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Number of nodes in network

75% capable nodes
50% capable nodes
25% capable nodes
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Cache Size (% of total number of items)

60 nodes
50% capable

� HI_ ��� � üU<gAUIXFYAZ<>W�N�?�Iqà�æ�à�á�F*áqDG? àZ<g^�?

AZWQá�F�áqD@?�AZDG?$H@FmAqF&<�AX?�V âãW*I,F&=GWsH@?£IZ?�ðOæ@?�à�AZ<>=@h�F�H@FmAqF&<�AX?�V AZW�&�=GHÔ<�A�ä�<�AXD@<g=í<gAXà
=@?�<>h*Ds_`W*IXD@WsWsH©R�BEDsæGà�J�äe?�F*IZh�æ@?xAZD�FmA AZD@?�àZáqDG?�V�?,ä�<>TgT�äeW*IXø7äe?�T>T}?�N*?�=Q<�â�Tg?�àZà�AZDGF*=
èS! ! �4WYâM=@WLHL?�àÕ<g=ÉAXD@?�=@?�Awä�W�IZø�F*IZ?�á�FYåGF*_@Tg?&W*âMå�FYIZAZ<fá�<>åGFmAX<g=@hÔ<>= AZD@?QIX?�åGTg<fá�FYAZ<>W*=
àZáqD@?�V�?*R

