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)LJXUH �� 6FKHPDWLF RI D 6DPSOH '�$ &RQYHUVLRQ &LUFXLW
)LJXUH �� 6FKHPDWLF RI D 6DPSOH $PSOLILHU � $QWLDOLDVLQJ )LOWHU &LUFXLW
)LJXUH �� $QWKURERW 6\VWHP %ORFN 'LDJUDP
)LJXUH �� ,QVLGH RI &ORVHG /RRS &RQWURO %R[
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7KH DXWKRUV ZLVK WR H[SUHVV WKHLU VLQFHUH DSSUHFLDWLRQ WR 'Ro� 'U� $\GDQ

(UNPHQ IRU KHU WHDFKLQJ DQG JXLGDQFH� ,Q DGGLWLRQ� ZH DUH DOVR JUDWHIXO WR

<UG� 'Ro� 'U� 0HWH %XOXW� DQG +DOXN =RQWXO IRU WKHLU YDOXDEOH DGYLVHV

WKURXJKRXW WKH ZKROH SURMHFW� :H DOVR ZDQW WR VWDWH RXU WKDQNV WR RXU

FROOHDJXHV � DQG IULHQGV � DW WKH 0(78 5RERWLFV /DE IRU WKHLU VXSSRUW�
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$V RI 0DUFK ����� $QWKURERW�,,, KDG RQO\ IHHG�IRUZDUG SRVLWLRQ FRQWURO� DQG

QR FRQWURO RQ IRUFH RU WRUTXH� )RU WKH URERW KDQG WR EH HIILFLHQW VXFK WKDW

LQWHOOLJHQW JUDVSLQJ DQG GH[WHURXV PDQLSXODWLRQ FDQ EH DFKLHYHG LQ D FRQWUROOHG

PDQQHU� WKH KDQG PXVW KDYH EHHQ HTXLSSHG ZLWK D FORVHG ORRS FRQWURO IRU

IRUFH DQG SRVLWLRQ� $FFXUDF\ DQG SUHFLVLRQ LQ JUDVSLQJ DQG UH�JUDVSLQJ FDQ

RQO\ EH DWWDLQHG E\ VXFK D FORVHG ORRS FRQWURO� 7KH REMHFWLYH RI WKH SURMHFW LV

WR UHDOL]H WKH QHFHVVDU\ KDUGZDUH DQG VRIWZDUH LQ RUGHU WR KDYH FORVHG ORRS

FRQWURO IRU IRUFH DQG SRVLWLRQ RI WKH ILQJHUWLSV RI WKH $QWKURERW�,,, URERW

KDQG�

���� 352-(&7 *2$/6

������ 3RVLWLRQ )HHGEDFN�

7KH SRVLWLRQ GDWD DUH DFTXLUHG IURP WKH SRWHQWLRPHWHUV PRXQWHG RQ WKH '&

VHUYR PRWRUV RI WKH ILQJHUV� 7KH SRVLWLRQ VLJQDOV DUH YROWDJH OHYHOV EHWZHHQ ��

��9� 7KHVH VLJQDOV DUH SDVVHG WKURXJK DQWLDOLDVLQJ ILOWHUV� DQG WKHQ IHG WR DQ

LQSXWV RI DQ $�' FDUG �3&/ ������ WKURXJK PXOWLSOH[LQJ FLUFXLWV� 7KH PRWRUV

DUH GULYHQ DFFRUGLQJ WR WKH FRPSXWHU RXWSXWV� WKURXJK WKH &ORVHG /RRS

,QWHUIDFH %RDUG �%ODFN %R[�� 7KH ORRS LV FORVHG RYHU WKH FRPSXWHU DQG FORVHG

ORRS SRVLWLRQ FRQWURO LV DFKLHYHG ZLWK D VXLWDEOH VRIWZDUH�

������ )RUFH )HHGEDFN�

:LWKLQ WKH IUDPHZRUN RI WKH SURMHFW� ZH DLP WR PRXQW IRUFH VHQVRUV RQ WKH

URERW ILQJHUWLSV� VXFK WKDW ZH GR QRW FRQWURO WKH IRUFH DW MRLQWV� EXW DW

ILQJHUWLSV� 7KHVH VHQVRUV DUH FRPSRVHG RI ZKHWVWRQH EULGJHV� ZKHUH RQH RI WKH

UHVLVWRUV LV FKDQJLQJ ZLWK WKH FKDQJLQJ IRUFH DSSOLHG RQ WKH VHQVRU� 7KH

RXWSXW VLJQDOV RI VHQVRUV DUH YROWDJH OHYHOV EHWZHHQ �����P9� 7KHVH VLJQDOV
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DUH DPSOLILHG DQG IHG LQWR DQWLDOLDVLQJ ILOWHUV� 7KH ILOWHUHG RXWSXWV DUH WKHQ IHG

