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(TXLOLEULXP� FRQFHQWUDWLRQV� RI� SRLQW� GHIHFWV� LQ� =Q6H� OD\HUV� REWDLQHG� E\� 6Q� DQG� 0J

GLIIXVLRQ� IURP� YDSRU� SKDVH� DW� ����� .� KDYH� EHHQ� FDOFXODWHG� XVLQJ� WKH� TXDVL�FKHPLFDO
UHDFWLRQ�PHWKRG��7KH�FDOFXODWHG�UHVXOWV�DUH�FRPSDUHG�WR�GDWD�REWDLQHG�IURP�WKHUPR�H�P�I��
FRQGXFWLYLW\�DQG�OXPLQHVFHQFH�VSHFWUD�PHDVXUHPHQWV�
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=LQF�VHOHQLGH�LV�DPRQJ�WKH�PRVW�SURVSHF�
WLYH� VHPLFRQGXFWRUV� IRU� VKRUW�ZDYHOHQJWK
RSWLFDO�GHYLFHV��EOXH�/('V�DQG�89�UDGLDWLRQ
GHWHFWRUV�� >����@��7KH� FU\VWDO� SURSHUWLHV� DUH
GHILQHG�E\�WKH�VHW�RI�LQWULQVLF�DQG�H[WULQVLF
SRLQW� GHIHFWV� WKDW� LV� DV� D� UXOH� D� FRPSOH[
HQVHPEOH�DQG�GHSHQGV�RQ�QXPHURXV� WHFKQR�
ORJLFDO�IDFWRUV��,Q�WKLV�FRQQHFWLRQ��D�FRPEL�
QDWLRQ�RI� H[SHULPHQWDO� VWXG\�PHWKRGV�ZLWK
FRPSXWHUL]HG� FDOFXODWLRQV� LV� GHVLUDEOH� WR
SURYLGH� LQIRUPDWLRQ� UHTXLUHG� WR� HVWDEOLVK
WKH� GHIHFW� IRUPDWLRQ� PHFKDQLVPV�� ,Q� WKLV
ZRUN�� WKDW� SUREOHP� LV� VROYHG� IRU� ]LQF� VH�
OHQLGH�GRSHG�ZLWK�PDJQHVLXP�DQG�WLQ��VLQFH
WKH�SUHYLRXV�VWXGLHV�KDYH�VKRZQ�WKDW� WKRVH
LPSXULWLHV� FRQWULEXWH� FRQVLGHUDEO\� WR� WKH
HQKDQFHPHQW�RI�WKH�HGJH�HPLVVLRQ�HIILFLHQF\
>����@�
7KH�XQGRSHG�=Q6H�FU\VWDOV�JURZQ�IURP�D

VWRLFKLRPHWULF�PHOW�XQGHU�LQHUW�JDV�SUHVVXUH
ZHUH� WDNHQ� DV� WKH� LQLWLDO� VDPSOHV�� 7KDW
FKRLFH� ZDV� GLFWDWHG� E\� VHYHUDO� UHDVRQV�
)LUVW��WKH�WHFKQRORJ\�PHQWLRQHG�LV�WKH�PRVW
ZLGHVSUHDG�RQH�LQ�SUHSDUDWLRQ�RI�ODUJH�VL]H�
KLJK�TXDOLW\� FU\VWDOV� >�@�� 6HFRQG�� LW� LV� MXVW
VXFK�VDPSOHV�IRU�ZKLFK�ERWK�TXDOLWDWLYH�DQG
TXDQWLWDWLYH� FRPSRVLWLRQ� RI� LQWULQVLF� SRLQW
GHIHFWV� �,3'�� KDV� EHHQ� HVWDEOLVKHG� UHOLDEO\
WR�GDWH��$FFRUGLQJ�WR�>�@��WKH�GLVRUGHULQJ�LQ

