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Ϯ 

 

2UJDQL]DWLRQV�ZRUNLQJ�WR�LPSURYH�WKH�IXQFWLRQ�DQG�YDOXH�RI�GDWD�KDYH�PDGH�VLJQLILFDQW�SURJUHVV�
RYHU�WKH�SDVW�IHZ�\HDUV��7KH�GULYHU�RI�SURJUHVV�KDV�EHHQ�D�PRUH�VXEVWDQWLYH�DGKHUHQFH�WR�WKH�
FRUH�SULQFLSOHV�RI�GDWD�PDQDJHPHQW�FRPELQHG�ZLWK�PDWXULW\�RI�VHPDQWLF�VWDQGDUGV�DQG�NQRZOHGJH�
WHFKQRORJ\��7KLV�VXUYH\��VSRQVRUHG�E\�WKH�.QRZOHGJH�*UDSK�&RQIHUHQFH��.*&���ZDV�GHVLJQHG�WR�
FDSWXUH�LQIRUPDWLRQ�DERXW�WKH�VL]H�DQG�QDWXUH�RI�WKDW�SURJUHVV�DQG�LV�SDUW�RI�DQ�RYHUDOO�LQLWLDWLYH�WR�
VXSSRUW�WKH�JURZLQJ�ILHOG�RI�NQRZOHGJH�H[SUHVVLRQ��� 

7KH�UHVXOWV�JLYH�UHDVRQ�IRU�RSWLPLVP��$GRSWLRQ�LV�JURZLQJ�DFURVV�D�EURDG�VSHFWUXP�RI�LQGXVWU\�
VHFWRUV��&RPSDQLHV�DUH�HPHUJLQJ�IURP�WKH�HUD�RI�H[SHULPHQWDWLRQ�DQG�EHJLQQLQJ�WR�RSHUDWLRQDOL]H�
WKHLU�SLORW�LQLWLDWLYHV��8VH�FDVHV�DUH�GHVLJQHG�WR�IDFLOLWDWH�GDWD�LQWHJUDWLRQ��VHPDQWLF�VHDUFK�DQG�
IOH[LEOH�DQDO\VLV��&RPSDQLHV�XVLQJ�NQRZOHGJH�WHFKQRORJLHV�DUH�EHJLQQLQJ�WR�XQGHUVWDQG�WKDW� 
GHOLYHULQJ�EXVLQHVV�YDOXH�LV�GHSHQGHQW�RQ�EXLOGLQJ�IRXQGDWLRQDO�SUHUHTXLVLWHV�RI�GDWD� 
KDUPRQL]DWLRQ�DQG�HQWLW\�UHVROXWLRQ��:H�DSSODXG�WKLV�UHFRJQLWLRQ�RI�WKH�LPSRUWDQFH�RI�HVWDEOLVKLQJ�
D�FRQWUROOHG�DQG�SUHGLFWDEOH�GDWD�LQIUDVWUXFWXUH�DV�WKH�NH\�WR�XQUDYHOLQJ�FRPSOH[�DQG� 
LQWHUFRQQHFWHG�HQYLURQPHQWV� 

7KLV�LQGXVWU\�VXUYH\�ZDV�VWUXFWXUHG�LQWR�WKUHH�VHJPHQWV��7KH�ILUVW�SDLQWV�D�SURILOH�RI�WKHVH�HDUO\�
DGRSWHUV�E\�LQGXVWU\�W\SH��H[SHULHQFH�DQG�RUJDQL]DWLRQDO�IXQFWLRQ��7KH�VHFRQG�GHILQHV�WKH� 
EXVLQHVV�FRQWRXU�RI�PDWXULW\��GULYHUV��LQKLELWRUV�DQG�XVH�FDVHV��7KH�WKLUG�H[DPLQHV�LQGXVWU\� 
SULRULWLHV��UHTXLUHPHQWV�IRU�YHQGRUV�DQG�YLHZV�RQ�WKH�IXWXUH�GLUHFWLRQ�IRU�NQRZOHGJH�WHFKQRORJ\���
,QGLYLGXDO�UHVSRQVHV�WR�WKH�VXUYH\�ZHUH�SULRULWL]HG�EDVHG�RQ�LPSRUWDQFH�DQG�JLYHQ�D�ZHLJKWHG�
VFRUH�WR�KHOS�UHDGHUV�PDNH�FRPSDULVRQV� 

7KH�ERWWRP�OLQH�WHOOV�D�VWRU\�RI�SURJUHVV�LQ�D�PRPHQW�RI�WUDQVIRUPDWLRQ��2YHUFRPLQJ�RUJDQL]DWLRQDO�
LQHUWLD�DIWHU�GHFDGHV�RI�VLOR-EDVHG�GDWD�PDQDJHPHQW�LV�QRW�D�VLPSOH�WDVN��2XU�LQGXVWU\�LV�VWLOO�
HPHUJLQJ�IURP�FRQGXFWLQJ�SLORWV�WR�RSHUDWLRQDOL]LQJ�WKH�YDOXH�SURSRVLWLRQ�RI�VHPDQWLF�WHFKQRORJ\���
:H�DUH�H[FLWHG�WR�VHH�VR�PDQ\�GLYHUVH�FRPSDQLHV�FURVV�WKDW�5XELFRQ�DQG�ORRN�IRUZDUG�WR�D�
JURXQGVZHOO�RI�EXVLQHVV�DGRSWLRQ�RYHU�WKH�QH[W�IHZ�\HDUV� 

5HVSHFWIXOO\�VXEPLWWHG 

 

 

0LFKDHO�$WNLQ    )UDQoRLV�6FKDUIIH   7KRPDV�'HHO\ 
0DQDJLQJ�'LUHFWRU   &R-)RXQGHU    &R-)RXQGHU 
&RQWHQW�6WUDWHJLHV�//&  .QRZOHGJH�*UDSK�&RQIHUHQFH .QRZOHGJH�*UDSK�&RQIHUHQFH 

