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$EVWUDFW�� ��7KLV� SDSHU� GHVFULEHV� D� SRVVLEOH�ZD\� IRU� XVLQJ� VRPH� UHVXOWV� RI� WKH� UREXVW� FRQWURO� WKHRU\� IRU� WKH
DXWRPDWLF� WXQLQJ� RI� FODVVLFDO� LQGXVWULDO� UHJXODWRUV�� QDPHO\� RI� WKH�3,'� W\SH��$IWHU� D� EULHI� H[SODQDWLRQ� RI� WKH
SURSRVHG� DSSURDFK�� WKH�SDSHU� FRQFHQWUDWHV�RQ�GHVFULELQJ� D�3,'�DXWRWXQLQJ� WRRO� EXLOW� LQ� DFFRUGDQFH� WR� LW�� ,Q
SDUWLFXODU�� DWWHQWLRQ� LV� IRFXVHG� RQ� WKH� DXWRWXQHU¶V� LPSOHPHQWDWLRQ� DQG� RSHUDWLRQ�� ZKLOH� WKH� XQGHUO\LQJ
WKHRUHWLFDO� EDFNJURXQG� LV� VLPSO\� VNHWFKHG� RXW� WR� SHUPLW� WKH� QHFHVVDU\� GHJUHH� RI� FRPSUHKHQVLRQ� DQG� IRU� LWV
FRPSOHWH�LOOXVWUDWLRQ�WKH�LQWHUHVWHG�UHDGHU�LV�FRQYHQLHQWO\�UHIHUUHG�WR�PRUH�VSHFLILF�ZRUNV��$�EULHI�H[DPSOH�RI
WKH�DXWRWXQHU¶V�RSHUDWLRQ�LV�DOVR�UHSRUWHG�

.H\�ZRUGV����$XWRWXQLQJ��3,'�FRQWURO��,QGXVWULDO�FRQWURO��3URFHVV�FRQWURO��5REXVW�FRQWURO�

���,QWURGXFWLRQ
7KH� UHVHDUFK� LQWHUHVW� RQ� 3,'� DXWRWXQLQJ� KDV� EHHQ
LQFUHDVLQJ� VLJQLILFDQWO\� RYHU� WKH� ODVW� \HDUV�� ERWK
XQGHU� WKH� PHWKRGRORJLFDO� DQG� DSSOLFDWLRQ�RULHQWHG
SRLQWV� RI� YLHZ� >��� ��� �@�� $V� D� UHVXOW�� VHYHUDO
LQGXVWULDO� SURGXFWV� QRZ� HQFRPSDVV� DXWRWXQLQJ
FDSDELOLWLHV� DQG� WKHLU� XWLOL]DWLRQ� LV� EHFRPLQJ�PRUH
DQG�PRUH�FRPPRQ�DQG�DFFHSWHG�
,Q� WKLV� UHVHDUFK�� UREXVW� FRQWURO� WHFKQLTXHV� DUH
QRZDGD\V�EHJLQQLQJ� WR�SOD\�DQ� LPSRUWDQW� UROH��GXH
WR� WKHLU� FDSDELOLW\� RI� FRSLQJ� ZLWK� PRGHOLQJ
XQFHUWDLQWLHV�DQG�PLVPDWFKHV�>�@��7KLV�PDNHV�WKHP
LQWHUHVWLQJ�EHFDXVH�DXWRWXQHUV�QRUPDOO\�UHO\�RQ�YHU\
VLPSOH�PRGHOV�RI� WKH�SURFHVV�XQGHU� FRQWURO� >��� ���
��@�� ZKLFK� DUH� HDV\� WR� SDUDPHWUL]H� IURP� ,�2� GDWD
>��@�� OHDG� WR� VLPSOH� WXQLQJ� UXOHV� >��� ��@� EXW� DOVR
OLNHO\�WR�SURGXFH�D�UHPDUNDEOH�PLVPDWFK�>����@��$V
D�FRQVHTXHQFH��HLWKHU�WKH�WXQLQJ�UXOHV�PXVW�EH�TXLWH
FRQVHUYDWLYH� �WKXV� VDFULILFLQJ� SHUIRUPDQFH�� RU� WKH
PLVPDWFK� PXVW� VRPHKRZ� EH� FRQVLGHUHG�� VR� DV� WR
UHGXFH�FRQVHUYDWLVP�WR�D�PLQLPXP��5REXVW�FRQWURO
WHFKQLTXHV�FDQ�KHOS�WR�WKLV�HQG�EHFDXVH��LI�SURSHUO\
XVHG�� WKH\� FDQ� SURYLGH� D� PHDVXUH� RI� ³KRZ� PXFK
FRQVHUYDWLVP´� LV� UHTXLUHG�� VLPSO\� VSHDNLQJ�� LI� DQ
DXWRWXQHU�LV�IHG�ZLWK�D�VLPSOLILHG�SURFHVV�PRGHO�EXW
DOVR�ZLWK� VRPH� LQIRUPDWLRQ� RQ� KRZ� ELJ� WKH�PRGHO
HUURU� LV�� LW� LV� HDVLHU� WR� HQVXUH� H�J�� WKH� UHTXLUHG
VWDELOLW\�SURSHUWLHV�ZLWK� WKH�PLQLPXP�SHUIRUPDQFH
ORVV�>��@�
+RZHYHU��WKH�DSSOLFDWLRQ�RI�UREXVW�FRQWURO�PHWKRGV
LQ�LQGXVWULDO�DXWRWXQHUV�LV�VWLOO�IDU�IURP�PDWXULW\�>�@�
7KH� UHDVRQV� IRU� WKLV� DUH� FRPSOH[� DQG� LQYROYH

VHYHUDO�SKHQRPHQD��VRPH�PHWKRGRORJLFDO�DQG�VRPH
UHODWHG� WR� WKH� SUREOHP� RI� PDNLQJ� LQQRYDWLYH
DSSURDFKHV�DFFHSWDEOH�IRU�WKH�LQGXVWULDO�FRPPXQLW\�
6WLFNLQJ� IRU�EUHYLW\� WR� WKH� ILUVW� RQHV�� LW� LV� DSSDUHQW
WKDW� VHYHUDO� UHVXOWV� SURYLGLQJ� LQVLJKW� LQWR� WKH
EHKDYLRXU� RI� 3,'� UHJXODWRUV� �H�J�� WKH� DULVLQJ� DQG
HIIHFWV� RI� FDQFHOODWLRQ� HUURUV�� WKH� GHSHQGHQF\� RI
VWDELOLW\� DQG� SHUIRUPDQFH� LQGH[HV� RQ� WKH� GHVLJQ
SDUDPHWHUV� DQG� VR� IRUWK�� DUH� VHOGRP� WDNHQ� LQWR
DFFRXQW� LQ� WKH� LQGXVWULDO� GRPDLQ�� ZKLOH� WKH
GHYHORSPHQW�RI�DXWRWXQLQJ�PHWKRGV�LQ�WKH�DFDGHPLF
OLWHUDWXUH� RIWHQ� QHJOHFWV� VRPH� YHU\� LPSRUWDQW
DVSHFWV� RI� LQGXVWULDO� FRQWURO� GHYLFHV� �H�J�� WKH� VHW
SRLQW�ZHLJKWLQJ�DQG�WKH�DGGLWLRQDO�SROH�UHTXLUHG�IRU
REWDLQLQJ� D�SURSHU� FRQWUROOHU���1HJOHFWLQJ� DOO� WKHVH
IDFWV�� L�H�� WXQLQJ� DQ� LQGXVWULDO� 3,'� ZLWK� UXOHV
FRQFHLYHG� PDLQO\� IRU� LWV� ³WH[WERRN´� WUDQVIHU
IXQFWLRQ�� LV� D� IHDVLEOH� DSSURDFK� LQ�PDQ\� FDVHV� EXW
FDQQRW�EH�GRQH�LI�UREXVW�FRQWURO�WHFKQLTXHV�DUH�WR�EH
XVHG�� DV� ZLOO� EH� VNHWFKHG� RXW� LQ� WKH� IROORZLQJ�� ,Q
RQH� ZRUG�� DQ\ZD\�� WKHUH� DUH� VRPH� LQKHUHQW
GLIILFXOWLHV� LQ� WUDQVPLWWLQJ� WKH� UHVXOWV� RI� WKH� UREXVW
FRQWURO�WKHRU\�WR�WKH�DSSOLFDWLRQ�GRPDLQ�
7KH�DLP�RI�WKLV�ZRUN�LV�WR�SURSRVH�D�IUDPHZRUN�IRU
VHWWLQJ�XS�D�3,'�DXWRWXQHU�PDNLQJ� HIIHFWLYH�XVH�RI
VRPH�RI� WKHVH�UHVXOWV��DQG� WR�EDFN�XS� WKLV�SURSRVDO
E\� GHVFULELQJ� DQ� LQGXVWULDO� DXWRWXQHU� FRQVWUXFWHG
DORQJ�WKLV�UHDVRQLQJ�SDWK��7KH�SDSHU�LV�RUJDQL]HG�DV
IROORZV��6HFWLRQ���GHVFULEHV�WKH�SURSRVHG�DSSURDFK
LQ�JHQHUDO�WHUPV��ZKLOH�LQ�VHFWLRQ���WKLV�LV�LOOXVWUDWHG
E\� DSSO\LQJ� LW� WR� WKH� GHVLJQ� RI� D� 3,'� DXWRWXQHU�
&DUU\LQJ� RQ�� VHFWLRQ� �� UHSRUWV� VRPH� SUDFWLFDO
FRQVLGHUDWLRQV� FRQFHUQLQJ� WKH� LPSOHPHQWDWLRQ� DQG



XVH�RI�WKH�DXWRWXQHU��WKXV�WKH�LPSOLFDWLRQV�WKH\�KDYH
RQ� WKH� XVHIXOQHVV� DQG� OLPLWDWLRQV� RI� WKH� SURSRVHG
DSSURDFK�� ZKRVH� SRVVLEOH� JHQHUDOL]DWLRQ� LV� GHDOW
ZLWK� EULHIO\� LQ� VHFWLRQ� ��� 6HFWLRQV� �� DQG� �� UHSRUW
UHVSHFWLYHO\� VRPH� VLPXODWLRQV� DQG� DQ� DSSOLFDWLRQ
H[DPSOH�� QDPHO\� WKH� FRPSOHWH� VHTXHQFH� RI
RSHUDWLRQV� UHTXLUHG� IRU� WXQLQJ� D�3,'� ORRS�� )LQDOO\�
LQ� VHFWLRQ� �� VRPH� VLPSOH� FRQFOXGLQJ� UHPDUNV� DUH
JLYHQ�

����7KH�SURSRVHG�DSSURDFK
7\SLFDOO\��WKH�V\QWKHVLV�RI�3,'�UHJXODWRUV�YLD�UREXVW
FRQWURO�PHWKRGV�UHOLHV�RQ�WKH�+

¹
� �DSSURDFK��L�H�� WKH

UHJXODWRU� LV� SDUDPHWUL]HG� RQ� D� VLPSOLILHG�PRGHO� RI
WKH� SURFHVV� DQG� VXEVHTXHQWO\� GHWXQHG� RQ� WKH� EDVLV
RI� D� FRQVHUYDWLYH� HVWLPDWH� RI� WKH� PRGHO� HUURU
PDJQLWXGH� WR� IXOILO� D� IUHTXHQF\� GRPDLQ� ¹�QRUP
FULWHULRQ�
7KH�ILUVW�NH\�SRLQW�RI�WKH�WXQLQJ�DSSURDFK�SURSRVHG
KHUHLQ� LV� WR� FRXSOH� WKLV� LGHD� WR� WKH� H[SORLWDWLRQ� RI
WKH���GRI� VWUXFWXUH� WKDW� LQGXVWULDO� 3,'V� H[KLELW� GXH
WR� WKH� VHW� SRLQW� ZHLJKWV�� 7KLV� VXJJHVWV� D� WZR�VWHS
WXQLQJ� DSSURDFK� SDUWLFXODUO\� VXLWHG� IRU� WKH� XVH� RI
UREXVW� FRQWURO� PHWKRGV�� WKH� 3,'� LV� VSOLW� LQWR� D
IHHGEDFN� EORFN�� GHYRWHG� WR� HQVXULQJ� VWDELOLW\� DQG
GLVWXUEDQFH� UHMHFWLRQ�� DQG� D� IHHGIRUZDUG� RQH�
GHYRWHG� WR� VHW� SRLQW� WUDFNLQJ�� ZKLFK� DUH� WXQHG� LQ
VHTXHQFH�
7KH�VHFRQG�SRLQW�RI�WKH�SURSRVHG�DSSURDFK�LV�KRZ�LW
DGGUHVVHV� WKH� SUREOHP� RI� JDWKHULQJ� WKH� UHTXLUHG
SURFHVV� LQIRUPDWLRQ��7KH�EDVLF� LGHD� LV� WR�HPSOR\�D
SDUDPHWULF� SURFHVV� PRGHO� EXW� D� QRQSDUDPHWULF
GHVFULSWLRQ�RI�WKH�PRGHO�HUURU��ZKLFK�E\�WKH�ZD\�LV
FOHDUO\� WKH� PD[LPXP� LQIRUPDWLRQ� DYDLODEOH� IURP
H[SHULPHQWDO� GDWD�� DGRSWLQJ� WKLV� SROLF\� DOORZV� WR
VHSDUDWH� WKH� WKUHH� SUREOHPV� RI� SDUDPHWUL]LQJ� D
SURFHVV� PRGHO�� HVWLPDWLQJ� WKH� PRGHO� HUURU� DQG
V\QWKHVL]LQJ� WKH� UHJXODWRU� FRPSOHWHO\��7KLV� LV� YHU\
LPSRUWDQW� IRU� FRQVWUXFWLQJ� DXWRWXQHUV� LQ� D�PRGXODU
ZD\��L�H��VR�WKDW�D�VWDQGDUGL]HG�V\QWKHVLV�SROLF\�FDQ
EH� HDVLO\� FRXSOHG� WR� GLIIHUHQW�PRGHO� LGHQWLILFDWLRQ
PHWKRGV�IRU�ILWWLQJ�WKH�QHHGV�RI�GLIIHUHQW�DSSOLFDWLRQ
GRPDLQV��+RZHYHU��WKLV�VHSDUDWLRQ�LV�QRW�SRVVLEOH�LI
D� SDUDPHWULF� GHVFULSWLRQ� RI� WKH� PRGHO� HUURU� LV
DGRSWHG�
$�WKLUG�SRLQW��DQG�PD\EH�WKH�PRVW�LPSRUWDQW��LV�WKDW
WKH� SURSRVHG� V\QWKHVLV� SURFHVV� LV� IHG� ZLWK� PRGHO
HUURU�LQIRUPDWLRQ�H[SOLFLWO\��7KLV�LV�QRW�VR�FRPPRQ
LQ� DXWRWXQHUV�� HYHQ� LQ� WKH� OLWHUDWXUH�� GXH� WR� WKH
SUREOHPV�HYLGHQFHG�H�J��LQ�>�@�RU�>��@�EXW�LV�FUXFLDO
IRU� REWDLQLQJ� D� UHDOO\� ³UREXVW´� DXWRWXQHU�� 7KRXJK
WKLV�PDWWHU�LV�YHU\�LPSRUWDQW��VSDFH� OLPLWDWLRQV�ZLOO
REOLJH� KHUH� WR� RPLW� WKHRUHWLFDO� DVSHFWV� DOPRVW

FRPSOHWHO\�� KRZHYHU� WKH� UHDGHU� FDQ� UHIHU� WR� >��@
DQG�>��@��ZKHUH�WKH\�DUH�H[SODLQHG�LQ�GHWDLO�
)LQDOO\�� LQ� GHYHORSLQJ� WKH� SURSRVHG� DSSURDFK
DQRWKHU�XVHIXO� UHVXOW�KDV�EHHQ� IRXQG��7KH� WZR�VWHS
WXQLQJ� SURFHGXUH� QDWXUDOO\� VXJJHVWHG� E\� WKH
LQGXVWULDO� 3,'� VWUXFWXUH�� RQFH� H[SORLWHG� �VLPSO\
VSHDNLQJ�IRU�WKH�PRPHQW��VR�DV�WR�WXQH�LWV�IHHGEDFN
SDUW� IRU� VWDELOLW\� DQG� WKH� IHHGIRUZDUG� RQH� IRU
VHWSRLQW� WUDFNLQJ�� KDV� OHG� WR� WKH� LQGLYLGXDWLRQ� RI� D
FRXSOH� RI� GHVLJQ� SDUDPHWHUV� ZKLFK� DOORZ� JRRG
FRQWURO� RQ� WKH� DXWRWXQHU¶V� RSHUDWLRQ�� ZKLOH� WKHLU
PHDQLQJ�LV�TXLWH�HDV\�WR�XQGHUVWDQG��7KLV� LV�D�YHU\
LQWHUHVWLQJ� IDFW�� EHFDXVH� WKH�PDMRULW\� RI� DXWRWXQHUV
HLWKHU�KDYH�QR�GHVLJQ�SDUDPHWHUV�DW�DOO� �ZKLFK� LV� D
VDIH� FKRLFH� EXW� DOORZV� QR� WDLORULQJ� RI� WKHLU
RSHUDWLRQ��RU�DOORZ�WKH�XVHU�WR�VHW�VRPH�SDUDPHWHUV
ZKLFK� QRUPDOO\� DUH� FRQVLGHUHG� FXPEHUVRPH� WR
LQWHUSUHW�� $V� D� UHVXOW� PRVW� XVHUV� OHDYH� WKRVH
SDUDPHWHUV�WR�WKHLU�GHIDXOW�YDOXHV��ZKLFK�KDYH�EHHQ
GHFLGHG� ZLWK� QR� UHIHUHQFH� WR� DQ\� UHDO�ZRUOG
RSHUDWLQJ� FRQGLWLRQ�� &RQYHUVHO\�� DV� ZLOO� EH� VKRZQ
LQ� WKH� IROORZLQJ�� WKH� SUHVHQWHG� DXWRWXQHU� GRHV� QRW
VXIIHU�RI�WKLV�OLPLWDWLRQ�

����7KH�DXWRWXQHU
,Q� RUGHU� WR� LOOXVWUDWH� WKH� SURSRVHG� DSSURDFK� WR� WKH
XVH�RI�UREXVW�FRQWURO�LQ�3,'�DXWRWXQLQJ��WKLV�VHFWLRQ
SUHVHQWV�DQ�DXWRWXQHU�EXLOW�LQ�DFFRUGDQFH�WR�LW��7KLV
DXWRWXQHU� V\QWKHVL]HV� DQ� LQGXVWULDO� 3,'� LQ� WKH� ,6$
IRUP� IRU� VWDEOH� SURFHVVHV� RQ� WKH� EDVLV� RI� D� VLQJOH
RSHQ�ORRS� VWHS� WHVW�� DQG� WKH� XVHU� LV� UHTXHVWHG� WR
VSHFLI\� WZR�SDUDPHWHUV��RQH�UHODWHG� WR� WKH� UHTXLUHG
GHJUHH� RI� UREXVWQHVV� DQG� WKH� RWKHU� WR� WKH� FORVHG�
ORRS� VHWWOLQJ� WLPH�� 7KH� ,6$�3,'� FRQWURO� ODZ� LV
H[SUHVVHG�DV
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ZKHUH�U��\�DQG�X�DUH�WKH�VHW�SRLQW��WKH�SURFHVV�RXWSXW
DQG�WKH�FRQWURO�YDULDEOH��.�LV�WKH�FRQWUROOHU�JDLQ��7L

DQG�7G�DUH�WKH�LQWHJUDO�DQG�GHULYDWLYH�WLPH�DQG�1G�LV
WKH� UDWLR� EHWZHHQ� 7G� DQG� WKH� WLPH� FRQVWDQW� RI� DQ
DGGLWLRQDO� SROH� UHTXLUHG� IRU� REWDLQLQJ� D� SURSHU
FRQWUROOHU��'XH� WR� WKH� VHW�SRLQW�ZHLJKWV�E� DQG�F� LQ
WKH�SURSRUWLRQDO� DQG�GHULYDWLYH� DFWLRQV�� WKH� FRQWURO
ODZ� ���� FRUUHVSRQGV� WR� D� �� G�R�I�� FRQWUROOHU�� DV
VKRZQ�LQ�)LJ���

)LJ������&RQWURO�V\VWHP�ZLWK�DQ�,6$�3,'�



ZKHUH�WKH�IHHGIRUZDUG�DQG�IHHGEDFN�EORFNV��5II�DQG
5IE� UHVSHFWLYHO\�� KDYH� WKH� IROORZLQJ� WUDQVIHU
IXQFWLRQV�
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/LNH�DQ\�RWKHU���G�R�I�� FRQWUROOHU�� WKH� ,6$�3,'�FDQ
EH� WXQHG� E\� D� WZR� VWHS� SURFHGXUH�� ILUVW� 5IE� LV
V\QWKHVL]HG�VR�DV�WR�HQVXUH�DV\PSWRWLF�VWDELOLW\�DQG
JRRG� GLVWXUEDQFH� UHMHFWLRQ�� DQG� WKHQ� 5II� FDQ� EH
GHVLJQHG� ZLWK� WKH� VROH� DLP� RI� LPSURYLQJ� WKH� VHW�
SRLQW� UHVSRQVH�� ,W� LV�ZRUWK�QRWLQJ� WKDW� LQ� WKH�EORFN
GLDJUDP�UHSUHVHQWDWLRQ�RI�)LJ����5IE�KDV�WKH�IRUP�RI
D� VWDQGDUG�� �� G�R�I�� 3,'� FRQWUROOHU�� WKXV� LW� FDQ� EH
WXQHG�E\�XVLQJ�DQ\�RI� WKH�PHWKRGV�DYDLODEOH� LQ� WKH
OLWHUDWXUH�� 7KH� DXWRWXQHU� SUHVHQWHG� KHUHLQ� DGRSWV
WKLV� DSSURDFK�� DQG� WKH� WXQLQJ� SURFHGXUH� FDQ� EH
VXPPDUL]HG� DV� IROORZV�� )LUVW� D� UHFRUG� RI� WKH� VWHS
UHVSRQVH� RI� WKH� SURFHVV� XQGHU� FRQWURO� LV� REWDLQHG
DQG�D�PRGHO�LQ�WKH�IRUP
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LV�ILW�WR�WKLV�UHVSRQVH�E\�WKH�PHWKRG�RI�DUHDV��2Q�WKH
EDVLV� RI� WKH� UHVSRQVH� DQG� RI� WKH� PRGHO�� DQ
RYHUHVWLPDWH� RI� WKH� DGGLWLYH� PRGHO� HUURU� LV
FRPSXWHG�E\�XVLQJ�WKH�WHFKQLTXH�LOOXVWUDWHG�LQ�>��@�
6XEVHTXHQWO\�� DQ� ,0&�EDVHG� SURFHGXUH� EDVHG� RQ
WKDW� RI� >��@� LV� XVHG� IRU� WXQLQJ� 5IE�� GHWHUPLQLQJ
SDUDPHWHUV�.��7L��7G�DQG�1G�DV
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7KLV�SURFHGXUH� LQYROYHV�D�GHVLJQ�SDUDPHWHU�� FDOOHG
7I�� ZKLFK� LV� UHODWHG� WR� WKH� UHTXLUHG� FORVHG�ORRS
EDQGZLGWK�DQG�LQIOXHQFHV�WKH�GHJUHH�RI�VWDELOLW\��$
IHDWXUH� RI� WKH� SUHVHQWHG� PHWKRG� LV� WKDW� WKH� PRGHO
HUURU� RYHUHVWLPDWH� \LHOGV� D� ORZHU� ERXQG�7ILQI� IRU�7I

ZKLFK� VXUHO\� SUHVHUYH� WKH� VWDELOLW\� RI� WKH� ORRS
LQFOXGLQJ� 5IE� �WXQHG� XVLQJ� WKH� VLPSOLILHG� PRGHO�
ZLWK� UHVSHFW� WR� WKH� PRGHO� HUURU� FRUUHVSRQGLQJO\
LQWURGXFHG��,Q�GH��LW�FDQ�EH�VKRZQ�WKDW�WKH�,0&�3,'
WXQHG� ZLWK� IRUPXODH� ���� JXDUDQWHHV� WKH� UREXVW
VWDELOLW\�RI�WKH�FRQWURO�ORRS�LI
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KHQFH��JLYHQ�WKH�PRGHO�HUURU�PDJQLWXGH�RYHUERXQG�
7ILQI�FDQ�EH�GHWHUPLQHG�DV�LOOXVWUDWHG�LQ�)LJ����

)LJ������2EWDLQLQJ�WKH�YDOXH�RI�7ILQI�

2Q� WKH� EDVLV� RI� WKH�PHDVXUHG� UHVSRQVH� DQG� RI� WKH
V\QWKHVL]HG� 5IE� LW� LV� QRZ� SRVVLEOH� WR� GHWHUPLQH� D
QRQSDUDPHWULF�PRGHO�RI� WKH�FORVHG�ORRS�SDUW�RI� WKH
FRQWURO� V\VWHP�� VR� WKDW� LWV� VWHS� UHVSRQVH� FDQ� EH
FRPSXWHG�DV�D�IXQFWLRQ�RI�SDUDPHWHU�7I��)LQDOO\��WKH
VHW�SRLQW�ZHLJKWV�E�DQG�F�LQ�5II�DUH�WXQHG�VR�WKDW�WKH
RYHUDOO�V\VWHP�VWHS�UHVSRQVH�EH�DV�FORVH�DV�SRVVLEOH
WR� WKDW�RI� D� ILUVW� RUGHU�PRGHO�ZLWK� XQLW� JDLQ�� GHOD\
HTXDO� WR� WKDW� PHDVXUHG� IRU� WKH� SURFHVV� DQG� WLPH
FRQVWDQW� 7P�� ZKLFK� EHFRPHV� D� VHFRQG� GHVLJQ
SDUDPHWHU� UHODWHG� WR� SHUIRUPDQFH�� 7KLV� LV� GRQH� E\
PLQLPL]LQJ� ZLWK� UHVSHFW� WR� E� DQG� F� WKH� ,6(
IXQFWLRQDO
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EHWZHHQ�WKH�UHVSRQVH�RI�WKH�ILUVW�RUGHU�PRGHO��L�H�
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DQG� WKDW� RI� WKH� DFWXDO� V\VWHP�� FRPSXWHG� XVLQJ� WKH
QRQSDUDPHWULF�PRGHO�RI�WKH�ORRS��7KLV�RSWLPL]DWLRQ
FDQ�EH�GRQH�ZLWK� UHVSHFW� WR�ERWK�E� DQG�F� RU� WR� WKH
VROH�E��WKXV�REWDLQLQJ�DQ�RXWSXW�GHULYDWLRQ�3,'�

����3UDFWLFDO�FRQVLGHUDWLRQV
8QGHU� WKH� RSHUDWRU¶V� SRLQW� RI� YLHZ�� WKH� PDLQ
FKDUDFWHULVWLF� RI� WKH� SUHVHQWHG� DXWRWXQHU� LV� WR
UHSODFH� WKH� FRPPRQ� VWDELOLW\� DQG� SHUIRUPDQFH
VSHFLILFDWLRQV��WKH�FORVHG�ORRS�SKDVH�PDUJLQ�jP�DQG
FXWRII�IUHTXHQF\�wF��ZLWK�SDUDPHWHUV�7I�DQG�7P��$W�D
ILUVW� JODQFH� WKLV�PLJKW� QRW� DSSHDU� D� ELJ� DGYDQWDJH
EXW��DSDUW�IURP�WKH�UREXVWQHVV�FRQVLGHUDWLRQV�ZKLFK
PDNH� WKLV� D� YHU\� VDIH� DSSURDFK�� WKH� DGRSWLRQ� RI
WKHVH� WZR� GHVLJQ� SDUDPHWHUV� PDNHV� WKH
XQGHUVWDQGLQJ� RI� WKH� DXWRWXQHU¶V� RSHUDWLRQ� PXFK
HDVLHU��,Q�IDFW�7I�FDQ�EH�HDVLO\�WKRXJKW�DV�WKH�³GHJUHH
RI� UREXVWQHVV�GHVLUHG� RYHU� D�PLQLPXP� LPSRVHG� E\
WKH� DXWRWXQHU´� ZKLOH� 7P� FDQ� EH� LQWHUSUHWHG� DV� WKH
³GHVLUHG�FORVHG�ORRS�GRPLQDQW�WLPH�FRQVWDQW�ZKLFK
FDQ� EH� FKRVHQ� LQ� D� UDQJH� GHFLGHG� E\� WKH� V\VWHP´�



([SHULHQFH� KDV� VKRZQ� WKDW� IRU� RSHUDWRUV� LW� LV� IDU
HDVLHU� WR� FKRRVH� D�YDOXH� IRU�7I� DQG�7P� WKDQ� IRU�jP

DQG�wF��7KXV��LI�WKH�SURSRVHG�GHVLJQ�SDUDPHWHUV�DUH
DGRSWHG�� WKHUH� LV� QR� QHHG� WR� IRUFH� IRU� WKHP� DQ\
³XQLYHUVDO´�GHIDXOW�OLNH�PRVW�DXWRWXQHUV�GR�IRU�WKHLU
RQHV��DQG�WKH�V\VWHP�LV�PRUH�OLNHO\�WR�UHDOO\�DFKLHYH
WKH�EHVW�SRVVLEOH�SHUIRUPDQFH�LQ�HYHU\�VSHFLILF�FDVH�
7KH� SUHVHQWHG� GHVLJQ� DSSURDFK� KDV� EHHQ� WHVWHG� E\
DVNLQJ�VHYHUDO�SHRSOH��ZLWK�YHU\�GLIIHUHQW�GHJUHHV�RI
WKHRUHWLFDO� NQRZOHGJH� DQG� RI� IDPLOLDULW\� ZLWK
SURFHVV� FRQWURO� DQG� LQVWUXPHQWDWLRQ�� WR� XVH� WKH
DXWRWXQHU�� DQG� WKH� UHVXOWV� KDYH� EHHQ� VDWLVIDFWRU\�
7KH� LQWHUIDFH�DSSHDUV� WR�EH�VLPSOH� HQRXJK�DQG� WKH
WXQLQJ�UHVXOWV�DUH�TXLWH�JRRG�

����*HQHUDOL]LQJ�WKH�DSSURDFK
,Q� WKLV� ZRUN� LW� KDV� EHHQ� FKRVHQ� WR� VKRZ� WKH
SURSRVHG� DSSURDFK� ³LQ� DFWLRQ´�� L�H�� WR� SUHVHQW� LWV
DSSOLFDWLRQ�WR�WKH�FRQVWUXFWLRQ�RI�DQ�DXWRWXQHU��7KLV
KDV� EHHQ� GRQH� IRU� HPSKDVL]LQJ� LWV� DSSOLFDELOLW\�
UHO\LQJ� RQ� WKH� IDFW� WKDW� WKH� SUHYLRXV� GLVFXVVLRQ� RQ
WKH� NH\� SRLQWV� RI� WKH� DSSURDFK� VKRXOG� DOORZ� WR
DSSUHFLDWH�LWV�JHQHUDOLW\�
$Q\ZD\�� VRPH� H[DPSOHV� RI� KRZ� WKH� SUHVHQWHG
WXQLQJ� PHWKRG� FRXOG� EH� H[WHQGHG� PLJKW� EH� ZRUWK
QRWLQJ��)RU�H[DPSOH��RQH�FRXOG�V\QWKHVL]H�5IE�V��E\
PHDQV�RI� WKH� ,0&�RU� D� VLPLODU�PHWKRG�� EXW�ZLWK� D
QRPLQDO� PRGHO� VWUXFWXUH� GLIIHUHQW� IURP� ����� 7KLV
ZRXOG� DOORZ� WR� WDLORU� WKH� DFKLHYDEOH� VWDELOLW\� DQG
GLVWXUEDQFH�UHMHFWLRQ�SURSHUWLHV�WR�D�GHVLUHG�FODVV�RI
SURFHVV�PRGHOV��WKXV�REWDLQLQJ�VSHFLDOL]HG�YHUVLRQV
RI�WKH�DXWRWXQHU�IRU�GLIIHUHQW�DSSOLFDWLRQ�GRPDLQV��,I
WKH�¹�QRUP�RI�WKH�PRGHO�HUURU�FDQ�EH�H[SUHVVHG�DV�D
IXQFWLRQ� RI� D� YHU\� VPDOO� VHW� RI� GHVLJQ� SDUDPHWHUV�
LGHDOO\�RI�D�VLQJOH�RQH�DV�KHUH�ZDV�GRQH�ZLWK�7I���VHH
���� �� WKH� V\QWKHVLV� SURFHGXUH� UHPDLQV� VXEVWDQWLDOO\
VLPLODU�
$ORQJ� WKH� VDPH� UHDVRQLQJ� SDWK�� WKH� V\QWKHVLV� RI
5II�V�� FRXOG� DOVR� EH� WDLORUHG� WR� D� VSHFLILF� FODVV� RI
SURFHVVHV� E\� FKRRVLQJ� D� GLIIHUHQW� GHVLUHG� UHVSRQVH
\P�W��� $V� ORQJ� DV� WKH� UHVSRQVH� RI� WKH� FORVHG�ORRS
SDUW� RI� WKH� FRQWURO� V\VWHP� FDQ� EH� FRPSXWHG� DV� D
IXQFWLRQ� RI� WKH� GHVLJQ� SDUDPHWHU� XVHG� LQ� WKH
V\QWKHVLV�RI�5IE�V��� WKH� ,6(�PLQLPL]DWLRQ�SURFHGXUH
WRR�UHPDLQV�WKH�VDPH�
)XUWKHUPRUH�� WKH� VDPH� WHFKQLTXH� FRXOG� EH� DSSOLHG
WR�D�UHJXODWRU�VWUXFWXUH�GLIIHUHQW�IURP�WKH�,6$�3,'�
SRVVLEO\� FKRVHQ� RQ� WKH� EDVLV� RI� WKH� SURFHVV
G\QDPLFV¶�VWUXFWXUH�VR�WKDW�WKH�V\QWKHVLV�RI�5IE�V��EH
SDUWLFXODUO\� VWUDLJKWIRUZDUG�� H�J�� DV� LQGLFDWHG� LQ
>��@�

����7ZR�VLPXODWLRQ�H[DPSOHV
VHFWLRQ�UHSRUWV�WZR�VLPXODWLRQ�H[DPSOHV��RQH�UHIHUV
WR�D�SURFHVV�GHVFULEHG�E\�WKH�WUDQVIHU�IXQFWLRQ
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�
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ZKLOH� LQ� WKH�RWKHU� FDVH� WKH� SURFHVV� LV� FRQVLGHUDEO\
OHVV� VXLWHG� WR� 3,'� FRQWURO�� KDYLQJ� WKH� WUDQVIHU
IXQFWLRQ

3��V�� �
�

����V�������V����

ZKLFK� KDV� WZR� FRPSOH[� SROHV� ZLWK� QDWXUDO
IUHTXHQF\����� DQG�GDPSLQJ� �����7KH� WXQLQJ� UHVXOWV
LQ� WKHVH� WZR� FDVHV� DUH� UHSRUWHG� LQ� WKH� IROORZLQJ
WDEOH��RXWSXW�GHULYDWLRQ�ZDV�UHTXHVWHG��VR�SDUDPHWHU
F� LV� ]HUR� LQ� ERWK� FDVHV��� ZKLOH� )LJ�� �� DQG� )LJ�� �
UHSRUW�WKH�FRUUHVSRQGLQJ�FORVHG�ORRS�VWHS�UHVSRQVHV�

.S 7L 7G 1G E
3� ���� ����� ���� ���� ����
3� ���� ���� ���� ���� ����

6HW�SRLQW

3URFHVV�YDULDEOH

&RQWURO

WLPH��V�

)LJ�����VLPXODWLRQ�UHVXOWV�RI�H[DPSOH���

6HW�SRLQW

3URFHVV�YDULDEOH

&RQWURO

WLPH��V�

)LJ�����VLPXODWLRQ�UHVXOWV�RI�H[DPSOH���

,W� FDQ� EH� DSSUHFLDWHG� WKDW� WKH� WXQLQJ� UHVXOWV� DUH
VDWLVIDFWRU\�� EXW� ZKDW� LV� PD\EH� PRUH� LPSRUWDQW� LV
WKH�HDVH�LQ�DFKLHYLQJ�WKHP��L�H��WKH�VLPSOLFLW\�RI�WKH
LQWHUIDFH�SURYLGHG�E\�WKH�DXWRWXQHU��ZKLFK�LV�WUHDWHG
LQ�WKH�IROORZLQJ�VHFWLRQ�

����8VLQJ�WKH�SUHVHQWHG�DXWRWXQHU
7KLV� VHFWLRQ� LOOXVWUDWHV� WKH� SUHVHQWHG� DXWRWXQHU
XQGHU� WKH� XVHU¶V� SRLQW� RI� YLHZ� E\� GHVFULELQJ� WKH
WXQLQJ�RI�D�3,'�ORRS��7KH�ILUVW�VWHS�LV�REYLRXVO\� WR



LQYRNH�WKH�DXWRWXQHU��ZKLFK�EULQJV�XS�WKH�GLDORJ�RI
)LJ�� ��� ,Q� WKH� PHDQWLPH�� WKH� DXWRWXQHU� VFDQV� WKH
ORRSV� LQ� WKH� FRQWURO� V\VWHP� DQG� DOORZV� WR� VHOHFW
ZKLFK� RQH� KDV� WR� EH� WXQHG�� 7KHUH� LV� D� WXQLQJ
SHUPLVVLRQ� ORJLF� �QRW� GHVFULEHG� KHUH� IRU� EUHYLW\�
DQG��LI�UHTXLUHG��WKLV�ORJLF�FDQ�EH�FXVWRPL]HG�ZKHQ
DVVHPEOLQJ�DQG�FRQILJXULQJ�WKH�FRQWURO�V\VWHP�

)LJ�����6HOHFWLQJ�WKH�ORRS�WR�EH�WXQHG�

2QFH� WKH� ORRS� WR�EH� WXQHG�KDV�EHHQ� FKRVHQ�� D� VWHS
WHVW�LV�SHUIRUPHG�RQ�WKH�SURFHVV��7KH�WHVW�HYROXWLRQ
LV�VKRZQ�LQ�D�FRQYHQLHQW�ZLQGRZ�DQG�ODVWV�XQWLO�WKH
XVHU� FOLFNV� WKH� 2.� EXWWRQ�� $� &DQFHO� EXWWRQ� LV
DOZD\V� DYDLODEOH� IRU� UHVHWWLQJ� WKH� SURFHGXUH
FRPSOHWHO\��$IWHU�WKH�VWHS�WHVW��WKH�V\VWHP�FRQWLQXHV
UHFRUGLQJ� WKH�SURFHVV�YDULDEOH� IRU� D�ZKLOH� LQ� RUGHU
WR� GHWHUPLQH� WKH� DPRXQW� RI� QRLVH� SUHVHQW�� 7KLV
UHTXLUHV�QR�XVHU�LQWHUDFWLRQ�

7KH�ILQDO�VWHS��LOOXVWUDWHG�LQ

)LJ�����LV�WR�FKRRVH�WKH�GHVLUHG�UHVSRQVH�VKDSH��7KH
XVHU�PRYHV�WKH�FXUVRU�LQ�WKH�;<�JUDSK�DW�WKH�ORZHU
ULJKW�FRUQHU�RI�WKH�ZLQGRZ�GHSLFWHG�EHORZ��DQG�WKH
FRUUHVSRQGLQJ�FORVHG�ORRS�UHVSRQVH�LV�FRQWLQXRXVO\
XSGDWHG�DQG�VKRZQ�LQ�WKH�XSSHU�KDOI�RI�WKH�ZLQGRZ�
)RU� UHIHUHQFH� DQG� FRQYHQLHQFH�� DOVR� WKH� RSHQ�ORRS
SURFHVV� UHVSRQVH� �QRUPDOL]HG� WR� XQLW� JDLQ� VR� DV� WR
EH� XVHIXOO\� FRPSDUDEOH� WR� WKH� FORVHG�ORRS� RQH�� LV
VKRZQ�

)LJ�����&KRRVLQJ�WKH�GHVLUHG�UHVSRQVH�VKDSH�

7KH�WZR�D[HV�RI�WKH�;<�JUDSK�FRQWURO�SDUDPHWHUV�7I

DQG�7P� UHVSHFWLYHO\�� EXW� SURYLGH� DOVR� XVHIXO� YLVXDO
FXHV� IRU� WKH� V\QWKHVLV�� LI� WKH� XVHU� ZDQWV� D� IDVWHU
UHVSRQVH� WKH� FXUVRU� PXVW� JR� XS�� ZKLOH� LI� JUHDWHU
FRQVHUYDWLVP� �RU� UREXVWQHVV�� LV� GHVLUHG� WKH� FXUVRU

PXVW�JR�ULJKW��2I�FRXUVH�WKH�EHVW� LV� WKH�XSSHU� ULJKW
FRUQHU�� EXW� LQ� DQ\� UHDO� FDVH� D� WUDGHRII� PXVW� EH
DFFHSWHG� DQG� WKLV� PHWKRG� DOORZV� WR� FKRRVH� WKH
EDODQFH� E\� VHHLQJ� WKH� V\VWHP� UHVSRQVH� GLUHFWO\�
1RWH�WKDW�WKH�SURFHVV�PRGHO�XVHG�IRU�FRPSXWLQJ�WKH
WXQLQJ� UHVXOWV� RQ�OLQH� LV� WKH� FRQYROXWLRQ� PRGHO
FRPSXWHG� E\� WKH� DXWRWXQHU� RQ� WKH� EDVLV� RI� WKH
PHDVXUHG�RSHQ�ORRS�UHVSRQVH��DV�VXFK�� WKH�IRUHFDVW
WUDQVLHQWV� VKRZQ� WR� WKH� XVHU� DUH� YHU\� FORVH� WR� WKH
UHDO�RQHV��2QFH�WKH�UHVXOW�LV�VDWLVIDFWRU\��FOLFNLQJ�RQ
WKH�83'$7(� EXWWRQ�ZULWHV� WKH� QHZ� SDUDPHWHUV� WR
WKH� UHJXODWRU�� -XVW� IRU� UHIHUHQFH�� )LJ�� �� UHSRUWV� WKH
DFWXDOO\� REWDLQHG� UHVSRQVH�� LW� FDQ� EH� VHHQ� WKDW� WKH
DFFRUGDQFH�ZLWK�WKH�IRUHFDVW�RQH�LV�H[FHOOHQW�
)LQDOO\�UHPDUN�WKDW��DV�SUHYLRXVO\�QRWHG�� WKLV� LV� WKH
RSHUDWRU� LQWHUIDFH�� $ORQJ� WKH� WXQLQJ�� D� ORW� RI
LQIRUPDWLRQ� FRQFHUQLQJ� WKH� SURFHVV� �WUDQVIHU
IXQFWLRQ�HVWLPDWHV��QRLVH�FKDUDFWHULVWLFV�DQG� VR�RQ�
LV�SURGXFHG�E\�WKH�V\VWHP��WKLV�LQIRUPDWLRQ�KDV�QRW
EHHQ�VKRZQ�KHUH�IRU�EUHYLW\�DQG�LV�FRQFHDOHG�WR�WKH
SODQW�RSHUDWRU�IRU�DSSDUHQW�UHDVRQV��EXW�LV�DYDLODEOH
LI�UHTXLUHG�DQG�FDQ�EH�YHU\�XVHIXO�IRU�WKH�HQJLQHHU�

)LJ�����7KH�DFWXDOO\�REWDLQHG�UHVSRQVH�

����&RQFOXVLRQV
$Q� DSSURDFK� WR� 3,'� DXWRWXQLQJ� EDVHG� RQ� VRPH
UHVXOWV�RI�WKH�UREXVW�FRQWURO�WKHRU\�KDV�EHHQ�EULHIO\
LOOXVWUDWHG�� DQG� DV� DQ� H[DPSOH� RI� LWV� DSSOLFDWLRQ� D
3,'� DXWRWXQHU� EXLOW� LQ� DFFRUGDQFH� WR� LW� KDV� EHHQ
SUHVHQWHG�� ,W� LV� ZRUWK� QRWLQJ� WKDW� WKH� DSSURDFK� ±
WKXV� WKH� DXWRWXQHU� �� LV� DLPHG� DW� WKH� V\QWKHVLV� RI
LQGXVWULDO� 3,'� UHJXODWRUV�� KHQFH� LW� WDNHV� LQWR
DFFRXQW� DOVR� WKRVH� SDUDPHWHUV� �QDPHO\�� WKH
DGGLWLRQDO�SROH�DQG�WKH�VHW�SRLQW�ZHLJKWV��ZKLFK�DUH
QRUPDOO\�QHJOHFWHG�LQ�³WH[WERRN´�DXWRWXQHUV�
7KH� NH\� IHDWXUHV� RI� WKH� SUHVHQWHG� DSSURDFK� DUH
EDVLFDOO\� WZR�� LW� LV� EDVHG� RQ� D� QRPLQDO� SURFHVV



PRGHO�EXW�WDNHV�LQWR�DFFRXQW�DOVR�D�PHDVXUHPHQW�RI
WKH�PRGHO�HUURU��DQG�LW�H[SORLWV�WKH���G�R�I��VWUXFWXUH
RI�LQGXVWULDO�3,'V�LQ�WKH�,6$�IRUP�VR�DV�WR�DFKLHYH
JRRG� UREXVWQHVV� ZLWK� WKH� PLQLPXP� SHUIRUPDQFH
ORVV�
,Q� WKH� LPSOHPHQWDWLRQ� RI� WKH� SUHVHQWHG� DXWRWXQHU�
WKH� FKDUDFWHULVWLFV� RI� WKH� DSSURDFK� KDYH� EHHQ
H[SORLWHG�DQG�WKH�GHVLJQ�WKH�XVHU�LQWHUIDFH�KDV�EHHQ
SDUWLFXODUO\� WDNHQ� FDUH� RI�� VR� DV� WR� UHGXFH� WKH
WKHRUHWLFDO� NQRZOHGJH� UHTXLUHG� IRU� XVLQJ� LW� WR� D
PLQLPXP�� 7KH� UHVXOWV� REWDLQHG� DUH� HQFRXUDJLQJ�
ERWK�ZLWK�UHVSHFW�WR�WKH�SURWRW\SH¶V�RSHUDWLRQ�DQG�WR
WKH�IXUWKHU�LQVLJKW�LQ�WKH�SUREOHP�RI�DXWRWXQLQJ�WKDW
WKLV�UHVHDUFK�DQG�HQJLQHHULQJ�ZRUN�KDV�SURGXFHG�

$FNQRZOHGJHPHQWV
7KLV�ZRUN�KDV�EHHQ�SDUWLDOO\�VXSSRUWHG�E\�08567
�0LQLVWHUR� GHOO
8QLYHUVLWj� H� GHOOD� 5LFHUFD
6FLHQWLILFD� H�7HFQRORJLFD�� DQG� E\�&15� �&RQVLJOLR
1D]LRQDOH�GHOOH�5LFHUFKH��

'HPRQVWUDWLYH�DSSOLFDWLRQ
$� GHPRQVWUDWLYH� DSSOLFDWLRQ� IRU� WKH� DXWRWXQHU� FDQ
EH�REWDLQHG�E\�FRQWDFWLQJ�WKH�FRUUHVSRQGLQJ�DXWKRU�
LW� FRQVLVWV� RI� WKH� GHPR� SURJUDP� �D� :LQGRZV
H[HFXWDEOH�� DQG� RI� D� EULHI� PDQXDO� LQ� 3RVW6FULSW
IRUPDW�

5HIHUHQFHV
>�@ cVWU|P� .�-�� DQG� 7�� +lJJOXQG�� ,QGXVWULDO

$GDSWLYH� &RQWUROOHUV� %DVHG� RQ� )UHTXHQF\
5HVSRQVH� 7HFKQLTXHV�� $XWRPDWLFD�� 9RO�� ��� �
1R�������������������

>�@ cVWU|P� .�-�� DQG� 7�� +lJJOXQG�� 3,'
&RQWUROOHUV�� 7KHRU\�� 'HVLJQ� DQG� 7XQLQJ� ±
6HFRQG� (GLWLRQ�� ,QVWUXPHQW� 6RFLHW\� RI
$PHULFD�������

>�@ cVWU|P�.�-���&�&��+DQJ��3��3HUVVRQ�DQG�:��.�
+R�� 7RZDUGV� ,QWHOOLJHQW� 3,'� &RQWURO�
$XWRPDWLFD��9RO������������SS�����

>�@ %R\G�6�3��DQG�&�+��%DUUDWW��/LQHDU�&RQWUROOHU
'HVLJQ�� /LPLWV� RI� SHUIRUPDQFH�� 3UHQWLFH�+DOO�
�����

>�@ 'R\OH� -�&��� %�$�� )UDQFLV� DQG� $�5�
7DQQHQEDXP�� )HHGEDFN� &RQWURO� 7KHRU\�
0DF0LOODQ�������

>�@ *DZWKURS� 3�-�� 6HOI�7XQLQJ� 3,'� &RQWUROOHUV�
$OJRULWKPV� DQG� ,PSOHPHQWDWLRQ�� ,(((� 7UDQV�
2Q� $XWRPDWLF� &RQWURO�� 9RO�� ���� 1R�� ��� �����
SS����������

>�@ *DZWKURS� 3�-�DQG� .�:�� /LP�� 5REXVWQHVV� RI
6HOI�7XQLQJ� &RQWUROOHUV�� ,((� 3URFHHGLQJV�'�
9RO�������������

>�@ *LDUUp� /�� DQG�0��0LODQHVH�� 60� LGHQWLILFDWLRQ
RI� DSSUR[LPDWLQJ� PRGHOV� IRU� +

¹
� 5REXVW

&RQWURO�� 3URF�� ��WK� &RQIHUHQFH� RQ� 'HFLVLRQ
DQG�&RQWURO�������

>�@ +lJJOXQG� 7�� DQG� .�-�� cVWU|P�� $XWRPDWLF
7XQLQJ�RI�3,'�&RQWUROOHUV�%DVHG�RQ�'RPLQDQW
3ROH� 'HVLJQ�� 3URF�� ,)$&� :RUNVKRS� RQ
$GDSWLYH�&RQWURO�RI�&KHPLFDO�3URFHVVHV�������

>��@ +DQJ� &�&��� .�-�� cVWU|P� DQG� :�.�� +R�
5HILQHPHQWV� RI� WKH� =LHJOHU�1LFKROV� 7XQLQJ
)RUPXOD��,((�3URFHHGLQJV�'��9RO�������1R����
������SS����������

>��@ +R� :�.��� &�&�� +DQJ� DQG� -�� +�� =KRX�
3HUIRUPDQFH� DQG� *DLQ� DQG� 3KDVH� 0DUJLQV� RI
:HOO�.QRZQ�3,� WXQLQJ� IRUPXODV�� ,(((�7UDQV�
RQ�&RQWURO�6\VWHPV�7HFKQRORJ\��9RO����������
SS����������

>��@ +R�:�.���&�&��+DQJ�DQG�/��6��&DR��7XQLQJ�RI
3,'� &RQWUROOHUV� %DVHG� RQ� *DLQ� DQG� 3KDVH
0DUJLQ� 6SHFLILFDWLRQV�� $XWRPDWLFD�� 9RO�� ���
������SS����������

>��@ ,VHUPDQQ� 5�� DQG� .�+�� /DFKPDQQ�� $GDSWLYH
&RQWURO�6\VWHPV��3UHQWLFH�+DOO�������

>��@ /HYD� $��� +RZ� WR� &RQVWUXFW� 3,'� 6\QWKHVLV
5XOHV� IRU� 6WUXFWXUDOO\� &RPSOH[� 3URFHVV
0RGHOV��3URF��66&�
���&RQIHUHQFH�������

>��@ /HYD� $�� DQG� $�0�� &RORPER�� $� 0HWKRG� IRU
2SWLPL]LQJ� WKH� 6HW�3RLQW�:HLJKWV� LQ� ,6$�3,'
$XWRWXQHUV�� ,QW�� 5HS�� �������� �����
'LSDUWLPHQWR� GL� (OHWWURQLFD� H� ,QIRUPD]LRQH�
3ROLWHFQLFR�GL�0LODQR�

>��@ /HYD�$��DQG�$�0��&RORPER��0RGHO�0LVPDWFK
(VWLPDWLRQ� IRU� WKH� 5REXVW� $XWRWXQLQJ� RI
,QGXVWULDO� 5HJXODWRUV�� ,QW�� 5HS�� �������� �����
'LSDUWLPHQWR� GL� (OHWWURQLFD� H� ,QIRUPD]LRQH�
3ROLWHFQLFR�GL�0LODQR�

>��@ /HYD� $�� DQG� 0�� /RYHUD�� (VWLPDWLQJ� WKH� 6WHS
5HVSRQVH�RI�DQ�8QNQRZQ�6,62�3URFHVV�RQ�WKH
%DVLV�RI�D�5HOD\�([SHULPHQW��3URF��0&($�
��
&RQIHUHQFH�������

>��@ 0RUDUL� 0�� DQG� (�� =DILULRX�� 5REXVW� 3URFHVV
&RQWURO��3UHQWLFH�+DOO�������

>��@ :DKOEHUJ� %�� DQG� /�/MXQJ�� +DUG� )UHTXHQF\�
'RPDLQ�(UURU�%RXQGV�IURP�/HDVW�6TXDUHV�/LNH
,GHQWLILFDWLRQ� 7HFKQLTXHV�� ,(((� 7UDQV�� RQ
$XWRPDWLF�&RQWURO��9RO������������SS����������


