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ilkj��u�v£zHx3x3o>mpknzJilu-}F��kji3y�i3y�u���zJqSu�x¤f�rtr�hnk~u-}(�?oJv)vwuwi3f�v3��xs+s8�û4û à
��� kj�!i3y�u�vlu�k~x
��o�zHx�x3o[m-knzJilk~oJ���
c|aJë>bK`MëgÝ�aJÎÞÐ4ê
��o
r(uwv���oJv3q´i3y�knx�oJr?u�vlzJilknoJ��i3y�u�x¤iloJvlz � u�hnzp�|u�v!mwvwupzJilu-x�z/�2uw� u��[i3v���k���i�y�u � vloJftrilzJ�2h~u¢��zJ��}gzHhnhno[m-zJilu-x�z � vloJf�rÁk~}tu��>ilk��2uwv�zJ�2}gz¦��zHx�u)x3u�v3{|u�vM�
��y2u8x¤iwoJvlz � u�hnzp�|u�vÂ|u-uwr2x)i3vlzHm3Â�oJ����y�knm3y�x3u�v3{|u�v�x¤y2oJf�h~}��?u���u�«>i�zHh~hno>mpzJilu-}#zHx�zg��zHx�u¦�>��zH}�}tk�� �i3y2u���k~}Ai3y�oJ��i3y�u � vwoJftr^¥�f�x¤i�mwvlu-zJilu-}Fiwo^i3y�u���zHx�u�oJ��i3y�zJi � vloJftr��(zJ�2}ùilzJÂAk�� �i3y2u8vlu-x¤f�hji�qSo[}Kf2h~o�i3y2u)iloJilzHh(�[ftq7�?u�v
oJ��x3u�v3{|u�vlx-�/��y2u8��u��´uw�>i3v3�Fk��gi3y2u8ilzJ��hnu
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	��s�s�5
�� Iø÷ � ���s
ª�Ê�9
 I�G 	s
 G<I ���úù A ¬Ý� @ �A¬4����
��s
 A 
�� ä|â

oJ�A¥3u-mwilx
m�vlu-zJilup}Ákj�Ái3y�u�x¤y2zJvlup}gy�u-zJr��)��y�u��gzJvlu�x�k�qSknh~zJv
iloSzg�òft��knoJ��k��Ái3y�zJi
i3y2uw��m-oJ��x3knx¤i�oJ�4u-kji3y�u�v�zJ�®à/��� oJv�zJ� kj��}tu�«�k��>ilo£i3y�u�Å�à
�£�¢i3y2upx3u�zJvwu�Â[��o-����zHx
i3y2uHg!iª»oË�´¬ÌoÌF·ï±oa8zJ�2} »oË�´ÑÌoÌF·ï±oa8��oJv3qSx�vlu-x¤r(u-mwilkj{|u-h��[��6�oJi3yÁ��oJv3qSx�o>mpm�ftr>�gÿHäJ����kjilx-�
�tf�i�mpzJ�Ø�?uS}tknx¤ilkj� � f�knx¤y�u-}F�>�#m3y2upm3ÂAk�� � i�y�u�hnop� oJvw}tuwv7��k�i7oJ��i3y�us�tvlx¤i¦Õ|ÓQ����k�i
��oJvl}(�^��y�u�Å
à/� k��2}tuw«�knx)z^r(oHkj�[iwuwv�zJ��}�x�o ��k~hnh&zHhj��z-�Kx)y2zp{|uSz,.pu�vlogkj�ùi�y�k~x
r(oHx3kjilknoJ������y2k~hnx¤i�i3y2u¦ft�2k~¡|f�uSoJ�K¥3u-m�i�k~}�uw�>ilkj��uwv���y�knm3y���oJv3qSx)r�zJv�i�oJ��i3y�u�à/���
��knhnh�zHhj��zp�Ax)y�zp{|uszgoJ��u¢� ×Kkj��mpuszJ�Øk���}�uw«Ákj�[iwogoJ��usmphnk~u��>iMÇ x£Å�à
�<knx8�2oJi){HzHhnk~}
�(u��|oJ��}gi3y�zJi£mphnknuw�>iM�2zHhnh�vlu���uwvwuw��m-u-x�k���oJ�K¥�upm�ilx��(upkj� � vluwi�ftv3��u-}^ilo�x3uwv�{|uwvlx��>�Ázm-h~knu��[i�q�f�x¤i��?u
ft��x���kï.³.-h~u-}(�
ÿ¥�{���£ø ûî©�ö9ÇÉ©��<�"¨
��y2u�x3u � qSuw�>i�k~x&i3y2u�x¤�Ax¤ilu�qFÇ x�ft�2k�i&oJ�(x¤iwoJvlz � u�kj�¦�
y�k~m3ysoJ�A¥3u-mwiwx&zJvlu�m�vlupzJiwup}�zJ��}qSzHx¤ilu�v
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���7�zJ��}7z/��kj��zJv3��x3u-zJvlm3ysknx�}toJ��u!ilo
h~o>mpzJiwu�i3y2u�u��[i�v3�)��oJv�z � kj{|u��Sà/���á��y2uw���2upu-}tu-}(�

åbny� ÙÅr�q5Ö<wfýs�öþ,wcVs��Ö
��y2u�qSzHkj��x¤i3v3f2mwi3f�vlupx�oJ�ti3y�u!x¤iloJvwz � u�hnzp�|u�v�¯�×Kû�°�zJvlu�i�y�u � vwoJftr�ilzJ��hnu�zJ�2})��zJqSup}oJ�A¥3u-mwi&hnknx¤iM���¬�szH}t}�k�ilknoJ���Qi3y�u
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N^2 N-body Simulation (single client, single server)

classified
simple LRU

dump

²#?Sm'�QW�D æ n�Æ�¬;<>ENI�W�DUK�@	?YEHmyçVD�jkB'W	e â IUILDU@	@��/K'=�?AB/K'ENd\=	GND�É ê É^ç>í4Bldce�«c?Yju�NRAK'=�?AB'E

dQBlDU@y?YE§m�D�EHD�W�K�R;dQB'jk?�ENK'=�D/=	GND\?YE�C�B'W	jkK'=�?SB'EMIUB'Ei=�D�El=/B'C#DUK�I	G�B']�^	DLI�=�n

Ï{¯�±�¯�± Ð ê ÐÒÑ�ÊÔÓ�Ð�ËÕÎ6Ó�ÒFÑrÙuºÖ �Ó�Ó�¶
â PQPHRYe�?YEHm4=	GND�É ê @	?�j+�NRSK'=�?AB'E&BL��D�W#KyW�K'EHm�DrB'C�B']c^	DUI�=��NRSRA@ �UC�B'WrÆ å Ì�ÌyPNK'W	=�?SIURADU@�K'ENd
B'END&@	?�j+�NRSK'=�DLdk=�?�jgD\@�=�D�Ph�cec?SDURAdQ@`?YEl=�D�W�DL@�=�?YEHmpW�DU@��NR�=�@Unr<>E�²#?Am'��W�D æ n�Æ+KqjgD�jkB'W	e
K�IUILDU@	@#W�K'=�?SBpB'C�Æ�nxÌpRS?ADU@6?YE-=	GHDyB']c^!DLI�=#�NRSRcW�K'ENm�D ´ Ì�Ì\=�B Î Ì�Ì��cK'ENd-K\W�K'=�?SBvB'C{�ln Ì&?A@
?�Eq=	GND8W�K'ENm�DbÆ$�'Ì�Ì\=�B&Æ ´ Ì�Ì�n â @6D5­lP;DLI�=�DUd;��GN?Sm'GND�W#jkD�jkB'W	e&K�ILIUDU@	@#W�K'=�?SB�@�W�DL¦��N?�W�D
jkB'W�D+@�PNK�ILD&W�DLIUBL��D�W	eVB'P;D�W�K'=�?SB'EN@/TyGN?SI	G�K'W�DpW�D � DLI�=�DUdV?YE�?�ENI�W�DLK�@	?�ENmkD5­�DUI��Q=�?AB'E
=�?�jkDL@/C�B'W\K�RSR�=	GQW�DUD+@�=!W�K'=�DUm�?ADU@Un+o4GND+K'PQPHRA?SILK'=�?AB'Ehwx@bK�ILIUDU@	@sPHK'=	=�D�W	E�m�D�END�W�K'=�DU@bK
IUB'EN@�=�K'El=#=	GQW�K�@�GN?�ENmbB'CH=!GND4RSBiIUK�RSRYe+jkK'ENK�m�DUd+jkD�jkB'W	e&C�B'W6jkD�jkB'W	euK�ILIUDL@!@�W�K'=�?AB�@
m'W�DUK'=�D�W�=	GNK'EA�lnxÌ�n�o�GN?A@�BiIUI���W�@�];DLIUK'�N@	D6=	GND���I��QW	W�D�Ei=�P�B�@!?Y=�?SB'E��yPNK'W!=�?AIURSDrB']�^	DUI�=�@
K'W�D\IUB'Ei=�?�El�NK�RAR�e�?Y=�D�W�K'=�DUdMBU��D�Wbd��QW�?�ENmp=	GNDb=�?�jkDs@�=�D�Pt@	?Yju�NRAK'=�?AB'Eh�ie�D�=/KqW�K'=�?SBq?YE
D`­cIUDU@	@pB'C>�lnxÌJjkDLK'EH@v=	GNK'=&=	GN?S@pD�Ei=�?YW�Dq@!D�=qIUK'EQENB'=&];D¥K�IUIUB'j¥jkBldQK'=�DUd�?�EFRSBiIUK�R
jkD�jgB'W!e � n