�ŽƉǇƌŝŐŚƚ�<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ��ŽŶĨĞƌĞŶĐĞ�ĂŶĚ��ŽŶƚĞŶƚ�^ƚƌĂƚĞŐŝĞƐ�>>��භ��ůů�ƌŝŐŚƚƐ�ƌĞƐĞƌǀĞĚ�භ�DĂǇ�ϮϬϮϭ 



ϭ 

 

$QDO\VLV��$SSUR[LPDWHO\�����FRPSDQLHV�UHVSRQGHG�WR�WKH�NQRZOHGJH�JUDSK�LQGXVWU\�VXUYH\��0RVW�
DUH�LQ�LQIRUPDWLRQ-LQWHQVLYH�VHFWRUV�FKDUDFWHUL]HG�E\�LQWHUFRQQHFWHG�OLQHV�RI�EXVLQHVV�ZKHUH� 
SUHFLVLRQ�DQG�QXDQFH�RI�GDWD�PDWWHU� 
 
· ����RI�SDUWLFLSDQWV�KDYH�EHHQ�ZRUNLQJ�ZLWK�NQRZOHGJH�JUDSKV�DQG�UHODWHG�WHFKQRORJLHV�IRU�

OHVV�WKDQ���\HDUV��� 
· ����RI�UHVSRQGHUV�DUH�PDQDJLQJ�WKHLU�NQRZOHGJH�JUDSK�RQ�DQ�HQWHUSULVH-ZLGH�EDVLV��� 
· ����RI�SDUWLFLSDQWV�ZRUN�IRU�FRPSDQLHV�ZLWK�OHVV�WKDQ�����HPSOR\HHV��LQQRYDWLRQ�DQG� 

HQDEOHPHQW�GULYHUV��ZKLOH�����ZRUN�IRU�FRPSDQLHV�ZLWK�PRUH�WKDQ�������HPSOR\HHV�
�HIILFLHQF\�DQG�UHJXODWRU\�GULYHUV�� 

 
0RVW�RI�WKH�UHVSRQGHUV�IDOO�LQWR�WKH�FDWHJRU\�RI�³HQJDJHG�SUDFWLWLRQHUV´�ZKR�DUH�DOUHDG\�IDPLOLDU� 
ZLWK�VHPDQWLF�VWDQGDUGV�DQG�NQRZOHGJH�JUDSK�WHFKQRORJ\��7KH�PDMRULW\��DERXW������ZRUN�LQ� 
VXSSRUW�IXQFWLRQV�LQFOXGLQJ�GDWD�PDQDJHPHQW��RQWRORJ\�GHYHORSPHQW��EXVLQHVV�DUFKLWHFWXUH��GDWD� 
HQJLQHHULQJ�DQG�PRGHOLQJ��-XVW�RYHU�����RI�UHVSRQGHUV�DUH�DOLJQHG�ZLWK�UHYHQXH�JHQHUDWLRQ� 
LQFOXGLQJ�VDOHV��PDUNHWLQJ�DQG�RWKHU�IXQFWLRQV�ZLWKLQ�D�EXVLQHVV�XQLW� 
 
9LHZSRLQW��7KLV�SURILOH�PHHWV�H[SHFWDWLRQV��0RVW�LQGXVWU\�VHFWRUV�DUH�VWLOO�LQ�WKH�HDUO\�VWDJHV�RI�
DGRSWLRQ�RI�NQRZOHGJH�WHFKQRORJLHV��7KH�UHVSRQGHUV�ZHUH�PRVWO\�WKH�LQQRYDWRUV�ZKR�VHH�WKH� 
FDSDELOLW\�SRWHQWLDO�«�DFDGHPLD�ZKR�DUH�GRLQJ�WKH�UHVHDUFK�«�DQG�YHQGRUV�WKDW�DUH�GULYLQJ� 
PDWXULW\���:H�FDQ�HDVLO\�GUDZ�D�SDUDOOHO�EHWZHHQ�WKH�SURILOH�RI�WKH�NQRZOHGJH�JUDSK�LQGXVWU\� 
DQG�WKDW�DVVRFLDWHG�ZLWK�WKH�SULRULWL]DWLRQ�RI�³FRUH�GDWD�PDQDJHPHQW´�LQ�WKH�����V� 

�ŶƚĞƌƉƌŝƐĞ�<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ�^ƵƌǀĞǇ�WƌŽĮůĞ 



Ϯ 

 

$QDO\VLV��.QRZOHGJH�JUDSK�DGRSWLRQ�LV�VWLOO�³HPHUJLQJ´�DFURVV�PRVW�LQGXVWU\�VHJPHQWV��$OPRVW�
����RI�VXUYH\�UHVSRQGHUV�UHSRUW�WKH\�DUH�H[SHULPHQWLQJ�ZLWK�NQRZOHGJH�JUDSK�FDSDELOLW\�LQ�WKH�
IRUP�RI�SURRIV-RI-FRQFHSW��$W�WKLV�VWDJH�RI�PDWXULW\��VWDNHKROGHUV�DUH�VWDUWLQJ�WR�UHFRJQL]H�WKH�
EXVLQHVV�OLDELOLWLHV�IURP�LQFRQJUXHQW�GDWD��GULYHQ�E\�LQWHUQDO�FKDPSLRQV�ZKR�DUH�ZLOOLQJ�WR�WDNH�RQ�
WKH�GLVUXSWLRQ�FKDOOHQJH��7HFKQRORJ\�VWUDWHJ\�LV�VXSSRUWLQJ�WKH�H[SHULPHQWDWLRQ��ZLWK�D�OLPLWHG� 
LQIUDVWUXFWXUH�RIWHQ�FKDUDFWHUL]HG�E\�PRVWO\�PDQXDO�WUDQVIRUPDWLRQ�DQG�GHGLFDWHG�HIIRUWV�WR�EXLOG�
LQLWLDO�NQRZOHGJH�JUDSK�FRPSRQHQWV��7KH�SURPLVLQJ�QHZV�LV�WKDW�VRPH�����RI�UHVSRQGHUV�KDYH�
PRYHG�EH\RQG�WKH�³VDQGER[´��32&��VWDJH�DQG�DUH�RSHUDWLRQDOL]LQJ�WKHLU�SLORW�LQLWLDWLYHV��0RYLQJ�
IURP�32&�WR�SURGXFWLRQ�LV�D�QRWDEOH�VWHS�DORQJ�WKH�PDWXULW\�FXUYH� 

-XVW�XQGHU�����RI�UHVSRQGHUV�DUH�LPSOHPHQWLQJ�NQRZOHGJH�JUDSK�DV�SDUW�RI�WKH�XQGHUO\LQJ�³GDWD�
LQIUDVWUXFWXUH´�IRU�WKHLU�ILUPV��7KLV�PHDQV�WKDW�VWDNHKROGHUV�DUH�EHJLQQLQJ�WR�DGRSW�D�GDWD�FHQWULF�
PLQGVHW�IRFXVHG�RQ�VWUDWHJLF�EXVLQHVV�YDOXH��7KH�WHFKQRORJ\�DUFKLWHFWXUH�LV�EDVHG�RQ�H[SDQGHG�
GHVLJQ�SULQFLSOHV��8VH�FDVHV�DUH�GHILQHG�DQG�PRGHOHG�WR�FDSWXUH�VKDUHG�GDWD�UHODWLRQVKLSV�DQG�
ZH�DUH�EHJLQQLQJ�WR�VHH�WDLORUHG�RSHUDWLQJ�PRGHOV�HPHUJH�WR�VXSSRUW�WKH�XQLTXH�UHTXLUHPHQWV�RI�
WKH�NQRZOHGJH�JUDSK��5HVSRQGHUV�DW�WKHVH�VWDJHV�DUH�SUHGRPLQDWHO\�ELJ�FRPSDQLHV�LQ�GHIHQVH��
SXEOLVKLQJ��FRQVXPHU�VHUYLFHV��ILQDQFH��KHDOWK�FDUH��PDQXIDFWXULQJ�DQG�OLIH�VFLHQFHV� 

9LHZSRLQW��7KH�FULWHULD�IRU�DGYDQFLQJ�IURP�RQH�VWDJH�RI�PDWXULW\�WR�WKH�QH[W�DUH�VLJQLILFDQW��7KH�
PRYHPHQW�IURP�³LQLWLDO´�WR�³SLORW´�UHTXLUHV�FRPPLWPHQW��IXQGLQJ�DQG�FRUH�GDWD�PDQDJHPHQW� 
FDSDELOLW\��L�H���JRYHUQDQFH��LQYHQWRU\��PDQDJHG�JORVVDULHV��HWF����7KH�PRYHPHQW�IURP�SLORWV�WR�
H[WHQVLEOH�SODWIRUPV�HPSKDVL]HV�FRQWHQW�UHXVDELOLW\�ZLWK�VXVWDLQDEOH�UHVRXUFH�FRPPLWPHQWV��$W�
WKLV�VWDJH�DQG�EH\RQG��ZH�VKRXOG�EHJLQ�WR�VHH�WKH�NQRZOHGJH�JUDSK�HPHUJH�DV�DQ�DXWKRULWDWLYH�
VRXUFH�IRU�GDWD�IRU�UHODWHG�XVH�FDVHV� 

<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ�DĂƚƵƌŝƚǇ 

.H\�WR�0DWXULW\�/HYHOV 
 

,QLWLDO�>/HYHO��@�–�1R�FXUUHQW�NQRZOHGJH�JUDSK�
LQLWLDWLYHV 

6DQGER[�>/HYHO��@�–�3LORWV�DQG�32&V�IRU� 
OLPLWHG�XVH�FDVHV 

3URWRW\SH�>/HYHO��@�–�2SHUDWLRQDOL]LQJ�SLORWV�
DQG�32&V�IRU�OLPLWHG�XVH�FDVHV� 

([WHQVLEOH�>/HYHO��@�–�3URGXFWLRQ�UHDG\�IRU�
PXOWLSOH��UHODWHG��XVH�FDVHV��UHXVDEOH� 
DUFKLWHFWXUH 

(QWHUSULVH�>/HYHO��@�–�0XOWLSOH�JURXSV��VFDODEOH�
DUFKLWHFWXUH��PLVVLRQ-FULWLFDO�DSSOLFDWLRQV 



ϯ 

 

$QDO\VLV��%XVLQHVV�LQQRYDWLRQ�DQG�FDSDELOLW\�HQKDQFHPHQW�DUH�WKH�FOHDU�GULYHUV�DQG�FRQVLG�
HUHG�FULWLFDO�WR�VXFFHVV�RI�NQRZOHGJH�JUDSK�LQLWLDWLYHV��0RVW�ILUPV�DUH�ORRNLQJ�WR�NQRZOHGJH�
WHFKQRORJLHV�WR�VXSSRUW�GDWD�VFLHQFH�DQG�HQKDQFH�DQDO\WLFDO�REMHFWLYHV��7KHUH�LV�QR�TXHVWLRQ�
WKDW�WKH�UDWLRQDOH�IRU�DGRSWLRQ�LV�URRWHG�LQ�LPSURYHG�FXVWRPHU�VHUYLFH��EHWWHU�SURGXFW�GHYHORS�
PHQW�DQG�IOH[LEOH�VFHQDULR-EDVHG�DQDO\WLFV��7KH�RWKHU�VLGH�RI�WKH�DGRSWLRQ�VWRU\�IRFXVHV�RQ� 
WKH�YDOXH�SURSRVLWLRQ�DVVRFLDWHG�ZLWK�RSHUDWLRQDO�HIILFLHQF\�DQG�WKH�DOLJQPHQW�RI�SURFHVVHV�
DFURVV�EXVLQHVV�DQG�IXQFWLRQDO�VLORV��7KH�ILQDQFLDO�LQGXVWU\��LQ�SDUWLFXODU��KDV�EHHQ�SURSHOOHG� 
E\�UHJXODWRU\�SUHVVXUH�WR�DFKLHYH�D�³FRQWURO�HQYLURQPHQW´�DFURVV�LQWHUFRQQHFWHG�IXQFWLRQV�IRU�
WUDQVDFWLRQV�UHSRUWLQJ��SULYDF\�PDQDJHPHQW�DQG�ULVN�DJJUHJDWLRQ� 

9LHZSRLQW��'HPRQVWUDWLQJ�EXVLQHVV�YDOXH�LV�GHSHQGHQW�RQ�EXLOGLQJ�IRXQGDWLRQDO�SUHUHTXLVLWHV��
&RQWHQW�LQWHJUDWLRQ��HQWLW\�UHVROXWLRQ��TXDOLW\�YDOLGDWLRQ��PDSSLQJ�DQG�OLQHDJH�WUDFHDELOLW\�DUH�QRW�
WKH�SULPDU\�GULYHUV��EXW�WKH\�DUH�HVVHQWLDO�FRPSRQHQWV�RI�HIILFLHQW�RSHUDWLRQV��'RQ¶W�LJQRUH�WKH�
WDQJLEOH�EHQHILWV�DVVRFLDWHG�ZLWK�UHGXFLQJ�GDWD�WUDQVIRUPDWLRQ�DQG�PLWLJDWLQJ�WKH�W\UDQQ\�RI�
FRQWHQW�UHFRQFLOLDWLRQ� 

<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ��ĚŽƉƟŽŶ��ƌŝǀĞƌƐ 

· &DSDELOLW\�(QKDQFHPHQW�>VFRUH����@�-�DQDO\WLFDO�IOH[LELOLW\��GDWD�VFLHQFH��LPSURYHG�GDWD�TXDOLW\ 

· 2SHUDWLRQDO�(IILFLHQF\�>VFRUH����@�-�DXWRPDWLRQ��FRVW�FRQWDLQPHQW��GLJLWL]DWLRQ��UHVLOLHQF\ 

· %XVLQHVV�,QQRYDWLRQ�>VFRUH����@�-�FOLHQW������LPSURYHG�FXVWRPHU�H[SHULHQFH��SURGXFW�DQG�PDUNHW�LQVLJKW 

· 2UJDQL]DWLRQDO�&DSDELOLW\�>VFRUH����@�-�QR�EHWWHU�ZD\�WR�DGGUHVV�³LQVROYDEOH´�SUREOHP 

· &RQWURO�2YHUVLJKW�>VFRUH����@�-�UHJXODWRU\�FRPSOLDQFH�DQG�VLPSOLILFDWLRQ�RI�JRYHUQDQFH 



ϰ 

 

$QDO\VLV��7KLV�TXHVWLRQ�LOOXVWUDWHV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�DGRSWLRQ�JRDO�RI�³EXVLQHVV� 
HQDEOHPHQW´�DQG�WKH�RSHUDWLRQDO�JRDO�RI�³GDWD�LQWHJUDWLRQ�´�7KH�XVH�FDVHV�GHHPHG�WKH�PRVW�
FULWLFDO�E\�UHVSRQGHUV�DUH�WKRVH�UHODWHG�WR�HVWDEOLVKLQJ�D�FRQWUROOHG�DQG�SUHGLFWDEOH�GDWD� 
HQYLURQPHQW�–�LQFOXGLQJ�GDWD�LQWHJUDWLRQ��FRQWHQW�KDUPRQL]DWLRQ��HQWLW\�UHVROXWLRQ��OLQHDJH� 
WUDFHDELOLW\�DQG�EXVLQHVV�SURYHQDQFH��7KHVH�DUH�IRXQGDWLRQDO�FDSDELOLWLHV�DQG�SUHUHTXLVLWHV� 
IRU�DFKLHYLQJ�EXVLQHVV�YDOXH���� 

'DWD�LQWHURSHUDELOLW\�DQG�WKH�JRDO�RI�HVWDEOLVKLQJ�D�VKDUHG�ODQJXDJH�DFURVV�SURFHVVHV�DQG� 
DSSOLFDWLRQV�DUH�WDLORU-PDGH�IRU�NQRZOHGJH�JUDSKV�DQG�DUH�HVVHQWLDO�IRU�LQWHJUDWLQJ�GDWD�LQWR� 
RSHUDWLRQDO�HQYLURQPHQWV��%XVLQHVV�IRFXV�XVH�FDVHV�VXFK�DV�GDWD�GLVFRYHU\��VHPDQWLF�VHDUFK��
EXVLQHVV�UHSRUWLQJ�DQG�F\EHUVHFXULW\�UHSUHVHQW�MXVW�XQGHU�����RI�H[LVWLQJ�DSSOLFDWLRQV�EXW�DUH�
WKH�NH\V�WR�GULYLQJ�DGRSWLRQ� 

9LHZSRLQW��:H�DQWLFLSDWH�SURJUHVV�FRPLQJ�LQ�WKUHH�VWDJHV��7KH�ILUVW�VWDJH�UHSUHVHQWV�EDVHOLQH�
DFWLYLWLHV�DVVRFLDWHG�ZLWK�WKH�KDUPRQL]DWLRQ�RI�GDWD�DFURVV�UHSRVLWRULHV��7KH�VHFRQG�VWHS� 
UHVXOWV�LQ�LQWHULP��EXW�HVVHQWLDO��GHOLYHUDEOHV�DVVRFLDWHG�ZLWK�EXLOGLQJ�WKH�GDWD�FDWDORJ�DQG� 
HVWDEOLVKLQJ�D�FRQQHFWHG�LQYHQWRU\�RI�SHRSOH��SURFHVVHV��WHFKQRORJ\�DQG�GDWD��7DUJHWHG� 
EXVLQHVV�YDOXH��FXVWRPHU�SURILOLQJ��SURGXFW�HQJLQHHULQJ��IOH[LEOH�TXHU\��LQWHJUDWHG�YLHZV��HWF���
ZLOO�EH�FRQVWUXFWHG�IURP�WKHVH�IRXQGDWLRQDO�FRPSRQHQWV� 

 

<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ�hƐĞ��ĂƐĞƐ 



ϱ 

 

<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ�/ŶŚŝďŝƚŽƌƐ 

$QDO\VLV��0DNLQJ�WKH�WUDQVLWLRQ�IURP�FRQYHQWLRQDO�GDWD�SURFHVVLQJ�HQYLURQPHQWV�WR�NQRZOHGJH�JUDSK�LV�
D�FXOWXUDO�FKDOOHQJH��QRW�D�WHFKQLFDO�RQH��7KLV�TXHVWLRQ��FRPELQHG�ZLWK�RXU�RQJRLQJ�FRQYHUVDWLRQV�ZLWK�
WKH�LQGXVWU\��UHLQIRUFHV�RXU�FRQYLFWLRQ�WKDW�WKH�PRVW�LPSRUWDQW�FKDOOHQJHV�IDFLQJ�WKH�NQRZOHGJH�JUDSK�
FRPPXQLW\�DUH�WKRVH�UHODWHG�WR�FUDIWLQJ�WKH�³EXVLQHVV�QDUUDWLYH�´�7KLV�PHDQV�RYHUFRPLQJ�RUJDQL]DWLRQDO�
LQHUWLD��L�H���FRQYLQFLQJ�H[HFXWLYH�OHDGHUVKLS�WR�OHDG���GHILQLQJ�LPSOHPHQWDWLRQ�UHTXLUHPHQWV�LQ�FRQFUHWH�
EXVLQHVV�WHUPV��H[SUHVVLQJ�WUDQVLWLRQ�H[SHFWDWLRQV�XVLQJ�HPSLULFDO�PHWULFV��DQG�KDYLQJ�SUDJPDWLF� 
GLVFXVVLRQV�RQ�ZKDW�LV�UHDOO\�UHTXLUHG�WR�FURVV�WKH�NQRZOHGJH�JUDSK�PLQHILHOG� 

%H\RQG�WKH�EXVLQHVV�FDVH�FKDOOHQJH�ORRPV�D�JURZLQJ�VNLOOV�JDS�FRQFHUQ��7KLV�LV�OHVV�RI�D�SUREOHP�IRU�
HDUO\�DGRSWHUV��DV�WKH�PDMRULW\�RI�32&V�DQG�SLORWV�DUH�EHLQJ�LPSOHPHQWHG�E\�VPDOO�VSHFLDOLVW�WHDPV���
7KLV�VNLOOV�JDS�LVVXH�EHFRPHV�PXFK�PRUH�LPSRUWDQW�DV�ZH�H[SDQG�DGRSWLRQ�DFURVV�UHODWHG�XVH�FDVHV���
7KH�WUDQVLWLRQ�IURP�³WHFKQRORJ\�LQQRYDWLRQ´�WR�³RSHUDWLRQDO�GHSOR\PHQW´�SRLQWV�WR�WKH�QHHG�IRU�HGXFDWLRQ�
RQ�KRZ�WHFKQRORJ\�DQG�JRYHUQDQFH�SURIHVVLRQDOV�ZLOO�PDNH�WKH�OHDS�WR�D�QHZ�ZD\�RI�RSHUDWLQJ� 

9LHZSRLQW��2YHUFRPLQJ�RUJDQL]DWLRQDO�LQHUWLD�LV�D�VHULRXV�REVWDFOH��,QKLELWRUV�WR�DGRSWLRQ�DUH�FHUWDLQO\�
QRW�GXH�WR�WHFKQRORJ\�PDWXULW\��.QRZOHGJH�JUDSK�WHFKQRORJLHV�ZRUN�DV�DGYHUWLVHG�EXW�PRVW�HQWLWLHV� 
RSHUDWH�LQ�IUDJPHQWHG�WHFKQRORJ\�HQYLURQPHQWV��'DWD�LV�VWLOO�PDQDJHG�LQ�VLORV��:H�WUDQVIRUP�WKH� 
PHDQLQJ�RI�GDWD�WR�ILW�WKH�UHTXLUHPHQWV�RI�SURSULHWDU\�VRIWZDUH��$SSURDFKHV�WR�VRIWZDUH�DUFKLWHFWXUH� 
DUH�FRQWLQXDOO\�UHLQYHQWHG�RQ�DQ�DSSOLFDWLRQ-E\-DSSOLFDWLRQ�EDVLV�–�DQG�WKHQ�KDUG�FRGHG�LQWR�VFKHPDV�
WKDW�DUH�ULJLG�DQG�LQIOH[LEOH��&RXQWOHVV�WLPH�DQG�PRQH\�LV�VSHQW�UHLQYHQWLQJ��PDSSLQJ��PRYLQJ�DQG� 
WUDQVIRUPLQJ�GDWD��$QG�DV�RUJDQL]DWLRQV�JURZ�DQG�DSSOLFDWLRQV�PXOWLSO\��WKH�VKHHU�QXPEHU�RI�SK\VLFDO�
HOHPHQWV�LQ�V\VWHPV�FRQWLQXHV�WR�LQFUHDVH��7KH�PRUH�UHGXQGDQW�V\VWHPV�WKH�RUJDQL]DWLRQ�KDV��WKH�PRUH�
EHVSRNH�GDWD�HOHPHQWV�H[LVW�DQG�WKH�PRUH�WHFKQLFDO�GHEW�DFFUXHV���� 

:H�PXVW�OHDUQ�KRZ�WR�WHOO�D�EHWWHU�VWRU\��:H�NQRZ�WKDW�XQFRQQHFWHG�GDWD�XVLQJ���-\HDU-ROG�WHFKQRORJ\�
LV�D�VHULRXV�OLDELOLW\��:H�NQRZ�WKDW�VHPDQWLF�WHFKQRORJ\�ZDV�GHVLJQHG�VSHFLILFDOO\�IRU�LQWHUFRQQHFWHG� 
GDWD��:H�NQRZ�WKDW�NQRZOHGJH�WHFKQRORJ\�VWLPXODWHV�FURVV-GHSDUWPHQWDO�FRPPXQLFDWLRQ��$QG�ZH�NQRZ�
WKDW�LW�LV�D�SUHUHTXLVLWH�WR�DFKLHYLQJ�WKH�JRDO�RI�$,-SRZHUHG�DSSOLFDWLRQV�DQG�LQWHOOLJHQW�VHDUFK��:H�DUH�
VWDQGLQJ�DW�WKH�QHZ�SUHFLSLFH�RI�FRQWHQW�LQWHURSHUDELOLW\�–�ZLWK�D�VROYDELOLW\�PHVVDJH�WKDW�GRHVQ¶W�UHTXLUH�
XV�WR�³ULS�DQG�UHSODFH´�RXU�H[LVWLQJ�,QIUDVWUXFWXUH��,W�LV�WKH�RUJDQL]DWLRQDO�FRQFHUQV�WKDW�DUH�WKH�GRPLQDQW�
LQKLELWRUV�WR�NQRZOHGJH�JUDSK�DGRSWLRQ� 

6FRUH���� 

6FRUH���� 

6FRUH���� 

6FRUH���� 

6FRUH���� 

6FRUH���� 

6FRUH���� 

6FRUH���� 



ϲ 

 

$QDO\VLV��.QRZOHGJH�JUDSK�WHFKQRORJ\�LV�VWLOO�YLHZHG�DV�DQ�³H[SHULPHQW´�E\�PRVW�RUJDQL]D�
WLRQV�DQG�KDV�QRW�\HW�EHHQ�IXOO\�LQWHJUDWHG�LQWR�WKH�EXVLQHVV�FXOWXUH�RI�RUJDQL]DWLRQV��7KH�
SULQFLSDO�VSRQVRUV�������DUH�IURP�LQQRYDWLRQ�JURXSV��UHVHDUFK�DQG�GHYHORSPHQW��WHFKQRORJ\�
RU�GDWD�PDQDJHPHQW��� 

9LHZSRLQW��:H�KDYH�QRW�\HW�SHQHWUDWHG�WKH�FRJQLWLYH�VFUHHQ�UHTXLUHG�WR�RYHUFRPH�RUJDQL]D�
WLRQDO�LQHUWLD�DQG�FDSWXUH�WKH�DWWHQWLRQ�RI�EXVLQHVV��3HUKDSV�ZH�VKRXOG�VWRS�WDONLQJ�DERXW�
KRZ�LW�ZRUNV��,W�LV�QRW�DV�LPSRUWDQW�DV�PDNLQJ�LW�ZRUN�� 

<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ�/ŶŝƟĂƟǀĞ 
WƌŝŵĂƌǇ�^ƉŽŶƐŽƌ 



ϳ 

 

<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ�/ŶŝƟĂƟǀĞ 
^ƵĐĐĞƐƐ��ƌŝƚĞƌŝĂ 

$QDO\VLV��7KH�JRDOV�DUH�ODXGDEOH��:H�DUH�HPSKDVL]LQJ�HDVH�RI�DGRSWLRQ��FRPSHWLWLYH�DGYDQWDJH�
DQG�HQKDQFHPHQW�RI�RUJDQL]DWLRQDO�REMHFWLYHV�DV�WKH�SUHIHUUHG�PHWKRGV�RI�PHDVXULQJ�VXFFHVV�
RI�NQRZOHGJH�JUDSK�LQLWLDWLYHV� 

9LHZSRLQW��7KH�PHDVXUHPHQW�FULWHULD�IRU�HYDOXDWLQJ�WKH�VXFFHVV�RI�WKHVH�LQLWLDWLYHV�LV�IX]]\�DQG�
KDUG�WR�GHPRQVWUDWH��7KH�FKDOOHQJH�LV�WKDW�IRUPDO�DSSURDFKHV�WKDW�SURYLGH�HPSLULFDO�HYLGHQFH�RI�
UHWXUQ�RQ�LQYHVWPHQW�DUH�VWLOO�GHVLUHG�E\�EXVLQHVV�DV�WKH�ZD\�WR�PHDVXUH�VXFFHVV��:H�PXVW�EH�
WKLQNLQJ�DERXW�KRZ�WR�WUDQVODWH�VRPH�RI�RXU�IRXQGDWLRQDO�FDSDELOLWLHV��L�H���LGHQWLW\�UHVROXWLRQ��
ORFNLQJ�GRZQ�PHDQLQJ��VWUXFWXUDO�TXDOLW\�YDOLGDWLRQ�DQG�FRQFHSW�UHXVH��LQWR�FRQFUHWH�EXVLQHVV�
WHUPV� 

 
8VHU�([SHULHQFH�–�HDVH�RI�DGRSWLRQ��FRPSHOOLQJ�XVH�FDVH 

2UJDQL]DWLRQDO�(QKDQFHPHQW�–�FRPSHWLWLYH�DGYDQWDJH�DQG�HQKDQFHG� 
RSHUDWLRQDO�FDSDELOLWLHV 

3URGXFWLRQ�&DSDFLW\�–�WHVWLQJ��LQWHJUDWLRQ��VFDODELOLW\ 

)RUPDO�&ULWHULD�–�7&2��52,��RWKHU�.3,V 

6FRUH���� 

6FRUH���� 

6FRUH���� 

6FRUH���� 



ϴ 

 

<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ�WƌŝŽƌŝƟĞƐ 

$QDO\VLV��7KLV�TXHVWLRQ�IRFXVHG�RQ�DUHDV�RI�SULRULW\�IRU�WKH�NQRZOHGJH�JUDSK�FRPPXQLW\��7KH�WRS�
SULRULW\��ZKHQ�\RX�FRPELQH�³EXVLQHVV�FDVH´�DQG�³XVH�FDVHV´��LV�DERXW�HQVXULQJ�DSSURSULDWH� 
SRVLWLRQLQJ�RI�NQRZOHGJH�JUDSK�DQG�VHPDQWLF�VWDQGDUGV�WR�EXVLQHVV�DQG�H[HFXWLYH�VWDNHKROGHUV��
7KLV�LV�DERXW�PHVVDJLQJ�DQG�WKH�LPSRUWDQFH�RI�FUDIWLQJ�D�QDUUDWLYH�WKDW�UHVRQDWHV��7KHUH�DUH�WZR�
RWKHU�SULRULWLHV�RI�QRWH��7KH�ILUVW�UHODWHV�WR�LQWHURSHUDELOLW\�RI�VWDQGDUGV�DQG�RXU�DELOLW\�WR�LQWHJUDWH�
NQRZOHGJH�JUDSK�FDSDELOLW\�DFURVV�SODWIRUPV��7KH�VHFRQG�UHODWHV�WR�WKH�HVWDEOLVKPHQW�RI�EHVW�
SUDFWLFHV�IRU�LPSOHPHQWDWLRQ�DQG�JRYHUQDQFH-UHODWHG�LVVXHV� 

9LHZSRLQW��3XOO�LW�WRJHWKHU�–�NQRZOHGJH�JUDSK�MXVWLILFDWLRQ�XVLQJ�WKH�ODQJXDJH�RI�EXVLQHVV�� 
VWDQGDUGV�IRU�LQWHURSHUDELOLW\�DQG�LPSOHPHQWDWLRQ�EHVW�SUDFWLFHV��$�ZLVH�DJHQGD�IRU�WKH�LQGXVWU\�� 

6WDQGDUGV 

0HWKRGRORJ\ 

%XVLQHVV�&DVH 

'DWDVHWV 

([SHUWLVH 

8VH�&DVHV 

'LUHFWRU\ 

(GXFDWLRQ 

· 6WDQGDUGV�>VFRUH����@�–�&RQVLVWHQF\�DQG�LQWHURSHUDELOLW\�RI�VWDQGDUGV 

· 0HWKRGRORJ\�>VFRUH����@�–�0HWKRGRORJ\��EHVW�SUDFWLFHV�DQG�LPSOHPHQWDWLRQ�JXLGDQFH 

· %XVLQHVV�&DVH�>VFRUH����@�–�%XVLQHVV�FDVH��52,�UHVHDUFK�DQG�EHQFKPDUNLQJ 

· 'DWDVHWV�>VFRUH����@�–�&XUDWHG�GDWDVHWV�DQG�VKDUHG�RQWRORJLHV 

· ([SHUWLVH�>VFRUH����@�–�&RPPXQLWLHV�RI�SUDFWLFH�DQG�DFFHVV�WR�H[SHUWLVH 

· 8VH�&DVHV�>VFRUH����@�–�8VH�FDVHV�DQG�FDVH�VWXGLHV 

· 'LUHFWRU\�>VFRUH����@�–�'LUHFWRU\�RI�WRROV��RSHQ�VRXUFH�DQG�YHQGRU�VSHFLILF� 

· (GXFDWLRQ�>VFRUH����@�–�(GXFDWLRQ��WUDLQLQJ�DQG�FHUWLILFDWLRQ�SURJUDPV 



ϵ 

 

<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ�sĞŶĚŽƌƐ 

$QDO\VLV��7KH�RIIHULQJV�DQG�FDSDELOLWLHV�RI�WKH�NQRZOHGJH�JUDSK�YHQGRUV�DUH�PDWXULQJ��&RQFHUQV�
DERXW�YHQGRUV�DUH�QRW�YLHZHG�DV�LQKLELWRUV�WR�DGRSWLRQ��$W�WKH�WRS�RI�WKH�ZLVK�OLVW�IRU�YHQGRUV�LV�
FRQWH[WXDO�VHDUFK�DQG�YLVXDOL]DWLRQ�FDSDELOLW\��DV�ZHOO�DV�VXSSRUW�IRU�LQWHJUDWLRQ�DQG�PDSSLQJ��,W�LV�
QRW�VXUSULVLQJ�WKDW�D�PDWXULQJ�LQGXVWU\�VHHNV�VXSSRUW�IRU�QDYLJDWLRQ��HQKDQFHG�VHDUFK�DQG� 
LQIRUPDWLRQ�GLVFRYHU\��7KHUH�LV�JRRG�QHZV�RQ�WKH�GDWD�LQWHJUDWLRQ�IURQW��DV�PDQ\�DUH�UHO\LQJ�RQ�
PDFKLQH�OHDUQLQJ�DV�RQH�RI�WKH�PRVW�SURPLVLQJ�SDWKZD\V�WR�ERWK�DGGUHVV�WKH�FRQWHQW�PDSSLQJ�
FKDOOHQJH�DQG�UHGXFH�DPELJXLW\� 

9LHZSRLQW��7KH�ERWWRP�OLQH�IRU�NQRZOHGJH�JUDSK�YHQGRUV�LV�DERXW�JOREDO�LQWHURSHUDELOLW\�DFURVV�
SODWIRUPV��7KLV�PHDQV�WKH�DGRSWLRQ�RI�VWDQGDUGV�WR�UHGXFH�IULFWLRQ�DFURVV�WKH�GDWD�SURGXFWLRQ� 
SURFHVV�IURP�SODQQLQJ�WKURXJK�GHOLYHU\��3D\�DWWHQWLRQ�WR�WKH�'DWD2SV�SURFHVV�WR�LPSURYH� 
FROODERUDWLRQ�DPRQJ�VWDNHKROGHUV��7KH�IRFXV�LV�RQ�GHYHORSPHQW�RI�ORJLFDO�SK\VLFDO�PRGHOV��
PHWDGDWD�PDQDJHPHQW��RQWRORJ\�GHYHORSPHQW��PDSSLQJ�DQG�SURGXFWLRQ�WHVWLQJ��$W�WKH�HQG�RI� 
WKH�GD\��WKH�JRDO�LV�WR�LPSURYH�WLPH-WR-PDUNHW�GHSOR\PHQW��UHGXFH�IDLOXUH�UDWHV�DQG�HQKDQFH�WLPH�
RI�UHFRYHU\�IRU�DQ\WKLQJ�WKDW�LPSDFWV�WKH�TXDOLW\�RI�D�SURGXFWLRQ�V\VWHP� 



ϭϬ 

 

$QDO\VLV��5HVSRQVHV�WR�WKH�TXHVWLRQ�DERXW�WKH�IXWXUH�RI�NQRZOHGJH�WHFKQRORJ\�PLUURU�WKH� 
HQKDQFHPHQWV�WKH�SUDFWLWLRQHUV�ZRXOG�OLNH�WR�VHH�IURP�YHQGRUV�DQG�VXSSOLHUV��7KH�WRS�WZR�DUH�
DERXW�VHPDQWLF�VHDUFK�DQG�GDWD�YLVXDOL]DWLRQ�–�DOO�GHVLJQHG�WR�KHOS�HQG�XVHUV�JHW�YDOXH�RXW�RI�
WKH�JUDSK� 

7KHUH�LV�D�VLJQLILFDQW�DPRXQW�RI�LQWHUHVW�LQ�WRROV�IRU�EHWWHU�SLSHOLQH�PDQDJHPHQW�LQFOXGLQJ� 
PDFKLQH�OHDUQLQJ��QDWXUDO�ODQJXDJH�SURFHVVLQJ�DQG�LQIHUHQFH�FDSDELOLWLHV��5RXQGLQJ�RXW�WKH�OLVW�
DUH�WKH�QRWLRQV�RI�VKDUHG��LQGXVWU\-OHYHO��RQWRORJLHV�DQG�FXUDWHG�GDWDVHWV��7KHVH�KHOS�UHLQIRUFH�
WKH�PHVVDJH�DERXW�LQWHURSHUDELOLW\�DQG�VXSSRUW�IRU�D�FRPPRQ�ODQJXDJH�DFURVV�DOO�SODWIRUPV�� 
SXEOLVKHUV�DQG�FRQVXPHUV� 

&ƵƚƵƌĞ�ŽĨ�<ŶŽǁůĞĚŐĞ�'ƌĂƉŚ�dĞĐŚŶŽůŽŐǇ 



ϭϭ 

 

&ŽƵƌ�<ĞǇ�dĂŬĞĂǁĂǇƐ 

(DUO\�6WDJH��.QRZOHGJH�WHFKQRORJLHV�DUH�VWLOO�HPHUJLQJ�
DV�WKH�SDWKZD\�RXW�RI�WKH��YHU\�UHDO��FKDOOHQJHV�RI� 
LQFRQJUXHQFH��VLOR�RSHUDWLRQV�DQG�VWUXFWXUDO�ULJLGLW\� 

,QYHVWPHQW�LV�5HTXLUHG��$�IRXQGDWLRQDO�FDSDELOLW\�LV�
QHFHVVDU\��L�H���GLVFRYHU\��WUDFHDELOLW\�DQG�LQWHJUDWLRQ��
EHIRUH�WKH�GHOLYHU\�RI�EXVLQHVV�YDOXH��'RQ¶W�LJQRUH�WKH�
LPSRUWDQFH�RI�³GDWD�DV�LQIUDVWUXFWXUH´�–�LW�LV�WKH�GULYHU� 

1RW�7HFKQRORJ\��2YHUFRPLQJ�RUJDQL]DWLRQDO�LQHUWLD�LV�D�
VHULRXV�REVWDFOH��3HUKDSV�ZH�VKRXOG�VWRS�WDONLQJ�DERXW�
KRZ�LW�ZRUNV��,W�LV�QRW�DV�LPSRUWDQW�DV�PDNLQJ�LW�ZRUN�� 

,QWHURSHUDELOLW\��7KH�NQRZOHGJH�LQGXVWU\��SURYLGHUV��
KDYH�DQ�RSSRUWXQLW\�WR�H[SHGLWH�DGRSWLRQ�E\�IRFXVLQJ�RQ�
JOREDO�LQWHURSHUDELOLW\�DFURVV�SODWIRUPV��.HHS�XS�WKH�
JRRG�ZRUN�� 



ϭϮ 

 

�ŽŶƚĂĐƚ�/ŶĨŽƌŵĂƟŽŶ 

0LFKDHO�$WNLQ��0DQDJLQJ�'LUHFWRU����������������� 
DWNLQ#FRQWHQW-VWUDWHJLHV�FRP��3ULQFLSDO�$QDO\VW� 

)UDQoRLV�6FKDUIIH��&R-)RXQGHU��.QRZOHGJH�*UDSK�
&RQIHUHQFH����������������� 
IUDQFRLV#NQRZOHGJHJUDSK�WHFK 
 
 
7KRPDV�'HHO\��&R-)RXQGHU��.QRZOHGJH�*UDSK� 
&RQIHUHQFH����������������� 
WKRPDV#NQRZOHGJHJUDSK�WHFK 

 �ĐŬŶŽǁůĞĚŐĞŵĞŶƚƐ 

'HQQLV�:LVQRVN\��&KDLUPDQ��(QWHUSULVH�.QRZOHGJH�*UDSK� 
)RXQGDWLRQ 
 

&ODXGH�5RERWKDP��&RPPXQLFDWLRQV�DQG�5HVHDUFK�$VVRFLDWH��
.QRZOHGJH�*UDSK�&RQIHUHQFH��FODXGHURER#RXWORRN�FRP� 

 

3DFR�1DWKDQ��0DQDJLQJ�3DUWQHU��'HUZHQ��,QF�� 
 


