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&iGL]�3URYLQFLDO�3XEOLF�/LEUDU\��-DpQ��6SDLQ�
7KH�DLP�RI�WKLV�SDSHU�LV�WR�SURSRVH�D�9HFWRU�6SDFH�0RGHO�DV�D�QHZ�PHWKRGRORJLFDO�DSSURDFKZKLFK� DOORZV� XV� WR� SUHVHQW� WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� HOHPHQWV� RI� WKH� 7ULSOH� +HOL[� 0RGHO�8QLYHUVLW\�� ,QGXVWU\�� *RYHUQPHQW�� LQ� D� VSDFLDO� PRGHO� E\� XVLQJ� WKH� ZHESDJHV� RI� WKH� 1DWLRQDO5HVHDUFK�&RXQFLOV�RI�*HUPDQ\�DQG�6SDLQ�DV�H[DPSOHV��2XWOLQNV�RI�WKH�%LRPHGLFLQH�DQG�%LRORJ\FHQWUHV� RI� WKHVH� QDWLRQDO� FRXQFLOV� ZHUH� DQDO\VHG� ZLWK� WKH� LQWHQWLRQ� RI� UHSUHVHQWLQJ� JUDSKLFDOO\WKHVH� UHODWLRQVKLSV� WKURXJK� WKH�9HFWRU�6SDFH�0RGHO� WKDW�DOORZV� IRU�0XOWLGLPHQVLRQDO�6FDOLQJ� LQWKUHH�GLPHQVLRQV��5HVXOWV� VKRZ�D�PDS�ZLWK� WKH�GLIIHUHQFHV�DQG�VLPLODULWLHV�EHWZHHQ� WKH�6SDQLVKDQG�*HUPDQ�FDVHV��,W�PD\�EH�FRQFOXGHG�WKDW�WKHVH�UHVXOWV�FRXOG�EHFRPH�D�TXDOLWDWLYH LQGLFDWRU�RI�DVFLHQWLILF�DQG�WHFKQLFDO�UHDOLW\�

,QWURGXFWLRQ
1RZDGD\V�LW�FDQ�EH�UHFRJQL]HG�WKDW�ZH�DUH�LPPHUVHG�LQ�D�NQRZOHGJH�EDVHG�VRFLHW\�LQ�ZKLFK�WKH�SURGXFWLRQ�RI�QHZ�NQRZOHGJH�LV�PRUH�DQG�PRUH�HVVHQWLDO�IRU�WKH�HFRQRPLFPDFKLQH�� 7KH� PDLQ� REMHFWLYH� RI� WKH� 6L[WK� )UDPHZRUN� 3URJUDPPH� ���������� RI� WKH(XURSHDQ�8QLRQ�LV�WR�³FUHDWH�D�(XURSH�RI�NQRZOHGJH�DQG�WKLV�FOHDUO\�KLQJHV�RQ�UHVHDUFKDQG� HGXFDWLRQDO� SROLF\´�� ,Q� RWKHU� ZRUGV�� WKH� NQRZOHGJH� JHQHUDWLRQ� LV� EHFRPLQJ� DQDGGHG�YDOXH�WR�WKH�HFRQRP\�DQG�WKH�VRFLHW\�RI�D�UHJLRQ�RU�FRXQWU\��,W�LV�SRVVLEOH�WR�VD\WKDW� WKH� JUHDWHU� WKH� FDSDFLW\� D� FRXQWU\� KDV� LQ� SURGXFLQJ� NQRZOHGJH�� WKH� PRUHDGYDQWDJHRXV�LWV�SRVLWLRQ�ZLWK�UHVSHFW�WR�RWKHUV��VLQFH�NQRZOHGJH�DOORZV�XV�WR�LPSURYHRXU�HFRQRPLF�DQG�VRFLDO�V\VWHPV�)RU� WKHVH� UHDVRQV�� SXEOLF� DGPLQLVWUDWLRQV� DUH� LQFUHDVLQJO\� LQYROYHG� LQ� VFLHQWLILFSROLFLHV� WKURXJK�5�'�DQG�QDWLRQDO� UHVHDUFK�SODQV��7KURXJK� WKHP�� WKH\�KRSH� WR� ORFDWH
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WKHLU� SURGXFWLYH� VHFWRU� LQ� WKH� NQRZOHGJH�EDVHG� VRFLHW\� DQG� WR� REWDLQ� D� FRPSHWLWLYHSRVLWLRQ� ZLWK� UHVSHFW� WR� RWKHUV�� 7KHVH� QHZ� SROLFLHV� LPSO\� D� VHULHV� RI� LQGLFDWRUV� WKDWDOORZ�WKH�HYDOXDWLRQ�RI�WKHLU�HYROXWLRQ�DQG�RSHUDWLRQ��VR�WKDW�LW�LV�SRVVLEOH�WR�MXVWLI\�WKHSXEOLF�DQG�SULYDWH�LQYHVWPHQWV�PDGH�WR�UHDFK�WKLV�.QRZOHGJH�%DVHG�6RFLHW\�,Q�WKH�GHYHORSPHQW�RI�WKLV�NQRZOHGJH�EDVHG�VRFLHW\�WKH�FRQYHUJHQFH�RI�WKUHH�ZRUOGVKDV� EHHQ� REVHUYHG�� XQLYHUVLW\�� LQGXVWU\� DQG� JRYHUQPHQW�� 7KHVH� WKUHH� SURGXFWLYHDJHQWV�� WHQG� WR� ZRUN� WRJHWKHU� IROORZLQJ� D� KHOLFRLGDO� PRGHO�� ZLWK� HQWDLOPHQWV� WKDWHPHUJH�DW�GLYHUVH�OHYHOV�RI�WKH�LQQRYDWLRQ�SURFHVV��WR�IRUP�WKH�VR�FDOOHG�³WULSOH�KHOL[´�
7ULSOH�+HOL[�0RGHO

7KH�7ULSOH�+HOL[�0RGHO�ZDV�UDLVHG�DQG�GHYHORSHG�E\�(W]NRZLW]�DQG�/H\GHVGRUII��ZKR�VWUHVVHG� WKH� LPSRUWDQFH�RI�GHYHORSLQJ�SROLFLHV�ZKLFK� FRQVLGHU� WKH� LPSRUWDQFH�RIWKH� UHODWLRQVKLSV� EHWZHHQ� WKH� WKUHH� GLIIHUHQW� IDFWRUV�� LQGXVWU\�� JRYHUQPHQW� DQGXQLYHUVLW\�� 7DNLQJ�LQWR�DFFRXQW�WKH�SUHVHQW�WHQGHQF\�WR�LQWHJUDWH�WKH�SROLFLHV�RI�VFLHQFHDQG� WHFKQRORJ\� ZLWKLQ� WKH� FRQWH[W� RI� WKH� LQGXVWULDO� SROLF\�� LQ� D� FRQWH[W� RI� PL[HGHFRQRP\�DQG�LQFUHDVLQJ�LQWHUQDWLRQDO�HFRQRPLF�FRPSHWLWLRQ��WKLV�FKDQJH�LQ�WKH�ZD\�RIXQGHUVWDQGLQJ�WKH�SROLFLHV�KDV�DOVR�DIIHFWHG�WKH�FRQQHFWLRQV�EHWZHHQ�WKHVH�IDFWRUV��7KH\KDYH� DGRSWHG� WKH� UROHV� RI� WKH� RWKHU� IDFWRUV�� IRU� H[DPSOH�� LQGXVWULHV� ZKLFK� FRQGXFWUHVHDUFK��XQLYHUVLWLHV�ZKLFK�PDQDJLQJ�FRPSDQLHV��HWF��%HFDXVH� RI� WKLV�� PDQ\� VWXGLHV� KDYH� EHHQ� GHYRWHG� WR� WKH� XQGHUVWDQGLQJ� RI� WKHLQVWLWXWLRQDO�UHODWLRQVKLS�EHWZHHQ�XQLYHUVLWLHV��LQGXVWULHV��DQG�JRYHUQPHQWV�IURP�D�ZHEYLHZ��/H\GHVGRUII�DQG�&XUUDQ��KDYH�VWXGLHG�WKH�GHYHORSPHQW�RI�WZR�QDWLRQDO�LQQRYDWLRQV\VWHPV� �%UD]LO� DQG� WKH� 1HWKHUODQGV�� VHQGLQJ� TXHULHV� WR� WKH� $OWD9LVWD� VHDUFK� HQJLQHUHJDUGLQJ�7ULSOH�+HOL[�WHUPV��µXQLYHUVLW\¶��µJRYHUQPHQW¶�DQG�µLQGXVWU\¶���%RXGRXULGHV�VWXGLHG� WKH� LQVWLWXWLRQDO� UHODWLRQVKLSV� XQGHU� WKH� 7ULSOH� +HOL[� IURP� FRUUHVSRQGHQFHDQDO\VLV��&XUUHQWO\��WKH�:,6(5�:RUN�*URXS�� ZKRVH�QH[W�REMHFWLYH�LV�WR�FRQVWUXFW�:HELQGLFDWRUV�IRU�VFLHQWLILF�HYDOXDWLRQ��LV�VWXG\LQJ�WKH�FR�OLQNV�EHWZHHQ�LQGXVWU\��XQLYHUVLW\DQG�JRYHUQPHQW�,Q�D�UHFHQW�VWXG\��/H\GHVGRUII�DQG�6FKDUQKRUVW� EURXJKW�XS�WKH�GLPHQVLRQDOLW\�RI�WKH7ULSOH�+HOL[�0RGHO��,Q�WKHLU�RSLQLRQ��WKH�UHWULHYDO�GDWD�DFFRUGLQJ�WR�WKH�WKUHH�DJHQWV�RIWKH� PRGHO� �QR�� RI� DGGUHVVHV� LQ� D� VFLHQWLILF� DUWLFOH�� QR�� RI� RXW� DQG� LQOLQNV� LQ� D� :HEGRPDLQ��HWF��ZKLFK�SRLQW�WR�XQLYHUVLW\��LQGXVWU\�RU�JRYHUQPHQW��³RQFH�FDWHJRUL]HG��>���@FDQ�EH�DQDO\VHG�E\�XVLQJ�WKH�VWDWLVWLFV�RI�PXWXDO� LQIRUPDWLRQ��7KH�PXWXDO� LQIRUPDWLRQ�RU� WUDQVPLVVLRQ�� GLIIHUV� IURP� FR�YDULDWLRQ�� FR�RFFXUUHQFH� PHDVXUHV� RU� FRUUHODWLRQDQDO\VLV�EHFDXVH� WKLV�PHDVXUH� LV�DOVR�GHILQHG� LQ� WKUHH�GLPHQVLRQV´��)URP�P\�SRLQW�RIYLHZ��WKLV�GLPHQVLRQDOLW\FRXOG�DOVR�EH�VWXGLHG�ZLWK�ZHERPHWULF�WHFKQLTXHV�
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:HERPHWULF�6WXGLHV
6LQFH� $EUDKDP������ EHJDQ� ZHERPHWULF� VWXGLHV�� LPSRUWDQW� TXHVWLRQV� KDYH� DULVHGUHJDUGLQJ�WKHLU�PHWKRGV�DQG�WKHLU�VDPH�WKHRUHWLFDO�EDVH��� ,Q�IDFW��LW�KDV�EHHQ�TXHVWLRQHGZKHWKHU�WKH�:HE�OLQNV�FDQ�EH�XVHG�DV�ELEOLRJUDSKLF�FLWDWLRQ��³VLWDWLRQV´��� DV�ZHOO�DV�WKHXVH�RI�WKH�ELEOLRPHWULF�WHFKQLTXHV��-RXUQDO�,PSDFW�)DFWRU��&R�&LWDWLRQ�$QDO\VLV��HWF���WRWKH�:HE��7KH�TXHVWLRQ�LV�ZKHWKHU�WKH�FDXVH�RI�WKH�:HE�OLQNV�FUHDWLRQ�LV�WKH�VDPH�DV�WKDWRI�D�ELEOLRJUDSKLF�FLWDWLRQ��)URP�WKLV�SRLQW�RI�YLHZ��7KHOZDOO�DQG�+DUULHV���ILQG�D�VWURQJUHODWLRQVKLS�EHWZHHQ�LQFRPLQJ� OLQNV�RI�D�XQLYHUVLW\�VLWH�DQG� LWV�VFLHQWLILF�SURGXFWLYLW\�,Q�D�UHFHQW�ZRUN��:LONLQVRQ�HW��DO��� SURYHG�WKDW�����RI�WKH�XQLYHUVLW\�OLQNV�DUH�FUHDWHGIRU�HGXFDWLRQDO�UHDVRQV�,I�LW�LV�SRVVLEOH�WR�FRQVLGHU�WKDW�:HE�OLQNV�DUH�FRPSDUDEOH�WR�ELEOLRJUDSKLF�FLWDWLRQ�ZH�FDQ�DOVR�FRQVLGHU�WKH�SRVVLELOLW\�RI�XVLQJ�WKH�ELEOLRPHWULF�WRROV� IRU� WKH�ZHERPHWULFILHOG��$OPLG�DQG�,JZHUVHQ���WUDQVIHUUHG�WKH�-RXUQDO�,PSDFW�)DFWRU�RI�WKH�ELEOLRPHWU\�WRWKH�ZHERPHWU\�XQGHU�WKH�QDPH�RI�WKH�:HE�,PSDFW�)DFWRU��7KLV�LQGLFDWRU�VKRZV�XV�WKHYLVLELOLW\� GHJUHH� RI� D� :HE�� DOWKRXJK� WKHUH� DUH� VWXGLHV� WKDW� TXHVWLRQ� LWV� YDOLGLW\���$EUDKDP������ XVHG� FR�FLWDWLRQ� DQDO\VLV�� WR� H[SORUH� FRQQHFWLYLW\� DPRQJ� &DOLIRUQLD8QLYHUVLW\�:HE�VLWHV��/DUVRQ¶V�� ZRUN�ZDV�DOVR�EDVHG�RQ�FR�FLWDWLRQ�DQDO\VLV� WR� VWXG\:HE�VLWH�FR�RFFXUUHQFHV�LQ�(DUWK�6FLHQFH��PDSSLQJ�WKHP�WKURXJK�WKH�0'6�

2EMHFW
7KH�SXUSRVH�RI� WKLV� SDSHU� LV� WR� SUHVHQW� WKH�9HFWRU� 6SDFH�0RGHO� �960�� DV� D� QHZPHWKRGRORJLFDO� SURSRVDO� VKRZLQJ� D� VSDWLDO� PRGHO� RI� WKH� 7ULSOH� +HOL[� UHODWLRQVKLSVEHWZHHQ�1DWLRQDO�5HVHDUFK�&RXQFLOV�DQG�GLIIHUHQW�DJHQWV� IURP�WKH�PRGHO� �8QLYHUVLW\�*RYHUQPHQW�,QGXVWU\�� WKURXJK� WKHLU� :HE� RXWOLQNV�� 7KH� YHFWRU� VSDFH� LV� DQDO\]HG� LQWHUPV� RI� WKH� FRVLQHV� EHWZHHQ� WKH� YHFWRUV��� 7KH� FRVLQH� UHODWLRQVKLSV� EHWZHHQ� WKUHHYHFWRUV�FDQ�EH�PDSSHG�LQ�D�WZR�GLPHQVLRQDO�UHSUHVHQWDWLRQ�XVLQJ�D�WULDQJOH�ZLWK�HTXDOVLGHV�7KH�VWXG\�ZDV�OLPLWHG�WR�WKH %LRORJ\�DQG�%LRPHGLFH�UHVHDUFK�FHQWUHV�� LQVWLWXWHV�RUODEV� RI� WZR� 1DWLRQDO� 5HVHDUFK� &RXQFLOV�� WKH� 0D[� 3ODQFN� *HVHOOVFKDIW� �03*����*HUPDQ\�DQG�WKH�&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWtILFDV��&6,&���� 6SDLQ�
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0DWHULDO�DQG�PHWKRGV
6WXG\�ILHOG

7KH�1DWLRQDO�5HVHDUFK�&RXQFLOV�KDYH�EHHQ�VHOHFWHG�EHFDXVH�WKH\�RIIHU�D�YLHZ�RI�WKHSXEOLF� UHVHDUFK� V\VWHP�� DQG� JLYH� LQIRUPDWLRQ� RQ� WKH� VFLHQWLILF� GHYHORSPHQW� VWDJH� LQGLIIHUHQW�FRXQWULHV��ZLWKLQ�WKH�(XURSHDQ�VFLHQWLILF�SROLFLHV�7KH� %LRORJLFDO� DQG� %LRPHGLFDO� UHVHDUFK� ILHOGV� ZKLFK� DUH� FXUUHQWO\� WKH� PRVWG\QDPLF� DQG� WKH� JUHDWHVW� LQ� VRFLDO� LPSRUWDQFH� DW� WKLV� PRPHQW� EHFDXVH� RI� JHQHWLFV�FORQLQJ�� WUDQVJHQLF� DJULFXOWXUH�� HWF��� LQ� DGGLWLRQ� WR� UHFHLYLQJ� WKH� PRVW� LPSRUWDQWZHLJKW� ZLWKLQ� WKH� (XURSHDQ� 8QLRQ� UHVHDUFK� SROLFLHV� �6L[WK� )UDPHZRUN� 3URJUDPPH�����±������)LQDOO\�� VWXG\LQJ� WKH� UHDOLW\� RI� WZR� (XURSHDQ� FRXQWULHV� ZLOO� HQDEOH� XV� WRDSSUR[LPDWH� WR� WKH�(XURSHDQ�UHVHDUFK�DUHD��6SDLQ� LV� FKDUDFWHULVHG�E\�D� UHODWLYHO\�QHZSXEOLF� UHVHDUFK� V\VWHP� �RQH� ZDV� QRW� EDVHG� XQWLO� WKH� HLJKWLHV� ZLWK� WKH� DUULYDO� RIGHPRFUDF\��DQG�D� UHODWLYHO\� VPDOO� LPSRUWDQFH� LQ�(XURSHDQ�VFLHQFH��ZKHUHDV�*HUPDQ\KDV� D� ORQJ� WUDGLWLRQ� RI� SXEOLF� UHVHDUFK� DQG� D� SURPLQHQW� ZHLJKW� LQ� (XURSHDQ� VFLHQFH�%RWK�FRXQWULHV�IDFH�UHJLRQDO�UHVHDUFK�V\VWHPV�DV�D�FKDOOHQJH�LQ�VFLHQWLILF�G\QDPLFV���
6RIWZDUH�DQG�WRROV