WKH�XQGRSHG�=Q6H�FU\VWDOV�JURZQ�IURP�PHOW
RFFXUV� DFFRUGLQJ� WR� WKH� 6FKRWWN\� VFKHPH
DQG� WKH� FRQFHQWUDWLRQV� RI�SUHGRPLQDQW� FDW�
LRQLF� YDFDQFLHV� >9�=Q@� DQG� DQLRQLF� >9x6H@RQHV� DPRXQW� DERXW� �������FPÜ�� DW� ���� .�
7KH� YDOLGLW\� RI� WKH� DGRSWHG� GHIHFW� IRUPD�
WLRQ� PRGHO� LV� FRQILUPHG� DOVR� E\� WKH� IDFW
WKDW� WKH� FDOFXODWHG� IUHH� HOHFWURQ� FRQFHQWUD�
WLRQ� DW� ����.� DPRXQWV� ����FPÜ�� �7DEOH�� LV
QRW� LQ� FRQWUDGLFWLRQ�ZLWK�H[SHULPHQWDO�YDO�
XHV�RI�WKDW�SDUDPHWHU�EHLQJ�ZLWKLQ�OLPLWV�RI
����WR�����FPÜ��LQ�WKH�LQLWLDO�VDPSOHV�>�@�
7KH�OD\HUV�ZHUH�IRUPHG�E\�LVRWKHUPDO�DQ�

QHDOLQJ� WKH� �u�u��PP�� VXEVWUDWHV� LQ� VDWX�
UDWHG�6Q�RU�0J�YDSRU�LQVLGH�RI�DQ�HYDFXDWHG
���Ü��7RUU��TXDUW]�DPSRXOH�DW�7D� ������.IRU� VHYHUDO� KRXUV�� 7KH� WKLFNQHVV� RI� GLIIX�
VLRQ� OD\HUV� ZLWK� 6Q� DQG� 0J� DGGLWLYHV� GH�
SHQGV� DW� 7D� �FRQVW� RQ� WKH� DGGLWLYH� W\SHDQG� WKH� DQQHDOLQJ� GXUDWLRQ� DQG� YDULHV
ZLWKLQ���WR���PP�LQ�RXU�FDVH��7KLV� LV�TXLWH
VXIILFLHQW� WR� PHDVXUH� FRUUHFWO\� WKH� HOHFWUL�
FDO� DQG� RSWLFDO� FKDUDFWHULVWLFV�� WDNLQJ� LQWR
DFFRXQW� WKDW� WKH�PHDQ� DEVRUSWLRQ� GHSWK� RI
WKH�H[FLWLQJ�TXDQWD�GRHV�QRW�H[FHHG�����PP�
,W� LV� WR�QRWH� DOVR� WKH� FRQVWDQW� HQHUJ\�SRVL�
WLRQV�RI�VLQJXODULWLHV�LQ�WKH�O�PRGXODWHG�RS�
WLFDO� WUDQVPLVVLRQ� DQG� UHIOHFWLRQ� VSHFWUD
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QHDU� WKH� LQWULQVLF� DEVRUSWLRQ� HGJH� RI� ]LQF
VHOHQLGH�� 7KLV� IDFW� HYLGHQFHV� WKDW� QR� DQ\
QHZ�FKHPLFDO�FRPSRXQG�RI�WKH�=Q6H�FU\VWDO
ODWWLFH� DWRPV� ZLWK� WKH� GLIIXVHG� GRSDQW� LV
IRUPHG��7KH�FRQGXFWLYLW\�W\SH�RI�WKH�GLIIX�
VLRQ� OD\HUV� ZDV� GHWHUPLQHG� E\� WKH� WKHUPR�
H�P�I�� VLJQ� ZKLOH� WKH� LRQL]DWLRQ� HQHUJ\� RI
WKH�HOHFWULFDOO\�DFWLYH�FHQWHUV��EDVLQJ�RQ�WKH
WHPSHUDWXUH� GHSHQGHQFHV� RI� WKH� UHVLVWDQFH
5�� EHWZHHQ� WZR� RKPLF� FRQWDFWV� �WKLV� LVULJKWIXO� EHFDXVH� 5�� LV� LQYHUVHO\� SURSRU�WLRQDO� WR� FRQGXFWLYLW\��� 7KH� FRQWDFWV� ZHUH
SUHSDUHG� E\� YDFXXP� WKHUPDO� GHSRVLWLRQ� RI
VSDWLDOO\�VHSDUDWHG�,Q�DQG�1L�VWULSV�RQWR�WKH
VXUIDFH� RI� =Q6H�6Q� DQG� =Q6H�0J� VDPSOHV�
UHVSHFWLYHO\�� 7KH� HPLVVLRQ� VSHFWUD� ZHUH
PHDVXUHG� XVLQJ� DQ� XQLYHUVDO� VHWXS� LQFOXG�
LQJ� D� 0'5���� GLIIUDFWLRQ� PRQRFKURPDWRU
DQG�D�VWDQGDUG�V\QFKURQLF�GHWHFWLRQ�V\VWHP
>�@��7KH�SKRWROXPLQHVFHQFH��3/��ZDV�H[FLWHG
E\�D�QLWURJHQ�ODVHU�DW�OP|������PP�DQG�WKHHPLVVLRQ� VSHFWUD�1Z� ZHUH� FRQVWUXFWHG� WDN�LQJ�LQWR�DFFRXQW�WKH�QRQOLQHDULW\�RI�WKH�RS�
WLFDO�SDWK�HOHPHQWV�
7KH� FRQFHQWUDWLRQV� RI� HTXLOLEULXP� SRLQW

