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$V�D�UHVXOW�RI� WKH� H[SORVLYH� JURZWK�RI� WKH� ,QWHUQHW��PRUH� DQG�PRUH� VLWHV�KDYH� FRQQHFWHG� WKHLU

GDWDEDVHV� WR� WKH� :::�� DOORZLQJ� XVHUV� WR� UHWULHYH� LQIRUPDWLRQ� G\QDPLFDOO\� DQG� RQ�GHPDQG�

+RZHYHU��PRVW�G\QDPLFDOO\�FUHDWHG�+70/�SDJHV�FXUUHQWO\�DYDLODEOH�RQ�WKH�:::��SURYLGH�WKH

XVHU�ZLWK�RQO\�D�IODW�YLHZ�RI� WKH� FRQWHQWV� JLYLQJ� OLWWOH� YLVXDO� KHOS� DV� WR�KRZ� WKH� LQIRUPDWLRQ� LV

RUJDQL]HG��$V�SDUW�RI�WKH�76,00,6�SURMHFW�DW�6WDQIRUG��ZH�KDYH�EXLOW�D�V\VWHP�IRU�IRUPDWWLQJ�DQG

GLVSOD\LQJ�WKH�LQIRUPDWLRQ�WKDW�LV�UHWULHYHG�IURP�DQ�REMHFW�EDVHG�GDWDEDVH�DV�D�´ZHEµ�RI�K\SHUWH[W

GRFXPHQWV�XVLQJ�+70/�DQG�+773��7KH�FRQWHQWV�RI� WKHVH�´GRFXPHQWVµ�FDQ�WKHQ�EH�H[SORUHG

XVLQJ�WKH�EXLOW�LQ�IXQFWLRQDOLW\�RI�D�:::�EURZVHU�PXFK�LQ�WKH�VDPH�ZD\�RQH�ZRXOG�H[SORUH�WKH

FRQWHQWV�RI�D�ERRN��$V�SDUW�RI�RXU�V\VWHP��XVHUV�FDQ�FXVWRPL]H�WKH�IRUPDWWLQJ�RI�WKHLU�UHVXOWV�E\

FKRRVLQJ� GLIIHUHQW� OD\RXWV�� RU� FRQWUROOLQJ� KRZ� PXFK� RI� WKH� REMHFW� VWUXFWXUH� LV� YLVLEOH� LQ� WKH

EURZVHU�� IRU� H[DPSOH�� ,Q� WKLV�SDSHU��ZH� LOOXVWUDWH� WKH� GHWDLOV� RI� WKH� DSSURDFK� DQG� GHVFULEH� RXU

SURWRW\SH�LPSOHPHQWDWLRQ�FDOOHG�02%,(�WKDW�LV�LQVWDOOHG�DQG�RSHUDWLRQDO�LQ�WKH�76,00,6�WHVWEHG�

�� ,QWURGXFWLRQ

'XH�WR�WKH�H[SORVLYH�JURZWK�RI�WKH�,QWHUQHW��WKH�:::�KDV�EHFRPH�DQ�RSHQ��GLVWULEXWHG�IRUXP�LQ

ZKLFK�SHRSOH�FDQ�SXEOLVK�DQG�H[FKDQJH�LQIRUPDWLRQ�IUHHO\�DQG�ZLWKRXW�DQ\�UHVWULFWLRQV�LQ�WHUPV�RI

ZKDW� KDUGZDUH� RU� VRIWZDUH� WKH\� XVH�� ,Q� RUGHU� WR� RUJDQL]H� WKH� HYHU� LQFUHDVLQJ� DPRXQWV� RI

LQIRUPDWLRQ��PRUH� DQG�PRUH�GDWD� LV� JDWKHUHG� DQG� VHUYHG�G\QDPLFDOO\� IURP�GDWDEDVHV� UDWKHU� WKDQ

IURP�VWDWLF�+70/�ILOHV��7KLV�DSSURDFK�FRPELQHV�WKH�DGYDQWDJHV�RI�D�GDWDEDVH�PDQDJHPHQW�V\VWHP

�H�J���HIILFLHQW�VHDUFK�DQG�UHWULHYDO�FDSDELOLWLHV��FRQFXUUHQF\�� UHFRYHU\��HWF���ZLWK� WKH�DGYDQWDJHV�RI

WKH� :::� �H�J��� XELTXLWRXV�� VWDQGDUG� LQWHUIDFH�� HWF���� +RZHYHU�� PRVW� FXUUHQW� DSSURDFKHV� WR

G\QDPLFDOO\� ´SXEOLVKLQJµ� WKH� FRQWHQWV� RI� GDWDEDVHV� DUH� QRW� IXOO\� H[SORULQJ� WKH� IXQGDPHQWDO

�����������������������������������������������
��5HVHDUFK�VSRQVRUHG�E\�WKH�:ULJKW�/DERUDWRU\��$HURQDXWLFDO�6\VWHPV�&HQWHU��$LU�)RUFH�0DWHULDO�&RPPDQG��86$)��XQGHU�*UDQW

1XPEHU�)����������������7KH�86�*RYHUQPHQW� LV� DXWKRUL]HG� WR� UHSURGXFH�DQG�GLVWULEXWH� UHSULQWV� IRU�*RYHUQPHQW�SXUSRVHV
QRWZLWKVWDQGLQJ�DQ\�FRS\ULJKW�QRWDWLRQ�WKHUHRQ��7KH�YLHZV�DQG�FRQFOXVLRQV�FRQWDLQHG�LQ�WKLV�GRFXPHQW�DUH�WKRVH�RI�WKH�DXWKRUV
DQG� VKRXOG� QRW� EH� LQWHUSUHWHG� DV� QHFHVVDULO\� UHSUHVHQWLQJ� WKH� RIILFLDO� SROLFLHV� RU� HQGRUVHPHQWV�� HLWKHU� H[SUHVV� RU� LPSOLHG�� RI
:ULJKW�/DERUDWRU\�RU� WKH�86�*RYHUQPHQW��7KLV�PDQXVFULSW� LV� VXEPLWWHG� IRU� SXEOLFDWLRQ�ZLWK� WKH� XQGHUVWDQGLQJ� WKDW� WKH�86
*RYHUQPHQW�LV�DXWKRUL]HG�WR�UHSURGXFH�DQG�GLVWULEXWH�UHSULQWV�IRU�*RYHUQPHQW�SXUSRVHV�
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SDUDGLJP�RI� WKH�:::��QDPHO\�EHLQJ�DEOH� WR� OLQN� WRJHWKHU� LQIRUPDWLRQ�XQLWV� WKDW�DUH� UHODWHG�EXW

H[LVW�LQ�VHSDUDWH�GRFXPHQWV��5DWKHU��PRVW�:::�EDVHG�GDWDEDVHV�SURYLGH�WKH�XVHU�ZLWK�MXVW�D�´IODW

YLHZµ�RI� WKH�HQWLUH� UHVXOW��JLYLQJ� OLWWOH�YLVXDO�KHOS� DV� WR�KRZ� WKH� LQIRUPDWLRQ� LV�RUJDQL]HG��7KLV� LV

DFFHSWDEOH�DV� ORQJ� DV� WKH� LQIRUPDWLRQ� WR�EH�GLVSOD\HG� LV� VKRUW�RU�KDV� OLWWOH� VWUXFWXUH� WKDW� UHTXLUHV

VSHFLDO�IRUPDWWLQJ��+RZHYHU��LQIRUPDWLRQ�VHWV�WKDW�DUH�ODUJH�RU�YHU\�VWUXFWXUHG��ZLWK�PDQ\�OHYHOV�RI

QHVWLQJ��FDQQRW�HIILFLHQWO\�EH�GLVSOD\HG�LQ�D�IODW�VWUXFWXUH�DQG�ZLOO�UHVXOW� LQ�D� ORW�RI�VFUROOLQJ�ZKHQ

YLHZHG� RQ� WKH� VFUHHQ�� )RU� WKLV� UHDVRQ�� ZH� KDYH� EXLOW� D� V\VWHP� IRU� G\QDPLFDOO\� IRUPDWWLQJ� DQG

EURZVLQJ� VWUXFWXUHG� LQIRUPDWLRQ� DV� D� ´ZHEµ� RI� K\SHUOLQNHG� +70/� >%HUQHUV�/HH� DQG� &RQQROO\

�����&RQQROO\� @GRFXPHQWV�DOORZLQJ�XVHUV� WR�H[SORUH� WKH�VWUXFWXUH�DQG�FRQWHQW�RI� DQ� LQIRUPDWLRQ

VRXUFH�PXFK�OLNH�UHDGHUV�H[SORUH�WKH�FRQWHQWV�RI�D�ERRN��E\�XVLQJ�WKH�WDEOH�RI�FRQWHQWV�WR�ILQG�WKH

FKDSWHUV�DQG�SDJHV�WKDW�FRQWDLQ�WKH�LQIRUPDWLRQ�WKH\�DUH�LQWHUHVWHG�LQ��7KH�RQO\�GLIIHUHQFH�LV�WKDW�LQ

RXU�VFHQDULR��SDJH�QXPEHUV�DUH�UHSODFHG�E\�K\SHUOLQNV�DQG�WKH�GLVSOD\HG�FRQWHQW�LV�G\QDPLF��L�H���LW

GHSHQGV�RQ�WKH�TXHU\�WKDW�LV�SURGXFLQJ�WKH�UHVXOW�DV�ZHOO�DV�WKH�XQGHUO\LQJ�LQIRUPDWLRQ�VRXUFH�

,Q� WKLV� SDSHU�ZH� LOOXVWUDWH� RXU� DSSURDFK� WR� IRUPDWWLQJ� DQG� EURZVLQJ� VWUXFWXUHG� LQIRUPDWLRQ� DQG

GHVFULEH� WKH� LPSOHPHQWDWLRQ� RI� D� IXOO\� IXQFWLRQDO� SURWRW\SH� FDOOHG� 02%,(� �02VDLF� %DVHG

,QIRUPDWLRQ�([SORUHU���WKDW�ZH�KDYH�EXLOW�DV�SDUW�RI�WKH�76,00,6� �7KH�6WDQIRUG�,%0�0DQDJHU�RI

0XOWLSOH� ,QIRUPDWLRQ� 6RXUFHV�� SURMHFW� >&KDZDWKH� HW� DO�� �����+DPPHU� HW� DO�� �����+DPPHU� HW� DO�

����@�DW�6WDQIRUG��:H�DUJXH� WKDW� WKLV�QHZ�ZD\�RI�H[SORULQJ� VWUXFWXUHG� LQIRUPDWLRQ� LV� VXSHULRU� WR

H[LVWLQJ� DSSURDFKHV� �IRFXVLQJ� PDLQO\� RQ� SURYLGLQJ� :::� FRQQHFWLRQV� WR� FRPPHUFLDO� GDWDEDVH

VHUYHUV�ZLWK�OLWWOH�RU�QR�UHVXOW�EXIIHULQJ�DQG�IRUPDWWLQJ��DQG�FDQ�KHOS�GDWDEDVHV�UHJDLQ�VRPH�RI�WKH

LPSRUWDQFH�WKH\�KDYH�ORVW�VLQFH�WKH�DGYHQW�RI�WKH�´LQIRUPDWLRQ�VXSHUKLJKZD\µ�>'H:LWW�����@��2I

FRXUVH��WKH�DGYDQWDJHV�RI�XVLQJ�WKH�:::�DV�D�IURQW�HQG�WR�GDWDEDVHV�DOVR�EULQJ�VRPH�FKDOOHQJHV

DORQJ� ZLWK� WKHP�� ,Q� WKLV� SDSHU�� ZH� GHVFULEH� LQ� GHWDLO� KRZ�ZH� KDYH� VROYHG� WKHVH� FKDOOHQJHV� DQG

FRQWUDVW�RXU�FXUUHQW�VROXWLRQ�WR�KRZ�LW�PLJKW�EH�DFFRPSOLVKHG�PRUH�HOHJDQWO\�DQG�HIILFLHQWO\�LQ�WKH

IXWXUH� XVLQJ� QHZ� WHFKQRORJLHV� VXFK� DV� WKH� QH[W� JHQHUDWLRQ� ZHEVHUYHUV�� EURZVHUV� FDSDEOH� RI

H[HFXWLQJ�PRELOH�FRGH��HWF�

7KH� UHPDLQGHU� RI� WKLV� SDSHU� LV� VWUXFWXUHG� DV� IROORZV�� ,Q� 6HF�� �� ZH� GHVFULEH� RXU� DSSURDFK� XVLQJ

VFUHHQ�VQDSVKRWV�IURP�D�VDPSOH�GDWDEDVH�LQWHUDFWLRQ�WR�LOOXVWUDWH�WKH�IXQFWLRQDOLWLHV�RI�02%,(��6HF���

GHVFULEHV�LQ�GHWDLO�KRZ�ZH� LPSOHPHQWHG�RXU�SURWRW\SH��:H�FRQFOXGH� WKH�SDSHU� LQ�6HF����ZLWK�DQ

HYDOXDWLRQ�RI�RXU�FXUUHQW�V\VWHP�DQG�VRPH�VXJJHVWLRQV�IRU�KRZ�02%,(�FRXOG�EH�LPSURYHG�XVLQJ�WKH

ODWHVW�:::�WHFKQRORJLHV�

�����������������������������������������������
��7KH�QDPH�02%,(�ZDV�FRLQHG�ZKHQ�0RVDLF�ZDV�WKH�RQO\�EURZVHU�DYDLODEOH��LW�LV�PLVOHDGLQJ�LQ�WKDW�RXU�SURWRW\SH�LV�QRW�GHSHQGHQW

RQ�DQ\�RQH�EURZVHU�
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�� 2EMHFW�)RUPDWWLQJ�DQG�%URZVLQJ�LQ�02%,(

7KH�PDLQ� LGHD� EHKLQG� WKH� ZRUN� GHVFULEHG� LQ� WKLV� SDSHU� FHQWHUV� DURXQG� WKH� QHHG� IRU� GLVSOD\LQJ

QHVWHG�REMHFWV� LQ�D�ZD\� WKDW�PDNHV� LW� HDV\� IRU� WKH�XVHU� WR� JUDVS� WKHLU� VWUXFWXUH� DQG� H[SORUH� WKHLU

FRQWHQWV�� IRU� H[DPSOH��ZKHQ� YLHZLQJ� WKH� UHVXOW� RI� D� GDWDEDVH� TXHU\�� %\� QHVWHG� REMHFWV�ZH�PHDQ

REMHFWV�WKDW�FRQWDLQ�D�WRS�OHYHO��URRW��REMHFW�DQG�]HUR�RU�PRUH�VXEREMHFWV��VRPHWLPHV�UHIHUUHG�WR�DV

FKLOGUHQ���(DFK�VXEREMHFW�PD\�LWVHOI�EH�D�QHVWHG�REMHFW��,Q�JHQHUDO��QHVWHG�REMHFWV�DUH�VWUXFWXUHG�OLNH

WUHHV� �RU�JUDSKV� LI�ZH� DOORZ�F\FOHV��� ,Q� WKH�76,00,6� SURMHFW��ZH� DUH�XVLQJ� DQ�REMHFW�EDVHG�PRGHO�

FDOOHG�2EMHFW�([FKDQJH�0RGHO��2(0��>3DSDNRQVWDQWLQRX�HW�DO������@�IRU�UHSUHVHQWLQJ�QHVWHG�GDWD�

%HVLGHV�DQ�2EMHFW�,GHQWLILHU��2,'���W\SH��HLWKHU�DWRP�RU�FRPSOH[���DQG�YDOXH� ILHOG��2(0�REMHFWV

DOVR�FRQWDLQ�D�ODEHO�WKDW�GHVFULEHV�WKH�FRQWHQWV�RI�DQ�REMHFW��)RU�H[DPSOH��D�ERRN�WKDW�KDV�D� WLWOH��D

SXEOLFDWLRQ� GDWH�� DQG� DXWKRUV� FDQ� EH� UHSUHVHQWHG� DV� D� QHVWHG� REMHFW� ODEHOHG� ERRN� ZLWK� VXEREMHFWV

ODEHOHG�WLWOH��SXEOLFDWLRQ�GDWH��DQG�DXWKRUV��)XUWKHUPRUH��WKH�VXEREMHFW�authors�FDQ�LWVHOI�EH�D

QHVWHG�REMHFW� WKDW�FRQWDLQV� WKH�QDPHV�RI� WKH�SDUWLFLSDWLQJ� DXWKRUV� DV� VXEREMHFWV�� IRU� H[DPSOH�� ,Q

02%,(�� ODEHOV�VXFK�DV�ERRN��WLWOH��SXEOLFDWLRQ�GDWH�� HWF��DUH�XVHG�IRU� LGHQWLI\LQJ�DQG�UHIHUULQJ� WR

REMHFWV�WKDW�DUH�GLVSOD\HG�LQ�WKH�EURZVHU�ZLQGRZ�

$Q\ERG\� ZKR� KDV� ZRUNHG� ZLWK� QHVWHG� REMHFWV� EHIRUH� FDQ� DWWHVW� WR� WKH� IDFW� WKDW� LW� EHFRPHV

LQFUHDVLQJO\�GLIILFXOW�WR�XQGHUVWDQG�WKH�FRQWHQWV�RI�D�QHVWHG�REMHFW�WKH�PRUH�LWV�VWUXFWXUH�LQFUHDVHV

LQ�FRPSOH[LW\��L�H���WKH�ODUJHU�WKH�QXPEHU�RI�VXE�REMHFWV�DQG� WKH�GHHSHU� WKH� OHYHO�RI�QHVWLQJ���)RU

WKLV� UHDVRQ��ZH� KDYH� EXLOW� D� V\VWHP� WKDW� WUDQVIRUPV� VWUXFWXUHG� GDWD� LQWR� D� ´ZHEµ� RI� K\SHUOLQNHG

GRFXPHQWV�WKDW�FDQ�EH�YLHZHG�XVLQJ�DQ\�:::�EURZVHU��$Q�REMHFW�WKDW� LV�VHOHFWHG�IRU�YLHZLQJ�LV

IRUPDWWHG�DV�DQ�+70/�GRFXPHQW�� ,I� WKH�REMHFW� LV�D�FRPSOH[�REMHFW�� WKH�GRFXPHQW�DOVR� LQFOXGHV

K\SHUOLQNV�SRLQWLQJ�WR�VRPH�RU�DOO�RI�WKH�REMHFW·V�VXEVWUXFWXUH�GHSHQGLQJ�RQ�WKH�XVHU·V�SUHIHUHQFHV�

,I�WKH�REMHFW� LV�DWRPLF�� LW�ZLOO�EH�GLVSOD\HG�E\� LWVHOI��(DFK�GRFXPHQW�DOZD\V�FRQWDLQV�D� OLQN� WR� WKH

SDUHQW�REMHFW��XQOHVV�WKH�VHOHFWHG�REMHFW�LV�WKH�URRW�RI�WKH�HQWLUH�VWUXFWXUH��7KH�PDLQ�FRQWULEXWLRQ�RI

RXU�V\VWHP�LV�WKDW�LW�JLYHV�WKH�XVHU�WKH�RSWLRQ�WR�GHFLGH�ZKLFK�LQIRUPDWLRQ�LV�WR�EH�GLVSOD\HG��KRZ

PXFK�RI�WKH�FKRVHQ�LQIRUPDWLRQ�KH��ZDQWV�WR�VHH��DQG�ZKHQ��,QIRUPDWLRQ�LV�SUHVHQWHG�RQH�VFUHHQ

DW�D�WLPH��DOORZLQJ�WKH�XVHU�WR�EURZVH�FRPSOH[�REMHFWV��ZKLFK�PD\�EH�WRR�ODUJH�WR�YLHZ�DOO�DW�RQFH�

LQ� D� ´FDIHWHULD�VW\OHµ� �SLFN�DQG�FKRRVH�� IDVKLRQ�� 7KLV� DSSURDFK� WR� EURZVLQJ� QHVWHG� REMHFWV� LV

DQDORJRXV�WR�KRZ�RQH�XVHV�WKH�WDEOH�RI�FRQWHQWV�WR�H[SORUH�WKH�LQGLYLGXDO�FKDSWHUV�RI�D�ERRN�

$Q� LPSRUWDQW� SDUW� RI� WKH� IXQFWLRQDOLW\� RI� RXU� V\VWHP� IRFXVHV� RQ� WKH� OD\RXW� RI� LQIRUPDWLRQ� RQ

LQGLYLGXDO�SDJHV��6LQFH�WKLV�LV�D�SURFHVV�WKDW�GHSHQGV�KHDYLO\�RQ�HDFK�XVHU·V�LQGLYLGXDO�SUHIHUHQFHV�DV

ZHOO� DV� WKH�GDWD� WKDW� LV�EHLQJ�GLVSOD\HG��ZH�KDYH�SDLG� FDUHIXO� DWWHQWLRQ� WR�GHVLJQ� D� V\VWHP� WKDW� LV

IOH[LEOH�HQRXJK�VR�WKDW�LW�FDQ�EH�WDLORUHG�WR�VDWLVI\�PDQ\�GLIIHUHQW�QHHGV��2XU�JRDO�ZDV�WR�SURYLGH

�����������������������������������������������
��%HFDXVH�RI�WKH�ODFN�RI�QHXWHU�SHUVRQDO�SURQRXQV�LQ�(QJOLVK��WKH�WHUPV�´KHµ��´KLVµ��HWF��DUH�XVHG�WKURXJKRXW�WKLV�SDSHU�WR�UHIHU�WR

DQ�LQGLYLGXDO�ZKR�PD\�EH�HLWKHU�PDOH�RU�IHPDOH�
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XVHUV�ZLWK� FKRLFHV� DV� WR�KRZ� LQIRUPDWLRQ� LV� WR�EH�GLVSOD\HG�� IURP� WKH� RYHUDOO� OD\RXW� RI� D� VFUHHQ

GRZQ�WR�WKH�IRUPDW�RI�DQ�LQGLYLGXDO�REMHFW��,QLWLDOO\��WKH�V\VWHP�XVHV�GHIDXOW�VHWWLQJV�WKDW�PD[LPL]H

WKH�DPRXQW�RI�LQIRUPDWLRQ�WKDW�FDQ�EH�GLVSOD\HG�ZLWKLQ� WKH�JLYHQ�UHDO�HVWDWH�RI� WKH�ZLQGRZ��7KH

UHVXOW� FDQ� WKHQ� EH� LPSURYHG� XSRQ� E\� FKDQJLQJ� WKH� YDOXHV� RI� VHVVLRQ� YDULDEOHV�� ZKLFK� FRQWURO� WKH

GRFXPHQW�OD\RXW��WKH�OHYHO�RI�QHVWLQJ�SHU�VFUHHQ��WKH�QXPEHU�RI�VXEREMHFWV�SHU�OHYHO��HWF��%\�GHIDXOW�

WKHVH� YDULDEOHV� FRQWURO� WKH� IRUPDWWLQJ� IRU� WKH� FRPSOHWH� REMHFW� KLHUDUFK\��+RZHYHU�� E\� XVLQJ� WKH

ODEHO�QDPHV�WKDW�UHIHU�WR�D�SDUWLFXODU�REMHFW�LQ�WKH�KLHUDUFK\��WKH�VFRSH�RI�VHVVLRQ�YDULDEOHV�FDQ�EH

OLPLWHG��IURP�WKH�HQWLUH�KLHUDUFK\��WR�D�VSHFLILF�VXEVWUXFWXUH��WR�RQH�REMHFW��$OWKRXJK�FXVWRPL]DWLRQ

RI�WKH�REMHFW�GLVSOD\�FDQ�EH�WHGLRXV�DQG� WLPH�FRQVXPLQJ� LQ�FHUWDLQ�FDVHV�� WKH�VWDWH�RI� WKH�VHVVLRQ

YDULDEOHV�FDQ�EH�VDYHG�RQ�D�SHU�XVHU�EDVLV�DQG�UH�XVHG�DJDLQ�GXULQJ�VXEVHTXHQW�VHVVLRQV�

:H�KDYH� LPSOHPHQWHG�D� IXOO\� IXQFWLRQDO�SURWRW\SH�V\VWHP�FDOOHG�02%,(�ZKLFK� FXUUHQWO\�SURYLGHV

WKH�JUDSKLFDO� LQWHUIDFH� WR�76,00,6�GDWD�VRXUFHV��+RZHYHU��02%,(� LV�QRW� OLPLWHG� WR�EURZVLQJ�RQO\

GDWD�IURP�76,00,6�EXW�FDQ�HDVLO\�EH�PRGLILHG�IRU�GLVSOD\LQJ�DQG�IRUPDWWLQJ�VWUXFWXUHG�LQIRUPDWLRQ

IURP�DQ\�REMHFW�EDVHG�GDWDEDVH���:H�QRZ�GHVFULEH�WKH�IXQFWLRQDOLW\�RI�RXU�V\VWHP�LQ�JUHDWHU�GHWDLO

XVLQJ� VFUHHQ� VQDSVKRWV� IURP� D� VDPSOH� LQWHUDFWLRQ� ZLWK� D� 76,00,6� VRXUFH�� 7KH� VRXUFH� SURYLGHV

ELEOLRJUDSKLF� LQIRUPDWLRQ� WKDW� LV� UHSUHVHQWHG� LQ� WKH� 2(0� GDWD� PRGHO�� 6LQFH� ZH� DUH� PDLQO\

FRQFHUQHG�KHUH�ZLWK� WKH� IRUPDWWLQJ�DQG�EURZVLQJ� FDSDELOLWLHV�RI�02%,(��ZH� VWDUW�RXU�GHVFULSWLRQ

ZKHQ� WKH� UHVXOW� LV� UHWXUQHG� IURP� WKH� GDWDEDVH�� RPLWWLQJ� VXFK� GHWDLOV� DV� KRZ� WR� FRQQHFW� WR� WKH

GDWDEDVH�VHUYHU��WUDQVPLVVLRQ�RI�WKH�TXHU\�DQG�LWV�UHVXOWV��HWF�

��� &RQYHQWLRQV

%HIRUH�ZH�JR�LQWR�WKH�GHWDLOV�RI�RXU�VDPSOH�VHVVLRQ��ZH�ILUVW�GHVFULEH�WKH�JHQHUDO�OD\RXW�RI�RXU�XVHU

LQWHUIDFH��(YHU\��VFUHHQ�LV�RUJDQL]HG�LQWR�WZR�EDVLF�DUHDV��D�QDYLJDWLRQDO�EDU�ZLWK�EXWWRQV�WKDW�VKRZ

WKH� DOORZDEOH� RSWLRQV� DW� DQ\� JLYHQ� SRLQW� LQ� WKH� VHVVLRQ�� DQG� D� UHVXOW� VFUHHQ� ZKHUH� WKH� GDWD� LV

GLVSOD\HG�� :H� ZLOO� H[SODLQ� WKH� IXQFWLRQDOLW\� RI� PRVW� EXWWRQV� DV� ZH� JR� DORQJ�� +RZHYHU�� LW� LV

LPSRUWDQW�WR�QRWH�WKDW�WKH�QHHG�IRU�WKHVH�QDYLJDWLRQDO�DLGV�DURVH�IURP�WKH�IDFW�WKDW�:::�EURZVHUV

DUH�VWDWHOHVV��7KXV�02%,(�PDLQWDLQV� LWV�RZQ�NQRZOHGJH� DERXW� WKH� VWDWH�RI� D�SDUWLFXODU� VHVVLRQ�E\

WUDSSLQJ� DOO�02%,(�UHODWHG� DFWLRQV� LQ� WKH� EURZVHU�� 8VLQJ� WKH� EURZVHU�VXSSOLHG�%DFN� DQG�)RUZDUG

EXWWRQV�E\SDVVHV�02%,(·V�FRQWURO�RYHU�WKH�VHVVLRQ�DQG�FDXVHV�LQFRQVLVWHQFLHV�EHWZHHQ�WKH�VHVVLRQ

VWDWH� LQVLGH�02%,(� DQG� WKH� DFWXDO� VWDWH��:H� KDYH�PXFK�PRUH� WR� VD\� RQ� WKLV� LQ� 6HF�� �������:KHQ

GLVSOD\LQJ�GDWD��ZH�XVH�WKH�IROORZLQJ�FRQYHQWLRQV��2EMHFW�ODEHOV�DUH�GLVSOD\HG�LQ�EROG��REMHFW�YDOXHV

DUH�LWDOLFL]HG��8QGHUOLQLQJ�LQGLFDWHV�WKH�H[LVWHQFH�RI�D�K\SHUOLQN�

�����������������������������������������������
��2QH�FDQ�HLWKHU�XVH�D� WUDQVODWRU� IRU�FRQYHUWLQJ�GDWD� LQWR�2(0�RU�PRGLI\�RXU�DOJRULWKPV� WR�ZRUN�ZLWK�RWKHU� REMHFW�EDVHG� GDWD

PRGHOV�



�

��� $�6DPSOH�6HVVLRQ�ZLWK�02%,(

/HW�XV�DVVXPH�WKDW�ZH�KDYH�VXEPLWWHG�D�TXHU\�DVNLQJ�IRU�DOO�GDWDEDVH�SXEOLFDWLRQV�ZULWWHQ�E\�DXWKRU

´:LGRPµ�� /HW� XV� DOVR� DVVXPH� WKDW� WKH� DQVZHU� WR� WKLV� TXHU\� FRQVLVWV� RI� ��� SXEOLFDWLRQV� WKDW� DUH

JURXSHG�WRJHWKHU�XQGHU�RQH�URRW�REMHFW�� ODEHOHG�DQVZHU��)LJXUH���VKRZV�D�VXEVHW�RI� WKH�DQVZHU

REMHFW�DV�LW�LV�GLVSOD\HG�LQ�02%,(��(DFK�REMHFW�ODEHOHG�GRFXPHQW�LV�D�VXEREMHFW�RI�DQVZHU�DV�ZHOO�DV

D� FRPSOH[�REMHFW� H[KLELWLQJ� DGGLWLRQDO� VXEVWUXFWXUH�XQGHUQHDWK�� WKH�REMHFWV� ODEHOHG�DXWKRU�� LQIR�

DQG� WLWOH�� %RWK� WKH� DXWKRU� DQG� WLWOH� VXEREMHFWV� DUH� DWRPLF� PHDQLQJ� WKH\� FRQWDLQ� QR� IXUWKHU

VXEVWUXFWXUH��,Q�WKRVH�FDVHV��WKH�YDOXH�RI�WKH�REMHFW�LV�GLVSOD\HG�ZLWK�QR�DGGLWLRQDO�OLQNV��H[FHSW�IRU

WKH�SDUHQW� OLQN���7KH� LQIR� VXEREMHFW� RQ� WKH� RWKHU� KDQG�� LV� D� FRPSOH[� REMHFW� WKDW� FRQWDLQV� WKUHH

DGGLWLRQDO�VXEREMHFWV��DEVWUDFW��SXEOLFDWLRQ��DQG�NH\ZRUGV��/DEHOV�EHORQJLQJ�WR�FRPSOH[�REMHFWV

DUH�XQGHUOLQHG�PHDQLQJ�WKDW�D�K\SHUOLQN�H[LVWV�WKDW�ZLOO�WDNH�WKH�XVHU�WR�DQRWKHU�VFUHHQ�FRQWDLQLQJ

WKH�VXERMHFWV�

)LJXUH����4XHU\�UHVXOW



�

7KHUH� DUH� VHYHUDO� LPSRUWDQW� GHWDLOV� WR� QRWH� RQ� WKLV� ILUVW� VFUHHQ�� 5DWKHU� WKHQ� ORRNLQJ� DW� DOO� ��

GRFXPHQW� VXEREMHFWV� LQ� WKHLU�HQWLUHW\��RQO\�D� VXEVHW� LV� FXUUHQWO\�GLVSOD\HG� DW�RQFH��7KLV�QXPEHU

�ILYH�LQ�WKLV�FDVH��FDQ�EH�FRQWUROOHG�WKURXJK�D�VHVVLRQ�SDUDPHWHU�DFFHVVLEOH�IURP�D�VHSDUDWH�VFUHHQ

ZKLFK�LV�VKRZQ�ODWHU��,Q�RUGHU�WR�IDFLOLWDWH�QDYLJDWLRQ��D�SUHYLRXV�DQG�QH[W�EXWWRQ��WKH�XS�DQG�GRZQ

DUURZV�RQ�WKH� OHIW� VLGH� LQ� WKH� ILJXUH�� DUH�SURYLGHG� WR� MXPS� WR� WKH� VHW� FRQWDLQLQJ� WKH�SUHYLRXV�RU

VXEVHTXHQW�ILYH�GRFXPHQWV�UHVSHFWLYHO\��%\�GHIDXOW��LPPHGLDWH�VXREMHFWV�DUH�GLVSOD\HG�LQ�VHWV�RI����

+RZHYHU��LQ�RUGHU�WR�LPSURYH�WKH�UHDGDELOLW\�RI�RXU�VFUHHQ�VQDSVKRWV��ZH�KDYH�VHW�WKH�YDOXH�WR�ILYH�

,Q� DGGLWLRQ�� WKUHH� OHYHOV� RI� QHVWLQJ� DUH� GLVSOD\HG� E\� GHIDXOW�� UHYHDOLQJ� IXUWKHU� VXEVWUXFWXUH�� 7KLV

PHDQV� WKDW� IRU� HDFK� GRFXPHQW� VXEREMHFW�� LWV� VXEREMHFWV� DV� ZHOO� DV� LWV� VXE�VXEREMHFWV� DUH� DOVR

GLVSOD\HG��7KLV�VR�FDOOHG�IDQ�RXW�OHYHO�FDQ�EH�FRQWUROOHG�WKURXJK�D�VHVVLRQ�SDUDPHWHU�DV�ZHOO�

)RUPDWWLQJ� DOVR� DIIHFWV� ODEHOV� DQG�YDOXHV��%\�GHIDXOW�� YDOXHV� ORQJHU� WKDQ���� FKDUDFWHUV�� DQG� ODEHOV

ORQJHU�WKDQ����FKDUDFWHUV�DUH�WUXQFDWHG��7UXQFDWLRQ�LV�LQGLFDWHG�E\�WKH�DSSHDUDQFH�RI�DQ�HOOLSVLV��«�

DW�WKH�HQG�RI�WKH�VWULQJ��)RU�WUXQFDWHG�YDOXHV��D�K\SHUOLQN�SRLQWV�WR�ZKHUH�WKH�FRPSOHWH�YDOXH�FDQ�EH

IRXQG��7KLV�LV�VLPLODU�WR�D�K\SHUOLQN�WKDW�FRQQHFWV�D�FRPSOH[�REMHFW�WR�LWV�VXEREMHFWV��7KH�GLVSOD\�RI

YDOXHV�DQG�ODEHOV�FDQ�DOVR�EH�FRQWUROOHG�WKURXJK�VHVVLRQ�SDUDPHWHUV��:LWKRXW�DQ\�XVHU�LQWHUDFWLRQ�

02%,(�ZLOO�DWWHPSW�WR�GLVSOD\�WKH�PD[LPXP�OHQJWK�XS�WR�WKH�GHIDXOW�OLPLW��,Q�WKH�H[DPSOH�LQ�)LJXUH

���WKH�YDOXHV�IRU�WKH�REMHFWV�ODEHOHG�DXWKRU�DQG�WLWOH�EHORQJLQJ�WR�WKH�ILIWK�GRFXPHQW�VXEREMHFW�DUH

GLVSOD\HG�LQ�IXOO��KHQFH�QR�K\SHUOLQN��VLQFH�WKHLU�YDOXHV�DUH�OHVV�WKDQ����FKDUDFWHUV�ORQJ��02%,(�ZLOO

WUXQFDWH� YDOXHV� WKDW� ZRXOG� RWKHUZLVH� H[WHQG� EH\RQG� WKH� HGJH� RI� WKH� ZLQGRZ� LQ� RUGHU� WR� DYRLG

KRUL]RQWDO�VFUROOLQJ�

�����������������������������������������������
��$OO�YDOXHV�LQ�02%,(�DUH�FRQYHUWHG�LQWR�VWULQJV�LQ�RUGHU�WR�NHHS�WKH�ORJLF�RI�RXU�GLVSOD\�URXWLQH�VLPSOH�



�

/RRNLQJ�DW�WKH�QDYLJDWLRQ�EDU�RQ�WRS�RI�WKH�VFUHHQ�LQ�)LJXUH�����ZH�VHH�WKH�IROORZLQJ�IRXU�EXWWRQV�

1HZ�4XHU\�� ZKLFK� H[LWV� WKH� FXUUHQW� EURZVH�PRGH� DQG� UHWXUQV� WR� WKH� TXHU\� LQSXW� VFUHHQ� �QRW

VKRZQ���8VHU� 'HIDXOWV�� ZKLFK� SURYLGHV� WKH� XVHU� ZLWK� D� ILOO�RX�IRUP� IRU� DOWHULQJ� WKH� YDOXHV� RI

VHVVLRQ� SDUDPHWHUV��:H�ZLOO� GLVFXVV� WKLV� RSWLRQ� LQ�PRUH� GHWDLO� EHORZ��7KH�+HOS� EXWWRQ� GLVSOD\V

DGGLWLRQDO� VHPDQWLF� LQIRUPDWLRQ�IRU� WKH�FXUUHQW�REMHFW� �LQ�RXU� FDVH� WKH�REMHFW� ODEHOHG�DQVZHU�� LQ

FDVH�WKH�LQIRUPDWLRQ�LV�DYDLODEOH��,Q�76,00,6�IRU�H[DPSOH��KHOS�LQIRUPDWLRQ�LV�SURYLGHG�E\�WKH�GDWD

VHUYHU� WKDW� LV� H[SRUWLQJ� WKH� REMHFWV�� )LQDOO\�� WKH�([LW� EXWWRQ� WHUPLQDWHV� D� VHVVLRQ� DQG� LQLWLDWHV

PLVFHOODQHRXV� FOHDQ�XS� RSHUDWLRQV� ZLWKLQ� WKH�02%,(� VHUYHU�� ,Q� DGGLWLRQ�� WKH� H[LW� FRPPDQG� ZLOO

JXLGH�WKH�XVHU�WKURXJK�D�VHTXHQFH�RI�VFUHHQV�IRU�VDYLQJ�WKH�FXUUHQW�VWDWH�RI�WKH�VHVVLRQ�SDUDPHWHUV

LQ�FDVH�KH�KDVQ·W�GRQH�VR�RQ�WKH�8VHU�'HIDXOWV�VFUHHQ��6HVVLRQ�YDOXHV�DUH�FXUUHQWO\�VDYHG�LQ�D�XVHU

VSHFLILHG�ILOH�WKDW�UHVLGHV�LQ�WKH�ILOH�V\VWHP�ZKHUH�02%,(�LV�UXQQLQJ�

([FHSW�IRU�YHU\�VPDOO�DQVZHUV��L�H���REMHFWV�ZLWK�OLWWOH�RU�QR�VXEVWUXFWXUH��WR�VHH�WKH�FRPSOHWH�UHVXOW�

WKH�XVHU�ZLOO�PRYH�WKURXJK�WKH�VWUXFWXUH�RI�WKH�DQVZHU�REMHFW�XVLQJ�WKH�DFWLYDWHG�K\SHUOLQNV�ZKLFK

WDNH�WKH�XVHU�WR�VXEVHTXHQW�UHVXOW�SDJHV��7KH�UHVXOW�RI�FOLFNLQJ�RQ�WKH�ILUVW�GRFXPHQW�VXEREMHFW�LQ

)LJXUH���LV�VKRZQ�LQ�)LJXUH����7KLV�VFUHHQ�GLVSOD\V�RQH�GRFXPHQW�REMHFW�E\� LWVHOI�EXW� UHYHDOV�QR

DGGLWLRQDO�VXEVWUXFWXUH�EH\RQG�ZKDW�ZH�KDYH�DOUHDG\�VHHQ�LQ�)LJXUH����(YHU\WKLQJ�EHORZ�WKH�OHYHO�RI

DEVWUDFW�� SXEOLFDWLRQ�� DQG� NH\ZRUGV� LV� DQ� DWRPLF� REMHFW� DQG� WKHLU� YDOXHV� DUH� WRR� ORQJ� WR� EH

GLVSOD\HG�LQ�IXOO��&OLFNLQJ�RQ�WKH�ODEHO�DEVWUDFW��IRU�H[DPSOH��ZLOO�GLVSOD\�WKH�FRPSOHWH�YDOXH�VWULQJ

�VHH�)LJXUH�����&OLFNLQJ�RQ�WKH�ODEHO�LQIR�ZLOO�]RRP�LQ�RQ�WKH�LQIR�REMHFW�DQG�GLVSOD\�LWV�VXEVWUXFWXUH�

1RWLFH�WKDW�D�QHZ�EXWWRQ�FDOOHG�3DUHQW�KDV�EHHQ�DGGHG�WR�WKH�QDYLJDWLRQ�EDU�LQ�ERWK�)LJXUH���DQG

)LJXUH����7KLV�EXWWRQ�DOORZV�WKH�XVHU�WR�UHWXUQ�WR�WKH�SDUHQW�REMHFW�ZKLFK�LV�HLWKHU�WKH�GRFXPHQW

REMHFW�RU�WKH�DQVZHU�REMHFW�GHSHQGLQJ�RQ�ZKHUH�ZH�DUH�LQ�WKH�KLHUDUFK\�

)LJXUH����4XHU\�UHVXOW���VXEREMHFWV
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)LJXUH����4XHU\�UHVXOW���DWRPLF�YDOXH

��� )RUPDWWLQJ�2SWLRQV

$V� PHQWLRQHG� EHIRUH�� WKH� XVHU� FDQ� FRQWURO� WKH� IRUPDWWLQJ� RI� REMHFWV� WKURXJK� YDULRXV� FRQWURO

SDUDPHWHUV�� 7KHVH� SDUDPHWHUV� DUH� FDOOHG� VHVVLRQ� YDULDEOHV� DQG� FDQ� EH� DFFHVVHG� IURP� WKH� 8VHU

'HIDXOWV� VFUHHQ� VKRZQ� LQ� )LJXUH� ��� 2XU� IRUPDWWLQJ� RSWLRQV� IDOO� LQWR� WZR� FDWHJRULHV�� ´*OREDO

6HWWLQJVµ�� ZKLFK� DSSO\� WR� WKH� ZKROH� REMHFW� VWUXFWXUH�� DQG� ´/DEHO�%DVHG� 6HWWLQJVµ� IRU� ZKLFK� WKH

VFRSH� FDQ� EH� VSHFLILHG� EDVHG� RQ� REMHFW� ODEHOV�� %\� GHIDXOW�� ´/DEHO�%DVHG� 6HWWLQJVµ� DIIHFW� WKH

FRPSOHWH�REMHFW�VWUXFWXUH�XQOHVV�RWKHUZLVH�VSHFLILHG�

6WDUWLQJ� IURP� WKH� WRS�� WKH� IROORZLQJ� JOREDO�RSWLRQV� DUH� FXUUHQWO\� DYDLODEOH� �DOO� RSWLRQV� DUH� VKRZQ

ZLWK�WKHLU�GHIDXOW�YDOXHV���Maximum levels of sub-objects�FRQWUROV�WKH�QXPEHU�RI�YLVLEOH

OHYHOV�RI�VXEREMHFWV�IRU�HDFK�REMHFW� WKDW� LV�GLVSOD\HG��7KH�GHIDXOW�YDOXH� LV� WKUHH��PHDQLQJ� WKDW� WKH

REMHFW� DV� ZHOO� DV� LWV� VXEREMHFWV� DQG� VXE�VXEREMHFWV� DUH� GLVSOD\HG� �LI� WKH\� H[LVW��� Sub-object

indentation�FRQWUROV� WKH�DPRXQW�RI� LQGHQWDWLRQ�XVHG� IRU� VXEREMHFWV�7KH�GHIDXOW� YDOXH� LV� ILYH

�FKDUDFWHUV��

7KH�ODEHO�EDVHG�VHWWLQJV�RIIHU�WKH�IROORZLQJ�RSWLRQV��Default layout�FRQWUROV�WKH�RYHUDOO�´ORRN�

DQG�IHHOµ�RI� WKH�RXWSXW�ZKHQ� LW� JHWV�GLVSOD\HG� LQ� WKH�EURZVHU�ZLQGRZ��$V�PHQWLRQHG� HDUOLHU��ZH

KDYH�GHVLJQHG�VHYHUDO�OD\RXW�RSWLRQV�IRU�KRZ�REMHFWV�FDQ�EH�RUJDQL]HG��6R�IDU�ZH�KDYH�VKRZQ�WKH

´OLVWµ�OD\RXW��ZKHUH�REMHFWV�DUH�RUJDQL]HG�LQ�OLVWV��XVLQJ�LQGHQWDWLRQV�WR�LQGLFDWH�QHVWLQJ��7KLV�OD\RXW

LV�ZHOO�VXLWHG�IRU�GLVSOD\LQJ�DQ\�NLQG�RI�KLHUDUFKLFDO�GDWD��VXFK�DV�WKH�SXEOLFDWLRQ�GDWD�VKRZQ�LQ�RXU

VFUHHQ�VQDSVKRWV��RU�WKH�FRQWHQWV�RI�D�ILOH�V\VWHP��IRU�H[DPSOH��,Q�DGGLWLRQ�WR�WKH�OLVW�WHPSODWH�ZH

KDYH�DOVR� LPSOHPHQWHG�D�´WDEOHµ� OD\RXW� WKDW�GLVSOD\V� LQIRUPDWLRQ� LQ� WKH� IDPLOLDU� URZ� DQG� FROXPQ

IRUPDW�



�

)LJXUH����8VHU�GHIDXOWV

7KLV�IRUPDW�LV�EHVW�VXLWHG�IRU�GLVSOD\LQJ�DULWKPHWLF�GDWD�VXFK�DV� ILQDQFLDO� LQIRUPDWLRQ�RU�VWDWLVWLFDO

GDWD��IRU�H[DPSOH��)LJXUH���VKRZV�WKH�GRFXPHQW�REMHFW�IURP�)LJXUH���IRUPDWWHG�DV�D�WDEOH��6LQFH

GRFXPHQW�LV�D�FRPSOH[�REMHFW��HDFK�URZ�UHSUHVHQWV�RQH�RI�LWV�VXEREMHFWV��/DEHOV�DUH�VKRZQ�RQ�WKH

OHIW�VLGH��,I�WKH�VXEREMHFW�LV�DQ�DWRPLF�REMHFW��H�J���WKH�VXEREMHFWV�ODEHOHG�DXWKRU�DQG�WLWOH��WKH�ILUVW

FROXPQ� VWDUWLQJ� IRUP� WKH� OHIW� ZLOO� FRQWDLQ� WKH� VXEREMHFW·V� YDOXH�� ,I� WKH� VXEREMHFW� LV� D� FRPSOH[

REMHFW��H�J���WKH�VXEREMHFW�ODEHOHG�LQIR��WKH�ILUVW�FROXPQ�ZLOO�EH�HPSW\�DQG�VXEVHTXHQW�FROXPQV�ZLOO

FRQWDLQ� WKH� YDOXHV� RI� LWV� ORZHU�OHYHO� VXEREMHFWV�� ,Q� FDVH� RI� D� FRPSOH[� VXEREMHFW�� WKH� FROXPQ

KHDGLQJV�DUH�WKH�ODEHOV�RI�WKH�ORZHU�OHYHO�VXEREMHFWV��1RWH��LI�WKHUH�DUH�VHYHUDO�FRPSOH[�VXEREMHFWV

ZLWK� GLIIHUHQW� VXEVWUXFWXUH�� WKH� WDEOH� ZLOO� KDYH� GLIIHUHQW� KHDGLQJV� IRU� HDFK� RI� WKH� FRPSOH[

VXEREMHFWV��$OVR�QRW�WKDW�LW�PDNHV�QR�VHQVH�WR�IRUPDW�DWRPLF�REMHFWV�DV�D�WDEOH�DQG�ZH�GR�QRW�RIIHU

WKLV�DV�DQ�RSWLRQ��



��

*RLQJ�EDFN� WR� WKH�XVHU�GHIDXOW� VFUHHQ� LQ�)LJXUH� ���Default number of displayed sub-

objects�FRQWUROV�WKH�QXPEHU�RI��ILUVW�OHYHO�VXEREMHFWV�WKDW�DUH�GLVSOD\HG�RQ�D�VFUHHQ��Default

label size�DQG�Default value size�FRQWURO�WKH�OHQJWK�RI�ODEHOV�DQG�YDOXHV�UHVSHFWLYHO\�

)LJXUH����4XHU\�UHVXOW���WDEOH�OD\RXW

$V� PHQWLRQHG� EHIRUH�� ODEHO�EDVHG� VHWWLQJV� HLWKHU� DSSO\� WR� WKH� FRPSOHWH� VWUXFWXUH� RU� WR� REMHFWV

ZKLFK� DUH� LGHQWLILHG� WKURXJK� WKHLU� ODEHOV�� ,Q� RUGHU� WR� IRUPDW� DQ� REMHFW�� D� IRUPDWWLQJ� FKRLFH

DVVRFLDWHG�ZLWK�WKH�ODEHO�WKDW�UHIHUV�WR�WKH�GHVLUHG�VXEVWUXFWXUH�PXVW�EH�GHILQHG��7KLV�FDQ�EH�GRQH

WKURXJK�WKH�1HZ�/DEHO�)RUPDW�FRPPDQG�VKRZQ�RQ�WKH�ERWWRP�RI�)LJXUH����7KH�RSWLRQV� WKDW

FDQ�EH�VSHFLILHG�IRU�WKH�VHOHFWHG�ODEHO�DUH�H[DFWO\�WKH�VDPH�DV�VKRZQ�EHIRUH��8VLQJ�WKH�1HZ�/DEHO

)RUPDW�RSWLRQ�� LW� LV�SRVVLEOH��IRU�H[DPSOH��WR�GLVSOD\�WKUHH�RU�PRUH�OHYHOV�RI�QHVWLQJ�IRU�WKH�URRW

REMHFW��DQG� WKHQ�UHGXFH� WKH�QXPEHU�RI� YLVLEOH� OHYHOV� WR� MXVW�RQH�ZKHQ�YLHZLQJ� LWV� VXEREMHFWV��$V

DQRWKHU�H[DPSOH��RQH�FDQ�GLVSOD\�WKH�SDUW�RI�D�UHVXOW�WKDW�FRQWDLQV�QXPHULFDO�YDOXHV�DV�D�WDEOH�EXW

OHDYH�WKH�SDUW�WKDW�LV�PRVWO\�WH[WXDO�LQ�OLVW�IRUPDW��)LQDOO\��WKH�XVHU�KDV�WKH�RSWLRQ�WR�VDYH�WKH�VWDWH�RI

WKH�VHVVLRQ�SDUDPHWHUV�XVLQJ�WKH�6DYH�RSWLRQ�QHDU�WKH�ERWWRP�RI�WKH�VFUHHQ�VR�WKDW�WKHLU�YDOXHV�FDQ

EH�UH�XVH�LQ�IXWXUH�VHVVLRQV�

7KHUH�DUH�PDQ\�PRUH�SRVVLELOLWLHV�IRU�IRUPDWWLQJ�DQG�GLVSOD\LQJ�REMHFWV� LQ�02%,(��PDQ\�RI�ZKLFK

FDQQRW�EH�DGHTXDWHO\�GHVFULEHG�LQ�WKLV�OLPLWHG�DPRXQW�RI�VSDFH��7KH�LQWHUHVWHG�UHDGHU�LV� LQYLWHG�WR

GHPRQVWUDWH�RXU�SURWRW\SH� LPSOHPHQWDWLRQ�ZKLFK�FDQ�EH�DFFHVVHG�YLD� WKH�76,00,6�KRPH�SDJH� DW

85/�KWWS���ZZZ�GE�VWDQIRUG�HGX�WVLPPLV�WVLPPLV�KWPO�

�� ,PSOHPHQWDWLRQ



��

:H�QRZ�GHVFULEH�WKH�LPSOHPHQWDWLRQ�RI�RXU�V\VWHP��6SHFLILFDOO\��ZH�IRFXV�RQ� WKH�FKDOOHQJHV� WKDW

ZH�KDG� WR�RYHUFRPH� DQG�KRZ�ZH� VROYHG� WKHP�JLYHQ� WKH� WHFKQRORJ\� WKDW�ZDV� DYDLODEOH�ZKHQ�ZH

EHJDQ� WKLV� SURMHFW� DOPRVW� WZR� \HDUV� DJR�� $W� WKDW� WLPH�� ZH� KDG� WZR� RSWLRQV� IRU� LPSOHPHQWLQJ� D

:::�EDVHG� V\VWHP� WKDW� FDQ� SURYLGH� WKH� LQWHUDFWLYH� FDSDELOLWLHV� LOOXVWUDWHG� LQ� 6HF�� ��� HLWKHU� WR

LPSOHPHQW� RXU� RZQ� :::� VHUYHU� ZLWK� DOO� WKH� 02%,(�DGGHG� IXQFWLRQDOLW\� EXLOW�LQ�� RU� XVH� WKH

H[LVWLQJ� VHUYHU� WHFKQRORJ\� DQG� GHVLJQ� D� VHSDUDWHO\� UXQQLQJ� 02%,(� VHUYHU�� *LYHQ� RXU� OLPLWHG

UHVRXUFHV�DQG�H[SHULHQFH��ZH�RSWHG�IRU�WKH�VHFRQG�DSSURDFK��6LQFH� WKHQ��PDQ\� LPSURYHPHQWV� WR

H[LVWLQJ� WHFKQRORJLHV� �PRUH� H[WHQVLEOH�:::� VHUYHUV�� DV� ZHOO� DV� QHZ� LQYHQWLRQV� �H�J��� -DYD� >6XQ

0LFURV\VWHPV�����@�DQG�-DYD�6FULSW��KDYH�RSHQHG�XS�DGGLWLRQDO�SRVVLELOLWLHV�WKDW�ZRXOG�DOORZ�XV�WR

UHGHVLJQ�WKH�H[LVWLQJ�V\VWHP�PRUH�HIILFLHQWO\�DQG�HOHJDQWO\�LI�ZH�EHJDQ�WRGD\��:H�KDYH�VXPPDUL]HG

VRPH�RI�RXU�LGHDV�IRU�LPSURYLQJ�02%,(�LQ�6HF����

��� ,QLWLDO�3UREOHPV

,Q�JHQHUDO��02%,(�ZDV�EXLOW�WR�SHUIRUP�WKH�IROORZLQJ�WDVNV������EXIIHU�DQG�IRUPDW� WKH�UHVXOWV�RI�D

TXHU\� VR� WKDW� WKH� LQIRUPDWLRQ� FDQ� EH� GLVSOD\HG� LQ� D�:::� EURZVHU�� DQG� ����� JLYH� WKH� XVHU� WKH

RSWLRQ�WR�GHFLGH�ZKLFK�SDUW�RI�WKH�UHVXOW�LV�WR�EH�GLVSOD\HG��KRZ�PXFK�RI�WKH�FKRVHQ�LQIRUPDWLRQ

KH�ZDQWV� WR� VHH� DQG�ZKHQ�� 6LQFH� WKH�:::�ZDV� QRW� LQWHQGHG� WR� VXSSRUW� XVHU� LQWHUDFWLRQV� WKDW

UHTXLUH� WKH� SUHVHUYDWLRQ� RI� WKH� EURZVHU·V� VWDWH� IURP� UHTXHVW� WR� UHTXHVW�� WKHUH� ZDV� QR� QRWLRQ� RI

PHPRU\� LQ� D�:::�EURZVHU�� RWKHU� WKDQ� WKH� DELOLW\� WR� UHWXUQ� WR� D� FHUWDLQ� QXPEHU� RI� SUHYLRXVO\

GLVSOD\HG� SDJHV� WKDW� KDYH� EHHQ� FDFKHG� E\� WKH� EURZVHU�� +RZHYHU�� PRVW� RI� WKH� EURZVLQJ

IXQFWLRQDOLW\� LQ�02%,(� GHSHQGV� RQ� LQIRUPDWLRQ� IURP� SUHYLRXV� VFUHHQV� �L�H��� WKH� FXUUHQW� YLHZLQJ

ORFDWLRQ� LQ� WKH� REMHFW� KLHUDUFK\�� HWF���� *HQHUDWLQJ� DQG� SUHVHUYLQJ� WKLV� VWDWH� ZDV� RXU� ILUVW� PDLQ

SUREOHP��7KH�VHFRQG�SUREOHP�WKDW�ZH�IDFHG�KDG�WR�GR�ZLWK�GLVSOD\LQJ�G\QDPLFDOO\�JHQHUDWHG�SDJHV

�DV�RSSRVHG�WR�VWDWLF�+70/�ILOHV���HDFK�VFUHHQ�KDV� WR�EH�JHQHUDWHG�RQ�WKH�IO\�E\�02%,(� VLQFH� LWV

FRQWHQWV�DUH�QRW�NQRZQ�XQWLO�WKH�XVHU�WDNHV�DQ�DFWLRQ��$�EULHI�UHYLHZ�RI�WKH�ZD\�WKH�:::�ZRUNV

ZLOO�IXUWKHU�LOOXVWUDWH�WKH�SUREOHPV�

:::�FOLHQWV�DQG�VHUYHUV�FRPPXQLFDWH�XVLQJ� WKH� VR�FDOOHG�+\SHUWH[W�7UDQVIHU�3URWRFRO� �+773�

>*HWW\V�DQG�1LHOVRQ�@��7KH�EDVLF�SURFHGXUH�IRU�FRPPXQLFDWLRQ�EHWZHHQ�D�FOLHQW�DQG�D�:::�VHUYHU

LV��D�FOLHQW�FRQQHFWV�WR�D�VHUYHU�DQG�VHQGV�D�UHTXHVW��IRU�D�UHVRXUFH��WKH�VHUYHU�VHQGV�D�UHVSRQVH�EDFN

WR�WKH�FOLHQW�� VXSSO\LQJ�ERWK�VWDWXV�FRGH�DV�ZHOO�DV� WKH�UHTXHVWHG�UHVRXUFH� �LI�DYDLODEOH��� WKH�FOLHQW

GLVFRQQHFWV��:LWK�UHVSHFW�WR�RXU�ILUVW�SUREOHP��+773�KDV�WKH�IROORZLQJ�LPSRUWDQW�FKDUDFWHULVWLFV�

+773�LV�VWDWHOHVV��PHDQLQJ�WKDW� LQ�EHWZHHQ�WZR�VXEVHTXHQW� UHTXHVWV�� WKH�VHUYHU�GRHV�QRW�PDLQWDLQ

LQIRUPDWLRQ�DERXW�WKH�UHVRXUFH�EHLQJ�UHTXHVWHG��WKH�FOLHQW�ZKR�LV�UHTXHVWLQJ�WKH�UHVRXUFH��WKH�VWDWXV

�����������������������������������������������
��2QH�FDQ�DUJXH�WKDW�QRZDGD\V��EURZVHUV�GR�KDYH�D��OLPLWHG�DPRXQW�RI�PHPRU\��WKURXJK�WKH�XVH�RI�´FRRNLHV�µ

��$�UHTXHVW�FRQWDLQV�WKH�QDPH�RI�WKH�UHVRXUFH�WKDW�WKH�FOLHQW�ZDQWV�WR�UHWULHYH��WKH�PHWKRG�RI�UHWULHYDO��WKH�QDPH�DQG�YHUVLRQ�RI�WKH
FRPPXQLFDWLRQ�SURWRFRO��DV�ZHOO�DV�RWKHU�YDULRXV�LWHPV�GHVFULELQJ�GDWD�W\SHV��HQFRGLQJ�PHWKRG��HWF�
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RI�VHUYHU·V�UHVSRQVH�HWF��+773�LV�DOVR�FRQQHFWLRQOHVV��DOORZLQJ�HDFK�FOLHQW�RQH�UHTXHVW�SHU�FRQQHFWLRQ�

$IWHU�D�FOLHQW�UHFHLYHV�WKH�UHVRXUFH��WKH�VHUYHU�GLVFRQQHFWV��6XEVHTXHQW�FOLHQW�UHTXHVWV�UHTXLUH�D�QHZ

FRQQHFWLRQ��*LYHQ�WKHVH�WZR�FKDUDFWHULVWLFV��ZH�WKHUHIRUH�QHHG�D�PHFKDQLVP�WKDW�FDQ�FRQWLQXRXVO\

PRQLWRU� D� VHVVLRQ� DQG� VDYH� LWV� VWDWH� IURP� RQH� FRQQHFWLRQ� WR� WKH� QH[W�� ,Q� D� VHQVH�� ZH� QHHG� D

WUDQVDFWLRQ�FDSDEOH�FOLHQW�UDWKHU�WKDQ�MXVW�D�´UHTXHVW�UHVSRQVHµ�RULHQWHG�LQWHUIDFH�

:LWK�UHVSHFW�WR�WKH�VHFRQG�SUREOHP��WR�VXSSRUW�WKH�FUHDWLRQ�RI�G\QDPLF�GRFXPHQWV��FUHDWHG�E\�DQ

H[WHUQDO� SURJUDP��+773� XVHV� &*,� >0F&RRO� �1&6$�'HYHORSPHQW� 7HDP� @� �&RPPRQ� *DWHZD\

,QWHUIDFH��DV�D�VWDQGDUG�WKDW�GHILQHV�WKH�LQSXW�DQG�RXWSXW�LQWHUIDFHV�WKURXJK�ZKLFK�DQ�+773�VHUYHU

DQG�SURJUDPV�LQWHUDFW��7KH�GUDZEDFN�RI�&*,� LV� WKDW� WKH�+773�VHUYHU�ZLOO�QRW� UHWXUQ� WKH�RXWSXW

IURP� D� SURJUDP� WR� WKH� EURZVHU�� XQWLO� WKH� SURJUDP� KDV� H[LWHG� DQG� FORVHG� DOO� RI� LWV� VWDQGDUG� ILOH

GHVFULSWRUV��VWGLQ��VWGRXW��DQG�VWGHUU���2WKHUZLVH��WKH�VHUYHU�ZLOO�DVVXPH�WKDW�PRUH�GDWD�ZLOO�EH�DUULYLQJ

DQG�ZDLWV�LQGHILQLWHO\��7KXV�WKH�SURFHVV�LQ�RXU�V\VWHP�WKDW�LV�UHVSRQVLEOH�IRU�JHQHUDWLQJ�WKH�RXWSXW

PXVW� WHUPLQDWH�HYHU\� WLPH� LW�ZDQWV� WR�GLVSOD\� D�QHZ� VFUHHQ� LQ� D� FOLHQW·V�EURZVHU� �ZKLFK�KDSSHQV

PDQ\�WLPHV�GXULQJ�D�W\SLFDO�VHVVLRQ��

%DVHG�RQ�WKHVH�UHTXLUHPHQWV��QDPHO\� WR� VDYH� WKH� VWDWH�RI� D� VHVVLRQ� DQG� WR� WHUPLQDWH� WKH�SURFHVV

DIWHU�WKH�RXWSXW�LV�UHDG\��ZH�DUULYHG�DW�WKH�IROORZLQJ��LQFRUUHFW��DSSURDFK��WUDQVIHU�DOO�WKH�GDWD�WKDW

PDNHV�XS�WKH�VWDWH�RI�WKH�FXUUHQW�VHVVLRQ�WR�D�QHZO\�VWDUWHG�SURFHVV�ZKHQHYHU�RXWSXW�QHHGV�WR�EH

VHQW� WR� WKH� XVHU�� WHUPLQDWH� WKH� SDUHQW� SURFHVV� DQG� FRQWLQXH� WKH� VHVVLRQ� ZLWK� WKH� FKLOG� SURFHVV�

+RZHYHU��WKLV�VROXWLRQ�GLG�QRW�ZRUN�VLQFH�LV�QRW�SRVVLEOH�WR�FRPPXQLFDWH�EHWZHHQ�DQ�+773�VHUYHU

DQG� D� UXQQLQJ� SURFHVV� XVLQJ� &*,�� 7KHUHIRUH�� ZH� QHHGHG� WR� VSOLW� XS� RXU� GHVLJQ� LQWR� WZR

FRPSRQHQWV��RQH�FRQWLQXRXVO\�UXQQLQJ�SURFHVV�WKDW�PRQLWRUV�DQG�VDYHV�WKH�VWDWH�RI�D�VHVVLRQ��DQG�D

VHFRQG� SURFHVV� WKDW� VHUYHV� DV� D� ´FRPPXQLFDWRUµ� EHWZHHQ� WKH� +773� VHUYHU� DQG� WKH� UXQQLQJ

SURFHVV��7KLV�FRPPXQLFDWRU�SURFHVV�LV�VWDUWHG�HYHU\�WLPH�D�QHZ�UHTXHVW�LV�JHQHUDWHG�E\�WKH�XVHU��,WV

RQO\�SXUSRVH�LV�WR�WUDQVIHU�XVHU�UHTXHVWV�WR�WKH�UXQQLQJ�SURFHVV�DQG�UHOD\�WKH�UHVXOWV�EDFN�WKH�+773

VHUYHU��:H�DUH�DZDUH�RI�WKH�IDFW�WKDW�WKH�RYHUKHDG�RI�VWDUWLQJ�D�QHZ�SURFHVV�LV�TXLWH�KLJK�FRPSDUHG

WR�VZDSSLQJ�D�UXQQLQJ�SURFHVV�LQ�DQG�RXW�RI�PHPRU\��DQG�ZH�KDYH�VHYHUDO�DOWHUQDWLYH�VROXWLRQV�WKDW

ZH� RIIHU� WR� WKH� UHDGHU� LQ� 6HF�� ��� 7KHUH� ZDV� VWLOO� RQH� DGGLWLRQDO� KXUGOH� WR� RYHUFRPH�� WKH

FRPPXQLFDWRU� SURFHVV� QHHGV� WR� NQRZ�RQ�ZKLFK� SRUW� WR� FRQWDFW� WKH� UXQQLQJ� SURFHVV�� 6LQFH� WKH

FRPPXQLFDWRU�SURFHVV�LV�VWDUWHG�E\�WKH�+773�VHUYHU��WKH�DGGUHVV�RI�WKH�UXQQLQJ�SURFHVV�PXVW�EH

SUHVHUYHG�DW�WKH�FOLHQW�VLGH�LQ�EHWZHHQ�LQYRFDWLRQV�RI� WKH�FRPPXQLFDWRU�SURFHVV��6LQFH� WKH�FOLHQW

KDV�QR�PHPRU\��WKH�RQO\�ZD\�WR�DFKLHYH�WKLV�LV�WR�VWRUH�WKH�SRUW�QXPEHU�DV�D�KLGGHQ�YDOXH�RQ�HDFK

JHQHUDWHG�+70/�SDJH��+LGGHQ�YDOXHV�FDQ�EH�LQFOXGHG�LQ�DQ\�+70/�GRFXPHQW�XVLQJ� WKH�KLGGHQ

YDOXH�WDJ��:H�QRZ�GHVFULEH�WKH�FRPSOHWH�SURFHVV�VWUXFWXUH�RI�02%,(�LQ�PRUH�GHWDLO�

��� 02%,(�3URFHVV�6WUXFWXUH
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)LJXUH���VKRZV�WKH�SURFHVV�VWUXFWXUH�RI�02%,(� DV�ZHOO�DV� WKH� LQWHUDFWLRQV�ZLWK�RXU�+773�VHUYHU�

FDOOHG�www-mobie.stanford.edu��DQG�ZLWK�D�K\SRWKHWLFDO�FOLHQW�LQ�IRUP�RI�D�:::�EURZVHU�

$� 02%,(� VHVVLRQ� LV� VWDUWHG� E\� UHTXHVWLQJ� WKH� H[HFXWLRQ� RI� D� &*,� H[HFXWDEOH� FDOOHG

02%,(B6(59(5�IURP�RXU�+773�VHUYHU��02%,(B6(59(5�GRHV�QRW�WDNH�DQ\�LQSXW�SDUDPHWHUV

DQG�VLPSO\�LQLWLDOL]HV�WKH�VWDWH�KROGHU�YDULDEOHV�IRU�WKH�XSFRPLQJ�VHVVLRQ��:H�GLVFXVV�WKH�VWDWH�RI�D

VHVVLRQ�LQ�PRUH�GHWDLO�LQ�WKH�QH[W�VHFWLRQ��7KH�RXWSXW�RI�WKH�02%,(B6(59(5�SURFHVV�LV�DOZD\V

DQ�+70/�GRFXPHQW��02%,(B6(59(5�DOVR�LQLWLDOL]HV�WKH�FRQQHFWLRQ�WR�WKH�GDWDEDVH�VHUYHU��7KLV

FRQQHFWLRQ� LQIRUPDWLRQ� LV� UHDG� IURP� D� VSHFLDO� FRQILJXUDWLRQ� ILOH�� :H� ZLOO� QRW� GLVFXVV� WKH� LVVXHV

UHODWHG�WR�VXEPLWWLQJ�DQG�UHFHLYLQJ�GDWD�IURP�D�GDWDEDVH�VHUYHU�LQ�WKLV�SDSHU�

$IWHU� WKH� LQLWLDOL]DWLRQ� SKDVH�� 02%,(B6(59(5� JHQHUDWHV� D� VSHFLDO� 02%,(� VSODVK� VFUHHQ� DV� LWV

RXWSXW�DQG�IRUNV�LQWR�WZR�SURFHVVHV��WKHUHE\�GXSOLFDWLQJ�WKH�VWDWH�WKDW�KDV�EHHQ�VHW�XS�VR�IDU��7KH

SDUHQW�SURFHVV�WKHQ�WHUPLQDWHV�ZKLFK�FDXVHV�WKH�+773�VHUYHU� WR�GLVSOD\� WKH�VSODVK�VFUHHQ� LQ� WKH

EURZVHU�ZLQGRZ��7KH�IRUNHG�FKLOG�SURFHVV�FRQWLQXHV� WR�UXQ� LQ� WKH�EDFNJURXQG�DQG�EHFRPHV� WKH

VHVVLRQ�PRQLWRU�IRU�WKH�FXUUHQW�VHVVLRQ��7KH�SRUW�QXPEHU�RI�WKH�IRUNHG�02%,(B6(59(5�SURFHVV

LV�DWWDFKHG�WR�WKH�GRFXPHQW�WKDW�PDNHV�XS�WKH�VSODVK�VFUHHQ��7KLV�ILUVW�LQWHUDFWLRQ�LV�GHSLFWHG�LQ�WKH

OHIW� VLGH� RI� )LJXUH� ��� )URP� WKLV� SRLQW� RQ�� DOO� IXUWKHU� LQWHUDFWLRQV� ZLWK� WKH� UXQQLQJ

02%,(B6(59(5� KDYH� WR� EH� KDQGOHG� WKURXJK� DQ� DGGLWLRQDO� ´FRPPXQLFDWRUµ� SURFHVV� ODEHOHG

02%,(B&/,(17�LQ�RXU�ILJXUH��(YHU\�UHTXHVW�E\�WKH�XVHU�ZLOO�VWDUW�XS�D�QHZ�02%,(B&/,(17
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ZKLFK�DFWV�DV�D�UHOD\�EHWZHHQ�WKH�+773�VHUYHU�DQG�02%,(B6(59(5��02%,(B&/,(17�UHFHLYHV

LWV� LQSXW� DV� DQ� HQFRGHG� VWULQJ�ZKLFK� LV� DSSHQGHG� WR� WKH�85/� WKDW� LV� XVHG� WR�PDNH� WKH� UHTXHVW�

:KHQ� WKH�+773� VHUYHU� UHFHLYHV� WKH� UHTXHVW�� LW� FRSLHV� WKH� HQFRGHG� VWULQJ� LQWR� DQ� HQYLURQPHQW

YDULDEOH� FDOOHG�48(5<B675,1*��:KHQ�02%,(B&/,(17� VWDUWV�� LW� NQRZV� WR� REWDLQ� LWV� LQSXW

IURP�WKLV�YDULDEOH��5HTXHVWV�DUH�VXEPLWWHG�XVLQJ�WKH�*(7�PHWKRG�ZKLFK�DOORZV�WKH�WUDQVPLVVLRQ�RI

XS�WR�����FKDUDFWHUV�DV�SDUW�RI�WKH�85/��)RU�D�WHFKQLFDO�RYHUYLHZ�RI�+70/�IRUPV�DQG�&*,�VFULSWV

UHIHU�WR�>'HFHPEHU�DQG�*LQVEXUJ������*UREH�@�

7KH�FRQWHQWV�RI�WKH�48(5<B675,1*�GHSHQG�RQ�ZKLFK�DFWLRQ�WKH�XVHU�ZDQWV�WR�SHUIRUP��6HYHUDO

VFHQDULRV�DUH�SRVVLEOH�DQG�ZH�LOOXVWUDWH�WZR�ZLWK�H[DPSOHV�

�� 7KH�XVHU�ILOOV�RXW�DQ�+70/�IRUP��H�J���IRU�FKDQJLQJ�VHVVLRQ�SDUDPHWHUV�DV�VKRZQ�LQ�)LJXUH����

,Q� WKLV� FDVH�� WKH�EURZVHU� FROOHFWV� WKH� HQWHUHG� GDWD� WRJHWKHU�ZLWK� RXU� RZQ� LQWHUQDO� FRPPDQG

�change_defaults��DQG�DSSHQGV�ERWK�WR�WKH�85/�WKDW�LQYRNHV�02%,(B&/,(17�

�� 7KH� XVHU� FOLFNV� RQ� DQ� REMHFW� ODEHO� ZKLOH� EURZVLQJ�� ,Q� WKLV� FDVH�� WKH� 85/� ZKLFK� KDV� EHHQ

JHQHUDWHG� E\� WKH� SUHYLRXV� LQWHUDFWLRQ� DOUHDG\� FRQWDLQV� WKH� LQWHUQDO� FRPPDQG� �H�J��

fetch_child�� DV�ZHOO� DV� WKH�GDWD� WKDW� LV� QHHGHG� WR� UHWULHYH� WKH� GHVLUHG� REMHFW�� WKH� FXUUHQW

ORFDWLRQ�LQ�WKH�REMHFW�KLHUDUFK\�DV�ZHOO�DV�D�UHIHUHQFH�WR�WKH�REMHFW�WKDW� LV�WR�EH� IHWFKHG�IURP

02%,(B6(59(5�

2WKHU�02%,(�VSHFLILF�FRPPDQGV�LQFOXGH�PRYLQJ�XS�DQG�GRZQ�LQ�WKH�REMHFW�KLHUDUFK\��UHTXHVWLQJ

KHOS�RQ�DQ�REMHFW��DQG� WHUPLQDWLQJ�D�VHVVLRQ�� ,Q�DGGLWLRQ�� WKH�48(5<B675,1*�DOZD\V�FRQWDLQV

WKH� SRUW� QXPEHU� RQ� ZKLFK� 02%,(B&/,(17� FDQ� FRPPXQLFDWH� ZLWK� WKH� UXQQLQJ

02%,(B6(59(5�

$IWHU� UHDGLQJ� WKH� LQSXW� IURP� 48(5<B675,1*�� 02%,(B&/,(17� SDVVHV� WKH� FRQWHQWV� WR

02%,(B6(59(5� E\� RSHQLQJ� DQ� ,3&� FRQQHFWLRQ� XVLQJ� WKH� WUDQVPLWWHG� SRUW� QXPEHU�

02%,(B6(59(5�SURFHVVHV�WKH�UHTXHVW�DQG�UHWXUQV�WKH�RXWSXW�EDFN�WR�02%,(B&/,(17��$IWHU

02%,(B&/,(17� WHUPLQDWHV�� WKH� +773� VHUYHU� UHWXUQV� WKH� UHVXOW� LQ� WKH� IRUP� RI� DQ� +70/

GRFXPHQW�WR�WKH�EURZVHU��:H�QRZ�GHVFULEH�ZKDW�KDSSHQV�LQVLGH�02%,(B6(59(5�

��� 02%,(B6(59(5

7KH�02%,(B6(59(5�SURFHVV�SURYLGHV�WKH�PDLQ�IXQFWLRQDOLW\�RI�RXU�V\VWHP��D�PHDQV�IRU�VWRULQJ

WKH�VWDWH�RI�D�VHVVLRQ�DV�ZHOO�DV�WKH�EXIIHULQJ�DQG�IRUPDWWLQJ�RI�TXHU\�UHVXOWV�

����� 6HVVLRQ�6WDWH

,Q�RUGHU�WR�SURYLGH�D�FRQWH[W�VHQVLWLYH�:::�LQWHUIDFH��RXU�V\VWHP�PXVW�EH�DEOH�WR�NHHS�WUDFN�RI

XVHU�DFWLYLWLHV�DV�ZHOO�DV�WKH�FRQWHQWV�WKDW�DUH�GLVSOD\HG�LQ�WKH�EURZVHU�ZLQGRZ��)XUWKHUPRUH��WKHUH

PXVW�EH�D�QRWLRQ�RI�D�VHVVLRQ�ZLWK�D�FOHDUO\�GHILQHG�VWDUW�DQG�HQG��VR�WKDW�ZH�NQRZ�ZKHQ�WR�VWDUW

PRQLWRULQJ��ZKHQ�WR�VWRS��ZKHQ�WR�IOXVK�WKH�REMHFW�FDFKH��ZKHQ�WR�FOHDU�WKH�VDYHG�VWDWH��HWF��,Q�D
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VHQVH�� KDYLQJ� D� VHVVLRQ� LV� HVVHQWLDO� IRU� SURYLGLQJ� WKH� XVHU� ZLWK� WKH� ULJKW� FRQWH[W� IRU� PDNLQJ

QDYLJDWLRQDO�UHTXHVWV�

$�VHVVLRQ�VWDUWV�ZKHQ�02%,(B6(59(5�LV� LQYRNHG�E\� WKH�XVHU�� ,Q� WKH�EHJLQQLQJ�� WKH�VWDWH�RI� D

VHVVLRQ�FRQVLVWV�RI�WKH�XVHU�LG�RI�WKH�SHUVRQ�ZKR�KDV�LQYRNHG�02%,(��DV�ZHOO�DV�WKH�FRQWHQWV�RI�WKH

VHVVLRQ�SDUDPHWHUV� WKDW�DUH�XVHG�IRU� IRUPDWWLQJ� WKH� UHVXOWV��7KH� VHVVLRQ�SDUDPHWHUV� DUH� LQLWLDOL]HG

ZLWK� WKHLU� GHIDXOW� YDOXHV�� 7KH� RWKHU� VWDWH� YDULDEOHV� ZKLFK� KROG� WKH� GDWDEDVH� TXHU\�� WKH� FXUUHQW

SRLQWHU�LQWR�WKH�UHVXOW� VHW�ZKHUH� WKH�XVHU� LV�EURZVLQJ��DQG� WKH�02%,(�VSHFLILF�FRPPDQGV�DUH�VWLOO

HPSW\�� ,Q� DGGLWLRQ�� WKH� UHVXOW�RI� D� TXHU\� LV� DOVR�SDUW�RI� WKH� VWDWH� VLQFH� LW�PD\� FKDQJH� DIWHU� HYHU\

TXHU\�� $IWHU� WKH� 02%,(B6(59(5� IRUNV�� WKH� SDUHQW� SURFHVV� REWDLQV� D� SRUW� QXPEHU� IURP� WKH

RSHUDWLQJ� V\VWHP� WKDW� WKH� FKLOG� SURFHVV� ZLOO� XVH� IRU� FRPPXQLFDWLRQ� ZLWK� IXWXUH

02%,(B&/,(176��7KH�SRUW�QXPEHU� LV� WKH�RQO\�VWDWH�YDOXH� WKDW� LV�FRQWLQXRXVO\�SDVVHG� DURXQG�

IURP�02%,(B6(59(5�YLD�02%,(B&/,(17�WR�WKH�UHVXOW�SDJH�LQVLGH�WKH�EURZVHU�DQG�EDFN� WR

02%,(B&/,(17�� 7KLV� LV� WKH� RQO\� ZD\� ZH� FRXOG� DFKLHYH� FRQQHFWLYLW\� EHWZHHQ� WKH� VKRUW�OLYHG

02%,(B&/,(176�DQG�WKH�FRQWLQXRXVO\�UXQQLQJ�02%,(B6(59(5�

:KHQ�WKH�VHVVLRQ�LV�LQ�SURJUHVV��WKH�VWDWH�RI�WKH�V\VWHP�FRQVWDQWO\�FKDQJHV�ZKLFK�LV�UHIOHFWHG�LQ�WKH

YDOXHV�RI�WKH�VWDWH�YDULDEOHV��6SHFLILFDOO\��WKH�VWDWH�FKDQJHV�ZKHQ�WKH�XVHU�VXEPLWV�D�TXHU\��FKDQJHV

IRUPDWWLQJ�RSWLRQV��QDYLJDWHV�WKURXJK�WKH�REMHFW�KLHUDUFK\��RU�H[LWV��(DFK�RI�WKHVH�HYHQWV�QHHGV�WR

EH�´WUDSSHGµ�DQG�DQ�DOHUW�PXVW�EH�VHQW�WR�02%,(B6(59(5�VR�WKDW�LW�FDQ�XSGDWH�WKH�VWDWH��6WDWH�

FKDQJLQJ� HYHQWV� RFFXU� ZKHQ� WKH� XVHU� ���� WUDYHUVHV� D� K\SHUOLQN� LQ� WKH� REMHFW� VWUXFWXUH�� H�J��� IRU

´]RRPLQJµ�LQ�RQ�FHUWDLQ�VXEREMHFWV������ VXEPLWV�DQ�+70/�IRUP��H�J��� LQ�RUGHU� WR�FKDQJH�VHVVLRQ

SDUDPHWHUV�� RU� ����� FOLFNV� RQ� RQH� RI� WKH�02%,(�VXSSOLHG� EXWWRQV�� H�J��� WKH� (;,7� EXWWRQ� LQ� WKH

QDYLJDWLRQ�EDU�RU�WKH�83�DQG�'2:1�EXWWRQV�LQ�WKH�UHVXOW�DUHD�

+RZHYHU��WKHUH�LV�DQ�LPSOLFLW�GDQJHU�LQ�WKH�ZD\�ZH�PRQLWRU�WKH�VWDWH�RI�D�VHVVLRQ��6LQFH�ZH�DUH�QRW

GLVDEOLQJ�WKH�QDWLYH�IXQFWLRQDOLW\�RI�WKH�EURZVHU��ZH�KDYH�QR�UHDO�FRQWURO�RYHU�HYHU\�VLQJOH�DFWLYLW\

WKDW�PD\�RFFXU�GXULQJ�D�VHVVLRQ��)RU�H[DPSOH�� LI�D�XVHU�GHFLGHV�WR�XVH�WKH�EURZVHU·V�RZQ�%DFN�RU

)RUZDUG� EXWWRQV� RU� OHDYHV� WKH� VHVVLRQ� FRPSOHWHO\� E\� MXPSLQJ� WR� D� QHZ� VLWH�� WKH� VWDWH� LQVLGH

02%,(B6(59(5�EHFRPHV�LQFRQVLVWHQW�ZLWK�WKH�UHDO�VWDWH�RQ�WKH�FOLHQW�VLGH��)XUWKHUPRUH��VLQFH

ZH�KDYH�QR�FRQWURO�RYHU�WKH�FRQWHQWV�RI�WKH�FDFKH�RI�WKH�EURZVHU��LW�PD\�EH�SRVVLEOH�IRU�WKH�XVHU

WR�UHWXUQ�WR�SDJHV�WKDW�FRQWDLQ�TXHU\�UHVXOWV�WKDW�DUH�QR�ORQJHU�EXIIHUHG�LQVLGH�02%,(B6(59(5�

,Q�RUGHU�WR�GLVWLQJXLVK�EHWZHHQ�UHTXHVWV�IRU�YDOLG�GDWD��L�H���WKH�REMHFWV�WKDW�DUH�FXUUHQWO\�EXIIHUHG

E\�02%,(B6(59(5��DQG�VWDOH�GDWD��REMHFWV�IURP�WKH�EURZVHU·V�FDFKH���VRPH�RI�WKH�VHVVLRQ�VWDWH

LV�DOVR�VWRUHG�RQ�HDFK�UHVXOW�SDJH�DV�KLGGHQ�YDOXHV��VLPLODU�WR�WKH�SRUW�QXPEHU���%\�FRPSDULQJ�WKH

VWDWH�LQ�WKH�KLGGHQ�YDOXHV�ZLWK�WKH�DFWXDO�VWDWH�LQ�02%,(���RXU�V\VWHP�FDQ�GHWHUPLQH�LI�LW�FDQ�VHUYLFH

�����������������������������������������������
��7KH�DFWXDO�FRPSDULVRQ�LV�EDVHG�RQ�D�FKHFNVXP�YDOXH�WKDW�LV�WKH�UHVXOW�RI�25·LQJ�WKH�YDOXHV�RI��WKH�VWDWH�YDULDEOHV�ZLWK�D�QXPEHU

WKDW�LV�XQLTXH�WR�WKH�FXUUHQW�VHVVLRQ�
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WKH�UHTXHVW�RU�QRW�� ,Q� WKH� ODWWHU�FDVH�� DQ� HUURU� LV� JHQHUDWHG��1RWH� WKDW� XVLQJ� WKH�EURZVHU·V�QDWLYH

EXWWRQV�WR�PRYH�EDFN�RU�IRUZDUG�LQ�D�VHVVLRQ�GRHV�QRW�QHFHVVDULO\�FDXVH�02%,(B6(59(5�WR�UDLVH

DQ�HUURU��,I�WKH�FDFKHG�VFUHHQ�UHIHUV� WR�REMHFWV� WKDW�DUH�VWLOO� LQ� WKH�EXIIHU��02%,(B6(59(5�ZLOO

XVH�WKH�FXUUHQW�SRLQWHU��ZKLFK�LV�VWRUHG�DV�D�KLGGHQ�YDOXH�LQVLGH�WKH�FDFKHG�+70/�GRFXPHQW��WR

GHWHUPLQH�WKH�UHIHUHQFH�ORFDWLRQ�IRU�WKH�UHTXHVW��,Q�WKH�FDVH�ZKHQ�WKH�XVHU�XQH[SHFWHGO\�OHDYHV�WKH

VHVVLRQ��E\SDVVLQJ�WKH�([LW�FRPPDQG��02%,(B6(59(5�ZLOO�FRQWLQXH�UXQQLQJ�XQWLO�LW�LV�HYHQWXDOO\

WHUPLQDWHG�E\�DQ�LQWHUQDO�WLPH�RXW�

$�VHVVLRQ�HQGV�SURSHUO\�ZKHQ�WKH�XVHU�FOLFNV�RQ� WKH�([LW�EXWWRQ� LQ� WKH�QDYLJDWLRQ�EDU��7KLV�ZLOO

FDXVH�02%,(B6(59(5�WR�FOHDU�LWV�EXIIHU�DQG�UHOHDVH�DOO�WKH�PHPRU\�WKDW�ZDV�FODLPHG�GXULQJ�WKH

VHVVLRQ��$IWHU�WKH�FOHDQ�XS�LV�SHUIRUPHG��02%,(B6(59(5�WHUPLQDWHV�

����� 5HVXOW�)RUPDWWLQJ�DQG�%URZVLQJ

7KH�VHFRQG�VHUYLFH�SURYLGHG�E\�02%,(B6(59(5�LV�WKH�EXIIHULQJ�DQG�IRUPDWWLQJ�RI�TXHU\�UHVXOWV

WR� VXSSRUW�REMHFW�EURZVLQJ��$V�PHQWLRQHG�EHIRUH��02%,(B6(59(5�VWRUHV� WKH� FRPSOHWH� UHVXOW

IRU� WKH� FXUUHQW� TXHU\� LQ�PHPRU\�� JLYLQJ�XVHUV� LQVWDQW� DFFHVV� WR� DQ\�SDUW�RI� WKH� REMHFW� KLHUDUFK\�

+RZHYHU�� ZH� UHDOL]H� WKDW� IHWFKLQJ� RQO\� FRPSOHWH� DQVZHUV� PD\� VRPHWLPHV� UHVXOW� LQ� VXERSWLPDO

SHUIRUPDQFH��QDPHO\�ZKHQ�WKH�UHVXOW�LV�ODUJH�DQG�RU�WKH�FRQQHFWLRQ�WR�WKH�GDWDEDVH�VHUYHU�LV�VORZ�

)RU�WKHVH�FDVHV��LW�PD\�PDNH�VHQVH�WR�LPSOHPHQW�VRPH�VRUW�RI�SDUWLDO�IHWFK�VFKHPH�WKDW�RQO\�UHWXUQV

D� FHUWDLQ�QXPEHU�RI�REMHFWV� � �LI� WKH� UHVXOW� LV� VXVSHFWHG� WR�EH� ODUJH�� RU� WKRVH� FRPSRQHQWV� RI� WKH

DQVZHU�WKDW�DUH�DYDLODEOH�ZLWKLQ�D�FHUWDLQ�DPRXQW�RI�WLPH��0LVVLQJ�REMHFWV�DUH�UHSODFHG�E\�VWXEV�WKDW

LQGLFDWH� WR� WKH�EURZVHU� WKDW� LW� KDV� WR� JR� WR� WKH� VRXUFH� UDWKHU� WKDQ� LWV�PHPRU\� IRU� UHWULHYLQJ� WKH

DQVZHU��:H�KDYH�LPSOHPHQWHG�SDUWLDO�IHWFK�LQ�WKH�76,00,6�SURWRFRO�WKDW�LV�XVHG�IRU�FRPPXQLFDWLRQ

EHWZHHQ�02%,(�DQG�76,00,6�VRXUFHV�

2EMHFW� EURZVLQJ� LQ� 02%,(� LV� LPSOHPHQWHG� DV� IROORZV�� 02%,(B6(59(5� NHHSV� WKH� FRPSOHWH

REMHFW�VWUXFWXUH�LQ�LWV�PHPRU\��$V�DQ�LQLWLDO�UHVXOW��LW�ZLOO�UHWXUQ�WR�WKH�FOLHQW�D�WRS�OHYHO�YLHZ�RI�WKH

URRW�REMHFW�WRJHWKHU�ZLWK�D�GHIDXOW�QXPEHU�RI�VXEREMHFWV��$GGLWLRQDO�LQIRUPDWLRQ�FDQ�EH�UHTXHVWHG

E\�WKH�XVHU�DQG�LV�WKHQ�IHWFKHG�IURP�02%,(B6(59(5��,Q�D�VHQVH��02%,(�SURYLGHV�WKH�XVHU�ZLWK�D

´ZLQGRZµ� WKURXJK� ZKLFK� KH� FDQ� VHH� D� SUH�GHWHUPLQHG� VXEVHW� RI� WKH� UHVXOW�� (DFK� QDYLJDWLRQDO

UHTXHVW�FRQWDLQV�WKH�ORFDWLRQ�RI�ZKHUH�WKH�XVHU�KDV�SRVLWLRQHG�KLV�ZLQGRZ�LQ�WKH�REMHFW�KLHUDUFK\

�L�H��� WKH� FXUUHQW�SRLQWHU��� WKH� VL]H� RI� WKH�ZLQGRZ� �L�H��� WKH� YDOXHV� RI� WKH� VHVVLRQ� SDUDPHWHUV� WKDW

FRQWURO�QXPEHU�RI�YLVLEOH�REMHFWV����DV�ZHOO�DV�WKH�GHVLUHG�QDYLJDWLRQDO�DFWLRQ��$�QDYLJDWLRQ�DFWLRQ�LV

RQH�RI�fetch_parent��fetch_child��up��DQG�down�

7KHUH�LV�DQ�LPSOLFLW�RUGHULQJ�DVVRFLDWHG�ZLWK�HDFK�OHYHO�LQ�WKH�REMHFW�KLHUDUFK\�RI�DQ�2(0�REMHFW�

7KLV�RUGHULQJ�DOORZV�WKH�FOLHQW�WR�UHTXHVW�WKH�QWK�VXEREMHFW�IRU�D�JLYHQ�SDUHQW��IRU�H[DPSOH��:KHQ

02%,(B6(59(5��UHFHLYHV�D�UHTXHVW�LQYROYLQJ�QDYLJDWLRQ��LW�ZLOO�XVH�WKH�FXUUHQW�SRLQWHU�DV�ZHOO�DV

WKH�´ZLQGRZ�VL]Hµ�WR�GHWHUPLQH�DW�ZKLFK�SDUW�RI�WKH�REMHFW�KLHUDUFK\�WKH�XVHU�LV�FXUUHQWO\�ORRNLQJ�
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7KHQ�02%,(B6(59(5�H[HFXWHV�WKH�DFWLRQ�JLYHQ�WKH�FXUUHQW�ORFDWLRQ�DV�D�UHIHUHQFH��7KH�UHVXOW�LV

D�QHZ�ORFDWLRQ�LQ�WKH�REMHFW�KLHUDUFK\�ZKLFK�LV�XVHG�DV�WKH�URRW�IRU�FDOFXODWLQJ�WKH�QHZ�FRQWHQWV�RI

WKH�EURZVHU�ZLQGRZ��7KLV�LV�GRQH�E\�UHWULHYLQJ�WKH�YDOXHV�RI�WKH�VHVVLRQ�SDUDPHWHUV�WKDW�GHWHUPLQH

WKH�´ZLQGRZ�VL]Hµ��)RU�H[DPSOH��WKH�fetch_parent�DFWLRQ��PRYHV�WKH�´ZLQGRZµ�XS�RQH�OHYHO�LQ

WKH�KLHUDUFK\��7KH�fetch_child�DFWLRQ��ZKLFK�PXVW�DOZD\V�LQFOXGH�WKH�QXPEHU�RI�WKH�FKLOG�WR�EH

IHWFKHG��UHSRVLWLRQV�WKH�´ZLQGRZµ�XVLQJ�WKH�QHZ�FKLOG�DV� WKH�FXUUHQW� URRW�REMHFW��7KH�up� DFWLRQ�

UHSRVLWLRQV�WKH�ZLQGRZ�RQ�WKH�FXUUHQW�OHYHO�DQG�UHWXUQV�WKH�VHW�RI�VXEREMHFWV�WKDW�RFFXU�EHIRUH�WKH

FXUUHQWO\�GLVSOD\HG�VHW��)RU�H[DPSOH��LI�FXUUHQWO\�VXEREMHFWV�������DUH�YLVLEOH�DQG�WKH�XVHU�FOLFNV�RQ

WKH�XS�EXWWRQ��02%,(B6(59(5� UHSRVLWLRQV� WKH�ZLQGRZ� VR� WKDW� LW� ZLOO� GLVSOD\� VXEREMHFWV� ����

�XVLQJ� WKH� VHVVLRQ� YDULDEOH� number_of_subobjects� � WR� GHWHUPLQH� WKH� VL]H� RI� WKH� VHW��� 7KH

down� DFWLRQ� SRVLWLRQV� WKH� ZLQGRZ� LQ� WKH� RWKHU� GLUHFWLRQ�� ,W� LV� LPSRUWDQW� WR� QRWH� WKDW� WKLV

QDYLJDWLRQ�RQO\�ZRUNV�LQ�D�V\VWHP�WKDW�PDLQWDLQV�VHVVLRQ�VWDWH��$V�D� UHVXOW�� D�XVHU�FDQ�EURZVH� WKH

UHVXOWV�RI�KLV�TXHU\�ZLWKRXW�HYHU�KDYLQJ�WR�UHVXEPLW�WKH�TXHU\��DVVXPLQJ�XQOLPLWHG�PHPRU\�DW�WKH

VHUYHU� VLGH�� 7KLV� LV� D�PDMRU� LPSURYHPHQW� RYHU�PRVW�:::�EDVHG� LQWHUIDFHV� WR� GDWDEDVH� VHUYHUV

ZKLFK�DUH�VWLOO�RSHUDWLQJ�XQGHU�WKH�VWDWHOHVV�UHTXHVW�UHVSRQVH�SDUDGLJP�

2QFH�02%,(B6(59(5�KDV�GHWHUPLQHG�ZKDW� WKH�QHZ�FRQWHQWV�RI� � WKH�EURZVHU�ZLQGRZ�VKRXOG

EH��LW�IRUPDWV�WKH�VHOHFWHG�REMHFWV�XVLQJ�VWDQGDUG�+70/�FRPPDQGV��+RZHYHU��WKH�ORRN�DQG�IHHO�RI

WKH�UHVXOW�GHSHQGV�RQ�WKH�VWDWH�RI�WKH�VHVVLRQ�YDULDEOHV��H�J���OLVW�RU�WDEOH�OD\RXW��OHQJWK�RI�YDOXHV�DQG

ODEHOV��HWF��,Q�RUGHU�WR�JHQHUDWH�RXWSXW��02%,(B6(59(5�LQLWLDOL]HV�D�WHPSRUDU\�UHVXOW�EXIIHU�IRU

KROGLQJ�WKH�IRUPDWWHG�UHVXOW��FRPSOHWH�ZLWK�+70/�WDJV�DQG�85/V�WR�WKH�UHVW�RI�WKH�VWUXFWXUH��7R

DQ\ERG\�ZKR�ZDV�LQVSHFWLQJ�WKH�FRQWHQWV�RI�WKLV�EXIIHU��LW�ZRXOG�ORRN�OLNH�WKH�VRXUFH�ILOH�IRU�D�VWDWLF

+70/�SDJH��:KHQ�WKH�IRUPDWWLQJ�LV�FRPSOHWH��02%,(B6(59(5�UHWXUQV�WKH�FRQWHQWV�RI�LWV�UHVXOW

EXIIHU�WR�02%,(B&/,(17��02%,(B&/,(17�LPPHGLDWHO\�SDVVHV�WKH�FRQWHQWV�WR�VWGRXW�ZKLFK�LV

ZKHUH� WKH�+773� VHUYHU� LV�ZDLWLQJ� WR� UHFHLYH� RXWSXW��:KHQ�02%,(B&/,(17� H[LWV�� WKH�+773

VHUYHU� NQRZV� WKH� UHVXOW� LV� FRPSOHWH� DQG� VHQGV� WKH� IRUPDWWHG�+70/�GRFXPHQW� WR� WKH� FOLHQW� IRU

GLVSOD\�

�� (YDOXDWLRQ�DQG�)XWXUH�,PSURYHPHQWV

7R�VXPPDUL]H�RXU�ZRUN��02%,(�LV�D�XVHU�IULHQGO\��:::�EDVHG�LQWHUIDFH�WR�GDWDEDVHV�WKDW�VXSSRUWV

EURZVLQJ�RI�QHVWHG�REMHFWV��6SHFLILFDOO\��02%,(�EXIIHUV�WKH�UHVXOW�RI�D�GDWDEDVH�TXHU\�DQG�JLYHV�WKH

XVHU� WKH� DELOLW\� WR� H[SORUH� WKH� HQWLUH� REMHFW� KLHUDUFK\�� ZKLFK� LV� IRUPDWWHG� DV� DQ� LQWHUFRQQHFWHG

´ZHEµ� RI�+70/�GRFXPHQWV�� E\� FOLFNLQJ� RQ� WKH� DSSURSULDWH� K\SHUOLQNV� LQ� D� EURZVHU�� 8VHUV� FDQ

FXVWRPL]H�WKH�IRUPDWWLQJ�RI�WKHLU�TXHU\�UHVXOWV�E\�FKRRVLQJ�IURP�D�PHQX�RI�IRUPDWWLQJ�RSWLRQV�WKDW

FRQWURO�VXFK�FKDUDFWHULVWLFV�DV�OD\RXW�RI�REMHFWV�RQ�WKH�VFUHHQ��QXPEHU�RI�REMHFWV�WKDW�DUH�YLVLEOH�DW
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WKH�VDPH�WLPH�� OHYHO�RI�QHVWLQJ��HWF��%\�XVLQJ�02%,(�� WKH�XVHU�FDQ�GHFLGH�ZKLFK� LQIRUPDWLRQ� LV� WR

GLVSOD\HG��KRZ�PXFK�RI�WKH�FKRVHQ�LQIRUPDWLRQ�KH�ZDQWV�WR�VHH��DQG�ZKHQ�

��� 5HODWHG�:RUN

'HVSLWH�WKH�UHODWLYHO\�\RXQJ�DJH�RI�WKH�:RUOG�:LGH�:HE��DSSUR[��VL[�\HDUV��WKHUH�KDV�DOUHDG\�EHHQ

H[WHQVLYH�UHVHDUFK�RQ�EULQJLQJ�WRJHWKHU�WKH�ILHOG�RI�GDWDEDVH�V\VWHPV�ZLWK�WKH�:HE��7KLV�ZRUN�FDQ

EH�FDWHJRUL]HG�LQWR�VHYHUDO�DUHDV�GHSHQGLQJ�RQ�WKH�LQWHQGHG�XVDJH�DV�IROORZV�

• :HE�RUJDQL]DWLRQ��7H[W�EDVHG�LQGH[HV�IRU�NH\ZRUG�VHDUFKHV�VXFK�DV�:$,6�>.DKOH�DQG�0HGODU

����@���IRU�H[DPSOH��:�2EMHFWV�>,QJKDP�HW�DO������@��HWF��+HUH��WKH�IRFXV�LV�QRW�VR�PXFK�RQ

G\QDPLFDOO\� WUDQVODWLQJ� DQG� IRUPDWWLQJ� GDWD� LQWR� +70/� GRFXPHQWV� EXW� UDWKHU� RQ� XVLQJ

GDWDEDVH� WHFKQRORJLHV� IRU� RUJDQL]LQJ� VLWH� DGGUHVVHV� DQG� WKHLU� FRQWHQWV� DQG� IRU� SURYLGLQJ� DQ

HIILFLHQW�GLUHFWRU\�VHUYLFH�WKDW�FDQ�NHHS�XS�ZLWK�WKH�VHHPLQJO\�ERXQGOHVV�JURZWK�RI�WKH�:HE�

• 7KHUH� DUH� QXPHURXV� SURMHFWV� WKDW� DWWHPSW� WR� FRQQHFW� D� YDULHW\� RI� LQIRUPDWLRQ� VRXUFHV

�LQFOXGLQJ�OHJDF\�VRXUFHV��UHODWLRQDO�DQG�REMHFW�RULHQWHG�GDWDEDVH�V\VWHPV��HWF���WR�WKH�:HE�LQ

RUGHU� WR� DOORZ� ZLGH�VSUHDG� DQG� HDV\� DFFHVV� WR� ODUJH� DPRXQWV� RI� TXHULDEOH�� HOHFWURQLF

LQIRUPDWLRQ� �H�J��� >9DUHOD� HW� DO�� ����@�� � >'RVVLFN� DQG� .DLVHU� ����@�� >+DGMLHIWK\PLDGHV� DQG

0DUWDNRV�����@���+HUH�WKH�IRFXV�LV�RQ�XVLQJ�WKH�:HE�DV�DQ�XELTXLWRXV�IURQW�HQG�WR�GDWDEDVHV

DQG�RQ�G\QDPLFDOO\� IRUPDWWLQJ� DQG�GLVSOD\LQJ�GDWDEDVH�REMHFWV� DV�+70/�SDJHV�� 6SHFLILFDOO\�

&DUG�HW�DO��>&DUG�HW�DO������@�KDYH�GHYHORSHG�WZR�QHZ�ZD\V�RI�YLHZLQJ�DQG�RUJDQL]LQJ�:::

GDWD�EDVHG�RQ�LQIRUPDWLRQ�IRUDJLQJ�WKHRU\�IURP�HFRORJLFDO�ELRORJ\�

• ,Q�DGGLWLRQ��VRPH�YHQGRUV��VXFK�DV�0LFURVRIW��IRU�H[DPSOH��SURYLGH�SURSULHWDU\�VROXWLRQV�IRU

G\QDPLFDOO\� SXEOLVKLQJ� &20�'&20� REMHFWV� VWRUHG� LQ� 0LFURVRIW� $FFHVV� RU� ([FHO� RQ� WKH

:HE��VHH�0LFURVRIW�'%:HE��IRU�H[DPSOH��

• $Q� LPSRUWDQW� DUHD� RI� UHVHDUFK� LV� WKDW� RI� NHHSLQJ� VWDWHIXO� FRQQHFWLRQV�ZLWK� WKH� LQIRUPDWLRQ

VRXUFH��6LQFH�+773� LV�D� VWDWHOHVV�DQG�FRQQHFWLRQOHVV�SURWRFRO�� WKHUH� LV�D�QHHG�IRU�SURYLGLQJ

VWDWHIXO�LQIRUPDWLRQ�VHUYLFHV�>3HUURFKRQ�DQG�)LVKHU�������3XW]�����@�



��

��� &RQWULEXWLRQV

7KH�PDLQ�FRQWULEXWLRQ�RI�RXU�ZRUN�LV�WZRIROG��)LUVW�DQG�IRUHPRVW��02%,(�SURYLGHV�D�QHZ�ZD\�RI

YLHZLQJ�DQG�H[SORULQJ�WKH�FRQWHQWV�RI�D�GDWDEDVH��DOORZLQJ�XVHUV�WR�FXVWRPL]H�WKHLU�YLHZV�GHSHQGLQJ

RQ� WKH� FRQWHQWV� DQG� VWUXFWXUH�RI� WKH�GDWD��2XU�PRGHO� LV� SDUWLFXODUO\�ZHOO� VXLWHG� IRU� REMHFW�EDVHG

V\VWHPV�ZLWK�GHHSO\�QHVWHG�REMHFWV�DOORZLQJ�XVHUV�WR�]RRP�LQ�DQG�RXW�RI�D�SDUWLFXODU�VXEVWUXFWXUH�DV

QHFHVVDU\�� &XUUHQW� GDWDEDVH� IURQW�HQGV� W\SLFDOO\� DWWHPSW� WR� GLVSOD\� QHVWHG� REMHFWV� LQ� D� IODW� YLHZ�

PDNLQJ�LW�GLIILFXOW�IRU�XVHUV�WR�JUDVS�WKH�FRQWHQWV�DQG�VWUXFWXUH�RI�WKHLU�UHVXOW�

6HFRQGO\��02%,(�QDUURZV�WKH�JDS�EHWZHHQ�WKH�GDWDEDVH�FDPS�DQG�WKH�:::��ZKLFK�XS�XQWLO�QRZ

KDV�LJQRUHG�GDWDEDVH�WHFKQRORJLHV�DQG�EXLOW�DQ�LQIRUPDWLRQ�VSDFH�WKDW�VWLOO�UHOLHV�PDLQO\�RQ�WKH�ILOH

V\VWHP� IRU� SHUVLVWHQW� VWRUDJH��([SHUWV� IURP�ERWK� FDPSV� DJUHH� WKDW� GDWDEDVH� WHFKQRORJ\� DQG� WKH

:::� VKRXOG� JR� WRJHWKHU�� EXW� VR� IDU��PRVW� DSSURDFKHV� KDYH� VWRSSHG� VKRUW� RI� SURYLGLQJ� D� UHDO

VROXWLRQ��$OWKRXJK�WKHUH�DUH�QXPHURXV�DSSURDFKHV�WR�FRQQHFWLQJ�GDWDEDVHV� WR� WKH�:::��ZH�DUH

QRW� DZDUH� RI� DQ\� V\VWHP� WKDW� SURYLGHV� WKH� VDPH� JHQHULF� VROXWLRQ� WR� IRUPDWWLQJ� DQG� GLVSOD\LQJ

SHUVLVWHQW�GDWD�DV�+70/�GRFXPHQWV�LQ�WKH�VDPH�ZD\�02%,(�GRHV�

��� )XWXUH�:RUN

02%,(�LV�D�IXOO\�IXQFWLRQDO�SURWRW\SH�WKDW�ZH�DUH�XVLQJ�IRU�EURZVLQJ�2(0�REMHFWV� LQ�WKH�76,00,6

SURMHFW��,W�KDV�PHW�DOO�RI�RXU�LQLWLDO�H[SHFWDWLRQV�LQ�WHUPV�RI�SHUIRUPDQFH�DQG�XVDELOLW\��)RU�H[DPSOH�

EURZVLQJ�REMHFW�VWUXFWXUHV�WKDW�FRQWDLQ�VHYHUDO�KXQGUHGV�RI�VXEREMHFWV�ZLWK�PDQ\�OHYHOV�RI�QHVWLQJ

LV�DV�HDV\�DV�ORRNLQJ�DW�D�VPDOO�REMHFW�ZLWK�OLWWOH�VXEVWUXFWXUH��+RZHYHU��JLYHQ�WKH�VWDWH�RI�WKH�DUW�LQ

:::�WHFKQRORJ\��LW�LV�QRZ�SRVVLEOH�WR�HQKDQFH�02%,(�LQ�WKH�DUHDV�RI�SHUIRUPDQFH��VFDODELOLW\��DV

ZHOO�DV�XVDELOLW\�� VRPHWKLQJ�ZH�ZHUH�XQDEOH� WR�GR� MXVW� D� VKRUW� \HDU� DJR�� ,Q� WKH�QH[W� VHFWLRQV��ZH

EULHIO\� RXWOLQH� VRPH� RI� WKH� XSJUDGHV� WKDW� ZH� DUH� SURSRVLQJ� XVLQJ� FULWHULD� VXFK� DV� XVDELOLW\�

SHUIRUPDQFH��DQG�VFDODELOLW\�WR�HYDOXDWH�HDFK�SURSRVDO��)RU�D�FRPSUHKHQVLYH�FROOHFWLRQV�RI�WHFKQLFDO

UHSRUWV�DQG�VSHFLILFDWLRQV�GHVFULELQJ�WKH�ODWHVW�:::�WHFKQRORJLHV��UHIHU�WR�WKH�:��&RQVRUWLXP·V

SXEOLFDWLRQ·V�SDJH�>7KH�:RUOG�:LGH�:HE�&RQVRUWLXP��:�&��@�

�� :H� FRQVLGHU� LPSURYHPHQWV� WR� WKH� XVDELOLW\� RI� RXU� V\VWHP� WKH� PRVW� LPSRUWDQW� NLQG� RI

HQKDQFHPHQW�� )RU� H[DPSOH�� ZH� DUH� H[SHULPHQWLQJ� ZLWK� DGGLWLRQDO� OD\RXWV�� VXFK� DV� D� WUHH�

VWUXFWXUHG�OD\RXW��IRU�H[DPSOH��WKDW�ZRXOG�DOORZ�XVHUV�WR�YLHZ�VRPH�KLHUDUFKLFDO�GDWD�LQ�D�PRUH

QDWXUDO�WRS�WR�ERWWRP�ZD\��,Q�DGGLWLRQ��ZH�KDYH�QRWLFHG�WKDW�XVHUV�WHQG�WR�VSHQG�D�ORW�RI�WLPH

WU\LQJ� WR� FXVWRPL]H� WKH� IRUPDWWLQJ� RI� WKHLU� UHVXOW� VHWV�� 7KLV� SURFHVV� FRXOG� EH� DXWRPDWHG� E\

LPSOHPHQWLQJ�VR�FDOOHG�´ZL]DUGVµ�ZKLFK�ZRXOG�JHQHUDWH�+70/�WHPSODWHV�LQ�ZD\�WKDW�LV�VLPLODU

WR�YLVXDO�SURJUDPPLQJ��E\�DVVHPEOLQJ�WHPSODWHV�IRU� �ZKDW�D�VFUHHQ�VKRXOG� ORRN� OLNH�XVLQJ� WKH

DYDLODEOH�EXLOGLQJ�EORFNV�IURP�D�PHQX��IRU�H[DPSOH�

 ,WHPV�����IRFXV�PRVWO\�RQ�LPSURYHPHQWV�WR�WKH�HIILFLHQF\�RI�RXU�LPSOHPHQWDWLRQ�
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�� 0DQDJH�XVHU�VHVVLRQV�LQ�RQH�VLQJOH�02%,(B6(59(5�SURFHVV� UDWKHU� WKDQ�VWDUWLQJ�D�QHZ�RQH

SHU�XVHU��02%,(B6(59(5�ZRXOG�SUREDEO\�EH�PXOWL�WKUHDGHG�FRQWDLQLQJ� � WKH� VWDWH� IRU� HDFK

VHVVLRQ�LQ�DQ�HIILFLHQW�GDWD�VWUXFWXUH� IRU� IDVW�DFFHVV� �H�J��� D�KDVKHG�KHDS���&RQWUROOLQJ�PXOWLSOH

VHVVLRQV�ZLWK�RQH�02%,(B6(59(5�UHGXFHV�WKH�QXPEHU�RI�SURFHVVHV�WKDW�DUH�UXQQLQJ�ZKLFK

LV�RQH�RI�WKH�IDFWRUV�WKDW�OLPLWV�WKH�VFDODELOLW\�RI�RXU�FXUUHQW�DSSURDFK��,Q�DGGLWLRQ��E\�PDQDJLQJ

PXOWLSOH�XVHUV�IURP�ZLWKLQ�RQH�SURFHVV��WKH�TXHU\�UHVXOWV�FDQ�EH�VKDUHG��VHH�RSWLRQ���EHORZ��

�� %XIIHU�PRUH� WKDQ�RQH�TXHU\� UHVXOW� LQ�02%,(B6(59(5��&XUUHQWO\�� D� XVHU� FDQ�RQO\� QDYLJDWH

WKURXJK�WKH�UHVXOW�RI� WKH�PRVW� UHFHQWO\�DVNHG�TXHU\��+RZHYHU�� VDYLQJ� WKH�UHVXOWV�RI� WKH� ODVW�Q

TXHULHV� DQG� DOORZLQJ� WKH� XVHU� WR� VHOHFW� ZKLFK� TXHU\� WR� EURZVH� ZLOO� HQKDQFH� SHUIRUPDQFH

�UHGXFHG�QXPEHU�RI�URXQGWULSV�WR�WKH�VRXUFH��DV�ZHOO�DV�WKH�XVDELOLW\��OHVV�ZDLW�WLPH�IRU�VRXUFH

GDWD�WR�DUULYH�LQ�WKH�FDFKH��RI�RXU�V\VWHP��7KH�ODWWHU�LV�HVSHFLDOO\�WUXH�LI�RQH�FRPELQHV�SURSRVDO

���PXOWLSOH�XVHU�VHVVLRQV�SHU�SURFHVV��ZLWK�WKLV�RQH��$V�D�UHVXOW��XVHUV�FRXOG�FKRRVH�IURP�D�VHW�RI

DYDLODEOH� DQVZHUV�ZKLFK�PDNHV� JRRG� VHQVH� LI� WKHUH� LV� D� VHW� RI� IUHTXHQWO\� DVNHG� TXHULHV� IRU� D

JURXS� RI� XVHUV�� 7KH� GUDZEDFN� LV� WKDW� WKLV� DSSURDFK� ZLOO� QRW� ZRUN� ZHOO� IRU� KLJKO\� G\QDPLF

VRXUFHV��L�H���ZKHUH�WKH�FRQWHQWV�FKDQJH�TXLFNO\��,Q�WKRVH�FDVHV��WKH�EXIIHU�FRQWHQWV�KDYH�WR�EH

UHIUHVKHG�WRR�RIWHQ��HUDVLQJ�WKH�WLPH�WKDW�ZDV�LQLWLDOO\�VDYHG�

�� $GG�VHFXUH�FRQQHFWLRQV��IRU�H[DPSOH��IRU�EURZVLQJ�VHQVLWLYH�GDWD��6HFXULW\�FDQ�EH�DFKLHYHG� LQ

PDQ\�ZD\V�DQG�DW�PDQ\�OHYHOV��7KH�PRVW�DSSDUHQW�VHFXULW\�ORRS�KROH�LQYROYHV�WKH�+773�VHUYHU�

6HFXULW\� FDQ� EH� LPSURYHG�� E\� XVLQJ� D� VHFXUH� VHUYHU� DQG� FHUWLILFDWHV�� IRU� H[DPSOH�� 3URYLGLQJ

VHFXULW\�LQ�PRELH�ZRXOG�HQKDQFH�WKH�XVDELOLW\�IRU�D�FHUWDLQ�JURXS�RI�XVHUV�

�� 5HPRYH�WKH�02%,(B&/,(17�SURFHVV��7KH�XVH�RI�D�VHSDUDWH�´UHOD\µ�SURFHVV� IRU�FRQQHFWLQJ

WKH� +773� VHUYHU� ZLWK� DQ� DOUHDG\� UXQQLQJ� SURFHVV�� LV� YHU\� LQHIILFLHQW�� HVSHFLDOO\� VLQFH

02%,(B&/,(17� LV� LQYRNHG�PDQ\� WLPHV� GXULQJ� D� VHVVLRQ�� 1HZ� FRPPHUFLDO� +773� VHUYHUV

IURP� 0LFURVRIW� RU� 1HWVFDSH�� IRU� H[DPSOH�� SURYLGH� OLEUDULHV� WKDW� DOORZ� IRU� D� GLUHFW� ,3&

FRQQHFWLRQ�EHWZHHQ�WKH�VHUYHU�DQG�UXQQLQJ�SURFHVVHV�UHVXOWLQJ�LQ�KLJKHU�HIILFLHQF\�

�� $GG�FOLHQW�VLGH�TXHU\�SDUVLQJ�DQG� LQSXW� ILHOG�YDOLGDWLRQ�XVLQJ�-DYD�6FULSW��&XUUHQWO\�� WKH� FOLHQW

EURZVHU�MXVW�JDWKHUV�XVHU�LQSXW�DQG�WUDQVPLWV�WKH�XQILOWHUHG�GDWD�EDFN�WR�02%,(B6(59(5�IRU

SURFHVVLQJ�� 6R�� ZKHQ� WKH� XVHU� HQWHUV� DQ� LQYDOLG� LQSXW� �H�J��� D� QHJDWLYH� QXPEHU� IRU� D� VHVVLRQ

SDUDPHWHU� RU� D� TXHU\� ZLWK� V\QWD[� HUURUV��� � WKH� PLVWDNH� ZLOO� QRW� EH� GHWHFWHG� XQWLO

02%,(B6(59(5�SURFHVVHV� WKH� LQSXW��8VLQJ� -DYD� 6FULSW�� KRZHYHU�� VRPH� RI� WKH� LQWHOOLJHQFH

WKDW�FXUUHQWO\�UHVLGHV�H[FOXVLYHO\�RQ�WKH�VHUYHU�VLGH�FRXOG�EH�UHORFDWHG�WR�WKH�FOLHQW��,Q�WKLV�FDVH�

WKH�FOLHQW�FRXOG�ILOWHU�RXW�VRPH�RI�WKH�VLPSOH�PLVWDNHV�UHGXFLQJ�WKH�QXPEHU�RI�FRQQHFWLRQV�WKDW

KDYH�WR�EH�PDGH�WR�02%,(B6(59(5�

�� 5H�LPSOHPHQW�02%,(�DV�D�-DYD�DSSOHW��7KLV�LV�WKH�PRVW�GUDVWLF�SURSRVDO�EXW�DOVR�SURPLVHV�WKH

KLJKHVW�GHJUHH�RI�LPSURYHPHQWV��7KH�QHZ�-DYD�EDVHG�02%,(�ZRXOG�EH�GRZQORDGHG�WR�D�:::
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FOLHQW��ZKHUH� LW� H[HFXWHV� LQ� WKH� XVHU·V� SURFHVV� VSDFH�� )URP� WKLV� SRLQW� RQ�� WKHUH� LV� QR� IXUWKHU

FRQQHFWLRQ� WR� WKH� +773� VHUYHU� QHHGHG� ZKHQ� LQWHUDFWLQJ� ZLWK� 02%,(�� 02%,(� ZLOO� FRQQHFW

GLUHFWO\�WR�WKH�GDWDEDVH�DQG�GRZQORDG�WKH�UHVXOW�LQWR�WKH�XVHUV·V�ILOHV\VWHP�ZKHUH�LW�UHVLGHV�IRU

WKH� GXUDWLRQ� RI� WKH� VHVVLRQ�� $OO� IRUPDWWLQJ� DQG� EURZVLQJ� RFFXUV� ORFDOO\� DQG� QR� VWDWH� KROGHU

SURFHVV� LV� QHFHVVDU\�� 7KLV� LV� WKH� PRVW� HIILFLHQW� RI� DOO� LPSOHPHQWDWLRQV� DQG� WKH� RSWLRQV� IRU

HQKDQFLQJ�XVDELOLW\�DUH�VR�IDU�RQO\�OLPLWHG�E\�WKH�FDSDELOLWLHV�RI�WKH�-DYD�ODQJXDJH�

$FNQRZOHGJPHQWV

:H� DUH� JUDWHIXO� WR� +HFWRU� *DUFLD�0ROLQD�� -HQQLIHU� :LGRP�� .DL� +ZDQJ�� -LDQJ� :X�� DQG� HQWLUH

76,00,6�WHDP�IRU�QXPHURXV�IUXLWIXO�GLVFXVVLRQV�DQG�FRPPHQWV�

%LEOLRJUDSK\

>%HUQHUV�/HH�DQG�&RQQROO\�����@7�-�� %HUQHUV�/HH�� DQG� '�:�� &RQQROO\�� ´+\SHUWH[W� 0DUNXS
/DQJXDJH�����������+70/�:RUNLQJ�*URXS�RI�WKH�,QWHUQHW�(QJLQHHULQJ�7DVN�)RUFH�������

>&DUG�HW�DO������@ 6�.��&DUG��*�*��5REHUWVRQ��DQG�:��<RUN��´7KH�:HE%RRN�DQG�WKH�:H�)RUDJHU�
$Q� ,QIRUPDWLRQ�:RUNVSDFH� IRU� WKH�:ROG�:LGH�:HE�µ� ,Q� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� +XPDQ
)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV�������

>&KDZDWKH�HW�DO������@ 6�� &KDZDWKH�� +�� *DUFLD�0ROLQD�� -�� +DPPHU�� .�� ,UHODQG�� <�
3DSDNRQVWDQWLQRX�� -�� 8OOPDQ�� DQG� -�� :LGRP�� ´7KH� 76,00,6� 3URMHFW�� ,QWHJUDWLRQ� RI
+HWHURJHQHRXV�,QIRUPDWLRQ�6RXUFHV�µ�,Q�3URFHHGLQJV�RI�WKH�7HQWK�$QQLYHUVDU\�0HHWLQJ�RI�WKH�,QIRUPDWLRQ
3URFHVVLQJ�6RFLHW\�RI�-DSDQ��7RN\R��-DSDQ�������������

>&RQQROO\�@'�:�� &RQQROO\�� ´+\SHUWH[W� 0DUNXS� /DQJXDJH�µ� 85/�
KWWS���ZZZ�Z��RUJ�K\SHUWH[W�:::�0DUN8S�0DUN8S�KWPO�

>'HFHPEHU�DQG�*LQVEXUJ�����@ -��'HFHPEHU��DQG�0��*LQVEXUJ�+70/�DQG�&*,�8QOHDVKHG��6DPV�QHW
3XEOLVKLQJ�&RPSDQ\�������

>'H:LWW�����@ '�-��'H:LWW��´'%06³5RDGNLOO�RQ�WKH�,QIRUPDWLRQ�6XSHUKLJKZD\"µ�,Q�3URFHHGLQJV�RI
WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�9HU\�/DUJH�'DWDEDVHV��=�ULFK��6ZLW]HUODQG�������

>'RVVLFN�DQG�.DLVHU�����@ 6�(��'RVVLFN��DQG�*�(��.DLVHU��´:::�$FFHVV�WR�/HJDF\�&OLHQW�6HUYHU
$SSOLFDWLRQV�µ�,Q�3URFHHGLQJV�RI�WKH�)LIWK�,QWHUQDWLRQDO�:RUOG�:LGH�:HE�&RQIHUHQFH��3DULV��)UDQFH�������

>*HWW\V�DQG�1LHOVRQ�@ -��*HWW\V�� DQG�+�)��1LHOVRQ�� ´+773³+\SHUWH[W� 7UDQVIHU� 3URWRFRO�µ� 85/�
KWWS���ZZZ�Z��RUJ�SXE�:::�3URWRFROV��

>*UREH�@0��*UREH�� ´$Q� ,QVWDQWDQHRXV� ,QWURGXFWLRQ� WR� &*,� 6FULSWV� DQG� +70/� )RUPV�µ� 85/�
KWWS���NXKWWS�FF�XNDQV�HGX�LQIR�IRUPV�IRUPV�LQWUR�KWPO�

>+DGMLHIWK\PLDGHV�DQG�0DUWDNRV�����@ 6�3�� +DGMLHIWK\PLDGHV�� DQG� '�,�� 0DUWDNRV�� ´$� JHQHULF
IUDPHZRUN�IRU�WKH�GHSOR\PHQW�RI�VWUXFWXUHG�GDWDEDVHV�RQ�WKH�:RUOG�:LGH�:HE�µ�,Q�3URFHHGLQJV�RI
WKH�)LIWK�,QWHUQDWLRQDO�:RUOG�:LGH�:HE�&RQIHUHQFH��3DULV��)UDQFH�������

>+DPPHU�HW�DO������@ -��+DPPHU��+��*DUFLD�0ROLQD��-��&KR��5��$UDQKD��DQG�$��&UHVSR��´([WUDFWLQJ
6HPLVWUXFWXUHG� ,QIRUPDWLRQ� IURP� WKH� :HE�µ� ,Q� 3URFHHGLQJV� RI� WKH� :RUNVKRS� RQ� 0DQDJHPHQW� RI
6HPLVWUXFWXUHG�'DWD��7XFVRQ��$UL]RQD�������
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>+DPPHU�HW�DO������@ -�� +DPPHU�� +��*DUFLD�0ROLQD�� .�� ,UHODQG�� <�� 3DSDNRQVWDQWLQRX�� -�� 8OOPDQ�
DQG�-��:LGRP��´,QIRUPDWLRQ�7UDQVODWLRQ��0HGLDWLRQ��DQG�0RVDLF�%DVHG�%URZVLQJ�LQ�WKH�76,00,6
6\VWHP�µ�,Q�3URFHHGLQJV�RI�WKH�$&0�6,*02'�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0DQDJHPHQW�RI�'DWD��6DQ�-RVH�
&DOLIRUQLD������������

>,QJKDP�HW�DO������@ '�� ,QJKDP�� 6�� &DXJKH\�� DQG�0�� /LWWOH�� ´)L[LQJ� WKH� �%URNHQ�/LQN�� 3UREOHP�
7KH�:�2EMHFWV�$SSURDFK�µ�,Q�3URFHHGLQJV�RI� WKH�)LIWK� ,QWHUQDWLRQDO�:RUOG�:LGH�:HE�&RQIHUHQFH��3DULV�
)UDQFH�������

>.DKOH�DQG�0HGODU�����@ %��.DKOH��DQG�$��0HGODU��´$Q�,QIRUPDWLRQ�6\VWHP�IRU�&RUSRUDWH�8VHUV�
:LGH�$UHD�,QIRUPDWLRQ�6HUYHUV�µ�&RQQH[LRQV³7KH�,QWHURSHUDELOLW\�5HSRUW�������������������

>0F&RRO�@ 5�� 0F&RRO�� ´7KH� &RPPRQ� *DWHZD\� ,QWHUIDFH�µ� 85/�
KWWS���KRRKRR�QFVD�XLXF�HGX�FJL�RYHUYLHZ�KWPO�

>1&6$�'HYHORSPHQW�7HDP�@ 1&6$� 'HYHORSPHQW� 7HDP�� ´7KH� &RPPRQ� *DWHZD\� ,QWHUIDFH�µ
85/��KWWS��KRRKRR�QFVD�XLXF�HGX�FJL�LQWHUFDFH�KWPO�

>3DSDNRQVWDQWLQRX�HW�DO������@ <�� 3DSDNRQVWDQWLQRX�� +�� *DUFLD�0ROLQD�� DQG� -�� :LGRP�� ´2EMHFW
([FKDQJH�$FURVV�+HWHURJHQHRXV� ,QIRUPDWLRQ� 6RXUFHV�µ� ,Q�3URFHHGLQJV� RI� WKH� (OHYHQWK� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�'DWD�(QJLQHHULQJ��7DLSHL��7DLZDQ����������������

>3HUURFKRQ�DQG�)LVKHU�����@ /�� 3HUURFKRQ�� DQG� 5�� )LVKHU�� ´,'/(�� 8QLILHG� :��$FFHVV� WR
,QWHUDFWLYH�,QIRUPDWLRQ�VHUYHUV�µ�,Q�3URFHHGLQJV� RI� WKH�7KLUG� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ� WKH�:RUOG�:LGH
:HE��'DUPVWDGW��*HUPDQ\�������

>3XW]�����@6�� 3XW]�� ´,QWHUDFWLYH� LQIRUPDWLRQ� VHUYLFHV� XVLQJ� :RUOG�:LGH� :HE� K\SHUWH[W�µ� ,Q
3URFHHGLQJV� RI� WKH�)LUVW� ,QWHUQDWLRQDO� � &RQIHUHQFH� RQ� WKH�:RUOG�:LGH�:HE�� &(51��*HQHYD�� 6ZLW]HUODQG�
�����

>6XQ�0LFURV\VWHPV�����@ 6XQ� 0LFURV\VWHPV�� ´7KH� -DYD� /DQJXDJH��� 7HFKQLFDO� 5HSRUW�� 6XQ
0LFURV\VWHPV�������

>7KH�:RUOG�:LGH�:HE�&RQVRUWLXP��:�&��@ 7KH� :RUOG� :LGH� :HE� &RQVRUWLXP� �:�&��� ´7KH
:RUOG� :LGH� :HE� &RQVRUWLXP�� 7HFKQLFDO� 5HSRUWV� DQG� 3XEOLFDWLRQV�µ� 85/�
KWWS���ZZZ�Z��RUJ�SXE�:::�75��

>9DUHOD�HW�DO������@ &�� 9DUHOD�� '�� 1HNKD\HY�� 3�� &KDQGUDVHNKDUDQ�� &�� .ULVKQDQ�� 9�� *RYLQGDQ�� '�
0RGJLO�� 6�� 6LGGLTXL�� 2�� 1LFNROD\HY�� '�� /HEHGHQNR�� DQG� 0�� :LQVOHWW�� ´'%�� %URZVLQJ� 2EMHFW�
2ULHQWHG� 'DWDEDVHV� RYHU� WKH� :HE�µ� ,Q� 3URFHHGLQJV� RI� WKH� )RXUWK� ,QWHUQDWLRQDO� � :RUOG� :LGH� :HE
&RQIHUHQFH���7KH�:HE�5HYROXWLRQ���%RVWRQ��0DVVDFKXVHWWV�������


