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'HYHORSPHQW� RI� FRPSXWHU� WHFKQRORJ\�� OLNH� PXOWLPHGLD� DQG� WKH� ,QWHUQHW�� HQDEOHV� QHZ
SRVVLELOLWLHV�IRU�GLVWDQFH�HGXFDWLRQ��/HVVRQV�DUH�SUHSDUHG�IURP�GLIIHUHQW� W\SH�RI�PDWHULDOV� WR
JLYH� OHDUQHUV� D� EHWWHU� LQVLJKW� LQWR� WKH� WRSLF� DQG� WR� HQDEOH� WKHP� WR� EH�PRUH� FUHDWLYH� LQ� WKH
HGXFDWLRQDO�SURFHVV��7KLV�PHDQV� WKDW� OHDUQHUV�KDYH�SRVVLELOLWLHV� WR�VWXG\�IURP� WKHLU�KRPH�RU
WKHLU�MREV�ZLWKRXW�ORRVLQJ�WKH�TXDOLW\�RI�WKH�HGXFDWLRQ��'LVWDQFH�OHDUQLQJ�LV�XVXDOO\�EDVHG�RQ
WKH�:RUOG�:LGH�:HE��:::��WR�EH�SODWIRUP�LQGHSHQGHQW�DQG�DYDLODEOH�WR�WKH�PRVW�OHDUQHUV�
5HPRWH�HGXFDWLRQ�FDQ�EH�SHUIRUPHG�RQ�WKH�VHUYHU�VLGH�IURP�WKH�OHDUQHU
V�FRPSXWHU�RYHU� WKH
QHWZRUN��7KH� SUREOHP� LV�� KRZHYHU�� WKDW�PRVW� OHDUQHUV� XVXDOO\� GR� QRW� KDYH� KLJK� EDQGZLGWK
QHWZRUN� FRQQHFWLRQV� DW� WKHLU� KRPHV� RU� DW� WKH� FDPSXV�� $QRWKHU� SUREOHP� LV� WKH� FRVW� RI
WHOHSKRQH�OLQHV�XVHG�E\�PRGHPV�IRU�FRQQHFWLRQV�WR�WKH�QHWZRUN��$�SRVVLEOH�VROXWLRQ�LV�XVDJH
RI� D� ORFDO�PDVV� VWRUDJH�GHYLFH� WR� VWRUH� DOPRVW� DOO�PXOWLPHGLD�GDWD� ORFDOO\� DQG�RQO\� D� VPDOO
DPRXQW�RI�PDWHULDO� LV� DFFHVVHG� UHPRWHO\�RYHU� WKH�QHWZRUN��7KH�SXUSRVH�RI� WKLV� DUWLFOH� LV� WR
SUHVHQW�WKH�EDVLF�LGHD�DQG�WKH�FRQFHSW�RI�WKH�GLVWDQFH�HGXFDWLRQ��ZKHUH�D�ORFDO�PDVV�VWRUDJH
GHYLFH�LV�XVHG�WR�VWRUH�DOO�PXOWLPHGLD�GDWD�ORFDOO\��$�&20%2�>���@��ZKLFK�FRPELQHV�D�OLQHDU
WDSH�DQG�D�KDUG�GLVN�LQWR�RQH�VWRUDJH�V\VWHP��LV�XVHG�DV�D�ORFDO�PDVV�VWRUDJH�GHYLFH�
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'LVWDQFH�HGXFDWLRQ�RU�GLVWDQW�OHDUQLQJ�KDV�JUHDW�SRWHQWLDO�WR�DLG�HGXFDWLRQ��ZKLFK�LV�RI�FULWLFDO
LQWHUHVW� GXH� WR� WKH� FRQYHUJHQFH� RI� WUHQGV� LQ� HGXFDWLRQ�� )LUVW�� RFFXSDWLRQDO� DQG� SHUVRQDO
VXFFHVV�KLJKO\�GHSHQGV�RQ�HGXFDWLRQ�DQG�IRUPDO�HGXFDWLRQ�LV�EHFRPLQJ�D�OLIHORQJ�HQGHDYRXU
IRU�WKRVH�LQ�WKH�SURIHVVLRQV��6HFRQG��HGXFDWLRQ�KDV�EHFRPH�LQFUHDVLQJO\�H[SHQVLYH�DQG�WKHUH
LV�QRZ�LQFUHDVLQJ�SUHVVXUH�WR�UH�HQJLQHHU�WKH�HGXFDWLRQDO�SURFHVV�WR�EH�VLJQLILFDQWO\�PRUH�FRVW
HIIHFWLYH��2QH�RI�SRVVLEOH�VROXWLRQV�LV�GLVWDQFH�HGXFDWLRQ��ZKLFK�ZLOO�DOORZ�OHDUQHUV�WR�VWXG\
IURP� WKHLU� KRPHV� RU� IURP� WKHLU� MREV�� (GXFDWLRQDO� OHVVRQV� FDQ� EH� YHU\� HIILFLHQW� LI� WKH\� DUH
FDUHIXOO\�SUHSDUHG�XVLQJ�PXOWLPHGLD��ZKLFK�HQDEOHV�XVDJH�RI� WH[W�� LPDJHV��YLGHR��DQG�DXGLR
PDWHULDOV�WRJHWKHU�

'LVWDQFH� HGXFDWLRQ� LV� XVXDOO\� EDVHG� RQ� WKH� :RUOG� :LGH� :HE� �:::�� DQG� VXSSRUWHG� E\
PXOWLPHGLD� WR� LPSURYH� WKH� HGXFDWLRQDO� SURFHVV� >�����@�� /HDUQLQJ� FDQ� EH� SHUIRUPHG� RQ� WKH
VHUYHU�VLGH�IURP�WKH�OHDUQHU
V�FRPSXWHU�RYHU�WKH�QHWZRUN��+RZHYHU��KLJK�VSHHG�QHWZRUNV�DUH
UHTXLUHG�WR�WUDQVIHU�D�KXJH�DPRXQW�RI�GDWD�IURP�WKH�VHUYHU�WR�WKH�OHDUQHU
V�FRPSXWHU��DQG�WKH
SUREOHP�LV� VWLOO�ELJJHU� LI�PDQ\� OHDUQHUV�XVH� WKH�V\VWHP�DW� WKH�VDPH� WLPH��2Q� WKH�RWKHU�VLGH�
PRVW� OHDUQHUV�XVXDOO\�GR�QRW�KDYH�KLJK�EDQGZLGWK�QHWZRUN�FRQQHFWLRQV�DW� WKHLU�KRPHV�RU�DW



WKH�FDPSXV�WR�WUDQVIHU�WKH�VDPH�PXOWLPHGLD�GDWD�HDFK�WLPH�WKH\�ZDQW�WR�VWXG\��7KH�SUREOHP�LV
QRW�RQO\� WKH� VSHHG�RI� WKH�QHWZRUN�EXW�DOVR� WKH�FRVW�RI� WHOHSKRQH� OLQHV�XVHG�E\�PRGHPV� IRU
FRQQHFWLRQV�WR�WKH�QHWZRUN��+RZHYHU��VRPH�HGXFDWLRQDO�DSSOLFDWLRQV�DUH�EDVHG�RQ�KLJK�VSHHG
QHWZRUNV�>�@��EXW� WKH\�DUH�DSSURSULDWH�RQO\�IRU�SURIHVVLRQDO� OHDUQLQJ��ZKHUH�KLJK�EDQGZLGWK
QHWZRUN�FRQQHFWLRQV�DUH�QRW�D�SUREOHP�

(GXFDWLRQDO�OHVVRQV�DUH�FDUHIXOO\�SUHSDUHG�LQ�DGYDQFH��ZKDW�PHDQV�WKDW�RQO\�D�VPDOO�DPRXQW
RI� GDWD� LV�PRGLILHG� YHU\� RIWHQ� DQG� LW� VKRXOG� EH� DYDLODEOH� RQ�OLQH��$QRWKHU� DSSURDFK� WR� WKH
GLVWDQFH�HGXFDWLRQ�FDQ�EH�GHYHORSHG�RQ�D�EDVH�RI�D� ORFDO�PDVV�VWRUDJH�GHYLFH��ZKLFK� LV� WKH
JRDO� RI� WKH� SURMHFW� $&76� $&����� 60$6+� >���@�� ,QVWHDG� RI� WUDQVIHUULQJ� DOO� GDWD� RYHU� WKH
QHWZRUN��PXOWLPHGLD�OHVVRQV�DUH�VWRUHG�RQ�D�ORFDO�PDVV�VWRUDJH�GHYLFH�DQG�RQO\�WKH�PRGLILHG
PDWHULDO�LV�REWDLQHG�RYHU�WKH�,QWHUQHW��7KH�QHWZRUN�DFFHVV�FDQ�EH�XVHG�WR�FRPPXQLFDWH�ZLWK
WKH�WHDFKHU��WR�JHW�WKH�KRPHZRUN��WR�VHQG�WKH�ILQLVKHG�SURMHFWV�EDFN��WR�DVN�WKH�TXHVWLRQV��DQG
DOVR�WR�FROODERUDWH�ZLWK�RWKHU�OHDUQHUV��$�ORFDO�PDVV�VWRUDJH�GHYLFH�FDQ�EH�DQ\�VWRUDJH�GHYLFH
ZLWK�HQRXJK�IUHH�VWRUDJH�VSDFH��+RZHYHU��LW�ZLOO�EH�XVHIXO�WR�KDYH�DQ�DOO�SXUSRVH�ORFDO�VWRUDJH
GHYLFH� WKDW�FRXOG�EH�XVHG� WR�VWRUH�DOO�PXOWLPHGLD�GDWD�DW�KRPH�� OLNH�PXOWLPHGLD�HGXFDWLRQDO
OHVVRQV��GLJLWDO�PRYLHV�UHFRUGHG�IURP�WKH�79��DQG�RWKHU�PXOWLPHGLD�PDWHULDOV�REWDLQHG�IURP
WKH�:::��$Q�H[DPSOH�RI�D�PDVV�VWRUDJH�GHYLFH�VXLWDEOH�IRU�GLVWDQFH�HGXFDWLRQ�LV�D�&20%2
>���@��ZKLFK�FRQVLVWV�RI�D�OLQHDU�WDSH�ZLWK�WKH�FDSDFLW\����*%��RU�HYHQ�PRUH��>���@�DQG�D�KDUG
GLVN�IRU�FDFKLQJ�GDWD��7KH�&20%2�GHYLFH�LV�LQWHQGHG�DV�D�ORFDO�PDVV�VWRUDJH�GHYLFH�IRU�DOO
PXOWLPHGLD�HTXLSPHQW�DW�KRPH�
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8VLQJ� QHZ�PXOWLPHGLD� WHFKQRORJ\�� HGXFDWLRQ� FDQ� EH� PRUH� HIILFLHQW� ZLWK� PDQ\� DGYDQWDJHV
RYHU� WKH� ³EODFNERDUG� RQO\´� OHFWXULQJ�PRGH�� EXW� LW� UHPDLQV� QRQ�LQWHUDFWLYH� DQG� OHDUQHUV� DUH
SDVVLYH� UHFLSLHQWV� LQ� WKH� OHDUQLQJ�SURFHVV�� �$�QHZ�DSSURDFK� VKRXOG�EH� LQWHUDFWLYH� WR� HQDEOH
OHDUQHUV�WR�EHFRPH�IXOO\�DFWLYH�LQ�OHDUQLQJ��7KH�EHVW�ZD\�ZRXOG�EH�³OHDUQLQJ�E\�GRLQJ´��ZKHUH
OHDUQHUV�FRXOG�SHUIRUP�SUDFWLFDO�H[HUFLVHV�GXULQJ� WKH�VHOI�VWXG\��7R�DFKLHYH� WKHVH�JRDOV�� WKH
HGXFDWLRQDO�FRQFHSW�VKRXOG�EH�GHVLJQHG�YHU\�FDUHIXOO\��RWKHUZLVH� WKH�REWDLQHG� UHVXOWV� FRXOG
EH� ZRUVH� WKDQ� WKRVH� IRU� WKH� EODFNERDUG� OHDUQLQJ� PRGH�� DOWKRXJK� WKH� PRVW� DGYDQWDJH
WHFKQRORJ\�ZDV�XVHG�� ,W� LV�YHU\� LPSRUWDQW� WR� DOZD\V� FRQVLGHU�SHGDJRJLFDO� LQIOXHQFH�RI�QHZ
WHFKQRORJ\� DQG� PHWKRGV� RQ� UHVXOWV� RI� WKH� OHDUQLQJ� SURFHVV�� 7KH� DSSURDFK� VKRXOG� EH� PRUH
SUREOHP� DQG� OHVV� WHFKQRORJLFDO� RULHQWHG�� 7KLV� PHDQV� WKDW� WKH� OHDUQLQJ� SURFHVV� VKRXOG� EH
FRQVLGHUHG�ILUVW�DQG�WKDW�WKH�DYDLODEOH�WHFKQRORJLFDO�VROXWLRQV�VKRXOG�EH�H[SORLWHG�LQ�RUGHU�WR
VDWLVI\� WKH� QHHGV� RI� WKLV� SURFHVV��+RZHYHU�� GHVLJQLQJ� RI�PXOWLPHGLD� ULFK� V\VWHPV� FDQ� WDNH
PRQWKV� RU� HYHQ� \HDUV� DQG� D� XVDEOH� PXOWLPHGLD� HGXFDWLRQDO� V\VWHP� PD\� EHFRPH� RXWGDWHG
ZKHQ� LW� LV� ILQLVKHG�� 7KHUH� LV� D� QHHG� IRU� D� VLPSOH�WR�OHDUQ� PHWKRGRORJ\� WR� KHOS� HGXFDWRUV
GHVLJQ� DQG� LPSOHPHQW� K\SHUWH[W� HGXFDWLRQDO� V\VWHPV� >�@�� ZKLFK� DUH� XVXDOO\� XVHG� IRU
PXOWLPHGLD�GLVWDQFH�OHDUQLQJ�EDVHG�RQ�WKH�:::�

$�GLVWDQFH� HGXFDWLRQ� DSSOLFDWLRQ� VKRXOG�EH�SODWIRUP� LQGHSHQGHQW� DQG� HDV\� DFFHVVLEOH� WR� DOO
OHDUQHUV��2QH�RI� WKH�PRVW�DSSURSULDWH�VROXWLRQV� LV�XVDJH�RI�D�:::�EURZVHU� OLNH�1HWVFDSH�
ZKLFK� LV� DYDLODEOH� IRU� DOPRVW� DOO� W\SHV� RI� FRPSXWHUV� DQG� RSHUDWLQJ� V\VWHPV�� ,W� KDV� D
PXOWLPHGLD� VXSSRUW� DQG� OHDUQHUV� FDQ� XVH� LI� IUHH� RI� FKDUJH��$� JUDSKLF� XVHU� LQWHUIDFH� FDQ� EH
EXLOW�DV�K\SHUWH[W�SDJHV�ZLWK�DGGLWLRQDO�HQKDQFHPHQW�ZLWK�-DYD�DSSOHWV��7KH�LGHD�RI�GLVWDQFH
HGXFDWLRQ� LV� WR� NHHS� WKH� DSSOLFDWLRQ� DV� JHQHUDO� DV� SRVVLEOH�� 7KLV� PHDQV� WKDW� WKH� VDPH
HGXFDWLRQDO� WRRO� FDQ�EH� XVHG�ZLWK� RU�ZLWKRXW� D� ORFDO�PDVV� VWRUDJH� GHYLFH��7R� DFKLHYH� VXFK
JRDO��WKH�GLVWDQFH�HGXFDWLRQ�DSSOLFDWLRQ�LV�EXLOW�DV�D�JHQHUDO�HGXFDWLRQ�DSSOLFDWLRQ�EDVHG�RQ�D



:::� EURZVHU� ZLWK� DQ� DGGLWLRQDO� LQWHUIDFH� EHWZHHQ� WKH� DSSOLFDWLRQ� OHYHO� DQG� WKH� VWRUDJH
GHYLFH� WR� KLGH� WKH� VWRUDJH� V\VWHP� IURP� WKH� DSSOLFDWLRQ�� ,I� WKH� ORFDO� PDVV� VWRUDJH� GHYLFH� LV
DYDLODEOH��HGXFDWLRQDO�OHVVRQV�DUH�REWDLQHG�IURP�LW�WKURXJK�D�VLPSOH�:::�VHUYHU�XVHG�RQO\
IRU�FRPPXQLFDWLRQ�EHWZHHQ�WKH�DSSOLFDWLRQ�DQG�WKH�ORFDO�PDVV�VWRUDJH�GHYLFH��+RZHYHU��LI�WKH
ORFDO�PDVV�VWRUDJH�GHYLFH�LV�QRW�DYDLODEOH��DOO�GDWD�FRXOG�EH�WUDQVIHUUHG�RYHU�WKH�QHWZRUN�IURP
WKH� VHUYHU� DQG� WKH� GLVWDQFH� HGXFDWLRQ� V\VWHP�ZRXOG� EH� D� XVXDO� FOLHQW�VHUYHU� DSSOLFDWLRQ��$
EDVLF�FRQFHSW�RI�D�GLVWDQFH�HGXFDWLRQ�DSSOLFDWLRQ�XVLQJ�D� ORFDO�PDVV� VWRUDJH�GHYLFH�DQG� WKH
QHWZRUN�DFFHVV�LV�VKRZQ�LQ�)LJXUH���

)LJXUH����$�EDVLF�FRQFHSW�RI�D�GLVWDQFH�HGXFDWLRQ�DSSOLFDWLRQ�XVLQJ�D�ORFDO�PDVV�GHYLFH�
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$�JUDSKLF�XVHU�LQWHUIDFH�LV�D� OHDUQHU¶V�GRRU�WR�WKH�FRXUVH�PDWHULDO�DQG�LW�VKRXOG�EH�GHVLJQHG
YHU\�FDUHIXOO\��,W�VKRXOG�EH�VLPSOH�WR�XVH�EXW�ZLWK�WKH�FOHDU�RYHUYLHZ�RI�HGXFDWLRQDO�PDWHULDO
DQG�DYDLODEOH�IXQFWLRQV��7KH�LQWHUIDFH�FRXOG�EH�LPSOHPHQWHG�DV�RUGLQDU\�K\SHUWH[W�SDJHV��EXW
XVDJH�RI�-DYD�DSSOHWV�DOORZV�DGGLWLRQDO�IHDWXUHV�OLNH�JDWKHULQJ�RI�VWDWLVWLFDO�LQIRUPDWLRQ�DERXW
WKH�OHDUQLQJ�SURFHVV�DQG�VKRZLQJ�JUDSKLF�PDS�RI�WKH�FRXUVH��,I�WKH�VWUXFWXUH�RI�WKH�FRXUVH�LV
JLYHQ�RQO\�DV�D� WDEOH�RI�FRQWHQWV�� WKH�FRXUVH�LV�D�K\SHUWH[W�ERRN�ZLWK�DGGLWLRQDO�PXOWLPHGLD
PDWHULDOV� RQ� WKH� GRFXPHQW� SDJHV�� 7KH� XVHU� LQWHUIDFH� FDQ� EH� LPSURYHG� E\� WKH� JUDSKLF
SUHVHQWDWLRQ�RI�WKH�HGXFDWLRQDO�PDWHULDO��ZKLFK�LV�PRUH�IOH[LEOH�DQG�HDVLHU�WR�UHPHPEHU��0LQG
SDWWHUQV��ZKLFK�DUH�VLPLODU�WR�WKH�KXPDQ�ZD\�RI�WKLQNLQJ��DUH�JUDSKLF�GLDJUDPV�ZLWK�GLIIHUHQW
VKDSHV�DQG�GLIIHUHQW�W\SHV�RI�FRQQHFWLRQV��DQG�WKHUHIRUH��WKH\�DUH�VXLWDEOH�IRU�UHSUHVHQWDWLRQ�RI
WKH�UHODWLRQV�EHWZHHQ�WRSLFV�RI�WKH�FRXUVH��$�VLPSOLILHG�VFKHPDWLF�H[DPSOH�RI�WKH�JUDSKLF�XVHU
LQWHUIDFH��ZKLFK�LV�EXLOW�RQ�WKH�:::�EURZVHU��LV�VKRZQ�LQ�)LJXUH����$�ZLQGRZ�RI�WKH�XVHU
LQWHUIDFH�LV�GLYLGHG�LQWR�IRXU�VXE�ZLQGRZV��7KH�OHIW�XSSHU�FRUQHU�LV�XVHG�IRU�VKRZLQJ�D�VPDOO
JUDSKLF�PDS�RI�WKH�ZKROH�FRXUVH��7KLV�PDS�LV�XVHIXO�IRU�ILQGLQJ�RXW�D�WHPSRUDU\�SRVLWLRQ�RI
WKH� OHDUQHU� LQ� WKH� VWUXFWXUH� RI� WKH� FRXUVH�� � 7KH� OHIW� ORZHU� ZLQGRZ� LV� D� K\SHUWH[W� WDEOH� RI
FRQWHQWV� ZLWK� OLQNV� WR� VXEWRSLFV�� 7KH� WDEOH� RI� FRQWHQWV� GHILQHV� WKH� VWUXFWXUH� RI� WKH� OHVVRQ�
ZKLFK�LV�GHILQHG�E\�WKH�WHDFKHU��DQG�LW�FRXOG�EH�XSJUDGHG�RYHU�WKH�QHWZRUN��7KH�PDLQ�ZLQGRZ
LV� WKH� ULJKW� ORZHU�RQH��ZKLFK� VKRZV�PLQG�SDWWHUV��7KH�PLQG�SDWWHUV� DUH� D�YHU\� IOH[LEOH� DQG
HIILFLHQW�ZD\�WR�VKRZ�WKH�HGXFDWLRQDO�PDWHULDO��7KH\�XVH�GLIIHUHQW�VKDSHV��VL]HV�DQG�FRORXUV�
DV�ZHOO�DV�GLIIHUHQW�W\SHV�RI�FRQQHFWLRQV��WR�VKRZ�WKH�VWUXFWXUH�RI�WKH�FRXUVH�DQG�WKH�UHODWLRQV
EHWZHHQ�WRSLFV��7KH�PLQG�SDWWHUQV�GRQ¶W�VKRZ�RQO\�WKH�OHVVRQ�SUHVFULEHG�E\�WKH�WHDFKHU��EXW
WKH\�VKRZ�DOO�DYDLODEOH�PDWHULDO�LQFOXGHG�LQ�WKH�FRXUVH��DOWKRXJK�WKH�WHDFKHU�GRHV�QRW�UHTXLUH

