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$EVWUDFW

,QLWLDO EHDP WHVW RI WKH .(.% EXQFK�E\�EXQFK IHHGEDFN V\VWHP SUR�
WRW\SHV KDV EHHQ SHUIRUPHG LQ WKH 75,67$1�$5 RQ WKH ORQJLWXGLQDO
SODQH� $ VLPSOH WZR�WDS ),5 nOWHU V\VWHP FRQVLVWLQJ RI KDUGZDUH ORJLF
V
UHDOL]HV WKH IXQFWLRQ RI WKH SKDVH VKLIW E\ �� GHJUHHV� WKH VXSSUHVVLRQ
RI VWDWLF FRPSRQHQW DQG WKH GHOD\ RI XS WR D KXQGUHG RI WXUQV� :LWK
WKH SURWRW\SH nOWHU ERDUG DQG D ORQJLWXGLQDO NLFNHU� WKH IHHGEDFN ORRS
KDV EHHQ FORVHG VXFFHVVIXOO\� 7KH VKXQW LPSHGDQFH RI WKH NLFNHU ZDV
HVWLPDWHG IURP WKH H[FLWDWLRQ DPSOLWXGH DQG PHDVXUHG GDPSLQJ� 7KH
GDPSLQJ WLPH RI WKH V\VWHP KDV EHHQ PHDVXUHG E\ XVLQJ WKH VLQJOH
EXQFK 5RELQVRQ LQVWDELOLW\� 7KH IHHGEDFN V\VWHP VWDELOL]HG WKH FRXSOHG
EXQFK LQVWDELOLW\ FRPSOHWHO\ XQGHU � EXQFK RSHUDWLRQ�

,1752'8&7,21

7KH ULQJV RI .(.% DUH GHVLJQHG WR DFFXPXODWH PDQ\ EXQFKHV ZLWK KXJH
EHDP FXUUHQW� ZKLFK PD\ FDXVH PDQ\ VWURQJ FRXSOHG EXQFK LQVWDELOLWLHV ERWK
LQ WUDQVYHUVH DQG ORQJLWXGLQDO SODQHV� (YHQ ZLWK WKH VSHFLDO FDUH IRU WKH UHGXF�
WLRQ RI WKH VRXUFHV RI WKH LQVWDELOLWLHV� VRPH GDQJHURXV LPSHGDQFH PD\ UHPDLQ
KLJK� 6WXGLHV RQ WKH DFFHOHUDWLRQ FDYLWLHV SUHGLFW WKDW VRPH PRGHV KDYH WKH
JURZWK WLPHV RI WKH RUGHU RI D IHZ PV LQ WUDQVYHUVH SODQH� D IHZ �� PV LQ WKH
ORQJLWXGLQDO SODQH LQ WKH ZRUVW FDVH� 7KHUHIRUH� WKH PHWKRG WR DQDO\]H DQG
VXSSUHVV WKH LQVWDELOLWLHV KDV WKH NH\ WR DFKLHYH WKH GHVLJQHG TXDOLW\ RI WKH
ULQJV� 7KH JRDO RI WKH IHHGEDFN V\VWHPV KDV EHHQ VHW WR DFKLHYH WKH GDPSLQJ
WLPH RI RQH PV IRU WKH WUDQVYHUVH DQG �� PV IRU WKH ORQJLWXGLQDO SODQHV�
:H DUH QRZ GHYHORSLQJ EHDP IHHGEDFN V\VWHPV ZLWK WKH EXQFK�E\�EXQFK

VFKHPH DQG DUH LQVWDOOLQJ WKH SURWRW\SH V\VWHPV LQ 75,67$1 DFFXPXODWLRQ
ULQJ �75,67$1�$5���^��� ,Q RXU IHHGEDFN V\VWHPV� ZH GHWHFW RVFLOODWLRQ RI
HDFK EXQFK LQGLYLGXDOO\� VKLIW WKH SKDVH RI WKH VLJQDO E\ ��p RI WKH V\QFKURWURQ
IUHTXHQF\� WKHQ NLFN WKH EXQFK WR GDPS WKH RVFLOODWLRQ� :H KDYH DOUHDG\ LQ�
VWDOOHG EXWWRQ HOHFWURGHV ZLWK LQFUHDVHG IUHTXHQF\ UHVSRQVH� WZR ZLGHEDQG
WUDQVYHUVH NLFNHUV� � WUDQVYHUVH DPSOLnHUV RI ��� : HDFK� RQH ORQJLWXGLQDO SUR�
WRW\SH NLFNHU DQG WZR ORQJLWXGLQDO SRZHU DPSOLnHUV RI ��� : LQ WKH VRXWK
VWUDLJKW VHFWLRQ RI $5�
,Q WKH ORQJLWXGLQDO VLJQDO SURFHVVLQJ� ZH ZLOO XVH D WZR�WDS ),5 nOWHU ZKLFK

