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5HFHLYHG�2FWREHU���������
7KH� LQIOXHQFH� RI� K\GURJHQ� SUHVVXUH� RQ� NLQHWLFV� RI� K\GURJHQ� LQGXFHG� GLUHFW� SKDVH

WUDQVIRUPDWLRQV� LQ� WKH�5�)H��%� KDUG� PDJQHWLF� DOOR\� KDV� EHHQ� LQYHVWLJDWHG�� ,W� KDV� EHHQGHWHUPLQHG�WKDW��DV�WKH�WHPSHUDWXUH�DQG�WKH�K\GURJHQ�SUHVVXUH�LQFUHDVH��D�SKDVH�WUDQVIRU�
PDWLRQ�VLJQLILFDQWO\�DFFHOHUDWHV��,W�KDV�EHHQ�VKRZQ�WKDW�WKH�NLQHWLFV�RI�WKH�SKDVH�WUDQVIRU�
PDWLRQ�LV�FRQWUROOHG�E\�WKH�)H�DWRPV�GLIIXVLRQ�DQG�WKDW�WKH�UDWH�JURZWK�RI�QHZ�D�)H�SKDVH
LQFUHDVH�ZLWK�LQFUHDVH�RI�K\GURJHQ�SUHVVXUH��2Q�WKH�EDVH�RI�.ROPRJRURY�DQG�/\XERY�PRGHO
WKH�NLQHWLF� HTXDWLRQ�GHVFULELQJ� LQIOXHQFH� RI�K\GURJHQ�SUHVVXUH� RQ� WKH� LVRWKHUPDO�NLQHWLF
GLDJUDP�IRU�WKLV�WUDQVIRUPDWLRQ�KDV�EHHQ�REWDLQHG��
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���,QWURGXFWLRQ
3UHVHQWO\�� SHUPDQHQW� PDJQHW� PDWHULDOV� DUH

DPRQJ�NH\�FRPSRQHQWV�RI�QXPHURXV�HOHFWURQLF�
GDWD�SURFHVVLQJ��DQG�PHGLFDO�HTXLSPHQW��DV�ZHOO
DV� RWKHU� LPSRUWDQW� PRGHUQ� GHYLFHV�� 1RZDGD\V
SHUPDQHQW�PDJQHWV�ZLWK�WKH�EHVW�PDJQHWLF�SURS�
HUWLHV� DUH� SURGXFHG� IURP� 1G�)H��%1G�)H��%W\SH� DOOR\V� >�@��2QH�RI� WKH�SURPLVLQJ� WHFKQROR�
JLHV�IRU�LPSURYHPHQW�RI�PDJQHWLF�SURSHUWLHV�RI
1G�)H��%�W\SH�DOOR\V�LV�WKH�+''5�SURFHVV��+\�GURJHQDWLRQ�'LVSURSRUWLRQDWLRQ�'HVRUSWLRQ�� 5H�
FRPELQDWLRQ���7KLV�SURFHVV�LV�EDVHG�RQ�GLUHFW�DQG
UHYHUVH�K\GURJHQ�LQGXFHG�GLIIXVLYH�SKDVH�WUDQV�
IRUPDWLRQV�LQ�WKH�1G�)H��%�W\SH�KDUG�PDJQHWLFDOOR\V�>�@��

$V� D� UXOH�� LQWHUDFWLRQ� RI� 1G�)H��%� DOOR\ZLWK�K\GURJHQ�OHDGV�WR�WKH�GLUHFW�WUDQVIRUPD�

WLRQ�� ZKHQ� WKH� LQLWLDO� DOOR\� GHFRPSRVHV� LQWR
D�)H�� )H�%� DQG�1G+��� 7KHQ�� UHPRYDO� RI� K\�GURJHQ� OHDGV� WR�HYROXWLRQ�RI�D�UHYHUVH�WUDQV�
IRUPDWLRQ� ZLWK� UHFRPELQDWLRQ� RI� WKH� LQLWLDO
1G�)H��%�DOOR\��EXW�ZLWK�D�VLJQLILFDQWO\�PRGL�ILHG�VWUXFWXUH��$V�D�UHVXOW��UHDOL]DWLRQ�RI�GL�
UHFW� DQG� UHYHUVH� WUDQVIRUPDWLRQV� LV� WKH� EDVH
IRU� LPSURYHPHQW� RI� PDJQHWLF� FKDUDFWHULVWLFV
RI� SHUPDQHQW� PDJQHWV� SURGXFHG� IURP� WKLV
W\SH�RI�DOOR\V�>�@�

7KH� HIIHFW� RI� WKH� K\GURJHQ� SUHVVXUH� RQ� WKH
NLQHWLFV� RI� K\GURJHQ�LQGXFHG� GLUHFW� SKDVH� WUDQV�
IRUPDWLRQV� LQ�1G�)H��%� W\SH� DOOR\V� KDV� EHHQVWXGLHG� V\VWHPDWLFDOO\� LQ� >��� �@�� 7KXV�� WKH
PDLQ�JRDO� LV� WR�GHVFULEH� WKH� LQIOXHQFH�RI�K\�
GURJHQ� SUHVVXUH� RQ� NLQHWLFV� RI� K\GURJHQ�LQ�
GXFHG� GLUHFW� GLIIXVLYH� SKDVH� WUDQVIRUPDWLRQV
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LQYHVWLJDWHG� LQ� WKH� 1G�)H��%� W\SH� DOOR\VZLWKLQ� D� IUDPHZRUN� RI� NLQHWLF� WKHRU\� RI
SKDVH�WUDQVIRUPDWLRQV�LQ�VROLG�VWDWH�

���5HVXOWV�DQG�GLVFXVVLRQ
,Q�)LJ�����WKH�LVRWKHUPDO�NLQHWLF�GLDJUDPV

RI�WKH�GLUHFW�SKDVH�WUDQVIRUPDWLRQ�LQ�WKH�LQ�
GXVWULDO� 5�)H��%� DOOR\� �5����)H�����%�����ZKHUH�5� LV�PL[WXUH�RI� UDUH�HDUWK�PHWDOV�Û
�����1G������3U��������&_�DQG�������'\�
ZHLJKW� ��� DUH� VKRZQ� DW� YDULRXV� WHPSHUD�
WXUHV�DQG�K\GURJHQ�SUHVVXUHV��DV�HDUOLHU�RE�
WDLQHG�LQ�>�@��$V�IROORZV�IURP�)LJ�����LI�WKH
WHPSHUDWXUH� DQG� K\GURJHQ� SUHVVXUH� LQ�
FUHDVH�� WKH� SKDVH� WUDQVIRUPDWLRQ� HYROXWLRQ
DFFHOHUDWHV�WRR���

,Q�1G�)H��%�W\SH�DOOR\V�WKH�K\GURJHQ�LQ�GXFHG�GLUHFW�SKDVH� WUDQVIRUPDWLRQ�SURFHHGV
E\�WKH�IROORZLQJ�VFKHPH��DW�WKH�ILUVW�VWDJH�
LQWHUDFWLRQ� RI�1G�)H��%� DOOR\� ZLWK� JDVHRXVK\GURJHQ� �DV� D� UXOH�� DW� K\GURJHQ� SUHVVXUH

RI� a���� 03D�� DW� WHPSHUDWXUHV� a���Ü����&
OHDGV� WR� GHFRPSRVLWLRQ� RI� WKH� LQLWLDO
1G�)H��%�DOOR\�LQWR�WKUHH�VWDEOH�SKDVHV��L�H�D�SKDVH�RI�)H��)H�%�DQG�1G+��SKDVHV�>�@��

1G�)H��%�o�1G+����D�)H���)H�%� ���
,W� LV� REYLRXV� WKDW�� IURP� YLHZSRLQW� RI

FODVVLFDO�NLQHWLF�WKHRU\�RI�SKDVH�WUDQVIRUPD�
WLRQV� LQ� FRQGHQVHG� VWDWH�� WKH� DERYH� GLUHFW
SKDVH�WUDQVIRUPDWLRQ�LQ�1G�)H��%�W\SH�SUR�FHHGV� E\� WKH�QXFOHDWLRQ� DQG� JURZWK�PHFKD�
QLVP�>����@�

)XUWKHU�� LW� LV� SRVVLEOH� WR� ILQG� DQ� HIIHF�
WLYH�DFWLYDWLRQ�HQHUJ\�RI�SKDVH�WUDQVIRUPD�
WLRQ� SURFHVV� LQ� DFFRUGDQFH� ZLWK� %HFNHU�'R�
HULQJ� PRGHO� RI� QXFOHDWLRQ� NLQHWLFV� >�Ü�@� LI
WKH� GHSHQGHQFH� RI� OQW[� RQ� ��7� LV� NQRZQ�ZKHUH�W[�LV�WKH�WLPH�UHTXLUHG�IRU�UHDFKLQJ�DFHUWDLQ�GHJUHH�RI�WUDQVIRUPDWLRQ�[��DQG�7�LV
WKH� WUDQVIRUPDWLRQ� WHPSHUDWXUH�� )RU� WKLV
SXUSRVH�� WKH�H[SHULPHQWDO�GDWD� IURP�)LJ���
ZHUH� UH�SORWWHG� LQ� FR�RUGLQDWHV� OQW[� YHUVXV��7��)LJ������

7KH� GHWHUPLQHG� YDOXHV� RI� HIIHFWLYH� HQ�
HUJ\� RI� SKDVH� WUDQVIRUPDWLRQ� IRU� YDULRXV
K\GURJHQ�SUHVVXUHV�DQG�GHJUHHV�RI�WUDQVIRU�
PDWLRQ�DUH�JLYHQ�LQ�7DEOH����

$V� FDQ� EH� VHHQ� WKH� REWDLQHG� YDOXHV� RI
HIIHFWLYH�DFWLYDWLRQ�HQHUJ\�KDYH�JRRG�DJUHH�

)LJ����� 7KH� LVRWKHUPDO� NLQHWLF� GLDJUDPV� IRU
K\GURJHQ� LQGXFHG� GLUHFW� SKDVH� WUDQVIRUPD�
WLRQ�LQ�5�)H��%�DOOR\��ZKHUH�7�LV�WKH�LVRWKHU�PDO� H[SRVXUH� WHPSHUDWXUH�� W� LV� WKH� WUDQVIRU�
PDWLRQ�WLPH�DQG���������������������������LV
WKH� GHJUHH� RI� WKH� GLUHFW� WUDQVIRUPDWLRQ� DW
GLIIHUHQW�K\GURJHQ�SUHVVXUH���D��Û�����03D�
�E��Û������03D���F��Û�����03D��IURP�>�@��

)LJ�����'HSHQGHQFHV�OQW[�YV���7�IRU�K\GURJHQLQGXFHG� GLUHFW� SKDVH� WUDQVIRUPDWLRQ� LQ
5�)H��%� DOOR\� IRU� GHJUHHV� RI� WUDQVIRUPDWLRQ����� �D�� DQG������ �E��DQG�GLIIHUHQW�K\GUR�
JHQ� SUHVVXUHV�� �� Û� ����� 03D�� �� Û
�����03D����Û������03D�
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PHQW�E\�RUGHU�RI�PDJQLWXGH�ZLWK�DFWLYDWLRQ
HQHUJ\� IRU� LURQ� DWRPV� GLIIXVLRQ� LQ�5Ü7� DO�
OR\V� �ZKHUH�5� LV�D� UDUH�HDUWK�PHWDO��7�Û
D�WUDQVLWLRQ�PHWDO��Û�4� �����N-�PRO�>�@�
7KHUHIRUH�� LW� LV� UHDOO\� SRVVLEOH� WR� FRQVLGHU
WKDW�HYROXWLRQ�SURFHVV�RI�GLUHFW�SKDVH�WUDQV�
IRUPDWLRQ� LV� FRQWUROOHG� E\� QXFOHDWLRQ� DQG
JURZWK� RI� WKH� PDLQ� D�)H� PDWUL[� SKDVH�
7KXV�� LQ� DFFRUGDQFH� ZLWK� DERYH� GHVFULEHG
PRGHO�WUDQVIRUPDWLRQ��ZH�FDQ�REWDLQ�NLQHWLF
HTXDWLRQ� IRU�GLUHFW�K\GURJHQ� LQGXFHG�SKDVH
WUDQVIRUPDWLRQ� LQ�1G�)H��%� W\SH� DOOR\� WDN�LQJ� LQWR� DFFRXQW� WKH� LQIOXHQFH� RI� K\GURJHQ
SUHVVXUH�RQ�WUDQVIRUPDWLRQ�NLQHWLFV���

$V�ZHOO� NQRZQ�IURP�.ROPRJRURY�NLQHWLF
WKHRU\� RI� SKDVH� WUDQVIRUPDWLRQ� LQ� FRQ�
GHQVHG� VWDWH� >��@�� WKH� YROXPH� RI� WUDQV�
IRUPHG�DUHD�[�FDQ�EH�ZULWWHQ�DV�
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ZKHUH� 9�W�� LV� WKH� WUDQVIRUPHG� DUHD� YROXPH
DW�WLPH�PRPHQW�W��9��LV�WKH�LQLWLDO�XQWUDQV�IRUPHG� YROXPH�� ,� LV� WKH� QXFOHDWLRQ� UDWH� RI
FHQWUHV�RI�QHZ�D�)H�SKDVHV��Z�LV�WKH�UDWH�RI
JURZWK�RI�D�QHZ�D�)H�SKDVH���

2Q�WKH�RWKHU�KDQG��WKH�UDWH�RI�QXFOHDWLRQ
,� RI� QHZ� D�)H� SKDVH� FHQWHUV� LQ� FRQGHQVHG
V\VWHPV� LQ� DFFRUGDQFH�ZLWK�7XUQEXOO�)LVKHU
PRGHO� >������@� LQ� WKH�FDVH�RI�GLIIXVLRQ�FRQ�
WUROOHG�JURZWK�LV�
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ZKHUH�:� LV� WKH� HQHUJ\�QHFHVVDU\� IRU� IRUPD�
WLRQ�RI�D�)H�FULWLFDO�QXFOHXV��4�LV�WKH�DFWLYDWLRQ
HQHUJ\�GLIIXVLRQ�RI�)H�DWRPV�DW�WUDQVLWLRQ�WKURXJK
LQWHUIDFH�RI�D�)H�SKDVHV����J� ���Ü��PRO�P��>��@�
5� LV� WKH�JDV� FRQVWDQW��K� LV� WKH�3ODQFN�FRQ�
VWDQW��7�LV�WUDQVIRUPDWLRQ�WHPSHUDWXUH�

7KHQ�� VXEVWLWXWLQJ� HTXDWLRQ� ���� LQWR� ���
ZH� FDQ� REWDLQ� NLQHWLF� HTXDWLRQ� IRU� YROXPH
RI�WKH�WUDQVIRUPHG�DUHD�[�DV�IXQFWLRQ�RI�LQ
GHSHQGHQFH� RQ� WUDQVIRUPDWLRQ� WLPH� W� DQG
WUDQVIRUPDWLRQ�WHPSHUDWXUH�7�
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$V�D�UXOH��SKDVH� WUDQVIRUPDWLRQ�NLQHWLFV
IRU� SUDFWLFDO� DSSOLFDWLRQ� LV� GHVFULEHG� E\
FXUYHV� VKRZLQJ� WLPH� WUDQVIRUPDWLRQ� W
QHHGHG� IRU� UHDFKLQJ� GHJUHH� RI� WUDQVIRUPD�
WLRQ� [� GHSHQGLQJ� RQ� WUDQVIRUPDWLRQ� WHP�
SHUDWXUH�7�>�@��7KXV��LQ�WKLV�FDVH�(T�����FDQ
EH�ZULWWHQ�LQ�WKH�IROORZLQJ�IRUP�
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ZKHUH� 8L� ��:���4���� LV� WKH� HQHUJ\� RI
SKDVH�WUDQVIRUPDWLRQ�SURFHVV�

)XUWKHU�� LQ� LVRWKHUPDO� FRQGLWLRQV� WKH
UDWH� RI� QXFOHDWLRQ� LV� FRQVWDQW�� DQG�� LQ� DF�
FRUGDQFH� WR� FODVVLFDO� WKHRU\� RI� QXFOHDWLRQ�
WKH� UDWH� RI� QXFOHDWLRQ� ,� RI� QHZ� SKDVH� FHQ�
WHUV� LQ� FRQGHQVHG� V\VWHPV� LV� GHVFULEHG� E\
(T������ ZKHUH�:� DQG�4� DV� D� UXOH� DUH� FRQ�
VWDQWV�IRU�WKH�VDPH�DOOR\��7KHUHIRUH��ZH�FDQ
DVVXPH� WKDW� WKH� UDWH� RI� QXFOHDWLRQ� RI�D�)H
SKDVH� LV� QRW� GHSHQGHQW� RQ� K\GURJHQ� SUHV�
VXUH��/HW�XV�QRZ�GHWHUPLQH� WKH�UDWH�RI�QX�
FOHDWLRQ�,�DQG�UDWH�RI�JURZWK�RI�D�QHZ�D�)H
SKDVH�Z�DVVXPLQJ�WKDW�WKH�DFWLYDWLRQ�HQHUJ\
DW� WUDQVLWLRQ�RI� DWRPV� WKURXJK� LQWHUIDFH� RI
SKDVHV�4� LV�HTXDO�LQ�RXU�FDVH�WR�WKH�DFWLYD�
WLRQ�HQHUJ\�RI�GLIIXVLRQ�RI�)H�DWRPV�LQ�5Ü7
W\SH� DOOR\V� � 4� ����� N-�PRO�� DQG� WKH� HQ�
HUJ\� QHFHVVDU\� IRU� IRUPDWLRQ� RI�D�)H� FULWL�
FDO� QXFOHXV� LV�:�|�������N-�PRO� LQ�DFFRUG�
DQFH� WR� GDWD� IURP� >�@�� 7KXV�� XVLQJ� (T����
DQG�NLQHWLF�GDWD� IURP�)LJ����� WKH�YDOXHV� RI
UDWH� RI� QXFOHDWLRQ� ,� DQG� UDWH� RI� JURZWK� RI
D�)H� SKDVH� Z� GXULQJ� SKDVH� WUDQVIRUPDWLRQ
ZHUH�GHWHUPLQHG�IRU�YDULRXV�K\GURJHQ�SUHV�
VXUHV�DQG�WHPSHUDWXUHV�IRU�GHJUHH�RI�WUDQV�
IRUPDWLRQ�[� ������7DEOH����

)LJXUH� �� VKRZV� WKH� JURZWK� UDWH� RI�D�)H
SKDVH�Z�YHUVXV�K\GURJHQ�SUHVVXUH�3�SORWWHG
RQ� WKH� EDVLV� RI� GDWD� IURP� 7DEOH���� $V� IRO�
ORZV� IURP�)LJ����� WKH� UDWH� RI� JURZWK�Z� LQ�
FUHDVHV� ZLWK� LQFUHDVH� LQ� K\GURJHQ� SUHVVXUH
DW� DOO� WHPSHUDWXUHV�� )XUWKHU�� DFFRUGLQJ� WR
/\XERY� NLQHWLF� DSSURDFK� >��@� ZH� DVVXPH
WKDW� WKH� GHSHQGHQFH� RI� WKH� UDWH� RI� JURZWK
Z� RQ� K\GURJHQ� SUHVVXUH� 3� FDQ� EH� DSSUR[L�
PDWHG� E\� D� IXQFWLRQ� RI� WKH� IROORZLQJ� W\SH�

7DEOH���� 7KH� HIIHFWLYH� DFWLYDWLRQ� HQHUJ\� RI� GLUHFW� K\GURJHQ� LQGXFHG� SKDVH� WUDQVIRUPDWLRQ� LQ
5�)H��%�DOOR\�IRU�YDULRXV�K\GURJHQ�SUHVVXUHV�3�DQG�GHJUHHV�RI�WUDQVIRUPDWLRQ�[

[��'HJUHH�RI
WUDQVIRUPDWLRQ

3� �����03D�
K\GURJHQ�SUHVVXUH

3� ������03D�
K\GURJHQ�SUHVVXUH

3� �����03D�
K\GURJHQ�SUHVVXUH
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57 �� ZKHUH� %� LV� FRQVWDQW�

')� LV�WKH�PRODU�GLIIHUHQFH�RI�WKH�IUHH�HQHU�
JLHV� RI� LQLWLDO� DQG� ILQDO� SKDVHV��')6� LV� WKHGULYLQJ�IRUFH�RI�SKDVH�WUDQVIRUPDWLRQ�ZKLFK
LQ� RXU� FDVH� LV� SURSRUWLRQDO� WR� WKH� IUHH� HQ�
HUJ\�UHTXLUHG�IRU�WKH�1G+��SKDVH�IRUPDWLRQ�8�3�� LV� WKH� DFWLYDWLRQ� HQHUJ\� RI� WUDQVLWLRQ
RI� )H� DWRPV� WKURXJK� LQWHUIDFH� RI� D�)H
SKDVHV�GHSHQGLQJ�RQ�K\GURJHQ�SUHVVXUH�

7KH� DFWLYDWLRQ� HQHUJ\� RI� WUDQVLWLRQ� RI
DWRPV� WKURXJK� LQWHUIDFH� RI� D�)H� SKDVHV
8�3�� LQ� DFFRUGDQFH� ZLWK� 6PLUQRY� WKHRU\
>��@�GHSHQGV�RQ�FRQFHQWUDWLRQ�RI�LQWHUVWLWLDO
DWRPV� �DWRPV� K\GURJHQ� LQ� RXU� FDVH�� DV� IRO�
ORZV�� 8�3�� �4P�S�Ü4L�F�� ZKHUH� 4P�S�� LV� WKHDFWLYDWLRQ� HQHUJ\� RI� PDWUL[� SKDVH� DWRPV
GLIIXVLRQ� LQ� WKH� DEVHQFH� RI� DQ� LQWHUVWLWLDO
DWRPV��4L� LV�WKH�HQHUJ\�LQWHUDFWLRQ�EHWZHHQPDWUL[�SKDVH�DWRPV�DQG�LQWHUVWLWLDO�DWRPV��F
LV�WKH�FRQFHQWUDWLRQ�RI�DQ�LQWHUVWLWLDO�DWRPV
WKDW�LQ�RXU�FDVH�LV�SURSRUWLRQDO�WR�K\GURJHQ
SUHVVXUH� 3�� 7KXV�� HTXDWLRQ� IRU� DFWLYDWLRQ
HQHUJ\� WUDQVLWLRQ� RI� )H� DWRPV� WKURXJK� LQ�
WHUIDFH�RI�D�)H�SKDVHV�FDQ�EH�ZULWWHQ�LQ�WKH
IROORZLQJ� IRUP��8�3�� �4P�S�Ü4L�3�� ZKHUH�3LV� WKH� K\GURJHQ� SUHVVXUH� LQ� 03D� LQ� RXU
FDVH�� )XUWKHU�� OHW� XV� GHQRWH� %')���')657 � 
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���� SURJUDP� E\� XVLQJ� GDWD� IRU� UDWH� RI
JURZWK� Z� YV�� K\GURJHQ� SUHVVXUH� 3� DQG
WUDQVIRUPDWLRQ�WHPSHUDWXUH�7�IURP�7DEOH���
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ZKHUH� $�3�� LV� WKH� SUHH[SRQHQWLDO� IXQFWLRQ
GHSHQGLQJ� RQ� K\GURJHQ� SUHVVXUH� 3� �03D��
SUHVHQWHG� LQ� 7DEOH��� IRU� YDULRXV� K\GURJHQ
SUHVVXUHV��

$V� FDQ�EH� VHHQ� IURP�7DEOH����$�3�� IXQF�
WLRQ� LQFUHDVH� ZLWK� LQFUHDVH� RI� K\GURJHQ
SUHVVXUH�WKDW�LV�SRVVLEOH�LI�')6��WKDW�LV�SUR�SRUWLRQDO�WR�WKH�IRUPDWLRQ�HQHUJ\�RI�D�1G+�

)LJ����� 7KH� JURZWK� UDWH� RI� D�)H� SKDVH�Z� YV
K\GURJHQ�SUHVVXUH�3� IRU�YDULRXV�WUDQVIRUPD�
WLRQ�WHPSHUDWXUHV����Û�����&����Û�����&����Û
����&�IRU�GHJUHH�RI�WUDQVIRUPDWLRQ�[� �����LQ
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LQGXFHG�WUDQVIRUPDWLRQ�[� �����LQ�5�)H��%DOOR\�
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SKDVH��ZLOO� GHFUHDVH� WKDW�KDV� EHHQ�REWDLQHG
H[SHULPHQWDOO\� >��Ü��@��2Q�WKH�RWKHU�KDQG�
8�3�� GHFUHDVH� ZLWK� K\GURJHQ� SUHVVXUH� LQ�
FUHDVH�� ,Q� RXU� FDVH� K\GURJHQ� DWRPV� FDQ� EH
FRQVLGHUHG� WRR� DV� LQWHUVWLWLDO� DWRPV� DQG� LWV
LQIOXHQFH� OHDG� WR� LQFUHDVH� RI� GLIIXVLRQ� RI
PDWUL[�DWRPV��)H�DWRPV�LQ�RXU�FDVH��DV�ZDV
VKRZQ�HDUOLHU� LQ�ZRUNV� >��Ü��@��+HQFH��WKH
UDWH�JURZWK�RI�QHZ�SKDVH�Z�GHSHQGV�RQ�WZR
PDLQ� IDFWRUV�� GHFUHDVLQJ� RI� IRUPDWLRQ� HQ�
HUJ\� RI� D� 1G+�� SKDVH� ')6� ZLWK� K\GURJHQSUHVVXUH� LQFUHDVH� DQG� GHFUHDVLQJ� RI� DFWLYD�
WLRQ�HQHUJ\� WUDQVLWLRQ�RI�)H� DWRPV� WKURXJK
LQWHUIDFH�RI�D�)H�SKDVH�8�3��ZLWK�K\GURJHQ
SUHVVXUH�LQFUHDVH��

)LQDOO\�� VXEVWLWXWH� (T����� LQWR� (T����� ZH
FDQ�ZULWWHQ�WKH�ILQDO�HTXDWLRQ�GHVFULELQJ�GH�
SHQGHQFH� WUDQVIRUPDWLRQ� WLPH� W� QHHGV� IRU
UHDFKLQJ� VRPH� GHJUHH� RI� WUDQVIRUPDWLRQ� [
RQ� K\GURJHQ� SUHVVXUHV� 3� DQG� WUDQVIRUPD�
WLRQ�WHPSHUDWXUH�7��
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,Q�)LJ���� WKH� LVRWKHUPDO�NLQHWLF�GLDJUDP
LV� VKRZQ� IRU� K\GURJHQ� LQGXFHG� GLUHFW� SKDVH
WUDQVIRUPDWLRQ�LQ�5�)H��%�DOOR\�FDOFXODWHG�RQWKH�EDVLV�RI�(T�����DQG�GDWD�IURP�7DEOH�����

7KXV�� LW� LV� SRVVLEOH� WR� FRQFOXGH� WKDW� WKH
REWDLQHG�(T�����DGHTXDWHO\�GHVFULEHV�WKH�HI�
IHFW�RI�K\GURJHQ�SUHVVXUH�RQ�NLQHWLFV�RI�LQ�
GXFHG� GLUHFW� SKDVH� WUDQVIRUPDWLRQ� LQ
5�)H��%�DOOR\�LQ�WHUPV�RI�WZR�PDLQ�IDFWRUV�L�H�� GHFUHDVLQJ� RI� IRUPDWLRQ� HQHUJ\� RI� D
1G+��SKDVH�')6�ZLWK�K\GURJHQ�SUHVVXUH�LQ�FUHDVH� DQG� GHFUHDVLQJ� RI� DFWLYDWLRQ� HQHUJ\
WUDQVLWLRQ�RI�)H�DWRPV�WKURXJK�LQWHUIDFH�RI
JURZLQJ� D�)H� SKDVH� 8�3�� ZLWK� K\GURJHQ
SUHVVXUH�LQFUHDVH��

���&RQFOXVLRQV
7KH� LQIOXHQFH� RI� K\GURJHQ� SUHVVXUH� RQ

WKH� NLQHWLFV� RI� K\GURJHQ� LQGXFHG� GLUHFW
SKDVH� WUDQVIRUPDWLRQV� LQ� WKH�5�)H��%� DOOR\KDV�EHHQ�FRQVLGHUHG��,W�KDV�EHHQ�HVWDEOLVKHG
WKDW�WKH�NLQHWLFV�RI�SKDVH�WUDQVIRUPDWLRQ�LV
FRQWUROOHG�E\�GLIIXVLRQ�RI�)H�DWRPV�DQG�WKH
UDWH� JURZWK� RI� D�)H� SKDVH� Z� LQFUHDVH� ZLWK
LQFUHDVH�RI�K\GURJHQ�SUHVVXUH���

2Q� WKH� EDVH� RI� .ROPRJRURY� DQG� /\XERY
NLQHWLF�PRGHOV� RI� HYROXWLRQ� RI� SKDVH� WUDQV�
IRUPDWLRQ�LQ�FRQGHQVHG�VWDWH��WKH�HTXDWLRQV
GHVFULELQJ� WKH� LVRWKHUPDO� NLQHWLF� GLDJUDPV
RI� VXFK� W\SH� RI� WUDQVIRUPDWLRQV� KDYH� EHHQ
REWDLQHG�� ,W� KDV� EHHQ� IRXQG� WKDW� WKH� HIIHFW

RI� K\GURJHQ� SUHVVXUH� RQ� NLQHWLFV� RI� K\GUR�
JHQ� LQGXFHG� GLUHFW� WUDQVIRUPDWLRQV� LQ
5�)H��%� DOOR\� FDQ�EH�GHVFULEHG�E\� DQ� HTXD�WLRQ�RI�WKH�DERYH�SUHVHQWHG�W\SH�����
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)LJ����� 7KH� LVRWKHUPDO� NLQHWLF� GLDJUDPV� IRU
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