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&RQIHUHQFH 3DSHU

$ERYH�WKH�FORXGV��D�EULHI�RYHUYLHZ�RI 0LFURVRIW�$]XUH�
HQYLURQPHQWV�DQG�DSSOLFDWLRQV

6KNXUWH�/XPD�2VPDQL�
��)ORULP�,GUL]L���6KSUHVD�$GHPL���5DPD]DQ�)HWDL�

�
'HSDUWPHQW�RI�,QIRUPDWLFV��)DFXOW\�RI�1DWXUDO�6FLHQFHV�DQG�0DWKHPDWLFV��8QLYHUVLW\�RI�7HWRYD
�
�'HSDUWPHQW�RI�(QJOLVK�/DQJXDJH��)DFXOW\�RI�3KLORORJ\��8QLYHUVLW\�RI�7HWRYD

�
,7�&HQWHU� 8QLYHUVLW\�RI�7HWRYD
&RUUHVSRQGLQJ�$XWKRU��VKNXUWH�OXPD#XQLWH�HGX�PN

$EVWUDFW

5HFHQW� WLPHV� GLIIHUHQW� GHYHORSPHQWV� KDYH� KDG� YDU\LQJ� LQIOXHQFHV� LQ� LQIRUPDWLRQ� WHFKQRORJ\�� ,QGHHG��
GHYHORSPHQWV� DUH� SXVKLQJ� EXVLQHVVHV� DQG� YDULRXV� LQVWLWXWLRQV� WR� UHDFW�� EHFRPH� DFFXVWRPHG� DQG� XVH� QHZ�
WHFKQRORJLHV� ZKLFK� DUH� OHVV� H[SHQVLYH�� 7KLV� UHVHDUFK� SUHVHQWV� WKH� &ORXG� FRPSXWLQJ� DV� RQH� RI� WKH� EHVW�
FRQWHPSRUDU\�DQVZHUV�WR�WKLV�QHHG��0RUHRYHU��LW�LQWHQGV�WR�H[SORUH�0LFURVRIW�$]XUH�DV�D�IOH[LEOH�FORXG�SODWIRUP�
WKDW�KHOSV�JURZ�ZLWK�JUHDWHU�HIILFLHQF\�DQG�EH�PRUH�UHVSRQVLYH�WR�FKDQJHV��7KH�VWXG\�IRFXVHV�RQ�0LFURVRIW
V�
:LQGRZV�$]XUH�SODWIRUP�DV�WKH�2SHUDWLQJ�6\VWHP�IRU�WKH�&ORXG�DQG�FRPSULVHV�D�JURXS�RI�FORXG�WHFKQRORJLHV�
ZLWK�HDFK�RI�WKHP�SURYLGLQJ�D�VSHFLILF�VHW�RI�VHUYLFHV��7KLV�DUWLFOH�SUHVHQWV�DQ�RXWOLQH�RI�FORXG�FRPSXWLQJ�DQG�
0LFURVRIW�$]XUH��LWV�EHQHILWV��VHFXULW\��VWRUDJH��SULFH��XVDJH�DQG�LWV�GDWD�FHQWHUV�

.H\ZRUGV� 0LFURVRIW�$]XUH��FORXG�FRPSXWLQJ��WHFKQRORJ\��RSHUDWLQJ�V\VWHP��

���,QWURGXFWLRQ

$ORQJ�ZLWK�WKH�QHHGV�RI�WKH�VRFLHW\��WKH�HYROXWLRQ�RI�WKH�LQWHUQHW�VLJQLILHV�RQH�RI�WKH�PRVW�VXFFHVVIXO�H[DPSOHV�
RI� GHGLFDWLRQ� WR� UHVHDUFK� DQG� GHYHORSPHQW� RI� LQIRUPDWLRQ� LQIUDVWUXFWXUH� LQ� WKH� SDVW� GHFDGH�� 7KH� LQWHUQHW� KDV�
VLPSOLILHG�WKH�ZD\�FRPPXQLW\�FRPPXQLFDWHV��ERWK�RQ�D�SURIHVVLRQDO�DQG�SHUVRQDO�OHYHO��8QWLO ODWHO\��PRVW�RI�WKH�
FRPSXWLQJ�SHRSOH�UHOLHG�RQ�WKHLU�GHYLFH¶V�RZQ�KDUGZDUH�IURP�WKH�,7�LQIUDVWUXFWXUH��$IWHU�VRPH�WLPH��WKH\�VWDUWHG�
SXOOLQJ� LQIRUPDWLRQ� IURP�RWKHU�PDFKLQHV�� LQ�RUGHU� WR� YLHZ�YDULRXV� W\SHV� RI�ZHE� FRQWHQW��7KHQ� WKRVH�ZHEVLWHV�
SHUIRUPHG�PRUH� DQG�PRUH� WDVNV� IRU� WKH� XVHUV�� LW�ZDV� WKH� WLPH�ZKHQ� WKH\� VWDUWHG� XVLQJ�GLVWDQW�PDFKLQHV� WR�GR�
FRPSXWLQJ�DQG�VLPSO\�XVLQJ�WKH�RZQ�GHYLFHV�DV�SRUWDOV�WR�WKH�UHVXOWLQJ�RXWSXW�

&ORXG�FRPSXWLQJ�GRHVQ¶W�UHSUHVHQW�D�QHZ�FRQFHSW�LQ�WKH�FRPSXWLQJ�ZRUOG��DOWKRXJK�WKH�LGHD�KDV�H[LVWHG�IRU�D�
ORQJHU�WLPH��$Q\ZD\��HYHU\RQH�VKRXOG�EHDU�LQ�PLQG�WKDW�³WKH�FORXG´�LV�QRW�WKLV�LPDJLQDU\�ZRUOG�RI�FRPSXWHUV��EXW�
LW�LV�D�FROOHFWLRQ�RI�SK\VLFDO�GDWD FHQWHUV�SODFHG�JHRJUDSKLFDOO\�LQ�D�VWUDWHJLF�ZD\�7KHUH�DUH�QXPEHU�RI�FRPSDQLHV�
WKDW�RIIHU�FORXG�FRPSXWLQJ�VHUYLFHV�OLNH�$PD]RQ�RIIHUV�VRPHWKLQJ�FDOOHG�$PD]RQ�(ODVWLF�&RPSXWH�&ORXG��(&����
*RRJOH� ZLWK� LWV� RZQ� FORXG� FRPSXWLQJ� RIIHULQJ�� *RRJOH� $SS� (QJLQH� DQG� 0LFURVRIW� RIIHUV� 0LFURVRIW� $]XUH�
>��@�)URP�D�FXVWRPHU�SRLQW�RI�YLHZ��WKH�GLIIHUHQW�NLQGV�RI�VHUYLFHV�WKDW�FORXG�FRPSXWLQJ�SODWIRUP�FDQ�SURYLGH��LW�
FDQ�EH�EURDGO\�JURXSHG�WRJHWKHU�LQWR�WKUHH�FDWHJRULHV�FDOOHG�VHUYLFH�PRGHOV��3ODWIRUP�DV�D�6HUYLFH��3DD6���6RIWZDUH�
DV�D�6HUYLFH��6DD6��DQG�,QIUDVWUXFWXUH�DV�D�6HUYLFH��,DD6��0LFURVRIW�$]XUH�LV�VLPSO\�DQ�DVVRUWPHQW�RI�GLIIHUHQW�NLQGV�
RI�FORXG�VHUYLFHV�DQG�DV�D�FORXG�SODWIRUP�GHYHORSHG�IURP�0LFURVRIW�&RUSRUDWLRQ��SURYLGHV�D�KXJH�UDQJH�RI�GLYHUVH�
VHUYLFHV�WKDW�DOORZ�XVHUV�WR�EXLOG��GHSOR\�DQG�PDQDJH�DQVZHUV�IRU�DOPRVW�DQ\�UHDVRQ�WKDW�FDQ�EH�LPDJLQHG��,Q�RWKHU�
ZRUGV��0LFURVRIW�$]XUH�UHSUHVHQWV�D�ZRUOG�RI�XQOLPLWHG�SRVVLELOLWLHV��

)RU�PRVW�RI�LQWHUQHW�XVHUV�DQG�SHRSOH�WR�ZKR�PD\�EH�FRQFHUQHG��LW¶V�HDV\�WR�LPDJLQH�WKDW DOO�WKH�ZHE�SRUWDOV�DQG�
DSSOLFDWLRQV�ZH�XVH�LQ�HYHU\GD\�OLIH��H[LVW�LQ�VRPH�LQYLVLEOH�ODQG��2EYLRXVO\��LQ�UHDOLW\�DOO�WKH�LQIRUPDWLRQ�WKDW�JHWV�
FKDQQHOHG�WR�RXU�GHYLFHV�KDV�WR�EH�VWRUHG�LQ�VRPH�SK\VLFDO�ORFDWLRQ�DQG�IRU�DSSOLFDWLRQV�WR�ZRUN�GDWD�KDV�WR�EH
SURFHVVHG�E\�DQ�DFWXDO�PDFKLQH�VRPHZKHUH��7KLV�UHVHDUFK�LQWURGXFHV�WKH�0LFURVRIW�$]XUH�SODWIRUP�DQG�GHVFULEHV�
WKH�GLIIHUHQW�VHUYLFHV�DQG�W\SHV�RI�VROXWLRQV�WKDW�WKLV�SODWIRUP�PDNHV�SRVVLEOH��$V�D�0LFURVRIW
V�&ORXG�&RPSXWLQJ�
)UDPHZRUN�LW�SURYLGHV�D�EURDG�UDQJH�RI�,QWHUQHW�VHUYLFHV�WKDW�DUH�FRQVXPDEOH�IURP�ERWK�RQ�SUHPLVHV�HQYLURQPHQWV�
DQG�HYHQ�WKH�LQWHUQHW�
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���2YHUYLHZ�RI�&ORXG�&RPSXWLQJ�

(YHQ�LI�LW�LV�RQH�RI�WKH�PRVW�GLVFXVVHG�WRSLF�UHFHQW�\HDUV��ZH�DQ\ZD\V�PLJKW�OHDUQ�VRPHWKLQJ�YDOXDEOH�WKDW�FDQ�
H[SDQG�RXU�NQRZOHGJH�RU�KHOS�EXVLQHVVHV�JURZ�DQG�PHHW�WKH�FKDOOHQJHV�WKH\�IDFH�LQ�WKH�PDUNHWSODFH�
,Q� WKH� ILUVW� LPSUHVVLRQ� LW� LV� XQGHUVWRRG� DV� D� ODUJH� FROOHFWLRQ� RI� ZDWHU� GURSV� LQ� WKH� VN\�� EXW� KRZHYHU� &ORXG�
&RPSXWLQJ�LV�DQ�LQIUDVWUXFWXUH�WKDW�HQDEOHV�WKH�GHYHORSPHQW�DQG�GHSOR\PHQW�RI�YDULRXV�DSSOLFDWLRQV�LQ�WKH�FORXG��
RU�VDLG�GLIIHUHQWO\��LQ�UHPRWH�VHUYHUV��
$Q\ZD\��FORXG�FRPSXWLQJ� LV�D�QDVFHQW�EXVLQHVV�DQG� WHFKQRORJ\�FRQFHSW�ZLWK�GLIIHUHQW�PHDQLQJV� IRU�GLIIHUHQW�
SHRSOH�>��@��,W�UHSUHVHQWV�WKH�ZD\�WKH�GDWD�DV�ZHOO�DV�SURJUDPV�DUH�VWRUHG�DQG�DFFHVVHG�RYHU�WKH�LQWHUQHW��LQVWHDG�
RI�KDUG�GULYH��EXW�LW�KDV�WR�EH�PHQWLRQHG�WKDW�&ORXG�SODWIRUP�KLGHV�WKH�FRPSOH[LW\�DQG�GHWDLOV�RI�WKH�XQGHUO\LQJ�
LQIUDVWUXFWXUH�IURP�WKH�XVHUV��E\�SURYLGLQJ�YHU\�VLPSOH�JUDSKLFDO�LQWHUIDFH�RU�$3,�
,Q�WUDGLWLRQDO�KRVWLQJ��WKH�VRIWZDUH�FRPSDQ\�KDV�WR�GHDO�ZLWK�OLFHQVLQJ�FRVWV��SURWHFWLRQ�RI�GDWD��IUHTXHQW�XSJUDGHV�
WR�ODWHVW�WHFKQRORJLHV��RSHUDWLQJ�V\VWHP��PDLQWHQDQFH�DQG�XSJUDGLQJ�RI�KDUGZDUH�DQG�RWKHU�VHUYLFHV��,W�LV�WRWDOO\�
WKH�FRQWUDU\�RQ�FORXG��VLQFH�WKH�GDWD�DUH�EXLOW� LQ�GDWD�FHQWHUV�DQG�WKH\�DUH�UHPRWHO\�KRVWHG��7KH�SODWIRUP�XVHV�
GLIIHUHQW�GDWD�FHQWHUV�WKDW�DUH�IXOO\�PDQDJHG�E\�WKH�VHUYLFH�SURYLGHU�OLNH�0LFURVRIW��$PD]RQ�RQ�DQ\�RWKHU�SURYLGHU��
,W�PD\�EH�GHILQHG�DV�D�SKHQRPHQRQ� WKDW�SURPLVHV� WR� LQFUHDVH�EXVLQHVV�DJLOLW\�E\� LQFUHDVLQJ� WKH�YHORFLW\�ZLWK�
ZKLFK�DSSOLFDWLRQV�DUH�GHSOR\HG�DQG�ORZHULQJ�WKH�FRVWV�>��@��0RUHRYHU��FRPSDQLHV�ZLWK�ODUJH�EDWFK�RULHQWHG�WDVNV�
FDQ�JHW�UHVXOWV�DV�TXLFNO\�DV�WKHLU�SURJUDPV�FDQ�VFDOH��VLQFH�XVLQJ������VHUYHUV�IRU�RQH�KRXU�FRVWV�QR�PRUH�WKDQ�
XVLQJ�RQH�VHUYHU�IRU������KRXUV�>��@��1RWH�WKDW�&ORXG�&RPSXWLQJ�LV�QRW�D�WHFKQRORJ\�UHYROXWLRQ��5DWKHU��LW�LV�D�
EXVLQHVV�DQG�SURFHVV�HYROXWLRQ�

$� &/28'�6(59,&(�02'(/6�
,Q�SUDFWLFH��VHUYLFH�SURYLGHUV�WHQG�WR�RIIHU�FORXG�VHUYLFHV�WKDW�FDQ�EH�JURXSHG�LQWR�WKUHH�FDWHJRULHV��,DD6��3DD6�DQG�
6DD6��DV�H[SODLQHG�EHORZ��+RZHYHU��DV�WKH�FORXG�PDWXUHV��WKH�GLVWLQFWLRQ�DPRQJ�WKHVH�LV�EHLQJ�HURGHG�>�@�

x 62)7:$5(�$6�$�6(59,&(��6DD6� � ,V�D�VRIWZDUH�GLVWULEXWLRQ�PRGHO�LQ�ZKLFK�D�WKLUG�SDUW\�SURYLGHU�
KRVWV�DSSOLFDWLRQV�DQG�PDNHV�WKHP�DYDLODEOH�WR�FXVWRPHUV�RYHU�D�QHWZRUN��W\SLFDOO\�WKH�,QWHUQHW�>��@��7KH�
XVHU�GRHVQ¶W�KDYH�DQ\�LPSRUWDQW�WDVN��EHVLGHV�XVLQJ�WKH�VRIWZDUH��'URSER[��)DFHERRN��*PDLO��6N\SH��
<RX7XEH�HWF��DUH�VRPH�RI�WKH�H[DPSOHV�RI�WKLV�PRGHO�

x 3/$7)250�$6�$�6(59,&(��3DD6� � $V�D�PRGHO�ZKHUH�WKH�VHUYLFH�SURYLGHU�RIIHUV�DOO� WKH�QHFHVVDU\�
WRROV� DQG� WKH�KDUGZDUH�� LW� VXSSRUWV� FRPSXWLQJ� D� SODWIRUP�ZKLFK� W\SLFDOO\� LQFOXGHV�RSHUDWLQJ� V\VWHP��
SURJUDPPLQJ� ODQJXDJH�� H[HFXWLRQ� HQYLURQPHQW�� GDWDEDVH�� ZHE� VHUYHU�� 7KH� XVHU� LV� UHVSRQVLEOH� IRU�
DSSOLFDWLRQV�FUHDWLRQ�DQG�GDWD�PDQDJHPHQW��)RU�LQVWDQFH��:LQGRZV�$]XUH��*RRJOH�$SSV�HWF�

x ,1)5$6758&785(�$6�$�6(59,&(��,DD6��� ,V�WKH�EDVLF�OD\HU�LQ�FORXG�FRPSXWLQJ�PRGHO�ZKLFK�SURYLGHV�
WKH�LQIUDVWUXFWXUH�VXFK�DV�YLUWXDO�PDFKLQHV��90���8QSODQQHG�PDLQWHQDQFHV�DUH�WULJJHUHG�E\�XQH[SHFWHG�
SK\VLFDO�LQIUDVWUXFWXUH�SUREOHPV�VXFK�DV�QHWZRUN�IDLOXUHV��UDFN�OHYHO�IDLOXUHV�DQG�RWKHU�KDUGZDUH�IDLOXUHV��
:KHQ�VXFK�D�IDLOXUH�LV�GHWHFWHG��$]XUH�DXWRPDWLFDOO\�PRYHV�WKH�90V�WR�D�KHDOWK\�KRVW�>��@��,W�DOORZV�WKH�
XVH�RI�D�KDUGZDUH�FRPSXWLQJ�UHVRXUFHV�DV�D�VHUYLFH�SURYLGHU��EXW�DQ\ZD\�WKH�XVHU�VKRXOG�WDNH�FDUH�RI�WKH�
RSHUDWLQJ�V\VWHP��GHSOR\PHQW�RI�WKH�DSSOLFDWLRQV�DQG�PDQDJLQJ�WKH�GDWD��7\SLFDO�H[DPSOHV�DUH��$PD]RQ�
:HE�6HUYLFHV��ILUHZDOOV��5DFNVSDFH�+RVWLQJ�HWF�

6LQFH�WKRVH�WKUHH�PRGHOV�GLIIHU�IURP�HDFK�RWKHU�LQ�VHYHUDO�DVSHFWV��D�FOHDU�SUHVHQWDWLRQ�RI�ZKDW�LV�GLVFXVVHG�DERYH�
LV�SURYLGHG�LQ�ILJXUH���

)LJ���� 'LIIHUHQFHV�DQG�UHODWLRQVKLSV�EHWZHHQ�,DD6��3DD6�DQG�6DD6�>�@
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%��:K\�WR�UHVLVW�WKH�&ORXG

