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$EVWUDFW�
3RVLWLYH�SKDVH�YDOXHV�EHWZHHQ�FDUGLDF�F\FOH�GXUDWLRQ�

DQG� V\VWROLF� DUWHULDO� SUHVVXUH� DW� UHVSLUDWRU\� UDWH� DUH�
XVXDOO\� IRXQG� LQ� KXPDQ� VXEMHFWV� LQ� VXSLQH� SRVLWLRQ��
8QGHU� WKH� DVVXPSWLRQ� WKDW� KHDUW� SHULRG� ODJV� EHKLQG�
V\VWROLF� DUWHULDO� SUHVVXUH� DW� QHJDWLYH� SKDVH� YDOXHV��
SRVLWLYH�SKDVH� YDOXHV�DUH� WUDGLWLRQDOO\� LQWHUSUHWHG�DV�DQ�
LQGLUHFW�HYLGHQFH�RI�WKH�SUHVHQFH�RI�WKH�IHHG�IRUZDUG�DUP�
�IURP� FDUGLDF� F\FOH� GXUDWLRQ� WR� V\VWROLF� DUWHULDO�
SUHVVXUH��� :H� SURSRVH� WR� LQWHUSUHW� WKH� SRVLWLYH� SKDVH�
YDOXHV�EHWZHHQ�FDUGLDF�F\FOH�OHQJWK�DQG�V\VWROLF�DUWHULDO�
SUHVVXUH�DW�UHVSLUDWRU\�IUHTXHQF\�DV�DQ�LQGLUHFW�HYLGHQFH�
RI�LQIOXHQFHV�FDSDEOH�RI�FKDQJLQJ�FDUGLDF�F\FOH�GXUDWLRQ�
LQGHSHQGHQWO\�RI�EDURUHIOH[��7KLV�LQWHUSUHWDWLRQ�GRHV�QRW�
H[FOXGH� WKH� WUDGLWLRQDO� RQH� EXW� LW� VWUHVVHV� WKDW� SRVLWLYH�
SKDVH� YDOXHV� FDQ� EH� REVHUYHG� HYHQ� LQ� SUHVHQFH� RI� D�
QHJOLJLEOH�FRQWULEXWLRQ�RI�WKH�IHHG�IRUZDUG�SDWK���

�
�

��� ,QWURGXFWLRQ�
,Q� KHDOWK\� KXPDQV� LQ� VXSLQH� SRVLWLRQ� KHDUW� SHULRG�

�DSSUR[LPDWHG� E\� WKH� WHPSRUDO� GLVWDQFH� EHWZHHQ� WZR�
FRQVHFXWLYH� 5� SHDNV� RQ� WKH� (&*�� L�H�� 55� LQWHUYDO�� ODJV�
EHKLQG� V\VWROLF� DUWHULDO� SUHVVXUH� �6$3�� LQ� WKH� ORZ�
IUHTXHQF\��/)��EDQG��IURP������WR������+]���ZKLOH�LQ�WKH�
KLJK� IUHTXHQF\� �+)�� EDQG� ������+]� DURXQG� WKH�
UHVSLUDWRU\� UDWH�� WKH� WZR�YDULDEOHV� DSSHDU� WR�EH� LQ�SKDVH�
�IDVW�55�6$3�UHODWLRQVKLS��ZLWK�D�ODUJHU�SKDVH�GLVSHUVLRQ�
�ERWK� SRVLWLYH� DQG� QHJDWLYH� SKDVH� YDOXHV� DUH� REVHUYHG��
>�@�� 7KLV� PHDQV� WKDW� DW� +)� WKHUH� DUH� FDVHV� FRPSDWLEOH�
ZLWK� WKH� VWDWHPHQW� WKDW� DOVR� WKH� UHYHUVH� FDXVDO� GLUHFWLRQ�
FDQ�EH�REVHUYHG��L�H��6$3�ODJV�EHKLQG�55�LQWHUYDO��LQ�WKH�
VDPH� JURXS� RI� VXEMHFWV�� 7KLV� REVHUYDWLRQ� KDV� EHHQ�
XWLOL]HG� WR�VXSSRUW� WKH�FRQFOXVLRQ�WKDW� LQ�KHDOWK\�KXPDQV�
LQ�VXSLQH�SRVLWLRQ�6$3�YDULDWLRQV�DW�+)�DUH�QRW�RQO\�WKH�
HIIHFW� RI� FKDQJHV� RI� WKH� LQWUDWKRUDFLF� SUHVVXUH�� YHQRXV�
UHWXUQ�DQG�YHQWULFXODU�SUHORDG�DQG�DIWHUORDG�SURGXFHG�E\�
UHVSLUDWLRQ�EXW�DOVR� LW� LV� WKH�UHVXOW�RI� WKH�SUHVHQFH�RI� WKH�

UHVSLUDWRU\� VLQXV� DUUK\WKPLD� WKDW� SURGXFHV� 6$3� FKDQJHV�
YLD�WKH�IHHG�IRUZDUG��PDLQO\�PHFKDQLFDO��DUP�RI�WKH�55�
6$3�FORVHG�ORRS�>�@���
7KH� DLP� RI� WKLV� VWXG\� LV� WR� VWUHVV� D� GLIIHUHQW�

LQWHUSUHWDWLRQ� RI� WKH� SRVLWLYH� SKDVH� YDOXHV� EHWZHHQ�6$3�
DQG�55� LQWHUYDO� DW�+)�� ,QGHHG��ZKHQ� SKDVH� VSHFWUXP� LV�
FRPSXWHG�DV�WKH�SKDVH�RI�WKH�55�6$3�FURVV�VSHFWUXP��DV�
LW� LV� WUDGLWLRQDOO\� HVWLPDWHG� LQ� OLWHUDWXUH� >���@��� WKH�
SUHVHQFH� RI� LQIOXHQFHV� FDSDEOH� WR� SURGXFH� UHVSLUDWRU\�
VLQXV� DUUK\WKPLD� LQGHSHQGHQW� RI� 6$3� FKDQJHV� PD\�
SURGXFH�SRVLWLYH�SKDVH�YDOXHV� DW�+)��7KH� LQIOXHQFHV�DUH�
OLNHO\� WR� EH� SUHVHQW� DQG� QRW� QHJOLJLEOH� DV� D� UHVXOW� RI�
%DLQEULGJH� UHIOH[� HOLFLWHG� E\� SHULRGLFDO� PHFKDQLFDO�
VWUHWFK� RI� WKH� DWULXP� GXH� WR� UHVSLUDWRU\�UHODWHG� YHQRXV�
UHWXUQ� YDULDWLRQV� >�@�� $OVR� WKH� UHVSLUDWRU\�UHODWHG�
PHFKDQLFDO� VWUHWFK� RI� WKH� VLQXV� QRGH� WLVVXH� PD\�
FRQWULEXWH� WR� WKH� 55� LQWHUYDO� YDULDELOLW\� DW� +)�
LQGHSHQGHQW�RI�6$3�FKDQJHV�>�@���
:H� UHLQWHUSUHW� WKH� SKDVH� RI� WKH� 55�6$3� UHODWLRQVKLS�

LQ� ��� KHDOWK\� KXPDQV� LQ� VXSLQH� SRVLWLRQ� DQG� GXULQJ�
VWDQGLQJ���
��� 3KDVH�VSHFWUXP���
*LYHQ� WZR� VHULHV� X {X�N��� N ��«�.}� DQG� \ {\�N���

N ��«�.}��WKH�WUDQVIHU�IXQFWLRQ�+\X�FDQ�EH�HVWLPDWHG�YLD�
D�FURVV�VSHFWUDO�DSSURDFK�DV�

X

\X
\X 3

&+ = �
ZKHUH�&\X� LV� WKH�FURVV�VSHFWUXP�RI�\�DQG�X�DQG�3X� LV� WKH�
SRZHU�VSHFWUXP�RI�X��7KH�SKDVH�VSHFWUXP�RI�WKH�WUDQVIHU�
IXQFWLRQ�+\X� LV�HTXDO� WR� WKH�SKDVH�VSHFWUXP�RI�WKH�FURVV�
VSHFWUXP�&\X��$IWHU�GHFRPSRVLQJ�\�DV��

ZX�\\ += �
ZKHUH� \�X� LV� WKH� SDUW� RI� \� WKDW� FDQ� EH� FRPSOHWHO\�
SUHGLFWHG�E\�X�ZLWK��

X+X�\ X�\= �
DQG� Z� LV� D� ZKLWH� QRLVH� XQFRUUHODWHG� ZLWK� X�� LW� FDQ� EH�
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VKRZQ�WKDW��
X�\\X ++ = �

DV� D� UHVXOW� RI� WKH�XQFRUUHODWLRQ�EHWZHHQ�X�DQG�Z�DQG��
WKHUHIRUH�� EHWZHHQ� \�X� DQG� Z�� 7KHUHIRUH�� ZKHQ� XVLQJ� D�
PHWKRG� EDVHG� RQ� FURVV�VSHFWUXP� WR� HVWLPDWH� WKH� SKDVH�
VSHFWUXP�� WKH�XQGHUO\LQJ�K\SRWKHVL]HG�PRGHO�LV�GHSLFWHG�
LQ�)LJ��D���
7KH�SKDVH� VSHFWUXP� LV� UHOLDEO\�HVWLPDWHG�DW� D� VSHFLILF�

IUHTXHQF\�LI�WKH�VTXDUHG�FRKHUHQFH�IXQFWLRQ��

\X

�
\X�

\X 33
&. = �

LV�VLJQLILFDQW�DW�WKDW�IUHTXHQF\��
��� 3URWRFRO�DQG�PHDVXUHPHQWV�

,Q� ��� KHDOWK\� \RXQJ� KXPDQV�ZH� UHFRUGHG� (&*� �OHDG�
,,��� DUWHULDO�SUHVVXUH� �$3��YLD�D�SOHWK\VPRJUDSKLF�GHYLFH�
�)LQDSUHV�� DQG� UHVSLUDWRU\� PRYHPHQW� �5(63�� YLD� D�
WKRUDFLF� EHOW�� 7KH� VLJQDOV� ZHUH� VDPSOHG� DW� ���� +]� DQG�
TXDQWL]HG� RYHU� ��� ELWV�� $IWHU� D� SHULRG� QHFHVVDU\� WR� WKH�
VXEMHFW� WR� EH� DFTXDLQWHG� ZLWK� WKH� ODERUDWRU\�� UHFRUGLQJV�
ZHUH�PDGH� IRU� ���PLQXWHV� LQ� VXSLQH� DQG�� WKHQ�� VWDQGLQJ�
SRVLWLRQV�� 7KH� ILUVW� �� PLQXWHV� RI� VWDQGLQJ� ZHUH� QRW�
DQDO\VHG� GXH� WR� WKH�SUHVHQFH�RI� WUDQVLHQW� DGMXVWPHQWV� RI�
WKH�55�LQWHUYDO��7KH�$3�VLJQDO�ZDV�FURVV�FDOLEUDWHG�XVLQJ�
D� VSK\JPRPDQRPHWHU� DW� WKH� RQVHW� RI� WKH� UHFRGLQJ� ZLWK�
WKH� VXEMHFW� LQ� VXSLQH� SRVLWLRQ�� 7KH� 456� FRPSOH[� ZDV�
ORFDWHG� XVLQJ� D� WKUHVKROG� RQ� WKH� ILUVW� GHULYDWLYH� RI� WKH�
(&*�DQG�WKH�SRVLWLRQ�RI�WKH�456�DSH[�ZDV�UHILQHG�XVLQJ�
D� SDUDEROLF� LQWHUSRODWLRQ�� 7KH� L�WK� 55� LQWHUYDO� �55�L���
ZDV� GHILQHG� DV� WKH� WHPSRUDO� GLVWDQFH� EHWZHHQ� WZR�
FRQVHFXWLYH�5�SHDNV��7KH�L�WK�6$3��6$3�L���ZDV�GHWHFWHG�
DV�WKH�PD[LPXP�RI�$3�VLJQDO�LQVLGH�WKH�L�WK�55�LQWHUYDO��
5(63� VLJQDO�ZDV� VDPSOHG� LQ� FRUUHVSRQGHQFH�RI� WKH� ILUVW�
5�SHDN�GHILQLQJ�55�L���WKXV�REWDLQLQJ�5(63�L����
��� 'DWD�DQDO\VLV�DQG�VWDWLVWLFV�
%HDW�WR�EHDW� VHTXHQFHV�RI�55��6$3�DQG�5(63�YDOXHV�

RI� DERXW� ���� VDPSOHV� �UDQJH� IURP� ���� WR� ����� ZHUH�
DQDO\VHG�� $OO� WKH� VHULHV� ZHUH� OLQHDUO\� GHWUHQGHG� EHIRUH�
SHUIRUPLQJ�DQ\�RWKHU�W\SH�RI�DQDO\VLV��7KH�DXWRUHJUHVVLYH�
�$5��SRZHU�VSHFWUDO�GHQVLW\�ZDV�FDOFXODWHG�RQ�WKH�5(63�
VHULHV� WR�H[WUDFW� WKH� UHVSLUDWRU\�UDWH�DQG�VHW� WKH�+)�EDQG�
RQ� D� VXEMHFW�E\�VXEMHFW� EDVLV� ������� +]� DURXQG� WKH�
UHVSLUDWRU\� UDWH���7KH�/)�EDQG� UDQJHG� IURP������ WR������
+]� DFFRUGLQJ� WR� >�@�� 7KH� 55�6$3� FURVV�VSHFWUXP� ZDV�
FDOFXODWHG� YLD� ELYDULDWH� $5� VSHFWUDO� DQDO\VLV� >�@�� 7KH�
SDUDPHWHUV�RI� WKH�ELYDULDWH�$5�PRGHO�ZHUH�LGHQWLILHG�E\�
WKH� WUDGLWLRQDO� OHDVW� VTXDUHV� DSSURDFK�� 7KH� PRGHO� RUGHU�
ZDV� IL[HG� DQG� HTXDO� WR� ���� 1HJDWLYH� SKDVH� YDOXHV� ZHUH�
FRPSDWLEOH�ZLWK�DQ�55�LQWHUYDO�ODJJLQJ�EHKLQG�6$3��7KH�
SKDVH� VSHFWUXP� ZDV� VDPSOHG� LQ� FRUUHVSRQGHQFH� RI� WKH�
PD[LPXP�RI�WKH�VTXDUHG�FRKHUHQFH�.��LQVLGH�WKH�/)�DQG�
+)�EDQGV��3KDVH�YDOXHV�ZHUH�H[SUHVVHG�LQ�UDGLDQV��UDGV���

:H� FKHFNHG� ZKHWKHU� WKH� .�� YDOXHV� ZHUH� VLJQLILFDQWO\�
GLIIHUHQW� IURP��� �IXOO�XQFRXSOLQJ��XVLQJ�D� VXUURJDWH�GDWD�
DSSURDFK�DV�SURSRVHG�LQ�>�@��6LJQ�WHVW�ZDV�XVHG�WR�WHVW�WKH�
GLIIHUHQFH�EHWZHHQ�PHDVXUHPHQWV� LQ� VXSLQH�SRVLWLRQ�DQG�
WKRVH� GXULQJ� VWDQGLQJ�� $� S������ ZDV� FRQVLGHUHG� WR� EH�
VLJQLILFDQW��
��� �5HVXOWV�

)LJ��� VKRZV� DQ� H[DPSOH� RI� 55� DQG� 6$3� VHULHV�
H[WUDFWHG�IURP�D�KHDOWK\�KXPDQ�LQ�VXSLQH�SRVLWLRQ��D�DQG�
E� UHVSHFWLYHO\�� DQG� GXULQJ� VWDQGLQJ� �F� DQG� G�
UHVSHFWLYHO\���7KH�PHDQ�55� LQWHUYDO�GHFUHDVHV� IURP�����
PV� LQ� VXSLQH� SRVLWLRQ� WR� ���� PV� GXULQJ� VWDQGLQJ�
�)LJ��D�F���0HDQ�6$3�GRHV�QRW�FKDQJH��)LJ��E�G������DQG�
����PP+J�UHVSHFWLYHO\����

2YHU� WKH� HQWLUH� SRSXODWLRQ� VWDQGLQJ� GHFUHDVHG�
VLJQLILFDQWO\� WKH� PHDQ� 55� LQWHUYDO� �IURP� �������� WR�
�������PV�� DY�VG��� ZKLOH�PHDQ� 6$3�ZDV� QRW�PRGLILHG�
�IURP��������WR��������PP+J����

)LJ��� VKRZV� WKH� SKDVH� VSHFWUD� �GRWWHG� OLQHV�� DQG� .��
�VROLG� OLQHV�� FDOFXODWHG� RQ� WKH� GDWD� GHSLFWHG� LQ� )LJ���� ,Q�
VXSLQH� SRVLWLRQ� �)LJ��D�� WKH�.��PD[LPXP� LQ� WKH�/)� DQG�
+)� EDQGV� ������ DQG� ����� UHVSHFWLYHO\�� LV� IRXQG� DW� �����
DQG� ����� +]�� 7KHVH� .�� YDOXHV� DUH� IRXQG� VLJQLILFDQWO\�
GLIIHUHQW�IURP����3KDVH�YDOXHV�DUH�������DQG�������UDG�DW�
/)�DQG�+)�UHVSHFWLYHO\��'XULQJ�VWDQGLQJ��)LJ��E��WKH�.��
PD[LPXP� LQ� /)� DQG� +)� EDQGV� LV� ����� DQG� �����
UHVSHFWLYHO\� DQG� LW� LV� GHWHFWHG� DW� ����� DQG� ����� +]�� $W�

�)LJXUH� ��� �D�� 0RGHO� XQGHUO\LQJ� WKH� HVWLPDWLRQ� RI� WKH�
WUDQVIHU� IXQFWLRQ� EDVHG� RQ� FURVV�VSHFWUDO� WHFKQLTXH�� WKH�
QRLVH�Z��DGGLWLYH�RQ�\�� LV�ZKLWH�DQG�XQFRUUHODWHG�ZLWK�X��
�E�� 0RGHO� VLPLODU� WR� WKDW� GHSLFWHG� LQ� �D�� H[FHSW� IRU� D�
PRUH� FRPSOH[� GHVFULSWLRQ� RI� QRLVH�� DGGLWLYH� RQ� \��
REWDLQHG� E\� IHHGLQJ� +Z� ZLWK� D� ZKLWH� QRLVH� Z�
XQFRUUHODWHG�ZLWK�X��
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WKHVH� IUHTXHQFLHV� .�� LV� VLJQLILFDQW� DQG� WKH� SKDVH� YDOXHV�
DUH�������DQG���������

2YHU�WKH�HQWLUH�SRSXODWLRQ�WKH�.��PD[LPXP�LQ�/)�DQG�
+)� EDQGV� ZDV� DOZD\V� VLJQLILFDQW� LQ� ERWK� FRQGLWLRQV�
�����������DQG�����������UHVSHFWLYHO\�LQ�VXSLQH�SRVLWLRQ�
DQG� ���������� DQG� ���������� GXULQJ� VWDQGLQJ��� 7KH� .��
PD[LPXP�ZDV�IRXQG�DW�������������DQG�������������+]�
LQ�/)�DQG�+)�EDQGV�UHVSHFWLYHO\�LQ�VXSLQH�SRVLWLRQ�DQG�DW�
������������ DQG� ������������ +]� GXULQJ� VWDQGLQJ�� /)�

UK\WKPV�ZHUH�IRXQG�VLJQLILFDQWO\�VORZHU�GXULQJ�VWDQGLQJ��
ZKLOH�WKH�+)�EDQG�ZDV�QRW�VKLIWHG���

,Q� VXSLQH� SRVLWLRQ� 55�6$3� SKDVHV� ZHUH� �����������
UDG�DW�/)��$W�+)�WKH\�RVFLOODWHG�DURXQG�]HUR��������������
UDG��ZLWK�D�ODUJHU�SKDVH�GLVSHUVLRQ�DQG���FDVHV�RI�SRVLWLYH�
SKDVHV� ������� $W� /)� VWDQGLQJ� GLG� QRW� PRGLI\� SKDVHV�
������������UDG���2Q�WKH�FRQWUDU\��GXULQJ�VWDQGLQJ�SKDVHV�
DW�+)�EHFDPH�VLJQLILFDQWO\�QHJDWLYH�������������UDG��DQG�
WKHLU�GLVSHUVLRQ�ZDV�UHGXFHG���
��� 'LVFXVVLRQ�
:KHQ� WKH� LQSXW�RXWSXW� UHODWLRQVKLS� �)LJ��D�� LV�

HVWLPDWHG� IURP� WZR� VLJQDOV� XVLQJ� WKH� FURVV�VSHFWUDO�
DSSURDFK�� QHJDWLYH� SKDVH� YDOXHV� DUH� LQWHUSUHWHG� DV� WKH�
RXWSXW� ODJJLQJ� EHKLQG� WKH� LQSXW�� ZKLOH� SRVLWLYH� SKDVH�
YDOXHV� DV� WKH� RXWSXW� OHDGLQJ� WKH� LQSXW�� $V� LQ� D� FDXVDO�
LQSXW�RXWSXW� V\VWHP� WKH� RXWSXW� DOZD\V� ODJV� EHKLQG� WKH�
LQSXW� �LQ�DEVHQFH�RI�SKDVH�ZUDSSLQJ��GXH� WR�SUHVHQFH�RI�
GHOD\V�� QHJDWLYH� SKDVH� YDOXHV� VKRXOG� DOZD\V� EH� IRXQG��
7KHUHIRUH�� SRVLWLYH� SKDVH� YDOXHV� DUH� WDNHQ� DV� DQ�
LQGLFDWLRQ� WKDW� WKH� FDXVDO� GLUHFWLRQ� LV� QRW� WKH� VXSSRVHG�
RQH� EXW� DFWXDOO\� WKH� UHYHUVH� RQH� �L�H�� IURP�RXWSXW� WR� WKH�
LQSXW���7KLV�LQWHUSUHWDWLRQ�OHDGV�WR�FRQFOXGH�WKDW�SRVLWLYH�
SKDVH�YDOXHV�DUH�FRPSDWLEOH�ZLWK� WKH� LQYROYHPHQW�RI� WKH�
SDWK�IURP�WKH�RXWSXW�WR�WKH�LQSXW���LQ�WKH�FDVH�RI�WKH�55�
6$3� UHODWLRQVKLS�� WKLV� SDWK� LV� WKH� IHHG�IRUZDUG�
PHFKDQLFDO�SDWK��IURP�55�WR�6$3���
7KH�LQWHUSUHWDWLRQ�RI�WKH�SRVLWLYH�SKDVH�YDOXHV�LV�PRUH�

FRPSOH[� ZKHQ� DQ� LQSXW�RXWSXW� V\VWHP� LV� DIIHFWHG� E\� D�
FRORXUHG� QRLVH� XQFRUUHODWHG� ZLWK� WKH� LQSXW� �)LJ��E��� ,Q�
WKLV�PRGHO�SRVLWLYH�SKDVH�YDOXHV�EHWZHHQ�\�DQG�X�PD\�EH�
IRXQG� GXH� WR� WKH� HIIHFW� RI� WKH�QRLVH� HYHQ� LQ�SUHVHQFH�RI�
FDVXDO� DFWLRQ� IURP� X� WR� \�X� �QHJDWLYH� SKDVH� YDOXHV� RI�
+\�X��� :KHQ� WKLV� LQSXW�RXWSXW� V\VWHP� LV� HVWLPDWHG� XVLQJ�
FURVV�VSHFWUDO� DSSURDFK�� WKH� HVWLPDWHG� WUDQVIHU� IXQFWLRQ�
+\X� PHUJHV� ERWK� +\�X� DQG� +Z� �L�H�� +\X�+\�X��� WKXV�

�)LJXUH����55�LQWHUYDO�DQG�6$3�VHULHV�LQ�D�KHDOWK\�KXPDQ�
LQ� VXSLQH� SRVLWLRQ� �D� DQG� E� UHVSHFWLYHO\�� DQG� GXULQJ�
VWDQGLQJ� �F� DQG� G� UHVSHFWLYHO\��� 0HDQ� 55� LQWHUYDO�
VLJQLILFDQWO\�GHFUHDVHV�GXULQJ�VWDQGLQJ��ZKLOH�PHDQ�6$3�
GRHV�QRW�FKDQJH��

�)LJXUH����3KDVH�VSHFWUD��GRWWHG�OLQH��DQG�VTXDUHG�FRKHUHQFHV��VROLG�OLQH��FRPSXWHG�RQ�WKH�55�DQG�6$3�VHULHV�GHSLFWHG�LQ�
)LJ���UHOHYDQW�WR�VXSLQH�SRVLWLRQ��D��DQG�VWDQGLQJ��E���6TXDUHG�FRKHUHQFH�LV�VLJQLILFDQW�DW�/)�DQG�+)�LQ�ERWK�FRQGLWLRQV��
7KH�SKDVHV�DW�/)�DQG�+)�DUH�PDUNHG�ZLWK�D�ILOOHG�FLUFOH��7KH�SKDVH�LV�QHJDWLYH�DW�/)�LQ�ERWK�FRQGLWLRQV��ZKLOH��DW�+)��LW�
LV�SRVLWLYH�LQ�VXSLQH�SRVLWLRQ�DQG�QHJDWLYH�GXULQJ�VWDQGLQJ��
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SUHYHQWLQJ� WR�XQGHUVWDQG� LI� WKH�SRVLWLYH�SKDVH�YDOXHV�DUH�
WKH�UHVXOW�RI�WKH�HIIHFW�RI�WKH�FRORXUHG�QRLVH�RU�WKH�HIIHFW�
RI�WKH�UHYHUVH�FDXVDOLW\��L�H��IURP�\�WR�X�����
8QIRUWXQDWHO\�� WKH� DVVXPSWLRQ� RI� WKH�PRGHO� RI� )LJ��D�

LV�H[WUHPHO\�XQUHDOLVWLF�ZKHQ�WKH�55�6$3�UHODWLRQVKLS�LV�
FRQVLGHUHG� �ZLWK�\ 55�DQG�X 6$3���ZKLOH� WKH�PRGHO� LQ�
)LJ��E� LV� PRUH� UHDOLVWLF�� ,QGHHG�� LQSXWV� LQGHSHQGHQW� RI�
EDURUHIOH[� FDSDEOH� RI� PRGLI\LQJ� 55� LQWHUYDO� KDYH� EHHQ�
REVHUYHG�ERWK� LQ�/)�DQG�+)�EDQGV� >���@��7KHUHIRUH�� WKH�
VLPSOH� LQWHUSUHWDWLRQ� WKDW� SRVLWLYH� SKDVH� YDOXHV� FDQ� EH�
FRQVLGHUHG� DV� DQ� LQGH[� RI� WKH� SUHVHQFH� RI� D� UHYHUVH�
FDXVDOLW\��L�H��RI�DQ�LQYROYHPHQW�RI�WKH�IHHG�IRUZDUG�SDWK��
PD\�KROG�EXW�LW�LV�QRW�WKH�XQLTXH�SRVVLEOH�LQWHUSUHWDWLRQ�RI�
WKLV� ILQGLQJ�� ,QGHHG�� WKH� SUHVHQFH� RI� LQIOXHQFHV�
LQGHSHQGHQWO\� RI� EDURUHIOH[� DQG� FDSDEOH� RI� GULYLQJ� WKH�
55�LQWHUYDO�FDQQRW�EH�H[FOXGHG���
8VLQJ� WKLV� UHVXOW�� WKH� ILQGLQJ�� FRQILUPHG� DOVR� E\� RXU�

GDWD�� WKDW� LQ� KXPDQ� VXEMHFWV� LQ� VXSLQH� SRVLWLRQ�55�6$3�
SKDVHV�DW�+)�YDU\�DURXQG���ZLWK�VHYHUDO�FDVHV�RI�SRVLWLYH�
SKDVH� YDOXHV� FDQ� EH� LQWHUSUHWHG� QRW� RQO\� DV� DQ� LQGH[� RI�
LQYROYHPHQW� RI� WKH� IHHG�IRUZDUG� SDWK� FRQWULEXWLQJ� WR�
SURGXFH�6$3�YDULDELOLW\�DW�+)�>�@��EXW�DOVR�DV�DQ�LQGH[�RI�
WKH� SUHVHQFH� RI� QRLVHV� WKDW� SURGXFH� UHVSLUDWRU\� VLQXV�
DUUK\WKPLD� LQGHSHQGHQWO\� RI� 6$3� YDULDELOLW\� DW� +)� DQG�
PDVN� WKH� FDXVDO� GLUHFWLRQ� DORQJ� WKH� EDURUHIOH[� SDWK�� ,Q�
DGGLWLRQ�� WKH� ILQGLQJ� WKDW� 55�6$3� SKDVH� YDOXHV� DW� +)�
EHFRPHV� VLJQLILFDQWO\� QHJDWLYH� GXULQJ� VWDQGLQJ� PD\� EH�
WDNHQ�ERWK�DV�DQ�LQGH[�RI�DQ�LQFUHDVH�LQYROYHPHQW�RI�WKH�
EDURUHIOH[� �7D\ORU� DQG� (FNEHUJ� >�@� SURSRVHG� WKLV�
LQWHUSUHWDWLRQ� IRU� WKH� VDPH� ILQGLQJ� GXULQJ� ���� KHDG�XS�
WLOW�� EXW� DOVR� DV� DQ� LQGH[� RI� WKH� UHGXFWLRQ� RI� WKH� LQSXWV�
LQGHSHQGHQW� RI� EDURUHIOH[� FDSDEOH� RI� GULYLQJ� UHVSLUDWRU\�
VLQXV� DUUK\WKPLD�� 7KLV� UHGXFWLRQ� PD\� EH� FDXVHG� E\� WKH�
V\PSDWKHWLF� DFWLYDWLRQ� SURGXFHG� E\� WKH� JUDYLWDWLRQDO�
VWLPXOXV����
7KH�PDMRU�OLPLWDWLRQ�RI�WKLV�DSSURDFK�LV�WKDW�ZH�FDQQRW�

IDYRXU� RQH� RI� WKHVH� WZR� LQWHUSUHWDWLRQV� GXH� WR� WKH�
LPSRUWDQW�OLPLWDWLRQ�RI�WKH�FURVV�VSHFWUDO�WHFKQLTXH��L�H��LW�
K\SRWKHVL]HV� DQ� DGGLWLYH� ZKLWH� QRLVH��� 0RUH� FRPSOH[�
PRGHOV�FDSDEOH�RI� WDNLQJ� LQWR�DFFRXQW� WKH�FRPSOH[LW\�RI�
WKH� QRLVH� DIIHFWLQJ� 55� LQWHUYDO� LQGHSHQGHQWO\� RI� 6$3�
FKDQJHV� VKRXOG� EH� XVHG� >���@�� ,Q� DGGLWLRQ�� DQRWKHU�
LPSRUWDQW�OLPLWDWLRQ�RI�WKLV�DSSURDFK�LV�UHODWHG�WR�WKH�XVH�
RI�SKDVHV�DV�DQ�LQGLFDWLRQ�RI�FDXVDOLW\�LQ�DQ�LQSXW�RXWSXW�
V\VWHP�� 3KDVHV� DUH� XVHIXO� WR� LQIHU� FDXVDOLW\� RQO\� LI� WKH�
SKDVH� PXOWLSOH� FDQ� EH� FKRVHQ� ZLWKRXW� DQ\� DPELJXLW\��
+HUH�WKH�LQWHUSUHWDWLRQ�RI�D�SKDVH�YDOXH�j!��LQ�WKH�VHQVH�
WKDW� 55� LQWHUYDO� OHDGLQJ� 6$3� LV� SULYLOHJHG� EHFDXVH� WKH�
DOWHUQDWLYH� LQWHUSUHWDWLRQV� �H�J�� 55� LQWHUYDO� ODJJLQJ�
EHKLQG�6$3�E\��pN�j�ZLWK�N ����«��DUH�QRW�FRPSDWLEOH�
ZLWK� WKH� ODWHQF\�RI�EDURUHIOH[� >�@��)LQDOO\�� WKLV�DSSURDFK�
K\SRWKHVLVHV� DQ� RSHQ� ORRS� UHODWLRQVKLS� EHWZHHQ� 55�
LQWHUYDO� DQG�V\VWROLF�DUWHULDO�SUHVVXUH�DQG� WKLV�K\SRWKHVLV�
VKRXOG�EH�WHVWHG�>�@��
��� &RQFOXVLRQV�

:H� SURSRVH� D� QHZ� LQWHUSUHWDWLRQ� IRU� WKH� ILQGLQJ� WKDW��
LQ�KHDOWK\�KXPDQV� LQ� VXSLQH�SRVLWLRQ�� WKH�SKDVH�EHWZHHQ�
55� LQWHUYDO� DQG� 6$3� DW� +)�PD\� EH� SRVLWLYH� �6$3� ODJV�
EHKLQG� 55� LQWHUYDO��� $FFRUGLQJ� WR� WKLV� LQWHUSUHWDWLRQ��
SRVLWLYH�YDOXHV�RI�SKDVHV�DUH�FRPSDWLEOH�ZLWK�D�SUHVHQFH�
RI�FRORXUHG�QRLVHV�FDSDEOH�RI�SURGXFLQJ�UHVSLUDWRU\�VLQXV�
DUUK\WKPLD� LQGHSHQGHQWO\� RI� 6$3� FKDQJHV� �L�H�� RI�
EDURUHIOH[��� $FFRUGLQJO\�� WKH� SKDVH� VKLIW� DW� +)� WRZDUGV�
PRUH� QHJDWLYH� SKDVH� YDOXHV� GXULQJ� VWDQGLQJ� PLJKW�
LQGLFDWH� D� UHGXFWLRQ� RI� LQSXWV� FDSDEOH� RI� GULYLQJ� 55�
LQWHUYDO� LQGHSHQGHQWO\� RI� EDURUHIOH[� GXH� WR� WKH�
V\PSDWKHWLF�DFWLYDWLRQ�DVVRFLDWHG�ZLWK�VWDQGLQJ���
5HIHUHQFHV�
>�@� GH� %RHU� 5:� .DUHPDNHU� -0�� 6WUDFNHH� -�� 5HODWLRQVKLS�

EHWZHHQ� VKRUW�WHUP� EORRG� SUHVVXUH� IOXFWXDWLRQV� DQG� KHDUW�
UDWH� YDULDELOLW\� LQ� UHVWLQJ� VXEMHFWV� ,�� D� VSHFWUDO� DQDO\VLV�
DSSURDFK��0HG�%LRO�(QJ�&RPSXW�������������������

>�@� 7D\ORU� -$�� (FNEHUJ� '/�� )XQGDPHQWDO� UHODWLRQV� EHWZHHQ�
VKRUW�WHUP�55�LQWHUYDO�DQG�DUWHULDO�SUHVVXUH�RVFLOODWLRQV� LQ�
KXPDQV��&LUFXODWLRQ���������������������

>�@� 9DWQHU� 6)�� =LPSIHU� 0�� %DLQEULGJH� UHIOH[� LQ� FRQVFLRXV�
XQUHVWUDLQHG� DQG� WUDQTXLOOL]HG� EDERRQV�� $P� -� 3K\VLRO��
���������+����+�����

>�@� %HUQDUGL� /�� .HOOHU� )�� 6DQGHUV� 0�� 5HGG\� 36�� *ULIILWK� %��
0HPR� )�� 3LQVN\� 05�� 5HVSLUDWRU\� VLQXV� DUUK\WKPLD� LQ�
GHQHUYDWHG� KXPDQ� KHDUW�� -� $SSO� 3K\VLRO� �������������
������

>�@�� 7DVN�IRUFH�RI� WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\�DQG�WKH�
1RUWK�$PHULFDQ�6RFLHW\�RI�3DFLQJ�DQG�(OHFWURSK\VLRORJ\��
6WDQGDUG�RI�PHDVXUHPHQW��SK\VLRORJLFDO� LQWHUSUHWDWLRQ�DQG�
FOLQLFDO�XVH��&LUFXODWLRQ��������������������

>�@� %DVHOOL� *�� &HUXWWL� 6�� &LYDUGL� 6�� /LEHUDWL� '�� /RPEDUGL� )��
0DOOLDQL�$��3DJDQL�0��6SHFWUDO�DQG�FURVV�VSHFWUDO�DQDO\VLV�
RI�KHDUW�UDWH�DQG�DUWHULDO�EORRG�SUHVVXUH�YDULDELOLW\�VLJQDOV��
&RPSXW�%LRPHG�5HV�������������������

>�@� 3RUWD�$��)XUODQ�5��5LPROGL�2��3DJDQL�0��0DOOLDQL�$��YDQ�
GH� %RUQH� 3�� 4XDQWLI\LQJ� OLQHDU� FDXVDO� FRXSOLQJ� LQ� FORVHG�
ORRS� LQWHUDFWLQJ� FDUGLRYDVFXODU� YDULDELOLW\� VHULHV�� %LRO�
&\EHUQ�������������������

>�@� %DVHOOL� *�� &HUXWWL� 6�� %DGLOLQL� )�� %LDQFDUGL� /�� 3RUWD� $��
3DJDQL�0��/RPEDUGL�)��5LPROGL�2��)XUODQ�5��0DOOLDQL�$��
0RGHO� IRU� WKH� DVVHVVPHQW� RI� KHDUW� SHULRG� DQG� DUWHULDO�
SUHVVXUH� YDULDELOLW\� LQWHUDFWLRQV� DQG� RI� UHVSLUDWRU\�
LQIOXHQFHV��0HG�%LRO�(QJ�&RPSXW�������������������

>�@� 3RUWD� $�� %DVHOOL� *�� 5LPROGL� 2�� 0DOOLDQL� $�� 3DJDQL� 0��
$VVHVVLQJ� EDURUHIOH[� JDLQ� IURP� VSRQWDQHRXV� YDULDELOLW\� LQ�
FRQVFLRXV� GRJV�� UROH� RI� FDXVDOLW\� DQG� UHVSLUDWLRQ�� $P� -�
3K\VLRO�����������+�����+������

�
$GGUHVV�IRU�FRUUHVSRQGHQFH��
�
$OEHUWR�3RUWD��3K'��
8QLYHUVLWD¶�GHJOL�6WXGL�GL�0LODQR�
'LSDUWLPHQWR�GL�6FLHQ]H�3UHFOLQLFKH��'L63��
/,7$�GL�9LDOED�
9LD�*�%��*UDVVL����
�������0LODQ��,WDO\��
�
(�PDLO��DOEHUWR�SRUWD#XQLPL�LW�
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