6i
��C1+.@ 5723/O@.>AC(��4,PL/O4,+.+.23/O4,P

�&[ �,20;hW!/O4<PV��������+923F_;L23[V>G4<@.+ ��WL+.2��,> 57+.C1C1/150+ �N*<>A4<4<+9CO- � � � ��� J �

K
/O23+.@950;L2�;AF���*<+.-3/O- ���a*<> ��4:�
-357+920[d>A4<4

��*</1-�50*<+.-3/O-�;LB,50CO/14<+.- � +923F_;L23[d>A4<@.+ �<20; b CO+9[\- ��/X57* 50*<+ �(27>G4<-0[\/1-0-0/1;L4d�N;L465020;LC!�"20;A50;a@9;LC

� ��������/O4 4<+95 � ;L23c!-=@.;A4^57>A/14</O4,P�PL+9;L-3D!4<@920;L4,;LB<-=-7>G50+.C1CO/X57+\@T*Y>A4,4<+.C1-.e�>A- � +.C1C >G-�-0;LC1B,57/1;L4<-

57; 50*<+.-3+ �<20; b CO+9[d-9J ��*<+ ZY23-35�-3;LCOBa57/1;L4 /O-
>R[d;!8</XZY@ > 57/1;L4:;AF�57*,+ �Q/1CO+ ��20>A4<-3F_+92��"20;A50;a@9;LC

� �Q�����TJ �!57>A4<8Y>A238:�Q��� B,-0+.-�;L4<+=����� 8Y> 5T>\@.;L4<4,+.@950/O;A4�57;d5727>G4<-3F_+92
>\-0/14<PLC1+MZYC1+AJ�'�; �
�

+9WL+92.e<;AB<2N[\;!8</1Z<@ >G50/O;L4,-�>AC1CO; � �Q��� 50; +.[��<C1;hD [MB<C150/ �,CO+ �<>A27>AC1C1+.C ����� 8Y> 5T>M@9;L4<4<+9@950/O;L4,-

57;R5720>A4<-�F_+.2�>R-3/O4<PACO+ ZYC1+AJ=�
��� +920/1[\+.4657-=*Y> WL+ -3*<; ��4 50*Y>G5
50*</1- >����<23;6>A@T* >AC1CO; ��- �Q����57;

B,57/1CO/1H.+ 50*<+ F_B<COCQ@ >��Y>G@./X5&D ;AF�57*<+d���
�a�����N��� -0>G57+9COC1/X57+\-3D!-350+.[SJ\��*</1-M> ���<C1/O@.>G57/1;L4
�
CO+ WL+.C

-0;LC1B,57/1;L4 >AC1-0;��<23; W!/18<+.8 /14<-0/1PL*657-�/14^50; PL+.4,+.27>GC ����� [\;a8,/1ZY@.>G57/1;L4<-�50*Y>G5 ��/1C1C%>AC1CO; � >ACOC >��
�

�<CO/1@ > 57/1;L4<-N50;MF_B<C1C1DdB,50/OC1/1H.+�50*<+
> WG>A/1C > b CO+ b >A4<8���/18,50* �<20;hW!/O8,+.8 b D -0>G57+9COC1/X57+
@T*Y>G4<4<+.C1-.J���*<+

/O4<-3/OPA*^50- �<23;hWa/18<+98 b D �
�Q��� /14<@.C1B<8<+d57*<+d4<+.+98 F_;L2 CO>A20PL+92 ����� ��/14<8<; ��-9e`-0+9CO+9@957/XWL+S>G@
�

c!4,; ��C1+.8,PL[\+.4657-9eQ@T*Y>A4,PL+.-�57;R50*<+ -0C1; � -�5T>A2�5=>A4<8 @.;A4<PL+.-�57/1;L4 >hWA;L/18Y>A4<@9+V>GCOPL;A20/X57*<[\- >A4<8

57*<+=4<+.+98�F_;L2�> WG>A/1C > b CO+ b >A4<8���/O8,50*�+9-357/1[d>G57/1;L4 J 	 +M>ACX57+.23+.8 57*<+=-0C1; � -357>A235�>AC1PL;L23/150*<[ 57;

b +
[\;L23+�>APLPA20+.-3-0/XWL+Ge?>A-�-0B,PLPL+.-�57+98 b D ���Q���(J<�
��� +920/1[d+94657-�B<-0/14<P 57*,+.-0+�-3CO; � -357>A235�[\;!8
�

/1ZY@.>G57/1;L4<-d-0*,; � b + 5057+92\B,57/1CO/1H > 57/1;L4 ;GF�-0>G57+9COC1/150+�@T*<>A4<4<+9CO-9J �Q/14Y>AC1CXDLe 50*</1- �<>�� +92��<20+9-0+.4650-

20+.@9;L[\[\+.4<8Y> 57/1;L4<-�F_;A2 ��*</1@T* ����� [\+.@T*Y>G4</O-3[\-�-0*,;LB<C18 b + ��/O8<+9C1D�/1[��<C1+.[\+.4657+98 >A4<8

��*</O@T*�[\+.@T*Y>A4,/O-3[d-�4<+.+98 F_B<2�57*<+92�-357B,8,DLJ
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