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$EVWUDFW
7KH PDVVLYH� LQVWDQWDQHRXV SDUDOOHOLVP RI VHUYHUOHVV IXQF�
WLRQV KDV FUHDWHG D ORW RI H[FLWHPHQW IRU LQWHUDFWLYH EDWFK
DSSOLFDWLRQV� +RZHYHU� GXH WR IXQGDPHQWDO OLPLWDWLRQV RI
FXUUHQW RIIHULQJV� WKHUH ZDV QR FRQVHQVXV \HW DV WR ZKHWKHU
RU QRW WKLV DUFKLWHFWXUH LV VXLWDEOH IRU GDWD SURFHVVLQJ� :H
SUHVHQW /DPEDGD� D GDWD DQDO\WLFV IUDPHZRUN GHVLJQHG IRU
VHUYHUOHVV IXQFWLRQV� WKDW RYHUFRPHV WKH FXUUHQW OLPLWDWLRQV
DQG VLPXOWDQHRXVO\ DFKLHYHV EHWWHU SHUIRUPDQFH DQG ORZHU
FRVW WKDQ FRPPHUFLDO DOWHUQDWLYHV�
$ IXOO SDSHU RQ /DPEDGD KDV EHHQ DFFHSWHG WR 6,*02' >�@�

3RVWHU 6XPPDU\
6HUYHUOHVV IXQFWLRQV KDYH UHFHLYHG D WUHPHQGRXV DPRXQW RI
DWWHQWLRQ VLQFH WKHLU UHFHQW LQFHSWLRQ� 7KHVH VHUYLFHV DOORZ
XVHUV WR JHW DQ H[WUHPHO\ KLJK GHJUHH RI SDUDOOHOLVP �LQ WKH
RUGHU RI VHYHUDO WKRXVDQG�ZLWKLQ D YHU\ VKRUW DPRXQW RI WLPH
�W\SLFDOO\ D IHZ VHFRQGV� DQG DUH ELOOHG DW VXE�VHFRQG JUDQ�
XODULW\� 6HUYHUOHVV IXQFWLRQV WKXV KDYH WKH SRWHQWLDO WR PDNH
PDVVLYH SDUDOOHOL]DWLRQ DYDLODEOH WR WKH PDVVHV >�@� +RZ�
HYHU� WKH FXUUHQW RIIHULQJV KDYH IXQGDPHQWDO OLPLWDWLRQV� OHDG�
LQJ VRPH SHRSOH DV IDU DV WR VD\ WKDW ³>WKH\ DUH@ SDUWLFXODUO\
EDG IRU GDWD V\VWHPV LQQRYDWLRQ´ >�@�
7KURXJK D VLPSOH FRVW PRGHO �%ORFN � RI WKH SRVWHU�� ZH

ILUVW VKRZ ZKDW WKH SRWHQWLDO EHQHILW RI VHUYHUOHVV IXQFWLRQV
LV� :KLOH EHLQJ XS WR DQ RUGHU RI PDJQLWXGH PRUH H[SHQ�
VLYH WKDQ 90V IRU WKH H[DPSOH ZRUNORDG RI VFDQQLQJ 1 TB
IURP FORXG VWRUDJH� WKH HODVWLFLW\ RI IXQFWLRQV DOORZV WR VWDUW
HQRXJK RI WKHP VXFK WKDW WKH ZRUNORDG H[HFXWHV LQ D IHZ VHF�
RQGV� ZKHUHDV WKH ORQJ VWDUW�XS WLPH RI 90V DOUHDG\ WDNHV
D ODUJH IDFWRU ORQJHU� )XQFWLRQV DUH WKXV RQO\ DWWUDFWLYH IRU
LQWHUDFWLYH XVH FDVHV�
:H EXLOG D GDWD DQDO\WLFV V\VWHP� /DPEDGD >�@� WR VWXG\

WKH GHWDLOV RI WKH VHUYHUOHVV DUFKLWHFWXUH LQ WKLV FRQWH[W DQG
WR TXDQWLI\ WKH VSHHG�FRVW WUDGH�RII RI VXFK D V\VWHP� ,Q FRQ�
WUDVW WR SUHYLRXV HIIRUWV� ZH GHVLJQ /DPEDGD VXFK WKDW LW FRQ�
VLVWV RI RQO\ VHUYHUOHVV FRPSRQHQWV �VHH %ORFN ��� ,Q SDUWLF�
XODU� QR ELOODEOH RU XVHU�PDLQWDLQHG LQIUDVWUXFWXUH LV UXQQLQJ
EHWZHHQ TXHULHV� WKH RQO\ FRVWV RFFXU IRU H[HFXWLQJ TXHULHV�
7KH SRVWHU VKRZV KRZ /DPEDGD RYHUFRPHV WZR RI WKH

IXQGDPHQWDO FKDOOHQJHV LQKHUHQW LQ WKH FXUUHQW FORXG IXQF�
WLRQ RIIHULQJV� 7KH ILUVW LV VKRZQ LQ %ORFN �� 7KH PHUH SUR�
FHVV RI LQYRNLQJ D QXPEHU RI IXQFWLRQV DV ³ZRUNHUV´ WKDW