GHIHFWV� ZHUH� FDOFXODWHG� XVLQJ� WKH� TXDVL�
FKHPLFDO�UHDFWLRQ�PHWKRG�XQGHU�DFFRXQW�IRU
WKH� DVVXPSWLRQV� WKDW� IROORZ�� 7KH� ILUVW� DV�
VXPSWLRQ� UHODWHV� WR� WKH� PD[LPXP� FRQFHQ�
WUDWLRQ�RI�GRSDQWV�&G�WKDW�VKRXOG�QRW�H[FHHG�����FPÜ���7KLV�H[FOXGHV�WKH�IRUPDWLRQ�SRV�
VLELOLW\� RI� VROLG� VROXWLRQV� =Q[0J�±[6H� RU=Q[6Q�±[6H� DQG� =Q6Q�±[6H[� W\SHV�� 6HFRQG�

VLQFH�&G���>9=Q�6 @�� >96H� @�� WKH�YDFDQF\�PHFKD�
QLVP� VKRXOG� EH� DVVXPHG� IRU� WKH� GRSDQW
DWRP� HQWHULQJ� LQWR� WKH� PDWUL[� FU\VWDO� ODW�
WLFH�� ,Q� WKLV� FDVH�� WKH� LVRYDOHQW�PDJQHVLXP
GRSDQW� RFFXSLHV� WKH� ]LQF� YDFDQFLHV�� ZKLOH
WLQ� �GXH� WR� LWV� DPSKRWHULF� FKDUDFWHU�� ERWK
FDWLRQLF� DQG� DQLRQLF� YDFDQFLHV�� 0RUHRYHU�
PDJQHVLXP� JHQHUDWHV� WKH� DGGLWLRQDO� LQWHUVWL�
WLDO� VHOHQLXP� DWRPV� 6HL� LQ� D� FRQFHQWUDWLRQFRPPHQVXUDEOH� ZLWK� WKDW� RI� WKH� PDJQHVLXP
LQWURGXFHG��WKDW�LV��>6HL@|&0J�>�@�7KH�DERYH�FRQGLWLRQV�PDNH� LW�SRVVLEOH�WR
ZULWH� WKH� FRUUHVSRQGLQJ� HOHFWULF� QHXWUDOLW\
HTXDWLRQV�IRU�PDJQHVLXP�GRSHG�FU\VWDOV�DV�

S���>96H� @����>96H�� @���>9=Q�5 96H�� @��
���Q���>9=Q�5 @����>9=Q�6 @���>6HL5@���>9=Q�6 96H� @� ��

���

DQG�IRU�WLQ�GRSHG�RQHV��DV�
S���>96H� @����>96H�� @���>9=Qc 96H�� @���>6Q=Q� @��
��>96H�� 6Q6H5 @���Q���>9=Q�5 @����>9=Q�5 @���>6HL5@��
��>9=Q�6 96H� @���>9=Q�6 6Q=Q� @���>6Q6H�5 @� ���

���

+HUH� WKH� V\PEROV� 6Q=Q� DQG� 6Q6H� GHQRWHWLQ� DWRPV� ZLWKLQ� WKH� FDWLRQLF� DQG� DQLRQLF
VXEODWWLFHV�� UHVSHFWLYHO\�� �x�� DQG� ����� WKH
SRVLWLYH� �GRQRU�� DQG� QHJDWLYH� �DFFHSWRU�
FKDUJHV� RI� SRLQW� GHIHFWV�� UHVSHFWLYHO\�� 7KH
FRPSOH[�GHIHFWV�RI� �>9=Q�6 96H� @��� �>9=Q�5 96H� @��DQG
RWKHU� W\SHV� DUH� IRUPHG� SUHGRPLQDQWO\� GXH� WR

