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0RGHOOLQJ�([WHUQDOLWLHV�EHWZHHQ�(FRORJLFDO�DQG�(FRQRPLF�6\VWHPV$�6\QWKHVLV
6KXQOL�:DQJ�3HWHU�1LMNDPS�(ULN�9HUKRHI�

.H\ZRUGV� HFRQRPLF�HFRORJLFDO�LQWHUDFWLRQ��VSDWLDO�H[WHUQDOLW\
$EVWUDFW(QYLURQPHQWDO�VXVWDLQDELOLW\�LVVXHV�KDYH�LQ�UHFHQW�\HDUV�UHFHLYHG�PXFK�DWWHQWLRQ�IURP�WKH�VLGH�RI�HQYLURQPHQWDO
VFLHQWLVWV� DQG� HFRQRPLVWV�� 7KHUH� LV� D� EURDG� UHFRJQLWLRQ� RQ� WKH� UHOHYDQFH� RI� H[WHUQDO� HIIHFWV� LQ� RSHQ� DQG
LQWHUDFWLQJ� VSDWLDO� V\VWHPV�� ,W� ZRXOG� EH� KHOSIXO� LI� HFRORJLFDO� HFRQRPLF� UHVHDUFK� ZRXOG� GHSOR\� DQ� LQWHJUDWHG
DQDO\WLFDO�IUDPHZRUN�IRU�LQYHVWLJDWLRQ�WKH�FRPSOH[�QDWXUH�RI�VXFK�PXOWL�GLVFLSOLQDU\�LVVXHV��7KLV�SDSHU�DLPV�WR
SUHVHQW�D�EDVLV�IRU�D�PHWKRGRORJLFDO�V\QWKHVLV�IRU�DQDO\VLQJ�HQYLURQPHQWDO�LVVXHV�LQ�RSHQ�HFRQRPLF�V\VWHPV��,W
VHHNV� WR� GHYHORS� DQ� LQWHJUDWLYH� IUDPHZRUN� WKURXJK� ZKLFK� D� JUHDW� PDQ\� HFRORJLFDO�HFRQRPLF� VWXGLHV� FDQ� EH
PDSSHG�RXW� DQG� UHSUHVHQWHG��7KH� IRFXV� LV� WKH� FRQFHSWXDO� LVVXHV� FHQWULQJ� DURXQG� WKH� LQWHJUDWLRQ�RI� LQWHUDFWLQJ
HFRQRPLF�DQG�HFRORJLFDO�VXEV\VWHPV��LQWHU�DOLD LQ�UHODWLRQ�WR�VSDWLDO�H[WHUQDOLWLHV�DQG�HFRORJLFDO�IRRWSULQWV��7KH
GLVFXVVLRQ� HQDEOHV� XV� WR� EXLOG� D� IUDPHZRUN� IRU� D� V\VWHPDWLF� FDWHJRULVDWLRQ� RI� YDULRXV� W\SHV� RI� PRGHOV� IRU
HFRQRPLF�HFRORJLFDO�LQWHUDFWLRQ��7KH�SDSHU�FRQFOXGHV�ZLWK�VRPH�UHIOHFWLRQV�RQ�WKH�ZD\�IRUZDUG�
3Q���6:(9$FNQRZOHGJHPHQW7KH�DXWKRUV�ZLVK�WR�WKDQN�+HQUL�GH�*URRW�IRU�KLV�PDQ\�FULWLFDO�DQG�FRQVWUXFWLYH�FRPPHQWV�RQ�SUHYLRXV�GUDIWV�RIWKLV� SDSHU� DV�ZHOO� DV� IRU� KLV� XVHIXO�� FUHDWLYH� DQG� OHQJWK\� GLVFXVVLRQV��:H� DOVR�ZDQW� WR� WKDQN� -HURHQ�9DQ� GHQ%HUJK�IRU�KLV�YDOXDEOH�FRPPHQWV�RQ�WKH�SUHYLRXV�YHUVLRQ�RI�WKH�SDSHU��DV�ZHOO�DV�<RVKLUR�+LJDQR�IRU�KLV�XVHIXOVXJJHVWLRQV��2I�FRXUVH��WKH�XVXDO�GLVFODLPHU�DSSOLHV�

� 7KH�DXWKRUV�DUH�DIILOLDWHG�ZLWK�WKH�)UHH�8QLYHUVLW\�� $PVWHUGDP��'HSDUWPHQW�RI�6SDWLDO�(FRQRPLFV��'H%RHOHODDQ�������1/������+9�$PVWHUGDP��7KH�1HWKHUODQGV��&RUUHVSRQGLQJ�DXWKRU��SKRQH�QXPEHU��������������������HPDLO��VZDQJ#HFRQ�YX�QO��3HWHU�1LMNDPS�DQG�(ULN�9HUKRHI�DUH�DIILOLDWHG�ZLWK�WKH�7LQEHUJHQ�,QVWLWXWH�
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�� ,QWURGXFWLRQ6SDWLDO� HQYLURQPHQWDO� LVVXHV� KDYH� JHQHUDWHG� LQFUHDVLQJ� LQWHUHVW� DPRQJ� HQYLURQPHQWDO� SROLF\�PDNLQJ
LQVWLWXWLRQV��2QH�RI�WKH�H[DPSOHV�LV�WKH�8QLWHG�1DWLRQV�)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH�DQG
WKH� FRUUHVSRQGLQJ� .\RWR� 3URWRFRO�� )URP� D� VFLHQWLILF� SRLQW� RI� YLHZ�� WKH� VWXG\� RI� WUDQVERXQGDU\
HQYLURQPHQWDO� LVVXHV� LV� SDUWLFXODUO\� LQWHUHVWLQJ� EHFDXVH� RI� LWV� PXOWLGLVFLSOLQDU\� FKDUDFWHU�� $� SURSHU
PHWKRGRORJLFDO�IUDPHZRUN�PD\�OHDG�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI��DQG�PRUH�V\QHUJ\�EHWZHHQ��YDULRXV
HQYLURQPHQWDO�GLVFLSOLQHV��ZKLFK�PLJKW�UHVXOW�LQ�VLJQLILFDQW�VFLHQWLILF�EHQHILWV�IURP�DQ�LQWHUGLVFLSOLQDU\
SHUVSHFWLYH��$� GUDZEDFN� RI�PXOWLGLVFLSOLQDULW\� LV�� KRZHYHU�� WKDW� VRPH� RI� WKH� LQWHJUDWHG� SHUVSHFWLYHV
PD\� EH� GLVSXWHG� RQ� VSHFLILF� PRQRGLVFLSOLQDU\� JURXQGV�� 7KLV� PD\� FRQWUDGLFW� WKH� SULQFLSOH� RI
µFRQVLOLHQFH¶�� UHFHQWO\� LQWURGXFHG�E\�:LOVRQ���������PHDQLQJ� WKDW� WKH�PHWKRGV�DQG� VWDUWLQJ�SRLQWV�RI
RQH�VFLHQWLILF�GLVFLSOLQH�QHHG�WR�EH�FRQVLVWHQW�ZLWK�WKH�DFFHSWHG�LQVLJKWV�RI�RWKHU�GLVFLSOLQHV��VHH�9DQ
GHQ�%HUJK��������/DFN�RI�FRQVLVWHQF\� LQ�HFRORJLFDO�HFRQRPLFV�PD\� OHDG� WR� IDLOXUH� LQ�H[SODLQLQJ�DQG
RIIHULQJ�SRVVLELOLWLHV�IRU�FRUUHFWLQJ�VHYHUH�DQG�VRPHWLPHV�LUUHYHUVLEOH�HQYLURQPHQWDO�GHJUDGDWLRQ��IRU�D
UHYLHZ�� VHH� H�J�� 9DQ� GHQ� %HUJK� ������ ����� DQG� 6SDVK� ������� 7KLV� XQIRUWXQDWH� VLWXDWLRQ� KDV
LQFUHDVLQJO\�EHHQ�UHFRJQL]HG�DIWHU�WKH�SXEOLFDWLRQV�RI�WKH�5HSRUW�RI�WKH�&OXE�RI�5RPH��0HDGRZV�HW�DO�
������ DQG� WKH� VXEVHTXHQW� LQFUHDVLQJ� SROLWLFDO� SRSXODULW\� RI� WKH� FRQFHSW� RI� VXVWDLQDEOH� GHYHORSPHQW
�%UXQGWODQG�������9DQ�GHQ�%HUJK�������3H]]\�������%HGHU�������7RPDQ�HW�DO��������*RRGODQG������
)DXFKHX[�HW�DO��������,W�EHFDPH�JUDGXDOO\�FOHDU�WKDW�WKH�HFRORJLFDO�V\VWHP�VKRXOG�EH�UHFRJQLVHG�DV�DQ
LQWHJUDO�HQWLW\���QH[W�WR�WKH�HFRQRPLF�V\VWHP���LQ�DQDO\VLQJ�HQYLURQPHQWDO�VFDUFLW\�SUREOHPV�

7KLV�SDSHU�DLPV�WR�RIIHU�D�PHWKRGRORJLFDO�V\QWKHVLV�IRU�YDULRXV�HQYLURQPHQWDO�PRGHOV�LQ�WHUPV�RI�D
XQLI\LQJ� IUDPHZRUN��)XUWKHUPRUH��ZH�ZLOO� LOOXVWUDWH� WKLV� IUDPHZRUN� E\� SUHVHQWLQJ� DQG� GLVFXVVLQJ� DQ
LQWHJUDWLYH� VSDWLDO�HFRQRPLF�PRGHO� ZLWK� HQYLURQPHQWDO� LQWHUDFWLRQV� IRU� HFRQRPLF� DFWLYLWLHV�� PDUNHWV
DQG� H[WHUQDOLWLHV�� IROORZHG� E\� D� GLVFXVVLRQ� RI� HFRORJLFDO� IRRWSULQW� LVVXHV� LQ� WHUPV� RI� WUDQVERXQGDU\
H[WHUQDOLWLHV�

7KH� SODQ� RI� WKLV� SDSHU� LV� DV� IROORZV�� 6HFWLRQ� �� ILUVW� GLVFXVVHV� WKH� FRQFHSWXDO� EDVLV� IRU� DQDO\VLQJ
HQYLURQPHQWDO� H[WHUQDOLWLHV�� 1H[W�� 6HFWLRQ� �� SUHVHQWV� D� XQLI\LQJ� PRGHOOLQJ� IUDPHZRUN� IRU� WKH
LQWHUDFWLRQ�EHWZHHQ� UHOHYDQW� HFRQRPLF�DQG�HFRORJLFDO� V\VWHPV��6HFWLRQ��� WKHQ� UHYLHZV�DQG� LQWHUSUHWV
YDULRXV� H[LVWLQJ� PRGHOV� LQ� WHUPV� RI� WKH� DERYH�PHQWLRQHG� XQLI\LQJ� IUDPHZRUN�� ZKLOH� 6HFWLRQ� �
HPSKDVL]HV�WKH�LPSRUWDQFH�RI�VSDWLDO�H[WHUQDOLWLHV�DV�UHIOHFWHG�H�J��LQ�WKH�HFRORJLFDO�IRRWSULQWV��)LQDOO\�
6HFWLRQ���RIIHUV�VRPH�FRQFOXGLQJ�UHVHDUFK�UHPDUNV�
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��� (QYLURQPHQWDO�([WHUQDOLWLHV,Q�WKLV�VHFWLRQ�ZH�ZLOO�FRQFLVHO\�GLVFXVV�WKH�µH[WHUQDOLW\¶�DQG�µSXEOLF�JRRGV¶�FKDUDFWHU�RI�HQYLURQPHQWDO
DPHQLWLHV��%DXPRO�DQG�2DWHV��������,Q�HFRQRPLF�DQDO\VLV��DQ�H[WHUQDOLW\�LV�JHQHUDOO\�FRQFHLYHG�RI�DV�D
GLYHUJHQFH� EHWZHHQ� WKH� PDUJLQDO� VRFLDO� DQG� SULYDWH� FRVW� RI� D� JRRG�� (QYLURQPHQWDO� GDPDJH� WKXV
W\SLFDOO\� LQYROYHV�D�QHJDWLYH�H[WHUQDOLW\��ZKHQ� LW� LV�QRW� �RU�QRW�RSWLPDOO\��SULFHG��7KH�UHVXOW� LV� WKDW�D
WD[�� VXEVLG\� RU� RWKHU� JRYHUQPHQWDO� PHDVXUH� LV� MXVWLILHG� LQ� RUGHU� WR� FRUUHFW� WKH� LPSDFW� RI� VXFK� DQ
H[WHUQDOLW\� �9HUKRHI� HW� DO�� ������9HUKRHI� ������9HUKRHI� DQG�1LMNDPS� �������7KLV� GHVFULSWLRQ� RI� DQ
H[WHUQDOLW\�LPSOLHV�WKXV�WKDW��L��DQ�H[WHUQDOLW\�H[LVWV�ZKHQ�VRPH�DJHQWV¶�DFWLRQ�LQIOXHQFHV�WKH�XWLOLW\�RI
RWKHU� DJHQWV�� ZLWKRXW� WKLV� HIIHFW� EHLQJ� UHIOHFWHG� LQ� SULFH� VLJQDOV� �VHH� H�J�� 0LVKDQ� ������� DQG� �LL�
QHFHVVDU\�FRQGLWLRQV�IRU�D�VRFLDOO\�RSWLPDO�VLWXDWLRQ��L�H���WKH�3DUHWR�RSWLPDOLW\�FRQGLWLRQV��DUH�YLRODWHG
�%XFKDQDQ�DQG�6WXEEOHELQH�������%DXPRO�DQG�2DWHV�������0DV�&ROHOO�HW�DO��������

$OWKRXJK� WKH� FRQFHSW� RI� H[WHUQDOLW\� LV� ZLGHO\� XVHG�� YDULRXV� GHILQLWLRQV� VWLOO� H[LVW� �9LQHU� �����
0LVKDQ�������0HDGH�������%DXPRO�DQG�2DWHV�������1J��������ZKLOH�VRPH�RI�WKHP�PD\�EH�LPSUHFLVH
�DV�REVHUYHG�E\�0DV�&ROHOO�HW�DO���������7KLV�PD\�EH�RQH�UHDVRQ�ZK\�WKH�FRQFHSW�RI�H[WHUQDOLW\�LV�QRW
DOZD\V�FOHDU� WR�D�QRQ�HFRQRPLVW��6WHUQHU�DQG�9DQ�GHQ�%HUJK��������$�IDOODFLRXV� ORRVH� LQWHUSUHWDWLRQ
ZRXOG� EH� WKDW� WKH� HFRORJLFDO� V\VWHP� FDQ� EH� FRQVLGHUHG� DV� H[WHUQDO� WR� DQ� HFRQRPLF� V\VWHP� DQG
µWKHUHIRUH¶�LUUHOHYDQW�IRU�HFRQRPLF�HIILFLHQF\���VHH�IRU�D�UHYLHZ�H�J��9DQ�GHQ�%HUJK�������6WHUQHU�DQG
9DQ�GHQ�%HUJK��������7KLV�LQWHUSUHWDWLRQ�RI�H[WHUQDOLW\�LV�REYLRXVO\�PLVVLQJ�WKH�SRLQW��VLQFH�WKH�XVH�RI
WKH� H[WHUQDOLW\� FRQFHSW� LPSOLHV�� RQ� WKH� FRQWUDU\�� WKDW� WKH� HFRORJLFDO� V\VWHP�GRHV PDWWHU� WR� HFRQRPLF
HIILFLHQF\�

)URP�DQ�HFRORJLFDO�SHUVSHFWLYH��LW�LV�RIWHQ�DUJXHG�WKDW�HFRQRPLF�JURZWK�PD\�UHVXOW�LQ�DQ�LQFUHDVHG
XVH�RI� QDWXUDO� UHVRXUFHV� DQG� DQ� LQFUHDVHG�GDPDJH� WR� HFRV\VWHPV� DV� D� UHVXOW� RI� SROOXWLRQ�� HYHQ�ZKHQ
H[WHUQDOLWLHV�DUH�RSWLPLVHG��0HDGRZV�HW�DO��������'DO\�����������F���,W�LV�QRWHZRUWK\�WKDW�VXVWDLQDEOH
JURZWK� IURP� D� SXUHO\� HFRQRPLF� SHUVSHFWLYH� �6RORZ� ����� DQG� +DUWZLFN� ������ PD\� HYHQ� KDYH� DQ
LQWHUSUHWDWLRQ�WKDW�LV�GLIIHUHQW�IURP�WKH�FRQFHSW�RI�
VXVWDLQDEOH�GHYHORSPHQW
�EDVHG�RQ�DQ�HFRORJLFDOO\�
RULHQWHG�SHUVSHFWLYH��+ROOLQJ�������&RPPRQ�DQG�3HUULQJV��������7KXV��HYHQ�ZKHQ�LQFUHDVLQJ�VFDUFLW\
RI� DQ� HQYLURQPHQWDO� JRRG� ZRXOG� EH� FRSHG� ZLWK� E\� DQ� LQFUHDVH� LQ� HQYLURQPHQWDO� WD[HV� ±� RU�� PRUH
EURDGO\��LQ�WD[HV�WKDW�ZRXOG�LQ�DGGLWLRQ�UHIOHFW�LQWHUJHQHUDWLRQDO�HTXLW\�FRQVLGHUDWLRQV��:LWKDJHQ������
������ ±�� WKH� RXWFRPH�PD\� VWLOO� QRW� EH� UHJDUGHG� DV� VWULFWO\� VXVWDLQDEOH� �RYHU� DQ� LQILQLWHO\� ORQJ� WLPH
IUDPH���7KLV�FRQFOXVLRQ�GHULYHV�IURP�WKH�DVVXPSWLRQ�WKDW�WKH�HDUWK�LV�D�FORVHG�V\VWHP��DV�ZHOO�DV�IURP
WKH�ODZV�RI�WKHUPRG\QDPLFV��(KUOLFK�HW�DO��������*HRUJHVFX�5RHJHQ��������7KHVH�ODZV�SOD\�LPSRUWDQW
UROHV�LQ�WKH�HFRORJLFDO�SHUVSHFWLYH��9DQ�GHQ�%HUJK�������
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,Q�D�VLPLODU�YHLQ��LQ�WHUPV�RI�PDWHULDOV�XVH�WKH�FRQFHSW�RI�µPDWHULDO�EDODQFH¶�KDV�EHHQ�SXW�IRUZDUG�E\
HFRORJLFDO�HFRQRPLVWV��.QHHVH�HW�DO��������$\UHV�������������5XWK�������9DQ�GHQ�%HUJK��������2WKHU
UHVHDUFKHUV� KDYH� UHVRUWHG� WR� WKH� HQHUJ\� EDVH� DV� DQ� LQWHJUDWLQJ� PHFKDQLVP� EHWZHHQ� HFRQRP\� DQG
HFRORJ\� �VHH� H�J�� 2GXP� ������� ZKLOH� DOVR� LQSXW�RXWSXW� VWXGLHV� KDYH� EHHQ� DGYRFDWHG� DV� D
PHWKRGRORJLFDO� IUDPHZRUN� IRU� DQDO\VLQJ� HFRQRPLF�HFRORJLFDO� LQWHUDFWLRQV� �VHH� H�J�� ,VDUG� ������� $
UHYLHZ�RI�YDULRXV�HDUO\�DWWHPSWV�LV�FRQWDLQHG�LQ�1LMNDPS��������

)URP�DQ�HFRORJLFDO�SHUVSHFWLYH��YDULRXV�TXHVWLRQV�KDYH�EHHQ�UDLVHG�RQ�WKH�YDOXH�EDVLV�RI�HFRQRPLFV
�VHH�� IRU� LQVWDQFH�� WKH� VSHFLDO� LVVXH�RQ� WKLV� WRSLF� LQ�(FRORJLFDO�(FRQRPLFV�RI�$SULO�������'DO\������
������DQG�$\UHV��������DV� WKH�PDLQ�PHVVDJH�VHHPV� WR�EH� WR�JHW� WKH�SULFHV� ULJKW��2WKHUV�KDYH�DUJXHG
WKDW� DFFRUGLQJ� WR� *HRUJHVFX�5RHJHQ¶V� DSSOLFDWLRQ� ������� RI� WKHUPRG\QDPLF� ODZV� WR� HFRQRPLFV�� LW
VKRXOG�EH�WKH�SK\VLFDO�TXDQWLWLHV�UDWKHU�WKDQ�HFRQRPLF�YDOXHV�WKDW�VKRXOG�SOD\�D�FHQWUDO�UROH�LQ�VWXG\LQJ
VXVWDLQDEOH�GHYHORSPHQW��H�J��5HHV�������:DFNHUQDJHO�����D�DQG�<RXQW��������$IWHU�DOO�� WKH�QDWXUDO
HQYLURQPHQW� LV� OLPLWHG� LQ� D� SK\VLFDO� �DQG� QRW� LQ� D� YDOXH�� VHQVH� �'DO\� ������ ����D�� E��$\UHV� ������
&OHDUO\�� WKH� XOWLPDWH� JRDO� RI� WKH� µKRPR� HFRQRPLFXV¶� LV� D� TXDQWLW\�RULHQWHG� RQH� ±� WKDW� LV�� WKH
PD[LPLVDWLRQ� RI� ZHOIDUH� DV� HQMR\HG� IURP� WKH� FRQVXPSWLRQ� RI� VFDUFH� PDWHULDO� JRRGV�� EH� LW� RUGLQDU\
PDUNHW�JRRGV�RU� LPSURSHUO\�SULFHG�QDWXUDO�JRRGV� �VHH�H�J��0DV�&ROHOO� HW� DO��������6DPXHOVRQ�������
(FRQRPLF� WKHRU\�� HYHU� VLQFH� $GDP� 6PLWK�� KDV� VKRZQ� WKDW� WKH� WUDQVDFWLRQV� RI� XWLOLW\� PD[LPLVLQJ
HFRQRPLF�VXEMHFWV�WHQG�WR�UHVXOW�LQ�D�FRPSHWLWLYH�PDUNHW�HTXLOLEULXP�WKDW�LV�3DUHWR�RSWLPDO��WKH�µ)LUVW
7KHRUHP�RI�:HOIDUH�(FRQRPLFV¶���(IILFLHQW�SULFHV�DUH�QRW�WKH�XOWLPDWH�JRDO��EXW�RQO\�LQVWUXPHQWV�

2I�FRXUVH��WKLV�WKHRUHP�KROGV�WUXH�RQO\�XQGHU�WKH�XVXDO�DVVXPSWLRQV�RI�DEVHQFH�RI�PDUNHW�IDLOXUHV��,Q
FDVH� RI� LPSHUIHFWLRQV� DQG� QRQ�RSWLPDO� RXWFRPHV� LQ� HQYLURQPHQWDO� JRRGV� UHVXOWLQJ� H�J�� IURP� WKH
H[LVWHQFH�RI�H[WHUQDOLWLHV��GXH�DWWHQWLRQ�VKRXOG�EH�SDLG�WR�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�HFRQRPLF�DQG�WKH
HFRORJLFDO�V\VWHP��HVSHFLDOO\�LI�WKH�LQWHUDFWLRQV�EHWZHHQ�DQG�ZLWKLQ�ERWK�V\VWHPV�DUH�FRPSOH[�DQG�QRQ�
OLQHDU��(FRQRPLVWV�KDYH�DUJXHG� WKDW�DQ�HIILFLHQW�VROXWLRQ�FDQ�EH�DFKLHYHG�E\�XVLQJ�D� V\VWHP�RI� WD[HV
�H�J��3LJRXYLDQ�WD[HV��WKDW�LV�FRQVLVWHQW�ZLWK�WKH�VL]H�RI�WKH�H[WHUQDOLWLHV��&OHDUO\��D�SUDFWLFDO�SULFLQJ�RI
DOO� DWWULEXWHV�RU� HOHPHQWV�RI� DQ� HFRORJLFDO� V\VWHP�PLJKW� KDUGO\� EH�SRVVLEOH�� EXW� LQ� WKDW� FDVH�ZH�PD\
UHVRUW� WR� WKH� WKHRU\� RI� µVHFRQG�EHVW¶� HQYLURQPHQWDO� WD[DWLRQ�� 7KHUH� LV� D� ODUJH� DQG� JURZLQJ� ERG\� RI
OLWHUDWXUH� RQ� WKLV� LVVXH�� HPSKDVLVLQJ� WKH� HFRQRPLF� DVSHFWV� RI� UHOD[LQJ� YDULRXV� VLPSOLI\LQJ� WUDGLWLRQDO
DVVXPSWLRQV�RQ�HQYLURQPHQWDO�VSLOORYHUV��VHH�H�J� 9HUKRHI�DQG�1LMNDPS�������� ,QWHJUDWHG�HFRQRPLF�HFRORJLFDO�V\VWHPV,Q� WKLV� VHFWLRQ�� ZH� ZLOO� SUHVHQW� D� IUDPHZRUN� IRU� PRGHOOLQJ� WKH� LQWHUDFWLRQ� EHWZHHQ� HFRORJLFDO� DQG
HFRQRPLF�V\VWHPV��ZKLFK�VHUYHV�DV�WKH�EDVLV�IRU�HQFDSVXODWLQJ�D�QXPEHU�RI�DSSURDFKHV�LQ�WKH�OLWHUDWXUH
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DLPHG�DW�VWXG\LQJ�WKH�UHODWLRQV�EHWZHHQ�WKH�HFRQRP\�DQG�WKH�HFRORJ\��$V�ZLOO�EH�VKRZQ��WKH�UHVXOW�RI
WKLV� IUDPHZRUN�PD\�DOVR�EH�DVVRFLDWHG�ZLWK� UHOHYDQW�FRPSOHPHQWDU\�DSSURDFKHV�VXFK�DV� WKH�PDWHULDO
EDODQFH� PRGHO� �VHH� H�J�� 9DQ� GHQ� %HUJK� ������ ������ 9DQ� GHQ� %HUJK� DQG� 1LMNDPS� ������� ,Q� WKH
IUDPHZRUN� SURSRVHG� KHUH��ZH�ZLOO� IROORZ�%RVVHO� ��������ZKR� XVHG� WKH� WHUP� V\VWHP� DV� D�PHDQV� ³WR
GHVFULEH�D�VHW�RI�FRPSRQHQWV�LQWHUDFWLQJ�UHODWLYHO\�VWURQJO\�ZLWK�HDFK�RWKHU�DQG�UHODWLYHO\�ZHDNO\�ZLWK
WKHLU�FRPPRQ�HQYLURQPHQW��LQ�D�ZD\�ZKLFK�DOORZV�RQH�WR�UHFRJQL]H�D�µSXUSRVH¶�LQ�WKH�UHVXOWLQJ�RYHUDOO
EHKDYLRU�RI�WKH�LQWHUDFWLQJ�FRPSRQHQWV´��S�������,Q�WKH�FRQWH[W�RI�RXU�SDSHU��WKH�IROORZLQJ�IRXU�VWDUWLQJ
SRLQWV�DUH�WDNHQ�IRU�JUDQWHG���L��WKH�VRFLDO�REMHFWLYH�LQ�JHQHUDO�LV�DQ�LQFUHDVH�LQ�WKH�µTXDOLW\�RI�OLIH¶�DW�DOO
UHOHYDQW�SRLQWV�LQ�WLPH��DQG�PD\�WDNH�YDULRXV�IRUPV��IRU�LQVWDQFH��D�PD[LPL]DWLRQ�RI�WKH�GLVFRXQWHG�QHW
SUHVHQW�YDOXH�RI�WKH�TXDOLW\�RI�OLIH����LL��D�V\VWHP�LV�FRPSRVHG�RI�ZHOO�GHILQHG�HOHPHQWV�RU�FRQVWLWXHQWV
ZKLFK�IRFXV�RQ�WKH�PRVW�HVVHQWLDO�IHDWXUHV�RI�WKH�V\VWHP���LLL��D�V\VWHP�KDV�D�IRUPDO�VWUXFWXUH�WKDW�PDSV
RXW�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�HOHPHQWV��DQG��LY��D�V\VWHP�KDV�D�ERXQGDU\�ZKLFK�VHSDUDWHV�LW�IURP�WKH
H[WHUQDO� HQYLURQPHQW� �LQ� RXU� FDVH�� ZH� VWXG\� RQO\� WKH� LQWHJUDWLRQ� RI� DQ� HFRQRPLF� DQG� HFRORJLFDO
V\VWHP��

,Q�)LJXUH����WKH�JHQHUDO�FRQFHSWXDO�IUDPHZRUN�RI�DQ�LQWHJUDWHG�HFRQRPLF�HFRORJLFDO��KHQFHIRUWK��(�
(��V\VWHP�LV�SUHVHQWHG��)RU�QRWDWLRQDO�SXUSRVHV�� LQ� WKLV� DQG� WKH� VXEVHTXHQW� ILJXUHV��ZH�XVH�FLUFOHV� WR
GHQRWH�YDULDEOHV� �LQSXW�RU�RXWSXW��DQG�UHFWDQJOHV� WR�GHQRWH� WUDQVIRUPDWLRQ�SURFHVVHV�� WKH� VWUDLJKW� DQG
HOERZ�FRQQHFWRUV�GHQRWH�UHODWLRQVKLSV�EHWZHHQ�WZR�HOHPHQWV�LQ�D�SXUH�HFRQRPLF�V\VWHP�DQG�WKH�FXUYHG
FRQQHFWRUV�GHQRWH�UHODWLRQVKLSV�EHWZHHQ�WZR�HOHPHQWV�WKDW�PD\�EH�H[WHQGHG�IURP�WKH�VWDQGDUG�VLPSOH
HFRQRPLF� PRGHO�� 7KH� FXUYHG� FRQQHFWRUV� LPSO\� WKH� SRVVLEOH� H[LVWHQFH� RI� DQ� H[WHUQDOLW\� LQ� FDVH� WKH
HFRQRPLF� V\VWHP� DWWDFKHV� D� ]HUR� �RU� D� YHU\� ORZ�� SULFH� WR� WKHVH� HOHPHQWV� LQ� FDVH� RI� D� FRPSHWLWLYH
PDUNHW��ZKLOH� LQ�D�3DUHWR�RSWLPDO�FDVH� WKHVH�HOHPHQWV�ZRXOG�KDYH� WKH� FRUUHVSRQGLQJ� HIILFLHQW� YDOXH�
7DEOH���VXPPDULVHV�WKH�QRWDWLRQ�XVHG�
6\PERO 'HVFULSWLRQ )XQFWLRQ 'HVFULSWLRQ. 3K\VLFDO�FDSLWDO $�x� .QRZOHGJH�DFFXPXODWLRQ�IXQFWLRQ/ /DERXU G�x� 'HSUHFLDWLRQ�IXQFWLRQ, ,QYHVWPHQWV�LQ�FDSLWDO )�x� 3URGXFWLRQ�IXQFWLRQ& &RQVXPSWLRQ (�x� (PLVVLRQ�IXQFWLRQ
6 6WRFN�RI�HFRORJLFDO�UHVRXUFHV 5�6� 5HJHQHUDWLYH� IXQFWLRQ�RI� WKH�HFRORJLFDOV\VWHP8�x� 8WLOLW\�IXQFWLRQ7DEOH����1RWDWLRQ�XVHG�LQ�WKH�IUDPHZRUN�PRGHO
7KLV�FRQFHSWXDO�PRGHO�LV�H[WHUHPHO\�ULFK�LQ�VFRSH�DQG�LV�DEOH�WR�DFW�DV�DQ�µHQYHORSH¶�PRGHO�IRU�PDQ\
H[LVWLQJ� HQYLURQPHQWDO�HFRQRPLF� PRGHOV�� DV� ZLOO� EH� VKRZQ� LQ� 6HFWLRQ� ��� :H� ZLOO� ILUVW� JLYH� VRPH
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H[SODQDWLRQ� RQ� WKLV� V\QWKHVLV� IUDPHZRUN�� ,Q� WKLV� LQWHJUDWHG� V\VWHP�� ZH� KDYH� LQSXW� IDFWRUV� VXFK� DV
SK\VLFDO�FDSLWDO��.���ODERXU��/��DQG�WKH�VWRFN�RI�HFRORJLFDO�UHVRXUFHV��6���7KH�ODWWHU�IDFWRU�PD\�UHIHU�WR
ERWK�DQ�HFRORJLFDO�µJRRG¶��H�J��ILVK���LQ�ZKLFK�FDVH�WKH�IORZ�(�UHSUHVHQWV�µH[WUDFWLRQ¶��DQG�D�µEDG¶��H�J�
DFFXPXODWHG�&2����LQ�ZKLFK�FDVH�(�VWDQGV�IRU�µHPLVVLRQV¶��,W�LV�RI�FRXUVH�QRW�LQFRQFHLYDEOH�WKDW�D�VWRFNWKDW�LV�D�µJRRG¶�LQ�RQH�UDQJH��IRU�LQVWDQFH�QHDUO\�H[WLQJXLVKHG�UDEELWV��EHFRPHV�D�µEDG¶�LQ�DQRWKHU�UDQJH
�IRU�H[DPSOH�DQ�RYHU�SRSXODWLRQ�RI�UDEELWV��
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)LJXUH����$�JHQHUDO�FRQFHSWXDO�PRGHO�RI�DQ�LQWHJUDWHG�HFRQRPLF�DQG�HFRORJLFDO�V\VWHP
,QSXW� IDFWRUV� DUH� WUDQVIRUPHG� LQWR� WKH� RXWSXW� IDFWRUV� WKURXJK� WKH� HFRQRPLF� DQG� HFRORJLFDO� SURFHVV�
)LUVWO\��WKH�HFRORJLFDO�SURFHVV�LV�DEVWUDFWHG�DV�WKH�UHJHQHUDWLYH�FDSDFLW\�RI�WKH�HFRORJLFDO�V\VWHP�DQG�LV
V\PEROLVHG�DV�5�6���6HFRQGO\��WKH�HFRQRPLF�SURFHVV�FRQVLVWV�RI�WKH�SURGXFWLRQ�SURFHVV��)�.�/�$�(�6��
RI�WKH�SK\VLFDO�RXWSXW�DV�ZHOO�DV�WHFKQRORJLFDO�GHYHORSPHQW��$���(VVHQWLDOO\��ZH�FRXOG�GLVWLQJXLVK�IRXU
IRUPV�RI�WHFKQRORJLFDO�GHYHORSPHQWV��EDVLF�NQRZOHGJH��$N���KXPDQ�FDSLWDO�NQRZOHGJH��$O���NQRZOHGJHRQ� HIILFLHQW� HPLVVLRQ� WHFKQRORJ\� �$H�� DQG� NQRZOHGJH� RQ� HIILFLHQW� DEDWHPHQW� WHFKQRORJ\� �$D��� 7KHGHYHORSPHQWV�RI�WKHVH�NQRZOHGJH�V\VWHPV�GHSHQG�RQ�WKH�H[LVWLQJ�NQRZOHGJH�OHYHO�DV�ZHOO�DV�RQ�H[WUD
LQSXW�LQ�WKH�IRUP�RI�FDSLWDO�DQG�RU�ODERXU��LQ�ZKLFK�FDVH�HQGRJHQRXV�JURZWK�WKHRU\�FRPHV�LQWR�SOD\��
)LQDOO\��ZH�KDYH�WR�IDFH�DOVR�WKH�GHSUHFLDWLRQ�RI�SK\VLFDO�FDSLWDO��GN��WKDW�FRXOG�EH�WKH�UHVXOW�RI�HLWKHU
HFRQRPLF� RU� HFRORJLFDO� SURFHVVHV��:H� QRWH� WKDW� WKH� ILJXUH� LJQRUHV� WKH� SRVVLELOLW\� RI� GHSUHFLDWLRQ� RI
NQRZOHGJH�

7KH� LQSXW� IDFWRUV� DUH�� YLD� WKH� HFRQRPLF� DQG� HFRORJLFDO� SURFHVV�� WUDQVIRUPHG� LQWR� RXWSXWV�� 7KH
RXWSXWV�FRQVLVW�RI��L��LQYHVWPHQWV���LL��FRQVXPSWLRQ�DQG��LLL��HPLVVLRQ��(PLVVLRQ�DV�ZHOO�DV�LQYHVWPHQWV
KDYH�D�IHHGEDFN�IXQFWLRQ��&RQVXPSWLRQ�LV�RQH�RI� WKH�PDLQ�HOHPHQWV�LQ�WKH�YDOXDWLRQ�SURFHVV� IURP�DQ
HFRQRPLF� SHUVSHFWLYH�� 7KH� VRFLDO� REMHFWLYH� LQ� WKLV� LQWHJUDWHG� V\VWHP� LV� IRUPHG� E\� WKH� XWLOLW\� IURP
FRQVXPSWLRQ��SRVLWLYH���HPLVVLRQ��QHJDWLYH��RU�H[WUDFWLRQ��DQG�WKH�YDOXH�RI�WKH�HFRV\VWHP��ZLWK�HLWKHU
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SRVLWLYH�RU�QHJDWLYH�FKDQJHV�GHSHQGLQJ�RQ�ZKHWKHU�LW�LV�DQ�LPSURYHPHQW�RU�GHWHULRUDWLRQ���&OHDUO\��WKLV
IUDPHZRUN�PLJKW�EH�H[WHQGHG�ZLWK�WLPH�GLPHQVLRQV��VHH�H�J��%UDDW�DQG�9DQ�/LHURS�������LQ�RUGHU�WR
LQFOXGH� WXUQRYHU� WLPH�� OLQHDU�DQG�QRQ�OLQHDU�G\QDPLFV�DQG�D� WLPH�KRUL]RQ��6LPLODUO\��GLIIHUHQW� VSDWLDO
VFDOHV� FDQ� EH� LQWURGXFHG�� VXFK� DV� DUHDO� LQIRUPDWLRQ�� LQWHUUHJLRQDO� LQWHUDFWLRQ� SDWWHUQV� RU� HFRORJLFDO
IRRWSULQW��VHH�:DFNHUQDJHO�����E��

7KHQ�� LQ� RUGHU� WR� GHULYH� DQDO\WLFDO� RU� QXPHULFDO� UHVXOWV�� WKH� IXQFWLRQDO� IRUP� IRU� WKH� V\VWHP¶V
VWUXFWXUH�VKRXOG�EH�FKRVHQ�DQG�D�TXDQWLILFDWLRQ�RI�WKH�SDUDPHWHUV�VKRXOG�EH�JLYHQ��DIWHU�WKH�IXQFWLRQDO
VSHFLILFDWLRQ�KDV�EHHQ�PDGH��0DLQ�SUREOHPV� LQ� WKLV� VWHS�DUH� LQ� SDUWLFXODU� FDXVHG�E\� WKH� LQIOXHQFH�RI
XQFHUWDLQW\��8QFHUWDLQWLHV�PD\��DV�%UDDW�DQG�/LHURS��������VWDWH��EH�GXH�WR��L��VWRFKDVWLF�SURSHUWLHV�RI
WKH�V\VWHP�FRPSRQHQWV���LL��ODFN�RI�NQRZOHGJH��L�H��DERXW�V\VWHP�VWDWH�DQG�SURFHVVHV���LLL��SUREOHPV�RI
GDWD�PHDVXUHPHQW�DQG�LQWHUSUHWDWLRQ���LY��ODFN�RI�FRQWURO�RQ�YDULRXV�LQSXW�IDFWRUV���Y��OLPLWHG�GXUDWLRQ
RI�RSHUDWLRQDOLW\�RI�FRQWURO�V\VWHPV�DQG��YL��FKDQJLQJ�SHUVSHFWLYHV��PRUDO�VWDQGDUGV�DQG�YDOXHV��7KLV
REVHUYDWLRQ�DSSOLHV�DOVR�WR�WKH�VXEVHTXHQW�PRGHOOLQJ�DWWHPSWV�RI�WKH�DERYH�V\QWKHVLV�IUDPHZRUN����$�7D[RQRP\�RI�(FRQRPLF�(FRORJLFDO�,QWHJUDWLRQ,Q� WKLV� VHFWLRQ�� ZH� ZLOO� W\SLI\� GLIIHUHQW� W\SHV� RI� PRGHOV� GLVFXVVHG� LQ� WKH� UHOHYDQW� OLWHUDWXUH� E\
LGHQWLI\LQJ� GLIIHUHQW� GHJUHHV� RI� LQWHJUDWLRQ� WKDW� FDQ� EH� GLVWLQJXLVKHG� IRU� HFRQRPL\�HFRORJ\� V\VWHPV�
7KH�GHJUHH�RI�LQWHJUDWLRQ�PD\�UHIHU�WR�WKH�DERYH�PHQWLRQHG�IRXU�HVVHQWLDO�FKDUDFWHULVWLFV�RI�WKH�HQWLUH
V\VWHP��YL]��REMHFWLYHV��HOHPHQWV��VWUXFWXUHV�DQG�ERXQGDULHV��:H�ZLOO�IRFXV�LQ�SDULFXODU�RQ�WKH�VWUXFWXUH
RI� WKH� LQWHUDFWLQJ� V\VWHPV�� DV� WKH� V\VWHPLF� VWUXFWXUH� LPSOLFLWO\� GHWHUPLQHV� WKH� HOHPHQWV� DQG� WKH
ERXQGDU\�RI�WKH�V\VWHP��/LNHZLVH��WKH�REMHFWLYH�PD\�EH�GHWHUPLQHG�E\�WKH�VWUXFWXUH��&RQVHTXHQWO\��LQ
6XEVHFWLRQ�����±�����ZH�ZLOO�DGGUHVV�PDLQO\�WKUHH�VWUXFWXUH�SKHQRQPHQD��YL]��H[RJHQRXV�FRQVWDQWV��D
XQLODWHUDO�LQWHUDFWLRQ�DQG�LQWHJUDWHG�PRGHOOLQJ�
��� ([RJHQRXV�FRQVWDQWV(FRQRPLF�VXEV\VWHP
$Q�DUFKHW\SLFDO�HFRQRPLF�V\VWHP�PLJKW�LQ�VLPSOH�DQG�JHQHUDO�HFRQRPLF�WHUPV�EH�GHVFULEHG�E\�PHDQV
RI� )LJXUH� ��� ,Q� WKLV� SUHVHQWDWLRQ� RI� WKH� HFRQRPLF� V\VWHP�� WKH� ERXQGDU\� RI� WKH� HFRQRPLF� V\VWHP� LV
FOHDUO\� GHILQHG�� )XUWKHUPRUH�� WKH� HFRORJLFDO� V\VWHP� LV� YLHZHG� DV� H[RJHQRXV�� VR� WKDW� WKH� HFRQRPLF
V\VWHP� LV� IXOO\� LQGHSHQGHQW� RI� WKH� HQYLURQPHQW�� 1R� LQSXWV� OLNH� QDWXUDO� UHVRXUFHV�� RU� RXWSXWV� OLNH
HPLVVLRQV�DQG�SROOXWLRQ��DUH�LQFRUSRUDWHG�H[SOLFLWO\�

,Q� WKLV�V\VWHP�� WKH�RXWSXWV�� LQYHVWPHQWV� �,��DQG�FRQVXPSWLRQ�JRRGV� �&���DUH�SURGXFHG�E\� LQSXWV�.
�UHSURGXFLEOH�IDFWRUV��H�J��FDSLWDO�DQG�RU�KXPDQ�FDSLWDO��DQG�/��QRQ�UHSURGXFLEOH�IDFWRUV��H�J�� ODERXU��
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DV�ZHOO�DV�WHFKQRORJLHV��$��ZKLFK�LQ�WXUQ�DUH�SURGXFHG�E\�WKH�LQSXWV�.�DQG�/��7KLV� LV�UHSUHVHQWHG�E\
WKH�SURGXFWLRQ�IXQFWLRQ�)�x���'\QDPLFV� �RU� WKH� IHHGEDFN�� LQ� WKH�HFRQRPLF� V\VWHP� LV�REWDLQHG�E\� WKH
DFFXPXODWLRQ� IXQFWLRQ� RI� FDSLWDO�� ZKLFK� LV� VXSSRVHG� WR� EH� GHWHUPLQHG� E\� WKH� DPRXQW� RI� FDSLWDO
DYDLODEOH� DQG� WKH� UHLQYHVWPHQW� RI� SURGXFWLRQ� DIWHU� WKH� FRQVXPSWLRQ�� KRZHYHU�� WKH� DFFXPXODWLRQ� RI
FDSLWDO�LV�UHGXFHG�E\�GHSUHFLDWLRQ�RI�SK\VLFDO�FDSLWDO��GN���$QRWKHU�W\SH�RI�G\QDPLF�LQYROYHV�WKH�FDVH�RI
HQGRJHQRXV�WHFKQRORJLFDO�GHYHORSPHQW��LQ�)LJXUH���UHSUHVHQWHG�E\�WKH�SRVVLELOLW\�RI�DOORFDWLQJ�ODERXU
WR�WKH�FUHDWLRQ�DQG�DFFXPXODWLRQ�RI�NQRZOHGJH�
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)LJXUH����0RGHO�RI�DQ�HFRQRPLF�V\VWHP
7KH�REMHFWLYH�RI�WKLV�µSXUH¶�HFRQRPLF�V\VWHP�LV�QRUPDOO\�IRUPXODWHG�DV�WKH�PD[LPLVDWLRQ�RI�WRWDO�VRFLDO
ZHOIDUH� �UHSUHVHQWHG� E\� WKH� IXQFWLRQ� 8�x���� ZKLFK� LV� D� IXQFWLRQ� RI� LQGLYLGXDO� ZHOIDUH� FRQVWLWXHQWV�
ZKLFK�LQ�WXUQ�DUH�D�IXQFWLRQ�RI�FRQVXPSWLRQ��*LYHQ�WKHVH�HOHPHQWV�DQG�VWUXFWXUH�� WKH�IUHH�PDUNHW�DQG
RSWLPXP�JURZWK� UDWHV�PD\�EH�GHWHUPLQHG� LQ� YDULRXV�ZD\V� �VHH�5RPHU�������� � ,Q� WKH�5DPVH\�&DVV�
.RRSPDQV�IRUPXODWLRQ��IRU�H[DPSOH��WKH�RSWLPDO�JURZWK�UDWH� LV�GHWHUPLQHG�E\�IRUPXODWLQJ�DGGLWLRQDO
DVVXPSWLRQV�RQ�JLYHQ�LQLWLDO�HQGRZPHQWV�.�DQG�/��DV�ZHOO�DV�DVVXPSWLRQV�RQ�SHUIHFW�FRPSHWLWLRQ��7KH
EDODQFHG�JURZWK�SDWK�LQ�WKH�6RORZ�IRUPXODWLRQ�LV�GHULYHG�E\�WKH�GHWHUPLQDWLRQ�RI�WKH�RSWLPDO�VDYLQJV
UDWH��WKURXJK�ZKLFK�WKH�XWLOLW\�IURP�FRQVXPSWLRQ�LV�RSWLPLVHG��VHH�H�J��5RPHU��������0RGHUQ�YDULDQWV
EDVHG� RQ� HQGRJHQRXV� JURZWK� WKHRU\� SURYLGHV� DQ� H[SODQDWLRQ� IRU� DQ� HYHU�JURZLQJ� HFRQRP\� E\
HQGRJHQL]LQJ�WKH�UROH�RI�LQYHVWPHQWV�LQ�WHFKQRORJLFDO�SURJUHVV��VHH�H�J��$JKLRQ�DQG�+RZLWW�������
(FRORJLFDO�VXEV\VWHP
7KH� HFRORJLFDO� V\VWHP� PLJKW� LQ� VLPSOH� JHQHUDO� WHUPV� EH� LQWHUSUHWHG� DV� D� SRVVLEO\� VHOI�UHJXODWLQJ
V\VWHP��ZKLFK�PD\�EH�GHSLFWHG�DV�IROORZV��VHH�)LJXUH�����,Q�WKLV�V\VWHP��ZH�KDYH�WKH�HOHPHQWV��L��VWRFN
RI�DQ�HQWLW\��6��DV�LQSXW���LL�� WKH�UHJHQHUDWLYH�FDSDFLW\�RI� WKH�V\VWHP��5�x���DV� WKH�PHFKDQLVPV�RI� WKH
HFRORJLFDO�SURFHVV��DQG��LLL��WKH�IORZ�RI�DQ�HQWLW\��(���H�J���HPLVVLRQ�RI�JUHHQKRXVH�JDVVHV�RU�H[WUDFWLRQ
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IURP�D�VWRFN�RI�ILVK��7KH�VWUXFWXUH�RI�WKLV�V\VWHP�LV�VXFK�WKDW�ERWK�WKH�IORZ�(�DQG�WKH�UHJHQHUDWLRQ�5�6�
DIIHFW�WKH�VWRFN��6���7KH�VLPSOHVW�ZD\�LV�WR�PRGHO�WKH�UHJHQHUDWLYH�FDSDFLW\�DV�D�IXQFWLRQ�RI�WKH�VWRFN�
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)LJXUH����(FRORJLFDO�V\VWHP
,Q� SHUFHLYLQJ� WKH� HFRORJLFDO� V\VWHP� DV� D� µOLYLQJ¶� V\VWHP� DQG� VXEGLYLGLQJ� LW� LQWR� GLIIHUHQW� HFRORJLFDO
FRPPXQLWLHV�DQG�IXUWKHU�VSHFLI\LQJ�LW� LQWR�GLIIHUHQW�SRSXODWLRQV�WKDW�DUH�FRPSRVHG�RI�EDVLF�HOHPHQWV�
QDPHO\� WKH� LQGLYLGXDO��ZH�FDQ� LQWHUSUHW� UHJHQHUDWLYH�FDSDFLW\� LQ� WHUPV�RI�ELUWK�DQG�GHDWK� UDWHV�RI� WKH
SRSXODWLRQ��)RU�H[DPSOH��WKH�ELUWK�RI�WKH�QH[W�ILVK�SRSXODWLRQ��5��GHSHQGV�LQWHU�DOLD�RQ�WKH�QXPEHU�RI
WKH�ROG�SRSXODWLRQ�ILVK�VWRFN��6���%XW��WKH�H[DFW�G\QDPLF�IXQFWLRQ�PLJKW�EH�UDWKHU�FXPEHUVRPH��LI�RQH
ZLVKHV�WR�LQFRUSRUDWH�WKH�FRPSOH[LWLHV�RI�UHDO�ZRUOG�V\VWHPV�

,Q� WKH� OLWHUDWXUH�� DQ� XQDPELJXRXV� IRUPXODWLRQ� RI� DQ� µREMHFWLYH¶� RI� WKH� HFRORJLFDO� V\VWHP� ±� DV
SRVWXODWHG�E\�PDQNLQG��ZLWKLQ�DQ�HFRV\VWHP��HDFK�OLYLQJ�VSHFLHV¶�µREMHFWLYH¶�LV�SUREDEO\�VXUYLYDO��±�LV
QRW�HDV\�WR�ILQG�DQG�OLHV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU��([DPSOHV�RI�VXFK�D�PHVR�RU�PDFUR�REMHFWLYH
PD\�EH�ELRGLYHUVLW\�RU�VXVWDLQDELOLW\�RI�WKH�HFRORJLFDO�V\VWHP��7KH�G\QDPLFV�RI�WKH�HFRORJLFDO�V\VWHP
PD\�DPRQJ�RWKHUV� LQFOXGH� UHVLOLHQFH� �+ROOLQJ�������3HUULQJV��������ELRGLYHUVLW\�� FRPSRXQG�V\VWHPV
�&ODUN� ������ RU� PXWXDOLVWLF� V\VWHPV� �:DFNHU� ������� )RU� D� EULHI� RYHUYLHZ� RI� RWKHU� SRVVLELOLWLHV� RI
LQFOXGLQJ�PRUH�FRPSOH[LWLHV�LQ�HFRORJLFDO�V\VWHPV��ZH�UHIHU�WR�H�J��*RZG\�DQG�&DUERQHOO��������

7KH� DFFXPXODWLRQ� RI� WKH� VWRFN� �G6�W��GW�� PD\� EH� IRUPXODWHG� DV� �VHH� H�J�� 6ZHHQH\� ������ &ODUN
�������
����� G6�W��GW� �5�6�W���±�(�W�
(TXDWLRQ� ���� VWDWHV� WKDW� WKH� DFFXPXODWLRQ� RI� D� VWRFN� FRUUHVSRQGV� WR� WKH� UHJHQHUDWLYH� FDSDFLW\�� L�H�
UHSURGXFWLRQ�LQ�FDVH�RI�OLYLQJ�V\VWHPV�DQG�UHFRYHU\�LQ�FDVH�RI�QDWXUDO�UHVRXUFHV��PLQXV�WKH�IORZ�RI�WKH
HQWLW\��L�H��DQ�H[WUDFWLRQ�DV�D�UHVXOW�RI�XQQDWXUDO�LQWHUYHQWLRQ�RU�GHDWK��7KLV�V\VWHP�PD\�EH�DFFRPSDQLHG
E\�YDULRXV�UHVWULFWLRQV��VXFK�DV�
����D� 6�W�t��IRU�DOO�W
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WR�UHSUHVHQW�D�QRQ�QHJDWLYLW\�FRQVWUDLQW��RU�
����E� 6�W�d6PD[ IRU�DOO�W
RU
����F� 6�W�t6PLQ IRU�DOO�W
WR� UHSUHVHQW� DQ� XSSHU� OLPLW� RQ� DFFXPXODWHG� HPLVVLRQV� �E�� RU� D� ORZHU� OLPLW� RQ� OLYLQJ� VWRFNV� �F��� DV
VSHFLILHG�DV�SROLF\�WDUJHWV��)RU�OLWHUDOO\�XQGHSOHWDEOH�UHVRXUFHV��H�J��VRODU�HQHUJ\�IRU�WKH�QH[W���ELOOLRQ
\HDUV���WKH�ODWWHU�W\SH�RI�UHVWULFWLRQ�QHHGV�QRW�EH�PDGH��L�H���WKH�FRQVWUDLQW�ZLOO�QHYHU�EH�ELQGLQJ��
����8QLODWHUDO�LQWHUDFWLRQV'HSHQGLQJ� RQ� WKH� HPSKDVLV� LQ� WKH� DQDO\VLV�� WKH� XQLODWHUDO� LQWHUDFWLRQ� PD\� EH� HQYLURQPHQWDO�V\VWHP
RULHQWHG�RU�HFRQRPLF�V\VWHP�RULHQWHG�� ,Q� WKH� ILUVW� FDVH�� WKH�HFRORJLFDO� V\VWHP�JHWV�DQ� LQSXW� IURP� WKH
HFRQRPLF� V\VWHP�� 7KH� PRGHO� LQ� WKLV� W\SH� RI� LQWHUDFWLRQ� FRQFHUQV� WKH� FKDQJLQJ� FRQGLWLRQV� RI� WKH
HFRORJLFDO� V\VWHP� FDXVHG� E\� WKH� HFRQRPLF� V\VWHP�� ,Q� WKH� VHFRQG� FDVH�� DQ� HQYLURQPHQWDO� V\VWHP
SURYLGHV�LQSXWV�IRU�DQ�HFRQRPLF�V\VWHP�

7KH� IRFXV� LQ� WKH� ILUVW� FDVH� LV� VROHO\� RQ� WKH� HIIHFW� RI� WKH� HFRQRPLF� V\VWHP� RQ� WKH� HQYLURQPHQWDO
V\VWHP�LQ�WKH�IRUP�RI�H�J��SROOXWLRQ�RU�H[WUDFWLRQ��ZLWKRXW�WKHUH�EHLQJ�DQ\�LQGLYLGXDO�RU�VRFLDO�SODQQHU
WKDW� DWWDFKHV� D� YDOXH� WR� WKLV� HIIHFW�� 7KLV� W\SH� RI� LQWHUDFWLRQ� PD\� EH� LOOXVWUDWHG� E\� )LJXUH� ��� 7KH
ERXQGDU\�RI�WKLV�W\SH�RI�LQWHUDFWLRQ�LQFRUSRUDWHV�DOO�LQGLYLGXDO�HOHPHQWV�RI�WKH�VHSDUDWH�HFRQRPLF�DQG
HFRORJLFDO� V\VWHPV� DV� GHVFULEHG� LQ� WKH� SUHYLRXV� VXEVHFWLRQ�� ,Q� WKLV� VWUXFWXUH� KRZHYHU�� WKLV� W\SH� RI
LQWHUDFWLRQ�WDNHV�RQO\�LQWR�DFFRXQW�WKH�LPSDFW�RI�WKH�HFRQRPLF�V\VWHP�RQ�WKH�HFRORJLFDO�V\VWHP�
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)LJXUH����)HHGEDFN�IURP�WKH�HFRQRPLF�V\VWHP�WR�WKH�HQYLURQPHQWDO�V\VWHP

� ,Q�FDVH�RI�SROOXWLRQ��WKH�UHODWLRQVKLS�EHWZHHQ�DFFXPXODWLRQ�RI�VWRFN�RQ�WKH�RQH�KDQG�DQG�WKH�HPLVVLRQDQG�UHJHQHUDWLYH�FDSDFLW\�RQ�WKH�RWKHU�KDQG��LV�WKH�RSSRVLWH�IURP�WKH�QDWXUDO�UHVRXUFH�FDVH��7KXV�G6�GW (�W��5�6��
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$SSOLFDWLRQV�RI�WKLV�W\SH�RI�PRGHOOLQJ�ZRXOG�EH�DOO�VWXGLHV�WKDW�RQO\�TXDQWLI\�HQYLURQPHQWDO�HIIHFWV�RI
HFRQRPLF�DFWLYLW\��ZLWKRXW�DWWHPSWLQJ�WR�VD\�DQ\WKLQJ�DERXW�WKH�VRFLDO�YDOXH�RI�VXFK�HIIHFWV��+RZHYHU�
PDQ\� HFRQRPLF� VWXGLHV� �7DKYRQHQ� DQG�.XXOXYDLQHQ� ������ ������'HQ�%XWWHU� DQG�+RINHV� ������ DQG
9DQ� (ZLMN� DQG� 9DQ� :LMQEHUJHQ� ������ GR� LQ� IDFW� KDYH� D� IHHGEDFN� WR� WKH� HFRQRPLF� V\VWHP� YLD
FRQVXPSWLRQ��LQ�WKH�IRUP�RI�ZDVWH��RU�SURGXFWLRQ��LQ�WKH�IRUP�RI�HPLVVLRQ�RU�H[WUDFWLRQ���RU�XWLOLW\� LQ
JHQHUDO��VR�WKDW�WKH\�PD\�HVVHQWLDOO\�EH�FDWHJRULVHG�DV�LQWHJUDWHG�PRGHOOLQJ�

,Q�WKH�VHFRQG�FDVH��WKH�(�(�OLQNDJH�LV�LOOXVWUDWHG�LQ�)LJXUH���IRU�D�PDFUR�HFRQRPLF�V\VWHP�
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)LJXUH����0DFUR�HFRQRPLF�RULHQWHG�XQLODWHUDO�LQWHUDFWLRQ
,Q�WKLV�PRGHO��ZKHUH�WKH�PDLQ�GLIIHUHQFH�ZLWK�WKH�FRQYHQWLRQDO�HFRQRPLF�VXE�PRGHO�LV�IRUPHG�E\�WKH
LQFRUSRUDWLRQ�RI�HQYLURQPHQWDO�DPHQLWLHV�LQ�WKH�SURGXFWLRQ�IXQFWLRQ�< )�.�/�6���WKHUH�LV�QR�IHHGEDFN
WR� WKH� HFRORJLFDO� V\VWHP� IRU� H[WUDFWLRQ�� 7KLV� PRGHO� WKHUHIRUH� UHVHPEOHV�� IRU� H[DPSOH�� WKH� VLWXDWLRQ
ZKHUH� WKH� ZHDWKHU� LQIOXHQFHV� HFRQRPLF� SURGXFWLYLW\� �YLD� WKH� SURGXFWLRQ� IXQFWLRQ��� EXW� ZKHUH� WKH
HFRQRPLF�VXEMHFW�FDQQRW�LQIOXHQFH�WKH�ZHDWKHU�
�����,QWHJUDWHG�PRGHOOLQJ7KH�JHQHUDO�FDVH�RI� LQWHJUDWHG�PRGHOOLQJ�ZDV�DOUHDG\�SUHVHQWHG�LQ�6HFWLRQ����7KLV� W\SH�RI� LQWHUDFWLRQ
OLQNV� WKH� LQGLYLGXDO� HOHPHQWV� RI� ERWK� HFRORJLFDO� DQG� HFRQRPLF� V\VWHPV� DQG� WKXV� DOVR� PDSV� RXW� WKH
ERXQGDU\��+RZHYHU�� WKH�VWUXFWXUHV�DV�ZHOO�DV� WKH�SXUSRVH�RI� WKH� UHVXOWLQJ�(�(� LQWHUDFWLQJ� V\VWHP��DUH
SUHVHQWHG�GLIIHUHQWO\� LQ� WKH� OLWHUDWXUH�� ,Q� RWKHU�ZRUGV�� WKH� IHHGEDFN� OLQNDJHV� DUH�PRGHOOHG� LQ� YDULRXV
ZD\V�� QDPHO\� YLD� SURGXFWLRQ�� FRQVXPHUV¶� XWLOLW\�� RU� ERWK�� ,Q� WKLV� VHFWLRQ� ZH� ZLOO� FRQVLGHU� VXFK
LQWHJUDWHG�PRGHOV��DOO�RI�ZKLFK�ZLOO�EH�LQ�WKH�FDWHJRU\�RI�µFRPSOH[�LQWHJUDWLRQ¶�
,QWHJUDWLRQ�YLD�SURGXFWLRQ�IXQFWLRQ
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7KH�ILUVW�FDVH��YL]��LQWHUDFWLRQ�WKURXJK�IHHGEDFN�E\�SURGXFWLRQ��PD\�EH�VHHQ�DV�FRPSOHPHQWDU\�WR�WKH
UHVRXUFH�RULHQWHG�PRGHO�� DV� WKH�SULFH�DQG�FRVW��ZKLFK�DUH�H[RJHQRXV� LQ� WKH�SUHYLRXV� W\SHV�RI�PRGHO�
PD\�WKHQ�HQGRJHQRXVO\�EH�GHWHUPLQHG�E\�WKLV�W\SH�RI�PRGHO��$Q�H[DPSOH�RI�WKH�OLWHUDWXUH�WKDW�IRFXVHV
RQ� WKLV� UHODWLRQVKLS� FDQ� EH� IRXQG� LQ� &ODUN� �������� ,Q� WKLV� FDVH�� WKH� REMHFWLYH� RI� WKH� (�(� LQWHUDFWLQJ
V\VWHP�LV� WKH�PD[LPLVDWLRQ�RI� WKH�FRQVXPHUV¶�ZHOIDUH��7KLV� W\SH�RI� LQWHUDFWLRQ�PD\�EH� LOOXVWUDWHG�E\
)LJXUH���
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)LJXUH����(�(�LQWHUDFWLRQ�YLD�SURGXFWLRQ
2I�FRXUVH��PRVW�HFRORJLFDOO\�RULHQWHG�PRGHOV�DUH�PRUH�FRPSOH[��IRU�H[DPSOH�� WKH�FOLPDWH�SDUW�RI� WKH
'\QDPLF� ,QWHJUDWHG�&OLPDWH� FKDQJH� DQG�(FRQRP\� �',&(��PRGHO� RI�1RUGKDXV� ������� DOUHDG\� WDNHV
UHODWLRQVKLSV�EHWZHHQ�FDUERQ�HPLVVLRQ�DQG�WHPSHUDWXUH�FKDQJH�LQWR�DFFRXQW�

$� VSHFLDO� YHUVLRQ�RI� WKLV� W\SH�RI� LQWHUDFWLRQ� FDQ� EH� IRXQG� LQ� WKH� QDWXUDO� UHVRXUFH�RULHQWHG� VWXGLHV
�+RWHOOLQJ�������%HFNPDQQ�������&ODUN�������'DVJXSWD�DQG�+HDO�������6WLJOLW]�����D������E��*DUJ
DQG�6ZHHQH\��������ZKHUH�WKH�RSWLPDO�UDWH�RI�H[WUDFWLRQ�RU�KDUYHVWLQJ�LV� LQYHVWLJDWHG�RQ�WKH�EDVLV�RI
HFRQRPLF� SULQFLSOHV�� ,Q� WKLV� OLWHUDWXUH�� WKH� HFRORJLFDO� V\VWHP� LV� EURXJKW� EDFN� LQWR� WKH� µHFRQRPLF¶
GRPDLQ��'HYDUDMDQ�DQG�)LVKHU�������

,Q� FDVH� RI� UHVRXUFHV�� WKHUH� LV� WKH� GLVWLQFWLRQ� EHWZHHQ� UHQHZDEOH� YHUVXV� QRQ�UHQHZDEOH� DV� ZHOO� DV
GHSOHWDEOH�YHUVXV�QRQ�GHSOHWDEOH�UHVRXUFHV��'HSOHWDEOH�UHVRXUFHV�W\SLFDOO\�FRUUHVSRQG�WR�WKH�UHVWULFWLRQ
WKDW��6�W��t ��IRU�DOO�W��DQG�6����LV�JLYHQ��L�H���WKH�WRWDO�DPRXQW�RI�UHVRXUFHV���1RQ�GHSOHWDEOH�UHVRXUFHV
DUH� UHVRXUFHV� WKDW�� E\� DSSUR[LPDWLRQ�� DUH� QRW� UHVWULFWHG�� VR� WKDW� D� FRQVWUDLQW� VXFK� DV� ����F��ZLOO� EH� D
VODFN�RQH��)XUWKHUPRUH��WKH�GLVWLQFWLRQ�EHWZHHQ�UHQHZDEOH�DQG�QRQ�UHQHZDEOH�UHVRXUFHV�LV�WKDW�5�6�|�
IRU�QRQ�UHQHZDEOH�UHVRXUFHV��OLNH�RLO��DQG�5�6�!��IRU�UHQHZDEOH�UHVRXUFHV��6ZHHQH\��������,Q�WHUPV�RI
(�(� V\VWHPV�� WKLV� W\SH� RI� LQWHUDFWLRQ� LPSOLHV� D� UHGHILQLWLRQ� RI� WKH� ERXQGDU\� E\� LQFOXGLQJ� DQ� H[WUD
HOHPHQW�IURP�WKH�HFRQRPLF�V\VWHP�GHVFULELQJ�WKH�SURILW�IURP�WKH�HFRORJLFDO�V\VWHP��S�x����GHSHQGLQJ
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RQ�WKH�SULFH�RI�WKH�QDWXUDO�UHVRXUFH��3���WKH�UDWH�RI�H[WUDFWLRQ��(��DV�ZHOO�DV�WKH�FRVW�RI�H[WUDFWLRQ��<�x��
ZKLFK�LQ�WXUQ�GHSHQGV�RQ�WKH�UDWH�RI�H[WUDFWLRQ��(��DV�ZHOO�DV�RQ�WKH�DPRXQW�RI�WKH�VWRFN�DYDLODEOH��6��
$�JUDSKLFDO�LOOXVWUDWLRQ�RI�WKHVH�VWXGLHV�LV�JLYHQ�LQ�)LJXUH���DQG�DQ�H[DPSOH�RI�VXFK�D�PRGHO�LQ�WHUPV�RI
H[WUDFWLRQ�RI�QDWXUDO�UHVRXUFHV�LV�IRXQG�LQ�6ZHHQH\��������

6

(
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)LJXUH����5HVRXUFH�RULHQWHG�(�(�LQWHUDFWLRQ
7KH� (�(� LQWHUDFWLRQ� YLD� D� SURGXFWLRQ� PRGHO� �VHH� )LJXUH� ��� PD\� SDUWO\� EH� UHZULWWHQ� LQ� WHUPV� RI� D
UHVRXUFH�RULHQWHG�PRGHO��DV�WKH�SURILW�IXQFWLRQ��3�x���LQ�WKH�UHVRXUFH�RULHQWHG�PRGHO�LV�WKH�RXWFRPH�RI
WKH� GHPDQG� IURP� WKH� HFRQRPLF� V\VWHP� �VHH� H�J�� 1LMNDPS� ������� 7KH� DGYDQWDJH� RI� ZULWLQJ� RXW� WKH
PDFUR�HFRQRPLF�VXE�PRGHO�LV�WKDW�LQ�WKLV�ZD\��WKH�SULFH�IRU�WKH�VWRFN��DV�D�UHVXOW�RI�WKH�XWLOLW\�IXQFWLRQ�
DV�ZHOO�DV�WKH�FRVWV�RI�H[WUDFWLRQ��HPEHGGHG�LQ�WKH�SURGXFWLRQ�IXQFWLRQ��DUH�HQGRJHQRXVO\�GHWHUPLQHG�

6XFK�PRGHOV�DUH�LQWHJUDWHG�LQ�WKH�VHQVH�WKDW�SURILW��RU�ZHOIDUH��PD[LPL]DWLRQ�GHWHUPLQHV�WKH�RSWLPDO
VSHHG�RI� H[WUDFWLRQ� DQG�KHQFH� WKH� GHYHORSPHQW� RI� WKH� VWRFN�RYHU� WLPH��ZKHUHDV� WKH� VWRFN� LWVHOI�PD\
GHILQH� WKH� SURILW� RU� ZHOIDUH� RSWLPL]LQJ� SDWK� RI� H[WUDFWLRQ�� DV� ZHOO� DV� GLUHFWO\� DIIHFWLQJ� WKH� FRVWV� RI
H[WUDFWLRQ��)XUWKHUPRUH��VXFK�PRGHOV�PD\�EH�H[WHQGHG�E\�LQFOXGLQJ�WKH�IDFWRU�KXPDQ�NQRZOHGJH��$�
DQG�RWKHU� NLQGV� RI� UHVRXUFHV� �0�� LQ� WKH� SURGXFWLRQ� IXQFWLRQ�� IRU� H[DPSOH��< )�$�.�(�0�6�� �VHH� IRU
LOOXVWUDWLRQV�H�J��3H]]H\�������1LMNDPS�������
,QWHJUDWLRQ�YLD�DQ�REMHFWLYH�IXQFWLRQ
7KH�VHFRQG�FDVH��YL]��PRGHOOLQJ�PXWXDO�LQWHUDFWLRQ�E\�LQFOXGLQJ�HQYLURQPHQWDO�IDFWRUV��(�DQG�RU�6��LQ
WKH� FRQVXPHUV¶� XWLOLW\� IXQFWLRQ�� DOORZV� IRU�PRUH� DQDO\WLFDO� SRVVLELOLWLHV� IRU�PRGHOOLQJ� WKH� LQWHUDFWLRQ
EHWZHHQ�ERWK�V\VWHPV��7KLV�VWUHDP�RI�PRGHOOLQJ�IRUPV�D�ODUJH�SDUW�RI�WKH�OLWHUDWXUH��VHH�H�J��7KDYRQHQ
DQG� .XXOXYDLQHQ� ����������� %\UQH� ������ 6PXOGHUV� ������� 7KH� XWLOLW\� IXQFWLRQ� LQ� WKH� FRQWH[W� RI
HQYLURQPHQWDO�LVVXHV�KDV�XVXDOO\�WKH�IROORZLQJ�JHQHUDO�IRUP��VHH�H�J��$JKLRQ�DQG�+RZLWW�������

PD[�8�&�6�(�
,Q� WKLV� IRUPXODWLRQ�� WKH� HPLVVLRQ� �(�� RU� WKH� VWRFN� RI� SROOXWLRQ� �6�� DUH� ERWK� DPHQLWLHV�� EHFDXVH� ERWK
GHWHUPLQH� WKH� OHYHO� RI� XWLOLW\�� 7KH� VWUXFWXUH� RI� VXFK� (�(� LQWHUDFWLQJ� V\VWHP� FDQ�� GHSHQGLQJ� RQ� WKH
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UHVHDUFK�SUREOHP��EH�SUHVHQWHG�GLIIHUHQWO\��$Q�H[DPSOH�RI�D�JUDSK�RI�WKLV�W\SH�RI�IHHGEDFN�LQ�WHUPV�RI
(�(�LQWHUDFWLRQ�LV�JLYHQ�LQ�)LJXUH����ZKHUH�UHJHQHUDWLRQ�DQG�WHFKQRORJLFDO�GHYHORSPHQW�DUH�RPLWWHG�IRU
WKH�HDVH�RI�JUDSKLFDO�SUHVHQWDWLRQ�DQG�ZKHUH� WKH�GDVKHG� OLQH�PHDQV� WKDW� LQ�VRPH�PRGHOV� WKH�VWRFN� LQ
HFRORJLFDO�V\VWHPV�LV�QRW�LQFOXGHG�LQ�WKH�SURGXFWLRQ�IXQFWLRQ�
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)LJXUH����,QWHJUDWHG�PRGHOOLQJ�LQ�WHUPV�RI�FRQVXPHUV¶�XWLOLW\
$V�VRRQ�DV�WKH�SUHVHQFH�RI�(�DQG�RU�6�DV�DUJXPHQWV�LQ�WKH�XWLOLW\�IXQFWLRQ�LQGXFH�EHKDYLRXUDO�FKDQJHV
GXH�WR�FKDQJHV�LQ�WKH�HFRORJLFDO�VXE�V\VWHP��ZH�KDYH�µFRPSOH[�LQWHJUDWLRQ¶�DV�RXWOLQHG�DERYH�

$V� SRLQWHG� RXW�� WKH� PRVW� FRPSOHWH� (�(� LQWHUDFWLRQ� LV� LQFRUSRUDWHG� LQ� WKH� JHQHUDO� PRGHO� RI� W\SH
)LJXUH� ��� DV� LW� LQFOXGHV� DOO� LQGLYLGXDO� HOHPHQWV�� VWUXFWXUHV�� ERXQGDULHV� DV� ZHOO� DV� WKH� GULYHUV� RI� WKH
V\VWHPV� DV� GLVFXVVHG� LQ� WKH� SUHYLRXV� VXEVHFWLRQV�� ,Q� )LJXUH� ��� LQWHUDFWLRQ� LV� DFKLHYHG� E\� ERWK
FRQVXPHUV¶� XWLOLW\� DV� ZHOO� DV� E\� WKH� SURGXFWLRQ� IXQFWLRQ�� $Q� H[DPSOH� RI� WKLV� FDVH� LV� WKDW� SROOXWLRQ
HPLVVLRQ� PD\� ERWK� DIIHFW� FRQVXPHUV¶� XWLOLW\� DV� ZHOO� DV� WKH� SURGXFWLRQ� EHFDXVH� RI� H�J�� KHDOWK
LPSOLFDWLRQV��7KLV�PRGHO�LV�KRZHYHU�UDWKHU�FRPSOLFDWHG��DV�WKH�HPLVVLRQ��RU�VWRFN�RI�UHVRXUFHV��LQ�WKLV
FDVH�LQIOXHQFHV�WKH�FRQVXPHUV¶�XWLOLW\�LQ�WZR�ZD\V��YL]��GLUHFWO\�YLD�WKH�XWLOLW\�IXQFWLRQ�DQG�LQGLUHFWO\
YLD�WKH�SURGXFWLRQ�DQG�WKXV�WKH�FRQVXPSWLRQ��7KHUHIRUH��LW�PLJKW�EH�GLIILFXOW�WR�VHSDUDWH�WKH�SURGXFWLRQ
RU�FRQVXPHUV¶�HIIHFW� LQ�HPSLULFDO�PRGHOOLQJ��1RWH�DOVR� WKDW�ZKHQ� WKH�FRQVXPSWLRQ� IORZV�EDFN� WR� WKH
HFRORJLFDO� V\VWHP� �YLD� WKH� GDVKHG� OLQH� E\� &� DQG� (��� WKLV� V\VWHP� FRUUHVSRQGV� WR� D� PDWHULDO� EDODQFH
PRGHO� �VHH� H�J�� 9DQ� GHQ� %HUJK� ������� DV� WKLV� LV� D� FORVHG� V\VWHP� RI� PDWHULDO� IORZV�� 2WKHUZLVH�� WKH
PDWHULDOV��OLNH�ZDVWH��UHPDLQ�ZLWKLQ�WKH�HFRQRPLF�V\VWHP����6SDWLDO�([WHUQDOLWLHV$OO�HFRQRPLF�DFWLYLWLHV�DQG�DOO�HFRORJLFDO�SKHQRPHQD�FDQ�EH�PDSSHG�RXW�LQ�VSDFH��&RQVHTXHQWO\��DOO�(�
(� LQWHUDFWLRQV� KDYH� E\� GHILQLWLRQ� D� VSDWLDO� FRPSRQHQW�� 2XU� SUHYLRXV� IUDPHZRUN� ZDV� EDVHG� RQ� WKH
DVVXPSWLRQ� WKDW� HFRQRPLF� YDULDEOHV� FRXOG� EH� SURMHFWHG� LQ� WKH� VDPH� JHRJUDSKLFDO� VSDFH� ZKHUH� WKH
HFRORJLFDO� YDULDEOHV� ZHUH� ORFDWHG�� +RZHYHU�� LQ� UHDOLW\� RIWHQ� WKH� HFRQRPLF� VSDFH� DQG� WKH� HFRORJLFDO
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VSDFH� GR� QRW� FRLQFLGH� IRU�PDLQO\� WZR� UHDVRQV�� �L�� WKH� VRXUFH� RI� SROOXWLRQ� RU� WKH� SODFH� RI� UHFHSWLRQ
�DPELHQW�FRQFHQWUDWLRQ��PD\�EH�PRELOH���LL�� WKH�SROOXWDQW� LWVHOI�PD\�EH�PRELOH��H�J���GLVSHUVLRQ�RI�DLU
SROOXWLRQ��� ,Q� VXFK� FDVHV�� WKH�(�(� IUDPHZRUN� LV� VWLOO� YDOLG�� EXW� QHHGV� D� VSDWLDO� DGMXVWPHQW�� 7KLV� ZDV
FOHDUO\� HPSKDVLVHG� LQ� WKH� GHEDWH� RQ� WKH� HFRORJLFDO� IRRWSULQW� �VHH� :DFNHUQDJHO� ����E��� ZKHUH� WKH
PLVVLQJ�JHRJUDSKLFDO�FRPSRQHQWV�RI�(�(�LQWHUDFWLRQV�SOD\HG�D�NH\�UROH��)URP�D�JHRJUDSKLFDO�PDSSLQJ
SHUVSHFWLYH�� WKH� XVH� RI�*,6� LQ� UHODWLRQ� WR� VSDWLDO�(�(� DQDO\VLV�PD\� WKHQ� EH� H[WUHPHO\� XVHIXO�� DV� WKLV
DOORZV� IRU� D� XVH� RI� GLIIHUHQW� VFDOH� OHYHOV� GHSHQGLQJ� RQ� WKH� SKHQRPHQRQ� DW� KDQG� �VHH� IRU� LOOXVWUDWLYH
H[DPSOH�*LDRXW]L�DQG�1LMNDPS�������

,Q�WKLV�VHFWLRQ�ZH�ZLOO�DGGUHVV�LQ�SDUWLFXODU�WKH�IRUPDO�LQFRUSRUDWLRQ�RI�VSDFH�LQ�WKH�(�(�LQWHUDFWLRQ
IUDPHZRUN�� (YHU\� HOHPHQW� LQ� )LJXUH� �� PD\� EH� DVVLJQHG� WR� D� UHJLRQ�� VR� WKDW� WKH� LQWHUDFWLQJ� V\VWHP
EHFRPHV�UDWKHU�FRPSOLFDWHG��&RQVLGHU�IRU�VLPSOLFLW\�DQ�LQWHUDFWLQJ�V\VWHP�ZLWK�RQO\���UHJLRQV�$�DQG
%�� HDFK� KDYLQJ� DQ� HFRQRPLF� DQG� DQ� HFRORJLFDO� V\VWHP�� 9HUKRHI� DQG� 1LMNDPS� �������� IRU� LQVWDQFH�
FRQVLGHUHG�VXFK�D�VHWWLQJ��DQG�VWXGLHG�WKH�IROORZLQJ�VHW�RI�LQWHUDFWLRQV�
�� (FRQRPLF�$����!�(FRQRPLF�% 7KLV�LQYROYHV�WKH�PDUNHW� LQWHUDFWLRQV�EHWZHHQ�WKH�WZR�UHJLRQV��DV

DULVLQJ� IURP� VSHFLDOLVDWLRQ� DQG� WUDGH��$OWKRXJK�PDUNHW� IDLOXUHV� FRXOG� EH� SUHVHQW� LQ� WKLV� W\SH� RI
LQWHUDFWLRQ��H�J��GXH�WR�PDUNHW�SRZHU���WKHUH�LV�QR�D�SULRUL UHDVRQ�WR�SRVWXODWH�WKDW�WKLV�EH�WKH�FDVH
�XQOHVV�WKH�WKHRU\�RI�ORFDO�PDUNHW�SRZHU�GXH�WR�WUDQVSRUW�FRVWV�LV�DSSOLHG�ULJRURXVO\���*RYHUQPHQW
IDLOXUHV� KRZHYHU��PD\� HDVLO\� EH� SUHVHQW�� LQ� SDUWLFXODU� LI� WKH� RQH� JRYHUQPHQW�� YLD� WUDGH� SROLFLHV�
WULHV�WR�µH[SORLW¶�WKH�RWKHU�UHJLRQ��DQG�RU�LJQRUHV�WKH�LPSDFW�RI�HQYLURQPHQWDO�VSOLL�RYHUV��VHH�DG��
EHORZ��

�� (FRQRPLF�$�%�����!�(FRORJLFDO�$�%� 7KLV�LQYROYHV�WKH�ORFDO�YDOXDWLRQ�RI�ORFDO�HPLVVLRQV��VLPLODU
WR�WKH�H[SRVLWLRQV�JLYHQ�DERYH�

�� (FRQRPLF�$�%�����!�(FRORJLFDO�%�$� 7KLV� LQYROYHV�HQYLURQPHQWDO�VSLOO�RYHUV��SURGXFWLRQ� LQ� WKH
RQH�UHJLRQ�OHDGV�WR�HQYLURQPHQWDO�GHJUDGDWLRQ�LQ�WKH�RWKHU��7\SLFDOO\��XQGHU�QRQ�FRRSHUDWLRQ��VXFK
H[WHUQDOLWLHV� ZLOO� QRW� EH� RSWLPL]HG� �IURP� D� JOREDO� SHUVSHFWLYH�� E\� ORFDO� JRYHUQPHQWV�� DV
H[HPSOLILHG��IRU�LQVWDQFH��E\�WKH�ORFDWLRQ�RI�QXFOHDU�SRZHU�SODQWV�QHDU�QDWLRQDO�ERUGHUV�

,Q�WKHLU�DUWLFOH��9HUKRHI�DQG�1LMNDPS�VWXGLHG�ILUVW�EHVW�DQG�VHFRQG�EHVW�UHJXODWLRQV��ZKLFK�WXUQHG�RXW�WR
EH� D� KLJKO\� FRPSOLFDWHG� PL[WXUH� RI� WUDGLQJ� RII� YDULRXV� ZHOIDUH� FRPSRQHQWV� �ORFDO� HQYLURQPHQWDO
TXDOLW\��JOREDO�HQYLURQPHQWDO�TXDOLW\�DV�YDOXHG�E\� ORFDO� UHVLGHQWV�� WHUPV�RI� WUDGH�HIIHFWV���2QH�FRXOG�
KRZHYHU�� RQ� WKH� EDVLV� RI� WKH� IRUHJRLQJ� H[SRVLWLRQ�� HQYLVDJH� DQ� HYHQ�ZLGHU� VHW� RI� LQWHUDFWLRQV� LQ� WKH
VLPSOH�VSDWLDO�FRQILJXUDWLRQ�MXVW�RXWOLQHG�



���� �

�� (FRORJLFDO�$����!�(FRORJLFDO�% (FRORJLFDO� SKHQRPHQD� VHOGRP� UHVSHFW� SROLWLFDO� ERUGHUV�� ,W�PD\
RIWHQ� EH� WKH� FDVH� WKDW� HFR�V\VWHPV� WUDQVFHQG� VXFK� ERUGHUV�� LQ� ZKLFK� FDVH� WKHUH� LV� D� GLUHFW
LQWHUDFWLRQ�EHWZHHQ�HFR�V\VWHPV�SROLWLFDOO\�DVVLJQHG�WR�GLIIHUHQW�MXULVGLFWLRQV�

�� .QRZOHGJH�$����!�.QRZOHGJH�% 7UDGH� DQG� GLUHFW� FRPPXQLFDWLRQ�PD\� OHDG� WR� WKH� H[LVWHQFH� RI
NQRZOHGJH� VSLOORYHUV�� ,QVRIDU� DV� WKH� QRQ�VSDWLDO� VHWWLQJ� VKRZQ� LQ� )LJXUH� ���� LV� VXEMHFW� WR
HQGRJHQRXV�WHFKQRORJLFDO�GHYHORSPHQW��\HW�DQRWKHU�W\SH�RI�VSDWLDO�FRPSOLFDWLRQ�LV�DGGHG�

�� 3URGXFWLRQ�IDFWRUV�$����!�3URGXFWLRQ�IDFWRUV�% &HUWDLQO\�FDSLWDO��EXW�LQ�WKH�ORQJHU�UXQ�DOVR�ODERXU
KDV�EHFRPH�LQFUHDVLQJO\�PRELOH�EHWZHHQ�FRXQWULHV�DQG�UHJLRQV��$JDLQ��WKLV�DGGV�D�QH[W�LPSRUWDQW
W\SH�RI�VSDWLDO�LQWHUDFWLRQ�WR�RXU�IUDPHZRUN�

,W� LV� HYLGHQW� WKDW� WKH� QXPEHU� RI� SRWHQWLDO� LQWHUDFWLRQV� LQ� WKH� RYHUDOO� V\VWHP� LQFUHDVHV� UDSLGO\
�H[SRQHQWLDOO\�� ZLWK� WKH� QXPEHU� RI� UHJLRQV� FRQVLGHUHG�� DQG� WKH� QXPEHU� RI� LQWHUDFWLQJ� HOHPHQWV� �DV
OLVWHG�LQ�SRLQWV�����DERYH��ZLWKLQ�DQG�EHWZHHQ�UHJLRQV��(VSHFLDOO\�ZKHQ�HPSOR\LQJ�D�G\QDPLF��ORQJ�
UXQ��SHUVSHFWLYH��DV�±�DUJXDEO\�±�DSSURSULDWH�IRU� WKH�VWXG\�RI�VXVWDLQDEOH�GHYHORSPHQW��RQH�KDV� WR�EH
SUHSDUHG� WR� DFFHSW� WKDW� IRU� WKH� VWXG\� RI� WKH� LPSOLHG� FRPSOH[� V\VWHP� ±� LQ� ZKLFK� VSDFH� DQG� WLPH� DUH
DGGHG�WR�WKH�HOHPHQWV�VKRZQ�LQ�)LJXUH���±�DQDO\WLFDO�WHFKQLTXHV�ZLOO�EH�RI�OLPLWHG�KHOS��7KDW�LV��PRVW
DQDO\WLFDO�G\QDPLF�RSWLPL]DWLRQ�SUREOHPV�ZLOO�\LHOG�PDQDJHDEOH�FORVHG�IRUP�VROXWLRQV��LI�WKH�QXPEHU
RI� VWDWH� YDULDEOHV� LV� LQ� WKH� RUGHU� RI� �� RU� �� DW� D� PD[LPXP� ±� ZKLFK� FOHDUO\� LV� QRW� WKH� FDVH� LQ� WKH
IUDPHZRUN�SUHVHQWHG�DERYH��7KH�EHVW�RQH�FDQ�KRSH�IRU��DW� OHDVW� LQ�WKH�VKRUW�UXQ��ZRXOG�EH�WKH�XVH�RI
QXPHULFDO�VLPXODWLRQ�WHFKQLTXHV�

$V� D� FRUROODU\�� DOVR� WKH� IRUPXODWLRQ�RI� DFWXDO� SROLFLHV�ZLOO� EH� DQ� H[WUHPHO\� GLIILFXOW� WDVN�� DV� RQO\
OLWWOH�LV�NQRZQ�DERXW�WKH�WLPH�VSDFH�LQWHUDFWLRQV�EHWZHHQ�DOO�HOHPHQWV�WKDW�PD\�SOD\�D�UROH��DQG�HYHQ�LI
WKH�FRPSOHWH�PHFKDQLVP�RI�D�WLPH�VSDFH�H[SDQGHG�YHUVLRQ�RI�)LJXUH�����ZRXOG�EH�NQRZQ�IRU�UHDOLVWLF
V\VWHPV��WKH�GHULYDWLRQ�RI�µRSWLPDO¶�SROLFLHV�ZRXOG�EH�DQ�H[WUHPHO\�GLIILFXOW�WDVN�LQ�OLJKW�RI�WKH�DERYH
FRQVLGHUDWLRQV��7KLV� LV�H[DFWO\�ZK\�SUDJPDWLF�FRQFHSWV�VXFK�DV� µHFRORJLFDO� IRRWSULQWV¶� �:DFNHUQDJHO�
����E��� DOWKRXJK� GHEDWDEOH� RQ� WKHRUHWLFDO� JURXQGV� �H�J� 9DQ� GHQ� %HUJK� DQG� 9HUEUXJJHQ�� ������
QHYHUWKHOHVV�VHHP�DWWUDFWLYH�WR�SROLF\�PDNHUV��DQG�±�LQGHHG�±�PD\�VRPHWLPHV�JLYH�YDOXDEOH�RU�DW�OHDVW
TXDQWLILDEOH�RSHUDWLRQDO�LQGLFDWRUV�IRU�WKH�VXVWDLQDELOLW\�RI�FXUUHQW�GHYHORSPHQWV�DQG�WKH�GHVLUDELOLW\�RI
FRUUHFWLYH�SROLFLHV����&RQFOXVLRQ,Q� WKLV�SDSHU��ZH�KDYH�SURYLGHG�DQ�DQDO\VLV� IUDPHZRUN� WKDW� FDWHJRULVHV� WKH� H[LVWLQJ� OLWHUDWXUH� RQ� WKH
LQWHUDFWLRQ�EHWZHHQ�WKH�HFRORJLFDO�DQG�WKH�HFRQRPLF�V\VWHP��$V�WKLV�IUDPHZRUN�LV�VHW�XS�DV�D�EDVLV�IRU
D�PHWKRGRORJLFDO� V\QWKHVLV�RI�HFRORJ\�HFRQRP\�LQWHUDFWLRQV�� LW�PD\�EH�DOVR�XVHIXO� IRU� ILQGLQJ�YLDEOH
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UHVHDUFK�WUDMHFWRULHV��&OHDUO\��WKLV�IUDPHZRUN�VKRXOG�EH�IXUWKHU�H[SORUHG�DQG�H[WHQGHG�LQ�WHUPV�RI�WLPH�
VSDFH� DQG� VSHFLILFDWLRQ� RI� WKH� V\VWHP¶V� VWUXFWXUH� �IXQFWLRQDO� UHODWLRQVKLSV�� DV� ZHOO� HOHPHQWV� �LPSDFW
SDUDPHWHUV� IRU� WKH� YDULDEOHV��� 7KH� QRYHOW\� RI� RXU� FRQWULEXWLRQ� LV� WKDW�� E\� FDWHJRULVLQJ� WKH� H[LVWLQJ
PRGHOV�LQWR�YDULRXV�W\SHV�RI�(�(�LQWHUDFWLRQ��WKH�GLIIHUHQFHV�LQ�LQVLJKWV�IURP�HFRORJLFDO�DQG�HFRQRPLF
SHUVSHFWLYHV�DQG�IURP�YDULRXV�PRGHOOLQJ�VWXGLHV�PD\�EH�FODULILHG��VR�WKDW�D�PRUH�WUDQVSDUHQW�UHVHDUFK
GHVLJQ� PD\� EH� IHDVLEOH�� 7KHUHIRUH�� WKH� SURFHVV� RI� LGHQWLI\LQJ� D� FRPPRQ� UHVHDUFK� IUDPHZRUN� IRU� D
PXOWLGLVFLSOLQDU\� DSSURDFK� PD\� EH� VXSSRUWHG� E\� SURSHUO\� DGGUHVVLQJ� WKH� LVVXHV� RI� WKH� GULYHUV�� WKH
HOHPHQWV��WKH�VWUXFWXUH�DQG�WKH�ERXQGDU\�RI�WKH�V\VWHP�

7KLV� LV� QRW� WR� VD\� WKDW� RQFH� VXFK� D� V\VWHP� ZRXOG� KDYH� EHHQ� VSHFLILHG�� WKH� GHULYDWLRQ� RI� RSWLPDO
SROLF\�UXOHV�EHFRPHV�DQ�HDV\�WDVN��*LYHQ�WKH�G\QDPLF�DQG�VSDWLDO�GLPHQVLRQV�WKDW�DUH�VR�UHOHYDQW� IRU
WKH�WRSLFV�VWXGLHG�KHUH��RQH�FRXOG�IRUHVHH�D�KLJKO\�FRPSOH[�PL[�RI��DW�OHDVW��HQYLURQPHQWDO��HFRQRPLF�
WHFKQRORJ\��VSDWLDO�DQG�WUDGH�SROLFLHV��±�HDFK�RI�WKHVH�ERWK�DW�D�ORFDO��UHJLRQDO��QDWLRQDO�DQG�JOREDO�OHYHO
±� WKDW� ZRXOG� KDYH� WR� EH� EDODQFHG� LQ� D� UDWKHU� GHOLFDWH� IDVKLRQ� LQ� RUGHU� WR� DFKLHYH� VXVWDLQDEOH
GHYHORSPHQW� ±� KRZHYHU� GHILQHG� ±� LQ� D� VRFLDOO\� FRVW�HIILFLHQW� PDQQHU�� ,I� LQWHUDFWLRQV� EHWZHHQ� WKHVH
SROLFLHV�±�DV�ZHOO�DV�EHWZHHQ�WKHLU�SULPDU\�WDUJHW�HOHPHQWV�LQ�RXU�FRPSOH[�V\VWHP�±�ZRXOG�EH�VLPSO\
LJQRUHG��KRZHYHU�� WKH�HYHQWXDO�HIIHFWV�RI�SROLFLHV�PD\�GLYHUJH�ZLGHO\� IURP� WKH�JRDOV�HQYLVDJHG�� DQG
JRYHUQPHQW� IDLOXUHV�ZRXOG�HDVLO\�RFFXU�� ,W�� WKHUHIRUH�� VHHPV�VDIH� WR�FRQFOXGH� WKDW�D�FDUHIXO�GHVLJQ�RI
SROLFLHV� IRU� D� VXVWDLQDEOH� GHYHORSPHQW�� EH� LW� EDVHG� RQ� HFRORJLFDO� RU� HFRQRPLF� SULQFLSOHV� DQG
PRWLYDWLRQV�� FDQQRW�GR�ZLWKRXW� WKH� DFFHSWDQFH�RI� WKH�PHWKRGRORJLFDO� FKDOOHQJHV� RIIHUHG�E\� FRPSOH[
QRQ�OLQHDU�G\QDPLF�V\VWHPV�PRGHOOLQJ�
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5HIHUHQFHV
$JKLRQ��3��DQG�3��+RZLWW���������(QGRJHQRXV�*URZWK�7KHRU\��7KH�0,7�3UHVV��&DPEULGJH�$\UHV�� 5�8�� ��������5HVRXUFHV�� (QYLURQPHQW�� DQG� (FRQRPLFV�� DSSOLFDWLRQV� RI� WKH� PDWHULDOV�HQHUJ\EDODQFH�SULQFLSOH��:LOH\�,QWHUVFLHQFH��1HZ�<RUN�$\UHV��5�8����������µ7KH�SULFH�YDOXH�SDUDGR[¶��LQ��(FRORJLFDO�(FRQRPLFV��������S��������$\UHV�� 5�8�� �������� µ0DWHULDOV�� HFRQRPLFV� DQG� WKH� HQYLURQPHQW¶�� LQ�� -�&�-�0�� YDQ� GHQ� %HUJK� �HG���µ+DQGERRN�RI�(QYLURQPHQWDO�DQG�5HVRXUFH�(FRQRPLFV¶��S����������%DXPRO��:�-��DQG�:�(��2DWHV���������7KH�7KHRU\�RI�(QYLURQPHQWDO�3ROLF\��3UHQWLFH�+DOO��(QJOHZRRG&OLIIV%HFNPDQQ��0�-����������µ$�QRWH�RQ�WKH�RSWLPDO�UDWHV�RI�UHVRXUFH�H[KDXVWLRQ¶��LQ��5HYLHZ�RI�(FRQRPLF6WXGLHV������S����������%HGHU��6����������7KH�1DWXUH�RI�6XVWDLQDEOH�'HYHORSPHQW��6FULEH�3XEOLFDWLRQV��1HZKDP��$XVWUDOLD%HUJK�� -�&�-�0�� YDQ� GHQ� ��������'\QDPLF� 0RGHOV� IRU� 6XVWDLQDEOH� 'HYHORSPHQW�� 7KHVLV� 7LQEHUJHQ,QVWLWXWH��$PVWHUGDP�%HUJK��-�&�-�0��YDQ�GHQ���������(FRORJLFDO�(FRQRPLFV�DQG�6XVWDLQDEOH�'HYHORSPHQW��WKHRU\��PHWKRGVDQG�DSSOLFDWLRQV��(GZDUG�(OJDU��&KHOWKHQKDP�%HUJK��-�&�-�0��YDQ�GHQ��HG�����������+DQGERRN�RI�(QYLURQPHQWDO�DQG�5HVRXUFH�(FRQRPLFV��(GZDUG(OJDU��&KHOWHQKDP�%HUJK��-�&�-�0��YDQ�GHQ�DQG�3HWHU�1LMNDPS���������µ'\QDPLF�PDFUR�PRGHOLQJ�DQG�PDWHULDO�EDODQFH�HFRQRPLF�HQYLURQPHQWDO�LQWHJUDWLRQ�IRU�VXVWDLQDEOH�GHYHORSPHQW¶��LQ��(FRQRPLF�0RGHOLQJ �������S���������%HUJK��-�&�-�0��YDQ�GHQ���������7KHPHV��$SSURDFKHV��DQG�'LIIHUHQFHV�ZLWK�(QYLURQPHQWDO�(FRQRPLFV�7,�������������7LQEHUJHQ�,QVWLWXWH��$PVWHUGDP�%HUJK��-�&�-�0��YDQ�GHQ�DQG�+DUPHQ�9HUEUXJJHQ�������� µ6SDWLDO�VXVWDLQDELOLW\�� WUDGH�DQG� LQGLFDWRUV�DQ�HYDOXDWLRQ�RI�WKH�CHFRORJLFDO�IRRWSULQW
¶�(FRORJLFDO�(FRQRPLFV���������S�������%RVVHO��+����������(FRORJLFDO�6\VWHPV�$QDO\VLV��DQ�LQWURGXFWLRQ�WR�PRGHOOLQJ�DQG�VLPXODWLRQ��*HUPDQ)RXQGDWLRQ�IRU�LQWHUQDWLRQDO�'HYHORSPHQW��)HOGDILQJ�%UDDW�� /�&�� DQG�:�)�-�� YDQ� /LHURS� �������� µ,QWHJUDWHG� (FRQRPLF�(FRORJLFDO�0RGHOLQJ¶�� LQ�� /HRQ�&�%UDDW�DQG�:DO�)�-��YDQ�/LHURS��HGV����(FRQRPLF�(FRORJLFDO�0RGHOOLQJ��(OVHYLHU�6FLHQFH�3XEOLVKHUV�$PVWHUGDP��S���������%UXQGWODQG��*�+����������2XU�&RPPRQ�)XWXUH��:RUOG�&RPPLVVLRQ�RQ�(QYLURQPHQW�DQG�'HYHORSPHQW�2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�%XFKDQDQ��-��0��DQG�:��&��6WXEEOHELQH���������µ([WHUQDOLW\¶��LQ��(FRQRPLFD������S����������%XWWHU�� )�$�*�� GHQ� DQG� 0�:�� +RINHV� �������� µ6XVWDLQDEOH� 'HYHORSPHQW� ZLWK� ([WUDFWLYH� DQG� QRQ�H[WUDFWLYH�XVH�RI�WKH�(QYLURQPHQW�LQ�3URGXFWLRQ¶��LQ��(QYLURQPHQWDO�DQG�5HVRXUFH�(FRQRPLFV��������'HFHPEHU��S����������%\UQH��0DUJDUHW�0����������µ,V�JURZWK�D�GLUW\�ZRUG"�3ROOXWLRQ��DEDWHPHQW�DQG�HQGRJHQRXV�JURZWK¶��LQ�-RXUQDO�RI�'HYHORSPHQW�(FRQRPLFV������S����������&KLDQJ��$�&����������(OHPHQWV�RI�'\QDPLF�2SWLPL]DWLRQ��0F*UDZ�+LOO��6LQJDSRUH�&ODUN�� &�:�� ��������0DWKHPDWLFDO� %LRHFRQRPLFV�� WKH� RSWLPDO� PDQDJHPHQW� RI� UHQHZDEOH� UHVRXUFHV�-RKQ�:LOH\�	�6RQV��1HZ�<RUN�&RPPRQ��0��DQG�&��3HUULQJV���������µ7RZDUGV�DQ�HFRORJLFDO�HFRQRPLFV�RI�VXVWDLQDELOLW\¶��LQ� 3HUULQJV�&���HG���(FRQRPLFV�RI�(FRORJLFDO�5HVRXUFHV��6HOHFWHG�HVVD\V� &KHOWHQKDP��8�.��S�������'DO\��+�(����������
&RPPHQWDU\��7RZDUG�VRPH�RSHUDWLRQDO�SULQFLSOHV�RI�VXVWDLQDEOH�GHYHORSPHQW
��LQ�(FRORJLFDO�(FRQRPLFV�����S�������'DO\��+�(����������µ7RZDUGV�DQ�HQYLURQPHQWDO�PDFURHFRQRPLFV¶��LQ��/DQG�(FRQRPLFV���������S���������'DO\�� +�(�� DQG� .�1�� 7RZQVHQG� �HGV��� �������� 9DOXLQJ� WKH� (DUWK�� HFRQRPLFV�� HFRORJ\�� HWKLFV�&DPEULGJH��0,7�3UHVV�'DO\��+�(����������µ2Q�1LFKRODV�*HRUJHVFX�5RHJHQ¶V�FRQWULEXWLRQV�WR�(FRQRPLFV��DQ�RELWXDU\�HVVD\¶�LQ��(FRORJLFDO�(FRQRPLFV������S����������
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'DO\��+�(�������D���µ)RUXP��*HRUJHVFX�5RHJHQ�YHUVXV�6RORZ�6WLJOLW]¶��LQ��(FRORJLFDO�(FRQRPLFV �����S����������'DO\��+�(�������E���µ)RUXP��UHSO\�WR�6RORZ�6WLJOLW]¶��LQ��(FRORJLFDO�(FRQRPLFV ������S����������'DO\��+�(�������F���µ6XVWDLQDEOH�*URZWK��DQ�LPSRVVLELOLW\�WKHRUHP¶��LQ��'HYHORSPHQW������S����������'DO\��+�(����������µ7KH�UHWXUQ�RI�/DXGHUGDOH�¶V�SDUDGR[¶��LQ��(FRORJLFDO�(FRQRPLFV���������S��������'DVJXSWD�� 3�� DQG� *�� +HDO� �������� µ7KH� RSWLPDO� GHSOHWLRQ� RI� H[KDXVWLEOH� UHVRXUFHV¶�� LQ�� 5HYLHZ� RI(FRQRPLF�6WXGLHV������S�������'HYDUDMDQ��6��DQG�$�&��)LVKHU���������µ+RWHOOLQJ¶V�³(FRQRPLFV�RI�([KDXVWLEOH�5HVRXUFHV´��ILIW\�\HDUVODWHU¶��LQ��-RXUQDO�RI�(FRQRPLF�/LWHUDWXUH��;,;��S��������(KUOLFK�� 3�5��� (KUOLFK�� $�+�� DQG� -�3�� +ROGUHQ� �������� 
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