
7KLV�LV�D�GUDIW�SUHSULQW�FKDSWHU�IURP�D�IRUWKFRPLQJ�PDQXVFULSW��&LWDWLRQ�LQIRUPDWLRQ�DV�IROORZV����&DEUHUD��'���
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�

7KH�)RXU�:DYHV�RI�6\VWHPV�7KLQNLQJ�
�
'HUHN�&DEUHUD��/DXUD�&DEUHUD��DQG�*HUDOG�0LGJOH\�
�

7KH�2ULJLQV�RI�WKLV�+DQGERRN ��

7KH�)RXU�:DYHV�RI�6\VWHPV�7KLQNLQJ ��
&DYHDWV�RI�WKH�:DYHV ��
7KH�)LUVW�:DYH ���
7KH�6HFRQG�:DYH ���
7KH�7KLUG�:DYH ���
7KH�)RXUWK�:DYH ���

'LYHUVLW\�DQG�8QLYHUVDOLW\��7KH�)RXUWK�:DYH ���
7KH�'LYHUVLW\��:KHUH�LV�WKH�%RXQGDU\�RI�6\VWHPV�7KLQNLQJ" ���
7KH�8QLYHUVDOLW\��:KDW�LV�WKH�3DWWHUQ�WKDW�&RQQHFWV�LQ�6\VWHPV�7KLQNLQJ" ���

(VWDEOLVKLQJ�WKH�%RXQGDU\�RI�WKH�6\VWHPV�7KLQNLQJ�8QLYHUVH ���
([SDQGLQJ�WKH�%RXQGDU\�RI�WKH�6\VWHPV�7KLQNLQJ�8QLYHUVH ���
6XPPDU\�RI�(YLGHQFH�IRU�WKH�8QLYHUVDOLW\�RI�'653�7KHRU\ ���

8QLYHUVDOLW\�5HYHDOV�1HZ�6WUXFWXUHV�DQG�1HZ�)XWXUHV ���
:KHUH�VKRXOG�IXWXUH�GHYHORSPHQW�IRFXV" ���

&RQFOXVLRQ ���

5HIHUHQFHV ���
�

7KH�2ULJLQV�RI�WKLV�+DQGERRN�
7KLV��+DQGERRN��LV�DERXW�WKH�SDVW��SUHVHQW��DQG�IXWXUH�RI�V\VWHPV�WKLQNLQJ��,W�FDSWXUHV�WKH�KLVWRU\�RI�
V\VWHPV�WKLQNLQJ�RYHU�LWV�ILUVW�WKUHH�µZDYHV�¶�ZKLFK�DUH�WKRXJKW�RI�DV�VLJQLILFDQW�SDUDGLJPDWLF�WLPH�SHULRGV�
LQ�WKH�KLVWRU\�RI�WKH�ILHOG��,W�WKHQ�LQWURGXFHV�D��SRVVLEOH��HPHUJLQJ��IRXUWK��ZDYH��+HUHLQ��ZH�UHYLHZ�WKH�ILUVW�
WKUHH�ZDYHV��DV�WKH\�KDYH�EHHQ�ZULWWHQ�DERXW�LQ�GHSWK�EHIRUH��DQG�GHGLFDWH�PRUH�VSDFH�WR�GHVFULELQJ�WKH�
IRXUWK�ZDYH��DV�WKLV�LV�OLNHO\�WR�EH�QHZ�WR�PDQ\�UHDGHUV��:H�FRYHU�DOO�IRXU�ZDYHV�DV�DQ�HQWUHH�WR�WKH�PDQ\�
FKDSWHUV��ZKLFK�ZHUH�ERWK�UHFRPPHQGHG�E\�DQ�,QWHUQDWLRQDO�$GYLVRU\�%RDUG��OLVWHG�DQG�WKDQNHG�LQ�WKH�
IURQW�PDWHULDO�RI�WKLV�ERRN���DQG�ZULWWHQ�E\�HVWHHPHG�LQYLWHG�DXWKRUV��7KHVH�FKDSWHUV�DSWO\�GHVFULEH�WKH�
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YDULRXV�IUDPHZRUNV �WKDW�FKDUDFWHUL]H�WKH�GLIIHUHQW�ZDYHV��DQG�QRWDEO\�LQFOXGH�KRZ�WKRVH�IUDPHZRUNV��

KDYH�FRQWLQXHG�WR�HYROYH�VLQFH�WKHLU�RULJLQ���
�
,W�KDV�EHHQ�RYHU�WKLUW\�\HDUV�VLQFH�WKH�WKLUG�ZDYH�ZDVKHG�RQWR�WKH�EHDFK�RI�V\VWHPV�SUDFWLFH��EULQJLQJ�ZLWK�
LW��DPRQJVW�RWKHU�WKLQJV��D�KHDOWK\�IRFXV�RQ�PHWKRGRORJLFDO�SOXUDOLVP��>���@���7KLV�IRFXV�UHSUHVHQWV�D�
VLJQLILFDQW�DVSHFW�RI�WKH�FRQWH[W�IRU�HGLWLQJ�WKLV�ERRN��DQG�LV�WKH�UHDVRQ�ZK\�VXFK�D�GLYHUVH�YDULHW\�RI�
DSSURDFKHV�DQG�PHWKRGRORJLHV�FRXOG�EH�UHSUHVHQWHG�LQ�LW��:H�GHVFULEH�WKH�IRFXV�RQ�PHWKRGRORJLFDO�
SOXUDOLVP�DV�µKHDOWK\¶�EHFDXVH��LQ�WKH�HDUO\�����V��MXVW�EHIRUH�WKH�VWDUW�RI�WKH�WKLUG�ZDYH���WKH�V\VWHPV�
UHVHDUFK�FRPPXQLW\�ZDV�LQYROYHG�LQ�D�SDUDGLJPDWLF�ZDU��>���@��EHWZHHQ�ILUVW�ZDYH�WKLQNHUV��ZKR�
DGYRFDWHG�D�IRFXV�RQ�REMHFWLYH�DQDO\VLV�DQG�RSWLPL]DWLRQ��XVXDOO\�XVLQJ�TXDQWLWDWLYH�PRGHOOLQJ�PHWKRGV�
WR�GHULYH�H[SHUW�UHFRPPHQGDWLRQV�WR�KDQG�RYHU�WR�GHFLVLRQ�PDNHUV���DQG�VHFRQG�ZDYH�SUDFWLWLRQHUV�ZKR�
DGYRFDWHG�WKH�SDUWLFLSDWLYH�H[SORUDWLRQ�RI�VWDNHKROGHU�SHUVSHFWLYHV��DQG�WKH�XVH�RI�TXDOLWDWLYH�PRGHOOLQJ�
PHWKRGV�WR�HQDEOH�EHWWHU�PXWXDO�XQGHUVWDQGLQJ�DQG�DJUHHPHQWV�RQ�DFWLRQ�WR�EH�WDNHQ��,Q�FRQWUDVW��WKLUG�
ZDYH�DXWKRUV�DUJXHG�WKDW�ERWK�W\SHV�RI�V\VWHPV�DSSURDFK�ZHUH�XVHIXO�IRU�GLIIHUHQW�SXUSRVHV�DQG�LQ�
GLIIHUHQW�FRQWH[WV��>�±��@���7KLV�DGYRFDF\�IRU�PHWKRGRORJLFDO�SOXUDOLVP�VWUXFN�D�FKRUG�ZLWK�SUDJPDWLF�
SUDFWLWLRQHUV��PDQ\�RI�ZKRP�DOUHDG\�PL[HG�PHWKRGV�IURP�GLIIHUHQW�SDUDGLJPDWLF�VRXUFHV²V\VWHPV�
PHWKRGRORJ\�ZDV�DOLJQLQJ�ZLWK�ZKDW�PDQ\�SHRSOH�LQWXLWLYHO\�VDZ�DV�EHVW�SUDFWLFH��7KDW�ZDV�LQ�WKH�VHFRQG�
KDOI�RI�WKH�����V�DQG�HDUO\�����V��DQG�IRU�WKH�PRVW�SDUW��LW�HQGHG�WKH�SDUDGLJP�ZDU�EHWZHHQ�ILUVW�DQG�
VHFRQG�ZDYH�V\VWHPV�WKLQNHUV��$�QHZ�YDOXLQJ�RI�GLYHUVLW\�IORXULVKHG��DQG�DV�D�UHVXOW��PRUH�DQG�PRUH�
PHWKRGRORJLFDO�LQQRYDWLRQV�ZHUH�SURSRVHG���
�
2YHU�WKH�QH[W�WKLUW\�\HDUV�ZH�ZLWQHVVHG��QRW�RQO\�WKH�JURZWK�RI�WKHRUHWLFDO��PHWKRGRORJLFDO�DQG�SUDFWLFDO�
GLYHUVLW\��EXW�DOVR�WKH�SUROLIHUDWLRQ�RI�VHSDUDWH�V\VWHPV�UHVHDUFK�FRPPXQLWLHV��DOO�SXUVXLQJ�WKHLU�RZQ�
LGHDV��DQG�DOO�ZLWK�WKHLU�RZQ�XQGHUVWDQGLQJV�RI�µV\VWHPV�¶�SKUDVHG�XVLQJ�GLIIHUHQW�VSHFLDOLVW�WHUPLQRORJLHV��
6RPH�SHRSOH��LW�VHHPHG��ZHUH�QRW�HYHQ�DZDUH�RI�WKH�H[LVWHQFH�RI�V\VWHPV�WUDGLWLRQV�RWKHU�WKDQ�WKHLU�RZQ���
�
7KH�GLYHUVLW\�RI�PHWKRGRORJLFDO�LGHDV�ZDV�D�JUHDW�ERRQ�IRU�SUDFWLFH��DOWKRXJK�WKLV�ERRQ�DOVR�KDG�LWV�SULFH��
QRW�WKH�OHDVW�RI�ZKLFK�ZDV�WKDW�LW�EHFDPH�DOPRVW�LPSRVVLEOH�WR�WHOO�D�QHZFRPHU�ZKDW�µV\VWHPV�WKLQNLQJ¶�LV��
ZKLOH�VWLOO�EHLQJ�LQFOXVLYH�RI�LGHDV�IURP�PXOWLSOH�V\VWHPV�DSSURDFKHV��,I�\RX�WDNH�RQO\�RQH�PHWKRGRORJ\�
DV�EHLQJ�WKH�ZKROH�RI�V\VWHPV�WKLQNLQJ��WKHQ�H[SODLQLQJ�LW�LQ�D�WZR�PLQXWH�µHOHYDWRU�SLWFK¶�LV�UHODWLYHO\�
VWUDLJKW�IRUZDUG��EXW�WKDW�PHDQV�IDLOLQJ�WR�HYHQ�PHQWLRQ�WKH�RWKHU�LGHDV�WKDW�PDNH�XS�����RU�PRUH�RI�WKH�
UHVRXUFHV�DYDLODEOH�WR�WKH�SUDFWLWLRQHU��&RQYHUVHO\��VWD\LQJ�IDLWKIXO�WR�WKH�YDOXH�RI�WKH�GLYHUVLW\�RI�
DSSURDFKHV�PHDQV�H[SODLQLQJ�WKDW�WKHUH�DUH�PDQ\��VRPHWLPHV�FRQWUDGLFWRU\��LGHDV�DERXW�ZKDW�RXU�ILHOG�
LQYROYHV��,I�\RX�QHHG�WR�VWXG\�IRU�D�RQH�\HDU�0DVWHUV�GHJUHH�MXVW�WR�EHJLQ�WR�XQGHUVWDQG�ZKDW�V\VWHPV�
WKLQNLQJ�LV��WKHQ�WKLV�LV�D�KXJH�EDUULHU�WR�DGRSWLRQ��7KH�V\VWHPV�UHVHDUFK�FRPPXQLW\�KDV�IRXQG�LWVHOI�LQ�
ZKDW�%DWHVRQ��>��@��FDOOV�D�µGRXEOH�ELQG�¶�ZH�DUH�GDPQHG�LI�ZH�GR��DQG�GDPQHG�LI�ZH�GRQ¶W�UHVSHFW�WKH�
YDULHW\�RI�DSSURDFKHV��,I�ZH�RYHU�VLPSOLI\�ZKDW�V\VWHPV�WKLQNLQJ�LV��LW�ZLOO�PLVOHDG�QHZFRPHUV�WR�RXU�
ILHOG��EXW�LI�ZH�DWWHPSW�WR�WHOO�D�IXOOHU�VWRU\��ZH�ULVN�WKH�OLVWHQHU�EHFRPLQJ�EDIIOHG�E\�WKH�FRPSOH[LW\�RI�WKH�
H[SODQDWLRQ�DQG�GDXQWHG�E\�WKH�ZRUN�LW�ZLOO�WDNH�WR�XQGHUVWDQG�WKH�YDULHW\�RI�DSSURDFKHV���
�
/RQJ�EHIRUH�WKH�LGHD�IRU�WKH��+DQGERRN���*HUDOG�0LGJOH\�KDG�DOUHDG\�JLYHQ�WDONV�DW�WKH�$XVWUDOLDQ�1DWLRQDO�
8QLYHUVLW\�DQG�&RUQHOO�8QLYHUVLW\��>�����@���SURSRVLQJ�WKDW�&DEUHUD¶V�'653�7KHRU\��>��±��@��ORRNHG�OLNH�
WKH�EHVW�DYDLODEOH�FDQGLGDWH�WR�UHVROYH�WKH�GRXEOH�ELQG²LW�ZDV�HDV\�HQRXJK�IRU�D�QHZFRPHU�WR�XQGHUVWDQG�
>�����������@���EXW�VRSKLVWLFDWHG�HQRXJK�IRU�DQ�H[SHUW�LQ�V\VWHPV�WKLQNLQJ�WR�XVH�DV�D�SULPDU\�WRRO��DQG�LW�

��7R�UHGXFH�H[FHVV�YHUELDJH�DQG�GHFUHDVH�WKH�UHSHWLWLYH�XVH�RI�WKH�VDPH�µOLVW�RI�WKLQJV¶�ZKLFK�ZH�ZLOO�EH�UHIHUULQJ�WR�RIWHQ��ZH�XVH�
WKH�WHUP�µIUDPHZRUNV¶�DV�DQ�DOO�LQFOXVLYH�WHUP�WR�UHIHU�WR�DSSURDFKHV��FRQFHSWV��PRGHOV��PHWKRGV��PHWKRGRORJLHV��WKHRULHV��DQG�
WKH�OLNH��L�H���DQ\�DQG�DOO�LQWHOOHFWXDO�REMHFWV���
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KDG�WKH�SRWHQWLDO�WR�KHOS�SUDFWLWLRQHUV�EHWWHU�XQGHUVWDQG�WKH�FDSDELOLWLHV��VWUHQJWKV�DQG�ZHDNQHVVHV�RI�RWKHU�
PHWKRGRORJLHV��PHWKRGV�DQG�WRROV��7KHUHIRUH��LW�FRXOG�EH�D�µJDWHZD\¶�WR��DQG�RUJDQL]HU�RI��WKH�ZLGHU�VHW�RI�
DSSURDFKHV��:KLOH�'653�7KHRU\�SURSRVHV�VRPH�V\VWHPV�WKLQNLQJ�XQLYHUVDOV��LW�VKRXOG�EH�QRWHG�WKDW�
0LGJOH\¶V�YLHZ�RQ�LWV�SRWHQWLDO�UROH�ZDVQ¶W�FRPLQJ�IURP�VRPHRQH�ZKR�ZDQWHG�WR�XQLI\�WKH�V\VWHPV�
HQWHUSULVH�EHKLQG�D�VLQJOH�PHWKRGRORJ\�RU�FRPPRQ�ODQJXDJH��EXW�IURP�DQ�DGYRFDWH�RI�PHWKRGRORJLFDO�
SOXUDOLVP�ZKR�KDG�EHHQ�ZULWLQJ�RQ�WKH�WRSLF�VLQFH�������>��@���0LGJOH\�KDG�SUHYLRXVO\�SRLQWHG�RXW�WKH�
GDQJHUV�RI�WDNLQJ�D�µIRXQGDWLRQDO¶�RU�µXQLYHUVDOLW\¶�DSSURDFK��>��@���DQG�KDG�H[SOLFLWO\�ZDUQHG�DJDLQVW�
H[FOXGLQJ�RU�PDUJLQDOL]LQJ�PHWKRGV��PHWKRGRORJLHV�DQG�WKH�SHRSOH�DVVRFLDWHG�ZLWK�WKHP��>�����@���<HW��
0LGJOH\�XQGHUVWRRG�WKDW�ZKDW�WKH�&DEUHUDV�ZHUH�SURSRVLQJ�ZLWK�'653�7KHRU\�GLGQ¶W�QHHG�WR�OHDG�WR�DQ�
HLWKHU�RU�SURSRVLWLRQ²XQLYHUVDOLW\��DW�WKH�H[SHQVH�RI��GLYHUVLW\��,W�FRXOG�EH�D��ERWK�DQG��WKHRU\��LQIRUPHG�E\�
LGHDV�DERXW�HYROXWLRQ��ZKHUH�XQLYHUVDO�SURFHVVHV��H�J���HYROXWLRQ��'1$��HWF���EULQJ�DERXW�D�ULFK�GLYHUVLW\�
RI�VSHFLHV�DQG�RUJDQLVPV��7KLV�ZDV�QRW�D�SRVLWLRQ�WKDW�ZDV�EHLQJ�WDNHQ�OLJKWO\��RU�D�FRQFOXVLRQ�0LGJOH\�
KDG�FRPH�WR�TXLFNO\��+H�UHDFKHG�LW�EHFDXVH�RI�WKH�SUHVVLQJ�QHHG�WR�FRPPXQLFDWH�V\VWHPV�WKLQNLQJ�WR�
QHZFRPHUV�WR�RXU�ILHOG�LQ�D�ZD\�WKDW�HQDEOHV�DQ�µHOHYDWRU�SLWFK¶�WKDW�FDQ�ODWHU�OHDG�RQWR�GHHS�OHDUQLQJ�
DERXW�WKH�YDULHW\�RI�V\VWHPV�DSSURDFKHV��
�
&RQYHUVDWLRQV�FRQWLQXHG�ZKHQ�*HUDOG�YLVLWHG�'HUHN�DQG�/DXUD�&DEUHUD�DW�&RUQHOO�8QLYHUVLW\�LQ�,WKDFD��
1HZ�<RUN��IRU�LQ�GHSWK�GLVFXVVLRQV�RQ�WKH�SRWHQWLDO�IRU�FROODERUDWLRQ��7KH\�GLVFXVVHG�ZKHUH�UHVHDUFK�RQ�
V\VWHPV�WKLQNLQJ�QHHGHG�WR�JR�QH[W��DQG�WKH�SRWHQWLDO�IRU�V\QHUJLHV�EHWZHHQ�WKH�ZRUN�XQGHUWDNHQ�E\�
'HUHN�DQG�/DXUD�RQ�GHILQLQJ�WKH�VWUXFWXUHV�WKDW�XQLYHUVDOO\�XQGHUOLH�V\VWHPV�WKLQNLQJ��>�����±�����@��DQG�
*HUDOG¶V�DSSURDFK�WR�PHWKRGRORJLFDO�SOXUDOLVP��ZKLFK�LQYROYHV�PL[LQJ�GLYHUVH�PHWKRGV��DQG�GHVLJQLQJ�
QHZ�RQHV�ZKHQ�H[LVWLQJ�PHWKRGV�DUH�QRW�DSSURSULDWH��LQ�UHVSRQVH�WR�D�FULWLFDO�V\VWHPLF�H[SORUDWLRQ�RI�WKH�
SXUSRVHV�DQG�FRQWH[W�RI�D�V\VWHPLF�LQWHUYHQWLRQ��>��@���:H�VKDUHG�D�FRPPRQ�SHUVSHFWLYH�RQ�WKH�KLVWRU\�RI�
V\VWHPV�WKLQNLQJ��WKDW�WKHUH�KDYH�EHHQ�WKUHH�µZDYHV¶��RU�SDUDGLJPV��RI�V\VWHPV�WKLQNLQJ�VR�IDU��>��@���DV�
ZHOO�DV�WKH�SRVVLELOLW\�WKDW�WKH�&DEUHUDV¶�ZRUN�RQ�XQLYHUVDOLW\��XVHG�WR�XQGHUSLQ�PHWKRGRORJLFDO�SOXUDOLVP��
FRXOG�XVKHU�LQ�D�IRXUWK�ZDYH�WKDW�UHVROYHV�VRPH�RI�WKH�µGRXEOH�ELQG¶�SUREOHPV�RI�WKH�WKLUG�ZDYH���
�
7KHUH�DUH��KRZHYHU��GDQJHUV�LQ�HPSKDVL]LQJ�XQLYHUVDOLW\��DQG�LW�LV�LPSRUWDQW�WR�UHFRJQL]H�WKDW�WKHUH�KDYH�
EHHQ�MXVWLILHG�DQG�OHJLWLPDWH�FRQFHUQV�H[SUHVVHG�LQ�WKH�OLWHUDWXUH��SULPDULO\��WKDW�IXWXUH�LQQRYDWLRQV�LQ�WKH�
GLYHUVLW\�RI�DSSURDFKHV�FRXOG�EH�FRQVWUDLQHG�E\�WKH�µLPSRVLWLRQ¶�RI�D�XQLYHUVDO�IUDPHZRUN�WR�µJRYHUQ¶�WKH�
YDULHW\�RI�V\VWHPV�WKLQNLQJ�PHWKRGRORJLHV��>��������@���:KDW�LV�PRUH��GHHS�VXVSLFLRQV�KDYH�EHHQ�H[SUHVVHG�
DERXW�DQ\�NLQG�RI�FODLP�WR�XQLYHUVDOLW\�RQ�WKH�JURXQGV�WKDW�WKLV�KLGHV�WKH�ORFDO�DQG�FRQWH[WXDO�IHDWXUHV�RI�
ZKDW�ZH�DUH�ORRNLQJ�DW��>��±��@��$OVR��LI�WKH�VHDUFK�IRU�XQLYHUVDOV�EHFRPHV�SDUW�RI�D�GRPLQDQW�SDUDGLJP��
WKLV�FDQ�HPSRZHU�LWV�DGYRFDWHV�WR�PDUJLQDOL]H�UHVHDUFKHUV�ZLWK�GLIIHUHQW�LGHDV�RQ�WKH�JURXQGV�WKDW�WKH\�
DUH�QRW�FRQGXFWLQJ�µSURSHU¶��L�H���XQLYHUVDO��UHVHDUFK��>��@���7KHVH�ODVW�WZR�FULWLFLVPV�KDYH�QRW�EHHQ�
VSHFLILFDOO\�DLPHG�DW�XQLYHUVDOLW\�LQ�V\VWHPV�WKLQNLQJ��EXW�VWHP�IURP�FRQFHUQV�DERXW�D�SUHYLRXV�JHQHUDWLRQ�
RI�PLG���WK�&HQWXU\��QHR�SRVLWLYLVW�XQLYHUVDO�WKHRULHV�WKDW�ZHUH�SUHVHQWHG�DV�µJUDQG�QDUUDWLYHV�¶�7KH�
YDOLGLW\��RU�WUXWK�YDOXH��RI�WKHVH�WKHRULHV�ZDV�VHHQ�DV�LQGHSHQGHQW�IURP�WKHLU�XWLOLW\�LQ�WKH�VFLHQWLILF�DQG�RU�
SUDFWLWLRQHU�FRPPXQLWLHV�ZKR�PLJKW�SXW�WKHP�WR�XVH��L�H���WKH�WKHRULHV�ZHUH�SUHVHQWHG�D�FRQWH[WXDOO\���
$FWXDOO\��WKHRULHV�RI�XQLYHUVDOV��GR��LQYROYH�WUXWK�FODLPV��EXW�IURP�RXU�SHUVSHFWLYH��XQLYHUVDO�WKHRULHV�DOVR�
DOZD\V�KDYH��FRQWH[WV ���ZKHWKHU�WKHVH�LQYROYH�SUDFWLFDO�XVH�WR�DFKLHYH�VRPH�VRFLDO�SXUSRVH��RU�GHSOR\PHQW�
E\�DQ�DFDGHPLF�FRPPXQLW\�WR�PDNH�D�GLIIHUHQFH�LQ�D�GHEDWH�WR�\LHOG�VFLHQWLILF�XQGHUVWDQGLQJ��7KH�FRQWH[W�
IRU�LQWURGXFLQJ�D�XQLYHUVDO�V\VWHPV�WKHRU\�DW�WKH�SUHVHQW�WLPH��DV�ZH�KDYH�VHHQ��LV�WKH�SUROLIHUDWLRQ�RI�
V\VWHPV�DSSURDFKHV�DQG�WKH�IUDJPHQWDWLRQ�RI�RXU�UHVHDUFK�FRPPXQLW\��2QFH�ZH�DFNQRZOHGJH�FRQWH[W��LW�
EULQJV�D�GHJUHH�RI�KXPLOLW\�WR�D�SURSRVDO�RI�XQLYHUVDOLW\��,Q�RXU�FDVH��LW�DOVR�SURYLGHV�D�UDWLRQDOH�IRU�
SURWHFWLQJ�DJDLQVW�WKH�UHGXFWLRQ�RI�PHWKRGRORJLFDO�GLYHUVLW\��LI�ZH�DUH�DZDUH�WKDW�ERWK�XQLYHUVDOV��DQG�
GLYHUVLW\�DUH�QHFHVVDU\�LQ�WKH�FXUUHQW�FRQWH[W��WKHQ�ZH�QHHG�WR�PDNH�LW�H[SOLFLW�WKDW�D�WKHRU\�RI�XQLYHUVDOV�
LV�EHLQJ�LQWURGXFHG�IRU�XVH�E\�SUDFWLWLRQHUV�WR�DLG�WKH�H[SORUDWLRQ�RI�WKH�FDSDELOLWLHV��VWUHQJWKV�DQG�
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ZHDNQHVVHV�LQ�WKHLU�PHWKRGRORJLFDO�LGHDV��EXW�WKLV�GRHV��QRW��UHTXLUH�WKRVH�LGHDV�WR�EH�GHQXGHG�RI�WKHLU�RZQ�
VSHFLDOLVW�FRQFHSWV�DQG�PHWKRGV��RU�EH�UHSKUDVHG�XVLQJ�WKH�ODQJXDJH�RI�WKH�XQLYHUVDO�WKHRU\��7KLV�LV�QRW�
DERXW�KRPRJHQL]LQJ�WKH�ODQGVFDSH�RI�V\VWHPV�SUDFWLFH��,W��LV��DERXW�H[SODLQLQJ�WKH�FRPPRQ�XQGHUO\LQJ�
SURSHUWLHV�RI�GLYHUVH�V\VWHPV�DSSURDFKHV�WR�DLG�WKH�FRPPXQLFDWLRQ�RI�RXU�LGHDV���
�
$URXQG�WKH�VDPH�WLPH�DV�RXU�GLVFXVVLRQV��-DFTXHOLQH�&XUWKR\V��D�SXEOLVKHU�DW�5RXWOHGJH��DSSURDFKHG�
*HUDOG�0LGJOH\�DERXW�WKH�LGHD�RI�DQ�HGLWHG��+DQGERRN�RI�6\VWHPV�7KLQNLQJ���5RXWOHGJH�KDG�DOUHDG\�
HVWDEOLVKHG�VRPH�RI�WKH�ERXQGDULHV�RI�ZKDW�VKRXOG�EH�LQFOXGHG��,W�ZRXOG�EH�SDUW�RI�WKHLU�VHULHV�RI�
0DQDJHPHQW�+DQGERRNV��PDUNHWHG�WR�DQ�DFDGHPLF�DXGLHQFH�IRU�SXUFKDVH�SULPDULO\�E\�XQLYHUVLW\�
OLEUDULHV��$V�VXFK��LW�ZRXOG�IRFXV�RQ�µPDQDJHPHQW�DQG�SROLF\¶�DSSOLFDWLRQV��H�J���LW�ZRXOG��QRW��LQFOXGH�
RWKHU�WRSLFV�WKDW�V\VWHPV�WKLQNLQJ�RU�V\VWHPV�VFLHQFH�KDV�LQIOXHQFHG��VXFK�DV�IDPLO\�WKHUDS\��WKH�QDWXUH�RI�
OLYLQJ�V\VWHPV��WKHUPRG\QDPLFV��DQG�XQGHUVWDQGLQJ�WKH�ZKROH�(DUWK�DV�D�V\VWHP���DQG�LW�ZRXOG�EDODQFH�
µWKHRU\�DQG�SUDFWLFH¶�E\�WDUJHWLQJ�µVFKRODUO\�SUDFWLWLRQHUV�¶�:H�ZRXOG�VWULNH�D�EDODQFH�EHWZHHQ�WKH�WKHRU\�
DQG�SUDFWLFDO�GRPDLQV�EHFDXVH��DV�/HZLQ��>��@��IDPRXVO\�VDLG��³7KHUH�LV�QRWKLQJ�PRUH�SUDFWLFDO�WKDQ�D�JRRG�
WKHRU\�´�+H�PHDQW�WZR�WKLQJV�E\�WKLV��WKDW��D�JRRG�WKHRU\�FUHDWHV�QHZ�XQGHUVWDQGLQJV�ZLWK�VLJQLILFDQW�
SUDFWLFDO�FRQVHTXHQFHV ���DQG��SUDFWLFH�VKRXOG�QHYHU�EH�UHJDUGHG�DV�WKHRU\�IUHH���DV�WKHUH�DUH�DOZD\V�
DVVXPSWLRQV�XQGHUSLQQLQJ�LW��DQG�PDNLQJ�WKHP�H[SOLFLW�WKURXJK�WKHRU\�RSHQV�WKHP�WR�FULWLTXH�DQG�
LPSURYHPHQW��,QGHHG��WKHRU\�DQG�SUDFWLFH�DUH�WZR�VLGHV�RI�WKH�VDPH�FRLQ��7KXV��ZH�ZHOFRPHG�WKH�IRFXV�
RQ��DSSOLHG��V\VWHPV�WKLQNLQJ��LQ�WKH�GRPDLQV�RI�PDQDJHPHQW�DQG�SROLF\��WKDW�5RXWOHGJH�SURSRVHG��:H�
WKHUHIRUH�UHVSRQGHG�ZLWK�WKUHH�FULWHULD�WKDW�HYHU\�FKDSWHU��RWKHU�WKDQ�WKLV�LQWURGXFWRU\�RQH��ZRXOG�KDYH�WR�
PHHW��$XWKRUV�ZRXOG�QHHG�WR�HQVXUH�WKDW�WKHLU�FKDSWHU��

�� 6SHOOHG�RXW�LQ�VXIILFLHQW�GHWDLO�WKH�PHWKRGRORJ\�RU�DSSURDFK��ZLWK�SURSHU�FLWDWLRQV�IRU�IXUWKHU�
UHDGLQJ��

�� 0HW�EDVLF�VWDQGDUGV�RI�VFKRODUVKLS�WKDW�ZRXOG�QRUPDOO\�EH�H[SHFWHG�LQ�DFDGHPLF�ZULWLQJV��H�J���
DSSURSULDWH�UHIHUHQFLQJ��H[SODLQLQJ�WKH�PDLQ�KLVWRU\�RI�LGHDV��GHVFULELQJ�VLJQLILFDQW�
GLVDJUHHPHQWV��HWF���

�� 3URYLGHG�D�FDVH�VWXG\�RU�WDQJLEOH��DSSOLHG��H[DPSOHV�RI�WKH�PHWKRGRORJ\�RU�DSSURDFK�LQ�DFWLRQ ����

�
-DFTXHOLQH�DSSURDFKHG�*HUDOG��DQG�KH�LPPHGLDWHO\�WKRXJKW�RI�EULQJLQJ�RQ�'HUHN�DQG�/DXUD�DV�FR�HGLWRUV��
7KLV�RSSRUWXQLW\�ZDV�QRW�RQO\�H[FLWLQJ��EXW�LW�DOVR�FDPH�DW�DQ�RSSRUWXQH�PRPHQW��ZLWK�D�VHQVH�RI�
VHUHQGLSLW\��)DFHG�ZLWK�WKH�µGRXEOH�ELQG¶�SUREOHP�EURXJKW�DERXW�E\�WKH�GLYHUVLILFDWLRQ�RI�V\VWHPV�LGHDV�
�HVSHFLDOO\�LQ�WKH�WKLUG�ZDYH���DQG�KDYLQJ�D�JURZLQJ�VHQVH�WKDW�WKHUH�ZDV�D�µERWK�DQG�VROXWLRQ�¶�DOO�WKUHH�RI�
XV�DJUHHG�WKDW�WKHUH�ZDV�D�QHHG�IRU�D�FROOHFWLRQ�RI�ZULWLQJV��WKLV��+DQGERRN���WKDW�ZRXOG�VHUYH�QHZFRPHUV�
DQG�ROG�WLPHUV�DOLNH�LQ�IUDPLQJ�WKH�H[LVWLQJ�WKUHH�ZDYHV�RI�V\VWHPV�WKLQNLQJ��SOXV�WKH�ZDYH�ZH�DOO�
VXVSHFWHG�PLJKW�HPHUJH²D�IRXUWK�ZDYH��,Q�RWKHU�ZRUGV��WKH��+DQGERRN��VKRXOG�KDYH�VWDQG�DORQH�YDOXH��
EXW�LI�VRPHERG\�ZDQWHG�WR�JR�IXUWKHU�LQ�WKHLU�OHDUQLQJ��LW�VKRXOG�KHOS�WKHP�XQGHUVWDQG�ZKDW�WKH�GLIIHUHQW�
PHWKRGRORJLFDO�DSSURDFKHV�DUH�XVHIXO�IRU��DQG�WKH�XQLYHUVDO�SDWWHUQV�RI�WKRXJKW�WKDW�ZH�SURSRVH�XQGHUOLH�
WKHP��GHVSLWH�WKHLU�VXUIDFH�OHYHO�GLIIHUHQFHV��,I�D�SUDFWLWLRQHU�RU�VFKRODU�ZRUNHG�SUHGRPLQDQWO\�LQ�RQH�DUHD�
RU�XVHG�RQH�IUDPHZRUN�RI�V\VWHPV�WKLQNLQJ��VD\��V\VWHPV�HQJLQHHULQJ��V\VWHP�G\QDPLFV��VRIW�V\VWHPV�
PHWKRGRORJ\�RU�FULWLFDO�V\VWHPV�KHXULVWLFV��WKH��+DQGERRN��VKRXOG�SURYLGH�D�UHYLHZ�RI�WKHLU�RZQ�DUHD��EXW�
DOVR�LOOXVWUDWH�WKDW�WKH\�DUH�SDUW�RI�D�µELJ�WHQW¶�RI�FKDUDFWHUV��7KLV�ZRXOG�SHUKDSV�HQFRXUDJH�WKHP�WR�µUHDFK�
RXW¶�DQG�LQFRUSRUDWH�QHZ�PHWKRGV�RU�DSSURDFKHV�LQWR�WKHLU�WRRO�NLW²VHHLQJ�WKDW�WKHUH�LV�D�µSDWWHUQ�WKDW�
FRQQHFWV�WKHP�DOO�¶�FUHDWLQJ�D�VHQVH�WKDW�WKH�GLIIHUHQW�PHWKRGRORJLHV�DUH�µELUGV�RI�D�IHDWKHU�¶�RU�WKDW�WKHUH�

���,Q�WKLV�UHJDUG��ZH�DJUHH�ZLWK� �>��@ ��WKDW�ZH�QHHG�WR�UDLVH�WKH�EDU�IRU�SXEOLVKLQJ�PHWKRGRORJLFDO�FRQWULEXWLRQV�DQG�DOZD\V�LQVLVW�
WKDW�WKHLU�SRWHQWLDO�IRU�LPSDFW�LV�LOOXVWUDWHG�ZLWK�UHDO�H[DPSOHV��QRW�MXVW�K\SRWKHWLFDOV��8OWLPDWHO\��WKH�GHPRQVWUDWHG�YDOXH�RI�
V\VWHPV�WKLQNLQJ�WR�SUDFWLFH�LV�LPSRUWDQW�IRU�WDNH�XS�E\�QHZFRPHUV�DQG�LPSDFW�RQ�PDQDJHPHQW�DQG�SROLF\�PDNLQJ��

��
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LV�D�XQLW\�WKDW�WKH\�DOO�VKDUH��LQ�DGGLWLRQ�WR�KDYLQJ�WKHLU�RZQ�GLIIHUHQW�FKDUDFWHULVWLFV�DQG�XVHV��(VVHQWLDOO\��
WKLV�LV�DERXW�WKH��XQLW\�RI�V\VWHPV�WKLQNLQJ��XQGHUO\LQJ�WKH�GLYHUVLW\�RI�H[SUHVVLRQV�RI�LW���
�
,W�ZDV�FOHDU�WR�DOO�RI�XV�WKDW��ZKLOH�'653�7KHRU\�FRXOG�SURYLGH�D�VLPSOH��DFFHVVLEOH�HQWU\�SRLQW�WR�V\VWHPV�
WKLQNLQJ��DQG�HYHQ�EH�WKRXJKW�RI�DV�µIRXU�VLPSOH�V\VWHPV�WKLQNLQJ�VNLOOV¶�WKDW�DQ\RQH�FDQ�XVH�LQ�WKHLU�
HYHU\GD\�OLIH�DQG�ZRUN��LW�ZDV�DOVR�EHLQJ�XVHG�E\�H[SHUW�SUREOHP�VROYHUV�WR�QDYLJDWH�FRPSOH[�DQG�
WHFKQLFDO�V\VWHPV��FKDOOHQJHV�DQG�SUREOHPV��2I�JUHDW�GLVFXVVLRQ�DW�WKH�WLPH�ZDV�WKH�IDFW�WKDW�WKH�
VLPSOLFLW\�RI�'653�LV�GHFHSWLYH�EHFDXVH�WKH�IRXU�FRUH�V\VWHPV�WKLQNLQJ�XQLYHUVDOV�FDQ�EH�FRPELQHG�DQG�
UHFRPELQHG�UHFXUVLYHO\��LQ�D�IUDFWDO�ZD\��LQWR�D�QHDU�LQILQLWH�QXPEHU�RI�FRPELQDWLRQV�DQG�SHUPXWDWLRQV�LQ�
WKH�FRQWH[W�RI�SUDFWLFH��,QGHHG��WKLV�LV�ZKDW�PDNHV�'653�XVHIXO�WR�ERWK�QRYLFH�DQG�H[SHUW�DOLNH��
1HYHUWKHOHVV��WKH�EDVLF�LGHD�RI�'653��LV��FRPPXQLFDEOH�LQ�DQ�HOHYDWRU�SLWFK��7KHUH�ZDV�VRPH�H[FLWHPHQW�
WKDW�LW�PLJKW�EH�SRVVLEOH�WR�QRW�RQO\�PDNH�WKH�ILHOG�RI�V\VWHPV�WKLQNLQJ�PRUH�DSSURDFKDEOH��EXW�DOVR�WR�
KHOS�WKH�ILHOG�PDWXUH�LQ�LWV�DELOLW\�WR�LQFUHDVH�WKH�SUHFLVLRQ�DQG�VSHFLILFLW\�RI�LWV�SURFHVVHV�RI�DQDO\VLV�DQG�
V\QWKHVLV��XQGHUVWDQGLQJ�ZKDW�PDNHV�PHWKRGRORJLHV�V\VWHPLF��DQG�LGHQWLI\LQJ�WKHLU�FDSDELOLWLHV��VWUHQJWKV�
DQG�ZHDNQHVVHV�DV�DQ�DLG�WR�XVH�LQ�SUDFWLFH����
�
'XULQJ�*HUDOG¶V�YLVLWV�WR�WKH�&DEUHUDV�DW�&RUQHOO�8QLYHUVLW\��WKH\�H[SOLFDWHG�WKH�RWKHU�SULQFLSOHV�WKDW�
FRXOG�SURYLGH�WKH�WKUXVW�IRU�ZKDW�PLJKW�EH�D�IRXUWK�ZDYH�RI�V\VWHPV�WKLQNLQJ��H�J���WKH�QHHG�IRU�V\VWHPV�
WKLQNLQJ�WR�DFW�DV�D�EULGJH�EHWZHHQ�ERWK�WKH�SK\VLFDO�DQG�FRJQLWLYH�ZRUOGV��>�����@��DQG�WR�OHDUQ�IURP�
UHFHQW�DGYDQFHV�LQ�WKH�FRJQLWLYH�VFLHQFHV�WR�LQIRUP�V\VWHPV�PHWKRGRORJ\��7KLV�LV�VR�ZH�GR�QRW�PDNH�
GXELRXV�DVVXPSWLRQV²IRU�LQVWDQFH��WKDW�WKLQNLQJ��FRJQLWLRQ��DOZD\V�LQYROYHV�D�WUHPHQGRXV�DPRXQW�RI�
ELDV��>��±��@���WKDW�PHWDFRJQLWLRQ�LV�D�NLQG�RI�µKRO\�JUDLO¶�WR�XQFRYHULQJ�WKHVH�ELDVHV�DQG�LQFUHDVLQJ�VXFFHVV�
LQ�DOO�UHDOPV��>��±�����������@���DQG�WKDW�V\VWHPLF�SUDFWLFH�LQYROYHV�UDWLRQDO�DQDO\VLV�WKDW�LV�VRPHKRZ�
VHSDUDWHG�IURP�WKH�HWKLFDO�DQG�HPRWLRQDO��>��@��FRPPLWPHQWV�WKDW�PDNH�XV�FDUH�DERXW��DQG�JLYH�XV�WKH�
WHQDFLW\�WR�DGGUHVV��FRPSOH[�HFRORJLFDO��VRFLDO�DQG�RUJDQL]DWLRQDO�LVVXHV��IRU�FULWLTXHV�RI�WKLV�VHSDUDWLRQ��
ZKLFK�LV�LPSOLFLW�LQ�PDQ\�HDUOLHU�V\VWHPV�WKLQNLQJ�DSSURDFKHV��VHH��>��±��@����/LNHZLVH��ZH�VDZ�WKH�
RSSRUWXQLW\��GLVFXVVHG�E\�5DMDJRSDODQ�DQG�0LGJOH\��>��@��DQG�5DMDJRSDODQ��>�����@���RI�ZHOFRPLQJ�
IUDPHZRUNV�IURP�WUDGLWLRQV�WKDW�DUH�QRW�HQWUHQFKHG�LQ�D�WUDGLWLRQDO�IRUP�RI�UDWLRQDO�DQDO\VLV��VXFK�DV�
µV\VWHPV�WKHDWUH¶��>�����@����$OWKRXJK��DV�&DEUHUD��>��@��SRLQWV�RXW��'653�7KHRU\¶V�PXOWLYDOHQW�ORJLF�
SURYLGHV�D�WKHRUHWLFDO�EDVLV�DQG�ODQJXDJH�WKDW�PDNHV�LW�FOHDU�WKDW�WKHVH�WUDGLWLRQV�KDYH�D��GLIIHUHQW��DSSURDFK�
WR�UDWLRQDO�DQDO\VLV��QRW�D��GHILFLW��RI�UDWLRQDOLW\���
�
0RUH�DQG�PRUH��DOEHLW�FDXWLRXVO\��LW�EHJDQ�WR�GDZQ�RQ�XV�WKDW�ZH�PLJKW�EH�WDONLQJ�DERXW�VRPHWKLQJ�PRUH�
WKDQ�MXVW�DQ�H[WHQVLRQ�RI�WKH�WKLUG�ZDYH�RI�V\VWHPV�WKLQNLQJ²WKLV�FRXOG�HYHQ�EH�WKH�VZHOOLQJV�RI�D�IRXUWK�
ZDYH���,QGHHG��WKH��SRVVLELOLW\��WKDW�ZH�PD\�EH�ZRUNLQJ�RQ�LGHDV�ZLWK�WKLV�SRWHQWLDO�ZDV�H[KLODUDWLQJ�DQG�
FOHDUO\�ZRUWK�SXUVXLQJ��DQG�ZH�GLVFXVVHG�WKH�SURVSHFW�RI�ZULWLQJ�D�MRLQWO\�DXWKRUHG�ERRN��ZKLFK�ZLOO�DOVR�
EH�SXEOLVKHG�E\�5RXWOHGJH����
�
$IWHU�DQRWKHU�PHHWLQJ�DW�&RUQHOO��DQG�ZLWK�WKH�KHOS�RI�RXU�,QWHUQDWLRQDO�$GYLVRU\�%RDUG��ZKR�SURYLGHG�
UHFRPPHQGDWLRQV�RQ�FKDSWHUV�DQG�DXWKRUV��DQ�LQLWLDO��SURYLVLRQDO�OLVW�RI��+DQGERRN��FRQWHQWV�ZDV�SURGXFHG��
7KH�UHVW��DV�WKH\�VD\��LV�KLVWRU\��2I�FRXUVH��HYHQ�ZLWK�D�GLYHUVH�,QWHUQDWLRQDO�$GYLVRU\�%RDUG��QR�VHOHFWLRQ�
RI�FKDSWHUV�FDQ�EH�FRPSUHKHQVLYH��,Q�)UDQFRLV¶V��,QWHUQDWLRQDO�(QF\FORSHGLD�RI�6\VWHPV�DQG�&\EHUQHWLFV�
>��@��WKHUH�DUH������HQWULHV��ZKLFK�LQFOXGH�ELJ�LGHDV��IUDPHZRUNV��DQG�WKHRULVWV��DOO�RI�ZKLFK�DUH�SDUW�RI�WKH�
µELJ�WHQW¶�RI�V\VWHPV�WKLQNLQJ��DQG�DOO�RI�ZKLFK�ZRXOG�OLNHO\�SURYLGH�WKH�EDVLV�IRU�D�FKDSWHU��6R��ZH�KDYH�
FHUWDLQO\�OHIW�VRPH�LPSRUWDQW�LGHDV�RU�IUDPHZRUNV�RXW��%XW��ZH�KDYH�H[HUWHG�D�PLJKW\�HIIRUW�WR�EH�
LQFOXVLYH�RI�WKH��SUHGRPLQDQW��IUDPHZRUNV�LQ�WKH�ILUVW�WKUHH�ZDYHV��ZLWK�WKH�FDYHDW�WKDW�WKHUH�LV�PXFK�PRUH�
RXW�WKHUH��%HFDXVH�WKH�IRXUWK�ZDYH��LI�LW�LV�LQGHHG�D�IRXUWK�ZDYH��LV�UHODWLYHO\�QHZ��ZH�RIIHU�D�ELW�PRUH�
ZULWLQJ�LQ�ERWK�WKLV�LQWURGXFWRU\�FKDSWHU�DV�ZHOO�DV�LQ�WKH��+DQGERRN��VHFWLRQ�RQ�WKH�IRXUWK�ZDYH��WR�SURYLGH�
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UHDGHUV�ZLWK�D�GHHSHU�XQGHUVWDQGLQJ�RI�KRZ�ZH�KDYH�H[SHULHQFHG�DQG�FRQFHSWXDOL]HG�LW��DQG�DOVR�H[SODLQ�
VRPH�RI�WKH�HIIHFWV�LW�KDV�DOUHDG\�KDG���

7KH�)RXU�:DYHV�RI�6\VWHPV�7KLQNLQJ�
$V�PHQWLRQHG�HDUOLHU��VFKRODUV�LQ�WKH�ILHOG�RI�V\VWHPV�WKLQNLQJ�RIWHQ�XVH�WKH�PHWDSKRU�RI�ZDYHV�DV�D�ZD\�
WR�FDSWXUH�WKH�KLVWRU\�DQG�GHYHORSPHQW�RI�V\VWHPV�WKLQNLQJ��7KH�ZDYH�PHWDSKRU�KDV�VRPH�SUREOHPV��DQG�
FDYHDWV�QHHG�WR�EH�DGGHG�EHIRUH�ZH�XVH�LW��*HQHUDOO\�VSHDNLQJ��LW�LV�XVHIXO�LQ�FODULI\LQJ�WKH�PDMRU�
GHYHORSPHQWV�LQ�RXU�ILHOG��3ULRU�WR�XVH�RI�WKH�ZDYH�PHWDSKRU��WKH�PDLQ�KLVWRULFDO�QDUUDWLYH�LQ�RXU�UHVHDUFK�
FRPPXQLW\�ZDV�RI�D�VHULHV�RI�SDUDGLJP�EUHDNV��>������@���DQG�LW�ZDV�0LGJOH\��>��������@��ZKR�RYHUODLG�WKH�
LGHD�RI�WKH�µZDYHV¶�RQWR�WKLV��VXFK�WKDW�HDFK�ZDYH�LV�V\QRQ\PRXV�ZLWK�D�QHZ�SDUDGLJP���
�
7KHUH�DUH�WKUHH�UHDVRQV�ZK\�GHVFULELQJ�WKH�KLVWRU\�RI�V\VWHPV�WKLQNLQJ�LQ�WHUPV�RI�µZDYHV¶�LV�PRUH�XVHIXO�
WKDQ�WDONLQJ�DERXW�µSDUDGLJPV�¶�7KH�ILUVW�LV�VLPSO\�DHVWKHWLF��LW�LV�D�PRUH�HYRFDWLYH�PHWDSKRU��DQG�LV�
DFFHVVLEOH�WR�DOPRVW�HYHU\RQH��UHJDUGOHVV�RI�ZKDW�WKH\�VSHFLDOL]HG�LQ�DW�VFKRRO�RU�XQLYHUVLW\��QRW�HYHU\RQH�
XVHV�WKH�ODQJXDJH�RI�SDUDGLJPV���7KH�VHFRQG�UHDVRQ�LV�WKDW�SDUDGLJPV�PDQLIHVW�YHU\�GLIIHUHQWO\�LQ�
GLIIHUHQW�GLVFLSOLQHV��ZKHQ�.XKQ��>��@��ILUVW�FRLQHG�WKH�ZRUG��KH�ZDV�UHIHUULQJ�DOPRVW�H[FOXVLYHO\�WR�WKH�
QDWXUDO�VFLHQFHV��DQG�KH�REVHUYHG�WKDW�SDUDGLJPV�FRPH�RQH�DIWHU�DQRWKHU�LQ�D�VHULHV�RYHU�WLPH��ZLWK�
SHULRGV�RI�FRQIOLFW�LQ�EHWZHHQ�DV�WKH�QHZ�SDUDGLJP�VWUXJJOHV�IRU�GRPLQDQFH�RYHU�WKH�ROG��,Q�FRQWUDVW��
%XUUHOO�DQG�0RUJDQ��>�����@��DUJXH�WKDW�WKH�VRFLDO�DQG�RUJDQL]DWLRQDO�VFLHQFHV�PDQLIHVW�PXOWLSOH�SDUDGLJPV�
LQ�SDUDOOHO���:H�ZRXOG�DGG�WKDW��IRU�WKH�PRVW�SDUW��QDWXUDO�VFLHQWLVWV�DJUHH�RQ�EDVLF�SKLORVRSKLFDO�DQG�
PHWKRGRORJLFDO�DVVXPSWLRQV��VR�SDUDGLJP�GLIIHUHQFHV�XVXDOO\�VWHP�IURP�WKH�FKDOOHQJLQJ�RI��WKHRUHWLFDO�
DVVXPSWLRQV��7KLV�LV�LQ�FRQWUDVW�WR�WKH�VRFLDO�VFLHQFHV��ZKHUH�WKHUH�DUH�PXFK�PRUH�OLNHO\�WR�EH�
SKLORVRSKLFDO�RU�PHWKRGRORJLFDO�GLVDJUHHPHQWV��H�J���DUJXPHQWV�DERXW�ZKHWKHU�ODQJXDJH�GRHV�RU�GRHV�QRW�
UHIOHFW�D�UHDO�ZRUOG��DQG�ZKHWKHU�TXDQWLWDWLYH�PHDVXUHPHQWV�RI�WKH�ZRUOG�RU�TXDOLWDWLYH�DQDO\VHV�RI�
VWDNHKROGHU�SHUVSHFWLYHV�DUH�WKH�SURSHU�IRFXV�RI�LQTXLU\���+HQFH��LW�LV�DSSDUHQW�WKDW�WKH�WHUP�µSDUDGLJP¶�
PHDQV�GLIIHUHQW�WKLQJV�WR�GLIIHUHQW�SHRSOH��GHSHQGLQJ�RQ�WKH�GLVFLSOLQHV�LQ�ZKLFK�WKH\�KDYH�EHHQ�HGXFDWHG��
VR�XVLQJ�WKH�WHUP�FDQ�FDXVH�FRQIXVLRQ�DQG�PLVXQGHUVWDQGLQJV��7KH�WKLUG�DQG�ILQDO�UHDVRQ�ZK\�LW�LV�
SUHIHUDEOH�WR�WDON�DERXW�ZDYHV�UDWKHU�WKDQ�SDUDGLJPV�LV�WKDW�WKH�ZDYH�PHWDSKRU�FDQ�EH�XVHIXOO\�H[WHQGHG��
0LGJOH\��>��@��GLVFXVVHV�KRZ�HDFK�ZDYH�RI�V\VWHPV�WKLQNLQJ�GHSRVLWV�GHEULV�RQ�WKH�EHDFK��WKHRULHV��
PHWKRGRORJLHV�DQG�PHWKRGV�RI�XVH�WR�WKH�V\VWHPV�SUDFWLWLRQHU���DQG�ZKHQ�WKH�QH[W�ZDYH�KLWV��LW�QRW�RQO\�
GHSRVLWV�QHZ�PDWHULDOV��EXW�DOVR�UHDUUDQJHV�ZKDW�LV�DOUHDG\�WKHUH��VZHHSLQJ�VRPH�RI�WKH�OHVV�
ZHOO�DQFKRUHG�SLHFHV�RI�GHEULV�EDFN�LQWR�WKH�VHD��7KXV��HDFK�HSLVRGH�LQ�ZKLFK�WKH�IXQGDPHQWDOV�RI�
V\VWHPV�WKLQNLQJ�DUH�UHWKRXJKW�LQYROYHV�WKH��UHLQWHUSUHWDWLRQ��RU��UHSDWWHUQLQJ��RI�ROG�WKHRULHV��
PHWKRGRORJLHV�DQG�PHWKRGV�DV�ZHOO�DV�WKH�DGGLWLRQ�RI�QHZ�RQHV��HQDEOLQJ�VLJQLILFDQW�LQQRYDWLRQV�LQ�RXU�
V\VWHPLF�SUDFWLFHV���
�
7KH�IRXU�ZDYHV�DUH�VXPPDUL]HG�LQ�WKH�IROORZLQJ�WDEOH��ZLWK�PRUH�H[SOLFDWLRQ�DIWHUZDUGV��
�

��

:DYH�	�
2ULJLQ�SRLQW�

3HRSOH�DQG�)UDPHZRUNV� 7KUXVW��$VVXPSWLRQV�DERXW�
WKH�:RUOG�

(YROXWLRQ�

7KH�)LUVW�
:DYH�� �
����V�

3URPLQHQW�PHWKRGRORJLHV�LQFOXGH��
V\VWHP�G\QDPLFV��>��@���V\VWHPV�
DQDO\VLV��>��@���V\VWHPV�HQJLQHHULQJ�
>��@���DQG�WKH�YLDEOH�V\VWHPV�PRGHO�
>��@���

7KH�VWUXFWXUH�DQG�IXQFWLRQ�RI�
UHDO�ZRUOG�V\VWHPV�FDQ�EH�
NQRZQ��TXDQWLILHG���PRUH�RU�
OHVV�DV�WKH\�DUH��

6WDUWHG�LQ�UHDFWLRQ�WR�
LQDGHTXDFLHV�LQ�
WUDGLWLRQDO��
UHGXFWLRQLVW�VFLHQFH��
&RQWLQXHV�WR�HYROYH�
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�
7DEOH����6XPPDU\�RI�WKH�)RXU�:DYHV�RI�6\VWHPV�7KLQNLQJ�

�
:KLOH�7DEOH���SURYLGHV�D�VXPPDU\�RI�WKH�IRXU�ZDYHV�RI�V\VWHPV�WKLQNLQJ��ZH�ZLOO�H[SORUH�WKHP�LQ�PXFK�
JUHDWHU�GHWDLO��DIWHU ��ZH�UHYLHZ�VRPH�RI�WKH�FDYHDWV�RI�XVLQJ�WKH�ZDYHV�PHWDSKRU��

&DYHDWV�RI�WKH�:DYHV�
7KLV�FKDUDFWHUL]DWLRQ�RI�WKH�KLVWRU\�RI�WKH�ILHOG�RI�V\VWHPV�WKLQNLQJ�LQ�ZDYHV�LV�D�XVHIXO�KHXULVWLF��2I�JUHDW�
LPSRUWDQFH��KRZHYHU��DUH�IRXU�FDYHDWV�WKDW�UHTXLUH�H[SOLFDWLRQ�ZKHQ�DQDO\]LQJ�WKH�ILHOG�RI�V\VWHPV�
WKLQNLQJ��LQFOXGLQJ���

�� 7KH�ERXQGDULHV�RI�V\VWHPV�WKLQNLQJ�WKDW�DUH�GUDZQ��ERWK�LQ�WLPH�DQG�VFRSH��PDWWHU�WR�WKH�ILHOG���
�� 7KH�LQKHUHQW�ELDV�LQ�HVWDEOLVKLQJ�KLVWRULFDO�SHULRGV�LQ�DQ\�JLYHQ�ILHOG��L�H���SHULRGL]DWLRQ �ELDV��� ��

�3HULRGL]DWLRQ�UHIHUV�WR�WKH�WHQGHQF\��HVSHFLDOO\�LQ�KLVWRULFDO�DQDO\VLV��WR�JURXS�RU�FDWHJRUL]H�WLPH�SHULRGV�WKHPDWLFDOO\��2IWHQ�WKLV�FDWHJRUL]DWLRQ�
LQYROYHV�DQ�LPSOLFLW�SHUVSHFWLYH�WKDW�LV�QRW�H[SOLFDWHG�DQG�FDXVHV�SDVW�HYHQWV�WR�EH�JURXSHG�LQWR�GLVFUHWH��RIWHQ�TXDQWLILHG�XQLWV�RI�WLPH��
3HULRGL]DWLRQ�KDV�ERWK�VWUHQJWKV�DQG�ZHDNQHVVHV��,WV�PDMRU�VWUHQJWK�LV�SHGDJRJLFDO�DQGUDJRJLFDO��LW�IDFLOLWDWHV�WKH�XQGHUVWDQGLQJ�DQG�DQDO\VLV�RI�
KLVWRULFDO�HYHQWV��HVSHFLDOO\�FRPSOH[�RQHV���7KH�GDQJHU�RI�SHULRGL]DWLRQ�LV�WKDW�LW�DOZD\V�LQWURGXFHV�D�GHJUHH�RI�ELDV��3HULRGL]DWLRQ�SURYLGHV�
FRQYHQLHQW�WHUPV�DQG�GLVFUHWH�DEVWUDFWLRQV�WKDW�FDQ�EH�XVHG�WR�XQGHUVWDQG�KLVWRU\��EXW�WKHVH�GLVFUHWH�EHQHILWV�DUH�RIWHQ�EDVHG�RQ�IX]]\��ORRVH��RU�
DUELWUDU\�GLVWLQFWLRQV��+LVWRU\�LV��E\�LWV�QDWXUH��IOXLG�DQG�FRQWLQXRXV��ZLWK�ZHEV�RI�FDXVDOLW\�DQG�VSULQNOLQJV�RI�UDQGRPQHVV��<HW��ZLWKRXW�PDNLQJ�
GLVWLQFWLRQV�EHWZHHQ�JURXSHG�SHULRGV��LW�EHFRPHV�XQZLHOG\�WR�XQGHUVWDQG��,Q�RWKHU�ZRUGV��QR�PDWWHU�ZKR�ZH�DUH��LQGLYLGXDOV��JURXSV��FXOWXUHV�DQG�

��

WR�WKLV�GD\���

7KH�6HFRQG�
:DYH���
ODWH�����V�

0HWKRGRORJLHV�LQFOXGH��VRIW�
V\VWHPV�PHWKRGRORJ\��>��@���
LQWHUDFWLYH�SODQQLQJ��>��@���6WUDWHJLF�
$VVXPSWLRQ�6XUIDFLQJ�DQG�7HVWLQJ�
>��@���DQG�&KXUFKPDQ¶V��>��@�
V\VWHPV�DSSURDFK��

&ULWLFDO�RI�WKH�ILUVW�ZDYH��
,QFOXGHV�TXDOLWDWLYH�PRGHOLQJ�
	�SDUWLFLSDWRU\�SUDFWLFH��
DFFRXQWV�IRU�KXPDQ�DQG�
QRQ�WHFKQLFDO�IDFWRUV��
HPSKDVL]HV�PXOWLSOH�
SHUVSHFWLYHV�DQG�
LQWHUVXEMHFWLYH�FRQVWUXFWLRQ�
RI�PHDQLQJ�DFWLRQ��

6WDUWHG�LQ�UHDFWLRQ�WR�
LGHQWLILHG�
ZHDNQHVVHV�RI�WKH�
ILUVW�ZDYH��DQG�
FRQWLQXHV�WR�HYROYH�
WR�WKLV�GD\�

7KH�7KLUG�
:DYH��
ODWH�����V�

$SSURDFKHV�DQG�PHWKRGRORJLHV�
LQFOXGH��FULWLFDO�V\VWHPV�KHXULVWLFV�
>��@���FULWLFDO�V\VWHPV�WKLQNLQJ��>���@���
ERXQGDU\�FULWLTXH��>��������@���
V\VWHPLF�LQWHUYHQWLRQ��>��@���DQG�
WKHRULHV�RI�SRZHU��>��@���FRQIOLFW�
>��@���DQG�PDUJLQDOL]DWLRQ��>�����@����

&ULWLFDO�RI�WKH�ILUVW�DQG�
VHFRQG�ZDYHV�IRU�DQ�
LQDGHTXDWH�DSSURDFK�WR�
SRZHU��DQG�IRU�FODVKLQJ�LQ�D�
SDUDGLJP�ZDU��)RFXVHV�RQ�
GHDOLQJ�FULWLFDOO\�ZLWK�SRZHU�
UHODWLRQV��DQG�HPEUDFHV�
PHWKRGRORJLFDO�SOXUDOLVP��
,QIOXHQFHG�E\�FULWLFDO�VRFLDO�
WKHRU\�� �

6WDUWHG�LQ�UHDFWLRQ�WR�
LGHQWLILHG�
ZHDNQHVVHV�LQ�WKH�
ILUVW�DQG�VHFRQG�
ZDYHV��DQG�
FRQWLQXHV�WR�HYROYH�
WR�WKLV�GD\��

7KH�)RXUWK�
:DYH���
(DUO\�����V�

'653�V\VWHPV�WKLQNLQJ��>��������@���
90&/�V\VWHPV�OHDGHUVKLS��>��@���,W�
LV�SRVVLEOH�WKDW�FRPSHWLWRUV�RU�
FRPSOHPHQWRUV�FRXOG�DSSHDU�DV�WKH�
IRXUWK�ZDYH�JURZV���

8QLYHUVDOLW\�LQ�PLQG�DQG�
QDWXUH������WKH�VHDUFK�IRU�
XQLYHUVDOLW\��XQLYHUVDOV�RU�
³FRQVLOLHQFH´�������V\VWHPV�
WKLQNLQJ�EULGJHV�SK\VLFDO��
FRJQLWLYH�FRPSOH[LW\���DQG�
����IDFLOLWDWHV�DSSURDFKDELOLW\�
DQG�PDWXUDWLRQ�RI�WKH�ILHOG���

6WDUWHG�LQ�UHDFWLRQ�WR�
WKH�ILUVW�WKUHH�ZDYHV�
DQG�³&DPEULDQ�
H[SORVLRQ´��>��@��RI�
IUDPHZRUNV��:H�DUH�
FXUUHQWO\�>DW�OHDVW@�DW�
WKH�HQG�RI�WKH�
EHJLQQLQJ����
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�� 7KH�LGHQWLILFDWLRQ�RI�WKH��RULJLQ�SRLQW��RI�WKH�ILHOG�RI�V\VWHPV�WKLQNLQJ��DQG�WKH�GLVWLQFWLRQ�EHWZHHQ�
H[SOLFLW�DQG�IRUPDO�YHUVXV�LPSOLFLW�DQG�LQIRUPDO�DWWHPSWV �DW�V\VWHPV�WKLQNLQJ ���� �

�� 7KDW�PDQ\�KLVWRULFDO�DUWLIDFWV�DUH�ORVW�WR�µH[WLQFWLRQ¶��XVXDOO\�TXLWH�D�IHZ�PRUH�WKDQ�UHPDLQ�WRGD\�
��DQG��

�� 2QH�PXVW�GLVWLQJXLVK�EHWZHHQ�WKH��WKUXVW��RI�WKH�ZDYH�DQG�LWV�FRQWLQXHG��HYROXWLRQ��
�
:LWK�WKHVH�FDYHDWV�LQ�PLQG�DV�FRQWH[W��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKDW�WKH�IUDPHZRUNV�DVVRFLDWHG�ZLWK�
HDFK�ZDYH��GLG�QRW�VWRS�HYROYLQJ�ZKHQ�QHZ�ZDYHV�RFFXUUHG���)RU�H[DPSOH��V\VWHP�G\QDPLFV��>�����@��DQG�
WKH�9LDEOH�6\VWHP�0RGHO��>�����@���ERWK�ILUVW�ZDYH�DSSURDFKHV�LQLWLDOO\��ZHUH�WKRURXJKO\�UHFRQFHSWXDOL]HG�
LQ�WKH�VHFRQG�ZDYH��7KLV�UHVXOWHG�LQ�D�ELIXUFDWLRQ��QHZ�VHFRQG�ZDYH�SUDFWLFHV�HPHUJLQJ�WR�VLW�DORQJVLGH�
WKH�HYROXWLRQ�RI�SUDFWLFHV�WKDW�FRQWLQXHG�WR�PDNH�ILUVW�ZDYH�DVVXPSWLRQV��
�
)LJXUH���LOOXVWUDWHV�WKHVH�FDYHDWV�WKDW�SURYLGH�D�ZLGHU�FRQWH[W�IRU�WKH�ZDYHV�RI�V\VWHPV�WKLQNLQJ��

�

��
)LJXUH����7KH�+LVWRU\�RI�6\VWHPV�7KLQNLQJ�DQG�,WV�&DYHDWV�

�
�

VXEFXOWXUHV��QDWLRQV��HWF���ZH�DUH�SURQH�WR�VRPH�OHYHO�RI�SHULRGL]DWLRQ�ELDV��$QG��LW�LV�OLNHO\�WKDW�WKHVH�PXOWLSOH�SHUVSHFWLYHV�RQ�SHULRGL]DWLRQ�
RYHUODS��FRQIOLFW��DQG�OHDYH�JDSV�DV�ZHOO�DV�UHTXLULQJ�UHILQHPHQW��HGLWLQJ��DQG�FKDQJH��,Q�VKRUW��SHULRGL]DWLRQ�LV�VRPHWKLQJ�ZH�GR��EXW�ZH�VKRXOG�EH�
FDXWLRXV�ZKHQ�ZH�DUH�GRLQJ�LW�DQG�WU\�WR�DYRLG�WKH�PRVW�FRVWO\�ELDVHV�LQKHUHQW�LQ�LWV�XVH��
��,Q��>��@��&DEUHUD�ZULWHV��³7KH�GHYHORSPHQW�RI�NQRZOHGJH�DERXW�V\VWHPV�EHJDQ�QHDUO\�������\HDUV�DJR�ZLWK�/DR�7VX��ZKR�LQ�WKH��7DR�7H�&KLQJ�
ZURWH�ZKDW�LV�SHUKDSV�WKH�ILUVW�IRUPDO�GHVFULSWLRQ��DOEHLW�LQ�YHUVH��RI�D�V\VWHP�ZKHQ�KH�GHVFULEHG�WKH�IRUFHV�RI�\LQ�DQG�\DQJ�´�7KH�V\VWHP�
GHVFULEHG�LV�D�FRXSOHG�RVFLOODWRU��7KH�VWDUWLQJ�SRLQW�RI�V\VWHPV�WKLQNLQJ�LV�ZLGHO\�GHEDWHG��6RPH�VD\�LQ�WKH�����V�ZLWK�%HUWDODQII\�RU�)RUUHVWHU��
RWKHUV�VD\�ZLWK�3ULJRJLQH��RWKHUV�VD\�:DJQHU��VWLOO�RWKHUV�JR�DV�IDU�EDFN�DV�/DR�7VX��
��)RU�H[DPSOH��WKH�ZDYHV�GDWH�EDFN�WR�WKH�IRUPDO�H[SOLFDWLRQ�RI�V\VWHPV�WKLQNLQJ�DV�D�ILHOG�LQ�WKH�����V�ZKHUHDV�&DEUHUD��������SRLQWV�RXW�WKDW�
V\VWHPV�WKLQNLQJ��DW�OHDVW�LQIRUPDOO\��OLNHO\�GDWHV�EDFN������\HDUV�WR�/DR�7VX���
���7KH�H[WLQFWLRQ�FDYHDW�LV�QRW�RI�SDUDPRXQW�LPSRUWDQFH�WR�WKH�FDVXDO�XVHU�RI�WKH�ZDYHV�PHWDSKRU��EXW�WR�WKH�KLVWRULDQ�RI�V\VWHPV�WKLQNLQJ��LW�ZLOO�
EH��$V�D�JHQHUDO�FDYHDW��RQH�VKRXOG�FRQVLGHU�WKH�>ELRORJLFDO@�HYROXWLRQDU\�UHDOLW\�WKDW�������RI�DOO�RUJDQLVPV�WKDW�KDYH�H[LVWHG�KDYH�DOUHDG\�JRQH�
H[WLQFW��6LPLODUO\��LQ�WKH�KLVWRU\�RI�V\VWHPV�WKLQNLQJ��D�JUHDW�PDQ\�IUDPHZRUNV��FRQFHSWV��WKHRULHV��HIIRUWV��PHWKRGV��HWF���DUH�QRW�PHQWLRQHG��
SULPDULO\�EHFDXVH�WKH\�KDYH�JRQH�H[WLQFW�RU�XQXVHG��2I�FRXUVH��D�JUHDW�PDQ\�RI�WKHVH�LGHDV�ZHUH�LQ�VRPH�ZD\�LQIOXHQWLDO�DW�WKH�WLPH�RU�WUDQVLWLRQDO�
EHWZHHQ�RQH�LGHD�DQG�DQRWKHU��7KXV��HYHQ�D�ULJRURXV�OLVWLQJ��IRU�H[DPSOH�ZLWK�WKH�WHQV�RI�WKRXVDQGV�RI�SHRSOH�DQG�LGHDV�LQ�WKH�0)6�8QLYHUVH��LV�
QHYHU�D�IXOO�DFFRXQWLQJ��

��

https://paperpile.com/c/cHjlcc/Ls4y+rH15
https://paperpile.com/c/cHjlcc/3c05+H6kO
https://paperpile.com/c/cHjlcc/vsUT


,W�LV�LPSRUWDQW�WR�UHPHPEHU�WKDW��DOWKRXJK�WKH�ZDYHV�DUH�DVVRFLDWHG�ZLWK�FHUWDLQ�WLPH�SHULRGV�DQG�ZHUH�
ERUQ�RXW�RI�FHUWDLQ�FRQWH[WV��WKH\�DOVR�FRQWLQXH�WR�HYROYH��DV�GR�WKH�PHWKRGV�DQG�PRGHOV�ZLWKLQ�HDFK�
ZDYH��WR�WKH�FXUUHQW�GD\���7KH\�DUH�QRW�VWDWLF��EXW�G\QDPLFDOO\�HYROYLQJ���7KXV��ZH�VKRXOG�GLVWLQJXLVK�
EHWZHHQ�WZR�DVSHFWV�RI�WKH�ZDYHV�DV�VKRZQ�LQ�)LJXUH�������WKH�µWKUXVW¶�RI�D�ZDYH��RU�WKH�HQHUJ\�DQG�
SXUSRVH�WKDW�GURYH�WKH�ZDYH�WR�IRUP�LQ�WKH�ILUVW�SODFH��DQG����WKH�FRQWLQXHG�µHYROXWLRQ¶�RI�WKH�ZDYH��WKH�
RQJRLQJ�G\QDPLFDO�LQWHUDFWLRQ�DQG�FKDQJHV�PDGH�DV�D�UHVXOW�RI�WKH�WLPHV�DQG�WKH�LQIOXHQFH�RI�QHZ�ZDYHV��

���

��
)LJXUH����7KH�WKUXVW�DQG�HYROXWLRQ�RI�6\VWHPV�7KLQNLQJ�:DYHV�

�
)LJXUH���VKRZV�WKDW�WKH�ZDYHV�GR�QRW�UHPDLQ�LQ�WKHLU�VWDWLF�RULJLQDWLQJ�IRUP��EXW�DGDSW�WR�WKH�FKDQJLQJ�
WLPHV��,Q�WKLV�ZD\��D�PRGHO�WKDW�DSSHDUV�DQG�LV�GRPLQDQW�LQ�WKH�ILUVW�ZDYH��VXFK�DV�V\VWHPV�HQJLQHHULQJ��
FRQWLQXHG�WR�HYROYH�DV�WKH�WKUXVW�RI�WKH�VHFRQG�ZDYH�LQIOXHQFHG�LW��FDXVLQJ�VRPH�V\VWHPV�HQJLQHHUV�WR�
FRQVLGHU�WKHLU�ELDVHV�DQG�PHQWDO�PRGHOV��DQG�WR�WKLQN�WKURXJK�VRFLR�WHFKQLFDO�SUREOHPV��/LNHZLVH��DV�WKH�
WKUXVW�RI�WKH�WKLUG�ZDYH�RFFXUUHG��VRPH�V\VWHPV�HQJLQHHUV�DOWHUHG�WKHLU�GLVFLSOLQH�WR�DGDSW�WR�WKH�QHZ�
ZDYH��E\�FULWLFDOO\�FRQVLGHULQJ�SROLWLFDO�SRZHU��HTXLW\��RSSRUWXQLW\��DQG�GLVDGYDQWDJHG�SHUVSHFWLYHV��,Q�
WKH�IRXUWK�ZDYH��WKH�VDPH�V\VWHPV�HQJLQHHULQJ�GLVFLSOLQH�KDV�DOUHDG\�EHJXQ�WR�VHH�XQLYHUVDOLW\�DFURVV�
GRPDLQV��DQG�QRZ�UHDOL]HV�WKDW�YHU\�GLIIHUHQW�W\SHV�RI�SUREOHPV�DQG�SKHQRPHQD�FDQ�EH�VLPLODUO\�
VWUXFWXUHG��DV�VHHQ�LQ�&KDSWHUV���DQG����� �
�
7KH�ZDYH�PHWDSKRU�VXJJHVWV�WKDW�WKH�ILUVW�WKUHH�ZDYHV�FDPH�DQG�ZHQW��%XW�WKH\�GLG�QRW��7KH\�VWLOO�H[LVW�
WRGD\��,Q�RWKHU�ZRUGV��WKLV�PHWDSKRU�VXJJHVWV�WKDW�WKH�VXEVHTXHQW�ZDYH�µUHSODFHV¶�WKH�RQH�EHIRUH�LW��
5DWKHU��HDFK�VXEVHTXHQW�ZDYH��H[SDQGV ��XSRQ�WKH�SULRU�ZDYH�DQG�UHFRQVWUXFWV�VRPH�RI�LWV�LGHDV��$OWKRXJK�
VFKRODUV�ZKR�ZULWH�DERXW�WKH�ZDYHV�JHQHUDOO\�DFFHSW�WKDW�WKH�ZDYHV�GR�QRW�UHSODFH�HDFK�RWKHU��WKH�
PHWDSKRU�LWVHOI�PLVFRPPXQLFDWHV�WKLV��0RVW�QRWDEO\��SHRSOH�QHZ�WR�WKH�ILHOG�DVVXPH��EDVHG�RQ�WKH�
PHWDSKRU��WKDW�WKH�ODWHVW�ZDYH�UHSUHVHQWV�WKH�FXUUHQW�VWDWH�RI�WKH�ILHOG�LQ�DOO�SDUWV�RI�RXU�UHVHDUFK�
FRPPXQLW\��DV�LI�WKH�ODWWHU�ZDV�KRPRJHQRXV��7KLV�LV�SUREOHPDWLF��DV�LW�LV�QRW�KRZ�WKH�ILHOG�VHHV�LWVHOI��QRU�

��



KRZ�WKLQJV�SOD\�RXW�LQ�UHDOLW\��:H�PXVW�VHH�WKDW�ZKDW�ZH�SHUFHLYH�DV�µQHZ¶�ZDYHV�DUH�QRW�UHSODFHPHQWV�RI�
WKHLU�SUHGHFHVVRUV��EXW�DGGLWLRQV�DQG�SDUDGLJPDWLF�VKLIWV�WKDW�DOVR�FRH[LVW�ZLWK�WKH�ROGHU�LGHDV�LQ�WKH�
SUHVHQW�WLPH��7KLV�PHDQV�WKDW�WKH�LPSRUWDQW�ZRUN�WKDW�FDPH�EHIRUH�LV�XVXDOO\�VXEVXPHG�LQWR�WKH�QHZ�
ZDYH��UDWKHU�WKDQ�EHLQJ�UHMHFWHG��LJQRUHG��VXSSODQWHG��RU�µZDVKHG�DZD\�¶��$OVR��VRPH�SUDFWLWLRQHUV�ZLOO�QRW�
DJUHH�ZLWK�WKH�VXEVXPSWLRQV�DQG�UHLQWHUSUHWDWLRQV�DQG�ZLOO�FRQWLQXH�ZLWK�WKHLU�ROG�LGHDV��XQFKDQJHG��7KH�
UHDGHU�VKRXOG�NHHS�WKLV�LQ�PLQG�DV�WKH\�FRQWLQXH�WKURXJK�WKLV�YROXPH��DV�LW�LV�EURNHQ�GRZQ�LQWR�WKH�IRXU�
VHFWLRQV�FRUUHVSRQGLQJ�WR�WKH�IRXU�ZDYHV��\HW�DXWKRUV�RI�HDFK�LQGLYLGXDO�PRGHO�KDYH�EHHQ�DVNHG�WR�UHIOHFW��
QRW�RQO\�RQ�WKH�RULJLQV�DQG�KLVWRU\�RI�WKH�PRGHO��PHWKRG��RU�IUDPHZRUN�WKDW�WKH\�KDYH�ZULWWHQ�DERXW��EXW�
DOVR�WR�GLVFXVV�ZKHUH�WKLQJV�VWDQG�WRGD\��0RUH�RIWHQ�WKDQ�QRW��PXFK�HYROXWLRQ�KDV�RFFXUUHG�LQ�EHWZHHQ�
WKH�RULJLQ�RI�D�ZDYH�DQG�WKH�SUHVHQW�GD\��.HHSLQJ�WKH�DERYH�FDYHDWV�LQ�PLQG��ZH�EHOLHYH�ZH�FDQ�
OHJLWLPDWHO\�WDON�DERXW�WKUHH�VXFFHVVLYH�ZDYHV�RI�V\VWHPV�WKLQNLQJ�WKDW�KDYH�FUDVKHG�RQWR�WKH�VKRUH�RI�
V\VWHPV�SUDFWLFH��DQG�ZH�ZLOO�DUJXH�WKDW�WKHUH�LV�D�FDVH�IRU�WKH�FXUUHQW�VZHOOLQJ�RI�D�IRXUWK�ZDYH���

7KH�)LUVW�:DYH�
7KH�ILUVW�ZDYH�LV�VRPHWLPHV�NQRZQ�DV�µKDUG�V\VWHPV�WKLQNLQJ¶��>��@���LW�LV�FKDUDFWHUL]HG�E\�H[SHUW�DQDO\VLV��
VWULYLQJ�IRU�REMHFWLYLW\��DQG�SULPDULO\�UHOLHV�RQ�TXDQWLWDWLYH�PRGHOLQJ��,W�EHJDQ�LQ�WKH�����V�DQG�IORZHG�
LQWR�WKH�����V��EXW�ZLWK�VRPH�DGYRFDWHV�FRQWLQXLQJ�WR�GHYHORS�WKHLU�LGHDV�DIWHU�QHZ�ZDYHV�KDG�DOUHDG\�
VWDUWHG��7KH�ILUVW�ZDYH�LQYROYHG�D�VWUXFWXUDO�IXQFWLRQDOLVW�DSSURDFK�WR�V\VWHPV��>��@���L�H���DVVXPLQJ�WKDW�ZH�
OLYH�ZLWKLQ�FRKHUHQWO\�VWUXFWXUHG�VRFLHWDO�V\VWHPV��DQG�RXU�UROHV�DUH�IXQFWLRQDO�LQ�WHUPV�RI�PDLQWDLQLQJ�
DQG�HYROYLQJ�WKRVH�V\VWHPV��ZLWK�DQ�HPSKDVLV�RQ�H[SHUW��TXDQWLWDWLYH�PRGHOLQJ��PRVWO\�GRQH�E\�HQJLQHHUV�
DQG�RSHUDWLRQV�UHVHDUFKHUV��,Q�PDQ\�ZD\V��V\VWHPV�ZHUH�VHHQ�DV�SULPDULO\�SK\VLFDO��DQG�D�FRPSXWDWLRQDO�
PHWDSKRU�XQGHUJLUGHG�PRVW�DSSURDFKHV�WR�V\VWHPV�DW�WKH�WLPH��7KH�ILUVW�ZDYH�RI�V\VWHPV�WKLQNLQJ�ZDV�
OLNH�D�WLGDO�ZDYH��,W�ZDV�QHZ�DQG�H[FLWLQJ��DQG�FKDOOHQJHG�VRPH�RI�WKH�SODFHV�ZKHUH�VFLHQFH�ZDV�IDLOLQJ�LQ�
LWV�SXUSRVH�WR�H[SRVH�WKH�P\VWHULHV�RI�WKH�XQLYHUVH��6\VWHPV�WKLQNLQJ�ZDV�ODUJHO\�D�FULWLTXH��QRW�RQO\�RI�
VFLHQFH�LWVHOI��ZKLFK�LW�ZDV�LQ�WRWDO�DOLJQPHQW�ZLWK�DW�WKH�VWDUW�RI�WKH�ZDYH���EXW�ZLWK�WKH�ZD\�VFLHQFH�ZDV�
EHLQJ�GRQH��LW�KDG�EHFRPH�DEVXUGO\�UHGXFWLRQLVWLF��WU\LQJ�WR�H[SODLQ�WKLQJV�E\�GHFRPSRVLQJ�V\VWHPV�LQWR�
WKHLU�VPDOOHVW�SRVVLEOH�SDUWV��DV�LI�FDXVDOLW\�OD\�LQ�WKH�SDUWV�RI�WKH�V\VWHP�UDWKHU�WKDQ�LQ�WKHLU�FROOHFWLYH�
LQWHUUHODWLRQVKLSV��,W�RIWHQ�PLVVHG�WKH�ODUJHU��FRQWDLQLQJ�V\VWHP��VR�ODFNHG�FRQWH[W��DQG�LW�IRFXVHG�WRR�
PXFK�RQ�VLPSOH��OLQHDU�FDXVDOLWLHV��(DUO\�RQ��V\VWHPV�WKLQNLQJ�FDUULHG�RYHU�RQH�FULWLFDOO\�LPSRUWDQW�ELDV�RI�
VFLHQWLILF�SUDFWLFH��SXUH�REMHFWLYLW\��DV�LI�V\VWHPV�DUH�QRW�DOZD\V�VHHQ�IURP�D�SHUVSHFWLYH��,QWHUHVWLQJO\��WKH�
XQGHUO\LQJ�LGHDV�RI�WKLV�ILUVW�ZDYH�UHPDLQ�SURPLQHQW�LQ�WKH�ILHOGV�RI�HQJLQHHULQJ�DQG�RSHUDWLRQV�UHVHDUFK�
WRGD\��DOWKRXJK�WKHUH�DUH�VXE�FRPPXQLWLHV�LQ�ERWK�ILHOGV�WKDW�FKDOOHQJH�WKHP��7KLV�UHPDLQHG�WKH�GRPLQDQW�
SDUDGLJP�WKURXJKRXW�WKH�����V�DQG�����V��EXW�LQ�WKH�����V�DQG�����V��LW�FDPH�XQGHU�VXVWDLQHG�DWWDFN�
IURP�VHFRQG�ZDYH�V\VWHPV�WKLQNHUV�DV�ZHOO�DV�SODQQHUV�DQG�VRFLDO�VFLHQWLVWV��>��±��@���:KLOH�QHZ�LGHDV�
ZHUH�WR�EH�GHYHORSHG�LQ�WKH�VHFRQG�ZDYH��VRPH�DXWKRUV��HVSHFLDOO\�LQ�V\VWHPV�HQJLQHHULQJ��V\VWHPV�
DQDO\VLV�DQG�WR�D�OHVVHU�H[WHQW�V\VWHP�G\QDPLFV��FRQWLQXHG�WR�GHYHORS�ILUVW�ZDYH�VW\OH�WKLQNLQJ�� �

7KH�6HFRQG�:DYH�
7KH�VHFRQG�ZDYH�LV�VRPHWLPHV�NQRZQ�DV�µVRIW�V\VWHPV�WKLQNLQJ¶��>��@���DQG�LV�FKDUDFWHUL]HG�E\�TXDOLWDWLYH�
PRGHOLQJ�	�SDUWLFLSDWRU\�SUDFWLFH��,W�EHFDPH�WKH�GRPLQDQW�SDUDGLJP�LQ�WKH�HDUO\�����V�LQ�UHVSRQVH�WR�
FULWLTXHV�RI�WKH�ILUVW�ZDYH��7KLV�UHVXOWHG�LQ�DQ�H[SORVLRQ�RI�QHZ�PHWKRGRORJLFDO�GHYHORSPHQWV��$Q�
HPSKDVLV�ZDV�SODFHG�RQ�DOZD\V�VHHNLQJ�WR�DFFRXQW�IRU�WKH�KXPDQ�DQG�QRQ�WHFKQLFDO�DVSHFWV�RI�
LQWHUYHQWLRQV�LQWR�V\VWHPV��$GGLWLRQDOO\��WKHUH�ZDV�DQ�HPSKDVLV�RQ�H[SORULQJ�PXOWLSOH�SHUVSHFWLYHV�DQG�
WKH�LQWHUVXEMHFWLYH�FRQVWUXFWLRQ�RI�DJUHHPHQWV�RQ�KRZ�WR�WDNH�FRRUGLQDWHG�DFWLRQ��7KH�µV\VWHPV�LGHD¶�
FDPH�WR�EH�VHHQ�DV�D��XVHIXO�FRQFHSWXDO�GHYLFH��IRU�LQWHUSUHWLQJ�FRPSOH[�VLWXDWLRQV��VRPH�FRPPHQWDWRUV�
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SRLQWHG�RXW�WKDW�HYHU\WKLQJ�ZH�WDNH�DV�UHDOLW\�LV�PHGLDWHG�WKURXJK�RXU�SHUFHSWLRQV�DQG�LQWHUSUHWDWLRQV��>��@���
VR�ZH�FDQQRW�NQRZ�IRU�FHUWDLQ�ZKHWKHU�V\VWHPV�DFWXDOO\�H[LVW�LQ�WKH�ZLGHU�ZRUOG²EXW��VHHLQJ�WKLQJV�LQ�
WHUPV�RI�V\VWHPV ��LV�FHUWDLQO\�XVHIXO��0HWKRGRORJLHV�LQFOXGHG�VRIW�V\VWHPV�PHWKRGRORJ\��>��@���LQWHUDFWLYH�
SODQQLQJ��>��@��DQG�VWUDWHJLF�DVVXPSWLRQ�VXUIDFLQJ�DQG�WHVWLQJ��>��@����
�
,Q�WKLV�ZDYH��DQ�LQWHUSUHWLYH�DSSURDFK�WR�V\VWHPV��>�����@��ZDV�DGYRFDWHG��LQ�ZKLFK�WKH�REVHUYHU��RU�PRUH�
DFFXUDWHO\��WKH��SDUWLFLSDQW��REVHUYHU��DV�WKHUH�LV�QR�H[WHUQDO�YDQWDJH�SRLQW�IURP�ZKLFK�WR�YLHZ�WKH�ZRUOG��
ZDV�EURXJKW�EDFN�LQWR�WKH�SLFWXUH�DIWHU�KDYLQJ�EHHQ�KLGGHQ�GXULQJ�WKH�ILUVW�ZDYH�LQ�WKH�QDPH�RI�
REMHFWLYLW\��XQGHUVWDQGLQJV�RI�WKH�ZRUOG�ZHUH�VXEMHFWLYHO\�DQG�LQWHU�VXEMHFWLYHO\�FRQVWUXFWHG��DQG�WKHUH�
ZHUH�LQHYLWDEO\�GLIIHUHQW�SHUVSHFWLYHV��>��@���9DOXHV�FDPH�WR�WKH�IRUH²ERWK�VWDNHKROGHU�YDOXHV��DQG�WKH�
YDOXHV�RI�WKH�V\VWHPV�SUDFWLWLRQHU�ZKR�GHFLGHV�ZKDW�WR�UHVHDUFK�LQ�GLDORJXH�ZLWK�WKRVH�VWDNHKROGHUV��>��@���
7KH�VHFRQG�ZDYH�VKLIWHG�DWWHQWLRQ�WR�TXDOLWDWLYH�PRGHOLQJ�LQ�WKH�FRQWH[W�RI�SDUWLFLSDWLYH�SUDFWLFH��6HFRQG�
RUGHU�F\EHUQHWLFV��WKH�F\EHUQHWLF�SDUWQHU�WR�VRIW�V\VWHPV�WKLQNLQJ��LQ�ZKLFK�WKH�LGHD�RI�
REVHUYHU�GHSHQGHQFH�ZDV�WKRURXJKO\�H[SORUHG��SURSRVHG�D�UDGLFDO�VKLIW�DZD\�IURP�D�SXUHO\�SK\VLFDO�DQG�
REMHFWLYH�SHUVSHFWLYH�RI�V\VWHPV�WKLQNLQJ��>��@���$ORQJ�ZLWK�UHFRJQLWLRQ�RI�WKH�VRFLDO�FRQWH[W�LQ�ZKLFK�DQ\�
WHFKQLFDO�V\VWHPV�WKLQNLQJ�RFFXUUHG��WKLV�ZDV�D�VLJQLILFDQW�HSLVWHPRORJLFDO�VKLIW�LQ�V\VWHPV�WKLQNLQJ�WKDW�
PHDQW�WKDW�VRFLDO�FRQWH[W�DQG�VHFRQG�RUGHU�HIIHFWV��WKH�HIIHFWV�RI�WKH�REVHUYHU��ERWK�LQ�WHUPV�RI�WDNLQJ�D�
SHUVSHFWLYH�RQ�V\VWHPV�DQG�FKDQJLQJ�WKHP�WKURXJK�DFWLRQ��FRXOG�QHYHU�DJDLQ�EH�H[FXVDEO\�LJQRUHG��7KLV�
WKHUHIRUH�IRUFHG�XV�WR�QRW�RQO\�EH�V\VWHPLF�DERXW�RXU�SUDFWLFHV��LQ�WKH�VHQVH�RI�DSSO\LQJ�WKHRU\�WR�DQ�
H[WHUQDO�ZRUOG�RI�V\VWHPV��ILUVW�ZDYH���EXW�DOVR�WR�FRQVLGHU�WKH�SV\FKR�VRFLDO�FRQWH[W�RI�WKHVH�SUDFWLFHV�
�VHFRQG�ZDYH���7KLV�HSLVWHPRORJLFDO�VKLIW�OHG�WR�D�FKDQJH�LQ�HPSKDVLV�IURP�V\VWHPV�H[LVWLQJ�LQ�WKH�UHDO�
ZRUOG�WR��SHUVSHFWLYHV�RQ�DFWLRQ�EHLQJ�V\VWHPLF��DQG��PHWKRGRORJLHV�DV�V\VWHPLF�SURFHVVHV�RI�LQTXLU\���>��@���,W�
ZDV�DOVR�DW�WKLV�WLPH�WKDW�DQ�HPSKDVLV�RQ�GLDORJXH��VKDUHG�XQGHUVWDQGLQJ��PXWXDO�DSSUHFLDWLRQ��DQG�DQ�
H[SORUDWLRQ�RI�DVVXPSWLRQV�WKURXJK�SDUWLFLSDWRU\�GLDORJXH�EHJDQ��5HDOLW\�FDPH�WR�EH�VHHQ�DV�DQ�
LQWHUVXEMHFWLYH�FRQVWUXFW�UDWKHU�WKDQ�VRPHWKLQJ�WKDW�FRXOG�EH�WDNHQ�IRU�JUDQWHG�DV�H[WHUQDO�DQG�REMHFWLYH�
>��@���+RZHYHU��QRWH�WKDW�WKH�HPSKDVLV�ZDV�RQ��LQWHU �VXEMHFWLYLW\�UDWKHU�WKDQ�SXUH�VXEMHFWLYLW\�EHFDXVH�RI�D�
SUHVVLQJ�FRQFHUQ�IRU�IDFLOLWDWLQJ�FRRUGLQDWHG�KXPDQ�DFWLRQ��>��@���
�
'HVSLWH�WKH�VFDOH�RI�WKH�HSLVWHPRORJLFDO�VKLIW��WKLV�VWDQFH�ZDV�QHYHUWKHOHVV�FULWLTXHG�LQ�WKH�PLG�WR�ODWH���V�
IRU�IDLOLQJ�WR�DFFRXQW�VXIILFLHQWO\�ZHOO�IRU�SRZHU�UHODWLRQV��DQG�IRU�VWDUWLQJ�D�SDUDGLJP�ZDU�ZLWK�ILUVW�ZDYH�
V\VWHPV�WKLQNHUV��WKUHDWHQLQJ�WR�IUDJPHQW�WKH�V\VWHPV�UHVHDUFK�FRPPXQLW\��>��@���-DFNVRQ�DQG�.H\V��>�@�
PDGH�D�VRXQG�DUJXPHQW�WKDW�WKH�ILUVW�DQG�VHFRQG�ZDYHV�ZHUH��FRPSOHPHQWDU\�WR�RQH�DQRWKHU�DQG�GLGQ¶W�
QHHG�WR�EH�VHHQ�DV�FRPSHWLWLYH�DQG�PXWXDOO\�H[FOXVLYH�����ZKLFK�LV�RQH�RI�WKH�LPSRUWDQW�LQVLJKWV�WKDW�OHG�WR�
WKH�WKLUG�ZDYH�RI�V\VWHPV�WKLQNLQJ���

7KH�7KLUG�:DYH�
7KH�WKLUG�ZDYH�LV�VRPHWLPHV�JLYHQ�WKH�XPEUHOOD�WHUP�µFULWLFDO�V\VWHPV�WKLQNLQJ¶��&67���>���@���,W�VWDUWHG�LQ�
WKH�PLG�����V��ZDV�LQIOXHQFHG�E\�FULWLFDO�VRFLDO�WKHRU\��H�J����>��@���DQG�SODFHG�DQ�HPSKDVLV�RQ�GHDOLQJ�ZLWK�
SRZHU�UHODWLRQV��>��@���HQDEOLQJ�FLYLO�VRFLHW\�GLDORJXH��H�J����>��@����EHLQJ�FULWLFDO�DERXW�ERXQGDU\�MXGJHPHQWV�
DQG�GLVWLQFWLRQ�PDNLQJ��>�����@��LQ�V\VWHPLF�LQTXLU\��>�����@���DGGUHVVLQJ�FRQIOLFW�DQG�PDUJLQDOL]DWLRQ�
SURFHVVHV��>��������@���DQG�PL[LQJ�PHWKRGV�GUDZQ�IURP�ERWK�WKH�ILUVW�DQG�VHFRQG�ZDYHV�WR�FUHDWH�D�PRUH�
IOH[LEOH�DQG�UHVSRQVLYH�V\VWHPV�SUDFWLFH��>�����@���0HWKRGRORJLFDO�GLYHUVLILFDWLRQ�ZDV�HQFRXUDJHG�WR�JLYH�
XV�D�JURZLQJ�µWRRO�NLW�¶�VR�ZH�FRXOG�SXUVXH�PXOWLSOH�SXUSRVHV�RI�LQWHUYHQWLRQ�LQ�PXOWLSOH�FRQWH[WV���
�
7KH�WKLUG�ZDYH�RI�V\VWHPV�WKLQNLQJ�WKHUHIRUH�LQWURGXFHG�D�
ELJ�WHQW
�SOXUDOLVP��>��@��WKDW�HPEUDFHG�D�ULFK�
GLYHUVLW\�RI�DSSURDFKHV�DQG�PHWKRGV�RI�V\VWHPV�WKLQNLQJ��7KLV�VKLIW�OHG�WR�ZKDW�&DEUHUD��>��@��FDOOV�D�
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&DPEULDQ�([SORVLRQ�RI�V\VWHPV�WKLQNLQJ�IUDPHZRUNV¶��ERWK�WHFKQLFDO�DQG�VRFLDO���7KH�WKLUG�ZDYH�
SURPRWHG�WKH�LGHD�WKDW�ZH�FDQ�OHDUQ�D�ORW�E\�ORRNLQJ�DW�WKH�ZRUOG�WKURXJK�GLIIHUHQW�OHQVHV��H�J���
VWUXFWXUDO�IXQFWLRQDOLVW��LQWHUSUHWLYH��FRPSOH[LW\�VFLHQFH��HPDQFLSDWRU\���>�@���RU�ORRN�IRU�D�PXOWL�IDFHWHG�
SKLORVRSK\�WKDW�H[SODLQV�WKH�PHWKRGRORJLFDO�GLYHUVLW\�WKDW�ZDV�ZHOFRPHG��>��������@����
�
7KH�WKLUG�ZDYH�UHPDLQHG�WKH�GRPLQDQW�SDUDGLJP�WKURXJKRXW�WKH�����V�DQG�PXFK�RI�WKH�����V��6RPH�
ZRXOG�VD\�LW�UHPDLQV�VR��5HFHQWO\��KRZHYHU��WKH�HPSKDVLV�RQ�PHWKRGRORJLFDO�SOXUDOLVP�KDV�EHHQ�VXEMHFW�
WR�FULWLTXH�IRU�HQFRXUDJLQJ�µD�WKRXVDQG�IORZHUV��PHWKRGRORJLHV�DQG�PHWKRGV��WR�EORRP¶�ZLWKRXW�NHHSLQJ�D�
VXIILFLHQWO\�VWURQJ�FRUH�QDUUDWLYH�DERXW�WKH�IXQGDPHQWDOV�RI�V\VWHPV�WKLQNLQJ��>�����@���:LWKRXW�WKH�ODWWHU��
QHZFRPHUV�FDQQRW�HDVLO\�JHW�WR�JULSV�ZLWK�WKH�ILHOG��DQG�QRU�FDQ�WKH�ILHOG�PDWXUH�LQWR�D�YLDEOH�VFLHQWLILF�
HQGHDYRU��>��±��@���$OVR��GHVSLWH�WKH�PHWKRGRORJLFDO�GLYHUVLW\��WKHUH�UHPDLQHG�D�IRFXV�RQ�UDWLRQDO�DQDO\VLV�
�DOEHLW�ZLWK�D�EURDGHQHG�XQGHUVWDQGLQJ�RI�UDWLRQDOLW\���ZLWK�DUWV�EDVHG�DQG�RWKHU�DSSURDFKHV�PRVWO\�
PDUJLQDOL]HG��>�����@���
�
%\�WKH�VHFRQG�GHFDGH�RI�WKH�����V��WKH�ILHOG�RI�V\VWHPV�WKLQNLQJ�ZDV�XQGHUJRLQJ�PDMRU�FKDQJH��EURXJKW�
DERXW�E\�D�QXPEHU�RI�IRUFHV��LQFOXGLQJ������WKH�FRQWLQXLQJ�SUROLIHUDWLRQ�RI�PHWKRGRORJLHV�DQG�PHWKRGV��
UHVXOWLQJ�LQ�DQ�HYHQ�JUHDWHU�SOXUDOLW\�RI�V\VWHPV�LGHDV������D�IUDJPHQWDWLRQ�RI�WKH�V\VWHPV�UHVHDUFK�
FRPPXQLW\�LQWR�PXOWLSOH��VPDOOHU�FRPPXQLWLHV�IRFXVHG�RQ�VXEGRPDLQV�RI�SUDFWLFH��UHVXOWLQJ�LQ�PRUH�DQG�
PRUH�GLYHUVLW\�RI�V\VWHPV�WHUPLQRORJLHV�DQG�UHVXOWDQW�VLORILFLDWLRQ������WKH�ODFN�RI�DFFHVVLELOLW\�WR�
QHZFRPHUV�WR�V\VWHPV�WKLQNLQJ�KDG�EHFRPH�DFXWH��DQG�����WKH�'653�7KHRU\�RI�V\VWHPV�WKLQNLQJ�PDGH�
QHZ�LQVLJKWV�LQWR�XQLYHUVDOLW\�SRVVLEOH��DQG�ZH�EHOLHYH�QRZ�FDUULHV�WKH�SRWHQWLDO�WR�SURYLGH�UHQHZHG�
FRKHUHQFH�WR�WKH�ILHOG��

7KH�)RXUWK�:DYH�
:H�FHUWDLQO\�EHOLHYH�WKDW�WKH�SUREOHPV�ZLWK�WKH�WKLUG�ZDYH��GLVFXVVHG�DERYH��DUH�VLJQLILFDQW�HQRXJK�WR�
ZDUUDQW�WKH�HPHUJHQFH�RI�D�IRXUWK�ZDYH��EXW�LW�LV�XQFOHDU�DW�WKLV�SRLQW�ZKHWKHU�WKH�µILUVW�VZHOOLQJV¶�ZH�DUH�
FXUUHQWO\�VHHLQJ�ZLOO�FXOPLQDWH�LQ�D�IXOO�ZDYH��RU�ZKHWKHU�WKH\�ZLOO�EH�RYHUWDNHQ�E\�VRPH�RWKHU�PRYHPHQW�
WKDW�HQGV�XS�EHFRPLQJ�WKH�WKUXVW�RI�D�QHZ�VHW�RI�LGHDV��2I�FRXUVH��VXFK�MXGJHPHQWV�RI�D�IRXUWK�ZDYH�DUH�
SURSHUO\�PDGH�UHWURVSHFWLYHO\��QRW�SURVSHFWLYHO\��ZKHWKHU�D�VHW�RI�LGHDV�SURSHOV�D�QHZ�ZDYH�RI�
LQQRYDWLRQV�RU�PHUHO\�UHSUHVHQWV�D�EULHI�VZHOOLQJ�RI�WKH�ZDWHU�EHIRUH�VXEVLGLQJ�GHSHQGV�RQ�ZKHWKHU�LW�
JDOYDQL]HV�WKH�FROOHFWLYH�LPDJLQDWLRQ�RI�D�ODUJHU�UHVHDUFK�FRPPXQLW\�DQG�DGGUHVVHV�UHDO�SUREOHPV�WKDW�DUH�
UHFRJQL]HG�DV�LPSRUWDQW��>������@���7KXV��ZH�KDYH�EHHQ�FDXWLRXV�RYHU�WKH�SDVW�WZHQW\�\HDUV�DERXW�GHFODULQJ�
WKDW�D�QHZ�ZDYH�LV�XSRQ�XV��8S�WR�WKLV�SRLQW�LQ�WKH�QDUUDWLYH��ZH�KDYH�HPSKDVL]HG�WKDW��LI�LW�LV�LQGHHG�XSRQ�
XV��LW�LV�OLNHO\�LQ�LWV�LQIDQF\��'HVSLWH�WKLV�DEXQGDQFH�RI�FDXWLRQ��WKHUH�LV�DOVR�UHDVRQ�WR�EH�RSWLPLVWLF��)RU�
H[DPSOH��VLQFH�&DEUHUD¶V�ILUVW�ZULWLQJV��>���������������±���@���ZH�QRZ�KDYH�WKH�EHQHILW�RI�RYHU����\HDUV�
RI�KLQGVLJKW�RQ�WKH�SRVVLEOH�VWDUW�RI�D�IRXUWK�ZDYH��ZKLFK�LV�DV�ORQJ�DV�WKH�JDS�EHWZHHQ�WKH�ILUVW�DQG�
VHFRQG�ZDYHV��DQG�WZLFH�DV�ORQJ�DV�WKH�JDS�EHWZHHQ�WKH�VHFRQG�DQG�WKLUG�ZDYHV���'XULQJ�WKRVH�\HDUV��ZH�
KDYH�VHHQ�FRQVLGHUDEOH�WHVWLQJ�RI�&DEUHUD¶V�'653�7KHRU\��LQFOXGLQJ������D�EXUJHRQLQJ�DPRXQW�RI�
HPSLULFDO�HYLGHQFH��DW�OHDVW�DV�PXFK�DV�KDV�EHHQ�RIIHUHG�LQ�WKH�SUHYLRXV�ZDYHV��>��@�� ������VXEVWDQWLDO��

SULYDWH�VHFWRU�IXQGLQJ�WR�GHYHORS�WRROV�IRU�V\VWHPV�WKLQNLQJ��>���±���@�������VXEVWDQWLDO�SXEOLF�IXQGLQJ�IRU�
UHVHDUFK ��>���@�������D�VXEVWDQWLDO�SHHU�UHYLHZ�DQG�SXEOLFDWLRQ�KLVWRU\��VL]HDEOH�FLWDWLRQ�KLVWRULHV��LQFOXGLQJ��

��0DQ\�IUDPHZRUNV�RULJLQDWLQJ�LQ�WKH�ILUVW�WKUHH�ZDYHV�DUH�PHWKRGRORJLFDO��VR��ZKHQ��WKH\�KDYH�LQFOXGHG�HPSLULFDO�ILQGLQJV�WKHVH�DUH�PHDVXUHV�RI�
WKHLU��HIIHFW��GXULQJ�LQWHUYHQWLRQV��H�J���LQ�FDVH�VWXGLHV�RI�SUDFWLFH���:KLOH�WKHUH�LV�DOVR��HIIHFWLYHQHVV ��UHVHDUFK�RQ�'653��WKH�YDVW�DPRXQW�RI�HPSLULFDO�
ZRUN�RQ�'653�LV�EDVLF�UHVHDUFK�RQ�LWV��H[LVWHQFH��LQ�ERWK�PLQG�DQG�QDWXUH��,Q�WKLV�VHQVH��SUHYLRXV�IUDPHZRUNV�KDYH�UDUHO\�EHHQ�VXEMHFWHG�WR�
HPSLULFDO�UHVHDUFK�RQ�WKHLU�H[LVWHQFH�DV�UHDO�ZRUOG�SKHQRPHQD��
��2YHU����PLOOLRQ�LQ�WRWDO�IXQGLQJ�RI�'653�IURP�SXEOLF�DJHQFLHV�DQG�����PLOOLRQ�LQ�SXEOLF�DQG�SULYDWH�FRPELQHG��
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VHYHUDO�VSHFLDO�LVVXHV�GHGLFDWHG�WR�'653��>����������@�������FRQVLGHUDEOH�SXEOLF�H[SRVXUH�DQG�FULWLTXH �������

SXEOLF�DGRSWLRQ ������KLJK�DWWHQGDQFH�DQQXDO�FRQIHUHQFHV��>���@���LQVWLWXWLRQDO�UHFRJQLWLRQ�DQG�VXSSRUW ���� ��

DQG�����DV�\HW��IHZ�FRPSHWLWRU�WKHRULHV��DW�OHDVW��QRQH�WKDW�KDYH�EHHQ�H[SOLFDWHG�DQG�FRPPXQLFDWHG�WR�WKH�
VDPH�GHJUHH����
�
+DYLQJ�LQWURGXFHG�WKLV�FDXWLRQ�DERXW�VD\LQJ�D�IRXUWK�ZDYH�LV�HYLGHQW��ZH�DUH�QHYHUWKHOHVV�FRPPLWWHG�WR�
EULQJLQJ�VRPHWKLQJ�QHZ�LQWR�EHLQJ��VR�ZH�ZLOO�WDNH�WKH�SOXQJH�DQG�SURFHHG�LQ�WKLV�QDUUDWLYH�E\��DVVXPLQJ�
WKDW�WKHVH�µILUVW�VZHOOLQJV¶�DUH�LQGHHG�VLJQLILFDQW�HQRXJK�WR�LQLWLDWH�D�IXOO�ZDYH��:LWK�WKLV�LQ�PLQG��ZH�DUH�
FRPIRUWDEOH�LQ�VD\LQJ�WKDW�WKH�SUHVHQW�PRPHQW�LV�DW�OHDVW�µWKH�HQG�RI�WKH�EHJLQQLQJ¶�RI�WKH�IRXUWK�ZDYH��
:H�ZLOO�VHH�LQ�WHQ�RU�WZHQW\�\HDUV�ZKHWKHU�RU�QRW�ZH�ZHUH�FRUUHFW��
�
7KH�IRXUWK�ZDYH���KDV�EHHQ�EURXJKW�RQ�E\�D�UHQHZHG�VHDUFK�IRU�XQLYHUVDO�VWUXFWXUHV�RI�V\VWHPV�WKLQNLQJ��
LQLWLDWHG�E\�&DEUHUD��>���±���@���:H�VD\�µUHQHZHG¶�EHFDXVH�WKH�GHVLUH�WR�LGHQWLI\�WKH�XQLYHUVDO�SURSHUWLHV�
RI�DOO�V\VWHPV�ZDV�DOUHDG\�SUHVHQW�LQ�VRPH�HDUO\�WR�PLG���WK�&HQWXU\�V\VWHPV�WKHRU\��>���@���ZKLFK�
SURYLGHG�WKH�FRQFHSWXDO�IRXQGDWLRQV�IRU�WKH�ILUVW�ZDYH�RI�DSSOLHG�V\VWHPV�WKLQNLQJ��+RZHYHU��WKHUH�LV�D�
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKLV�HDUO\�ZRUN�DQG�&DEUHUD¶V��WKH�ODWWHU�FRQFHUQV�V\VWHPV��WKLQNLQJ�
�WKLQNLQJ�LQ�WHUPV�RI�V\VWHPV���DQG�LWV�UHODWLRQVKLS��ZLWK�V\VWHPV�WKHPVHOYHV��ZKLOH�WKH�HDUO\�ZRUN�RQO\�
FRQFHUQHG�V\VWHPV�LQ�WKH�ZRUOG��&DEUHUD��>������������@��FKDUDFWHUL]HV�WKH�WKUXVW�RI�WKH�IRXUWK�ZDYH�DV�
EHLQJ�WKUHHIROG���
�
)LUVW��D�VHDUFK�IRU��XQLYHUVDOLW\���WKDW�WKHUH�DUH�XQGHUO\LQJ�
XQLYHUVDO
�SDWWHUQV�RI�PLQG�DQG�QDWXUH��DFURVV�WKH�
V\VWHPV�WKLQNLQJ�ILHOG��DV�ZHOO�DOO�IRUPV�RI�NQRZOHGJH��H�J���
FRQVLOLHQFH
���>���������@���&DEUHUD�KDV�VRXJKW�
WR�LGHQWLI\�WKH�SDUDOOHO�SDWWHUQV�RI�KRZ�V\VWHPV�H[LVW�LQ�UHDOLW\��DQG��KRZ�KXPDQV�WKLQN�DERXW�WKDW�UHDOLW\��
7KLV�GLVFRYHU\�UHYHDOV�D�SDUDOOHO�VWUXFWXUH��'��6��5��DQG�3��VWDQGLQJ�IRU�LGHQWLW\�RWKHU��'�LVWLQFWLRQV��
SDUW�ZKROH��6 �\VWHPV��DFWLRQ�UHDFWLRQ��5�HODWLRQVKLSV��DQG�SRLQW�YLHZ��3 �HUVSHFWLYHV��LQ�ERWK�UHDO�ZRUOG�
V\VWHPV�DQG�WKH�PHQWDO�PRGHOV�ZH�EXLOG�RI�WKHP��7KXV��DQ�XQGHUVWDQGLQJ�RI�WKH�XQLYHUVDOLW\�LQ�QDWXUH�DQG�
PLQG�PHDQV�WKDW�WKLV�WKHRU\�LV�D��EULGJH�EHWZHHQ�WKH�SK\VLFDO �DQG�FRJQLWLYH�VFLHQFHV��>�������������@ ������

�
6HFRQG��WKH�IRXUWK�ZDYH�IRFXVHV�RQ�WKH�RQWR�HSLVWHPLF��RU�SK\VLFR�FRJQLWLYH�FRPSOH[LW\�WKDW�&DEUHUD�
SURSRVHV��>������������±���@��LV�LQKHUHQW�QRW�RQO\�LQ�V\VWHPV�WKLQNLQJ�DV�D�ILHOG��EXW�DOVR�LQ�LWV�QDPH��
V\VWHPV ���RQWRORJLFDO�SK\VLFDO�QDWXUH�����WKLQNLQJ���HSLVWHPRORJLFDO�FRJQLWLYH�PLQG���7KLV�VHFRQG�WKUXVW�
LQYROYHV�DQ�H[SOLFLW�UHFRJQLWLRQ�WKDW�V\VWHPV�WKLQNLQJ�PXVW�IXQGDPHQWDOO\�UHVW�RQ�ERWK�D��SK\VLFDO���DQG�̵D�
FRJQLWLYH��VFLHQFH��7KDW�LV��V\VWHPV�WKLQNLQJ�LV�LQIRUPHG�E\�VWXGLHV�RI�FRJQLWLYH�V\VWHPV��HVSHFLDOO\�
PHWDFRJQLWLRQ��QHXURVFLHQFH��SV\FKRORJ\��GHYHORSPHQW��HWF����DQG�DOVR��VWXGLHV�RI�SK\VLFDO�V\VWHPV��VXFK�DV�
SK\VLFDO��FKHPLFDO��ELRORJLFDO��VRFLDO��DQG�HFRQRPLF�V\VWHPV�LQ�WKH�UHDO�ZRUOG��6\VWHPV�WKLQNLQJ�LV�
HVSHFLDOO\�LQIOXHQFHG�E\�WKH�FRPSOH[LW\�RI�V\VWHPV�LQ�ERWK�PLQG�DQG�QDWXUH��DQG�WKH�H[SOLFLW�UHFRJQLWLRQ�

��$VLGH�IURP�WKH�H[SRVXUH�DQG�FULWLTXH�LQ�SHHU�UHYLHZHG�MRXUQDOV��'653�LV�DOVR�ZLGHO\�GHEDWHG�RQ�VRFLDO�PHGLD�V\VWHPV�JURXSV�WRWDOOLQJ�a�������
SHRSOH��UHFHLYHG�WKH������$(&7�%RRN�$ZDUG��DQG�ZDV�WKH�VXEMHFW�RI�DQ�DZDUG�ZLQQLQJ�GRFXPHQWDU\�ILOP�WLWOHG�µ5H�7KLQNLQJ�¶�
���$V�H[DPSOHV��&DEUHUD�5HVHDUFK�/DE�<RX7XEH�FKDQQHO�KDV�UHFHLYHG�a��������YLHZV��WKHLU�ERRNV�KDYH�VROG�PRUH�WKDQ��������FRSLHV��&DEUHUD¶V�
7('�7DON�KDV�UHDFKHG�RYHU����N�DQG�WKHLU�VKRUW�ILOP����N���
����'653�DQG�90&/�DUH�ERWK�WKH�IRFXV�RI�WZR�JUDGXDWH�OHYHO�FRXUVHV�DW�&RUQHOO�8QLYHUVLW\��,Q�DGGLWLRQ��WZR�FHUWLILFDWHV�LQ�V\VWHPV�WKLQNLQJ�DUH�
RIIHUHG��/LQNHG,Q��DIWHU�DQ�H[WHQVLYH�UHYLHZ�RI�V\VWHPV�WKLQNLQJ��FKRVH�'653�DQG�90&/�IRU�WKHLU�FRXUVH�RQ�WKH�WRSLF��,QFOXGLQJ�YHQHUDEOH�
LQVWLWXWLRQV�VXFK�DV�&RUQHOO�DQG�:HVW�3RLQW��DSSUR[LPDWHO\����XQLYHUVLWLHV�KDYH�DGRSWHG�'653�WH[WERRNV�DQG�WKRXVDQGV�RI�N����WHDFKHUV�DQG�
VFKRROV�KDYH�DGRSWHG�'653�DV�ZHOO�DV�RYHU�����RUJDQL]DWLRQV��
���7KH�UHVHDUFK�IRU�WKH�H[LVWHQFH�RI�'653�LQ�ERWK�PLQG�DQG�QDWXUH�LV�H[WHQVLYH��>��@���VHH�&KDSWHU����IRU�D�VXPPDU\��DQG�IRU�PRVW�UHDGHUV�LW�LV�
FOHDU�KRZ�'��6��5��DQG�3�DUH�XQLYHUVDO�DQG�H[LVWHQWLDO�WR�PLQG��,QGHHG��PRVW�UHDGHUV�KDYH�OLWWOH�GLIILFXOW\�WKLQNLQJ�RI�UHDO�ZRUOG��PDWHULDO�H[DPSOHV�
RI�'��6��DQG�5�LQ�QDWXUH��:KHUH�WKH\�VWUXJJOH�LV�ZLWK�3�LQ�QDWXUH��IRU�ZKLFK�WKHUH�DUH�FRXQWOHVV�H[DPSOHV�IURP�JURXS��VWDWLVWLFDO�SHUVSHFWLYHV��WR�
LQGLYLGXDO�SHUVSHFWLYHV�RI�YDULRXV�W\SHV�RI�QHXUDO�RUJDQLVPV��%XW�WKHUH�DUH�DOVR�FRXQWOHVV�DQG�EXUJHRQLQJ�H[DPSOHV�RI�HPSLULFDO�UHVHDUFK�VKRZLQJ�
SHUVSHFWLYHV�LQ�QRQ�QHXUDO�OLIH�IRUPV�DQG�QRQOLYLQJ�FRPSRXQGV�WRR��>���±���@���
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WKDW�V\VWHPV�WKLQNLQJ�LWVHOI�LV�D�FRPSOH[�DGDSWLYH�V\VWHP��&$6�� �,W��DVVXPHV�D�ZRUOG�RI�V\VWHPV��ZLWKLQ���

ZKLFK�WKH�KXPDQ�PLQG�HYROYHG�WRZDUGV�PHWDFRJQLWLYH�V\VWHPV�WKLQNLQJ�FDSDELOLWLHV��7KXV��V\VWHPV�DUH�
ERWK��UHDO�DQG�FRQFHSWXDO��ZLWK�V\VWHPV�WKLQNLQJ�EHLQJ�D�VHW�RI�VNLOOV�WR�KHOS�XV�HQJDJH�ZLWK�D�V\VWHPLF�
ZRUOG�PRUH�HIIHFWLYHO\�DQG�SURVRFLDOO\��>��@����
�
7KH�ILUVW�DQG�VHFRQG�WKUXVWV�RI�WKH�IRXUWK�ZDYH�RXWOLQH�DQ�HOHJDQW�WKHRUHWLFDO�IUDPHZRUN�WKDW�PD\�EH�
HOXFLGDWHG�E\�DQ�H[DPSOH��,Q�WKH�UHFHQW����-DQXDU\�������DVVDXOW�RQ�WKH�86�&DSLWRO�E\�LQVXUJHQWV��
FRQJUHVVLRQDO�VWDIIHUV�XVHG��EDUULFDGHV ��WR�EXWWUHVV�WKHPVHOYHV�LQ�WKHLU�RIILFHV�WR�DYRLG�GDQJHU��0LQXWHV�
EHIRUH�WKH�XSULVLQJ��WKRVH�VDPH�VWDIIHUV�VDW�DW��GHVNV ��LQ�WKHLU�RIILFHV��%XW�QRWLFH�WKDW�WKH�EDUULFDGHV�DQG�WKH�
GHVNV�DUH�WKH�VDPH�H[LVWHQWLDO�LGHQWLW\��WKH�VDPH�WKLQJ���/HW¶V�FDOO�WKDW�H[LVWHQWLDO�WKLQJ�µ$¶��6R��LQ�RQH�
VFHQDULR��$�LV�D�GHVN���DQG�LQ�WKH�RWKHU�VFHQDULR��ZKHQ�WKH�FRQWH[W�KDV�FKDQJHG���$�LV�D�EDUULFDGH���7KDW��$�
DFWXDOO\�H[LVWV ��LQ�ERWK�VFHQDULRV�UHIHUV�WR�WKH�RQWRORJLFDO��SK\VLFDO��UHDO�ZRUOG�V\VWHP��%XW���$�EHLQJ�D�GHVN�
25��$�EHLQJ�D�EDUULFDGH��UHIHUV�WR�RXU�PHQWDO�PRGHO�RI�$��RXU�HSLVWHPRORJLFDO�RU�FRJQLWLYH�UHDOLW\���:KDW�
'653�VKRZV�LV�WKDW�WKH�'653�VWUXFWXUHV�DUH�WKH�FRPPRQ�GHQRPLQDWRU�RU�
EULGJH
�EHWZHHQ�PHQWDO�PRGHOV�
RI�$��(,7+(5��$�LV�D�GHVN��25��$�LV�D�EDUULFDGH���$1'�WKH�H[LVWHQWLDO�UHDOLW\�RI��$ ��7KLV�H[DPSOH���

HOXFLGDWHV�WKDW�DOO�WKUHH�HQWLWLHV��L�H���WKH�PHQWDO�PRGHOV��GHVN��DQG��EDUULFDGH��DQG�H[LVWHQWLDO�UHDOLW\��$���
XWLOL]H�LGHQWLW\�RWKHU�GLVWLQFWLRQV��SDUW�ZKROH�RUJDQL]DWLRQ��LQWHUUHODWLRQVKLSV��DQG�SHUVSHFWLYHV��DOEHLW�LQ�
GLIIHUHQW�FRQILJXUDWLRQV�DQG�ZLWK�GLIIHUHQW�LQIRUPDWLRQ�FRQWHQW��7KXV��WKH��XQLYHUVDOLW\��RI�VWUXFWXUH�DQG�WKH�
GLYHUVLW\��RI�FRQILJXUDWLRQ�DQG�LQIRUPDWLRQ��(UJR��&DEUHUD�SRLQWV�RXW��WKH�IXQFWLRQ�RI�XQLYHUVDOLW\��L�H���
'653��LV�WR�SURYLGH�D�FRPPRQ�GHQRPLQDWRU�EHWZHHQ�DQDORJRXV�V\VWHPV��VXFK�WKDW�RQH�PLJKW�LQFUHDVH�WKH�
SUREDELOLW\�RI�DOLJQPHQW�WKURXJK�SDUDOOHO�VWUXFWXUH��,I�WKDW�VRXQGV�HVRWHULF��WKLQN�RI�LW�WKLV�ZD\��ZKHQ�WZR�
SHRSOH��RU�V\VWHPV��VSHDN�WKH�VDPH�ODQJXDJH��D�FKDQQHO�RI�FRPPXQLFDWLRQ�EHWZHHQ�WKHP�LV�PDGH�
SRVVLEOH��7KXV��'653�SURYLGHV�D�ZD\�IRU�RXU�PHQWDO�PRGHOV�WR�VSHDN�WKH�VDPH�ODQJXDJH�DV�WKH�XQLYHUVH��
�
7KH�WKLUG�WKUXVW�RI��WKH�IRXUWK�ZDYH�LV�ZKDW�&DEUHUD�KDV�FDOOHG�
DSSURDFKDELOLW\���PDWXULW\�
�E\�ZKLFK�KH�
PHDQV�WKDW��IRU�WKH�ILHOG�RI�V\VWHPV�WKLQNLQJ�WR�VXUYLYH�DQG�WKULYH��LW�PXVW�EDODQFH��DSSURDFKDELOLW\��DQG�
PDWXULW\���DQG��XQLYHUVDOLW\��VLJQLILFDQWO\�KHOSV�LQ�WKH�GHYHORSPHQW�RI�ERWK���$SSURDFKDELOLW\��UHIHUV�WR�WKH�
GHJUHH�WR�ZKLFK�WKH�ILHOG�LV�ZHOFRPLQJ��DFFHVVLEOH��HWF���WR�QHZFRPHUV��$Q\�ILHOG�UHTXLUHV�IUHVK�PLQGV�DQG�
QH[W�JHQHUDWLRQ�DGRSWLRQ��DQG�WKLV�LV�YHU\�UHOHYDQW�IRU�V\VWHPV�WKLQNLQJ�DW�WKH�SUHVHQW�WLPH��JLYHQ�WKH�
KLJKO\�FRPSOH[�JOREDO�WR�ORFDO�SUREOHPV�WKDW�ZH�DUH�H[SHULHQFLQJ��ZKHUH�V\VWHPV�DSSURDFKHV�DUH�VRUHO\�

���&DEUHUD�UHIHUV�WR�'653�7KHRU\�DV�D�
SK\VLFR�FRJQLWLYH�EULGJH�WKHRU\�
�LQ�WKDW�LW�DSSOLHV�WR�WKH�SK\VLFDO�ZRUOG�HYHU\�ELW�DV�PXFK�DV�LW�DSSOLHV�WR�
WKH�FRJQLWLYH�RU�FRQFHSWXDO�ZRUOG��DQG�FRQVLGHUV�WKLV�TXDOLW\�WR�EH�D�QHFHVVDU\�IXQFWLRQ�RI�DQ\�WKHRU\�WKDW�PDNHV�D�FODLP�WR�XQLYHUVDOLW\��
����7KH�FRQVWUXFWLYLVW�DQG�RU�DQWL�UHDOLVW�UHSO\�WR�VXFK�DQ�DUJXPHQW��H�J����>��@���ZRXOG�EH�WKDW�ZH�FDQ�RQO\�HYHU�NQRZ�WKHVH�PHQWDO�PRGHOV��ZH�
H[SHULHQFH�D�GHVN�EHFRPLQJ�D�EDUULFDGH�DV�WKH�FRQWH[W�FKDQJHV��EXW�ZH�RQO\�KDYH�D�FRQFHSW�RI�$�LQ�UHIOHFWLRQ�RQ�WKH�VLWXDWLRQ��DQG�DV�VRRQ�DV�ZH�
WU\�WR�LQVWDQWLDWH�ZKDW�$�LV��L�H���ZH�VD\�WKDW�WKH�ZRRG�LV�KHOG�LQ�FRPPRQ�EHWZHHQ�WKH�GHVN�DQG�WKH�EDUULFDGH���WKLV�LQYROYHV�WKH�LQWURGXFWLRQ�RI�D�
QHZ�PHQWDO�PRGHO�RI�D�ZRRGHQ�VWUXFWXUH��$W�EHVW��$�LV�WKHUHIRUH�DQ�DEVWUDFWLRQ�IURP�RXU�REVHUYDWLRQ�WKDW�WKHUH�LV�VRPHWKLQJ�LQ�FRPPRQ�EHWZHHQ�
WKH�GHVN�DQG�EDUULFDGH��DQG�WR�VD\�WKDW�LW�LV�WKH�HVVHQFH�RI�WKH�WKLQJ�LQ�LWVHOI�LV�LWVHOI�D�PHQWDO�PRGHO��7KHUH�LV�WKHUHIRUH�QRWKLQJ�ZH�FDQ�VD\�DERXW�
UHDOLW\�WKDW�LV�QRW�FRQVWUXFWHG�E\�XV��2XU�UHSO\�WR�WKLV�LV�WKDW�ZH�H[SHULHQFH�WKLQJV�DV�ERWK�UHDO�DQG�DV�SURGXFWV�RI�RXU�SHUVSHFWLYHV��VR�ZK\�ZRXOG�LW�
PDNH�VHQVH�WR�VD\�WKDW�ZH�DUH�DOORZHG�WR�DVVXPH�RQH�RI�WKHVH�WKLQJV�LV�WKH�FDVH��RXU�SHUVSHFWLYHV��EXW�QRW�WKH�RWKHU��UHDOLW\�"�*UDQWHG��WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�WZR�LV�FRPSOH[��VXFK�WKDW�ZKDW��DW�RQH�PRPHQW��ZH�WDNH�WR�EH�UHDOLW\�PLJKW�EH�UHYHDOHG��DW�DQRWKHU�PRPHQW��DV�D�OLPLWHG�
SHUVSHFWLYH�DIWHU�DOO��7KLV�LV�ZK\�VFLHQWLVWV�WHQG�WR�DGRSW�D�EDVLF�DWWLWXGH�RI�VNHSWLFLVP��DQG�ZK\�3RSSHU��>���@��DUJXHV�WKDW�ZKDW�FRQVWLWXWHV�µWUXWK¶�
DW�DQ\�PRPHQW�RI�WLPH�LV�GHSHQGHQW�RQ�D�FRQVHQVXV�LQ�WKH�VFLHQWLILF�FRPPXQLW\��DQG�QRW�DQ\�JLYHQ�SLHFH�RI�HYLGHQFH�WKDW��WRPRUURZ��PD\�EH�
UHLQWHUSUHWHG��'HVSLWH�WKH�FRPSOH[LW\�LQ�WKH�UHODWLRQVKLS�RI�PHQWDO�PRGHOV�WR�UHDOLW\��RXU�FRQFHUQ�ZLWK�VD\LQJ�WKDW�RXU�H[SHULHQFH�RI�WKH�IRUPHU�LV�
D�JHQHUDOL]DEOH�WUXWK�ZKLOH�RXU�H[SHULHQFH�RI�WKH�ODWWHU�LV�QRW��FRPHV�DERXW�EHFDXVH�RI�WKH�H[WUDRUGLQDULO\�FRXQWHU�LQWXLWLYH�VWDQFH�WKLV�ORJLF�OHDGV�
WR��XOWLPDWHO\��LI�WKHUH�LV�RQO\�PHQWDO�PRGHOV��DQG�ZH�FDQQRW�WDON�RI�UHDOLW\��WKHQ�,�ORJLFDOO\�FDQQRW�DFFHSW�\RX�DV�D�UHDO�VHQWLHQW�EHLQJ��RU�WKH�
UHDOLW\�RI�WKH�ODQJXDJH�ZH�DUH�XVLQJ�WR�FRQVWUXFW�RXU�PHQWDO�PRGHOV��DQG�DOO�,�DP�OHIW�ZLWK�LQ�WHUPV�RI�DQ\WKLQJ�RWKHU�WKDQ�P\�PHQWDO�PRGHOV�LV�P\�
RZQ�FRQVFLRXVQHVV��7KLV�UXQV�VR�FRXQWHU�WR�RXU�H[SHULHQFH��WKDW�LW�KDV�WR�EH�GLVPLVVHG�DV�XQUHDVRQDEOH��%HWWHU�WR�DOORZ�GLVFXVVLRQ�RI�ERWK�PHQWDO�
PRGHOV�DQG�UHDOLW\��EXW�DOZD\V�VWD\�DOHUW�WR�WKH�SRVVLELOLW\�WKDW�ZKDW�ZH�WDNH�DV�UHDOLW\�DW�DQ\�JLYHQ�PRPHQW�PLJKW�DFWXDOO\�EH�D�SURGXFW�RI�D�
QRQ�XQLYHUVDO�SHUVSHFWLYH��,Q�DGGLWLRQ��&DEUHUD��>���@��H[SODLQV�WKDW�WKH�PLQG��H�J���SV\FKRORJ\�DQG�VRFLRORJ\��GLG�QRW�HYROYH�VHSDUDWH��GLVWLQFW��RU�
RXWVLGH�RI�UHDOLW\��,QGHHG��FKHPLFDO�SURFHVVHV�HYROYHG�ZLWKLQ�WKH�ODZV��ERXQGV��RI�SK\VLFV��DQG�VXEVHTXHQWO\�ELRORJ\�HYROYHG�ZLWKLQ�WKH�ERXQGV�
RI�ERWK�FKHPLVWU\�DQG�SK\VLFV��/LNHZLVH��SV\FKRORJ\�DQG�VRFLRORJ\�HYROYHG�ZLWKLQ�WKH�ERXQGV�RI�SK\VLFV��FKHPLVWU\��DQG�ELRORJ\��7KXV��RXU�
EUDLQV�GLG�QRW�HYROYH�ZLWK�DEVROXWHO\��QR�FRUUHVSRQGHQFH��WR�QDWXUH��'R�WKH\�DOZD\V�JHW�HYHU\WKLQJ�ULJKW"�2I�FRXUVH�QRW��%XW�GR�WKH\�KDYH�D�
VWDWLVWLFDO�FRUUHVSRQGHQFH�ZLWK�UHDOLW\"�<HV��
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QHHGHG��7KH�&DPEULDQ�H[SORVLRQ�RI�IUDPHZRUNV�PDGH�WKH�ILHOG�IUDJPHQWHG�DQG�XQDSSURDFKDEOH��$V�WKH�
ILHOG�HYROYHV��LW�QHHGV�WR�EH�ZHOFRPLQJ�DQG�HPEUDFH�QHZFRPHUV��XQOLNH�WKH�µZHHG�RXW¶�RIWHQ�VHHQ�LQ�WKH�
FXOWXUHV�RI�SK\VLFV��FKHPLVWU\��ELRORJ\�DQG�PHGLFLQH���,Q�RUGHU�WR�GR�VR��V\VWHPV�WKLQNLQJ�PXVW�EH�
H[SODLQHG�VXFFLQFWO\��DQG�SHRSOH�PXVW�VHH�LWV�YDOXH�UHDGLO\��VRPHWKLQJ�WKDW�ZH�DUJXH�'653�7KHRU\�PDNHV�
SRVVLEOH�� �
�
$W�WKH�VDPH�WLPH��WKH�ILHOG�PXVW��PDWXUH���+LVWRULFDOO\��DFURVV�GLVFLSOLQHV��WKH�GLVFRYHU\�RI�XQLYHUVDOV�KDV�
VLJQLILFDQWO\�FRQWULEXWHG�WR�WKH�PDWXUDWLRQ�DQG�OHJLWLPDF\�RI�GLVFLSOLQHV��,Q�SK\VLFV��FKHPLVWU\��ELRORJ\��
DQG�QXPHURXV�RWKHUV��ZKHQ�WKH�ILHOG�GLVFRYHUV�XQLYHUVDOV��LW�XQLILHV�HIIRUW��GUDPDWLFDOO\�PDWXULQJ�WKH�ILHOG��
DQG�VHQGV�GLVFRYHU\�DQG�XWLOLW\�LQWR�K\SHUGULYH��7ZR�QRWDEOH�IUDPHZRUNV�LQ�WKLV�ZDYH�DUH�'653�
>�����������@��DQG�90&/��>��@����
�
7KH�'653�7KHRU\�LGHQWLILHV�IRXU�XQLYHUVDO�SDWWHUQV�WKDW�XQGHUOLH�V\VWHPV�WKLQNLQJ��PDNLQJ�LGHQWLW\�RWKHU�
'LVWLQFWLRQV��'���RUJDQL]LQJ�SDUW�ZKROH�6\VWHPV��6���UHFRJQL]LQJ�DFWLRQ�UHDFWLRQ�5HODWLRQVKLSV��5���DQG�
WDNLQJ�PXOWLSOH�SRLQW�YLHZ�3HUVSHFWLYHV��3���1RWDEO\��IUDPHZRUNV�IURP�WKH�WKUHH�ZDYHV�RI�V\VWHPV�
WKLQNLQJ�DUH�VWUXFWXUHG�E\�WKHVH�IRXU�SDWWHUQV�DQG�LQYROYH�WKH�SUDFWLFH�RI�WKHVH�IRXU�HVVHQWLDO�VNLOOV��\HW�WKH�
IRXQGDWLRQDO�QDWXUH�RI�WKHVH�SDWWHUQV�UHPDLQHG�XQDUWLFXODWHG�XQWLO�������>�����@��� �
�
)LJXUH���LOOXVWUDWHV�WKH�IRXU�ZDYHV��EXW�ZLWK�RQO\�D�IHZ�RI�WKH�PHWKRGV�DQG�LQIOXHQFHV�LGHQWLILHG��

�

�
)LJXUH����7KH�6\VWHPV�7KLQNLQJ�:DYHV��>��@�

�
7KLV�HGLWHG�YROXPH�WKHUHIRUH�EULQJV�WRJHWKHU�PDQ\�RI�WKHVH�IUDPHZRUNV�DQG�LOOXVWUDWHV��ZKHUH�WKH\�VWDUWHG�
DQG�ZKHUH�WKH\�DUH�WRGD\���µWKHQ�DQG�QRZ¶���LQ�WKH�KRSH�RI�SURYLGLQJ�WKH�UHDGHU�ZLWK�DQ�XQGHUVWDQGLQJ�RI�
WKH�EUHDGWK�DQG�GHSWK�RI�WKH�ILHOG�RI�V\VWHPV�WKLQNLQJ��:H�DUH�JUDWHIXO�WR�WKH�HVWHHPHG�DXWKRUV�ZKR�
SDLQVWDNLQJO\�FRQWULEXWHG�FKDSWHUV�WKDW�SURYLGH�QHZFRPHUV�DQG�H[SHUWV�DOLNH�D�FDSDEOH�LQWURGXFWLRQ�WR�WKH�
WRSLFDO�DUHD�DV�ZHOO�DV�H[DPSOHV�RI�LWV�XVH��DQG�WKHLU�WKRXJKWV�RQ�ZKDW�WKH�IXWXUH�KROGV���

'LYHUVLW\�DQG�8QLYHUVDOLW\��7KH�)RXUWK�:DYH��
%HFDXVH�WKH�IRXUWK�ZDYH�RI�6\VWHP�7KLQNLQJ�LV�SUHGLFDWHG�RQ��XQLYHUVDOLW\���LW�DFWXDOO\�UHTXLUHV�D�GHHS�
DQDO\VLV�RI�ZKDW�FRQVWLWXWHV�WKH��GLYHUVLW\��RI�WKLQJV�WKDW�PDNH�XS�WKLV�XQLYHUVH��LI�VRPHWKLQJ�LV�XQLYHUVDO��
WKHQ�LW�LPSOLHV�D�XQLYHUVH�RU�D�µSDUWLFXODU�VSKHUH�RI�DFWLYLW\�RU�LQIOXHQFH¶���7KH�ILUVW�WKUHH�ZDYHV�SURGXFHG�
D�UHPDUNDEOH�GLYHUVLW\�RI�V\VWHPV�IUDPHZRUNV��H�J���V\VWHP�G\QDPLFV��V\VWHPV�HQJLQHHULQJ��YLDEOH�
V\VWHPV�PRGHO��VRIW�V\VWHPV�PHWKRGRORJ\��FULWLFDO�V\VWHPV�WKLQNLQJ��HWF���WKDW�KDYH�EHHQ�XVHG�
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VXFFHVVIXOO\�LQ�YDULRXV�VSHFLDOL]HG�FRQWH[WV��<HW�DV�D�ILHOG�DQG�SUDFWLFH��LQ�RXU�YLHZ��V\VWHPV�WKLQNLQJ�KDV�
\HW�WR�UHDFK�LWV�IXOO�SRWHQWLDO�DQG�HIIHFW��7KH�LVVXHV�DUH������WKH�FXUUHQW�GLYHUVLW\�RI�IUDPHZRUNV������
VLORILFDWLRQ�DQG�WULEDOLVP�DURXQG�WKHVH������ODFN�RI�D�FRQVLVWHQW�PHVVDJH�WR�QHZFRPHUV�WR�WKH�ILHOG��OHDGLQJ�
WR�D�IHHOLQJ�RI�XQDSSURDFKDELOLW\������WKH�ODFN�RI�D�FRPPRQ�UHVHDUFK�DJHQGD�RU�VHW�RI�XQVROYHG�UHVHDUFK�
TXHVWLRQV�WR�DWWUDFW�IUHVK�WDOHQW�WR�FRQWLQXDOO\�PRYH�WKH�ILHOG�IRUZDUG��ZH�SURYLGH�VRPH�H[DPSOHV�RI�VXFK�
DQ�DJHQGD�ODWHU�LQ�WKLV�FKDSWHU���DQG�����WKH�ODFN�RI�XQLYHUVDOLW\�WR�LQWHJUDWH�WKH�ILHOG��7KHVH�PDMRU�LVVXHV�
UHVXOW�LQ�KDQGLFDSSLQJ�WKH�ILHOG�IURP�FROOHFWLYHO\�PRYLQJ�WRZDUG�PRUH�XVHIXO��GLVFRYHU\��DQG��DGRSWLRQ��E\�D�
ZLGHU�DXGLHQFH�RI�GHFLVLRQ�PDNHUV�DQG�FLWL]HQV��:H�VHH�WKLV�XQPHW�SRWHQWLDO�LQ�WKH�IUXVWUDWLRQ�PDQ\�IHHO�
DQG�WKH�µILWV�DQG�VWDUWV¶�PDQ\�XQGHUJR�ZKHQ�DSSO\LQJ�V\VWHPV�WKLQNLQJ�WR�WKHLU�RZQ�GRPDLQ�RU�SUREOHP��
7KLV�LV�D�WLPH�DQG�FRQWH[W�LQ�ZKLFK�V\VWHPV�WKLQNLQJ�FRXOG�EH�DSSOLHG�PRUH�RIWHQ�WR�DOO�W\SHV�RI�HYHU\GD\�
DQG�ZLFNHG�SUREOHPV��>������@��EHFDXVH�LW�LV�DSSOLFDEOH�LQ�DOO�ILHOGV�DQG�GLVFLSOLQHV�RI�NQRZOHGJH��,Q�IDFW��
WKHUH�LV�D�YHULWDEOH�µJROG�UXVK¶�RI�DFWLYLW\�LQ�YDULRXV�GLVFLSOLQHV�WR�µV\VWHPDWL]H¶�WKHLU�ILHOGV��7KH�&DEUHUDV�
XVH�WKH�FROOHFWLYH�QRXQ�µ6\VWHPV�;¶��>��@��WR�GHVFULEH�WKHVH�ILHOGV��L�H���V\VWHPV�HYDOXDWLRQ��V\VWHPV�
HQJLQHHULQJ��V\VWHPV�HGXFDWLRQ��V\VWHPV�OHDGHUVKLS��V\VWHPV�QHXURVFLHQFH��DQG�PDQ\�PRUH���$V�WKH�ZRUOG�
EHFRPHV�LQFUHDVLQJO\�FRPSOH[�DQG�98&$���9�RODWLOH���8�QFHUWDLQ���&�RPSOH[��DQG��$�PELJXRXV���>��@��GXH�WR�
PRUH�LQWHUFRQQHFWLRQV�EURXJKW�RQ�E\�JOREDOL]DWLRQ��WKHUH�KDV�QHYHU�EHHQ�D�PRUH�V\VWHPLF�VHW�RI�LVVXHV�WKDW�
EHJ�IRU�WKH�SRZHU�RI�V\VWHPV�WKLQNLQJ��QRW�RQO\�LQ�DFDGHPLF�GLVFLSOLQHV��EXW�LQ�WKH�SXEOLF�DQG�SULYDWH�
VHFWRUV��DQG�LQ�SHUVRQDO�GHYHORSPHQW���
�
$V�VXFK��WKH�IRXUWK�ZDYH�RI�V\VWHPV�WKLQNLQJ�LGHQWLILHV�WKH�FHQWUDO�WHQHWV�WKDW�OLH�EHQHDWK�D�SOHWKRUD�RI�
YDOXDEOH�IUDPHZRUNV��:H�VHHN�WR�XQFRYHU�WKH�XQLYHUVDO�SDWWHUQV�WKDW�FRQQHFW�WKHP�DOO��7KHVH�SDWWHUQV�FDQ�
QRW�RQO\�OHDG�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�FXUUHQW�IUDPHZRUNV�LQ�RXU�ILHOG��EXW�DOVR�RIIHU�D�SRLQW�RI�
DFFHVVLELOLW\�IRU��HYHU\�RQH�WR�WKH�HQRUPRXV�SRWHQWLDO�RI�WKH�ILHOG�LWVHOI��DQG�WKH\�PDNH�LW�SRVVLEOH�WR�
VLJQLILFDQWO\�H[SDQG�WKH�XQLYHUVH�RI�SHRSOH��SUREOHPV��DQG�V\VWHPV�WR�ZKLFK�V\VWHPV�WKLQNLQJ�LV�
DSSOLFDEOH��,Q�RUGHU�WR�DFFRPSOLVK�WKLV��KRZHYHU��ZH�PXVW�H[SORUH�ZKDW�LV�PHDQW�E\�WKH�XQLYHUVH�RI�
GLYHUVH�WKLQJV�WKDW�PDNH�XS�WKH�GRPDLQ�RI�V\VWHPV�WKLQNLQJ��VXFK�WKDW�DQ\�OHJLWLPDWH�XQLYHUVDOLW\�FDQ�EH�
FODLPHG��>��@����

7KH�'LYHUVLW\��:KHUH�LV�WKH�%RXQGDU\�RI�6\VWHPV�7KLQNLQJ"��
1XPHURXV�PHWKRGRORJLHV��PHWKRGV��WKHRULHV��FRQFHSWV��DQG�DSSURDFKHV��ZKDW�ZH�KDYH�FROOHFWLYHO\�
UHIHUUHG�WR�DV�
IUDPHZRUNV
��ZHUH�SDUW�RI�ERWK�WKH�ILUVW�DQG�VHFRQG�ZDYHV��H�J���V\VWHPV�HQJLQHHULQJ��
V\VWHP�G\QDPLFV��QHWZRUN�WKHRU\��VRIW�V\VWHPV�PHWKRGRORJ\��HWF����%\�WKH�WXUQ�RI�WKH���VW�&HQWXU\��D�

&DPEULDQ�([SORVLRQ¶��>���@��RI�IUDPHZRUNV�RI�V\VWHPV�WKLQNLQJ�KDG�WDNHQ�SODFH��7KH�WKUHH�ZDYHV�
UHSUHVHQW�WKH�ULFK�GLYHUVLW\�RI�IUDPHZRUNV�WKDW�ZHUH��DQG�VWLOO�DUH��DYDLODEOH�WR�V\VWHPV�WKLQNHUV��,Q�WKH�
WKLUG�ZDYH��FULWLFDO�V\VWHPV�WKLQNHUV��>������@��ZHUH�ODUJHO\�VXFFHVVIXO�LQ�FRQYLQFLQJ�DFDGHPLFV�DQG�
SUDFWLWLRQHUV�WR�ZHOFRPH�WKH�GLYHUVLW\��D�N�D���SOXUDOLW\��RI�IUDPHZRUNV�DV�FRQWULEXWLRQV�WR�D�KLJKO\�
IOH[LEOH�DQG�UHVSRQVLYH�PHWKRGRORJLFDO�UHVRXUFH��RU�µWRRONLW¶��IRU�V\VWHPV�SUDFWLFH��+RZHYHU��ZLWK�DOO�WKH�
EHQHILWV�DQG�GLYHUVLW\�RI�D�
ELJ�WHQW
�PHWKRGRORJLFDO�SOXUDOLVP��WKHUH�ZHUH�DOVR�GRZQVLGHV��0RVW�QRWDEOH�
DPRQJ�WKHVH�GRZQVLGHV�ZHUH�������VLORILFDWLRQ��RI�WKH�ILHOG�LQWR�VHSDUDWH��VRPHWLPHV�QHHGOHVVO\�IHXGLQJ��
FDPSV��DQG�����D��ODFN�RI���DSSURDFKDELOLW\��IRU�QHZFRPHUV�WR�WKH�ILHOG��7KHVH�ZHUH�VHULRXV�SUREOHPV��DV�
PDQDJHUV��SROLF\�PDNHUV��DQG�SUDFWLWLRQHUV�RI�DOO�NLQGV�VRXJKW�QHZ�DSSURDFKHV�IRU�DGGUHVVLQJ�FRPSOH[�
SUREOHPV��
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7KH�8QLYHUVDOLW\��:KDW�LV�WKH�3DWWHUQ�WKDW�&RQQHFWV�LQ�6\VWHPV�
7KLQNLQJ"�
7KH�IRXUWK�ZDYH��DW�LWV�FRUH��LV�DERXW�XQLYHUVDOLW\�DQG�GLYHUVLW\��7KH�WKLUG�ZDYH�HPEUDFHG��DQG�HYHQ�
GURYH��GLYHUVLW\�WKURXJK�LWV�DGYRFDF\�RI�PHWKRGRORJLFDO�SOXUDOLVP��VR�IHZ�UHDGHUV�ZLOO�EULVWOH�RYHU�WKH�
YDOXH�RI��GLYHUVLW\���<HW�MXVWLILDEO\��VRPH�UHDGHUV�ZLOO�KDYH�D�QHJDWLYH�UHDFWLRQ�WR��XQLYHUVDOLW\���:H�KRSH�WKDW�
ZH�DUH�DEOH�WR�VKRZ��WKURXJK�'653�7KHRU\��WKDW�MXVWLILHG�IHDUV��WUHSLGDWLRQV��DQG�FULWLFLVPV�RI�D�KLVWRULFDO�
IODYRU�RI�XQLYHUVDOLW\��L�H���WKDW�SURPRWHG�E\�QHR�SRVLWLYLVWV�LQ�WKH�PLG���WK�&HQWXU\��GR�QRW�DSSO\�WR�WKH�
IODYRU�RI�XQLYHUVDOLW\�EHLQJ�DGYRFDWHG�KHUHLQ��:H�LQWHQG�WR�DUJXH��QRW�RQO\�WKDW�ERWK�XQLYHUVDOLW\�DQG�
GLYHUVLW\�DUH�QHHGHG��EXW�WKDW�WKH\�DUH�PXWXDOO\�GHSHQGHQW�IRUFHV��:H�DOVR�KRSH�WKDW�WKH�UHDGHU�ZLOO�VHH�
WKDW��EHFDXVH��XQLYHUVDOLW\�DQG�GLYHUVLW\�UHLQIRUFH�RQH�DQRWKHU��WKH\�DUH�NH\�WR�WKH�IXWXUH�RI�RXU�ILHOG��:KHQ�
WKH�JUHDW�JHQHWLFLVW�DQG�HYROXWLRQDU\�ELRORJLVW��'RE]KDQVN\��RQFH�UHPDUNHG��>���@����1RWKLQJ�LQ�ELRORJ\�
PDNHV�VHQVH�H[FHSW�LQ�WKH�OLJKW�RI�HYROXWLRQ�´�KH�GLGQ¶W�PHDQ�WKDW�WKH��XQLYHUVDOLW\��RI�HYROXWLRQDU\�WKHRU\�
FDQFHOOHG��DOO�RI�WKH��GLYHUVLW\��WKDW�H[LVWHG�LQ�ELRORJ\��+H�PHDQW�WKDW�DOO�RI�WKDW�GLYHUVLW\�EHJDQ�WR�PDNH�
VHQVH�WRJHWKHU���DV�D���V\VWHP����
�
,QGHHG��WKH�VWUXFWXUH�RI�'DUZLQ¶V��>���@��DUJXPHQW�RI��FRQVLVWHQF\���QRW�HQWDLOPHQW��DERXW�KLV��XQLYHUVDO�
FODLP�RI�HYROXWLRQ�LV�SHUKDSV�RQH�RI�WKH�PRVW�HOHJDQW�DUJXPHQWV�LQ�WKH�KLVWRU\�RI�VFLHQFH��5HPHPEHU�WKDW�
WKH�WHUP�µVSHFLHV¶�LQ�'DUZLQ¶V��2ULJLQ�RI�6SHFLHV ��UHIHUV�WR�ELRORJLFDO��GLYHUVLW\���+H�ZDV�SURSRVLQJ�D�
XQLYHUVDO��WKHRU\�WKDW�H[SODLQHG�WKH��GLYHUVLW\��RI�OLIH�ZH�VHH�DURXQG�XV��)LUVW��'DUZLQ�UHYLHZV�D�OLVW�RI�
FKDOOHQJHV�WR�KLV�WKHRU\�DQG�H[SODLQV�ZK\�QRQH�RI�WKH�FKDOOHQJHV �µNLOO¶�KLV�WKHRU\�RI�³GHVFHQW�ZLWK���

PRGLILFDWLRQ�WKURXJK�QDWXUDO�VHOHFWLRQ�´�7KH\�DUH��FRQVLVWHQW��ZLWK�KLV�WKHRU\��,QGHHG��'DUZLQ¶V�DUJXPHQW�
LV�D�ORQJ�ZDON�WKURXJK�WKH�FKDOOHQJHV²DOO�LQVWDQWLDWLRQV�RI�GLYHUVLW\²DW�HDFK�SRLQW�VWRSSLQJ�WR�UHIOHFW�
WKDW�WKH\�ZHUH�³QRW�IDWDO�WR�P\�WKHRU\´��S��������DQG�WKDW�WKH��IDFWV�GRQ
W�VWUHQJWKHQ�EXW�GRQ
W�DQQLKLODWH�
>P\�WKHRU\@´��S��������$W�WKH�VDPH�WLPH�KH�DGPLWWHG�WKDW��LI�VRPH�QHZ�IDFW�SDWWHUQ�ZHUH�WR�DULVH��WKHQ��P\�
WKHRU\�ZRXOG�DEVROXWHO\�EUHDN�GRZQ���S�������RU�WKDW�LW��ZRXOG�DQQLKLODWH�P\�WKHRU\���S��������,Q�RWKHU�
ZRUGV��'DUZLQ�XQGHUVWRRG��DQG�WKUHZ�GRZQ�WKH�JDXQWOHW�WR�WKLV�HIIHFW��WKDW�WKH�GLVFRYHU\�RI�FHUWDLQ�QHZ�
IDFW�SDWWHUQV�LQ�WKH��GLYHUVLW\��FRXOG��DQQLKLODWH��KLV�FODLPV�RI��XQLYHUVDOLW\���DQG��YLFH�YHUVD���7KXV��DOWKRXJK�
WKHUH�LV�JUHDW�FRQFHUQ�WKDW��KLVWRULFDOO\��VRPH�PLVFRQFHLYHG�IODYRUV�RI�µXQLYHUVDOLW\¶�KDYH�PDGH�GLYHUVLW\�
VXEVHUYLHQW��WR�LW��WKLV�LV�QRW�WKH�FDVH�ZLWK�WKH�IODYRU�ZH�DUH�RIIHULQJ��'LYHUVLW\�LV�QR�PRUH��VXEVHUYLHQW��WR�
XQLYHUVDOLW\�WKDQ�WKH�RWKHU�ZD\�DURXQG��%RWK�GLYHUVLW\�DQG�XQLYHUVDOLW\�DUH�WZR�SHDV�LQ�D�SRG�ZLWK�WKH�
VDPH�'1$��SXQ�LQWHQGHG���$�IXQGDPHQWDO�FKDQJH�LQ�WKH�IDFW�SDWWHUQ�LQ�RQH�ZLOO�UHYHUEHUDWH�LQ�WKH�RWKHU��
'DUZLQ�VKRZHG�XV�WKDW�WKH��GLYHUVLW\��ZDV�ERUQH�RI��XQLYHUVDOLW\���DQG�WKDW�HYHQ�D��VLQJOH�
FRQWUDULDQ�LQVWDQWLDWLRQ���RI�WKH�GLYHUVLW\��ZRXOG�FDOO�WKH�ZKROH�HGLILFH�RI�XQLYHUVDOLW\�LQWR�TXHVWLRQ���
�
:H�KDYH�VHHQ�WKLV�UHFLSURFDO�HIIHFW�EHWZHHQ�GLYHUVLW\�DQG�XQLYHUVDOLW\��QRW�RQO\�LQ�ELRORJ\��EXW�LQ�PDQ\�
RWKHU�ILHOGV�DV�ZHOO��7KHUH�LV�WKHUHIRUH�UHDVRQ�WR�EHOLHYH�WKDW�LW�LV�JRLQJ�WR�KROG�WUXH�IRU�WKH�ILHOG�RI�V\VWHPV�
WKLQNLQJ��$V�ILHOGV�ILQG�JUHDWHU��PRUH�YDOLG�IRUPV�RI�XQLYHUVDOLW\��WKH�GLYHUVLW\�EHFRPHV�ULFKHU��PRUH�
XVHIXO��DQG�DOVR�PRUH�YDOLGDWHG��<RX�PLJKW�VD\�WKDW��XQLYHUVDOLW\���ZLWKRXW��GLYHUVLW\���LV�UHDOO\�MXVW�
XQUHDOL]HG�FDSDFLW\���$OWHUQDWLYHO\��\RX�PLJKW�HYHQ�VD\�WKDW��GLYHUVLW\���ZLWKRXW��XQLYHUVDOLW\���LV�MXVW�
VWRFKDVWLFLW\���8QLYHUVDOLW\�DQG�GLYHUVLW\�JR�WRJHWKHU�OLNH�EUHDG�DQG�EXWWHU��7KH\�PDNH�HDFK�RWKHU�EHWWHU��
QRW�ZRUVH�IRU�ZHDU���

����(�J���SUREOHPV�DVVRFLDWHG�ZLWK�WKH�IDFW�WKDW�HYROXWLRQDU\�WLPH�LV�LQFRPSUHKHQVLEO\�ORQJ��WKH�JHRORJLFDO�UHFRUG�LV�LPSHUIHFW��QRW�DOO�IRVVLOV�KDYH�
\HW�EHHQ�IRXQG��LW�LV�GLIILFXOW�WR�PDNH�D�IRVVLO��FODVVLILFDWLRQ�LQ�QDWXUH�LV�RIWHQ�IXWLOH��LQFDOFXODEOH�H[WLQFWLRQ�LV�JXDUDQWHHG��PLJUDWLRQ�LV�SHUYDVLYH��
DQG��WKH�JODFLDO�SHULRG�FDXVHG�VLJQLILFDQW�XSKHDYDO�DQG�PRYHPHQW��
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�
8QLYHUVDOLW\��K̵DV�D�PDWXULQJ�HIIHFW�RQ�ILHOGV�RI�VWXG\�DQG�GLVFLSOLQHV�RI�VFLHQFH��DQG�V\VWHPV�WKLQNLQJ�LV�
DUJXDEO\�QR�GLIIHUHQW��7KH�KLVWRU\�RI�VFLHQFH�LWVHOI�LV�SUHFHGHQFH�IRU�WKH�LGHD�WKDW�XQLYHUVDOV�KHOS�ILHOGV�WR�
PDWXUH��,I�SK\VLFV�KDG�QRW�VRXJKW�D�JUDQG�WKHRU\��LW�ZRXOG�VWLOO�EH�ODUJHO\�PHWDSK\VLFV��FKDUDFWHUL]HG�E\�
P\VWLFDO�HWKHU�RU�WKH�PHWDSKRULFDO�HOHPHQWV�RI�SRO\KHGUD��)LHOGV�RI�NQRZOHGJH��OLNH�FKLOGUHQ��JR�WKURXJK�D�
QDWXUDO�PDWXUDWLRQ�SURFHVV��7KH�PDWXUH�SURJUDP�RI�SK\VLFV�ZDV�ERUQ�DV�DQ�DZNZDUG�PHWDSK\VLFV�XQWLO�LW�
IRXQG�LWV�ZD\�WKURXJK�PRGHUQ�WKHRULHV��IURP�1HZWRQ�WR�(LQVWHLQ��7KH�KDQGVRPH�GHYLO�WKDW�ZH�VHH�LQ�
FKHPLVWU\�WRGD\�ZDV�ERUQ�DV�JDQJO\�DOFKHP\��,I�FKHPLVWU\�KDG�QRW�VRXJKW�XQLYHUVDO�SDWWHUQV��LW�ZRXOG�VWLOO�
EH�DOFKHP\��,I�ELRORJ\�KDG�QRW�VRXJKW�XQLYHUVDO�SDWWHUQV��LW�ZRXOG�VWLOO�EH�D�ILHOG�ODUJHO\�GRPLQDWHG�E\�D�
IRUP�RI�µVWDPS�FROOHFWLQJ¶��VWXIILQJ�SRRU�VSHFLPHQV�LQ�MDUV���ZKLFK�LW�ZDV�SULRU�WR�'DUZLQ��0HQGHO��
:DWVRQ�DQG�&ULFN���
�
7KH�WUXWK�LV��PRVW�RI�WKH�RQFH�MXVWLILHG�FULWLFLVP�RI�XQLYHUVDOLW\�ZDV�ERUQH�RI�D�WLPH��HVSHFLDOO\�LQ�WKH�ILUVW�
KDOI�RI�WKH���WK�&HQWXU\��ZKHQ�SRVLWLYLVWV�H[KLELWHG��UHGXFWLR�DG�DEVXUGXP���SXUVXLW�RI�REMHFWLYLW\�WR�WKH�
H[FOXVLRQ�RI�DOO�RWKHU�LGHDOV�RI�LQTXLU\��DQG�WKH\�GRPLQDWHG�DFDGHPLF�LQVWLWXWLRQV��PDUJLQDOL]LQJ�RWKHUV�
ZLWK�GLIIHUHQW�DSSURDFKHV��$QRWKHU�FRQIODWLRQ�ZLWK�XQLYHUVDOLW\�LV�UHDOO\�MXVW�W\SRORJL]LQJ�RU�FDWHJRUL]LQJ�
D�ILHOG�LQWR�µEXFNHWV¶�LQWR�ZKLFK�LW�FDQ�EH�RUJDQL]HG��ZKLFK�ZH�DJUHH�LV�DOVR�D�VWLIOLQJ�DFWLRQ��,QGHHG��GXH�
WR�WKH�YHU\�VDPH�FRQFHUQ��&DEUHUD�KDV�FRQVLVWHQWO\�IRXJKW�WKH�WHPSWDWLRQ�RI�VRPH�VFKRODUV��>����������@��WR�
XVH�'653�DV�D�VHW�RI�µEXFNHWV¶�LQWR�ZKLFK�YDULRXV�IUDPHZRUNV�FDQ�EH�µVWRUHG�¶�7KLV�FDWHJRUL]LQJ�IODYRU�RI�
XQLYHUVDOLW\��ZKLFK�&DEUHUD�KDV�EHHQ�H[WUHPHO\�FULWLFDO�RI�LQ�JHQHUDO��>���±���@���LV�QRW�WKH�IODYRU�RI�
XQLYHUVDOLW\�WKDW�ZH�LOOXVWUDWH�KHUHLQ��6XFK�SDVW�DWWHPSWV�DW�WKHVH�NLQGV�RI�PLVJXLGHG�µXQLYHUVDOLW\¶�DUH�
FXUUHQWO\��FRQIODWHG��ZLWK�XQLYHUVDOLW\�DQG�JLYLQJ�LW�D�EDG�UDS��%XW�XQLYHUVDOLW\�QHHG�QRW�EH�FRQIXVHG�ZLWK�
WKHVH�YDOLG�FRQFHUQV��,QGHHG��WKH�RQO\�UHTXLUHPHQW�IRU�XQLYHUVDOLW\�LV�WKH�RQWRORJLFDO�SRVLWLRQ�WKDW�WKHUH�LV�
VRPH��RUGHU ��LQ�WKH�XQLYHUVH��HUJR�WKHUH�LV�VRPH��SDWWHUQ���,I�RQH�UHMHFWV�WKH�H[LVWHQFH�RI�RUGHU�DQG�SDWWHUQ�
DOWRJHWKHU��WKHQ�RQH�UHMHFWV�DQ\�VFLHQWLILF�HQGHDYRU�RU�GLVFLSOLQH²ZLWKRXW�SDWWHUQ�WKHUH�ZRXOG�EH�QR�
UHDVRQ�WR�VWXG\�DQ\WKLQJ�LQ�DQ�DWWHPSW�WR�XQGHUVWDQG�LW��DV�QRWKLQJ�ZRXOG�UHSHDW�LWVHOI��,I�WKHUH�LV�QRW�D�
UHSHDWLQJ�VHTXHQFH�RI�DQ\�NLQG��WKHUH�LV�QR�RUGHU��QR�DQWLFLSDWLRQ��QR�SUHGLFWLRQ��QR�XQGHUVWDQGLQJ��HWF��,Q�
RWKHU�ZRUGV��RQH�FDQ�EH�DJDLQVW�WKH��UHGXFWLR�DG�DEVXUGXP��DQG��WKH�SXUH�REMHFWLYLVP�RI�SRVLWLYLVP���DQG�
UHPDLQ�IXOO\�FRPPLWWHG�WR�WKH�VHDUFK�IRU��XQLYHUVDOLW\��DQG�IXOO\�DZDUH�RI�LWV�GHHS�DQG�DELGLQJ�UHODWLRQVKLS�
ZLWK��GLYHUVLW\���
�
/LNH�LW�DOUHDG\�GRHV�ZLWK�GLYHUVLW\��WKH�V\VWHPV�WKLQNLQJ�ILHOG�VKRXOG�VHHN��FRQWLQXRXVO\�GHEDWH��DQG�
GHYHORS��XQLYHUVDOLW\���EHFDXVH�LW�ZLOO�PDNH�WKH�ILHOG�VWURQJHU��$V�&DEUHUD�ODPHQWV��>��@��
�

³7KH TXHVWLRQ µZKDW LV V\VWHPV WKLQNLQJ"¶ FDQQRW EH DQVZHUHG E\ D OLWDQ\ RI H[DPSOHV RI� � � � � � � � � � � � � � �
V\VWHPV WKRXJKWV� PHWKRGV� PHWKRGRORJLHV� DSSURDFKHV� WKHRULHV� LGHDV� HWF� 6XFK D� � � � � � � � � �
UHVSRQVH LV DQDORJRXV WR DQVZHULQJ WKH ELRORJLVW
V TXHVWLRQ µZKDW LV OLIH"
 ZLWK D ORQJ OLVW� � � � � � � � � � � � � � �
RI NLQJGRPV� SK\OD� FODVVHV� RUGHUV� IDPLOLHV� JHQXV DQG VSHFLHV� $ SOXUDOLVWLF WD[RQRP\� � � � � � � � � � � �
RI WKH OLYLQJ GRHV QRW SURYLGH DQ DGHTXDWH WKHRU\ RI OLIH� /LNHZLVH� D SOXUDOLVWLF� � � � � � � � � � � � � �
WD[RQRP\ RI V\VWHPV LGHDV >IUDPHZRUNV@ GRHV QRW SURYLGH DQ DGHTXDWH WKHRU\ RI V\VWHPV� � � � � � � � � � � � �
WKLQNLQJ�´�
�

,Q�WKH�IXWXUH��DV�LW�LV�WRGD\��WKH�VFKRODU�RU�SUDFWLWLRQHU�ZKR�VSHQGV�WKHLU�WLPH�HQWLUHO\�ZLWKLQ�WKH�UHDOP�RI�
V\VWHP�G\QDPLFV��VRIW�V\VWHPV�PHWKRGRORJ\��RU�FULWLFDO�V\VWHPV�WKLQNLQJ�LV�D�V\VWHPV�WKLQNHU��PXFK�OLNH�
WKH�LQGLYLGXDO�ZKR�VSHQGV�WKHLU�OLIH�VWXG\LQJ�3DUi¶V�/XQJOHVV�6DODPDQGHU��%ROLWRJORVVD��SDUDHQVLV ���LV�D�
ELRORJLVW��%XW��MXVW�DV�ELRORJ\�KDV�WUDQVLWLRQHG�IURP�EHLQJ�SUHGRPLQDQWO\�WKH�VWXG\�RI�VSHFLDWHG�VWUDLQV�RI�
OLIH�LQWR�D�IXOO\�PDWXUH�VFLHQFH�WKDW�VWXGLHV�KRZ�DOO�OLIH�LV�FRQQHFWHG��'1$���KRZ�LW�HYROYHV��HYROXWLRQ���
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KRZ�LW�FDQ�EH�DOWHUHG��JHQHWLFV���DQG�KRZ�LW�LQWHUFRQQHFWV��HFRORJ\���WKH�ILHOG�RI�V\VWHPV�WKLQNLQJ�PXVW�
H[SDQG�LWV�KRUL]RQV��&RQVLGHU�WKDW��DV�D�ELRORJLVW��\RX�PD\�HQG�XS�VWXG\LQJ�%ROLWRJORVVD��SDUDHQVLV ���EXW�
\RX�PRVW�FHUWDLQO\�ZLOO�QRW�VWDUW�WKHUH��,Q�RUGHU�WR�XQGHUVWDQG�WKHLU�KDELWDW��'1$��DQDWRP\��SK\ORJHQ\��
RQWRJHQ\��HYROXWLRQ��HFRORJLFDO�QLFKH��HWF�²WKDW�LV��LQ�RUGHU�WR�EHFRPH�DQ�H[SHUW�LQ�%ROLWRJORVVD�
SDUDHQVLV²�\RX�ZLOO�QHHG�WR�VWXG\�WKH�IXQGDPHQWDOV�RI�ELRORJ\��7RGD\��WKDQNIXOO\��ZH�FDQ�GLVFRYHU�
H[WUHPHO\�XVHIXO��VSHFLILF�WUHDWPHQWV�DQG�YDFFLQHV�WR�D�JOREDO�SDQGHPLF��EHFDXVH�ELRORJLVWV�SXUVXHG�WKH�
FRQQHFWLRQ�EHWZHHQ�XQLYHUVDOLW\�DQG�GLYHUVLW\���,W�LV�RQH�WKLQJ�WR�EH�WROG�WKDW�D�YLUXV�H[LVWV��EXW�LW�LV�TXLWH�
DQRWKHU�WR�XQGHUVWDQG�WKH�XQGHUO\LQJ�VWUXFWXUH�WKDW�DOORZV�IRU�WKH�FUHDWLRQ�RI�HIIHFWLYH�WKHUDSLHV�RU�
YDFFLQHV�DJDLQVW�LW��7KH�IODYRU�RI�XQLYHUVDOLW\�WKDW�ZH�SURSRVH�LV�DNLQ�WR�'1$�LQ�WKDW�LW�LV�LQVWUXPHQWDO�DQG�
G\QDPLFDOO\��LQYROYHG��LQ�WKH�FUHDWLRQ�RI�GLYHUVLW\��QRW�PHUHO\�UHWURVSHFWLYHO\�FDWHJRULFDO��$V�'DUZLQ�RQFH�
EHDPHG�FRQFHUQLQJ�WKH�XQLYHUVDOLW\�RI�HYROXWLRQ��
�

³7KHUH LV JUDQGHXU LQ WKLV YLHZ RI OLIH� ZLWK LWV VHYHUDO SRZHUV� KDYLQJ EHHQ RULJLQDOO\� � � � � � � � � � � � � � �
EUHDWKHG LQWR D IHZ IRUPV RU LQWR RQH� DQG WKDW� ZKLOVW WKLV SODQHW KDV JRQH F\FOLQJ RQ� � � � � � � � � � � � � � � � �
DFFRUGLQJ WR WKH IL[HG ODZ RI JUDYLW\� �IURP VR VLPSOH D EHJLQQLQJ HQGOHVV IRUPV PRVW� � � � � � � � � � � � � � �
EHDXWLIXO�DQG�PRVW�ZRQGHUIXO�KDYH�EHHQ��DQG�DUH�EHLQJ��HYROYHG��´��>���@���HPSKDVLV�DGGHG��

�
)URP�³�VHYHUDO�SRZHUV �´��WKH�XQLYHUVDOLW\��EUHDWKHG�LQWR�³�HQGOHVV�IRUPV´���WKH�GLYHUVLW\�����'DUZLQ�GLG�QRW�
VHH�WKH�XQLYHUVDOLW\�RI�HYROXWLRQ�DV��OLPLWLQJ��RU��FRQVWUDLQLQJ��WKH�GLYHUVLW\�RI�OLIH�IRUPV��EXW�LQVWUXPHQWDO�WR�
LW��8QLYHUVDOLW\�GRHV�QRW��GHWUDFW��IURP�WKH�GLYHUVLW\��LW��UHYHOV��LQ�LW��
�
:KDW�ZH�DUH�VXJJHVWLQJ�IRU�V\VWHPV�WKLQNLQJ�LV�QR�GLIIHUHQW�WKDQ�ZKDW�KDV�SOD\HG�RXW�LQ�WKH�PXFK�ORQJHU�
KLVWRULHV�RI�WKH�PDWXUH�VFLHQFHV�DQG�GLVFLSOLQHV��6\VWHPV�WKLQNLQJ�QHHGV�WKH�XQLYHUVDOLW\�XQGHUSLQQLQJ�WKH�
GLYHUVLW\�LQ�RUGHU�WR�WDNH�WKH�QH[W�VWHSV�WR�KHOS�VRFLHWLHV�WDFNOH�WKH�ZLGHVW�SRVVLEOH�UDQJH�RI�FRPSOH[�
SUREOHPV��:H�KRSH�WR�LPSUHVV�XSRQ�WKH�UHDGHU�WKH�GHHS�V\PELRVLV�EHWZHHQ�GLYHUVLW\�DQG�XQLYHUVDOLW\��,Q�
PDQ\�ZD\V��RQH�FDQQRW��DQG�GRHV�QRW��H[LVW�ZLWKRXW�WKH�RWKHU��&RQVLGHU�IRU�H[DPSOH�WKH�VLPSOH�TXHVWLRQ�
DERXW�GLYHUVLW\��
GLYHUVLW\�RI�ZKDW"
�,Q�RUGHU�WR�GHILQH�GLYHUVLW\��LQ�KXPDQV��DQLPDOV��FXOWXUH��V\VWHPV�
WKLQNLQJ�IUDPHZRUNV��ZKDWHYHU���RQH�QHHGV�WR�NQRZ�ZKDW�WKH�XQLW\�RI�WKDW�GLYHUVLW\�LV��$QG��LQ�GRLQJ�VR��
RQH�QDWXUDOO\�DVNV��³ZKDW�LV�LW�DERXW�DOO�WKLV�GLYHUVLILHG�VHW�RI�WKLQJV�WKDW�FDXVH�WKHP�WR�µKDQJ�WRJHWKHU"¶�
:KDW�LV�WKH�SDWWHUQ�WKDW�FRQQHFWV"´�
�
7KLV�LV�WKH�SDWK�ZH�PXVW�WDNH��)LUVW��ZH�PXVW�HVWDEOLVK�WKH�ERXQGDU\�WKDW�HQFORVHV�WKH�GLYHUVLW\�RI�V\VWHPV�
WKLQNLQJ��DQG�DV�\RX�ZLOO�VHH��WKHUH�DUH�VRPH�LPSRUWDQW�FRQVLGHUDWLRQV�WR�PDNH�DERXW�WKLV�ERXQGDU\���DQG�
QH[W�ZH�PXVW�DVN�RXUVHOYHV�ZKDW�LV�WKH�SDWWHUQ�WKDW�FRQQHFWV�DOO�RI�WKHVH�GLYHUVH�WKLQJV�WKDW�H[LVW�LQVLGH�WKH�
ERXQGDU\"�

(VWDEOLVKLQJ�WKH�%RXQGDU\�RI�WKH�6\VWHPV�7KLQNLQJ�8QLYHUVH�
'HPDUFDWLQJ�D�ERXQGDU\�IRU�WKLV�GLYHUVLW\�RU�SOXUDOLW\�RI�IUDPHZRUNV�KDV�EHHQ�QR�VPDOO�WDVN��,Q�������
&DEUHUD��>��@��VXJJHVWHG�VXFK�D�ERXQGDU\��ZKLFK�KH�FDOOHG�WKH��0�LGJOH\���) �UDQFRLV��DQG��6 �FKZDU]��RU�0)6��
8QLYHUVH��EHFDXVH�WKHVH�WKUHH�DXWKRUV�HGLWRUV�SURYLGHG�D�UHSUHVHQWDWLYH�VDPSOH��LI�QRW�D�SUHWW\�QHDUO\�
FRPSOHWH�RQH��RI�DOO�WKH�LGHDV�WKDW�QHHG�WR�ILW�XQGHU�WKH�µELJ�SOXUDOLW\�WHQW�¶��>���@���6SHFLILFDOO\��WKH�0)6�
8QLYHUVH�LQFOXGHV�WKH����VHPLQDO�SDSHUV�RIIHUHG�E\�0LGJOH\��>���@���)UDQFRLV¶V������HQWULHV�LQ�WKH�
,QWHUQDWLRQDO�(QF\FORSHGLD�RI�6\VWHPV�DQG�&\EHUQHWLFV ���>��@���DQG�WKH�WKRXVDQGV�RI�QRGHV�GHSLFWHG�LQ�
6FKZDU]¶V�PDS��>���@���DV�VHHQ�LQ�)LJXUH����7KHUH�DUH�DV�PDQ\�V\VWHPV�DV�WKHUH�DUH�REMHFWV�LQ�WKH�XQLYHUVH��
7KXV��WR�WUXO\�HVWDEOLVK�D�JHQHUDO�WKHRU\�RI�V\VWHPV�RU�V\VWHPV�WKLQNLQJ��RQH�PXVW�ILUVW�GHILQH�RQH¶V�
XQLYHUVH�DQG�WKHQ�DVN�WKH�TXHVWLRQ�WKDW�%DWHVRQ��>���@��ZLVHO\�SURSRVHG�DV�D�JHQHUDO�LGHD�LQ�F\EHUQHWLFV�DQG�
V\VWHPV�VFLHQFH��:KDW�LV�³WKH�SDWWHUQ�ZKLFK�FRQQHFWV�>WKHP�DOO@"´�+RZ�GRHV�RQH�ILQG�WKH�SDWWHUQV�WKDW�
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FRQQHFW�VXFK�D�YDVW�0)6�8QLYHUVH�RI�V\VWHPV�IUDPHZRUNV"�7KH�DWWHPSW�WR�ILQG�JHQHUDO�SDWWHUQV�WKDW�
FRQQHFW�WKLV�GLYHUVLW\��GHSLFWHG�LQ�)LJXUH����LV��XQLYHUVDOLW\����
�

�
)LJXUH����$�WZR�VWHS�SURFHVV�IRU�XQLYHUVDOLW\�

�
7KLV�µWZR�VWHS�SURFHVV�IRU�HVWDEOLVKLQJ�XQLYHUVDOLW\¶�LV�DQ�LPSRUWDQW�SRLQW�EHFDXVH��DV�PHQWLRQHG�
SUHYLRXVO\��WKHUH�DUH�PDQ\�ZLWKLQ�WKH�V\VWHPV�WKLQNLQJ�ILHOG�ZKR�ZLOO�UHDFW�QHJDWLYHO\�WR�WKH�PHUH�
PHQWLRQ�RI�XQLYHUVDOLW\��7KH\�ZLOO�GHFU\�LW�DV��SRVLWLYLVW��DQG��UHGXFWLR�DG�DEVXUGXP���WZR�RI�WKH�PRVW�
YLWULROLF�HSLWKHWV�D�V\VWHPV�WKLQNHU�FDQ�XVH����%XW�OHW�XV�EH�FOHDU�DERXW�ZKDW�LV�EHLQJ�VDLG�DERXW�
XQLYHUVDOLW\���VR�WKDW�ZH�PD\��SUH��GLVSHO�WKH�UKHWRULF��K\SHUEROH�DQG�DG�KRPLQHPV���)LUVW���WKH�H[SOLFLW�
GUDZLQJ�RI�LQFOXVLYH�ERXQGDU\�GLVWLQFWLRQV�LV�RQH�RI�WKH�PRVW��EDVLF��V\VWHPV�WKLQNLQJ�DFWV��>��@���:KDW¶V�LQ��
ZKDW¶V�RXW��DQG�ZKR�GHFLGHV"��6HFRQG���SHUKDSV�RQH�RI�WKH�PRVW�LPSRUWDQW�V\VWHPLF�TXHVWLRQV�HYHU�DVNHG�LV��
:KDW�LV�³WKH�SDWWHUQ�ZKLFK�FRQQHFWV"´��7KLV�FRPHV�IURP�*UHJRU\�%DWHVRQ���>���@���S������7KLUG���QRW�RQO\�LV�
LW�DEVROXWHO\�HVVHQWLDO�WR�ORRN�EHQHDWK�VXSHUILFLDO�HYHQWV�IRU�WKH�XQGHUO\LQJ�µSDWWHUQV�WKDW�FRQQHFW�¶�EXW�RQH�
RI�WKH�PRVW�UHFRJQL]DEOH�V\VWHPV�WKLQNLQJ�WURSHV²WKH�V\VWHPV�WKLQNLQJ�LFHEHUJ²H[WROOV�XV�WR�GR�VR��:H�
PXVW�ORRN�IRU�WKH�XQGHUO\LQJ�VWUXFWXUH��VHH�)LJXUH�����,QGHHG��ZH�FKRVH�DQ�LFHEHUJ�IRU�WKH�FRYHU�RI�WKLV�
ERRN�EHFDXVH�RI�WKH�LPSRUWDQFH�RI�WKLV�PHWDSKRU�WR�V\VWHPV�WKLQNLQJ��VHH�HVSHFLDOO\�6HQJH���>���@�����
�
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�
)LJXUH����7KH�6\VWHPV�7KLQNLQJ�,FHEHUJ�

�
7KXV��D�SHUVRQ�ZKR�UHDFWV�QHJDWLYHO\�WR�WKH�PHUH�PHQWLRQ�RI��XQLYHUVDOLW\��QHHGV�WR�DVN�KLP�RU�KHUVHOI��
+RZ�GRHV�GRLQJ��WR��V\VWHPV�WKLQNLQJ�WKH�VDPH�WKLQJ�WKDW�ZH�WHOO�HYHU\RQH�WKH\��VKRXOG��EH�GRLQJ��WR��V\VWHPV�
�L�H���WKLQNLQJ�V\VWHPLFDOO\�DERXW�WKHP���EHFRPH�DQWL�V\VWHPV�WKLQNLQJ��L�H���DEVXUGO\�UHGXFWLRQLVWLF�DQG�
SRVLWLYLVW�"�7KH�DQVZHU�LV��LW�GRHVQ¶W��7KHUH¶V�QRWKLQJ�LQKHUHQWO\�SRVLWLYLVWLF�RU�DEVXUGO\�UHGXFWLRQLVWLF�
DERXW�XQLYHUVDOLW\��,Q�HIIHFW��ZKDW�&DEUHUD�GLG�WR�GLVFRYHU�'653�7KHRU\�ZDV�DV�VLPSOH�DV�DVNLQJ�WKH�PRVW�
EDVLF�V\VWHPV�WKLQNLQJ�TXHVWLRQV��UHFXUVLYHO\��DERXW�V\VWHPV�WKLQNLQJ�LWVHOI���

�� )LUVW��ZKDW�LV�LQ�WKH�V\VWHPV�WKLQNLQJ�XQLYHUVH"�
�� 7KHQ��ZKDW�DUH�WKH�XQGHUO\LQJ�SDWWHUQV�VWUXFWXUHV�WKDW�FRQQHFW�VWXII�LQ�WKH�V\VWHPV�WKLQNLQJ�

XQLYHUVH"��
�� 7KHQ��ZKDW�DUH�WKH�SDWWHUQV�VWUXFWXUHV�WKDW�FRQQHFW�V\VWHPV��L�H���RQWRORJLFDO�V\VWHPV�"��
�� 7KHQ��ZKDW�DUH�WKH�SDWWHUQV�VWUXFWXUHV�WKDW�FRQQHFW�WKLQNLQJ��L�H���PHQWDO�PRGHOV�RU�

HSLVWHPRORJLFDO�V\VWHPV�"��
�� )LQDOO\��>UHFXUVLYHO\@�ZKDW�DUH�WKH��SDWWHUQV�VWUXFWXUHV�WKDW�FRQQHFW��WKH��SDWWHUQV�VWUXFWXUHV�WKDW�

FRQQHFW�V\VWHPV ���DQG��WKH��SDWWHUQV�VWUXFWXUHV�WKDW�FRQQHFW�PHQWDO�PRGHOV �"��
�
$QVZHU��'653��$V�WKH�RULJLQ�SRLQW�IRU�WKH�IRXUWK�ZDYH��'653�7KHRU\�SURSRVHG�IRXU�XQLYHUVDO�SDWWHUQV�
WKDW�XQGHUOLH�V\VWHPV�WKLQNLQJ��DV�GLVFXVVHG�SUHYLRXVO\��WKHVH�DUH�LGHQWLW\�RWKHU�GLVWLQFWLRQV��'���
SDUW�ZKROH�V\VWHPV��6���DFWLRQ�UHDFWLRQ�UHODWLRQVKLSV��5��DQG�SRLQW�YLHZ�SHUVSHFWLYHV��3���,Q�RWKHU�ZRUGV��
WKHVH���SDWWHUQV�FRQQHFW�DOO�RI�WKH�IUDPHZRUNV�RI�WKH�0)6�8QLYHUVH��,W�WXUQV�RXW�WKDW�WKH�XQLYHUVH�WKDW�
µEHORQJV¶�WR�V\VWHPV�WKLQNLQJ�LV�PXFK�EURDGHU�WKDQ�WKH�IUDPHZRUNV�RI�WKH�ILUVW�WKUHH�ZDYHV�DORQH��:H�FDQ�
DFWXDOO\�H[SDQG�WKLV�XQLYHUVH�E\�DVNLQJ��³QRW�PHUHO\�ZKLFK�V\VWHPV�WKLQNLQJ�VFKRODUV�DQG�IRUPV�RI�
VFKRODUVKLS��IUDPHZRUNV��FRPSULVH�WKH�0)6�8QLYHUVH��EXW�UDWKHU��µZKDW�W\SHV�RI�SHRSOH�DUH�WKLQNLQJ�
DERXW�ZKDW�W\SHV�RI�V\VWHPV�LQ�ZKDW�W\SHV�RI�ZD\V��JHQHUDOO\�VSHDNLQJ�"¶´��>��@��7R�EHWWHU�XQGHUVWDQG�WKLV�
H[SDQVLRQ�RI�WKH�XQLYHUVH�WKDW�ZH�DUH�GHDOLQJ�ZLWK��ZH�FDQ�EHJLQ�ZLWK�DVNLQJ�D�VLPSOH�TXHVWLRQ���:KDW�LV�D�
V\VWHP"��

���
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([SDQGLQJ�WKH�%RXQGDU\�RI�WKH�6\VWHPV�7KLQNLQJ�8QLYHUVH�
7R�XQGHUVWDQG�V\VWHPV�WKLQNLQJ��RQH�PXVW�DQVZHU�LQ�YHU\�VSHFLILF�WHUPV���ZKDW�LV�D�V\VWHP"��7KDW�
VHHPLQJO\�VLPSOH�TXHVWLRQ�\LHOGV�D�VLJQLILFDQW�YDULDWLRQ�RI�UHVSRQVHV�WKDW�DUH�FRQVHTXHQWLDO�WR�WKH�ILHOG�
DQG�WR�KRZ�UHODWHG�LQTXLU\�LV�VKDSHG��,I�WKH�WKHRULVW�FKRRVHV�WRR�QDUURZ�D�ERXQGDU\��WKHQ�WKH�W\SH�RI�
V\VWHP�WKH\�GHILQH�ZLOO�EH�TXLWH�QDUURZ�DV�ZHOO��L�H���YHU\�VSHFLILF���6RPH�VFKRODUV�LQFOXGH��SXUSRVH��DV�D�
QHFHVVDU\�SDUW�RI�WKH�GHILQLWLRQ�RI�D�V\VWHP��RWKHUV�VD\�WKH�V\VWHP
V�EHKDYLRU��LV ��LWV�SXUSRVH��RWKHUV�VD\�
V\VWHP�VWUXFWXUH�GHWHUPLQHV�EHKDYLRU��DQG�WKHUHIRUH�SXUSRVH���DQG�VWLOO�RWKHUV�GR�QRW�LQFOXGH�SXUSRVH�DW�
DOO��'HILQLQJ�ZKDW�D�PLQLPDO�V\VWHP�LV�GRHV�QRW�PHDQ�WKDW�ZH�FDQQRW��DGG��WR�WKH�GHILQLWLRQ��LW�RQO\�PHDQV�
ZH�FDQQRW��VXEWUDFW��IURP�LW��)RU�H[DPSOH��LI�\RX�ZDQW�WR�GHILQH�D��KXPDQ�GHYHORSPHQWDO��V\VWHP��ZH�PD\�
ZDQW�WR�LQFOXGH�PLFUR�DQG�PDFUR�IDFWRUV��JHQRW\SH�DQG�SKHQRW\SH��HQYLURQPHQW��PRWLYDWLRQ��HWF��7KH�
WKHRULVW�FDQ�FOHDUO\�VHH�WKDW�WKH�FKRLFHV�KH�RU�VKH�PDNHV�ZLOO�LQ�WXUQ�DIIHFW�ZKDW�WKH\�ORRN�IRU�DQG�ILQG��
�
1HDUO\�D�GHFDGH�DIWHU�FUHDWLQJ�WKH�FRQFHSW�RI�WKH�0)6�8QLYHUVH��&DEUHUD�UHWURVSHFWLYHO\�XUJHG�XV�WR�
UHFRQVLGHU�LW��>������������@���5DWKHU�WKDQ�ORRNLQJ�DW�ZKLFK��V\VWHPV�WKLQNLQJ�VFKRODUV�DQG�IUDPHZRUNV�
VKRXOG�EH�LQFOXGHG�LQ�WKH�XQLYHUVH��WKH�SOXUDOLW\���&DEUHUD�VXJJHVWHG�WKDW�ZH�VKRXOG�EH�ORRNLQJ�DW�ZKLFK�
SHRSOH�DQG�V\VWHPV ��VKRXOG�EH�LQFOXGHG��,Q�RUGHU�WR�GR�WKLV��&DEUHUD�VXJJHVWHG��ZH�PXVW�ILUVW�DVN�RXUVHOYHV�
ZKDW�FRQVWLWXWHV�WKH�PLQLPXP�YLDEOH�FRQFHSW�RI�D�V\VWHP��VR�WKDW�ZH�FDQ�ORRN�DW�ZKLFK�V\VWHPV�PXVW�EH�
LQFOXGHG�LQ�WKH�
XQLYHUVH�
�&DEUHUD��>���@��VXJJHVWV�WKDW�WKH�PLQLPXP�YLDEOH�FRQFHSW�RI�D�V\VWHP�LV��WZR�RU�
PRUH�UHODWHG�SDUWV�IURP�D�SHUVSHFWLYH��LQYROYLQJ�VHYHUDO�ERXQGDU\�GLVWLQFWLRQV ��)LJXUH�������

�

�
)LJXUH����7KH�0LQLPXP�9LDEOH�&RQFHSW�RI�D�6\VWHP�

�
7KLV�LV�WKH�PRVW�LQFOXVLYH�GHILQLWLRQ�RI�D�V\VWHP��ZKLFK�FDVWV�D�ZLGH�QHW�DQG�FUHDWHV�D�ELJ�WHQW��7KXV��PRVW�
RI�WKH�WKLQJV�LQ�WKH�XQLYHUVH��DUH�V\VWHPV ���$GGLWLRQDOO\��ZH�NQRZ�WKDW�µQRWKLQJ�H[LVWV�LQ�D�YDFXXP�¶�VXFK�
WKDW��IRU�VRPHWKLQJ�WR�H[LVW���QRWKLQJ��PXVW�DOVR�H[LVW��,Q�RWKHU�ZRUGV��WKHUH�LV�LGHQWLW\�RWKHU�VWUXFWXUH��
ZKLFK�PHDQV�WKDW�IRU�DQ\�RQH�WKLQJ�WR�H[LVW��LW�FR�LPSOLHV�WKDW�D��QRW��WKLQJ�H[LVWV��7KHUHIRUH��DQ\�VLQJOH�
WKLQJ�KDV�D�FR�LPSO\LQJ�UHODWLRQVKLS�ZLWK�WKH�WKLQJV��RU�QRW�WKLQJV��WKDW�LW�LV�QRW��(YHQ�WKH�PRVW�
UXGLPHQWDU\�WKLQJ��HQWLUHO\�LVRODWHG�DV�LW�PD\�EH��LV�VWLOO��DW�OHDVW�LQ�LWV�SRWHQWLDO��D�V\VWHP���(YHU\WKLQJ��LV�D�

����1RWH�WKDW�LPSOLHG�LQ�WKLV�GHILQLWLRQ�LV�WKH�H[LVWHQFH�RI�ERXQGHG�GLVWLQFWLRQV��QRW�PHUHO\�IRU�WKH�V\VWHP�LWVHOI��EXW�DOVR�IRU�WKH�
SHUVSHFWLYH��WKH�SDUWV��DQG�WKH�UHODWLRQVKLS��

���
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V\VWHP��,Q�WKLV�FDVH��ZH�DUH�QRW�MXVW�LQFOXGLQJ�LQ�WKH�XQLYHUVH�HYHU\�V\VWHPV�FRQFHSW�IURP�WKH�ILHOG�RI�
V\VWHPV�WKLQNLQJ²EXW��HYHU\WKLQJ��LQ�WKH�XQLYHUVH��
�
6R�QRZ�ZH�FDQ�DVN�RXUVHOYHV���ZKDW�LV�WKH�WKLQNLQJ�WKDW�DSSOLHV�WR�HYHU\WKLQJ�LQ�WKH�XQLYHUVH�"�7KLV�
FRQVLGHUDEO\�H[SDQGV�WKH�VFRSH�RI�V\VWHPV�WKLQNLQJ�DV�D�ILHOG��DV�LW�LQFOXGHV�SHRSOH�ZKR�DUH��WKLQNLQJ�
DERXW��V\VWHPV ��RI�DOO�NLQGV��$�SK\VLFLVW�ZRXOG�DQVZHU�WKLV�TXHVWLRQ�ZLWK�WKH�IXQGDPHQWDO�ODZV�RI�SK\VLFV��
%XW�D�SK\VLFLVW�LV�MXVW�RQH�W\SH�RI�VFLHQWLVW²SURYLGLQJ�RQH�SHUVSHFWLYH�DPRQJ�PDQ\²LQWHUHVWHG�LQ�FHUWDLQ�
W\SHV�RI�SKHQRPHQD�EDVHG�RQ�FHUWDLQ�W\SHV�RI�NQRZLQJ��:KDW�DERXW�RWKHUV"�:KDW�DERXW�D�ELRORJLVW��
VRFLRORJLVW��HQWUHSUHQHXU"�2U�ZKDW�DERXW�D�VNDWHERDUGHU�RU�TXLOWHU"�6XUHO\��E\�WKH�ODZ�RI�FRPSXWDWLRQDO�
HTXLYDOHQFH� �WKH�V\VWHPV�WKDW�VNDWHERDUGHUV�DQG�TXLOWHUV�DUH�LQWHUHVWHG�LQ�DUH�HTXDOO\�FRPSOH[�DQG���

VRSKLVWLFDWHG��6R�ZKDW�ZRXOG�WKH\�VD\"�$QG�PRUH�LPSRUWDQWO\��VLQFH�EHKDYLRU�LV�D�IDU�PRUH�LPSRUWDQW�
LQGLFDWRU�RI�EHOLHIV�RU�PHQWDO�PRGHOV�WKDQ�RQH¶V�ZRUGV��WKH�PRUH�LPSRUWDQW�TXHVWLRQ�LV��ZKDW�ZRXOG�WKHVH�
SHRSOH�GR�"�2U�PRUH�VSHFLILFDOO\���ZKDW�GR�DOO�SHRSOH�RI�DOO�W\SHV�GR�ZKHQ�WKLQNLQJ�DERXW�DOO�RI�WKH�V\VWHPV�
WKDW�DUH�LPSRUWDQW�WR�WKHP�"�,Q�RWKHU�ZRUGV��HYHQ�WKRXJK�WKH\�WKLQN�DERXW�GLIIHUHQW�V\VWHPV��DQG�WKHLU�
WKRXJKWV�DERXW�WKRVH�V\VWHPV�\LHOG�GUDPDWLFDOO\�GLIIHUHQW�VSHFLILF�FRQWHQW��ZKDW�DUH�WKH\�DOO�GRLQJ�WKDW�LV�
WKH�VDPH"�:KDW�DUH�WKH�SDWWHUQV�WKDW�FRQQHFW"��
�
%\�ZD\�RI�D�VLPSOH�H[DPSOH��D�SK\VLFLVW�GLVWLQJXLVKHV�D��IRUFH���D�VRFLRORJLVW�GLVWLQJXLVKHV�D��QRUP���D�TXLOWHU�
GLVWLQJXLVKHV�D��VWLWFK���D�VNDWHERDUGHU�GLVWLQJXLVKHV�D��WULFN���)RUFHV��QRUPV��VWLWFKHV��DQG�WULFNV�KDYH�OLWWOH�LQ�
FRPPRQ��VR�ZKDW�GR�ZH�GR"�$�SK\VLFLVW�VD\V��ZHOO��WKH\�DUH�DOO�WKH�UHVXOW�RI�IXQGDPHQWDO�IRUFHV��VR�
SK\VLFV�LV�WKH�DQVZHU��%XW�D�TXLOWHU�VD\V�WKDW��ZKLOH�WKH�SK\VLFLVW�PD\�EH�VD\LQJ�VRPHWKLQJ�WUXH�ZLWK�
UHIHUHQFH�WR�D�VFDOH�RI��������PHWHUV�����������������PHWHUV�RU���SLFRPHWHU��LW�GRHV�OLWWOH�WR�LQIRUP�P\�
SUDFWLFH�DW�WKH�KXPDQ�VFDOH�RI�������PHWHUV��2U�DOWHUQDWLYHO\��WKH�TXLOWHU�PLJKW�VD\��HYHQ�LI�JUDYLW\��ZKLFK�LV�
SDUW�RI�WKH�SK\VLFLVW¶V�GRPDLQ�RI�LQTXLU\��DIIHFWV�P\�VWLWFKLQJ��ZKLFK�LW�GRHV��LW�LVQ¶W�DIIHFWLQJ�LW�LQ�D�ZD\�
WKDW�NQRZLQJ�WKH�HTXDWLRQV�IRU�JUDYLW\�ZLOO�DLG�WKDW�VWLWFKLQJ��7KH\�FRXOG�RI�FRXUVH�GLVDJUHH��ZLWK�WKH�
SK\VLFLVW�DUJXLQJ�WKDW�WKH�HTXDWLRQV�ZRXOG�LQGHHG�EH�XVHIXO�WR�WKH�TXLOWHU��EXW��LQ�SUDFWLFH���VRFLRORJLVWV��
TXLOWHUV��DQG�HQWUHSUHQHXUV�DUHQ¶W�IDFWRULQJ�JUDYLWDWLRQDO�IRUFH�RU�WKH�IXQGDPHQWDO�ODZV�RI�SK\VLFV�LQWR�
WKHLU�GDLO\��PLQXWH�WR�PLQXWH�GHFLVLRQV��7KXV��ZKHQ�SK\VLFLVWV�WDON�RI�D�WKHRU\�RI�HYHU\WKLQJ��72(��WKH\�
UHDOO\�PHDQ�D�72(�WKDW�DSSOLHV�WR�HYHU\WKLQJ�LQ�WKH�XQLYHUVH��IURP�WKH�XQLTXH�SHUVSHFWLYH��ZKLFK�SK\VLFLVWV�
KDYH�GHFLGHG�LV�LPSRUWDQW���
�
$�WKHRU\�RI�HYHU\WKLQJ��WHFKQLFDOO\�VSHDNLQJ��VKRXOG�EH�PRUH�JHQHUDOL]DEOH��2QH�ZRXOG�LPDJLQH�WKDW�LI�
\RX�KDG�D�WKHRU\�RI�HYHU\WKLQJ²D�WUXH�72(²WKHQ�LW�ZRXOG�EH�DSSOLFDEOH�WR��HYHU\WKLQJ��DQG�WKHUHIRUH�
XVHIXO�WR��HYHU\RQH���5HWXUQLQJ�WR�RXU�VLPSOH�H[DPSOH��ZH�VHH�WKDW�ZH�DUH�OLNHO\�ORRNLQJ�DW�WKH�ZURQJ�XQLW�
RI�DQDO\VLV���

$�SK\VLFLVW��GLVWLQJXLVKHV ��D�IRUFH��D�VRFLRORJLVW��GLVWLQJXLVKHV ��D�QRUP��D�TXLOWHU��GLVWLQJXLVKHV ��D�
VWLWFK��D�VNDWHERDUGHU��GLVWLQJXLVKHV ��D�WULFN��
�

���&DEUHUD��������S������H[SODLQV��³(YHQ�LI�RQH�VWXGLHV�DQ�RSHQ�V\VWHP�DQG�DFKLHYHV�EDODQFH�LQ�IRFXVLQJ�RQ�ERWK�SDUWV�DQG�ZKROH��
LW�LV�QRW�FOHDU�KRZ�WKLQNLQJ�DERXW�D�V\VWHP�EHFRPHV�V\VWHPV�WKLQNLQJ��,Q�RWKHU�ZRUGV��WKH�V\VWHPV�WKLQNLQJ�RQH�LV�GRLQJ�WR�VWXG\�
;�LV�JRLQJ�WR�EH�FRQVLGHUHG�UHGXFWLRQLVW�RU�DWRPLVWLF�WKLQNLQJ�E\�DQRWKHU�UHVHDUFKHU�ZKR�VWXGLHV�<��ZKLFK�LQFOXGHV��DPRQJ�RWKHU�
WKLQJV��SDUW�;��,I�HYHU\�SDUW�LV�LWVHOI�D�ZKROH��KRZ�FDQ�ZH�HYHU�WUXO\�FODLP�V\VWHPV�WKLQNLQJ"�7KH�VLWXDWLRQ�EHFRPHV�HYHQ�PRUH�
FRPSOH[�ZKHQ�RQH�FRQVLGHUV�WKH�WKHRU\�RI�FRPSXWDWLRQDO�HTXLYDOHQFH��LQ�ZKLFK�
DOO�V\VWHPV�RI�VXIILFLHQW�FRPSOH[LW\�DUH�HTXDOO\�
FRPSOH[�
�,I�:ROIUDP�LV�ULJKW��WKHQ�DQ\�V\VWHP�RI�VXIILFLHQW�FRPSOH[LW\²E\�ZKLFK�KH�PHDQV�DQ\�V\VWHP�WKDW�DSSHDUV�FRPSOH[��
OLNH�D�VOLPH�PROG�RU�D�KXPDQ�RU�D�VRFLHW\��EXW�QRW�OLNH�D�URFN²LV�HTXDO�LQ�FRPSOH[LW\�WR�DQ\�RWKHU�V\VWHP��:ROIUDP¶V�WKHRU\�
PDNHV�DQ�LPSRUWDQW�SRLQW��D�VFLHQWLVW�VWXG\LQJ�WKH�H\H�RI�D�IUXLW�IO\�DQG�D�VFLHQWLVW�VWXG\LQJ�WKH�$PD]RQLDQ�UDLQ�IRUHVW�PD\�EH�
VWXG\LQJ�WZR�GLIIHUHQW�V\VWHPV�WKDW�DUH�HTXDOO\�FRPSOH[��2QH�LV�SURQH�WR�LQFRUUHFWO\�DUJXH�WKDW�WKH�IUXLW�IO\¶V�H\H�LV�SDUW�RI�WKH�
IUXLW�IO\�V\VWHP�WKDW��LQ�WXUQ��LV�SDUW�RI�WKH�$PD]RQLDQ�HFRV\VWHP�DQG��WKHUHIRUH��WKDW�WKH�HFRORJLVW�LV�PRUH�RI�D�V\VWHPV�WKLQNHU�
WKDQ�WKH�HQWRPRORJLVW�´�

���



,Q�WKLV�H[DPSOH�ZH�VHH�WKDW�WKH�GLIIHUHQW�WKLQNHUV�DUH�DOO�GLVWLQJXLVKLQJ�VRPHWKLQJ�RI�LPSRUWDQFH�WR�WKHP�
IURP�RWKHU�WKLQJV�RI�LPSRUWDQFH�WR�WKHP��,Q�RWKHU�ZRUGV��

Ɣ $��IRUFH��JHWV�LWV�VSHFLILFLW\��PHDQLQJ��LGHQWLW\��DQG�GHILQLWLRQ�IURP�D�GLIIHUHQWLDWLRQ�IURP�RWKHU�
IRUFHV��L�H���JUDYLWDWLRQDO��HOHFWURPDJQHWLF��VWURQJ��DQG�ZHDN����

Ɣ $��QRUP��JHWV�LWV�VSHFLILFLW\��PHDQLQJ��LGHQWLW\��DQG�GHILQLWLRQ�IURP�D�GLIIHUHQWLDWLRQ�IURP�RWKHU�
VRFLRORJLFDO�FRQFHSWV��H�J���WUDLW��GHYLDQFH��HWF�����

Ɣ $��VWLWFK��JHWV�LWV�VSHFLILFLW\��PHDQLQJ��LGHQWLW\��DQG�GHILQLWLRQ�IURP�D�GLIIHUHQWLDWLRQ�IURP�RWKHU�
VWLWFKHV��H�J���VLPSOH�VWLWFKHV��UXQQLQJ�VWLWFKHV��EDFN�VWLWFKHV�DQG�FKDLQ�VWLWFKHV���DQG�

Ɣ $��WULFN��JHWV�LWV�VSHFLILFLW\��PHDQLQJ��LGHQWLW\��DQG�GHILQLWLRQ�IURP�D�GLIIHUHQWLDWLRQ�IURP�RWKHU�
VRFLRORJLFDO�FRQFHSWV��H�J���ROOLH��IURQWVLGH������EDFNVLGH������SRS�VKRYH�LW��IURQWVLGH�SRS�VKRYH�
LW��NLFNIOLS�DQG�KHHOIOLS��HWF����

�
7KXV��ZH�FDQ�VD\�WKDW�SHRSOH�XQLYHUVDOO\��GLVWLQJXLVK��LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�WKH�V\VWHPV�WKH\�WKLQN�
DERXW��:KHQ�WKH\�GLVWLQJXLVK��WKH\�GLVWLQJXLVK�EHWZHHQ��LGHQWLW\��DQG��RWKHU ���5XQQLQJ�VWLWFK�LV�QRW�FKDLQ�
VWLWFK��DQG�YLFH�YHUVD��HOHFWURPDJQHWLF�LV�QRW�JUDYLWDWLRQDO��DQG�YLFH�YHUVD��,URQLFDOO\��WKLV�VLPSOH�H[DPSOH�
DOVR�VKRZV�KRZ�XQLYHUVDO�WKH�'653�SDWWHUQV�DUH��EHFDXVH�IRU�SK\VLFLVWV��WKH�IRXU�IRUFHV�WKH\�GLVWLQJXLVK�
PDNHV�XS�D�VHW²D��V\VWHP��RI�SDUWV�PDNLQJ�XS�D�ZKROH�FDOOHG�
WKH�IXQGDPHQWDO�IRUFHV�
�7KHVH�IRUFHV��ERWK�
DV�FRQFHSWXDO�SDUWV�RI�WKH�FRQFHSWXDO�ZKROH�DQG�LQ�DFWXDOLW\��DUH��LQWHUUHODWHG���$QG��DOO�RI�WKDW�WKLQNLQJ�
RFFXUV�IURP�D�SDUWLFXODU��SHUVSHFWLYH���DV�WKH�IXQGDPHQWDO�IRUFHV�RI�D�YROFDQR �DUH�QRW�WKH�VDPH�DV�WKH���

IXQGDPHQWDO�IRUFHV�RI�WKH�NQRZQ�XQLYHUVH��6R�ZH�FDQ�VHH�WKDW��LQ�RUGHU�WR�GHILQH�D�TXLOWLQJ�VWLWFK��ZH�
GLVWLQJXLVK�LW�IURP�LWV�QHDU�QHLJKERUV��RWKHU�VWLWFKHV���ZKLFK�WRJHWKHU�IRUPV�D�SDUW�ZKROH�V\VWHP�RI�

TXLOWLQJ�VWLWFKHV�
�HDFK�RI�WKH�SDUWV�RI�ZKLFK�FDQ�EH�LQWHUUHODWHG²DQG�DOO�RI�WKLV�RFFXUV�IURP�D�XQLTXH�
SHUVSHFWLYH��LQ�WKLV�FDVH��WKH�TXLOWHU¶V�SHUVSHFWLYH���$OO�RI�ZKLFK�LV�GLVWLQJXLVKHG�IURP�VWLWFKHV�DV�GHILQHG�
E\�VXUJHRQV��L�H���SXUVH�VWULQJ�VWLWFK��ILJXUH���VWLWFK��VXEFXWLFXODU�VWLWFK��HWF���
�
6XPPDU\�RI�(YLGHQFH�IRU�WKH�8QLYHUVDOLW\�RI�'653�7KHRU\�

7KH�HYLGHQFH�EDVH�IRU�'653�7KHRU\�LV�H[WHQVLYH��>������������@���VHH�&KDSWHU����LQ�WKLV�YROXPH��LQ�WKH�
V\VWHPV�VFLHQFHV��V\VWHPV�WKLQNLQJ��FRJQLWLYH�VFLHQFH��DQG�QHXURVFLHQFH�OLWHUDWXUHV��DV�ZHOO�DV�DFURVV�WKH�
GLVFLSOLQHV�IURP�SK\VLFV�WR�VRFLRORJ\��$�VXPPDU\�RI�D�YDVW�OLWHUDWXUH�LV�RIWHQ�GLIILFXOW��LI�QRW�LQDGYLVDEOH��
7KLV�KROGV�WUXH�IRU�V\VWHPV�WKLQNLQJ��ZKLFK�LV�RI�LQWHUHVW�WR�VFLHQWLVWV�DQG�DFDGHPLFV��DV�ZHOO�DV�
SUDFWLWLRQHUV�DQG�WKH�JHQHUDO�SXEOLF��)RU�WKLV�UHDVRQ��ZH�KDYH�WULHG�WR�VXPPDUL]H�WKH�OLWHUDWXUH�LQ�D�ZD\�
WKDW�LV�DFFHVVLEOH��DQG��PDLQWDLQV�ILGHOLW\�WR�ZKDW�WKH�OLWHUDWXUH�VD\V��$�VXPPDU\�RI�WKH�WUDQVGLVFLSOLQDU\�
OLWHUDWXUH�UHODWLQJ�WR�V\VWHPV�WKLQNLQJ�SRLQWV�WR�WKH�IROORZLQJ�FRQFOXVLRQV��

�� 7KHUH�LV�D��XQLYHUVDOLW\��RI�FHUWDLQ�VWUXFWXUHV��'653���QDPHO\��
D� ,GHQWLW\�2WKHU�'LVWLQFWLRQV�²�'��L�п�R���
E� 3DUW�:KROH�6\VWHPV�²�6��S�п�Z����
F� $FWLRQ�5HDFWLRQ�5HODWLRQVKLSV�²�5��D�п�U ���
G� 3RLQW�9LHZ�3HUVSHFWLYHV�²�3��ŧ�п�Y���

�� 7KHVH�'653�VWUXFWXUHV�H[LVW�LQ�ERWK�PLQG��FRJQLWLRQ��DQG�QDWXUH��D�N�D���UHDOLW\���
�� $ZDUHQHVV�RI�WKHVH�VWUXFWXUHV��D�N�D���PHWDFRJQLWLRQ��PDNHV�D�VLJQLILFDQW�GLIIHUHQFH�LQ�DOO�

ZDONV�RI�OLIH��DQG�VXFFHVV�LQ�DOO�GRPDLQV��DQG��
�� 6\VWHPV�WKLQNLQJ�LV�DQ�HPHUJHQW�SURSHUW\�RI�WKH�'653�VLPSOH�UXOHV��
�

����7KHUPDO�FRQYHFWLYHV�OHDGLQJ�WR�IOXLG�PROWHQ�PDWHULDO�LQ�WKH�PDQWOH�DORQJ�ZLWK�JUDYLWDWLRQDO�HIIHFWV�RQ�WKH�(DUWK��H�J���HURVLRQ��
GHSRVLWLRQ��HWF���GULYH�SODWH�WHFWRQLFV�DQG�VXEVHTXHQWO\�YROFDQLVP��
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,W�LV�LQFUHDVLQJO\�FOHDU�WKDW�WKHVH�'��6��5��DQG�3�VWUXFWXUHV�FDQQRW�EH�VHSDUDWHG�IURP�HDFK�RWKHU��,Q�RWKHU�
ZRUGV��WKH\�DUH�LQ�D�FRQVWDQW�DQG�G\QDPLF�LQWHUSOD\��,W�LV�FOHDU�WKDW�HDFK�RI�WKH�'��6��5��DQG�3�VWUXFWXUHV�LV�
QHFHVVDU\��DQG��VXIILFLHQW��IRU�HDFK�RI�WKH�LQGLYLGXDO�VWUXFWXUHV�WR�H[LVW��7KLV�PHDQV�WKDW��LQ�RUGHU�IRU�DQ�6�
�SDUW�ZKROH�V\VWHP��WR�EH�IRUPHG��'V��GLVWLQFWLRQV��QHHG�WR�EH�PDGH��5V��UHODWLRQVKLSV��QHHG�WR�H[LVW��DQG�
3V��SHUVSHFWLYHV��QHHG�WR�EH�WDNHQ��DQG�LW�LV�WKH�VDPH�IRU�WKH�RWKHUV²HDFK�RQH�UHTXLUHV�WKH�RWKHU�WKUHH��,Q�
DGGLWLRQ��DQ\�JLYHQ�'��6��5��DQG�3�VWUXFWXUH�FDQQRW�EH�GLYRUFHG�IURP�LWV�WZR�HOHPHQWV��DQG�QRU�FDQ�WKH�
HOHPHQWV�EH�GLYRUFHG�IURP�HDFK�RWKHU��)RU�H[DPSOH��ZH�DUH�QHDU�FRQVWDQWO\�PDNLQJ�LGHQWLW\�GLVWLQFWLRQV�
�'�L����DQG�PRUH�RIWHQ�WKDQ�QRW�XQDZDUH�RI�WKH��RWKHU ��GLVWLQFWLRQV��'�R���ZH�DUH�LPSO\LQJ��1HYHUWKHOHVV��WKH\�
H[LVW��6DLG�DQRWKHU�ZD\��LW�LV�LPSRVVLEOH��QRW��WR�PDNH�GLVWLQFWLRQV��FRQQHFWLRQV��JURXSLQJV��DQG�IUDPLQJV��
�
7KDW�'653�VWUXFWXUHV�H[LVW�LQ�ERWK�PLQG��FRJQLWLRQ��DQG�QDWXUH��D�N�D���UHDOLW\��LV�SHUKDSV�UHDG�DV�D�
SKLORVRSKLFDO�VWDWHPHQW��EXW�LW�LV�EDVHG�RQ��HPSLULFDO��ILQGLQJV��>������������@���,W�GRHV�QRW�PHDQ�WKDW�HYHU\�
'653�VWUXFWXUH�WKDW�ZH�EXLOG�LQ�RXU�PLQGV�H[LVWV�LQ�QDWXUH�RU�YLFH�YHUVD��,W�PHDQV�WKDW�WKH�'��6��5��DQG�3�
VWUXFWXUHV�DUH�IRXQG�LQ�ERWK�UHDOPV��7KLV�LV�LPSRUWDQW�EHFDXVH�LW�WHOOV�XV�VRPHWKLQJ�DERXW�RQH�RI�WKH�JRDOV�
RI�V\VWHPV�WKLQNLQJ��WR�LQFUHDVH�WKH��SUREDELOLW\��WKDW�RXU�PHQWDO�PRGHOV�DUH�LQ��DOLJQPHQW��ZLWK�UHDOLW\��
:RUNLQJ�ZLWK�D�VHW�RI�VWUXFWXUHV�WKDW�LV�FRPPRQ�WR�ERWK�PLQG�DQG�QDWXUH²DNLQ�WR�ILQGLQJ�WKH�VDPH�
GHQRPLQDWRU�WR�DGG�IUDFWLRQV²LV�DQ�HVVHQWLDO�ILUVW�VWHS�LQ�LQFUHDVLQJ�WKH�SUREDELOLW\�RI�DOLJQPHQW�EHWZHHQ�
RXU�WKRXJKWV�DERXW�UHDOLW\�DQG�WKH�DFWXDO�UHDOLW\�LQ�ZKLFK�WKH\�H[LVW���
�
7ZR�IXUWKHU�ZHOO�NQRZQ�JRDOV�RI�V\VWHPV�WKLQNLQJ�DUH�DOVR�HQKDQFHG�E\�'653���L��H[SORULQJ�SRVVLELOLWLHV�
IRU�DGGUHVVLQJ�XQFHUWDLQWLHV��DQG�RU��LL��WDNLQJ�IXWXUH�DFWLRQ��ZH�FDQ�WKLQN�DERXW�ZKDW�ZLOO��FDQ��FRXOG��
ZRXOG�RU�PLJKW�EH��HLWKHU�QRZ�RU�LI�ZH�XQGHUWDNH�DQ�LQWHUYHQWLRQ��7KH�FDSDELOLW\�WKDW�HQDEOHV�WKLV�LV�
FULWLFDO��WKLQNLQJ��RU�ZKDW�&DEUHUD�FDOOV�µVWUXFWXUDO�SUHGLFWLRQ¶��>���������±���@���DOVR�VHH�&KDSWHU�����ZH�
FDQ�UHWKLQN�ERXQGDU\�'LVWLQFWLRQV��H[SORUH�GLIIHUHQW�SDUW�ZKROH�6\VWHP�FRQILJXUDWLRQV��WDNH�GLIIHUHQW�
3HUVSHFWLYHV��DQG�ORRN�IRU�SRVVLEOH�QHZ�5HODWLRQVKLSV��7KLV�NLQG�RI�FULWLFDO�WKLQNLQJ�JHQHUDOO\�KDV�WR�EH�
DQFKRUHG�LQ�DQ�DOLJQPHQW�ZLWK�UHDOLW\��DV�WKH�FRQGLWLRQV�VXUURXQGLQJ�D�JLYHQ�XQFHUWDLQW\�PLJKW�EH�UHOHYDQW�
WR�DGGUHVVLQJ�LW��DQG�DFWLRQ�IRU�FKDQJH�KDV�WR�WDNH�XV�IURP�WKH�FXUUHQW�VLWXDWLRQ�WR�D�QHZ�RQH��VR�NQRZLQJ�
DERXW�WKDW�FXUUHQW�VLWXDWLRQ�PDWWHUV��
�
)LQDOO\���GHOLEHUDWH�GHSDUWXUHV ��IURP�DOLJQPHQW�ZLWK�UHDOLW\�FDQ�SURGXFH�FUHDWLYH�IDQWDVLHV��UDQJLQJ�IURP�
VFHQDULRV�WKDW�DUH�MXVW�D�VPDOO�SORW�WZLVW�DZD\�IURP�RXU�FXUUHQW�VWDWXV�TXR��WR�WRWDOO\�VXUUHDO�ZRUOGV�WKDW�DUH�
KLODULRXV�LQ�WKHLU�DEVXUGLW\��7KH�FUHDWLRQ�RI�µZKDW�LI¶�VFHQDULRV�RU�FUHDWLYH�WKLQNLQJ�FDQ�EH�DLGHG�E\�'653��
:KDW�LI�ZH�'LVWLQJXLVKHG�D�XQLYHUVH�H[LVWLQJ�ZLWKLQ�HDFK�OLYLQJ�FHOO"�:KDW�LI�RXU�NQRZQ�XQLYHUVH�ZDV�MXVW�
D�SDUW�RI�D�ODUJHU�6\VWHP�ZLWK�GLIIHUHQW�SK\VLFDO�ODZV"�:KDW�LI�LW�ZHUH�SRVVLEOH�IRU�DQ�DOWHUHG�PLQG�WR�
HVWDEOLVK�5HODWLRQVKLSV�ZLWK�WKH�PLQGV�RI�RWKHUV�DQG�H[HUW�FRQWURO�RYHU�WKHP"�:KDW�LI�ZH�WRRN�DQ�XQXVXDO�
3HUVSHFWLYH��VXFK�DV�WKDW�RI�DQ�LQVHFW�OLYLQJ�LQ�RXU�KRXVH"�,W�LV�FOHDU�WKDW�'653�FDQ�XQGHUSLQ�WKH�FUHDWLRQ�
RI�ILFWLRQ�DV�ZHOO�DV�IDFW��*LYHQ�VWURQJ�FODLPV�LQ�WKH�ILHOGV�RI�V\VWHPV�WKLQNLQJ�DQG�V\VWHPV�VFLHQFH�WKDW�
ZKDW�ZH�GR�LV�WUDQVGLVFLSOLQDU\��L�H���XVLQJ�LGHDV�WKDW�ZRUN�DFURVV�GLVFLSOLQDU\�ERXQGDULHV���LW�PDNHV�VHQVH�
WR�XV�WKDW�WKLV�VKRXOG�QRW�RQO\�ZRUN�IRU�WKH�VFLHQFHV��H�J����>���@����EXW�FDQ�H[WHQG�LQWR�WKH�DUWV�WRR��
�
$ZDUHQHVV ��RI�WKHVH�'653�VWUXFWXUHV�FRQVWLWXWHV�µV\VWHPV�WKLQNLQJ�VNLOOV¶����&RJQLWLRQ��RIWHQ�RFFXUV��ZKHWKHU�
ZH�OLNH�LW�RU�QRW��LQ�ZD\V�WKDW�ZH�DUH�XQDZDUH�RI���0HWDFRJQLWLRQ���RU�WKH�DZDUHQHVV�RI��KRZ��ZH�WKLQN��LQ�'��
6��5��3�VWUXFWXUHV�DQG�G\QDPLFV���VKRZV�XV�WKH�VWUXFWXUDO�XQGHUSLQQLQJV�RI�WKH�PHQWDO�PRGHOV�ZH�EXLOG�
DERXW�WKH�ZRUOG��7KLV�VWUXFWXUDO�XQGHUVWDQGLQJ�IXUWKHU�DOORZV�IRU�WKH�LGHQWLILFDWLRQ�RI�JDSV�LQ�RXU�
NQRZOHGJH��DQG�SURYLGHV�LQVLJKWV�LQWR�KRZ�WR�ILOO�WKHP��'653�FDQ�EH�WKRXJKW�RI�DV�D�VHW�RI�PHWDFRJQLWLYH�
VNLOOV ��WKDW�FDQ�EH�WDXJKW��OHDUQHG��DQG�SUDFWLFHG��>�������������±���@���7KH�6\VWHPV�7KLQNLQJ�DQG�
0HWDFRJQLWLRQ�,QYHQWRU\��>���������@��RU�670,��LV�D�YDOLGDWHG�HGXPHWULF�WHVW�RI�WKHVH�IRXU�VNLOOV��7KH�
670,�PHDVXUHV�LQGLYLGXDO�PHQWDO�FDSDELOLWLHV�DQG�SURFHVVHV�WR�WKLQN�V\VWHPLFDOO\�DQG�WKLQN�DERXW�RQH¶V�
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WKLQNLQJ��L�H���PHWDFRJQLWLRQ���7KH�670,�VHUYHV�DV�D�WRRO�DQG�UHVRXUFH�WR�KHOS�HGXFDWRUV��LQVWLWXWLRQV��DQG�
LQGLYLGXDOV�WUDFN�WKH�SURJUHVV�LQ�GHYHORSLQJ�V\VWHPV�WKLQNLQJ�VNLOOV��
�
7KH�LGHD��PHQWLRQHG�HDUOLHU�LQ�WKLV�VHFWLRQ��WKDW�V\VWHPV�WKLQNLQJ�LV�DQ�HPHUJHQW�SURSHUW\��L�H���LW�LV�D�
&RPSOH[�$GDSWLYH�6\VWHP�RU�&$6���>�������������������@��LV�D�VLJQLILFDQW�VKLIW�LQ�SUDJPDWLF�WHUPV��,W�
PHDQV�WKDW�LI�RQH�ZDQWV�WR�µGR�V\VWHPV�WKLQNLQJ¶�RU�µJHW�EHWWHU�DW��GHYHORSLQJ�WKH�VNLOO�RI��V\VWHPV�
WKLQNLQJ�¶�RQH�PXVW�UHFRJQL]H�WKDW�V\VWHPV�WKLQNLQJ�LWVHOI�LV�DQ�HPHUJHQW�SURSHUW\�RI�D�SURFHVV��,W�LV�QRW�
VRPHWKLQJ�\RX�FDQ�µGR¶�SHU�VH��EXW�LV�UDWKHU�VRPHWKLQJ�\RX�µJHW¶�ZKHQ�\RX�GR�'653��$OWKRXJK�µGRLQJ�
'653¶�GRHV�QRW�UHTXLUH�PHWDFRJQLWLRQ��LW�LV�K\SRWKHWLFDOO\�SRVVLEOH�IRU�D�SHUVRQ�WR�EH�JRRG�DW�GRLQJ�
'653�ZLWKRXW�NQRZLQJ�LW���EHLQJ�DZDUH�RI�WKH�'653�VWUXFWXUHV��PHWDFRJQLWLRQ��VLJQLILFDQWO\�LQFUHDVHV�
WKH�SUREDELOLW\�RI�RQH�µGRLQJ�'653¶�DQG�WKHUHIRUH�µJHWWLQJ�V\VWHPV�WKLQNLQJ�¶�,W�DOVR�PHDQV�WKDW�
>WHFKQLFDOO\�VSHDNLQJ@�QHLWKHU�'653��QRU�WKH�YDULRXV�IUDPHZRUNV�ODXQFKHG�LQ�WKH�ILUVW�WKUHH�ZDYHV��DUH�
µZKDW�V\VWHPV�WKLQNLQJ��LV ��¶�6\VWHPV�WKLQNLQJ�LV�D�FRPSOH[�DQG�DGDSWLYH�V\VWHP��DQ�RXWFRPH²DQ�
HPHUJHQW�SURSHUW\²RI�WKH�'653�VLPSOH�UXOHV�DQG�LQIRUPDWLRQ�DJHQWV��7KRVH�PXOWLSOH�
IUDPHZRUNV�PHWKRGRORJLHV�IURP�WKH�ILUVW�WKUHH�ZDYHV�PLJKW�QRW��EH��V\VWHPV�WKLQNLQJ��EXW�WKH\�FDQ�
XVHIXOO\�VXSSRUW�WKH�RSHUDWLRQDOL]DWLRQ�RI�WKH�'653�HOHPHQWV�LQ�FRPSOH[�FRPELQDWLRQV�WKDW�DUH�XVHIXO�IRU�
GLIIHUHQW�SXUSRVHV��DQG�WKH�PDQ\�YLVXDOL]DWLRQ�DQG�PRGHOOLQJ�WHFKQLTXHV�WKDW�FRPH�ZLWK�WKH�IUDPHZRUNV�
OLNHZLVH�DLG�RSHUDWLRQDOL]DWLRQ���,W�LV�LQ�WKLV�VHQVH�WKDW�WKHVH�IUDPHZRUNV�DUH��V\VWHPLF���DOWKRXJK�VLPSO\�
NQRZLQJ�KRZ�WR�LPSOHPHQW�RQH�RI�WKHP�LV�QRW�HQRXJK�IRU�VXFFHVVIXO�SUDFWLFH��DV�WKHUH�QHHGV�WR�EH�DQ�
DOLJQPHQW�ZLWK�WKH�SXUSRVHV�DQG�FRQWH[W�RI�DQ�LQWHUYHQWLRQ�WRR��>������@���

8QLYHUVDOLW\�5HYHDOV�1HZ�6WUXFWXUHV�DQG�1HZ�)XWXUHV�
$V�ZH�FRQVLGHU�WKH�SRWHQWLDO�IRU�D�IRXUWK�ZDYH�RI�V\VWHPV�WKLQNLQJ�DQG�FRQWHPSODWH�ERWK�LWV��GLYHUVLW\��DQG�
XQLYHUVDOLW\���LW�EHFRPHV�FOHDU�WKDW�RXU�QHZ�XQGHUVWDQGLQJ�RI�WKH�XQLYHUVDO��DWRPLF�VWUXFWXUHV�RI�'653�
SURYLGH�RSSRUWXQLWLHV�WR�VHH�WKH�ILHOG�LQ�D�QHZ�OLJKW�WKDW�ZDV�KHUHWRIRUH�KLGGHQ�IURP�RXU�YLHZ��,W�EHFRPHV�
LQFUHDVLQJO\�FOHDU��IRU�H[DPSOH��WKDW�ZH�PXVW�ORRN�EH\RQG�WKH�ERXQGDU\�RI�V\VWHPV�WKLQNLQJ�DV�D�ILHOG�
�RULJLQDOO\�HVWDEOLVKHG�ZLWKLQ�'653�7KHRU\�DV�WKH�0)6�8QLYHUVH��PDGH�XS�RI��VFKRODUV�DQG�VFKRODUVKLS���
DQG�ORRN�LQVWHDG�WR��WKH�YDULHG�ZD\V�WKDW�YDULHG�SHRSOH�DUH�WKLQNLQJ�DERXW�YDULRXV�V\VWHPV ���,W�EHFRPHV�
HDVLHU�WR�VHH�WKDW�WKH�6\VWHPV�7KLQNLQJ�/RRS��)LJXUH����VWHS����SURYLGHV�VRPHWKLQJ�DNLQ�WR�WKH�
HYROXWLRQDU\�SURFHVV�RI�V\VWHPLF�WKRXJKW��EXW�ZLWKRXW�WKH�VSHFLILFLW\�RI�'653��LW�LV�DNLQ�WR�'DUZLQ¶V�
HYROXWLRQ�SULRU�WR�0HQGHO��:DWVRQ�DQG�&ULFN�DQG�WKHLU�GLVFRYHULHV�RI�KHUHGLWDU\�WUDLWV�DQG�'1$��:LWK�
'653��ZH�VHH�QRW�RQO\�WKH��LPSRUWDQFH��RI�PHQWDO�PRGHOV��EXW�KRZ�WKH\�DUH�IXQGDPHQWDOO\�VWUXFWXUHG��:H�
VHH��)LJXUH����VWHSV���DQG����WKDW�WKH�IXQGDPHQWDO�VWUXFWXUH�RI�PHQWDO�PRGHOV�LQFOXGHV�'653�6WUXFWXUHV�
DQG��,QIRUPDWLRQ�FRQWHQW��7KXV��ZH�EHJLQ�WR�VHH�KRZ�GLIIHUHQW�µSLHFHV¶�RI�NQRZOHGJH�FDQ�ORRN�DOWRJHWKHU�
GLIIHUHQW�DW�WKH�OHYHO�RI��LQIRUPDWLRQ�FRQWHQW��EXW�PD\�EH�YHU\�VLPLODU��VWUXFWXUDOO\����
�
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�
)LJXUH����7KH�6\VWHPV�7KLQNLQJ�/RRS�DQG�,WV�,QIRUPDWLRQ�'653�6WUXFWXUH��>��@�

�
,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKLV�GXDO�VWUXFWXUH�RI�PHQWDO�PRGHOV��LQIRUPDWLRQ�DQG�'653�XQLYHUVDOV��LV�
ZKDW�DOORZV�XQLYHUVDOLW\�DQG�GLYHUVLW\��7KH�LQILQLWH�FRPELQDWLRQV�DQG�SHUPXWDWLRQV�RI�VWUXFWXUDO�YDULDEOHV�
FRPELQHG�ZLWK�LQILQLWH�LQIRUPDWLRQDO�YDOXHV�PHDQV�WKDW�DQ�LQILQLWH�GLYHUVLW\�LV�SRVVLEOH��GHVSLWH�LWV�
XQLYHUVDO�VWUXFWXUDO�EDVLV��,Q�DGGLWLRQ��WKHUH�DUH�VWUXFWXUDO�DQG�G\QDPLFDO�DVSHFWV�RI�'653�LWVHOI��QDPHO\�
WKH�LGHQWLW\�RWKHU�'LVWLQFWLRQV��'�LR���YDULDEOHV�DQG�WKH�SRLQW�YLHZ�3HUVSHFWLYHV��3 �ŧY���YDULDEOHV��WKDW�PDNH�
'653�LQWHUVXEMHFWLYH��L�H���WKH�RSSRVLWH�RI�XQLYHUVDO�REMHFWLYLVP��DQG�WKHUHIRUH�FDSDEOH�RI�XQGHUSLQQLQJ�
WUHPHQGRXV�GLYHUVLW\��

:KHUH�VKRXOG�IXWXUH�GHYHORSPHQW�IRFXV"�
,PSRUWDQWO\��WKH�DGYHQW�RI�'653�VWUXFWXUHV�SURYLGH�XV�ZLWK�D�TXDQWLILDEOH�EDVLV�XSRQ�ZKLFK�WR�
GLIIHUHQWLDWH�W\SHV�RI�PHQWDO�PRGHOV�EDVHG�RQ�WKH��UDWLR��EHWZHHQ�VWUXFWXUH�DQG�LQIRUPDWLRQ�FRQWHQW��L�H���
KRZ�PXFK�LV�SXUHO\�VWUXFWXUDO�YHUVXV�LQIRUPDWLRQDO���,Q�RWKHU�ZRUGV��WKH�'653�VWUXFWXUHV�SURYLGH�QHZ�
LQVLJKW²PXFK�LQ�WKH�VDPH�ZD\�WKDW�WKH�GLVFRYHU\�RI�'1$�GLG²LQWR�RWKHU�W\SHV�RI�VWUXFWXUHV�WKDW�DUH�
GLIIHUHQWLDEOH�EDVHG�RQ�WKH�UDWLR�RI�LQIRUPDWLRQ�WR�VWUXFWXUH��'653�VWUXFWXUHV�SURYLGH�LQVLJKW�EHFDXVH�WKH\�
DUH�µDWRPLF¶²WKH\�DUH�D�VHW�RI�XQLYHUVDO�EXLOGLQJ�EORFNV��,Q�WXUQ��ZH�EHJLQ�WR�VHH�WKH�XQGHUO\LQJ�SDWWHUQ�
RI�VWUXFWXUH�DQG�LQIRUPDWLRQ�ZKLFK�UHYHDOV�QHZ�VWUXFWXUHV��µPROHFXODU�¶�DQG�µFRPSRXQG¶�VWUXFWXUHV�
>������±���@���/HW�XV�FODULI\�ZKDW�ZH�PHDQ��
�
$WRPLF�6WUXFWXUHV ��7KHVH�DUH�VWUXFWXUDO�RQO\��DQG�WKXV�LQIRUPDWLRQ�DJQRVWLF��7KH�IRXU�VWUXFWXUHV�RI���

'653��HDFK�ZLWK�D�SDLU�RI�HOHPHQWV��DUH�QRW�UHGXFLEOH�WR�VLPSOHU�VWUXFWXUHV��,Q�RWKHU�ZRUGV��WKH\�H[LVW�DW�
WKH�EDVH�RI�WKLQJV��$WRPLF�VWUXFWXUHV�DUH�XQLYHUVDO��,Q�WKH�FDVH�RI�V\VWHPV�WKLQNLQJ��ZH�DUH�UHIHUULQJ�WR�
LGHQWLW\�RWKHU�'LVWLQFWLRQV��SDUW�ZKROH�6\VWHPV��DFWLRQ�UHDFWLRQ�5HODWLRQVKLSV��DQG�SRLQW�YLHZ�
3HUVSHFWLYHV��$V�LV�VKRZQ�LQ�)LJXUH����D�PHQWDO�PRGHO��ᯢ��LV�WKH�FRPSOH[�SURGXFW��ӽ��RI�LQIRUPDWLRQ���ᯞ���
����$OVR�FDOOHG�µXQLYHUVDOV�¶�µXQLYHUVDO�SDWWHUQV�¶�µVLPSOH�UXOHV�¶�µXQLYHUVDO�VWUXFWXUHV�¶�µVWUXFWXUHV�¶�DQG�µSDWWHUQV�¶�RU�µSDWWHUQV�RI�
WKLQNLQJ¶��
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DQG�'653�VLPSOH�VWUXFWXUDO�UXOHV�RI�WKLQNLQJ���ᯥ���VKRZQ�LQ�7DEOH����7KXV�WKH�GHILQLWLRQ�RI�D�PHQWDO�
PRGHO��ᯢ� ��ᯞ��ӽ�ᯥ���
�

7DEOH����7KH�XQLYHUVDO�VWUXFWXUDO�VLPSOH�UXOHV�RI�WKRXJKW� �>��@ ���
�
7KHVH�DWRPLF�VWUXFWXUHV�FDQ�EH�FRPELQHG�WR�IRUP�HYHQ�ODUJHU��PROHFXODU�VWUXFWXUHV�RI�WKRXJKW����
�
0ROHFXODU�6WUXFWXUHV ���7KHVH�DUH�FRPELQDWLRQV�RI�DWRPLF�VWUXFWXUHV�WKDW�DUH�DOPRVW�HQWLUHO\�VWUXFWXUDO�DQG�
PRVWO\�LQIRUPDWLRQ�DJQRVWLF��RU�VR�LQIRUPDWLRQ�JHQHUDO�DV�WR�EH�HIIHFWLYHO\�DJQRVWLF� �7KH\�DUH�D�JURXS�RU���

VHW�RI�DWRPLF�VWUXFWXUHV�WKDW�FRPH�WRJHWKHU�WR�IRUP�D�PRUH�FRPSOH[�VWUXFWXUH��7KHVH�VWUXFWXUHV�DUH�QRW�
XQLYHUVDO��EXW�WKH\�DUH�IRXQG�JHQHUDOO\�DFURVV�GRPDLQV��$�
MLJ
��>����������@��LV�WKH�SULPH�H[DPSOH�RI�D�
PROHFXODU�VWUXFWXUH��VHH�&KDSWHU������7KHUH�LV�D�SURFHVV�IRU�GLVFRYHULQJ�PROHFXODU�VWUXFWXUHV��D�N�D���MLJV���
DQG�D�UHODWLYHO\�VWULFW�GHILQLWLRQ�IRU�ZKDW�FRQVWLWXWHV�RQH��EXW�WKH\�DUH�QRW�HDV\�WR�GLVFRYHU��ZKLFK�LV�
HVSHFLDOO\�WUXH�DV�PRUH�DQG�PRUH�DUH�IRXQG��%\�WRGD\¶V�FRXQW��ZH�KDYH�GLVFRYHUHG����FRJQLWLYH�MLJV��>���@���
([DPSOHV�RI�PROHFXODU�VWUXFWXUHV�LQFOXGH��DQDORJLHV��PHWDSKRUV��VLPLOHV��IHHGEDFN�ORRSV��KLHUDUFKLFDO�
WUHHV��DQG�D�FLUFOH�RI�SHUVSHFWLYHV�DURXQG�DQ�REMHFW�RU�SKHQRPHQRQ��7DNH��IRU�H[DPSOH��WKH�YHU\�
ZHOO�NQRZQ�IUDPHZRUN�FDOOHG�6:27��6WUHQJWKV��:HDNQHVV��2SSRUWXQLWLHV��7KUHDWV��$QDO\VLV��ZKLFK�LV�
W\SLFDOO\�SURYLGHG�LQ�D�IRXU�TXDGUDQW�IUDPHZRUN��7KH�TXDGUDQWV�FDQ�WDNH�DGGLWLRQDO�LQIRUPDWLRQ��1RWH��
KRZHYHU��WKH�GLIIHUHQFH�EHWZHHQ�6:27��ZKLFK�LV�D�FRPSRXQG�VWUXFWXUH��DQG�LWV�PROHFXODU�SUHGHFHVVRU�LQ�
)LJXUH�����
�

���&RQWHQW�DJQRVWLFLVP�PHDQV�WKDW�WKH�LQIRUPDWLRQ�FRQWHQW��YDOXH��DVVRFLDWHG�ZLWK�D�VWUXFWXUDO�YDULDEOH�LV�LUUHOHYDQW��LW�FRXOG�EH�
DQ\WKLQJ���&RQWHQW�JHQHUDOLW\�PHDQV�WKDW�ZKLOH�WKH�LQIRUPDWLRQ�FRQWHQW��YDOXH��DVVRFLDWHG�ZLWK�D�VWUXFWXUDO�YDULDEOH�LV�SUHVFULEHG��
LW�LV�VR�JHQHUDO�LQ�QDWXUH�DV�WR�HIIHFWLYHO\�EH��DOPRVW��XQLYHUVDOO\�JHQHUDOL]DEOH�DFURVV�GRPDLQV�DQG�DSSOLFDWLRQV��$Q�DQDORJ\�LV�D�
JRRG�H[DPSOH�RI�VXFK�D�VWUXFWXUH��DV�LW�UHTXLUHV�VSHFLILF�LQIRUPDWLRQ�FRQWHQW��LV��LV�OLNH��WKDW�LV�YHU\�JHQHUDO�LQ�QDWXUH���

���

7KH�,GHQWLW\�2WKHU�'LVWLQFWLRQV�5XOH�

'�� ���L�ļ�R��� $�'LVWLQFWLRQ��'��LV�GHILQHG�DV� �LGHQWLW\� ��L��FR�LPSO\LQJ�DQ� �RWKHU� �� �R���

7KH�3DUW�:KROH�6\VWHPV�5XOH�

6�� ���S�ļ�Z��� $�6\VWHP��6��LV�GHILQHG�DV� �SDUW��� �S� ��FR�LPSO\LQJ�D� �ZKROH� �� �Z���

7KH�$FWLRQ�5HDFWLRQ�5HODWLRQVKLSV�5XOH�

5�� ���D�ļ�U ��� $�5HODWLRQVKLS��5��LV�GHILQHG�DV� �DFWLRQ� �� �D���FR�LPSO\LQJ�D� �UHDFWLRQ �� �U ���

7KH�3RLQW�9LHZ�3HUVSHFWLYHV�5XOH�

3�� ���૧�ļ�Y��� $�3HUVSHFWLYH��3��LV�GHILQHG�DV� �SRLQW� �� �૧���FR�LPSO\LQJ�D� �YLHZ� �� �Y���
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�
)LJXUH����8VLQJ�6:27�WR�GLIIHUHQWLDWH�$WRPLF��0ROHFXODU��DQG�&RPSRXQG�6WUXFWXUHV�

�
1RWH�WKDW�WKH�LQIRUPDWLRQ�FRQWHQW��WKH�YDOXHV�DWWULEXWHG�WR�WKH�VWUXFWXUHV��DUH�VSHFLILF�DQG�UHTXLUHG�LQ�WKH�
6:27�$QDO\VLV�IUDPHZRUN��PXFK�OLNH�PRVW�V\VWHPV�WKLQNLQJ�IUDPHZRUNV���7KHVH�FRQWHQW�VSHFLILF�
TXDGUDQWV�FDQ�LQ�WXUQ�WDNH�DGGLWLRQDO�LQIRUPDWLRQ�YDOXHV��+RZHYHU��LI�ZH�ZHUH�WR�UHPRYH�WKH�VSHFLILF�
LQIRUPDWLRQDO�FRQWHQW��L�H���6WUHQJWKV��:HDNQHVV��2SSRUWXQLWLHV��7KUHDWV���WKHQ�LW�LV�QR�ORQJHU�WKH�6:27�
$QDO\VLV�IUDPHZRUN��,W�LV�MXVW�D�JHQHULF�IRXU�TXDGUDQW�HPSW\�VWUXFWXUH�WKDW��DQ\��W\SH�RI�
LQIRUPDWLRQ�FRQWHQW�FDQ�EH�DGGHG�WR��,Q�RWKHU�ZRUGV��LI�ZH�UHPRYH�WKH�FRQWHQW�VSHFLILFLW\��WKHQ�LW�EHFRPHV�
D�PROHFXODU�VWUXFWXUH�RU�
MLJ
�WKDW�ZH�PLJKW�FDOO�WKH�µIRXU�TXDGUDQW�MLJ¶��:H�FDQ�VHH��WRR��WKDW�WKLV�
0ROHFXODU�6WUXFWXUH�LV�PDGH�XS�RI�WZR�$WRPLF�6WUXFWXUHV��'�DQG�6��7KXV��0ROHFXODU�6WUXFWXUHV�DUH�
UHODWLYHO\�LQIRUPDWLRQ�LQGHSHQGHQW�VWUXFWXUHV��DQG�WKH\�LQ�WXUQ�PDNH�XS�HYHQ�ODUJHU��PRUH�FRPSOH[�
LQIRUPDWLRQ�GHSHQGHQW�SKHQRPHQD�FDOOHG��&RPSRXQG�6WUXFWXUHV ����
�
&RPSRXQG�6WUXFWXUHV ���7KHVH�DUH�PRUH�FRPSOH[�GHULYDWLRQV�RI�DWRPLF�VWUXFWXUHV��RIWHQ�LQFOXGLQJ�
PROHFXODU�VWUXFWXUHV��WKDW�DUH�LQIRUPDWLRQ�VSHFLILF��LQIRUPDWLRQ�GHSHQGHQW��DQG�XVXDOO\�PRUH�VSHFLDOL]HG�
LQ�WKHLU�DSSOLFDWLRQ�DV�D�UHVXOW��7KH\�DUH�D�ODUJHU��PXFK�OHVV�JHQHUDO�JURXS�RU�VHW�RI�VWUXFWXUHV�ZLWK�
LQFUHDVLQJ�FRQWHQW�VSHFLILFLW\��DQG�WKHUHIRUH�LQFUHDVLQJ�VSHFLDOL]DWLRQ��LQ�WHUPV�RI�DSSOLFDWLRQ���
&RPSRXQG�VWUXFWXUHV�LQFOXGH��DOO�VSHFLILF�PHQWDO�PRGHOV ���WKHUHIRUH�DOO�KXPDQ�NQRZOHGJH��VXFK�DV�
IUDPHZRUNV��PHWKRGV��FRQFHSWXDO�PRGHOV��DSSURDFKHV��HWF��7KDW�LV��DQ\�PHQWDO�PRGHO�LQ�ZKLFK�WKH�
VSHFLILFLW\�RI�WKH�LQIRUPDWLRQ�LV�QHFHVVDU\��,I�ZH�FDQ�UHPRYH�WKH�LQIRUPDWLRQ�DQG�WKH�PRGHO�UHPDLQV�WKH�
VDPH��WKHQ�LW�LV��QRW��D�FRPSRXQG�VWUXFWXUH��([DPSOHV�LQFOXGH�DOO�RI�WKH�IUDPHZRUNV�LQ�WKH�0)6�8QLYHUVH��
DOO�',<��VHOI�KHOS��GHYHORSPHQWDO�
VOLGHUV�
��>�����������@��DV�ZHOO�DV�DOO�IUDPHZRUNV�RI�NQRZOHGJH�RI�
YDULRXV�NLQGV��VFLHQWLILF��IRON��H[SHULHQWLDO��HWF���D�N�D��DOO�RI�VFLHQFH�DQG�DOO�RI�KXPDQ�NQRZOHGJH����
�
)LJXUH���LOOXVWUDWHV�KRZ�IRXU��DWRPLF�VWUXFWXUHV��RU�GLVWLQFWLRQV��V\VWHPV��UHODWLRQVKLSV��DQG�SHUVSHFWLYHV�
OHDG�WR�HYHQ�PRUH��PROHFXODU�VWUXFWXUHV ��RU�µMLJV¶�WKDW�VXEVHTXHQWO\�UROO�XS�LQWR�QXPHURXV��FRPSRXQG�
VWUXFWXUHV ��RU�PHQWDO�PRGHOV��IUDPHZRUNV��HWF���IRXQG�LQ�HYHU\�GLVFLSOLQH��WKDW�DUH�UHOHYDQW�WR�WKH�
QHDU�LQILQLWH�QXPEHU�RI�SHRSOH��V\VWHPV��RU�SUREOHPV�WKDW�H[LVW��7KLV�ILJXUH�DOVR�LOOXVWUDWHV��RQ�WKH�ULJKW��
WKH�GULYLQJ�GLIIHUHQWLDWRU�RI�WKHVH�GLVWLQFWLRQV���LQFUHDVLQJ�FRQWHQW�VSHFLILFLW\�DQG�VSHFLDOL]DWLRQ��RU�
LQFUHDVLQJ�FRQWHQW�DJQRVWLFLVP�DQG�XQLYHUVDOLW\���,Q�RWKHU�ZRUGV��PRYLQJ�IURP�WKH�DWRPLF�VWUXFWXUHV�WR�
FRPSRXQG�VWUXFWXUHV��LQFUHDVHV ��FRQWHQW�VSHFLILFLW\�DQG�VSHFLDOL]DWLRQ��
�

���
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�
)LJXUH����$WRPLF��0ROHFXODU��DQG�&RPSRXQG�6WUXFWXUHV�

�
$V�LQGLFDWHG�LQ�)LJXUH����ZH�VHH�WKDW��DV�ZH�JR�
XS
�LQ�WKH�ZRUOG��ZH��LQFUHDVH�WKH�LQIRUPDWLRQ�FRQWHQW�
VSHFLILFLW\��DQG��WKH�VSHFLDOL]DWLRQ��RI�PHQWDO�PRGHOV��DQG�DV�ZH�JR�
GRZQ
�LQ�WKH�ZRUOG��ZH��LQFUHDVH���WKH�
FRQWHQW�DJQRVWLFLVP��DQG��XQLYHUVDOLW\���7KLV�XQGHUVWDQGLQJ�LQ�WXUQ�UHYHDOV�GLIIHUHQFHV�LQ�WKH��UDWLR�RI�
LQIRUPDWLRQ�FRQWHQW�WR�VWUXFWXUH���ZKLFK�EHFRPHV�LPSRUWDQW�LQ�GHWHUPLQLQJ�WKH�EURDG�XWLOLW\�RI�PHQWDO�
PRGHOV��7KH�UHFRJQLWLRQ�RI�WKHVH�VWUXFWXUHV��DJDLQ��PDGH�SRVVLEOH�DQG�TXDQWLILDEO\�GLVWLQJXLVKDEOH�E\�WKH�
DGYHQW�RI�'653��KDV�VLJQLILFDQW�LPSOLFDWLRQV�IRU�WKH�IXWXUH�SDWK�DQG�WUDMHFWRU\�RI�V\VWHPV�WKLQNLQJ��7KH�
TXHVWLRQ�ZH�PXVW�UH�DVN�RXUVHOYHV�LV��µKRZ�GR�ZH�HVWDEOLVK�WKH��ERXQGDU\��IRU�ZKDW�GHILQHV�WKH��GLYHUVLW\��RI�
V\VWHPV�WKLQNLQJ"¶�6KRXOG�ZH²DV�ZH�KDYH�PRVWO\�GRQH�LQ�WKH�SDVW�DQG�XS�XQWLO�QRZ²�RQO\��LQFOXGH�
IUDPHZRUNV���FRPSRXQG�VWUXFWXUHV����GHYHORSHG�E\��V\VWHPV�WKLQNLQJ�VFKRODUV��LQ�WKH��ILHOG�RI�V\VWHPV�WKLQNLQJ�
VFKRODUVKLS��H�J���WKH�0)6�8QLYHUVH��"�
�
2U�VKRXOG�ZH�FRQVLGHU�D�IDU�ODUJHU�ERXQGDU\�RI�FRPSRXQG�VWUXFWXUHV�EDVHG�RQ��WKH�YDULHG�ZD\V�WKDW�YDULHG�
SHRSOH�DUH�WKLQNLQJ�DERXW�YDULRXV�V\VWHPV �"�7KLV�PD\�DW�ILUVW�VHHP�OLNH�D�VLOO\�TXHVWLRQ��EXW�LI�V\VWHP�
G\QDPLFV�DQG�VRIW�V\VWHPV�PHWKRGRORJ\��WZR�ZHOO�NQRZQ�DSSURDFKHV�WR�V\VWHPLF�PRGHOOLQJ�IRU�
LQWHUYHQWLRQ��DUH�FRQVLGHUHG�V\VWHPV�WKLQNLQJ�IUDPHZRUNV��LV�6:27�$QDO\VLV "�:KDW�DERXW�&5,635 "��� ��

,V�(YROXWLRQDU\�7KHRU\"�1HZWRQ¶V�6HFRQG�/DZ"�1HWZRUN�7KHRU\"�&KDRV�7KHRU\"�7RWDO�4XDOLW\�
0DQDJHPHQW��740�"�:KDW�DERXW�&RYH\¶V�6HYHQ�+DELWV�RI�6XFFHVVIXO�3HRSOH"�'HVLJQ�7KLQNLQJ"�2U��
\RXU�JUDQGPD¶V�WLPH�WHVWHG�UHFLSH�IRU�IULHG�FKLFNHQ"�:KDW��RU�ZKR��GHWHUPLQHV�WKDW�V\VWHP�G\QDPLFV��RU�
FULWLFDO�V\VWHPV�WKLQNLQJ��RU�VRIW�V\VWHPV�PHWKRGRORJ\��DUH�FDUG�FDUU\LQJ�PHPEHUV�RI�WKH�V\VWHPV�
WKLQNLQJ�8QLYHUVH"�:KDW�RU�ZKR�GHWHUPLQHV�ZKHWKHU��DQ\��IUDPHZRUN�GHVLJQHG�WR�KHOS�SHRSOH�XQGHUVWDQG�
D�SDUWLFXODU�V\VWHP�RU�VROYH�D�SDUWLFXODU�SUREOHP�LV�SDUW�RI�WKH�V\VWHPV�WKLQNLQJ�8QLYHUVH"�:KDW��RU�
ZKRVH��UDWLRQDOH�RU�ORJLF�LV�XVHG�WR�GHWHUPLQH�ZKDW�LV�LQ�DQG�ZKDW�LV�RXW"�7KLV�LV�DQ�LPSRUWDQW�TXHVWLRQ�
DERXW�SRZHU�DQG�OHJLWLPDF\�WKDW�LV�FRUH�WR�WKH�PHWKRGRORJ\�RI�FULWLFDO�V\VWHPV�KHXULVWLFV��>��@���VR�LQ�
DVNLQJ�LW��ZH�DUH�HIIHFWLYHO\�DSSO\LQJ�D�V\VWHPLF�TXHVWLRQ�WR�V\VWHPV�WKLQNLQJ�LWVHOI��:H�VXJJHVW�WKDW�³�WKH�
YDULHG�ZD\V�WKDW�YDULHG�SHRSOH�DUH�WKLQNLQJ�DERXW�YDULRXV�V\VWHPV´��SURYLGHV�D�JRRG�OLWPXV�IRU�LQFOXVLRQ�
LQ�WKH�V\VWHPV�WKLQNLQJ�8QLYHUVH����
�

���6WUHQJWKV�:HDNQHVVHV�2SSRUWXQLWLHV�DQG�7KUHDWV²�D�SRSXODU�SROLF\�DQDO\VLV�PRGHO��
���&OXVWHUHG�5HJXODUO\�,QWHUVSDFHG�6KRUW�3DOLQGURPLF�5HSHDWV²�D�IDPLO\�RI�'1$�VHTXHQFHV��

���
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7KLV�H[SDQVLRQ�RI�WKH�ERXQGDU\�FUHDWHV�DQ�LQWHUHVWLQJ�WHQVLRQ�EHWZHHQ�WKH��LGHDO��RI�LQFOXVLRQ��MXVW�
H[SODLQHG��DQG�WKH��FXUUHQW�UHDOLWLHV ��RI�LQFOXVLRQ��ZKLFK�KDYH�HYROYHG�LQ�YDULRXV�SDUWV�RI�WKH��VRPHZKDW�
IUDJPHQWHG��V\VWHPV�UHVHDUFK�FRPPXQLW\��$�GHILQHG�VHW�RI�KXPDQ�EHLQJV��OLNH�D�UHVHDUFK�FRPPXQLW\��
ZLOO�DOZD\V�EH�RSHUDWLQJ�ZLWK�ERXQGDULHV�WKDW�HQDEOH�WKH�H[SORUDWLRQ�RI�SDUWLFXODU�IRFL��DQG�WKHUHIRUH�WKH\�
SXW�RWKHU�NQRZOHGJH�WKDW�KDV�WKH�SRWHQWLDO�WR�EH�YLHZHG�DV�SDUW�RI�V\VWHPV�WKLQNLQJ�RXWVLGH�WKHLU�UHPLW��
7KLV�LV�LQHYLWDEOH��>�����@���DQG�ZLOO�FRQWLQXH��EXW�DZDUHQHVV�WKDW�WKH�LGHDO�RI�LQFOXVLRQ�LV�EURDGHU�WKDQ�RXU�
FXUUHQW�ERXQGDULHV�RI�LQTXLU\��LQ�SDUW�HVWDEOLVKHG�E\�FRQYHQWLRQ��JLYHV�SHUPLVVLRQ�IRU�µH[SORUHUV¶�WR�
MRXUQH\�LQWR�RWKHU�NQRZOHGJH�GRPDLQV�LQ�VHDUFK�RI�V\VWHPLF�LGHDV�WKDW�PLJKW�PDNH�D�GLIIHUHQFH�WR�RXU�
WKLQNLQJ�DQG�SUDFWLFH��
�
([SDQGLQJ�WKH�ERXQGDU\�FDXVHV�XV�WR�DVN�GLIIHUHQW�DQGUDJRJLFDO�SHGDJRJLFDO�DQG�GHYHORSPHQWDO�TXHVWLRQV�
DV�ZHOO��$V�ZH�FRQVLGHU�WKH�PRVW�HIIHFWLYH�ZD\�WR�WUDLQ�IRU�SHUVRQDO�PDVWHU\�DQG�VNLOO�GHYHORSPHQW�LQ�
V\VWHPV�WKLQNLQJ��DUH�ZH�EHWWHU�RII�WHDFKLQJ�SHRSOH�WKH�IUDPHZRUNV��H�J���WKH��ILHOG¶V ��FRPSRXQG�VWUXFWXUHV��
VXFK�DV�V\VWHP�G\QDPLFV��V\VWHPV�HQJLQHHULQJ��VRIW�V\VWHPV�PHWKRGRORJ\��FULWLFDO�V\VWHPV�WKLQNLQJ��
YLDEOH�V\VWHP�PRGHO��HWF����RU�VKRXOG�ZH�IRFXV�RQ��DWRPLF�DQG�PROHFXODU�VWUXFWXUHV ��UROOLQJ�XS�LQWR�D�
EURDGHU�VHW�RI�FRPSRXQG�VWUXFWXUHV�WKDW�WUDQVFHQG�WKH�FXUUHQWO\�GHILQHG�V\VWHPV�WKLQNLQJ�ILHOG"�:H�
VXJJHVW�WKDW�WKH�UHDOL]DWLRQ�RI�DWRPLF�XQLYHUVDOV�OHDGV�XV�WR�VHH�D�ZKROH�QHZ�OD\HU�RI�VWUXFWXUHV��PROHFXODU�
VWUXFWXUHV��WKDW�SUHFHGHV�WKH�IUDPHZRUNV�WKDW�DUH�FXUUHQWO\�FRQVLGHUHG�
V\VWHPV�WKLQNLQJ�
�DQG�WKLV�FDXVHV�
XV�WR�H[SDQG�XSRQ�WKH�FRPSRXQG�VWUXFWXUHV�WKDW�DUH�LQFOXGHG�LQ�WKLV�ODWWHU�JURXS²WKHUHE\�PDVVLYHO\�
H[SDQGLQJ�WKH�GRPDLQ�DQG�DSSOLFDELOLW\�RI�V\VWHPV�WKLQNLQJ�WR�ZKDW�ZH�EHOLHYH�LV�LWV�ULJKWIXO�VWDWXV��
$OWKRXJK�RXU�H[SHULHQFH��EDVLF�ORJLF��DQG�VRPH�UHVHDUFK��>��@��SRLQW�WR�RXU�FRQFOXVLRQV��WKLV�LV�QRW�\HW�D�
VHWWOHG�HPSLULFDO�TXHVWLRQ��7LPH�ZLOO�WHOO��
�
,Q�RWKHU�ZD\V��LW�EHFRPHV�D�TXHVWLRQ�RI�OHDGHUVKLS��7KH�TXHVWLRQ�LV�WZRIROG������ZKHWKHU�WR�IRFXV�WKH�
ILHOG
V�HIIRUWV�PRUH�RQ�WKH�GHYHORSPHQW�RI�DWRPLF�DQG�PROHFXODU�VWUXFWXUHV"�����ZKHWKHU�WR�VLJQLILFDQWO\�
H[SDQG�WKH�FRPSRXQG�VWUXFWXUHV�ZHOO�EH\RQG�WKH�GRPDLQ�RI�FXUUHQW�V\VWHPV�WKLQNLQJ�VFKRODUVKLS�WR�³DQ\�
SHUVRQ��DQ\�V\VWHP"´��>��@��:H�WKLQN�WKH�DQVZHU�LV�\HV�LQ�ERWK�UHJDUGV��LI�IRU�QR�RWKHU�UHDVRQV�WKDQ�����WKH�
DWRPLF�DQG�PROHFXODU�VWUXFWXUHV�DUH�PRUH�JHQHUDOO\�DSSOLFDEOH��XVHIXO��DQG�DGDSWLYH��DQG�����WKH�GRPDLQ�
RI�V\VWHPV�WKLQNLQJ¶V�DSSOLFDELOLW\�ZLOO�JURZ��RSHQLQJ�PRUH�RSSRUWXQLWLHV�IRU�XV�WR�PDNH�D�GLIIHUHQFH�LQ�
SUDFWLFH��$WRPLF�DQG�PROHFXODU�VWUXFWXUHV�DUH�PRUH�DGDSWLYH�EHFDXVH�WKH\�FDQ�EH�PL[HG�DQG�PDWFKHG��
FRPELQHG�DQG�UHFRPELQHG��DGDSWHG�DQG�DOWHUHG��WR�EXLOG�HQWLUHO\�QHZ�FRPSRXQG�VWUXFWXUHV��RIWHQWLPHV�
RQ�WKH�IO\��5DWKHU�WKDQ�XVH�RII�WKH�VKHOI�IUDPHZRUNV��OLNH�V\VWHP�G\QDPLFV�RU�VRIW�V\VWHPV�PHWKRGRORJ\���
V\VWHPV�WKLQNHUV�LQ�WKLV�QHZ�FRQWH[W�ZLOO�QHHG�WR�EXLOG�D�UHDG\�PDGH��EHVSRNH��FXVWRP�IUDPHZRUN�WKDW�LV�
LGHDOO\�VXLWHG�WR�WKH�MRE�DW�KDQG��>���������±�����������@���$V�DQ�H[DPSOH��ZKHUH�V\VWHP�G\QDPLFV�LV�D�
FRPSRXQG�VWUXFWXUH��IUDPHZRUN���RQH�RI�WKH�FRQFHSWV�WKDW�ZDV�SRSXODUL]HG�WKURXJK�WKH�PHWKRGRORJ\�LV�

IHHGEDFN�ORRSV�
�ZKLFK�LV�D�PROHFXODU�
MLJ
�VWUXFWXUH��:KLFK�RI�WKHVH�VWUXFWXUHV�LV�PRUH�XQLYHUVDO"�0RUH�
XVHIXO"�0RUH�XVHG"�0RUH�DGDSWLYH�LQ�LWV�XVH�ZLWK�RWKHU�VWUXFWXUHV"�0RUH�FRPELQDEOH"�7KH�DQVZHU�LV�
FOHDU��WKH�PROHFXODU�
MLJ
�VWUXFWXUH�RI�IHHGEDFN�ORRSV��,I�ZH�IDFH�ERWK��QRYHO�DQG�ZLFNHG�SUREOHPV�WKDW�DUH�
IUDPHZRUN�RU�PRGHO�UHVLVWDQW�²ZKLFK�ZH�VXJJHVW�LV�FRPPRQ²VXFFHVV�GHSHQGV�RQ�WKH�V\VWHPV�WKLQNHU¶V�
DELOLW\�WR��DGDSW��LQ�VLWX�WR�UHDO�ZRUOG��RQ�WKH�JURXQG�LQIRUPDWLRQ��DQG�WKH�DWRPLF�VWUXFWXUHV��'653��DQG�
PROHFXODU�VWUXFWXUHV��MLJV��SURYLGH�DGDSWLYH�FDSDELOLWLHV���
�
7KLV�VHWV�WKH�VWDJH�IRU�D�GLIIHUHQW�IXWXUH�IRU�V\VWHPV�WKLQNLQJ�DV�D�ILHOG��7KH�XQLYHUVDOLW\�RI�'653�7KHRU\�
FDXVHV�XV�WR�DVN�IXQGDPHQWDOO\�GLIIHUHQW�TXHVWLRQV��PXFK�OLNH�WKH�DGYHQW�RI�HYROXWLRQ��KHUHGLWDU\�WUDLWV��
DQG�'1$�KDV�GRQH�LQ�ELRORJ\��1RW�WKDW�WKH�ROG�TXHVWLRQV�DUHQ¶W�VWLOO�LPSRUWDQW��EXW�ZH�PD\�VWDUW�WR�DVN�
WKHP�LQ�VOLJKWO\�GLIIHUHQW�ZD\V��DQG�WKHUH�PD\�EH�HYHQ�PRUH�LPSRUWDQW��DV�\HW�XQDQVZHUHG��TXHVWLRQV�WR�EH�
IUDPHG��([DPSOHV�RI�WKH�NLQGV�RI�GLIIHUHQW�TXHVWLRQV�ZH�QRZ�FDQ�DVN�WKDW�ZLOO�JXLGH�WKH�V\VWHPV�WKLQNLQJ�
ILHOG�LQ�WKH�IXWXUH�LQFOXGH��
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�
Ɣ +RZ�FDQ�WKH�XQLYHUVDO�VWUXFWXUHV�RI�V\VWHPV�WKLQNLQJ�EH�XVHG�WR�FKDUDFWHUL]H�WKH�VWUHQJWKV�DQG�

ZHDNQHVVHV�RI�H[LVWLQJ�V\VWHPV�WKLQNLQJ�IUDPHZRUNV��DFURVV�WKH�ZDYHV�"�+RZ�FDQ�WKHVH�
VWUXFWXUHV�EH�XVHG�WR�LPSURYH�YDULRXV�PHWKRGV�DQG�PHWKRGRORJLHV��VXFK�DV�WKRVH�UHSUHVHQWHG�LQ�
&KDSWHUV������RI�WKLV�ERRN" �)RU�H[DPSOH��KRZ�GR�WKH�XQLYHUVDO�'653�VWUXFWXUHV�H[WHQG�WKH�ILUVW���

ZDYH�IUDPHZRUNV�RI�V\VWHPV�HQJLQHHULQJ��VHH�&KDSWHU�����QHWZRUN�WKHRU\��6HH�&KDSWHU�����DQG�
DJHQW�EDVHG�PRGHOLQJ��6HH�&KDSWHU�����

Ɣ :KDW�DUH�WKH�EHVW�ZD\V�WR�YLVXDOO\�PDS�WKH�VWUXFWXUHV�RI�V\VWHPV�WKLQNLQJ"�+RZ�FDQ�ZH�PDNH�
YLVXDO�PDSSLQJ��DQG�WKH�V\VWHPLF�YLVXDO�DQG�ORJLFDO�JUDPPDU�WKDW�XQGHUOLHV�LW��PRUH�DFFHVVLEOH�WR�
DOO�SHRSOH�VR�WKDW�WKH\�FDQ�XVH�LW�WR�XQGHUVWDQG�DQG�LPSURYH�DQ\�V\VWHP��VHH�&KDSWHUV����DQG����"�

Ɣ :KDW�FDQ�ZH�OHDUQ�LQ�HIIHFWLYHQHVV�VWXGLHV�RI�KRZ�WKH�VWUXFWXUHV�RI�V\VWHPV�WKLQNLQJ�LPSURYH�
OHDUQLQJ��HGXFDWLRQ��H[HFXWLYH�HGXFDWLRQ��SUREOHP�VROYLQJ��FUHDWLYLW\��HWF�"�:KDW�DUH�EHVW�
SUDFWLFHV�LQ�WKH�WHDFKLQJ�DQG�OHDUQLQJ�RI�V\VWHPV�WKLQNLQJ�VNLOOV��IURP�QRYLFH�WR�H[SHUW��VHH�
&KDSWHUV�����������������DQG����"�

Ɣ +RZ�FDQ�WKH�XQLYHUVDO�VWUXFWXUHV�RI�V\VWHPV�WKLQNLQJ�EH�XVHG�DV�D�YHKLFOH�IRU�PDNLQJ��VWUXFWXUDO�
SUHGLFWLRQV ��DQG�DLG�LQQRYDWLRQ��LQYHQWLRQ��FUHDWLYLW\��IXWXUH�VFHQDULR�SODQQLQJ��DQG�QHZ�
NQRZOHGJH�GLVFRYHU\��VHH�&KDSWHUV�������DQG����"�

Ɣ +RZ�FDQ�WKH�XQLYHUVDO�VWUXFWXUHV�RI�V\VWHPV�WKLQNLQJ�EH�XVHG�WR�GHFUHDVH�RQH¶V�FRJQLWLYH�ELDVHV�
�VHH�&KDSWHUV�������������������"�

Ɣ +RZ�FDQ�WKH�XQLYHUVDO�VWUXFWXUHV�RI�V\VWHPV�WKLQNLQJ�EH�XVHG�WR�LQFUHDVH�RQH¶V�SHUVRQDO�PDVWHU\��
SURIHVVLRQDOO\�DQG�SHUVRQDOO\��VHH�&KDSWHUV����"�

Ɣ :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�V\VWHPV�WKLQNLQJ�DQG�RWKHU�IRUPV�RI�WKLQNLQJ��OLNH�FRJQLWLRQ��
PHWDFRJQLWLRQ��FULWLFDO��VFLHQWLILF��DQDO\WLFDO��FUHDWLYH��LQWHUGLVFLSOLQDU\��LQWHUSHUVRQDO��SURVRFLDO��
VWUXFWXUDO��DQG�YLVXDO�WKLQNLQJ��VHH�&KDSWHUV�����������������DQG����"�

Ɣ $UH�WKHUH�H[LVWLQJ�PROHFXODU�VWUXFWXUHV�WKDW�KDYH�QRW�\HW�EHHQ�H[SOLFDWHG"�$UH�WKHUH�PROHFXODU�
VWUXFWXUHV��MLJV��WKDW�DUH�JOREDOO\�JHQHUDOL]DEOH��WR�DOO�GLVFLSOLQHV�DQG�W\SHV�RI�NQRZOHGJH�"��$UH�
WKHUH�PROHFXODU�VWUXFWXUHV��MLJV��WKDW�DUH�ORFDOO\�JHQHUDOL]DEOH��ZLWKLQ�D�VLQJOH�GLVFLSOLQH���VHH�
&KDSWHUV����"��

Ɣ +RZ�VKRXOG�ZH�FRQWLQXH�WR�SXUVXH�WKHRU\��EDVLF��DQG�DSSOLHG�UHVHDUFK�LQWR�XQLYHUVDOV"�)RU�
H[DPSOH��KRZ�SUHFLVHO\�GR�ERXQGDU\�GLVWLQFWLRQV�IRUP��ERWK�LQ�PLQG�DQG�QDWXUH"�$QG��KRZ�GR�
WKH\�FRUUHODWH"�+RZ�SUHFLVHO\�GRHV�KLHUDUFK\��SHUPXWDWLRQ��DQG�FRPELQDWLRQ��EHORQJLQJ��DQG�
FRQWDLQPHQW�UHVXOW�IURP�WKH�FRQILJXUDWLRQ�RI�SDUW�ZKROH�VWUXFWXUHV��ERWK�LQ�PLQG�DQG�QDWXUH"�$QG�
KRZ�GR�WKH\�FRUUHODWH"�+RZ�SUHFLVHO\�GR�FDXVDOLW\�DQG�FRQQHFWLYLW\�SDWWHUQV�UHVXOW�IURP�WKH�
FRQILJXUDWLRQ�RI�DFWLRQ�UHDFWLRQ�VWUXFWXUHV��ERWK�LQ�PLQG�DQG�QDWXUH"�$QG�KRZ�GR�WKH\�FRUUHODWH"�
+RZ�SUHFLVHO\�GR�HPHUJHQW�SDWWHUQV�RI�HPSDWK\��FRPSDVVLRQ��LQVLJKW��SK\VLFDO��VSDWLDO��DQG�
DQWKURSRFHQWULF�IRUFHV��DQG�ELDV��HWF���UHVXOW�IURP�WKH�FRQILJXUDWLRQ�RI�SRLQW�YLHZ�VWUXFWXUH��ERWK�
LQ�PLQG�DQG�QDWXUH"�$QG�KRZ�GR�WKH\�FRUUHODWH"��VHH�&KDSWHU����DQG������

Ɣ +RZ�GRHV�DQ�XQGHUVWDQGLQJ�RI�WKH�VWUXFWXUH�LQIRUPDWLRQ�PDNH�XS�RI�PHQWDO�PRGHOV�GULYH�QHZ�
LQVLJKWV�LQ�WKH�FRJQLWLYH�VFLHQFHV��VHH�&KDSWHU����"�

Ɣ +RZ�FDQ�WKH�XQLYHUVDO�VWUXFWXUHV�RI�V\VWHPV�WKLQNLQJ�EH�XVHG�WR�HQKDQFH�LQWHUGLVFLSOLQDU\��
PXOWLGLVFLSOLQDU\��DQG�WUDQVGLVFLSOLQDU\�SUDFWLFH"�,Q�ZKDW�ZD\V�GR�WKH\�SURYLGH�D�FRPPRQ�
ODQJXDJH�WR�DWWDFN�7RZHU�RI�%DEHO�SUREOHPV"�&RQWLQXHG�UHVHDUFK�LQWR�WKH�XQLYHUVDO�VWUXFWXUHV�RI�
V\VWHPV�WKLQNLQJ�DFURVV�DOO�GRPDLQV�DQG�ZLWKLQ�VSHFLILF�GRPDLQV��VHH�&KDSWHUV����DQG����"�

Ɣ +RZ�FDQ�ZH�GHYHORS�EHWWHU�SUDFWLFHV�IRU�KHOSLQJ�GLVFLSOLQDU\�H[SHUWV�WR�WUDQVIRUP�WKHLU�ILHOGV�E\�
XVLQJ�WKH�XQLYHUVDO�VWUXFWXUHV�RI�V\VWHPV�WKLQNLQJ�WR�GHWHUPLQH�ZKDW�
6\VWHPV�;
��H�J���V\VWHPV�

���7KLV�LV�D�YHU\�ELJ�TXHVWLRQ��DQG�RQH�WKDW�GULYHV�WKH�FRQWULEXWLRQV�FRQWDLQHG�LQ�WKLV�+DQGERRN��7KLV�VLQJOH�TXHVWLRQ�UHSUHVHQWV�D�
WUHPHQGRXV�DPRXQW�RI�UHVHDUFK�DQG�SUDFWLWLRQHU�ZRUN�WR�EH�GRQH��

���



HYDOXDWLRQ��V\VWHPV�HQJLQHHULQJ��V\VWHPV�QHXURVFLHQFH��V\VWHPV�HGXFDWLRQ��HWF���VKRXOG�PHDQ�WR�
WKHP��VHH�&KDSWHUV�������������DQG����"�

Ɣ :KDW�GRHV�V\VWHPV�WKLQNLQJ�ORRN�OLNH�LQ�WKH�RUJDQL]DWLRQDO�GRPDLQ��DQG�IRU�OHDGHUVKLS�DQG�
PDQDJHPHQW�SUDFWLFH"�+RZ�GR�V\VWHPV�WKLQNLQJ�VWUXFWXUHV�RFFXU�DW�ORFDO�DQG�JOREDO�DJHQW�OHYHOV�
LQ�LQGLYLGXDOV��G\DGV��JURXSV��HWF"�+RZ�GRHV�FXOWXUH�IRUP�DV�DQ�HPHUJHQW�SURSHUW\�RI�PHQWDO�
PRGHOV��VHH�&KDSWHUV������������DQG����"�

�
7KHVH�DUH�MXVW�D�IHZ�RI�WKH�PRUH�JHQHUDO�TXHVWLRQV��DQG�WKHUH�DUH�PDQ\��PDQ\�PRUH�VSHFLILF�RQHV��VRPH�RI�
ZKLFK�DUH�DGGUHVVHG�LQ�WKLV��+DQGERRN���7KHVH�QHZ�TXHVWLRQV�LOOXVWUDWH�WKH�GLIIHUHQW�DSSURDFK�WR��GLYHUVLW\�
WKDW�RXU�QHZIRXQG��XQLYHUVDOLW\��PDNHV�SRVVLEOH���
�
,QGHHG��LW�LV�SRVVLEOH�WKDW�WKH�IXWXUH�RI�WKH�V\VWHPV�WKLQNLQJ�IUDPHZRUNV�IURP�WKH�ILUVW�WKUHH�ZDYHV�PD\�
GHSHQG�RQ�WKH�XQLYHUVDO�VWUXFWXUHV�RI�WKH�IRXUWK�ZDYH��7KHUH�LV�DQ�ROG�HGXFDWLRQDO�SDUHQWLQJ�H[SUHVVLRQ�
ZKLFK�VWDWHV�WKDW�RXU�MRE�LV�WR�JLYH�RXU�FKLOGUHQ�URRWV�DQG�ZLQJV��7R�D�ODUJH�H[WHQW��WKH�XQLYHUVDOLW\�RI�WKH�
IRXUWK�ZDYH�SURYLGHV�URRWV�DQG�ZLQJV�IRU�WKH�GLYHUVLW\��5RRWV�WR�NHHS�WKHP�JURXQGHG�DQG�FRQQHFWHG��WKH�
DFNQRZOHGJHPHQW�WKDW�WKHVH�IUDPHZRUNV�VKDUH�D�VLPLODU�
'1$�
�RU�WKDW�WKH\�DUH�
ELUGV�RI�D�IHDWKHU�
�(DFK�
IUDPHZRUN�LV�FRQQHFWHG�E\�WKH�µSDWWHUQV¶�RI�'653��%XW�WKH�XQLYHUVDOLW\�RI�WKH�IRXUWK�ZDYH�DOVR�SURYLGHV�
ZLQJV��,WV�YDOXH�DV�D�WRRO�IRU�PDNLQJ�VWUXFWXUDO�SUHGLFWLRQV�DOORZV�VFKRODUV�DQG�SUDFWLWLRQHUV�WR�H[WHQG��QRW�
RQO\�DQ\�JLYHQ�IUDPHZRUN�RU�PHWKRG��EXW�DQ\�JLYHQ�WKLQNLQJ�DERXW�DQ\�JLYHQ�V\VWHP��)RU�H[DPSOH��WDNH�
V\VWHP�G\QDPLFV��7KLV�DSSURDFK�LV�SRZHUIXO��,W�GRHV�D�ORW�RI�WKLQJV�UHDOO\�ZHOO��%XW�ZKHUH�FDQ�LW�LPSURYH"�
$Q�DQVZHU�LV�E\�EHWWHU�DFFRXQWLQJ�IRU�3HUVSHFWLYHV��3V���DQG�WUDQVIRUPLQJ�UHODWLRQDO�HQWLWLHV�LQWR�
5'6V
�
�UHODWLRQVKLS�GLVWLQFWLRQ�V\VWHPV���>������@���$OVR��QHVWLQJ�V\VWHP�G\QDPLF�QHWZRUNV�LQVLGH�RI�HDFK�RWKHU�
�6�QHVWHGQHVV���6RPH�RI�WKHVH�WKLQJV�DUH�DOUHDG\�EHLQJ�H[SORUHG�E\�SURPLQHQW�V\VWHP�G\QDPLFV�
UHVHDUFKHUV��HVSHFLDOO\�GHDOLQJ�ZLWK�GLIIHUHQW�VWDNHKROGHU�SHUVSHFWLYHV��H�J����>������@����1HYHUWKHOHVV��WKH�
HPSKDVLV�LV�VWLOO�PRVWO\�RQ�VHHNLQJ�D��FRQYHUJHQFH��RI�SHUVSHFWLYHV��ZKLOH�RWKHU�SRVVLELOLWLHV�H[LVW��H�J���
PRGHOOLQJ�WKH�FRQWUDVWLQJ�YLHZV�RQ�FDXVDOLW\�KHOG�E\�GLIIHUHQW�VWDNHKROGHUV��WR�HQKDQFH�PXWXDO�
XQGHUVWDQGLQJ���,W�LV�'653�7KHRU\�WKDW�WHOOV�XV�ZKHUH�DUHDV�IRU�LPSURYHPHQW�FRXOG�OLH��7KH�SDWWHUQV�WKDW�
FRQQHFW�DOO�RI�WKHVH�IUDPHZRUNV�FDQ�DOVR�EH�XVHG�WR�PDNH�HDFK�RI�WKHP�EHWWHU��DQG�WR�KHOS�WKHP�DOO�
SOD\�
ZHOO�WRJHWKHU�
�

&RQFOXVLRQ�
,Q�WKLV�FKDSWHU��ZH�KDYH�UHYLHZHG�WKH�ZDYHV�RI�V\VWHPV�WKLQNLQJ��FXOPLQDWLQJ�LQ�WKH�SUHVHQW�GD\�DQG�WKH�
SRVVLEOH�GHYHORSPHQW�RI�D�IRXUWK�ZDYH��:H�EHOLHYH�WKH�DSSURDFKHV�DQG�IUDPHZRUNV�ZLWK�RULJLQV�LQ�DOO�
WKUHH�SUHYLRXV�ZDYHV�SURYLGH�DQ�H[FHSWLRQDOO\�ULFK�DQG�XVHIXO�UHVRXUFH�IRU�V\VWHPV�SUDFWLFH��:H�DUH�
SURXG�WR�SUHVHQW�WKHP�WR�\RX�LQ�WKLV��+DQGERRN��LQ�D�IRUP�WKDW�GHPRQVWUDWHV²QRW�MXVW�ZKDW�WKH�IRXQGHU�V��
RI�HDFK�IUDPHZRUN�DGYRFDWHG²EXW�DOVR�KRZ�WKH�LGHDV�KDYH�HYROYHG�RYHU�WKH�\HDUV��$QG�ZH�H[SHFW�WKHP�
WR�FRQWLQXH�WR�HYROYH��WKLV�HGLWHG�YROXPH�LV�QR�PRUH�WKDQ�D�VQDSVKRW�LQ�WLPH��
�
:H�KDYH�WDONHG�DERXW�WKH�SRVVLEOH�ILUVW�VZHOOLQJV�RI�D�IRXUWK�ZDYH��DQG�KDYH�WDNHQ�VRPH�VSDFH�WR�H[SODLQ�
KRZ�'653�7KHRU\��ZKLFK�ZH�VHH�DV�UHSUHVHQWDWLYH�RI�WKH�FRQFHUQV�WKDW�DUH�OLNHO\�WR�EH�FRUH�WR�WKH�IRXUWK�
ZDYH��LV�DERXW�ERWK�XQLYHUVDOLW\��DQG��GLYHUVLW\��7KH�GLYHUVLW\�RI�DSSURDFKHV�DQG�IUDPHZRUNV�LV�DOUHDG\�
ZLWK�XV��DV�D�SURGXFW�RI�SUHYLRXV�ZDYHV�RI�V\VWHPV�WKLQNLQJ��,I�ZH�DUH�ULJKW�WKDW�D�QHZ�ZDYH�QRZ�QHHGV�WR�
WXUQ�WR�D�IRFXV�RQ�XQLYHUVDOLW\�WR�XQGHUSLQ�WKH�GLYHUVLW\�RI�V\VWHPV�IUDPHZRUNV��WKHQ�ZH�H[SHFW�PRUH�
FDQGLGDWH�WKHRULHV��LQ�DGGLWLRQ�WR�'653��WR�VWDUW�DSSHDULQJ�LQ�WKH�OLWHUDWXUH��:H�DUH�DZDUH�RI�LQGLYLGXDOV�
DQG�VPDOO�JURXSV�DURXQG�WKH�ZRUOG�ZRUNLQJ�RQ�VXFK�LGHDV��DQG�WLPH�ZLOO�WHOO�ZKLFK�RI�WKHVH�PDWXUHV�LQWR�D�
IRUP�WKDW�UHVHDUFK�FRPPXQLWLHV�ZLOO�FRKHUH�DURXQG���
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�
:H�KDYH�SUHVHQWHG�'653�7KHRU\�DV�DQ�DSSURDFK�WKDW�ZH�EHOLHYH�DGGUHVVHV�VRPH�VLJQLILFDQW�FKDOOHQJHV�
IDFHG�E\�FRQWHPSRUDU\�V\VWHPV�WKLQNHUV��7KH�FKDOOHQJHV�DUH��

�� 7KH�FRQWLQXLQJ�SUROLIHUDWLRQ�RI�IUDPHZRUNV��DSSURDFKHV�DQG�PHWKRGRORJLHV��ZLWK�HDFK�KDYLQJ�LWV�
RZQ�VSHFLDOL]HG�OH[LFRQ��VR�WKH�FRPSOH[LW\�RI�WKH�ILHOG��EH\RQG�DQ\�VLQJOH�PHWKRGRORJ\��LV�KDUG�
IRU�DQ\RQH�WR�IXOO\�XQGHUVWDQG��

�� 7KH�FRQFRPLWDQW�SDUWLDO�IUDJPHQWDWLRQ�RI�WKH�V\VWHPV�WKLQNLQJ�UHVHDUFK�FRPPXQLW\��ZLWK�
GLYLVLRQV�WKDW�UHIOHFW�SUHIHUHQFHV�RI�ERWK�PHWKRGRORJLHV��V\VWHP�G\QDPLFV��YLDEOH�V\VWHP�
PRGHOOLQJ��VRIW�V\VWHPV�PHWKRGRORJ\��FULWLFDO�V\VWHPV�WKLQNLQJ��HWF���DQG�DSSOLFDWLRQ�GRPDLQV�
�HQJLQHHULQJ��RSHUDWLRQV�UHVHDUFK��SXEOLF�SROLF\��HQYLURQPHQWDO�PDQDJHPHQW��HWF����

�� 7KH�QHDU�LPSRVVLELOLW\�RI�RIIHULQJ�D�WZR�PLQXWH�LQWURGXFWRU\�QDUUDWLYH�WR�D�QHZFRPHU�WR�RXU�ILHOG�
WKDW�UHVSHFWV�WKH�YDULHW\�RI�V\VWHPV�DSSURDFKHV��DQG�

�� 7KH�QHHG�IRU�FODULW\�DQG�FRPPRQ�SXUSRVH�DURXQG�XQUHVROYHG�TXHVWLRQV�DQG�SURVSHFWLYH�UHVHDUFK��
�
'653�H[SODLQV�WKH�XQLYHUVDOV�WKDW�XQGHUSLQ�WKH�GLYHUVH�IUDPHZRUNV��7KLV�FDQ�SURYLGH�VRPH�VWUXFWXUH�IRU�
XQGHUVWDQGLQJ�WKH�ILHOG��ZLWKRXW�UHTXLULQJ�VSHFLDOLVWV�WR�UHIUDPH�WKHLU�RZQ�DSSURDFKHV�XVLQJ�D�SXUHO\�
'653�ODQJXDJH��'653�RIIHUV�DQ�XQGHUVWDQGLQJ�RI�WKH�IXQGDPHQWDO�V\VWHPV�WKLQNLQJ�VWUXFWXUHV�DQG�
FDSDELOLWLHV�WKDW�DUH�LQVWDQWLDWHG�LQ�GLIIHUHQW�ZD\V�ZLWKLQ�WKH�IUDPHZRUNV��1HYHUWKHOHVV��WKH�FRQFHSWV�DQG�
OH[LFRQV�WKDW�KDYH�HYROYHG�ZLWKLQ�WKRVH�IUDPHZRUNV�DUH��DOVR��QHFHVVDU\��DV�WKH\�DUH�UHVSRQVLYH�WR�WKH�
YDULRXV�SXUSRVHV�DQG�FRQWH[WV�RI�V\VWHPLF�LQWHUYHQWLRQ�IDFHG�E\�GLIIHUHQW�VSHFLDOLVWV��7KLV�LV�D�µERWK�DQG¶�
VROXWLRQ�WR�WKH�SUREOHP�RI�PDVVLYH�GLYHUVLILFDWLRQ��XQGHUVWDQGLQJ�WKH�XQLYHUVDOV�O\LQJ�EHKLQG�WKH�GLYHUVH�
IUDPHZRUNV�ZLOO�EULQJ�D�QHZ�OHYHO�RI�XQGHUVWDQGLQJ��DQG�ZLOO�KHOS�SHRSOH�DSSUHFLDWH�PRUH�FOHDUO\�ZKDW�D�
V\VWHPV�DSSURDFK�DFWXDOO\�LV��DQG�KRZ�WKH�ERXQGDULHV�RI�RXU�ILHOG�FDQ�EH�GHPDUFDWHG��:KDW�LV�PRUH��
'653��GUDZLQJ�LQ�DQG�UHLQWHUSUHWLQJ�VRPH�LGHDV�DERXW�PHWKRGRORJLFDO�SOXUDOLVP�RULJLQDOO\�GHYHORSHG�LQ�
WKH�WKLUG�ZDYH��RIIHUV�QHZ�LQVLJKWV��VXFK�DV�WKH�LGHD�WKDW�µMLJV¶�DUH�IDU�PRUH�DGDSWDEOH�LQ�SUDFWLFH�WKDQ�
ZKROH�PHWKRGRORJLHV�ZLWK�D�VWDQGDUG�VHW�RI�PHWKRGV��7KLV�RSHQV�WKH�GRRU�WR�QHZ�DSSURDFKHV�WR�SUDFWLFH��
ZKHUH�EHVSRNH�LQWHUYHQWLRQ�GHVLJQV�FDQ�EH�FUHDWHG�LQ�UHVSRQVH�WR�WKH�XQLTXH�FRQWH[WV�RI�RXU�SURMHFWV���
�
$OO�RI�WKLV�DGGUHVVHV�WKH�VHFRQG�SUREOHP��IUDJPHQWDWLRQ�RI�RXU�UHVHDUFK�FRPPXQLW\���DV�'653�SURYLGHV�
DQ�HOHPHQW�RI�FRPPRQ�ODQJXDJH�WR�DOORZ�FRPPXQLFDWLRQ�DFURVV�VXE�FRPPXQLW\�ERXQGDULHV��,PSRUWDQWO\��
LI�'653�FDQ�KHOS�WR�UHYHDO�WKH�FDSDELOLWLHV��VWUHQJWKV�DQG�ZHDNQHVVHV�RI�HDFK�IUDPHZRUN�RU�PHWKRGRORJ\��
XVLQJ�D�FRPPRQ�ODQJXDJH��WKHQ�WKH�XWLOLW\�IRU�HDFK�VXE�FRPPXQLW\�ZLOO�EH�WZR�IROG��LPSURYLQJ�VSHFLDOLVW�
SUDFWLFH��DGGUHVVLQJ�WKH�OLPLWDWLRQV�RI�RXU�RZQ�DSSURDFKHV��DQG�FRQWULEXWLQJ�WR�QHZ�SUDFWLFHV�WKDW�FRPH�
LQWR�EHLQJ�ZKHQ�ZH�FRPELQH�DSSURDFKHV�ZKHUH�WKH�VWUHQJWKV�RI�RQH�FRUUHFW�WKH�ZHDNQHVVHV�RI�WKH�RWKHU��
:H�VXJJHVW�WKDW�LW�LV�SULPDULO\�WKLV�XWLOLW\�WKDW�ZLOO�GULYH�DGRSWLRQ�RI�WKH�FRPPRQ�ODQJXDJH��HQDEOLQJ�
FRPPXQLFDWLRQ�DFURVV�ERXQGDULHV�ZLWKRXW�WKH�ORVV��LQGHHG��ZLWK�WKH�HQKDQFHPHQW��RI�VSHFLDOLVW�H[SHUWLVH���
�
)LQDOO\��ZH�DUJXH�WKDW�'653�LV�VLPSOH�LQ�LWV�EDVLF�VWUXFWXUH��HYHQ�WKRXJK�WKH�FRQFHSWV�FDQ�EH�FRPELQHG�
DQG�UHFRPELQHG�WR�RIIHU�DOPRVW�LQILQLWH�IOH[LELOLW\�DQG�FRPSOH[LW\���VR�LWV�HVVHQFH�FDQ�EH�FRPPXQLFDWHG�
�DOEHLW�VXSHUILFLDOO\��LQ�D�WZR�PLQXWH�µHOHYDWRU�SLWFK�¶�7KLV�FDQ�SD\�UHVSHFW�WR�WKH�GLYHUVLW\�RI�IUDPHZRUNV��
DV�WKH�HOHYDWRU�SLWFK�FDQ�HQG�ZLWK�DQ�H[SODQDWLRQ�WKDW�WKHUH�DUH�D�YDULHW\�RI�VSHFLDOLVW�DSSURDFKHV�IRU�
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�

���
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ERXQGDULHV�RI�WKH�ILHOG��,PSRUWDQWO\��LW�VKRZV�WKDW�V\VWHPV�WKLQNLQJ�DSSOLHV�WR��DQG�LV�RI�JUHDW�YDOXH�IRU��DOO�
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6\VWHPV�7KHRU\��&\EHUQHWLFV�DQG�&RPSOH[LW\��/RQGRQ��6DJH�3XEOLFDWLRQV��������SS��[YLL±OLLL��
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���� &KHFNODQG�3��6\VWHPV�7KLQNLQJ��6\VWHPV�3UDFWLFH��������
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:LOH\��������

���� &KXUFKPDQ�&:��7KH�V\VWHPV�DSSURDFK�DQG�LWV�HQHPLHV��%DVLF�%RRNV��������
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���� &KXUFKPDQ�&:��2SHUDWLRQV�5HVHDUFK�DV�D�3URIHVVLRQ��0DQDJH�6FL�����������%±��±%±����
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���� 0LGJOH\�*��7KH�,GHDO�RI�8QLW\�DQG�WKH�3UDFWLFH�RI�3OXUDOLVP�LQ�6\VWHPV�6FLHQFH��,Q��)ORRG�5/��
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6\VWHPV�7KLQNLQJ��/RQGRQ��8.��5RXWOHGJH��������
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