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0RGHUQ�

SRSXODWLRQ� ELRORJ\� DULVHV� IURP� WKH� FRPLQJ� WRJHWKHU� RI�
ZKDW� ZHUH� SUHYLRXVO\� LQGHSHQGHQW� FOXVWHUV� RI�PRUH� RU� OHVV� FR�

KHUHQW� WKHRU\�� 3RSXODWLRQ� JHQHWLFV� DQG� SRSXODWLRQ� HFRORJ\�� WKH�PRVW�

PDWKHPDWLFDO� DUHDV� RI� SRSXODWLRQ� ELRORJ\�� KDG� GHYHORSHG� ZLWK� TXLWH�
GLIIHUHQW�DVVXPSWLRQV� DQG� WHFKQLTXHV�� ZKLOH�PDWKHPDWLFDO� ELRJHRJUDSK\�
LV�HVVHQWLDOO\� D�QHZ� ILHOG��
)RU� SRSXODWLRQ� JHQHWLFV�� D� SRSXODWLRQ� LV�VSHFLILHG� E\� WKH� IUHTXHQFLHV�

RI� JHQRW\SHV� ZLWKRXW� UHIHUHQFH� WR� WKH� DJH� GLVWULEXWLRQ�� SK\VLRORJLFDO�
VWDWH� DV� D� UHIOHFWLRQ� RI�SDVW� KLVWRU\�� RU� SRSXODWLRQ� GHQVLW\�� $� VLQJOH�

SRSXODWLRQ� RU� VSHFLHV� LV�WUHDWHG� DW� D� WLPH�� DQG� HYROXWLRQ� LV�XVXDOO\� DV�

VXPHG� WR�RFFXU� LQ�D� FRQVWDQW� HQYLURQPHQW��

3RSXODWLRQ� HFRORJ\�� RQ� WKH� RWKHU� KDQG�� UHFRJQL]HV� PXOWLVSHFLHV� V\V�

WHPV�� GHVFULEHV� SRSXODWLRQV� LQ� WHUPV� RI� WKHLU�DJH� GLVWULEXWLRQV�� SK\V�

LRORJLFDO� VWDWHV�� DQG� GHQVLWLHV�� 7KH� HQYLURQPHQW� LV�DOORZHG� WR�YDU\� EXW�

WKH� VSHFLHV� DUH� WUHDWHG� DV� JHQHWLFDOO\� KRPRJHQHRXV�� VR� WKDW� HYROXWLRQ� LV�

LJQRUHG��
%XW� WKHUH� LV� LQFUHDVLQJ� HYLGHQFH� WKDW� GHPRJUDSKLF� WLPH� DQG� HYROX�

WLRQDU\� WLPH� DUH� FRPPHQVXUDWH�� 7KXV� SRSXODWLRQ� ELRORJ\� PXVW� GHDO�

VLPXOWDQHRXVO\� ZLWK� JHQHWLF�� SK\VLRORJLFDO�� DQG� DJH� KHWHURJHQHLW\� ZLWKLQ�

VSHFLHV� RI�PXOWLVSHFLHV� V\VWHPV� FKDQJLQJ� GHPRJUDSKLFDOO\� DQG� HYROYLQJ�
XQGHU� WKH� IOXFWXDWLQJ� LQIOXHQFHV� RI� RWKHU� VSHFLHV� LQ� D� KHWHURJHQHRXV�
HQYLURQPHQW�� 7KH� SUREOHP� LV�KRZ� WR�GHDO�ZLWK� VXFK�D� FRPSOH[� V\VWHP��
7KH� QDLYH�� EUXWH� IRUFH�DSSURDFK� ZRXOG� EH� WR� VHW�XS� D�PDWKHPDWLFDO�

PRGHO� ZKLFK� LV�D� IDLWKIXO��RQH�WR�RQH� UHIOHFWLRQ�RI� WKLV� FRPSOH[LW\�� 7KLV�

ZRXOG� UHTXLUH� XVLQJ� SHUKDSV� ���� VLPXOWDQHRXV� SDUWLDO� GLIIHUHQWLDO� HTXD�
WLRQV�ZLWK� WLPH� ODJV��PHDVXULQJ� KXQGUHGV� RI� SDUDPHWHUV�� VROYLQJ� WKH�

HTXDWLRQV� WR�JHW� QXPHULFDO� SUHGLFWLRQV�� DQG� WKHQ�PHDVXULQJ� WKHVH� SUH�
GLFWLRQV� DJDLQVW� QDWXUH�� +RZHYHU��

�D�� WKHUH� DUH� WRR�PDQ\� SDUDPHWHUV� WR�PHDVXUH�� VRPH� DUH� VWLOO� RQO\�

YDJXHO\� GHILQHG�� PDQ\� ZRXOG� UHTXLUH� D� OLIHWLPH� HDFK� IRU� WKHLU�

PHDVXUHPHQW��

����7KH� HTXDWLRQV� DUH� LQVROXEOH� DQDO\WLFDOO\� DQG� H[FHHG� WKH� FDSDFLW\�
RI�HYHQ� JRRG� FRPSXWHUV��

�F�� (YHQ� LI�VROXEOH�� WKH� UHVXOW� H[SUHVVHG� LQ�WKH� IRUP�RI�TXRWLHQWV� RI�

VXPV�RI�SURGXFWV� RI�SDUDPHWHUV� ZRXOG� KDYH� QR�PHDQLQJ� IRU�XV��

&OHDUO\� ZH� KDYH� WR� VLPSOLI\� WKH�PRGHOV� LQ�D�ZD\� WKDW� SUHVHUYHV� WKH�

HVVHQWLDO� IHDWXUHV�RI�WKH�SUREOHP�� 7KH� GLIIHUHQFH�EHWZHHQ� OHJLWLPDWH� DQG�

����
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LOOHJLWLPDWH� VLPSOLILFDWLRQV� GHSHQGV� QRW� RQO\� RQ� WKH� UHDOLW\� WR�EH� GH�

VFULEHG� EXW� DOVR� RQ� WKH� VWDWH� RI�WKH� VFLHQFH�� 7KH� HDUO\�SLRQHHULQJ� ZRUN�
LQ�SRSXODWLRQ� JHQHWLFV� E\�+DOGDQH�� )LVKHU�� DQG�:ULJKW� DOO� DVVXPHG� D�

FRQVWDQW� HQYLURQPHQW� LQ�WKH�PRGHOV� DOWKRXJK� HDFK� DXWKRU� ZDV� DZDUH�

WKDW� HQYLURQPHQWV� DUH� QRW� FRQVWDQW�� %XW� WKH� SUREOHP� DW� KDQG� ZDV��

&RXOG� ZHDN� QDWXUDO� VHOHFWLRQ� DFFRXQW� IRU�HYROXWLRQDU\� FKDQJH"� )RU� WKH�

SXUSRVHV� RI� WKLV� SUREOHP�� D� VHOHFWLRQ� FRHIILFLHQW� WKDW� YDULHV� EHWZHHQ�
����� DQG� ����ZLOO� KDYH� HIIHFWV� VRPHZKHUH� EHWZHHQ� FRQVWDQW� VHOHFWLRQ�

SUHVVXUHV� DW� WKRVH� YDOXHV�� DQG�ZRXOG� EH� DQ� XQQHFHVVDU\� FRPSOLFDWLRQ��
%XW�� IRU�XV� WRGD\�� HQYLURQPHQWDO� KHWHURJHQHLW\� LV� DQ� HVVHQWLDO� LQ�

JUHGLHQW� RI�WKH�SUREOHPV� DQG� WKHUHIRUH�RI�RXU�PDWKHPDWLFDO� PRGHOV��
,W� LV�RI�FRXUVH� GHVLUDEOH� WR�ZRUN�ZLWK�PDQDJHDEOH� PRGHOV� ZKLFK�PD[�

LPL]H� JHQHUDOLW\�� UHDOLVP�� DQG� SUHFLVLRQ� WRZDUG� WKH� RYHUODSSLQJ� EXW�
QRW� LGHQWLFDO� JRDOV� RI�XQGHUVWDQGLQJ�� SUHGLFWLQJ�� DQG�PRGLI\LQJ� QDWXUH��
%XW� WKLV� FDQQRW� EH� GRQH�� 7KHUHIRUH�� VHYHUDO� DOWHUQDWLYH� VWUDWHJLHV� KDYH�
HYROYHG� ��

��� 6DFULILFH� JHQHUDOLW\� WR� UHDOLVP� DQG� SUHFLVLRQ�� 7KLV� LV�WKH� DSSURDFK�
RI�+ROOLQJ�� �H�J��� ������� RI�PDQ\� ILVKHU\�ELRORJLVWV�� DQG� RI�:DWW� ��������
7KHVH� ZRUNHUV� FDQ� UHGXFH� WKH�SDUDPHWHUV� WR� WKRVH� UHOHYDQW� WR�WKH�VKRUW�
WHUP�EHKDYLRU� RI� WKHLU� RUJDQLVP�� PDNH� IDLUO\�DFFXUDWH� PHDVXUHPHQWV��
VROYH� QXPHULFDOO\� RQ� WKH� FRPSXWHU�� DQG� HQG�ZLWK� SUHFLVH� WHVWDEOH� SUH�
GLFWLRQV� DSSOLFDEOH� WR�WKHVH�SDUWLFXODU� VLWXDWLRQV��

��� 6DFULILFH� UHDOLVP� WR� JHQHUDOLW\� DQG� SUHFLVLRQ�� .HUQHU� ��������
/HLJK� �������� DQG�PRVW� SK\VLFLVWV� ZKR� HQWHU�SRSXODWLRQ� ELRORJ\� ZRUN� LQ�
WKLV� WUDGLWLRQ� ZKLFK� LQYROYHV� VHWWLQJ� XS� TXLWH� JHQHUDO� HTXDWLRQV� IURP�
ZKLFK� SUHFLVH� UHVXOWV�PD\� EH� REWDLQHG�� 7KHLU� HTXDWLRQV� DUH� FOHDUO\�
XQUHDOLVWLF�� )RU� LQVWDQFH�� WKH\�XVH� WKH�9ROWHUUD� SUHGDWRU�SUH\� V\VWHPV�
ZKLFK� RPLW� WLPH� ODJV��SK\VLRORJLFDO� VWDWHV�� DQG� WKH� HIIHFW�RI� D� VSHFLHV
�
SRSXODWLRQ� GHQVLW\� RQ� LWV�RZQ� UDWH� RI� LQFUHDVH�� %XW� WKHVH�ZRUNHUV� KRSH�
WKDW� WKHLU�PRGHO� LV�DQDORJRXV� WR� DVVXPSWLRQV� RI� IULFWLRQOHVV� V\VWHPV� RU�

SHUIHFW� JDVHV�� 7KH\� H[SHFW� WKDW�PDQ\� RI� WKH�XQUHDOLVWLF� DVVXPSWLRQV�
ZLOO� FDQFHO� HDFK� RWKHU�� WKDW� VPDOO� GHYLDWLRQV� IURP�UHDOLVP� UHVXOW� LQ�VPDOO�
GHYLDWLRQV� LQ�WKH� FRQFOXVLRQV�� DQG� WKDW�� LQ�DQ\� FDVH�� WKH�ZD\� LQ�ZKLFK�
QDWXUH� GHSDUWV� IURP� WKHRU\�ZLOO� VXJJHVW� ZKHUH� IXUWKHU� FRPSOLFDWLRQV�
ZLOO� EH� XVHIXO�� 6WDUWLQJ� ZLWK� SUHFLVLRQ� WKH\�KRSH� WR� LQFUHDVH� UHDOLVP��

��� 6DFULILFH�SUHFLVLRQ� WR�UHDOLVP�DQG�JHQHUDOLW\��7KLV� DSSURDFK� LV�IDYRUHG�

E\�0DF$UWKXU� ������� DQG�P\VHOI�� 6LQFH� ZH� DUH� UHDOO\� FRQFHUQHG� LQ�WKH�

ORQJ� UXQ�ZLWK� TXDOLWDWLYH� UDWKHU� WKDQ� TXDQWLWDWLYH� UHVXOWV� �ZKLFK� DUH�

RQO\� LPSRUWDQW� LQ� WHVWLQJ� K\SRWKHVHV�� ZH� FDQ� UHVRUW� WR�YHU\� IOH[LEOH�

PRGHOV�� RIWHQ� JUDSKLFDO�� ZKLFK� JHQHUDOO\� DVVXPH� WKDW� IXQFWLRQV� DUH�

LQFUHDVLQJ� RU�GHFUHDVLQJ�� FRQYH[� RU� FRQFDYH�� JUHDWHU� RU� OHVV� WKDQ� VRPH�

YDOXH�� LQVWHDG� RI�VSHFLI\LQJ� WKH�PDWKHPDWLFDO� IRUP�RI�DQ� HTXDWLRQ�� 7KLV�
PHDQV� WKDW�WKH�SUHGLFWLRQV� ZH� FDQ�PDNH� DUH�DOVR� H[SUHVVHG� DV� LQHTXDOLWLHV�
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DV� EHWZHHQ� WURSLFDO� DQG� WHPSHUDWH� VSHFLHV�� LQVXODU� YHUVXV� FRQWLQHQWDO�

IDXQDV�� SDWFK\� YHUVXV�XQLIRUP� HQYLURQPHQWV�� HWF��

+RZHYHU�� HYHQ� WKH�PRVW� IOH[LEOH�PRGHOV� KDYH� DUWLILFLDO� DVVXPSWLRQV��
7KHUH� LV�DOZD\V� URRP� IRU�GRXEW� DV� WR�ZKHWKHU� D� UHVXOW� GHSHQGV� RQ� WKH�
HVVHQWLDOV� RI�D�PRGHO� RU� RQ� WKH�GHWDLOV� RI� WKH� VLPSOLI\LQJ� DVVXPSWLRQV��
7KLV� SUREOHP� GRHV� QRW� DULVH� LQ�WKH�PRUH� IDPLOLDU�PRGHOV�� VXFK� DV� WKH�

JHRJUDSKLF� PDS�� ZKHUH� ZH� DOO� NQRZ� WKDW� FRQWLJXLW\� RQ� WKH�PDS� LPSOLHV�
FRQWLJXLW\� LQ�UHDOLW\�� UHODWLYH� GLVWDQFHV� RQ� WKH�PDS� FRUUHVSRQG� WR�UHODWLYH�
GLVWDQFHV� LQ�UHDOLW\��EXW� FRORU� LV�DUELWUDU\� DQG� D�PLFURVFRSLF� YLHZ� RI� WKH�

PDS� ZRXOG� RQO\� VKRZ� WKH�ILEHUV� RI� WKH�SDSHU� RQ�ZKLFK� LW� LV�SULQWHG��
%XW�� LQ�WKH�PDWKHPDWLFDO� PRGHOV� RI�SRSXODWLRQ� ELRORJ\�� LW�LV�QRW� DOZD\V�
REYLRXV� ZKHQ� ZH� DUH�XVLQJ� WRR�KLJK� D�PDJQLILFDWLRQ��
7KHUHIRUH�� ZH� DWWHPSW� WR� WUHDW� WKH� VDPH� SUREOHP� ZLWK� VHYHUDO� DO�

WHUQDWLYH�PRGHOV� HDFK�ZLWK� GLIIHUHQW� VLPSOLILFDWLRQV� EXW�ZLWK� D� FRPPRQ�

ELRORJLFDO� DVVXPSWLRQ�� 7KHQ�� LI�WKHVH�PRGHOV�� GHVSLWH� WKHLU� GLIIHUHQW�

DVVXPSWLRQV�� OHDG� WR� VLPLODU� UHVXOWV�ZH� KDYH� ZKDW� ZH� FDQ� FDOO� D� UREXVW�
WKHRUHP�ZKLFK� LV�UHODWLYHO\� IUHH�RI�WKH�GHWDLOV� RI� WKH�PRGHO�� +HQFH� RXU�

WUXWK� LV�WKH� LQWHUVHFWLRQ� RI� LQGHSHQGHQW� OLHV��

5REXVW� DQG�1RQ�UREXVW� 7KHRUHPV�

$V� DQ� H[DPSOH� RI�D� UREXVW� WKHRUHP� FRQVLGHU� WKH�SURSRVLWLRQ� WKDW�� LQ�DQ�

XQFHUWDLQ� HQYLURQPHQW�� VSHFLHV�ZLOO� HYROYH� EURDG� QLFKHV� DQG� WHQG�WRZDUG�

SRO\PRUSKLVP��:H� ZLOO� XVH� WKUHH�PRGHOV�� WKH�ILWQHVV� VHW�RI�/HYLQV� ��������
D� FDOFXOXV� RI�YDULDWLRQ� DUJXPHQW�� DQG� RQH�ZKLFK� VSHFLILHV� WKH� JHQHWLF�
V\VWHP� �/HYLQV� DQG�0DF$UWKXU�� �������
0RGHO� ,� DVVXPHV��

���)RU� HDFK� SKHQRW\SH� L� WKHUH� LV�D� EHVW� HQYLURQPHQW� DQG� ILWQHVV�

Z� GHFOLQHV� ZLWK� WKH� GHYLDWLRQ� RI� V�� IURP� WKH� DFWXDO� HQYLURQPHQW�� $O�

WKRXJK� WKH� FXUYHV�:�V�
"�

6L�� LQ�QDWXUH�PD\� GLIIHU�LQ�WKH� ORFDWLRQ� RI� WKH�

SHDN� DW� V"��WKH�KHLJKW� RI�WKH�SHDN�� DQG� WKH�UDWH� DW�ZKLFK� ILWQHVV�GHFOLQHV�

ZLWK� WKH�GHYLDWLRQ� IURP�WKH�RSWLPXP�� RXU�PRGHO� WUHDWV� DOO� WKH�FXUYHV� DV�

LGHQWLFDO� H[FHSW� IRU�WKH� ORFDWLRQ� RI�WKH�SHDN� V
��
��� 7KH� HQYLURQPHQW� FRQVLVWV� RI�WZR� �HDVLO\� H[WHQGHG� WR�1�� DOWHUQDWLYH�

IDFLHV� RU�KDELWDWV� RU� FRQGLWLRQV�� 7KXV�� RQ� D� JUDSK� ZKRVH� D[HV� DUH�:L�

DQG�:��� WKH�ILWQHVVHV� LQ�HQYLURQPHQWV� ��DQG� ��� HDFK� SKHQRW\SH� LV�UHSUH�
VHQWHG� E\� D� SRLQW� DV� LQ�)LJXUH� ���7KH� VHW�RI�DOO� DYDLODEOH� SKHQRW\SHV� LV�

GHVLJQDWHG� WKH�ILWQHVV� VHW��6LQFH� D�PL[HG� SRSXODWLRQ� RI� WZR�SKHQR� W\SHV�
ZRXOG� EH� UHSUHVHQWHG� E\� D�SRLQW� RQ� WKH�VWUDLJKW� OLQH� MRLQLQJ� WKHLU�SRLQWV��
WKH�H[WHQGHG� ILWQHVV� VHW�RI�DOO�SRVVLEOH� SRSXODWLRQV� LV�WKH�VPDOOHVW� FRQYH[�

VHW� HQFORVLQJ� WKH�ILWQHVV� VHW�� ,Q� SDUWLFXODU�� LI�WKH�ILWQHVV� VHW� LV� FRQYH[�

WKHQ�SRSXODWLRQ� KHWHURJHQHLW\� DGGV� QR� QHZ� ILWQHVV�SRLQWV��ZKHUHDV�� RQ� D�

FRQFDYH� ILWQHVV� VHW�� WKHUH� DUH� SRO\PRUSKLF� SRSXODWLRQV� UHSUHVHQWHG� E\�
QHZ� SRLQWV�� ,W� UHPDLQV� WR�DGG� WKDW�� LI�WKH� WZR� HQYLURQPHQWV� DUH� VLPLODU�

FRPSDUHG� WR� WKH� UDWH� DW�ZKLFK� ILWQHVV� GHFOLQHV� ZLWK� GHYLDWLRQ� �WKDW� LV��



���� $0(5,&$1�6&,(17,67�

VLPLODU� FRPSDUHG� WR�WKH�WROHUDQFH� RI�DQ� LQGLYLGXDO� SKHQRW\SH��� WKH�ILWQHVV�
VHW�ZLOO� EH� FRQYH[�� %XW� DV� WKH� HQYLURQPHQWV� GLYHUJH� WKH� VHW�EHFRPHV�
FRQFDYH��

��� ,Q� DQ� HQYLURQPHQW� ZKLFK� LV�XQLIRUP� LQ� WLPH� EXW� VKRZLQJ� ILQH�

JUDLQHG� KHWHURJHQHLW\� LQ�VSDFH�� HDFK� LQGLYLGXDO� LV�H[SRVHG� WR�PDQ\� XQLWV�
RI�HQYLURQPHQW� RI�ERWK� NLQGV� LQ�WKH�SURSRUWLRQV� WR� ��"� RI�WKHLU�RF�

)LJ�� OD�� 7KH� IDPLO\� RI� VWUDLJKW� OLQHV� S:L� �� �O�S�:L�
 � &� DUH� WKH� ILWQHVV� PHDV�

XUHV� IRU� D� ILQH�JUDLQHG� VWDEOH� HQYLURQPHQW�� 2SWLPXP� ILWQHVV� RFFXUV� IRU� WKH� SKHQR�
W\SH�ZKLFK� LV�UHSUHVHQWHG� E\� WKH�SRLQW� RI� WDQJHQF\� RI� WKHVH� OLQHV� ZLWK� WKH� ILWQHVV� VHW��

)LJ�� OE�� 6DPH� IRU�D� FRQFDYH� ILWQHVV� VHW��

)LJ�� OF�� ,Q� DQ� XQFHUWDLQ� HQYLURQPHQW� WKH� RSWLPXP� SRSXODWLRQ� LV� WKH� RQH� WKDW�
PD[LPL]HV� ORJ�:L� �� ���S�� ORJ�:D�� 2Q� D� FRQYH[� ILWQHVV� VHW� WKLV� LV�PRQRPRUSKLF� XQ�

VSHFLDOL]HG��

)LJ�� ,G�� 6DPH� IRU� D� FRQFDYH� ILWQHVV� VHW��+HUH� SRO\PRUSKLVP� FUHDWHV� D�EURDG� QLFKH��

FXUUHQFH��7KXV� WKH�UDWH�RI�LQFUHDVH�RI�WKH�SRSXODWLRQ� LV�S:[��� ���
"�

S�:�"��
,I�WKH�HQYLURQPHQW� LV�XQLIRUP� LQ�VSDFH� EXW� YDULDEOH� LQ�WLPH�� WKH�UDWH�RI�
LQFUHDVH� LV�D�SURGXFW� RI� ILWQHVVHV� LQ� VXFFHVVLYH� JHQHUDWLRQV�� :LS:��
aS��
)RU� WKH� WZR� VLWXDWLRQV� WKHVH� DOWHUQDWLYH� IXQFWLRQV�ZRXOG� EH�PD[LPL]HG�
WR�PD[LPL]H� RYHU�DOO� ILWQHVV��7KH� �����SDSHU� GLG�QRW�GLVWLQJXLVK� EHWZHHQ�
FRDUVH�� DQG� ILQH�JUDLQHG� HQYLURQPHQWV� DQG� WKHUHIRUH� JDYH� WKH� OLQHDU�

H[SUHVVLRQ� IRU�VSDWLDO� KHWHURJHQHLW\� LQ�JHQHUDO��
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7KH� UHVW�RI� WKH�DUJXPHQW� LV�JLYHQ� LQ�WKH�ILJXUH��7KH� UHVXOW� LV�WKDW�� LI�

WKH�HQYLURQPHQW� LV�QRW�YHU\� GLYHUVH� �FRQYH[� ILWQHVV� VHW��� WKH�SRSXODWLRQV�
ZLOO� DOO� EH�PRQRPRUSKLF� RI� W\SH� LQWHUPHGLDWHO\� ZHOO�DGDSWHG� WR�ERWK�

HQYLURQPHQWV�� ,I� WKH� HQYLURQPHQWDO� GLYHUVLW\� H[FHHGV� WKH� WROHUDQFH� RI�

WKH� LQGLYLGXDO� �FRQFDYH� ILWQHVV� VHW�� WKHQ� VSDWLDO� GLYHUVLW\� UHVXOWV� LQ�

VSHFLDOL]DWLRQ� WR� WKH�PRUH� FRPPRQ� KDELWDW� ZKLOH� WHPSRUDO� GLYHUVLW\�
UHVXOWV� LQ�SRO\PRUSKLVP��
0RGHO� ,,� GRHV� QRW� IL[�WKH�VKDSH� RI�WKH�FXUYH�:�V�

"� ,QVWHDG� ZH� IL[�

WKH� DUHD� XQGHU� WKH� FXUYH� VR� WKDW�I:�V�GV�
 � &�� 6XEMHFW� WR� WKLV� UHVWULF�

WLRQ��ZH� PD[LPL]H� WKH� UDWH� RI� LQFUHDVH�� ZKLFK� LV�I:�V�3�V�GV� IRU�D�

ILQH�JUDLQHG� VSDWLDO� KHWHURJHQHLW\� DQG� �� ORJ�:�V�3�V�GV� IRU�WHPSRUDO�

KHWHURJHQHLW\�� 3�6�� LV� WKH� IUHTXHQF\� RI� HQYLURQPHQW� 6�� ,Q� WKH� ILUVW�

FDVH�� WKH� RSWLPXP� SRSXODWLRQ� ZRXOG� DVVLJQ� DOO� LWV�ILWQHVV� WR� WKH�PRVW�

DEXQGDQW� HQYLURQPHQW� ZKLOH� LQ�WKH� VHFRQG� FDVH� WKH� RSWLPXP� LV�:�6��
 � &3�6��� $W�RSWLPXP��WKH�ILWQHVV�LV�ORJ��&���� �� ORJ�3�V�� �3�6�G���RU�

ORJ� �&��PLQXV� WKH�XQFHUWDLQW\� RI� WKH�HQYLURQPHQW�� 7KXV� WKH�PRUH� YDU�

LDEOH� WKH� HQYLURQPHQW�� WKH�IODWWHU� DQG�PRUH� VSUHDG� RXW� WKH�:�6�� FXUYH�

DQG� WKH�EURDGHU� WKH�QLFKH��7KLV� DQDO\VLV� GRHV� QRW�PHQWLRQ� SRO\PRUSKLVP�

GLUHFWO\� VLQFH� LW�GLVFXVVHV� WKH� DVVLJQPHQW� RI� WKH� ILWQHVV� RI� WKH�ZKROH�

SRSXODWLRQ�� %XW� LI�WKH�3�6�� FXUYH� LV�EURDGHU� WKDQ� WKH�PD[LPXP� EUHDGWK�

DWWDLQDEOH� E\� LQGLYLGXDO� SKHQRW\SHV�� SRO\PRUSKLVP� ZLOO� EH� RSWLPDO��
7KHVH� WZR�PRGHOV� GLIIHU� LQ�VHYHUDO�ZD\V�� :KLOH� WKH�ILUVW�DOORZV� RQO\�

GLVFUHWHO\� GLIIHUHQW� HQYLURQPHQWV�� WKH� VHFRQG� SHUPLWV� D� FRQWLQXXP��

:KLOH� WKH�ILWQHVV� VHW�VSHFLILHV�KRZ� GLIIHUHQW�HQYLURQPHQWV� DUH�E\� VKRZLQJ�
WKH� UHODWLRQ� EHWZHHQ� ILWQHVV� LQ�ERWK� HQYLURQPHQWV� IRU�HDFK� SKHQRW\SH��
WKH� VHFRQG� WUHDWV� HDFK� HQYLURQPHQW� DV� WRWDOO\� GLIIHUHQW�� VR� WKDW� ILWQHVV�

DVVLJQHG� WR�RQH� FRQWULEXWHV� QRWKLQJ� WR�VXUYLYDO� LQ�DQ\� RWKHU��7KHUHIRUH��
WKDW� WKH\� FRLQFLGH� LQ�WKHLU�PDMRU� UHVXOWV� DGGV� WR� WKH� UREXVWQHVV� RI� WKH�

WKHRUHP��%RWK�PRGHOV� DUH�VLPLODU� LQ�WKDW�WKH\�XVH� RSWLPL]DWLRQ� DUJXPHQWV�

DQG� LJQRUH� WKH�JHQHWLF� V\VWHP��:H� GLG� QRW� DVVHUW� WKDW� HYROXWLRQ� ZLOO� LQ�

IDFW�HVWDEOLVK� WKH�RSWLPXP� SRSXODWLRQ� EXW� RQO\� WKH�ZHDNHU� H[SHFWDWLRQ�
WKDW� SRSXODWLRQV� ZLOO� GLIIHU� LQ�WKH�GLUHFWLRQ� RI� WKHLU�RSWLPD�� %XW� HYHQ�

WKLV� LV�QRW� REYLRXV�� 7KHUHIRUH�� LQ�PRGHO� ,,,�� ZH� H[DPLQH� D� VLPSOH� JHQHWLF�
PRGHO� ZLWK� RQH� ORFXV� DQG� WZR�DO"HOHV��7KH� JUDSK� LQ�)LJXUH� ��KDV�� DV�EHIRUH��
WZR� D[HV�ZKLFK� UHSUHVHQW� ILWQHVVHV� LQ�HQYLURQPHQWV� ��DQG� ���7KH� SRLQWV�

$L$L�� $�$���$�$�� DUH� WKH�ILWQHVV�SRLQWV� RI� WKH� WKUHH� SRVVLEOH� JHQRW\SHV�
DW� WKDW� ORFXV�� 7KH� UXOHV� RI� JHQHWLF� VHJUHJDWLRQ� UHVWULFW� WKH� SRVVLEOH�

SRSXODWLRQV� WR�SRLQWV� RQ� WKH� FXUYH� MRLQLQJ� WKH� WZR�KRPR]\JRXV� SRLQWV�

DQG� EHQGLQJ� KDOIZD\� WRZDUG� WKH�KHWHUR]\JRWHA� SRLQW��

:H� DOUHDG\� NQRZ� IURP�)LVKHU� WKDW�� IRU�UDWKHU� JHQHUDO� FRQGLWLRQV��

QDWXUDO� VHOHFWLRQ� ZLOO� PRYH� WRZDUG� JHQH� IUHTXHQFLHV� ZKLFK� PD[LPL]H�

WKH� ORJ�ILWQHVV� DYHUDJHG� RYHU� DOO� LQGLYLGXDOV�� ,Q� D� ILQH�JUDLQHG� HQYLURQ�

PHQW�� WKLV�PHDQV� WKDW� VHOHFWLRQ�PD[LPL]HV� ORJ� >S:L��� ���
"�

S�:�@�ZKLFK�

LV�WKH� VDPH� DV�PD[LPL]LQJ� S:L� �� ���
"�

S�:A� %XW� DV� WKH�HQYLURQPHQW�
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EHFRPHV� PRUH� FRDUVH�JUDLQHG�� HDFK� LQGLYLGXDO� LV�H[SRVHG� WR� IHZHU�XQLWV�
RI�HQYLURQPHQW� XQWLO�� LQ�WKH� OLPLW��HDFK� RQH� OLYHV� HLWKHU� LQ�HQYLURQPHQW�
��RU� LQ�HQYLURQPHQW� �� IRU�WKH�UHOHYDQW� SDUWV� RI�KLV� OLIH��7KXV�� LQ�D�ILQH�

JUDLQHG� HQYLURQPHQW�� KHWHURJHQHLW\� DSSHDUV� DV� DQ� DYHUDJH�� LQ�D� FRDUVH�

JUDLQHG� HQYLURQPHQW� DV� DOWHUQDWLYHV� DQG� KHQFH� XQFHUWDLQW\�� +HUH�
VHOHFWLRQ�PD[LPL]HV�� ORJ�:L� �� ���

"�
S�� ORJ�:L� RU�:LS:�OaS�� :H� QRWH�

WKH�IROORZLQJ� IURP�WKH�ILJXUHV��
��� ,Q� D� ILQH�JUDLQHG� HQYLURQPHQW� DYHUDJH� VXSHULRULW\� RI� WKH�KHWHUR�

]\JRWH� LV�QHFHVVDU\� IRU�SRO\PRUSKLVP�� 7KLV� KDV� QRWKLQJ� WR�GR�ZLWK� WKH�
�PL[HG� VWUDWHJ\�� SRO\PRUSKLVP� RI�SUHYLRXV� DUJXPHQWV��

)LJ�� �D�� 6HOHFWLRQ� LQ� DQ� HQYLURQPHQW� ZLWK� DYHUDJH� KHWHURVLV�� 3RVVLEOH� SRSXOD�
WLRQV� DUH� UHSUHVHQWHG� E\� SRLQWV� RQ� WKH� FXUYH� $L$L�� $�$��� 7KH� FXUYHV� ��.
� DUH�

VDPSOHV� IURP� DQ� LQILQLWH� IDPLO\� RI� FXUYHV� HDFK� FRQQHFWLQJ� SRLQWV� ZLWK� HTXDO�
ILQHQHVV�� ,Q� D� ILQH�JUDLQHG�� VWDEOH� HQYLURQPHQW�� WKH�.�FXUYHV� ZRXOG� EH� OLQHDU� DQG�

JRYHUQHG� E\� WKH� HTXDWLRQ� S:?� �� �O�S�:�L�
 � IRU�YDOXHV� RI� EHWZHHQ� ]HUR� DQG�

RQH�� :KHQ� WKHVH� OLQHV� DUH� VWHHSHU� �RU� IODWWHU��� WKDQ� WKH� VORSH� RI� WKH� WDQJHQW�
WR� WKH� $�$��� $�$�� FXUYH� DW� WKH� SRLQW� $�$�� �RU� $�$��� UHVS��� WKHQ� VSHFLDOL]DWLRQ�
ZLOO� UHSODFH� SRO\PRUSKLVP��

��� ,I�PRVW� RI� WKH� HQYLURQPHQW� LV�RI� W\SH� ��� WKHUH� FDQ� EH� QR� SRO\�
PRUSKLVP�� 2QO\� ZKHQ� LV� FORVHU� WR� ���� WKDQ� WKH� VORSH� RI� WKH� FXUYH�

$�$���$�$��ZLOO� WKH�SRSXODWLRQ� EHFRPH� XQVSHFLDOL]HG��
��� ,Q�D� FRDUVH�JUDLQHG� HQYLURQPHQW� WKH�VDPH�KROGV"D� VXIILFLHQW�KHWHU�

RJHQHLW\� LV�UHTXLUHG� WR�EURDGHQ� WKH�QLFKH�� %XW� QRZ� SRO\PRUSKLVP� LV�DQ�

RSWLPXP� VWUDWHJ\� LQ�WKH� VHQVH� WKDW� D� SRSXODWLRQ� RI� DOO� KHWHUR]\JRWHV�
ZRXOG� QRW�EH� RSWLPDO��

���$V� WKH� WZR� HQYLURQPHQWV� EHFRPH� PRUH� VLPLODU��:L� DSSURDFKHV�
:�� IRU�HDFK� JHQRW\SH�� 7KHQ� WKH� RSWLPXP� LV�D� VLQJOH� JHQRW\SH�� DQG�

SRO\PRUSKLVP� FDQ� RQO\� FRPH� DERXW� DV� DQ� LPSRVLWLRQ� RI� WKH� IDFWV� RI�

VHJUHJDWLRQ�ZKHQ� WKH�KHWHUR]\JRWH� LV�VXSHULRU��
2WKHU� ZRUN� RQ� WKH� MRLQW� HYROXWLRQ� RI� KDELWDW� VHOHFWLRQ� DQG� QLFKH�

EUHDGWK�� RQ� WKH� UROH� RI�SURGXFWLYLW\� RI� WKH� HQYLURQPHQW�� DQG� RQ� IRRG�

JHWWLQJ� SURFHGXUHV� DOO� FRQYHUJH� LQ�VXSSRUWLQJ� WKH�WKHRUHP� WKDW� HQYLURQ�
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PHQWDO� XQFHUWDLQW\� OHDGV� WR� LQFUHDVHG� QLFKH� EUHDGWK� ZKLOH� FHUWDLQ� EXW�
GLYHUVH� HQYLURQPHQWV� OHDG� WR�VSHFLDOL]DWLRQ��
$V� DQ� H[DPSOH� RI� D� QRQ�UREXVW� WKHRUHP�� FRQVLGHU� WKH� SURSRVLWLRQ�

WKDW�D�KLJK� LQWULQVLF�UDWH�RI�LQFUHDVH� OHDGV� WR�D� VPDOOHU� DYHUDJH� SRSXODWLRQ�
�SURGXFWLYLW\� LV�RSSRVHG� WR�ELRPDVV��� 7KLV� UHVXOW� FDQ� EH� GHULYHG� IURP�
WKH� ORJLVWLF� HTXDWLRQ� IRU�SRSXODWLRQ� JURZWK�

G[�GW� � U[�.��� [��.�

ZKHUH� LV�WKH�SRSXODWLRQ� VL]H�� U� LV�WKH� LQWULQVLF�UDWH�RI� LQFUHDVH�� DQG�.��
WKH� FDUU\LQJ� FDSDFLW\� RU� VDWXUDWLRQ� OHYHO�� LV�DQ� HQYLURQPHQWDO� YDULDEOH��

)LJ�� �E�� 6HOHFWLRQ� LQ� DQ� XQFHUWDLQ� �FRDUVH�JUDLQHG�� HQYLURQPHQW� ZLWKRXW� DYHU�

DJH� KHWHURVLV�� 7KH� SRLQWV� RI� WDQJHQF\� RI� WKH� FXUYH� WR� WKH� FXUYH� $L$L�� $�$�� DUH�

WKH� IDYRUHG� JHQH� IUHTXHQFLHV�� RQH� VSHFLDOL]HG� DQG� RQH� SRO\PRUSKLF��

/HLJK� ������� VKRZHG� WKDW� LW�DOVR� KROGV� IRU�D�9ROWHUUD� V\VWHP� RI�PDQ\�

SUH\�� DQG� SUHGDWRU�VSHFLHV� ZLWKRXW� D� VDWXUDWLRQ� OHYHO�.�� +RZHYHU�

ERWK� UHVXOWV� KDYH� D� FRPPRQ� H[SODQDWLRQ� LQ�WKH�PRGHO� LQ�ZKLFK� KLJK� U�

QRW� RQO\� LQFUHDVHV� WKH� UDWH� RI�DSSURDFK� WRZDUG� IURP�EHORZ� EXW� DOVR�

VSHHGV� WKH� FUDVK� WRZDUG� IURP�DERYH�� 7KLV� ODWWHU�SURSHUW\� ZDV� FHU�

WDLQO\� QRW� LQWHQGHG� LQ�WKH�GHILQLWLRQ� RI�U��DQG�PD\� RU�PD\� QRW� EH� WUXH�

GHSHQGLQJ� RQ�KRZ� UHVRXUFHV� DUH�XVHG�� )XUWKHU�� HYHQ� LQ�WKH�VLPSOH� ORJLVWLF��
WKH�UHVXOW� FDQ�EH� UHYHUVHG� LI�ZH� DGG� D� WHUP�"S[� WR�WKH�ULJKW�KDQG� VLGH� WR�

LQGLFDWH� H[WUDQHRXV� SU"GDWLRQ�� 7KXV� WKH� WKHRUHP�� DOWKRXJK� LQWHUHVWLQJ��
LV�IUDJLOH�DQG� FDQQRW� EH� DVVHUWHG� DV� D�ELRORJLFDO� IDFW��:H� PD\� EH� GHDOLQJ�
KHUH�ZLWK� D� FDVH� RI�H[DPLQLQJ� D�PDS� XQGHU� WKH�PLFURVFRSH��

6XIILFLHQW�3DUDPHWHUV�

7KH� WKRXVDQG� RU�VR�YDULDEOHV� RI�RXU�RULJLQDO� HTXDWLRQV� FDQ�EH� UHGXFHG�

WR�PDQDJHDEOH� SURSRUWLRQV� E\� D� SURFHVV� RI�DEVWUDFWLRQ� ZKHUHE\� PDQ\�
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WHUPV� HQWHU� LQWR� FRQVLGHUDWLRQ� RQO\� E\�ZD\� RI� D� UHGXFHG� QXPEHU� RI�

KLJKHU�OHYHO� HQWLWLHV�� 7KXV�� DOO� WKH� SK\VLRORJLFDO� LQWHUDFWLRQV� RI� JHQHV�
LQ�D� JHQRW\SH� HQWHU� WKH�PRGHOV� RI�SRSXODWLRQ� JHQHWLFV� RQO\� DV� SDUW� RI�
�ILWQHVV��� 7KH� JUHDW�GLYHUVLW\� LQ�SRSXODWLRQV� DSSHDUV�PRVWO\� DV� �DGGLWLYH�

JHQHWLF� YDULDQFH�� DQG� �WRWDO� JHQHWLF� YDULDQFH��� 7KH� PXOWLSOLFLW\� RI�

VSHFLHV� LQWHUDFWLRQV� LV�JURXSHG� LQ� WKH� YDJXH� QRWLRQV� RI� WKH� HFRORJLFDO�
QLFKH�� QLFKH� RYHUODS�� QLFKH� EUHDGWK�� DQG� FRPSHWLWLRQ� FRHIILFLHQWV�� ,W� LV�
DQ� HVVHQWLDO� LQJUHGLHQW� LQ�WKH� FRQFHSW� RI� OHYHOV� RI�SKHQRPHQD� WKDW� WKHUH�
H[LVWV� D� VHW�RI�ZKDW�� E\� DQDORJ\� ZLWK� WKH� VXIILFLHQW�VWDWLVWLF��ZH� FDQ� FDOO�
VXIILFLHQW�SDUDPHWHUV� GHILQHG�RQ�D�JLYHQ� OHYHO� �VD\� FRPPXQLW\�� ZKLFK� DUH�

YHU\�PXFK� IHZHU�WKDQ� WKH�QXPEHU� RI�SDUDPHWHUV� RQ� WKH� ORZHU�OHYHO�DQG�
ZKLFK� DPRQJ� WKHP� FRQWDLQ�PRVW� RI� WKH� LPSRUWDQW� LQIRUPDWLRQ� DERXW�
HYHQWV� RQ� WKDW� OHYHO��7KLV� LV�E\� QR�PHDQV� HTXLYDOHQW� WR� DVVHUWLQJ� WKDW�

FRPPXQLW\� SURSHUWLHV� DUH� DGGLWLYH� RU� WKDW� WKHVH� VXIILFLHQW�SDUDPHWHUV�
DUH� LQGHSHQGHQW��

6RPHWLPHV�� WKH� VXIILFLHQW�SDUDPHWHUV� DULVH� GLUHFWO\� IURP�WKH�PDWKH�
PDWLFV� DQG� PD\� ODFN� REYLRXV� LQWXLWLYH�PHDQLQJ�� 7KXV�� .HUQHU� GLV�
FRYHUHG� D� FRQVHUYDWLRQ� ODZ� IRU�SUHGDWRU�SUH\� V\VWHPV��%XW� ZKDW� LV�FRQ�

VHUYHG� LV�QRW� DQ\WKLQJ� REYLRXV� OLNH�HQHUJ\� RU�PRPHQWXP�� ,W� LV�D� FRP�

SOLFDWHG� IXQFWLRQ� RI� WKH� VSHFLHV� GHQVLWLHV� ZKLFK� PD\� DFTXLUH� PHDQLQJ�
IRU�XV�ZLWK� IXUWKHU�VWXG\�� 6LPLODUO\�� ZRUNLQJ� ZLWK� FHOOXODU�PHWDEROLVP�
DQG� VWDUWLQJ� OLNH�.HUQHU� ZLWK� D� SK\VLFV� EDFNJURXQG�� *RRGZLQ� �������
IRXQG� DQ� LQYDULDQW� ZKLFK� KH� UHIHUV� WR�PHWDSKRULFDOO\� DV� D� ELRORJLFDO�
�WHPSHUDWXUH���

,Q� RWKHU� FDVHV�� WKH� VXIILFLHQW�SDUDPHWHUV� DUH� IRUPDOL]DWLRQV� RI�SUH�
YLRXVO\� KHOG� EXW� YDJXH� SURSHUWLHV� VXFK� DV�QLFKH� EUHDGWK��:H� ZRXOG� OLNH�
VRPH�PHDVXUH� RI�QLFKH� EUHDGWK� ZKLFK� UHIOHFWV� WKH� VSUHDG� RI� D� VSHFLHV
�
ILWQHVV�RYHU� D� UDQJH� RI�HQYLURQPHQWV�� 7KXV� WKH�PHDVXUH� VKRXOG� KDYH� WKH�

IROORZLQJ�SURSHUWLHV�� LI�D� VSHFLHV� XWLOL]HV� UHVRXUFHV� HTXDOO\�� LW�VKRXOG�
KDYH� D�QLFKH� EUHDGWK� RI�1�� ,I� LW�XVHV� WZR� UHVRXUFHV� XQHTXDOO\�� WKH�QLFKH�
EUHDGWK� PHDVXUH� VKRXOG� OLH�EHWZHHQ� ��DQG� ��� ,I� WZR�SRSXODWLRQV� ZKLFK�
KDYH� HTXDO� QLFKH� EUHDGWKV� WKDW� GR� QRW� RYHUODS� DUH�PHUJHG�� WKHLU� MRLQW�
QLFKH� EUHDGWK� VKRXOG� EH� WKH� VXP� RI�WKHLU�VHSDUDWH� EUHDGWKV�� ,W�PD\� EH�
OHVV� LI�WKH\� RYHUODS� EXW� QHYHU� PRUH�� 7ZR� PHDVXUHV� VDWLVI\� WKHVH� UH�

TXLUHPHQWV� ��

ORJ�
"� "�

ORJ�

ZKHUH� LV�WKH�PHDVXUH� RI�UHODWLYH� DEXQGDQFH� RI�WKH� VSHFLHV� RQ� D� JLYHQ�
UHVRXUFH� RU� LQ�D� JLYHQ� KDELWDW�� DQG�

��%� � S��

1HLWKHU� RQH� LV� WKH� �WUXH�� PHDVXUH� LQ� WKH� VHQVH� WKDW� RQH� FDQ� GHFLGH�
EHWZHHQ� SURSRVHG� DOWHUQDWLYH� VWUXFWXUHV� IRU�WKH�KHPRJORELQ� PROHFXOH��
%RWK� DUH� GHILQHG�E\�XV� WR�PHHW� KHXULVWLF� FULWHULD��7KH� ILQDO� FKRLFH� RI�DQ�

DSSURSULDWH� PHDVXUH� RI�QLFKH� EUHDGWK� ZLOO� GHSHQG� RQ� FRQYHQLHQFH�� RQ�
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VRPH� QHZ� FULWHULD�ZKLFK� PD\� DULVH�� DQG� RQ� WKH� H[WHQW� WR�ZKLFK� WKH�
PHDVXUHV� OHDG� WR�ELRORJLFDO� SUHGLFWLRQV� EDVHG� RQ� QLFKH� EUHDGWK�� 0HDQ�

ZKLOH�� ZH� VKRXOG� XVH� ERWK�PHDVXUHV� LQ�SUHVHQWLQJ� HFRORJLFDO� GDWD� VR� WKDW�

WKH\�PD\� EH� FRPSDUHG� DQG� VWXGLHG� WRJHWKHU�� ,Q�7DEOH� ��ZH� VKRZ� VRPH�

VDPSOH� QLFKH� EUHDGWK� PHDVXUHV� IURP�RXU� VWXG\� RI�3XHUWR� 5LF"Q� 'URVR�

SKLOD� SRSXODWLRQV��

7$%/(� ��

6($621$/� 1,&+(� %5($'7+� 2)� 620(� 38(572� 5,&"1� '52623+,/$�
��QLFKH� EUHDGWK� GXULQJ� ����"""�

VSHFLHV� PHDVXUH�,� PHDVXUH�,,�
'�� PHODQRJDVWHU� ����� �����
'�� ODWLIDVFLDHIRUPLV� ����� �����
'�� GXQQL� ����� ����
'�� WULVWULDWD� ���� ����
'�� DQDQDVVDH� ����� ����
'�� UHSOHWD� ���� ����
'�� QHEXORVD� ���� ����
'�� SDUDPHGLRVWULDWD� ����� ����
;�� �WULSXQFWDWD�JURXS�� ���� ����
;�� �WULSXQFWDWD�JURXS�� ����� �����

7KH� GDWD� DUH� EDVHG� RQ� ��� FROOHFWLRQV�� VR� WKDW� WKH�P"[LPXP� QLFKH� EUHDGWK� ZRXOG� EH�
����0HWKRG� ,� LV�ORJ�  � "�

ORJ� DQG�PHWKRG� ,,� LV���%�
"�

���ZKHUH� LV�WKH�
SURSRUWLRQ� RI� WKH� JLYHQ� VSHFLHV� WDNHQ� LQ� HDFK� FROOHFWLRQ��

7KH� VXIILFLHQW�SDUDPHWHUV� PD\� DULVH� IURP�WKH� FRPELQDWLRQ� RI�UHVXOWV�
RI�PRUH� OLPLWHG� VWXGLHV�� ,Q� RXU� UREXVW� WKHRUHP� RQ� QLFKH� EUHDGWK� ZH�
IRXQG� WKDW� WHPSRUDO� YDULDWLRQ�� SDWFKLQHVV� RI�WKH�HQYLURQPHQW�� SURGXF�
WLYLW\� RI�WKH�KDELWDW�� DQG�PRGH� RI�KXQWLQJ� FRXOG� DOO�KDYH� VLPLODU� HIIHFWV�
DQG� WKDW� WKH\�GLG� WKLV�E\�ZD\� RI�WKHLU� FRQWULEXWLRQ� WR� WKH�XQFHUWDLQW\�
RI�WKH�HQYLURQPHQW�� 7KXV� XQFHUWDLQW\� HPHUJHV� DV� D� VXIILFLHQW�SDUDPHWHU��
7KH� VXIILFLHQW�SDUDPHWHU� LV�D�PDQ\�WR�RQH� WUDQVIRUPDWLRQ� RI� ORZHU�

OHYHO� SKHQRPHQD�� 7KHUHLQ� OLHV� LWV�SRZHU� DQG� XWLOLW\�� EXW� DOVR� D� QHZ�
VRXUFH� RI� LPSUHFLVLRQ�� 7KH� PDQ\�WR�RQH� QDWXUH� RI� �XQFHUWDLQW\�� SUH�
YHQWV� XV� IURP�JRLQJ�EDFNZDUGV�� ,I�HLWKHU�WHPSRUDO�YDULDWLRQ� RU�SDWFKLQHVV�
RU� ORZ�SURGXFWLYLW\� OHDGV� WR�XQFHUWDLQW\�� WKH� FRQVHTXHQFHV� RI�XQFHU�

WDLQW\� DORQH� FDQQRW� WHOO� XV� ZKHWKHU� WKH� HQYLURQPHQW� LV�YDULDEOH� RU�

SDWFK\� RU� XQSURGXFWLYH�� 7KHUHIRUH� ZH� KDYH� ORVW� LQIRUPDWLRQ�� ,W� EH�
FRPHV� QHFHVVDU\� WR� VXSSOHPHQW� RXU� WKHRUHP� ZLWK� VRPH� VXERUGLQDWH�
PRGHOV� ZKLFK� H[SODLQ� KRZ� WR�JR� IURP��XQFHUWDLQW\�� WR� WKH� FRPSRQHQWV�
RI�WKH�HQYLURQPHQW� DQG� ELRORJ\� RI�WKH� VSHFLHV� LQ�TXHVWLRQ�� 7KXV� JHQHUDO�
PRGHOV� KDYH� WKUHH�NLQGV� RI� LPSUHFLVLRQ� ��

���� WKH\� RPLW� IDFWRUV�ZKLFK� KDYH� VPDOO� HIIHFWV�RU�ZKLFK� KDYH� ODUJH�
HIIHFWV�EXW� RQO\� LQ�UDUH� FDVHV��

���� WKH\� DUH� YDJXH� DERXW� WKH� H[DFW� IRUP�RI�PDWKHPDWLFDO� IXQFWLRQV�
LQ�RUGHU� WR� VWUHVV�TXDOLWDWLYH� SURSHUWLHV��
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���� WKH�PDQ\�WR�RQH� SURSHUW\� RI� VXIILFLHQW�SDUDPHWHUV� GHVWUR\V� LQ�

IRUPDWLRQ� DERXW� ORZHU� OHYHO� HYHQWV��

+HQFH�� WKH�JHQHUDO�PRGHOV� DUH�QHFHVVDU\� EXW� QRW� VXIILFLHQW�IRU�XQGHU�

VWDQGLQJ� QDWXUH�� )RU� XQGHUVWDQGLQJ� LV�QRW� DFKLHYHG� E\� JHQHUDOLW\� DORQH��
EXW� E\� D� UHODWLRQ� EHWZHHQ� WKH�JHQHUDO� DQG� WKH�SDUWLFXODU��

&OXVWHUV� RI�0RGHOV�

$� PDWKHPDWLFDO� PRGHO� LV�QHLWKHU� DQ�K\SRWKHVLV� QRU� D� WKHRU\��8QOLNH�
WKH�VFLHQWLILF�K\SRWKHVLV�� D�PRGHO� LV�QRW�YHULILDEOH� GLUHFWO\�E\� H[SHULPHQW��
)RU� DOO�PRGHOV� DUH� ERWK� WUXH� DQG� IDOVH��$OPRVW� DQ\� SODXVLEOH� SURSRVHG�

'HYHORSPHQWDO�
ELRORJ\�

0HDVXUHV� RI�
HQYLURQPHQWDO�

GLYHUVLW\�

5HVSRQVH� WR�VHOHFWLRQ�
LQ�D� KHWHURJHQHRXV�
HQYLURQPHQW�

FODVVLFDO�

ASRSXODWLRQ�
JHQHWLFV�

)LJ�� ��� 5HODWLRQV� DPRQJ� VRPH� RI� WKH� FRPSRQHQWV� LQ�D� WKHRU\� RI� WKH� VWUXFWXUH� RI�DQ�

HFRORJLFDO� FRPPXQLW\�� %URNHQ� OLQHV� HQFORVH� DOWHUQDWLYH� HTXLYDOHQW� PRGHOV��

UHODWLRQ� DPRQJ� DVSHFWV� RI�QDWXUH� LV�OLNHO\�WR�EH� WUXH� LQ�WKH� VHQVH� WKDW� LW�
RFFXUV� �DOWKRXJK� UDUHO\� DQG� VOLJKWO\��� <HW� DOO�PRGHOV� OHDYH� RXW� D� ORW�
DQG� DUH� LQ�WKDW� VHQVH� IDOVH�� LQFRPSOHWH�� LQDGHTXDWH�� 7KH� YDOLGDWLRQ� RI�D�

PRGHO� LV�QRW� WKDW� LW� LV��WUXH�� EXW� WKDW� LW�JHQHUDWHV� JRRG� WHVWDEOH� K\�
SRWKHVHV� UHOHYDQW� WR� LPSRUWDQW� SUREOHPV�� $�PRGHO� PD\� EH� GLVFDUGHG� LQ�

IDYRU�RI�D�PRUH� SRZHUIXO� RQH��EXW� LW�XVXDOO\� LV�VLPSO\�RXWJURZQ�ZKHQ� WKH�
OLYH� LVVXHV� DUH�QRW� DQ\� ORQJHU� WKRVH� IRU�ZKLFK� LW�ZDV� GHVLJQHG��
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8QOLNH� WKH� WKHRU\��PRGHOV� DUH� UHVWULFWHG� E\� WHFKQLFDO� FRQVLGHUDWLRQV�
WR� D� IHZ� FRPSRQHQWV� DW� D� WLPH�� HYHQ� LQ� V\VWHPV� ZKLFK� DUH� FRPSOH[��
7KXV� D� VDWLVIDFWRU\� WKHRU\� LV�XVXDOO\� D� FOXVWHU� RI�PRGHOV�� 7KHVH� PRGHOV�
DUH�UHODWHG� WR�HDFK� RWKHU� LQ�VHYHUDO�ZD\V� ��DV� FRRUGLQDWH� DOWHUQDWLYH�PRGHOV�

IRU�WKH� VDPH� VHW�RI�SKHQRPHQD�� WKH\� MRLQWO\�SURGXFH� UREXVW� WKHRUHPV��
DV� FRPSOHPHQWDU\� PRGHOV� WKH\� FDQ� FRSH�ZLWK� GLIIHUHQW� DVSHFWV� RI� WKH�
VDPH� SUREOHP� DQG� JLYH� FRPSOHPHQWDU\� DV�ZHOO� DV� RYHUODSSLQJ� UHVXOWV��
DV� KLHUDUFKLFDOO\� DUUDQJHG� �QHVWHG�� PRGHOV�� HDFK� SURYLGHV� DQ� LQWHUSUH�
WDWLRQ� RI�WKH�VXIILFLHQW�SDUDPHWHUV� RI�WKH�QH[W�KLJKHU� OHYHO�ZKHUH� WKH\�DUH�

WDNHQ� DV� JLYHQ�� ,Q�)LJXUH� ��ZH� VKRZ� VFKHPDWLFDOO\� WKH�UHODWLRQV� DPRQJ�
VRPH� RI�WKH�PRGHOV� LQ�WKH� WKHRU\�RI�FRPPXQLW\� VWUXFWXUH��

7KH� PXOWLSOLFLW\� RI�PRGHOV� LV� LPSRVHG� E\� WKH� FRQWUDGLFWRU\� GHPDQGV�

RI�D� FRPSOH[�� KHWHURJHQHRXV� QDWXUH� DQG� D�PLQG� WKDW� FDQ� RQO\� FRSH�ZLWK�

IHZ�YDULDEOHV� DW� D� WLPH�� E\� WKH� FRQWUDGLFWRU\� GHVLGHUDWD� RI�JHQHUDOLW\��

UHDOLVP�� DQG� SUHFLVLRQ�� E\� WKH�QHHG� WR�XQGHUVWDQG� DQG� DOVR� WR� FRQWURO��
HYHQ� E\� WKH� RSSRVLQJ� HVWKHWLF� VWDQGDUGV� ZKLFK� HPSKDVL]H� WKH� VWDUN�

VLPSOLFLW\� DQG� SRZHU� RI�D� JHQHUDO� WKHRUHP� DV� DJDLQVW� WKH� ULFKQHVV� DQG�

WKH�GLYHUVLW\� RI� OLYLQJ�QDWXUH�� 7KHVH� FRQIOLFWV� DUH� LUUHFRQFLODEOH�� 7KHUH�

IRUH��WKH� DOWHUQDWLYH� DSSURDFKHV� HYHQ� RI�FRQWHQGLQJ� VFKRROV� DUH� SDUW� RI�

D� ODUJHU�PL[HG� VWUDWHJ\�� %XW� WKH� FRQIOLFW� LV�DERXW� PHWKRG�� QRW� QDWXUH��
IRU�WKH� LQGLYLGXDO� PRGHOV�� ZKLOH� WKH\� DUH� HVVHQWLDO� IRU�XQGHUVWDQGLQJ�

UHDOLW\�� VKRXOG� QRW�EH� FRQIXVHG�ZLWK� WKDW� UHDOLW\� LWVHOI��

%,%/,2*5$3+<�

���*RRGZLQ�� ��&�� 7HPSRUDO� 2UJDQL]DWLRQ� LQ�&HOOV�� $FDGHPLF� 3UHVV� ������
��� +ROOLQJ�� &�� 6�� 7KH� FRPSRQHQWV� RI� SU"GDWLRQ� DV� UHYHDOHG� E\� D� VWXG\� RI� VPDOO�

PDPPDO� SU"GDWLRQ� RI�WKH�(XURSHDQ� SLQH� VDZIO\�� &DQDGLDQ� HQWRPRORJLVW�� ��� ���� ����

�����������
��� .HUQHU�� (�� +�� $� VWDWLVWLFDO� PHFKDQLFV� RI� LQWHUDFWLQJ� ELRORJLFDO� VSHFLHV�� %XOO�� 0DW��

%LRSK\V����������������������
��� /HLJK�� (JEHUW�� 2Q� WKH� UHODWLRQ� EHWZHHQ� SURGXFWLYLW\�� ELRPDVV�� GLYHUVLW\�� DQG�

VWDELOLW\�RI�D� FRPPXQLW\��31�$6�� ��� �������������������
��� /HYLQV�� 5�� 7KHRU\� RI� ILWQHVV� LQ� D� KHWHURJHQHRXV� HQYLURQPHQW�� ,�� 7KH� ILWQHVV� VHW�

DQG� DGDSWLYH� IXQFWLRQ�� $P�� 1DW��� ��� ������� ��������� ������

��� /HYLQV�� 5�� DQG� 5�� +�� 0DF$UWKXU�� ,Q� SUHVV��
���0DF$UWKXU�� 5�� +�� DQG� 5�� /HYLQV�� &RPSHWLWLRQ�� KDELWDW� VHOHFWLRQ�� DQG� FKDUDFWHU�

GLVSODFHPHQW�LQ�D�SDWFK\�HQYLURQPHQW��31$6�� ��� ���� �����������������
���:DWW�� .HQQHWK� (�� )�� 7KH� FKRLFH� DQG� VROXWLRQ� RI�PDWKHPDWLFDO� PRGHOV� IRU�SUH�

GLFWLQJ� DQG� PD[LPL]LQJ� WKH� \LHOG� RI� D� ILVKHU\�� ��� )LVKHULHV� (HV�� %G�� RI�&DQDGD�� ����

��������� ������
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