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���,QWURGXFWLRQ�
,Q� WKH� ODVW� GHFDGH�� PDQ\� HIIRUWV� KDYH

EHHQ� GHYRWHG� WR� WKH� GHYHORSPHQW� RI� QDQRV�
WUXFWXUHG�RUJDQLF�LQRUJDQLF�PDWHULDOV�XVHIXO
IRU�WKH�IDEULFDWLRQ�RI�PXOWLOD\HU�OLJKW�HPLW�
WLQJ� GHYLFHV� �/('��� &RPSRVLWH� DQG� K\EULG
PDWHULDOV�KDYH� ORQJ�EHHQ�GUDZLQJ�DWWHQWLRQ
EHFDXVH� YDULRXV� SURSHUWLHV� RI� SRO\PHU� VXFK
DV�PHFKDQLFDO�DQG�WKHUPDO�VWDELOLWLHV�FDQ�EH
PRGLILHG�E\�DGGLQJ�LQRUJDQLF�VHPLFRQGXFWRU
QDQRFU\VWDOV��1&���7KH�SRO\PHU�LV�HPSOR\HG
DV� D� FDUULHU� WUDQVSRUWLQJ� OD\HU� DQG�1&� DFW
DV� OXPLQHVFHQFH� FHQWHUV�� ,Q� SDUWLFXODU�
XVLQJ� WKH� 1&� LQ� WKH� HPLWWHU� PDWHULDO� PD\

SURYLGH� LQFUHDVH� VWDELOLW\�� FRORU� VDWXUDWLRQ�
WKH� TXDQWXP� HIILFLHQF\� RI� HOHFWUROXPLQHV�
FHQFH�� H[WHQGHG� VSHFWUDO� UDQJH� RI� H[LVWLQJ
RUJDQLF�VWUXFWXUHV�>�Ü�@�

(IILFLHQW�)RUVWHU�UHVRQDQFH�HQHUJ\�WUDQV�
IHU�IURP�SRO\PHU��GRQRU��WR�1&��DFFHSWRU��LV
UHTXLUHG�IRU�WKH�RSWLPL]DWLRQ�RI�/('�VWUXF�
WXUH� >�Ü�@�� 7KHUHIRUH�� WKH� LQYHVWLJDWLRQ� RI
VSDWLDO�DUUDQJHPHQW�RI�WKH�1&V�LQ�WKH�SRO\�
PHU� PDWUL[� LV� LPSRUWDQW� IRU� WKH� GHYHORS�
PHQW�RI�QHZ�QDQRFRPSRVLWH�PDWHULDOV��+RZ�
HYHU�� GHVSLWH� WKH� ODUJH� QXPEHU� RI� SXEOLFD�
WLRQV� RQ� QDQRFRPSRVLWH� RUJDQLF�LQRUJDQLF
PDWHULDOV� >�Ü��@�� DQDO\VLV� RI� WKH� SXEOLVKHG
GDWD� VKRZV� WKDW� WKH� VWUXFWXUH� RI� QDQRFRP�
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SRVLWH�ILOPV�EDVHG�RQ�RUJDQLF�VHPLFRQGXFWRU
DQG� VHPLFRQGXFWRU� 1&� KDV� QRW� EHHQ� VXIIL�
FLHQWO\� VWXGLHG� WR� GDWH�� HVSHFLDOO\� IRU� WKH
ILOPV�SUHSDUHG�E\�VSLQ�FRDWLQJ�PHWKRG�

7KXV�� LQ� >�@� SKRWROXPLQHVFHQFH� �3/�
TXHQFKLQJ� UHVXOWLQJ� IURP� WKH� DJJUHJDWLRQ�RI
WKH� 1&� LQ� D� V\VWHP� EDVHG� RQ� VHPLFRQGXFWRU
&G6H� 1&� DQG� SRO\�Q�YLQ\OFDUED]ROH�� �39.�
ZLWK� WKH� PDVV� UDWLR� RI� &G6H�39.� ���� ZDV
REVHUYHG�� 6�&RH�6XOOLYDQ� HW� DO�� GHPRQVWUDWHG
D�SKDVH�VHSDUDWLRQ�SURFHVV��ZKLFK�WDNHV�SODFH
LQ�D�V\VWHP�EDVHG�RQ�1��1c�GLSKHQ\O�1��1c�ELV
���PHWK\OSKHQ\O������ �c�ELSKHQ\O����� �c�GLDPLQH
�73'��DQG�VHPLFRQGXFWRU�1&�>����@�

7KH� JRDO� RI� WKH� SUHVHQW� UHVHUDFK� LV� WR
GHWHUPLQH� SDWWHUQV� RI� LQIOXHQFH� RI� WKH� 1&
FRQFHQWUDWLRQ� RQ� WKH� PRUSKRORJ\� RI� SRO\�
PHU�LQRUJDQLF�QDQRFRPSRVLWH�ILOPV�EDVHG�RQ
FRUH�VKHOO�1&�&G6H�=Q6� DQG�39.� REWDLQHG
E\�VSLQ�FRDWLQJ�DQG�WR�VWXG\�WKH�EHKDYLRU�RI
WKH� 1&�� LQFRUSRUDWHG� LQ� WKH� SRO\PHU� ILOP�
DV�ZHOO�DV�WR�HVWDEOLVK�WKH�FRUUHODWLRQ�RI�WKH
OXPLQHVFHQFH�� WKH� GLVWULEXWLRQ� DQG� FRQFHQ�
WUDWLRQ�RI�WKH�1&�LQ�WKH�39.�PDWUL[�

���([SHULPHQW
3RO\�Q�YLQ\OFDUED]ROH�� �0Z� ��������ZDVSXUFKDVHG� IURP�$OGULFK� DQG�ZDV� XVHG� DV� D

KROH� WUDQVSRUWLQJ� PDWUL[� ZLWKRXW� SUHOLPL�

QDU\�FOHDQLQJ��0RQRGLVSHUVH��a������FROORL�
GDO� &G6H�=Q6� FRUH�VKHOO� QDQRFU\VWDOV� ZLWK
GLDPHWHU� RI� �� QP� �OOXP� ����� QP�� ZLWK� DVXUIDFH� SDVVLYDWHG� ZLWK� WULRFW\OSKRVSKLQH
R[LGH� �7232��ZHUH� V\QWKHVL]HG�E\� FKHPLFDO
FROORLGDO�RUJDQRPHWDOOLF�PHWKRG�>������@�

7KLQ� FRPSRVLWH� HPLWWLQJ� ILOPV� �39.�
&G6H�=Q6�� ZLWK� D� WKLFNQHVV� DERXW� ��Ü
���� QP� ZHUH� REWDLQHG� E\� VSLQ�FRDWLQJ
PHWKRG�������USP��IURP�WKH�PL[HG�WROXHQH
VROXWLRQ� RI� 39.� DQG�1&� LQ� GLIIHUHQW�PDVV
UDWLRV� RI� 1&� WR� 39.� RQ� JODVV� VXEVWUDWHV
FRDWHG�ZLWK� WUDQVSDUHQW� ,72� DQRGH� �0HUFN�
DQG� WKHQ� KHDWHG� WR� ���&� IRU� ��� PLQ�� 7KH
PDVV� UDWLR� 1&�39.� LQ� D� VROXWLRQ� ZDV
FKDQJHG�LQ�WKH�UDQJH�IURP�������WR������

0RUSKRORJ\� RI� WKH� QDQRFRPSRVLWH� ILOPV
ZDV� GHWHUPLQHG� E\� WUDQVPLVVLRQ� HOHFWURQ
PLFURVFRS\� �7(0��ZLWK� (0�����PLFURVFRSH
�6HOPL�� 8NUDLQH�� RSHUDWHG� DW� ���� N9� DFFHO�
HUDWLQJ�YROWDJH��(YDOXDWLRQ�RI�WKH�GHJUHH�RI
ILOOLQJ� WKH� 1&� FOXVWHUV� RI� YLVLEOH� ILHOG� PL�
FURVFRSLF� LPDJHV� ZDV� SHUIRUPHG� XVLQJ
$GREH� 3KRWRVKRS� SURJUDP�� 3KRWROXPLQHV�
FHQFH� VSHFWUD� ZHUH� SHUIRUPHG� E\� 6'/��
VSHFWURSKRWRPHWHU�� 7KH� VXUIDFH� HOHPHQWDO
FRPSRVLWLRQ� RI� WKH� ILOP� ZDV� FKDUDFWHUL]HG
E\� ;�UD\� SKRWRHOHFWURQ� VSHFWURVFRS\� �;36�
����.UDWRV� VSHFWURPHWHU�XVLQJ�0J.D�UDGLD�

)LJ�����7(0�LPDJH�RI�WKH�QDQRFRPSRVLWH�ILOPV�RI�&G6H�=Q6�39.�ZLWK�D�WKLFNQHVV�DERXW���Ü����QP
IRU�GLIIHUHQW�PDVV�UDWLRV�RI�1&�39.��D�Û��������E�Û������F�Û������G�Û�����
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WLRQ� �KJ� �������� H9���7KH� WKLFNQHVV� RI� WKH
DQDO\]HG�OD\HU�ZDV�a��QP�

���5HVXOWV�DQG�GLVFXVVVLRQ�
,QYHVWLJDWLRQ� RI� PRUSKRORJ\� RI� 39.�

&G6H�=Q6�QDQRFRPSRVLWH�ILOPV�ZLWK�YDULRXV
FRQFHQWUDWLRQV�RI�1&�E\�7(0��)LJ�����VKRZV
WKDW�WKH�1&�HPEHGGHG�LQVLGH�WKH�39.�PDWUL[
KDYH� QDUURZ� VL]H� GLVWULEXWLRQ� DQG� IRUP
FORVHO\� SDFNHG� FOXVWHUV� HYHQ� DW� WKH� ORZ� 1&
FRQFHQWUDWLRQ��%\��FOXVWHUV���ZH�PHDQ�D�NLQG
RI� �FRQJHVWLRQ��RI�&G6H�=Q6�7232�QDQRSDU�
WLFOHV�LQ�ZKLFK�WKH�SDUWLFOHV�DUH�VHSDUDWHG�E\
OD\HUV�RI�WKH�PDWUL[��39.�LQ�WKLV�FDVH��

6R�� LQ� WKH�PDVV� UDWLR� 1&�39.�Û� �����
Û� ��� ZW��� 1&� �)LJ���D�� WKH� IRUPDWLRQ� RI
FOXVWHUV� ZLWK� VL]HV� UDQJLQJ� IURP� ��� WR
���QP�ZDV�REVHUYHG��DQG�WKH�FRQILJXUDWLRQ
FRUUHVSRQGLQJ�WR�GHQVH�SDFNLQJ�RI�VSKHULFDO
QDQRSDUWLFOHV�LQ�WKH�ILOP�SODQH��$W�WKLV�FRQ�
FHQWUDWLRQ� WKH� SDFNLQJ� GHQVLW\� RI� WKH
QDQRFU\VWDOV� LQ� WKH� FOXVWHU� �U1&�� LV
�����1&�QP��� DQG� WKH� 1&� FRYHUDJH� GHJUHH
RI�YLVLEOH�VXUIDFH�RI�WKH�ILOP�LV�DERXW������
$W� KLJKHU� FRQFHQWUDWLRQ� �)LJ���E�� WKH� H[�
WHQGHG� UHJLRQV� RI� FORVH� SDFNHG� 1&� RI� ���Ü
���� QP� DUH� IRUPHG�� ZKLOH� WKH� GLVWDQFH� EH�
WZHHQ�WKH�1&V�PDLQWDQV�DERXW���QP�DQG�WKH
SDFNLQJ�GHQVLW\�RI�a�����Ü�����1&�QP���7KH
FRYHUDJH�GHJUHH�ZDV�DSSUR[LPDWHO\������

$W� FRQFHQWUDWLRQ� 1&� ��� ZW��� VROLG
PRQROD\HU� GRPDLQV� ZLWK� VL]HV� ODUJHU� WKDQ
��PP� �VXUIDFH� FRYHUDJH� LV� a������ LQ� DUHD�
U1&� ������1&�QP��� DUH� IRUPHG��:KHQ� WKH
FRQFHQWUDWLRQ� RI� WKH� 1&� LQ� FRPSRVLWH� WKLQ
ILOPV�LV�LQFUHDVHG�WR����ZW����1&�39.�����
�)LJ���G��WKH�1&�WHQG�WR�IRUPDWLRQ�RI�PRUH
FORVHO\� SDFNHG� DJJUHJDWH�� FRQVLVWLQJ� RI� WKH
FOXVWHUV��U1&� �����Ü�����1&�QP����DQG�WKH
GLVWDQFH� EHWZHHQ� WKH� FHQWHUV� RI� 1&� GH�
FUHDVHV�WR���QP��7KLV�FOXVWHUL]DWLRQ�EHKDYLRU
LQGLFDWHV� WKH� SKDVH� VHSDUDWLRQ� LQ� WKH� QDQR�
FRPSRVLWH�ILOPV�REWDLQHG�E\�VSLQ�FRDWLQJ�

&RQFOXVLRQ� DERXW� IRUPDWLRQ� RI� SODQDU
OD\HUV� RI� WKH� 1&� QHDU� WKH� VXUIDFH� RI� 39.
ILOPV� ZDV� FRQILUPHG� E\� ;36� PHWKRG� �VHH
7DEOH��� 7KH� VXUIDFH� DUHD� RI� WKH�SRO\PHU�LQ�
RUJDQLF� ILOP� �WKLFNQHVV� RI� WKH� DQDO\]HG
OD\HU�a��QP��FRPSRVHG�RI�FKHPLFDO�HOHPHQWV
&G�� 6H�� =Q� DQG� 6� LQ� WKH� VWDWH� RI� &G6H

�(E�&G�G���� ������� H9��(E�6H�G� ������H9�DQG� =Q6� �(E�6�S� ������� H9��� EHORQJHG� WRWKH� 1&�� 3RVLWLRQ� RI� WKH� QLWURJHQ� SHDN
�(E�1�V� ������� H9�� FRUUHVSRQGV� WR� 1±&ERQG� LQ� WKH� 39.�� &KDQJLQJ� WKH� FRQFHQWUD�
WLRQ� UDWLR� =Q�1� ����� IRU� ��� ZW��� 1&�� ���
IRU� ��� ZW��� 1&�� FRUUHODWHV� ZLWK� FKDQJLQJ
LQ� VXUIDFH� FRYHUDJH� RI� WKH� ILOP� E\� WKH� 1&
GHWHUPLQHG� IURP� 7(0� LPDJHV� ����� �� DQG
������UHVSHFWLYHO\��

7KH�KLJK�FRQWHQW�RI�R[\JHQ�DQG�FDUERQ�LV
W\SLFDO� IRU� DOO� W\SHV� RI� ILOPV� IRUPHG� LQ� DW�
PRVSKHUH��7KH�DEVHQFH�RI�SHDNV�RI�VXEVWUDWH
HOHPHQWV��,Q�DQG�6Q��LQGLFDWHV�WKDW�WKH�ILOPV
GHSRVLWHG� IURP�VROXWLRQ�E\� WKH�VSLQ�FRDWLQJ
DUH�FRQWLQXRXV�DQG�SRURXVOHVV��

2SWLFDO� VSHFWUD� RI� 1&�39.� ILOPV� DUH
ODUJHO\� GHSHQGHQW� RQ� DQ� HIILFLHQW� )RUVWHU
UHVRQDQFH� HQHUJ\� WUDQVIHU� IURP� 39.
�GRQRU��WR�&G6H�=Q6�1&��DFFHSWRU��

,Q� DFFRUGDQFH� ZLWK� >�����Ü��@�� WKH� HIIL�
FLHQF\�RI�UDGLDWLRQOHVV�HQHUJ\�WUDQVIHU�SKRWR�
H[FLWDWLRQ� RI� WKH� LQGXFWLYH�UHVRQDQFH�PHFKD�
QLVP��)RUVWHU�HQHUJ\�WUDQVIHU��GHSHQGV�RQ�WKH
RYHUODS� LQWHJUDO� RI� WKH� GRQRU� OXPLQHVFHQFH
VSHFWUD� DQG� DFFHSWRU� DEVRUSWLRQ� VSHFWUD�� DQG
RQ�WKH�GLVWDQFH�EHWZHHQ�WKHP��,Q�WKHVH�GRQRU�
DFFHSWRU� V\VWHPV� WKH� OXPLQHVFHQFH� VSHFWUXP
LV�D�VXSHUSRVLWLRQ�RI�WKH�VSHFWUD�RI�LQGLYLGXDO
FRPSRQHQWV� RI� WKH� V\VWHP�� $Q� LQWHQVLW\� RI
WKH�OXPLQHVFHQFH�RI�WKH�GRQRU�LQ�WKH�SUHVHQFH
RI�WKH�DFFHSWRU�GHFUHDVHV�ZLWK�LQFUHDVLQJ�FRQ�
FHQWUDWLRQ�RI�WKH�DFFHSWRU�

7KH� LQWHQVLW\� RI� WKH� GRQRU� OXPLQHVFHQFH
FDQ�EH�GHWHUPLQHG�E\�WKH�H[SUHVVLRQ�>��@�

,'$
,' � ����������CCS&$5�

�� ���

ZKHUH� ,'$� LV� WKH� IOXRUHVFHQFH� LQWHQVLW\� RIWKH� GRQRU� �SRO\PHU�� LQ� GRQRU�DFFHSWRU�PL[�
WXUH�� ,'� LV� WKH� GRQRU� HPLVVLRQ� LQWHQVLW\� LQWKH� DEVHQFH� RI� DQ� DFFHSWRU��&$�Û� WKH� FRQ�
FHQWUDWLRQ� RI� WKH� DFFHSWRUV� �1&�� DQG�5��Û)RUVWHU�UDGLXV�

7KH� PRVW� REYLRXV� PDQLIHVWDWLRQ� RI� WKH
HQHUJ\� WUDQVIHU� LQ� QDQRFRPSRVLWH� V\VWHPV
39.�1&� LV�TXHQFKLQJ�RI�39.��GRQRU��SKR�
WROXPLQHVFHQFH� �3/�� LQWHQVLW\� LQ� SHDN� DW
OPD[� ����� QP� DQG� WKH� VLPXOWDQHRXV� LQ�

7DEOH��$WRPLF�FRQFHQWUDWLRQ�RI�HOHPHQWV�LQ�WKH�VXUIDFH�OD\HU�RI�WKH�VDPSOHV
7KH�1&�FRQFHQWUD�
WLRQ�LQ�WKH�QDQR�
FRPSRVLWH���ZW���

&DW����
1 =Q &G 6 6H ,Q 6Q 2 &

�� ��� ��� ��� ��� ��� � � ��� ����
�� ��� ��� ��� ��� ��� � � ��� ����

2�2�0DWYLHQNR�HW�DO����0RUSKRORJ\�DQG�OXPLQHVFHQFH����

��� )XQFWLRQDO�PDWHULDOV�������������



FUHDVLQJ� WKH� 1&� 3/� LQWHQVLW\� �OPD[� ���� QP�� XSRQ� SKRWRH[FLWDWLRQ� LQ� WKH� DE�
VRUSWLRQ�EDQG�RI�WKH�GRQRU�

7KH�UHODWLYH�TXHQFKLQJ�RI�WKH�39.�IOXR�
UHVFHQFH� �,39.��DV�IXQFWLRQ�RI�&$� LV�SORWWHGLQ�)LJ�����FXUYH�����,W�LV�VHHQ��WKDW�3/�LQWHQ�
VLW\� RI�39.� LQ� WKH� ILOPV� OLQHDUO\�GHFUHDVHV
ZLWK� LQFUHDVLQJ� 1&� FRQFHQWUDWLRQ�� 7KH� 5�FDQ� EH� H[SUHVVHG� E\� DSSUR[LPDWLRQ� RI� H[�
SHULPHQWDO�SRLQWV�E\�H[SUHVVLRQ������$QG�5�IRU� 39.� Û� &G6H�=Q6� QDQRFRPSRVLWHV� ZDV
GHWHUPLQHG�WR�EH�����QP�

7KH�HPLVVLRQ�LQWHQVLW\�RI�&G6H�=Q6��,1&�LQ�WKH�QDQRFRPSRVLWH�ILOPV��)LJ�����FXUYH���
OLQHDUO\�LQFUHDVHV�ZLWK�LQFUHDVLQJ�FRQFHQWUD�
WLRQ�WR����ZW�����7KHUHIRUH��DV�FDQ�EH�VHHQ
IURP�)LJ�����WKDW�FOXVWHUL]DWLRQ�EHKDYLRU�RI
1&�LQ�SRO\PHU�ILOPV���FRQJHVWLRQ��LQ�TXDVL�
WZR� 1&� FOXVWHUV�� DW� ORZ�1&� FRQFHQWUDWLRQV
KDV� QR� LQIOXHQFH� RQ� WKH� VSHFWUDO� FKDUDF�
WHULVWLFV�RI�3/�RI�WKH�1&�

7KH�,1&� KDV� D�PD[LPXP�DW� WKH�1&�FRQ�FHQWUDWLRQ� LQ� ��� ZW�����:KHQ� WKH� FRQFHQ�
WUDWLRQ� RI� 1&� LQ� WKH� FRPSRVLWHV� LV� PRUH
WKDQ����ZW�����D�UHGXFWLRQ�RI�,1&�REVHUYHG�$OVR�LW�FDQ�EH�VHHQ��)LJ���G��WKH�FKDQJLQJ�RI
WKH�FRQILJXUDWLRQ�RI�1&�FOXVWHUV��1DQRFU\V�
WDOV� IRUP� WKUHH�GLPHQVLRQDO� VWUXFWXUHV� �DJ�
JUHJDWHV��ZLWK�PRUH�GHQVH�SDFNLQJ�WKDQ�IRU
WZR�GLPHQVLRQDO� FOXVWHUV� RI� QDQRSDUWLFOHV�
3RVVLEO\�� LQ� WKHVH� FORVH�SDFNHG� VWUXFWXUHV�
WKH� HOHFWURQLF� H[FLWDWLRQV� DUH� GHORFDOL]HG
RYHU� WKH� VHW� RI� WKH� 1&� ZLWK� QRQ�UDGLDWLYH
GHJUDGDWLRQ�RI�WKH�H[FLWDWLRQ�HQHUJ\�

&RQVHTXHQWO\�� WKH� UHODWLYH� GHFUHDVH� RI
FRQFHQWUDWLRQ�RI�LQGHSHQGHQW�DFFHSWRUV��1&�
ZLWK�LQFUHDVLQJ�FRQFHQWUDWLRQ�RI�DJJUHJDWHV
RI�FORVHO\�SDFNHG�1&�LV�D�PDMRU�FDXVH�RI�,1&TXHQFKLQJ�

,Q� DFFRUGDQFH� ZLWK� >��@�� WKH� RUJDQL]DWLRQ
RI�WKH�1&�LQ�SRO\PHU�PDWUL[�FDQ�EH�GHVFULEHG
E\�WKUHH�PRGHO�VFKHPH��)LJ�����,Ü,,,���,Q�JHQ�
HUDO�� HDFK� VWDWHV� RI� 1&� RUJDQL]DWLRQ� RFFXU
GHSHQGLQJ� RQ� WKH� SDUDPHWHUV� RI� H[SRQHQWLDO
SRO\PHU�1&�DWWUDFWLYH�SDLU�SRWHQWLDO�RI�(T����

83&�U�� ��H3&H[S��
U���V3&
DG �� ���

ZKHUH�V3&� ��'�G�����D�Û�WKH�VSDWLDO�UDQJH
SDUDPHWHU��PDWHULDO�GHSHQG���'�Û�GLDPHWHU
RI��SRO\PHU�PDFURPROHFXOH��G�Û�1&�GLDPH�
WHU��U�Û�WKH�GLVWDQFH�EHWZHHQ�WKH�FHQWHUV�RI
1&�� H3&�Û� WKH� DWWUDFWLYH�PLQLPXP� HQHUJ\
RI�PRQRPHU�1&�LQWHUDFWLRQ��ZKLFK�LV�

H3&�|�
(3&G
�E �� ���

ZKHUH� (3&� Û� WKH� /HQQDUG�-RQHV� SRWHQWLDO
SDUDPHWHU� IRU� WKH� HOHPHQWDU\� XQLWV� ZLWK
VL]H�E��E���G���'��

)RU�PRGHO�,��)LJ������LQ�ZKLFK�EULGJLQJ�RI
SRO\PHU� PRQRPHUV� SUHVHQWV� EHWZHHQ� WKH
1&�� FDQ� EH� FKDUDFWHUL]HG� E\� WKH� IROORZLQJ
SDUDPHWHUV��D� �������H3&� �������)RU�D� ������
H3&� �����WKH�FRQWDFW�RI�1&�DJJUHJDWLRQ�H[�
KLELWV��PRGHO�,,���)LQDOO\��IRU�D� ������H3&� �����PRGHO�,,,��� LW� LV�GRPLQDQW�WKH�WHQGHQF\�IRU
1&�WR�EH�VWHULFDOO\�VWDELOL]HG�E\�WKH�ORQJHU�
UDQJH�G�VWURQJ�DWWUDFWLRQV�EHWZHHQ�SRO\PHU
DQG�1&�

:H� FDOFXODWHG� WKH� GLVWDQFH� EHWZHHQ� WKH
FHQWHUV� RI� 1&�&G6H�=Q6� LQ� WKH� OLQHDU� FRQ�
FHQWUDWLRQ�GHSHQGHQFH�RI�,1&�,Q�SDUWLFXODU��DW�WKH�FRQFHQWUDWLRQ�RI�1&
LQ� WKH� QDQRFRPSRVLWH� RI� ��Ü��� ZW��� WKH
GLVWDQFH�EHWZHHQ�FHQWHUV�RI�WKH�1&�LV���QP
�)LJ���D��E���6LQFH�WKH�GLDPHWHU�RI�WKH�1&�LV
�� QP� DQG� WKH� WKLFNQHVV� RI� 7232� OLJDQG
VKHOO� LV� DERXW� �� QP�� D� WKLQ� SRO\PHU� OD\HU
EHWZHHQ�WKH�1&��DERXW���QP��LV�SUHVHQW�WKDW
FRUUHVSRQGV� WR� WKH�PRGHO� �,��� ,QWHUHVWLQJO\�
WKH� VDPH� GLVWDQFH� EHWZHHQ� WKH� 1&� LV� RE�
VHUYHG�DW�ORZHU�FRQFHQWUDWLRQV�RI�1&�

$W� WKH�PDVV�UDWLR�1&�39.����� �)LJ���G�
WKH� GLVWDQFH� EHWZHHQ� WKH� FHQWHUV� RI� 1&� LV
��QP��7DNLQJ� LQWR�DFFRXQW�WKH�WKLFNQHVV�RI
WKH�7232�OD\HU��RQH�FDQ�FRQFOXGH�WKDW�WKHUH
LV� GLUHFW� FRQWDFW� RI� WKH� OLJDQG� VKHOO
QDQRFU\VWDOV� DQG� WKHLU� LQWHUDFWLRQ� YLD� GLV�
SHUVLRQ�IRUFHV��7KLV�PRUSKRORJ\�RI�WKH�FRP�

)LJ�����5HODWLYH�3/�LQWHQVLW\�RI�39.�����DQG
1&� RI� &G6H�=Q6� ���� DV� IXQFWLRQ� RI� WKH� 1&
FRQFHQWUDWLRQ� LQ� WKH� QDQRFRPSRVLWH� ILOPV�
7KH�LQVHW�VKRZV�WKH�VFKHPDWLF�LOOXVWUDWLRQ�RI
WKUHH� VWDWHV� RI� WKH� SDUWLFOHV� RUJDQL]DWLRQ� LQ
WKH�SRO\PHU�PDWUL[���,��Û�WKLQ�OD\HU�RI�SRO\�
PHU� EHWZHHQ� 1&�� �,,�� Û� GLUHFW� FRQWDFW� RI
1&�1&�� �,,,��Û� VWHULF� VWDELOL]DWLRQ� RI�1&�E\
SRO\PHU�OD\HUV�
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SRVLWH� ILOP� FRUUHVSRQGV� WR� WKH� PRGHO� �,,�
ZLWK�SDUDPHWHUV�D� �������H3&� ������,W� LV� REYLRXV�� WKDW�PRGHO� �,�� DQG� �,,�� GH�
VFULEH�WKH�VWDWH�RI�WKH�FRPSRVLWH�V\VWHP�IRU
GLIIHUHQW� VWDJHV� RI� SKDVH� VHSDUDWLRQ� RI� WKH
FRPSRQHQWV�RI�WKH�V\VWHP���

,Q� RUGHU� WR� PLQLPL]H� RU� HOLPLQDWH� WKH
IRUPDWLRQ� RI� DJJUHJDWHV�� FDXVLQJ� 3/
TXHQFKLQJ� RI� WKH� QDQRFRPSRVLWH�� DQG� WR
PD[LPL]H� WKH�FRQFHQWUDWLRQ�RI� LVRODWHG�1&�
LW� LV� QHFHVVDU\� WR� SURYLGH� FRQGLWLRQV� IRU
VWHULF�VWDELOL]DWLRQ�RI�1&��PRGHO�,,,�LQ�)LJ�����
6XFK�FRQGLWLRQV�FDQ�EH�HQVXUHG�� LQ�SDUWLFX�
ODU�� E\� FKRRVLQJ� WKH� PDWHULDO� IRU� OLJDQG
VKHOO� RQ� WKH� VXUIDFH� RI� 1&�� ZKLFK� LV� WKH
VXEMHFW�RI�RXU�IXUWKHU�UHVHDUFK�

���&RQFOXVLRQV
,Q� WKH� SUHVHQW� ZRUN� WKH� VWUXFWXUH� DQG

RSWLFDO�FKDUDFWHULVWLFV�RI�WKLQ�SRO\PHU�LQRU�
JDQLF�QDQRFRPSRVLWH�ILOPV�REWDLQHG�E\�VSLQ�
FRDWLQJ�PHWKRG�RQ�WKH�EDVLV�RI�SRO\�Q�YLQ\O�
FDUED]ROH�� DQG� VHPLFRQGXFWRU� QDQRFU\VWDOV
RI�&G6H�=Q6�DUH�VWXGLHG��7KH�HQHUJ\�WUDQV�
IHU�HIILFLHQF\�IURP�39.�WR�&G6H�=Q6� LV�HV�
WLPDWHG�E\�WKH�)RUVWHU�UDGLXV�DV�����QP��,W
ZDV�VKRZQ��WKDW�3/�LQWHQVLW\�RI�WKH�FRPSRV�
LWH�KDG�D�PD[LPXP�DW�WKH�1&�FRQFHQWUDWLRQ
RI����ZW���

7KH�3/�TXHQFKLQJ�REVHUYHG�DW�WKH�KLJKHU
FRQFHQWUDWLRQV� �!��� ZW���� LV� H[SODLQHG� E\
WKH� 1&� DJJUHJDWLRQ� WKDW� LV� FRQILUPHG� E\
7(0�� 8VLQJ� ;�UD\� SKRWRHOHFWURQ� VSHFWURV�
FRS\� DQG� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\
LW�KDV�EHHQ�HVWDEOLVKHG��WKDW�LQ�IXOO�FRQFHQ�
WUDWLRQ� VFDOH� &G6H�=Q6� QDQRFU\VWDOV� IRUP
SODQH�FORVHO\�SDFNHG�VWUXFWXUHV�IURP����QP

WR� VHYHUDO� PLFURPHWHUV� RQ� WKH� 39.� ILOP
VXUIDFH�� WKDW� LV�DWWHQGHG�E\�WKH�1&�FHQWHU�
WR�FHQWHU�GLVWDQFH�GHFUHDVH�ZLWK�WKH�1&�FRQ�
FHQWUDWLRQ� LQFUHDVLQJ�� 3KDVH� VHSDUDWLRQ
SURFHVV� LV� FRQVLGHUHG� LQ� WKH� IUDPHZRUN� RI
6FKZHLW]HU�V�PRGHOV�

5HIHUHQFHV
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� ���/�0�.RNKW\FK�� 7�1�6PLUQRYD�� 1DQRV\VWHPV�

1DQRPDWHULDOV�� 1DQRWHFKQRORJLHV�� ��� ���
�������

� ���-�.ZDN�� )�(�$OHPGDURJOX�� -�:DQJ� HW� DO��
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DO���-��3K\V��&KHP���������������������
����=K�7DQ�� )�=KDQJ�� )�=KX�� 7�;X� HW� DO��� 1DQR

/HWW������������������
����1�/LX�� +�&KHQ�� )�&KHQ� HW� DO��� &KHP��3K\V�

/HWW������������������
����3�&KLQ��5�+LNPHW��5�-DQVVHQ��-�� $SSO��3K\V��

�������������������
����9�0�$JUDQRYLFK��0�'�*DODQLQ��(QHUJ\�7UDQV�

IHU�RI�(OHFWURQ�([FLWDWLRQV�LQ�&RQGHQVHG�0DW�
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