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,QWURGXFWLRQ
7KLV�SDSHU�UHSRUWV�WKH�GHYHORSPHQW�RI�D�NQRZOHGJH�EDVHG�VLPXODWLRQ�V\VWHP�IRU�WUDLQLQJ
SURFHVV�FRQWURO�RSHUDWRUV��7KH�SURMHFW�XWLOLVHV�FRJQLWLYH�WXWRULQJ�SULQFLSOHV�WKDW�DUH
LPSOHPHQWHG�E\�ZD\�RI�D�UHVHDUFK�EDVHG�PRGHO�RI�H[SHUW�SHUIRUPDQFH�LQ�WKH�FRQWHQW
GRPDLQ��$�QXPEHU�RI�FRPSOHPHQWDU\�OHDUQLQJ�PRGXOHV�DUH�XVHG�WR�VXSSRUW�WUDLQHHV¶
FRQVWUXFWLRQ�RI�D�PHQWDO�PRGHO�RI�WKH�IXQGDPHQWDO�FRQWURO�ORRSV�XQGHUO\LQJ�HIIHFWLYH
SURFHVV�FRQWURO�RSHUDWLRQ��7KH�VWDJHG�VLPXODWLRQ�HQYLURQPHQW�LV�GHVLJQHG�WR�H[SRVH
OHDUQHUV�WR�WKH�VSHFLDO�FKDOOHQJHV�RI�GHDOLQJ�ZLWK�D�G\QDPLF�SUREOHP�VROYLQJ�VLWXDWLRQ
ZKLOH�DW�WKH�VDPH�WLPH�FDUHIXOO\�OLPLWLQJ�WKH�FRJQLWLYH�GHPDQGV�LPSRVHG��7R�DSSUHFLDWH
WKH�SXUSRVH�RI�WKH�SURFHVV�FRQWURO�WUDLQLQJ�V\VWHP�UHSRUWHG�LQ�WKLV�SDSHU��LW�LV�QHFHVVDU\�WR
XQGHUVWDQG�WKH�W\SH�RI�VHWWLQJ�IRU�ZKLFK�LW�LV�GHVLJQHG��:H�ZLOO�LQWURGXFH�WKH�FRQFHSW�RI
SURFHVV�FRQWURO�E\�FRQVLGHULQJ�WKH�H[DPSOH�RI�DQ�HOHFWULF�SRZHU�SODQW��7KLV�H[DPSOH
DOORZV�XV�WR�LOOXVWUDWH�D�W\SLFDO�VHWWLQJ�DQG�WR�FKDUDFWHULVH�WKH�SHUIRUPDQFH�GHPDQGV�IDFHG
E\�SURFHVV�FRQWURO�RSHUDWRUV�

3URFHVV�&RQWURO��$Q�([DPSOH
(QVXULQJ�D�FRQWLQXRXV�DQG�ZHOO�UHJXODWHG�VXSSO\�RI�HOHFWULFDO�SRZHU�WR�FRQVXPHUV���
KRXUV�HDFK�GD\�UHTXLUHV�WKDW�WKH�SURFHVV�RI�SRZHU�JHQHUDWLRQ�LV�PDLQWDLQHG�ZLWKLQ�VWULFW
OLPLWV��,Q�D�VWHDP�GULYHQ�HOHFWULF�SRZHU�SODQW��WKH�JHQHUDWRUV�WKDW�SURGXFH�HOHFWULFLW\�DUH
WXUQHG�E\�SUHVVXULVHG�VWHDP�IORZLQJ�IURP�MHWV�RQWR�WXUELQH�EODGHV�DWWDFKHG�WR�WKH
JHQHUDWRUV��7R�NHHS�WKLV�W\SH�RI�SRZHU�SODQW�RSHUDWLQJ�VDIHO\�DQG�SURSHUO\��WKHUH�QHHGV�WR
EH�FDUHIXO�FRQWURO�RI�

� WKH�WHPSHUDWXUH�RI�WKH�VWHDP�VXSSOLHG�WR�WKH�WXUELQHV�
� WKH�IORZ�RI�VWHDP�OHDYLQJ�WKH�MHWV�WKDW�WXUQV�WKH�WXUELQHV�
� WKH�SUHVVXUH�RI�WKH�VWHDP�DV�LW�OHDYHV�WKH�MHWV�
� WKH�OHYHO�RI�ZDWHU�LQ�WKH�WDQNV�VXSSO\LQJ�WKH�VWHDP�ERLOHUV�

,Q�PRGHUQ�SRZHU�SODQWV��WKHVH�IRXU�SURFHVV�YDULDEOHV��RI�WHPSHUDWXUH��IORZ��SUHVVXUH�DQG
OHYHO�DUH�PRQLWRUHG�FRQWLQXRXVO\�E\�HOHFWURQLF�VHQVRUV�LQVWDOOHG�DW�UHOHYDQW�SDUWV�RI�WKH
SODQW��7KLV�VHQVLQJ�HTXLSPHQW�LV�FRPSOHPHQWHG�E\�D�UDQJH�RI�HOHFWURQLFDOO\�RSHUDWHG
FRQWURO�GHYLFHV�ZKLFK�DXWRPDWLFDOO\�SHUIRUP�IXQFWLRQV�VXFK�DV�FKDQJLQJ�WKH�WHPSHUDWXUH�
UHJXODWLQJ�WKH�IORZ��YDU\LQJ�WKH�SUHVVXUH�DQG�PDLQWDLQLQJ�WKH�ZDWHU�OHYHO���)RU�HDFK�FULWLFDO
IXQFWLRQ��WKHUH�DUH�DOVR�DODUPV�WKDW�ZLOO�EH�WULJJHUHG�DXWRPDWLFDOO\�ZKHQ�DQ\�RQH�RI�WKH
SURFHVV�YDULDEOHV�JRHV�RXWVLGH�LWV�SHUPLWWHG�UDQJH�RI�YDOXHV�

,QIRUPDWLRQ�JDLQHG�IURP�WKH�PRQLWRULQJ�RI�SURFHVV�YDULDEOHV�E\�PHDQV�RI�HOHFWURQLF
VHQVRUV�GLVWULEXWHG�DURXQG�WKH�SRZHU�SODQW�LV�IHG�EDFN�WR�WKH�FHQWUDO�FRQWURO�URRP��7KH
RSHUDWRU�LQ�WKH�FRQWURO�URRP�YLHZV�WKLV�VWDWXV�LQIRUPDWLRQ�ZKLFK�LV�GLVSOD\HG
GLDJUDPPDWLFDOO\�RQ�FRPSXWHU�VFUHHQV��$ODUP�LQIRUPDWLRQ�LV�GLVSOD\HG�LQ�D�VLPLODU�ZD\�
)XUWKHU��WKH�FRQWURO�URRP�RSHUDWRU�FDQ�UHPRWHO\�DGMXVW�VHWWLQJV�RQ�WKH�YDULRXV�FRQWURO
GHYLFHV�WKDW�DOWHU�WKH�SURFHVV�YDULDEOHV�RXW�LQ�WKH�SODQW���7KH�RSHUDWRU�PD\�WDNH�PDQXDO
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FRQWURO�WR�H[HUW�IDVWHU�FRQWURO�RU�WR�RYHUULGH�DQ�DODUP���7KLV�SURFHGXUH�RI�DGMXVWLQJ�VHWWLQJV
LQ�UHVSRQVH�WR�PRQLWRULQJ�DQG�DODUP�LQIRUPDWLRQ�LV�FDUULHG�RXW�YLD�G\QDPLF�LQWHUDFWLRQ
ZLWK�WKH�GLVSOD\HG�JUDSKLF�LQIRUPDWLRQ��7KH�W\SH�RI�FRQWURO�V\VWHP�GHVFULEHG�KHUH�LV
NQRZQ�DV�D�'LVWULEXWHG�&RQWURO�6\VWHP��'&6��EHFDXVH�DQ�RSHUDWRU�ZRUNLQJ�LQ�WKH�VLQJOH
ORFDWLRQ�RI�WKH�FHQWUDO�FRQWURO�URRP�LV�DEOH�WR�H[HUFLVH�FRQWURO�RYHU�PDQ\�LQGLYLGXDO
DVSHFWV�RI�WKH�SURFHVV�WKDW�DUH�LQ�UHDOLW\�ZLGHO\�GLVWULEXWHG�WKURXJKRXW�WKH�SODQW�

$OWKRXJK�WKH�DERYH�H[DPSOH�XVHG�D�SRZHU�JHQHUDWLRQ�SURFHVV�WR�LOOXVWUDWH�WKH�FRQFHSW�RI�D
GLVWULEXWHG�FRQWURO�V\VWHP��VXFK�V\VWHPV�DUH�ZLGHVSUHDG�DFURVV�D�GLYHUVH�UDQJH�RI
LQGXVWULHV��7KHVH�LQFOXGH�RLO�DQG�JDV��PLQLQJ��PDQXIDFWXULQJ�DQG�YDULRXV�XWLOLWLHV��'HVSLWH
WKH�GLVVLPLODULW\�RI�WKHVH�YDULRXV�HQWHUSULVHV�LQ�WHUPV�RI�WKH�RXWSXWV�WKH\�SURGXFH�DQG�WKH
VSHFLILF�GHWDLOV�RI�WKH�SURFHVVHV�WKH\�XVH��WKH�XQGHUO\LQJ�'&6�DSSURDFK�UHPDLQV�YHU\
VLPLODU�IURP�LQGXVWU\�WR�LQGXVWU\��,W�DOZD\V�LQYROYHV�PRQLWRULQJ�SURFHVV�YDULDEOHV�DQG
FDUU\LQJ�RXW�DGMXVWPHQWV�LQ�UHVSRQVH�WR�LQIRUPDWLRQ�GHSLFWHG�RQ�D�G\QDPLF�FRPSXWHU
GLVSOD\��)RU�WKLV�UHDVRQ��WKH�VNLOOV�UHTXLUHG�WR�EH�D�'&6�RSHUDWRU�FDQ�EH�FRQVLGHUHG�DV
KLJKO\�JHQHULF�

2YHUYLHZ�RI�3URFHVV�&RQWURO�7UDLQLQJ�6\VWHP��3&2B&%7�
7KH�3&2B&%7�WUDLQLQJ�V\VWHP�ZDV�GHYHORSHG�DV�D�LQWHUDFWLYH�VLPXODWLRQ�IRU�GHOLYHU\�YLD
SHUVRQDO�FRPSXWHU�LQ�HLWKHU�VWDQG�DORQH�IRUPDW�RU�DV�D�KDQGV�RQ�VXSSOHPHQW�WR�DQ
LQVWUXFWRU�OHG�FRXUVH��,W�ZDV�GHVLJQHG�WR�GHYHORS�JHQHULF�VNLOOV�LQ�SURFHVV�FRQWURO��UDWKHU
WKDQ�IRFXVLQJ�RQ�GHYHORSLQJ�WKH�VSHFLILF�VNLOOV�QHHGHG�IRU�D�SDUWLFXODU�LQGXVWU\��7KH
WUDLQLQJ�DGGUHVVHV�IRXU�EDVLF�FRQWURO�ORRSV�WKDW�RSHUDWRUV�PXVW�W\SLFDOO\�PDVWHU
�WHPSHUDWXUH��IORZ��SUHVVXUH�DQG�OHYHO���7KHVH�DUH�WUHDWHG�E\�PHDQV�RI�LQWHUDFWLYH
VLPXODWLRQV�WKDW�JLYH�WUDLQHHV�H[SHULHQFH�RI�ZRUNLQJ�LQ�D�VLPSOLILHG�SURFHVV�FRQWURO
HQYLURQPHQW�LQ�ZKLFK�WKH�FRJQLWLYH�ORDG�LV�FDUHIXOO\�OLPLWHG�WR�D�PDQDJHDEOH�OHYHO�ZKLOH
UHWDLQLQJ�WKH�HVVHQWLDO�G\QDPLF�SUREOHP�VROYLQJ�DSSURDFK�UHTXLUHG�IRU�VXFK�RSHUDWLRQV�

7KH�PDLQ�PRGXOHV�FRPSULVLQJ�WKH�WUDLQLQJ�DUH�,QWURGXFWLRQ��3UHOLPLQDU\�7UDLQLQJ��-RE
2ULHQWHG�6LPXODWLRQ�7UDLQLQJ��DQG�5HIHUHQFH��)LJXUH���VKRZV�WKDW�WKH�LQVWUXFWLRQDO
HQYLURQPHQW�UHVHPEOHV�WKH�VRUW�RI�FRQWURO�URRP�FRQWH[W�ZKLFK�D�WUDLQHH�PLJKW�HQFRXQWHU�LI
EHLQJ�JLYHQ�PRUH�FRQYHQWLRQDO�RQH�WR�RQH�WUDLQLQJ�E\�DQ�H[SHULHQFHG�SURFHVV�FRQWURO
RSHUDWRU��7KLV�FRQWURO�URRP�GLVSOD\�VHUYHV�DV�D�µKRPH¶�IRU�WKH�V\VWHP�DQG�WKH�EDVLV�RI�DOO
DFWLYLW\��6HFXUH�QDYLJDWLRQDO�VXSSRUW�LV�SURYLGHG�E\�UHTXLULQJ�WKH�WUDLQHU�WR�WUDYHO�EHWZHHQ
PRGXOHV�E\�ZD\�RI�WKLV�FRQWURO�URRP�KRPH�SDQHO��1RWH�WKDW�WUDLQHHV�ZRUN�IURP�µMRE�FDUGV¶
ZKLFK�VSHFLI\�WKH�RYHUDOO�WDVN�WR�EH�FRPSOHWHG��DV�ZRXOG�EH�XVHG�LQ�D�UHDO�SODQW���7KH\�DUH
DOVR�JLYHQ�UHOHYDQW�LQIRUPDWLRQ�YLD�DQ�DODUP�SDQHO��VKRZQ�RQ�OHIW�RI�WKH�GLVSOD\��DQG
JXLGDQFH�RU�IHHGEDFN�YLD�D�µPHQWRU¶�
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)LJXUH����&RQWURO�URRP�GLVSOD\��µKRPH¶��VKRZLQJ�PRGXOH�HQWU\�SRLQWV��MRE�FDUGV�DQG
PHQWRU

7KH�DSSURDFK�XVHG�LQ�WKH�-RE�2ULHQWHG�6LPXODWLRQ�7UDLQLQJ�HPXODWHV�WKH�XVXDO�WUDLQLQJ
VLWXDWLRQ�LQ�ZKLFK�LQH[SHULHQFHG�RSHUDWRUV�DUH�WUDLQHG�E\�DWWHPSWLQJ�WR�SHUIRUP�DFWXDO
FRQWURO�WDVNV�XQGHU�WKH�VXSHUYLVLRQ�RI�DQ�H[SHULHQFHG�PHQWRU��'XULQJ�WUDLQLQJ��WKH
WUDLQHH¶V�NQRZOHGJH�DQG�FDSDFLWLHV�DUH�HQJDJHG�DQG�GHYHORSHG�IURP�WKH�RXWVHW�ZKHQ�WKH\
FKRRVH�D�MRE�WR�GR�RU�DQ�HUURU�FRQGLWLRQ�WR�FRUUHFW��7KH�GLIIHUHQW�MREV�RU�HUURU�FRQGLWLRQV
WUDLQHHV�FDQ�FKRRVH�UDQJH�DFURVV�YDULRXV�W\SHV�RI�SURFHVV�YDULDEOHV�DQG�OHYHOV�RI
FRPSOH[LW\��)RU�H[DPSOH��D�MRE�PD\�UHTXLUH�WKH�WUDLQHH�WR�PRGLI\�RU�DGMXVW�D�WHPSHUDWXUH
RU�SUHVVXUH�WR�PDLQWDLQ�SURGXFWLRQ�WDUJHWV�ZKLOH�VWD\LQJ�ZLWKLQ�DJUHHG�VDIHW\�ERXQGDULHV�
)URP�WKH�RXWVHW��WKH�WUDLQHH�LQWHUDFWV�ZLWK�WKH�VLPXODWHG�SURFHVV�FRQWURO�V\VWHP�DQG�LV
KHOSHG�WR�OHDUQ�DSSURSULDWH�UHVSRQVHV�WR�FKDQJLQJ�RSHUDWLRQDO�FRQGLWLRQV�LQ�D�G\QDPLF�DQG
WLPH�GULYHQ�HQYLURQPHQW��,QGLYLGXDO�MREV�LQ�WKH�VLPXODWLRQ�KDYH�EHHQ�EURNHQ�GRZQ�LQWR�D
QXPEHU�RI�NH\�WDVNV��VXE�SURFHGXUHV���9DULRXV�DODUP�FRQGLWLRQV�DQG�IDXOW�VFHQDULRV
UHTXLUH�WKH�DSSOLFDWLRQ�RI�WKHVH�WDVNV�WR�FRUUHFW�WKH�HUURU�FRQGLWLRQ��)LJXUH���VKRZV�D
W\SLFDO�GLVSOD\�SUHVHQWHG�WR�WKH�WUDLQHH�GXULQJ�WKH�-RE�2ULHQWHG�6LPXODWLRQ�7UDLQLQJ��7KH
OHDUQHU¶V�WDVN�LV�WR�LQWHUSUHW�WKH�DEVWUDFW�UHSUHVHQWDWLRQ�RI�WKH�FRQWURO�ORRSV�GHSLFWHG��OHIW
KDQG�VLGH�RI�WKH�GLVSOD\���UHDG�WKH�LQIRUPDWLRQ�SURYLGHG�LQ�WKH�IDFHSODWHV��ERWWRP�ULJKW�
DQG�PRQLWRU�WKH�WUHQG�GDWD�DV�DGMXVWPHQWV�DUH�PDGH��WRS�ULJKW��
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)LJXUH����-RE�2ULHQWHG�6LPXODWLRQ�7UDLQLQJ�GLVSOD\�VKRZLQJ�ORRSV��IDFHSODWHV�DQG�WUHQG
GDWD�

([SHUW�DGYLFH�DQG�IHHGEDFN�LV�SURYLGHG�E\�ZD\�RI�DQ�RQ�VFUHHQ�PHQWRU��SDUDOOHOLQJ�WKH
VLWXDWLRQ�WKDW�PLJKW�H[LVW�ZLWK�D�VXSHUYLVRU�LQ�UHDO�OLIH���,QYROYHPHQW�RI�WKH�PHQWRU�KDV
EHHQ�FDUHIXOO\�GHVLJQHG�WR�EH�FRQWH[W�VHQVLWLYH�VR�DV�WR�PD[LPLVH�FRUUHFWLRQ�RI�HUURUV�DW
WKH�SRLQW�RI�QHHG�ZKLOH�PLQLPLVLQJ�SRVVLEOH�GLVUXSWLYH�HIIHFWV��7KH�PHQWRU�IXQFWLRQV�E\
KDYLQJ�WKH�NQRZOHGJH�RI�DQ�H[SHUW�SURFHVV�FRQWURO�RSHUDWRU�HQFDSVXODWHG�LQ�³LI�WKHQ´
UXOHV��)RU�H[DPSOH��LI�D�FRQGLWLRQ�H[LVWV�ZKHUH�DQ�DODUP�LV�DERXW�WR�JR�RII��WKH�XVHU�LV
SURPSWHG�YLD�WKH�H[SHUW�UXOHV�WR�FRUUHFW�WKH�VLWXDWLRQ�E\�WDNLQJ�DSSURSULDWH�DFWLRQV�
%HFDXVH�WKH�OHDUQHU¶V�LQWHUDFWLRQV�ZLWK�WKH�V\VWHP�DUH�FRQWLQXDOO\�PRQLWRUHG�LQ�WKLV
IDVKLRQ��JXLGDQFH�LV�ERWK�WLPHO\�DQG�UHOHYDQW��7KLV�KLJKO\�FRQWH[WXDOLVHG�OLQNLQJ�RI
FRQGLWLRQV�DQG�DFWLRQV�LV�GHVLJQHG�WR�SURYLGH�RSSRUWXQLWLHV�IRU�WUDLQHHV�WR�GHYHORS
DSSURSULDWH�DQG�SURSHUO\�VLWXDWHG�PHQWDO�PRGHOV�RI�SUREOHP�VROYLQJ�LQ�D�G\QDPLF�SURFHVV
FRQWURO�HQYLURQPHQW�

3URFHVV�&RQWURO�DV�D�'\QDPLF�7DVN
3URFHVV�FRQWURO�RSHUDWRUV��VXFK�DV�WKRVH�ZRUNLQJ�ZLWKLQ�'&6�FRQWH[WV��SHUIRUP�WKHLU
GXWLHV�LQ�D�KLJKO\�G\QDPLF�WDVN�HQYLURQPHQW��'HFRXUWLV��������:DOODFK���������$V�ZLWK
RWKHU�G\QDPLF�WDVNV�VXFK�DV�GULYLQJ�D�PRWRU�FDU��$DVPDQ��������'RQJHV��������RU
FRQWUROOLQJ�DLU�WUDIILF��/HH��$QGHUVRQ�	�0DWHVVD���������SURFHVV�FRQWURO�UHTXLUHV�RSHUDWRUV
WR�UHVSRQG�LQ�UHDO�WLPH�WR�D�FRQWLQXDOO\�FKDQJLQJ�VHW�RI�WDVN�FRQGLWLRQV��0DQ\�RI�WKHVH
FKDQJHV�LQ�WKH�QDWXUH�RI�WKH�WDVN�DUH�GXH�WR�DOWHUDWLRQV�LQ�SURFHVV�YDULDEOHV�WKDW�RFFXU
LQGHSHQGHQWO\�RI�WKH�RSHUDWRU�RU�WKDW�DUH�EH\RQG�WKH�RSHUDWRU¶V�LPPHGLDWH�FRQWURO�
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:LWK�IUHVK�LQIRUPDWLRQ�FRQWLQXDOO\�EHLQJ�SUHVHQWHG�DV�WKH�'&6�VFUHHQ�LV�XSGDWHG��WKH
RSHUDWRU�ZKR�LV�PRQLWRULQJ�WKH�VWDWH�RI�SURFHVV�YDULDEOHV�YLD�WKH�GLVSOD\�LV�UHTXLUHG�WR
LQWHUSUHW�RQ�JRLQJ�FKDQJHV�DQG�UHVSRQG�DSSURSULDWHO\��,Q�HIIHFW��WKH�RSHUDWRU�LV�IDFHG�ZLWK
D�ODELOH�SUREOHP�VROYLQJ�VLWXDWLRQ�LQ�ZKLFK�WKH�JLYHQV�RI�WKH�SUREOHP�DQG�WKH�QDWXUH�RI�WKH
VROXWLRQV�FDQ�YDU\�IURP�PRPHQW�WR�PRPHQW��$V�HDFK�QHZ�VHW�RI�FRQGLWLRQV�DULVHV��WKH
RSHUDWRU�LV�SODFHG�LQ�D�IUHVK�SUREOHP�VROYLQJ�FRQWH[W�DQG�PXVW�PDNH�GHFLVLRQV�WKHQ�WDNH
DFWLRQV�ZLWKLQ�D�YHU\�OLPLWHG�WLPH�IUDPH�

5DWKHU�WKDQ�VLPSO\�EHLQJ�IL[HG�SUREOHPV�WKDW�FDQ�EH�GHDOW�ZLWK�E\�PDNLQJ�D�ILQLWH�VHW�RI
FKRLFHV��G\QDPLF�WDVNV�FDQ�EH�FRQVLGHUHG�WR�EH�FRQWURO�SUREOHPV��%UHKPHU�	�$OODUG�
�������$V�VXFK��WKHVH�WDVNV�DUH�TXDOLWDWLYHO\�GLIIHUHQW�IURP�WKH�VWDWLF�SUREOHP�VROYLQJ
VLWXDWLRQV�WKDW�KDYH�EHHQ�H[WHQVLYHO\�VWXGLHG�E\�FRJQLWLYH�SV\FKRORJLVWV�LQ�UHFHQW�\HDUV�
)RU�H[DPSOH��LQ�GRPDLQV�VXFK�DV�SK\VLFV��&KL��*ODVHU�	�5HHV��������DQG�FRPSXWHU
SURJUDPPLQJ��'DYLHV���������WKH�QDWXUH�RI�WKH�RYHUDOO�SUREOHP�LV�GHILQHG�DW�WKH�RXWVHW�DQG
GRHV�QRW�FKDQJH��$�VDWLVIDFWRU\�RXWFRPH�FDQ�EH�REWDLQHG�LI�DQ�DSSURSULDWH�VHW�RI�VWHSV�LV
IROORZHG�WKURXJK�WR�WKH�VROXWLRQ��+RZHYHU��WKLV�LV�FOHDUO\�QRW�WKH�FDVH�ZLWK�SURFHVV
FRQWURO�

7KH�LPPHGLDF\�RI�WKH�WDVN�GHPDQGV�LQ�SURFHVV�FRQWURO�DUH�VXFK�WKDW�WKHUH�FDQ�EH�OLWWOH�RU
QR�WLPH�IRU�GHOLEHUDWLRQ�RQ�WKH�SDUW�RI�WKH�RSHUDWRU��$V�ZLWK�GULYLQJ�D�PRWRU�YHKLFOH�
VNLOOHG�SHUIRUPDQFH�QHHGV�WR�EH�D�ODUJHO\�DXWRPDWLF�SURFHVV�WKDW�LQYROYHV�VLJQLILFDQW
XQFRQVFLRXV�FRQWURO�RI�EHKDYLRXU��7KH�WLPH�LPSHUDWLYH�IRU�FRQWLQXRXV�LQWHUDFWLYH
DGMXVWPHQW�WR�WKH�V\VWHP�GRHV�QRW�DOORZ�IRU�OHQJWK\�GHFLVLRQ�PDNLQJ�SURFHVVHV�RU
H[WHQVLYH�LQWURVSHFWLRQ��1HYHUWKHOHVV��SURFHVV�FRQWURO�FDQQRW�EH�FDUULHG�RXW�HIIHFWLYHO\�LQ�D
SXUHO\�LQWXLWLYH�PDQQHU��7KH�FKRLFHV�RI�DFWLRQV�PDGH�E\�D�VNLOOHG�RSHUDWRU�LQ�WKH�FRQWURO
URRP�IURP�PRPHQW�WR�PRPHQW�PXVW�XOWLPDWHO\�EH�UHODWHG�WR�WKHLU�OLNHO\�SK\VLFDO
FRQVHTXHQFHV�ZLWKLQ�WKH�SODQW�LWVHOI��7KLV�VXJJHVWV�WKDW�VNLOOHG�SURFHVV�FRQWURO�LQYROYHV�WKH
RSHUDWRU�FRQVWUXFWLQJ�VRPH�W\SH�RI�PHQWDO�UHSUHVHQWDWLRQ�RI�WKH�VLWXDWLRQ�GHSLFWHG�RQ�WKH
'&6�GLVSOD\V�DQG�EDVLQJ�GHFLVLRQ�PDNLQJ�RQ�WKDW�UHSUHVHQWDWLRQ�

)XUWKHU�FRPSOLFDWLQJ�IDFWRUV�LQYROYHG�LQ�WKH�OHDUQLQJ�RI�G\QDPLF�WDVNV�VXFK�DV�SURFHVV
FRQWURO�DULVH�IURP�WKH�LQKHUHQW�XQSUHGLFWDELOLW\�RI�WKH�VLWXDWLRQ�WKH�OHDUQHU�LV�GHDOLQJ�ZLWK�
7KLV�PHDQV�WKDW�LW�LV�W\SLFDOO\�LPSRVVLEOH�WR�GR�D�ORRN�DKHDG�VHDUFK��RU�WR�FDUU\�RXW
H[WHQVLYH�EDFNWUDFNLQJ�GXH�WR�XQFRQWUROOHG�FKDQJHV�LQ�WKH�WDVN�HQYLURQPHQW��,Q�DGGLWLRQ�
WKHUH�DUH�WHPSRUDO�FKDUDFWHULVWLFV�RI�D�G\QDPLF�VNLOO�WKDW�QHHG�WR�EH�FRQVLGHUHG��VXFK�DV�WKH
WLPH�WDNHQ�IRU�FKDQJHV�WR�RFFXU�LQ�WKH�SURFHVV�HQYLURQPHQW�DQG�WKH�WLPH�WDNHQ�WR�FRPSOHWH
WDVNV�ZLWKLQ�WKH�RSHUDWLQJ�HQYLURQPHQW��VHH�%UHKPHU���������7R�SHUIRUP�SURFHVV�FRQWURO
HIIHFWLYHO\��WKH�RSHUDWRU�PXVW�WDNH�SURSHU�DFFRXQW�RI�WKHVH�WHPSRUDO�DVSHFWV��7UDLQHH
RSHUDWRUV�WKHUHIRUH�QHHG�WR�EH�JLYHQ�WKH�RSSRUWXQLW\�RI�OHDUQLQJ�WR�KDQGOH�WKHVH�DVSHFWV
GXULQJ�WKHLU�LQVWUXFWLRQ��7KHVH�DGGLWLRQDO�GHPDQGV�DOO�LQFUHDVH�WKH�FRPSOH[LW\�RI�WKH�WDVN
IRU�ZKLFK�RSHUDWRUV�PXVW�EH�WUDLQHG�

([SHUWLVH�LQ�'&6�2SHUDWLRQV
$V�ZLWK�SHUIRUPDQFH�LQ�RWKHU�FRPSOH[�SUREOHP�VROYLQJ�GRPDLQV��H�J��/RZH���������VRPH
DVSHFWV�RI�WKH�VNLOOV�LQYROYHG�LQ�SURFHVV�FRQWURO�DUH�ODUJHO\�LPSOLFLW�DQG�WKHUHIRUH�XQOLNHO\
WR�EH�UHYHDOHG�GXULQJ�DQ�H[SHUW¶V�H[SOLFLW�H[SODQDWLRQ��+RZHYHU��FDUHIXOO\�GHVLJQHG
LQYHVWLJDWLRQV�KDYH�DOORZHG�UHVHDUFKHUV�WR�LQIHU�PDQ\�RI�WKH�XQGHUO\LQJ�FRJQLWLYH
VWUXFWXUHV�DQG�PHQWDO�DFWLYLWLHV�WKDW�XQGHUSLQ�H[SHUW�SHUIRUPDQFH��7KH�H[SHUWLVH�H[KLELWHG
E\�VNLOOHG�RSHUDWRUV�LQ�PDQ\�ILHOGV�LV�DVVRFLDWHG�ZLWK�WKHLU�SRVVHVVLRQ�RI�H[WHQVLYH�VWRUHV
RI�GRPDLQ�VSHFLILF�NQRZOHGJH��3DUW�RI�WKLV�VWRUHG�NQRZOHGJH�FRQVLVWV�RI�WKH�PRUH�IDFW�
OLNH��LQHUW�NQRZOHGJH�WKDW�LV�DYDLODEOH�IRU�H[SOLFLW�UHFDOO��GHFODUDWLYH�NQRZOHGJH��
+RZHYHU��RI�SDUWLFXODU�LQWHUHVW�WR�SURFHVV�RULHQWHG�H[SHUWLVH��VXFK�DV�VNLOOHG�'6&
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RSHUDWLRQ��LV�WKH�SURFHGXUDO�NQRZOHGJH�WKDW�FRQFHUQV�WKH�VHTXHQFHV�RI�DFWLRQV�WR�EH
SHUIRUPHG�LQ�RUGHU�WR�FDUU\�RXW�D�SURFHVV�VXFFHVVIXOO\�

([SHUWLVH�LQ�'&6�RSHUDWLRQ�KDV�EHHQ�VWXGLHG�E\�1LHOVHQ�DQG�.LUVQHU��������DQG
FKDUDFWHULVHG�LQ�WHUPV�RI�LWV�SURDFWLYH�QDWXUH��D�UHVSRQVH�WR�WKH�FRPSOH[�G\QDPLF
HQYLURQPHQW�LQYROYHG���)URP�WKHVH�LQYHVWLJDWLRQV��D�FRPSXWHU�PRGHO�KDV�EHHQ�GHYHORSHG
ZKLFK�UHSUHVHQWV�VXFK�H[SHUWLVH�LQ�WHUPV�RI�SURGXFWLRQ�UXOHV��³LI�WKHQ´�FRQGLWLRQ�DFWLRQ
FRPELQDWLRQV��DQG�IROORZV�RQ�IURP�WKH�H[WHQVLYH�ZRUN�RI�$QGHUVRQ������D��RQ�WKLV�IRUP
RI�NQRZOHGJH�FKDUDFWHULVDWLRQ��7KLV�H[WHUQDO�PRGHOOLQJ�RI�'&6�H[SHUWLVH�KDV�OHG�WR�D
SURSRVDO�WKDW�VNLOOHG�'&6�RSHUDWRUV�PD\�SRVVHVV�NQRZOHGJH�VWUXFWXUHV�WKDW�DOORZ�WKHP�WR
PRGHO�SURFHVV�FRQWURO�IXQFWLRQV�LQ�D�IDVKLRQ�VRPHZKDW�DQDORJRXV�WR�WKH�RSHUDWLRQ�RI�WKH
FRPSXWHU�PRGHO��$FFRUGLQJ�WR�WKLV�SURSRVDO��WKHVH�NQRZOHGJH�VWUXFWXUHV�ZRXOG�LQFOXGH�WKH
PHQWDO�HTXLYDOHQW�RI�SURGXFWLRQ�UXOHV�DQG�EH�WKH�EDVLV�RQ�ZKLFK�H[SHUW�'&6�RSHUDWRUV
FRQVWUXFWHG�WKHLU�KLJKO\�IOH[LEOH�PHQWDO�PRGHOV�RI�WKH�V\VWHP¶V�EHKDYLRXU�

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�DOWKRXJK�ZH�PD\�XOWLPDWHO\�EH�VSHDNLQJ�RI�LPSOLFLW�SURFHGXUDO
NQRZOHGJH�ZKHQ�WKH�RSHUDWRU�UHDFKHV�WKH�VWDJH�RI�IOXHQW��DXWRPDWLF�SHUIRUPDQFH��LW�LV�QRW
VXIILFLHQW�WR�UHO\�RQ�D�SXUHO\�SURFHGXUDO�DSSURDFK�GXULQJ�WUDLQLQJ��6XFK�UHOLDQFH�ZRXOG
VLPSO\�OHDG�WR�WKH�GHYHORSPHQW�RI�D�VHW�RI�ORZ�OHYHO�FRQGLWLRQHG�URXWLQHV�UDWKHU�WKDQ�WKH
KLJKHU�OHYHO�IOH[LELOLW\�WKDW�FKDUDFWHULVHV�H[SHUW�SHUIRUPDQFH��,Q�WKH�LQLWLDO�VWDJHV��WKH
WUDLQHH�SDVVHV�WKURXJK�D�SKDVH�LQ�ZKLFK�DSSURSULDWH�NQRZOHGJH�LV�GHDOW�ZLWK�LQ�H[SOLFLW�
GHFODUDWLYH�IRUP��+RZHYHU��WKH�WUDLQLQJ�PXVW�DOVR�SURYLGH�RSSRUWXQLWLHV�IRU�DGHTXDWH
SUDFWLFH�LQ�VXIILFLHQWO\�DXWKHQWLF�VLWXDWLRQV�WR�HQDEOH�WKH�WUDLQHH�WR�GHYHORS�WKH�QHFHVVDU\
DXWRPDWLFLW\�

7KH�PDLQ�IXQFWLRQ�RI�WKH�'&6�WUDLQLQJ�V\VWHP�GLVFXVVHG�LQ�WKLV�SDSHU�LV�VHHQ�DV�EHLQJ�WR
KHOS�WUDLQHH�SURFHVV�FRQWURO�RSHUDWRUV�GHYHORS�WKH�FDSDFLW\�WR�EXLOG�VXLWDEOH�PHQWDO�PRGHOV
RI�WKH�VLWXDWLRQV�WKH\�ZHUH�UHTXLUHG�WR�KDQGOH��$�VLPLODU�DSSURDFK�KDV�UHFHQWO\�EHHQ�XVHG
ZLWK�VRPH�VXFFHVV�WR�LPSURYH�WUDLQHH�PHWHRURORJLVWV¶�FDSDFLWLHV�WR�PDNH�ZHDWKHU�PDS
SUHGLFWLRQV��/RZH���������$�IXQGDPHQWDO�UHTXLUHPHQW�IRU�GHVLJQLQJ�LQVWUXFWLRQ�EDVHG
XSRQ�VXFK�DSSURDFKHV�LV�IRU�WKH�GHVLJQ�WHDP�WR�KDYH�D�FOHDU��H[SOLFLW�FRQFHSWLRQ�RI�WKH
NQRZOHGJH�VWUXFWXUHV�WKDW�XQGHUOLH�WKH�PRGHO�EXLOGLQJ�FDSDFLWLHV�RI�H[SHUW�SHUIRUPHUV�LQ
WKH�GRPDLQ��+RZHYHU��WKLV�FRQFHSWXDOLVDWLRQ�RQ�LWV�RZQ�GHDOV�RQO\�ZLWK�WKH�QDWXUH�RI�WKH
GHVLUHG�RXWFRPH�RI�LQVWUXFWLRQ��,W�GRHV�QRW�JLYH�DQ\�JXLGDQFH�DERXW�ZKDW�LQVWUXFWLRQDO
SURFHVVHV�DUH�OLNHO\�WR�EH�HIIHFWLYH�LQ�SURPRWLQJ�WKDW�RXWFRPH��:H�DOVR�QHHG�WR�FRQVLGHU
WKH�ZD\�LQ�ZKLFK�FKDUDFWHULVWLFV�RI�WKH�OHDUQLQJ�VLWXDWLRQ�LWVHOI�PD\�LQWHUDFW�ZLWK�WKH
GHYHORSPHQW�RI�H[SHUWLVH�

&KDOOHQJHV�IRU�7UDLQLQJ��'HYHORSLQJ�([SHUWLVH�LQ�3URFHVV�&RQWURO
2QH�DSSURDFK�WR�WUDLQLQJ�'&6�RSHUDWRUV�PLJKW�EH�WR�XVH�D�VWUDLJKWIRUZDUG�VLPXODWLRQ�WKDW
FORVHO\�UHVHPEOHV�WKH�DFWXDO�VLWXDWLRQV�ZKLFK�VXFK�RSHUDWRUV�ZRXOG�W\SLFDOO\�EH�H[SHFWHG
WR�HQFRXQWHU��+RZHYHU��LW�FDQ�EH�VHHQ�IURP�WKH�GLVFXVVLRQ�LQ�HDUOLHU�SDUWV�RI�WKLV�SDSHU�WKDW
WKLV�DSSURDFK�PD\�EH�LQHIIHFWLYH�GXH�WR�WKH�XQGHVLUDEO\�KLJK�FRJQLWLYH�SURFHVVLQJ
GHPDQGV�LW�ZRXOG�PDNH�RQ�WKH�OHDUQHU��VHH�DOVR�6ZHOOHU���������)DFHG�ZLWK�D�FRQYHQWLRQDO
VLPXODWLRQ�RI�WKLV�W\SH��WKH�OHDUQHU¶V�UHVSRQVH�LV�OLNHO\�WR�EH�SULPDULO\�RQH�RI�VXUYLYDO��7KDW
LV��WKH�DFWLRQV�WDNHQ�ZRXOG�EH�D�UHVXOW�RI�WKH�OHDUQHU¶V�DWWHPSWV�WR�FRSH�ZLWK�WKH�LPPHGLDWH
H[LJHQFLHV�RI�WKH�VLWXDWLRQ��UDWKHU�WKDQ�HIIRUWV�GLUHFWHG�WRZDUGV�WKH�EXLOGLQJ�RI�DQ�H[SHUW�
OLNH�NQRZOHGJH�UHSUHVHQWDWLRQ�

&RSLQJ�VWUDWHJLHV�VXFK�DV�WKH�IRFXVLQJ�RI�SURFHVVLQJ�UHVRXUFHV�RQ�VRPH�DVSHFWV�RI�D�WDVN
ZKLOH�SD\LQJ�OHVV�DWWHQWLRQ�WR�RWKHU�DVSHFWV�DUH�RIWHQ�DGRSWHG�LQ�VLWXDWLRQV�RI�KLJK�WDVN
GHPDQG��7KLV�W\SH�RI�FRJQLWLYH�ORDG�VKHGGLQJ�ZRXOG�EH�D�SRVVLELOLW\�LI�PXOWLPHGLD�EDVHG
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WUDLQLQJ�LQ�SURFHVV�FRQWURO�ZDV�WR�UHO\�XSRQ�KLJK�GHPDQG�UHDO�WLPH�SUREOHP�VROYLQJ�WDVNV�
6ZHOOHU��������KDV�VXJJHVWHG�WKDW�WKH�FRJQLWLYHO\�GHPDQGLQJ�QDWXUH�RI�SUREOHP�VROYLQJ
DFWLYLW\�LWVHOI�PD\�PHDQ�WKDW�LW�LV�QRW�WKH�PRVW�HIILFLHQW�ZD\�WR�DFTXLUH�H[SHUW�NQRZOHGJH
UHSUHVHQWDWLRQV�

7KH�VSHFLILF�UHVXOWV�IURP�VWXGLHV�RI�SURFHVV�FRQWURO�RSHUDWRUV�LQ�D�*HUPDQ�SRZHU�SODQW
�:DOODFK��������:DOODFK�	�7DFK��������DSSHDU�WR�EH�FRQVLVWHQW�ZLWK�WKH�JHQHUDO�FRQFHUQV
DERXW�FRJQLWLYH�ORDG�H[SUHVVHG�E\�6ZHOOHU��:DOODFK�KDV�VSHFXODWHG�WKDW�VXEMHFWV�ZKR�ZHUH
JLYHQ�WKH�GXDO�WDVNV�RI�OHDUQLQJ�DQG�FRQWUROOLQJ�WKH�SURFHVV�DFKLHYHG�UHODWLYHO\�SRRU�UHVXOWV
EHFDXVH�RI�WKH�HIIHFWV�RI�FRJQLWLYH�RYHUORDG��,I�WKLV�ZDV�WKH�FDVH��LW�PD\�EH�WKDW�'&6
LQVWUXFWLRQ�ZRXOG�EH�PRUH�HIIHFWLYH�LI��UDWKHU�WKDQ�EHLQJ�DVNHG�WR�FRSH�ZLWK�WKH�GHPDQGV
RI�D�IXOO�EORZQ�FRQWURO�VLWXDWLRQ��OHDUQHUV�ZHUH�SUHVHQWHG�ZLWK�D�FRQVLGHUDEO\�VFDOHG�GRZQ
OHYHO�RI�FRQWURO�GHPDQGV��+RZHYHU��LW�ZRXOG�EH�LPSRUWDQW�WKDW�WKH�ZD\�LQ�ZKLFK�WKH
FRQWURO�GHPDQGV�ZHUH�VFDOHG�GRZQ�VWLOO�UHTXLUHG�WKH�RSHUDWRU�WR�VZLWFK�EHWZHHQ�WKH�GXDO
UROHV�RI��D��SDVVLYHO\�VXSHUYLVLQJ�DQ�DXWRPDWHG�SURFHVV�DQG��E��DFWLYHO\�PDQLSXODWLQJ
SURFHVV�FRQWURO�YDULDEOHV�LQ�D�GLUHFW�IDVKLRQ��VHH�5HLQDUW]�	�5HLQDUW]��������

7KLV�UHTXLUHPHQW�LV�KLJKOLJKWHG�E\�WKH�REVHUYDWLRQV�RI�%DLQEULGJH��������ZKR�DVVRFLDWHG
WKH�LQFUHDVLQJ�DXWRPDWLRQ�RI�SURFHVVHV�ZLWK�D�GHFUHDVH�LQ�WKH�FDSDFLW\�RI�RSHUDWRUV�WR
LQWHUYHQH�DQG�WDNH�FRQWURO��6XFK�GHILFLHQFLHV�LQ�RSHUDWRU�SHUIRUPDQFH�FDQ�EH�SDUWLFXODUO\
SURQRXQFHG�DW�WLPHV�ZKHQ�XQH[SHFWHG�SUREOHPV�DULVH�RU�VLJQLILFDQW�LQFUHDVHV�LQ�FRJQLWLYH
ORDG�DUH�LQYROYHG��&OHDUO\�D�FULWLFDO�DVSHFW�RI�HIIHFWLYH�SURFHVV�FRQWURO�RSHUDWRU�WUDLQLQJ
ZRXOG�EH�WKDW�WKH�OHDUQHU�LV�KHOSHG�WR�GHYHORS�WKH�RSHUDWLRQDO�IOH[LELOLW\�WKDW�LV�VR
IXQGDPHQWDO�WR�WKLV�FRPSOH[�MRE��7KLV�ZRXOG�EH�QHFHVVDU\�ERWK�WR�HTXLS�RSHUDWRUV�ZLWK�DQ
DSSURSULDWH�VHW�RI�VNLOOV�DQG�WR�IDFLOLWDWH�WUDQVIHU�RI�WKRVH�VNLOOV�IURP�WKH�WUDLQLQJ�VLWXDWLRQ
WR�WKH�FRQWH[W�RI�HYHU\GD\�RQ�WKH�MRE�SHUIRUPDQFH�

$SSURDFK�WR�,QVWUXFWLRQDO�'HVLJQ
$W�WKH�KHDUW�RI�WKH�LQVWUXFWLRQDO�GHVLJQ�RI�WKH�'&6�WUDLQLQJ�PDWHULDOV�GHVFULEHG�LQ�WKLV
SDSHU�LV�D�NQRZOHGJH�EDVHG�V\VWHP�WKDW�PRGHOV�WKH�SHUIRUPDQFH�RI�DQ�H[SHUW�SURFHVV
FRQWURO�RSHUDWRU��:KLOH�LQ�FHUWDLQ�UHVSHFWV�VRPH�LWV�IHDWXUHV�UHVHPEOH�WKRVH�RI�WUDGLWLRQDO
VLPXODWLRQ�WUDLQLQJ��LW�JRHV�EH\RQG�WKH�SUHRFFXSDWLRQ�ZLWK�VXUIDFH�ILGHOLW\�WKDW
FKDUDFWHULVHV�PRVW�VXFK�DSSURDFKHV��7KLV�LV�SDUWO\�EHFDXVH�LW�GHDOV�ZLWK�DQ�DEVWUDFWHG
ZRUNLQJ�HQYLURQPHQW�LQ�ZKLFK�WKH�UHDOLW\�RI�WKH�HTXLSPHQW�RXW�LQ�WKH�SODQW�LV�UHSODFHG�E\
KLJKO\�VLPSOLILHG�WZR�GLPHQVLRQDO�V\PEROLF�UHSUHVHQWDWLRQV��+RZHYHU��LW�LV�DOVR�EHFDXVH
RI�WKH�LQFRUSRUDWLRQ�RI��DQ�H[SOLFLW�PRGHO�RI�SURFHVV�FRQWURO�SHUIRUPDQFH���,Q��FRQWUDVW�WR
PDQ\�RWKHU�PRGHO�EDVHG�DSSURDFKHV��WKLV�V\VWHP�GRHV�QRW�DWWHPSW�WR�PRGHO�WKH�FRJQLWLYH
SURFHVVHV�RI�WKH�WUDLQHH�EXW�UDWKHU�LV�GHULYHG�IURP�FRJQLWLYH�PRGHOOLQJ�RI�H[SHUW
SHUIRUPHUV��$V�D�FRQVHTXHQFH��LWV�IXQFWLRQ�LV�WR�DFW�DV�D�SRZHUIXO�UHVRXUFH�IRU�PRQLWRULQJ
WUDLQHH�DFWLRQV�ZKLOH�SURYLGLQJ�FRQWH[W�VHQVLWLYH�IHHGEDFN�WR�JXLGH�WKH�OHDUQLQJ�SURFHVV�LQ
DQ�HIILFLHQW�PDQQHU�

:LWK�UHVSHFW�WR�WKH�SUDFWLFDO�GHVLJQ�RI�LQWHOOLJHQW�WXWRULQJ�V\VWHPV��$QGHUVRQ������D�
����E��KDV�HQXQFLDWHG�JHQHUDO�SULQFLSOHV�LQWHQGHG�WR�VXSSRUW�WKH�LPSOHPHQWDWLRQ�RI
FRJQLWLYH�HQJLQHHULQJ�DSSURDFKHV�LQ�FRPSXWHU�EDVHG�LQVWUXFWLRQ��7KHVH�SULQFLSOHV�FDQ
KDYH�LPSOLFDWLRQV�IRU�GHVLJQ�GHFLVLRQV�WDNHQ�DW�WKH�PLFUR�OHYHO��FRPSXWHU�SURJUDPPLQJ�RI
WKH�UXOH�EDVH��RU�WKH�PDFUR�OHYHO��GHYHORSPHQW�RI�SUDFWLFDO�LQVWUXFWLRQDO�VWUDWHJLHV���7KH
IROORZLQJ�OLVW�VXPPDULVHV�WKHVH�SULQFLSOHV�

�� 5HSUHVHQW�VWXGHQW�FRPSHWHQFH�DV�D�SURGXFWLRQ�VHW�
�7KH�VNLOO�LV�GHFRPSRVHG�LQWR�DQ�DFFXUDWH�PRGHO��

�� &RPPXQLFDWH�WKH�JRDO�VWUXFWXUH�XQGHUO\LQJ�WKH�SUREOHP�VROYLQJ�
�7R�EH�GRQH�WKURXJK�WKH�LQWHUIDFH�DV�PXFK�DV�SRVVLEOH��
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�� 3URYLGH�LQVWUXFWLRQ�LQ�WKH�SUREOHP�VROYLQJ�FRQWH[W�
�,QVWUXFWLRQ�LV�SURYLGHG�DV�HDFK�QHZ�VHW�RI�SURGXFWLRQ�UXOHV�LV�LQWURGXFHG��

� 3URPRWH�DQ�DEVWUDFW�XQGHUVWDQGLQJ�RI�WKH�SUREOHP�VROYLQJ�NQRZOHGJH�
�7KH�FRQGLWLRQV�RI�WKH�UXOHV�DUH�VXIILFLHQWO\�JHQHUDO�WR�GR�WKLV��

�� 0LQLPLVH�ZRUNLQJ�PHPRU\�ORDG�
�'R�QRW�SUHVHQW�LQVWUXFWLRQ�ZKLOH�SUREOHP�VROYLQJ��

�� 3URYLGH�LPPHGLDWH�IHHGEDFN�RQ�HUURUV�
�&XW�GRZQ�RQ�WLPH�LQ�HUURU�VWDWH��

�� $GMXVW�WKH�JUDLQ�VL]H�RI�LQVWUXFWLRQ�ZLWK�OHDUQLQJ�
�7KH�JUDLQ�VL]H�WR�UHIOHFW�ODUJHU�FKXQNV�EXLOW�GXULQJ�SUREOHP�VROYLQJ��

�� )DFLOLWDWH�VXFFHVVLYH�DSSUR[LPDWLRQV�WR�WKH�WDUJHW�VNLOO�
�7KH�WXWRU�ILOOV�LQ�VRPH�VWHSV�GXULQJ�HDUO\�VWDJHV��

:KHUHYHU�SRVVLEOH��WKH�GHVLJQ�RI�WKH�SUHVHQW�SURMHFW�ZDV�FDUULHG�RXW�LQ�DFFRUGDQFH�ZLWK
WKHVH�SULQFLSOHV��,Q�VRPH�FDVHV��VXFK�DV�SRLQW�����WKH�SULQFLSOHV�DUH�FRQFHUQHG�ZLWK�WKH
FKDUDFWHULVDWLRQ�RI�WKH�NQRZOHGJH�VWUXFWXUHV�WKDW�XQGHUOLH�WKH�GHVLUHG�SHUIRUPDQFH
RXWFRPHV��,Q�RWKHUV��VXFK�DV�SRLQW�����WKH�SULQFLSOHV�DGGUHVV�WKH�GHPDQGV�RI�WKH
LQVWUXFWLRQDO�VLWXDWLRQ�E\�FRQVLGHULQJ�ZD\V�LQ�ZKLFK�WKH�OHDUQLQJ�ZKLFK�XOWLPDWHO\�OHDGV�WR
WKH�SHUIRUPDQFH�RXWFRPHV�FDQ�EH�IDFLOLWDWHG��)RU�WKH�GHVLJQ�VLWXDWLRQ�GHVFULEHG�KHUH��VWULFW
DGKHUHQFH�WR�$QGHUVRQ¶V�SULQFLSOHV�ZDV�QRW�DOZD\V�SRVVLEOH�DQG�VRPHWLPHV�QRW�HYHQ
GHVLUDEOH�EHFDXVH�RI�WKH�VSHFLDO�QDWXUH�RI�H[SHUWLVH�LQ�SURFHVV�FRQWURO��LQFOXGLQJ�LWV
G\QDPLF�FKDUDFWHU�DQG�WKH�QHHG�WR�VXSSRUW�FRQVWUXFWLRQ�RI�D�FRKHUHQW�PHQWDO�PRGHO���)RU
H[DPSOH�DOWKRXJK�UHSUHVHQWDWLRQ�RI�VWXGHQW�FRPSHWHQFH�DV�D�SURGXFWLRQ�VHW�FHUWDLQO\
EHFDPH�WKH�FRUH�RI�WKH�GHVLJQ��LW�SURYHG�WR�EH�LPSUDFWLFDO�WR�EXLOG�LQ�PHDQLQJIXO
FRPSXWHU�EDVHG�DGMXVWPHQWV�RI�WKH�JUDLQ�VL]H�RI�LQVWUXFWLRQ�ZLWK�OHDUQLQJ�

&RQFOXVLRQ
,QVWUXFWLRQDO�GHVLJQ�W\SLFDOO\�LQYROYHV�VRPH�GHJUHH�RI�RSWLPLVDWLRQ�LQ�ZKLFK�FRPSHWLQJ
GHPDQGV�DULVLQJ�IURP�WKH�QDWXUH�RI�WKH�FRQWHQW�DQG�WKH�FKDUDFWHULVWLFV�RI�OHDUQHUV�PXVW�EH
UHFRQFLOHG��)RU�WKH�'&6�RSHUDWRU�WUDLQLQJ�GLVFXVVHG�LQ�WKLV�SDSHU��WKLV�UHFRQFLODWLRQ
SURFHVV�ZDV�SDUWLFXODUO\�FKDOOHQJLQJ�EHFDXVH�RI�WKH�FRPSOH[LW\�RI�WKH�WDVN�LQYROYHG��LWV
G\QDPLF�FKDUDFWHU��DQG�WKH�DEVWUDFW�ZD\�LQ�WKH�LQIRUPDWLRQ�LQYROYHG�LV�UHSUHVHQWHG��7KH
OHDUQHU�LV�GHDOLQJ�ZLWK�ZKDW�FRXOG�EH�WKRXJKW�RI�DV�D�PRYLQJ�WDUJHW��+RZHYHU��GHYHORSLQJ
WKH�FDSDFLW\�WR�GHDO�ZLWK�WKLV�WDUJHW�HIIHFWLYHO\�UHOLHV�RQ�D�WKH�FRQVWUXFWLRQ�RI�NQRZOHGJH
VWUXFWXUHV�WKDW�ZLOO�SHUPLW�WKH�OHDUQHU�WR�JHQHUDWH�DQG�PRGLI\�PHQWDO�PRGHOV�RI�WKH
GHSLFWHG�UHPRWH�VLWXDWLRQ�LQ�RUGHU�WR�WDNH�DSSURSULDWH�DFWLRQ�

$�PDMRU�FKDOOHQJH�WR�WKH�GHYHORSHU�RI�LQVWUXFWLRQ�LQ�WKLV�DUHD�LV�WKH�ODFN�RI�D
FRPSUHKHQVLYH�WKHRUHWLFDO�IUDPHZRUN�WR�JXLGH�GHVLJQ�DFWLYLWLHV��,Q�WKH�SURMHFW�UHSRUWHG
KHUH��DOWKRXJK�ZH�KDYH�WDNHQ�D�VWURQJO\�WKHRU\�GULYHQ�DSSURDFK�WR�WKH�GHVLJQ�RI�WKH
LQVWUXFWLRQ��LW�KDV�EHHQ�QHFHVVDU\�WR�EH�TXLWH�HFOHFWLF�LQ�RXU�DSSURDFK��,W�PD\�EH�WKDW�WKLV�LV
XQDYRLGDEOH�LQ�D�GRPDLQ�VXFK�DV�'&6�EXW�WKH�DEVHQFH�RI�FRKHUHQW��SULQFLSOHG�DSSURDFKHV
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