
,QWHUDFWLRQ�RI�'HVLJQ�DQG�&RQWURO

'��5��/HZLQ�

:ROIVRQ�'HSDUWPHQW�RI�&KHPLFDO�(QJLQHHULQJ
7HFKQLRQ���,,7

+DLID��������,VUDHO

$EVWUDFW
7UDGLWLRQDOO\�� SODQW� FRQWUROODELOLW\� DQG� RSHUDELOLW\� KDV� EHHQ� FRQVLGHUHG� UDWKHU� ODWH� LQ� WKH� GHVLJQ

SURFHVV��RIWHQ�OHDGLQJ�WR�SRRUO\�SHUIRUPLQJ�V\VWHPV��7KH�LQGLVSXWDEOH�IDFW�WKDW�GHVLJQ�GHFLVLRQV�LQYDULD�
EO\�LPSDFW�RQ�WKH�FRQWUROODELOLW\�DQG�UHVLOLHQF\�RI�SURFHVVHV�LV�GULYLQJ�PRGHUQ�GHVLJQ�PHWKRGV�WR�KDQGOH
IORZVKHHW�FRQWUROODELOLW\�LPSOLFLWO\�LQ�DQ�LQWHJUDWHG�IDVKLRQ��7KLV�SDSHU�GHVFULEHV�WKH�FXUUHQW�VWDWH�RI�WKH
DUW�LQ�LQWHJUDWLRQ�RI�SURFHVV�GHVLJQ�DQG�SURFHVV�FRQWURO��$�VXUYH\�RI�WKH�OLWHUDWXUH�ZRXOG�VXJJHVW�WKDW�WZR
DOWHUQDWLYH�DSSURDFKHV�FRXOG�EH�KDUQHVVHG�WR�HQVXUH�WKH�FRQWUROODELOLW\�DQG�UHVLOLHQF\�RI�FKHPLFDO�SODQWV�
&RQWUROODELOLW\�DQG�UHVLOLHQF\�DQDO\VLV�PHWKRGV�DUH�XVHG�DV�VFUHHQLQJ�PHWKRGV�UHODWLYHO\�HDUO\�RQ� LQ� WKH
GHVLJQ�SURFHVV��)XUWKHUPRUH��WKH�LQWHJUDWHG�GHVLJQ�DQG�FRQWURO�SDUDGLJPV�FDQ�EH�DSSOLHG�WR�IXOO\�RSWLPL]H
DQG�LQWHJUDWH�WKH�GHVLJQ�RI�WKH�SURFHVV�DQG�LWV�RSHUDWLRQ��,W�LV�WKH�REMHFWLYH�RI�WKLV�SUHVHQWDWLRQ�LV�WR�PDNH
D�FDVH�IRU�WKH�QHFHVVDU\�FRPELQDWLRQ�RI�WKHVH�WZR�DSSURDFKHV�

.H\ZRUGV��3URFHVV�GHVLJQ��3URFHVV�FRQWURO��&RQWUROODELOLW\�DQG�UHVLOLHQF\�DVVHVVPHQW��,QWHJUDWHG�GHVLJQ
DQG�FRQWURO�

�� ,QWURGXFWLRQ

7KH�GHVLJQ�RI�D�FRQWLQXRXV�FKHPLFDO�SURFHVV�KDV�WUDGLWLRQDOO\�EHHQ�FDUULHG�RXW�DW�VWHDG\�VWDWH�IRU�D
JLYHQ�RSHUDWLQJ�UDQJH��LW�EHLQJ�DVVXPHG�WKDW�D�FRQWURO�V\VWHP�FDQ�EH�GHVLJQHG�WR�PDLQWDLQ�WKH�SURFHVV
DW�WKH�GHVLUHG�RSHUDWLQJ�OHYHO�DQG�ZLWKLQ�WKH�GHVLJQ�FRQVWUDLQWV��,QGHHG��DOWHUQDWLYH�GHVLJQV�DUH�RIWHQ
MXGJHG�RQ� WKH�EDVLV� RI� HFRQRPLFV� DORQH��ZLWKRXW� WDNLQJ� FRQWUROODELOLW\� DQG� UHVLOLHQF\� LQWR� DFFRXQW�
7KLV�PD\� OHDG� WR� WKH� HOLPLQDWLRQ� RI� HDVLO\� FRQWUROOHG�� EXW� VOLJKWO\� OHVV� HFRQRPLFDO� DOWHUQDWLYHV� LQ
IDYRU�RI�VOLJKWO\�PRUH�HFRQRPLFDO�GHVLJQV�WKDW�PD\�EH�H[WUHPHO\�GLIILFXOW�WR�FRQWURO�

&OHDUO\�XQIDYRUDEOH�SURFHVV�VWDWLF�DQG�G\QDPLF�FKDUDFWHULVWLFV�FRXOG�OLPLW�WKH�HIIHFWLYHQHVV�RI�WKH
FRQWURO�V\VWHP�LQ�DWWHQXDWLQJ�WKH�HIIHFW�RI�GLVWXUEDQFHV��OHDGLQJ�WR�D�SURFHVV�WKDW�LV�XQDEOH�WR�PHHW�LWV
GHVLJQ�VSHFLILFDWLRQV��)RU�H[DPSOH��D�9:�³%HHWOH´�HQJLQH�ZLOO�QRW�EH�DEOH�WR�SHUIRUP�OLNH�WKDW�RI�D
3RUVFKH�� LUUHVSHFWLYH� RI� WKH� VSHFLILF� FRQWUROOHU� LPSOHPHQWHG�� ,Q� WKH� VDPH� ZD\�� WKH� LQVWDOODWLRQ� RI
QXPHURXV�VXUJH�GUXPV�LQ�D�SURFHVV�DGHTXDWHO\�DWWHQXDWH�WKH�HIIHFW�RI�GLVWXUEDQFHV�EXW�SRVVLEO\�DW�WKH
SULFH� RI� DQ� XQDYRLGDEOH� GHJUDGDWLRQ� RI� WKH� SODQW¶V� FDSDELOLW\� WR� UDSLGO\� FKDQJH� SURGXFW� JUDGHV�
$OWKRXJK�WKH�LQWHJUDWLRQ�RI�GHVLJQ�DQG�FRQWURO�LV�XQLYHUVDOO\�DFFHSWHG�LQ�WKH�DXWRPRWLYH�LQGXVWU\��WKH
VDPH�KDV�QRW�EHHQ�WUXH�RI� WKH�FKHPLFDO� LQGXVWU\��7KLV� LV�PDLQO\�GXH� WR� WKH�IDFW� WKDW� WKH� LQYHVWPHQW
DVVRFLDWHG�ZLWK� UHILQLQJ� WKH�SURWRW\SH�RI� D� FDU� HQJLQH� DQG� LWV� FRQWURO� V\VWHP��ZKLFK� LV� WKHQ� UHSUR�
GXFHG�E\�WKH�WKRXVDQGV��LV�PRUH�MXVWLILDEOH�WKDQ�WKDW�IRU�D�FKHPLFDO�SODQW��ZKLFK�LV�XVXDOO\�XQLTXH�

+RZHYHU�� LW� LV�EHFRPLQJ�LQFUHDVLQJO\�HYLGHQW� WKDW�GHVLJQ�RQ� WKH�EDVLV�RI�VWHDG\�VWDWH�HFRQRPLFV
DORQH�LV�ULVN\�EHFDXVH�WKH�UHVXOWLQJ�SODQWV�DUH�RIWHQ�GLIILFXOW�WR�FRQWURO��UHVXOWLQJ�LQ�RII�VSHF�SURGXFW�
����������������������������������������������������������
��(PDLO��GOHZLQ#W[�WHFKQLRQ�DF�LO�
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H[FHVVLYH�XVH�RI�IXHO��DQG�DVVRFLDWHG�SURILWDELOLW\�ORVVHV��&RQVHTXHQWO\�� WKHUH� LV�D�JURZLQJ�UHFRJQL�
WLRQ�E\�LQGXVWULDO�SUDFWLWLRQHUV�RI�WKH�QHHG�WR�FRQVLGHU�WKH�FRQWUROODELOLW\�DQG�UHVLOLHQF\��&	5��RI�D
FKHPLFDO�SURFHVV�GXULQJ�LWV�GHVLJQ��'RZQV�HW�DO���������YDQ�6FKLMQGHO���������&RQWUROODELOLW\�FDQ�EH
GHILQHG�DV�WKH�HDVH�ZLWK�ZKLFK�D�FRQWLQXRXV�SODQW�FDQ�EH�KHOG�DW�D�VSHFLILF�VWHDG\�VWDWH��$Q�DVVRFLDWHG
FRQFHSW� LV� VZLWFKDELOLW\��ZKLFK�PHDVXUHV� WKH� HDVH�ZLWK�ZKLFK� WKH� SURFHVV� FDQ� EH�PRYHG� IURP�RQH
GHVLUHG�VWDWLRQDU\�SRLQW�WR�DQRWKHU��5HVLOLHQF\�PHDVXUHV�WKH�GHJUHH�WR�ZKLFK�D�SURFHVVLQJ�V\VWHP�FDQ
PHHW� LWV� GHVLJQ� REMHFWLYHV� GHVSLWH� H[WHUQDO� GLVWXUEDQFHV� DQG� XQFHUWDLQWLHV� LQ� LWV� GHVLJQ� SDUDPHWHUV�
&OHDUO\�� LW�ZRXOG� EH� JUHDWO\� DGYDQWDJHRXV� WR� EH� DEOH� WR� SUHGLFW� KRZ�ZHOO� D� JLYHQ� IORZVKHHW�PHHWV
WKHVH�G\QDPLF�SHUIRUPDQFH�UHTXLUHPHQWV�DV�HDUO\�DV�SRVVLEOH�LQ�WKH�GHVLJQ�SURFHVV�

7DEOH���VXPPDUL]HV�WKH�IRXU�PDLQ�VWDJHV�LQ�WKH�GHVLJQ�RI�D�FKHPLFDO�SURFHVV�� ,Q� WKH�FRQFHSWXDO
DQG� SUHOLPLQDU\� VWDJHV�� D� ODUJH� QXPEHU� RI� DOWHUQDWLYH� SURFHVV� IORZVKHHWV�� LQ� WKH� VWHDG\� VWDWH�� DUH
JHQHUDWHG��6XEVHTXHQW�VWDJHV�LQYROYH�PRUH�GHWDLOHG�DQDO\VLV�LQ�WKH�VWHDG\�VWDWH��IROORZHG�E\�FRQWURO
V\VWHP�GHVLJQ�DQG� WKH�YHULILFDWLRQ�RI� WKH�G\QDPLF�SHUIRUPDQFH�RI� WKH� FRQWUROOHG� IORZVKHHWV��+HUH�
FRQVLGHUDEO\�PRUH�HQJLQHHULQJ�HIIRUW�LV�H[SHQGHG�WKDQ�LQ�WKH�SUHOLPLQDU\�VWDJHV��7KHUHIRUH��IDU�IHZHU
GHVLJQV� DUH� FRQVLGHUHG�� ZLWK� PDQ\� RI� WKH� LQLWLDO� IORZVKHHWV� KDYLQJ� EHHQ� HOLPLQDWHG� IURP� IXUWKHU
FRQVLGHUDWLRQ�E\�VFUHHQLQJ�LQ�WKH�SUHOLPLQDU\�VWDJHV��,Q�WKLV� OLJKW��3HUNLQV�DQG�:DOVK�������� UHSRUW
WKH�LQWHJUDWHG�GHVLJQ�DQG�FRQWURO�RI�D�PRGHVW�ZDVWHZDWHU�QHXWUDOL]DWLRQ�V\VWHP�XOWLPDWHO\�LQYROYLQJ
WKUHH�XQLW�RSHUDWLRQV��7KH\�SRLQW�RXW� WKDW�D�FRPELQDWLRQ�RI�VKRUW�FXW�FRQWUROODELOLW\�DVVHVVPHQW�DQG
VWHDG\�VWDWH�ZRUVW�FDVH�DQDO\VLV�HVVHQWLDOO\�OHDGV�WR�WKH�RSWLPDO�GHVLJQ�LQ�PLQXWHV�RI�&38�WLPH��ZKLOH
G\QDPLF�RSWLPL]DWLRQ��UHTXLULQJ�KRXUV�RI�&38�WLPH�LV�QHHGHG�WR�RSWLPL]H�WKH�SODQW¶V�FRQWURO�V\VWHP�

7DEOH����3URFHVV�'HVLJQ�6WDJHV��,VVXHV�DQG�7RROV��IURP�6HLGHU�HW�DO���������

7RROV'HVLJQ�6WDJH ,VVXHV :KDW�JHWV
IL[HG 66 &	5 '\Q

����&RQFHSWXDO�'HVLJQ 6HOHFWLQJ�EHWZHHQ�DOWHUQDWLYH
PDWHULDO�SDWKZD\V�DQG�IORZVKHHWV�

0DWHULDO
SDWKZD\V

����'HYHORSPHQW�RI
%DVH�FDVH�'HVLJQ

)HDVLELOLW\�VWXGLHV�EDVHG�RQ�IL[HG
PDWHULDO�SDWKZD\V�
8QLW�RSHUDWLRQV�VHOHFWLRQ�
+HDW�LQWHJUDWLRQ�VXSHUVWUXFWXUH�

)ORZVKHHW
VWUXFWXUH

����'HWDLOHG�'HVLJQ� 3URFHVV�YDULDEOH�RSWLPL]DWLRQ�
�6HQVLWLYLW\�DQDO\VLV�WR�SURFHVV
GLVWXUEDQFHV�DQG�XQFHUWDLQWLHV�

2SWLPDO
IORZVKHHW
SDUDPHWHUV

����3ODQW�ZLGH�&RQ�
WUROODELOLW\
$VVHVVPHQW�

)ORZVKHHW�FRQWUROODELOLW\�
'\QDPLF�UHVSRQVH�RI�WKH�SURFHVV�WR
GLVWXUEDQFHV�

6HOHFWLRQ�RI�WKH�FRQWURO�V\VWHP
VWUXFWXUH�DQG�LWV�SDUDPHWHUV�

&RQWURO
VWUXFWXUH

&OHDUO\��LW�LV�GHVLUDEOH�WR�HQVXUH�WKDW�WKH�IORZVKHHW�EHLQJ�GHVLJQHG�FDQ�EH�RSHUDWHG�LV�VXFK�D�ZD\
DV�WR�PHHW�LWV�REMHFWLYHV�GHVSLWH�H[WHUQDO�GLVWXUEDQFHV�DQG�SRVVLEOH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH
GHVLJQ��7KH�GHVLJQHUV�PXVW�FKRRVH�EHWZHHQ�D�QXPEHU�RI�DOWHUQDWLYHV�

��� 'HVLJQ�ILUVW�� WKHQ�ZRUU\�DERXW�FRQWURO��7KLV�DVVXPHV�WKDW�VWHDG\�VWDWH�HFRQRPLFV�GRPLQDWHV� WKH
GHVLJQ�SUREOHP��DQG� WKDW�DQ\�GLVWXUEDQFHV�SHUWXUEDWLRQV� LQ�H[WHUQDOO\�GHILQHG�SURFHVV�YDULDEOHV
FDQ�EH�FRPSOHWHO\�KDQGOHG�E\�DSSURSULDWH�FRQWURO�DFWLRQ��7KLV�DVVXPHV��D��SHUIHFW�FRQWURO�DFWLRQ
LV�SRVVLEOH�DQG��E�� WKH�DEVHQFH�RI�SK\VLFDO� OLPLWV� WR�FRQWURO�DFWLRQ��QHLWKHU�VWDWLF�QRU�G\QDPLF��
7KLV�DSSURDFK�KDV�WKH�DGYDQWDJH�RI�EHLQJ�VLPSOH�WR�LPSOHPHQW��DQG�ZRXOG�SHUPLW�WKH�GHVLJQ�WR
EH� HIIHFWHG� XVLQJ� RQO\� VWHDG\�VWDWH� IORZVKHHWLQJ� VRIWZDUH�� ,W� LV� DOVR� TXLWH� FORVH� WR� WKH� FXUUHQW
LQGXVWULDO�SUDFWLFH��+RZHYHU��LWV�PDLQ�GLVDGYDQWDJH�LV�WKDW�WKH�SURFHGXUH�PD\�OHDG�WR�XQFRQWURO�
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ODEOH�GHVLJQV�DW�ZRUVW��RU�WR�GHVLJQV�ZLWK�SRRU�UHVLOLHQF\�DW�EHVW��)XUWKHUPRUH��WKH�FRQVHTXHQFHV
FDQQRW�EH�SUHGLFWHG�LQ�DGYDQFH�VR�WKH�GHVLJQHU�PD\�EH�LQ�IRU�XQSOHDVDQW�VXUSULVHV�

��� 'R� WKH� GHVLJQ� ILUVW�� EXW� DW� OHDVW� VFUHHQ� DOWHUQDWLYH� GHVLJQV� IRU� FRQWUROODELOLW\� DV� \RX� JR� DORQJ�
2QO\�WKRVH�GHVLJQV�WKDW�FDQ�JXDUDQWHH�PLQLPDO�FRQWURO�SHUIRUPDQFH�VKRXOG�EH�GHYHORSHG�IXUWKHU�
ZLWK� WKRVH� WKDW� IDLO� WR� PHHW� WKH� PLQLPXP� VSHFLILFDWLRQV� HOLPLQDWHG�� 7KH� DGYDQWDJHV� RI� WKLV
DSSURDFK�DUH�LWV�UHODWLYH�VLPSOLFLW\��JLYHQ�LWV�UHOLDQFH�RQO\�RQ�VWHDG\�VWDWH�IORZVKHHW�LQIRUPDWLRQ�
7KXV��LW�FDQ�EH�LQWHJUDWHG�LQWR�VWDQGDUG�SUDFWLFH�DQG�FDQ�EH�LPSOHPHQWHG�RQ�ODUJH�VFDOH�V\VWHPV�
7KH�UHOLDQFH�RQ�&	5�PHDVXUHV��ZKLFK�GR�QRW�UHTXLUH�D�SULRUL�FRQWURO�V\VWHP�GHVLJQ��DOVR�PHDQV
WKDW�G\QDPLF�VLPXODWLRQ�LV�QRW�UHTXLUHG�DW� WKLV�VWDJH��ZKLFK�LV�DQRWKHU�LPSRUWDQW�DGYDQWDJH��2Q
WKH�GRZQVLGH�� LW�PD\�EH�GLIILFXOW� WR� LQWHUSUHW� WKH� UHVXOWV�EDVHG�RQ� OLQHDU�DSSUR[LPDWLRQV��ZKLFK
DUH� SURQH� WR� EH� VHQVLWLYH� WR� WKH� XQFHUWDLQWLHV� DVVRFLDWHG�ZLWK� OLQHDUL]DWLRQ�� 7KXV�� LI� XVHG�� WKLV
DSSURDFK�PXVW�LQFOXGH�WKH�LPSDFW�RI�XQFHUWDLQW\�WR�HQVXUH�LWV�UHOLDELOLW\��$OWHUQDWLYHO\��QRQOLQHDU
DQDO\VLV� FDQ� EH� LQYRNHG��%RWK� DSSURDFKHV� UHO\� RQ�PDWXUH� OLQHDU� DQG� QRQOLQHDU� DQDO\VLV� DQG� WR
VSHFLILF�UHVXOWV�UHODWHG�WR�IORZVKHHW�FRQWUROODELOLW\��ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�6HFWLRQ���RI�WKLV
SDSHU�

��� &DUU\� RXW� LQWHJUDWHG� GHVLJQ� DQG� FRQWURO�� 7KLV� PDWKHPDWLFDOO\� DWWUDFWLYH� DSSURDFK� FRQVLGHUV
SURFHVV�GHVLJQ�DQG�SURFHVV�FRQWURO�VLPXOWDQHRXVO\�DV�RQH�LQWHJUDWHG�RSWLPL]DWLRQ�SUREOHP��7KH
REYLRXV� DGYDQWDJH� LV� WKDW� WKH� FRPSOHWH� SURFHVV� LQ� DOO� LWV� LQWULFDFLHV� FDQ� EH� FRQVLGHUHG� LQ� D
GHWDLOHG�PDWKHPDWLFDO� IRUPXODWLRQ�RI� WKH�SUREOHP��ZKLFK� UHOHDVHV� WKH�GHVLJQHU� IURP�D�GHSHQG�
HQF\�RQ�UDWKHU�OHVV�UHOLDEOH�OLQHDU�DSSUR[LPDWLRQV�UHTXLUHG�WR�LPSOHPHQW�WKH�OLQHDU�FRQWUROODELOLW\
DQDO\VLV��2Q� WKH� RWKHU� KDQG�� WKLV� LV� DWWDLQHG� DW� WKH� FRVW� RI�PRUH� HIIRUW� UHTXLUHG� WR� GHYHORS� WKH
PRUH�GHWDLOHG�PRGHOV�WKDW�DUH�UHTXLUHG��&RQVHTXHQWO\��IRU�D�WUDFWDEOH�VROXWLRQ��WKLV�RIWHQ�UHTXLUHV
WKH� DGRSWLRQ� RI� VLPSOLI\LQJ� DVVXPSWLRQV�� RU� ZLOO� OLPLW� WKH� DSSURDFK� WR� VPDOO�VFDOH� SUREOHPV�
)XUWKHUPRUH�� WKH� LQWHJUDWHG� DSSURDFK� ZLOO� UHTXLUH� WKH� DGGLWLRQDO� EXUGHQ� RI� GHVLJQLQJ� DQG
LPSOHPHQWLQJ� D� FRQWURO� V\VWHP��ZKLFK�ZLOO� ELDV� WKH� UHVXOWV� RI� WKH� DQDO\VLV�ZLWK� UHJDUGV� WR� WKH
SDUWLFXODU�FRQWURO�GHVLJQ�DSSURDFK� WDNHQ��)LQDOO\��PDWKHPDWLFDOO\�DWWUDFWLYH�SHUIRUPDQFH�REMHF�
WLYHV��VXFK�DV�WKH�,6(�RI�WKH�WUDFNLQJ�HUURU�WKDW�FRXOG�EH�DGRSWHG�LQ�DQ�RYHUDOO�REMHFWLYH�IXQFWLRQ�
PD\�QRW�PDNH�VHQVH�SUDFWLFDOO\��7KLV�DSSURDFK�ZLOO�EH�GLVFXVVHG�LQ�VRPH�GHWDLO�LQ�6HFWLRQ���RI
WKLV�SDSHU�

7KH�VHFRQG�DQG�WKLUG�DOWHUQDWLYH�SDUDGLJPV�KDYH�DQG�ZLOO�FRQWLQXH�WR�FKDQJH�WKH�ZD\�WKDW�PRGHUQ
SURFHVV�GHVLJQ�LV�FDUULHG�RXW��2QH�RI�WKH�REMHFWLYHV�RI�WKLV�SDSHU�LV�WR�VKRZ�WKDW�WKH�WZR�DSSURDFKHV
DUH�LQ�IDFW�FRPSOLPHQWDU\��7KH�QHHG�WR�DFFRXQW�IRU�WKH�FRQWUROODELOLW\�RI�FRPSHWLQJ�IORZVKHHWV�LQ�WKH
HDUO\�GHVLJQ�VWDJHV�LV�DQ�LQGLFDWLRQ�WKDW�VLPSOH�VFUHHQLQJ�PHDVXUHV��UHTXLULQJ�WKH�OLPLWHG�LQIRUPDWLRQ
DYDLODEOH��VKRXOG�EH�XVHG�WR�VHOHFW�IURP�DPRQJVW� WKH�IORZVKHHWV��+HUH�� LI�KLJK�ILGHOLW\��FORVHG�ORRS�
G\QDPLF�PRGHOLQJ�ZHUH�XVHG��WKH�HQJLQHHULQJ�HIIRUW�DQG�WLPH�UHTXLUHG�IRU�GHYHORSPHQW�DQG�DQDO\VLV
ZRXOG�VORZ� WKH�GHVLJQ�SURFHVV�VLJQLILFDQWO\��7KH�ULJKW�KDQG�VLGH�FROXPQV� LQ�7DEOH��� VKRZ� WKDW� WKH
VKRUW�FXW� &	5� WRROV� SURYLGH� D� EULGJH� EHWZHHQ� VWHDG\�VWDWH� VLPXODWLRQ� IRU� SURFHVV� GHVLJQ� DQG� WKH
ULJRURXV�G\QDPLF�VLPXODWLRQ�UHTXLUHG�WR�YHULI\�VZLWFKDELOLW\�DQG�RWKHU�DWWULEXWHV�RI� WKH�FORVHG�ORRS
G\QDPLFV�RI�WKH�ILQDO�GHVLJQ�

7KLV�SDSHU� LV� VWUXFWXUHG�DV� IROORZV��)LUVW�� LQ�6HFWLRQ���� WKH�PDMRU� UHVHDUFK� UHVXOWV�RQ�ZKLFK� WKH
OLQHDU� DQG� QRQOLQHDU� FRQWUROODELOLW\� DQDO\VLV� LV� EDVHG�ZLOO� EH� GHVFULEHG�� DV�ZHOO� DV� WKHLU� LPSDFW� RQ
GHVLJQ��,Q�6HFWLRQ����DQ�RYHUYLHZ�LV�SUHVHQWHG�RQ�WKH�LQWHJUDWHG�GHVLJQ�DQG�FRQWURO�SDUDGLJP��)LQDOO\�
WKH� SRVVLEOH� FRPELQDWLRQ� RI� WKH� WZR� DSSURDFKHV� LV� GLVFXVVHG�� DV� ZHOO� UHFRPPHQGDWLRQV� IRU
HQJLQHHULQJ�HGXFDWLRQ�
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� 7KH�5ROH�RI�&RQWUROODELOLW\�$QDO\VLV

����/LQHDU�&RQWUROODELOLW\�$VVHVVPHQW�

:LWK� WKH�PDWXULW\�RI� OLQHDU�FRQWUROODELOLW\�DQG� UHVLOLHQF\�DQDO\VLV�� ODUJHO\� LQ� WKH���¶V� �H�J���0RUDUL�
������3HUNLQV�� ������� VHYHUDO� WRROV� DQG� FRQFHSWV�KDYH� HPHUJHG�� UHO\LQJ�RQ� OLQHDU� WUDQVIHU� IXQFWLRQ
PDWULFHV��3�V��DQG�3G�V���ZKLFK�UHODWH�WKH�HIIHFW�RI�PDQLSXODWHG�YDULDEOHV��X�V���DQG�GLVWXUEDQFHV��G�V��
RQ�WKH�SURFHVV�RXWSXWV��\�V��

\�V�� �3�V��X�V����3G�V��G�V�

7KH�PRVW�LPSRUWDQW�RI�WKHVH�DUH�

5HODWLYH�JDLQ�DUUD\��5*$���7KH�FRHIILFLHQWV�RI�WKH�5*$�DUH�UDWLRV�RI�WKH�SURFHVV�JDLQ�DV�VHHQ�E\
D�JLYHQ�6,62� LQSXW�RXWSXW�FRPELQDWLRQ�ZLWK�DOO�RWKHU�FRQWURO� ORRSV� LQ�PDQXDO��ZLWK� WKH� VDPH�JDLQ
ZLWK�DOO�RWKHU�ORRSV�SHUIHFWO\�FRQWUROOHG��,W�KDV�LPSRUWDQW�UDPLILFDWLRQV�RQ�WKH�VHOHFWLRQ�RI�SODQW�ZLGH
FRQWURO�ORRS�FRQILJXUDWLRQ��%ULVWRO��������0F$YR\��������DV�ZHOO�DV�RQ�WKH�VHQVLWLYLW\�RI�WKH�DWWDLQ�
DEOH�FORVHG�ORRS�SHUIRUPDQFH�WR�XQFHUWDLQWLHV�LQ�3�V���*URVGLGLHU�HW�DO���������0RUDUL�DQG�=DILULRX�
������+RYG�DQG�6NRJHVWDG��������

6LQJXODU�YDOXH�GHFRPSRVLWLRQ��69'���7KH�PDWUL[�3�V�LV�WUDQVIRUPHG�E\�69'�LQWR�WKH�SURGXFW�RI
WZR� URWDWLRQDO� PDWULFHV� DQG� D� GLDJRQDO� PDWUL[� RI� VLQJXODU� YDOXHV�� 7KH� PLQLPXP� DQG� PD[LPXP
VLQJXODU� YDOXHV� �

PD[PLQ
VV �DQG� �� UHVSHFWLYHO\�� ERWK� SURYLGH� LQIRUPDWLRQ� UHJDUGLQJ� WKH� LPSDFW� RI

PDQLSXODWHG�YDULDEOH�FRQVWUDLQWV�RQ� WKH�FRQWUROODELOLW\�RI� WKH�SURFHVV��7KH�FRQGLWLRQ�QXPEHU�RI� WKH
SURFHVV��ZKLFK� LV� WKH� UDWLR�� ��

PLQPD[
VV SURYLGHV� DQ� LQGLFDWLRQ� RI� SURFHVV� LOO� FRQGLWLRQLQJ�� WKDW� LV�

SURFHVVHV�LQ�ZKLFK�WKH�SURFHVV�RXWSXW�DPSOLWXGHV�ZLOO�EH�VWURQJO\�GHSHQGHQW�RQ�WKH�LQSXW�GLUHFWLRQ�
6XFK�SURFHVVHV�DUH�H[SHFWHG�WR�EH�VLJQLILFDQWO\�PRUH�GLIILFXOW�WR�FRQWURO��0RUDUL�DQG�=DILULRX��������

3HUIRUPDQFH�OLPLWV�DVVRFLDWHG�ZLWK�QRQ�PLQLPXP�SKDVH��103��FRPSRQHQWV��,W� LV� LPSRUWDQW� WR
XQGHUVWDQGLQJ� WKH� XQDYRLGDEOH� OLPLWV� WR� FORVHG� ORRS� SHUIRUPDQFH� RI� LQYHUVH�UHVSRQVH� SKHQRPHQD
DVVRFLDWHG� ZLWK� ULJKW�KDOI�SODQH� ]HURV� DQG� RI� GHOD\V� LQ� 3�V�� DV� XQDYRLGDEOH� OLPLWV� WR� FORVHG� ORRS
SHUIRUPDQFH� �+ROW� DQG�0RUDUL�� ����D� DQG� ����E��� 7KHVH� UHVXOWV� KDYH� EHHQ� UHFHQWO\� H[WHQGHG� WR
KDQGOH�XQVWDEOH�V\VWHPV��+DYUH�DQG�6NRJHVWDG��������

�4XDQWLI\LQJ� WKH� LPSDFW� RI� GLVWXUEDQFHV� RQ� DFKLHYDEOH� SHUIRUPDQFH�� 9DULRXV� PHDVXUHV
KDYH�EHHQ�VXJJHVWHG�LQ�WKH�OLWHUDWXUH�WR�TXDQWLI\LQJ�WKH�HIIHFW�RI�GLVWXUEDQFHV�RQ�DFKLHYDEOH�SHUIRUP�
DQFH�

�y�5'*$�±�5HODWLYH�GLVWXUEDQFH�JDLQ�DUUD\��6WDQOH\�HW�DO��������

�y�'&1�±�'LVWXUEDQFH�FRQGLWLRQ�QXPEHU��6NRJHVWDG�DQG�0RUDUL�������

�y�'&�±�'LVWXUEDQFH�FRVW��/HZLQ�������

�y�,'$�±�,QSXW�GLVWXUEDQFH�DOLJQPHQW��&DR�DQG�5RVVLWHU��������
$OO�RI�WKHVH�PHDVXUHV�UHO\�RQ�WKH�DYDLODELOLW\�RI�WKH�PDWULFHV�3�V��DQG�3G�V���DQG�DUH�EDVHG�RQ�SHUIHFW
FRQWURO��$V�VXFK��WKH\�SURYLGH�GLDJQRVLV�WRROV�WKDW�FDQ�HOLPLQDWH�D�IORZVKHHW�WKDW�LV�XQDEOH�WR�DFKLHYH
WKH� GHVLUHG� VSHFLILFDWLRQ� HYHQ� LQ� D� SHUIHFW� FRQWURO� VHWWLQJ�� $SDUW� IURP� WKH� '&�� ZKLFK� FDQ� KDQGOH
PXOWLSOH�GLVWXUEDQFHV��WKH�RWKHU�PHDVXUHV�DOORZ�RQO\�IRU�WKH�DQDO\VLV�RI�VLQJOH�GLVWXUEDQFHV��)XUWKHU�
PRUH��WKH�5'*$�DQG�,'$�DUH�OLPLWHG�WR�VWHDG\�VWDWH�DQDO\VLV�

4XDQWLI\LQJ�WKH�HIIHFW�RI�UHF\FOHV�RQ�DFKLHYDEOH�SHUIRUPDQFH��,W�LV�ZHOO�NQRZQ�WKDW�HQHUJ\
UHF\FOLQJ��DVVRFLDWHG�ZLWK�KHDW�LQWHJUDWHG�V\VWHPV��VXFK�DV�KHDW�H[FKDQJHU�QHWZRUNV�DQG�DXWRWKHUPDO
UHDFWRUV�� FRQWULEXWHV� SRVLWLYH� IHHGEDFN� WR� WKH� V\VWHP��ZKLFK� LV� SRWHQWLDOO\� GHVWDELOL]LQJ��'HQQ� DQG
/DYLH��������ZHUH�WKH�ILUVW� WR�VKRZ�WKDW�PDWHULDO�UHF\FOH�LQFUHDVHV�WKH�RYHUDOO� UHVSRQVH� WLPH�RI� WKH
SURFHVV��DV�ZHOO�DV�LQFUHDVLQJ�LWV�VWDWLF�JDLQ��/X\EHQ��������FRLQHG�WKH�WHUP�³VQRZEDOO�HIIHFW´��ZKLFK
GHVFULEHV�WKH�SKHQRPHQD�DVVRFLDWHG�ZLWK�WKH�LQDELOLW\�RI�D�FRQWURO�VWUXFWXUH�WR�DWWHQXDWH�WKH�HIIHFW�RI
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D�GLVWXUEDQFH�RQ�WKH�RXWSXW�YDULDEOHV�DVVRFLDWHG�ZLWK�PDWHULDO�UHF\FOH��6HYHUDO�DSSURDFKHV�KDYH�EHHQ
XVHG�WR�TXDQWLI\�WKH�SUREOHP��H�J���6HPLQR�DQG�*LXOLDQL��������-DFREVHQ��������'LPLDQ�HW�DO���������
0F$YR\�DQG�0LOOHU��������

7KHVH� WRROV� GHSHQG� RQ� WKH� DYDLODELOLW\� RI� DGHTXDWH� OLQHDU� DSSUR[LPDWLRQV� IRU� WKH� SURFHVV
G\QDPLFV��6KRUW�FXW�PHWKRGV�WKDW�HQDEOH�DSSUR[LPDWH�SURFHVV�G\QDPLFV�WR�EH�HVWLPDWHG�XVLQJ�VWHDG\
VWDWH�IORZVKHHW�GDWD�KDYH�EHHQ�SUHVHQWHG�E\�:HLW]�DQG�/HZLQ��������DQG�6HLGHU�DW�DO�� ��������7KH
RYHUDOO� &	5� GLDJQRVLV� WKHUHIRUH� FRQVLVWV� RI� D� PHWKRG� IRU� WKH� JHQHUDWLRQ� RI� DSSUR[LPDWH� OLQHDU
SURFHVV� G\QDPLFV�� LQ� FRPELQDWLRQ�ZLWK� WKH� OLQHDU� GLDJQRVLV� WRROV�PHQWLRQHG� DERYH�� 7KLV� KDV� EHHQ
VKRZQ�HIIHFWLYH�LQ�FRUUHFWO\�VFUHHQLQJ�IRU�DGHTXDWH�FRQWUROODELOLW\�DQG�UHVLOLHQF\�IRU�D�ODUJH�QXPEHU
RI�SURFHVVHV��7KLV�VHVVLRQ�LQFOXGHV�WZR�H[DPSOHV�RI�DSSOLFDWLRQV�RI�&	5�GLDJQRVLV��$QGHUVHQ�HW�DO�
�������SUHVHQW�WKH�LQFRUSRUDWLRQ�RI�OLQHDU�DQG�QRQOLQHDU�&	5�DQDO\VLV�ZLWKLQ�IORZVKHHWLQJ�VRIWZDUH�
DQG�6RORY\HY�DQG�/HZLQ��������SUHVHQW�DQ�H[DPSOH�RI�WKH�DSSOLFDWLRQ�RI�OLQHDU�&	5�DQDO\VLV�RQ�D
KHDW�LQWHJUDWHG�GLVWLOODWLRQ�FROXPQ�

����&RQWURO�6WUXFWXUH�6HOHFWLRQ�

7KH�LPSRUWDQFH�RI�FRQWUROODELOLW\�PHDVXUHV��H�J���5*$�DQG�69'��DQG�GLVWXUEDQFH� LPSDFW�PHDVXUHV
�H�J���5'*$��'&1�DQG�'&��IRU�WKH�VHOHFWLRQ�RI�DSSURSULDWH�FRQWURO�VWUXFWXUHV�KDV�EHHQ�HVWDEOLVKHG
E\�WKH�QXPHURXV�VWXGLHV�LQ�WKHLU�DSSOLFDWLRQ�UHSRUWHG�LQ�WKH� OLWHUDWXUH��6HIHUOLV�DQG�*ULHYLQN�������
SUHVHQW� D� VFUHHQLQJ� PHWKRG� IRU� FRQWURO� FRQILJXUDWLRQV� WKDW� LGHQWLI\� SRWHQWLDO� VWDWLF� PDQLSXODWHG
YDULDEOH� FRQVWUDLQWV� WR� DFKLHYLQJ� SURFHVV� VSHFLILFDWLRQ� LQ� WKH� SUHVHQFH� RI� PXOWLSOH� GLVWXUEDQFHV�
.RRNRV� DQG�$UYDQLWLV� ������� SUHVHQW� D�PHWKRG� IRU� DXWRPDWLF� FRQWURO�V\VWHP� FRQILJXUDWLRQ� LQ� WKLV
VHVVLRQ�

$� UHODWLYHO\� QRYHO� FRQFHSW� LV� WKDW� RI� WKH� SDUWLDO� FRQWURO� LQ�PXOWLYDULDEOH� V\VWHPV�� 8VXDOO\�� WKH
QXPEHU�RI�PDQLSXODWHG� YDULDEOHV� LV� IDU� OHVV� WKDQ� WKH� QXPEHU� RQ� RXWSXWV� WR� FRQWURO�� LQGLFDWLQJ� WKDW
RQO\�D�VXEVHW�RI� WKH�RXWSXWV�FDQ�EH�JXDUDQWHHG�WR�PHHW� WKHLU�VSHFLILFDWLRQ�ZLWK�QR�RIIVHW��,Q�SDUWLDO
FRQWURO�� WKLV� VXEVHW� LV� VHOHFWHG� LQ� VXFK� D� ZD\� DV� WR� JXDUDQWHH� WKDW� WKH� HQWLUH� RXWSXW� VHW� FDQ� EH
JXDUDQWHHG�WR�FRQYHUJH�WR�D�SUHVSHFLILHG�K\SHUVSDFH��$UEHO�HW�DO���������LOOXVWUDWH�WKLV�FRQFHSW�LQ�DQ
DSSOLFDWLRQ�LQYROYLQJ�WKH�FRQWURO�RI�DQ�)&&��LQ�ZKLFK�WKH\�DOVR�LQGLFDWH�WKH�LPSRUWDQFH�RI�QRQOLQHDU
DQDO\VLV�

����1RQOLQHDU�$QDO\VLV�

&OHDUO\�� WKH� UHOLDELOLW\� RI� D� OLQHDU� DSSUR[LPDWLRQ� RI� WKH� SURFHVV� PRGHO� PD\� EH� FRPSURPLVHG�
HVSHFLDOO\�IRU�SURFHVVHV�WKDW�IHDWXUH�VHYHUH�QRQOLQHDULWLHV��'HVSLWH�WKLV�OLPLWDWLRQ��OLQHDU�DQDO\VLV�KDV
KDG�DQ�H[FHOOHQW�WUDFN�UHFRUG�LQ�WKH�GLDJQRVLV�RI�SURFHVV�IORZVKHHW�FRQWUROODELOLW\�DQDO\VLV��+RZHYHU�
IRU� KLJKO\� QRQOLQHDU� V\VWHPV� WKDW� IHDWXUH� PXOWLSOLFLW\� SKHQRPHQD�� QRQOLQHDU� DQDO\VLV� LV� FUXFLDO� LQ
UHDOL]LQJ� WKH� IXOO� SRWHQWLDO� LQ� GHVLJQ�� $� FRPSUHKHQVLYH� UHYLHZ� RI� QRQOLQHDU� DQDO\VLV� LV� RIIHUHG� E\
6HLGHU�HW�DO����������0RUH�VSHFLILFDOO\��6HLGHU�HW�DO���������SURYLGH�PDQ\�H[DPSOHV�LQ�SURFHVV�GHVLJQ
ZKHUH�LW�PD\�EH�DGYDQWDJHRXV�WR�VHOHFW�QRQ�FRQYHQWLRQDO�DQG�PRUH�SUREOHPDWLF�RSHUDWLQJ�UHJLPHV�WR
HQKDQFH�WKH�SODQW¶V�SURILWDELOLW\��6HLGHU��������H[WHQGV�WKHVH�LGHDV�LQ�WKLV�VHVVLRQ��LQ�ZKLFK�WKH�FDVH
LV�SUHVHQWHG�IRU�UHDFWRU�GHVLJQ�DQG�RSHUDWLRQ�DW�RSHQ�ORRS�XQVWDEOH�FRQGLWLRQV�

7KH�QHHG�IRU�QRQOLQHDU�DQDO\VLV� LQ�SURFHVV�FRQWUROODELOLW\� LV�DOVR�FOHDU�� ,Q� WKLV� OLJKW��9LQVRQ�DQG
*HRUJDNLV��������SURSRVHG�D�QRQOLQHDU�FRQWUROODELOLW\�PHDVXUH�EDVHG�RQ�WKH�FRPSXWDWLRQ�RI�SURSRU�
WLRQ� RI� WKH� GHVLUHG� RSHUDWLQJ� UDQJH� WKDW� FDQ� EH� DWWDLQHG� E\� WKH� DYDLODEOH� LQSXW� VSDFH�� 8]WXUN� DQG
*HRUJDNLV��������H[WHQGHG�WKLV�DSSURDFK�IRU�6,62�V\VWHPV�WR�FRQVLGHU�DOVR�VLPSOH�SURFHVV�G\QDPLFV
EDVHG�RQ�FRQVWUDLQHG�RSWLPL]DWLRQ��7KH�HFRQRPLF�FRVW�RI�EDFNLQJ�RII�IURP�FRQVWUDLQWV�WR�HQVXUH�WKDW
D�SURFHVV�FDQ�VDWLVI\�LWV�VSHFLILFDWLRQV�LQ�WKH�HYHQW�RI�ERXQGHG�GLVWXUEDQFHV�LV�TXDQWLILHG�E\�%DQGRQL
HW�DO����������WKLV�DSSURDFK�DOORZV�WKH�MXVWLILFDWLRQ�RI�DGRSWLQJ�DSSURSULDWH�IHHGEDFN�FRQWURO�� LQ�WKH
OLJKW� RI� WKH� RWKHUZLVH� LQFXUUHG� RSHQ�ORRS� EDFNRII� FRVW�� 7KLV� DSSURDFK� LV� H[WHQGHG� WR� LQFOXGH� DOVR
G\QDPLF�DQDO\VLV�E\�)LJXHURD�HW�DO���������
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� 7KH�5ROH�RI�,QWHJUDWHG�'HVLJQ�DQG�&RQWURO