$W�WKH�GDWD�UHWULHYDO�VWDJH��VHYHUDO�WRROV�ZHUH�XVHG��)LUVWO\��IRU�WKH�:HE�VLWH�DQDO\VLVRI�HDFK�FHQWUH�D�³VSLGHU´��&LEHU6SLGHU�/LQN�7HVW���������� ZDV�XVHG�IRU�WKH�H[WUDFWLRQ�RIRXWOLQNV�� 6HFRQGO\�� LQIRUPDWLRQ� ZDV� WDNHQ� IURP� RXWOLQNV� VHOHFWHG� IURP� D� 0LFURVRIW$FFHVV� ����� GDWDEDVH��7KLUGO\�� WR� FDOFXODWH� WKH�9HFWRU� 6SDFH� DOJRULWKPV� D�0LFURVRIW([FHO������VSUHDGVKHHW�ZDV�XVHG��$QG�ILQDOO\��WKH�JUDSKLF�GLVSOD\�RI�WKH�PRGHO�WKURXJK0XOWLGLPHQVLRQDO�6FDOLQJ��0'6��ZDV�PDGH�ZLWK�WKH�VWDWLVWLFDO�VRIWZDUH�9L6WD��9LVXDO6WDWLVWLF�6\VWHP��� )RUUHVW�<RXQJ¶V�IUHHZDUH�SURGXFW�
'DWD

)RU� WKH� GDWD� UHWULHYDO� SURFHVV�� DFFRPSOLVKHG� GXULQJ� WKH� PRQWK� RI� 2FWREHU� DQG1RYHPEHU�RI������� WKH�SUHYLRXVO\�PHQWLRQHG�VSLGHU�&\EHU6SLGHU�/LQN�7HVW�ZDV�XVHG�7KH�XVH�RI�WKH�VSLGHU�RU�FUDZOHU�DOORZV�XVPRUH�FRKHUHQFH�WKDQ�ZLWK�VHDUFK�HQJLQHV���,�KDYH�IRFXVHG�P\�DWWHQWLRQ�RQ�FHUWDLQ�ZHE�VHUYHUV�DW� WKH� OHYHO�RI� VXE�GRPDLQV�RUVGZV�� 7KH� SURFHVV� ZDV� VWDUWHG� IURP� ZHE� VLWHV� RI� HDFK� FHQWUH� DQG� DW� WKH� ILUVW� VWDJH�������OLQNV�ZHUH�REWDLQHG��RI�ZKLFK��������������ZHUH�HOLPLQDWHG�IRU� UHDVRQV� WR�EH
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VSHFLILHG� EHORZ�� 7KXV�� ������� OLQNV� ZHUH� DFFHSWHG�� RI� ZKLFK� ������ �������� ZHUHQDWLRQDO� RXWOLQNV�� )LQDOO\�� WKH� VWXG\� ZDV� GHYHORSHG� ZLWK� ���� QDWLRQDO� OLQNV� IRU� WKH6SDQLVK�1DWLRQDO�5HVHDUFK�&RXQFLO�DQG�������IRU�WKH�*HUPDQ��7KH�VHOHFWLRQ�FULWHULD�RIDFFHSWHG�OLQNV�ZDV�x /LQNV�ZKLFK�UHIHUUHG�RQO\�WR���HV��RU� ��GH���H[FHSW� IRU� ��FRP��DQG���QHW�� LQFDVHV�ZKHUH�WKHVH�OLQNV�EHORQJHG�WR�ERWK�FRXQWULHV�x /LQNV� WR� GLIIHUHQW� VHUYHUV�� DOWKRXJK� WKH\� IRUPHG� SDUW� RI� WKH� VDPH� VXE�GRPDLQ��H�J��FDMDO�FVLF�HV�SRLQW�WR�FLE�FVLF�HV�x /LQNV� WR� WH[WXDO� IRUPDWV� �+70/�� W[W�� SGI�� SV��� 2WKHU� OLQNV� WKDW� ZHUHHOLPLQDWHG��LQFOXGHG�³PDLOWR�´�DQG�³MDYDVFULSW�´x /LQNV�WR�UHVRXUFHV�H[FOXVLYHO\�UHODWHG�WR�WKH�%LRORJ\�DQG�%LRPHGLFLQH�ILHOG��/LQNV�WR�WUDYHO�DJHQFLHV��SXEOLF�WUDQVSRUW��HWF��ZHUH�IUHTXHQWO\�IRXQG��x /LQNV�WR�VHUYLFHV�DQG�FRPSDQLHV�WKDW�GHYHORS�VSHFLILF�SURGXFWV�IRU�UHVHDUFKLQ� JHQHUDO� �FRPSXWHU� FRPSDQLHV�� RU� DUH� VSHFLDOLVWV� LQ� %LRORJ\� DQG%LRPHGLFLQH�� :HE� 6WDWLVWLFV� VHUYLFHV� �H�J��� 1HWVWDW�� DQG� FRPSDQLHV� WKDWFRPPHUFLDOL]H� SURGXFWV� IRU� WKH� UHDGLQJ� RI� D� FHUWDLQ� W\SH� RI�:HE� IRUPDWZHUH�DOVR�HOLPLQDWHG��H�J���0DFURPHGLD��$GREH��:LQ=LS��HWF���x /LQNV� WR� UHVRXUFHV� RI� VSHFLDOL]HG� LQIRUPDWLRQ� VXFK� DV� JHQHWLF� GDWD� EDVHV��H�J���7KH�*HQRPH�'DWDEDVH��DQG�VSHFLDOL]HG�LQIRUPDWLRQ�FHQWUHV��1DWLRQDO0HGLFLQH� /LEUDU\��� /LQNV� WR� JHQHUDOLVW� VHDUFK� HQJLQHV� DQG� SRUWDOV� ZHUHHOLPLQDWHG��H�J���*RRJOH��<DKRR��HWF���2QFH� WKH�YDOLG� OLQNV�KDG�EHHQ� VHOHFWHG�� WKH� WRWDO�QXPEHU�RI�QDWLRQDO�RXWOLQNV�ZHUHDUUDQJHG� LQWR� WKH� WKUHH� FDWHJRULHV�� XQLYHUVLW\�� LQGXVWU\� DQG� JRYHUQPHQW�� LQ� SHUFHQWXDOIRUP��7KHVH�WKUHH�FDWHJRULHV�DOORZ�IXUWKHU�GHYHORSPHQW�RI�WKH�7ULSOH�+HOL[�0RGHO��7KHDUUDQJHPHQW�FULWHULD�ZDV�x )RU�JRYHUQPHQW��DOO�WKH�RXWOLQNV�WR�ORFDO�RU�QDWLRQDO�JRYHUQPHQW�RUJDQLVPVDQG�DOO�W\SH�RI�FHQWUHV�ZKLFK�KDYH�SXEOLF�HQWLWOHPHQW�RU�KDYH�EHHQ�FUHDWHGDQG�ILQDQFHG�E\�SXEOLF�LQVWLWXWLRQV�x )RU� LQGXVWU\�� DOO� WKH�RXWOLQNV� WR� SULYDWH� RU� QRQ�SURILWDEOH� RUJDQLVDWLRQV�RUWKRVH� RI� DQ� HFRQRPLF� RU� FRPPHUFLDO� FKDUDFWHU�� :LWKLQ� WKLV� VFRSHSXEOLVKHUV�DQG�WKHLU�VFLHQWLILF�SXEOLFDWLRQV�ZHUH�IRXQG�x )RU� XQLYHUVLW\�� DOO� WKH� RXWOLQNV� WR� DQ\� XQLW� RU� GHSDUWPHQW� RI� D� XQLYHUVLW\�LQFOXGLQJ� GHSHQGHQW� UHVHDUFK� FHQWUHV� RI� XQLYHUVLWLHV� DQG� UHVRXUFHV� RUSURMHFWV�ZLWKLQ�WKHVH�
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,Q�VRPH�FDVHV�D�GRXEOH�FDWHJRU\�ZDV�DVVLJQHG�WR�HVWDEOLVKHG�UHVRXUFHV�RI�MRLQW�IRUPE\� GLIIHUHQW� HOHPHQWV� IURP� WKH�PRGHO�� MRLQW� UHVHDUFK� SURMHFWV� EHWZHHQ� XQLYHUVLW\� DQGJRYHUQPHQW�KDYH�EHHQ�DVVLJQHG�WR�WKHP�
9HFWRULDO�6SDFH�0RGHO��960�

7KH� YHFWRU� VSDFH� PRGHO�� �960�� FRQVLGHUV� D� GLVWULEXWLRQ� �YDULDEOH�� DV� D� YHFWRU�%HWZHHQ� WZR�YHFWRUV�RQH�FDQ�FRPSXWH�D�FRVLQH� WKDW�YDULHV� IURP��� WR����7KLV�PHDVXUHZDV�XVHG�E\�6DOWRQ�� LQ�LQIRUPDWLRQ�UHWULHYDO�ILHOG��7KH�%LEORPHWULF�WHFKQLTXH�ZDV�XVHGE\�2UWHJD�� DQG�UDLVHG�E\�/DUVHQ�DQG�,JZHUVHQ���7KH�960�DOORZV� XV� WR GHVFULEH� DQ\�REMHFW�ZLWK�PDQ\� FKDUDFWHULVWLFV� LQ� D� JUDGXDOIRUP�� 7KXV�� D� YHFWRU� �9� ^)L�� )M����� )Q `�LV� FKDUDFWHUL]HG� E\� WKH� �I�� IUHTXHQF\� RIRFFXUUHQFHV�WKDW�LW�KDV�LQ�WKH�FKDUDFWHULVWLFV��L��M����Q��
L M 19� )L )M )Q9� )L )M )Q

7KURXJK�D�VFDODU�FDOFXODWLRQ��RQH�REWDLQV� WKH� VLPLODULW\�GHJUHH�RI�GLIIHUHQW�YHFWRUVXVLQJ�WKH�IROORZLQJ�IRUPXOD���� � ¦¦¦ ����
���� � )) ))996

7KH�960�FDQ�FRPSDUH�WZR�YHFWRUV�IURP�LWV�PXOWLSOH�RFFXUUHQFHV��DQG�QRW�IURP�LWVFR�RFFXUUHQFHV�DV�KDSSHQV�ZLWK�&R�&LWDWLRQ�$QDO\VLV������ 7KH�960�LV�QRW�EDVHG�RQ�FR�RFFXUUHQFHV�ZKLFK�LV�WKH�UHDVRQ�ZK\�LW�GRHV�QRW�QHHG�D�WKLUG�LWHP��OLNH�WKH�&R�&LWDWLRQ$QDO\VLV��WKDW�H[SUHVVHV�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�LWHPV��)LQDOO\�� WKH�960�HQDEOHVXV�WR�GHILQH�IDFWLWLRXV�YHFWRUV�WKDW�KHOS�WR�H[SODLQ�DQG�WR�XQGHUVWDQG�ZKHUH�WKHVH�LWHPVDUH�ORFDWHG�LQ�D�VSDFH�PRGHO��H��J���0XOWLGLPHQVLRQDO�6FDOLQJ���2Q�WKH�FRQWUDU\��WKH�&R�&LWDWLRQ� $QDO\VLV� ±� EDVHG� RQ� FRRFFXUUHQFH� FRXQWV� ±� GRHV� QRW� DOORZ� XV� WR� ORFDWHUHIHUHQFH�LWHPV�LQ�D�VSDWLDO�PRGHO��:KLOH�WKH�&R�&LWDWLRQ�$QDO\VLV�LV�D�UHODWLRQDO�PRGHO�WKH�960�LV�D�SRVLWLRQLQJ�PRGHO�)RU� WKLV� VWXG\�� WKH�:HE� VLWHV�ZHUH� FRQYHUWHG� LQWR�YHFWRUV� DQG� WKH� HOHPHQWV� RI� WKH7ULSOH� +HOL[� �XQLYHUVLW\�� JRYHUQPHQW� DQG� LQGXVWU\�� WKH� FKDUDFWHULVWLFV� ZKHUH� WKHRXWOLQNV� WKDW� DULVH� IURP� WKH�:HE� VLWHV� KDYH�EHHQ� FODVVLILHG��7KH� OLQNV�SHUFHQWDJH� WKDW
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SRLQW� WR� UHJLVWHUHG�:HE�VLWHV� LQ� WKHVH� WKUHH�FKDUDFWHULVWLFV�ZLOO� JLYH� LWV�SRVLWLRQ� LQ� WKHVSDWLDO�PRGHO��)RU�H[DPSOH��WKH�03,�RI�%LRFKHPLVWU\�YHFWRU�ZRXOG�EH�
,QGXVWU\ *RYHUQPHQW 8QLYHUVLW\

03,�%LRFKHPLVWU\ �������� �������� ��������
:H� FDQ� VHH� WKDW� ���� RI� WKH� RXWOLQNV� SRLQW� WR� LQGXVWULDO� :HE� VLWHV�� ���� WRDGPLQLVWUDWLYH�VLWHV�DQG�����WR�XQLYHUVLW\�VLWHV��7KH�QH[W�VWHS�ZDV�WR�DGG�WR�WKH�PRGHOIRXU� IDFWLWLRXV� YHFWRUV�� *RYHUQPHQW� �* ^������ `��� ,QGXVWU\� �, ^������ `��� 8QLYHUVLW\�8 ^������`��DQG�DQ�LQWHUPHGLDWH�YHFWRU�EHWZHHQ�WKH�WKUHH�,*8��,*8 ^��������������`��7KHVH�YHFWRUV�ZLOO�VHUYH�DV�UHIHUHQFH�IUDPH�WR�H[SODLQ�WKH�UHVXOWV��LQ�WRSRJUDSKLF�WHUPV�WKH\�ZRXOG�EH�JHRGHVLF�SRLQWV�7KURXJK� WKH� HTXDWLRQ� SUHYLRXVO\� GHVFULEHG�� WKH� VLPLODULW\� RI� WKH� YHFWRUV� RI� WKHUHVHDUFK�FHQWUHV�ZLWK�YHFWRUV�*��,�DQG�8��YHFWRU�,*8�ZDV�XVHG�DV�D�UHIHUHQFH�SRLQW� WRH[SODLQ� WKH� UHVXOWLQJ� PRGHO�� ZHUH� REWDLQHG�� )LQDOO\�� WKH� REWDLQHG� VLPLODULWLHV� ZHUHWUDQVIRUPHG� LQWR� GLVWDQFHV� �'L ��6L��� 7KH� ILQDO� UHVXOW� LV� DQ� DV\PPHWULF� PDWUL[� RIGLVWDQFHV�RI���[��IRU�WKH�*HUPDQ�FHQWUHV�DQG�DQRWKHU�DV\PPHWULF�PDWUL[�RI�GLVWDQFHV�RI��[��IRU�WKH�6SDQLVK�FHQWUHV��7KHVH�PDWULFHV�DSSHDU�LQ�WKH�$SSHQGL[�

0XOWLGLPHQVLRQDO�6FDOLQJ��0'6�
0XOWLGLPHQVLRQDO� VFDOLQJ� �0'6�� ³LV� D� VHW� RI� GDWD� DQDO\VLV� WHFKQLTXHV� WKDW� GLVSOD\WKH�VWUXFWXUH�RI�GLVWDQFH�OLNH�GDWD�DV�D�JHRPHWULFDO�SLFWXUH´��� ,WV�RULJLQ�LV�LQ�WKH�VWXGLHVRI�7RUJHUVRQ��� RQ�PHWULF�0'6� DQG�.UXVNDO� RQ� QRQ�PHWULF�0'6��� %\�PHDQV� RI� WKLVDOJRULWKP�D�YHFWRU�VSDFH�IURP�Q�GLPHQVLRQV�LV�GLVSOD\HG�LQ�D���RU���GLPHQVLRQDO�JUDSK�DOORZLQJ� WKH� JUDSKLFDO� UHSUHVHQWDWLRQ� RI� WKHVH� YHFWRUV� DQG� ORFDWLQJ� LWV� SRVLWLRQ� LQ� WKHVSDFH�,Q�WKLV�FDVH��WKH�QRQ�PHWULF�0'6�ZDV�XVHG�EHFDXVH�WKH�960�DOORZV�XV�WR�REWDLQ�DQRQ�V\PPHWULFDO� PDWUL[�� XQOLNH� WKH� &R�&LWDWLRQ� $QDO\VLV� WKDW� DOZD\V� SURGXFHV� DV\PPHWULFDO� FR�RFFXUUHQFH� RU� �QRUPDOL]HG�� VLPLODULW\�PDWUL[��2Q� WKH� RWKHU� KDQG�� WZRPDWULFHV�ZLWK�MXVW�WKUHH�GLVWDQFHV�SURYLGH�D�VWUHVV�YDOXH��M ����VR�WKDW�WKH�ILWWLQJ�RI�WKHPRGHO�FDQ�EH�FRQVLGHUHG�H[DFW�
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5HVXOWV
7KH� UHVXOW� RI� WKH� JUDSKLFDO� GLVSOD\� VKRZV� D� 6WUHVV� YDOXH� �M ��� IRU� WKH� WKUHH�GLPHQVLRQDO� PRGHO�� 7KH� UHVXOWV� RI� HDFK� 1DWLRQDO� 5HVHDUFK� &RXQFLO� 0'6� JUDSK� DUHGLVFXVVHG�EHORZ�

&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWtILFDV��&6,&�

)LJXUH����7KH�0'6�PDS�RI�WKH�&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWtILFDV�%LRORJ\DQG�%LRPHGLFLQH�LQVWLWXWHV
,Q�WKLV�ILUVW�PDS��SURGXFHG�E\�WKH�%LRORJ\�DQG�%LRPHGLFLQH�FHQWUHV�RI�WKH�&6,&��ZHFDQ�SHUFHLYH� WKDW�PRVW�RI� WKH�FHQWUHV�DUH�YHU\�QHDU� WR� WKH�JRYHUQPHQW�XQLYHUVLW\�D[LV�2QO\�D�IHZ�FHQWUHV�DUH�GLUHFWHG�IRZDUGV�WKH�LQGXVWU\�YHFWRU�WKURXJK�WKH�,*8�YHFWRU��WKHJUDYLW\�FHQWUH�RI�WKH�PRGHO��7KLV�FRPLQJ�WRJHWKHU�LV�VR�VOLJKW�WKDW�LW�FDQ�KDUGO\�EH�VDLGWR� EH� D� SDUW� RI� WKH� PRGHO� QXFOHXV�� 7KLV� LOOXVWUDWHV� WKH� VWURQJ� LQGHSHQGHQFH� RI� WKHVHFHQWUHV�ZLWK� UHVSHFW� WR� WKH� ,QGXVWU\�YHFWRU��ZKLFK�GHPRQVWUDWHV� D� VPDOO�ZHLJKW� RI� WKHLQGXVWULDO� VHFWRU� LQ� WKH� UHODWLRQVKLSV� RI� WKH�&6,&� FHQWUHV�� )RU� WKLV� UHDVRQ�� WKH� JUDYLW\
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FHQWUH�RI�WKH�7ULSOH�+HOL[�0RGHO�� WKH�]RQH�DURXQG�YHFWRU�,*8��LV� LVRODWHG��ZLWKRXW�WKHSUHVHQFH�RI�FHQWUHV��VR�LW�FRXOG�EH�DVVXPHG�WKDW�WKHVH�FHQWUHV�GR�QRW�ILW�LQWR�WKH�7ULSOH+HOL[� 0RGHO�� VLQFH� WKH� FRQQHFWLRQV� EHWZHHQ� WKH� JRYHUQPHQW� DQG� WKH� XQLYHUVLW\� DUHVROHO\�ELODWHUDO��7KLV�IDFW�FDQ�EH�H[SODLQHG�EHFDXVH�PDQ\�RI�WKH�FHQWUHV�DUH�DIILOLDWHG�WRXQLYHUVLWLHV�$V�DQ�H[DPSOH�RI�DQ�H[FHSWLRQ��OHW�PH�SRLQW�RXW�WKH�FDVH�RI�WKH�FHQWUHV���DQG����WKDWWKH\�FRPH�QHDU� WR� D� JRYHUQPHQW�LQGXVWU\� UHODWLRQVKLS��1RWH� DOVR� WKH� FDVH�RI� SRLQW� ���%LRSK\VLF�8QLW��FHQWUH�DVVLJQHG�WR�7KH�8QLYHUVLW\�RI�WKH�%DVTXH�&RXQWU\��ZKLFK�KDV�DODUJHU� GHSHQGHQF\� RQ� WKH� XQLYHUVLW\�� DQG� VLPXOWDQHRXVO\� FRPHV� QHDU� WR� WKH� LQGXVWULDOVHFWRU��EXW�LQ�WKLV�FDVH�WR�UHJLRQDO�LQGXVWU\�%XW�LQ�QRQH�RI� WKH�SUHYLRXV�FDVHV�HYHQ�D�VOLJKW�VLJQRI�WULSOH� UHODWLRQVKLS�KDV�EHHQGHWHFWHG��WKDW�ZRXOG�DOORZ�XV�WR�ILQG�D�VLWXDWLRQ�RI�QDWLRQDO�LQQRYDWLRQ�V\VWHP��7R�GHWHFWWKLV�UHODWLRQVKLS��WKH\�ZRXOG�KDYH�WR�FRPH�QHDU�WR�WKH�YHFWRU�,*8�]RQH�
0D[�3ODQFN�*HVHOOVFKDIW��03*�

)LJXUH����7KH�0'6�PDS�RI�WKH�0D[�3ODQFN�*HVHOOVFKDIW�%LRORJ\�DQG�%LRPHGLFLQH�LQVWLWXWHV
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2Q�WKH�FRQWUDU\��LQ�WKH�PRGHO�SURGXFHG�E\�WKH�%LRORJ\�DQG�%LRPHGLFLQH�FHQWUHV�RIWKH�0D[�3ODQFN�*HVHOOVFKDIW�D�JUHDWHU�VFDWWHULQJ�RI�FHQWUHV�EHWZHHQ�WKH�WKUHH�D[HV�ZDVIRXQG��DOWKRXJK�D�JUHDWHU�SHUFHQWDJH�RI�SRLQWV�ZHUH�ORFDWHG�LQ�WKH�JRYHUQPHQW�D[H��%XWXQOLNH� WKH� 6SDQLVK� PRGHO�� WKH� *HUPDQ� FHQWUHV� FRPH� PRUH� REYLRXVO\� FORVHU� WR� WKHFHQWUDO� YHFWRU� ,*8�� 7KHVH� UHVXOWV� VXJJHVW� WKDW�� LQ� WKH�*HUPDQ� FDVH� WKHUH� LV� D� JUHDWHUWHQGHQF\� WRZDUGV� WKH� 7ULSOH�+HOL[�0RGHO�� EHFDXVH� WKH� WKUHH� D[HV� RI� WKH� PRGHO� GUDZWKHVH�FHQWUHV�WRZDUGV�D�FHQWUDO�LQWHUPHGLDWH�SRVLWLRQ��GHPRQVWUDWLQJ�D�FOHDU�LQWHUYHQWLRQRI�WKH�WKUHH�DJHQWV�RI�WKH�PRGHO�$V� LQ� WKH�6SDQLVK� FDVH�� WKH� FHQWUHV� DVVLJQHG� WR� WKH� XQLYHUVLWLHV� WHQG� WR� EH� ORFDWHGQHDUHU�WR�WKH�XQLYHUVLW\�WKDQ�WKH�JRYHUQPHQW��$�JRRG�H[DPSOH�LV�WKH�SRLQW�����03,�IRU7HUUHVWULDO�0LFURELRORJ\��0DUEXUJ��ZKLFK�LV�ORFDWHG�QH[W�WR�WKH�8QLYHUVLW\�EHFDXVH�WKLVLV�D�8QLY��RI�0DUEXUJ�DIILOLDWHG�FHQWUH��$OWKRXJK� LW� LV�FHUWDLQ� WKDW� WKLV� WHQGHQF\��PRUHSURQRXQFHG� LQ� WKH� 6SDQLVK� FDVH� WKDQ� WKH� *HUPDQ�� PD\� EH� FDXVHG� E\� WKH� DIILOLDWHGFHQWUHV� WR� WKH� XQLYHUVLWLHV�� ,Q� WKLV� VLWXDWLRQ�� WKH� 03*� KDV� RQO\� RQH� DVVLJQHG� FHQWUH�ZKHUHDV�WKH�&6,&�KDV�VHYHQ�2Q�WKH�RWKHU�KDQG��WZR�FHQWUHV��QXPEHUV���DQG�����DUH�WKRVH�WKDW�DUH�SXOOHG�FORVHU�WRWKH� ,QGXVWU\� YHFWRU�� 0D\EH�� WKLV� IDFW� LV� SURGXFHG� EHFDXVH� ERWK� FHQWUHV� ZRUN� LQ� WKH%LRLQIRUPDWLF�ILHOG�DQG�WKH\�QHHG�WHFKQRORJLFDO�WRROV�SURYLGHG�E\�WKH�LQGXVWU\�
&RQFOXVLRQV

7KH�XVH�RI�D�YHFWRU�VSDFH�PRGHO�KDV�DOORZHG� WKH�ZHERPHWULF�GDWD�DQDO\VLV� IURP�DGLIIHUHQW� SRLQW� RI� YLHZ�� 7KLV� WHFKQLTXH�� XQOLNH� RWKHUV�� KDV� DOORZHG� WKH� VWXG\� RIGLIIHUHQFHV�DQG�WKH�VLPLODULWLHV�RI�YHFWRUV�IURP�WKH�YDOXHV�WKDW�WKH\�DGRSW�IURP�PDQLIROGYDULDQWV�� LQ� WKLV� FDVH� WKH� RXWOLQNV� WKDW� SRLQW� WR� *RYHUQPHQW�� 8QLYHUVLW\� DQG� ,QGXVWU\:HE�VLWHV��7KURXJK�WKLV��LW�LV�SRVVLEOH�WR�FRQFOXGHG�WKDW�WKLV�PHWKRGRORJ\�LV�D�YDOLG�WRROIRU� WKH�VWXG\�RI� WKH�7ULSOH�+HOL[��VLQFH� WKLV�PRGHO�QHHGV�PHWKRGRORJLHV� WKDW�VWXG\� WKHUHODWLRQVKLS�RI�7ULSOH�+HOL[�HOHPHQWV��7KH�XVH�RI�WKH�0XOWLGLPHQVLRQDO�6FDOLQJ�KDV�EHHQD�JRRG�DLG�LQ�SUHVHQWLQJ�WKH�UHVXOWLQJ�PRGHO� LQ�JUDSKLFDO�IRUP��VLQFH�WKLV�YLVXDOL]DWLRQPHWKRG�KDV�DOORZHG�WKH�SRVLWLRQLQJ�RI�WKHVH�UHVHDUFK�FHQWUHV�$SDUW� IURP� WKLV�� WKHVH� WRROV� FRPHG� DOVR� EH� XVHG� IRU� WKH� GHVLJQ� RI� TXDOLWDWLYHLQGLFDWRUV�� 7KH� 960� SURYLGHV� DV� DQ� LPSRUWDQW� WRRO� WR� VROYH� WKH� FRPSOH[LW\� RI� WKHUHODWLRQVKLSV� WKDW� HPHUJH� LQ� DQ� LQQRYDWLRQ� V\VWHP�� QRW� RQO\� IRU� WKH� VWXG\� RI� WKHVRFLRHFRQRPLF�UHDOLW\�RI�D�SODFH�EXW�DOVR�IRU�WKH�SODQQLQJ�RI�SROLFLHV�UHODWHG�WR�5HVHDUFKDQG�'HYHORSPHQW��,Q�WKLV�VHQVH��WKH�6,%,6�� DQG�:,6(5��SURMHFWV�DUH�D�JRRG�H[DPSOH�7KH�0DSV�RI�6FLHQFH�� DOVR�DUH�D�JRRG�H[DPSOH�RI�WKLV�VHDUFK�IRU�TXDOLWDWLYH�LQGLFDWRUVEDVHG� RQ� WKH� SRZHU� RI� WKH� JUDSKLFDO� UHSUHVHQWDWLRQV� DQG� WKH\� DUH� DOVR� D� IRUP� RI
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XQGHUVWDQGLQJ� D� FRPSOH[� UHDOLW\� OLNH� LQ� WKH� VFLHQWLILF� ZRUOG� $JXLOOR� \� 3DUHMDFRQFOXGH��� ³5HODWLRQVKLS�ZLWK�RWKHU�VHFWRUV�DUH�HDVLO\�XQFRYHUHG�XVLQJ�OLQN�DQDO\VLV��VRLW�LV�VXJJHVWHG�WKH�XVH�RI�QHZ�YLVXDOLVDWLRQ�WRROV�EDVHG�RQ�PXOWLGLPHQVLRQDO�WHFKQLTXHVWR�LQFUHDVH�RXU�NQRZOHGJH�RI�WKH�LQQRYDWLRQ�SURFHVVHV�LV�VXJJHVWHG´�2Q�WKH�RWKHU�KDQG��LW�FDQ�EH�FRQFOXGHG�WKDW� WKH�RXWOLQNV�DQDO\VLV�KDV�DOORZHG�XV�WRSURYLGH�LQIRUPDWLRQ�RQ�WKH�EHKDYLRXU�RI� WKHVH�FHQWUHV�DW� WKH�PRPHQW�RI�FUHDWLQJ� OLQNVDQG��LQ�WXUQ��WR�GHVFULEH�WKH�HQYLURQPHQW�ZKHUH�WKH\�DUH�ORFDWHG��$OWKRXJK�LW�LV�WUXH��WKDWQRW�DOO� WKH�RXWOLQNV�DUH� UHSUHVHQWDWLYH�RI� WKH�DFWLYLWLHV�DQG�REMHFWLYHV�RI� WKH�:HE�VLWHVWKDW�FUHDWH�WKHP��DV�ZLWK�����RI�WKH�OLQNV�H[FOXGHG��7KH�XVH�RI�D�FUDZOHU RU�VSLGHU KDVDOORZHG�XV�WR�REWDLQ�D�ODUJH�QXPEHU�RI�OLQNV�GLUHFWO\�IURP�:HE�VLWHV��H[FOXGLQJ�WKH�ELDVWKDW�DULVHV�IURP�VHDUFK�HQJLQHV��7KH�XVH�RI� WKHVH�WRROV�ZRXOG�LPSURYH�WKH�ZHERPHWULFUHVXOWV� DQG� DOWKRXJK� LW� LV� QHFHVVDU\� WR� UHDOLVH� WKDW� LWV� WUHDWPHQW� LV�PRUH� FRPSOH[� DQGGLIILFXOW��)RU�WKLV�PHWKRGRORJLF�SURSRVDO�WKLV�LV�WKH�PRVW�VXLWDEOH�WRRO�)LQDOO\�� WKH� IOH[LELOLW\� RI� WKLV� PHWKRGRORJ\� HQDEOHV� XV� WR� VWXG\� :HE� OLQNV� IURPPXOWLSOH� SRLQWV� RI� YLHZ�� )RU� H[DPSOH�� D� JHRJUDSKLF� DSSURDFK�� DOORZV� XV� WR� VHH� WKHWUDQVQDWLRQDO� UHODWLRQVKLS� RI� VFLHQFH�� RU� IURP� D� WKHPDWLF� SRLQW� RI� YLHZ�� ZH� FDQDSSUHFLDWH�WKH�HPHUJHQFH�RI�QHZ�UHVHDUFK�IURQWV��,Q�WKLV�ZD\��LW�LV�GHVLUHG�WKDW�WKLV�QHZPHWKRGRORJLF�SURSRVDO�KHOSV�WR�VXSSRUW�WKH�ZHERPHWU\�DV�D�HPHUJHQW�UHVHDUFK�ILHOG��DWWKH�VDPH�WLPH�WKDW�LW�PDNHV�LW�SRVVLEOH�WR�ORRN�GHHSO\�LQWR�WKH�VWXG\�RI�WKH�7ULSOH�+HOL[0RGHO�



7KH�UHIHUHHV�DUH�ZDUPO\�WKDQNHG�IRU�WKHLU�KHOSIXO�FRPPHQWV�
5HIHUHQFHV

�� %8648,1��3K���6L[WK�)UDPHZRUN�3URJUDPPH������±������ (XURSHDQ�UHVHDUFK�VWHHUV�D�QHZ�FRXUVH��57',QIR��0DJD]LQH�IRU�(XURSHDQ�5HVHDUFK������$SULO�������� 9,$/(��5���&+,*/,21(��%�� 7KH� 7ULSOH�+HOL[�PRGHO�� D� 7RRO� IRU� WKH� VWXG\� RI� (XURSHDQ� UHJLRQDO� VRFLRHFRQRPLF�V\VWHPV��7KH�,376�5HSRUW� ���1RY��������� (7=.2:,7=�� +��� /(<'(6'25))� /��� 7KH� 7ULSOH� +HOL[� XQLYHUVLW\�LQGXVWU\�JRYHUQPHQW� UHODWLRQV�� $ODERUDWRU\�IRU�NQRZOHGJH�EDVHG�HFRQRPLF�GHYHORSPHQW��($667�5HYLHZ������������������±����� %(//$9,67$� -���3ROtWLFDV�SDUD�OD�FLHQFLD��OD�WHFQRORJtD�\�OD�LQQRYDFLyQ��UHIOH[LRQHV�GH�DFWXDOLGDG�SDUD�HOFDPELR� GH� PLOHQLR�� ,Q�� 0(',1$� 0��� .:,$7.2:61.$�� 7�� �(GV��� &LHQFLD�� 7HFQRORJtD� �1DWXUDOH]D�&XOWXUD�HQ�HO�VLJOR�;;,��$QWKURSRV��%DUFHORQD��������� (7=.2:,7=��+���7HFKQRORJ\�&HQWHUV�DQG�,QGXVWULDO�3ROLF\��7KH�(PHUJHQFH�RI�WKH ,QWHUYHQWLRQLVW�6WDWH�LQWKH�86$��6FLHQFH�DQG�3XEOLF�3ROLF\� ����������������±���



-��/��257(*$�35,(*2��9HFWRU�6SDFH�0RGHO

��� 6FLHQWRPHWULFV �� ������

�� /(<'(6'25))��/���&855$1��0���0DSSLQJ�XQLYHUVLW\�LQGXVWU\�JRYHUQPHQW�UHODWLRQV�RQ�WKH�,QWHUQHW�� WKHFRQVWUXFWLRQ�RI�LQGLFDWRUV�IRU�D�NQRZOHGJH�EDVHG�HFRQRP\��&\EHUPHWULFV�����������1R�����KWWS���ZZZ�FLQGRF�FVLF�HV�F\EHUPHWULFV�DUWLFOHV�Y�L�S��KWPO!�� %28'285,'(6�� 0�� $��� 6,*5,67�� %��� $/(9,=26�� 3�� '��� :HERPHWULFV� DQG� WKH� VHOI�RUJDQL]DWLRQ� RI� WKHHXURSHDQ�LQIRUPDWLRQ�VRFLHW\��'UDIW�5HSRUW��7DVN�����RI�WKH�62(,6�3URMHFW��5RPH�0HHWLQJ��-XQH�������������� :,6(5�&216257,80��:,6(5���:HE�,QGLFDWRUV�IRU�6FLHQFH��7HFKQRORJ\�	�,QQRYDWLRQ�5HVHDUFK��>V�� O�� �:,6(5@��������KWWS���ZZZ�ZHELQGLFDWRUV�RUJ!�� /(<'(6'25))�� /��� 6&+$51+2567�� $��� 0HDVXULQJ� WKH� .QRZOHGJH� %DVH�� $� 3URJUDP� RI� ,QQRYDWLRQ6WXGLHV�� 5HSRUW� WR� WKH� %XQGHVPLQLVWHULXP� I�U� %LOGXQJ� XQG� )RUVFKXQJ�� %HUOLQ�%UDQGHQEXUJLVFKH$NDGHPLH�GHU�:LVVHQVFKDIWHQ���������� $%5$+$0� 5��+���:HERPHWU\��PHDVXULQJ�WKH�FRPSOH[LW\�RI� WKH�:RUOG�:LGH�:HE� :RUOG�)XWXUHV� ������������±������KWWS���ZZZ�UDOSK�DEUDKDPV�RUJ!��� $%5$+$0��5��+����������KWWS���ZZZ�UDOSK�DEUDKDPV�RUJ!��� %28'285,'(6��0��$���$17<3$6�� *�� 3���$�6LPXODWLRQ� RI� WKH� 6WUXFWXUH� RI� WKH�:RUOG�:LGH�:HE�� )LUVW'UDIW���������� 52866($8��5���6LWDWLRQV��DQ�H[SORUDWRU\�VWXG\� &\EHUPHWULFV�����������1R�����KWWS���ZZZ�FLQGRF�FVLF�HV�F\EHUPHWULFV�DUWLFOHV�Y�L�S��KWPO!��� 7+(/:$//��0���+$55,(6��*���7KH�FRQQHFWLRQ�EHWZHHQ�WKH�UHVHDUFK�RI�D�XQLYHUVLW\�DQG�FRXQWV�RI�OLQNV�WRLWV�:HE�SDJHV��$Q�LQYHVWLJDWLRQ�EDVHG�XSRQ�D�FODVVLILFDWLRQ�RI�WKH�UHODWLRQVKLSV�RI�SDJHV�WR�WKH�UHVHDUFKRI�WKH�KRVW�XQLYHUVLW\��-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUPDWLRQ�6FLHQFH�DQG�7HFKQRORJ\��������WR�DSSHDU����� :,/.,1621�� '��� +$55,(6�� *��� 7+(/:$//�� 0�� 35,&(�� (��� 0RWLYDWLRQV� IRU� DFDGHPLF� :HE� VLWHLQWHUOLQNLQJ�� (YLGHQFH� IRU� WKH� :HE� DV� D� QRYHO� VRXUFH� RI� LQIRUPDWLRQ� RQ� LQIRUPDO� VFKRODUO\FRPPXQLFDWLRQ��-RXUQDO�RI�,QIRUPDWLRQ�6FLHQFH������������������±������ $/0,1'�� 7�� &��� ,1*:(56(1� 3��� ,QIRUPHWULF� DQDO\VHV� RQ� WKH� :RUOG� :LGH� :HE�� PHWKRGRORJLFDODSSURDFKHV�WR��:HERPHWULFV���-RXUQDO�RI�'RFXPHQWDWLRQ� �����������������±������� 60,7+��$���$1=$&�ZHERPHWULFV� >RQ� OLQH@�� H[SORULQJ�$XVWUDODVLDQ�:HE� VWUXFWXUHV�� ,Q��3URFHHGLQJV�RI,QIRUPDWLRQ� 2QOLQH� DQG� 2Q� 'LVF� ���� 6WUDWHJLHV� IRU� WKH� QH[W� PLOOHQQLXP�� 6\GQH\�� $XVWUDOLD�� �����-DQXDU\�������>6\GQH\@��$/,$��SS�����������KWWS���ZZZ�FVX�HGX�DX�VSHFLDO�RQOLQH���SURFHHGLQJV������E�KWP��� 60$//�� +��� &R�FLWDWLRQ� LQ� WKH� VFLHQWLILF� OLWHUDWXUH�� D� QHZ� PHDVXUH� RI� WKH� UHODWLRQVKLS� EHWZHHQ� WZRGRFXPHQWV��-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUPDWLRQ�6FLHQFH�������������������±������� /$5621�� 5�� 5��� %LEOLRPHWULFV� RI� WKH� :RUOG� :LGH� :HE�� $Q� ([SORUDWRU\� $QDO\VLV� RI� WKH� ,QWHOOHFWXDO6WUXFWXUH�RI�&\EHUVSDFH >RQ�OLQH@�8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��������KWWS���VKHUORFN�EHUNHOH\�HGX�DVLV���DVLV���KWPO!��� 6$/721�� *���0&*,//�� 0��� ,QWURGXFWLRQ� WR� 0RGHUQ� ,QIRUPDWLRQ� 5HWULHYDO�� 1HZ� <RUN�� 0F*UDZ�+LOO��������� 0$;�3/$1&.�,167,787�)h5�*(6(//6&+$)7 �*HUPDQ\���0D[�3ODQFN�,QVWLWXWHV� >%HUOLQ��03*@>FLWHG����������@��KWWS���ZZZ�PSJ�GH�HQJOLVK�LQVWLWXW�"6SUDFKH (	6HO6HNWLRQ %0	6HO1DPH $�=	6HO5HJLRQ 
	6HO6RUW 1DPH	6XEPLW�[ ��	6XEPLW�\ ��!��� &216(-2� 683(5,25� '(� ,19(67,*$&,21(6� &,(17,),&$6� �6SDLQ�� &6,&�� ÈUHD� GH� %LRORJtD� \%LRPHGLFLQD��>0DGULG��&6,&@�>FLWHG����������@���KWWS���ZZZ�FVLF�HV�KLVSDQR�DUHD��KWP!
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��� 6(1.(5��-���%$/$=6��.���+,**,16��7���/$5('2��3���0812=��(���6$17(60$6(6��0���(63,126$�'(�/260217(526�� -��� 327,�� %���5($/(�� (��� ',�0$5&+,��0��� 6&$5'$�� $��� 6$1'67520�� 8��� 6&+,0$1.�� 8��:,11(6��0��� 6.2,(��+��� 7+2567(,16'277,5��+�� (XURSHDQ�&RPSDULVRQ� RI� 3XEOLF�5HVHDUFK� 6\VWHPV�76(5�3URMHFW�1R��62(��±�&7���±������&KDQJLQJ�6WUXFWXUH��2UJDQLVDWLRQ�DQG�1DWXUH�RI�(XURSHDQ�3656\VWHPV���������� &\EHU6SLGHU�/LQN�7H[W >RQ�OLQH@�9HU���������>&DQDGD@��$PDQ�6RIWZDUH��F�����������6RIWZDUH���� <281*�� )�� :��� 9L6WD�� 7KH� 9LVXDO� 6WDWLVWLF� 6\VWHP�� >RQ� OLQH@� 9HU�� �����(:� >1RUWK� &DUROLQD@�� 81&�F����������������0E��6RIWZDUH���KWWS���IRUUHVW�SV\FK�XQF�HGX�UHVHDUFK!��� %g51(5��.���&+(1��&+���%2<$&.��.���9LVXDOL]LQJ�NQRZOHGJH�GRPDLQV��$QQXDO�5HYLHZ�RI�,QIRUPDWLRQ6FLHQFH�	�7HFKQRORJ\�������������LQ�SUHVV����� 6$/721� *��� 7KH� 6PDUW� 5HWULHYDO� 6\VWHP� ±� ([SHULPHQWV LQ� $XWRPDWLF� 'RFXPHQW� 3URFHVVLQJ�3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV��1HZ�<RUN���������� 257(*$� 35,(*2�� -�� /��� $QiOLVLV� GH� UHIHUHQFLDV� EDVDGR� HQ� XQ� 0RGHOR� GH� (VSDFLRV� 9HFWRULDOHV�� ODLQYHVWLJDFLyQ� HQ� +LVWRULD� &RQWHPSRUiQHD� HQ� -DpQ� GXUDQWH� ����������� 5HYLVWD� (VSDxROD� GH'RFXPHQWDFLyQ�&LHQWtILFD�������������������±������� /$56(1��%���,1*:(56(1��3���7KH�%RRPHUDQJ�(IIHFW��5HWULHYLQJ�6FLHQWLILF�'RFXPHQWV�YLD�WKH�1HWZRUN�RI5HIHUHQFHV�DQG�&LWDWLRQV��6,*,5¶����$XJXVW�������������7DPSHUH��)LQODQG���� :+,7(��+��'���*5,)),7+��%��&���$XWKRU�FRFLWDWLRQ��D�OLWHUDWXUH�PHDVXUH�RI�LQWHOOHFWXDO�VWUXFWXUH��-RXUQDORI�WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUPDWLRQ�6FLHQFH�������������������±������� <281*� )�� :��� 0XOWLGLPHQVLRQDO� VFDOLQJ�� ,Q�� .27=�� 6��� -2+1621�� 1�� /��� 5($'6� &�� %�� �(GV��(QF\FORSHGLD�RI�6WDWLVWLFDO�6FLHQFHV� 1HZ�<RUN��-RKQ�:LOH\�	�6RQV��������YRO��9���� 725*(5621��:��6���0XOWLGLPHQVLRQDO�VFDOLQJ��7KHRU\�DQG�PHWKRG��3V\FKRPHWULND���������������±������� .586.$/� -��%���1RQPHWULF�PXOWLGLPHQVLRQDO�VFDOLQJ��3V\FKRPHWULND���������������±������� %$5-$.�� )��� +$5$%,�� 1��� 7KH� ,QWHUQHW� IRU� 5	'� 6,%,6� �6WDWLVWLFDO� ,QGLFDWRUV� %HQFKPDUNLQJ� WKH,QIRUPDWLRQ�6RFLHW\��3URMHFW�,67������������7RSLF�UHVHDUFK�DQG�LQGLFDWRU�GHYHORSPHQW���������� 12<216��(���%LEOLRPHWULF�PDSSLQJ�RI�VFLHQFH�LQ�D�SROLF\�FRQWH[W��6FLHQWRPHWULFV������������������±������ $*8,//2�� ,��)���3$5(-$��9��0��� ,QGLFDWRUV�RI� WKH� ,QWHUQHW�SUHVHQFH�RI� WKH�:HVWHUQ�(XURSHDQ�5HVHDUFK&RXQFLOV��,Q��3RVWHU�3UHVHQWDWLRQ�LQ�6	7�������/HLGHQ��0D\������>RQ�OLQH@���KWWS���VDKDUD�IVZ�OHLGHQXQLY�QO�FZWV�DEV�$*8,//2�W[W!
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$SSHQGL[9HFWRU�GLVWDQFHV�PDWUL[�RI�0D[�3ODQFN�*HVHOOVFKDIW�5HVHDUFK�&HQWUHVZLWK�WKH�7ULSOH�+HOL[�0RGHO�DJHQWV
0D[�3ODQFN�*HVHOOVFKDIW�5HVHDUFK�&HQWUHV ,QGXVWU\ *RYHUQPHQW 8QLYHUVLW\� 03,�RI�%LRFKHPLVWU\ ���������� ���������� ����������� 03,�RI�%LRORJ\ � � �� 03,�RI�%LRSK\VLFV ���������� ���������� ����������� 03,�IRU�%LRSK\VLFDO�&KHPLVWU\��.DUO�)U��%RQKRHIIHU ���������� ��������� ����������� 03,�IRU�%UDLQ�5HVHDUFK � � �� 03,�IRU�%HKDYLRUDO�3K\VLRORJ\ ���������� ���������� ����������� 03,�IRU�3ODQW�%UHHGLQJ�5HVHDUFK ���������� ���������� ����������� 03,�RI�9DVFXODU�%LRORJ\ � ���� ����� 03,�IRU�%LRORJLFDO�&\EHUQHWLFV ���������� ���������� ������� 03,�RI�&KHPLFDO�(FRORJ\ ���������� ��������� ������������ 03,�IRU�&HOO�%LRORJ\ � � ��� 03,�RI�0ROHFXODU�&HOO�%LRORJ\�DQG�*HQHWLFV � � ��� 03,�IRU�'HYHORSPHQWDO�%LRORJ\ ���������� ���������� ������������ 03,�RI�([SHULPHQWDO�(QGRFULQRORJ\ ���������� ���������� ������������ 0D[�3ODQFN�5HVHDUFK�8QLW�IRU�(Q]\PRORJ\�RI�3URWHLQ ���������� ���������� ������������ 03,�IRU�([SHULPHQWDO�0HGLFLQH ���������� ���������� ������������ 7KH�)ULHGULFK�0LHVFKHU�/DERUDWRU\�RI�WKH�03* ���������� ���������� ������������ 03,�IRU�0ROHFXODU�*HQHWLFV � � ��� 03,�RI�,PPXQRELRORJ\ ���� ���� ����� 03,�IRU�,QIHFWLRQ�%LRORJ\ ���������� ���������� ������������ 03,�IRU�/LPQRORJ\ ���������� ���������� ������������ 03,�IRU�0HGLFDO�5HVHDUFK ���������� ���������� ������������ 03,�IRU�0DULQH�0LFURELRORJ\ ���������� ���������� ������������ 03,�IRU�7HUUHVWULDO�0LFURELRORJ\ ���������� ���������� ����������� 03�:RUNLQJ�*URXS�IRU�6WUXFWXUDO�0ROHFXODUELRORJ\�DP ��� ��� ��� 03,�RI�1HXURELRORJ\ � ���������� ������������ 03,�IRU�1HXURORJLFDO�5HVHDUFK ���������� ���������� ������������ 0D[�3ODQFN�5HVHDUFK�&HQWUH�IRU�2UQLWKRORJ\ ���� ��� ������ 03,�RI�0ROHFXODU�3ODQW�3K\VLRORJ\ ���������� ���������� ������������ 03,�RI�0ROHFXODU�3K\VLRORJ\ ������� ������� ����� 03,�IRU�3K\VLRORJLFDO�DQG�&OLQLFDO�5HVHDUFK ���������� ���������� ������������ 03,�RI�3V\FKLDWU\ ���������� ���������� ����� 03,�IRU�3V\FKROLQJXLVWLFV ��������� ��������� ����������,1'86 ,QGXVWU\ � � �*291 *RYHUQPHQW � � �81,9 8QLYHUVLW\ � � �,*8 ,QGXVWU\�*RYHUQPHQW�8QLYHUVLW\ ��� ��� ���
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9HFWRU�GLVWDQFHV�PDWUL[�RI�&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWtILFDV5HVHDUFK�&HQWUHV�ZLWK�WKH�7ULSOH�+HOL[�0RGHO�DJHQWV
&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWtILFDV5HVHDUFK�&HQWUHV ,QGXVWU\ *RYHUQPHQW 8QLYHUVLW\� 0ROHFXODU�%LRORJ\�&HQWUH�³6HYHUR�2FKRD´ ���������� ���������� ����������� 5HVHDUFK�DQG�'HYHORSPHQW�&HQWUH ���������� ���������� ����������� %LRORJLFDO�5HVHDUFK�&HQWUH ��� ��� �� 1DWLRQDO�&HQWUH�RI�%LRWHFKQRORJ\ ���������� ���������� ����������� 0ROHFXODU�%LRORJ\�,QVWLWXWH�RI�%DUFHORQD ���������� ���������� ����������� 3ODQWV�0ROHFXODU�DQG�&HOXODU�%LRORJ\�,QVWLWXWH�³�3ULPR<XIHUD´ ���������� ���������� ����������

� &DQFHU�0ROHFXODU�DQG�&HOXODU�%LRORJ\�,QVWLWXWH ��� ��� ���� %LRORJ\�DQG�0ROHFXODU�*HQHWLF�,QVWLWXWH � ��� ���� %LRPHGLFLQH�,QVWLWXWH�RI�9DOHQFLD ���������� ���������� ������������ %LRFKHPLFDO�,QVWLWXWH � ��� ����� 9HJHWDO�%LRFKHPLFDO�DQG�3KRWRV\QWKHVLV ���������� ���������� ������������ 3KDUPDFRORJ\�DQG�7R[LFRORJ\�,QVWLWXWH � ���������� ������������ %LRPHGLFLQH�5HVHDUFK�,QVWLWXWH�³$OEHUWR�6ROV´ ���������� ���������� ������������ %LRPHGLFDO�5HVHDUFK�,QVWLWXWH�RI�%DUFHORQD ���������� ���������� ������������ %LRFKHPLVWU\�0LFURELRORJ\�,QVWLWXWH � ���������� ������������ 1HXURELRORJ\�,QVWLWXWH�³5DPyQ�\�&DMDO´ ���������� ���������� ������������ 3DUDVLWRORJ\�DQG�%LRPHGLFLQH�,QVWLWXWH�³/ySH]�1H\UD´ ���������� ���������� ������������ %LRSK\VLF�8QLW ����� ��� �����,1'86 ,QGXVWU\ � � �*291 *RYHUQPHQW � � �81,9 8QLYHUVLW\ � � �,*8 ,QGXVWU\�*RYHUQPHQW�8QLYHUVLW\ ��� ��� ���


