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�
3RVWHU������
8VLQJ�7HWUDK\PHQD�WR�VWXG\�WKH�PROHFXODU�PHFKDQLVPV�RI�WKH�FRQWUDFWLOH�YDFXROH�
&KHQJ��&KDR�<LQ��F\FKHQJ#XFKLFDJR�FRP��7XUNHZLW]��$DURQ��
DSWXUNHZ#XFKLFDJR�HGX�
7KH�8QLYHUVLW\�RI�&KLFDJR��86$�
�
�7KH�FRQWUDFWLOH�YDFXROH��&9��LV�DQ�RVPRUHJXODWRU\�RUJDQHOOH�WKDW�SHULRGLFDOO\�DQG�
UHJXODUO\�H[SHOV�ZDWHU�IURP�WKH�FHOO��&9V��ZKLFK�DUH�VRPHWLPHV�GHVFULEHG�DV�FHOOXODU�
NLGQH\V��DUH�ZLGHO\�GLVWULEXWHG�LQ�SURWLVWV�EXW�SRRUO\�XQGHUVWRRG�DW�WKH�OHYHO�RI�DVVHPEO\��
PDLQWHQDQFH��DQG�WKH�PHFKDQLVPV�WKDW�XQGHUOLH�F\FOLF�FRQWUDFWLRQ��:H�SURSRVH�WR�
H[SORUH�&9�PHFKDQLVPV�E\�XVLQJ�7��WKHUPRSKLOD��DQG�KDYH�LQLWLDOO\�IRFXVHG�RQ�D�VPDOO�
VHW�RI�JHQHV�WKDW�DUH�LPSRUWDQW�IRU�&9�IXQFWLRQ��936�'�HQFRGHV�D�VXEXQLW�RI�D�&259(7�
WHWKHU�FRPSOH[�WKDW�LV�VWURQJO\�ORFDOL]HG�WR�&9V��936�'�NQRFNGRZQ�PXWDQWV�VKRZ�
GUDVWLFDOO\�UHGXFHG�VXUYLYDO�DIWHU�RVPRWLF�VKRFN��FRQVLVWHQW�ZLWK�DQ�RVPRUHJXODWRU\�
IXQFWLRQ��/LYH�FHOO�LPDJLQJ�RI�FHOOV�H[SUHVVLQJ�HQGRJHQRXVO\�P1HRQ�WDJJHG�9SV�GS�
UHYHDOV�IHDWXUHV�RI�WKH�RUJDQL]DWLRQ�DQG�G\QDPLFV�RI�&9V��DQG�SURYLGHV�HYLGHQFH�WKDW�
9SV�GS�DFFXPXODWHV�DW�VLWHV�RI�PHPEUDQH�IXVLRQ���$�VHFRQG�JHQH�LV�'23���WKH�7�
WKHUPRSKLOD�RUWKRORJ�RI�D�SURWHLQ�LQYROYHG�LQ�HQGRVRPDO�UHPRGHOLQJ�LQ�\HDVW�DQG�
PDPPDOV��3UHYLRXV�VWXGLHV�VKRZHG�WKDW�'23��GHOHWLRQ�LQ�7��WKHUPRSKLOD�UHVXOWV�LQ�
FKDQJHV�LQ�&9�PRUSKRORJ\�DQG�RVPRWLF�K\SHUVHQVLWLYLW\��'RS�S�VKRZV�WLJKW�ORFDOL]DWLRQ�
WR�&9V��EXW�LQ�D�SDWWHUQ�GLVWLQFW�IURP�9SV�GS���2QJRLQJ�H[SHULPHQWV�DLP�WR�HOXFLGDWH�
KRZ�936�'�DQG�'23��FRQWULEXWH�WR�PHPEUDQH�WUDIILFNLQJ�WKDW�XQGHUOLHV�&9�IXQFWLRQ��
$GGLWLRQDO�&9�UHODWHG�JHQHV�DUH�EHLQJ�VRXJKW�XVLQJ�ERWK�SURWHRPLF�DSSURDFKHV�DQG�
WUDQVFULSWLRQDO�SURILOLQJ��
�
3RVWHU������
&U\R�HOHFWURQ�WRPRJUDSK\�RI�'URVRSKLOD�VSHUP�IODJHOOD�
*XL��/RQJ��ORQJ�JXL#XWVRXWKZHVWHUQ�HGX��)X��*DQJ��JDQJ�IX#XWVRXWKZHVWHUQ�HGX��
=KDR��<DQKH��\DQKH�]KDR#XWVRXWKZHVWHUQ�HGX��8JUDQNDU��5XSDOL��
UXSDOL�XJUDQNDU#XWVRXWKZHVWHUQ�HGX��+HQQH��0LNH��PLNH�KHQQH#XWVRXWKZHVWHUQ�HGX��
1LFDVWUR��'DQLHOD��GDQLHOD�QLFDVWUR#XWVRXWKZHVWHUQ�HGX�
8QLYHUVLW\�RI�7H[DV�6RXWKZHVWHUQ�0HGLFDO�&HQWHU��86$�
�
7KH�D[RQHPH��ZKLFK�LV�ORQJLWXGLQDOO\�FRPSRVHG�RI����QP�UHSHDWHG�XQLWV��LV�WKH�FRUH�
VWUXFWXUH�RI�FLOLD��'URVRSKLOD�KDV�XQXVXDOO\�ORQJ�VSHUP��a����PP��EXW�WKH�KLJK�UHVROXWLRQ�
VWUXFWXUH�RI�VSHUP�D[RQHPH�UHPDLQV�XQNQRZQ��+HUH��XVLQJ�FU\R�HOHFWURQ�WRPRJUDSK\�
DQG�VXE�WRPRJUDP�DYHUDJLQJ�ZH�FKDUDFWHUL]HG�WKH�QDWLYH��'�VWUXFWXUH�RI�'URVRSKLOD�
VSHUP�D[RQHPH��ZKLFK�VKDUHV�FRQVHUYHG�UHJXODWRU\�FRPSOH[HV�EXW�DOVR�SRVVHVVHV�
'URVRSKLOD�VSHFLILF�IHDWXUHV��6WUXFWXUDO�DQDO\VHV�RI�WKH�'URVRSKLOD�$63�51$L�PXWDQW�
YHUVXV�ZLOG�W\SH�UHYHDO�WKDW�GHSOHWLRQ�RI�$63�UHVXOWHG�LQ�DVVHPEO\�GHIHFWV�RI�WKH�RXWHU�
G\QHLQ�DUPV��2'$��DQG�WKXV�OHDG�WR�LPPRELOH�VSHUP�DQG�PDOH�VWHULOH��2XU�UHVXOWV�
VXJJHVW�'URSRVKLOD�VSHUP�DV�D�QRYHO�PRGHO�V\VWHP�WR�VWXG\�WKH�VWUXFWXUH�RI�IXQFWLRQ�RI�
FLOLDU\�SURWHLQV��
�
3RVWHU������
9DULHW\�RI�VH[XDO�SURFHVVHV�DQG�WKH�QHZ�FDVH�RI�VHOI�IHUWLOL]DWLRQ�LQ�3DUDPHFLXP�
0DNVLP�0HOHNKLQ��������PDNVLP�V�PHOHNKLQ#JPDLO�FRP��,ULQD�1HNUDVRYD������QH�
LULQD#\DQGH[�UX��$OH[H\�3RWHNKLQ��������OR[RGHV#OLVW�UX�



6DLQW�3HWHUVEXUJ�6WDWH�8QLYHUVLW\������=RRORJLFDO�,QVWLWXWH�RI�5$6������5XVVLD�
�
6H[�KDV�DULVHQ�WRJHWKHU�ZLWK�HXNDU\RWLF�FHOO�DQG�VLQFH�WKDW�WLPH�OLYLQJ�RUJDQLVPV��
HVSHFLDOO\�SURWLVWV��GHYHORSHG�DQ�XQFRXQWDEOH�YDULHW\�RI�VH[XDO�V\VWHPV��(YHQ�ZLWKLQ�
VRPH�VPDOO�WD[D�GLYHUVLW\�RI�VH[XDO�V\VWHPV�PD\�EH�DPD]LQJ��3DUDPHFLXP�LV�D�ZHOO�
NQRZQ�FLOLDWH��DQG�F\WRORJ\�DQG�JHQHWLFV�RI�LWV�VH[XDO�SURFHVVHV�DUH�ZHOO�VWXGLHG�IRU�
VHYHUDO�VSHFLHV��&RQMXJDWLRQ�EHWZHHQ�FHOOV�RI�FRPSOHPHQWDU\�PDWLQJ�W\SHV�LV�D�
WUDGLWLRQDO�ZD\�RI�VH[XDO�JHQHWLF�H[FKDQJH��VRPH�VSHFLHV�DOVR�KDYH�VHOI�IHUWLOL]DWLRQ�
NQRZQ�DV�DXWRJDP\��DQG�VRPHWLPHV�DOVR�LQWUDVWUDLQ�FRQMXJDWLRQ��VHOILQJ��RFFXUV��6HOILQJ�
DQG�DXWRJDP\�PD\�WDNH�SODFH�LQ�GLIIHUHQW�3DUDPHFLXP�VSHFLHV�VFDWWHUHG�DORQJ�WKH�
JHQXV�SK\ORJHQHWLF�WUHH��+RZHYHU��IRU�QRQ�PRGHO�VSHFLHV��WKH�ELJJHVW�FKDOOHQJH�LV�DQ�
H[SHULPHQWDO�FRQMXJDWLRQ�DVVD\�GHVLJQ��3DUDPHFLXP�SXWULQXP�EHORQJV�WR�+HOLDQWHU�
VXEJHQXV��SK\ORJHQHWLFDOO\�EDVDO�WR�RWKHU�SDUDPHFLD��DQG�LW�KDV�D�V\VWHP�RI�PXOWLSOH�
PDWLQJ�W\SHV��-DQNRZVNL���������:RUNLQJ�ZLWK�PRUH�WKDQ�WZHQW\�3��SXWULQXP�VWUDLQV�ZH�
PDQDJHG�WR�FODULI\�LQWUDVSHFLHV�SK\ORJHQHWLF�UHODWLRQVKLSV�DQG�WR�HVWDEOLVK�WKH�PDWLQJ�
SURWRFRO��:H�IRXQG�WKDW�VSHFLILFDOO\�IRU�3��SXWULQXP�DXWRJDP\�PD\�EH�LQGXFHG�E\�LQLWLDO�
PDWLQJ�UHDFWLRQ��DQG�ZH�GHVFULEHG�F\WRORJLFDO�IHDWXUHV�RI�ERWK�FRQMXJDWLRQ�DQG�
DXWRJDP\�LQ�3��SXWULQXP��EHLQJ�VLJQLILFDQWO\�GLIIHUHQW�IURP�RWKHU�3DUDPHFLXP�VSHFLHV��,W�
LV�WKH�ILUVW�FDVH�RI�DXWRJDP\�LQ�+HOLDQWHU�VXEJHQXV��ZKLFK�PD\�KHOS�WR�XQGHUVWDQG�
JHQHWLFV�DQG�HYROXWLRQ�RI�VH[XDO�SURFHVVHV�LQ�3DUDPHFLXP��
�
3RVWHU������
7KH�0$&�JHQRPH�RI�%OHSKDULVPD�VWROWHL�
6LQJK��0LQDNVKL��PLQDNVKL�VLQJK#WXHELQJHQ�PSJ�GH��6HDK��.ZHH�%RRQ�%UDQGRQ��
NE�VHDK#WXHELQJHQ�PSJ�GH��(PPHULFK��&KULVWLDQH��
FKULVWLDQH�HPPHULFK#WXHELQJHQ�PSJ�GH��6LQJK��$GLWL��DGLWL�VLQJK#WXHELQJHQ�PSJ�GH��
2UWHQ]L��&ODXGLR��FODXGLR�RUWHQ]L#XQLPF�LW��%XRQDQQR��)HGHULFR��
IHGHULFR�EXRQDQQR#XQLPF�LW���6XJLXUD��0D\XPL��PVXJL#FF�QDUD�ZX�DF�MS��+DUXPRWR��
7HUXH��KDUXPRWR#FF�QDUD�ZX�DF�MS��6ZDUW��(VWLHQQH��
HVWLHQQH�VZDUW#WXHELQJHQ�PSJ�GH���
0D[�3ODQFN�,QVWLWXWH�IRU�'HYHORSPHQWDO�%LRORJ\��*HUPDQ\�
�
%OHSKDULVPD�LV�D�GLVWLQFWLYH�JHQXV�RI�FLOLDWHV�NQRZQ�IRU�WKH�SLQN��OLJKW�VHQVLWLYH�SLJPHQW���
%OHSKDULVPD�EHORQJV�WR�FODVV�+HWHURWULFKHD��ZKLFK�WRJHWKHU�ZLWK�FODVV�.D\RUHOLFWHD��
UHSUHVHQW�WKH�HDUOLHVW�GLYHUJLQJ�SDLU�RI�FLOLDWH�OLQHDJHV��$PRQJ�FLOLDWHV��%OHSKDULVPD�LV�RI�
VSHFLDO�LQWHUHVW�GXH�WR�LWV�DOWHUQDWLYH�SDWKZD\V�RI�PDFURQXFOHDU�GHYHORSPHQW��+HUH�ZH�
SUHVHQW�WKH�ILUVW�LQYHVWLJDWLRQV�RI�JHQRPLF�DQG�WUDQVFULSWRPLF�UHVRXUFHV�IRU�%OHSKDULVPD�
VWROWHL��:LWK�WKH�EHQHILW�RI�ORQJ�UHDG�VHTXHQFLQJ�ZH�ILQG�WKDW��OLNH�3DUDPHFLXP�EXUVDULD��
WKH�%OHSKDULVPD�PDFURQXFOHDU�JHQRPH�LV�RUJDQL]HG�DV�PLQL�FKURPRVRPHV��/LNH�6WHQWRU�
FRHUXOHXV��%OHSKDULVPD�KDV�WLQ\�LQWURQV�����RU����QW�k¼³�WKH�VKRUWHVW�NQRZQ�VSOLFHRVRPDO�
LQWURQV��8VLQJ�+00(5�VHDUFKHV�RI�3)$0��ZH�IRXQG�VHYHUDO�JHQHV�ZLWK�WUDQVSRVDVH�
GRPDLQV�LQ�WKH�0$&�JHQRPH��DPRQJ�ZKLFK�ZHUH�KRPRORJV�RI�NQRZQ�FLOLDWH�
WUDQVSRVDVHV��:H�UHSRUW�RXU�DQDO\VHV�RI�SRVVLEOH�IXQFWLRQDOLW\�FDWDO\WLF�SRWHQWLDO�RI�WKHVH�
WUDQVSRVDVHV��DQG�WKHLU�H[SUHVVLRQ�GXULQJ�GHYHORSPHQW��:H�DOVR�UHSRUW�RXU�DQDO\VHV�RI�
DGGLWLRQDO�JHQHV�LQYROYHG�LQ�VPDOO�51$�SURGXFWLRQ��7KHVH�DQDO\VHV�VKRZ�WKDW�
%OHSKDULVPD�PD\�VHUYH�DV�D�YHU\�XVHIXO�PRGHO�IRU�JHQRPH�UHRUJDQL]DWLRQ��
FRPSOHPHQWLQJ�WKRVH�LQ�PRGHO�FLOLDWHV��
�
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