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7KH�IXQGDPHQWDO�YDULDEOHV�LQ�HOHFWULFDO�FLUFXLWV²YROWDJH�DQG�FXUUHQW²DUH�QRW�GLUHFWO\�YLVLEOH�WR�
VWXGHQWV��DQG�PXVW�EH�PHDVXUHG�LQGLUHFWO\�ZLWK�PHWHUV�DQG�RVFLOORVFRSHV���7KLV�LV�LQ�FRQWUDVW�WR��
IRU�H[DPSOH��PHFKDQLFDO�V\VWHPV��LQ�ZKLFK�SRVLWLRQ�DQG�YHORFLW\�DUH�GLUHFWO\�YLVLEOH��DQG�IRUFH�
FDQ�EH�GLUHFWO\�IHOW����9ROWDJH�DQG�FXUUHQW�FDQ�DOVR�EH�IHOW��EXW�GRLQJ�VR�LV�XQSOHDVDQW�DQG�XVXDOO\�
XQVDIH����7KLV�ODFN�RI�YLVLELOLW\�LPSHGHV�OHDUQLQJ�DERXW�FLUFXLWV�LQ�PDQ\�ZD\V��QRW�RQO\�LQ�ODE�
ZRUN��EXW�DOVR�LQ�FRPPXQLFDWLRQ�DERXW�FLUFXLWV�LQ�WKH�FODVVURRP�DQG�LQ�SDSHU�RU�HOHFWURQLF�
GRFXPHQWV��DQG�PRUH�JHQHUDOO\��EHFDXVH�ZLWKRXW�D�ZD\�WR�PHQWDOO\�YLVXDOL]H�FLUFXLWV��LW�FDQ�EH�
PRUH�GLIILFXOW�WR�JDLQ�DQ�LQWXLWLYH�XQGHUVWDQGLQJ�RI�FLUFXLW�RSHUDWLRQ��

:LWK�PRGHUQ�FRPSXWHU�KDUGZDUH�DQG�VRIWZDUH�WRROV��DQLPDWLRQV�FDQ�EH�UHDGLO\�SURGXFHG��DQG�
KDYH�EHHQ�XVHG�WR�GHPRQVWUDWH�FLUFXLW�EHKDYLRU������������������7KH�REMHFWLYHV�RI�WKHVH�DQLPDWLRQV�
YDU\��IURP�FRPPHUFLDO�VRIWZDUH�LQWHQGHG�WR�DSSUR[LPDWH�D�ODE�H[SHULHQFH�ZLWK�D�SKRWRUHDOLVWLF�
UHSUHVHQWDWLRQ�RI�ODE�LQVWUXPHQWV�DQG�FLUFXLW�EUHDGERDUGLQJ��EXW�ZLWK�QR�DWWHPSW�WR�YLVXDOL]H�
DQ\WKLQJ�PRUH�WKDQ�ZKDW�LV�YLVLEOH�LQ�D�UHDO�ODE����WR�D�V\VWHPDWLF�YLVXDOL]DWLRQ�RI�DOO�LQYLVLEOH�
FLUFXLW�TXDQWLWLHV���FXUUHQW��YROWDJH��SRZHU�IORZ�DQG�HQHUJ\�VWRUDJH������2XU�REMHFWLYH�LV�WR�
UHSUHVHQW�WKH�WZR�PDLQ�YDULDEOHV��YROWDJH�DQG�FXUUHQW��DV�FOHDUO\�DQG�LQWXLWLYHO\�DV�SRVVLEOH����

,W�LV�QRW�LPPHGLDWHO\�FOHDU�KRZ�EHVW�WR�YLVXDOL]H�FXUUHQW�DQG�YROWDJH���+RZHYHU��DPRQJ�WKRVH�
ZKR�KDYH�FRQVLGHUHG�LW��WKHUH�LV�FRQVLVWHQW�HQWKXVLDVP�IRU�UHSUHVHQWLQJ�YROWDJH�XVLQJ�D�WKUHH�
GLPHQVLRQDO���'��FLUFXLW�GLDJUDP������������7KH�ILUVW�WZR�GLPHQVLRQV�DUH�XVHG�IRU�WKH�OD\RXW�RI�WKH�
FLUFXLW��DV�LQ�D�VWDQGDUG�VFKHPDWLF��EXW�WKH�WKLUG�GLPHQVLRQ�LV�XVHG�WR�UHSUHVHQW�YROWDJH��ZLWK�WKH�
YHUWLFDO�SRVLWLRQ�RI�D�ZLUH�FRUUHVSRQGLQJ�WR�LWV�SRWHQWLDO���$V�GLVFXVVHG�LQ�6HFWLRQ�,,�$��ZH�IRXQG�
WKDW�WKLV�YLVXDOL]DWLRQ�PHWKRG��DV�VKRZQ�LQ�)LJ�����EHVW�PHW�RXU�REMHFWLYHV���7KHUH�LV�OHVV�RI�D�
FRQVHQVXV�RQ�JRRG�UHSUHVHQWDWLRQV�IRU�FXUUHQW���$V�GLVFXVVHG�LQ�6HFWLRQ�,,�%��ZH�FKRVH�WR�XVH�
DUURZV�ZLWK�WKH�OHQJWK�RI�WKH�DUURZ�FRUUHVSRQGLQJ�WR�FXUUHQW�PDJQLWXGH��DV�LQ�-LP�+DXVHU¶V��'�
LOOXVWUDWLRQV�LQ�:KLWH���8VLQJ�WKH�0$7/$%�ODQJXDJH����ZH�GHYHORSHG�D�WRRO�NLW�WR�JHQHUDWH��'�
DQLPDWHG�GLDJUDPV�LQ�WKLV�IRUPDW���7KH�WRRO�NLW��IUHHO\�DYDLODEOH�YLD�WKH�ZHE����LV�VLPLODU�WR�WKH�
0DWKHPDWLFD�EDVHG�&LUFXLW9L]�V\VWHP���EXW��LQ�DGGLWLRQ�WR�EHLQJ�EDVHG�RQ�D�GLIIHUHQW�SODWIRUP��LW�
XVHV�D�GLIIHUHQW�FXUUHQW�UHSUHVHQWDWLRQ�DQG�DGGV�WKH�XVH�RI�FRORU��7KHVH�DQG�RWKHU�GHWDLOV�RI�WKH�
YLVXDOL]DWLRQ�DUH�GLVFXVVHG�LQ�6HFWLRQ�,,��6HFWLRQ�,,,�GHVFULEHV�WKH�0$7/$%�LPSOHPHQWDWLRQ��
DQG�6HFWLRQ�,9�GLVFXVVHV�H[SHULHQFHV�ZLWK�XVLQJ�WKH�V\VWHP�LQ�WKH�FODVVURRP���6RPH�SRVVLEOH�
LPSURYHPHQWV�DUH�GLVFXVVHG�LQ�6HFWLRQ�9��
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)LJ������7KH�VDPH�FLUFXLW�DV�LQ�)LJ����DQG����ZLWK�WKH�WKLUG�GLPHQVLRQ�XVHG�WR�UHSUHVHQW�YROWDJH��

,,���6HOHFWLQJ�D�YLVXDOL]DWLRQ�V\VWHP�

$���8VH�RI�WKUHH�GLPHQVLRQV�IRU�YLVXDOL]DWLRQ�RI�YROWDJH�

$Q�H[SHULHQFHG�HOHFWULFDO�HQJLQHHU�FDQ�ORRN�DW�D�FLUFXLW�GLDJUDP�DQG�LPPHGLDWHO\�³VHH´�WKDW�WKH�
YROWDJH�GLIIHUHQFHV�DFURVV�WZR�SDUDOOHO�HOHPHQWV�DUH�WKH�VDPH��ZKHUHDV�D�EHJLQQLQJ�VWXGHQW�PD\�
QHHG�WR�GHILQH�YDULDEOHV��ZULWH�DQ�H[SOLFLW�.LUFKRII¶V�9ROWDJH�/DZ��.9/��HTXDWLRQ��DQG�RIWHQ�
WKHQ�FRUUHFW�WKH�VLJQ�HUURUV�PDGH�LQ�WKHVH�VWHSV�LQ�RUGHU�WR�DUULYH�DW�WKH�VDPH�FRQFOXVLRQ���
+HOSLQJ�VWXGHQWV�JDLQ�LQWXLWLRQ�IRU�.9/�LV�LPSRUWDQW�WR�KHOSLQJ�WKHP�JHW�WR�D�KLJKHU�OHYHO�RI�
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SURILFLHQF\�PRUH�TXLFNO\��:H�ZRXOG�OLNH�IRU�WKHP�WR�EH�DEOH�WR�OLWHUDOO\�VHH�KRZ�YROWDJH�GURSV�
DFURVV�GLIIHUHQW�HOHPHQWV�DUH�UHODWHG��8QGHUVWDQGLQJ�.LUFKRII¶V�&XUUHQW�/DZ��.&/��LV�DOVR�
LPSRUWDQW��DOWKRXJK�LW�VHHPV�HDVLHU�IRU�VWXGHQWV�WR�JUDVS�WKLV�LQWXLWLYHO\��EDVHG�RQ�WKH�LGHD�RI�
FRQVHUYDWLRQ�RI�FKDUJH���7KXV��LOOXVWUDWLQJ�.&/�LV�DOVR�DQ�LPSRUWDQW�REMHFWLYH��EXW�D�JRRG�
UHSUHVHQWDWLRQ�RI�YROWDJH�WDNHV�SULRULW\��

$V�GLVFXVVHG�LQ�PRUH�GHWDLO�E\�'RHULQJ��DQG�WKH�UHIHUHQFHV�FLWHG�WKHUHLQ��LW�LV�YDOXDEOH�WR�PDNH�
WKH�GLVSOD\�RI�YDULDEOHV�LQWHJUDO�WR�WKH�UHSUHVHQWDWLRQ�RI�WKH�V\VWHP²PHDQLQJ��LQ�WKLV�FDVH��RQ�
WKH�FLUFXLW�GLDJUDP��DQG��WR�WKH�H[WHQW�SRVVLEOH��LQWHJUDWHG�ZLWK�WKH�V\PEROV�UHSUHVHQWLQJ�
FRPSRQHQWV�DQG�FRQQHFWLRQV�RQ�WKH�GLDJUDP���$Q�DGMDFHQW�JUDSK�RU�RWKHU�LQGLFDWRU�FDQ�EH�XVHIXO��
EXW�WKH�SURFHVV�RI�PDWFKLQJ�RI�OHJHQGV��FRORUV��RU�RWKHU�LQGLFDWLRQV�LV�GLVWUDFWLQJ��DQG�LV�DOZD\V�
RQH�VWHS�UHPRYHG�IURP�WKH�FLUFXLW���2XU�JRDO�LV�WR�HQDEOH�VWXGHQWV�WR�VHH�ZKDW�LV�KDSSHQLQJ�E\�
ZDWFKLQJ�WKH�FLUFXLW�ZLWKRXW�DQ\�H[WUD�PHQWDO�VWHSV��

2QH�SRVVLEOH�ZD\�RI�UHSUHVHQWLQJ�YROWDJHV�RQ�D�FLUFXLW�GLDJUDP�LQFOXGH�LQGLFDWRUV�VXFK�DV�EDU�
JUDSKV��PHWHU�DQDORJV��RU�HYHQ�WH[W�QXPEHUV�QH[W�WR�FRPSRQHQWV�RU�QRGHV������+RZHYHU��LW�LV�KDUG�
WR�VHH�KRZ�VXFK�D�UHSUHVHQWDWLRQ�FRXOG�EH�YLVXDOO\�UHODWHG�WR�.9/���2QH�ZD\�WR�YLVXDOO\�
GHPRQVWUDWH�VXPV�RI�YROWDJHV�ZRXOG�EH�WR�XVH�D�VWDFNHG�EDU�JUDSK��ZLWK�WKH�VXP�RI�WKH�LQGLYLGXDO�
EDUV�HTXDOLQJ�WKH�WRWDO�KHLJKW�RI�WKH�VWDFN���7KLV�LGHD�FRXOG�EH�H[WHQGHG�WR�GHDO�ZLWK�QHJDWLYH�
QXPEHUV�WKURXJK�WKH�DSSURDFK�VKRZQ�LQ�)LJ������+RZHYHU��VXFK�D�GLDJUDP�UHPRYHV�WKH�YROWDJH�
LQGLFDWLRQ�IURP�WKH�QRGHV�RU�FRPSRQHQWV�LQ�RUGHU�WR�SODFH�DOO�WKH�YROWDJHV�WRJHWKHU���,W�DOVR�
UHTXLUHV�WKH�H[WUD�VWHS�RI�SRODULW\�GHILQLWLRQV�RQ�WKH�FLUFXLW�GLDJUDP���7KXV��LW�RQO\�IXOILOV�D�IHZ�RI�
RXU�REMHFWLYHV�IRU�D�YROWDJH�UHSUHVHQWDWLRQ��

V1

V2
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)LJ������$�YROWDJH�YHFWRU�UHSUHVHQWDWLRQ�WKDW�FRXOG�EH�XVHG�WR�LOOXVWUDWH�.9/��EXW�WKDW�QHFHVVDULO\�
VHSDUDWHV�WKH�YROWDJH�LQGLFDWLRQ�IURP�WKH�FLUFXLW�HOHPHQW��

$�ZHOO�NQRZQ�DQG�YHU\�XVHIXO�ZD\�WR�LQGLFDWH�YROWDJHV�RQ�D�FLUFXLW�GLDJUDP�LV�WR�VKDGH�QRGHV�LQ�
GLIIHUHQW�FRORUV�FRUUHVSRQGLQJ�WR�YROWDJH��DV�LQ�)LJ������,W�FDQ�EH�HIIHFWLYH�RQ�WKH�EODFNERDUG��DQG�
LV�DOVR�VRPHWKLQJ�VWXGHQWV�FDQ�GR�RQ�WKHLU�RZQ�DV�WKH\�GHYHORS�HTXDWLRQV�WR�PRGHO�FLUFXLWV���,W�LV�
SDUWLFXODUO\�HIIHFWLYH�LQ�GHPRQVWUDWLQJ�ZKLFK�FRPSRQHQWV�DUH�LQ�SDUDOOHO��DQG�LQ�GHPRQVWUDWLQJ�
WKDW�WKRVH�FRPSRQHQWV�WKHUHIRUH�PXVW�DOO�KDYH�WKH�VDPH�YROWDJH�GURS��EXW�LW�LV�OHVV�HIIHFWLYH�DW�
GHPRQVWUDWLQJ�WKH�PDJQLWXGHV�RI�WKH�YROWDJHV�LQYROYHG���$�VFDOH�PLJKW��IRU�H[DPSOH��LQGLFDWH�WKDW�
D�YROWDJH�GURS�IURP�JUHHQ�WR�RUDQJH�LV�DERXW�WZLFH�WKH�YROWDJH�RI�RUDQJH�WR�UHG��EXW�LW�LV�KDUG�WR�
³VHH´�WKDW�GLUHFWO\�IURP�WKH�FRORUV�RQ�WKH�FLUFXLW�GLDJUDP��
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&RPSDUHG�WR�WKH�DOWHUQDWLYHV��WKH�DGYDQWDJHV�RI�XVLQJ�WKH�WKLUG�GLPHQVLRQ�WR�UHSUHVHQW�YROWDJH�
DUH�VXEVWDQWLDO���7KH�UHSUHVHQWDWLRQ�LV�QRW�MXVW�DGMDFHQW�WR�WKH�HOHPHQWV�RI�WKH�GLDJUDP��EXW�LV�IXOO\�
LQWHJUDWHG�LQWR�WKH�GLDJUDP����$OWKRXJK�WKH�SHUVSHFWLYH�GUDZLQJ�GRHV�QRW�PDNH�LW�HDV\�WR�
SUHFLVHO\�PDWFK�QRGH�HOHYDWLRQV�WR�WKH�YROWDJH�VFDOH�RQ�WKH�OHIW��LW�GRHV�WDNH�DGYDQWDJH�RI�
KXPDQV¶�LQQDWH�DELOLW\�WR�PDNH�VHPL�TXDQWLWDWLYH�MXGJPHQWV�JLYHQ�VXFK�D�YLHZ����)RU�H[DPSOH��LW�
LV�HDV\�WR�VHH�LQ�)LJ����WKDW�WKH�YROWDJH�DFURVV�WKH�WZR�SDUDOOHO�UHVLVWRUV�LV�VPDOOHU�WKDQ�WKH�YROWDJH�
DFURVV�WKH�RWKHU�UHVLVWRU���7KLV�UHSUHVHQWDWLRQ�DOVR�KDV�WKH�DGYDQWDJH�RI�SURYLGLQJ�DQ�LQWXLWLYH�
DQDORJ\�EHWZHHQ�JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\�DQG�HOHFWULFDO�SRWHQWLDO�HQHUJ\��DOWKRXJK��DV�QRWHG�
LQ�'RHULQJ���RQH�PXVW�EH�FDUHIXO�WR�H[SODLQ�WKH�OLPLWDWLRQV�RI�WKLV�DQDORJ\���

+RZHYHU��WKH�ELJJHVW�DGYDQWDJH�RI�WKH�UHSUHVHQWDWLRQ�LQ�)LJ����LV�WKDW�LW�PDNHV�.9/�LPPHGLDWHO\�
DSSDUHQW��DQG�LQ�IDFW�PDNHV�WKH�YHU\�LGHD�RI�YLRODWLQJ�LW�DV�FRXQWHU�LQWXLWLYH�DV�DQ�0�&��(VFKHU�
GUDZLQJ���2QH�FDQ�HDVLO\�VHH�QRW�RQO\�WKDW�WKH�YROWDJH�GURS�DFURVV�WKH�WZR�SDUDOOHO�UHVLVWRUV�PXVW�
EH�HTXDO��EXW�DOVR�WKDW�WKH�VXP�RI�WKH�GURS�DFURVV�WKH�SDUDOOHO�FRPELQDWLRQ�SOXV�WKH�YROWDJH�GURS�
DFURVV�WKH�RWKHU�UHVLVWRU�PXVW�HTXDO�WKH�YROWDJH�RI�WKH�VRXUFH��

7KXV��WKH��'�UHSUHVHQWDWLRQ�ZLWK�HOHYDWLRQ�FRUUHVSRQGLQJ�WR�YROWDJH�PHHWV�RXU�REMHFWLYHV�YHU\�
HIIHFWLYHO\��DQG�ZH�KDYH�FKRVHQ�WR�XVH�LW�IRU�WKH�DQLPDWLRQ�V\VWHP�ZH�KDYH�GHYHORSHG��:H�DOVR�
VKDGH�QRGHV�DFFRUGLQJ�WR�YROWDJH��7KLV�LV�LQWHQGHG�WR�FRPPXQLFDWH�WKH�VDPH�YROWDJH�LQIRUPDWLRQ�
RYHU�PRUH�FKDQQHOV��WR�FRUUHVSRQG�WR�ZKDW�LV�VKRZQ�LQ�WKH�WH[WERRN�DQG�RQ�WKH�EODFNERDUG��DQG�
WR�UHLQIRUFH�WKH�VXJJHVWLRQ�WKDW�VWXGHQWV�FRORU�QRGHV�WKHPVHOYHV�DV�WKH\�DQDO\]H�FLUFXLWV��

)RU�UHVLVWRUV�DQG�LQGXFWRUV��WKH�YROWDJH�LV�VKRZQ�GURSSLQJ�OLQHDUO\�RYHU�WKH�OHQJWK�RI�WKH�DFWLYH�
HOHPHQW���+RZHYHU��IRU�FDSDFLWRUV��WKH�SRWHQWLDO�RI�WKH�SODWH�VKRXOG�EH�WKH�VDPH�DV�WKH�SRWHQWLDO�
RI�WKH�ZLUH�LW�LV�FRQQHFWHG�WR��DQG�WKLV�LV�KRZ�ZH�GHSLFW�LW��VHH��IRU�H[DPSOH��)LJ�������7KLV�IROORZV�
(OHF�'���EXW�GLIIHUV�IURP�WKH�UHSUHVHQWDWLRQ�XVHG�LQ�&LUFXLW9L]���ZKHUH�D�VHFWLRQ�RI�WKH�GLDJUDP�
LQFOXGLQJ�WKH�FDSDFLWRU�DQG�LWV�OHDGV�LV�³UDPSHG´�WKH�VDPH�DV�UHVLVWRUV���7KH�DSSURDFK�RI�GLUHFWO\�
UHSUHVHQWLQJ�FDSDFLWRU�SODWH�SRWHQWLDO�KDV�DGYDQWDJHV�DQG�GLVDGYDQWDJHV���7KH�PDLQ�GLVDGYDQWDJH�
LV�WKDW�IRU�FDSDFLWRUV�FKDUJHG�WR�D�ODUJH�SRWHQWLDO��LW�FDQ�ORRN�OLNH�WKH�WZR�ZLGHO\�VHSDUDWHG�SODWHV�
DUH�VHSDUDWH��XQUHODWHG�HOHPHQWV��LW�FDQ�EH�KDUG�WR�VHH�WKDW�WKH\�DUH�LQ�IDFW�WKH�WZR�SODWHV�RI�RQH��
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FDSDFLWRU���+RZHYHU��WKLV�UHSUHVHQWDWLRQ�PRUH�GLUHFWO\�GHSLFWV�ZKDW�LV�JRLQJ�RQ�SK\VLFDOO\��DQG��
ZH�DOVR�IRXQG�WKDW�LW�KDG�DQ�DGGLWLRQDO�EHQHILW���,W�PDNHV�WKH�DSSHDUDQFH�RI�FDSDFLWRUV�
VLJQLILFDQWO\�GLIIHUHQW�IURP�WKDW�RI�UHVLVWRUV��SURYLGLQJ�D�YLVXDO�FRUUHODWH�WR�WKHLU�ZLGHO\�GLIIHUHQW�
EHKDYLRU���,W�DOVR�DOORZV�XV�WR�FRQVLVWHQWO\�NHHS�DOO�ZLUHV��LQFOXGLQJ�FRPSRQHQW�OHDGV��KRUL]RQWDO��
UHLQIRUFLQJ�WKDW�LGHD�WKDW�YROWDJH�GURS�DORQJ�D�ZLUH�LV�DOZD\V�]HUR��

:H�XVHG�D�QHZ�ZD\�WR�UHSUHVHQW�YROWDJH�RQ�D�GLRGH�WKDW�LV�D�K\EULG�EHWZHHQ�WKH�WZR�VW\OHV��DV�
VKRZQ�LQ�)LJ������:KHQ�WKH�GLRGH�LV�RII��WKH�WZR�HQGV�RI�WKH�GLRGH�VHSDUDWH��DQG�WKH�SRWHQWLDOV�
HDFK�IROORZ�WKHLU�UHVSHFWLYH�QRGHV���+RZHYHU��ZKHQ�WKH�GLRGH�LV�FRQGXFWLQJ��WKH�ERG\�RI�WKH�
GLRGH�LV�VKRZQ�VODQWHG��LQGLFDWLQJ�D�YROWDJH�GURS�DFURVV�WKH�MXQFWLRQ��ZLWKRXW�WKH�GLVFRQQHFWLRQ�
HIIHFW�VKRZQ�LQ�WKH�UHYHUVH�ELDV�FDVH��

%���9LVXDOL]DWLRQ�RI�FXUUHQW�

$OWKRXJK�ZH�KDYH�IRXU�SUHFHGHQWV�IRU�WKH�XVH�RI�WKH�WKLUG�GLPHQVLRQ�WR�UHSUHVHQW�YROWDJH���������
WKH\�DOO�XVH�GLIIHUHQW�UHSUHVHQWDWLRQV�RI�FXUUHQW��RU�RPLW�FXUUHQW�IURP�WKH�YLVXDOL]DWLRQ�RQ�WKH�
VFKHPDWLF����%HFDXVH�FXUUHQW�LV�PRWLRQ�RI�FKDUJH��PRYLQJ�REMHFWV�FDQ�UHSUHVHQW�WKDW�PRWLRQ��IRU�
H[DPSOH�ZLWK�VPDOO�VSKHUHV�RI�FKDUJH�PRYLQJ�DORQJ�D�FLUFXLW�SDWK��RU�ZLWK�GRWV�PRYLQJ�DORQJ�
ZLUHV�LQ�D�VFKHPDWLF������(LWKHU�WKH�VSHHG�RU�WKH�GHQVLW\�RI�PRYLQJ�FDUULHUV�FRXOG�EH�YDULHG�WR�
UHSUHVHQW�WKH�PDJQLWXGH�RI�FXUUHQW���$W�OHDVW�LQ�D�ZLUH��YDULDWLRQV�LQ�YHORFLW\�DUH�EHWWHU�
UHSUHVHQWDWLYH�RI�WKH�SK\VLFDO�EHKDYLRU�WKDQ�DUH�FKDQJHV�LQ�FDUULHU�GHQVLW\��ZLWK�WKH�FDYHDW�WKDW�
WKH�YHORFLW\�VKRZQ�UHSUHVHQWV�RQO\�WKH�QHW�GULIW�YHORFLW\�DQG�QRW�WKH�WKHUPDO�PRWLRQ��DGGLQJ�
UDQGRP�WKHUPDO�PRWLRQ�ZRXOG�QRW�KHOS�WKH�FODULW\�RI�WKH�DQLPDWLRQ����+RZHYHU��WKLV�KDV�D�
OLPLWDWLRQ�VLPLODU�WR�WKDW�RI�XVLQJ�FRORU�IRU�YROWDJH���TXDQWLWDWLYH�UHODWLRQVKLSV�DUH�GLIILFXOW�WR�
MXGJH����

�
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�
)LJ������7ZR�VQDSVKRWV�RI�DQ�DQLPDWLRQ�RI�D�VLPSOH�GLRGH�UHFWLILHU���:KHQ�WKH�GLRGH�LV�RQ��WKH�

YROWDJH�GURS�LV�VKRZQ�RFFXUULQJ�DFURVV�WKH�DUURZ�SRUWLRQ�RI�WKH�GLRGH���:KHQ�WKH�GLRGH�LV�RII��LW�
LV�VKRZQ�GLVFRQQHFWHG���7KH�ORJLFDO�VWDWH�FDQ�EH�FRQWUROOHG�LQGHSHQGHQW�RI�WKH�YROWDJH�SRODULW\��

LQ�RUGHU�WR�LOOXVWUDWH�UHYHUVH�UHFRYHU\��LI�GHVLUHG��
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,Q�&LUFXLW9L]���FXUUHQW�LV�UHSUHVHQWHG�E\�D�YHUWLFDO�ULEERQ�XQGHUQHDWK�RI�WKH�FXUUHQW�SDWK��ZLWK�WKH�
YHUWLFDO�ZLGWK�RI�WKH�ULEERQ�UHSUHVHQWLQJ�FXUUHQW�PDJQLWXGH��DQG�DUURZV�RQ�WKH�WRS�LQGLFDWLQJ�
FXUUHQW�GLUHFWLRQ���7KLV�LV�DQ�H[FHOOHQW�FKRLFH�IRU�VHYHUDO�UHDVRQV���)LUVWO\��LW�KDV�VRPH�EDVLV�LQ�D�
SK\VLFDO�DQDORJ\�WR�ZDWHU�IORZ��ZLWK�D�GHHSHU�FKDQQHO�KDYLQJ�JUHDWHU�IORZ���6HFRQGO\��LW�ORFDWHV�
WKH�LQGLFDWLRQ�FRLQFLGHQW�ZLWK�WKH�FXUUHQW�SDWK�RQ�WKH�VFKHPDWLF��DQG�LQ�GRLQJ�VR�KLJKOLJKWV�WKH�
PDLQ�FXUUHQW�IORZ�SDWK�LQ�WKH�FLUFXLW���)LQDOO\��LW�DOORZV�TXDOLWDWLYH�MXGJPHQWV�RI�PDJQLWXGH��DV�
GRHV�WKH�YHUWLFDO�UHSUHVHQWDWLRQ�RI�YROWDJH���)RU�H[DPSOH��RQ�FDQ�VHH�WKDW�.&/�KROGV�DW�D�QRGH�E\�
VHHLQJ�WKDW�WKH�ULEERQ�KHLJKWV�EHQHDWK�WZR�SDWKV�VXP�WR�WKH�ULEERQ�KHLJKW�RI�WKH�WKLUG���

+RZHYHU��WKLV�UHSUHVHQWDWLRQ�DOVR�KDV�GLVDGYDQWDJHV���)LUVW��YROWDJH�DQG�FXUUHQW�DUH�ERWK�
LQGLFDWHG�DV�YHUWLFDO�YDULDWLRQV���7KXV��PRUH�FDUHIXO�DWWHQWLRQ�LV�QHHGHG�WR�IRFXV�RQ�RQH�RU�WKH�
RWKHU��RU��PRUH�LPSRUWDQWO\��WR�JDLQ�LQWXLWLRQ�DERXW�WKHLU�UHODWLRQVKLS�LQ�D�FRPSRQHQW���2QH�PXVW�
NQRZ�WKDW�WKH�WRS�HGJH�RI�WKH�ULEERQ��QRW�WKH�ERWWRP�HGJH��LV�LQGLFDWLQJ�YROWDJH���6HFRQG��WKH�
LQGLFDWLRQ�GRHV�QRW�LQWHJUDWH�WKH�UHSUHVHQWDWLRQ�RI�WKH�GLUHFWLRQ�RI�WKH�FXUUHQW�DV�IXOO\�RU�QDWXUDOO\�
DV�WKH�XVH�RI�HOHYDWLRQ�GRHV�ZLWK�YROWDJHV���6HSDUDWH�DUURZV�RQ�WKH�ZLUHV�DUH�XVHG��EXW�WKH\�FDQ�
EH�KDUG�WR�VHH��DQG�WKH\�UHTXLUH�DWWHQWLRQ�WR�\HW�DQRWKHU�DVSHFW�RI�WKH�LPDJH���

7KHUH�GRHV�QRW�DSSHDU�WR�EH�DQ\�RQH�EHVW�ZD\�WR�UHSUHVHQW�FXUUHQW��EXW�ZH�FKRVH�WR�XVH�WKH�
PHWKRG�LQ�WKH��'�LOOXVWUDWLRQV�LQ�:KLWH���ZKLFK�LV�VLPSO\�DQ�DUURZ�DGMDFHQW�WR�D�FRPSRQHQW�RU�
EUDQFK�ZLWK�WKH�OHQJWK�RI�WKH�DUURZ�UHSUHVHQWLQJ�PDJQLWXGH��DV�LQ�)LJ������$OWKRXJK�D�YLRODWLRQ�RI�
.&/�FRXOG�HDVLO\�EH�UHQGHUHG�ZLWKRXW�(VFKHU¶V�DVVLVWDQFH��LW�LV�SRVVLEOH�WR�VHH�LQ�)LJ����WKDW�WKH�
OHQJWKV�RI�WKH�WZR�DUURZV�IRU�WKH�SDVVLYH�FRPSRQHQWV�DSSUR[LPDWHO\�VXP�WR�WKH�OHQJWK�RI�WKH�
DUURZ�IRU�WKH�FXUUHQW�VRXUFH���7KH�OHQJWK�RI�WKH�DUURZ�DQG�WKH�SRVLWLRQ�RI�LWV�KHDG�DUH�LQ�VRPH�
VHQVH�GLIIHUHQW�LQGLFDWLRQV�IRU�GLUHFWLRQ�DQG�PDJQLWXGH²VRPHWKLQJ�ZH�ZLVK�WR�DYRLG²EXW�ZH�
ILQG�WKDW�WKH\�DUH�FORVHO\�HQRXJK�OLQNHG��SHUKDSV�EHFDXVH�WKH�DUURZ�LV�D�YHU\�IDPLOLDU�V\PERO��
WKDW�WKH�UHVXOW�LV�UHDGLO\�LQWHUSUHWHG�DV�D�VLQJOH�LQGLFDWRU�VKRZLQJ�GLUHFWLRQ�DQG�PDJQLWXGH����

2QH�REMHFWLYH�WKDW�WKLV�VDWLVILHV�LV�WKDW�WKH�UHSUHVHQWDWLRQV�RI�YROWDJH�DQG�FXUUHQW�VKRXOG�EH�DV�
GLIIHUHQW�DV�SRVVLEOH��VLQFH�WKHVH�DUH�IXQGDPHQWDOO\�GLIIHUHQW�TXDQWLWLHV����7KH�GLUHFWLRQ�LQ�ZKLFK�
WKH�FXUUHQW�DUURZ�JURZV�DQG�VKULQNV�LV�JHQHUDOO\�RUWKRJRQDO�WR�WKH�YHUWLFDO�GLUHFWLRQ�RI�YROWDJH���
$W�WKH�VDPH�WLPH��KRZHYHU��WKH�DUURZV�WLOW�WR�IROORZ�WKH�SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�WZR�QRGHV���
7KLV�PHDQV�WKDW�FXUUHQW�DUURZV�IRU�UHVLVWRUV�DOZD\V�SRLQW�GRZQKLOO��DQG�WKDW�FXUUHQW�DUURZV�IRU�
LQGXFWRUV�DOZD\V�JURZ�LQ�WKH�GRZQKLOO�GLUHFWLRQ�RU�VKULQN�LQ�WKH�XSKLOO�GLUHFWLRQ���7KLV�EXLOGV�
LQWXLWLRQ�ERWK�E\�VKRZLQJ�D�FRQVLVWHQW�FRUUHODWLRQ��DQG�E\�GUDZLQJ�RQ�WKH�JUDYLWDWLRQDO�DQDORJ\����

7ZR�GLVDGYDQWDJHV�RI�WKH�DUURZ�UHSUHVHQWDWLRQ�IRU�FXUUHQW�DUH�DSSDUHQW��KRZHYHU���*HQHUDOO\��
SXWWLQJ�DUURZV�RQ�HDFK�EUDQFK�RU�ZLUH�OHDGV�WR�D�FOXWWHUHG�GLDJUDP��VR�LW�LV�ZLVH�WR�SODFH�WKH�
DUURZV�RQO\�LQ�NH\�SODFHV���+RZHYHU��WKLV�UHOLHV�RQ�WKH�YLHZHU�WR�ILJXUH�RXW�ZKHUH�WKH�IXOO�FXUUHQW�
SDWK�LV�E\�IROORZLQJ�ZLUHV�RU�RWKHU�EUDQFKHV�EH\RQG�WKH�H[SOLFLW�DUURZV���7KLV�LV�D�VLJQLILFDQW�
GLVDGYDQWDJH�FRPSDUHG�WR�&LUFXLW9L]��ZKHUH�SULPDU\�FXUUHQW�SDWKV�DUH�KLJKOLJKWHG�E\�WKH�WKLFNHU�
ULEERQ�XQGHUQHDWK�RI�WKHP���$OVR��LW�LV�LPSRUWDQW�IRU�VWXGHQWV�WR�XQGHUVWDQG�WKDW�WKH�PHDQLQJ�RI�
WKH�DUURZ�LV�GLIIHUHQW�IURP�WKH�PHDQLQJ�RI�DQ�DUURZ�XVHG�ZKHQ�GHILQLQJ�D�FXUUHQW�YDULDEOH���7KH�
DQLPDWLRQ�DUURZV�LQGLFDWH�WKH�DFWXDO�FXUUHQW�GLUHFWLRQ��ZKHUHDV�WKH�GHILQLWLRQDO�DUURZV�LQGLFDWH�
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RQO\�ZKLFK�GLUHFWLRQ�LV�FDOOHG�SRVLWLYH���&LUFXLW9L]��LQFOXGHV�ERWK�W\SHV�RI�DUURZV��VR�DV�WR�
SURYLGH�WKH�RSSRUWXQLW\�WR�SRLQW�RXW�WKH�IDFW�WKDW�WKH\�FDQ�SRLQW�LQ�RSSRVLWH�GLUHFWLRQV��EXW�ZH�
SUHIHU�WR�QRUPDOO\�NHHS�WKH�DQLPDWLRQ�DV�VLPSOH�DQG�XQFOXWWHUHG�DV�SRVVLEOH��DQG�WR�XVH�WKH�
GHILQLWLRQDO�DUURZV�RQO\�RQ�DQ�DFFRPSDQ\LQJ�FRQYHQWLRQDO�VFKHPDWLF��

&��8VH�RI�FRORU�

7KH�XVH�RI�FRORU�LV�GHVLJQHG�WR�PDNH�WKH�LPDJHV�YLVXDOO\�DWWUDFWLYH�DQG�WR�FRQYH\�DGGLWLRQDO�
LQIRUPDWLRQ���$V�GLVFXVVHG�LQ�6HFWLRQ�,,��RQH�ZD\�ZH�XVH�RI�FRORU�LV�IRU�VKDGLQJ�RI�ZLUHV�WR�
LQGLFDWH�SRWHQWLDO���%ODFN�FRUUHVSRQGV�WR�JURXQG�DQG�UHG�FRUUHVSRQGV�WR�WKH�PD[LPXP�SRVLWLYH�
YROWDJH�HQFRXQWHUHG�LQ�WKH�VLPXODWLRQ��WKH�LQWHQVLW\�RI�WKH�UHG�YDULHV�VPRRWKO\�EHWZHHQ�WKHVH�
WZR���7KLV�FKRLFH�LV�EDVHG�RQ�WKH�VWDQGDUG�XVH�RI�WKHVH�WZR�FRORUV�IRU�ZLUH�FRORU�FRGLQJ���)RU�
QHJDWLYH�YROWDJHV��VKDGLQJ�IURP�EODFN�DW�JURXQG�WR�\HOORZ�DW�WKH�ODUJHVW�PDJQLWXGH�QHJDWLYH�
YROWDJH�LV�XVHG���*UHHQ�LV�XVHG�IRU�FXUUHQW�DUURZV��DOWKRXJK�JUHHQ�LV�DOVR�VWDQGDUG�DV�D�FRORU�WR�
LQGLFDWH�JURXQG��ZH�FKRVH�LW�IRU�LWV�DVVRFLDWLRQ�ZLWK�PRWLRQ��DV�LQ�D�WUDIILF�VLJQDO���&RPSRQHQWV�
XVH�WKH�UHPDLQLQJ�SULPDU\�FRORUV��EOXH��YLROHW�DQG�RUDQJH���$�FRSSHU�OLNH�VKDGH�RI�RUDQJH�LV�XVHG�
IRU�LQGXFWRU�ZLQGLQJV��FRUUHVSRQGLQJ�WR�WKH�PDWHULDO�XVXDOO\�XVHG��DQG�KHOSLQJ�WR�GLVWLQJXLVK�
WKHP�IURP�UHVLVWRUV�DQG�RWKHU�SDVVLYH�FRPSRQHQWV��LQ�EOXH���$FWLYH�FRPSRQHQWV��H�J���VRXUFHV�
DQG�RS�DPSV��DUH�GHSLFWHG�LQ�YLROHW��ZKLFK�LV�SHUKDSV�D�PRUH�³DFWLYH´�FRORU�WKDQ�EOXH���7KH�
UHVXOWLQJ�FRORUIXO�GLVSOD\�LV�DSSHDOLQJ�DV�ZHOO�DV�EHLQJ�IXQFWLRQDO��

,,,���,PSOHPHQWDWLRQ�

$QLPDWLRQ�RI�WKH�YLVXDOL]DWLRQ�VFKHPH�GHVFULEHG�LQ�6HFWLRQ�,,�DQG�VKRZQ�LQ�)LJV������KDV�EHHQ�
LPSOHPHQWHG�LQ�D�VHW�RI�0$7/$%�IXQFWLRQV�ZH�FDOO�WKH��'�&LUFXLW�7RROER[���$Q�LQLWLDO�YHUVLRQ�
RI�WKLV�WRROER[�PD\�EH�GRZQORDGHG�IUHHO\�IURP�RXU�ZHE�VLWH����DQG�FDQ�EH�UXQ�ZLWK�0$7/$%�
YHUVLRQV�����DQG�DERYH���RQ�D�YDULHW\�RI�SODWIRUPV���7KLV�LQLWLDO�YHUVLRQ�RI�WKH�VRIWZDUH�LV�VLPSOH��
DQG�ODFNV�PDQ\�FDSDELOLWLHV�WKDW�ZRXOG�EH�GHVLUDEOH���:H�VKDUH�WKH�KRSH�H[SUHVVHG�E\�'RHULQJ��
WKDW�DXWRPDWLF�FRXSOLQJ�WR�D�FLUFXLW�VLPXODWLRQ�SURJUDP�RU�HYHQ�LQWHJUDWLRQ�LQWR�D�FLUFXLW�
VLPXODWLRQ�SDFNDJH�ZLOO�EH�HYHQWXDOO\�EH�UHDOL]HG���+RZHYHU��ZH�DOVR�ZLVKHG�WR�PDNH�WKH�
SURFHVV�RI�LPSOHPHQWLQJ�DQ�DQLPDWLRQ�RI�D�QHZ�FLUFXLW�DV�HDV\�DV�SRVVLEOH�LQ�RUGHU�WR�PDNH�XVH�
RI�WKHVH�DQLPDWLRQV�SUDFWLFDO�IRU�RXUVHOYHV�DQG�RWKHU�HGXFDWRUV�SHQGLQJ�DYDLODELOLW\�RI�D�PRUH�
DXWRPDWHG�DQG�IOH[LEOH�WRRO��

7KH��'�&LUFXLW�7RROER[���FRPSULVHV�D�VHW�RI�0$7/$%�IXQFWLRQV���7R�FUHDWH�DQ�DQLPDWLRQ�RI�D�
QHZ�FLUFXLW��RQH�PXVW�ZULWH�D�QHZ�0$7/$%�VFULSW�RU�IXQFWLRQ�WKDW�FRQVLVWV�PRVWO\�RI�FDOOV�WR�
WKHVH�IXQFWLRQV���$Q�H[DPSOH�LV�LQFOXGHG�LQ�WKH�$SSHQGL[���$�GDWD�VWUXFWXUH�IRU�WKH�FLUFXLW�
LQFOXGLQJ�JUDSKLFDO�REMHFWV�DQG�RWKHU�LQIRUPDWLRQ�LV�EXLOW�XS�E\�D�VHULHV�RI�IXQFWLRQ�FDOOV��HDFK�RI�
ZKLFK�DGGV�D�FRPSRQHQW�RU�ZLUH�WR�WKH�FLUFXLW���7KH�FLUFXLW�LV�FRQVWUDLQHG�WR�D�WKUHH�E\�WKUHH�JULG�
RI�UHJXODUO\�VSDFHG�QRGHV���7R�DGG�D�FRPSRQHQW��RQH�QHHG�RQO\�VSHFLI\�WKH�QXPEHUV�RI�WKH�WZR�
QRGHV�LW�LV�FRQQHFWHG�EHWZHHQ��DQG�WKH�FRPSRQHQW�W\SH���7KLV�LV�VLPLODU�WR��EXW�VLPSOHU�WKDQ��WKH�
SURFHVV�RI�GHILQLQJ�D�FLUFXLW�LQ�D�63,&(�QHWOLVW���6LPLODU�IXQFWLRQ�FDOOV�DUH�XVHG�WR�DGG�FXUUHQW�
DUURZV�ZKHUH�WKH\�DUH�GHVLUHG��
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7KH�WKUHH�E\�WKUHH�JULG�ZDV�LQLWLDOO\�FKRVHQ�EHFDXVH�LW�ZDV�EHOLHYHG�WKDW�D�ODUJHU�FLUFXLW�ZRXOG�
EH�WRR�FRPSOLFDWHG�WR�IROORZ�LQ�WKLV�W\SH�RI�YLVXDOL]DWLRQ���+RZHYHU��WKHUH�DUH�D�QXPEHU�RI�
VLPSOH�FLUFXLWV�WKDW�DUH�GLIILFXOW�WR�ILW�RQ�D�WKUHH�E\�WKUHH�JULG���)RU�H[DPSOH��WKH�DQLPDWLRQ�RI�D�
EXFN�VZLWFKLQJ�SRZHU�FRQYHUWHU�VKRZQ�LQ�)LJ����UHTXLUHG�SODFLQJ�WKH�ORDG�UHVLVWRU�LQ�DQ�XQXVXDO�
SRVLWLRQ�DQG�DGGLQJ�D�ZLUH�RXWVLGH�WKH�QRUPDO�WKUHH�E\�WKUHH�JULG���)XWXUH�YHUVLRQV�ZLOO�WKHUHIRUH�
LQFOXGH�WKH�FDSDELOLW\�RI�D�ODUJHU�JULG���,W�PD\�EH�WKDW���'�DQLPDWLRQV�RI�PRUH�FRPSOH[�FLUFXLWV�
ZLOO�EH�YDOXDEOH�HYHQ�WKRXJK�WKH\�ZLOO�EH�GLIILFXOW�WR�IROORZ��EHFDXVH�WKH�DQLPDWLRQ�PD\�VWLOO�
RIIHU�DQ�HDVLHU�ZD\�WR�JDLQ�LQVLJKW�RQ�D�FRPSOH[�FLUFXLW�WKDQ�WKH�DOWHUQDWLYHV�GR��

0�
2.5�

5�
7.5�
10�

voltage�

�
)LJ������6QDSVKRW�IURP�DQ�DQLPDWLRQ�RI�D�VZLWFKLQJ�SRZHU�FRQYHUWHU��EXFN�FRQYHUWHU���

$IWHU�GHILQLQJ�WKH�FLUFXLW�DQG�FXUUHQW�DUURZV��RQH�PXVW�DOVR�PDQXDOO\�VSHFLI\�WKH�G\QDPLFV�RI�WKH�
FLUFXLW��QR�DXWRPDWLF�FDOFXODWLRQ�RI�G\QDPLFV�LV�LQFOXGHG���2IWHQ��RQH�DOUHDG\�NQRZV�VLPSOH�
HTXDWLRQV�IRU�WKH�EHKDYLRU�RI�D�FLUFXLW�RQH�LV�SUHVHQWLQJ�WR�D�FODVV��VR�D�XVHU�ZKR�LV�IDPLOLDU�ZLWK�
0$7/$%�V\QWD[�FDQ�HDVLO\�ZULWH�D�IHZ�OLQHV�RI�0$7/$%�FRGH�WR�FDOFXODWH�WKH�FLUFXLW�
G\QDPLFV���:KDW�LV�QHHGHG�LV�D�PDWUL[�ZLWK�WKH�YROWDJH�DW�HDFK�RI�WKH�QLQH�QRGHV�DW�WKH�WLPH�
FRUUHVSRQGLQJ�WR�HDFK�IUDPH�LQ�WKH�DQLPDWLRQ��DQG�D�VHFRQG�PDWUL[�ZLWK�WKH�FXUUHQWV�IRU�HDFK�
FXUUHQW�DUURZ�XVHG���,I�VZLWFKHV��GLRGHV��RU�RWKHU�FRPSRQHQWV�WKDW�FDQ�YLVXDOO\�FKDQJH�VWDWH�DUH�
XVHG��D�PDWUL[�RI�WKHLU�VWDWHV�PXVW�DOVR�EH�GHILQHG���7KH�GDWD�IRU�WKH�FLUFXLW�G\QDPLFV�FRXOG�DOVR�
EH�JHQHUDWHG�E\�D�VLPXODWLRQ�XVLQJ�0$7/$%�WRROV�IRU�VROYLQJ�2'(V��RU�E\�LPSRUWLQJ�GDWD�IURP�
H[WHUQDO�FLUFXLW�VLPXODWLRQV��

$IWHU�D�FDOO�WR�DQ�LQLWLDOL]DWLRQ�URXWLQH��D�FDOO�WR�DQ�DQLPDWLRQ�IXQFWLRQ�SURGXFHV�DQ�DQLPDWLRQ���
3HULRGLF�IXQFWLRQV�FDQ�EH�LPSOHPHQWHG�E\�SXWWLQJ�WKLV�DQLPDWLRQ�IXQFWLRQ�FDOO�LQ�D�ORRS���7KH�
DQLPDWLRQ�FDQ�EH�SDXVHG�WR�ZDLW�IRU�D�NH\VWURNH�DW�SUHGHWHUPLQHG�SRLQWV��RU�WKH�DQLPDWLRQ�FDQ�EH�
PDQXDOO\�SDXVHG���7KH�YLHZLQJ�DQJOH�RI�WKH�WKUHH�GLPHQVLRQDO�VFHQH�FDQ�EH�VHW�ZLWKLQ�WKH�FRGH�
GHILQLQJ�WKH�FLUFXLW��RU�FDQ�EH�PDQXDOO\�FKDQJHG�ZLWK�D�PRXVH�RQFH�WKH�FLUFXLW�LV�GLVSOD\HG��

,Q�RUGHU�WR�PDNH�LW�SRVVLEOH�IRU�VWXGHQWV�WR�HDVLO\�YLHZ�DQLPDWLRQV�ZLWKRXW�LQVWDOOLQJ�0$7/$%�
DQG�WKH�DQLPDWLRQ�IXQFWLRQV�RQ�WKHLU�RZQ�FRPSXWHUV��VRPH�DQLPDWLRQV�KDYH�EHHQ�FRQYHUWHG�WR�
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*UDSKLFDO�,QWHUFKDQJH�)RUPDW��*,)��XVLQJ�DQ�LQH[SHQVLYH�FRPPHUFLDO�WRRO������7KLV�UHVXOWV�LQ�
FRPSDFW�ILOHV�FRPSDWLEOH�ZLWK�ZHE�EURZVHUV���)RU�WKH�OLQH�DUW�LQ�WKHVH�DQLPDWLRQV��*,)�ZDV�
IRXQG�WR�EH�VXSHULRU�WR�YLGHR�RULHQWHG�FRPSUHVVLRQ�VFKHPHV��JLYLQJ�VPDOOHU�ILOH�VL]HV�DQG�EHWWHU�
TXDOLW\���([DPSOHV�FDQ�EH�VHHQ�DW�WKH��'�&LUFXLW�7RROER[�ZHE�VLWH������

�,,,���([SHULHQFH�

6WLOO�SLFWXUHV�DQG�DQLPDWLRQV�DV�GHVFULEHG�DERYH�KDYH�EHHQ�XVHG�LQ�WKH�FODVVURRP�DQG�ODE�IRU�D�
VRSKRPRUH�OHYHO�LQWHUGLVFLSOLQDU\�OXPSHG�HOHPHQW�V\VWHPV�FRUH�FRXUVH��DQG�IRU�DQ�LQWURGXFWRU\�
HOHFWURQLFV�FRXUVH���7KH\�ZLOO�DOVR�EH�XVHG�LQ�D�SRZHU�HOHFWURQLFV�FRXUVH��RIIHUHG�VSULQJ����������

7KH�V\VWHPV�FRXUVH�LQFOXGHV�PRGHOLQJ�DQG�DQDO\VLV�RI�PHFKDQLFDO��HOHFWULFDO��WKHUPDO��IOXLG��
FKHPLFDO��DQG�ELRORJLFDO�V\VWHPV��DQG�LW�LV�WDNHQ�E\�DOO�XQGHUJUDGXDWH�HQJLQHHULQJ�PDMRUV�DW�
'DUWPRXWK�UHJDUGOHVV�RI�WKHLU�LQWHQGHG�VSHFLDOL]DWLRQ���6WXGHQWV�VSHFLDOL]LQJ�LQ�RWKHU�DUHDV�RIWHQ�
ILQG�WKH�HOHFWULFDO�FRQWHQW�RI�WKH�FRXUVH�SDUWLFXODUO\�FKDOOHQJLQJ��DQG�WKLV�FDQ�EH�DWWULEXWHG�LQ�SDUW�
WR�WKH�GLIILFXOW\�RI�JDLQLQJ�LQWXLWLRQ�IRU�YROWDJH�DQG�FXUUHQW�YDULDEOHV�WKDW�FDQQRW�EH�GLUHFWO\�
REVHUYHG���2WKHU�VLPXOWDQHRXV�LPSURYHPHQWV�LQ�WKH�FRXUVH�PDGH�LW�GLIILFXOW�WR�GLUHFWO\�DVVHVV�WKH�
HIIHFW�RI�WKH�DQLPDWLRQ�RQ�VWXGHQWV¶�DWWDLQPHQW�RI�OHDUQLQJ�REMHFWLYHV���+RZHYHU��WKH�VWXGHQWV¶�
RZQ�DVVHVVPHQW�RI�LWV�³HIIHFWLYHQHVV�DW�KHOSLQJ�>WKHP@�OHDUQ�´�DV�PHDVXUHG�LQ�D�VXUYH\�ZLWK����
UHVSRQVHV��ZDV�TXLWH�SRVLWLYH��DV�VKRZQ�LQ�)LJ������6L[�VWXGHQWV�ZURWH�IXUWKHU�FRPPHQWV��RI�ZKLFK�
IRXU�ZHUH�FOHDUO\�SRVLWLYH��H�J���³5HDOO\�KHOSHG�PH�XQGHUVWDQG�ZKDW�ZDV�JRLQJ�RQ���.H\�´���DQG�
WKH�PRVW�QHJDWLYH�ZDV�³6RPHWLPHV�KDUG�WR�XQGHUVWDQG�LQWHUSUHW�´�

7KH�UHVSRQVH�RI����VWXGHQWV�LQ�WKH�HOHFWURQLFV�FRXUVH�WR�D�VLPLODU�VXUYH\��DOVR�VKRZQ�LQ�)LJ�����
ZDV�HYHQ�PRUH�SRVLWLYH��ZLWK�PRUH�UDWLQJV�RI�H[FHOOHQW�DQG�YHU\�JRRG��WKUHH�SRVLWLYH�FRPPHQWV��
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DQLPDWLRQV�DW�KHOSLQJ�WKHP�OHDUQ��LQ�WZR�GLIIHUHQW�FRXUVHV��LQWHUGLVFLSOLQDU\�V\VWHPV��IURQW��DQG�
HOHFWURQLFV��UHDU���
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WKDQ�LQGLFDWLQJ�WKDW�WKH��'�DQLPDWLRQ�ZDV�KLJKO\�VXFFHVVIXO�IRU�VRPH���2I�WKH�VL[WHHQ�VSHFLILF�
FRPSRQHQWV�RI�WKH�FRXUVH�WKDW�VWXGHQWV�ZHUH�DVNHG�WR�DVVHVV��RQO\�RQH��WKH�VHW�RI�ZULWWHQ�WXWRULDO�
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DQLPDWLRQV����

,9���3RVVLEOH�LPSURYHPHQWV���

6WXGHQW�UHDFWLRQV�LQ�FODVV�DQG�LQ�LQIRUPDO�GLVFXVVLRQV�LQGLFDWH�WKDW�LW�WDNHV�VRPH�WLPH�WR�
XQGHUVWDQG�WKH�SLFWXUHV��WR�VHH�WKHP�LQ�WKUHH�GLPHQVLRQV��DQG�WR�XQGHUVWDQG�KRZ�WKH�YLVXDOL]DWLRQ�
FRUUHVSRQGV�WR�FLUFXLW�YDULDEOHV���+RZHYHU��RQFH�WKLV�LQLWLDO�EDUULHU�KDV�EHHQ�RYHUFRPH��PRVW�ILQG�
LW�YHU\�XVHIXO���6LQFH�OHDUQLQJ�VW\OHV�DQG�WKUHH�GLPHQVLRQDO�YLVXDOL]DWLRQ�VNLOOV�YDU\��VRPH�
VWXGHQWV�PD\�QRW�HYHU�JHW�DV�PXFK�RXW�RI�LW�DV�RWKHUV���,PSURYHPHQWV�LQ�WKH�LPDJHV�PLJKW�KHOS�WR�
ORZHU�WKH�LQLWLDO�EDUULHU�DQG�WR�PDNH�WKH�EHQHILWV�DYDLODEOH�WR�PRUH�VWXGHQWV����

0RUH�SKRWRUHDOLVWLF�LPDJHV��ZLWK��IRU�H[DPSOH��ZLUHV�UHSUHVHQWHG�E\�F\OLQGHUV�UDWKHU�WKDQ�VLPSOH�
OLQHV��DQG�ZLWK�VLPXODWLRQ�RI�OLJKWLQJ�DQG�VKDGRZV��FRXOG�KHOS�PDNH�LW�HDVLHU�WR�VHH�WKH�WKUHH�
GLPHQVLRQDO�DVSHFW���$�WUXH�VWHUHRVFRSLF�YLVXDOL]DWLRQ�ZRXOG�SUREDEO\�EH�HYHQ�PRUH�HIIHFWLYH���
7KH�FODVV�FRXOG�EH�RXWILWWHG�ZLWK�FRORU�ILOWHU�JODVVHV��SRODUL]LQJ�JODVVHV��RU�VKXWWHU�JODVVHV���)RU�D�
ODUJH�FODVV��WKH�ILUVW�WZR�RI�WKHVH�DUH�WKH�PRVW�FRVW�HIIHFWLYH��IRU�YLHZLQJ�RXWVLGH�RI�FODVV��D�VPDOO�
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QHHGHG��DQG�FRXOG�DOVR�IDFLOLWDWH�WHVWLQJ�WKH�GLIIHUHQW�PHWKRGV�RI�FXUUHQW�YLVXDOL]DWLRQ�ZLWK�WKH�
RWKHU�DVSHFWV�RI�WKH�GLVSOD\�NHSW�FRQVWDQW�LQ�RUGHU�WR�GHWHUPLQH�ZKHWKHU�RQH�PHWKRG�LV�PRUH�
HIIHFWLYH�RYHUDOO���$QRWKHU�RSWLRQ�IRU�FXUUHQW�YLVXDOL]DWLRQ�ZRXOG�EH�WR�FRQWLQXH�XVLQJ�DUURZV��
EXW�WR�DOVR�DQLPDWH�WKH�WKLFNQHVV�RI�WKH�OLQHV�GHSLFWLQJ�ZLUHV�DQG�FRPSRQHQWV�DFFRUGLQJ�WR�WKH�
FXUUHQW�PDJQLWXGH���7KLV�ZRXOG�UHWDLQ�WKH�DGYDQWDJHV�RI�WKH�DUURZ�V\VWHP��ZKLOH�DGGLQJ�WKH�
DGYDQWDJH�RI�WKH�ULEERQ�KHLJKW�PHWKRG��LQ�KLJKOLJKWLQJ�WKH�SULPDU\�FXUUHQW�SDWKV�LQ�D�FLUFXLW��
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