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,Q�SDSHU�DQ�DSSURDFK�IRU�LQFUHDVLQJ�HIIHFWLYHQHVV�RI�RUJDQL]DWLRQ�RI�PXOWL�OHYHO�

KDVK�PHPRU\�IRU�UDSLG�UHWULHYDO�E\�NH\��8SSHU�OHYHO�RI�VXFK�KDVK�PHPRU\�LV�UHWULHYDO�
EXIIHU� LQ� FDVK�PHPRU\� XQLW� DQG� ORZ� OHYHO� LV� LQ�PDLQ� PHPRU\�� 7KH� SHFXOLDULWLHV� RI�
UHVHDUFKHG� KDVK�PHPRU\� RUJDQL]DWLRQ� FRFVLVW� RI� QHDU�SHUPDQHQW� FKDUDFWHUV� RI� NH\�
DUUD\�� ,W� PHDQV� WKDW� LQWHQVLYHO\� RI� UHWULHYDO� RSHUDWLRQ� E\� IHZ� RUGHU� LV� KHLJKW� LQ�
FRPSDUH�WR�RSHUDWLRQV�FRQQHFWHG�ZLWK�NH\�FKDQJH�� �7KH�SUREDELOLVWLF�PRGHO�RI�KDVK�
VHDUFKLQJ�LQ�QHDU�SHUPDQHQW�NH\V�DUUD\V�ZKLFK�DUH�VWRUDJHV�LQ�WZR�OHYHO�PHPRU\�KDV�
EHHQ� GHYHORSHG�� 2Q� WKH� EDVH� RI� WKLV� PRGHO� WKH� HIIHFWLYHQHVV� RUJDQL]DWLRQ� RI� KDVK�
DFFHVV�WR�LQIRUPDWLRQ�KDV�EHHQ�SURSRVHG��,W�KDV�EHHQ�VKRZQ�WKDW�SURSRVHG�KDVK�DFFHVV�
RUJDQL]DWLRQ�UHTXLUHV��HQVXUH�QR�PRUH�WKHQ�RQH�DFFHVV�WR�VORZ�ORZ�OHYHO�PHPRU\������

.H\�ZRUGV���KDVK�PHPRU\��KDVK�UHWULHYDO��DGGUHVVLQJ�FROOLJQ����
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2OHNVDQGU�0DUNRYVN\L� ±�$VVRFLDWH� 3URIHVVRU��3K'��'HSDUWPHQW� RI�&RPSXWHU�

(QJLQHHULQJ�� 1DWLRQDO� 7HFKQLFDO� 8QLYHUVLW\� RI� 8NUDLQH� ³,JRU� 6LNRUVN\� .\LY�
3RO\WHFKQLF�,QVWLWXWH´�

� ±� �� ��
� ©

ª���
$EEDVL� 6KDJLQ� ±VWXGHQW�� 'HSDUWPHQW� RI� &RPSXWHU� (QJLQHHULQJ�� 1DWLRQDO�

7HFKQLFDO�8QLYHUVLW\�RI�8NUDLQH�³,JRU�6LNRUVN\�.\LY�3RO\WHFKQLF�,QVWLWXWH´�
� ±� ��

�� �©
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9LNWRULLD�0DNV\PXN��±VWXGHQW��'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ��1DWLRQDO�
7HFKQLFDO�8QLYHUVLW\�RI�8NUDLQH�³,JRU�6LNRUVN\�.\LY�3RO\WHFKQLF�,QVWLWXWH´�

0DUNRYVN\L2�3����
$EEDVL6KDJLQ���

0DNV\PXN9�5��

())(&7,9(1(66��08/7,�/(9(/�+$6+�0(025<�25*$1,=$7,21�

$FXWH�SUREOHP��7KH�+DVK�IXQFWLRQ�LV�FRQVLGHUHG�WR�EH�WKH�WUDGLWLRQDO�WHFKQLTXH�
IRU�WKH�GLVWULEXWLRQ�RI�NH\V�LQ�DQ�XQVWUXFWXUHG�PHPRU\��SURYLGLQJ�GLUHFW�DFFHVV��:KLOH�
WKH� LGHDO� FRQGLWLRQ� ZRXOG� EH� WKDW� RQH� DQG� RQO\� RQH� NH\� FRUUHVSRQGV� WR� D� FHUWDLQ�
DGGUHVV��LQ�SUDFWLFH��GXULQJ�WKH�XVH�RI�FRPPRQ�DOJRULWKPV�RI�+DVKLQJ��WKLV�FRQGLWLRQ�LV�
QRW�IXOILOOHG��7KHUH�DUH�RFFDVLRQV�ZKHUH�GLIIHUHQW�NH\V�FRUUHVSRQG�WR�WKH�VDPH�DGGUHVV��
7KLV� VLWXDWLRQ� LV� FDOOHG� D� FROOLVLRQ�� &ROOLVLRQV� FDQ� EH� GHDO� ZLWK� XVLQJ� D� YDULHW\� RI�
PHWKRGV��&RPPRQ�FKDUDFWHULVWLF�IRU�DOO�WKHVH�PHWKRGV�LV�WKH�UHGXFWLRQ�RI�WKH�VSHHG�DW�
ZKLFK�LQIRUPDWLRQ�FDQ�EH�VHDUFKHG�LQ�WKH�PHPRU\��DORQJ�ZLWK�DQ�LQFUHDVH�LQ�PHPRU\�
UHTXLUHPHQWV���

7DUJHW� VHWWLQJ��7KH� DELOLW\� WR� VHDUFK� TXLFNO\� IRU� LQIRUPDWLRQ� LV� FRQVLGHUHG� D�
PDMRU� SUREOHP� LQ� D� ZLGH� DUHD� RI� DSSOLFDWLRQV�� OLNH� VHDUFKLQJ� LQIRUPDWLRQ� V\VWHPV��
+DVKLQJ�DV�D�PHWKRG�RI�VHDUFKLQJ�IRU�LQIRUPDWLRQ�KDV�H[LVWHG�IRU�PDQ\�\HDUV��EXW�LQ�
WKH� DERYH� PHQWLRQHG� PHWKRG� WKH� SUREOHP� RI� FROOLVLRQV� LV� DQ� LQKLELWRU\� IDFWRU� LQ�
SUDFWLFDO�DSSOLFDWLRQV���

2QH�RI�WKH�PRVW�HIIHFWLYH�PHWKRGV�IRU�UHVROYLQJ�WKH�SUREOHPV�RI�FROOLVLRQV��IRU�
FRQVWDQW� QXPEHU� RI� NH\V� LV� WKH� IXQFWLRQ� �+DVK� WUDQVIRUPDWLRQ�� IUHH� RI� FROOLVLRQV���
ZKLFK�LV�FDOOHG�3HUIHFW�+DVKLQJ�%RROHDQ�)XQFWLRQ��

)URP� WKH� DERYH� WDEOH�ZH� FDQ� FRQFOXGH� WKDW� LQ� WKH� ILHOG� RI� VHDUFKLQJ�� D�+DVK�
DOJRULWKP� EDVHG� PHWKRG� SURYHV� WKH� UHODWLRQ� EHWZHHQ� WKH� +DVK� )XQFWLRQ� DQG� WKH�
IRUPLQJ�RI�WKH�+DVK�DGGUHVV�ELWV�LV�D�OLQHDU�IXQFWLRQ�RI�WKH�NH\�ELWV���

$FWXDO�VFLHQWLILF�UHVHDUFKHV�DQG� LVVXHV�DQDO\VLV��7KH�QHJDWLYH�DVSHFWV�RI� WKH�
3HUIHFW�+DVK�)XQFWLRQ�DUH�FRQVLGHUHG�WR�EH�WKH�IROORZLQJ��

��



D� 7KH�XVH�RQO\�RI�FRQVWDQW��QRW�YDULHG��QXPEHU�RI�NH\V��
E� 7KH�IDFW�WKDW�WKH�SURFHVV�IRU�VHDUFKLQJ�WKH�3HUIHFW�+DVK�IXQFWLRQ�IRU�D�JLYHQ�

QXPEHU� RI� NH\V� GHPDQGV� XVHIXO� WLPH�� 5HFHQWO\� VHYHUDO� RI� DOJRULWKPV� IRU� VHDUFKLQJ�
3HUIHFW�+DVK�)XQFWLRQV�KDYH�EHHQ�SURSRVHG�>����@��$OO�WKHVH�DOJRULWKPV�XVH��PRUH�RU�
OHVV��WKH�IRUFH�DWWDFN�VHDUFKLQJ�PHWKRG�WR�GHILQH�WKH�VXEVHW�*��ZKLFK�LQFOXGHV�DOO� WKH�
3HUIHFW�+DVK� )XQFWLRQV��� IURP� WKH� VHW� RI� DOO� WKH� SRVVLEOH�+DVK� WUDQVIRUPDWLRQV�� 7KH�
HIIHFWLYHQHVV� RI� WKHVH� DOJRULWKPV� LV� GHWHUPLQHG� IURP� WKH� UDWH� RI� VHWWOHPHQW� RI�
DFFRPPRGDWLRQ�LQ�IXOILOOLQJ�WKH�IROORZLQJ�FRQGLWLRQV��

7KH� DOJRULWKP� VKRXOG�REWDLQ� WKH� 3HUIHFW�+DVK�)XQFWLRQ� �RU� WKH�0LQLPXP�
+DVK�)XQFWLRQ��IRU�DQ\�QXPEHU�RI�NH\V��7KDW�PHDQV�UHTXLUHV�IRUFH�DWWDFN�VHDUFKLQJ�LQ�
WKH�GHWHUPLQDWH�VXEVHW�*��LQ�ZKLFK�DUH�LQFOXGHG�DOO�WKH�3HUIHFW�+DVK�)XQFWLRQV��

7KH�QXPEHU�RI�IXQFWLRQV�RI�WKH�VXEVHW�*��LQ�ZKLFK�IRUFH�DWWDFN�VHDUFKLQJ�LV�
H[HFXWHG��VKRXOG�EH�WKH�VPDOOHVW�RQH��

7KH� WLPH� UHTXLUHG� WR� FDOFXODWH� WKH� +DVK� )XQFWLRQ� VKRXOG� EH� WKH� OHDVW�
SRVVLEOH��

:H�FRQVLGHU�LQ�DGYDQFH�WKDW�ZH�PXVW�KDYH�WKH�KLJKHVW�SRVVLELOLW\�WKDW�WKH�
+DVK�)XQFWLRQ�GRHV�QRW�FROOLGH�IRU�D�JLYHQ�VHW�RI�NH\V��

8QLQYHVWLJDWHG� SDUWV� RI� JHQHUDO� PDWWHUV� GHILQLQJ�� 7KH� DOJRULWKP� WKDW� LV�
PHQWLRQHG� LQ�VWXG\�DQG�ZKLFK� LV�FRQVLGHUHG� WR�EH�RQH�RI� WKH�PRVW�HIIHFWLYH��HQVXUHV�
WKH�VHDUFKLQJ�WLPH�RI�WKH�0LQLPXP�3HUIHFW�+DVK�)XQFWLRQ�LV�SURSRUWLRQDO�WR�P��ZKHUH�
P QXPEHU�RI�NH\V�ZKLFK�PXVW�EH�GLVWULEXWHG�LQ�PHPRU\��

7KH�UHVHDUFK�REMHFWLYH��7KH�IUDFWLRQDO�XVH�RI�+DVK�)XQFWLRQ�IRU�WKH�IRUPLQJ�RI�
ELWV��LQ�SUDFWLFH��GRHV�QRW�FDXVH�DQ\�FKDQJHV�LQ�WKH�H[SHFWHG�UHVXOWV���+DYLQJ�DV�LQLWLDO�
VWDWH� WKH�DIRUHPHQWLRQHG� WKHRUHWLFDO� UHVHDUFK�ZH�FDQ�IRUP�D�SUDFWLFDO�PHWKRG�IRU� WKH�
GHVLJQ�RI� ERWK� D�0LQLPXP�DQG�QRW� D�0LQLPXP�3HUIHFW�+DVK�)XQFWLRQ��ZKLOH�EHLQJ�
DEOH�DW�DQ\�WLPH�WR�FUHDWH�WKH�VRIWZDUH�LQ�$VVHPEO\�FRGH��

7KH� VWDWHPHQW� RI� EDVLF� PDWHULDOV�� ,Q� SDSHU� DQ� DSSURDFK� IRU� LQFUHDVLQJ�
HIIHFWLYHQHVV� RI� RUJDQL]DWLRQ� RI�PXOWL�OHYHO� KDVK�PHPRU\� IRU� UDSLG� UHWULHYDO� E\� NH\��
8SSHU�OHYHO�RI�VXFK�KDVK�PHPRU\�LV�UHWULHYDO�EXIIHU�LQ�FDVK�PHPRU\�XQLW�DQG�ORZ�OHYHO�
LV�LQ�PDLQ�PHPRU\��7KH�SHFXOLDULWLHV�RI�UHVHDUFKHG�KDVK�PHPRU\�RUJDQL]DWLRQ�FRFVLVW�
RI� QHDU�SHUPDQHQW� FKDUDFWHUV� RI� NH\� DUUD\�� ,W� PHDQV� WKDW� LQWHQVLYHO\� RI� UHWULHYDO�
RSHUDWLRQ�E\�IHZ�RUGHU�LV�KHLJKW�LQ�FRPSDUH�WR�RSHUDWLRQV�FRQQHFWHG�ZLWK�NH\�FKDQJH���
7KH� SUREDELOLVWLF�PRGHO� RI� KDVK�VHDUFKLQJ� LQ� QHDU�SHUPDQHQW� NH\V� DUUD\V�ZKLFK� DUH�
VWRUDJHV� LQ� WZR�OHYHO� PHPRU\� KDV� EHHQ� GHYHORSHG�� 2Q� WKH� EDVH� RI� WKLV� PRGHO� WKH�
HIIHFWLYHQHVV� RUJDQL]DWLRQ� RI� KDVK�DFFHVV� WR� LQIRUPDWLRQ� KDV� EHHQ� SURSRVHG�� ,W� KDV�
EHHQ�VKRZQ�WKDW�SURSRVHG�KDVK�DFFHVV�RUJDQL]DWLRQ�UHTXLUHV��HQVXUH�QR�PRUH�WKHQ�RQH�
DFFHVV�WR�VORZ�ORZ�OHYHO�PHPRU\��������

&RQFOXVLRQV��,Q�SDSHU�WKH�QHZ�KDVK�VHDUFKLQJ�RUJDQL]DWLRQ�KDV�EHHQ�SURSRVHG���
7KH�HVVHQFH�RI� WKLV�RUJDQL]DWLRQ�FRQVLVW�RI� �XVLQJ�PXOWL�KDVK�DGGUHVVLQJ� � IRU�VHYHUDO�
NH\�� ,W� LV�DOORZHG� WR� UHPRYH� WKH�JURXSLQJ�NH\V� LQ�KDVK�PHPRU\�� �7KH�SURFHGXUHV�RI�
UHFRUGLQJ� NH\V� LQWR� WKH� KDVK�PHPRU\� DQG� NH\� VHDUFKLQJ� EHHQ� GHYHORSHG�� 7KH�
H[SHULPHQWDO� HYDOXDWLRQ� RI� DYHUDJH� RI� PHPRU\� DFFHVV� IRU� NH\� UHFRUGLQJ� DQG� NH\�
VHDUFKLQJ�KDV�EHHQ�REWDLQHG��

.H\�ZRUGV���KDVK�PHPRU\��KDVK�UHWULHYDO��DGGUHVVLQJ�FROOLJQ����
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