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'HSDUWPHQW�RI�0HFKDQLFDO�(QJLQHHULQJ��8��6��1DYDO�$FDGHP\��$QQDSROLV��0'��������86$$%675$&77KH�GHVLJQ�DQG�DQDO\VLV�RI�FRROLQJ��KHDWLQJ�DQG�SRZHU�JHQHUDWLQJ�V\VWHPV�DUH�ORQJ�DQG�WHGLRXV��,W�LV�YHU\�QHFHVVDU\�WR�REWDLQ�WKH�F\FOH�SHUIRUPDQFH�TXLFNO\�DQG�DFFXUDWHO\��7KLV�SDSHU�GHVFULEHV�WKH�XVH�RI�DQ�LQWHOOLJHQW�FRPSXWHU�DLGHG�VRIWZDUH�LQ�GHVLJQ DQG�DQDO\VLV�RI�WKHVH�V\VWHPV��8VLQJ�WKH�VRIWZDUH�LQFUHDVHV�HQJLQHHUV�LQWHUHVW�DQG�GHVLJQ�DELOLW\�LQ�WKHVH�V\VWHPV�8VXDOO\�ZKHQ�FRROLQJ��UHIULJHUDWLRQ��KHDWLQJ�DQG�SRZHU�JHQHUDWLQJ�V\VWHPV�DUH�GHVLJQHG�DQG�DQDO\]HG�XVLQJ�WKH�WUDGLWLRQ�ZD\��PXFK�WLPH�LV�UHTXLUHG�IRU�WDEOH�RU�FKDUW�VHDUFKLQJ�DQG�FDOFXODWLRQV��$V�WKH�FRPSXWHU�EHFRPH�PRUH�DYDLODEOH�DQG�VRSKLVWLFDWHG��YDULRXV�UHVHDUFKHUV�KDYH�WULHG�WR�VROYH�WKLV�SUREOHP�LQ�RUGHU�WR�VDYH�WLPH���$�VRIWZDUH�ZKLFK�LV�IDVW��IOH[LEOH��LQWHOOLJHQW�DQG�HDV\�WR�XVH�LV�QHFHVVDU\�$Q�,&$,��,QWHOOLJHQW�&RPSXWHU�$LGHG�,QVWUXFWLRQ��VRIWZDUH�FDOOHG�&\FOH3DG�LV�GHYHORSHG�WR�KHOS�ZLWK�WKH�FRQFHSWXDO�GHVLJQ�DQG�DQDO\VLV�RI�WKHUPRG\QDPLF�F\FOHV��&\FOH3DG�ZRUNV�LQ�WKUHH��GHVLJQ��DQDO\VLV�DQG�FRQWUDGLFWLRQ��PRGHV��,Q�WKH�GHVLJQ�PRGH��D�JUDSKLFDO�HGLWRU�LV�XVHG�WR�SODFH�FRPSRQHQWV�WDNHQ�IURP�WKH�LQYHQWRU\�VKRS�DQG�FRQQHFW�WKHP��:KHQ�&\FOH3DG�LV�VDWLVILHG�WKDW�WKH�VWUXFWXUH�LV�IXOO\�ODLG�RXW��WKH�XVHU�FDQ�SURFHHG�WR�WKH�DQDO\VLV�PRGH��,Q�WKH�DQDO\VLV�PRGH��WKH�ZRUNLQJ�IOXLG�DQG�PRGHOLQJ�RI�HDFK�FRPSRQHQW�DUH�VSHFLILHG��DQG�QXPHULFDO�YDOXHV�IRU�WKH�SURSHUWLHV�RI�FRPSRQHQWV�DUH�WKHQ�HQWHUHG�E\�WKH�XVHU��$V�VRRQ�DV�WKLV�LQIRUPDWLRQ�DUH�SURYLGHG��DOO�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�WKH�V\VWHP�DUH�GLVSOD\HG��$�VHQVLWLYLW\�DQDO\VLV�LV�DOVR�DYDLODEOH�LQ�WKH�&\FOH3DG��$Q�LPSRUWDQW�DVSHFWRI�FDUU\LQJ�RXW�DQ�DQDO\VLV�LV�WR�FKHFN�ZKHWKHU�RU�QRW�WKH�UHVXOWV�DUH�SK\VLFDOO\�PHDQLQJIXO��,Q�VXFK�D�FDVH��&\FOH3DG�FDQ�XVH�LWV�LQWHOOLJHQW�NQRZOHGJH�WR�GHWHFW�WKH�FRQIOLFW�VLPLODU�WR�D�VHQLRU�HQJLQHHU�FDWFKLQJ�MXQLRU�HQJLQHHU�PLVWDNHV�DQG�HQWHUV�WKH�FRQWUDGLFWLRQ�PRGH��&\FOH3DG�DOVR�KDV�D�FRDFKLQJ�IDFLOLW\�ZKLFK�DOORZV�WKH�XVHU�WR�GHWHUPLQH�ZKLFK�RI�KLV�DVVXPSWLRQV�FRQWUDGLFDWH�WR�HDFK�RWKHU�DQG�ZK\�.(<:25'6��,QWHOOLJHQW�FRPSXWHU��F\FOH��GHVLJQ��DQDO\VLV�����,1752'8&7,21
5HVHDUFK� LQ� &RJQLWLYH� 6FLHQFH� SRWHQWLDOO\� RIIHUV�WUHPHQGRXV�EHQHILWV� LQ�HGXFDWLRQ��$UWLILFLDO�,QWHOOLJHQFH��$,�� UHVHDUFK� SURYLGHV� IRUPDO� UHSUHVHQWDWLRQV� DQG�UHDVRQLQJ� WHFKQLTXHV� WKDW� FDQ� EH� XVHG� LQ� QHZ� NLQGV� RI�HGXFDWLRQDO� VRIWZDUH� ZKLFK� LWVHOI� FRQWDLQV� D� GHHS�XQGHUVWDQGLQJ� RI� WKH PDWHULDO� EHLQJ� WDXJKW�� 7KHVH�VFLHQWLILF� DGYDQFHV�� FRXSOHG� ZLWK� GUDPDWLF� FKDQJHV� LQ�FRPSXWLQJ� WHFKQRORJ\� SURYLGH� QHZ� RSSRUWXQLWLHV� IRU�H[SORULQJ� KRZ� LQWHOOLJHQW� VRIWZDUH� FDQ� EH� XVHG� LQ�WKHUPRG\QDPLFV�
$� QHZ� NLQG� RI� HGXFDWLRQDO� VRIWZDUH� FDOOHG� DUWLFXODWH�YLUWXDO� ODERUDWRULHV� �$9/�� KDV� EHHQ� LPSOHPHQWHG� LQWR�WKH� HQJLQHHULQJ� FXUULFXOXP� DW� WKH� 86� 1DYDO� $FDGHP\�VLQFH� ������$Q� DUWLFXODWH� YLUWXDO� ODERUDWRU\� LV�GHVLJQHG�WR� KHOS� VWXGHQWV� OHDUQ� WKHUPRG\QDPLFV� E\� VFDIIROGLQJ�WKHP� LQ� FRQFHSWXDO� GHVLJQ� WDVNV�� XVLQJ� D� VLPXODWHG�HQYLURQPHQW� WR� DOORZ� WKHP� WR� FUHDWH� DQG� DQDO\]H�GHVLJQV� IRU� FRPSOH[� WKHUPRG\QDPLF� V\VWHPV� DQG�XVLQJ�VRIWZDUH�FRDFKHV�WR�SURYLGH�JXLGDQFH��,W�LV�EHOLHYHG�WKDW�LQWHOOLJHQW� FRPSXWHU� DLGHG� LQVWUXFWLRQ� �,&$,�� WHDFKLQJ�DQG� GHVLJQ� LV� QRW� RQO\� LQ� WKH� IXWXUH� RI� HGXFDWLRQ�� EXW�ZLOO� EH� DQ� HIIHFWLYH� LPSURYHPHQW� IRU� HQJLQHHULQJ�VWXGHQWV����� � $57,&8/$7(� 9,578$/�/$%25$725<

7KH� UDSLG� LQFUHDVH� LQ� WKH� SRZHU� RI� PLFURFRPSXWHUV�FRPELQHG� ZLWK� UDSLGO\� IDOOLQJ� SULFHV�� SURYLGHV� WKH�

RSSRUWXQLW\� WR� DSSO\� UHFHQW� DGYDQFHV� LQ� DUWLILFLDO�LQWHOOLJHQFH� WHFKQRORJ\� WR� QHZ� NLQGV� RI� HGXFDWLRQDO�VRIWZDUH��%\�H[SORLWLQJ�DGYDQFHV�LQ�TXDOLWDWLYH�SK\VLFV��HGXFDWLRQDO� VRIWZDUH� FDQ� XVH� PHWKRGV� DQG� FRQFHSWV�VLPLODU� WR� WKRVH� XVHG� E\� GRPDLQ� H[SHUWV�� LQFOXGLQJ� WKH�WDFLW�NQRZOHGJH�RI� WKH�GRPDLQ��%\�H[SORLWLQJ�DGYDQFHV�LQ� UHDVRQLQJ� WHFKQRORJ\�� SDUWLFXODUO\� WUXWK�PDLQWHQDQFH�V\VWHPV��HGXFDWLRQDO�VRIWZDUH�FDQ�EH�EXLOW� WKDW�H[SODLQV�WKH� SULQFLSOHV� LW� XVHV��7KH� DELOLW\�RI�TXDOLWDWLYH�SK\VLFV�WR� SURYLGH� FRPSXWHU�DVVLVWHG� PRGHOLQJ� FDSDELOLWLHV�FRPELQHG� ZLWK� HIILFLHQW� UHDVRQLQJ� WHFKQLTXHV� PHDQV�WKDW� HGXFDWLRQDO� VRIWZDUH� FDQ�ZRUN�ZLWK� QHZ� SUREOHPV�LQ� WKH�GRPDLQ��ZLWKRXW� UHSURJUDPPLQJ��6XFK�JHQHUDOLW\�ZLOO�HPSRZHU�VWXGHQWV�DQG�LQVWUXFWRUV�E\�HQDEOLQJ�WKHP�WR� SRVH� WKHLU� RZQ� SUREOHPV�� DQG� ZLOO� WKXV� SURYLGH� DPRUH� PRWLYDWLQJ� LQVWUXFWLRQDO� FRQWH[W�� %\� H[SORLWLQJ�DGYDQFHV� LQ� DQDORJLFDO� UHDVRQLQJ�� ZH� FDQ� XVH� OLEUDULHV�RI�H[DPSOHV�DQG�SUHYLRXVO\�VROYHG�SUREOHPV�WR�SURYLGH�D� IRXQGDWLRQ� IRU� FRDFKHV� WKDW� LQWURGXFH� VWXGHQWV� WR�DSSURSULDWH�SUREOHP�VROYLQJ�PHWKRGV�LQ D�GRPDLQ�������7+(�52/(�2)�'(6,*1
'HVLJQ�LV�WKH�FRUH�DFWLYLW\�RI�HQJLQHHULQJ��7KH�DELOLW\�WR�GHYHORS�XVHIXO� DUWLIDFWV� E\�XQGHUVWDQGLQJ�KRZ� WR� DSSO\�IXQGDPHQWDO�SULQFLSOHV�WR�DSSOLFDWLRQV��LV�D�PDMRU�UHDVRQ�ZK\� HQJLQHHULQJ� HGXFDWLRQ� LV� VR� LPSRUWDQW� LQ� WRGD\
V�KLJKO\� FRPSHWLWLYH� HQYLURQPHQW�� 3URYLGLQJ� GHVLJQ�H[SHULHQFH� LV� FOHDUO\� HVVHQWLDO� IRU� WUDLQLQJ� HQJLQHHUV��+RZHYHU�� GHVLJQ� DFWLYLWLHV� DOVR� SURYLGH� SRZHUIXO�PRWLYDWLRQ�IRU�OHDUQLQJ�IXQGDPHQWDO�SK\VLFDO�SULQFLSOHV��'HVLJQ� UHTXLUHV� XVLQJ� NQRZOHGJH� LQ� DQ LQWHJUDWHG�
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IDVKLRQ� UDWKHU� WKDQ� PHPRUL]LQJ� LVRODWHG� IDFWV���7KHUHIRUH�� GHVLJQ� SURYLGHV� D� PHDQLQJIXO� FRQWH[W� IRU�OHDUQLQJ�SK\VLFDO�SULQFLSOHV�
7KH�PRVW� LPSRUWDQW�FODVV�RI�HGXFDWLRQDO�VRIWZDUH�IRU�HQJLQHHULQJ� HGXFDWLRQ� LV� RULHQWHG� DURXQG� FRQFHSWXDO�GHVLJQ� DFWLYLWLHV�� ,Q� HQJLQHHULQJ�� FRQFHSWXDO� GHVLJQ� LV�WKH�HDUO\�SKDVH�ZKLFK�LGHQWLILHV�WKH�EDVLF�IHDWXUHV�RI�WKH�GHVLJQ�� 7KLV� LQFOXGHV� VSHFLI\LQJ� WKH� SK\VLFDO� SURFHVVHV�DQG�SULQFLSOHV�E\�ZKLFK�WKH�GHVLJQ�DFKLHYHV�LWV�JRDOV��DV�ZHOO�DV�SHUIRUPDQFH�HVWLPDWHV�DQG�URXJK�FRVW�HVWLPDWHV��&RQFHSWXDO� GHVLJQ�RFFXUV� LQ�HYHU\�DUHD�RI� HQJLQHHULQJ��,Q� WKHUPRG\QDPLFV�� FRPSOH[� DUWLIDFWV� VXFK� DV� SRZHU�SODQWV�� UHIULJHUDWRUV�� DQG� KHDW� SXPSV� DUH� WUHDWHG� DV�WKHUPRG\QDPLF�F\FOHV�
&RQFHSWXDO�GHVLJQ�LV�PRVW�DSSURSULDWH�IRU�HQJLQHHULQJ�HGXFDWLRQ� EHFDXVH� LW� IRFXVHV� RQ� WKH� IXQGDPHQWDOV� RI� D�GRPDLQ��2Q�WKH�RWKHU�KDQG��GHWDLOHG�GHVLJQ�LV�FRQFHUQHG�ZLWK� IOHVKLQJ� RXW� WKH� UHVXOWV� RI� FRQFHSWXDO� GHVLJQ��LQFOXGLQJ� ILJXULQJ� RXW� WKH� JHRPHWU\� RI� WKH� V\VWHP��GHWDLOHG� SDUWV� FRVWV�� RSHUDWLQJ DQG� PDLQWHQDQFH�SURFHGXUHV�IRU�WKH�UHVXOWLQJ�DUWLIDFW��DQG�DOO�RI�WKH�RWKHU�LVVXHV� ZKLFK� PXVW� EH� VHWWOHG� LQ� RUGHU� WR� EXLOG� DQG�RSHUDWH� WKH� QHZO\� GHVLJQHG� DUWLIDFW�� (QJLQHHULQJ�VWXGHQWV� QHHG� GHWDLOHG� GHVLJQ� H[SHULHQFH�� RI� FRXUVH��+RZHYHU��ZH�EHOLHYH�WKDW�WKH�ODUJHVW�SHGDJRJLFDO�SD\RII�ZLOO� EH� LQ� FRPSXWHU� WHFKQRORJ\� WKDW� VLPSOLILHV� EURDG�VFDOH� LQFRUSRUDWLRQ�RI�FRQFHSWXDO�GHVLJQ� LQ�HQJLQHHULQJ�FXUULFXOD��&RQFHSWXDO�GHVLJQ�IRUFHV�WKH�GHVLJQHU�WR�WKLQN�GLUHFWO\�DERXW�PDQ\�RI�WKH�PDMRU�WKHPHV��'HVSLWH� WKH� FHQWUDOLW\� RI� GHVLJQ� LQ� HQJLQHHULQJ��WRGD\
V�HQJLQHHULQJ�FXUULFXOD�JHQHUDOO\�RIIHU�IHZ�GHVLJQ�H[SHULHQFHV��6RPH�RI�WKH�UHDVRQV�FRPH�IURP�WKH�FRVW�RI��DQG� VRPHWLPHV�GDQJHU� LQ��EXLOGLQJ�SK\VLFDO� DUWLIDFWV��$�ODERUDWRU\�ZKHUH�VWXGHQWV�GHVLJQ�DQG�EXLOG�WKHLU�RZQ�MHW�HQJLQHV�� IRU�H[DPSOH�� LV�VLPSO\�QRW�IHDVLEOH��$GGLWLRQDO�UHDVRQV� WKDW�GHVLJQ�H[SRVXUH� LV� OLPLWHG� LQFOXGH� � ���� WKH�WLPH�FRQVXPLQJ�QDWXUH� RI� GHWDLOHG� GHVLJQ�ZKLFK� VWUDLQV�DOUHDG\�RYHUORDGHG�FXUULFXOD��DQG����� WKH�FRPSOH[LW\�RI�GHVLJQ� ZKLFK� UHTXLUHV� DGGLWLRQDO� VXSHUYLVLRQ� WR�PLQLPL]H� XQHQOLJKWHQLQJ� DVSHFWV� RI� VWXGHQW�H[SORUDWLRQV��
9LUWXDO�ODERUDWRULHV�SURYLGH�D�SDUWLDO�VROXWLRQ�WR�WKHVH�GLOHPPDV�� $� YLUWXDO� ODERUDWRU\� LV� D� VRIWZDUH�HQYLURQPHQW� FRQVLVWLQJ� RI� �SDUWV�� FRUUHVSRQGLQJ� WR�SK\VLFDO�SDUWV�� WRROV� IRU�DVVHPEOLQJ�FROOHFWLRQV�RI� WKHVH�SDUWV� LQWR� V\VWHPV�� DQG� IDFLOLWLHV� IRU� DQDO\]LQJ� DQG�WHVWLQJ� WKH�V\VWHPV��7KHVH�VRIWZDUH�HQYLURQPHQWV�DOORZ�VWXGHQWV� WR� �EXLOG�� WKHLU� GHVLJQV� DQG� WU\� WKHP� RXW�ZLWKRXW� H[SHQVH�RU�GDQJHU��7KXV�� WKHVH�SURJUDPV�VROYH�WKH� FRVW� DQG� VDIHW\� SUREOHPV� DVVRFLDWHG� ZLWK� GHVLJQ��+RZHYHU�� WKH\� SURYLGH� QR� FRDFKLQJ�� 7KH\� GR� QRW�H[SODLQ� WKHLU� UHVXOWV� LQ� TXDOLWDWLYH� WHUPV� WKDW� VWXGHQWV�FDQ� HDVLO\� XQGHUVWDQG�� 7KH\� FDQQRW� WHDFK� VWXGHQWV� KRZ�WR� FKRRVH� DQ� DSSURSULDWH� PRGHO� RU� KRZ� WR� EXLOG� QHZ�PRGHOV�� 7KH\� KDYH� QR� UHSUHVHQWDWLRQ� RI� WKH� VWXGHQW
V�JRDOV�VR� WKH\�FDQQRW�DVVLVW� WKH�VWXGHQW� LQ�HYDOXDWLQJ�KLV�RU� KHU� GHVLJQ�� )LQDOO\�� WKH\� FDQQRW� KHOS� WKH� VWXGHQW�XQGHUVWDQG� WKH� FRQQHFWLRQV� EHWZHHQ� WKH� VLPXODWLRQ�UHVXOWV� DQG� WKH� IXQGDPHQWDO� SULQFLSOHV XVHG� WR�JHQHUDWH�WKRVH� UHVXOWV�� 7R� RYHUFRPH� WKHVH� �LPLWDWLRQV� ZLOO�

UHTXLUH�V\QWKHVL]LQJ�DUWLILFLDO� LQWHOOLJHQFH� WHFKQRORJ\�WR�GHYHORS�DUWLFXODWH�YLUWXDO�ODERUDWRULHV��WKDW�LV��LQWHOOLJHQW�OHDUQLQJ� HQYLURQPHQWV� ZLWK� D� GHHS� XQGHUVWDQGLQJ� RI�HQJLQHHULQJ�SULQFLSOHV�������&<&/(3$'
&\FOH3DG� LV� WKH� FRQFHSWXDO� &$'� FRPSRQHQW� RI� WKH�HQJLQHHULQJ� WKHUPRG\QDPLFV� $9/� GHYHORSHG� E\�3URIHVVRU� .�'�� )RUEXV� >�@� RI� 1RUWKZHVWHUQ� 8QLYHUVLW\�DQG�HYDOXDWHG�E\�WKH�DXWKRU�>�@��&\FOH3DG�VFDIIROGV�WKH�DFWLYLWLHV� RI� VWXGHQWV� ZKR� DUH� OHDUQLQJ� KRZ� WR� GHVLJQ�DQG�DQDO\]H� WKHUPRG\QDPLF�F\FOHV�� �$Q�LQYHQWRU\�VKRS�RI� SDUWV� �H�J��� FRPSUHVVRUV�� WXUELQHV�� SXPSV�� KHDW�H[FKDQJHUV�� HWF��� DUH� FRPELQHG� LQWR� QHWZRUNV��SRWHQWLDOO\� JHQHUDWLQJ� DQ� XQOLPLWHG� VHW� RI� GHVLJQV� RI�WKHUPRG\QDPLF� V\VWHPV�� &\FOH3DG� SHUIRUPDQFHV� WKH�RSHUDWLRQDO�FKDUDFWHULVWLFV�DQG�VHQVLWLYLW\�DQDO\VLV�RI�WKH�V\VWHP�
&\FOH3DG� LV� D� FRQFHSWXDO� &$'� WRRO� IRU� YLVXDOL]LQJ�DQG� DQDO\]LQJ� WKHUPRG\QDPLF� V\VWHPV�� � 6WXGHQWV�FRQVWUXFW� WKHLU� GHVLJQ� E\� �ZLULQJ� XS�� FRPSRQHQWV� DQG�DVVLJQLQJ QXPHULFDO� YDOXHV� IRU� WKHLU� SDUDPHWHUV�� )RU�H[DPSOH�� VXSSRVH� D� VWXGHQW� ZDQWHG� WR� PDNH� D� VLPSOH�JDV� WXUELQH� SRZHU� F\FOH� PRUH� HIILFLHQW�� 7R� JDLQ�HIILFLHQF\��WKH�VWXGHQW�PLJKW�WU\�PDNLQJ�WKH�FRPEXVWLRQ�WHPSHUDWXUH� KLJKHU�� +H� PLJKW� SHUIRUP� D� VHQVLWLYLW\�DQDO\VLV��YDU\LQJ�WKLV� WHPSHUDWXUH�WR�VHH�KRZ�HIILFLHQF\�LV�DIIHFWHG�DQG�ZKDW�RWKHU�FRQVHTXHQFHV�UHVXOW��0DNLQJ�WKH� JDV� WXUELQH� F\FOH� E\� DGGLQJ� PRUH� LQWHUFRROHUV� DQG�UHKHDWHUV� ORRN�PRUH� OLNH� D�&DUQRW� F\FOH�FDQ�\LHOG�HYHQ�KLJKHU� JDLQV�� $� IXUWKHU� PRGLILFDWLRQ�� UHJHQHUDWLYH�KHDWLQJ��JDLQV�HYHQ�JUHDWHU�HIILFLHQF\�
'XH�WR�WKH�VXEVWDQWLDO�DPRXQW�RI�QXPHULFDO�FDOFXODWLRQ�LQYROYHG�� VWXGHQWV� W\SLFDOO\� DYRLG� H[SORULQJ�PRUH� WKDQ�RQH� RU� WZR� DOWHUQDWLYHV� DQG� DYRLG� SHUIRUPLQJ�DGYDQWDJHRXV� WUDGH�RII� VWXGLHV�� 6LQFH� WUDGH�RII� VWXGLHV�DUH� RQH� RI� WKH� PRVW� HIIHFWLYH� PHDQV� WR� EXLOGLQJ��LQWXLWLRQV� DERXW� WKHUPRG\QDPLF� V\VWHPV�� &\FOH3DG¶V�YDOXH� OLHV� LQ� WKH�DELOLW\�RI� WKH�VWXGHQWV� WR� LQFUHPHQWDOO\�GHULYH�WKH�FRQVHTXHQFHV�RI�DVVXPSWLRQV�DQG�DXWRPDWLQJ�WKH� ZRUN�� WKXV� UHOLHYLQJ� WKH� VWXGHQW� RI� WKH� WHGLXP� RI�QXPHULFDO� FDOFXODWLRQV��$QRWKHU�PDMRU� VWXPEOLQJ� EORFN�IRU� VWXGHQWV� LV� OHDUQLQJ� KRZ� WR� PRGHO�� WKDW� LV�� KRZ� WR�PDNH� WKH� VLPSOLI\LQJ� DVVXPSWLRQV� QHHGHG� WR� GHULYH�UHDVRQDEOH� DQVZHUV�� &\FOH3DG� KHOSV� E\� PDNLQJ� WKH�FKRLFHV� IRU� PRGHOLQJ� DVVXPSWLRQV� H[SOLFLW� LQ� LWV�UHSUHVHQWDWLRQ� DQG� GHSLFWLRQ� RI� WKH� GHVLJQ�� � 7KHUHIRUH��WKH�VWXGHQWV�DUH�HQFRXUDJHG�WR�FRQVLGHU�ZKDW�UHDVRQDEOH�DVVXPSWLRQV� PLJKW� EH� DSSOLFDEOH�� 2QH� EHQHILW� RI�$UWLFXODWH� 9LUWXDO� /DERUDWRULHV� LV� WR� GHFUHDVH� VWXGHQWV
�SULPDU\�GLIILFXOWLHV� DQG� LQWXLWLYH�EXW� IDXOW\�FRQFHSWLRQV�ZLWKLQ� WKH� GRPDLQ�� EDVHG� RQ� HPSLULFDO� HYDOXDWLRQV� RI�WKHLU�SHUIRUPDQFH�XVLQJ�$9/V��
&\FOH3DG
� V� NQRZOHGJH� EDVH� FDSWXUHV� D� VXEVWDQWLDO�IUDFWLRQ� RI� WKH� NQRZOHGJH� LQ� LQWURGXFWRU\�WKHUPRG\QDPLFV� WH[W�� 7KH� NQRZOHGJH� EDVH� FRQVLVWV� RI�UHSUHVHQWDWLRQV� IRU� WKH� FRPSRQHQWV� RI� WKHUPRG\QDPLF�V\VWHPV� DQG� TXDOLWDWLYH� UHSUHVHQWDWLRQV� RI� WKH� SK\VLFDO�SURFHVVHV�LQVLGH�WKHP�
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���� � 86,1*� &<&/(3$'� )25� '(6,*1�$1'� $1$/<6,6� 2)� &22/,1*���+($7,1*� $1'� 32:(5� *(1(5$7,1*�6<67(06
$QDO\]LQJ FRROLQJ�� KHDWLQJ� DQG� SRZHU� JHQHUDWLQJ�V\VWHP� LV� PRUH� PHDQLQJIXO�� WLPH� VDYLQJ� DQG� IXQ� IRU�VWXGHQWV�XVLQJ�TXLFN�FKDQJH�VLPXODWLRQ�VRIWZDUH�VXFK�DV�&\FOH3DG� WKDQ� WKH� WUDGLWLRQDO�� OHQJWK\�� FRPSOH[� DQG�WHGLRXV�PHWKRG�� LQ� GHVLJQ�� 6WXGHQWV� DUH� DEOH� WR� FKDQJH�DQ\ SDUDPHWHU� LQ� WKH� V\VWHP� DQG� VHH� WKH� HIIHFW� RI� WKH�SDUDPHWHU� RQ� WKH� SHUIRUPDQFH� RI� WKH� V\VWHP�LQVWDQWDQHRXVO\���'HVLJQ�LV�DQ�LWHUDWLYH�OHDUQLQJ�SURFHVV��%\� WULDO� DQG� HUURU�� VWXGHQWV� DUH� DEOH� WR� FKRRVH� YDULRXV�FRPSRQHQWV� LQ� WKH� GHVLJQ� RI� SRZHU� SODQWV� RU� FKRRVH�GLIIHUHQW�ZRUNLQJ�IOXLGV�LQ�WKH�SODQWV��XVLQJ�&\FOH3DG�DV�D�WRRO��7KH\�JDLQHG�D�WUHPHQGRXV�DPRXQW�RI�H[SHULHQFH��FRQILGHQFH�� DQG� � NQRZOHGJH� LQ� D� UHODWLYH� VKRUW� WLPH���'XH� WR� WKH� TXLFN� LWHUDWLYH�GHVLJQ�DELOLWLHV�RI�&\FOH3DG��LQVWUXFWRUV�ZHUH�DEOH� WR�DVVLJQ�PRUH�F\FOH�DQDO\VLV� DQG�GHVLJQ�SUREOHPV�WR�WKHLU�VWXGHQWV�

����(;$03/(6
����&RROLQJ�V\VWHP$Q� DUUDQJHPHQW� RI� HLWKHU� D� FDVFDGHG� RU� PXOWL�VWDJHG�UHIULJHUDWRU� FDQ� EH� PDGH� DV� LOOXVWUDWHG� LQ� )LJXUH� ��� ,Q�WKLV� DUUDQJHPHQW�� WKH� V\VWHP� FDQ� EH� HLWKHU� D� FDVFDGHG�UHIULJHUDWRU�RU�D�PXOWL�VWDJHG�UHIULJHUDWRU�

6XSSRVH�PGRW� ��DQG�PGRW� ���WKH�ZRUNLQJ�IOXLGV�RI�WKH� WRS� DQG� WKDW� RI� WKH� ERWWRP� F\FOH� GR� QRW� PL[�� 7KH�V\VWHP� LV� D� FDVFDGHG� UHIULJHUDWRU�� 2WKHUZLVH�� LW� LV� D�PXOWL�VWDJHG� UHIULJHUDWRU�� ([DPSOH� �� LOOXVWUDWHV� WKH�V\VWHP�DV�D�PXOWL�VWDJHG�UHIULJHUDWRU�LI�PGRW� ���([DPSOH ��� $� F\FOH� DV� VKRZQ� LQ� )LJXUH� �� KDV� WKH�IROORZLQJ�LQIRUPDWLRQ�ZRUNLQJ� IOXLG 5���D��S� ���N3D��[� ���S� ����N3D��S� ���� N3D�� P� �� NJ�V�� P�� �� NJ�V�� [� ��� [� �� DQG�[�� ��'HWHUPLQH�WKH�SRZHU�UHTXLUHG�E\�FRPSUHVVRU�����SRZHU�UHTXLUHG�E\�FRPSUHVVRU����� WRWDO�SRZHU�UHTXLUHG�E\�WKH�FRPSUHVVRUV�� UDWH� RI� KHDW� DGGHG� LQ� WKH� HYDSRUDWRU��FRROLQJ�ORDG��DQG�&23�RI�WKH�F\FOH�
6ROXWLRQ�7R� VROYH� WKH� SUREOHP� E\� &\FOH3DG�� ZH� GR� WKH�IROORZLQJ�VWHSV�����%XLOG�WKH�F\FOH�DV�VKRZQ�LQ�)LJXUH�������� $VVXPH� FRPSUHVVRUV� DUH� DGLDEDWLF� ZLWK������HIILFLHQF\��KHDWHU�DQG�FRROHU�EH�LVREDULF��DQG�ERWK�KRW�VLGH� DQG� FROG�VLGH� RI� WKH� KHDW� H[FKDQJHU� DUH�LVREDULF� ���� ,QSXW� ZRUNLQJ� IOXLG� LV� 5���D� DW� VWDWH� ���S� ��� N3D�� [� ��� S� ���� N3D�� S� ����N3D��P� ��NJ�V��P�� ��NJ�V��[� ���[� ��DQG�[�� ������ 'LVSOD\� WKH� F\FOH� SURSHUW\� UHVXOWV� �)LJXUH����� 7KH� UHVXOWV� DUH�� &23 ������ SRZHU� LQSXW� E\�FRPSUHVVRU� � ������� N:�� UDWH� RI� KHDW� UHPRYHG� E\� WKH�FRQGHQVHU ������� N:�� UDWH� RI� KHDW� DGGHG� WR� WKH�HYDSRUDWRU ������N:��DQG�FRROLQJ�ORDG ������WRQ�

)LJXUH��� &DVFDGHG�RU�PXOWL�VWDJHG�UHIULJHUDWRU
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)LJXUH��� &DVFDGHG�RU�PXOWL�VWDJHG�UHIULJHUDWRU

)LJXUH����%UD\WRQ�5DQNLQH�F\FOH
����%UD\WRQ�5DQNLQH�SRZHU�JHQHUDWLQJ�V\VWHP,PSURYHPHQW� RQ� F\FOH� HIILFLHQF\� FDQ� EH� DFKLHYHG� E\�XVLQJ� WKH� KRW� H[KDXVW�ZDVWH� KHDW� RI� D� KLJK�WHPSHUDWXUH�F\FOH� WR� HLWKHU� SDUWLDOO\� RU� WRWDOO\� SRZHU� D� ORZ�WHPSHUDWXUH� F\FOH�� 2QH� DUUDQJHPHQW� >�@� RI� WKH�%UD\WRQ�5DQNLQH�F\FOH�ZKLFK�LV�D�FRPELQDWLRQ�RI�D�WZR�VWDJH� UHKHDW� %UD\WRQ� F\FOH� DQG� D� WZR�VWDJH� UHKHDW�5DQNLQH�F\FOH�LV�VKRZQ�LQ�)LJXUH����
([DPSOH� ��� �$�%UD\WRQ�5DQNLQH� F\FOH� �)LJXUH� ��� XVHV�ZDWHU� DV� WKH�ZRUNLQJ� IOXLG�ZLWK� �� NJ�V� RI�PDVV� UDWH� RI�IORZ�WKURXJK� WKH�5DQNLQH�F\FOH��DQG�DLU�DV� WKH�ZRUNLQJ�

IOXLG� LQ� WKH� %UD\WRQ� F\FOH�� ,Q� WKH� 5DQNLQH� F\FOH�� WKH�FRQGHQVHU�SUHVVXUH�LV����N3D��S����WKH�ERLOHU�SUHVVXUH�LV������ N3D� �S���� WKH� UHKHDWHU� SUHVVXUH� LV� ����� N3D� �S����WKH�VXSHUKHDWHU�DQG�UHKHDWHU�WHPSHUDWXUH��7� DQG�7���DUH�ERWK� ���q&�� ,Q� WKH� %UD\WRQ� F\FOH�� DLU� HQWHUV� IURP� WKH�DWPRVSKHULF�VRXUFH�WR�DQ�LVHQWURSLF�FRPSUHVVRU�DW���q&�DQG�����N3D��7� DQG�S����DQG�OHDYHV�DW������N3D��S����DLU�HQWHUV� DQ� LVREDULF� KHDWHU� �FRPEXVWLRQ� FKDPEHU�� DQG�OHDYHV� DW� ����q&� �7���� DLU� HQWHUV� D� � KLJK� SUHVVXUH�LVHQWURSLF� WXUELQH� DQG� OHDYHV� DW� ���� N3D� �� S����� � $LU�HQWHUV� D� ORZ� SUHVVXUH� LVHQWURSLF� WXUELQH� DQG� OHDYHV� DW�
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���� N3D� �S����� DLU� HQWHUV� DQ� LVREDULF� UHJHQHUDWRU� DQG�OHDYHV� DW� ���q&� �7����� DQG� DLU� LV� GLVFKDUJHG� WR� WKH�DWPRVSKHULF�VLQN�'HWHUPLQH� WKH� PDVV� UDWH� IORZ� RI� DLU� WKURXJK� WKH�%UD\WRQ� F\FOH�� WKHUPRG\QDPLF� HIILFLHQF\� DQG� WKH� QHW�SRZHU� RXWSXW� RI� WKH� %UD\WRQ�5DQNLQH� FRPELQHG� SODQW��3ORW� WKH� VHQVLWLYLW\� GLDJUDP� RI� K �F\FOH� HIILFLHQF\�� YV�S�� �SUHVVXUH�DW�VWDWH�����6ROXWLRQ�7R� VROYH� WKLV� SUREOHP� E\� &\FOH3DG�� ZH� GR� WKH�IROORZLQJ�VWHSV��$�� %XLOG� WKH� F\FOH� DV� VKRZQ� LQ� )LJXUH� ��� � $VVXPH�WKH� FRPSUHVVRU�� WXUELQHV� DQG� SXPS� DUH� DGLDEDWLF� DQG�LVHQWURSLF�� DQG� WKH� KHDWHU�� FRROHU� DQG� UHJHQHUDWRU� DUH�LVREDULF��%�� ,QSXW� ZRUNLQJ� IOXLG DLU�� S� ��� N3D�� [� ���PGRW ��NJ�V��S� ���� N3D��7� ���q&��S� �����N3D��

7� ���q&�� � S� ���� N3D�� � 7� ��q&�� S� ����� N3D��7� ����q&�� S�� ���� N3D�� 7�� ����q&�� � S�� ���� N3D��DQG�7�� ���q&��&�� 'LVSOD\� UHVXOWV� �)LJXUH� ���� 7KH� DQVZHUV� DUH�� ����&\FOH� $�� K �������� SRZHU� LQSXW ������ N:�� SRZHU�RXWSXW ����� N:�� QHW� SRZHU� RXWSXW ����� N:�� 4GRW�LQ ����� N:�� ���� &\FOH� %��K �������� � SRZHU� LQSXW ������ N:�� SRZHU� RXWSXW ����� N:�� QHW� SRZHU�RXWSXW �����N:��4GRW�LQ ������N:��PGRW �����NJ�V��DQG� ���� FRPELQHG� &\FOH�� K �������� � SRZHU� LQSXW ������ N:�� SRZHU� RXWSXW ����� N:�� QHW� SRZHU�RXWSXW �����N:��4GRW�LQ ������N:��'�� 'LVSOD\� VHQVLWLYLW\� GLDJUDP� �)LJXUH� ��� RI�K �F\FOH�HIILFLHQF\��YV�S���SUHVVXUH�DW�VWDWH�����

)LJXUH��� %UD\WRQ�5DQNLQH�F\FOH�QXPHULFDO�H[DPSOH
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)LJXUH��� %UD\WRQ�5DQNLQH�F\FOH�VHQVLWLYLW\�GLDJUDP
����%UD\VVRQ�SRZHU�JHQHUDWLQJ�V\VWHP$� %UD\VVRQ� F\FOH� SURSRVHG� E\� )URVW�� $QGHUVRQ� DQG�$JQHZ� >�@� LV� DQ� DOWHUQDWLYH� WR� WKH� %UD\WRQ�5DQNLQH�FRPELQHG� JDV� DQG� VWHDP� WXUELQH� SRZHU� SODQW�� 7KH�%UD\VVRQ� F\FOH� LV� D� FRPELQDWLRQ� RI� D� VLQJOH� %UD\WRQ�F\FOH�DQG�DQ�(ULFVVRQ�F\FOH��7KH�F\FOH� WDNHV�DGYDQWDJH�RI� WKH� KLJK�WHPSHUDWXUH� KHDW� DGGLWLRQ� SURFHVV� RI� WKH�%UD\WRQ� F\FOH� DQG� WKH� ORZ�WHPSHUDWXUH� KHDW� UHMHFWLRQ�SURFHVV� RI� WKH� (ULFVVRQ� F\FOH�� ,W� HPSOR\V� RQH�ZRUNLQJ�IOXLG�LQ�WKH�WZR�F\FOHV�LQ�VXFK�D�ZD\�WKDW�WKH�IXOO�ZDVWH�KHDW� IURP� WKH� WRS� %UD\WRQ� F\FOH� VHUYHV� DV� WKH� KHDW�VRXUFH�IRU�WKH�ERWWRP�(ULFVVRQ�F\FOH�$�GHVLJQ�RI�VXFK�D�QRYHO�%UD\VVRQ�F\FOH�>�@�FRQVLVWHG�RI� IRXU� FRPSUHVVRUV�� RQH� FRPEXVWLRQ� FKDPEHU�� WZR�WXUELQHV��DQG�WZR�FRROHUV�LV�VKRZQ�LQ�)LJXUH���
([DPSOH���� $�%UD\VRQ�F\FOH��)LJXUH����XVHV�DLU�DV�WKH�ZRUNLQJ� IOXLG�ZLWK���NJ�V�RI�PDVV� UDWH�RI� IORZ� WKURXJK�WKH� F\FOH�� ,Q� WKH� %UD\WRQ� F\FOH�� DLU� HQWHUV� IURP� WKH�DWPRVSKHULF�VRXUFH�WR�DQ�LVHQWURSLF�FRPSUHVVRU�DW���q&�DQG���EDU��VWDWH����DQG�OHDYHV�DW���EDU��VWDWH�����DLU�HQWHUV�DQ� LVREDULF� KHDWHU� �FRPEXVWLRQ� FKDPEHU�� DQG� OHDYHV� DW�����q&� �VWDWH� ���� DLU� HQWHUV� D� � KLJK� SUHVVXUH� LVHQWURSLF�WXUELQH� DQG� OHDYHV� DW� �� EDU� �VWDWH� ���� ,Q� WKH� (ULFVVRQ�F\FOH�� DLU� HQWHUV� D� ORZ� SUHVVXUH� LVHQWURSLF� WXUELQH� DQG�OHDYHV� DW� ����� EDU�VWDWH� ���� DLU� HQWHUV� D� ILUVW�VWDJH�LVHQWURSLF�FRPSUHVVRU�DQG�OHDYHV�DW�����EDU��VWDWH�����DLU�HQWHUV�DQ�LVREDULF� LQWHU�FRROHU�DQG�OHDYHV�DW���q&��VWDWH����� DLU� HQWHUV� D� VHFRQG�VWDJH� LVHQWURSLF�FRPSUHVVRU�DQG�

OHDYHV� DW� �� EDU� �VWDWH� ���� DQG� DLU� LV� GLVFKDUJHG� WR� WKH�DWPRVSKHULF�VLQN�'HWHUPLQH� WKH� WKHUPRG\QDPLF� HIILFLHQF\� DQG� WKH� QHW�SRZHU� RXWSXW� RI� WKH� %UD\VRQ� FRPELQHG� SODQW�� 3ORW� WKH�VHQVLWLYLW\� GLDJUDP� RI� K �F\FOH� HIILFLHQF\�� YV� S��SUHVVXUH�DW�VWDWH����DQG�VHQVLWLYLW\�GLDJUDP�RI�K �F\FOH�HIILFLHQF\��YV�S� �SUHVVXUH�DW�VWDWH����6ROXWLRQ�7R� VROYH� WKLV� SUREOHP� E\� &\FOH3DG�� ZH� GR� WKH�IROORZLQJ�VWHSV��$��%XLOG�WKH�F\FOH�DV�VKRZQ�LQ�)LJXUH����$VVXPH�WKH�FRPSUHVVRUV� DUH� DGLDEDWLF� DQG� LVHQWURSLF�� WKH� KHDWHU� LV�LVREDULF�� WKH� WXUELQHV� DUH� DGLDEDWLF� DQG� LVHQWURSLF�� DQG�WKH�FRROHUV�DUH�LVREDULF��%�� ,QSXW� ZRUNLQJ� IOXLG DLU�� S� �EDU�� 7� ��q&��PGRW �� NJ�V�� S� �� EDU�� 7� ����q&�� S� �EDU�� S� �����EDU�� S� ���� EDU�� FRPSUHVVRU� LQOHW� WHPSHUDWXUH ���q&��WXUELQH� LQOHW� SUHVVXUH ����� N3D�� WXUELQH� LQOHW�WHPSHUDWXUH ����q&�� 7� ��q&�� S� ���� EDU�� 7� ��q&��DQG��S�� �EDU��&�� 'LVSOD\� UHVXOWV� �)LJXUH� ���� 7KH� DQVZHUV� DUH�K �������� DQG� SRZHU� LQSXW ������� N:�� SRZHU�RXWSXW ����� N:�� QHW� SRZHU� RXWSXW ������ N:�� 4GRW�LQ ������N:��'��'LVSOD\�VHQVLWLYLW\�GLDJUDP��)LJXUH����RI�K �F\FOH�HIILFLHQF\�� YV� S� �SUHVVXUH� DW� VWDWH� ��� DQG� VHQVLWLYLW\�GLDJUDP� RI�K �F\FOH� HIILFLHQF\�� YV� S� �SUHVVXUH� DW� VWDWH����

)LJXUH����%UD\VVRQ�F\FOH

mailto:wu@gwmail.usna.edu
mailto:wu@gwmail.usna.edu
mailto:wu@gwmail.usna.edu
mailto:wu@gwmail.usna.edu
mailto:wu@gwmail.usna.edu
mailto:wu@gwmail.usna.edu


&��:X��ZX#JZPDLO�XVQD�HGX ���

)LJXUH���� %UD\VVRQ�F\FOH�QXPHULFDO�UHVXOWV

)LJXUH��� %UD\VVRQ�F\FOH�VHQVLWLYLW\�GLDJUDP
�����',6&866,21
,Q� WKH� UHDOP� RI� WKHUPRG\QDPLFV�� &\FOH3DG� LV� WR� D�WKHUPRG\QDPLVW� ZKDW� D� ZRUG� SURFHVVRU� LV� WR� D�MRXUQDOLVW�� � 7KH� EHQHILWV� RI� XVLQJ� WKLV� VRIWZDUH� DUH�QXPHURXV��7KH�ILUVW�LV�WKDW�VLJQLILFDQWO\�OHVV�WLPH�ZLOO�EH�VSHQW�GRLQJ�QXPHULFDO�DQDO\VLV�� �$V�DQ�HQJLQHHU�� WKLV� LV�PXFK� DSSUHFLDWHG� EHFDXVH� FRPSXWDWLRQDO� ZRUN� WKDW�ZRXOG� KDYH� WDNHQ� KRXUV� EHIRUH�� FDQ� QRZ� EH� GRQH� LQ�

VHFRQGV�� � 6HFRQG�� DV� WKLV� SDSHU� KDV� GHPRQVWUDWHG��&\FOH3DG� LV� FDSDEOH� RI� DQDO\]LQJ� WKHUPRG\QDPLF�V\VWHPV�ZLWK� YDULRXV�ZRUNLQJ� IOXLGV�� � 7KLUG�� GXH� WR� LWV�FRPSXWHU�DVVLVWHG� PRGHOLQJ� FDSDELOLWLHV�� WKH� VRIWZDUH�DOORZV�IRU�LQGLYLGXDOV�WR�LPPHGLDWHO\�YLHZ�WKH�HIIHFWV�RI�YDU\LQJ� LQSXW� SDUDPHWHUV�� HLWKHU� WKURXJK� FDOFXODWHG�UHVXOWV�RU�LQ�WKH�IRUP�RI�JUDSKV�DQG�GLDJUDPV��JLYLQJ�WKH�XVHU� D� JUHDWHU� DSSUHFLDWLRQ� RI� KRZ� D� V\VWHP� DFWXDOO\�ZRUNV�� � 0RUH� VSHFLILFDOO\�� WKHUH� LV� D� IHDWXUH� WKDW�SURYLGHV�WKH�XVHU�WKH�RSSRUWXQLW\�WR�RSWLPL]H�D�VSHFLILHG�

mailto:wu@gwmail.usna.edu
mailto:wu@gwmail.usna.edu
mailto:wu@gwmail.usna.edu
mailto:wu@gwmail.usna.edu


&��:X��ZX#JZPDLO�XVQD�HGX ���

F\FOH�SDUDPHWHU���7KLV�KDV�EHHQ�SURYHQ�WR�EH�LQFUHGLEO\�XVHIXO�� � /DVW�� DQG� PRVW� LPSRUWDQW�� LV� WKH� EXLOW�LQ�FRDFKLQJ IDFLOLW\� WKDW� SURYLGHV� GHILQLWLRQV� RI� WHUPV� DQG�GHVFULSWLRQV� RI� FDOFXODWLRQV�� &\FOH3DG� JRHV� D� VWHS�IXUWKHU� E\� LQIRUPLQJ� WKH� XVHU� LI� D� FRQWUDGLFWLRQ� RU� DQ�LQFRPSDWLELOLW\� H[LVWV� EHWZHHQ� LQSXWWHG� SDUDPHWHUV�ZLWKLQ�D�F\FOH�DQG�ZK\�
:KHQ� YLHZLQJ� WKH� DSSOLFDELOLW\� RI� VRIWZDUH� RI� WKLV�QDWXUH� RQ� WKH� GUDZLQJ� ERDUG�� XVHUV� FRXOG� UHDS� WKH�EHQHILWV� DW� DOO� VWDJHV� LQ� DQ� HQJLQHHULQJ� FDUHHU�� � )RU� WKH�\RXQJ�HQJLQHHU�MXVW�EHJLQQLQJ�WKH�OHDUQLQJ�SURFHVV��OHVV�WLPH� LV� VSHQW� GRLQJ� LWHUDWLRQV� UHVXOWLQJ� LQ� PRUH� WLPH�GHGLFDWHG� WR� UHLQIRUFLQJ� WKH� IXQGDPHQWDOV� DQG� JDLQLQJ�YDOXDEOH� H[SHULHQFH�� � ,Q� WKH� FDVH� RI� WKH� VHDVRQHG�HQJLQHHU��ZKR�LV�ZHOO�LQGRFWULQDWHG�LQ�WKH�SULQFLSOHV�DQG�KDV� JDLQHG� DQ� ³HQJLQHHU¶V� LQWXLWLRQ´�� FDQ� DXJPHQW�KLV�KHU�DELOLWLHV�E\�EHFRPLQJ�PRUH�FRPSXWHU�OLWHUDWH��������&21&/86,21

7KH� LQWHOOLJHQW� FRPSXWHU� VRIWZDUH� KDV� EHHQ�GHPRQVWUDWHG� WR� EH� D� YHU\� HIIHFWLYH� WRRO� LQ� DQDO\]LQJ�WKHUPRG\QDPLF� F\FOHV�� $Q\� FRPSOLFDWHG� F\FOH� FDQ� EH�DQDO\]HG�HDVLO\�XVLQJ�&\FOH3DG��7KH�DGYDQWDJH�RI�XVLQJ�&\FOH3DG�LV�QRW�RQO\�GRHV�LW�SURYLGH�TXLFN�DQG�DFFXUDWH�F\FOH�DQDO\VLV�SUHGLFWLRQV��EXW�WKDW�LW�DOVR�IRUFHV�WKH�XVHU�WR� GHILQH� HDFK� SURFHVV� LQ� WKH� F\FOH� DQG� WR� PDNH�UHDVRQDEOH� LQSXW� LQIRUPDWLRQ� WR� WKH� F\FOH�� 8VHUV� XVLQJ�&\FOH3DG� LQ� GHVLJQLQJ� F\FOHV� FRXOG� EH� IUHHG� IURP�WHGLRXV� WDEOH� VHDUFKLQJ� DQG� KDQG� FDOFXODWLRQV�� 7KH\�FRXOG� VSHQG� PRUH� WLPH� GRLQJ� RSWLPL]DWLRQ� RI�RSHUDWLRQDO� SDUDPHWHUV� DQG� VHOHFWLRQ� RI� GLIIHUHQW�

FRPELQDWLRQV� RI� ZRUNLQJ� IOXLGV� RI� WKH� WKHUPRG\QDPLF�V\VWHPV�$&.12:/('*(0(17
7KLV� SDSHU� LV� D� UHVXOW� RI� D� UHVHDUFK� FRQWUDFW VSRQVRUHG�E\� 215� �2IILFH� RI� 1DYDO� 5HVHDUFK�� XQGHU� WKH� DZDUG�QXPEHU�1�������:5������5()(5(1&(6
>�@� )RUEXV�� .��� 6HOI�H[SODQDWRU\� VLPXODWRUV�� PDNLQJ�FRPSXWHUV� SDUWQHUV� LQ� WKH� � PRGHOLQJ� SURFHVV��0DWKHPDWLFV�DQG�&RPSXWHUV�LQ�6LPXODWLRQ��Y�����SS��������������>�@� � � :X�� &��� 8VLQJ� DUWLFXODWH� YLUWXDO� ODERUDWRULHV� LQ�WHDFKLQJ�HQHUJ\�FRQYHUVLRQ�DW�WKH�8�6��1DYDO�$FDGHP\��-RXUQDO� RI� (GXFDWLRQDO� 7HFKQRORJ\� 6\VWHPV�� Y ���� SS����������������>�@� � � :X�� &��� ,QWHOOLJHQW� FRPSXWHU� DLGHG� VHQVLWLYLW\�DQDO\VLV� RI� D� PXOWL�VWDJH� %UD\WRQ�5DQNLQH� FRPELQHG�F\FOH�� (QHUJ\� &RQYHUVLRQ� DQG� 0DQDJHPHQW�� Y� ���� SS����������������>�@���)URVW��7�+���$QGHUVRQ��$��DQG�$JQHZ��%���$�K\EULG�JDV� WXUELQH� F\FOH� �%UD\WRQ�(ULFVVRQ��� DQ� DOWHUQDWLYH� WR�FRQYHQWLRQDO� FRPELQHG� JDV� DQG� VWHDP� WXUELQH� SRZHU�SODQW� 3URFHHGLQJV� RI� WKH� ,QVWLWXWH� RI� 0HFKDQLFDO�(QJLQHHUV�� 3DUW� $�� -RXUQDO� RI� 3RZHU� DQG� (QHUJ\� Y�����$����SS����������������>�@���:X��&���,QWHOOLJHQW�FRPSXWHU�DLGHG�RSWLPL]DWLRQ�RI�SRZHU�DQG�HQHUJ\�V\VWHPV��3URFHHGLQJV�RI� WKH�,QVWLWXWH�RI�0HFKDQLFDO�(QJLQHHUV��3DUW�$��-RXUQDO�RI�3RZHU�DQG�(QHUJ\��Y�����$����SS������������
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