
'
HO
IW
8
QL
YH
UV
LW\

RI
7H
FK
QR

OR
J\

.4D� 1SPKFDU
'HYHORSPHQW RI D 6DWHOOLWH &RPPXQLFDWLRQ 6\VWHP IRU
WKH 6XEPDULQHV RI WKH 5R\DO 1HWKHUODQGV 1DY\

(�1� #PVUFO





'HYHORSPHQW RI D 6DWHOOLWH &RPPXQLFDWLRQ 6\VWHP
IRU WKH 6XEPDULQHV RI WKH 5R\DO 1HWKHUODQGV 1DY\

E\

(�1� #PVUFO
0DVWHU WKHVLV VXEPLWWHG WR 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\
LQ SDUWLDO IXOILOPHQW RI WKH UHTXLUHPHQWV IRU WKH GHJUHH RI

0DVWHU RI 6FLHQFH LQ $HURVSDFH (QJLQHHULQJ

6WXGHQW QXPEHU� �������
3URMHFW GXUDWLRQ� 0D\ ���� � 'HFHPEHU ����
&KDLU� 'U� $� &HUYRQH 78 'HOIW
([WHUQDO H[DPLQHU� 'U� %�&� 5RRW 78 'HOIW
6XSHUYLVRU� 'U� 6� 6SHUHWWD 78 'HOIW
'DLO\ 6XSHUYLVRU� ,U� %�-�- 6WLMQHQ 51/$)
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7KH WKHVLV SURMHFW WKDW OLHV EHIRUH \RX PDUNV WKH HQG RI P\ VWXGLHV� DV , ZLOO EH JUDGXDWLQJ IURP WKH 78
'HOIW� 0\ VWXG\LQJ FDUHHU VWDUWV ZLWK D EDFKHORUV GHJUHH LQ 0HFKDQLFDO (QJLQHHULQJ� $IWHU FRPSOHWLRQ
, IHOW LQGHFLVLYH DERXW P\ IXWXUH VWXGLHV� 'XULQJ WKH VXEVHTXHQW JDS \HDU� , ZDV IRUWXQDWH HQRXJK WR
ZLWQHVV D QXPEHU RI URFNHW ODXQFKHV IURP &DSH &DQDYHUDO $LU )RUFH 6WDWLRQ LQ )ORULGD� 7KH HYHQWV
UHYLYHG DQ ROG IDVFLQDWLRQ IRU URFNHWV DQG VSDFH LQ JHQHUDO� OHDGLQJ WR WKH GHFLVLRQ WR VWXG\ 6SDFHIOLJKW�

1RZ WKDW , KDYH DFKLHYHG WKLV PLOHVWRQH LW HYRNHV D IHHOLQJ RI VDWLVIDFWLRQ DQG DFFRPSOLVKPHQW� +RZ�
HYHU� , ZDQW WR EH FDUHIXO QRW WR DWWULEXWH WKLV DFFRPSOLVKPHQW VROHO\ WR P\ RZQ DELOLWLHV� DV , KDYH EHHQ
OXFN\ IRU PRVW P\ OLIH� $V D WUXH HQJLQHHU , ZRXOG OLNH WR TXDQWLI\ WKH UROH OXFN SOD\V LQ P\� DQG HYHU\�
ERG\¶V OLYHV�

,Q ���� PRUH WKDQ ������ SHRSOH DSSOLHG IRU 1$6$¶V DVWURQDXW FODVV� ZLWK RQO\ �� SRVLWLRQV DYDLO�
DEOH >��@� 'XULQJ WKH VHOHFWLRQ SURFHGXUH ERWK VNLOO DQG OXFN ZLOO SOD\ D UROH� ,I WKH DVVXPSWLRQ LV PDGH
WKDW WKH VHOHFWLRQ LV ��� EDVHG RQ VNLOO DQG �� RQ OXFN� DQ DQDO\VLV FDQ EH SHUIRUPHG WR VHH KRZ PXFK
OXFN WKH DSSOLFDQWV QHHG WR EHFRPH DQ DVWURQDXW� %RWK WKH VNLOO DQG OXFN OHYHO RI HDFK DSSOLFDQW JHW D
SHUFHQWDJH EHWZHHQ �� DQG ����� 6LPXODWLQJ WKH VHOHFWLRQ SURFHGXUH ������� WLPHV \LHOGV WKDW WKH
DYHUDJH OHYHO RI OXFN UHTXLUHG WR VHFXUH D SRVLWLRQ DV DVWURQDXW LV ������� 7R PDNH WKH UROH WKDW OXFN
SOD\V HYHQ PRUH HYLGHQW� WKH DYHUDJH QXPEHU RI DVWURQDXWV RXW RI WKH �� FXUUHQWO\ VHOHFWHG� WKDW ZRXOG
VWLOO EHFRPH DQ DVWURQDXW ZKHQ RQO\ VNLOO ZRXOG EH FRQVLGHUHG LV �����

)RU PH� WKLV VKRZV WKH UROH WKDW OXFN SOD\V LQ RXU OLYHV� :KHQ WKLQJV JR ULJKW ZH WHQG WR DWWULEXWH LW
WR SHUVRQDO VNLOO� DQG LW LV KDUG WR DFNQRZOHGJH ZKHUH ZH KDYH EHHQ OXFN\� 7KXV� , KDYH UHDOLVHG� WKDW
WKH ZLQG KDV EHHQ LQ P\ EDFN IRU PRVW RI P\ OLIH� , ZRXOG� WKHUHIRUH OLNH WR WKDQN VRPH SHRSOH WKDW
PDGH PH VR OXFN\�

6WDUWLQJ ZLWK P\ IDPLO\� , ZRXOG OLNH WR WKDQN WKHP IRU WKHLU VWURQJ� QHYHU HQGLQJ� VXSSRUW DQG HQ�
FRXUDJHPHQW GXULQJ P\ VWXGLHV� , DP JUDWHIXO IRU P\ JLUOIULHQG� 5HQpH� ZKR KDV DOZD\V EHHQ D JUHDW
VRXUFH RI HQWKXVLDVP DQG PRWLYDWLRQ� )XUWKHUPRUH� , ZRXOG OLNH WR WKDQN P\ 51/$) VXSHUYLVRU %DV
6WLMQHQ� HVSHFLDOO\ IRU KLV H[WHQVLYH H[SODQDWLRQV RI DOO PDWWHU UHODWHG WR WKH 0LQLVWHU\ RI 'HIHQFH� /DVW
, ZRXOG OLNH WR WKDQN 6WHIDQR 6SHUHWWD IRU WKH FRQWLQXHV LQSXW DQG JXLGDQFH GXULQJ WKH SURMHFW�
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(29 (OHFWURQLF :DUIDUH

(60 (OHFWURQLF 6XSSRUW 0HDVXUHV

(65 (TXLYDOHQW 6HULHV 5HVLVWDQFH

(8 (XURSHDQ 8QLRQ

)63/ )UHH 6SDFH 3DWK /RVV

)7( )XOO 7LPH (PSOR\HH

*166 *OREDO 1DYLJDWLRQ 6DWHOOLWH 6\VWHP

*36 *OREDO 3RVLWLRQLQJ 6\VWHP

*8, *UDSKLFDO 8VHU ,QWHUIDFH

+0, +XPDQ 0DFKLQH ,QWHUIDFH

+3%: +DOI 3RZHU %HDP :LGWK

,0,17 ,PDJHU\ ,QWHOOLJHQFH

/(2 /RZ (DUWK 2UELW

/1$ /RZ�1RLVH $PSOLILHU

02' 0LQLVWHU\ RI 'HIHQFH

1$72 1RUWK $WODQWLF 7UHDW\ 2UJDQLVDWLRQ
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� /LVW RI $EEUHYLDWLRQV

1/5 1HWKHUODQGV $HURVSDFH &HQWUH

3R( 3RZHU RYHU (WKHUQHW

5) 5DGLR )UHTXHQF\

51/$) 5R\DO 1HWKHUODQGV $LU )RUFH

556 5HPRWH 5DGLR 6WDWLRQ

6$ 6SHFWUXP $QDO\VHU

6$7&20 6DWHOOLWH &RPPXQLFDWLRQ

6'5 6RIWZDUH 'HILQHG 5DGLR

6)3 6WRUH DQG )RUZDUG 3D\ORDG

6*3� 6WDQGDUG *HQHUDO 3HUWXUEDWLRQV 6DWHOOLWH 2UELW 0RGHO �

60' 6XUIDFH 0RXQW 'HYLFH

615 6LJQDO WR 1RLVH 5DWLR

66$ 6SDFH 6LWXDWLRQDO $ZDUHQHVV

676 6DWHOOLWH 7UDFNLQJ 6\VWHP

7/( 7ZR�/LQH (OHPHQW 0HWKRG

8+) 8OWUD +LJK )UHTXHQF\

8L2 8QLYHUVLW\ RI 2VOR

86$ 8QLWHG 6WDWHV RI $PHULFD

9+) 9HU\ +LJK )UHTXHQF\

9/) 9HU\ /RZ )UHTXHQF\

91$ 9HFWRU 1HWZRUN $QDO\VHU

96:5 9ROWDJH 6WDQGLQJ :DYH 5DWLR

:*6 :LGHEDQG *OREDO 6DWFRP

:*6�� :RUOG *HRGHWLF 6\VWHP ����



$EVWUDFW

7KH %ULN�,, VDWHOOLWH LV D 1DQR�6DWHOOLWH ZKLFK KDV WKH PDLQ REMHFWLYH WR EH D WHFKQRORJ\ GHPRQVWUDWRU
DQG SURYH WKH XVH RI VHOI RZQHG PLOLWDU\ VDWHOOLWHV� 2QH RI WKH SD\ORDGV RQERDUG WKH %ULN�,, VDWHOOLWH LV
FDOOHG WKH 6WRUH DQG )RUZDUG 3D\ORDG� ,W KDV WKH FDSDELOLW\ WR 6WRUH DQG )RUZDUG PHVVDJHV IURP DQG
WR GLIIHUHQW PLOLWDU\ DVVHWV� 7R GHPRQVWUDWH WKLV FDSDELOLW\ LW KDV EHHQ SXUSRVHG WR GHVLJQ DQG LQVWDOO
D FRPPXQLFDWLRQ V\VWHP RQERDUG WKH 5R\DO 1HWKHUODQGV 1DY\ VXEPDULQHV HQDEOLQJ FRPPXQLFDWLRQ
ZLWK %ULN�,,� 6XEVHTXHQWO\� WKLV ZRXOG EH D JRRG ZD\ WR GHPRQVWUDWH WKH SHUIRUPDQFH DQG RSHUDWLRQDO
UHOHYDQFH RI VXFK V\VWHP�

7KH ILUVW VWHS ZDV WR LGHQWLI\ WKH SUREOHP WKDW VKRXOG EH VROYHG� 7KH PDLQ REMHFWLYH RI WKLV 06F WKH�
VLV ZDV WR GHVLJQ� PDQXIDFWXUH DQG WHVW DQ RSHUDWLRQDOO\ GHSOR\DEOH FRPPXQLFDWLRQ V\VWHP IRU WKH
VXEPDULQHV RSHUDWHG E\ WKH 5R\DO 1HWKHUODQGV 1DY\� %DVHG RQ WKH PDLQ REMHFWLYH DQG FRQVXOWDWLRQ
ZLWK WKH 1DY\ WKH UHTXLUHPHQWV RI WKH V\VWHP ZHUH FRPSLOHG� )URP WKH UHTXLUHPHQWV LW ZDV FRQFOXGHG
WKDW WKHUH DUH D QXPEHU RI VLPLODULWLHV EHWZHHQ WKH 5HPRWH 5DGLR 6WDWLRQ �556� DQG WKH VXEPDULQH
FRPPXQLFDWLRQ V\VWHP� +RZHYHU� WKH DQWHQQD V\VWHP LQVWDOOHG RQ WKH 556 FDQQRW PHHW WKH VL]H
UHTXLUHPHQWV� 7KHUHIRUH D QHZ DQWHQQD V\VWHPV KDG WR EH GHVLJQ WKDW ZRXOG FRPSO\ ZLWK WKH UHTXLUH�
PHQWV� 7KLV KDV EHHQ WKH PDLQ IRFXV RI WKLV 06F WKHVLV�

7R ILQG WKH RSWLPDO GHVLJQ IRU WKH DQWHQQD� D VLPXODWLRQ WRRO IRU WKH FRPPXQLFDWLRQ EHWZHHQ WKH VXE�
PDULQH DQG %ULN�,, ZDV GHYHORSHG� ,Q WKH PRGHO GLIIHUHQW DQWHQQDV ZHUH WHVWHG WR LGHQWLI\ WKH RSWLPDO
GHVLJQ� 7KH W\SH RI DQWHQQD XVHG LQ WKH RSWLPLVDWLRQ LV D KHOLFDO DQWHQQD� 2QFH WKH RSWLPDO GHVLJQ ZDV
LGHQWLILHG LW ZDV PDQXIDFWXUHG XVHG WKH �' SULQWLQJ IDFLOLWLHV DW WKH ��� 6TXDGURQ LQ 'RQJHQ� +HUHDIWHU�
PHDVXUHPHQWV ZHUH FRQGXFWHG WR YHULI\ WKDW WKH UDGLDWLRQ SDWWHUQ RI WKH DQWHQQD FRUUHVSRQGV ZLWK WKH
SUHGLFWHG UDGLDWLRQ SDWWHUQ� 7KH VLPLODULWLHV LQ VKDSH EHWZHHQ WKH SUHGLFWHG DQG PHDVXUHG SDWWHUQ
ZHUH HYLGHQW� +RZHYHU� WKH PHDVXUHG JDLQ RI WKH DQWHQQD ZDV ORZHU WKDQ WKH SUHGLFWHG JDLQ� 7R PHHW
WKH UHTXLUHPHQWV WKH ORVVHV ZLOO KDYH WR EH PLWLJDWHG� 0XOWLSOH VROXWLRQV ZHUH SXUSRVHG WR UHGXFH WKH
ORVVHV� $ FRPPXQLFDWLRQ WHVW EHWZHHQ WKH DQWHQQD DQG WKH VDWHOOLWH FRXOG QRW EH FRQGXFWHG GXH WR
WHFKQLFDO GLIILFXOWLHV GXULQJ WHVWLQJ�

3DUW RI WKH PDLQ REMHFWLYH ZDV WR GHYHORS DQ RSHUDWLRQDOO\ GHSOR\DEOH V\VWHP� 7KLV ILUVW SURWRW\SH
GHYHORSHG LQ WKLV 06F WKHVLV SURYLGHV D EDVLV IRU IXUWKHU LWHUDWLRQ� 7KH FXUUHQW GHVLJQ LPSRVHV WZR
FRQVWUDLQWV RQ WKH GHSOR\DELOLW\� )LUVW WKH DQWHQQD JDLQ ORVVHV KDYH WR EH PLWLJDWHG VLQFH WKH ORZHU
JDLQ UHVXOWV LQ OHVV WKDQ UHTXLUHG GDWD WKURXJKSXW� 7KH ORVVHV FDQ EH UHGXFHG E\ LPSOHPHQWLQJ WKH
SURSRVHG VROXWLRQV� 6HFRQG� WKH FKRLFH RI D KHOLFDO DQWHQQD ZLWK DQ RPQLGLUHFWLRQDO UDGLDWLRQ SDWWHUQ
UHVXOWV LQ DQ LQFUHDVHG FKDQFH RI GHWHFWLRQ E\ SRVVLEOH DGYHUVDULHV� 7KLV IXQFWLRQDO FRQVWUDLQW FDQQRW
EH UHPHGLHG GXH WR WKH VL]H UHTXLUHPHQWV� ,Q FRQFOXVLRQ� WKH DQWHQQD GHVLJQ SURSRVHG LQ WKLV WKHVLV
JLYHV D EDVLV IRU D V\VWHP WKDW FDQ SURYLGH DGGHG YDOXH WR WKH RSHUDWLRQV RI WKH VXEPDULQH�
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0XOWLSOH FRXQWULHV DUH GHYHORSLQJ PLOLWDU\ FDSDELOLWLHV LQ VSDFH� VXFK DV WKH 8QLWHG 6WDWHV 6SDFH )RUFHV
DQG WKH )UHQFK 6SDFH &RPPDQG >��@� 7KH 0LQLVWU\ RI 'HIHQVH LQ WKH 1HWKHUODQGV KDV QRZ MRLQHG WKLV
PRYHPHQW� 7KH 5R\DO 1HWKHUODQGV $LU )RUFH �51/$)� KDV ODXQFKHG WKH %ULN�,, VDWHOOLWH LQ -XQH RI
����� 7KH %ULN�,, VDWHOOLWH LV D 1DQR�6DWHOOLWH WKDW ZLOO SURYLGH LQVLJKW LQ WKH XVH RI VHOI�RZQHG PLOLWDU\
VDWHOOLWHV� 7KH PDLQ REMHFWLYH RI %ULN�,, LV WR GHPRQVWUDWH WKH XVHIXOQHVV RI PLOLWDU\ FDSDELOLWLHV LQ VSDFH�
ZKLFK ZLOO EH DFKLHYHG E\ WKH WKUHH SD\ORDGV RQ ERDUG� 'XULQJ WKLV 06F WKHVLV WKH IRFXV ZLOO EH RQ DQ
DSSOLFDWLRQ RI WKH 6WRUH DQG )RUZDUG 3D\ORDG �6)3�� 7KH SD\ORDG KDV WKH FDSDELOLW\ WR VWRUH DQG IRUZDUG
PHVVDJHV EHWZHHQ PLOLWDU\ DVVHWV� 7KH XVH�FDVH FRQVLGHUHG LV WKH FRPPXQLFDWLRQ EHWZHHQ WKH 5R\DO
1HWKHUODQGV 1DY\¶V VXEPDULQHV DQG 6)3 RQ�ERDUG %ULN�,,� 7KH VXEPDULQHV FXUUHQWO\ KDYH 6DWHOOLWH
&RPPXQLFDWLRQ �6$7&20� FDSDELOLWLHV� +RZHYHU� WKH V\VWHPV DUH GHSHQGHG RQ DOOLHG SDUWQHUV� WKXV
WKH XVH LV OLPLWHG VLQFH LW LV VKDUHG� )XUWKHUPRUH� WKH WUDQVPLWWHG LQIRUPDWLRQ LV QRW SULYDWH DQG FDQ
EH UHFHLYHG E\ DOOLHG SDUWQHUV� 'XH WR WKHVH FRQVWUDLQWV LW LV VWLOO FRPPRQ SUDFWLVH WR VWRUH JDWKHUHG
LQWHOOLJHQFH RQ�ERDUG DQG RQO\ XQORDG XSRQ DUULYDO DW WKH SRUW >��@� ,W FDQ EH FRQFOXGHG WKDW 'XWFK
6$7&20 FDSDELOLWLHV FDQ LPSURYH DGGHG YDOXH WR WKH VXEPDULQH RSHUDWLRQV� 7KH %ULN�,, VDWHOOLWH ILOOV
WKLV QHHG VLQFH LW LV WKH ILUVW VDWHOOLWH FDSDEOH RI VXSSRUWLQJ WKH 'XWFK DUPHG IRUFHV LQGHSHQGHQW RI
RWKHU SDUWLHV� 7KH VXEPDULQHV KDYH WR EH DGMXVWHG VXFK WKDW FRPPXQLFDWLRQ ZLWK %ULN�,, LV SRVVLEOH�
7KH GHYHORSPHQW RI VXFK 6$7&20 V\VWHP LV WKH REMHFWLYH RI WKLV 06F WKHVLV�

���� 2EMHFWLYH� 4XHVWLRQV 	 $SSURDFK
7KH PDLQ UHVHDUFK REMHFWLYH RI WKLV WKHVLV LV�

´5HVHDUFK 2EMHFWLYH� 7R HQDEOH FRPPXQLFDWLRQ EHWZHHQ D VXEPDULQH DQG WKH 6WRUH
DQG )RUZDUG SD\ORDG RI WKH %ULN�,, VDWHOOLWH E\ PHDQV RI GHVLJQLQJ� PDQXIDFWXULQJ DQG
WHVWLQJ DQ RSHUDWLRQDOO\ GHSOR\DEOH FRPPXQLFDWLRQ V\VWHP IRU WKH VXEPDULQHV RSHUDWHG
E\ WKH 5R\DO 1HWKHUODQGV 1DY\�´

7KH ILUVW VWHS LQ DFKLHYLQJ WKH UHVHDUFK REMHFWLYH LV WR JDWKHU WKH UHTXLUHPHQWV IRU WKH V\VWHP E\ FRQ�
VXOWLQJ ZLWK WKH 1DY\� 7KH UHTXLUHPHQWV DUH EDVHG RQ KRZ WKH V\VWHP ZLOO EH XWLOLVHG GXULQJ RSHUDWLRQV�
2QFH WKH UHTXLUHPHQWV KDYH EHHQ JDWKHUHG D V\VWHP FDQ EH GHVLJQHG WKDW PHHWV WKH UHTXLUHPHQWV�
7R GR WKLV� D WRRO ZLOO EH GHYHORSHG WKDW VLPXODWHV WKH FRPPXQLFDWLRQ EHWZHHQ WKH VDWHOOLWH DQG WKH VXE�
PDULQH� 7R VLPXODWH WKH FRPPXQLFDWLRQ� WKH FKDUDFWHULVWLFV RI WKH 6$7&20 V\VWHP VKRXOG EH NQRZQ�
7KHUHIRUH WKH IROORZLQJ UHVHDUFK TXHVWLRQ KDV WR EH DQVZHUHG�

´6XE�4XHVWLRQ �� :KDW SK\VLFDO GHVLJQ FKDUDFWHULVWLFV GRHV D VDWHOOLWH FRPPXQLFDWLRQ
V\VWHP KDYH WR PHHW WR EH GHSOR\DEOH RQ�ERDUG WKH 'XWFK VXEPDULQHV"´

8VLQJ WKH VLPXODWLRQ WRRO� LW LV SRVVLEOH WR FKDUDFWHULVH WKH SHUIRUPDQFH RI VXEPDULQH DQWHQQD V\VWHP�
,W ZLOO EH XVHG WR RSWLPLVH WKH V\VWHP GHVLJQ EDVHG RQ WKH VHW UHTXLUHPHQWV� 2QFH DQ RSWLPDO GHVLJQ
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LV IRXQG� WKH DQWHQQD ZLOO EH PDQXIDFWXUHG WR WKH VHW VSHFLILFDWLRQV� +HUHDIWHU WKH DQWHQQD ZLOO EH VXE�
MHFWHG WR D QXPEHU RI WHVWV WKDW ZLOO GHWHUPLQH LI WKH SHUIRUPDQFH RI WKH DQWHQQD LV DV H[SHFWHG� 7KH ILUVW
WHVW ZLOO SURYLGH LQVLJKW LQ WKH DQWHQQD UDGLDWLRQ SDWWHUQ� 7KH VHFRQG WHVW ZLOO DWWHPSW WR FRPPXQLFDWH
ZLWK %ULN�,,� 7KH VLPXODWLRQ WRRO DORQJ ZLWK WKH WZR WHVWV ZLOO KHOS WR DQVZHU WKH ODVW UHVHDUFK TXHVWLRQ�

´6XE�4XHVWLRQ �� :KDW DUH WKH SHUIRUPDQFH FKDUDFWHULVWLFV RI WKH VXEPDULQH VDWHOOLWH
FRPPXQLFDWLRQ V\VWHP"´

,I WKH SURFHVV LV FRPSOHWHG DV PHQWLRQHG DERYH� WKH UHVHDUFK TXHVWLRQV VKRXOG EH DQVZHUHG� )XUWKHU�
PRUH WKH REMHFWLYH RI WKLV WKHVLV VKRXOG EH DFKLHYHG� 7KH VWUXFWXUH RI WKLV UHSRUW LV GLVFXVVHG LQ VHFWLRQ
��� KHUHDIWHU�

���� 7KHVLV VWUXFWXUH
7KH WKHVLV LV RUJDQLVHG LQWR � PDLQ FKDSWHUV� &KDSWHU � SURYLGHV D IUDPH RI UHIHUHQFH UHJDUGLQJ
WKH 1HWKHUODQGV 0LQLVWHU\ RI 'HIHQFH �02'�� )XUWKHUPRUH DQ HODERUDWLRQ RQ WKH PLOLWDU\ KDUGZDUH RI
LQWHUHVW �H�J� %ULN�,,� LV JLYHQ� ,Q &KDSWHU � WKH UHTXLUHPHQWV IRU WKH V\VWHP DUH FRYHUHG DQG H[SODLQHG�
&KDSWHU � FRYHUV WKH VLPXODWLRQ RI WKH FRPPXQLFDWLRQ EHWZHHQ VDWHOOLWH DQG VXEPDULQH� 7KH VLPXODWLRQ
ZLOO EH XVHG WR ILQG WKH RSWLPDO GHVLJQ DQG WKH UHVXOWV DUH SUHVHQWHG� 6XEVHTXHQWO\� FKDSWHU � FRYHUV
WKH PDQXIDFWXULQJ RI WKH GHVLJQ REWDLQHG LQ WKH RSWLPLVDWLRQ� ,Q FKDSWHU � WKH DQWHQQD LV VXEMHFWHG WR
WZR PHDVXUHPHQWV� 7KH ILUVW LV D UDGLDWLRQ SDWWHUQ WHVW WR YHULI\ WKH SHUIRUPDQFH RI WKH DQWHQQD� 7KH
VHFRQG LV D WHVW LQ ZKLFK WKH DQWHQQD DWWHPSWV WR FRPPXQLFDWH ZLWK WKH %ULN�,, VDWHOOLWH� )LQDOO\� FKDSWHU
� VWDWHV WKH UHOHYDQW FRQFOXVLRQV DQG SURYLGHV UHFRPPHQGDWLRQV RQ IXWXUH ZRUN�



�
)UDPH RI 5HIHUHQFH� 1HWKHUODQGV

0LQLVWU\ RI 'HIHQFH

7KH1HWKHUODQGV02' KDV WKHPDLQ UHVSRQVLELOLW\ WR SURWHFW 7KH 1HWKHUODQGV DQG LW RYHUVHHV WHUULWRULHV�
7R EH DEOH WR DFFRPSOLVK WKLV JRDO� LW KDV WR KDYH SHUVRQQHO� ILQDQFLDO PHDQV� DQG PDWHULDO UHVRXUFHV DW
LWV GLVSRVDO� 7KH PLQLVWU\ LV SROLWLFDOO\ OHG E\ WKH PLQLVWHU RI 'HIHQVH� ZKLFK LV +HQN .DPS DW WKLV WLPH
>��@� 7KH 02' KDV RYHU ����� HPSOR\HH DQG LV RQH RI WKH ELJJHVW HPSOR\HUV LQ 7KH 1HWKHUODQGV >��@�

7KH 0LQLVWU\ RI 'HIHQFH LV VXEGLYLGHG LQ WR IRXU PDLQ EUDQFKHV QDPHO\� 7KH 5R\DO 1HWKHUODQGV $LU
)RUFH� 7KH 5R\DO 1HWKHUODQGV 1DY\� 7KH 5R\DO 1HWKHUODQGV $UP\� DQG 7KH 5R\DO 1HWKHUODQGV 0LO�
LWDU\ 3ROLFH� 7KH 06F WKHVLV LV FRQGXFWHG LQ FRRSHUDWLRQ EHWZHHQ WKH 7KH 51/$) DQG 7KH 5R\DO
1HWKHUODQGV 1DY\� ,Q WKLV FKDSWHU ERWK DUH GLVFXVVHG LQ PRUH GHWDLO WR SURYLGH DQ HODERUDWH IUDPH RI
UHIHUHQFH� 3DUWV RI LQIRUPDWLRQ GLVFXVVHG LV EDVHG RQ WKH OLWHUDWXUH VWXG\ WKDW SUHFHGHV WKLV 06F WKHVLV
>��@� $ ODUJH SDUW RI WKH LQIRUPDWLRQ SUHVHQWHG LQ WKLV VHFWLRQ LV SURYLGHG ZLWK WKH FRXUWHV\ RI WKH 51/$)
>��@�

���� 7KH 5R\DO 1HWKHUODQGV $LU )RUFH
7KH 51/$) LV WKH \RXQJHVW RI WKH IRXU EUDQFKHV RI WKH 02'� ,W LV D KLJK�WHFK RUJDQLVDWLRQ ZKLFK
VXSSRUWV WKH REMHFWLYHV RI WKH 7KH 1HWKHUODQGV 02'� 7KH PDLQ FDSDELOLWLHV DUH GHIHQGLQJ WKH 'XWFK
DLUVSDFH� SURYLGLQJ VXSSRUW GXULQJ RSHUDWLRQV� DQG GHOLYHU RIIHQVLYH DQG GHIHQVLYH FDSDELOLWLHV LQ FRQ�
IOLFW VLWXDWLRQV� 7R DFKLHYH WKH REMHFWLYHV WKH 51/$) KDV ���� SHRSOH SHUVRQQHO >��@�

,Q UHFHQW \HDUV 6SDFH EHFDPH PRUH DIIRUGDEOH DQG DFFHVVLEOH� WKLV DOORZV FRXQWULHV ZLWK D UHODWLYHO\
VPDOO PLOLWDU\ EXGJHW� OLNH WKH 1HWKHUODQGV� WR H[SORUH WKLV QHZ ZDUIDUH GRPDLQ� 6DWHOOLWHV SURYLGH YDOX�
DEOH LQIRUPDWLRQ ZKLFK FDQQRW EH HDVLO\ REWDLQHG RWKHUZLVH� ,Q ���� WKH 51/$) GHFLGHG WKDW LW ZDV
WLPH WR MRLQ WKLV PRYHPHQW� $V VXFK WKH GHSDUWPHQW RI VSDFH ZDV FUHDWHG� LQ 'XWFK QDPHG 6HFWLH
6SDFH� 7KH 06F� WKHVLV KDV EHHQ FRQGXFWHG XQGHU WKH VXSHUYLVLRQ RI 6HFWLH 6SDFH� :LWKLQ WKH $LU
)RUFH� 6HFWLH 6SDFH LV ORFDWHG LQ WKH $LU DQG 6SDFH:DUIDUH &HQWUH� ZKLFK LV UHVSRQVLEOH IRU QHZ GHYHO�
RSPHQWV FRQFHUQLQJ WKH $LU DQG 6SDFH 'RPDLQ� ,Q )LJXUH ��� D KLHUDUFK\ PDS RI WKH 1HWKHUODQGV 02'
LV VKRZQ� OHDGLQJ WKURXJK WKH GLIIHUHQW RUJDQLVDWLRQDO OD\HUV WR WKH 'HIHQFH 6SDFH 6HFXULW\ &HQWUH�
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� �� )UDPH RI 5HIHUHQFH� 1HWKHUODQGV 0LQLVWU\ RI 'HIHQFH

)LJXUH ���� 3RVLWLRQ RI 6HFWLH 6SDFH LQ WKH $UPHG )RUFHV

������ 6HFWLH 6SDFH
7KH 6HFWLH 6SDFH KDV PXOWLSOH SXUSRVHV IRU WKH 51/$)� 7KH 6HFWLH IRFXVHV RQ D QXPEHU RI SURMHFWV
VXFK DV LQWHUQDWLRQDO FRRSHUDWLRQ DQG FRRUGLQDWLRQ� WKH GHYHORSPHQW RI 6SDFH 6LWXDWLRQDO $ZDUHQHVV
�66$� FDSDELOLWLHV� REWDLQ FRPPHUFLDO VDWHOOLWH GDWD� VDWHOOLWH FRPPXQLFDWLRQ� DQG WKH XVH RI VPDOO VDWHO�
OLWH IRU PLOLWDU\ SXUSRVHV�

7KH VSDFH GHSDUWPHQW ZDV VWDWHG LQ ���� ZLWK RQO\ WZR SHRSOH� WZR \HDUV ODWHU WKH 6SDFH 6HFXULW\
&HQWUH ZDV HVWDEOLVKHG DQG WKH 6HFWLH 6SDFH GRXEOHG LQ VL]H� ,Q ���� WKH VSDFH GHSDUWPHQW ZDV
UHQDPHG WR WKH 'HIHQFH 6SDFH 6HFXULW\ &HQWUH� DQG JURZQ LQ SHUVRQQHO WR WHQ )7(¶V� 7KH VSDFH
VXSSRUW WR PLOLWDU\ RSHUDWLRQV FDQ EH GLYLGHG LQ WR VL[ HOHPHQWV DV GHILQHG E\ WKH 1RUWK $WODQWLF 7UHDW\
2UJDQLVDWLRQ �1$72��

�� 6DWHOOLWH &RPPXQLFDWLRQ� 8VHG WR FRPPXQLFDWH GDWD EHWZHHQ GLIIHUHQW PLOLWDU\ DVVHWV� 7KH
GDWD FDQ EH PHVVDJHV �YRLFH RU WH[W�� EXW DOVR FRPPDQGV IRU DXWRQRPRXV YHKLFOHV HWF�

�� ,QWHOOLJHQFH 6XUYHLOODQFH DQG 5HFRQQDLVVDQFH� 7KH REMHFWLYH LV WR JDWKHU LQIRUPDWLRQ RQ SR�
WHQWLDO DGYHUVDULHV� 7KH LQWHOOLJHQFH FDQ EH REWDLQHG E\ DQDO\VLQJ LPDJHU\� EXW DOVR IRU H[DPSOH
E\ LQWHUFHSWLQJ WUDQVPLVVLRQV RU JHR�ORFDWLQJ UDGDU V\VWHPV EDVHG RQ WKHLU VLJQDO HPLVVLRQ�

�� 3RVLWLRQLQJ� 1DYLJDWLRQ DQG 7LPLQJ� &XUUHQWO\ WKHUH DUH IRXU *OREDO 1DYLJDWLRQ 6DWHOOLWH 6\V�
WHP �*166� V\VWHPV� *36 �86$�� *DOLOHR �(8�� */21$66 �5XVVLD�� DQG %HLGRX �&KLQD�� 7KHVH
V\VWHPV DUH XVHG WR GHWHUPLQH WKH ORFDWLRQ RI DVVHWV� )XUWKHUPRUH WKH\ KDYH WKH DELOLW\ WR SURYLGH
DFFXUDWH WLPLQJ� WKDW FDQ EH XVHG IRU V\QFKURQLVLQJ V\VWHPV� *166 VSRRILQJ� WKH PDQLSXODWLRQ
RI WKH *166 VLJQDO WR FRQIXVH UHFHLYLQJ GHYLFHV� LV D JURZLQJ WUHDW IRU PLOLWDU\ DVVHWV >��@�



���� 7KH 5R\DO 1HWKHUODQGV $LU )RUFH �

�� 6SDFH 'RPDLQ $ZDUHQHVV� 7KH REMHFWLYH LV WR HQVXUH VDIHW\ LQ VSDFH� )XUWKHUPRUH LW SURYLGHV
RYHUIOLJKWV ZDUQLQJ� DQG GHWHFWV DQG PRQLWRUV VSDFH GHEULV >�@�

�� 6KDUHG (DUO\ :DULQJ� $Q HDUO\ ZDUQLQJ V\VWHP WR GHWHFW PLVVLOHV ODXQFKHG E\ HQHPLHV�

�� 0HWHRURORJLFDO� 3URYLGH WHUUHVWULDO DQG VSDFH ZHDWKHU IRUHFDVW� 6SDFH ZHDWKHU LV LPSRUWDQW
HQVXUH FRPPXQLFDWLRQ FDSDELOLWLHV� DV FKDUJHG SDUWLFOHV IURP VSDFH FDQ FDXVH GLVUXSWLRQ�

$SDUW IURP WKH � 1$72 VSDFH GRPDLQV� WKH VSDFH GHSDUWPHQW PDQDJHV VHYHUDO KLJK WHFK SURMHFWV WR
GHYHORS WHFKQRORJ\ DQG FDSDELOLWLHV WKDW FDQ EH LQMHFWHG LQWR PLOLWDU\ RSHUDWLRQV� &RQFHUQLQJ 66$ WKHUH
DUH WZR SURMHFW RQ JRLQJ� RQH FDOOHG ',6&29(5 ZKLFK LV D SURMHFW FRQGXFWHG ZLWK 7KDOHV +HQJHOR� WKH
DLP LV WR VHH LI WKH QHZ DLU VXUYHLOODQFH UDGDU FDQ DOVR ORRN LQWR ORZ HDUWK RUELW� $ VHFRQG 66$ SURMHFW
LV )2726� WKLV SURMHFW LV DERXW RSWLFDO REVHUYDWLRQV IURP HDUWK WR VSDFH WR WUDFN DQG FDWHJRULVH VSDFH
REMHFWV� 7KH 51/$) LV ZRUNLQJ LQWHUQDWLRQDOO\ ZLWK �� FRXQWULHV WR SURRI WKH PLOLWDU\ UHOHYDQFH RI VPDOO
VDWHOOLWHV� FDOOHG WKH UHVSRQVLYH VSDFH FDSDELOLWLHV 028� )XUWKHUPRUH� WKH $LU )RUFH KDV WZR VDWHOOLWH
GHYHORSPHQW SURMHFWV� 0,/63$&(�,, D FRRSHUDWLRQ EHWZHHQ WKH 1RUZHJLDQ 02' DQG WKH 51/$)� ,Q
0,/63$&(�,, WZR VDWHOOLWHV DUH FRQVWUXFWHG WKDW ZLOO IO\ LQ IRUPDWLRQ� /DXQFK LV SODQQHG IRU ���� DQG WKH
SURMHFW LV FRQGXFWHG E\ D FRQVRUWLXP RI 1HWKHUODQGV $HURVSDFH &HQWUH �1/5�� 712 DQG )),� $OVR� WKH
VSDFH GHSDUWPHQW KDV LWV RZQ VDWHOOLWH SURJUDP IRU WKH %ULN�,, VDWHOOLWH� %ULN�,, LV WKH PDLQ V\VWHP DURXQG
ZKLFK WKH GHVLJQ SURFHVV LQ WKLV 06F 7KHVLV LV FRQGXFWHG� ,Q WKH QH[W VHFWLRQ D IXUWKHU HODERUDWLRQ RQ
WKH %ULN�,,� LWV PLVVLRQ� DQG WKH FDSDELOLWLHV LV JLYHQ�

������ %ULN�,, 6DWHOOLWH
$VPRUH FRXQWULHV DUH GHYHORSLQJPLOLWDU\ FDSDELOLWLHV LQ VSDFH� VXFK DV WKH 8QLWHG 6WDWHV 6SDFH )RUFHV
DQG WKH )UHQFK 6SDFH &RPPDQG >��@� WKH 1HWKHUODQGV 02' GHFLGHG WR MRLQ WKLV PRYHPHQW� 7KH FD�
SDELOLWLHV RII D VDWHOOLWH FDQ EH RI JRRG YDOXH WR WKH DUPHG IRUFHV� )URP WKLV LQFHQWLYH WKH %ULN�,, VDWHOOLWH
SURMHFW ZDV FUHDWHG� %ULN�,, LV WKH ILUVW PLOLWDU\ VDWHOOLWH ODXQFKHG E\ WKH 1HWKHUODQGV 02'� 7KH VDWHOOLWH
KDV EHHQ ODXQFKHG RQ ��፭፡ RI -XQH ���� RQ�ERDUG WKH 7XEXODU %HOOV� 3DUW 2QH PLVVLRQ E\ 9LUJLQ 2UELW
>��@� 7KH ODXQFK ZDV VXFFHVVIXO DQG WKH VDWHOOLWH LV LQ D ��� NP RUELW ZLWK D ����� LQFOLQDWLRQ�

7KH PDLQ REMHFWLYH RI WKH SURMHFW LV WR EH D WHFKQRORJ\ GHPRQVWUDWRU� 7KH VDWHOOLWH FDQ SURYH WKH
XVHIXOQHVV RI PLOLWDU\ RZQHG VDWHOOLWHV IRU WKH DUPHG IRUFHV� 7KH IDFW WKDW LW LV D GHPRQVWUDWRU LPSOLHV
WKDW WKH DUPHG IRUFHV DUH QRW RSHUDWLRQDOO\ GHSHQGHQW RQ WKH VDWHOOLWH¶V FDSDELOLWLHV� 7KLV GRHV QRW LP�
SO\ WKDW WKH VDWHOOLWH KDV QR RSHUDWLRQDO EHQHILWV� 7KH UHODWLYHO\ VPDOO �8 &XEH6DW KDV WKUHH SD\ORDGV
RQ�ERDUG� ZKLFK HDFK KDYH GLIIHUHQW FDSDELOLWLHV� 7KH FDSDELOLWLHV RI WKH SD\ORDGV ZLOO EH GLVFXVVHG
LQ WKH QH[W VHFWLRQ� 7R SURYLGH D JRRG RYHUYLHZ RI WKH %ULN�,, VDWHOOLWH D QXPEHU RI FKDUDFWHULVWLFV DUH
OLVWHG LQ WDEOH ����

&KDUDFWHULVWLF 9DOXH
6L]H �8 &XEH6DW
0DVV ��� >NJ@
2UELWDO LQFOLQDWLRQ ���� >�@
(FFHQWULFLW\ �
3D\ORDGV �
0LQLPDO OLIHWLPH � \HDUV
*URXQG VWDWLRQ ORFDWLRQ 'RQJHQ �1/�
$FWLYH $&'6 <HV

7DEOH ���� *HQHUDO %ULN�,, FKDUDFWHULVWLFV

&DSDELOLWLHV
7KH %ULN�,, VDWHOOLWH KDV WKUHH SD\ORDGV RQ�ERDUG� 7KH FDSDELOLWLHV RI WKH SD\ORDGV� DORQJ ZLWK WKH
RSHUDWLRQDO DGGHG YDOXH� DUH OLVWHG EHORZ� 7R JHW D EHWWHU XQGHUVWDQGLQJ RI WKH VDWHOOLWH VWUXFWXUH�
SRVLWLRQ RI WKH SD\ORDGV LQ WKH VDWHOOLWH DUH VKRZQ LQ ILJXUH ����
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)LJXUH ���� 7KH %ULN�,, VDWHOOLWH

�� 6FLQ0RQ� 6FLQ0RQ LV D VFLQWLOODWLRQ PRQLWRU ZKLFK XVHV /DQJPXLU SUREHV WR PHDVXUH VSDFH
ZHDWKHU� GHQVLW\ DQG WHPSHUDWXUH RI HOHFWURQV� 7KH 6FLQ0RQ SD\ORDG KDV EHHQ GHYHORS E\ WKH
8QLYHUVLW\ RI 2VOR �8L2�� 7KH VFLQWLOODWLRQ PRQLWRU HQDEOHV WKH $LU )RUFH WR DQDO\VH LI GLVWXUEDQFHV
LQ *36 VLJQDOV RU UDGLR WUDIILF DUH FDXVHG E\ QDWXUDO SKHQRPHQD RU SRWHQWLDO DGYHUVDULHV� 7KH
GDWD JDWKHUHG E\ 6FLQ0RQ ZLOO EH XVHG WR GHYHORS D IRUHFDVW PRGHO WR EHWWHU XQGHUVWDQG WKH
GLVWXUEDQFH FDXVHG E\ WKH LQWHUDFWLRQ RI VRODU SDUWLFOHV ZLWK WKH HDUWK¶V PDJQHWLF ILHOG >��@� 7KH
LQIRUPDWLRQ JDWKHUHG LV WKH HOHFWURQ WHPSHUDWXUH DQG HOHFWURQ GHQVLW\� 7KH SD\ORDG FRQVLVWV RI
� PXOWL QHHGOH /DQJPXLU SUREHV� DORQJ ZLWK DQ HOHFWURQ HPLWWHU WR FRQWURO WKH SRWHQWLDO RI WKH
VDWHOOLWH�

�� 3+,12� 3+,12 LV DQ (OHFWURQLF 6XSSRUW 0HDVXUHV �(60� VHQVRU WKDW KDV WKH DELOLW\ WR PHDVXUH
UDGLR VLJQDOV� 3+,12 KDV EHHQ GHYHORSHG E\ WKH 1/5� ,W DOORZV WKH $LU )RUFH WR GHWHFW DQG
DQDO\VH WKH XVH RI UDGLR VLJQDOV RQ HDUWK� 7KLV FDQ EH SURYLGH YDOXDEOH LQIRUPDWLRQ RI SRWHQWLDO



���� 7KH 5R\DO 1HWKHUODQGV $LU )RUFH ��

DGYHUVDULHV� VXFK DV WKH ORFDWLRQ RI JURXQG UDGDU V\VWHPV� 3+,12 FDOFXODWHV WKH DQJOH RI DUULYDO
RI D UDGLR WUDQVPLVVLRQ IURP HDUWK� WR JHRORFDWH WKH VRXUFH RQ WKH VXUIDFH� 7KH DQJOH RI DUULYDO LV
GHWHUPLQHG E\ PHDVXULQJ WKH SKDVH GLIIHUHQFH RI WKH LQFRPLQJ VLJQDO� 7KH SULQFLSOH FDQ EH VHHQ
LQ ILJXUH ��� EHORZ�

)LJXUH ���� 3ULQFLSOH RI SKDVH GLIIHUHQFH WKDW HQDEOHV ORFDOLVDWLRQ RI UDGLR VLJQDOV

�� 6WRUH DQG )RUZDUG 3D\ORDG� 6)3 KDV WKH FDSDELOLW\ WR VWRUH PHVVDJHV DQG UHOD\ WKHVH DW D
GLIIHUHQW ORFDWLRQ RQ HDUWK� 7KH 6)3 LV GHVLJQ DQG EXLOG E\ WKH ��� 6TXDGURQ LQ 'RQJHQ �1/��
7KH SD\ORDG HQDEOHV WKH DUPHG IRUFHV WR WUDQVPLW VHFXUH PHVVDJHV EHWZHHQ GLIIHUHQW DVVHWV�
7KH SD\ORDG FRQVLVW RI D VPDOO 6RIWZDUH 'HILQHG 5DGLR �6'5� WKDW RSHUDWHV LQ WKH 8OWUD +LJK
)UHTXHQF\ �8+)� EDQG� 7KH DQWHQQD RI WKH 6)3 LV VKDUHG ZLWK WKH UHVW RI WKH VSDFHFUDIW �H�J� WR
WUDQVPLW KRXVHNHHSLQJ GDWD�� 7KH 6)3 EHIRUH LQWHJUDWLRQ ZLWK WKH VDWHOOLWH FDQ EH LQ ILJXUH ����

)LJXUH ���� 6WRUH DQG )RUZDUG 3D\ORDG >��@

,Q WDEOH ��� EHORZ D QXPEHU RI FKDUDFWHULVWLFV UHJDUGLQJ WKH 6)3 DUH OLVWHG� ,W FDQ EH VHHQ WKDW
WKH SD\ORDG XVHV WZR VHSDUDWH IUHTXHQFLHV IRU XS� DQG GRZQOLQN� 8SRQ UHTXHVW RI WKH 51/$)
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WKH XSOLQN DQG GRZQOLQN IUHTXHQF\ ZLOO QRW EH GLVFORVHG LQ WKLV SURMHFW� $ UDQJH RI YDOXHV FDQ EH
VHHQ LQ WDEOH ���� WKHVH SURYLGH DQ LQGLFDWLRQ RI WKH IUHTXHQFLHV XVHG�

&KDUDFWHULVWLF 9DOXH
8SOLQN IUHTXHQF\ ������� 0+]
'RZQOLQN IUHTXHQF\ ������� 0+]
%DQGZLGWK �� .+]
$QWHQQD ¶WHPSHUDWXUH¶ ��� .
(OHFWURQLFV ¶WHPSHUDWXUH¶ ��� .
7UDQVPLW SRZHU ��� :
(IIHFWLYH ,VRWURSLF 5DGLDWHG 3RZHU �(,53� � G%:

0RGXODWLRQ $GYDQFHG &RGLQJ DQG 0RGXODWLRQ �$&0�
'HIDXOW� %LQDU\ SKDVH�VKLIW NH\LQJ �%36.�

7DEOH ���� &KDUDFWHULVWLFV 6WRUH DQG )RUZDUG 3D\ORDG >��@

&RQVRUWLXP
7KH %ULN�,, VDWHOOLWH ZDV GHYHORSHG LQ ZLWK FRQVRUWLXP RI GLIIHUHQW SDUWQHUV� ZKLFK HDFK FRQWULEXWHG LQ D
GLIIHUHQW ZD\� 7KH VWUXFWXUH LQ ZKLFK WKH FRQVRUWLXP RSHUDWHV FDQ EH VHHQ LQ ILJXUH ��� EHORZ�

)LJXUH ���� %ULN�,, GHYHORSPHQW FRQVRUWLXP

7KH VDWHOOLWH LV WKH ILUVW VDWHOOLWH GHYHORSHG E\ DQG IRU WKH $LU )RUFH� 6LQFH WKLV PLVVLRQ LV D WHFKQRORJ\
GHPRQVWUDWRU WKH 51/$) GHFLGHG WKH\ ZDQW WR PDQDJH WKH SURMHFW GHYHORSPHQW WKHPVHOYHV� 7KH
EHQHILW RI VXFK VHW�XS LV WKDW WKH 51/$) LV FORVH WR WKH SURMHFW WHDP DQG KDV WKH RSSRUWXQLW\ WR OHDUQ
DERXW D VDWHOOLWH SURMHFW IURP ZLWKLQ� E\ DFWLYH SDUWLFLSDWLRQ� 7KH VWUXFWXUH FKRVHQ KHUH LV QRW FRPPRQ
IRU GHIHQVH FRQWUDFWV VLQFH WKH $LU )RUFH LV XVXDOO\ WKH FXVWRPHU DQG GRHV QRW DFWLYHO\ SDUWLFLSDWH LQ WKH
GHYHORSPHQW� 7KH 51/$) %ULN�,, WHDP LV DVVLVWHG E\ WKH 78 'HOIW� 7KH 78 'HOIW KDV D ORW RI H[SHULHQFH
LQ YDULRXV VSDFH DFWLYLWLHV DPRQJVW ZKLFK EXLOGLQJ H[SHULPHQWDO VDWHOOLWHV DQG DVVLVW WKH $LU )RUFH RQ
D WHFKQLFDO DQG SURJUDPPDWLF OHYHO� ,6,6 LV WKH SODWIRUP LQWHJUDWRU IRU WKH VDWHOOLWH DORQJ ZLWK EHLQJ WKH
ODXQFK EURNHU� 7KH ��� 6TXDGURQ� 1/5 DQG 8L2 HDFK GHOLYHU D SD\ORDG� DV PHQWLRQHG LQ WKH SUHYLRXV
VHFWLRQ� 7KH 51/$) LV UHVSRQVLEOH IRU WKH GHYHORSPHQW RI WKH SD\ORDGV DQG GHOLYHUV WKRVH WR ,6,6 IRU
LQWHJUDWLRQ�

������ 5HPRWH 5DGLR 6WDWLRQ
$ORQJ ZLWK WKH GHYHORSPHQW RI WKH %ULN�,, VDWHOOLWH DQG WKH 6)3� 7KH $LU )RUFH KDV VWDUWHG ZLWK WKH
LPSOHPHQWDWLRQ RI WKH %ULN�,, FDSDELOLWLHV LQWR WKH $UPHG )RUFHV RSHUDWLRQV� 7R HQDEOH WKH FDSDELOLWLHV
RI WKH 6)3 IRUFHV LQ WKH ILHOG QHHG D GHYLFH WKDW FDQ FRPPXQLFDWH ZLWK WKH VDWHOOLWH� 8VLQJ WKH GHYLFH
WKH\ FDQ WUDQVIHU PHVVDJH WR RWKHU DVVHWV� 7KH GHYLFH ZKLFK ZLOO HQDEOH WKLV LV WKH 556� $ �' UHQGHU
RI WKH 556 V\VWHP FDQ EH VHHQ LQ ILJXUH ����
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)LJXUH ���� 5HQGHU RI WKH 5HPRWH 5DGLR 6WDWLRQ >��@

7KH 556 LQ EXLOG E\ WKH ��� 6TXDGURQ LQ 'RQJHQ� 7KH V\VWHP FRQVLVWV RXW RI WKUHH VHSDUDWH SDUWV�
QDPHO\� WKH DQWHQQD� URWRU� DQG HOHFWURQLFV ER[� 7KH DQWHQQD LV D 7DF6DW 8+) DQWHQQD� QRUPDOO\ XVHG
WR FRPPXQLFDWH ZLWK WKH 7DF6DW�� VSDFHFUDIW� 7KH 7DF6DW DQWHQQD LV GHVLJQ WR RSHUDWH LQ WKH IUHTXHQF\
UDQJH RI ������� 0+] UDQJH� ZKLFK LV FRPSOLHG ZLWK WKH IUHTXHQF\ UDQJH XVHG E\ WKH 6)3 >��@� 7KH
URWRU LV DQ LQ�KRXVH GHVLJQ EXLOG E\ WKH ��� 6TXDGURQ DQG FDQ DFFXUDWHO\ SRLQW WKH DQWHQQD WRZDUGV
WKH VDWHOOLWH� 7KH HOHFWURQLFV ER[� VKRZV DV WKH JUH\ ER[ XQGHUQHDWK WKH URWRU LQ ILJXUH ���� KRXVHV D
QXPEHU RI HOHFWURQLF FRPSRQHQWV� $ VFKHPDWLF RI WKH LQWHUQDO HOHFWURQLFV FDQ EH VHHQ LQ ILJXUH ����



�� �� )UDPH RI 5HIHUHQFH� 1HWKHUODQGV 0LQLVWU\ RI 'HIHQFH

)LJXUH ���� 5HPRWH 5DGLR 6WDWLRQ �556� V\VWHP RYHUYLHZ >��@

7KH JUH\ UHFWDQJOHV LQ ILJXUH ��� DUH WKH VXEV\VWHPV RI WKH 556� 7KH IXQFWLRQ RI WKH VXEV\VWHPV LV
GLVFXVVHG KHUHDIWHU�

� 5DGLR )UHTXHQF\ VXEV\VWHP� 7KH PDLQ JRDO RI WKH 5DGLR )UHTXHQF\ �5)� VXEV\VWHP LV WR
FRYHUW LQSXW GDWD WR 5) VLJQDOV� DSSO\ D ILOWHU DQG DPSOLI\ WKH VLJQDO EHIRUH VHQGLQJ LW WR WKH DQ�
WHQQD� ,W DOVR ILOWHUV DQG FRQYHUWV WKH LQFRPLQJ 5) VLJQDOV IURP WKH DQWHQQD WR D GLJLWDO VLJQDO
ZKLFK FDQ EH VHQG WR WKH &RPSXWH 8QLW �&8� VXEV\VWHP� 7KH 556 KDV RQH DQWHQQD ZKLFK ZLOO
EH XVHG IRU WUDQVPLVVLRQ DQG UHFHLYLQJ� 7R EH DEOH WR GR ERWK RI WKHVH WKLQJV� WKH UHFHLYH �5[� DQG
WUDQVPLW �7[� SDWK KDYH WR EH VZLWFKHG� 7R IDFLOLWDWH WKLV D SLQ GLRGH LV UHTXLUHG� 7KH GLRGH GRHV
QRW PHFKDQLFDOO\ VZLWFK EHWZHHQ WKH 5[ DQG 7[ SDWK EXW XVHV HLWKHU RQH RI WKH LQFRPLQJ VLJQDOV�
8VLQJ D SLQ GLRGH HQVXUHV D ORZ VZLWFKLQJ WLPH DQG KLJKHU UHOLDELOLW\ FRPSDUHG WR D PHFKDQLFDO
VZLWFK� 1H[W�WR WKH SLQ GLRGH LV WKH GLUHFWLRQDO FRXSOHU DORQJ ZLWK D /0+���� SRZHU GHWHFWRU�
7KHLU PDLQ IXQFWLRQDOLW\ LV WR PHDVXUH WKH IRUZDUG DQG UHYHUVH SRZHU RI WKH 7[ SDWK� ,W HQDEOHV
WKH WXQLQJ RI LQSXW SRZHU� ,I WKH UHYHUVH SRZHU LV YHU\ KLJK WKLV FDQ EH GHWHFWHG DQG SUHYHQW
GDPDJH WR WKH VLJQDO DPSOLILHU� 7KH DPSOLILHU LWVHOI FDQ LQFUHDVH WKH VLJQDO FRPLQJ IURP WKH (WWXV
E��� PLQL�L 6'5 ZLWK �� G%� 7KH (WWXV LV D 6'5� PHDQLQJ LW XVHV VRIWZDUH IRU PRGXODWLRQ DQG
GHPRGXODWLRQ RI UDGLR VLJQDOV >��@� 7KH (WWXV LV SRZHUHG YLD 86%� ZKLFK LV DOVR XVHG IRU GDWD
WUDQVIHU WR DQG IURP WKH (WWXV >�@�

� &RPSXWH 8QLW �&8� VXEV\VWHP� 7KH &8 LV WKH EUDLQ RI WKH V\VWHP� ,W PRQLWRUV DOO WKH VXE�
V\VWHPV DQG WKHLU FRPSRQHQWV� ,W LV DOVR WKH FRQQHFWLRQ IRU WKH XVHU LQWHUIDFH� ZKLFK VKRZV WKH
VWDWXV RI WKH V\VWHP� )XUWKHUPRUH� LW KDQGOHV WKH PHVVDJHV WKDW DUH HQWHUHG LQWR WKH 556 E\
WKH XVHU� 3DUW RI WKH &8 LV WKH ,QWHO 18&� LV D VPDOO FRPSXWHU ZKLFK KDV D ODUJH DPRXQW RS
SURFHVVLQJ SRZHU� ,W PRQLWRUV WKH V\VWHP KDQGOHV DOO WKH GDWD� SURYLGHV WKH FRQQHFWLRQ ZLWK WKH
XVHU LQWHUIDFH� DQG FRPPXQLFDWHV ZLWK WKH (WWXV 6'5� 0XFK RI WKH FRPPXQLFDWLRQ IURP WKH 18&
UXQV WKURXJK WKH PLFUR FRQWUROOHU� 7KH FRPSRQHQWV DUH FRQWUROOHU E\� RU SURYLGH LQIRUPDWLRQ WR
WKH PLFUR FRQWUROOHU DUH WKH IROORZLQJ�

± 'HWHUPLQH *OREDO 3RVLWLRQLQJ 6\VWHP �*36� FRRUGLQDWHV
± 0HDVXUH WHPSHUDWXUH DQG KXPLGLW\
± &RQWURO FRROLQJ IDQ



���� 7KH 5R\DO 1HWKHUODQGV 1DY\ ��

± 0HDVXUH 5[ DQG 7[ SRZHU

± &RQWURO DQG PRQLWRU WKH DPSOLILHU

± &RQWURO SRZHU FRQYHUWHUV

± 0RQLWRULQJ RI WKH EDWWHU\ DQG FKDUJLQJ

± &RQWURO 3LQ 'LRGH

� 3RZHU VXEV\VWHP� 7KH SRZHU VXEV\VWHP IRU WKH 556 LV GLIIHUHQW IURP WKH SRZHU VXSSO\ RQ�
ERDUG WKH VXEPDULQH� ,W ZLOO PRVW OLNHO\ QRW RSHUDWH RQ EDWWHU\ SRZHU DQG KDYH D GLIIHUHQW LQSXW
YROWDJH� +RZHYHU� WKH VXEV\VWHP GRHV LQGLFDWH WKH YROWDJHV ZKLFK DUH UHTXLUHG WR UXQ WKH V\V�
WHP� 7KH YROWDJHV VSHFLILHG IRU WKH VXEV\VWHPV ZLOO SUHVXPDEO\ EH YHU\ VLPLODU WR WKH YROWDJHV
FKDUDFWHULVWLFV UHTXLUHG E\ WKH V\VWHP GHVLJQ LQ WKLV 06F WKHVLV� 7KHUHIRUH� LW GRHV SURYLGH D
JRRG RYHUYLHZ RI ZKDW W\SLFDO V\VWHP UHTXLUHPHQWV DUH IURP FRPSRQHQWV�

± ��9� +XPDQ 0DFKLQH ,QWHUIDFH YLD 3RZHU RYHU (WKHUQHW �3R(��
± ��9� $PSOLILHU DQG EDWWHU\
± ��9� 18& DQG URWRU IRU DQWHQQD VWHHULQJ

± �����9� �9 IRU WKH SLQ GLRGH� ���9 IRU WKH PLFUR�FRQWUROOHU� KXPLGLW\ VHQVRU� IDQ FRQWUROOHU�
*36 VHQVRU� DQG WKH GLUHFWLRQDO FRXSOHU

� 6DWHOOLWH 7UDFNLQJ DQG $QWHQQD VXEV\VWHP� 7KH WUDFNLQJ V\VWHP FRQVLVWV RI D ;�<�URWRU FRQ�
VWUXFWLRQ ZLWK WZR ZRUP�ZKHHO WUDQVPLVVLRQV GULYHQ E\ WZR VWHSSHU PRWRUV� 7KH DQWHQQD FRQ�
QHFWHG WR WKH 6DWHOOLWH 7UDFNLQJ 6\VWHP �676� LV DWWDFKHG E\ RQH EROW DQG LV SRZHU E\ D &/2
FRQQHFWRU� 7KH FRQQHFWRU GHOLYHUV SRZHU WR WKH DQWHQQD DQG KDQGOHV WKH GDWD WUDQVIHU WR DQG
IURP WKH DQWHQQD� 7KH V\VWHP FDQ FDOLEUDWH LWVHOI DXWRPDWLFDOO\ XVLQJ WKH H[WHUQDO %12��� SR�
VLWLRQ VHQVRU SURYLGLQJ WKH FXUUHQW DQJHO DW ZKLFK WKH DQWHQQD LV SRLQWLQJ DQG WKH JHRPDJQHWLF
QRUWK VHQVRU� 7KH DQWHQQD LV D 7DF6DW DQWHQQD� DV VKRZQ LQ ILJXUH ����

� +XPDQ 0DFKLQH ,QWHUIDFH VXEV\VWHP� 7KH +XPDQ 0DFKLQH ,QWHUIDFH �+0,� VXEV\VWHP LV
PDGH WR EH SRUWDEOH DQG HDV\ WR XVH ZLWK D WRXFKVFUHHQ� VXFK WKDW QR PRXVH RU NH\ERDUG LV
UHTXLUHG� 7KH WRXFKVFUHHQ DOORZV IRU LQWHUDFWLRQ ZLWK WKH V\VWHP� DQG GLVSOD\V LQIRUPDWLRQ WKH
IROORZLQJ LQIRUPDWLRQ UHJDUGLQJ WKH V\VWHP�

± 6KRZ VDWHOOLWH SDVVHV VFKHGXOH DQG LQIRUPDWLRQ

± $ WLPHU WR LQGLFDWH ZKHQ SDVVHV VWDUWV

± $ ZD\ WR XSORDG D PHVVDJH

± 6HH *36 LQIRUPDWLRQ� DQG SRVLWLRQ ORFN

± &RQWURO $QWHQQD SRLQWLQJ PHFKDQLVP

± 'LVSOD\ WUDQVPLVVLRQ LQIRUPDWLRQ

± 'LVSOD\ 556 V\VWHP VWDWXV

���� 7KH 5R\DO 1HWKHUODQGV 1DY\
7KH 5R\DO 1HWKHUODQGV 1DY\ LV WKH ROGHVW RI WKH IRXU EUDQFKHV RI WKH 02'� 7KH RUJDQLVDWLRQ VXSSRUWV
WKH REMHFWLYHV RI WKH 7KH 1HWKHUODQGV 02'� 7KH PDLQ REMHFWLYHV DUH GHIHQGLQJ WKH 1HWKHUODQGV� )XU�
WKHUPRUH LW VWULYHV IRU VDIHW\ RQ DQG IURP WKH VHD� ,Q 7KH 1HWKHUODQGV DQG DEURDG� WKH 1DY\ KHOSV ZLWK
FULVLV PDQDJHPHQW� KXPDQLWDULDQ UHOLHI RSHUDWLRQV DQG� QDWXUDO GLVDVWHUV� 7R DFKLHYH WKH REMHFWLYHV�
WKH 1DY\ KDV ����� SHRSOH SHUVRQQHO >��@� 2QH RI WKH LPSRUWDQW SLHFHV RI HTXLSPHQW XVHG DUH WKH
'XWFK VXEPDULQHV� 7KH VXEPDULQHV DUH RQH RI WKH PDLQ V\VWHPV DURXQG ZKLFK WKH GHVLJQ SURFHVV
LQ WKLV 06F 7KHVLV LV FRQGXFWHG� ,Q WKH QH[W VHFWLRQ DQ HODERUDWLRQ RQ WKH 'XWFK 6XEPDULQHV� WKHLU
PLVVLRQV� DQG WHFKQLFDO FDSDELOLWLHV LV JLYHQ�
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������ 6XEPDULQHV
,Q WKLV VHFWLRQ RI WKH UHSRUW D QXPEHU RI DVSHFWV RI WKH VXEPDULQHV ZLOO EH GLVFXVVHG� )LUVW VRPH JHQHUDO
FKDUDFWHULVWLFV DQG RSHUDWLRQDO REMHFWLYHV ZLOO EH GLVFXVVHG� 6HFRQGO\� WKHUH ZLOO EH IXUWKHU LQYHVWLJDWLRQ
WR WKH FRPPXQLFDWLRQ V\VWHPV RQ�ERDUG� $ JHQHUDO SUREOHP HQFRXQWHUHG LQ ZULWLQJ WKLV VHFWLRQ LV WKDW D
ORW RI WKH LQIRUPDWLRQ LV QRW SXEOLFO\ DYDLODEOH DQG KDV D FHUWDLQ VHFXULW\ OHYHO� 7KHUHIRUH� VRPH SDUWV DUH
IRFXVHG RQ JHQHUDO VXEPDULQH FRPPXQLFDWLRQ LQVWHDG RI VSHFLILF LQIRUPDWLRQ RI WKH 5R\DO 1HWKHUODQGV
1DY\ VXEPDULQHV� 7KH VXEPDULQHV FDQ EH VHHQ LQ ILJXUH ����

)LJXUH ���� 7KH IRXU 'XWFK VXEPDULQHV RI WKH :DOUXV FODVV >��@

&KDUDFWHULVWLFV
7KH 5R\DO 1HWKHUODQGV 1DY\ FXUUHQWO\ KDV � RSHUDWLRQDO VXEPDULQHV RI WKH :DOUXV FODVV� 7KH VXE�
PDULQHV ZHUH EXLOG E\ 5RWWHUGDPVFKH 'URRJGRN 0DDWVFKDSSLM DQG WDNHQ LQWR VHUYLFH EHWZHHQ ����
HQ ����� 7ZR VXEPDULQHV KDYH UHFHQWO\ UHFHLYHG OLIH�H[WHQGLQJ XSJUDGHV� WKH RWKHU WZR DUH FXUUHQWO\
EHLQJ XSJUDGHG� 7KH VXEPDULQHV DUH VFKHGXOHG EH UHWLUHG EHWZHHQ ���� HQ ���� >��@� 6RPH JHQHUDO
FKDUDFWHULVWLFV RI WKLV FODVV RI VXEPDULQHV FDQ EH IRXQG LQ WDEOH ����

6SHFLILFDWLRQ 9DOXH
/HQJWK �� P
:LGWK ��� P
'UDIW ��� P
'LYH GHSWK !��� P
:DWHU GLVSODFHPHQW ���� WRQ
3URSXOVLRQ W\SH 'LHVHO�HOHFWULF
3URSXOVLRQ SRZHU 'LHVHO ���� 0:� (OHFWULF ��� 0:
6SHHG �� NQRWV VXEPHUJHG� �� NQRWV DIORDW
6WDII ��
:HDSRQV �� 0DUN ���WRUSHGR¶V

7DEOH ���� *HQHUDO FKDUDFWHULVWLFV RI WKH 5R\DO 1HWKHUODQGV 1DY\ VXEPDULQHV >��@

7KH :DOUXV FODVV VXEPDULQH GLIIHUHQWLDWHV LWVHOI E\ LWV UHODWLYHO\ VPDOO VL]H� 7KH SURSXOVLRQ RQ�ERDUG LV
D GLHVHO�HOHFWULF FRPELQDWLRQ� 7KLV PHDQV WKDW WKH SRZHU ZLOO EH JHQHUDWHG E\ WKH GLHVHO PRWRU ZKLOH



���� 7KH 5R\DO 1HWKHUODQGV 1DY\ ��

WKH VXEPDULQH LV DIORDW� ZKLOH WKH SRZHU ZLOO FRPH IURP WKH LQWHUQDO EDWWHU\ ZKLOH ZKHQ VXEPHUJHG�
7KHUHIRUH WKH VXEPDULQH LV YHU\ TXLHW GXULQJ DQ RSHUDWLRQ ZKLFK PDNHV LW� DORQJ ZLWK LWV VPDOO VL]H�
OHVV OLNHO\ WR EH GHWHFWHG� 7KH GRZQVLGH LV WKDW WKH VXEPDULQH FDQ RQO\ VWD\ VXEPHUJHG IRU D UHODWLYHO\
VKRUW DPRXQW RI WLPH FRPSDUHG WR QXFOHDU SRZHUHG VXEPDULQHV� 6LQFH WKH SRZHU RQ�ERDUG LV QRW DV
DEXQGDQW DV D QXFOHDU VXEPDULQH� WKH PD[LPXP VSHHG LV DOVR UHODWLYHO\ ORZ� 7KH DGYDQWDJH RI EDWWHU\
SRZHUHG VXEPDULQHV LV WKDW WKH GRQ¶W QHHG FRQVWDQW FRROLQJ OLNH D QXFOHDU VXEPDULQH WKHUHIRUH WKH\
FDQ EH TXLHWHU DQG HYHQ KDUGHU WR GHWHFW >��@�

*HQHUDO 0LVVLRQ 2EMHFWLYHV
7KH 'XWFK VXEPDULQHV FDQ EH XVHG IRU PDQ\ GLIIHUHQW SXUSRVHV� $ VXEPDULQH LV RQH RI WKH PRVW SRZHU�
IXO DVVHWV RI WKH 1DY\� VLQFH LW LV GDQJHURXV DQG KDUG WR GHWHFW� $Q H[DPSOH RI WKLV ZDV GHPRQVWUDWHG
E\ WKH 5R\DO 1HWKHUODQGV 1DY\ GXULQJ WKH .RVRYR FRQIOLFW LQ ���� >��@� )RU ILYH ZHHNV WKH +U�0V�
'ROILMQ� ZKLFK ZDV SDUW RI WKH 2SHUDWLRQ $OOLHG )RUFH E\ WKH 1$72� DQG SDWUROOHG WKH FRDVWDO FLW\ RI %DU
DQG WKH ED\ RI .RWRU� )RU WKH ILUVW WLPH WKH 'ROILMQ KDG DOO IRXU WRUSHGR WXEHV RSHQ DQG ORDGHG LQ D DFWLYH
ZDU VLWXDWLRQ� 7KH FRPPDQGHU LQ FKDUJH KDG WKH RUGHU WR VLQN DQ\ PLOLWDU\ VKLS WKDW ZRXOG OHDYH WKH
SRUW RI %DU� 7KH VXEPDULQH ZDV SRVLWLRQHG DW SHULVFRSH GHSWKV VXFK WKDW LW FRXOG PRQLWRU WKH PLVVLOHV
SRVWHG RQ WKH FRDVW� ,W ZDV DOVR DEOH WR PRQLWRU VKLSSLQJ YHVVHOV YLD VRQDU DQG EH RQ WKH ORRNRXW IRU
HQHP\ VXEPDULQHV� $W WKH HQG QRQH RI WKH PLOLWDU\ VKLSV OHIW WKH KDUERU� 7KLV GHPRQVWUDWHV WKH SRZHU
RI D VXEPDULQH LQ D ZDUIDUH VLWXDWLRQ� WKH WKUHDW LW SRVHV WR WKH HQHP\ E\ EHLQJ KDUG WR ILQG DQG YHU\
OHWKDO� 7KH FRQFHUQ IRU D VXEPDULQH DWWDFN LV VR KLJK WKDW QR ULVN FDQ EH WDNHQ�

7KH VLWXDWLRQ PHQWLRQHG DERYH SURYLGHV DQ RYHUYLHZ RI WKH PRVW LPSRUWDQW WDVNV RI D VXEPDULQH
QDPHO\� WKH GHWHUULQJ DQ HQHP\� JDWKHU LQWHOOLJHQFH� DQG SRVVHVV ODUJH DPRXQWV RI ILUHSRZHU� 7KH
GHWHUULQJ RI DQG HQHP\ LV EDVHG RQ WKH ODUJH DPRXQW RI ILUHSRZHU DQG WKH VWHDOWK RI D VXEPDULQH� 7KH
JDWKHULQJ RI LQWHOOLJHQFH DOVR YHU\ LPSRUWDQW GXULQJ WLPHV RI SHDFH� 7KH 'XWFK VXEPDULQHV DUH YHU\
VXLWHG IRU WKLV WDVN VLQFH WKH\ DUH VLOHQW� DQG GXH WR WKHLU VPDOOHU VL]H FDQ FRPH YHU\ FORVH WR VKRUH
>��@� 0XOWLSOH IRUPV RI LQIRUPDWLRQ JDWKHULQJ DUH XVHG >��@� HDFK RI ZKLFK LV H[SODLQHG EHORZ�

� ,PDJHU\ ,QWHOOLJHQFH �,0,17�
,PDJHU\ ,QWHOOLJHQFH �,0,17� LV WKH JDWKHULQJ RI LQWHOOLJHQFH WKURXJK DQDO\VLV RI LPDJHU\� 7KH
LPDJHU\ FDQ EH REWDLQ XVLQJ GLIIHUHQW VHQVRUV� ,Q WKH VXEPDULQH WKH SHULVFRSH LV XVHG WR FDS�
WXUH YLGHR DQG LPDJHV� 7KH 'XWFK VXEPDULQHV KDYH WKH FDSDELOLW\ WR GR WKLV LV LQ WKH YLVLEOH
DQG LQIUDUHG VSHFWUXP� $SDUW IURP JHQHUDO LQWHOOLJHQFH JDWKHULQJ WKH SHULVFRSH LV DOVR XVHG IRU
QDYLJDWLRQ DQG H[HFXWLQJ SRVVLEOH DWWDFNV >��@�

� $FRXVWLF ,QWHOOLJHQFH �$&,17�
$FRXVWLF ,QWHOOLJHQFH �$&,17� LV WKH JDWKHULQJ RI LQWHOOLJHQFH WKURXJK WKH DQDO\VLV RI DFRXVWLF
HPLVVLRQV� $&,17 LV HVVHQWLDO LQ UHFRJQLVLQJ DQG ORFDOLVLQJ PDULWLPH YHVVHOV� 7R LGHQWLI\ DQG
UHFRJQLVH LQGLYLGXDO YHVVHOV WKH 1DY\ XVHV ILQJHUSULQWLQJ� ZKLFK LV EDVHG RQ WKH VRXQG HPLV�
VLRQV FRPLQJ IURP D YHVVHO� 7KH HPLVVLRQV DUH UHFHLYHG YLD /RQJ� DQG 0HGLXP 5DQJH 6RQDU
�/56�056�� 7KH ILQJHUSULQWV DUH VDYHG LQ D GDWDEDVH VXFK WKDW PDULWLPH YHVVHOV FDQ EH UHFRJ�
QLVHG TXLFNO\ >��@�

� (OHFWURQLF ,QWHOOLJHQFH �(/,17�
(OHFWURQLF ,QWHOOLJHQFH �(/,17� LV WKH JDWKHULQJ RI LQWHOOLJHQFH WKURXJK DQDO\VLV RI HOHFWURPDJQHWLF
HPLVVLRQV RWKHU WKDQ FRPPXQLFDWLRQ VLJQDOV� :LWK WKH (OHFWURQLF :DUIDUH �(29� PDVW WKH 'XWFK
VXEPDULQHV DUH DEOH WR DFFXUDWHO\ SLQSRLQW WKH ORFDWLRQ RI UDGDU VLJQDOV� 7KLV LV XVHG IRU WZR
SXUSRVHV� )LUVW LV WKH DYRLGDQFH RI FRXQWHU GHWHFWLRQ VLQFH LW FDQ ZDUQ IRU VHDUFK UDGDUV� 6HFRQG
LW FDQ LGHQWLI\ HDFK UDGDU V\VWHP E\ WKHLU ILQJHUSULQWV ZKLFK PLJKW SURYLGH YDOXDEOH LQVLJKW LQ
PRYLQJ UDGDU V\VWHPV� 7KH LQIRUPDWLRQ LV VWRUHG LQ D GDWDEDVH OLNH WKH $&,17 >��@�

� &RPPXQLFDWLRQV ,QWHOOLJHQFH �&20,17�
&RPPXQLFDWLRQV ,QWHOOLJHQFH �&20,17� LV WKH JDWKHULQJ RI LQWHOOLJHQFH WKURXJK LQWHUFHSWLRQ DQG
DQDO\VLV RI FRPPXQLFDWLRQ VLJQDOV� 6LQFH WKH 'XWFK VXEPDULQHV DUH FDSDEOH RI RSHUDWLQJ FORVH
WR VKRUH WKLV FDSDELOLW\ FDQ DOVR EH XVHG WR JDWKHU LQWHOOLJHQFH RQ FRDVWDO VHWWOHPHQWV� ,QWHUFHSWHG
PHVVDJHV DUH RIWHQ KHDYLO\ HQFU\SWHG WKHUHIRUH WKH\ FDQQRW EH GHFLSKHUHG RQ�ERDUG� VLQFH WKH
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VXEPDULQH GRHV QRW KDYH WKH UHTXLUHG FRPSXWDWLRQDO SRZHU RQ�ERDUG >��@� 7KH %ULN�,, VDWHOOLWH
PLJKW VROYH WKLV SUREOHP VLQFH WKH PHVVDJH FDQ EH WUDQVPLWWHG WR RQVKRUH V\VWHPV ZKLFK FDQ
SRWHQWLDOO\ GHFLSKHU WKH HQFU\SWLRQ�

7KH WDVNV PHQWLRQHG DERYH VKRZ WKH LPSRUWDQFH RI WKH VXEPDULQHV WR WKH 5R\DO 1HWKHUODQGV 1DY\�
+RZHYHU WKHVH DUH QRW WKH RQO\ FDSDELOLWLHV RI WKH VXEPDULQH� 7KH\ IDFLOLWDWH LQ D QXPEHU RI VLGH WDVNV�
ZKLFK DUH LWHPL]HG EHORZ >��@�

� 6SHFLDO )RUFHV� 7KH VXEPDULQH FDQ IDFLOLWDWH LQ WKH GURS�RII DQG SLFN�XS RI VSHFLDO IRUFHV IURP
WKH UR\DO PDULQHV� 9LD D KDWFK LQ WKH ERZ RI WKH VKLS WKH PDULQHV FDQ EH GHSOR\�

� 7UDLQLQJ� 7KH VXEPDULQHV FDQ EH XVHG WR WUDLQ RWKHU 'HIHQVH EUDQFKHV KRZ WR KDQGOH VXE�
PDULQHV�

� 0LQHV� $V D GHIHQVH PHFKDQLVP VXEPDULQHV OD\ PLQHV LQ WKH RFHDQ WR SURWHFW DJDLQVW HQHP\
VXEPDULQHV�

,W FDQ EH FRQFOXGHG WKDW DOO WKHVH FDSDELOLWLHV PDNH WKH VXEPDULQH D YHU\ YDOXDEOH DVVHW� 7KH\ FDQ EH
GHSOR\HG LQ D ODUJH UDQJH RI GLIIHUHQW VLWXDWLRQV�

&RPPXQLFDWLRQ &DSDELOLWLHV
'XULQJ D PLVVLRQ LW LV LPSRUWDQW WKDW WKH VXEPDULQH FDQ FRPPXQLFDWH� 7KH LQWHOOLJHQFH JDWKHUHG GXULQJ
D PLVVLRQ FDQ EH WLPH VHQVLWLYH DQG VKRXOG EH FRPPXQLFDWHG ZLWK WKH DUPHG IRUFHV� )XUWKHUPRUH� WKH
VXEPDULQH VKRXOG EH DEOH WR UHFHLYH LQIRUPDWLRQ IURP WKH RXWVLGH ZRUOG �H�J� QHZV� FKDQJH LQ PLVVLRQ�
HWF��� 7R PDNH WKLV SRVVLEOH� WKH VXEPDULQH KDV D QXPEHU RI FRPPXQLFDWLRQ V\VWHPV RQ ERDUG� (DFK
RI WKHVH KDYH WKHLU RZQ SURV DQG FRQV� DQG DUH XVHG LQ GLIIHUHQW VLWXDWLRQV� 6HQGLQJ LQIRUPDWLRQ FDQ
EH GDQJHURXV VLQFH WKH VLJQDO FDQ EH XVHG WR SLQSRLQW WKH ORFDWLRQ RI D VXEPDULQH� 7KHUHIRUH D ODUJH
DPRXQW RI WKH LQIRUPDWLRQ LV FODVVLILHG� 7KLV LQFOXGHV WKH IUHTXHQFLHV DW ZKLFK WKH V\VWHPV RSHUDWH�
%HFDXVH RI WKH UHVWULFWLRQV WKH LQIRUPDWLRQ LQ WKLV VHFWLRQ ZLOO EH OHVV LQ GHSWK� 7KH 'XWFK VXEPDULQHV
KDYH WKUHH GLIIHUHQW FRPPXQLFDWLRQ V\VWHPV DYDLODEOH�

� 9HU\ /RZ)UHTXHQF\ �9/)�� 7KH IUHTXHQF\ UDQJH LV EHWZHHQ ���� .+] IRU D 9HU\ /RZ )UHTXHQF\
�9/)� VLJQDO� 7KH 9/) IUHTXHQF\ LV XVHG IRU RYHU�WKH�KRUL]RQ FRPPXQLFDWLRQ ZLWK WKH VXEPDULQH
>��@� %HFDXVH RI WKH ODUJH ZDYHOHQJWK WKH VLJQDO LV DOVR DEOH WR SHQHWUDWH ZDWHU DQG FDQ WKHUHIRUH
EH XVHG WR VHQG PHVVDJHV WR WKH VXEPDULQH ZKLOH VXEPHUJHG� 7KH GRZQVLGH RI WKLV FRPPXQL�
FDWLRQ PHWKRG LV WKDW WKH GDWD UDWH LV YHU\ ORZ� VR LW LV RQO\ XVHG IRU QDYLJDWLRQ� 0RUVH FRGH� DQG
WR DVN WKH VXEPDULQH WR VXUIDFH >��@� $QRWKHU GRZQVLGH LV WKDW WKH WUDQVPLWWHU DQWHQQD QHHGV WR
EH KXJH DQG UHTXLUH D ORW RI SRZHU� 7KHUHIRUH LW FDQ RQO\ EH SODFHG RQ ODQG� ZKLFK PHDQV WKDW WKH
VXEPDULQH FDQQRW VHQG PHVVDJHV YLD 9/)� WKXV WKH VXEPDULQH LV RQO\ DEOH WR UHFHLYH PHVVDJHV
YLD 9HU\ +LJK )UHTXHQF\ �9+)�� )XUWKHUPRUH� WKH DQWHQQD UHTXLUHG WR WUDQVPLW D PHVVDJH DUH
YHU\ ELJ� VR ELJ WKDW WKH 'XWFK DUPHG IRUFHV KDYH QRW EXLOG RQH� 7R VHQG D PHVVDJH WKH\ UHO\ RQ
RWKHU QDWLRQV �H�J� *HUPDQ\� )UDQFH� 6ZHGHQ� WR WUDQVPLW D PHVVDJH >��@� 7KH GHSHQGHQFH RQ
RWKHU FRXQWULHV LV D ULVN IRU WKH 1DY\�

� 9HU\ +LJK )UHTXHQF\ �9+)�� 7KH IUHTXHQF\ UDQJH LV EHWZHHQ ������ 0+] IRU D 9+) VLJQDO� 7KH
9+) VLJQDO FDQQRW WUDYHO IDU RYHU WKH KRUL]RQ DQG LV WKHUHIRUH RIWHQ OLPLWHG WR ����� QDXWLFDO PLOHV�
GHSHQGLQJ RQ ZHDWKHU DQG KHLJKW RI WKH DQWHQQDH� 7KH 9+) DQWHQQD LV PRXQWHG RQ WRS RI WKH
RSWLFDO PDVW IRU PD[LPXP UDQJH FDSDELOLWLHV >��@� %HFDXVH RI WKH UDQJH OLPLWDWLRQV WKH 9+) LV
PDLQO\ XVHG IRU FRPPXQLFDWLRQ ZLWK VKLSV� DLUSODQHV DQG VKRUH�VWDWLRQV� ,W LV PRVWO\ XVHG IRU
WHOHSKRQH FRQWDFW DQG JHQHUDO GDWD WUDQVIHU�

� 6DWHOOLWH &RPPXQLFDWLRQ �6$7&20�� 7KH IUHTXHQFLHV UDQJH XVHG IRU 6$7&20 LV FODVVLILHG�
+RZHYHU D SXEOLFO\ DYDLODEOH VRXUFH VKRZV WKDW 5R\DO 1HWKHUODQGV 1DY\ XVHV WKH .D�EDQG �����±
�� *+]� DQG 4�EDQG ������ *+]� IRU WKH $GYDQFHG ([WUHPH +LJK )UHTXHQF\ �$(+)� SURJUDP
>��@� 7KH\ DOVR XVH WKH .D�EDQG DQG ;�EDQG ����±���� *+]� IRU WKH :LGHEDQG *OREDO 6DWFRP
�:*6� SURJUDP >��@� 7KH FRQQHFWLRQ FDQ EH XVHG IRU WKH VDPH LQIRUPDWLRQ DV WKH 9+) FRQ�
QHFWLRQ� +RZHYHU� VLQFH WKH GDWD UDWH FDQ EH KLJKHU LW LV DOVR SRVVLEOH WR VHQG YLGHR¶V� SKRWR¶V�



���� 7KH 5R\DO 1HWKHUODQGV 1DY\ ��

GDWDEDVHV� HWF� $ GRZQVLGH RI WKH FXUUHQW 6$7&20 FDSDELOLWLHV LV WKH GHSHQGHQFH RQ RWKHU
FRXQWULHV� $SDUW IURP WKH %ULN�,,� WKH 'XWFK $UPHG )RUFH GR QRW RSHUDWH WKHLU RZQ VDWHOOLWHV DQG
DUH WKHUH GHSHQGHQW RQ FDSDELOLWLHV IURP DOOLHV� 7KHUHIRUH� RWKHU FRXQWULHV KDYH NQRZOHGJH DERXW
WKH 1DY\¶V DFWLYLWLHV� )XUWKHUPRUH WKH DYDLODELOLW\ RI 6$7&20 LV QRW FRQVWDQWO\ DYDLODEOH VLQFH
WKH VHUYLFH LV VKDUHG� 7KXV LQIRUPDWLRQ LV RIWHQ VWLOO WDNHQ EDFN WR WKH KDUERU IRU DQDO\VLV >��@�

(DFK RI WKH FRPPXQLFDWLRQV V\VWHPV KDV WKHLU RZQ SURV DQG FRQV� 7KH\ FDQ EH XVHG LQ GLIIHUHQW
VLWXDWLRQV DQG SURYLGH WKHLU EHQHILW LQ GLIIHUHQW VLWXDWLRQ� ,W LV FOHDU WKDW 6$7&20 LV PRVW XVHIXO IRU D
VXEPDULQH� 7KH %ULN�,, VDWHOOLWH ILOO WKLV QHHG� LW ZLOO EH WKH ILUVW VDWHOOLWH FDSDEOH RI VXSSRUWLQJ WKH 'XWFK
DUPHG IRUFHV ZLWKRXW GHSHQGHQFH RQ RWKHU SDUWLHV� 7KH VXEPDULQHV KDYH WR EH DGMXVWHG VXFK WKDW
FRPPXQLFDWLRQ ZLWK %ULN�,, LV SRVVLEOH� 7KH GHYHORSPHQW RI VXFK V\VWHP LV WKH REMHFWLYH RI WKLV 06F
WKHVLV�





�
5HTXLUHPHQWV

7R VDWLVI\ WKH ZLVKHV IURP WKH 1DY\ DQG GHOLYHU D SURGXFW ZKLFK KDV WKH FRUUHFW FKDUDFWHULVWLFV� LW LV
LPSRUWDQW WR FRPSLOH D GHWDLOHG OLVW RI UHTXLUHPHQWV IRU WKH SURMHFW� 7KH UHTXLUHPHQWV DUH FRPSLOHG LQ
FRQVLGHUDWLRQ ZLWK WKH 1DY\ DQG WKH $LU )RUFH� )XUWKHUPRUH WKH\ DUH GLFWDWHG E\ H[WHUQDO OLPLWDWLRQV
DQG WKH FDSDELOLWLHV RI WKH %ULN�,, VDWHOOLWH� 7R KDYH D JRRG XQGHUVWDQGLQJ RI KRZ WKH V\VWHP VKRXOG
IXQFWLRQ WKH SRWHQWLDO UROH RI WKH FRPPXQLFDWLRQ V\VWHP LQ WKH VXEPDULQH LV GHVFULEHG� $IWHUZDUGV� WKH
UHTXLUHPHQWV WKH V\VWHP VKDOO PHHW DUH OLVWHG� 7KHVH DUH LPSRUWDQW VLQFH WKH\ ZLOO HQVXUH PD[LPXP
GHSOR\DELOLW\ GXULQJ PLVVLRQV�

���� 0LVVLRQ &RQFHSW
7KH VXEPDULQH LV D YHU\ YHUVDWLOH PDFKLQH� LW KDV ODUJH DPRXQWV RI ILUH SRZHU� LV KDUG WR GHWHFW� DQG KDV
D ODUJH DPRXQW RI REVHUYDWLRQ VHQVRUV RQ�ERDUG� 7KHUHIRUH� WKH VXEPDULQH LV D YHU\ HIIHFWLYH GHWHU�
UHQFH DJDLQVW HQHPLHV� 'XULQJ WLPHV RI SHDFH� D VXEPDULQH LV VWLOO YHU\ XVHIXO IRU JDWKHULQJ LQIRUPDWLRQ�
&XUUHQWO\� WKH LQIRUPDWLRQ RQ�ERDUG LV QRW WUDQVIHUUHG WR ODQG� 7R LPSURYH WKH LQIRUPDWLRQ GLVWULEXWLRQ�
WKH VXEPDULQH ZLOO EH HTXLSSHG ZLWK D H[SHULPHQWDO FRPPXQLFDWLRQ V\VWHP FDSDEOH RI FRPPXQLFDWLQJ
ZLWK %ULN�,,�

7KH FRPPXQLFDWLRQ V\VWHP ZKLFK ZLOO EH GHVLJQHG LQ WKLV WKHVLV KDV WR PHHW D QXPEHU RI UHTXLUH�
PHQWV� VXFK WKDW LW FDQ EH XVHG GXULQJ PLVVLRQV� ,Q WKH LQLWLDO GHVLJQ� WKH V\VWHP ZLOO EH LQVWDOOHG RQ
WRS RI WKH VXEPDULQH¶V VDLO VLQFH DQWHQQD KDV WR EH DERYH ZDWHU WR FRPPXQLFDWH� 7KH 8+) IUHTXHQF\
GRHV QRW SURSDJDWH IDU WKURXJK ZDWHU >��@� 7R SURWHFW WKH V\VWHP IURP WKH VHD ZDWHU LW ZLOO EH LQVWDOOHG
LQVLGH D FRPPXQLFDWLRQ PDVW� 7KH PDVW LV D FORVHG WXEH WKDW KRXVHV WKH DQWHQQDV RI DOO FRPPXQLFDWLRQ
V\VWHPV RQERDUG� 7KH VDLO RI WKH VXEPDULQH LV LQGLFDWHG E\ WKH ZKLWH DUURZ LQ ILJXUH ����

)LJXUH ���� 6DLO RI WKH :DOUXV VXEPDULQH >��@

��
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)URP WKH VDLO LW FDQ FRPPXQLFDWH ZLWK WKH %ULN�,, VDWHOOLWH� 7KH FRPPXQLFDWLRQ ZLOO FRQVLVW RI WZR�ZD\
FRPPXQLFDWLRQ� L�H� WUDQVPLWWLQJ DQG UHFHLYLQJ PHVVDJH� 7KH V\VWHP ZLOO EH FRQWUROOHG IURP LQVLGH
WKH VXEPDULQH XVLQJ D FRPSXWHU� +HUH D PHVVDJH RU ILOH ZKLFK KDV WR EH WUDQVIHUUHG FDQ EH VHOHFWHG�
7KH V\VWHP ZLOO DOVR SURYLGH LQIRUPDWLRQ UHJDUGLQJ WKH VDWHOOLWH� VXFK DV ZKHQ D VDWHOOLWH SDVV ZLOO
RFFXU� DQG WKH H[SHFWHG DPRXQW RI GDWD ZKLFK FDQ EH WUDQVIHUUHG� 'XULQJ D PLVVLRQ LW LV LPSRUWDQW
IRU WKH RSHUDWRU RI WKH VXEPDULQH WR NQRZ ZKHQ WKH VDWHOOLWH ZLOO SDVV� 6LQFH WKH VDWHOOLWH LV LQ D /RZ
(DUWK 2UELW �/(2�� FRPPXQLFDWLRQ ZLOO QRW DOZD\V EH SRVVLEOH EHFDXVH %ULN�,, ZLOO EH RYHU WKH KRUL]RQ�
:KHQ D VDWHOOLWH ZLOO SDVV LV EDVHG RQ D SUHGLFWLRQ� WKDW LV WKH RUELWDO HOHPHQWV RI WKH VDWHOOLWH� ,I WKH
RUELWDO HOHPHQWV DUH QRW XSGDWHG RYHU D ORQJHU SHULRG RI WLPH WKH DFFXUDF\ RI WKLV SUHGLFWLRQ GHJUDGHV�
7KHUHIRUH� WKH HOHYDWLRQ DQG D]LPXWK DQJOH RI WKH VDWHOOLWH GHYLDWH IURP WKH UHDO SRVLWLRQ� WKXV WKH WLPH
ZKHQ WKH VDWHOOLWH SDVVHV RYHU ZLOO QRW EH DFFXUDWHO\ SUHGLFWDEOH� )RU VDIHW\ UHDVRQV WKH VXEPDULQH
VKRXOG EH DIORDW RQO\ ZKHQ WKH VDWHOOLWH SDVVHV RYHU WKH VXEPDULQH ORFDWLRQ� 7KHUHIRUH� LW LV LPSRUWDQW
WR SURYLGH DQ LQGLFDWLRQ RI ZKHQ D VDWHOOLWH SDVV RFFXUV� 7KLV PLJKW FRQVLVW RI D WLPH�IUDPH LQ ZKLFK WKH
SDVV ZLOO VWDUW DORQJ ZLWK D FKDQFH WKDW WKH VDWHOOLWH ZLOO EH WKHUH �H�J� ��� FKDQFH RI FRQWDFW EHWZHHQ
���� DQG ������ %DVHG RQ WKLV LQIRUPDWLRQ WKH RSHUDWRU FDQ GHFLGH LI LW LV ZRUWK WKH ULVN WR IORDW WR WKH
VXUIDFH WR FRPPXQLFDWH LQIRUPDWLRQ� $QRWKHU LPSRUWDQW DVSHFW ZKLFK GHWHUPLQHV WKH XVDELOLW\ GXULQJ
D PLVVLRQ LV KRZ LW LQIOXHQFHV WKH VWHDOWKLQHVV RI WKH VXEPDULQH� 7KH FRPPXQLFDWLRQ DQWHQQD KDV
WR EH DERYH WKH ZDWHU WR FRPPXQLFDWH VLQFH WKH 8+) VLJQDO GRHV QRW SURSDJDWH ZHOO WKURXJK ZDWHU
>��@� 6XUIDFLQJ LQFUHDVHV WKH FKDQFH RI YLVXDO GHWHFWLRQ E\ RWKHU SDUWLHV� 7R OLPLW WKH GHWHFWDELOLW\� LW
ZRXOG EH SUHIHUUHG WKDW WKH VXEPDULQH RQO\ WUDQVPLWV D VLJQDO ZKHQ QHFHVVDU\� $ WUDQVPLWWHG VLJQDO
FDQ EH GHWHFWHG E\ RWKHU SDUWLHV DQG EH XVHG WR GHWHUPLQH WKH VXEPDULQH¶V SRVLWLRQ� 7KHUHIRUH� WKH
1DY\ ZRXOG OLNH WR KDYH WR FDSDELOLW\ WR UHFHLYH D PHVVDJH ZLWKRXW WKH QHHG WR PDNH LQLWLDO FRQWDFW
ZLWK WKH %ULN�,, VDWHOOLWH �L�H� QR WUDQVPLVVLRQ IURP WKH VXEPDULQH WR %ULN�,,�� 7KLV VKRXOG OLPLW FKDQFH RI
WKH VXEPDULQH EHLQJ GHWHFWHG E\ SRWHQWLDO DGYHUVDULHV� ZKLOH LW FDQ VWLOO UHFHLYH LQIRUPDWLRQ WUDQVPLWWHG
E\ WKH %ULN�,,� )XUWKHUPRUH� LI D WUDQVPLVVLRQ IURP WKH VXEPDULQH LV QHFHVVDU\� LW LV SUHIHUUHG WKDW WKH
V\VWHP OLPLWV WKH WUDQVPLVVLRQ VLJQDOV LQ GLUHFWLRQV RWKHU WKDQ WKDW RI WKH VDWHOOLWH� 7KLV PHDQV WKDW
WKH V\VWHP ZLOO RQO\ WUDQVPLW D VLJQDO ZLWK ORZ SRZHU LQ RWKHU GLUHFWLRQV WKDQ WKDW RI WKH VDWHOOLWH� 7KH
SXUSRVH LV DJDLQ WR OLPLW WKH FKDQFH RI GHWHFWLRQ VLQFH WKH VLJQDO ZLOO EH ZHDNHU DQG WKHUHIRUH KDUGHU
WR GHWHFW� WKXV GHFUHDVLQJ WKH OLNHOLKRRG RI ORFDOLVDWLRQ� &RQFOXGLQJ� WKH FRPPXQLFDWLRQ V\VWHP VKRXOG
SURYLGH DQ DGHTXDWH OLQN EXGJHW� EH LQWHJUDWHG ZLWK WKH VXEPDULQH� KDYH D PLQLPXP GHWHFWDELOLW\� DQG
NHHS WLPH DIORDW WR D PLQLPXP� ,I WKH V\VWHP PHHWV WKHVH UHTXLUHPHQWV� LW ZLOO KDYH DGGHG YDOXH GXULQJ
PLVVLRQV�

���� 6\VWHP UHTXLUHPHQWV
)URP WKH PLVVLRQ FRQFHSW DQG HODERUDWH FRQWDFW ZLWK ERWK WKH 1DY\ DQG WKH $LU )RUFH LW ZDV SRVVLEOH WR
JDWKHU D OLVW RI UHTXLUHPHQWV IRU WKH FRPPXQLFDWLRQ V\VWHP� 7KHVH V\VWHP UHTXLUHPHQWV FDQ EH IRXQG
LQ WDEOH ���� ,W VKRXOG EH PHQWLRQHG WKDW WKH FRVW RI WKH V\VWHP KDV QRW EHHQ WDNHQ LQWR DFFRXQW DV RQH
RI WKH UHTXLUHPHQWV� 7KH LQWHQGHG VROXWLRQ ZLOO SUREDEO\ EH FXVWRP PDGH E\ WKH $LU )RUFH DQG�RU 1DY\
DQG WKH FRVWV ZLOO EH UHODWLYHO\ ORZ� $ GHWDLOHG FRVW FRQVLGHUDWLRQ LV QRW LQFOXGHG LQ WKLV VWXG\�
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�� �� 5HTXLUHPHQWV

1RW DOO WKH UHTXLUHPHQWV VWDWHG LQ WDEOH ��� FDQ EH PHW GXULQJ WKLV SURMHFW� 7KLV KDV D QXPEHU RI
UHDVRQV WKDW KDYH EHHQ OLVWHG EHORZ� 7KH PDLQ IRFXV RI WKH SURMHFW LV WR GHVLJQ DQG EXLOG D SURWRW\SH
V\VWHP ZKLFK FDQ EH XVHG RQ�ERDUG WKH VXEPDULQH� 7KH PDLQ GLIIHUHQFH LV WKDW WKH V\VWHP ZLOO QRW EH
LQWHJUDWHG ZLWK WKH VXEPDULQH� 7KLV PHDQV WKDW WKH V\VWHP KDV WR EH GHSOR\HG RXWVLGH E\ KDQG DQG
WDNHQ LQVLGH EHIRUH VXEPHUJLQJ� $OVR WKH FRPSXWHU V\VWHP FDQQRW FRPPXQLFDWH ZLWK RWKHU KDUGZDUH
RQ�ERDUG WKH VXEPDULQH� 7KH GHVLJQ RI WKLV ILUVW SURGXFW KDV EHHQ GLVFXVVHG ZLWK WKH 1DY\� DQG WKH
SURWRW\SH UHTXLUHPHQWV FDQ EH IRXQG LQ WDEOH ��� LQ DSSHQGL[ ��

�� 7LPH� $ QXPEHU RI WKH UHTXLUHPHQWV FDQ EH WLPH FRQVXPLQJ DQG PHWLFXORXV WR VROYH� 7KHVH UH�
TXLUHPHQWV RIWHQ KDYH WR PHHW D FHUWDLQ PLOLWDU\ VWDQGDUG �0,/�67'�� ZKLFK ZRXOG UHTXLUH ODUJH
DPRXQWV RI YHULILFDWLRQ WHVWLQJ� 7KHUHIRUH LW KDV EHHQ FKRVHQ WR QRW IRFXV RQ WKHVH UHTXLUHPHQWV�
7KH PDLQ IRFXV LV WR RYHUFRPH DOO WKH WHFKQLFDO FKDOOHQJHV UHODWHG WR WKH FRPPXQLFDWLRQ FDSDELOL�
WLHV� )XUWKHUPRUH WKH RSHUDWLRQDO GHSOR\DELOLW\ DQG XVDELOLW\ DVSHFWV� VXFK DV WKH GDWD WKURXJKSXW
�54������ ZLOO EH IRFXVHG RQ�

�� 5LVN PDQDJHPHQW� 'XULQJ D SURMHFW LW LV RIWHQ EHQHILFLDO WR PDNH D SURWRW\SH� 7KH SURWRW\SH FDQ
EH XVHG IRU WHVWLQJ DQG YDOLGDWLRQ� 0DNLQJ LQWHUPHGLDWH VWHSV OLPLWV WKH ULVN RI GHYHORSLQJ D V\VWHP
ZKLFK ZRXOG QRW EH DEOH WR PHHW WKH UHTXLUHPHQWV� )XUWKHUPRUH� LW SURYLGHV WKH RSSRUWXQLW\ IRU
WKH 1DY\ WR SURYLGH IHHGEDFN EHIRUH WKH SURGXFW LV LPSOHPHQWHG LQ WKH VXEPDULQH�

�� &ODVVLILFDWLRQ� 7KH VXEPDULQH LV D FULWLFDO SDUW RI WKH 1DY\¶V RSHUDWLRQV� 7KHUHIRUH PXFK RI WKH
LQIRUPDWLRQ UHJDUGLQJ WKH VXEPDULQHV LQQHU ZRUNLQJV DUH FODVVLILHG� 7KLV FODVVLILFDWLRQ OHYHO LV
QRW JLYHQ WR QRQ�PLOLWDU\ SHUVRQQHO� 7KHUHIRUH WKH H[DFW GRFXPHQWDWLRQ ZKLFK ZRXOG DOORZ IRU D
PRUH GHWDLOHG GHVLJQ� LQFOXGLQJ WKH LQWHJUDWLRQ ZLWK WKH VXEPDULQH� LV QRW DYDLODEOH�

�� 1HFHVVLW\� 7KH VXEPDULQHV FXUUHQWO\ LQ VHUYLFH E\ WKH 1DY\ DUH VFKHGXOHG IRU UHSODFHPHQW LQ
���� >��@� 6LQFH WKLV LV UHODWLYHO\ VRRQ LW FRXOG EH GHFLGHG WR QRW GHYHORS D IXOO LQWHJUDWHG V\VWHP�
+RZHYHU� WKH IHHGEDFN UHFHLYHG RQ WKH FXUUHQW SURWRW\SH ZRXOG EH DQ H[FHOOHQW EDVLV IRU LQWHJUD�
WLRQ IURP WKH JURXQG�XS LQ WKH QHZ VXEPDULQHV� ,Q D QHZ VXEPDULQH GHVLJQ� WKH FRPPXQLFDWLRQ
V\VWHPV FRXOG EH DGMXVWHG WR LQWHJUDWH VHDPOHVVO\ ZLWK WKH VXEPDULQH�

������ 6LPLODULWLHV 5HPRWH 5DGLR 6WDWLRQ
7KH 556 LV D SRUWDEOH JURXQG VWDWLRQ ZKLFK FDQ EH XVHG LQ DQ\ ORFDWLRQ RQ HDUWK� 7KH V\VWHP KDV WKH
FDSDELOLW\ WR FRPPXQLFDWH ZLWK %ULN�,,� 7KHUHIRUH� WKH 556 KDV PDQ\ VLPLODULWLHV ZLWK WKH V\VWHP WKDW
ZLOO EH GHVLJQHG LQ WKLV SURMHFW� 6LQFH WKH V\VWHP ZLOO EH GHYHORSHG LQ WKH VKRUW GXUDWLRQ RI WKLV 06F
WKHVLV� LW ZDV FKRVHQ WR XVH WKH 556 DV D EDVLV IRU WKH GHVLJQ� 7KH HOHFWURQLF KDUGZDUH LV DGHTXDWH
IRU D ILUVW LWHUDWLRQ� DV LW KDV DOUHDG\ EHHQ GHYHORSHG DQG WHVWHG� 7KH VRIWZDUH RQ WKH 556 V\VWHPV
LV IOH[LEOH DQG FDQ EH DGDSWHG WR ILW WKH 1DY\¶V UHTXLUHPHQWV� 7KH VXEPDULQH FRPPXQLFDWLRQ V\VWHP
FDQQRW EH D FRS\ WKH KDUGZDUH RI 556 EHFDXVH RI WKH VL]H FRQVWUDLQWV WKDW DUH LPSRVHG E\ WKH FRP�
PXQLFDWLRQ PDVW RI WKH VXEPDULQH� 7KH URWRU LQ FRPELQDWLRQ ZLWK WKH DQWHQQD DUH WRR ODUJH WR PHHW
UHTXLUHPHQW 54����� 7KXV WKH DQWHQQD V\VWHP KDV WR EH UHGHVLJQHG WR ILW WKH UHTXLUHPHQW IURP WKH
1DY\� DQG LV WKHUHIRUH WKH PDLQ IRFXV RI WKLV SURMHFW�

������ 3URWRW\SH 5HTXLUHPHQWV
7KH OLVW RI UHTXLUHPHQWV IRU WKH SURWRW\SH 6$7&20 V\VWHP FDQ EH VHHQ LQ WDEOH ��� LQ DSSHQGL[ ��
6LQFH WKH IXQFWLRQDOLW\ WKDW VKRXOG EH DFKLHYHG KDV QRW FKDQJHG� D ODUJH SDUW RI WKH UHTXLUHPHQWV KDYH
QRW FKDQJHG FRPSDUHG WR WKH IXOO V\VWHP UHTXLUHPHQWV� 0RVW RI WKH UHTXLUHPHQWV WKDW KDYH FKDQJHG
DUH UHJDUGLQJ WKH LQWHJUDWLRQ ZLWK WKH VXEPDULQH� 'XULQJ WKH GHVLJQ SURFHVV RI WKH DQWHQQD V\VWHP
D QXPEHU RI UHTXLUHPHQWV FDQ EH UHJDUGHG DV WKH OHDGLQJ UHTXLUHPHQWV� 7KHVH UHTXLUHPHQWV FDQ EH
VHHQ LQ WDEOH ���� 7KH WKUHH OHDGLQJ UHTXLUHPHQWV DUH UHODWHG WR WKH DQWHQQD RI WKH V\VWHP� 7KH GHVLJQ
RI WKH DQWHQQD FDQ EH VHHQ DV WKH PDLQ IRFXV RI WKH SURMHFW� 7KH UHVW RI WKH KDUGZDUH XVHG LQ WKH
V\VWHP �H�J� +0,� ZLOO QRW EH LPSOHPHQWHG GXULQJ WKH SURMHFW� 7KHVH SDUWV FDQ EH EDVHG ODUJHO\ RQ WKH
KDUGZDUH WKDW KDV EHHQ GHYHORSHG IRU WKH 556�



���� 6\VWHP UHTXLUHPHQWV ��

,' 5HTXLUHPHQW ([SODQDWLRQ

54�3���� 7KH V\VWHP VKDOO SURYLGH D PLQLPXP OLQN EXGJHW RI !� 0E
GXULQJ D VLQJOH SDVV XQGHU LGHDO FRQGLWLRQV

7KH � 0E LV VHW DV D YDOXH ZKLFK SURYLGH HQRXJK
UHDVRQ IRU WKH VXEPDULQH WR VXUIDFH

54�3���� 7KH V\VWHP VKDOO RQO\ WUDQVPLW KLJK SRZHU VLJQDOV LQ
WKH GLUHFWLRQ RI WKH VDWHOOLWH WR OLPLW GHWHFWDELOLW\

7KH VXEPDULQH FDQ EH ORFDWHG E\ WKH LQWHUFHSWLRQ RI WUDQVPLWWHG VLJQDO�
7KHUHIRUH WKH V\VWHP VKRXOG OLPLW WKH QHFHVVLWLHV RI WUDQVPLVVLRQ

54�3���� 7KH V\VWHP VKDOO KDYH D GLDPHWHU ���� P DQG OHQJWK RI �� P 7KH V\VWHP VKRXOG EH FDUULHG XS WKURXJK WKH VWDLUZHOO DQG KDWFK

7DEOH ���� /HDGLQJ UHTXLUHPHQWV GXULQJ WKH SURMHFW

7KH WKUHH OHDGLQJ UHTXLUHPHQWV HDFK LPSRVH D WUDGH�RII RQ WKH GHVLJQ RI WKH FRPPXQLFDWLRQ V\VWHP�
7KH GHWHFWDELOLW\ VKRXOG EH OLPLWHG E\ RQO\ WUDQVPLWWLQJ D KLJK SRZHU VLJQDO LQ WKH GLUHFWLRQ RI WKH VDWHOOLWH
�54�3������ )XUWKHUPRUH� LQ VHFWLRQ ��� LW KDV EHHQ LQGLFDWHG WKDW WKH 1DY\ SUHIHUV WR OLPLW WUDQVPLVVLRQV
IURP WKH VXEPDULQH� 'XULQJ WKH SURMHFW LW ZLOO EHFRPH FOHDU WKHVH WZR SRLQWV LPSRVH D WUDGH�RII ZLWK
VHW OLQN EXGJHW UHTXLUHPHQW �54�3������ 7KH WKLUG OHDGLQJ UHTXLUHPHQW LV WKH VL]H FRQVWUDLQWV IRU WKH
GHVLJQ �54�3������ 7KLV ZLOO OLPLW WKH FKRLFH RI GLIIHUHQW W\SHV RI DQWHQQDV �H�J� 556 <DJL�8GD� WKDW
FDQ EH LPSOHPHQWHG�





�
$QWHQQD GHVLJQ

7KH 556 LV GHVLJQHG E\ WKH 6HFWLH 6SDFH WRJHWKHU ZLWK ��� 6TXDGURQ DQG VHUYHV DV D JRRG EDVLV
IRU WKH VXEPDULQH FRPPXQLFDWLRQ V\VWHP� +RZHYHU WKH V\VWHP FDQQRW EH IXOO\ LGHQWLFDO GXH WR WKH
GLIIHUHQFHV LQ UHTXLUHPHQWV� 7KH V\VWHP LQ WKH VXEPDULQH KDV VWULFW VSDFH UHTXLUHPHQWV ZKLFK PDNHV
WKH <DJL�8GD DQWHQQD XVHG LQ WKH 556 WRR ODUJH� WKHUHIRUH D QHZ DQWHQQD GHVLJQ LV QHHGHG� 7KH
SURFHVV RI GHVLJQLQJ WKH DQWHQQD ZLOO EH GLVFXVVHG LQ WKLV FKDSWHU� DQG ZLOO EH WKH PDLQ IRFXV RI WKH
SURMHFW� )LUVW� WKH WKHRU\ XVHG LQ WKH OLQN DQDO\VLV ZLOO EH GLVFXVVHG� 6HFRQG� LW ZLOO EH H[SODLQHG KRZ
WKH RUELWDO FKDUDFWHULVWLFV KDYH EHHQ LPSOHPHQWHG� /DVWO\ LW ZLOO EH VKRZQ KRZ WKH RSWLPDO DQWHQQD LV
IRXQG� DORQJ ZLWK WKH HQG UHVXOW RI WKH OLQN EXGJHW IRU WKH VXEPDULQH�

���� /LQN $QDO\VLV
7KH OLQN DQDO\VLV LV XVHG WR GHWHUPLQH WKH OLQN VWUHQJWK DW D SRLQW GXULQJ WKH SDVV RI WKH VDWHOOLWH� :LWK
WKH OLQN VWUHQJWK WKH LQVWDQWDQHRXV GDWD WUDQVIHU UDWH FDQ EH FDOFXODWHG� ,I WKH OLQN VWUHQJWK LV FDOFXODWHG
IRU WKH ZKROH SDVV DQG LQWHJUDWHG RYHU WLPH� WKH WRWDO PRXQW RI GDWD WUDQVIHUUHG FDQ EH GHWHUPLQHG�
7KH OLQN VWUHQJWK LV H[SUHVVHG LQ WKH IRUP RI WKH 615� 7KH VHFWLRQ EHORZ VKRZV KRZ WKH LQVWDQWDQHRXV
615 LV GHWHUPLQHG�

������ 6LJQDO WR 1RLVH 5DWLR
7KH 615 LV LQIOXHQFHG E\ D QXPEHU RI SKHQRPHQD� VXFK DV WKH )UHH 6SDFH 3DWK /RVV �)63/� RU
WKH DWPRVSKHULF DWWHQXDWLRQ RI WKH VLJQDO� (DFK RI WKHVH IDFWRUV KDYH WR EH FDOFXODWHG WR GHWHUPLQH
WKH 615 RI WKH VLJQDO EHWZHHQ WKH VXEPDULQH DQG WKH VDWHOOLWH� 7KH 615 FDQ EH H[SUHVVHG E\ WKH
HTXDWLRQ EHORZ�
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:KHUH�

� ൊൎൗൕ _ (IIHFWLYH ,VRWURSLF 5DGLDWHG 3RZHU

� േ _ %DQGZLGWK RI WKH VLJQDO

� ോ൘ൕ൑ _ )UHH 6SDFH 3DWK /RVV

� ൑_ $WPRVSKHULF DWWHQXDWLRQ ORVV

� ፆ
ፓ
_ *DLQ 7HPSHUDWXUH 5DWLR

� ൩_ %ROW]PDQQ FRQVWDQW

7KH IROORZLQJ SDUWV RI HTXDWLRQ ��� FDQ DOUHDG\ EH GHWHUPLQHG� VLQFH WKH EDQGZLGWK LV VHW IRU �� .+]
DQG WKH %ROW]PDQQ FRQVWDQW LV D SK\VLFDO FRQVWDQW ZKLFK GRHV QRW YDU\�

��



�� �� $QWHQQD GHVLJQ
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7KH RWKHU SDUWV RI 615 HTXDWLRQ ��� DUH H[SODLQHG EHORZ�

(IIHFWLYH ,VRWURSLF 5DGLDWHG 3RZHU
7KH (IIHFWLYH ,VRWURSLF 5DGLDWHG 3RZHU �(,53� LV D FRPELQDWLRQ RI WKH WUDQVPLW SRZHU DQG WUDQVPLW
JDLQ� ,W FDQ EH GHVFULEHG XVLQJ HTXDWLRQ ��� EHORZ�

ൊൎൗൕ  ��൪൭൦�ൕ� � ൌ �����

:KHUH�
� ൕ _ 7UDQVPLW SRZHU >:@

� ൌ _ *DLQ WUDQVPLWWLQJ DQWHQQD >G%@

7KH DQWHQQD JDLQ LV IURP WKH WUDQVPLWWLQJ V\VWHP� 7KHUHIRUH GXULQJ GRZQOLQN WUDQVPLVVLRQ WKH VDWHOOLWH
DQWHQQD LV XVHG WR FDOFXODWH WKH (,53� )RU WKH XSOLQN WUDQVPLVVLRQ WKH JURXQG VWDWLRQ DQWHQQD ZLOO EH
XVHG�

)UHH 6SDFH 3DWK /RVV
)63/ LV WKH ORVV ZKLFK RFFXUV EHFDXVH WKH VLJQDO SURSDJDWHV DV D VSKHULFDO ZDYH ZLWK FRQVWDQW SRZHU
IOX[ GHQVLW\ EXW ZLWK WKH VXUIDFH LQFUHDVLQJ ZLWK WKH VHFRQG SRZHU RI WKH GLVWDQFH IURP WKH WUDQVPLWWHU�
7KH HIIHFW RI WKLV FDQ EH FDOFXODWHG XVLQJ WKH IROORZLQJ HTXDWLRQ ����

ോ൘ൕ൑  ��൪൭൦�
�ဂ ࣄ ൉
࿽

� �����

:KHUH�
� ࿽ _ 7KH ZDYHOHQJWK >P@� ZKLFK LV FDOFXODWHG XVLQJ WKH VSHHG RI OLJKW �ൢ� DQG WKH FRPPXQLFDWLRQ
IUHTXHQF\ XVHG� ࿽  ፜

፟

� ൉ _ 'LVWDQFH EHWZHHQ WKH VDWHOOLWH DQG WKH JURXQG VWDWLRQ

$WPRVSKHULF ORVVHV
7KH 8+) VLJQDO WKDW LV XVHG WR FRPPXQLFDWH LV QRW DW VXFK D KLJK IUHTXHQF\ WKDW LW H[SHULHQFHV VWURQJ
DWWHQXDWLRQ LQ WKH DWPRVSKHUH� :HDWKHU FLUFXPVWDQFHV GRQ¶W KDYH D ODUJH LQIOXHQFH RQ WKH VLJQDO� 7KH
DWWHQXDWLRQ RI D VLJQDO RYHU GLIIHUHQW IUHTXHQF\ FDQ EH VHHQ LQ ILJXUH ��� EHORZ� )LJXUH ��� KDV EHHQ
UHFRUGHG DERYH ODQG� 7KH ZDWHU YDSRU GHQVLW\ LV DURXQG ���� ൦�൫ኽ DW VHD >��@�

)LJXUH ���� 6SHFLILF DWWHQXDWLRQ GXH WR DWPRVSKHULF JDVHV �3UHVVXUH ዆ ኻኺኻኽ�ኼ኿፡ፏፚ� 7HPSHUDWXUH ዆ ኻ኿pፂ� :DWHU 9DSRXU
'HQVLW\ ዆ ዁�኿፠�፦Ꮅ� >��@



���� /LQN $QDO\VLV ��

7KH DWWHQXDWLRQ GXH WR DWPRVSKHULF JDVHV LV QHDUO\ QRW QRWLFHDEOH DFFRUGLQJ WR WKH ILJXUH� 6LQFH WKH
ZDWHU YDSRU GHQVLW\ LV KLJKHU DW VHD� D ORZ DWWHQXDWLRQ YDOXH RI ��� G% KDV EHHQ FKRVHQ VXFK WKDW PLQRU
DWWHQXDWLRQV DUH DFFRXQWHG IRU�

*DLQ�7HPSHUDWXUH 5DWLR
7KH ODVW SDUW RI WKH 615 HTXDWLRQ LV WKH JDLQ�WHPSHUDWXUH �*�7� UDWLR RI WKH UHFHLYLQJ V\VWHP� 7KHUHIRUH
WKH WHPSHUDWXUH DQG DQWHQQD JDLQ VKRXOG EH IURP WKH UHFHLYLQJ V\VWHP� 7KH WHPSHUDWXUHV KDYH EHHQ
SURYLGHG LQ WKH ,QWHUIDFH &RQWURO 'RFXPHQW VXSSOLHG E\ WKH $LU )RUFH� )URP WKH GRFXPHQW� WKH DQWHQQD
QRLVH WHPSHUDWXUH LV ��� . DQG WKH HOHFWURQLFV KDYH D QRLVH WHPSHUDWXUH RI ��� . IRU GRZQOLQN DQG
��� . IRU WKH XSOLQN HOHFWURQLFV� 7KH *�7 UDWLR FDQ EH FDOFXODWHG DV VKRZQ LQ HTXDWLRQ ��� EHORZ�

ൌ
൙
 ൌ ࢿ ��൪൭൦�൙� �����

:KHUH�
� ൌ _ *DLQ RI UHFHLYLQJ V\VWHP >G%@

� ൙ _ 7RWDO HTXLYDOHQW QRLVH WHPSHUDWXUH RI UHFHLYLQJ V\VWHP >.@

7KH *7�UDWLR LQ HTXDWLRQ������ DV ZHOO DV LQ WKH (,53 ������ WKH JDLQ RI WKH DQWHQQDH LV EDVHG RQ WKH
RUELWDO SRVLWLRQ� 0HDQLQJ WKDW WKH GLUHFWLRQ RI WKH JURXQG VHJPHQW ZLWK UHVSHFW WR WKH UDGLDWLRQ SDWWHUQ
RI WKH VDWHOOLWH¶V DQWHQQD LV FRQVLGHUHG� 7KH VDPH LV GRQH IRU WKH JDLQ RI WKH JURXQG VHJPHQW� LQ WKLV
FDVH WKH DQWHQQD GHVLJQHG LQ WKLV SURMHFW� 7KLV PDNHV VXUH WKDW WKH PRGHO LV QRW RYHUVLPSOLILHG E\
WDNLQJ D IL[HG JDLQ IRU WKH DQWHQQDH�

������ 0RGXODWLRQ VFKHPH
:KHQ WKH 615 LV GHWHUPLQHG XVLQJ HTXDWLRQ ���� WKH FRUUHVSRQGLQJ GDWD UDWH VKRXOG EH FDOFXODWHG�
7KH GDWD UDWH LV GHSHQGHQW RQ WKH PRGXODWLRQ VFKHPH DQG WKH FRGLQJ UDWH >��@� 7KH VWHSV SRVVLEOH
LQ PRGXODWLRQ DQG FRGLQJ UDWH DUH DV SUHGHILQHG E\ WKH $&0 PRGHV� $ KLJKHU 615 PDNHV D KLJKHU
$&0 PRGH SRVVLEOH� ZKLFK \LHOGV D KLJKHU GDWD UDWH� 7KH $&0 PRGHV DUH DSSUR[LPDWHO\ � G% DSDUW�
PHDQLQJ WKDW ZKHQ WKH 615 LQFUHDVHV ZLWK � G% D KLJKHU $&0 PRGH FDQ EH XVHG� DV FDQ EH VHHQ LQ
ILJXUH ���� 7KH VHOHFWHG $&0 PRGH GHSHQGV RQ WKH 615 PDUJLQ DV UHFHLYHG E\ WKH JURXQG VHJPHQW�
:KHQ D KLJK HQRXJK 615 PDUJLQ LV GHWHFWHG� LW ZLOO LQIRUP WKH WUDQVPLWWHU WKDW D KLJKHU $&0 PRGH
FDQ EH XVHG� 7R GR WKLV WKH UHFHLYHU KDV WR VHQG D VLJQDO WR WKH WUDQVPLWWHU� ,Q VXEPDULQH RSHUDWLRQV LW
RIWHQ QRW GHVLUHG WR WUDQVPLW D VLJQDO VLQFH WKLV FDQ JLYH DZD\ \RXU ORFDWLRQ� 7KLV LV DOVR PHQWLRQHG LQ
UHTXLUHPHQW 54�3����� 7KHUHIRUH GRZQOLQN ZLOO EH IL[HG LQ $&0 PRGH �� ZKHQ QR $&0 PRGH XSGDWH
FDQ EH WUDQVPLWWHG� 7R VHH LI $&0 PRGH � RU KLJKHU LV SRVVLEOH� WKH ፄᑓ

ፍᎲ
� WKH QRUPDOL]HG 615 SHU ELW�

QHHGV WR EH FDOFXODWHG� 7KLV LV GRQH XVLQJ WKH HTXDWLRQ ��� EHORZ >��@� )RU WKLV FDOFXODWLRQ D %(5 RI
��ዅዀ KDV EHHQ VHW >��@� %(5  ��ዅዀ VKRXOG EH JRRG HQRXJK IRU WKH UHODWLYHO\ ORZ 8+) IUHTXHQF\ XVHG
>��@� 'XULQJ D SDVV LQ ZKLFK � 0% LV VHQG� RQO\ � ELW ZRXOG EH ZURQJ RQ DYHUDJH� ZKLFK LV DFFHSWDEOH�

൘൓ൗ  
ൊ፛
൓ኺ
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:KHUH ࿹ LV WKH FRGLQJ HIILFLHQF\ RI WKH $&0 PRGH� )RU HDFK RI WKH FRGLQJ UDWHV� FRUUHVSRQGLQJ WR WKH
615 PRGHV� WKH GDWD UDWH �൉ൗ� FDQ EH FDOFXODWHG XVLQJ WKH IROORZLQJ HTXDWLRQ ����

൉ൗ  േ ࣄ ࿹ �����

:KHUH േ LV WKH EDQGZLGWK XVHG� ZKLFK LV VHW IRU �� .+]� :KHQ WKH $&0 PRGH LV YDULDEOH� WKH 615
FDOFXODWHG LQ HTXDWLRQ ��� VKRXOG EH ORZHU WKDQ WKH 615 GHWHUPLQHG E\ WKH OLQN VWUHQJWK FDOFXODWLRQ�
7R PDNH VXUH WKLV LV DOZD\V WKH FDVH� D VDIHW\ IDFWRU LV DGGHG� 7KH VDIHW\ IDFWRU LV QHFHVVDU\ VLQFH
WKH PRGHO ZLOO QRW SURYLGH D SHUIHFW VLPXODWLRQ RI UHDOLW\ DQG WKHUH DUH DOZD\V VPDOO DQG IDVW FKDQJLQJ
IOXFWXDWLRQV LQ D WUDQVPLVVLRQ VLJQDO� 7KH VDIHW\ IDFWRU LV DSSOLHG VXFK WKDW WKH 615 VKRXOG EH GRXEOH
FRPSDUHG WR ZKDW ZRXOG EH PLQLPDO� KHQFH D VDIHW\ IDFWRU RI � G% >��@� ,I D FRQVWDQWO\ YDU\LQJ $&0
SURWRFRO ZRXOG EH LPSOHPHQWHG WKH VDIHW\ IDFWRU FDQ EH UHGXFHG ��� G% >��@� &XUUHQWO\ WKLV LV QRW



�� �� $QWHQQD GHVLJQ

VXSSRUWHG E\ WKH %ULN�,, VDWHOOLWH� :LWK WKH VDIHW\ IDFWRU� WUDQVPLVVLRQ LV SRVVLEOH ZKHQ WKH IROORZLQJ
FRQGLWLRQ LV PHW ����
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7KH ፄᑓ
ፍᎲ

DQG ࿹ DUH WKH WZR SDUDPHWHUV ZKLFK DUH YDULHG ZKHQ WKH $&0 PRGH FKDQJHV� ZLWK ORZHU $&0

PRGH FRQGLWLRQ ��� LV HDVLHU PHW� 7KH ፄᑓ
ፍᎲ

DQG ࿹ DFFRPSDQ\LQJ WKH $&0PRGHV DUH IRXQG LQ WKH &&6'6
>��@ PDQXDO� 7KHVH DUH YLVXDOLVHG LQ WKH ILJXUH ���� ZLWK WKH VHOHFWHG YDOXH RI %(5  ��ዅዀ LQ WDEOH ����

)LJXUH ���� $&0 PRGHV ᐼᑓ
ᑅᎲ

IRU VHW %(5 >��@ )LJXUH ���� $&0 PRGHV ᐼᑓ
ᑅᎲ

IRU %(5 ዆ ኻኺᎽᎸ >��@

������ 6DWHOOLWH $QWHQQD *DLQ
7KH DQWHQQD JDLQ RI WKH VDWHOOLWH LV XVHG GXULQJ IRU WKH OLQN EXGJHW FDOFXODWLRQ� ,Q FDVH RI GRZQOLQN LW
LV XVHG LQ WKH (,53 FDOFXODWLRQ� ZKLOH IRU XSOLQN LW LV XVHG LQ WKH ፆ

ፓ
UDWLR� 7KH VDWHOOLWH KDV WZR GLIIHUHQW

DQWHQQD RQERDUG� RQH IRU XSOLQN DQG RQH IRU GRZQOLQN� DV FDQ EH VHHQ LQ ILJXUH ���� %RWK KDYH D
GLIIHUHQW UDGLDWLRQ SDWWHUQ� 7R REWDLQ WKH DQWHQQD JDLQ WKDW LV UHTXLUHG WR FDOFXODWH WKH (,53 DQG ፆ

ፓ
UDWLR�

WKH RULHQWDWLRQ RI WKH VDWHOOLWH ZLWK UHVSHFW WR WKH JURXQG VHJPHQW VKRXOG EH NQRZQ� 7KH RULHQWDWLRQ
FDQ EH XVHG WR GHWHUPLQH ZKHUH WKH JURXQG VWDWLRQ LV LQ WKH UDGLDWLRQ SDWWHUQ RI WKH VDWHOOLWH� 7KH
VDWHOOLWH DQWHQQDV UDGLDWLRQ SDWWHUQV KDYH EHHQ PHDVXUHG E\ ,6,6� DQG FDQ EH VHHQ LQ ILJXUH ���� 7KH
DVVRFLDWHG GDWD LV XVHG LQ WKH VLPXODWLRQ RI WKH OLQN EXGJHW�

)LJXUH ���� $QWHQQDV RQ %ULN�,, )LJXUH ���� 6DWHOOLWH UDGLDWLRQ SDWWHUQ XSOLQN DQG
GRZQOLQN DQWHQQD >��@



���� 2UELWDO &KDUDFWHULVWLFV ��

���� 2UELWDO &KDUDFWHULVWLFV
7KH LQVWDQWDQHRXV GDWD UDWH RI WKH SDVV FDQ EH FDOFXODWHG LI WKH GLVWDQFH DQG DQWHQQD JDLQ RI WKH
JURXQG VHJPHQW DQG VDWHOOLWH DUH NQRZQ� 7R FDOFXODWH WKHVH SDUDPHWHUV� WKH RUELW RI WKH VDWHOOLWH VKRXOG
EH PRGHOHG� 7KLV LV GRQH XVLQJ D 6*3� SURSDJDWRU� +RZ WKH SURSDJDWRU KDV EHHQ LPSOHPHQWHG ZLOO
EH H[SODLQHG LQ WKH VHFWLRQ ����� EHORZ� +HUHDIWHU WKH UHTXLUHG PRGLILFDWLRQV WR WKH SURSDJDWRU RXWSXW
GDWD DUH GLVFXVVHG�

������ 6WDQGDUG *HQHUDO 3HUWXUEDWLRQV 6DWHOOLWH 2UELW 0RGHO �
7KH 6*3� SURSDJDWLRQ PRGHO LV ZLGHO\ XVHG DV D ZD\ WR SUHGLFW WKH IXWXUH VDWHOOLWH SRVLWLRQ� 7KH RUELWDO
FKDUDFWHULVWLFV ZKLFK DUH XVHG WR SUHGLFW WKH IXWXUH SRVLWLRQ DUH VXSSOLHG LQ WKH IRUP RI WKH 7/(� 7KH
SURSDJDWRU KDV EHHQ EXLOW LQ 0$7/$% E\ '� 9DOODGR� DQG KDV EHHQ VRXUFHG IURP &HOHV7UDN >��@� 7KH
IXQFWLRQLQJ RI WKH SURSDJDWRU KDV EHHQ YHULILHG E\ FRPSDULVRQV ZLWK WKH LPSOHPHQWDWLRQ RI WKH 6*3�
PRGHO XVHG LQ WKH %ULN�,, JURXQG VWDWLRQ� 7KH GHOWD EHWZHHQ WKH WZR PRGHOV LV OHVV WKDQ � V LQ SDVV�
6LQFH DQ DYHUDJH SDVV WDNHV ��� PLQ� WKH GHYLDWLRQ ZRXOG EH D PD[LPXP RI ����� 7KHUHIRUH WKH
SUHGLFWLRQ ZDV GHHPHG DGHTXDWH� )XUWKHUPRUH� WKH DFFXUDF\ FRXOG QRW EH YHULILHG LQ PRUH GHWDLO VLQFH
WKH SUHGLFWLRQ SURYLGHG E\ WKH $LU )RUFH ZHUH QRW PRUH DFFXUDWH� 2Q WRS RI WKH &HOHV7UDN SURSDJDWRU D
*8, KDV EHHQ PDGH ZKLFK PDNHV XVLQJ LW HDVLHU� 7KH *8, LV EDVHG RQ WKH GHVLJQ PDGH E\ '� 'HOXFD�
ZKLFK ZDV WDNHQ DV D EDVLV >��@� 7KH LQSXWV RI WKH *8, LV H[SODLQHG EHORZ� DORQJ ZLWK D SLFWXUH ����

�� +HUH D 7/( ILOH FDQ EH VHOHFWHG IURP ILOH� 7KLV KDV WR EH D �W[W ILOH EXW FDQ EH DQ\ 7/( DYDLODEOH

�� 7KH VWDUW GDWH DQG WLPH RI WKH SURSDJDWLRQ

�� 7KH HQG GDWH DQG WLPH RI WKH SURSDJDWLRQ

�� 7KH VWHS VL]H XVHG LQ WKH SURSDJDWLRQ� 7KH LQIOXHQFH RQ WKH DFFXUDF\ LV GLVFXVVHG IXUWKHU LQ WKLV
VHFWLRQ

�� 7KH ODWLWXGH� ORQJLWXGH DQG DOWLWXGH RI WKH JURXQG VWDWLRQ ORFDWLRQ� 3OHDVH QRWH WKDW WKLV LV D :RUOG
*HRGHWLF 6\VWHP ���� �:*6��� PRGHO RI WKH HDUWK� VR LW LV QRW WKH VDPH DV QRUPDO ORQJ�ODW�DOW�
LWXGH >��@�

)LJXUH ���� *8, RI 6*3� SURSDJDWRU LQ 0$7/$%



�� �� $QWHQQD GHVLJQ

7KH PDLQ RXWSXW RI WKH SURSDJDWRU LV D WH[W ILOH FRQWDLQLQJ WKH VWDUW� HQG� GXUDWLRQ� DQG PD[ HOHYDWLRQ IRU
DOO SDVVHV LQ WKH VHW WLPH IUDPH� )XUWKHUPRUH� SURSDJDWRU SURYLGHV WKH HOHYDWLRQ DQJOH RI WKH VDWHOOLWH
DW HDFK WLPH VWHS GXULQJ WKH SDVVHV �L�H� ZKHQ YLVLEOH DERYH WKH KRUL]RQ�� 7KLV LQIRUPDWLRQ LV QHHGHG
WR SHUIRUP WKH OLQN EXGJHW DQDO\VLV� 7KH RXWSXW IURP WKH SURSDJDWRU FDQ DOVR SURYLGH WKH RULHQWDWLRQ
JURXQG VWDWLRQ ZLWK UHVSHFW WR WKH VDWHOOLWH� 7KLV LV QHHGHG DV WKH UDGLDWLRQ SDWWHUQ RI WKH VDWHOOLWH
DQWHQQD LV WDNHQ LQWR DFFRXQW� :KHQ WKH RULHQWDWLRQ RI WKH JURXQG VWDWLRQ LQ WKH UDGLDWLRQ SDWWHUQ LV
NQRZQ WKH VDWHOOLWH DQWHQQD JDLQ LV IRXQG� 7R REWDLQ WKH RULHQWDWLRQ D QXPEHU RI FDOFXODWLRQV KDYH WR
EH SHUIRUPHG� 7KH SURSDJDWRU KDV EHHQ DGMXVWHG LQ VXFK D ZD\ WKDW WKH YHORFLW\ YHFWRU RI WKH VDWHOOLWH
LV H[WUDFWHG� ZKLFK LV WKHQ XVHG WR GHWHUPLQHG WKH RULHQWDWLRQ RI WKH VDWHOOLWH ZLWK UHVSHFW WR WKH JURXQG
VWDWLRQ� 7R FDOFXODWH WKLV� D QXPEHU RI UHIHUHQFH IUDPH WUDQVODWLRQV DQG URWDWLRQV DUH UHTXLUHG� 7KH
DFWLRQV UHTXLUHG DUH VLPSOLILHG WR �' LQ ILJXUH ��� EHORZ�

)LJXUH ���� 5RWDWLRQV RI UHIHUHQFH IUDPH QHFHVVDU\

7KH YHORFLW\ YHFWRU REWDLQHG IRUP WKH SURSDJDWRU LV H[SUHVVHG LQ WKH 9� UHIHUHQFH IUDPH� 9� OLHV LQ
WKH FHQWHU RI WKH HDUWK DFFRUGLQJ WR WKH :*6�� PRGHO� 7KH WUDQVODWLRQ LV GRQH XVLQJ WKH SURYLGHG
ORQJLWXGH� ORQJLWXGH� DQG DOWLWXGH RI WKH REVHUYHU ORFDWLRQ� 7KH 9� UHIHUHQFH LV DFKLHYHG E\ URWDWLQJ
WKH IUDPH VXFK WKDW RQH D[LV LV SHUSHQGLFXODU WR WKH VXUIDFH DQG RQH D[LV SRLQWV WR WKH :*6�� QRUWK
SROH� 7KH 9� IUDPH LV WKH UHIHUHQFH IUDPH RI WKH VDWHOOLWH� ,Q WKLV UHIHUHQFH IUDPH� WKH UDGLDWLRQ SDWWHUQV
RI WKH DQWHQQDV DUH H[SUHVVHG� ,W LV NQRZQ WKDW WKH GLUHFWLRQ RI IOLJKW LV LQ WKH �= GLUHFWLRQ DQG WKH �;
GLUHFWLRQ SRLQW WR WKH FHQWHU RI WKH HDUWK� ,I WKH YHORFLW\ YHFWRU LV NQRZQ LQ WKH 9� FRRUGLQDWH IUDPH�
WKH URWDWLRQDO PDWUL[ EHWZHHQ 9� DQG 9� FDQ EH FDOFXODWHG� 8VLQJ WKH URWDWLRQ PDWUL[� DORQJ ZLWK WKH
SRVLWLRQ YHFWRU RI WKH VDWHOOLWH LQ WKH 9� UHIHUHQFH IUDPH� WKH SRVLWLRQ YHFWRU RI WKH REVHUYHU ORFDWLRQ
LQ WKH 9� UHIHUHQFH IUDPH FDQ GHWHUPLQHG� 6LQFH WKH RULHQWDWLRQ RI WKH DQWHQQD UDGLDWLRQ SDWWHUQ ZLWK
UHVSHFW WR WKH 9� UHIHUHQFH IUDPH LV NQRZQ� WKH DQWHQQD JDLQ FDQ EH GHULYHG DV WKH ORFDWLRQ RI WKH
REVHUYHU LQ WKH 9� IUDPH LV NQRZQ� 1RWH WKDW WKH URWDWLRQ PDWUL[ KDV WR EH FDOFXODWHG IRU HDFK VWHS LQ
WKH SURSDJDWLRQ VLQFH WKH RULHQWDWLRQ RI 9� ZLWK UHVSHFW WR 9� FKDQJHV FRQVWDQWO\� 1RZ WKH RULHQWDWLRQ
RI WKH VDWHOOLWH ZLWK UHVSHFW WR WKH JURXQG VHJPHQW LV NQRZQ DW HYHU\ ORFDWLRQ� WKHUHIRUH WKH DQWHQQD
JDLQ LV IRXQG�

$ QXPEHU RI H[WUD DGMXVWPHQWV DUH SHUIRUPHG WR WKH SURSDJDWRU RXWSXW GDWD� 6LQFH WKH SURSDJDWRU
SURYLGHV WKH LQIRUPDWLRQ DW DOO VWHSV RI WKH VDWHOOLWH¶V RUELW� LW GRHV QRW UHPRYH LQGLFHV ZKHQ WKH VDWHO�
OLWH LV EHORZ WKH KRUL]RQ� $V RYHU WKH KRUL]RQ FRPPXQLFDWLRQ LV QRW SRVVLEOH� WKHVH ZLOO EH UHPRYHG�
)XUWKHUPRUH� LW ZLOO EH XVHIXO WR KDYH WKH DELOLW\ WR UHPRYH SDVVHV WKDW GR QRW UHDFK D FHUWDLQ HOHYDWLRQ
DQJOH ZLWK UHVSHFW WR WKH REVHUYHU� 6LQFH D SDVV ZLWK D ORZ PD[LPXP HOHYDWLRQ ZLOO QRW SURYLGH GHFHQW
FRPPXQLFDWLRQ RSSRUWXQLW\ DV WKH FRQWDFW WLPH LV VKRUW� $QRWKHU IXQFWLRQDOLW\ WKDW KDV EHHQ DGGHG LV
WKH DELOLW\ WR UHPRYH WKH SURSDJDWLRQ LQGLFHV ZKHQ WKH VDWHOOLWH LV EHORZ D FHUWDLQ HOHYDWLRQ DQJOH� 7KXV
WKH HOHYDWLRQ DQJOH IURP ZKLFK FRPPXQLFDWLRQ LV SRVVLEOH FDQ EH VHW� 7KH IXQFWLRQDOO\ KDV EHHQ DGGHG
VLQFH FRPPXQLFDWLRQ DW ORZ HOHYDWLRQ DQJOHV FDQ EH XQUHOLDEOH GXH WR OLQN VWUHQJWK YDULDWLRQ >��@� ,I
WKH UHPRYDO RI FHUWDLQ SDVVHV DQG HOHYDWLRQ DQJOHV LV UHTXLUHG� LW ZLOO EH GLVFXVVHG LQ WKH RSWLPLVDWLRQ