6LPSOH
:::�6HUYHU

/RFDO�0DVV
6WRUDJH�'HYLFH

8VHU�,QWHUIDFH

:::�%URZVHU

1HWZRUN



VRPH�WRSLFV��0XOWLPHGLD�WHFKQRORJ\�HQDEOHV�PRUH�HIILFLHQW�SUHVHQWDWLRQ�RI�WKH�PLQG�SDWWHUQV�
ZKLFK� FDQ� EH� DGGLWLRQDOO\� GHVFULEHG� E\� WH[W�� LPDJHV� RU� DXGLR� DQG� YLGHR� FOLSV�� 7KH� PLQG
SDWWHUQV�DUH�DOVR�OLQNV�WR�VXEWRSLFV�DQG�KWPO�GRFXPHQW�SDJHV��7KH\�FDQ�EH�XVHG� WR�QDYLJDWH
WKURXJK�WKH�FRXUVH�PDWHULDO��:KHQ�DQ�KWPO�GRFXPHQW�LV�UHDFKHG�E\�PLQG�SDWWHUQV�OLQNV�RU�E\
OLQNV�LQ�WKH�WDEOH�RI�FRQWHQWV��WKLV�PDLQ�ZLQGRZ�LV�XVHG�WR�VKRZ�WKH�PXOWLPHGLD�GDWD��,I�D�OLQN
LQ�DQ�KWPO�GRFXPHQW�LV�IROORZHG��D�QHZ�ZLQGRZ�IRU�EURZVLQJ�LV�RSHQ�WR�DYRLG�ORVLQJ�RI�WKH
OHDUQHU¶V�QDYLJDWLRQ�WKURXJK�WKH�FRXUVH�PDWHULDO��7KH�ODVW�ZLQGRZ�RI�WKH�XVHU�LQWHUIDFH�LV�WKH
ULJKW�XSSHU�WRROEDU�ZLWK�QDYLJDWLRQ�DUURZV�DQG�DFWLRQ�EXWWRQV�IRU�GLIIHUHQW�IXQFWLRQV�OLNH�KHOS�
WKH�LQWHUDFWLRQ�ZLWK�D�ORFDO�PDVV�VWRUDJH�GHYLFH�RU�WKH�QHWZRUN�LQWHUDFWLRQ�ZLWK�WKH�WHDFKHU¶V
FRPSXWHU�

)LJXUH����$�VFKHPDWLF�H[DPSOH�RI�WKH�JUDSKLF�XVHU�LQWHUIDFH�

$OO� FRXUVH� PDWHULDO� LV� VWRUHG� RQ� D� ORFDO� PDVV� GHYLFH� DQG� LW� VHHPV� WKDW� WKH� ,QWHUQHW� LV� QRW
QHHGHG��EXW� WKLV� LV�QRW� WUXH��7KH�QHWZRUN�FRQQHFWLRQ� LV�XVHG� IRU�DGGLWLRQDO�EURZVLQJ�E\� WKH
OHDUQHU� DFFRUGLQJ� WR� WKH� OLQNV� LQ� WKH� OHVVRQ� DV� ZHOO� DV� IRU� REWDLQLQJ� WKH� KRPHZRUN� DQG
LQVWUXFWLRQV�IURP�WKH�WHDFKHU�DQG�RWKHU�PRGLILHG�GDWD��)RU�H[DPSOH��WKH�VWUXFWXUH�RI�D�OHVVRQ�
ZKLFK�LV�GHILQHG�E\�WKH�WHDFKHU��FDQ�EH�REWDLQHG�RYHU� WKH�QHWZRUN� LI� WKH� WHDFKHU�FKDQJH� WKH
OHVVRQ��7KH�OHDUQHUV�FDQ�DOVR�VHQG�WKHLU�KRPHZRUN�EDFN�WR�WKH�WHDFKHU��DVN�VRPH�TXHVWLRQV��RU
WKH\�FDQ�FRPPXQLFDWH�RYHU�WKH�QHWZRUN�EHWZHHQ�WKHPVHOYHV�
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$�GLVWDQFH�HGXFDWLRQ�DSSOLFDWLRQ�LV�VXSSRVHG�WR�EH�D�JHQHUDO�HGXFDWLRQ�DSSOLFDWLRQ�UHJDUGOHVV
RI�WKH�VRXUFH�RI�GDWD��(GXFDWLRQDO�PDWHULDO�FRXOG�EH�VWRUHG�RQ�D�ORFDO�PDVV�VWRUDJH�GHYLFH��RQ
D�&'��RU� LW� FRXOG�EH�REWDLQHG�RYHU� WKH�QHWZRUN��7R�DFKLHYH� WKLV�� D� VLPSOH�:::�VHUYHU� LV
LQFOXGHG�EHWZHHQ� WKH�HGXFDWLRQ�DSSOLFDWLRQ�EXLOW�RQ� WKH�:::�EURZVHU� DQG� WKH� ORFDO�PDVV
VWRUDJH�GHYLFH��1HWZRUN�UHTXHVWV�DUH�VHQW�GLUHFWO\�WR�WKH�,QWHUQHW�ZKLOH�ORFDO�UHTXHVW�DUH�VHQW
WR� WKH� VLPSOH� :::� VHUYHU�� 7KLV� PHDQV� WKDW� WKH� OLQNV� LQ� WKH� FRXUVH� VKRXOG� EH� UHODWLYH
K\SHUWH[W� OLQNV� DQG� QRW� DEVROXWH� ILOH� QDPHV�� $W� WKH� EHJLQQLQJ� RI� WKH� OHVVRQ�� DQ� DEVROXWH
K\SHUWH[W�OLQN�WKDW�SRLQW�WR�WKH�ORFDO�FRPSXWHU�LV�XVHG�DV�D�UHIHUHQFH�IRU�IXUWKHU�UHODWLYH�OLQNV�

$�ORFDO�PDVV�VWRUDJH�GHYLFH�&20%2�>���@�FRQVLVWV�RI�D�OLQHDU�WDSH�ZLWK�KXJH�FDSDFLW\����*%
>���@� DQG� D� �� *%� KDUG� GLVN� IRU� FDFKLQJ� GDWD� IURP� WKH� WDSH�� $W� WKH� PRPHQW�� WKH� (WKHUQHW
FRQQHFWV�WKH�ORFDO�PDVV�VWRUDJH�GHYLFH�ZLWK�WKH�FRPSXWHU��EXW�LQ�WKH�IXWXUH��D�IDVW�FRQQHFWLRQ
RYHU� WKH� ,(((������SRUW�ZLOO�EH�DYDLODEOH��:KHQ�D� OHDUQHU� UHTXLUHV�D� ORFDO� ILOH�� WKH� UHTXHVW
FRPHV� IURP� WKH�:::�EURZVHU� WR� WKH� VLPSOH�:::� VHUYHU��ZKLFK� WULHV� WR� REWDLQ� WKH� ILOH
IURP� WKH� KDUG� GLVN� RI� WKH� &20%2�� ,I� WKH� ILOH� LV� RQ� WKH� GLVN�� LW� LV� VHQW� WR� WKH� EURZVHU�
RWKHUZLVH�� WKH� UHTXHVW� LV� VHQW� WR� WKH� FRQWUROOHU� RI� WKH� WDSH�� 7KH� FRQWUROOHU� FRSLHV� WKH�ZKROH
SDUWLWLRQ������0%��ZLWK�WKH�UHTXLUHG�ILOH�RQ�WKH�KDUG�GLVN��:KHQ�WKH�ILOH� LV�RQ�WKH�GLVN�� WKH
VLPSOH�VHUYHU�VHQGV�LW�WR�WKH�EURZVHU��7KH�WDSH�FRQWUROOHU�DOVR�WDNHV�FDUH�RI�ZULWLQJ�ILOHV�RQ�WKH
WDSH��ZKLFK�VXSSRUW�RQO\�ZULWLQJ�RI�VWUHDPV��)LOHV�DUH�JURXSHG�WRJHWKHU�LQWR�RQH�VWUHDP�ZKLFK
LV�WKHQ�ZULWWHQ�RQ�WKH�WDSH��7KH�FRQFHSW�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�VLPSOH�:::�VHUYHU
DQG� WKH� ORFDO�PDVV� VWRUDJH�GHYLFH� LV� VKRZQ� LQ�)LJXUH� ���7KH�GLUHFW� LQWHUDFWLRQ�EHWZHHQ� WKH
VLPSOH�VHUYHU�DQG�WKH�KDUG�GLVN�RI�WKH�ORFDO�PDVV�VWRUDJH�GHYLFH�LV�SHUIRUPHG�LI�WKH�KDUG�GLVN
FDQ�EH�PRXQWHG�DV�D�ORFDO�KDUG�GLVN�RI�WKH�FRPSXWHU��,I�WKLV�LV�QRW�SRVVLEOH��WKH�KDUG�GLVN�LV
DYDLODEOH�RQO\�WR�WKH�WDSH�FRQWUROOHU��ZKLFK�VHQGV�ILOHV�WR�WKH�VLPSOH�:::�VHUYHU�

)LJXUH����,QWHUDFWLRQ�EHWZHHQ�WKH�VLPSOH�:::�VHUYHU�DQG�WKH�ORFDO�PDVV�VWRUDJH�GHYLFH�
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7DSH
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$��6WRUDJH�RI�'DWD�RQ�WKH�7DSH

7KH�ORFDO�PDVV�VWRUDJH�GHYLFH�&20%2�>���@�XVHV�OLQHDU�WDSHV�4,&������'&�����*%��>���@�DV
VWRUDJH�PHGLD��7KH�KDUG�GLVN� LV�XVHG� IRU�FDFKLQJ�GDWD� IURP� WKH� WDSH� WR�PLQLPL]H� WKH�GHOD\�
+RZHYHU�� OLQHDU� WDSHV� UHTXLUH� VRPH� WLPH� �IHZ� PLQXWHV�� WR� UHDG�� ZULWH� RU� UHZLQG� IURP� WKH
EHJLQQLQJ�WR�WKH�HQG��7KLV� WLPH�GHSHQGV�RQ� WKH�VWRUDJH�FDSDFLW\�RI� WKH� WDSH��+LJKHU�VWRUDJH
FDSDFLW\�PHDQV�D�ORQJHU�WDSH�DQG�ODUJHU�GHOD\��7R�PLQLPL]H�WKH�GHOD\�DQG�WR�NHHS�WKH�VWRUDJH
FDSDFLW\�WKH�VDPH��WKH�OLQHDU�WDSH�LV�VKRUWHU�EXW�LW�LV�GLYLGHG�LQWR�SDUDOOHO�SDUWLWLRQV�EHFDXVH�WKH
PRYHPHQW�RI�WKH�PDJQHWLF�KHDG�LV�PXFK�IDVWHU��IHZ�VHFRQGV��WKDQ�UHZLQGLQJ�RI�WKH�WDSH��7KH
VPDOOHVW�SDUWLWLRQ�FDQ�EH�����0%�DQG�LW�VHHPV�WKDW�WKHUH�LV�QR�QHHG�WR�KDYH�ODUJHU�SDUWLWLRQV
IRU�WKH�GLVWDQFH�HGXFDWLRQ�DSSOLFDWLRQ��7KLV�PHDQV�WKDW�DOO�SDUWLWLRQV�FDQ�EH�RI�WKH�VDPH�VL]H�RU
WKH�WDSH�ZLOO�EH�GLYLGHG�LQWR�WKH�VPDOOHVW�SDUWLWLRQV�

)RU�GLVWDQFH�HGXFDWLRQ��WKH�FRXUVHV�DUH�SUHSDUHG�LQ�DGYDQFH�DQG�DOO�PDWHULDOV�FDQ�EH�VWRUHG�RQ
WKH�WDSH�LQ�PXFK�PRUH�HIILFLHQW�ZD\�WR�IXUWKHU�UHGXFH�WKH�GHOD\�RI�FRS\LQJ�ILOHV�IURP�WKH�WDSH
RQ�WKH�KDUG�GLVN�GXULQJ�WKH�OHDUQLQJ��2SWLPL]DWLRQ�RI�VWRUDJH�FDQ�EH�DFKLHYHG�E\�GHILQLQJ�WKH
VHTXHQFH� RI� WKH� ILOHV� RQ� WKH� WDSH� SDUWLWLRQV�� 7KH� RSWLPL]DWLRQ� SURFHVV� VKRXOG� FRQVLGHU� WKH
VWUXFWXUH�RI�WKH�FRXUVHV��ILOH�VL]HV��WKH�VWUXFWXUH�RI�WKH�WDSH�DQG�WKH�SRVVLELOLWLHV�KRZ�OHDUQHUV
ZLOO�JR� WKURXJK� WKH� OHVVRQV��%HFDXVH� WKH�RSWLPL]DWLRQ�DFFRUGLQJ� WR� VXFK�FULWHULD� LV�QRW� HDV\
DQG�WKH�REMHFWLYH�IXQFWLRQ�GRHVQ¶W�KDYH�D�VLPSOH�IRUP��LW�VHHPV�WKDW�VHOHFWLRQ�RI� WKH�JHQHWLF
RSWLPL]DWLRQ�LV�RQH�RI�WKH�EHVW�VROXWLRQV�

7KH�OD\RXW�RI�D�OLQHDU�WDSH�ZLWK�SDUDOOHO�SDUWLWLRQV�LV�VKRZQ�LQ�)LJXUH����ZKHUH�LV�DOVR�VKRZQ
DQ� H[DPSOH� RI� VWRUDJH� GDWD� RQ� VXFK� WDSH�� 7KH� ILUVW� SDUWLWLRQ� LV� XVHG� WR� VWRUH� WKH� WDEOH� RI
FRQWHQWV�ZLWK�DOO�QHFHVVDU\�LQIRUPDWLRQ�DERXW�ILOHV�VWRUHG�LQ�VWUHDP�ILOHV�RQ�WKH�WDSH�SDUWLWLRQV�
ZKLOH�RWKHU�SDUWLWLRQV�DUH�DYDLODEOH�IRU�VWRUDJH�RI�GDWD��/LQHDU�WDSHV�GRQ¶W�DOORZ�UHZULWLQJ�RI�D
SDUW�RI�WKH�SDUWLWLRQ��ZKDW�PHDQV�WKDW�WKH�HQWLUH�SDUWLWLRQ�VKRXOG�EH�UHZULWWHQ�LI�RQO\�RQH�VPDOO
ILOH�LV�PRGLILHG�
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)LJXUH����7KH�OD\RXW�RI�WKH�WDSH�

9��&21&/86,216

7KH�DUWLFOH�SUHVHQWV�D�EDVLF�LGHD�DQG�D�FRQFHSW�RI�WKH�GLVWDQFH�HGXFDWLRQ��ZKHUH�D�ORFDO�PDVV
VWRUDJH�GHYLFH�LV�XVHG�WR�VWRUH�DOO�PXOWLPHGLD�GDWD�ORFDOO\��$V�D�ORFDO�PDVV�VWRUDJH�GHYLFH�LV



XVHG� WKH� &20%2� >���@�� ZKLFK� FRPELQHV� D� OLQHDU� WDSH� DQG� D� KDUG� GLVN� LQWR� RQH� VWRUDJH
V\VWHP�� � 7KH� HGXFDWLRQDO� V\VWHP� DOVR� VXSSRUWV� WKH� QHWZRUN� FRQQHFWLRQ�� ZKLFK� LV� XVHG� IRU
DGGLWLRQDO�EURZVLQJ�RI� WKH�:::�� IRU�JHWWLQJ�QHZ�PRGLILHG�GDWD� IURP� WKH� WHDFKHU�� DQG� IRU
FRPPXQLFDWLRQ�EHWZHHQ�WKH�OHDUQHUV�DQG�WKH�WHDFKHU��7KH�DSSOLFDWLRQ�LV�QRW�GHVLJQHG�RQO\�IRU
XVDJH�ZLWK�D�ORFDO�PDVV�VWRUDJH�GHYLFH��,W�FDQ�DOVR�EH�XVHG�ZLWK�DQ\�RWKHU�VWRUDJH�GHYLFH�RU�DV
D�FOLHQW�VHUYHU�DSSOLFDWLRQ�ZLWK�DOO�PDWHULDO�VWRUHG�RQ�WKH�VHUYHU�VLGH���$�VLPSOH�:::�VHUYHU
LV�XVHG�DV�D�FRQQHFWLRQ�EHWZHHQ�WKH�HGXFDWLRQ�DSSOLFDWLRQ��XVHU�LQWHUIDFH��DQG�WKH�ORFDO�PDVV
VWRUDJH�GHYLFH��7KH�JUDSKLF�XVHU� LQWHUIDFH� LV�EDVHG�RQ� D�:::�EURZVHU� DQG� LW� LPSOHPHQWV
PLQG� SDWWHUV� DV�PXOWLPHGLD� VXSSRUWHG� JUDSKLF� GLDJUDPV� WR� SUHVHQW� WKH� FRXUVH� PDWHULDO� DQG
LQWHUFRQQHFWLRQV�EHWZHHQ�UHODWHG�WRSLFV�LQ�D�PRUH�HIILFLHQW�ZD\�

$&.12:/('*(0(17

7KH�ZRUN�SUHVHQWHG� LQ� WKLV�SDSHU�ZDV�VXSSRUWHG� LQ�SDUW�E\� WKH�(XURSHDQ�&RPPXQLW\�XQGHU
WKH� SURMHFW�$&����60$6+��7KH� DXWKRUV�ZRXOG� OLNH� WR� WKDQN� RWKHU� SDUWQHUV� RQ� WKH� SURMHFW
$&����60$6+�IRU�WKHLU�FR�RSHUDWLRQ�

5()(5(1&(6

>�@���$&76�$&�����60$6+�SURMHFW�'HOLYHUDEOH�����D�����WXG�LW�GV�S�����E��������
>�@���60$6+�LQJ��+RPH�SDJH���:::��KWWS���ZZZ�LW�HW�WXGHOIW�QO�SGD�VPDVK��
>�@���7DQGEHUJ�0/5��VHULHV��5HIHUHQFH�PDQXDO��7DQGEHUJ�'DWD�$6$��$XJXVW������
>�@���7DQGEHUJ�0/5��VHULHV��6&6,�LQWHUIDFH��7DQGEHUJ�'DWD�$6$��0DUFK������
>�@��5��2��+DUJHU��³7HDFKLQJ�LQ�D�FRPSXWHU�FODVVURRP�ZLWK�D�K\SHUOLQNHG��LQWHUDFWLYH�ERRN´�

,(((��7UDQV��RQ�(GXFDWLRQ��YRO������QR�����SS�����������$XJXVW������
>�@� $�� /�� 6HDUV�� DQG� 6�� (�� :DWNLQV�� ³$� PXOWLPHGLD� PDQXDO� RQ� WKH� :RUOG� :LGH� :HE� IRU

WHOHFRPPXQLFDWLRQV�HTXLSPHQW´��,(((�7UDQV��RQ�(GXFDWLRQ��YRO������QR�����SS����������
$XJXVW������

>�@���-��%��6FKRGRUI��0��$��<RGHU��-��+��0F&OHOODQ��DQG�5��:��6FKDIHU��³8VLQJ�PXOWLPHGLD�WR
WHDFK�WKH�WKHRU\�RI�GLJLWDO�PXOWLPHGLD�VLJQDOV´��,(((��7UDQV��RQ�(GXFDWLRQ��YRO������QR����
SS�����������$XJXVW������

>�@� 6�� $�� 0HQJHO�� DQG� :�� -�� $GDPV�� ³7KH� QHHG� IRU� D� K\SHUWH[W� LQVWUXFWLRQDO� GHVLJQ
PHWKRGRORJ\´��,(((�7UDQV��RQ�(GXFDWLRQ��YRO������QR�����SS�����������$XJXVW������

�>�@�'�$��+DUULV��DQG�$��'L3DROR�� ³$GYDQFLQJ�DV\QFKURQRXV�GLVWDQFH�HGXFDWLRQ�XVLQJ�KLJK�
VSHHG�QHWZRUNV´��,(((�7UDQV��RQ�(GXFDWLRQ��YRO������QR�����SS�����������$XJXVW������


