
Washington University in St. Louis Washington University in St. Louis 

Washington University Open Scholarship Washington University Open Scholarship 

All Computer Science and Engineering 
Research Computer Science and Engineering 

Report Number: WUCSE-2004-42 

2004-08-09 

Scheduling Algorithms for CIOQ Switches Scheduling Algorithms for CIOQ Switches 

Prashanth Pappu and Jonathan S. Turner 

Most scalable switches are required to buffer packets at both their inputs and outputs to 

overcome the slow memory speeds of packet queues. This thesis deals with the design of 

scheduling algorithms for such Combined Input and Output Queued (CIOQ) switches. For 

crossbar based CIOQ switches, we demonstrate the underperformance of commercially used 

scheduling algorithms under overload traffic conditions using targeted stress tests and present 

ideas to develop robust, stress resistant versions of these algorithms that are still simple 

enough to be implemented in high speed switches. To regulate the flow of traffic in buffered, 

multi-stage switches, we introduce... Read complete abstract on page 2. Read complete abstract on page 2. 

Follow this and additional works at: https://openscholarship.wustl.edu/cse_research 

 Part of the Computer Engineering Commons, and the Computer Sciences Commons 

Recommended Citation Recommended Citation 
Pappu, Prashanth and Turner, Jonathan S., "Scheduling Algorithms for CIOQ Switches" Report Number: 
WUCSE-2004-42 (2004). All Computer Science and Engineering Research. 
https://openscholarship.wustl.edu/cse_research/1016 

Department of Computer Science & Engineering - Washington University in St. Louis 
Campus Box 1045 - St. Louis, MO - 63130 - ph: (314) 935-6160. 

https://openscholarship.wustl.edu/?utm_source=openscholarship.wustl.edu%2Fcse_research%2F1016&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openscholarship.wustl.edu/cse_research?utm_source=openscholarship.wustl.edu%2Fcse_research%2F1016&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openscholarship.wustl.edu/cse_research?utm_source=openscholarship.wustl.edu%2Fcse_research%2F1016&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openscholarship.wustl.edu/cse?utm_source=openscholarship.wustl.edu%2Fcse_research%2F1016&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openscholarship.wustl.edu/cse_research?utm_source=openscholarship.wustl.edu%2Fcse_research%2F1016&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/258?utm_source=openscholarship.wustl.edu%2Fcse_research%2F1016&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/142?utm_source=openscholarship.wustl.edu%2Fcse_research%2F1016&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openscholarship.wustl.edu/cse_research/1016?utm_source=openscholarship.wustl.edu%2Fcse_research%2F1016&utm_medium=PDF&utm_campaign=PDFCoverPages
http://cse.wustl.edu/Pages/default.aspx


This technical report is available at Washington University Open Scholarship: https://openscholarship.wustl.edu/
cse_research/1016 

Scheduling Algorithms for CIOQ Switches Scheduling Algorithms for CIOQ Switches 

Prashanth Pappu and Jonathan S. Turner 

Complete Abstract: Complete Abstract: 

Most scalable switches are required to buffer packets at both their inputs and outputs to overcome the 
slow memory speeds of packet queues. This thesis deals with the design of scheduling algorithms for 
such Combined Input and Output Queued (CIOQ) switches. For crossbar based CIOQ switches, we 
demonstrate the underperformance of commercially used scheduling algorithms under overload traffic 
conditions using targeted stress tests and present ideas to develop robust, stress resistant versions of 
these algorithms that are still simple enough to be implemented in high speed switches. To regulate the 
flow of traffic in buffered, multi-stage switches, we introduce a novel mechanism called distributed 
scheduling. Distributed scheduling is similiar to crossbar scheduling used in switches with small port 
counts, but is both distributed and coarse-grained to enable high-speed implementations of scheduling 
algorithms in high capacity, high performance switches. In this thesis, we comprehensively study and 
evaluate distributed scheduling. 

https://openscholarship.wustl.edu/cse_research/1016?utm_source=openscholarship.wustl.edu%2Fcse_research%2F1016&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openscholarship.wustl.edu/cse_research/1016?utm_source=openscholarship.wustl.edu%2Fcse_research%2F1016&utm_medium=PDF&utm_campaign=PDFCoverPages




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

! ���"#���$���%�&�"����
���� ! ���'�#���

! �(�&�����))*���(��
	*#������+��*�
����

, �-/.10�243&0�57648(2�9&:<;=0�-<>)0?:<@A3B@C-=9EDF-<>�2G3H0'IHJK848L0C6(2A:M24JK-=NPO

! *����QSR<THUVDBW=XZYPW<[=[<\

���� ! ��
#�]^�B
�*�_`��Q1+�64:<8437:MNa243`+):<9&9&T

�3HJK8�8L2GTHI&0CNE2?]b8"IHJK848L0C6(2A:M24JK-=NcYa0dNa24JV24UK0CI ��@A3H0CI&T&UVJKN&; *�UV;=-=6LJV2G3Hef8 >g-<6 �"�(��h �Zi�Jj2G@A3&0d8
37:<8k.10d0CNl0nmH:<efJVN&0CIo.EDp243&0qTHN&I&0C6L84JV;=N&0CIr@C-=esefJj24240C0t-<>�5Hu=0q>v:<@dT&UV2�Dwes0Cex.10d648k:<N&Il37:M8
640d@C0dJVu=0dIy>gT&UKU1:<9&9&6L-zu<:MU1>g-=6":<@C@d0C9H2G:<N&@C0�JVN{97:<6(2GJ|:MUS>gT&Uj57UKUVef0dNE2}-M>~2G3&0�6L0C�aT&JK6L0Ces0CNE2G8}>g-=6"2G3H0
I&0d;=640d0 ! -Z@d24-=6�-<>���@CJV0CN&@d0<�

*�+�+������)*���Q �"37:<JK6Leq:MN



��3&-<6L2#�JV24UK0<Q���@A3&0CIHT&UKJVN&;/*�UK;<-=64Jj2G3&es8">g-=6#�Zi�Jj2G@A3&0d8 + :<9&9HTcY ! �^�Z@<�SW<[=[M\



� *��H����
���#��
	��
#� ����������" 
���������	��
�����������������������
��������� 

! ��+1*�� #_`��
�$���%����_`+������� �&�"����
���� *�
 ! ��
�����
���������
��

�&����� ! ��� ��
�� *����'���������_`�B�����$�"�(��h � � ��#�����}�
.ED

+�64:<843&:<NE2G3 +):<9&9&T
+�640d97:<640dI`T&NHI&0C6�2G3&0�I&JV640d@d2GJV-=Ny-<> ! 6C��R<-=NB�T&64N&0d6

*	I&JV848L0C6L2G:M2GJV-=Ny9&6L0C840dNE2G0CI 2G-t2G3&0k��0 u=0d6���N&8(2GJV24TH2G0�-M>
� :M843&JVN&;<2G-<N �#N&JVu<0C6L84JV2�D{JKNF97:<6(2GJ|:MU1>gT&Uj57UKUVef0dNa2

-<>�2G3&0�640d�aT&JK6L0Ces0CNE2G8�>g-=6�243&0�I&0C;=6L0C0'-<>

! -�@ 2G-=6�-M>���@dJK0dN&@C0
*�T&;=T&8(2?Y1W<[=[<\

�H:MJKNE2#�~-=T&JK8dYP_ JV8484-<T&64J



� *��H����
���#��
	��
#� ����������" 
���������	��
�����������������������
��������� 

! ��+1*�� #_`��
�$���%����_`+������� �&�"����
���� *�
 ! ��
�����
���������
��

*�������#*#�"

�&����� ! ��� ��
�� *����'���������_`�B�����$�"�(��h � � ��#�����}�

.EDB+�6G:<8L37:<NE2G3`+ :<9H9&T

* ! ���(�&���'Q ! 6d��R<-=NB)T&6LN&0C6

*�T&;=T&8(2?Y1W<[=[<\
�H:MJKNE2#�~-=T&JK8dYP_ JV8484-<T&64J

_B-=8L2#84@C:<U|:M.&UK0�8(i�JV2G@A3H0C8�:<640�6L0C�aT&JK6L0CIF2G-/.&T��10C6�9&:<@��<0 2G8�: 2�.1-<243y2G3&0dJK6�JKNH9&TH2G8�:MN&I
-=TH249&TH248�2G-�-zu=0C6L@C-=es0�2G3&0�8LUK-zi ef0def-=6(Dx8L910d0CI&8�-<>S97:M@��<0d2}�aT&0CTH0C8C���3HJK8�2G3H0C84JV8�I&0?:<UV8 i�JV243
2G3H0yI&0C8LJK;=N -<>�84@A3&0dI&T&UVJKN&;p:<UV;=-=64Jj2G3&es8�>g-=6 84TH@A3 �"-=e .HJKN&0dI���N&9&TH2f:<N&I ��TH249&TH2fh�T&0CTH0CI
, �"�(��h�O�8Li�Jj2G@A3&0d8C�

�7-=6�@C6L-=848L.7:<6#.7:<840dIw�"�(��h 8Li�Jj2G@A3&0d8CYPi"0kI&0Ces-=N&8(2G6G: 2G0�2G3&0'T&N&IH0C649S0C6(>g-=64ef:<N&@d0
-<>#@C-<efes0C6L@CJ|:MUKUVD T&840dI 8L@A3&0CI&THUKJKNH;o:MUK;=-=6LJV243&ef8�T&NHI&0C6/-zu=0d64UK-=:<Il2G64:��s@y@C-=N&IHJV2GJV-=N&8kT&84JVN&;
2A:M64;=0 2G0CI	��
��������
�����
��q:<NHI�9H640C8L0CNE2BJKI&0C:<8q24-�I&0du<0CUK-<9�6L-=.&T&8(2?Y���
�������������������
�����
�u<0C6L84JK-<N&8
-<>�243&0C8L0 :<UV;=-=64Jj2G3&es8 2G3&:M2{:M640`8(2GJVUKU�84JVef9HUK0F0CN&-<T&;=3 24-r.S0`JKes9&UV0Ces0CNE2G0dI JVN 3&JV;=3 8L910d0CI
8Li�Jj2G@A3&0d8C�

�-�640d;=T&U|: 2G0�2G3&0��7-zi -<>&246G:��s@"JVNx.&T�� 0d640CI Y=e T&Uj2GJ � 8L2G:<;=0�8Li�Jj2G@A3&0d8CY=i}0"JVNa2464-ZI&T&@d0
:xN&-zu<0CU es0C@A3&:<N&JK8Le @C:<UKUV0CIfI&JK8(2G64JV.&TH240CI{8L@A3&0CI&THUKJKNH;&� ! JK8(2G6LJK.&TH240CIf84@A3&0dI&T&UKJVN&;tJK8�84JVefJVU|:<6�24-



@C6L-=848L.7:<6�84@A3H0CI&T&UVJKN&;yTH840CIpJKN 8(i�JV24@A3&0C8�i�JV243w84ef:<UKU�91-<6L2�@d-=T&NE2G8dY�.HTH2�JK8�.S-<243�������
� ������
����

:<N&I��
	 ����� ������ ��� � ���#24- 0CN7:M.&UK0�3HJK;=3�� 849S0C0dIyJKes9&UK0def0dNa2G:M2GJV-=N&8�-<>�84@A3H0CI&T&UVJKN&;/:MUK;=-=6LJV243&ef8�JVN
3&JV;=3w@?:<97:M@CJV2�D<Y 3&JK;=3w9S0C6(>g-=64ef:<N&@d0t8Li�JV24@A3&0C8d�f��Nw2G3HJK8�2G3H0C84JV8CY i"0/@d-=ef9H640C3H0CN&8LJVu=0dUVDw8(2GT&IHD
:<N&IB0duM:<UVT7:M240�������
�� ����� 
 ��� ���
��������� � ����



)-/exD{97:<640dNE2G8



� �����������
	

�������������������� �"!#!$!#!$!$!#!%!$!#!$!#!$!$!#!$!#!$!%!#!$!$!#!$!#!$!$!#!$!%!#!$!#!$!$!�&'�����
�����������()��*,+'-.�/� !$!#!$!$!#!%!$!#!$!#!$!$!#!$!#!$!%!#!$!$!#!$!#!$!$!#!$!%!#!$!#!$!$! �10
243.576 � 89��� :'*<;�� 6 �.�=!$!$!#!%!$!#!$!#!$!$!#!$!#!$!%!#!$!$!#!$!#!$!$!#!$!%!#!$!#!$!$! 0'���
> ? 6 �@-.�7:�+ 3 �.�A� 6 !$!#!$!$!#!%!$!#!$!#!$!$!#!$!#!$!%!#!$!$!#!$!#!$!$!#!$!%!#!$!#!$!$! >

B � B �3&0k��@A3&0dI&T&UKJVN&;f+�6L-=.&UV0Ce �k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B
B � B � B *�N7:M24-=exD{-M>�:s�#-<TH2G0d6`�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B
B � B �^W ��TH249&TH2�h�T&0CTHJKN&; , ��h�O �k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B
B � B �DC �"-<e .&JKNH0CIF��N&9&TH2�:<NHI ��TH249&TH2�h�T&0CT&JVN&; , �"�(��h�O{�k�'���k�'�k�'�'� W

B � W �"�(��h �Zi�JV24@A3&0C8 �k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� C
B � W�� B �"6L-=848L.7:<6�.7:<8L0CI �"�(�'h �Zi�JV24@A3&0C8 �k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� C
B � W��^W �}T�� 0d640dIcYS_ T&Uj2GJ � 8L2G:<;=0'�"�(��h �Zi�Jj2G@A3&0d8 �k�'�k�'�'�k�'���k�'�k�'�'� \

B �EC �3&0C8LJK8���u=0d6LuZJK0 i	�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� F
B �ECH� B �a2G640d848��#0d84JV8L2A:MNa2��"6L-=848L.7:<6���@A3&0dI&T&UKJVN&;s*�UK;<-=64Jj2G3&es8"�'���k�'�k�'�'� F
B �ECH�^W ! JV8L2464JK.HTH2G0dIB��@A3&0CIHT&UKJVN&; �k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X
B �ECH�DC ��6L;E:<N&JHG?:M24JK-=N �k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X

I J � ���/�@� :K�L�1�@�M-.�N�.+'-.�POQ+R-@&,�TSU!#!$!$!#!$!#!$!%!#!$!$!#!$!#!$!$!#!$!%!#!$!#!$!$! V
W�� B �ZDZ8L240Ce _ -ZI&0CU :MN&I ! 0 57N&Jj2GJK-<N&8 �k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W

W�� B � B *�646LJVuM:<U �6G: �f@r�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W
W�� B �^W �a2A:<.&JVUKJj2�Dq��0C8LT&UV248 �k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X
W�� B �DC � -=6L8L2���:<840'��0C8LT&UV248p�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B [
W�� B � \ �"3&:<9H2G0d6���6L;E:<N&JHG?:M24JK-=Ns�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B [

W�� W h�T&0CT&JVN&;s+)-=UVJK@dJK0C8 ���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� BYB
W�� W�� B �)���)� h�T&0CT&0dJKN&; �'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� BYB
W�� W��^W ��JK6(2GT7:<U~��T�2G9&TH2�h�T&0dT&JKNH; �'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B W

JVu



W��EC �"6L-=848L.7:<6#.7:<8L0CIB8Li�JV24@A3&0C8 �k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B W
W��ECH� B �}JK97:<6(2GJj2G0���6G:<9H3`_ :M2G@A3&JVN&; �k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B W
W��ECH�^W _ : m�JKe T&e ��J Gd0k_`:M2G@A3HJKN&; �'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B C
W��ECH�DC _ : m�JKe T&e � 0dJK;=3E2�_`: 2G@A3&JVN&; �'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B \
W��ECH� \ �#0CT&6LJK8(2GJK@'_ :M2G@A3&JVN&;/*�UV;=-=64Jj2G3&es8 �k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B F
W��ECH� � �Z0C�aT&0CNE24J|:<U :<NHI � 240C6G: 2GJVu<0k_`:M2G@A3HJKN&;l�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B X
W��ECH�DF +):<6G:MUKUK0dUc:<NHI � 240C6G: 2GJVu<0k_`:M2G@A3HJKN&; �k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B W
W��ECH�^X ��640d0CIHDF_`:M2G@A3HJKN&; �k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B X
W��ECH�DW ��0C8L0C6(u<: 2GJK-<NF��0d@d24-=6 �'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W<[
W��ECH�DX �#:<N&IH-=efJHGC0dIy*�UK;<-=64Jj2G3&es8"i�JV243 _ 0Ces-=6LD �'�k�'�'�k�'���k�'�k�'�'� W<[
W��ECH� B [ ! 0 ���#:<N&I&-<efJHGC0CIy*�UK;=-<64JV243&es8}i�JV243 _ 0Ces-=6LD �'�'�k�'���k�'�k�'�'� W B
W��ECH� B B _ :M2G6LJjm ! 0d@C-=es9S-=84Jj2GJK-<N �k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W=W
W��ECH� B W �}JK6 �a3&-�� � u=-=NB
�0dT&ef:<N&NB84@A3&0dI&T&UK0d6 �'�'�k�'�k�'�'�k�'���k�'�k�'�'� W C
W��ECH� B C � -=6 �F�"-=N&8L0C6LuZJVN&;{�Z@A3&0CI&THUK0C6L8o�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� WM\
W��ECH� B \ �"-<ef9&UV0 m�JV2�Dy�"-=es97:<64JV84-=N �'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� WM\
W��ECH� B�� +�0C6(>g-=64ef:<N&@d0x�"-<ef97:M64JK8L-=Nl�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W �

W��b\ �}T�� 0d640dI _ T&Uj2GJ ��8L2G:<;=0��ai�JV2G@A3H0C8s�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W �
W�� � �~-E:MI �":<U|:<NH@C0CI`�Zi�Jj2G@A3&0d8l�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W F
W��EF �ZT&efef:<6(D �k�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W=X

� O � - � � � J � � �����@� 6 � O 3�� � :R+���� 6 * 2 ��*���- �A� � ;
� !$!$!#!$!#!$!$!#!$!%!#!$!#!$!$! ��I
CH� B ��NE2G64-ZI&T&@ 2GJV-=N �'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� CEW

CH� B � B ��es9&UV0Ces0CNE2A:M24JK-=Ny�"-=ef9HUK0 m�Jj2�D �'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� CEW
CH� B �^W �3H0C-=6(Dyu�8���JVe T&UK:M2GJV-=Nl�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� CEW
CH� B �DC ��N&:<I&esJK848LJK.&UV0��6G:��s@k�"-=N&I&Jj2GJV-=N&8 �k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� CYC
CH� B � \ �"3&:<9H2G0d6���T�2GUKJVN&0��'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� C<\

CH� W �ZJKe T&UK:M2GJVN&;/��u=0d64UV-E:<IF)64:��s@k�"-=N&I&Jj2GJK-<N&8 �'�'�k�'�k�'�'�k�'���k�'�k�'�'� C<\
CH� W�� B �3H64-=T&;<3&9&TH2�_ 0 2G64JV@C8 �'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� C<\
CH� W��^W _BJK848#�76G:M@d2GJV-=N �k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� CYF
CH� W��DC *�I&esJK848LJK.&UV0��6G:��s@'+ :M2L2G0d64N&8 �'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� CYF
CH� W�� \ �a2G640d848#)0d8L2����'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� CYW

CH�EC �"64-=8L84.7:M6��Z@A3&0CI&THUK0C6L8��'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \E[
CH�ECH� B +):<6G:MUKUK0dU � 240C6G: 2GJVu<0k_`:M2G@A3HJKN&; , +��(_ O �'�'�k�'�k�'�'�k�'���k�'�k�'�'� \E[
CH�ECH�^W � 240C64:M2GJju=0'�#-<T&N&IB�#-<.&JKN _`:M24@A3&JKNH;/i�Jj2G3`��UKJV9 , �(�H�~��+�O �k�'�k�'�'� \ B
CH�ECH�DC *�+���*���* ���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \aW

u



CH�ECH� \ �~-zi}0C8L2���@C@dT&97:<N&@ D ��TH2G9&T�2��)JK648(2�*�UV;=-=64Jj2G3&e , �)������*�OB�'�k�'�'� \aW
CH�b\ +)0d6L>g-=6Leq:<NH@C0'��u<:MUKT7:M24JK-=N �k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \TC

CH�b\&� B _BJK848�>g64:<@d24JK-=N{uZ8 ! 0CU|:?D �k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \TC
CH�b\&�^W ��:M6LDZJKN&;f��9S0C0dI&T&9`:<N&IB
�T&ex.10d6#-M> � 240C6G: 2GJK-<N&8k�'�'�k�'���k�'�k�'�'� \=\
CH�b\&�DC �a2G640d848#)0d8L2����'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \TW
CH�b\&� \ �"-<N&@CUVT&84JV-=N&8 �'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \TX

CH� � �Z2G6L0C8L8���0C8LJK8L2G:<NE2�*�UV;=-=64Jj2G3&es8 �'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \TX
CH�EF �~- i}0C8(2�� :?D=0d6���0CUV0C@d24JK-=N �'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� � [

CH�EFH� B �~-zi}0C8L2�� :?D=0C6���0dUK0d@d2GJV-=N �}��:MN&I&-=e , � �)� ����O �'�'�k�'���k�'�k�'�'� � W
CH�EFH�^W �~-zi}0C8L2�� :?D=0C6���0dUK0d@d2GJV-=N �"��UKJV9 , � ��� �(�&Os�k�'�k�'�'�k�'���k�'�k�'�'� � W
CH�EFH�DC +�0C6(>g-=64ef:<N&@d0k��uM:<UVT7:M2GJV-=N �'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� � C

CH� X ��8LJKN&;f��TH2G9HTH2 ��:<@��aUK-=;<8�JKNB��I&;=0 � 0dJK;=3E248 �'�'�k�'�k�'�'�k�'���k�'�k�'�'� � �

CH� X�� B _BJKN&JVe T&e � 0dJK;=3E2�_`:M24@A3&JKNH; , _ JKN � _`O �'�k�'�'�k�'���k�'�k�'�'� � F
CH� X��^W �Z3&-=6L240C8(2���TH249&TH2��~-=N&;=0d8L2#��N&9&T�2��)JK648(2 , �&���~����O	�k�'���k�'�k�'�'� � X

CH�EW *�9&9H64-?m�JKef:M2G0���������* , * ����������*�O �'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� � X
CH�EWH� B ��:<64I�i�:<6L0�JKes9&UK0def0dNa2G:M2GJV-=N{-<>)ef:M2G@A3&JVN&; �'�k�'�'�k�'���k�'�k�'�'� � X
CH�EWH�^W ��I&I ����u=0dN ��-=6(2GJVN&;y�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� F B
CH�EWH�DC ��NH9&TH2#910d64e T�2A:M24JK-=N �'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� FEW
CH�EWH� \ ��es9&UV0Ces0CNE2A:M24JK-=NqJK848LT&0C8 �k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� FEW
CH�EWH� � +�0C6(>g-=64ef:<N&@d0k��uM:<UVT7:M2GJV-=N �'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� FYC

� � ����� - �A��+'�@� : O 3�� � :R+���� 6 *�!#!$!#!$!$!#!$!#!$!%!#!$!$!#!$!#!$!$!#!$!%!#!$!#!$!$! ���

\&� B ��NE2G64-ZI&T&@ 2GJV-=N �'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� F �
\&� W ! JK8(2G64JV.&TH240CIB��@A3&0dI&T&UVJKN&; �'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� FYF

\&� W�� B _B0C@A37:<NHJK84e �'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� FYF
\&� W��^W �"-<N&8L246G:<JVNa248 �'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� FEX
\&� W��DC ! JV8L2464JK.HTH2G0dIB��@A3&0CIHT&UKJVN&;suZ8��"64-<8484.&:<6��Z@A3&0CI&THUKJKNH; �k�'���k�'�k�'�'� FYW

\&�EC � -<6 �y�"-<N&840d6LuZJKN&;{��@A3&0dI&T&UKJVN&;/*�UV;=-=64Jj2G3&es8 �'�'�k�'�k�'�'�k�'���k�'�k�'�'� FYW
\&�ECH� B +�6L-=.&UK0de ! 0 57N&JV24JK-=N �'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� FYW
\&�ECH�^W �aD�8(2G0de _ -�IH0CU'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� FYX
\&�ECH�DC _ : m�JKef:<Uc:<NHI ��64IH0C640dI �Z@A3&0CI&THUKJKNH;f*�UK;=-=6LJV243&ef8 �k�'���k�'�k�'�'� X<[

\&�b\ ��:M24@A3 �"6LJV2GJV@?:<Uc�"0CUVUK8�� JV648L2�*�UK;=-<64JV243&e �'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X B
\&�b\&� B ����h ��6LI&0C6LJKN&; �'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X B
\&�b\&�^W � mH:<es9&UK0r�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X B
\&�b\&�DC +�6L-�-<>��'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X C

uZJ



\&� � ��:M24@A3`�~0?:M8L2���@C@CTH9&JK0dI ��TH249&TH2�� JK6L8L2�*�UK;=-<64JV243&e �'�k�'�'�k�'���k�'�k�'�'� X �
\&� � � B ����h ��6LI&0C6LJKN&; �'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X �
\&� � �^W � mH:<es9&UK0r�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X F
\&� � �DC +�6L-�-<>��'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X F

\&�EF ��ef9HUK0Ces0CNE2G:M2GJV-=N{-<>�_`: m�JKef:<U Y7��64I&0d640dI ��@A3H0CI&T&UV0C6L8{�k�'�'�k�'���k�'�k�'�'� WEW
\&� X ! JK8(2G64JV.&TH240CIcY�� 2G0C64:M2GJju=0k��@A3&0dI&T&UV0C648/�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W<\
\&�EW ! JK8(2G64JV.&TH240CI ����������* , ! �"�)O��'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W �

\&�EWH� B � mH:<es9&UK0r�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� WYF
\&�EWH�^W +�0C6(>g-=64ef:<N&@d0'*�N7:<UjD�8LJK8 , �Z2G6L0C848#�0C8L2AO �'�k�'�k�'�'�k�'���k�'�k�'�'� WEX
\&�EWH�DC +�0C6(>g-=64ef:<@C0�*�N7:<UVDZ8LJK8 , �}T&648(2�DF)64:��s@zO �k�'�k�'�'�k�'���k�'�k�'�'� WYX
\&�EWH� \ �"-<Na240CNE2GJV-=N �S:M@d2G-<6��k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X B

\&�EX �3&0k��TH2G9&T�2��~0 u=0CUVJKN&;/*�UK;=-=6LJV243&e , ��� *�Oq�k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� XEW
\&�EXH� B � -=6 �F�"-=N&8L0C6LuM:M24JK-=N �'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� XYC
\&�EXH�^W ��es9&UV0Ces0CNE2GJVN&;s��� * �'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X �

\&� B [�� �(���~* �'�k�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� XEX
\&� B [H� B � mH:<es9&UK0r�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� XYW
\&� B [H� W ! JV8L2464JK.HTH2G0dIB���~* �k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� XYW
\&� B [H�EC +�0C6(>g-=64ef:<N&@d0'*�N7:<UjD�8LJK8��'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B [<[

\&� BYB +�6G:<@ 2GJK@C:<U �"-=NH84JKIH0C6G: 2GJK-<N&8 �k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B [ B
\&� B W �7TH2GT&6L0 � -<6 �`�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B [ C

� �#� 6R3 ��+�:R� 6 * J �/;���- 5 � !$!#!$!#!$!$!#!$!#!$!%!#!$!$!#!$!#!$!$!#!$!%!#!$!#!$!$! >�� �
J �M� �M-.� 6�3 � � !$!$!#!$!#!$!$!#!%!$!#!$!#!$!$!#!$!#!$!%!#!$!$!#!$!#!$!$!#!$!%!#!$!#!$!$! >����
� �1�@� !#!%!$!#!$!$!#!$!#!$!$!#!%!$!#!$!#!$!$!#!$!#!$!%!#!$!$!#!$!#!$!$!#!$!%!#!$!#!$!$! >,> �

u�JVJ



� � 	 � ��� � ��� ��� 	

W�� B �"-=es97:<64JV84-=Nr-<>�64T&N � 2GJVef0f@C-=es9&UV0 m�JV2�Dp-<>�uM:<64JV-=T&8 8L@A3&0CIHT&UKJVN&;w:<UK;<-=64Jj2G3&es8
>g-=6�@C6L-=848L.7:<6�.7:<8L0CI �"�(�'h 8Li�JV24@A3&0C8d�~�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W X

W�� W �"-=es97:<64JV84-=Nr-<>�64T&N � 2GJVef0f@C-=es9&UV0 m�JV2�Dp-<>�uM:<64JV-=T&8 8L@A3&0CIHT&UKJVN&;w:<UK;<-=64Jj2G3&es8
>g-=6�@C6L-=848L.7:<6�.7:<8L0CI �"�(�'h 8Li�JV24@A3&0C8 , @d-=NE2GJVNZTH0CIF>g64-=e  :<.HUK0kW�� B O � �k�'�'� C=[

W��EC ��T&eseq:M6LD -<>�9S0C6(>g-=64ef:<N&@d0t640C8LT&UV248�-<>}uM:<6LJK-=TH8�84@A3&0dI&T&UKJVN&; :<UK;=-<64JV243&es8�>g-=6
@C6L-=848L.7:<6�.7:<8L0CI �"�(��h 8(i�JV24@A3&0C8#T&N&I&0d6�u<:M64JK-<T&8�2G64:��s@'@d-=N&I&Jj2GJV-=N&8C�k�k�'�'� C B

\&� B 
�-<2G:M2GJV-=NyT&8L0CI`JVNyI&0C8L@C6LJK.&JVN&;f.&:M2G@A3B@C6LJV2GJV@?:<U1@C0dUKUK8�5&648L2�:<UV;=-=6LJV2G3He ���k�'�'� X B
\&� W 
�-<2G:M2GJV-=NqTH840CIyJVN{I&0d84@C6LJK.&JVN&;x243&0�.7:M24@A3yUK0C:<8L2"-�@d@CT&9&JV0CIy-=T�2G9&TH2}57648(2�:<UV;=-��

64Jj2G3&eB�	�k�'�k�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X F
\&�EC 
�-<2G:M2GJV-=NyT&8L0CI`JVNyI&0C8L@C6LJK.&JVN&;s243&0�-=TH249&TH2�UK0 u=0dUKJKNH;f:MUK;=-=6LJV243&e � �k�'�k�'�'� XYC

uZJKJVJ



� � 	 � ��� � ����� � � 	

B � B �#-<TH2G0d6�*�64@A3HJV2G0d@d24T&640��'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W
B � W �"64-=8L84.7:M6#.&:<840dI`8Li�Jj2G@A3c� �k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \
B �EC �"T��10C6L0CIB@C64-<8484.&:<6�8(i�JV24@A3 0dUK0Ces0CNE2C� �k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� �

B �b\ _ T&Uj2GJ � 8L2G:<;=0�8(i�JV2G@A3 � �'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� �

W�� B � �����	uZ8���JV6L2GT&:<U ��TH2G9HTH2�h�TH0CT&JVN&; �k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� BYB
W�� W �#0d9&640d840dNa2G:M2GJV-=Nl-<>"2G3&0s84@A3&0dI&T&UVJKN&; 9H64-=.&UV0Ce JVNl: �"�(��h 8Li�Jj2G@A3�:M8x:B.&J �

97:<6(2GJV240�;=64:<9&3 :<N&I :/@d-=646L0C8L91-=NHI&JKN&;/ef:M2G@A3HJKN&;&���k�'�k�'�'�k�'���k�'�k�'�'� B C
W��EC �"U|:<8L84Jj57@?:M24JK-=Nx-<>Pu<:M64JK-<T&8�3&0dT&64JV8L2GJV@�ef:M2G@A3&JVN&;�:<UV;=-=64Jj2G3&es8�T&840dIfJVNt84@A3&0dI&T&U �

JKN&;s�"�(��h 8(i�JV24@A3&0C8d� �k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B F
W��b\ �"-=NH57;<T&6G:M24JK-=N -<>�:
C m�Co@C64-<8484.&:<6{:<NHI 2G3&0`@C-=6L640C8L91-<N&I&JKNH;l910d64e T�2A:M24JK-=N

eq: 2G64J m1�~�k�'�k�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W=W
W�� � �3&0'�~-E:<I ��:<UK:<N&@C0dI 8(i�JV24@A3c� �'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� W F
CH� B � m&:Mef9&UV0�-<>)8L2G6L0C8L8#240C8L2�i�Jj2G3 Cs9&:<6L24JK@CJV97:M24JKN&; JVN&9&TH248�:<N&IB\/9&37:<8L0C8��k�'�'� CYW
CH� W h�T&0CT&0`UK0CNH;<2G3&8f-<>�uM:<6LJK-=T&8/����h�8y:<N&I esJK8L8s>g64:<@d24JK-=N%>g-=6{+��(_ T&NHI&0C6q:

8L24640C8L8~2G0C8(2~i�JV243#C�9&:<6L24JK@CJV97:M24JKN&;}JKN&9&T�2G8 :<N&I�\�9&3&:<840d8C� , 
�� B FHYz8L910d0CI&T&9�� B � � OPCYX
CH�EC *�u<0C6G:M;=0�IH0CU|:?DZ8�:<N&IsefJV848�>g64:<@d24JK-=N&8�>g-<6�u<:M64JK-<T&8�JV240C6G: 2GJK-<N&8�-<> +��(_pY�
	� B FHY

849S0C0dI&T&9
� B � [B�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \TC
CH�b\ *�u<0C6G:M;=0�I&0CUK:zDZ8 :<NHIkesJK8L8 >g6G:<@ 2GJV-=N&8 >g-=6cuM:<6LJK-=TH8cJV240C6G: 2GJK-<N&8c-<> �(�H�~��+)Y 
	� B FHY

849S0C0dI&T&9
� B � [B�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \ �
CH� � _ JK8L8�>g64:<@d24JK-=NH8�>g-=6~uM:<6LJK-=T&8�JV240C64:M2GJV-=N&8~-<>P+��(_ , 
�� B FHYM849S0C0dI&T&9
� B � [EO YMi�JV2G3

uM:<6LDZJKNH;sUV-E:<IcY�T&N&I&0d6�u<:M64JK-<T&8 ����� ��������������2G6G: �f@�97: 242G0d64N&8d� �'���k�'�k�'�'� \ �
CH�EF _ JK8L8s>g64:<@d24JK-=NH8/>g-<6suM:<6LJK-=T&8/Jj2G0C64:M2GJV-=N&8/-<> �j�H�~��+ , 
�� B FHY}849S0C0dI&T&9
� B � [EO Y

i�JV243FuM:<6(DZJKN&;/UK-=:<IcYHTHN&I&0C6�uM:<64JV-=T&8 ����� ��������������246G:��s@�97:M2L2G0C6LN&8C� �k�'�k�'�'� \TF
CH� X _ JK8L8q>g6G:M@d2GJV-=N&8s>g-=6fuM:<6LJK-=T&8fJV240C6G: 2GJK-<N&8f-M>'+��(_ , 
�� B FHY�UV-E:<I
� B � [EO i�JV2G3

uM:<6LDZJKNH;s8L910d0CI&TH9cYPT&N&I&0d6�uM:<6LJK-=TH8 ����� �������������}246G:��s@�97:M2L2G0d64N&8d� �k�'�k�'�'� \TF