KDV WKH IXQFWLRQ RI '& VXSSUHVVLRQ DQG WKH SKDVH VKLIW E\ ��p� 3ULRU WR WKH
IDEULFDWLRQ RI WKH IXOO IXQFWLRQ nOWHU ERDUG� ZH KDYH PDGH D SURWRW\SH ERDUG
WR SURYH WKH YDOLGLW\ RI WKH WZR�WDS VFKHPH� ,Q WKLV SDSHU� ZH VKRZ WKH UHVXOW
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6\QFKURWURQ WXQH yV ���� z ���� ����
/RQJLWXGLQDO ~H �� �� �� PV
GDPSLQJ WLPH

7DEOH �� 0DLQ SDUDPHWHUV RI .(.% DQG 75,67$1�$5�

RI WKH EHDP WHVW RI WKH ORQJLWXGLQDO IHHGEDFN V\VWHP SURWRW\SH LQ 75,67$1�
$5� :H KDYH FORVHG WKH IHHGEDFN ORRS DQG PHDVXUHG WKH VKXQW LPSHGDQFH RI
WKH SURWRW\SH NLFNHU� 6SRQWDQHRXV LQVWDELOLW\ ZDV VXFFHVVIXOO\ GDPSHG ZLWK
HQRXJK GDPSLQJ UDWH� $OVR ZH KDYH WULHG WR GDPS FRXSOHG EXQFK LQVWDELOLW\
XQGHU � EXQFK RSHUDWLRQ� )DEULFDWLRQ RI WKH nUVW VHW RI IXOO IXQFWLRQ nOWHU ERDUG
WKDW FDQ KDQGOH DOO WKH EXQFKHV ZLWK WKH PLQLPXP EXQFK VSDFLQJ RI � QV LV
XQGHU ZD\� 5HODWHG SDUDPHWHUV RI WKH .(.% DFFHOHUDWRUV DV ZHOO DV WKRVH RI
75,67$1�$5 �DW EHDP WHVW� DUH OLVWHG LQ 7DEOH ��

(;3(5,0(17$/ 6(783

$ EORFN GLDJUDP RI WKH ORQJLWXGLQDO IHHGEDFN V\VWHP SURWRW\SH DW 75,67$1�
$5 LV VKRZQ LQ )LJ� �� 7KH V\VWHP FRQVLVWV RI D SRVLWLRQ GHWHFWLRQ SDUW� D SKDVH
VKLIWHU SDUW DQG D NLFNHU SDUW�
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3RVLWLRQ 'HWHFWLRQ 6\VWHP

7KH ORQJLWXGLQDO SRVLWLRQ RI D EXQFK LV PHDVXUHG ZLWK WKH ZLGHEDQG SKDVH
GHWHFWLRQ V\VWHP ZKLFK LV FDSDEOH RI GLVWLQJXLVKLQJ LQGLYLGXDO VLJQDOV IURP WKH
EXQFKHV ZLWK WKH EXQFK VSDFLQJ GRZQ WR � QV� 6LJQDO IURP D EXWWRQ HOHFWURGH
LV GLYLGHG LQWR WKUHH EUDQFKHV E\ D SRZHU FRPELQHU DQG VXPPHG XS DJDLQ E\
DQRWKHU SRZHU FRPELQHU� $V WKH OHQJWKV RI WKH GHOD\ FDEOHV ZKLFK FRQQHFW WKH
WZR FRPELQHUV DUH GHVLJQHG WR KDYH WKH WLPH GLmHUHQFH RI m�Qw F �Q  �������
ZKHUH m LV FRQVWDQW DQG w LV WKH ZDYHOHQJWK RI WKH GHWHFWLRQ IUHTXHQF\� WKLV
V\VWHP ZRUNV DV DQ ),5 EDQGSDVV nOWHU ZLWK WKH FHQWHU IUHTXHQF\ RI QF w� 7KH
GHWHFWLRQ IUHTXHQF\ LV FKRVHQ WR EH WKH ��WK KDUPRQLF RI WKH 5) IUHTXHQF\� WKDW
LV ����� *+] LQ RXU FDVH� 7KH RXWSXW RI WKH nOWHU LV D EXUVW RI VLQH�OLNH VLJQDO
ZLWK WKH OHQJWK OHVV WKDQ � QV�
8VLQJ D GRXEOH EDODQFHG PL[HU �'%0� 5	. 0����� WKH VLQH�OLQH EXUVW LV

PXOWLSOLHG E\ WKH UHIHUHQFH VLJQDO ZKLFK LV TXDGUXSOH RI WKH 5) VLJQDO� %\ UH�
MHFWLQJ WKH KLJKHU�IUHTXHQF\ FRPSRQHQW ZLWK D ORZ�SDVV nOWHU �/3)� IF � *+]�
IURP WKH RXWSXW RI WKH ,) RI '%0� EDVHEDQG VLJQDO RI D V\QFKURWURQ RVFLOODWLRQ
LV GHWHFWHG DV WKH IRUP RI z ,EjVLQ��VW� LI WKH DPSOLWXGH j LV VPDOO�
:H KDYH XVHG WZR LQGHSHQGHQW VHW RI GHWHFWLRQ V\VWHP� RQH IRU WKH IHHGEDFN

VLJQDO DQG WKH RWKHU IRU RQO\ PRQLWRULQJ RI WKH RVFLOODWLRQ� 3RVLWLRQ VLJQDO IRU
WKH IHHGEDFN V\VWHP LV DPSOLnHG ZLWK WKUHH VWDJH DPSOLnHUV ZLWK D WRWDO JDLQ
RI �� G%� )RU WKH EXQFK RVFLOODWLRQ PRQLWRU� ZH KDYH XVHG WZR VWDJH DPSOLnHUV
ZLWK D WRWDO JDLQ RI �� G%�

7ZR 7DS ),5 )LOWHU &RPSOH[

7KH VLJQDO SURFHVV� WKH IXQFWLRQ RI ZKLFK DUH WKH SKDVH VKLIW E\ ��p DQG
WKH HOLPLQDWLRQ RI VWDWLF �'&� FRPSRQHQW� LV SHUIRUPHG ZLWK D ��WDS ),5 nOWHU
UHDOL]HG E\ D VLPSOH KDUGZDUH V\VWHP� 7KH UHVSRQVH RI D ),5 nOWHU KDV WKH
IRUP RI WKH OLQHDU FRPELQDWLRQ RI WKH GDWD ZKLFK KDYH EHHQ REWDLQHG DV D WLPH
VHULHV� [���� [���� ccc� 7KH ��WDS nOWHU KDV RQO\ WZR WHUPV WKH FRHpFLHQWV RI
ZKLFK DUH � DQG b� VR WKH RXWSXW KDV WKH IRUP RI

\�Q�  [�Q��b [�Q���

DQG KDV WKH IDYRULWH IUHTXHQF\ RI ����Q� b Q��� %\ VHOHFWLQJ VXLWDEOH WDS SR�
VLWLRQV� WKDW PHDQV E\ VHOHFWLQJ WKH DGGUHVV�VKLIW RI WKH PHPRU\� ZH FDQ WXQH
WKH FHQWHU IUHTXHQF\ DQG WKH JURXS GHOD\ RI WKH nOWHU�
3ULRU WR WKH IDEULFDWLRQ RI WKH nOWHU FRPSOH[ ZLWK IXOO IXQFWLRQ� ZKLFK ZLOO

EH VKRZQ LQ WKH ODVW VHFWLRQ RI WKLV SDSHU� ZH KDYH H[DPLQHG WKH IHDVLELOLW\ RI
WKH nOWHU VFKHPH ZLWK D VLPSOH SURWRW\SH ERDUG� 7KH SURWRW\SH ERDUG ZRUNV
RQO\ EHORZ WKH V\VWHP FORFN RI ��� 0+] WKDW FRUUHVSRQGV WR WKH � HTXDOO\�
VSDFHG EXQFK RSHUDWLRQ RI $5� ,W KDV DQ ��ELW ��� 0+] )$'& �$'����� IRU
WKH GLJLWL]HU� DQG KDV WKH PHPRU\ IRU ���� WXUQV RI EXQFK SRVLWLRQ RQ VLQJOH
EXQFK PRGH� 7KH ERDUG LV SDFNDJHG LQ D ��VSDQ &$0$& PRGXOH�



)RU WKH EXQFK SRVLWLRQ PRQLWRU� ZH KDYH XVHG D ��� 0+] )$'& ERDUG
�5(3,& 53&����� ZKLFK LV SDFNDJHG LQ D ��VSDQ &$0$& PRGXOH� ,W KDV
���� E\WHV RI PHPRU\ SHU FKDQQHO�

)HHGEDFN .LFNHU

7KH 5	' IRU WKH .(.% ORQJLWXGLQDO NLFNHU KDV EHHQ FHQWHUHG RQ WKH ZLGH�
EDQG GHYLFH� ZKLFK LV EDVHG RQ VHULHV VWULSOLQH VWUXFWXUH �WKH VHULHV GULIW WXEH
W\SH�� RULJLQDOO\ SURSRVHG E\ *� /DPEHUWVRQ���� $ FRPELQDWLRQ RI WKH EHDP
SLSH DQG WKH LQQHU HOHFWURGHV FUHDWHV D FRD[LDO VWUXFWXUH RI WKH FKDUDFWHULVWLF
LPSHGDQFH RI ��l� 5) SRZHU IHG E\ SRZHU DPSOLnHUV SURSDJDWHV DV WKH 7(0
ZDYH DORQJ WKH VWUXFWXUH� ,W KDV IRXU HOHFWURGHV FRQQHFWHG ZLWK WKH GHOD\ OLQHV�
7KH FDUULHU IUHTXHQF\ LV � *+]� ZKLFK LV GRXEOH RI WKH 5) IUHTXHQF\� 7KH LGHDO
VKXQW LPSHGDQFH �5VK  9 �

NLFN
 ��3LQ�� LV ��� Nl DQG WKH EDQGZLGWK ZLOO EH OHVV

WKDQ ��� 0+]� 7KLV NLFNHU KDV WZR LQSXW SRUWV RI ��l DQG WZR RXWSXW SRUWV�
:H KDYH SUHSDUHG WZR ZLGHEDQG DPSOLnHUV ZLWK WKH PD[LPXP SRZHU RXW�

SXW XS WR ��� : HDFK �5	. $����������� 2QH DPSOLnHU FRQVLVWV RI ��� *D$V
)(7V �)XMLWVX )//���0.� DQG IRUPV FRPSOHWH $�FODVV VWUXFWXUH� 7KH EDQG�
ZLGWK LV DERXW ��� 0+] ���� 0+] z ���� 0+]� ZLWK WKH WRWDO JDLQ RI �� G%�
7KH PHDVXUHG WLPH UHVSRQVH RI WKH DPSOLnHU IURP �� WR ��� RI IXOO SRZHU ZDV
DERXW ��� QV�

%($0 7(67 2) 7+( /21*,78',1$/ 6<67(0 21
75,67$1�$5

6HOHFWLRQ RI WKH 7DS 3RVLWLRQV

7KH FHQWHU IUHTXHQF\� SKDVH VKLIW DQG WKH GHOD\ RI WKH WZR�WDS ),5 nOWHU LV
GHWHUPLQHG E\ WKH VHOHFWLRQ RI WKH WDS SRVLWLRQV� $V WKH VDPSOLQJ IUHTXHQF\ ZDV
�d IUHY� WKH GLmHUHQFH EHWZHHQ WKH WDS QXPEHU VKRXOG EH Q� b Q�  �d L DQG
VKRXOG EH QHDU WR WKH V\QFKURWURQ IUHTXHQF\� WKDW LV �Q� b Q�� � z IUHY IV ��
7KH SRVLWLRQ RI WKH nUVW WDS� Q�� GHWHUPLQHV WKH SKDVH VKLIWV DQG VKRXOG EH
VHOHFWHG WR FRLQFLGH WKH EXUVW RXWSXW RI WKH DPSOLnHU DQG WKH EHDP SDVVDJH�
:H DW nUVW VHDUFKHG IRU WKH EHVW WDS SRVLWLRQ WR PD[LPL]H WKH ORRS JDLQ RI
WKH IHHGEDFN V\VWHP E\ H[FLWLQJ WKH V\QFKURWURQ RVFLOODWLRQ ZLWK WKH SRVLWLYH
IHHGEDFN ORRS� 7KH EHVW WDS SRVLWLRQ ZDV ����� ��� IRU SRVLWLYH ORRS IRU WKH
DFFHOHUDWLQJ YROWDJH 9F � 09� 7KH WDS GLmHUHQFH RI ���������� �� DJUHHV
ZLWK WKH PHDVXUHG V\QFKURWURQ IUHTXHQF\ RI ���� N+]�

0HDVXUHPHQW RI 6KXQW ,PSHGDQFH RI WKH .LFNHU

7KH UHDOLVWLF VKXQW LPSHGDQFH RI WKH NLFNHU LV YHU\ LPSRUWDQW IRU WKH GH�
YHORSPHQW DQG VHOHFWLRQ RI WKH nQDO NLFNHU V\VWHP IRU .(.%� ,I ZH NQRZ WKH
PD[LPXP DPSOLWXGH RI WKH ORQJLWXGLQDO RVFLOODWLRQ H[FLWHG E\ RXU IHHGEDFN
V\VWHP LQ WKH SRVLWLYH IHHGEDFN PRGH� WKH QDWXUDO GDPSLQJ WLPH RI WKH EHDP
DQG WKH LQSXW SRZHU WR WKH NLFNHU� ZH FDQ HVWLPDWH WKH VKXQW LPSHGDQFH RI WKH
NLFNHU E\ FRPSDULQJ WKH UHVXOWV IURP VLPXODWLRQV� ,Q WKH VLQJOH EXQFK PRGH� DV



WKH 5RELQVRQ GDPSLQJ PHFKDQLVP PD\ VWURQJO\ FRQWULEXWH WR WKH ORQJLWXGLQDO
GDPSLQJ� ZH PXVW PHDVXUH WKH UHDOLVWLF GDPSLQJ WLPH DW nUVW� :H KDYH PHD�
VXUHG WKH EXQFK RVFLOODWLRQ WXUQ E\ WXUQ LQ WLPH GRPDLQ MXVW DIWHU WKH SRVLWLYH
IHHGEDFN KDV VXGGHQO\ WXUQ Rm� )LJXUH � VKRZV DQ H[DPSOH RI WKH PHDVXUHG
GDPSLQJ �D� DQG H[FLWDWLRQ �E� EHKDYLRU ZLWK WKH 9F � 09 DQG WKH EHDP
FXUUHQW RI ��� P$� 7KH nWWHG GDPSLQJ WLPH ZDV � PV� ZKLFK LV PXFK IDVWHU
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�D� �E�

)LJXUH� �� 'DPSLQJ �D� DQG H[FLWDWLRQ �E� RI ORQJLWXGLQDO RVFLOODWLRQ MXVW DIWHU WKH

SRVLWLYH IHHGEDFN ORRS KDV VXGGHQO\ RSHQHG�FORVHG� 7KH QDWXUDO GDPSLQJ WLPH �D�

ZDV DERXW � PV DQG WKH H[FLWDWLRQ WLPH �E� ZDV DERXW ��� PV�

WKDQ WKH UDGLDWLRQ GDPSLQJ WLPH RI DERXW �� PV�
7KH ORQJLWXGLQDO GLVWULEXWLRQ RI WKH ]HUR FURVV SRLQW RI D EXQFK VLJQDO

IURP WKH EXWWRQ HOHFWURGH ZDV PHDVXUHG ZLWK WKH GLJLWL]LQJ RVFLOORVFRSH �+3
�����7�� :KHQ WKH WRWDO LQSXW SRZHU WR WKH NLFNHU ZDV DERXW ��� :� WKH
PD[LPXP DPSOLWXGH RI WKH ORQJLWXGLQDO RVFLOODWLRQ ZDV �� SV� 7R PDNH VXFK
RVFLOODWLRQ LQ WKH VLPXODWLRQ� LW LV QHFHVVDU\ WR KDYH WKH NLFN YROWDJH RI DERXW
���� 9 SHU WXUQ� &RPSDULQJ WKHVH GDWD� WKH VKXQW LPSHGDQFH 5VK RI WKH NLFNHU
ZDV HVWLPDWHG WR EH ������� ��� �  ��� Nl� WKDW LV DERXW �� � RI WKH LGHDO
RQH�

'DPSLQJ RI WKH 6LQJOH %XQFK 2VFLOODWLRQ

:H FDQ H[FLWH WKH ORQJLWXGLQDO RVFLOODWLRQ E\ LQWHQWLRQDOO\ VKLIWLQJ WKH UHV�
RQDQW IUHTXHQF\ RI WKH FDYLWLHV WR DULVH WKH VLQJOH�EXQFK 5RELQVRQ LQVWDELOLW\�
%\ WXQLQJ WKH UHVRQDQW IUHTXHQF\� ZH FRQWUROOHG WKH JURZWK UDWH RI WKH LQVWD�
ELOLW\� :LWK VHWWLQJ WKH GHWXQLQJ DQJOH RI WKH DFFHOHUDWLQJ FDYLWLHV WR EH ��p�
ZH H[FLWHG FRQVWDQW ORQJLWXGLQDO RVFLOODWLRQ ZLWKRXW ORVLQJ WKH EHDP� )LJXUH �
�D� VKRZV WKH EHDP VSHFWUXP ZLWK WKH GHWXQLQJ DQJOH RI ��p ZLWK WKH EHDP
FXUUHQW RI ��� P$� 7KH PD[LPXP DPSOLWXGH RI WKH RVFLOODWLRQ ZDV DERXW �� SV�
:LWK FORVLQJ WKH QHJDWLYH IHHGEDFN ORRS� ZH VXFFHHGHG LQ GDPSLQJ WKH RVFLOOD�
WLRQ FRPSOHWHO\� DV VKRZQ LQ )LJ� ��E��
7KH REVHUYHG UHVLGXDO RVFLOODWLRQ ZDV DERXW ��� SV LQ VWDQGDUG GHYLDWLRQ�

WKDW LV WKH MLWWHUV RI WKH PHDVXULQJ V\VWHP� 7KH LQSXW SRZHU WR WKH NLFNHU LQ WKH



�D� �E�
)LJXUH� �� %HDP VSHFWUXP ZLWKRXW IHHGEDFN V\VWHP�D� DQG ZLWK WKH IHHGEDFN V\V�

WHP�E�� 7KH ORQJLWXGLQDO RVFLOODWLRQ ZDV H[FLWHG DUWLnFLDOO\ E\ WXQLQJ WKH UHVRQDQW

IUHTXHQF\ RI WKH FDYLWLHV�

VWDWLRQDU\ VWDWH ZDV DERXW �� :� )LJXUH � VKRZV WKH GDPSLQJ RI WKH RVFLOODWLRQ
MXVW DIWHU WKH IHHGEDFN ORRS ZDV FORVHG� 7KH GDPSLQJ WLPH ZDV ��� PV� 7KH

120

130

140

150

160

170

180

0 500 1000 1500 2000 2500 3000

Lo
ng

itu
di

na
l P

os
iti

on
 (

A
D

C
)

Number of Turns

)LJXUH� �� 'DPSLQJ RI 5RELQVRQ LQVWDELOLW\ ZLWK WKH QHJDWLYH IHHGEDFN RQ� 7KH

GDPSLQJ WLPH LV ��� PV�

IHHGEDFN V\VWHP KDV GDPSHG WKH RVFLOODWLRQ FRPSOHWHO\ XS WR WKH GHWXQLQJ
DQJOH RI ���p� :KHQ WKH GHWXQLQJ DQJOH ZDV ���p� WKH UHVLGXDO DPSOLWXGH ZDV
LQFUHDVHG WR ��� SV� 1HYHUWKHOHVV� ZH GLG QRW ORVH WKH FRQWURO WKH RVFLOODWLRQ�
7KH LQSXW SRZHU WR WKH NLFNHU LQ WKH VWDWLRQDU\ VWDWH ZDV DERXW �� :�

'DPSLQJ RI WKH &RXSOHG %XQFK 2VFLOODWLRQ

$V WKH nOWHU V\VWHP FDQ KDQGOH � EXQFKHV ZLWK WKH V\VWHP FORFN RI ��� 0+]�
ZH WULHG WR GDPS VSRQWDQHRXV FRXSOHG EXQFK RVFLOODWLRQV RI � HTXDOO\�VSDFHG
EXQFK RSHUDWLRQ� )LJXUH ��D� VKRZV WKH EHDP VSHFWUXP ZLWK WKH WRWDO EHDP
FXUUHQW RI � P$� L�H�� WKH EXQFK FXUUHQW ZDV DERXW ��� P$� +HDY\ DQG XQ�
VWDEOH FRXSOHG EXQFK RVFLOODWLRQ ZDV REVHUYHG� 7KLV RVFLOODWLRQ ZDV FRPSOHWHO\
GDPSHG ZLWK WKH IHHGEDFN ORRS FORVHG� DV VKRZQ LQ WKH EHDP VSHFWUXP LQ
)LJ� ��E�� 7KH UHVLGXDO RVFLOODWLRQ ZDV DERXW ��� SV� :LWK LQFUHDVLQJ WKH EHDP



�D� �E�
)LJXUH� �� %HDP VSHFWUXP ZLWKRXW WKH IHHGEDFN �D� DQG ZLWK WKH IHHGEDFN V\VWHP

�E� XQGHU � EXQFK RSHUDWLRQ�

FXUUHQW� WUDQVYHUVH RVFLOODWLRQV VWDUWHG WR JURZ ZLWK WKH EHDP ORVV HYHQ LI ZH
GDPSHG WKH ORQJLWXGLQDO RVFLOODWLRQ�

)8// )81&7,21 ),/7(5 %2$5' $1' ,76 $33/,&$7,21

7KH IDEULFDWLRQ RI WKH nUVW VHW RI WKH IXOO IXQFWLRQ ERDUG KDV DOPRVW nQ�
LVKHG� )LJXUH � VKRZV DQ SKRWRJUDSK RI WKH nOWHU ERDUG� 7KH ERDUG KDV WKH

)LJXUH� �� 6FKHPDWLF YLHZ RI IXOO IXQFWLRQ nOWHU ERDUG�

VL]H RI ������d��� PP DQG LV FRQWUROOHG WKURXJK D 90( LQWHUIDFH� 'HWDLOHG
H[SODQDWLRQ LV JLYHQ HOVHZKHUH���� ZH WKHUHIRUH GHVFULEH LW EULHo\ KHUH� ,W KDV
RQH $'& GDXJKWHU FDUG DQG �� PHPRU\�$/8 GDXJKWHU FDUGV RQ D PRWKHU
ERDUG� :H DGDSWHG D 0$;��� IRU WKH $'&� 74�����0 IRU WKH '$&� 2Q WKH
PRWKHU ERDUG WKHUH DUH HLJKW FXVWRP *D$V /6,V� IRXU IDVW GDWD GHPXOWLSOH[�
HUV �)'08;� 2NL *+'.����� DQG IRXU IDVW GDWD PXOWLSOH[HUV �)08;� 2NL
*+'.������ 7KH IDVW (&/ VLJQDO IURP WKH $'& FDUG WKH WUDQVIHU UDWH RI
ZKLFK ��� 0E\WHV�V LV GHPXOWLSOH[HG ZLWK WKH )'08;V WR �� FKDQQHOV 77/
VLJQDO ���0E\WHV�V�� WKURXJK WKH PHPRU\�$/8 EORFN WKDW IRUPV D ��WDS ),5



nOWHU� PXOWLSOH[HG ZLWK WKH )08;V WR ��� 0E\WHV�V (&/ VLJQDOV� 7KH PHP�
RU\ KDV WKH GHSWK RI DERXW ��� WXUQV RI UHYROXWLRQV SHU HYHU\ EXQFK IRU .(.%
ULQJV� :H XVH )3*$V ZLWK WKH IXQFWLRQ RI D VXEWUDFWHU DQG WKH ELW VKLIWHU RQ
WKH PHPRU\�$/8 EORFN�
:H GHVLJQHG WKH PRWKHU ERDUG VR WKDW LW FDQ EH D PRWKHU ERDUG DOVR IRU D

WUDQVLHQW UHFRUGHU E\ UHSODFLQJ WKH PHPRU\�$/8 GDXJKWHU ERDUG ZLWK D GHQVH
PHPRU\ ERDUG DQG E\ UHSODFLQJ WKH DGGUHVV FRQWURO )3*$V RQ WKH PRWKHU
ERDUG� ,Q RXU GHVLJQ� WKH PD[LPXP PHPRU\ ZH FDQ PRXQW RQ WKH ERDUG ZLOO EH
DERXW �� 0%� &RPELQLQJ WKH PHPRU\ ERDUG DQG WKH IHHGEDFN V\VWHP HQDEOHV
XV WR PHDVXUH WKH JURZWKV RI WKH LQVWDELOLWLHV YHU\ FOHDUO\� :H DUH QRZ SODQQLQJ
WR XVH WKH PHPRU\ ERDUG IRU WKH VWXG\ RI WKH SKRWR HOHFWURQ LQVWDELOLW\ ZKLFK
ZLOO EH KHOG RQ ODWH ���� DW %(3& ULQJ LQ %HLMLQJ� &KLQD�
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:H KDYH H[DPLQHG WKH IHDVLELOLW\ RI WKH EXQFK�E\�EXQFK IHHGEDFN V\VWHP
VFKHPH ZLWK WKH WZR�WDS ),5 nOWHU ERDUG LQ 75,67$1�$5� 7KH VKXQW LPSH�
GDQFH RI WKH ORQJLWXGLQDO NLFNHU SURWRW\SH KDV EHHQ PHDVXUHG ZLWK WKH PHD�
VXUHPHQW RI WKH GDPSLQJ WLPH DQG WKH PD[LPXP H[FLWDWLRQ DPSOLWXGH� (V�
WLPDWHG VKXQW LPSHGDQFH DJUHHG ZLWK WKH H[SHFWHG YDOXH ZLWKLQ ���� 7KLV
HQFRXUDJH XV WR SURFHHG WKH GHYHORSPHQW RI WKLV NLQG RI NLFNHU�
7KH GDPSLQJ WLPH RI WKH IHHGEDFN V\VWHP KDV EHHQ PHDVXUHG ZLWK WKH

DUWLnFLDOO\ H[FLWHG 5RELQVRQ LQVWDELOLW\� 7KH LQVWDELOLW\ KDV EHHQ VXSSUHVVHG
FRPSOHWHO\ ZLWK WKH IHHGEDFN V\VWHP� (YHQ XQGHU WKH KHDY\ LQVWDELOLW\ FRQ�
GLWLRQ� RXU V\VWHP GLG QRW ORVH FRQWUROODELOLW\� ,Q WKH � EXQFK RSHUDWLRQ� RXU
IHHGEDFN V\VWHP KDV VXFFHHGHG LQ VXSSUHVVLQJ WKH FRXSOHG EXQFK LQVWDELOLW\�
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�� (� .LNXWDQL� 7� .DVXJD� <� 0LQDJDZD� 7� 2ELQD� 0� 7REL\DPD DQG
/� 0D� LQ SURFHHGLQJV RI WKH �WK (XURSHDQ 3DUWLFOH $FFHOHUDWRU &RQ�
IHUHQFH� /RQGRQ� 8. ������ S������

�� (� .LNXWDQL� 7� .DVXJD� <� 0LQDJDZD� 7� 2ELQD DQG 0� 7REL\DPD� LQ
SURFHHGLQJV RI WKH ���� ,((( 3DUWLFOH $FFHOHUDWRU &RQIHUHQFH� 'DOODV
7H[DV� 8�6�$�� .(. 3UHSULQW ������

�� (� .LNXWDQL� 7� 2ELQD� 7� .DVXJD� <� 0LQDJDZD� 0� 7REL\DPD DQG
/� 0D� $,3 &RQIHUHQFH 3URFHHGLQJV ���� S����������

�� 0� 7REL\DPD� (� .LNXWDQL DQG <� 0LQDJDZD� LQ SURFHHGLQJV RI WKH ��WK
6\PSRVLXP RQ $FFHOHUDWRU 6FLHQFH DQG 7HFKQRORJ\� +LWDFKLQDND� -DSDQ
������� .(. 3UHSULQW �������

�� 0� 7REL\DPD� (� .LNXWDQL� 7� 7DQLJXFKL DQG 6� .XURNDZD� LQ SURFHHGLQJV
RI WKH ��WK 6\PSRVLXP RQ $FFHOHUDWRU 6FLHQFH DQG 7HFKQRORJ\� +LWDFKL�
QDND� -DSDQ ������� .(. 3UHSULQW �������

�� -� 1� &RUOHWW� -� -RKQVRQ� *� -RKQVRQ� *� /DPEHUWVRQ� )� 9RHONHU� LQ SUR�
FHHGLQJV RI WKH �WK (XURSHDQ 3DUWLFOH $FFHOHUDWRU &RQIHUHQFH� /RQGRQ�
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