%HVLGH�DOO�WKH�DGYDQWDJHV�WKDW�FORXG�SURYLGHV��WKHUH�DUH�VWLOO�VRPH�LVVXHV�ZK\�WKH�RUJDQL]DWLRQV�UHVLVW�PRYLQJ�WR�
WKH�FORXG��7KHUH�DUH�VHYHUDO�SRVVLEOH�UHDVRQV�IRU�WKLV�

x /DFN�RI�NQRZOHGJH�DERXW�WKH�LQIUDVWUXFWXUH�XVHG�E\�WKH�KRVWHU�DQG�WKH�UHOLDELOLW\�RI�WKH�KRVWLQJ�SURYLGHU�
IRU�SURYLGLQJ�FORXG�VHUYLFHV�WR�FXVWRPHUV�FDQ�PDNH�VRPH�RUJDQL]DWLRQV�WR�KHVLWDWH�DERXW�PRYLQJ�WR�WKH�
FORXG��

x 7KH�ODUJH�LQYHVWPHQWV�LQ�WUDGLWLRQDO�,7�LQIUDVWUXFWXUH�DOVR�UHSUHVHQW�DQRWKHU�UHVLVWDQFH�ZK\�FRPSDQLHV�
UHVLVW�LQ�PLJUDWLQJ�WKHLU�DSSOLFDWLRQV�WR�WKH�FORXG�

x /RVV�RI�GDWD�FRQWLQXHV�WR�EH�D�SULPDU\�FRQFHUQ��HYHQ�LI�FORXG�GXSOLFDWHV�WKHP�LQ�DQ�HQWLUHO\�GLIIHUHQW�
UHJLRQ�� KDV� GDWD� UHFRYHU\� SODQ� DQG� VXLWDEOH� EDFNXS� SURFHGXUH�� 7KH� FDXVHV� RI� PRVW� GDWD� ORVV� DUH� QR�
GLIIHUHQW WKDQ�LQ�D�ORFDO�GDWD�FHQWHU��

x %XVLQHVV�SROLWLFV�FDQ�DOVR�EH�D�UHDVRQ�WKDW�RUJDQL]DWLRQV�UHIXVH�WR�XVH�FORXG�FRPSXWLQJ�DSSURDFK��7KH�
ORQJ�HVWDEOLVKHG�LQ�KRXVH�,7�FXOWXUH�RI�FRQWURO�FDQ�PDNH�LW�GLIILFXOW�WR�HPEUDFH�WKH�FORXG��

x :KHQ�XVLQJ� WKH�FORXG�� WKH�FXVWRPHU�SUREDEO\�ZRQ
W�NQRZ�H[DFWO\�ZKHUH�\RXU�GDWD� LV�KRVWHG�RU�ZKDW�
FRXQWU\�LW�ZLOO�EH�VWRUHG�LQ��7DNLQJ�LQWR�FRQVLGHUDWLRQ�WKDW�GLIIHUHQW�FRXQWULHV�KDYH�VSHFLILF�MXULVGLFWLRQV��
XVHUV�DUH�GRXEWIXO�WR�REH\�ORFDO�SULYDF\�UHTXLUHPHQWV�

x 2UJDQL]DWLRQV�WKDW�KDYH�VSHFLDO�UHTXLUHPHQWV�LQ�WKH�DUHDV�RI�VHFXULW\�DQG�FRPSOLDQFH�PLJKW�KDYH�OHJDO�RU�
UHJXODWRU\�UHTXLUHPHQWV�WKDW�LQKLELW�WKHP�IURP�LPSOHPHQWLQJ�GLIIHUHQW�IRUPV�RI�FORXG�FRPSXWLQJ�>�@��

7KH�PRVW�RI�FDVHV�WKRVH�UHVLVWDQFHV�FRPH�IURP�DOUHDG\�H[SHULHQFHG�NQRZQ�RXWDJHV�RI�FORXG�VHUYLFHV��6RPH�RI�
WKHP�ZHUH�TXLWH�OHQJWK\��)RU�LQVWDQFH��0LFURVRIW�$]XUH�KDG�DQ�RXWDJH�WKDW�ODVWHG�IRU����KRXUV�LQ�������0DUFK�
������DV�VKRZHG�LQ�7DEOH���>��@�

7DEOH��� 2XWDJHV�LQ�GLIIHUHQW�FORXG�VHUYLFHV

7KH�RXWDJH��ZKLFK�DSSDUHQWO\�VWDUWHG�RQ�DIWHUQRRQ��KDG�DIIHFWHG�GDWD�FHQWHUV�LQ�,UHODQG��&KLFDJR�DQG�6DQ�$QWRQLR��
EXW�WKHUH�ZHUH�QR�UHSRUWV�RI�GDWD�ORVV��7KH�LVVXH�ZDV�TXLFNO\� WULDJHG�DQG�LW�ZDV�GHWHUPLQHG�WR�EH�FDXVHG�E\�D�
VRIWZDUH�EXJ���7KH�$]XUH�WHDP�DSRORJL]HG�IRU�DQ\�LQFRQYHQLHQFH�WKLV�GLVUXSWLRQ�KDV�FDXVHG�WKH�FXVWRPHUV�>��@�

&��:K\�WR�XVH�WKH�&ORXG
,Q�UHFHQW�\HDUV��RUJDQL]DWLRQV�JHQHUDOO\�FRQVLGHU�PRYLQJ�WKHLU�DSSOLFDWLRQV�WR�WKH�FORXG�IRU�RQH�RI�WKUHH�UHDVRQV��
VSHHG��VFDOH��DQG�HFRQRPLFV�� ,Q�EHORZ�WH[W�ZH�ZLOO� WU\�WR�EULHIO\�H[DPLQH�HDFK�RI� WKHVH�DGYDQWDJHV� WKDW�FORXG�
FRPSXWLQJ�FDQ�DIIRUG�

x 6SHHG � 5HGXFLQJ�³WLPH�WR�PDUNHW´�DQG ³WLPH�WR�GHYHORS³�LPSDFWHG�WKH�GHYHORSLQJ�WHDP�WR�EH�PRUH�DJLOH�
LQ�VHUYLFLQJ�QHHGV�RI�WKH�EXVLQHVV��PRYH�WKHP�IRUZDUG�DJDLQVW�WKH�FRPSHWLWLRQ�DQG�PHHW�WKH�UHTXLUHPHQWV�
RI� WKH� FOLHQWV�� 2Q� WKH� FRQWUDU\�� SXUFKDVLQJ� QHZ� VHUYHUV�� FRQILJXULQJ� DQG� LQWHJUDWLQJ� WKHP� LQWR� QHZ�
HQYLURQPHQW�WHQG�WR�EH�WLPH�FRQVXPLQJ�DQG�FRVWO\�DV�ZHOO��:LWK�$]XUH��WKH�DSSOLFDWLRQ�FDQ�EH�VHW�XS�DQG�
VWDUW�EXLOGLQJ�LW�RXW�LQ�PLQXWHV�
'HYHORSLQJ� DSSOLFDWLRQV� WKDW� UXQ� LQ� WKH� FORXG� FDQ� EH� VLJQLILFDQWO\� IDVWHU� WKDQ� WUDGLWLRQDO� DSSOLFDWLRQ�
GHYHORSPHQW�IRU�WZR�UHDVRQV��)LUVW��\RX�GRQ¶W�KDYH�WR�GHSOR\��FRQILJXUH��DQG�PDLQWDLQ�WKH�XQGHUO\LQJ�
FRPSXWLQJ��VWRUDJH��DQG�QHWZRUNLQJ�LQIUDVWUXFWXUHV�RQ�ZKLFK \RXU�DSSOLFDWLRQV�ZLOO�UXQ��,QVWHDG��\RX�FDQ�
XWLOL]H� LQIUDVWUXFWXUH� UHVRXUFHV� SURYLGHG� WR� \RX� E\� \RXU� FORXG� KRVWLQJ� SURYLGHU�� $� JRRG� DQDORJ\� LV�
OLJKWLQJ�XS�\RXU�KRXVH��,I�\RX�QHHG�WR�QRW�RQO\�SXUFKDVH�DQG�LQVWDOO�OLJKW�EXOEV�EXW�DOVR�SXOO�ZLUHV��LQVWDOO�
VZLWFKHV��EX\�DQG�VHW�XS�D�JHQHUDWRU��DQG�SXUFKDVH�JDVROLQH�IRU�\RXU�JHQHUDWRU��LW¶V�JRLQJ�WR�WDNH�D�ZKLOH�
XQWLO�\RX�JHW�\RXU�KRXVH�OLW�XS��%XW�LI�\RXU�OLJKW�EXOEV�FDQ�OHYHUDJH�WKH�ZLULQJ�LQVWDOOHG�E\�WKH�FRQWUDFWRU�
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ZKR�EXLOW�\RXU�KRXVH�DQG�HOHFWULFLW\�SURYLGHG�E\�\RXU�FLW\¶V�SRZHU�VWDWLRQ��\RX¶OO�EH�DEOH�WR�JHW�\RXU�
KRXVH�OLW�XS�LQ�QH[W�WR�QR�WLPH�
$�VHFRQG�UHDVRQ�ZK\�FORXG�EDVHG�DSSOLFDWLRQV�FDQ�EH�IDVWHU�WR�GHSOR\�KDV�WR�GR�ZLWK�WKH�SURFHVV�RI�KRZ�
DSSOLFDWLRQV� DUH� GHYHORSHG�� ,Q� D� W\SLFDO� HQWHUSULVH� HQYLURQPHQW�� GHYHORSHUV� FUHDWH� DQG� WHVW� WKHLU�
DSSOLFDWLRQV� LQ�D� WHVW� HQYLURQPHQW� WKDW�RQO\�SDUWLDOO\� VLPXODWHV� WKH� ILQDO�SURGXFWLRQ�HQYLURQPHQW��)RU�
H[DPSOH��DQ�DSSOLFDWLRQ�PLJKW�EH�GHYHORSHG�DQG�WHVWHG�RQ�D�QR�FOXVWHUHG�KRVW�IRU�HYHQWXDO�GHSOR\PHQW�
LQWR�FOXVWHUHG�KRVWV��0LVPDWFKHV�OLNH�WKLV�EHWZHHQ�WKH�GHYHORSPHQW�DQG�SURGXFWLRQ�HQYLURQPHQWV�FDQ�
VORZ�WKH�GHYHORSPHQW�SURFHVV�IRU�EXVLQHVV�DSSOLFDWLRQV�EHFDXVH�FHUWDLQ�SUREOHPV�PLJKW�EH�PLVVHG� LQ�
WHVWLQJ� DQG� RQO\� EHFRPH� DSSDUHQW� ZKHQ� WKH� DSSOLFDWLRQV� DUH� GHSOR\HG� WR SURGXFWLRQ�� ZKLFK� PLJKW�
QHFHVVLWDWH� IXUWKHU� WHVWLQJ�DQG�GHYHORSPHQW�XQWLO� WKH�DSSOLFDWLRQV�DUH�EHKDYLQJ�DV� LQWHQGHG��:LWK� WKH�
FORXG��KRZHYHU��WKH�GHYHORSHU�FDQ�SHUIRUP�WKH�GHYHORSPHQW�DQG�WHVWLQJ�LQ�WKH�VDPH�NLQG�RI�HQYLURQPHQW�
WKDW�WKH�DSSOLFDWLRQV�ZLOO�EH�GHSOR\HG�XSRQ²WKH�FRPSXWLQJ��VWRUDJH��DQG�QHWZRUNLQJ�UHVRXUFHV�SURYLGHG�
E\�WKH�KRVWHU��7KLV�FDQ�PDNH�WHVWLQJ�DSSOLFDWLRQV�VLPSOHU�DQG�PRUH�UHOLDEOH��WKHUHE\�UHGXFLQJ�WKH�WLPH�WR�
GHSOR\PHQW�>�@�

x 6FDOH � &ORXG� DSSOLFDWLRQV� FDQ� VFDOH� RXW� IDVW� EHFDXVH� WKH� YDULRXV� VHUYLFH� FRPSXWH�� VWRUDJH�� DQG�
QHWZRUNLQJ�UHVRXUFHV�DUH�SRROHG�E\�WKH�KRVWHU��WKHUHIRUH�LW�FDQ�EH�SURYLVLRQHG�WR�GLIIHUHQW�EXVLQHVVHV�DV�
WKH�UHTXHVW�DULVHV��
,W�SUHVHQWV�WKH�EHVW�DSSURDFK�ZKHQ�WKH�DSSOLFDWLRQ�QHHGV�PRUH�FRPSXWH�UHVRXUFHV�WR�IXOILOO�WKH�LQFUHDVLQJ�
UHTXLUHPHQWV�IURP�WKH�FXVWRPHUV�DQG�DOVR�LW�KHOSV�WR�UHPDLQ�FRPSHWLWLYH�LQ�WRGD\¶V�JOREDO�HFRQRP\�VLQFH�
FORXG�SURYLGHV�DQ�DOPRVW�LQILQLWH�VHW�RI�FRPSXWLQJ�UHVRXUFHV��
:KHQ�WKH�FDVHV�RI�GRZQWXUQ�LQ�WKH�PDUNHWSODFH�PHDQ�WKDW�WKHUH�LV�QR�QHHG�IRU�DOO�WKDW�FRPSXWH�FDSDFLW\�
WKH�KRVWHU�LV�SURYLGLQJ�IRU�WKH�DSSOLFDWLRQV��WKHUH�LV�UHTXLUHG�WR�VFDOH�GRZQ�WKH�KRVWHU¶V�FRPSXWH�FDSDFLW\�
WKDW�WKH�EXVLQHVV�LV�XVLQJ��7KLV�PHDQV�WKDW�GHSHQGLQJ�RQ�WKH�GHPDQG��WKH�DSSOLFDWLRQV�FDQ�HDVLO\�VFDOH�XS�
RU� GRZQ� DQG� WKH� RZQHU� GRHV� QRW� KDYH� WR� ZRUU\� DERXW� UXQQLQJ� RXW� RI� FDSDFLW\� RU� ZRUU\� DERXW� RYHU�
SURYLVLRQLQJ�EHFDXVH�FORXG�XVHV�MXVW�HQRXJK�UHVRXUFHV�DV�LV�QHHGHG�

x (FRQRPLFV� $V�UHODWHG� WR� WKH�HFRQRPLF�HIILFLHQFLHV��PDQ\�RUJDQL]DWLRQV�GHFLGH� WR�PRYH� WR� WKH�FORXG�
EHFDXVH� WKH� FRVW� RI� UXQQLQJ� WKHLU� EXVLQHVV� DSSOLFDWLRQV� LQ� WKH� FORXG� FDQ� EH� FRQVLGHUDEO\� ORZHU� WKDQ�
UXQQLQJ�WKHP�RQ�SUHPLVHV��$W�WKH�RWKHU�KDQG��RQ�VLWH�VHUYHUV�XVXDOO\�UHTXLUH�D�ORW�RI�PDLQWHQDQFH��FOLPDWH�
FRQWURO�� HOHFWULFLW\�� GLVDVWHU� UHFRYHU\�� EDFNXSV�� VHFXULW\��0RYLQJ� WR� WKH� FORXG�PHDQV� VHWWLQJ� IUHH� WKH�
DSSOLFDWLRQ�VR�WKH�SHRSOH�HQJDJHG�FDQ�IRFXV�RQ�QHZ�SURMHFWV�LQVWHDG�RI�URXWLQH�PDLQWHQDQFH�
'HILQLWHO\�WKH�EHVW�RSWLRQ�WKDW�FORXG�SURYLGHV�LV�WKDW�\RX�SD\�RQO\�IRU�ZKDW�\RX�XVH��WKHUHIRUH�EXVLQHVVHV�
RQO\�SD\�IRU�WKH�UHVRXUFHV�WKH\�DFWXDOO\�FRQVXPH��7KLV�LQ�LWVHOI�VDYHV�PRQH\�IRU�DQ\�DSS�WKDW�KDV�YDULDEOH�
FRPSXWLQJ�QHHGV��$QRWKHU�IDFW�WKDW�LV�ZRUWK�PHQWLRQLQJ�LV�WKDW�FORXG�FRPSXWLQJ�FDQ�DOVR�PDNH�HFRQRPLF�
VHQVH�IRU�EXVLQHVVHV�ZKHQ�LW�FRPHV�WR�KDUGZDUH�DFTXLVLWLRQ FRVWV�

���2YHUYLHZ�RI�0LFURVRIW�$]XUH

2Q�WKH�5*%�FRORU�ZKHHO���D]XUH���FRORU�����)))��OLHV�EHWZHHQ�EOXH�DQG�F\DQ��WKDW�LV�RIWHQ�GHVFULEHG�DV�WKH�
FRORU�RI�WKH�VN\�RQ�D�FOHDU�GD\��+RZHYHU��LQ�WKH�WHFKQRORJ\�FRQWH[W��KHUH�DUH�D�ORW�RI�GHILQLWLRQV�UHODWHG�WR $]XUH�
SODWIRUP�� 7KH� VLPSOHVW� RQH� LV� WKDW� LW¶V� DQ� RSHUDWLQJ� V\VWHP� LQ� WKH� FORXG�� ZKLFK� FDQ� EH� XVHG� IRU� EXLOGLQJ� DQG�
GHSOR\LQJ�FORXG�EDVHG�DSSOLFDWLRQV�

$FFRUGLQJ�WR�0LFURVRIW�>�@�RIILFLDO�GHILQLWLRQ��$]XUH�LV�D�FORXG�FRPSXWLQJ�SODWIRUP�DQG�LQIUDVWUXFWXUH�FUHDWHG�
E\� 0LFURVRIW� IRU� EXLOGLQJ�� GHSOR\LQJ�� DQG� PDQDJLQJ� DSSOLFDWLRQV� DQG� VHUYLFHV� WKURXJK� D� JOREDO� QHWZRUN� RI�
0LFURVRIW�PDQDJHG�GDWD�FHQWHUV��0LFURVRIW�$]XUH�LV�D�JURZLQJ�FROOHFWLRQ�RI�LQWHJUDWHG�FORXG�VHUYLFHV²DQDO\WLFV��
FRPSXWLQJ��GDWDEDVH��PRELOH��QHWZRUNLQJ��VWRUDJH��DQG�ZHE²IRU�PRYLQJ�IDVWHU��DFKLHYLQJ�PRUH��DQG�VDYLQJ�PRQH\��
:LWK�$]XUH��HYHU\�FOLHQW�FDQ�EH�XS�DQG�UXQQLQJ�IDVW��VFDOH�XS�RU�GRZQ�DV�QHHGHG��DQG�DYRLG�KLJK�FDSLWDO�FRVWV²
SD\LQJ�RQO\�IRU�ZKDW�\RX�XVH�>��@�

,W�LV�DOVR�UHIHUUHG�DV�D�FORXG�FRPSXWLQJ�VHUYLFH�FUHDWHG�E\�0LFURVRIW�IRU�EXLOGLQJ��GHSOR\LQJ��DQG�PDQDJLQJ�
DSSOLFDWLRQV�DQG�VHUYLFHV�WKURXJK�D�JOREDO�QHWZRUN�RI�0LFURVRIW�PDQDJHG�GDWD�FHQWHUV�>��@��,W�SURYLGHV�SODWIRUP�DV�
D�VHUYLFH�DQG�LQIUDVWUXFWXUH�DV�D�VHUYLFH�>��@��>��@�DQG�VXSSRUWV PDQ\�GLIIHUHQW�SURJUDPPLQJ�ODQJXDJHV��WRROV�DQG�
IUDPHZRUNV�� LQFOXGLQJ�ERWK�0LFURVRIW�VSHFLILF� DQG� WKLUG�SDUW\� VRIWZDUH� DQG� V\VWHPV��$]XUH�ZDV� DQQRXQFHG� LQ�
2FWREHU������DQG�UHOHDVHG�RQ���)HEUXDU\������DV�:LQGRZV�$]XUH��EHIRUH�EHLQJ�UHQDPHG�WR�0LFURVRIW�$]XUH�RQ�
$SULO������>�@�

$V�SHU�6WHYHQ�0DUWLQ��WKH�*HQHUDO�0DQDJHU�RI�0LFURVRIW�$]XUH�DW�0LFURVRIW�WKLV�FKDQJH�UHIOHFWV�0LFURVRIW¶V�
VWUDWHJ\�DQG�IRFXV�RQ�$]XUH�DV�WKH�SXEOLF�FORXG�SODWIRUP�IRU�FXVWRPHUV�DV�ZHOO�DV�IRU�0LFURVRIW�RZQ�VHUYLFHV�2IILFH�
�����'\QDPLFV�&50��%LQJ��2QH'ULYH��6N\SH��DQG�;ER[�/LYH��7KH�FRPPLWPHQW� WR�GHOLYHU�DQ�HQWHUSULVH�JUDGH�
FORXG�SODWIRUP� IRU� WKH�ZRUOG¶V� DSSOLFDWLRQV� LV� JUHDWHU� WKDQ� HYHU�� ,V� EHLQJ� VXSSRUWHG�RQH� RI� WKH EURDGHVW� VHW� RI�
RSHUDWLQJ�V\VWHPV��ODQJXDJHV��DQG�VHUYLFHV�RI�DQ\�SXEOLF�FORXG²IURP�:LQGRZV��64/�DQG��1(7�WR�3\WKRQ��5XE\��
1RGH�MV��-DYD��+DGRRS��/LQX[��DQG�2UDFOH��,Q�WRGD\¶V�PRELOH�ILUVW��FORXG�ILUVW��GDWD�SRZHUHG�ZRUOG��FXVWRPHUV�ZDQW�
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D�SXEOLF�FORXG�SODWIRUP�WKDW�VXSSRUWV�WKHLU�QHHGV²ZKDWHYHU�WKH\�PD\�EH²DQG�WKDW�SXEOLF FORXG�LV�0LFURVRIW�$]XUH�
>�@�

�� .H\�&RPSRQHQWV

7KHUH�DUH�WKUHH�PDLQ�FRPSRQHQWV�LQ�WKH�$]XUH�3ODWIRUP��7KHVH�DUH�:LQGRZV�$]XUH��64/�$]XUH�DQG�:LQGRZV�
$]XUH�$SS)DEULF��(DFK�RI�WKHP�LV�GHVFULEHG�LQ�WKH�IROORZLQJ�WH[W�

x :LQGRZV�$]XUH � ,V�RQH�RI�WKH�PDLQ�FRPSRQHQWV�RI�$]XUH�DQG�UHSUHVHQWV�WKH�FORXG�RSHUDWLQJ�V\VWHP�RU�UXQWLPH�
ZKHUH�WKH�FORXG�DSSOLFDWLRQV�FDQ�EH�H[HFXWHG��,W�LV�GHVLJQHG�WR�UXQ�RQ�FKHDS�FRPPRGLW\�KDUGZDUH�DQG�RQ�
VDPH�WLPH�SURYLGHV�VFDODEOH�FRPSXWH��VWRUDJH�IDFLOLWLHV�DQG�D�:LQGRZV�EDVHG�HQYLURQPHQW IRU�VWRULQJ�GDWD�
RQ�VHUYHUV�LQ�GDWD�FHQWHUV�PDQDJHG�E\�0LFURVRIW�>�@�

x 64/�$]XUH �$V�D�FORXG�EDVHG�UHODWLRQDO�GDWDEDVH��PDNHV� WKH�SRZHU�RI�0LFURVRIW�64/�6HUYHU�DYDLODEOH� LQ�D�
&ORXG� +RVWHG� RIIHULQJ�� ,Q� IDFW� LV� DQ� H[WHQVLRQ� RI�0LFURVRIW� 64/� 6HUYHU� DQG� UXQV� LQ� WKH� $]XUH� FORXG��
$GGLWLRQDOO\�� 64/� $]XUH� RIIHUV� VWDQGDUG� UHODWLRQDO� GDWDEDVH� IHDWXUHV� VXFK� DV� YLHZV�� WULJJHUV�� VWRUHG�
SURFHGXUHV�DQG�LQGH[HV��7KH�GDWD�LQ�WKH�64/�$]XUH�GDWDEDVH�FDQ�EH�DFFHVVHG�E\�WKH�7DEXODU�'DWD�6WUHDP�
�7'6��SURWRFRO�>��@��64/�$]XUH�RIIHUV�D�UHODWLRQDO�GDWDEDVH�VHUYLFH�FDOOHG�0LFURVRIW�64/�$]XUH�'DWDEDVH��
DQG�XVLQJ�64/�$]XUH�'DWDEDVH��WKH�XVHU�FDQ�HDVLO\�GHSOR\�D�ODUJH�QXPEHU�RI�UHODWLRQDO�GDWDEDVH�VROXWLRQV�

x $SS)DEULF ± 7KLV�SODWIRUP�SURYLGHV�FORXG�VHUYLFHV�IRU�FRQQHFWLQJ�DSSOLFDWLRQV�UXQQLQJ�LQ�WKH�FORXG�RU�RQ�
SUHPLVHV��$V�D�IHDWXUH��LW�DOORZV�GHYHORSHUV�WR�FRQQHFW�DSSOLFDWLRQV�DQG�VHUYLFHV��WR�VHFXUH�FORXG�RU�RII�WKH�
FORXG�VHUYLFHV�ZLWK�QHZ�RU�H[LVWLQJ�VHFXULW\�IUDPHZRUNV�>��@��:LQGRZV $]XUH�$SS)DEULF�FDQ�EH�VHHQ�DV�DQ�
HQWLW\� WKDW� LQWHUFRQQHFWV� RQ�SUHPLVHV� VROXWLRQV� WR�:LQGRZV� $]XUH� VROXWLRQV�� DQG� HYHQ�:LQGRZV� $]XUH�
VROXWLRQ�WR�RWKHU�VROXWLRQV�ZLWKLQ�WKH�FORXG��

)LJ���� $]XUH�FRPSRQHQWV

0LFURVRIW�$]XUH�VXSSRUWV�PDQ\�GLIIHUHQW�SURJUDPPLQJ�ODQJXDJHV��WRROV�DQG�IUDPHZRUNV�RI�ERWK�0LFURVRIW�DQG�
WKLUG�SDUW\�VRIWZDUH¶V��OLNH�

x 6XSSRUWV�0LFURVRIW�FHQWULF�WHFKQRORJLHV�OLNH��1(7�DQG�VHYHUDO�VFULSWLQJ�ODQJXDJHV
R &���9%��&����-DYD��$63�1(7��:&)��3+3��3\WKRQ

x 5XQV�RQ�0LFURVRIW�GDWD�FHQWHUV
R &RPPRGLW\�KDUGZDUH

x 6XSSRUWV�GLIIHUHQW�26¶V
R :LQGRZV�DQG�/LQX[

x 6HYHUDO�6WRUDJH�2SWLRQV
R %/2%V�DQG�VLPSOH�GDWD�VWUXFWXUHV
R 7UDGLWLRQDO�5HODWLRQDO��64/�$]XUH�'DWDEDVH

x &RQQHFWLYLW\�ZLWK�YDULRXV�GHYLFHV
R $QGURLG�0RELOHV��L26��:LQGRZV�3KRQHV

)LJ���� $]XUH�VXSSRUWHG�WHFKQRORJ\�DQG�WRROV
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$��$]XUH�8VDJH

&OLHQWV�DUH�FRQWLQXLQJ�WR�LQFUHDVH�WKHLU�XVDJH�LQ�$]XUH�DQG�WKHUH�LV�D�VLJQLILFDQW�QHHG�WR�NQRZ�WKH�UHVRXUFH�XVDJH��
RSWLPL]H�LW�DV�IDU�DV�SRVVLEOH��ORRN�IRU�ZD\V�WR�FXW�FRVWV�DQG�SODQ�IRU�IXWXUH�JURZWK�RI�WKH�RUJDQL]DWLRQ��$Q�LPSRUWDQW�
LVVXH�LV�WKDW�$]XUH�DOORZV�QRQ�:LQGRZV�DSSOLFDWLRQV�WR�UXQ�RQ�WKH�SODWIRUP�>��@��7KHUH�DUH�VHYHUDO�DVSHFWV�ZKHUH�
$]XUH�LV�PRVWO\�XVHG��(DFK�RI�WKHP�LV�EULHIO\�H[SODLQHG�LQ�WKH�WH[W�EHORZ�

x &ORXG�6HUYLFHV � 7KH�PDLQ�XVDJH�RI�0LFURVRIW�$]XUH�LV�WR�EXLOG�DQG�GHSOR\�DSSOLFDWLRQV��,Q�DOO�WKH�FDVHV��
WKH�GHYHORSHUV�FUHDWH� WKH�FRGH�ZLWK� WKH�KHOS�RI� WRROV�SURYLGHG�E\�$]XUH��DQG� WKHQ��E\�XVLQJ�:LQGRZV�
6HUYHU�� WKH� YLUWXDO� PDFKLQHV� H[HFXWH� WKH� DSSOLFDWLRQ�� 6LQFH� WKH� GHYHORSPHQW� DQG� KRVWLQJ� WRROV� DUH�
SXUFKDVHG�WKURXJK�D�VXEVFULSWLRQ��$]XUH�&ORXG�6HUYLFHV�LV�DQ�H[DPSOH�RI�ZKDW¶V�FDOOHG�3DD6�RU�3ODWIRUP�
DV� D� 6HUYLFH�� )RU� LQVWDQFH�� WKH� ODWHVW� YHUVLRQ� RI�0LFURVRIW� $]XUH� SODWIRUP� SURYLGHV�:LQGRZV� $]XUH�
0DUNHWSODFH��ZKLFK�RIIHUV�UHDG\�WR�SXUFKDVH�DSSOLFDWLRQV�DQG�GDWD�>��@�

x 9LUWXDO�0DFKLQHV � 7KH�$]XUH�FORXG�DSSOLFDWLRQ�ZLOO�UXQ�RQ�YLUWXDO�PDFKLQHV��LQ�ZKLFK�$]XUH�ZLOO�LQVWDOO�
WKH�RSHUDWLQJ�V\VWHP�DQG�FRQWLQXRXVO\�XSGDWH�LW�ZLWK�DQ\�QHZ�SDWFKHV��$]XUH�JLYHV�WKH�DELOLW\�WR�FUHDWH�
90V�LQ�D�VLPSOH�PDQQHU�E\�LQGLFDWLQJ�WKH�VL]H�DQG�WKH�9LUWXDO�+DUG�'LVN��9+'��WKDW�ZLOO�EH�XVHG��7KH�
9+'� LV� WKH�YLUWXDO� YHUVLRQ�RI� D� KDUG�GULYH�RQ� D� WUDGLWLRQDO� FRPSXWHU�� ,W� SUHVHQWV� WKH� VSDFH�ZKHUH� WKH�
DSSOLFDWLRQV�DUH�VDYHG��6LQFH�$]XUH�SURYLGHV�DFFHVV�WR�ERWK�:LQGRZV�DQG�/LQX[�9+'V��GHYHORSHUV�KDYH�
WKH�IUHHGRP�WR�FKRRVH�ZKDW�WKH\�ZDQW�WR�ZRUN�ZLWK�DQG�WKH�SD\PHQW�LV�GRQH�DFFRUGLQJ�WR�KRZ�PXFK�WLPH�
WKH�90�LV�DFWXDOO\�UXQQLQJ��7KH�90V�FDQ�DOVR�EH�XVHG�WR�HQKDQFH�RQ�VLWH�GDWD�FHQWHUV�ZLWK�WKH�DLP�WR�
LQFUHDVH� WKH� SRZHU� RI� DSSOLFDWLRQV� OLNH� 6KDUH3RLQW�� 7KRVH�90V� JLYH� WKH� FRPSXWLQJ� VXEVWUDWH� IRU� WKH�
DSSOLFDWLRQV�WKURXJK�D�VHUYLFH�VXEVFULSWLRQ��WKHUHIRUH��LW�EHORQJV�WR�WKH�FDWHJRU\�RI�,DD6�RU�,QIUDVWUXFWXUH�
DV�D�6HUYLFH��

x 8VHU�5ROHV � $QRWKHU�XVDJH�DSSURDFK�RI�FORXG�VHUYLFHV�LV�WR�FUHDWH�GLIIHUHQW�UROHV�IRU�XVHUV��NQRZQ�DV�ZHE�
XVHUV� DQG� ZRUNHUV��:LWK� $]XUH� LW¶V� UHDOO\� HDV\�� DV� LW� LV� ZLWK� DOO� RWKHU� $]XUH� WRROV�� ,W� DOVR� JLYHV� WKH�
RSSRUWXQLW\� WR� VFDOH� XS� RU� GRZQ� PRUH� RU� OHVV� XVHUV�� $�:HE� UROH�� ZKLFK� GHDOV� ZLWK� IURQW� HQG� ZHE�
FRPPXQLFDWLRQV�� FDQ� EH� LPSOHPHQWHG� ZLWK� DQ\� RI� ,QWHUQHW� ,QIRUPDWLRQ� 6HUYLFHV� �,,6��� �� FRPSDWLEOH�
WHFKQRORJLHV��LQFOXGLQJ�$63�1(7��3+3��DQG�1RGH�MV��6HFRQGO\��D�:RUNHU�UROH�SHUIRUPV�EDFNJURXQG�WDVNV�
LQFOXGLQJ�GDWD�SURFHVVLQJ�DQG�VXSSRUWLQJ�MREV�IRU�:HE�UROHV��DQG�FDQ�KRVW�DQ\�W\SH�RI�DSSOLFDWLRQ�>��@�

x :HE�6LWHV � $Q�LPSRUWDQW� ILHOG�ZKHUH�$]XUH�FDQ�EH�XVHG� LV� OLNH�D�SODWIRUP�ZKLOH�FUHDWLQJ�DQG�KRVWLQJ�
ZHEVLWHV� DQG� ZHE� DSSOLFDWLRQV�� :HE� 6LWHV� VXSSRUW� VHYHUDO� YDULRXV� GHYHORSPHQW� WRROV� DQG� FRQWHQW�
PDQDJHPHQW�V\VWHPV��DQG�$]XUH�RIIHUV�D�ORZ�FRVW�WHFKQLTXH�WR�PDNH�WKH�ZHE�VLWH�DYDLODEOH��QR�PDWWHU�
KRZ�PDQ\�YLVLWRUV�XVH�LW�ZLWKRXW�KDYLQJ�WR�PDLQWDLQ�RU�XSJUDGH�DQ\�RQ�VLWH�VHUYHUV�

x 0RELOH�6HUYLFHV � $PRQJ� GLIIHUHQW� FORXG� DSSOLFDWLRQV��$]XUH¶V�0RELOH� 6HUYLFHV�SURYLGHV� WKH� WRROV� WR�
FUHDWH�DQG�GHSOR\�DSSOLFDWLRQV�WKDW�DUH�XVHG�RQ�PRELOH�GHYLFHV��OLNH�$QGURLG�DQG�:LQGRZV�3KRQH�>�@�

%� $]XUH�3URYLGHUV

%DVHG�RQ�WKH�&OXWFK�VXUYH\�>�@�UHODWHG�WR�FRPSDQLHV�WKDW�RIIHU�VRPH�FRPSRQHQW�RI�FORXG�FRPSXWLQJ�± UHJDUGOHVV�
LW� LV�DQ� ,DD6��6DD6�RU�3DD6� WR�RWKHU�EXVLQHVVHV�RU� LQGLYLGXDOV��ZKLFK�DUH�FDOOHG�FORXG�FRPSXWLQJ SURYLGHUV��
$PD]RQ�:HE�6HUYLFHV�LV�VWLOO� OHDGLQJ�WKH�PDUNHW�>��@��0LFURVRIW�$]XUH�LV�RQ�WKH�VHFRQG�SODFH�RI�WKLV�FORXG�
SURYLGHUV�OLVW��7KH�UHVW�HLJKW�SURYLGHUV�DUH�OLVWHG�EHORZ�

7RS����&ORXG�&RPSXWLQJ�3URYLGHUV�

���$PD]RQ�:HE�6HUYLFHV
���0LFURVRIW�$]XUH
���*RRJOH�&ORXG�3ODWIRUP
���,%0�&ORXG
���5DFNVSDFH
���*R'DGG\
����	��
���90ZDUH
���5HG�+DW
����2UDFOH�&ORXG
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&��$]XUH�3ULFH

7KH�SULFH�RI�XVLQJ�$]XUH� LV�DOVR�DQ� LPSRUWDQW� WRSLF� WR�GHDO�ZLWK��+RZHYHU�� WKHUH� LV�QR� IL[HG�SULFH�DERXW� LW� VLQFH� LW�
GHSHQGV�RQ�YDULRXV�IDFWRUV�OLNH�WKH�QXPEHU�RI�9LUWXDO�0DFKLQHV��WKHLU�VL]H��WKH�WRWDO�PHPRU\�WKH\�QHHG�WR�UXQ��KRZ�
PXFK�EDQGZLGWK�WKH\�XVH��DQG�ZKDW�NLQG�RI�VXSSRUW�LV�QHHGHG�IURP�FOLHQW¶V�VLGH��

$SSUR[LPDWHO\��FORXG�VHUYLFHV�FDQ�PRYH�IURP�����D�PRQWK�WR�RYHU���������D�PRQWK��ZLWK�0LFURVRIW�FRYHULQJ�DOO�
NLQGV�RI�VSHFLDO�GHDOV�WR�EXVLQHVVHV�DV�DQ�LQFHQWLYH�WR�PDNH�WKH�PRYH�WR�WKH�FORXG��$Q\ZD\��LI�ZH�ZDQW�D�IL[HG�SULFH�
WKH�EHVW�DSSURDFK�LV�WKURXJK�WKH�$]XUH�ZHEVLWH�DQG�WU\�WKH�FRVW�FDOFXODWRU�WKDW�LV�SURYLGHG�RQOLQH��,W�FDQ EH�UHDFKHG�RQ�
WKH�IROORZLQJ�OLQN��KWWSV���D]XUH�PLFURVRIW�FRP�HQ�XV�SULFLQJ�FDOFXODWRU�>��@�

'��$]XUH�6HFXULW\�

:KHQ�PDQDJHUV�DQG�HPSOR\HHV�DUH�DVNHG��WKH�PRVW�FRPPRQ�FRQFHUQ�WKH\�PHQWLRQ�DERXW�WKH�FORXG�LV�VHFXULW\��(YHQ�LI�
WKH\�ERWK�DJUHH�WKDW�FORXG�FRPSXWLQJ�LV�DFWXDOO\�PRUH�VHFXUH�WKDQ�XVLQJ�\RXU�RZQ�VHUYHUV�IRU�XVXDOO\�WKH�VDPH�UHDVRQV�
WKDW�NHHSLQJ�PRQH\�LQ�WKH�EDQN�LV�VDIHU�WKDQ�KLGLQJ�WKHP�LQ�\RXU�RZQ�KRXVH�$Q�XQGHQLDEOH�IDFW�LV� WKDW�0LFURVRIW¶V�
GDWDFHQWHUV�SURYLGH�D�KLJK�VFDOH�RI�VHFXULW\��7KLV�LV�VDLG�EHFDXVH�WKH�DFFHVV�LQ�WKRVH�GDWDFHQWHUV�LV�UHVWULFWHG�ZLWK�5),'�
DQG�ELRPHWULF�FRQWUROV��'DWD�LV�DOVR�HQFU\SWHG�DQG�PXOWLIDFWRU�DXWKHQWLFDWLRQ�LV�XVHG�IRU�VLJQLQJ�LQ��$OO�WKLV�KDSSHQV�LQ�
RUGHU�WR�FRQYLQFH�WKH�FOLHQWV�WKDW�WKHLU�HQWHUSULVH�DSSV�UXQ�VHFXUHO\��UHOLDEO\�DQG�WKH�VHUYLFH�WKH\�DUH�XVLQJ�LV�WUXVWZRWK\�

+RZHYHU��WR�KDYH�D�VHFXUH�HQYLURQPHQW��FRPSDQLHV�PXVW�DVVXUH�,7�VWDII�WR�PDQDJH�DVVHWV�OLNH�H[LVWLQJ�VHUYHUV�DQG�,7�
LQIUDVWUXFWXUH�WKDW�UXQ�RQ�D�GLIIHUHQW�RSHUDWLQJ�V\VWHPV��GDWDEDVHV�DQG�WRROV�IURP�VHYHUDO�,7�YHQGRUV�� �7KH�DSSV�DUH�
PRUHRYHU�ZULWWHQ�LQ�QXPHURXV�ODQJXDJHV�DQG�IUDPHZRUNV��,Q�RWKHU�ZRUGV��WKH�,7�HQYLURQPHQW�LV�GLYHUVH�DQG�FRPSOH[��
$OVR�ODWHVW�,'&�ILQGLQJV�VKRZ�����RI�HQWHUSULVHV�DUH�DOUHDG\�DGRSWLQJ�K\EULG�FORXGV�WRGD\�>��@�

(��$]XUH�6WRUDJH

&ORXG�FRPSXWLQJ�HQDEOHV�QHZ�VFHQDULRV�IRU�DSSOLFDWLRQV�UHTXLULQJ�VFDODEOH��GXUDEOH��DQG�KLJKO\�DYDLODEOH�VWRUDJH�IRU�
WKHLU�GDWD�± ZKLFK�LV�H[DFWO\�ZK\�0LFURVRIW�GHYHORSHG�$]XUH�6WRUDJH��0LFURVRIW¶V�JRDO�LV� WR�FUHDWH�VWRUDJH�WKDW� LV�
GXUDEOH�DQG�VHFXUH��VFDODEOH�DQG�HIILFLHQW�>��@��,Q�DGGLWLRQ�WR�PDNLQJ�LW�SRVVLEOH�IRU�GHYHORSHUV�WR�EXLOG�ODUJH�VFDOH�
DSSOLFDWLRQV�WR�VXSSRUW�QHZ�VFHQDULRV��$]XUH�6WRUDJH�DOVR�SURYLGHV�WKH�VWRUDJH�IRXQGDWLRQ�IRU�$]XUH�9LUWXDO�0DFKLQHV��
D�IXUWKHU�WHVWDPHQW�WR�LWV�UREXVWQHVV�>�@��

x %OREV � 7KH�ZRUG�EORE�LV�DQ�DFURQ\P�IRU�ELQDU\�ODUJH�REMHFW��7KH\�DUH�EDVLFDOO\�ILOHV�IRU�VWRULQJ�ELQDU\�GDWD��
OLNH�WKRVH�WKDW�ZH�VWRUH�RQ�WKH�FRPSXWHU��RU�WDEOHW��PRELOH�GHYLFH��HWF����7KH\�FDQ�EH�SLFWXUHV��0LFURVRIW�([FHO�
ILOHV��+70/�ILOHV��YLUWXDO�KDUG�GULYHV��9+'V�²SUHWW\�PXFK�DQ\WKLQJ�>��@�

x 4XHXHV�� $V�XVXDOO\��TXHXHV�DUH�NQRZQ�DV�GDWD�VWUXFWXUHV�WKDW�PDLQO\�DUH�XVHG�WR�VWRUH�GDWD�ZKLFK�DFFRUGLQJ�
WR�),)2��)LUVW�LQ�)LUVW�RXW��UXOH��,W�PHDQV�WKDW�D�GDWD�LWHP�FDQ�EH�LQVHUWHG�IURP�EDFN�RI�WKH�TXHXH�DQG�FDQ�EH�
UHWULHYHG�IURP�IURQW��6DPH�KDSSHQV�WR�$]XUH�TXHXHV��WKH\�DUH�XVHG�WR�VWRUH�WKH�PHVVDJHV�LQ�D�TXHXH��7KH�
FRPPXQLFDWLRQ��NQRZQ�DV�D�EDFNJURXQG�ZRUN�SURFHVVLQJ��FRQVLVWV�RI�D�VHQGHU�WKDW�LQ�DOO�WKH�FDVHV�VHQGV�WKH�
PHVVDJH� DQG� D� FOLHQW� WKDW� UHFHLYHV� DQG� SURFHVVHV� WKHP�� $�PHVVDJH� KDV� IHZ� DWWULEXWHV� DWWDFKHG� WR� LW�� IRU�
H[DPSOH�H[SLU\�WLPH�>��@��7KH�PDLQ�DLP�RI�D�TXHXH�LV�WKH�LQWHU�VHUYLFH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�DSSV�WKDW�
UXQ�LQ WKH�FORXG��ZKRVH�PHVVDJHV�FDQ�EH�XS�WR����.%�LQ�VL]H�>��@�

x 7DEOHV � 7KRVH�GDWD� VWUXFWXUHV� DUH� XVHG� IRU� VWRULQJ� WDEXODU� GDWD�� KRZHYHU�� VWRULQJ� D� WDEOH� GRHV�QRW�PHDQ�
UHODWLRQDO�GDWDEDVH�KHUH��$]XUH�6WRUDJH�FDQ�VWRUH�MXVW�D�WDEOH�ZLWKRXW�DQ\�IRUHLJQ�NH\V�RU DQ\�RWKHU�NLQG�RI�
UHODWLRQ��7KHVH�WDEOHV�DUH�KLJKO\�VFDODEOH�DQG�LGHDO�IRU�KDQGOLQJ�ODUJH�DPRXQW�RI�GDWD��7DEOHV�FDQ�EH�VWRUHG�
DQG�TXHULHG�IRU�ODUJH�DPRXQW�RI�GDWD�>��@�

)LJ���� $]XUH�VWRUDJH�VHUYLFHV
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���$]XUH�'DWD�&HQWHUV

0DQ\�RI�XV�KDYH�EHHQ�ZRUNLQJ ZLWK�VRIWZDUH�IRU�\HDUV��DQG�VRPH�RI�XV�HYHQ�GHFDGHV��$V�VXFK��ZH�KDYH�DQ�LPSOLFLW�
XQGHUVWDQGLQJ�RI�RXU�HQYLURQPHQW�DQG�ZH�NQRZ�ZKDW�NLQG�RI�DUFKLWHFWXUDO�SDWWHUQV�WR�DSSO\�DQG�ZKDW�NLQG�RI�FRGH�WR�
ZULWH�IRU�RXU�HQYLURQPHQWV�WKDW�ZLOO�ZRUN��7KHUH�DUH�RWKHU�QRQ�DSSOLFDWLRQ�GHYHORSHUV�WDNLQJ�FDUH�RI�WKHVH�GHWDLOV�IRU�XV�
VR�WKDW�ZH�FDQ�IRFXV�RQ�WKH�DUFKLWHFWXUDO�GHVLJQ�RI�RXU�VRIWZDUH�DQG�ZULWLQJ�FRGH�WR�LPSOHPHQW�WKRVH�GHVLJQV�

:LWK�DOO�WKLV�KDYLQJ�EHHQ�VDLG��ZH�FHUWDLQO\�ZRXOG�DOO�DJUHH�WKDW�RXU�VRIWZDUH�HQYLURQPHQW�KDV�DQ�LQIOXHQFH�RQ�WKH�VW\OH�
RI�FRGH�WKDW�ZH�ZULWH��ZLWKRXW�XQGHUVWDQGLQJ�RXU�HQYLURQPHQW��ZH�ZRXOG�OLNHO\�PDNH�PDQ\�PLVVWHSV�LQ�WKH�GHVLJQ�DQG�
FRGLQJ�RI�RXU�VRIWZDUH��,W�LV�IRU�WKLV�UHDVRQ�WKDW�ZH�DUH�VSHQGLQJ�D�EULHI�DPRXQW�RI�WLPH�WHOOLQJ�D�OLWWOH�PRUH�DERXW�WKH�
HQYLURQPHQW��LQGHHG�WKH�PDLQ�UHDVRQ�LV�EHFDXVH�LW�KHOSV�XV�GHVLJQ�DQG�ZULWH�DSSOLFDWLRQV�EHWWHU�IRU�WKH�FORXG��*HRJUDSKLF�
H[SDQVLRQ�LV�D�SULRULW\�IRU�$]XUH�EHFDXVH�LW�HQDEOHV�WKH�FXVWRPHUV�WR�DFKLHYH�KLJKHU�SHUIRUPDQFH�DQG�LW�VXSSRUWV�WKHLU�
UHTXLUHPHQWV�DQG�SUHIHUHQFHV�UHJDUGLQJ�GDWD�ORFDWLRQ�

0LFURVRIW�'DWD�&HQWHUV�DUH�D�ELJ�SDUW�RI�WKH�$]XUH�VWRU\��0LFURVRIW�LV�EXLOGLQJ�ODUJH��VRSKLVWLFDWHG�FORXG�GDWD�FHQWHUV�
DURXQG�WKH�ZRUOG�WR�FRPSOHPHQW�LWV�H[LVWLQJ�GDWD�FHQWHUV��(DFK�UHJLRQ�FRQWDLQV�RQH�RU�PRUH�GDWDFHQWHUV�

2YHU�WKH�ODVW�\HDUV�WKH�WHDP�GHOLYHUHG�D�KXJH�LQIUDVWUXFWXUH�WR�HQDEOH�JURZLQJ�WKH�VHUYLFHV�DURXQG�WKH�JOREH���:KHWKHU�
LW¶V�WKH�GDWD�FHQWHU�LQ�:DVKLQJWRQ��&KLFDJR��9LUJLQLD��RU�VRPH�RI�WKH�QHZO\�DQQRXQFHG�IDFLOLWLHV�LQ�6KDQJKDL� $XVWUDOLD�
DQG�%UD]LO��LW�LV�UHDOO\�LPSRUWDQW�WR�PDNH�VPDUW�LQYHVWPHQWV�DURXQG�WKH�ZRUOG�WR�GHOLYHU�VHUYLFHV�LQ�D�UHVLOLHQW�DQG�UHOLDEOH
IDVKLRQ��

0D\EH�WKH�PRVW�IUHTXHQW�DVNHG�TXHVWLRQ�DERXW�WKH�GDWDFHQWHUV�LV�KRZ�0LFURVRIW�GHFLGHV�ZKHUH�WR�SODFH�WKH�GDWDFHQWHU�
LQYHVWPHQWV"�2I�FRXUVH�� WKHUH�DUH�RYHU� WKLUW\�ILYH� IDFWRUV� LQ� VLWH� VHOHFWLRQ�FULWHULD�� �%XW� UHDOO\�� WKH� WRS�HOHPHQWV�DUH�
DURXQG�SUR[LPLW\� WR�FXVWRPHUV�� WKH�HQHUJ\�DQG� ILEHU� LQIUDVWUXFWXUH�� LQVXULQJ� WKDW� WKH�FKRVHQ�SODFH�KDV� WKH�FDSDFLW\��
VXSSRUW�RQ�D���[�[����EDVLV�DQG�WKH�JURZWK�SODWIRUPV�WR�EH�DEOH�WR�JURZ�WKH�VHUYLFHV��

$QRWKHU�LPSRUWDQW�FULWHULRQ�LV�WKH�VNLOOHG�ZRUNIRUFH��WKH�PDLQ�REMHFWLYH�LV�WR�LQVXUH�WKDW�WKHUH�DUH�WKH�ULJKW�SHRSOH�WR�UXQ�
DQG�RSHUDWH�WKH�GDWDFHQWHUV�RQ�HYHU\GD\�EDVLV�

���&RQFOXVLRQ�

6LQFH�WKH�PDUNHW�IRU�FORXG�WHFKQRORJLHV�DQG�VHUYLFHV�LV�HYROYLQJ�G\QDPLFDOO\�DQG�UDSLGO\��WKHUH�LV�QR�VLPSOH�ZD\�WR�
VXPPDUL]H� WKH� FRPSRQHQWV� WKDW� DUH� SDUW� RI� LW�� 2QH� RI� WKHP� LV�0LFURVRIW� $]XUH�� WKH� IOH[LEOH� FORXG� SODWIRUP� WKDW�
IDFLOLWDWHV� WKH� XVHU� WR�TXLFNO\�EXLOG�� GHSOR\�� DQG�PDQDJH� DSSOLFDWLRQV� DFURVV�JOREDO� QHWZRUNV�ZKLFK� DUH�KRVWHG� LQ�
VHYHUDO�GDWDFHQWHUV��:LWK�WKLV�QRYHOW\�0LFURVRIW�KDV�EHHQ�PDNLQJ�KHDGZD\�LQWR�WKH�FORXG�PDUNHW�
7KLV� UHVHDUFK�UHSUHVHQWV�DQ�DSSURDFK�ZKHUH�0LFURVRIW�$]XUH� LV�H[SODLQHG� LQ�GHWDLO�� LWV�DGYDQWDJHV��GLVDGYDQWDJHV��
FRPSRQHQWV��XVDJH��VWRUDJH��VHFXULW\�GDWD�FHQWHUV�DQG�SUDFWLFDO�H[DPSOHV��,Q�RUGHU�WR�VWDFN�XS�DJDLQVW�WKH�FRPSHWLWLRQ��
$]XUH�RIIHUV�PDQ\�EHQHILWV�WR�HQWHUSULVHV��EXVLQHVVHV��LQGXVWULHV��DQG�RUJDQL]DWLRQV�EHFDXVH�LW�SURYLGHV�D�YDULHW\�RI�
FORXG�VHUYLFHV�WKDW�FDQ�DOORZ�WKH�FOLHQW�GR�D�ZLGH�UDQJH�RI�WKLQJV��VWDUWLQJ�IURP�KRVWLQJ�WKH�FRPSDQ\¶V�ZHEVLWH�WR�
UXQQLQJ�ELJ�64/�GDWDEDVHV�LQ�WKH�FORXG��

2QH�RI�WKH�JUHDWHVW�DGYDQWDJHV�RI�WKLV�IUDPHZRUN�LV�WKDW�PLUURUV�WKH�VROXWLRQV��L�H��WKH�GDWD�LV�VWRUHG�LQ�PXOWLSOH�GDWD�
FHQWHUV�ZKLFK�DUH�PRVWO\�RI�WKH�WLPH�LQ�GLIIHUHQW�JHRJUDSKLFDO�ORFDWLRQV��PHDQLQJ�WKDW�WKH�VDPH�DSSOLFDWLRQ�LV�JRLQJ�
WR�EH�UHSOLFDWHG�LQ�FRXSOH�GDWD�FHQWHUV��,I�DQ\�RI�WKRVH�GDWD�FHQWHUV�JRHV�GRZQ��WKH�DSSOLFDWLRQ�ZLOO�VWLOO�FRQWLQXH�WR�UXQ�
WKURXJK�DQRWKHU�GDWD�FHQWHU��,Q�FDVH�RI�GLVDVWHUV��FORXG�VROXWLRQV�DUH�WKH�SHUIHFW�ZD\�RI�HQVXULQJ�WKDW�ZH�ZLOO�QRW�KDYH�
HYHQ�WKH�PLQLPXP�RFFOXVLRQ�IRU�RXU�DSSOLFDWLRQ��
$Q�LVVXH�WKDW�LV�ZRUWK�PHQWLRQHG�LV�WKDW�$]XUH�SULFLQJ�PRGHO�LV�FKDUJH�EDVHG�RQ�XVDJH��,W�DOVR�KDV�VHYHUDO�RSWLRQV�VR�
HYHU\RQH�FDQ�FKRRVH�ZKDW¶V�PRVW�DSSURSULDWH�IRU�KLV�RZQ�DSSOLFDWLRQ�RU�EXVLQHVV��%HVLGH�WKH�IDFW�WKDW�:LQGRZV�$]XUH�
SODWIRUP�FDQ�EH�XVHG�WR�GHYHORS�QHZ�DSSOLFDWLRQV��LW�DOVR�LV�XVHG�WR�LPSURYH�WKH�H[LVWLQJ�DSSOLFDWLRQV�XVLQJ�&ORXG�
EDVHG� WHFKQRORJ\�� ,W� DOORZV� GHYHORSHUV� WR� FUHDWH� VROXWLRQV� DQG� DSSOLFDWLRQV� LQ� WKH� &ORXG� ZLWK� D� JURZLQJ� OLVW� RI�
DSSOLFDWLRQ�GHYHORSPHQW�WHFKQRORJ\�DQG�VHYHUDO�SURJUDPPLQJ�ODQJXDJHV�WKDW�LW�VXSSRUWV�
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$OWKRXJK�WKH�IXWXUH�RI�FORXG�FRPSXWLQJ�ORRNV�WR�EH�EULJKW��EXW�ZLWK�DOO�WKLV�KXJH�DPRXQW�RI�GDWD�DURXQG�XV��GDWD�WKDW�
FDQQRW�EH�VHHQ��HYHU\�RQH�RI�XV�VKRXOG�DVN�WKHPVHOYHV��:KDW�LI� LW�ZLOO�VWDUW� WR�UDLQ"�,W�VHHPV� WR�EH�TXLWH�D�VLPSOH�
TXHVWLRQ��EXW�LW¶V�DFWXDOO\�QRW��:H DUH�ZLWQHVVHV�WKDW�LW�LV�FKDQJLQJ�RXU�OLIH�VW\OH��WUDQVIRUPLQJ�KRZ�ZH�OLYH�DQG�ZRUN��
DQG�PD\EH�WKLV�TXHVWLRQ�ZLOO�OHDG�XV�WR�DQRWKHU�XQLYHUVH��ZKHUH�GDWD�OLYHV�

5HIHUHQFHV

>�@� &ROOLHU��0��DQG�6KDKDQ��5���)XQGDPHQWDOV�RI�$]XUH��0LFURVRIW�3UHVV��0LFURVRIW�&RUSRUDWLRQ��:DVKLQJWRQ��
86$��,6%1�������������������������

>�@� %UXQHWWL��5���:LQGRZV�$]XUH��6WHS�E\�6WHS� 2¶5HLOO\�0HGLD�,QF���0LFURVRIW�&RUSRUDWLRQ��&DOLIRUQLD��86$��
,6%1�������������������������

>�@� 7XOORFK��0��ZLWK� WKH�:LQGRZV�$]XUH�7HDP�� ,QWURGXFLQJ�:LQGRZV�$]XUH� IRU�,7�3URIHVVLRQDOV��0LFURVRIW�
3UHVV��0LFURVRIW�&RUSRUDWLRQ��:DVKLQJWRQ��,6%1�������������������������

>�@� 0LFURVRIW�$]XUH�2IILFLDO�� KWWS���D]XUH�PLFURVRIW�FRP�
>�@� 0LFURVRIW�$]XUH�2IILFLDO� � KWWSV���D]XUH�PLFURVRIW�FRP�HQ�XV�EORJ�� XSFRPLQJ�QDPH�FKDQJH� �IRU�ZLQGRZV�

D]XUH�
>�@� 0LFURVRIW� $]XUH� 2IILFLDO� � ,QWURGXFWLRQ� WR� 0LFURVRIW� $]XUH� 6WRUDJH�� 0LFURVRIW� $]XUH� 7HDP�� ������

KWWSV���GRFV�PLFURVRIW�FRP�HQ�XV�D]XUH�VWRUDJH�VWRUDJH�LQWURGXFWLRQ
>�@� 6SDUN�0\�&ORXG�� KWWS���ZZZ�VSDUNP\FORXG�FRP�SULYDWH�FORXG�ZLQGRZV�D]XUH�PLFURVRIW�VTO�D]XUH�KWPO
>�@� /LNQHVV�� -��� 3URJUDPPLQJ� WKH�:LQGRZV� 5XQWLPH� E\� ([DPSOH��$�&RPSUHKHQVLYH�*XLGH� WR�:LQ57�ZLWK�

([DPSOHV�LQ�&��DQG�;$0/�0LFURVRIW�:LQGRZV�'HYHORSPHQW�6HULHV��3HDUVRQ�(GXFDWLRQ��,QF���1HZ�-HUVH\��
86$��,6%1�������������������������

>�@� &OXWFK�� KWWSV���FOXWFK�FR�FORXG�VXUYH\
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&RPSXWHU�6FLHQFHV��8QLYHUVLW\�RI�&DOLIRUQLD DW�%HUNHOH\������
>��@� 0LFURVRIW�$]XUH��7XWRULDOV�3RLQW��,���3YW��/WG���,QGLD�������
>��@� &RGH*XUX�KWWS���ZZZ�FRGHJXUX�FRP�FVKDUS�DUWLFOH�SKS�F������'HYHORSLQJ�&ORXG�$SSOLFDW� LRQV� �XVLQJ�

0LFURVRIW�9LVXDO�6WXGLR������KWP
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