� ��� � # ��� ��� ��� ��� ��� ! "$#&%(�(� � 
���
*! "+%(


ñs<g=�á�?�F$V�W*_@<>Tg?	HL?�Ns<fá�?�<g=Ëh*?�=G?�IqFYT[D�F*àUT>?�àXàCV	?�V�W*IXl*J`ä�?�?�NmFYT>æGFmAX?�AZDG?�?�ú`?�áÅACW*â]AZDG?
á�F*áqDG?%à�<>^�?�W*=MAXD@?�W�=@?�iÏD@W�åxD@<�A�IXFYAZ<>WGRS4Ë?eNmFYIXl�AXD@?%=sæ@V�_�?�I}W*âGH@FmAqF�<�AX?�VÕà[AZDGFYA�FU=GWsH@?
<>à�á�FYåGF*_@Tg? WYâ�á�F*áqDG<g=@h	<>=7<gAXà ���5��� ��/2� � * �]� � ��� ��/bàZ?�h*V�?�=�AE<>=$AX?�IXV�àeW*â[AZDG? å`?�Iqá�?�=OAXFYh�?
WYâ¸AZDG?�AXWYAXF*TG=sæ@V�_�?�I�W*â[H@FmAqF�<gAZ?�VÕà�WYú�?�IX?�HÕ_sl�AZD@?MàZ?�IXN*?�I�R*BED@?Ch*IqFYå@D£H@?�å@<fáÅAX<g=@h�AZDG?
à�<>V,æ@TfFmAX<gW�=ÔIZ?�à�æ@TgAxâãW*IxW�=@?�iÏD@W�åòDG<�A�å`?�Iqá�?�=�AqFYh�?	<fà�àZD@Wmä�=Ô<g= ��<>h*æ@IX?76LR 4ò?$á�FY=Ôà�?�?
AZDGFYAE<>=@<gAZ<fFYT>Tgl£F�à�AZD@?xá�F�áqD@?Mà�<>^�? <g=�á�IX?�F*àZ?�à�J�AZD@?MW*=G?�iÏD@W*å£DG<�AUIqFmAX<gW�<g=Gá�IZ?�F*àZ?�àeF*àeV�W*IX?
H@FmAqF,<gAZ?�V�àEá�FY=$_`?Má�F*áqDG?�H£W�=7F,=@WLHL?xFY=GH$D@?�=Gá�? F,h*IX?�FYAZ?�Ie=sæ@V,_`?�IEW*â[IZ?�ðOæ@?�à�AXàeFYIX?
àZFYAZ<fà;&G?�Hìä�<gAZDG<g=cFb=@WLHL?,� àx=G?�<>h*Ds_�W�IZDGWOWLH¸R¸ü�Wmä�?�N*?�I�J�<g=�á�IX?�F*àZ<>=@hbAZD@?£á�F*áqD@?�à�<>^�?Õ_`?�i
l*W*=�H	F å`W*<>=OA�HLWs?�à!=@W*A]VÕFYø*?UFxàZ<>h*=@<�&�á�F*=OA8H@<�ú�?�IX?�=Gá�?�<g=	AXD@?UD@<gA%å`?�Iqá�?�=OAqFYh*?e_`?�á�F*æGàZ?
<�ACAZD@?�=ìHL?�å`?�=�H@à�W�=&AZD@?�H@FmAqFÕ<�AX?�VÕàCIZ?�ð�æG?�à�AZ?�H©JG<´R ?�RgJGAZD@?	H@FmAqFÕIZ?�ðOæ@?�à�ACHL<fàwAXIZ<>_@æLAX<gW�=
åGFmAZAZ?�IX=©R�ñs<g=�á�?MAZDG?�å�W�å@æ@TfFYI H@FmAqF�<�AX?�VÕàUVÕF�l$D�F�N*?M_�?�?�=QF*TgIX?�F�HLl$á�F�áqD@?�HbW�=�W*=@?xW�I
V	W�IZ?�=@?�<>h*Ds_`W*IX<g=Gh£=@WLHL?�à�J`?�N*?�=Q<gâ]AZD@?�á�F�áqD@?�àZ<>^�?,<fà <g=�á�IX?�F*àZ?�H©JG=@W7V�F�>wW*I <gV�å@IXWmN*?�i
V	?�=OAC<fà�=@W*AZ<fá�?�H¸R`ü�?�=Gá�?*J`W*æ@I àZáqDG?�V�?�HLWs?�à�=@W*A�IX?�ðOæ@<>IZ?,F*=Q?�î@á�?�àXà�<>N*?�Tgl7T>F*IZh�?,á�F�áqD@?
à�<>^�?�RX'ÏA�HL?�å�?�=GH@àxW�=QAXD@?Õá�F*áqDG?	àZ<g^�?�W�=@T>l&AZW�FY=Ë?�îsAZ?�=�Axä�D@?�IZ?�àZW*V�?�=GWsH@?�àM<>=Ë?�F*áqD
=@?�<>h*Ds_`W*IXD@WsWsHòá�F*=©J¸<>=cFbá�W*V�_@<g=G?�HòVÕFY=@=@?�I�J©á�F*áqD@?ÕFbâã?�ä�H@FYAXF&<gAZ?�V�à�R[BED@?£àZ?�IXN*?�I
IZ?�å@Tg<fá�FYAZ?�àUH@FmAqFÕ<gAZ?�VÕàCW*=&AXD@?�àZ?�=@WLHL?�àU_GF�à�?�H&W*=&AZDG?�<>ICHL?�V�F*=GH�àZæGáqD&AZDGFYACIX?�ðOæ@?�àwAqà
FYIX?,àZFYAZ<fà;&�?�H�ä�<gAZD@<>=QAXD@?,W�=@?�iÏD@W�å�=@?�<>h*Ds_`W*IXD@WsWsH&W*â�FÕ=@WLHL?�R`S�T>àZWGJ�àZ<g=Gá�?�AXD@?	àZ?�IXN*?�I
IZ?�å@Tg<fá�FYAZ?�à�F	HGFmAXF	<gAZ?�V W*=&V�æ@T�AX<gåGTg?�á�FYåGF*_@Tg?M=@WLHL?�àE<g=�F	D@W�å©JLAZDG?�á�F*áqDG<g=@h�á�F*åGF*á�<�Awl
WYâ8F	àZ<>=@h*T>?M=@WLHL?xHLWs?�à�=@W*AUà�<>h*=@<�&�á�FY=OAZT>l$Fmú�?�á�A�AZD@?�àXáqD@?�V	?�R

� �ËÛ�Ø�Þ ��Ý �sßwÛ%Ø � <8Ø�Ü��UÝUÙLÝ�Ú�

	 Û]Ú��

'k=$AXD@<>àEå�FYå`?�I�JLä�?MDGF�N�?�å@IXW*å`W�àZ?�H7F�T><>h*DOAwä�?�<gh�DOA�IX?�å@T><>á�FmAX<gW�=7V�?�áqD�FY=@<fà�V
âãW�I�F*H7D@WLá
=@?�AwäeW*IXøLà,_slÔæLAZ<>T><g^�<g=@hòAXD@?bá�W*V�V,æG=@<>á�FmAX<gW�= áqDGF*=@=@?�Te<>= Fìå@æ@T>T�_GF*àZ?�H�<g=LâãW�IZVÕFYAZ<>W*=



HL?�T><gN�?�IXlÕà�lLà�AZ?�V&R@ñs<>=Gá�?Má�W�=@=@?�áÅAZ<>Ns<�AwlÕá�FY=$_`? <g=OAZ?�IZV�<gA�AX?�=OA�<g=bà�æGáqD7FY=$?�=sNO<>IXW*=@V�?�=OA�J
F�=GWsH@? � à�_`?�à�A�àZW*æ@Iqá�?�âãW*IEAZDG?MHGFmAXF�<gAU=@?�?�H@àEVÕF�lÕ<g=GH@?�?�H7_`?CAXD@?x=@WLHL?�à�<>=b<�Aqà�=@?�<>h*D@i
_�W�IZD@WsWLH¸R8BEDsæGà�J]FËV�?�áqDGFY=@<fàZV�AZDGFYA�IX?�åGTg<fá�FYAZ?�à�H@FYAXFò<>= FËVÕFY=@=@?�I£à�æ�áqDcAZD�FmAÕAZDG?
Tg<>ø*?�Tg<>D@WsWLH�W*â	&G=GHL<>=@h�H@FYAXFMä�<gAZD@<>=�AZD@?�=@?�<>h*Ds_`W*IXD@WsWsH�<fà]D@<>h*D©J�á�FY=�?�ú`?�áÅAZ<>N*?�Tgl�IZ?�HLæGá�?
AZD@?xIX?�àZå�W�=GàZ?CAX<gV�?�F�àEä�?�TgT©F�àeAZD@?x=@?�Awä�W�IZø�AXIXFYó£áCh�?�=@?�IXFYAZ?�H$HLæ@?MAXW£H@FmAqF	IZ?�ð�æG?�à�AXà�R
BED@?$àZ<gV�æ@T>FYAZ<>W*=ÔIX?�àZæ@T�Aqà,àZD@Wmä AZDGFYA�W*æGI,àZáqDG?�V�?£å`?�IZâãW*IXV�à�ä�?�TgT�<g=cF�NmF*IZ<>?�AwlËWYâ

àZá�?�=GF*IZ<>W�à�R*B}W,à�æGV	VÕF*IZ<>^�?�JYAZDG?Uâã?�FYAZæ@IX?�à%WYâ©W�æ@I%IX?�å@T><fá�FmAX<gW�=£àZáqDG?�V�?�FYIX?*J�è�é!<gA�<fàeàZá�FYTgi
FY_@T>?7ä�<gAZD IZ?�à�å`?�á�A,AXWìAXD@?7=sæ@V�_�?�I�WYâU=@WLHL?�à�<>=cAXD@?b=@?�AwäeW*IXø�J!ï�éx<gA�<fà�Tg<>h*DOAwäe?�<>h*DOA
<g=íAX?�IXVÕà�WYâ�V�?�àXàXFYh*?ÕåGIZWLá�?�àZàZ<>=@h�WmN*?�IZD@?�F*HìâãW*I,AZD@?7V	W�_@<>Tg?$H@?�Ns<>á�?*J=��éM<gA	HLWs?�à�=@W*A
HL?�å`?�=GHQ?�î@á�?�àZàZ<gN�?�T>l$W�=&AZD@?�å`?�Iqá�?�=OAXFYh�?xWYâ ��� **� � ���	V�W*_@<>T>?�HL?�NO<fá�?�à�<>=�AZD@?,=@?�AwäeW*IXø�J
FY=GH �Oé�<gA%HLWs?�à!=@W*A]HL?�å`?�=GH�W�=	FMàZ<g=Gh*T>?eV�W�_@<gT>?�HL?�Ns<fá�?,� à8á�F*áqD@?�àZ<g^�?�AXW�F T>F*IZh�?�?�îOAX?�=OA�R