o�GN?A@8D`­iP;D�W�?YjkD�Ei=6@�GNBLT/@8=	GNK'=8?SdQD�El=�?��NIUK'=�?AB'EkK'ENd-PQW�DU@	D�W	��K'=�?SB'EkB'C�K\T4B'W=¢�?�ENm
@	D�=&B'C4W�D�PNRS?AIUK�@¥¯�ILRSK�@	@	?��NDUd�K'ENd�@	?�j-PNRADqÖh�2¡ê@�=	W�K'=�DUm�?ADU@�°/ec?SDURAdQ@b];D�EHD��Q=�@`T`GN?AI	G
± ì	í�õUö�í�ô§ÿ`ïuí�îñò�ð>ø$õCí¬ÿ	"Qîñó���ôvÿ`þ�ö��$ÿ(ùñùñú7ø$õ=þ�ó��2õ=ï;÷�ô�õ=ïuõ�òQöqÿ(ö0ÿiïuùñîñð`í�ö�ùñú7ùñó�´�õCôZô§ÿ(ö�îñó7ø$õjþCÿ��$ïuõ

ïuó��2õ{ó5ø��uõ=þ�ö§ïEûMô�ó��Yö�í�õ�����÷���ÿ(ö�õ��2ïuõCö;�8�$ïuö�ÿjùMïuó0ø$õqÿ`þCþ�ó��4�2ó���ÿ(ö�õ!���



Ò Ó7Ô7Õ>Ö;×0Ø�
�Û
�8×sã7×0Ø7Ô7â�Ý��0ÝZÖ;×0á Õ0×sØ��qä2Ø7ácÔ7ã�Ò × � ´

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

800 900 1000 1100 1200 1300 1400 1500 1600 1700

o
p
e
r
a
t
i
o
n
s

object fill (bytes)

N^2 N-body Simulation (single client, single server)

fetches - classified
fetches - simple LRU

fetches - dump
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object fill (bytes)

N^2 N-body Simulation (single client, single server)

classified
simple LRU

dump
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object fill (bytes)

Oct-Tree N-body Simulation (single client, single server)

classified
simple LRU

dump
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object fill (bytes)

Oct-Tree N-body Simulation (single client, single server)

fetches - classified
fetches - simple LRU

fetches - dump
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object fill (bytes)

Oct-Tree N-body Simulation (single client, single server)

clears - classified
clears - simple LRU

clears - dump
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Oct-Tree N-body Simulation (single client, single server)

clean replicas discarded- classified
clean replicas discarded - simple LRU
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N^2 N-body Simulation (single client, object fill 1200)

classified
simple LRU

dump
object creation
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Oct-Tree N-body Simulation (single client, object fill 1000)

classified
simple LRU

dump
object creation - dump

fetch - dump
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N^2 N-body Simulation (38 servers, object fill 900)
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simple LRU
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prefetch depth

Binary Tree Search (single client, single server)

low priority, depth first, fill 300
low priority, depth first, fill 400

low priority, breadth first, fill 300
low priority, breadth first, fill 400

high priority, breadth first, fill 300
high priority, breadth first, fill 400

fetch - fill 400
space recovery - fill 400
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Binary Tree Search (single client, single server)

low priority, depth first, fill 300
low priority, depth first, fill 400
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prefetch depth

Binary Tree Search (single client, single server)

low priority, depth first, fill 300
low priority, depth first, fill 400
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prefetch depth

Binary Tree Search (single client, single server)

low priority, depth first, fill 300
low priority, depth first, fill 400
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prefetch depth

Oct-Tree N-body Simulation (single client, single server)

low priority, depth first, fill 1000
low priority, breadth first, fill 1000

high priority, breadth first, fill 1000
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Binary Tree Search (single client, object fill 400)

depth 0
high priority, breadth first, depth 2

low priority, depth first, depth 2
fetch - depth 0
fetch - depth 2
create - depth 0
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Binary Tree Search (43 servers, object fill 400)

depth 0
high priority, depth 2
high priority, depth 4

low priority, depth first, depth 2
low priority, depth first, depth 4
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Binary Tree Search (43 servers, object fill 400)

depth 0
low priority, depth first, depth 2
low priority, depth first, depth 4

high priority, depth 2
high priority, depth 4
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Binary Tree Search (43 servers, object fill 400)

depth 0
low priority, depth first, depth 2
low priority, depth first, depth 4

high priority, depth 2
high priority, depth 4
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Binary Tree Search (43 servers, object fill 400)

depth 0
low priority, depth first, depth 2
low priority, depth first, depth 4
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N^2 N-body Simulation (38 servers, object fill 940)

single objects
segments

fetch - single objects
fetch - segments
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NPOAQ7RTS�RPUWVXVASYQ[Z�\^]7_a`/b[ced�UWdLb7f>gihajlk�m>S�noZ<nXk�Z�mpQ#kYRqU'm>S�UrZ�UWf>s7UWf<t�f>b�RqU)Z>Z�b7fpZKu�m>nXVXnoZ�ULnXmvQ7Zcwb7VXVXb#xyZPz
{ b7t�UWfpQ#m>nXk�|LZ�g�Z�m>UWd1}�_*`
{�~ noZ�m>f>nX��u�m>U ~ Z�UWf>s7UWfeUW��U^RPu�mpQ#��VXUv\7h �7_*`
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Oct-Tree N-body Simulation (43 servers, object fill 1000)

execution - single objects
execution - segments

fetch - single objects
fetch - segments
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{ Z�UW|7d�UWk�mpZ2Q#k ~ Z�u�t�t�b7f>m>nXk�| ~ Q#mpQLZ�m>f>uYRqm>u�f>U^ZK�Xcob7f&��RPVXnXUWk�mpZp��\^��h��)_*`
� S�noZ�VXU^Q^s7U^Z�VXnXm>m>VXU�Z�t�Q7RPU�cob7f�dLU)Z>Z>Q#|[U���u���U�fpZP�)xenXm>S���u�Z�mFm>S�b�Z�UAf>U^�7u�nXf>U ~ m>b�Z�U�f>sinoRPU�QyZ�nXk�|7VXUARqVXnXU�kimu�k ~ U�f>mpQ#�inXk�|'QLZ�tYQ7RqU�f>U)Rqb#s7UWf>g�b[tYUWfpQ#m>nXb7k'VXnX�7UWVXg<m>bLR�Q#u�Z�U�m>S�U<Z�U�f>s7UWfem>b�U��iSYQ)uYZ�myd�UWdLb7f>gih
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f)g�h�i�jlkImonep
qsrut�k�f�jwvyx7�]m�h�jlxAquz|{}f]qsg�kIm�k~z�f!� �eº�Ì

0

5

10

15

20

0 10 20 30 40 50 60 70 80 90

t
i
m
e
 
(
s
)

clients

PLUCK String Simulation (37 servers)

simulation time
coherence maintenance time
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PLUCK String Simulation

perfect efficiency
message passing (50 000 pts)
message passing (1 200 pts)

distributed server (50 000 pts)
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Oct-Tree N-Body Simulation

perfect efficiency
distributed server (600 particles)
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