WR $�' FDUG �3&/ ������ DJDLQ WKURXJK PXOWLSOH[LQJ FLUFXLWV� DQG GLJLWL]HG�

7KHVH GLJLWDO GDWD DUH XVHG LQ WKH FDOFXODWLRQ RI GULYLQJ VLJQDOV� &RQVHTXHQWO\�

WKH ORRS LV FORVHG DQG FORVHG ORRS IRUFH FRQWURO LV DFKLHYHG�

$V D UHVXOW� ZLWKLQ WKH VFRSH RI WKLV SURMHFW DLPLQJ DW FORVHG ORRS IRUFH DQG

SRVLWLRQ FRQWURO RI WKH $QWKURERW�,,, URERW KDQG� DQ LQSXW ERDUG FRQVLVWLQJ RI

DPSOLILHU VWDJHV� DQWLDOLDVLQJ ILOWHU VWDJHV� DQG PXOWLSOH[LQJ FLUFXLWU\� DQ RXWSXW

ERDUG FRQVLVWLQJ RI '�$ FRQYHUWHUV� DQG GLJLWDO RXWSXW VWDJHV� DQ $�'

FRQYHUWHU � GLJLWDO RXWSXW ERDUG �3&/������� DQG D FORVHG ORRS LQWHUIDFH ERDUG

DUH DGGHG WR WKH H[LVWLQJ V\VWHP� 7KHVH VXEV\VWHPV DUH SUHVHQWHG LQ GHWDLOV LQ

WKH QH[W VHFWLRQ�

���� 62)7:$5(

7KH FRQWURO VWUDWHJ\ LV EDVHG RQ WKH LPSOHPHQWDWLRQ RI D 3,' FRQWUROOHU� 3,'

SDUDPHWHUV ZLOO EH GHWHUPLQHG WKURXJK V\VWHP LGHQWLILFDWLRQ� 7KH GULYLQJ

VLJQDOV DUH JHQHUDWHG E\ D SURJUDP ZKLFK LV ZULWWHQ LQ DVVHPEOHU DQG ZRUNV DV D

EDFNJURXQG SURFHVV� 7KHUH ZLOO DOVR H[LVW D KLJK OHYHO FRQWURO ZKLFK ZLOO WDNH

WKH GDWD IRU D SUHGHILQHG SDWK DQG IRUFH JRDOV� JHQHUDWHG E\ ODVW OHYHO FRQWURO�

DQG SURGXFH VHW SRLQWV IRU ORZ OHYHO FRQWURO�
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���� *(1(5$/ '(6&5,37,21

,Q URERWLFV DSSOLFDWLRQV� HQG HIIHFWRUV DUH VHOHFWHG EDVHG RQ WZR VHSDUDWH

REMHFWLYHV� WKH XVH RI VSHFLDO SXUSRVH HQG HIIHFWRUV DQG JHQHUDO SXUSRVH HQG

HIIHFWRUV� 0XOWL�ILQJHUHG PHFKDQLFDO KDQGV DUH RI WKH IDPLO\ RI JHQHUDO SXUSRVH

HQG HIIHFWRUV� $ URERW XVLQJ VSHFLDO SXUSRVH HQG HIIHFWRUV UHTXLUHV D GLIIHUHQW

HIIHFWRU IRU HDFK GLIIHUHQW WDVN� ,Q FRQWUDVW D GH[WHURXV KDQG KDV PRUH

IOH[LELOLW\ ZKHQ FRSLQJ ZLWK XQIRUHVHHQ VLWXDWLRQV DQG XQVWUXFWXUHG

HQYLURQPHQWV� $ URERW KDQG ZLWK DQDWRPLFDO FRQVLVWHQF\ ZLWK D KXPDQ KDQG

ZLOO DOVR KDYH D VSHFLDO DGYDQWDJHV GXULQJ WHOHRSHUDWLRQ� VLQFH LW ZLOO EH HDVLHU

DQG ZLOO UHTXLUH PLQLPXP SUHYLRXV WUDLQLQJ IRU D KXPDQ WR FRQWURO D URERW

KDQG WKDW RSHUDWHV OLNH KLV RU KHU RZQ KDQG� $OVR� LI D URERW KDV D KXPDQ�OLNH

KDQG� LW FRXOG XVH WKH KXPDQ LQWHUIDFHV DYDLODEOH �$OL ������

$QWKURERW�,,,� FXUUHQWO\ DYDLODEOH DW WKH 5RERW�+DQG /DERUDWRU\ RI WKH

(OHFWULFDO DQG (OHFWURQLFV (QJLQHHULQJ 'HSDUWPHQW RI WKH 0LGGOH (DVW

7HFKQLFDO 8QLYHUVLW\ LV D IXOO\ IXQFWLRQDO� DQDWRPLFDOO\ FRUUHFW� WHQGRQ GULYHQ�

ILYH ILQJHUHG URERW KDQG� $QWKURERW LV VSHFLILFDOO\ GHVLJQHG IRU DQDWRPLFDO

FRQVLVWHQF\ ZLWK WKH KXPDQ KDQG� 7KLV LQFOXGHV WKH QXPEHU RI WKH ILQJHUV� WKH

SODFHPHQW DQG WKH PRWLRQ RI WKH WKXPE� WKH SURSRUWLRQV RI WKH OLQN OHQJWKV�

DQG WKH VKDSH RI WKH SDOP� 7KLV VWUXFWXUH LV FDSDEOH RI VXSSRUWLQJ D ZLGH

YDULHW\ RI GH[WHURXV PDQLSXODWLRQ WDVNV�

7KH $QWKURERW URERW KDQG KDV IRXU ILQJHUV DQG D WKXPE� (DFK ILQJHU KDV IRXU

MRLQWV DV LQ WKH KXPDQ KDQG� WZR DW NQXFNOH �ODWHUDO DQG YHUWLFDO PRWLRQ�� RQH

EHWZHHQ SUR[LPDO DQG PLGGOH ILQJHU VHJPHQWV� DQG RQH EHWZHHQ PLGGOH DQG

GLVWDO ILQJHU VHJPHQWV� 7KH WKXPE KDV IRXU GHJUHHV RI IUHHGRP �'2)��

DOORZLQJ LW WR DSSUR[LPDWH KXPDQ WKXPE PRWLRQ �WKH KXPDQ WKXPE KDV ILYH

GHJUHHV RI IUHHGRP�� $OWKRXJK WKHUH DUH WZHQW\ MRLQWV LQ WKH $QWKURERW URERW
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KDQG �IRXU IRU HDFK ILQJHU DQG IRU WKH WKXPE�� WKHUH DUH RQO\ VL[WHHQ VHUYR

PRWRUV� /LNH WKH KXPDQ KDQG� WKH ODVW WZR MRLQWV �GLVWDO DQG PLGGOH MRLQWV� RI

HDFK ILQJHU DUH PHFKDQLFDOO\ FRXSOHG� 7KLV UHGXFHV WKH WRWDO FRQWUROODEOH

GHJUHHV RI IUHHGRP IURP WZHQW\ WR VL[WHHQ� 7KH VHUYR PRWRUV PRYH WKH MRLQWV

YLD D V\VWHP RI VWHHO WHQGRQV� 7KH $QWKURERW DOVR KDV D WZR '2) ZULVW GULYHQ

E\ WZR EUXVKOHVV '& PRWRUV�

���� 63(&,),&$7,216

������ +DQG 6SHFLILFDWLRQV�

'HJUHHV RI IUHHGRP� �� ��� FRQWUROODEOH�

)LQJHU DQG WKXPE MRLQW VSHFV�

UDQJH RI PRWLRQ� VDPH DV KXPDQ KDQG

ILQJHU WLS IRUFH� ��� OE��ILQJHU

WKXPE WLS IRUFH� ��� OE�

KRRN JULS IRUFH� ��� OE��ILQJHU �H[� KROGLQJ D EULHIFDVH�

-RLQW EDQGZLGWK� � +]

0RWRU SRZHU FRQVXPSWLRQ�

DOO ILQJHUV ORDGHG� ��: ��9#�$�

QR ORDG� � �: ��9#�$�

)HHGEDFN� SRVLWLRQ VHUYR LQ HDFK SDFNDJH �SURYLGHG E\ )XWXED�

������ :ULVW 6SHFLILFDWLRQV�

'HJUHHV RI IUHHGRP� � �\DZ DQG SLWFK�

<DZ MRLQW VSHFV�

UDQJH RI PRWLRQ� ��� �� GHJ�

WRUTXH��� OE��LQ�

VSHHG���� GHJ��VHF� �QR ORDG�

3LWFK MRLQW VSHFV�

UDQJH RI PRWLRQ� ��� �� GHJ�
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WRUTXH��� OE��LQ�

VSHHG���� GHJ��VHF� �QR ORDG�

-RLQW EDQGZLGWK� �� +]

0RWRU SRZHU FRQVXPSWLRQ� ��:�PRWRU

(QFRGHU� ���� OLQHV DQG ]HUR UHIHUHQFH

���� 0(&+$1,&$/ '(6&5,37,21

7KH $QWKURERW URERW KDQG LV GHVLJQHG WR KDYH WKH VDPH VL]H DQG VKDSH DV WKH

KXPDQ KDQG� 7KH OLQNDJH SRUWLRQV DUH EDVHG RQ GDWD IURP WKH 8�6� $LU )RUFH�

WKH 8�6� $UP\� DQG VRPH LQ�KRXVH PHDVXUHPHQWV� 7KH SURSRUWLRQV UHIOHFW

WKRVH JLYHQ IRU WKH ��WK SHUFHQWLOH PDOH DUPHG IRUFHV UHFUXLW� 7KH IROORZLQJ DUH

WKH GLPHQVLRQV IRU WKH KDQG �QRW LQFOXGLQJ WKH DFWXDWRU KRXVLQJ DQG ZULVW��

/HQJWK� ��� LQ�

:LGWK� ��� LQ�

7KLFNQHVV� ��� LQ� �PD[��

2YHUDOO OHQJWK IURP WKH WLS RI WKH PLGGOH ILQJHU WR WKH UHDU RI WKH DFWXDWRU

KRXVLQJ LV �� LQFKHV� 7KH HQWLUH SDFNDJH�PHDQLQJ WKH KDQG VWUXFWXUH� ZULVW� DQG

DFWXDWRU�ZLOO ILW RQ WKH QHHG RI WKH YDULHW\ RI LQGXVWULDO PDQLSXODWRUV� 7KH WRWDO

SDFNDJH ZHLJKW LV MXVW XQGHU �� SRXQGV� 7KH PHFKDQLFDO VWUXFWXUH FXUUHQWO\ LV

�����7� DOXPLQXP� 7KH XVH RI WKH RWKHU PDWHULDOV �SODVWLFV� UDG�KDUG VWHHO�

VSDFH DOOR\V� HWF�� LV SRVVLEOH� )LQJHUWLSV DUH PDGH RI D VLOLFRQH JHO� 7KH WHQGRQV

FRQVLVW RI DLUFUDIW�TXDOLW\ VWHHO FDEOH� 7KH FDEOHV KDYH DQ XOWLPDWH WHQVLOH

VWUHQJWK RI ��� SRXQGV� 7KH WHQGRQV DUH KRXVHG LQ FRLOHG VWHHO VSULQJV�
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���� 3$576

������ 6HUYR�PRWRU 3DFNDJHV

�������� )LQJHU DQG 7KXPE 6HUYRV

7KH KDQG XVHV �� )XWXED )3�6��� VHUYR PRWRUV IRU WKH ILQJHUV DQG WZR RI WKH

WKXPE MRLQWV� 7ZR RI WKH PRUH SRZHUIXO )XWXED )3�6���* PRWRUV FRQWURO WKH

RWKHU WZR D[HV RI WKH WKXPE� 7KH VHUYRV KDV WKH IROORZLQJ IHDWXUHV �)XWXED

>����@��

)3����� $UP�W\SH VDLO FRQWURO VHUYR URWDWLRQ� ��� GHJUHHV �PD[��

VL]H������ ; ����� ; �����

ZHLJKW� ��� R]�

RXWSXW WRUTXH� ����� R]��LQ�

VSHHG����� VHF���� GHJUHHV

)3�6���*� 4XDUWHU VFDOH UHWUDFW URWDWLRQ� ��� GHJUHHV �W\S��

VL]H��� ��� ; ��� �� ; �� ���

ZHLJKW� ��� R]�

RXWSXW WRUTXH� ����� R]��LQ�

VSHHG���� VHF���� GHJUHHV

7KH VHUYR SDFNDJH LQFOXGHV D PRWRU� JHDU WUDLQ� D SRWHQWLRPHWHU� DQG VHUYR

HOHFWURQLFV �ZKHUH VHUYR HOHFWURQLFV LV UHPRYHG DIWHU WKH LQVWDOODWLRQ RI XSJUDGH

KDUGZDUH � EODFN ER[��

�������� :ULVW 6HUYRV

7KH ZULVW VHUYR�PRWRUV DUH 3LWWPDQ EUXVKOHVV '& PRWRUV ZLWK ����� SODQHWDU\

JHDU UHGXFWLRQ� 7KHVH PRWRUV DUH FRQWUROOHG YLD D EUXVKOHVV DPSOLILHU ZKLFK

FRQWUROV VSHHG DQG FRPPXWDWLRQ EDVHG RQ D FRPPDQG YROWDJH IURP WKH

FRPSXWHU� $Q HQFRGHU LV PRXQWHG RQ WKH PRWRU VKDIW IRU FORVHG ORRS FRQWURO�
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������ &ORVHG /RRS ,QWHUIDFH %RDUG �%ODFN %R[�

&ORVHG /RRS ,QWHUIDFH %RDUG LV LQWHQGHG WR DOORZ FRPSXWHU WR GULYH WKH VHUYR

PRWRUV WKURXJK D VHW RI DQDORJ DQG GLJLWDO VLJQDOV� ZKHQ WKH VHUYR HOHFWURQLFV

RI )XWXED SDFNDJHV DUH UHPRYHG IRU FORVHG ORRS SRVLWLRQ FRQWURO� 7KH ERDUG

DFFHSWV �� DQDORJ YROWDJH LQSXWV WKDW FRPPDQG PRWRU FXUUHQWV DQG RXWSXW WKH

�� VLJQDOV IURP WKH SRWHQWLRPHWHUV� 7KH ERDUG FRQWDLQV 3:0 PRWRU GULYHUV

DQG VLJQDO FRQGLWLRQLQJ FLUFXLWU\ IRU WKH SRWHQWLRPHWHU VLJQDOV�

������ 3&/ ����

3&/ ���� LV D �� FKDQQHO $�' FRQYHUWHU� ,W KDV DOVR � FKDQQHOV IRU GLJLWDO GDWD�

)RU PRUH LQIRUPDWLRQ SOHDVH UHIHU WR 0DQXDO IRU 3&/ �����
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���� 8SJUDGH RI $17+52%27