7DEOH��3RLQW�GHIHFWV�FRQFHQWUDWLRQV�LQ�WKH�VWXGLHG�REMHFWV
,3'�W\SH ,7'�FRQFHQWUDWLRQ�DW�����.��FPÜ�

=Q6H =Q6H�6Q =Q6H�0J
Q ��� ���� ����Ü��
S ��Ü�� ��Ü�� ������
9=Q ����Ü�� ����Ü�� ������
96H ������ ������ ��Ü��
9=Q�5 ����� ��Ü� ������
9=Q�6 ������ ������ ���

96H� ������ ������ ������
96H�� ����Ü� ����Ü�� �����
6HL Ü Ü ����
6HL¶ Ü Ü ����

��6Q=Q� � Ü ���� Ü
�6Q6H�5 � Ü ���� Ü

�9=Q�6 96H� � ������ ������ ��Ü�
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&RXORPELDQ� LQWHUDFWLRQ� >�@�� 7KH� HVWLPDWLRQV
VKRZ�>�@�WKDW�WKH�FRQFHQWUDWLRQ�RI�FKDUJHG�DVVR�
FLDWHV�H[FHHGV�E\�PRUH�WKDQ�WKUHH�RUGHUV�WKDW�RI
QHXWUDO�RQHV��WKXV��WKH� ODWWHU�FDQ�EH�QHJOHFWHG�
0RUHRYHU�� DV� >96H�� @���&6Q���>9=Q�6 @�� WKH� DPRXQW
RI� FRPSOH[HV� LQFOXGLQJ� WKH� WLQ� LPSXULW\� FDQ
EH� QHJOHFWHG� DV� D� ILUVW� DSSUR[LPDWLRQ�� 7DN�
LQJ� LQWR� DFFRXQW� WKH� DERYH� FRQVLGHUDWLRQV�
WKH� DVVRFLDWHV� RI� WKH� �6Q=Q� 6Q6H�5 �� FDQ� EH� QH�
JOHFWHG�� WRR�� 7KH� DEVHQFH� RI� FKDUJHG� 0Jx
GHIHFWV� LQ� WKH�(T����� LV� DVVRFLDWHG�ZLWK� WKH
IDFW�WKDW�WKH�LVRYDOHQW�PDJQHVLXP�LPSXULW\
GRHV� QRW� IRUP� ORFDO� OHYHOV�ZLWKLQ� WKH�=Q6H
EDQG�JDS�>�@��)LQDOO\��LW�LV�ZRUWK�WR�QRWH�WKH
H[WUHPHO\� ORZ� IRUPDWLRQ� SUREDELOLW\� RI
�9=Q�5 96H�� �� DVVRFLDWHV�� VLQFH� WKH� ERWK� W\SHV� RI
LQWULQVLF� SRLQW� GHIHFWV� H[KLELW� DFFHSWLQJ
SURSHUWLHV�>�@�
7KH�FDOFXODWLRQ�SURFHGXUH�RI�HTXLOLEULXP

SRLQW� GHIHFW� FRQFHQWUDWLRQ� DW� WKH� GRSLQJ
WHPSHUDWXUH� �7D� ������.�� DQG� WKH� H[SHUL�PHQW�RQH������.��LV�SUHVHQWHG�LQ�GHWDLO�HOVH�
ZKHUH� >����@��7KH�GRSDQW� FRQFHQWUDWLRQ�ZDV
VHOHFWHG� WR� EH� PD[LPXP� �&G� ������FPÜ��
DQG�WKH�FDOFXODWLRQ�UHVXOWV�IRU�WKH�XQGRSHG
DQG� GRSHG� =Q6H� FU\VWDOV� DUH� SUHVHQWHG� LQ
7DEOH��7KH�GDWD�RQ�WKH�,3'�FRQFHQWUDWLRQ�LQ
WKH� LQLWLDO� VDPSOHV� DUH� WDNHQ� IURP� >�@��7KH
FRQVLGHUDWLRQ�RI�7DEOH�DOORZV�XV�WR�FRQFOXGH
WKDW�� ���� ZKLOH� WLQ� LQWURGXFWLRQ� FDXVHV� D
FRQVLGHUDEOH�LQFUHDVH�LQ�WKH�HOHFWURQ�FRQGXF�
WLYLW\� RI� WKH� VXEVWUDWH� VXUIDFH� OD\HUV�� WKH
PDJQHVLXP� GRSLQJ� UHVXOWV� LQ� LWV� LQYHUVLRQ�
,Q� FRQWUDVW�� WKH� FRQFHQWUDWLRQ� SURGXFW� RI
WKH�IUHH�FKDUJH�FDUULHUV�LV�WKH�VDPH�IRU�WKH
DOO� WKUHH� VDPSOH� W\SHV� DQG� DPRXQWV� DERXW
����FPÜ��� 7KXV�� WKH� YDOLGLW\� RI� WKH� PDVV
DFWLRQ�ODZ�WHVWLILHV�WR�FRUUHFWQHVV�RI�WKH�VH�
OHFWHG� DVVXPSWLRQV� DQG� FDOFXODWLRQV�� ���� ,Q�
WURGXFWLRQ� RI� 6Q� DQG� 0J� GHFUHDVHV� DOVR
VKDUSO\�WKH�FRQFHQWUDWLRQV�RI��9=Q�5 96H� ��DVVRFL�
DWHV� WKDW�� DFFRUGLQJ� WR� >�@�� DUH� UHVSRQVLEOH
IRU� WKH� ORZ�HQHUJ\� HPLVVLRQ�� $W� WKH� VDPH
WLPH�� WKH� FRQFHQWUDWLRQ� RI� VKDOORZ� FHQWHUV
�96H� �DQG�6Q=Q� �LQ�=Q6H�6Q�OD\HUV�DQG�9=Q�5 �DQG
6H¶L� LQ�=Q6H�0J� VDPSOHV�� LV� UDWKHU�KLJK�� ,Q
WKLV� FRQQHFWLRQ�� D� FRQVLGHUDEO\� LQFUHDVHG
IUDFWLRQ� RI� WKH� HGJH� HPLVVLRQ� DV� FRPSDUHG
WR�WKH�ORZ�HQHUJ\�RQH�FRXOG�EH�H[SHFWHG�IRU
WKH�GRSHG�VDPSOHV�
7KH� WKHRUHWLFDO� FDOFXODWLRQ�UHVXOWV� FRUUH�

ODWH�UDWKHU�ZHOO�ZLWK�WKH�H[SHULPHQWDO�GDWD�
)LUVW�RI�DOO��LW�LV�WR�QRWH�WKDW�WKH�3/�VSHFWUD
RI� GLIIXVLRQ� OD\HUV� DW� ���� .� LQFOXGH� RQO\
RQH� EOXH� EDQG�� LQ� FRQWUDVW� WR� WKH� LQLWLDO
VXEVWUDWHV��)LJ����7KH�H[SHULPHQW�KDV�VKRZQ
DOVR�WKDW�WKH�VSHFLILF�WKHUPR�H�P�I��D�RI�WKH

=Q6H�6Q� OD\HUV� LV� QHJDWLYH� DQG� DPRXQWV
DERXW� �� P9�.� QHDU� URRP� WHPSHUDWXUH�� ,Q
FRQWUDVW��WKH�=Q6H�0J�VDPSOHV�VKRZ�D�SRVL�
WLYH� WKHUPR�H�P�I�� WKDW� HYLGHQFHV� WKH� KROH
FRQGXFWLYLW\�WKHUHRI��0RUHRYHU��WKH�D�YDOXH
LV� DERXW� ��� P9�.�� WKXV� H[FHHGLQJ� WKDW� RI
=Q6H�6Q� OD\HUV�E\�RQH�RUGHU��6LQFH�WKH�VSH�
FLILF� WKHUPR�H�P�I�� LV� DV�D� ILUVW� DSSUR[LPD�
WLRQ�LQ�LQYHUVH�SURSRUWLRQ�WR�WKH�FRQFHQWUD�
WLRQV� RI� PDMRU� FKDUJH� FDUULHUV� >��@�� WKH� UH�
YHDOHG�GLIIHUHQFHV�LQ�D�RI�WKH�GLIIXVLRQ�OD\HUV
GR�QRW�FRQWUDGLFW�WR�WKH�GDWD�IURP�7DEOH��7KH
WHPSHUDWXUH�GHSHQGHQFHV�RI�WKH� OD\HU�UHVLV�
WDQFH� FRQILUP� DGGLWLRQDOO\� WKH� FRUUHFWQHVV
RI�WKH�FDOFXODWLRQV�SHUIRUPHG��6R�WKH�HQHUJ\
VORSH� RI� WKH� OQ5�Ü����7� VWUDLJKW� OLQHV� LQWKH�URRP�WHPSHUDWXUH�UHJLRQ�LV����PH9�DQG
����PH9�IRU�=Q6H�6Q�DQG�=Q6H�0J�VDPSOHV�
UHVSHFWLYHO\�� 7KRVH� YDOXHV� DJUHH� ZHOO� ZLWK
WKH� LRQL]DWLRQ� HQHUJ\� RI� OHYHOV� FRUUHVSRQG�
LQJ� WR� WKH� GRQRU� �96H� � DQG� 6Q=Q� �� DQG� DF�
FHSWRU��9=Q�5 ��FHQWUV�LQ�=Q6H�>�����@��7KH�UROH
RI�DFFHSWRU�FHQWHUV�6Q6H�5 �LQ�WKH�IRUPDWLRQ�RI
HOHFWULF� DQG� OXPLQHVFHQFH� SURSHUWLHV� RI
=Q6H�=Q� OD\HUV�UHPDLQV�XQFOHDU�WR�GDWH�GXH
WR�ODFN�RI�LQIRUPDWLRQ�RQ�WKHLU�HQHUJ\�SRVL�
WLRQ�ZLWKLQ�WKH�EDQG�JDS�RI�]LQF�VHOHQLGH�
7KXV�� WKH� UHVXOWV� REWDLQHG� HYLGHQFH� FRQ�

YLQFLQJO\�WKH�SRVVLELOLW\�WR�SUHSDUH�WKH�GLI�
IXVLRQ�OD\HUV�ZLWK�VXIILFLHQWO\�KLJK�HOHFWURQ
DQG�KROH�FRQGXFWLYLW\�DQG�SUHGRPLQDQW�HGJH
HPLVVLRQ��,Q�FRQWUDVW��WKH�HOXFLGDWLRQ�RI�OX�
PLQHVFHQFH�PHFKDQLVPV�DQG� WKH� UHFRPELQD�
WLRQ� FHQWHU� QDWXUH� UHTXLUH� DQ� DGGLWLRQDO
VWXG\�

)LJ��/XPLQHVFHQFH� VSHFWUD� RI� LQLWLDO� =Q6H
FU\VWDOV� ����DQG�WKRVH�GRSHG�ZLWK�WLQ�����DQG
PDJQHVLXP�����
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5HIHUHQFHV
� ���$�1�*HRUJRELDQL�� %�0�.RWODUHYVN\�� ,]Y��$1

6665��6HU��)L]�������������������
� ���7�9�%ODQN��<X�$�*ROGEHUJ��)L]��7HNKQ��3ROXSURY��

����������������
� ���6�9�=XEULWVN\�� <X�)�9DNVPDQ�� 9�9�6HUG\XN�

=K��3ULNO��6SHNWU������������������
� ���9�3�0DNKQL\�� 1�'�5DUDQVN\�� 0�0�6OHWRY�

,�9�7NDFKHQNR��1HRUJ��0DWHU����������������
� ���1�.�0RUR]RYD�� 9�$�.X]QHWVRY�� 9�'�5\]KLNRY�

=LQF�6HOHQLGH��3UHSDUDWLRQ�DQG�2SWLFDO�3URSHU�
WLHV��1DXND��0RVFRZ��������>LQ�5XVVLDQ@�

� ���,�9�7NDFKHQNR�� 3K�'�7KHVLV� �3K\V��0DWK��
&KHUQLYWVL�8QLY���������>LQ�8NUDLQLDQ@�

� ���9�3�0DNKQL\�� 3ULQFLSOHV� DQG� 0HWKRGV� RI
0RGXODWLRQ� 6SHFWURVFRS\�� 5XWD�� &KHUQLYWVL
�������>LQ�8NUDLQLDQ@�

� ���<X�1�'PLWULHY��9�'�5\]KLNRY��/�3�*DOFKLQHW�
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