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Element
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Bidirectional Link
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3
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4

7

2

1
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6

3 0

5 1

4 2

7

(b)
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Buffer associated with every
input link. Every buffer has a
size greater than the maxi-
mum worm length. The
divisions represent “chunks”.

Output buffer :
Size = 1 chunk

  Input Links
Output Links

Switch
Crossbar

(a)

6

5 1 4

3 7 2

0 up direction

root

(c)
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576"$ % A�&.= W('*),+�-�-�&\;.-

C%,�
c,/4JY[<Z;(,�Yc;(<*2(GJ6��ib 4H,/,]4H2cN(.HDFOQP:THGJIQ,/\],�T>I^Y�
c,]~�,/,/O=�Q4H2c��25T7,K;�D*O�.HIQ,S<*De.H,/4JY�.7N^47,]b 254?DF4H47,KPcNQ<aY[4>OQ,/.10325476(T�� & ��� �
)�� �")K��� 'D��DF.7IQ25N(.-<*25THTx2[bdPc,/O^,/4JY[<*De.1` �(DFO_.7I^D*TE��Y[��,/4E0{,�YcTHTUNQ\],@.7I^,?4725N(.7D*OQPST7GJI^,/\],@b 2c4-25NQ4EDF4H4H,/PcN^<*Yc43OQ,/.10325476
.72S~�,�T7DF\]D*<*Yc4x.72].7I�Y�.-N^T7,K;_D*Ovq-N(.H2cOQ,/.%�e)�����;(NQ,>.H2SDe.JT-T7DF\]�Q<*D*G/De.1`_Y[O^;_DF.HT-G/2c\]\],/4JG�DaY[<tD*\]�Q<F,K\],/O�.HY[.7D*2cO"'3C(N^GJI
4H2cN(.HDFOQPSYc<F<*2�0-TxYc;QYc�(.7D�
%De.1` �QY[O^;_DaTE;(,KY5;(<F2(GJ6�� b 47,K,c'

R�OL.7IQDaT@4725N(.7D*OQPhTHGJIQ,/\], � Yh~Q4H,KYc;(.7I(� �^4JT1.>TU�^YcOQOQD*OQPl.H47,K,9uiz L CQw�2cOL.7IQ,�Pc4JY[�^IO& D*T3�^4JT1.?G�25\]�QN(.7,�;:N^T7DFO^P
Y];(DaT1.H47D*~QN(.H,K;�Y[<*Pc2547DF.7IQ\�' � IQ,�Yc<FP52c4HDe.HIQ\ I^YcT{.HIQ,?�Q4H2c��,/47.1`].7I^Y[.�Y[<*<"OQ2(;(,�Tx0EDF<*<",�
5,/O�.7N�Y[<*<F`lYcPc4H,/,@2cO:Y�NQOQD/�5N^,
T7�^Y[OQO^DFOQPL.74H,/,5'�+-2�0 ��.HIQ,9,�;(Pc,�T�2cb & G/YcO ~�,_�^Y[47.7DF.7D*2cO^,K; D*O�.72v.H47,K,l,K;QPc,KT�Y[O�; ·4±!¼z¬Y¬�°Y¿\Â�°�¬ '=q�GKG�2c4J;(D*OQP:.H2
.7I^,y�Q4H2c��,/47.1`92cb z L C�.74H,/,KT��tYlG�4H25THT-,�;(Pc,�;(2%,KT�OQ2[.>G�2cO^OQ,KG�.�.10{2hTU0EDF.HGJI^,KT�0EIQD*GJIvYc47,�Y�.@Y9;(D$b�,K47,KO^G�,�2[b \]2c4H,
.7I�Y[O=2cOQ,]<*,�
5,/< D*O .7IQ,].H47,K,c'10�,KYc;Q<F2(GJ6��ib 4H,/,]4H2cN(.HDFO^P_DaT?~^Y5TU,�;L25O Y9<*2%2c�(� b 4H,/,SYcTHTUD*PcO^\�,KO�.>2cbx;QDF4H,KG�.7D*2cO�.72�.7I^,
2c��,/4JY�.HDF25O^Y[<�<*DFOQ6(TK'�R�O��^Yc4U.HD*G/NQ<*Yc4���.HIQ,�2UNQ�43�,KO^;y2cb�,�YcGJIy<*D*OQ6�DaTZ;(, �^O^,K;�YcT � )�w�.7I^,{,KO^;�0EIQ25T7,{T70EDF.HGJI�D*TZG/<F2�TU,K4�.H2

W



.7I^,E472%2[.ZD*Oy.HIQ,-T7�^Y[OQO^DFOQP@.H47,K, � 254 &cw�.7I^,E,/O^;�0EIQ25T7,ETU0EDF.HGJI�I^Y5T�.7IQ,E<*2�03,K4Z�-R�0*�[Deb ~�2[.7I],KO^;QTZY[4H,EY�. T70EDe.JGJIQ,KTZY[.
.7I^,>THY[\],�.74H,/,@<F,�
c,/< 'Zs"D*OQ6(T{<F2%2c��,K;h~^YcGJ6].H2y.HIQ,?T7Yc\],�T70EDe.JGJI_Yc47,�2c\]De.7.7,�;lb 4H2c\ .HIQ,@G/2cO!��PcNQ4JY�.HDF25O"' � I^,�4H,KT7NQ<F.
2[b�.7IQDaT-Y5T7T7DFP5OQ\],/O�.ED*T{.HI^Y�.E.HIQ,�;(D*47,�G .H,K;9<FD*OQ6(T-;(2]OQ2c.{b 2547\ <F2%25�^T/' L D*PcNQ4H,�&Qu ~�w3T7IQ2�0-T{.HIQ,�z L C9T7�^Y[OQO^DFOQP�.H47,K,
G�25474H,KT7��2cO^;(D*OQP?.H2y.HIQ,@,��QY[\]�Q<*,�D*4H47,KPcNQ<aY[4 O^,�.10{2c4H6]T7IQ2�0EOlD*O L D*P^' )c' � IQ,>YcTHT7DFP5OQ\],/O�.32cb".7IQ, 2UN^� 3�;QDF4H,KG�.7D*2cOS.H2
.7I^,?<FD*OQ6(Tx2cO_.7I^D*TEO^,�.10{2c4H6SD*TxD*<F<*N^TU.74JY�.H,K;t' � IQ, 2H;(2�0EO 3�;(D*47,�G .7D*2cO_DaTEY[<*2cOQP�.7I^,?47,�
c,/4JT7,�;(D*47,�G .HDF25O_2cb�.HIQ,?<FD*OQ6 '

� 2�,K<FD*\]DFO�Y�.7,x;(,�Yc;(<*2(GJ6%T�0EIQD*<F,xTU.7D*<F<(Y[<*<*2�0EDFOQP�Y[<*<�<*D*OQ6(T�.H2�~�,{N^TU,�;>��.HIQD*T�4H2cN(.HDFO^P�N^T7,KT�.7I^, b 25<F<*2�0EDFO^P�NQ� M[;(2�0EO
4HNQ<F, � Yl<*,/P�Y[<�4H2cNQ.7,y\�N^TU.�.74JY�
c,K4HT7, #/,K472h2c4@\�2547,y<FD*OQ6(T�D*Ov.HIQ,�2UNQ� 3h;(DF4H,KG�.7D*2cO:b 25<F<*2�0{,K;�~%`	#/,/4H2l254�\]2c4H,�<*DFO^6%T
D*O�.HIQ, 27;(2�0EO439;(D*4H,KG .HDF25O"']X N(.7.7D*OQP:De.?D*O .7IQ,SOQ,KP5Y[.7D�
c,��"Y_�^Y5GJ6c,/.@\SY�`vOQ,�
c,K4�.H4HY�
5,/4JTU,�Y_<FD*OQ6LYc<F25OQPh.HIQ, 2UN^� 3
;(D*47,�G .HDF25O9Y�bk.H,/4EI^Y�
%D*OQP�.H4HY�
5,/4JTU,�;S2cO^,�D*Oh.HIQ, 27;(2�0EO43y;(D*47,�G .HDF25O"' 0�,/.HYcDF<aT{2[b�.HIQDaTx4725N(.7D*OQP]T7GJIQ,K\],@GKY[O_~�,@b 2cN^O^;
D*OB�F)K��� ' � IQDaTE4H2cN(.HDFO^P�DaT-Y[<aT72�4H,�b ,K474H,K;h.72SYcT Ã:®�����¿s¼cÅL²�� 4H2cN(.HDFO^P�254E� 0 4H2cNQ.7D*OQP^'

R�O 2c4J;(,K4�.H2=DF\]�Q<*,/\],/O�.S.HIQ,vY[~�2�
c,_4725N(.7D*OQP � ,KY5GJI T70EDe.JGJI I^YcT]Y[O D*O^;(,��(,�;�b 25470xY[4J;(D*OQPv.JY[~Q<*,c' ��I^,/O Y
0{2c4H\ 47,�YcGJIQ,�T?Y:TU0EDF.HGJIK�".7I^,h;(,KTU.7D*O^Y[.7D*2cO Yc;Q;Q47,�T7T>DaT�G/Yc�(.7N^47,�;Lb 4H2c\ .7IQ,hIQ,KY5;(,/4��^DF.y2cb{.HIQ,SD*O^G�25\�D*OQP:0{2c4H\�'
� IQDaT-Yc;^;(47,�T7T{DaT-G�25O^G/Y[.7,KO^Y�.H,K;90EDe.HI�.7IQ,?D*O^G�25\]DFOQP]��2c47.-O%NQ\y~�,/4-YcO^;9.7IQ,?4H,KT7NQ<F.-D*TEN�TU,�;l.H2SDFO^;Q,��h.HIQ,�T70EDe.JGJI�� T
b 2c4H0xY[4J;(DFO^Ph.JY[~Q<*,c' � IQ,].JY[~Q<*,S<F2%256�N^��4H,�.HNQ47O�T@.7IQ,S25N(.7P52cD*OQP9��2c47.?O%NQ\y~�,/4?.HI^Y�.?.HIQ,S0{2c4H\ TUIQ25NQ<a;�~�,S4H2cN(.H,K;
.7I^4725NQPcI"' � IQ,�b 2c4H0{Yc4H;(D*OQP].JY[~Q<*,KT@G/YcOv~�,]G�25O^TU.74HN^G .H,K;�.H29T7NQ�Q��2c47.�~�2[.7I�\]DFOQD*\SY[<ZY[O�;:OQ2cOQ� \]D*OQDF\SYc<�Y5;QY[�(.HD$
5,
4H2cN(.HDFOQP�'�R�O].HIQDaT �^Yc��,K4��503,�2cOQ<*`�G/2cO^T7D*;Q,/4 \]D*OQDF\SYc<�Y5;QY[�(.HD$
5,E4725N(.7D*OQP�' � I%N^T��[.HIQ,-b 25470xY[4J;(D*OQP@.HY[~^<F,�T Y[<*<*2�0�2cO^<F`
<*,/P5Yc<Z4725N(.7,�T>0EDe.HI .7IQ,l\]D*OQD*\yNQ\ IQ2c� G�25NQO�.K'S��IQ,KO=\yNQ<F.7D*�Q<*,l\]DFOQD*\SY[< 4H2cNQ.7,KT>,/�(D*TU.?b 4725\ .7I^,lTU25NQ4HG/,�.72�.7I^,
;(,�T1.HDFO^Y[.7D*2cO4��.7I^,Sb 2c4H0{Yc4H;QDFOQP9.HYc~Q<*,S,/O�.74H`�T7IQ2�0-T�Yc<e.H,/4HO^Y�.HD$
5,�b 25470xY[4J;(D*OQP_��254U.JT/' � IQ,hGJIQ25D*G/,�2cbx.7IQ,S25N(.7P52cD*OQP
��2c47.-D*T�;(,KG/D*;(,�;:;(`%O^Y[\]DaG/Yc<F<*`l~^Y5TU,�;925O�.7IQ,y��254U.JTE0EIQDaGJI�Yc47,>b 4H,/,?0EI^,/O�.7I^,�IQ,KY5;(,/4 ��De.JT�Y[4H4HD$
5,>Y[.E.7IQ,�TU0EDF.HGJI"'
R�O_.7IQ,�GKYcT7,�2cb�\�NQ<F.7D*�Q<F,?25N(.7P52cD*OQP]��254U.JTx~�,KDFO^P�b 4H,/, �(.7I^,?4725N(.7D*OQPST7GJI^,/\],>4HYcO^;(2c\]<*`lTU,K<F,�G .JTx2cOQ,?2cb�.7I^,/\�'

576	� 
��/C
��� ;4= ;KC - & - ;KI W('�� '���J��*- W - A�����J�)DADC WX= Z�� -

� O%NQ\y~�,/4E2cb�OQ2(;(,�TE�^Yc4U.HD*G/DF�^Y[.7D*OQP]DFO9.7I^,?2c��,/4JY�.7D*2cO
� <*,/OQPc.7I_2[bd\�,�T7THY[P5,@;^Y�.HY�,�YcGJI_OQ2(;(,>~�,KPcD*O^TE2c��,/4JY�.HDF25Oh0EDF.7I
� O%NQ\y~�,/4E2cb�T70EDe.JGJIQ,KT-DFO9.7IQ,?O^,�.10{2c4H6
^ O%NQ\y~�,/4E2cb���2c47.HTE25O9,�YcGJI�TU0EDF.HGJI

OQ2(;(,
� \],KTHT7YcPc,�.74JY[O^T7\]D*THT7DF25Ol.7D*\],>b 4725\ T72cNQ4JG�,@.72S;(,�T1.HDFO�Y�.7D*2cO uis"2cP�X�\]2(;(,K<aw
� 2�
c,K47I^,KYc;lDFO^G/NQ4H47,�;h~%`hY�OQ2(;(,?0EIQ,KO:TU,KO^;(D*OQP]2c4E4H,KG�,KD$
%D*OQP]Y�\],�T7THY[P5,]uis"25P5X \�2(;(,K< � g��kw
� P5Yc�l� .HIQ,?\]DFO^DF\�NQ\�.HDF\],?~�,�.10{,/,/O:T7N^G/G/,KTHTUD�
c,@\],KTHT7YcPc,�.74JY[O^T7\]D*THT7DF25O^T>u�s"25P5X \]2%;Q,/<kw
��� TU.7,KY5;(`hTU.HY[.7,>P5Yc�h�Z.HIQ,?\]DFOQD*\yN^\�.7D*\],�~�,�.10{,/,/O�T7N^G/G/,KTHTUD�
c,@\],KTHT7YcPc,�.74JY[O^T7\]D*THTUD*2cO�Tx0EIQDF<*,?Y

OQ2(;(,>\yN�T1.-~�2[.HI�T7,/O�;9YcO^;_47,�G�,/D�
c,@\],KTHT7YcPc,�T{Yc<e.H,/4HO^Y�.H,/<*`

� � 2�2! Q���" - 2�2$#	�Z�*- �'�.-?	"� ��� - 	/
/��% 2�� 	'& 
 ����(

q-<*<F�i.H2[��Y[<*<�~^472�Yc;QGKYcTU.{Y[\]25OQP�O^2%;Q,KTEG�25OQOQ,�G .7,�;l.H2SY�T7DFO^Pc<*,>T70EDF.HGJIh\SY�`l~�,>��,K4Ub 2547\],�;l0EDF.7IQ25N(.-<FD*OQ6hG/2cO�.7,KO�.7D*2cO
~%`hY 
�Y[4HDF,/.1`l2[bd\],�.7I^2%;^T/' � IQ4H,/,?T7N^GJI�Y[<*Pc2c4HDF.7IQ\STxY[4H,>�Q47,�TU,KO�.7,K;9~�,/<*2�0?'

$7698 ) J�) ADC�WX= Z*�,-

�,+�
-+�
 . � m �¶§?¦Q$�/h� 
�m102. /43j¦Q$ m �¹¥��¶¤Ko��
� IQDaT?Y[<*Pc2547DF.7IQ\ 2547P�Y[OQD�#/,�T�Yc<F<Z�^Yc4U.HD*G/DF��Y�.7D*OQP9OQ2(;(,KT>D*O Y9<*2cPcDaG/Yc<d47D*OQP_~�`:4JY[O^6:2c4J;(,/4�'�R�O�.7IQ,��^4JTU.>TU.7,K��2cb .7I^,
4H,���NQD*47,�;_u �65 )�wdTU.7,K�^T���,KY5GJISOQ2(;(,�T7,/O^;^T DF.HT3\�,�T7THY[P5,-;QY�.JY>.72�.7IQ,@TUNQ~�TU, �5N^,/O�. OQ2(;(,-D*OS.HIQ,�4HDFO^P�Y[O^;S4H,KG/,/D�
c,�TZY

g



\],KTHT7YcPc,db 4H2c\ .7I^, �Q4H,KG/,K;(D*OQP-OQ2(;(,3DFO�.7IQ,347D*OQP^'{u R�OyYc<F<�4H,/\SY[D*OQD*OQP�TU.7,/��T���.7I^, \],KTHT7YcPc,��1N�T1.�47,�G�,/D�
c,�;>D*T�b 2c4H0xY[4J;(,K;
.72].HIQ,?b 25<F<*2�0EDFO^PSOQ2(;(,yY[O�;_YcOQ2[.HIQ,/4�\�,�T7THY[P5,>D*TE4H,KG/,/D�
c,�;hb 4H2c\ .7IQ,y�Q47,�G�,�;(DFO^PSOQ2(;(,c'Bw � IQDaT-Yc<FP52c4HDe.HIQ\ I^Y5Tx.7I^,
GJI^Yc4HY5G .7,K47DaTU.7DaG-.HI^Y�.-Y[<*<�G/2c\]\yNQO^D*GKY�.7D*2cO9b 4H2c\ YcO�`9TUD*OQPc<*,>OQ2(;(, � Tx��,/4JTU��,KG�.7D�
c,>D*T-0EDe.HI_25OQ<*`S.1032]2c.7IQ,K4EOQ2(;(,KTK'

. /Ò¦Q$ m �9¥��¶¤Ko��
� �9¥ D�P )@.H2vu�XZ�J)�w
£�# 
 � \],KTHTHY[Pc,>8LC &���uUu \�`%DFO^;Q,�����)�w�� Dkw�\]2(;"u�X{w �".72vu�\y`%DFO�;(,�����)�w1\]2%;�u�X3w
¥�#N§c#%����# \],KTHT7YcPc,?8LC &���u \y`%D*O^;(,/��� Dkw�\]2(;"u�X{wV�tb 4725\ u \�`%DFO^;Q,��%�H)�w�\]2(;"u�X{w

L DFP5NQ4H,>A � X T7,/N^;(2c� G/2(;(,@;Q,KTHG�4HDF�(.HDF25O92cb�.HIQ,�s�M Y[<*Pc2547DF.7I^\ b 2c4 � OQ2(;(,�Y[<*<e� .72c� Yc<F< ~Q4H25Y5;QG/Y5T1.�'

�,+�
-+a� � ��� ��$�¤m¦ 
 #%���'£��¾¥���¦Q�'§?¦$£m¤ 0	� � 3j¦Q$ m �¹¥���¤Ko��
� IQ,yC(z Y[<*Pc2547DF.7I^\���,K4Ub 2547\ST � T7DF\�NQ<e.JY[OQ,K2cN^Tx~^472�Yc;QGKYcTU.HT��(2cOQ,?2547D*PcD*O^Y�.HDFO^P�b 4H2c\ ,KY5GJI9OQ2(;(,5'{�3YcGJI_~Q4H25Yc;^G/YcTU.
DaT3��,/47b 2c4H\],K;h~�`lT7,/O�;(DFO^Py.HIQ,�O^2%;Q, � T3<*2(G/Yc<�\],�T7THY[P5,�;QY[.HY?.H2],KYcGJIh2[b".HIQ,Su � 5 )�w 2c.7IQ,K43OQ2(;(,�T{�^Y[47.7DaG�D*�^Y�.HDFO^P�D*O
.7I^,�Y[<*<e� .72c� Yc<F< 2c��,/4JY�.HDF25O"'Z� Y5GJIhOQ2(;(,?0ED*<F<�47,�G�,/D�
c,]u � 5 )�w3\],KTHT7YcPc,�T/'

� ��¦Q$ m �¹¥���¤Ko��
� �9¥ D�P )@.H2vu�XZ�J)�w
£�# 
 � \],KTHTHY[Pc,>8LC &��Q\y`%DFO�;(,�����.72vu \�`%DFO^;Q,�����Daw1\]2%;�u�X3w
��� DFO^G/2c\]D*OQP]\�,�T7THY[P5,��^47,�TU,KO5.
¥�#N§c#%�
��# \],�T7THY[P5,@8LC�&��"u \�`�D*O^;(,/�%� Dkw�\]2(;"u�X{wV�tb 4725\ u�\y`%DFO�;(,��%� Daw1\�2(;"uiX3w
O%NQ\ 4H,KG/,/D�
c,K;����

nSo��i$�# O%NQ\ 4H,KG/,/D�
c,K;�
 uiXZ�J)�w
¥�#N§c#%����# \],KTHT7YcPc,?8LC &���u \y`%D*O^;(,/��� O%NQ\ 47,�G�,/D�
c,�;^w�\]2(;"uiX3w �"b 4H2c\ u�\y`%DFO�;(,��%� Daw1\�2(;"uiX3w
O%NQ\ 47,�G�,KD$
5,K;����

L DFP5NQ47,>W � X3TU,KN^;(2c� G/2%;Q,@;(,�T7G/47D*�(.HDF25O92cb�.HIQ,yC(z Yc<FP52c4HDe.HIQ\ b 2c4 � OQ2(;(,�Y[<*<F�i.H2[��Y[<*<�~^472�Yc;QGKYcTU.K'

z{,KGKY[N^T7,],KY5GJI�OQ2(;(,ST7,/O^;^T?2cOQ<*`vDF.HT?<*2(G/Yc< ;QY�.JY ��T7,/O�;QT>\SY�`v~�,S��,/47b 2c4H\],K; YcT7`%O^GJIQ4H2cOQ25N^TU<*`�.72�4H,KG/,/D�
�D*OQP�'
� 4HYcO^TU\]DaT7T7D*2cO]\SY�`y2�
c,K47<aY[�]TU.HY[47.7N^�lG�25TU.HTZb 2c43Yc<F<�T1.H,/�^T3Y�bk.H,/4 .HIQ,.�^4JTU.K'Z� Y5GJI�O^2%;Q,-~�,KPcD*O^T ~%`]TU,KO^;(D*OQP�\],KTHTHY[Pc,�T
G�25O^T7,KG�NQ.7D�
c,/<*`�.72�.HIQ,l;(,�T1.HDFO^Y[.7D*2cO^TSu
�����K^�����������w ��GJIQ,�GJ6�D*OQP�Y�bk.H,/4�,�YcGJI�T7,/O�;Lb 254>.7IQ,lYc474HD�
�Yc<d2[b{YcO=DFO^G/2c\]D*OQP
\],KTHT7YcPc,5' � IQDaT9G/2cO�.7D*O%NQ,KThNQO�.7D*<@.7IQ, OQ,�.10{2c4H6 G/Y[O YcG/G/,/�(._OQ2�\]2547,v\],�T7THY[P5,KTl2549YcO DFO�G�2c\]D*OQP�\],�T7THY[P5,vD*T
;(,/.7,KG�.7,�;t' q{.x.7IQDaTx��25DFO�.��(47,�G�,/D�
c,�T3YcO^;_TU,KO^;QT{~�,KPcD*O_Yc<e.H,/4HO^Y�.HDFO^P�NQO�.HDF<"Yc<F< \],KTHT7YcPc,�T I^Y�
5,�~�,/,KO_T7,/O�.�' � I^,@O^2%;Q,
.7I^,/O�G/2cO�.7D*O%NQ,KT>.H2v4H,KG�,KD$
5,SNQO�.7D*<3Yc<F<347, �5N^DF4H,K; \],KTHT7YcPc,�T?I^Y�
c,S~�,/,KO 47,�G�,KD$
5,K;t' L DFP5NQ47,hW:PcD�
c,KTyY:�^T7,/N^;(2c� G/2(;(,
;(,�T7G/47D*�(.7D*2cO_2[b�.7I^,yC(z Yc<FP52c4HDe.HIQ\ b 2c4 � OQ2(;(,�Y[<*<F�i.H2[��Y[<*<t~Q472�Yc;QGKYcTU.K' L DFP5NQ47,�A�P5D$
5,KTxY]�^T7,/N^;(2c� G/2(;(,?;(,KTHG�4HDF�Q.7D*2cO
2[b�.7I^,�s�M Y[<*Pc2c4HDF.7IQ\ b 254 � OQ2(;(,�Yc<F<F� .72[��Y[<*< ~Q4H25Yc;^G/YcTU.K'

|



�,+�
-+*� � ���Ç¡d� 
 � 
�m ¦^$ m �9¥���¤�o��
� IQ,>G�25\y~QD*OQD*OQP�Yc<FP52c4HDe.HIQ\ G�2cO�TUDaT1.JT 2cb ��� � ��� ��� TU.7,K�^Tx;(NQ4HDFO^P�0EIQDaGJIl,�
c,/4H`]OQ2(;(,>TU,KO^;QT{Yy\],KTHTHY[Pc,�Y[O^;h47,�G�,/D�
c,�T
Y�\�,�T7THY[P5,c' � IQ,x\�,�T7THY[P5, .H2@~�,ETU,KO�.dG/2cO^T7D*TU.HT�2cb^.7I^,{<*2(G/Yc<�\],�T7THY[P5,{;QY[.HY@G�25\y~QD*OQ,K;y0EDe.HI]\�,�T7THY[P5,3;QY[.HY�47,�G�,KD$
5,K;
D*O��^47,�
�D*2cN�TZT1.H,/�^TK' � I^,�TUD�#/,x2cb�.HIQ,-\],KTHT7YcPc,xTU,KO�. Y[O^;�.7I^,-\],KTHT7YcPc,{47,�G�,/D�
c,�;y0ED*<*<^;(2cN^~Q<F,-Y[. ,KY5GJI]TU.7,K�:u 0EDF.7I].7I^,
��25THTUD*~Q<*,@,/�QG�,/�Q.7D*2cO�2[b�.7IQ,?<aYcTU.-T1.H,/��w�' � IQ,�T7NQ\ 2cb�.HIQ,�TUD�#/,�TE2[bdY[<*<"\],KTHT7YcPc,�T{T7,/O�.E2c4E4H,KG/,/D�
c,�;h~%`l,�YcGJI_OQ2(;(,?D*T
u � 5 )�w � '�z{,/P5DFO^OQDFO^P>Y[. �����	� P � �c.7IQ,-Y5;Q;(4H,KTHTd2[b�.7IQ,-;(,�T1.HDFO�Y�.7D*2cOSY[. ,KYcGJISTU.7,K��0ED*<*<Q~�,�u���� �K^ �9& ���
	�� w{\]2(; � '
� IQ,yY5;Q;(4H,KTHTx2[bd.7I^,yTU25NQ4JG�,>OQ2(;(,yY[.-,KYcGJI:TU.7,K�:0EDF<*<"~�,hu���� �K^ 5 & ���
	
� w{\]2(; � ' L D*PcNQ4H,yg�PcD�
c,�T-Y]�^T7,/N^;(2c� G/2(;(,
;(,�T7G/47D*�(.7D*2cO_2[b�.7I^,�}32c\y~^DFOQD*OQPSY[<*Pc2547DF.7I^\ b 2c4 � OQ2(;(,?Y[<*<e� .72c� Yc<F< ~Q4H25Y5;QG/Y5T1.�'

� ���Î¡�� 
 � 
�m ¦Q$ m �9¥��¶¤Ko��
� �9¥ D�P )@.H2 ��� � � � ��� 5 )
£�# 
 � \],KTHTHY[Pc,>G�25O�.HY[D*OQD*OQP�ui&��
���Kwx;QY[.HY�~Q<*2%GJ6(T{.H2�u�\y`%D*O^;(,����>&�������w�\]2(;"uiX3w
¥�#N§c#%����# \],KTHT7YcPc,?G�25O�.HY[D*OQD*OQP�ui& �
��� wx;QY[.HY�~Q<*2%GJ6(T3b 4H2c\ u�\y`%D*O^;(,��%�1& �
��� w�\]2(;"u�X{w

£�# 
 � \],KTHT7YcPc,?G�25O�.HY[D*OQD*OQP�u � 5 ) 5 ��� � � � ���Uw3;^Y�.HY�~Q<*2(GJ6(T{.72vu \�`%DFO^;Q,����>&������������� !���Kw�\]2(;"uiX3w
¥�#N§c#%����# \],KTHTHY[Pc,-G/2cO�.HYcDFO^DFOQPlu � 5 ) 5 ��� � ���#"%$%w ;QY�.JY>~Q<F2(GJ6(TZb 4H2c\fu \�`�D*O^;(,/�%��& �����&� � �� !��� w�\]2(;"u�X{w

L DFP5NQ47,�g � X3TU,KN^;(2c� G/2%;Q,@;(,�T7G/47D*�(.HDF25O92cb�.HIQ,�}32c\�~QDFO^DFOQPSYc<FP52c4HDe.HIQ\ b 2c4 � OQ2(;(,�Y[<*<F�i.H2[��Y[<*<�~^472�Yc;QGKYcTU.K'

$76T5 ) ' ��J2��= WaY �/J*Y A��('��/C�W(- A ' A�� ��J�)DA C�WX= Z�� -*)�A�' - W ' ) J ; -�?�WX= Y�Z,+

� IQ,K47,hYc47,l.7IQ4H,/,_G�2c\]��2cOQ,KO�.HT?.H2�G/2cO^T7D*;Q,/4y0EI^,/O�YcO^Y[<*` #/D*OQP�.7IQ,9��,K4Ub 2547\SYcO^G�,l2cbE.7IQ,_Y[<*<e� .72c� Yc<F<32c��,/4JY�.HDF25O 25O
T70EDe.JGJIL~^Y5TU,�;LOQ,/.10325476(T � TU.HY[47.7N^��G�2�T1.JT�� .H4HYcO^T7\�DaTHTUD*2cO G�25TU.HT��"Y[O�;:.7I^,];Q,/Pc4H,/,�.72_0EIQDaGJI G/2c\]\yN^OQD*GKY�.HDF25O�G�25\��
��2cOQ,KO5.JT?Y[4H,��^DF��,/<*DFO^,K;t' � IQ,]<*2�03,K4�~�2cN^O^; 2cO�.7IQ,]4H,���NQD*47,�;LO%NQ\�~�,K4?2[b{TU.HYc4U.HNQ�^T�b 2c4>.HIQ,SY[<*<e� .72c� Yc<F<d25��,K4HY[.7D*2cO
DaT ��� � � � ��� ' � I^,l<F2�0{,/4>~�2cNQO�;�25O .7IQ,S.H4HYcO^T7\�DaTHTUD*2cOL.7D*\�,hD*T?�^4725��254U.HDF25O^Y[<�.72�.HIQ,lO%NQ\�~�,K4?2[bx\�,�T7THY[P5,KT>,�YcGJI
�Q4H2(G�,KTHT72c4E\yN�T1.@47,�G�,/D�
c, � u � 5 )�w � 0EI^,/4H, � DaTE.7I^,�.74JY[O�TU\]DaT7T7DF25O�<*Y[.7,/O�G�`9b 2c4�Yl\�,�T7THY[P5,?0EDe.HILT7D$#K,�,���N^Yc<".729Y
T7DFOQP5<F,>OQ2(;(,�� T�;QY�.JY�~^<F2(GJ6 '

L 2c4x.7I^,�Y[<*Pc2c4HDF.7IQ\STE;(DaT7G/N^THTU,�;9Yc~�2�
5,��%.7I^,?<F2�0{,/4x~�2cNQO^;_25O9.H4HYcO^T7\�DaTHTUD*2cOh.7D*\�,?DaT-Y[.U.HYcDFO^,K;t' � I^Y[.-D*T��Q,�YcGJI
OQ2(;(,�47,�G�,/D�
c,�TE2cO^<F`_.7I^,9u � 5 )�wE\],KTHTHY[Pc,�TEDF.�4H,���NQD*47,�T/'�q�<*T72�� Y�.@OQ2h��2cD*O�.@;(2%,�T�\]2c4H,?.HI^Y[Ov25OQ,�OQ2(;(,�TU,KO^;�.H2
.7I^,]THY[\],];(,KTU.7D*O^Y[.7D*2cOLO^2%;Q,c' � IQDaT?G�25\]\yNQOQDaG/Y[.7D*2cOv��Y�.U.H,/4HOL\SY�`:~�,�,/�(,KG�NQ.7,K;L0EDe.HIQ2cNQ.><*D*OQ6LG�25O�.7,/O�.HDF25Ov2cO Y
T7DFOQP5<F,�TU0EDF.HGJI�' � IQ,/4H,�b 2547, ��.HIQ,�b�YcG .H2c4JT�0EI^D*GJIL;QDcb ,/4H,/O�.7DaY�.H,y.HIQ,���,K4Ub 2547\SY[O�G�,y2cb .7I^,KT7,�Yc<FP52c4HDe.HIQ\ST�25OLY9T7D*OQPc<*,
T70EDe.JGJILY[4H,>.7IQ,�O%NQ\y~�,/4@2[bZ\],KTHT7YcPc,yTU.HYc4U.HNQ�^T�47, �5N^DF4H,K;�Y[O�;�.7IQ,�Y[\]2cN^O5.�2[b �QD*��,K<FD*OQD*OQPh2cbZ.7IQ,�G�25\�\�NQOQDaG/Y[.7D*2cO
G�25\]��25OQ,/O�.HTx0EI^D*GJI�DaTEY�.U.JY[D*OQ,K;"'

� IQ,{C(zLYc<FP52c4HDe.HIQ\ Y[O�;@.7IQ, s�M=Y[<*Pc2c4HDF.7IQ\ ,KYcGJI@4H,���NQD*47,-u � 5 )�w TU.HY[47.7N^�^T .72-G/2c\]�Q<*,�.H,c' � I^, G�25\�\�NQOQDaG/Y[.7D*2cO
�^Y[.U.7,K47O�b 2c4 .7IQ,E4HDFO^P@Yc<FP52c4HDe.HIQ\ 4H,���NQD*47,�T�G/2c\]�Q<*,�.HDF25O�2cb�Y@4H,KG�,KD$
5,x~�,/b 2c4H,3.HIQ,EOQ,/��. T7,/O�;y\SY�`�~�,/P5DFO4�5,/<*DF\]D*O^Y�.HDFO^P
.7I^,-��2�T7T7D*~QDF<*DF.1`y2[btY[O%`yG/2c\]\yN^OQD*GKY�.HDF25O]G/2c\]��2cOQ,KO5. �^DF��,/<*DFO^DFOQP�' � IQ,�C(z�Yc<FP52c4HDe.HIQ\	�[IQ2�0{,�
5,/4��[47,K��,�Y�.H,K;(<*`yT7,/O^;QT
.7I^,�T7Yc\],-\],KTHT7YcPc,-Y[O�;�\SY�`]TU,KO^;�.72y\yNQ<F.7D*�Q<*,�;(,KTU.7D*O^Y[.7D*2cO^T 0EDe.HIQ2cN(.3.7IQ,�;(,/<aY�`yD*O^G�N^474H,K;]~%`�.HIQ,�4HD*OQP�Y[<*Pc2547DF.7IQ\
;(NQ,�.729\],KTHT7YcPc,?b 25470xY[4J;(D*OQP^' � IQD*T@\],KYcO^T�.7I^Y[.�.HIQ,y.H4HYcO^T7\�DaTHTUD*2cOvG/25TU.�2[b{Yl�Q4H,�
%D*2cN^T7<F`:TU.HYc4U.H,K;:\],KTHTHY[Pc,y\]Y�`
2�
c,K47<aY[��0EDF.7I9YyTUNQ~�TU, �5N^,/O�. \],KTHT7YcPc,-TU.HYc4U.HNQ�"' � IQ,/4H,�b 2547, �[.HIQ,@C(z Y[<*Pc2547DF.7I^\ 0ED*<F<�Y[<*0{Y�`(T G/2c\]�Q<*,�.H,�D*OS<F,�T7T .7D*\],
.7I�Y[O_.7IQ,?4HD*OQPSY[<*Pc2c4HDF.7IQ\ 25O_YST7DFO^Pc<*,>T70EDF.HGJI"'

R�\]�Q<*,/\],/O�.JY�.7D*2cOL2[bZ.7I^,�C(z Y[<*Pc2547DF.7I^\ DaT�T7N^GJI:.HI^Y�.@\�,�T7THY[P5,KT-Yc47,�G�2cO�TU,�G�N(.HD$
5,/<*`_T7,/O�.�NQO�.HDF<�.7I^,y�Q4H,KT7,/O^G/,

�



}32cO^;(DF.7D*2cO�0EIQ,KO
}{YcT7,]) � ��� 
 ��� �����
�	���	� ���
 & �
� � � P � ��� � � � ����
 )

� P � uiY[<*0{Y�`(T3.74HNQ,�w

}{YcT7,�&
� 
 � 
�& ��� ��� P & � � � ��� � � ��� �&� � �� ��� ��� 
�� �� P �

}{YcT7,?A
� 
 ��� � � P & � � � ��� � � ������� � �� � � � 
 � �� P �

� Y[~Q<*,L) � 0�,KTHG�4HDF�Q.7D*2cO!2cb�G�2cO�;(De.HDF25O^T�0EI^,/4H,S.7IQ,:C(z�Y[<*Pc2547DF.7IQ\ 2cNQ.7��,/47b 2c4H\]T�.7IQ,_G�25\y~QD*OQD*OQPLY[<*Pc2547DF.7I^\ 25O!Y
T7DFOQP5<F,?T70EDe.JGJI"'

2[bxY[O�DFO^G/2c\]D*OQP�\�,�T7THY[P5,�.H2_~�,]47,�G�,KD$
5,K;vDaT>;(,�.H,KG�.7,K;"'�q�T7T7NQ\]DFO^P9.HI^Y�.�Yc<F<ZOQ2(;(,�T@~�,KPcD*OL.HIQ,]2c��,/4JY�.7D*2cO Y�.>.7I^,
THY[\],@.7D*\�, �(.7I^,@O%NQ\�~�,K4-2[b�\],KTHT7YcPc,KT�� ���QTU,KO�.x~�,�b 2547,@.HIQ, �^4JT1.ED*O^G�25\�D*OQP]\],KTHT7YcPc,@D*TE;Q,�.7,�G .H,K;�;(,/��,/O�;QTE2cO9.7I^,
4H,/<aY�.7D*2cO�TUIQD*��~�,/.103,K,/O_.7I^,�<*Y[.7,KO^G�` � � ��Y[O^;_.HIQ,�P5Yc�4� � ' L 2c4�YS0{2c4H\]IQ2c<*,>4725N(.7,�;_OQ,�.10{2c4H6hG�25O^T7D*TU.7D*OQPS2[bd2cO^<F`_Y
T7DFOQP5<F,?T70EDe.JGJI4�(.HIQD*Tx0ED*<*<"~�,���P )c'dR�O�Pc,/O^,/4JY[< � ��P�� � ��� '

� IQ,>.HDF\],?4H,���NQD*47,�;S.H2lG�2c\]�Q<*,�.H,@.7IQ,yC(z Y[<*Pc2547DF.7IQ\ 25O:Y�T7D*OQPc<*,?TU0EDF.HGJI

� ��� P & � � � � u � 5 & 5 ��w ��� � � �
P & � � � � u � 5 A�w ��� � �

� IQ,*
�Y[<*NQ,KT�2[bZP5Yc�4� � � Y[O^;:TU.7,�Yc;(`�T1.JY�.H,yP5Yc�4� � � � ;(,K��,KO^;v25O�.7IQ,�47,K<*Y[.7D�
c, 
�Y[<*NQ,KT�2[b � YcO^; � ' � I^,KT7,yY[4H,
PcD�
c,KO9D*O � Yc~Q<*,�)5'

� IQ,>G�25\]\yNQOQDaG/Y[.7D*2cOl��Y�.U.H,/4HOlb 254 .HIQ,?G�2c\�~QD*OQDFO^P�Y[<*Pc2547DF.7I^\�4H,���NQD*4H,KT Y�4H,K;(N^G/,K;SO%NQ\�~�,K4x2[b�\],KTHTHY[Pc,�T1.JY[47�
.7N^�^T ~^N(.3OQ2y�QDF��,/<*D*OQDFO^Py2[b"G/2c\]\yNQO^D*GKY�.7D*2cOlG/2c\]��2cOQ,KO5.JT DaT ��25THTUD*~Q<*,c' L 254 ,KY5GJIS\],KTHT7YcPc,��[.7IQ,@T1.JY[47.7NQ�S2�
5,/4HIQ,KY5;>�
.74JY[O�TU\]DaT7T7DF25Ol.HDF\],���Y[O^;94H,KG�,KD$
5,>2�
c,/4HIQ,�Yc;S2(G/G/NQ4-T7,���NQ,/O�.HD*Yc<F<*`c' � IQ,�G/2c\]�Q<*,�.HDF25Oh.HDF\],>b 2c4-.7IQ,�G/2c\y~^DFOQD*OQPSY[<*Pc2c�
4HDe.HIQ\ DaT

� � �����
�	� 	 P ��� � � � ��� & � � u � 5 )�w �

q�T-.HIQ,yTU.HY[47.7N^�vG�25TU.�;(,�G�4H,KY5TU,�TE47,K<*Y[.7D�
c,>.H2l.7I^,?.74JY[O^T7\]D*THT7DF25O�G/25TU.���.7IQ,���,K4Ub 2547\SYcO^G�,�;(D$b ,/4H,/O^G/,KT-~�,�.10{,/,KO
.7I^,KT7,>Yc<FP52c4HDe.HIQ\ST3;Q,KG�4H,KY5TU,�T/' � IQ,?Y[<*Pc2547DF.7IQ\ G/25TU.{~�,KG/2c\],KTx;(25\�D*O^Y[.7,K;9~%`].7IQ,@.H4HYcO^TU\]DaT7T7D*2cOhG/25TU.{0EIQDaGJIhDaT{.7I^,
THY[\],�b 254E,KY5GJIh2[b�.7IQ,�TU,?Y[<*Pc2547DF.7I^\]TK' L 2c4ED*O^TU.HYcO^G�,�T32cb�Yc<F<F�i.H2[��Y[<*<�~^472�Yc;QGKYcTU.30EIQ,K47,�.7IQ,�TU.HYc4U.HNQ�9G/25TU.x;Q2c\]DFO�Y�.7,�T��
.7I^,]G/2c\�~QDFO^DFOQP_Y[<*Pc2547DF.7IQ\ G/<F,�Y[4H<F`�2cNQ.7��,/47b 2c4H\]T�.7I^,SCQz�Y[O^;L47D*OQP9Yc<FP52c4HDe.HIQ\ST/' ��2�03,�
c,/4���b 2c4?G/Y5TU,�T�0EIQ,K47,�.7I^,
TU.HY[47.7N^� G/25TU.]YcO^;!.H4HYcO^T7\�DaTHTUD*2cO!<aY�.H,/O^G/`�Y[4H,9G/2c\]�^Yc4HYc~Q<F,=u 254]OQ,/DF.7IQ,K4SD*T�OQ,KPc<*DFP5DF~^<F,�w`� � Y[~^<F,=)�;(, �^O^,KT]0EIQDaGJI
Y[<*Pc2547DF.7I^\f4H,���NQD*4H,KT�<F,�T7T�.7D*\],�.72:G�25\��^<F,/.7,�DFO�.7,K47\ST@2[b .HIQ,]O%NQ\y~�,/4>2[b{�^Y[47.7DaG�D*�^Y[.7D*OQPhOQ2(;(,�T?Y[O^;v.7IQ,]4JY�.HDF292[b
.74JY[O�TU\]DaT7T7DF25Oh<aY�.H,/O^G/`l.72ST7,/O^; M�4H,KG�,KD$
5,�2�
5,/4HIQ,KY5;t'

$76"$ U7W ��&3J ��=!W9A�' ;�� ' ;KC�W � ;.'V=
- � '3I[C ; -�& JX=
-

C%D*\yNQ<aY�.HDF25OS,��(��,/4HDF\],/O�.JT 0{,/4H,-��,K4Ub 2547\],�;�.72�,�
�Yc<FN�Y�.7,�Y[O^;SG/2c\]�^Y[4H,E��,/47b 2c4H\]YcO^G�,E2cbt.7IQ,@Y[<*Pc2547DF.7IQ\ST ;QD*THG�N^THT7,K;
Y[~�2�
c,�b 254yY[<*<e� .72c� Yc<F<Z~^472�Yc;QGKYcTU.@25O=Y:T7D*OQPc<*,lTU0EDF.HGJI�'9q �^DF.U� <*,�
c,K< 0{2c4H\�I^2c<*,�� 4725N(.7,�;LT7DF\�NQ<*Y[.7254 ���@M-8L��s�C(DF\

�



0xYcT N�TU,�;�.72y\]2(;(,K<^.HIQ,�OQ,/.10325476�YcT{;(DaT7G/N^T7T7,K;]D*O9C%,�G .HDF25O9&(' L 254 .7I^,KT7,�,��(��,/4HDF\],KO5.JT��5.7I^,-b 2c<*<*2�0EDFOQPy�^Y[4JY[\],�.H,/4JT
0{,/4H,@N�TU,�; � � � uiG�2c\]\�NQOQDaG/Y�.HDF25O:T1.JY[47.7NQ�9.7D*\],�w�
�Y[4HDF,�;h0EDF.7I�,/�%��,/4HD*\�,KO�.HT�� � � ��� u <*DFO^6h�Q4H2c�^YcP5Y[.7D*2cOS.HDF\],*P )�|Q' �
O^YcOQ25T7,KG/2cO^;QT�� ��� ��� �
	 u 4H2cN(.HDFOQP ;(,/<aY�`=Y�.�T70EDe.JGJI�P g[�5��O^Y[O^25T7,KG�25O^;QT�� � ��� uiTU0EDF.HGJI^DFOQPL.7D*\],9YcG/472�T7T?.7IQ,94725N(.7,K4
G�4H25THT7~^Y[4Eb 254@Y �^DF.Jw Pf)K|^' �lO^Y[OQ2�TU,�G�25O^;QT���� � ��� u .7D*\�,�.H2hD*O��1,KG�.>Y �^DF.@D*O�.72l.HIQ,�OQ,�.10{2c4H6Qw P )K|^' �hO^Y[O^25T7,KG�25O^;QT��
Y[O�; � � ��� � uk.7D*\],>.72lG/2cO^T7NQ\],?Y ��De.Eb 4H2c\ .7IQ,?OQ,/.10325476Qw7P )�|Q' ��O�Y[OQ2�TU,�G�2cO�;QT/'

� IQ,lYcO^Y[<*`�.7DaG/Yc<Z�Q47,�;(DaG .7D*2cO�T?2[b{.7IQ,S�^47,�
�D*2cN�T?TU,�G .7D*2cO=0{,/4H,�
c,/4HD$�^,K;t' L D*PcN^47,SAQ' A:T7IQ2�0-T@.7IQ,S��,/47b 2c4H\SY[O^G/,
2[b &l\�,�T7THY[P5,�TUD�#/,�T���)�&c� �^De.JT�YcO^; )��5&�W �^DF.HTK'-R�O:.HIQ,�GKYcT7,?2[bZ.HIQ,h)�&[� �^DF.�\],KTHTHY[Pc,�T��Q.7IQ,�G�2c\�~QD*OQDFO^PhY[<*Pc2547DF.7IQ\
��,/47b 2c4H\]Tx~�,KTU.-,��QG/,/�(.xb 2c4.
5,/4H`lTU\SYc<F<"O%NQ\�~�,K4HTx2cb�OQ2(;(,�T/'ZR�O9.7I^,�G/YcT7,>2[b{)K�5&[W ��De.-\],KTHTHY[Pc,�T��%IQ2�0{,�
5,/4��c.HIQ,yC(z
Y[<*Pc2547DF.7I^\ 25N(.7��,/47b 2c4H\ST .HIQ,@G/2c\�~QDFO^DFOQP�Y[<*Pc2c4HDF.7IQ\�' L 2c4xY[<*< T1.JY[47.7NQ�S.HDF\],�T32cb�g!� )K���%&c� �%Y[O^;hAc��\]DaG�4H2(G�,KTHG�25O^;QT��
.7I^D*T-G/472�T7T72�
c,K4 0xYcTx25~^TU,K4a
5,K;9Y�.-TU25\],@\],�T7THY[P5,@T7D$#K,c'

0

50

100

150

200

250

300

350

400

0 5 10 15 20 25 30 35

co
m

pl
et

io
n 

tim
e 

(u
se

c)

number of participating nodes

All-to-all broadcast completion time for 5 microsecond startup time and 128 flit message length

Combining
SB

Ring

0

100

200

300

400

500

600

700

800

900

0 5 10 15 20 25 30 35

co
m

pl
et

io
n 

tim
e 

(u
se

c)

number of participating nodes

All-to-all broadcast completion time for 5 microsecond startup time and 1024 flit message length

Combining
SB

Ring

L DFP5NQ4H,�| � C%DFO^Pc<*,�T70EDe.JGJI�Yc<F<F�i.H2[��Y[<*<�~Q4H25Y5;QG/Y5T1.>G�25\��^<F,/.7D*2cO:.HDF\],KT@0EDF.7I gS\]DaG�4H25T7,KG�25O^;vTU.HYc4U.HNQ�vb 254�uiY5wy)�&[�1�^DF.
\],KTHT7YcPc,>Y[O^;=u�~�w@)K��&�W �^De.-\],�T7THY[P5,c'

$76	� 	 �7= ; ' - W A�' A � ��J�)DADC WX= Z�� - =!A ��& JX= W&'�J ; - ? W =!Y Z '\;>=@?BADC E�-

� ,9I^Y�
5,hGJI^Yc4HY5G .7,K47D�#/,�; .7IQ,_��,/47b 2c4H\]YcO^G�,92[b�T7,�
5,/4JY[<3Yc<F<F� .72[��Y[<*< ~^472�Yc;QGKYcTU.�Y[<*Pc2547DF.7IQ\ST�b 2c4]TUD*OQPc<*,�TU0EDF.HGJI!O^,�.U�
0{2c4H6%TK'dq�T-T7,/O^;_Y[O�;94H,KG/,/D�
c,@2�
c,K47IQ,�Yc;QT{;(,�G�4H,KYcT7,���.HIQ,yC(z Yc<FP52c4HDe.HIQ\�Y[�^�Q472�YcGJIQ,�T 25�(.7D*\SY[<"��,/47b 2c4H\SY[O^G/, � .72c.HY[<
.74JY[O�TU\]DaT7T7DF25O�<aY�.H,/O^G/`vDaT?\]DFOQD*\SY[< YcO^; �QD*��,K<FD*OQD*OQP:2[bEG�25\�\�NQOQDaG/Y[.7D*2cO G�25\���2cO^,/O�.HT>DaT?\SY��(D*\�D�#/,�;t'SR�O=.7I^,S47,/�
\SY[D*O^;(,K4@2cb .HIQD*T>��Y[��,/4��t03,]0ED*<F<Z,/�%�^<F2547,�Yc;QYc�(.HY[.7D*2cO^T@2[b3.7IQ,lC(z�Y[<*Pc2c4HDF.7IQ\f.72:Y[.U.HYcDFO�, �lG�D*,/O�.��"OQ,KYc4>2c�(.HDF\SY[<
��,/47b 2c4H\]YcO^G�,S25O \yNQ<F.7DF��TU0EDF.HGJI OQ,/.10325476(TK' � ,h0ED*<*< �^4JTU.�G�25O^TUDa;(,K4?.1032vT70EDF.HGJI OQ,/.10325476(T?D*O=.7IQ,9OQ,��%.�T7,KG�.7D*2cO4�
.7I^,/O�DF4H4H,/PcN^<*Yc43OQ,/.10325476(T{0EDF.7IvY[O�Y[4H~QDF.74JY[4H`]O�N^\y~�,/4-2cb�T70EDe.JGJIQ,KTxD*O_.7IQ,>b 25<F<*2�0EDFO^P]T7,KG�.7D*2cO"'


 � 2�2! Q���" - 2�2$#	�Z�*- �'�.-?	"� ��� (  �	,&[
J��� (����x� &��*���l	

R�Ol.HIQDaT{T7,KG�.7D*2cO4��0{,�;(DaT7G/N^THT .HIQ,�,/�(,KG�NQ.7D*2cOh2cbt.7IQ,>Y[<*<F�i.H2[��Y[<*<^2c��,/4JY�.HDF25OS2cO9OQ,�.10{2c4H6(T G�25O^T7D*TU.7D*OQP�2cb".1032�TU0EDF.HGJI^,KTK'
� IQ,��QNQ4H��2�TU,�2[b .7IQDaT>D*T@OQ2c.�.HI^Y�.>.HIQD*T@DaT>Y9G/2c\]\]2cOLO^,�.10{2c4H69.H2c��2c<*2cP5`c' � ,�;(DaTHG�N^THT�.1032�TU0EDF.HGJI�OQ,�.10{2c4H6(TE.H2
D*<F<*N^TU.74JY�.7,@.HIQ,?D*THT7NQ,KTEY@b�,�G .7D*OQPSY[<*Pc2547DF.7I^\���,K4Ub 2547\SYcO^G�,@DFO�.H472(;(N^G/,K;90EDe.HI�47,�;(N^G�,�;9G/2cOQO^,KG .HD$
%DF.1`Lu�YcO^;9.7IQ,K47,/b 2c4H,
��2[.7,KO�.7DaY[<t<*DFOQ69G�2cO�.H,/O�.7D*2cO�w 0EDF.7IQ25N(.x.7IQ,?G�25\]�Q<F,/�(De.HDF,�Tx2[b�.HIQ,>Pc,KOQ,/4JY[<�DF4H4H,/PcN^<*Yc43OQ,/.10325476(T3,��(�Q<*2c4H,K;hDFO9.7IQ,>OQ,/�%.
T7,KG .HDF25O"'

�



� �%,�G�N(.HDFO^Py.HIQ,@Yc<F<F� .72[��Y[<*<�2c��,/4JY�.7D*2cOh2cO9Y�OQ,/.10325476SG�25O^T7D*TU.7D*OQP�2[b".10{2�T70EDF.HGJIQ,�T 0EDF.7I�Y�T7D*OQPc<*,�D*O�.7,K4HG/2cOQOQ,�G .7�
D*OQP:<FD*OQ6 DFO�.H472(;(N^G/,KT>.HIQ,S��2[.7,KO�.7DaY[< b 254�<*DFOQ6 G�25O5.H,/O�.7D*2cO�'�}32c\]\�NQOQDaG/Y�.HDF25O���Y�.U.H,/4HO^T?0EIQDaGJI!Y[�^�Q472�YcGJI�2c�(.HDF\SY[<
��,/47b 2c4H\]YcO^G�,h0EDF<*<3I�Y�
c,S.HIQ,lb 25<F<*2�0EDFO^Pv�Q4H2c��,/47.7D*,KT � uiY5w�;Q,/Pc4H,/,h2[b-�QD*��,K<FD*OQD*OQP 2[b-G�25\�\�NQOQDaG/Y[.7D*2cO�G/2c\]��25OQ,/O�.JT
0ED*<F<"~�,�T7DFP5OQDc��G/Y[O�.��"u ~�w3.H4HYcO^TU\]DaT7T7D*2cOh<aY�.H,/O^G/`h0ED*<F<t~�,?\]DFO^DF\SY[< �^YcO^;=u�GKw{O^2%;Q,?D*;(<*,/O^,KTHTxD*Tx\]D*OQDF\]D�#/,�;t'

�\698 ) J�) ADC�WX= Z*�,-

� IQ,{G�2c\�~QD*OQDFO^P�Y[O^;�C(z=Y[<*Pc2c4HDF.7IQ\ST"25��,K4HY[.7, Y5T�;(,�T7G/47D*~�,K;?D*O?.7I^,3�Q4H,�
%D*2cN^T�TU,�G .7D*2cO�' � IQ,K47,3D*T�TU<*D*PcI�.�\]2(;(Dc��G/Y�.HDF25O
.72�.HIQ,?47D*OQPSY[<*Pc2547DF.7I^\ Y[O^;90{,@D*O�.74H2(;(N^G�,�Y�OQ,K0 Yc<FP52c4HDe.HIQ\ 0EIQDaGJI9DaT-Y�\]2(;(Dc��G/Y�.HDF25O�2[b�.HIQ,yC(z Y[<*Pc2c4HDF.7IQ\�'

�\6T5 UV?�WX= Y�Z
�
� C�I\;KC ;KI % W '*) )@U �

�
% + ��J )DADC�W =!Z*�

� IQ,�25��,K4HY[.7D*2cO�2[bZ.HIQ,�4HDFO^PhY[<*Pc2547DF.7IQ\ 47,K\SY[D*O^TE,KTHT7,/O�.7DaY[<*<F`h.7IQ,�T7Yc\],�YcTEb 254-.HIQ,yT7DFOQP5<F,�TU0EDF.HGJIvGKYcT7,?,��QG�,K�(.�b 254
2c4J;(,K47D*OQPl2cb .7IQ,�OQ2(;(,�T�~%`:T70EDe.JGJIv.72_,/<*D*\�D*O^Y[.7,���2c.7,/O�.HD*Yc<�<*DFO^6vG�2cO�.H,/O�.7D*2cO"' L 2c4>,/DF.7IQ,K4@T70EDF.HGJI4�t25OQ<F`�25OQ,�<*2(G/Yc<
OQ2(;(,ET7IQ2cNQ<a;�TU,KO^;�.H2@Y@OQ2(;(,x25Oy.HIQ,x2[.7I^,/4ZTU0EDF.HGJI]Y[O�;y25OQ<F`?25OQ,x47,K\]2[.7,{OQ2(;(,ET7IQ2cNQ<a;�47,�G�,/D�
c,3b 4H2c\ Y@<F2(GKY[<%OQ2(;(,c'
� IQDaTyG/2c\]\yNQO^D*GKY�.7D*2cO=�^Y[.U.H,/4HO ,/O^G/2cNQO�.7,K4HT�OQ2:<FD*OQ6 G�25O�.7,/O�.HDF25O=YcO^; .7I^,/4H,�b 2c4H,SDaT�,��(��,KG�.7,K; .H2v��,/47b 2c4H\ Y[~�2cNQ.
YcT@0{,/<*<ZYcT�.7IQ,]4HDFOQP�Y[<*Pc2547DF.7I^\f25O�Y_TUD*OQP5<F,]TU0EDF.HGJI�' � IQ,]2cOQ<*`vYc;Q;QDe.HDF25O^Y[<dG�2�T1.>,/O^G/2cNQO�.H,/4H,K;vDaT�.7IQ,SY5;Q;(DF.7D*2cO^Yc<
T70EDe.JGJIQDFO^P�.HDF\],>b 254x.7IQ,?\],KTHTHY[Pc,�T{~�,KDFOQPlT7,/O�.E~�,�.10{,/,/O:T70EDe.JGJIQ,KTK'

�\6"$ 5
�
-�?�WX= Y�Z��%W('\E[U.Y�Z3;KI & J9W ' ) )��SU.5 + ��J )DADC�W =!Z*�

� ,�D*O�.74H2%;QN^G�,yYhOQ,/0 Yc<FP52c4HDe.HIQ\	�^.HIQ,S&���TU0EDF.HGJIvs�DFOQ6vC(GJI^,K;(NQ<*D*OQP�uis�CQ&5w�Yc<FP52c4HDe.HIQ\	�^0EIQDaGJI�Y[.U.7,K\]�(.HT�.72_Y�.U.JY[D*O
OQ,�Y[47� 25�(.7D*\SY[< ��,/47b 2c4H\SY[O^G/,hYcT�;(, ��OQ,K;!Yc~�2�
5,c' � I^D*T�Y[<*Pc2547DF.7IQ\ DaT�Y�TU��,KG/D*Yc<{GKYcT7,l2[bE.HIQ,h\]2c4H,lP5,/OQ,K4HYc<3s"D*OQ6
C(GJIQ,�;(NQ<*DFO^P u�s�CQwlYc<FP52c4HDe.HIQ\ b 2c4H\]Yc<F<*` ;(,KTHG�4HDF~�,K; DFO�.HIQ,LO^,��%.�T7,KG�.7D*2cO"' � IQ,L~^Y5TUDaG:Da;(,KY�D*Th.7I�Y�.9N�TU,�2[b?.7I^,
D*O5.H,/4JG�25OQOQ,KG�.7D*OQPL<*D*OQ6=D*T]THGJIQ,K;(N^<F,�;!Y[\]2cO^PLOQ2(;(,�TyD*O YL0{Y�` .7I�Y�.]��,K47\]DF.HT�,�
5,/4H`�OQ2(;(,9.72�47,K\SY[D*O!~QN^T7` 0EDe.HI
N^T7,�b NQ<�0{2c4H6�' � IQ,�Y[<*Pc2c4HDF.7IQ\ D*T�;(,KTHG�4HDF~�,K;�~�,/<*2�0 b 2c4�.7IQ,?.10{2l��25THTUD*~Q<*,yG/Y5TU,�T � .7IQ,y~^Y[<aY[O^G/,K;:GKYcT7,�0EIQ,/4H,>.7I^,/4H,
Y[4H,>T7Yc\�,>O%NQ\�~�,K4E2[bdOQ2(;(,KTx25O9,�YcGJI_2[b�.HIQ,>.10{2]T70EDF.HGJIQ,�T��QYcO^;l.HIQ,?NQO%~^Yc<*YcO^G�,�;hG/Y5TU,>0EIQ,K47,@.HIQ,/4H,?Y[4H,�NQO^,���N^Y[<
O%NQ\y~�,/4JTx2[bdOQ2(;(,�Tx2cO_,KYcGJI�T70EDe.JGJI"'

R�O:P5,/OQ,K4HYc<T�%.HIQ,yY[<*Pc2547DF.7I^\�,��(,KG/N(.7,�T-D*O_.1032S�QI�YcT7,KTK' 0�NQ47D*OQP].HIQ, �^4JT1.��QI^YcT7,��^OQ2(;(,KTx.JY[65,>.7NQ4HO^T-N�TUD*OQP].7I^,
D*O5.H,/4JG�25OQOQ,KG�.7D*OQP_<FD*OQ6�.729.74JY[O�T1b ,K4@DF.HT>\],�T7THY[P5,�;QY[.HYh.72�YhOQ2(;(,�2cO�.7I^,�2c.7IQ,K4>T70EDF.HGJI"' 0�NQ4HDFO^P9.HIQ,ST1.H,/�^T@0EIQ,KO
DF.�DaT-OQ2c.�YSOQ2(;(,�TE.7N^47O�.H2lN^T7,?.7IQ,�DFO�.H,/4JG�2cO^OQ,KG�.7D*OQPS<FD*OQ6 ��De.@�^Y[47.7DaG�D*�^Y�.H,KTED*OLYS<*2(G/Yc<�Y[<*<e� .72c� Yc<F<�~Q472�Yc;QGKYcTU.E2[bZ.7I^,
<*2%GKY[<"\],�T7THY[P5,�;QY�.JYQ' � IQ,yT7,KG�25O^;_�QI^Y5TU,�G/2cO^T7D*TU.HT-2[bZ��,K4Ub 2547\]D*OQPlY[O^2[.7I^,/4-<*2(G/Y[<�Y[<*<e� .72c� Yc<F<t~^472�Yc;QGKYcTU.��%.7I^D*T�.7D*\],
;(DaT1.H47D*~QN(.HDFO^P].7IQ,?4H,/\]2[.H,?;QY�.JY�4H,KG/,/D�
c,�;h;(NQ4HD*OQP�.7IQ, �^4JTU.-�QI^YcT7,c'

�'+*�,+�
 ��¦Q$k¦ 
 §5#%� 
 �"��#:���¶£m¤\¥���¡d��¤���� 

}32cO�TUDa;(,/4y&_T70EDe.JGJIQ,KT�0EDe.HI�� OQ2(;(,�T?2cO ,KY5GJI TU0EDF.HGJI u � P�&���w ' � IQ,�TU,]OQ2(;(,�T�Y[4H,SYcTHTUD*PcO^,K; Y[O DFO^;Q,��>�3)�.H2
+ �d0EDF.7IQD*O .7IQ,�TU0EDF.HGJI�.72 0EIQDaGJI!.7I^,/` ~�,/<*2cOQP�' � I^,_Yc<FP52c4HDe.HIQ\ G�2c\]�Q<*,�.H,KT�D*O!.10{2L�QI^Y5TU,�T/' 0�NQ4HDFOQP�.7I^, �^4JTU.
�QI^Y5TU, �[.HIQ,��fOQ2(;(,�T 2cOS,�YcGJIST70EDe.JGJIS��,K4Ub 2547\�Y[Ol+E��TU.7,/�S\]2(;(D$�^,K;9C(z Yc<F<F� .72[��Y[<*<(~Q4H25Y5;QG/Y5T1.Z0EDF.7IQD*Ol,KY5GJISTU0EDF.HGJI"'
qfT1.JY[O^;QYc4H;!CQz�Yc<F<F� .72[��Y[<*< 25��,K4HY[.7D*2cO .JY[65,KT	� 5 )9TU.7,K�^T/' � IQ,_\]2%;QDc��GKY�.HDF25O!D*Ty.7I�Y�.SY�.�TU.7,K��O%NQ\�~�,K4�
N�d.7I^,
OQ2(;(,?0EDF.7I�D*O^;(,���
 ;(2%,KTxO^2[.-�^Yc4U.HD*G/DF�^Y[.7,>D*O9.HIQ,?<*2%GKY[<"Yc<F<F�i.H2[��Y[<*< ~QN(.�4JY�.HIQ,/4ET7,/O^;QT-De.JTE<F2(GKY[<t\],KTHT7YcPc,>YcG/472�T7T3.7I^,
D*O5.H,/4JG�25OQOQ,KG�.7D*OQP]<FD*OQ69.72].HIQ,?OQ2(;(,yY[.-DFO^;Q,�� u
� 5 
1w{25O9.HIQ,�2c.7IQ,K4�TU0EDF.HGJI uiY]47,K\�2c.7,>OQ2(;(,�w '3s�DF65,/0EDaTU, �^Y�.�TU.7,K�

N�%.7IQ,?O^2%;Q,@0EDF.7I�D*O^;(,/��u�� 5 
1w34H,KG�,KD$
5,KT3b 4H2c\ .HIQ,?47,K\]2[.7,@OQ2(;(,?0EDF.7I_DFO�;(,���
H'dR�O_.7I^D*Tx0xY�`��(Y�.x.HIQ,?,/O^;92[b�.7I^,
+E��TU.7,/�O�^4JT1.>�QI^Y5TU,�.7IQ,�b 2c<*<*2�0EDFOQP_I^Y5T�~�,/,KO Y5G/G�25\]�Q<FDaT7IQ,K; � u�Y5w@Yh<F2(G/Yc<ZTU0EDF.HGJI Y[<*<e� .72c� Yc<F<�~Q4H25Yc;^G/YcTU.�25��,K4HY[.7D*2cO

)K�



. ��� ¦Q$ m �¹¥���¤Ko��
� � 	 � 	 P .7IQ,?O%NQ\�~�,K4E2[bdOQ2(;(,KTx25Oh.HIQD*T�TU0EDF.HGJI
� � � 	 � 	 P .7IQ,?O%NQ\�~�,K4E2[bdOQ2(;(,KTx25O92c.7IQ,K4-TU0EDF.HGJI
� � " � � ��� "3P u ��� 
 ��������� )�w �4� ��u�� � 	 � 	 w
� � " � � � � ���DP u ��� 
 ��� ��� 5 )�w �4� ��u�� � 	 � 	 w
+���� � 8LC & P�<*2(G/Y[<t\],�T7THY[P5,@;QY[.HY
� �¹¥ TU.HYcPc,%P )>.H2 �
	���
������

	�
������
�

8LC & P�+���� � 8LC &
� �9¥ T1.H,/�OP���.H2vu�� � 	 � 	 5 )�w

��� u ������� P P ��� 
 ��� ����w
£�# 
 � 8�C &�.H2]47,K\�2c.7,>D*O^;(,��=u���� 	2��� w ��� ��u ��������� u � ��� � ��� � � � 	 � 	 w7w

#%$¶£�#
£�# 
 � 8�C &�.H2:u � � " � � �������Uw
� � " � � �������DP u � � " � � � ��� � 5 )�w ��� ��u�� � 	 � 	 w

��� u ������� P P � � 	 � 	 5 ��� 
 ��������w
¥�#N§ � +���� � 8�C &�b 4H2c\ 47,K\]2[.7,>D*O^;(,/��u ��������w �4� ��u�� � � � w

#%$¶£�#
¥�#N§ � \],KTHTHY[Pc,@b 4H2c\ u � � " � � ��� "/w
� � " � � ��� "3P�u � � " � � ��� " ��)�w ��� ��u
� � 	 � 	 w

� �¹¥ D�P )>.72:u�� � 	 � 	 5 )�w
£�# 
 � +���� � 8LC�&�.H2S<F2(G/Yc<tDFO�;(,��=u ��� ��� �K^�� 
1w �4� ��u�� � 	 � 	 w
¥�#N§ � \],KTHT7YcPc,�b 4725\ <*2(G/Y[<tD*O^;(,/��u ��� �����K^ 5 
1w ��� ��u
� � 	 � 	 w

�(d\]`V:�#�?dm[�rY��Z\[`n|]k}c�	]`u�V1Zm���:d\[`no]`u?_ no{aX?[`VY{^VYbc]`V�hÍ]`d�no�o�og�{�]^[wZ4]`V1rYd:_a_
g�b?n�rYZ\]`nod:bÇXNZ4]^]`V![`b���Z\{an|e�{^VYbNhs{aZmb�h%[`V!rYVYnoyzVY{¾Zm�|�
]`V![`b�Z\]`V4���+i~bÍno_aX��oVY_aV!b�]wZ4]`nod:b¹��{^V!bNh?{
Zmb�h�[`VYrYVYnoyzVY{
_�Z�}+dcrYrYgs[�Zm{�}sb?r�us[`d:b�dmg�{^�|}c�+tAu�V¾d:b?�o}ÐrYdcdm[whsn�b�Z\]`nod:b%[`V��cg�n|[`V�hÐno{
]`d�V!b�{^g?[`V
]`uNZ\]3{^V!bNh?nob��1h?dcV!{�b�dm]3r!d:bc]`nobsg?V
]`d¾]`u�V.b?V!��]�{�]wZ��mVan�b+X�u�Zm{^V��
g�bc]`no��]`u?V��(� �(t !#p�
7u�Zm{���VYV!b+[`VYrYV!n�y:V�h9�

L D*PcNQ4H,y� � X T7,/N�;(2[��G�2(;(,>;(,KTHG�4HD*�(.7D*2cO_2[b�.7IQ,�s�CQ&]Y[<*Pc2547DF.7IQ\ b 254 � O^2%;Q,>Yc<F<F� .72[��Y[<*< ~Q4H25Yc;^G/YcTU.K'

)c)



4H,KG/,/D�
c,>�^Y�.7.7,K47O T7,/O�;h�^Y[.U.H,/4HO
TU.7,K� X���q�C(� ) X � ) X ��& X3� A X � W X3� ) X ��& X � A X3� W
) T1.JY[Pc,]) & A W M?) M�� ) & A
& A W M�& ) W M-| ) &
A W M-A ) & A W M�g )
W M-W ) & A & A W M-W
g T1.JY[Pc,�& & A W M�g � ) & A
| A W M-| & W � ) &
� W M�� ) ) A W � )
� � ) & A & A W �
� X���q�C(��& & A W � � ) & A
)K� A W � & � W ) &
)c) W � & A � A W )

L DFP5NQ4H,9� � }325\�\�NQOQDaG/Y[.7D*2cO!�^Y[.U.H,/4HO b 2c4�s�CQ&LY[<*Pc2c4HDF.7IQ\ 2cO�T70EDF.HGJI!0EDF.7I WvOQ2(;(,KT�Y[O�; 47,K\]2[.7,_TU0EDF.HGJI�I^YcT]�
OQ2(;(,�T/' +�NQ\y~�,/4JTED*O^;(DaG/Y[.7,?<*2%GKY[<�T72cN^4HG/,KTx2c4-;Q,KTU.7D*O^Y�.HDF25O^T/'3ME,/\]2[.H,�TU25NQ4JG�,KTEYcO^;�;(,KTU.7D*O^Y[.7D*2cO^TEYc47,>D*O^;(DaG/Y�.H,K;:Y5T
� �!0EIQ,K47, � D*T�.7IQ,947,K\]2[.7,SD*O^;(,/�t' � IQ,h\],KTHTHY[Pc,�T?TU,KO�.y<F2(GKY[<*<F` DFO!TU.HYcPc,h&:G/2cO�.HYcDFO=.HIQ,l4H,/\]2[.H,h;QY[.HY:~Q<*2(GJ6(T
4H,KG�,KD$
5,K;9;(NQ4HDFOQPlTU.HYcPc,�)c'

I^Y5T3G/2c\]�Q<*,�.7,�;>�"u ~�w Yc<F< <*2%GKY[< TU0EDF.HGJI9\],KTHT7YcPc,�;QY[.HYyI^YcT{~�,/,/Oh.74JY[O^TUb ,/4H4H,K;�.72�4H,/\]2[.H,�OQ2(;(,�T��(Y[O�;Lu�G�w Yc<F< 4H,/\]2[.H,
\],KTHT7YcPc,�;QY�.JY=I^YcT]~�,/,KO 47,�G�,/D�
c,�;�~%` <F2(G/Yc<EOQ2(;(,KTK' C%D*O^G�,:,�YcGJI <F2(GKY[<-OQ2(;(,�OQ2�0fIQ25<*;QT],/�QYcG .H<F`�2cOQ,:4H,/\]2[.H,
\],KTHT7YcPc,?0EIQDaGJI�\yN^TU.�~�,�;(DaTU.74HDF~QNQ.7,K;�0EDF.7I^DFO:.HIQ,yT70EDe.JGJI4�Q.HIQ,�T7,KG/2cO^;_�QI�YcT7,�D*T�TUD*\]�Q<F`�YS<*2(G/Y[<3u 0EDF.7IQD*O(��TU0EDF.HGJI�w
C(z�Yc<F<F� .72[��Y[<*<{~Q472�Yc;QGKYcTU.�25��,K4HY[.7D*2cO4�3;(D*TU.74HD*~QN(.7D*OQP .7I^,�;^Y�.HY 4H,KG/,/D�
c,K;�DFO .7I^, ��4HTU.S�QI^YcT7,c' � IQ,:TU,�G�25O^;��^I^YcT7,
G�25\]�Q<F,/.7,�TxDFO � 5 )�TU.7,K�^TK'

�'+*�,+a� �_
 ¡A¦Q$¶¦ 
 §c#%� 
 �"��#:���k£\¤m¥���¡d��¤���� 

}32cO�TUDa;(,/4?&lT70EDF.HGJIQ,�T�� 2cO^,�0EDF.7I � OQ2(;(,�T�Y[.U.HY5GJIQ,K;�Y[O^;:.7IQ,�2[.HIQ,/4>0EDF.7I ����O^2%;Q,KT@Y�.U.JYcGJIQ,�;v0EIQ,K47, � 
 ���

Y[O�; � � � � P � ' � I^,�s�CQ&lYc<FP52c4HDe.HIQ\fb 2c4@NQO%~^Y[<aY[O^G/,K;:O^2%;Q,�;(DaTU.74HDF~QNQ.7D*2cO^T>Y[<aT72hI^Y5T-.10{2h�QI�YcT7,KTK' � I^,%�^4JTU.
�QI^Y5TU,>25Oh.HIQ,�TU0EDF.HGJI�0EDF.7I_b ,/0{,/4EO^2%;Q,KT��(IQ2�03,�
c,K4��%0ED*<F<"I�Y�
c,@\yNQ<F.7D*�Q<*,�T1.JY[Pc,�T/'

L 2c4�.7IQ,�TU0EDF.HGJIv0EDF.7I � OQ2(;(,�T���.7I^, �^4JT1.@�QI^Y5TU,�G�2cO�TUDaT1.JT-2cb Y[OL+-� TU.7,K�v\]2%;QDc�^,�;�C(z Yc<F<F�i.H2[��Y[<*<�~Q4H25Y5;QG/Y5T1.�'
� Y5GJI]2[b .7IQ, � T1.H,/�^T3D*O 
52c<�
c,�Td2cOQ,-2cb .7IQ,�<F2(G/Yc<^OQ2(;(,�T T7,/O^;QDFOQP�.72yY?O^2%;Q,-DFOl.7IQ,�2[.7I^,/43T70EDF.HGJIvu�Y�47,K\�2c.7,-O^2%;Q,�w '
� IQ,@.HYc47P5,�.EYc;Q;Q47,�T7T7,KT32[b�.7IQ,�TU,>D*O5.H,/47� T70EDF.HGJI9T7,/O�;QTx0EDF<*<t~�,lu�� � 5 � ����� w ��� ��u
� � w�' q <F2(G/Yc< OQ2(;(,>D*TxD*O 
c2c<�
c,�;lD*O
4H,KG�,KD$
%D*OQPSb 4H2c\ Yl4H,/\]2[.H,�OQ2(;(,�;(NQ4HDFOQPh2cOQ<*`_.7IQ,%�^4HTU.�� � TU.7,/��T�2cbZ.7IQ,%�^4HTU.��^I^YcT7,c'�q-bk.7,K4�.HIQ,�� � TU.7,/�L2[bZ.7I^,
�^4JT1.E�QI�YcT7,��QY[<*< � � 4H,/\]2c.7,>\],KTHT7YcPc,KT{I^Y�
5,�~�,/,KO�47,�G�,/D�
c,�;9T72�.7IQ,?O^2%;Q,>THGJIQ,�;(NQ<*,K;h.72S4H,KG�,KD$
5,�b 4H2c\ 2cN(.JTUDa;(,>.7I^,
T70EDe.JGJIvI^YcT�OQ2c.7IQD*OQP9.72h4H,KG/,/D�
c,�Y[O^;�.HIQ,/4H,�b 2547,�G�25O5.HDFO%NQ,�T�0EDF.7IL.7IQ,�OQ,/��.?TU.7,/��'>q{.�.7IQ,]G�25\]�Q<F,/.7D*2cO�2[bZ.7I^,%�^4JTU.
�QI^Y5TU, �tu�Y5w3Y�<F2(G/Yc<�T70EDF.HGJI9Yc<F<F� .72[��Y[<*<�~Q472�Yc;QGKYcTU. 2c��,/4JY�.HDF25OlI^Y5T3G/2c\]�Q<*,�.7,�;>�"u ~�w3Yc<F< <*2(G/Y[<�\],KTHT7YcPc,@;QY�.JY�I^Y5T3~�,/,KO
.74JY[O�T1b ,K474H,K;].H2�4H,/\]2c.7,@OQ2(;(,KT��QY[O^;�u�G�w3Yc<F< 4H,/\]2[.H,�\],�T7THY[P5,�;QY[.HY�I^YcT{~�,/,/O947,�G�,KD$
5,K;l~%` ����2cb�.7I^,�<*2(G/Y[< OQ2(;(,�T/'
R�O].7I^,-TU,�G�2cO�;��^I^YcT7,��5,KYcGJI]2cb�.HIQ, � � O^2%;Q,KTZ0EIQDaGJIS4H,KG�,KD$
5,K;�Y[O]D*O5.H,/47� T70EDF.HGJI]\],KTHT7YcPc,x��,K4Ub 2547\STZY>~Q4H25Y5;QG/Y5T1.d.H2
Y[<*<^2c.7IQ,K4 <*2%GKY[<�OQ2(;(,KTK' � I^,�T7,KG�25O^;��QI^Y5TU,�TU.7D*<*<^4H,���NQD*47,�T � 5 )�T1.H,/�^T�u ~�,KG/YcN^T7,E.7IQ,K47,�Y[4H, � 5 )�;Q,KTU.7D*O^Y�.HDF25O^TZb 254
,KY5GJI9~^472�Yc;QGKYcTU.Jw3~QN(.�,�YcGJI_OQ2(;(,�OQ,K,K;QTE.72S4H,KG�,KD$
5,?Y]\]Y[�(DF\�NQ\ 2cb�25OQ<F`�� � \],KTHTHY[Pc,�T/' � I^,/4H,�b 2c4H,��%.HIQDaT�T7,KG�25O^;
�QI^Y5TU,>0ED*<F<�47, �5N^DF4H,�<*,KTHTx.HDF\],>.72SG/2c\]�Q<*,�.7,>.HI^Y[O9.7I�Y�.-2[b�.7I^,?~^Y[<aY[O^G/,K;_T7G/,/O^Yc47D*2^'

L 2c4@.7IQ,]T70EDe.JGJIL0EDF.7I�� � OQ2(;(,KT���.7IQ, �^4JT1.>�QI^Y5TU,�G�25O^TUDaTU.HT@2[b � 	
	��

� TU.HY[P5,KT�� ,KYcGJIL0EDe.HI � � TU.7,K�^T/'�0�NQ4HDFO^P
.7I^,��^4JT1.l2cb?.7IQ,�TU,�T1.JY[Pc,�T��{.HIQ,:b 2c<*<*2�0EDFOQP 2(GKG�NQ4JT � u�Y�wS\],KTHT7YcPc,�TSY[4H,vTU,KO5.9~�` <*2%GKY[<�OQ2(;(,KTl.72!4H,/\]2[.H,:OQ2(;(,KT
D*O�YLTHGJIQ,K;QNQ<F,�; b�YcT7IQD*2cO�Y5T��Q4H,�
%D*2cN^T7<F`=;(,�T7G/47D*~�,�;>�Eu ~�w�.7I^,��^4JT1. � � 47,K\�2c.7,l\],�T7THY[P5,KT�Yc47,l4H,KG/,/D�
c,�;>�d2cOQ,l��,/4

)�&



)���T70EDe.JGJI zxY[<aY[O^G/,K; �-O%~^Yc<*YcO^G�,�;
q�<FP52c4HDe.HIQ\ u�47,/b ,/4H,/O^G/,�w &�� T70EDF.HGJI &�� T70EDe.JGJI
}325\y~QD*OQD*OQP )�Ac�^' |5� &�W��Q'*)K| g[�cA^'F)KW
C(z )�A��('B�[� )K���[�Q' W%� )��c��&('B&�W
M-����MEDFO^P &c�5gQ'B�[� )�&[�cW^'B&�W )��c�5�Q'B&c&
C^����MED*OQP &c�5gQ'B�[� &[�5|Q' �[W &[�c|^' �cW
s�CQ& � )/W�)c' |[W )K�[W�' &[W

� Y[~Q<*, & � }325\]�Q<F,/.7D*2cO .HDF\], DFO \]DaG�4H25T7,KG/2cO^;QTSb 2c4h~�Y[<aY[O^G/,K; &���T70EDe.JGJI�OQ,�.10{2c4H6 uU)K| O^2%;Q,KTl��,/4�T70EDe.JGJI�wlYcO^;
NQO%~^Yc<*YcO^G�,�;_&�� T70EDe.JGJIhOQ,/.10325476vuU)c)@OQ2(;(,KTx25O925OQ,?TU0EDF.HGJIK�^&()>OQ2(;(,KTx25Oh.HIQ,>2[.HIQ,/4 w b 2c4�&cgc|���De.-\],KTHTHY[Pc,�T3YcO^;�g
\]D*G/472�TU,�G�25O^;hTU.HYc4U.HNQ�h.HDF\],5'

<*2%GKY[<tOQ2(;(, �^Y[O�; uiGKwxY�\]2(;(Dc��,K;vC(z Yc<F<F� .72[��Y[<*<t~Q4H25Y5;QG/Y5T1.xD*Tx,/�(,KG�NQ.7,K;4�^;(DaT1.H47D*~QN(.HDFOQP].HIQ,?<*2%GKY[<"\],�T7THY[P5,KT{<F2(GKY[<*<F`5'
0�NQ47D*OQPv,�YcGJI=2[bx.HIQ,lb 25<F<*2�0EDFO^PvT1.JY[Pc,�T?2[bx.HIQ,��^4JTU.��QI^YcT7,��d\]2(;(D$�^,K;!C(z Yc<F<F�i.H2[��Y[<*<Z~Q4H25Yc;^G/YcTU.HT?Yc47,S��,/47b 2c4H\],K;>�
;(DaT1.H47D*~QN(.HDFO^P?\�,�T7THY[P5,KT�4H,KG�,KD$
5,K;yb 4725\ 4H,/\]2[.H,{O^2%;Q,KTZD*O�.7IQ,E�Q4H,�
%D*2cN^TZTU.HYcPc,x0EIQD*<F,-YcOQ2[.HIQ,/4 � � 47,K\]2[.7,x\],KTHTHY[Pc,�T
Y[4H,�4H,KG/,/D�
c,�;t' � I^D*TxG�25O�.7D*O�N^,KT3NQO�.7D*< Yy.72c.HYc<�2cb � \],KTHTHY[Pc,�T I^Y�
5,-~�,/,/O_4H,KG�,KD$
5,K;t' � IQ,>TU,�G�25O^;S�QI^Y5TU,@G�25O^TUDaTU.HT32[b
.7I^,�;(D*TU.74HD*~QN(.7D*2cO�2cb�.7I^,?47,K\�2c.7,>\],KTHT7YcPc,�T34H,KG/,/D�
c,�;hD*Oh.HIQ, �^O^Yc<�TU.HY[P5,>2[b�.HIQ, �^4JT1.E�QI�YcT7,c'

�'+*�,+*�   
 ¦^$ ��£��¶£]��� . ��� ¦Q$ m �9¥��¶¤Ko��
R�O�.7IQ,E~�Y[<aY[O^G/,K;�G/YcT7,{0EIQ,/4H,{.7IQ,K47,-Yc47,3.7IQ,-THY[\],xO%NQ\y~�,/4 2[b�O^2%;Q,KTZ25O�,�YcGJI�2[b^.10{2?TU0EDF.HGJI^,KT���.7IQ,-s�CQ&@Y[<*Pc2547DF.7IQ\
DaTxOQ,KYc4U� 2c�(.HDF\SYc<i' � I^Y�.EDaT��"uiY5w{G�25\]\yNQOQDaG/Y[.7D*2cO_G�2c\]��2cOQ,KO�.HTEY[4H,@2�
c,/4H<aY[�Q��,K;]b 254EY[<*<t��2�T7T7DF~^<F,?TU.7,/��T3,/�QG�,/�Q.x25OQ,��
u ~�wEY[<*<"OQ2(;(,�TE47,K\SY[D*O9~QN�TU`90EDe.HI:N^TU,/b NQ<�0{2c4H6h;(N^47D*OQP�.7IQ,y,/O�.7D*47,?,/�(,KG�NQ.7D*2cO_2[bd.7IQ,�Yc<FP52c4HDe.HIQ\	�QY[O^;=uiGKw{.HIQ,/4H,?D*T
OQ2]NQOQO^,KG�,�T7THY[4H`SG�25\�\�NQOQDaG/Y[.7D*2cO"' � IQ,@2cOQ<*`l��2cD*O�.EY[.E0EIQD*GJI_G�25\�\�NQOQDaG/Y[.7D*2cOh2�
5,/4H<*Yc�h;(2%,KT{OQ2c.E2%GKG�NQ4xDaTEY�.x.7I^,
.74JY[O�TUDF.7D*2cO:b 4H2c\f.HIQ,%��4HTU.@�^I^YcT7,�.H2l.7I^,]T7,KG/2cO^;v�QI^YcT7,c'���IQDaGJIQ,�
5,/4@OQ2(;(,�47,�G�,/D�
c,�TEb 4H2c\f.7I^,�4H,/\]2[.H,�T70EDe.JGJILD*O
.7I^,�<aYcTU.@TU.7,K��2cb .7I^,*��4HTU.@�^I^YcT7,y\�N^T1.?0xY[DF.�NQO�.HDF<Z4H,KG/,/D*�(.@2cb .7I�Y�.?\],KTHT7YcPc,�DaT?G�25\��^<F,/.7,�~�,/b 2c4H,�~�,/P5DFOQO^DFOQP9.7I^,
T7,KG�25O^;9�QI^YcT7,c'

� IQDaT>��,/47b 2c4H\]YcO^G�,S;(,KPc4JYc;(,�T�0EI^,/O .7IQ,SO%NQ\�~�,K4HT@2cb{OQ2(;(,�T>2cO�.7IQ,].10{2�TU0EDF.HGJIQ,�T?Y[4H,�N^OQ,���N^Yc<i' � IQ,Ss�C^&
Y[<*Pc2547DF.7I^\ ;(2%,KT"OQ2[.�\SYc6c,Z2c�Q.7D*\]Yc<cN^T7, 2cb�.HIQ, D*O�.7,/4JG�25OQOQ,�G .7D*OQPE<*DFO^6�0EIQ,KO?.7I^, OQ2(;(, ;(DaTU.74HDF~QNQ.7D*2cO?DaT"OQ2c.�~^Y[<aY[O�G�,K;"'
��O^G/,-.7I^,/4H,@Yc47,-O^2y\]2c4H,�\],KTHTHY[Pc,�TZ.H2y~�,@T7,/O�.{b 4725\�25OQ,�T70EDF.HGJI4��.7I^,�<*DFO^6S~�,�G�2c\],�T Da;(<*,�D*Ol.HI^Y�.E;(D*47,�G .7D*2cO�'�R .xD*T
��25THTUD*~Q<*,�.H2�4H,�
%DaTU,�.7IQ,>Y[<*Pc2547DF.7IQ\�.H2�\SY[65,�N^T7,@2[b".HIQD*T{<*DFO^6l;(NQ4HDFOQP�.7I^,�,KO5.HDF4H,@,��(,KG/N(.7D*2cOl2cb".7I^,>Yc<FP52c4HDe.HIQ\ 0EDe.HI
D*\��^472�
5,K;l4H,KT7NQ<F.HTK'

�\6	� U7W ��&3J ��=!W9A�' ;�� ' ;KC�W � ;.'V=
- � '3I[C ; -�& JX=
-

� ,3G�25O^T7D*;(,K4".10{2�THG�,KO^Y[4HDF2�T .72�DF<*<*N^T1.H4HY[.7, .7IQ,3��,K4Ub 2547\SY[O�G�, DaT7T7NQ,�T�Y[O�;?��2�T7T7D*~Q<F,{TU25<FNQ.7D*2cO^T"b 2c4dY[<*<e� .72c� Yc<F<�G�2c\]\�NQOQDF�
G/Y[.7D*2cO�2cOS&�T70EDF.HGJIQ,�T/'d� Y5GJI�G�25O^T7D*TU.HT�2[bdui&5wdA5&�� ��2c47.�T70EDe.JGJIQ,KT��[,KY5GJIy0EDF.7ISY>TUD*OQP5<F,x~QDa;(D*47,�G .7D*2cO�Y[<%DFO�.H,/4JG�2cO^OQ,KG�.7D*OQP
<*DFOQ6 ' � IQ,?~�Y[<aY[O^G/,K;_T7G/,/O^Yc47D*2�;QD$
%Da;(,KT{.HIQ,?OQ2(;(,KTx, ��N^Y[<*<F`h~�,/.103,K,/O_.7IQ,�T70EDF.HGJIQ,�T��t)�|�25O9,�YcGJI"' � IQ,?N^O�~�Y[<aY[O^G/,K;
;(D�
%D*;(,�Tx.7I^,@O^2%;Q,KT-Y5TU`%\]\],�.74HDaG/Y[<*<*` � &()>OQ2(;(,�Tx2cO�2cO^,>T70EDF.HGJI�Y[O^; )c)>25Oh.HIQ,?2[.HIQ,/4�'

� Y[~Q<*,�&>T7IQ2�0-T�.7IQ,���,K4Ub 2547\SY[O�G�,E4H,KT7NQ<e.JTdb 2c4d.HIQ,E.10{2�T7G/,/O^Yc47D*25TdG/2cO^T7D*;Q,/4H,K;�IQ,/4H,c' L 254Z.7I^,KT7,-TUD*\yNQ<aY�.HDF25O^T�� � �
u�G/2c\]\yN^OQD*GKY�.HDF25O9TU.HY[47.7N^�l.7D*\],�w.P�gy\]D*G/472�TU,�G�2cO�;lY[O^;l.7IQ,>\],KTHTHY[Pc,�<F,KOQP[.HI9DaTE&cg[|��^DF.HTK' ME,KT7NQ<F.HT3b 2c4{.7I^,>T7D*OQPc<*,
T70EDe.JGJI_GKYcT7,@0EDF.7I_.HIQ,KT7,?�^Y[4JY[\],/.7,/4JTxY[4H,�P5D$
5,/O9b 2c4E4H,�b ,K47,KO^G�,5'

)KA



� � 2�2! Q���" - 2�2$#	�Z�*- �'�.-?	"� ��� 
����Z� %*�'2�- � ���x� &��*���l	 ��� - � #'
 ����- ��� 	/
��E�

L 254�D*4H47,KPcNQ<aY[4�OQ,�.10{2c4H6(T�2cb3Y[4H~QDF.74JY[4H`_T7D$#K,�YcO^;LG/2c\]�Q<*,��(DF.1`���.7IQ,]��2[.H,/O�.7DaY[<�b 2c4@<*DFOQ6�G�2cO�.H,/O�.7D*2cOvD*O^G/47,�YcT7,KTK' � I^,
4JY[OQ6�2c4J;(,K47D*OQPh4HD*OQP�uiME����M�w�Y[<*Pc2547DF.7IQ\	��.7I^,];Q,�b�Y[N^<e.?D*\��^<F,K\�,KO�.HY�.HDF25O�T7NQ�Q�Q<*D*,K;�~�`v8LX R7} � � ���"�"~�,KG/2c\],KT@<*,KTHT
Y�.7.74JYcG�.7D�
c,>YcT3.7IQ,>��2[.H,/O�.7DaY[< b 254{<*D*OQ6hG�25O�.7,/O�.HDF25OhD*O^G�4H,KY5TU,�T/' � 032]Y[<*Pc2547DF.7I^\]T30EIQDaGJI9��,/47b 2c4H\ 0{,/<*< b 2c4EY[4H~QDF.74JY[4H`
D*474H,/P5NQ<*Yc43O^,�.10{2c4H6%TxYc47,?;(DaT7G/N^THTU,�;h~�,/<*2�0?'

�7698 UV?�WX= Y�Z
�
� C�I\;KC ;KI % W '*) )@U �

�
% + ��J )DADC�W =!Z*�

L 254SY[O�D*4H47,KPcNQ<aY[4�OQ,�.10{2c4H6 � Y[O�,��lG�D*,/O�.S2c4J;(,/4HDFO^PL2[b�OQ2(;(,KT�b 2c4�.HIQ,�47D*OQP=Y[<*Pc2c4HDF.7IQ\�DaTyb 25NQO^; ~%` ��,K4Ub 2547\]D*OQP
Y[O D*O(� 2c4J;(,/4�.74JY�
c,/4JTHY[<Z2[bE.HIQ,9z L C�.74H,/,h.7I^Y[.y0xYcT�P5,/OQ,K4HY[.7,�;L.H2�;(,/.7,K47\]D*OQ,lOQ,/.10325476 4725N(.7D*OQPvGJI^Yc4HY5G .H,/4HD*TU.7DaG/TK'
q-<F.7I^2cNQP5I�.HIQDaT�2c4J;(,K47D*OQP:;(2%,KT?O^2[.�,/<*D*\�D*O^Y[.7,l��2[.H,/O�.7DaY[< <*D*OQ6 G/2cO�.7,KO�.7D*2cO=G�2c\]�Q<*,�.H,/<*`���.7IQ,h��2c.7,/O�.HD*Yc< D*T�Pc4H,KY�.H<F`
4H,K;(N^G/,K;t'

� IQ,9<FDaTU.HT�2[b-OQ2(;(,�Ty25O!,KY5GJI!TU0EDF.HGJI�Yc47,_G�25O^G/Y[.7,/O�Y�.7,�;=DFO!.7IQ,_2c4J;(,/4yb 2cNQO�;=.74JY�
c,K4HT7DFO^P�.7IQ,_z L C .H47,K,l.H2
;(,/.7,/4H\]DFO^,l.7I^,9OQ2(;(,92c4J;(,/4HD*OQP:b 2c4�.7I^,_C^����M�Y[<*Pc2547DF.7I^\_' � IQDaTy254H;(,K47D*OQPvI�YcT�YvTUD*\]�Q<*,9D*\]�Q<F,K\],/O�.HY[.7D*2cO�YcO^;
�Q4H2�
%D*;(,�T�P52�2(;=��,/47b 2c4H\SY[O^G/,Sb 2c4�Y[4H~QDe.H4HYc47`�DF4H4H,/PcN^<*Yc4�OQ,�.10{2c4H6(T/'�Xd,/47b 2c4H\]YcO^G�,]2cbE.7IQ,:C^����M Y[<*Pc2c4HDF.7IQ\ b 2c4�Y
)K�[� T70EDF.HGJI4� )�&c�yO^2%;Q,?DF4H47,KPcNQ<aY[43.725��25<F25Pc`lDaTET7IQ2�0EO9D*O � Yc~Q<*,>A^'

�76T5 �%W('\E U7Y�Z3;KI & J9W('*) )��SU + ��J )DADC�W =!Z*�

�-,K47,�03,�,��%.7,KO^;:.HIQ,�G/2cO^G/,/�(.JT�2cb .7I^,�s�C^&lY[<*Pc2547DF.7I^\ �Q4H,KT7,/O�.H,K;:D*Ov.HIQ,y�Q4H,�
%D*2cN^T@T7,KG .HDF25O:.729I^Y[O�;(<F,�Y[4H~QDF.74JY[4H`
D*474H,/P5NQ<*Yc4 OQ,/.10325476(TK' � IQDaT3Yc<FP52c4HDe.HIQ\�0EDF<*<�Yc<*T72���,/4H\]De.EY[OS,KOQI^Y[O�G�,/\],KO5.3.72y.7IQ,@s�CQ&yY[<*Pc2c4HDF.7IQ\�0EIQDaGJIlDF\]�Q4H2�
c,�T
��,/47b 2c4H\]YcO^G�,5'

�3T7T7,/O�.7DaY[<*<*`��x.7I^,�s�C Y[<*Pc2c4HDF.7IQ\ DFO 
c25<$
5,KTSO^2%;Q,KT92cO�,KY5GJI TU0EDF.HGJI ��,K4Ub 2547\]D*OQP .7I^47,K,:.HY5TU6(T � uiY5wST7,/O�;(DFO^P
G�N^474H,/O�.7<*`:IQ,K<*;=;QY[.HY9~Q<F2(GJ6(T@.72�OQ2(;(,�T>2cO=Y[OQ2c.7IQ,K4?TU0EDF.HGJI uk.HIQ,S47,K\]2[.7,];(,�T1.HDFO^Y[.7D*2cO=TU0EDF.HGJI�w`�3u�~�w>;(DaT1.H47D*~QN(.HDFO^P
.7I^,KT7,>G/NQ4H47,KO5.H<F`hIQ,/<a;9;^Y�.HY�~Q<*2(GJ6(T{Yc\]2cOQP�.7I^,@O^2%;Q,KTx2cO9.7I^,?<F2(G/Yc<"TU0EDF.HGJIK�QY[O^; u�G�w{47,�G�,/D�
%DFO^P�;QY[.HY�~Q<*2(GJ6%T3b 4H2c\
Y[O^2[.7I^,/4ETU0EDF.HGJI uk.HIQ,?TU25NQ4HG/,�T70EDe.JGJI�w ' C(DFO^G/,>OQ2(;(,KT{2cOh.7IQ,><*2(G/Y[<tT70EDe.JGJI9G/2c\]\yNQO^D*GKY�.7,@2cO^<F`S0EDF.7I_OQ2(;(,KTx25Ol.10{2
2[.HIQ,/4�T70EDF.HGJIQ,�T���;QY�.JY�~Q<F2(GJ6(T>\yN�T1.�~�,]b 2c4H0{Yc4H;Q,K; Y[4H2cNQO^;L.7I^,SOQ,�.10{2c4H6vNQO�.7D*< Yc<F< O^2cO(� <F2(GKY[< ;QY[.HY_~Q<*2%GJ6(T>I^Y�
5,
~�,/,/Oh47,�G�,/D�
c,�;SY�. ,�YcGJIlT70EDe.JGJI"' � IQ,/4H,-DaT3YyT1.H,KYc;Q`]TU.74H,KYc\ 2cb";QY�.JY�~Q<*2(GJ6%T OQ,/,�;(,K;]~%`]OQ2(;(,�T 2cOl.7IQ,�<F2(G/Yc<�T70EDe.JGJI
�^2�0ED*OQP DFO�.72 .HIQ,vTU0EDF.HGJI Y[O�; Y=TU.7,KY5;(`!TU.74H,KY[\ 2[b@;^Y�.HY�~Q<*2(GJ6%T]4H,���NQD*4H,K;�Y[.].7IQ,:4H,/\]2[.H,_;Q,KTU.7D*O^Y�.HDF25O T70EDe.JGJI
�^2�0ED*OQP]2cN(.E2cb�.HIQ,?<F2(GKY[<"T70EDe.JGJI"'

� IQ,_s�C Yc<FP52c4HDe.HIQ\�G�2cO�TUDaT1.JT�2cb�YvTU,/.7NQ� �QI^Y5TU,l�^<FN^Ty.10{2v2c��,/4JY�.HDF25O^Y[<3�QI^YcT7,KTK' � IQ,_TU,/.7NQ���QI^YcT7,h,KO�.HY[D*<aT
;(,/.7,/4H\]DFO^DFOQP_.HIQ,STU0EDF.HGJI 2c4J;(,/4HD*OQP9~%`�.H4HY�
5,/4JTUD*OQPl.HIQ,]4725N(.7D*OQP�z L CL.H47,K,c']� YcGJILOQ2(;(, �^O^;QT?DF.HT>4H,/\]2c.7,]TU25NQ4HG/,
Y[O�;y4H,/\]2[.H,E;(,KTU.7D*O^Y�.HDF25O�T70EDF.HGJI�b 4725\�.7IQDaTd2c4J;(,K47D*OQP^' � IQ,x<F25PcDaG/Yc<�2547P�Y[OQD�#KY[.7D*2cO�2cb^.HIQ,ETU0EDF.HGJIQ,�Td\SY�`�~�,{.HIQ2cNQP5I�.
2[bZYcTxY]4HDFO^P^'

R�O .HIQ,���4HTU.y�QI^Y5TU, ��.7IQ,K47,_Y[4H,S2cOQ,92c4�\]2c4H,hTU.HYcPc,KTK' 0�NQ47D*OQPv,�YcGJI!TU.HYcPc,��ZY:<*2(G/Yc< \]2(;(Dc��,K;�C(z Yc<F<F�i.H2[��Y[<*<
2c��,/4JY�.HDF25Oh2(G/G/NQ4JTx0EIQDF<*,?TU,KO^;(D*OQPS4H,/\]2[.H,�\],KTHTHY[Pc,�T3.72]OQ2(;(,KT-2cO9.7IQ,?4H,/\]2[.H,@;Q,KTU.7D*O^Y�.HDF25O�T70EDF.HGJI�Y[O^;947,�G�,KD$
%D*OQP
4H,/\]2[.H,�\],KTHTHY[Pc,�TZb 4H2c\ OQ2(;(,�T{2cOl.HIQ,@.7IQ,>4H,/\]2[.H,�T72cNQ4JG�,@TU0EDF.HGJI�' � IQ,@;^Y�.HY�;(DaT1.H47D*~QN(.H,K;h~�`].HIQ,>\]2%;QDc�^,�;h<*2(G/Yc<
Y[<*<F�i.H2[��Y[<*<5~Q4H25Y5;QG/Y5T1.�D*T�.HIQ,x<F2(GKY[<(;QY�.JY�D*O�.7IQ,��^4JT1.ZTU.HY[P5,{YcO^;?.HIQ,E;QY�.JY�4H,KG/,/D�
c,�;�D*Oy.HIQ,3�^47,�
�D*2cN�T�TU.HYcPc,3.7IQ,K47,�Y�bk.H,/4�'
L DFP5NQ4H,y�STUI^2�0-Tx.7IQ,�G�25\�\�NQOQDaG/Y[.7D*2cO��^Y�.7.7,K47O�b 254�YS�^Yc4U.HD*G/NQ<aY[4�T70EDe.JGJI:DFOvYv)�g�� OQ2(;(,?D*474H,/P5NQ<aY[4EOQ,/.1032547690EDe.HI:W
<*2%GKY[<�OQ2(;(,KT��"gSOQ2(;(,�T�25O:.7I^,�4H,/\]2[.H,�T72cNQ4JG�,�TU0EDF.HGJI4�tYcO^;vAlO^2%;Q,KT�2cO:.HIQ,�4H,/\]2c.7,�;Q,KTU.7D*O^Y�.HDF25OLTU0EDF.HGJI�'@X I^YcT7,
)�G�25\]�Q<F,/.7,�TEDFOvY]O%NQ\�~�,K4-2[bZTU.7,/��TE0EIQDaGJI:D*T-Y]\�NQ<F.7D*�Q<F,y2[b�.7IQ,�O%NQ\�~�,K4-2[bd<*2%GKY[<"O^2%;Q,KT-YcO^;_0EIQ,/OvYc<F<"4H,���NQD*4H,K;
4H,/\]2[.H,{\],�T7THY[P5,KT�I^Y�
c,{~�,K,/OST7,/O�. Y[O^;�47,�G�,KD$
5,K;t' � 2>\SY[D*O�.HY[D*O]Y ��2�0!2[b�2cOQ<*`?.7I^,E47, �5N^DF4H,K;�;QY�.JY�~^<F2(GJ6(T�DFO�.72?YcO^;

)/W



. � ¦Q$ m �¹¥���¤�o�� §5������� 
 �k§s¦�¤���� 
 � ¦�¤\¤�#�¥ 

4H,KG�,KD$
5,���Y�.U.H,/4HO T7,/O�;h�^Y[.U.H,/4HO

TU.7,K� X���q�C(� ) X � ) X ��& X3� A X � W X3� ) X ��& X � A X3� W
) T1.JY[Pc,]) & A W C ) 0@A ) & A
& A W CQ& ) W 0>& ) &
A W CQA ) & A W 0y) )
W C%W ) & A & A W 0�)
g T1.JY[Pc,�& CQg ) & A & A W 0>&
| W C^g ) & A W 0�A )
� A W C%W ) W 0@A ) &
� & A W C(A 0>& ) & A
� T1.JY[Pc,?A & A W CQ& 0�) ) & A
)K� A W C ) ) W 0�) ) &
)c) W Ct) ) & A W 0@& )
)�& � ) & A & A W 0@A
)KA X���q�C(��& W � & A � A W )
)/W A W � & � W ) &
)�g & A W � � ) & A

L DFP5NQ4H,�� � s�CvYc<FP52c4HDe.HIQ\ G�25\�\�NQOQDaG/Y[.7D*2cOv�^Y[.U.H,/4HO^T�b 2c4>Y9T70EDe.JGJIL0EDF.7I�W9<*2(G/Y[<�OQ2(;(,�T/'?R�OL.7IQDaT@,��QY[\]�Q<*,���.7I^,/4H,
Y[4H,_gvOQ2(;(,KT�25O .7IQ,:T72cNQ4JG�,9TU0EDF.HGJI Y[O^; AvOQ2(;(,�T�25O .7I^,�;Q,KTU.7D*O^Y�.HDF25O�TU0EDF.HGJI�'!q�THTUNQ\],�Y:.H2[.HYc<x2[b�)�gvOQ2(;(,KT
�^Yc4U.HD*G/DF�^Y[.7D*OQP�DFOh.7IQ,?Y[<*<F�i.H2[��Y[<*<�~Q4H25Y5;QG/Y5T1.{TU2�.7IQDaTET70EDe.JGJIh\yN�T1.ETU,KO^;_Y�.H2[.HYc< 2[b )�&�\],KTHTHY[Pc,�TZ.H2�.HIQ,>;(,KTU.7D*O^Y�.HDF25O
T70EDe.JGJI�YcO^;�47,�G�,/D�
c,xY�.72c.HY[<(2cb�)5)3\],�T7THY[P5,KT�b 4725\�.7I^,-TU25NQ4HG/,{T70EDF.HGJI"'ZC%2cN^4HG/,xYcO^;�;(,KTU.7D*O^Y�.HDF25O�O^2%;Q,KTdb 254Z47,�G�,/D�
c,�T
Y[O�;hT7,/O^;QTxYc47,@D*;Q,/O�.7D$�^,K;9~%`].7IQ,KDF4xD*O^;(,/�lDFO9.7IQ,?T70EDe.JGJI"'Z8:,KTHTHY[Pc,�T 2547D*PcD*O^Y[.7D*OQP�b 4H2c\ .HIQ,�4H,/\]2c.7,>TU25NQ4HG/,�T70EDe.JGJI
Y[4H,?Da;(,/O�.7D$�^,�;:~%` � � Y[O^;�\],�T7THY[P5,KT-;(,�T1.HDFO^,K;_b 2c4�.7IQ,�47,K\]2[.7,�;(,KTU.7D*O^Y�.HDF25OvTU0EDF.HGJIvYc47,?Da;(,KO5.HDc��,K;vY5T�� ��0EIQ,/4H,
�:DaTx.7IQ,?O^2%;Q,@D*O^;(,/�t'

2cNQ.32[bt.HIQ,�<*2(G/Yc<�T70EDe.JGJI4�5.7IQ,>TU, ��NQ,/O^G/,-2[b"4H,/\]2c.7,�4H,KG/,/D�
%DFOQP�Y[O^;S4H,/\]2c.7,�T7,/O^;QDFOQP�47,�
c,K4HT7,KTdb 254 ,�
c,/4H`]T1.JY[Pc,5' � I^,
�^4JT1.EOQ2(;(,@.H2�4H,KG/,/D�
c,>Yy4H,/\]2c.7,>\],KTHT7YcPc,�D*O_2cOQ,>�QI^Y5TU,>\�N^T1.E~�,@.7IQ,��^4JT1.x.H2]T7,/O�;hDF.E.72�.7IQ,?4H,/\]2c.7,>;(,KTU.7D*O^Y�.HDF25O
D*O9.HIQ,�T7NQ~^T7,���NQ,/O�.E�QI^Y5TU,5'

� IQ,@TU,�G�25O^;��QI^YcT7,�G/2cO^T7D*TU.HT 2[b�YcO�`�OQ2(;(,KT30EIQDaGJIS47,�G�,KD$
5,K;]Y?4H,/\]2[.H,-\],KTHT7YcPc,ED*OS.7IQ,3�^O^Yc<�TU.HY[P5,-2[b .HIQ,\�^4JTU.
�QI^Y5TU,>��,/47b 2c4H\]DFOQPSY�<*2%GKY[<t~Q4H25Y5;QG/Y5T1.x2[b�.7I�Y�.E\],KTHT7YcPc,?;QY�.JYQ'

. � ¦Q$ m �¹¥���¤Ko��
)c'�0�,�.7,K47\]D*OQ,�T70EDe.JGJI_254H;Q,/4HDFOQP�~%`l��,/47b 2c4H\�D*OQPSY[O_D*O(� 254H;Q,/4{.74JY�
c,K4HTHY[<�2[b�.7IQ,?4H2cNQ.7D*OQP�z L Ch.74H,/,5'
&('EXd,/47b 2c4H\ 4H,���NQD*47,�;9TU.HYcPc,KT{2cb��QI�YcT7,�) �%b 2c4H0{Yc4H;QDFOQP];QY[.HY�~Q<*2%GJ6(T{4H,KG�,KD$
5,K;9DFO_.HIQ,?�Q4H,�
%DF25N^TxT1.JY[P5,c'
AQ'Eq-O%`9OQ2(;(,KTx4H,KG/,/D�
�D*OQP]D*Oh.HIQ, �^O^Yc<�T1.JY[P5,@2cb��QI�YcT7,�)>~Q4H25Y5;QG/Y5T1.{.72].HIQ,?2[.HIQ,/4E<*2(G/Yc<tOQ2(;(,KTK'

L D*PcNQ4H,])K� � ��DFP5I_<*,�
5,/<";(,�T7G/47D*�(.HDF25O92cb�.7I^,�s�C_Y[<*Pc2547DF.7IQ\ b 254 � O^2%;Q,�Y[<*<e� .72c� Yc<F< ~Q4H25Y5;QG/Y5T1.�'

�76"$ U7W ��&3J ��=!W9A�' ;�� ' ;KC�W � ;.'V=
- � '3I[C ; -�& JX=
-

� ,@T7DF\�NQ<aY�.7,�;S,��(,�G�N(.HDF25Oh2[bt.HIQ,�.7IQ4H,/,>Y[<*Pc2547DF.7IQ\ST �Q47,�TU,KO�.7,K;lDFOh.7IQ,>TUD*OQP5<F,@TU0EDF.HGJI_TU,�G .7D*2cO9YcT303,K<F< YcT .7IQ,�C^����M
Y[O�; s�C=Y[<*Pc2547DF.7IQ\ST>25O=YcO=DF4H47,KPcNQ<aY[4S)�&[�[� OQ2(;(,]T7`%TU.7,K\�' � ,hY[P�Y[D*O N�TU,�; Yvg_\]DaG�4H25T7,KG/2cO^; T1.JY[47.7NQ� .HDF\],hYcO^;
&cgc| �^DF.x\�,�T7THY[P5,�<*,/OQPc.7I"' � IQ,�)�&c��� OQ2(;(,-D*474H,/P5NQ<aY[4 O^,�.10{2c4H6�G/2cO^T7D*TU.7,�;l2cb )K��TU0EDF.HGJIQ,�T���,KY5GJIh0EDF.7I:�@.72S&()�OQ2(;(,KT

)�g



)�&[�[� OQ2(;(,
q�<FP52c4HDe.HIQ\ D*474H,/P5NQ<aY[4{.725��25<F25Pc`
}325\y~QD*OQD*OQP &[��g�W�&Q'F)KW
CQz &[��g[A��(' A5�
M-����MED*OQP &c&c|cA5&Q' ��g
C���� MED*OQP )K�5|c�^' �%�
s�C )KA5|Q)5' A5|

� Y[~Q<*,lA � }325\��^<F,/.7D*2cO�.7D*\�,hDFO=\]D*G/472�TU,�G�25O^;QT�b 2c4S)�&[��� OQ2(;(,�DF4H4H,/PcN^<*Yc4@O^,�.10{2c4H6:0EDe.HI�&cg[| �^DF.y\],KTHT7YcPc,�T@YcO^;=g
\]D*G/472�TU,�G�25O^;hTU.HYc4U.HNQ�"'

Y�.7.HY5GJIQ,K;t' � IQ,K47,@0{,/4H,y)�.72lg�,/�%.7,/4HO^Yc<�<*D*OQ6(T .H2�Y�T70EDe.JGJI90EDF.7I_OQ2�\�2547,�.7I�Y[O_&y<*DFOQ6(Tx~�,�.10{,/,KO9Y[O�;9&�TU0EDF.HGJI^,KTK'
� IQ,_47,�TUN^<e.JTy2cb-.7IQ,�TU,�T7DF\�NQ<*Y[.7D*2cO^T�DaT�T7IQ2�0EO!D*O � Y[~Q<*,�AQ' � IQ,�s�C Yc<FP52c4HDe.HIQ\ G�2c\]�Q<*,�.H,KT�D*O &5�('F) � <*,KTHT�.7D*\],
.7I�Y[O_.7IQ,yC���� M Y[<*Pc2547DF.7IQ\�' � IQDaTED*\��^472�
5,/\],/O�.x47, �^,KG�.HTx.HIQ,?DFO�G�4H,KYcT7,K;9G�25\�\�NQOQDaG/Y[.7D*2cO�G�2c\]��2cOQ,KO�.-�QDF��,/<*D*OQDFO^P
��25THTUD*~Q<*,-0EDe.HIS.7I^,�s�ClY[<*Pc2c4HDF.7IQ\STK'�q-O^2[.7I^,/43T7D*PcOQD$��G/YcO�. 47,�TUN^<e. DaTZ.HIQ,��cW � DF\]�Q4H2�
c,K\],/O�. 2�
c,K4Z.7IQ,�4HYcOQ6y254H;Q,/4H,K;
4HDFOQP]u�M-����M�w�Y[<*Pc2c4HDF.7IQ\�' � I^D*Td4H,KT7NQ<F.�IQD*PcI^<FD*PcI�.HT�.HIQ,E;(,/P54HY5;QY�.HDF25O�DFO���,/47b 2c4H\]YcO^G�,{��25THTUD*~Q<*,30EIQ,KOy.HIQ,EY[<*Pc2547DF.7IQ\
DaT�;(,/��,/O�;QT?2cO .HIQ,S\SY[�Q�QD*OQP:2cb{<*2cP5D*GKY[<d4HYcOQ6v4JY�.HIQ,/4>.HI^Y[O Yc;��1N^T1.HDFO^P:~^YcT7,K;�2cO=6%OQ2�0E<*,K;(P5,�2cb3.HIQ,lNQO^;Q,/4H<F`%D*OQP
OQ,/.10325476].H2c��2c<*2cPc`5'

� � ���	�\2���	�
/����	

R�O_.7IQDaTE�^Yc��,K4��^03,>I^Y�
5,>T7IQ2�0EO_, �lG�D*,/O�.-0xY�`(T32cb�D*\]�Q<*,/\],/O�.7D*OQPlYc<F<F�i.H2[��Y[<*< ~Q472�Yc;QGKYcTU.{25O_.7IQ,?,K\�,K47P5DFO^P]G/<FN�T1.H,/4JT
2[bx0{2c4H6%TU.HY[.7D*2cO^T>~�YcT7,K; 2cO G�25\]\�2(;(DF.1`�T70EDF.HGJI(� ~^YcT7,K; OQ,/.10325476(TK'�� ,hY[<aTU2:GJI^Yc4HY5G .H,/4HD$#K,K;L.7IQ,l��,/47b 2c4H\SY[O^G/,]2[b
TU.HY[O�;QY[4J; DF\]�Q<*,/\],/O�.JY�.7D*2cO�Th2cb@.HIQDaTl2c��,/4JY�.HDF25O4�-T7NQPcP5,KTU.7,K; T7DF\]�Q<*,v,KOQI^Y[O�G�,/\],KO5.JTl0EIQDaGJI �Q4H2�
%D*;Q,vTUD*PcOQD$��GKY[O�.
~�,/OQ,��Q.��^YcO^;_DFO�.H472(;(N^G/,K;9OQ,/0 Y[<*Pc2547DF.7I^\]T{0EIQDaGJI:Y[�Q�^472�YcGJIl25�(.7D*\SY[<"��,/47b 2c4H\SY[O^G/,�D*O:TU25\�,?GKYcT7,KTK'

L 2c4]TUD*OQPc<*,hT70EDe.JGJI�G�<*N^TU.7,K4HT��d.7IQ,_s�M �ZC(z��dY[O^; }325\y~QD*OQD*OQP�Yc<FP52c4HDe.HIQ\ST�0{,/4H,hG�25O^T7D*;(,K47,�;t'vR .]0{Y5TyT7IQ2�0EO
.7I�Y�.{T7,/<*,KG�.7D*2cOl2cbt.7IQ,@~�,KTU.3��,/47b 2c4H\�D*OQP�Y[<*Pc2c4HDF.7IQ\�D*T{Y?b N^O^G .HDF25Ol2[b�~�2[.HIlOQ,/.10325476]GJI^Y[4JYcG�.7,K47DaT1.HD*GKT YcT 03,K<F< YcT .7I^,
\],KTHT7YcPc,-<*,/O^P[.7I_Y[O^;lO�N^\y~�,/4{2[b"�^Yc4U.HD*G/DF�^Y[.7D*OQPyO^2%;Q,KT3DFOh.7IQ,>Y[<*<e� .72c� Yc<F<�~Q4H25Yc;^G/YcTU. 2c��,/4JY�.HDF25O"' � IQ,KT7,�Yc<FP52c4HDe.HIQ\ST
0{,/4H,>G/2c\]�^Yc47,�;l~�2[.7I:YcO^Y[<*`�.7DaG/Y[<*<*`hY[O^;h.7I^4725NQPcI�TUD*\yN^<*Y[.7D*2cO"'

q�O�,/OQI�Y[O^G/,/\],/O�.".H2-.7I^, 47D*OQP�Yc<FP52c4HDe.HIQ\ 0{Y5Tt�Q4H2c��25T7,K;@0EIQDaGJI�P5Y�
5,dT7D*PcOQD$��G/YcO�.���,K4Ub 2547\SYcO^G�, D*\]�Q4H2�
c,/\],KO5.JT
b 2c4-&�� T70EDe.JGJIhG�<*N^TU.7,K4HTK'Zq &�� T70EDF.HGJIhs�DFOQ6_C(GJIQ,K;QNQ<FD*OQP]Y[<*Pc2547DF.7IQ\ 0xYcT{�Q4H2c��25T7,K;S0EI^D*GJI90{Y5T3<*D*OQ6�� G/2cO�.7,KO5.HDF25OSb 4H,/,��
OQ2(;(,/� G/2cO�.7,KO5.HDF25Ohb 4H,/, ��YcO^;_,/O^Yc~Q<F,�;_�QDF��,/<*D*OQDFO^Pl2[bZG�25\�\�NQOQDaG/Y[.7D*2cO�G�2c\]��2cOQ,KO�.HTK'3�Z�(,�G�N(.HDF25O92cb�.HIQDaT-Y[<*Pc2547DF.7IQ\
0xYcT T7DF\�NQ<aY�.7,�;�b 2c4 ~�2[.HIl~^Yc<*YcO^G�,�;�YcO^;]NQO%~^Yc<*YcO^G�,�;]&�� T70EDF.HGJI]OQ,�.10{2c4H6(TZ0EDF.7IlYcTHT72%G/D*Y[.7,�;���,/47b 2c4H\SY[O^G/,EDF\]�Q4H2�
c,/�
\],/O�.HT-2�
c,/4{2[.HIQ,/4-Yc<FP52c4HDe.HIQ\ST/'

L D*O^Y[<*<F` �d.1032�Y[<*Pc2c4HDF.7IQ\ST�0{,/4H,l�Q4H2c��25T7,K;�b 254�Yc47~QDF.74JY[4H`LD*4H47,KPcNQ<aY[4?OQ,/.10325476(TK' � IQ,�C%0EDe.JGJI(�U��4H;(,K47,�;=MEDFO^P
Y[<*Pc2547DF.7I^\]T��Q472�
%Da;(,KT?YcO , �lG�D*,/O�.y254H;Q,/4HDFOQP_b 254�.7I^,l<F25PcDaG/Yc< 47D*OQP:2cbxO^2%;Q,KT��dYcO^;�.7IQ,9Pc,KOQ,/4JY[< s�DFOQ6 C(GJIQ,�;(NQ<*DFO^P
Y[<*Pc2547DF.7I^\f0xYcT�D*O5.H472(;(N�G�,K;"' � IQ,Ss�CLY[<*Pc2c4HDF.7IQ\ N^T7,KT�.7I^,]THY[\],�TU0EDF.HGJI 2c4J;(,/4HD*OQPhYcT�.HIQ,]C���� M Y[<*Pc2c4HDF.7IQ\ ~QN(.
,/O�Y[~Q<*,KTx�QD*��,/<*DFOQD*OQPS2cbdG/2c\]\yNQO^D*GKY�.7D*2cO�G�25\]��25OQ,/O�.HTx0EDF.7I:Y5T7T72(G�DaY�.7,�;l��,/47b 2c4H\SY[O^G/,@D*\]�Q4H2�
c,/\],KO5.JT/'

� � �[�3�Z���	�E�-	

�F) ��8 '�zxY[4HOQ,�.7.��[C '�&@NQ�(.HY�� 0y'�&�'�XZY�`�O^,���s '�C%I%NQ<F,K4���M?'�
�Y[Oy;Q,V&@,/D �1O4�[Y[O�;��^'�� Y[.U.JT/'�R�O�.7,/4H�Q4H2(G�,KTHT72c4�}32c<*<*,KG .HD$
5,

)K|



}325\�\�NQOQDaG/Y[.7D*2cO s"D*~Q4HYc47` u�R�O�.7,/4JG�25\lw '�R�O Õ<·Y¯cºl¯s½\ºÄ° � «�Â:ª���°\±�À4¼c±�É#¯c²�·Y°��2¼cÉH®�Ã�³~«�²�Â��L¼�²mÀ4°\±�°\²�·Y° �x�^YcPc,�T
A�g5���(Ac|cW��^)��c�cW^'

� &���+y' �^'�z32(;(,KO4� 0y'Z}32cIQ,KO4��,/.�Y[< 'h8:`%4HDFOQ,/. � q &@DFP�Y[~QDF.U� ��,K4U�1C%,�G�2cO�;�s�2%GKY[< q�47,�Y�+-,�.10{2c4H6 '	��
�


�� «¶·\±�¼ �
�^YcPc,�Tx&c���(A5g!� L ,K~=)K�c��g('

� A���M?'KQy'�z{2c�^�^Y[O^Y���C '�}3I�Y[<aYcTHY[OQD �"Y[O^;!}�'�Ct'�M-Y[P5I^Y�
c,KO^;(4JYQ'S��O 8:N^<e.HD*GKYcTU. ��2547\]IQ25<F,SME25N(.7D*OQP:D*O=8vNQ<e.HDe�
G/2c\]�QN(.H,/4-+-,/.10325476(TK'�R�O Õ�ÁcÉ3®9¼z¬�«�Ã�É ¼c²��3¯c±�¯�º�ºÄ°4ºL¯c²<¿��¾«­¬�³k±�«¶½\Ã�³�°Y¿��W±�¼m·Y°4¬Y¬Y«�²NÂ ���^Y[P5,KT-�[&5&��^�[&[���^)��c�[W�'

� W@��s '�0�,?}32�T1.H,/4���+y' 0�,K0ENQ<eb ��Y[O^;9}�' � � '���2^'��D�lG�D*,/O�.{8:N^<e.HDe� �^YcGJ65,�.x8:NQ<F.7DaG/YcTU.Eq-<*Pc2c4HDF.7IQ\ST32cOh8:,�TUI^,KT{0EDe.HI
� 2c4H\]IQ2c<*,LY[O�; 0�D*\],/O^T7D*2cO(�U��4H;Q,/4H,K;�ME25N(.7D*OQP^' R�O�� ²¹³�°\±�²�¯�³k«¶¼�²�¯�º��2¼c²:À4°4±!°4²<·!°T¼�²��3¯c±�¯�º�ºÄ°4º��(±!¼m·Y°4¬!¬�«�²NÂ �
�^YcPc,�T3R7RUR � )KA%����)KW^) ��q�NQP:)K�5�5g('

� g���0�'[�-'5}3NQ<*<*,/4��cM?'[8 '��?Yc47�4� 0�'cqy'[XZY�.U.H,/4JTU25O4�[q�'cCQY[I^Y�` ���]'[�-'cC(GJI^YcN^T7,/4��[�-'[C(Y[O�.H25T��cM?'cC%NQ~^4HYc\�25OQDaY[O4�[YcO^;
� '@
52cO]� DaGJ6c,KO"'^s"25P5X � � 2�0xY[4J;QTdY>ME,KYc<FDaT1.HD*GE8v2%;Q,/<Q2cb XZYc4HYc<F<*,/<^}32c\]�QNQ.HY�.HDF25O"'^R�O Ë'¼cÃ�±�³�ª���� � Õ ��� �2Ô����
Õ�ÁcÉ3®9¼z¬�«�Ã�É ¼c²��W±�«�²�·\« ®�ºÄ°4¬j¯c²<¿��(±�¯?·4³~«¶·Y°1¼`À���¯�±�¯cº�ºl°4º �(±�¼!Â�±�¯�ÉjÉ�«�²�Â �^��Y[Pc,�TE&[|5&��(&���A ��)K�5�cA^'

� |�����' 0�N^Y�.H2^':q � I^,/2c4H`L2cb*0�,�Yc;(<*2(GJ65� L 4H,/,lq�;QY[�Q.7D�
c,h8:N^<e.HD*GKYcTU.�ME2cNQ.7D*OQPvD*O ��2547\]IQ25<F,l+�,�.10{2c4H6(T/'!��


�

©$±�¯c²9¬\¯s·\³k«¶¼�²$¬¾¼c²!��¯c±�¯�º�ºÄ°\º	¯c²<¿��¾«­¬�³k±�«¶½\Ã�³^°!¿1Õ¹Áz¬�³�°\Éj¬ �^�^Y[P5,KTx���[|��%�5���!��C%,K�(.7,K\y~�,/4�)��c�5gQ'

�B��� ��'�&@4725�Q�4�d�-'�s"N^T76 �d+y' 0�25THT��dYcO^; q�'ZC%6 �1,/<*<*NQ\�'Lq ��DFP5I(� Xd,K4Ub 2547\SYcO^G�, ��Xd2c47.HYc~Q<F,SR�\]�Q<*,/\],KO5.JY�.HDF25O 2[b
.HIQ,�8vX R`��8v,KTHT7YcPc,yXZY5T7T7DFO^PSR�O5.H,/47b�YcG/,�C�.JY[O^;QYc4H;"' � ,KGJIQOQDaG/Yc<�4H,/��2c47.��tq-4HPc25OQOQ,y+�Y�.HDF25O^Y[<�s�Y[~�2c4JY�.H2c4H`9YcO^;
8:DaTHTUDaT7T7D*�Q�QD�C�.JY�.7,���OQD�
c,/4JT7De.1`5'

� ����M?' �-254HTU.K'�C(,/4 
c,/4J+-,/. 0�,KYc;Q<F2(GJ6�q\
c25D*;^Y[O^G/,yY[O^; L 4HY5G .JY[IQ,�;(4HYc< � 2c��2c<*2cPcD*,KTK'ER�O �(±!¼m·Y°Y°Y¿c«�²�Â�¬�¼wÀ¾³�ª$° � ²9³^°4±�»
²<¯c³~«¶¼c²�¯�º"��¯�±�¯cº�ºÄ°\º#�(±�¼:·!°4¬Y¬�«�²�ÂqÕ¹ÁcÉH®$¼c¬Y«�Ã�É �Q�^YcPc,�T-&5��W��(&c�c� ��)K�5�c|Q'

� ���yC '"s ' �52cIQO^THT72cO�YcO^; }�' � � ' �-2�'l���Q.7D*\yNQ\ z34H25Y5;QG/Y5T1.HDFO^P9Y[O�;�Xd,K4HT72cO^Yc<FD�#/,�;�}32c\]\�NQOQDaG/Y�.HDF25O�D*O �-`%��,K4U�
G/NQ~�,�T/'��$




 ©$±�¯�²$¬\¯s·\³k«¶¼�²$¬j¼�²%�2¼cÉH®�Ã�³^°4±Y¬ �^��Y[Pc,�T@)�&�W���� )�&[|5� �5C(,/�(.H,/\y~�,/4y)K�c�5�Q'

�F)K����M?'"�>,KTHY�
�Y[O4�"�]'�z{2cO^;^Y[<aY[�^Y[.7D ��Y[O�; 0y'&�]'�XZYcO^;QY^'x8vNQ<e.HD*GKYcTU.�2cOLR�474H,/P5NQ<*Yc4�C%0EDF.HGJI(� ~^YcT7,K;:+�,�.10{2c4H6(TE0EDe.HI
� 2c4H\]IQ2c<*,?ME2cN(.HDFO^P^'ZR�O �(±�¼:·Y°!°Y¿�«�²�Â�¬�¼wÀa³�ª$° � ²9³^°\±�²�¯c³~«¶¼c²<¯cº�Õ�ÁcÉ3®9¼z¬�«�Ã�É ¼c² � «�Âzª	��°\±�À4¼c±�É#¯c²<·Y°'�L¼�É3®<Ã�³�°\±
�
±�·YªN«�³^°Y·4³~Ã�±�°)( � �*���.»,+.- �^�^Y[P5,KT{W5�/�(g5�!� L ,/~Q4HN^Yc47`v)��c�%�%'

�F)c) ��M?'0�>,KTHY�
�YcO�Y[O�; 0�'��]' XZYcO^;QYQ'�8:D*OQD*\]D$#KDFOQP!+�2(;(,L}32cO�.7,KO5.HDF25O D*O�8:NQ<F.7D*�Q<*,L8:NQ<F.7DaG/Y5T1.S2cO � 2c4H\]IQ2c<*,
^���Y[4H` � � G/NQ~�,>+-,/.10325476(TK'"R�O �W±�¼m·Y°Y°Y¿c«�²NÂc¬�¼`À
³�ª$° � ²9³^°4±�²<¯c³~«¶¼c²<¯cº1�2¼c²mÀ4°\±�°\²�·Y°¾¼�²'��¯�±�¯cº�ºÄ°\º"�(±!¼m·Y°4¬!¬�«�²NÂ �(�^YcPc,�T
R � )K�5����)��5g �%}3IQDaG/YcPc2��%R1s �^q-NQP:)��c�5|Q'

�F)�&�� ��'�s"D*O Y[O^;=s '�8 '�+�Di' 0�,KY5;(<*2%GJ6�� b 47,K,S8:NQ<F.7DaG/YcTU. � 2c4H\�I^2c<*,lME2cN(.HDFO^P:DFO 8:NQ<F.7DaG�25\]�QN(.7,K4y+-,/.10325476(TK'SR�O
�(±!¼m·Y°Y°Y¿c«�²�Â�¬¾¼`Àa³�ª$° � ²¹³�°\±�²�¯�³k«¶¼�²�¯�º�Õ¹ÁcÉH®$¼c¬�«�Ã�É�¼�²��2¼cÉH®�Ã�³^°4±��
±!·!ª�«�³�°Y·\³kÃ�±�° �(�^YcPc,KT@)5)K|�� )�&[W���)K�c�^)c'

�F)KA���Xd' �]'t8vG2�>D*OQ<*,/` �.��' ��N4��q�' � ��'"� TUb�Y[I�Y[OQDaY[O4�"YcO^;Ls '"8 '"+-D '���OQDaG/YcTU.U� ~^Y5TU,�;L8:NQ<F.7DaG/Y5T1.�}325\�\�NQOQDaG/Y[.7D*2cO
D*O � 2c4H\]IQ2c<*,�� 4725N(.7,�;l+-,/.10325476(TK'3��
�


 ©$±�¯c²9¬4¯?·4³~«¶¼c²9¬a¼�²'��¯�±�¯cº�ºÄ°\º'¯�²�¿��¾«­¬�³k±�«¶½\Ã�³^°!¿jÕ�Áz¬�³�°\É¾¬ �QgQuU)�&5w � )�&cg5&��
)�&[|5g ��0�,KG])��c�cW^'

�F)/W@��8:,�T7THY[P5,@XZY5T7T7D*OQPyR�O�.7,K4Ub�Y5G�, L 2547N^\_'4� � ��5 � � °4¬!¬\¯mÂ?°\»6��¯z¬Y¬�«�²�Â � ²9³^°4±�À4¯?·Y°aÕ�³�¯�²�¿s¯�±�¿ ��8vY[4?)��c�[W�'
�F)�g���0�'��]'�XZYcO^;QY ��Ct'�C%D*OQP5Yc<T��Y[O^;=M?'��>,�T7Y�
�YcO"'S8:NQ<F.7Da;(,KTU.7D*O^Y�.HDF25O 8:,KTHT7YcPc,SXZYcTHT7DFOQP_D*O � 2c4H\]IQ2c<*,]6�� Yc47`:O(�

G/NQ~�,_+-,/.10325476(T�0EDF.7I zxYcT7,hME2cNQ.7D*OQP=}325O(b 2c4H\],K; XZY�.HI^TK' � ,KGJIQOQDaG/Yc<3ME,K��254U.l�>C(�E�U}3RUC(M-} �J)�& M[�5g�� � M�g[W��
� IQ,>��IQDF2�C�.HY[.7,���OQD�
c,/4JT7De.1` ��0�,KG/,/\�~�,K4�)��c�5gQ'&�$




 ©$±�¯c²9¬4¯?·4³~«¶¼c²9¬
¼c²7��¯�±�¯cº�ºl°4º�¯�²�¿8�¾«­¬Y³~±�«¶½\Ã�³�°Y¿�Õ¹Áz¬�³�°\Éj¬ '
R�O�X 4H,KTHT/'

)��



�F)K|�����' � 'Zs 'dXZY[4H6 � ��'Zqy' }3I^2cD � +�'Z+-NQ��Y[D*472 � �dYcO^;!s 'd8!'�+�Di'!}32cO^TU.74HN^G�.7D*2cO!2cb@���(.7D*\SY[<x8:NQ<F.7DaG/YcTU. � 4H,/,�T
zxYcT7,K;_25O9.HIQ,yXZYc4HYc\�,/.7,K47D�#/,�;_}32c\]\�NQOQDaG/Y�.HDF25Ov8:2(;(,/< '{R�O �(±�¼:·!°Y°Y¿c«�²NÂc¬j¼wÀ�³�ª$° � ²¹³�°\±�²�¯�³k«¶¼�²�¯�º��2¼c²:À4°4±�°\²�·Y°
¼�²'��¯c±!¯cº�ºÄ°\º �W±�¼m·Y°4¬Y¬Y«�²NÂ �t}3IQDaG/Y[P52��%R1sD�Qq�NQP:)K�5�c|^'

�F)���� ��'���DaY[2:YcO^;=s '�8 '�+-D 'hq�;QYc�(.7D�
c,lM-2cN(.HDFOQP:D*O=R�474H,/P5NQ<aY[4?+-,/.10325476(T>��T7DFO^P�}3N(.U� � IQ4H2cNQP5I=C%0EDF.HGJI^,KTK'lR�O
�(±!¼m·Y°Y°Y¿c«�²�Â�¬j¼`À¾³�ª9° � ²9³^°4±�²<¯c³~«¶¼c²<¯cº��2¼�²mÀ4°\±�°4²<·Y°#¼c² ��¯c±�¯�º�ºÄ°\º �(±!¼m·Y°4¬!¬�«�²NÂ ���^Y[P5,KTxR � gc&��%|c����}3IQDaG/Y[P52��QR1s �^q-N^P
)��c�c|^'

�F)K����8 '
0�'^C(GJIQ4H2%,K;(,K4x,�.-Y[< '�q�N(.725OQ,�. � q �-D*PcI(��TU��,/,�;>�^C%,K<ebk��G�25O!�^PcN^47D*OQP]s"2(G/Yc< q�47,�Y�+�,�.10{2c4H6S��T7DFOQPSXd25DFO�.U� .72c�
��2cD*O�.Es�DFO^6%TK' � ,KGJIQOQDaG/Yc<"ME,/��2c47.�C(M-}�4H,KT7,KYc4HGJIh47,K��254U.�g[���
0��x} �^q-�^4?)K�c�5�Q'

�F)K����M?'ZC%D�
�Y[4JY[\	�3}�'�z@'ZC�.7N^OQ6c,K<T� YcO^; 0�' �]'dXZY[O�;QYQ' ��R1X R��>C � q �-D*PcI�Xd,K4Ub 2547\SY[O�G�,hC%0EDF.HGJI q-4JGJIQDe.H,KG�.7NQ4H,
N^T7D*OQP�R�O^�QN(.���NQ,/N^DFOQP�'�R�O �(±�¼:·Y°Y°!¿�«�²�Â�¬a¼wÀ.³�ª9°¾Ù�Ús³�ª � ²¹³�°\±�²�¯�³k«¶¼�²�¯�º ��¯c±�¯�º�ºÄ°\º&�(±�¼:·Y°�¬Y¬�«�²�Â#Õ¹ÁcÉH®$¼c¬�«�Ã�É �(�^YcPc,�T
)�A[W/� )/W�A �5q��Q4HDF< )��c�5�Q'

� &[����}�'�z@'�C%.7NQOQ65,/< � 0�'�C%I^,KY � 0y'/&�']&@4HD*G/,���Xd' ��'.��2%GJI�T7GJIQD*<a;>��YcO^;=8 ' � THY[2^' � I^,hC(X-)��-D*PcI Xd,K4Ub 2547\SY[O�G�,
C%0EDF.HGJI�'ZR�O Õ�·!¯�ºÄ¯s½\ºÄ° � «�Âzª'��°4±�À4¼�±�É1¯�²�·Y°	�2¼cÉH®�Ã�³~«�²�Â �2¼c²mÀ4°\±�°\²�·Y° �Q�^Y[P5,KT>)�g[��� )�g�� �^)��c�cW^'

� &() ��}�'%z@'%C�.HNQOQ65,/< ��0�' &�'QC%IQ,KY��(z�'%q-~�Y[<*DT�%,�.xY[< ' � IQ,?C(X3&��-D*PcI(��Xd,/47b 2c4H\SY[O^G/,�C%0EDe.JGJI"'3� Ï � Õ¹Áz¬�³^°4É���¼cÃ�±�²<¯cº �
AcW�ui&5w � )K��g��(&c�[W �Q)K�5�5g('

)K�


