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Model of the U.S. Internet interconnectivity architecture
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�
7;*):5$3CD($M&+?f479$DE3.5*)&+7;1A3F;.4*S.5?N&+23(Q#%$M&+(*)$3(&�($

�
7;*+:5$,C�($M&SO4*+:���?S.4&

= 7baG(*+($M&Q*+.5&)(?�7;$ = 7baG(*+(6$'&QE3F;.51(6?f ��7;&)2�B3.4$ = ��7 = &+2DO5.4E3?�:0H�A3E�&+:�?+7 ��:4* = (*)?�:0H�C�.5O4$37;&+A = (0f5H *+:5C o � %8%�B37;&+?�E^(*
?+(61:5$ = HI:5*�?):5C�( ?+F;:�� ?)E`(( =�= 7;.5F;A3E�F;7;$3(?f4&+:�.	O57;O4.5B37;&GE^(* ?)(1:4$ = .5$ = B^(T4:5$ = _ ��23(�*).5$3O4(�:0HG*+(.41 2,.5B37;F;7;&%T 7;?S.4F;?+:
HI:4*+C�7 = .4B3F;(74�?):5C�(�B3.413�MB^:5$3(6?�.4O5O5*)(O5.4&+(]&)*+.0/�1�H :5*	CD:5*+(�&+2,.5$ .�CD79F;F;7;:0$�?+:5A,*+1(�/ = (?)&+7;$3.5&)7;:5$ $,(&�� :4*�� $MA3C]B^(*
E3.479*)?f���237;F;(�:5&)23(*�($

�
79*):5$3CD($M&+?D?+A3E3E^:5*)&

�
(*)T HI( � 23:4?+&)?��7;&+2 F;7;&+&)F9(@.5O5O4*+(O4.5&)79:4$G_ #%&�7;?�A3$,F97 �4(F;T &)23.5&D&+23(

?+.4C�(QB3F;A3(E3*)79$M&�:JH $,(&�� :4*��M7;$3O](LMA37;E3CD($M& 1.4$�. =3= *)(?+?�&)23( = 7;?+E,.5*+7;&)79(6?�.5C�:4$3O	?)A31�2�($
�
79*):5$3CD($M&+?6f3E3.5*)&+7;1A3F;.5*)F;T

.5? ($
�
7;*):5$3CD($M&+?�:0H-?)C�.5F;F;(*Q?+1.4F9( ��7;F9F�F;7 �5(F;T�*)(LMA37;*+(

�
(*)Tm7;$3(/�3E^($3?)7

�
(�? ��79&)1�237;$3O�(LMA37;E3CD($M&_ � $ = (*)?+&+.4$ = 7;$3O

237;(*).5*+1�237;1.4F �N:5*��MF;:5. = E,*+: �^F9(6?���7;F9F�.4F9F;:�� B`(6&+&+(6*  A = O4C�($M&+? HI:5*�$3(6&�� :4*���.5*+1�237;&)(1&+A,*+(0f = (6?+7;O5$ .4$ = B,.5$ = ��7 = &)2
C�.4$3.5O4(C�(6$'&6f .4$ = .5F;?+: B`(�*)(F;(

�
.5$M&S&):�HIA3&)A3*+(Q$3(&��N:5*���.5161:5A3$M&)79$,O	.5$ = B,79F;F;7;$3O-CD(&+2,: = :5F;:5O479(6?_ ��23( = .5&+.�?)(&+?��N(

A3?)(	7;$�&)237;? = 7;?)?+(*)&+.5&)7;:5$�?)E3.5$�?)(
�
(6*+.5F�F;(

�
(F;?�:0HS&+23( F9:M:4?+(	#%$M&+(6*+$3(&�237;(*).5*)1 2MT4f`?)&+*+.4&+(O47;1.5F;F;T�?)(F;(1&+( = &):�237;O52,F97;O42'&

&+2,( = 7
�
(*+?)(	*+(6L'A,79*)(C�(6$'&)?�:0H = 7baG(*+($M&Q1:5CDE`:4$3($M&+?N:0H�&+23(	7;$MH *+.5?)&+*)A31&+A,*+(0_

� ��%���A*��3*<�A�6M� �.	�9�A*������=$����A*�;A����.�.���."�AK, �� �4A*��� �����.���*�$�J����"�A������$"&�43
�.��/1��A*� ��3*�4A*���.�J��'��4A��������43*��, � "$��3*��%%�, "$��%%(��A*�.������43*��,
A����.�.���."�A���"$��%
�
3*�(���J�4A*�)��H��9�9��.����"�AJ�� ")%������4�' ,���*<���������"���"$"&���.�
��*<(���J�4A*������������3*�19��.�����-"&��%
%��?, �.�.�$E
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#%$@&+237;?�1�23.5E3&)(*�� (�7;$
�
(?)&+7;O5.4&+(	(/�37;?+&)7;$3O�:4E`(*).5&)79:4$3.5Fe?+&).5&+7;?)&+7;1?	.4$ = &+2,(�(/�3&)($M& :JH &+2,(7;* A,?+(�HIA,F9$,(?+?QHI:4*

#%$M&+(*)$3(&6�N:5* �'F;:4. = 1�23.4*+.516&+(*)7986.5&+7;:4$G_ 1 ( �`*)?+&�E3*+(6?+($M&�*+(F;.5&)( = �N:5* �m7;$ $3.4&+7;:5$,.5F�B3.51/�MB^:5$3(D&+*+.J/�1]1�23.5*).51&)(*+7 �
8.4&+7;:5$G_ 1 (	&)23($@HI:M1A3?-:4$m&)23(�hQV � h-X �Y($

�
7;*):5$3CD($M&f`B^(O479$,$37;$3O ��7;&+2@. = (?)1*+7;E3&)7;:5$�:0H &)23(�E,*+(

�
7;:5A3? �	o	.4$ =

1A3*)*+($M& �4�mhQV � h-X ��B3.51/�MB^:5$3(�.5*)1�237;&+(1&)A3*+(J_ 1 ( = (?)1*+7;B^(�&+2,(�CD(1�23.5$,79?)C�?QHI:4* = .4&+.�1:5F;F;(1&)7;:5$ :4$ &)23( �4�
B3.413�MB^:5$3(JfK.4$ = 2,:�� &+2,(T = 7 aG(*�H *+:5C &+23:4?+(]A3?)( = :5$ &)23( �	o�B3.51/�MB^:5$3(0_ 1 (�&)23($ A3?)(]:5E^(*+.4&+7;:5$3.4F;F9T�1:4F;F9(61&+( =
?+&).5&)79?)&+7;1? HI:5*Q?+(F;(1&)( = C�:5$M&)23?f ��.0T�o p4p � HI:4*�&+23( �	o B3.51/�MB^:5$3(0fG.4$ = P-(61(C]B^(*�oqp5p � H :5*�&+2,( �4��B3.51/�MB^:5$3(0fG&):
7;F;F9A,?+&+*).5&)( &)23(7;*�A3?)(�HIA3F;$3(?)?�HI:4*�&+23(��N:5* �'F;:4. = 1�23.4*+.41&+(*)7;8.5&)79:4$�&+.5? �M?-:5A,&+F;7;$3( = 7;$�UN23.4E3&+(*4� _

�3-$, ��2�<$" � 2���� 8.6 �
��2,( �`*)?+&S?)&+A = T	:5$	CD(.5?)A3*+( = $3(6&�� :4*��	B^(23.

�
7;:5*e:0H`.4$�:4E`(*).5&)79:4$3.5F8��7 = (��%.5*+(6. #+R@B3.413�MB^:5$3(Jf51:5CDE3.5*).5B3F;(

&+:�&+: = .0T � ?N$3.5&)79:4$3.5F^*+(6?+(.4*+1�2�.5$ = ( = A,1.5&)79:4$�B3.51/�MB`:4$3(�7;$MHI*+.4?+&)*+A31&)A3*+(Jf �N.5?N&+23(�?+&)A = TDB'T�\QF;(7;$3*):'1/�D.5$ = h�.0TMF;:5*
� ' � �-Z .5F;?+:�7;$ � ' ' �I[ f ��237;1�2�E3*+(?)($M&+( = C�(.4?+A3*)(C�(6$'&)?�:5$�&+23(�oqp � � < nQR < $3(&6fK.4F;C�:5?)&4� %DT5(6.5*+? .5O5:,_"VM7;$316(]&+23.4&
?+&)A = T4f5&+2,(�79$ HI*+.4?+&+*)A31&)A3*+(Q23.5?�7;$31*)(.5?)( = ?)A3B3?+&).5$M&+7;.4F9F;T�7;$�?)1:5E^(0fMB3.5$ = ��7 = &+2Gf4.5$ = &+*).0/�1�.5O4O5*)(O5.4&+7;:5$Gf0F;.5*)O5(F;T = A3(
&+:D&+23( . =

�
($M&-:0HS&)23(�h-V � hQX � 7;$�&+2,(	C�7 = oqp "8% � ?f ��237;1 2	�N.5?Q.5B3F;(	&):](/�3&+($ = &+2,(	?+(( = ?	:0H < n-R < $,(&-*)(?+(.4*+1�2

7;$M&+:6��23.4&-7;?�$3:��>.]O5F;:4B3.5F �-U�R0/J#+R 7;$MHI*).5?+&)*+A316&+A3*)(0_iUN2,79$,:0T�.5$ = gS*).5A3$ � '8� � = (6?+1*)79B^(]7;$ = (&+.47;F�&+2,(	A3$ = (6*+F;TM79$,O
&+:4E`:4F;:5O5T]:JHK&)23(	h-V � h-X �>B3.51/�MB`:4$3(�7;$�7;&)?

�
.5*+7;:4A3? ?)&+.4O5(?6_

� :5*+(�*+(61($M&	?+&)A = 7;(?�:5$@79?):5F;.5&)( = .4?+E^(1&+? :0HS&+23(]h-V � hQX � 2,.
�
(	7;$

�
(?)&+7;O5.4&+( = &+23(�(/�37;?+&+(6$31(]:0HNE3.51/�5(6&

&+*).57;$3?�:4$�&+2,(ihQV � h-X � B3.413�MB^:5$3( � � �%f3.5$ = (
�
.5F;A3.4&+( = ?+E^(17 �`1	*):5A3&)7;$3O�.4E3E3*):5.51�23(6?NHI:5*NA3?+(�:4$�&)23(�B3.51/�MB^:5$3( � r �%_

��(679CDF;791�2 � � �S(/�3E^(*+7;CD($M&+( = ��7;&+2�.5$�( � &)($3?)79:4$m:JHSl5.57;$ � ?QE3.51/�5(6& &)*+.479$�CD: = (F � � " �S&):�.6��7 = (��%.5*)(.�($
�
7;*):5$3CD($M&f

�
(6*+7bHITM7;$3O�&)23(�(/�37;?+&+(6$31(�:0HKE,.51/�5(&�&)*+.479$,?�:5$�&+23(]oqp "5p�h-V � hQX �>$3.4&+7;:5$3.4F`B,.51/�MB`:4$3(0_ 1 237;F;(-:4$3(	1.4$�$3:5&N(/�3E`(61&
&+2,(]E3.51/�5(6&	&+*).57;$ E323($,:5C�(6$3:5$�&+:�B^(�.5?�?)&+*+7 �M7;$3O�7;$�.�&)*+.J/�1�� .4O5O4*+(O4.5&+7;$3O�$3.4&+7;:5$,.5F�B3.51/�MB^:5$3(]$3(6&�� :4*���.5?	7;&�7;?
:5$�&+2,(]F9:M1.4F�$3(&��N:5*��@&+23.4&	l5.479$�?+&)A = 7;( = � � " �%f ��(679CDF;791�2DHI:4A3$ = &+23.4& 7;&��N.5?�?+&)79F;F � LMA37;&+(�?+&+*):5$3O�O47

�
($�&+23(]O4*+(.4&

o �



o&'

$MA3C]B^(*�:0H-23:4?+&+?�1:4C�C]A3$37;1.4&+7b$3O]&+23*):5A3O42 &)23(]B3.51/�MB^:5$3(0_�� 1 ( = 7;?+1A,?+?�C�:5*)(�*)(1($M&]?)&+A = 7;(?�&+2,.5&	.4*+(�16F9:4?+(F;T
*+(6F9.4&+( = &):]:5A3*��N:5* ��7;$�?)(1&+7;:4$3?�� _ r,_ o�.5$ = � _ � _ o0_



o&�

FIX-W FIX-E

National Backbone Level
ESNET, MILNET, NSI, NSFNET,TWB

Mid-Level Networks e.g. BARRNET, SURANET, etc.

Individual Campuses

� 7;O5A,*+(��M_ o0c�237;(*).5*+1�237;1.4F�CD: = (F`:JH h-V � h-X � .4*+1�237;&+(16&+A3*)(

�3-�� � ��� ��� / : " � � : 8��32 2 � �
	=698��7> 2 � �
��2,(	#%$M&+(*)$3(&-7;?�.]O4F9:4B3.5FG$,(&�� :4*��D79$ HI*+.4?+&+*)A31&)A3*+(	?)E3.5$,$37;$3O]C�.4$'T]16:5A3$M&+*)7;(?_ ��23( ��$,79&)( = VM&+.4&+(?Q1:5C �

E^:5$3($M&�:0HN&+23(]#%$M&+(6*+$3(& 1A3*+*)($M&+F;T�1:4$3?+7;?)&+?	:JH .�&+23*)((��%F9(
�
(FS2,79(6*+.5*)1�2'T@:0H $3.4&+7;:5$,.5F�.5O4($31T�B,.51/�MB`:4$3(?fe.5&+&).51�23( =

C�7 = �%F;(
�
(6F�$3(&��N:5*��M?6f-.5$ = 1:5$3$,(1&+( = F;:M1.5FQ?+7;&+(6?_ � 7;O4A3*+( � _ o�79F;F;A3?)&+*+.4&+(?D&+237;?D237;(*+.4*+1�237;1.5FQ?+&)*+A31&)A3*+(J_ XSVM$,(&f

��7;F;$3(&6f hQVM#�f�h-V � hQX ��fG.5$ = � 1 g 1:4*+*)(?+E^:5$ = &):�$3.4&+7;:5$,.5F�B,.51/�MB`:4$3(?�:0H &)23(]P-(6E3.5*)&+C�(6$'&�:JH X�$3(6*+O5T Z P � XS[�f
PQ(E3.4*+&+CD($M&�:JH PQ(�HI($3?)( Z PQ:MP [ f h .5&)79:4$3.5F < 7;*�.5$ = VME3.41( <-= CD79$,79?)&+*).5&+7;:4$ Z h < V < [ f h�.4&+7;:5$3.4F V 17;($31( � :5A,$ �
= .4&+7;:5$ Z%h-V � [ fk.4$ =�<Q=

�
.5$316( = R *+:  (61&+?�n (?+(6.5*+1�2 < O4($31T Z < nQR < [�fG*)(?+E^(1&)7

�
(F;T5_ < E3E^($ = 7 � < E3*+:

�
7 = (?�C�:4*+(

= (&).57;F;?�:0H �5(TD1:5CDE`:4$3($M&+?N:0HS&+2,( #%$M&)(*+$3(6&-($
�
7;*+:5$,C�($M&_

hQV � h-X ��fS&)23(�h .5&)79:4$3.5F�VM17;($,1( � :4A3$ = .4&+7;:5$ h�(&��N:5* �^f 7;?	.�O5($3(6*+.5F�E,A3*+E^:5?)(�E,.51/�5(& � ? ��7;&+1�237;$3O�$3(& �
�N:5*�� ?+A3E3E^:5*)&+7;$3O	.411(?)? &):�?+17;($M&+7 �`1Q1:5CDE3A3&)79$,O-*+(6?+:5A,*+1(?6f = .5&).3fM.5$ = 7;$M&+(*)E`(*)?+:4$3.5F^(F;(1&)*+:5$,791Q1:5CDC]A3$37b1.5&)79:4$3?_
X

�
:5F

�
( = H *+:5CY. � ' �MB3E3?S?)7 � �%$3: = (�$3(&��N:5* �]7;$�&)23(-CD7 = � oqp " %J?�&):	&+: = .0T � ?�r � � B3E3?N$3(&��N:5*��^fM&+23(Q1A3*)*+($M&�h-V � h-X �

7;$31F;A = (6?]&+23*)(( = 7baG(*+($M&]F;(
�
(F;?c�&+2,(�&)*+.4$3?+1:4$M&+7;$3($M&+.4F-B3.41/�'B^:5$,(�16:5$3$3(61&+7;$3O &)23(�h-V � � HIA3$ = ( = ?)A3E^(*+1:4C�E3A,&+(*

1($M&)(*+?	.4$ = C�7 = �%F9(
�
(FG$3(6&�� :4*��M?f�&)23(�C�7 = �%F9(

�
(FG$3(6&�� :4*��M?�&+23(CD?+(F

�
(?f�.4$ = &)23(�16.5C�E,A3?-$3(6&�� :4*��M?_ ��23(�237;(*).5* �

1�237;1.5Fe?+&)*+A31&)A3*+(�7;$31F;A = (6?-.]F;.5*)O5(�H *+.516&+7;:5$�:0HS&)23(	*+(6?+(.4*+1�2m.4$ = ( = A316.5&+7;:4$3.5FG1:4C�C]A3$,79&%T4f0.5$ = (
�
($�(/�3&)($ = ?�7;$M&+:

.]O5F;:4B3.5F^.5*)($3.
�
7;.�7;$M&+(*)$3.5&)7;:5$3.4FG1:5$3$,(1&+7;:4$3?_ � 7;O4A3*+(��M_ � ?+23:���?�&)23(�F;:5O57;1.4F`&):5E^:5F;:5O4T]:0H�&+23(	B,.51/�MB`:4$3(0_

V 79$,1(�l4A3F;Tmoqp " " f ��(6*+7;&	h�(&��N:5* �`fG#%$31J_ 23.4?-. = C�7;$37;?+&)(*+( = .5$ = CD.5$3.4O5( = &+2,( �	o	hQV � h-X �YB3.51/�MB`:4$3(0f
.5$ = 79$ F;.4&+(moqp5p8%Mf�79$ 16:5$  A,$31&+7;:4$ ��79&)2 E3.5*)&+$3(6*+?]#+g � .5$ = ��UN#�fKB^(O4.5$ &): = (E,F9:0T�7;$ E3.5*).5F;F;(FN.�*+(E,F9.41(CD($M&
�4��$3(&��N:5* �^_ � ��23( �4��$3(6&�� :4*���E,*+:

�
7 = ( = . �8" � HI:5F = 79$,1*+(.4?+(	7;$D*+.�� 1.5E3.417;&%T�:

�
(*�&+23( �	o�$3(6&�� :4*���Z HI*+:4C o0_ �Jr5r

��B /J?+(1 &+:]r5r,_ � � ' ��B /0?)(1 [ fk.4$ = BMT�h�:
�
(6C]B`(*�o p4p � 23. = 1:4C�E3F;(&)(F;T�*)(E3F;.516( = &+2,( �	o-$,(&�� :4*��^_

#%$ &+23(�7;$'&)(*+7;C@f &+2,(m?)&+.5&)A3?�:0H	&+2,( hQV � h-X � ?+237bHI&)( = &+2,*+:5A,O52 :4*+O5.4$37;8.5&)7;:5$3.4F�*+(?)&+*+A,1&+A3*)7;$3O .5CD:5$3O
:5*)7;O57;$3.5F E3.5*)&+7;17;E3.5$M&)?�7;$ &)23(�B,.51/�MB`:4$3(�E3*+:  (1&_ #%$ o p4p3oJf <Q=

�
.5$316( = h�(&��N:5* � VM(*

�
7;1(?@Z < h-V3[ B`(6O5.5$ :0/�17;.4F

:5E^(*).5&+7;:4$�.4$ = C�.4$3.5O4(C�($M&S:JHK&)23(	$3.4&+7;:5$3.4F �4��B3.51/�MB^:5$3( = (?)1*+7;B^( = .5B^:
�
(0_ ��(*+7;&�h�(&��N:5* �`f^#%$310_N?+&+7;F;FG23:4F = ?�.

1:M:5E^(*).5&+7
�
( .4O5*)((C�(6$'& ��7;&+2�hQV � &):�E3*):

�
7 = ( h-V � hQX � B3.41/�'B^:5$,( ?)(*

�
7;1(?6f`.4F9&)23:5A,O52 � (*+7;&N$3:�F;:4$3O5(*NE3*):

�
7 = (6?

&+2,(?+(]?)(*
�
7;1(?

�
7;.]. = ( = 7;1.5&)( = 7;$MHI*).5?+&)*+A316&+A3*)(0_ ��(6*+7;&-$3:��>?)A3B^1:5$M&+*).51&)?	&+2,(?+(]?)(*

�
7;1(?	&): < h-V^f ��2,:�E3*):

�
7 = (6?

&+2,(C :
�
(* < hQVM$3(&6fK&)23(7;*	:���$�B3.51/�MB^:5$3(�7;$MHI*+.4?+&)*+A31&)A3*+(J_ ��23( �6h-V � hQX � B3.51/�MB`:4$3(���$3:��Y*+(�HI(6*+?�&+:�.

�
7;*)&+A3.4F

��� A*�(���0��<���*��%K"&�-��9 �.�.���������7� <����&�.	��)�K� 5:�&�46M�$�.��� �)�0���M���*��	�G�
 ����C���� ��%%���67�&�J'L������A����7��9*�4�����*��%-3�9*<��.��������� ��� ��9:�$�&���$/�6MA���"�A
� %����0�)��'L��%%���6��4����9��.��9:� �0��%����!��A*�����0��<���*��%K� <����&�.	��)�K� 	������@".%��$���0%�,J�49 �$")���*�$� E



o&"

Boston, MA

Washington, DC

Arlington, VA

Lincoln,
NE

Boulder,
CO

core nodal switching system  (C-NSS)

exterior nodal switching system  (E-NSS)

Seattle, WA

Palo Alto,
CA

Moffett Field,
CA

San Diego,
CA

Salt Lake
City, UT

Chicago,
IL

Ann Arbor,
MI

Houston,
TX

Atlanta,
GA

Ithaca, NY

Princeton, NJ

Pittsburgh,
PA

College Park, MD
Urbana-

Champaign, IL

� 7;O5A3*)(��M_ �Mc�o p4p ��h-V � h-X � �4��B3.41/�'B^:5$,( ?)(*
�
7;1(	F;:4O57;1.5F^&+:4E`:4F;:5O5T

B3.413�MB^:5$3( $3(&��N:5*��^fG7 _ (0_;f3.�?+(6&-:0HS?)(*
�
7;1(?	E,*+:

�
7 = ( = .51*):5?)? &)23( < h-VM$3(6& E,2'TM?)7916.5F�B,.51/�MB`:4$3(0_�� (*+(.JHI&+(6*��N(	*)(�HI(*

&+:�&+2,(.� �4��hQV � h-X � B3.413�MB^:5$3(��6��79&)2�&)23(�A3$ = (*)?+&).5$ = 7;$3O]&)23.5&��N(-.4*+(�*+( HI(*+*)7;$3O]&+:].�?+(*
�
7916(	E3*+:

�
7 = ( = &+:]h-V � f

$3:4&�. = ( = 7;1.5&)( = h-V � hQX �>7;$MHI*).5?+&)*+A316&+A3*)(0_

��� ����� � � �,)�����	 ����-+�,	�" � ��)+	 (*� � �����
 "%��	
1 (]*)(

�
7;( � . HI( � :JH-&+23(�$3(&��N:5* � E3.5*).5CD(&+(*)?�&)23.5& .0aG(1&]&+*).0/�1 )`:�� 79$ &+23(D1A3*)*+($M& �4�@B3.51/�MB`:4$3(0_

UN237;$3:0T�.4$ = VMC�7;&+2 � '8" � E3*)(?+($M& = (&).57;F;?	:0H�&+23( �4�D$3(6&�� :4*���.5*+1�237;&)(1&+A,*+(0f ��237;1 2�(
�
:5F

�
( = H *+:5C &+23(]( � E^(*)79(6$31(

:0H�C�.5$,.5O57;$3O�&+2,( �	o�$3(&��N:5* �^_ gS.413�MB^:5$3( $,: = (?f�&+23( 16:5*+(�E3.413�4(&�?���7;&+1�23(6?�7;$ &)23( �4� 7;$MHI*+.4?+&)*+A31&)A3*+(Jf�.5*)(
= (?)7;O5$3.4&+( = .5?	(7;&)23(*�X �3&)(*+7;:5*]h�: = .4F V ��7;&+1�237;$3O�VMA,B3?+TM?+&)(C�?DZ X h-V3VM?�[	:4*�UN:5*)(�h�: = .4F V ��7;&+1�237;$3OmV A3B3?+TM?)&+(CD?
Z U�hQV3VM?�[�_ XShQV3VM?S.4*+(�F;:M1.5&)( = :5$�&+23(�*)(O57;:4$3.5F3$,(&�� :4*��	E,*+(CD79?)(?S.4$ = U�hQV3VM?S.4*+(�1:�� F;:M1.4&+( = .4&K16.5*+*)7;(*S?���7;&)1 2,79$,O
1($M&)(*+?���2,791�2�.5*)(�.4F;?+:6�M$3:���$�.5? ��E^:57;$M&+? �%:0H � E3*)(?+(6$31(���Z R � R ? [Q:5* �  A3$,1&+7;:5$�E^:57;$M&+?6_ � UN: �%F;:'16.5&+7;:4$�:JHS&+23(	16:5*+(
E3.413�4(&]?���7;&)1 2,(? ��7;&+2,79$ R � R�?�E,*+:

�
7 = (?]?+(

�
(*).5F�. =

�
.4$M&+.5O4(?_ � 7;*+?+&6f�?+7;$31(�&)23(?)(�F;:'16.5&+7;:4$3?].5*)(�CD.  :4*	1.5*)*+7;(*

17;*+16A37;&�?���7;&+1�237;$3O�1($M&+(6*+?�&+23(6T�.5*)(	?+&).0aG( = .5*):5A3$ = &)23(�1F;:'1/�^f3.5$ = 2,.
�
(�H A3F;FGB3.51/�MA3E�E`:��N(*���237;1�2�7;?�(?)?+($M&)79.4F�&):

&+2,(�?)&+.5B,79F;7;&%T�:JHS&+23(�$3(&��N:5* �`_	VM(16:5$ = fG&)237;? 16: �%F9:M1.4&+7;:5$�.4F9F;:���?�&)23(	. =,= 7;&+7;:5$�:0HN$3( �>1F;7;($M&+?�ZI(J_ O,_ XShQV3V�$,: = (? [
&+:�&+2,(�$3(&��N:5* � BMT 1:5$,$3(1&)79$,O &+23(C &+: . U�h-V,V ��7;&)23:5A3&�?+(6*

�
7;1( = 7;?+*)A3E3&)79:4$ &): :5&+2,(*�U�h-V3V,/5XShQV3V 1F;79(6$'&)?_

UN:5F;:M1.4&+7;:5$].4F9?):�.4F;F9:���? $3(&��N:5*�� = (?+7;O5$,(*+?�&):]C�:5*)(�1F;:5?)(F;T].5F;7;O5$]&+2,( 16.5*+*)7;(* �%E3*+:
�
7 = ( = 17;*+1A,79& � ? ��7;&+1�23( = $,(&�� :4*��

&+:4E`:4F;:5O5T ��7;&)2 &)23(�E3.41/�5(& � ? ��79&)1�23( = B3.41/�'B^:5$,(�&+:4E`:4F9:4O5T4f ($,.5B3F;7;$3O�.
�
(*)T *):5B3A,?+&]1:4*+(�$3(&��N:5*�� &+23.4&]*+(&).57;$3?

7;$M&+(*)$3.5FG?)&+.5B,79F;7;&%T = (?)E37;&+(	:4A3&+.4O5(?�.4&�(/�3&+(*)$3.5F Z XShQV3V3[ ?+7;&+(?6_
��2,(�?)(*+7;.4F-F;7;$3(�79$M&)(*%HI.41(?D&+: (.41 2 $3: = (@:5$ &)23( �4��B3.41/�'B^:5$,(�.4*+(�:JH.� �4���3fN:5*�P�V*�@?+E^(( = f�r5r,_ � � '

��B37;&)? /0?)(1:4$ = _ ��23(*)(	.5*)( �	o�B,.51/�MA3E�F97;$*�M?�.4?�� (F;F�4*�N(���7;F;FG$3:4&NHI:M1A3?-:4$�&)23(?+(�B3.413�MA3E�F;7;$*�M?�7;$�:5A,* = 7;?+1A3?)?+7;:5$
:0HN&+23(].4*+1�237;&+(16&+A3*)(0_ ��23("P�V*�D17;*)1A37;&+?�.5*)(�$,:5&�?+A3B^1�23.5$,$3(F;( = f�?+:�&+2,(�HIA3F;F�r � ��B37;&)? /0?)(1:4$ = f�F9(6?+?�HI*).5CD79$,O�.4$ =
1.4*+*+7;(* C�.5$,.5O5(6C�($M&�:

�
(6*+23(. = f�79?�.

�
.479F;.4B3F;(-H :5*�A3?+(6*	&+*).0/�10_ ��2,(]E32MT'?)7;1.5FS.4$ = (F;(1&+*)7;1.5FN7;$'&)(*%H .517;$3OD&+:�&)23(?+(

F;7;$3(?N79? 23.5$ = F9( = BMT].�PQ.5&)."VM(6*
�
7;1( � $37;&-Z%P V �-[�_`h (.5*)F;T].5F;F3:0H�&)23(	P�V*��17;*+16A37;&+?�.5*)(-&)(*+*)(?+&)*+7;.5F �`B`(6* �%:5E3&)791�F;7;$3(? 4

:5&)23(*�E^:5?+?)7;B3F;(]C�( = 7;.].4*+(�C�7;1*+:��N.
�
(�.4$ = 16:5E3E^(* � ' " �%_ ��:�.411(?)?�( � &)(*+$,.5FS1F;7;($M&�$3(&��N:5* �'?6f�&+2,( �4�]B3.413�MB^:5$3(

$3: = (?]16A3*+*)($M&+F;T A3?+(�X�&)23(*+$,(&�.4$ = � P�PQ#	7;$'&)(*%H .51(?6f���79&)2 E3.51/�5(6&�?)7986(�A3E3E^(*]F;7;C�7;&+?�:0H]o0_ �@.5$ = r �M7;F;:5BMTM&+(?6f
*+(6?+E^(1&+7

�
(F;T5_�X�.51�2�E,.51/�5(&N7;?S.5F;?):	($31.4E3?+A,F9.4&+( = ��7;&+2,79$].4$�X�&+2,(*+$3(6&-:5* � P�PQ#eHI*+.4C�(0f8��237;1 2D&+23(�j < h = *)7

�
(*)? .4&



oqp

Routing
Control

Packet
Switching
Processor

Packet
Switching
Processor

Packet
Switching
Processor

Packet
Switching
Processor
(Exterior)

Interprocessor
Communications

Facility

Statistics
Collection
Processor

� 7;O5A,*+(��M_ �Mc �	o	h-V � hQX � $3: = .5FG? ��79&)1�237;$3O]?+TM?+&)(C Z hQV3V3[N.4*+1�237;&+(16&+A3*)(

&+2,( (6$ = E^:57;$M&+?-.4E3E^($ = .5$ = *)(C�:
�
(0_

��2,( �4�]*):5A3&)79$,O]&+(1�23$3:4F;:5O5T�.4$ = .5*+1�237;&)(1&+A,*+(]7;?�HIA,$31&+7;:4$3.5F;F;T](LMA37
�
.5F;($M&�&+:D&+23.4&-:4$�&)23( �	o�$3(&��N:5*��^_

Re.51/�5(6&+?	&)*+.
�
(6F &)23*+:4A3O52 &)23(]$3(&��N:5* �m7;$ = 7

�
7 = A3.4F9F;TD.5$ = .5*)(]E3.5?)?+( = HI*+:4C $3: = (]&):�$3: = (].57 = ( = BMT�.5$�. = .4E3&+7

�
(Jf

= 7;?+&)*+7;B3A3&)( = *):5A3&)79$,O]E3*+:M1( = A3*+(�B3.5?)( = :4$�&)23(�?+&).5$ = .4* = #+V � #+VDE3*):5&+:M1:4F � '5p �%_�gSAMaG(*)79$,O�:5$�&)23(	:5A,&+E3A3&�LMA3(6A3(?�:0H
&+2,( $,: = (?-1:4$M&+*+7;B3A,&+(?Q&+:]&+2,( F;.4&+($316T�:JHK&)23( = (F;7

�
(*)T�:0H�E3.51/�4(&+?Q&+:]&+2,( = (?+&)79$,.5&+7;:4$G_ � $�&)23( �4� B3.51/�MB^:5$3(0f^&+23(

$MA3C]B^(* .4$ = ?+7;8(	:JHKB3A ak(*)?-7;$�(6.51�2�$3: = ( = (E^($ = ? :4$�&)23(	7;$M&+(* HI.51(�&%TME^(	.5$ = :5E^(*+.4&+7;$3O]?)T'?)&+(C
�
(*+?)7;:5$G_

� 7;O5A,*+(?	�M_ ��.5$ = �M_ r 7;F9F;A3?)&+*).5&+(�&)23( h : = .5F�V ��7;&+1�237;$3O VMA3B,?+TM?+&)(C Z%h-V3V3[ .5*)1 2,79&)(1&)A3*+(? HI:5*D&+23(�16:5*+(
B3.413�MB^:5$3( $3: = (?-:4$�&)23( �	o�.5$ = �4��B,.51/�MB`:4$3(?f^*+(?)E`(61&+7

�
(6F9T4_ ��23( �	o	hQV3VD.5*+1�237;&)(1&+A,*+(�1:5$3?)7;?+&+( = :0HSC]A3F;&+7;E3F;(0f

&%TME37;1.5F;F;T�$37;$3(0f�#+g � RSU /5n �YE3*+:M1(6?+?+:4*+?�1:5$,$3(1&)( = BMT�.D1:5CDC�:5$�&): �5(6$m*)79$,O3_�#%$�1:4$'&)*+.4?+&f�&+2,( �4�]B3.413�MB^:5$3(
E3.413�4(&�HI:4*��N.5* = 7;$3O-*):5A3&)(*+?N.5*)(�B3.5?)( = :5$�&+23(�#+g � n�#+V,U VMTM?+&)(C /8' %8% % � .5*)1�237;&+(1&)A3*+(Jf*��79&)2�?)E`(617;.5F^C�: = 7 �`1.4&+7;:5$3?
7;$31F;A = 7;$3O�237;O42	E`(6*%HI:4*+C�.4$31(�. = .5E3&)(*S1.4* = ? .5$ = ?+:JHI&�� .4*+(0_S#%$,79&)7;.5F;F;T5fq&+23(�7;$M&+(* HI.516(?S&+: &+237;?�A3$37;E3*):'16(?+?):5*N.5*+1�237;&)(1��
&+A,*+(�?���7;&+1�23( = E,.51/�5(&)?�&+23*):5A3O42�&+:�&+23(�:5A,&+O5:47;$3O	7;$M&+(* HI.51(6?

�
7;.�&+23(�CD.57;$"U�R ��_3#%$�&)23(�1A3*)*+($M&-7;CDE3F;(C�($M&).5&+7;:0$Gf

&+2,(�E3.413�4(& HI:5* � .4* = 7;$3O�E3*):'16(?+?]7;?	: � :5. = ( = :5$M&+:@79$M&)(F;F97;O4($M& ?)A3B3?)T'?)&+(CD?_ X�.51�2 ( � &)(*+$,.5F�7;$M&+(* HI.51(JfS79$,1F;A = 7;$3O
�4��?)(*+7;.5F F97;$3(6?f�.5?��N(F;FS.5? 1:5$3$,(1&+( = X &+23(*)$3(&].4$ =�� P�PQ#	j < h ?f�F;79(6?	:5$ ?)A31�2 . = ( = 7;1.4&+( = ?+A3B,?+TM?+&)(C 1.4* = _
��23(?)(-1.4* = ? 23.

�
(N.�B3A37;F;& �%79$ � � �%B37;&�#%$M&)(Fkp8' % C�7;1*+:M1:4$M&+*+:4F;F9(6*�:5$�B^:5.5* = fM.5$ = 23.

�
(NF;:M1.5FM.5161(?+?�&):�.5F;FM79$ HI:5*)C�.5&)7;:5$

$3(( = ( = &):�? ��79&)1�2�.�E3.51/�5(6&f37;$31F;A = 7;$3O�*+:4A3&+7;$3O &+.5B,F9(6?�.5$ = *+(F;(
�
.4$'&N1: = (0_ ��23(-16.5* = ?�1.5$�&+2MA3?N(/�31�23.5$,O5(�E3.51/�4(&+?

.5CD:5$3O (.51�2�:5&)23(* = 79*)(1&)F9T
�
79.�&+2,( #+g � ��7;1*):M1 2,.5$3$3(6F�� B3A3?f*��7;&)23:5A3&�&)23(�7;$'&)(*

�
($M&+7;:5$�:JHK&+2,(	C�.479$]E,*+:M1(?)?+:5*6_

��� ����� ������� � ( $��� �&��$��&����$ ��" ����	 ���&��"%������$ ����- � 	 � � ��&��"%�
��2,( E,*+7;$317;E3.4FG?+:5A,*+1(?�:JHK7;$MHI:4*+C�.4&+7;:5$�.5B^:5A,&�&+23( �4� B3.413�MB^:5$3( 1:5CD(�HI*):5C *):5A3&)79$,( 16:5F;F;(1&+7;:4$�:0HS&)23*+((

1F;.5?)?+(?�:JH $,(&�� :4*���?)&+.4&+7;?+&)7916?-BMT�h-V � h-X �>B3.51/�MB`:4$3(�E3.51/�5(6& �%?���7;&+1�237;$3OD$3: = (?c�7;$M&+(* HI.516(�?)&+.5&)7;?+&+7;1? 4�E3.413�4(&-16.5& �
(O4:5*+7;8.4&+7;:5$ 4 .4$ = 7;$M&+(*)$3: = .5F = (F;.0TM?_ #%$'&)(*%H .51(�?+&).5&+7;?)&+7;1? = (*)7

�
(�HI*):5C E3*+:4O5*+.4C�?]A3?)7;$3O &)23(mVM7;C�E,F9(�h (&�� :4*��

��.4$3.5O4(C�($M&�R�*+:4&+:M1:5F Z V3h ��RS[ � � % �%_"VME^(17;.5F;7;8( = ?):0HI&��N.5*)(�E,.51/�0.5O4(?	E^(*%HI:4*+C E3.51/�5(6&	1.5&)(O5:4*+7;8.4&+7;:5$Gc�&+2,( �	o
B3.413�MB^:5$3(NA3&)79F;7;8( = &+23(�h-hQVM&+.4& � �3o �3E3.413�0.4O5(�H :5*�16:5F;F;(1&+7;:4$ 45&+2,( �4� B3.51/�MB`:4$3(NA3&+7;F;7;8(?�&)23( < n �-V Z < h-VM$,(& n�:4A3&+(6*
��*+.J/�1 VM&).5&+7;?)&+7;1? [ � � � ��E3.413�0.4O5(0f*��2,791�2�($316:5C�E,.5?+?)(?-?)7;C�7;F;.5*eHIA3$316&+7;:5$3.4F;79&%T4_
�
	 �0G�� G
,-���0�)	�������
�����������������)	�����8 ��' �������M����9:�������������1E
� ����")���
"�A*�����*�)%������J�4�.�����)	����08J��' �������M����9:���.���������1E



�8%

microchannel RS6000 bus

Ethernet
forwarding

card

FDDI
forwarding

card

serial
line
card

serial
line
card

serial
line
card

RS6000
main

processor

� 79O4A3*+(�� _ r,c �4�]hQV � h-X �>16($M&+*+.4F�$3: = .4FG?���7;&+1�237;$3O]?)TM?+&+(6C Z%U�h-V3V3[ .5*)1 2,79&)(1&)A3*+(

���������
	�����������
	�������������

��2,(�C�(1�23.4$37;?+C>H :5*�1:5F;F;(1&)7;$3O�79$M&)(*%HI.41(-E^(* HI:5*)C�.5$,1( ?)&+.4&+7;?+&)7916? = 7 = $3:5& 1 2,.5$3O4(NHI*+:4C &+2,( �	o &):	&+2,( �4�
B3.413�MB^:5$3(J_ X�.41 2@B3.51/�MB`:4$3(	$3: = (Jf`.5F;?):]1.5F;F;( = .�h : = .5F�V ��7;&+1�237;$3O�VMA3B,?+TM?+&)(C Z hQV3V3[N*+A,$3? V3h ��R ?)(*

�
(*+?���237;1�2

*+(6?+E^:5$ = &+:DL'A,(*+7;(?�*+(6O5.5* = 7;$3O�?)&+.4$ = .5* = V3h ��R ��.4$3.5O4(C�($M&�#%$MH :5*+CD.5&)79:4$�g .5?)(]Z ��#+gN[
�
.5*)79.4B3F;(?_-UN($M&)*+.5F;7;8( =

1:4F9F;(16&+7;:5$�:0H = .5&).
�
79.]V3h ��R HI*):5C (.41�2�B3.51/�MB^:5$3(�7;$M&+(* HI.51( :5$�(.51�2mhQV3VD:M11A3*)? :4$31(�(

�
(*+T o ��CD7;$'A,&+(?6_ ��23(

1:4A3$M&+(*)? .4*+(-16F9(6.5*+( = 7;$]:5$3F;T	&��N:	1.4?+(?6c ��23($D&+23(QC�.51�237;$3(N7;?S*+(6?+&+.4*+&)( = 4`.4$ = ��23($]&)23(��8��B37;&S1:4A3$M&+(*)? :
�
(*+*)A3$G_

UNA3C]A3F;.4&+7
�
(Q1:5A3$M&)(*+?6fK*)(&+*)79(

�
( = A3?)7;$3O�&)23("V,h ��RefG7;$31F;A = ( &+23:4?+(�HI:4*-E3.413�4(&+?6f�BMTM&+(?6f�.5$ = (*+*):5*+? 79$@.5$ = :4A3&�:0H

(.41 2�7;$M&+(* HI.51(J_ � &+23(6*�V3h �@R � B,.5?+( =
�
.4*+7;.5B3F;(?Q7;$31F;A = ( = (?)1*+7;E3&):5*+? :0H &)23(�16A3*+*)($M&	F;79$ ��&):5E^:5F;:5O4T�.4$ = 7;$M&+(* HI.51(

= :���$M&+7;CD( &):�CD(.5?)A3*+(�.
�
.57;F;.5B,79Fb7;&%T :JH hQV � h-X � 16:5C�E^:5$,($M&+?_ ��.4B3F;(4�M_ o-16:5C�E,.5*+(6?S&+23(	V3h ��R :5B  (61&+?�1:4F;F9(61&+( =

:5$]&)23( �	oQ.5$ = �4��B3.51/�MB^:5$3(?6_ < CD:5$3O�:5&)23(*N1�23.5$3O4(?f3&)23( �4�iB3.51/�MB`:4$3(-$,:�� ?+A3E,E`:4*+&+?N1:4A3$M&+(*)?�:0H�$3:4$ � A,$37;1.5?)&
E3.413�4(&+?6_��

1 ( $3:5&)(	&+23.4&-&)2'A,?-H .5*-CD:5?)& CD(&+*)7916?-7;$�?+&).5$ = .5* = 7986( = V,h ��R � #+gS?QHI:M1A3?�:4$�7;C�C]( = 7;.4&+(-:4E`(6*+.5&)7;:5$3.4F
*+(6L'A,79*)(C�(6$'&)?]:0H-&)23(�$3(&��N:5*��^fN.5$ = = :�$3:5&�?+A,E3E`:4*+&]:4B  (1&)?�&+2,.5&�23.

�
(D$3:5&�E3*+:

�
($ :0H

�
7;&+.4F�79$M&)(*+(?)&f�?+A,1 2 .4?

1:4A3$M&+(*)?�:JH-E3.51/�5(6&+?�:5*	BMTM&+(?�7;$M&+:�.5$ = :4A3&	:JH-.�O47
�
($ 7;$M&+(* HI.516(�BMT�E3*):5&+:M1:4F fSE3.51/�5(6&+? = *+:4E3E`( = = A3(]&):�LMA3(A3(

:
�
(6*�)`:���f-.4$ = E3.51/�4(&�79$M&)(*+.4*+*+7

�
.4F-&+7;CD(?_ ��23(mhQV � h-X � ?+A3E,E`:4*+&+?�1:4F;F9(61&+7;:5$ :0H	?+:4C�(�:0H	&+2,(?+( :4B  (1&)?

�
7;.

1A3?)&+:4C � = (?+7;O4$3( = &):M:5F;?]?+A31�2 .5?]&)23(�:5$3( � ( = 7;?)1A3?+?D7;$ &+2,(�$,(/�3&]?+(1&)7;:5$G_ � &+2,(*�:4B  (1&)?].5*+(�1:4$3?+7 = (6*+( = &):M:
(/�3E^($3?+7

�
(	&+:  A,?+&+7bHIT]&)23(�1:5?)&-:JHK&+2,(7;*-1:4F9F;(16&+7;:5$G_

����
������������� �����!#"$���
!#���

� $3F;7 �5(N&+23(�V3h ��R ?+&).5&+7;?)&+7;1?fM&+2,( = .4&+.�1:5F;F;(1&)7;:5$]E3*):'16(?+?NHI:4*SE3.413�4(&S1.4&+(O4:5*)7986.5&+7;:4$6� .4?SC�: = 7 �`( = ��79&)2
&+2,( &)*+.4$3?+7;&+7;:4$�H *+:5C &+23( �	oQ&+:]&)23( �4��B3.51/�MB^:5$3(0_ 1 (�B3*)7;(/)`T = (?+1*)7;B`(�&+23(�E3*):M1(?+?QHI:4* B^:5&)2�B3.51/�MB`:4$3(?6_

< ? = (?)1*+7;B^( = .4B`:
�
(-.4$ =�= (E37;1&)( = 79$ �`O4A3*+(�� _ � f'(6.51�2 �	o�B3.51/�MB`:4$3(�$3: = (�Z hQV3V3[ �N.5?�.516&+A3.4F9F;T].�?+(&Q:0H

7;$M&+(*)1:5$3$,(1&+( = #+g � n �$/5R U E,*+:M1(?)?+:5*)?f^:5$3(Q:0H ��237;1�2 �N.5? = ( = 7;1.5&)( = &+:�?+&).5&+7;?)&+7;1?N1:5F;F;(1&)79:4$G_ �K: 1.5&)(O5:4*+7;8(�#+R
E3.413�4(&+?�($M&)(*+7;$3O�&)23( �	o	B3.413�MB^:5$3(�B3.4?+( = :5$�7;$MHI:5*)C�.4&+7;:5$]1:4$M&+.57;$3( = 7;$�E3.41/�5(&�23(. = (*)?f�&+237;?�E3*+:M1(6?+?+:4*	(/�3.5C �
7;$3( = &)23(	23(6. = (*�:JH (

�
(6*+T�E3.51/�4(&�&+*+.

�
(*+?)7;$3O�&)23(	7;$M&+*+.�� hQV3V�E3*):M1(?+?):5*�7;$M&+(*)1:5CDC]A3$37;1.5&)7;:5$�HI.417;F97;&%T4f3.5$ = A3?)( = .

C�: = 7 �`( =
�
(6*+?+7;:4$�:0HS&+2,(�h-hQVM&+.4&-E3.413�0.4O5( � �3o ��&+:]B3A37;F = ?+&).5&+7;?)&+7;1.5Fe:5B  (61&+?�B3.4?+( = :4$�&+23(	16:5F;F;(1&+( = 7;$MHI:5*)C�.4&+7;:5$G_

%
& 5�'��$"$�M��� �������������*� ' ��3��*�J�� � "�� %���<�A����������*� 	 �����JB � � D7B �)(�D4E



�,o

��.5B3F;(��M_ o0cSV3h �@R :4B  (1&)?-1:4F;F9(61&+( = E`(*Q$3: = (�:5$ �	oQ.5$ = �4� B3.51/�MB`:4$3(?
� ��� ���� = (?+1*)7;E3&+7;:5$ ��� ���
7 H � E^(*�VM&+.4&+A3? :4E`(6*+.5&)7;:5$3.4FG?+&+.4&+A3? � h / <
?+TM? � E ��7;C�( ?)TM?+&+(6C A3E3&+7;CD( � �
7 H%P-(6?+1* 7;$M&+(6*%HI.41( = (?+16*+7;E3&+:4*+? � �
79E <-= X�$M&)# HI#%$ = (/� #+R . =3= *+(6?+?-16:5*+*)(?+E^:5$ = 7;$3O�&):]79$M&)(*%HI.41(? � �
79? � 7;?)#%$ = (/� *)(C�:4&+(Q. =3= *)(?+?�&):�7;$M&+(* HI.516(	7;$ = (/��C�.5E,E37;$3O h$/ < �
7 H #%$`X�*+*):5*)? 7;$316:5C�7;$3O (*+*):5*+?Q:M11A3*)*+7;$3O]7;$M&+(* HI.51( � �
7 H � A,& X�*)*+:5*)? :4A3&+O4:57;$3O�(*+*):5*)?-:M11A3*)*+7;$3O]:4$�7;$M&+(6*%HI.41( � �
7 H #%$ � 1&+(&)? BMTM&+(6?-($M&+(6*+7;$3O]7;$M&+(* HI.51( � �
7 H � A,& � 1&+(6&+? BMTM&+(6?-(/�37;&+7;$3O�7;$'&)(*%H .51( � �
7 H #%$ ��1.4?+&�R �M&+? A,$37;1.5?)&�E3.51/�5(6&+?-(6$'&)(*+7;$3O]7;$M&+(6*%HI.41( � �
7 H � A,& ��16.5?+&�R �M&+? A,$37;1.5?)&�E3.51/�5(6&+?-( � 7;&)79$,O�7;$M&+(* HI.516( � �
7 H #%$`h � 1.5?)& R �M&+? $,:5$ �%A3$37;1.4?+&�E3.413�4(&+?Q($M&+(*)7;$3O]7;$'&)(*%H .51( h$/ < �
7 H � A,& h � 1.5?)& R �M&)? $,:5$ �%A3$37;1.4?+&�E3.413�4(&+?Q(/�37;&+7;$3O�79$M&)(*%HI.41( h$/ < �

g (1.5A,?+(	.4F9F,E3.51/�5(6&+?N&+*+.
�
(F;( = .41*+:4?+?�&)23(-7;$M&+(*)1:5$,$3(1&)79:4$DHI.517;F;7;&%T	:5$]&)23(7;* � .0T�&+23*):5A3O42�&)23(-$3: = (Jf3&+23(Q1:5F;F;(1&)79:4$

E3*):'16(?+?):5*-16:5A3F = E3.4?+?+7
�
(F;T]1:5F;F;(1& = .5&).���7;&+23:4A3&S.Jak(16&+7;$3O]?���7;&)1 2,79$,O	&+23*):5A3O423E3A3&6_ h�:4$3(&+2,(F;(?+?6f`&+2,( $,: = .5F^&+*+.4$3? �

C�7;?)?+7;:5$�*+.4&+( = 7 = (
�
($M&+A,.5F;F;T�?+A3*)E3.5?)?	&+2,(�1.4E3.5B,79F;7;&%T�&+:	�5(6(EmA,E ��7;&+2�&+2,(�?)&+.5&)7;?+&+7;1? 1:5F;F;(1&)79:4$m7;$�E,.5*+.4F;F9(6FIfG.4$ =

&+2,79?�E,*+:M1(?)?+:5*�23. = &):](
�
($M&)A3.5F;F;T]*+(

�
(*+&�&):�?).5C�E,F97;$3O � �8� �%_

��2,( = (?)7;O5$�:0H�&)23( �4� B3.51/�MB^:5$3(Q*+(LMA37;*+( = ?)7;O5$37 �`1.4$M& CD: = 7 �^1.5&)79:4$	:0H�&+237;? = .5&).	1:4F9F;(16&+7;:5$DC�(1�23.4$37;?+C�_
��237;?�C�: = 7 �`1.4&+7;:5$�.51&)A3.5F;F;T�:'161A3*+*)( = 7;$ &��N:�E323.5?)(?_ #%$ &)23( �`*+?)&]?+&).5&+7;?)&+7;1?]1:4F9F;(16&+7;:5$ = (?+7;O4$Gf .4F9F HI:4*��N.5* = ( =
E3.413�4(&+? 23. = &+:Q&+*+.

�
(*+?)(-&)23( CD.57;$	n-V)/8' %8% %�E,*+:M1(?)?+:5* 79&)?+(FbH+f479CDE`:4?+7;$3O�.�B3A3* = ($]:4$	&+23(�?)7;$3O5F;(NE3.51/�5(6&�H :5*��N.5* = 7;$3O

($3O47;$3(�.5$ = 79CDE`( = 7;$3O�1:4C�E3*)(23($3?)7
�
(�?+&).5&+7;?)&+7;1?]1:4F9F;(16&+7;:5$G_ � 7;O5A3*)( �M_ r�7;F9F;A3?)&+*).5&+(6?�&)23(�1A3*)*+($M& = (?+7;O4$ :0H�&+23(

B3.413�MB^:5$3(Q$3: = (?6f ��237;1�2�: � :5. = ?S&+23( HI:5* � .4* = 7;$3O 1.5E3.4B37;F;79&%T &+:�&+23(�1.4* = ?N.5? = (?)1*+7;B^( = 7;$]?+(16&+7;:5$�M_ � _ oJ_Kg (1.5A,?+(
&+2,( E,.51/�5(&)? = :�$3:5&N$3(1(6?+?+.4*+7;F;T�&)*+.

�
(6*+?+( &+23(�C�.47;$�E3*):M1(?+?):5*6f`.5161:5CDC�: = .5&)7;$3O-&)23(�?+&+.4&+7;?+&)7;1?�1:5F;F;(1&)7;:5$�*)(LMA37;*+( =

C�:
�
7;$3OQ&+23(�?+:JHI&��N.5*+(���2,791�2D?+(F;(1&)?�#+R E3.41/�5(&)?NHI:5*S&)*+.J/�1-1�23.5*).51&)(*+7;8.4&+7;:5$�7;$M&+:	&)23( �^*+C6�N.5*+(�:JH�&+23(Q?+A3B,?+TM?+&)(C�?

&+2,(C�?)(F
�
(?6_ X�.51�2 ?+A3B3?)TM?+&+(6C H :5*��N.5* = ?�7;&)?�?)(F;(1&)( = E3.51/�4(&+?6f	1A3*+*)($M&+F;T (

�
(*+T �3HI&)7;(&+2Gf	��&): &+2,( C�.57;$ U�R ��f

��23(*)(�&+23(Q1:5F;F;(1&)79:4$]?+:JHI&�� .4*+(QE`(* HI:5*)C�?S&)23(�&+*).0/�1-1�23.4*+.41&+(*)7;8.5&)79:4$�B3.4?+( = :5$D&+23(?)(�?+.5CDE3F;( = E3.51/�5(6&+?_ ��A3F;&+7;E3F;(
?+A,B3?+TM?+&)(C�?6f-7;$31F;A = 7;$3O�&+2,:5?+(@1:5$3$,(1&+( = &): �4�Mf�X�&+2,(*+$3(6&f�.5$ = � P�PQ#	(/�3&+(6*+$3.4F 7;$M&+(6*%HI.41(?f HI:5* � .4* = ?+.4C�E3F;( =
E3.413�4(&+?Q&+:�&+23(�n-V)/8' % %8%�E3*):'16(?+?):5*�7;$�E3.4*+.5F;F;(F _�#%$ UN2,.5E3&)(*-r � ( = 7;?)1A3?+?Q&+23( *+.5CD7 �`1.5&)7;:5$3?S:JHK&)237;?�?+.5CDE3F;7;$3O3_

g (1.4A3?+( &+23(�C�.47;$�U�R � 1.5* = E^(*%H :5*+CD? &)23(�1.5&)(O5:4*+7;8.4&+7;:5$�B3A3&N&+2,( 16.5* = ?-1.4$�?���7;&)1 2�E3.41/�5(&)?���79&)23:5A,&
&+2,( U�R ��fq&+23( ?+&+.4&+7;?+&)7;1?�.4O5O5*)(O5.4&+7;:5$QC�(1�23.4$37;?+C = :'(6?�$3:4&G.0aG(1&�?���7;&+1�237;$3ON&+2,*+:5A,O523E3A,&�:0H3&)23( h-V,V^_ ��23(�?).5C�E,F97;$3O
1.4$GfK2,:�� (

�
(*fS7;CDE`:4?+(�.�B3A3* = ($ :5$ &)23(�?)A3B3?)T'?)&+(C � &): �%1.5* = B3.5$ = ��7 = &+2Gf�.5$ = E`:4&+($M&+7;.4F9F;T�7;$M&+(6*%HI(*)( ��7;&+2�:5&)23(*

1*)79&)7;1.5FM*+(6?+E^:5$3?)79B,79F;7;&+7;(?�:JH`&+23.4&�B3A3?f4?+A31�2].5?�&)*+.5$,?%HI(*)*+7;$3O�*+:4A3&+7;$3OQ7;$MHI:5*)C�.4&+7;:5$QB`(&��N(($]&)23(�?+TM?)&+(CY.5$ = &+23(N1.4* = _
< F;&)23:5A3O42�&+2,(]E3.51/�5(6& 16.5&+(6O5:5*)7;8.5&)79:4$mCD(1�23.5$,79?)C .5&�(.41 2�$3: = ( = 7baG(*+? :5$�&)23(]&�� :�B3.41/�'B^:5$,(?f�&)23(]1($M&)*+.5F;7;8( =
1:4F9F;(16&+7;:5$]:JH�&+23( = .4&+.	7;?N&+23(�?).5CD(0_ X

�
(*)T �3HI&+(6($�CD79$MA3&)(?f4.	1($M&+*).5FG.4O5($M&SLMA3(*)7;(? (6.51�2�:JH�&+23(QB3.51/�MB`:4$3(-$,: = (?f

��237;1�2�*+(E^:5*)&-.5$ = &+2,($�*+(6?+(&Q&+23(7;*Q:5B  (16&�1:5A3$M&)(*+?6_
��.4B3F;( �M_ ��7;F;F;A3?+&)*+.4&+(?�&+2,(�&+*+.J/�1 1�23.4*+.41&+(*)7;8.5&)79:4$]:5B  (61&+?S16:5F;F;(1&+( = :5$�&+23( �	oN.5$ = �4�QB3.51/�MB`:4$3(?6_ h�:5&)(

&+2,.5&�&)23( �4��B3.413�MB^:5$3( :5$3F;T�?+A3E,E`:4*+&+?�1:4F;F9(61&+7;:5$ :0H`&)23( �`*)?+&�&+23*)((�:5B  (1&+?6_ ��23( �`*)?+&�7;&+(C>7;$	&)23(N&+.5B,F9(Jf &)23(NC�.5&)*+7 �
:0H3$3(6&�� :4*�� � $MA3C]B^(* � &): �%$3(&��N:5*�� �%$MA3C]B`(6*`&)*+.0/�1 1:5A3$M&)?f0HI:4*+CD?`&)23( B,.5?+7;?^HI:4*�E3A,B3F;7916F9TQ.

�
.57;F;.5B3F;( �`F;(?e1�23.5*).51&)(*+7;87;$3O

&+*).0/�1�.516*+:5?)?]&+23(�hQV � h-X � B3.41/�'B^:5$,(�7;$ &+(*)C�?�:0H B^:5&)2 79$ = 7
�
7 = A,.5FS$3(6&�� :4*�� $MA3C]B^(*)?�.4$ = 1:5A3$M&)*+7;(?_ g :5&)2

B3.413�MB^:5$3(6?-.5F;?):]?+A3E3E^:5*)&-:4B  (1&)? = (?+1*)7;B37;$3O�&)23( = 7;?+&)*+7;B3A3&)7;:5$�:0HSE3.413�4(&+?QBMT�E3*):5&+:M1:4FNZI(0_ O3_;f �-U�Ref �-P�Ref`#+U ��R [
.5$ = �-U�R / �-P�R E^:5*+&�Z .5E3E,F97;1.4&+7;:5$^[�_

����������� ��
����� ���
������
� $�&+2,( �	o�B,.51/�MB`:4$3(0f � (*+7;&�A3?)( = &+23(��������]A3&+7;F;7;&%T�&):]E`(6*%HI:4*+C 7;$M&+(*)$3: = .5FeF;.5&+(6$31T�.4?+?)(?+?)C�($M&+?6_��������

E3*):5B^(?QHI*+:4C :5$3(	(6$ = E^:57;$M& :JH &+2,(�$3(6&�� :4*���&+:D.5$3:4&+23(*�A3?)7;$3O�&)23(�#+U �@R X�1�23:DHIA3$316&+7;:5$3.4F;79&%T � � ' �S&+:D*+(1:4* = &+23(
� � A*�(����	�9�%��*<@	���".�.�
"$�
���M�� ��A*�(��3�5*��,-���0�)	 ���
�$�M�*� �7���.�*�;�4A*��6MA*��%��@9*��"�8-�&�$/&5�3*�M�.���4A*�)�H��A*� ����������� �"!$#�%�&('*),+.-/�102)43 �65 �*7 5K,
�0�&�

��'1��A*��9*� "�8-�$�&/��0�����.�4��*<@' ����	 ��A*�@5:�&<��������*<���'1�4A*� �182A*�&�����.��B �)D4E



�8�

��.5B,F9(��M_ �Mc�E3.413�4(&�1.4&+(O4:5*+7;8.4&+7;:5$�:4B  (1&)?-1:4F9F;(16&+( = E^(*�$3: = ( :5$ �	o�.4$ = �4�	B,.51/�MB`:4$3(?
� ��� ���� ��� � �

*+(6F9.4&+7
�
(Q&+:](/�3&)(*+7;:5*Q$3: = .5FG7;$M&+(6*%HI.41(

?+:4A3*+1( � = (6?+&+7;$3.4&+7;:5$@C�.5&)*+7 �]B'T]$,(&�� :4*��D$'A,C]B`(*QZIE,.51/�5(&)? /JB'TM&)(? [ � �
�-U�R0/ �QP�R E^:5*)& = 7;?+&)*+7;B3A3&)79:4$Gf*�N(F;F ���M$3:���$]?+A,B3?+(&�Z E3.51/�5(6&+? /JBMT'&)(? [ � �
= 7;?+&)*+7;B3A3&)79:4$�:JHKE3*):5&+:M1:4F�:

�
(*�#+R ZI(0_ O3_;f �-U�Ref �QP Ref3#+U �@RS[QZIE3.41/�5(&)? /0BMTM&+(6? [ � �

Re.51/�5(& � F;($,O5&+2�237;?)&+:5O4*+.4C .5&�.6� % � BMTM&+(�O5*).5$MA3F;.5*)7;&%T � h$/ <
E3.51/�4(&

�
:4F9A,C�(�O5:47;$3O�:4A3&N:0HSB3.51/�MB^:5$3(�$3: = ( � h$/ <

h-V3V �%1($M&)*+7;1]ZI(6$'&)7;*+(	$3: = (q[
E`(6*�?+(1:4$ = 237;?)&+:5O4*+.4C :0HSE3.413�4(&�.5*)*+7

�
.5FG*).5&)(? � h$/ <

h-V3V@Z 79$M&)*+. �+h-V � hQX �-[N&+*).5$3?)7;&�&+*+.J/�1
�
:5F;A3CD( � h$/ <

*+:4A3$ = �%&+*)7;E]&+7;C�(? Z n � �-[eB^(&��N(($�&)23(-&��N:�($ = E^:57;$M&+?6_ < ?S:JH o � (B3*)A3.5*)T�oqp5p � f < hQV�1:5F;F;(1&)? = (F;.0T = .5&+. B`(&��N(($
$3: = (?�A3?)7;$3O�&+23(�T5(& � .4$3:5&)23(* �.�������mZ������`[QA3&)79F;7;&%T4f ��237;1�2�*+A,$3?	:5$@(.51�2�B3.51/�MB`:4$3(�$3: = (�.4$ = 1.5$�C�(.4?+A3*)( = (F;.0T
&+:]&)23(�C�7;1*):5?+(61:5$ = F;(

�
(FGA3?+7;$3O]&)23( < #��Y?+TM?+&)(C 16F9:M1/�^_

PQA3*)7;$3O�&+23(QF97bHI(6&+7;C�(S:JHk&)23( �	o�B3.41/�'B^:5$,(0f'.4$ = 1A3*)*+($M&)F9T]:4$�&)23( �4�iB3.51/�MB`:4$3(0fM&+23(�E,*+:5B^(-CD(.5?)A3*+(6C�($M&
:M11A3*)? �

�
(N&+7;C�(?e.5&�&+2,(�B`(O47;$3$37;$3O�:0H`(

�
(*)T �3H &+(($]CD7;$'A,&+(S7;$M&+(*

�
.5F3B^(&��N(($].4F9FME3.47;*+?�:0HGB3.51/�MB^:5$3(�.411(?)? E^:57;$M&+?6_

� $�&)23( �4��B,.51/�MB`:4$3(0fM&+23(Q.5*+1�237;&)(1&+A,*+(�7;$31F;A = (?NB^:5&+2D(/�3&+(*)$3.5F^.5$ = 7;$M&+(*)$3.5F3.411(?)?-E^:57;$M&+?�Z%XSh-V,VM? .4$ = U�h-V,VM? [
.5? = (?+1*)7;B`( = 7;$�?)(1&+7;:4$ �M_ �M_ o64 < hQV�1:5F;F;(1&)?�*+:4A3$ = �%&+*)79E = (6F9.0T]?)&+.4&+7;?+&)7916?-B^(&�� (6($�B^:5&+2�?)(&+?Q:0HS.5116(?+?QE`:479$M&)?_

� .5F
�
7;$3O�&)237;?

�
.4F9A,(-TM7;(F = ?-.4$�.4E3E3*):&� 7;CD.5&+(�:4$3(���� .0T = (F;.0T]H :5*�&+2,( = (F;.0T�CD.5&)*+7 ��.5CD:5$3O	.4F;FG&+23(	.411(?)?

E^:57;$M&+?_ � $�.Q*+(F;.4&+7
�
(F;T�A3$316:5$3O4(?+&)( = B3.41/�'B^:5$,( ��7;&+2 ?+&+.4B3F;( .4$ = ?+TMC�CD(&+*)791�*):5A3&)79$,O3f5?)A31�2�.�C�(6&+23: = :0HG.51�237;(

�
7;$3O

:5$,(�� �N.0T = (6F9.0TM?�7;?  A3?+&)7 �`( = _�� < B3.41/�'B^:5$,(]$3: = (�&)(C�E^:5*).5*)79F;T�?+&):5*)(?�&)23( = (F;.0T = .5&+.,f�&+*).5$3? HI(*)*+7;$3O�7;&�*+:4A3&+7;$3(F;T
&+:D.�h � U = .5&+.]16:5F;F;(1&+:4*_ � *):5C�&+23(6?+(�?+&+.4&+7;?+&)7;1? ��(*+7;&Q.5$ =�< h-V�E,A3B3F;7;?+2�*)(E`:4*+&)? :JHSL'A,.5*+&)7;F9( ?+&+.4&+7;?+&)7;1?�:5$�&+23(
C�:4$M&+23F;T�79$M&)(*+$3: = .4F = (F;.0T4_

� :5*N&+2,( �4� B3.51/�MB`:4$3(0f < h-V 23.5?N*+(61($M&+F;T�7;$
�
(6?+&+7;O4.5&+( = 23:�� &):�E,*+(?)($M&-&+2,( = .4&+.�&+:�.5F;F;:�� CD:5*)(�79$,?+7;O52M&

7;$M&+:�.
�
(*+.4O5( = (F;.0T�B^(23.

�
7;:5*6_ ��2,(T�B^(O5.4$mBMT = (

�
(F;:5E37;$3OD.�$3( �>*)(E^:5*+&iHI:5*)C�.5&N&+2,.5&�7;$31F;A = (?�?)7 ��&).5B3F;(?6c�HI:5A,*

C�.4&+*)7916(?]:0H = (F;.0T = .5&). B`(6&�� ((6$ XShQV3VM?].4$ = &�� : CD.5&+*)7;1(?�:0H = (F;.0T = .4&+. B^(&�� (6($ U�h-V,VM?_ ��23(�?+7 � &+.5B,F9(6?
E3*)(?+($M&6c
oJ_�C�( = 7;.4$ = (F;.0TM?�B`(&��N(($@.5F;FGE3.57;*)?�:0H X h-V3VM?6f`.4$ = &+23(�1�23.5$,O5(	7;$�&)23(�C�( = 79.4$]HI*):5C &)23(�E3*+(

�
7;:4A3?-CD:5$M&+2

� _�. �`F;&+(*)( =
�
79(�� :0H�&)23(�.5B^:

�
(0c�&+23(QC�( = 79.4$].5$ =]= 7 aG(*)($31(	.4E3E^(.5*�:4$3F;T�7bH�&+2,(*+(��N.5?N?+:5CD(�1�23.5$3O4(�HI*):5C F;.5?)&

C�:5$M&)2
� _�C�( = 7;.4$ .4$ = 7;$M&+(*)LMA3.5*)&+7;F;( = 7bak(6*+($316( ZI#)��P�[]7;$ = (F;.0T'?�B^(&��N(($ .5F;F�E3.57;*+?D:0H"X h-V3VM? 4�&)23(m7;$M&+(6*+LMA3.5*)&+7;F;(
= 7bak(*)($31(6? E,*+:

�
7 = (�.�CD(.5?)A3*+(�:0H�&+23( ?+E3*)(. = :JHK&)23( = 7;?+&+*)7;B3A3&+7;:4$�:JHK&)23( = .5&).

r,_�. �`F;&+(*)( =
�
7;( � :JH�&+23(Q.5B^:

�
(0c�&+2,(-C�( = 7;.5$�.5$ = #)��P .5E,E`(.4* :4$3F;T�7bHG&+23(Q#)��P 79? O5*+(6.5&+(6*�&+23.4$�o-CD79F;F;7 ?)(1:4$ = f

237;O523F;7;O52M&+7;$3O�B3.41/�'B^:5$,(	F;79$ �'? ��7;&+2D237;O523(*  79&)&+(*
� _�C�( = 7;.4$ .5$ = 79$M&)(*+LMA3.4*+&+7;F;( = 7bak(6*+($316(�7;$ = (F;.0TM?]B^(&�� (6($ .5F;FNE3.57;*)?]:0HiU�hQV3VM? 4-&+237;?]&).5B3F;( = A3E3F;7;1.5&)(?]&+23(
HI:5*)C�.5& :0HK&).5B3F;(�� .5B^:

�
(QHI:5*�&)23(	U�h-V3V ?

' _�. �`F;&)(*+( =
�
7;( � :0H�&+.4B3F;( � f = A3E3F;7;1.4&+7;$3O�&+23(QHI:4*+C�.4&S:0HS&).5B3F;(-r].4B`:

�
(QHI:5*N&+23(�U�h-V3VM?

�3-�� 	 � 	 <�	��&%�8� � 8;<=< 2 � � 2�� ���#" � 	�����	�� �  8.6 " � " < %
� 	 � 8� � 032 	 �
 6#" ��� 6 � � � �3692
#%$D&+23(�*)(C�.479$ = (*N:0HK&)237;? 1�23.4E3&+(6*4�N(-7;F;F9A,?+&+*).5&)(-&+2,( A,?+(�HIA,F9$,(?+?Q:0HK:4E`(6*+.5&)7;:5$3.4F9F;T�1:5F;F;(1&)( = ?+&).5&+7;?)&+7;1?NHI:4*

�N:5*��MF;:5. = 1�23.4*+.516&+(*)7986.5&+7;:4$�&+.4?��M?-:4A3&+F;7;$3( = 7;$�UN23.5E3&)(*�� _ VM(61&+7;:5$��M_ r = 79?)1A3?)?+(?�23:�� &+23( ?+&+.4&+7;?+&)7;1?�1.5$�?+A,E3E`:4*+&
23:4?+& �%1($M&)*+7;1��N:5*��MF;:5. = .5$ = E^(*%H :5*+CD.5$316(-C�(6&+*+7;1?6f37;$31F;A = 7;$3O = (F;.0T5f3F;:5?)?f3.4$ = &)23*+:4A3O523E,A3&_ VM(61&+7;:5$� _ � = 7;?+16A3?+?)(?


 � %����:,������� � B ���)DM9������ �����$���&�������)�*"$����'���A*��' ���%3���� ��'7�.��3��*� �����9 ���)%���,-��������������3*�����.%�,�"�A*������"&�0�)�0�=$�@3������
��.�$"&�4���&�*��%�%������.�*")���$�
��")�������M��6M����� �4���.�$���*�&�467���08 E



�8�

7;$ C�:4*+( = (&).57;FN23:�� &+23(D?+&+.4&+7;?+&)7;1?]1.5$ ?+A3E,E`:4*+&�$3(&��N:5*�� �%1($M&+*)7;1�CD(&+*)7;1?_ VM(1&)79:4$ � _ � _ o = 79?)1A3?)?+(?D.�?+&)A = T 7;$
A3?)79$,Om:4E`(*).5&)79:4$3.5F;F;T 1:4F9F;(16&+( = ?+&).5&)79?)&+7;1?]&): C�: = (FNF;:5$3O�� &)(*+C &)*+.J/�1

�
:4F;A3C�(0_ VM(1&)79:4$��M_ �M_ ��E3*)(?+(6$'&)?�CD(&+*)7916?

:0H-*)(.51�23.4B37;F;79&%T4f�7I_ (0_;fS&)23(�7;$31*)(.5?)7;$3OmO4(:5O4*+.4E3237;1�.4$ = . = CD7;$37;?+&+*).5&)7
�
(�?)1:5E^(�:0H-&)23(�#%$'&)(*+$,(&_ #%$ E3.5*)&+7;1A3F;.4* �N(

= 7;?+16A3?+?�&+23(]#+R $3(&��N:5* �m. =3= *)(?+?�?+&)*+A31&)A3*+(Jf .5$ = 23:��Y&+23(]?)&+.4&+A3?�:0H .4$ #+R . =3= *)(?+?�*+(F;.4&+(?�&+:�&+2,(](
�
:4F9A,&+7;:5$�:0H

.
�
.57;F;.5B,F9(N#%$M&+(*)$3(&�$3(6&�� :4*��]$MA3C]B^(*+7;$3O�?+E,.51(0_�VM(1&)7;:5$ � _ �M_ � = 7;?+16A3?+?)(?�F;:'16.5F;7;&%T�CD(&+*)7916?f ��237;1 2DC�(.4?+A3*)(-&)23(-$3:4$
A3$37bHI:4*+C = 7;?+&)*+7;B3A3&)79:4$	:0H3&)*+.0/�1 .5C�:4$3ON*+(.41 2,.5B3F;(N?+7;&+(?6_ VM(1&)7;:5$ � _ � _ ' = 7;?+1A3?)?+(? &+23(NO5*):���&+2	7;$�.5E3E,F97;1.4&+7;:5$5/0?+(6*

�
7;1(

= 7
�
(6*+?+7;&%T]:4$�&+2,( #%$M&)(*+$3(6&-.5?NC�(6.5?+A,*+( = B'T �-U�R / �-P�R E^:5*+&N$MA3C]B^(*+?6_ VM(1&)79:4$3?4�M_ � _ r &+23*):5A3O42 �M_ � _ pi1:

�
(*N:5&)23(*

C�(6&+*+7;1?�&)23.5&Q.5*)(	C�:4*+( = 7 /�16A3F;&�&+:]?+A,E3E`:4*+&,��79&)2�:5E^(*+.4&+7;:5$3.4F�?)&+.5&)7;?+&+7;1?6c�B3A3*+?)&+7;$3(?)?f�E,.0T'F;:4. = f8)`:�� 1:5A3$M&)?fGE`(6* �
E3*):5&+:M1:4F�.4$ = E^(* �%($

�
7;*+:5$,C�($M&�1�23.5*).51&)(*+7;?)&+7;1?fG.4$ = :5&+2,(* = TM$3.5CD7;1-&+*).0/�1,)`:�� .4?+E^(1&)?_

1 ( HI:M1A3?�:5$ &+23(�F;7;C�7;&+.4&+7;:0$3?�:0H]1A3*+*)($M&�?+&).5&)79?)&+7;1?�1:4F9F;(16&+7;:5$ CD(&+2,: = :5F;:5O479(6?f���237;1�2 �N(*+(�7;$37;&+7;.5F;F;T
= (?)7;O5$3( = &+:�?+A,E3E`:4*+&e79CDC�( = 79.4&+(G($,O57;$3((*)7;$3O�.5$ = E3F;.4$3$37;$3ON$3(( = ?6f'?)A31�2	.5?G?)(1A3*)7;$3O-*):5A3&)79$,O�?+&+.4B37;F;79&%T�.4$ = &+*).51/�M79$,O
&+2,(�*):5A3O42 1*+:4?+? �%?+(61&+7;:5$ :0H &)*+.J/�10_ VMA3B^:5E3&)7;C�.5F;7;&+7b(?	7;$ &)23(7;*].5*)1�237;&+(1&)A3*+(�.5$ = 7;C�E3F;(CD($M&+.4&+7;:0$m7;$32,79B,79&�&+2,(7;*
(�aG(1&)7

�
(�A,?+( HI:5*Q?+:5CD(�F9:4$3O �%&+(6*+C�HI:4*+(1.4?+&)79$,O�.5$ = E3F;.5$3$,79$,O]:5B  (16&+7

�
(?6f�.5$ = 1:5CDE3F;(&+(6F9T]16:5$MHI:4A3$ = .4&+&)(C�E3&)?-.4&

1�23.5*).51&)(*+7;8.4&+7;:5$�:JH ?)23:5*)& �%&+(*)C &)*+.J/�1	B`(623.
�
79:4* :4*�E`(6*%HI:4*+C�.4$31(�.5?)?+(?)?+CD($M&_

�3- � � 8������ 2 � � 6�	���4�2 6��94 2�� � 	��;2
#%$@O5($3(6*+.5F f�:4E`(6*+.5&)7;:5$3.4F�?+&).5&)79?)&+7;1?�.5*)(�?):5CD( ��23.5&QF;79CD7;&+( = 79$@&+23(7;*Q.5B37;F;7;&%T�&+:D.5?)?+(?)?	23:5?)& �%1($M&+*)7;1]1 2,.5* �

.516&+(*)79?)&+7;1?6f C�:4?+&Q:0H���237;1 2 .4*+(]E^(*%H :5*+CD.5$316(]C�(&)*+7;1?_ ��2MA3?	:4A3* = 7;?+16A3?+?)79:4$3?	7;$ &+2,79? ?+(1&)7;:5$ .5*)(]B3*+7;(�H-*)(F;.5&)7
�
(

&+:@&+23:4?+(]:0H-$,(&�� :4*�� �%1($M&+*)791DC�(&)*+7;1?�7;$ &+23(]$,(/�3&�?)(1&+7;:4$G_ � $3( HI.516&+:5* 1:5$M&+*)7;B3A3&+7;$3O�&):�&+23(]7;CDE3*+(1679?)(]?+&).5&+(D:0H
#%$M&+(*)$3(&NE`(6*%HI:4*+C�.4$31(�CD(&+*)7916?K7;?S&)23(�F;.51/�	:JHk.	16:5C�CD:5$ = (��`$37;&)79:4$]:0HG#%$M&+(*)$3(&NE`(* HI:5*)C�.4$31(N1*+7;&+(6*+7;.	.5$ = *+(.4F97;?)&+7;1
C�(6.5?+A,*+(CD($M&+?	BMT ��237;1�2 &):  A = O4(�&)23(C�_ � :4*�( � .4C�E3F;(0f�&+2,(�F;($3O4&+2 :JH LMA3(A,(?]7;$ *+:5A,&+(*)?]C�.0T�E3*):

�
7 = (�?+:4C�(

7;$ = 7;1.4&+7;:5$D:0HK16:5$3O4(?+&)79:4$Gf`B,A3&�7;?�79$DO5($,(*+.4F�&+:M:](/�3E^($3?)7
�
(�HI:4* *):5A3&)(*+?Q&+:]1:4$'&)7;$'A,:5A3?)F9T].4?+?)(?+?6_

UNA,*+*+(6$'&)F;T�1:5F;F;(1&)( = ?+&).5&)79?)&+7;1?�&%TME37;1.5F;F;T�16:5$31(6$'&)*+.4&+(�:4$�E^(*%HI:4*+CD.5$31(�B^:5&+&)F;($3(1/�M?	:0HNE3.51/�5(6& ? ��7;&+1�23(?
.5$ = ? ��79&)1�2m7;$M&+(*)1:5$,$3(1&)79:4$3?_ 1 237;F;(	$3(&��N:5* ��:5E^(*+.4&+:4*+?	CD.0T = 7;?+16A3?+?	&)23*+:4A3O52,E3A3&�*+.4&+(?	.4$ = F97;$*��A3&)7;F97;8.4&+7;:5$,?f
&+2,(T = :�$3:4&�:4* = 7;$3.4*+7;F;Tm.4&+&+(6$ = &+: = (&).57;F;?�:JH &)*+.0/�1 )`:�� B^(23.

�
7;:5*6_ j .51/� :0H�?+A31�2 = .5&).mCD. �4(?	7;& = 7 /�16A3F;&�&):

E3.4*+.5CD(&+(6*+7;8(N?+(*
�
7;1(Q*+(LMA37;*)(C�($M&)?K:JHk$,(&�� :4*��	16F97;($M&)?S?+A31�2]&)23.5&�&+2,(�$3(&��N:5*�� :5E^(*+.4&+:5* 1:5A3F = .5?)?+(?)? &)23(7;*S.5B,79F;7;&%T

&+:]CD((&N&+23(6C�_ � :4* (/�3.4C�E3F;(0fM&+23(6*+(	7;?�$3:�:5E^(*+.4&+7;:5$,.5FG?+&).5&)79?)&+7;1�&+:]CD(.5?)A3*+(�23:�� *)(?+E^:5$,?+7
�
(8� &+23(�$3(6&�� :4*��1�]7;? &):

.]&+*).5$3?).51&)7;:5$Gf3C]A31�2DF9(6?+?-.4?+?):'1679.4&+( = CD.5*+O47;$3?S:0HSE3*)( = 7;1&).5B37;F;7;&%T�HI:5*N?+A31�2�.4$�#%$'&)(*+$,(&-*)(?+E^:5$3?)(�&)7;C�(�C�(6&+*+7;10_

��������� �
	�������������������	��
di*+:5?)1�2 ��7;&)8 � � � � 2,.5?�*)(1($M&)F9T 7;$

�
(?)&+7;O5.4&+( = &+23(�A,&+7;F;79&%T :JH	&+23(�16:5F;F;(1&+( = $3: = (��%&+:�� $3: = (@E3.51/�5(6& = (F;.0T

?+&).5&)79?)&+7;1?�:4$]&+23(	h-V � hQX � B3.51/�MB`:4$3( = (?+1*)7;B`( = 79$]?)(1&)79:4$�M_ �M_ �M_ ��?+7;$3O�&+2,(-*+:4A3$ = �%&+*)7;E = (F;.0T = .4&+.	16:5F;F;(1&+( = :4$
&+2,( �	o]h-V � hQX � B3.51/�MB^:5$3(0fe?+23(]7;$

�
(?)&+7;O5.4&+( = &+23(]*)(F;.5&+7;:4$3?+237;E�B^(&��N(($ &)*+.0/�1

�
:4F;A3C�(�.5$ = CD(.5?)A3*+( = *+:4A3$ = �

&+*)7;E = (F;.0T4f3.5$ = 16:5C�E,.5*+( = &)23(	&)*+($ = ? 7;$�CD(.5?)A3*+( =
�
.4F;A3(?-&):]&+23:4?+(�E3*+( = 7;1&+( = BMT�L'A,(A3(7;$3OD&+23(:4*+T4_ ��23(	C�: = (6F

E3*)( = 7;1&+( = *)(.5?):5$3.4B3F;T6� (6F9F^&+2,( �*�3( = ZIE,*+:M1(?)?+7;$3O].5$ = E3*+:4E3.5O4.5&+7;:4$`[ = (F;.0TM?NB3A3& � .4?SF;(?+?�?)A311(?)?%HIA,F�7;$�E3*)( = 7;1&)79$,O
&+2,(	(�aG(1&+?�:JH . =3= ( = &)*+.0/�1 :5$�&+23( L'A,(A3(7;$3O = (6F9.0T4_ < F;&)23:5A3O42�?+23( = 7 = �`$ = (

�
7 = ($31( :0HS.]*+(F;.4&+7;:5$3?)237;E�B`(&��N(($

&+*).0/�1
�
:4F9A,C�(�.5$ =�= (F;.0T4f5&+2,( *)(F;.5&+7;:4$3?+237;E�.5E3E^(.4*+( = &): B^(NF97;$3(6.5*�4M&+2,(*+(��N.5?�$3:�(

�
7 = ($316(NHI:5*�&+2,(�1A3*

�
(�E3*+( = 7;1&+( =

BMT]LMA3(A3(7;$3O]&)23(:4*+T4_ � $,(�HI.516&+:5*�16:5$M&+*)79B,A3&+7;$3O�&+:]&)23( = 7;?+E3.4*+7;&%T]B`(6&�� ((6$�&+23(6:5*+(6&+7;1.5Fe.5$ = CD(.5?)A3*+( =�= (6F9.0T]7;?N&+23(
1:4F9F;(16&+7;:5$ O5*).5$MA3F;.5*)7;&%T5fN.5? = (��`$3( = 7;$ ?+(1&)7;:5$ � _ oJ_ gS(16.5A3?)(m&)23( = (F;.0T = .4&+. 1:4F9F;(16&+( = (

�
(*)T o ��CD79$MA3&)(?].5*)(

$3:4&-$3(.4*+F;T�*)(E3*+(6?+($M&+.4&+7
�
(]:JH = (F;.0T�&+2,*+:5A,O523:4A3&�&+23(�o � � CD79$MA3&)(-7;$M&+(*

�
.5F fGLMA3.5$M&+7bHITM7;$3O�&+23(]*)(F;.5&)79:4$3?+2,79E@B`(&��N(($

&+*).0/�1
�
:5F;A3C�(�.4$ =�= (F;.0T	7;? = 7 /�16A3F;&_SgS(&)&+(*N1:4*+*+(6F9.4&+7;:5$�:0HGE^(*%HI:4*+CD.5$31( ��7;&+2�A3&+7;F;7;8.5&)7;:5$	F;(

�
(F;?K:4$]&+23(NB3.413�MB^:5$3(

�N:5A3F = *)(LMA37;*+(NC�:5$,79&):5*)79$,O = (6F9.0T .5$ = A,&+7;F;7986.5&+7;:4$ .4&�.5$	7;$M&+(*
�
.5F �`$3(6*K&)23.5$ �3HI&)(($ �%C�7;$MA3&)(?_ ��:5?)&�$3(&��N:5*�� ?+(*

�
7;1(

E3*):
�
7 = (6*+? = :]$3:4&�?+(( .]B`($,(��`&-&):  A3?)&+7bHIT]&+2,(	*+(?):5A3*)1(�1:5$3?)A3C�E,&+7;:5$D?+A31�2DHI*+(6L'A,($M& = (F;.0T]CD(.5?)A3*+(CD($M&+?��N:5A3F =

7;C�E^:5?)(0_

��������� !#"%$&$
��2,(mE3*)7;C�.5*)T F;:5?)?�?+&+.4&+7;?+&)7;1?DHI:5*�&+2,( hQV � h-X � B3.51/�MB`:4$3(�.5*+(�&+2,( V3h ��R 7;$M&+(* HI.51(�(*)*+:5*@1:5A3$M&)(*+?

= (?)1*+7;B^( = 79$�?)(1&+7;:4$ �M_ �M_ � _ ��23(6?+(�.5O5O4*+(O4.5&)( 16:5A3$M&+(6*+? = :]$3:4& = 7;?+&+7;$3O4A37;?+2�.5CD:5$3O &+23( = 7 aG(*)($M&-1.4A3?+(?�:JHK(*)*+:5*6f
?+A,1 2 .4?��-P�j�U 1 2,(1/�'?)A3C (*+*):5*)?fS7;$

�
.5F;7 = E,.51/�5(&�F;($3O4&+2Gf�.5$ = LMA3(A,(]:

�
(* )`:���?�*+(?)A3F;&+7;$3O�7;$ = 7;?)1.5* = ?_ < ?���79&)2

= (F;.0T�C�(&)*+7;1?6f':4&+23(*NC�(6&+*+7;1?N*+(6F9(
�
.5$M&S&+:�F;:5?)?fM?+A31�2�.4? $,: = .5F^L'A,(A3(-F;($,O5&+2,?f3C�7;?)?+7;$3O�?+&).5&+7;?)&+7;1?NE`(*NA3$37;&N:0H�&)79CD(0f

:5*�E^(*+1(6$'&D:0H-&)79CD(].5$ 79$M&)(*%HI.41(�7;?�A3$3.
�
.479F;.4B3F;(�.4*+( = 7b/�1A3F;&	&):mO4.5&+2,(*�B^(1.4A3?+(@&+23(T *+(LMA37;*)(�2,79O42 *+(?):5F;A3&)79:4$



�Jr

E^:5F;F;79$,O ��237;1�2 *+(?)A3F;&+?�7;$mA3$ = (?+7;*).5B3F;(]$3(&��N:5* �mF;:4. = _ 1 :4*+?)(]T5(&6fKLMA3(*)TM79$,O�$3: = (? HI:5*�?)&+.5&)7;?+&+7;1?�?+A,1 2 .4?	LMA3(A3(
F;($3O4&+2���79F;F = (F;(&)(*+7;:4A3?+F;T�.0aG(1&	&)23(

�
.5F;A3(�T5:4Am.4*+(]&+*)TM79$,O�&):�C�(.4?+A3*)(0_�g (1.5A,?+(�&)23(]1:4?+&	:JH CD:5$37;&+:4*+7;$3O]&)23(?+(

�
.5*)7;.5B3F;(?N(/�31(( = ? &)23(7;*�B^($3(��`&�&):�$3(6&�� :4*���:4E`(6*+.5&)7;:5$Gf^$3(&��N:5*��D:5E^(*+.4&+:4*+?-7;$DO5($3(6*+.5F ��7;F9FG$,:5&NC�. �4(-&)23(�(�ak:4*+&6_

#%$@F9.4&+(�oqp5p8� < h-V = 7 = 7;CDE3F;(C�($M&S.4$ = &)(?+&�.]1A3?)&+:4C A3&+7;F;7;&%T�:5$�&)23( �4�]hQV3VM?�&+:]16:5F;F;(1&�?+&).5&+7;?)&+7;1?-:4$
1.4* = &):�1.4* = &+*+.4$3?%H (*+?6f�7;$31F;A = 7;$3O]&)23(	$MA3C]B^(*�:0H E,.51/�5(&)? = *+:4E3E`( =�= A3(�&+:DB3AMaG(*�(/�323.5A3?)&+7;:5$ _ ��23(	F;:5?)?+(?��N(*+(
1:4$3?+7;?+&)($M&+F;T]F;:�� ($,:5A3O42�&+2,.5& < h-V = 7 = $3:4&S1:5$M&)79$MA3(Q&+:	?)A3E3E^:5*)& &)23(-1:4F;F9(61&+7;:5$]:4E`(6*+.5&)7;:5$3.4F9F;T4_ � � :�� (

�
(*f37;$�&+23(

HI.41(�:0HSO5*):���79$,O�&)*+.0/�1
�
:5F;A3C�(�.4$ = E`(6*%HI:4*+C�.4$31(�(/�3E^(1&+.4&+7;:5$,?f < hQV�E,F9.4$3?�&+:]?)A3E3E^:5*)&-1:4$3O5(?)&+7;:5$�.4?+?+(6?+?+CD($M&+?

.5O4.57;$�:4$�&)23(�h-V,V�*):5A3&)(*+?Q?+:M:5$ _

�������'� (*)+�,"%-�.�)�/+-0�
��2,(iV,h ��R E,.51/�5(&�.4$ = BMT'&)(�1:5A3$M&)(*+? = (?+16*+7;B`( = (.4*+F;7;(*�E3*):

�
7 = (�CD(.5?)A3*+(?�:JHK.

�
(*+.4O5(�&+23*):5A3O423E3A3&�:4$

&+2,(�h-V � h-X � B,.51/�MB`:4$3(�:
�
(* �3H &+(($ CD7;$'A,&+(	7;$M&+(*

�
.5F;?fGB3A,&	&+23(�hQV � h-X � B3.41/�'B^:5$,(�?)A3E3E^:5*+&)?�$,:�:4E`(6*+.5&)7;:5$3.4F

1�23.5*).51&)(*+7;8.4&+7;:5$ :JH-C�. � 7;C�A3C .41 2,79(
�
.5B3F;(�&+23*):5A3O423E3A3&6fS?+7;$31(].4$'T�?+A,1 2 .4?+?)(?+?)C�($M& � :4A3F =m= (6F9(6&+(*)79:4A3?+F;T�.0aG(1&

&+2,( :
�
(*+.4F;FGE`(* HI:5*)C�.4$31(-:JHK&)23(	$3(&��N:5* �^_ h�(&��N:5* ��:5E^(*).5&+:4*+?�CD.0T�*)A3$�&+23*):5A3O423E3A3&�&)(?+&)? = A3*)7;$3O�7;$3?)&+.4F9F;.4&+7;:5$]&):

�
(6*+7bHIT�2,.5* = � .4*+(	:4*-?+:JHI&��N.5*+(�?)E`(167 �^1.5&)79:4$3?feB3A3&�*+.4*+(F;T�E^(*%HI:4*+C :4$3O5:479$,O�.4?+?+(6?+?+CD($M&+?6_-# H $3(&��N:5* ��1F;7;($M&+?,� .4$M&
&+:�.5?)?+(?)?-&)23*+:4A3O523E,A3&f3&)23(T�C]A,?+&S*)(?+:4*+&-&):�&)23(7;*�:���$]?+E^:5&�1�23(613�M?6f`(0_ O3_;f3*)(?+A3F;&)?�:0H � �-R �`F;( &)*+.4$3?%HI(6*+?�:5*N*+(6F9.4&+( =
&+:M:4F9?6_ n (F;.5&)( = &):�&+23*):5A3O423E3A3&S.4*+(�*).�� $3: = .4F ()� �4� ���"� � ��� ��� ��+  ���� ��� f4:0HGB`:4&+2�($ = 23:4?+&+? .5$ = 7;$'&)(*+CD( = 7;.5&)( $,: = (?_
< ?���79&)2m&)23*+:4A3O52,E3A3&	.4?+?+(6?+?+CD($M&+?6fK&)23(�h-V � hQX � B3.51/�MB`:4$3(]:5E^(*).5&+:4*+?	&)(?+&�E3.413�4(&�?���7;&+1�237;$3O�*).5&+(6?	HI:4*�?+E^(17;.5F
$3(( = ?fG?+A,1 2�.4? = A3*+7;$3O]?):0HI&��N.5*)(�:5*�23.4* = �N.5*)( A,E3O5*). = (?6f`B3A,&�$3:5&�.4?�.]E3.5*)&�:0HK:4E`(6*+.5&)7;:5$3.4FG?+&+.4&+7;?+&)7;1?-1:4F;F9(61&+7;:5$ _

�3-�� � 2�� � 8.6	� � 2 � � 6�	���4 2�6�� 4�2 � ��	��;2
��� ����� !#"%�0. � ��	�� � -0�&�������� �&��"%��� ������ � 	�" ��- � 	

��2,(�V3h �@R E,.51/�5(&�.4$ = BMT'&)(	1:4A3$M&+(*)?-&+2,.5&�C�(6.5?+A,*+(�.
�
(*).5O4( &)23*+:4A3O52,E3A3&�:5$�. �3H &+(($@C�7;$MA3&+(�O4*+.5$MA �

F;.5*)79&%T].4*+(�.5F;?):]C�(.4?+A3*)(?�:0H�A3&+7;F;7;8.5&)79:4$].5&�&)23.5&�O4*+.5$MA3F;.4*+7;&%T5_ < hQV^f3&+2,(	1A3*)*+($M&-B,.51/�MB`:4$3(	?+(6*
�
7;1(	E3*):

�
7 = (6*f`A,?+(?

&+2,(?+(	?)&+.4&+7;?+&)7916?-&+:].4?+?)(?+?QA3&+7;F;7;8.5&)79:4$�:4$�. = .479F;T4f �N(( �MF;T4f'.4$ = C�:5$M&)23F;T�B3.4?+7;?_
� 7;O5A,*+(�M_ ��A3?)(?�CD:5$M&+2,F9T@1:5CDE`:4A3$ = ( = ?+&).5&+7;?)&+7;1?]&+:�?+2,:�� &)23(�L'A,. = *).5&+7;1DO5*+:���&)2 7;$ E,.51/�5(&

�
:5F;A3CD(

= A3*)7;$3O�&)23(-F;.4?+& �
�
(QT5(.4*+?N:0H�&+2,(ihQV � h-X � B3.51/�MB`:4$3(-:4E`(6*+.5&)7;:5$G_ d�*):5?)1 2 ��7;&+8Q.5$ = Re:5F;TM8:5? � �8" ��23.

�
(NHI:4A3$ = &+23.4&

&+2,( :4E`(6*+.5&)7;:5$3.4F9F;T]1:4F;F9(61&+( =�= .4&+. = :�E3*):
�
7 = (�.�O5:M: = HI*+.4C�( �N:5* �	HI:4* CD: = (F;? :JHKF;:5$,O �%&+(*)C &+*).0/�1

�
:4F9A,C�(�:5$D&+23(

B3.413�MB^:5$3(J_ ��23(].5A,&+23:4*+?	A3?)( = < n # � < &+7;C�( � ?)(*+7;(?�C�: = (6F97;$3OD&+(1�23$,79LMA3(6? � �5p � &):�1�23.5*).51&)(*+7;8(D?+(
�
(*+.4F T4(.5*)?	:0H

h-V � hQX � E3.41/�5(&�&+*).0/�1�O4*+:���&)2GfSB3.5?)( = :5$ &)23(�:5E^(*+.4&+7;:5$3.4F;F9T@C�.57;$M&+.47;$3( =�= .47;F9T�E3.413�4(&�&+:5&).5F;?�� HI:5*�h-V � h-X �
B3.413�MB^:5$3(�$3: = (?QHI*):5C < A3O5A3?)&]o0fSo p8" "�&+:Dl5A3$,( � %MfSoqp5p � _ ��23(7;*�O5:4.5F � .4?-&+: = (6&+(*)C�7;$3(	&)23(�?)&+*)($3O5&)2 :0HS&+7;CD(��
?+(6*+7;(?�C�: = (F;?N7;$�C�.8�M79$,O = (&).57;F;( = F9:4$3O �%*+.4$3O5(QE3*+( = 7;1&+7;:5$,?-.5B^:5A,&-h-V � h-X �>B3.51/�MB`:4$3(�&+*).0/�1	.4&�&+23(�O5*).5$MA3F;.5*)7;&%T
:0HN&+23(]1:4F;F9(61&+( = = .5&+.,_ ��23(6T�HI:4A3$ = .�*)(.5?):5$3.4B3F;T�1F;:5?)(�CD.5&+1�2�B^(&��N(($ E3*+( = 7916&+( = .4$ = :4B3?+(6*

�
( = &+*+.J/�1�F;(

�
(F;?f

?+A,O5O5(6?+&+7;$3O]&)23.5&�CD: = (F;7;$3O�&+(1�23$37;LMA3(?,� :4A3F = B^(	. = (LMA3.5&)(-H :5*NF9:4$3O �%*+.4$3O5( HI:5*)(1.4?+&+?Q:0HeHI.57;*+F;T�1:5.4*+?)(	O5*).5$MA3F;.5*)79&%T4_
< F;&+23:4A3O52D&+23(7;* < n�# � < C�: = (F;7;$3O	?)&+A = T HI:M1A3?)( = :5$�&)23(�.5O5O4*+(O4.5&)( &)*+.J/�1

�
:4F9A,C�(0f5&)23(T�.5F;?):�?)A3O5O4(?+&

&+2,.5&�:4$3(S1:4A3F = A3?)( < n�# � < C�: = (F;?G&+:QC�.8�5(�E,*+( = 7;1&)7;:5$3?�.5B^:5A,&�&+*).0/�1
�
:5F;A3CD(�:5$ 79$ = 7

�
7 = A,.5F5h-V � hQX � B3.413�MB^:5$3(

$3: = (? :5*	F;7;$*�M?_ < CD: = (F�:0H�C�:5$M&)23F;T�&+*).0/�1]E3.4&+&)(*+$3?�:5$�7;$ = 7
�
7 = A3.5FeF;79$ �'?��N:5A3F = .5F;F;:��>:5$3(]&):DHI:5*)(1.5?)&���23($

&+*).0/�1���7;F;FMF97 �4(F;T ( � 16(( = F;7;$*��1.4E3.517;&%T4_ < F;&+(*)$3.5&)7
�
(F;T5f07bHG&+*+.J/�1�:5$�.�F9(6?+?SB3A,?+T�F97;$*��7;?SO4*+:���7;$3O-CD:5*)(S*+.4E37 = F;T	&+23.4$

:5$ .4$3:5&)23(*	F;7;$*�^f�C�: = (F;?-:JH-(.51�2 1:4A3F = E3*+( = 7;1& ��2,($ &)23(7;*	A3?).5O5(]F;(
�
(F;?��N:5A3F = 1*):5?+?6f ��237;1�2 C�7;O52M&-7;$ )^A3($31(

*+:4A3&+7;$3O = (617;?+7;:5$3?6_ ��:��N(
�
(6*fME3*+(F;7;C�7;$3.4*+TQC�: = (FMB3A37;F = 7;$3OQ?+A3O4O5(?)&+?N&+23.4&K7;& �N:5A,F = B`(�$3(61(?+?).5*)T�&+:�A3?)(-.�?+(6E3.5*).5&+(

C�: = (6F�HI:5*�(.41 2 $3: = (Jf A3$3?)A3*+E,*+7;?+7;$3O�O57
�
(6$ &+23( = 7baG(*+($,1(?�.4C�:4$3O�&+*+.J/�1�23.4$ = F;( = B'T = 7 aG(*)($M&]$3: = (?_ � &)23(*

F;7;C�7;&+.4&+7;:5$3?e7;$]E3*+( = 7916&+7;:5$ = (*+7
�
(�HI*):5C &)23(�&+7;C�( � ?)(*+7;(?SCD: = (F;7;$3O�&+(1�23$37;LMA3(?�CD:5*)( &)23.5$D&+23(Q1:5F;F;(1&)( =�= .4&+.�7;&+?+(6F H)_

��7;C�(��%?+(6*+7;(?�C�: = (6F9?�CD. �4(-E3*)( = 7;1&+7;:4$3?�B3.5?)( = :5$,F9TD:5$�E3*)(
�
79:4A3? = .5&+.,f`.4$ = &+2MA3?Q1.5$,$3:5&Q&+. �4(	7;$M&+:]1:4$3?+7 = (*).5&)79:4$

:5A,&+?+7 = ( HI:5*)1(?N&+23.4& CD.0T�HIA3$ = .5CD($M&+.5F;F;T�1�23.5$3O4(-&)23(-E3.4&+&)(*+$D:0H�&+2,( = .4&+.3_ < ? C]A,F9&)7;C]( = 7;.�.5E3E,F97;1.4&+7;:5$,?S.5*)(-C�:4*+(
��7 = (F;T = (E3F;:0T4( = .4$ = A3?)( = f�&+23(�237;O52@&+*+.J/�1

�
:5F;A3CD( &)23(T�O4($3(*).5&)(6��79F;Fe79$ )`A3($316(]&+*+.J/�1�E,.5&+&)(*+$,?_ � &+23(* $3( �

&+(61 2,$3:5F;:5O47;(?fN$3( ��O5:
�
(6*+$3CD($M&�*)(O5A3F;.4&+7;:5$GfS.4$ = 1�23.4$3O5(6?�7;$ &)23(�$3.5&)79:4$3.5FN(1:4$3:5C]T���7;F;F .4F9?):m2,.

�
(�?)7;O5$37 �`1.4$M&

(�aG(1&)? &)23.5&�&)23( < n # � < .5E3E,*+:5.41�2�16.5$3$3:4&�E3*+( = 7;1&_
� � 	(G �.�.9:����������A*������A*� A���<�A*�$����"&���*<��$����������%��������
3��0��*<���A*�J�467�;	�������A 	��&����3����)	����K�M9 �.�����-�;�� ��C C � 67� ����%����*<;�4A*� � A���"$��< �

���*� � %��$���)%����*� ��� � � �.��3*���$�M������5:��3*� ��E �	� %����0�������)� ��A*��3���9:�.�����
����B �&D4E

 � �)�0����	@�$�46M����8:/ � �*"�E1"$��%%��$"$���$�J��%% �����0� �� �����M�.��%�����'M��9:�)�����������!���*��	����*��< �.	��.�
�1��'1�4A*� 	�G�
 	�� � 5*��"�8
5:���*� E



�8�

7/88 1/89 1/90 1/91 1/92 1/93 12/937/89 7/90 7/91 7/92 7/93
0

10

20

30

40

50

gi
ga

pa
ck

et
s 

pe
r 

m
on

th

� 7;O5A3*)( � _ �Mc�F9:4$3O �%&+(6*+C O4*+:���&+2�:JHKE3.413�4(&
�
:4F;A3C�(�7;$M&+:]&)23(	h-V � h-X �

���������	� 
���������� �������������3��! � #&% 
�()��������*
�+)��-

��� ����� � 	�	�,)+�
�������� �
g (?)7 = (?S?+2,((*S&)*+.0/�1

�
:5F;A3CD(0f .4$3:5&)23(*�O5*):���&+2	CD(&+*)7;1S7;?�&+2,( $MA3C]B^(*G:0H^1:5$3$,(1&+( = $3(&��N:5*��M?�.5?�*)(/)`(1&)( =

BMT�&+*+.J/�1S*+(6.51�237;$3O�&+2,( hQV � h-X � B3.41/�'B^:5$,(0_ � 7;O5A,*+( � _ 'N?)23:���?�&)23(NF9:4$3O �%&+(6*+C O5*+:���&)2�:0H`$3(6&�� :4*���$MA3C]B`(6*+?G1:4$ �`O �
A3*)( = HI:4*S1:4C�C]A3$37;1.4&+7;:5$

�
7;.�&+23(�h-V � h-X � B3.51/�MB^:5$3( � "8% �%_ ��23(6?+(	h-V � hQX � $MA3C]B^(*+?S.4*+(�&)23(-:4$3F;T = (6?+&+7;$3.4&+7;:5$,?

&+: ��237;1�2�&+23(	h-V � hQX � B3.51/�MB`:4$3(���7;F9F^*+:4A3&+(�E3.41/�5(&)?�4`(
�
(*)T�$,(&�� :4*��]1F;7;($M&�C]A3?)&S23.

�
(�.4$�.5?)?+7;O5$,( = #+R $,(&�� :4*��

$MA3C]B^(*-&):�*)(1(7
�
(]&+*+.J/�10_ ��23( �`O5A,*+(]?+2,:���? = *+.5CD.5&)791�O4*+:���&+2@:

�
(*�&+2,(�F;.5?)&QHI( �>T5(6.5*+?6fK7;$316F9A = 7;$3O]?+A3B,?+&+.4$M&+7;.5F

7;$31*)(.5?)(?�79$D&+23(�7;$M&+(*)$3.5&)7;:5$3.4FG.5*+(6.3_
V C�7;&+2 � "3o�� � " � ��(/�3E3F;:4*+( = 23:�� &+:�B^(?+&�*)(E3*+(6?+($M&	h-V � hQX � O5*):���&+2D:0HKB^:5&)2�&)23(�&+:5&).5F^.5CD:5A3$M&�:0H�&+*+.J/�1

&+*).
�
(*)?+7;$3O�&)23(�B,.51/�MB`:4$3(�.4$ = &+23(D$MA3C]B`(6* :JH-1:5$,$3(1&)( = .5$ = 1:4$ �`O4A3*+( = $3(&��N:5* �'?6_�� (](

�
.5F;A3.4&+( = 23:�� C]A31�2

:0H�&+23(@&+*+.J/�1�79$,1*+(.4?+(�N.5? = A3(�&+: $,( ��F;T . =,= ( = $3(&��N:5* �'?
�
(*)?+A3?D.5$ 7;$31*)(.5?)(�7;$ A3?).5O5(@B'T &+23(�:4F = (*f�C�:4*+(

(?)&+.5B,F97;?)23( = $3(6&�� :4*��M?_ ��23*)((	?)79O4$37 �`1.4$'&�&)*+($ = ?-(CD(*+O4( = c
oJ_�&+23(�E^(*+1(6$'&).5O4(�:JHK$3( ��F;TD.5?+?)7;O5$3( = #+R . =,= *+(?)?+(?�A3?)( =�= A,*+7;$3O]&+2,(7;* �`*+?)&-C�:4$M&+2]7;? = (1*)(.5?)7;$3O�?)&+(. = 7;F9T4_
� _�.]?+C�.4F;F9(6*�E`(*)1($M&+.4O5(]:JH 16:5$ �`O4A3*+( = $3(6&�� :4*��M?-.4*+(�*+(?)E`:4$3?+7;B3F;( HI:5*�.4$�(

�
(6* �%79$,1*+(.4?+7;$3O�E^:5*+&)7;:5$�:JH &)23(�$3( �

$3(&��N:5*��D&+*).0/�10_
� _�C�:5$M&)23F;T 1�23.4$3O5(6?S7;$]:

�
(*).5F;F

�
:5F;A3CD(S.5*)(-CD:5?+&)F;T = A3(�&+:	7;$316*+(.4?+(?N:5* = (1*+(6.5?+(6?-7;$�.41&+7

�
7;&%T�HI*):5C (6?+&+.4B3F;7;?+23( =

$3(&��N:5*��M?6f`$3:4&�&+:�79$,1*+(.4?+(?�:4* = (1*)(.5?)(?�79$�$3(�� $3(6&�� :4*���.41&+7
�
7;&%T5_

��237;?]F;.5?)&]:5B3?)(*
�
.4&+7;:5$ 79?]:4$3(DHI.516(&]:0H	&+2,(�16:5C�E,F9( � 7;&%T�:0H	.5161A3*+.4&+(F;T C�(.4?+A3*)79$,Om*)(.51�23.4B37;F97;&%T4_ < CD:5*)(�B3.4?+7;1

= .4$3O5(*�7;$ C�.4E3E37;$3O�&+23(DC�(&)*+7;1]:0H-.4?+?)79O4$3( = #+R>$3(&��N:5* � $MA3C]B`(6*+?	&):m&)23(�O4*+:���&+2 :JH-&+23(�#%$M&+(6*+$3(&]7;?	&)23.5&�$3:4&
.5F;F�#+R . =3= *)(?+?)(?�.5*+(@1*+(.4&+( = (LMA3.4FI_ ��:�(F;A317 = .5&)(�&+2,(�E3*+:4B3F;(C�?]7;$ C�(.4?+A3*)79$,O *+(.41 2,.5B37;F;7;&%T5f � ( = (

�
:5&)(�&+23(

$3(/�3&Q?+(1&)7;:5$�&):�. = 7;?+16A3?+?)79:4$�:0HS&)23(	?+7;O4$37 �`1.5$,1(	:0H�&+23(�#+R . =3= *+(?)? ?)&+*)A31&+A,*+(]&+:]&)23(	?)(*
�
7;1(�*+(.41 2,.5B37;F;7;&%T]:0HS&+23(

h-V � hQX ��_



�8'

8/88 1/89 7/89 1/90 7/90 1/91 7/91 1/92 7/92 1/93 7/93 12/93
10

0

10
1

10
2

10
3

10
4

10
5

nu
m

be
r 

of
 N

S
F

N
E

T
 c

on
fig

ur
ed

 IP
 n

et
w

or
k 

nu
m

be
rs

total count of IP configured network numbers
non-US count of configured IP network numbers

� 7;O5A3*)( � _ 'Mc�F9:4$3O �%&+(6*+C O4*+:���&+2�:JHK$3(&��N:5* ��$MA3C]B^(*+?�?)(*
�
( = BMT�hQV � h-X �

���������	� 
���������� �������������3��! � #&% 
�()��������*
�+)��-

� ��
�  ������ � 
���� �
� � 

������������ ����
��2,(m#+R . =3= *+(?)?�?+E3.41( .5*)1�237;&+(1&)A3*+( :5*)79O47;$3.5&)( = ��7;&+2 n � U+�4p3o � "8� � f�&+2,(m7;$37;&+7;.4F-#%$M&+(*)$3(&mR *+:5&):M1:5F

?+E^(17 �`16.5&+7;:4$]&+23.4& = (��`$3( = .�E^:M:5F3:JHk.
�
.479F;.4B3F;(�$3(&��N:5* ��$MA3C]B^(*)?_�#%O5$3:4*+7;$3O-?):5CD(S?+E^(17;.5F^1.4?+(?6f'?)A31�2].5?SC]A3F;&)7916.5?+&

. =,= *+(?)?+(?6f`(
�
(*+TD$3(&��N:5* ��$MA3C]B^(*S:4$]&+23(Q#%$'&)(*+$,(&�1.5CD(NHI*+:4C &)237;? E^:M:5F^:0H�.

�
.57;F;.5B,F9( $3(&��N:5*��]$MA3C]B^(*)?_ < F;.5*+O4(

?+A,B3?+(&6fK.4F;&+23:4A3O52�$,:5&�(
�
(6*+T�$MA3C]B^(*�7;$�&+237;?�E^:':4F fk2,.5?�B`(6($ .5?)?+7;O5$3( = &):�.D*+(LMA3(6?+&+:4*fS&%TME37;1.4F9F;TD:5$�B`(2,.5FbH :0HN.

1:4C�E3.4$'T4f0A3$37
�
(6*+?+7;&%T	:4*S:5&)23(*S7;$3?)&+7;&+A,&+7;:5$3?6f5H :5*�.51&)7

�
( = A3&%T4_ ��23(�#%$M&+(*�h�#+U
	 n (O57;?)&+*+.4*fM:5$]B^(23.4F HG:0HG&+2,(-#%$M&+(*)$3(&

1:4C�C]A3$37;&%T0f$,:���HI:5*)C�.5F;F;T�*+(6O57;?+&)(*+?S&)23(?)(�.5?+?)7;O5$3( = $3(&��N:5*�� $'A,C]B`(*)?�7;$	. = .4&+.5B,.5?+( &+23.4&K.4F;?+:-7;$316F9A = (?�C�.4E3E37;$3O5?
&+:]. =3= *)(?+?Q79$ HI:5*)C�.5&)7;:5$�:0HK&)23(	7;$3?)&+7;&+A3&)7;:5$�*)(?+E^:5$,?+7;B3F;(�HI:4* &)23(	$3(&��N:5* �^_

X .51�2m#+R . =3= *)(?+?	7;?QHI:4A3*�B'TM&)(?	F;:5$3O,fGE3.5*)& :JH ��2,791�2�7 = ($M&+7 �`(?�&)23(]#+R $,(&�� :4*���.4$ = &+23(]*)(C�.479$ = (*�:0H
��237;1�2]7 = ($M&+7 �`(? &+23(�23:4?+& ��7;&)237;$�&)23.5&S$,(&�� :4*��^_ ��23(-#+R�E3*):5&):'16:5F3?)E`(167 �^(?�&+23*)((-16:5C�CD:5$3FbT-A3?)( = . =3= *)(?+?N1F;.5?)?+(?
��237;1�2 = 7baG(*-7;$�&)23(	?+7;8(�:0HN&+23(	2,:5?+&Q. =3= *+(?)?	1:5CDE`:4$3($M&���7;&+237;$�&+2,(	HI:4A3*-BMTM&+( #+R . =3= *+(?)?_�UNF;.5?)? < fGg�fG.4$ = U
$3(&��N:5* �M? 2,.

�
(�&+23*)((0f�&�� :,f�.5$ = :5$3(��%BMTM&+(]23:4?+& �`(F = ?6f�.5F;F;:���7;$3O�HI:5*Q.�C�.��37;C�A3C :0H4� � �0f � � �0f�.4$ = � ��79$ = 7

�
7 = A,.5F

. =,= *+(?)?+(?�:5* 23:5?)&+?fe*+(?)E`(16&+7
�
(F;T4_ ��2,(�$MA3C]B^(*�:0H .4F;F9:M1.4&+.4B3F;(	1F;.5?)? < fKg .4$ = U $,(&�� :4*���$MA3C]B^(*)? 7;?�� � f � � �qf

.5$ = � � � f3*+(?)E`(61&+7
�
(6F9T � "0r �%_

�
�
(*�&)23(�T5(6.5*+?]&)23(mh (&�� :4*�� #%$MHI:4*+CD.5&+7;:4$ UN($M&+(*@Z h�#+U�[�.4?+?)79O4$3( = #+RY$3(6&�� :4*�� $MA3C]B`(6*+?]&+: 16F97;($M&)?

.5161:5* = 7;$3Om&):m&)23(�$MA3C]B`(6*	:0H�23:5?)&+?]&+:�B^(�?+A,E3E`:4*+&)( = _ UNF;.5?)?"gY. =,= *+(?)?+(? � (6*+(�C�:4?+&	.4&+&+*).51&)7
�
( = A3(�&+:�&+2,(7;*

?+7;8(Jf*��237;1 2 HI.417;F97;&).5&+( = ?)A3B3$3(&)&+7;$3O�7;$�.4$]($
�
7;*):5$3CD($M& ��7;&)2]C�.5$MT�23:4?+&+?6_ X

�
(6$'&)A3.5F;F;T	&)23(�#%$M&+(*�h�#+U 7;C�E,F9(6C�($M&+( =

*+(6?+&+*)7;1&+7;:5$,?-:5$�1F;.4?+? g . =3= *)(?+?Q.5?)?+7;O5$3CD($M&f3A3?)7;$3O]7;$3?+&)(. = O5*):5A3E,?�:0HS1F;.5?)?-U . =3= *+(6?+?+(6?	A3$3F;(?)?�&+23(	16F97;($M&�1:4A3F =
 A3?)&+7bHIT &+23(�$3(( = HI:4*�. 16F9.4?+?�g ?)E3.51(J_ ��2,79?]E^:5F;7;1T *)(?+A3F;&)( = 7;$ . = (1(F;(*).5&)79:4$ :JH 1F;.4?+?�g .5?+?)7;O5$3CD($M&+?f�B3A,&
?+A,B3?+&).5$M&+7;.5F;F;T].5161(F;(*+.4&+( = &+2,( .4?+?)79O4$3C�(6$'&N:0H�1F;.5?)?-U . =3= *+(6?+?+(6?_

V 79$,1(�. =3= *+(?)?+(? HI*+:4C = 7baG(*+(6$'& 1F;.5?+?)(?N.5B3?):5*+B = 7baG(*+($M&N.5CD:5A3$M&+?e:0H`&)23(�.
�
.57;F;.5B,F9( �8� �%B37;&K. =3= *)(?+?S?)E3.516(0f

� �7���0��5�%���4A*�&��5�, �4A*� 	�� �4�����*��%HG
".���)�*"$� 
���3��*��� �4�����1/���A*� � �K���.� 	 � � ! � �K���.���*�$��	@�$�46M����8 � ��' ���0	�� �4����� �M�.���0�)� 7 ����� "&��%%���5:�������������
9��.�)'0�$"&� ��':��A����&�7����<�������=$�����������*6M���08
��*<��0�@9��.��������� �*�$�46M����8����'L���0	��������������.�.����"&�$�&E���.�*�)����%-���0��	���"$� 9������ �����$� � ��' ���0	�� �4������G
�.�.����"&�$���
� ��� � 9��.�?� �����$���@��.�$"&�0���.,J���*� �(� �0��5*� �0��G
�.�.� ��"$�$���-���*� 	@�$�46M����8 G
��%3*�������*�&/ � �*" E�9��.�?� �����$� 	 �&<������4�.��������� G
�.�.����"&�$�&E�81�������(����� 9��0�%
��C�C � �4A*�����.' �.�*����������� 	@�$�46M����8� ��	@�$�46M����8 � ��'L���0	������������M�)�K���.� !���� 	 	 � ��7M9 �.��'L����	��$�J��A����M���&<����0���.,�' 3��*"$�������1E



�8�

�`O4A3*+(	�M_ '�E3*)(?+($M&)( = (.4*+F;7;(*f ��237;1 2 = (E37;1&)?]&+23(�O4*+:���&+2 7;$ $3(&��N:5*�� $MA3C]B^(*	. =3= *)(?+?)(?�*)(O5.4* = F;(?)?]:0H . =3= *)(?+?
1.4E3.517;&%T4f`:Jak(*)?�:5$3F;T�E,.5*+&Q:0HS&+2,(	?+&):5*+T4_ � 7;O5A3*)( �M_ ��E3*)(?+(6$'&)?�C�:5*)(�:0HS&+23(�E37;1&)A3*+(0fG?)23:���7;$3O]&+23(�O5*):���&+2�7;$ ��
���� �
��
 � ��� �.� ��� � � ��������3� ( � � � ?+(*

�
( = BMT�&+2,(ihQV � h-X ��_�UNA3*)*+($M&)F9T4f`.4B`:4A3&4' % � :0H�&+23( &+:5&).5Fe.

�
.57;F;.5B3F;(N. =3= *)(?+?�?)E3.51(

7;?S.5?)?+7;O5$,( = _�#%$]&+(*)C�?S:JHk&):5&+.4F31:4C�C�7;&)&+( = . =,= *+(?)? ?)E3.516(0f3$3:5& $3(&��N:5*���$MA3C]B^(*+?6f5&+23(�16F9.4?+? < .5$ = 1F;.4?+? g O5*+:���&)2
23.4? = �N.5*%H ( = &)23(]1F;.5?)?�U>O4*+:���&)2m7;$�&+23(]E3.4?+&6_ ��:��N(

�
(6*	&+23( �^O5A3*)( = (E37;1&)?	.5$�(/�3E`:4$3($M&+7;.4FSO5*):���&+2�79$�1F;.5?)?�U

1:4C�C�7;&)&+( = ?+E,.51(]&)23.5&�23.4?	.5116(F;(*+.4&+( = ��7;&+2�&+2,(]$3( � #%$M&+(*�h�#+UYE`:4F;7916T5fG*+( )`(1&)( = BMT�.�1�23.5$,O5(]7;$�?+F;:4E`(]:JH &+23(
B^:5&+&):5C F;7;$3(	:JH &+23(�O5*).5E32@79$@*+(1(6$'& C�:5$M&)23?�Z ��237;1�2�� :4A3F = F;:':8��C]A31�2�C�:4*+( = *+.5CD.5&)791�:4$�.�F;7;$3(.4*-T � ?)1.5F;( [ _	# H
1A3*)*+($M&�O5*):���&+2DE3.5&)&+(*)$3?�1:5$M&+7;$MA3(�.5161:5* = 7;$3O]&+:]&)237;? �`O5A3*)(0f`&)23(	(/�3E^:5$3(6$'&)7;.5F�O4*+:���&)2�:JHK&)23(	1F;.5?)?-U 16:5C�CD7;&+&+( =
. =,= *+(?)?�?+E3.41(���7;F;FG(/�31(( = &+23.4&-:JH &)23(	1:4C�CD79&)&+( = 16F9.4?+? < .5$ = 1F;.5?)? g ?+E3.41(?6_ h�:4&+(	&)23.5&�&��N:]1F;.5?)? < . =3= *)(?+?
23:4F = (*+?�&)A3*+$3( = &+23(679*�. =3= *)(?+?)(?�B3.51/��7;$�(.4*+F;Tmoqp5p � f'16.5A3?)79$,O]. = 7;E�7;$�&)23(	O5*).5E32 _

� 7;O5A,*+(��M_ "�E3*)(?+($M&)? .]?)1�23(C�.4&+7;1-:JHS&+23(	16.5&+(6O5:5*)7;(?-:JHK#+R $3(6&�� :4*���$MA3C]B^(*)?�.5?��N(���7;F9F = (?)1*+7;B^(�&)23(C@_
1 7;&+2]&)23(-. =

�
(6$'&N:0HKn � U�o&� ' ' � "8� � � "8' �k7;$ � 1&):5B^(*	o p4p � f5&+23(�#%$M&+(6* h�#+U B`(O4.5$D&+:�.5?+?)7;O5$]. =,= *+(?)?+(?Q.5116:5* = 79$,O�&):

&+2,(	O5(:4O5*).5E3237;1QF9:M1.4&+7;:5$D:0HS&+2,( *)(LMA3(?)&+:5*6_ ��23(�#%$'&)(* h #+U .5F;?+:,f37;$�1(*)&+.479$@1.5?)(?f = (F;(O5.4&+(?QB3F;:M13�M?�:JH 16F9.4?+?-U #+R
$3(&��N:5* ��$'A,C]B`(*)?-&):�:5&)23(*�.5A,&+23:4*+7;&+7;(? HI:5*NHIA,*+&+2,(*�.5?+?)7;O5$3CD($M&_ � :5*Q(/�3.5C�E,F9(Jf3&+23(�#%$M&+(*�h�#+U = (F;(O5.4&+( = .DF;.5*+O4(
E^:5*+&)7;:5$ :0H-&)23(�16F9.4?+?]U ?+E,.51(D&+: X�A3*+:4E`( HI:5* HIA3*)&+23(6*�*)( = 7;?+&)*+7;B3A3&)79:4$ ��7;&+2,79$ &)23(7;*�$3(&��N:5*���1:4C�C]A3$37;&%T4_ � *+:5C
&+2,(�#%$M&+(6* h�#+U � ?QE`:479$M&Q:0H

�
79(���f`&+2,(?+( � � � ����� ��� + ��� � 
�����+,� ��=���� � .4*+(�$3:]F;:5$3O4(*-.

�
.47;F9.4B3F;(-B3A,&-$3:4&-T5(6&�HI:4*+C�.4F;F9T

.5?)?+7;O5$,( = A3$M&+7;Fe&+23(�X A3*+:4E`(.4$3?�$3:5&)7bHIT]&+23(6C &+23.4&-&+2,(T�23.
�
(�*+(6.5F;F;T�.5?)?+7;O5$,( = &+2,:5?+( $'A,C]B`(*)?-&):]&+23(7;* �`$3.5Fe1F;7;($M&

#+R $3(&��N:5* �'?6_

Jan89 Jul89 Jan90 Jul90 Jan91 Jul91 Jan92 Jul92 Jan93 Jul93 Jan94 Jul94 Jan95
10

4

10
5

10
6

10
7

10
8

10
9

p
o

rt
io

n
 o

f 
32

-b
it

 a
d

d
re

ss
 c

ap
ac

it
y

2^31  (class A total)
2^30  (class B total)
2^29  (class C total)
all classes configured
class A configured
class B configured
class C configured

� 7;O5A3*)(4�M_ �Mc�F;:4$3O �%&+(*)C O4*+:���&+2]7;$]1:4C�CD79&)&+( = . =3= *+(6?+?�?+E,.51(�BMT�.5?+?)7;O5$3( = 16F9.4?+? < f'g fM.5$ = U #+R�$3(&��N:5* ��$MA3C]B^(*)?
?+(6*

�
( = BMT�&+2,(ihQV � h-X �

���������	� 
���������� �������������3��! � #&% 
�()��������*
�+)��-

� ��� � 7+ ���6� � + ��� � 
��� +)� �.=������ .4*+(S$,(1(?)?+.5*)T	B3A3&e$3:5&G?)AM/�17;($M&GH :5*^1:5CDC]A3$37;1.5&)7;:5$N.51*):5?+?e&+23(Nh-V � h-X �
B3.413�MB^:5$3(Jf ��237;1�2�7;? .4$�7;C�E^:5*)&+.5$M&�1:4C�E^:5$3(6$'&Q:0HS&+2,(]O5F;:5B3.4FG#%$M&+(*)$3(&_ ��23(]h-V � hQX � B,.51/�MB`:4$3(�A,?+(?�.�E`:4F;7916T
*+:4A3&+7;$3O = .4&+.4B3.5?)(�.5? .�&+*)A3&+2 �`F;&)(*	&+:

�
(*)7 H Tm&)23(

�
.5F;7 = 7;&%T�:0H = TM$3.4C�7;1	*+:4A3&+7;$3O�7;$MHI:4*+CD.5&+7;:4$�&)23.5&�7;&+?�B3.413�MB^:5$3(



�8"

1F;7;($M&+?�23.
�
(�(/�3E3F;7;17;&+F;TD?+E^(17 �`( = _ ��237;? = .4&+.5B,.5?+(�*+(6E3*+(?)($M&+?�&+23(�?+(6&	:0H � ��!"�$#&% � ��
�+$% 6������� $,(&�� :4*���$MA3C]B^(*)?

&+2,.5&�&+23(-hQV � h-X � ?)(*
�
(?f3.�E3*):5E^(*S?+A,B3?+(& :0HG&+23(�.4?+?+7;O4$3( = $3(&��N:5*���$MA3C]B^(*+?6_ ��:��N(

�
(6*fM(

�
($]&)23:5A,O52�. $,(&�� :4*��

C�.0T B`(�7;$]&+237;?�h-V � hQX � = .5&+.4B3.5?)(0f3&+2,( B,.51/�MB`:4$3(-?)&+7;F;F ��7;F;F`$,:5&NB`(Q.5B3F;(-&):�?)($ = &+*).0/�1Q&+:�&+23.4& $3(6&�� :4*��]A3$M&+7;F^7;&
*+(61(7

�
(?�. = TM$3.4C�7;1�.5$,$3:5A3$,1(C�(6$'&NH *+:5C &+23.4&�$3(&��N:5*��

�
7;.�.]*):5A3&)(*-:JHK. = 7;*)(1&+F;T�.5&)&+.41 2,( = h-V � h-X �>1F;79(6$'&�BMT

C�(6.5$3?�:0HG.5$]7;$M&+(6*S. = CD7;$37;?+&+*).5&)7
�
( = :5CD.57;$	*+:4A3&+7;$3O�E3*):5&):'16:5F^?+A31�2].5?Ng d	R�:4* XSd	Re_ ��237;?S.5$3$,:5A3$316(C�($M&eHI*):5C .4$

h-V � hQX � 1F;7;($M&f5(7;&)23(*S.�C�7 = �%F;(
�
(6F0:5*�?+:4C�(N:5&+2,(*�$3(&��N:5*���1:4$3$3(1&)( = &):�&+23(NB3.51/�MB^:5$3(0fM*+(6.51�23(?N&+23(�h-V,V^f ��237;1�2

(
�
.4F9A,.5&+(6?K(6.51�2	7;$31:4C�7;$3O�.5$,$3:5A3$,1(C�(6$'&6f0.511(6E3&+7;$3O�&+2,:5?+( HI:4*�1:4$ �`O5A,*+( = $3(6&+?�&+23.4&�1:4C�(�H *+:5C>.4E3E3*):5E3*)79.4&+(SE^((*)?
7;$].5$].4E3E3*+:4E3*+7;.4&+(�. = C�7;$37;?+&)*+.5&)7

�
( = :5CD.57;$Gf 7 = (6$'&)7 �`( = BMT�7;&+?S.4A3&+:4$3:5CD:5A3?�?+TM?)&+(C $MA3C]B^(*6_ ��237;?S.41&+7;:4$]&+A3*)$3? .4$

h-V � hQX � �%1:5$ �^O5A3*)( = $3(6&�� :4*���79$M&):�.5$ �3��!"� #&% � �+)+ 
��+ ����� + ��� � 
��� _ ��23(D1:5$ �^O5A3*).5&+7;:4$ = .4&+.4B3.5?)(�?+(6*
�
(6?�&):

?+.4$37;&+7;8( = TM$3.5CD7;1.5F;F;T�.4$3$3:4A3$31( = *+:4A3&+7;$3OD7;$MHI:5*)C�.4&+7;:5$DB`(�H :5*+(�&+2,(�B3.41/�'B^:5$,(�.41&+7
�
(6F9T�A3&)7;F97;8(6?-7;&_ ��237;? �`F;&+(*)79$,O

7;?�(?+?)($M&+7;.5F�&):�&)23(]?+.4$37;&%T�:0H�&+2,(�F;.5*)O5(*�7;$MHI*).5?+&)*+A316&+A3*)(0fS.5$ = :4&+23(6*	$3(&��N:5* �'? :0HI&)($ A3?+(]?)7;C�7;F;.5*�C�(61 2,.5$37;?+CD?-&):
.5161:5CDE3F;79?)2�&+2,(�?).5C�( &+.5? �^_ � E`:4$m.411(E,&+.5$,1(�:JH &)23(].5$3$,:5A3$316(C�($M&6fk&)23(�h-V,V�&).5O5?�.�E3.4&+2�E3*+7;:5*)7;&%T

�
.4F;A3(0f�:4*

C�(6&+*+7;10fM&+:�&+2,(-$3(&��N:5* �]$MA3C]B`(6*fM&+:�($3.5B,F9(Q1:5CDE3.5*)7;?+:5$]&):�:4&+23(6* .4$3$3:5A,$31(CD($M&+?N:0H�&+2,( ?).5CD(�$3(&��N:5*��]$MA3C]B^(*6_
< HI&+(6*	.�$3(6&�� :4*���7;?�.5?)?+7;O5$3( = f�1:4$ �`O5A,*+( = f�.5$ = .5$3$,:5A3$316( = f�79&Q1.5$�B^:5&+2�?+(6$ = .5$ = *+(61(7

�
(]&)*+.0/�1�:

�
(6*

&+2,(�h-V � h-X � B3.51/�MB^:5$3(].4?	.5$ .41&+7
�
(�$3(&��N:5* �^_ < $,(&�� :4*���*+(CD.57;$3?�.516&+7

�
(].4?	F;:5$3O�.5? 1:5$3$,(1&+7

�
7;&%Tm( � 7;?)&+?	&):

&+2,( = (?)&+7;$3.5&)7;:5$ .4$ = &+23(@.5E3E3*):5E3*)7;.5&+(�?)(*
�
7;1(�E3*):

�
7 = (*Z ? [].4$3$3:4A3$31(?D&+23(@$3(&��N:5*�� = 7;*+(16&+F;T &): &+23(�B3.413�MB^:5$3(

.5161:5* = 7;$3O]&+:]&)23(�.5E3E3*):5E3*)7;.5&+(�E3*):M1( = A3*)(0_
� $MHI:4*+&+A,$3.5&)(F;T5f�#%$M&+(*)$3(&]*+(6.5F;7;&%Tm7;?�$3:5&	(6$'&)7;*+(F;T�HI.479&)2MHIA3F &+:�&)237;?�CD: = (F _ ��23(6:5*+(6&+7;1.5F;F;T4fS.5$MTm$,(&�� :4*��

&+2,.5&-?)($ = ?�&)*+.0/�1 79?Q.51&)7
�
(0fG(

�
($�7bHS79&Q7;?�$3:5&Q.5?+?)7;O5$3( = fk16:5$ �`O4A3*+( = f�.5$ = .5$3$,:5A3$316( = _ ��:]C�.8�5(�&+2,(?+(�1.5&)(O5:4*+7;(?

A3$3.4C]B37;O5A3:4A3?f �N(	1.5F;Fe.5$�7;F9F;(O47;&+7;C�.0&)(F;T�.41&+7
�
(�$3(6&�� :4*��^fG7I_ (0_;f3.]$3(6&�� :4*���C�7;?+?)7;$3O�.4$MT�:5$,(	:5*�CD:5*+(�:JHK&+2,(�&)23*+((

(?)?+($M&+7;.4F�E3*):5E^(*+&)79(6?�Z .5?)?+7;O5$3( = f`1:4$ �`O4A3*+( = f`.5$ = .4$3$3:4A3$31( = [�f`. � ��� �$! + ��� � 
��� _
� $3( E3.5*)&+7;1A3F;.5*)F;T]79$,?+7 = 7;:5A3?N?+:4A3*+16(	:0H�F9(6. �MT]$3(&��N:5* �'?Q.5*)( :4*+O4.5$37;8.4&+7;:5$3?N&+2,.5&�1:4$3?+7 = (*�&)23(7;*-F;:M1.4FG$3(& �

�N:5*���($
�
7;*+:5$,C�($M&+?���23:4F;F9T = 7;?)1:5$3$,(1&+( = H *+:5C &+23(]#%$M&)(*+$3(6&f .4$ = ��79&)2 $3:�E3F;.5$3?iHI:5*QHIA3&)A3*+(D1:5$,$3(1&)79:4$GfS.5*)B37 �

&+*).5*)79F;T	1�23:M:4?+(-&)23(7;*N:���$�#+R�$3(6&�� :4*��]$MA3C]B^(*+?6f57;$ = (E^($ = (6$'&�:JHk&)23(-#%$M&)(* h #+U � ? *+(O479?)&+*)T5fM&+:	?).5&)79? HIT�&+23(7;*S7;?):5F;.5&)( =
�-U�R0/J#+R�E3*+:4&+:M1:5F^$3(( = ?_ ��$MHI:4*+&)A3$3.5&)(F;T5f4(/�3E`(*)7;($31(�23.4?S?+23:���$]&)23.5& &+*+.J/�1NHI*+:4C ?)A31�2�$3(&��N:5* �M?S:0HI&)($]C�.4$3.5O4(?
&+: �`$ = 7;&+? � .0T�7;$'&):m&)23(�#%$M&)(*+$3(6&f�C]A31�2 &+:�&+23(�?)A3*+E3*)7;?+(�:5*�7;O5$3:4*+.5$,1(�:JH &+2,(�F;:M1.5F�$3(6&�� :4*�� . = C�7;$37;?+&)*+.5&):5*)?_
1 23(6$]&+23(?)(-$3(6&�� :4*���$'A,C]B`(*)?�B`(16:5C�(�.41&+7

�
(0f'&)23(T  :57;$�&+23(�?)(&N:0H � ��� �"!&��+ �������6+ ��� +)� �.=������

�

jG(.8�MT�$3(6&�� :4*��M?f
E3.4*+&+7;1A,F9.4*+F;T�HI*):5C A3$3.4?+?)79O4$3( = $3(&��N:5*��M?6f'1.4$�E^:5?)( = 7b/�1A3F;&)79(6?�HI:5* $3(&��N:5*���:5E^(*).5&+:4*+?�7;$�B`:4&+2�*):5A3&)7;$3O	.5$ = &+*+.J/�1
C�.4$3.5O4(C�(6$'&6_ < $�(/�3.5C�E,F9(�:JH &+23(�1:4C�E3F;7;1.5&)7;:5$�&):�*):5A3&)79$,O�7;?�.�F;(. �MT�$3(&��N:5* ��&+2,.5&-7;?Q$3:5&�1:4$ �`O5A,*+( = HI:5*Q&+23(
h-V � hQX �>B3A3&�?)($ = ?�*):5A3&)79$,O].5$3$3:4A3$31(6C�($M&+?�.4?�&+23:4A3O52�7;&��N(*+(0_-h (&�� :4*���:5E^(*).5&+:4*+?QC]A3?+&NE3*+:4&+(16& &)23(CD?+(F

�
(6?

.5O4.57;$3?)& 7;$316:5*+*)(1&]7;$MHI:4*+CD.5&+7;:4$�&)23.5& ?+A31�2 $,(&�� :4*��M?	7;$  (61&	7;$M&+:�7;$M&+(* . = CD79$,79?)&+*).5&+7
�
( = :5CD.57;$�*):5A3&)79$,O�E,*+:5&):M1:5F

(/�31�23.5$,O5(?6_ < $m( � .4C�E3F;(�:0HN&+23(]1:4C�E3F;7;1.4&+7;:5$D&+:�&+*).0/�1	CD.5$3.4O5(CD($M&�79?Q.5$�A3$3.4?+?+7;O4$3( = :5*�A3$31:4$ �`O4A3*+( = F;(. �MT
$3(&��N:5* � &+23.4&]?+($ = ?]&+*).0/�1�&+:�.mF;(O47;&+7;C�.4&+(F;T�.41&+7

�
(D$3(&��N:5* �`_ ��23(7;*]E3.51/�4(&+?]CD.0T�.51&)A3.5F;F;T O5(6& = (6F97

�
(*+( = &):

&+2,(�*)(C�:4&+(�F9:M1.4&+7;:5$ fk&)23(�7 HN&+23(]*)(C�:4&+(	F;:M1.5&)7;:5$�7;?�.5?)?+7;O5$3( = f�1:4$ �`O5A,*+( = fe.5$ = .5$3$,:5A3$316( = _�gSA,& &)23(]h-V � h-X �
��7;F;F�$3:4& = (F;7

�
(6*-&+*).0/�1 HI:5*Q&+23( *+(&)A3*+$ E3.4&+2�&):�&)23(�:4*+7;O57;$3.4F�?):5A3*)1(0_	.5$ = 7bH &+23(�F;(O57;&)79CD.5&)( = (?)&+7;$3.4&+7;:5$�$,(&�� :4*��

1:4C�E3F;.57;$3?Q&+:�&)23(�hQV � h-X � .5B^:5A3&	*)(1(7
�
7;$3O�&+*+.J/�1]&+:��2,791�2 79&�1.4$3$3:4&�*)(E3F;T5f�:5*���237;1 2 7;& = :'(6?�$3:4& �N.5$M&�7;$

&+2,( �`*+?)&-E3F;.41(0f`&)23(	$3(6&�� :4*���:5E^(*+.4&+:4*-23.4?�F97;&)&+F;(�*+(1:4A3*+?)(�&):]C�.4$3.5O4(-&+2,(	E3*+:4B3F;(C�f3?)7;$31(	&)23(	?+:4A3*+16(�23:4?+&�1:4A3F =
(.4?+7;F;T�23.

�
(-*).5$ = :4C�F;T	1�23:4?+($�.5$]#+R $3(6&�� :4*��]. =,= *+(?)?NHI:5* &+23(�($ = (.

�
:4*_ h�(6( = F;(?+?Q&+:	?).0T5fM&+2,( #%$M&)(*+$3(6& < ?+?)7;O5$3( =

h�A,C]B`(*)? < A3&+2,:5*+7;&%T@ZI# < h < [ = 7;?)1:5A3*).5O4(?�&+23( �-U�R0/J#+R 1:5CDC]A3$37;&%TQHI*+:4C A3?+7;$3O�?+(6F H � ?)(F;(1&+( = $3(&��N:5* ��$MA3C]B^(*+?6f
1:4$3?+7 = (*)7;$3O]7;&�A3$317

�
7;F97;8( = B^(23.

�
7;:5*�7;$�&)23(	7;$31*)(.5?)79$,O5F;T5fM.5$ = :JHI&+(6$�&)*+.4$3?+E3.4*+($M&)F9T4f37;$M&+(*)1:5$3$,(1&+( = �N:5*)F = _

< F;?+:]E3*):5B3F;(CD.5&+7;1�7;?�&+2,( 16.5?+( :0HK?)7;F9(6$'&�$,(&�� :4*��M?_ V 79F;($M&�$3(6&�� :4*��M?�.5*)( &)23:5?)(	1:4$ �`O5A,*+( = :4* .4$3$3:4A3$31( =
B3A3&Q$3:5&�.41&+7

�
(74`7 _ (0_;f`&)23(T�23.

�
(�$3:4&�?+($M&Q&+*+.J/�1	.516*+:5?)?�&+23(	B,.51/�MB`:4$3(0_ ��23(�hQV � h-X �>E3*):  (16&-23.4?-.5$,.5F;TM8( = &+23(

h-V � hQX � Re:5F;7;1T n :5A3&)7;$3O PQ.4&+.5B,.5?+(NZ%RSn-P�gN[G.5$ = 2,.5? = (
�
(F;:5E^( = C�(&)23: = ?`&):-(F;7;C�7;$3.4&+(G?)79F;($M&G$3(6&+?�&+:�E3*)(

�
(6$'&e&+23(

$3(( = F;(?+?SB,A3* = (6$�:4$�*):5A3&)79$,O�&+.5B,F9(N?+7;8(J_ g A3&�&+23(N$MA3C]B^(*�:JH`?+7;F;($M&�$3(6&�� :4*��M?�23.5?�7;$31*)(.5?)( = ?)7;$31(N.5$3$3:4A3$31(6C�($M&�:0H
&+2,(-. =,= *+(?)?+7;$3O�O5A37 = (6F97;$3(6? :4A3&+F;7;$3( = .4B`:

�
(0_ 1 23($�?)(*

�
7;1(�E3*):

�
7 = (6*+?N*+(1(67

�
(�F9.4*+O4(�B3F;:'1/�M?N:0H�1F;.5?)? U . =3= *)(?+?)(?�7;$

.5$M&)791679E,.5&+7;:4$ :JH`.5$ = .4F97;O4$3( = ��7;&+2�UNF9.4?+?)F9(6?+?S#%$M&+(6* PQ:4C�.57;$�n�:5A,&+7;$3O	Z%UN#+P�n-[ � "8� � *)(LMA37;*+(CD($M&+?6f5&+23(6T	7;C�C�( = 7;.5&+(6F9T
1:4$ �`O5A,*+(N&+23(S. =3= *)(?+?)(? ��7;&+2	&)23(�h-V � h-X � B`(�H :5*+(N.5?)?+7;O5$,79$,O�&+23(C>&):-1A,?+&+:4C�(*)?f57;$316*+(.4?+7;$3O-&)23(S$MA3C]B^(*�:JH3?+7;F;($M&
$3(&��N:5* �M?S7;$	&+23(-hQV � h-X � B3.41/�'B^:5$,(�1:5$ �^O5A3*).5&+7;:4$ = .5&).5B3.4?+(0_ X

�
($M&+A,.5F`UN#+P�n = (E3F;:0TMC�($M& ��7;F;FM*+(F;T	:4$�$,(&�� :4*��

C�.4?��M?S&):�*)( = A31( ?+A31�2�B3F;:M13�M?N&+:�.�?)7;$3O5F;(-(6$'&)*+T]7;$�&)23(�*+:4A3&+7;$3O�&+.4B3F;(0f'B,A3&�A3$M&+7;F^&+23.4& &)79CD(�&+23(6T�E^:5?+(�.4$]:5B3?)&+.516F9(
&+:]( /�17;($M&�1:5$ �^O5A3*).5&+7;:4$�:JHK*):5A3&)79$,O = .4&+.4B3.5?)(?_

� :5*Q&+23(�E3A3*)E`:4?+(�:0HS?+&).5&)79?)&+7;1?�1:4F9F;(16&+7;:5$�.4$ = &)*+.0/�1 .5$3.4F9TM?)79?6f`&)23(*+(].4*+(	.
�
.5*)79(6&%T�:JH � .0TM?-&):�1:4$M&+($ =

��7;&+2 &+23(?)(�1.4&+(O4:5*+7;(?]:JH $3(6&�� :4*�� $MA3C]B^(*)?_ < ?].5$ ( � .4C�E3F;(0f = A3*)7;$3O &+23(�CD:5$M&+2�:0H	P-(61(C]B^(*�o p4p ��&)23( �4�
B3.413�MB^:5$3(@$3: = (?�*+(16:5* = ( = &+*).0/�1�HI*):5C C�:4*+(�&)23.5$Yor3f %8% %@$3(&��N:5*��M?6f E^:5&)($M&+7;.5F;F;T ?)E3.5$3$,79$,O .5F;F-1.4&+(O4:5*)79(6?�7;$
�`O4A3*+(��M_ "M_ � H�&+23(?)(0f`.4B`:4A3& p f �8% %,�N(*+(�$3(&��N:5* �M? 7;$]&+2,(-?+(6&�:0HKh�#+U �%.5?)?+7;O5$,( = $3(6&�� :4*���$'A,C]B`(*)?_ ��23(Q$MA3C]B`(6*S:0H



�4p

Legitimately
NSFNET

active

NSFNET announced

NSFNET configured

Assigned

Delegated

Unassigned

Available IP Network Number Space

Silent Leaky (illegitimately
NSFNET active)

� 7;O5A3*)( � _ "Mc = (?+16*+7;E3&+7
�
(	1.5&)(O5:4*+7;(?Q:0HK#+R $3(6&�� :4*���$MA3C]B^(*)?

.516&+7
�
(Q$3(&��N:5*��M?N&+23.4& �N.5? .5F;?+:�1:5$ �`O5A3*)( = 7;$]&)23(	h-V � h-X �$/ < hQVM$3(&�&):5E^:5F;:5O4T = .4&+.5B,.5?+(Q&+23.4& CD:5$M&+2 �N.5?�'Mf o �,o0_

jG(6. �MT]$3(&��N:5* �'?6f3.5?)?+7;O5$3( = B3A3&N$3:4& 1:4$ �`O4A3*+( = f*��23:�CD.0T�?+($ = &)*+.0/�1Q7;$'&):	&+2,(ihQV � h-X � B3.51/�MB`:4$3(0f3.411:5A,$'& HI:4*
C]A31�2�:JHK&)237;? = 7;?+E3.4*+7;&%T5_ < $,:5&+2,(*-1:4$M&+*+7;B3A,&+7;$3O�HI.41&+:4*�79?�:4A3&N:0H = .5&)(�79$ HI:5*)C�.5&)7;:5$�79$�&)23(	P-:4C�.479$�h .5CD(-VMTM?+&+(6C
.5B^:5A,& &)23(-. =3= *+(6?+?+(6?-:0H�*):M:5& = :5CD.57;$	?+(6*

�
(6*+?f ��237;1�2]C�.0T B`(Q1:5$ �^O5A3*)( = B3A3&N$3:�F;:4$3O5(* .5$3$3:4A3$31( = B3A3&N&+: ��237;1�2

C�.4$MT�$3(6&�� :4*��M?�?+&)79F;FG&)*+T�&+:�?+($ = &+*).0/�10_
� :5*+(DO5($,(*+.4F9F;T4fK&)23( = 79?)E3.5*)7;&%Tm.4*+7;?+(? HI*):5C $,(&�� :4*��M? ��23:�?+(6$ = &+*+.J/�1]&+:�.5$3:4&+23(6*	$3(&��N:5* � &+23.4&	&+23(

h-V � hQX � = :M(? $3:5&	*)(1:4O5$37;8(�B^(1.5A,?+(�&)23(�$,(&�� :4*���7;?	:5$3(D:0H�&+23( HI:5F;F;:���7;$3O3c�1:4$ �`O5A,*+( = B3A,&�$3:4&	.5$,$3:5A3$,1( = f
.5?)?+7;O5$,( = B,A3&	$3:4&-1:4$ �`O5A,*+( = f�:5*�$3:4&�(

�
($ .4?+?)79O4$3( = _ ��23(]h-V � hQX � C�.0TD?+((]?)A31�2 &+*+.J/�10fGHI:4*�(/�3.5C�E,F9(Jf ��23($

$3(&��N:5* �	?+(6*
�
7;1( E,*+:

�
7 = (*+?�A3?)( . = (�HI.4A3F;&�*):5A3&)( E^:57;$M&+7;$3O�&): &)23( hQV � h-X ��_ � :�� (

�
(*6f5B`(61.5A3?)(�*+:4A3&+7;$3OQ79$ HI:5*)C�.5&)7;:5$

HI:4* &)23(?)( = (?+&)79$,.5&+7;:4$3?���79F;FS$,:5&�(/�37;?+&�79$�&+2,(�h-V � h-X � H :5*��N.5* = 7;$3O�&+.4B3F;(?f�.5?	?):M:5$ .5? ?+A31�2 E3.413�4(&+?�*+(6.51�2 &+23(
h-V � hQX � &+23(	B,.51/�MB`:4$3(�$3: = ( �`F;&+(6*+?�&+2,(C :4A3& = A3*)7;$3O]&+23(�*):5A3&)79$,O = (17;?+7;:4$G_

��� ���'� !#"��������� �
< ?�C�($M&+7;:4$3( = 7;$�?+(16&+7;:5$ � _ r,_ �Mf3F;:M1.5F;7;&%T�*+(�HI(6*+?�&+:�&+2,(�1:4$31($M&)*+.5&)7;:5$�:0H &)*+.0/�1�.5CD:5$3O�.�?)C�.4F9Fe?+A3B,?+(&

:0HNE`:4?+?+7;B3F;(]$3(6&�� :4*���. =3= *+(6?+?+(6?_ ��. �M7;$3O]. =
�
.5$M&+.4O5(�:0H F;:M1.4F97;&%TD1.5$ 23.

�
(	O5*)(.5& E`:4&+($M&+7;.4FKB^($3( �`&	7;$mF;.4*+O5( ?+1.4F9(

7;$MHI*).5?+&)*+A316&+A3*)(?f*��237;1�2](/�3237;B37;&�?+A3B,?+&+.4$M&+7;.5F3O4.5E3?�7;$�&+*+.J/�1
�
:4F9A,C�(�B`(6&�� ((6$�&+2,(�23(.

�
T�.4$ = F97;O42'& )`:���?_ < F;&)23:5A3O42

&+: = .0T � ?�$3(&��N:5* �'? .5O5O4*+(O4.5&)(�&)*+.0/�1�.5CD:5$3O]CD:5*)(�)`:���?�&)23.5$�(
�
(6*	B`( HI:5*)(0fK&)23(7;*	1:4$3$3(16&+7

�
79&%T�C�.4&+*)7 ��7;? 16F9(6.5*+F;T

$3:4&�A3$37bHI:5*)C�_
#%$D&+237;?N?+(16&+7;:5$	�N(-A3?)( :4E`(6*+.5&)7;:5$3.4F9F;T�1:5F;F;(1&)( =�= .5&+. HI*):5C &+23( �4� B3.51/�MB^:5$3( = A3*+7;$3O]PQ(1(C]B^(*�o p4p ��&):

E3*)(?+($M&�CD(&+*)7916?S*+(/)^(1&+7;$3O]&)*+.J/�1-F;:M1.5F;7;&%T5_ � :5*S&)23(-E,A3*+E^:5?)(?�:0H�&)237;? .4$3.5F;TM?+7;?f8� (Q1:5F;F;.5&)( = &+*).0/�1 = .5&+. :5$3F;T�&+:	:4*
HI*):5C�1:5$ �^O5A3*)( = $,(&�� :4*���$MA3C]B^(*+?6f`.5$ = $3:5*)C�.4F97;8( = :5A,*�HI.

�
:5*+7;&)79?)C 1.4F916A3F;.5&+7;:4$3?�&+:D&+23(	.4C�:4A3$M& :JH &)*+.J/�1	?+($M&

.5CD:5$3O�&)23(�'Mf o �,o�1:5$ �`O5A3*)( = $3(&��N:5* �'?�:JH�&+23( �4� B3.51/�MB^:5$3(0_ < ? = (?)1*+7;B^( = 7;$�?)(1&+7;:4$ � _ �M_ �Mf516:5$ �`O4A3*+( = $,(&�� :4*��
$MA3C]B^(*+?�.5*)( &)23(�:5$,F9T�:4$3(?�HI:4* ��237;1 2]h-V � hQX � E3*+:4C�7;?+(6?�.�?+(*

�
7916(743&+*).0/�1N&+:�:5&)23(*S$3(6&�� :4*��M?S7;?�(?+?)($M&+7;.5F;F;T	$3:479?)(

&+2,.5&N79CDE`:4?+(? .	?+(*
�
7916(	7;C�E3.41&_ ��2,(*+(�.5*)(-.4F9?):	$3(&��N:5* �M? &)23.5&N.5*)(-1:4$ �`O5A,*+( = B3A3&N.5E,E3.5*)($M&+F;T]$3(

�
(* .4$3$3:4A3$31( =

&+:6��2,791�2�C�.4$MT�$3(6&�� :4*��M?�?+&)79F;FG&)*+T�&):]?+($ = &+*).0/�10_ ���
��� & 3*� ��'������������' ���0	�� �4�����;�� ��A*�J�(��	����� 	���	���G
,-���0�)	 ��5:��3*����A*�!� ���
���&�0���$�@��'����
��������	����� �0�)�����)���@�������*�!����3��."$�J��'��43*"�A



�8%

��.4B3F;(��M_ � cK?)A3C�CD.5*+T�?+&).5&)79?)&+7;1?�:4$�&)*+.J/�1 F;:M1.4F97;&%T�:5$�&+2,( �4��B,.51/�MB`:4$3(�79$�PQ(1(6C]B`(*	oqp5p8�
Re(*+16($M&-:0HNZ o&� � "8% '8�5[Nh�(&��N:5* ��E3.479*)?�*+(?)E`:4$3?+7;B3F;(�H :5*N&+*+.J/�1

E`(*)1($M&�:0H�&+*+.J/�1 �8� � � % � � � � p % � p � _ � �

$'A,C]B`(*N:0HS?)79&)(�E3.57;*+? �Jr % r`o&� � �3o4o � � �Jr �5p8� �8�0r %3o �
E`(*)1($M&�:0H�?+7;&+(	E,.57;*+? %M_ % �Jr % _ �8% � o0_ � � � _ r � o&'M_ � '

Re(*)1($M&�:0H Z�'3o&�3o [Nh�(6&�� :4*��M?-*)(?+E^:5$3?)7;B3F;(�HI:5*N&+*).0/�1
E`(*)1($M&�:0H�&+*+.J/�1 �8� � � % � � � � p % � p � _ � �

$'A,C]B`(*N:0HS&):5&+.4FG$3(&)? � r � o � % �5p5p o&% � �
E`(*)1($M&�:0H�&+:5&).5FG$3(6&+? %M_ o5o6r % _ '8" � �M_ r5r ' 'M_ � %8" o ' _ ' '5p

R�(6*+1($M&Q:0H�Z p8�5[ < PQ?�*+(?)E`:4$3?+7;B3F;(�H :5*�&+*).0/�1
E`(*)1($M&�:0H�&+*+.J/�1 �8� � � % � � � � p % � p � _ � �

$'A,C]B`(*N:0HS&):5&+.4F < P � ? ' o&� �0r �0r r �
E`(*)1($M&�:0H�&+:5&).5F < P � ? 'M_ �8� � o �M_ '8" � � � _ �8' � � _ �4p r �M_ � �

Re(*+1(6$'&Q:0H�Z �8�5[Nh-V3V ?-*+(6?+E^:5$3?)79B,F9(iHI:5*N&+*).0/�1
E`(*)1($M&�:0H�&+*+.J/�1 �8� � � % � � � � p % � p � _ � �

$'A,C]B`(*N:0HS&):5&+.4F�h-V3V ? � � o � o � � �
E`(*)1($M&�:0HSh-V3VM? �M_ r � o&�M_ � � �3oJ_ "8� � % _ p,o r %M_ % %
PQ7;?+&)*+7;B3A3&)7;:5$�:JH = (6?+&+7;$3.4&+7;:5$D$3(&��N:5* �'? HI:5*N&+2,*+((�?+:4A3*+1( $3(&��N:5*��M?
Re(*)1($M&-:JH Z��5p %8'5[�h (&�� :4*��M?�&+:6��2,791�2 �-U�V,P>VM($M& ��*+.J/�1

E`(*)1($M&�:0H�&+*+.J/�1 �8� � � % � � � � p % � p � _ � �

$'A,C]B`(*N:0HS$3(6&�� :4*��M? o % �4p or'p � � � '8' '
E`(*)1($M&�:0H�$3(&��N:5*��M? %M_ � �8' % _ p4p " �M_ "3o&� pM_ % �8� o � _ % �3o

Re(*+16($M&-:0H�Z�o �5p8%5[Nh�(&��N:5* �M?�&+:6��237;1�2�V3P�V3U VM($M& �K*).0/�1
E`(*)1($M&�:0H�&+*+.J/�1 �8� � � % � � � � p % � p � _ � �

$'A,C]B`(*N:0HS$3(6&�� :4*��M? o o&% ' % o " � �8� %
E`(*)1($M&�:0H�$3(&��N:5*��M? %M_ % '8� % _ '8�5p �M_ � �Jr o4o0_ r5r � � � _ %3o �

Re(*)1($M&�:0H Z�or �3o [Nh�(6&�� :4*��M?�&+:6��237;1�2�h-V � VM($M& ��*).0/�1
E`(*)1($M&�:0H�&+*+.J/�1 �8� � � % � � � � p % � p � _ � �

$'A,C]B`(*N:0HS$3(6&�� :4*��M? o ' r � o5o ' � �0r �8� %
E`(*)1($M&�:0H�$3(&��N:5*��M? o0_ o %8� � _ o&%3o �M_ p5pJr o&�M_ � %8� � ' _ � � �



�,o

��.4B3F;( �M_ �@E3*+:
�
7 = (?]?)&+.4&+7;?+&)7916?�:5$ &)23(�1:5$316($M&+*+.4&+7;:5$ :0H �4��B,.51/�MB`:4$3(�&+*+.J/�1DHI:5*�PQ(1(6C]B`(*�oqp5p8��.4&

&+2,(
�
.4*+7;:5A3?DO5*).5$MA3F;.5*)79&)7;(?�:JH".4O5O5*)(O5.4&+7;:5$ c $,(&�� :4*�� E,.57;*+? 4�$3(&��N:5* �M?�4 <Q= C�7;$37;?)&+*+.4&+7

�
(�PQ:5CD.57;$3?�Z < PQ? [ f .4$ =

$3: = .4F ? ��79&)1�237;$3Om?)A3B3?)T'?)&+(CD?_ � $3F;T oJ_ � � :0H-&+2,(�CD:5*)(]&+23.4$ o0_ ��CD7;F9F;7;:5$@$3(&��N:5*�� E,.57;*+? � (6*+(�*+(?)E`:4$3?+7;B3F;(DHI:4*
.5E,E3*+:&�37;C�.4&+(F;T�� � � :0H�&)23(�&+*).0/�1Q:5$]&+2,(�B3.51/�MB`:4$3(0_ ��23(Q&+*).0/�1��N.5?S?):5C�(���23.5&SCD:5*)( (

�
($3F;T = 7;?+&+*)7;B3A3&+( = .5CD:5$3O

&+2,( CD:5*)(-1:4.5*+?)(F;T�.5O5O4*+(O4.5&)( = O5*+:4A3E3?6f3?+A31�2�.4? <-= CD79$,79?)&+*).5&+7
�
(-P-:4C�.479$,?_

��.4B3F;( �M_ ��.4F;?+:-E,*+:
�
7 = (?�C�(.4?+A3*)(?�:0H`:4$3(��%?+7 = ( = HI.

�
:5*+7;&)79?)C H :5*�&+23*)((�$3(&��N:5* �M?_ ��?+7;$3O�?)(F;(1&+( = $3(&��N:5*��M?

.5& �-U�V3P fSV3P�V3UQfK.4$ = h-V � f�&+2,(�&+.4B3F;(�?)23:���?�&)23(�E,*+:5E^:5*)&+7;:5$ :JH-&+*).0/�1�HI*):5C (.51�2 $3(&��N:5*�� &):�7;&+? � HI. �
:4*+7;&+(

= (?)&+7;$3.4&+7;:5$3? HI:5*Q&+23(�C�:4$M&+2�:JH PQ(1(C]B^(*�o p5p8�M_ \QF;(7;$3*):'1/��.5$ = h�.0TMF;:5*Q*+(�HI(6*+*+( = &+:�&)237;?-&)($ = ($,1T�:5$@&+23(�o p8� �
< nQR < $3(6&].5?�&)23(<�)HI.

�
:5*)79&)(�?)79&)(�� ( ak(16& � '8� � _ � $3(@1.5$ ?+(6(�. = (��`$,79&)( = 7baG(*+($,1(m7;$ �N:5*��MF;:5. = E3*): �`F;(�.5CD:5$3O

&+2,(?+(�&+2,*+((�$3(&��N:5* �M?�43&+2,(-?+A,E`(*)1:5CDE3A3&)(* 16($M&+(*�&)($ = ?�&):	(/�3237;B37;&S.	237;O423(* = (O5*)((-:JHGHI.
�
:4*+7;&+7;?)C &+2,.5$]&+2,(-:5&)23(*

$3(&��N:5* �M?f3.5$ = &+2,( 16.5C�E,A3?S1:4C�C]A3$37;1.4&+(? ��7;&+2].�?+7;O4$37 �`1.5$M&)F9T�F;.5*)O5(*N$MA3C]B`(6*S:0H�?)79&)(?_�h�:4&+(-&)23.5& HI.
�
:5*+7;&)79?)C .4&

(.41 2]?):5A3*)1(�?+7;&+(�7;$
�
:4F

�
(?�.	?)(E3.5*).5&)(-?+(6& :JHkCD:5?+&�E^:5E3A,F9.4* = (?)&+7;$3.4&+7;:5$�?+7;&+(6?f3?+7;$316(-(.41 2]?):5A3*)1(�$3(( = $3:5& 23.

�
(N&+23(

?+.4C�(�?)(&�:0HeHI.
�
:4*+7;&+(?6_ ��2,(-$MA3C]B^(* :JH�A3?+(6*+?-.4&S(.41 2�?)79&)(	Z &%T'E,7916.5F;F;T�.�?+A3E^(*)1:5CDE3A3&+(6*�1($M&+(*Q?+A31�2�.5?�V3P�V3U ��7;F;F

23.
�
( 16:5$3?)7 = (*+.4B3F;T�H ( � (6*-&+2,.5$�.]A3$,7

�
(*+?)7;&%T�16.5C�E,A3? [NCD.0T�.4F9?):].0aG(1&�&+2,79?�B,.5F;.5$316(0_ h-V � hQX �>B3.413�MB^:5$3( &+*+.J/�1

.5F;?):�(/�3237;B37;&)?�. � HI.
�
:4*+7;&+(Q?+:5A,*+1(��D(�aG(1&fG7 _ (0_;f'.]2,(.

�
T]1:5$316($M&+*+.4&+7;:5$@:0HK&)*+.J/�1-H *+:5C .�?)(F;(1&+( = ?)(&-:JHK?+:4A3*+16(?-&):

.]O57
�
($ = (6?+&+7;$3.4&+7;:5$ _ ���
di7

�
($ 'Mf o&�3o]1:4$ �`O4A3*+( = $3(6&�� :4*��M?f ��237;1 2 16.5$ .4F;F 1:4C�C]A3$,7916.5&+( ��7;&+2 (.41�2 :4&+23(6*f :

�
(*6� �M_ �DC�7;F;F;7;:5$

$3(&�E3.479*)?	1:4A3F = 1:5$316(7
�
.5B3F;T�1:5CDC]A3$37 16.5&+(J_ � H-&+23(?)(0f &)23(�hQV � h-X � *+(1:4* = ( = &+*).0/�1 HI*+:4C :5$,F9T �M_ '8� � Z oJ_ � "

C�7;F;F;7;:0$`[e:0HK&)23(C@_ � A3*+&)23(*)C�:5*)(0fGo � :JHK&+2,:5?+(�$3(6&�� :4*��M? �N.5?�*)(?+E^:5$,?+7;B3F;(QHI:5*�� % � :JHK&)23(�&+*+.J/�1�HI:4* &)23(�C�:4$'&)2]:0H
PQ(1(C]B^(*	oqp5p � _S#%$�:5&+2,(*4�N:5* = ?f3&)23(	&+:4E o �Mf %8% %�$3(6&-E3.479*)?�1:5F;F;(1&)7

�
(F;T]1:4$3?+A3CD( = .5E3E,*+:&�37;C�.5&)(F;T �8%	&)7;C�(?N&+23(

B3.4$ = ��7 = &+2D&+23(6T6� :4A3F = 23.
�
(Q1:5$3?)A3C�( = 23. = &+23(Q&+*+.J/�1-CD.5&+*)7 ��.5CD:5$3O�1:4C�C]A3$37;1.4&+7;$3O�$3(6&�E3.57;*+?NB^(($�A3$37bHI:4*+C�f

.5$ = .4E3E3*+:&�37;C�.4&+(F;T]r % %Mf %8% %�&+7;CD(?-&)23(�B,.5$ = ��7 = &)2m&)23(T�N:5A,F = 23.
�
(�1:5$,?+A3CD( = 23. = &)23(�&)*+.J/�1�CD.5&+*)7 ��.5CD:5$3O

.5F;FG1:4$ �`O4A3*+( = $3(6&-E3.479*)?�B`(6($�A3$37bHI:4*+C@_
��2,(?+(�?)&+.4&+7;?+&)7916?f 16:5F;F;(1&+( = :4$ . �3HI&)(($ �%C�7;$MA3&+(DB3.5?)7;?�.4$ = .4O5O5*)(O5.4&+( = CD:5$M&+23F;T4f�.5F;F;:�� .m*)(.5?):5$3.4B3F;(

.5?)?+(?)?+CD($M& :JHSF9:M1.4F;79&%TD:
�
(*Q&+23( C�( = 7;A3C &+:�F;:4$3O]&+(*)C�_ ��2,(	?+&).5&+7;?)&+7;1?�.5*)(	F;(?+?�A3?)(�HIA3FeHI:4*-.5?)?+(?)?+CD($M&-:0HN?+23:4*+& �

&+(6*+C F;:M1.4F97;&%T4f 7 _ (0_;f0.5&�&)7;C�(�O5*).5$MA3F;.5*)79&)7;(?�A3$ = (*�o � C�7;$MA3&+(?6f0?+A31�2�.5?�E3.51/�4(&�&+*+.47;$	(�aG(1&+?N:5A,&+F;7;$3( = 7;$	?)(1&+7;:4$ � _ r,_ �M_
1 (4��7;F;F = 7;?+16A3?+?Q?+23:4*+& �%&+(6*+C F;:M1.5F;7;&%T�CD(&+*)7;1?�7;$�VM(16&+7;:5$�M_ � _

��� ��� � � -���$��&���+	 $&$
��2,("o&� �%C�7;$MA3&+(�16:5F;F;(1&+7;:4$�O4*+.4$'A,F9.4*+7;&%T�:0HK&)23(�hQV � h-X � &+*).0/�1

�
:4F9A,C�(�?+&).5&)79?)&+7;1?Q?+AM/�1(6?�HI:4*�&+23(�F;:5$3O��

&+(6*+C &+*).0/�1
�
:4F;A3C�(].4?+?+(6?+?+CD($M& = (6?+1*)79B^( = 7;$ ?)(1&)79:4$ �M_ � _ oJfS.5$ = .4F9F;:���?�&+*).51/�M79$,O :0H	(

�
(6$37;$3O3f��N(( �5(6$ = f-.4$ =

23:4F97 = .0T�)`A316&+A3.4&+7;:5$3?6_ ��:��N(
�
(6*f3.5$,.5F;TM87;$3O	&+2,( = T'$,.5C�7;1?�:JHK?+2,:5*+&)(* �%&+(6*+C &+*).0/�1 )`A31&)A3.5&)79:4$3?f37;$316F9A = 7;$3O	E3*)( = 7;1��

&+7;:4$�:0H�B3.5$ = ��7 = &+2D*+(LMA37;*+(6C�($M&+?NH :5*N1:5$M&+7;$MA3:4A3?�C�( = 79. = .5&).�)`:���?6f3*+(LMA37;*)(?-.�C]A31�2 �`$,(*�&+7;C�(�O4*+.4$'A,F9.4*+7;&%T4_ < ?
��7;&+2�CD.5$MT�:JHS&+23(�E`(6*%HI:4*+C�.4$31(�C�(&)*+7;1? = 7;?+1A3?)?+( = (6.5*+F;7;(*6fk(J_ O,_;fkF;:4?+?fG&)23*+:4A3O523E,A3&f = (F;.0T5f^&+23( = (O4*+((]:JH E`:4F;F97;$3O
$3(16(?+?).5*+T &): .5?+?)(?+?DB3A3*)?+&+7;$3(6?+?�7;&)?+(FbH . =3= ?�A3$ = A,(�B,A3* = (6$ &+:�&+23(�? ��79&)1�237;$3OmE,*+:M1(?)?+:5*)?_ ��2'A,?�&)23(�h-V � h-X �
(?)?+($M&+7;.4F9F;T = :M(?�$3:]1�23.5*).51&)(*+7;8.4&+7;:5$@:0H �^$3(��%O5*+.47;$3( = &+*).0/�1�B3A3*)?+&+7;$3(6?+?_

X
�
($�7bH`:5$3(N1:4A3F = :5B3&).57;$ �`$,(*�O5*+.47;$3( = B3A3*+?)&+7;$3(?)?SC�(6.5?+A,*+(?6f ��7;&+23:4A3& = (6&+.57;F;( = E3.51/�4(&�&+*+.41(?S.4$ = ?)&+.5&)(��

B3.4?+( = .5$3.4F9TM?)79? 79& � :4A3F = B^(-7;C�E^:5?)?+7;B3F;(N&+:�.5&+&)*+7;B3A3&)(�O57
�
(6$]B3A3*+?)&+?�&):	&+23(679*N?+:4A3*+16(?f^(0_ O3_;f ��2,(&+23(6* ��:4A3*N:0H o % f % % %

)`:���?�.4*+(	1.4A3?+7;$3O	� % � :0HS&+2,(	A3&+7;F;7;8.5&)7;:5$Gf*��7;&+2�&)23(	:5&)23(*�p5p5p8��1:5$,?+A3CD79$,O�&)23(	*+(6?+&_�VMA31�2�.5&)&+*)79B,A3&+7;:5$�*)(LMA37;*+(?
C�:4*+(�1:4C�E3*)(23($,?+7

�
(�1:4F9F;(16&+7;:5$D:0H�E3.413�4(&+?Q.5$ = ?+A3B,?+(LMA3($M&Q.5$3.4F9TM?)79? :0HK&)23(�B3A3*)?+&+7;$3(6?+?	Z (0_ O3_;fME3.51/�5(6&�79$M&)(*+.4*+*+7

�
.4F

&+7;CD( [Q1 2,.5*+.41&+(6*+7;?+&)7916? ��7;&+2,79$�7;$ = 7
�
7 = A3.5F )`:���? &+23.4&	1:5$M&)*+7;B3A3&)(]&+:�&)23(6� :4*��MF;:5. = _�R�*): �`F;(?	:JH-7;$ = 7

�
7 = A3.5F )`:���?f

��23(&)23(*�B3.4?+( = :4$�.5E,E3F;7916.5&+7;:4$3?fM($ = 23:4?+&+?6f3:5*N?+:4C�(�:5&)23(* = (6?+7;*+( = )`:�� O5*+.4$MA3F;.5*+7;&%T4f51.4$�.5F;?):�7;$ = 7;1.4&+(Q&+*+(6$ = ?�7;$
A3?)(* = (6C�.5$ = &+2,.5&���7;F;F`7;$ )`A,($31(	*):5A3&)(*f^B3.5$ = ��7 = &+2Gf3.4$ = &+:4E`:4F9:4O5T]*)(LMA37;*+(CD($M&+?_

��� ����� � �����"% �
��2,( ?)&+.4&+7;?+&)7916?-1:4F9F;(16&+7;:5$�?+:JHI&��N.5*+(�:4$�&)23( �	o	h-V � hQX � B,.51/�MB`:4$3(	?+A,E3E`:4*+&)( = &+2,(	1:5F;F;(1&)7;:5$�:JHSE3.51/�5(6&

?+7;8( = 7;?+&)*+7;B3A3&)79:4$3?�:0H-&+*).0/�1]E3.4?+?)79$,Om&)23*+:4A3O52 (.41�2 $3: = (0fNB3A3& = A3*)79$,O�&+23(DA3E3O4*+. = (�&+:@&+23( �4��B3.41/�'B^:5$,( < hQV
($3O47;$3((*)? *)(C�:

�
( = &+237;?�H A3$31&)79:4$3.5F;7;&%T�?+7;$31(Q&+23(6T�HI:5A3$ = F;7;&+&)F9(�A,?+(NHI:4*S7;&S&+:  A3?+&)7 H T	&+23(Q*+(?):5A3*)1(?�7;&S*)(LMA37;*+( = _ � $3(

1.4$ ?+&+7;F;FS:4B3&+.479$�*+:4A3O52�7;$ = 7;1.4&+:5*)?	:0H�E3.0TMF;:5. = A3?+7;$3O@&+23(]*).5&+7;:�:0H�BMTM&+(?�&+:�E3.413�4(&+?�7;$M&+:�.5$ = :4A3&�:0H�(.51�2 $3: = (
5:�)A*����������EHG
�&"$������� � E �
E 5�9��.���������&�������$�����%��$�;��� 9�%����*������������'7��A*�����)%��$�����*"&����'M�*�$�46M����8��-3�	J5:�)�������*����A*�.��("&��� �*<�3��.����� ����������������"
"�A*���.��"$���.����=$�������&�1E
�.� 

3�����A*�.�7���&�0���%��7��� 	(G�
 	 � � �4�.����"�%��
"$��%���4,!��9�9:�$���1�� � %���� , �� ��� ��B 5)(&D�B ���&D4E



�8�

.5O4O5*)(O5.4&+( = (
�
(*)T �3H &+(($�CD79$MA3&)(?_ ��23(?)( = .5&).�?)23:�� = .479F;T�1TM1F;(?���237;1�2�.4*+(�1:5CDE3.5&)7;B3F;( ��7;&+2D&+23(�2MTME`:4&+23(6?+7;?�:0H

B3A3F �Q&+*+.4$3?%H (*�.4E3E3F;7;1.5&)79:4$3?fqA3?+7;$3O�F;.4*+O5(6*GE3.51/�5(6&�?+7;8(6?f57;$M&+($,?+7bHITM7;$3O = A3*+7;$3O�&)23(S:0a �%E`(.8�-23:4A3*+?6f0:5*�16:5*+*)(?+E^:5$ = 7;$3O5F;T4f
&+2,.5&�7;$'&)(*+.41&+7

�
(�&)*+.0/�1JfkO4($3(*).5F;F;T�1 2,.5*+.41&+(6*+7;8( = B'T�?)C�.5F;F;(*�E3.41/�5(&�?+7;8(6?f = *+:4E3?�:0a = A3*+7;$3O�:Ja �%E`(6. ��23:5A,*+?_�#%$

&+2,(-F;:5$3O4(*S&)(*+C@f'?)A31�2�.5?NC�:4$M&+23F;T�.
�
(*).5O4(? :

�
(*N&+23(QF9.4?+&�H ( � T5(6.5*+?6f3&+23(6*+(-7;?N$3:	E3.4*+&)7916A3F;.5*S&)*+($ = 7;$]E3.413�4(&N?+7;8(0_

��� ����� (#���� � ���,"%$&$�� $&	 ���&��"%�
��2,(	7;$31*+(6.5?+7;$3O = 7

�
(*)?+7;&%T�:JHS#%$'&)(*+$,(&�.5E3E3F;7;1.4&+7;:5$3?�E,*+(?)($M&+?�.5$3:4&+23(6* = 7b/�1A3F;&%TD79$�1�23.4*+.516&+(*)798679$,O�F;:5$3O��

&+(6*+C�&+*+.J/�1-&)*+($ = ?-:5$D&+23(	hQV � h-X ��_ ��:��N(
�
(*�.4F;&+23:4A3O52]&)23( = 7

�
(*)?+7;&%T]C�.8�5(?N&+*).51/�M79$,O�&)23(�&+*+.J/�1-1*):5?)? �%?+(1&)7;:5$

C�:4*+( = 7b/�1A3F;&f�7;&�.5F;?+:�CD. �4(?�79&�CD:5*+(�7;C�E^:5*)&+.5$M&6_ < ?�$3( � .5E,E3F;7916.5&+7;:4$3?�:0HI&)($ = (CD.5$ =�= 7bak(6*+($M&fS.4$ = 237;O52,(*f
E^(*%HI:4*+CD.5$31( *+(LMA37;*+(6C�($M&+?6f'.4?+?)(?+?)C�($M&�:0H`&)23(N&%T'E^(N.5$ = ?+1:4E`(N:0H^&+23(�*).5$3O4(S:0H`.4E3E3F;7;1.5&)7;:5$3?e:5$	&)23(�7;$MHI*+.4?+&)*+A31&)A3*+(
��7;F;F�B^(]1*+7;&+7;1.4F�&+:�$,(&�� :4*���?)(*

�
7;1(]E3F;.4$3$37;$3O3_	#%$@&+237;?�?+(16&+7;:5$ �N( = (?+1*)7;B`(]23:��>&)23(]#+R .4*+1�237;&+(16&+A3*)(�F;7;C�7;&+?N&+23(

.5B,79F;7;&%T�&+:].5&)&+*)79B,A3&+(�&+*).0/�1�BMT�.4E3E3F;7;1.5&)79:4$G_
� :5?+& .5E3E3F;7;1.4&+7;:5$3? :5$]&+2,(-h-V � h-X � .5*)(-B3A37;F;&�:5$]&):5E]:0H�&)23( ��*+.4$3?+CD79?)?+7;:5$]UN:5$M&)*+:5F^R�*+:4&+:M1:5FeZ �-U�R [S:4*

&+2,( ��?)(*-PQ.5&).5O5*).5C R�*):5&+:M1:4F�Z �QP R [�_`g :5&+2 �-U�R .4$ = �-P�R E,.51/�5(&)?�A3?+(�E^:5*)& $MA3C]B^(*+? &+:�7 = ($M&+7bHIT�&+23(�#%$M&+(*)$3(&
.5E,E3F;7916.5&+7;:4$�&)23.5&S(6.51�2�E3.41/�5(&N?+A3E,E`:4*+&+?6_ X�.41�2 �-U�R�:5* �-P�R 23(6. = (*N23.4? &��N:�o ' � B,79& �`(6F = ? &):	7 = ($M&+7bHIT�&+23(Q?+:4A3*+1(
.5$ =m= (6?+&+7;$3.4&+7;:5$ ()
����� :0H�&+2,(]E3.51/�5(6&_ � *+7;O57;$3.4F9F;T4f`&)23(]#%$M&+(*)$3(& < ?+?)7;O5$3( = h A3C]B^(*+? < A,&+23:4*+7;&%T ZI# < h < [�f�.5&�#+VM#
ZI#%$ HI:5*)C�.5&)7;:5$mVM1679(6$31(?D#%$3?+&)79&)A3&+(Jf ��$,7

�
(*+?)7;&%Tm:JH VM:5A3&)23(*)$ UN.4F;7 H :5*+$,79.M[�f�:4$ B`(623.5FbH-:0H P < nQR < f�. = C�7;$37;?+&)(*+( = .

?+E,.51(Q:0H o�&): � �8�-.4?S&+2,(-O5*):5A3E]:JHkE^:5*)& $MA3C]B^(*)?S.5?)?+7;O5$3( = &+:	?)E`(167 �^1 .4E3E3F;7;1.5&)7;:5$3?6_ � :4*S(/�3.5CDE3F;(0f � � � + ��� *+(61(7
�
( =

E^:5*+&N.5?)?+7;O5$,C�($M& � � � "4p � _ ��:�:5E^($�. � � � + ��� 1:4$3$3(16&+7;:5$D&+:	.	*)(C�:4&+(�CD.51�237;$3(0f0&+2,(-E3.413�4(&N1.5*)*+7;(?N&+23( = (?+&)7;$3.5&)79:4$
#+R . =3= *)(?+?�:0HN&+23.4& CD.51�237;$3(	7;$�7;&+? = (?)&+7;$3.5&)7;:5$�#+R . =3= *+(6?+? �`(F = f�.4$ = &)23(

�
.5F;A3( :0H4� �]7;$�&+23( = (?+&)79$,.5&+7;:4$mE^:5*)&

�`(F = _ � �
PQA3*)7;$3O	&+2,(�(.5*)F9T�T5(6.5*+?N:0HG&+2,( �-U�R0/J#+R � B,.5?+( = #%$M&+(*)$3(&6f3E3.5*)&+7;1A3F;.5*)F;T�7;$�&+23(Q(.5*)F9T�(7;O52M&)79(6?f ��$37 � = (

�
(6F �

:5E^(*)?-7;$  (16&+( = .�B37;&�:0H�.5$3.4*+1�2MT�7;$M&+:�&+23( # < h < ?)TM?+&+(6C+��23($�&+23(6T�A,$37;F9.4&+(*).5F;F;T�B^(O4.5$�A3?+7;$3O]$MA3C]B^(*)?�B`(&��N(($
�3o&��.5$ = o % �Jr]&+:D7 = ($M&+7bHIT�?)E`(617 �`1�.4E3E3F;7;1.5&)7;:5$3?6_ � :4*�(/�3.5CDE3F;(0f`&)23(T�A3?+( = E^:5*)&��3o&��HI:4*�*+F;:5O47;$G_-X

�
($M&)A3.5F;F;T�$3(& �

�N:5*��@A3?+(*)?]?+&).5*+&)( = &):�A3?+(D$'A,C]B`(*)?�.5B^:
�
(�o %8�0r�&+:�?)E`(167 H T C�:5*)(	?+(6*

�
7;1(?fN(/�3&+($ = 7;$3O�&+2,(�F;.51/��:JH 1:4C�C]A3$,79&%T

1:M:5* = 7;$3.5&)7;:5$G_N#%$�l5A3F;T o p4p � � "5p �%f`&)23(	# < h < (/�3&)($ = ( = &+2,(�*).5$3O4( :JHSE`:4*+&-.4?+?)79O4$3C�(6$'&)?�&+23(6T�CD.5$3.4O5(Q&+: % � o&% �8�M_
< &�&+2,79?�&)7;C�(0fM&+23(6T�.5F;?):�B^(O5.4$�&+:�&+*+.41/��.]?+(6F9(61&+( = ?+(&Q:0HK*)(O57;?)&+(*)( = E^:5*+&)?4��7;&+2,79$D&+23(]o&% �0r�� '8� �8� �Q*+.4$3O5(0_N# < h <
= :M(?�$3:4&-.5&)&+(CDE3&�&+:�1:4$M&+*+:4F�&)23(�.4?+?)79O4$3C�(6$'&)?-:JH &)23(?)(]E`:4*+&+? 4�&+2,(T�:5$,F9TD*+(O47;?+&+(6* E^:5*)&�A3?+.4O5(�.5?-.D1:5$

�
($37;($31(

&+:]&)23(	1:4C�C]A3$,79&%T � "4p �%_ � 7;O4A3*+( � _ p	E3*)(?+(6$'&)?�.]?+1�23(CD.5&+7;1�:0HS&)23(�E`:4*+&-$MA3C]B^(*N1.5&)(O5:4*+7;(?Q.5?4�N(�23.
�
( = 7;?)1A3?+?)( =

&+2,(C�_
��2,(?+(�E^:5*+& $'A,C]B`(*)?S.5*)(-&)23(-:4$3F;T	C�(1�23.4$37;?+CY&+23*):5A3O426��237;1 2D&+23(-hQV � h-X � 1.5$DC�:5$,79&):5*e?+&+.4&+7;?+&)7;1? :4$

&+2,(�.5O5O4*+(O4.5&)( =�= 79?)&+*)79B,A3&+7;:5$ :0H`.4E3E3F;7;1.5&)79:4$3?�:4$�&)23(NB3.51/�MB`:4$3(0_ VME^(17 �`16.5F;F;T5f ��(*)7;&�ZI.4$ = $3:�� < h-V,[�16:5F;F;(1&+? E`:4*+& �
B3.4?+( = 7;$MHI:5*)C�.4&+7;:5$]7;$�&)23(	*+.4$3O5(6? % � o&% �8�Mf �8%0rMpDZ HI:4* h � V3[ .5$ = ' % %8% ��' %8% � Z HI:4* � ����7;$ = :�� &+*).0/�1 [ _ ��(6*+7;& / < h-V
1.4&+(O4:5*+7;8(6?-E3.413�4(&+?�7;$M&+:�&+2,(?+(	E^:5*)&+?�7bH�(7;&+2,(*-&)23(�?+:5A,*+1(�:5* = (?+&)79$,.5&+7;:4$�E^:5*+&�7;$D.�O47

�
($�E,.51/�5(&�CD.5&)1 2,(? :4$3(�:0H

&+2,(?+(�$MA3C]B`(6*+?_���:��N(
�
(*6fG(

�
($���7;&+237;$�&+2,79?Q*+.4$3O5(0fG$3:4&-.4F9FeE`:4*+&)? 2,.

�
(�. �M$3:���$�.4?+?)79O4$3C�(6$'&6_-VM:]E3.51/�4(&+?�A3?)79$,O

A3$ = (��`$3( = E`:4*+&+?QO5:�7;$'&):�&)23( ��+��+ 
 � + E`:4*+&�1.4&+(O4:5*)T � " % �%_
� 7;O5A,*+( � _ o&%NA3?+(6?K&)237;? = .4&+.�&):-1F;.5?)?+7bHITQ&+23(NE3*+:4E`:4*+&)79:4$�:0H`E3.41/�5(&e&+*+.J/�1S:5$ &+23(S$,(&�� :4*���BMT�1.5&)(O5:4*+T�?+7;$31(

< A,O5A3?)&�o p8"5p f'B3.4?+( = :5$�1.5&)(O5:4*+7;(?Q79$�A3?)(	BMT�&)23(�h-V � hQX � B3.51/�MB`:4$3(	?)(*
�
7;1(�E3*+:

�
7 = (*6_ ��23(?)( �`O4A3*+(?Q7;$ = 7;1.5&)(

.5$ 7;$316*+(.4?+7;$3O = 7
�
(*)?+7;&%T 7;$ &+23(D1*+:4?+? �%?+(61&+7;:5$ :JH h-V � h-X � &)*+.0/�1JfS.5$ = . = (1*)(.5?)7;$3O *+(F;7;.5$,1(�:4$ 1:5$

�
(6$'&)7;:5$3.4F

E3*):5&+:M1:4F;? ?)A31�2m.4? ��� � + ��� f 	���( f ������( f�*)(F;.5&)7
�
(	&+:�&)23(�:

�
(*+.4F;FK$,(&�� :4*���&)*+.J/�10_ � � ��23(�1.4&+(O4:5*+7;(? 79$@&+23(?)( �`O5A,*+(?

1:4*+*+(6?+E^:5$ = &):3c
1 �`F;( ( � 1�23.4$3O5(Jc 	�� (�� ����� .4$ = 	���( ��
+,�.��
 � Z �-U�R E`:4*+&)?�� % f �3oq[
1 C�.57;F c ������( f +)+,� ( f � � � ( f ��� ��( Z �-U�R E^:5*)&+?4�8�Mf�o5oqpMf�o&� �Mf �Jr %4[
1 79$M&)(*+.41&+7 � (Jc ��� � + ��� f %"+ ���� f � � �)
 f � � 
)6��+ Z �-U�R E`:4*+&+?�� � f �5pMf �,o � f �QP R E^:5*)&4�3o �4[
1 $3.5CD(�F9:M:8�'A,E / � �3� cGZ �-P�R E`:4*+&��8�Mf �-U�R E^:5*+&4�8�5[
1 :5&+2,(* �-U�R0/ �QP�R ?)(* �

7;1(?6c�.5F;F �-U�R0/ �QP�R E^:5*)&+?�$3:4&�7;$31F;A = ( = .4B`:
�
(�Z (0_ O3_ ����� f � � � � f 5 � � ��+(� 
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�
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�
(	1.5&)(O5:4*+7;(?Q:0H �-U�R / �-P�R E^:5*+&�$MA3C]B^(*)?

1 $3:5$ � �-U�R0/ �-P�R ?)(* �
7;1(?6c #%$M&)(*+$3(6&-E3*):5&+:M1:4F;?�:5&+2,(*-&)23.5$ �-U�R :5* �QP R Z (0_ O3_S#+U ��Ref3#+d �@Ref`XSd	Ref*� ��Ref

(&+10_ [
� :5*+( = (&).57;F;( = = 7;?+&)*+7;B3A3&)79:4$ :0H�&+*).0/�1]BMTmE^:5*)&�:4$ &+23(�h-V � hQX � B3.413�MB^:5$3(]7;?	.

�
.47;F9.4B3F;(

�
7;.�HI&+E�H *+:5C

��� ��� � ����� �����^f0.5$ = ?)23:���?S?+:4C�( = (6&+.57;F;?S*)(O5.4* = 7;$3O	&)23(�O5*):���7;$3O	*+.4$3O5(�:JH�.5E3E,F97;1.4&+7;:5$,?_KVM( �
(*).5F^#%$'&)(*+$,(&�*+(?):5A3*)1(

= 7;?+16:
�
(*)Tm?)(*

�
7;1(?�Z (0_ O3_;f � ����� f ����� �
�(��)��� f ()��
� ()����
 f � 
�� ���*� � p8% � [Q23.

�
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&+*).0/�1
�
:5F;A3CD(-?+7;$316(	&+23(679* = (E3F;:0TMC�(6$'&6_ � &+2,(*�.5E3E3F;7;1.4&+7;:5$3?�2,.

�
(�.5F;?+:]O4.57;$3( = .DO5*+(6.5&+(6*-E3*):5E^:5*+&)7;:5$�:JH $,(&�� :4*��

B3.4$ = ��7 = &+2 c�(0_ O3_;f ���>� ZIC]A,F9&)7 � A3?)(* = :5CD.57;$`[ f�. = 79?)&+*)79B,A3&+( = (F;(1&)*+:5$,791�*):5F;(�E3F;.0TM7;$3O�($
�
79*):5$3CD($M&�4 5�� � � +(� 
 � � f

HI:4* *)(C�:4&+(	O4*+.4E3237;1.5F = 7;?)E3F;.0T'?Q.51*):5?)?	&+23(]$,(&�� :4*��54�.4$ = CD:5*)(	*+(16($M&+F;T5f�*+(6.5F � &)7;C�(�.5E3E,F97;1.4&+7;:5$,?-?+A,1 2 .4?�E3.51/�5(6&
�
7 = (:�.4$ = .5A = 79:,_ � .5$MTm:JH-&+23(6?+(�.4E3E3F;7;1.5&)7;:5$3?	A,?+(�C]A,F9&)7;E3F;( �-U�R0/ �QP�R E`:4*+&�$'A,C]B`(*)?f ��237;1�2 :0HI&)($ .5*)(�$3:4&
1($M&)*+.5F;F;T 16:':4* = 7;$3.4&+( = .5$ = &+2,(*+(�H :5*+(�A3$*�M$3:���$ &): .5$MT5:4$3(�B3A3&]&+2,(�($ = ?)7;&+(?DA3?+7;$3O &)23(C�_ V A31�2 &+*).0/�1�7;?].
?+A,B3?+(&]:JH-&+23( 
����)��� �����=��*����� 1.4&+(O4:5*)T 79$ �^O5A3*)( �M_ o&%Mf�.4$ = . =3= 1:5CDE3F;(/�37;&%T�&):�&+2,(�&+.4?�� :JH #%$M&+(6*+$3(&6�N:5* �MF9:4. =
1�23.5*).51&)(*+7;8.4&+7;:5$ _ ��23(�$MA3C]B`(6*K.4$ = &+*).0/�1

�
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�
(6*
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�
7;*+:4$3C�(6$'&6f`.4$ = . = 7;C�7;$37;?+2,79$,O�.4B37;F97;&%TD&+:�.5?)?+(?)?	&+23(

7;C�E3.41&S:JH 7;$ = 7
�
7 = A3.4F`$,( � .4E3E3F;7;1.5&)7;:5$3? = A3(�&+:]&)23(7;*�A3?)(	:0H�$3:5$ �%?+&).5$ = .5* = 7986( = E^:5*+&�$MA3C]B^(*)?_

PQA3*)7;$3O o p5p8�Mf < hQV = (E3F;:0T5( = ?+:0H &�� .4*+(�HI:4*	&+23(�hQV � h-X � ?+(*
�
7;1(D&+23.4&	.5F;F;:��N( = CD:5*)(�)`( � 7;B37;F;7;&%T	��79&)2

&+2,(�E`:4*+& = 7;?+&)*+7;B3A3&)7;:5$ .5?)?+(?)?+C�(6$'&)?f�&+23:4A3O52 &+23(�7;$32,(*+($M& = 7b/�1A3F;&%T ��79&)2 &+23(�#%$M&+(*)$3(&�C�: = (F�:JH	.5E3E3F;7;1.4&+7;:5$
.5&)&+*)79B,A3&+7;:5$ *+(CD.57;$3?6_ ��23(�*+(16($M&+F;T (?+&).5B3F;7;?+23( = #%$M&)(* h #+U CD.0Tm.4F9?):m.4F;F9:�� O4*+(.4&+(* )`( � 7;B37;F;7;&%Tm7;$ C�.57;$M&+.47;$37;$3O
.5161A3*+.4&+( = .4&+.5B,.5?+(6?�:0HK$,(&�� :4*��]$MA3C]B^(*N.5$ = &+*+.J/�1-&%TME^( ?)&+.4&+7;?+&)7916?_ UN:4$31(*)&+( = .4&+&+(6$'&)7;:5$�&):�?)A31�2�.51&)7

�
7;&+7;(? ��7;F;F

23(F;E@HI:5?)&+(*�.4$m#%$M&+(6*+$3(& ($
�
7;*):5$3CD($M&4��23(*)(]$3(&��N:5* ��E3F;.5$3$,79$,O].5$ = &+*).0/�1 HI:5*)(1.5?)&+7;$3O�1.4$m*)(F;T�:5$�CD:5*)(	&+23.4$

&+2,( &)*+. = 7;&+7;:5$3.4FG&+*).0/�1�1:5A,$'&)(*+?QA3?+( = 7;$�&+2,(	E3.5?)&_
��2,(m7;?+?)A3( :0H�A3$*�M$3:���$ .4E3E3F;7;1.5&)79:4$3?�7;?�$3:4&�BMT 7;&+?)(FbH�.5? = 7;?+&)A3*+B,79$,O .4?�&)23( = *+.4C�.4&+7;1.5F;F;T 1�23.5$,O57;$3O

$3.4&+A3*)(�:JH &)23(�$3( ��F;T�79$M&)*+: = A31( = &)*+.0/�1J_ ��23(�*+(1(6$'& = (E3F;:0TMC�($M&N:0H CD:5*)(���7 = (6?+E3*)(. = E3.51/�4(&
�
7 = (:D.5$ = .4A = 7;:

.5E,E3F;7916.5&+7;:4$3? B^: = (?�:5CD7;$3:5A3?)F;T	HI:4*�.5$�7;$MHI*).5?+&)*+A316&+A3*)(	&+23.4&-7;?�$3:4&�.5B3F;(	&):]E3*+(�H (*+($M&)79.4F;F9T = (.4F ��7;&+2�1(*)&+.479$@&%T'E^(?
:0H�&+*).0/�10_ g :523$ ��� � �

�

� p,o �KE3*):5E^:5?)( .]?)1�23(C�(�&)23.5&�B^(O57;$3?�&):]. =3= *+(?)?-&+2,(	7;?+?+A,(0_

��� ����� �#��" � /���"
	+�����0.
UNA,*+*+(6$'&)F;T�1:4F9F;(16&+( = :5E^(*).5&+7;:4$3.5F^?+&).5&+7;?)&+7;1?�7;$�CD:5?+& ($

�
7;*):5$3CD($M&+? = :�$,:5&NT'7;(F = ?)79O4$37 �`1.4$'&N7;$3?+7;O42'&N7;$M&+:

&+2,( ?)&+*)A31&+A,*+(�:0HK7;$ = 7
�
7 = A3.4F`&)*+.J/�1�)`:���?6_ V3h ��R ��#+g ?-&%TME37;1.4F;F9T�1:4$3?+7;?+&�:JHK?)79CDE3F;(�7;$'&)(*%H .51(	16:5A3$M&+(6*+?-:4* ?)&+.4&+A3?

�
.5*)7;.5B3F;(? 4K&)23(*+(D7;?	$3:�1A,*+*+(6$'&)F;T = (��`$3( = E3A3B,F97;1F;T�.

�
.47;F9.4B3F;( ��#+g HI:5*�7;$3?+E^(1&)7;$3Om.4C]B37;($M&�)`:��Y*+(?)(*

�
.4&+7;:5$,?�:4*
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� 7;O5A3*)( � _ o %Mc�E3*):5E^:5*+&)7;:5$�:JHSE3.51/�5(6&+?�:0aG(*)( = 7;$M&+:�h-V � hQX � B3.51/�MB`:4$3(�BMT�.5E,E3F;7916.5&+7;:4$�1.4&+(O4:5*+7;(?
���������	� 
���������� �������������3��! � #&% 
�()��������*
�+)��-

?+&).5&)79?)&+7;1?6_ � &+23(* . =
�
.4$31( = ?)&+.5&)7;?+&+7;1? 1:5F;F;(1&)79:4$m&):M:5F;?�1A3?+&):5C � = (6?+7;O5$3( = HI:4*�&+*+.J/�1�1�23.4*+.41&+(*)7;8.5&)79:4$ � �3o �%f�?+A,1 2

.5? &+23.4&�A3?)( = :4$ &+23(�h-V � hQX � � � � �%f�?+&+7;F;FN1F;.5?+?)7bHITm&)*+.J/�1]B3.5?)( = :4$ 79$ HI:5*)C�.5&)7;:5$�HI:4A3$ = (.51�2 E3.51/�5(6&�23(6. = (*�7;$
7;?+:4F9.4&+7;:5$ _ ��23(6T�C�.47;$'&).57;$�$3:]?+&).5&+( � B3.4?+( = 79$ HI:5*)C�.5&)7;:5$�*+(O4.5* = 79$,O]79$ = 7

�
7 = A,.5F )`:���?�?+A31�2�.5?�&)23(7;*-E,.51/�5(&

�
:5F;A3CD(

:5* = A3*+.4&+7;:5$G_
��2,( F;.51/��:0H3:4E`(*).5&)79:4$3.5FM?)&+.5&)7;?+&+7;1?�&):-?+A,E3E`:4*+& )`:�� .4?+?+(6?+?+CD($M&�&+.5? �M?KF;( = A3?�&+: = ( = 7;1.5&)( .4$	7;$

�
(?)&+7;O5.4&+7;:5$

:0H�)^:�� .5?)?+(?)?+CD($M&�7;$ &+2,(�F;.5&)&+(*�23.5FbH�:0H�&+23(D&+23(6?+7;?f ��79&)2 UN23.5E,&+(*6'DHI:M1A3?)7;$3O�?+E^(17 �`16.5F;F;Tm:4$ 79$ = 7
�
7 = A,.5F )`:��

C�(6&+*+7;1?6_

��� ����� � .%. ��	�.����	 
 "��� 	 � � ����$
< ?���7;&+2�7;$ = 7

�
7 = A3.5F )`:��YC�(&)*+7;1?f�.5O4O5*)(O5.4&+( )`:��YC�(&)*+7;1?�*+(LMA37;*)(�1:4F9F;(16&+7;:5$�:0H = .5&).�&+23.4&	$3:	�M$3:���$

��7 = (��%.5*)(.�$3(&��N:5* �M?	1A3*)*+($M&+F;T�?+A3E,E`:4*+&_�VMA31�2 CD(&+*)7916?	7;$31F;A = (�&+23(]$MA3C]B^(*�:0H�?+7;C]A3F;&).5$3(:4A3?+F;T�.516&+7
�
(�)`:���?	:4*

&+2,(�$MA3C]B^(*	:0H-$,( ��)`:���?�E`(6*�A3$,79&�:0H-&)7;C�(0_ 1 (6��7;F;FS1:
�
(*�.4O5O4*+(O4.5&+( )`:�� C�(&)*+7;1?�7;$ UN23.5E3&)(*6�M_ 1 (]B,.5?+(

:5A,*4)^:��>.5?+?)(?+?)C�($M&)?	:5$�16:5C�E,*+(23(6$3?+7
�
(6F9T�1:4F;F9(61&+( = E,.51/�5(&�&)*+.516(?	:0HN*+(F;.5&)7

�
(F;T�?+23:4*+& = A3*).5&)79:4$G_ � E^(*).5&+:4*+?�:0H

#%$M&+(*)$3(&	16:5C�E^:5$,($M&+?-CD.0T �`$ = 7;&-. =
�
.5$M&).5O5(6:5A3?Q&+:�7;C�E3F;(CD($M& . )`:�� .4?+?+(6?+?+CD($M&QHI.517;F;7;&%T�?)A31�2 .5?-&)23(]:5$,( �N(

23.
�
( = (

�
(F;:5E^( = f HI:5*�(7;&+23(6*]1:5$M&+7;$MA3:4A3?�:4*�E^(*)79: = 7;1D&+*+.J/�1�CD:5$37;&+:4*+7;$3O�:5$ .�?+&).5&)79?)&+7;1?]E3*):M1(?+?):5*D:5*�.m*):5A3&)(*_

h�(6&�� :4*�� ?)(*
�
7;1(�E,*+:

�
7 = (*+?�1:4A3F = &)23($ C�.47;$'&).57;$�&+23(�*+(6?+A3F;&+7;$3O )`:�� 7;$MH :5*+CD.5&)79:4$m:4$ F;:M1.5F�*):5A3&)(*+?6f�.5$ = (

�
($

.5F;F;:�� .5116(?+?�&+:]?)A31�2�79$ HI:5*)C�.5&)7;:5$Gf5:4*�?+A3CDC�.4*+7;(?�&+23(6*+(:JH+f
�
7;.]V3h �@R .4$ = .�?)E`(617;.5F )^:�� ��#+g _

��� ����� � � 	�����"%� � 	��%� ��)+ �������	 � ��$ �&����$
� E^(*+.4&+7;:5$,.5F�?)&+.4&+7;?+&)7916?�HI:4*���7 = (�� .4*+(.]7;$MH *+.5?)&+*)A31&+A,*+(?�E3*):

�
7 = (�F;7;&+&)F9(Q7;$MHI:5*)C�.4&+7;:5$�*+(O4.5* = 7;$3O]23:�� &+*+.J/�1

1�23.5*).51&)(*+7;?)&+7;1? = 7bak(6* .4& = 7bak(6*+($M&�F;:'16.5&+7;:4$3?�7;$�&)23(	#%$M&+(6*+$3(&6fGHI:4*�(/�3.5C�E,F9(�.4& = 7bak(*)($M&�F9.0T4(*+?Q:0H �`O4A3*+( � _ o0_ � $3(
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1:4A3F = �`F;&+(*�:4A3&�.5$ = 7;$
�
(?+&)7;O5.5&)(	.�?)A3B3?)(&	:0HN&+23(�hQV � h-X �Y&+*+.J/�1�?)&+.4&+7;?+&)7916? &)23.5&�*)(/)`(1& .�?)E`(617 �`1]1:5CDE`:4$3($M&

:0H�&+23(�237;(*).5*)1 2MTD&+:�(/�3E3F;:5*+(�&)23(�79CDE3.516&S:0H�?+E^(17 �`1	*)(O57;:5$,.5F^$3(&��N:5*��^f^:5*N. = CD79$,79?)&+*).5&+7
�
( = :4C�.479$,?fM:5*N79$ = 7

�
7 = A,.5F

$3(&��N:5* ��$MA3C]B^(*+?6_
� $3(N1:4A3F = (

�
($�A3?+( &+23(NC�(&)23: = :5F;:4O5T � ( = (?+1*)7;B`(�7;$	UN23.5E,&+(* �N&+:Q*+(E,F97;1.4&+( )^:��m.4?+?+(6?+?+CD($M&+?�.5&e?+&)*+.5&)(��

O57;1.4F;F9T]?)(F;(1&)( = C�(.4?+A3*)(C�(6$'&�F;:M1.4&+7;:5$3?NH :5*-.]CD:5*)( 16:5C�E,*+(23(6$3?+7
�
( 79CD.5O4(-:0HS&)*+.0/�1 )`:�� B^(23.

�
7;:5*Q&+23*):5A3O423:5A,&

&+2,(�#%$M&+(*)$3(&_Y#%$ = (( = f-&+23( HI( ��?+7;&+(?D&+23.4& �N(�?+(F;(1&)( = HI:5*]&)(?+&)79$,O :5A,*�C�(6&+23: = :4F9:4O5T�*+(
�
(.5FQ?+7;C�7;F;.5*)7;&+7;(?	.4$ =

= 7baG(*+($,1(?�.5CD:5$3O	16:5C�E^:5$,($M&+?_

�3-�� ��8�� � < �
��	=8��
#%$�&)237;?-1�23.5E,&+(*,� (�23.

�
( A,?+( = .5$ = (

�
.4F;A3.5&)( = &+23(	A,&+7;F;79&%T�:0HS:4E`(*).5&)79:4$3.5F;F;T]1:4F9F;(16&+( = ?)&+.4&+7;?+&)7916?-7;$�1 2,.5* �
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C]A3?)& &)*+.

�
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systematic:

stratified random:

simple random:

take first member of each of    buckets

take a random member out of each of    buckets

take    random members out of the whole set
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n
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	�� > �

PQ(
�
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&+2,($�&+:�.5?)?+(?)?�23:�� 1F;:5?)(	(.41 2�?).5C�E,F9(Q7;? &):]79&)?�E3.5*)($M&�E`:4E3A3F;.5&)7;:5$]H :5*�?+(
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B^:5&+2D?+TM?+&)(C�.4&+7;1-.4$ = ?+&)*+.4&+7 �`( = *+.4$ = :4C ?).5CDE3F;79$,O &)23(-B,A31/�5(&�?)7986(? = :	$3:4& $,(1(?)?+.5*)7;F9TD23.

�
(Q&+:	B^(�1:5$,?+&+.4$M&f3:5A,*
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�
(�.0HI&)(*�.�*).5$ = :4C�F;T�?).5CDE3F;( = &+7;CD(

�
.4F;A3(���7;F;FK&)($ = &+:�C�7;?)?�B3A3*+?)&%T

E^(*+7;: = ?���7;&+2]CD.5$MT	E3.413�4(&+?N:0H�*+(F;.4&+7
�
(F;T�?+CD.5F;FM79$M&)(*+.4*+*+7

�
.4F`&)79CD(?f4.5$ = &+2MA3?N&+($ = ?�&+:�?��5(�� &+23(Q&+*)A3(�79$M&)(*+.4*+*+7

�
.4F

= 7;?+&)*+7;B3A3&)7;:5$ &):�� .4* = &)23(�F9.4*+O4(*
�
.4F;A3(?_ n�($3(�� .4F�&+23(:4*+T E3*+:

�
7 = (?�. �N.0T &+:�1:4*+*+(61&]HI:4*�&)237;?�$,.5&+A,*+.5F�B,79.4?	7;$

&+7;CD(* �%B3.5?)( = ?).5CDE3F;79$,O :JHK.�E`:4E3A3F;.5&)7;:5$�16:5A3$M&+(6* �%B3.5?)( =�= 7;?+&)*+7;B3A3&)7;:5$ � pJr � f*��2,791�2 � (���7;F;F = 7;?)1A3?+?Q7;$�?+(61&+7;:5$�r,_ ' _ �M_
1 ( $3:5&)(S.5$	7;CDE3F;(C�($M&).5&+7;:4$ = (&+.47;F ��7;&+2	&)23(NF9.4?+&e&+7;C�(* � B,.5?+( = CD(&+2,: = f ?)7;C�E3F;(�*).5$ = :5C>&+7;CD(*G?+.4C�E3F;7;$3O3_

� :5*G&+2,79?e?+.4C�E3F;7;$3OSCD(&+23: = fq*+.4&+23(*e&+23.4$	23.
�
7;$3ON&+:-?)(F;(1& � ?+.5CDE3F;7;$3OS&+7;CD(?GA3$37bHI:4*+C�F;T = 7;?+&)*+7;B3A3&)( = &+2,*+:5A,O523:4A3&G&+23(

?+.4C�E3F;7;$3O�7;$M&+(*
�
.5F f �N(�&+.8�5(-. =

�
.5$M&).5O5(Q:0H�&)23(QHI.51&�&)23.5&N&+2,( = 79?)&+*)79B,A3&+7;:5$D:0HKRe:57;?)?+:5$�.4*+*+7

�
.4F9? 79$D.5$D79$M&)(*

�
.4F�Z %

�
� [

7;?SA3$37bHI:4*+C � p � �%_ 1 ( &)2MA3? 7;CDE3F;(C]($M&�:4A3*�?+7;C�E3F;(N*+.4$ = :5CY?+.4C�E3F;7;$3O�A3?)79$,O	(/�3E`:4$3($M&+7;.4F9F;T = 79?)&+*)79B,A3&+( = 7;$M&+(6*+?+.4C�E3F;(
&+7;CD(?���79&)2 C�(.4$m(6L'A,.5FN&+:�&)23(�CD(.5$�E3.51/�4(&�7;$M&+(6*+.5*)*+7

�
.5F &+7;C�(�C]A3F;&+7;E3F;7;( = BMT�&+23(D*+(17;E3*):M1.5F�:JH &)23(�?).5C�E,F97;$3O

HI.41&+:4*_ � A3*-CD(.5$@79$M&)(*+.4*+*+7
�
.4F�&+7;CD(��N.5?�� �8� �M_ ���G?)(1:5$ = ?f�?+: � ( = 7;?+&)*+7;B3A3&)( = :4A3*-?)7;C�E3F;(�*+.4$ = :5C 7;$M&+(6*+?+.4C�E3F;(

&+7;CD(? ( � E^:5$,($M&+7;.5F;F;T6��7;&+2�CD(.5$,?4� � �8� � ����Mf �8� �8� � ����r3f �8� � � � ���"Mf � �8� � � ���mo&'Mf �&� ��f � � �8� � ���� �8� '8"M_
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�
.4*+TM7;$3O�.�?+7;$3O4F;(]E3.5*).5C�(6&+(*�:5$�&+2,(]*+.5$,O5(]:0H�?+16:5*+(6?_ ��23(]:5B  (61&+7

�
(]7;?	&):�E3*+:

�
7 = (�.

HI*).5C�(�� :4*���HI:4* (
�
.5F;A3.5&)7;$3O���23.5&N1:5A,$'&N.5?NO5:M: = :5*NB3. = 1 �

�
.5F;A3(�?+16:5*+(6?f`.4$ = &+: = (CD:5$3?)&+*).5&+(Q:5A3*N.5$,.5F;TM?+7;?�HI:4*S&+23(

?+(6F9(61&+( = &+.4*+O4(&+?6_
#%$�:4A3* ?).5CDE3F;79$,O	?+7;C]A3F;.5&)7;:5$3? �N( A,?+(�.5$D(/�3E`:4$3($M&+7;.5F;F;T]7;$31*)(.5?)79$,O]&+7;C�(���7;$ = :�� *+(F;.5&)7

�
(-&):]&+23(�B^(O57;$ �

$37;$3O�:0HG&+2,(�23:5A3* � F;:4$3O-&)*+.516(0_ ��:-CD: = A3F;.5&)(SB`:4&+2]&)23(�&+7;C�( ��79$ = :���?�.5? �N(F;F3.5?�&)23(-?).5C�E,F97;$3O�7;$M&+(6*
�
.5F f��N(�.5F;?+:�*+.4$

?+.4C�E3F;(?Q.5&Q(/�3E`:4$3($M&+7;.5F;F;T = (1*)(.5?)7;$3O�?+.4C�E3F;7;$3O�HI*).51&)7;:5$3?6fk?)&+.4*+&+7;$3O�.4& (
�
(*)T�:5&)23(*	E3.41/�5(&6f�.5$ =@= (1*)(.5?)79$,O�&+23(

HI*).51&)79:4$ = :���$�&+:	:4$3(�7;$ � �Mf �8' "�E,.51/�5(&)?_ 1 (N&+23(6$�B37;$3$3( = &+23(Q79$M&)(*+.4*+*+7
�
.4F3&+7;C�( .5$ = E3.41/�5(&SF;($,O5&+2 = 79?)&+*)79B,A3&+7;:5$,?

HI:4*�A3?+(�7;$�:5A3*� �-B,.5?+( = ?+&).5&+7;?)&+7;1�1.5F;1A3F;.4&+7;:5$GfM.5?��N( = (?)1*+7;B^(�B^(F;:���_
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��.4B3F;(-r3_ � cS?+A3CDC�.5*)T	?+&).5&)79?)&+7;1? HI:5* = 7;?+&)*+7;B3A3&)79:4$�:JH E,.51/�5(&�?)7;8(?-.4$ = 7;$'&)(*+.4*+*)7
�
.4FG&+7;C�(6?

����� � ��� ����� ���������� ����� ����� ���� � ���!��� "��	� � ����$ �� ������%�81��9�3�%�� �4������� �
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9*��"�8-�&�1����0�)�����0��������%-���	��$�
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��� � 5 ��� ������� (�C��
��� 5 � � � 5�� � (

full population (phi = 0.000)
every 8th packet (phi = 0.004)
every 128th packet (phi = 0.017)
every 1024th packet (phi = 0.024)
every 8192nd packet (phi = 0.021)
every 32768th packet (phi = 0.226)
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< 41 bytes 41 - 180 bytes > 180 bytes

� 7;O5A3*)(�r3_ r3c = 7;?)&+*+7;B3A,&+7;:5$ :0H�E3.51/�5(6&�?)7;8(?DHI:5* �
�
(@?+.5CDE3F;(?].5& = 7bak(6*+($M&�O5*).5$MA3F;.5*)79&)7;(?�Z�o % �Jr ?+(16:5$ = 7;$'&)(*

�
.4F f

?+TM?)&+(CD.5&+7;1�?+.4C�E3F;7;$3OM[

��� ����� �*����$&	 ��	 ���&��"%�
UN.4F;1A3F;.5&)79:4$�:JHk&)23(#� ���%B3.4?+( = C�(&)*+7;1 &)23.5&N?+16:5*+(6?�:5A3*S7;$ = 7

�
7 = A3.4FM?+.5CDE3F;(?�*+(LMA37;*)(?�&+23(Q?+(F;(16&+7;:5$D:0HGB37;$3?f

:5*Q*+.4$3O5(?6f�7;$��237;1�2�&+:DO5*):5A3E�&)23( = .5&).�?+(6&+?_�#%$�&+2,79?�?)(1&+7;:4$ �N(	E3*)(?+($M&	&)23(�*+.5$,O5(?�&+2,.5&4�N(�A3?+( = HI:4*-:5A,*-&��N:
&+.4*+O4(&+?6fS.5$ = 237;?)&+:5O4*+.4C�?4��2,791�2 7;F;F;A3?+&)*+.5&)(]&+23( = 79?)&+*)79B,A3&+7;:5$,?	:

�
(* &+23(?)(�*).5$3O4(?_ ��.5B,F9(�r3_ �DE3*):

�
7 = (6?	?+A3CDC�.4*+T

?+&).5&)79?)&+7;1? HI:5*N&+23(iHIA3F;F`E^:5E,A3F;.5&+7;:4$]HI:4*�B`:4&+2�&+23(�E3.41/�5(&�?)7986(	.5$ = 7;$M&+(*).5*)*+7
�
.5FG&)79CD( = 7;?+&)*+7;B3A3&)79:4$3?_

����
����� � ! " � 
�! ���
��! � � ��!#���
��:�1:4C�E3.4*+(�&+23(]E3.41/�5(&	?)7;8( = 7;?+&)*+7;B3A3&)79:4$3?f�7 _ (0_;f�&+23(]$MA3C]B^(*�:0H�BMTM&+(?	E^(*	E,.51/�5(&6f � (�1:4C�E3.4*+( = &+23(

E3*):5E^:5*+&)7;:5$�:0H E3.41/�5(&)?���7;&+237;$�&)23(�HI:5F;F;:���7;$3O�&+23*)((�*).5$3O4(?]ZI7;$�BMTM&+(6? [�c�F;(?+?�&+2,.5$�r`o74eB`(&��N(($ r`o .5$ = o "8%�4�.4$ =
O5*)(.5&)(*]&+2,.5$ o "8%M_ 1 (�1�23:5?)(�&)23(?+(�B37;$3?�B3.4?+( = :5$ :4A3* �'$,:���F9( = O5(]:JH-&+23(�&%TME37;1.5FNE3.413�4(&�?+7;8( = 79?)&+*)79B,A3&+7;:5$ :0H
$3(&��N:5* � &+*+.J/�10_ 1 (�( � E^(*)79CD($M&+( = ��79&)2 B37;$ ?+7;8(?	��237;1�2 .5116:5A3$M&+( = HI:4*�.�HI.47;*+F;T F;.5*)O5(�$MA3C]B^(*]:0H�E,.51/�5(&)?f
.5$ = .4F9?):	��237;1 2 1�23.4*+.41&+(*)7;8(�1(6*+&+.47;$ E3*+:4&+:M1:5F;?6c < U�\-?6fS1�23.5*).51&)(*�(61 2,:5?f�&+*).5$3?).51&)7;:5$ �%:5*)79(6$'&)( = f�B3A3F ��&)*+.5$,?%HI(*6_
� 7;O5A3*)( r,_ r�1:4C�E3.4*+(?N&+2,( = 7;?+&)*+7;B3A3&)79:4$�:JH E,.51/�5(&�?)7;8(?-7;$M&+:�&+2,(?+(	B,79$,?�.5& �

�
( ?).5CDE3F;79$,O	O5*).5$MA3F;.5*)79&)7;(?_

����������������!������ ��!#��� 
 ! � ����! � � ��! ���
� :5*�&)23(�E3.41/�5(&	7;$M&+(6*+.5*)*+7

�
.5F�&)79CD( = 79?)&+*)79B,A3&+7;:5$ f � (]A,?+( = &)23(]HI:4F;F9:���7;$3O]B,79$,?�Z 7;$ �G?+(1 [ c]F9(6?+?	&)23.5$ "8% %

�G?�4^B`(6&�� ((6$ " %8%	.4$ = o4o p5p��G?�4^B`(6&�� ((6$ o �8% % .5$ = � �5p4p �G? 4`B^(&��N(($ �Jr % % .5$ = � �4p5p��G?�4^.5$ = O5*+(6.5&+(6*-&+2,.5$� '8% %
�G?_ 1 ( 1 2,:5?+(]&)23(?)(]B37;$3?-&):�.41�237;(

�
(	.�*)(F;.5&+7

�
(F;T�(

�
($ = 7;?+&)*+7;B3A3&)79:4$�:0H = .5&).�.5CD:5$3O�&+2,(C�_ � 79O4A3*+(�r3_ ��?)23:���?�.
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full population (phi = 0.000)
every 8th packet (phi = 0.005)
every 128th packet (phi = 0.018)
every 1024th packet (phi = 0.063)
every 8192nd packet (phi = .161)
every 32768th packet (phi = .429)
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< .8 ms .8-1.2 ms 1.2-2.4 ms 2.4-3.6 ms > 3.6 ms
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� 7;O5A3*)(�r,_ �Mc = 7;?)&+*+7;B3A,&+7;:5$ :0H�E3.51/�4(&]7;$'&)(*+.4*+*)7
�
.4F &)7;C�(? HI:5* �

�
(�?)TM?+&+(6C�.5&)7;1�?).5CDE3F;(?	.5& = 7 aG(*)($M&�O5*).5$MA3F;.5*)7;&+7;(?

Z o&% �Jr�?)(1:5$ = 7;$'&)(*
�
.4F [

237;?+&):5O4*+.5C :0H�?+(
�
(*+.4F ?).5CDE3F;(?�:0H�E3.51/�5(6&�7;$M&+(*).5*)*+7

�
.5F�&+7;CD(? = 7

�
7 = 7;$3OD&+23(6C 7;$M&+:�&)23(?+(D*+.4$3O5(?6_ ��23(]7;$31*)(.5?)79$,O

1 �
�
.5F;A3(	?)1:5*)(?�?)23:���$ 7;$m&)23(]F;(O5(6$ = *+(/)^(1&�&+23( = 7

�
(*+O4($31(D79$�&+2,(]?+.5CDE3F;(	.5161A3*+.41T .5?�&)23(]?+.4C�E3F;7;$3O�HI*).51&)79:4$

= (16*+(.4?+(?6_ 1 ( = 7;?+1A,?+?�&+2,(?+(	?)1:5*)(?-7;$ = (6&+.57;FG7;$]&+2,( $,(/�3&�?+(1&)7;:5$G_ ��.5B,F9(�r,_ �	?)A3C�CD.5*+7;8(6?K&)23(�E3.5*).5CD(&+(*)? :JH�&+23(
HIA3F;FG23:4A3*�E3.413�4(&�E^:5E3A3F;.4&+7;:5$GfM?+A,B  (1&�&+:�&+2,(	r %8%	CD7916*+:5?)(1:4$ = 1F;:M1/��O4*+.5$MA3F;.4*+7;&%T = (?)1*+7;B^( = 7;$D?+(1&)7;:5$�r,_ � _

��� ����� �� � /0������. � ������&��"%� ���� � 	���)+"��
� ?+7;$3O�&)23(?+(NB37;$3?G&):�B3.5?)(S:5A3*G?)1:5*)7;$3O3f��N(S7;$

�
(?+&)7;O5.5&)( = &+23(

�
.5*+7;.4&+7;:5$Q:0H'7;$ = 7

�
7 = A3.4F ?).5CDE3F;79$,OSE3.5*).5CD(&+(*)?_

��:�(/�3.5C�7;$3( &+23(�(�aG(1&�:JHk&)23(�?+.4C�E3F;7;$3ONHI*).51&)7;:5$Gf �N( �`*)?+&�HI:M1A,?+( = :5$�:5$3(�CD(&+23: = f4?+TM?+&)(C�.4&+7;1 ?).5CDE3F;79$,O3f .4$ = *+.4$
?+(

�
(*).5FG*+(6E3F;7916.5&+7;:4$3? :JHK&)237;?SC�(&)23: = .4&S.�*).5$3O4(-:JH�?+.5CDE3F;7;$3OQHI*+.41&+7;:5$,?_ ��:	.51�237;(

�
(-. ��7 = (*N*+.5$,O5(-:JH�*+(E,F97;1.4&+7;:5$,?

HI:4*-?+TM?)&+(CD.5&+7;1	?).5CDE3F;(?f � (
�
.4*+7;( = &)23(	E^:57;$M&4��7;&+2,79$�&)23( = .5&+.D?+(&�.4&4��237;1�2�&+:DB`(6O57;$�&+2,(�?).5C�E,F97;$3O�E3*):'16( = A3*)(0_

��23(	B^:&�3E3F;:5&)? �	7;$ �`O4A3*+( r3_ '�?+23:��>&)23(	*).5$3O4(	:0H�1 �
�
.5F;A3(�?+1:4*+(?QHI:4*-(.41�2�?+TM?+&)(C�.4&+7;1	?).5C�E,F9( HI:5*Q&+23( E3.51/�5(6&-?+7;8(

= 7;?+&)*+7;B3A3&)7;:5$	.4?+?+(6?+?+CD($M&_ ��23( � �%.��37;?G1:4*+*+(6?+E^:5$ = ?N&+:Q&+23(N?+.4C�E3F;7;$3OSO4*+.4$'A,F9.4*+7;&%T4f :5*e&+23(N*+(617;E3*+:M1.4F3:0H`&)23(S?).5C�E,F97;$3O
HI*).51&)79:4$G_ ��23( �`*)?+&�B^:&��E3F;:5&�:4$�&+2,(	F;(�HI&�1:4*+*+(6?+E^:5$ = ? &+:�(

�
(*)T�H :5A3*)&+2�E3.41/�5(&6fk.4$ = C�:4?+&�:0HS&)23(	?+16:5*+(6? .4*+(	$,(.5*

E^(*%HI(61&	8(*):5?6_ ��23( �`O5A,*+(�?+23:���?�&��N:�1F;(.4* ( ak(16&+?	:JH = (1*)(.5?)7;$3O�&+2,(�?).5C�E,F97;$3O HI*).51&)79:4$GfG.5$ = 23:5F = ?,��79&)2�:5&)23(*
C�(6&+23: = ?�.5? � (F;F c�79$,1*+(.4?+7;$3O

�
.4F;A3(?f ��237;1�2�7;$ = 7916.5&+(�E^:M:5*)(* ?)$3.5E,?+23:4&+?N:0HG&+23(QE3.5*)($M&SE`:4E3A3F;.5&)7;:5$ 45.4$ = 7;$31*)(.5?)79$,O

�
.5*)7;.5$31(���7;&)237;$�&)23(-?)(& :JHk?).5CDE3F;(?eHI:5*S(6.51�2]C�(&)23: = _ � 7;O4A3*+(�r,_ �Q?)23:���?S&+2,(-C�(6.5$3?�:0HG&+2,(-B^:&� E,F9:4&+?�7;$ �`O5A,*+(�r3_ ' _

��:�7;F;F9A,?+&+*).5&)( &)23(�(�aG(1&N:0H`&)23(�?+.4C�E3F;7;$3O�C�(6&+23: = f �N(NA3?+( = &+23(�?)7 ��C�(&)23: = ?�7;$�:4A3*�(/�3E`(*)7;C�($M&�&+:�.5?)?+(?)?
&+2,(�E3.41/�5(&Q?+7;8( = 7;?+&+*)7;B3A3&+7;:4$G_-jG7 �5(	&)23(	B^:&�3E3F;:5&+?Q7;$ �^O5A3*)(�r,_ ' f �`O5A,*+(�r3_ "�7;$ = 7;1.5&)(?-&)23(	(�aG(1& :0HS7;$31*+(6.5?+7;$3OD&+23(
?+.4C�E3F;7;$3O HI*+.41&+7;:5$�:5$]&)23(�.5B,79F;7;&%T�:0H�&)23(�?+.4C�E3F;(N&+:	(?)&+7;C�.4&+(N&+23(�&)*+A3(QE`:4E3A3F;.5&)7;:5$G_ ��2,(-&+7;CD(* �%B3.5?)( = C�(&)23: = ?S.5*)(
$3:4&+.5B,F9T	�N:5*)?+(].5&�.4?+?+(6?+?+7;$3O@&+23(]E3.41/�5(&�?+7;8( = 79?)&+*)79B,A3&+7;:5$ f = A3(]&):�*)($3( �N.5F &+23(:4*+(&)7;1]1:5$3?)7 = (*+.4&+7;:5$,?	C�($M&)79:4$3( =
.5B^:

�
(JfK7 _ (0_;f�?+.4C�E3F;( = E3.413�4(&+?�.5*)(�&)23:5?)(]&+23.4&�HI:5F;F;:��>F;.5*)O5(*	7;$M&+(6*+.5*)*+7

�
.5F &+7;C�(?6_ ��2,(]&+7;C�(* � B,.5?+( = C�(&)23: = ?	.5*)(

E3.4*+&+7;1A,F9.4*+F;T�E`:M:5* .5&	?)C�.5F;F;(*�?+.4C�E3F;7;$3ODO5*+.4$MA3F;.5*+7;&)79(6?_mX�?)?+($M&+7;.4F9F;T4f ��2,($ �N(�A3?)(�:4$3F;T�.�H ( � C]A3F;&+7;E3F;(?�:0H�&+23(
C�(6.5$�E,.51/�5(&Q7;$'&)(*+.4*+*)7

�
.4F�&)79CD(-.4?-&+2,(	7;$'&)(*+?).5CDE3F;79$,O�&)79CD(0f*�N(���7;F;F �^$ = C�.5$MT]7;$M&+(*

�
.5F;?�7;$	��237;1 2@&+23(*)( �N.5?�$,:

E3.413�4(&N.5&S.4F9F^&+: ?+.5CDE3F;(0f ��237;1�2�F;(.
�
(?NA3? ��7;&)2�HI( �N(* &):5&).5F^E3.51/�5(6&+?N79$]&)23(�?+.4C�E3F;(0_ � A3*)&+23(*)C�:4*+(0fM&+23(QE3.51/�4(&+?��N(

= :]1.4E3&+A,*+(�79$�.D?+.5CDE3F;(4��7;F;FGB`(�F;(?+?Q*+(E,*+(?)($M&+.5&)7
�
(]:0HS&)23(	E^:5E3A3F;.4&+7;:5$Gf3?)7;$31( � (�C�7;?)?�C�.5$MT]:JH &)23(	B3A,*+?+&)?�&+23.4&

1:4C�E^($3?+.4&+(QHI:4*�&+23(�(CDE3&%T]7;$'&)(*
�
.4F;?_ g (1.5A,?+( � (�1.4$�LMA3.4$M&+7bHIT]$3:]1F;(.4*�*+(F;.4&+7;:5$3?)237;E�B`(&��N(($@E3.51/�5(6&�?+7;8(	.4$ =

7;$M&+(*).5*+*)7
�
.5F�&)7;C�(0f37;&�7;? = 7b/�1A,F9&�&):�1:4*+*)(1&QHI:5*Q&+237;? = 7;?+1*)(E3.5$,1T�7;$�:5A3*Q.5$3.4F9TM?)79?6_-n�($3(�� .4F�&+2,(:5*)T = :M(?-E,*+:

�
7 = (

� � ����5 � ��9�%����&/��4A*���������0�&��%��*�&��!4��� � 6MA�����8-�)�����*7 '��.��	 �4A*� 5:��������	 ���J�4A*������9���'1�4A*�@5 � � /����
���.�*�J�0�J�4A*��� �-�����)	�������%3*�$�1��' ��� �0�
��� �
E � ���	��$�M�4A*�@����0�)� � 3*���.�4�%��M�
���:�)���)�*"$�M'��.��	 ��A*��"$�.�����.��/�6MA���"�A*�$���)�1����%��&�0�&E
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sampling granularity (reciprocal of sampling fraction)

sc
or

e

� 7;O5A3*)( r,_ ' c�*+.4$3O5(6?S:0H`?)TM?+&+(6C�.5&)7;1 ?).5C�E,F97;$3O$1 �
�
.5F;A3( ?+1:4*+(?�H :5*�E3.51/�4(&S?+7;8( = 7;?+&)*+7;B3A3&)7;:5$�.5?�.QHIA3$31&)7;:5$�:0H`?).5C�E,F97;$3O

O5*).5$MA3F;.5*)7;&%T�HI:5*�o %8�0r�?+(1:4$ = 7;$M&+(*
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sampling granularity (reciprocal of sampling fraction)

sc
or

e

� 7;O5A3*)( r,_ � c�C�(6.5$3?�:0H^?+TM?+&)(C�.4&+7;1 ?).5CDE3F;79$,O$1 �
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.5F;A3.5&)(�&+23(�O5:M: = $3(6?+?-:JH �`&�:0H�&+23(	?).5CDE3F;( =]= 7;?+&)*+7;B3A3&)79:4$
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�
.5FG&)7;C�(?N.5&�&)23(�%M_ % � ?+7;O5$,7 �^1.5$316( F;(

�
(F _

g (1.4A3?+(D&+23( � ��&+(1�23$,79LMA3(]7;?�?+(6$3?+7;&+7
�
(]&+:�&+23(]?).5CDE3F;(	?+7;8(0f ��237;1�2m*)(?+A,F9&iHI*+:4C

�
.5*+TM7;$3OD&+23(]?).5C�E,F97;$3O
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7;$3?+&)(. = :4$�&+2,( 1 C�(&)*+7;14��237;1�2�CD(.5?)A3*+(6?�?+7;C�7;F;.5* = (
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.4F9A,(�Z .'[ &+:5E c CD( = 7;.5$D.5$ = p �0&)2�E^(*+1(6$'&)7;F9(�:0HN$3( � = (?)&+7;$3.4&+7;:5$�$,(&�� :4*��

.5$ = 23:4?+&�E3.57;*�)`:���?�E^(*]?+(16:5$ = ZIB^[	B^:5&)&+:5C@c�CD( = 7;.5$ .4$ = C�. � 7;C�A3C :0H-$MA3C]B^(*	:JH-.51&)7
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�
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($�&+7;CD(:5A3&)?_ ��237;?
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� 7;O5A3*)( � _ � c	ZI.M[Q&+:5E c &):5&+.4FS$MA3C]B^(*-:JH 23:5?)&�E3.57;*,)`:���?�.5?�.DHIA3$316&+7;:5$�:JH )^:��>&+7;C�(:4A3&fG.4$ = &)23(�:5$3(? *+(1*)(.5&)( =
��7;&+237;$�&+23(�?).5CD( $MA3C]B^(*�:JHk?)(1:4$ = ?N.5?S&)23( )`:�� &)7;C�(:4A3&�4MZIB^[�B`:4&+&):5C�ce*+.5&)7;: :JH*)`:���?S&)23.5& � (*)(�*+(16*+(.4&+( = ��7;&+237;$
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�
.5F;A3(	&):

'0r]?)(1:4$ = ?�.5$ =
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.5*+7;(?�&)23(�)`:��>?)E`(617 �`1.5&)7;:5$�.4C�:5$,O3c = (?+&)7;$3.5&)79:4$�$3(&��N:5* �M?�4 = (?)&+7;$3.5&)7;:5$�23:5?)&+? 4�$3(&��N:5* ��E3.479*)?�4
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C�:4?+&�1*)7;&+7;1.5F�7;C�E,*+(?)?+7;:5$DHI*):5C�&+23(?)(�CD(.5?)A3*+(6C�($M&+?Q7;?-&+2,.5&-&)23(	$MA3C]B^(*-:JHS23:5?)& E,.57;* )`:���?-7;?Q$3:5&QC]A31�2�F;.4*+O5(6*
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?+2,:���?]&+23(�C�. �379C�A3C $MA3C]B^(*	:JH (.41 2 :JH-:5A3*�HI:4A3*�)`:�� :5B  (1&+?].41&+7
�
( = A3*+7;$3O�.5$MT�:5$3(�?+(61:5$ = f O47

�
($ . �

�
(
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.0H &+(*)$3:M:5$�Z R ��[ = .4&+.	?)(&+?6f3.5$ = F;79CD7;&+( = &)23(�&+7;CD(:5A3&�&): . �*�3( =

�
.5F;A3(N:0H 'Jr ?)(1:4$ = ?_ ��23(�&+:4E]O5*).5E32�7;$ �`O5A3*)(4�M_ �

E3F;:5&)?�&+23(]CD( = 7;.5$�.4$ = p �0&)2 E`(6*+1($M&)79F;(?�:0H�&+2,( = 7;?+&+*)7;B3A3&+7;:4$m:JH &+23(D$MA3C]B`(6*-:0H�$3( � = (6?+&+7;$3.4&+7;:5$�$3(&��N:5* �)^:���?
E^(*�?+(1:4$ = f�&+23(�B^:5&+&):5C O4*+.5E,2�E3F;:5&)?-&+2,(�CD( = 7;.5$�.5$ = C�. � 7;C�A3C $MA3C]B`(6*-:0HN.51&)7

�
( = (?)&+7;$3.4&+7;:5$�$,(&�� :4*��	)^:���?

E^(*-?)(1:5$ = _ < ?Q7;$ �^O5A3*)(?�� _ oQ.5$ = � _ r3f3&+2,(	C�(&)*+7;1�7;$�&)23(	A3E,E`(*QO5*).5E32�7;$ = 7916.5&+(6? � 
 � ������+ 
"� ��� *).5&)(0f ��237;F;(�&+23(
:5$,( 7;$�&+2,( F;:��N(*�O5*).5E32D7;$ = 7;1.5&)(?�&+2,(	?+7;8(	:JHK.�)`:�� ?+&+.4&+(	&).5B3F;(0_

� 7;O5A,*+(4�M_ 'QE3F;:5&)?S&+2,(-?+.4C�(NC�(&)*+7;1? ��7;&+2]&)23(-?).5C�(N:5* = (*)79$,O	:0HG($
�
79*):5$3CD($M&+?6f5HI:4*�&+23(Q23:5?)&S. =3= *+(?)? E3.47;*

)`:�� ?+E^(17 �`1.4&+7;:5$ _ 1 (�:5* = (*�&+23(�� �%.��37;?�BMT�&+2,(	$MA3C]B`(6*�:0HS.51&)7
�
( = (6?+&+7;$3.4&+7;:5$�$3(6&�� :4*���$MA3C]B`(6* )`:���?f^?+&+.4*+&)79$,O

��.5B,F9(��M_ �Mc�C�. �379C�A3C>$MA3C]B^(*�:0H�.51&)7
�
(,)`:���?�E^(*�?+(16:5$ = A,?+7;$3O]. �

�
( CD7;$'A,&+( )`:�� &+7;C�(6:5A3&

= .4&+.]?+(6& &)7;C�( 23:5?)&�E3.57;*)? = ?)&�23:5?)&+? $3(&�E3.47;*+? = ?+&-$,(&+?
V3P �

�
7;8 < � o&% � �8% p '

R � �8� � o5o&� o � p
V3P�V3U < � �4p � o %8� o � ' r %

R � r4r % o '8' o �0r '8�
V3P �+h-V � < � o '8' � p "8� p5p � �M_ �

R � � "8� � o " �Jr o&�3o � ' "8"
�-U�V,P < � �0r^o % p "8' " " " � 'Jr

R � �5p8% % or'p8� o&� '5p � �8�
�-U �+h-V � < � � "8' � o �3o&% o&' �3o " %4p

R � � �8� � � % '8' �4p % % o5o&' �
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� 7;O5A3*)( � _ r3ceHI:5*NHI:4A3* )`:�� ?)E`(617 �`1.5&)7;:5$3? ZI.'[N&):5EGcSCD( = 7;.5$D.5$ = p �J&+2�E`(6*+1($M&)79F;(	:JHS$3( � .5$ = )`:���?�E^(*-?)(1:4$ = ZIB^[
B^:5&+&):5C@cKCD( = 7;.5$].4$ = C�.��37;C�A3C>:0HS$MA3C]B^(* :JHK.41&+7

�
(,)`:���?�E^(*Q?+(1:4$ = Z �-U �+h-V � R ��f '0r]?)(1:4$ = &+7;CD(:5A3&�[

��7;&+2�&)23(]V3P �
�
7;8"X &+23(*)$3(&���2,791�2�2,. = &+23( HI( �N(?+& .51&)7

�
( = (?)&+7;$3.4&+7;:5$�$3(&��N:5* � )^:���?f�.4$ = ($ = 79$,O ��7;&)2�&+23(�&��N:

h-V � hQX �>B3.413�MB^:5$3(�7;$ )`:�� F9:M1.4&+7;:5$,?f`V3P �+h-V � .5$ = �-U �+h-V � f ��237;1�2�2,. = &+23(�O4*+(.4&+(?)& $MA3C]B^(*N:0H�.51&)7
�
(,)`:���?_

��23(�&+A,*+$3:
�
(*�*+.4&+(�:0H�B^:5&)2 = (?+&)79$,.5&+7;:4$�$3(&��N:5* ��.4$ = 23:4?+&�E3.47;* )`:���?NO5(6$3(*+.4F;F9T

�
.4*+7;(? ��7;&+2�&)23(�&+:4&+.5FG$MA3C]B^(*N:0H

.516&+7
�
(�)^:���?f`B,A3&-7;?-.4B`:4A3&�&��N:�:5* = (*)?-:0HNC�.5O4$37;&+A = (-F;(?+? HI:5*�&)23(�E3.5*).5C�(6&+(*)?�� (	A,?+(�23(*+(J_ < E3E3*+:&�37;C�.4&+(F;T�&+23(

?+.4C�(�:5* = (*)79$,O�.5$ = *+(F;.4&+7
�
( = 7baG(*+($,1(?	7;$�&)A3*+$3:

�
(*-E,*+(

�
.479F HI:5*Q23:5?)&-E3.47;* )`:���?fG(/�31(E,&-H :5*-&)23( �QU�V3PY1.5CDE3A3?

B3.413�MB^:5$3( � P�P-#Q*+7;$3O,f ��2,791�2�23.5?�.D?+7;O5$37 �`16.5$M&+F;T�237;O523(6* *).5&)79:D:0H�23:5?)&�E3.57;*+?�&): = (?)&+7;$3.4&+7;:5$�$3(&��N:5* �'? &+23.4$�&+23(
:5&)23(*D($

�
7;*):5$3CD($M&+?_ ��23(�CD( = 7;.5$ $'A,C]B`(*]:JH	23:5?)&�E3.479* )^:���?]79?].4*+:4A3$ = ' _ �@&+7;CD(?]&+23(@C�( = 7;.4$ $MA3C]B^(*]:0H

= (?)&+7;$3.4&+7;:5$�$3(&��N:5* �)`:���?6f
�
(6*+?+A,?�.�*+.4&+7;:�:0H F;(?)?	&+2,.5$ � HI:5* �QU � hQV � ZI?)((�.4F;?+:�&+.4B3F;( � _ �4[�_]VM7;$31(]&+2,( �-U�V3P

= .4&+.�?+(&Q79$,1F;A = (?�7;$M&+*). �%1.5CDE3A3?S&)*+.0/�1�.4? �N(F;FG.5?�&)*+.0/�1 = (6?+&+7;$3( = &):]:0a � 16.5C�E,A3?SF;:M1.5&)79:4$3?f3&)23(�O5*)(.5&)(*-$MA3C]B^(*
:0H�23:5?)&+?Q1:5CDC]A3$37;1.5&)7;$3O�HI:4*�.�O47

�
($ = (?)&+7;$3.4&+7;:5$D$3(&��N:5*���7;?N$3:5&�?)A3*+E3*)7;?+7;$3O3_

� $3(�7;C�E^:5*)&+.4$'&�.4E3E3F;7;1.5&)79:4$�:JHK&)23(?+(,)`:�� .5?+?)(?+?)C�($M&NC�(&)*+7;1?N7;? 7;$]1:4$ �`O5A,*+.5&)7;:5$�:JH�.5$ < � ��($
�
79*):5$ �

C�(6$'&6f���23(*+(Q&+23(6T�7;$ = 7;1.4&+(N&+23(�$MA3C]B^(*e:0H
�
7;*)&+A3.4F317;*+1A,79&)?�Z �-UN?�[�.5$ < � � ?���7;&+1�2 � :4A3F = 2,.

�
(N&+:�?+7;C]A3F;&+.4$3(:4A3?+F;T

C�.47;$'&).57;$�.4$ = (?)&+.4B3F;79?)2Gf�B3.4?+( = :4$�.�E^(* � ?)(1:5$ = C�(6.5?+A,*+(CD($M&�O5*+.4$MA3F;.5*+7;&%T4_ < $3:5&)23(*�*+(6F9.4&+( = .4E3E3F;7;1.5&)7;:5$�7;?-7;$
$3(&��N:5* ��.411:4A3$M&+7;$3O3f ��23(*)(-&)23(T6�N:5A3F = 1:5*)*+(?)E`:4$ = &):	&+23(Q$MA3C]B`(6*K:JHk.411:4A3$M&+7;$3O	*)(1:5* = ?�.	?)&+.5&)7;?+&+7;1? 1:5F;F;(1&)79:4$
E3*):'16(?+?��N:5A3F = 23.

�
(-&):	C�.479$M&).57;$	:5* 1*+(.4&+(0_�h�:4&+(-&)23.5&N(

�
($�B3.41/�]79$ � .5*+1�2�o p5p8� HI:5*S.�B3A3?)T]($M&+*).5$31(�E^:57;$M&S7;$M&+:

&+2,(�h-V � hQX �>B3.51/�MB^:5$3(0f^&+23( C�( = 7;.4$]$'A,C]B`(*�:JHS.51&)7
�
(�23:5?)&�E3.57;* )`:���?�E^(*-?)(1:4$ = A,?+7;$3O]. '0r�� ?)(1:4$ = &+7;C�(:4A3&

�N.5?�.5E3E,*+:&�37;C�.5&)(F;T � %8% %Mf ��7;&+2�.�CD( = 7;.5$@:0H o&��$,( � :4* = (F;(&+( = )^:���? E^(*	?)(1:4$ = .5$ = .�CD.��37;C�A,C :0H �8�D$3( �
)`:���?NE`(6*�?+(1:4$ = _ < $ < � � *+:5A,&+(*��N:5A3F = &)2'A,? 23.

�
(-&):	C�.479$M&).57;$ � %8% %

�
7;*+&)A3.5F^17;*+16A37;&+?�:5$].

�
(*+.4O5(0f3.4$ = B^(-.4B3F;(

&+:D?+(&QA3E�.4E3E3*+:&�37;C�.4&+(F;T �8��)`:���?-E^(*�?+(16:5$ = ��7;&+23:4A3&�7;C�E^( = 7;$3O�?���7;&+1�237;$3O]E^(*%H :5*+CD.5$316(	7;$�&+237;?Q($
�
7;*):5$3CD($M&_

� H 1:4A3*+?)(0fG&+23(	F;(
�
(F�:0HS&+*).0/�1	2,.5?�B^(($�*+7;?+7;$3O]?)&+(. = 7;F9T�?)79$,1(	&+2,.5&-&)7;C�(0f3?):�&+2,(?+(�B`(6$31�23C�.4*��M?���7;F9FG16:5$M&+7;$MA3(	&):

7;$31*)(.5?)(0_
X

�
($M&+A,.5F;F;T�.�CD(&+*)7;1	.5?Q?+7;C�E3F;(�.5?Q.6)`:��>16:5A3$M&f ��237;1�2�CD(.5?)A3*+(?Q&+23( = (O4*+((]:JHS.5O5O4*+(O4.5&)79:4$Gf`CD.0T]B`(

&+:M:	F;7;C�7;&)( = &):	C�(6.5?+A,*+(-&)23(-7;CDE3.51& :0H )`:���?S:4$�&)23(-:
�
(*+.4F9F �N:5*��MF;:5. = 7;$].�?+E^(17 �`1�($

�
7;*+:5$,C�($M&_ �K: (/�3E3F;:5*+(Q&+23(

7;$M&+(*).51&)79:4$mB^(&��N(($ &)23(]$MA3C]B`(6*-:0H )`:���?�.5$ = &+23(�&+:4&+.4FK&)*+.J/�1
�
:5F;A3C�(Jf �N( = (6E37;1&	.�&��N: � = 7;C�(6$3?+7;:5$,.5FGE3*): �`F;(0f

A3?)79$,O�&+23(DC�( = 79.4$m$MA3C]B^(*�:0H-.41&+7
�
( )`:���?	E^(*]?+(16:5$ = HI:5*	&)23(�2,:5A3*	7;$ :4$3( = 7;CD($3?+7;:4$Gf�.5$ = &+23(DC�( = 7;.4$�E`(6* �

?+(61:5$ = &+*).0/�1
�
:4F;A3C�(	7;$�E3.51/�4(&+?�7;$m&)23(�:4&+23(* = 7;C�($3?)7;:5$G_ � 7;O5A,*+( �M_ �DE3F;:5&)?�&+237;?	&��N: � = 7;C�($,?+7;:5$3.4F�CD(&+*)791 HI:4*

(.41 2�($
�
7;*+:4$3C�($M&6f3A3?+7;$3O�23:5?)&-E3.47;* )`:���?�.4$ = . 'Jr�?)(1:4$ = &+7;CD(:5A3&6_
< ?	(/�3E^(1&+( = f &)23( )`:�� �%&+*+.J/�1

�
:5F;A3CD(	E3*+: = A,1&	7;?	237;O52,(?+&�H :5*�&+23( �QU � hQV � R � (6$

�
7;*+:4$3C�(6$'&6f ��237;1�2
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� 7;O5A3*)( �M_ �Mc�H :5* �
�
(	($

�
79*):5$3CD($M&+?�Z .'[�&):5EGcNC�( = 79.4$�.4$ = p �0&)2�E^(*+1(6$'&)7;F9(�:0H�$3( �Y.5$ =�= (?)&+7;$3.4&+7;:5$�$3(&,)`:���?�E^(*

?+(61:5$ = ZIB`[NB^:5&)&+:5C@cKCD( = 7;.5$].4$ = C�. � 7;C�A3C>:0HS$MA3C]B^(*N:0HK.41&+7
�
(4)^:���?�E`(*Q?+(16:5$ = Z�'0r�?+(16:5$ = &)7;C�(:4A3& [

23.4?SB`:4&+2�237;O52�)`:�� .4O5O4*+(O4.5&+7;:4$	.5$ = 2,79O42	A3&)79F;7;8.4&+7;:5$G_ �-U�V3P R ��79?�&)23(�?+(16:5$ = 237;O523(?)&fM.5O4O5*+(6O5.5&)7;$3O-CD.5$MT�23:5?)&
E3.479* )`:���?�.4&�.	HI.47;*+F;T]237;O52DE`(*�?)(1:4$ = E3.413�4(&�*+.4&+(0_�PQ7

�
7 = 7;$3O �^O5A3*)( � _ �	7;$M&+:�LMA3. = *).5$M&+?�F;(.

�
(?�&+2,(?+(	&��N:�79$D&+23(

A3E3E^(*�*+7;O42'&,��7;&+2�(
�
(*)TM&+237;$3OD(F;?+(]&+:��N.5* = &+2,(�F;:��N(*-F;(�HI&6_ ��2,79?�A3?)(�:JH &+2,(�)`:�� �%&+*).0/�1

�
:5F;A3CD(-C�(6&+*+7;1	16.5$�23(F;E

.5?)?+(?)?-C]A3F;&)79E,F9( = 7;C�(6$3?+7;:5$,?S:0H�&)23(�� :4*��MF;:5. = :JH�.�?)E`(617 �`1	$3(&��N:5* �M79$,O�($
�
7;*+:4$3C�($M&6_�# HK&)23(

�
.5F;A3(�*+(6E3*+(?)($M&+7;$3OD.

?+E^(17 �`1Q($
�
79*):5$3CD($M&�:4$]&+237;?�O5*).5E32]CD:

�
(?eA3E�&)23( = 79.4O5:4$3.5F4:0HG&+237;?SO4*+.5E,2Gf5&+2,($]&+23(�16:5C�E^:5A,$ = ( = 1�23.5*).51&)(*+7;?+&)7;1?

.5*)(	H .57;*+F;T�?)7;C�7;F;.5*f  A3?)&�C�:5*)(�:0H &)23(	?+.4C�(0_ � $�&+2,(�:4&+23(*�23.4$ = fG7bHS&+23(�E3.51/�4(&
�
:5F;A3CD(-*).5&+(DZ � �

�
.5F;A3( [ ?+&).0T'?Q&+23(

?+.4C�(0f^.5$ = &+23(�$MA3C]B`(6*�:0H )`:���? ZIT �
�
.5F;A3( [N?)79O4$37 �`1.4$'&)F;T�1�23.5$,O5(?6f�&+23(6$m&)23(�&)*+.J/�1	1:5CDE`:4?+7;&+7;:4$�7;?-1�23.4$3O57;$3O,_-#%$

E3.4*+&+7;1A,F9.4*�7 HN.�?)(*
�
7;1(DE3*+:

�
7 = (*�$3:4&+7;1(?	&)23.5&�:4$m237;?�$3(&��N:5* ��&+2,(]E3.51/�5(6&

�
:5F;A3CD(	*+.4&+(�:5$�&+23( � �%.��37;?-7;$31*)(.5?)(?

��237;F;(-&)23(	$MA3C]B^(* :JH )`:���?�:4$�&+23(	T �%.��37;? = (1*+(6.5?+(6?f�23(�23.4?�.]?+(*)7;:5A3?QE3*+:4B3F;(C�fM.5?�7;&N79$ = 7;1.5&)(?�&+23.4&NHI( �N(*�)^:���?
.5*)(�7;C�E^:5?)7;$3O�CD:5*+(]&)*+.J/�10fS.5$ = 2,(�F;:5?)(?�&)23(�.4B37;F;79&%T@&+:�.4O5O5*)(O5.4&+(].4C�:5$,O�2,79? 1A3?+&):5CD(*+?6fS.5$ = &+2MA3?�E`:4&+($M&+7;.4F
*+(

�
($MA3(0_ ��23(4�N:5*)?+&NLMA3. = *).5$M&N&+:	B^(�79$�H :5*S. = .5&).5O4*+.5C ($

�
7;*+:4$3C�($M&�&+2,.5&N*+(F;7;(?N:5$�2,(.

�
T�.4O5O5*)(O5.4&+7;:5$ f'.4$ = &+23(

LMA3. = *+.5$M&�&):�� .4* = ��2,791�2�C]A3F;&+7;C]( = 79.,)`:���?���7;F;F^&+($ = &+:�?+237bHI&�.4$�(6$
�
7;*+:4$3C�(6$'&6f �N:5A,F = B`( &+23(�F;:�� (6*�*+7;O52M&_

� A3*�C�(6.5?+A,*+(CD($M&+?	7;$ = 7;1.4&+(D&+23.4&	.5&�F;(.5?)&�7;$ &+2,(�($
�
7;*+:5$,C�($M&+?�� (D?+&+A = 7;( = fS1A3*)*+($M&]#+R &+*+.J/�1�?)&+7;F;F

1:4$3?+7;?+&)? CD:5*)( :JH�?+23:4*+&N&+*+.4$3?+.41&+7;:4$]B`(2,.
�
7;:4*S*+.4&+23(*N&+2,.5$]F;:5$3O4(*S&)(*+C�)^:���?_ ��23(-?)23:5*)&SE3.51/�4(&+?N.5$ = ?)23:5*)& )^:���?

&+:4O5(&)23(*�?+2,( =m= :5A3B3&Q:5$�.]?)&+*).5&+(6O5T�:JH :5E3&)7;C�7;87;$3O�HI:4*-F;:5$,O )`:���?-&)23.5&Q.5*+( 79$ HI.51&Q&+23(�C�7;$3:4*+7;&%T�1.5?)(0_ ��:��N(
�
(6*

7;$ &+23(�$3( � &�?+(61&+7;:5$ �N( = 7;?)1A3?+?]&)*+($ = ?]&+23.4&�CD.0T�1�23.5$,O5(�&)237;?�?)7;&+A3.4&+7;:5$GfS.4$ = 2,.
�
(]:5CD7;$3:5A3?�7;C�E,F97;1.4&+7;:5$,?�HI:4*

:5E^(*).5&+:4*+?Q:0HK#%$M&)(*+$3(6&-1:4C�E^:5$3($M&)?_

��� �%� � � ��.�)�	 � �����	 � /���" ��"���" �
1 (Q$3(/�3&�(/�3E3F;:5*)(�23:�� &+2,(�)`:�� &%TME^( .Jak(61&+?Q.5O5O4*+(O4.5&)(�)`:�� CD(&+*)7;1?_ 1 ( = 7;?+1A3?)?+( = 79$�?)(1&+7;:4$ ' _ r	23:��

= 7baG(*+($,1(?�7;$6)`:�� E,*+: �^F9(6?-BMT]E3*+:4&+:M1:4FGC�.0T�F9(6. = . = (?+7;O5$,(*-:JHK.5$D.5116:5A3$M&+7;$3O�?+1�23(6C�(�&+:]1�23:M:5?)(�$3:5&�&):�1�23.4*+O5(
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