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7KH� H[LVWHQFH� RI�QÜQ�� WUDQVLWLRQ� LQ� WKH� HODVWLF� DUHD� RI� WKH� LPSODQWHG� FU\VWDO�PDWUL[

*D$V��������$U�6L��LV�GLVFXVVHG�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�HOHFWURQ�GHIRUPDWLRQ�PRGHO��,W
LV� VKRZQ� WKDW� QÜQ�� WUDQVLWLRQ� EHFRPHV� VKDUSHU� ZLWK� WKH� LQFUHDVH� RI� FRQGXFWLYLW\� ]RQH
SRSXODWLRQ����d�QBB�d�������7KXV�WKH�SODQH��ZKLFK�FRUUHVSRQGV�WR�WKH�ERUGHU�RI�WUDQVLWLRQ��LV
VKLIWHG�WR�WKH�ERUGHU�RI�HODVWLFLW\�ZLWK�WKH�LQFUHDVH�RI�QBB�
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7R� FUHDWH� PDWHULDOV� ZLWK� JLYHQ� SK\VLFDO
SURSHUWLHV�>�@�LW�LV�LPSRUWDQW�WR�SUHGLFW�WKH
LPSODQWHG�DGPL[WXUH�GLVWULEXWLRQ�SURILOH� LQ
WKH�FU\VWDO�PDWUL[��$ORQJ�ZLWK�WKH�LQIRUPD�
WLRQ� RQ� WKH� DGPL[WXUH� GLVWULEXWLRQ�� WKH� LQ�
IRUPDWLRQ� RQ� VHOI�FRQVLVWHQW� HOHFWURQV� DQG
HOHFWURVWDWLF� SRWHQWLDO� GLVWULEXWLRQ� LQ� WKH
LPSODQWHG�FU\VWDO�PDWUL[�LV�YHU\�LPSRUWDQW�

7KH� DLP� RI� RXU� ZRUN� LV� WKH� WKHRUHWLF
VWXG\�RQ�WKH�QDWXUH�RI�HOHFWURQV�UHGLVWULEX�
WLRQ� DQG� WKH� FKDQJH� RI� HOHFWURVWDWLF� SRWHQ�
WLDO� LQ� WKH� LPSODQWHG� FU\VWDO� PDWUL[
�*D$V��������$U�6L���� 7KHLU� QDWXUH� LV� FDXVHG
E\�GLIIXVLRQDOO\�HOHFWURQ�GHIRUPDWLRQ�HIIHFWV�

,PSXULWLHV� LPSODQWDWLRQ� FDXVHV� WKH� LQKR�
PRJHQHRXV�GHIRUPDWLRQ�8�U�� �6S8A �U��LQ�WKH
FU\VWDO�PDWUL[��7KH�GHIRUPDWLRQ��LQ�LW�WXUQ�
OHDGV� WR� WKH� ORFDO� FKDQJH� RI� ]RQH� VSHFWUD�
7KLV� UHVXOWV� LQ� VSDFH� UHGLVWULEXWLRQ� RI� WKH
HOHFWURQV� 'Q�U��� ZKLFK� FDXVHV� WKH� HOHFWUR�
VWDWLF�SRWHQWLDO�M�U��WR�DULVH�

7R� ILQG� WKH� HOHFWURQ� GHQVLW\� 'Q�U�� DQG
HOHFWURVWDWLF� SRWHQWLDO�M�U�� LQ� WKH� LPSODQWD�
WLRQ� GLUHFWLRQ� �DORQJ� 2;� D[LV�� RQH� VKRXOG
VROYH� WKH� IROORZLQJ�HTXDWLRQV� VHW� LQ� FRRUGL�
QDWLRQ�>�@�
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ZKHUH� D� �K����P�� O�� LV� WKH� HQHUJ\� RI� WKHFRQGXFWLRQ� EDQG� ERWWRP� LQ� QRQ�GHIRUPHG
FU\VWDO�PDWUL[��6�LV�WKH�FRQVWDQW�RI�WKH�FRQ�
GXFWLRQ�EDQG�GHIRUPDWLRQ�SRWHQWLDO�
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VWUXFWLRQ�� IRU� WKH� HOHFWURQV� ZLWK� V� VSLQ� LQ
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ORFDOL]HG�9DQLHU�VWDWH�LQ�MXQFWLRQ�L��:�LV�WKH
HQHUJ\� ZKLFK� GHILQHV� WKH� SRVLWLRQ� RI� HOHF�
WURQ� ]RQH� PLGGOH�� OLM�� DUH� WKH� LQWHJUDOV� RI
WUDQVLWLRQ� LQ� WKH� FRQGXFWLYLW\� ]RQH� RI� QRQ�
GHIRUPHG� ODWWLFH�� .$� LV� WKH� HODVWLFLW\� FRQ�
VWDQW�� :�� LV� WKH� YROXPH� RI� DQ� HOHPHQWDU\FHOO��+A FRXO�LV�WKH�HQHUJ\�RI�&RXORPE�LQWHUDF�
WLRQ�EHWZHHQ�WKH�HOHFWURQV��VPHFK�LV�WKH�PH�FKDQLFDO�VWUHVV��FUHDWHG�E\�WKH�LPSODQWHG�DG�
GLWLYHV�� 9� LV� WKH� YROXPH� RI� WKH� LPSODQWHG
FU\VWDO�PDWUL[�

���WKH�HTXDWLRQ�IRU�WKH�HOHFWURQV�FRQFHQ�
WUDWLRQ�Q�U�
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ZKHUH�Oa� �OQ�Ü�O����� 3RLVVRQ�V� HTXDWLRQ� WR� GHWHUPLQH� WKH
HOHFWURVWDWLF�SRWHQWLDO��

��M�U�� � �HHH�
'Q�U� ���

DQG� WKH� HTXDWLRQ� IRU� ILQGLQJ� WKH� FKHPLFDO
SRWHQWLDO�LQ�WKH�LPSODQWHG�FU\VWDO

:�
9 ³�9 Q�U�GU� �QBB������d�QBB�d���� ���

ZKHUH� QBB� LV� WKH� JLYHQ� DYHUDJH� QXPEHU� RI
HOHFWURQV�LQ�D�MXQFWLRQ�

,Q� RXU� SUREOHP� WKH� FDVH� RI� LPSODQWHG
FU\VWDO� PDWUL[� ZLWK� D� VL]DEOH� DYHUDJH� FRQ�
FHQWUDWLRQ� RI� FRQGXFWLYLW\� HOHFWURQV
�Q��t������FPÜ��� LV� FRQVLGHUHG�� 7KLV� FDVH
FDQ�EH�UHDOL]HG�LI�WKH�FU\VWDO�PDWUL[�*D$V�LV
LPSODQWHG� ZLWK� $U� >�@� RU� 6L� >�@� DGGLWLYHV�
7KHQ�WKH�UHGLVWULEXWLRQ�RI�FRQGXFWLYLW\�HOHF�
WURQV�� UHVXOWLQJ� IURP� WKH� GHIRUPDWLRQ� RI
WKH� LPSODQWHG� FU\VWDO� PDWUL[�� FDQ� OHDG� WR
YLUWXDOO\� IXOO� FRPSHQVDWLRQ� RI� FRQGXFWLYLW\
]RQH� GHIRUPDWLRQ� GLVSODFHPHQW� E\� HOHFWUR�
VWDWLF� LQWHUDFWLRQ�HQHUJ\� �_HM_�a�68��� ,Q� WKLV
FDVH�� D�ZDYH� IXQFWLRQ� LQ� WKH� IRUP�RI�SODQH
ZDYH� LV�D�JRRG�DSSUR[LPDWH�VROXWLRQ�RI�WKH
6FKURGLQJHU�HTXDWLRQ������7KLV�FRQGLWLRQ�FDQ
EH�UHDOL]HG�DW�KLJK�LQLWLDO��LQ�QRW�FRPSOHWHO\
IRUPHG� VWDWH�� FRQFHQWUDWLRQV� RI� HOHFWURQV�
ZKLFK� LV� FKDUDFWHULVWLF� IRU� VHPLFRQGXFWRUV
ZLWK� KLJK� GRSLQJ� OHYHO�� 7KH� UHGLVWULEXWLRQ
RI� HOHFWURQV�� GXH� WR� WKH� GLVSODFHPHQW� DQG
ORFDO�EUHDGWK�FKDQJH�RI�FRQGXFWLYLW\�]RQH�DW
QRQKRPRJHQRXV� GHIRUPDWLRQ�� OHDGV� WR� FRQ�
VLGHUDEOH� FKDUJH� DFFXPXODWLRQ�� DQG� WKH� HQ�
HUJ\�RI� HOHFWURVWDWLF� LQWHUDFWLRQ�EHFRPHV�RI

WKH� VDPH� RUGHU� DV� WKH� GHIRUPDWLRQ� HQHUJ\
68�>�@���

,Q� WKH� OLQHDU� DSSUR[LPDWLRQ�� WKH� FKDQJH
RI� FRQGXFWLYLW\� HOHFWURQV� FRQFHQWUDWLRQ
DERXW� WKH� GHIHFW� 'Q�U�� �Q�U��Ü�Q�� LV� GHWHU�PLQHG�E\�WKH�IROORZLQJ�UHODWLRQ�>�@
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7KH� GHIRUPDWLRQ� WKDW� DSSHDUV� GXH� WR
QRQ]HUR�YROXPH�RI�WKH�LPSODQWHG�DGGLWLYH�LV
GHWHUPLQHG�DV�IROORZV�>�@�
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ZKHUH�NQL� �9L�9��� �9L��1�[���9���1�� DUH� UH�
VSHFWLYHO\� WKH� YROXPH� DQG� FRQFHQWUDWLRQ� RI
WKH� GRSHG� DGGLWLYH� DQG� FU\VWDO� PDWUL[
DWRPV���

:H� UHFRJQL]H� WKH� LQLWLDO� GLVWULEXWLRQ� RI
WKH� LPSODQWHG� DGGLWLYHV�1�[�� DV� WKH� GLVWUL�
EXWLRQ��FUHDWHG�E\�JUDGLHQW�GLIIXVLRQ�

1�[�� �1UH�X'�[���[������[�t�[��� ���
ZKHUH� 1U� LV� WKH� DGGLWLYH� FRQFHQWUDWLRQ� LQWKH� SODQH�[� �[��� ZKLFK� FRUUHVSRQGV� WR� WKH
HODVWLFLW\�OLPLW��X�LV�WKH�UDWH�RI�FU\VWDO�VXU�
IDFH� GLVSODFHPHQW� GXULQJ� WKH� LPSODQWDWLRQ
ZLWK�DGGLWLYHV��,I�ZH�WDNH�LQWR�DFFRXQW����������
����3RLVVRQ�HTXDWLRQ�EHFRPHV�WKH�IROORZLQJ�
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ZKHUH� HU� �1U�1�� LV� WKH� GHIRUPDWLRQ� SD�UDPHWHU�DW�WKH�HODVWLFLW\�OLPLW�
7KH� VHFRQG� ERXQGDU\� FRQGLWLRQ� M�[��� LVFKRVHQ�VR�WKDW�LQ�WKH�UHJLRQ�[���>[���f��WKHFRQGLWLRQ�RI�FU\VWDO�PDWUL[�HOHFWURQHXWUDOLW\

ZLWK�WKH�LPSODQWHG�DGGLWLYHV�LV�WUXH�

5�0�3HOHVKFKDN�HW�DO����7KH�IRUPDWLRQ�RI�QÜQ������
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7KH� H[SUHVVLRQ� ����� IRU� WKH� HOHFWURVWDWLF
ILHOG�SRWHQWLDO��FUHDWHG�E\�WKH�UHGLVWULEXWLRQ
RI� HOHFWURQ� GHQVLW\�� FRQVLVWV� RI� WZR� LWHPV�
7KH� ILUVW� LWHP� FRUUHVSRQGV� WR� WKH� SRWHQWLDO
FRPSRQHQW�� GHWHUPLQHG� E\� HOHFWURQ� GHIRU�
PDWLRQ� LQWHUDFWLRQ�� 7KH� VHFRQG� LWHP� GH�
VFULEHV�WKH�FRPSRQHQW�RI�HOHFWURVWDWLF�ILHOG�
FUHDWHG�E\�VSDWLDO�UHGLVWULEXWLRQ�RI�WKH�HOHF�
WURQV�GXH�WR�WZR�HIIHFWV�ZLWK�RSSRVLWH�GLUHF�
WLRQV�� RUGLQDU\� JUDGLHQW� GLIIXVLRQ� DQG� PH�
FKDQLF�GHIRUPDWLRQ� GLIIXVLRQ�� 7KH� DQDO\VLV
RI�IRUPXOD������VKRZV�WKDW�LQ�WKH�UHJLRQ�RI
FU\VWDO� PDWUL[�� GLVWDQW� IURP� WKH� HODVWLFLW\
WKUHVKROG� �[�!!�[����M�[�� SRWHQWLDO� WHQGV� WR]HUR�

7KH� UHVXOWV� FRRUGLQDWH� GHSHQGHQF\� QX�
PHULFDO� FRPSXWDWLRQV� IRU� WKH� HOHFWURVWDWLF
SRWHQWLDO� M�[�Ü[���� VSHFLILHG� E\� WKH� VSDWLDOUHGLVWULEXWLRQ� RI� WKH� HOHFWURQV� GXH� WR� WKH
ORFDO�FKDQJH�RI�FRQGXFWLYLW\�]RQH�EUHDGWK�DW
QRQKRPRJHQRXV� GHIRUPDWLRQ� RI� WKH� PDWUL[
*D$V������ ODWWLFH� LPSODQWHG� ZLWK� WKH� DGGL�

WLYHV�$U�6L���WDNLQJ�LQWR�DFFRXQW�HOHFWURQ�GH�
IRUPDWLRQ� LQWHUDFWLRQ�� DUH� REWDLQHG� DW� WKH
IROORZLQJ� YDOXHV� RI� WKH� SDUDPHWHUV�
6�  � ����� H9�� HU� ������� .$� ������H9�c��H�  ������� D� ������H9�c��� :�� �����c��'� ���c��F�� X� ���c�F� >�@� DQG� VKRZQ� LQ
)LJ�����$V�RQH�FDQ�VHH��ZLWK�WKH�LQFUHDVH�RI
FRQGXFWLYLW\�]RQH�SRSXODWLRQ�LQ�WKH�LQWHUYDO
��d�QBB�d�����WKH�HOHFWURVWDWLF�SRWHQWLDO�LQ�LP�
PHGLDWH� SUR[LPLW\� WR� WKH� HODVWLFLW\� ERXQG�
DU\� �[�t�[������� LQFUHDVHV�� DQG� DW� WKH� GLV�
WDQFHV�[�t�[F�Q

BB�� WKH� QDWXUH� RI� WKLV� GHSHQG�
HQFH� FKDQJHV� WR� WKH� RSSRVLWH�� [F�Q

BB�� LV� D
SODQH��LQ�ZKLFK�WKH�FKDQJH�RI�FRQFHQWUDWLRQ
LV�'Q� ��� �)LJ������ WKDW� LV�� LW� LV� WKH� ERXQG�
DU\�RI�QÜQ��WUDQVLWLRQ��

6XFK�SRWHQWLDO�FKDQJH�DORQJ�ZLWK�WKH�LQ�
FUHDVH� RI� QBB� LQ� WKH� LQWHUYDO� ��d�QBB�d����� LV
FRQQHFWHG�ZLWK�WKH�IDFW�WKDW�QHDU�WKH�HODVWLF�
LW\�ERXQGDU\��[�t�[���WKH�HQHUJHWLF�EUHDGWK�RIFRQGXFWLYLW\� ]RQH� EHFRPHV� QDUURZHU� FRP�
SDUHG� WR� WKH�EUHDGWK�RI� FRQGXFWLYLW\�]RQH� LQ
WKH�UHJLRQ�[�t�[F�Q

BB��GXH�WR�WKH�RSSRVLWH�FKDU�
DFWHU� RI� HOHFWURQ�GHIRUPDWLRQ� FRPSRQHQW� LQ
WKH�GHIRUPDWLRQ� �'8HO�GHI� �Ü6���'Q�[��.$�� LQWKHVH�UHJLRQV��)LJ������

7KH� DQDO\VLV� RI� FRRUGLQDWLYH� GHSHQGHQFH
RI� HOHFWURQ� FRQFHQWUDWLRQ� FKDQJH� 'Q�[�
VKRZV� �)LJ����� WKDW� LQ� WKH� QHLJKERUKRRG
[����[�d�[F�WKHUH�LV�D�ODFN�RI�FXUUHQW�FDUULHUV�DQG� LQ� WKH� UHJLRQ� [�!�[F� WKHUH� LV� VXUSOXV� RIWKHP�� 6R�� WKH� LPSODQWDWLRQ� RI� FU\VWDO� PDWUL[
*D$V�E\�WKH�6L�RU�$U�DGGLWLYHV�FDXVHV�WKH�IRU�
PDWLRQ� RI� GRXEOH� HOHFWULF� OD\HU� LQ� HODVWLFDOO\
GHIRUPHG�UHJLRQ��[&�Ü�GÜ�Q

BB����[���[&���G��Q
BB���

ZKHUH� GÜ�QBB��� G��QBB�� DUH� UHVSHFWLYHO\� WKH� HI�
IHFWLYH� EUHDGWK�RI� WKH� UHJLRQ�ZLWK� WKH� ODFN

)LJ����� 7KH� FRRUGLQDWH� GHSHQGHQFH� RI� HOHF�
WURQV�FRQFHQWUDWLRQ�FKDQJH�'Q�[��DW�GLIIHUHQW
QBB����Û��������Û��������Û�������KDWFK�PDUNV
WKH�ERXQGDU\�[� �[F�Q

BB��RI�QÜQ��WUDQVLWLRQ�

)LJ�����7KH�FRRUGLQDWH�GHSHQGHQFH�RI�HOHFWUR�
VWDWLF� SRWHQWLDO� � �M�[�� DW� GLIIHUHQW� YDOXHV� RI
FRQGXFWLYLW\�]RQH�SRSXODWLRQ�QBB�����Û�QBB� �����
��Û��������Û������

5�0�3HOHVKFKDN�HW�DO����7KH�IRUPDWLRQ�RI�QÜQ������
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DQG�VXUSOXV�RI�HOHFWURQV��:LWK�WKH�LQFUHDVH
RI�FRQGXFWLYLW\�]RQH�SRSXODWLRQ�LQ�WKH�LQWHU�
YDO� ����QBB������� WKH�UHJLRQ�RI�EDUULHU� VWUXF�
WXUH��Q�Ü�Q���EHFRPHV�PRUH�DEUXSW��

)LJ����VKRZV�WKDW�LQ�HODVWLFDOO\�GHIRUPHG
UHJLRQ��[����[�d�[F���WKH�HOHFWURQ�FRPSRQHQW
RI� GHIRUPDWLRQ� �'8HO�GHI� �Ü6���'Q�[��.$�UHVWUHWFKHV� WKH� FU\VWDO� PDWUL[�� DQG� LQ
[�!�[F� UHJLRQ� VTXHH]HV� LW�� ZKLFK� FRXQWHU�DFWV�WKH�PHFKDQLFDO�GHIRUPDWLRQ�RI�VWUHWFK�
LQJ��FDXVHG�E\�WKH�LPSODQWHG�DGGLWLYHV��

6R�� WKH� VXPPDU\� QRQKRPRJHQRXV� GHIRU�
PDWLRQ� 8PHFK���'8HO�GHI�� FDXVHG� E\� SXUHO\PHFKDQLFDO� DV� ZHOO� DV� HOHFWURQ�GHIRUPDWLRQ
VWUDLQV�� ZLOO� LQIOXHQFH� WKH� GLIIXVLRQ� RI� WKH
DGGLWLYH��7DNLQJ� LQWR�DFFRXQW�WKHVH�HIIHFWV�
ZH�FDQ�ZULWH�WKH�VWDWLRQDU\�GLIIXVLRQ�HTXD�
WLRQ�LQ�WKH�IROORZLQJ�IRUP�
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7KH� VHFRQG� LWHP� FKDUDFWHUL]HV� WKH� TXDOL�
WDWLYHO\� QHZ� SKHQRPHQRQ� Û� �GHIRUPDWLRQ
UHWUDFWLRQ� VWUHDPLQJ��� ZKLFK� LV� FDXVHG�� LQ
RXU� FDVH�� E\� QRW� RQO\� PHFKDQLFDO� >�@�� EXW
DOVR�HOHFWURQ�FRPSRQHQW�RI�WKH�GHIRUPDWLRQ�
+HDY\VLGH� IXQFWLRQ� �T�1U�Ü�1�� VKRZV� WKDWWKLV�LWHP�LV�QRQ]HUR�LQ�WKH�UHJLRQ�RI�HODVWLF
GHIRUPDWLRQV��1���1U����7DNLQJ� LQWR�DFFRXQW�WKH�ERXQGDU\�FRQGL�
WLRQV� w1w[ _[�o�f� �1�f�� ��� DQG� 1�[��� �1U�
ZH�REWDLQ�WKH�VROXWLRQ�RI�WKH�HTXDWLRQ������

1
1U

H[Sª«¬
.QD

§̈
©
����6

�5V
.D

·̧
¹
§̈
©
����11U

·̧
¹
º»¼
� �

�

� �H[S§̈
©
��X'�[���[��·̧¹

�H[S
ª
«
¬

««
««
�.QD

6�5V
.D

§
¨
©

¨̈
¨̈

X
'JV
X�

'�JV�
����

H�JV�[���[����

§
¨
©
¨
¨
ª
«
¬
«
«

��� �
X�

'�JV�
��

H� X
'�[���[����� �

���� X
'JV

·
¸
¹
¸
¸
�º
»
¼
»
»
�

����

,Q�)LJ����ZH�FDQ�VHH�WKH�DGGLWLYHV�GLVWUL�
EXWLRQ� FRRUGLQDWH� GHSHQGHQFH� RQ� WKH� HOHF�
WURQ� ]RQH� SRSXODWLRQ�� 2QH� FDQ� QRWLFH� WKDW
WKH� KLJKHU� WKH� FRQGXFWLYLW\� ]RQH� LV� SRSX�
ODWHG� E\� HOHFWURQV�� WKH� PRUH� WKH� SRWHQWLDO
SURILOH�RI�DGGLWLYHV�GLVWULEXWLRQ� LV� ORFDOL]HG
WR�WKH�HODVWLFLW\�ERXQGDU\��7KLV�LV�FRQQHFWHG
ZLWK�WKH�IDFW�WKDW�WKH�LQFUHDVH�RI�FRQGXFWLY�
LW\� ]RQH�QBB� SRSXODWLRQ� LQFUHDVHV� WKH� FRQWUL�
EXWLRQ� RI� HOHFWURQ�GHIRUPDWLRQ� VWUHDPLQJ�
RSSRVLWH�LQ�WKH�GLUHFWLRQ�WR�WKH�JUDGLHQW�RQH
>�@��LQWR�WKH�GLIIXVLRQ�SURFHVV���

6R�� EDVLQJ� RQ� WKH� UHVXOWV� REWDLQHG�� ZH
FDQ�PDNH�WKH�IROORZLQJ�FRQFOXVLRQV�

��� LQ�WKH�HODVWLF� UHJLRQ�RI� WKH� LPSODQWHG
FU\VWDO� PDWUL[� *D$V�$U�6L�� WUDQVLWLRQ� DS�
SHDUV�

���LW�LV�HVWDEOLVKHG�WKDW�ZKLOH�WKH�SRSXOD�
WLRQ� RI� FRQGXFWLYLW\� ]RQH� ���d�QBB�d������ LQ
WKH�UHJLRQ�EHWZHHQ�WKH�ERXQGDU\��[� �[F�Q

BB��
RI�QÜQ��WUDQVLWLRQ�DQG�WKH�HODVWLFLW\�ERXQG�
DU\� �[� �[��� LQFUHDVHV�� WKH� HOHFWURVWDWLF� SR�WHQWLDO� LQFUHDVHV�� EXW� EH\RQG� WKLV� UHJLRQ� LW
GHFUHDVHV�

���LW�LV�VKRZQ�WKDW�LQ�LPPHGLDWH�SUR[LP�
LW\�WR�WKH��[�t�[���ERXQGDU\�WKH�HOHFWURQ�GH�IRUPDWLRQ� LQIOXHQFH� UHVWUHWFKHV� WKH� FU\VWDO

)LJ�����7KH�FRRUGLQDWH�GHSHQGHQFH�RI�HOHFWURQ
GHIRUPDWLRQ� FRPSRQHQW� DW� GLIIHUHQW� QBB�� �� Û
�������Û��������Û������

)LJ����� 7KH� FRRUGLQDWH� GHSHQGHQFH� RI� LP�
SODQWHG� DGGLWLYH� FRQFHQWUDWLRQ� DW� �� Û
QBB� ��������Û�QBB� �������

5�0�3HOHVKFKDN�HW�DO����7KH�IRUPDWLRQ�RI�QÜQ������

��� )XQFWLRQDO�PDWHULDOV�������������



PDWUL[��EXW�EH\RQG�WKH�SODQH�[� �[F��ZKLFKFRUUHVSRQGV�WR�ERXQGDU\�RI�QÜQ��WUDQVLWLRQ
LW�VTXHH]HV�WKH�PDWUL[�

7KH� SUHVHQFH� RI� QÜQ�� WUDQVLWLRQ� LQ� WKH
LPSODQWHG�FU\VWDO�PDWUL[�*D$V�$U�6L��VKRXOG
H[KLELW� DW� WKH� FXUUHQW�YROWDJH� FKDUDF�
WHULVWLFV�PHDVXULQJ��
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� ���$�9�&KHUQ\DHY�� ,RQ� ,PSODQWDWLRQ� 0HWKRG� LQ
WKH� 7HFKQRORJ\� RI� 'HYLFHV� DQG� ,QWHJUDO
6FKHPHV�LQ�*DOOLXP�$UVHQLGH��0RVFRZ��5DGLR
,�6Y\D]���������>LQ�5XVVLDQ@�
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