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,QWURGXFWLRQ�WR�WKH�6SHFLDO�,VVXH�RI�&6&:
RQ�$FWLYLW\�7KHRU\�DQG�WKH�3UDFWLFH�RI�'HVLJQ

'DYLG�5HGPLOHV

0RWLYDWLRQ�IURP�D�6RIWZDUH�'HYHORSPHQW�3HUVSHFWLYH

'HVLJQ�LV�DQ�HOXVLYH�FRQFHSW��+HUEHUW�6LPRQ�FDOOHG�GHVLJQ�DQ�³LOO�GHILQHG´�SUREOHP�>6LPRQ���@�
+RUVW�5LWWHO�FDOOHG�LW�D�³ZLFNHG�SUREOHP´�>5LWWHO���@��)UHG�%URRNV�FODVVLILHG�GHVLJQ�DV�DQ�³HVVHQWLDO
SUREOHP�´�ZKLFK�RUGLQDU\�WHFKQRORJLFDO�DGYDQFHV�FRXOG�QRW�DOOHYLDWH��RQO\�³JUHDW�GHVLJQHUV´�FRXOG
SURGXFH�³JUHDW�GHVLJQV´�>%URRNV���@��'HVLJQ�KDV�DOZD\V�EHHQ�DQ�REVWDFOH�WR�VRIWZDUH
GHYHORSPHQW�SURMHFWV��2QH�UHDVRQ�GHVLJQ�UHPDLQV�HOXVLYH�LV�WKDW�WKH�NLQGV�RI�REMHFWV�EHLQJ
GHVLJQHG�FRQWLQXH�WR�FKDQJH��:LWK�UHVSHFW�WR�VRIWZDUH�DSSOLFDWLRQV��GHVLJQHUV�FKRRVH
LQFUHDVLQJO\�FRPSOH[�DSSOLFDWLRQV��7KH�PDMRULW\�RI�FRPSXWLQJ�DSSOLFDWLRQV�KDV�ORQJ�VLQFH
PLJUDWHG�IURP�VPDOO��HQFDSVXODWHG�FRGHV�RI�PDWKHPDWLFDO�DOJRULWKPV�WR�GLVWULEXWHG��PXOWL�XVHU
V\VWHPV�

&RUUHVSRQGLQJ�WR�WKH�VKLIW�LQ�DSSOLFDWLRQV��WKH�GHILQLWLRQ�RI�WKH�FRPSOH[LW\�RI�D�VRIWZDUH�GHVLJQ
KDV�VKLIWHG��7UDGLWLRQDOO\��FRPSOH[LW\�UHIHUUHG�WR�DQ�DOJRULWKPLF�PHDVXUH��H�J���KRZ�PDQ\
FRPSXWDWLRQV�DQ�DOJRULWKP�FRXOG�SHUIRUP�LQ�D�FHUWDLQ�PHDVXUH�RI�WLPH��0RUH�UHFHQWO\��WKH
GHILQLWLRQ�RI�FRPSOH[LW\�H[SDQGHG�WR�LQFOXGH�WKH�QXPEHU�RI�FRPSRQHQWV�DQG�OHYHOV�RI�DEVWUDFWLRQ
FRPSULVLQJ�D�VRIWZDUH�DSSOLFDWLRQ¶V�DUFKLWHFWXUH��7RGD\��DQG�LQ�WKLV�VSHFLDO�LVVXH��FRPSOH[LW\�LV
PHDVXUHG�LQ�WHUPV�RI�WKH�DFWLYLWLHV�LQ�ZKLFK�D�FRPPXQLW\�RI�VWDNHKROGHUV�DUH�LQYROYHG�DQG�LQ
ZKLFK�VRIWZDUH�IXOILOOV�VRPH�SXUSRVH��,I�VRIWZDUH�SURMHFWV�DUH�WR�VXFFHHG�LQ�UHDO�ZRUOG�VHWWLQJV�
WKHQ�WKHLU�SURSRQHQWV�QHHG�WR�FRQVLGHU�WKLV�H[SDQGHG�YLHZ�RI�FRPSOH[LW\�

7R�EHWWHU�XQGHUVWDQG�FRPSOH[LW\�IURP�WKLV�SHUVSHFWLYH��VRPH�VRIWZDUH�GHYHORSHUV�KDYH�WXUQHG�WR
WKHRULHV�RI�KXPDQ�EHKDYLRU�DW�WKH�LQGLYLGXDO��JURXS��DQG�RUJDQL]DWLRQDO�OHYHOV��DQG�EH\RQG
>*UXGLQ���@��$FWLYLW\�WKHRU\��$7��LV�RQH�VXFK�WKHRU\�WKDW�VHHPV�SDUWLFXODUO\�ZHOO�VXLWHG�WR�WKH
HQGHDYRU��$FWLYLW\�WKHRU\�SURYLGHV�D�IUDPHZRUN�IRU�GHVFULELQJ�SKHQRPHQD�DW�YDULRXV�OHYHOV��)LUVW�
LW�DQVZHUV�VRIWZDUH�UHTXLUHPHQWV�TXHVWLRQV�DW�WKH�PRVW�EDVLF�OHYHO��L�H���WKH�WDVNV�DQG�DFWLYLWLHV
WKH�VRIWZDUH�LV�D�SDUW�RI��6HFRQG��LW�IRFXVHV�RQ�WKH�VRFLDO�RUJDQL]DWLRQ�RI�NH\�SOD\HUV�LQ�DQ
DFWLYLW\��VXFK�DV�VWDNHKROGHUV�LQ�D�SUREOHP��FRPPXQLWLHV�RI�XVHUV��UROHV��DQG�RWKHU�VRFLDO�IRUPV�
0DQ\�VRIWZDUH�SURMHFWV�KDYH�IDLOHG�ZKHQ�WKH\�KDYH�PLVVHG�RU�PLVLGHQWLILHG�UHTXLUHPHQWV�KDYLQJ
WR�GR�ZLWK�WKHVH�HOHPHQWV�RI�DFWLYLW\�WKHRU\��7KH�SDSHUV�LQ�WKLV�VSHFLDO�LVVXH�H[SORUH�WKH�ULFKQHVV
RI�DFWLYLW\�WKHRU\�WKDW�ZLOO�LQIRUP�DQ\�UHVHDUFKHU�RU�SUDFWLWLRQHU�VHHNLQJ�WR�XQGHUVWDQG�FULWLFDO
IDFWRUV�DIIHFWLQJ�VRIWZDUH�WKDW�IDFLOLWDWHV�FROODERUDWLYH�ZRUN��1LQH�SDSHUV�DUH�FRQWDLQHG�LQ�WKLV
VSHFLDO�LVVXH�IROORZHG�E\�DQ�LQGHSHQGHQW�FRPPHQWDU\�DQG�D�EULHI�UHVSRQVH�WR�WKH�FRPPHQWDU\�

6SHFLILF�3DSHUV

7KH�VSHFLDO�LVVXH�EHJLQV�ZLWK�D�SDSHU�E\�%DUWKHOPHVV�DQG�$QGHUVRQ��ZKLFK�QLFHO\�DFKLHYHV�WZR
JRDOV��)LUVW��LW�SURYLGHV�D�FRQGHQVHG�KLVWRU\�RI�VRIWZDUH�HQJLQHHULQJ��KLJKOLJKWLQJ�REVWDFOHV�
HVSHFLDOO\�WKRVH�KDYLQJ�WR�GR�ZLWK�FROODERUDWLYH�ZRUN��6HFRQG��LW�H[SODLQV�VRPH�NH\�HOHPHQWV�RI
DFWLYLW\�WKHRU\��PDNLQJ�YHU\�FOHDU�FRPSDULVRQV�EHWZHHQ�VRIWZDUH�HQJLQHHULQJ�FRQFHSWV�DQG
DFWLYLW\�WKHRUHWLF�FRQFHSWV��7KH�WRSLF�RI�%DUWKHOPHVV�DQG�$QGHUVRQ¶V�UHVHDUFK�LV�RI�VSHFLDO
LQWHUHVW�WR�VRIWZDUH�HQJLQHHUV��SURFHVV�FHQWHUHG�VRIWZDUH�GHYHORSPHQW�HQYLURQPHQWV��3&6'(V��
7KHLU�DFWLYLW\�WKHRU\�IUDPHZRUN�IRFXVHV�RQ�WKUHH�OHYHOV�RI�DFWLYLW\��FRRUGLQDWHG��FRRSHUDWLYH��DQG
FRFRQVWUXFWLYH�OHYHOV��7KH\�LGHQWLI\�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�3&6'(V�DW�HDFK�RI�WKHVH
WKUHH�OHYHOV��7KH�JUHDWHVW�GHJUHH�RI�GHILFLHQF\�LV�IRXQG�DW�WKH�FRFRQVWUXFWLYH�SKDVH��7KH�WRROV�DUH
VWURQJHVW�LQ�WKHLU�DELOLW\�WR�IDFLOLWDWH�LQGLYLGXDO�ZRUN��FRRUGLQDWHG�OHYHO��DQG�WR�VRPH�H[WHQW�WR
DFFRPSOLVK�WHDP�REMHFWLYHV��FRRSHUDWLYH�OHYHO���7KH�WRROV�DUH�ZHDNHVW�IRU�UHIOHFWLQJ�RQ�WKH
SURFHVV�UHSUHVHQWDWLRQ�IRU�IXWXUH�LPSURYHPHQWV�WR�WKH�FROODERUDWLYH�HIIRUW��FRFRQVWUXFWLYH�OHYHO��
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7KHLU�DQDO\VLV�VKRZV�WKH�GLIILFXOWLHV�WKDW�DQ\�VRIWZDUH�V\VWHP�PXVW�RYHUFRPH�WR�FDSWXUH�HVVHQWLDO
HOHPHQWV�RI�JURXS�DFWLYLW\�

7KH�SDSHU�E\�&ODVHV�DQG�:HKQHU�SURYLGHV�PRGHOV�IRU�DQ�$7�DQDO\VLV�RI�SUREOHPV�VXUURXQGLQJ
NQRZOHGJH�PDQDJHPHQW�VRIWZDUH�IRU�FRRSHUDWLYH�HQYLURQPHQWV��7KH\�HPSKDVL]H�WKH�LVVXHV�RI
PXOWLSOH�SHUVSHFWLYHV�DQG�XQH[SHFWHG�HYHQWV�LQ�FROODERUDWLYH�ZRUN��0XOWLSOH�SHUVSHFWLYHV�QDWXUDOO\
DULVH�ZKHQ�PXOWLSOH�FRPPXQLWLHV�RI�SUDFWLFH�DUH�UHSUHVHQWHG�LQ�FRRSHUDWLYH�ZRUN��8QH[SHFWHG
HYHQWV�EHFRPH�RSSRUWXQLWLHV�IRU�GLIIHUHQW�FRPPXQLWLHV�WR�UHFRJQL]H�GLIIHUHQFHV�LQ�SHUVSHFWLYHV
DQG�UHFRQFLOH�WKHP�

7KH�LVVXH�RI�PXOWLSOH�SHUVSHFWLYHV�LV�HVSHFLDOO\�VLJQLILFDQW�IRU�NQRZOHGJH�PDQDJHPHQW�V\VWHPV�
,Q�SDUWLFXODU��NQRZOHGJH�PDQDJHPHQW�V\VWHPV�DWWHPSW�WR�VXSSRUW�FRRSHUDWLYH�ZRUN�E\�PDNLQJ
WKH�ULJKW�LQIRUPDWLRQ�DYDLODEOH�DW�WKH�ULJKW�WLPH�>)LVFKHU���@��+RZHYHU�WKH�SUREOHP�FRQWH[WV�LQ
ZKLFK�NQRZOHGJH�LV�HQWHUHG�LV�GLIIHUHQW�IURP�WKH�FRQWH[W�LQ�ZKLFK�LW�LV�UHWULHYHG��0RUHRYHU��WKH
YHU\�DFWLYLW\�RI�HQWHULQJ�NQRZOHGJH�LV�GLIIHUHQW�IURP�UHWULHYDO��)LQDOO\��WKH�SHUVRQ�HQWHULQJ�WKH
NQRZOHGJH�DQG�WKH�SHUVRQ�UHWULHYLQJ�WKH�NQRZOHGJH�ZLOO�LQ�JHQHUDO�FRPH�IURP�GLIIHUHQW
FRPPXQLWLHV�RI�SUDFWLFH��KDYH�GLIIHUHQW�UROHV��GLIIHUHQW�KLVWRULHV��DQG�GLIIHUHQW�IDPLOLDU�PHGLDWLQJ
PHDQV�

.QRZOHGJH�PDQDJHPHQW�V\VWHPV�JHQHUDOO\�SURYLGH�OLWWOH�VXSSRUW�IRU�DVVLVWLQJ�LQ�WKH�WUDQVIHU�RI
NQRZOHGJH��RU�WKH�EULGJH�EHWZHHQ�WKH�WZR�DFWLYLWLHV�RI�VWRUDJH�DQG�UHWULHYDO��WKH�FRQWH[WV�RI
SUREOHPV�DW�WKH�WLPH�RI�VWRUDJH�YHUVXV�UHWULHYDO��RU�WKH�EDFNJURXQGV�RI�WKH�DXWKRUV�DQG
FRQVXPHUV�RI�WKH�NQRZOHGJH��7KXV��KXPDQ�DFWRUV�DUH�VWLOO�QHHGHG�WR�PHGLDWH�WKH�WUDQVIHU�DQG
DSSOLFDWLRQ�RI�NQRZOHGJH�

&ODVHV�DQG�:HKQHU�GHYHORS�WKHLU�GHVLJQ�FRQVLGHUDWLRQV�IRU�VRIWZDUH�V\VWHPV�IRU�&6&:�E\
VWXG\LQJ�D�JURXS�WKDW�VXSSRUWV�SURFXUHPHQW��DGPLQLVWUDWLRQ��DQG�PDLQWHQDQFH�RI�VRIWZDUH�LQ�DQ
RUJDQL]DWLRQ��7KH�JURXS�LV�FRQFHUQHG�ZLWK�NQRZOHGJH�PDQDJHPHQW�LQ�WKH�IRUP�RI�SURMHFW
GRFXPHQWDWLRQ��&ODVHV�DQG�:HKQHU�XWLOL]H�D�GDWD�FROOHFWLRQ�DQG�DQDO\VLV�WHFKQLTXH�FDOOHG�WKH
UHSHUWRU\�JULG��7KH�DSSURDFK�HOLFLWV�FRQFHUQV�DQG�LVVXHV�LGHQWLILHG�ZLWK�LQGLYLGXDOV¶�SHUVSHFWLYHV�
&ODVHV�DQG�:HKQHU�SURSRVH�D�PRGHO�RI�FRUUHFWLYH�FRRSHUDWLRQ�LQ�ZKLFK�PXOWLSOH�SHUVSHFWLYHV�DQG
XQH[SHFWHG�HYHQWV��VXFK�DV�EUHDNGRZQV�LQ�FRPPXQLFDWLRQ��DUH�DQWLFLSDWHG��,Q�WKH�PRGHO�
EUHDNGRZQV�RU�XQH[SHFWHG�HYHQWV�WUDQVIRUP�FRRSHUDWLRQ�LQWR�FR�FRQVWUXFWLRQ��WKXV�H[SDQGLQJ
WKH�FRRSHUDWLRQ��7KH\�FRQFOXGH�WKDW�³FRPSXWHU�VXSSRUW�IRU�NQRZOHGJH�PDQDJHPHQW�SUDFWLFHV
VKRXOG�UDWKHU�KHOS�WR�µPDQDJH¶�WKDQ�WR�UHGXFH�GLIIHUHQFHV�EHWZHHQ�DFWRUV¶�SHUVSHFWLYHV�DQG
ORFDOO\�HYROYLQJ�ZRUN�SUDFWLFHV�´

7KH�WKHPHV�RI�NQRZOHGJH�PDQDJHPHQW��WHQVLRQV�DQG�EUHDNGRZQV��DQG�WKH�QHHG�IRU�KXPDQ
DFWRUV�WR�PHGLDWH�DFWLYLW\�FRQWLQXH�LQ�WKH�SDSHU�E\�&ROOLQV��6KXNOD��DQG�5HGPLOHV��7KH\�UHSRUW�RQ
D�FDVH�VWXG\�RI�WKH�GHYHORSPHQW�RI�UHTXLUHPHQWV�IRU�DQ�HYROYLQJ�NQRZOHGJH�PDQDJHPHQW
VRIWZDUH�V\VWHP�LQ�D�FXVWRPHU�VXSSRUW�JURXS�ZLWKLQ�D�ODUJH�RUJDQL]DWLRQ��7KH�UHTXLUHPHQWV�ZHUH
LGHQWLILHG�WKURXJK�RSHQ�HQGHG�LQWHUYLHZV�ZLWK�UHSUHVHQWDWLYHV�RI�YDULRXV�FRPPXQLWLHV�RI
VWDNHKROGHUV��FXVWRPHU�VXSSRUW�HQJLQHHUV��DFWLYLW\�WKHRU\�UHVHDUFKHUV��WKH�DXWKRUV���FRUSRUDWH
PDQDJHUV��DQG�VRIWZDUH�GHVLJQHUV��(QJHVWU|P¶V�DFWLYLW\�WKHRU\�PRGHO�DQG�KLV�UHILQHPHQW�RI
:DUWRIVN\¶V�PHGLDWLQJ�PHDQV�KLHUDUFK\�DUH�XVHG�WR�VWUXFWXUH�WKH�FROOHFWLRQ�DQG�DQDO\VLV�RI�WKH
LQWHUYLHZ�GDWD��7KHVH�PRGHOV�DOVR�VHUYHG�DV�WKH�EDVLV�IRU�LQWHUYHQWLRQV�WR�LPSURYH�FXUUHQW�ZRUN
SUDFWLFHV�ZLWKLQ�WKH�GLIIHUHQW�FRPPXQLWLHV�RI�VWDNHKROGHUVL�H���WR�HYROYH�WKH�DFWLYLW\�V\VWHPV
�DQG�DVVRFLDWHG�PHGLDWLQJ�PHDQV��EHLQJ�VWXGLHG�

7KUHH�UHOHYDQW�DFWLYLW\�V\VWHPV�EHFDPH�DSSDUHQW�GXULQJ�WKH�LQYHVWLJDWLRQ��NQRZOHGJH�DXWKRULQJ�
FXVWRPHU�VXSSRUW��DQG�NQRZOHGJH�PDLQWHQDQFH��7KH�SDSHU�IRFXVHV�SULPDULO\�RQ�WKH�DFWLYLW\
V\VWHP�RI�NQRZOHGJH�DXWKRULQJ�VLQFH�WKH�SXUSRVH�RI�WKH�LQYHVWLJDWLRQ�ZDV�WR�GHYHORS
UHTXLUHPHQWV�WR�HYROYH�WKH�VRIWZDUH�V\VWHP�FXUUHQWO\�VXSSRUWLQJ�WKLV�DFWLYLW\��+RZHYHU��QHZ
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UHTXLUHPHQWV�ZHUH�UHYHDOHG�E\�DQDO\]LQJ�WKH�WHQVLRQV�EHWZHHQ�WKH�WKUHH�DFWLYLW\�V\VWHPV��9HU\
EULHIO\�VXPPDUL]HG��WKH�VKRUW�WHUP�REMHFWLYHV�DQG�RUJDQL]DWLRQDO�PRWLYDWLRQV�IRU�FXVWRPHU
VXSSRUW�ZHUH�LQ�FRQIOLFW�ZLWK�DFWLYLWLHV�RI�NQRZOHGJH�DXWKRULQJ�DQG�PDLQWHQDQFH��7HQVLRQV�ZLWKLQ
DQG�EHWZHHQ�HOHPHQWV�RI�WKH�VLQJOH�DFWLYLW\�V\VWHP�RI�NQRZOHGJH�DXWKRULQJ�ZHUH�DOVR�IRXQG�
6RPH�RI�WKHVH�LQFOXGH�XQFHUWDLQW\�RI�UROHV��ODFN�RI�DZDUHQHVV�LQ�D�JHRJUDSKLFDOO\�GLVWULEXWHG
FRPPXQLW\��DQG�FRPSOH[LW\�RI�LQWHQGHG�PHGLDWLQJ�PHDQV��7KHVH�WHQVLRQV�KLJKOLJKWHG�DUHDV
ZKHUH�GLUHFW�LPSURYHPHQWV�WR�WKH�H[LVWLQJ�VRIWZDUH�ZHUH�QHHGHG�

$Q�XQXVXDO�DVSHFW�RI�WKH�UHVHDUFK��ZDV�WKH�LQWHQWLRQDO�DQG�XQLQWHQWLRQDO�LQWHUYHQWLRQ�WKDW�OHG�WR
WKH�LPSURYHPHQW�RI�FXUUHQW�ZRUN�SUDFWLFHV��7KH�LQLWLDO�LQWHUYLHZV�ZLWK�VWDNHKROGHUV�LPSURYHG
WKHLU�DZDUHQHVV�RI�RWKHU�PHPEHUV�RI�WKH�RUJDQL]DWLRQ�UHOHYDQW�WR�WKHLU�ZRUN�DV�ZHOO�DV�LPSURYLQJ
WKHLU�NQRZOHGJH�DERXW�PHGLDWLQJ�PHDQV�DW�WKHLU�GLVSRVDO��$�EULHILQJ�E\�WKH�UHVHDUFKHUV�LPSURYHG
WKH�XQGHUVWDQGLQJ�EHWZHHQ�NQRZOHGJH�SURGXFHUV�DQG�FRQVXPHUV�

7KH�SDSHU�FRQFOXGHV�ZLWK�H[WHQVLYH�FRPPHQWV�RQ�WKH�GLIILFXOWLHV�DQG�WKH�EHQHILWV�RI�XVLQJ
DFWLYLW\�WKHRU\�LQ�VRIWZDUH�GHVLJQ��'LIILFXOWLHV�DURVH�ZKHQ�DVSHFWV�RI�WKH�DFWLYLW\�WKHRU\�PRGHOV
KDG�WR�EH�H[SODLQHG�WR�VWDNHKROGHUV��%HQHILW�FDPH�IURP�WKH�VWUXFWXUH�WKDW�WKH�DFWLYLW\�V\VWHP
PRGHO�SURYLGHG�IRU�FROOHFWLQJ�DQG�DQDO\]LQJ�GDWD�DQG�WKH�LGHQWLILFDWLRQ�RI�PHGLDWLQJ�PHDQV�

7KH�WKHPH�RI�WHQVLRQV�ZLWKLQ�DQG�EHWZHHQ�DFWLYLW\�V\VWHPV��DV�ZHOO�DV�WKH�QHFHVVLW\�RI�FDUHIXOO\
DQDO\]LQJ�DFWLYLW\�V\VWHPV�VXUURXQGLQJ�DQ�LQWHQGHG�VRIWZDUH�V\VWHP�UHFXUV�LQ�WKH�QH[W�SDSHU�E\
6SDVVHU��7KH�WKHPH�RI�SURFHVV��VR�FHQWUDO�WR�%DUWKHOPHVV�DQG�$QGHUVRQ¶V�ZRUN��DOVR�UHFXUV�
6SDVVHU�UHIOHFWV�RQ�WKH�GHYHORSPHQW�RI�D�ZHE�EDVHG�SURMHFW�FRRUGLQDWLRQ�DQG�SXEOLVKLQJ
HQYLURQPHQW��7KH�HQYLURQPHQW��UHIHUUHG�WR�DV�&36��IDFLOLWDWHV�WKH�SXEOLVKLQJ�RI�D�YDULHW\�RI
VW\OL]HG�LQIRUPDWLRQ�DERXW�WKH�IORUD�RI�1RUWK�$PHULFD��7KH�GHYHORSPHQW�RI�&36�ZDV�QRW�PHUHO\
WKH�GHYHORSPHQW�RI�D�GLJLWDO�OLEUDU\��EXW�D�UHVHDUFK�HIIRUW�LQWR��DQG�HYROXWLRQ�RI��D�FROODERUDWLYH
SURFHVV�IRU�PXOWLSOH�FRPPXQLWLHV�RI�VWDNHKROGHUV�VXFK�DV�SURMHFW�OHDGHUV��FRQWHQW�SURYLGHUV�
FRQWHQW�HGLWRUV��DQG�WHFKQLFDO�VXSSRUW�VWDII��$�UHDOLVW�FDVH�VWXG\�PHWKRGRORJ\�ZDV�XVHG
SURPLQHQWO\�LQ�WKH�FROOHFWLRQ�RI�WKH�GDWD�IURP�ZKLFK�WKH�VRIWZDUH�HQYLURQPHQW�DQG�FROODERUDWLYH
SURFHVV�HYROYHG��$Q�DFWLYLW\�WKHRU\�DQDO\VLV��LQIOXHQFHG�E\�D�UHDOLVW�DSSURDFK��UHYHDOHG�VSHFLILF
FRQIOLFWV�DQG�WHQVLRQV�EHWZHHQ�GLIIHUHQW�FRPPXQLWLHV�RI�VWDNHKROGHUV��LQFOXGLQJ�FRQIOLFWV�DERXW
REMHFWV�VXFK�DV�SXEOLVKHG�PDQXVFULSWV��7KH�&36�VRIWZDUH�ZDV�DOVR�D�VRXUFH�RI�GLVDJUHHPHQW�DV�LW
HPERGLHG�FRQIOLFWLQJ�REMHFWV��7KH�LGHQWLILHG�FRQIOLFWV�DQG�FRQWUDGLFWLRQV�GURYH�WKH�HYROXWLRQ�RI�D
QHZ��GLVWULEXWHG�DFWLYLW\�V\VWHP�WKDW�WKH�GLIIHUHQW�FRPPXQLWLHV�DJUHHG�WR�DGRSW��7KXV��6SDVVHU
VKRZV�KRZ�DFWLYLW\�WKHRU\�FDQ�IDFLOLWDWH�VRIWZDUH�GHYHORSPHQW�LQ�FRQWHQWLRXV�VHWWLQJV�DQG
SURYLGHV�D�SHUVSHFWLYH�RQ�WKH�UHDOLVW�DSSURDFK�LQ�JHQHUDO�

7HQVLRQV�DQG�PXOWLSOH�FRPPXQLWLHV�RI�VWDNHKROGHUV�DUH�DOVR�H[DPLQHG�E\�.RUSHOD��0XUVX��DQG
6RUL\DQ�DV�WKH\�GLVFXVV�DQ�$7�IUDPHZRUN�IRU�VRIWZDUH�GHYHORSPHQW��7KH�IUDPHZRUN�LV�EDVHG�RQ
WKH�DXWKRUV¶�RZQ�SUHYLRXV�UHVHDUFK��/HRQW¶HY¶V�ZRUN�RQ�PRWLYHV�DQG�RXWFRPHV��DQG�(QJHVWU|P¶V
PRGHOV��7KH�DXWKRUV�LOOXVWUDWH�KRZ�WKH�IUDPHZRUN�FDQ�EH�DSSOLHG�WR�VRIWZDUH�GHYHORSPHQW
SURMHFWV�XVLQJ�D�K\SRWKHWLFDO�H[DPSOH��7KH\�DOVR�GLVFXVV�WKHLU�HYDOXDWLRQ�RI�WKH�IUDPHZRUN�LQ�D
JURXS�RI�1LJHULDQ�VRIWZDUH�FRPSDQLHV��7KH�IUDPHZRUN�VHHPV�HVSHFLDOO\�ZHOO�VXLWHG�IRU�VRIWZDUH
FRPSDQLHV�RU�JURXSV�ZLWKLQ�RUJDQL]DWLRQV�ZRUNLQJ�LQ�D�FRQVXOWLQJ�UHODWLRQVKLS�ZLWK�HQG�XVHUV�
7KH�HYDOXDWLRQ�UHYHDOHG�DQ�LPSRUWDQW�UHVXOW��QDPHO\��WKDW�WKH�VRIWZDUH�GHYHORSHUV�DQG�HQG�XVHUV
IRXQG�WKH�IUDPHZRUN�HDV\�WR�FRPSUHKHQG�DQG�DSSO\��&RPSUHKHQVLELOLW\�RI�PHWKRGV�KDV�DOZD\V
EHHQ�D�VWXPEOLQJ�EORFN�WR�VRIWZDUH�HQJLQHHULQJ�DQG�WKXV�WKLV�UHVXOW�LV�YHU\�SURPLVLQJ�

7KH�IUDPHZRUN�LOOXPLQDWHV�VHYHUDO�LVVXHV��)LUVW��WKH�IUDPHZRUN�DGGUHVVHV�VHYHUDO�DFWLYLW\
WKHRUHWLFDO�SURSHUWLHV�RI�VRIWZDUH�GHYHORSPHQW��RXWFRPH��REMHFW�DQG�SURFHVV��DFWRUV��PHDQV�RI
ZRUN��PHDQV�RI�FRRUGLQDWLRQ�DQG�FRPPXQLFDWLRQ��JURXS�YHUVXV�WHDP�HIIRUW��DQG�PRGH�RI
RSHUDWLRQ��6HFRQG��WKH�IUDPHZRUN�FDUHIXOO\�LGHQWLILHV�WKH�GLIIHUHQW�FRPPXQLWLHV�WKDW�FRPH
WRJHWKHU�WR�FDUU\�RXW�VRIWZDUH�GHYHORSPHQW��VRIWZDUH�SURIHVVLRQDOV��DFDGHPLFV��PDQDJHPHQW�
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HQG�XVHUV��DQG�HQG�XVHUV¶�FOLHQWV��7KLUG��WKH�IUDPHZRUN�UHYHDOV�DUHDV�ZKHUH�WHQVLRQ�RU�FRQIOLFW
DULVHV�LQ�VRIWZDUH�GHYHORSPHQW��HVSHFLDOO\�EHWZHHQ�GLIIHUHQW�FRPPXQLWLHV�RI�VWDNHKROGHUV�

:LWK�UHVSHFW�WR�WHQVLRQV�LQ�VRIWZDUH�GHYHORSPHQW�DV�DQ�DFWLYLW\��WKH�DXWKRUV�HODERUDWH�RQ�WKH
QRWLRQ�WKDW�VRIWZDUH�GHYHORSPHQW�LV�W\SLFDOO\�DQ�DFWLYLW\�WKDW�WDNHV�SODFH�DORQJ�WKH�ERXQGDU\
EHWZHHQ�FRPPXQLWLHV��7KH�WZR�PDMRU�FRPPXQLWLHV�DUH�WKH�VRIWZDUH�GHYHORSHUV�DQG�WKH�HQG
XVHUV��%RWK�JHQHUDOO\�KDYH�GLIIHUHQW�KLVWRULHV�DQG�WKXV�GUDZ�RQ�GLIIHUHQW�VHWV�RI�H[SHULHQFHV
ZKHQ�WU\LQJ�WR�FRPPXQLFDWH�DQG�FROODERUDWH�RQ�D�VLQJOH�SURMHFW��7KHUH�LV�DOVR�DQ�LQKHUHQW
WHQVLRQ�LQ�D�³WHPSRUDU\�JDWKHULQJ´�VXFK�DV�D�VRIWZDUH�SURMHFW�WHDP�±�OHDUQLQJ�WR�FRPPXQLFDWH
IRU�D�VKRUW�SUREOHP�VROYLQJ�VHVVLRQ�ZLWKRXW�DQ\�SURPLVH�RI�IXWXUH�FROODERUDWLRQ�

,Q�JHQHUDO��WKH�DXWKRUV�PDNH�D�FDOO�WR�WKH�FRPPXQLW\�IRU�PRUH�HPSLULFDO�PHWKRGV�LQ�VRIWZDUH
GHYHORSPHQW��7KH\�FRQWULEXWH�WR�WKLV�JRDO�E\�SURYLGLQJ�D�IUDPHZRUN�WR�VXSSRUW�IXUWKHU�HPSLULFDO
ZRUN��ERWK�RQ�PHWKRGV�RI�VRIWZDUH�GHYHORSPHQW��DV�ZHOO�DV�LQ�SUDFWLFDO�VRIWZDUH�GHYHORSPHQW
DSSOLFDWLRQ�VLWXDWLRQV�

7HQVLRQV�DULVH�DV�D�VRXUFH�RI�VRIWZDUH�UHTXLUHPHQWV�DQG�D�FDWDO\VW�IRU�WKH�HYROXWLRQ�RI�DFWLYLW\
V\VWHPV�LQ�D�SDSHU�E\�0LHWWLQHQ�DQG�+DVX��7KH\�VWXG\�WKH�DFWLYLW\�RI�LQQRYDWLRQ�DQG��LQ
SDUWLFXODU��WKH�WUDQVLWLRQ�RI�D�PHGLFDO�LQVWUXPHQW�FDOOHG�D�QHXURPDJQHWRPHWHU�IURP�D�UHVHDUFK
SURWRW\SH�WR�D�SURGXFW�LQ�FOLQLFDO�XVH��7KH�DXWKRUV�GHVFULEH�DQ�DQDO\VLV�VFKHPH�ZLWK�WKH�IROORZLQJ
WKUHH�OHYHOV��WKH�XVH�YDOXH�RI�WKH�SURGXFW��WKH�GHYHORSPHQW�RI�FRPSOHPHQWDU\�PHDQV²D�FRQFHSW
VLPLODU�WR�PHGLDWLQJ�PHDQV��DQG�WKH�VLWXDWHG�XVH�RI�WKH�SURGXFW��)LYH�FRPPXQLWLHV�RI
VWDNHKROGHUV�DUH�LGHQWLILHG��WKUHH�SURGXFHUV�RI�WKH�WHFKQRORJ\�DQG�WZR�JURXSV�RI�FRQVXPHUV��)RU
WKH�SXUSRVHV�RI�FROOHFWLQJ�GDWD�IURP�GLIIHUHQW�VWDNHKROGHUV��D�TXHVWLRQQDLUH�ZDV�GHYHORSHG�WKDW
IRFXVHG�RQ�WZR�OHYHOV�RI�WKH�DXWKRUV¶�PRGHO��WKH�XVH�YDOXH�DQG�WKH�VLWXDWHG�XVH�RI�WKH�SURGXFW�
7KH�TXHVWLRQQDLUH�ZDV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�D�ZRUNVKRS�WR�FROOHFW�GDWD�DERXW�WKH�DFWLYLWLHV
DQG�YLHZSRLQWV�RI�GLIIHUHQW�VWDNHKROGHUV��$OO�VWDNHKROGHU�FRPPXQLWLHV�ZHUH�UHSUHVHQWHG�DW�WKH
ZRUNVKRS��7KH�UHVXOWV�KLJKOLJKWHG�WHQVLRQV�DQG�FRQIOLFWV�DULVLQJ�IURP�FXOWXUDO�KLVWRULFDO
GLIIHUHQFHV�LQ�WKH�FRPPXQLWLHV��,W�DOVR�UHYHDOHG�GHWDLOV�RI�GLIIHUHQW�DFWLYLW\�V\VWHPV��7KH�DXWKRUV¶
GDWD�SURYLGHG�D�ULFK�VRXUFH�RI�UHTXLUHPHQWV�

7KHUH�DUH�VHYHUDO�XQLTXH�DVSHFWV�WR�WKLV�ZRUN��,W�SURYLGHV�GHWDLOHG�GLVFXVVLRQV�RI�LQQRYDWLRQ�DV
DQ�DFWLYLW\�DQG�WKH�LQWHUSOD\�EHWZHHQ�WKH�LQQRYDWLRQ�DFWLYLW\�V\VWHPV�DQG�SURGXFHU�FRQVXPHU
DFWLYLW\�V\VWHPV��7KH�ZRUN�LGHQWLILHV�WHQVLRQV��FRQIOLFWV��DQG�FRQWUDGLFWLRQV�DV�VRXUFHV�RI
UHTXLUHPHQWV�IRU�SURGXFWV�DV�ZHOO�DV�FDWDO\VWV�IRU�WKH�HYROXWLRQ�RI�DFWLYLW\�V\VWHPV��7KH�PXOWL�
OHYHO�DQDO\VLV�DQG�VSHFLILF�TXHVWLRQQDLUH�WKDW�SURYHG�XVHIXO�LQ�WKLV�FDVH�VWXG\�DUH�GLUHFWO\
DSSOLFDEOH�WR�RWKHU�VWXGLHV�RI�QHWZRUNV�RI�DFWLYLW\�V\VWHPV��7KH�SDUWLFXODU�XVH�RI�WKH
TXHVWLRQQDLUH�LQ�FRQMXQFWLRQ�ZLWK�D�PXOWL�FRPPXQLW\�ZRUNVKRS�UHLWHUDWHV�WKH�XVHIXOQHVV�RI
DFWLYLW\�WKHRU\�DV�D�JXLGH�WR�LQWHUYHQLQJ�LQ�FRPPXQLWLHV�LQ�RUGHU�WR�EHWWHU�GHYHORS�SURGXFW
UHTXLUHPHQWV�DQG�HYROYH�QHWZRUNV�DFWLYLW\�V\VWHPV��7KLV�NLQG�RI�LQWHUYHQWLRQ�LV�PRUH�WKHRUHWLFDOO\
JURXQGHG�WKDQ�WKH�W\SLFDO�DSSURDFKHV�WR�MRLQW�GHVLJQ�PHWKRGV��LQFOXGLQJ�SDUWLFLSDWRU\�GHVLJQ�
$FWLYLW\�WKHRU\�SODFHV�D�V\VWHPDWLF��IRUPDO�HPSKDVLV�RQ�LGHQWLI\LQJ�UROHV��DFWRUV��DQG�FRPPXQLWLHV
UHOHYDQW�WR�D�SURMHFW�DQG��YHU\�FULWLFDOO\��DQ�XQGHUVWDQGLQJ�RI�FRQIOLFWV�DQG�WHQVLRQV�LQ�WKH
LQWHQGHG�DFWLYLW\�HDUO\�LQ�WKH�GHVLJQ�SURFHVV��7KXV��LW�DOORZV�FROODERUDWLYH�JDWKHULQJV�EHWZHHQ
FRPPXQLWLHV�RI�VWDNHKROGHUV�WR�EH�SDUWLFXODUO\�IUXLWIXO�ZLWK�UHVSHFW�WR�SURYLGLQJ�LQIRUPDWLRQ�IRU
SURGXFW�GHYHORSPHQW�

7KH�HDUOLHU�LQ�WKH�GHYHORSPHQW�SURFHVV�WKDW�FULWLFDO�UHTXLUHPHQWV�FDQ�EH�LGHQWLILHG��WKH�PRUH
HIIHFWLYH�DQG�OHVV�H[SHQVLYH�D�GHYHORSPHQW�HIIRUW�ZLOO�EH��7KLV�UHVXOW�KDV�EHHQ�NQRZQ�IRU�PDQ\
\HDUV�LQ�WKH�VRIWZDUH�HQJLQHHULQJ�FRPPXQLW\��$V�D�FRQVHTXHQFH��JUHDW�HPSKDVLV�KDV�EHHQ
SODFHG�RQ�UHVHDUFK�LQ�UHTXLUHPHQWV�HQJLQHHULQJ�DQG�SURFHVV��WKH�SURFHVV�RI�VRIWZDUH
GHYHORSPHQW�DV�ZHOO�DV�WKH�SURFHVV�VXUURXQGLQJ�WKH�XVH�RI�VRIWZDUH�SURGXFWV�LQ�WKH�HQG�XVHUV¶
ZRUN�FRQWH[W��7KH�DXWKRUV�LOOXPLQDWH�HIIHFWLYH�PHWKRGV�IRU�ERWK�RI�WKHVH�DUHDV�RI�UHVHDUFK�
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$QRWKHU�FKDOOHQJLQJ�FRQFHSW�LV�WKDW�RI�VRIWZDUH�HYROXWLRQ��6RIWZDUH�HQJLQHHULQJ�UHVHDUFK�LQ
UHJDUGV�WR�HYROXWLRQ�WHQGV�WR�IRFXV�RQ�VSHFLILFDWLRQ�ODQJXDJHV��H�J���DUFKLWHFWXUDO�GHVFULSWLRQ
ODQJXDJHV²$'/V���GHVLJQV��H�J���FRPSRQHQW�EDVHG�GHVLJQ���DQG�WRROV��H�J���FRQILJXUDWLRQ
PDQDJHPHQW���+RZHYHU��DQRWKHU�SHUVSHFWLYH�LV�VXJJHVWHG�E\�WKLV�SDSHU��WKDW�RI�XQGHUVWDQGLQJ
WKH�HYROXWLRQ�RI�DFWLYLWLHV�VXUURXQGLQJ�WKH�LQQRYDWLRQ�DQG�LQWURGXFWLRQ�RI�SURGXFWV�

7KH�QH[W�WZR�SDSHUV�SUHVHQW�GLIIHUHQW�DVSHFWV�RI�YLUWXDO�DQG�DXJPHQWHG�UHDOLWLHV�PDGH�SRVVLEOH
E\�FRPSXWLQJ��)MHOG��/DXFKH��%LFKVHO��9RRUKRUVW��.UXHJHU��DQG�5DXWHUJHUJ�GHVFULEH�WKH�GHVLJQ
DQG�LWHUDWLYH�LPSURYHPHQW�RI�DQ�DXJPHQWHG�UHDOLW\�KDUGZDUH�DQG�VRIWZDUH�V\VWHP�FDOOHG�%8,/'�
,7���7KHLU�VRIWZDUH�DOORZV�JURXSV�WR�SODQ�GHVLJQV�IRU�DQ\�NLQG�RI�SK\VLFDO�V\VWHP��%8,/'�,7
DOORZV�LWV�XVHUV�WR�ZRUN�DW�D�WDEOH��PRYLQJ�DQG�SODFLQJ�SK\VLFDO�EORFNV�RQ�WKH�VXUIDFH��$OO�WKH
ZKLOH��D�VRIWZDUH�V\VWHP�PRQLWRUV�WKH�DFWLYLW\��DQG�DXJPHQWV�WKH�H[SHULHQFH�ZLWK�YDULRXV�YLVXDO
SURMHFWLRQV��)RU�H[DPSOH��LI�D�EORFN�LV�VXSSRVHG�WR�UHSUHVHQW�D�KRXVH�IRU�D�JURXS�SODQQLQJ�D
QHLJKERUKRRG��WKHQ�RQFH�SODFHG��WKH�EORFN�OHDYHV�WKH�LPDJH�RI�D�KRXVH�SURMHFWHG�RQWR�WKH�WDEOH�
DQG�WKH�EORFN�PD\�EH�PRYHG�WR�DQRWKHU�ORFDWLRQ�WR�UHSUHVHQW�DQG�IDFLOLWDWH�WKH�SODFHPHQW�RI
DQRWKHU�REMHFW��7KH�VRIWZDUH�DQG�KDUGZDUH�LPSOHPHQWLQJ�WKLV�V\VWHP�DUH�YHU\�VRSKLVWLFDWHG�
+RZHYHU��WKH�VXEWOH�SRLQWV�RI�WKH�WKHRU\�EHKLQG�WKH�V\VWHP�DUH�HTXDOO\�LPSUHVVLYH�

)MHOG�DQG�FROOHDJXHV�XVH�%8,/'�,7�WR�UHVHDUFK�WKH�LQWHUUHODWLRQVKLS�RI�VRFLDO�DFWLYLW\�DQG
FUHDWLYLW\�DQG�KRZ�WKH�FUHDWLYH��FRJQLWLYH�SURFHVVHV�RI�LQWHUQDOL]DWLRQ�DQG�H[WHUQDOL]DWLRQ�SOD\�RXW
LQ�D�FRPSXWHU�DXJPHQWHG�UHDOLW\��7KH\�UHO\�KHDYLO\�RQ�/HRQW¶HY�DQG�(QJHVWU|P¶V�WKHRULHV�RI�WRROV
DQG�H[WHULRUL]DWLRQ��:RUN�RU�SOD\�LQ�WKH�VRFLDO�FRQWH[W�VWLPXODWHV�FUHDWLYH�WKRXJKW�LQWHUQDOO\�
,QWHUQDO�WKRXJKW�EHFRPHV�LQVWDQWLDWHG�RU�H[WHUQDOL]HG�LQ�SK\VLFDO�WRROV��RU�RWKHU�PHGLDWLQJ
PHDQV���7KHVH�PHGLDWLQJ�PHDQV�VXSSRUW�QRW�RQO\�DQ�LQGLYLGXDO¶V�UHIOHFWLYH�WKRXJKW��EXW�DOVR
VXSSRUW�WKH�FRPPXQLFDWLRQ�DFURVV�GLIIHUHQW�FRPPXQLWLHV�RI�VWDNHKROGHUV��7KH�WKHRU\�RI
H[WHUQDOL]DWLRQ�LV�UHPLQLVFHQW�RI�WKH�WKHRU\�RI�UHIOHFWLRQ�LQ�DFWLRQ�E\�'RQDOG�6FK|Q�>6FK|Q���@�

$�IXUWKHU�FRQVLGHUDWLRQ�IRU�GHVLJQ�LV�WKH�HPSKDVLV�RQ�³KDQGOLQJ�DVSHFWV´�DQG�³IOXLGLW\´�RI
PHGLDWLQJ�PHDQV�HVSRXVHG�E\�%¡GNHU��.DSWHOLQLQ��DQG�RWKHUV��7KLV�HPSKDVLV�OHG�WR�D�YDULHW\�RI
GHVLJQ�H[SHULPHQWDWLRQ�ZLWK�WKH�EULFNV�XVHG�WR�V\PEROL]H�GHVLJQ�FRPSRQHQWV�DV�ZHOO�DV�ZLWK�WKH
YLUWXDO�UHDOLW\��SURMHFWHG�LPDJHV�WKDW�UHIOHFWHG�WKH�V\PEROLF�DFWLRQV�RI�SODFLQJ�DQG�PDQLSXODWLQJ
WKH�EULFNV�

2I�LQWHUHVW�DV�ZHOO�DUH�WZR�ILJXUHV�LQ�WKH�EHJLQQLQJ�RI�WKH�SDSHU�WKDW�FRQWUDVW�WKH�GLVWLQFWLRQ
EHWZHHQ�SODQQLQJ�DV�DQ�H[SORUDWRU\�SURFHVV�ZLWKRXW�SUHFLVH�JRDOV�YV��WKH�WUDGLWLRQDO�JRDO�
RULHQWHG�SODQQLQJ�IURP�HDUOLHU�ZRUN�RQ�DUWLILFLDO�LQWHOOLJHQFH�DQG�FRJQLWLYH�VFLHQFH��7KH�DXWKRUV
FRQFOXGH�ZLWK�VRPH�GHVLJQ�JXLGHOLQHV�EDVHG�RQ�WKHLU�LWHUDWLYH�HYDOXDWLRQ�DQG�LPSURYHPHQW�RI�WKH
%8,/'�,7�V\VWHP��7KH�JXLGHOLQHV�DUH�OLQNHG�WR�WKHLU�LQWHUSUHWDWLRQ�RI�WKH�WKHRULHV�RI�DFWLYLW\
PHQWLRQHG�DERYH�

=DJHU�DOVR�VWXGLHV�VRIWZDUH�IURP�WKH�SHUVSHFWLYH�RI�D�YLUWXDO�ZRUOG��+H�LGHQWLILHV�D�QHZ�NLQG�RI
FROODERUDWLYH�HQWLW\�FDOOHG�D�FRDOLWLRQ��ZKLFK�LV�GLVWLQJXLVKHG�E\�WKH�QRWLRQ�WKDW�WKH�YLUWXDO�ZRUOG�RI
D�VRIWZDUH�V\VWHP�FUHDWHV�D�SVHXGR�FROOHFWLYH�REMHFW��=DJHU¶V�GRPDLQ�RI�VWXG\�LV�WKDW�RI
GLVWULEXWHG�VRIWZDUH�DSSOLFDWLRQV�IRU�EURNHUDJH�LQIRUPDWLRQ��+H�UHSRUWV�RQ�D�VRIWZDUH�V\VWHP
FDOOHG�7ULQLW\�WKDW�PDLQWDLQV�D�YLUWXDO�ZRUOG�RI�LQIRUPDWLRQ�DERXW�WKH�GLVWULEXWHG�DSSOLFDWLRQV�DQG
XQGHUO\LQJ�QHWZRUN�WKDW�VXSSRUWV�WKHP��7ULQLW\�PDLQWDLQV�LQIRUPDWLRQ�IURP�PDQ\�SHUVSHFWLYHV�
UHOHYDQW�WR�HDFK�FRPPXQLW\�RI�VWDNHKROGHUV��:KHQ�D�SUREOHP�RU�EUHDNGRZQ�LQ�WKH�QHWZRUN
DULVHV��V\PSWRPV�RI�WKH�EUHDNGRZQ�DUH�DSSDUHQW�LQ�WKH�GLIIHUHQW�SHUVSHFWLYHV�DQG�GLIIHUHQW
VWDNHKROGHUV�FDQ�UHDFW�DFFRUGLQJO\��1HWZRUN�DGPLQLVWUDWRUV�FDQ�FRPPXQLFDWH�WR�DSSOLFDWLRQV
PDQDJHUV�WKH�LPSOLFDWLRQ�WKDW�D�IDLOHG�QHWZRUN�FDUG�FRXOG�NHHS�D�SDUWLFXODU�DSSOLFDWLRQ�IURP
UXQQLQJ��7KH�QHWZRUN�DGPLQLVWUDWRUV�RU�WKH�DSSOLFDWLRQV�PDQDJHUV�FDQ�FRPPXQLFDWH�WKH
LPSOLFDWLRQ�WKDW�XVHUV�PD\�KDYH�WURXEOH�VWDUWLQJ�FHUWDLQ�DSSOLFDWLRQV�XQWLO�WKH�SUREOHP�LV�IL[HG��,Q
D�FRDOLWLRQ��VWDNHKROGHUV�DUH�UHODWLYHO\�LQGHSHQGHQW�RI�RQH�DQRWKHU�XQWLO�D�SUREOHP�DULVHV��7KH\
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GHWHFW�WKH�SUREOHP�WKURXJK�WKH�SHUVSHFWLYHV�PDLQWDLQHG�E\�WKH�YLUWXDO�ZRUOG�YLHZ�DQG�UHDFW
DFFRUGLQJO\��7KHUH�LV�QR�RQH�WDQJLEOH�REMHFW�FRRUGLQDWLQJ�D�FROODERUDWLYH�DFWLYLW\��EXW�UDWKHU�WKH
YLUWXDO�ZRUOG�FRQVLVWLQJ�RI�PXOWLSOH�SHUVSHFWLYHV�VHUYLQJ�DV�ZKDW�=DJHU�FDOOV�D�SVHXGR�FROOHFWLYH
REMHFW��7KXV��FRDOLWLRQV�DULVH�ZLWKRXW�WKH�XVXDO�IUDPHZRUN�RI�D�FROODERUDWLYH�DFWLYLW\��³:KDW
GLIIHUHQWLDWHV�WKH�FRDOLWLRQ�IURP�WKH�RUJDQL]HG�FROODERUDWLYH�SDWWHUQ�LV�WKDW�WKH�RUJDQL]HG�SDWWHUQ
LV�D�PHGLDWHG�DFWLYLW\��L�H���LW�KDV�D�FROOHFWLYH�REMHFW��ZKLOH�WKH�FRDOLWLRQ�LV�QRW�>D�PHGLDWHG
DFWLYLW\@�´�=DJHU�SURYLGHV�D�VHW�RI�UHTXLUHPHQWV�IRU�V\VWHPV�WR�IDFLOLWDWH�FRDOLWLRQV��7KH
UHTXLUHPHQWV�HPSKDVL]H�GLIIHUHQW�DVSHFWV�RI�PDLQWDLQLQJ�PXOWLSOH�SHUVSHFWLYHV�VXUURXQGLQJ�D
SUREOHP�VR�WKDW�VWDNHKROGHUV�FDQ�DSSURSULDWHO\�EH�DZDUH�RI�D�SUREOHP�DQG�VKDUH�LQIRUPDWLRQ�WR
VROYH�LW�

2QH�RI�WKH�PDMRU�VWURQJ�SRLQWV�RI�WKH�FRDOLWLRQ�FRQFHSW�LV�WKDW�LW�DOORZV�IRU�WKH�DQDO\VLV�RI
XQSODQQHG�DFWLYLWLHV�DPRQJ�PDQ\�GLIIHUHQW�VWDNHKROGHUV��=DJHU�LGHQWLILHV�PDQ\�VWDNHKROGHUV
LQYROYHG�LQ�D�EURNHUDJH�ILUP¶V�DFWLYLW\��+RZHYHU��KH�DOVR�PDNHV�LW�FOHDU�WKDW�WKHUH�DUH�PDQ\�PRUH
SRWHQWLDO�VWDNHKROGHUV�GHSHQGLQJ�RQ�WKH�WDVN�DW�KDQG��7KH�FRQFHSW�RI�FRDOLWLRQ�VHHPV�ZHOO�VXLWHG
WR�D�PRUH�DG�KRF�PRGHO�RI�JURXS�DFWLYLW\�DV�RSSRVHG�WR�WKH�PRUH�WUDGLWLRQDO�HPSKDVLV�RQ
VWUXFWXUHG�FROODERUDWLRQV�SRSXODU�DPRQJ�GHVLJQHUV�RI�VRIWZDUH�V\VWHPV�

7KH�SDSHU�VHFWLRQ�RI�WKH�VSHFLDO�LVVXH�FRQFOXGHV�ZLWK�D�FRQWULEXWLRQ�E\�1DUGL��:KLWWDNHU��DQG
6FKZDU]��7KH\�UHSRUW�RQ�D�ILHOG�VWXG\�RI�KRZ�SURIHVVLRQDOV�FDUU\�RXW�ZRUN�LQ�WRGD\¶V
LQWHUFRQQHFWHG�ZRUOG��DQG�LGHQWLI\�DQ�DOWHUQDWLYH�FRQFHSW�FRPSOHPHQWDU\�WR�=DJHU¶V�FRDOLWLRQV�
L�H���LQWHQVLRQDO�QHWZRUNV��L�H���HJR�FHQWHUHG�SHUVRQDO�VRFLDO�QHWZRUNV��%HFDXVH�RI�PRGHUQ
WHOHFRPPXQLFDWLRQV�DQG�FRPSXWLQJ�LQIUDVWUXFWXUHV��LQFOXGLQJ�WKH�,QWHUQHW��LW�LV�SRVVLEOH�IRU
FRPSDQLHV�DQG�LQGLYLGXDOV�WR�ZRUN�LQ�D�GLVWULEXWHG�IDVKLRQ��ERWK�JHRJUDSKLFDOO\�DQG
RUJDQL]DWLRQDOO\��:RUN�WKDW�FRXOG�SUHYLRXVO\�EH�DFFRPSOLVKHG�RQO\�E\�KDYLQJ�ZRUNHUV�FR�ORFDWHG
DQG�HPSOR\HG�IRU�ORQJ�FDUHHUV�IRU�RQH�FRPSDQ\�DQG�DW�RQH�VLWH�LV�QRZ�RIWHQ�DFFRPSOLVKHG�E\
RUFKHVWUDWLQJ�GLYHUVH�SHRSOH�LQWHQVLRQDO�QHWZRUNV��,QGLYLGXDOV�HPSOR\HG�IXOOWLPH�E\�D�FRPSDQ\�RU
KLUHG�RQ�D�WHPSRUDU\�EDVLV�RUJDQL]H�WKHPVHOYHV�WR�VROYH�VSHFLILF��VKRUW�WHUP�SUREOHPV��7KLV
DSSURDFK�LV�DWWUDFWLYH�WR�EXVLQHVVHV�EHFDXVH�LW�VDYHV�WKH�RYHUKHDG�RI�KDYLQJ�IXOOWLPH�HPSOR\HHV
GXULQJ�WLPHV�ZKHQ�QR�SURMHFW�LV�DYDLODEOH�WR�XVH�WKHLU�H[SHUWLVH��7KH�DSSURDFK�LV�DWWUDFWLYH�WR
WKRVH�LQGLYLGXDOV�ZKR�VHHN�PRUH�LQGHSHQGHQFH�LQ�WKH�ZRUNSODFH�

+RZHYHU��WKHUH�DUH�KLGGHQ�FRVWV��0RUH�VSHFLILFDOO\��WKHUH�LV�ZRUN�WR�EH�GRQH�WR�HQDEOH�WKLV
EXVLQHVV�PRGHO�WR�ZRUN��ZRUN�WKDW�WKH�DXWKRUV�DSWO\�QRWH�WKDW�GRHV�QRW�DSSHDU�LQ�D�EXVLQHVV
³SURFHVV´�FKDUW��7KH�DXWKRUV�WHUP�WKLV�ZRUN��QHW:RUN��,QGLYLGXDOV�SHUIRUP�QHW:RUNLQJ�WR�EXLOG
DQG�PDLQWDLQ�SHUVRQDO�UHODWLRQVKLSV�ZLWK�RWKHU�LQGLYLGXDOV�ZKR�FDQ�DVVLVW�WKHP�LQ�FRPSOHWLQJ
ZRUN�WDVNV��7KXV��LQ�WKLV�UHVHDUFK��D�QHWZRUN�FRQVLVWV�RI�OLYLQJ�QRGHV�ZLWK�LQWHUFRQQHFWLQJ�OLQNV
EDVHG�RQ�SHUVRQDO�DQG�SURIHVVLRQDO�UHODWLRQVKLSV��6SHFLILF�QRGHV�DUH�DFWLYDWHG�ZKHQ�WKH\�DUH
DSSOLFDEOH�WR�VSHFLILF�WDVNV��7KH�DXWKRUV�QRWH�KRZ�LQGLYLGXDOV�FDQ�EHFRPH�PRUH�LPSRUWDQW�WKDQ
WHDPV�LQ�FROODERUDWLYH�ZRUN��7KHUH�DUH�WZR�VHQVHV�LQ�ZKLFK�WKLV�QHZ�IRFXV�LV�WUXH��7KH�QHWZRUN
FRQVLVWV�RI�LQGLYLGXDOV�DQG�D�VLQJOH�LQGLYLGXDO�FDQ�EH�D�SRLQW�RI�IRFXV�IRU�DFFRPSOLVKLQJ�D�WDVN�

7KH�DXWKRUV�GUDZ�KHDYLO\�RQ�LQ�GHSWK�LQWHUYLHZV�WR�HOXFLGDWH�WKH�LVVXHV�PDNLQJ�QHW:RUNLQJ
FULWLFDO��GLIILFXOW��DQG�UHZDUGLQJ�LQ�WRGD\¶V�ZRUNSODFH��,VVXHV�UHODWHG�WR�DFWLYLW\�WKHRUHWLFDO�QRWLRQV
RI�PHGLDWLQJ�PHDQV��KLVWRU\��WHQVLRQV��DQG�FRQIOLFWV�SOD\�D�FULWLFDO�UROH��7HQVLRQV�DULVH�LQ�WKH�QHHG
WR�EULQJ�WRJHWKHU�WHDPV�WKDW�QRUPDOO\�GR�QRW�ZRUN�WRJHWKHU��,QGLYLGXDOV�KDYH�GLIIHUHQW�KLVWRULHV�LQ
WKHLU�FRPPXQLWLHV��GLIIHUHQW�UXOHV�IRU�DFWLYLWLHV�

7KH�DXWKRUV�UHODWH�WKHLU�ZRUN�WR�(QJHVWU|P¶V�QRWLRQ�RI�NQRWZRUNLQJ��:HQJHU¶V�UHVHDUFK�RQ
FRPPXQLWLHV�RI�SUDFWLFH��DQG��=DJHU¶V�DQDO\VLV�RI�FRDOLWLRQV��7KH�GLVWLQJXLVKLQJ�IDFWRUV�RI
QHW:RUNLQJ�FHQWHU�RQ�WKH�VFRSH��VSHFLILFLW\��DQG�GXUDWLRQ�RI�WKH�UHODWLRQVKLSV��WKH�HVWDEOLVKPHQW
RI�UROHV��WKH�GXUDWLRQ�RI�WKH�DFWLYLWLHV��DQG�PRWLYDWLRQV��$OO�RI�WKH�LVVXHV�WKH�DXWKRUV�LGHQWLI\
SUHVHQW�UHTXLUHPHQWV�WKDW�VRIWZDUH�GHVLJQHUV�PXVW�DGGUHVV�LI�WKH\�DUH�WR�VXSSRUW�FROODERUDWLYH
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VRIWZDUH�WKDW�DGKHUHV�WR�PRGHUQ�DSSURDFKHV�WR�ZRUN��7KH�ZRUN�LV�YHU\�UHOHYDQW��IRU�H[DPSOH��WR
VRIWZDUH�FRPSDQLHV�WKDW�RXWVRXUFH�GHYHORSPHQW�RI�FRGH�

&RPPRQ�7KHPHV�DQG�7KUHDGV

7KH�SDSHUV�ZHDYH�D�IUDPHZRUN�RI�GHVLJQ�EDVHG�RQ�DFWLYLW\�WKHRU\��6HYHUDO�WKHPHV�UHFXU��DQG
WKXV�GHVHUYH�SDUWLFXODU�QRWLFH��,Q�RUGHU�WR�IROORZ�WKH�GHVFULSWLRQ�RI�WKH�WKHPHV��WKH�UHDGHU�LV
GLUHFWHG�WR�WKH�IROORZLQJ�WDEOH�

3DSHU $XWKRUV
� %DUWKHOPHVV�DQG�$QGHUVRQ
� &ODVHV�DQG�:HKQHU
� &ROOLQV��6KXNOD��DQG�5HGPLOHV
� 6SDVVHU
� .RUSHOD��0XUVX��6RUL\DQ
� 0LHWWLQHQ�DQG�+DVX
� )MHOG��/DXFKH��%LFKVHO��9RRUKRUVW��.UXHJHU��DQG�5DXWHUJHUJ
� =DJHU
� 1DUGL��:KLWWDNHU��6FKZDU]

$OO�RI�WKH�SDSHUV�VWXG\�FROODERUDWLRQ�LQ�RQH�IRUP�RU�DQRWKHU��HLWKHU�WKH�FROODERUDWLYH�GHVLJQ
RI�VRIWZDUH�����������DQG����RU�PRUH�JHQHUDO�SURGXFWV����DQG�����RU��FROODERUDWLRQ�WKURXJK�WKH
VRIWZDUH�V\VWHP�����������������DQG�����6RPH�RI�WKH�SDSHUV�VWXG\�WKH�SDUWLFXODU�LVVXHV
VXUURXQGLQJ�NQRZOHGJH�PDQDJHPHQW�V\VWHPV�LQ�FROODERUDWLYH�HQYLURQPHQWV����DQG����
$QRWKHU�VSHFLDOW\�ZLWKLQ�FROODERUDWLRQ�LV�WKDW�RI�YLUWXDO�RU�FRPSXWHU�DXJPHQWHG�UHDOLWLHV���
DQG�����7KH�WKHPH�RI�SURFHVV�LQ�FROODERUDWLRQ�LV�KLJKOLJKWHG�LQ�WZR�SDSHUV����DQG����

$OO�RI�WKH�SDSHUV�DUH�LQIRUPDWLYH�WR�VRIWZDUH�GHVLJQ�DQG�ILHOG�DQDO\VLV�E\�SURYLGLQJ�LPSOLFLW�RU
H[SOLFLW�JXLGHOLQHV�DQG�FDVH�VWXGLHV��+RZHYHU��VHYHUDO�RI�WKH�SDSHUV�SURYLGH�H[SOLFLW�FKHFNOLVWV
RU�PHWKRGV�RI�DQDO\VLV�����������DQG����

$OPRVW�DOO�RI�WKH�SDSHUV�FRPPHQW�H[SOLFLWO\�RQ�PHGLDWLQJ�PHDQV�FRPSRQHQW�RI�DFWLYLW\�WKHRU\�
6RPH�HPSKDVL]H�WKH�LPSRUWDQFH�RI�WKH�KLVWRU\�RI�PHGLDWLQJ�PHDQV�DQG�RWKHU�FRQFHSWV�LQ
GLIIHUHQW�FRPPXQLWLHV�RI�SUDFWLFH�����������������DQG�����2WKHUV�SURYLGH�H[WHQVLYH�H[DPSOHV����
RU�ERWK�H[DPSOHV�DQG�FODVVLILFDWLRQ������7KH�WZR�SDSHUV�RQ�YLUWXDO�DQG�FRPSXWHU�DXJPHQWHG
UHDOLWLHV��������SURYLGH�WKH�PRVW�QRYHO�YLHZV�RI�PHGLDWLQJ�PHDQV��ZLWK�RQH�����SURYLGLQJ�D�QHZ
GHILQLWLRQ��7ZR�SDSHUV����DQG����HPSKDVL]H�WKH�RQ�JRLQJ�QHHG�WR�GHILQH�KXPDQ�DFWRUV�DV
PHGLDWLQJ�PHDQV�

$OO�RI�WKH�SDSHUV�FOHDUO\�LGHQWLI\�VHYHUDO�FRPPXQLWLHV�RI�VWDNHKROGHUV�HLWKHU�LQ�WKH
FROODERUDWLYH�GHVLJQ�RI�VRIWZDUH�V\VWHPV�RU�WKH�FROODERUDWLRQ�WKURXJK�VRIWZDUH�V\VWHPV��6RPH
HPSKDVL]H�WKH�FULWLFDOLW\�RI�WKH�ERXQGDU\�EHWZHHQ�GLIIHUHQW�FRPPXQLWLHV����DQG�����'LIIHUHQW
FRPPXQLWLHV�RI�VWDNHKROGHUV�JLYH�ULVH�WR�PXOWLSOH�SHUVSHFWLYHV��6HYHUDO�RI�WKH�SDSHUV
HPSKDVL]H�WKH�QHHG�WR�DFFRPPRGDWH�PXOWLSOH�SHUVSHFWLYHV�HLWKHU�LQ�WKH�DFWLYLW\�RI�GHVLJQ�������
RU�SUREOHP�VROYLQJ��������RU�LQ�WKH�VRIWZDUH�V\VWHPV�WKDW�IDFLOLWDWH�DFWLYLW\���������7KH�GLVFXVVLRQ
RI�VWDNHKROGHUV�XVXDO�FRLQFLGHV�ZLWK�D�GLVFXVVLRQ�RI�WKH�KLVWRU\�RI�PHGLDWLQJ�PHDQV�ZLWKLQ�WKRVH
FRPPXQLWLHV������������������DQG����QRWHG�DERYH�

7HQVLRQV��FRQIOLFWV��DQG�FRQWUDGLFWLRQV�RI�DQG�EHWZHHQ�DFWLYLW\�V\VWHPV�DUH�D�UHFXUULQJ
WKHPH�LQ�PDQ\�RI�WKH�SDSHUV��'LIIHUHQFHV�EHWZHHQ�FRPPXQLWLHV�RI�VWDNHKROGHUV�JLYH�ULVH�WR
VRPH�WHQVLRQV��HVSHFLDOO\�ZKHQ�WKH�FRPPXQLWLHV�KLVWRULFDOO\�KDYH�GLIIHUHQW�PHGLDWLQJ�PHDQV����
������DQG�����'LIIHUHQFHV�EHWZHHQ�WKH�FRQWH[W�RI�LQSXW�DQG�XVH�DUH�LGHQWLILHG�DV�D�VRXUFH�RI
WHQVLRQ�LQ�RQH�NQRZOHGJH�PDQDJHPHQW�V\VWHP������,Q�WKH�RWKHU�NQRZOHGJH�PDQDJHPHQW



�

V\VWHP������WHQVLRQ�DULVHV�LQ�WKH�FRQIOLFW�RI�NQRZOHGJH�LQSXW�DQG�RWKHU�DFWLYLW\�V\VWHPV��,Q�WKH
YLUWXDO�DQG�FRPSXWHU�DXJPHQWHG�UHDOLW\�V\VWHPV����DQG�����WKH�V\VWHPV�DPHOLRUDWH
WHQVLRQV��7HQVLRQV�DQG�EUHDNGRZQV�VHUYH�DV�D�GULYLQJ�IRUFH�IRU�WKH�IRUPDWLRQ�RI�WHDPV����DQG
DOVR��WR�VRPH�GHJUHH����DQG�����7HQVLRQV��FRQIOLFWV��DQG�FRQWUDGLFWLRQV�VHUYH�DV�D�VRXUFH�RI
UHTXLUHPHQWV�IRU�VRIWZDUH�GHVLJQ�����������DQG����DQG�DV�WKH�PRWLYDWLRQ�IRU�HYROXWLRQ�RI
DFWLYLW\�V\VWHPV��������DQG�����7KH�LQWHUSOD\�EHWZHHQ�WKHVH�ODVW�WZR�FRQFHSWV�VKRXOG�QRW�EH
RYHUORRNHG��)HZ�VRIWZDUH�GHYHORSHUV�WR�GDWH�KDYH�DQWLFLSDWHG�WKH�HYROXWLRQ�RI�DFWLYLWLHV�DIIHFWLQJ
WKHLU�VRIWZDUH��)LQDOO\��RQH�LV�OHIW�ZLWK�WKH�VHQVH�WKDW�WHQVLRQV��FRQIOLFWV��DQG�FRQWUDGLFWLRQV�
FHQWUDO�LQ�PRVW�DFWLYLW\�WKHRU\�DQDO\VHV��SURYLGH�LQVLJKW�LQWR�KXPDQ�FUHDWLYLW\�

7ZR�RI�WKH�SDSHUV����DQG����PDNH�H[SOLFLW�PHQWLRQ�WKDW�DFWLYLW\�WKHRU\�JXLGHG�WKH�DXWKRUV¶
LQWHUYHQWLRQ�LQ�WKH�DFWLYLW\�V\VWHPV�XQGHU�VWXG\��)URP�DQ�H[SHULPHQWDO�SHUVSHFWLYH�
LQWHUYHQWLRQ�LV�WR�EH�DYRLGHG��+RZHYHU��LQ�WKH�LQWHUHVW�RI�DGRSWLRQ�RI�VRIWZDUH�V\VWHPV�
LQWHUYHQWLRQ�LV�RIWHQ�QHFHVVDU\�WR�DGRSWLRQ��7KDW�DFWLYLW\�WKHRU\�FDQ�JXLGH�LQWHUYHQWLRQ�WR
LPSURYH�DGRSWLRQ�DQG�UHTXLUHPHQWV�JDWKHULQJ�LV�D�XVHIXO�LQVLJKW�DQG�VXJJHVWV�D�PRUH�LQWHJUDWHG
YLHZ�RI�VRIWZDUH�GHYHORSPHQW��QDPHO\�RQH�WKDW�GHVLJQV�ERWK�WKH�VRIWZDUH�V\VWHP�DQG�WKH
HQYLURQPHQWV�LQWR�ZKLFK�WKH�VRIWZDUH�LV�GHSOR\HG�

&RQFOXVLRQ

7KLV�VSHFLDO�LVVXH�LV�D�ULFK�VRXUFH�RI�LQIRUPDWLRQ�DERXW�DFWLYLW\�WKHRU\�DQG�FDVH�VWXGLHV
VXUURXQGLQJ�VRIWZDUH�GHVLJQ��,W�LV�LQIRUPDWLYH�WR�WKH�FROODERUDWLYH�GHVLJQ�RI�VRIWZDUH�DV�ZHOO�DV
WKH�GHVLJQ�RI�VRIWZDUH�IRU�FROODERUDWLYH�VHWWLQJV��,I�VRIWZDUH�SURMHFWV�DUH�WR�VXFFHHG�LQ�UHDO�ZRUOG
VHWWLQJV��WKH�ZKROH�YLHZ�RI�VRIWZDUH�QHHGV�WR�EH�WDNHQ�LQ�PLQG��IURP�WKH�VWDNHKROGHUV�LQYROYHG�LQ
WKH�VHWWLQJ�WR�WKH�DFWLYLWLHV�WKDW�WKH�VRIWZDUH�LV�EHLQJ�XVHG�IRU��WR�WKH�RWKHU�DFWLYLWLHV�WKDW�ZLOO
VXUURXQG�DQG�FRQIOLFW�ZLWK�WKH�VRIWZDUH�DSSOLFDWLRQ��0DQ\�UHVHDUFKHUV�DQG�SUDFWLWLRQHUV�VWULYH�IRU
D�PRUH�WKHRUHWLFDOO\�GULYHQ�DV�ZHOO�DV�HPSLULFDOO\�GULYHQ�VRIWZDUH�GHYHORSPHQW�SURFHVV��7KLV
VSHFLDO�LVVXH�LV�D�IXUWKHU�VWHS�LQ�WKDW�GLUHFWLRQ�
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>)LVFKHU���@ *��)LVFKHU��6HHGLQJ��(YROXWLRQDU\�*URZWK�DQG�5HVHHGLQJ��&RQVWUXFWLQJ��&DSWXULQJ
DQG�(YROYLQJ�.QRZOHGJH�LQ�'RPDLQ�2ULHQWHG�'HVLJQ�(QYLURQPHQWV��$XWRPDWHG�6RIWZDUH
(QJLQHHULQJ��9�����1R�����2FWREHU�������SS����������

>*UXGLQ���@ -��*UXGLQ��&6&:��+LVWRU\�DQG�)RFXV��,(((�&RPSXWHU��9������1R�����0D\�������SS�
������

>5LWWHO���@ +�:�-��5LWWHO��6HFRQG�*HQHUDWLRQ�'HVLJQ�0HWKRGV��LQ�1��&URVV��HG���
'HYHORSPHQWV�LQ�'HVLJQ�0HWKRGRORJ\��-RKQ�:LOH\�	�6RQV��1HZ�<RUN��������SS����������

>6FK|Q���@ '�$��6FK|Q��7KH�5HIOHFWLYH�3UDFWLWLRQHU��+RZ�3URIHVVLRQDOV�7KLQN�LQ�$FWLRQ��%DVLF
%RRNV��1HZ�<RUN�������

>6LPRQ���@ +�$��6LPRQ��7KH�6FLHQFHV�RI�WKH�$UWLILFLDO��7KH�0,7�3UHVV��&DPEULGJH��0$�������

$FNQRZOHGJHPHQWV

7KH�VSHFLDO�LVVXH�KDV�EHHQ�WKH�UHVXOW�RI�PDQ\�SHRSOH¶V�HIIRUWV��)LUVW��ZH��1DUGL�DQG�5HGPLOHV�
ZRXOG�OLNH�WR�WKDQN�WKH�DXWKRUV�IRU�WKHLU�ZRUN�DQG�GLOLJHQFH�WR�PDNH�WKHLU�FRQWULEXWLRQV�DQG�VHH
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WKHP�WKURXJK�WR�IUXLWLRQ��6HFRQG��ZH�ZRXOG�OLNH�WR�WKDQN�WKH�UHYLHZHUV��7KLUG�ZH�ZRXOG�OLNH�WR
WKDQN�WKH�(GLWRU�LQ�&KLHI��'U��.MHOG�6FKPLGW��IRU�VXSSRUWLQJ�WKLV�VSHFLDO�LVVXH�


