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7KLV�SDSHU�FRQFHUQV�WKH�WDVN�RI�VPDUW�XVLQJ�UHVRXUFHV�IRU�ELJ�ZDWHULQJ�V\VWHPV��
7\SHV�RI�RWKHU�H[LVWLQJ�GHYLFHV�XVHG�LQ�ZDWHULQJ�V\VWHPV�DUH�LQYHVWLJDWHG��(YDOXDWLRQ�
FULWHULD� DUH� GHILQHG�� 'HYHORSHG� WKH� GHYLFHV� SURWRW\SH� UHVSRQGLQJ� WKH� VSHFLILHG�
FRQGLWLRQV��7KH�WH[W�WRSLF�LV�DVVLJQHG�XVLQJ�D�VHW�RI�NH\ZRUGV��

.H\� ZRUGV�� PRLVWXUH� WUDQVIHU�� LUULJDWLRQ� IRUHFDVWLQJ�� PRGXODULW\�� REVHUYLQJ�
GHYLFH��VHUYHU�

)LJ������%LEO����

7DUJHW� VHWWLQJ��'XH� WR� ORQJ�WHUP� LQWHQVLYH� DJULFXOWXUDO� XVH� RI� LUULJDWHG� ODQG��
LQFUHDVHG� WKH� GLYHUVLW\� RI� DJUR�HFRORJLFDO� FRQGLWLRQV�� FKDQJHV� LQ� VRLO� IRUPDWLRQ��
HFRORJLFDO� DQG� ODQG� UHFODPDWLRQ� FRQGLWLRQV�� WKH� HFRQRPLF� SUREOHPV� RI� UHFHQW� \HDUV�
KDYH�OHG�WR�XQVXVWDLQDEOH�VFDUFLW\�RI�UHVRXUFHV�LQ�LUULJDWHG�DJULFXOWXUH�DQG�GHWHULRUDWLRQ�
RI� WKH� WHFKQLFDO� FRQGLWLRQ� RI� LUULJDWLRQ� V\VWHPV�� (IIHFWLYH� DQG� VWDEOH� LUULJDWLRQ� RI� D�
SDUWLFXODU�DJULFXOWXUDO�FURS�KDV�EHFRPH�DQ�DFWXDO�WRSLF�LQ�WKH�UHFHQW�\HDUV��

$FWXDO�VFLHQWLILF�UHVHDUFKHV�DQG�LVVXHV�DQDO\VLV��,Q�FRQQHFWLRQ�WR�WKH�LQYHQWLRQ�
RI� QHZ�PRUH� FKLSSHU� GHYLFHV� DQG�DSSURDFKHV� LQ� WKH�PRGXODU� HOHFWURQLFV�� WKH� WRSLF� RI�
IRUHFDVWLQJ�LUULJDWLRQ�XVLQJ�VLPSOH�GHYLFHV�KDV�EHFRPH�PRUH�VWXGLHG�LQ�UHFHQW�\HDUV��

8QLQYHVWLJDWHG�SDUWV�RI�JHQHUDO�PDWWHUV�GHILQLQJ��'HVSLWH�D�ODUJH�QXPEHU�RI�
ZRUNV� DQG� GHYLFHV� GHYRWHG� WR� WKH� SUHGLFWLRQ� RI� PRLVWXUH� UHVHUYHV� RI� WKH� VRLO�� WKH�
SUREOHP�RI�FUHDWLQJ�V\VWHP�XVLQJ�D�XQLYHUVDO�PRGXODU�GHYLFH�FROOHFWRU�DQG�WUDQVPLWWHU�
DQG�VHUYHU�ZLWK�IRUHFDVWLQJ�ZDV�QRW�FRQVLGHUHG��

7KH�UHVHDUFK� REMHFWLYH��7KH�SXUSRVH�RI� WKLV�SDSHU� LV� WR�GHYHORS� DOHUW� V\VWHP�
IRU� IRUHFDVWLQJ� LUULJDWLRQ� XVLQJ� FKHDS� XQLYHUVDO� PRGXODU� GHYLFHV� DQG� VHUYHU� GDWD�
KDQGOHU�$V�D�VROXWLRQ��WKH�DUWLFOH�ZLOO�IRFXV�RQ�FUHDWLQJ�D�PRGHO�FRQVLVWV�RI�XQLYHUVDO�
GHYLFH� WKDW� SHULRGLFDOO\� FROOHFW� DQG� VHQG� GDWD� WR� FHQWUDO� VHUYHU�� ZKLFK� SURFHVVHV�
UHFHLYHG�GDWD�DQG�LQIRUPV�XVHUV�DERXW�LUULJDWLRQ�IRUHFDVW���

7KH� VWDWHPHQW� RI� EDVLF� PDWHULDOV�� )RU� HIILFLHQW� DQG� VWDEOH� LUULJDWLRQ� RI� D�
SDUWLFXODU�DJULFXOWXUDO�FURS��LW�LV�QHFHVVDU\�WR�NQRZ�WKH�SURSHUWLHV�RI�VRLO�DQG�FXOWXUH��WR�
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LGHQWLI\�DQG�SUHGLFW�FHUWDLQ�FKDQJHV�LQ�WKH�VRLO�RQ�ZKLFK�WKLV�FURS�LV�JURZLQJ��$PRQJ�
WKH�PDLQ�SURSHUWLHV�RI�WKH�VRLO�LV�WKH�DELOLW\�WR�SURGXFH�DQG�FRQWDLQ�WKH�ZDWHU�QHHGHG�
IRU�SODQWV��6WXG\�RI� WKH�TXDQWLWDWLYH�SDWWHUQV�RI�PRLVWXUH� WUDQVIHU� LQ� WKH�VRLO� LQYROYHG�
E\�9RURQLQ��0XURPHWV� DQG� RWKHUV�� 7KH� WDEOH� �� VKRZV� WKH� DOJRULWKP� IRU� IRUHFDVWLQJ�
LUULJDWLRQ��

*HQHUDO� PRGHO� VWUXFWXUH�� 7KH� VWUXFWXUH� RI� WKH� PRGHO� LV� D� VLPSOH� DXWRPDWLF�
GHYLFH��RQH�RU�PRUH�GHYLFHV�FRXOG�EH��DQG�VHUYHU��'HYLFH�KDV�PRGXODU�VWUXFWXUH��VR�LW�
FRQVLVWV�RI�WKUHH�SDUWV�±�GDWD�FROOHFWRU��GDWD�WUDQVPLWWHU�WKDW�SHULRGLFDOO\�VHQG�FROOHFWHG�
GDWD� DQG�DXWRQRPRXV�ZRUN�PRGXOH�� 6HUYHU�KDV� D�GDWD� UHFHLYHU�� DQDO\]HU�EORFN��XVHU�
LQWHUIDFH�SDUW�DQG�GDWDEDVH��)LJ���� LOOXVWUDWHV� WKH�SULQFLSOH�RI� LQWHUDFWLRQ�EHWZHHQ� WKH�
GHYLFH�DQG�WKH�VHUYHU��)LJ����LOOXVWUDWHV�GHYLFHCV�PRGXODULW\���

WĞƌŝŽĚŝĐ ĐŽůůĞĐƚŝŽŶ ŽĨ
ŶĞĐĞƐƐĂƌǇ ĚĂƚĂ ĨƌŽŵ ƚŚĞ
ƉůĂĐĞ ŽĨ ŽďƐĞƌǀĂƚŝŽŶ ĂŶĚ
ƐĞŶĚŝŶŐ ŝƚ ƚŽ ƚŚĞ ƐĞƌǀĞƌ

ZĞĐĞŝǀŝŶŐ ĚĂƚĂ ďǇ ƐĞƌǀĞƌ
ĂŶĚ ƵƐĞƌ ŝĚĞŶƚŝĨŝĐĂƚŝŽŶ ďǇ
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�ĂƚĂ ĂŶĂůǇƐŝƐ ďǇ ƚŚĞ
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)LJ�����6WUXFWXUH�RI�D�V\VWHP�IRU�IRUHFDVWLQJ��
LUULJDWLRQ�RI�DJULFXOWXUDO�FURSV�XVLQJ�UHDG\�VLPSOH�GHYLFH�
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)LJ����'HYLFHCV�PRGXODULW\��H�±HQHUJ\��G���GDWD��

([SHULPHQWV��7KH�GHYLFH�ZDV�FUHDWHG�XVLQJ�$UGXLQR�DV�&38��6,0���/�DV�GDWD�
WUDQVPLWWHU�DQG� WHPSHUDWXUH�DQG�SUHVVXUH�VHQVRUV��'HYLFH�QDPHG�DV� WHQVR�PHWHU��7KH�
ILJXUHV�GHSLFW�WKH�WHPSHUDWXUH�JUDSKV�RI�WKH�VHQVRU�ORFDWHG�LQ�WKH�YDFXXP�WXEH��ZKLFK�
PHDVXUHV�YDFXXP�SUHVVXUH��

)LJ�����*UDSK�RI�WKH�WHPSHUDWXUH�VHQVRU�

)LJ����*UDSK�RI�SUHVVXUH�VHQVRU�LQ�WKH�YDFXXP�WXEH�

)LJ����5HVXOW�RI�DQDO\VLV�E\�WKH�VHUYHU�
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+DYLQJ� DQDO\]HG� WKH� GDWD� RQ� WKH� VHUYHU� XVLQJ� JHQHUDOL]HG� WKH� 6WRLF� DQG� RWKHU�
PHWKRGV�FDOFXODWLQJ�ZDWHU�FRQVXPSWLRQ�IRU�LUULJDWHG�DJULFXOWXUDO�ILHOGV��ZKLFK�UHTXLUHV�PLG�
KRXU� WHPSHUDWXUH�� KXPLGLW\�� SUHVVXUH� GLIIHUHQFH� EHWZHHQ� WKH� YDFXXP� WXEH� DQG� WKH�
DWPRVSKHUH��FRPPRQ�KLVWRU\�DOO�RI�LW��ZH�FDQ�JHW�GLUHFWLRQV�RQ�WKH�SUHGLFWLRQ�RI�IRUHFDVW�VRLO�
PRLVWXUH� FRQWHQW�� 6HWWLQJ� LQWR� SODFH� SURSHUWLHV� LQ� WKH� VHUYHU� WKH� SK\VLFDO� DQG� FKHPLFDO�
SURSHUWLHV�RI�WKH�VRLO�DQG�WKH�ELRORJLFDO�SURSHUWLHV�RI�WKH�DJULFXOWXUDO�FURS��LW�LV�SRVVLEOH�WR�
SUHGLFW�WKH�HVWLPDWHG�WLPH�DQG�WKH�DPRXQW�RI�ZDWHU�QHHGHG��)URP�)LJXUH���\RX�FDQ�VHH�WKDW�
LUULJDWLRQ�UHTXLUHV������������DW�������LQ�WKH�DPRXQW�RI���PP�LQ�WKH�REVHUYDWLRQ�SODFH��

&RQFOXVLRQV�� 7KH� SDSHU� KDV� GHPRQVWUDWHG� VLPSOH�ZRUNLQJ� V\VWHP� IRU� IRUHFDVWLQJ�
LUULJDWLRQ��$�VLPSOH�PRGXODU�EDVHG�REVHUYLQJ�GHYLFH�DQG�VHUYHU�KDV�EHHQ�GHYHORSHG��,W�FDQ�
EH�VHHQ� WKDW� WKH�V\VWHP�SURGXFHV�TXDOLWDWLYH� UHVXOWV��7KH�IRUHFDVW� LV�FDOFXODWHG�XS� WR� ILYH�
GD\V��7KH�V\VWHP�KDV�QR�GUDZEDFNV�WR�VLPLODU�V\VWHPV��VXFK�DV�WKH�SULFH�RI�WKH�GHYLFH��$Q\�
GLVDGYDQWDJHV�RI� WKH� V\VWHP�DUH�SULPDULO\�GXH� WR� WKH� VKRUWFRPLQJV�RI� WKH�GHYLFH�� ,W� DOVR�
ZRXOG�EH�LQWHUHVWLQJ�WR�WHVW�RWKHU�W\SHV�RI�GHYLFH�RU�PHWKRGV�RI�IRUHFDVWLQJ��
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�� 7VLYLQVN\�� *�� 9��� 3HQGDN�� 1�� 9��� ,GD\DWRY�� 9�� $��� ,QVWUXFWLRQ� RQ� RSHUDWLYH�

FDOFXODWLRQ�RI�LUULJDWLRQ�UHJLPHV�DQG�IRUHFDVW�RI�LUULJDWLRQ�RI�DJULFXOWXUDO�FURSV�GXH�WR�ODFN�RI�
PRLVWXUH�VWRUHV���QG�HGQ��8NUDLQLDQ�(FRORJLFDO�/HDJXH��.KHUVRQ����������,Q�8NUDLQLDQ��
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6LPRQHQNR� 9DOHULL±3URIHVVRU�� 'RFWRU� RI� 7HFKQLFDO� 6FLHQFHV�� 'HSDUWPHQW� RI�

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

(�PDLO��VYS#FRPV\V�QWX�NSL�NLHY�XD�
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�� � ©

ª���
'HPFKXN� 'P\WUR� �� VWXGHQW� EDFKHORU�� 'HSDUWPHQW� RI� &RPSXWHU� (QJLQHHULQJ��

1DWLRQDO�7HFKQLFDO�8QLYHUVLW\�RI�8NUDLQH�³,JRU�6LNRUVN\�.\LY�3RO\WHFKQLF�,QVWLWXWH´���
(�PDLO�GGLPD������#JPDLO�FRP�
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