&OHDUO\�� WKH�GHVLJQ�RI� D�SURFHVV� VKRXOG� FRQVLGHU� LWV� RSHUDELOLW\� DQG� FRQWUROODELOLW\��%UHQJHO� DQG
6HLGHU��������FRQVLGHU�WKH�WDVNV�RI�GHWDLOHG�SURFHVV�GHVLJQ�DQG�FRQWURO�V\VWHP�GHVLJQ�WRJHWKHU��7KHLU
DSSURDFK� SURYLGHV� RSWLPDO� YHVVHO� VL]LQJ� DQG� QRPLQDO� RSHUDWLQJ� SRLQW� GHILQLWLRQ� DV� ZHOO� DV� WKH
VLPXOWDQHRXV�GHYHORSPHQW�RI�D�QRQ�OLQHDU�03&�FRQWUROOHU��7KHLU�DSSURDFK�RQO\�FRQVLGHUV�WKH�GHVLJQ
RI�VLQJOH�XQLW�RSHUDWLRQV��DQG�WKHUHIRUH�GRHV�QRW�WUHDW�WKH�FRPELQDWRULDO�LVVXHV�DVVRFLDWHG�ZLWK�DOWHU�
QDWLYH�SURFHVV�FRQILJXUDWLRQV�

/X\EHQ� DQG� )ORXGDV� �������� %DQVDO� HW� DO�� ������� DQG� 5RVV� HW� DO�� ������� FRQVLGHU� WKH� RSWLPDO
GHVLJQ�RI�KHDW� LQWHJUDWHG�GLVWLOODWLRQ� FROXPQV�XVLQJ� D�0,1/3� �0L[HG� ,QWHJHU�1RQ�OLQHDU�3URJUDP�
RSWLPL]DWLRQ�DSSURDFK��,Q�DOO�WKUHH�FRQWULEXWLRQV��WKH�DOWHUQDWLYH�KHDW�LQWHJUDWHG�FRQILJXUDWLRQV�RI�WZR
FROXPQV�DUH�SUHVHQWHG�WR�WKH�0,1/3�VROYHU�DV�D�VXSHUVWUXFWXUH��WRJHWKHU�ZLWK�D�GHWDLOHG�PRGHO�RI�WKH
SURFHVV��DQG�D�UHSUHVHQWDWLRQ�RI�WKH�FRQWURO�REMHFWLYHV��7KH�DSSURDFKHV�GLIIHU�PDLQO\�LQ�WKH�ZD\�WKDW
WKH�FRQWURO�REMHFWLYHV�DUH�GHILQHG��/X\EHQ�DQG�)ORXGDV� �������SURSRVH� WKH�XVH�RI�D�PXOWLREMHFWLYH
DSSURDFK�LQ�ZKLFK�WKH�VROXWLRQV�DUH�SDUDPHWHUL]HG�DV�D�IXQFWLRQ�RI�WKH�SURFHVV�FRQGLWLRQ�QXPEHU��EXW
UHSRUW� WKH�VHYHUH�QRQ�FRQYH[LWLHV�DVVRFLDWHG�ZLWK� WKHLU�DSSURDFK��7KH�FRVW�GHFUHDVHV�VKDUSO\�DV� WKH
SURFHVV�GHVLJQ� LV� VZLWFKHG� IURP�D� VLQJOH�� WR�D�GRXEOH�HIIHFW�FRQILJXUDWLRQ�� DW� WKH� FRVW� RI� LQFUHDVHG
FRQGLWLRQ�QXPEHU��7KHLU�FRQFOXVLRQV�DUH� WR�VHOHFW� WKH�GRXEOH�HIIHFW�FRQILJXUDWLRQ�ZLWK� WKH� VPDOOHVW
FRQGLWLRQ�QXPEHU��EXW�QRWH�WKH�VHQVLWLYLW\�RI�WKHLU�UHVXOWV�WR�WKH�VHOHFWLRQ�RI�WKH�WUDGH�RII�ZHLJKWV��,Q
FRQWUDVW��%DQVDO�HW�DO�� �������DQG�5RVV�HW�DO�� ������� LQFOXGH� WKH�FORVHG�ORRS�SHUIRUPDQFH�XQGHU�3,
PXOWLYDULDEOH� FRQWURO� DV�SDUW� RI� WKH� GHVLJQ� REMHFWLYHV��7R� HQKDQFH� WKH� FRQYH[LW\� RI� WKHLU� REMHFWLYH
IXQFWLRQ��WKH�SHUIRUPDQFH�LV�H[SUHVVHG�DV�WKH�,6(��LQWHJUDO�VTXDUH�HUURU��RI�WKH�SURFHVV�RXWSXWV��7KH
PDLQ�SUREOHP�ZLWK�WKLV�DSSURDFK�LV�WKDW�WKH�UHVXOWV�PD\�QRW�EH�SDUWLFXODUO\�UHOHYDQW�ZLWK�UHJDUGV�WR
FRQWURO� SHUIRUPDQFH�� ELDVHG�ZLWK� UHJDUGV� WR� WKH� SDUWLFXODU� FRQWUROOHU� VWUXFWXUH� DQG� WXQLQJ� VHOHFWHG�
DQG�DJDLQ��VHQVLWLYH�WR�WKH�WUDGH�RII�ZHLJKWV�VHOHFWHG�

7KXV� IDU�� WKH� W\SHV� RI� SUREOHPV� DSSURDFKHG� XVLQJ�0,1/3� KDYH� EHHQ� OLPLWHG� WR� UDWKHU� VLPSOH
SUREOHPV� LQYROYLQJ� D� VPDOO� QXPEHU� RI� XQLW� RSHUDWLRQV�� 7KH� UHDVRQ� IRU� WKLV� LV� WKH� FRPELQDWRULDO
H[SORVLRQ�RI�DOWHUQDWLYHV�WKDW�KDYH�WR�EH�FRQVLGHUHG�LQ�WKH�VXSHUVWUXFWXUH��,QWHOOLJHQW�SUXQLQJ�RI� WKH
VXSHUVWUXFWXUH�WKDW�LV�SUHVHQWHG�WR�WKH�0,1/3�LV�UHTXLUHG�WR�JHQHUDWH�D�WUDFWDEOH�SUREOHP�

�� 7KH�)XWXUH

7KLV�SDSHU�PD\�EH�VXPPDUL]HG�E\�IRFXVVLQJ�RQ�WKUHH�FULWLFDO�DVSHFWV�WKDW�ZLOO�FKDUDFWHUL]H�IXWXUH
DFWLYLW\�LQ�LQWHJUDWHG�GHVLJQ�DQG�FRQWURO�

��� 7KH� TXDQWLWDWLYH� DVVHVVPHQW� RI� FKHPLFDO� SURFHVV� FRQWUROODELOLW\� DQG� UHVLOLHQF\� �&	5�� KDV
JHQHUDWHG�FRQVLGHUDEOH�LQWHUHVW��ERWK�DFDGHPLFDOO\�DQG�LQ�LQGXVWU\��7KH�YHQGRUV�RI�FRPPHU�
FLDO� IORZVKHHWLQJ� VRIWZDUH� HTXDWH� FRQWUROODELOLW\� DVVHVVPHQW� ZLWK� G\QDPLF� VLPXODWLRQ�� DQG
XOWLPDWHO\��SODQW�ZLGH�RSHUDELOLW\�DQG�FRQWUROODELOLW\�QHHGV�WR�EH�YHULILHG�XVLQJ�WKLV�LPSRUWDQW
WRRO�� +RZHYHU�� LW� LV� DFWXDOO\� PRUH� LPSRUWDQW� WR� EH� DEOH� LQLWLDWH� &	5� GLDJQRVLV� ZLWKRXW
UHTXLULQJ� WKLV� H[SHQVLYH� DQG� HQJLQHHULQJ�LQWHQVLYH� DFWLYLW\�� ,W� KDV� EHHQ� VKRZQ� WKDW� WKH
HDUO\�VWDJH�FRQWUROODELOLW\�DQDO\VLV�LV�LPSRUWDQW�ZD\�WR�UHGXFH�WKH�DOWHUQDWLYHV�DW�DQ�HDUO\�VWDJH
RI�WKH�GHVLJQ��7KH�FKDOOHQJH�WR�WKH�VRIWZDUH�YHQGRUV�LV�WR�EXLOG�WKHVH�WRROV�GLUHFWO\�LQWR�IORZ�
VKHHWLQJ�VRIWZDUH�

��� �:LWKRXW�D�GRXEW��LQWHJUDWHG�GHVLJQ�DQG�FRQWURO�LV�DQ�LPSRUWDQW�ZD\�WR�SROLVK�D�ILQDO�GHVLJQ�
7R�HIIHFWLYHO\�XVH�WKH�0,1/3�DSSURDFKHV�XQGHU�GHYHORSPHQW�WR�WKH�GHVLJQ�RI�UHDO�SURFHVVHV�
LW�LV�QHFHVVDU\�WR�GHYHORS�DSSURSULDWH�PHWKRGV�WR�FRPSDFW�WKH�VXSHUVWUXFWXUH�SUHVHQWHG�WR�WKH
0,1/3�VROYHU��WR�HQDEOH�WKH�WUDFWDEOH�VROXWLRQ�RI�ODUJH�VFDOH�SUREOHPV��&XUUHQWO\��VXFK�SURE�
OHPV�DUH�RQO\�VROYDEOH�E\�KHXULVWLFV��&OHDUO\��WKH�LQFOXVLRQ�RI�&	5�DQDO\VLV�ZLWKLQ�D�0,1/3
DSSURDFK�FRXOG�SURYLGH�WKLV�PLVVLQJ�OLQN�
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��� 7KH�DSSURSULDWH�WUDLQLQJ�RI�FKHPLFDO�HQJLQHHUV��ZKR�VKRXOG�EH� WDXJKW� WR�VHH� WKH�GHVLJQ�DQG
FRQWURO�RI�FKHPLFDO�SURFHVVHV�DV�DQ�LQWHJUDWHG�DFWLYLW\��LV�D�SUHFRQGLWLRQ�WR�WKH�IXWXUH�DGYDQFH
RI�WKLV�ILHOG��6HLGHU�DW�DO����������7R�WKLV�HQG��ERWK�WKH�IXQGDPHQWDOV�RI�SURFHVV�G\QDPLFV�DQG
FRQWURO��DQG�WKH�LPSDFW�RI�GHVLJQ�RQ�FRQWURO��KDYH� WR�EH�DGHTXDWHO\�FRYHUHG� LQ� WKH�VFRSH�RI
XQGHUJUDGXDWH�OHYHO�HGXFDWLRQ�

�� 5HIHUHQFHV
$QGHUVHQ�� 7�� 5��� 5�� *DQL� DQG� 6�� %D\� -RUJHQVHQ� �������� ³,QWHJUDWLRQ� RI� &RQWUROODELOLW\� LQWR� 3ODQW

'HVLJQ´�3URF��RI�WKH��WK�,(((�0HGLWHUUDQHDQ�&RQIHUHQFH�RQ�&RQWURO�DQG�$XWRPDWLRQ��0('¶����
+DLID

$UEHO�� $��� ,�� +�� 5LQDUG�� DQG� 5�� 6KLQQDU� �������� ³'\QDPLFV� DQG� &RQWURO� RI� )OXLGL]HG� &DWDO\WLF
&UDFNHUV�� ��� 'HVLJQLQJ� WKH� &RQWURO� 6\VWHP�� &KRLFH� RI� 0DQLSXODWHG� 9DULDEOHV� DQG� 0HDVXUHG
9DULDEOHV�IRU�3DUWLDO�&RQWURO´�,QG��&KHP��(QJ��5HV����������������� �

%DQGRQL��-��$���-��$��5RPDJQROL�DQG�*��:��%DUWRQ��������³2Q�2SWLPL]LQJ�&RQWURO�DQG�WKH�(IIHFW�RI
'LVWXUEDQFHV��&DOFXODWLRQ�RI�WKH�2SHQ�ORRS�%DFNRIIV´�&RPSXW��&KHP��(QJ������6���6����6���

%DQVDO��9���0��-��0RKLGHHQ��-��'��3HUNLQV��DQG�(��1��3LVWLNRSRXORV���������³,QWHUDFWLRQV�RI�'HVLJQ
DQG�&RQWURO��'RXEOH�(IIHFW�'LVWLOODWLRQ�6\VWHPV´�3URF��RI�'<&236¶���&RUIX

%UHQJHO��'�'���DQG�:�'��6HLGHU���������³&RRUGLQDWHG�'HVLJQ�DQG�&RQWURO�2SWLPL]DWLRQ�RI�1RQOLQHDU
3URFHVVHV´�&RPSXW��&KHP��(QJ�����������������

%ULVWRO��(��+�� �������� ³2Q�D�1HZ�0HDVXUH�RI� ,QWHUDFWLRQ� IRU�0XOWLYDULDEOH�3URFHVV�&RQWURO´� ,(((
7UDQVDFWLRQV�RQ�$XWRPDWLF�&RQWURO��$&������������

&DR�� <�� DQG� '�� 5RVVLWHU� �������� ³,QSXW� 6HOHFWLRQ� DQG� /RFDOL]HG� 'LVWXUEDQFH� 5HMHFWLRQ´� -�� 3URF�
&RQW����������������

'LPLDQ��$��&���$��-��*URHQHQGLMN��6��5��$��.HUVWHQ�DQG�3��'��,HGHPD���������³(IIHFW�RI�5HF\FOH�,QWHU�
DFWLRQV�RQ�'\QDPLFV�DQG�&RQWURO�RI�&RPSOH[�3ODQWV´�&RPSXW��&KHP��(QJ������6���6����6���

'HQQ��0��0��DQG�5��/DYLH���������³'\QDPLFV�RI�3ODQWV�ZLWK�5HF\FOH´�&KHP��(QJ��-QO����������� �
'RZQV�� -�� -��� $�� &�� +LHVWHU�� 6�� 0�� 0LOOHU�� DQG� .�� %�� <RXQW� �������� ³,QGXVWULDO� 9LHZSRLQW� RQ

'HVLJQ�&RQWURO�7UDGHRIIV´�3URF��RI�WKH��QG�,)$&�:RUNVKRS�RQ�,QWHJUDWLRQ�RI�'HVLJQ�DQG�&RQWURO�
%DOWLPRUH��0DU\ODQG���������

)LJXHURD�� -�� /��� 3�� $�� %DKUL� DQG� -�� $�� 5RPDJQROL� �������� ³(FRQRPLF� ,PSDFW� RI� 'LVWXUEDQFHV� LQ
&KHPLFDO�3URFHVVHV�±�$�'\QDPLF�$QDO\VLV´�3URF��RI� WKH��QG� ,)$&�:RUNVKRS�RQ� ,QWHJUDWLRQ�RI
'HVLJQ�DQG�&RQWURO��%DOWLPRUH��0DU\ODQG���������

*URVGLGLHU��3���0��0RUDUL�DQG�%��5��+ROW� ��������³&ORVHG�/RRS�3URSHUWLHV� IURP�6WHDG\�6WDWH�*DLQ
,QIRUPDWLRQ´�,QG��(QJ��&KHP��)XQGDP�������������

+DYUH��.���DQG�6��6NRJHVWDG���������³(IIHFW�RI�5+3�=HURV�DQG�3ROHV�RQ�WKH�6HQVLWLYLW\�)XQFWLRQV�LQ
0XOWLYDULDEOH�6\VWHPV´�-��3URF��&RQW����������������

+ROW��%��5��DQG�0��0RUDUL������D���³'HVLJQ�RI�5HVLOLHQW�3URFHVVLQJ�3ODQWV�±�9��7KH�(IIHFW�RI�'HDG�
WLPH�RQ�'\QDPLF�5HVLOLHQFH´�&KHP��(QJ��6FL����������������

+ROW�� %�� 5�� DQG�0�� 0RUDUL� �����E��� ³'HVLJQ� RI� 5HVLOLHQW� 3URFHVVLQJ� 3ODQWV� ±� 9,�� 7KH� (IIHFW� RI
5LJKW�KDOI�SODQH�=HURV�RQ�'\QDPLF�5HVLOLHQFH´�&KHP��(QJ��6FL������������

+RYG��0��DQG�6��6NRJHVWDG���������³6LPSOH�)UHTXHQF\�GHSHQGHQW�7RRO�IRU�&RQWURO�6\VWHP�$QDO\VLV�
6WUXFWXUH�6HOHFWLRQ�DQG�'HVLJQ´�$XWRPDWLFD����������������

-DFREVHQ�� (�� :�� �������� ³&RQWURO� &RQILJXUDWLRQ� 6HOHFWLRQ� LQ� 5HF\FOH� 6\VWHPV� E\� 6WHDG\� 6WDWH
$QDO\VLV´�&RPSXW��&KHP��(QJ������6���6����6���

.RRNRV��,��.�DQG�.��*��$UYDQLWLV���������³2Q�WKH�*HQHUDWLRQ�RI�WKH�0RVW�3URPLVLQJ�&RQWURO�6WUXF�
WXUHV� IRU� /DUJH� 'LPHQVLRQDO� 6\VWHPV´� 3URF�� RI� WKH� �WK� ,(((� 0HGLWHUUDQHDQ� &RQIHUHQFH� RQ
&RQWURO�DQG�$XWRPDWLRQ��0('¶�����+DLID

/HZLQ��'��5����������³$�6LPSOH�7RRO�IRU�'LVWXUEDQFH�5HVLOLHQF\�'LDJQRVLV�DQG�)HHGIRUZDUG�&RQWURO
'HVLJQ´�&RPSXW��&KHP��(QJ���������������
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/X\EHQ��:��/����������³'\QDPLF�DQG�&RQWURO�RI�5HF\FOH�6\VWHPV�����$OWHUQDWLYH�3URFHVV�'HVLJQV�LQ
D�7HUQDU\�6\VWHP´�,QG��(QJ��&KHP��5HV����������������

/X\EHQ�� 0�� /�� DQG� &�� $�� )ORXGDV� �������� ³,QWHUDFWLRQ� %HWZHHQ� 'HVLJQ� DQG� &RQWURO� LQ
+HDW�LQWHJUDWHG�'LVWLOODWLRQ�6\QWKHVLV´�3URF��RI�WKH��QG�,)$&�:RUNVKRS�RQ�,QWHJUDWLRQ�RI�'HVLJQ
DQG�&RQWURO��%DOWLPRUH��0DU\ODQG�������

0F$YR\�� 7�� -�� �������� ,QWHUDFWLRQ� $QDO\VLV�� 3ULQFLSOH� DQG� $SSOLFDWLRQV�� ,QVWUXPHQW� 6RFLHW\� RI
$PHULFD

0F$YR\��7��-��DQG�5��0LOOHU� ��������³,QFRUSRUDWLQJ�,QWHJUDWLQJ�9DULDEOHV� LQWR�6WHDG\�VWDWH�0RGHOV
IRU�3ODQWZLGH�&RQWURO�$QDO\VLV�DQG�'HVLJQ´�,QG��(QJ��&KHP��5HV��������������

0RUDUL��0����������³'HVLJQ�RI�5HVLOLHQW�3URFHVVLQJ�3ODQWV�,,,��$�*HQHUDO�)UDPHZRUN�IRU�WKH�$VVHVV�
PHQW�RI�'\QDPLF�5HVLOLHQFH´�&KHP��(QJ��6FL����������������

0RUDUL��0��DQG�(��=DILULRX���������5REXVW�3URFHVV�&RQWURO��3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV��1-
3HUNLQV�� -��'�� �������� ³7KH� ,QWHUDFWLRQ�%HWZHHQ�3URFHVV�'HVLJQ�DQG�3URFHVV�&RQWURO´�3URF��RI� WKH

,)$&� 6\PS�� RQ� '\QDPLFV� DQG� &RQWURO� RI� &KHPLFDO� 5HDFWRUV� DQG� 'LVWLOODWLRQ� &ROXPQV
�'<&25'¶������������

3HUNLQV��-��'��DQG�6��3��.��:DOVK� �������� ³2SWLPL]DWLRQ�DV�D�7RRO� IRU�'HVLJQ�&RQWURO� ,QWHJUDWLRQ´
3URF��RI�WKH��QG�,)$&�:RUNVKRS�RQ�,QWHJUDWLRQ�RI�'HVLJQ�DQG�&RQWURO��%DOWLPRUH��0DU\ODQG������

5RVV��5���9��%DQVDO��-��'��3HUNLQV�DQG�(�1��3LVWLNRSRXORV���������³6LPXOWDQHRXV�3URFHVV�'HVLJQ�DQG
3URFHVV�&RQWURO��$SSOLFDWLRQ�WR�&RPSOH[�6HSDUDWLRQ�6\VWHPV´�3URF��RI�WKH��WK�,(((�0HGLWHUUD�
QHDQ�&RQIHUHQFH�RQ�&RQWURO�DQG�$XWRPDWLRQ��0('¶�����+DLID

6HIHUOLV��3�� DQG�-��*ULHYLQN� �������� ³3URFHVV�&RQWURO�6WUXFWXUH�6FUHHQLQJ�E\�6WHDG\�6WDWH�0XOWLSOH
'LVWXUEDQFH� 6HQVLWLYLW\� $QDO\VLV´� 3URF�� RI� WKH� �WK� (XURSHDQ� 6\PSRVLXP� RQ� &RPSXWHU� $LGHG
3URFHVV�(QJLQHHULQJ��%XGDSHVW

6HLGHU��:�'���'�'��%UHQJHO��$�0��3URYRVW��DQG�6��:LGDJGR���������³1RQOLQHDU�$QDO\VLV�LQ�3URFHVV
'HVLJQ�� :K\� 2YHUGHVLJQ� WR� $YRLG� &RPSOH[� 1RQOLQHDULWLHV"´� ,QG�� (QJ�� &KHP�� 5HV��� ������
�������

6HLGHU�� :�'��� '�'�� %UHQJHO�� DQG� 6�� :LGDJGR� �������� ³1RQOLQHDU� $QDO\VLV� LQ� 3URFHVV� 'HVLJQ�� $
5HYLHZ´�$,&K(�-RXUQDO�������������

6HLGHU��:��'���-��'��6HDGHU�DQG�'��5��/HZLQ���������3URFHVV�'HVLJQ�3ULQFLSOHV��6\QWKHVLV��$QDO\VLV
DQG�(YDOXDWLRQ��-RKQ�:LOH\�DQG�6RQV��,QF

6HLGHU��:��'����������³3URFHVV�'HVLJQ�DW�8QVWDEOH�6WHDG\�6WDWHV´�3URF��RI�WKH��WK�,(((�0HGLWHUUD�
QHDQ�&RQIHUHQFH�RQ�&RQWURO�DQG�$XWRPDWLRQ��0('¶�����+DLID

6HPLQR��'��DQG�*��*LXOLDQL���������³&RQWURO�&RQILJXUDWLRQ�6HOHFWLRQ�LQ�5HF\FOH�6\VWHPV�E\�6WHDG\
6WDWH�$QDO\VLV´�&RPSXW��&KHP��(QJ������6���6����6���

6NRJHVWDG��6��DQG�0��0RUDUL���������³(IIHFW�RI�'LVWXUEDQFH�'LUHFWLRQV�RQ�&ORVHG�ORRS�3HUIRUPDQFH´
,QG��(QJ��&KHP��5HV����������������

6RORY\HY�� %�� 0�� DQG� '�� 5�� /HZLQ� �������� ³&RQWUROODELOLW\� DQG� 5HVLOLHQF\� $QDO\VLV� IRU� D
+HDW�LQWHJUDWHG�&�� 6SOLWWHU´�3URF�� RI� WKH� �WK� ,(((�0HGLWHUUDQHDQ�&RQIHUHQFH� RQ�&RQWURO� DQG
$XWRPDWLRQ��0('¶�����+DLID

6WDQOH\��*���0DULRQ�*DODUUDJH��0��DQG�0F$YR\��7��-����������³6KRUWFXW�2SHUDELOLW\�$QDO\VLV�����7KH
5HODWLYH�'LVWXUEDQFH�*DLQ´�,QG��(QJ��&KHP��3URF��'HV��DQG�'HY����������������

8]WXUN�� '�� DQG� &�� *HRUJDNLV� �������� ³$Q� 2SWLPDO� &RQWURO� 3HUVSHFWLYH� RQ� WKH� ,QKHUHQW� '\QDPLF
2SHUDELOLW\�RI�3URFHVVHV´�$,&K(�$QQXDO�0HHWLQJ��0LDPL�%HDFK

YDQ� 6FKLMQGHO�� -�� 0�� *�� �������� ³(GXFDWLRQ� LQ� 3URFHVV� 6\VWHPV� 'HVLJQ� DQG� (QJLQHHULQJ� ±� $Q
,QGXVWULDO� 3HUVSHFWLYH´�:RUNVKRS� RQ� (GXFDWLRQ� LQ� 3URFHVV� 6\VWHPV� 'HVLJQ� DQG� (QJLQHHULQJ�
'HOIW

9LQVRQ��'��5��DQG�&��*HRUJDNLV���������³$�1HZ�0HDVXUH�RI�3URFHVV�2XWSXW�&RQWUROODELOLW\´�3URF��RI
'<&236¶���&RUIX �

:HLW]��2��DQG�'��5��/HZLQ���������³'\QDPLF�&RQWUROODELOLW\�DQG�5HVLOLHQF\�'LDJQRVLV�XVLQJ�6WHDG\
6WDWH�3URFHVV�)ORZVKHHW�'DWD´�&RPSXW��&KHP��(QJ�����������������
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