(VVHQWLDOO\� ZKDW LV GRQH GXULQJ WKLV SKDVH RI WKH SURMHFW LV WR PDNH WKH

QHFHVVDU\ FKDQJHV RQ WKH $QWKURERW WR DOORZ FORVHG ORRS SRVLWLRQ FRQWURO� DV

GLUHFWHG E\ $QWKURERW &ORVHG /RRS ,QWHUIDFH %RDUG 8SJUDGH 0DQXDO �$OL

>����@�� )LUVW WKH )XWXED PRWRUV PRXQWHG RQ WKH $QWKURERW DUH RSHQHG DQG

WKH VHUYR HOHFWURQLFV DUH UHPRYHG� 7KHQ WKH QHFHVVDU\ ZLULQJ LV VROGHUHG WR WKH

PRWRUV� DQG WKH PRWRU ER[HV DUH FORVHG DIWHU FRPSOHWLQJ FRQQHFWRU VROGHULQJ�

�)RU IXUWKHU GHWDLOV� UHIHU WR WKH $QWKURERW &ORVHG /RRS ,QWHUIDFH %RDUG

8SJUDGH 0DQXDO� 6HH WDEOHV � WKURXJK � IRU WKH FRQQHFWLRQV RI WKH FDEOHV

IURP PRWRUV WR WKH %ODFN %R[� DQG IURP SRWV WR WKH ,QSXW %RDUG��

���� 2XWSXW %RDUGV

2XWSXW ERDUGV DUH GHVLJQHG WR SHUIRUP WZR IXQFWLRQV� 7KH ILUVW RQH LV WR

SURGXFH DQDORJ YROWDJHV LQ WKH UDQJH ����9 �PDJQLWXGHV RI URWDWLRQ RI PRWRUV�

WR VHQG WR WKH LQSXWV RI WKH &ORVHG /RRS ,QWHUIDFH %RDUG �&/,%�� E\

FRQYHUWLQJ WKH GLJLWDO VLJQDOV VXSSOLHG E\ WKH FRPSXWHU� 7KH VHFRQG IXQFWLRQ

WKH RXWSXW ERDUGV WKH SURGXFWLRQ RI GLJLWDO VLJQDOV �WKH GLUHFWLRQ RI URWDWLRQ

VLJQDOV� ZKLFK DUH DOVR LQSXWV RI &/,%� 7KRVH VLJQDOV DUH FUHDWHG E\ SURFHVVLQJ

WKH GLJLWDO VLJQDOV SURGXFHG E\ WKH EDFNSODQH �WKH FRPSXWHU�� 7KHVH RSHUDWLRQV

DUH SHUIRUPHG E\ WZR RXWSXW ERDUGV WKRVH RI H[DFWO\ WKH VDPH� 7ZR ERDUGV

DUH GLVWLQJXLVKHG E\ D MXPSHU RQ WKHP� (DFK ERDUG KDYH HLJKW � ELW '�$

FRQYHUWHU FRQQHFWHG WR D � ELW UHJLVWHU �DW WKH LQSXW VLGH� DQG DQ RS�DPS EXIIHU

�RQ WKH RXWSXW VLGH�� 7KH VFKHPDWLF RI RQH FKDQQHO RI '�$ FRQYHUVLRQ

FLUFXLWU\ FDQ EH IRXQG LQ ILJXUH �� (DFK ERDUG DOVR KDV DQ � ELW UHJLVWHU �

GLJLWDO EXIIHU IRU GLJLWDO RXWSXWV� 7KH EXIIHUV DUH SXW LQ RUGHU WR DYRLG WKH

ORDGLQJ SUREOHPV� DV WKH VSHFV RI WKH EODFN ER[ DUH QRW NQRZQ� 7KH UHJLVWHUV

IRU WKH HLJKW '�$ FRQYHUWHU DQG RQH GLJLWDO RXWSXW FLUFXLWU\ DUH DOO FRQQHFWHG

WR D FRPPRQ ��ELW GDWD EXV� DQG DGGUHVVHG WKURXJK D ��ELW ORFDO DGGUHVV EXV�
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7R KDQGOH WKH VL[WHHQ '�$ FRQYHUWHU DQG WKH WZR ��ELW GLJLWDO RXWSXWV RQ ERWK

ERDUGV� D ��ELW JOREDO DGGUHVV EXV LV XVHG DW WKH FRPSXWHU VLGH �RQO\ � RXW RI �

DGGUHVV EXV OLQHV DUH DFWLYH RQ HDFK FDUG�� $OVR� D ��ELW DFWLYH ORZ 90$ �YDOLG

PHPRU\ DGGUHVV� VLJQDO LV XVHG WR LQGLFDWH WKDW D YDOLG DGGUHVV LV DYDLODEOH DW WKH

DGGUHVV EXV� 7KH QHFHVVDU\ �� ELWV RI GLJLWDO GDWD �� IRU GDWD EXV� � IRU DGGUHVV

DQG � IRU 90$� LV VXSSOLHG WKURXJK WKH GLJLWDO RXWSXWV RI WKH 3&/����� ERDUG

DQG FRQQHFWHG DJDLQ WKURXJK GLJLWDO EXIIHUV WR WKH RXWSXW ERDUGV� 7KH

PDSSLQJ EHWZHHQ WKH FKDQQHO QXPEHUV RQ WKH RXWSXW ERDUG DQG MRLQWV RQ WKH

$QWKURERW LV JLYHQ RQ WDEOH �� 6RPH FKDQQHO QXPEHULQJ FRQYHQWLRQ LV XVHG

IRU ERWK GLJLWDO DQG DQDORJ RXWSXWV� 7KH 3&$' ��� VFKHPDWLF DQG 3&% ILOHV

DUH DWWDFKHG YLD D IORSS\ GLVN� 7KH & ILOHV WR VHQG FRPPDQGV WR WKHVH RXWSXWV

LV DOVR DYDLODEOH� <RX FDQ VHH WDEOHV � DQG � IRU WKH ZLULQJ LQIRUPDWLRQ IRU WKH

RXWSXW ERDUGV� 1RWH� :H KDYH PDGH VRPH DOWHUDWLRQV RQ WKH ERDUGV DIWHU WKH DVVHPEO\�

6R� WKHUH DUH VRPH PLQRU� EXW LPSRUWDQW GLIIHUHQFHV EHWZHHQ WKH VFKHPDWLFV DQG WKH DFWXDO

ERDUGV� )LUVW RQH LV D VHW RI FDSDFLWRUV DGGHG EHIRUH EXIIHUV RI WKH DQDORJ RXWSXWV� WR DYRLG

XQVWDEOH RVFLOODWLRQV JHQHUDWHG� 6HFRQG FKDQJH LV WKH UHSODFHPHQW RI RQH RI WKH UHVLVWRUV RQ

'�$ FRQYHUVLRQ FLUFXLWV ZLWK VKRUW FLUFXLWV� WR JHW D XQLSRODU YROWDJH RXWSXW LQVWHDG RI D

ELSRODU RQH�

���� ,QSXW %RDUG

,QSXW %RDUG LV XVHG DV DQ LQWHUIDFH LQ EHWZHHQ ILQJHU PRWRU SRWHQWLRPHWHUV�

ORDG FHOOV DQG 3&/����� 7KH RXWSXW YROWDJH OHYHO RI WKH ORDG FHOOV DUH YHU\ ORZ

�PD[LPXP ���P9�� VR WKH\ DUH DPSOLILHG E\ LQVWUXPHQWDWLRQ DPSOLILHUV� 7KH

RXWSXWV RI DOO ORDG FHOOV DQG SRWHQWLRPHWHUV DUH IHG WR DQWLDOLDVLQJ ILOWHUV �ZKLFK

DUH VLPSOH 5& ORZ SDVV ILOWHUV RI ILUVW RUGHU�� 7KH LQSXW ERDUG LV FRQVLVW RI �

LQVWUXPHQWDWLRQ DPSOLILHUV DQG �� DQWLDOLDVLQJ ILOWHUV ��� IRU SRWHQWLRPHWHUV DQG

� IRU ORDG FHOOV�� 7KH FXW�RII IUHTXHQF\ IRU DQWLDOLDVLQJ ILOWHUV LV FKRVHQ VXLWDEOH

WR RXU LQWHQGHG RSHUDWLQJ IUHTXHQF\� 7KH FLUFXLW GLDJUDPV RI DPSOLILHU DQG

ILOWHU FLUFXLWU\ �RQH VDPSOHV RI HDFK� FDQ EH IRXQG LQ ILJXUH ��"�� :H KDYH



��

FRQVWUXFWHG � FLUFXLWV IRU WKH ORDG FHOOV EHFDXVH RI WKH SRVVLELOLW\ RI EX\LQJ WZR

PRUH ORDG FHOOV WR DFFRPPRGDWH RQ WKH UHPDLQLQJ ILQJHUV� ,Q RUGHU WR EH DEOH

WR VDPSOH ���� �� VLJQDOV XVLQJ D �� FKDQQHO $�' FRQYHUWHU� ZH KDYH XVHG D

VHW RI DQDORJ PXOWLSOH[HUV IRU VHOHFWLRQ RI VLJQDOV� 7KH PXOWLSOH[HUV XVHG DUH ��

WR��� DOORZLQJ WZR VHW RI SRVVLEOH FKRLFHV� WR VHOHFWHG XVLQJ D ��ELW GLJLWDO VLJQDO�

7KLV VLJQDO LV DOVR VXSSOLHG IURP WKH 3&/����� ERDUG DQG IHG WR WKH LQSXW

ERDUG WKURXJK D GLJLWDO EXIIHU� 6HH WDEOH � IRU WKH PDSSLQJ EHWZHHQ WKH

FKDQQHO QXPEHUV DQG VLJQDO QDPHV� $OVR QRWH WKH DYDLODELOLW\ VRPH IUHH $�'

FKDQQHOV WKDW PLJKW EH QHHGHG IRU ODWHU SUDFWLFHV� 7KH 3&$' ��� VFKHPDWLF

DQG 3&% ILOHV DUH DWWDFKHG YLD IORSS\ GLVNV�

���� 2XWOLQH RI WKH 5HVXOWLQJ 6\VWHP

7KH RYHUDOO V\VWHP VWUXFWXUH DQG ZLULQJ �H[FOXGLQJ SRZHU FDEOHV� FDQ EH VHHQ LQ

ILJXUH �� $ FRPSOHWH OLVW RI FDEOHV LV JLYHQ LQ WDEOH � IRU UHIHUHQFH� $OVR IRU

FRPSOHWHQHVV� D EORFN GLDJUDP VKRZLQJ WKH LQVLGH RI WKH FORVHG ORRS LQWHUIDFH

ERDUG DQG WKH WDEOHV IRU LQWHUQDO ZLULQJ DUH JLYHQ LQ ILJXUH � DQG WDEOHV ��

WKURXJK ���
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���� +$5':$5(

������ /RDG &HOO ,QVWDOODWLRQ�

,Q RUGHU DFKLHYH FORVHG ORRS IRUFH FRQWURO� WKH $QWKURERW�,,, URERW KDQG PXVW

EH HTXLSSHG ZLWK IRUFH VHQVLQJ LQVWUXPHQWV� 6XFK SUHVVXUH VHQVLQJ

LQVWUXPHQWV� QDPHO\ � ORDG FHOOV DUH ERXJKW IURP D 86 FRPSDQ\ (175$1�

2QH IRU WKH WKXPE DQG WZR IRU EHLQJ XVHG RQ WZR RWKHU ILQJHUWLSV� 7KH FKRLFH

RI ZKLFK WZR ILQJHUV ZLOO FDUU\ WKH ORDG FHOOV GHSHQGV RQ WKH DSSOLFDWLRQ� 7KHVH

SUHVVXUH VHQVRUV ZLOO EH HPEHGGHG ZLWKLQ WKH UXEEHU RI WKH UHOHYDQW ILQJHUWLSV�

7KH VHQVRUV DUH WHPSHUDWXUH FRPSHQVDWHG DQG KDYH IRXU FDEOHV� WZR IRU SRZHU

VXSSO\ DQG WZR IRU VLJQDO RXWSXW� 7KH ORDG FHOOV DUH WR EH FRQQHFWHG WR WKH

LQSXW ERDUG ZKLFK GHVLJQHG WR VXSSO\ WKH QHFHVVDU\ SRZHU� ILOWHU DQG DPSOLI\

WKH VLJQDOV� DQG WR IHHG WKHP WR WKH $�' FRQYHUWHU �3&/������� /RDG FHOOV WR

LQSXW ERDUG FRQQHFWLRQV DUH JLYHQ LQ WDEOH ��

������ ,QSXW %RDUG $VVHPEO\�

7KH 3&% IRU WKH LQSXW ERDUG LV WR SULQWHG EXW LWV DVVHPEO\ WHVWV KDYH QRW EHHQ

FRPSOHWHG� $OO WKH VFKHPDWLFV DQG FRPSRQHQWV DUH DYDLODEOH IRU FRPSOHWLQJ

WKLV SDUW� 1RWH� 7KH LQSXW ERDUG ZH KDYH GHVLJQHG LV RSWLPL]HG IRU RXU FRQWURO VWUDWHJ\�

)RU IXUWKHU ZRUN� LW PLJKW EH EHWWHU WR UHGHVLJQ WKLV ERDUG IRU EHWWHU SHUIRUPDQFH XQGHU

GHVLJQHG FRQWURO VWUDWHJ\ DQG RSHUDWLQJ FRQGLWLRQV�

���� 62)7:$5(

������ /RZ /HYHO &RQWUROOHU�

/RZ OHYHO FRQWUROOHU WDNHV VHW SRLQWV DV MRLQW DQJOHV IURP WKH KLJK OHYHO

FRQWUROOHU� ,W FRPSDUHV WKLV VHW SRLQWV ZLWK WKH VHQVRU\ GDWD DQG JHQHUDWH DQ

HUURU VLJQDO� 7KLV HUURU VLJQDO LV SXW LQWR D 3,' FRQWUROOHU ZKLFK LV D SDUW RI WKH

ORZ OHYHO FRQWUROOHU� 7KH RXWSXW RI WKH 3,' FRQWUROOHU LV IHG WR '�$ ERDUG E\

WKH ORZ OHYHO FRQWUROOHU� 2QH PRUH GXW\ RI WKH ORZ OHYHO FRQWUROOHU LV WR SDVV
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GDWD IRU V\QFKURQL]DWLRQ WR KLJK OHYHO FRQWUROOHU FRQWLQXRXVO\� ,Q RXU GHVLJQ�

WKH ORZ OHYHO FRQWUROOHU ZDV LQWHQGHG WR EH D VHW RI SVHXGR�SDUDOOHO ZRUNLQJ

EDFNJURXQG SURFHVVHV� WR PDNH WKH GHVLJQ DQG SURJUDPPLQJ RI WKH KLJKHU

OHYHOV LQ WKH KLHUDUFK\ HDVLHU DQG PRUH LQGHSHQGHQW� 7KLV ZRXOG DOVR

WHOHRSHUDWLRQ DQG VXSHUYLVRU\ FRQWURO HDVLHU� $OWKRXJK WKH FRPSOHWH ORZ OHYHO

FRQWUROOHU KDYH QRW EHHQ LPSOHPHQWHG� WKH NHUQHO ZKLFK ZRXOG PDNH WKH

SVHXGR�SDUDOOHO EDFNJURXQG SURFHVVHV SRVVLEOH LV SUHSDUHG LQ ����� DVVHPEO\

ODQJXDJH DQG WHVWHG�

������ +LJK /HYHO &RQWUROOHU�

7KH PDLQ IXQFWLRQ RI WKH KLJK OHYHO FRQWUROOHU LV WR V\QFKURQL]H WKH ILQJHUV DQG

WKH MRLQWV LQ VSHFLILHG ZD\V� ,W VKRXOG WDNH GDWD IURP WKH ODVW OHYHO FRQWUROOHU

DQG ORZ OHYHO FRQWUROOHU� PDQLSXODWH WKH WZR� DQG JHQHUDWH QHZ GDWD �DV VHW

SRLQWV IRU MRLQW PRWLRQV� WR DFKLHYH WKH GHVLUHG PRYHPHQW RI ILQJHUV� 6RPH

FRQVWUDLQWV �OLNH PD[LPXP FORVHQHVV RI ILQJHUV IRU QR FRXSOHG PRWLRQ�

PD[LPXP IRUFH QRW WR EXUQ WKH PRWRUV� PD[LPXP�PLQLPXP IRUFH DW ILQJHU

WLSV� VKRXOG EH GHILQHG LQ WKLV OHYHO RI FRQWURO� ,Q RXU GHVLJQ� WKH KLJK OHYHO

FRQWURO LV DOVR LQWHQGHG WR EH H[HFXWHG DV D EDFNJURXQG SURFHVV�

������ ,QWHUIDFH �

$ XVHU LQWHUIDFH PXVW EH SUHSDUHG LQ RUGHU WR DFKLHYH FRPPXQLFDWLRQ EHWZHHQ

ODVW OHYHO FRQWURO DQG V\QFKURQL]DWLRQ DOJRULWKP �ORRN DW EORFN GLDJUDP��7KH

LQWHUIDFH VKRXOG WDNH GDWD IURP WKH ODVW OHYHO FRQWUROOHU� DQG UHDUUDQJH WKHP� VR

WKDW WKH\ FDQ EH SDVVHG WR KLJK OHYHO FRQWUROOHU� 7KLV LV HVVHQWLDOO\ D &

SURFHGXUH WR WUDQVPLW GDWD EHWZHHQ WKH IRUHJURXQG SURFHVV �ODVW OHYHO FRQWURO�

DQG WKH EDFNJURXQG SURFHVVHV �KLJK DQG ORZ OHYHO FRQWUROV��

������ /DVW /HYHO &RQWURO�

/DVW OHYHO FRQWURO PHDQV� WKH SUH�VKDSLQJ� SDWK SODQQLQJ� ILQJHUWLS IRUFH

SODQQLQJ� JUDVS DQG UH�JUDVS SODQQLQJ RI WKH URERW KDQG IRU D SUHGHILQHG WDVN�
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/DVW OHYHO FRQWURO VKRXOG JHQHUDWH WKH ILQJHUWLS SDWKV� MRLQW DQJOHV� ILQJHUWLS

IRUFHV DW LPSDFW DQG SRVW�LPSDFW GDWD� +LJK OHYHO FRQWURO SURJUDPV DUH

FRPPRQO\ EDVHG RQ DUWLILFLDO QHXUDO QHWZRUN DQG�RU IX]]\ FRQFHSWV�



BIBLIOGRAPHY

0LFKDHO $OL� >����@� $QWKURERW ,,, 8VHUV *XLGH�

0LFKDHO $OL� >����@� $QWKURERW ,,, &ORVHG /RRS ,QWHUIDFH %RDUG 8SJUDGH

0DQXDO�


