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7KH�,QWURGXFWLRQ�RI�DQ�$GYDQFHG�&ODVV�LQ�6\VWHPV�
$GPLQLVWUDWLRQ�DW�2WDJR�3RO\WHFKQLF�
�
7RP�&ODUN� � ��
&ROOHJH�RI�(QWHUSULVH�DQG�'HYHORSPHQW�
2WDJR�3RO\WHFKQLF�
�
6\VWHPV�DGPLQLVWUDWLRQ�LV�D�FRPPRQ�FDUHHU�SDWK�IRU�WHUWLDU\�FRPSXWLQJ�VWXGHQWV��EXW�LW�LV�GLIILFXOW�WR�WDNH�FODVVHV�
LQ�WKH�WRSLF��HVSHFLDOO\�DW�PRUH�DGYDQFHG�OHYHOV��0RVW�RI�WKH�FODVVHV�WKDW�DUH�DYDLODEOH�IRFXV�RQ�VSHFLILF�WRROV�DQG�
SUDFWLFHV��RIWHQ�WLHG�WR�SDUWLFXODU�YHQGRUV
�V\VWHPV��$�VHW�RI�WRSLFV�DURXQG�ZKLFK�WR�EXLOG�D�V\VWHPV�
DGPLQLVWUDWLRQ�FXUULFXOXP�KDV�QRW�EHHQ�FOHDUO\�LGHQWLILHG���$W�2WDJR�3RO\WHFKQLF�ZH�KDYH�GHYHORSHG�D�FODVV�WKDW�
EXLOGV�WKH�VSHFLILF�NQRZOHGJH�DQG�VNLOOV�UHTXLUHG�WR�SURGXFH�ZRUN�UHDG\�6\VWHPV�$GPLQLVWUDWRUV���7KH�VWDII�
RUJDQLVHG�WKH�FODVV�DURXQG�D�VLPXODWHG�ZRUNSODFH�PRGHO�UDWKHU�WKDQ�D�PRUH�WUDGLWLRQDO�OHFWXUH�ODE�PRGHO��7KLV�
PRGHO�HPSKDVLVHV�KDYLQJ�VWXGHQWV�SHUIRUP�WDVNV�WKDW�DUH��DV�QHDUO\�DV�SRVVLEOH��LGHQWLFDO�WR�WKH�WDVNV�WKDW�WKH\�
ZLOO�HYHQWXDOO\�SHUIRUP�LQ�D�ZRUNSODFH��:KLOH�WKH�ILUVW�LQVWDQFH�RI�WKH�FODVV�ZDV�JHQHUDOO\�VXFFHVVIXO��VRPH�
LVVXHV��HVSHFLDOO\�ZLWK�DVVHVVPHQW��ZHUH�QRWHG���

�
.H\ZRUGV���6\VWHPV�DGPLQLVWUDWLRQ��2SHUDWLRQV��(GXFDWLRQ�
�

5DWLRQDOH�IRU�WKH�&ODVV�
�
6\VWHPV�DGPLQLVWUDWLRQ�LV�WKH�SUDFWLFH�RI�LQVWDOOLQJ��FRQILJXULQJ��PDLQWDLQLQJ��WURXEOHVKRRWLQJ��DQG�JHQHUDOO\�
PDQDJLQJ�FRPSXWHU�DQG�QHWZRUN�V\VWHPV��1HPHWK��6Q\GHU��6HHEDV��	�+HLQ����������7KLV�UROH�HPHUJHG��DW�OHDVW�
LQ�LWV�SUHVHQW�IRUP��DIWHU�DERXW��������6LQFH�WKDW�WLPH�WKH�UROH�KDV�HYROYHG�FRQVLGHUDEO\�DQG�LW�FRQWLQXHV�WR�
HYROYH�DW�D�UDSLG�SDFH����0RVW�QRWDEO\��WKH�UROH�ZDV�RULJLQDOO\�UHIHUUHG�WR�DV�6\VWHP�$GPLQLVWUDWLRQ��LQGLFDWLQJ�
WKDW�D�VLQJOH�VHUYHU�ZDV�LQYROYHG���1RZ�WKDW�HYHQ�VPDOO�RUJDQLVDWLRQV�W\SLFDOO\�RSHUDWH�PXOWLSOH�VHUYHUV��ZH�
W\SLFDOO\�UHIHU�WR�LW�DV�6\VWHPV�$GPLQLVWUDWLRQ���:H�PLJKW�H[SHFW�D�MRE�WKDW�KDV�H[LVWHG�IRU�RYHU����\HDUV�WR�EH�
YHU\�ZHOO�GHILQHG��+RZHYHU��WKLV�LV�QRW�WKH�FDVH�IRU�V\VWHPV�DGPLQLVWUDWLRQ���(YHQ�WKH�/HDJXH�RI�3URIHVVLRQDO�
6\VWHPV�$GPLQLVWUDWRUV�VD\V��CC����ZH
UH�VWLOO�QRW�D�SURIHVVLRQ���LQ�SDUW�EHFDXVH�WKH�ILHOG�KDV�QRW�LGHQWLILHG�D�ERG\�
RI�FRPPRQ�ZLVGRP�QRU�WKH�SHRSOH�WR�XSKROG�DQG�WHDFK�LW���/236$��
�
%HFDXVH�WKH�V\VWHPV�DGPLQLVWUDWRU
V�UROH�LV�KDUG�WR�GHILQH��LW�LV�DOVR�KDUG�WR�REWDLQ�WUDLQLQJ�WR�EHFRPH�D�V\VWHPV�
DGPLQLVWUDWRU���,W�LV�SRVVLEOH�WR�UHFHLYH�WUDLQLQJ�LQ�FHUWDLQ�V\VWHPV�DGPLQLVWUDWLRQ�WDVNV��IRU�H[DPSOH�WKURXJK�
WUDLQLQJ�DQG�FHUWLILFDWLRQ�SURJUDPV�RIIHUHG�E\�YHQGRUV�OLNH�&LVFR��&LVFR�6\VWHPV���0LFURVRIW��0LFURVRIW��DQG�
5HG�+DW��5HG�+DW���DQG�WKHVH�SURJUDPV�DOVR�LQIRUP�WKH�FXUULFXOD�RI�WHUWLDU\�HGXFDWLRQ�SURJUDPV���%XW�WKHVH�
FRXUVHV�IRFXV�RQ�EDVLF�VNLOOV�ZLWKRXW�SURYLGLQJ�DQ�RSSRUWXQLW\�IRU�VWXGHQWV�WR�V\QWKHVLVH�WKRVH�VNLOOV�LQWR�D�ERG\�
RI�SUDFWLFH���:KHUHDV�D�VWXGHQW�OHDUQLQJ�VRIWZDUH�HQJLQHHULQJ�VWDUWV�ZLWK�HOHPHQWDU\�SURJUDPPLQJ�FODVVHV�DQG�
SURJUHVVHV�WR�LQFUHDVLQJO\�DGYDQFHG�WRSLFV��D�VWXGHQW�OHDUQLQJ�V\VWHPV�DGPLQLVWUDWLRQ�LV�RIWHQ�OLPLWHG�WR�WDNLQJ�
LVRODWHG�DQG�VRPHWLPHV�RQO\�HOHPHQWDU\�FODVVHV���7KH�SUREOHP�KDV�D�FKLFNHQ�DQG�HJJ�TXDOLW\�WR�LW��LW�LV�KDUG�WR�
GHVLJQ�D�FODVV�LQ�V\VWHPV�DGPLQLVWUDWLRQ�EHFDXVH�WKH�QDWXUH�RI�WKH�ILHOG�LVQ
W�FOHDUO\�GHILQHG��EXW�LW�LV�DOVR�KDUG�WR�
GHVFULEH�D�SURIHVVLRQ�IRU�ZKLFK�WKHUH�LV�OLWWOH�WUDLQLQJ�DYDLODEOH��
�
2WDJR�3RO\WHFKQLF�GHFLGHG�WR�DGGUHVV�WKLV�SUREOHP�E\�RIIHULQJ�DQ�DGYDQFHG�FODVV�LQ�6\VWHPV�$GPLQLVWUDWLRQ�
EHJLQQLQJ�LQ��������7KH�VWDII�ZHUH�FRQYLQFHG�WKDW�LW�ZRXOG�EH�SRVVLEOH�WR�LGHQWLI\�D�FROOHFWLRQ�RI�KLJK�OHYHO�
WRSLFV�DQG�WDVNV�WKDW�ZRXOG�EH�UHOHYDQW�WR�DVSLULQJ�V\VWHPV�DGPLQLVWUDWRUV�DQG�WKDW�ZHUH�QRW�FRYHUHG�LQ�RWKHU�
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FODVVHV�LQ�WKH�GHJUHH��7KLV�YLHZ�ZDV�VXSSRUWHG�E\�GLVFXVVLRQV�DQG�HPDLOV�ZLWK�ZRUNLQJ�V\VWHPV�DGPLQLVWUDWRUV���
,Q�SUDFWLFH�WKH�FKDOOHQJH�ZDV�QRW�ILQGLQJ�HQRXJK�PDWHULDO��EXW�UDWKHU�QDUURZLQJ�WKH�OLVW�RI�WRSLFV�LQWR�RQH�WKDW�
FRXOG�EH�UHDVRQDEO\�FRYHUHG�LQ�D�VLQJOH�VHPHVWHU���7KH�WRSLFV�FKRVHQ�LQFOXGH�WLPH�DQG�ZRUNIORZ�PDQDJHPHQW��
GRFXPHQWDWLRQ�PHWKRGV��FHQWUDOLVHG�PRQLWRULQJ�DQG�FRQILJXUDWLRQ�PDQDJHPHQW��DQG�FRPPXQLFDWLRQ�VNLOOV��
�
$SSURDFK�
�
7KH�FODVV�ZDV�QRW�RUJDQLVHG�DURXQG�D�FROOHFWLRQ�RI�OHFWXUHV�DQG�ODEV���,QVWHDG��LW�ZDV�GHVLJQHG�WR�SURYLGH�D�VHW�RI�
FRQQHFWHG�H[SHULHQFHV�WKDW�DOORZHG�VWXGHQWV�WR�EXLOG�DQG�DSSO\�WKH�VDPH�VNLOOV�WKH\�ZRXOG�HYHQWXDOO\�XVH�LQ�
WKHLU�ZRUNSODFHV���7KLV�ZDV�DFFRPSOLVKHG�XVLQJ�D�VLPXODWHG�ZRUNSODFH�FODVV�PRGHO�WKDW�UHSOLFDWHG�DV�
UHDOLVWLFDOO\�DV�SRVVLEOH�WKH�DFWXDO�H[SHULHQFH�RI�EHLQJ�D�V\VWHPV�DGPLQLVWUDWRU���7KH�PRGHO�ZDV�DQ�
LPSOHPHQWDWLRQ�RI�:RUN�,QWHJUDWHG�/HDUQLQJ��DQ�DSSURDFK�WKDW�KDV�EHHQ�VKRZQ�WR�EXLOG�SURIHVVLRQDO�FDSDELOLWLHV�
LQ�VWXGHQWV��%LOOHWW���������6WXGHQWV�ZRUNHG�LQ�VPDOO�WHDPV�WR�EXLOG��GRFXPHQW��DQG�RSHUDWH�D�PXOWL�WLHU�ZHE�
DSSOLFDWLRQ���7KH\�XVHG�LQGXVWU\�VWDQGDUG�WRROV�WR�PRQLWRU��PDQDJH��DQG�EDFN�XS�WKHLU�V\VWHPV���7KH\�ZHUH�
DVVHVVHG�RQ�WKH�EDVLV�RI�KRZ�ZHOO�WKHLU�V\VWHPV�ZRUNHG�DQG�RQ�WKH�TXDOLW\�DQG�SURIHVVLRQDOLVP�RI�WKHLU�ZRUN�
SUDFWLFHV��7KH�JRDO�ZDV�WKDW�VWXGHQWV�OHDUQ�KRZ�WR�EH�V\VWHPV�DGPLQLVWUDWRUV�UDWKHU�WKDQ�OHDUQ�VRPH�PDWHULDO�WKDW�
V\VWHPV�DGPLQLVWUDWRUV�KDSSHQ�WR�NQRZ���
�
7R�HQVXUH�WKDW�WKH�FODVV�DFFXUDWHO\�PRGHOHG�LQGXVWU\�SUDFWLFHV��ZRUNLQJ�V\VWHPV�DGPLQLVWUDWRUV�ZHUH�FRQVXOWHG�
IRU�UHFRPPHQGDWLRQV�RQ�WKH�WDVNV�DQG�WRROV�XVHG���0DQ\�VXJJHVWHG�PXOWL�WLHU�ZHE�DSSOLFDWLRQV�DV�H[DPSOHV�RI�
UHDOLVWLF�WDVNV�ZLWK�WKH�GHVLUHG�OHYHO�RI�FRPSOH[LW\���2QH�FRPPHQWHG��CC$�PXOWL�QRGH�ORDG�EDODQFHG�ZHE�
IURQWHQG�ZLWK�VRPH�PLGGOHZDUH�DQG�WKHQ�D�FOXVWHUHG�'%�VHWXS���,�WKLQN�KDYLQJ�VHHQ�GDWD�IORZ�WKURXJK�D�V\VWHP�
DQG�EHLQJ�DEOH�WR�KROG�DOO�WKDW�LQ�\RXU�KHDG�LV�RIWHQ�PLVVLQJ���7URXEOHVKRRWLQJ�ORWV�RI�PRYLQJ�SDUWV�ZLOO�WHDFK�
WKHP�KRZ�WR�H[FOXGH�ZKDW�LVQ
W�WKH�SUREOHP����3RZHOO��������
�
7KH�FRXUVH�ZDV�EXLOW�XSRQ�WKUHH�FRQFHSWXDO�SLOODUV��
�
5HDO�7DVNV�
�
6WXGHQWV�VKRXOG�KDYH�WKH�RSSRUWXQLW\�WR�ZRUN�RQ�V\VWHPV�WKDW�DUH�LGHQWLFDO�WR�WKRVH�WKDW�DUH�XVHG�LQ�WKH�LQGXVWU\���
7KLV�FDQ�EH�DFFRPSOLVKHG�E\�GLUHFWLQJ�WKH�VWXGHQWV�WR�LQVWDOO��FRQILJXUH��DQG�RSHUDWH�D�UHDO�VHUYLFH�WKDW�LV�
GHSOR\HG�LQ�WKH�ILHOG���-XVW�DV�D�FKLOG�LV�WDXJKW�WR�ULGH�D�ELF\FOH�E\�JLYLQJ�KHU�D�ELNH�DQG�KHOSLQJ�KHU�DWWHPSW�WR�
ULGH�LW��D�VWXGHQW�PD\�EH�WDXJKW�WR�FDUU\�RXW�SURIHVVLRQDO�WDVNV�E\�JLYLQJ�KHU�DFWXDO�WDVNV�DQG�KHOSLQJ�KHU�DWWHPSW�
WR�SHUIRUP�WKHP��
�
5HDO�7RROV�
�
$V�WKH�VWXGHQWV�DUH�ZRUNLQJ�RQ�UHDO�WDVNV��WKH\�VKRXOG�SHUIRUP�WKRVH�WDVNV�XVLQJ�WKH�VDPH�WRROV�WKH\�ZLOO�XVH�
DIWHU�JUDGXDWLRQ���0RVW�RI�WKH�UHTXLUHG�WRROV�DUH�VRIWZDUH�WKDW�FDQ�EH�HDVLO\�VXSSOLHG�WR�VWXGHQWV���%XW�WKH�WRROV�
PD\�DOVR�LQFOXGH�RQOLQH�VHUYLFHV�RU�QHWZRUN�LQIUDVWUXFWXUH��DQG�FRXUVH�SUHSDUDWLRQ�PD\�LQFOXGH�VHWWLQJ�XS�WKRVH�
UHVRXUFHV��
�
�
5HDO�$VVHVVPHQW�
�
:KHQ�VWXGHQWV�DUH�ZRUNLQJ�RQ�UHDO�WDVNV�LW�PDNHV�VHQVH�WR�DVVHVV�WKHLU�ZRUN�DFFRUGLQJ�WR�UHDO��SURIHVVLRQDO�
VWDQGDUGV���6WXGHQWV�FDQ�EH�HYDOXDWHG�RQ�ZKHWKHU�WKHLU�VHUYLFHV�ZRUN�UHOLDEO\��ZKHWKHU�WKH\�SHUIRUP�ZHOO��
ZKHWKHU�WKHLU�V\VWHPV�DUH�ZHOO�GRFXPHQWHG��ZKHWKHU�WKH�VWXGHQWV�VXFFHVVIXOO\�VROYH�SUREOHPV�WKDW�DULVH��DQG�
ZKHWKHU�WKH\�FDQ�FOHDUO\�DQG�DFFXUDWHO\�GHVFULEH�WKHLU�ZRUN��
�
7DVNV�
�
7KH�FODVV�ZDV�RUJDQLVHG�DURXQG�D�ODUJH�SULPDU\�WDVN�WKDW�ZRXOG�RFFXS\�WKH�HQWLUH�VHPHVWHU��LQVWDOOLQJ��
FRQILJXULQJ��GHSOR\LQJ�DQG�RSHUDWLQJ�D�PXOWL�WLHU�ZHE�DSSOLFDWLRQ���$�ZHE�DSSOLFDWLRQ�GHSOR\PHQW�ZDV�FKRVHQ�
EHFDXVH�LW�UHTXLUHG�VHWWLQJ�XS�PXOWLSOH�V\VWHPV��EHFDXVH�LW�SURYLGHG�D�JRRG�SODWIRUP�WR�DGGUHVV�LVVXHV�RI�
SHUIRUPDQFH��VFDOLQJ��DQG�VHFXULW\��DQG�EHFDXVH�LW�ZDV�IDLUO\�HDV\�WR�VLPXODWH�WKH�DFWLRQV�RI�ODUJH�QXPEHUV�RI�
XVHUV�XVLQJ�FRPPRQO\�DYDLODEOH�ZHE�WHVWLQJ�WRROV���%XW�PRVW�LPSRUWDQWO\��WKH�WDVN�ZDV�FKRVHQ�EHFDXVH�LW�LV�
H[DFWO\�WKH�VRUW�RI�WDVN�SHUIRUPHG�E\�ZRUNLQJ�V\VWHPV�DGPLQLVWUDWRUV��2QH�ODUJH�WDVN�VXFK�DV�WKLV�KHOSHG�FUHDWH�D�
PRUH�UHDOLVWLF�H[SHULHQFH�WKDQ�D�VHW�RI�GLVFRQQHFWHG�H[HUFLVHV�ZRXOG���7KLV�PDLQ�WDVN�QDWXUDOO\�GLYLGHG�LQWR�
GLVFUHWH�VXEWDVNV�WKDW�HDFK�LOOXVWUDWHG�LPSRUWDQW�OHVVRQV���6WXGHQWV�ZRUNHG�LQ�WZR�SHUVRQ�WHDPV�VR�WKDW�WKH\�
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ZRXOG�OHDUQ�WR�ZRUN�FROODERUDWLYHO\��LQFOXGLQJ�FRRUGLQDWLQJ�VFKHGXOHV�WR�SURYLGH�FRYHUDJH�DQG�XVLQJ�
GRFXPHQWDWLRQ�DQG�UHODWHG�WRROV�IRU�LQWUD�WHDP�FRPPXQLFDWLRQ��
�
7KH�VHPHVWHU
V�WDVNV�ZHUH�GLYLGHG�LQWR�IRXU�SKDVHV��
�
,QWURGXFWLRQ�
�
$W�WKH�EHJLQQLQJ�RI�WKH�VHPHVWHU�VWXGHQWV�ZHUH�LQWURGXFHG�WR�WRROV�IRU�WUDFNLQJ�DQG�GRFXPHQWLQJ�WKHLU�ZRUN���
7KH\�ZHUH�VKRZQ�KRZ�WR�XVH�D�WLFNHWLQJ�V\VWHP�WR�HQWHU�WDVNV�WR�EH�SHUIRUPHG��LGHQWLI\�DQG�DFFHSW�WDVNV�WKDW�
QHHGHG�WR�EH�GRQH��HQWHU�LQIRUPDWLRQ�DERXW�WKH�WDVN�ZKLOH�ZRUNLQJ�RQ�LW��DQG�PDUN�WDVNV�DV�KDYLQJ�EHHQ�
FRPSOHWHG��
�
1H[W��WKH�VWXGHQWV�ORRNHG�DW�PHWKRGV�IRU�FUHDWLQJ�DQG�PDLQWDLQLQJ�GRFXPHQWDWLRQ����7KH\�OHDUQHG�WKDW�ZLNLV�DUH�
D�ZLGHO\�XVHG�WRRO�IRU�FROODERUDWLYH�V\VWHPV�GRFXPHQWDWLRQ��/LPRQFHOOL��+RJDQ��	�&KDOXS��������DQG�ZHUH�
HQFRXUDJHG�WR�VHW�XS�D�ZLNL�IRU�WKHLU�GRFXPHQWV���)RU�HDFK�WDVN�WKDW�IROORZHG�GXULQJ�WKH�VHPHVWHU��WKH\�ZHUH�
H[SHFWHG�WR�DGG�WR�RU�XSGDWH�DSSURSULDWH�GRFXPHQWDWLRQ���,Q�SDUWLFXODU��WKH\�ZHUH�UHTXLUHG�WR�PDLQWDLQ�ORJV�WKDW�
WUDFNHG�WKH�DGPLQLVWUDWLYH�VWDWH�RI�HDFK�VHUYHU�RU�KRPRJHQRXV�JURXS�RI�VHUYHUV�DQG�WR�PDLQWDLQ�DQ�RSHUDWLRQV�
GRFXPHQW��/LPRQFHOOL�	�*UDFH��IRU�HDFK�GLVFUHWH�VHUYLFH��
�
%DVLF�6\VWHPV�$GPLQLVWUDWLRQ�
�
6WXGHQWV�EHJDQ�ZRUNLQJ�ZLWK�DFWXDO�V\VWHPV�E\�VHWWLQJ�XS�WZR�UXQQLQJ�VHUYHUV��7KH\�VHW�XS�0LFURVRIW�$FWLYH�
'LUHFWRU\�'LUHFWRU\�6HUYLFHV�IRU�XVHU�PDQDJHPHQW�DQG�WKHQ�FRQILJXUHG�D�'HELDQ�*18�/LQX[�VHUYHU�WR�UXQ�D�
0\64/�'DWDEDVH�0DQDJHPHQW�6\VWHP��'%06���7KH�$FWLYH�'LUHFWRU\�VHUYHU�ZRXOG�EH�XVHG�ODWHU�LQ�WKH�
VHPHVWHU�WR�DXWKHQWLFDWH�XVHUV�RI�WKH�ZHE�DSSOLFDWLRQ��DQG�WKH�0\64/�VHUYHU�ZRXOG�SURYLGH�WKH�GDWDEDVH�
VHUYLFHV�IRU�LW���$W�WKLV�SRLQW�WKH�OHDUQLQJ�JRDOV�ZHUH�WR�EHFRPH�IDPLOLDU�ZLWK�EDVLF�WRROV��WR�ZRUN�PHWKRGLFDOO\��
DQG�WR�GRFXPHQW�ZRUN�DV�LW�ZDV�SHUIRUPHG�VR�WKDW�WKHLU�GRFXPHQWV�UHIOHFWHG�DV�QHDUO\�DV�SRVVLEOH�WKH�UXQQLQJ�
VWDWH�RI�WKHLU�V\VWHPV���$W�WKH�HQG�RI�WKLV�SKDVH�VWXGHQWV�KDG�WKHLU�ILUVW�IRUPDO�DVVHVVPHQW��GHVFULEHG�EHORZ��
�
$GYDQFHG�6\VWHPV�$GPLQLVWUDWLRQ�
�
/DWHU�LQ�WKH�VHPHVWHU�VWXGHQWV�GHSOR\HG�WKHLU�ZHE�DSSOLFDWLRQ�VHUYHUV�ZKLFK��WRJHWKHU�ZLWK�WKH�$FWLYH�'LUHFWRU\�
DQG�GDWDEDVH�VHUYHUV�SUHSDUHG�HDUOLHU�DOORZHG�WKHP�WR�SURYLGH�WKH�IXOO�DSSOLFDWLRQ��6WXGHQWV�DOVR�VHW�XS�VHUYHUV�WR�
SURYLGH�EDFNXS�DQG�UHFRYHU\�VHUYLFHV��V\VWHP�PRQLWRULQJ��DQG�FRQILJXUDWLRQ�PDQDJHPHQW���(DFK�RI�WKHVH�WRROV�
LV�GHVFULEHG�LQ�WKH�7RROV�VHFWLRQ�EHORZ��
�
2QJRLQJ�2SHUDWLRQV�
�
2QFH�WKH�IXOO�LQIUDVWUXFWXUH�ZDV�LQ�SODFH��VWXGHQWV�KDG�WR�RSHUDWH�DQG�PDLQWDLQ�WKHLU�VHUYHUV��7KH\�ZHUH�
SUHVHQWHG�ZLWK�D�YDULHW\�RI�WDVNV�DQG�SUREOHP�VFHQDULRV��VRPH�RI�ZKLFK�DUH�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ��
�
'\QDPLF�7DVNV�
�
6LQFH�SUDFWLFDO�V\VWHPV�DGPLQLVWUDWLRQ�LQYROYHV�UHVSRQGLQJ�WR�XQH[SHFWHG�HYHQWV��RIWHQ�RFFXUULQJ�DW�LQRSSRUWXQH�
WLPHV��WKHVH�VLWXDWLRQV�ZHUH�PRGHOOHG�LQ�WKH�FODVV�E\�LQWURGXFLQJ�G\QDPLF�WDVNV���7KH�OHFWXUHU�KDG�D�FROOHFWLRQ�RI�
WDVNV�SUHSDUHG�WR�EH�LQWURGXFHG�LQWR�WKH�FODVV�DW�YDULRXV�WLPHV�DV�GHHPHG�DSSURSULDWH�WR�PDLQWDLQ�WKH�VLPXODWHG�
ZRUNSODFH�WKHPH���,W�ZDV�LPSRUWDQW�WKDW�VWXGHQWV�QRW�NQRZ�WKH�VSHFLILF�QDWXUH�RI�WKH�WDVNV�LQ�DGYDQFH��DOWKRXJK�
WKH\�ZHUH�WROG�WR�EH�SUHSDUHG�DQG�DSSURSULDWH�ZRUNLQJ�SUDFWLFHV�ZHUH�LGHQWLILHG�DQG�KLJKOLJKWHG�WR�DOORZ�WKHP�WR�
GR�VR���([DPSOHV�RI�G\QDPLF�WDVNV�LQFOXGH��
�
6LFN�'D\��2Q�D�FKRVHQ�GD\��EXW�ZLWKRXW�SULRU�QRWLFH��D�VWXGHQW�WHDP�PD\�EH�GLUHFWHG�WR�KDQG�RYHU�FRQWURO�RI�

WKHLU�V\VWHPV�WR�DQRWKHU�WHDP���7KH�RWKHU�WHDP�LV�WKHQ�GLUHFWHG�WR�H[HFXWH�D�WDVN�XVLQJ�RQO\�WKH�
GRFXPHQWDWLRQ�DQG�UHVRXUFHV�SURYLGHG�E\�WKH�RULJLQDO�WHDP��

/RDG�6SLNHV��2QH�UHDVRQ�IRU�XVLQJ�D�ZHE�DSSOLFDWLRQ�LV�WKDW�LW�LV�HDV\�WR�JHQHUDWH�ORDG�RQ�WKH�V\VWHP�XVLQJ�WRROV�
OLNH�$SDFKH�%HQFK���7KHVH�WRROV�FDQ�EH�XVHG�WR�JHQHUDWH�DQ�XQH[SHFWHG�ORDG�RQ�WKH�V\VWHP��IRUFLQJ�VWXGHQWV�
WR�GHSOR\�DGGLWLRQDO�VHUYHUV�RQ�VKRUW�QRWLFH���7KLV�WHVWV�WKHLU�XVH�RI�DXWRPDWHG�PRQLWRULQJ�DQG�FRQILJXUDWLRQ�
PDQDJHPHQW����

6HFXULW\�%UHDFK��7KH�LQVWUXFWRU�SODFHV�URRWNLWV��%UDGOH\��RQ�VWXGHQWV
�VHUYHUV��VHWV�XS�URJXH�)73�VHUYHUV��DQG�
XVHV�WKHP�WR�GLVWULEXWH�ILOHV���$OO�RI�WKLV�LV�GRQH�ZLWKRXW�LQIRUPLQJ�WKH�VWXGHQWV���7KH\�WKHQ�KDYH�WR�GHWHFW�WKH�
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LQWUXVLRQ�DQG�WDNH�DFWLRQ�WR�PLWLJDWH�WKH�GDPDJH��
�
7R�IDFLOLWDWH�SUHSDUDWLRQ�IRU�WKHVH�G\QDPLF�WDVNV��WKH�OHFWXUHU�SUHSDUHG�D�FROOHFWLRQ�RI�VFULSWV�WKDW�SHUIRUPHG�
UHTXLUHG�VWHSV�RQ�HDFK�WHDPV
�VHUYHUV���7KLV�VRUW�RI�DXWRPDWLRQ�DOORZHG�WKH�OHFWXUHU�WR�VWDJH�UHDOLVWLF�ZRUNLQJ�
VFHQDULRV�HIILFLHQWO\�DQG�PD\�EH�WKH�VXEMHFW�RI�D�IXWXUH�SDSHU��
�
7RROV�
�
$Q�LPSRUWDQW�SUHPLVH�RI�WKH�FRXUVH�ZDV�WKDW�VWXGHQWV�VKRXOG�ZRUN�ZLWK�WKH�VDPH�WRROV�WKDW�WKH\�ZRXOG�H[SHFW�WR�
XVH�LQ�LQGXVWU\���6LQFH�WKHVH�WRROV�DUH�JHQHUDOO\�HLWKHU�RSHQ�VRXUFH�RU�DUH�OLFHQVHG�XQGHU�IDYRXUDEOH�WHUPV�IRU�
WHDFKLQJ�XVH��WKLV�SURYHG�HDV\�WR�GR��
�
2QH�FULWLFDO�WRRO�IRU�VXFFHVVIXO�GHOLYHU\�RI�WKH�FRXUVH�ZDV�YLUWXDOLVDWLRQ��+LFNVRQ�����������7KH�RQO\�SUDFWLFDO�
ZD\�WR�JLYH�D�ODUJH�QXPEHU�RI�VWXGHQWV�IXOO�FRQWURO�RI�VHYHUDO�VHUYHUV�ZDV�E\�YLUWXDOLVLQJ�WKHP���6LQFH�
YLUWXDOLVDWLRQ�LV�LWVHOI�D�UHDO�WRRO�XVHG�LQ�LQGXVWU\��WKLV�UHTXLUHPHQW�ILW�QDWXUDOO\�LQWR�WKH�VFKHPH�IRU�WKH�FRXUVH���
2WDJR�3RO\WHFKQLF�KDG�90:DUH
V�Y&ORXG�'LUHFWRU�DYDLODEOH��VR�WKLV�ZDV�XVHG��$�FORXG�VHUYLFH�SURYLGHU�VXFK�DV�
$PD]RQ�:HE�6HUYLFHV�ZRXOG�DOVR�EH�VXLWDEOH��
�
$�WLFNHWLQJ�V\VWHP�DOORZV�XVHUV�WR�HQWHU�UHTXHVW�IRU�WDVNV�WR�EH�FRPSOHWHG��WUDFNV�WKH�WDVNV�DV�ZRUN�RQ�WKH�
SURJUHVVHV��DQG�PDQDJHV�FRPPXQLFDWLRQ�EHWZHHQ�LQYROYHG�SDUWLHV��7LFNHWLQJ�V\VWHPV�DUH�DQ�LPSRUWDQW�WLPH�
PDQDJHPHQW�WRRO�IRU�V\VWHPV�DGPLQLVWUDWRUV��/HDU���������5HTXHVW�7UDFNHU��57���%HVW�3UDFWLFDO��ZDV�XVHG�IRU�
WLFNHWLQJ���0RVW�LQWHUDFWLRQ�ZLWK�WKH�V\VWHP�LV�KDQGOHG�WKURXJK�HPDLO��VR�LW�FDQ�EH�LQVHUWHG�QDWXUDOO\�LQWR�D�
W\SLFDO�WDVN�PDQDJHPHQW�ZRUNIORZ��
�
6WXGHQWV�ZHUH�UHTXLUHG�WR�XVH�D�ZLNL�RU�RWKHU�VKDUHG�RQOLQH�GRFXPHQW�V\VWHP�IRU�GRFXPHQWDWLRQ�DQG�D�VRXUFH�
FRGH�FRQWURO�V\VWHP�IRU�PDQDJLQJ�VFULSWV�DQG�FRQILJXUDWLRQ�ILOHV��EXW�ZHUH�OHIW�IUHH�WR�FKRRVH�ZKLFK�WR�XVH���7KH�
LQWHQW�ZDV�WR�JLYH�WKH�VWXGHQWV�DQ�RSSRUWXQLW\�WR�HYDOXDWH�RSWLRQV�DQG�VHOHFW�RQHV�WKDW�VXLWHG�WKHLU�UHTXLUHPHQWV��
EXW�LQ�SUDFWLFH�WKLV�OHG�WR�GLIILFXOW\�LQ�DVVHVVLQJ�VWXGHQW�ZRUN���'XULQJ�IXWXUH�LQVWDQFHV�RI�WKH�FODVV�VWXGHQWV�ZLOO�
EH�GLUHFWHG�WR�XVH�VSHFLILF�ZLNL�DQG�FRGH�PDQDJHPHQW�WRROV��
�
$�EDFNXS�PDQDJHPHQW�V\VWHP�SHUIRUPV�VFKHGXOHG�EDFNXSV��PDQDJHV�VWRUDJH�PHGLD��DQG�H[HFXWHV�UHTXHVWHG�
GDWD�UHVWRUH�RSHUDWLRQV���%DFXOD��6LEEDOG��ZDV�XVHG�IRU�EDFNXS�PDQDJHPHQW�LQ�WKH�FODVV��
�
3XSSHW��3XSSHW�/DEV��ZDV�XVHG�IRU�FRQILJXUDWLRQ�PDQDJHPHQW���6WXGHQWV�GHILQHG�YDULRXV�VHUYHU�UROHV�DQG�
LGHQWLILHG�WKH�VRIWZDUH�DQG�FRQILJXUDWLRQ�UHTXLUHG�IRU�VHUYHUV�WR�FDUU\�RXW�WKRVH�UROHV���7KH�3XSSHW�V\VWHP�WKHQ�
LQVWDOOV�WKH�VSHFLILHG�VRIWZDUH�DQG�SHUIRUPV�WKH�UHTXLUHG�FRQILJXUDWLRQ�RQ�VHUYHUV��,W�ZDV�FKRVHQ�SULPDULO\�
EHFDXVH�RI�LWV�FURVV�SODWIRUP�FRPSDWLELOLW\��EXW�DOVR�EHFDXVH�RI�LWV�ZLGH�XVH�LQ�LQGXVWU\��
�
1DJLRV��1DJLRV�(QWHUSULVHV��LV�D�ZHOO�NQRZQ�V\VWHP�PRQLWRULQJ�SDFNDJH�WKDW�DQDO\VHV�V\VWHP�XSWLPH�DQG�
UHVRXUFH�XVDJH�DQG�WKDW�FDQ�DOHUW�V\VWHPV�DGPLQLVWUDWRUV�WR�SUREOHPV�DQG�SRWHQWLDO�LVVXHV��DQG�WKDW�SURGXFHV�
UHSRUWV�RQ�V\VWHP�SHUIRUPDQFH���1DJLRV�ZDV�XVHG�VR�WKDW�VWXGHQWV�FRXOG�EH�SUHVHQWHG�ZLWK�YDULRXV�SUREOHP�
VFHQDULRV��LGHQWLI\�WKH�SUREOHPV��DQG�UHVSRQG�WR�WKHP��
�
)RU�WKH�ZHE�DSSOLFDWLRQ�WKH�SULPDU\�UHTXLUHPHQWV�ZHUH�WKDW�LW�VKRXOG�EH�UHDVRQDEO\�FRPSOH[��ZRUN�ZLWK�DQ�
H[WHUQDO�'%06��EH�DEOH�WR�DXWKHQWLFDWH�XVHUV�DJDLQVW�$FWLYH�'LUHFWRU\��EXW�QRW�LWVHOI�EH�D�0LFURVRIW�SURGXFW���
DQG�EH�ZHOO�GRFXPHQWHG���$WODVVLDQ�&RQIOXHQFH��$WODVVLDQ��PHW�WKHVH�UHTXLUHPHQWV�DQG�ZDV�XVHG��DOWKRXJK�
PDQ\�RWKHUV�ZRXOG�KDYH�ZRUNHG�DV�ZHOO���$�0\64/�GDWDEDVH�VHUYHU�DQG�DQ�$FWLYH�'LUHFWRU\�DXWKHQWLFDWLRQ�
VHUYHU�ZHUH�XVHG�WR�VXSSRUW�&RQIOXHQFH��
�
$VVHVVPHQW�
�
/LPRQFHOOL�DQG�*UDFH�OLVW����\HV�QR�TXHVWLRQV�WKDW�PHDVXUH�DQ�RSHUDWLRQV�WHDP
V�FRPSOLDQFH�ZLWK�LQGXVWU\�EHVW�
SUDFWLFHV��/LPRQFHOOL�	�*UDFH����6WXGHQWV�ZHUH�LQWURGXFHG�WR�WKH�OLVW�LQ�WKH�ILUVW�OHFWXUH�DQG�WKH�TXHVWLRQV�ZHUH�
GLVFXVVHG���7KHVH�TXHVWLRQV�VHW�WKH�VWDQGDUGV�DJDLQVW�ZKLFK�VWXGHQW�ZRUN�ZDV�DVVHVVHG���:KLOH�QRW�HYHU\�
TXHVWLRQ�ZDV�DSSOLFDEOH�WR�WKH�V\VWHPV�XVHG�LQ�WKH�FRXUVH��PRVW�ZHUH���)RU�WKH�RQHV�WKDW�ZHUH�QRW��LGHQWLI\LQJ�
WKHP�DQG�H[SODLQLQJ�ZK\�WKH\�GLG�QRW�DSSO\�ZDV�VWLOO�LQIRUPDWLYH���([DPSOHV�RI�UHOHYDQW�TXHVWLRQV�LQFOXGH��
�
�� ,V�\RXU�WHDP
V�FRGH�NHSW�LQ�D�VRXUFH�FRGH�FRQWURO�V\VWHP"�
�� 'RHV�HDFK�VHUYLFH�KDYH�DSSURSULDWH�PRQLWRULQJ"�
�� $UH�\RXU�EDFNXSV�DXWRPDWHG"�
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�
7KURXJKRXW�WKH�FODVV��WRSLFV�GLVFXVVHG�DQG�WDVNV�SHUIRUPHG�ZHUH�OLQNHG�WR�WKH�DSSURSULDWH�TXHVWLRQV�RQ�
/LPRQFHOOL�DQG�*UDFH
V�OLVW��
�
6WXGHQWV�SHUIRUPHG�WKUHH�DVVHVVHG�DFWLYLWLHV�GXULQJ�WKH�VHPHVWHU��
�
,QGLYLGXDO�6HUYHU�&RQILJXUDWLRQ��'XULQJ�WKH�ILUVW�SDUW�RI�WKH�VHPHVWHU�VWXGHQWV�FRQILJXUHG�WZR�VHUYHUV��RQH�

UXQQLQJ�:LQGRZV�DQG�RQH�UXQQLQJ�/LQX[��DQG�SUHSDUHG�VXSSRUWLQJ�GRFXPHQWDWLRQ�DQG�UHVRXUFHV���7KH\�WKHQ�
VXEPLWWHG�WKHLU�VHUYHUV�DQG�GRFXPHQWV�IRU�DVVHVVPHQW���$W�WKLV�SRLQW�WKH�FRPSOH[LW\�RI�WKH�V\VWHPV�
DGPLQLVWUDWLRQ�WDVNV�WKDW�VWXGHQWV�KDG�SHUIRUPHG�ZDV�TXLWH�ORZ���:KDW�ZDV�DVVHVVHG�ZDV�WKH�XVH�RI�VRXQG�
ZRUNIORZ��WKDW�WDVNV�ZHUH�WUDFNHG�LQ�WKH�WLFNHWLQJ�V\VWHP��FDUULHG�RXW�RQ�WKH�VHUYHUV��DQG�DFFXUDWHO\�
GRFXPHQWHG���:KLOH�VWXGHQWV�ZHUH�DEOH�WR�FRQILJXUH�WKH�VHUYHUV��VHYHUDO�RI�WKHP�DSSHDUHG�WR�KDYH�GLIILFXOW\�
LQFRUSRUDWLQJ�WKH�WLFNHWLQJ�V\VWHP�LQWR�WKHLU�ZRUNIORZV�DQG�VRPH�WLFNHWV�ZHUH�QRW�SURSHUO\�FORVHG���,Q�IXWXUH�
LQVWDQFHV�RI�WKH�FODVV�LW�PD\�EH�QHFHVVDU\�WR�SURYLGH�PRUH�JXLGDQFH�RQ�WKH�WRSLF��

�
0DQDJHG�6HUYHU�&RQILJXUDWLRQ���$IWHU�WKH�ILUVW�DVVHVVPHQW�VWXGHQWV�PRYHG�RQ�WR�EXLOG�D�FRPSOHWH�PDQDJHG�

DQG�PRQLWRUHG�V\VWHPV�LQIUDVWUXFWXUH���7KH\�ZHUH�WKHQ�DVVHVVHG�RYHU�D�WZR�ZHHN�SHULRG�GXULQJ�ZKLFK�WKH\�
KDG�WR�RSHUDWH�WKHLU�V\VWHPV�ZKLOH�DOVR�UHVSRQGLQJ�WR�D�QXPEHU�RI�FKDOOHQJHV�OLNH�WKH�G\QDPLF�WDVNV�
GHVFULEHG�DERYH���6WXGHQWV�ZHUH�HYDOXDWHG�RQ�V\VWHPV�XSWLPH��REVHUYHG�SHUIRUPDQFH��WHDP�WDVN�
PDQDJHPHQW��DQG�PDLQWHQDQFH�RI�FRUUHFW�GRFXPHQWDWLRQ��
�
$OO�VWXGHQW�WHDPV��ZLWK�WKH�H[FHSWLRQ�RI�RQH�WHDP�WKDW�GLG�QRW�IXOO\�SDUWLFLSDWH�LQ�WKH�DFWLYLW\��PDLQWDLQHG�
VHUYLFH�XSWLPH�DVLGH�IURP�SHULRGV�ZKHQ�WKH�OHFWXUHU�GHOLEHUDWHO\�LQWHUIHUHG�ZLWK�VHUYLFHV�DV�SDUW�RI�WKH�
DVVHVVPHQW���7ZR�WHDPV�DFKLHYHG������XSWLPH�EHFDXVH�WKHLU�VHUYHU�PRQLWRULQJ�ZDV�WKRURXJK�HQRXJK�WR�
GHWHFW�DQG�KDOW�WKLV�LQWHUIHUHQFH�EHIRUH�VHUYLFHV�ZHUH�DIIHFWHG����

�
�
³)LQDO�([DP´���$�WUDGLWLRQDO�ILQDO�H[DPLQDWLRQ�ZRXOG�KDYH�EHHQ�LQDSSURSULDWH�WR�WKLV�FODVV�VLQFH�DQ�H[DP�

ZRXOG�QRW�EH�SDUW�RI�D�W\SLFDO�ZRUNSODFH���,QVWHDG��WKH�VLPXODWHG�ZRUN�H[SHULHQFH�WKHPH�ZDV�WDNHQ�WR�LWV�
ORJLFDO�FRQFOXVLRQ���7KH�VWXGHQWV�ZHUH�³PDGH�UHGXQGDQW��DW�WKH�HQG�RI�WKH�VHPHVWHU�DQG�KDG�WR�DSSO\�IRU�QHZ�
MREV���7R�GR�WKLV�WKH\�SUHSDUHG�&9V�DQG�FRYHU�OHWWHUV�GHVFULELQJ�WKHLU�H[SHULHQFHV���7KHQ�DV�SDUW�RI�WKH�
DSSOLFDWLRQ�SURFHVV�WKH\�ZHUH�GLUHFWHG�WR�WDNH�D�VKRUW�ZULWWHQ�WHVW�IROORZHG�E\�DQ�LQWHUYLHZ��ZLWK�WKH�OHFWXUHU��
LQ�ZKLFK�WKH\�ZHUH�DVNHG�WR�GHVFULEH�LQ�GHWDLO�WKH�ZRUN�WKH\�SHUIRUPHG��WKH�PHWKRGV��DQG�WKH�WRROV�WKDW�WKH\�
XVHG���%HVLGHV�DVVHVVLQJ�WKH�VWXGHQWV
�XQGHUVWDQGLQJ��WKLV�WDVN�DOVR�SURYLGHG�DQ�RSSRUWXQLW\�WR�OHDUQ�XVHIXO�
MRE�VHDUFKLQJ�VNLOOV��
�
$V�SDUW�RI�WKHLU�LQWHUYLHZV�VWXGHQWV�ZHUH�DVNHG�DERXW�V\VWHPV�DGPLQLVWUDWLRQ�VRIWZDUH�WKH\�KDG�XVHG���
6HYHUDO�VWXGHQWV�FRPPHQWHG�SRVLWLYHO\�DERXW�WKHLU�H[SHULHQFH�XVLQJ�1DJLRV�DQG�REVHUYHG�WKDW�LW�SURYHG�YHU\�
XVHIXO�LQ�RSHUDWLQJ�WKHLU�V\VWHPV��

�
�
&RQFOXVLRQV�DQG�)XWXUH�:RUN�
��
7R�JDLQ�VRPH�LQVLJKW�LQWR�VWXGHQWV
�SHUFHSWLRQV�RI�WKH�FRXUVH�����RI�WKH����VWXGHQWV�HQUROOHG�LQ�WKH�FODVV�ZHUH�
VXUYH\HG�WR�GHWHUPLQH�WKHLU�YLHZV���7KH\�ZHUH�DVNHG�WR�UDWH�WKH�WHFKQLFDO�OHYHO�RI�WKH�FODVV�RQ�D���SRLQW�/LNHUW�
VFDOH����7KH�PHDQ�UHVSRQVH�IRU�WKLV�TXHVWLRQ�ZDV�������ı� ���������6WXGHQWV�ZHUH�DOVR�DVNHG�WKHLU�RSLQLRQV�DERXW�
WKH�WHFKQLFDO�OHYHO�RI�WKH�SDSHU�XVLQJ�D�VLPLODU�ILYH�SRLQW�VFDOH���7KH�PHDQ�UHVSRQVH�ZDV�������ı� ���������7KXV��
VWXGHQWV�JHQHUDOO\�IRXQG�WKH�OHYHO�DQG�SDFH�RI�WKH�FODVV�WR�EH�DSSURSULDWH��
�
2QH�FKDOOHQJLQJ�DUHD�HQFRXQWHUHG�LQ�GHOLYHULQJ�WKH�FODVV�ZDV�GHVLJQLQJ��FRPPXQLFDWLQJ��DQG�HYDOXDWLQJ�
DSSURSULDWH�DVVHVVPHQWV�WKDW�ILW�ZLWK�WKH�VLPXODWHG�ZRUNSODFH�PRGHO���)RU�H[DPSOH��D�VWXGHQW
V�VXFFHVV�LQ�
RSHUDWLQJ�D�VHUYLFH�PD\�EH�HYDOXDWHG�E\�PHDVXULQJ�REVHUYHG�XSWLPH�DQG�FRPSDULQJ�DQG�LW�ZLWK�WDUJHWHG�YDOXHV���
+RZHYHU��LW�LV�GLIILFXOW�WR�GHWHUPLQH�D�UHDVRQDEOH�YDOXH�IRU�XSWLPH�WDUJHWV�XQWLO�PRUH�VWXGHQWV�KDYH�EHHQ�
REVHUYHG�SHUIRUPLQJ�WKH�DFWLYLW\���$QRWKHU�YDOXH�WKDW�FDQ�EH�PHDVXUHG�LV�WLPH�WR�UHVROYH�V\VWHP�SUREOHPV��WKDW�
DUH�LQWURGXFHG�DV�G\QDPLF�WDVNV���EXW�DJDLQ�LW�LV�XQFOHDU�KRZ�ORQJ�VWXGHQWV�DW�WKLV�OHYHO�VKRXOG�WDNH�WR�UHVROYH�WKH�
SUREOHPV���6RPH�LGHDV�RI�WDUJHW�YDOXHV�IRU�WKHVH�DVVHVVPHQWV�PD\�EH�IRXQG�E\�ORRNLQJ�DW�VHUYLFH�OHYHO�
DJUHHPHQWV��6/$V��XVHG�LQ�LQGXVWU\���7KHVH�DJUHHPHQWV�LQGLFDWH�WKDW�V\VWHPV�VKRXOG�SURYLGH�XSWLPH�SHUFHQWDJHV�
JUHDWHU�WKDQ������%DVHW����������+RZHYHU��LW�LV�QRW�REYLRXV�KRZ�WR�DSSO\�WKHVH�LQGXVWU\�PHDVXUHV�WR�VWXGHQW�
ZRUN���:KLOH�WKH�DVVHVVPHQWV�XVHG�LQ�WKH�ILUVW�LQVWDQFH�RI�WKH�FODVV�ZRUNHG�UHDVRQDEO\�ZHOO��WKHUH�LV�URRP�IRU�
DGGLWLRQDO�GHYHORSPHQW�RI�DVVHVVPHQW�DFWLYLWLHV�DQG�WKHVH�PD\�EH�WKH�VXEMHFWV�RI�IXWXUH�ZRUN��
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�
$QRWKHU�SUREOHP�ZDV�SUHVHQWLQJ�DQ�HIIHFWLYH�VLPXODWHG�ZRUNSODFH�PRGHO�GXULQJ�WKH�ILUVW�ZHHNV�RI�WKH�FODVV���
6WXGHQWV�EXLOW�XS�WKHLU�VHUYHU�LQIUDVWUXFWXUHV�IURP�VFUDWFK���%HFDXVH�RI�WKLV��WKH�WDVNV�SHUIRUPHG�E\�VWXGHQWV�LQ�
WKH�ILUVW�SDUW�RI�WKH�VHPHVWHU�PD\�KDYH�EHHQ�WRR�HDV\��DQG�WKH�YROXPH�RI�WDVNV�PD\�KDYH�EHHQ�WRR�ORZ���7KLV�LV�
DOVR�QRW�UHSUHVHQWDWLYH�RI�D�W\SLFDO�ZRUNSODFH�LQ�ZKLFK�V\VWHPV�DGPLQLVWUDWRUV�KDYH�WR�PDLQWDLQ�H[LVWLQJ�
LQIUDVWUXFWXUH�ZKLOH�VLPXOWDQHRXVO\�GHVLJQLQJ�DQG�GHSOR\LQJ�QHZ�V\VWHPV���,Q�IXWXUH�LQVWDQFHV�RI�WKH�FODVV�
VWXGHQWV�ZLOO�EHJLQ�E\�WDNLQJ�UHVSRQVLELOLW\�IRU�D�SUHH[LVWLQJ�YLUWXDO�LQIUDVWUXFWXUH�WR�ZKLFK�WKH\�ZLOO�DGG�
V\VWHPV�DQG�VHUYLFHV�RYHU�WKH�FRXUVH�RI�WKH�VHPHVWHU��
�
,Q�JHQHUDO�WKH�FODVV�VHHPHG�WR�VXFFHHG�LQ�SURYLGLQJ�UHOHYDQW�DQG�UHDOLVWLF�OHDUQLQJ�H[SHULHQFHV�IRU�LWV�VWXGHQWV���
2QH�VWXGHQW�ZKR�ZDV�DOUHDG\�ZRUNLQJ�LQ�D�V\VWHPV�DGPLQLVWUDWLRQ�UROH�FRPPHQWHG��CC,W
V�WHDFKLQJ�PH�SUDFWLFDO�
VNLOOV�WKDW�,�DP�DOUHDG\�LPSOHPHQWLQJ�LQ�P\�ZRUNSODFH���
�
�
5HIHUHQFHV�

$WODVVLDQ���Q�G����7HDP�&ROODERUDWLRQ�6RIWZDUH�_�$WODVVLDQ�&RQIOXHQFH���7UXVWHG�E\�7KRXVDQGV��5HWULHYHG�$SULO�
����������IURP�KWWS���ZZZ�DWODVVLDQ�FRP�VRIWZDUH�FRQIOXHQFH�RYHUYLHZ�WHDP�FROODERUDWLRQ�VRIWZDUH�

%DVHW��6���������-XO\���&ORXG�6/$V��3UHVHQW�DQG�)XWXUH��$&0�6,*236�2SHUDWLQJ�6\VWHPV�5HYLHZ���������
%HVW�3UDFWLFDO���Q�G����57��5HTXHVW�7UDFNHU���%HVW�3UDFWLFDO��5HWULHYHG�$SULO�����������IURP�

KWWS���EHVWSUDFWLFDO�FRP�UW��
%LOOHWW��6����������&XUULFXOXP�DQG�SHGDJRJLF�EDVHV�IRU�HIIHFWLYHO\�LQWHJUDWLQJ�SUDFWLFH�EDVHG�H[SHULHQFHV��

$XVWUDOLDQ�/HDUQLQJ�DQG�7HDFKLQJ�&RXQFLO��
%UDGOH\��7���Q�G����:KDW�LV�D�5RRWNLW��5HWULHYHG�$SULO�����������IURP�

KWWS���QHWVHFXULW\�DERXW�FRP�RG�IUHTXHQWO\DVNHGTXHVWLRQV�I�IDTBURRWNLW�KWP�
&LVFR�6\VWHPV���Q�G����&HUWLILFDWLRQV���,7�&HUWLILFDWLRQ�DQG�&DUHHU�3DWK��5HWULHYHG�$SULO�����������IURP�

KWWS���ZZZ�FLVFR�FRP�ZHE�OHDUQLQJ�FHUWLILFDWLRQV�LQGH[�KWP�
+LFNVRQ��*����������$Q�RYHUYLHZ�RI�YLWXDO�PDFKLQH��90��WHFKQRORJ\�DQG�LWV�LPSOHPHQWDWLRQ�LQ�,�7��VWXGHQW�ODEV�

DW�8WDK�9DOOH\�6WDWH�&ROOHJH��-RXUQDO�RI�&RPSXWLQJ�6FLHQFHV�LQ�&ROOHJHV�����������
/HDU��&���������)HEUXDU\���6\VWHP�$GPLQLVWUDWLRQ�6RIW�6NLOOV��&RPPXQLFDWLRQV�RI�WKH�$&0���������
/LPRQFHOOL��7���	�*UDFH��3���Q�G����7KH�2SHUDWLRQV�5HSRUW�&DUG��5HWULHYHG�$SULO�����������IURP�

KWWS���ZZZ�RSVUHSRUWFDUG�FRP�
/LPRQFHOOL��7���+RJDQ��&���	�&KDOXS��6����������7KH�3UDFWLFH�RI�6\VWHPV�DQG�1HWZRUN�$GPLQLVWUDWLRQ��$GGLVRQ�
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