7KH SRVWHU DQG WKLV SDSHU DUH SXEOLVKHG XQGHU WKH &UHDWLYH &RP�
PRQV $WWULEXWLRQ�1RQ&RPPHUFLDO�6KDUH$OLNH OLFHQVH ��� ,QWHUQDWLRQDO
�&& %<�1&�6$ ���� OLFHQVH� 7R YLHZ D FRS\ RI WKLV OLFHQVH� YLVLW ?iiT,
ff+`2�iBp2+QKKQMbXQ`;fHB+2Mb2bf#v@M+@b�f9Xy�
(XUR6\V ¶��� $SULO ������ ����� +HUDNOLRQ� *UHHFH
?iiTb,ff/QBXQ`;fRyXjNkNf2i?x@#@yyy9yNk99

LV LQ WKH WKRXVDQGV WDNHV LQ WKH RUGHU RI VHYHUDO GR]HQ VHF�
RQGV LI GRQH VHTXHQWLDOO\� WKXV VHYHUHO\ OLPLWLQJ LQWHUDFWLY�
LW\� 7KH SORW VKRZV DQ H[DPSOH UXQ RI WKH WZR�OHYHO LQYR�
FDWLRQ SURFHVV ZH GHVLJQHG WR RYHUFRPH WKLV ERWWOHQHFN� %\
RII�ORDGLQJ WKH EXON RI WKH LQYRFDWLRQV WR WKH ILUVW OHYHO RI
VHUYHUOHVV ZRUNHUV� /DPEDGD FDQ VWDUW PDQ\ WKRXVDQG ZRUN�
HUV ZLWKLQ D IHZ VHFRQGV�
7KH UHVXOW LV WKDW WHUDE\WHV RI GDWD FDQ LQGHHG EH VFDQQHG

ZLWKLQ VHFRQGV �VHH %ORFN ��� /DPEDGD H[HFXWHV WKH VFDQ�
KHDY\ 4XHU\ � RI WKH ZLGH�VSUHDG 73&�+ EHQFKPDUN� GH�
SHQGLQJ RQ WKH FRQILJXUDWLRQ� LQ OLWWOH PRUH WKDQ 10 s DQG
ZLWK D FRVW RI DURXQG 20 �� %RWK FRPPHUFLDO 4XHU\�DV�D�
6HUYLFH V\VWHPV ZH FRPSDUHG ZLWK WDNH DW WKH VDPH WLPH
ORQJHU �%LJ4XHU\ RQO\ PDUJLQDOO\ VR� EXW $WKHQD PRUH WKDQ
DQ RUGHU RI PDJQLWXGH� DQG DUH VXEVWDQWLDOO\ PRUH H[SHQ�
VLYH �DERXW RQH DQG WZR RUGHUV RI PDJQLWXGH� UHVSHFWLYHO\��
)RU WKLV W\SH RI TXHU\� GDWD DQDO\WLFV RQ VHUYHUOHVV IXQFWLRQV
PD\ WKXV RXWSHUIRUP FRPPHUFLDO V\VWHPV E\ ODUJH PDUJLQV�
)RUPRUH FRPSOH[ TXHULHV� DQRWKHU IXQGDPHQWDO FKDOOHQJH

QHHGV WR EH VROYHG �%ORFN ��� 'LIIHUHQW VHUYHUOHVV ZRUNHUV
FDQQRW FRPPXQLFDWH WKURXJK GLUHFW QHWZRUN FRQQHFWLRQV� EXW
QHHG WR FRPPXQLFDWH WKURXJK ILOHV RQ FORXG VWRUDJH� 7KLV
DSSURDFK KDV EHHQ WHVWHG E\ VHYHUDO RWKHU DXWKRUV >�� �� �@�
EXW UHMHFWHG DV ³XQIHDVLEOH´ GXH WR WKH TXDGUDWLF QXPEHU RI
ILOH FUHDWLRQ WKLV HQWDLOV� )RU 1 kZRUNHUV� 1M ILOHV ZRXOG EH
FUHDWHG ZLWKLQ D IHZ VHFRQGV� ZLWK LV RUGHUV RI PDJQLWXGH
PRUH WKDQ FORXG VWRUDJH V\VWHPV FDQ VXVWDLQ�
:H VKRZ WKDW WKLV LV QRW D IXQGDPHQWDO OLPLWDWLRQ �%ORFN ���

:H GHVLJQ D QRYHO VKXIIOH DOJRULWKP WKDW VKXIIOHV WKH GDWD
LQ WZR SKDVHV� LQ HDFK RI ZKLFK WKH ! ZRUNHUV VKXIIOH RQO\
ZLWKLQ D VXEJURXS RI

√
! � 7KLV UHGXFHV WKH QXPEHU RI FUH�

DWHG ILOHV WR D VXE�TXDGUDWLF DPRXQW DQG DOORZV XV WR UXQ D
FRPSOHWH VKXIIOH DPRQJ 1 k ZRUNHUV� 7KLV LV D ODUJHU VFDOH
WKDQ DQ\ SUHYLRXV ZRUN KDV DFKLHYHG DQG HYHQ FRPSHWLWLYH
ZLWK VROXWLRQV WKDW XVH 90V²ZKLOH XVLQJ RQO\ VHUYHUOHVV
FRPSRQHQWV�
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