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7KH�GHYHORSPHQW�RI�PLFUR�SURFHVVRUV�DQG�RWKHU�HOHFWURQLF�FRPSRQHQWV�RYHU�WKH�ODVW�WZR
GHFDGHV� KDV� UHVXOWHG� LQ� WKHLU� FRQVLGHUDEOH� PLQLDWXULVDWLRQ�� GHFUHDVLQJ� SULFHV�� DQG
LQFUHDVLQJ�UHOLDELOLW\�DQG�FRPSXWLQJ�SRZHU��$V�D�UHVXOW��GLJLWDO�FRQWUROOHUV�DUH�EHFRPLQJ
HYHU� PRUH� FRPSDFW� DQG� FKHDSHU�� 1RZDGD\V�� GLJLWDO� FRQWUROOHUV� KDYH� DOPRVW� HQWLUHO\
UHSODFHG�WKHLU�DQDORJ�FRXQWHUSDUWV�LQ�SURFHVV�FRQWURO�

7KHUH�DUH�VHYHUDO�DGYDQWDJHV�RI�XVLQJ�GLJLWDO�LQVWHDG�RI�DQDORJ�FRQWUROOHUV��7KH\�LQFOXGH�

�� YDULDELOLW\�RI�FRQWUROOHU�VWUXFWXUH�

�� VLPSOH� LPSOHPHQWDWLRQ� RI� DGGLWLRQDO� EORFNV� DV� DQWL�ZLQGXS� SURWHFWLRQ�� EXPSOHVV
WUDQVIHU� IHDWXUH�� OLQHDULVDWLRQ� RI� WKH� SURFHVV� VWHDG\�VWDWH� FKDUDFWHULVWLFV�� JDLQ
VFKHGXOLQJ��HWF��

�� EXLOW�LQ�VHOI�WXQLQJ�DQG�DGDSWLYH�FRQWURO�DOJRULWKPV�

�� HDV\�FRPPXQLFDWLRQ�EHWZHHQ�FRQWUROOHUV��DQG�VXSHUYLVRU\�V\VWHP��HWF�

7KH�PRVW�IUHTXHQWO\�XVHG�FRQWUROOHUV�LQ�WKH�SURFHVV�LQGXVWU\�DUH�3,'�FRQWUROOHUV��ÇVWU|P
DQG� +lJJOXQG�� ����D��� HYHQ� WKRXJK� WKH\� KDYH� DOUHDG\� EHHQ� XVHG� IRU� PRUH� WKDQ� ILYH
GHFDGHV��7KH�UHDVRQ�OLHV�LQ�WKH�IDFW�WKDW�WKH�3,'�DOJRULWKP�JLYHV�DQ�H[FHOOHQW� WUDGH�RII
EHWZHHQ�UREXVWQHVV�DQG�SHUIRUPDQFH��&ODLU��������

7KH�PRVW�LPSRUWDQW�FRQVLGHUDWLRQV�ZKHQ�GHVLJQLQJ�D�3,'�FRQWUROOHU�DUH�WKH�IROORZLQJ�

�� VHOHFWLQJ�D�VXLWDEOH�FRQWUROOHU�VWUXFWXUH��H�J��3,�RU�3,'��

�� ILQGLQJ�DSSURSULDWH�FRQWUROOHU�SDUDPHWHUV��.��7L��7G��

�� WDNLQJ� LQWR�DFFRXQW� WKH�SK\VLFDO� OLPLWDWLRQV�RI�D�V\VWHP�E\�DGGLQJ�DSSURSULDWH�DQWL�
ZLQGXS�FRPSHQVDWLRQ��DQG

�� XVLQJ�DSSURSULDWH�EXPSOHVV�WUDQVIHU�SURWHFWLRQ�ZKHQ�VZLWFKLQJ�WKH�FRQWURO�DOJRULWKP
IURP�PDQXDO�WR�DXWRPDWLF�PRGH�
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7KLV�WKHVLV�GHDOV�ZLWK�HDFK�RI� WKH�DERYH�IRXU�SRLQWV��ZKHUH�DQWL�ZLQGXS�DQG�EXPSOHVV
WUDQVIHU�DOJRULWKPV�DUH�FRQVLGHUHG�UHODWLYH�WR�3,'�FRQWUROOHUV��DV�ZHOO�DV�IRU�RWKHU�PRUH
JHQHUDO� W\SHV� RI� FRQWUROOHUV�� OLNH� VWDWH�VSDFH� FRQWUROOHUV� DQG� FRQWUROOHUV� JLYHQ� LQ
SRO\QRPLDO�IRUP�

7KH�WKHVLV�LV�GLYLGHG�LQWR�WZR�PDLQ�SDUWV��7KH�ILUVW�SDUW�LV�GHGLFDWHG�WR�WKH�GHVLJQ�RI�DQ
DQWL�ZLQGXS�DQG�EXPSOHVV�WUDQVIHU�FRPSHQVDWRU�

,Q� FRQWURO� WKHRU\� WKHUH� LV� D� FRPPRQ� DVVXPSWLRQ� WKDW� WKH� FRQWUROOHG� SURFHVV� LV� OLQHDU�
+RZHYHU��DOO� WKH�UHDO�SURFHVVHV�DUH�QRQ�OLQHDU��6WDWLF�SURFHVV�QRQ�OLQHDULW\�FDQ�XVXDOO\
EH� OLQHDULVHG� E\� DSSO\LQJ� FHUWDLQ� OLQHDULVDWLRQ� IXQFWLRQV� �VHH� H�J�� -XULþLü� HW� DO��� �����
9UDQþLü�DQG�3HQJ������E���������EXW�OLQHDULVDWLRQ�FDQ�RQO\�EH�DFKLHYHG�ZLWKLQ�VSHFLILHG
OLPLWV��6XFK�OLPLWV�DUH�FDOOHG�FRQVWUDLQWV�

$OO�LQGXVWULDO�SURFHVVHV�DUH�VXEMHFW�WR�FRQVWUDLQWV��)RU�LQVWDQFH��D�FRQWUROOHU�ZRUNV�LQ�D
OLPLWHG�UDQJH������9�RU������P$��D�YDOYH�FDQQRW�EH�RSHQHG�PRUH�WKDQ�������DQG�OHVV
WKDQ� ����� DQG� D�PRWRU� GULYHQ� DFWXDWRU� KDV� D� OLPLWHG� VSHHG�� HWF�� 6XFK� FRQVWUDLQWV� DUH
XVXDOO\� UHIHUUHG� WR� DV� SODQW� LQSXW� OLPLWDWLRQV�� 2Q� WKH� RWKHU� KDQG�� D� FRPPRQO\
HQFRXQWHUHG� FRQWURO� VFKHPH� LV� WKH� VZLWFKLQJ� IURP� PDQXDO� WR� DXWRPDWLF� PRGHV� RU
EHWZHHQ�GLIIHUHQW�FRQWUROOHUV��6XFK�PRGH�VZLWFKHV�DUH�XVXDOO\�UHIHUUHG�WR�DV�SODQW�LQSXW
VXEVWLWXWLRQV�

$V�D�UHVXOW�RI�OLPLWDWLRQV�DQG�VXEVWLWXWLRQV��UHDO�SODQW�LQSXW�LV�WHPSRUDULO\�GLIIHUHQW�WR�WKH
FRQWUROOHU�RXWSXW��:KHQ�WKLV�KDSSHQV��LI�WKH�FRQWUROOHU�LV�LQLWLDOO\�GHVLJQHG�WR�RSHUDWH�LQ
D�OLQHDU�UDQJH��WKH�FORVHG�ORRS�SHUIRUPDQFH�ZLOO�VLJQLILFDQWO\�GHWHULRUDWH�ZLWK�UHVSHFW�WR
WKH� H[SHFWHG� OLQHDU� SHUIRUPDQFH�� 7KLV� SHUIRUPDQFH� GHWHULRUDWLRQ� LV� UHIHUUHG� WR� DV
ZLQGXS��%HVLGHV�ZLQGXS��LQ�WKH�FDVH�RI�VXEVWLWXWLRQ��WKH�GLIIHUHQFH�EHWZHHQ�WKH�RXWSXWV
RI� GLIIHUHQW� FRQWUROOHUV� UHVXOWV� LQ� D� ODUJH� MXPS� LQ� WKH� SODQW� LQSXW� DQG� D� SRRU� WUDFNLQJ
SHUIRUPDQFH��7KLV�PRGH�VZLWFKLQJ��ZKLFK�UHVXOWV� LQ�VXFK�SKHQRPHQD�� LV�UHIHUUHG�WR�DV
EXPS�WUDQVIHU�

$� UDWLRQDO� ZD\� WR� KDQGOH� WKH� SUREOHP� RI� ZLQGXS� LV� WR� WDNH� LQWR� DFFRXQW� WKH� LQSXW
OLPLWDWLRQV�DW�WKH�VWDJH�RI�FRQWURO�GHVLJQ��+RZHYHU��WKLV�DSSURDFK�LV�YHU\�LQYROYHG�DQG
WKH� UHVXOWLQJ� FRQWURO� ODZ� LV� YHU\� FRPSOLFDWHG�� 0RUHRYHU�� WKH� QRQ�OLQHDULWLHV� RI� WKH
DFWXDWRU�DUH�QRW�DOZD\V�NQRZQ�D�SULRUL��$�PRUH�FRPPRQ�DSSURDFK�LQ�SUDFWLFH�LV�WR�DGG
DQ� H[WUD� IHHGEDFN� FRPSHQVDWLRQ� DW� WKH� VWDJH� RI� FRQWURO� LPSOHPHQWDWLRQ�� $V� WKLV
FRPSHQVDWLRQ� DLPV� WR� GLPLQLVK� WKH� HIIHFW� RI� ZLQGXS�� LW� LV� UHIHUUHG� WR� DV� DQWL�ZLQGXS
�$:��

,Q�WKH�FDVH�RI�PRGH�VZLWFKLQJ��WKH�PHWKRG�ZKLFK�DLPV�WR�PLQLPLVH�WKH�MXPS�DW�WKH�SODQW
LQSXW�LV�UHIHUUHG�WR�DV�EXPSOHVV�WUDQVIHU��%7���<HW��PLQLPLVLQJ�WKH�MXPS�LV�QRW�DOZD\V
SUHIHUDEOH��VLQFH�WKLV�PD\�FDXVH�D�UHODWLYHO\�SRRU�WUDFNLQJ�SHUIRUPDQFH��7KXV��ZH�UHIHU
WR�WKH�PHWKRG�ZKLFK�QRW�RQO\�UHGXFHV�WKH�MXPS�DW�WKH�SODQW�LQSXW�EXW�DOVR�NHHSV�D�JRRG
WUDFNLQJ�SHUIRUPDQFH�DV�FRQGLWLRQHG�WUDQVIHU��&7���7KLV�QHZ�QRWLRQ�ZLOO�EH�VKRZQ�WR�EH
YHU\� XVHIXO� ODWHU� LQ� WKLV� WKHVLV�� $Q� DQWL�ZLQGXS� VWUDWHJ\� LV� XVXDOO\� LPSOHPHQWHG� DV� D
EXPSOHVV� WUDQVIHU� WHFKQLTXH�� ,QGHHG��DQ�DQWL�ZLQGXS�PHWKRG�ZLOO�XVXDOO\�GLPLQLVK� WKH
MXPS�DW�WKH�SODQW�LQSXW�GXULQJ�PRGH�VZLWFKLQJ��+RZHYHU��LW�VKRXOG�EH�SRLQWHG�RXW�WKDW
DQWL�ZLQGXS�GRHV�QRW�QHFHVVDULO\�LPSO\�EXPSOHVV�WUDQVIHU��+DQXV�HW�DO���������
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7KH�WRSLF�RI�DQWL�ZLQGXS�DQG�EXPSOHVV�WUDQVIHU�KDV�EHHQ�VWXGLHG�RYHU�D�ORQJ�SHULRG�RI
WLPH� E\�PDQ\� DXWKRUV�� DQG� WKH�PRVW� SRSXODU� WHFKQLTXHV� DUH� GHVFULEHG� LQ�ÇVWU|P� DQG
:LWWHQPDUN�� �������� )HUWLN� DQG� 5RVV�� �������� +DQXV� HW� DO��� �������� .RWKDUH� HW� DO��
�������� 0RUDUL�� �������� 3HQJ� HW� DO��� �����D�E��� :DOJDPD� HW� DO��� �������� +RZHYHU�
DOWKRXJK�WKH�FRQFHSW�RI�DQWL�ZLQGXS�DQG�EXPSOHVV�WUDQVIHU�LV�LQWURGXFHG�LQ�DOPRVW�HYHU\
EDVLF�FRQWURO�WH[WERRN��LW�LV�QRW�FOHDUO\�LOOXVWUDWHG�DQG�LV�VRPHWLPHV�PLVLQWHUSUHWHG��)RU
LQVWDQFH��PDQ\�DXWKRUV�WKLQN�WKDW�DQWL�ZLQGXS�LV�DLPHG�DW�UHGXFLQJ�WKH�RXWSXW�RYHUVKRRW
LQ�LWV�VWHS�UHVSRQVH��RU�WKDW�DQWL�ZLQGXS�LV�D�V\QRQ\P�RI�EXPSOHVV�WUDQVIHU��RU� WKDW� WKH
EHVW�WUDQVIHU�WUDQVLWLRQ�LV�WR�HOLPLQDWH�WKH�MXPS�DW�WKH�SODQW�LQSXW��7KH�DLP�RI�WKLV�WKHVLV
LV�WR�FRUUHFW�VXFK�WKLQNLQJ�

7KH�VHFRQG�SDUW�RI�WKH�WKHVLV�LV�GHGLFDWHG�WR�WKH�WXQLQJ�RI�WKH�3,'�FRQWUROOHU�SDUDPHWHUV�

3,'�FRQWUROOHUV�DUH�WKH�PRVW�RIWHQ�XVHG�FRQWUROOHUV� LQ�WKH�SURFHVV�LQGXVWU\��,W�KDV�EHHQ
UHFRJQLVHG� WKDW� LQ�SURFHVV�FRQWURO��PRUH� WKDQ�����RI� WKH�FRQWURO� ORRSV�DUH�RI� WKH�3,'
W\SH�� ZKHUH� PRVW� ORRSV� DUH� DFWXDOO\� RI� WKH� 3,� W\SH� �ÇVWU|P� DQG� +lJJOXQG�� ����D��
+RZHYHU�� LQ� VRPH� REVHUYDWLRQV� JLYHQ� E\� (QGHU�� �������� LW� ZDV� FODLPHG� WKDW� ���� RI
LQVWDOOHG�SURFHVV�FRQWUROOHUV�RSHUDWH�LQ�PDQXDO�PRGH��WKDW�����RI�WKH�ORRSV�XVH�GHIDXOW
SDUDPHWHUV�VHW�E\�WKH�FRQWUROOHU�PDQXIDFWXUHU��DQG�WKDW�����RI�WKH�ORRSV�IXQFWLRQ�SRRUO\
EHFDXVH� RI� HTXLSPHQW� SUREOHPV� LQ� YDOYHV� DQG� VHQVRUV� �VHH� ÇVWU|P� DQG� +lJJOXQG�
����D��� 2QO\� DERXW� ���� RI� WKH� FRQWURO� ORRSV� ZHUH� IRXQG� WR� EH� ZRUNLQJ� ZHOO� DQG
GHFUHDVLQJ�SURFHVV�YDULDELOLW\�� ,W� LV� WKHUHIRUH�FOHDU� WKDW�XS� WR�����FRQWURO� ORRSV�ZRXOG
KDYH�LPSURYHG�SHUIRUPDQFH�MXVW�E\�DSSO\LQJ�SURSHUO\�WXQHG�3,'�FRQWUROOHUV�

7RGD\��WKH�PRVW�DSSOLHG�WXQLQJ�UXOHV�IRU�3,'�W\SHV�RI�FRQWUROOHUV�DUH�WKRVH�EDVHG�RQ�WKH
PHDVXUHPHQW�RI� WKH�SURFHVV� VWHS� UHVSRQVH� RU� EDVHG� RQ� WKH� GHWHFWLRQ� RI� RQH� SDUWLFXODU
SRLQW� RQ� WKH� SURFHVV� 1\TXLVW� FXUYH� �XVXDOO\� GHWHFWLQJ� WKH� XOWLPDWH� PDJQLWXGH� DQG
IUHTXHQF\�RI�WKH�SURFHVV�E\�XVLQJ�WKH�UHOD\�H[FLWDWLRQ���7KH�EHVW�NQRZQ�WXQLQJ�UXOHV�DUH
WKH�=LHJOHU�1LFKROV� WXQLQJ� UXOHV� �ÇVWU|P�DQG�+lJJOXQG������D��+DQJ�DQG�&DR�������
+DQJ�HW�DO���������7KRPDV���������7KH�UHDVRQ�IRU�WKHLU�SRSXODULW\�OLHV�LQ�WKHLU�VLPSOLFLW\�
,Q� UHDO� SODQWV�� LW� LV� XVXDOO\� UHODWLYHO\� HDV\� WR� REWDLQ� D� SURFHVV� VWHS� UHVSRQVH� DQG� WR
LGHQWLI\� WKH� DSSURSULDWH� SURFHVV� ODJ� DQG� SURFHVV� ULVH� WLPHV�� ZKLFK� DUH� WKH� LQSXW
SDUDPHWHUV�IRU�WKH�FDOFXODWLRQ�RI�WKH�3,'�SDUDPHWHUV��&ODLU��������

7KH� GUDZEDFNV� RI� WKHVH� WXQLQJ�PHWKRGV� VWHP� IURP� WKH� ODFN� RI� LQIRUPDWLRQ�� VLQFH� WKH
DYDLODEOH�SURFHVV� LQIRUPDWLRQ� LV�EDVHG�RQO\�RQ�PHDVXUHG� ODJ� DQG� ULVH� WLPHV��'LIIHUHQW
SURFHVVHV� H[LVW� ZLWK� WKH� VDPH� SDLUV� RI� ODJ� DQG� ULVH� WLPHV�� EXW� WKH\� QHHG� GLIIHUHQW
FRQWUROOHU�WXQLQJ��'LIIHUHQW�GHILFLHQFLHV�RI�WKH�=LHJOHU�1LFKROV�WXQLQJ�UXOHV�DUH�UHSRUWHG
LQ�ÇVWU|P�DQG�+lJJOXQG�������D���+DQJ�HW�DO�����������+DQJ�DQG�&DR����������+DQJ�DQG
6LQ�� ��������7KRPDV�� ��������9UDQþLü�HW� DO��� �����D���äiNRYi�� ��������6HYHUDO�DXWKRUV
KDYH� VXJJHVWHG� WKH� LQWURGXFWLRQ� RI� VR�FDOOHG� ³VHW�SRLQW� ZHLJKWLQJ´� �ÇVWU|P� DQG
+lJJOXQG�� ����D�� +DQJ� HW� DO��� ������� DQG� UHILQHPHQWV� RI� WKH� =LHJOHU�1LFKROV� WXQLQJ
UXOHV� �ÇVWU|P� DQG� +lJJOXQG�� ����D��� 7KH� LPSURYHG� FORVHG�ORRS� UHVSRQVH� RI� VRPH
WHVWHG�SURFHVV�PRGHOV�KDYH�VKRZQ�WKDW�WKH\�ZHUH�TXLWH�VXFFHVVIXO��+RZHYHU��³UHILQHG´
UXOHV� ZHUH� VWLOO� EDVHG� RQ� PHDVXUHPHQWV� RI� WKH� SURFHVV� ODJ� DQG� ULVH� WLPHV�� VR� WKHLU
DSSOLFDELOLW\�WR�D�ZLGH�VSHFWUXP�RI�SRVVLEOH�SURFHVVHV�UHPDLQV�DQ�RSHQ�TXHVWLRQ�

$SDUW�IURP�WKH�YHU\�SRSXODU�WXQLQJ�UXOHV��EDVHG�RQ�WKH�PHDVXUHPHQW�RI�WKH�SURFHVV�VWHS
UHVSRQVH� RU� GHWHFWLRQ� RI� WKH� SURFHVV� XOWLPDWH� SRLQW�� VXFK� DV� =LHJOHU�1LFKROV�� &RKHQ�
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&RRQ�� RU� WKH�&KLHQ�+URQHV�5HVZLFN� UXOHV��PRUH� VRSKLVWLFDWHG� WXQLQJ� DSSURDFKHV� DOVR
H[LVW�� 7KH\� DUH� XVXDOO\� EDVHG� RQ�PRUH� GHPDQGLQJ� SURFHVV� LGHQWLILFDWLRQ� �ÇVWU|P� DQG
+lJJOXQG������D��+R�HW�DO���������7KRPDV��������

6XFK� WXQLQJ� UXOHV� JHQHUDOO\� JLYH� EHWWHU� FORVHG�ORRS� SHUIRUPDQFH� DW� WKH� FRVW� RI� PRUH
H[WHQVLYH� FRPSXWDWLRQV�ZLWK� ORQJHU� DQG�PRUH� FRPSOLFDWHG� H[SHULPHQWV� RQ� WKH� WHVWLQJ
SODQW��,Q�VRPH�FDVHV��WKH�SODQW�PXVW�EH�GULYHQ�LQWR�VHOI�RVFLOODWLRQV��ZKLFK�LV�VRPHWLPHV
LQWROHUDEOH�

7KH�DLP�RI�RXU�UHVHDUFK�ZRUN�ZDV�WR�ILQG�WXQLQJ�UXOHV�IRU�WKH�3,�DQG�WKH�3,'�FRQWUROOHUV
ZKLFK�ZRXOG�RQO\�UHTXLUH�WKH�SURFHVV�RSHQ�ORRS�VWHS�UHVSRQVH�LQ�RUGHU� WR�VDWLVI\�TXLWH
GHPDQGLQJ�IUHTXHQF\�FULWHULRQ��NQRZQ�DV�WKH�PDJQLWXGH�RSWLPXP�FULWHULRQ�

7KH� UHPDLQGHU� RI� WKLV� WKHVLV� LV� RUJDQLVHG� DV� IROORZV�� ,Q� 3DUW� ,� WKH� DQWL�ZLQGXS
SURWHFWLRQ�IRU�GLIIHUHQW�W\SHV�RI�FRQWUROOHUV�LV�JLYHQ��3DUW�,�LV�GLYLGHG�LQWR�IRXU�FKDSWHUV�

&KDSWHU���JLYHV�VRPH�EDFNJURXQG�PDWHULDO�DERXW�SURFHVV�OLPLWDWLRQV��VHYHUDO� W\SHV�RI
FRQWUROOHUV��ZLQGXS�SKHQRPHQRQ��DQG�EXPS�WUDQVIHU��,W�FRQFOXGHV�ZLWK�D�VKRUW�KLVWRU\�RI
DQWL�ZLQGXS�DQG�EXPSOHVV�WUDQVIHU�WHFKQLTXHV�

$�UHYLHZ�RI�VRPH�DQWL�ZLQGXS��EXPSOHVV�WUDQVIHU��DQG�FRQGLWLRQHG�WUDQVIHU�WHFKQLTXHV�
DQG�D�FRPSDULVRQ�EHWZHHQ�WKHP�LV�JLYHQ�LQ�&KDSWHU���� ,W� LV�VKRZQ�ZK\�VHYHUDO�ZHOO�
NQRZQ� FULWHULD� IRU� FRPSDULQJ� SURFHVV� UHVSRQVHV� DUH� QRW� VXLWDEOH� IRU� FRPSDULQJ� DQWL�
ZLQGXS�� EXPSOHVV� WUDQVIHU�� DQG� FRQGLWLRQHG� WUDQVIHU� WHFKQLTXHV�� ZKLOVW� WKH� UHDOLVDEOH
UHIHUHQFH�SURYHV�WR�EH�D�SRZHUIXO�WRRO�IRU�FRPSDULVRQ�

6RPH�LVVXHV�RQ�DQWL�ZLQGXS�SURWHFWLRQ�IRU�XQLYDULDEOH�FRQWUROOHUV�LV�JLYHQ�LQ�&KDSWHU���
,W�LV�GLYLGHG�LQWR�ILYH�VXE�FKDSWHUV��)LUVW�� WKH�WLPH�UHVSRQVH�RI� WKH�UHDOLVDEOH�UHIHUHQFH�
ZKHQ�XVLQJ�WKH�JHQHUDOLVHG�3,'�FRQWUROOHU��LV�GHULYHG��,W�LV�GHWHUPLQHG�WKDW�WKH�SURFHVV
VHWWOLQJ�WLPH��DIWHU�D�V\VWHP�OHDYHV�WKH�OLPLWDWLRQ��VWURQJO\�GHSHQGV�RQ�WKH�LQWHJUDO�WLPH
FRQVWDQW� RI� WKH� 3,'� FRQWUROOHU�� ,Q� WKH� VHFRQG� VXE�FKDSWHU�� LW� LV� H[SODLQHG�ZK\� VWURQJ
ZLQGXS� EHKDYLRXU�� VXFK� DV� ODUJH� RYHUVKRRW� DQG� ORQJ� VHWWOLQJ� WLPH�� ZLOO� EH� SURGXFHG
ZKHQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�OLPLWHG�DQG�XQOLPLWHG�SURFHVV�WLPH�UHVSRQVHV�LV� ODUJH
GXULQJ� V\VWHP� VDWXUDWLRQ�� +RZ� D� VXLWDEOH� DQWL�ZLQGXS� FRPSHQVDWRU� FDQ� UHGXFH� WKH
ZLQGXS�HIIHFW� LV�DOVR�RXWOLQHG��7KH� WKLUG� VXE�FKDSWHU� FRPELQHV� WKH� UHVXOWV�REWDLQHG� LQ
WKH�SUHYLRXV�WZR�VXE�FKDSWHUV�E\�PDNLQJ�D�SUHGLFWLRQ�RI�WKH�PD[LPXP�RYHUVKRRW�RI�WKH
UHDOLVDEOH�UHIHUHQFH��ZKHQ�QR�SURWHFWLRQ�DJDLQVW�ZLQGXS� LV� WDNHQ��ZKLOVW�XVLQJ� WKH�3,'
FRQWUROOHU��'LVWXUEDQFH�UHMHFWLRQ�XQGHU�VDWXUDWLRQ�LV�SUHVHQWHG�LQ�WKH�IRXUWK�VXE�FKDSWHU�
,W� LV� VKRZQ� WKDW� WKH� SURFHVV� UHVSRQVH� WR� GLVWXUEDQFH� HTXDOV� WKH� VXP� RI� WKH� XQOLPLWHG
SURFHVV� UHVSRQVH� WR� GLVWXUEDQFH� DQG� WKH� XQOLPLWHG� SURFHVV� UHVSRQVH� WR� FKDQJHG
UHDOLVDEOH� UHIHUHQFH�� $� SURSHU� DQWL�ZLQGXS� FRPSHQVDWRU� VKRXOG� EH� UHODWLYHO\� LQHUW� WR
SURFHVV� QRLVH�� +RZHYHU�� LQ� WKH� ILIWK� VXE�FKDSWHU� LW� LV� IRXQG� WKDW� VRPH� DQWL�ZLQGXS
WHFKQLTXHV�DUH�PXFK�PRUH�VHQVLWLYH�WR�SURFHVV�RXWSXW�QRLVH�WKDQ�RWKHUV�

&KDSWHU���GLVFXVVHV�DQWL�ZLQGXS�SURWHFWLRQ� IRU�PXOWLYDULDEOH�FRQWUROOHUV��$�QHZ�DQWL�
ZLQGXS�DSSURDFK�LV�FRPSDUHG�WR�VHYHUDO�RWKHU�H[LVWLQJ�PHWKRGV��$�QHZ�PHWKRG��EDVHG
RQ� WKH� RSWLPDO� GHVLJQ� RI� WKH� DUWLILFLDO� QRQOLQHDULW\�� LV� VHHQ� WR� JLYH� WKH� EHVW� WUDFNLQJ
SHUIRUPDQFH�
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3DUW� ,,� RI� WKLV� WKHVLV� GHDOV� ZLWK� 3,'� FRQWUROOHU� WXQLQJ� XVLQJ� WKH�PXOWLSOH� LQWHJUDWLRQ
DSSURDFK��,W�LV�GLYLGHG�LQWR�VL[�FKDSWHUV�

$Q�LQWURGXFWLRQ�ZLWK�D�VKRUW�KLVWRU\�RI�3,'�FRQWUROOHU�WXQLQJ�LV�JLYHQ�LQ�&KDSWHU���

$�WKHRUHWLFDO�HYDOXDWLRQ�RI�WKH�3,'�FRQWUROOHU�SDUDPHWHUV�REWDLQHG�IURP�WKH�SURFHVV�VWHS
UHVSRQVH��XVLQJ�WKH�PDJQLWXGH�RSWLPXP�WHFKQLTXH�� LV�JLYHQ� LQ�&KDSWHU���� ,W� LV�VKRZQ
WKDW� WKH�3,�DQG� WKH�3,'�FRQWUROOHU�SDUDPHWHUV� FDQ�EH�GHULYHG�PHUHO\� IURP� WKH�SURFHVV
VWHS�UHVSRQVH�E\�XVLQJ�WKH�PXOWLSOH�LQWHJUDWLRQ�DSSURDFK�

,Q�&KDSWHU���VRPH�PRGLILFDWLRQV�RI�WKH�3,'�WXQLQJ�DOJRULWKPV�DUH�SUHVHQWHG��7XQLQJ�RI
WKH�3,'�FRQWUROOHU�SDUDPHWHUV�LV�JLYHQ�IRU�3,'�FRQWUROOHUV�ZLWK�GHULYDWLYH�ILOWHUV��IRU�WKH
3,'� FRQWUROOHUV� E\� PHDVXULQJ� RQO\� WKUHH� DUHDV�� DQG� IRU� WZR�GHJUHH�RI�IUHHGRP� 3,
FRQWUROOHUV��,W�LV�DOVR�VKRZQ�KRZ�WR�LPSURYH�FHUWDLQ�FODVVLFDO� WXQLQJ�UXOHV�E\�XVLQJ�WKH
QHZ� WXQLQJ� DSSURDFK�� 7KH� LQIOXHQFH� RI� SURFHVV� QRLVH� DQG� QR�OLQHDULW\� RQ� WKH� WXQLQJ
UHVXOWV�DUH�DOVR�VWXGLHG��6RPH�VWDELOLW\�FRQVLGHUDWLRQV�DUH�DOVR�QRWHG�

6LPXODWLRQ� H[DPSOHV� DUH� SUHVHQWHG� LQ�&KDSWHU� ��� ZKHUH� WKH� QHZ� WXQLQJ� DSSURDFK� LV
FRPSDUHG�WR�VHYHUDO�RWKHU�FODVVLFDO�VWHS�UHVSRQVH�EDVHG�WXQLQJ�PHWKRGV�

$�UHDO�WLPH�3,'�FRQWUROOHU�WXQLQJ�DOJRULWKP�LV�GHVFULEHG�LQ�&KDSWHU����ZKHUH�VRPH�UHDO�
WLPH�H[SHULPHQWV�RQ�GLIIHUHQW�ODERUDWRU\�VHW�XSV�DUH�VKRZQ�

$�GLVFXVVLRQ�RI�WKH�QHZ�3,'�WXQLQJ�PHWKRG�LV�IRXQG�LQ�&KDSWHU����

)LQDOO\�� DW� WKH� HQG� RI� WKH� WKHVLV�� VRPH� JHQHUDO� FRQFOXVLRQV� DUH� JLYHQ�� LQFOXGLQJ� WKH
DXWKRU¶V� RZQ� H[SOLFLW� FRQWULEXWLRQV� WR� WKH� ILHOGV� RI� DQWL�ZLQGXS� SURWHFWLRQ�� EXPSOHVV
WUDQVIHU��DQG�3,'�FRQWUROOHU�WXQLQJ�
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