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7\SLFDO� XQGHUJUDGXDWH� RSHUDWLQJ� V\VWHPV� SURMHFWV� XVH� VHUYLFHV�

SURYLGHG�E\�DQ�RSHUDWLQJ�V\VWHP�YLD�V\VWHP�FDOOV�RU�GHYHORS�FRGH�

LQ� D� VLPXODWHG�RSHUDWLQJ� V\VWHP�� �:LWK� WKH� LQFUHDVLQJ�SRSXODULW\�

RI�RSHUDWLQJ�V\VWHPV�ZLWK�RSHQ�VRXUFH�FRGH�VXFK�DV�/LQX[��WKHUH�

DUH�XQWDSSHG�SRVVLELOLWLHV�IRU�RSHUDWLQJ�V\VWHPV�SURMHFWV�WR�PRGLI\�

UHDO� RSHUDWLQJ� V\VWHP� FRGH�� � :H� SUHVHQW� WKH� KDUGZDUH� DQG�

VRIWZDUH�FRQILJXUDWLRQ�RI�DQ�RSHQ�VRXUFH�ODERUDWRU\�WKDW�SURPLVHV�

WR� SURYLGH� VWXGHQWV� WKDW� XVH� LW� ZLWK� D� EHWWHU� XQGHUVWDQGLQJ� RI�

RSHUDWLQJ�V\VWHP�LQWHUQDOV�WKDQ�LV�W\SLFDOO\�JDLQHG�LQ�D�WUDGLWLRQDO�

RSHUDWLQJ� V\VWHPV� FRXUVH�� � 2XU� SUHOLPLQDU\� SURMHFWV� DQG�

HYDOXDWLRQ� VXJJHVW� WKDW� WKXV� IDU� WKH� ODE� KDV� DFKLHYHG� LWV� SULPDU\�

JRDO�LQ�WKDW�VWXGHQWV�WKDW�XVHG�WKH�ODE�IHHO�PRUH�NQRZOHGJHDEOH�LQ�

RSHUDWLQJ�V\VWHPV�DQG�PRUH�FRQILGHQW�LQ�WKHLU�DELOLW\�WR�ZULWH�DQG�

PRGLI\�RSHUDWLQJ�V\VWHP�FRGH��

��� ,1752'8&7,21�
:RUFHVWHU�3RO\WHFKQLF�,QVWLWXWH��:3,��LV�D�SULYDWH�XQLYHUVLW\�ZLWK�

DSSUR[LPDWHO\� ����� XQGHUJUDGXDWH� VWXGHQWV� DQG� RYHU� ����

FRPSXWHU� VFLHQFH� PDMRUV�� � $V� SDUW� RI� LWV� FRUH� FXUULFXOXP� WKH�

&RPSXWHU� 6FLHQFH� 'HSDUWPHQW� RIIHUV� VWXGHQWV� DQ� LQWURGXFWRU\�

2SHUDWLQJ�6\VWHPV�FRXUVH���7KH�FRXUVH�FRYHUV�WUDGLWLRQDO�WRSLFV�LQ�

RSHUDWLQJ�V\VWHPV�� VXFK�DV�SURFHVV�PDQDJHPHQW��V\QFKURQL]DWLRQ�

DQG�PHPRU\�PDQDJHPHQW�XVLQJ�ZHOO�NQRZQ�WH[WV�>6*���7DQ��@��

7KH� FRXUVH� KDV� EHHQ� WDXJKW� XVLQJ� WKH� JHQHUDO� SXUSRVH� 8QL[�

FRPSXWLQJ� IDFLOLWLHV�SURYLGHG�E\� WKH�&DPSXV�&RPSXWLQJ�&HQWHU��

7\SLFDOO\�� VWXGHQW� SURMHFWV� GLG� V\QFKURQL]DWLRQ� DPRQJ� D� VHW� RI�

8QL[�SURFHVVHV�RU�WKUHDGV��RU�PDQDJHG�YLUWXDO�PHPRU\�XVLQJ�XVHU�

OHYHO� VLPXODWLRQV��7KH�QDWXUH�RI� WKH�SURMHFWV�PHDQV� WKDW� VWXGHQWV�

JHW� H[SHULHQFH� ZLWK� V\VWHP� SURJUDPPLQJ� ZKLOH� OHDUQLQJ� DERXW�

RSHUDWLQJ� V\VWHPV� FRQFHSWV�� � 2XU� V\VWHPV� FRXUVHV� ZHUH

VXFFHVVIXO� LQ� SURYLGLQJ� VWXGHQWV� D� SUDFWLFDO� H[SRVXUH� WR� V\VWHPV�

FDOOV� WKURXJK� SURMHFWV� WKDW� DFFHVV� WKH� PDQ\� RSHUDWLQJ� V\VWHP�

VHUYLFHV�IURP�XVHU�SURJUDPV��EXW�KDG�QRW�EHHQ�DEOH�WR�SURYLGH�DQ�

DGHTXDWH�KDQGV�RQ�H[SHULHQFH�ZLWK�RSHUDWLQJ�V\VWHP�LQWHUQDOV���

%\�XVLQJ�D�SURSULHWDU\�8QL[�RSHUDWLQJ�V\VWHP��WKH�VWXGHQWV�GLG�QRW�

JHW� DQ� RSSRUWXQLW\� WR� HYHQ� VWXG\�� OHW� DORQH� LPSOHPHQW�� UHDO�

RSHUDWLQJ� V\VWHPV� FRGH�� � :H� KDG� FRQVLGHUHG� VZLWFKLQJ� WR� DQ�

RSHUDWLQJ� V\VWHPV� VLPXODWLRQ� HQYLURQPHQW� VXFK� DV� 1DFKRV�

>&3$��@� RU� RWKHUV� >.6���*%&���@�� EXW� KDG� QRW�PRYHG� LQ� WKDW�

GLUHFWLRQ� EHFDXVH� ZKLOH� VWXGHQWV� LPSOHPHQW� RSHUDWLQJ� V\VWHP�

FRGH�� WKH\� GR� VR� LQ� D� VLPXODWHG� RSHUDWLQJ� V\VWHP�� :H� GLG� QRW�

EHOLHYH�WKLV�ZDV�DQ�LPSURYHPHQW�RYHU�WKH�FXUUHQW�DSSURDFK��

6\VWHPV� FXUULFXOD� PXVW� DGGUHVV� WKH� IDFW� WKDW� RSHUDWLQJ� V\VWHPV�

ZLWK�RSHQ�VRXUFH�FRGH�VXFK�DV�/LQX[�>/LQ@�DUH�QRW�RQO\�DYDLODEOH��

EXW� EHFRPLQJ� VHULRXV� FRPSHWLWRUV� WR� FRPPHUFLDO�SURGXFWV� LQ� WKH�

3&� PDUNHW�� � 8VLQJ� DQ� RSHQ� VRXUFH� RSHUDWLQJ� V\VWHP� QRW� RQO\�

SURYLGHV�VWXGHQWV�ZLWK�SURGXFWLRQ�TXDOLW\�V\VWHP�VRXUFH�FRGH�IRU�

VWXG\��EXW�DOVR�RQH�RQ�ZKLFK�WKH\�FDQ�H[SHULPHQW�ZLWK�LI�LW�LV�QRW�

GHVLJQDWHG�IRU�JHQHUDO�XVH��

&RXUVHV� VXSSRUWLQJ� RSHQ� VRXUFH� SURMHFWV� PXVW� SURYLGH� D�

ODERUDWRU\� DOORZLQJ�XQUHVWULFWHG�DFFHVV� WR� WKH�PDFKLQHV��EXW� LQ�D�

VDIH�PDQQHU�ERWK�IRU�VWXGHQWV�LQ�WKH�FODVV�DQG�IRU�VWXGHQWV�RXWVLGH�

WKH� FODVV�� � ,Q� RUGHU� IRU� VWXGHQWV� WR�PRGLI\� WKH� RSHUDWLQJ� V\VWHP�

FRGH�� WKH\� QHHG� �RU� FDQ� JHW�� URRW� �RU� VXSHU�XVHU�� SHUPLVVLRQ���

7KXV��HDFK�PDFKLQH�LV�LQVHFXUH�LQ�WKDW�DQ\�ILOH�RQ�WKH�PDFKLQH�FDQ�

EH� FRPSURPLVHG�� ERWK� LQ� WHUPV� RI� SULYDF\� DQG� LQWHJULW\�� � 7KLV�

PHDQV� WKDW� RSHQ� VRXUFH� SURMHFW�PDFKLQHV� FDQQRW� EH� HDVLO\� WLPH�

VKDUHG�VLQFH�WKH\�FDQ�EH�XQVWDEOH�DQG�QRW�SULYDWH���7KHUH�PXVW�EH�

TXLFN� ZD\V� WR� VHOHFWLYHO\� UHSDLU� RU� UH�LQVWDOO� WKH� VRIWZDUH� RQ� D�

PDFKLQH�LQ�WKH�HYHQW�WKDW�D�V\VWHP�LV�LQDGYHUWHQWO\�FRPSURPLVHG���

0RUHRYHU�� D� VXSHU�XVHU� FDQ� LQILOWUDWH� WKH� QHWZRUN�� VQLIILQJ�

QHWZRUN�SDFNHWV�DQG�VHQGLQJ�ODUJH�DPRXQWV�RI�GDWD��LQWHQWLRQDOO\�

RU� LQDGYHUWHQWO\�� LQ� D� GHQLDO�RI�VHUYLFH� DWWDFN�� � 7KLV� UHTXLUHV�

DGGLWLRQDO� SURWHFWLRQ� RXWVLGH� RI� WKH� PDFKLQH� LWVHOI� WR� FUHDWH� D�

SURGXFWLYH��\HW�SURWHFWHG�HQYLURQPHQW��

/DERUDWRULHV� DW� WKUHH� LQVWLWXWLRQV� DORQJ� ZLWK� WKH� DVVRFLDWHG�

FXUULFXOXP� KDYH� VHUYHG� DV� SULPH� LQIOXHQFHV� RQ� RXU� DSSURDFK���

7KHVH� ODERUDWRULHV� DUH�� D� /LQX[�EDVHG� ODE� DW� $XEXUQ� 8QLYHUVLW\�

GHYHORSHG� ZLWK� 16)� VXSSRUW� >&&��@�� $/$02'(�� D� ODE� IRU�

GLVWULEXWHG� HQYLURQPHQWV� DW� &RORUDGR� 6FKRRO� RI� 0LQHV� DOVR�

VXSSRUWHG�E\�16)�>&0��@��DQG�DQ�DGYDQFHG�V\VWHPV�ODE�DW��

�7KLV�ZRUN� LV�SDUWLDOO\� IXQGHG�E\� WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�&RXUVH��

&XUULFXOXP�DQG�/DERUDWRU\�,PSURYHPHQW�*UDQW�'8(���������



0LFKLJDQ� 7HFKQRORJLFDO� 8QLYHUVLW\� >0.��@�� � 2XU� DSSURDFK�

GLIIHUV� IURP� WKHVH� RWKHU� ODERUDWRULHV� LQ� WKDW� ZH� FRQFHQWUDWH� RQ�

HQDEOLQJ� VWXGHQWV� WR� PRGLI\� WKH� RSHUDWLQJ� V\VWHP� LQ� DQ�

LQWURGXFWRU\�FRXUVH��

2XU� DSSURDFK� EXLOGV� XSRQ� WKLV� SUHYLRXV� ZRUN� LQ� RSHUDWLQJ� DQG�

GLVWULEXWHG�V\VWHPV�WR�HQKDQFH�RXU�LQWURGXFWRU\�RSHUDWLQJ�V\VWHPV�

FRXUVH�� �7KH�SULPDU\�IRFXV�LV�WKH�GHYHORSPHQW�RI�D�ODERUDWRU\�RI�

PDFKLQHV�� WKH�)UHH�2SHQ� 6RXUFH� /DERUDWRU\� �)26/�� KHQFHIRUWK�

FDOOHG� WKH�)RVVLO� ODE��� UXQQLQJ� WKH�/LQX[�RSHUDWLQJ�V\VWHP�DORQJ�

ZLWK� SURMHFWV� WR� XVH� WKHVH� PDFKLQHV�� � 7KH� )RVVLO� ODE� RIIHUV� WKH�

FKDQFH� WR� LQFUHDVH� HPSKDVLV� RQ� D� KDQGV�RQ� H[SHULHQFH� LQ� WKH�

GHVLJQ� DQG� LPSOHPHQWDWLRQ� RI� D� ODUJH� SLHFH� RI� V\VWHPV� VRIWZDUH�

WKDW�LV�SUDFWLFDO�WR�PRGHUQ�FRPSXWLQJ�V\VWHPV���$�/LQX[�PDFKLQH�

LV� DVVLJQHG� HQWLUHO\� WR� RQH� JURXS� RI� VWXGHQWV� IRU� SULYDF\� DQG�

VWDELOLW\�� EXW� LV� FRQILJXUHG� VXFK� WKDW� DOO� VWXGHQWV� FDQ� XVH� DQ\�

PDFKLQH�LQ�³JXHVW´�PRGH�WR�LQFUHDVH�SURGXFWLYLW\��&XVWRP�VFULSWV�

DUH�SODFHG�RQ�SXEOLFO\�DYDLODEOH�ERRWDEOH�&'V�WR�DOORZ�TXLFN�UH�

LQVWDOODWLRQ� RI� FOLHQW� PDFKLQHV� LQ� WKH� HYHQW� RI� PDFKLQH� FUDVKHV���

/DVWO\�� WKH�RXWVLGH�FDPSXV�LV�SURWHFWHG�IURP�LQDGYHUWHQW�QHWZRUN�

WUDIILF�E\�D�ILUHZDOO��D�KLJK�SHUIRUPDQFH�/LQX[�VHUYHU���

$� SULQFLSDO� WKHPH� LQ� GHYHORSLQJ� WKH� FRXUVH� SURMHFWV� LV� D�

SHUIRUPDQFH�VXSSOHPHQW�ZKHUH�ZH�H[DPLQH�SHUIRUPDQFH�LVVXHV�RI�

GLIIHUHQW� V\VWHP� GHVLJQV� DQG� LPSOHPHQWDWLRQV�� 7KLV� DSSURDFK� WR�

WHDFKLQJ�RSHUDWLQJ�V\VWHPV�LV�HVSRXVHG� LQ�D�ERRN�E\�'RZG\�DQG�

/RZHU\�� ZKLFK� ZDV� FRPPLVVLRQHG� E\� WKH� $&0� 6,*0(75,&6�

DQG�WKH�&RPSXWHU�0HDVXUHPHQW�*URXS��&0*��>'/��@��

:H� EHOLHYH� WKH� GHYHORSPHQW� RI� WKLV� GHGLFDWHG� ODE�ZLOO� QRW� RQO\�

SURYLGH�VWXGHQWV�RSSRUWXQLWLHV�WR�XVH��EXW�DOVR�WR�H[SHULPHQW�ZLWK�

D�UHDO�V\VWHP�IRU�RSHUDWLQJ�V\VWHPV�ZRUN���7KHVH�RSSRUWXQLWLHV�DUH�

QRW� DYDLODEOH� LQ� D� JHQHUDO�SXUSRVH� ODE�ZKHUH� WKH�PDFKLQHV� UXQ�D�

FRPPHUFLDO�RSHUDWLQJ�V\VWHP���,W�LV�RXU�H[SHFWDWLRQ�WKDW�WKH�ZRUN�

ZLOO� QRW� RQO\� KDYH� D� VWURQJ� SRVLWLYH� HIIHFW� RQ� :3,� DQG� LWV�

VWXGHQWV�� EXW� DOVR� VHUYH� DV� D� FRVW�HIIHFWLYH� PRGHO� WKDW� FDQ� EH�

UHSOLFDWHG�DW�RWKHU�LQVWLWXWLRQV��

��� $3352$&+�
2XU�DSSURDFK�LQYROYHV�WKUHH�VWHSV�����FRQILJXUH�ERWK�WKH�KDUGZDUH�

DQG� VRIWZDUH� LQ� WKH� )RVVLO� ODE� WR� VXSSRUW� RSHQ� VRXUFH�

H[SHULPHQWDWLRQ�� ��� GHYHORS� SURMHFWV� ZKLFK� DOORZ� SUDFWLFDO�

H[SORUDWLRQ� RI� FRUH� RSHUDWLQJ� V\VWHP� FRQFHSWV� XVLQJ� WKH� )RVVLO�

ODE��DQG����HYDOXDWH�WKH�LPSDFW�RI�WKH�/DE�LQ�RUGHU�WR�GLVVHPLQDWH�

UHVXOWV�DQG�WXQH�SURMHFWV�IRU�PRUH�HIIHFWLYH�LPSDFW��

���� &RQILJXUDWLRQ�
7KH� )RVVLO� ODE� KDV� ��� ,QWHO� 3HQWLXP�,,,� ���� 0+]� GHVNWRS�

FRPSXWHUV� DQG� �� VHUYHU�� �:H�HPSOR\HG� D�JUDGXDWH� VWXGHQW� IRU� ��

PRQWKV� GXULQJ� WKH� VXPPHU� WR� DVVLVW� LQ� VHWWLQJ� XS� WKH� ODE� DQG� LQ�

GHYHORSLQJ� WKH� SURMHFWV� WR� EH� XVHG� LQ� WKH� FRXUVHV�� � 7KLV� VDPH�

VWXGHQW�WKHQ�VWD\HG�RQ�WKURXJK�WKH�\HDU�DV�D�WHDFKLQJ�DVVLVWDQW�IRU�

WKH�26�FRXUVH��GRXEOLQJ�DV�WKH�)RVVLO�V\VWHP�DGPLQLVWUDWRU��

7KH�KDUGZDUH�FRQILJXUDWLRQ� LV�GHVLJQHG� WR�SURYLGH�DQ�DFFHSWDEOH�

SURMHFW� GHYHORSPHQW� HQYLURQPHQW� IRU� HDFK� FOLHQW�PDFKLQH��ZKLOH�

VWLOO�DOORZLQJ�DFFHVV�WR�WKH�,QWHUQHW�YLD�WKH�VHUYHU���7KH�VHUYHU�DQG�

QHWZRUNLQJ� HTXLSPHQW� DUH� SK\VLFDOO\� VHFXUH�� � ,Q� DGGLWLRQ�� WKH�

FOLHQWV�DUH�FRQILJXUHG�VR�WKDW�JDLQLQJ�URRW�DFFHVV�WR�WKH�PDFKLQH��

DQG� WKHUHIRUH�DOORZLQJ�DFFHVV� WR�DOO�VRXUFH�FRGH��LV�YHU\�GLIILFXOW�

H[FHSW�IRU�WKH�JURXS�DVVLJQHG�WR�WKH�PDFKLQH��

7KH�VHUYHU�FRQQHFWV�WR�WKH�FOLHQWV�YLD�DQ�(WKHUQHW�OLQN��FRQQHFWLQJ�

WR�WZR����SRUW�KXEV���7KH�WZR�KXEV�DUH�NHSW�LQ�D�SK\VLFDOO\�VHFXUH�

QHWZRUN�FORVHW��7R�UHGXFH�WKH�VXVFHSWLELOLW\�RI�QHWZRUN�VQRRSLQJ�

IRU�SDVVZRUGV��RQO\�VHFXUH�FRQQHFWLRQV��ssh��slogin��scp��DUH�
HQDEOHG� WR� WKH� )RVVLO� VHUYHU�� � 7KH� VHUYHU� LV� DOVR� FRQILJXUHG� WR�

DOORZ�FOLHQWV�WR�EURZVH�WKH�:HE�DV�LI�WKH\�ZHUH�RQ�WKH�PDLQ�:3,�

QHWZRUN��

7KH�FOLHQW�PDFKLQHV�DUH�SK\VLFDOO\�ORFDWHG�LQ�WKH�)RVVLO�ODE���7KH�

FOLHQWV�DUH�DOO�RQ�D�SULYDWH�VXEQHW�ZKLOH�WKH�)RVVLO�VHUYHU�LV�RQ�WKH�

PDLQ� :3,� QHWZRUN�� � 5HPRWH� DFFHVV� WR� WKH� )RVVLO� FOLHQWV� IURP�

RXWVLGH� WKH� ODE� �VD\�� IURP� D� GRUP� URRP�� LV� DYDLODEOH� E\� ILUVW�

FRQQHFWLQJ�WR�WKH�)RVVLO�VHUYHU��DQG�IURP�WKHUH�FRQQHFWLQJ�WR�DQ\�

RI�WKH�FOLHQWV��

7KH� VRIWZDUH�FRQILJXUDWLRQ� LV�GHVLJQHG� WR�SURYLGH�DV�PXFK� ORFDO�

DFFHVV�WR�WKH�FOLHQW�PDFKLQHV�DV�SRVVLEOH�IRU�WKH�VWXGHQWV�LQ�RUGHU�

WR� SURYLGH� JRRG� SHUIRUPDQFH� IRU� GHYHORSLQJ� SURMHFWV� DQG� WR�

UHGXFH� QHWZRUN� ORDG�� � (DFK� VWXGHQW� JURXS� LV� JLYHQ� WKH� URRW�

SDVVZRUG� IRU� RQH� FOLHQW�� � 0RGLILFDWLRQV� WR� WKH� NHUQHO� DUH� WKHQ�

GRQH� GLUHFWO\� RQ� WKHLU� FOLHQW�PDFKLQH�� XVLQJ� URRW� SHUPLVVLRQV� WR�

LQVWDOO� WKH�NHUQHO�DQG�UHERRW� WKH�PDFKLQH�� �(DFK�VWXGHQW�UHFHLYHV�

DQ� DFFRXQW� RQ� WKH� VHUYHU�� EXW� XVHV� WKLV� DFFRXQW� SULPDULO\� IRU�

EDFNXSV� RI� WKHLU� SURMHFW� FRGH� DQG� DFFHVV� WR� WKHLU� )RVVLO� FOLHQWV�

IURP�RXWVLGH�WKH�)RVVLO�ODE��

(DFK�)RVVLO�FOLHQW�LV�FRQILJXUHG�ZLWK�WKUHH�DFFRXQWV���$V�LQGLFDWHG�

DERYH��WKHUH�LV�D�³URRW´�DFFRXQW�WKDW�LV�JLYHQ�WR�HDFK�JURXS�IRU�WKH�

PDFKLQH� WR�ZKLFK� WKH\� DUH� DVVLJQHG�� �(DFK�JURXS� WKHQ� FUHDWHV� D�

XVHU� DFFRXQW� IRU� HDFK� PHPEHU� RI� WKH� JURXS�� JLYLQJ� HDFK� XVHU�

DFFRXQW�sudo�SHUPLVVLRQ�WR�DOORZ�UXQQLQJ�FRPPDQGV�DV�URRW���,Q�
DGGLWLRQ�� HDFK� FOLHQW� PDFKLQH� FRPHV� FRQILJXUHG� ZLWK� D� ³JXHVW´�

DFFRXQW��ZLWK�WKH�VDPH�SDVVZRUG�IRU�DOO�FOLHQW�PDFKLQHV�LQ�WKH�ODE�

DQG� LV� JLYHQ� RXW� WR� HDFK� VWXGHQW�� � 7KH� JXHVW� DFFRXQW� DOORZV�

VWXGHQW�WR�ORJ�LQWR�DQ\�LGOH�PDFKLQH�LQ�WKH�ODE��HYHQ�LI�WKH\�DUH�QRW�

DVVLJQHG� WR� LW�� � 7KLV� JLYHV� WKH� DELOLW\� WR� XVH� WKH� PDFKLQH� IRU�

EURZVLQJ� WKH� :HE� RU� IRU� GRFXPHQW� SUHSDUDWLRQ�� � 7KH� WKLUG�

DFFRXQW�LV�DQ�³DGPLQ´�DFFRXQW�ZKLFK�DOORZV�DFFHVV�DV�URRW�IRU�WKH�

WHDFKLQJ�DVVLVWDQWV��V\VWHP�DGPLQLVWUDWRUV�DQG�FRXUVH�LQVWUXFWRUV��

(DFK� VWXGHQW� LV� DEOH� WR� VWDUW� DQ� ;� VHVVLRQ� RQ� WKHLU� DVVLJQHG�

PDFKLQH� IURP� DQ\� LGOH� PDFKLQH�� ZKLFK� DOORZV� PXOWLSOH� JURXS�

PHPEHUV�WR�ZRUN�RQ�WKHLU�DVVLJQHG�PDFKLQH�IURP�PXOWLSOH�)RVVLO�

FOLHQWV��

/DVWO\��LQ�RUGHU�WR�QRW�DOORZ�URRW�DFFHVV�WR�WKH�PDFKLQHV�YLD�D�ERRW�

IORSS\�� WKH�ERRW� VHTXHQFH�RI� WKH�PDFKLQHV� LV� FKDQJHG� LQ�ELRV� WR�

ILUVW�ERRW�IURP�WKH�KDUG�GULYH��WKHQ�WKH�&'�520���7KLV�VHWWLQJ�LV�

SURWHFWHG�YLD�D�%,26�SDVVZRUG��ZKLFK�RQO\�WKH�JURXS�DVVLJQHG�WR�

WKH�PDFKLQH�NQRZV����

:H�GHYHORSHG�VRIWZDUH� VFULSWV� WR� IDFLOLWDWH� WKH� LQLWLDO� LQVWDOODWLRQ�

RI� HDFK� )RVVLO� FOLHQW� DV� ZHOO� DV� WR� VXSSRUW� VHYHUDO� GLIIHUHQW�

PHWKRGV� IRU� UHSDLU� DQG� UH�LQVWDOODWLRQ�� � 7KH� VFULSWV� DUH� SXW� RQ� D�

ERRWDEOH� &'� 520� WKDW� UXQV� D� PLQLPDO� NHUQHO�� � 7KH� VFULSW�

VXSSRUWV� LQVWDOODWLRQ� PHWKRGV� RI�� IXOO� ZKLFK� UHSDUWLWLRQV� DQG�

UHIRUPDWV� WKH� KDUG�GULYH� DQG� UH�LQVWDOOV� DOO� VRIWZDUH� IURP� WKH�

LQLWLDO�� GHIDXOW� FRQILJXUDWLRQ�� OLQX[� ZKLFK� UHVWRUHV� WKH� RULJLQDO�

/LQX[� ILOH� V\VWHP� EXW� OHDYHV� WKH� KRPH� GLUHFWRULHV� DORQH�� DQG�

NHUQHO� ZKLFK� UHVWRUHV� MXVW� WKH� /LQX[� VRXUFH� FRGH� DQG� UH�LQVWDOOV�

WKH�RULJLQDO�ERRWDEOH�NHUQHO���



��� 352-(&76�
7KH� ILUVW�RIIHULQJ�RI�RXU�2SHUDWLQJ�6\VWHP�FRXUVH�KDG���SURMHFWV�

XWLOL]LQJ� WKH�)RVVLO�ODE���VRPH�EDVHG�RQ�>1XW��@��VSUHDG�RXW�RYHU�

WKH� ��ZHHN� WHUP�� ,Q� WKH� SURMHFWV� WKH� VWXGHQWV� ZHUH� UHTXLUHG� WR�

VWXG\� WKH� FXUUHQW� RSHUDWLQJ� V\VWHP� LQWHUQDOV�� GHVLJQ� DQG�

LPSOHPHQW� D� VROXWLRQ�� HYDOXDWH� WKH�SHUIRUPDQFH�RI� WKHLU� VROXWLRQ�

DQG� DQVZHU� VRPH� VKRUW� TXHVWLRQV� UHJDUGLQJ� H[WHQVLRQV� WR� WKHLU�

SURMHFW�� � 6LQFH� WKH� PDMRULW\� RI� GHEXJJHUV� GR� QRW� ZRUN� DW� WKH�

RSHUDWLQJ�V\VWHP�NHUQHO� OHYHO��VWXGHQWV�ZHUH�ILUVW�EULHIHG�RQ�KRZ�

WR�GHEXJ�HIIHFWLYHO\�XVLQJ�printk()��D�PHDQV�RI�SULQWLQJ�NHUQHO�
GDWD�WR�D�ORJ�ILOH��6WXGHQWV�WXUQHG�LQ�WKHLU�FRPSOHWH�VRXUFH�FRGH�VR�

WKDW� WKH�PRGLILHG�NHUQHOV� FRXOG�EH� UH�FRPSLOHG�DQG� UHERRWHG� IRU�

JUDGLQJ��

7KH� ILUVW� SURMHFW� ZDV� GHVLJQHG� WR� JHW� VWXGHQWV� IDPLOLDU� ZLWK� WKH�

/LQX[� V\VWHP�� � ,W� LQFOXGHG� D� VHULHV� RI� ³FRRN�ERRN´� W\SH�

LQVWUXFWLRQV� WKDW� ZDONHG� VWXGHQWV� WKURXJK� WKH� DGGLWLRQ� RI� XVHU�

DFFRXQWV��WKH�XVH�RI�VRPH�FRPPRQ�8QL[�WRROV�VXFK�DV�find�DQG�
grep�� WKH� ORFDWLRQ�RI� WKH�/LQX[�VRXUFH�FRGH�� LQVWUXFWLRQV�RQ�UH�
FRPSLOLQJ�DQG�UHERRWLQJ�WKH�NHUQHO��DQG�VDYLQJ�ZRUN�WR�WKH�)RVVLO�

VHUYHU�� � 7KH� VHW� RI� FRPPDQGV� XVHG� ZDV� QRW� LQWHQGHG� WR� EH�

H[KDXVWLYH�� EXW� UDWKHU� ZDV� LQWHQGHG� WR� JHW� VWXGHQWV� IRUPHG� LQWR�

JURXSV� DQG� LQWURGXFHG� WR� VRPH� RI� WKH� /LQX[� IXQGDPHQWDOV�

UHTXLUHG�IRU�WKH�ODWHU�SURMHFWV��

7KH� VHFRQG� SURMHFW� LQYROYHG� FUHDWLQJ� D� QHZ� SURFHVV� VFKHGXOLQJ�

DOJRULWKP���6WXGHQWV�VWXGLHG�SDUWV�RI�WKH�/LQX[�VFKHGXOHU�LQ�GHSWK�

WR�XQGHUVWDQG�KRZ�LW�GHFLGHV�RQ�ZKLFK�SURFHVV�WR�UXQ��7KH\�WKHQ�

PRGLILHG� WKH� /LQX[� VFKHGXOHU� WR� LPSOHPHQW� D� QHZ� VFKHGXOLQJ�

SROLF\�� FDOOHG� IDLU�VKDUH� VFKHGXOLQJ�� WKDW� DOORFDWHG� &38� WLPH�

EDVHG�RQ�QXPEHU�RI�SURFHVVHV�IRU�HDFK�XVHU���7KH\�HYDOXDWHG�KRZ�

WKHLU�QHZ�VFKHGXOHU�SHUIRUPHG� LQ� WHUPV�RI�IDLUQHVV�DQG�RYHUKHDG�

DQG�ZURWH�XS�GHWDLOV�RQ�WKHLU�LPSOHPHQWDWLRQ�DQG�HYDOXDWLRQ��

7KH�WKLUG�SURMHFW��ZRUWK�WZLFH�WKH�SRLQWV�RI�WKH�RWKHU�SURMHFWV��KDG�

VWXGHQWV� LPSOHPHQW� D� QHZ� V\QFKURQL]DWLRQ� SULPLWLYH�� FDOOHG� DQ�

HYHQW� DQG�ZULWH� FRGH� WR� XVH� LW�� � 6WXGHQWV� ��� FUHDWHG� QHZ� V\VWHP�

FDOOV� WR� DOORZ� XVHUV� WR� DFFHVV� WKHLU� QHZ� HYHQWV�� ��� GHVLJQHG� DQG�

LPSOHPHQWHG� GDWD� VWUXFWXUHV� WKDW� SURYLGH� WKH� IXQFWLRQDOLW\�

UHTXLUHG� RI� WKH� HYHQWV�� ��� DGGHG� VRXUFH� FRGH� WR� WKH�/LQX[�EXLOG�

SURFHVV��DQG����GHVLJQHG�DQG�GHYHORSHG�D�VLPSOH�WH[W�EDVHG�YLGHR�

SURGXFHU�DQG�YLGHR�FRQVXPHUV�WR�XVH�WKH�HYHQWV��

7KH� IRXUWK� SURMHFW� KDG� VWXGHQWV� GHVLJQ� DQG� LPSOHPHQW� D� QHZ�

GHYLFH�GULYHU��FDOOHG�DQ�PER[��IRU�³PDLO�ER[´�RU�³PHVVDJH�ER[´��

IRU�D�),)2�GHYLFH��7KH�GULYHU�ZDV�³YLUWXDO´�LQ�WKH�VHQVH�WKDW�LW�ZDV�

QRW�WLHG�WR�D�SLHFH�RI�SDUWLFXODU�KDUGZDUH��5DWKHU��LW�DSSHDUHG�DV�D�

GHYLFH� WR� WKH� RSHUDWLQJ� V\VWHP� DQG� WKH� XVHU� E\� UHJLVWHULQJ� LWVHOI�

ZLWK� WKH� GHYLFH� LQGHSHQGHQW� OD\HU� RI� WKH�/LQX[� NHUQHO�� 6WXGHQWV�

LPSOHPHQWHG�WKH�GHYLFH�GULYHU�DV�D�ORDGDEOH�PRGXOH��D�FRQYHQLHQW�

PHDQV�RI�H[WHQGLQJ�/LQX[�IXQFWLRQDOLW\��

��� (9$/8$7,21�
7KXV� IDU�� ZH� KDYH� XVHG� WKH� )RVVLO� ODE� VXFFHVVIXOO\� LQ� RQH�

RSHUDWLQJ�V\VWHPV�FRXUVH�� �7KH�EUHDNGRZQ�RI�JUDGHV�IRU�VWXGHQWV�

LQ�WKLV�FRXUVH�RIIHULQJ�ZDV�FRPSDUDEOH�WR�WKH�EUHDNGRZQ�RI�JUDGHV�

LQ�SUHYLRXV�RSHUDWLQJ�V\VWHPV�FRXUVHV� WKDW�GLG�QRW�XVH� WKH�)RVVLO�

ODE�� :H� LQIRUPDOO\� DVNHG� VWXGHQWV� KRZ� PXFK� WLPH� WKH\� VSHQW�

GRLQJ� WKH� )RVVLO� ODE� SURMHFWV� DQG� FRPSDUHG� WKHVH� WR� WKH� WLPHV�

SUHYLRXV� VWXGHQWV� KDG� VSHQW� RQ� SURMHFWV� LQ� RSHUDWLQJ� V\VWHPV�

�����������������������������������������������������������������

��3URMHFW�GHVFULSWLRQV�RQOLQH�DW�http://fossil.wpi.edu�

FRXUVHV�ZLWKRXW�WKH�)RVVLO�ODE���,Q�JHQHUDO��WKH�PHGLDQ�DPRXQW�RI�

WLPH� VSHQW� RQ� SURMHFWV� ZDV� DERXW� WKH� VDPH� IRU� HDFK� FRXUVH�

RIIHULQJ��EXW�WKH�YDULDQFH�ZDV�JUHDWHU�IRU�WKH�)RVVLO�ODE�SURMHFWV�LQ�

WKDW� VRPH� VWXGHQWV� UHTXLUHG� FRQVLGHUDEO\� PRUH� WLPH� ZKHQ� WKH\�

KDG�V\VWHP�SUREOHPV�RU�YHU\�GLIILFXOW�EXJV��

:H� IXUWKHU� HYDOXDWHG� WKH� HIIHFWLYHQHVV� RI� WKH� )RVVLO� ODE� IRU� WKLV�

FRXUVH� E\� DQDO\]LQJ� IHHGEDFN� IURP� WKH� 7HDFKLQJ�$VVLVWDQWV� DQG�

WKURXJK�D�VXUYH\�RI�WKH�VWXGHQWV�WKDW�XVHG�WKH�)RVVLO�ODE�FRPSDUHG�

ZLWK� D� VXUYH\� RI� VWXGHQWV� WKDW� WRRN� D� SUHYLRXV�� QRQ�)RVVLOL]HG�

RSHUDWLQJ�V\VWHPV�FODVV���

7KH� RSHUDWLQJ� V\VWHPV� FRXUVH� ZDV� SULPDULO\� FRPSRVHG� RI� &6�

PDMRUV��EXW�QHDUO\�D�WKLUG�RI�WKH�FODVV�ZDV�IURP�RWKHU�GLVFLSOLQHV��

HVSHFLDOO\� (OHFWULFDO� (QJLQHHULQJ�� � 0RVW� VWXGHQWV� KDG� WKHLU� RZQ�

3&V�LQ�WKHLU�GRUPV��EXW�RQO\�����RI�WKHP�UDQ�/LQX[�RQ�WKHLU�3&V����

,Q� WKH� SULPDU\� RIIHULQJ� RI� WKH� FRXUVH�� WKHUH� ZHUH� IHZ� PDMRU�

GLIILFXOWLHV���2QH�PDFKLQH�FUDVKHG�IRU�VHYHUDO�GD\V�GXH�WR�D�ORRVH�

PRWKHUERDUG�FRQQHFWLRQ�� �7KHUH�ZHUH���RU�VR� IXOO�UH�LQVWDOODWLRQV�

IURP� VWXGHQWV� WKDW� LQDGYHUWHQWO\� FRPSURPLVHG� WKHLU� KDUG�GULYHV��

7KHUH� ZHUH� QHDUO\� D� GR]HQ� OLQX[� LQVWDOODWLRQV� WKDW� UHVWRUHG� WKH�

RULJLQDO� /LQX[� NHUQHO� DIWHU� VWXGHQWV� ZHUH� XQDEOH� WR� JHW� WKHLU�

PRGLILHG�NHUQHO�WR�ZRUN��

7KH� FODVV� VXUYH\V� DOORZHG� VWXGHQWV� WR� SURYLGH� DQRQ\PRXV�

UHVSRQVHV� WR� DERXW� D� GR]HQ� TXHVWLRQV� GHVLJQHG� WR� TXDQWLWDWLYHO\�

PHDVXUH�WKH�LPSDFW�RI�WKH�)RVVLO�ODE�RQ�VWXGHQW�XQGHUVWDQGLQJ�RI�

RSHUDWLQJ� V\VWHPV�� 6WXGHQWV� SURYLGHG� QXPHULF� DQVZHUV� WR�

VWDWHPHQWV� EDVHG� RQ� WKHLU� DJUHHPHQW��ZKHUH� D� µ�¶� LQGLFDWHG� WKH\�

VWURQJO\�GLVDJUHH�ZLWK� WKH� VWDWHPHQW�� µ�¶� LQGLFDWHG� WKH\�GLVDJUHH��

µ�¶�LQGLFDWHG�DJUHHPHQW�DQG�µ�¶�LQGLFDWHG�VWURQJ�DJUHHPHQW������RI�

���VWXGHQWV�UHVSRQGHG�WR�WKH�VXUYH\�LQ�D�SUHYLRXV�FRXUVH�ZLWKRXW�

WKH�)RVVLO�ODE�DQG����RI����VWXGHQWV�UHVSRQGHG�WR�WKH�VXUYH\�LQ�WKH�

FRXUVH� ZLWK� WKH� )RVVLO� ODE�� 'XH� WR� VSDFH� FRQVWUDLQWV�� ZH� RQO\�

SUHVHQW� WKH� UHVXOWV� IURP� VHYHUDO� NH\� TXHVWLRQV� EHORZ��

³7UDGLWLRQDO´� UHSUHVHQWV� VWXGHQW�DJUHHPHQW� LQ� WKH�HDUOLHU�RIIHULQJ�

RI� WKH� RSHUDWLQJ� V\VWHPV� FRXUVH�� DQG� ³)RVVLO´� UHSUHVHQWV� VWXGHQW�

DJUHHPHQW�LQ�WKH�FRXUVH�WKDW�XWLOL]HG�WKH�)RVVLO�ODE��

�³,�WKLQN�WKH�FRXUVH�PDWHULDO�DQG�SURMHFWV�KHOSHG�PH�WR�JDLQ�D�JRRG�

XQGHUVWDQGLQJ�RI�RSHUDWLQJ�V\VWHPV�LQ�JHQHUDO�´�

7UDGLWLRQD

O�

����

)RVVLO� ����

�

)URP� WKH� DERYH� UHVXOWV�� VWXGHQWV� IHHO� WKDW� ERWK� RIIHULQJV� RI� WKH�

FRXUVH� SURYLGH� HTXDO� XQGHUVWDQGLQJ� RI� JHQHUDO� RSHUDWLQJ� V\VWHP�

NQRZOHGJH��7KLV� LQGLFDWHV� WKDW� WKH� DGGLWLRQ�RI� WKH�)RVVLO� ODE�GLG�

QRW�GHWUDFW�IURP�WKH�JHQHUDO�FRQFHSWV�WDXJKW�LQ�WKH�FODVV��

�

³,� WKLQN� WKH�FRXUVH�PDWHULDO�DQG�SURMHFWV�KHOSHG�PH�WR�JDLQ�D�JRRG�

XQGHUVWDQGLQJ� RI� RSHUDWLQJ� V\VWHPV� LQ� WHUPV� RI� WKH� VHUYLFHV� WKH\�

SURYLGH�DW�WKH�V\VWHP�FDOO�OHYHO�´�

7UDGLWLRQD

O�

����

)RVVLO� ����

�

)URP�WKH�DERYH�UHVSRQVH��LW�DSSHDUV�WKDW�VWXGHQWV�XVLQJ�WKH�)RVVLO�

ODE� KDYH� D� SHUFHSWLRQ� RI� EHWWHU� XQGHUVWDQGLQJ� WKH� V\VWHP� FDOO�



VHUYLFHV� WKDW� DQ� RSHUDWLQJ� V\VWHP� SURYLGHV�� � 7KLV� LV� VRPHZKDW�

VXUSULVLQJ� VLQFH� ERWK� FRXUVH� RIIHULQJV� PDGH� DERXW� HTXDO� XVH� RI�

V\VWHP�FDOOV� IURP�WKH�XVHU� OHYHO�� �+RZHYHU��WKH�)RVVLO�ODE�FRXUVH�

GLG�KDYH� VWXGHQWV� LPSOHPHQW� DGGLWLRQDO� V\VWHP�FDOOV� VR� WKLV�PD\�

KDYH�DGGHG�WR�WKHLU�XQGHUVWDQGLQJ��

³,�WKLQN� WKH�FRXUVH�PDWHULDO�DQG�SURMHFWV�KHOSHG�PH�WR�JDLQ�D�JRRG�

XQGHUVWDQGLQJ�RI�RSHUDWLQJ�V\VWHPV�LQWHUQDOV�´�

7UDGLWLRQD

O�

����

)RVVLO� ����

�³,� WKLQN� WKH� FRXUVH�PDWHULDO� DQG�SURMHFWV� JDYH�PH� H[SHULHQFH� WKDW�
ZRXOG�KHOS�PH�ZULWH�RU�PRGLI\�SRUWLRQV�RI�DQ�RSHUDWLQJ�V\VWHP�´�

7UDGLWLRQD

O�

����

)RVVLO� ����

�

)URP� WKH� DERYH� WZR� UHVSRQVHV�� LW� DSSHDUV� WKDW� WKH� )RVVLO� ODE�

DFKLHYHG�D�SULPDU\�JRDO�LQ�KHOSLQJ�VWXGHQWV�LQ�WKHLU�XQGHUVWDQGLQJ�

RI�RSHUDWLQJ�V\VWHP�LQWHUQDOV��

7KH� VXUYH\V� DOVR�SURYLGHG� VSDFH� IRU� IUHH�IRUP�FRPPHQWV��ZKLFK�

ZH�H[DPLQHG�FDUHIXOO\���+HUH�ZH�SURYLGH�D�VPDOO�H[FHUSW�RI�VRPH�

RI� WKH� FRPPHQWV� WKDW� ZH� IHHO� VXPPDUL]H� VRPH� RI� WKH� RSLQLRQV�

YRLFHG�LQ�WKH�XVH�RI�WKH�)RVVLO�ODE��

³0DNLQJ�DOWHUDWLRQV�WR�WKH�/LQX[�NHUQHO�WDXJKW�PH�IDU�PRUH�WKDQ�DQ\�

RWKHU�SDUW�RI�WKH�FRXUVH�´�

³:KHQ� WKH� NHUQHO� FUDVKHG�� ZH� KDG� WR�PDQXDOO\� UHERRW� WKH� V\VWHP��

ZKLFK�WRRN�DQ�DZIXO�ORW�RI�WLPH�´�

³,�KDYH�VHHQ�SHRSOH�WDNH�RWKHU�26�FRXUVHV�DQG�WKH\�GLG�QRW�GLYH�LQWR�

WKH�PDWHULDO�DV�IDU�DV�ZH�GLG�EHFDXVH�WKH\�ZLOO�QRW�OHW�\RX�PRGLI\�WKH�

26�RQ�DQ\�RI�WKH�VFKRRO�VHUYHUV�´�

��� &21&/86,21�
7KH� LQFUHDVLQJ� SRSXODULW\� RI� WRGD\¶V� RSHQ� VRXUFH� RSHUDWLQJ�

V\VWHPV�SURYLGH�WKH�RSSRUWXQLW\�IRU�VWXGHQWV�LQ�RSHUDWLQJ�V\VWHPV�

FRXUVHV�WR�GHVLJQ�DQG�LPSOHPHQW�FRXUVH�SURMHFWV�WKDW�PRGLI\�UHDO��

SURGXFWLRQ�TXDOLW\�RSHUDWLQJ�V\VWHP�FRGH���,Q�WKLV�ZRUN��ZH�KDYH�

SUHVHQWHG� WKH� FRQILJXUDWLRQ� DQG� HYDOXDWLRQ� RI� WKH� )RVVLO� ODE�� DQ�

XQUHVWULFWHG�� \HW� VDIH� HQYLURQPHQW� IRU� VWXGHQWV� WR� JDLQ� KDQGV�RQ�

H[SHULHQFH�ZLWK�UHDO�RSHUDWLQJ�V\VWHP�FRGH��

7KXV� IDU�� ZH� KDYH� RQO\� UHFHQWO\� FRPSOHWHG� FRQILJXUDWLRQ� RI� WKH�

)RVVLO� ODE�DQG�KDYH�XVHG� LW� WR� WHDFK�RQH�XQGHUJUDGXDWH�RSHUDWLQJ�

V\VWHPV�FRXUVH��2XU�SUHOLPLQDU\�HYDOXDWLRQ�VXJJHVWV�WKDW�VWXGHQWV��

XVLQJ� WKH� )RVVLO� ODE� DSSHDU� WR� KDYH� D� EHWWHU� XQGHUVWDQGLQJ� RI�

RSHUDWLQJ�V\VWHPV�LQWHUQDOV�DQG�IHHO�PRUH�FRQILGHQW�LQ�WKHLU�DELOLW\�

WR� ZULWH� DQG� PRGLI\� RSHUDWLQJ� V\VWHP� FRGH�� )XUWKHU� HYDOXDWLRQ�

ZLOO� SURYH� FULWLFDO� LQ� FRPSOHWHO\� DVVHVVLQJ� LPSDFW� DV�ZH� XVH� WKH�

)RVVLO� ODE� WR� VXSSRUW� DGGLWLRQDO� RSHUDWLQJ� V\VWHPV� FRXUVHV��

LQFOXGLQJ�RXU�RIIHULQJ�RI�DQ�XQGHUJUDGXDWH�'LVWULEXWHG�&RPSXWHU�

6\VWHPV�FRXUVH��,Q�SDUWLFXODU��ZH�LQWHQG�WR�H[SORUH�RWKHU�PHWKRGV�

RI�HYDOXDWLQJ�WKH�LPSDFW�RI�WKH�FRXUVH��LQFOXGLQJ�D�FORVHU�DQDO\VLV�

RI�JUDGHV�DQG�SHUKDSV�HYHQ�DGGLWLRQDO�WHVWV��

��� $&.12:/('*(0(176�
:H�ZRXOG�OLNH�WR�WKDQN�7HDFKLQJ�$VVLVWDQWV�+DUL�.DQQDQ�DQG�-DH�

&KXQJ� IRU� WKHLU� H[FHOOHQW� ZRUN� LQ� VHWWLQJ� XS� DQG� DVVLVWLQJ� ZLWK�

RSHUDWLQJ�V\VWHPV�LQ�WKH�)RVVLO�ODE��

��� 5()(5(1&(6�

>&&��@�5��&KDSPDQ�DQG�:��+��&DUOLVOH���$�/LQX[�EDVHG�/DE�IRU�

2SHUDWLQJ�6\VWHPV�DQG�1HWZRUN�&RXUVHV��/LQX[�-RXUQDO��������

>&0��@�7��&DPS�DQG�0��0LVUD��$ODPRGH��$�/DERUDWRU\�DW�0LQHV�

RIIHULQJ�GLVWULEXWHG�(QYLURQPHQWV��&RORUDGR�6FKRRO�RI�0LQHV��16)�'8(�

&&/,�IXQGHG�SURSRVDO���������

>&3$��@�:��&KULVWRSKHU��6��3URFWHU��DQG�7��$QGHUVRQ��7KH�1DFKRV�

,QVWUXFWLRQDO�2SHUDWLQJ�6\VWHP��7HFKQLFDO�5HSRUW�&6'���������

8QLYHUVLW\�RI�&DOLIRUQLD�DW�%HUNHOH\��������85/��

KWWS���ZZZ�FV�EHUNHOH\�HGX�aWHD�QDFKRV�LQGH[�KWPO�

>'/��@�/��'RZG\�DQG�&��/RZHU\��3�6��WR�2SHUDWLQJ�6\VWHPV��3UHQWLFH�

+DOO��������

>*%&���@��0��*ROGZHEHU��-��%DUU��7��&DPS��-��*UDKP��DQG�6��+DUWOH\���$�

&RPSDULVRQ�RI�2SHUDWLQJ�6\VWHPV�&RXUVHZDUH���,Q�3URFHHGLQJV�RI�WKH�

$&0�6,*&6(�&RQIHUHQFH��SDJHV����������0DUFK�������

>.6��@�0��.LIHU�DQG�6��$��6PROND���263��$Q�(QYLURQPHQW�IRU�2SHUDWLQJ�

6\VWHPV�3URMHFWV��$GGLVRQ�:HVOH\��������

>/LQ@�7KH�/LQX[�KRPHSDJH�DW�/LQX[�RQOLQH��85/��KWWS���ZZZ�OLQX[�RUJ��

>0.��@�-��0D\R�DQG�3��.HDUQV���$�6HFXUH�8QUHVWULFWHG�$GYDQFHG�

6\VWHPV�/DERUDWRU\���,Q�3URFHHGLQJV�RI�WKH�$&0�6,*&6(�&RQIHUHQFH��

SDJHV����������0DUFK�������

>1XW��@�*��1XWW��.HUQHO�3URMHFWV�IRU�/LQX[��$GGLVRQ�:HVOH\��������

>6*��@�$��6LOEHUVKDW]�DQG�3��*DOYLQ��2SHUDWLQJ�6\VWHP�&RQFHSWV��

$GGLVRQ�:HVOH\���WK�HGLWLRQ��������

>7DQ��@�$��7DQHQEDXP��0RGHUQ�2SHUDWLQJ�6\VWHPV��3UHQWLFH�+DOO��������

�


