
D-SPTF: Decentralized Request Distribution in  
Brick-based Storage Systems 

 
Christopher R. Lumb, Gregory R. Ganger, Richard Golding* 

 
November 2003 

CMU-CS-03-202 
 
 
 
 

School of Computer Science 
Carnegie Mellon University 
Pittsburgh, PA 15213-3890 

 
*IBM Almaden Research 

 

 

 

 

Abstract 

 

Distributed Shortest-Positioning Time First (D-SPTF) is a request distribution protocol for decentralized 
systems of storage servers. D-SPTF exploits high-speed interconnects to dynamically select which server, among 
those with a replica, should service each read request. In doing so, it simultaneously balances load, exploits the 
aggregate cache capacity, and reduces positioning times for cache misses. For network latencies of up to 0.5ms, D-
SPTF performs as well as would a hypothetical centralized system with the same collection of CPU, cache, and disk 
resources. Compared to existing decentralized approaches, such as hash-based request distribution, D-SPTF 
achieves up to 65% higher throughput and adapts more cleanly to heterogeneous server capabilities. 
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�Õ<JK]x+K+S¿DA>uRTy�@���K�U B¯\zB¯DAK�P @CB3UzKÌB¯@�ZISJKÌUùUz@ #fK+>GK+S¿DGyp\l�²>AF[P�DA<?K�UzK�x+K+S¿DA>uRTy�@ �+K�U BA\�B¯DAK�P�B+M+�Õ<JK]x�K�S[DG>GRIyp@ �+KÌU BA\zBEDGK+P
x�F[S¿DGRT@�S?B½FISJK^B¯@�SJZ[ypK�x�RIxu<JK ��@�DG<]DG<JKYBGRTP×KYRTZIZ[>AK�Z[RTDAK�x+R[xu<JK~BAH?RIx+K�RIB�RTy�yVDA<JKYQJ>G@�x��zB=@pS�DG<JK^UzK�x+K+S¿DA>uRTy�@���K�U]BA\zBEDGK+P�B�M
) D�RTyCB¯FXx�F[S[DuRT@�S?B^R-BA@�SJZIy�K5>GK��¿OJKÌBED �¿OJK+O?K3DG<?RbD�x�F[S¿DGRT@�S?B^RTy�yÙ>AK1�¿OJK�B¯DGB�M �ß<JK+S BAFIP×K5UJ@�B��(@CBYRIQVF[OzD^DAFx�F[P�H?ypK+DAK×R
>GK��¿OJK�B¯D��TDA<JK�BA\�B¯DAK�P BAK+y�K�xdDuB�DA<JK�S?K�/�D�>AK1�[O?K�B¯D��²F[>�DA<?RTD½Uz@�B��fM �8FYHJ>AKÌB¯K�S¿D�RIS5@CUzKÌRTyJx�K�S¿DA>uRTy�@���K�U3BA\zBEDGK+P����KÕP�FzUzK�ypKÌU
R×x�K�S[DG>GRIyp@ �+KÌU��[K+>uB¯@�FIS-FT�  �E� � �98  ²��@CR�R�BA@�SJZIy�K^FIOzDuB¯@CUzK��hDA<?K��·Uz@�B���� � �98 RIx+>AF¿BAB�Uz@CB%�zB�"dM

