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*2'$57�-($1�0$5&
'HSDUWPHQW�RI�0DWKHPDWLFV�	�2SHUDWLRQV�5HVHDUFK

3RO\WHFKQLF�)DFXOW\�RI�0RQV
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$EVWUDFW�� 7KH� REMHFWLYH� RI� WKH� SUHVHQW� UHVHDUFK� FRQVLVWV� LQ� DSSO\LQJ� FRPELQDWRULDO� RSWLPL]DWLRQ� WR� UHDO� ZRUOG� WULS
SODQQLQJ��0XOWLSOH� REMHFWLYH� FRPELQDWRULDO� RSWLPL]DWLRQ�SUREOHPV� DUH� VXJJHVWHG� WKDW�PRGHO� GLIIHUHQW� VLWXDWLRQV�ZLWK
UHJDUGV�WR�WKH�SODQQLQJ�RI�WULSV��6ROYLQJ�WKHVH�SUREOHPV��H�J��ZLWK�PHWD�KHXULVWLFV��PDNHV�LW�SRVVLEOH�WR�SURYLGH�WKH�XVHU
ZLWK� GHFLVLRQ� VXSSRUW� LQ� WKLV�PDWWHU�� ,W�ZLOO� EH� IRFXVHG� RQ� WKH� FDVH� RI� VLJKWVHHLQJ� WRXUV�� IRU�ZKLFK� D�ZKROH� DUHD� LV
YLVLWHG��IURP�DQG�EDFN�WR�D�VSHFLILHG�SRLQW�RI�RULJLQ�GHVWLQDWLRQ��ZLWK�DFFRPPRGDWLRQ�LQ�KRWHOV�DQG�WUDQVSRUWDWLRQ�E\
FDU�RU�FKDUWHUHG�EXV�
.H\�:RUGV��0XOWLSOH� 2EMHFWLYH� &RPELQDWRULDO� 2SWLPL]DWLRQ� �02&2��� 7RXULVP�� 7ULS� 3ODQQLQJ�� 6LJKWVHHLQJ� 7RXUV�
0HWD�+HXULVWLFV��6LPXODWHG�$QQHDOLQJ��7DEX�6HDUFK�

����,QWURGXFWLRQ
2SHUDWLRQV�UHVHDUFK�KDV�DOUHDG\�EHHQ�XVHG�LQ�PRVW�ILHOGV
RI� WKH� KXPDQ� DFWLYLW\�� 7KRXJK�� DSSOLFDWLRQV� RI
RSHUDWLRQV�UHVHDUFK�LQ�WRXULVP�DUH�QRW�YHU\�XVXDO��GHVSLWH
WKH�PDMRU�LPSRUWDQFH�RI�WRXULVP�IRU�WKH�ZRUOG�HFRQRP\
DQG� IRU� LQGLYLGXDOV�� )RU� H[DPSOH�� WKH� DSSOLFDWLRQ� RI
RSHUDWLRQV� UHVHDUFK� WR� WULS� SODQQLQJ� KDV� KDUGO\� EHHQ
VWXGLHG��7ULS� SODQQLQJ� FDQ�EH� GHILQHG� DV� �VHOHFWLQJ� DQG
FRPELQLQJ�� LQ� D� WULS�� WKH� PRVW� DSSURSULDWH� WRXULVP
SURGXFWV� �ORGJLQJ�� WUDQVSRUWDWLRQ����� FRQVLGHULQJ� D
WRXULVW
V�SHUVRQDO�YDOXHV��ZLVKHV�DQG�FRQVWUDLQWV��
*LYHQ� WKH� GLIILFXOW\� RI� FKRRVLQJ� DPRQJ� WKH� FRXQWOHVV
WRXULVP�FRPSRQHQWV�ZKLFK�DUH�DYDLODEOH��DQG�FRPELQLQJ
WKHP�LQ�D�FRQVLVWHQW�ZD\��WULS�SODQQLQJ�FDQ�WXUQ�RXW�WR�EH
VLPLODU� WR� D� &KLQHVH� SX]]OH�� 0RUHRYHU�� WKH� SODQQLQJ
DFWLYLW\� UHTXLUHV� D� JUHDW� GHDO� RI� WHFKQLFDO� VNLOO�� IRU
H[DPSOH� WR� ZRUN� RXW� SULFHV�� <HW�� YDFDWLRQ� FKRLFHV� DUH
KLJK�LQYROYHPHQW�GHFLVLRQV�DQG�UHSUHVHQW�D�FRQVLGHUDEOH
SURSRUWLRQ� RI� WKH� KRXVHKROG� EXGJHW� >�@>�@�� $V� D� UHVXOW�
WRXULVWV�ZLOO�XVXDOO\�GHYRWH�DSSUHFLDEOH�WLPH�DQG�HIIRUW�WR
WKH� VHOHFWLRQ� RI� WKH� �LGHDO�� WULS��7ULS� SODQQLQJ� SOD\V� DQ
LPSRUWDQW�SDUW�LQ�WKH�VXFFHVV�RI�D�WULS��DQG�HYHQ�WKRXJK�LW
LV� QRW� HDV\� IRU� WKH� FXVWRPHU� WR� WDNH� SDUW� LQ� WKDW
HQWHUSULVH��LW�LV�WKXV�RIWHQ�LQ�KLV�LQWHUHVW�WR�GR�VR�
2YHU�WKH�ODVW�WHQ�\HDUV��D�VXEVWDQWLDO�VKLIW�RFFXUUHG�LQ�WKH
EHKDYLRXU� RI� WRXULVP� FRQVXPHUV�� DZD\� IURP
VWDQGDUGL]HG�SDFNDJHV�RI�WRXU�RSHUDWRUV�WR�LQGLYLGXDOL]HG
SURGXFWV�>�@��7KLV�FKDQJH�OHDGV�WR�D�KLJKHU�LQYROYHPHQW
RI� WKH� WRXULVW� GLUHFWO\� LQ� WKH� SODQQLQJ� SURFHVV�� $V� D
UHVXOW��D�JUHDW�PDQ\�WRXULVP�FRPSDQLHV�KDYH�RIIHUHG�QHZ

SRVVLELOLWLHV� WR� DVVLVW� DQG� VRPHWLPHV� HQFRXUDJH� WKH
WRXULVW� LQ� WKLV� DFWLYLW\� �� �KRWHO� RQO\�� EURFKXUHV� DQG
ERRNLQJV�� WROO�IUHH� DFFHVV� WR� UHVHUYDWLRQ�GHVNV�� HWF��7KH
,QWHUQHW� DQG� RWKHU� QHWZRUNV� KDYH� JURZQ� XS� LQ� WKLV
FRQWH[W� DQG� PDGH� D� KDQGVRPH� FRQWULEXWLRQ� WR� LW� E\
HQDEOLQJ� WKH� JHQHUDO� SXEOLF� WR� DFFHVV� SURIHVVLRQDO
UHVHUYDWLRQV� V\VWHPV� DQG� WKXV� GLUHFWO\� PDNH� WKHLU� RZQ
UHVHUYDWLRQV�RQOLQH�
$OWKRXJK� WRXULVWV� FDQ� DOUHDG\� ERRN� PDQ\� WUDYHO
FRPSRQHQWV�RQOLQH��RQO\�OLWWOH�KDV�EHHQ�GRQH�VR�IDU�ZLWK
UHJDUG�WR�WKH�WULS�SODQQLQJ�SURFHVV�DV�D�ZKROH��0DQ\�ZHE
VLWHV� HQDEOH� XVHUV� WR� FKRRVH� DQG� ERRN� IOLJKWV�� KRWHOV� RU
UHQWDO� FDUV� EXW� GR� QRW� JLYH� PXFK� DVVLVWDQFH� ZKHQ� LW
FRPHV�WR�SXWWLQJ�WRJHWKHU�WKRVH�VHUYLFHV�
6LQFH� WULS�SODQQLQJ� FRQVLVWV� LQ� VHOHFWLQJ� DQG� FRPELQLQJ
WRXULVP� SURGXFWV�� ZLWK� VHYHUDO� FRQVWUDLQWV� DQG
REMHFWLYHV��WKH�WRROV�RI�FRPELQDWRULDO�RSWLPL]DWLRQ�VHHP
WR�EH�YHU\�DSSURSULDWH�IRU�PRGHOLQJ�LQ�WKLV�PDWWHU��$V�D
PDWWHU�RI� IDFW�� FRPELQDWRULDO� RSWLPL]DWLRQ� LV� WKH�EUDQFK
RI� RSHUDWLRQV� UHVHDUFK� WKDW� GHDOV� ZLWK� WKH� SUREOHPV� RI
ILQGLQJ� WKH� EHVW� �RU� RQH� RI� WKH� EHVW�� HOHPHQW�V��
DFFRUGLQJ� WR�D�JLYHQ�REMHFWLYH�IXQFWLRQ�� LQ�D� ILQLWH�QRQ�
HPSW\� VHW�� RI� ZKLFK� WKH� HOHPHQWV� XVXDOO\� FRQVLVW� LQ
FRPELQDWRULDO� �DVVHPEODJHV�� �H�J�� SHUPXWDWLRQV�� RI
VLPSOHU� LWHPV�� 7KH� VHOHFWLRQ� DQG� FRPELQDWLRQ� SURFHVV
XQGHUO\LQJ� WULS�SODQQLQJ� FDQ�EH� VHHQ� DV� WKH� SUREOHP�RI
FKRRVLQJ� DPRQJ� QXPHURXV� FRPELQDWRULDO� DVVHPEODJHV
�RI�WUDYHO�SURGXFWV��
7KH� REMHFWLYH� RI� WKH� SUHVHQW� UHVHDUFK� FRQVLVWV� LQ
DSSO\LQJ� FRPELQDWRULDO� RSWLPL]DWLRQ� WR� UHDO� ZRUOG� WULS
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SODQQLQJ�� &RPELQDWRULDO� RSWLPL]DWLRQ� SUREOHPV� DUH
VXJJHVWHG�WKDW�PRGHO�GLIIHUHQW�VLWXDWLRQV�ZLWK�UHJDUGV�WR
WKH�SODQQLQJ�RI� WULSV�� 6ROYLQJ� WKHVH� SUREOHPV�� H�J��ZLWK
PHWD�KHXULVWLFV�� PDNHV� LW� SRVVLEOH� WR� SURYLGH� WKH� XVHU
ZLWK�GHFLVLRQ�VXSSRUW�LQ�WKLV�PDWWHU��,W�ZLOO�EH�IRFXVHG�RQ
WKH�FDVH�RI� VLJKWVHHLQJ� WRXUV�� IRU�ZKLFK�D�ZKROH�DUHD� LV
YLVLWHG�� IURP� DQG� EDFN� WR� D� VSHFLILHG� SRLQW� RI
RULJLQ�GHVWLQDWLRQ�� ZLWK� DFFRPPRGDWLRQ� LQ� KRWHOV� DQG
WUDQVSRUWDWLRQ�E\�FDU�RU�FKDUWHUHG�EXV�

����7KH�7ULS�3ODQQLQJ�3UREOHP
$� YHU\� FHQWUDO� DQG� IDPRXV� FRPELQDWRULDO� RSWLPL]DWLRQ
SUREOHP�LV�WKH�WUDYHOLQJ�VDOHVPDQ�SUREOHP��763���ZKLFK
VLPSO\� VWDWHG� FRQVLVWV� LQ� ILQGLQJ� RQH� RI� WKH� EHVW
�FKHDSHVW��RUGHUV�IRU�D�VDOHVPDQ�WR�YLVLW�D�VHW�RI�SODFHV�
EHIRUH� FRPLQJ� EDFN� WR� KLV� VWDUWLQJ� SRLQW�� 6LQFH� WULS
SODQQLQJ� LV� HVVHQWLDOO\� D� WRXU� FRQVWUXFWLRQ� SUREOHP�� WKH
763� VHHPV� WR� EH� XVHIXO� LQ� YHU\� EDVLF� WULS� SODQQLQJ
VLWXDWLRQV�� ZKHUH� D� VHW� RI� WRXULVW� DWWUDFWLRQV� KDYH� WR� EH
YLVLWHG��ZKLOH�PLQLPL]LQJ�WUDQVSRUWDWLRQ�FRVW��7KHUHIRUH�
WKH�763�LV�D�JRRG�VWDUWLQJ�SRLQW�WR�PRGHO�WULS�SODQQLQJ�
<HW�� IURP� D� WULS� SODQQLQJ� SRLQW� RI� YLHZ�� D� ILUVW� PDMRU
GUDZEDFN�RI�WKH�763�LV�LWV�LQDELOLW\�WR�VHOHFW�DFWLYLWLHV�WR
EH� LQFOXGHG� LQ� WKH� WRXU�� $� VHFRQG� LQDGHTXDF\� FRPHV
IURP�WKH�IDFW�WKDW�WKH�763�GRHV�QRW�GHDO�ZLWK�ORGJLQJ�DW
DOO�� $FFRUGLQJO\�� DQ� LQLWLDO� DOWHUDWLRQ� RI� WKH� 763
FRQVLVWHG� LQ� HQDEOLQJ� VHOHFWLRQ� RI� DFWLYLWLHV� �763�$6��
ORGJLQJ��763�/6��RU�ERWK��763�$/6���,Q�WKH�763�$/6�
DFWLYLWLHV�KDYH�WR�EH�VHOHFWHG�DQG�ORGJLQJ�LQVHUWHG�VR�WKDW
WKH� WULS� VSDQV� D� JLYHQ� QXPEHU� RI� GD\V�� RI� ZKLFK� WKH
DFWLYH� GXUDWLRQ� DOZD\V� ILWV� EHWZHHQ� D� ORZHU� ERXQG� DQG
DQ�XSSHU�ERXQG��$V�IRU�WKH�763��WKH�REMHFWLYH�LV�WR�ILQG�D
VHTXHQFH��WRXU��ZLWK�WKH�PLQLPXP�WUDQVSRUWDWLRQ�FRVW�
(YHQ� WKRXJK� WKH� VROXWLRQ� VWUXFWXUH� RI� WKH� 763�$/6� LV
QRZ�DSSURSULDWH�WR�UHSUHVHQW� WULSV��VKRUWFRPLQJV�UHPDLQ
UHJDUGLQJ� WKH�REMHFWLYH�RI� WKH�SUREOHP�� ,QGHHG�� LQ�PRVW
WULS�SODQQLQJ�VLWXDWLRQV��VHOHFWLRQ�EDVHG�RQ�WUDQVSRUWDWLRQ
FRVW� RQO\� LV� QRW� FRQFHLYDEOH�� $FWLYLW\� DQG
DFFRPPRGDWLRQ� FRVWV� VKRXOG� DOVR� EH� FRQVLGHUHG�
7KHUHIRUH�� D� QHZ� DOWHUDWLRQ� JLYHV� ULVH� WR� WKH� PXOWLSOH
REMHFWLYH� 763�$/6� �02763�$/6��� LQ� ZKLFK� WKUHH
VHSDUDWH�REMHFWLYHV�KDYH� WR�EH� WDNHQ� LQWR�DFFRXQW�DW� WKH
VDPH� WLPH� �� PLQLPL]LQJ� WRWDO� WUDQVSRUWDWLRQ� FRVW�
PLQLPL]LQJ� WRWDO� ORGJLQJ� FRVW�� DQG� PLQLPL]LQJ� WRWDO
DFWLYLW\�FRVW�
)LQDOO\��D�ODVW�PDMRU�LPSURYHPHQW�ZKLFK�LV�QHFHVVDU\�WR
PRGHO�WULS�SODQQLQJ�FRQVLVWV�LQ�WDNLQJ�LQWR�FRQVLGHUDWLRQ
QRW� RQO\� WKH� FRPSRQHQWV
� FRVWV� EXW� DOVR� WKH� WRXULVW
V
SUHIHUHQFHV�� %HVLGH� PLQLPL]LQJ� WKH� WKUHH� FRVWV�
PD[LPL]LQJ� ORGJLQJ� DQG� DFWLYLW\� DWWUDFWLYHQHVV� OHDGV� WR
GHILQH� D� SUREOHP�ZLWK� ILYH� REMHFWLYHV� �� WKH� SUHIHUHQFH�

EDVHG� 02763�$/6� �3%�02763�$/6��� ZKLFK� ZDV
QLFNQDPHG��WULS�SODQQLQJ�SUREOHP���733��
7KLV� VHULHV� RI� LPSURYHPHQWV� DQG� WKH� H[WHQVLRQV� RI� WKH
763�WR�ZKLFK�WKH\�OHG��VSHFLILFDOO\�IRU�WULS�SODQQLQJ��DUH
VXPPDUL]HG�LQ�)LJXUH���

763

733

763�$6 763�/66HOHFWLRQ

763�$/6

02763�$6 02763�/6

02763�$/6

3%�02763�$6

3%�02763�$/6

3%�02763�/63UHIHUHQFHV

&RVWV

)LJ������6XFFHVVLYH�DOWHUDWLRQV�RI�WKH�763�
7R� NHHS� LW� UDWKHU� VLPSOH�� WKH� SULQFLSOH� RI� WKH� 733� LV
VFKHPDWLVHG� LQ� ILJXUH����7ULSV�DUH�EXLOW� DV� VHTXHQFHV�RI
GLIIHUHQW�DFWLYLWLHV��DWWUDFWLRQV�LQ�WKH�FDVH�RI�VLJKWVHHLQJ
WRXUV�� DQG� RI� 1�� SRVVLEO\� UHGXQGDQW�� ORGJLQJV� WKDW� DUH
VHOHFWHG� IURP� GDWDEDVHV� �1� LV� WKH� QXPEHU� RI� QLJKWV� DV
LPSRVHG� E\� WKH� WRXULVW��� $OO� WKHVH� VHTXHQFHV� VWDUW� DQG
ILQLVK� DW� WKH� VDPH� �SRLQW� RI� RULJLQ� DQG� GHVWLQDWLRQ�
�UHSUHVHQWHG�E\�D�EODFN�VTXDUH�LQ�ILJXUH�����ZKLFK�LV�DOVR
FKRVHQ� E\� WKH� WRXULVW�� .QRZLQJ� WKH� GXUDWLRQ� RI� HDFK
DFWLYLW\�DQG�WKH�WLPH�QHHGHG�WR�JR�IURP�D�SODFH��SRLQW�RI
RULJLQ�DQG�GHVWLQDWLRQ��DFWLYLW\��RU�ORGJLQJ���WR�DQRWKHU��LW
LV�HQVXUHG�WKDW�WKH�WLPH�HODSVHG�EHWZHHQ�WZR�FRQVHFXWLYH
ORGJLQJV�LQ�WKH�VHTXHQFH�IDOOV�EHWZHHQ�G��DQG�G���ZKLFK
DUH� UHVSHFWLYHO\� D� ORZHU� DQG� DQ� XSSHU� ERXQG� RQ� WKH
DFWLYH�GXUDWLRQ�RI�HYHU\�GD\�RI�WKH�WULS�
)LQDOO\��NQRZLQJ�WKH�FRVW�DQG�WKH�DWWUDFWLYHQHVV�RI�HDFK
DFWLYLW\�DQG�ORGJLQJ��DQG�NQRZLQJ�WKH�FRVW�RI�JRLQJ�IURP
D�SODFH� WR�DQRWKHU��DOO� WKH� IHDVLEOH� WULSV� �VHTXHQFHV��FDQ
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EH� HYDOXDWHG� DV� WR� ILYH� FRQIOLFWLQJ� REMHFWLYHV� �
�PLQLPLVDWLRQ�� RI� WKH� FRVW� RI� WUDQVSRUWDWLRQ�
�PLQLPLVDWLRQ�� RI� WKH� FRVW� RI� DFWLYLWLHV�� �PLQLPLVDWLRQ�
RI� WKH� FRVW� RI� ORGJLQJV�� �PD[LPLVDWLRQ�� RI� WKH
DWWUDFWLYHQHVV� RI� DFWLYLWLHV� DQG� �PD[LPLVDWLRQ�� RI� WKH
DWWUDFWLYHQHVV�RI�ORGJLQJV��7KH�733�FRQVLVWV�LQ�VHOHFWLQJ
RQH� �RU� D� IHZ�� RI� WKH� EHVW� FRPSURPLVHV�ZLWK� UHJDUG� WR
WKHVH�REMHFWLYHV�

�

��������

'%�DFWLYLWLHV�
'XUDWLRQ�
&RVW�

$WWUDFWLYHQHVV�

'%�ORGJLQJV�
&RVW�

$WWUDFWLYHQHVV�

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

'%�WUDQVSRUWDWLRQ�
'XUDWLRQ�

&RVW�

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

&RVW�RI�WUDQVSRUWDWLRQ��WR�EH��PLQLPLVHG���
&RVW�RI�DFWLYLWLHV��WR�EH��PLQLPLVHG���
&RVW�RI�ORGJLQJV��WR�EH��PLQLPLVHG���

$WWUDFWLYHQHVV�RI�DFWLYLWLHV��WR�EH��PD[LPLVHG���
$WWUDFWLYHQHVV�RI�ORGJLQJV��WR�EH��PD[LPLVHG���

�

)LJ�����3ULQFLSOH�RI�WKH�733
$V�DQ�H[DPSOH�� ILJXUH���JLYHV� WKH�VSDWLDO� UHSUHVHQWDWLRQ
RI�ZKDW�FRXOG�EH�D�VROXWLRQ�RI�WKH�733�>�@>�@>�@�

)LJ������&RQILJXUDWLRQ�RI�D�733�VROXWLRQ�
7KH� 733� FDQ� SOD\� D� YHU\� FHQWUDO� SDUW� LQ� WULS� SODQQLQJ�

MXVW�OLNH�RWKHU�H[WHQVLRQV�RI�WKH�763�GR�LQ�YDULRXV�ILHOGV
�H�J�� WKH� YHKLFOH� URXWLQJ� SUREOHP� WR� SODQ� GHOLYHU\
URXQGV���%HFDXVH�RI� WKH�DVVXPSWLRQV�RQ�ZKLFK� WKH�733
UHOLHV�� WKLV� SUREOHP� LV� HVSHFLDOO\� DSSURSULDWH� DV� D� EDVLV
IRU�PRGHOLQJ�VLJKWVHHLQJ�WRXU�SODQQLQJ�>�@>�@��+RZHYHU�
LW�FDQ�DOVR�EH�XVHG�DV�D�VWDUWLQJ�SRLQW�IRU�WULS�SODQQLQJ�DW
ODUJH�

����%H\RQG�WKH�733
)URP�D�SUDFWLFDO�SRLQW�RI�YLHZ�� WKHUH�DUH�PDQ\�ZD\V� LQ
ZKLFK�WKH�PRGHO�EDVHG�RQ�WKH�733�FDQ�EH�LPSURYHG�� WR
EH� PDGH� HYHQ� PRUH� DSSURSULDWH� WR� WULS� SODQQLQJ�� DQG
HVSHFLDOO\�VLJKWVHHLQJ� WRXU�SODQQLQJ��+RZHYHU�� LW�KDV� WR
EH� UHPHPEHUHG� WKDW� WKH� SUREOHP� XQGHUO\LQJ� WKH�PRGHO
QHHGV� WR�EH�VROYHG� WR� ILQG�RSWLPDO�RU��DW� OHDVW��FORVH�WR�
RSWLPDO�VROXWLRQV��WULSV���$V�D�PDWWHU�RI�IDFW��LW�KDV�WR�EH
NHSW�LQ�PLQG�WKDW�WKH�733�LV�DOUHDG\�GLIILFXOW�WR�VROYH�DV
D� FRPELQDWRULDO� RSWLPLVDWLRQ� SUREOHP� DQG� WKDW
FRPSXWDWLRQ� WLPHV� LQFUHDVH� GUDVWLFDOO\� DV� WKH� LQVWDQFH
VL]H��QXPEHU�RI�DFWLYLWLHV��ORGJLQJV�����JHWV�ODUJHU��7KXV�
LW� LV� LPSRUWDQW� WR� PDNH� VXUH� WKDW� JRRG� VROXWLRQV� IRU
QRUPDO� LQVWDQFHV� RI� WKH� QHZ� SUREOHPV� FDQ� VWLOO� EH
REWDLQHG�LQ�D�UHDVRQDEOH�DPRXQW�RI�WLPH�
0RUHRYHU�� LW� DOVR� KDV� WR� EH� WDNHQ� LQWR� DFFRXQW� WKDW� WKH
GDWD� QHHGHG� IRU� WKH� QHZ�PRGHO� PXVW� EH� DYDLODEOH�� )RU
GDWD� WKDW� QHHGV� WR� EH� LQSXW� E\� WKH� GHFLVLRQ�PDNHU�� LW� LV
QHFHVVDU\� WR� PDNH� VXUH� WKDW� WKLV� FDQ� EH� GRQH� LQ� UHDO
ZRUOG�VLWXDWLRQV��IRU�H[DPSOH�RQ�D�%�WR�&�ZHE�VLWH�
$W� WKLV� VWDJH�� IRXU� PDLQ� DOWHUDWLRQV� RI� WKH� 733�EDVHG
PRGHO� KDYH� EHHQ� FRQVLGHUHG� UHDVRQDEOH� DQG� VWXGLHG
IXUWKHU� >�@��7KH\�FRQFHUQ� ���� WKH�VHOHFWLRQ�RI� WKH�RULJLQ
DQG� WKH� GHVWLQDWLRQ� RI� WKH� WULS�� ���� WKH� LQFOXVLRQ� RI
VSHFLILF�DFWLYLWLHV������WKH�LQFOXVLRQ�RI�VSHFLILF�ORGJLQJV�
DQG�����WKH�YDULDELOLW\�RI�WLPH�VSHQW�DW�DWWUDFWLRQV�
������6HOHFWLRQ�RI�RULJLQ�DQG�GHVWLQDWLRQ
,Q�WKH�733��LW�LV�DVVXPHG�WKDW�WKH�WULS�VWDUWV�DQG�ILQLVKHV
DW� WKH� VDPH� SODFH��ZKLFK� LV� FDOOHG� �SRLQW� RI� RULJLQ� DQG
GHVWLQDWLRQ�� �� LW� LV� DOVR� VXSSRVHG� WKDW� WKH� WRXULVW� NQRZV
ZKDW� LV� WKH� ULJKW� SRLQW� RI� RULJLQ� DQG� GHVWLQDWLRQ� IRU
KHU�KLV�WULS��H�J��0LDPL�,QWHUQDWLRQDO�$LUSRUW��IRU�D�WULS�LQ
)ORULGD��
,Q�UHDOLW\��D�VLJKWVHHLQJ�WRXU�LV�QRW�DOZD\V�D�WRXU�DV�VXFK�
VLQFH�WKH�WRXULVW�FDQ�GHFLGH�WR�VWDUW�DW�D�SODFH��H�J��0LDPL
,QWHUQDWLRQDO� $LUSRUW�� DQG� ILQLVK� DW� DQRWKHU� SODFH� �H�J�
2UODQGR� ,QWHUQDWLRQDO� $LUSRUW��� 0RUHRYHU�� LQ� WKH� ILUVW
VWDJH� RI� WKH� SODQQLQJ� SURFHVV�� WKH� WRXULVW� PD\� KDYH� QR
LGHD� RI� ZKHUH� KHU�KLV� VLJKWVHHLQJ� WRXU� VKRXOG� VWDUW� DQG
ILQLVK��+HQFH��LW�LV�GHVLUDEOH�WR�VHW�XS�DQ�LPSURYHG�PRGHO
ZKHUH�WKH��SRLQW�RI�RULJLQ��DQG�WKH��SRLQW�RI�GHVWLQDWLRQ�
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QHHG�QRW�EH� WKH� VDPH�SODFH��DQG�ZKHUH� WKHVH�SRLQWV�DUH
VHOHFWHG�HQGRJHQRXVO\��WKDW�LV�E\�WKH�PRGHO�LWVHOI��EDVHG
RQ�ZKDW�VHHPV�WR�EH�PRVW�DSSURSULDWH��<HW��LW�VKRXOG�VWLOO
EH�SRVVLEOH�IRU�WKH�WRXULVW�WR�GHFLGH�RQ�WKH�SRLQW�RI�RULJLQ
DQG�RU� WKH� SRLQW� RI� GHVWLQDWLRQ�� RU� UHTXLUH� WKHP� WR� EH
LGHQWLFDO�
7R� LPSURYH� WKH� 733� PRGHO� LQ� WKLV� UHVSHFW�� WZR� H[WUD
GDWDEDVHV�ZHUH�DGGHG�WR�ZKDW�ZDV�SUHVHQWHG�LQ�ILJXUH����
RQH� GDWDEDVH� RI� SRVVLEOH� SRLQWV� RI� RULJLQ� DQG� RQH
GDWDEDVH� RI� SRVVLEOH� SRLQWV� RI� GHVWLQDWLRQ�� 7KH
RSWLPLVDWLRQ� DOJRULWKP� WKHQ� QHHGV� WR� EH�PRGLILHG� DV� WR
VHOHFW� WKH�SRLQW�RI�RULJLQ�DQG�WKH�SRLQW�RI�GHVWLQDWLRQ�RI
WKH� WULS� IURP� WKH� UHVSHFWLYH� GDWDEDVH��$OVR�� DQ� RSWLRQDO
FRQVWUDLQW� FDQ� REOLJH� WKH� DOJRULWKP� WR� VHOHFW� WKH� VDPH
SODFH�LQ�ERWK�GDWDEDVHV�
������,QFOXVLRQ�RI�VSHFLILF�DFWLYLWLHV
$QRWKHU�LPSOLFLW�K\SRWKHVLV�RI�WKH�733�PRGHO�FRQVLGHUV
WKDW� WKHUH� LV� QR� DFWLYLW\� WKDW� WKH� WRXULVW� DEVROXWHO\
UHTXLUHV� WR� EH� LQFOXGHG� LQ� WKH� WULS��$V� D�PDWWHU� RI� IDFW�
DQ\�DFWLYLW\�RI�WKH�GDWDEDVH�RI�DFWLYLWLHV�FDQ�RU�FDQQRW�EH
VHOHFWHG�� GHSHQGLQJ� RQ� ZKDW� VHHPV� WR� EH� EHWWHU�
FRQVLGHULQJ�WKH�WULS�DV�D�ZKROH�
<HW��PRVW�RIWHQ�WKH�WRXULVW�NQRZV�DV�IURP�DQ�HDUO\�VWDJH
LQ�WKH�SODQQLQJ�SURFHVV�WKDW�DQ�DFWLYLW\�KDV�WR�EH�SDUW�RI
KHU�KLV� WULS�� EHFDXVH� VKH�KH� FRQVLGHUV� WKDW� DFWLYLW\� DV� D
�PXVW�GR���)RU�H[DPSOH��D�WRXULVW�ZKR�LV�SODQQLQJ�WR�JR
WR�)ORULGD�FRXOG�FRQVLGHU�WKDW�VKH�KH�DEVROXWHO\�KDV�WR�JR
VHH��'LVQH\�:RUOG��
7R� WDNH� LQWR� DFFRXQW� VXFK� UHTXLUHPHQWV�� WKH� �PXVW�GR�
DFWLYLWLHV� KDYH� WR� EH� SLQSRLQWHG� LQ� WKH� GDWDEDVH� RI
DFWLYLWLHV�� )XUWKHUPRUH�� WKH� DOJRULWKP� QHHGV� WR� EH
PRGLILHG� DV� WR� LQFOXGH� DQG� NHHS� WKRVH� DFWLYLWLHV� LQ� WKH
WULS�
������,QFOXVLRQ�RI�VSHFLILF�ORGJLQJV
7KH�733�PRGHO�DVVXPHV�DV�ZHOO�WKDW�WKHUH�LV�QR�ORGJLQJ
ZKHUH�WKH�WRXULVW�DEVROXWHO\�ZDQWV�WR�VSHQG�RQH�QLJKW��RU
PRUH�� GXULQJ� KHU�KLV� WULS�� ,Q� WKH� VDPH� ZD\� DV� IRU
DFWLYLWLHV��DQ\�ORGJLQJ�RI�WKH�GDWDEDVH�RI�ORGJLQJV�FDQ�RU
FDQQRW� EH� VHOHFWHG�� GHSHQGLQJ� RQ� ZKDW� VHHPV� WR� EH
EHWWHU��FRQVLGHULQJ�WKH�WULS�DV�D�ZKROH�
$JDLQ��WKRXJK��WKH�WRXULVW�FDQ�GHPDQG�WKDW�RQH�RU�VHYHUDO
QLJKWV� EH� VSHQW� DW� D� JLYHQ� SODFH�� 7KLV� FDQ� EH� GXH� WR� D
JRRG�SDVW�H[SHULHQFH�RU�WR�WKH�UHSXWDWLRQ�RI�WKH�ORGJLQJ
LQ�TXHVWLRQ��)RU�H[DPSOH��D�WRXULVW�ZKR�LV�SODQQLQJ�WR�JR
WR� )ORULGD� FRXOG� FRQVLGHU� WKDW� VKH�KH� DEVROXWHO\� KDV� WR
VSHQG� DW� OHDVW� RQH� QLJKW� DW� WKH� IDPRXV� �&DVD� 0DULQD�
KRWHO��LQ�.H\�:HVW�
7KLV� NLQG� RI� UHTXLUHPHQWV� FDQ� EH� GHDOW� ZLWK� E\

SLQSRLQWLQJ� WKH� DIIHFWHG� ORGJLQJV� LQ� WKH� GDWDEDVH� RI
ORGJLQJV� DQG� E\� LQGLFDWLQJ� WKH� PLQLPXP� QXPEHU� RI
QLJKWV� WKDW� KDYH� WR� EH� VSHQW� WKHUH�� 7KH� DOJRULWKP� WKHQ
QHHGV� WR�EH�PRGLILHG�DV� WR� LQFOXGH� DQG�NHHS� LQ� WKH� WULS
WKH�UHTXLUHG�QXPEHU�RI�FRSLHV�RI�WKRVH�ORGJLQJV�
������9DULDELOLW\�RI�WLPH�VSHQW�DW�DWWUDFWLRQV
$� SUHWW\� VWURQJ� VLPSOLI\LQJ� DVVXPSWLRQ� RI� WKH� 733
FRQVLVWV� LQ� FRQVLGHULQJ� WKDW� HDFK� DWWUDFWLRQ� UHTXLUHV� D
JLYHQ�DPRXQW�RI�WLPH��H�J����KRXUV�WR�YLVLW�'LVQH\ODQG��
<HW��DQ�H[WHQVLRQ�RI�WKH�733�FDQ�EH�SURSRVHG��ZKHUH�WKH
WLPH� GHGLFDWHG� WR� HDFK� DWWUDFWLRQ� RQ� WKH� WRXU� ZRXOG� EH
GHWHUPLQHG� ZLWKLQ� WKH� PRGHO�� 7KLV� ZD\�� WKH� WRWDO
DYDLODEOH�WLPH�ZLOO�EH�VKDUHG�RXW�DPRQJ�WKH�DWWUDFWLRQV�LQ
WKH�EHVW�SRVVLEOH�ZD\�
,Q� RUGHU� WR� SURYLGH� WKH� XVHU� ZLWK� XVHIXO
UHFRPPHQGDWLRQV�� VRPH� H[SHUW� NQRZOHGJH� KDV� WR� EH
IRUPDOLVHG� DQG� LQSXW� DV� DERXW� WKH� WLPH� WKDW� VKRXOG� EH
VSHQW� DW� DQ� DWWUDFWLRQ� E\� D� JLYHQ� WRXULVW�� ,W� ZLOO� EH
FRQVLGHUHG�KHUH�WKDW�WKLV�LQIRUPDWLRQ�FRQVLVWV�DW� OHDVW�RI
D� PLQLPXP� WLPH�� D� PD[LPXP� WLPH�� DQG� D� UHODWLRQ
EHWZHHQ�WKH�WLPH�VSHQW�DW�WKH�DWWUDFWLRQ�DQG�WKH�UHVXOWLQJ
DWWUDFWLYHQHVV�RI�WKLV�DWWUDFWLRQ�IRU�WKH�WRXULVW��2I�FRXUVH�
WKH� ODWWHU� UHODWLRQ� LV� WKH� NH\� HOHPHQW� WR� HQVXUH� WKDW
UHDOLVWLF�UHVXOWV�DUH�REWDLQHG�
,Q�WKH�QHZ�XQGHUO\LQJ�RSHUDWLRQV�UHVHDUFK�SUREOHP��WLPH
VSHQW� DW� DQ\� DWWUDFWLRQ� LV� D� YDULDEOH� WKDW� KDV� WR� EH
RSWLPLVHG��ZLWK�D�GLUHFW�HIIHFW�RQ�WKH�DWWUDFWLYHQHVV�RI�WKH
WRXU��7KLV�H[WHQVLRQ�RI�WKH�733�PDNHV�LW�SRVVLEOH�WR�SODQ
VLJKWVHHLQJ�WRXUV�ZKHUH�WKH�WLPH�VSHQW� LQ� WKH�DWWUDFWLRQV
LV� RSWLPLVHG�� LQ� RUGHU� WR� KHOS� WRXULVWV� PDNH� WKH� EHVW
SRVVLEOH� XVH� RI� WKHLU� WUDYHO� WLPH�� $V� LW� UHOD[HV� D� UDWKHU
VWURQJ� DVVXPSWLRQ� RI� WKH� 733�� LW� LV� D� ELJ� VWHS� WRZDUGV
HIIHFWLYH� DVVLVWDQFH� LQ� WKH� WULS� SODQQLQJ� SURFHVV�� DQG
HVSHFLDOO\�IRU�WKH�FXVWRPLVDWLRQ�RI�VLJKWVHHLQJ�WRXUV�

����6ROYLQJ�ZLWK�0HWD�+HXULVWLFV
2I�FRXUVH�WKH�733�DQG�WKHLU�YDULDQWV�DUH�QR�HDV\�WR�VROYH
SUREOHPV�� EHFDXVH� RI� WKHLU� FRPSXWDWLRQDO� FRPSOH[LW\
DQG� WKHLU� QXPHURXV� REMHFWLYHV�� $SSURSULDWH� WRROV� WR
VROYH�WKHP�DUH�WKH�PHWD�KHXULVWLFV�VLQFH�WKHVH�DUH�NQRZQ
WR�SHUIRUP�ZHOO� IRU� WKH�763�DQG�RIIHU�D�KLJK� IOH[LELOLW\
WKDW�PDNHV�WKHP�HDVLHU�WR�DGDSW�WR�GHULYHG�SUREOHPV�>�@�
%HVLGHV�� D� ORW�RI�DWWHQWLRQ�KDV�EHHQ�GHYRWHG� WR�PXOWLSOH
REMHFWLYH�FRPELQDWRULDO�RSWLPL]DWLRQ��02&2��SUREOHPV
LQ�WKH�ODVW�\HDUV�DQG�PXOWLSOH�REMHFWLYH�YHUVLRQV�RI�PHWD�
KHXULVWLFV� �H�J�� WKH� 026$� PHWKRG�� JLYH� SURPLVLQJ
UHVXOWV� WR� GHWHUPLQH� TXDVL�HIILFLHQW� VROXWLRQV� RI� ODUJH�
VL]H�02&2�SUREOHPV�>�@>��@�
$V� DQ� H[DPSOH�� XVLQJ�EDVLF� GDWDEDVHV� RI� ���� DFWLYLWLHV�
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��� ORGJLQJV�� DQG� �� RULJLQV�GHVWLQDWLRQV� �LQWHUQDWLRQDO
DLUSRUWV��� D� ���GD\� VLJKWVHHLQJ� WRXU� ZDV� SODQQHG� LQ
)ORULGD�IRU�D�ILFWLWLRXV�FRXSOH�RI�WRXULVWV�
7KLV� FRXSOH� LV� VXSSRVHG� WR� KDYH� WKH� IROORZLQJ� VSHFLILF
UHTXLUHPHQWV�DV�WR�ZKDW�WKHLU�WULS�VKRXOG�EH�OLNH���LW�GRHV
QRW� PDWWHU� IURP�ZKDW� DLUSRUW� WKHLU� WRXU� VWDUWV�� EXW� WKH\
ZDQW� WR� HQG� XS� DW� WKH� VDPH� DLUSRUW� �� WKH\�ZDQW� WR� YLVLW
3DOP�%HDFK� DQG�&\SUHVV�*DUGHQV� �� WKH\�ZDQW� WR� VSHQG
WZR� QLJKWV� DW� WKH� �8QLYHUVLW\� ,QQ��� )LQDOO\�� LW� ZDV
DVVXPHG�WKDW�WKH\�GHGLFDWH����KRXUV�D�GD\�WR�YLVLWLQJ�DQG
WUDYHOOLQJ�
7KH�ILUVW�VLJKWVHHLQJ�WRXU�WKDW�ZDV�REWDLQHG��LQ�DERXW���
VHFRQGV�� LV� UHSUHVHQWHG� LQ� ILJXUH� ��� &RQVLGHULQJ
LQGLFDWLYH� WUDYHO� WLPHV� EHWZHHQ� WKH� GLIIHUHQW� SODFHV�
H[DFWO\����KRXUV� HDFK�GD\�DUH�GHGLFDWHG� WR�YLVLWLQJ�DQG
WUDYHOOLQJ��7UDYHO�SODQV�DUH�DV�IROORZV��

2ULJLQ���0LDPL�,QWHUQDWLRQDO�$LUSRUW
$FWLYLW\���&\SUHVV�*DUGHQV�����K��������������
/RGJLQJ���/H�3DUF�,QQ����������
$FWLYLW\���<ERU�&LW\�����K�������������
$FWLYLW\���%XVFK�*DUGHQV�����K��������������
/RGJLQJ���/H�3DUF�,QQ����������
$FWLYLW\���'LVQH\�0*0�6WXGLRV�����K��������������
/RGJLQJ���0DLQJDWH�+RWHO����������
$FWLYLW\���0DJLF�.LQJGRP�����K��������������
/RGJLQJ���0DLQJDWH�+RWHO����������
$FWLYLW\���(3&27�����K��������������
/RGJLQJ���$GPLUDO
V�,QQ����������
$FWLYLW\���8QLYHUVDO�6WXGLRV�����K��������������
/RGJLQJ���3OD]D�,QWHUQDWLRQDO�+RWHO����������
$FWLYLW\���6HD�:RUOG�����K��������������
/RGJLQJ���6SDFH�6KXWWOH�,QQ����������
$FWLYLW\���.HQQHG\�6SDFH�&HQWHU�����K��������������
$FWLYLW\���3DOP�%HDFK�����K�������������
/RGJLQJ���8QLYHUVLW\�,QQ����������
$FWLYLW\���/LWWOH�+DYDQD�����K�������������
$FWLYLW\���$UW�'HFR�'LVWULFW�����K�������������
$FWLYLW\���%DO�+DUERU�%HDFK�����K�������������
/RGJLQJ���8QLYHUVLW\�,QQ����������
$FWLYLW\���9LOOD�9L]FD\D�����K��������������
$FWLYLW\���(YHUJODGHV�1�3������K�������������
'HVWLQDWLRQ���0LDPL�,QWHUQDWLRQDO�$LUSRUW

7KLV� H[DPSOH� VKRZV� KRZ� WKH� DOJRULWKP� UHVSHFWHG� WKH
WRXULVWV
� FRQVWUDLQWV� DQG� KRZ� LW� VKDUHG� RXW� WKH� WRWDO
DYDLODEOH� WLPH� DPRQJ� WKH� DWWUDFWLRQV�� EDVHG� RQ� WKHLU
DWWUDFWLYHQHVV� DQG� DOVR� RQ� WKH� LQWHUGHSHQGHQFH� EHWZHHQ
WKHP�ZLWKLQ�D�JLYHQ�SHULRG�RI�WLPH��D�GD\�KHUH��
2I�FRXUVH�WKH�ILUVW�WULS�ZKLFK�LV�SURSRVHG�LV�QRW�PHDQW�WR
EH�ERRNHG� DV� LW� LV��7KH� FRXSOH� FDQ� UHYLHZ� WKH� GLIIHUHQW
SDUDPHWHUV� DQG� KDYH� RWKHU� VLJKWVHHLQJ� WRXUV� JHQHUDWHG�

7KLV�ZD\�� LQWHUDFWLYHO\�� D� IXOO\� FXVWRPLVHG� WRXU�ZLOO� EH
GHVLJQHG�IRU�WKH�WRXULVWV�

)LJ�����([DPSOH�RI�D�VLJKWVHHLQJ�WRXU�LQ�)ORULGD

����&RQFOXVLRQ
7KH� 733� DSSHDUV� DV� D� JRRG� VWDUWLQJ� SRLQW� WR� PRGHO
VLJKWVHHLQJ� WRXU� SODQQLQJ�� 0RUHRYHU�� WKHUH� DUH� PDQ\
ZD\V� LQ� ZKLFK� WKH� PRGHO� EDVHG� RQ� WKH� 733� FDQ� EH
LPSURYHG�� WR� EH� PDGH� HYHQ� PRUH� DSSURSULDWH� WR� UHDO
ZRUOG� VLJKWVHHLQJ� WRXU�RSWLPL]DWLRQ��+RZHYHU�� LW� KDV� WR
EH� UHPHPEHUHG� WKDW� WKH� SUREOHP� XQGHUO\LQJ� WKH�PRGHO
QHHGV� WR�EH�VROYHG� WR� ILQG�RSWLPDO�RU��DW� OHDVW��FORVH�WR�
RSWLPDO�VROXWLRQV��WULSV���$V�D�PDWWHU�RI�IDFW��LW�KDV�WR�EH
NHSW� LQ�PLQG� WKDW� WKH� 733� LV� DOUHDG\� GLIILFXOW� WR� VROYH�
7KXV��LW�LV�LPSRUWDQW�WR�PDNH�VXUH�WKDW�JRRG�VROXWLRQV�IRU
QRUPDO� LQVWDQFHV� RI� WKH� QHZ� SUREOHPV� FDQ� VWLOO� EH
REWDLQHG� LQ� D� UHDVRQDEOH� DPRXQW� RI� WLPH��0RUHRYHU�� LW
DOVR�KDV�WR�EH�WDNHQ�LQWR�DFFRXQW�WKDW�WKH�GDWD�QHHGHG�IRU
WKH�QHZ�PRGHO�PXVW�EH�DYDLODEOH�
7KHVH�UHVXOWV�EURXJKW�WR�OLJKW�WKDW�LW�LV�SRVVLEOH�WR�GHVLJQ
D� GHFLVLRQ� VXSSRUW� V\VWHP� �'66�� IRU� UHDO� ZRUOG
VLJKWVHHLQJ� WRXU� SODQQLQJ� EDVHG� RQ� FRPELQDWRULDO
RSWLPL]DWLRQ� PRGHOV�� DV� IRU� H[DPSOH� WKH� 733�� 6XFK� D
'66�FDQ�EH�XVHIXO��LQ�ORWV�RI�GLIIHUHQW�VLWXDWLRQV��WR�DVVLVW
SHRSOH� LQ� SODQQLQJ� FXVWRPL]HG� VLJKWVHHLQJ� WRXUV� �� WKH
LQGHSHQGHQW� WUDYHOHU� RQ� WKH� ,QWHUQHW�� WKH� WUDYHO� DJHQW
PDNLQJ� WDLORU�PDGH� DUUDQJHPHQWV�� WKH� WRXU� RSHUDWRU
SDFNDJLQJ�VLJKWVHHLQJ�WRXUV��HWF�
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>�@ *RGDUW��-��0����8VLQJ�WKH�7ULS�3ODQQLQJ�3UREOHP�IRU
&RPSXWHU�$VVLVWHG� &XVWRPL]DWLRQ� RI� 6LJKWVHHLQJ
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7HFKQRORJ\� DQG� 7RXULVP�� +HOVLQNL�� )LQODQG��
6SULQJHU�9HUODJ��$XVWULD���������SS����������
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