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7KH�HIIHFW�RI�HPSOR\LQJ�YDULRXV�VSXWWHUHG�XQGHUOD\HUV�KDV�EHHQ�VWXGLHG�LQ�RUGHU�WR�RSWLPL]H�WKH�FKDU�
DFWHULVWLFV� RI� EDULXP� IHUULWH� �%D0�� WKLQ� ILOPV� IRU� PDJQHWLF� UHFRUGLQJ� PHGLD�� %D0� WKLQ� ILOPV� DQG
XQGHUOD\HUV��)H��&U��$O � 2 � ��)H � 2 � ��=Q)H � 2 � ��7L2 � ��ZHUH�SUHSDUHG�E\�UI�GF�PDJQHWURQ�VSXWWHULQJ�RQ������
RULHQWHG� EDUH� 6L� VXEVWUDWH�� DQG� ZHUH� FU\VWDOOL]HG� E\� SRVW�DQQHDOLQJ�� $OO� WKH� %D0� ILOPV�� H[FHSW� WKH
%D0�)H�6L�ILOP��DWWDLQHG�QHDUO\� WKH�VDPH�SHUSHQGLFXODU�DQG� LQ�SODQH�FRHUFLYLWLHV��3HUSHQGLFXODU�DQLVRW�
URS\� ZDV� REVHUYHG� LQ� %D0�)H�6L� ILOP�� 7KH� %D0�7L2 � �6L� H[KLELWV� WKH� KLJKHVW� FRHUFLYLW\�� +RZHYHU�
UHJDUGOHVV�RI�WKH�XQGHUOD\HU��%D0�JUDLQV�DUH�RULHQWHG�DW�UDQGRP��%\�DGRSWLQJ�=Q)H � 2 � �DV�DQ�XQGHUOD\HU�
WKH� LQWHUGLIIXVLRQ� RI� 6L� IURP� VXEVWUDWH� ZDV� SURKLELWHG� WR� VRPH� GHJUHH�� 7KH� PLFURVWUXFWXUH� RI� %D0� LQ
%D0�7L2 � �6L�ZDV�VWURQJO\�GHSHQGHQW�RQ�ERWK�WKH�PLFURVWUXFWXUH�RI�7L2 � �XQGHUOD\HU�DQG� WKH� WRWDO� VSXW�
WHULQJ�JDV�SUHVVXUH��7KH�FRQWURO�RI�DQ�XQGHUOD\HU�PLFURVWUXFWXUH�LV�RQH�RI�WKH�LPSRUWDQW�IDFWRUV�WR�FRQWURO
JUDLQ�VL]H�DQG�VKDSH�RI�WKH�%D0�OD\HU�

.H\�ZRUGV��%D0�ILOP��XQGHUOD\HU��DQLVRWURS\��FRHUFLYLW\��PLFURVWUXFWXUH

����,QWURGXFWLRQ
+H[DJRQDO�EDULXP�IHUULWH� �%D0�� WKLQ� ILOP� LV�FRQVLGHUHG� WR�EH�DQ�DWWUDFWLYH�PDJ�

QHWLF� UHFRUGLQJ� PHGLXP� EHFDXVH� RI� LWV� ODUJH� FRHUFLYLW\�� FRUURVLRQ� UHVLVWDQFH�� KLJK
�DQLVRWURS\�ILHOG��PHFKDQLFDO�KDUGQHVV��DQG�FKHPLFDO�VWDELOLW\��7KH�PHFKDQLFDO�KDUG�
QHVV�DQG�VWDELOLW\�RI�%D0�ILOP�PD\�PDNH� LW�SRVVLEOH� WR�DFKLHYH�D� ORZ� IO\LQJ�KHLJKW
ZLWKRXW�DQ�RYHUFRDW�>�@��7KH�SUHSDUDWLRQ�RI�%D0�ILOPV�ZLWK�D�XQLD[LDO�PDJQHWLF�DQL�
VRWURS\� LQ� WKH�RXW�RI�SODQH�GLUHFWLRQ� LV�SUREOHPDWLF�ZKHQ�%D0�LV�GHSRVLWHG�GLUHFWO\
RQWR�DPRUSKRXV�VXEVWUDWHV�VXFK�DV�6L�ZDIHUV�ZLWK�D�WKHUPDOO\�R[LGL]HG�VXUIDFH�OD\HU
�6L2 � �6L��RU�D� IXVHG�TXDUW]�VOLGH� >�@�� ,W�KDV�EHHQ�VKRZQ� WKDW� WKH�PLFURVWUXFWXUH�DQG
PDJQHWLF�SURSHUWLHV�RI�%D0�WKLQ�ILOP�FDQ�EH�LPSURYHG�XVLQJ�DQ�XQGHUOD\HU�>�@��+\O�
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WRQ��3DUNHU��DQG�+RZDUG�>�@�KDYH�UHSRUWHG�WKDW�LQWHUGLIIXVLRQ�EHWZHHQ�WKH�%D0�ILOP
DQG�WKH�VXEVWUDWH�VWURQJO\�DIIHFWV�WKH�PDJQHWLF�SURSHUWLHV��7KH\�VXJJHVWV�WKH�QHHG�IRU
DSSO\LQJ� D� EXIIHU� OD\HU� EHWZHHQ� WKH� ILOP� DQG� VXEVWUDWH�� ,Q�SODQH�PDJQHWRFU\VWDOOLQH
DQLVRWURS\��KLJK�FRHUFLYLW\��DQG�UHPDQHQFH�KDYH�EHHQ�UHSRUWHG� LQ�%D0�ILOPV�GHSRV�
LWHG�RQ�VDSSKLUH�>�@�DQG�RWKHU�EXIIHU�OD\HUV�>�@��7KH�DQLVRWURS\�ZDV�UDLVHG�EHFDXVH�WKH
F�D[LV�RI�%D0�FU\VWDOOLWHV�ZDV�GRPLQDQWO\�RULHQWHG�LQ�WKH�ILOP�SODQH��7KLV�LV�DWWULEXWHG
WR� WKH�XQLD[LDO�PDJQHWLF�DQLVRWURS\�ZLWK�HDV\�D[LV� LQ� WKH�SODQH�RI� WKH� ILOP��*HQHUDO
FULWHULD� IRU� VHOHFWLRQ�RI� VXEVWUDWH� DQG�DSSURSULDWH�XQGHUOD\HU�PDWHULDOV� DUH� ORZ� FRVW�
PHFKDQLFDO�KDUGQHVV� FRXSOHG�ZLWK� WKH� DELOLW\� WR�ZLWKVWDQG�KLJK�WHPSHUDWXUH� DQQHDO�
LQJ��FKHPLFDO�VWDELOLW\��DQG�OLPLWHG�LQWHUGLIIXVLRQ�ZKLOH�SURYLGLQJ�JRRG�DGKHVLRQ�ZLWK
WKH�%D0�ILOP�>�@��:HH�HW�DO��>�@�HPSOR\HG�YDULRXV�XQGHUOD\HUV�VXFK�DV�$O � 2 � ��&U � 2 � �
6L2 � �� &X2�� DQG� 7L2 � � WR� RSWLPL]H� WKH� FKDUDFWHULVWLFV� RI� %D0� WKLQ� ILOPV� IRU�PDJQHWLF
UHFRUGLQJ� DSSOLFDWLRQV��%RWK� KLJK� FRHUFLYLW\� ����� N$�P�� DQG� VTXDUHQHVV� �DERXW� �����
ZHUH�DFKLHYHG�XVLQJ�$O � 2 � � DV� DQ�XQGHUOD\HU��ZKLOH� WKH�7L2 � � XQGHUOD\HU� H[KLELWHG� WKH
ORZHVW�FRHUFLYLW\�����N$�P��RI�DOO�XQGHUOD\HUV�VWXGLHG��,Q�FRQWUDVW� WR�HDUOLHU�ZRUN�>�@�
ZH�UHSRUW�LQ� WKLV�DUWLFOH� WKH�GHSHQGHQFH�RI�PLFURWH[WXUH��PLFURVWUXFWXUH��DQG�PDJQHWLF
SURSHUWLHV�RI�EDULXP�IHUULWH�WKLQ�ILOPV�RQ�WKH�NLQG�RI�WKH�XQGHUOD\HU�

���([SHULPHQWDO
%D0�WKLQ�ILOPV�ZHUH�SUHSDUHG�XVLQJ�DQ�UI�GF�PDJQHWURQ�VSXWWHULQJ�V\VWHP�RQWR�WKH

������RULHQWHG�EDUH�VLOLFRQ�VXEVWUDWHV��$OO�ILOPV�ZHUH�GHSRVLWHG�LQ�VLWX��7KH�WDUJHWV�IRU
WKH�GHSRVLWLRQ�RI� WKH�%D0�DQG�=Q)H � 2 
 �XQGHUOD\HUV�ZHUH�VLQWHUHG�IHUULWH�GLVNV�ZLWK

7DEOH����6SXWWHU�GHSRVLWLRQ�FRQGLWLRQV�IRU�XQGHUOD\HU�DQG�EDULXP�IHUULWH�WKLQ�ILOPV
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WKH� VWRLFKLRPHWULF� FRPSRVLWLRQ�RI�%D)H � � 2 ��� � DQG�=Q)H � 2 
 ��7KH�)H � 2 � � DQG�7L2 � � XQ�
GHUOD\HUV� ZHUH� UHDFWLYHO\� VSXWWHUHG� ZLWK� R[\JHQ JDV�� $OO� RWKHU� XQGHUOD\HUV� ZHUH
GHSRVLWHG�XVLQJ�&U��)H�DQG�$O � 2 � �WDUJHWV��$IWHU�KDYLQJ�HYDFXDWHG�WKH�VSXWWHU�FKDPEHU
WR�D�SUHVVXUH�EHORZ��î����� �PP�+J��7L2 � �±�EHORZ��î����� �PP�+J���DUJRQ�DQG�R[\JHQ
JDVHV� ZHUH� LQWURGXFHG� LQWR� WKH� FKDPEHU�� 7KH� WRWDO� JDV� SUHVVXUH� ZDV� PDLQWDLQHG� DW
HLWKHU�������PP�+J�RU��������PP�+J��7KH�GHSRVLWLRQ�FRQGLWLRQV�IRU�WKH�XQGHUOD\HUV
DQG�WKH�%D0�OD\HU�DUH�JLYHQ�LQ�7DEOH����$OO�DV�GHSRVLWHG�ILOPV�ZHUH�DQQHDOHG�LQ�WKH
UDQJH� RI� ���±���� �&� IRU� ��� PLQ� XVLQJ� D� UDSLG� WKHUPDO� DQQHDOLQJ� IXUQDFH� RYHQ� WR
DFKLHYH� D� PDJQHWLF� FU\VWDOOL]DWLRQ� %D0� SKDVH�� 7KH� FU\VWDOORJUDSKLF� VWUXFWXUH� DQG
PLFURVWUXFWXUH�RI�WKH�DQQHDOHG�ILOPV�ZHUH�FKDUDFWHUL]HG�E\�PHDQV�RI�;�UD\�GLIIUDFWLRQ
�;5'��DQG�ILHOG�HPLVVLRQ�VFDQQLQJ�HOHFWURQ�PLFURVFRSH��)(6(0���UHVSHFWLYHO\��7KH
PDJQHWLF�SURSHUWLHV�RI�WKH�ILOPV�ZHUH�PHDVXUHG�E\�D�YLEUDWLQJ�VDPSOH�PDJQHWRPHWHU�

���5HVXOWV�DQG�GLVFXVVLRQ
)LJXUH���VKRZV�;5'�SDWWHUQV�RI�%D0�ILOPV�ZLWK�YDULRXV�XQGHUOD\HUV��7KH�EDVDO

SODQHV��ZKLFK�DUH� ������ DQG� ������SHDNV�� DV�ZHOO� DV�RWKHU�SODQHV� VXFK�DV� ������ DQG
������SHDNV�ZHUH�REVHUYHG��7KH�UHODWLYH� LQWHQVLWLHV�RI�������DQG�������SHDNV��ZKLFK
FRUUHVSRQG�WR�WKH�LQFOLQHG�F�D[LV�RULHQWDWLRQ��DUH�KLJKHU�WKDQ�WKRVH�RI�������DQG������
SHDNV��7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�JUDLQV�RI�DOO�WKH�%D0�ILOPV�DUH�IDYRXUDEO\�FU\V�
WDOOL]HG�DQG�GHYHORSHG�WKH�UDQGRP�RULHQWDWLRQ�RI�FU\VWDO�VWUXFWXUH��2Q�WKH�RWKHU�KDQG�
DOO�PDMRU�SHDNV�IRU�WKH�%D0�FU\VWDOOLQH�SKDVH�GLVDSSHDUHG�IRU�WKH�%D0�7L2 � �6L�ILOP
H[FHSW�IRU�WKH�������DQG�������SHDNV��,Q�WKH�FDVH�RI�%D0�=Q)H � 2 
 �6L�ILOP��WKH�LQWHQ�
VLW\�RI�6L�SHDN��RULJLQDWLQJ�IURP�6L�VXEVWUDWH��ZDV�H[WUHPHO\�ZHDN�FRPSDUHG�WR�WKRVH
RI� %D0� ILOPV� ZLWK� RWKHU� XQGHUOD\HUV�� 7KLV� UHVXOW� VXSSRUWV� WKH� FRQFOXVLRQ� WKDW� WKH
=Q)H � 2 
 XQGHUOD\HU�SUHYHQWHG��WR�VRPH�GHJUHH��WKH�LQWHUGLIIXVLRQ�RI�6L�IURP�WKH�VXE�
VWUDWH�WR�WKH�%D0�ILOP�

7DEOH����&RHUFLYLW\�YDOXHV�RI�EDULXP�IHUULWH
�WKLQ�ILOPV�ZLWK�YDULRXV�XQGHUOD\HUV

&RHUFLYLW\��N$�P�
8QGHUOD\HU

/RQJLWXGLQDO 3HUSHQGLFXODU
)H �� ��
&U ��� ���
)H � 2 � ��� ���
$O � 2 � ��� ���
=Q)H � 2 � ��� ���
7L2 � ��� ���

7KH�FRHUFLYLW\�YDOXHV�RI�%D0�ILOPV�ZLWK�YDULRXV�XQGHUOD\HUV� DUH� VXPPDUL]HG� LQ
7DEOH� ��� $OO� ILOPV� UHYHDOHG� QHDUO\� WKH� VDPH� FRHUFLYLW\� LQ� ERWK� LQ�SODQH� DQG� RXW�RI
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�SODQH�GLUHFWLRQV�H[FHSW�IRU�%D0�)H�6L�ILOP��LQGLFDWLQJ�WKDW�DOO� WKH�ILOPV�GR�QRW�SRV�
VHVV�FU\VWDOOLQH�PDJQHWLF�DQLVRWURS\��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�RI�;5'��:LWK
UHJDUG�WR�WKH�HIIHFW�RI�XQGHUOD\HU�WKLFNQHVV�RQ�FRHUFLYLW\��WKH�)H � 2 � �XQGHUOD\HU��WKLQ�
QHU� WKDQ� DOO� RWKHU� XQGHUOD\HUV�� H[KLELWV� DOPRVW� WKH� VDPH� FRHUFLYLW\� DV� WKRVH� RI� WKH
ILOPV� ZLWK� RWKHU� XQGHUOD\HUV�� 7KLV� VXJJHVWHG� WKDW� DERXW� ��� N$�P� RI� FRHUFLYLW\� LV
DFKLHYDEOH�ZLWK�WKH����QP�WKLFN�)H � 2 � �XQGHUOD\HU�FRPSDUHG�WR�WKH�RWKHU�XQGHUOD\HUV
����QP�WKLFN��,W�ZDV�VXJJHVWHG�WKDW�)H � 2 � �XQGHUOD\HU�ZDV�HIIHFWLYH�LQ�UHGXFLQJ�WKLFN�
QHVV�IRU�REWDLQLQJ�GHVLUDEOH�FRHUFLYLW\�RI�%D0�ILOP��,Q�FRQWUDVW�WR�:HH¶V�UHVXOWV�>�@�
%D0�7L2 � �6L�ILOPV�H[KLELW�WKH�KLJKHVW�FRHUFLYLW\�RI�DOO�ILOPV�ZLWK�XQGHUOD\HUV�

)LJ�����;�UD\�GLIIUDFWLRQ�SDWWHUQV�RI�EDULXP�IHUULWH�WKLQ�ILOPV�ZLWK�YDULRXV�XQGHUOD\HUV

7KH�%D0�)H�6L� ILOP� VKRZV� WKH� KDUG�PDJQHWLF� SURSHUW\� ����$�P�� IRU� WKH� RXW�RI�
SODQH� GLUHFWLRQ� FRPSDUHG� WR� WKH� VRIW�PDJQHWLF� EHKDYLRXU� ����$�P�� IRU� WKH� LQ�SODQH
GLUHFWLRQ��)LJ������7KH�VDWXUDWLRQ�PDJQHWL]DWLRQ������HPX�FP � ��IRU�WKH�LQ�SODQH�GLUHF�
WLRQ� LV� DERXW� WKUHH� WLPHV� ODUJHU� WKDQ� WKDW� IRU� WKH� RXW�RI�SODQH� GLUHFWLRQ�� 7KH� KLJK



*UDLQ�RULHQWDWLRQ�DQG�PDJQHWLF�SURSHUWLHV�RI�EDULXP�IHUULWH�WKLQ�ILOP ��

SHUSHQGLFXODU�FRHUFLYLW\�LV�QRW�DWWULEXWHG�WR�WKH�PDJQHWLF�FU\VWDOOLQH�DQLVRWURS\�RI�WKH
%D0�OD\HU�EHFDXVH�%D0�JUDLQV�DUH�UDQGRPO\�RULHQWHG��ZKLFK�LV�HYLGHQWO\�VKRZQ�E\
;�UD\� GLIIUDFWLRQ� SDWWHUQ�� 0RULVDNR� HW� DO�� >�@� KDYH� UHSRUWHG� WKDW� GXULQJ� D� SRVW�
DQQHDOLQJ�SURFHVV��ERWK�%D�DQG�)H�GLIIXVHG�LQWR�WKH�VXEVWUDWH��DQG�WKH�)H�DWRPV�GLI�
IXVHG�GHHSHU�LQWR�WKH�VXEVWUDWH�WKDQ�%D�DWRPV��FRQVHTXHQWO\�FKDQJLQJ�WKH�%D�)H�UDWLR
LQ�WKH�%D0�ILOP��7KLV�FKDQJH�PD\�FDXVH�D�ODUJH�LQFUHDVH�LQ�ERWK�WKH�LQ�SODQH�VDWXUD�
WLRQ�PDJQHWL]DWLRQ�DQG�WKH�SHUSHQGLFXODU�FRHUFLYLW\�RI�WKH�%D0�ILOP�

)LJ�����0DJQHWL]DWLRQ�K\VWHUHVLV�RI�EDULXP�IHUULWH
WKLQ�ILOPV�ZLWK�)H�XQGHUOD\HU�

SRVW�DQQHDOHG�DW������&�IRU����PLQ

)LJ�����+\VWHUHVLV�ORRSV�RI�WKH�%D0�$O � 2 � �6L
WKLQ�ILOPV�SRVW�DQQHDOHG�IRU����PLQ�DW������&

)LJ�����+\VWHUHVLV�ORRSV�RI�WKH�%D0�=Q)H � 2 � �6L
WKLQ�ILOPV�SRVW�DQQHDOHG�IRU����PLQ�DW������&

)LJ�����;5'�SDWWHUQV�IRU�%D0�WKLQ�ILOPV�ZLWKRXW�RU
ZLWK�7L2 � �XQGHUOD\HU��D��QR�XQGHUOD\HU�������&�

E��7L2� �XQGHUOD\HU�������&��F��7L2� �XQGHUOD\HU�������&
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7KH� K\VWHUHVLV� ORRSV� RI� WKH� %D0�$O � 2 � �6L� DQG� %D0�=Q)H � 2 
 �6L� WKLQ� ILOPV� DUH
VKRZQ� LQ� )LJV�� �� DQG� ��� /RQJLWXGLQDO� UHFRUGLQJ� PHGLD� KDYH� EHHQ� VXFFHVVIXOO\
DFKLHYHG�E\�GHSRVLWLRQ�RQ�VDSSKLUH�VXEVWUDWH�>�@��+RZHYHU��WKH�KLJK�FRVW�RI�VDSSKLUH
OLPLWV�WKH�FRPPHUFLDO�DSSOLFDWLRQ�RI�WKHVH�ILOPV��7KHUHIRUH��ZH�LQYHVWLJDWHG�WKH�HIIHFW
RI� SRO\FU\VWDOOLQH� $O � 2 � � XQGHUOD\HU� RQ� WKH� %D0� WKLQ� ILOP�� $V� VKRZQ� LQ� )LJ�� ��
%D0�$O � 2 � �6L� WKLQ� ILOPV� UHYHDO� WKDW� WKH� FRHUFLYLWLHV� LQ� SHUSHQGLFXODU� DQG� LQ�SODQH
GLUHFWLRQ�DUH�WKH�VDPH�DQG�HTXDO�WR�����$�P��,W�ZDV�UHSRUWHG�WKDW�ZKHQ�%D0�ILOP�ZDV
GHSRVLWHG�RQWR�WKH�VSXWWHUHG�=Q2�XQGHUOD\HU��=Q)H � 2 
 ZDV�IRUPHG�EHWZHHQ�%D0�DQG
=Q2�OD\HUV��=Q)H � 2 
 �LV�WKH�SURGXFW�RI�WKH�UHDFWLRQ�RI�%D0�ZLWK�=Q2��ZKLFK�UHGXFHV
WKH�ODWWLFH�PLVPDWFK�EHWZHHQ�WKHVH�OD\HUV�>�@��,W�LV�H[SHFWHG�WKDW�=Q)H � 2 
 �XQGHUOD\HU
FDQ�LPSURYH�SHUSHQGLFXODU�F�D[LV�RULHQWDWLRQ�RI�%D0�ILOP�GHSRVLWHG�RQWR�LW��+RZHYHU�
WKH�K\VWHUHVLV�ORRSV�VKRZQ�LQ�)LJ����KDYH�VLPLODU�VKDSHV�DQG�UHGXFHG�FRHUFLYLWLHV� LQ
ERWK�LQ�SODQH�DQG�RXW�RI�SODQH�GLUHFWLRQV�

)LJXUH���VKRZV�;�UD\�GLIIUDFWLRQ�GLDJUDPV�RI�%D0�ILOPV�ZLWK�RU�ZLWKRXW�7L2 � �XQ�
GHUOD\HU��%D0�7L2 � �6L�WKLQ�ILOP�GHSRVLWHG�RQ�WKH�6L�VXEVWUDWH�DW�D�URRP�WHPSHUDWXUH
ZDV�DPRUSKRXV��,Q�WKH�%D0�6L�WKLQ�ILOP�RI�)LJ���D��WKH�EDVDO�SODQHV��ZKLFK�DUH�������
DV�ZHOO� DV�RWKHU�SODQHV� VXFK�DV� ������ DQG� ������ UHIOHFWLRQV�ZHUH� REVHUYHG� DIWHU� DQ�
QHDOLQJ�� 7KH� UHODWLYH� LQWHQVLWLHV� RI� ������ DQG� ������ SHDNV��ZKLFK� FRUUHVSRQG� WR� WKH
LQFOLQHG�F�D[LV�RULHQWDWLRQ�RXW�RI�WKH�ILOP�SODQH��ZHUH�KLJKHU�WKDQ�WKRVH�RI�WKH������
SHDN��7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�%D0�ILOPV�ZHUH�IDYRXUDEO\�FU\VWDOOL]HG�DQG�GH�
YHORSHG�WKH�UDQGRP�RULHQWDWLRQ�RI�FU\VWDO�VWUXFWXUH��,Q�DGGLWLRQ��WKH�DEVHQFH�RI�WKRVH
SHDNV� LQ�)LJ���E��F�DVVRFLDWHG�ZLWK� WKH�XQGHUOD\HUV�FRQILUPV� WKH�DPRUSKRXV�VWDWH�RI
WKH� XQGHUOD\HU� ILOP�� )RU� WKH�%D0�7L2 � �6L� ILOP�� WKH� GLIIUDFWLRQ� RI�PHUHO\� ������ DQG
������SHDNV�ZDV�REVHUYHG�ZKHQ�%D0�7L2 � �6L�WKLQ�ILOP�ZDV�FU\VWDOOL]HG�DW������&�E\
SRVW�DQQHDOLQJ��2Q�WKH�RWKHU�KDQG��%D0�6L�ILOPV�ZLWK�QR�XQGHUOD\HU�ZHUH�ZHOO�FU\V�
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