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7KH� FRXUVH� RQ� HOHFWURQLF� GHYLFHV�� FLUFXLWV� DQG� IDEULFDWLRQ�
UHSUHVHQWV� WKH� FXOPLQDWLRQ� RI� PRGHUQ� PLFURHOHFWURQLF�
PDQXIDFWXULQJ�SURFHVV�>�@��,Q�WRGD\V�HGXFDWLRQ�VWUXFWXUH��DSDUW�
IURP� WKHRUHWLFDO� VWXGLHV�� KDQGV�RQ� H[SHULPHQWDWLRQ� SOD\V� D�
YLWDO� UROH� WR� XQGHUVWDQG� HOHFWURQLF� VFLHQFH� >�@�� $� YLUWXDO�
ODERUDWRU\� IRU� WKLV� FRXUVH�RIIHUV� VWXGHQWV�D�ZD\� WR� OHDUQ� WKH�
ZRUNLQJ�RI�LQVWUXPHQWV�DQG�FLUFXLWV�PXFK�WKH�VDPH�ZD\�DV�LQ�DQ�
DFWXDO�ODERUDWRU\��WKHUH�DUH�VRPH�LPSRUWDQW�GLIIHUHQFHV�DOVR��$�
YLUWXDO�ODERUDWRU\�VXSSRUWV�DQ�LGHDO�HQYLURQPHQW�ZKHUH�FLUFXLWV�
EHKDYH�DV�H[SHFWHG��7KH�IOLS�VLGH�LV�WKDW�FHUWDLQ�UHDOLWLHV�OHDUQW�
WKURXJK�H[SHULPHQWDWLRQ�DUH�PLVVHG�RXW�

:KLOH�VWXG\LQJ�HOHFWULFDO�FLUFXLWV��VWXGHQWV�RXJKW�WR�XQGHUVWDQG�
WKH�DSSOLFDWLRQ�RI�WKH�ODZV�RI�HOHFWULFLW\�WR�WKRVH�FLUFXLW�WRZDUGV�
XQGHUVWDQGLQJ� WKHLU�EHKDYLRXU�DV�H[KLELWHG� WKURXJK�SK\VLFDO�
H[SHULPHQWDWLRQ�� ,Q�PDQ\�FDVHV�� VWXGHQWV� IDLO� WR� H[SODLQ� WKH�
REVHUYHG� EHKDYLRXU� RI� FLUFXLWV�� 6LPXODWLRQ�PHFKDQLVPV� FDQ�
KHOS�WKH�VWXGHQW�LQ�VXFK�VLWXDWLRQ�WKURXJK�HDV\�YLVXDOLVDWLRQ�RI�
WKH�LQWHUUHODWLRQVKLSV�EHWZHHQ�WKH�YDULRXV�FLUFXLW�FXUUHQWV�DQG�
YROWDJHV��6XFK�YLVXDOLVDWLRQ�LV�RIWHQ�KDUGHU�WR�DFKLHYH�LQ�D�UHDO�
ODERUDWRU\��7KH�EHVW�RSWLRQ�SHUKDSV�ZRXOG�EH�WR�GHYHORS�WKH�
FRQFHSWV�WKURXJK�SUDFWLFH�LQ�D�YLUWXDO�ODERUDWRU\�DQG�UHDIILUP�
WKRVH�WKURXJK�WUXH�H[SHULPHQWDWLRQ�LQ�D�UHDO�ODERUDWRU\��'XH�WR�
OLPLWDWLRQV� LQ� WKH� DYDLODEOH� SK\VLFDO� LQIUDVWUXFWXUH�� DGHTXDWH�
H[SHULPHQWDWLRQ� LQ� D� UHDO� ODERUDWRU\� PD\� QRW� DOZD\V� EH�
SRVVLEOH�

7KH� UHVW� RI� WKH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� ,,�
SURYLGHV� D� EULHI� UHYLHZ� RI� H[LVWLQJ� EDVLF� HOHFWURQLFV� YLUWXDO�
ODERUDWRU\� DQG�PHWKRGRORJLHV� WR� SHUIRUP� VLPXODWLRQ� RI� WKH�
H[SHULPHQW�� ,Q� VHFWLRQ� ,,,� WKH� IRUPDW� RI� H[SHULPHQWV� LV�

$EVWUDFW��,Q�PRGHUQ�HGXFDWLRQ�V\VWHP��H�OHDUQLQJ�SOD\V�D�YLWDO�UROH��ZKHUH�GLIIHUHQW�WHFKQRORJLHV�DUH�EHLQJ�DVVLPLODWHG�WR�HQKDQFH�LWV�ZHE�EDVHG�
SUHVHQFH��&RPSXWHU�VLPXODWLRQV�KDYH�DOZD\V�EHHQ�WUHDWHG�DV�DQ�DLG�WR�WHDFKLQJ�VFLHQFH��,Q�VRPH�FDVHV��GHPRQVWUDWLRQ�RI�H[SHULPHQWV�KDV�EHHQ�D�
FKDOOHQJH�LQ�FODVVURRPV��2QH�RI�WKHVH�FRXUVHV�LV�EDVLF�HOHFWURQLFV�GHYLFHV��FLUFXLWV�DQG�WKHLU�IDEULFDWLRQ��7KLV�SDSHU�GHVFULEHV�D�VHW�RI�H[SHULPHQWV�
IRU�WKLV�FRXUVH�WKDW�FRXOG�KHOS�ERWK�WHDFKHUV�DQG�VWXGHQWV�LQ�WKHLU�UHVSHFWLYH�FDSDFLWLHV��7KLV�9LUWXDO�ODE�LV�GHVLJQHG�WR�VXSSRUW�D�KDQGV�RQ�OHDUQLQJ�
HQYLURQPHQW�IRU�WHDFKLQJ�WKLV�FRXUVH��7KHVH�OHDUQLQJ�PDWHULDOV�FDQ�EH�LOOXVWUDWHG�ZKLOH�WDNLQJ�WKHRUHWLFDO�FODVVHV�ZKLOH�VWXGHQWV�FDQ�XVH�WKRVH�
LQGHSHQGHQWO\�WR�H[HUFLVH�WKHLU�WKHRUHWLFDO�NQRZOHGJH��(DFK�H[SHULPHQW�KDV�VRPH�FRXUVH�PDWHULDO��YLUWXDO�VLPXODWLRQ�HQYLURQPHQW��RSWLRQDO�YLGHR�
OHFWXUH�DQG�H[SHULPHQWV�WR�FKDOOHQJH�WKH�NQRZOHGJH�RI�WKH�VWXGHQW��7KH�H[SHULPHQWV�DUH�GHYHORSHG�XVLQJ�IUHH�RSHQ�VRXUFH�VRIWZDUH��+70/��DQG�
-DYD6FULSW�
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GHVFULEHG�� ,Q� VHFWLRQ� ,9� VRPH� H[SHULPHQW� RI� WKH� YLUWXDO�
ODERUDWRU\� RQ� EDVLF� HOHFWURQLFV� DUH� SUHVHQWHG�� 6HFWLRQ� 9�
GHVFULEHV�WKH�IHHGEDFN�UHFHLYHG�IURP�ZRUNVKRSV�FRQGXFWHG�WR�
IDPLOLDULVH�WHDFKHUV�DQG�VWXGHQWV�ZLWK�WKLV�YLUWXDO�ODERUDWRU\��
ILQDOO\��WKH�SDSHU�LV�FRQFOXGHG�LQ�VHFWLRQ�9,�

,,���%$&.*5281'�$1'�5(/$7('�:25.

$FFRUGLQJ�WR�&(�&$(�&LUFXLWV�DQG�(OHFWURQLFV��$VVRFLDWLRQ�
IRU� &RPSXWLQJ�0DFKLQHU\� �$&0�� ,(((� &RPSXWHU� 6RFLHW\�
>��@�KDV�VRPH�FRUH�OHDUQLQJ�RXWFRPHV�ZKLFK�LQFOXGHV�XVH�RI�
2KP¶V� /DZ�� WKH� UHODWLRQVKLS� EHWZHHQ� FXUUHQW� DQG� YROWDJH��
]HQHU�GLRGH��GHVLJQLQJ�D�GLRGH�FLUFXLW�WR�LQFOXGH�UHFWLILHUV��,Q�
WKLV�SDSHU��ZH�GHVFULEH�H[SHULPHQWV� IRU�YDULRXV�FLUFXLWV� DQG�
DQDO\]H�WKH�FLUFXLWV�LQ�VSHFLILF�ZD\V�XVLQJ�WKH�YLUWXDO�ODERUDWRU\�
WRRO��7KH�DLP�LV�WR�JLYH�D�JHQHUDO�LGHD�RI�WKH�ZRUNLQJ�RI�VSHFLILF�
FLUFXLWV�RU�GHYLFHV�DQG�WKHQ�WR�FKDOOHQJH�WKH�VWXGHQW�WR�HYDOXDWH�
KLV�XQGHUVWDQGLQJ��)RU�WKLV�SXUSRVH��ZH�DYRLG�XVLQJ�D�JHQHUDO�
SXUSRVH�FLUFXLW�VLPXODWRU��UDWKHU�HDFK�H[SHULPHQW�LV�KDQGOHG�LQ�
D� VSHFLILF�PDQQHU� WKDW� LV� WKRXJKW� WR� EH� DSSURSULDWH� IRU� WKDW�
SDUWLFXODU�H[SHULPHQW�

7KH�UHODWLRQVKLS�EHWZHHQ�ODERUDWRU\�DQG�WKHRU\�NQRZOHGJH�RI�
WKH�HQJLQHHULQJ�ODERUDWRULHV�KDV�EHHQ�GRQH>�@��(YDOXDWLRQ�RQ�
VWXGHQWV¶�FROODERUDWLRQ�LQ�UHDO�ODERUDWRULHV�ZRUNLQJ�LQ�JURXS�RU�
LQGHSHQGHQWO\�KDV� DOVR�EHHQ�PDGH��7KHUH� DUH� DGYDQWDJHV�RI�
ZRUNLQJ� LQGHSHQGHQWO\�� WKH� VWXGHQWV� JDLQ� D� GHHSHU�
XQGHUVWDQGLQJ�RI�FRQFHSWV��7KH�FRQFHSW�RI�D�YLUWXDO�ODERUDWRU\�
WR�DOORZ�VWXGHQWV�WR�ZRUN�LQGHSHQGHQWO\�LV�VXSSRUWHG�E\�WKLV�
VWXG\��,Q�>��@�D�YLUWXDO�PRGHO�IRU�DQ�HOHFWURQLFV�ODERUDWRU\�LV�
EXLOW� XS� XVLQJ� 9LUWXDO� ,QWHOOLJHQW� 6RIW/DE� �9,6��
H[SHULPHQWDWLRQ��7KH�GHYHORSHU�KDV�FRQVWUXFWHG�WKH�SURJUDPV�
LQ�9LVXDO�%DVLF�� EXW�9%6FULSW� LV� VXSSRUWHG� RQO\� LQ� ,QWHUQHW�
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DOUHDG\�VKRZQ�LQ�WKH�YLUWXDO�H[SHULPHQW�

3URFHGXUH��,Q�WKLV�VHFWLRQ��WKH�VWHSV�LQYROYHG�WR�SHUIRUP�WKH�
SDUWLFXODU� H[SHULPHQW� DUH� H[SODLQHG�� 7KH� SURFHGXUH� VHFWLRQ�
KHOSV�LQ�XQGHUVWDQGLQJ�WKH�ZD\�WR�SHUIRUP�WKH�H[SHULPHQW

6LPXODWLRQ�� 7KH� YLUWXDO� H[SHULPHQWV�� ZKLFK� DUH� GHVLJQHG�
XVLQJ� +70/��� HPXODWH� SK\VLFDO� LQVWUXPHQWV� LQ� D� UHDO�
ODERUDWRU\��6WXGHQW�FDQ�DQDO\]H�WKH�UHVXOWV�E\�FRQWUROOLQJ�WKH�
SDUDPHWHUV�DQG�FDQ�YHULI\�WKH�IRUPXODH��,Q�HDFK�VWDJH��WKHUH�DUH�
VOLGHUV�WR�YDU\�WKH�LQSXW�SDUDPHWHUV��JUDSKV�WR�VKRZ�WKH�UHODWLRQ�
EHWZHHQ� WKH� LQSXW�DQG�RXWSXW�FKDUFWHULVWLFV��7KH�H[SHULPHQW�
KHOSV�WKH�VWXGHQW�WR�XQGHUVWDQG�WKH�FRQFHSW�RI�HOHFWULF�FLUFXLWV�
DQG� YLVXDOL]H� WKH� FRQFHSW� PRUH� FOHDUO\�� 7R� H[HFXWH� WKH�
VLPXODWLRQ��WKH�IROORZLQJ�IHDWXUHV�DUH�DYDLODEOH�LQ�WKH�YLUWXDO�
HQYLURQPHQW�RI�WKH�H[SHULPHQWV�

��� 5DQJHV� RI� FLUFXLW� HOHPHQWV� ^� UHVLVWDQFH� LV� H[DFWO\� DV�
SUHVHQW�LQ�FLUFXLW�HOHPHQW�ER[HV�LQ�D�UHDO�ODERUDWRU\�

��� 5DQJHV�RI�PHDVXUHPHQW�GHYLFHV�OLNH�WKH�$&�DPPHWHU��'&�
DPPHWHU��9ROWPHWHU� DUH� LPSOHPHQWHG� H[DFWO\� DV� LQ� WKH�
UHDO�ODERUDWRU\�

��� 3ORW�DQG�WHVW�UHVXOWV�FDQ�EH�JHQHUDWHG�

4XL]��,Q�WKLV�VHFWLRQ��LW�FRQWDLQV�D�TXHVWLRQQDLUH�LQ�ZKLFK�VHOI�
DVVHVVPHQW� LV�GRQH� WR�DFKLHYH� WKH� VHOI�OHDUQLQJ�V\VWHP�DIWHU�
OHDUQLQJ�WKH�FRQFHSW�RI�WKH�H[SHULPHQW��7KH�IXQGDPHQWDO�DLP�RI�
WKLV� DVVHVVPHQW� LV� WR� UHJXODWH� WKH� OHDUQLQJ� SURFHVV� RI� WKH�
VWXGHQWV��,Q�WKLV�TXHVWLRQQDLUH��LW�FRPSULVHV�D�VHW�RI�REMHFWLYH�
TXHVWLRQV�

$VVLJQPHQWV�� 7KLV� VHFWLRQ� GHDOV� ZLWK� IHZ� VXEMHFWLYH�
TXHVWLRQV��WKH�VWXGHQW�WDNHV�WKLV�DVVHVVPHQW�WR�DFKLHYH�WKH�VHOI�
OHDUQLQJ�V\VWHP�DIWHU�OHDUQLQJ�WKH�FRQFHSW�RI�WKH�H[SHULPHQW�

5HIHUHQFHV��7KLV�VHFWLRQ�SURYLGHV�H[WHUQDO�ERRNV�QDPH��ZHE�
SDJHV��137(/�YLGHR�OLQNV�IRU�PRUH�LQIRUPDWLRQ�UHODWHG�WR�WKH�
FRQFHSW�RI�WKH�H[SHULPHQW�

7KH�H[SHULPHQWV�GRQH�E\�WKH�VWXGHQWV�FDQ�EH�XSORDGHG�RQOLQH�WR�
D�V\VWHP�IRU�:%&0�>�@�IRU�UHFRUGLQJ�WKH�HYDOXDWLRQ�FDUULHG�RXW�
DQG�DOVR�UHSURGXFWLRQ�RI�WKH�DFWLYLW\�IRU�IXUWKHU�XVH�

$�FLUFXLW�LV�DQ�DEVWUDFW�WKLQJ�ZKLFK�LV�GLIILFXOW�WR�YLVXDOL]H�WKH�
PHFKDQLVP�RI�WKH�FLUFXLW��,Q�RUGHU�WR�RYHUFRPH�WKH�GLIILFXOWLHV�

([SORUHU�� OLPLWLQJ� LWV� XVDJH� DQG� DOVR� EHLQJ� D� SURSULHWDU\�
VROXWLRQ��$Q�H[SHULPHQW�ZDV�SURSRVHG�2KP¶V� ODZ�>�@�XVLQJ�
0DWODE�6LPXOLQN�� 8VHUV� QHHG� VRPH� DSSOLFDWLRQ� VRIWZDUH�
HQDEOHG� LQ� WKHLU� ZHE� EURZVHU� RU� V\VWHP� IRU� XVLQJ� 0DWODE�
VRIWZDUH�� +RZHYHU�� SUHVHQW� GD\� FOLHQW� VLGH� SURJUDPPLQJ�
IUDPHZRUN�EDVHG�RQ�+70/��MDYDVFULSW�LV�SRZHUIXO�HQRXJK�WR�
KDQGOH� D� VLJQLILFDQW� DPRXQW� RI� FRPSXWDWLRQDO� DQG� JUDSKLF�
LQWHQVLYH� ZRUN� ZLWKLQ� WKH� EURZVHU� LWVHOI�� :H� KDYH� WDNHQ�
DGYDQWDJH� RI� WKHVH� GHYHORSPHQWV� WR� HYROYH� RXU� YLUWXDO�
ODERUDWRU\� WR� ZRUN�ZLWKRXW� VXFK� GHSHQGHQFLHV� ZKLOH� DW� WKH�
VDPH� WLPH� EHLQJ� IUHH� DQG� RSHQ� VRXUFH� VRIWZDUH� �)266��
FRPSOLDQW�� $� VHW� RI� H[SHULPHQWV� KDV� EHHQ� LQWURGXFHG� WKDW�
GHYHORSHG�LQ�)266�>�@�

,QLWLDOO\�� D� YLUWXDO� ODERUDWRU\� IRU� HOHFWURQLFV�ZDV� EXLOW� XVLQJ�
SURSULHWDU\� VRIWZDUH� VXFK� DV� 363,&(�� 25&$'��
0$7/$%�6LPXOLQN�HWF��,Q�RUGHU�WR�SHUIRUP�WKHVH�H[SHULPHQWV�
D�XVHU�QHHGHG�WR�KDYH�WKHVH�VRIWZDUH�LQVWDOOHG�LQ�WKHLU�V\VWHPV��
ZKLFK�LQ�PDQ\�FDVHV�ZRXOG�QRW�EH�IHDVLEOH�RU�SXW�OLPLWDWLRQV�IRU�
IUHTXHQW�DFFHVV��7KH�RWKHU�RSWLRQ�ZDV�WR�KDYH�WKHVH�LQVWDOOHG�
ORFDOO\�RQ�D�VHUYHU�DQG�DFFHVV�WKRVH�YLD�D�SRUWDO�XVLQJ�VXLWDEOH�
DSSOLFDWLRQ�VRIWZDUH��7KLV�PRGHO�ZDV�QRW�VFDODEOH��DV�LW�ZDV�
OLPLWHG�E\� WKH� OLFHQVLQJ� WHUPV��$OVR�� WKHUH�ZDV�D� VLJQLILFDQW�
WLPH� ODJ� IRU� WKH� VLPXODWLRQ� UHVXOWV� WR� DSSHDU� WR� WKH� XVHU¶V�
FRQVROH��,W�ZDV�REVHUYHG�WKDW�WKH�SURSULHWDU\�VRIWZDUH�ZDV�RIWHQ�
EHLQJ�XVHG�IRU�VROYLQJ�SUREOHP�WKDW�FRXOG�HDVLO\�VROYHG�XVLQJ�
RSHQ�VRXUFH�VRIWZDUH��7KHVH�FRQFHUQV�DQG�REVHUYDWLRQV�OHG�WR�
WKH�GHYHORSPHQW�RI�WKH�ODWHU�YHUVLRQ�RI�YLUWXDO�ODERUDWRU\�IRU�
WKLV�FRXUVH�XVLQJ�RSHQ�VRXUFH�VRIWZDUH��PDLQO\�+70/��DQG�
MDYDVFULSW��7KLV� VFKHPH�PDNHV� WKH� YLUWXDO� ODERUDWRU\� KLJKO\�
VFDODEOH��DV� WKH�VHUYHU� LV�PLQLPDOO\� ORDGHG�ZLWK�PRVW�RI� WKH�
FRPSXWDWLRQV� KDSSHQLQJ� RQ� WKH� FOLHQW� VLGH�� 0RUH� FRPSOH[�
SURJUDPPLQJ� RQ� WKH� FOLHQW� VLGH� PD\� UHTXLUH� GRZQORDGHG�
DSSOLFDWLRQV��DV�LQ�FDVH�RI�WKH�YLUWXDO�ODERUDWRU\�IRU�FRPSXWHU�
RUJDQLVDWLRQ�>�@�

,Q�QHZHU�YHUVLRQ��WKH�XVHUV�FDQ¶W�GUDZ�FLUFXLW��EXW�FDQ�FKDQJH�
FLUFXLW�SDUDPHWHUV� DFFRUGLQJ� WR� WKHLU�QHHG��2Q�FKDQJLQJ� WKH�
SDUDPHWHUV�� WKH� FRUUHVSRQGLQJ� UHVXOWV�ZLOO� EH� JHQHUDWHG� DQG�
XVHU�FDQ�DQDO\]H�WKH�UHVXOWV�IURP�WKH�JUDSK�REWDLQHG�

7KH� H[SHULPHQWV� LQ� YLUWXDO� ODERUDWRU\� IRU� EDVLF� HOHFWURQLFV�
ODERUDWRU\�KDV�EHHQ�GLYLGHG�LQWR�VL[�SDUWV��WKHRU\��SURFHGXUH��
VLPXODWLRQ�� DVVLJQPHQW�� TXL]�� UHIHUHQFHV�� 7KH� SURSRVHG�
ODERUDWRU\� FDQ� EH� DFFHVVHG� WKURXJK� WKH� IROORZLQJ�
OLQN�KWWS���YODEV�LLWNJS�HUQHW�LQ�EH��� 7KH� *8,� RI� WKH� QHZ�
YHUVLRQ�RI�WKLV�ODERUDWRU\�LV�VKRZQ�LQ�)LJXUH���

,,,���)250$7�2)�(;3(5,0(176

7KHRU\��7KLV�VHFWLRQ�GHDOV�ZLWK�WKH�WKHRUHWLFDO�FRQFHSW�RI�WKH�
H[SHULPHQW��,Q�WKLV�SRUWLRQ�PDWKHPDWLFDO�SDUW�RI�WKH�FRQFHSW�LV�
LQWURGXFHG��7KLV�KHOSV�WKH�VWXGHQW�WR�XQGHUVWDQG�WKH�FRQFHSWV�
DQG�JUDVSLQJ�WKH�LGHD�EHKLQG�WKH�PDWKHPDWLFDO�IRUPXODWLRQ�DQG�
WKXV� LQFUHDVHV� OHDUQLQJ� FDSDELOLW\� RI� WKH� VWXGHQW�� ,Q� FDVH� RI�
YHULILFDWLRQ�RI�2KPV�/DZ�H[SHULPHQW�� WKH�FXUUHQW�WKURXJK�D�
PHWDO� FRQGXFWRU� LV� GLUHFWO\� SURSRUWLRQDO� WR� WKH� YROWDJH� LV�

)LJXUH����0DLQ�*8,�RI�EDVLF�HOHFWURQLFV�ODERUDWRU\

9LUWXDO�/DERUDWRU\�IRU�%DVLF�(OHFWURQLFV



YLUWXDO�ODERUDWRU\�LV�D�SURSRVHG�WRRO��,Q�UHPRWH�DUHDV��GXH�WR�
ODFN�RI�JRRG�IDFLOLWLHV�RI�ODERUDWRU\��WKH�XVHUV�IDFH�SUREOHPV�LQ�
XQGHUVWDQGLQJ�WKH�FLUFXLW�SKHQRPHQRQ��,Q�VROYLQJ�WKH�SUREOHP��
WKH�YLUWXDO�SODWIRUP�LV�PDGH�ZKHUH�WKH�VWXGHQW�FDQ�FKDQJH�WKH�
SDUDPHWHUV� RI� WKH� FLUFXLW� DQG� VWXG\� WKH� PHFKDQLVP� RI� WKH�
SDUWLFXODU�FLUFXLW��,Q�HQJLQHHULQJ��WKHRUHWLFDO�NQRZOHGJH�LV�QRW�
VXIILFLHQW�WR�JDLQ�NQRZOHGJH��WKH�YLUWXDO�SODWIRUP�LV�DYDLODEOH�WR�
WKH�XVHU�WR�WHVW�WKHLU�WKHRUHWLFDO�NQRZOHGJH�

,9����&$6(6�678',(6�2)�(;3(5,0(176

����2KP¶V�/DZ�9HULILFDWLRQ

,Q�HOHFWURQLFV��HOHFWULF�FLUFXLWV�DUH�DQDO\]HG�LQ�WHUPV�RI�WKUHH�
EDVLF�FLUFXLW�ODZV��2KPV�/DZ��.LUFKKRIIV�&XUUHQW�ODZ��.&/��
DQG�.LUFKKRIIV�9ROWDJH�/DZ��.9/���%DVLFDOO\��HOHFWULF�FLUFXLWV�
DUH� FRPSRVHG� RI� DFWLYH� DQG� SDVVLYH� FRPSRQHQWV�� $FWLYH�
FRPSRQHQWV�DUH�WKRVH�ZLWK�WKH�DELOLW\�WR�FRQWURO�HOHFWURQ�IORZ�
HOHFWULFDOO\�� )RU� D� FLUFXLW� WR� EH� SURSHUO\� FDOOHG� HOHFWURQLF�� LW�
PXVW�FRQWDLQ�DW�OHDVW�RQH�DFWLYH�GHYLFH��'LRGH��WUDQVLVWRUV�DUH�
H[DPSOHV�RI�DFWLYH�FRPSRQHQWV�ZKHUHDV�UHVLVWRUV��FDSDFLWRUV�
DUH�H[DPSOHV�RI�SDVVLYH�FRPSRQHQWV��7KH�UHVLVWRU�LV�VLPSOHVW�
DQG�EDVLF�SDVVLYH�FLUFXLW�HOHPHQW�DPRQJ�DOO�WKH�RWKHU�SDVVLYH�
HOHPHQWV��7KLV�VHFWLRQ�GHVFULEHV�RI�D�VLPSOH�FLUFXLW�FRQWDLQLQJ�D�
YROWDJH� VRXUFH�� D� UHVLVWRU�� DQ� DPPHWHU� DQG� D� YROWPHWHU��
&RQVLGHULQJ� WKH� ILUVW� FLUFXLW� DV� 2KPV� /DZ� FLUFXLW� ZKLFK� LV�
YHULILHG� XVLQJ� YLUWXDO� HQYLURQPHQW��2KPV� ODZ� LV� RQH� RI� WKH�
IXQGDPHQWDO� ODZ�RI� HOHFWULF� FLUFXLWV��7KH� ODZ� VWDWHV� WKDW� WKH�
HOHFWULF�FXUUHQW�WKURXJK�D�PHWDO�FRQGXFWRU�EHWZHHQ�WZR�SRLQWV�
LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�YROWDJH�DFURVV�WKH�WZR�SRLQWV��IRU�
DQ\�JLYHQ�WHPSHUDWXUH��6XFK�D�FRQGXFWRU�LV�FKDUDFWHUL]HG�E\�LWV�
5HVLVWDQFH��5��PHDVXUHG�LQ�2KPV��6LPXODWLRQ�WHPSODWH�IRU�WKLV�
H[SHULPHQW�LV�VKRZQ�LQ�)LJXUH���

9� �,�î�5

9�LV�WKH�9ROWDJH�LQ�9ROWV�DFURVV�WKH�FRQGXFWRU�

��� ,�LV�WKH�HOHFWULF�FXUUHQW�LQ�$PSHUHV�WKURXJK�WKH�FRQGXFWRU�

��� 9ROWDJH��9��LV�GLUHFWO\�SURSRUWLRQDO�WR�FXUUHQW�L�H�

� 9� �,�î�5�

��� 5HVLVWDQFH��5��LQ�LQYHUVHO\�SURSRUWLRQDO�WR�FXUUHQW��,�

7KH� H[SHULPHQWDO� WDEOH� EHORZ� VKRZV� WKH� YDOXHV� IURP� WKH�
VLPXODWLRQ�IRU�FRQVWDQW�5HVLVWDQFH�YDOXH��N�

7KH�PDWKHPDWLFDO�UHODWLRQVKLS��9� �,î5���WKDW�H[LVWV�EHWZHHQ�
SRWHQWLDO� GLIIHUHQFH� DQG� FXUUHQW�� YROWDJH� LV� GLUHFWO\�
SURSRUWLRQDO�WR�FXUUHQW�IRU�D�FRQVWDQW�UHVLVWDQFH��7KH�VWXGHQW�
WKXV�FDQ�DQDO\]H�WKH�UHVXOW�REWDLQHG�IURP�WKH�GDWD��7KLV�YLUWXDO�
H[SULPHQW� JLYHV� D� JHQHUDO� LGHD� RI� WKH� ZRUNLQJ� RI� VSHFLILF�
FLUFXLWV��7KH�FRUUHVSRQGLQJ�JUDSK�IRU�2KP¶V�/DZ�9HULILFDWLRQ�
LV�VKRZQ�LQ�)LJXUH���

����� ,�9�&KDUDFWHULVWLFV�RI�'LRGH

8VLQJ�:HE�EDVHG� VLPXODWLRQ� WRRO�� VLPXODWLQJ� WKH� FXUUHQW� YV�
YROWDJH� FKDUDFWHULVWLFV� ERWK� XQGHU� IRUZDUG� ELDV� DQG� UHYHUVH�
ELDV��&XUUHQW�FDQQRW�IORZ�WKURXJK�WKH�GLRGH��LI�WKH�GLRGH�LV�LQ�
UHYHUVH�ELDV��7R�RYHUFRPH�WKLV�EDUULHU�SRWHQWLDO�DW�WKH�MXQFWLRQ�
'&�YROWDJH�LV�DSSOLHG��7KH�DLP�RI�WKLV�H[SHULPHQWDWLRQ�LV�WR�
VKRZ�WKDW�FXUUHQW�IORZV�WKURXJK�WKH�GLRGH��LI� WKH�GLRGH�LV�LQ�
IRUZDUG� ELDV�� 7KLV� VHFWLRQ� GHVFULEHV� WKH� FXUUHQW� YV� YROWDJH�
FKDUDFWHULVWLFV�RI�31�MXQFWLRQ�GLRGH�LQ�IRUZDUG�ELDV�DQG�DOVR�LQ�
UHYHUVH�ELDV�YLUWXDOO\��6LPXODWLRQ�WHPSODWH�LV�VKRZQ�LQ�)LJXUH ���

� 7KH�PDWKHPDWLFDO�HTXDWLRQ�RI�GLRGH

�ZKHUH�
,V��LV�UHYHUVH�VDWXUDWLRQ�FXUUHQW�RU�OHDNDJH�FXUUHQW�

,G�LV�WRWDO�FXUUHQW�WKURXJK�WKH�GLRGH�
9G�LV�FXW�LQ�YROWDJH�RI�WKH�GLRGH)LJXUH����6LPXODWLRQ�WHPSODWH�RI�2KPV�/DZ

�L�H��,� �5
9

�)LJXUH����&RUUHVSRQGLQJ�JUDSK

��

7DEOH����([SHULPHQWDO�7DEOH�IRU�2KP¶V�/DZ

6HULDO 1R� 9ROWDJH �9� &XUUHQW �P$�

� � ����

� � ����

� � ����

� � ����

� � ����

� �� ����

, G  , V �H[S
N�[�9 G

7 �� ���
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�

)URP�WKH�JUDSK� WKH�VWXGHQW�FDQ�DQDO\]H�FXW�LQ�YROWDJH�RI�6L�
GLRGH�� 7KH� FRUUHVSRQGLQJ� JUDSK� IRU� IRUZDUG� ELDV� 6L� 'LRGH�
FKDUDFWHULVWLFV�LV�VKRZQ�LQ�)LJXUH���

�����+DOI�ZDYH�5HFWLILFDWLRQ

7KLV�VHFWLRQ�GHVFULEHV�RI�D�UHFWLILFDWLRQ�RI�D�GLRGH��7KH�KDOI�
ZDYH�UHFWLILHU�LV�D�FLUFXLW�WKDW�DOORZV�RQO\�SDUW�RI�DQ�LQSXW�VLJQDO�
WR�SDVV��7KH�FLUFXLW�LV�WKH�FRPELQDWLRQ�RI�D�VLQJOH�GLRGH�LQ�VHULHV�
ZLWK�D�UHVLVWRU��ZKHUH�WKH�UHVLVWRU�LV�DFWLQJ�DV�D�ORDG��2Q�WKH�
SRVLWLYH�F\FOH� WKH�GLRGH�LV�IRUZDUG�ELDV�DQG�RQ�WKH�QHJDWLYH�
F\FOH�WKH�GLRGH�LV�UHYHUVH�ELDV��%\�XVLQJ�D�GLRGH��FRQYHUVLRQ�RI�
DQ�$&�VRXUFH�LQWR�SXOVDWLQJ�'&�VRXUFH�LV�SRVVLEOH�XVLQJ�WKLV�
YLUWXDOO\�ODERUDWRU\��7KLV�KHOSV�VWXGHQWV�LQ�OHDUQLQJ�WKH�FRQFHSW�
RI�UHFWLILFDWLRQ�PRUH�GHHSO\��6LPXODWLRQ�WHPSODWH�LV�VKRZQ�LQ�
)LJXUH���

�)LJXUH����6LPXODWLRQ�WHPSODWH�RI�+DOI�:DYH�5HFWLILHU

�)LJXUH����&RUUHVSRQGLQJ�5HFWLILHG�2XWSXW

�)LJXUH����&RUUHVSRQGLQJ�JUDSK�)RUZDUG�ELDV�6L
'LRGH�FKDUDFWHULVWLFV

)LJXUH����6LPXODWLRQ�WHPSODWH�RI�'LRGH�FKDUDFWHULVWLFV

,Q�WKLV�YLUWXDO�H[SHULPHQW�WKH�VWXGHQW�FDQ�FRQWURO�WKH�9SFK��WKH�
SHDN� YROWDJH� RI� LQSXW� VLQH� ZDYH� YDULHV�� 7KH� QXPEHU� RI�
RVFLOODWLRQV�WKDW�RFFXU�HDFK�VHFRQG�RI�WLPH�FDQ�DOVR�EH�YDULHG�E\�
FRQWUROOLQJ�WKH�IUHTXHQF\�FRQWUROOHU��2Q�WKH�EDVLV�RI�LQSXW�JLYHQ�
E\�D�VWXGHQW�WKH�VLQXVRLGDO�ZDYHIRUP�ZLOO�EH�JHQHUDWHG��7KH�
UHFWLILHG�RXWSXW�LV�JHQHUDWHG�ZKHQ�WKH�VWXGHQW�FOLFNV�RQ�?5XQ�
6LPXODWLRQ��WDE��/LNHZLVH��WKH�SDUDPHWHUV�RI�RXWSXW�ZDYH�FDQ�
DOVR� EH� YDULHG� XVLQJ� WKH� FRQWUROOHU�� &RUUHVSRQGLQJ� UHFWLILHG�
RXWSXW�LV�VKRZQ�LQ�)LJXUH���

7KH�VWXGHQW�FDQ�DOVR�VZLWFK�EHWZHHQ�WKH�ZDYHIRUP�GLVSOD\�E\�
FOLFNLQJ�RQ�&KDQQHO���WR�REVHUYH�LQSXW�ZDYHIRUP��&KDQQHO���WR�
REVHUYH�WKH�UHFWLILHG�RXWSXW��*URXQG��'XDO�WR�VWXG\�WKH�ERWK�
LQSXW�DQG�UHFWLILHG�ZDYHIRUP�

�����=HQHU�'LRGH���9ROWDJH�5HJXODWRU

$�]HQHU�GLRGH�LV�D�VSHFLDO�NLQG�RI�GLRGH�ZKLFK�SHUPLWV�FXUUHQW�WR�
IORZ�LQ�WKH�IRUZDUG�GLUHFWLRQ�DV�QRUPDO��EXW��ZLOO�DOVR�DOORZ�LW�WR�

9LUWXDO�/DERUDWRU\�IRU�%DVLF�(OHFWURQLFV
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�7R�FKHFN�WKH�OLQH�UHJXODWRU�FLUFXLW��=HQHU�9ROWDJH��9=� ���9��
6HULHV�5HVLVWDQFH��56� �.��DQG�/RDG�5HVLVWDQFH��5/� ��.��
KDV�EHHQ�VSHFLILHG�WR�WKH�YLUWXDO�UHJXODWRU�FLUFXLW��2Q�YDU\LQJ�
WKH�XQUHJXODWHG�VXSSO\�YROWDJH��96���FRUUHVSRQGLQJ�JUDSK�RI�
=HQHU�'LRGH�/LQH�5HJXODWRU�LV�VKRZQ�LQ�)LJXUH����7KH�VWXGHQW�
FDQ�FKDQJH�WKH�]HQHU�YROWDJH�IRU�DQRWKHU�VHW�RI�H[SHULPHQW�DQG�
DQDO\]H�WKH�UHVXOW�IXUWKHU�

,Q� /RDG� 5HJXODWLRQ�� LQSXW� YROWDJH� LV� FRQVWDQW� DQG� /RDG�
UHVLVWDQFH�YDULHV��7RR�VPDOO�D�ORDG�UHVLVWDQFH�5/��ZLOO�UHVXOW�LQ�
97�K��9=�DQG�]HQHU�GLRGH�ZLOO�EH�2))��6LPXODWLRQ

WHPSODWH� RI� /LQH� 5HJXODWRU� LV� VKRZQ� LQ� )LJXUH� ����
0DWKHPDWLFDO�(TXDWLRQ�IRU�/RDG�5HJXODWRU�

IORZ� LQ� WKH� UHYHUVH� GLUHFWLRQ�ZKHQ� WKH� YROWDJH� LV� DERYH� WKH�
EUHDNGRZQ� YROWDJH��=HQHU� GLRGHV� DUH� GHVLJQHG� VR� WKDW� WKHLU�
EUHDNGRZQ�YROWDJH�LV�PXFK�ORZHU�^�IRU�H[DPSOH�MXVW����9��$�
YROWDJH�UHJXODWRU�LV�DQ�HOHFWURQLF�FLUFXLW�WKDW�SURYLGHV�D�VWDEOH�
'&�YROWDJH�LQGHSHQGHQW�RI�WKH�ORDG�FXUUHQW��WHPSHUDWXUH�DQG�
$&� OLQH� YROWDJH� YDULDWLRQV�� $� ]HQHU� GLRGH� RI� EUHDN� GRZQ�
YROWDJH�9=�LV�UHYHUVH�FRQQHFWHG�WR�DQ�LQSXW�YROWDJH�VRXUFH�9,�
DFURVV�D�ORDG�UHVLVWDQFH�5/�DQG�D�VHULHV�UHVLVWRU�56��7KH�YROWDJH�
DFURVV� WKH�]HQHU�GLRGH�ZLOO� UHPDLQ�VWHDG\�DW� LWV�EUHDN�GRZQ�
YROWDJH�9=�IRU�DOO�WKH�YDOXHV�RI�]HQHU�GLRGH�FXUUHQW�,=�DV�ORQJ�DV�
WKH� FXUUHQW� UHPDLQV� LQ� WKH� EUHDN� GRZQ� UHJLRQ�� +HQFH� D�
UHJXODWHG�'&�RXWSXW� YROWDJH�9�� �9=� LV� REWDLQHG� DFURVV�5/��
ZKHQHYHU� WKH� LQSXW� YROWDJH� UHPDLQV�ZLWKLQ� D�PLQLPXP�DQG�
PD[LPXP�YROWDJH��%DVLFDOO\�WKHUH�DUH�WZR�W\SH�RI�UHJXODWLRQV�
VXFK�DV�

/LQH�5HJXODWLRQ��,Q�WKLV�W\SH�RI�UHJXODWLRQ��VHULHV�UHVLVWDQFH�
DQG�ORDG�UHVLVWDQFH�DUH�IL[HG��RQO\�LQSXW�YROWDJH�LV�FKDQJLQJ��
2XWSXW�YROWDJH�UHPDLQV�WKH�VDPH�DV�ORQJ�DV�WKH�LQSXW�YROWDJH�LV�
PDLQWDLQHG�DERYH�D�PLQLPXP�YDOXH�

/RDG�5HJXODWLRQ��,Q�WKLV�W\SH�RI�UHJXODWLRQ��LQSXW�YROWDJH�LV�
IL[HG�DQG�WKH�ORDG�UHVLVWDQFH�LV�YDU\LQJ��2XWSXW�YROWDJH�UHPDLQV�
VDPH�� DV� ORQJ� DV� WKH� ORDG� UHVLVWDQFH� LV�PDLQWDLQHG� DERYH� D�
PLQLPXP�YDOXH��,Q�/LQH�5HJXODWLRQ��ORDG�UHVLVWDQFH�LV�FRQVWDQW�
DQG�LQSXW�YROWDJH�YDULHV��9,�PXVW�EH�VXIILFLHQWO\�ODUJH�WR�WXUQ�WKH�
]HQHU� GLRGH� 21�� 6LPXODWLRQ� WHPSODWH� RI� /LQH� 5HJXODWRU� LV�
VKRZQ�LQ�)LJXUH���

0DWKHPDWLFDO�(TXDWLRQ�IRU�/LQH�5HJXODWRU�

6R��WKH�PLQLPXP�WXUQ�RQ�YROWDJH�9,PLQ�LV��

�7KH�PD[LPXP�YDOXH�RI�9,�LV�OLPLWHG�E\�WKH�PD[LPXP�]HQHU�
FXUUHQW�,=PD[

)LJXUH����6LPXODWLRQ�WHPSODWH�RI�=HQHU�'LRGH�/LQH�5HJXODWRU

,5PD[  ,=PD[ � ,/ ���

,/ LV�IL[HG�DW��

9=

5/

6LQFH�9/  9= ���

6R PD[LPXP 9, LV

9,PD[  95PD[ � 9= ���

)RU 9, �9= �

92  9, ���

)RU 9, !9= �

92  9, ,6 56 ���

9/  9=  
9,PLQ 5 /

56 � 5/

���

�)LJXUH����&RUUHVSRQGLQJ�JUDSK�RI�=HQHU�'LRGH�/LQH�5HJXODWRU

[�
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UHVXOW�IXUWKHU��7KLV�YLUWXDO�H[SHULPHQW�PRWLYDWHV�WKH�VWXGHQW�WR�
ZRUN� LQGHSHQGHQWO\� WR�DQDO\]H� WKH� OLQH�DQG� ORDG� UHJXODWLRQ��
8VLQJ�WKLV�9LUWXDO�ODE�VRIWZDUH��D�YDULHW\�RI�WKH�H[SHULPHQWV�
UHODWHG� WR�EDVLF� HOHFWURQLFV� FDQ�EH�FRQGXFWHG�� VXFK�DV� WKRVH�
OLVWHG�EHORZ��WKHVH�DUH�DOVR�FRPPRQ�FXUULFXODU�H[SHULPHQWV�

��)DPLOLDULVDWLRQ�ZLWK�5HVLVWRUV�+HUH�WKH�VWXGHQW�ZRXOG�JDLQ�DQ�
LGHD�DERXW�UHVLVWRUV��WKH�VWXGHQW�FDQ�FDOFXODWH�WKH�YDOXH�RI�WKH�
UHVLVWRUV�XVLQJ�WKH�FRORU�FRGH�PQHPRQLF�PHWKRG�

��)DPLOLDULVDWLRQ�ZLWK�&DSDFLWRUV�+HUH�WKH�VWXGHQW�ZRXOG�EH�
DEOH�WR�H[SODLQ�KRZ�D�FDSDFLWRU�FDQ�EH�FRQVWUXFWHG�WR�JLYH�D�
SDUWLFXODU� YDOXH� RI� FDSDFLWDQFH� DQG� DOVR� FDQ� LGHQWLI\� WKH�
SRODULW\�RI�WHUPLQDOV��ZKHQ�DSSOLFDEOH��

�� )DPLOLDULVDWLRQ� ZLWK� ,QGXFWRUV�7KLV� H[SHULPHQW� KHOSV� WKH�
VWXGHQW�WR�XQGHUVWDQG�WKH�EHKDYLRXU�RI�WKH�LQGXFWRU��LQFOXGLQJ�
LWV�PDWKHPDWLFDO�FKDUDFWHULVDWLRQ�

��)XOO�:DYH�5HFWLILFDWLRQ�+HUH�WKH�VWXGHQW�FDQ�XQGHUVWDQG�WKH�
IORZ�RI�XQLGLUHFWLRQDO�FXUUHQW�WKURXJK�WKH�ORDG�GXULQJ�WKH�HQWLUH�
VLQXVRLGDO� F\FOH�� $� IXOO�ZDYH� UHFWLILHU� FRQYHUWV� WKH� LQSXW�
ZDYHIRUP�WR�RQH�RI�IL[HG�SRODULW\�DW�LWV�RXWSXW�ZKLOH�XWLOLVLQJ�
ERWK�WKH�SRVLWLYH�DQG�QHJDWLYH�F\FOHV�RI�WKH�VXSSO\�YROWDJH�

��&DSDFLWDWLYH�5HJXODWLRQ�7KLV�H[SHULPHQW�DOORZV�WKH�VWXGHQW�
WR�UHJXODWH�WKH�SXOVDWLQJ�RXWSXW�RI�WKH�UHFWLILHU�WR�D�VWHDG\�'&�
VXSSO\��7KLV�FDQ�EH�GRQH�E\�ILOWHULQJ�WKH�SXOVDWLQJ�RXWSXW�VLJQDO�
RI�WKH�UHFWLILHU�

�� %-7� &RPPRQ�(PLWWHU� &KDUDFWHULVWLFV�7KLV� SDUWLFXODU�
H[SHULPHQW� H[SODLQV� WKH� 2SHUDWLRQ� RI� %LSRODU� -XQFWLRQ�
7UDQVLVWRU�IRU�&RPPRQ�(PLWWHU�FKDUDFWHULVWLFV�DQG�DOORZV�WKH�
VWXGHQW�WR�H[SHULPHQWDOO\�H[DPLQH�WKH�LQSXW�FKDUDFWHULVWLFV�DQG�
RXWSXW�FKDUDFWHULVWLFV�

�� %-7� &RPPRQ�%DVH� &KDUDFWHULVWLFV�7KLV� SDUWLFXODU�
H[SHULPHQW� H[SODLQV� WKH� RSHUDWLRQ� RI� %LSRODU� -XQFWLRQ�
7UDQVLVWRU� IRU� FRPPRQ�EDVH� FKDUDFWHULVWLFV� DQG� DOORZV� WKH�

7R�FKHFN�WKH�ORDG�UHJXODWRU�FLUFXLW��=HQHU�9ROWDJH��9=� ��9��
VHULHV�UHVLVWDQFH��56� �.��DQG�'&�YROWDJH��96� ��9�KDV�EHHQ�
VSHFLILHG� WR� WKH� UHJXODWRU� FLUFXLW�� 2Q� YDU\LQJ� WKH� /RDG�
5HVLVWDQFH� �5/��� FRUUHVSRQGLQJ� JUDSK� RI� =HQHU�'LRGH� /RDG�
5HJXODWRU�LV�VKRZQ�LQ�)LJXUH�����7KH�VWXGHQW�FDQ�FKDQJH�WKH�
]HQHU�YROWDJH� IRU�DQRWKHU� VHW�RI�H[SHULPHQW�DQG�DQDO\]H� WKH�

6R WKH PLQLPXP ORDG UHVLVWDQFH 5/

5/PLQ  9=
56

9, 9=
����

$Q\ ORDG UHVLVWDQFH JUHDWHU WKDQ 5/PLQ ZLOO PDNH ]HQHU

GLRGH 21

,6  ,/ � ,= ����

5/PLQ ZLOO HVWDEOLVK PD[LPXP ,/ DV

,/PD[  
9/

5/PLQ

 
9=

5/PLQ

����

95 LV WKH YROWDJH GURS DFURVV 56

95  9,PLQ � 9= ����

,6  
9,PLQ 9=

56

����

)RU 5/ �5 /PLQ �

92  9, ����

)RU 5/ !5 /PLQ �

92  9, ,6 56 ����

)LJXUH�����6LPXODWLRQ�WHPSODWH�RI�=HQHU�'LRGH�/RDG�5HJXODWRU

�)LJXUH�����&RUUHVSRQGLQJ�JUDSK�RI�=HQHU�'LRGH�/RDG�5HJXODWRU
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VWXGHQW�WR�H[SHULPHQWDOO\�H[DPLQH�WKH�LQSXW�FKDUDFWHULVWLFV�DQG�
RXWSXW�FKDUDFWHULVWLFV�

��5&�'LIIHUHQWLDWRU�DQG�,QWHJUDWRU���7KLV�H[SHULPHQWV�H[SODLQV�
FKDUJLQJ�RI�5&�FLUFXLW�ZLWK�D�'&�VRXUFH��H[SODLQV�GLVFKDUJLQJ�
RI�5&�FLUFXLW�ZLWK�D�'&�VRXUFH��H[SODLQV�XVH�RI�5&�FLUFXLW�DV�DQ�
LQWHJUDWRU��H[SODLQV�5&�FLUFXLW�DV�D�GLIIHUHQWLDWRU�

9���$1$/<6,6�2)�86(5�)(('%$&.

7KH�YLUWXDO�ODERUDWRU\�RQ�EDVLF�HOHFWURQLFV�KDV�EHHQ�GHSOR\HG�
LQ� PDQ\� SURVSHFWLYH� SODFHV� WKURXJK� VHYHUDO� ZRUNVKRSV� WR�
JDWKHU�LWV�XVDELOLW\�IURP�WKH�IHHGEDFN�RI�WKH�SDUWLFLSDQWV�ZKR�
SHUIRUPHG� VHYHUDO� H[SHULPHQWV�� 7KLV� VHFWLRQ� GHVFULEHV� WKH�
GHSOR\PHQW� RI� EDVLF� HOHFWURQLFV�� XVHU� IHHGEDFN� IURP�
ZRUNVKRSV� DQG� HYDOXDWLRQ� RI� WKH� VWXGHQWV�� 7RWDO� RI� IRXU�
ZRUNVKRSV�DUH�RUJDQL]HG�WDUJHWHG�IRU�SURVSHFWLYH�VWXGHQWV�DQG�
IDFXOW\�PHPEHUV��:RUNVKRSV�ZHUH�RUJDQL]HG� LQ�HQJLQHHULQJ�
FROOHJHV�RI�WZR�GLIIHUHQW�XQLYHUVLWLHV�RI�:HVW�%HQJDO��6WXGHQWV�
ZLWK� EDFNJURXQG� LQ� HOHFWURQLFV� DQG� FRPPXQLFDWLRQ�
HQJLQHHULQJ�SDUWLFLSDWHG�LQ�WKH�ZRUNVKRSV�RUJDQLVHG�LQ�������
:RUNVKRS�ZHUH� DOVR� RUJDQL]HG� LQ� WZR� HQJLQHHULQJ� FROOHJHV�
RXWVLGH� :HVW� %HQJDO�� 6WXGHQWV� ZLWK� VLPLODU� EDFNJURXQG�
SDUWLFLSDWHG�LQ�WKHVH�ZRUNVKRSV�DOVR�RUJDQL]HG�LQ�������)URP�
WKH�JDWKHUHG�IHHGEDFN������IHHGEDFN�VHWV�ZHUH�DQDO\]HG��7KH�
YLUWXDO�ODERUDWRU\�RQ�EDVLF�HOHFWURQLFV�JDLQHG�YHU\�SRVLWLYH�DQG�
HQFRXUDJLQJ� UHVSRQVH� IURP� ERWK� WKH� VWXGHQWV� DQG� WHDFKHUV�
PHQWLRQLQJ� VRPH�EHQHILWV� VXFK� DV� WKH�ZHE� LQWHUIDFH� IRU� WKH�
FOLHQW�VLGH�DSSOLFDWLRQV�EHLQJ�HDV\�WR�XQGHUVWDQG��YHU\�WLPH�DQG�
HIIRUW� VDYLQJ� ZLWK� UHVSHFW� WR� EUHDG� ERDUG� EDVHG�
H[SHULPHQWDWLRQ� DQG� EHLQJ� DYDLODEOH� ��� KRXUV� RYHU� ,QWHUQHW�
ZLWKRXW�DQ\�VHWXS�RYHUKHDG��,Q�WKH�IHHGEDFN�TXHVWLRQV��XSRQ�
DVNLQJ�XVHIXOQHVV�RI�WKLV�YLUWXDO�ODERUDWRU\��)LJXUH����VKRZV�WKH�
GHWDLOV�RI�IHHGEDFN�UHFHLYHG�

)LJXUH ��� 8VHU )HHGEDFN�4XDOLW\ RI *8,

)LJXUH ��� 8VHU )HHGEDFN� 2Q &OHDU 8QGHUVWDQGLQJ)LJXUH ��� 8VHU )HHGEDFN

2Q�DVNLQJ�DERXW�WKH�FOHDU�XQGHUVWDQGLQJ�RI�WKH�H[SHULPHQW�DIWHU�
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