;=OJ>G>AK�S¿D3Uz@�B��ùRT>G>GR£\lx+FIS¿DA>GFIy�y�K+>uB2RT>GK�SJFTD5UJK�BA@pZ[SJK�Uùy�@&�[K�DA<?K�@CUzK�RIyp@ �+KÌU x+FIS¿DA>uRTy�@ �+K�UùBA\zBEDGK+P RTZ[RI@pSVBED,��<J@Cxu<o��K
x�F[P×H?RT>GK  �E� � �98��fDA<?FIOJZ[<lDG<JK+\lx+FIOJyCU QVK[M ) SVBEDGK�RIU��&P×F[B¯D �IK+K�H RBAP×RIypy�S�OJP5QVK�>2FT��>AK1�[O?K�B¯DGBYHVK�S?Uz@�SJZ(RbD2KÌRIxu<
Uz@CB%�RTSVU-OVB¯K3R�BA@�P�H?ypK3BGxu<JKÌUzOJy�@pSJZ]RIypZ[FI>G@�DG<JP�?BAO?xu<(RIB~; �·N T T 
×���²F[>!>GK��¿OJK�B¯DGB!SJFTD�\[K�D�BAK+S¿D!DGF�R�Uz@CB%�fM �ß@�DG<JFIOzD
RX�IK�>A\(yCRT>GZIK�S�OJP3Q1K+>2FI��>GK��¿OJKÌBEDuB^FIOzDuBEDuRTS?UJ@pSJZ@�S DA<JK]BA\zBEDGK+P��DA<?K�HVK�>¯�²F[>AP�RTSVx�K×FT�=DA<JKÌB¯K]BA\zBEDGK+P�B2UzK+Z[>GR[UzK�B~DGF
DA<VRbD�FI�b8Ù;l8��-BGxu<JKÌUzOJy�@pSJZVMÕ�zF?�J�²F[>!K�/JRIP�H?ypK[�zDA<JK�DA<J>GFIOJZ[<JHJOzD~FT�ÙFIOJ>!@CUzKÌRTy�@���K�U,x�K�S¿DA>uRTy�@���K�UXB¯\zB¯DAK+P @CB�OJHDAFpjb��k
ZI>GK�RTDAK�>=DG<?RTS,BAO?xu<B¯\zB¯DAK+P�BX��<JK�SXDA<JK�>AK2RT>GK ��>AK�HJyp@Cx+R[B+M
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8�@pZ[OJ>GK ¢ A�Z�ILKNMPORQPILSTOPG{^WM��HSLghKWADC_MPeHMhilScKNMwGNMR^WMRbDC�f �mghK �LAdeRQ>eRO ��[T`mK{MhilKN`�STbdA7^WghCWn�psr"��|W�"�Wr"�"�mxl�Vzszyrm|F}l~B�ht(�s�yt(�"�V�V�_v��7u"�Vzy�|W�s�"�y�V�y�"���
\ �^] ���+$�Y����.5�
�Õ<J@CB�BAK�xdDG@pF[S H?>AKÌB¯K�S[DuB2RXS¿O?P3Q1K+>2FT�ÕK�/zH1K+>G@pP×K�S[DuB2x�F[P�HVRT>G@pSJZ  �·� � �98!��@pDA< DA<?K�x�K�S[DG>GRIyp@ �+KÌU(@CUzK�RIy½RTSVU(DG<JK]UzK��
x�K�S¿DA>uRTy�@���K�U<?R[B¯<J@�SJZ�BA\zBEDGK+PM � K3K+�bRIypO?RTDAK5<JF@�ÒK�#fK�xdDG@p�[K  �·� � �98 @�BU��@�DG<lP×K�Uz@CR�H1K+>A�²FI>GP�RTS?x+KI�?y�F[R[UQ?RTyCRTSVx�@�SJZ
RTSVUlx+R[xu<J@�SJZ]Q1K+<?R£��@�FI>ÌM � K×RTyCB¯F-K+�bRTy�O?RbDGK3<JF@��BAK+SVB¯@pDA@��IK  �E� � �98 @CB~DAFXSJK�D���FI>��XHVK�>¯�²F[>AP�RTSVx�K5RIS?U(<?F@� �=K�ypyÙ@pD
RIU?RTHzDuB�DAF×<JK�DGK+>GFIZ[K+SJK�FIO?Bl��FI>��¿y�F[R[UJB�RTS?UBAK�DGBÕFI��Q?>A@Cx��zB+M

_���� ` 
���� �ba 
 dcJ¢ �1 ����� 

T~SJK�ZIF¿RTyIFI�JDA<?K  �·� � �98HJ>GFTDGF�x+FIy¿@�B8DGFYR[xu<J@pK��IK)Z[F�F�U3HVK�>¯�²F[>AP�RIS?x�K=Q¿\^K�S?B¯O?>A@�SJZ!DG<?RbD)Uz@CB��^RI>AP�B�x+RIS3Q1K�BGxu<JK�UJOJypKÌU
��K+y�yµM � K=K�/zHVKÌxdD8DA<?RTD  �·� � �987��@�y�y¿R[xu<J@pK��IK�SJKÌRT>Gyp\~DA<?K)DA<?>AF[OJZI<JH?OzD&DG<?RbD8RIS�@CUzK�RIy[x�K�S¿DA>uRTy�@���K�U2BA\�B¯DAK�P x�RTS�R[xu<J@pK��IK[�
��<J@�ypK2Z[K�DADA@�SJZ×QVK+D¯DAK�>�DA<?>AF[OJZI<JH?OzD�DA<?RISXR×UzKÌx�K�S[DG>GRIyp@ �+KÌU�<VRIBA<J@pS?Z×BA\zBEDGK+PM

�Õ<JK^K�/zH1K+>G@pP×K�S[D!OVB¯KÌUXR×x+ypF¿B¯KÌU-BA\�S[DG<JK�DG@�x���FI>���ypF¿RIUL��@pDA<   s�x+yp@�K+S¿D�DG<J>AKÌRIUJBÕF[OzDGB¯DGRIS?Uz@�SJZ�RTS?UXSJF�DG<J@pS���DG@pP×KIM
�Õ<JK×NI< � FT�=KÌRIxu<(>GK��¿OJKÌBED4��R[BYOJSJ@p�²FI>GP�y�\(Uz>uRi��S,�²>GFIP DA<?K�NW< � BAH?RIx+K�RIS?U,DG<JK�BA@ �+K�FT�½KÌRIxu<l>GK��¿OJKÌBEDY@�B^Uz>uRi��S
�²>GFIP RTSXK�/zH1FISJK�S¿DA@CRTy�Uz@CBEDG>A@�QJOzDG@pF[S7��@pDA<XP�KÌRTS � 
 <YMms�j6k�FI�&DG<JK^>AK1�[O?K�B¯DGBÕRT>GK�>GK�R[U�RTSVU��I�mk
RT>GK ��>G@pDAK�B�M)��\zBEDGK+P
H1K+>A�²FI>GP×RIS?x�K^@CBÕP×K�RIBAOJ>GK�UXRIB�DG<J>AF[OJZI<?HJOzD�@pS ) TfeTB+M

�Õ<JK]BA\zBEDGK+P�B�<?R[U �z� � �qsJ��FI> �>GK+HJy�@Cx+RIB�FT�ÕDA<JK-UJRbDuRJM ) SùDA<JK�UJK�x�K�S¿DA>uRTy�@���K�UùB¯\zB¯DAK�P×B��8DA<J@CB�P×K�RIS¿D5RIB2P�RIS¿\
QJ>G@�x��zB�R[B=>GK+H?yp@Cx+R[B�5z@�SXDA<JK�x+K+S¿DA>uRTy�@���K�UXB¯\zB¯DAK�P×B��JRIBÕP�RIS¿\-Uz@�B��zB�RIBÕ>GK+HJy�@Cx+RIB�M

8�@pZ[OJ>GK ¢ BA<JF@�!B8DA<?RTD  �E� � �98,F[OzDAH1K+>A�²FI>GP�BÙUzK�x+K+S¿DA>uRTy�@���K�U5<?RIBA<J@�SJZ^RTS?U5@�BÙK1�¿OJ@p�bRIypK�S[DÙDGF~DG<JK�x�K�S[DG>GRIyp@ �+KÌU�@CUzK�RIyµM
�ß@pDA<�QVRIBA@�x�P×@�>A>GFI>G@�SJZL nD���F3x�F[HJ@pKÌB�"��  �E� � �98 HJ>GFb��@�UzKÌB���k <J@�ZI<?K+>)DG<J>GFIOJZ[<JHJOzD)DG<?RTS�<?RIBA<J@�SJZ?M � B½DA<JK~S�OJP3Q1K+>=FT�
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8�@pZ[OJ>GK s$A¦¥"§o`�^WG�Mhi@U¨KWAVGN`$KFg"GWA�MªMPe�GWILKFMRORQPILSTOPG n���r"|_}lz�xyrm�y|W�"�Wr"�m�mx[�ht(���yt(�"�V�V�_v��7u"�Vzy�h �"�y�V���m���©¨ �y� x�t���vNx��V|{³WvJ�y�Vt(zl�d��|W� �Qª�dvJ�V�R�yt_vJu"z���x�| �_�W�Qª � vJ�V�R}l��� xyt(z����

>GK+HJy�@�x�RIB�@�S?x+>AKÌRIBAK�B��  �E� � �982R B�P�RT>GZI@�S@pSVx�>GK�RIBAK�B�M � D�K+@�ZI<¿D�>GK+HJy�@Cx+RIB��  �·� � �98 HJ>AFb��@CUzK�B~�T��k <J@�ZI<JK�>�DA<J>GFIO?ZI<JHJOJD
DA<VRTS<?RIBA<J@�SJZ?M ) SK+�[K+>G\]x+R[B¯K[��DA<JK2P×K�UJ@�R�H1K+>A�²FI>GP×RIS?x�K^FI�  �·� � �98�@CBÕK��¿OJ@��bRTy�K+S¿D�DAF�DA<?K�x�K+S¿DG>GRIyp@ �+KÌU�@CUzK�RIyµM

 �·� � �98ùFIOzDGHVK�>¯�²F[>AP�B�<?R[B¯<J@�SJZ�QVKÌx+RIO?B¯K^@pD!RTy�ypF@�!B=QJ>G@�x��zB=DAF�BAK+KYZI>GK�RbDGK+>�K�#fK�x�DA@��IK �¿OJK+OJK^UzK�HzDA<?B�M)L�KÌx+RTy�yfDA<VRbD��
��@pDA< � � �98 UJ@�B��lBGxu<JK�UzO?yp@�SJZ?�&<J@pZ[<JK+> �¿OJK�OJK�UzK+HzDG<?B^>GK�BAOJy�D2@�S <?@pZ[<JK+>^Fb�IK�>GRIypy8DA<?>AF[OJZI<JH?OzDGB�M  �E� � �98ßP�RI@pS¿DGRI@pSVB
<J@�ZI<7�¿OJK�OJK^UzK+HzDG<?B�Q�\×RIypy�F@��@�SJZ�K�R[xu<]>GK+HJy�@�x�R2DGF5BGxu<JK�UzO?ypK~�²>AF[P RTy�yV>GK��¿OJKÌBEDuB)DG<?RbDÕ@�D�x+RIS�BAK+>G�¿@Cx�K[�[K�/Jx�K+HJD½�²FI>=DA<?F[BAK
RIx�DA@��IK�yp\]Q1K+@�SJZ�BAK+>G�¿@Cx�KÌU-RTD�RTSJFIDA<JK�>ÕQJ>A@Cx��fM

 K�x�K�S¿DA>uRTy�@���K�U�<?R[B¯<?@pSJZV��FIS]DG<JK^FTDG<JK+>Õ<?RIS?U���H?RT>ADA@pDA@�FISVB=>GK��¿OJKÌBEDuB=RIP×FISJZ�QJ>G@�x��zB�M 8?FI>ÕK�/JRTP×HJy�KI��@p�8P×@�>A>GFI>G@pS?Z�@�B
O?BAK�U-RTS?U   s�>GK�R[U×>AK1�[O?K�B¯DGB�RT>GK�FIOJDGB¯DGRTSVUz@pS?Z3@�S]DA<?KYBA\zBEDGK+P�IDG<JK+SXQJ>G@�x�� � RTS?U�QJ>A@Cx��L< ��@py�yfK�RIxu<�>AKÌx�K+@��IK�<?RTyp��DA<?K
>GK��¿OJK�B¯DGB)FIS]R£�IK�>GRIZIK�ZI@���@pSJZ3K�RIxu<×QJ>G@Cx��5RTS�K�#1KÌxdDG@p�[KU�¿OJK+OJK~UzK+HzDG<]FT�Y�2>GK�R[U�>AK1�[O?K�B¯DGB�M �ß@pDA<7��� �ÕR£\�>GK+HJy�@Cx+RbDG@pF[S��   s
FIOJDGB¯DGRTSVUz@pS?Z]>AK1�¿OJK�B¯DGB9��@�y�y8Z[@p�[K2K�RIxu<QJ>G@Cx��XRIS(R£�IK+>uRTZ[K~K�#1KÌxdDG@p�[K �¿OJK+OJK�UzK+HJDA<,FT�=�JM�� >G@�DGK�B��VF[SDA<JK3FTDA<?K+>�<VRTS?U��
ZIF×DGF]RTy�y&>GK+HJy�@Cx+RIB��?BAF   s×F[OzDGB¯DGRIS?Uz@�SJZL��>A@pDAK2>GK��¿OJKÌBEDuB9��@�ypy8>AKÌB¯OJypD!@�S(RB�¿OJK+OJK2FI��ypK�SJZTDG<   s�RbD�RIypy&DA<JK3>AK�HJyp@Cx+R[B+M ) S
DA<?@�BÕK�/�H1K+>G@�P�K�S¿D��¿DA<JK���FI>���ypF¿RIU?�ÕRIB   eT�,��>G@�DGK�BÕRTS?UX� eT��>GK�RIU?B+��B¯F5�²FI>�RIS:�@�Ï>GK+HJy�@�x�R3BA\zBEDGK+P��K�RIxu<-QJ>G@�x��L��@�ypyf<?R£�[K
FIS R£�IK�>GRIZIK�RTQ1FIOJD ¢ ��>A@pDAK�>GK��¿OJK�B¯DGBYRTSVU   FI>2�]>GK�R[U,>AK1�¿OJK�B¯DGB���FI>^RTQ1FIOzD s-FI>,j�>GK��¿OJKÌBEDuB�@�SlDG<JK?�[O?K+OJK�Fb�IK�>GRIypyhM
8�@pZ[OJ>GK   @�S?Uz@Cx+RTDAKÌB3DG<?RbD�R��¿OJK�OJK�FI�~UzK�HzDA<!jHJ>GFb��@�UzKÌB5R(DA<J>GFIO?ZI<JHJOJD5FT�   s�j ) TfebB��b��<J@�xu< P×RTDGxu<JKÌB�DG<JKX�£RIypO?K
FIQVB¯K�>A�[K�U]@�Sn8�@pZ[OJ>AK ¢ Mq�Õ<?K2>AKÌB¯OJypDGBÕP�RTDGxu<XK��¿O?RTy�y�\B�=K�ypy��²FI>�FTDG<JK+>�S�OJP5QVK�>GBÕFI�8>GK+HJy�@Cx+RIB�M

�Õ<JK!>GK�R[U ei��>G@pDAK�>uRbDA@�F�<?R[B½R�BAOJQ?B¯DGRIS¿DA@CRTy?@�P×H?RIx�D½FIS×DG<JK!DG<J>GFIOJZ[<JHJOzD�FT�fDA<JKYB¯\zB¯DAK�PXMb8�@�ZIOJ>GKUs�BA<JF@�!BÙDG<J>AF[OJZI<$�
HJOzDÌ��R[B2R-�²OJS?xdDG@pF[SùFT�Õ>AKÌRIU e@��>A@pDAK�>GRTDA@�F?���²F[>2QVFIDA< �@��RTS?U �@�Ï>AK�HJy�@�x�R-BA\zBEDGK+P�B+�8>AKÌB¯H1K�x�DA@��IK�yp\[M?8?FI>2D���F>AK�HJy�@�x�RIB���R
��FI>��¿y�F[R[U]FI��RIypy&>AKÌRIUJB�>GK�BAOJypDGB�@�S  �·� � �98 H1K+>A�²FI>GP×@pS?Z  £¢ k QVK+D¯DAK�>!DG<?RTS,<?R[B¯<?@pSJZVM � BÕDA<?K,��>A@pDAK3>GRTDA@�F�@pS?x+>AKÌRIBAK�B��
DA<?K2HVK�>¯�²F[>AP�RTSVx�K2RIUz�bRIS[DuRTZ[K~FI�  �·� � �98 BA<J>G@pS���BÕO?S[DG@pyh�VRTD   �[��k ��>G@�DGK�B��  �E� � �98 RTSVU�<?R[B¯<?@pSJZ�<VR£�IKYK��¿OJ@��£RIypK�S¿D
H1K+>A�²FI>GP×RIS?x�K[M98JFI>~RTSg�@�Ï>GK+HJy�@�x�R�B¯\zB¯DAK�PX�1R]BA@pP×@�y�RI>�DA>GK+S?UK�/z@�B¯DGB�A2��@pDA< R×>AKÌRIUm�ÏFISJy�\7��FI>���ypF¿RIU��  �E� � �98 HJ>GFb��@�UzKÌB
s ¢ k¡<J@�ZI<?K+>�DG<J>AF[OJZI<?HJOzD�DA<VRTS,<?R[B¯<J@�SJZVM � RT>AD�FT�ÙDA<?K�>AKÌRIBAFIS-DA<?RTD!<?RIBA<J@�SJZ�H1K+>A�²FI>GP×B�B¯F�H1F�FI>Gyp\:��@�DG<   �I�mk
>GK�RIU?B
@CB�DA<VRbD)DG<JK!K�#fK�x�DA@��IKU�¿OJK�OJK�UzK�HzDA<VB=RI>AK�BAF3B¯P�RIypyI j@µM KIM��¿D��=F2>GK��¿OJKÌBEDuB�"8DG<?RbD=F�x�x+R[B¯@�FIS?RIypy�\2DG<JK�<?R[B¯<?@pSJZ2>GK�BAOJypDGB�@�S�FIS?K
Uz@CB%�Q1K+@�SJZ�@CUzy�KIM�N&@&�[K ��@pDA<,DG<JK��@�h>GK+H?yp@Cx+R�x�RIBAKI�fRIB�DG<JK ��>G@pDAK3H1K+>ux�K�S¿DGRTZ[K�@�S?x�>GK�R[B¯KÌB+�?DA<JK5HVK�>¯�²F[>AP�RTSVx�K3R[Uz�bRTS¿DGRIZIK
FT�  �·� � �98�BA<J>A@�S$�zB�M

) S¿DAK�>AKÌBEDG@pSJZ[yp\[�£�²FI>�y�F@�K��>G@�DGKÕHVK�>Gx+K+S¿DGRIZIK�B��bK�R[xu<3>GK+HJy�@Cx+RYFT�VDA<JK��@�h>GK+HJy�@Cx+RYx�FIS$e?ZIOJ>uRbDG@pF[S3HJ>GFb��@�UJK�B�P×FI>GK½DG<J>AF[OJZI<$�
HJOzD3DA<?RIS KÌRIxu<ù>GK+HJy�@�x�RXFT��DA<JK7���h>GK+H?yp@Cx+RXB¯K+DAOJH&M:8JF[>�<?R[B¯<J@�SJZV��DA<?@�B3K�#fK�xdD�@CB�x�RTO?BAK�UùBA@pP×HJy�\lQ�\lHVRT>ADA@pDA@�FISJ@�SJZDA<?K
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