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7KH�$�%��VHPLFRQGXFWRUV�DUH�RI�JUHDW�LQ�
WHUHVW� DV� PDWHULDOV� IRU� LQIUDUHG� RSWRHOHF�
WURQLFV�DQG�WKHUPRHOHFWULFV� >�@�GXH�WR�WKHLU
LPSRUWDQW�SK\VLFDO�SURSHUWLHV��VXFK�DV�KLJK
SHUPLWWLYLW\��SUHVHQFH�RI�IHUURHOHFWULF�SKDVH
WUDQVLWLRQV��VPDOO�EDQG�JDS�� FKDQJH�RI�FRQ�
GXFWLQJ� DQG� YDOHQFH� EDQG� GHSHQGLQJ� RQ
FRPSRVLWLRQ� YDULDWLRQV�� 7KH� PDLQ� GLUHFWLRQ
RI�PRGHUQ�VHPLFRQGXFWRU�GHYLFH� WHFKQRORJ\
LV� PLQLDWXUL]DWLRQ� XVLQJ� XQLTXH� SURSHUWLHV
RI� VHPLFRQGXFWRU� V\VWHPV� DW� WUDQVLWLRQ� WR
WKH� QDQRPHWHU� OHYHO�� 6LQFH� WKH� SK\VLFDO
SURSHUWLHV�RI�V\VWHPV�FRQWDLQLQJ�ORZ�GLPHQ�
VLRQ�HOHPHQWV�GHSHQG�RQ�WKH�VKDSH��VL]H�DQG
VWUXFWXUH� RI� WKH� ODWWHU�� LW� LV� RI� LQWHUHVW� WR
UHYHDO� UHJXODULWLHV� LQ� IRUPDWLRQ� RI� $�%�
QDQR�LVOHWV� DQG� DSSO\� WKHVH� UHJXODULWLHV� WR
GHVLJQLQJ� RI� GHYLFH� VWUXFWXUHV� ZLWK� SUHVHW

SDUDPHWHUV� DQG� FKDUDFWHULVWLFV�� 7KH� IDFWRUV
LQIOXHQFLQJ� WKH� SURSHUWLHV� RI� ORZ�GLPHQ�
VLRQDO�VHPLFRQGXFWRU�V\VWHP�FRXOG�EH�VXEGL�
YLGHG� LQWR� WZR� JURXSV�� RQ� WKH� RQH� KDQG�
LQIOXHQFH�RQ�JURZWK�SURFHVVHV�PDWHULDO�DQG
VXEVWUDWH� VWUXFWXUH� IHDWXUHV� DQG�� RQ� DQ�
RWKHU�RQH��HIIHFWV�RI�JURZWK�FRQGLWLRQV�DQG
UHJLPHV��7KHVH�SUREOHPV�DUH�DFWLYHO\� LQYHV�
WLJDWHG� QRW� VR� ORQJ� DJR� >�Ü�@�� 7KH� PDLQ
PHWKRGV� IRU� $�%�� EDVHG� ORZ�GLPHQVLRQDO
V\VWHPV�SURGXFWLRQ�DUH�PROHFXODU�EHDP�HSL�
WD[\� �0%(�� DQG� �KRW� ZDOO�� HSLWD[\� WUDGL�
WLRQDO�IRU�WKRVH�FRPSRXQGV��$W�SUHVHQW��WKH
SUREOHP� FRQVLVWV� LQ� FKDQFHV� WR� REWDLQ� V\V�
WHPV�ZLWK�RUGHUHG�ORZ�GLPHQVLRQDO�HOHPHQWV
RI� SUHVHW� FRPSRVLWLRQ� DQG� VL]HV� ZLWK�PLQL�
PDO� GHYLDWLRQV� IURP� WKH� PHDQ� YDOXH�� 7KH
SXUSRVH�RI�WKLV�ZRUN�ZDV�WR�UHYHDO�UHJXODUL�
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WLHV� LQ� 3E7H� QDQR�LVOHW� IRUPDWLRQ� RQ� %D)�VLQJOH� FU\VWDOV� DW� GHSRVLWLRQ� E\� �KRW� ZDOO�
HSLWD[\��ZKLFK�DOORZV�JURZLQJ�XQGHU�FRQGL�
WLRQV�FORVH�WR�WKHUPRG\QDPLF�HTXLOLEULXP����

3E7H� ZDV� GHSRVLWHG� RQ� WKH� IUHVK� FOHDY�
DJHV�RI�%D)�� ������VLQJOH�FU\VWDOV��7KH�IHD�WXUHV� RI� �KRW�ZDOO�� HSLWD[\�PHWKRG�PRGLIL�
FDWLRQ� IRU� QDQR�LVOHW� JURZLQJ� DUH� GHVFULEHG
LQ� >����@�� 7KH� VXEVWUDWH� WHPSHUDWXUH� 7VXEZDV�YDULHG�IURP�����WR�����.��WKH�ZDOO�RQH�
7Z�IURP�����WR�����.��WKH�HYDSRUDWLRQ�WHP�SHUDWXUH�RI�7HY�ZDV�����.��VWRLFKLRPHWULFDO3E7H� EHLQ� XVHG� DV� WKH� YDSRU� VRXUFH�� 7KH
UHJLPHV� ZHUH� VHOHFWHG� VSHFLDOO\� WR� VDWLVI\
FRQGLWLRQV� RI� FRQJUXHQW� VXEOLPDWLRQ� RI� WLQ
WHOOXULGHV�� 3E7H� PROHFXOHV� FRQVWLWXWHG� WKH
PDLQ�YDSRU�FRPSRQHQW�RI�SDLU�DQG�WKH�YDSRU
IORZ� PRGH� ZDV� PROHFXODU�� 7KH� VXEVWUDWH
WHPSHUDWXUHV� ZHUH� EHORZ� RI� FULWLFDO� RQH
����� .��� ZKHQ� WHOOXULXP� UH�HYDSRUDWLRQ
WDNHV�SODFH��7KH�YDOXH�RI�LQFLGHQW�PROHFXODU
VWUHDP� ZDV� a�����y����� PROHFXOHV� SHU� FP�
SHU� VHFRQG�� ZKLFK� VDWLVI\� FRQGLWLRQ� RI� WKH
UDWLR� ,�9����� EHWZHHQ� WKH� LQFLGHQW� PROH�
FXOH�VSHHG�,�DQG�WKH�VXUIDFH�PLJUDWLRQ�VSHHG
RI� DGVRUEHG� PROHFXOHV�� 9�� 7KH� ILOP� WKLFN�
QHVV�ZDV�YDULHG�E\�WKH�GHSRVLWLRQ�WLPH�IURP
��� V� ��Ü�� PRQROD\HUV�� WR� �� PLQ� �XS� WR
��� PRQROD\HUV��� 7KH� FRPSRVLWLRQ� RI� REWDLQHG
QDQRVWUXFWXUHV�ZDV� HVWLPDWHG�TXDOLWDWLYHO\� E\
WKH�;�UD\�HQHUJ\�GLVSHUVLRQ�PLFURDQDO\VLV�V\V�
WHP� RI� VFDQQLQJ� HOHFWURQ� PLFURVFRSH� =HLVV
8OWUD�����7KH�WRSRPHUWLF�LQYHVWLJDWLRQV�RI�RE�
WDLQHG�ILOPV�ZHUH�SHUIRUPHG�LQ�DQ�DWRPLF�IRUFH
PLFURVFRSH� �$)0�� 1DQR6FRSH� ,,,D� �'LJLWDO
,QVWUXPHQWV�� 86$�� XVLQJ� VHULDO� VLOLFRQ� WLSV
16*���� �17�0'7�� 5XVVLD�� LQ� WKH� WDSSLQJ
PRGH��7KH� WLS�DSH[�UDGLXV�EHIRUH�DQG�DIWHU
VFDQQLQJ�ZDV�FRQWUROOHG�E\�WKH�WHVW�JUDWLQJV
7*7��� �17�0'7�� 5XVVLD�� DQG� ZDV� OHVV� RI
���QP�

,Q�WKH�FDVH�ZKHQ�WKH�$)0�WLS�LV�FRPPHQ�
VXUDEOH�ZLWK�VXUIDFH�HOHPHQWV��LWV�JHRPHWU\
FDQ� OLPLW� FRQVLGHUDEO\� WKH� LPDJH� UHVROXWLRQ
LQ�KRUL]RQWDO� SODQH� DQG�GLVWRUW� LQIRUPDWLRQ
RQ�UHDO�VKDSH�DQG�VL]H�RI�VXUIDFH�VWUXFWXUHV�
7KH� KHLJKW� YDOXHV�� KRZHYHU�� DUH� PHDVXUHG
FRUUHFWO\��LI�GLVWDQFH�EHWZHHQ�WKH�VWUXFWXUHV
H[FHHGV� WKH� WLS� GLDPHWHU�� 7KDW� LV� ZK\� WKH
DQDO\VLV�RI�$)0�GDWD�ZDV�PDGH�DIWHU� WKHLU
SDUWLDO�GHFRQYROXWLRQ�>����@��6R��LQ�RXU�FDVH�
WKH�GLDPHWHU�RI�QDQR�LVOHWV��1,���'��ZDV�FDO�
FXODWHG�XVLQJ�DSSUR[LPDWH�IRUPXOD�>�@�
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ZKHUH�5�LV�WKH�UHDO�WLS�DSH[�UDGLXV��G��K�DUH
GLDPHWHU� DQG� KHLJKW� RI� 1,� REWDLQHG� IURP
$)0�LPDJH��,W�PXVW�EH�QRWHG�WKDW�WKH�$)0
LPDJH�UHVROXWLRQ�LV�GHILQHG�DOVR�E\�LQIRUPD�
WLRQ� FDSDFLW\� RI� UHJLVWUDWLQJ� V\VWHP� DQG� LV
GLIIHUHQW� IRU� LPDJHV� RI� YDULRXV� VFDQ� VL]HV
DQG� KHLJKW� UDQJHV� '=�� ,Q� RXU� FDVH�� WKH
LPDJH� LQFOXGHV� ���u���� SRLQWV� LQ�[\� SODQH
DQG� LWV� KHLJKW� LV� PHDVXUHG� DW� D� VWHS� RI
'=��������
����7KH�$)0�LQYHVWLJDWLRQV�KDYH�VKRZQ�WKDW
YDULDWLRQ� RI� VXEVWUDWH� WHPSHUDWXUH� DW� WKH
FRQVWDQW� ZDOO� DQG� VRXUFH� WHPSHUDWXUHV� LQ�
IOXHQFHV�LQVLJQLILFDQWO\�WKH�GHQVLW\�DQG�VL]H
RI� PDLQF� 3E7H� 1,� DUUD\� �)LJ�� �D�� E�� F��
+RZHYHU�� WKH� VXEVWUDWH� WHPSHUDWXUH� KDV� D
GHWHUPLQDWLYH� HIIHFW� RQ� WKH� IRUPDWLRQ
PHFKDQLVP� WKHUHRI�� $W� ORZ� VXEVWUDWH� WHP�
SHUDWXUH� �a�����.���WKH�JURZWK�RI�1,�ORRNV
OLNH� WKUHH�GLPHQVLRQDO� QXFOHDWLRQ� DFFRUGLQJ
WR� WKH� 9ROPHU�:HEHU� PHFKDQLVP�� ZKHUH
SUDFWLFDOO\�DOO�GHSRVLWHG�PDWHULDO�SDVVHV�LQWR
1,��)LJ���D���7KH�WHPSHUDWXUH�LQFUHDVLQJ�XS
WR�DERXW�����.�IDYRUV�WKH�DSSHDUDQFH�RI��'
SODWHDXV� �IUDJPHQWV� RI� FRQWLQXRXV� ILOP�
ZKLFK�FDQ�FRYHU�D�FRQVLGHUDEOH�DUHD�RI�VXE�
VWUDWH��,Q�WKLV�FDVH��1,�DSSHDU�ERWK�RQ�FOHDU
VXEVWUDWH� DQG� RQ� SODWHDXV� �)LJ���E��� +HUH�
SUREDEO\��WKH�FRPELQDWLRQ�RI�9ROPHU�:HEHU
JURZWK� PHFKDQLVPV� DQG� SVHXGRPRUSK
JURZWK� RI� �'� SODWHDXV� IROORZHG� E\� 1,� QX�
FOHDWLRQ� DFFRUGLQJ� WR� 6WUDQVN\�.UDVWDQRY
PHFKDQLVP� VKRXOG� EH� FRQVLGHUHG�� 7KH� IXU�
WKHU� UHODWLYHO\� VPDOO� LQFUHDVH� RI�7VXE�XS� WRDERXW� ���� .� GHILQHV� WKH� DSSHDUDQFH� RI
DQRPDORXV�ODUJH�1,�ZLWK�D�SURQRXQFHG�FU\V�
WDOORJUDSKLF� IDFHWLQJ� �WULDQJXODU� S\UDPLG�
�)LJ���F��� 7DNLQJ� LQWR� DFFRXQW� GLVWULEXWLRQ
RI� VPDOO� 1,� DURXQG� RI� DQRPDO\� ODUJH� RQH�
WKH� DQRPDORXVO\� ODUJH�1,� IRUPDWLRQ� VKRXOG
EH� H[SODLQHG� E\� 2VZDOG� ULSHQLQJ� SURFHVVHV
DQG� LQWHQVH� QXFOHDWLRQ� RI� QHZ� 1,� LQ� WKLV
UHJLRQ�

7KH�ZDOO�WHPSHUDWXUH�HOHYDWLRQ��7Z� �����.�DW� WKH� DYHUDJH� VXEVWUDWH� WHPSHUDWXUH� RI
DERXW� ���� .� UHVXOWV� LQ� D� VXEVWDQWLDO� LQ�
FUHDVH� RI� GHQVLW\� DQG� VL]HV� RI� 1,� DQG� DE�
VHQFH�RI��'�SODWHDXV�IUDJPHQWV��)LJ���G���,Q
RWKHU� ZRUGV�� WKH� 1,� JURZWK� PHFKDQLVP
WXUQV�DJDLQ�WR�9ROPHU�:HEHU�RQH��

,W� LV� VHHQ� IURP� WKH� DERYH� WKDW� WKH� PH�
FKDQLFDO� VWUDLQ� UHOD[DWLRQ� SURFHVVHV� DW� WKH
FRQGHQVDWH�VXEVWUDWH� LQWHUIDFH�DUH�QRW�GHFL�
VLYH� LQ� UHDOL]DWLRQ� RI� HLWKHU� RQH� RU� RWKHU
JURZWK�PHFKDQLVP�RI�D�QDQRVWUXFWXUHG�ILOP
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)LJ�����k)l�LPDJH�RI�3E7H�%D)��1,�JURZQ�E\��KRW�ZDOO��HSLWD[\�PHWKRG�DW�GLIIHUHQW�WHPSHUDWXUHVRI�VXEVWUDWH�DQG�ZDOO��'HSRVLWLRQ�WLPH���PLQ��=�UDQJH����QP��7KH�FRUUHVSRQGLQJ�KLVWRJUDPV�RI�1,
GLDPHWHU�GLVWULEXWLRQ�DUH�VKRZQ�RQ�WKH�ULJKW�KDQG�VLGH�
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ZLWK� GHVLUHG� JHRPHWULFDO� SDUDPHWHUV� RI�1,�
7KH�V\VWHP�3E7H������%D)��DW�DOPRVW�HTXDOWKHUPDO�H[SDQVLRQ�FRHIILFLHQWV�DQG�ILOP�VXE�
VWUDWH� ODWWLFH�PLVPDWFK�RI�����LV�YHU\�VHQ�
VLWLYH� WR� FKDQJHV� LQ� UDWLRV� RI� IUHH� HQHUJLHV
RI� VXEVWUDWH�� JURZWK� VXUIDFH� DQG� HQHUJ\�RI
DGDWRPV� FDXVHG� E\� FKDQJHV� RI� WKHUPRG\�
QDPLF�FRQGLWLRQV�LQ�WKH�TXDVL�FORVHG�YROXPH
RI�JURZLQJ�FKDPEHU��,W�LV�SRVVLEOH�WR�UHDOL]H
GLIIHUHQW� 1,� FRQILJXUDWLRQV� LQ� WKH� VDPH
ILOP�VXEVWUDWH� V\VWHP� E\� DQ� LQVLJQLILFDQW
FKDQJH�RI�WHPSHUDWXUH�FRQGLWLRQV�DW�GHSRVL�
WLRQ�

7KH�SURFHVVHV� RI�QXFOHDWLRQ�� VXUIDFH�GLI�
IXVLRQ� DQG� PLJUDWLRQ� RI� QXFOHDWLRQ� FHQWHUV
RQ� WKH� JURZWK� VXUIDFH� FDQ� EH� WUDFHG� VWDJH�
E\�VWDJH� XVLQJ� GLIIHUHQW� GHSRVLWLRQ� WLPH
�)LJ������$W�WKH�GHSRVLWLRQ�RQVHW�� WKHUH� LV�D
ORW� �RYHU� ���� PPÜ��� RI� VPDOO� 1,� RI� ��Ü
��� QP� GLDPHWHUV� DQG� KHLJKWV� XS� WR� �� QP
�)LJ���D� DQG� FXUYH� �� RI� KLVWRJUDP���$� IXU�
WKHU� GHSRVLWLRQ� RI� PDWHULDOV�� WKH� VXUIDFH
GLIIXVLRQ�DQG�VPDOO�1,�PLJUDWLRQ�UHVXOWV�LQ
D� VLJQLILFDQW� GHFUHDVH� RI�1,� GHQVLW\� �DERXW

����PPÜ���DQG�LUUHJXODU�LQFUHDVLQJ�RI�WKHLU
VL]HV��)LJ���E�DQG�FXUYH���RI�KLVWRJUDP���$V
PHQWLRQHG�DERYH��ODUJH�S\UDPLGDO�1,�DSSHDU
DW� WKLV� VWDJH�� $QG� ILQDOO\�� DW� W� ���PLQ�
WKHUH� DUH�SVHXGRPRUSKLF��'�JURZWK�RI� HSL�
WD[LDO� ILOP� DQG� H[WUHPHO\� ODUJH� S\UDPLGDO
1,�ZLWK�EDVH�RULHQWDWLRQ�^���`�RQ�VXUIDFH�RI
VXEVWUDWH��)LJ���F���

7KH�VWDWLVWLFDO�DQDO\VLV�RI�WKH�QRUPDO�RUL�
HQWDWLRQ� WR� HDFK� VXUIDFH� SRLQW� KDV� DOORZHG
WR� ILQG�RXW� WKH� WUHQGV� LQ�FKDQJH�RI� WKH�S\�
UDPLGDO� 1,� IDFHWLQJ�� )RU� WKLV� SXUSRVH�� WKH
�'� KLVWRJUDPV� RI� WKH� QRUPDO� WLOW� GLVWULEX�
WLRQ� ZHUH�PDGH� �)LJ������ 7KH� QRUPDO� RULHQ�
WDWLRQ� ZDV� PHDVXUHG� ZLWK� UHVSHFW� WR� VR�
FDOOHG�HOHPHQWDU\�DUHD��ZKLFK�FRQWDLQV�WKUHH
QHLJKERULQJ� SRLQWV� RI� VXUIDFH� LQ� $)0
LPDJH��7KH� SRODU� DQJOH�T� RI�KLVWRJUDP�FRU�
UHVSRQGV� WR� WKH� QRUPDO� VORSH� DQJOH� WR� [\
SODQH�� ZKLOH� WKH� D]LPXWK� DQJOH� M�� WR� WKH
VORSH� WR�[]� SODQH��7KH� DPRXQW� RI�SRLQWV� LQ
VHJPHQWV� RI� KLVWRJUDP� LV� GHQRWHG� E\� JUH\
FRORU� QXDQFHV�� )RU� FRQYHQLHQFH� RI� DQDO\VLV�
IUDJPHQW� RI� WKH�3E7H� ODWWLFH� VWHUHRJUDSKLF

)LJ�����)RUPDWLRQ�RI�3E7H�%D)��1,�DW�GLIIHUHQW�GHSRVLWLRQ�VWDJHV��D������PLQ���E����PLQ���F����PLQ��VXE� �����.���Z� �����.��+LVWRJUDP�RI�1,�KHLJKWV�GLVWULEXWLRQ�IRU�FDVHV�D�����DQG�E�����LV�VKRZQ�
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SURMHFWLRQ� DUH� VXSHULPSRVHG� RQ� REWDLQHG
KLVWRJUDPV�XVLQJ�WKH�VDPH�VFDOH�

7KH�KLVWRJUDP�RI�QRUPDO�RULHQWDWLRQ� IRU
WKH�VXUIDFH�SUHVHQWHG�LQ�)LJ���F�LV�VKRZQ�LQ
)LJ���D��0D[LPXP� LQ� WKH� SRLQW� ������ FRUUH�
VSRQGV�WR�GLUHFWLRQ�>���@�ZKLFK�LV�QRUPDO�WR
WKH� SODQH� RI� VXEVWUDWH� VXUIDFH�� 7KUHH�PD[�
LPD�DW�T�QHDU�������ORFDWHG�DW�DQJOHV�M� �����
WHVWLI\� WKH� SUHVHQFH� RI� HYLGHQW� IDFHWLQJ� LQ
S\UDPLGDO�LVOHWV��&RPSDULQJ�WKDW�KLVWRJUDP
ZLWK� WKH� FU\VWDOORJUDSKLF� SURMHFWLRQ�� LW� LV
VHHQ� WKDW� WZR� IDFHWV� RI� WKH� S\UDPLG� FRUUH�
VSRQG� WR� FU\VWDOORJUDSKLF�SODQHV� ^���`��7KH
WKLUG� IDFHW� KDV� D� ODUJHU� DQJOH� RI� QRUPDO
VORSH� DQG� LV� FORVH� WR� WKH� SODQH� ������ �WLOW
��������2Q�WKH�FLUFOH�RI�WKH�KLVWRJUDP��SRVL�
WLRQ�RI�IDFHWV�ZLWK�PLQLPDO�0LOOHU�V�LQGLFHV
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