Jjm



CH�EW _ JK8L8�>g6G:<@ 2GJV-=N&8�>g-<6�u<:M64JK-<T&8�Jj2G0C64:M2GJV-=N&8�-<> �j�H�~��+ , 
	� B FHYcUK-=:<I
� B � [EO YSi�JV2G3
uM:<6LDZJKNH;s8L910d0CI&TH9cYPT&N&I&0d6�uM:<6LJK-=TH8 ����� �������������}246G:��s@�97:M2L2G0d64N&8d� �k�'�k�'�'� \aX

CH�EX +)0d6L>g-=6Leq:<NH@C0/-<>�*�+���*���* , i�JV243�� � W<[EO�T&NHI&0C6�uM:<6LDZJKNH; UV-E:<I&8 , 
	� B FHY
849S0C0dI&T&9 � B � [EO Y&THN&I&0C6�uM:<64JV-=T&8 ����� ��������������2G64:��s@�97:M2L2G0C6LN&8 ���k�'�k�'�'� \aX

CH� B [ _ JK8L8 >g6G:<@ 2GJV-=N&8x>g-=6 +��(_pY �(�H�~��+ :<N&I%��������* T&N&IH0C6t8L24640d848/2G0C8(2ti�JV243 �

97:<6(2GJK@dJK97: 2GJKNH; JKN&9HTH2G8�:<NHI B W 9&3&:<840d8C� �'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� \TW
CH� BYB � mH9S-=N&0dNE2GJ|:MUKUVD ;=6G:<IH0CIr8L@?:<UV0fTH840CIrJKNo:<848LJK;=N&JVN&;B-=TH2G9HTH2G8�2G- U|:?D=0d648'.7:<840dI

-=Ny2G3&0dJK6��aT&0dT&0kUV0CN&;M2G3c� �'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� �/B
CH� B W _ JK8L8�>g6G:M@d2GJV-=N&8�>g-<6�uM:<64JV-=T&8�Jj2G0C64:M2GJV-=N&8�-<>}�����H� , 
	� B FHYcUK-=:<I
� B � [EO YSi�JV2G3

uM:<6LDZJKNH;s8L910d0CI&TH9cYPT&N&I&0d6�uM:<6LJK-=TH8 ����� �������������}246G:��s@�97:M2L2G0d64N&8d� �k�'�k�'�'� � C
CH� B C _ JK8L8�>g6G:<@ 2GJK-<N&8�>g-=6�u<:M64JK-<T&8�JV240C6G: 2GJK-<N&8�-<>�� ���&� , 
	� B FHY)UV-E:<I
� B � [EOnYci�JV2G3

uM:<6LDZJKNH;s8L910d0CI&TH9cYPT&N&I&0d6�uM:<6LJK-=TH8 ����� �������������}246G:��s@�97:M2L2G0d64N&8d� �k�'�k�'�'� � \
CH� B \�_ JK8L8�>g6G:M@d2GJV-=N&8#>g-=6�� ��� ����Y1����� ��� , T&8LJKN&; B FqU|:?D<0C648GO�:<N&Iw��������* T&N&I&0d6

8L24640C8L8#240C8(2#i�Jj2G3 � 97:<6L24JK@dJK97:M24JKN&;kJKN&9HTH2G8#:<N&I B W 9&37:M840C8d� �k�'���k�'�k�'�'� � \
CH� B � _ JK8L8{>g6G:<@ 2GJV-=N&8q>g-=6F� ��� ��� :<N&I�� ��� �(� , 84JKNH;=UK0 JV2G0d6G:M24JK-=N7O/i�JV243 u<:M6LDZJKN&;

U|:?D=0d648�T&N&IH0C6�8L24640C8L8�2G0C8(2�i�JV2G3 � 97:<6(2GJV@CJK9&:M2GJVN&;�JVN&9&TH248}:MN&I B W�9&37:<8L0C8 , �0C8(2
� O �'�'�k�'�k�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� � �

CH� B F _ JK8L8�>g6G:<@ 2GJV-=N&8 >g-=6�_ � _oYa_ JVN � _ :<N&Is�������Z*xY i�JV2G3tuM:<6(D�JVN&;�8L910d0CI&T&9 Y
T&N&I&0d6�2�i"-s8L24640C8L8�240C8L248C� �'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� � F

CH� B X _ JK8L8�>g6G:<@ 2GJK-<N&8�>g-=6#�&���~���"YS_ � _oYS_BJKN � _ :<N&I ���'���Z*xY&i�JV243yu<:M6LDZJKN&;
849S0C0dI&T&9cYPT&N&IH0C6�2�i"-f8L24640C8L8#240C8(2G8C� �'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� � X

CH� B W +�64JKNH@CJK9&:<U 37:M64IHi":<640'@C-<ef9S-=N&0dNa248#:<N&IF0 mH:<es9&UK0�-=9S0C64:M2GJV-=Ny-<>)* ���)������* � X
CH� B X _`:M24@A3`�~-=;=JV@o�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� F=[
CH� W<[ � m&:Mef9&UV0�I&0Ces-=N&8(2G64:M2GJVN&; 2G3&0�T&8L0k-M>)243&0�-�I&I ��0du<0CNB84-=6(2GJVN&;t2G0C@A3HN&JK�aT&0M���'� F B
CH� W B � m&:Mef9&UV0�843&-zi�JVN&;s243&0�910d64e T�2A:M24JK-=Ny-<>)JKNH9&TH2G8d�/�k�'�k�'�'�k�'���k�'�k�'�'� FEW
CH� W=W _ JK8L8�>g64:<@d24JK-=NH8�>g-<6�* ����������*�:<N&Iq�)������* T&NHI&0C6}8L2G6L0C8L8}2G0d8L2}i�JV2G3 � 9&:<6 �

2GJV@CJK9&:M2GJVN&; JKNH9&TH2G8�:MN&I B Wt9H37:<840d8C� �'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� F<\
\&� B �#-<TH2G0d6�i�JV2G3FI&JV8L2464JK.HTH2G0dI 8L@A3&0CI&THUKJKNH;&� ���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� FYF
\&� W � m&:Mef9&UV0�-=9S0C6G: 2GJK-<Ny-<>)243&0 �������%:<UK;=-<64JV243&eB� �k�'�k�'�'�k�'���k�'�k�'�'� X=W
\&�EC � m&:Mef9&UV0�-=9S0C6G: 2GJK-<Ny-<>)243&0 ���������Z*	:<UK;<-=64Jj2G3&eB� �'�k�'�'�k�'���k�'�k�'�'� X=X
\&�b\ +�640C@d0CI&0dN&@C0kUKJV8L2?� ���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X X
\&� � � m&:Mef9&UV0/-<>�:Fef: m�JKef:<U -=6LI&0C6L0CIo84@A3&0dI&T&UK0f@C-=NH8L2G6LT&@d240CIr>g6L-=e :F.&UK-Z@��aJKN&;

�7-zi�� �'�k�'�k�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� WEW
\&�EF � m&:Mef9&UV0�-=9S0C6G: 2GJK-<Ny-<>)243&0 ! ���r:MUK;=-=6LJV243&e � �'�k�'�k�'�'�k�'���k�'�k�'�'� WYF

m



\&� X � m&:Mef9&UV0�8L24640C8L8#240C8(2 , CtJKN&9&T�2G8CY � 9&3&:<840d8CYP849S0C0dI&T&9
� B � W=O�-=N �"�)������*k��� WEX
\&�EW _ JK8L8}>g64:<@d24JK-=N&8�>g-=6 ! ��� :<N&I �����'���Z* -=N{:kuM:<64JV0d2�D/-<>~8(2G6L0C848�240C8(2G8 , i�JV2G3

uM:<6LDZJKNH;sJVN&9&TH248�:<N&IB9&37:<8L0C8GO � �'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� WYW
\&�EX �#0d84T&Uj2G8c>g6L-=e :�84:<ef9HUK0�8LJKe T&UK:M2GJV-=N#-<> ! �"�sT&NHI&0C6~.&TH648L2�D�246G:��s@ , 849S0C0CIHT&9
� B � B Y

UK-E:MI
��[H�DX�YHes0?:<NFIHi}0CUVUc2GJKes0 � B [EO �f�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� WYX
\&� B [ +)0d6L>g-=6Leq:<NH@C0�-<> ! ���/T&N&I&0d6 .&T&648(2�D�2G64:��s@�97:M2L2G0C6LN&8ci�JV243�u<:M6LDZJKN&;�8L910d0CI&TH9&8

:<N&IF84TH.��L0C@ 2?YP2A:<6L;=0d2�IHi}0CUVUc2GJVef0d8C� �'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� WYX
\&� BYB �"-=NE2G0dNa24JK-=N >v:<@d24-=6�>g-=6#2G3&0k8G:<es9&UV0x.&T&6L8L2�DB2G64:��s@x2G0d8L2�-=N ! ���l843&-zi�NwJKN

� JK;H�H\&�EXH� �'�k�'�'�k���'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� X B
\&� B W ��ef9HUK0Ces0CNE24JKN&;#���~* TH84JKNH;�esJKN&JVe T&e ��@d-=8L2 .&UK-Z@��aJKN&; �7-zili�Jj2G3'@C-=NEu=0nm @d-=8L2

>gT&N&@ 2GJK-<Nc� ! J �10C6L0CN&@d0C8�>g64-=e 0?:<6LUKJV0C6�8L-=UKTH24JK-=Ny3HJK;=3&UVJK;=3E240CIyJKN � �,��: � �'�'� XYF
\&� B C � m&:Mef9&UV0�-=9S0C6G: 2GJK-<Ny-<>)243&0 � �(���~*	:<UK;=-<64JV243&e , i�JV243 � � B On� �k�'�k�'�'� XYX
\&� B \��H:<es9&UK0�8L2G6L0C8L8#240C8L2 , CtJVN&9&TH248CY � 9&37:<8L0C8GO�-=N ! ���~* i�JV243B8L910d0CI&TH9
� B �^W � B [<[
\&� B � _ JK8L8�>g6G:<@ 2GJK-<N&8�>g-=6 ! JK8(2G6LJK.&TH240CIB���~* :<N&IFT&N&I&0d6�: uM:<6LJK0d2�D{-<> 8(2G6L0C848�2G0d8L248

i�JV243FuM:<6(DZJKN&;/I&0dUV2A:�� �'�k�'�k�'�'�k�'�k�'���k�'�'�k�'�k�'�'�k�'���k�'�k�'�'� B [ B

m�J



� ��� � ��� ����� ��� �����
	

�-s243&0C8L0<YP�}-zi}0x:tI&0d.H2#97:<8(2#240CUVUKJKNH;&�
�)JK648(2?Y~exD :<IHuZJK8L-=6 ! 6C�/R<-<No�T&64NH0C6�>g-=6�:<UVU 3&JV8';<T&JKI7:MN&@C0/:<NHIwi�JV84I&-<e �t*�UK84-HY :<UKU

2G3H0'@d-=esefJj242G0d0�es0Ce .S0C6L8�>g-=6�2G3&0dJK6�8LT&9&9S-=6L2�:<N&IF>g0C0dI&.7:<@��P�
_FDy@C-=UVUK0C:<;=T&0d8�:M2�243&0�*�9&9HUKJK0dIF�#0d840C:<64@A3 � :<.1-<6G:M24-=6LD/>g-=6�:MUKU1243&0CJV6�3&0dUK9F:<N&IF@d-=e �

97:<NED<�
*�N&It57N7:<UVUVD<Y<exD'97:<6L0CNE2G8�:MN&I >v:<esJKUVD�>g-=6)243&0CJV6�JKNH5&N&JV240}97: 2GJK0dN&@C0�:<N&ItT&N&@d-=N&I&Jj2GJV-=N7:<U

UK-zu<0k:MN&IF84T&9&9S-=6(2?�

	�
��������������	��������
��� "!$#&%('*),+�%.-/%$#10�2435 "#1)768#9%;:$�#&%<)�=>+@?�#9 
A ?B'*?� C)EDGF�FH

mHJVJ



B

� � ��� ��� � �

� ��� � � � � � � � ���

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

$&%'$&%'$ (*),+.-0/21435/267+�89/2:;-=<?>
�3&0�ef:<JKNx>gTHN&@d24JK-=Nt-<> :�64-<TH2G0d6A@)JK8�24-�>g-=6Li":<64I/97:M@��<0d248�>g6L-=e Jj2G8�JVN&9&TH2�91-=6(2G8�24-'Jj2G8�-<TH2G9&T�2
9S-=6L248C��� JV;&� B � B 8L3&-zi�8�243&0�u<:M64JK-<T&8�@C-<ef9S-=N&0dNa248�-<>1:�6L-=TH240C6C� * 8Li�JV24@A3&JKNH;�>v:M.&64JV@�@C-=NHN&0C@ 2G8
2G3H0�JVN&9&TH2 8LJKI&0�+�-=6L2)+�64-Z@C0d84-=6L8 , +�+�8GO~24-�2G3&0�-=TH249&TH2�84JVI&0�+�+�8d� �3&0�9S-=6L2 9H64-Z@C0C8L84-=6L8)�aT&0dT&0
97:<@��M0d248t:<N&Ip910d6L>g-=6Le :<UKU 97:<@��<0 2 9&6L-�@d0C8L84JKNH; >gT&N&@ 2GJV-=N&8�UKJ �<0/97:<@��M0d2 @dU|:<8L84Jj57@?:M24JK-=N Y�6L-=TH240
UK-Z- �aT&9t:MN&I/97:<@��<0 2�84@A3&0dI&T&UVJKN&;&� �3&0�JKN&9HTH2�:<N&It-<TH2G9&T�2�2G64:<N&84esJK8L84JV-=N JKNE240C6L>v:M@C0C8 , ���� :MN&I
����(O}2G0d64esJKN7:M240�2G3H0�9&3ED�8LJK@C:<U~UKJVN �a8�:<N&IF9&6L- uZJVI&0�2G3&0�6L0C�aT&JV84JV240�@C-=NEu<0C648LJK-=NB:<NHIB0dN&@C-ZI&JVN&;
>gT&N&@ 2GJV-=N&8�>g-=6�2G64:<N&84esJV2L2GJVN&;CBM6L0C@C0dJVuZJKNH;�97:<@��<0 2G8}-=Nf243&0#2G:<64;<0d2�9&3EDZ84JK@C:<UPU|:?D=0d6C���3H0�@C-<Na2464-=U
9&6L-�@d0C848L-=6#JKes9&UK0def0dNa248"2G3H0'6L-=TH24JKN&;/:<NHI -<243&0C6�NH0d2�i}-=6 �Fef:<N7:<;=0def0dNE2�9&64-M2G-Z@C-=UV8C�

$&%'$&%ED FG:;-IH�:;-KJG:,<L:�MN),OQPRFSJST
��I&0C:<UKUjD=Y"i}0 i}-=T&UVI UKJ �<0 :<UKU�97:M@��<0d248yJKN 2G3&0 64-=T�2G0C6s2G-o.10 .&T��10C640dI -=N&UjD%:M2f243&0`-<TH2G9&T�2
9S-=6L248C����N 84T&@A3 :p64-=TH240C6 , @?:MUKUK0dI ��TH249&TH2Fh�T&0dT&0CI , ��h'O/64-=T�2G0C6GO Y�i�3&0dN 2�i"-r-=6qes-=640
97:<@��M0d248 I&0C8(2GJVN&0CIp2G- 243&0s8G:<es0f-<TH2G9&T�2 :<6L64Jju=0/84JVe T&UV2G:<N&0d-=T&84UjDw:M2'I&J � 0d640CNE2kJKN&9HTH2x9S-=6(2G8CY
2G3H0dDF:<6L0�JKesef0dI&J|:M240CUjDt2G6G:MN&8L>g0d64640dI 24-/243&0�-=TH249&TH2#�aT&0CT&0�2G-s:?u=-<JKIB:<NEDy97:<@��M0d2�UK-=8L8C���3&JV8
:<6L@A3&JV240C@d24T&640�N&-M2�-<N&UVDq84JKes9&UVJV570d8"2G3&0�I&0d84JV;=NF-<>)243&0�64-=T�2G0C6�.&T�2�:MUK84-

B ��_`: mHJVefJHGC0d8�2G3&0�2G3H64-=T&;<3&9&TH2#-<>�2G3&0�6L-=TH2G0d6C�
UEVXWZYR[\WL]\^_W.]\W'`\ab[.c\dfe�gihNcZjfkmlbnpoIqrgtspu&vAwRxzyRjAsp{|h}g~j�kml;sph}�r����w�]�WN`p�p^Rvfw_�|W'vA�_���|�|YRw_��W�[\[�WN���R�����}��]\����[��mW'�N���

� W�x��



W

IPP

OPPITI

ITI ITI

ITI

Control
Processor

Switch Fabric

IPP

OPP

. . .

. . .

� JV;=T&640 B � B Q}��-=TH240C6�*�64@A3&Jj2G0C@ 2GT&6L0

W��#��N7:<.HUK0C8)2G3&0�6L0?:<I�D T&8L0�-<>S97:<@��M0d2�84@A3H0CI&T&UVJKN&;�:MUK;=-=6LJV243&ef8�� FEX��Z>g-=6�9&6L-zu�JVI&JKNH;�h�T7:<UVJV2�D
-<>���0d6LuZJK@d0 , h�-a�&O";=T7:M6G:<NE2G0d0C8�2G-/JKNHI&JVuZJKIHT7:<U �&- i�8d�

�ZJKN&@d0}2G3H0C640}JK8)N&-��aT&0dT&JKN&;�:M2)243&0"JVN&9&TH248CY 2G3&0}-=TH2G9HTH2��aT&0dT&0C8�-<>7:<Nt��h 64-=T�2G0C6 i�JV243
� UVJKN&0#@?:<6LI&8�0C:<@A3y@C-=NHN&0C@ 2G0CIy24-t:xUKJVN&0#-=910d6G:M24JKN&;x:M2�:k6G:M240��$843&-<T&UKI{3&:zu<0�:x.7:<NHIHi�JKIH243
-<> , ��� B O
	�� , 24-q8LT&9&9S-=6L2 � i�6LJV240C8�>g-=6�0C:<@A3`6L0?:<I7O ����N�>g-=6L24T&N7:M240CUVD<YS:<UV243&-=T&;=3B64-<TH2G0d6
@?:M97:<@CJj2GJV0C8 , � 	���O�3&:zu<0�JVN&@C6L0?:<8L0CIq.EDs:<.S-=TH2"W�� W�2GJKes0C8�0 u=0d6LD B W'es-=NE2G3H8 , 84UVJK;=3E2GUjDx>v:<8(2G0d6
2G3&:<Nl_B-�-=6L0<]b8�U|:?i�O Y 64-<TH2G0d6'.HT�� 0d6 , ! ��*�_ O�849S0C0dI&8'37:?u=0s-=N&UVD JKN&@d640?:M840CIp.EDp:<.S-=TH2 B � B
2GJVef0d8"0 u=0C6(D B W es-=NE2G3&8 , 84UV-zi"0d6"2G37:MNB_ -�-<640<]b8�U|:?i�O� � X�� ���3&JV8�esJK84ef:M24@A3{eq:��<0C8�243&0�T&8L0
-<>)-=TH249&TH2#�aT&0CT&JVN&;sJKNH>g0C:<84JV.&UK0�JVNy84@C:<U|:<.HUK0�64-<TH2G0d648C�

$&%'$&%�� � /21���MN),<����C)�H�:;- + )�� F :;-=H�:;-KJ :,< :�MN),O P����0FKJST
�- -zu=0C6L@C-=es0�243&0�esJK8Leq:M24@A3f.S0d2�i}0C0dNy2G3&0�@?:<97:M@CJV24JK0d8"-<>~6L-=TH240C648":<N&Iq243&0�8L910d0CIy-<> es0Ces-��

64JV0C8dY�es-=8L2"8Li�Jj2G@A3&0d8��ZTH0CT&0�9&:<@��<0 2G8�:M2".1-<243{JKNH9&TH2�:MN&I{-=TH249&TH2"91-=6(2G8}-<>~2G3&0�8Li�Jj2G@A3c���3&JV8
�"-=e .HJKN&0dI ��N&9&TH2�:<N&Iw��TH249&TH2'h�T&0dT&JKNH; , �"�(��h�O#UV0d248�T&8�TH840 UV- i}0C6�849S0C0dI ef0def-=6LJK0d8�>g-<6
.&T��10C6LJKN&; 97:<@��M0d2G8d� � 3H0CNr2�i}- -=6'ef-<640/97:<@��M0d2G8 :M2xIHJ �10C640dNE2 JKNH9&TH2G8dY)@d-=NE2G0dN&Il2G- ;=-B24-
2G3H0�8G:<es0�-=T�2G9&TH2�84-=es0�-<>~243&0Ce :<640�2G0Ces9S-=6G:<6LJKUjD/3&0CUVI{JKNq243&0�JKNH9&TH2��aT&0dT&0C8�.S0d>g-=6L0�.S0CJKNH;
2G64:<N&8(>g0C646L0CIF2G-/2G3&0�-=T�2G9&TH248C�

�3H0t8Li�JV24@A3&JKNH;q>v:<.&6LJK@x-M>�:y�"�(��h 8(i�JV24@A3pJV8�Jj2G8L0CUV>�-<910d6G:M240CI :M2�:q849S0C0dI�� , @?:<UVUK0dI
�������������HO�2GJVef0d8�2G3H0tUKJKN��B64:M2G0�� �'�3H-=T&;=3cYc243&0t849S0C0dI&T&9p-<>}:F�"�(��h 8(i�JV2G@A3w@C:<Nw.10t:MNaD
uM:<UKTH0f.S0d2�i}0C0dN B :<N&I � Y�JVNo9H6G:<@ 2GJK@d0<Y)JV2'JK8'T&84T&:<UKUjDw: 8Leq:<UVU�@C-=NH8L2A:MNa2 , 2�DZ9&JV@?:<UVUVD=Y � W=O �
��0dN&@C0MY7: �"�(��h 8Li�Jj2G@A3{i�Jj2G3{:'849S0C0dI&T&9F-<>!�rN&0d0CI&8�es0Ces-=6LJK0C8�i�Jj2G3{:'.7:<N&I�i�JKIH243{-<> �LT&8(2



C
, B � ��O 	 � �)* 8Li�Jj2G@A3/i�JV243f:�8L910d0CI&T&9f-<> B 0�� 0d@d24JVu=0dUVD/�aT&0dT&0C8}:<UKU�97:<@��M0d2G8}-=N&UjDt:M2�JVN&9&TH248
:<N&IBJK8�@C:<UKUV0CIF:<NB��N&9&T�2�h�T&0dT&0CI , �(h�O"8Li�Jj2G@A3c�

� 3HJKUK0':f�"�(��h 8Li�JV24@A3`6L0C�aT&JK6L0C8#UK-zi}0C6#849S0C0CI`8Li�JV24@A3&JKNH;s>v:<.H64JK@d8#:<N&I`es0Ces-=6LJK0C8dY&JV2
:<UV84-'JKNE2G6L-�I&TH@C0C8":k8L@A3&0CI&THUKJKNH;x9&6L-=.&UK0de �)* I&0d@CJV84JK-<NfN&0d0CI&8}2G-x.S0#eq:<IH0�0 u=0C6(Df24JKes0�84UK-M2�24-
I&0 2G0C6LefJVN&0�i�3&JV@A3BJVN&9&TH248�:<640�:MUKUK-zi}0CIy2G- 246G:<NH8L>g0C6�@d0CUKUV8"2G-ti�3&JV@A3F-=TH2G9HTH2G8d���3H0'IH0C84JV;=NF-<>
84@A3H0CI&T&UVJKN&;{:<UK;=-<64JV243&es8�2G-{9S0C6(>g-=64e 2G3HJK8�>gT&N&@d24JK-=N`JK8�2G3&0'>g-�@dT&8�-<>�243&JK8#I&JV84840d6L2G:M2GJV-=Nc�#�3&0
-=.��L0d@d24JVu=0"JKNx243&0"I&0d84JV;=N -<>7243&0C8L0�84@A3&0dI&T&UK0d648�JV8�24-�:<9&9&6L-?mHJVeq: 2G0�2G3&0"243&64-<T&;=3&9&T�2�:<N&I IH0CU|:?D
9&6L-=910d6L24JK0C8�-M>�:t9&T&6L0'-<TH2G9&T�2��aT&0dT&0CI 8Li�Jj2G@A3c�

����� �����	� ��
 �� ��
���

$&%EDz%'$ � >I/���� �,+ > �,+��0<�� ���0FKJ ���GME-����,<��
�"-=esef0d64@dJ|:<US�"�(��h 8Li�Jj2G@A3&0d8"i�JV243q84ef:<UVU791-=6(2"@d-=T&NE2G8}-<> 2G0dN{T&8L0�:kNH-=N���.HUK-Z@��ZJVN&;'@C64-<8484.&:<6
:<8 243&0F8Li�JV24@A3&JKNH;w>v:M.&64JV@<�r*�N � 	 � @C64-<8484.&:<6/JK8t-=6L;E:<N&JHGC0CI :M8f:MN � 	 � eq:M2464J mo24-
@C-<N&N&0C@ 2sJKN&9&T�2t91-<6L2G8 24- -=TH249&TH2/9S-=6L248t:<8t843H- i�N%JKN �)JK;&� B � W��r* @d64-=8L84.7:<6/:MUKUK-zi�8 exT&U �
2GJV9&UK0/@d0CUKUV8'24-`97:M848xJVNr97:M6G:<UVUK0CU�24-`I&JV8L24JKN&@ 2k-<TH2G9&T�2G8C�B�3&-=TH;=3�: @d64-=8L84.7:M6x37:<8k�aT7:<I&64:M2GJV@
@C-<ef9&UV0 m�JV2�D ,��{, ��� O4OnY&JV2"@C-=NH@C0CNE246G:M240C8�2G3HJK8�@d-=ef9HUK0 m�Jj2�Dsi�Jj2G3&JVNy: 84JVN&;=UV0�@A3&JV9y-=6�: @A3&JV9&840 2
>g-=6/es-�I&0d6G:M240F84@?:MUK0B8Li�JV24@A3&0C8dY�640dI&T&@CJVN&;pJKes97:<@d2s-=N 2G3H0 8(D�8(2G0de @d-=8L2C� �3&0`8L@A3&0CIHT&UKJVN&;
9&6L-=.&UK0de JVN{@C6L-=848L.7:<6�.7:M840CI`�"�(��h	8(i�JV24@A3&0C8�JK8"640CIHT&@C0dIF24-t@C-=N�57;=T&6LJKN&; 243&0�N&-=N ��.&UV-�@��aJKNH;
@C6L-=848L.7:<6#T&84JVN&;f:s@d0CNE2G64:<UKJHGC0CI @C-=NE2464-=UVUK0C6�0 u=0d6LDF2GJVef0�8LUK-<2�2G-sI&0 2G0C6LefJVN&0�i�3&JK@A3 JKN&9HTH2G8#:<6L0
:<UVUK-zi"0dIy2G-t2G64:<N&84esJV2"2G-ti�3&JK@A3 -=TH249&TH2G8d�

�3H-=T&;=3y2G3H0�2G3&6L-=T&;=3&9HTH2#:<N&IFI&0dU|:?Dq9H64-=9S0C6(2GJK0d8�-<>):t84@A3&0dI&T&UV0C6�I&0 2G0C6LefJVN&0�Jj2G8�9S0C6 �
>g-=6Leq:<NH@C0<Y)JV2kJK8�2G3&0qJKes9&UK0def0dNa2G:M2GJV-=N 84JVef9HUKJK@dJV2�D i�3HJK@A3lJV8'243&0{9&6LJKef:<6LD >v:M@d2G-<6xJKNoI&0d240C6 �
esJKN&JVN&;yi�3&JK@A3o84@A3&0dI&T&UKJVN&; :MUK;=-=6LJV243&ef8�:<640sT&840dI�JKNp3&JK;<3o8L910d0CIl8(i�JV2G@A3H0C8C�B�7-=6'JKN&8(2A:<NH@C0<Y
JKN`:f8(i�JV2G@A3 i�Jj2G3 0 mZ2G0d64N7:<U)UKJVN �y6G:M240C8�-<> B [q��. B 8CYP2G3&0 8L@A3&0CIHT&UK0d6�37:<8�UK0C8L8�2437:<N \E[sN&8�24-
ef:��<0�:k84@A3H0CI&T&UVJKN&;xI&0C@dJK84JV-=Nc� � ����0dN&@C0MY�243&-=T&;=3{:kNaT&e .S0C6�-M>~84@A3&0dI&T&UVJKN&;t:MUK;=-=6LJV243&ef8�3&:zu<0
.S0C0CNw9&6L-=9S-=840dIr:<NHI 8L2GTHI&JK0dIpJVN 2G3&0tUVJV240C6G: 2GT&6L0 , 8L0C0s�"37:<9�2G0C6 W=OnYcu=0C6(D >g0di -<>�2G3H0Ce @C:<N
.S0'JVef9HUK0Ces0CNE240CIF:<N&IBT&8L0CIBJKNF9&6G:M@d2GJV@C0M�

� � ��� ��� � ����� ��
 ��� � ��� 
�����
�� 	 � � ������� ��� �	 � � 
 � � �!� � 
 � � �
	#"���� �����%$ 	 � � ��� ��� ��� � ���

��" ��� ����
�& 	'$ 
� �)( � �
	 � ��� 
�� 	 ��� ����� 	'$ 
���� � 	 
 � � � ��� � ����
��������+* ��� � � � � ��� � ����
 ������� ��� �	 �
� � 
 � � �-,.� � � �
� ��	 � 	 
 ����� � 
 ��� � � ���/"���� 
 	 
 ���
	 ����
�� � ������� ���/& �����10 ����� �" ��� ����
 ��� 	 � �/& �����
�
	 � ��� �� 
 	 
 ����� �������+2 ��
 � ��� �3& � � � � ��� ����� ������������� ��� �4 	 ��� ��� ��	 � � ��� $ 	 � � 
� �)( ���65 ��� ���+*
7)8 [�[�YRa���w_��v�az��wR��a2Y_a �Rv|�.9AWN] [\�;:NW=<�>@?�A2���|]�W'['�



\

IPP

IPP

IPP

O
PP

O
PP

O
PP

Controller

� JV;=T&640 B �^WZQ��"64-=8L84.7:<6#.7:<8L0CIB8Li�Jj2G@A3c�

� 
���� ��� ����� ��� � 	#� � 	 ��
 �
	 � � ��� ������ �/& � � ��� ��� �	 � � 
 � � � �����%$ 	 � � ��� � ��� ��� 
���� � � 
�� �)( �
�
	 � ��� 
� 	 ����$ ������� ����
��/& ��� �
	 � ��
�������� � � ������� ���� ��
 ������� � ��
 � 	 � 2 ���

$&%EDz%ED � :
	 <?>I<����� :��E-=M�� �C-=+ O&< ���0FSJ ��� Mp- ���,<��
��Nq@d64-=8L84.7:M6}.7:M840CIf8Li�Jj2G@A3&0d8CY&:MUKUH243&0�UVJKN&0�@C:<64IH8":<NHIf2G3H0�@d64-=8L84.7:<6L8}JVNs243&0#8Li�JV24@A3&JKNH;'>v:<.H64JK@
e T&8(2#.10'8LDZN&@A3&6L-=N&JHGC0CI 2G-/2G3&0�@C0dNE2G6G:MUKJ Gd0CIB84@A3&0dI&T&UV0C6C�"�3&0'>g6L0C�aT&0dN&@dD , 	 � ��� � � ������� 
 �����

\E[ ���@$ 	 � � �� � 
 �
� � � 
 ������� � 4�� � � ��2 �4Oc:<NHI�243&0�@C-=es9&UV0 m�JV2�D , �{, UK-=; � O � 
���� ��
�� 	 ���@$ 	 � �"����

��� � � ��� ��� �	 � � 
 � � �4O�-<>�2G3H0 84@A3&0dI&T&UVJKN&;y:MUK;=-=6LJV243&ef8dY7eq:��<0C8�JV2�JKNH>g0C:<84JV.&UK0�2G-fT&840t@d64-=8L84.7:<6L8
>g-=6�UK:<64;=0�8Li�JV24@A3&JKNH;f8(D�8(2G0def8d�

��N&0x:<9&9&6L-E:<@A3B2G-{:MUKUK0 uZJ|:M240�2G3&0k@C0CNE246G:<UVJ GC0dI`8L@A3&0CI&THUKJKNH;q9&6L-=.&UK0de JK8�2G3H0xJKNE2464-ZI&T&@��

2GJV-=Nr-M> �����������k:M2k2G3&0{@d64-=8L849S-=JKNE248 -<>#:`@d64-=8L84.7:<6d�w��T&@A3%:`8(i�JV24@A3&JKN&;`0CUK0def0dNE2 JK8k@?:<UVUK0dI
: ������������� ��� 	 ���������n� � JV243 2G3&0d840s.&T��10C648dY)@d0CUVUK8�:<6L0s8L0CNE2'>g64-=e JKN&9&T�2G8�JKNE2G-y243&0/@C64-<8484.&:<6
-=N&UjDyJV>�2G3H0'@d-=646L0C8L91-=NHI&JKN&;s@C6L-=848L91-<JKNE2�3&:<8�0Ces9H2�DF.&T��10C6L8C�"�3aT&8dYS243&0�JKN&;<640C8L8�8L@A3&0CIHT&UKJVN&;
9&6L-=.&UK0de JV8�640CIHT&@C0dIf2G-k:�84JVef9&UV0 �7-zi @d-=NE2G6L-=U7ef0d@A37:<N&JV84eB� * .7:M@��Z9H640C8L84T&6L0�84JV;=N7:<UHJK8�T&8L0CI
2G-FJVN&I&JK@C:M2G0tJj>�2G3&0sJKN&9HTH2�@?:<Nw>g-=6(i�:<6LIw@C0CUVUK8�24-B243&0/@C64-<84849S-=JVNa2C�f��N 243&0/0C;=6L0C848'84JVI&0<Y 2G3H0
-=TH249&TH248s8L@A3&0CIHT&UK0B@C0dUKUK8 >g6L-=e -<N&0F-<>�243&0 � @C64-<848 � 91-<JKNE2G8/I&0d8L2GJVN&0CI 2G- 243&0CeB�%��NH>g-=6(2GT��

N7:M240CUjD=Y72G3&0'I&JV84@C6L0d240kN7: 2GT&6L0k-<>�.&T��10C64JVN&;seq:��M0C8�2G3&JV8�:M64@A3&Jj2G0C@ 2GT&6L0kes0Ces-=6(DyJKNE2G0dN&84Jju=0M��*
B F�	 B Ft@d64-=8L84.7:<6#N&0d0CI&8�W � Ft.&T��10C6L8CY70C:<@A3 i�Jj2G3B:t8497:<@d0'>g-<6�:M2�UK0C:<8L2�: >g0di @C0CUVUK8d�

�3H0{.&T��10C6L0CI�@C6L-=848L.7:<6t:M64@A3&Jj2G0C@ 2GT&6L0{@?:MNl.10s>gT&6L243&0C6k84JVef9&UVJV570dIo.EDoT&84JVN&;`8L37:<6L0CI
es0Ces-=6LD�i�Jj2G3&JVN%243&0`@d64-=8L84.7:<6q:<8q8L3&-zi�N JKN � JK;H� B �DC����3H0 8Li�Jj2G@A3&JVN&;r0dUK0Ces0CNE2f37:<8q:<N



�

Store
Cell

Controller

MUX DMUX

Queue Manager

�)JK;=T&6L0 B �ECHQ��"T��10C6L0CIB@C64-<8484.&:<6�8Li�JV24@A3`0dUK0Ces0CNE2C�

� JV;=T&640 B � \&Q�_BT&UV24J ��8(2A:<;<0�8Li�Jj2G@A3c�

JKNE240C64N&:<U18L37:<6L0CIy.&T��10C6 , ����� ����
 	 ���4O�>g-=6}TH9{2G- :'>g0di 2G3&-<T&8G:<NHI{@C0dUKUK8�i�JV243q@CTH64640dNE2�2G0d@A3&N&-=U �
-=;<D<���3&0'@C0dUKUK8#:<6L0kexT&UV24JK9&UV0 m�0CIy>g64-<e 2G3&0'JKN&9HTH2G8#-<> 243&0'8Li�JV24@A3&JKNH;f0dUK0Ces0CNE2#2G-/>g640d0k8LUK-<248
JKNo2G3&0{@d0CUVU}8(2G-=6L0<�w�3&0C8L0y@C0dUKUK8x:<640f2G3&0dNl>g-=6Li":<64IH0CIl2G- 2G3&0{-<TH2G9&T�2G8/:<8t:MN&Iri�3&0dN 243&0dD
.S0C@C-<ef0 JVI&UK0M��* @C-<Na2464-=UVUK0d6�T&8L0C8�9S0C6�-=TH249&TH2��aT&0dT&0tJKN�>g-=64ef:M2GJV-=NF2G-y@C-<NH57;=T&6L0 2G3&0xJKN&9&T�2
84JVI&0�e T&Uj2GJK9HUK0 m�0d6�:<N&IF2G3H0'-<TH2G9&T�2�8LJKI&0�I&0de T&Uj2GJK9HUK0 m�0d6C�

�ZT&@A3f8(i�JV24@A3&JKN&;�0dUK0def0dNa248�@?:<Nt.S0�T&8L0CI/JKNte THUV2GJ ��8(2A:<;=0�8Li�Jj2G@A3&JVN&;�>v:<.&6LJK@d8 i�JV243tJKNE2G0d6
8L2G:<;=0 �7-zi	@C-=NE2464-=U~2G-f.&T&JVUKIBU|:<6L;=0�8Li�JV24@A3&JKNH;f8(D�8(2G0def8�:M8�8L3&-zi�N JKN`� JK;&� B � \H���3&0k8LJKes9&UK0
�7-zi @d-=NE2G6L-=U�ef0d@A37:<N&JV84e :<UK-=NH; i�JV2G3%: es-�I&0d8L2/8L910d0CI&T&9 @?:<N :<UVUK0duZJK:M2G0s2G3&0FN&0d0CI >g-=6/:
@C0dNE2G6G:MUKJ Gd0CIF84@A3H0CI&T&UV0C6�:<N&IBeq:MJKNE2A:<JVNq2G3H64-=T&;<3&9&TH2#0du<0CN T&N&I&0d6#240Ces91-=64:<6LDq-zu=0C6LUK-E:MI&8C�

� ��� �����%$ 	 � � ��� ��� 	'$ ��� �
� �� � 
 �
� � �� �& ��
�� � � � ��� � � �� ��� � ��� � ��
� � ��� �/& � � 
 ��� � �������
��� ��� 	'$ ��� ��
���� � ��� 	#"���� � 	 ��� ����� � ��� 
��� � � 
� �)( � �
	 � ��� 
� 	 ���+* � ����� � ��� ������ 	 ��
 � � 
 � 	 ��




F
	'$ � �� � 
 �
� ��� ��� � ��� ��� ��
 ��� � ��� 	#"���� � 	 ���#* 
 ��� �
��������� � � � 	 ��& ��� ������� � � 
 ��� �� � 
 �
� � ��
$ ��� � � � � ������� �
	 �� ����
���� � � 
 ������� � � ��
�
�� � � 
� �� 
 	 ��� ���
� 
 ��� 	#"���� � 	 ��� ��� 	 � 
 � ��
%* � ��
 ��� �
$ ��� � ��-� � 
 � 	 
 ����� 
�� �)( � ��� ���
��
 ��� 
 	 � 	 � ��	#"���� � 	 ��� ��� 	 � 
 � � 
 ��� � ����� ����� �� � ��
���� � ��
������

	'$ � � 
� �)( � � �#2 ������� �
� 	#"���� � 	 ��� � � � 	 � � ��� $ ����
 	'$ � � $ �+*�� � � �
� � 	 � 
 ��� � ����� �� ����� � � ��


������������� � $ 
 ����� � �& ��
�� � � ����� 
 	 ��� �
	���� ��
 ��� 	 �  � 
 	
�����%$ 	 � � ��� � ��� 
 ��� � 	 ��
 � � � ��� ��� ��
	'$ 
� �)( � �
	 � ��� 
� 	 �����

����� 	�
� �Z� � ���"�����7��� 


$&%��b%'$ �b-=>I<�� �G89<��=M'� -0+ )�- � >I/���� �,+ > � ���,<!� :��NMN),O�( �NO&/&> ME- ��1��
�"64-<8484.&:<6 8L@A3&0CI&THUKJKNH;�:<UV;=-=64Jj2G3&es8~:<6L0}@d-=esef-=NHUVD�0 uM:<UKT7: 2G0CIk:<@d@C-=6LI&JKN&;#2G-�2G3&0�97:<@��M0d2�IH0CU|:?D
T&N&IH0C6t6G:MN&I&-=e :<I&esJK8L84JK.HUK0t2G64:��s@qi�3&JK@A3�240CN&I&8 24- -=.&8L@CT&6L0y84JV;=N&JV5&@?:<NE2 IHJ �10C640dN&@C0d8 2G37: 2
:��10C@ 2{2G3&0 6L-=.&T&8(2GN&0d848F-<>'I&J � 0d640CNE2F:MUK;=-=6LJV243&ef8/i�3&0dN�0nm�91-=8L0CI 2G-�0nm�24640def0 @d-=N&I&Jj2GJK-<N&8C�
�"-=esef0d64@dJ|:<UVUVDwT&8L0CI @C6L-=848L.7:<6/84@A3&0dI&T&UVJKN&;p:<UV;=-=64Jj2G3&es8�>g-=6/�"�(��h 8(i�JV2G@A3H0C8/@?:<N 9S0C6(>g-=64e
9S-�-=6LUVD/T&NHI&0C6}0 mZ2G6L0Ces0�2G64:��s@�@C-<N&I&JV24JK-=NH8CYa>g640C�aT&0dNE2GUVDs>v:<JVUKJKNH;�24-x.S0�i}-=6 � � @C-=N&8L0C6(u�JVN&;&�}��N
2G3H0p-M2G3&0d6B3&:<N&IcY�243&0C6L0r:M640p:<UK;<-=64Jj2G3&es8fi�Jj2G3�9&64-zuM:<.&UjD ;=-Z-�I i}-=648(2 � @?:<8L0o9S0C6(>g-=64ef:<N&@d0
2G3&:M2qIH-rN&-<2fUK0dN&I 2G3&0def8L0CUVu<0C8{6L0?:<IHJKUVDr2G-p3&JK;=3 910d6L>g-=6Leq:MN&@C0FJKes9&UV0Ces0CNE2A:M24JK-=N � ��N%2G3&JV8
2G3H0C84JV8CY i}0y:<I�u=-Z@?:M240{0duM:<UVT7:M2GJVN&;B@C64-<8484.&:<6 84@A3H0CI&T&UVJKN&; :<UK;=-<64JV243&es8�T&84JVN&;`2A:M64;=0 2G0CI ��
��������


�����
��)i�3&JK@A3s840d0 � 24-'9H64-=.S0�2G3&0�9S0C6(>g-=64ef:<N&@d0�.1-<T&N&I7:<6LJK0d8�-<> @d-=es910 2GJKNH;�:<UV240C64N&:M2GJju=0C8�i�3H0CN
0 m�9S-=840dI`2G-/0nm�24640def0�2G64:��s@'@d-=N&I&Jj2GJV-=N&8C��*�9&9&64-<9&64JK:M2G0dUVD{IH0C84JV;=N&0dI`8L24640d848�2G0C8(2G8#@?:<N 640 u=0?:MU
�<0 D I&J � 0d640dN&@C0d8F:<ef-<N&;l:<UV;=-=6LJV2G3Hef8/:<NHI @?:<N 9H64-zuZJKI&0`243&0 JVN&84JV;=3E2qN&0d0CI&0dI 2G-l8L9&T&6{2G3H0
I&0 u=0CUV-=9&es0CNE2#-<>).10 242G0d6�84-=UVTH2GJV-=N&8C�

��N 2G3HJK8 2G3H0C84JV8CY�i"0FJKNE2464-ZI&T&@C0y243&0FT&840F-<>�8L24640C8L8s240C8(2GJKNH;w>g-<6t@C64-<8484.&:<6f8L@A3&0CIHT&UKJVN&;
i�3&JV@A3o@C:<No.S0/T&840dIp24-F0duM:<UKT&:M2G0 243&0/910d6L>g-=6Leq:<NH@C0/-<>�u<:M64JK-<T&8��aJKN&IH8'-M>"8L@A3&0CI&THUKJKNH;`:<UV;=-��

64Jj2G3&es8 , eq: mHJVeq:MU YEef: m�JKe T&e i}0CJV;=3E2G0dI :MN&Iqi}-=6 � ��@d-=N&8L0C6LuZJVN&;aO � � 0�9&640d840dNa2�6L0C8LT&UV248"2G37: 2
843H- i 2G3&:M2 ef: m�JKef:<U�84JHGC0{ef:M2G@A3HJKN&;`:<N&I�ef: m�JKe T&e i}0CJV;=3E2tef:M2G@A3&JVN&; :<UV;=-=6LJV2G3Hef8�N&0d0CI
U|:M64;=0 8L910d0CI&TH9&8kJVN -=64IH0C6�2G-F9S0C6(>g-=64e i"0dUKU�-=Nw8(2G640d848�2G0d8L2G8dY~i�3&JKUV0xi"-<6 � ��@d-=N&840d6LuZJKNH;`:<UV;=-��

64Jj2G3&es8xUVJ��M0y���'���Z* @?:<N I&0dUKJju=0C6x0 m�@C0dUKUK0dNE2/910d6L>g-=6Leq:<NH@C0<Y�0 u=0dN%>g-=6x849S0C0CIHT&9&8/UK0d848 2G3&:<N
B � � � � 0t9&6L0C8L0CNE2xJVI&0?:M8�2G-yI&0 u=0dUK-=9pJKes9&64-zu<0CI u=0d648LJK-=N&8�-<>�243&0C8L0f:MUK;=-=6LJV243&ef8dYSi�3HJK@A3 2A:��M0
-=TH249&TH2��aT&0CTH0�UV0CN&;<243&8�JKNE24-k:M@C@C-<T&NE2?YZeq:��aJVN&;�2G3&0de e T&@A3ses-=640�6L-=.&T&8(2 , 8L24640C8L8}6L0C8LJK8L2G:<NE2nOn�
� 0/:<UK8L-{9&640d840dNa2x:<Nw:<UV;=-=6LJV2G3He i�3&JK@A3w@CUV-=840dUVD`:<9&9&6L-?mHJVeq: 2G0C8�2G3&0t.S0C37:?uZJK-<6 , :<NHIp9S0C6(>g-=6 �
ef:<N&@C0?O�-<>���������*xY7.HTH2�i�3HJK@A3 :MI&efJj2G8�:/8L246G:<JV;=3E24>g-=6(i�:<6LIcY73&JV;=3 9S0C6(>g-=64ef:<N&@d0�37:<64I�i�:<6L0
JKes9&UV0Ces0CNE2A:M24JK-=N �



X
$&%��b%ED � M'� -0> M ��:;-0<�� � � �,<�� :��NM'),O
��Nf243&JK8�2G3H0C84JV8CYai"0�JKNE2G6L-�IHT&@C0 ������
�� ����� 
 ��� ���
��������� � ��#:<8}:kes0?:MN&8}-M>c640d;=T&UK:M2GJVN&;�2G3&0 �7-zi -<>
2G64:��s@�2G3&6L-=T&;=3'U|:M64;=0MYz3&JK;=3�9S0C6(>g-=64ef:<N&@d0�e T&Uj2GJ � 8L2G:<;=0 6L-=TH240C648~i�3&JV@A3kTH840�.&T��10C6L0CI'@C64-<8484.&:<6
8Li�Jj2G@A3&JVN&;p0CUK0def0dNE2G8C� �3&0Bef0d@A37:<N&JV84e JK8/.S-<2G3 :R����� - �A��+'�@� : :MN&I 3 ����- � ��� *�- ��� 6 � : 24-
0CN&:<.&UK0�3&JV;=3y849S0C0dI`JVef9&UV0Ces0CNE2A: 2GJK-<N&8"-<>�2G3H0k:MUK;=-=6LJV243&ef8d� ! JV8L2G6LJK.&T�2G0CIy8L@A3&0CIHT&UKJVN&;&Y7T&N&UVJ��M0
@C6L-=848L.7:<6}84@A3&0dI&T&UKJVN&;&Y�I&-�0d8"N&-M2"8L0C0 �/2G-k84@A3&0dI&T&UV0�2G3&0#2G64:<N&84esJK8L84JV-=Nf-M>~JKN&IHJVuZJKI&T&:<U797:<@��M0d2G8d�
��N&8(2G0?:MIcY�JV2s640d;=T&U|: 2G0C8/2G3H0 � ��
 ���f: 2fi�3&JV@A3 2G64:��s@`JV8s>g-=6(i�:M64I&0dI 2G3&6L-=T&;=3%2G3&0 8Li�Jj2G@A3&JVN&;
>v:<.&6LJK@�>g64-=e JVN&9&TH248�24-x-=T�2G9&TH248C���3&0d840�64:M2G0d8�:<6L0#243&0Ces840dUVu=0d8�I&0 2G0C6LefJVN&0CIq:<N&I{6L0?:<I �LT&8L240CI
:M2s9&6L0���IH0d2G0d64esJKN&0dI%24JKes0{9S0C64JV-�IH8sTH84JKNH;pIHJK8L2464JV.&TH2G0dI :MUK;=-=6LJV243&ef8'2G-pUK0 2t2G3&0Bef0d@A37:<N&JV84e
84@C:<UK0�2G-f8Li�Jj2G@A3&0d8�i�JV243`UK:<64;=0�@C:<97:<@dJV2GJV0C8d���3&JK8�:<UV84-sJKes9&UKJV0C8"2437:M2�I&JK8(2G64JV.&TH240CI`8L@A3&0CIHT&UKJVN&;
@?:MN -=NHUVDy:M9&9&64-?m�JKef:M240�2G3&0�9S0C6L>g-<64ef:<N&@C0�-M>�:t9&T&6L0�-=TH2G9HTH2#�ZTH0CT&0dI`8Li�Jj2G@A3c�

��N 243&JK8#2G3&0d84JK8�i}0t9&6L0C840dNE2':{@C-=es9&640d3&0CNH84JVu<0t8L24T&IHD :MN&I 0duM:<UVT7:M2GJV-=N`-M>}8L@A3&0CIHT&UKJVN&;
:<UV;=-=64Jj2G3&es8}>g-<6�.&T��10C640dIcYPe T&Uj2GJ � 8L2G:<;=0�8(i�JV24@A3&JKN&;/8(D�8(2G0def8#JKN&@dUKT&IHJKN&;&Q

B � � -=6 �q@C-=N&8L0C6(u�JVN&;s84@A3&0dI&T&UKJVN&;f:<UK;=-<64JV243&es8C�

W���� 240C6G: 2GJVu<0<Y&i}-=6 �q@C-=N&8L0C6(u�JVN&;&YPI&JV8L2G6LJK.&T�2G0CIF8L@A3&0CI&THUKJKNH;f:MUK;=-=6LJV243&ef8d�

CH����JVN&;=UV0�JV240C6G: 2GJK-<NcYHI&JV8L2464JK.HTH2G0dIB8L@A3&0CIHT&UKJVN&;q:MUK;=-=6LJV243&ef8d�
\&�#+�0C6L>g-<64ef:<N&@C0':<N&:<UVDZ84JV8�-<>)I&JK8(2G64JV.&TH240CIF84@A3&0dI&T&UVJKN&;f:<UK;<-=64Jj2G3&es8C�

$&%��b%�� F >IO2+ )�M�� +.-IM}/2)
�3&JV8�2G3H0C84JV8�JV8�-=6L;E:<N&JHGC0dI :<8#>g-=UKUV- i�8d���"37:<9H240C6�Ws9&640d840CNE248�:f84TH6Lu=0 D -<>�UKJV240C64:M2GT&6L0�640CUK:M2G0dI
2G-f2G3&0 9H64-=.&UV0Ce -<>�84@A3H0CI&T&UVJKN&;yJVNw�"�(��h 8(i�JV24@A3&0C8d�'��N 243&JK8�@A37:<9H240C6CY1i"0tJVI&0CNE2GJj> DB840du<0C64:<U
:<6L0?:<8y2G3&:M2B640C�aT&JV640w>gT&6L243&0C6F6L0C840C:<64@A3 :<N&I�ef-<24JVuM:M240`2G3&0w9&6L-=.&UV0Ces8Fi}0o:<I&I&6L0C848BJKN 2G3H0
84TH.&840d�ZTH0CNE2�@A37:M9H2G0d648C����Ns�"3&:<9H2G0d6CHY<i}0#JVNE2G64-ZI&T&@d0"2G3H0�JKI&0C:�-<> ��
�������� 
�����
�� ���:<N&It9H640C8L0CNE2
��
��������������������
�����
"8L@A3&0CI&THUKJKNH;w:<UK;=-<64JV243&es8�2437:M2/:M640{8LJKes9&UK0s2G- JVef9&UV0Ces0CNE2t:MN&I�37:?u=0y;=-Z-ZI
9S0C6L>g-<64ef:<N&@C0/T&NHI&0C6k:Fi�JVI&0/u<:M64JK0 2�D -<>}2G6G: �f@/@d-=N&I&Jj2GJK-<N&8C�s��N��"37:M9H2G0d6k\&Y i}0fJVNa2464-ZI&T&@d0
2G3H0 JKI&0C:o-<>�IHJK8L2464JV.&TH2G0dI 84@A3H0CI&T&UVJKN&;l>g-<6f.&T�� 0d640CI Y�e THUV2GJ ��8(2A:<;=0F8(i�JV2G@A3HJKN&;l8(DZ8L2G0def8F:MN&I
9&6L0C840dNE2t:y@C-=es9&6L0C3&0dN&84Jju=0q8(2GT&I�Dp:<N&Ip0duM:<UKT&:M2GJV-=N -<>"243&JK8�es0C@A37:MN&JK8Le �f�"-=N&@dUKT&8LJK-=NH8k:MN&I
>gTH24T&640�i}-=6 �y:M640�9&640d840dNa240CI JVN �"37:<9H240C6 � �



W

� � ��� ��� � �

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

� ��� ����� �Z��# 	 �������
 ��� �Q�� ��� � �|� � �
��N�2G3&JV8~@A37:<9H240C6dYMi}0�@d-=N&8LJKI&0d6��"�(�'h%@C0CUVU=.7:<8L0CI'8Li�Jj2G@A3&0d8�i�Jj2G3 � JKN&9HTH2 UKJVN&0C8~:MN&I � -<TH2G9&T�2
UKJVN&0C8dY~:<UVU -=9S0C64:M2GJVN&;F:M2�2G3H0t8G:<es0t@C0dUKU�64:M2G0�� � *�UK8L-&Y~UK0 2�2G3&0/JVNa240C6LN7:<U�8(i�JV2G@A3HJKN&;F6G: 2G0t.S0
� 	 ��Y}i�3&0C6L0�� I&0dN&-<2G0d8f243&0 8L910d0CI&TH9 -<>�243&0 8(i�JV24@A3c� �3ZTH8CY�2G3H0 JVNa240C6LN7:<U�8Li�Jj2G@A3&JVN&;
>v:<.&6LJK@f-=910d6G:M240C8�� 2GJVef0d8k>v:<8(2G0d6x2G37:MNr2G3&0y0nmZ2G0C6LN7:<U�JVN&9&TH2�BM-=TH249&TH2xUKJKN��Z8d� *�Uj2G3&-<T&;=3l2G3H0
JKNE240C64N&:<U 8(i�JV2G@A3F8L910d0CI&T&9F@C:<NcY&JVN{;=0CNH0C6G:MU YH.S0�-=.�2A:<JVN&0CIyJVN{840 u=0C64:<U~I&-=ef:<JVN&8 , 2GJKes0<YZ849&:<@C0MY
i":zu<0CUV0CN&;<243 0 2G@zOnY�i"0o:<8L84T&es0 2G37:M2F243&0l�"�(��h 8(i�JV24@A3 -=9S0C64:M2G0d8BJVN�243&0 2GJVef0 I&-<eq:<JVNc�
��Np84T&@A3o8Li�JV24@A3&0C8dY�24JKes0 JK8�8LUK-<2L2G0dIo:MN&Io8(DZN&@A3&64-<N&J Gd0CIl:MN&Io9&:<@��<0 2G8�>g64-=e IHJ �10C640dNE2�JKN&9&T�2
�aT&0CTH0C8�@?:<N .S0 es-zu=0CIw8LJKe T&Uj2A:<NH0C-=T&8LUVDy24-yI&J �10C6L0CNE2�-=TH249&TH2��aT&0dT&0C8�i�Jj2G3 2G3H0 @C-=NHI&JV24JK-=N&8
2G3&:M2

B ����N&9HTH2G8 BM-=TH249&TH2G8#@?:MN 6L0C@C0dJVu<0�B 246G:<N&8LefJj2#:M2�es-=8L2�-=NH0'@d0CUVU~JKNy0?:M@A3 2GJVef0�84UK-M2?�
W���*�NaD JKNH9&TH2�@C:<N 2G64:<N&8(>g0C6 , :<N&I :<NED`-=TH2G9HTH2�@C:<N 640d@C0CJju=0?O�:{eq: mHJVe T&e -<>�� @d0CUKUV8�JVN
0C:<@A3B24JKes0�84UV-<2?�

� 2tJV8x2G3&0 �L-<.�-<>�2G3&0y8L@A3&0CI&THUKJKNH;o:MUK;=-=6LJV243&e T&840dI JKNl2G3H0B�"�(�'h 8Li�Jj2G@A3 2G- 0nm&:MefJVN&0q2G3H0
@C-<Na240CNE2G8F-<>�243&0`uM:<6LJK-=T&8f97:<@��M0d2B�aT&0CT&0d8B:<N&I I&0 2G0C6LefJVN&0 i�3HJK@A3 JKNH9&TH2G8{:<640 :MUKUK-zi}0CI 24-
2G64:<N&8(>g0C6�@C0dUKUK8�24-t2G3&0dJK6�@C-<64640d849S-=N&I&JVN&;s-=TH2G9HTH2G8d�

Dz%'$&%'$ (K>I> M�� + ��� >I+�� �
�3&0s:<6L64JVuM:<U 2G64:��s@t2G-F:y8Li�Jj2G@A3&JVN&;y8LDZ8L240Ce @C:<Nw.10tuZJK0 i"0dIr:<8�:{8L0d2'-<>}:<6L64JVuM:<U)9&64-Z@C0d848L0C8
����� � ,�� O YSi�3&0C6L0 ����� � ,�� O#JK8�2G3H0xI&JV84@C6L0d240�� 24JKes0':<646LJVuM:<U 9&64-Z@C0d848�-M>�@C0dUKUK8�:M2�JKN&9HTH2���2G-{-<TH2G9&T�2
 ���3&0x840d2�-<>�:<UVU):M6464JjuM:<U 9&64-Z@C0d84840d8�:M2�uM:<6LJK-=TH8�JVN&9&TH248�JK8�2G-=;<0d2G3H0C6�8LJKes9&UVDF6L0d>g0d64640dI 2G-y:M8



X
2G3H0 ��� � �%" ��� � � 	�������� ��� 0 2�� ��� � .S0�2G3&0':?u=0d6G:<;<0x:<6L64Jju<:MUc6G:M240�-<>�@d0CUKUV8�:M2#JKN&9HTH2 ��I&0C8(2GJKNH0CI 24-
-=TH249&TH2  :MN&I UV0d2�� .S0�2G3&0�ef:M2G6LJjmq-<>�:MUKUc:?u<0C6G:M;=0x:M6464JjuM:<U 64:M2G0d8CY7J �b0<Y�� � ��� ��� � � �

���	� ��
 � � ���
 ��� � � ��� ���%" ��� � � 	�������� ��� � ����� 
 	 ��� � :�; ��� � ������� � $ � 	 � � � � 
 	 �
	 � 
 � � 
 ��� 	#"�������� ������� �������#* ����+*

� ��� � � ����� @
� ��� � � B , W�� B O

�  � � � �� ��� @
� ��� � � B , W��^W<O

��� � �+* 
 ��� ��� ���%" ��� � �
	�������������� ����� 
 	 ��� � 6 � :�; ��� � ������� �
���	� ��
 � � ���
���� � � ��� � �%" ��� � � 	�������� ��� � ����� 
 	 ��� + 6 �A� ��- ; * � $ ��� � 
 ��� ��� � �%" ���

� ��
 ����� ��� � ����� ��������� * 	 
 ������� ��� � 
 ��� 
�� �)( � ��� 6 � 6 � + 6 �A� ��- ;��
���	� ��
 � � ���
���� � � ��� � �%" ��� � � 	�������� ��� � ��� ����� � � � ������� � ����
 ��� � ��� ����
�� � ��� �/& �������


������� 
����! �"�H�"� :$# � $���� � ��� � �%" ��� � , ��	 
 � ��
 
 ��� � ��� ��� � � � 
���� � ����� 	 ������� � � � � � 
��10 ������� � � ���
����� � ����
 	'$ � ���
� 	 
 ����� ��� � ����� ��� ����
� � ��� �/& ������
�� ����� 
 �����

Dz%'$&%ED �b-=+ ��M �NME-m3 89<��=:��p- �
��JVu=0dN :<N :<I&esJK8L84JV.&UK0 246G:��s@p97:M24240C6LNcY�JKI&0C:<UKUjD=Y�i"0pi"-=THUKI UVJ��M0w24- 9&6L-zu=0o2437:M2 : ;<JVu=0dN
84@A3H0CI&T&UVJKN&;f:<UV;=-=64Jj2G3&e JV8 ���@������� T&N&I&0d6�2437:M2�246G:��s@<�

���	� ��
 � � ���
&%'� � ���
��������� � �� ��� �	 � � 
 � � ��� � ����� 
 	 ��� ��� 
 	 8 �M� 5 ���@���������1� S � $
$ 	 � �"�����&)(+* [-,/.0* [ ��� �
� 
 ����
 * � �21  UVJKe)354�687:9<;:3 , �21  O=*>.@?)A>(* � �������+*B;:3 , ��1  O
� ��� 	 
���� 
 ��� � � ������� 	'$ ����� � ��������� ��� ��
�� � � � 
 � $ 	 � 	 � 
 � ��
  ��
�
� � � � �

���	� ��
 � ���
�C�� � ���
��������� � �� ��� �	 � � 
 � � ����� ����� 
 	���� ��� 
 	 � �@-.� 6 *
� �@���������A� S � $
� �21  UVJKe)354�6ED , ;:3 , �21  OLO ���$F ��� 
����

� >�:<No:<UK;=-<64JV243&e @?:<Np.10/8L3&-zi�Nr2G-FUK0C:<Iw2G-���
�� 	 �� ��
���� � � � 
 & Y JV2�JV8'84:<JKI 24-`:<@A3HJK0du<0
B [=[HG 2G3&6L-=T&;=3H9&TH2�:MN&I :<UVU~@C0dUKUK8#:<6L0k;<T7:<6G:MNa240C0dI :f.S-=T&NHI&0CI IH0CU|:?D<��+)0d6L>g-=6Leq:<NH@C0x6L0C8LT&UV248
i�3&JV@A3t843&-zi uM:<6LJK-=TH8 84@A3H0CI&T&UVJKN&;�:MUK;=-=6LJV243&ef8~24-�.10�8(2A:<.HUK0�T&NHI&0C6 uM:<6LJK-=TH8 2G64:��s@�@C-=NHI&JV24JK-=N&8
:<6L0'8LJKes9&UVDf640 >g0C6L640CIF2G-s:<8���
���� � � � 
 & ������� � 
 � �



B [
Dz%'$&%�� � /&> � - � +�� < 89<��0:��E-��
��@A3&0dI&T&UVJKN&;y:MUK;=-=6LJV243&ef8�@C:<N&N&-<2�.10 8L3&-zi�N 2G-{.S0 ��
�������� @ , .ED IH0d57N&Jj2GJV-=NPO�T&N&I&0d6�JKN7:MI&efJV8 �
84JV.&UK0�2G64:��s@�97:M2L2G0d64N&8d� �"TH2�JVN7:<I&esJK8L84.&UV0#246G:��s@�97:M24240C6LN&8"2G3&:M2�-zu=0d64UV-E:<I{9S-=6L248"-<>~:x8Li�Jj2G@A3
:<6L0'@d-=esef-=NHUVDs0CN&@d-=T&NE2G0d640dI JKNF��+ N&0 2�i"-<6 �a8C�

�Z@A3&0CI&THUKJKNH;f:MUK;=-=6LJV243&ef8":<640�0 uM:<UKT7: 2G0CIyTHN&I&0C6�8LT&@A3 8 �,- ��� 3 ��� � 2G64:��s@�@C-=NHI&JV24JK-=N&8
.ED @d-=ef9&:<64JVN&;o243&0CJV6{910d6L>g-=6Leq:MN&@C0Bi�JV2G3 243&0 9S0C6(>g-=64ef:<N&@d0 -<>k:<N JKIH0?:<U#-=TH249&TH2y�aT&0dT&0CI
8Li�Jj2G@A3BT&N&I&0d6#243&0�8G:<es0�2G64:��s@�@C-=N&IHJV2GJV-=N&8d�

���	� ��
 � � ���
�� � ��� � ��� �� � 
 �
� ����� ����� 
 	 � � � �M&,� ��:'� 6 �.� 3 �����1S 
 	 ��� 	 ��
 � � 


������� ������ � 
 �
� *�� $ � � � ��� ��� ����
� � ��� � � � � 
��+* 
 ��� � ��������
�� ��� 
�� � � 	'$ �"����&������ �@$ � 	 � ��	 
 �
�� � 
 �
����� ��� ��� ����
�� � ��� �

�"-<N&840d�ZTH0CNE2GUjD=Y}:w�"�(�'h 8Li�Jj2G@A3�2G3&:M2 .S0C37:?u<0C8/JKI&0dNE2GJK@C:<UKUjD 2G- :MN%�'h 8(i�JV2G@A3 37:M8
0 mH:<@ 2GUjDl2G3&0y84:<es0BIH0CU|:?Dl:<N&I 2G3&6L-=T&;=3&9HTH2/9&64-<910d6L2GJV0C8tT&NHI&0C6s:<UVU"2G64:��s@y97:M24240C6LN&8C� �3&JV8
640d�aT&JK6L0Ces0CNE2t@?:MN%.S0{6L0CU|: mH0dIl2G- I&0d@C-=TH9&UK0q243&0yI&0 57N&JV24JK-=Nr-<>�2G3&0{JVI&0?:MU}2G3H64-=T&;<3&9&TH2/:MN&I
I&0dU|:?Dy9&6L-=910d6L24JK0C8d�

���	� ��
 � � ���
�� � �	� ���� �� � 
 �
� ��� � ����� 
 	 ��� 8 ��- 5 � 3 � 6 � �M-.&7� 6 * � $ * � � � ��%"����

	 ����� ��
�� �� �&������+* �"����& 	 ��
 � � 
 
 ����
 ��� � ����� � � ��� ������� $ 	 ��� 
 � � 
 ��� �& ��
 � � , ��
 " ����� 	 � � � � � ��


������� ��� 	 � 
 ��� 	 ��
 � ��
 ������� �10 
� ����� � � 
�� � ����� � 	 � � 
�� 	 � 
 �	 � �� � � ��2��
+�0C6(>g-=64ef:<N&@d0�640C8LT&UV248�i�3&JK@A3/8L3&-zi :��"�(��h 8(i�JV24@A3s24-�.10d37:?u=0�JKI&0dNE2GJK@C:<UKUjD�2G-�:<Ns��h

8Li�Jj2G@A3B-=6�843&-zi 2G37:M2#Jj2�JK8�i}-=6 � � @C-=N&8L0C6(u�JVN&;{:M640�640 >g0C6L640CIB2G-s:<8 � 	 ����
 � � � ����������� 
 � �

Dz%'$&%�
 � �,+ H;-0<?> F >IO2+ )�M�� +.-IM}/2)
�3&JV8t8L2GTHIHD�-<>#2G3&0yUVJV240C6G: 2GT&6L0q640dU|:M240CI�2G- 8L@A3&0CIHT&UKJVN&;p:<UK;=-<64JV243&es8'>g-=6s�"�(��h 8Li�JV24@A3&0C8/JV8
-=6L;E:<N&JHGC0CI`:<8�>g-=UVUK-zi�8C�#� JV648(2?YPi"0 8(2GT&I�D 243&0x�aT&0dT&JKN&;q91-=UVJK@dJK0C8#T&8L0CI JKN �"�(��h 8(i�JV24@A3&0C8�JVN
��0d@d2GJV-=N W�� W��}�"�(�'h	8Li�Jj2G@A3&JVN&;q:M64@A3&Jj2G0C@ 2GT&6L0C8#@?:<NF.S0�.&64-E:MI&UVDqI&JVuZJKIH0CIFJKNE2G-

B ���"6L-=848L.7:<6�.7:<8L0CI`8(i�JV24@A3&0C8d�
W���_ THUV2GJ ��8(2A:<;=0�8Li�JV24@A3&0C8d�

CH�#�~-E:<IF.7:MU|:<N&@d0CIB8Li�Jj2G@A3&0d8C�
� 0f8(2GT&IHD 243&0/640dU|:M240CIwi"-=6 � >g-=6�0?:<@A3o-<>�2G3&0d840{:M64@A3&Jj2G0C@ 2GT&6L0C8'JKN 2G3H0s>g-=UVUK-zi�JKNH;{840d@d2GJV-=N&8d�
*�es-=N&;y243&0C8L0<Y�@d64-=8L84.7:<6'.7:<8L0CIl�"�(�'h 8(i�JV24@A3&0C8k37:?u=0q.S0C0dNr8(2GT&I&JV0CIpJKNp;=640C:M2'I&0d2G:<JKU�:MN&I
U V ^_WNw� W [�v �Zv?[\�p^RW'x�Y_����w_�?vf���<|`\��]\^_a ��[�����[\w�� ] [ ]pvf�_��WA����W azW'vfwZ]�^_W [�� ��]��p^ WNaz�_�;<�����wR� ]\^_W�[\�p^RW'x�Y_����w_�vf���<|`\��]\^Ra ��[�� ��[�w�� ] [�]�vA�_��WZY_w x�WN`~]�^_WZ]\`pv����Z�Rvf]�]\W'`\w �mWN��w_���'<|wR[���x�W'`\W�x��



BYB

SCHEDULER

� v��������	��
LY_W'Y_��wR�
SCHEDULER

� ���� ��`�]�YRvf���LY_]\�_Y�]�
LY_WNY_��w_�
� JK;=TH640�W�� B Q�� ����� uZ8���JV6L24T7:<U ��TH249&TH2�h�T&0CT&JVN&;

i}0t8L2GTHIHD`243&0 640dUK0 u<:MNa2��ZTH0CT&JVN&;y91-<UKJK@dJK0d8CYS84@A3&0dI&T&UKJVN&;F:<UV;=-=64Jj2G3&es8#:<N&I 243&0CJV6�640dU|:M240CI 9S0C6 �
>g-=6Leq:<NH@C0w:<N&I @d-=ef9HUK0 m�Jj2�D es0?:<8LT&640d8BJVN���0C@ 2GJV-=N W��DC�� ��0C@ 2GJK-<N WZ� \ 9&6L0C840dNE2G8BN&-<2G0d8F-=N
e T&Uj2GJ ��8L2G:<;=0�8Li�Jj2G@A3&0d8 , i�JV243t0Ces9&37:<8LJK8�-<Nt.&T��10C640dI/e T&UV24J � 8L2A:M;=0}8(i�JV24@A3&0C8GO�:<N&Is��0d@d2GJV-=NsW�� �
9&6L0C840dNE2G8�2G3H0x640d@C0dNa24UVD JKNE2G6L-�IHT&@C0dI UK-E:MI`.7:<UK:<N&@d0CI 8(i�JV2G@A3H0C8C����Nw��0C@ 2GJV-=NwW��EFHYPi"0 8LT&eseq: �
64JHGC0�2G3&0d840�8(2GT&IHJK0C8":<N&I{6L0C8LT&UV248�:<N&IfJKI&0dNE2GJV> D/8L0du<0C6G:MUcT&N7:<NH8Li}0C640dIF�ZTH0C8L24JK-=NH8�:<N&I{:<640C:<8�>g-<6
>gT&6(2G3&0d6#6L0C8L0?:<6L@A3c�

� ��� �5��������� � � �����;�|� �

Dz%EDz%'$ � ��� F J :,< :,< MN),O
� 3&JVUK0'@C-=e .HJKN&0dI JKN&9HTH2�:<NHI -=TH2G9HTH2��aT&0dT&JKN&; , �"�(��h'O�JK8�:qef-<640x9H6G:<@ 2GJK@C:<U I&0C8LJK;=N i�3H0CN
@C-<ef97:M640CIk2G-�-=T�2G9&TH2��ZTH0CT&JVN&;&Y=Jj2 @C:<NtUK0C:<Ix2G-�91-Z-=6�910d6L>g-=6Leq:<NH@C0"-M>72G3&0�8(i�JV24@A3&JKN&;�8LDZ8L240CeB�

� 3&0dN 2G3&0kJKN&9&T�2��aT&0CTH0C8�JKN`:y�"�(��h 8Li�JV24@A3w:<640x� JK6L8L2���N � JV648L2���TH2 , � ������O#�aT&0CTH0C8 , :M8
843H- i�N JVN � JV;&�SW�� B , :=O4O YPJj2�JV8#i}0CUVU �aN&-zi�N 2G3&:M2�>g-<6�T&NHJV>g-=6LefUjD{I&JV8L2G6LJK.&T�2G0CI Y �"0d64N&-<T&UKUVJ~J �bJ �bI
:<6L64JVuM:<U#2G64:��s@<Y�243&0 ef: m�JKe T&e 2G3H64-=T&;<3&9&TH2 :<@A3&JV0du<0CI�.aD :<NED 84@A3&0dI&T&UVJKN&;%:<UV;=-=64Jj2G3&e JV8
UKJVefJj2G0dIx2G-kW���� W � � WHG -<>S2G3&0�UVJKN �k.7:<N&IHi�JVIH2G3 � C=[�� ���3&JV8�JV8�.10d@?:<TH840<Y�JKNs� �������aT&0dT&0C8dY
-=N&UjDF2G3&0x5&648L2�@d0CUVU)JVN 0?:<@A3w�aT&0dT&0tJK8�0dUKJV;=JK.&UV0�2G-y.S0x>g-=6(i�:<6LI&0CI YcUK0C:<I&JKNH;f2G-{243&0 N&-M2G-=6LJK-=T&8
5 � ��� � $�� � � � , ������Ok.&UV-�@��aJVN&;`9&6L-=.&UV0CeB� � >#: @C0dUKU}:M2x243&0{3&0C:<I�-<>�:<NlJVN&9&TH2x�ZTH0CT&0yJV8
.&UV-�@��M0CIcY):<UKU)@C0dUKUK8�.S0C3HJKN&IpJV2�JVN 2G3&0s�aT&0CT&0f:<6L0/:<UK8L-B9H640du<0CNE2G0dIr>g64-<e .10dJKN&;y246G:<N&8LefJj24240CIcY
0du<0CNBi�3&0CNB2G3&0�-=TH249&TH2#UKJVN �/2G3&0 DFN&0C0dI JV8�JKI&UV0<�

*�UK8L-&Ya� ����� �aT&0dT&JKNH;'@C:<N/37:?u=0�i}-=648L0�910d6L>g-=6Leq:<NH@C0�T&N&IH0C6�@C0d6L2G:<JKN 246G:��s@�97:M2L2G0d64N&8d�
�7-=6�0 mH:<es9&UV0<Y7JV> 840 u=0C64:<U�JKN&9&T�2�91-=6(2G8#0?:<@A3 640d@C0CJju=0k:s.HT&648(2�-<> @C0dUKUK8�IH0C8L24JKN&0dI 24-s243&0k84:<es0



B W
-=TH249&TH2CY):MUKU)243&0t@C0dUKUV8�2G37:M2�:<646LJVu=0tUK:M2G0d6�>g-=6�-<243&0C6�-<TH2G9&T�2G8�i�JKUVU .S0tI&0CUK:zD<0CIc�t� 2'37:M8�.10d0CN
843H- i�Nw2G3&:M2�84TH@A3p9S0C6LJK-ZI&JK@'2G64:��s@ 97:M2L2G0C6LN&8�@?:MNpef:��M0x2G3&0 243&64-<T&;=3&9&T�2�-<>�2G3&0t8(i�JV24@A3o:M8
84ef:<UVUc:<8�2G3H0�243&64-<T&;=3&9&T�2�-M>�:t84JVN&;=UV0�UKJKN��fUV0?:<I&JVN&; 2G- ��
���
�� 	 � ����& ��� 	��+2 � �� � CYF�� �

_ :<NEDx2G0d@A3&N&JV�ZTH0C8�37:?u<0�.10d0CN 8LT&;=;=0d8L2G0dIt2G-�-zu=0d64@d-=ef0"�����y.&UK-Z@��aJKN&;H����N&0�es0d243&-ZI
JK8�24-/@C-=N&8LJKI&0d6�2G3&0�576L8L2�� , � * B O"@C0dUKUV8�JKNB:/� ����� �aT&0CT&0�>g-=6�246G:<N&8LefJV848LJK-=NyI&TH64JKNH;s0C:<@A3
84@A3H0CI&T&UVJKN&;f@dDZ@CUV0 �bW C�� ��*�Uj2G3&-<T&;=3 243&0C8L0 :<UV;=-=6LJV2G3Hef8�@C:<N JVef9&6L-zu=0�2G3&0'2G3&6L-=T&;=3H9&TH2�-<>�2G3H0
8Li�Jj2G@A3cYM2G3&0 D :<6L0"8(2GJKUVUa840CNH84JV24JVu<0}2G-�2G6G: �f@":<646LJVuM:<UV8):MN&I 9S0C6L>g-<64e :<8 .&:<I&UVDk:<8 � ����� �ZTH0CT&JVN&;
T&N&IH0C6�.&T&6L8L2�Dy2G64:��s@<�

Dz%EDz%ED � M}>0-=:,+ � FG:;-=H�:;-*JG:,< :�M'),O
����� .&UV-�@��aJKNH;`@?:MN�.10f@C-=es9&UK0 2G0dUVDw0CUVJKesJKN7: 2G0CIp.EDo243&0qTH840{-<>�8L0C97:M6G:M240{�aT&0CT&0d8/:M2 0C:<@A3
JKNH9&TH2�>g-=6�0du=0d6LDf-=TH249&TH2 , :<8�843&-zi�NyJKNf� JV;&�ZW�� B , .POLO � F B � ���3&0d840��ZTH0CT&0d8�:<640#@?:<UVUK0dIs��JK6L24T7:<U
��TH2G9HTH2�h�T&0dT&0C8 , ���'h�8GO":<N&Iq243&0�����h	:M2}JKN&9&T�2 � >g-=6��aT&0CTHJKN&;t@d0CUKUV8}IH0C8L24JKN&0dI{2G- -<TH2G9&T�2
 JK8�6L0C9&6L0C840dNE2G0CIp.ED������ ��� � �'�3&0C8L0/����h�8�:<6L0 JKes9&UV0Ces0CNE2G0dI :<8�UKJVN �<0dI UKJV8L248CYc8L-{2G3&0 -<N&UVD
9S0C6'�ZTH0CT&0f- u<0C6L3&0?:<IrJK8�2G3&0f�aT&0CT&0d8C]�3&0?:MIl:<N&Ip2A:<JVU�91-<JKNE2G0d6C� � 0sN&-<2G0/2G3&:M2'I&0C8L9&JV240f2G3H0
JKNH@C640C:<840dIw@C-=es9&UK0nm�JV2�D :M2�243&0tJKNH9&TH2�.HT�� 0d6CYc243&0 es0Ces-=6LDB.7:<NHIHi�JKIH243 I&-Z0C8�N&-<2�JKN&@d640C:<840MQ
0?:M@A3 JVN&9&TH2#8L24JKUVU 640d@C0dJVu=0d8�:MN&IB246G:<NH84esJV2G8�:M2#ef-=8(2�-=N&0�@d0CUKU~9S0C6�JVN&9&TH2C�

� ��� ��� � �=�Z! 
 � ! 
 �L��� � 
 � �Z��
� �

� JV243o243&0qT&8L0{-<>�����h�8CY)2G3&0{8L@A3&0CIHT&UKJVN&;`9&6L-=.&UV0Ce >g-=6'@C64-<8484.&:<6 .7:<8L0CIl8(i�JV24@A3&0C8t@C:<Nl.S0
:<9&9H64-E:<@A3H0CI`JVN{2�i"-si�:?DZ8CQ

B �#:<8#: ���
	R��-@�.�1�@� *�-.��	 � ; �N� 3�� � 6 * 9H64-=.&UV0CeB�
W��#:<8#: ; �N� - �10 :'� 3 �,;�	 �,� �1�.�A� 6 9&6L-=.&UK0de �

��:<@A3 -<>�243&0C8L0w:<9&9&6L-E:<@A3&0d8{UK0C:<I&8f24-lI&JV8L2GJVN&@d2q84-=UVTH2GJV-=N&8f:<8{9&6L0C8L0CNE2G0dI�JVN 2G3H0`>g-=UKUV-zi�JKN&;
840d@d24JK-=N&8d�

Dz%��b%'$ � M'H,+ >0-=ME-0<� >I+ H �  +.-�� ��MN),O
�3&0�2A:M8 �x-M>S243&0�84@A3H0CI&T&UV0C6�JK8)2G-�I&0d240C6LefJVN&0"i�3&JV@A3sJVN&9&TH248�:<640�:MUKUK-zi}0CI 24-�2G6G:MN&84esJV2 @C0CUVUK8 24-
i�3&JV@A3`-=TH249&TH248�JVN`:/;=JVu<0CNF2GJVef0�8LUK-<2�i�JV243B243&0'@C-=N&IHJV2GJV-=Ny2G37: 2�NH-qJKNH9&TH2#-=6�-=TH249&TH2#840dN&I&8
-=6�640d@C0CJju=0d8"es-=640�2G37:MNq-=N&0#@C0dUKU � �3aT&8CY�i�JV2G3/2G3H0�T&8L0�-<>1���'h�8dY�2G3H0#2G:<8 �/-<>12G3&0�84@A3&0dI&T&UK0d6
JKNq:k@d64-=8L84.7:<6}.7:<8L0CIF�"�(��h 8Li�Jj2G@A3y@C:<Nq.S0�6L0CI&T&@d0CIq24-k57NHI&JKN&;x:kef:M2G@A3HJKN&;'-=N{:'.&JK9&:<6L24JV2G0



B C

���
�

���
�

���
�

���
�

��	
	



�
�

��


���
�

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

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

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

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

����������������������������������

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

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

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

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

N

1

2

33

2

1

N

INPUTS OUTPUTS

... ...

� v��������Rvf`\]\��]\W �.`pvf�_^

!!"
"

##$
$

%%&
&

''(
(

))*
*

++,
,

--.
.

//0
01�1�1�1�1�1�1�1�11�1�1�1�1�1�1�1�11�1�1�1�1�1�1�1�11�1�1�1�1�1�1�1�11�1�1�1�1�1�1�1�11�1�1�1�1�1�1�1�11�1�1�1�1�1�1�1�11�1�1�1�1�1�1�1�11�1�1�1�1�1�1�1�11�1�1�1�1�1�1�1�1

2�2�2�2�2�2�2�22�2�2�2�2�2�2�22�2�2�2�2�2�2�22�2�2�2�2�2�2�22�2�2�2�2�2�2�22�2�2�2�2�2�2�22�2�2�2�2�2�2�22�2�2�2�2�2�2�22�2�2�2�2�2�2�22�2�2�2�2�2�2�2

3�3�3�3�3�3�3�3�33�3�3�3�3�3�3�3�33�3�3�3�3�3�3�3�33�3�3�3�3�3�3�3�33�3�3�3�3�3�3�3�33�3�3�3�3�3�3�3�33�3�3�3�3�3�3�3�33�3�3�3�3�3�3�3�33�3�3�3�3�3�3�3�33�3�3�3�3�3�3�3�3

4�4�4�4�4�4�4�44�4�4�4�4�4�4�44�4�4�4�4�4�4�44�4�4�4�4�4�4�44�4�4�4�4�4�4�44�4�4�4�4�4�4�44�4�4�4�4�4�4�44�4�4�4�4�4�4�44�4�4�4�4�4�4�44�4�4�4�4�4�4�4

N

1

2

33

2

1

N

INPUTS OUTPUTS

... ...

� ���65 vf]��p^_��w_�
� JV;=T&640#WZ�^W�Q)��0C9&6L0C840dNE2A:M24JK-=Ns-<>S2G3&0�84@A3H0CI&T&UVJKN&;'9&6L-=.&UK0de JVNf:'�"�(��h 8(i�JV2G@A3f:<8�:�.&JK9&:<6L24JV2G0
;=64:<9&3B:<N&I :t@C-=6L640C8L91-<N&I&JKNH;fef:M2G@A3HJKN&;&�

;=64:<9&3 � FEW���i�3&-=8L0fu<0C6L24JK@d0C8t:<6L0f243&0qJVN&9&TH248x:<NHIr2G3&0f-=TH249&TH2G8dY�:<N&Il:<Nr0dI&;=0q.S0d2�i}0C0dN%:<N
JKNH9&TH2/:<NHI :<N�-=TH249&TH2/I&0dN&-<2G0d8 2G37: 2 2G3&0yJVN&9&TH2 37:<8/: @C0dUKU}�ZTH0CT&0dI%>g-=6'2G37: 2t-=TH249&TH2 � F � �
�3&JV8#ef:M24@A3&JKN&;tJV8�2G3&0dN TH840CIB2G-/@C-<NH57;=T&6L0'243&0�@C6L-=848L.7:<6C�

���	� ��
 � � ���
87�� � � � � ��� ���
��
���� *�- � 	 �:9 � ,<; 1�DxO �
	 ��� �
��
 � 
 ��� � ��
 	'$ "�����
� �����
= � � 
 ��� � ��
 	'$ ���� ��� � � � ��� �� � � � ��� � ����� 
 	 ��� � � ����� 
�� 
�� � $ 
 ��� � ��
 	'$ "���� 
� ����� = � ���

��� ����� 
�� 
� 	 � ��� � ��
 	 
 � 	 � ��
��-, 
 ��� �
	 � ������� 	 � ��� �� � � � ��
 � ��� � 	 � 
 � � 
 � � � 
 ��� ���
��������� � ��
� � 	������ � 0 ��� �
� 
 ����
 �"�����&����� � � � � ��� � 	 � � ��� � � � � ���
� � ��
 � � ;��N� 3�� � 6 *?> 	 � �

�� � � � ��� � ��� ��� ��
 	'$ 
 ��� ���� ��� � ��� �
� 
 ����
�� 	 
�� 	 ���� ��� � � � ���3"�� � �
	 � � 	 � "���� 
���� �
�)JK;&�PWZ�^W 843H- i�8�:<NF0 mH:<es9&UV0�-<>�:/.&JV97:<6L24JV240�;=6G:M9&3B:<N&I :/ef:M24@A3&JKN&;t-<NB243&JK8�;=64:<9&3c�

! J �10C6L0CNE2}84-=UVTH2GJV-=N&8�2G-'2G3&0�.&JK97:M6L2GJj2G0�;=64:<9&3feq:M24@A3&JKNH;k9&6L-=.&UV0Ce UK0C:<If24-xI&J � 0d640dNa2}84@A3H0CI&T&U �
JKNH;f:MUK;=-=6LJV243&ef8�>g-=6�243&0�@C-=6L640C8L91-<N&I&JKNH;{�"�(��h 8(i�JV2G@A3 �

Dz%��b%ED  +A@ MN1�:�1 �;M � <  +.-�����M'),O
*%I&0C8LJK6G:M.&UK0�84-=UVTH2GJV-=N�2G-#2G3&0�.&JK9&:<6L24JV2G0�;=64:<9&3keq:M24@A3&JKNH;�9&6L-=.&UV0Ce i}-=T&UKIk.10�-=N&0�2G3&:M2)i}-=T&UVI
ef: m�JKesJ GC0�243&0"NaT&ex.10d6)-<>&0CI&;=0d8 8L0CUK0d@d240CI JVN :�ef:M24@A3&JKN&;H���3HJK8�:M9&9&64-=:<@A3x@C:<UKUV0CI'eq: m�JVe T&e
84JHGC0�eq:M24@A3&JKNH;k9&6L-zu�JVI&0C8�2G3&0�3&JK;<3&0C8(2�9S-=848LJK.&UV0 � ����
�����
���� �
	 � ��243&64-<T&;=3&9&T�2�JKNq:k;=Jju=0dNf2GJVef0
84UV-<2?� *$NZTHe .10d6�-<>�8L2G:<.&JVUKJV2�Ds6L0C84THUV2G8"37:?u=0�.10d0CNF9&6L0C840dNE2G0CI 640d;E:<64IHJKN&;x243&0�9S0C6L>g-<64ef:<N&@C0�-<>
ef: m�JKe T&e 84JHGC0�ef:M2G@A3&JVN&;t84@A3H0CI&T&UV0C6L8CQ

B ��N � \<\ � YZJj2�i":<8}IH0Ces-=N&8L246G:M240CI/T&8LJKN&;�84JVe T&UK:M2GJV-=N&8)2437:M2�2G3H0�eq: m�JVe T&e 84J Gd0�eq:M24@A3&JKNH;
:<UV;=-=6LJV2G3He JV8�8L2G:<.&UK0�>g-=6 � ��� $ 	 � � ������� ��2G6G: �f@':<6L64Jju<:MUK8}>g-<6#TH9F24-q:tUV-E:<Iy-<> B [=[�G{�



B \
B �"T�2?Y<JVN � \TF � YM243&0�:<T�2G3&-=6L8 9&6L-zu=0 , T&84JVN&;�@d-=T&NE2G0d6 0 mH:<es9&UV0C8)>g-<6 ��� CEO~2G37:M2)0du<0CNtT&N �

I&0d6 �"0C6LN&-=T&UVUKJ1:<I&esJK8L84JK.HUK0�2G6G: �f@MY&ef: m�JKe T&e 8LJ GC0�eq:M24@A3&JKNH; @?:<NFUV0?:<Iq24-tJKN&8(2A:<.HJKUKJj2�D
:<NHI T&N�>v:<JK6LN&0C8L8CY70C8L910d@CJK:<UKUjD=YHTHN&I&0C6#N&-=N ��T&N&Jj>g-=64e 2G64:��s@�97:M24240C6LN&8C�
�3&JV8�640C8LT&UV2�i":<8#0 mZ2G0dN&I&0dI 2G-s:<UVUc8Li�Jj2G@A3B84JHGC0C8 , ��� W=O"JVN�� CYC�� �

B *�UK84-HY<T&N&IH0C6�JKN&:<I&esJK848LJK.&UV0�2G64:��s@�97:M2L2G0C6LN&8CY=243&0�ef: m�JKe THe$84J Gd0�ef:M2G@A3&JVN&;�:MUK;=-=6LJV243&e
@C:<N UV0?:<Iy24- ��
�����" ��
�� 	 � � \TF � �

B �#- i}0du<0C6dY�2G3H0��~-=N&;<0C8L2}+�-=6L2}� JV648L2 , � +���O�:MUK;=-=6LJV243&e 9H640C8L0CNE2G0dI{JKN � \TW �P8L3&-zi"0dIq2G37: 2
:�� ����� $ � � �/& �
� 	 � ���peq: mHJVe T&e 84JHGC0Feq: 2G@A3&JVN&;w:<UK;<-=64Jj2G3&e @?:MN .S0F9&64-zuM:<.&UjDl8L2G:<.&UV0
T&NHI&0C6 �"0d64N&-=THUKUKJc:<I&esJK848LJK.&UV0�246G:��s@�>g-=6�T&9F2G-s:tUK-E:MIB-M> B [<[�G{�
�3H0#ef: m�JKexT&e 8LJ Gd0�eq:M24@A3&JKNH;�@?:<Ns.10�>g-<T&N&I/.ED 2G64:<N&8L>g-<64esJKN&;�243&0�.&JK9&:<6L24JV2G0};=6G:M9&3

JKNE24-t: � ��
�� 	 �+2�� 	#� , i�JV243{T&N&Jj2"0dI&;=0�@C:<97:<@dJV24JK0C8GO}:<NHIq57N&I&JVN&;x243&0 � � � � � � ��� 	#� JKNs2G3&JV8
N&0 2�i"-=6 � � FEW�� � �"TH2f2G3&0d840 2G0d@A3&N&JV�ZTH0C8B:<640 N&-<2y8LT&JV2G:<.&UV0B>g-=6fJKes9&UK0def0dNE2A:M24JK-=N%JKN �"�(��h
8Li�Jj2G@A3&0d8 .S0C@?:MT&840oJV2B2A:��M0C8 24-�- UK-=NH;%24- 57N&I : ef: m�JKe THe 84JHGC0ref:M24@A3&JKN&;H� �3&0r.S0C8(2
�aN&-zi�N :<UV;=-=64Jj2G3&e 37:<8f:o@d-=ef9HUK0 m�Jj2�D�-<> �q, ���� O Y"i�3&0d640 � JK8t243&0`NaT&e .S0C6s-<>�91-=6(2G8s-<>
2G3H0'8(i�JV24@A3 �bW=W�� �

Dz%��b%��  +A@ MN1�:�1 � < MNO ��-  +.- ����MN),O
�3&0feq: m�JVe T&e 8LJ Gd0fef:M2G@A3HJKN&;B:<UV;=-=64Jj2G3&e eq:��<0C8'84@A3H0CI&T&UVJKN&; I&0C@dJK8LJK-=N&8�2G3&:M2'I&0C9S0CN&Ir-=N
i�3&0 2G3&0d6}: ����� ��� � JK8 0Ces9H2�D -=6 N&-<2?����JKN&@d0"2G3H0�84@A3&0dI&T&UK0d6�I&-�0d8�N&-<2�ef:��M0�T&840�-<>P243&0�640dU|:M24JVu=0
.7:<@��aUV-=;=8�-<>�I&J � 0d640CNE2��aT&0dT&0C8dYSJj2�@?:MN&N&-<2#:<I �LT&8L2�Jj2G8�I&0d@CJV84JK-<N&8�2G- >v:?u=-<6����'h�8�i�JV243yU|:<6L;=0C6
.7:<@��aUV-=;=8C���3HJK8t@?:MN @C:<T&840FJj2t2G-weq:��<0y9S-�-=6xI&0C@dJK84JV-=N&8ti�3&0dN 0nmH9S-=8L0CI 24-wN&-=N�� T&N&JV>g-<64e
2G64:��s@<��* ef: m�JKexT&e i}0CJK;<3a2qeq: 2G@A3&JVN&; , _ � _ Of:MUK;=-=6LJV243&e @C:<N .S0`0Ces9&UV- D<0CI 24-rT&8L0
;=6L0?:M240C6�JKNH>g-<64ef:M2GJV-=N{:<.S-=TH2�243&0 ��
 ��
���-M>)243&0�u<:M64JK-<T&8�����h�8�JVNF5&N&I&JKNH;f:tef:M2G@A3HJKN&;&�

���	� ��
 � � ���
	��� � � ���  � 
�
� ��
 ��� � ��� � ����� �� ��� 
 	�� ���
� ���� ��� � , ��1  O � ���
	'$�
 ��� � � ����� 
� 
 � �� � � ��� � � ��������� ��� �	 ��� 
 � � F � � � � � ��
 �
� � �� > � � � �
� � � � � � ��� ���


 ��� ��� � 	'$ 
 ��� � ���  � 
 � 	'$ ��� � 
 ��� ���� ��� � � > ����� � ��� 	 
 � 
 ��� � ���  � 
 	'$ 
 ��� � ��
 �
� � ��
� &�� , � O+*�����+*!� , � O �#" �%$'& 
���

! J � 0d640dNa2�ef: m�JKexT&e i"0dJK;=3E2�ef:M2G@A3&JVN&;/:<UV;=-=64Jj2G3&es8�@?:<NF.S0�-=.H2A:MJKN&0dIy.aD{T&84JVN&;tI&JV> �
>g0C6L0CNE2�i"0dJK;=3E248C�

B � � � 6 *�� ���)(�+R� +'� ()�A- � �  �(�( #
��h��o9&6L0C8L0CNE2G0dI JVN�� \TF �1T&840d8"2G3&0�.7:<@��aUK-=;x-<> ��� � ��� � , I&0dN&-<2G0dI{.ED+* ��� � O�:<8}243&0�i}0CJV;=3E2



B �
, 
 ��� � O"-<>)243&0�0CI&;<0 �	� , ��1  O"JKNy2G3H0'.HJK97:<6(2GJj2G0�;=64:<9&3c�


 ��� � � * ��� �
�3&0q��h�� ef: m�JKe T&e i"0dJK;=3E2keq: 2G@A3&JVN&;`:MUK;=-=6LJK3E2Ge 37:<8'.10d0CNl9H64-zu=0dNr2G-B.10s8L2G:<.&UV0
>g-=6#:<UVU :<I&esJK8L84JK.HUK0�J �bJ �bIB:<646LJVuM:<U~9&6L-�@d0C848L0C8d���#- i}0du<0C6dY 2G3&0x��h��%:<UV;=-=64Jj2G3&e @?:<N`UK0?:MI
24-s9S0C6Leq:MN&0CNE2#8L2G:<6LuM:M24JK-=Ny-<>)N&-=N ��0Ces9H2�D{����h�8#:<8�JKUVUKT&8(2G6G: 2G0CIyJVN�� \TF�� �

W�� � ��:'�/� � �#� ���L()�A- ���  � � ( #
�����"Y :<UK8L- 9&640d840CNE240CI JVN � \TF � Y�TH840C8t243&0{i�:MJV2GJVN&;`24JKes0q-<>�2G3H0y@C0CUVU�:M2t243&0{3&0C:<I -<>
����� ��� � , I&0dN&-<2G0dI`.ED�� ��� � O�:<8�2G3&0�i}0CJK;<3a2 , 
 ��� � O"-<>)243&0�0CI&;<0�� � , ��1  O �


 ��� � ��� ��� �
�3&0f����� eq: m�JVe T&e i"0dJK;=3E2'eq: 2G@A3&JVN&;B:<UK;=-<64JV243&e 37:<8�.S0C0CNo9&64-zu<0CNo24-F.10/8L2G:<.&UV0
>g-=6�:MUKU�:MI&efJV848LJK.&UV0 J �bJ �bIw:<646LJVuM:<U)9&64-Z@C0d84840d8C�q�"UK0C:<64UjD=YcT&NHUKJ��M0s�)h��"Y12G3&0d640/@?:<Nw.S0/N&-
JVN&I&0d5&N&JV240�8L2A:M6LuM:M2GJV-=Ny-<>�:<NED{����h�8�i�3&0dN`T&8LJKN&;t243&0k�'��� :<UV;=-=6LJV2G3He �

CH� >�� > ��� , * ��� � O
�3&0F:MTH2G3&-<648tJKN � CEW��"@C-=N �L0C@d24T&640dI 2437:M2tJj> 
 ��� � � * ��� � @?:MN%UV0?:<Il24- 8L2G:<.&JKUVJV2�Dw2G3H0CN

 ��� � � � , * ��� � O�i�JKUVU :<UK8L-qUK0C:<I 24-{8L2G:<.&JVUKJV2�Dy:<N&I 9S0C6L37:<9&8dY 0du<0CN UV0C848L0C6�IH0CU|:?DZ8CYSi�3&0C6L0� , ! O�640d9&640d840CNE248�: @dU|:<8L8"-<>�N&-<N&N&0C;=:M2GJju=0�:<NHIy@C-=NE2GJVNaT&-=T&8LUVDsI&J �10C6L0CNE2GJK:<.&UV0�>gT&N&@ 2GJV-=N&8C�
�3&0{:<UK;=-<64JV243&es8'_ � _ �%* ���� � Y�_ � _ �%*
	��� � ,�� * B O':<640q:<UKU�8(2A:<.&UV0fTHN&I&0C6 :<I&esJK848LJ �
.&UV0FJ �bJ �bIl2G6G: �f@B:<NHI : 2G3&0d-=640de 9&64-zu<0CI JVN � CEW���8LT&;=;=0d8L248f8(2G64-<N&;=0C6s8L2G:<.&JVUKJV2�Dpi�JV243
JVN&@C6L0?:<8LJKN&; 9S-zi"0d648�-<> .&:<@��aUK-=;&����-zi"0 u=0d6CYPJKN&@d640C:<84JVN&;x9S-zi"0d648�-<>!* ��� � I&-tNH-<2�UV0?:<Iq24-
8Leq:<UVUK0d6�I&0CUK:?D�8#JKes9&UjD�JVN&; 2G3&:M2#910d6437:<9H8CYS8L2G6L-=N&;=0d6�8L2A:M.&JKUVJV2�Dy:MN&I`8Leq:<UVUK0d6�I&0CUK:?D�8�:<6L0
N&-M2�N&0C@d0C8484:<64JVUVDyUVJKN �M0CIc�

\&� � � 6 *�� ���� ��-.��()�A- ���  �� ( #
�3&0�� +�� :<UK;<-=64Jj2G3&e 9&6L0C8L0CNE2G0dI`JKN � \TW � Y&.EDy: @C:<640 >gT&U~@A3&-=JV@C0�-M>)i}0CJV;=3E2G8CYHeq:��M0C8�2G3H0
I&0d84JV640CI ef:M24@A3&JKN&; , 243&0 84-<UKTH24JK-=NPO�.S-<2G3 :{ef: m�JKexT&e i"0dJK;=3E2�:MN&I :{ef: m�JKe T&e 8LJ Gd0
ef:M2G@A3 ����N`� +��"Y


 ��� � � �� � " �� � @ * ��� � � " �� � @ * � � � JV> * ��� � * [
[ -<2G3H0C6Li�JV840

� +�� JK8k:<UV84-`8(2A:<.HUK0/>g-=6 :<UVU�:<I&esJK8L84JK.HUK0/J �bJ �bIo246G:��s@{:M6464JjuM:<U�9&64-Z@C0d848L0C8C�`*�UK8L-&Y�8LJKN&@d0
� +�� 57N&I&8/: ef:M2G@A3�2G3&:M2tJK8t.S-<243�eq: m�JVe T&e i"0dJK;=3E2s:<N&I ef: m�JKe THe 8LJ Gd0<Y�JV2t37:M8



B F

CENTRALIZED

GREEDY MATCHING

MUCS

iLPF

RESERVATION VECTOR

RPA

RANDOMIZED ALGORITHMS
(With Memory)

TASS

(With Memory)
DERANDOMIZED ALGORITHMS

APSARA

LAURA

SERENA

DRDSRR

MWM

LQF

OCF

LPF

MWM−f(x)

HEURISTIC MATCHING

DISTRIBUTED

ITERATIVE
SEQUENTIAL,

ITERATIVE

PIM

iSLIP

SRR

iLQF

iOCF

iZIP

PARALLEL,

MSM

MATCHING ALGORITHMS FOR CIOQ SWITCHES
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For crossbar based CIOQ switches, we demonstrate the underperformance of commercially used scheduling algorithms
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high performance switches. In this thesis, we comprehensively study and evaluate distributed scheduling.
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