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PDQDJHU��-3HUQ��WKHQ�GHVFULEH�KRZ�D�&9(�FRXOG�EHQHILW�IURP�LQWHJUDWLQJ�ZLWK�VXFK�D�WUDQVDFWLRQ
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�� ,QWURGXFWLRQ
&ROODERUDWLYH�9LUWXDO�(QYLURQPHQWV��&9(��DUH�JURXSZDUH�V\VWHPV�WKDW�SURYLGH�D�YLVXDO�FRQWH[W
IRU� PXOWLSOH� XVHUV�� VXSSRUWLQJ� D� ZLGH� UDQJH� RI� DFWLYLWLHV� VXFK� DV� VRIWZDUH� GHVLJQ� DQG
GHYHORSPHQW��VFLHQWLILF�GDWD�EURZVLQJ��DQG�KHDOWK�FDUH�PDQDJHPHQW�� � ,Q� WKHVH�V\VWHPV��YDULRXV
NLQGV�RI�LQIRUPDWLRQ�LV�XVXDOO\�SUHVHQWHG�WR�WKH�XVHUV�DV�REMHFWV�LQ�D�YLUWXDO�ZRUOG��DQG�WKH�GDWD
RSHUDWLRQV�DUH� UHSUHVHQWHG�E\� WKH�XVHUV¶�DFWLRQ�DJDLQVW� WKHVH�YLUWXDO�REMHFWV��([DPSOHV�RI�&9(
FDQ�EH�IRXQG�LQ�>����@���7KH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�&9(�LV�VWLOO�DQ�DFWLYH�UHVHDUFK�WRSLF
>�@���&XUUHQW�&9(�GHVLJQ�UHVHDUFK�LV�YHU\�KHDY\�RQ�XVHU�LQWHUIDFH�LVVXHV�VXFK�DV�GDWD�PRGHOLQJ
DQG�YLVXDOL]DWLRQ�

7UDQVDFWLRQ�PDQDJHPHQW�LV�D�UDWKHU�WUDGLWLRQDO�WHFKQRORJ\�LQ�'DWDEDVH�V\VWHPV�>�@��7UDQVDFWLRQV
DUH�JURXSHG�GDWD�RSHUDWLRQV�WKDW�DUH�H[HFXWHG�ZLWK�FHUWDLQ�FRQVLVWHQF\�JXDUDQWHHV���2ULJLQDOO\��D
WUDQVDFWLRQ�LV�DWRPLF��RSHUDWLRQV�DUH�H[HFXWHG�LQ�DQ�DOO�RU�QRQH�IDVKLRQ��DQG�LVRODWHG�ZLWK�HDFK
RWKHU���/DWHU��D�QXPEHU�RI�([WHQGHG�7UDQVDFWLRQ�0RGHOV��(70��>�@�KDYH�EHHQ�SURSRVHG�IRU�WKH
NLQG�RI�KXPDQ�RULHQWHG��ORQJ�GXUDWLRQ�DFWLYLWLHV�IUHTXHQWO\�VHHQ�LQ�&9(���7KHVH�(70�SURYLGHV
DGYDQFHG� DQG� IOH[LEOH� FRUUHFWQHVV� FULWHULD� IRU� WKH� WUDQVDFWLRQV�� DQG� DOORZV� PRUH� QRQ�LVRODWHG
DFWLYLWLHV�DPRQJ�WKH�XVHUV�

%\� LWV� QDWXUH�� 9LUWXDO� &ROODERUDWLYH� (QYLURQPHQWV� LQYROYHV� PXOWL�XVHU� DFWLYLWLHV�� DQG� WKHVH
DFWLYLWLHV� DUH� H[SHFWHG� WR� EH� FROODERUDWLYH�� YHU\� PXFK� LQ� D� ZD\� WKDW� WKH� RULJLQDO� DWRPLF
WUDQVDFWLRQ�PRGHOV�ZRXOG�QRW�DFFRPPRGDWH�DQG�WKH�(70V�DUH�PRUH�VXLWDEOH�� �:KHQ�D�&9(�LV
FRQVWUXFWHG��LW�FRXOG�EH�EXLOW�IURP�VFUDWFK�ZLWK�VSHFLILF�UHTXLUHPHQWV�RI�WKH�HQYLURQPHQW��PDNLQJ



LWV�RZQ�GDWDEDVH��XVHU�LQWHUIDFH�DQG�RWKHU�FRPSRQHQWV���&RQVHTXHQWO\��WKH�FRUUHFWQHVV�FULWHULD�RI
WKH�GDWD�PDQDJHPHQW�FDQ�EH�KDUGZLUHG�LQWR�WKH�V\VWHP���2Q�WKH�RWKHU�KDQG��WKH�FRPSRQHQW�EDVHG
DSSURDFK�� ZLWK� WKH� DGRSWLRQ� RI� XQGHUOLQLQJ� FRPSRQHQWV� VXFK� DV� GDWD� UHSRVLWRU\�� FRQFXUUHQF\
FRQWURO��FDFKLQJ�DQG�8,��DOORZV�D�&9(�WR�EH�FRQVWUXFWHG�ZLWK�OHVV�HIIRUW�

:LWK� WKH� GHYHORSPHQW� RI� WKH� :RUOG� :LGH� :HE� �:::��� WKH� FRPSRQHQW�EDVHG� DSSURDFK� LV
EHFRPLQJ�PRUH�DQG�PRUH�SRSXODU��$OVR��ZKHQ�D�&9(�LQWHQGV�WR�ZRUN�ZLWK�GDWD�VRXUFHV�VXFK�DV
ZHE� VHUYHUV�� RQH�PLJKW� QRW� HYHQ� KDYH� WKH� OX[XU\� WR� FXVWRPL]H� WKH� GDWD� VRXUFHV�� � (YHQ� LI� RQH
ZDQWV� WR� FXVWRP� EXLOG� D� &9(�� � �V�KH� PXVW� OLYH� ZLWK� WKH� IDFW� WKDW� WKHUH� DUH� SUH�H[LVWLQJ
FRPSRQHQWV�WKDW�FDQQRW�EH�FXVWRPL]HG�DV��V�KH�ZDQWV�

,Q� WKH� UHFHQW� \HDUV�� FRPSRQHQW�EDVHG� WUDQVDFWLRQ� PRGHOLQJ� DQG� PDQDJHPHQW� WHFKQRORJ\
DGYDQFHV� KDYH�PDGH� WKH� UHDOL]DWLRQ� RI�(70�HDVLHU� DQG� IOH[LEOH� >��� ���� ����(UURU��5HIHUHQFH
VRXUFH�QRW�IRXQG�@���:H�DUH�SDUWLFXODUO\�LQWHUHVWHG�LQ�WKH�DSSOLFDWLRQ�RI�VXFK�WHFKQRORJ\�LQ�WKH
GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�&9(����,Q�WKLV�SDSHU��ZH�ILUVW�EULHIO\�H[DPLQH�KRZ�-3HUQ��D�IOH[LEOH
WUDQVDFWLRQ�VHUYLFH�IRU�LQWHUQHW�EDVHG�FROODERUDWLYH�V\VWHPV��ZRUNV��WKHQ�GHVFULEH�LQ�JHQHUDO�KRZ
&9(�FRXOG�EHQHILW�IURP�VXFK�WUDQVDFWLRQ�WHFKQRORJ\��)LQDOO\��ZH�SUHVHQW�D�FRQFUHWH�H[DPSOH�RI
KRZ�WR�LQWHJUDWH�D�&9(�ZLWK�D�WUDQVDFWLRQ�PDQDJHU�WR�REWDLQ�VXFK�EHQHILWV�

�� -3HUQ��)OH[LEOH�7UDQVDFWLRQ�6HUYLFH
,Q�>(UURU��5HIHUHQFH�VRXUFH�QRW�IRXQG�@��ZH�SUHVHQWHG�D�QRYHO� WUDQVDFWLRQ�VHUYHU�DUFKLWHFWXUH
IRU� LQWHUQHW�EDVHG�� FROODERUDWLYH� V\VWHPV�� � +HUH�� ZH� QHHG� WR� EULHIO\� JR� RYHU� ZKDW� LW� RIIHUV� LQ
WHUPV�RI�DSSOLFDWLRQ�WR�WKH�&9(�FRQVWUXFWLRQ�

7KH�FRUH�RI�WKH�DUFKLWHFWXUH�LV�D�WUDQVDFWLRQ�VHUYHU�WKDW�RSHUDWHV�LQGHSHQGHQWO\�RI�WKH�GDWD�VRXUFHV
DQG�DSSOLFDWLRQV�� �7KH�WUDQVDFWLRQ�VHUYHU�GLUHFWO\�DFFHVVHV�WKH�GDWD�VRXUFHV�� WKHUHIRUH� LW�KDV� WKH
RSSRUWXQLW\� WR� OHYHUDJH� SRVVLEOH� &RQFXUUHQF\� &RQWURO� �&&�� IHDWXUHV� SURYLGHG� E\� WKH� GDWD
VRXUFHV�� �7KH� WUDQVDFWLRQ� VHUYHU� FDQ� DOVR� EH� FXVWRPL]HG� E\� WKH� DSSOLFDWLRQV� WR� UHDOL]H� YDULRXV
(70V�� � 7KH� FXVWRPL]DWLRQ� PHFKDQLVPV� LQFOXGH� FKDQJLQJ� WKH� ORFN� WDEOH�� ZULWLQJ� &&� SROLFLHV
FDOOEDFNV�� DQG� ZULWLQJ� GDWD� DFFHVV� PRGXOHV� WR� XWLOL]H� WKH� &&� IHDWXUHV� SURYLGHG� E\� WKH� GDWD
VRXUFHV�

���� 0LGGOHZDUH�$SSURDFK

7KHUH�KDYH�EHHQ�DWWHPSWV�WR�EXLOG�&&�FDSDELOLWLHV�VXFK�DV�ORFNLQJ��FKHFN�RXW�FKHFN�LQ��DQG�HYHQ
GLVWULEXWHG� WUDQVDFWLRQV� LQWR� WKH� :::� LQIUDVWUXFWXUH�� 7KHUH� DUH� WZR� PDMRU� DSSURDFKHV�
FDWHJRUL]HG� DFFRUGLQJ� WR� ZKHUH� WKH� EXON� RI� WKH� IXQFWLRQDOLW\� LV� SODFHG�� WKH� VHUYHU� VLGH� RU� WKH
FOLHQW�VLGH���7KH�VHUYHU�DSSURDFK�>��@�LQWURGXFHV�&&�IXQFWLRQDOLW\�LQWR�WKH�ZHE�VHUYHUV�VR�WKDW�WKH
FOLHQWV�FDQ�H[SOLFLWO\�VXEPLW�RSHUDWLRQV�DV�SDUW�RI�D�WUDQVDFWLRQ��D�FROOHFWLRQ�RI�FRRSHUDWLQJ�ZHE
VHUYHUV�FDQ�WKHQ�UHDOL]H�GLVWULEXWHG�WUDQVDFWLRQV��7KH�FOLHQW�DSSURDFK�>�����@�SODFHV�&&�SROLFLHV
LQWR�WKH�FOLHQWV��EXW�VWLOO�RIWHQ�UHTXLUHV�WKH�VHUYHUV�WR�SURYLGH�YHU\�EDVLF�&&�EXLOGLQJ�EORFNV�VXFK
DV�ORFNV�RU�YHUVLRQV�



1HLWKHU�RI� WKHVH�DSSURDFKHV�DGGUHVVHV� WKH�SUREOHP�RI�KRZ�WR�G\QDPLFDOO\�FXVWRPL]H� WKH�(70
DYDLODEOH� WR� WKH� DSSOLFDWLRQV�� � +DUGZLULQJ� &&� SROLFLHV� LQWR� HLWKHU� WKH� GDWD� VRXUFHV� RU� WKH
DSSOLFDWLRQV�JUHDWO\�OLPLWV�VFDODELOLW\�DQG�IOH[LELOLW\�

)LJXUH���7UDQVDFWLRQ�6HUYHU�$UFKLWHFWXUH

)LJXUH���GHVFULEHV�RXU�SURSRVDO�RI�D�WKLUG��PLGGOHZDUH�DSSURDFK��WKH�&&�SROLFLHV�DUH�UHDOL]HG�LQ�D
QHZ� FRPSRQHQW�� WKH� H[WHUQDO� WUDQVDFWLRQ� VHUYHU�� 7KH� 6'(V� PDNH� UHTXHVWV� WR� WKH� WUDQVDFWLRQ
VHUYHU��ZKLFK� FDUULHV� RXW� WKH� FRQFXUUHQF\� FRQWURO� SROLFLHV� LQ� WKH� SURFHVV� RI� REWDLQLQJ� WKH� GDWD
IURP�WKH�ZHE�VHUYHUV�RQ�EHKDOI�RI�WKH�DSSOLFDWLRQV���7KH�ZHE�VHUYHUV�DUH�QRW�UHTXLUHG�WR�SURYLGH
DQ\�&&�VXSSRUW� DW� DOO�� DOWKRXJK�DQ\� VXSSRUW� WKH\�GR�KDSSHQ� WR�SURYLGH� FDQ� DOVR� EH� H[SORLWHG�
7KH�PDMRU�DGYDQWDJHV�RI�WKLV�DSSURDFK�DUH�

�� 7KH�WUDQVDFWLRQ�VHUYHU�FDQ�HDVLO\�EH�WDLORUHG�WR�LPSOHPHQW�WKH�GHVLUHG�(70�
�� 7KH�DSSURDFK�GRHV�QRW�UHTXLUH�DQ\�FKDQJHV�WR�WKH�VHUYHUV��RU�WKH�DSSOLFDWLRQV��DOWKRXJK�LW

GRHV�QRW�SUHYHQW�WKH�VHUYHU�IURP�EHLQJ�LQWHJUDWHG�DW�VRXUFH�FRGH�OHYHO�
�� &RRUGLQDWLRQ�DPRQJ�DSSOLFDWLRQV�WKDW�VKDUH�GDWD�FDQ�EH�GRQH�LQ�WKH�WUDQVDFWLRQ�VHUYHU�DQG

UHVROYLQJ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�(70V�XVHG�E\�WKHVH�6'(V�LV�PDGH�SRVVLEOH�

:H�KDYH�D�SURRI�RI�FRQFHSW�LPSOHPHQWDWLRQ�RI�WKH�WUDQVDFWLRQ�VHUYHU��FDOOHG�-3HUQ���-3HUQ�FDQ�EH
WUHDWHG�DV�D�QRUPDO�ZHE�VHUYHU�ZKHUH�VSHFLDO�85/V�DUH�WUHDWHG�DV�WUDQVDFWLRQ�UHTXHVWV���)LJXUH��
VKRZV�VDPSOH�UHTXHVW�DQG�UHSO\�PHVVDJHV�EHWZHHQ�D�SRWHQWLDO�DSSOLFDWLRQ�DQG�-3HUQ�

)LJXUH���6DPSOH�&RPPXQLFDWLRQ�EHWZHHQ�-3HUQ�DQG�DQ�DSSOLFDWLRQ

7KH�UHTXHVW�LV�WR�ORFN�DQ�REMHFW�ZKRVH�85/�LV�KWWS���ZZZ�FV�FROXPELD�HGX�LQ�5HDG�RQO\��5�
PRGH�� � 7KH� YDOXHV� RI� 3HUQ6HVVLRQ,'� DQG� 7UDQVDFWLRQ� ,'� ZHUH� SUHYLRXVO\� REWDLQHG� IURP
-3HUQ�� �7KH� UHSO\�PHVVDJH� VKRZV� WKH� VXFFHVVIXO� H[HFXWLRQ�RI� VXFK� D� UHTXHVW�� DQG� WKH�PHVVDJH
WHOOV�WKH�6'(�WKDW�WKH�REMHFW�KDV�EHHQ�ORFNHG�



���� &XVWRPL]LQJ�-3HUQ

7KH�&&�SROLFLHV�RI�-3HUQ�FDQ�EH�FXVWRPL]HG�WR�LPSOHPHQW�WKH�(70V�WKDW�WKH�DSSOLFDWLRQV�GHVLUH�
+HUH� ZH� FDQ� RQO\� EULHIO\� JR� RYHU� WKH� DUHDV� ZKHUH� RQH� FDQ� FXVWRPL]H� -3HUQ�� � )RU� PRUH
LQIRUPDWLRQ��VHH�>(UURU��5HIHUHQFH�VRXUFH�QRW�IRXQG�@�

�� /RFN�7DEOH�� -3HUQ�XVHV� D� ORFN� FRPSDWLELOLW\� WDEOH� WR� GHVFULEH� WKH� GLIIHUHQW� ORFN�PRGHV
XVHG�E\�WKH�(70�LW�LPSOHPHQWV�

�� /RFN�6HPDQWLFV��7KH�ILQH�JUDLQHG�VHPDQWLFV�RI�HDFK�ORFN�PRGH�LV�GHILQHG�LQ�WKH�FDOOEDFN
FRGH� WKDW� WKH� DGPLQLVWUDWRUV� RI� HDFK� DSSOLFDWLRQ� ZULWH�� � 6XFK� FDOOEDFN� FRGH� FDQ� EH
WUDQVIHUUHG�WR�-3HUQ�G\QDPLFDOO\�

�� 7UDQVDFWLRQ�0RGHOLQJ��7KH�(70V�DUH�LPSOHPHQWHG�E\�D�FRPELQDWLRQ�RI�FXVWRPL]LQJ�WKH
ORFN�WDEOH�DQG�ZULWLQJ�WKH�FDOOEDFN�FRGH�

�� ([SORLWLQJ� &&� )HDWXUHV� SURYLGHG� E\� WKH� :HE� 6HUYHUV�� -3HUQ� DOVR� KDV� D� QXPEHU� RI
FDOOEDFNV� WKDW� WKH�DSSOLFDWLRQ�DGPLQLVWUDWRU�FDQ�VHW�XS� WR�DFFHVV� WKH�ZHE�VHUYHUV�� �6XFK
FDOOEDFNV�FDQ�EH�XVHG�WR�DOORZ�-3HUQ�WR�XVH�WKH�&&�IHDWXUHV�SURYLGHG�E\�WKH�ZHE�VHUYHUV�
VXFK�DV�ORFNLQJ�D�ZHE�SDJH��VWDUWLQJ�D�WZR�SKDVH�FRPPLW��RU�VSDZQLQJ�D�QHZ�YHUVLRQ�RI
WKH�ZHE�SDJH�

�� &9(�DQG�7UDQVDFWLRQ�0DQDJHPHQW
$V�ZH�PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ��RQH�PLJKW�EXLOG�D�&9(�IURP�VFUDWFK�RU�E\�XVLQJ�H[LVWLQJ
FRPSRQHQWV�� � %XW� QR� PDWWHU� ZKLFK� DSSURDFK� LV� EHLQJ� WDNHQ�� ZH� FDQ� DOPRVW� DOZD\V� ILQG� WKH
IROORZLQJ�ORJLFDOO\�VHSDUDEOH�FRPSRQHQWV�LQ�LW�

�� 2QH� RU� PXOWLSOH� GDWD� VRXUFHV� WKDW� VWRUH� WKH� VKDUHG� GDWD�� 7KH� &9(V� PD\� KDYH
JHRJUDSKLFDOO\� GLVWULEXWHG� GDWD� VRXUFHV�� DQG� LQ� FDVH� RI� ZHE�EDVHG� &9(V�� WKH� ZHE
VHUYHUV�EHFRPH�SDUW�RI�WKH�GDWD�VRXUFHV�

�� $�JUDSKLFDO�XVHU�LQWHUIDFH�WKDW�YLVXDOO\�UHSUHVHQWV�WKH�GDWD���$V�&9(V�DUH�VWURQJ�LQ�GDWD
UHSUHVHQWDWLRQ� DQG� ��'� PRGHOLQJ�� WKHLU� XVHU� LQWHUIDFHV� DUH� DOPRVW� FHUWDLQO\� IXOO� RI
DQLPDWLRQV�DQG�RWKHU�FRPSXWDWLRQ�KHDY\�RSHUDWLRQV���7KHUHIRUH��KRZ�WR�DFFHOHUDWH�WKH
8,�WR�DFKLHYH�D�QHDU�WR�UHDO�WLPH�UHVSRQVH�LV�DOVR�DQ�LPSRUWDQW�LVVXH�

�� $� JURXSZDUH� HQJLQH� WKDW� HPERGLHV� YDULRXV� SROLFLHV� DQG� IXQFWLRQV� RI� WKH� &9(�
%HFDXVH� WKH� &9(V� DUH� VXSSRVHG� WR� VXSSRUW� FHUWDLQ� SURGXFWLYH� DFWLYLWLHV� VXFK� DV� D
GHVLJQ�SURFHVV�� D� JURXSZDUH� HQJLQH� WKDW� VXSSRUWV�ZRUNIORZ� DW� D� FHUWDLQ� OHYHO� LV� YHU\
LPSRUWDQW�� � � 6RPH� &9(�PD\� RQO\� KDYH� VWURQJ� GDWD� YLVXDOL]DWLRQ� DQG� YHU\� ³GXPE´
JURXSZDUH�HQJLQH��EXW�LQ�JHQHUDO��D�&9(�FDQ�EH�H[SHFWHG�WR�FRQWDLQ�VXFK�D�IXQFWLRQDO
XQLW�

)RU� H[DPSOH�� LQ� >�@�� WKH� 0DYHULFN� V\VWHP� FRQVLVWV� RI� WKH� 6SDWLDO� 0DQDJHPHQW� 6\VWHP� �GDWD
VRXUFH���D�*UDSKLFV�6\VWHP��8,��DQG�D�QXPEHU�RI�JURXSZDUH�HQJLQH�XQLWV�VXFK�DV�WKH�&RQVWUDLQW�
EDVHG�0DQLSXODWLRQ�&ROOLVLRQ�'HWHFWLRQ�DQG�1DYLJDWLRQ�VXEV\VWHPV�

$�WUDQVDFWLRQ�PDQDJHU�VXFK�DV�-3HUQ�FRXOG�EH�GHSOR\HG�LQ�DOO�RI�WKH�DERYH�FRPSRQHQWV��,Q�WKLV
VHFWLRQ��ZH�ZLOO�ORRN�DW�KRZ�ZH�FRXOG�DSSO\�-3HUQ�LQ�WKHVH�FRPSRQHQWV�



���� 'DWD�0DQDJHPHQW

7KH�PRVW� WUDGLWLRQDO� DQG� QDWXUDO� DSSOLFDWLRQ� RI� WUDQVDFWLRQ� LV� LQ� GDWD� PDQDJHPHQW�� � ,Q� &9(�
PXOWLSOH� XVHUV� DFFHVV� GLVWULEXWHG� GDWD� VRXUFHV� LQ� WKH� VDPH� WLPH�� DQG� WKH� FRQFXUUHQF\� FRQWURO
SUREOHP�EHFRPHV�DQ�LPPHGLDWH�LVVXH�

:KHQ�WKH�GDWD�VRXUFHV�DUH�FXVWRP�EXLOW�� WKH�FRQFXUUHQF\�FRQWURO� IXQFWLRQDOLW\�DQG�SROLFLHV�FDQ
EH� VSHFLILFDOO\� FRGHG� LQWR� WKHP�� �+RZHYHU�� WKH� GDWD� VRXUFHV�PD\�EH� SUH�H[LVWLQJ� GDWDEDVHV� RU
ZHE�VHUYHUV�WKDW�SURYLGH�D�FHUWDLQ�IL[HG�IRUP�RI�FRQFXUUHQF\�FRQWURO���7KH�&&�SROLFLHV�HQIRUFHG
E\�WKH�GDWD�VRXUFHV�PD\�QRW�EH�VXLWDEOH�IRU�WKH�VSHFLILF�&9(���'HSHQGLQJ�RQ�WKH�OHYHO�RI�VXSSRUW
WKH�GDWD�VRXUFHV�KDYH��WKH�&9(�QHHGV�WR�PDS�WKH�GHVLUHG�WUDQVDFWLRQ�PRGHO�GLIIHUHQWO\�

�� 'DWD� VRXUFHV� ZLWK� QR� FRQFXUUHQF\� FRQWURO� VXSSRUW�� WKH� ZKROH� WUDQVDFWLRQ� PRGHO
ZRXOG�EH�ZULWWHQ� LQ�SOXJ�LQ� FRGH�� DQG� UXQ� VROHO\� LQ� -3HUQ�� �$V�ZH�KDYH�PHQWLRQHG
EHIRUH�� WKH� DSSOLFDWLRQV� WKDW� GR� QRW� JR� WKURXJK� -3HUQ�ZLOO� QRW� EH� SURWHFWHG� DJDLQVW
LQFRQVLVWHQFLHV�VXFK�DV�GLUW\�UHDGV�RU�EURNHQ�OLQNV�

�� 'DWD�VRXUFHV�ZLWK�ORFNLQJ�FDSDELOLW\��XVLQJ�WKH�ORFNLQJ�FDSDELOLW\�LQ�WKH�GDWD�VRXUFHV�
ZH�FDQ�HQVXUH�WKH�DSSOLFDWLRQV�WKDW�GR�QRW�JR�WKURXJK�-3HUQ�RU�',6�ZLOO�QRW�JHW�DQ\
GLUW\�UHDGV�

�� 'DWD� VRXUFHV� ZLWK� GLVWULEXWHG� WUDQVDFWLRQ� QRWLRQV�� VXFK� GDWD� VRXUFHV� LQFOXGH� ZHE
VHUYHUV�WKDW�LPSOHPHQW�7,3��RU�WKH�YDULRXV�+773�ZUDSSHG�WUDGLWLRQDO�GDWDEDVHV���)RU
WKHVH�GDWD�VRXUFHV��-3HUQ�QRW�RQO\�FDQ�EH�XVHG�WR�JXDUG�RWKHU�DSSOLFDWLRQV�IURP�GLUW\
UHDGV�� EXW� DOVR� DOORZ� GLVWULEXWHG� FRPPLW� �ZLWK� ��SKDVH� FRPPLW�� DQG� GHOHJDWH� VXE
WUDQVDFWLRQV� WR� WKH� GDWD� VRXUFH�� � 7KHVH� GDWD� VRXUFHV� PRVWO\� LPSOHPHQW� DWRPLF
WUDQVDFWLRQ� PRGHOV� IRU� WKH� WUDQVDFWLRQV� UXQQLQJ� VROHO\� ZLWKLQ� WKHLU� VFRSH�� � :KHQ
PXOWLSOH�GDWD�REMHFWV�DUH�DFFHVVHG�LQ�RQH�GDWD�VRXUFH��ZH�FDQ�FRQYHQLHQWO\�XWLOL]H�WKH
WUDQVDFWLRQV�LQ�VXFK�GDWD�VRXUFHV�

�� 'DWD�VRXUFHV�ZLWK�H[WHQGHG�WUDQVDFWLRQ�VXSSRUW��QRW�RQO\�FDQ�ZH�XVH�WKH�WUDQVDFWLRQV
WR�HQVXUH�WKH�DWRPLFLW\�RI�PXOWLSOH�GDWD�DFFHVV�LQ�RQH�GDWD�VRXUFH��ZH�FDQ�DOVR�PDNH
XVH�RI�WKH�H[WHQVLRQV�WKH\�SURYLGH�WR�HDVH�WKH�ZULWLQJ�RI�WKH�WUDQVDFWLRQ�SOXJ�LQ�FRGH
LQ� -3HUQ�� � +RZHYHU�� D� PDSSLQJ� EHWZHHQ� WKH� GHVLUHG� WUDQVDFWLRQ� PRGHO� DQG� WKH
WUDQVDFWLRQ�PRGHO�SURYLGHG�E\�WKH�GDWD�VRXUFHV�LV�QRW�DOZD\V�HDV\�WR�ILQG�

,Q�DOO�RI�WKHVH�FDVHV��-3HUQ�VWDQGV�LQ�EHWZHHQ�RI�WKH�GLVWULEXWHG�GDWD�VRXUFHV�DQG�FRRUGLQDWHV�WKH
GDWD�VRXUFHV�DQG�WKH�UHVW�RI�WKH�&9(����7KH�&9(�FRQILJXUHV�WKH�&&�SROLFLHV�LQ�WKH�-3HUQ�E\�WKH
PHDQV�ZH�PHQWLRQHG�LQ�6HFWLRQ������DQG�ZKHQ�WKHUH�DUH�PXOWLSOH�&9(V�VKDULQJ�WKH�VDPH�VHW�RI
GDWD� VRXUFHV� �H�J���ZHE� VHUYHUV��� WKH\�PXVW� JR� WKURXJK� WKH� VDPH� -3HUQ� LQVWDQFH� LQ� RUGHU� WR� EH
IXOO\�FRRUGLQDWHG�

���� 8VHU�,QWHUIDFH

,Q�&9(�� WKHUH� DUH� LVVXHV�FRQFHUQLQJ� WKH�8,�XSGDWH� VSHHG� DQG� WKH�GDWD�SURFHVVLQJ� VSHHG� DW� WKH
EDFN� HQG� GDWDEDVHV�� � � $� QXPEHU� RI� FDFKH� DOJRULWKPV� FRQFHUQLQJ� WKH� IDVWHU� GLVSOD\� RI� YLUWXDO
ZRUOG� FKDQJHV� KDYH� EHHQ� GHYLVHG�� �0RVW� FDFKH� DOJRULWKPV� XVH� RSWLPLVWLF� FRQFXUUHQF\� FRQWURO
SROLFLHV��ZKHQ� DQ� RSHUDWLRQ� LV� GRQH�� LW� LV� DVVXPHG� WKDW� WKHUH� ZLOO� EH� QR� &&� FRQIOLFW�� DQG� WKH



RSHUDWLRQ� LV� FDUULHG� RXW� LQ� WKH� ORFDO� FDFKH�� � ,Q� WKH�PHDQZKLOH� RU� D� ELW� ODWHU�� WKH� EDFNHQG� GDWD
VRXUFH�LV�DOVR�FRQWDFWHG�WR�SHUIRUP�WKH�UHDO�RSHUDWLRQ��,I�WKH�RSHUDWLRQ�WXUQV�RXW�WR�EH�FRQIOLFWLQJ
ZLWK�RWKHU�RQ�JRLQJ�WUDQVDFWLRQV��LW�ZLOO�EH�UHMHFWHG�DQG�WKH�ORFDO�FDFKH�QHHGV�WR�EH�UROOHG�EDFN�
)RU�H[DPSOH��DVVXPH�WKH�H[SORVLRQ�RI�D�EDOO�LQ�D�FHUWDLQ�WKHPH�UHSUHVHQWV�WKH�GHOHWLRQ�RI�D�ILOH�
:KHQ� D� XVHU� SHUIRUPV� D� GHOHWH� RSHUDWLRQ�� WKH�8,�PRGXOH� GHOHWHV� LW� IURP� LWV� ORFDO� FDFKH�� VWDUW
GLVSOD\LQJ�WKH�H[SORVLRQ�DQLPDWLRQ��DQG�LQ�WKH�PHDQZKLOH��FRQWDFWV�WKH�EDFNHQG�GDWD�VRXUFH�IRU�D
UHDO� GHOHWLRQ�� � +RZHYHU�� WKH� GHOHWLRQ� PLJKW� EH� UHMHFWHG� E\� WKH� 9(0� EHFDXVH� RI� FRQFXUUHQF\
FRQWURO�OLPLWV���7KHUHIRUH�WKH�8,�PLJKW�GHFLGH�WR�³XQGR´�WKH�HIIHFW�RI�WKH�H[SORVLRQ���'HSHQGLQJ
RQ�WKH�WLPLQJ��WKH�XQGR�PLJKW�EH�D�EDFN�WR�WKH�WLPH�IDVKLRQ�XQGR�RI�WKH�H[SORVLRQ�DQLPDWLRQ��RU
VLPSO\� D� UHJHQHUDWLRQ�RI� WKH�EDOO�� � � ,Q�RUGHU� WR� VXSSRUW� VXFK� DSSOLFDWLRQ� VSHFLILF� UHTXLUHPHQWV�
-3HUQ�FDQ�EH�XVHG�WR�PDQDJH�WKH�ORFDO�FDFKH�

���� *URXSZDUH�(QJLQH

:KHQ�WKH�8,�XSGDWHV�WKH�YLUWXDO�ZRUOG��L�H���YLHZ�RI�WKH�GDWD�REMHFWV���LW�PD\�EH�GHVLUHG�WKDW�RQO\
D�SRUWLRQ�RI�WKH�ZRUOG�VKRXOG�EH�XSGDWHG���)RU�H[DPSOH��LPDJLQH�ZH�KDYH�DQ�DXWRPRELOH�GHVLJQ
HQYLURQPHQW�ZKHUH��DPRQJ�RWKHU�GHVLJQHUV��WZR�GHVLJQHUV�$�DQG�%�ZRUN�FORVHO\���$�LV�WKH�H[SHUW
RQ� HQJLQH� GHVLJQ�� DQG� %� ZRUNV� RQ� WKH� WUDQVPLVVLRQ�� � :KHQ� %� KDV� D� QHZ� LGHD� DERXW� WKH
WUDQVPLVVLRQ�DQG�ZDQWV�WR�VHH�KRZ�LW�ILWV�WKH�GHVLJQV�RI�WKH�HQJLQH��KH�PLJKW�ZDQW�$�WR�VHH�KLV
QHZ�GHVLJQ��SXW� WRJHWKHU�ZLWK�$
V� HQJLQH�GHVLJQ� DQG� UXQ� D� IHZ� WHVWV�� � ,Q� WKDW� FDVH��%
V� GHVLJQ
DFWLYLW\��ZKLFK�LV�HQFDSVXODWHG�E\�D�WUDQVDFWLRQ��LV�PDGH�YLVLEOH�WR�$���+RZHYHU��WKH�GHVLJQ�LV�QRW
FRPPLWWHG� WR� WKH� FHQWHU� GDWDEDVH�� DQG� DQ\� RWKHU� GHVLJQHU�ZLOO� QRW� EH� DEOH� WR� VHH� WKDW�� � 7KHUH
PLJKW� EH� RWKHU� XVHUV�ZKR� FXUUHQWO\� KDYH� WKH� WUDQVPLVVLRQ� GHVLJQ� GRFXPHQW� LQ� WKHLU� YLHZ�� EXW
ZKDW�WKH\�VHH�LV�VWLOO�WKH�ROG�YHUVLRQ�XQWLO�%��RU�$��LI�WKH�WUDQVDFWLRQ�PRGHO�DOORZV�D�FR�DXWKRU�WR
FRPPLW�WKH�WUDQVDFWLRQ��FRPPLWV�

7KH�JURXSZDUH�HQJLQH�WDNHV�WKH�RSHUDWLRQ�UHTXHVWV�IURP�WKH�XVHUV��DQG�EHIRUH�LW�LVVXHV�XSGDWH�RU
DFFHVV�UHTXHVWV�WR�WKH�GDWD�VRXUFHV��LW�JRHV�WKURXJK�WKH�QHFHVVDU\�VWHSV�WR�ILQLVK�LWV�RZQ�WDVN�VXFK
DV� WKH�ZRUNIORZ� WKDW� LV� EHLQJ� H[HFXWHG�� � 7KH� FRQFXUUHQF\� FRQWURO� RU� WUDQVDFWLRQ�PDQDJHPHQW
KHUH�LV�DW�D�KLJKHU�OHYHO�WKDQ�WKDW�LQ�WKH�GDWD�VRXUFHV����$V�LQ�WKH�DERYH�H[DPSOH��WKH�JURXSZDUH
HQJLQH�FRQFHUQV�PRUH�DERXW�ZKHWKHU�RU�QRW�WKH�XVHUV�VKRXOG�³VHH´�FHUWDLQ�GDWD�FKDQJHV�DQG�ZKHQ
WKH� VHH� LW� DFFRUGLQJ� WR� WKH� DSSOLFDWLRQ� VSHFLILFDWLRQ� RI� WKH� &9(�� � � ,Q� GDWD� VRXUFHV�� KRZHYHU�
FRQFXUUHQF\�FRQWURO�IRFXVHV�PRUH�RQ�WKH�GDWD�FRQVLVWHQF\��HLWKHU�LQ�D�VLQJOH�VLWH�RU�D�GLVWULEXWHG
RQH�

)LQDOO\�� OHW� XV� ORRN� DW� WKH� �YLHZ� XSGDWH�� LVVXH�� �:KHQ� GDWD� DUH� XSGDWHG� LQ� ORQJ�GXUDWLRQ�� DQG
RIWHQ�DGYDQFHG��WUDQVDFWLRQV�LQ�WKH�GDWDEDVHV��WKH�XVHU�LQWHUIDFHV�QHHG�WR�EH�XSGDWHG�LQ�D�VLPLODU
ZD\� WRR�� ,Q� WUDGLWLRQDO� GDWDEDVH� V\VWHPV�� XVHUV� RU� DSSOLFDWLRQV� DFWLYHO\� XSGDWH� DQG� TXHU\� WKH
GDWDEDVH���7KH�FKDQJHV�PDGH�E\�RQH�XVHU�DUH�QRW�DFWXDOO\��VHHQ��E\�RWKHUV�XQWLO�WKH\�PDNH�QHZ
TXHULHV�� � 7KH� FRUUHFWQHVV� RI� WKH� TXHULHV� LV� HQVXUHG� E\� WKH� DVVXPSWLRQ� WKDW� WKH� TXHULHV� DUH
LQGHSHQGHQW�DQG�H[HFXWHG�LQ�VHSDUDWH�WUDQVDFWLRQV���+RZHYHU��LQ�D�YLUWXDO�HQYLURQPHQW�ZKHUH�WKH
ZKROH�GDWDEDVH��RU�GDWDEDVHV��LQ�D�GLVWULEXWHG�VLWXDWLRQ��LV�YLVXDOL]HG�DV�D��'��RU�VRPHWLPHV��'�
REMHFWV��DQG�WKH�XVHUV�PDNH�FHUWDLQ�DVVXPSWLRQV�DERXW� WKH�YLUWXDO�ZRUOG�WKH\�VHH��HVSHFLDOO\�RQ
KRZ�LW�FKDQJHV�UHJDUGLQJ�RWKHU�XVHUV
�XSGDWH�UHTXHVWV���2QH�FRPPRQ�DVVXPSWLRQ��ZKLFK�LV�XVHG
ZLGHO\�LQ�WKH�:RUOG�:LGH�:HE�E\�WKH�EURZVHUV��LV�WKDW�D�XVHU
V�YLHZ�QHYHU�FKDQJHV�XQWLO�KH�RU



VKH�FOLFNV�WKH��UHIUHVK��EXWWRQ��� �5HIOHFWHG�WR�&9(��WKH�DVVXPSWLRQ�VXJJHVWV�WKDW�WKH�GLVSOD\�RI
WKH�YLUWXDO�ZRUOG�LV�DOZD\V�D�IUR]HQ�VQDSVKRW�RI�WKH�GDWDEDVHV���7KH�VQDSVKRW�FDQ�RQO\�EH�XSGDWHG
ZKHQ�WKH�XVHU�UHTXHVWV�LW�WR���8VHUV�QDYLJDWH�DQG�RSHUDWH�RQ�WKH�IUR]HQ�YHUVLRQ�RI�WKH�ZRUOG�PD\
PHHW�SUREOHPV�VXFK�DV�WU\LQJ�WR�XSGDWH�DQ�REMHFW�WKDW�KDV�EHHQ�GHOHWHG�RU�ORFNHG�LQ�D�FRQIOLFWLQJ
ORFN�PRGH�E\�RWKHU�XVHUV���%HFDXVH�WKH�YLUWXDO�ZRUOG�DSSHDUV�WR�EH�D��UHDOLW\��WR�WKH�XVHUV��WKLV
NLQG�RI�XQIRUHVHHDEOH�IDLOXUH�IUHTXHQWO\�DQQR\V�WKH�XVHUV�

$Q� DOWHUQDWLYH� LV� WKDW� WKH� V\VWHP� WULHV� WR� NHHS� WKH� YLUWXDO� ZRUOG� XS�WR�GDWH�� � 7KDW� LV�� ZKHQ
VRPHRQH�FKDQJHV�DQ�REMHFW� LQ� WKH�GDWDEDVHV�� WKH� V\VWHP�DFWLYHO\�XSGDWHV� WKH�GLVSOD\�RI�DOO� WKH
XVHUV�ZKR�DUH�DIIHFWHG���7KH�³SXVK´�PHWKRG�EHWWHU�V\QFKURQL]HV�WKH�XVHUV¶�YLHZV��EXW�LW�JHQHUDWHV
SUREOHPV� VXFK� DV� ³ZKHWKHU� RU� QRW� WR� XSGDWH� D� XVHU¶V� YLHZ� LI� WKH� GDWD� FKDQJH� KDV� QRW� EHHQ
FRPPLWWHG�\HW´"�)XUWKHUPRUH��GLIIHUHQW�XVHUV�PD\�GHFLGH�WR�³VHH´�WKH�GLIIHUHQW� WUDQVDFWLRQV��RU
GLIIHUHQW�YHUVLRQV�RI� WKH�GDWDEDVH�� �7KHUHIRUH�� LW�ZRXOG�EH�GHVLUDEOH�WR�KDYH�TXHU\�LQWHUIDFH�IRU
WKH�RQJRLQJ�WUDQVDFWLRQV���-3HUQ�SURYLGHV�ERWK�D�KXPDQ�UHDGDEOH�+70/�LQWHUIDFH�DQG�D�PDFKLQH�
UHDGDEOH� +773� KHDGHU� LQWHUIDFH� WR� TXHU\� H[LVWLQJ� WUDQVDFWLRQV�� � 1RW� RQO\� WKH� RQJRLQJ
WUDQVDFWLRQV�FDQ�EH�TXHULHG��EXW�DOVR� WKH�FRPPLWWHG�DQG�DERUWHG� WUDQVDFWLRQV� WKDW�KDYHQ¶W�EHHQ
FOHDQHG�XS�E\�WKH�&9(�FDQ�DOVR�EH�TXHULHG���7KHUHIRUH�WKH�&9(�XVHUV�FDQ�³UHSOD\´�SDVW�HYHQWV�LQ
WKH�XQLW�RI�WUDQVDFWLRQV�

�� &+,0(

&+,0(��WKH�&ROXPELD�+\SHUPHGLD�,PPHUVLRQ�(QYLURQPHQW��>�@�LV�D�&9(�IUDPHZRUN�WKDW�DLPV
WR� V\QWKHVL]H� UHVXOWV� IURP� ERWK� WKH� 8VHU� ,QWHUIDFH� UHVHDUFK� FRPPXQLW\� DQG� WKH� +\SHUPHGLD
UHVHDUFK�FRPPXQLW\���$W�RQH�KDQG��WKH�UHFHQW�\HDUV�RI�8VHU�,QWHUIDFH�UHVHDUFK�ZRUN�SDLG�PXFK
DWWHQWLRQ�WR�WKH�GHYHORSPHQW�WR�WKH�WHFKQLTXHV�WR�KHOS�XVHUV�DVVLPLODWH�D�EURDG�UDQJH�RI�UHODWHG
LQIRUPDWLRQ�HDVLO\��WKURXJK�WKH�GHYHORSPHQW�RI��'�EDVHG�LQIRUPDWLRQ�YLVXDOL]DWLRQV��VXFK�DV�>�@�
7KHVH�WHFKQLTXHV�KHOS�YLVXDOL]H�D�ODUJH�DPRXQW�RI�UHODWHG�\HW�KHWHURJHQHRXV�LQIRUPDWLRQ�LQ�WKH
�'�ZRUOG��PDNLQJ� LW� HDVLHU� WR� EH� GLJHVWHG� E\� WKH� XVHUV�� � 2Q� WKH� RWKHU� KDQG�� WKH� +\SHUPHGLD
UHVHDUFK� DFWLYLWLHV� KDYH� SURGXFHG� WRROV� DQG� V\VWHPV� WKDW� DXWRPDWLFDOO\� �OLQN�� GRFXPHQWV�� QRW
RQO\�DW�REMHFW�GRFXPHQW�OHYHO��EXW�DOVR�DW�D�ILQHU�JUDQXODULW\�VXFK�DV�DQ�LWHP�RU�D�SDUDJUDSK�LQ�D
GRFXPHQW�

&+,0(� WDUJHWV� RQ� WKH� FUHDWLRQ� RI� V\VWHPV� WKDW� VXSSRUWV� WKH� ZLGH� UDQJH� RI� FROODERUDWLYH
DFWLYLWLHV�� HVSHFLDOO\� LQ� VRIWZDUH� HQJLQHHULQJ� UHODWHG� DUHDV�� � 6RIWZDUH� HQJLQHHULQJ� DFWLYLWLHV
W\SLFDOO\�LQYROYH�PRUH�WKDQ�FRGLQJ�DQG�GHVLJQ��IURP�UHTXLUHPHQW�DQDO\VLV��FRVW�DQDO\VLV��WR�WHVW
GHVLJQ��FRGH�UHYLHZ�UHSRUWV��VFKHGXOH�PDQDJHPHQW�� WR�XVHU�VXUYH\��EXJ�UHSRUWV�� WKHUH�DUH�D�ELJ
YDULHW\�RI�GRFXPHQWV�DQG�DFWLYLWLHV�LQYROYHG�

&+,0(�VXSSRUWV� VXFK� D�ZLGH� YDULHW\� RI� LQ� D�;0/�EDVHG�PHWD�GDWD� DUFKLWHFWXUH�� � ,W� KDV� WKUHH
OD\HUV�RI�GDWD�UHSUHVHQWDWLRQV���7KH�'DWD�,QWHJUDWLRQ�6HUYHU��',6��NHHSV�PHWD�LQIRUPDWLRQ�DERXW
WKH�UDZ��UHDO�ZRUOG�GDWD�IURP�SRWHQWLDOO\�PXOWLSOH�GDWD�VRXUFHV���)RU�H[DPSOH��VRXUFH�FRGH�FDQ�EH
UHWULHYHG� IURP� D� FRQILJXUDWLRQ�PDQDJHPHQW� V\VWHP� >��@�� GHVLJQ� GRFXPHQWV� FDQ� EH� IRXQG� LQ� D
GRFXPHQW�PDQDJHPHQW� V\VWHP� VXFK� DV�%6&:� >�@�� HPDLOV�� GLVFXVVLRQV�� GHFLVLRQ�PDNLQJ� SROOV
FDQ�EH�IRXQG�LQ�RQOLQH�JURXSZDUH�WRROV�VXFK�DV�H5RRPV�>��@���',6�GRHV�QRW�VWRUH�WKH�DFWXDO�GDWD�
EXW�UDWKHU�PHWD�LQIRUPDWLRQ�DERXW�WKHP��VXFK�DV�DXWKRU��SHUPLVVLRQV��FUHDWLRQ�GDWH��PRGLILFDWLRQ



KLVWRU\��HWF���7KH�GDWD�LV�RUJDQL]HG�LQWR�D�PXOWL�URRW�WUHH�RI�;0/�HOHPHQWV��;DQWK�GDWD(OHPHQW��
DQG�',6�PDLQWDLQV�DQ�;0/�GRFXPHQW�WKDW�GHVFULEHV�WKH�ZKROH�VHW�RI�GDWD�

7KH�9LUWXDO�(QYLURQPHQW�0RGHO��9(0��VHUYHU�PDSV�UHDO�ZRUOG�GDWD�WR�RQH�RI�WKH�IRXU�W\SHV�RI
YLUWXDO�REMHFWV��&RQWDLQHU��&RPSRQHQW��&RQQHFWRU� DQG�%HKDYLRU�� �8VLQJ� DQ� DQDORJ\�RI� WKH� ILOH
V\VWHP���&RQWDLQHU��REMHFWV�DUH�OLNH�GLUHFWRULHV�RI�IROGHUV�WKDW�PD\�FRQWDLQ��&RPSRQHQW��REMHFWV
OLNH� ILOHV�� 7KH� �&RQQHFWRU�� REMHFWV� VHUYH� DV� OLQNV� WKDW� FRQQHFWV� WZR� RU� PRUH� &RQWDLQHUV�
�%HKDYLRU��REMHFWV�GHVFULEH�WKH�NLQG�RI�RSHUDWLRQV�WKDW�RQH�FDQ�GR�WR�D�FHUWDLQ�REMHFW���7KH�9(0
OD\HU� GLVWLOOV� WKH� YDULRXV� UHDO� ZRUOG� GDWD� W\SH� WR� D� PXFK� VLPSOHU� PRGHO�� DQG� WKHUHIRUH� WKH
PDSSLQJ�EHWZHHQ�WKH�GDWD�DQG�UHSUHVHQWDWLRQ�FRXOG�EH�PDGH�HDVLHU�DQG�LQ�D�PRUH�VWDQGDUGL]HG
IDVKLRQ�

)LQDOO\�� D� 7KHPH� PDQDJHU� PDSV� WKH� 9(0� REMHFWV� WR� XVHU�XQGHUVWDQGDEOH� �'� REMHFWV� LQ� DQ
DSSOLFDWLRQ�VSHFLILF� IDVKLRQ� �FDOOHG�7KHPH��� � ,Q�&+,0(�� WKH�XVHUV� LQWHUDFW�ZLWK� WKH� UHDO�ZRUOG
REMHFWV�E\�QDYLJDWLQJ�LQ�WKH��'�ZRUOG�SUHVHQWHG�E\�WKH�8,���(DFK�7KHPH�FRQWDLQV�D�VHW�RI�SOXJ�LQ
FRGH�WKDW�FDQ�EH�UXQ�LQ�WKH�&+,0(�&OLHQW�WR�UHSUHVHQW�WKH�REMHFWV�LQ�WKH�SURSHU�VW\OH�DFFRUGLQJ�WR
WKH�UROH�RI�WKH�XVHU�DQG�WKH�W\SH�RI�WKH�FOLHQW�

)RU�H[DPSOH��DQ�+70/�SDJH�ZRXOG�KDYH�LWV�85/�DQG�YDULRXV�PHWD�LQIRUPDWLRQ�VXFK�DV�FUHDWLRQ
WLPH�� ODVW�PRGLILHG� WLPH� VWRUHG� LQ�',6�� DQG� LW�ZRXOG� EH� UHSUHVHQWHG� DV� D� FRPSRQHQW� REMHFW� LQ
9(0�FDUU\LQJ�WKH�PHWD�LQIRUPDWLRQ�RI� WKH�SDJH�DV�DWWULEXWHV��)LQDOO\�DIWHU� WKH�7KHPH�PDQDJHU
DSSOLHV�D�VSHFLILF�7KHPH�WR�WKH�&+,0(�&OLHQW��WKH�+70/�SDJH�PLJKW�EH�GLVSOD\HG�DV�D�FKDLU�LQ
D� URRP� �LI� WKH� 7KHPH� FRQVLVWV� RI� IXUQLWXUHV� DQG� URRPV�� RU� D� WUHH� RQ� D� SODQHW� �LI� WKH� 7KHPH
FRQVLVWV�RI�WUHHV�DQG�SODQHWV��

)LJXUH���VKRZV�WKH�JHQHUDO�DUFKLWHFWXUH�

+\SHUPHGLD
'DWDEDVHV

'DWD
,QWHJUDWLRQ
6HUYHU

7KHPH
0DQDJHUV

8VHU�,QWHUIDFH

9LUWXDO
(QYLURQPHQW

0RGHOV

8VHU�,QWHUIDFH

)LJXUH���&+,0(�$UFKLWHFWXUH

7UDQVDFWLRQ�6HUYLFHV�DUH�QHHGHG�LQ�&+,0(��LQ�PXOWLSOH�IRUPV�DQG�SODFHV���:H�ZLOO�GLVFXVV�WKH
YDULRXV�DOWHUQDWLYHV�DQG�XWLOLWLHV�LQ�WKH�IROORZLQJ�VHFWLRQV�

������ -3HUQ�IRU�'DWD�0DQDJHPHQW

7KH� OLVW�RI�7UDQVDFWLRQV�DQG� WKHLU�FRQWHQWV�DUH�H[SRVHG� WR� WKH�8,�E\�-3HUQ�YLD�',6�DQG�9(0�
-3HUQ� H[SRVHV� DOO� WKH� WUDQVDFWLRQV� WKDW� DUH� QRW� \HW� FOHDQHG� XS� YLD� D� KXPDQ� UHDGDEOH� +70/
LQWHUIDFH�� � ,W� FDQ� DOVR� H[SRUW� WKH� WUDQVDFWLRQ� DFWLYLWLHV� WKURXJK�;0/��ZKLFK� LV�PRUH�PDFKLQH�



RULHQWHG���7KH�8,�FDQ�WKHQ�SURFHVV�WKH�OLVW�RI�WUDQVDFWLRQV��DQG�SURYLGHV�WKH�XVHU�ZLWK�WKH�OLVW�RI
WUDQVDFWLRQV�WKDW�FDQ�EH�XSGDWHG�WR�WKH�YLUWXDO�ZRUOG���,Q�RXU�H[DPSOH�FDVH��$�ZRXOG�FKRRVH�WKH
WUDQVDFWLRQ� WKDW� FRQWDLQV� %
V� WUDQVPLVVLRQ� GHVLJQ� DQG� XSGDWH� WKH� FKDQJHV� LQ� KLV�KHU� 8,
FRPSRQHQW�

������ -3HUQ�,Q�8VHU�,QWHUIDFH

:KHQ�WKH�XVHU�SHUIRUPV�DQ\�GDWD�FKDQJLQJ�RSHUDWLRQV��WKH�8,�H[HFXWH�WKDW�LQ�D�8,�7UDQVDFWLRQ�
ZKLFK� LV� GHILQHG� LQ� -3HUQ� DV� D� VXE�FODVV� RI� WKH� 7UDQVDFWLRQ� FODVV�� � 7KH�8,�7UDQVDFWLRQ� KDV� D
HUURUBORFN�PHWKRG�GHILQHG�ZKLFK�FDOOV�EDFN�WR�WKH�*UDSKLFV�(QJLQH�WR�VWRS�WKH�FXUUHQW�DQLPDWLRQ
DQG�VWDUW�VKRZLQJ�WKH�FRPSHQVDWLQJ�DQLPDWLRQ��H�J���WKH�UHDSSHDUDQFH�RI�WKH�EDOO��

7KH�&DFKH�(YHQW�+DQGOHU�DV�VKRZQ�LQ�)LJXUH���PD\�DOVR�XSGDWH�RWKHU�XVHUV
��YLHZ����&RQVLGHU
WZR� XVHUV� FR�DXWKRULQJ� RQ� D� VHW� RI� GHVLJQ� GRFXPHQWV�� � 7KH\�� DFFRUGLQJ� WR� WKHLU� FROODERUDWLRQ
PRGHO��PD\� VKDUH� LQWHUPHGLDWH� HGLWLQJ� UHVXOWV�� �1RUPDOO\� D�XVHU� UHYHDOV� FKDQJHV� WR� WKH�YLUWXDO
ZRUOG� E\� UHTXHVWLQJ� D� �UHIUHVK�� DW�8,��ZKLFK� UH�IHWFKHV� WKH�9(0�REMHFWV� DQG� UH�GUDZ� WKH� �'
ZRUOG���%XW�LQ�WKLV�FDVH��WKH�XSGDWHV�RI�WKH�ORFDO�8,�WUDQVDFWLRQ�RI�RQH�XVHU�QHHG�WR�EH�UHIOHFWHG�WR
WKH�FR�DXWKRUV
�8,�LQ�D�PRUH�DFWLYH�IDVKLRQ��VLPLODU�WR�WKH�FRQFHSW�RI�WKH��SXVK��WHFKQRORJ\�

:KHQ�D�XVHU�ORJV�RQ��WKH�&+,0(�&OLHQW�VHDUFKHV�IRU�KLV�KHU�FR�DXWKRUV��DQG�DGGV�WKLV�QHZ�XVHU
WR�WKH�FR�DXWKRU
V�WUDQVDFWLRQ�DV�DQ�DGGLWLRQDO��ZDWFKHU��� �7KHQ��ZKHQ�WKH�FR�DXWKRU�XSGDWHV�DQ
REMHFW� LQ� WKH� WUDQVDFWLRQ�� WKH�EHIRUHBXSGDWH�PHWKRG�GHILQHG�E\� WKH�8,� WUDQVDFWLRQ� ORRNV�XS� WKH
�ZDWFKHUV��DQG�VHQGV�XSGDWH�PHVVDJHV�WR�WKHLU�&+,0(�&OLHQW�DV�ZHOO�

)LJXUH��� GHSLFWV� WKH� LQWHUDFWLRQV� EHWZHHQ� -3HUQ� DQG� WKH� FRPSRQHQWV� RI�8,� FRPSRQHQW�� � -3HUQ
VHUYHV�DV� D� ORFDO� FDFKH�PDQDJHU� LQ� WKLV� FDVH��PDQDJLQJ� WKH� ORFDO� ORFNLQJ�RI� WKH�9(0�REMHFWV�
7KH�*UDSKLFV�(QJLQH�DOVR�UHJLVWHUV�LWV�GUDZLQJ�URXWLQHV�ZLWK�-3HUQ�DV�WUDQVDFWLRQ�SOXJ�LQ�FRGH�

)LJXUH���-3HUQ�LQ�8VHU�,QWHUIDFH

7KH� DGYDQWDJH� RI� XVLQJ� D� WUDQVDFWLRQ� PDQDJHU� WR� KDQGOH� WKH� 8,� LVVXHV� LV� WZR�IROG�� � )LUVW�� LW
FRQFHSWXDOO\�VHSDUDWHV�WKH�8,� LVVXHV� LQ�D�FROODERUDWLYH�V\VWHP�LQWR� WKH�JUDSKLFDO� UHSUHVHQWDWLRQ
LVVXHV� DQG� FRQVLVWHQF\� PDLQWHQDQFH� LVVXHV�� EUHDNLQJ� GRZQ� ELJ� SUREOHPV� LQWR� VPDOOHU� SLHFHV�
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6HFRQG��IURP�WKH�VRIWZDUH�V\VWHP
V�SRLQW�RI�YLHZ��E\�XVLQJ�D�WUDQVDFWLRQ�PDQDJHU�WR�KDQGOH�WKH
FRQFXUUHQF\� FRQWURO� SROLFLHV�� FUDVK� UHFRYHU\� DQG� UROOEDFN� SROLFLHV�� ZH� JHW� D� PRUH
FRPSRQHQWL]DEOH�WKXV�PRUH�PDLQWDLQDEOH�VRIWZDUH�V\VWHP�DUFKLWHFWXUH�

������ &ROODERUDWLRQ�$PRQJ�8VHUV

)LJXUH���-3HUQ�ZLWK�',6

7KH� FROODERUDWLRQ� DPRQJ� XVHUV� LV� ZULWWHQ� LQ� -DYD�� XVLQJ� WKH� WUDQVDFWLRQ� PRGHO� SOXJ�LQ� $3,
SURYLGHG�E\�-3HUQ���7KH�SOXJ�LQ�FRGH�LV�ZULWWHQ�DQG�ORDGHG�WR�-3HUQ�E\�DGPLQLVWUDWRU�RI�&+,0(�
:KHQ� D� GDWD� REMHFW� LV� XSGDWHG�� WKH� FKDQJH� GRHV� QRW� JR� GLUHFWO\� WR� WKH� GDWD� VRXUFH�� EXW� UDWKHU
FDFKHG� LQ� -3HUQ�ZKLFK�VWDQGV�EHWZHHQ�',6�DQG� WKH�DFWXDO�GDWD� VRXUFHV�� �:KHQ�DQ\�RWKHU�XVHU
UHTXHVWV�WR�UHIUHVK�WKHLU�YLUWXDO�ZRUOG��WKH�',6�ZLOO�JR�WKURXJK�WKH�FDFKH�PDQDJHG�E\�-3HUQ�ILUVW�
DQG�JLYLQJ�WKHP�WKH�ULJKW�YHUVLRQ�GHSHQGLQJ�RQ�WKHLU�UHODWLRQVKLS�ZLWK�WKH�DXWKRU��RU� WKH�VHW�RI
XVHUV�ZKR�FXUUHQWO\�KROG�ORFNV�RQ�WKH�GDWD�REMHFW��

�� 6XPPDU\

$V�ZH�KDYH�VKRZQ�LQ�WKLV�SDSHU��WUDQVDFWLRQ�PDQDJHPHQW�WHFKQRORJLHV�DUH�IRXQG�YHU\�LPSRUWDQW
LQ�&9(���1RW�RQO\�LQ�WUDGLWLRQDO�DUHDV�VXFK�DV�GDWD�PDQDJHPHQW��EXW�DOVR�LQ�RWKHU�VHHPLQJO\�OHVV
UHOHYDQW�DUHDV�VXFK�DV�JURXSZDUH� VXSSRUW�DQG�HYHQ�XVHU� LQWHUIDFH�� �$�FXVWRPL]DEOH� WUDQVDFWLRQ
PDQDJHU� VXFK� DV� -3HUQ� WKDW� FDQ� VXSSRUW� D� ZLGH� UDQJH� RI� H[WHQGHG� WUDQVDFWLRQ� PRGHOV� RU
DSSOLFDWLRQ�VSHFLILF�FRQFXUUHQF\�FRQWURO�SROLFLHV�JLYHV�WKH�QHFHVVDU\�IOH[LELOLW\�LQ�D�FRPSRQHQW�
EDVHG� V\VWHP� DUFKLWHFWXUH�� � � $OVR�� EHLQJ� DEOH� WR� DFFHVV� DQG� OHYHUDJH� WKH� &&� IHDWXUHV� RI� WKH
GLVWULEXWHG�� KHWHURJHQHRXV� GDWD� VRXUFHV� KDYH� VKRZQ� WR� EH� EHQHILFLDO� WR� WKH� GHVLJQ� DQG
FRQVWUXFWLRQ� RI� ZHE�EDVHG� &9(�� � � :H� EHOLHYH� WKDW� WKH� DSSOLFDWLRQ� RI� DGYDQFHG� GDWDEDVH
WHFKQRORJLHV�LQ�FROODERUDWLYH�HQYLURQPHQW�ZRUN�ZLOO�JHQHUDWH�PRUH�IUXLWIXO�UHVXOWV�LQ�WKH�IXWXUH�
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