'k=òW�æ@I�àXáqD@?�V�?Õäe?£F*àXà�æ@V�?	AZD�FmA,<gâEF&=GWsH@?ÕDGF*àMAXD@?ÕIX?�àZW*æ@Iqá�?�à�AXWQá�F�áqD@?£F&H@FmAqF
<�AX?�V FY=GHÕàZ?�IXNs<>á�?UIX?�ðOæ@?�à�AXà8âãW*I%<gA�J�AZDG?�=ÕAXD@?�=@WLHL?�_�?�DGF�N*?�à]F*à�F�á�WsW*å`?�IqFmAX<gN�?�V�?�V,_`?�I
<g=ÔAXD@?$=@?�Awä�W�IZø�R©BED@<fà�æG=LâãW*IZAZæ@=�FmAZ?�TglòVÕF�lì=@W*A,_`?£AZIXæ@?£<>=cF�IX?�F*T%F*HòD@WLáÕ=@?�Awä�W�IZø
à�?�A�AZ<>=@h�R�üU?�=Gá�?�JY<gâ¸F*=Õ<g=�á�?�=OAX<gN�?UàZáqD@?�V�?Uá�FY=�_`?�F*HGHL?�H�AZW�AZD@?�àZlLàwAX?�V�à�WMAXDGFmA�FM=GWsH@?
<>àE?�=Gá�W�æ@IXF*h*?�H�AZWÕá�F�áqD@?MH@FmAqF,<gAZ?�V�à�F*=GHbà�DGF*IZ?�AZD@?�V ä�<gAZDbWYAXD@?�Iqà�JOAXD@?x?�ú�?�á�AZ<>N*?�=G?�àXà
WYâ�AZD@?xIX?�å@T><fá�FmAX<gW�=7àXáqD@?�V�?xá�F*=&_�?xh�IZ?�FmAZT>lÕ<>=Gá�IX?�F�à�?�H¸R

	 
�� 
[Ú�
[Ø�Þ)
��
�������	��

���

������ ������

����� � ������� � ��!#"��#� �#� ��� $ %&� '('�)+*,� ��
�-(� "���.0/�

'�)+!1!�
�-(
�!�)+� � 2
)+���43�'�� �#56/���"


!��+

'�-&!�� '���'	�
798:8:8<; )+��'�"
��

��=>"
*,*?3���� �+
�-(� "��#'	����@BA�CD@ �FE�E
G
C�H�����	��

���

��I��� ������
��#��� � � �J��� �K��!�"
��� �#�I��� $�L>

� 
��#�+� ��54M�3�'(��

��!NM�3�� �KOP"
��!�
�-(
1/��("�

!��+

'�-Q� 7 � ; �("���� "�O-(�#)R�S=S�T� 7�U �WV&%X@ �YE
E�Z
C �Y[
\F. �FEF]\H������'�"+�
�#%D� ������
��#��� � � ����� $#���	��)+!#3�� � ��5&OP"
�>� 

��5�)Q.B'��+

� )�"
��.B!�)+*,

��!6!#
F-(
?/��("�

!��+

'�-(� ��5�� 7 � ; ��"�����"FO�-(��)798:8:8<79^ ��VR=SVR�_@ �YE
E�[
C`A�GL�Q.9A�G
E]�������'�"+�
��%D� ���#��

����� � ���#��� $#aSb�c&$��d'(�e�#)+!�3�� � ��5?

M�M��("�

�e��OP"
�S� 

��5
)Q.0'��+

� )R"���.0!#)+*,
��#!f!�
�-(
,/#��"�

!��+

'�-Q�
798:8:8>g �S=h�ji���

��'(
��Q-(� "
��'S"�� ^ )Q-9c>"��(��� �#5���k:"
�P��Z1@ �FE�E
E
CS[�]
AF.B[
A�lGH��L>�()+'�� 
�3 �Jmn� ��=>

"�� ; � �J��
�� ��mI� � ; ��� � � � M#'	� U � �K����)+���
)+�	�J��� $�oN)+/p�+

�e�#� �#56

��!pq+� M�OP.0� � ��)r!�� '�-e��� /�3�-e� "
��'Q$
8 2�� !�)+�#�+)�
��#!4� *,M#� � �+
�-(� "��#'	� 7 � ; �("�����"FOI-(�#) 798:8:8<79^ �KVR=hVR�s@ �FE�E
E
CY�B��AF. �F\�]AH�4=h��)+���Jt?� � ^ 

���('�-()+!�-+� t?� $�=>��"
'�'�.B� 
+�
)+�D!�)+'�� 5
�1OP"
�R!�
�-(
f

�+�+)+'�'�� /#� � -9�1� ��*,"�/#� � )?
�!u��"��r��)Q-9c>"
����'	� 7 �; ��"�����"�O�-(��):v�Ow-(�?oN"���� !r�13�� -(� �+"
��OP)+��)+�#�+)K"
�,����'�-e)+*,� �+'Q�
=:��/�)+����)Q-e� �+'�
��#! 7 ��OP"��(*,
F-(� �+':@��Fl
lL�FCn\%�FGF.B\��FlZH��%&)+"
� 
�'�)+)�� ; � �ntR
F-e�Y
��Q�n��� � ; 

���	��/�3#!��#)��K�R� �Ia`

*,
�*,��� -(�#
�*��Ktr� �>���#)+��"+�
� ; � $I��!�

M�-e� 2H)fM#3�'���.0M#3�� �P$!#� '('�)+*,� ��
�-(� ��5x!����#
�*,� �Wc>)+/y!#
F-(
�� 7 �z-(�#)p-()+�H-(� 7 �H-()+���#
F-(� "
��

�&ou"
��� !{o|� !�)pou)+/y=>"
��OP)+�()+���+)W"
�oN"���� !�o|� !�)�ou)+/u@���l�lK�YC �
A�GF.��
ZF][H��}�

*,)+)+!��H��� ��k:
�� !��

�� ^ � }�� $ 8n~ �+� )+�H-:
�� 5
"���� -(�#*,'IOP"��n'��	��)+!#3�� � ��5&!#
F-(
D/���"


!��+

'�-Q�
o{� ��)+� )+'�' ^ )Q-9c>"
����'	�k:"
�w� G4@ �YE
E
E�C �F[�\F. �FE�\EH��}�

��
��Ji�� $�=>"�"
M�)+��
F-e� 2H)��+

�	��� ��56/H�1*,"
/�� � )��+� � )+�H-('�� �WM#3�'���.0/#
�'�)+!W� ��OP"��(*,
F-(� "
�1'���'�-()+*,'	� 7 � ; ��"�����"�O-(�#)S)+� )Q2H)+�H-(� 7 �H-e)+����
�-(� "��#
��#=>"
��OP)+��)+�#�+)>"
� 7 ��OP"
��*,
�-(� "��r

��!,tR�#"+cS� )+!�5
)S�1

��

5
)+*,)+�H-S@���l
l��
CZ�Y[
AF. �FE�\�+l��4}�
��(
��>i�� $ 8n� )+�Q-(� 2
)4��)+M�� � �+
W

� � "��+
�-(� "���� ��
�!<�#"��1��)Q-9c>"��(��'rOP"��f� *,M#��"+2�� ��5�!�
�-(
�

�+�+)+'�'�� /�� � � -9�
� 7 �; ��"����#"�OI-(��) 7B8:8:8�7B^ ��V�=hVR�_@��Fl
lK�YC �FG�A
[Y.b�YG
Z
A���
�4tR

��

�Y
+�H
��h��� �:��� 3�'�"Y�
�>VD� $ 8 2F

� 3#
F-e� "
��"�OR
u/#��"�

!��+

'�-,'��	��)+!#3�� � ��5p

� 5�"
��� -(��*��:mJ)+�Q-(3#��) ^ "�-()+',� �=h"�*,M#3�-()+�`���+� )+���+)r@���l
lL�FC� ����k:
�� !��

�� ^ � }�� ���
� 

��5��K��� $K%&
F-e
4/#��"

�!#�+
�'�-D� �u
�'���*,*,)Q-(��� �?cS� ��)+� )+'�'�)+�H2�� ��"
��*,)+�H-e'	� 7 � ; ��"�����"FOS-(��)v���'�- 7 �H-()+����
�-(� "
��

��ou"
����'���"
M4"��W��
�-()+� � � -()Q.0/#
�'�)+! 7 ��OP"
��*,
�-(� "��4��)+��2�� �+)+'�@wo�VR��L 7 �#CR@ �YE
E�A
C




