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&3mnzVg^k�i<f8rZile^mnY)h���h�[^iwrZm { i4k�i4oJh6Y)]PdfeN]Po^i4oJh���]Vb�hj[�ifY4](�
]PeNilk�pqhjmn�ViMYlpVY\[^i �j{_��hjild'� � �Vi4k�{ e^k�]��Z{åYlpVY\[^i o^]ZrZi
Y4]Vdfe^k�mn�jil�!]Vb +��ViRdfp(��]Vk�Y)]Vdfe,]Vo^iloJh��l� � �	�àp cC`�mni4oJh
~ pVo�pqzPi4ky|  ?[^m�Y\[ i4�_iyY)gZh�il� hj[�i�k�i��Jg^iy��h	mnoJ�P]ZY4p¼h�m�]Po
bv]PkGhj[^i Y4`�mni4oJhRpVo�r	kj]PgZhjiy��hj[^i kji	�Pg�il��h pPY4Y4]Vk\rZm�o�zV`n{��
� ���fp ��g4{ i4k ~ pqo�pVzVi4ky|? ?[^mnY\[ dwpqoNpqzViy�fe^k�]��_{R�^g4{ i4k
e,]_]V`�� � ���²p�cC]VoN��m���h�i4o�Y4{ ~ pVo�pqzPi4ky|^ ?[�mnY\[�m��²m�o!Y\[�pVkjzPi
]VbwY4]Vo��jm���h�i4o�Y4{ pqoNr Y)]VoNY)g^k�kjilo�Y){&Y)]PoPh�kj]P` � m�� i�� `n]_Y��^�
mno^z^��]Po hj[�i!e^kj]��Z{�� � �^�×p ÿ m�k�ilY)hj]Vk�{ ~ pVo�pqzPi4ky|` ?[^m�Y\[
dwpqoNpqzViy��pè`�m���h×]VbH]V����ilY�h×�Nil`�]Po^zP��h�]àh�[^i�o^i4mnzV[_�,]Vg^k\�	�
� f���p } iy��]Pg^k\Y)i ~ pqoNpqzVilkl|# ?[^m�Y\[ d×]ZrZil`n��hj[^i
e�[J{Z�jmnYlpq`
k�il�j]Vg^k\Y)iy�²]qb#hj[�i6e^k�]��_{íY4pPY\[^i��²x²[^i��ji4k��Vilk?mn�<d×]ZrZil`�`nilr
�jm�dfmn`npVkj`n{�hj]èhj[^i�e^k�]��Z{ Y4pVY\[�it�^gZh  ?m�hj[Mhj[^iíbv]P`�`n]! ?m�o�z
rZm|{ i4k�i4o�Y4il�l�#hj[^i�cC]Po���m���hji4oNY){ ~ pVo�pqzPi4k²dwpqmnoJh�pqmno��?Y4]Vo��
�jmn��hjilo�Y){èpqo�r�Y)]Po�Y)g^k�k�i4oJh�pPY4Y4il���H]VbC]P����ilY)h��  ?m�hj[^mno�hj[^i
�ji4k��Vilk
�yhj[�i4k�i�m��#p�X_i4k��Vilk ~ pVo�pqzPi4kAhj[�pqh*Y)]_]Vk\rZmno�p¼h�il�Ihj[^i
]PeNilk�pqhjmn]Vo�]qbZh�[^i��ji4k��Vilk
�lhj[�i4k�i�m��Ap���g4{ i4k ~ pVo�pqzPi4kah�[�p¼h
e,i4kjbv]Vk�dw�C]P����ilY)h��?e�kji%��bvi4h�Y\[^mno^z�bvkj]Pd hj[�i6rZmn��� �
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�Jmnk�]Vo^dfi4oJh3�Ni4bv]Vk�iC�,i4mno^zHbv]Vk* �pVk�rZiyr�hj]Hhj[^i²�*k�]��Z{�c�pPY\[^i��]ZrZi�bv]Vk8bvg^kjhj[^ilkíe�kj]ZY)iy�j�jmno^zA� ��e,]Vo kjiyY)ilm��_mno^zMpMkji%�
�Pg�il��hl|�hj[^iGcC`�mni4oJh ~ pVo�pqzPi4kS�Jg^i4k�mnil�×hj[�ià��g4{,ilk ~ pVo��
pqzVilkwbv]Vkí��gNY\[ pqo ]P����ilY)htkji4bvi4k�i4o�Y4i�� } i	�Pg�il��h8dwp¼h\Y\[��
m�o^z�]P����ilY)h*kji4bvi4k�i4o�Y4i" ?m�`n`^�,i<��p¼hjm��7+�ilr�bvkj]Pd `n]ZY4pq`��^g4{ i4k	�
�<hj[^ilk� ?m���iP|�h�[^ifcC`nmni4oJh ~ pqo�pVzVi4kR ?m�`n`a�Jg^ilkj{8hj[�i ÿ m�k�ilYN�
hj]Vk�{ ~ pqo�pVzVi4k×bv]Pk
pGeN]J�j�jm���`�i!dwp¼h\Y\[$� suo hj[�i0Y4pV�ji�]qb
ptdwp¼h\Y\[^ilrè��m�hjgNp¼hjmn]VoI| hj[^i×kji	�Jg^il��h�m���pqo��� �i4k�ilr��_{�bv]Vk��
 �pVk�rZmno^zíhj[�i
kji4hjk�m�il�¼pq`*]Vb²r^pqh�píbvk�]Vd hj[^i8�*k�]��_{èc�pPY\[^i��]ZrZifhj[Np¼h6[�pP��hj[^iw]P����ilY)h6pqo�r�m���`�m���h�ilr�mnoGhj[^i ÿ m�k�ilYN�
hj]Vk�{ ~ pVo�pqzPi4k	�<, [^i4o�hj[�iw]V����iyY�h6m���bv]Vg^oNrèmno�hj[^i ÿ m5�
kjiyY�hj]Pkj{t`�m���hy|^m�h<kji4hjg^k�o��²mndfd×iyrZm�p¼hjil`�{P|�]Vhj[^ilk� ?m���i�h�[^i�kji%�
�Pg�il��hCm��*bv]Pk� ²pqk\rZilr�h�]�]qh�[^i4k��*k�]��Z{fc�pVY\[�i ��]ZrZi���XZm�dfm5�
`npVk�e�kj]ZY)iy�j��mn��k�i4e,ilpqhjilrtg^oJhjmn` hj[^i�]V����ilY�h²m���bv]Pg^o�rt]Vk�o^]
dfpqh�Y\[^mno^z���m�hjg�pqhjmn]Vo ]ZY4Y4g^k	�à�<��hj[^iíY)`nm�iloJh�hjk\pqoN�jpPY�hjmn]Vo
]qb<k�i)h�kjmni4�_mno^zà]P����ilY)h���d×m�����iy�6h�[^iíYlpVY\[^iP|�hj[�i8]P����ilY)h�m��
kji4hjk�m�il�Vilr bvkj]Pd hj[�ií]PkjmnzVmno�pV`²�ji4k��Vilkl|*pVo�r pèo�i% �iloJhjk�{
mn��dwpVr^ifpPY4Y4]Vk\rZm�o�zV`n{ímno�hj[^iwYlpVY\[^if�^g4{ i4k	�fx²[^iw�Cgv{,ilk
~ pqo�pVzVilk8ilo���g�kjiy�
h�[�p¼h�hj[�i���g4{,ilk�mn�ío^]Vhíbvg�`�`6rZg�kjmno^z
hj[^i!e^k�]ZY)iy�j�×]qb�pVr^r^m�o^zGp�o^i% ]V����iyY�h	�Msuo pè�jm�hjg�pqhjmn]Vo
 ?[^i4k�i�h�[^i×�^g4{ i4k�mn�Hbvg^`n`*pqoNr0pto�i% QiloPh�kj{�o^ililr^�Hh�]8�,i
Y)k�ilp¼h�ilra|,h�[^i×��g4{ i4k ~ pVo�pqzPi4kH��h�pVk�h\�<k�i4df]¼�_mno^z
]V����ilY�h\�
hj[�pqh�pqk�iCdf]P��h�`�mO�Vil`�{�o�]qh��Nilm�o�z�gN��iyr6bv]Pk�`�]Po^z<h�m�dfi�Y4]Vd0�
e�pqk�ilr�h�]<]Vhj[^ilk����3�Ho�Y4iC�jg��
Y)mni4oJh3�je�pVY4i*m��ApV`�`n]ZY4p¼h�ilra|yh�[^i
�Cgv{,ilk ~ pqo�pVzVilk3pVe^eNilo�r^�#h�[�p¼h�o^i� R]P����ilY)h3h�]�hj[^i?Y4pPY\[^i
�^g4{ i4k	�
cC]Po��ji��Jg^i4oJh�`�{P|ahj[^m���e^k�]��Z{0Y4pPY\[^i�o�]_r^i×o�]qhjm5+�iy�
]qhj[�i4k�h) �]�o^i4mnzV[_�,]Vg^k�o^]ZrZil���_{×e^k�]Ve�pVzPp¼h�m�o�zH]P����ilY)h�kji4bP�
i4k�i4o�Y4il�thj]Mhj[^ild � ��e,]Vo&kjiyY)i4mn�_m�o�z e^k�]Ve�pVzPp¼h�m�]PoW|?h�[^i
e^kj]��Z{ Y4pPY\[^i0o^]ZrZiGpqe�eNilo�r^�í]V����iyY�h�kji4bvi4k�i4o�Y4il�tm�oJhj] p
`�m���h�]qb*]P����ilY)hHk�i)bvilkjilo�Y)iy��dwpqmnoJh�pqmno^iyr!�_{8h�[^i ÿ mnkjiyY�h�]Vk�{
~ pqo�pVzVilk��S�<]! Cil�Vi4ky|Wm�h���[�]Vg^`�r��Ni
o�]qhjiyrèhj[�pqh�hj[^i ÿ m5�
kjiyY�hj]Pkj{ ~ pVo�pqzPi4k6[�pP�6h�[^i8��pqdfiíY4pqeNpq�^mn`�m�hjmnil�_ ?m�h�[ h�[^i
�Cgv{,ilk ~ pqo�pVzVilkCmnoíhji4k�dw��]qb#�Pi4ile^m�o�z×]P����ilY)h�k�i)bvilkjilo�Y)iy�
� m�� i���dfpVo�pqzPil����g4{,ilk²m�o�Y4`�gNrZm�o�z�pVr�rZm�o�z�pqoNrfkjild×]¼�_mno^z^�N�
, [^iloåp Y)`nmni4oJh- ?mn�j[^il�íh�]Me,i4kjbv]Vk�d pVo g^e r^p¼h�iG]Vo

hj[^i6]P����ilY)hl|_h�[^i�hjk\pqo���pVY)hjmn]Voímn�?bv]Vk* �pVk�rZiyrwh�]�h�[^i6e^k�]��Z{
Y4pVY\[�iCo^]ZrZi����Ho�hj[�i�]Vhj[^ilk#i4o�ra|qhj[^i<cC`nm�iloPh ~ pVo�pqzPi4k3kji%�
Y)i4mn�Viy�#hj[�i?hjk\pqo���pVY)hjmn]VowpqoNr�gN��iy��hj[�i�cC]Vo��jm���h�i4o�Y4{ ~ pVo��
pqzVilkahj]<e^gZhIh�[^i*]P����ilY)hIkji4bvi4k�i4o�Y4i�m�oJh�]?hj[^iC`�]ZY��<h�pq��`�i�pVo�r
��h\pqkjh
e^kj]Pe�pqzJp¼h�m�o^zèhj[�i0g^e r^p¼h�ilr �¼pq`ng^i!m�oJh�]Ghj[^i0]PkjmnzVm5�
o�pq`���ilkj�Pi4k	� �Ho�Y)i!h�[^ià]PkjmnzVmno�pV`H�ji4k��Vi4kwk�i4e�`�mnil�e ?m�h�[ p
eN]J��m�hjmn�Vi
k�il�jg^`�hl|3hj[�iícC`�mni4oJh ~ pqo�pVzVi4k6hj[^ilo e^kj]Pe�pqzJp¼h�il�
pqo!g^e r^p¼h�i�mnoJhj]wh) �]trZm|{,ilkjiloJh<o^i4mnzV[_�,]Vg^kHo^]ZrZil��hj[�pqhHm�h
[�pV�C`�mno��Z��hj]A���<eN]Potk�ilY)ilm��_mno^z6g^e r^pqhji�e^kj]Pe�pqzJp¼h�m�]PoW|qh�[^i
o^i4mnzV[_�,]Vg^k�o�]_r^il�?e^g^h�hj[^i�]V����iyY�h<mnoJhj]fhj[�i4mnk�`�]ZY��th�pq��`�iP|
pqo�r�h�kj{íh�]tg^e r^p¼h�i�h�[^i�]P����ilY)hH�_{-�Jg^i4k�{_m�o^z
hj[^i×�Cgv{,ilk
~ pqo�pVzVilk�� suo Y)]PoPh�k�pP��hy|*pqo_{GbÚpqmn`ng^kjiy��]ZYlY)g^k�kjiyrRrZg�kjmno^z
g^e,r�p¼hjiP|Aiy��e,ilY4mnpV`�`n{àmno�hj[^iw]PkjmnzVmno�pV`*��ilkj�Pi4ky|$ ?m�`n`�h�kjmnzVzPi4k
p�k�]V`n`N�NpVY��wpVY)hjmn]Vo$� &3m�zPg^k�i���rZi4e^m�Y�h\�Chj[^i  �]Vk*���N]! ]VbAp
c�pVY\[^i6X_ilkj�_m�Y)i�o^]ZrZi�mno8df]Vk�i�rZi)h\pqmn`n���
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&3m�zPg^k�i����*x²[^i ,è]Pk��o��]! ]qb#� c�pVY\[^i ��]ZrZi
��� � ��� µ�� M��
�<�írZi4e^m�Y�h�ilr mno/&3m�zPg^k�iè�_|²hj[�ièrZiy��mnzVo ]Vb�h�[^iàYlpVY\[^mno^z
d×]ZrZil`,Y4]Vo��jm���h\�*]qb h�[^i�h�[^i�bv]P`�`n]! ?m�o�z�Y)`�pV����iy�4���������	��

���ï|
����� �������������	�	� ����!#"$����%_|�&'�������)( ! ���*� �������������	�	�E|�&'�	�*�	�+( !#,
-.��!�/*��01��"2�3%J|fpqoNr4-5�6�*78�9� ���:

��� � x²[^i;���<�	���:

����Y)`�pV���

m�� hj[�i Y)]Pkji&bvg^o�Y)hjmn]Vo�pV`�m�h�{�]Vbèh�[^i�c�pPY\[^i X_i4k��Vilkl|àm�h
e^k�]¼�_mnr^il�Q�,]qh�[ �jilpVk�Y\[^mno^z pVo�r k�]Vg^hjmno^z.bvg^oNY�hjmn]VoNpq`nm �
h�m�iy�%� x²[^i ����� �������������	�	� ����!#"$����%_|=&'�	�*�	�+( ! ����� ���������*,
�������Ø|6pqo�r>&'�������)( !*-?��!�/���01�*"2�3%Me^k�]¼�_mnrZiy�íhj[^i �Pg�i4g^ilm�o^z
dfilY\[Npqo^m���d bv]Vk���h�]Vk�m�o�zw]V����iyY�h��<hjildfeN]Pk�pVkjmn`�{P|NpVo�ríhj[^il{
df]ZrZi4`�hj[^i<bvg^`n`N�,i4[�p��_mn]Vg^k�]qbW��g4{,ilk ~ pVo�pqzPi4k�mno�Y)`ng�rZmno^z
pPr^rZmno^zwp�o�i% &i4oJhjk�{V|ZzPi)h�h�m�o�zfhj[^i�]P����ilY)hl|^pqoNrth�[^i�i4�_m�YQ�
h�m�]Po�bvg^o�Y�h�m�]Po�pq`nm�hjmnil���@&'�������)( ! ���*� �	�A�=������������Y)`�pV���?m��HpVo
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h�m�]Po8�jm�zPo�p¼h�g^kji���]�hj[Np¼h²hj[^i�mndfe^`�ildfi4oJh�pqhjmn]Vot]Vb3p×rZm|{,ilk7�
iloPh<�_m�oNrR]VbH��g4{,ilk ~ pqoNpqzVildfi4oJh×YlpqoR�,i!rZ]Vo�i8iypV�jm�`n{��
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o^]ZrZi�� , [^i4oíh�[^i6Y4pPY\[^i�d×m�����iy�4|_h�[^i6]V����ilY�h?m��?k�i)hjk�mni4�Viyr
bvk�]Vd hj[^i
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dfpVm�o dfi4hjk�mnYwgN��iyrèmnoGhj[�mn��i)�ZeNilkjmndfi4oJh���mn��pVY4Y4il����hjmndfi
]Vk?`�p¼hjilo�Y){tm�oíhjmndfi6rZ]VdwpVm�o � m�� i���dfm�`n`�m��jilY)]Po�r^���Q����ilo^i4k��
pq`n`�{P| p
`�]! �i4k<pPY4Y4il���?hjmndfi�dfiypqo���hj[^i��Ni4h�hjilk�hj[^i×��ilkj�Pi4k
hj[^k�]Vg^zP[^e^gZhy|��jm�o�Y4i�ilpPY\[th�k�pVo��jpPY�h�m�]Poth\p(�Viy�²`�iy�j�?hjmnd×i�h�]
�Ni�i4�_iyY)gZh�ilr]�

&3m�zPg^k�iè���à�j[^]! ���hj[^i�mno^m�hjm�pq`²hjiy��h�m�o�zd ?[^m�Y\[ mn�fe,i4k��
bv]Vk�d×iyr!h�]írZi4hjilkjdfmno^i×hj[^i×kjildf]qhjif�ji4k��Vi4kH`npqhjilo�Y){0Y4]Vd0�
e�pqk�ilrRhj]Gh�[^i!`�]ZYlpq`?]Vo�i�� x²[^i!`n]ZY4pq`H��ilkj�Pi4k×kjiy��m�rZil�wpqh
}�~ s�x���o^mn�Vilk��jm�h�{McCm�h�{RYlpqdfe^g��l|�k�i)bvilkjk�ilr hj] pV� 2j{Ppq`5�
`npVk�p)3���x²[�i×k�i4df]Vhjiw��ilkj�Pi4k�mn��`n]ZY4pqhjilr�p¼h ~ ]Po�pV�j[è�<o^m5�
�Vi4k\�jm�h�{ � c�pqg�+Ni4`�r�Ylpqdfe^g�����|a�_o^]! ?oGpV�72�o�i4dfil�jmn�l3��wsuo��
hji4k�il��hjmno^zP`�{P|y�,]qh�[��ji4k��Vi4k\� [�p��Pi�p²hjmno_{H`�p¼h�i4o�Y4{�zPpqe  ?[^m�Y\[
mn�to^]qhwh�[^iàY4pP��i!mno df]P��h
�^k�]PpVr^��pqo�rMo^i4h) C]Pk��Z��� x²[^m��
e^[^i4o�]Vdfi4o�p8m���dfpVm�o�`�{0rZg�i�h�]th�[^ifo^i)h) �]Vk*��m�o^bvk�pP��h�kjg�YN�
hjg^k�iH�,i)h) �i4ilo
�,]qhj[íY4pVd×e�g��Chj[�pqh²rZile^`n]¼{_�C��x ~ � �<�j{Jo��
Y\[^kj]Po^]VgN�CxAk�pVo���bvi4k ~ ]_r^i	��hjiyY\[^o^]V`n]VzPm�iy�` ?[^m�Y\[ti4�Z[^m���m�h\�
`�]! `npqhji4oNY){��

��sjc?�X�  �]Vk*�J`n]PpPr�i4�Zi4k\Y)m���iy��hj[�iHpVr^��pVoJh�pqzPil��]VbW[�p��^�
m�o^zGpàYlpVY\[^i8m�oRhj[^i +�k\��h�e^`�pVY4i8�_{G[�p��_m�o�z � � � ]qb�h�[^i
pVY4Y4il����iy��pP�*k�i4e,ilp¼h�m�o�z6kji	�Jg^il��h����a&3mnzVg^k�i6�y��]VgZh�`�mno^iy�*h�[^i
i)�ZeNilkjmndfi4oJh6k�il�jg^`�h\����pV�jilrè]Vo ��sjc?�X�  �]Vk*�_`�]JpVr]�×x²[^i
]VgZh\Y)]VdfiGm��0pV��i4�_e,ilY)hjiyra|L ?[^i4k�i Y4pPY\[^m�o�z pVe^e^k�]PpVY\[�il�
rZ] kjiyrZg�Y4iGhj[^i Y4]Vdfd�g^o�mnYlp¼hjmn]Voå`�p¼h�i4o�Y4{ �,i)h) �i4i4o&h�[^i
]Vk�m�zPm�o�pV`��ji4k��Vi4k�pqo�r Y4`�mni4oJh����àx²[^ite^kj]PeN]J��iyr � ÿ X } �a�
Y4pVY\[�i0kjile^`�pVY)ildfi4oJhte,]V`nmnY4{ rZ]_iy�
e,i4kjbv]Vk�d �,i)hjhji4k8hj[Npqo
Y)]Vo_�Pi4oJhjmn]Vo�pV`JhjilY\[�o^mO�Jg^iy�4|P��g�Y\[fpV�!} } � pqo�r0&3s)&3� e,]V`nm5�
Y)mnil����� ÿ X } �a� eN]P`�m�Y){×m��*]Ve^hjmnd×m��jilrfbv]Pk*dfm�o^mndfmn�jmno^z6h�[^i
`npqhji4oNY){ �_{ Y4]Vo��jmnr^i4k�m�o^z ]V����ilY�h0�jm5cliV|�pqzPm�o�zMk\p¼h�iV|�bvkji%�
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# Clients

remote without cache

local without cache

&3m�zPg^k�i×���Z�!}W]ZYlpq`a�Z�%� } i4df]qh�i�XZi4k��Vi4k
�Jg^ilo�Y){P|Pk�i)h�kjmni4�¼pq`NY)]P��hl|JmnoJ�¼pV`�m�r^p¼h�m�]Powk�pqhjiP|JpVo�rfm�o_�¼pq`nm�r^p!�
h�m�]Po×Y4]P��h��Ax²[_g��l|qm�h*i4oZbv]Pk�Y4il�3]V����ilY�h\�#]qbNhj[^i?Y4pPY\[^i��^g4{ i4k
h�]��,i?h�[^i?df]P��h#il`�mnzVmn�^`ni���i4h*]qb ]V����iyY�h\� � m�� i��3]P����ilY)h��3h�[�p¼h
pVkjiw�^mnz�|Abvk�i��Jg^i4oJh�`�{�g��jilra|#pqo�rGi4�ZeNilo���mn�Vi
hj]!k�i)hjk�mni4�Vi �Q�
x²[^iy��ièi)�Ze,i4k�m�dfi4oJh\�8pVkjiàY4]Vo�r^g�Y�h�ilr ]Po pR�jmno^zV`ni0o^]ZrZi
YlpVY\[^iP|( ?[^i4k�i?]Vo�`�{�]Vo^i�YlpVY\[^i?�ji4k��Jm�Y)i?�ji4k��Viy�3hj[^i<Y4`�mni4oJh\�%�
suo hj[�mn�8�jY4i4o�pVkjmn]�|²p ��mnzVo�m +NYlpqoJht��p��Jmno^zG]qb6pPY4Y)iy�j�×h�m�dfi
Ylpqow�,iHpVY\[�m�il�Vilr×�,i)h) �i4ilow�^f � hj]<f�f��
|� ?[^m�Y\[
mn���Ni4h�h�i4k
h�[�pqo8hj[^i�mno^m�hjm�pq`ai4�_e,i4k�mnd×iloJh²gN��mno^zwY)`nm�iloJh?YlpVY\[^i��j{Z��h�i4d
pVe^e^k�]PpVY\[ �

� � ��� ¹ �# µ	� �
�
suo�h�[^mn�<e�pqe,i4k� Ci�[Np��Vi�e^k�]Ve,]P�jilr�ptc?� } �²�"�Ø��pP��iyríY4](�
]PeNilk�pqhjmn�Vi²Y4pVY\[�i�dwpVo�pqzPi4dfi4oJh��j{_��hjild'�3x²[^m��*�j{Z��h�i4d mno��
h�kj]ZrZg�Y4il��hj[^i�o^]Vhjmn]Vo8]qbIe^k�]��Z{V|Y ?[^ilkjiHi4�Vilkj{fk�i��Jg^iy��h�bv]Vk
pVoR]V����ilY�hfm��×bv]Vk* �pVk�rZiyrGhj]Gpèe^kj]��Z{G�,i)bv]Vk�i�pqmnd×mno^z p¼h
h�[^ià]PkjmnzVmno�pq`H��ilkj�Pi4k	�åx²[�mn�8mn�8pqmndfilr pqhti4o��jg^k�m�o�zRpqo_{
k�i4e,ilpqhjmno^z�k�i��Jg^iy��h²Y4pqo8�Ni���p¼hjm��7+�ilrt`�]ZY4pV`�`n{V|_[^ilo�Y)i�m�h�k�iN�
rZgNY)il�<hj[�i�k�i4df]qh�i�o^i4h) C]Pk���pVYlY)il�����HX_g^���ji��Jg^iloJhj`n{V|,hj[^m��
pVe^e^k�]PpVY\[èdfm�o^mndfmn�jil�6hj[^i8p��Vi4k\pqzPi×pPY4Y4il����hjmndfitpqo�rGmno��
Y4kjiypV�jil�8hj[^iR]¼�Vi4k\pq`n`�hjk\pqoN�jpPY�hjmn]Vo hj[�kj]Pg^zV[^e�gZh�� , [^mn`�i
h�k�pPrZm�h�m�]Po�pq`�Y4`�mni4oJhtYlpVY\[^i���{Z��hjildf�wbv]_Y4g��w]PoMmno�rZmn�_mnrZgNpq`



0

10

20

30

40

50

60

70

80

0 5 10 15 20

A
ve

ra
ge

 A
cc

es
s 

T
im

e 
(m

s)

# Clients

no caching

GDSRPA caching with buffer size 500 objects

LRU caching with buffer size 500 objects

FIFO caching with buffer size 500 objects

&AmnzVg�kjif�l����cC`�mni4oJh?m�o_�P]_Ylp¼h�m�]Po8]Vb#�q�P�6h�k�pVo���pVY�h�m�]Po��

pVY4Y4il���wh�m�dfiV|<hj[^ièe^k�]Ve,]P�jilr Y)]_]PeNilk�pqhjmn�ViàYlpVY\[^i0df]ZrZil`
rZ]_il�²h�[^i�]Ve^e,]P�jm�hji��
x²[^i�e^k�]Ve,]P�jilr
Y4]J]PeNilk�pqhjmn�Vi<YlpVY\[^i�pqe^e�kj]JpVY\[
pqmndw�Cpqh

kjiyrZg�Y)mno^z�hj[^i�p��Vilk�pVzVi�pVYlY)iy�j�*hjmnd×i��_{fm�o�Y4kjiypV�jm�o�z6zV`n]V��pV`
[^m�hík�pqhji�� x²[^iàpVkjzPg^dfi4oJh
m��
[^]! hj[^m��t��Y\[^ild×i0pK{,iyY�h\�
hj[^iwe,i4kjbv]Vk�dwpqo�Y4i�]VbCilpPY\[�Y4`�mni4oJh6Y)]Pdfe�pqk�ilr0hj]íhj[^ifh�k�p(�
rZm�h�m�]Po�pq`���{Z��hjildf��hj[�pqh6bv]ZY)g���]Po m�oNrZm��_m�rZg�pV`�pVYlY)il�����tsuo
p0Y)`nm�iloJh�Y4pPY\[^i
��{Z��hjildí|#iypVY\[ Y)`nm�iloJh�[�pV��m�h\�6]! ?o Y4pPY\[^i
�^g4{ i4kK ?[^i4k�i���[�pVkjmno^z6m���o^]qh?pq`n`n]! Ciyr]���Hothj[^i�Y)]PoJhjk\pqk�{V|
hj[^i�Y)`nm�iloPh�Y4pVY\[�i<��{Z��hjild�rZ]_iy�*o^]VhC�jp��Pi?kjildf]qhji<o^i)h) �]Vk*�
pVY4Y4il���t�jm�oNY)ièY4`�mni4oJh\�t[�p��PiàrZm|{,ilkjiloJh8�,i4[�p��_mn]Vg^k\�%� x²[^i
e^kj]PeN]J��iyr�df]_r^i4`Pbv]_Y4g��jil�A]Vo�[^]! �hj]���e,i4iyr�g^e�h�[^i�]P����ilY)h
kji4hjk�m�il��pV`N]Po
e,i4k²Y)`nm�iloPh²��pP��m��4|^ ?[^ilkji<hj[^i�zV`n]V��pV`Np��Pi4k\pqzVi
pVY4Y4il����h�m�dfitm���o^]qh6h�[^itdwpVm�o bv]ZY4g��%�èx²[^i8Y4]J]PeNilk�pqhjmn�Vi
Y4pVY\[�i0eNilkjdfm�h��
hj[^ièm�o�r^m��_m�rZg�pq`�pVYlY)iy�j�fh�m�dfiàhj] �,i0h�[^i
��iyY)]VoNr^pqk�{èzP]PpV`�|*pP�6h�[^i�dfpVm�oMm�oJh�i4k�il��h�m���h�]���p��Vito^i)h��
 C]Pk�����pVo�r� ?m�r_hj[Gpqo�rèk�ilrZg�Y4i�h�[^iwp��Vilk�pVzVi6pVYlY)iy�j�Hhjmndfi
zV`n]V��pV`�`n{��
x²[^i*e�kj]PeN]J��iyrHYlpVY\[^mno^z�pqe�e^kj]JpVY\[Hmn�Im�dfe^`ni4dfi4oJh�ilr�g��7�

m�o^z hj[^ià��h�pVo�r^pVk�r c?� } �²� e^k�]qhj]ZY4]V`��åc�pVY\[�i0��[�pVkjmno^z
e^kj]Vhj]ZY)]P`,r^]Jiy��mndfe^k�]¼�Vi?h�[^iHe,i4kjbv]Vk�dwpqo�Y4i��_{
�jp��_mno^z�h�[^i
p��Vi4k\pqzPiípPY4Y4il���×hjmnd×iàg^e hj] f�f � mno Y)]Pdfe�pqk�mn�j]Vo  ?m�hj[
��h\pqo�r^pVk�r�Y)`nm�iloPh�Y4pPY\[^i��j{Z��h�i4d'�3x²[�i�dwp¼�Zmnd�g^d e,i4k\Y)iloPh��
pqzVit]qb<��p��Jmno^z!bvk�]Vd ��h�pqoNr^pqk\rGo^]è�j[�pVkjmno^z0pqe�e^kj]JpVY\[Gm��
g^eàh�]t�Yf �e��x²[^mn��dfilpVo��l|Nh�[^ife^k�]Ve,]P�jilr0�j[�pqk�mno^ztY4pPY\[^i
e^kj]Vhj]ZY)]P`� �]Vk*�Z�*mno�c?� } �²�&pqo�r
[^i4o�Y4iH�,]_]P��h���hj[^i�e,i4k��
bv]Vk�dfpVo�Y)i���cC]VoNY)i4e^h��?k�i4`�p¼h�ilrthj]fhj[�i�rZil�jmnzVo�pqo�rímnd×e�`�i%�
d×iloJh�p¼h�m�]Po
]qbIhj[^i�Y)]_]Ve,i4k\p¼h�m��Pi<Y4pPY\[^iH�j{Z��h�i4d	[�p��Vi<�Nili4o
il��h�pq��`�m���[�ilr!pqoNr!Y)]VoNY)i4e^hjg�pV`�m���iyr]�²s��j�jg^iy�?kjil`npqhjiyríhj]wh�[^i
rZil�jm�zPo ]qb���g�Y\[ pVe^e^k�]PpVY\[ �jg�Y\[ pV�
YlpVY\[^i�k�i4e^`�pVY4i4dfi4oJh
eN]P`�m�Y)mnil�<[�p��Vi��,i4ilo!i4�¼pq`ng�p¼h�ilra|,pq`n]Vo^z  ?m�hj[�h�[^i4mnk<ib{,iyY�h\�
m�o!Y)]Po��jmn��hjilo�Y){
e�kj]Vhj]ZY)]P`9�

&^g�k�h�[^i4kS �]Vk*�Go^i4iyr^�fh�]��,i0rZ]Po^i�]VoMhj[^i�e^k�]Ve,]P�jilr
pqe^e^k�]PpPY\[$�.&3m�k\��hy|²e^kj]Pe�pqzJp¼h�m�]Po hjiyY\[^o^mM�Jg^il�wpP�we�pqkjhw]qb
hj[^i�Y4pVY\[�ià��[Npqk�m�o^z e�kj]Vhj]ZY)]P`�o^i4iyr hj] �,iàk�iN+No^ilra|�pVo�r
pèo�i% Y4]Vdfd�g�o^mnYlp¼h�m�]PoRe^k�]qh�]_Y4]V`²�,i)h) �i4i4o Y4pPY\[^iío^]ZrZi
o^i4iyr^��h�]!�Ni8kjiyrZiN+�o�ilrèhj]àp��P]Vm�ràmnoJhjilk�bvilkjilo�Y)i  ?m�hj[Gh�[^i
kji	�Pg�il��h6e^kj]ZY4il����]Pk�dfiyY\[�pqo^m��jdf���tx²[^iwmnoJhjilzVk\p¼hjmn]Vo�]qb?p
Y)]VoN��m���h�i4o�Y4{ e^k�]qh�]_Y4]V`?o^ililr^�×h�]G�Ni0Y4]Vdfe^`ni)hjiyr]� x²[_g��l|
p!o^i%  ²p�{0]qb?k�ilrZgNY)mno^z!dfil���jpVzVmno^z!]¼�Vilkj[^iypVrà�Ni4h) Cili4o
Y4pVY\[�i�o^]ZrZi�d�g���h<�,i�bv]Vg^oNr!��mno�Y)i�m�hHY4]VoJhjk�m���gZhjiy�²hj]fh�[^i
dfp(��]Vkwe,i4kjbv]Vk�dwpqo�Y4il�frZi4zPk�pPr^p¼h�m�]Po$� &Amno�pV`�`n{V|Chj[^i!mnoJhji%�
zVk\p¼hjmn]Vo8�Ni4h) Cili4o8hj[^i�c?� } ���år^pqh�pV��pV�ji�pPr^pqe^hji4k � c?�R�
ÿ � } � XZg^kj{Jp^|��V�V�V�	����pqo�r�� ÿ X } �a��o^i4iyr^�Hhj]��NifrZ]Po^i
hj]�e^kj]¼�_m�rZi8pè`�pqk�zVi4k×�jYlpq`ni8YlpVY\[^i8dfpVo�pqzPi4dfi4oJhf��{Z��hji4d
 ?[^mnY\[íY)]Pg^`nrt[�pqoNrZ`�i��_mnk�h�g�pq`n`�{wpVoJ{
�jmOc4i<]Vb3YlpVY\[^iH�^g4{ i4k	�
x²[^mn��m�oJh�i4zVk\p¼h�m�]Pofi4o^[�pVo�Y)iy�#hj[�iHY4pPY\[^i?�^g4{ i4k���mOc4i<�J{×g��7�
m�o^zàhj[^i8o^]qh�m�]Po ]qb?�_m�kjhjgNpq`�dfild×]Pkj{  ?[^ilkji
eNpqkjh�]qb?h�[^i
Y4pVY\[�i8�^gv{,ilkfYlpqoM�Ni��7 ²pqe�eNiyr hj]G��h�pq��`�i���h�]Vk\pqzPi � i�� z��
r^p¼h\pq��pP��iy�4|Z]Pk²r^mn���Z�*�N�
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