���� 2UELWDO &KDUDFWHULVWLFV ��

VHFWLRQ ���� 7KH LQSXW SDUDPHWHUV IRU WKH SURSDJDWRU DUH GLVFXVVHG LQ WKH VHFWLRQV KHUHDIWHU�

������ ,QWHJUDWLRQ 6WHS
7KH WRWDO GDWD WUDQVIHUUHG RYHU D FHUWDLQ SHULRG LV FDOFXODWHG E\ LQWHJUDWLQJ� 7KH GDWD UDWH LV FDOFX�
ODWHG IRU HDFK SRLQW� KHUHDIWHU LW LV PXOWLSOLHG ZLWK D VPDOO WLPH VWHS DQG VXPPDWHG WR \LHOG WRWDO GDWD
WKURXJKSXW� 7KH WLPH VWHS ZKLFK LV XVHG LQ WKH LQWHJUDWLRQ VKRXOG EH GHWHUPLQHG VXFK WKDW WKH LQWH�
JUDWLRQ SURGXFHV DFFXUDWH UHVXOWV� +RZHYHU� WKH WLPH VWHS FDQQRW EH PDGH WRR VPDOO VLQFH WKH WLPH
VWHS KDV D ODUJH LQIOXHQFH RQ WKH FRPSXWDWLRQDO WLPH UHTXLUHG� 7KH VWHS VL]H LV GHWHUPLQHG E\ UXQ�
QLQJ D VPDOO SURSDJDWLRQ RI D WLPH SHULRG� IURP ���6HS����� �������� WLOO ���6HS����� ��������� IRU
PXOWLSOH VWHS VL]HV� $OVR WKH FDOFXODWLRQ GXUDWLRQ KDV EHHQ UHFRUGHG� WR SURYLGH DQ LQGLFDWLRQ RI ZKDW
WKH FRPSXWDWLRQDO GXUDWLRQ ZRXOG EH ZKHQ SURSDJDWLRQ RYHU D ODUJHU WLPH IUDPH� 7KH ODUJH WLPH IUDPH
LV IURP $XJ����� WLOO $SU������ WKLV WLPH IUDPH KDV EHHQ XVHG WR GR WKH ILQDO DQWHQQD RSWLPL]DWLRQ�
7KH UHFRUGHG GDWD FDQ EH VHHQ LQ WDEOH ���� 7KH EROG OLQH ZLWK DQ LQWHJUDWLRQ VWHS RI ��� PLQ LV WKH
LQWHJUDWLRQ VWHS FKRVHQ�

6WHS >PLQ@ 6WHS >V@ 'DWD >0%@ 'HYLDWLRQ ��� GD\ SURSDJDWLRQ
UXQ WLPH >V@

� PRQWKV SURSDJDWLRQ
UXQ WLPH >K@
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7DEOH ���� ,QWHJUDWLRQ VWHS VL]H UHVXOWV

7KH ��� PLQ LV FKRVHQ EDVHG RQ WKH WUDGH�RII EHWZHHQ FRPSXWDWLRQDO WLPH DQG DFFXUDF\� 7KH ������
GHYLDWLRQ LV UHODWLYHO\ VPDOO� *RLQJ VPDOOHU ZRXOG JUHDWO\ LQFUHDVH WKH FRPSXWDWLRQDO WLPH DV VHHQ LQ
WKH PRVW ULJKW FROXPQ RI WDEOH ���� 7KH ��� PLQ WLPH VWHS FRXOG DOVR EH FRQVLGHUHG DV DQ RSWLRQ VLQFH
WKH GHYLDWLRQ LV VPDOOHU FRPSDUHG WR WKH ��� PLQ� +RZHYHU� WKH VWHS VL]HV VXUURXQGLQJ WKH ��� PLQ
VKRZ D ODUJHU GHYLDWLRQ� 7KH ��� PLQ VWHS VL]H FRLQFLGHV MXVW ULJKW ZLWK WKH VWDUW DQG HQG RI WKH FRP�
PXQLFDWLRQ SHULRG� 7KHUHIRUH WKH GHYLDWLRQ LV OHVV FRPSDUHG WR WKH VXUURXQGLQJ VWHS VL]HV� $ VWHS VL]H
RI ��� PLQ� ZKLFK LV � V� DORQJ ZLWK WKH IDFW WKDW D SDVV ODVW DURXQG ����� PLQXWHV ZRXOG \LHOG DURXQG
��� WR ��� VWHSV� 2YHU WKHVH VWHSV WKH LQVWDQWDQHRXVO\ GDWD UDWH LV LQWHJUDWHG WR REWDLQ WKH WRWDO GDWD
WKURXJKSXW�

������ 3URSDJDWLRQ WLPH
7KH GHVLJQ RI WKH DQWHQQD VKRXOG EH EDVHG RQ UHDO OLIH VLWXDWLRQV� 6XFK VLWXDWLRQ FDQ EH FUHDWHG XVLQJ
WKH 6*3� SURSDJDWRU� XVLQJ WKH 7/( LQIRUPDWLRQ RI %ULN�,,� +RZ WKH VDWHOOLWH SDVVHV RYHU WKH JURXQG
VHJPHQW LV DQ LPSRUWDQW SDUDPHWHU LQ WKH GHVLJQ SURFHVV� 7KH SDVVHV VKRXOG LQFOXGH D JRRG YDULHW\
RI SDVVHV� PHDQLQJ WKDW WKH\ VKRXOG UHDFK GLIIHUHQW PD[LPXP HOHYDWLRQV GXULQJ WKH SDVV� 7KH RUELWDO
SDUDPHWHUV RI %ULN�,, FDXVH WKH SDVVHV WR FOXVWHU WRJHWKHU LQ D URXJKO\ ��K ZLQGRZ� LQ ZKLFK SDVVHV DUH
VHSDUDWHG E\ WKH RUELWDO SHULRG ��� PLQ�� 7KH VDWHOOLWH SDVVHV RYHU WKH PDLQ JURXQG VWDWLRQ LQ 'RQJHQ
�1/� � RU � WLPHV D GD\� $OVR WKH PD[LPXP HOHYDWLRQV UHDFKHG GXULQJ WKH SDVVHV FKDQJHV HYHU\ GD\�
7R RSWLPLVH WKH DQWHQQD DV PXFK DV SRVVLEOH� LW ZRXOG EH SUHIHUUHG WR JHW D PL[ RI GLIIHUHQW PD[LPXP
HOHYDWLRQ SDVVHV� :K\ 'RQJHQ ZDV FKRVHQ D ORFDWLRQ LV H[SODLQHG LQ VHFWLRQ ������ 7R JHW DQ LGHD RI
ZKDW SDVVHV ZRXOG KDSSHQ RYHU D FHUWDLQ WLPH IUDPH� WKH SURSDJDWLRQ KDV EHHQ GRQH RYHU WKH JURXQG
VWDWLRQ LQ 'RQJHQ IRU � GLIIHUHQW WLPH IUDPHV� +RZ RIWHQ D FHUWDLQ PD[LPXP HOHYDWLRQ LV DFKLHYHG GXULQJ
D SDVV FDQ EH VHHQ LQ WKH KLVWRJUDPV EHORZ�



�� �� $QWHQQD GHVLJQ

)LJXUH ���� � PRQWK SURSDJDWLRQ )LJXUH ���� � PRQWKV SURSDJDWLRQ )LJXUH ����� � PRQWKV SURSDJDWLRQ

,Q ILJXUH ��� WKH SURSDJDWLRQ SHULRG LV � PRQWK� ,W FDQ EH REVHUYHG WKDW WKH VSUHDG RI GLIIHUHQW SDVVHV
LV UHODWLYHO\ VPDOO VLQFH WKH GXUDWLRQ LV WR� VKRUW� ,Q WKH VKRUW SHULRG QR SUHFHVVLRQ RI WKH RUELW KDV
RFFXUUHG� 7KHUHIRUH� WKH SURSDJDWLRQ QHHGV WR EH ORQJHU VXFK WKDW PRUH YDULDWLRQ LQ SDVV LQ SUHVHQW LQ
WKH GDWD VHW� 0RUH YDULDWLRQ ZLOO SURYLGH PDNH VXUH WKDW WKH DQWHQQD LV RSWLPLVHG IRU D UDQJH RI SDVVHV�
,Q ILJXUH ��� WKH VSUHDG LV PXFK EHWWHU� DV LW LV RYHU � PRQWKV� +RZHYHU� WKHUH DUH VWLOO SDUWV ZHUH WKHUH
DUH QR SDVVHV� HVSHFLDOO\ EHWZHHQ ������ DQG ������ HOHYDWLRQ� ,Q ILJXUH ���� WKH SURSDJDWLRQ KDV
EHHQ UXQ IRU � PRQWKV� 7KH GDWD VHHPV WR EH DGHTXDWH WR XVH DV WKHUH LV D JRRG UDQJH RI GLIIHUHQW
SDVVHV� $ ORQJHU SURSDJDWLRQ WKDQ � PRQWKV PLJKW \LHOG D EHWWHU GLVWULEXWLRQ RI SDVVHV� KRZHYHU WKH
FRPSXWDWLRQDO WLPH UHTXLUHG WR SURSDJDWH VDWHOOLWH IRU � PRQWKV LV � GD\V� 7KHUHIRUH LW ZDV FKRVHQ WR
QRW LQFUHDVH WKH SURSDJDWLRQ GXUDWLRQ�

������ *URXQG 6HJPHQW /RFDWLRQ
7KH ORFDWLRQ RI WKH JURXQG VHJPHQW DV XVHG LQ WKH SURSDJDWRU KDV DQ LQIOXHQFH RQ WKH DQWHQQD GH�
VLJQ� 7KH SDVVHV REVHUYHG FKDQJH IRU GLIIHUHQW ORFDWLRQV RQ HDUWK� 7KH ORQJLWXGH KDV QR LQIOXHQFH RQ
WKH SDVVHV REVHUYHG� 7KH ODWLWXGH KDV D ODUJH LQIOXHQFH RQ WKH SDVVHV DV REVHUYHG IURP WKH JURXQG
VHJPHQW� ,W ZDV LQYHVWLJDWHG KRZ WKH ODWLWXGH LQIOXHQFHV WKH WRWDO DPRXQW RI GDWD ZKLFK FDQ EH WUDQV�
IHUUHG� 7KH SURSDJDWLRQ KDV EHHQ UXQ IURP D QXPEHU RI ODWLWXGHV IRU D SHULRG RI RQH GD\ ����6HS�����
�������� WLOO ���6HS����� ���������� ZLWK D VWHS VL]H RI ��� PLQ DV GHWHUPLQHG LQ VHFWLRQ ������ 7KH
UHVXOWV FDQ EH VHHQ LQ ILJXUH ���� EHORZ� 7KH JDLQ RI WKH JURXQG VHJPHQW KDV EHHQ VHW DW � G%� DV DQ
DQWHQQD UDGLDWLRQ SDWWHUQ PLJKW LQIOXHQFH WKH UHVXOWV� 7KH UDGLDWLRQ SDWWHUQ RI WKH VDWHOOLWH¶V DQWHQQD
KDV EHHQ WDNHQ LQWR DFFRXQW� )XUWKHUPRUH WKH FRQQHFWLRQ PHDVXUHG LV WKH GRZQOLQN IURP VDWHOOLWH WR
JURXQG VHJPHQW ZKLOH XVLQJ RQO\ $&0 PRGH ��

)LJXUH ����� 'DWD WUDQVIHU IRU GLIIHUHQW ODWLWXGHV



���� 6XEPDULQH $QWHQQD ��

7KH PDLQ REVHUYDWLRQ IURP ILJXUH ���� LV WKDW WKH ODWLWXGH KDV D ODUJH LQIOXHQFH RQ WKH WRWDO DPRXQW
RI GDWD ZKLFK FDQ EH WUDQVIHUUHG� )XUWKHUPRUH WKH ORZHU DQG XSSHU ERXQGDU\ RI ��� ��� VKRZV WKDW
WKHUH DUH SODFHV RQ HDUWK ZKHUH QR FRPPXQLFDWLRQ LV SRVVLEOH� 7KH ERXQGDULHV DUH FDXVHG E\ WKH
����� LQFOLQDWLRQ RUELW RI %ULN�,,� 7KH OLQN EXGJHW LV ORZHU DURXQG WKH HTXDWRU FRPSDUHG WR WKH ��� ��� WR
��� ODWLWXGH� 7KH FRQWDFW WLPH LV ORZHU FRPSDUHG WR WKH KLJKHU ODWLWXGHV� KHQFH WKHUH LV OHVV WLPH IRU
FRPPXQLFDWLRQ� %HFDXVH RI WKLV WKH FKRLFH IRU DQ RSWLPLVDWLRQ ORFDWLRQ ZDV QRW WULYLDO� 6LQFH WKH SULPDU\
REMHFWLYH RI WKH 5R\DO 1HWKHUODQGV 1DY\ LV WR SURWHFW WKH 1HWKHUODQGV� LW KDV EHHQ FKRVHQ WR VHOHFW D
ORFDWLRQ DW WKH VDPH ODWLWXGH� %HFDXVH WKH 1HWKHUODQGV LV UHODWLYHO\ VPDOO DQG WKH ODWLWXGH ORFDWHG DW
WKH SHDN LQ ILJXUH ����� WKH H[DFW ORFDWLRQ GRHV QRW KDYH D ODUJH LQIOXHQFH� 7KHUHIRUH� WKH PLOLWDU\ EDVH
ZKHUH WKH ��� 6TXDGURQ LV VWDWLRQHG ZDV FKRVHQ� 6R WKH ORFDWLRQ LV LQ 'RQJHQ DW ODWLWXGH� ������
ORQJLWXGH� ������ 7KLV ORFDWLRQ ZLOO DOVR EH XVHG WR FRQGXFW WKH WHVWV WKDW DUH GLVFXVVHG LQ VHFWLRQ ��

���� 6XEPDULQH $QWHQQD
7KH GHVLJQ RI WKH VXEPDULQH DQWHQQD LV FULWLFDO IRU WKH PLVVLRQ FDSDELOLWLHV RI WKH V\VWHP� 7KH UDGLD�
WLRQ SDWWHUQ VKRXOG EH GHVLJQHG VXFK WKDW WKH PD[LPXP DPRXQW RI GDWD FDQ EH WUDQVPLWWHG ZKLOH VWLOO
DGKHULQJ WR DOO WKH UHTXLUHPHQWV� 7KHUH DUH PDQ\ GLIIHUHQW DQWHQQDH ZKLFK KDYH EHHQ FRQVLGHUHG�
(DFK RI WKHVH ZLOO EH H[SODLQHG EHORZ� DORQJ ZLWK WKH EHQHILWV DQG GRZQVLGHV RI WKLV DQWHQQD ZLWKLQ WKH
HQYLURQPHQW VHW E\ WKH 1DY\�

�� <DJL�8GD DQWHQQD 7KH <DJL�8GD DQWHQQD LV D FRPPRQO\ XVHG DQWHQQD� 7KH\ FDQ RIWHQ EH IRXQG
RQ WRS RI EXLOGLQJV DQG KRXVHV ZHUH LW XVHG WR UHFHLYH WHOHYLVLRQ� 7KH\ ZRUN E\ VHQGLQJ D VLJQDO
WKURXJK WKH GULYLQJ HOHPHQW� ZKLFK LV XVXDOO\ D IROGHG GLSROH DQWHQQD� 7KH GULYLQJ HOHPHQW FDQ
EH VHHQ LQ ILJXUH ���� DV WKH GRXEOH ZLUH� %HKLQG WKH GULYLQJ HOHPHQW WKHUH LV D UHIOHFWRU� ,Q IURQW
RI WKH GULYLQJ HOHPHQW DUH WKH GLUHFWRUV� WKH\ IRFXV WKH VLJQDO LQ WKH GLUHFWLRQ RI WKH DQWHQQD� 7KLV
UHVXOWV LQ DQ LQFUHDVHG JDLQ LQ WKH GLUHFWLRQ LQ WKH DQWHQQD� ZKLOH DW WKH VDPH WLPH PDNH LW OHVV
VXVFHSWLEOH WR VLJQDOV IURP RWKHU GLUHFWLRQV�

)LJXUH ����� <DJL�8GD $QWHQQD >��@

7KH GLUHFWLRQDO KLJK JDLQ VLJQDO LV XVHIXO IRU KLJK GDWD UDWH WUDQVPLVVLRQV� +RZHYHU� WKH GLUHF�
WLRQDO VLJQDO LV DOVR WKH GRZQVLGH RI WKLV GHVLJQ VLQFH LW KDV WR EH SRLQWHG WRZDUGV WKH VDWHOOLWH�
%HFDXVH WKH PDVW LQ ZKLFK WKH DQWHQQD KDV WR EH LQVWDOOHG KDV D UHODWLYHO\ VPDOO GLDPHWHU ��� FP�
LW ZRXOG QRW EH SRVVLEOH WR SRLQW WKH DQWHQQD WRZDUGV WKH VDWHOOLWH� 7KH PDVW LV QRW ODUJH HQRXJK
WR DFFRPPRGDWH DQ DQWHQQD DORQJ ZLWK D URWRU V\VWHP XVHG WR WUDFN WKH VDWHOOLWH� $ORQJ ZLWK VL]H
FRQVWUDLQWV� D PHFKDQLFDO V\VWHP ZLWK URWRUV XVHG WR WUDFN WKH VDWHOOLWH ZRXOG QRW EH VXLWDEOH� $V
WKH VXEPDULQH PLJKW EH URFNLQJ GXH WR ZDYHV DQG FXUUHQWV� 7KHUHIRUH WKH V\VWHP LV UHTXLUHG WR
UHVSRQG TXLFNO\ WR PRYHPHQW RI WKH ERDW� 6XFK V\VWHP FDQ SUREDEO\ EH EXLOG� KRZHYHU LW ZRXOG
FRPSOLFDWH WKH V\VWHP� 6R D <DJL�8GD DQWHQQD KDV PXOWLSOH GUDZEDFNV� ZLWK WKH VL]H FRQVWUDLQWV
EHLQJ WKH PDLQ RQH� 7KXV LW LV QRW FKRVHQ IRU IXUWKHU GHYHORSPHQW LQ WKLV SURMHFW�

�� 3KDVHG $UUD\ DQWHQQD 7KH QH[W DQWHQQD ZKLFK LV FRQVLGHUHG LV WKH 3KDVHG $UUD\ DQWHQQD�
7KH DQWHQQD FRQVLVWV RI D JULG RI DQWHQQDH FDOOHG HOHPHQWV� ZKLFK FDQ EH FRQWUROOHG WR DGG XS
LQ D FHUWDLQ GLUHFWLRQ DQG FDQFHO HDFK RWKHU RXW LQ RWKHU GLUHFWLRQV� 7KXV D QXPEHU RI ORZ JDLQ



�� �� $QWHQQD GHVLJQ

RPQLGLUHFWLRQDO DQWHQQDH FDQ IRUP D GLUHFWLRQDO KLJK JDLQ DQWHQQD LI FRQWUROOHG FRUUHFWO\� 7KH
UHVXOWLQJ DQWHQQD EHDP KDV D FRQWUROODEOH GLUHFWLRQ� 7KH EHDP LV VWHHUHG E\ FRPPDQGLQJ HDFK
HOHPHQW WR WUDQVPLW RU UHFHLYH ZLWK D VPDOO SKDVH GLIIHUHQFH� 7KH DQWHQQD GRHV QRW KDYH DQ\
PRYLQJ SDUWV WKHUHIRUH WKH VWHHULQJ FDQ KDSSHQ YHU\ IDVW� ZKLFK LV EHQHILFLDO LQ URFN\ VHDV DQG
LQFUHDVHV UHOLDELOLW\ VLQFH PRYLQJ SDUWV FDQ IDLO� $ VFKHPDWLF YLHZ RI D SKDVHG DUUD\ DQWHQQD FDQ
EH VHHQ LQ ILJXUH �����

)LJXUH ����� 3KDVHG $UUD\ DQWHQQD >��@

7KH HOHPHQWV ZKLFK IRUP WKH DUUD\ FDQ EH DUUDQJHG LQ GLIIHUHQW ZD\V� &RPPRQO\ XVHG LV D JULG
RI HOHPHQWV ZKLFK DUH VSDFHG D FRQVWDQW GLVWDQFH DSDUW� &RPSOH[ IRUP�IDFWRUV DUH SRVVLEOH
EXW ZRXOG UHTXLUH DQ H[WHQVLYH FRQWURO V\VWHP� :KHQ FRQVLGHULQJ D JULG GHVLJQ� WKH PD[LPXP
GLVWDQFH EHWZHHQ WKH HOHPHQWV FDQ EH GHWHUPLQHG XVLQJ HTXDWLRQ �����

ൣ፦ፚ፱  
࿽

� � _ൢ൭൱�࿺።፧።፭።ፚ፥�_
������

:KHUH� ࿺።፧።፭።ፚ፥ LV WKH DQJOH DW ZKLFK WKH VLJQDO RI WKH VDWHOOLWH VKRXOG EH SLFNHG�XS� DQG ࿽ LV WKH
ZDYHOHQJWK RI WKH VLJQDO� 7KH PD[LPXP GLVWDQFH �ൣ፦ፚ፱� LV PLQLPDO ZKHQ WKH SLFNXS DQJOH LV
��� UHVXOWLQJ LQ D PD[LPXP GLVWDQFH RI q�� FP ZKHQ FRQVLGHULQJ WKH GRZQOLQN IUHTXHQF\� 7KH
PD[LPXP GLVWDQFH GRHV QRW FDXVH DQ\ SUREOHPV VLQFH WKH V\VWHP VKRXOG ILW LQWR WKH PDVW� 6R
WKH PLQLPXP GLVWDQFH EHWZHHQ WKH HOHPHQWV LV PRUH FULWLFDO� $ PLQLPXP GLVWDQFH LV QHFHVVDU\
EHFDXVH RWKHUZLVH WKH VLJQDO RI HDFK HOHPHQW ZRXOG EH UHODWLYHO\ VLPLODU� ZKLFK FRQVWUDLQV WKH
DGMXVWPHQW RI WKH PDLQ EHDP LQ WKH DQWHQQD SDWWHUQ� 7KH PLQLPXP GLVWDQFH EHWZHHQ WKH HO�
HPHQWV ZRXOG EH DURXQG ࿽��� ࣵ �� FP >��@� 6LQFH LW LV QRW DGYLVDEOH WR DSSURDFK WKLV OLPLW�
WKH SUDFWLFDO PLQLPXP GLVWDQFH FDQ EH VHW DURXQG �� FP� 7KHUHIRUH WKH WRWDO VL]H RI WKH DUUD\
FDQ EHFRPH UHODWLYHO\ ODUJH ZLWK LQFUHDVLQJ QXPEHU RI HOHPHQWV� :KHQ FRQVLGHULQJ D FRPPRQ
PRQRSROH TXDUWHU ZDYHOHQJWK DQWHQQD DV WKH HOHPHQW XVHG WKH VL]H RI D � E\ � DUUD\ ZRXOG EH
DSSUR[LPDWHO\ � E\ � P� 7KXV LW FDQ EH FRQFOXGHG WKDW D SKDVHG DUUD\ DQWHQQD ZRXOG QRW PHHW
WKH VHW VL]H UHTXLUHPHQWV� 7KHUHIRUH LW ZLOO QRW EH LQYHVWLJDWHG IRU IXUWKHU GHYHORSPHQW� ,I D KLJKHU
IUHTXHQF\ VLJQDO FRXOG EH XVHG� D SKDVHG DUUD\ DQWHQQD ZRXOG EHFRPH IHDVLEOH DQG EH DSSHDOLQJ
EHFDXVH RI WKH DERYH PHQWLRQHG EHQHILWV�

�� (JJ�EHDWHU DQWHQQD 7KH HJJ�EHDWHU DQWHQQD LV D VWDWLF DQWHQQD PHDQLQJ LW GRHV QRW KDYH DFWLYH
EHDP VWHHULQJ RU DPHFKDQLFDO SRLQWLQJ V\VWHP� 7KHUHIRUH WKH UDGLDWLRQ SDWWHUQ LV FRQILJXUHG VXFK
WKDW LW LV RPQLGLUHFWLRQDO DURXQG WKH YHUWLFDO D[LV� 6LQFH WKH DQWHQQD KDV QR VWHHULQJ� WKH SHDN JDLQ
RI WKH DQWHQQD LV ORZHU EHFDXVH WKH UDGLDWLRQ SRZHU LV GLVWULEXWHG LQ DOO GLUHFWLRQV� 7KH ORZ SHDN



���� 6XEPDULQH $QWHQQD ��

JDLQ UHVXOWV LQ D ORZHU 615� WKXV WKH $&0 PRGH XVHG LV JHQHUDOO\ ORZHU� 7KHUHIRUH WKH GDWD UDWH
LV ORZHU FRPSDUHG WR D VWHHUDEOH KLJK JDLQ DQWHQQD� 7KH PDLQ DGYDQWDJH LV WKDW VWHHULQJ LV QRW
QHFHVVDU\� 7KH URFNLQJ RI WKH VXEPDULQH GRHV QRW KDYH D ODUJH LQIOXHQFH RQ WKH SHUFHLYHG JDLQ
VLQFH UDGLDWLRQ SDWWHUQ GRHV QRW KDYH D ODUJH JUDGLHQW� $Q H[DPSOH RI DQ (JJ�%HDWHU DQWHQQD
FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� (JJ�%HDWHU DQWHQQD >�@

7KH GLDPHWHU RI WZR FLUFOHV ZKLFK IRUP WKH DQWHQQD LV GHSHQGHG RQ WKH ZDYHOHQJWK RI WKH IUH�
TXHQF\ XVHG� DV FLUFXPIHUHQFH LV HTXDO WR RQH ZDYHOHQJWK� 8VLQJ WKH GRZQOLQN IUHTXHQF\� WKH
GLDPHWHU RI WKH FLUFOH ZRXOG EH q���� FP� ZKLFK LV UHODWLYHO\ FORVH WR WKH PD[LPXP GLDPHWHU RI
�� FP ZKLFK LV DOORZHG E\ UHTXLUHPHQW 54�3����� $QRWKHU IDFWRU WR FRQVLGHU LQ VDWHOOLWH FRP�
PXQLFDWLRQ LV WKH SRODULVDWLRQ RI WKH HOHFWURPDJQHWLF ILHOG DV SURGXFHG E\ WKH DQWHQQD� 2IWHQ
VDWHOOLWHV DUH FLUFXODUO\ SRODULVHG DV WKLV PDNHV WKH H[DFW RULHQWDWLRQ RI WKH VDWHOOLWH ZLWK UHVSHFW
WR WKH JURXQG VWDWLRQ OHVV LPSRUWDQW VLQFH D PDWFK LQ SRODULVDWLRQ ZLWK WKH JURXQG VWDWLRQ DQWHQQD
FDQ EH DFKLHYHG LQ DQ\ RULHQWDWLRQ� 7KHUHIRUH WKHUH DUH QR SRODULVDWLRQ PLVPDWFKHV� WKDW ZRXOG
GHFUHDVH WKH OLQN EXGJHW DQG FDXVH D ORZHU GDWD WUDQVIHU UDWH >��@� 7KH GRZQVLGH RI KDYLQJ D
FLUFXODUO\ SRODULVHG DQWHQQD LV WKDW WKH\ DUH UHODWLYHO\ H[SHQVLYH >��@� 7KHUHIRUH WKH\ DUH QRW VR
RIWHQ XVHG RQ VPDOO &XEH6DW OLNH %ULN�,,� 7KH %ULN�,, XVHG WZR VHSDUDWH DQWHQQD IRU XSOLQN DQG
GRZQOLQN� 7KH XSOLQN DQWHQQD LV D GLSROH DQWHQQD� WKH GRZQOLQN DQWHQQD LV D PRQRSROH� %RWK RI
WKHVH DUH OLQHDUO\ SRODULVHG >��@� 7KLV LQIRUPDWLRQ LV LPSRUWDQW DV WKH JURXQG VHJPHQW SRODULVDWLRQ
KDV WR EH DGMXVWHG WR WKH SRODULVDWLRQ RI WKH VDWHOOLWH DQWHQQD� $Q (JJ�%HDWHU DQWHQQD LV RIWHQ
XVHG IRU VDWHOOLWH FRPPXQLFDWLRQ DV LW LV FLUFXODUO\ SRODULVHG� +RZHYHU� DV %ULN�,,¶V DQWHQQD¶V DUH
QRW FLUFXODUO\ SRODULVHG WKLV ZRXOG PDNH LW OHVV VXLWHG IRU WKH VXEPDULQH FRPPXQLFDWLRQ V\VWHP�
$ PLVPDWFK LQ SRODULVDWLRQ FDXVHV D � G% ORVV� ZKLFK ZRXOG EHVW EH SUHYHQWHG >��@� $V WKLV ORVV
LV TXLW ODUJH LQ FRPSDULVRQ WR WKH WLJKW OLQN EXGJHW LW ZDV FKRVHQ WR QRW LQYHVWLJDWH WKH HJJ�EHDWHU
DQWHQQD IXUWKHU� $QRWKHU IDFWRU ZKLFK UHLQIRUFHG WKLV GHFLVLRQ LV WKH ODFN RI SDUDPHWHUV ZKLFK
FDQ EH YDULHG RQ WKH GHVLJQ� 7KH RQO\ SDUDPHWHUV ZKLFK FDQ EH YDULHG DUH WKH VL]H RI WKH JURXQG
SODQH DQG WKH GLVWDQFH WR WKH JURXQG SODQH� 7KHUHIRUH WKH HJJ�EHDWHU DQWHQQD GRHV QRW OHDYH
PXFK VFRSH IRU FXVWRPLVDWLRQ� WKDW FRXOG \LHOG EHWWHU SHUIRUPDQFH�

�� +HOLFDO DQWHQQD 7KH ODVW DQWHQQD FRQVLGHUHG KHUH LV WKH +HOLFDO DQWHQQD� ,W FRQVLVWV RI ZLUH
ZKLFK LV VKDSHG DV D KHOL[ ZLWK D IL[HG GLDPHWHU� $Q H[DPSOH RI WKH KHOLFDO DQWHQQD FDQ EH VHHQ
LQ ILJXUH ����� $ KHOLFDO DQWHQQD GRHV QRW KDYH DQ\ VWHHULQJ DELOLWLHV� 7KH UDGLDWLRQ SDWWHUQ RI WKH
DQWHQQD LV IL[HG� $ KHOLFDO FDQ EH XVHG LQ WZR GLIIHUHQW PRGHV� GHSHQGLQJ RQ WKH FLUFXPIHUHQFH
�ൈ� RI WKH KHOL[ LQ UHODWLYH WR WKH ZDYHOHQJWK �࿽� >��@�



�� �� $QWHQQD GHVLJQ

�� $[LDO PRGH� $[LDO PRGH LV SRVVLEOH ZKHQ WKH FLUFXPIHUHQFH RI WKH KHOL[ PHHWV WKH IROORZLQJ
FRQGLWLRQ� ኽ᎘

ኾ
ऑ ൈ ऑ ኾ᎘

ኽ
� ,Q WKH D[LDO PRGH PDLQ OREH RI WKH UDGLDWLRQ SDWWHUQ LQ LV WKH GLUHFWLRQ

RI WKH KHOL[ �SHUSHQGLFXODU WR WKH JURXQG SODQH�� ,W LV UHODWLYHO\ KLJK JDLQ EXW RQO\ WUDQVPLWV
XSZDUGV� 7KH VLJQDO LV FLUFXODUO\ SRODULVHG ZKHQ LQ D[LDO PRGH�

�� 1RUPDO PRGH� 1RUPDO PRGH LV SRVVLEOH ZKHQ WKH FLUFXPIHUHQFH RI WKH KHOL[ PHHWV WKH
IROORZLQJ FRQGLWLRQ� ൈ ग ᎘

ኾ
� ,Q WKH QRUPDO PRGH WKH UDGLDWLRQ SDWWHUQ LV FORVHO\ UHODWHG WR D

PRQRSROH� 7KH PD[LPXP JDLQ RI WKH DQWHQQD LV SDUDOOHO WR WKH JURXQG SODQH� 3HUSHQGLFXODU
WR WKH JURXQG SODQH� WKH JDLQ LV JHQHUDOO\ WKH ORZHVW� $OVR WKH SHDN JDLQ LQ QRUPDO PRGH LV
ORZHU FRPSDUHG WR D[LDO PRGH� DV LW KDV WR EH VSUHDG RXW RYHU D ODUJHU VXUIDFH� 7KH ZDYH
HPLWWHG E\ WKH DQWHQQD LV OLQHDUO\ SRODULVHG LQ QRUPDO PRGH� ZKLFK PDWFKHV WKH SRODULVDWLRQ
RI WKH %ULN�,, DQWHQQD�

)LJXUH ����� +HOLFDO $QWHQQD >�@

6LQFH WKH DQWHQQD FDQ EH GHVLJQHG WR RSHUDWH LQ WZR GLIIHUHQW ]RQHV� LW ZRXOG EH LQWHUHVWLQJ WR
LQYHVWLJDWH ZKHWKHU D GHVLJQ LQ WKH ERXQGDU\ RI WKH UHJLRQV ZRXOG EH SRVVLEOH� 7KH QRUPDO PRGH
LV LGHDO IRU DQ RPQLGLUHFWLRQDO UDGLDWLRQ SDWWHUQ� VXFK WKDW LW FDQ FRYHU D ODUJH SDUW RI WKH VDWHOOLWH¶V
SDVV� )XUWKHUPRUH LW LV OLQHDUO\ SRODULVHG� 7KH GRZQVLGH RI WKH QRUPDO PRGH LV WKDW WKH DQWHQQD
ULJKW DERYH WKH DQWHQQD LV ORZ� +RZHYHU WKH GLVWDQFH LV DOVR VPDOO DW WKDW SRLQW GXULQJ WKH SDVV
VR FRPPXQLFDWLRQ ZRXOG PRVW OLNHO\ VWLOO EH SRVVLEOH� :KDW WKH SHUIRUPDQFH RI WKH V\VWHP LV ULJKW
DERYH WKH JURXQG VHJPHQWV� 7KH D[LDO PRGH ZRXOG EH SHUIHFW WR FRPSHQVDWH IRU WKLV� DV WKLV
ZRXOG LQFUHDVH WKH JDLQ LQ WKLV DUHD� 7KXV D FRPELQDWLRQ RI ERWK PRGHV ZRXOG \LHOG D IDYRXUDEOH
UHVXOW�

7KH VKDSH RI WKH DQWHQQD LV DOVR GHVLUDEOH DV LW XVHV WKH DOORFDWHG VSDFH LQ RQ�ERDUG WKH VDWHOOLWH
SHUIHFWO\� 6LQFH WKH DQWHQQD ZRXOG RSHUDWH LQ WKH ERXQGDU\ UHJLRQ� LW KDV D FLUFXPIHUHQFH ZKLFK



���� 6LPXODWLRQ 0RGHO ��

ZLOO EH VPDOOHU WKDQ ኽ᎘
ኾ
� WKXV WKH GLDPHWHU ZLOO EH VPDOOHU WKDQ q�� FP� 6R WKH DQWHQQD ZRXOG

PHHW UHTXLUHPHQW 54�3����� DV ORQJ DV WKH OHQJWK LV OHVV WKDQ �P�

7R VHH ZKDW GHVLJQ RI KHOLFDO DQWHQQD ZRXOG UHVXOW LQ WKH KLJKHVW GDWD WUDQVIHU FDSDELOLW\ SRV�
VLEOH� DQ RSWLPLVDWLRQ VKRXOG EH UXQ� ,W ZRXOG LQFOXGH WKH RUELWDO FKDUDFWHULVWLFV DV GLVFXVVHG LQ
VHFWLRQ ���� DQG WKH OLQN DQDO\VLV FDOFXODWLRQV DV H[SODLQHG LQ VHFWLRQ ����

:LWK WKH FKRLFH RI WKH KHOLFDO DQWHQQD� DORQJ ZLWK WKH LQIRUPDWLRQ SUHVHQWHG LQ FKDSWHU �� DQ DQVZHUV
WR VXE�TXHVWLRQ � RI WKH UHVHDUFK TXHVWLRQV DV GHILQHG LQ VHFWLRQ ��� FDQ EH JLYHQ� 7KH V\VWHP ZLOO
EH SODFHG LQ WKH FRPPXQLFDWLRQ PDVW RQ WRS RI WKH VDLO RI WKH VXEPDULQH� 7KH ORFDWLRQ LV UHTXLUHG DV
WKH 8+) VLJQDO GRHV QRW SURSDJDWH WKURXJK ZDWHU >��@� 7R SURWHFW WKH V\VWHP IURP VHD ZDWHU LW ZLOO EH
SODFHG LQVLGH D FORVHG WXEH� WKH FRPPXQLFDWLRQ PDVW� 7KH WXEH LPSRVHV VL]H FRQVWUDLQW WR WKH DQWHQQD
DV GHILQHG E\ UHTXLUHPHQW 54�3����� 7KH HOHFWURQLFV RI WKH V\VWHP� ZKLFK DUH DVVXPHG LGHQWLFDO WR WKH
KDUGZDUH XVHG LQ WKH 556� ZLOO EH SODFHG LQVLGH WKH VXEPDULQH� 7KH VL]H FRQVWUDLQWV� DV LPSRVHG E\
WKH FRPPXQLFDWLRQ PDVW� OLPLW WKH SRVVLEOH W\SHV RI DQ DQWHQQD VXLWHG� )URP WKH RSWLRQV FRQVLGHUHG�
WKH KHOLFDO DQWHQQD KDV EHHQ VHOHFWHG DV WKH PRVW RSWLPDO GHVLJQ� :LWK WKLV LQIRUPDWLRQ LW FDQ EH
FRQFOXGHG WKDW WKH SK\VLFDO GHVLJQ FKDUDFWHULVWLFV RI WKH FRPPXQLFDWLRQ V\VWHP KDYH EHHQ LGHQWLILHG�

���� 6LPXODWLRQ 0RGHO
7KH KHOLFDO DQWHQQD FDQ KDYH YDULRXV IRUP IDFWRUV� 7R GHWHUPLQH ZKDW GHVLJQ ZRXOG EH EHVW VXLWHG D
VLPXODWLRQPRGHO KDV EHHQPDGH� 7KH JRDO LV WR FDOFXODWH ZKDW GHVLJQ ZRXOG KDYH WKH ODUJHVW DPRXQW RI
GDWD WKURXJKSXW� DQG VWLOO PHHW DOO WKH UHTXLUHPHQWV� ,Q ILJXUH ���� WKH VLPXODWLRQ PRGHO LV UHSUHVHQWHG
LQ WKH IRUP RI D IORZFKDUW�

)LJXUH ����� 6LPXODWLRQ PRGHO IORZFKDUW



�� �� $QWHQQD GHVLJQ

7KH ILUVW VWHS LQ WKH PRGHO LV WR FDOFXODWH WKH RUELWDO SURSDJDWLRQ RI WKH VDWHOOLWH RYHU D VHW SHULRG� 7KH
VHOHFWLRQ RI WKH SHULRG� ORFDWLRQ DQG VWHS VL]H FRUUHVSRQGV WR ZKDW LV H[SODLQHG LQ VHFWLRQ ���� 7KH
SHULRG ZDV VHW WR EH � PRQWKV� IURP $XJXVW ���� WLOO $SULO ����� 7KH ORFDWLRQ LV 'RQJHQ� DV WKH JURXQG
VWDWLRQ LV ORFDWHG WKHUH� 7KH LQWHJUDWLRQ VWHS VL]H LV ��� PLQ� DV GHULYHG IURP WDEOH ���� 7KH SURSDJDWLRQ
VLPXODWLRQ ZLOO EH SHUIRUPHG RQFH DQG WKH GDWD ZLOO EH XVHG IRU WKH DOO OLQN EXGJHW VLPXODWLRQ� 7KLV LV
GRQH WR PDNH VXUH WKDW WKHVH UHVXOWV DUH FRQVLVWHQW DQG FDQ EH FRPSDUHG�

7KH PDLQ JRDO RI WKH VLPXODWLRQ LV WR PRGHO WKH GDWD WUDQVIHU EHWZHHQ WKH VDWHOOLWH DQG WKH JURXQG
VHJPHQW� 7KH JURXQG VHJPHQW FRQVLVWV RI D KHOLFDO DQWHQQD DQG WKH 556 KDUGZDUH� 7KH KHOLFDO
DQWHQQD GHVLJQ LV YDULDEOH� PHDQLQJ WKDW LW FDQ EH FKDQJHG WR ILQG WKH EHVW GHVLJQ VXLWHG IRU WKH VXE�
PDULQH DSSOLFDWLRQ� 7KH RSWLPDO GHVLJQ WUDQVPLWV WKH PRVW GDWD LQ D VHW SURSDJDWLRQ SHULRG� 7KH WRWDO
GDWD WUDQVIHUUHG LV FDOFXODWH ZLWK DQ LQWHJUDWLRQ RI WKH LQVWDQWDQHRXV GDWD UDWH� DV VKRZQ ZLWK WKH VWHS
VL]H LQ ILJXUH ����� +RZ WKH RSWLPLVDWLRQ LV SHUIRUPHG LV HODERUDWHG LQ WKH VHFWLRQ ���� KHUHDIWHU�

���� 2SWLPLVDWLRQ
7KH RSWLPLVDWLRQ RI WKH DQWHQQD KDV WKH REMHFWLYH WR RSWLPLVH WKH DQWHQQD VXFK WKDW WKH WRWDO DPRXQW
RI GDWD WUDQVIHUUHG LQ WKH VHW WLPH SHULRG LV PD[LPDO� 7KH WLPH SHULRG LV GHILQHG LQ VHFWLRQ ������ 7KH
UDGLDWLRQ SDWWHUQ RI WKH KHOLFDO DQWHQQD LQIOXHQFHV WKH LQVWDQWDQHRXV GDWD UDWH� 7R REWDLQ WKH UDGLDWLRQ
SDWWHUQ D 0$7/$% WRROER[ LV XVHG WR VLPXODWH D KHOLFDO DQWHQQD� $Q H[DPSOH RI DQ DQWHQQD VLPXODWHG
E\ WKH 0$7/$% WRROER[ FDQ EH VHHQ LQ ILJXUH ����

)LJXUH ����� %DVLF KHOLFDO DQWHQQD XVHG DV EDVLF GHVLJQ

9DULDEOH 3URSHUWLHV $QWHQQD 'HVLJQ
7KH DQWHQQD GHVLJQ VKRXOG EH YDULHG VXFK WKDW WKH UDGLDWLRQ SDWWHUQ FKDQJHV� +RZ WKH GHVLJQ LQIOX�
HQFHV WKH UDGLDWLRQ SDWWHUQ LV FDOFXODWHG� DQG ZLWK WKDW WKH SHUIRUPDQFH RI WKH DQWHQQD FKDQJHV� 7KHUH
DUH IRXU DQWHQQD SDUDPHWHUV ZKLFK FDQ EH YDULHG WR FKDQJH WKH DQWHQQD GHVLJQ� DQG WKXV WKH UDGLDWLRQ
SDWWHUQ� 7KH IRXU YDULDEOHV DUH GHSLFWHG LQ WKH ILJXUHV ����� DQG FDQ EH FRPSDUHG WR WKH LQLWLDO GHVLJQ
LQ ILJXUH ����� 7KH ILUVW YDULDEOHV LV WKH VSDFLQJ EHWZHHQ WKH WXUQV RI WKH KHOL[� 7KH VSDFLQJ EHWZHHQ
WKH WXUQV FDQ DOVR EH UHSUHVHQWHG DV WKH LQFOLQDWLRQ DQJOH RI WKH KHOL[� +RZ WKLV LQIOXHQFHV WKH GHVLJQ
RI WKH DQWHQQD FDQ EH VHHQ LQ ILJXUH ����� 7KH VHFRQG YDULDEOH LV WKH QXPEHU RI WXUQV RI WKH KHOL[� DV
VKRZQ LQ ILJXUH ����� $Q LPSRUWDQW OLPLWDWLRQ WR WKH QXPEHU RI WXUQV LV WKH PD[LPXP OHQJWK RI ऑ � P�
DV GLFWDWHG E\ UHTXLUHPHQW 54�3����� 7KH WKLUG YDULDEOH LV WKH IHHG�KHLJKW� VR WKH GLVWDQFH IURP WKH
JURXQG SODQH WLOO WKH VWDUW RI WKH KHOL[� $Q H[DPSOH RI D DQWHQQD ZLWK QR IHHG�KHLJKW FDQ EH VHHQ LQ



���� 2SWLPLVDWLRQ ��

ILJXUH ����� 7KH IRXUWK YDULDEOH LV WKH GLDPHWHU RI WKH DQWHQQD� 7KH GLDPHWHU� LQ FRPELQDWLRQ ZLWK
WKH ZDYHOHQJWK� GLFWDWHV ZKHWKHU WKH DQWHQQD RSHUDWHV LQ WKH D[LDO RU QRUPDO UHJLPH RI WKH DQWHQQD�
7KH GLDPHWHU RI WKH DQWHQQD LV DOVR FRQVWUDLQW E\ WKH VL]H OLPLWDWLRQV� EXW WKLV ZLOO QRW EH D SUREOHP DV
H[SODLQHG LQ VHFWLRQ ����

)LJXUH ����� 6SDFLQJ EHWZHHQ WXUQV )LJXUH ����� 1XPEHU RI WXUQV

)LJXUH ����� )HHG�KHLJKW RI DQWHQQD )LJXUH ����� 'LDPHWHU RI DQWHQQD

)LJXUH ����� )RXU YDULDEOHV KHOLFDO DQWHQQD

7KH XSSHU DQG ORZHU ERXQG IRU HDFK RI WKH YDULDEOHV GXULQJ WKH RSWLPLVDWLRQ FDQ EH VHHQ LQ WDEOH ����
7KH ERXQGDU\ YDOXHV KDYH EHHQ GHWHUPLQH LQ GLIIHUHQW ZD\V� 7KH VSDFLQJ LV VHW EHWZHHQ D QHDUO\ IODW WR
D VWHHS KHOLFDO VKDSH� 7KH PD[LPXP YDOXH FRUUHVSRQGV WR DQ LQFOLQDWLRQ DQJOH RI ���� 7KH LQFOLQDWLRQ
DQJOH LV HTXDO IRU WKH IXOO KHOL[� DQG LV GHILQHG ZLWK UHVSHFW WR WKH JURXQG SODQH� $ ODUJHU VSDFLQJ ZRXOG
UHVXOW LQ D UDGLDWLRQ SDWWHUQ WKDW LV QRW V\PPHWULFDO� ZKLFK LV QRW SUHIHUUHG� $ RPQLGLUHFWLRQDO SDWWHUQ
LV QHHGHG WR HOLPLQDWH WKH LQIOXHQFH RI WKH RULHQWDWLRQ RI WKH VXEPDULQH DQWHQQD ZLWK UHVSHFW WR WKH
VDWHOOLWH� ,I WKH UDGLDWLRQ SDWWHUQ LV QRW RPQLGLUHFWLRQDO WKH OLQN VWUHQJWK FDQ YDU\ GHSHQGLQJ RQ WKH
RULHQWDWLRQ� WKLV ZRXOG UHVXOW LQ D YDU\LQJ DPRXQW RI GDWD WUDQVIHUUHG IRU WKH VDPH SDVV� 7KH PLQLPXP
QXPEHU RI WXUQV LV DOVR GHWHUPLQHG E\ WKH QHHG IRU DQ RPQLGLUHFWLRQDO UDGLDWLRQ SDWWHUQ� WKLV UHTXLUHG



�� �� $QWHQQD GHVLJQ

DW OHDVW RQH IXOO WXUQ� 7KH PLQLPXP IHHG�KHLJKW LV EDVHG RQ WKH PLQLPXP FDEOH OHQJWK WKDW ZRXOG EH
UHTXLUHG WR IHHG WKH FDEOH WKURXJK WKH JURXQG SODQH� 7KH PD[LPXP LV VHW DW �� FP� DV WKLV LV KDOI RI
WKH PD[LPXP OHQJWK� 7KH GLDPHWHU ERXQGDULHV DUH EDVHG RQ WKH ZDYHOHQJWK PXOWLSOLHG E\ D YDULDEOH
IDFWRU� 7KH GLDPHWHU GLFWDWHV LI WKH DQWHQQD RSHUDWHV LQ D[LDO RU QRUPDO PRGH� DV H[SODLQHG LQ VHFWLRQ
���� 7KH GLDPHWHU FDQ YDU\ EHWZHHQ IXOO D[LDO PRGH DQG QRUPDO PRGH ZLWK WKH VHW GLDPHWHU ERXQGDULHV�

6SDFLQJ >FP@ 7XUQV >�@ )HHG�KHLJKW >FP@ 'LDPHWHU >FP@
0D[LPXP ����� �� �� �����
0LQLPXP ���� � � ����

7DEOH ���� %RXQGDU\ YDOXHV IRU WKH YDULDEOHV LQ WKH KHOLFDO DQWHQQD RSWLPLVDWLRQ

7KH IRXU SDUDPHWHUV DUH QRW WKH RQO\ YDULDEOHV IRU WKH DQWHQQD GHVLJQ� 7KH JURXQG SODQH UDGLXV DQG
WKH ZLGWK RI WKH ZLUH DUH ERWK DOVR YDULDEOH� 7KH JURXQG SODQH UDGLXV KDV EHHQ VHW WR �� FP� DV WKLV LV
WKH PD[LPXP YDOXH DV GLFWDWHG E\ UHTXLUHPHQW 56����� 7KH JURXQG SODQH LQFUHDVHV WKH SRVVLELOLW\ IRU
WKH UDGLDWLRQ SDWWHUQ WR UHIOHFW XSZDUGV� 7R LQYHVWLJDWH LI WKLV LQGHHG LQFUHDVH WKH GDWD WKURXJKSXW� WKH
EDVLF GHVLJQ IURP ILJXUH ���� KDV EHHQ VLPXODWHG ZLWK YDU\LQJ URXQG SODQH UDGLXV� 7KH UHVXOWV KDYH
EHHQ QRUPDOLVHG IRU WKH GDWD WKURXJKSXW DFKLHYHG ZLWK D JURXQG SODQH UDGLXV RI �� FP� 7KH UHVXOWV
FDQ EH VHHQ LQ ILJXUH ���� EHORZ�

)LJXUH ����� 'DWD WKURXJKSXW IRU GLIIHUHQW JURXQG SODQH UDGLL

,W FDQ EH REVHUYHG WKDW D ODUJHU JURXQG SODQH UDGLXV UHVXOWV LQ D KLJKHU GDWD WKURXJKSXW� 7KHUHIRUH
D UDGLXV RI �� FP LV FKRVHQ WR DFKLHYH PD[LPDO GDWD WKURXJKSXW� 7KH QH[W SDUDPHWHUV WKDW KDV WR
EH GHWHUPLQHG EHIRUH RSWLPLVDWLRQ LV WKH ZLGWK RI WKH DQWHQQD ZLUH� 7KH ZLGWK LV VHW WR WKH GLDPHWHU
RI QRUPDO HOHFWULFDO ZLUH ��� *DXJH�� DV WKLV W\SH RI FDEOH LV UHDGLO\ DYDLODEOH� ,W KDV VXUIDFH DUHD RI
��� PP�� WKDW UHVXOWV LQ D GLDPHWHU RI ���� PP�

%RXQGDU\ &RQGLWLRQV
%HIRUH WKH RSWLPLVDWLRQ FDQ EH SHUIRUPHG� D QXPEHU RI ERXQGDU\ FRQGLWLRQV KDYH WR EH VHW� 7KH SURS�
DJDWLRQ FRQGLWLRQV ZKLFK KDYH EHHQ VHOHFWHG LQ VHFWLRQ ��� DUH XVHG IRU WKH RSWLPLVDWLRQ� )XUWKHU
ERXQGDULHV FRQGLWLRQV DUH OLVWHG EHORZ� DORQJ ZLWK DQ H[SODQDWLRQ�

� &RPPXQLFDWLRQ VHWXS� $ FULWLFDO UHTXLUHPHQW LV 54�3����� WKH UHTXLUHPHQW WKDW DW OHDVW � 0% RI
GDWD VKRXOG EH WUDQVIHUUHG LQ D SDVV� 7KH GDWD WUDQVIHU UDWH� DQG WKHUHIRUH VXEVHTXHQWO\ WKH WRWDO
GDWD WUDQVIHUUHG� LV GHSHQGHQW RQ WKH PRGXODWLRQ VFKHPH XVHG� $V H[SODLQHG LQ VHFWLRQ ������
WKH PRGXODWLRQ LV GLFWDWHG E\ WKH OLQN VWUHQJWK� 7R FKDQJH WKH PRGXODWLRQ VFKHPH ZLWK YDU\LQJ



���� 2SWLPLVDWLRQ ��

OLQN VWUHQJWK GXULQJ D VDWHOOLWH SDVV� WKHUH KDV WR EH WZR ZD\ FRPPXQLFDWLRQ IURP VXEPDULQH WR
VDWHOOLWH� ,Q WKH FDVH RI D GRZQOLQN WUDQVPLVVLRQ� WKH VXEPDULQH KDV WR LQIRUP WKH VDWHOOLWH WKDW D
KLJKHU PRGXODWLRQ VFKHPH FRXOG EH XVHG� 7R GR WKLV WKH VXEPDULQH KDV WR WUDQVPLW D PHVVDJH�
7KH GRZQVLGH RI D WUDQVPLVVLRQ IURP WKH VXEPDULQH LV WKDW LW FRXOG EH LQWHUFHSWHG DQG XVHG IRU
ORFDWLQJ WKH VXEPDULQH E\ SRWHQWLDO DGYHUVDULHV� 7KLV LV DOVR LPSOLHG E\ UHTXLUHPHQW 54�3����� 7R
SUHYHQW WKLV� WKH V\VWHP VKDOO XVH WKH ORZHVW PRGXODWLRQ PRGH� $&0 PRGH � IRU WKHVH VLWXDWLRQV�
6LQFH WKH $&0 LV QRZ VHW WKH VDWHOOLWH FDQ WUDQVPLW LQIRUPDWLRQ WR WKH VXEPDULQH ZLWKRXW WKH QHHG
IRU WZR�ZD\ FRPPXQLFDWLRQ� 7KH GRZQVLGH LV WKDW XVLQJ D ORZHU PRGXODWLRQ PRGH UHGXFHV WKH
DPRXQW RI GDWD WUDQVIHUUHG LQ D SDVV� 7KHUHIRUH WKH GRZQOLQN ZLWK D VHW $&0 PRGH LV WKH FULWLFDO
FDVH LQ ZKLFK WKH � 0% UHTXLUHG KDV WR EH PHW� ,Q WKH VFHQDULR RI XSOLQN RU GRZQOLQN ZLWK YDULDEOH
$&0 PRGHV� WKH � 0% ZLOO HDVLHU DFKLHYDEOH� 7KXV WKH RSWLPLVDWLRQ ZLOO EH IRFXVHG RQ PHHWLQJ
WKH � 0% UHTXLUHPHQW LQ D GRZQOLQN VLWXDWLRQ ZLWK D VHW $&0 PRGH� 7R JHW DQ LGHD RI ZKDW GDWD
WKURXJKSXW SRVVLEOH� WKH VLPXODWLRQ KDV EHHQ UXQ XVLQJ ZLWK EDVLF DQWHQQD GHVLJQ DV VKRZQ LQ
ILJXUH ����� 7KH UHVXOWLQJ GDWD WKURXJKSXW IRU GLIIHUHQW PD[LPXP HOHYDWLRQ SDVVHV FDQ EH VHHQ
LQ ILJXUH �����

)LJXUH ����� 5HVXOWLQJ GDWD WKURXJKSXW IRU SDVVHV ZLWK GLIIHUHQW PD[LPXP HOHYDWLRQ DQJOHV

:KDW LV HYLGHQW IURP ILJXUH ���� LV WKDW WKH � 0% UHTXLUHPHQW LV QRW PHW EHORZ ��� PD[LPXP
HOHYDWLRQ ZLWK WKH EDVLF DQWHQQD GHVLJQ� 7KH SDVVHV ZLWK DQ HOHYDWLRQ EHORZ ��� GRQ¶W KDYH WKH
DELOLW\ WR PDNH FRQWDFW� %\ WULDO DQG HUURU LW EHFDPH HYLGHQW WKDW LW ZRXOG QRW EH SRVVLEOH LQ WKH
RSWLPLVDWLRQ WR JHW DOO WKH SDVVHV DERYH WKH � 0% OHYHO� 7KH EHVW UHVXOWV ZHUH DFKLHYHG ZKHQ WKH
PLQLPXP HOHYDWLRQ UHTXLUHG GXULQJ D SDVV ZDV VHW DW ���� DV ZLOO EH VKRZQ LQ WKH UHVXOWV KHUHDIWHU�
7KH FKRLFH WR HOLPLQDWH WKH SDVVHV EHORZ ��� HQVXUHV WKDW WKH RSWLPLVHG DQWHQQD ZLOO PHHW WKH
� 0% UHTXLUHPHQW IRU SDVVHV ZLWK DQ HOHYDWLRQ DERYH ����

� 6DIHW\ PDUJLQ� 7KH VDIHW\ PDUJLQ XVHG GXULQJ WKH RSWLPLVDWLRQ LV � G%� 7KH VDIHW\ PDUJLQ RULJL�
QDWHV IURP WZR GLIIHUHQW IDFWRUV� )LUVW RI DOO WKH GLIIHUHQFH LQ SRODULVDWLRQ EHWZHHQ WKH KHOLFDO DQG
VDWHOOLWH DQWHQQD� 7KH VDWHOOLWH LV OLQHDUO\ SRODULVHG� WKH KHOLFDO DQWHQQD LV FLUFXODUO\ SRODULVHG LQ
WKH D[LDO GLUHFWLRQ �L�H� VWUDLJKW DERYH WKH DQWHQQD�� ,Q WKLV VLWXDWLRQ WKHUH LV D � G% PLVPDWFK
GXH WR WKH SRODULVDWLRQ ORVVHV >��@� :KHQ WKH VDWHOOLWH LV DW ORZ HOHYDWLRQ DQJOHV� WKH SRODULVDWLRQ
ORVVHV DUH UHODWLYHO\ VPDOO VLQFH WKH DQWHQQD LV OLQHDUO\ SRODULVHG LQ WKH QRUPDO GLUHFWLRQ� 7KH
VHFRQG IDFWRU ZKLFK FRQWULEXWHG WR WKH VDIHW\ PDUJLQ LV EDVHG RQ WKH $&0 PRGHV� ,Q ILJXUH ��� LW
FDQ EH VHHQ WKDW WKH $&0 PRGHV DUH VSDFHG DSSUR[LPDWHO\ � WR ��� G% DSDUW� ZKHQ േൊൗ  ��ዅዀ
LV FRQVLGHUHG� 7KXV D 615 VXUSOXV RI ��� G% RYHU WKH FXUUHQW $&0 PRGH PHDQV WKDW D KLJKHU
PRGH LV SRVVLEOH� +RZHYHU� LQ SUDFWLVH WKH 615 IOXFWXDWHV� WKHUHIRUH WKHUH VKRXOG EH VRPH H[WUD
RYHUKHDG WR HQVXUH WKDW WKH KLJKHU $&0 PRGH LV VWDEOH ZKHQ VZLWFKLQJ >��@� 7KHVH IOXFWXD�
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WLRQV KDSSHQ PRUH RIWHQ ZLWK LQFUHDVLQJ GLVWDQFH EHWZHHQ WKH VDWHOOLWH DQG WKH JURXQG VHJPHQW�
7KHUHIRUH� WKH VDIHW\ PDUJLQ RI � G% ZLOO FRPSHQVDWH IRU SRODULVDWLRQ ORVVHV DW KLJK HOHYDWLRQ DQG
LQFUHDVH WKH UHOLDELOLW\ DW ORZHU HOHYDWLRQ DQJOHV�

2SWLPLVDWLRQ 6WUDWHJ\
7KH LQLWLDO RSWLPLVDWLRQ VWUDWHJ\ XVHG LV D QRQOLQHDU JUDGLHQW�EDVHG PXOWL�YDULDEOH PHWKRG� 7KLV ZDV
FKRVHQ DV WKH SURSHUWLHV RI WKH DQWHQQD FDQQRW EH OLQHDUL]HG VLQFH WKH SURSHUWLHV RI WKH DQWHQQD GR
QRW OLQHDUO\ LQIOXHQFH WKH GDWD WKURXJKSXW RI WKH V\VWHP� %DVHG RQ WKH JUDGLHQW RI WKH GDWD WKURXJKSXW
DFKLHYHG� WKH VWHS VL]H RI WKH QH[W VWHS LV GHWHUPLQHG� 7KH LPSOHPHQWDWLRQ RI WKH RSWLPLVDWLRQ LQ
WKH VLPXODWLRQ PRGHO KDV EHHQ GRQH XVLQJ WKH 0$7/$% RSWLPLVDWLRQ WRROER[� VSHFLILFDOO\ XVLQJ WKH
´IPLQFRQ´ IXQFWLRQ� 7KH PHWKRG GLG QRW \LHOG DFFXUDWH UHVXOWV VLQFH GLIIHUHQW LQLWLDO FRQGLWLRQV \LHOGHG
GLIIHUHQW PD[LPD� 7KH H[DFW FDXVH ZDV FRXOG QRW EH IRXQG EXW LW ZDV DVVXPHG WR EH FDXVHG E\ WKH
ODUJH QXPEHU RI ORFDO PD[LPD� $ JHQHUDO VFDQ RI ����� DQWHQQD WKURXJK WKH ERXQGDU\ YDOXHV� DV
GHILQHG LQ WDEOH ���� VHHPV WR UHLQIRUFH WKH DVVXPSWLRQ� 7KH UHVXOWV RI WKH VFDQ FDQ EH VHHQ LQ ILJXUH
�����

)LJXUH ����� *HQHUDO VFDQ DQWHQQD GHVLJQV EHWZHHQ ERXQGDU\ YDOXHV

7KHUHIRUH LW KDV EHHQ GHFLGH WR QRW XVH WKH JUDGLHQW�EDVHG RSWLPLVDWLRQ PHWKRG� $ GLIIHUHQW DSSURDFK
KDV EHHQ LPSOHPHQWHG WR ILQG WKH EHVW DQWHQQD GHVLJQ� )LUVW WKH ��� DQWHQQDV ZLWK WKH KLJKHVW GDWD
WKURXJKSXW IURP WKH JHQHUDO VFDQ DUH VHOHFWHG� (DFK RI WKH ��� DQWHQQDV DUH XVHG DV WKH LQLWLDO ORFD�
WLRQ IRU D SDWWHUQ VHDUFK LPSOHPHQWHG XVLQJ WKH ´SDWWHUQVHDUFK´ IXQFWLRQ IURP WKH 0$7/$% RSWLPLVDWLRQ
WRROER[� 7KH UHVXOWV RI WKH RSWLPLVDWLRQ� XVLQJ WKH SDWWHUQ�VHDUFK IXQFWLRQ� DUH GHWDLOHG RQ WKH VHFWLRQ
����� DQG ��� KHUHDIWHU�

������ 5HVXOWV
8VLQJ WKH SDWWHUQ�VHDUFK IXQFWLRQ WKH ��� LQLWLDO DQWHQQDV FRQYHUJH UHG WR �� XQLTXH GHVLJQV� 7KHVH
GHVLJQV DUH GHHPHG DV RSWLPDO E\ WKH SDWWHUQ�VHDUFK IXQFWLRQ� 7KLV LV GXH WR WKH QXPHURXV ORFDO
PD[LPD� 7KH DQWHQQDV DUH FORVH WR WKH RSWLPDO GHVLJQ LQ WHUP RI GDWD WKURXJKSXW� EXW KDYH GLIIHUHQW
GHVLJQ FKDUDFWHULVWLFV� 7KH �� DQWHQQDV ZHUH QRW FORVHO\ UHODWHG LQ VKDSH WR HDFK RWKHU� $ VHOHFWLRQ
KDV WR EH PDGH IURP WKH �� GLIIHUHQW DQWHQQDV� $OO GHVLJQV ZLWK PRUH WKDQ �� GHYLDWLRQ RI WKH EHVW
GHVLJQ¶V GDWD WKURXJKSXW� ZHUH QRW FRQVLGHUHG� )RXU GLIIHUHQW GHVLJQV DUH ZLWKLQ �� GHYLDWLRQ� DQG FDQ
EH VHHQ EHORZ LQ ILJXUH �����
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)LJXUH ����� 7KH IRXU EHVW DQWHQQD GHVLJQV

$V PHQWLRQHG DOO WKH IRXU GHVLJQV DUH YHU\ VLPLODU LQ SHUIRUPDQFH� KRZHYHU LW FDQ EH VHHQ LQ ILJXUH �����
WKDW WKH\ KDYH GLIIHUHQW LQ IRUP IDFWRUV� 7ZR GHVLJQ FRPH FORVH WR WKH PD[LPXP KHLJKW RI � P� WKHVH
DUH WKH ILUVW DQG WKLUG DQWHQQD� .HHSLQJ LQ PLQG WKH VSDFH SRWHQWLDOO\ UHTXLUHG IRU PRXQWLQJ� FDEOHV DQG
RWKHU HOHFWURQLF HTXLSPHQW WKH GHVLJQV VKRUWHU WKDQ RQH PHWHU DUH SUHIHUUHG� 7KHVH DUH GHVLJQ WZR
DQG IRXU� 7KH IHHG�KHLJKW RI WKH DQWHQQD LV VHHQ DV SDUW RI WKH GHVLJQ WKDW LQ WKHRU\ GRHV QRW LQIOXHQFH
WKH DQWHQQD UDGLDWLRQ SDWWHUQ� +RZHYHU� LQ SUDFWLFH LW ZLOO LQIOXHQFH WKH UDGLDWLRQ SDWWHUQ E\ HPLWWLQJ 5)
UDGLDWLRQ� WKHUHIRUH DQWHQQD IRXU ZDV FKRVHQ DV WKH ILQDO GHVLJQ�

7KH ILQDO GHVLJQ RI WKH KHOLFDO DQWHQQD FKRVHQ FDQ EH VHHQ LQ ILJXUH ����� 7KH DQWHQQD ZLOO EH EXLOG
DQG WHVWLQJ LQ WKH UHPDLQLQJ SDUW RI WKH 06F WKHVLV� 7KH SURSHUWLHV RI WKH DQWHQQD FDQ EH IRXQG LQ WDEOH
���� DORQJ ZLWK D QXPEHU RI SHUIRUPDQFH PHWULFV�

)LJXUH ����� )LQDO KHOLFDO DQWHQQD GHVLJQ
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3DUDPHWHU 9DOXH
6SDFLQJ ���� >FP@
7XUQV ������ >�@
)HHG�KHLJKW � >FP@
'LDPHWHU ���� >FP@
7RWDO GDWD WKURXJKSXW �� PRQWKV� ������ >0%@
$YHUDJH WKURXJKRXW SHU SDVV �'RZQOLQN� $&0 PRGH �� ������ >0%@
+DOI 3RZHU %HDP :LGWK ���
0D[LPXP JDLQ ���� >G%@

7DEOH ���� )LQDO GHVLJQ SURSHUWLHV DQG SHUIRUPDQFH

���� 3HUIRUPDQFH
7KH SURSHUWLHV RI WKH GHVLJQ DV OLVWHG LQ WDEOH ��� SURYLGH D KLJKHU OHYHU YLHZ RI SHUIRUPDQFH RI WKH DQ�
WHQQD V\VWHP� 7R DQVZHU UHVHDUFK VXE�TXHVWLRQ �� DV GHILQHG LQ VHFWLRQ ���� D PRUH GHWDLO H[SODQDWLRQ
RI WKH V\VWHP SHUIRUPDQFH LV UHTXLUHG� 7KLV VWDUWV ZLWK WKH UDGLDWLRQ SDWWHUQ RI WKH DQWHQQD� ZKLFK LV
GLVSOD\HG LQ ILJXUHV ���� DQG ����� 2Q WKH OHIW VLGH LQ ILJXUH ���� WKH IXOO UDGLDWLRQ SDWWHUQ LV VKRZQ�
,W FDQ EH VHHQ WKDW WKH UDGLDWLRQ SDWWHUQ LV RPQLGLUHFWLRQDO� 7KH KLJKHVW JDLQ LV FORVH WR WKH KRUL]RQWDO
GLUHFWLRQ� DV FRQILUPHG E\ WKH YHUWLFDO FXW VKRZQ LQ ILJXUH ����� 7KH +DOI 3RZHU %HDP :LGWK �+3%:�
LV ���� ZLWK ��� DERYH WKH KRUL]RQ�

)LJXUH ����� �' UDGLDWLRQ SDWWHUQ
)LJXUH ����� 9HUWLFDO FXW UDGLDWLRQ SDWWHUQ

7KH DYHUDJH GDWD WKURXJKSXW SHU SDVV LV PRUH WKDQ � 0%� DV GLFWDWHG E\ UHTXLUHPHQW 54�3����� ,Q WKH
WRWDO � PRQWKV WKH RUELWDO SURSDJDWLRQ KDV EHHQ GRQH� :KHQ LQFOXGLQJ DOO WKH SDVVHV ZLWK D PD[LPXP
HOHYDWLRQ DERYH ���� WKH WRWDO WKURXJKSXW LV ����� *%� 7KH EDVLF GHVLJQ DV VKRZQ LQ ILJXUH ����� KDV D
WRWDO GDWD WKURXJKSXW RI ����� *% ZLWK DQ DYHUDJH RI ������ 0% SHU SDVV� 6R WKH RSWLPLVDWLRQ \LHOGHG D
������ LPSURYHPHQW� 2QH RI WKH PDLQ UHTXLUHPHQWV LV WKDW WKH DQWHQQD KDV WKH DELOLW\ WR FRPPXQLFDWH
PRUH WKDQ � 0% GXULQJ D VDWHOOLWH SDVV� 1RW DOO SDVVHV FDQ PHHW WKH UHTXLUHPHQW� DV SDVVHV ZLWK D YHU\
ORZ PD[LPXP HOHYDWLRQ RQO\ KDYH D VKRUW FRQWDFW WLPH� $V GHWHUPLQHG LQ WKH ERXQGDU\ FRQGLWLRQV� WKH
PLQLPXP HOHYDWLRQ D SDVV VKRXOG EH ���� 7R VHH LI WKLV FRQGLWLRQ KDV EHHQ PHW� WKH RSWLPLVHG GHVLJQ
LV FRPSDUHG WR WKH EDVLF GHVLJQ IURP ILJXUH ����� WKH UHVXOW FDQ EH VHHQ LQ ILJXUH �����



���� 3HUIRUPDQFH ��

)LJXUH ����� $YHUDJH GDWD WKURXJKSXW SDVVHV IRU PD[LPXP HOHYDWLRQ DQJOHV

7KH DQWHQQD SHUIRUPDQFH LV VLJQLILFDQWO\ LPSURYHG LQ FRPSDULVRQ WR WKH EDVLF GHVLJQ� )RU DOO W\SHV
RI SDVVHV WKH WRWDO GDWD WKURXJKSXW LV KLJKHU FRPSDUHG WR WKH EDVLF GHVLJQ� (VSHFLDOO\ LQ WKH ORZ
HOHYDWLRQ SDVVHV� ���� PD[LPXP HOHYDWLRQ� D FOHDU LPSURYHPHQW LV YLVLEOH� $V FRPPXQLFDWLRQ ZLWK WKH
EDVLF GHVLJQ ZRXOG QRW KDYH EHHQ SRVVLEOH IRU SDVVHV ZLWK D PD[LPXP HOHYDWLRQ EHORZ ���� :KHQ
SDVVHV ZLWK D PD[LPXP HOHYDWLRQ EHORZ ��� DUH LQFOXGHG WKH GDWD WKURXJKSXW RI WKH RSWLPLVHG GHVLJQ
LV ���� *%� WKDW LV ����� EHWWHU FRPSDUHG WR WKH EDVLF GHVLJQ� 7KH UHTXLUHPHQWV IRU WKH � 0% LV PHW
IRU D SDVVHV ZLWK D PD[LPXP HOHYDWLRQ DERYH ���� ,Q FDVH WKH PD[LPXP HOHYDWLRQ LV DERYH �� LW FRXOG
DOUHDG\ EH FRQVLGHUHG WR VXUIDFH VLQFH D WKURXJKSXW RI ��� 0% FDQ EH DFKLHYHG� ,Q WKH FDVH RI GRZQOLQN
ZLWK YDULDEOH $&0 PRGHV WRWDO WKURXJKSXW LV ���� *%� DQG WKH XSOLQN ZLWK YDULDEOH $&0 PRGHV KDV D
WKURXJKSXW RI ���� *% � 7KH UDGLDWLRQ SDWWHUQ RI WKH XSOLQN LV GLIIHUHQW IURP WKH GRZQOLQN SDWWHUQ� DV FDQ
EH VHHQ LQ ILJXUH ���� DQG ILJXUH �����

)LJXUH ����� �' UDGLDWLRQ SDWWHUQ XSOLQN

)LJXUH ����� 9HUWLFDO FXW UDGLDWLRQ SDWWHUQ GRZQOLQN DQG XSOLQN

,Q ILJXUH ���� LW FDQ EH VHHQ WKDW WKH PD[LPXP JDLQ IRU WKH XSOLQN LV DW KLJKHU HOHYDWLRQ DQJOHV� 7KH
XSOLQN SDWWHUQ KDV QRW EHHQ FRQVLGHUHG LQ WKH RSWLPLVDWLRQ� 7KHUHIRUH LW KDV WR EH YHULILHG LI XSOLQN PHHWV
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WKH � 0% UHTXLUHPHQW IRU DOO SDVVHV ZLWK D PD[LPXP HOHYDWLRQ DERYH ���� )RU WKH VLPXODWLRQ� WKH 556
KDUGZDUH KDV EHHQ FRQVLGHUHG� ,I WKH GDWD WKURXJKSXW VKRXOG EH LQFUHDVHG� WKH 556 KDUGZDUH FDQ EH
DGMXVWHG WR DFFRPPRGDWH D KLJKHU SRZHU DPSOLILHU� +RZ WKH GRZQOLQN DQG XSOLQN SHUIRUP FDQ EH VHHQ
LQ ILJXUH �����

)LJXUH ����� $YHUDJH GDWD WKURXJKSXW SDVVHV IRU PD[LPXP HOHYDWLRQ DQJOHV

,Q ERWK FDVHV WKH UHTXLUHPHQWV DUH PHW� 7KH GRZQOLQN ZLWK IL[HG $&0 LV VKRZQ WR LQGLFDWH WKH H[WUD
SRWHQWLDO GDWD WKURXJKSXW ZKHQ WKH $&0 PRGH LV YDULDEOH� 3OHDVH QRWH WKDW WKH VKDSH RI WKH XSOLQN LV
YHU\ GLIIHUHQW IURP WKH GRZQOLQN GXH WR WKH GLIIHUHQFHV LQ UDGLDWLRQ SDWWHUQV IRU ERWK WKH VDWHOOLWH DQG WKH
VXEPDULQH DQWHQQD� )RU WKH XSOLQN� WKH UDGLDWLRQ SDWWHUQ RI WKH JURXQG VHJPHQW LV QRW DGDSWHG WR ILOO WKH
ZHDN VSRWV LQ WKH UHFHLYLQJ DQWHQQD¶V UDGLDWLRQ SDWWHUQ� $V FDQ EH VHHQ IRU SDVVHV ZLWK D PD[LPXP
HOHYDWLRQ DQJOH EHWZHHQ ��� DQG ���� +RZHYHU WKHVH SDVV FDQ VWLOO WUDQVPLW PRUH WKDQ WKH UHTXLUHG �
0%� VR QR DGMXVWPHQWV DUH QHFHVVDU\�

7R SURYLGH D EHWWHU RYHUYLHZ RI WKH SHUIRUPDQFH RI WKH VXEPDULQH DQWHQQD WKH SURSDJDWLRQ WLPH IUDPH
VKRXOG EH UHGXFHG� LQ WKLV FDVH ���6HS����� �������� WLOO ���6HS����� �������� ZDV FKRVHQ� 2QO\
SDVVHV ZLWK D PD[LPXP HOHYDWLRQ KLJKHU WKDQ ��� DUH FRQVLGHUHG VLQFH WKH ORZ HOHYDWLRQ SDVVHV DUH
QRW RI LQWHUHVW 7KH PD[LPXP HOHYDWLRQ IRU WKH ILYH SDVVHV UHPDLQLQJ DUH ������ ������ ������ ������ DQG
����� DV VKRZQ OHIW WR ULJKW LQ ILJXUH ����� $ORQJ ZLWK WKH HOHYDWLRQ DQJOHV� WKH GRZQOLQN GDWD UDWH LV
VKRZQ� ERWK IRU WKH IL[HG DQG YDULDEOH $&0 PRGH�

)LJXUH ����� 'DWD WUDQVIHU UDWH IRU IL[HG DQG YDULDEOH $&0 PRGH DORQJ ZLWK HOHYDWLRQ DQJOH



���� 3HUIRUPDQFH ��

,W FDQ EH VHHQ WKDW WKH YDULDEOH $&0 PRGH RIWHQ KDV D KLJKHU GDWD UDWH� DV WKH OLQN VWUHQJWK LV XVHG
WR WKH IXOO SRWHQWLDO� 7KHUHIRUH WKH WRWDO DPRXQW RI GDWD WUDQVIHUUHG LV KLJKHU� 3DVV QXPEHU � DQG �
KDYH WKH VDPH PD[LPXP HOHYDWLRQ RI ������ KRZHYHU WKH WUDQVPLVVLRQ GXULQJ WKH SDVV KDV D GLIIHUHQW
VKDSH� ,Q SDVV � WKH WUDQVIHU VWDUWV HDUOLHU LQ WKH SDVV FRPSDUHG WR SDVV �� ZKLOH LQ SDVV � WKH WUDQVIHU
FRQWLQXHV WR ORZHU HOHYDWLRQ DQJOHV� ,I FRPPXQLFDWLRQ LV SRVVLEOH GHSHQGV RQ WKH 615� 7R H[SODLQ WKH
GLIIHUHQFHV EHWZHHQ WKH SDVVHV� WKH 615 LV VKRZQ LQ ILJXUH ����� DORQJ ZLWK WKH JDLQ RI WKH JURXQG
VHJPHQW DQG VDWHOOLWH DQWHQQD�

)LJXUH ����� 615� DQWHQQDV JDLQ DQG HOHYDWLRQ DQJOH RYHU WLPH

7KH 615 IRU SDVV � DQG � LV QRW LGHQWLFDO� 7KH DQWHQQD RI WKH VXEPDULQH SURYLGHV WKH VDPH JDLQ IRU
ERWK SDVVHV� KRZHYHU WKH DQWHQQD RI WKH VDWHOOLWHV SURYLGHV GLIIHUHQW JDLQ� 7KH JDLQ RI WKH VDWHOOLWH¶V
DQWHQQD LV GLIIHUHQW IRU HDFK SDVV GXH WR WKH RULHQWDWLRQ RI WKH VDWHOOLWH ZLWK UHVSHFW WR WKH VXEPDULQH�
1RW DOO SDVVHV ZLWK WKH VDPH PD[LPXP HOHYDWLRQ DQJOH KDYH WKH VDPH JDLQ SDWWHUQ DV WKH\ FDQ SDVV
WKH VXEPDULQH IURP D GLIIHUHQW FDUGLQDO SRLQW� +RZ WKH SDVVHV DUH RULHQWHG ZLWK UHVSHFW WR WKH JURXQG
VHJPHQW RQ�ERDUG WKH JURXQG VHJPHQW FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� 3DVV � DQG � DV VHHQ IURP WKH JURXQG VHJPHQW

7KH SHUIRUPDQFH RI WKH V\VWHP DV VLPXODWHG LQ WKLV FKDSWHU LV WKHRUHWLFDO� 7R DFKLHYH WKH PDLQ REMHFWLYH
RI WKH WKHVLV� DQG SURYLGH D WKRURXJK DQVZHU WR UHVHDUFK VXE�TXHVWLRQ �� WKH V\VWHP SHUIRUPDQFH KDV
WR EH YHULILHG LQ UHDO OLIH� 7KH YHULILFDWLRQ VKRXOG EH SHUIRUPHG E\ WHVWLQJ FDSDELOLWLHV RI WKH V\VWHP�
%HIRUH WKLV FDQ EH GRQH LW VKRXOG ILUVW EH PDQXIDFWXUHG� 7KH PDQXIDFWXULQJ SURFHVV ZLOO EH GLVFXVVHG
LQ FKDSWHU � KHUHDIWHU�





�
$QWHQQD 0DQXIDFWXULQJ

,Q WKLV FKDSWHU WKH PDQXIDFWXULQJ RI WKH KHOLFDO DQWHQQD GHVLJQ ZLOO EH GLVFXVVHG� )LUVW LW ZLOO EH H[�
SODLQHG KRZ WKH DQWHQQD LV PDQXIDFWXUHG� 6HFRQG� WKH EXLOGLQJ RI WKH DQWHQQD DORQJ ZLWK WKH ILQDO
UHVXOW ZLOO EH VKRZQ� 7KLUG WKH DQWHQQD ZLOO EH DGDSWHG WR PDWFK WKH LPSHGDQFH RI WKH DQWHQQD WR ��͕
UHVLVWDQFH� 7KH DGDSWLRQV DUH UHTXLUHG WR SUHYHQW ORVVHV DQG DFKLHYH RSWLPDO SHUIRUPDQFH�

���� �' 'HVLJQ
7KH KHOLFDO DQWHQQD LV EXLOG XS RXW RI WZR PDLQ SDUWV� WKH KHOL[ DQG WKH JURXQG SODQH� 7KH KHOL[ LV PDGH
RXW RI D FRQGXFWLQJ ZLUH� 7KH ZLUH LV WKH DFWLYH SDUW RI WKH DQWHQQD DQG FDQ EH UHIHUUHG WR DV WKH KRW RU
DFWLYH VLGH� 7KH JURXQG SODQH FDQ EH PDGH RXW RI GLIIHUHQW FRQVWUXFWLRQV� DV ORQJ DV LW LV VHHQ DV VROLG
E\ WKH 5) VLJQDO� ,I DQ REMHFW KDV D VL]H ൉ ग ࿽� WKH REMHFW ZLOO QRW LQIOXHQFH WR WKH DQWHQQD UDGLDWLRQ
SDWWHUQ� 7KHUHIRUH� WKH JURXQG SODQH FRXOG KDYH KROHV LI LW LV ZLWK WKLV FRQGLWLRQ� +RZHYHU� LQ WKH FDVH
RI WKH SURWRW\SH VXEPDULQH DQWHQQD LW ZDV FKRVHQ WR JR ZLWK D PHWDO SODWH VLQFH LW ZDV DYDLODEOH DQG
GLG QRW UHTXLUH DGGLWLRQDO WRROLQJ� ,I WKH PDVV RI WKH DQWHQQD VKRXOG EH UHGXFHG� WKH JURXQG SODQH FDQ
EH SHUIRUDWHG WR PHHW WKH UHTXLUHPHQW� 7KH KHOL[ LV KDUGHU WR PDQXIDFWXUH DV WKH VKDSH LV KDUGHU WR
DFKLHYH ZLWK WRROLQJ� 7KHUHIRUH LW ZDV FKRVHQ WR XVH D �' SULQWHU WR FUHDWH D PROG WKDW FDQ EH XVHG
DV WKH VXSSRUWLQJ VWUXFWXUH RI WKH DQWHQQD� �' SULQWLQJ ZDV FRQVLGHUHG WKH VLPSOHVW PDQXIDFWXULQJ
WHFKQLTXH IRU WKH SURWRW\SH� 7KH GHVLJQ FDQ EH VHHQ LQ ILJXUH ��� EHORZ�

)LJXUH ���� �' PRGHO KHOLFDO DQWHQQD PROG

��
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7KH VWUXFWXUH ZDV GHVLJQHG VXFK WKDW LW FDQ EH �' SULQWHG RQ WKH SULQWHU DYDLODEOH DW WKH ��� 6TXDGURQ
LQ 'RQJHQ� 7KH IRXU SDUWV FDQ EH VWDFNHG WR IRUP WKH DQWHQQD� 7KH JURYH RQ WKH VLGH RI WKH DQWHQQD
FDQ KROG KDOI RI WKH DFWLYH ZLUH� 7KH ERWWRP SDUW KDV D VXSSRUW VWUXFWXUH VXFK WKDW WKH JURXQG SODQH
FDQ EH DWWDFKHG WR WKH DQWHQQD� $ QXPEHU RI FKDUDFWHULVWLFV RI WKH �' GHVLJQ FDQ EH VHHQ LQ WDEOH ���
EHORZ�

3DUDPHWHU 9DOXH
6SDFLQJ ���� >FP@
'LDPHWHU ���� >FP@
+HLJKW ����� >FP@
*URXQG SODQH UDGLXV �� >FP@
5DGLXV DQWHQQD JURXQG SODQH ����� >FP@
&DEOH JURYH GLDPHWHU ��� >PP@
6FUHZ VL]H 0�

7DEOH ���� &KDUDFWHULVWLFV �' SULQW VXEPDULQH DQWHQQD

7KH PDWHULDO FKRVHQ IRU WKH DQWHQQD PROG LV $FU\ORQLWULOH %XWDGLHQH 6W\UHQH �$%6�� 7KH PDWHULDO LV
ZDWHUSURRI DQG GRHV QRW LQWHUIHUH ZLWK WKH DQWHQQD DV LW KDV D ORZ GLHOHFWULF FRQVWDQW� GRHV QRW FRQGXFW
HOHFWULFLW\� DQG GRHV QRW FRQWDLQ DQ\ PHWDO >��@� $%6 SDLQWHG EODFN VKRXOG EH DYRLGHG DV LW FDQ FRQWDLQ
FDUERQ� ZKLFK FRQGXFWV HOHFWULFLW\� $%6 LV FKHDS DQG UHODWLYHO\ HDV\ WR SULQW ZKLOH EHLQJ VWURQJ DQG
RQO\ GHIRUP DW KLJKHU WHPSHUDWXUHV >��@� 7KH DQWHQQD ZLOO EH FRQQHFWHG WR WKH UHVW RI WKH V\VWHP XVLQJ
D FRD[ FDEOH ZLWK D �� ͕ LPSHGDQFH� 7R FRQQHFW WKH JURXQG SODQH DQG WKH DFWLYH KHOL[ D IHPDOH 1
FKDVVLV FRQQHFWRU LV XVHG� $Q H[DPSOH RI VXFK FRQQHFWRU FDQ EH VHHQ LQ ILJXUH ����

)LJXUH ���� )HPDOH 1 FKDVVLV FRQQHFWRU >��@

7KH VPDOO SLQ RQ WKH ULJKW VLGH RI ILJXUH ��� LV WKH FRQQHFWLRQ IRU WKH KHOL[� 7KH DFWLYH ZLUH ZLOO EH VRO�
GHUHG RQWR WKH SLQ� 7KH UHVW RI WKH FRQQHFWRU FDQ EH XVHG WR FRQQHFW WKH JURXQG SODQH� 7KH FRQQHFWRU
ZLOO EH DWWDFKHG XVLQJ VFUHZV WKDW VFUHZ LQWR WKH WDSSHG KROHV LQ WKH PHWDO JURXQG SODQH�

2QH RI WKH WHVWV WKDW ZLOO EH FRQGXFWHG DIWHU PDQXIDFWXULQJ LV D UDGLDWLRQ SDWWHUQ WHVW� 7R GR WKH WHVW
PRUH DFFXUDWHO\ DQG IDVWHU� LW ZDV FKRVHQ WR DWWDFK WKH VXEPDULQH DQWHQQD WR WKH URWRU RI WKH 556
VKRZQ LQ ILJXUH ���� 7KH URWRU FDQ DFKLHYH DOO DQJOHV UHTXLUHG ZKLFK HQVXUHV WKDW WKH PHDVXUHPHQW LV
GRQH FRUUHFWO\� 7R DWWDFK WKH DQWHQQD WR WKH 556 URWRU D FRQQHFWLRQ DUP KDG WR EH SULQWHG� 7KH �'
UHQGHU RI WKH DUP FDQ EH VHHQ LQ ILJXUH ���� 7KH DUP ZLOO DWWDFK WR WKH JURXQG SODQH¶V PLGGOH SRLQW� ,Q
WKH QH[W VHFWLRQ WKH �' SULQWHG GHVLJQ ZLOO EH VKRZQ DORQJ ZLWK WKH DVVHPEOHG DQWHQQD�



���� $QWHQQD $VVHPEO\ ��

)LJXUH ���� $UP WR FRQQHFW VXEPDULQH DQWHQQD WR 556 URWRU

���� $QWHQQD $VVHPEO\
7KH PROG RI WKH DQWHQQD KDV EHHQ SULQWHG VXFFHVVIXOO\ DQG FDQ EH VHHQ LQ ILJXUH ���� 7KH SDUWV FRXOG
EH SULQWHG ZLWKRXW WKH QHHG RI SODVWLF VXSSRUW VR QR DGGLWLRQDO ILQLVKLQJ ZDV UHTXLUHG� $OO WKH SDUWV DUH
JOXHG WRJHWKHU XVLQJ VXSHUJOXH� 7KH HQG UHVXOW FDQ EH VHHQ LQ ILJXUH ���� ,Q ILJXUH ��� WKH RSHQLQJ OHIW
IRU WKH FRQQHFWRU SLQ LV VKRZQ� +HUH WKH FRQQHFWRU FDQ EH VROGHUHG WR WKH DFWLYH KHOLFDO DQWHQQD SDUW�

)LJXUH ���� 7KH IRXU �' SULQWHG SDUWV VXEPDULQH DQWHQQD

)LJXUH ���� 6XEPDULQH DQWHQQD DVVHPEOHG)LJXUH ���� &RQQHFWRU KROH LQ DQWHQQD EDVH SODWH



�� �� $QWHQQD 0DQXIDFWXULQJ

7KH IXOO\ DVVHPEOHG DQWHQQD RQ WRS RI WKH 556 URWRU FDQ EH VHHQ LQ ILJXUH ���� 7KH FRQQHFWRU IRU WKH
FRD[ FDEOH FDQ EH VHHQ LQ ILJXUH ���� 7KH HOHFWULFDO WDSH DSSOLHG WR NHHS WKH FDEOH LQ SODFH GRHV QRW
LQWHUIHUH ZLWK WKH UDGLDWLRQ SDWWHUQ� DV LW QRW FRQGXFWLYH DQG GRHV QRW FRQWDLQ DQ\ PHWDO >��@�

)LJXUH ���� $VVHPEOHG DQWHQQD RQ 556 VWDQG )LJXUH ���� &RQQHFWRU RQ XQGHUVLGH JURXQG SODQH

7KH DQWHQQD LV QRZ IXOO\ DVVHPEOHG� %HIRUH WKH WHVW FDQ EH GRQH WKH DQWHQQD¶V LPSHGDQFH VKRXOG EH
FKDQJHG WR �� ͕� +RZ WKLV LV GRQH DQG ZK\ LW LV QHFHVVDU\ ZLOO EH H[SODLQHG LQ WKH QH[W ����

���� ,PSHGDQFH 0DWFKLQJ
7KH DQWHQQD LPSHGDQFH LV WKH UHVLVWDQFH RI DQ HOHFWULFDO VLJQDO LQ WKH DQWHQQD� 7KH LPSHGDQFH LV
PHDVXUHG DW WKH FRQQHFWRU RI WKH DQWHQQD >��@� &RQQHFWHG HOHFWULFDO FRPSRQHQWV VKRXOG KDYH WKH
VDPH LPSHGDQFH� ,I WKLV LV QRW WKH FDVH ORVVHV ZLOO RFFXU VLQFH SDUW RI WKH VLJQDO LV UHIOHFWHG EDFN� $
VFKHPDWLF UHSUHVHQWDWLRQ RI DQ DQWHQQD V\VWHP FDQ EH VHHQ LQ ILJXUH ����

)LJXUH ���� 6FKHPDWLF RI DQWHQQD V\VWHP

7R TXDQWLI\ WKH UHIOHFWLRQ LQ UHODWLRQ WR LQVHUWHG SRZHU �ൕ።፧� DQG WKH UHIOHFWHG SRZHU �ൕ፫፞፟�� WKH 9ROWDJH
6WDQGLQJ :DYH 5DWLR �96:5� LV XVHG� 7KH 96:5 FDQ EH GHILQHG DV VKRZQ LQ HTXDWLRQ ����

൛൘൜ൗ  
ൕ።፧ � ൕ፫፞፟
ൕ።፧ ࢿ ൕ፫፞፟

�����

$ ORZHU 96:5 FRUUHVSRQGV WR D EHWWHU PDWFKHG DQWHQQD� ZLWK WKH PLQLPXP EHLQJ �� 8VLQJ WKH 96:5�
WKH UHIOHFWLRQ FRHIILFLHQW �̀� FDQ EH GHWHUPLQHG� :LWK WKH UHIOHFWLRQ FRHIILFLHQW WKH PLVPDWFK ORVV �൒൑�
FDQ EH GHWHUPLQHG� 7KH HTXDWLRQV XVHG WR FDOFXODWH ̀ DQG ൒൑ DUH ��� DQG ���� UHVSHFWLYHO\ >��@�



���� ,PSHGDQFH 0DWFKLQJ ��

̀  
൛൘൜ൗ ࢿ �
൛൘൜ൗ � �

����� ൒൑ ����൪൭൦ࢿ  ࢿ _̀_ኼ� �����

7KH PLVPDWFK ORVV VKRXOG EH DV ORZ DV SRVVLEOH WR HQVXUH D VWURQJ VLJQDO WUDQVIHU� 'HSHQGLQJ RQ
ZKLFK SDUDPHWHUV LV PHDVXUHG� WKH YDOXHV DV VHHQ LQ WDEOH ��� VKRXOG EH DFKLHYHG WR JHW D JRRG
SHUIRUPLQJ DQWHQQD� 7KH 96:5 FDQQRW EH KLJKHU WKDQ � VLQFH WKLV ZRXOG ORZHU WKH GDWD WKURXJKSXW
VXFK WKDW WKH � 0% UHTXLUHPHQW ZLOO RQO\ EH PHW IRU DOO SDVVHV ZLWK DQ PD[LPXP HOHYDWLRQ KLJKHU WKDQ
���� /RZHU HOHYDWLRQ SDVVHV ZLOO QRW DOZD\V PHHW WKH � 0% UHTXLUHPHQW� 7KH LQFUHDVH WR ��� ZRXOG
QRW EH DFFHSWDEOH VLQFH WKH FXUUHQW OLPLW LV ��� PLQLPXP HOHYDWLRQ DV VKRZQ LQ ILJXUH ����� $W D 96:5
RI � WKH GDWD WKURXJKSXW LV UHGXFHG ZLWK ����� FRPSDUHG WR DQ LGHDO VLWXDWLRQ�

3DUDPHWHU ,GHDO 0LQLPDO
0LVPDWFK ORVV >G%@ � ����
96:5 >�@ � �

7DEOH ���� ,GHDO DQG PLQLPDO YDOXHV PLVPDWFK ORVV DQG 96:5

7KH LPSHGDQFH RI DQ DQWHQQD FRQVLVWV RI D UHDO �ൗ� DQG LPDJLQDU\ SDUW �൨�� 7KH UHDO SDUW UHSUHVHQWV WKH
UHVLVWDQFH RI WKH DQWHQQD� 7KH LPDJLQDU\ SDUW UHSUHVHQWV WKH UHDFWLYH SDUW RI WKH LPSHGDQFH �H�J� FD�
SDFLWLYH RU LQGXFWLYH� EDVHG RQ VLJQ�� 7KH LPSHGDQFH LV FRUUHODWHG WR WKH PLVPDWFK ORVV RI WKH DQWHQQD
YLD WKH UHIOHFWLRQ FRHIILFLHQW� 7KH UHIOHFWLRQ FRHIILFLHQW FDQ EH FDOFXODWHG XVLQJ HTXDWLRQ ���� KRZHYHU
LW FDQ DOVR EH FDOFXODWHG GLUHFWO\ IURP WKH LPSHGDQFH PHDVXUHG� 7R FDOFXODWH WKH UHIOHFWLRQ FRHIILFLHQW
IURP WKH LPSHGDQFH WKH FKDUDFWHULVWLFV UHVLVWDQFH �ൟኺ� VKRXOG EH NQRZQ� 0RVW 5) V\VWHPV KDYH D
�� ͕ UHVLVWDQFH� EXW GLIIHUHQW YDOXHV DUH DOVR FRPPRQ �H�J� �� ͕�� 7KH UHIOHFWLRQ FRHIILFLHQW FDQ EH
GHWHUPLQHG XVLQJ WKH PHDVXUHG LPSHGDQFH DV VKRZQ LQ HTXDWLRQ ���� :LWK WKH UHIOHFWLRQ FRHIILFLHQW
WKH PLVPDWFK ORVVHV FDQ EH FDOFXODWHG XVLQJ HTXDWLRQ ����

̀  
ᔂ�ൗ ࢿ ൟኺ�ኼ � ൨ኼ

ᔂ�ൗ � ൟኺ�ኼ � ൨ኼ
�����

7KH LPSHGDQFH RI WKH DQWHQQD LV GHSHQGHG RQ WKH IUHTXHQF\ RI WKH LQSXW VLJQDO� &RPPRQO\ WKH
LPSHGDQFH LV GLVSOD\HG LQ D 6PLWK &KDUW� 7KH LPSHGDQFH RYHU WKH UDQJH IURP ��� 0+] WR ��� 0+]
LV VKRZQ LQ ILJXUH ����� 7KH \HOORZ SRLQW LV WKH LPSHGDQFH SRLQW IRU WKH XSOLQN IUHTXHQF\� ZKLOH WKH
UHG SRLQW LV WKH GRZQOLQN IUHTXHQF\ LPSHGDQFH� 3OHDVH QRWH WKDW WKH ILJXUH LV QRUPDOLVHG DURXQG WKH
FKDUDFWHULVWLFV UHVLVWDQFH RI ൟኺ  �� ͕�

)LJXUH ����� 6PLWK &KDUW DQWHQQD EHIRUH LPSHGDQFH PDWFK
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)RU WKH GRZQOLQN IUHTXHQF\ WKH LPSHGDQFH LV ������� ࢿ �������൧ ͕� IRU WKH XSOLQN IUHTXHQF\ WKH
LPSHGDQFH LV ������� ࢿ �������൧ ͕� 7R REWDLQ D VPDOO DV SRVVLEOH PLVPDWFK ORVV WKH LGHDO LPSHGDQFH
RI �൧ࢿ�� ͕ VKRXOG EH DSSURDFKHG� 7R VHH KRZ PXFK WKH FXUUHQW PLVPDWFK LQIOXHQFHV WKH SHUIRUPDQFH
RI WKH DQWHQQD WKH 96:5 VKRXOG EH PHDVXUHG� 7KH UHVXOW FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� 96:5 DQWHQQD EHIRUH LPSHGDQFH PDWFK

,W FDQ EH VHHQ WKDW WKH 96:5 LV WRR KLJK IRU KDYLQJ D JRRG SRZHU WUDQVIHU� 7KH PD[LPXP YDOXH VKRXOG
EH �� EXW HYHQ WKH ORZHVW SRLQW LV DERYH ���� $ 96:5 RI ��� \LHOGV D PLVPDWFK ORVV RI ��� G%� 6XFK
ORVVHV DUH QRW DFFHSWDEOH DV LW ZRXOG ORZHU WKH GDWD WKURXJKSXW ZLWK ������� )XUWKHUPRUH LW ZRXOG
LQFUHDVH WKH PLQLPDO HOHYDWLRQ WKDW LV UHTXLUHG WR HQVXUH WKDW WKH � 0% LV PHW WR ���� 7KXV LPSHGDQFH
PDWFKLQJ LV UHTXLUHG WR LPSURYH WKH SHUIRUPDQFH RI WKH DQWHQQD WR DQ DFFHSWDEOH OHYHO� WKDW ZRXOG EH
WKH PLQLPDO YDOXH DV SURYLGHG LQ WDEOH ���� 7KH LPSHGDQFH FDQ EH LPSURYHG XVLQJ D /�QHWZRUN� 7KH
EHVW SHUIRUPDQFH LV DFKLHYHG ZKHQ WKH LPSHGDQFH LV PDWFKHG WR �൧ࢿ�� ͕ �L�H� WKH FHQWHU RI WKH 6PLWK
FKDUW� DV VKRZQ LQ ILJXUH ������

������ /�1HWZRUN
7KH LPSHGDQFH RI DQ DQWHQQD FDQ EH FKDQJHG E\ XVLQJ D /�QHWZRUN� 7KLV W\SH RI QHWZRUN ZDV FKRVHQ
VLQFH LW LV UHODWLYHO\ VLPSOH EXW VWLOO HQDEOHV WR PDWFK WKH DQWHQQD� 7KH QHWZRUN FDQ FRQVLVW RI RQH
FDSDFLWRU DQG RQH LQGXFWRU DQG LV SODFHG EHWZHHQ WKH FRQQHFWRU DQG WKH DQWHQQD� 'LIIHUHQW W\SHV RI
/�QHWZRUNV FDQ DOVR FRQVLVW RI � LQGXFWRUV RU � FDSDFLWRUV� 7KH W\SH RI /�QHWZRUN WKDW VKRXOG EH XVHG LV
GHSHQGHG RQ WKH XQPDWFKHG LPSHGDQFH RI WKH DQWHQQD� ,Q WKLV FDVH WKH LPDJLQDU\ SDUW RI WKH DQWHQQD
LV QHJDWLYH� VR WKH DQWHQQD KDV FDSDFLWLYH SURSHUWLHV� ,I WKH DQWHQQD KDV D LPSHGDQFH RI �� ͕ LW ZLOO EH
LQ WKH PLGGOH RI WKH 6PLWK FKDUW� 7KH LPSHGDQFH FDQ EH PRYHG DURXQG WKH VPLWK FKDUW E\ D FDSDFLWRU
RU LQGXFWRU� DV VKRZQ LQ ILJXUH �����



���� ,PSHGDQFH 0DWFKLQJ ��

)LJXUH ����� 0RYLQJ LQ 6PLWK FKDUW

7KH GRWWHG OLQHV LQ ILJXUH ���� DUH D PLUURU RI WKH LPSHGDQFH SORW� QDPHG WKH DGPLWWDQFH� 3DUDOOHO
FRPSRQHQWV PRYH DORQJ WKH DGPLWWDQFH OLQHV ZKLOH VHULHV FRPSRQHQWV PRYH DORQJ WKH LPSHGDQFH
OLQHV� :LWK WKH SRVVLEOHV PRYHV DORQJ WKH OLQHV D LPSHGDQFH SRLQW FDQ EH PRYHG WR WKH PLGGOH RI WKH
6PLWK FKDUW >��@� 7KH LPSHGDQFH RI WKH XSOLQN DQG GRZQOLQN DUH ERWK VLWXDWHG LQ WKH ERWWRP ULJKW SDUW
RI WKH VPLWK FKDUW� 7KH W\SH RI /�QHWZRUN WKDW VKRXOG EH XVHG GHSHQGV RQ WKH FXUUHQW LPSHGDQFH� )RU
WKH VXEPDULQH DQWHQQD� WKH PDWFKLQJ QHWZRUN VKRZQ LQ ILJXUH ���� LV XVHG� 7KH QHWZRUN FDQ FRUUHFW
WKH LPSHGDQFH RI DQ DQWHQQD WKDW LV RXWVLGH WKH EOXH DUHD LQ ILJXUH ���� >��@� 7KH EOXH DQG RUDQJH GRW
DUH WKH GRZQOLQN DQG XSOLQN IUHTXHQF\ LPSHGDQFH� UHVSHFWLYHO\�

)LJXUH ����� 6HFWLRQ RI 6PLWK FKDUW WKDW FDQ EH PDWFK
/�QHWZRUN

)LJXUH ����� /�QHWZRUN XVHG IRU LPSHGDQFH PDWFKLQJ

6LQFH ERWK WKH XSOLQN DQG GRZQOLQN LPSHGDQFH DUH RXWVLGH WKH EOXH DUHD LQ ILJXUH ����� WKH /�QHWZRUN
DV VKRZQ LQ ILJXUH ���� LV DGHTXDWH� 1RZ WKDW WKH QHWZRUN LV VHOHFWHG� WKH YDOXHV IRU WKH LQGXFWRU DQG
FDSDFLWRU KDYH WR EH FDOFXODWHG� 7KH YDOXHV DUH IUHTXHQF\ GHSHQGHG� 6LQFH WKH RSWLPLVDWLRQ DQG KDV
EHHQ GRQH IRU WKH GRZQOLQN VLWXDWLRQ WKLV ZDV FKRVHQ DV WKH PDLQ IUHTXHQF\ WR PDWFK IRU WKH /�QHWZRUN�
+RZ ZHOO WKH XSOLQN IUHTXHQF\ LV PDWFKHG ZLWK WKLV QHWZRUN ZLOO EH LQYHVWLJDWHG WKURXJK PHDVXUHPHQWV�
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(TXDWLRQ ��� DQG ��� DUH XVHG WR FDOFXODWH WKH FDSDFLWRU DQG LQGXFWRU FKDUDFWHULVWLFV UHVSHFWLYHO\�
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+RZ ൝፜ DQG ൝፥ DUH GHWHUPLQHG FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� ፗᑔ DQG ፗᑝ LPSHGDQFH PDWFKLQJ

൝፥ LV WKH GLVWDQFH EHWZHHQ SRLQW � DQG � DV UHDG IURP WKH DGPLWWDQFH SORW� ZKLFK JLYHV D YDOXH RI
൝፥  ���� ൝፜ LV WKH GLVWDQFH EHWZHHQ SRLQW � DQG � UHDG IURP WKH LPSHGDQFH SORW� ZKLFK JLYHV YDOXH
RI ൝፜  ����� 1RWH WKDW WKHVH YDOXHV DUH QRUPDOLVHG DQG KDYH WR EH PXOWLSOLHG E\ ��� 7KLV \LHOGV WKH
IROORZLQJ YDOXHV IRU WKH ൝፜ DQG ൝፥ DV VKRZQ LQ WDEOH ���� :LWK HTXDWLRQ ��� DQG ��� WKH LQGXFWDQFH DQG
FDSDFLWDQFH FDQ EH FDOFXODWHG� 3OHDVH QRWH WKDW WKH H[DFW YDOXHV FDQQRW EH SURYLGHG DV WKLV ZRXOG
SURYLGH WKH RSHUDWLQJ IUHTXHQF\� 7KHUHIRUH DSSUR[LPDWH YDOXHV DUH SURYLGH LQ WDEOH ����

&DSDFLWRU ,QGXFWRU
'LVWDQFH ���� ���
9DOXH �� S) ��� Q+

7DEOH ���� &DSDFLWDQFH DQG LQGXFWDQFH YDOXHV

7KH LQGXFWRU DQG FDSDFLWRU XVHG FDQ EH VHHQ LQ ILJXUHV ���� DQG ���� UHVSHFWLYHO\� 7KH FDSDFLWRU
LV D YDULDEOH WULPPHU WKDW FDQ EH DGMXVWHG E\ WXUQLQJ WKH VPDOO VFUHZ� ,W ZDV XVHG VXFK WKDW DQ H[DFW
LPSHGDQFH PDWFK FDQ EH DFKLHYHG VLQFH WKH LQLWLDO LPSHGDQFH PHDVXUHG FDQ YDU\� $ GHYLDWLRQ IURP WKH
LQLWLDOO\ PHDVXUHG LPSHGDQFH ZLOO RFFXU� 7KH FRLO KDV EHHQ DGGHG EHWZHHQ WKH DQWHQQD DQG FRQQHFWRU�
ZKLFK LQIOXHQFHV WKH PHDVXUHG LPSHGDQFH� )XUWKHUPRUH WKH PHWDO RI WKH FRLO FORVH WR WKH DQWHQQD DOVR
LQIOXHQFH WKH LPSHGDQFH PHDVXUHG DW WKH FRQQHFWRU� 7KHUHIRUH WKH YDULDEOH WULPPHU LV UHTXLUHG VLQFH
WKH V\VWHP KDV WR EH WXQHG�



���� ,PSHGDQFH 0DWFKLQJ ��

)LJXUH ����� &RLO XVHG DV LQGXFWRU )LJXUH ����� 7ULPPHU FDSDFLWRU

7KH LQGXFWRU XVHG ZDV QRW GHVLJQHG WR EH HDVLO\ DGMXVWDEOH OLNH WKH FDSDFLWRU� 7KH LQGXFWDQFH RI WKH
FRLO LV YDULHG E\ FKDQJLQJ WKH GLVWDQFH EHWZHHQ WKH WXUQV� 7R UHGXFH WKH QXPEHU RI WXUQV ZLWKRXW
UHPRYLQJ WKH FRLO IURP WKH DQWHQQD� WZR WXUQV ZHUH VKRUWHG E\ VROGHULQJ� 7R JHW DQ HVWLPDWLRQ RI WKH
FRLO LQGXFWDQFH WKH IROORZLQJ HTXDWLRQ ��� FDQ EH XVHG�

ൎ  
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:KHUH�

� ࿾፫ _ 5HODWLYH SHUPHDELOLW\ RI WKH FRUH >�@

� ࿾ኺ _ 3HUPHDELOLW\ IUHH VSDFH ��ဂ��ዅ዁ >+�P@�

� ൓ _ 1XPEHU RI WXUQV >�@

� ൰ _ &RLO UDGLXV >P@

� ൪ _ &RLO OHQJWK >P@

:KHQ PDWFKLQJ WKH DQWHQQD� WKH ILQDO YDOXH IRU WKH FRLO ZDV FDOFXODWHG WR EH ����� >Q+@� 7KH FRLO KDV
WKH IROORZLQJ SDUDPHWHUV� ൰  ��� PP� ൓  ����� DQG ൪  �� PP� 7KH H[DFW YDOXH RI WKH FRLO FDQ YDU\
VLQFH WKH DIRUHPHQWLRQHG QXPEHU DUH QRW H[DFW� 7KH H[DFW LQGXFWDQFH RI WKH FRLO VKRXOG EH YHULILHG
IRU UHSURGXFLELOLW\ RI WKH GHVLJQ� 7KH VDPH VKRXOG EH GRQH IRU WKH FDSDFLWRU� 7KH FDSDFLWDQFH LV QRW
VHW VLQFH WKH WULPPHU ZDV DOVR XVHG WR ILQH�WXQH WKH LPSHGDQFH PDWFK� %RWK RI WKH FRPSRQHQWV ZHUH
PHDVXUHG XVLQJ D 9HFWRU 1HWZRUN $QDO\VHU �91$�� UHVXOWV DUH VKRZQ LQ WDEOH ����

&DSDFLWRU ,QGXFWRU
3UHGLFWHG YDOXH �� S) ��� Q+
0HDVXUHG YDOXH ���� S) ����� Q+
'HOWD �� � �� �

7DEOH ���� 3UHGLFWHG DQG PHDVXUHG FRPSRQHQW SDUDPHWHUV

7KH YDULDWLRQ RI ERWK YDOXHV KDV WKH VDPH FDXVHV� 7KH ILUVW UHDVRQ LV WKDW WKH PHDVXUHPHQW EHIRUH
LPSHGDQFH PDWFKLQJ LV QRW SHUIHFW� )URP WKH FRPSRQHQW YDOXHV LW FDQ EH FDOFXODWHG WKDW ൝፜  �� DQG
൝፥  ���� ZKLFK LV ERWK VKRUWHU WKDQ H[SHFWHG� 7KHVH DUH DSSUR[LPDWH QXPEHUV WR SUHYHQW GLVFORVLQJ
IUHTXHQFLHV� 7KH FDOFXODWHG YDOXHV LQGLFDWH WKDW WKH LQLWLDO LPSHGDQFH SRLQW PRYHV� $Q HVWLPDWLRQ RI
ZKHUH WKH LPSHGDQFH SRLQW LV ORFDWHG FDQ EH VHHQ LQ ILJXUH �����



�� �� $QWHQQD 0DQXIDFWXULQJ

)LJXUH ����� (VWLPDWLRQ LPSHGDQFH DQWHQQD

7KHUH DUH PXOWLSOH UHDVRQV ZK\ WKH SRLQW KDV PRYHG� )LUVW� WKH DGGHG /�QHWZRUN LWVHOI PRYHV WKH
LPSHGDQFH RI WKH V\VWHP� EHIRUH LW LV WXQHG� 7KXV WKH FRPSRQHQWV QHHGHG WR PDWFK WKH LPSHGDQFH
DUH GLIIHUHQW� )XUWKHUPRUH WKH DGGHG PHWDO FORVH WR WKH DQWHQQD FKDQJHV WKH LPSHGDQFH RI WKH DQWHQQD
LWVHOI� 6HFRQG� WHPSHUDWXUH GLIIHUHQFHV FDQ FKDQJH WKH LPSHGDQFH RI WKH DQWHQQD >��@� 6LQFH DOO WKH
DIRUHPHQWLRQHG SURFHGXUHV DUH QRW GRQH LQ D VLQJOH GD\ WKLV PLJKW SOD\ D UROH� 7KH WKLUG UHDVRQ WKH
FRPSRQHQWV DUH QRW H[DFW KDV WR GR ZLWK WKH SRVLWLRQ RI SRLQW � �VHHQ LQ ILJXUH ������ ,Q WKH FDOFXODWLRQV
LW LV DVVXPHG WKDW D SHUIHFW LPSHGDQFH PDWFK LV DFKLHYHG� +RZHYHU WKLV LV QRW QHFHVVDULO\ WKH FDVH�
7KH HQG LPSHGDQFH DW WKH GRZQOLQN DQG XSOLQN IUHTXHQF\ FDQ EH VHHQ LQ ILJXUH ����� ,W LV QRW SHUIHFWO\
LQ WKH PLGGOH VR WKHUH LV VWLOO VRPH PLVPDWFK ORVV� ,W ZDV KDUG WR ILQH WXQH WKH DQWHQQD WR KDYH D SHUIHFW
LPSHGDQFH PDWFK� :LWK FRPSRQHQWV WKDW DOORZ IRU EHWWHU ILQH WXQLQJ� DQ LPSURYHPHQW VKRXOG EH HDVLO\
DFKLHYDEOH�

)LJXUH ����� ,PSHGDQFH RI DQWHQQD ZLWK WXQHG /�QHWZRUN

,Q ILJXUH ���� WKH XSOLQN LPSHGDQFH ZLWK WKH /�QHWZRUN LV DOVR VKRZQ� ,W LV IDU IURP D SHUIHFW PDWFK
DQ WKHUHIRUH XSOLQN ZLOO QRW EH SRVVLEOH XVLQJ WKH FXUUHQW /�QHWZRUN� 7KHUH LV QR VLPSOH /�QHWZRUN



���� ,PSHGDQFH 0DWFKLQJ ��

WKDW FDQ ERWK PDWFK WKH XSOLQN DQG GRZQOLQN IUHTXHQF\ VLPXOWDQHRXVO\� $ VROXWLRQ ZRXOG EH WR XVH D
GXSOH[HU >��@� +HUH WZR GLIIHUHQW PDWFKLQJ QHWZRUNV DUH XVHG WKDW DOORZ PDWFKLQJ RI ERWK WKH XSOLQN DQG
GRZQOLQN IUHTXHQF\� 7KH LPSOHPHQWDWLRQ RI D GXSOH[HU LV PRUH FRPSOH[� ,W ZDV QRW DFKLHYDEOH ZLWKLQ
WKH WLPH FRQVWUDLQWV RI WKLV 06F WKHVLV� 6LQFH WKH DQWHQQD LV PDWFKHG IRU WKH GRZQOLQN IUHTXHQF\ WKH
SHUIRUPDQFH VKRXOG EH VLJQLILFDQWO\ LPSURYHG FRPSDUHG WR WKH ILJXUH ����� 7KH 96:5 RI WKH PDWFKHG
DQWHQQD FDQ EH VHHQ LQ ILJXUH ����� 7KH 96:5 DURXQG WKH GRZQOLQN IUHTXHQF\ FDQ EH VHHQ LQ ILJXUH
�����

)LJXUH ����� 96:5 $QWHQQD ZLWK /�QHWZRUN )LJXUH ����� 96:5 $QWHQQD ZLWK /�QHWZRUN PDJQLILHG DURXQG
WKH GRZQOLQN IUHTXHQF\

,Q ILJXUH ���� WKH 96:5 IRU D ODUJH IUHTXHQF\ UDQJH LV VKRZQ� 6LQFH WKH 96:5 VKRXOG EH EHORZ
� WR KDYH D JRRG IXQFWLRQLQJ DQWHQQD PRVW RI WKH IUHTXHQF\ UDQJH LV QRW XVDEOH� RQO\ DURXQG WKH
GRZQOLQN IUHTXHQF\ WKH 96:5 LV VXIILFLHQWO\ ORZ� ,Q ILJXUH ���� WKH 96:5 LV PDJQLILHG DURXQG WKH
RSHUDWLQJ IUHTXHQF\� 7KH IUHTXHQF\ UDQJH ZLWK D 96:5 EHORZ � LV q���� 0+]� 7KH UDQJH LV UHODWLYHO\
VPDOO WKHUHIRUH WKH DQWHQQD KDV D VPDOO RSHUDWLQJ EDQGZLGWK� 7KH 96:5 DW WKH GRZQOLQN IUHTXHQF\ LV
������� &RQYHUWLQJ WKLV WR PLVPDWFK ORVV \LHOGV ������ G%� :KHQ WKH ORVV LV WDNHQ LQWR DFFRXQW LQ WKH
615 FDOFXODWLRQ� WKH UHVXOWLQJ GDWD ORVV LV DFFHSWDEOH VLQFH WKH WRWDO GDWD WUDQVIHUUHG� ZLWK SDUDPHWHUV
DV GHILQHG LQ VHFWLRQ ���� LV ����� ORZHU FRPSDUHG WR D SHUIHFWO\ PDWFKHG DQWHQQD�





�
0HDVXUHPHQWV

,Q WKLV FKDSWHU WKH DQWHQQD WHVW UHVXOWV ZLOO EH GLVFXVVHG DQG D UHODWLRQ EHWZHHQ WHVW DQG VLPXODWLRQ ZLOO
EH PDGH� )XUWKHUPRUH LW ZLOO SURYLGH DQ DQVZHU WR WKH UHVHDUFK VXE�TXHVWLRQ DV GHILQHG LQ VHFWLRQ ����
7KH GHVLJQ RI WKH DQWHQQD LV EDVHG RQ WKH UDGLDWLRQ SDWWHUQ DV FDOFXODWHG LQ WKH 0$7/$% VLPXODWLRQ�
,W LV LPSRUWDQW WR YHULI\ WKDW WKH VLPXODWLRQ FRUUHVSRQGV ZLWK UHDOLW\� 'R WR WKLV WKH UDGLDWLRQ SDWWHUQ RI
WKH DQWHQQD LV PHDVXUHG DQG FRPSDUHG WR WKH SUHGLFWHG UDGLDWLRQ SDWWHUQ� ,I WKH PHDVXUHG UDGLDWLRQ
SDWWHUQ FRUUHVSRQGV WR WKH 0$7/$% UDGLDWLRQ SDWWHUQ� LW FDQ EH DVVXPHG WKDW WKH 0$7/$% VLPXODWLRQ
FRUUHVSRQGV ZLWK UHDOLW\� 7KH VHFRQG PHDVXUHPHQW LV WKH YHULILFDWLRQ WKH OLQN EXGJHW FDOFXODWLRQV� 7R
SHUIRUP WKH WHVW� WKH V\VWHP VKRXOG FRPPXQLFDWH ZLWK WKH VDWHOOLWH� 7KH UHVXOW RI WKH PHDVXUHPHQW FDQ
WKHQ EH FRPSDUHG WR WKH SUHGLFWHG YDOXH�

���� 7HVW VHW�XS
,Q WKLV VHFWLRQ WKH WHVW VHW�XS RI WKH WZR WHVWV ZLOO EH GLVFXVVHG� )LUVW WKH UDGLDWLRQ SDWWHUQ WHVW LQ VHFWLRQ
������ VHFRQG WKH OLQN EXGJHW YHULILFDWLRQ LQ VHFWLRQ ����� �

������ 5DGLDWLRQ 3DWWHUQ YHULILFDWLRQ
7KH UDGLDWLRQ SDWWHUQ WHVW KDV WKH REMHFWLYH PHDVXUH WKH VKDSH RI WKH UDGLDWLRQ SDWWHUQ DQG VKRZ WKH
JDLQ RI WKH DQWHQQD� 7R SHUIRUP WKH WHVW� RQH WUDQVPLWWLQJ DQWHQQD LV SODFHG LQ WKH IDU�ILHOG UDGLDWLRQ
SDWWHUQ RI WKH VXEPDULQH DQWHQQD� 7KH IDU�ILHOG LV WKH UHJLRQ ZKHUH WKH UDGLDWLRQ SDWWHUQ LV VWDEOH DQG
WDNHV LWV ILQDO VKDSH >��@� 7KH GLVWDQFH �൰� IURP WKH DQWHQQD WR EH LQ WKH IDU ILHOG UHJLRQ RI WKH UDGLDWLRQ
SDWWHUQ LV GHILQHG E\ WKH IROORZLQJ FRQGLWLRQ�
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:KHUH ൉ D FKDUDFWHULVWLF OHQJWK DQG ࿽ LV WKH ZDYHOHQJWK� $V WKH IUHTXHQF\ LV NQRZQ DORQJ ZLWK WKH
OHQJWK RI WKH DQWHQQD� WKH PLQLPDO GLVWDQFH ൰ LV q��� P� $ VFKHPDWLF UHSUHVHQWDWLRQ RI WKH UDGLDWLRQ
SDWWHUQ WHVW FDQ EH VHHQ LQ ILJXUH ����

)LJXUH ���� 5DGLDWLRQ SDWWHUQ WHVW VHW�XS

��



�� �� 0HDVXUHPHQWV

2Q WKH OHIW VLGH D WUDQVPLWWLQJ DQWHQQD ZKLFK LV IHG E\ D VLJQDO JHQHUDWRU ZLWK D NQRZQ LQSXW �ൕ።፧�� 2Q WKH
RWKHU VLGH WKH VXEPDULQH DQWHQQD LV VLWXDWHG ZLWK D UHFHLYHU WKDW LQGLFDWHG WKH UHFHLYHG VLJQDO VWUHQJWK�
6LQFH WKH JDLQ RI WKH WUDQVPLWWLQJ DQWHQQD LV QRW DQ LGHDO DQWHQQD� WKH JDLQ FDQQRW EH DVVXPHG� :LWK
D VHW�XS RI RQO\ WZR DQWHQQDV RQO\ WKH UHODWLYH JDLQ FDQ EH FDOFXODWHG� 7R FDOFXODWH WKH DEVROXWH JDLQ D
WKLUG DQWHQQD KDV WR EH XVHG� 7KH UHODWLYH VWUHQJWK EHWZHHQ HDFK RI WKH SRVVLEOH DQWHQQD SDLUV KDV WR
EH PHDVXUHG� 7KH PHDVXUHPHQW EHWZHHQ HDFK SDLU RI DQWHQQDV FDQ EH UHSUHVHQWHG E\ HTXDWLRQ ����
���� DQG ���� 7KH JDLQV RI WKH WKUHH DQWHQQDV DUH WKH XQNQRZQV� WKHVH FDQ QRZ EH GHWHUPLQHG VLQFH
WKHUH DUH WKUHH HTXDWLRQV�

ൕ።፧ ࢿ ോ൘ൕ൑ኻዅኼ � ൌኻ � ൌኼ ࢿ ൑  ൕኻዅኼ �����

ൕ።፧ ࢿ ോ൘ൕ൑ኼዅኽ � ൌኼ � ൌኽ ࢿ ൑  ൕኼዅኽ �����

ൕ።፧ ࢿ ോ൘ൕ൑ኻዅኽ � ൌኻ � ൌኽ ࢿ ൑  ൕኻዅኽ �����

,Q WKH HTXDWLRQV ൌ፱ LV WKH JDLQ RI WKH UHVSHFWLYH DQWHQQD �H�J� ൶  ��� ൑ DUH WKH ORVVHV LQGXFHG LQ
WKH V\VWHP� VXFK DV FDEOH ORVVHV� 7KH FDEOH ORVVHV ZLOO EH TXDQWLILHG GXULQJ WKH PHDVXUHPHQW� ൕ፱ዅ፲
LV WKH VLJQDO VWUHQJWK UHFHLYHG DW WKH DQWHQQD ൷ IURP WKH LQSXW SRZHU ൕ።፧ DW DQWHQQD ൶� )63/ LV WKH
DWWHQXDWLRQ RI WKH VLJQDO GXH WR WKH GLVWDQFH EHWZHHQ WKH WZR DQWHQQD� $ ODUJH GLVWDQFH ZLOO \LHOG D
ODUJHU )63/ UHVXOWLQJ LQ ZHDNHU UHFHLYHG VLJQDO WKDW LV PRUH VXVFHSWLEOH WR GLVWXUEDQFHV� +RZHYHU� D
ODUJH GLVWDQFH ZLOO LQFUHDVH WKH FRQVLVWHQF\ RI WKH VLJQDO DV LW IXUWKHU LQ WKH IDU�ILHOG UHJLRQ� DV GHILQHG
E\ HTXDWLRQ ���� 7KH )63/ FDQ EH FDOFXODWHG XVLQJ HTXDWLRQ ����

ോ൘ൕ൑  ��൪൭൦ኻኺ�
�ဂ൉
࿽
� �����

:KHUH ൉ LV WKH GLVWDQFH EHWZHHQ WKH DQWHQQD DQG ࿽ WKH ZDYHOHQJWK� 7R PHDVXUH WKH UDGLDWLRQ SDWWHUQ
WKH JDLQ DW DOO RULHQWDWLRQV ZLWK UHVSHFW WR WKH DQWHQQD VKRXOG EH PHDVXUHG� 7KHUHIRUH WKH DQJOH EH�
WZHHQ WKH VXEPDULQH DQWHQQD DQG WKH WUDQVPLWWLQJ DQWHQQD VKRXOG YDU\� 7R SHUIRUP WKH PHDVXUHPHQW
DFFXUDWHO\ DQG FRQVLVWHQW WKH 556 URWRU ZLOO EH XVHG� $ VFKHPDWLF UHSUHVHQWDWLRQ RI FDQ EH VHHQ LQ
ILJXUH ����

)LJXUH ���� 6FKHPDWLF UHSUHVHQWDWLRQ RI VXEPDULQH DQWHQQD RULHQWDWLRQ YDULDWLRQ

:LWK WKHVH SDUDPHWHUV NQRZQ� LW LV SRVVLEOH WR FDOFXODWH WKH JDLQ DW DOO RULHQWDWLRQV RI WKH DQWHQQD�
WKXV WKH UDGLDWLRQ SDWWHUQ FDQ EH FRQVWUXFWHG� 7KH WHVW VKRXOG \LHOG WKH UDGLDWLRQ SDWWHUQ WKDW FDQ EH
XVHG WR YHULI\ WKH ZRUNLQJ RI WKH DQWHQQD EDVHG RQ WKH 0$7/$% UDGLDWLRQ SDWWHUQ VLPXODWLRQ� +RZ WKH
PHDVXUHPHQWV DUH FRQGXFWHG LV HODERUDWHG LQ VHFWLRQ ����

������ /LQN 6WUHQJWK 9HULILFDWLRQ
7R YHULI\ LI WKH SHUIRUPDQFH RI WKH DQWHQQD FRUUHVSRQGV WR WKH SHUIRUPDQFH SUHGLFWHG E\ WKH OLQN EXGJHW�
D PHDVXUHPHQW KDV WR EH FRQGXFWHG� ,Q DQ LGHDO VLWXDWLRQ D SDVV ZRXOG EH VHOHFWHG DQG WKH GDWD



���� 0HDVXUHPHQW H[HFXWLRQ ��

WUDQVIHUUHG RYHU WKH ZKROH SDVV ZRXOG EH PHDVXUHG� +RZHYHU DV WKH PHDVXUHPHQWV DUH RQ ODQG�
ZKHUH WKHUH DUH EXLOGLQJV DQG WKUHHV WKDW REVWUXFW WKH VLJQDO� WKH PHDVXUHPHQW FDQQRW EH FRQGXFWHG
XQGHU LGHDO FRQGLWLRQV� 7R VWLOO YHULI\ WKH OLQN EXGJHW� D GLIIHUHQW DSSURDFK LV UHTXLUHG� $ VKRUW VHFWLRQ RI
D SDVV LV VHOHFWHG ZKHUH GDWD WUDQVIHU ZLOO WDNH SODFH� 7KH VHJPHQW VKRXOG EH VHOHFWHG VXFK WKDW D FOHDU
OLQH RI VLJKW LV SRVVLEOH� :KHQ XVLQJ D 6SHFWUXP $QDO\VHU �6$� LW LV SRVVLEOH WR PHDVXUH WKH UHFHLYHG
VLJQDO VWUHQJWK� 7KH PHDVXUHG VWUHQJWK FDQ WKHQ EH FRPSDUHG WR WKH SUHGLFWHG VLJQDO VWUHQJWK IURP WKH
VLPXODWLRQ PRGHO� 'XULQJ WKH WHVW� %ULN�,, KDV WR VHQG D FDUULHU VLJQDO WR WKH JURXQG ZKLFK FDQ EH SLFNHG�
XS E\ WKH DQWHQQD� $ FDUULHU VLJQDO LV DQ XQPRGXODWHG VLJQDO WKDW KDV D QDUURZ EDQGZLGWK� 7KHUHIRUH
WKH VLJQDO VWUHQJWK LV FOHDUO\ YLVLEOH DQG FDQ EH TXDQWLILHG� $ PRGXODWHG VLJQDO ZRXOG VSUHDG RXW RYHU D
ODUJHU IUHTXHQF\ UDQJH� 6LQFH WKH WUDQVPLVVLRQ SRZHU LV WKH VDPH� WKH SHDN RI WKH XQPRGXODWHG VLJQDO
LV KLJKHU FRPSDUHG WR WKH PRGXODWHG VLJQDO� 7KHUHIRUH WKH VLJQDO VWUHQJWK LV HDVLHU WR GLVWLQJXLVK
IURP WKH EDFNJURXQG QRLVH� 7KH 6*3� SURSDJDWRU ZLOO \LHOG WKH RUELWDO SDUDPHWHUV RI WKH VDWHOOLWH IRU
WKH WUDQVPLVVLRQ SHULRG� 7KH LQSXW VKRXOG EH WKH WLPH DQG ORFDWLRQ RI WKH WHVW� )XUWKHUPRUH WKH WHVW
WR PHDVXUH WKH UDGLDWLRQ SDWWHUQ KDV EHHQ FRQGXFWHG� 7KHUHIRUH WKH DFWXDO JDLQ RI WKH VXEPDULQH
DQWHQQD LV NQRZQ� 7KH PHDVXUHG SDWWHUQ FDQ EH LPSOHPHQWHG LQWR WKH OLQN EXGJHW VLPXODWLRQ� :LWK WKH
UDGLDWLRQ SDWWHUQ DQG RUELWDO SDUDPHWHUV� LW LV SRVVLEOH WR VLPXODWH WKH OLQN EXGJHW DQG FRPSDUH LW ZLWK
WKH PHDVXUHG YDOXH� ,I WKH GHYLDWLRQ LV ZLWKLQ H[SHFWHG PDUJLQV� LW FDQ EH FRQFOXGHG WKDW WKH VLPXODWLRQ
LV FRUUHFW DQG WKH GDWD UDWH VKRXOG PDWFK WKH SUHGLFWHG UDWH�

���� 0HDVXUHPHQW H[HFXWLRQ
,Q WKLV VHFWLRQ WKH H[HFXWLRQ RI WKH WZR PHDVXUHPHQWV LV GLVFXVVHG� )LUVW WKH UDGLDWLRQ SDWWHUQ WHVW DQG
WKHUHDIWHU WKH OLQN VWUHQJWK PHDVXUHPHQW� 1RW RQO\ WKH PHDVXUHPHQW H[HFXWLRQ SURFHGXUH LV H[SODLQHG�
EXW DOVR SRVVLEOH LVVXHV DQG VXEVHTXHQW GHYLDWLRQV DUH GLVFXVVHG�

������ 5DGLDWLRQ SDWWHUQ WHVW
7KH UDGLDWLRQ SDWWHUQ WHVW KDV EHHQ FRQGXFWHG WZLFH� 7KH ILUVW WHVW ZDV LQGRRU LQ DQ DQHFKRLF FKDPEHU DW
WKH ��� 6TXDGURQ LQ 'RQJHQ� 7KH WUDQVPLWWLQJ DQWHQQD IRU WKH ILUVW WHVW LV D FLUFXODU SRODULVHG DQWHQQD�
7KLV ZDV FKRVHQ DV D SDUW RI WKH WRS SDUW RI WKH UDGLDWLRQ SDWWHUQ RI WKH VXEPDULQH DQWHQQD LV FLUFXODUO\
SRODULVHG� $V H[SODLQHG LQ VHFWLRQ ����� +HUH D UHIHUHQFH DQWHQQD VKRXOG EH XVHG� 7KH WKUHH DQWHQQDV
XVHG FDQ EH VHHQ LQ WKH ILJXUH EHORZ� ,Q ILJXUH ��� WKH FLUFXODUO\ SRODULVHG WUDQVPLWWLQJ DQWHQQD LV VKRZQ�
,Q ILJXUH ��� WKH OLQHDUO\ SRODULVHG UHIHUHQFH DQWHQQD FDQ EH VHHQ� DQG LQ ILJXUH ��� WKH VXEPDULQH
DQWHQQD�

)LJXUH ���� 0DLQ WUDQVPLWWLQJ DQWHQQD
PHDVXUHPHQW � )LJXUH ���� 5HIHUHQFH DQWHQQD

PHDVXUHPHQW � )LJXUH ���� 6XEPDULQH DQWHQQD

,Q WKH DQHFKRLF FKDPEHU� WKH WUDQVPLWWLQJ DQG VXEPDULQH DQWHQQD DUH SODFHG RQ RSSRVLWHV HQGV RI WKH
URRP� DV FDQ EH VHHQ LQ ILJXUH ���� 7KH FLUFXODUO\ SRODULVHG DQWHQQD ZDV SODFHG RQ WKH ZDOO DQG LV
FRQQHFWHG WR WKH VLJQDO JHQHUDWRU� 7KH WUDQVPLWWLQJ DQWHQQD LV DWWDFKHG WR WKH ZDOO XVLQJ PDJQHWV� DV
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VKRZQ LQ ILJXUH ���� 7KH VXEPDULQH DQWHQQD LV SODFHG RQ D UROOLQJ SODWHDX� VXFK WKDW DOO WKH VLGHV RI
WKH DQWHQQD FDQ EH PHDVXUHG� ,Q ILJXUH ��� WKH DQWHQQD LV WLOWHG WRZDUGV WKH WUDQVPLWWLQJ DQWHQQD DV
H[SODLQHG LQ VHFWLRQ ������

)LJXUH ���� $QHFKRLF FKDPEHU
PHDVXUHPHQW �

)LJXUH ���� 6XEPDULQH DQWHQQD GXULQJ
PHDVXUHPHQW

)LJXUH ���� 7UDQVPLWWLQJ DQWHQQD
PHDVXUHPHQW �

'XULQJ WKH PHDVXUHPHQWV WKH DQJOH RI WKH 556 URWRU ZLOO YDU\ IURP ��� WLOO ���� ��� LV VWUDLJKW XS� DQG
��� LV QHDUO\ IODW� $ ORZHU DQJOH FRXOG QRW EH DFKLHYHG GXH WR LQWHUQDO OLPLWDWLRQV RI WKH VWHSSHU PRWRU
LQVLGH WKH 556 URWRU� 7KH RWKHU YDULDWLRQ LV WKH KRUL]RQWDO URWDWLRQ RI WKH SODWHDX RQ ZKLFK WKH DQWHQQD
LV SODFHG� ,W LV YDULHG WR FKHFN LI WKH UDGLDWLRQ SDWWHUQ LV RPQLGLUHFWLRQDO DQG WKH VDPH LQ HDFK GLUHF�
WLRQ� 7KH DQJOHV XVHG IRU PHDVXUHPHQWV DUH ��� ���� ����� DQG ����� :KHQ FDOFXODWLQJ WKH )63/� WKH
GLVWDQFH EHWZHHQ WKH WUDQVPLWWLQJ DQG UHFHLYLQJ DQWHQQD VKRXOG EH GHWHUPLQHG� +HUH WKH GLIIHUHQFH
LQ KHLJKW LV DOVR DFFRXQWHG IRU LQ WKH FDOFXODWLRQ� )XUWKHUPRUH� ZKHQ WKH DQWHQQD LV WLOWHG WKH GLVWDQFH
LV UHGXFHG� 7R GHWHUPLQH WKH GLIIHUHQFH LQ GLVWDQFH WKH SKDVH FHQWHU RI WKH DQWHQQD VKRXOG EH NQRZQ�
7KH SKDVH FHQWHU LV WKH PLGGOH SRLQW RI WKH UDGLDWLRQ SDWWHUQ¶V RULJLQ� DQG VKRXOG WKHUHIRUH EH XVHG DV
WKH SRLQW IURP ZKLFK WKH GLVWDQFH LV FDOFXODWHG� 7KH SKDVH FHQWHU LV KDUG WR FDOFXODWH DV WKH VKDSH RI
WKH DQWHQQD LV UHODWLYHO\ FRPSOH[ >��@� )XUWKHUPRUH WKH SKDVH FHQWHU FDQ DOVR EH ORFDWHG E\ PHDVXUH�
PHQWV� +RZHYHU� WKLV UHTXLUHV DFFXUDWH PHDVXUHPHQW HTXLSPHQW WKDW ZDV QRW DYDLODEOH� 7KHUHIRUH
WKH SKDVH FHQWHU ZDV HVWLPDWHG WR EH KDOIZD\ XS WKH DQWHQQD� 7KH UHVXOWV RI WKH PHDVXUHPHQWV DUH
GLVFXVVHG LQ WKH VHFWLRQ ������

7KH UDGLDWLRQ SDWWHUQ PHDVXUHPHQW KDV EHHQ FRQGXFWHG WZR WLPHV� 7KH VHFRQG PHDVXUHPHQW ZDV
GRQH RXWVLGH DQG RYHU D ODUJHU GLVWDQFH� 7KHUH DUH PXOWLSOHV UHDVRQV ZK\ WKH PHDVXUHPHQW ZDV
UHSHDWHG�

�� 7KH FLUFXODUO\ SRODULVHG DQWHQQD GRHV QRW PDWFK WKH VDWHOOLWH¶V SRODULVDWLRQ� 7R VHH KRZ WKH SR�
ODULVDWLRQ RI WKH WUDQVPLWWLQJ DQWHQQD LQIOXHQFHV WKH UDGLDWLRQ SDWWHUQ D VHFRQG WHVW LV GRQH ZLWK
D OLQHDUO\ SRODULVHG WUDQVPLWWLQJ DQWHQQD�

�� 'XULQJ WHVWLQJ LQ WKH DQHFKRLF FKDPEHU VRPH YDULDWLRQV LQ WKH UDGLDWLRQ SDWWHUQ ZHUH PHDVXUHG�
7R VHH LI WKLV ZDV FDXVHG E\ WKH DQWHQQD RU RWKHU GLVWXUEDQFHV LQ WKH FKDPEHU� WKH WHVW SURFHGXUH
LV UHSHDWHG RXWVLGH�

�� 6LQFH WKH SKDVH FHQWHU RI WKH DQWHQQD FDQQRW EH GHWHUPLQHG� WKH YDULDWLRQ LQ GLVWDQFH ZKHQ
WLOWLQJ WKH DQWHQQD FDQQRW EH DFFXUDWHO\ WDNHQ LQWR DFFRXQW� 7R ORZHU WKH LQIOXHQFH RI WKLV HUURU�
WKH GLVWDQFH EHWZHHQ WKH DQWHQQD FDQ EH LQFUHDVHG� ,Q WKLV FDVH WKH GLVWDQFH HUURU UHPDLQV WKH
VDPH KRZHYHU LWV LV D VPDOOHU IUDFWLRQ ZLWK UHVSHFW WR WKH WRWDO GLVWDQFH�

7KH DQWHQQDV WKDW DUH XVHG LQ WKH RXWGRRU WHVW FDQ EH VHHQ LQ ILJXUH ���� ����� DORQJ ZLWK WKH VXEPDULQH
DQWHQQD LQ ILJXUH ����� 7KH WUDQVPLWWLQJ DQG UHIHUHQFH DQWHQQD DUH WKH VDPH W\SH OLQHDUO\ SRODULVHG
DQWHQQD� ,Q WKH FDOFXODWLRQ WKH WZR DQWHQQDV DUH QRW DVVXPHG LGHQWLFDO�
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)LJXUH ���� 0DLQ WUDQVPLWWLQJ DQWHQQD
PHDVXUHPHQW �

)LJXUH ����� 5HIHUHQFH DQWHQQD
PHDVXUHPHQW � )LJXUH ����� 6XEPDULQH DQWHQQD

7KH PHDVXUHPHQW VHW�XS IRU WKH RXWGRRU UDGLDWLRQ SDWWHUQ WHVW FDQ EH VHHQ LQ ILJXUH ����� ����� DQG
����� 7KH GLVWDQFH EHWZHHQ WKH WUDQVPLWWLQJ DQG UHFHLYLQJ DQWHQQD KDV LQFUHDVHG IURP ���� P WR
�����P WR UHGXFH WKH LQIOXHQFH RI WKH SKDVH FHQWHU� ,I IRU ERWKPHDVXUHPHQWV WKH SKDVH FHQWHU GHYLDWHV
ZLWK �� FP� WKH LQIOXHQFHV ZRXOG EH ����� DQG ����� IRU WKH ���� P DQG ����� P PHDVXUHPHQW�
UHVSHFWLYHO\� 6R LQFUHDVLQJ WKH GLVWDQFH UHVXOWV LQ D UHGXFWLRQ RI WKH SRVVLEOH HUURU ZLWK D IDFWRU RI
q���� 7KH VLJQDO JHQHUDWRU ZDV VHW DW � G%P IRU WKH DQHFKRLF FKDPEHU PHDVXUHPHQW DQG �� G%P IRU
WKH RXWGRRU PHDVXUHPHQW�

)LJXUH ����� 5DGLDWLRQ SDWWHUQ
PHDVXUHPHQW VHW�XS RXWGRRU

)LJXUH ����� 5DGLDWLRQ SDWWHUQ PHDVXUHPHQW
VHW�XS RXWGRRU

)LJXUH ����� 7UDQVPLWWLQJ DQWHQQD
UDGLDWLRQ SDWWHUQ PHDVXUHPHQW

RXWGRRU

7KH RXWGRRU PHDVXUHPHQW ZHQW ZHOO DQG WKH UHVXOWV DUH XVHIXO� 7KH UHVXOWV RI WKH PHDVXUHPHQWV DUH
GLVFXVVHG LQ VHFWLRQ ������

������ /LQN VWUHQJWK PHDVXUHPHQW
7KH ORFDWLRQ FKRVHQ IRU WKH PHDVXUHPHQW ZDV 'RQJHQ� DV WKLV LV WKH JURXQG VWDWLRQ ORFDWLRQ� ,W ZRXOG
DOORZ IRU FRPPDQGLQJ WKH VDWHOOLWH GXULQJ WKH SDVV DQG PRQLWRU WKH H[HFXWLRQ RI WKH LQVWUXFWLRQV� 7KH
EXLOG�LQ V\VWHP RI WKH JURXQG VWDWLRQV FDQ VKRZ WKH UHFHLYHG VLJQDO VWUHQJWK RYHU VHW EDQGZLGWK� ,Q
ILJXUH ���� WKH DQWHQQD FDQ EH VHHQ DORQJ ZLWK WKH SRUWDEOH UHFHLYHU� 7KH ��� 6TXDGURQ ZDQWHG
WR SHUIRUP VRPH PHDVXUHPHQW ZLWK WKH 7DF6DW 8+) DQWHQQD ZKLFK LV SDUW RI WKH 556� 7KH 7DF6DW
DQWHQQD FDQ EH VHHQ RQ WKH ULJKW LQ ILJXUH ����� 7KH VHW�XS LQFOXGLQJ WKH 7DF6DW DQWHQQD FDQ SURYLGH
H[WUD LQVLJKW LQ WKH VXEPDULQH DQWHQQD SHUIRUPDQFH� 6LQFH WKH 7DF6DW DQWHQQD KDV D PRUH GLUHFWLRQDO
UDGLDWLRQ SDWWHUQ� WKH JDLQ LQ WKH D[LDO GLUHFWLRQ LV KLJKHU� EXW WKH DQWHQQD JDLQ LV UHODWLYHO\ ORZ LQ RWKHU
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GLUHFWLRQV�

)LJXUH ����� 2XWGRRU PHDVXUHPHQW VHW�XS IRU OLQN VWUHQJWK WHVWLQJ

'XULQJ WKH PHDVXUHPHQWV D QXPEHU RI LVVXHV ZHUH HQFRXQWHUHG WKDW SUHYHQWHG FROOHFWLQJ JRRG GDWD�
7KHUHIRUH� WKH PHDVXUHPHQWV ZHUH LQFRQFOXVLYH DQG QR JRRG FRQFOXVLRQV FRXOG EH GUDZQ IURP WKH
UHVXOWV� 7KH LVVXHV DUH OLVWHG EHORZ�

�� %ULN�,,� 7KH %ULN�,, VDWHOOLWH ZDV XQDEOH WR H[HFXWH WKH FRPPDQG WR WUDQVPLW D FDUULHU VLJQDO� :K\
WKH VDWHOOLWH ZDV XQDEOH WR GR WKLV ZDV XQFOHDU WR WKH VDWHOOLWH RSHUDWRUV� 2QH RI WKH SRVVLEOH
FDXVHV ZDV WKDW WKH VDWHOOLWH KDG EHHQ VWUXFN E\ D VRODU IODUH D IHZ GD\V SULRU� 7KHUHIRUH VRPH
V\VWHPV ZHUH VWLOO GLVUXSWHG DQG WKH V\VWHP ZRXOG IDOO EDFN WR VDIHW\ PRGH� 7KH WLPH DYDLODEOH
GXULQJ WKH PHDVXUHPHQW ZDV QRW VXIILFLHQW WR PLWLJDWH WKH SUREOHP� 6LQFH WKH FDUULHU VLJQDO FRXOG
QRW EH VHQW� LW ZDV FKRVHQ WR WUDQVPLW D PRGXODWHG VLJQDO�

�� 1RLVH� 7KH JRDO RI WKH PHDVXUHPHQW LV WR VHH WKH VLJQDO VWUHQJWK WKDW FDQ UHFHLYHU� 6LQFH WKH
WHVW LV RXWGRRUV� LW ZDV FKRVHQ WR XVH D .(<6,*+7 )LHOG)R[ DV LW LV SRZHU E\ DQ LQWHUQDO EDWWHU\�
7KH ILHOGIR[ GLVSOD\ FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� )LHOG)R[ UHFHLYHU RXWGRRU PHDVXUHPHQW
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7R GHWHFW WKH FDUULHU VLJQDO LW LV LPSRUWDQW WR ORZHU WKH QRLVH IORRU RI WKH LQVWUXPHQW� 'XULQJ WKH
PHDVXUHPHQW� WKH QRLVH IORRU ZDV q ࢿ ��� G%P EHFDXVH WKH PHDVXUHG IUHTXHQF\ UDQJH KDG D
ZLGWK RI � 0+] DURXQG WKH GRZQOLQN IUHTXHQF\� 7KH ´5HV %:´ DV VKRZQ RQ WKH VFUHHQ LV WKH UHV�
ROXWLRQ EDQGZLGWK� ,W LV WKH EDQGZLGWK RI WKH ILOWHU WKDW VZHHSV WKH VHW IUHTXHQF\ UDQJH� ,GHDOO\ WKH
EDQGZLGWK VKRXOG EH DV VPDOO DV SRVVLEOH KRZHYHU WKH WUDGH�RII LV VZHHS WLPH� :LWK WKH FKRVHQ
EDQGZLGWK RI ��� +] WKH VZHHS GXUDWLRQ� DQG WKHUHIRUH WKH XSGDWH WLPH� ZDV DURXQG � VHFRQG�
:KHQ WKH ILOWHU PHDVXUHV WKH LQFRPLQJ VLJQDOV� WKH SRZHU JRLQJ WKURXJK WKH ILOWHU LV PHDVXUHG >�@�

'XULQJ WKH ILUVW SDVV DOORFDWHG IRU WHVWLQJ� QR VLJQDO ZDV UHFHLYHG E\ WKH DQWHQQD� 7KH VDWHO�
OLWH ZDV XQDEOH WR WUDQVPLW WKH FDUULHU VLJQDO VR QR VLJQDO FRXOG EH UHFHLYHG� $W WKDW WLPH LW ZDV
XQFOHDU LI WKH FRPPDQG ZDV H[HFXWHG DQG QRWKLQJ KDG EHHQ UHFHLYHG RU WKDW WKH VDWHOOLWH GLGQ¶W
WUDQVPLW� 7R YHULI\ WKDW WKH PHDVXUHPHQW VHW�XS ZDV FRUUHFW DQ LQGRRU WHVW KDV EHHQ GRQH� $
VLJQDO ZDV WUDQVPLWWHG XVLQJ DQ DYDLODEOH RPQLGLUHFWLRQDO 8+) DQWHQQD� 7KH LQSXW VLJQDO ZDV
UHODWLYHO\ ORZ DQG q�� PHWHUV DSDUW� EXW LW FRXOG EH UHFHLYHG� 7KH LQIRUPDWLRQ GLVSOD\HG E\ WKH
)R[)LHOG UHFHLYHU GXULQJ WKH LQGRRU WHVW FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� )LHOG)R[ UHFHLYHU LQGRRU PHDVXUHPHQW VHW�XS WHVW

,W FDQ EH VHHQ WKDW D FOHDU VSLNH LV YLVLEOH DW WKH GRZQOLQN IUHTXHQF\� 7KHUHIRUH LW ZDV FRQFOXGHG
WKDW WKH V\VWHP VHW�XS ZDV FRUUHFW DQG WKH VDWHOOLWH WUDQVPLVVLRQ VKRXOG EH UHFHLYDEOH� %HIRUH
WKH VDWHOOLWH ZRXOG SDVV DJDLQ LW ZDV FRQFOXGHG WKDW WKH FDUULHU VLJQDO KDG QRW EHHQ WUDQVPLWWHG�
7KHUHIRUH LW ZDV FKRVHQ WR VHQG D PRGXODWHG VLJQDO LQVWHDG RI D FDUULHU VLJQDO� 8QIRUWXQDWHO\
WKH FDUULHU VLJQDO FRXOG QRW EH GHWHFWHG XVLQJ WKH VXEPDULQH DQWHQQD RU WKH 7DF6DW DQWHQQD�
7KHUHIRUH LW ZDV FRQFOXGHG WKDW IXUWKHU LQYHVWLJDWLRQ ZDV QHFHVVDU\ E\ WKH ��� 6TXDGURQ DV WKH
7DF6DW DQWHQQD VKRXOG EH DEOH WR UHFHLYH WKH VLJQDO� $IWHU IXUWKHU WHVWLQJ� LW ZDV FRQFOXGHG WKDW WKH
)LHOG)R[ ZRXOG QRW KDYH EHHQ DEOH WR UHFHLYH WKH VLJQDO DV WKH QRLVH IORRU ZDV WRR KLJK� 7KH SHDN
RI D FDUULHU VLJQDO ZRXOG UHDFK DURXQG qࢿ��� G%P ZKHQ XVLQJ WKH 7DF6DW� 7KHUHIRUH WKH FDUULHU
VLJQDO FRXOG QRW KDYH EHHQ GHWHFWHG HYHQ LI WKH VDWHOOLWH KDG SHUIRUPHG WKH LQVWUXFWLRQ FRUUHFWO\�
7KH PRGXODWHG VLJQDO KDV D ORZHU VLJQDO VWUHQJWK DV LW VSUHDG RXW RYHU D ODUJHU IUHTXHQF\ UDQJH
WKDQ WKH FDUULHU VLJQDO DQG ZDV WKHUHIRUH QRW GHWHFWDEOH� 7KH QRLVH IORRU FDQ EH ORZHUHG XVLQJ
DQ H[WHUQDO /RZ�1RLVH $PSOLILHU �/1$� WR PDNH WKH VLJQDO PRUH GHWHFWDEOH� 8VLQJ WKLV� WKH VLJQDO
VKRXOG EH UHFHLYDEOH DQG FRPPXQLFDWLRQ VKRXOG EH SRVVLEOH� 7KLV LV WKH FDVH IRU ERWK WKH 7DF6DW
DQWHQQD DV IRU WKH VXEPDULQH DQWHQQD GHVLJQ LQ WKH 06F WKHVLV�

�� 7LPH� )XUWKHU WHVWLQJ ZDV QRW SRVVLEOH GXH WR WKH WLPH FRQVWUDLQWV RI WKH WKHVLV� 7KH /1$ KDG
WR EH RUGHUHG� WHVWHG DQG LPSOHPHQWHG EHIRUH IXUWKHU PHDVXUHPHQW FRXOG EH GRQH� 7KH ���
6TXDGURQ ZRXOG DOVR SUHIHU WR GR IXUWKHU WHVWLQJ ZLWK WKH 556 VLQFH WKH QHFHVVLW\ RI D /1$ DOVR
LPSDFWV WKH SHUIRUPDQFH RI WKH 556� 7KHUHIRUH QR IXUWKHU PHDVXUHPHQW FRXOG EH GRQH�
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7R FRQFOXGH� WKH FDOFXODWHG OLQN VWUHQJWK FRXOG QRW EH FRPSDUHG WR UHDO�ZRUOG PHDVXUHPHQW� 7KHUHIRUH�
WKH OLQN VWUHQJWK VLPXODWLRQ FRXOG QRW EH YHULILHG DW WKLV WLPH� )XWXUH YHULILFDWLRQ ZRXOG EH UHTXLUHG WR
HQDEOH DFFXUDWH GDWD WKURXJKSXW SUHGLFWHG DV UHTXHVWHG E\ UHTXLUHPHQW 54�3����� )XUWKHUPRUH DOO
UHTXLUHPHQWV VWDWLQJ D TXDQWLILHG GDWD WKURXJKSXW FDQ YHULILHG�

���� 5HVXOWV
1RZ WKDW WKH PHDVXUHPHQWV KDYH EHHQ FRQGXFWHG WKH UHVXOWV ZLOO EH DQDO\VHG� 3RVVLEOH GHYLDWLRQV
WKDW DUH IRXQG ZLOO EH LQYHVWLJDWHG� )XUWKHUPRUH� WKH LPSOLFDWLRQV RI WKH PHDVXUHPHQW UHVXOW RQ WKH
ZRUNLQJV RI WKH V\VWHP ZLOO EH GLVFXVVHG� )LUVW WKH UDGLDWLRQ SDWWHUQ PHDVXUHPHQWV DUH DQDO\VHG�

������ 5DGLDWLRQ 3DWWHUQ 0HDVXUHPHQWV 5HVXOWV
7KH ILUVW VWHS GXULQJ WHVWLQJ LV WR PHDVXUH DOO WKH GLVWDQFHV EHWZHHQ WKH DQWHQQDV� )XUWKHUPRUH WKH
LQSXW SRZHU IURP WKH VLJQDO JHQHUDWRU VKRXOG EH NQRZQ� 7KH PHDVXUHPHQW SDUDPHWHUV DUH VKRZQ LQ
WDEOH ����

$QHFKRLF FKDPEHU 2XWGRRU
'LVWDQFH WUDQVPLW�VXEPDULQH DQWHQQD >P@ ���� �����
'LVWDQFH UHIHUHQFH�VXEPDULQH DQWHQQD >P@ ���� �����
'LVWDQFH WUDQVPLW�UHIHUHQFH DQWHQQD >P@ ���� �����
3RZHU VLJQDO JHQHUDWRU >G%P@ � ��

7DEOH ���� 0HDVXUHPHQW SDUDPHWHUV

7KH DQJOHV WKDW KDYH EHHQ FRQVLGHUHG ZKHQ URWDWLQJ WKH DQWHQQD DURXQG WKH XSULJKW D[LV DUH ��� ����
����� DQG ����� 7KH DQJOH LV DOVR QDPHG WKH D]LPXWK DQJOH� $Q D]LPXWK RI � DQG ���� WRJHWKHU
DUH RQH VOLFH RI WKH UDGLDWLRQ SDWWHUQ� 7KH VDPH LV DSSOLFDEOH WR WKH ��� DQG ���� D]LPXWK DQJOHV�
'XULQJ WKH WHVW WKH URWRU V\VWHP RI WKH 556 ZDV XVHG� VLQFH WKLV URWRU V\VWHP ZDV GHVLJQHG WR PRYH
D PXFK OLJKWHU DQWHQQD WKHUH ZKHUH VRPH LQWHUQDO OLPLWDWLRQV LQ LWV PRYHPHQW ZKLOH HTXLSSHG ZLWK WKH
6XEPDULQH DQWHQQD� ,W FDQQRW WLOW WKH DQWHQQD PRUH WKDQ ��� IURP WKH XSULJKW SRVLWLRQ� 7KHUHIRUH� WKH
HOHYDWLRQ DQJOHV WKDW FDQ EH PHDVXUHG DUH ��� ���� ���� ���� ���� ���� ���� 8VLQJ HTXDWLRQ �������� ���
DQG WKH SDUDPHWHUV IURP WDEOH ��� WKH JDLQ RI WKH DQWHQQD FDQ EH FDOFXODWHG IRU DOO DQJOHV� 7KH UHVXOWV
RI WKH D]LPXWK FXWV FDQ EH VHHQ LQ ILJXUH ���� DQG �����

)LJXUH ����� 5DGLDWLRQ SDWWHUQ VOLFH ������� )LJXUH ����� 5DGLDWLRQ SDWWHUQ VOLFH ��������

)URP WKH ILJXUHV� LW FDQ EH REVHUYHG WKDW WKH UDGLDWLRQ SDWWHUQ GRHV QRW FRUUHVSRQG ZLWK VLPXODWHG
UDGLDWLRQ SDWWHUQ� 7KH DEVROXWH JDLQ FDQ EH GLIIHUHQW GXH WR ORVVHV VLQFH WKH LGHDO UDGLDWLRQ SDWWHUQ
GRHV QRW LQFOXGH DQ\ �H�J� FDEOH ORVVHV� QRW SHUIHFW LPSHGDQFH PDWFK�� +RZHYHU� WKH VKDSH RI WKH
PHDVXUHG UDGLDWLRQ SDWWHUQ GRHV DOVR QRW PDWFK WKH VLPXODWHG UDGLDWLRQ SDWWHUQ� 'XH WR WKH ORVVHV� LW
LV H[SHFWHG WKDW WKH PHDVXUHG SDWWHUQ LV ORZHU FRPSDUHG WR WKH VLPXODWHG SDWWHUQ� 7KLV LV WKH FDVH LQ
PRVW RI WKH SDWWHUQ H[FHSW DURXQG WKH ��� WR ��� HOHYDWLRQ UDQJH� 7KH SUHGLFWHG UDGLDWLRQ SDWWHUQ KDV
D VLJQLILFDQW GLS LQ WKH JDLQ� ,Q WKH PHDVXUHG SDWWHUQ LW VHHPV WKDW WKLV GLS GRHV QRW RFFXU� $QRWKHU RE�
VHUYDWLRQ LV WKDW WKH GHOWD EHWZHHQ WKH RXWGRRU PHDVXUHPHQW DQG WKH DQHFKRLF FKDPEHU PHDVXUHPHQW



���� 5HVXOWV ��

LQFUHDVHV DW KLJKHU HOHYDWLRQV� 7KLV PLJKW EH GXH WR WKH IDFW WKDW WKH VXEPDULQH DQWHQQD LV FLUFXODUO\
SRODULVHG DW WKH KLJKHU HOHYDWLRQ DQJOHV� ZKLOH DW ORZHU HOHYDWLRQ DQJOHV WKH SRODULVDWLRQ LQ OLQHDU� 6LQFH
WKH DQHFKRLF FKDPEHU PHDVXUHPHQW XVHV D FLUFXODUO\ SRODULVHG DQWHQQD WR WUDQVPLW D UHIHUHQFH VLJQDO
WKH SRODULVDWLRQ PLVPDWFK LV ORZHU DW KLJKHU HOHYDWLRQV FRPSDUHG WR WKH RXWGRRU WHVW ZKHUH D OLQHDUO\
SRODULVHG DQWHQQD ZDV XVHG WR JHQHUDWH D UHIHUHQFH VLJQDO�

7KH QH[W VWHS ZDV WR LGHQWLI\ WKH SRVVLEOH FDXVHV IRU WKH GHYLDWLRQ LQ WKH VKDSH RI WKH PHDVXUHG UD�
GLDWLRQ SDWWHUQ� 7KHUHIRUH WKH GLPHQVLRQV RI WKH DQWHQQD ZHUH PHDVXUHG� WKH\ ZHUH QRW D SHUIHFW
PDWFK ZLWK WKH H[SHFWHG GLPHQVLRQV� 7KH ZLUH XVHG IRU WKH DQWHQQD KDV D ODUJHU GLDPHWHU WKDQ DQWLFL�
SDWHG� 7KHUHIRUH LW SURWUXGHV IXUWKHU IURP WKH JURYH PDGH LQ WKH DQWHQQD� 7KH GLDPHWHU LQFUHDVHV IURP
������ PP WR ����� PP� 7KH GLDPHWHU RI WKH ZLUH XVHG LV D GLIIHUHQW� JRLQJ IURP � PP WR ���� PP�
$OVR WKH IHHG�KHLJKW KDV GHYLDWHG� JRLQJ IURP �� PP WR ���� PP� (YHQ WKRXJK WKHVH GLIIHUHQFHV DUH
UHODWLYHO\ VPDOO� WKH\ KDYH D VLJQLILFDQW LPSDFW RQ WKH UDGLDWLRQ SDWWHUQ RI WKH DQWHQQD� 7KH UDGLDWLRQ
SDWWHUQ RI WKH PDQXIDFWXUHG DQWHQQD FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� 5DGLDWLRQ SDWWHUQ PDQXIDFWXUHG DQWHQQD

7KH UDGLDWLRQ SDWWHUQ LV YHU\ GLIIHUHQW FRPSDUHG WR WKH WKHRUHWLFDO GHVLJQ DV VHHQ LQ ILJXUH ����� ,W GRHV
QRW KDYH WKH GLS LQ WKH UDGLDWLRQ SDWWHUQ DURXQG WKH ��� WR ��� HOHYDWLRQ DQJOH� )XUWKHUPRUH WKH SDWWHUQ
LV QRW V\PPHWULF RPQLGLUHFWLRQDO� DV FDQ EH VHHQ LQ ILJXUHV ���� DQG �����

)LJXUH ����� 5DGLDWLRQ SDWWHUQ VOLFH ������� )LJXUH ����� 5DGLDWLRQ SDWWHUQ VOLFH ��������

7KH UDGLDWLRQ SDWWHUQ VOLFHV DUH GLIIHUHQW IURP WKH WKHRUHWLFDO GHVLJQ� 7KH PDQXIDFWXUHG DQWHQQD KDV
D ORZHU JDLQ DW ORZ HOHYDWLRQ DQJOHV� ZKLOH LW KDV D KLJKHU JDLQ LQ WKH ��� WR ��� HOHYDWLRQ DQJOH UDQJH�
)XUWKHUPRUH� WKH UDGLDWLRQ SDWWHUQ LV QRW V\PPHWULFDO DW KLJKHU HOHYDWLRQ DQJOHV� 7KH DV\PPHWU\ LV
SDUWLFXODUO\ YLVLEOH LQ ILJXUH ����� ZKHUH WKH GLIIHUHQFH DW ��� HOHYDWLRQ LV ���� G%� 7R VHH KRZ PXFK
LQIOXHQFH WKH GLIIHUHQFHV EHWZHHQ WKH WKHRUHWLFDO DQG PDQXIDFWXUHG GHVLJQ KDYH RQ WKH SHUIRUPDQFH�
WKH FRPPXQLFDWLRQ KDV WR EH VLPXODWHG� 7KH LQSXW SDUDPHWHUV IRU WKH VLPXODWLRQ DUH WKH VDPH DV XVHG
LQ VHFWLRQ ���� 7KH UHVXOW LV D GDWD WKURXJKSXW RI ����� *% ZKLFK LV ����� ORZHU WKDQ WKH RSWLPDO
GHVLJQ� 6R WKH LPSDFW RI WKH PDQXIDFWXULQJ GLIIHUHQFHV LV OLPLWHG�
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)LJXUH ����� 5DGLDWLRQ SDWWHUQ VOLFH ������� )LJXUH ����� 5DGLDWLRQ SDWWHUQ VOLFH ��������

,Q ILJXUH ���� DQG ���� WKH UDGLDWLRQ SDWWHUQ LV FRPSDUHG WR WKH PHDVXUHPHQWV UHVXOWV� 7KH VKDSH
RI WKH PHDVXUHG DQWHQQD UDGLDWLRQ SDWWHUQ FRUUHVSRQGV EHWWHU ZLWK WKH SUHGLFWHG VKDSH RI WKH UDGLDWLRQ
SDWWHUQ� HVSHFLDOO\ WKH RXWGRRU PHDVXUHPHQW� 7KH GHYLDWLRQ VHHPV WR LQFUHDVH DW KLJKHU HOHYDWLRQ
DQJOHV� 7KH VKDSH PDWFK LV FRQVLGHUDEOH EHWWHU� KRZHYHU WKH DEVROXWH YDOXHV VWLOO KDYH D UHODWLYHO\
KLJK PLVPDWFK� RIWHQ PRUH WKDQ � G%� 7KHUHIRUH LW ZDV LQYHVWLJDWHG ZKDW FDXVHV WKHVH GLIIHUHQFHV�
7KH HIIHFWV WKDW ZHUH LGHQWLILHG DUH OLVWHG� 7KHVH DUH DOO WKH ORVVHV WKDW FDQ EH TXDQWLILHG ZLWK D FHUWDLQ
DFFXUDF\�

�� &DEOHV� 7KH ORVVHV FDXVHG E\ WKH FDEOHV XVHG GXULQJ WKH PHDVXUHPHQWV FDQ EH PHDVXUHG� $
FRXSOLQJ LV XVHG WR DWWDFK WKH FDEOHV WRJHWKHU� 7KH VLJQDO JHQHUDWRU LV DWWDFKHG DQG LQVHUWV D
VLJQDO� WKH VLJQDO ZLOO EH PHDVXUHG E\ WKH UHFHLYHU� 7KLV LV DOVR GRQH ZLWKRXW WKH FDEOHV DWWDFKHG
WR FUHDWH D EDVHOLQH PHDVXUHPHQW� 7KH GLIIHUHQFH LQ VLJQDO VWUHQJWK EHWZHHQ WKH VLJQDO JHQHUDWRU
DQG UHFHLYHU� PLQXV WKH EDVHOLQH UHDGLQJ� DUH WKH ORVVHV LQ WKH FDEOH� 7KH IRXQG YDOXH LV ���� G%�
7KH FDEOHV ORVVHV FDQ EH PLQLPLVHG E\ XVHG EHWWHU TXDOLW\ FDEOHV�

�� ,PSHGDQFH� 7KH LPSHGDQFH RI WKH DQWHQQD DW GRZQOLQN IUHTXHQF\ LV QRW SHUIHFWO\ ��͕� 7KHUHIRUH
VRPH ORVVHV DUH LQWURGXFHG LQWR WKH V\VWHP� ,Q VHFWLRQ ����� LW KDV EHHQ GHWHUPLQHG WKDW WKH
ORVVHV DUH ������ G%� 7KH LPSHGDQFH ORVVHV FDQ EH UHGXFHG E\ DFKLHYLQJ D EHWWHU LPSHGDQFH
PDWFK DW WKH XVHG IUHTXHQF\�

�� /�QHWZRUN� 7KH /�QHWZRUN XVHG WR PDWFK WKH LPSHGDQFH DOVR LQGXFHG ORVVHV LQWR WKH V\VWHP�
7KHVH ORVVHV DUH KDUG WR PHDVXUH� $V WKHVH FRPSRQHQWV DUH YHU\ VPDOO DQG QHHG VHQVLWLYH
HTXLSPHQW� $QRWKHU ZD\ WR JHW DQ HVWLPDWLRQ RI WKH ORVVHV LV WR PDNH D VLPXODWLRQ RI WKH /�
QHWZRUN DQG FRPSDUH LW ZLWK WKH LGHDO ORVVOHVV V\VWHP WKDW LV DVVXPHG LQ WKH UDGLDWLRQ SDWWHUQ
VLPXODWLRQ� %RWK V\VWHPV FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� 6FKHPDWLF /�QHWZRUN WR VLPXODWH ORVVHV
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7KH RUDQJH FRORUHG UHFWDQJOHV DUH WKH DQWHQQD� DQG ERWK KDYH D UHDO LPSHGDQFH RI �� ͕� ,Q WKH
EOXH UHFWDQJOH WKH LGHDO /�QHWZRUN LV EXLOG ZLWK WKH YDOXHV IURP WDEOH ���� 7KH LGHDO /�QHWZRUN ZLOO
EH FRPSDUHG ZLWK WKH JUHHQ /�QHWZRUN WKDW LQFOXGHV ORVVHV� 7KH SDUDVLWLF UHVLVWDQFH RI FDSDFLWRU
�&�� FDQ EH GHWHUPLQHG E\ FDOFXODWLQJ WKH (TXLYDOHQW 6HULHV 5HVLVWDQFH �(65� E\ XVLQJ HTXDWLRQ
����

ൊ൘ൗ  
൲ൠ൬�࿶�
͕൑

�����

:KHUH�

� ൊ൘ൗ _ (TXLYDOHQW 6HULHV 5HVLVWDQFH

� ͕ _ $QJXODU )UHTXHQF\

� ൑ _ &DSDFLWDQFH FDSDFLWRU

� ൲ൠ൬�࿶� _ /RVV WDQJHQW

7KH DQJXODU IUHTXHQF\ FDQ EH FDOFXODWHG ͕  �ဂ൥� ZKHUH I LV WKH RSHUDWLQJ IUHTXHQF\� ,Q DQ
LGHDO VLWXDWLRQ WKH FDSDFLWRU RQO\ KDV D QHJDWLYH UHDFWDQFH� +RZHYHU� LQ SUDFWLFH� WKH FDSDFLWRU
LPSHGDQFH DOVR KDV D UHVLVWLYH SDUW� 7KH ORVV WDQJHQW ൲ൠ൬�࿶� LV WKH DQJOH EHWZHHQ WKH UHVLVWLYH
DQG QHJDWLYH UHDFWDQWV SDUW RI WKH FDSDFLWRU LPSHGDQFH� 7KH ൲ൠ൬�࿶� FDQ EH IRXQG LQ WKH VSHF�
VKHHW RI WKH YDULDEOH FDSDFLWRU XVHG >��@� 7KH ZRUVW FDVH YDOXH DOORZHG GXULQJ SURGXFWLRQ LV
൲ൠ൬�࿶�  ��� ,W FDQ EH DVVXPHG WKDW LQ SUDFWLVH WKH ORVV WDQJHQW LV ORZHU� +RZHYHU� LQ WKH FDVH RI
WKH /�QHWZRUN VLPXODWLRQ� LW LV LQYHVWLJDWHG KRZ PXFK WKH UDGLDWLRQ SDWWHUQ PHDVXUHPHQW FDQ EH
DIIHFWHG E\ ORVVHV LQ WKH QHWZRUN� 7KHUHIRUH ൲ൠ൬�࿶�  �� KDV EHHQ XVHG IRU WKH FDOFXODWLRQ� DQG
\LHOGV ൊ൘ൗ  ������� ͕� 7KH UHVLVWLYH YDOXH RI WKH FDSDFLWRU FDQ EH FDOFXODWHG XVLQJ HTXDWLRQ
���� ZKHUH ൝፥ LV WKH UHVLVWDQFH� DQG \LHOGV ൝፥  �����͕� ,Q WKH WZR JUH\ UHFWDQJOHV WKH LPSHGDQFH
RI WKH DQWHQQD EHIRUH PDWFKLQJ LV �������������൧ࢿ� ͕� 1RWH WKDW WKH LPSHGDQFH KDV D QHJDWLYH
UHDFWDQWV SDUW� WKHUHIRUH D FDSDFLWRU VKRXOG EH DGGHG LQ VHULHV� 7KH YDOXH RI WKH FDSDFLWRU FDQ EH
FDOFXODWHG XVLQJ HTXDWLRQ ���� WKLV \LHOGV ൈ  �������൮ോ� 7KH UHVLVWRU LV HTXDO WR WKH UHVLVWDQFH
RI WKH LPSHGDQFH� �������͕� :LWK DOO WKH FRPSRQHQW FKDUDFWHULVWLFV NQRZQ D VLPXODWLRQ FDQ
EH GRQH� +HUH WKH VRXUFH VLJQDO JHQHUDWRU DSSOLHV D DOWHUQDWLQJ FXUUHQW RYHU WKH QHWZRUN� 7KH
IUHTXHQF\ XVHG LV IURP ��� WR ��� 0+]� 7KH LQSXW YROWDJH LV PHDVXUHG EHWZHHQ WKH JHQHUDWRU
DQG 5��5� LQ WKH QHWZRUN� )XUWKHUPRUH WKH RXWSXW RI WKH QHWZRUN DW ERWK DQWHQQDV LV PHDVXUHG�
6R WKH YROWDJH LV PHDVXUHG EHWZHHQ /� DQG 5� IRU WKH LGHDO QHWZRUN� DQ EHWZHHQ 5� DQG 5� IRU
WKH QHWZRUN LQFOXGLQJ ORVVHV� 1RW WKH ORVVHV EHWZHHQ WKH LQSXW DQG WZR RXWSXWV FDQ EH FRPSDUHG�
7KH UHVXOWV DUH VKRZQ LQ ILJXUH ����

)LJXUH ����� /�QHWZRUN VLPXODWHG RXWSXW
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,W FDQ EH VHHQ WKDW WKH RXWSXW RI WKH LGHDO QHWZRUN LV KLJKHU WKDQ WKH QHWZRUN LQFOXGLQJ WKH ORVVHV�
7KH GHOWD EHWZHHQ WKH LGHDO QHWZRUN DQG WKH QHWZRUNLQJ LQFOXGLQJ ORVVHV� DUH WKH ORVVHV LQ WKH
V\VWHP� $W WKH GRZQOLQN IUHTXHQF\� WKH ORVVHV DUH ������ G%� 7KH ORVVHV GXH WR WKH /�QHWZRUN
FDQ EH LPSURYHG XVLQJ EHWWHU FRPSRQHQWV� $ 6XUIDFH 0RXQW 'HYLFH �60'� FDSDFLWRU RI �� S)
ZRXOG KDYH D UHVLVWDQFH RI DURXQG ��� ͕ >�@ � 7KDW ZRXOG GHFUHDVH WKH ORVVHV LQ WKH /�QHWZRUN DQG
LPSURYH WKH SHUIRUPDQFH RI WKH DQWHQQD� 7KH LQGXFWRU FDQ DOVR EH IRXQG DV D 60' FRPSRQHQW
DW �� Q+ >�@�

�� 0HDVXUHPHQW HTXLSPHQW� 7KH HTXLSPHQW XVHG IRU WKH PHDVXUHPHQW FRQVLVWV RI WKH VLJQDO
JHQHUDWRU DQG WKH UHFHLYHU� %RWK GHYLFHV FDQ KDYH DQ HUURU LQ WKH VLJQDO WKH\ JHQHUDWRU RU UHFHLYH�
$FFRUGLQJ WR WKH VSHFLILFDWLRQ VKHHW WKH UHFHLYHU KDV D W\SLFDO HUURU RI ��� � G% LQ WKH 8+) EDQG
>�@� 7KH VLJQDO JHQHUDWRU KDV DQ HUURU RI ���� G% DFFRUGLQJ WR WKH VSHFLILFDWLRQ VKHHW >�@� %RWK WKH
HUURUV DSSO\ WR DOO WKH YDOXHV PHDVXUHG GXULQJ WHVWLQJ� VR WKH ൕ፱ዅ፲ LQ HTXDWLRQ ���� ���� DQG ��� FDQ
HDFK KDYH D GHYLDWLRQ RI ��� ��� G%� 7KH GHYLDWLRQ DOVR DSSOLHV WR WKH FDEOHV ORVVHV PHDVXUHG�
DV WKH VDPH GHYLFHV ZHUH XVHG� 7KH ��� VTXDGURQ GRHV FDOLEUDWH WKH HTXLSPHQW UHJXODUO\ DQG
WKHUHIRUH WKH GHYLDWLRQ LV PRVW OLNHO\ VPDOOHU� 7R YLVXDOLVH WKH XQFHUWDLQW\ RI WKH PHDVXUHPHQW
LQGXFHG E\ WKH HTXLSPHQW� DQ HUURU UDQJH KDV EHHQ DGGHG� 7KH UDQJH LV UHSUHVHQWHG E\ WKH
GDVKHG OLQHV LQ ILJXUH ���� DQG �����

:KHQ FRPSHQVDWLQJ IRU WKH DIRUHPHQWLRQHG ORVVHV� DQG DSSO\LQJ WKH HUURU UDQJH� WKH UDGLDWLRQ SDWWHUQ
LV PRUH VLPLODU LQ DEVROXWH JDLQ DV VHHQ LQ ILJXUH ���� DQG �����

)LJXUH ����� 5DGLDWLRQ SDWWHUQ VOLFH ������� )LJXUH ����� 5DGLDWLRQ SDWWHUQ VOLFH ��������

2YHUDOO� WKH PDWFK EHWZHHQ WKH H[SHFWHG UDGLDWLRQ SDWWHUQ DQG WKH PHDVXUHG SDWWHUQ LV PXFK EHWWHU�
7KH PHDVXUHPHQW LQ WKH DQHFKRLF FKDPEHU KDV D ODUJHU GHYLDWLRQ FRPSDUHG WR WKH RXWGRRU PHDVXUH�
PHQW� 2Q WKH OHIW VLGH LQ ILJXUH ���� WKH RXWGRRU PHDVXUHPHQW KDV D ODUJH GHYLDWLRQ DW KLJKHU HOHYDWLRQV�
ZKLOH DW ORZ HOHYDWLRQ WKH PDWFK LV QHDUO\ SHUIHFW� 7KH RXWGRRU PHDVXUHPHQW PDWFKHV WKH H[SHFWHG UD�
GLDWLRQ SDWWHUQ WKH EHVW� 7KHUHIRUH LW ZDV FKRVHQ IRU D GDWD WKURXJKSXW VLPXODWLRQ WR VHH KRZ PXFK WKH
GHYLDWLRQ IURP WKH SDWWHUQ LQIOXHQFHV WKH SHUIRUPDQFH� 7KH LQSXW SDUDPHWHUV IRU WKH VLPXODWLRQ DUH WKH
VDPH DV XVHG LQ VHFWLRQ ���� ,W \LHOGV D GDWD WKURXJKSXW RI ������ *%� ZKLFK LV ����� OHVV FRPSDUHG
WR WKH LGHDO SHUIRUPDQFH RI WKH EXLOG DQWHQQD� ,W LV ����� ORZHU WKDQ WKH RSWLPLVHG DQWHQQD GHVLJQ WKDW
ZDV VHOHFWHG� :KHQ WKH ORVVHV DUH QRW FRPSHQVDWHG WKH WRWDO GDWD WKURXJKSXW LV VLJQLILFDQWO\ ORZHU�
QDPHO\ ������ *%� 7KDW LV D GHFUHDVH RI ������ FRPSDUHG WR WKH GHVLJQ IURP WKH RSWLPLVDWLRQ� 7R JHW
D EHWWHU LGHD RI WKH SHUIRUPDQFH GLIIHUHQFH EHWZHHQ WKH PHDVXUHG UDGLDWLRQ SDWWHUQ FRPSDUHG WR WKH
SUHGLFWHG UDGLDWLRQ SDWWHUQ� WKH SURSDJDWLRQ SHULRG VKRXOG EH VKRUWHQHG� 7KH VDPH SDUDPHWHU DUH XVHG
DV IRU ILJXUH ����� 7KH GDWD UDWH IRU GRZQOLQN FRPPXQLFDWLRQ ZLWK IL[HG $&0 PRGH LV VKRZQ LQ ILJXUH
����� +HUH WKH UDGLDWLRQ SDWWHUQ RI WKH PDQXIDFWXUHG DQWHQQD LV FRPSDUHG WR WKH PHDVXUHG UDGLDWLRQ
SDWWHUQ� 'RLQJ WKLV SURYLGHV WZR SRVVLEOH LQVLJKWV� ILUVW WKH GLIIHUHQFH EHWZHHQ WKH EXLOG V\VWHP DQG WKH
GHVLUHG V\VWHP� 6HFRQG� LW VKRZV LI WKH EXLOG DQWHQQD ZLOO EH XVDEOH LQ SUDFWLVH�



���� 5HVXOWV ��

)LJXUH ����� 'DWD UDWH ZLWK IL[HG $&0 PRGH IRU SUHGLFWHG DQG PHDVXUHG UDGLDWLRQ SDWWHUQ

,W FDQ EH VHHQ WKDW WKH SUHGLFWHG UDGLDWLRQ SDWWHUQ HQDEOHV FRPPXQLFDWLRQ PRUH RIWHQ FRPSDUHG WR WKH
PHDVXUHG UDGLDWLRQ SDWWHUQ� 0DLQO\ DW WKH ORZHU HOHYDWLRQ DQJOHV FRPPXQLFDWLRQ LV QRW SRVVLEOH VLQFH
WKH 615 LV QRW VXIILFLHQW� 7KH 615 DQG DQWHQQD JDLQ FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� 615 DQG DQWHQQD JDLQ IRU SUHGLFWHG DQG PHDVXUHG UDGLDWLRQ SDWWHUQ

6LQFH WKH DQWHQQD JDLQ RI WKH PHDVXUHG UDGLDWLRQ SDWWHUQ LV DOZD\V ORZHU WKDQ WKH JDLQ RI WKH SUHGLFWHG
UDGLDWLRQ SDWWHUQ WKH 615 LV DOVR ORZHU� :KDW LV LQWHUHVWLQJ WR VHH LV WKDW WKHPHDVXUHG DQWHQQD UDGLDWLRQ
SDWWHUQ LV FORVH WR SUHGLFWHG VKDSH JDLQ VKDSH� )XUWKHUPRUH� LW FDQ EH VHHQ WKDW WKH GHOWD LV 615 LV
ORZHU DURXQG ��� HOHYDWLRQ VLQFH WKH GLIIHUHQFH LQ DQWHQQD JDLQ LV DOVR PXFK ORZHU� 7KH SUHGLFWHG 615
LV KLJKHU WKHUHIRUH� WKH GDWD UDWH ZKHQ DSSO\LQJ YDULDEOH $&0 PRGH FDQ EH KLJKHU� 7KH GDWD UDWH IRU
YDULDEOH $&0 PRGH FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� 'DWD UDWH YDULDEOH $&0 PRGH IRU SUHGLFWHG DQG PHDVXUHG UDGLDWLRQ SDWWHUQ

7KH GLIIHUHQFH LQ GDWD UDWH LV ODUJHU FRPSDUHG WR ILJXUH ���� DV WKH $&0 PRGH LV KLJKHU� 7KH WRWDO GDWD
WKURXJKSXW LQ ILJXUH ���� LV ������ IRU WKH PHDVXUHG UDGLDWLRQ SDWWHUQ WKDQ IRU WKH SUHGLFWHG SDWWHUQ�
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)URP ILJXUH ���� LW FDQ EH FRQFOXGHG WKDW WKH PHDVXUHG JDLQ KDV ODUJH LPSOLFDWLRQV RQ WKH FDSDELOL�
WLHV RI WKH VXEPDULQH� 7KH NH\ SHUIRUPDQFH UHTXLUHPHQW LV WKH � 0% WKDW VKRXOG EH DFKLHYHG GXULQJ
HDFK SDVV ZLWK D PD[LPXP HOHYDWLRQ DERYH ���� 7KH PRVW FULWLFDO VLWXDWLRQ LV WKH GRZQOLQN ZLWK IL[HG
$&0 PRGH� DV FDQ EH VHHQ LQ ILJXUH ����� ,I WKH � 0% FDQ EH DFKLHYHG LV VKRZQ LQ ILJXUH �����

)LJXUH ����� $YHUDJH GDWD WKURXJKSXW SDVV IRU GLIIHUHQW PD[LPXP HOHYDWLRQ DQJOHV

,W LV HYLGHQW WKDW WKH SUHGLFWHG SHUIRUPDQFH RI WKH PDQXIDFWXUHG GHVLJQ LV EHWWHU WKDQ WKH PHDVXUHG
SHUIRUPDQFH RI WKH PDQXIDFWXUHG GHVLJQ� )XUWKHUPRUH WKH SHUIRUPDQFH RI WKH VLPXODWHG PDQXIDFWXUHG
GHVLJQ LV QRW DV JRRG DV WKH RSWLPLVHG DQWHQQD GHVLJQ� 7KH RSWLPLVHG DQWHQQD GRHV QRW JR EHORZ � 0%
IRU SDVVHV ZLWK D PD[LPXP HOHYDWLRQ DERYH ���� )RU VLPXODWHG PDQXIDFWXUHG GHVLJQ WKLV GRHV RFFXU�
EXW QRW DV VLJQLILFDQW DV IRU WKH PHDVXUHG GHVLJQ� 7KH ODWWHU GRHV QRW UHDFK WKH � 0% UHTXLUHPHQW IRU
SDVV ZLWK D PD[LPXP HOHYDWLRQ EHORZ ���� 7KHUHIRUH WKH SHUIRUPDQFH RI WKH DQWHQQD GRHV QRW PHHW
UHTXLUHPHQW �54�3������ +RZHYHU NHHS LQ PLQG WKDW WKH JDLQ RI WKH PHDVXUHG UDGLDWLRQ SDWWHUQ FDQ
EH LPSURYHG� :KHQ WKH ORVVHV DUH FRPSHQVDWHG DV VKRZ LQ ILJXUHV ���� DQG ����� WKH SHUIRUPDQFH
GLIIHUHQFH LV UHGXFHG� 7KH GLIIHUHQW W\SHV RI ORVVHV WKDW KDYH EHHQ FRQVLGHUHG DUH FDEOHV ORVVHV�
LPSHGDQFH PLVPDWFK ORVVHV� /�QHWZRUN ORVVHV� DQG GHYLDWLRQ WR WKH PHDVXUHPHQW HTXLSPHQW� 7KHVH
DUH DOO LQIOXHQFHV WKDW FRXOG EH TXDQWLILHG� 7KHUH DUH DOVR QXPEHU RI IDFWRUV WKDW FRXOG QRW EH TXDQWLILHG�
EXW VWLOO KDYH DQ LQIOXHQFH RQ SHUIRUPDQFH�

�� *URXQG UHIOHFWLRQV� 'XULQJ WKH PHDVXUHPHQW JURXQG UHIOHFWLRQV KDYH QRW EHHQ WDNHQ LQWR DF�
FRXQW� 7KH UHIOHFWLRQV LQIOXHQFH WKH VLJQDO VWUHQJWK UHFHLYHG DW WKH DQWHQQD� 5HIOHFWLRQV FDQ KDYH
DQ LQIOXHQFH RI q���� G% >��@� 7KH LQIOXHQFH RI JURXQG SODQH UHIOHFWLRQV GHSHQGV RQ WKH GLVWDQFH
EHWZHHQ WKH WUDQVPLWWLQJ DQG UHFHLYLQJ DQWHQQD� 7KH PLQLPXP GLVWDQFH �ൣ� UHTXLUHG WR QHJOHFW
WKH LQIOXHQFH RI JURXQG UHIOHFWLRQV FDQ EH FDOFXODWHG E\ XVLQJ HTXDWLRQ ��� >��@�
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+HUH ߶ፑ፱ DQG ߶ፓ፱ DUH KHLJKW RI WKH SKDVH FHQWHU DERYH WKH JURXQG IRU WKH UHFHLYLQJ DQG WUDQV�
PLWWLQJ DQWHQQD� 'XULQJ WKH RXWGRRU PHDVXUHPHQW ERWK DQWHQQDV ZHUH SODFH q���� P DERYH WKH
JURXQG� &DOFXODWLQJ WKH PLQLPXP GLVWDQFH \LHOGV q���� P� 7KH GLVWDQFH EHWZHHQ WKH DQWHQQD
GXULQJ PHDVXUHPHQW ZDV ����� P� 7KHUHIRUH LW FDQ EH FRQFOXGHG WKDW JURXQG UHIOHFWLRQV PLJKW
KDYH DIIHFWHG WKH PHDVXUHPHQW UHVXOWV�

�� ,QIOXHQFH SODVWLF� 7KH $%6 SODVWLF XVHG IRU WKH �' SULQWHG PDWHULDO ZDV DVVXPHG WR QRW LQIOXHQFH
WKH UDGLDWLRQ SDWWHUQ� 7R UHVHDUFK WKH LPSDFW RI GLIIHUHQW PDWHULDOV FORVH WR D VLJQDO VRXUFH WKH
PDWHULDO XVHG LQ UDGDU GRPHV DUH RI LQWHUHVW� 7KH LGHDO PDWHULDO XVHG IRU UDGDU GRPHV LV 7HOIRQ
>��@� 7HOIRQ KDV WKH ORZHVW GLVVLSDWLRQ IDFWRU ൲ൠ൬ൣ�࿶� DQG SHUPLWWLYLW\ RI WKH FRQVLGHUHG SODVWLFV�
$%6 KDV GLVVLSDWLRQ WKDW LV �� WR �� WLPHV KLJKHU� EHLQJ RQO\ ������ WR ������ +RZHYHU� ZKHQ WKH
GLVWDQFH WR WKH DQWHQQD LV VPDOO� DV LV WKH FDVH ZLWK WKH $%6 SODVWLF� WKH HIIHFW RQ WKH UDGLDWLRQ
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SDWWHUQ LQFUHDVHV >��@� )RU IXWXUH GHVLJQ LW PLJKW EH DQ RSWLRQ WR �' SULQW WKH DQWHQQD IURP 7HIORQ
>��@� $QRWKHU RSWLRQ ZRXOG EH WR UHGXFH WKH DPRXQW RI $%6 SODVWLF XVHG� &XUUHQWO\ WKH DQWHQQD
LV TXLWH VWXUG\ DQG VRPH SODVWLF FRXOG EH UHPRYHG ZKLOH VWLOO PDLQWDLQLQJ DGHTXDWH ULJLGLW\� 7KH
DPRXQW RI SODVWLF FRXOG DOVR EH UHGXFHG E\ XVLQJ D SHUIRUDWHG GHVLJQ LQVWHDG RI D VROLG ERG\�

�� 3RVLWLRQLQJ /�QHWZRUN� 7KH /�QHWZRUN LV SRVLWLRQHG DERYH WKH JURXQG SODQH RI WKH DQWHQQD DV
FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� /�QHWZRUN ORFDWLRQ RQ VXEPDULQH DQWHQQD

7KH SODFHPHQW KHUH ZDV FKRVHQ GXH WR WKH ODFN RI DWWDFKPHQW RSWLRQV RQ WKH XQGHUVLGH� 6LQFH WKH
FRPSRQHQWV RI WKH /�QHWZRUN DUH FRQGXFWLYH� WKH\ ZLOO LQIOXHQFH WKH UDGLDWLRQ SDWWHUQ� ,Q IXWXUH
LWHUDWLRQV WKH /�QHWZRUN VKRXOG EH DWWDFKHG XQGHUQHDWK WKH JURXQG SODQH DV WKLV ZLOO SUHYHQW
UDGLDWLRQ WR LQIOXHQFH WKH UDGLDWLRQ SDWWHUQ RI WKH DQWHQQD�

�� $FFXUDF\ 556 URWRU� 7KH DFFXUDF\ RI WKH 556 URWRU KDV QRW EHHQ YHULILHG� $URXQG WKH XSULJKW
SRVLWLRQ WKH URWRU FDQ EH XQVWDEOH DQG VZD\ D IHZ GHJUHHV� 7KHUHIRUH WKH H[DFW SRVLWLRQ RI WKH
URWRU LV QRW IXOO\ DFFXUDWH VR LW FDQ LQGXFH D VPDOO HUURU LQ WKH PHDVXUHPHQW� 7KH URWRU V\VWHP
ZDV QRW GHVLJQHG WR WDNH PHDVXUHPHQWV� ,W ZDV VWLOO XVHG VLQFH LW ZDV WKH EHVW RSWLRQ DYDLODEOH�

���� 'LVFXVVLRQ
)URP WKH PHDVXUHPHQWV D QXPEHU RI FRQFOXVLRQV FDQ EH GUDZQ� 7KH VKDSH RI WKH UDGLDWLRQ SDWWHUQ LV
VLPLODU WR WKH VKDSH SUHGLFWHG LQ WKH 0$7/$% VLPXODWLRQ� +RZHYHU� WKH DEVROXWH DQWHQQD JDLQ LV ORZHU
IRU PRVW PHDVXUHPHQWV FRPSDUHG WR WKH SUHGLFWHG YDOXHV� $ QXPEHU RI SRVVLEOH FDXVHV� TXDQWLILDEOH
DQG XQNQRZQ� KDV EHHQ LGHQWLILHG IRU WKH GHYLDWLRQ� 7R LPSURYH WKH PHDVXUHPHQW DQG SHUIRUPDQFH
RI WKH DQWHQQD� WKH LPSHGDQFH PDWFK VKRXOG EH LPSURYHG� )XUWKHUPRUH� WKH ORVVHV LQ WKH /�QHWZRUN
VKRXOG EH UHGXFHG E\ XVLQJ 60' FRPSRQHQWV� 7KH VPDOOHU VL]H RI 60' FRPSRQHQWV PDNH LW SRVVLEOH
WR PRYH WKH FRPSRQHQWV EHORZ WKH JURXQG SODQH� 7KHVH VWHSV ZLOO OLNHO\ LPSURYH WKH SHUIRUPDQFH RI
WKH VXEPDULQH DQWHQQD� $SDUW IURP WKH DQWHQQD� WKH PHDVXUHPHQW VHW�XS VKRXOG DOVR EH LPSURYHG�
7KH DQWHQQD VKRXOG EH PHDVXUHG LQ WKH DQHFKRLF FKDPEHU SXUSRVHO\ EXLOG IRU DQWHQQD UDGLDWLRQ SDW�
WHUQ PHDVXUHPHQW DQG FHUWLILHG IRU WKH 8+) IUHTXHQFLHV XVHG E\ WKH %ULN�,,� 7KH HTXLSPHQW LV VHOHFWHG
WR PHDVXUH DQWHQQD JDLQ� WKHUHIRUH LW ZLOO DOORZ IRU PHDVXUHPHQWV ZLWK JUHDWHU DFFXUDF\� )XUWKHUPRUH�
WKH SRVLWLRQLQJ HTXLSPHQW LV PRUH FDSDEOH DQG DFFXUDWH WKDQ WKH 556 URWRU� WKXV WKH SDWWHUQ FDQ EH
PHDVXUHG DW DOO DQJOHV DQG ZLWK JUHDWHU DFFXUDF\� /DVWO\� WKH DQHFKRLF FKDPEHU ZRXOG GDPS RXW DOO
UHIOHFWLRQV ZKLFK ZRXOG DOORZ IRU PRUH DFFXUDWH UHVXOWV� ,I DOO WKHVH LPSURYHPHQWV FDQ EH PDGH D GHILQL�
WLYH FRQFOXVLRQ RQ WKH UDGLDWLRQ SDWWHUQ VLPXODWLRQ FRXOG PDGH� $V WKLV LV QRW WKH FDVH IRU WKH FXUUHQW
PHDVXUHPHQWV VHW�XS� LW FDQ EH FRQFOXGHG WKDW WKH SRVVLEOH GLVFUHSDQFLHV LQ WKH VLPXODWLRQ FDQQRW EH
LGHQWLILHG�

7KH VHFRQG PHDVXUHPHQW WKDW KDV EHHQ FRQGXFWHG LV WKH FRPPXQLFDWLRQ WHVW ZLWK WKH %ULN�,, VDWHO�
OLWH� 7KH SXUSRVH RI WKH WHVW� WR YHULI\ WKH OLQN VWUHQJWK VLPXODWLRQ� FRXOG QRW EH GRQH VLQFH WKHUH ZHUH



�� �� 0HDVXUHPHQWV

D QXPEHU RI LVVXHV� 6XFK DV WKH VDWHOOLWH QRW H[HFXWLQJ FRPPDQGV FRUUHFWO\� WRR KLJK QRLVH IORRU� DQG
WLPH FRQVWUDLQW� 7KHUHIRUH WKH OLQN EXGJHW VLPXODWLRQ FRXOG QRW EH YHULILHG WKXV QR DFFXUDWH FRQFOXVLRQ
FDQ EH GUDZ RQ WKH VLPXODWLRQ UHVXOWV� 6R LW LV QRW SRVVLEOH WR YHULI\ WKDW WKH VHW UHTXLUHPHQWV DUH PHW� ,W
GLG KRZHYHU \LHOG D YDOXDEOH LQVLJKW� QDPHO\ WKDW D /1$ LV UHTXLUHG WR ORZHU WKH QRLVH IORRU WKXV PDNLQJ
WKH VLJQDO VWDQG RXW PRUH�

&RQFOXGLQJ WKDW� HYHQ WKRXJK WKH ZRUNLQJV RI WKH 0$7/$% UDGLDWLRQ SDWWHUQ VLPXODWLRQ FDQQRW EH IXOO\
YHULILHG� LW FDQ EH VHHQ WKDW WKH PHDVXUHG UDGLDWLRQ SDWWHUQ LV TXLWH VLPLODU WR WKH SUHGLFWHG SDWWHU�
)XUWKHUPRUH� WKH PHDVXUHG UDGLDWLRQ SDWWHUQ VKRXOG DOORZ IRU FRPPXQLFDWLRQ EHWZHHQ WKH VXEPDULQH
DQG WKH %ULN�,, VDWHOOLWH� 7KH FRPPXQLFDWLRQ WHVW FRXOG QRW FRQILUP WKLV GXH WR D QXPEHU RI LVVXHV DV
PHQWLRQHG DERYH� 7R LQFUHDVH WKH DFFXUDF\ RI WKH UDGLDWLRQ SDWWHUQ WHVW LW VKRXOG EH SHUIRUPHG LQ DQ
DQHFKRLF FKDPEHU GHVLJQHG IRU UDGLDWLRQ SDWWHUQ WHVWLQJ� 7KH OLQN VWUHQJWK YHULILFDWLRQ PHDVXUHPHQW
FRXOG EH UHGRQH RQFH WKH /1$ FDQ EH LPSOHPHQWHG� ,W FDQ EH FRQFOXGHG WKDW D IXOO DQVZHU WR UHVHDUFK
VXE�TXHVWLRQ � FDQQRW EH SURYLGHG� DV WKH IXOO SHUIRUPDQFH FRXOG QRW EH YHULILHG� ,Q WKH QH[W VHFWLRQ LW
ZLOO EH LQYHVWLJDWHG LI WKH OHDGLQJ UHTXLUHPHQWV VHW E\ WKH 1DY\ DUH PHW�

���� /HDGLQJ 5HTXLUHPHQWV 9HULILFDWLRQ
7KH WKUHH OHDGLQJ UHTXLUHPHQWV DV VHW LQ VHFWLRQ ����� VKRXOG EH YHULILHG� 7KHVH UHTXLUHPHQWV LQGXFH D
WUDGH�RII LQ WKH GHVLJQ SURFHVV� 7KH VL]H FRQVWUDLQWV KDYH LQIOXHQFHG WKH W\SH RI DQWHQQD WKDW FRXOG EH
LQFRUSRUDWHG LQWR WKH GHVLJQ� 6LQFH WKH KHOLFDO DQWHQQD VHOHFWHG LV RPQLGLUHFWLRQDO LW LQGXFHV UHVWULFWLRQV
RQ UHTXLUHPHQW 54�3����� 7R VWLOO HQDEOH GRZQOLQN LQ FULWLFDO RSHUDWLRQDO VLWXDWLRQV� WKH V\VWHPV LV
RSWLPLVHG WR PHHW WKH � 0% UHTXLUHPHQW �54�3����� XQGHU WKHVH FLUFXPVWDQFHV� (DFK RI WKH OHDGLQJ
UHTXLUHPHQW LV GLVFXVVHG EHORZ�

� 54�3����� 7KH V\VWHP VKDOO SURYLGH D PLQLPXP OLQN EXGJHW RI !� 0% GXULQJ D VLQJOH SDVV XQGHU
LGHDO FRQGLWLRQV
7KH GRZQOLQN ZLWK D VHW $&0PRGH ZDV LGHQWLILHG DV WKH FULWLFDO VLWXDWLRQ WR PHHW WKLV UHTXLUHPHQW�
7KH V\VWHP ZDV GHVLJQHG VXFK WKDW D PLQLPXP RI � 0% FRXOG EH WUDQVIHUUHG LI D SDVV UHDFKHV
DQ HOHYDWLRQ RI ��� RU KLJKHU� 7KH PHDVXUHG DQWHQQD UDGLDWLRQ SDWWHUQ SHUIRUPDQFH LV ORZHU� 7R
VHH KRZ PXFK WKH V\VWHP GHYLDWHV IURP WKH RSWLPLVHG DQWHQQD WKH SURSDJDWLRQ DV GHILQHG LQ
VHFWLRQ ��� KDV EHHQ UXQ ZLWK � GLIIHUHQW DQWHQQDV� )LUVW IRU WKH RSWLPLVHG DQWHQQD� 6HFRQG WKH
DQWHQQD ZLWK WKH PHDVXUHG UDGLDWLRQ SDWWHUQ� 7KLUG IRU WKH PHDVXUHG UDGLDWLRQ SDWWHUQ DQWHQQD
EXW WKH ORVVHV DUH FRPSHQVDWHG DV OLVWHG LQ VHFWLRQ ���� 7KH UHVXOWV FDQ EH VHHQ LQ ILJXUH �����

)LJXUH ����� $YHUDJH GDWD WKURXJKSXW IRU SDVVHV ZLWK GLIIHUHQW PD[LPXP HOHYDWLRQ DQJOHV

,W FDQ EH VHHQ WKDW RSWLPLVHG DQWHQQD PHHWV WKH UHTXLUHPHQWV LI D SDVV KDV DQ HOHYDWLRQ KLJKHU



���� /HDGLQJ 5HTXLUHPHQWV 9HULILFDWLRQ ��

WKDQ ���� 3DVVHV ZLWK DQ HOHYDWLRQ RI ��� RU KLJKHU DUH ��� RI DOO SDVVHV WKDW RFFXU LQ WKH SURSD�
JDWLRQ SHULRG GHILQHG LQ VHFWLRQ ���� 3OHDVH QRWH WKDW LQ WKH SHUFHQWDJH FDOFXODWHG DOO SDVVHV DUH
LQFRUSRUDWHG� 0HDQLQJ WKDW SDVV ZLWK D �� HOHYDWLRQ DUH FRQVLGHUHG IRU FRPPXQLFDWLRQ� $FKLHYLQJ
WKH � 0% IRU VXFK ORZ HOHYDWLRQ SDVVHV FDQQRW EH FRQVLGHUHG IHDVLEOH VLQFH WKH FRQWDFW WLPH LV
VPDOO� )RU WKH PHDVXUHG UDGLDWLRQ SDWWHUQ WKH PLQLPXP HOHYDWLRQ DQJOH UHTXLUHG LV KLJKHU� QDPHO\
���� 3DVVHV ZLWK DQ HOHYDWLRQ RI ���RU KLJKHU RFFXU ���� ZKLFK LV ��� ORZHU FRPSDUHG WR WKH
RSWLPLVHG DQWHQQD� ,I WKH ORVVHV LGHQWLILHG LQ WKH DQWHQQD UDGLDWLRQ SDWWHUQ PHDVXUHPHQW DUH
FRPSHQVDWHG WKH PLQLPXP HOHYDWLRQ UHTXLUHG GHFUHDVHV WR ���� 7KHUHIRUH WKH SDVVHV DYDLODEOH
ZRXOG EH ���� 6R WKH PDQXIDFWXUHG GHVLJQ KDV D ORZHU SHUIRUPDQFH WKDQ WKH RSWLPLVHG GHVLJQ
WKXV LW ZLOO EH OHVV GHSOR\DEOH WKDQ SUHGLFWHG� )XUWKHUPRUH WKH GDWD WKURXJKSXW RI WKH PDQXIDF�
WXUHG DQWHQQD LV ORZHU IRU DOO HOHYDWLRQ SDVVHV DV VHHQ LQ ILJXUH ����� ,W FDQ EH FRQFOXGHG WKDW LW
ZRXOG EH IDYRXUDEOH WR LWHUDWH RQ WKH PDQXIDFWXULQJ DQG EXLOG WKH RSWLPLVHG DQWHQQD DFFRUGLQJ WR
WKH VSHFLILFDWLRQ� )XUWKHUPRUH� SUHFDXWLRQV VKRXOG EH WDNHQ WR HQVXUH WKDW WKH ORVVHV RFFXUULQJ
LQ WKH FXUUHQW DQWHQQD DUH PLWLJDWHG LQ WKH QHZ DQWHQQD� 7KLV ZRXOG HQVXUH WKDW WKH SHUIRUPDQFH
RI WKH GHVLJQ LV RSWLPDO�

� 54�3����� 7KH V\VWHP VKDOO RQO\ WUDQVPLW KLJK SRZHU VLJQDOV LQ WKH GLUHFWLRQ RI WKH VDWHOOLWH WR
OLPLW GHWHFWDELOLW\
7KLV UHTXLUHPHQW ZDV GLIILFXOW WR PHHW VLQFH DOO GLUHFWLRQDO DQWHQQDV ZHUH QRW YLDEOH RSWLRQV GXH
WR VL]H FRQVWUDLQWV� 7KHUHIRUH DQ DQWHQQD ZLWK DQ RPQLGLUHFWLRQDO UDGLDWLRQ SDWWHUQ KDG WR EH
VHOHFWHG� 7KH GRZQVLGH LV WKDW LW WUDQVPLWV LQ DOO GLUHFWLRQV DQG FDQQRW IRFXV WKH VLJQDO WRZDUGV
WKH VDWHOOLWH� $ SKDVHG DUUD\ DQWHQQD ZRXOG EH DEOH WR PHHW WKH UHTXLUHPHQWV� +RZHYHU� VXFK
V\VWHP ZRXOG QRW EH WHFKQLFDOO\ IHDVLEOH ZLWKLQ WKH VHW VL]H FRQVWUDLQW� VLQFH WKH KLJKHU IUHTXHQF\
LV WR� ORZ� 6R� WKH V\VWHP LV XQDEOH WR OLPLW KLJK SRZHU VLJQDO WUDQVIHUV LQ DOO GLUHFWLRQ� 7KHUHIRUH
WKH RSHUDWLRQDO GHSOR\DELOLW\ LV FRPSURPLVHG� 0HDQLQJ WKDW WKH V\VWHP VKRXOG QRW WUDQVPLW DQ\
VLJQDOV LI GHWHFWLRQ ZRXOG KDYH ODUJH FRQVHTXHQFHV� 'XULQJ VXFK FLUFXPVWDQFHV WKH V\VWHP
VKRXOG RQO\ EH XVHG WR UHFHLYH PHVVDJHV�

� 54�3����� 7KH V\VWHP VKDOO KDYH D GLDPHWHU ���� P DQG OHQJWK RI �� P
7KHPDQXIDFWXUHG DQWHQQD KDV WKH IROORZLQJ GLPHQVLRQV� /HQJWK ����� FP� GLDPHWHU ��� P� 7KXV
LW FDQ EH FRQFOXGHG WKDW WKH UHTXLUHPHQW LV PHW�





�
&RQFOXVLRQ DQG 5HFRPPHQGDWLRQV

7KLV FKDSWHU SUHVHQWV WKH FRQFOXVLRQV RI WKLV 06F WKHVLV SURMHFW� 6HFWLRQ ��� ZLOO SURYLGH D UHFDS RI
WKH ZRUN GRQH� 6HFWLRQ ��� ZLOO SURYLGH DQ DQVZHU WR HDFK VXE�TXHVWLRQ� DIWHU ZKLFK 6HFWLRQ ��� ZLOO
JLYH WKH PDLQ FRQFOXVLRQ RI WKLV WKHVLV DQG FKHFN WR ZKDW H[WHQG WKH PDLQ REMHFWLYH KDV EHHQ IXOILOOHG�
+HUHDIWHU� VHFWLRQ ��� ZLOO GLVFXVV WKH UHFRPPHQGDWLRQV DQG VXJJHVWLRQV IRU IXWXUH ZRUN�

���� 5HFDS
7KH ILUVW VWHS LQ WKLV 06F WKHVLV ZDV WR LGHQWLI\ WKH SUREOHP WKDW VKRXOG EH VROYHG� 2QFH LGHQWLILHG WKH
V\VWHP UHTXLUHPHQWV FRXOG EH FRPSLOHG LQ FRQVXOWDWLRQ ZLWK WKH 1DY\� )URP WKH UHTXLUHPHQWV LW ZDV
FRQFOXGHG WKDW WKHUH DUH D QXPEHU RI VLPLODULWLHV EHWZHHQ WKH 556 DQG WKH VXEPDULQH FRPPXQLFDWLRQ
V\VWHP� +RZHYHU� WKH DQWHQQD V\VWHP LQVWDOOHG RQ WKH 556 ZRXOG QRW PHHW WKH VL]H UHTXLUHPHQWV�
7KHUHIRUH D QHZ DQWHQQD V\VWHPV KDG WR EH GHVLJQHG WKDW ZRXOG FRPSO\ ZLWK WKH UHTXLUHPHQWV� 7R
ILQG WKH RSWLPDO GHVLJQ IRU WKH DQWHQQD� D VLPXODWLRQ WRRO IRU WKH FRPPXQLFDWLRQ EHWZHHQ WKH VXEPDULQH
DQG %ULN�,, ZDV GHYHORSHG� ,Q WKH VLPXODWLRQ GLIIHUHQW DQWHQQDV ZHUH WHVWHG WR ILQG WKH RSWLPDO GHVLJQ�
7KH KHOLFDO DQWHQQD ZDV VHOHFWHG DV WKH EDVLV IRU WKH RSWLPLVDWLRQ� 2QFH WKH RSWLPDO GHVLJQ ZDV
LGHQWLILHG� D SURWRW\SH DQWHQQD ZDV PDQXIDFWXUHG XVLQJ WKH �' SULQWLQJ IDFLOLWLHV DW WKH ��� 6TXDGURQ
LQ 'RQJHQ� +HUHDIWHU� PHDVXUHPHQWV ZHUH FRQGXFWHG WR YHULI\ WKDW WKH UDGLDWLRQ SDWWHUQ RI WKH DQWHQQD
FRUUHVSRQGHG ZLWK WKH UDGLDWLRQ SDWWHUQ SUHGLFWHG� 7KH WHVW VKRZHG D ODUJH RYHUODS LQ WKH VKDSH RI WKH
UDGLDWLRQ SDWWHUQ� +RZHYHU WKH DEVROXWH JDLQ RI WKH DQWHQQD GLG QRW FRUUHVSRQG ZLWK WKH SUHGLFWLRQV�
$ QXPEHU RI UHDVRQV ZHUH LGHQWLILHG WKDW FRXOG H[SODLQ WKH GLIIHUHQFHV IRXQG DV PHQWLRQHG LQ VHFWLRQ
���� &RPPXQLFDWLRQ WHVWV ZLWK %ULN�,, FRXOG QRW EH SHUIRUPHG GXH WR FRPPDQGLQJ SUREOHPV RQ WKH
VDWHOOLWH¶V VLGH�

���� $QVZHU WR 6XE�4XHVWLRQV
$W WKH VWDUW RI WKH SURMHFW D QXPEHU RI UHVHDUFK TXHVWLRQ ZHUH VHW WKDW VKRXOG EH DQVZHUHG� 7KH
TXHVWLRQV KDYH EHHQ GHILQHG LQ VHFWLRQ ���� ,Q WKLV VHFWLRQ HDFK TXHVWLRQ ZLOO EH GLVFXVVHG VHSDUDWHO\�
VWDUWLQJ ZLWK WKH ILUVW TXHVWLRQ�

´6XE�4XHVWLRQ �� :KDW SK\VLFDO GHVLJQ FKDUDFWHULVWLFV GRHV D VDWHOOLWH FRPPXQLFDWLRQ
V\VWHP KDYH WR PHHW WR EH GHSOR\DEOH RQ�ERDUG WKH 'XWFK VXEPDULQHV"´

7KH V\VWHP ZLOO EH SODFHG LQ WKH FRPPXQLFDWLRQ PDVW RQ WRS RI WKH VDLO RI WKH VXEPDULQH� DV H[SODLQHG
LQ FKDSWHU �� 7KLV SRVLWLRQ LV UHTXLUHG VLQFH WKH 8+) VLJQDO GRHV QRW SURSDJDWH WKURXJK ZDWHU >��@�
7R SURWHFW WKH V\VWHP IURP VHD ZDWHU LW ZLOO EH SODFHG LQVLGH D FORVHG WXEH QDPHG WKH FRPPXQLFDWLRQ
PDVW� 7KLV LPSRVHV VL]H FRQVWUDLQWV RQ WKH DQWHQQD ZKLFK UXOH RXW WKH XVH RI D VWHHUDEOH GLUHFWLRQDO
DQWHQQD GHVLJQ� DV HODERUDWHG RQ LQ VHFWLRQ ���� 7KHUHIRUH DQ RPQLGLUHFWLRQDO KHOLFDO DQWHQQD GHVLJQ
ZDV VHOHFWHG� 7KH H[DFW GHVLJQ GLPHQVLRQV KDYH EHHQ LGHQWLILHG DQG DUH OLVWHG LQ WDEOH ���� 7KH

��



�� �� &RQFOXVLRQ DQG 5HFRPPHQGDWLRQV

HOHFWURQLFV RI WKH V\VWHP� ZKLFK DUH DVVXPHG LGHQWLFDO WR WKH KDUGZDUH XVHG LQ WKH 556� ZLOO EH SODFHG
LQVLGH WKH VXEPDULQH�

´6XE�4XHVWLRQ �� :KDW DUH WKH SHUIRUPDQFH FKDUDFWHULVWLFV RI WKH VXEPDULQH VDWHOOLWH
FRPPXQLFDWLRQ V\VWHP"´

7KH LGHDO SHUIRUPDQFH FKDUDFWHULVWLFV KDYH EHHQ LGHQWLILHG DIWHU WKH RSWLPLVDWLRQ RI WKH DQWHQQD� 7KH
V\VWHP ZRXOG WKHRUHWLFDOO\ EH DEOH WR DFKLHYH D � 0% GDWD WKURXJKSXW SHU SDVV LI LW KDV DQ HOHYDWLRQ
KLJKHU WKDQ ���� 7KH DYHUDJH WKURXJKSXW ZRXOG EH ������ 0% SHU SDVV� DV VKRZQ LQ WDEOH ���� 7KH
UHVXOWV RI WKH RSWLPLVDWLRQ DUH GLVFXVVHG LQ PRUH GHWDLO LQ VHFWLRQ ������ )URP WKH UDGLDWLRQ SDWWHUQ
PHDVXUHPHQWV FRQGXFWHG LW ZDV FRQFOXGHG WKDW WKH DFWXDO JDLQ RI WKH DQWHQQD LV ORZHU� 7KHUHIRUH WKH
GDWD WKURXJKSXW LV ������ ORZHU WKDQ WKH WKHRUHWLFDO SHUIRUPDQFH� 7KH FXUUHQW SHUIRUPDQFH VKRXOG
VWLOO HQDEOH VDWHOOLWH FRPPXQLFDWLRQ� EXW ZLWK D ORZHU GDWD WKURXJKSXW� $ PRUH GHWDLOHG H[SODQDWLRQ LV
SURYLGHG LQ VHFWLRQ ������

���� &RQFOXVLRQ
,Q WKH FRQFOXVLRQ LW ZLOO EH H[DPLQHG LI WKH REMHFWLYH KDV EHHQ DFKLHYHG� 7KH PDLQ REMHFWLYH RI WKH
SURMHFW KDV EHHQ GHILQHG DV VHHQ EHORZ�

´5HVHDUFK 2EMHFWLYH� 7R HQDEOH FRPPXQLFDWLRQ EHWZHHQ D VXEPDULQH DQG WKH 6WRUH
DQG )RUZDUG SD\ORDG RI WKH %ULN�,, VDWHOOLWH E\ PHDQV RI GHVLJQLQJ� PDQXIDFWXULQJ DQG
WHVWLQJ DQ RSHUDWLRQDOO\ GHSOR\DEOH FRPPXQLFDWLRQ V\VWHP IRU WKH VXEPDULQHV RSHUDWHG
E\ WKH 5R\DO 1HWKHUODQGV 1DY\�´

$ V\VWHP KDV EHHQ GHVLJQHG WKDW VKRXOG EH DEOH WR FRPPXQLFDWH ZLWK WKH %ULN�,, VDWHOOLWH� 7KH FKRLFH
ZDV PDGH WR IRFXV RQ WKH GHVLJQ RI WKH DQWHQQD V\VWHP� 7KH HOHFWURQLFV KDUGZDUH WKDW FRXOG EH XVHG
LV HTXDO WR WKDW RI WKH 556� 7KH ILUVW SURWRW\SH RI WKH V\VWHP ZDV PDQXIDFWXUHG� DIWHU ZKLFK LW KDV EHHQ
WHVWHG WR VHH LI LW PDWFKHG WKH UHTXLUHG SHUIRUPDQFH� 7KH FXUUHQW V\VWHP LV D SURWRW\SH DQG LV WKHUHIRUH
QRW VXLWDEOH IRU DFWXDO GHSOR\PHQW RQ D VXEPDULQH� $ QH[W LWHUDWLRQ FRXOG EH PDQXIDFWXUHG VXFK WKDW
LW FDQ EH XVHG RQ�ERDUG� +RZHYHU� GXULQJ WKH GHVLJQ DQG WHVWLQJ RI WKH V\VWHP WZR FRQVWUDLQWV RQ WKH
GHSOR\DELOLW\ KDYH EHHQ LGHQWLILHG�

�� 7KH SHUIRUPDQFH RI WKH PDQXIDFWXUHG DQWHQQD LV ORZHU WKDQ H[SHFWHG� 7KH GDWD WKURXJKSXW
UHTXLUHPHQW RI !� 0% FDQ RQO\ EH PHW IRU SDVVHV DERYH ���� ZKLFK RQO\ RFFXU IRU ��� RI DOO
SDVVHV� 7KHUHIRUH WKH GHSOR\DELOLW\ RI WKH V\VWHP LV UHGXFHG�

�� 7KH UDGLDWLRQ SDWWHUQ RI WKH KHOLFDO DQWHQQD LV RPQLGLUHFWLRQDO� 7KHUHIRUH WKH KLJK SRZHU DQWHQQD
VLJQDO LV WUDQVPLWWHG LQ DOO GLUHFWLRQV� 7KH UHTXLUHPHQWV LQGLFDWH WKDW VXFK WUDQVPLVVLRQV VKRXOG EH
SUHYHQWHG� WR OLPLW WKH FKDQFH RI GHWHFWLRQ� :LWK WKH FXUUHQW VL]H FRQVWUDLQWV LW ZDV QRW SRVVLEOH WR
GHVLJQ D V\VWHP WKDW ZRXOG SUHYHQW WKLV� 7KH LPSDFW RQ WKH GHSOR\DELOLW\ LV WKDW QR WUDQVPLVVLRQV
FDQ EH PDGH LI GHWHFWLRQ ZRXOG KDYH ODUJH FRQVHTXHQFHV�

7KH ILUVW FRQVWUDLQW LV FDXVHG E\ ORVVHV LQ WKH V\VWHP� DV GLVFXVVHG LQ VHFWLRQ ������ 7KH ORVVHV FDQ EH
PLWLJDWHG ZLWK WKH QH[W LWHUDWLRQ RI WKH SURWRW\SH� 7KH SURSRVHG VROXWLRQV ZLOO EH HODERUDWHG RQ LQ WKH
VHFWLRQ ���� 7KH VHFRQG FRQVWUDLQW LV PRUH GLIILFXOW WR UHVROYH� 7KH KHOLFDO DQWHQQD KDV EHHQ VHOHFWHG
DV WKH EHVW DQWHQQD GHVLJQ LQ VHFWLRQ ���� ,W LV WKH EHVW VXLWHG DQWHQQD W\SH WKDW LV DEOH WR PHHW WKH
VL]H UHTXLUHPHQWV� $QRWKHU DOWHUQDWLYH IRU WKH 6$7&20 V\VWHP ZRXOG EH WR XWLOLVH D JULG SKDVHG DUUD\
DQWHQQD� +RZHYHU� D JULG DUUD\ LV QRW SRVVLEOH VLQFH LW ZRXOG QRW PHHW WKH VL]H UHTXLUHPHQWV GXH WR WKH
UHODWLYHO\ ORZ 8+) EDQG� $ SKDVHG DUUD\ DQWHQQD FRQVLVWLQJ RI WZR YHUWLFDOO\ VWDFNHG HJJ�EHDWHU DQ�
WHQQD FRXOG EH FRQVLGHUHG DV D YLDEOH DOWHUQDWLYH� DV LW ZRXOG ORZHU WKH KLJK SRZHU VLJQDO WUDQVPLVVLRQ
LQ GLUHFWLRQV RWKHU WKDQ WKH VDWHOOLWH� +RZHYHU� LW ZRXOG QRW FRPSOHWHO\ PLWLJDWH WKH WUDQVPLVVLRQ FRQ�
VWUDLQW DV WKH HJJ�EHDWHU DQWHQQDV VWLOO KDYH DQ RPQLGLUHFWLRQDO UDGLDWLRQ SDWWHUQ� 7KHUHIRUH LW FDQ EH
FRQFOXGHG WKDW ZLWK WKH FXUUHQW VL]H UHTXLUHPHQWV LW LV QRW IHDVLEOH WR IXOO\ UHVROYH WKH FRQVWUDLQW� 7KXV
WKH FRQVWUDLQW VKRXOG EH LQFOXGHG LQ WKH RSHUDWLRQDO FRQVLGHUDWLRQV WKDW DUH PDGH GXULQJ D PLVVLRQ�



���� 5HFRPPHQGDWLRQV DQG )XWXUH :RUN ��

&XUUHQWO\ 02' LV LQ WKH SURFHVV RI DZDUGLQJ FRQWUDFWV UHJDUGLQJ WKH GHVLJQ DQG PDQXIDFWXULQJ RI QHZ
VXEPDULQHV >��@� 7KH LPSDFW RI WKH VL]H UHTXLUHPHQWV RQ WKH GHVLJQ� DQG WKXV GHSOR\DELOLW\ RI D 8+)
6$7&20 V\VWHP� FDQ EH XVHIXO LQIRUPDWLRQ� 7KH QHZ VXEPDULQH FRXOG EH GHVLJQHG WR DFFRPPRGDWH
D 8+) SKDVHG DUUD\ V\VWHP WKDW ZRXOG HQDEOH VWHHUDEOH WUDQVPLVVLRQ WR GHFUHDVH WKH FKDQFH RI GH�
WHFWLRQ�

,W FDQ EH FRQFOXGHG WKDW WKH SURWRW\SH V\VWHPZLOO SURYLGH DGGHG YDOXH WR VXEPDULQH RSHUDWLRQV� )XUWKHU
LWHUDWLRQV RQ WKH FXUUHQW GHVLJQ VKRXOG EH FRQGXFWHG WR SURYLGH DGHTXDWH GDWD WKURXJKSXW DQG WKXV
LQFUHDVH WKH GHSOR\DELOLW\� :KDW IXWXUH ZRUN VKRXOG EH GRQH WR HQVXUH WKH GHSOR\DELOLW\ RI WKH 6$7&20
V\VWHP LV GLVFXVVHG LQ VHFWLRQ ��� KHUHDIWHU�

���� 5HFRPPHQGDWLRQV DQG )XWXUH :RUN
,Q WKLV VHFWLRQ WKH UHTXLUHG IXWXUH ZRUN� DORQJ ZLWK D QXPEHU RI UHFRPPHQGDWLRQV� ZLOO EH GLVFXVVHG�
7KH UHFRPPHQGDWLRQV DUH GLYLGHG LQWR WZR FDWHJRULHV� SRVVLEOH KDUGZDUH FKDQJHV WR WKH DQWHQQD� DQG
UHFRPPHQGDWLRQV RQ WHVWLQJ DQG YHULILFDWLRQ� )LUVW WKH KDUGZDUH UHFRPPHQGDWLRQV DUH OLVWHG�

� 6L]H GHYLDWLRQ� $IWHU PDQXIDFWXULQJ LW ZDV GLVFRYHUHG WKDW WKH DQWHQQD GRHV QRW IXOO\ PDWFK
WKH RSWLPLVHG GHVLJQ� 7R EXLOG WKH DQWHQQD DV VSHFLILHG E\ WKH RSWLPLVDWLRQ� WKH JURRYH LQ WKH
�' GHVLJQ VKRXOG EH HQODUJHG WR DFFRPPRGDWH WKH ODUJHU GLDPHWHU RI WKH ZLUH� )XUWKHUPRUH�
WKH DPRXQW RI $%6 XVHG VKRXOG EH UHGXFHG WR GHFUHDVH WKH LQIOXHQFH RQ WKH UDGLDWLRQ SDWWHUQ�
$QRWKHU RSWLRQ ZRXOG EH WR FRQVLGHU GLIIHUHQW PDWHULDOV �H�J� 7HIORQ� DV WKH VXSSRUW VWUXFWXUH
PDWHULDO� 5HPDQXIDFWXULQJ WKH DQWHQQD VKRXOG OHDG WR DQ LPSURYHPHQW LQ SHUIRUPDQFH DV LW ZLOO
EH FORVHU WR WKH RSWLPLVHG UDGLDWLRQ SDWWHUQ�

� 5HGXFH ORVVHV /�QHWZRUN� 7KH ORVVHV LQ WKH /�QHWZRUN DUH SUHGLFWHG WR KDYH D ODUJH LQIOXHQFH
RQ WKH DQWHQQD JDLQ �L�H� XSZDUGV RI � G%�� DV H[SODLQHG LQ VHFWLRQ ������ 7KH ORVVHV LQ WKH /�
QHWZRUN FDQ EH PLWLJDWHG XVLQJ FRPSRQHQWV ZLWK OHVV LQWHUQDO UHVLVWDQFH� ,W ZRXOG EH VXJJHVWHG
WR XVH 60' FRPSRQHQWV DQG DFFRPPRGDWH WKH /�QHWZRUN RQ D SULQWHG FLUFXLW ERDUG�

� 3RVLWLRQ /�QHWZRUN� 7KH SRVLWLRQ RI WKH /�QHWZRUN RQ WKH WRSVLGH RI WKH DQWHQQD JURXQG SODQH
GLVWXUEV WKH DQWHQQD UDGLDWLRQ SDWWHUQ� 7KXV WKH LQWHQGHG SHUIRUPDQFH RI WKH V\VWHP LV DIIHFWHG�
,W LV VXJJHVWHG WR UHORFDWH WKH /�QHWZRUN WR WKH ERWWRP VLGH RI WKH JURXQG SODQH�

� 'XSOH[HU� &XUUHQWO\� WKH /�QHWZRUN LV RQO\ FDSDEOH RI DGMXVWLQJ WKH LPSHGDQFH IRU D VLQJOH IUH�
TXHQF\� LQ WKLV FDVH WKH GRZQOLQN IUHTXHQF\� 7KH XSOLQN IUHTXHQF\ GLIIHUV IURP WKH GRZQOLQN
IUHTXHQF\� 7KHUHIRUH� XSOLQN WR %ULN�,, LV FXUUHQWO\ QRW SRVVLEOH� 7KXV LW LV VXJJHVWHG WR LQVWDOO D
GXSOH[HU DV WKLV ZLOO HQDEOH ELGLUHFWLRQDO FRPPXQLFDWLRQ XVLQJ D VLQJOH FRQQHFWLRQ� 7KHUHIRUH WKH
LPSHGDQFH IRU ERWK WKH XSOLQN DQG GRZQOLQN IUHTXHQF\ FDQ EH PDWFKHG�

7KH QH[W SDUW RI WKH UHFRPPHQGDWLRQV DUH WKH WHVWV WKDW VKRXOG EH FRQGXFWHG WR UHDFK WKH REMHFWLYH�
7KH DIRUHPHQWLRQHG KDUGZDUH FKDQJHV VKRXOG EH LPSOHPHQWHG EHIRUH GRLQJ WKH UHFRPPHQGHG PHD�
VXUHPHQWV� 2WKHUZLVH WKH PHDVXUHPHQW DQG WKHLU DVVRFLDWHG FRQFOXVLRQ DUH QRW YDOLG�

� 5DGLDWLRQ SDWWHUQ� 7KH UDGLDWLRQ SDWWHUQ PHDVXUHPHQW \LHOGHG LQFRQFOXVLYH UHVXOWV� 6LQFH WKH
UDGLDWLRQ SDWWHUQ LV RI JUHDW LPSRUWDQFH WR WKH SHUIRUPDQFH RI WKH V\VWHP� LW VKRXOG EH FKDUDF�
WHULVHG LQ PRUH GHWDLO� 7KH EHVW ZD\ WR PHDVXUH WKH UDGLDWLRQ SDWWHUQ LV E\ XVLQJ DQ DQHFKRLF
FKDPEHU� %HFDXVH RI WKH VLJQDO GDPSHQLQJ PDWHULDO UHIOHFWLRQV DUH UHGXFHG� VSHFLILFDOO\ JURXQG
UHIOHFWLRQV� )XUWKHUPRUH� LQ WKH FRQGXFWHG UDGLDWLRQ SDWWHUQ PHDVXUHPHQWV WKH SDWWHUQ ZDV PHD�
VXUHG ZLWK VWHSV RI ��� LQ HOHYDWLRQ� DQG ��� LQ D]LPXWK� 8VLQJ VPDOOHU VWHS VL]HV VKRXOG \LHOG
EHWWHU LQVLJKW LQWR WKH UDGLDWLRQ SDWWHUQ� 6LQFH WKHVH IDFLOLWLHV DUH GHVLJQHG IRU DFFXUDWH DQWHQQD
JDLQ PHDVXUHPHQWV� WKH HTXLSPHQW XVHG LV VSHFLILFDOO\ PDGH IRU WKLV WDVN� 6R WKH GHYLDWLRQ GXH
WR PHDVXUHPHQW HTXLSPHQW LQDFFXUDF\ LV ORZHU� :LWK WKH PHDVXUHG UDGLDWLRQ SDWWHUQ D SUHGLF�
WLRQ FDQ EH PDGH RQ WKH FRPPXQLFDWLRQ FDSDELOLWLHV RI WKH V\VWHP� )XUWKHUPRUH� WKH 0$7/$%
VLPXODWLRQ XVHG WR RSWLPLVH WKH DQWHQQD GHVLJQ FDQ EH YHULILHG�



�� �� &RQFOXVLRQ DQG 5HFRPPHQGDWLRQV

� &RPPXQLFDWLRQ ZLWK VDWHOOLWH� 7KH VWUHQJWK RI WKH VLJQDO UHFHLYHG IURP WKH VDWHOOLWH VKRXOG EH
PHDVXUHG� $V GLVFXVVHG GXULQJ LQ VHFWLRQ ����� D /1$ VKRXOG EH LPSOHPHQWHG� 7KH UHFHLYHG
VLJQDO VWUHQJWK FDQ EH FRPSDUHG WR WKH H[SHFWHG VLJQDO VWUHQJWK FDOFXODWHG E\ WKH VLPXODWLRQ WRRO�
,I WKH VLJQDO VWUHQJWK FRUUHVSRQGV WR WKH SUHGLFWHG YDOXH� WKH DVVXPSWLRQ FDQ EH PDGH WKDW WKH
WRRO SURYLGHV DQ DFFXUDWH VLPXODWLRQ RI UHDOLW\�

� $VVHPEOHG V\VWHP FRPPXQLFDWLRQ ZLWK VDWHOOLWH� $IWHU WKH DIRUHPHQWLRQHG YDOLGDWLRQ WHVWV�
WKH VXEPDULQH DQWHQQD VKRXOG EH FRPELQHG ZLWK WKH 556 KDUGZDUH� 7KH DVVHPEOHG V\VWHP
VKRXOG EH VXEMHFWHG WR IXOO V\VWHP IXQFWLRQDOLW\ WHVWV� 7KH PDLQ JRDO LV WR FKDUDFWHULVH WKH FRP�
PXQLFDWLRQ FDSDELOLWLHV RI WKH VXEPDULQH V\VWHP ZLWK WKH 6)3� 7KLV VKRXOG EH GRQH E\ WHVWLQJ XS
DQG GRZQOLQN GDWD WKURXJKSXW IRU GLIIHUHQW SDVVHV� 7KH RSHUDWLRQDO GHSOR\DELOLW\ VKRXOG EH YDOL�
GDWHG EDVHG RQ RI WKH VHW UHTXLUHPHQWV� )XUWKHUPRUH WKH WHVW VKRXOG KHOS LGHQWLI\ WKH OLPLWDWLRQV
RI WKH V\VWHP�



$SSHQGL[ �

7DEOH ���� 6\VWHP UHTXLUHPHQWV SURWRW\SH

��
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>�@ (WWXV 5HVHDUFK � 8653 %���PLQL�L� (WWXV 5HVHDUFK�
KWWSV���ZZZ�HWWXV�FRP�DOO�SURGXFWV�XVUS�E���PLQL�L�� 9LVLWHG� �����������

>�@ 9%: DQG 9%: $YHUDJLQJ� .H\VLJKW 7HFKQRORJLHV�
KWWSV���UIPZ�HP�NH\VLJKW�FRP�ZLUHOHVV�KHOSILOHV������E�ZHEKHOS�VXEV\VWHPV�3RZHU6SHFWUXP
�&RQWHQW�SVB9%:�KWP� 9LVLWHG� �����������

>�@ 0RQLWRULQJ 5HFHLYHU 0LOLWDU\ DQG FLYLO PRQLWRULQJ IURP � N+] WR � *+] ,78�FRPSOLDQW
PHDVXUHPHQWV� � 5KRGH 	 6FKZDU]�
KWWSV���ZZZ�YDOXHWURQLFV�FRP�SXE�PHGLD�YWL�GDWDVKHHWV�5RKGH���DQG���6FKZDU]���(60%�SGI� 9LV�
LWHG� �����������

>�@ 60$���$ 6LJQDO *HQHUDWRU 6SHFLILFDWLRQV� � 5KRGH 	 6FKZDU]� KWWSV���VFGQ�URKGH�
VFKZDU]�FRP�XU�SZV�GOBGRZQORDGV�GOBFRPPRQBOLEUDU\�GOBEURFKXUHVBDQGBGDWDVKHHWV�SGIB��60$���$BGDW�
VZBHQB������������BY�����SGI� 9LVLWHG� �����������

>�@ 6DWHOOLWH (JJEHDWHU $QWHQQD� ��FP EDQG 0� (E�����UN��FP� +DP 5DGLR $QWHQQD� KWWSV���KDP�
UDGLR�DQWHQQD�QHW�VDWHOOLWHBHJJEHDWHUBDQWWHQDB��FPBEDQGBP�BHEB���BUN��FP�KWP�
9LVLWHG� �����������

>�@ 0X5DWD &DSDFLWRU 'DWD 6KHHW� � 0XUDWD 0DQXIDFWXULQJ�
KWWSV���ZZZ�IDUQHOO�FRP�GDWDVKHHWV���������SGI� 9LVLWHG� �����������

>�@ /4:��&1��1-��' � 0X5DWD � :LUHZRXQG ,QGXFWRU� � )DUQHOO�
KWWSV���QO�IDUQHOO�FRP�PXUDWD�OTZ��FQ��QM��G�LQGXFWRU���QK���
FKRNH�GS��������"VW PXUDWD���UI���FRXO�����QK� 9LVLWHG� �����������

>�@ )39 ���* ��GEL 5+&3 3RODUL]DWLRQ +HOLFDO $QWHQQD� 2IYHQGH�
KWWSV���ZZZ�IYHQGHGRU�WRS�LQGH[�SKS"PDLQBSDJH SURGXFWBLQIR	SURGXFWVBLG �������
9LVLWHG� �����������

>�@ 7HFKQLFDO &RQVLGHUDWLRQV IRU (QDEOLQJ D 1$72�&HQWULF 6SDFH 'RPDLQ &RPPRQ 2SHUDWLQJ
3LFWXUH �&23�� 1257+ $7/$17,& 75($7< 25*$1,=$7,21 672 7(&+1,&$/ 5(3257�

>��@ &KDVVLVGHHO 1 �IHPDOH� PHW IOHQV� $PDWHXU5DGLR6KRS�QO�
KWWSV���ZZZ�DPDWHXUUDGLRVKRS�QO�ZHEVKRS�FRQQHFWRUHQ�UI�FRQQHFWRUHQ�HQ�
DGDSWHUV�GHWDLO�����FKDVVLVGHHO�Q�IHPDOH�PHW�IOHQV�KWPO� 9LVLWHG� �����������

>��@ 0DWHULDO 6HOHFWLRQ ,Q 5DGRPHV 'HVLJQ 	 3URSHUWLHV� 3RO\ )OXRUR /7'�
KWWSV���SRO\IOXRUROWG�FRP�EORJ�SRO\PHU�UDGRPHV�UDGDU�HQFORVXUHV�� 9LVLWHG� �����������

>��@ 9ORRWHHQKHGHQ� 0LQLVWHU\ 2I 'HIHQVH�
KWWSV���ZZZ�GHIHQVLH�QO�RUJDQLVDWLH�PDULQH�HHQKHGHQ�VFKHSHQ� 9LVLWHG� ���������� �

>��@ 2QGHU]HHERWHQ� 0LQLVWHU\ 2I 'HIHQVH�
KWWSV���ZZZ�GHIHQVLH�QO�RQGHUZHUSHQ�PDWHULHHO�VFKHSHQ�RQGHU]HHERWHQ� 9LVLWHG� ���������� �

>��@ (YHU\WKLQJ <RX 1HHG 7R .QRZ $ERXW (OHFWULFDO ,QVXODWLRQ 7DSH� 56 &RPSRQHQWV %�9�
KWWSV���QO�UV�RQOLQH�FRP�ZHE�JHQHUDO'LVSOD\�KWPO"LG LGHDV�DQG�DGYLFH�HOHFWULFDO�LQVXODWLRQ�WDSH�
JXLGH� 9LVLWHG� �����������

>��@ 9LVKD\ 9DULDEOH 7ULPPHU &DSDFLWRU � ĺ ��S) ���9 GF 37)(� 56 &RPSRQHQWV�
KWWSV���QO�UV�RQOLQH�FRP�ZHE�S�YDULDEOH�WULPPHU�FDSDFLWRUV��������� 9LVLWHG� �����������

��
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>��@ $SSOLFDWLRQ RI SURSDJDWLRQ SUHGLFWLRQV WR (DUWK�VSDFH WHOHFRPPXQLFDWLRQV V\VWHP GHVLJQ�
3URSDJDWLRQ (IIHFWV +DQGERRN IRU 6DWHOOLWH 6\VWHPV 'HVLJQ� ����� 1DWLRQDO $HURQDXWLFV DQG
6SDFH $GPLQLVWUDWLRQ� &KDSWHU ��

>��@ /DWLWXGH� /RQJLWXGH DQG &RRUGLQDWH 6\VWHP *ULGV� ����� *,6*HRJUDSK\�
KWWSV���JLVJHRJUDSK\�FRP�ODWLWXGH�ORQJLWXGH�FRRUGLQDWHV�� 9LVLWHG� �����������

>��@ 7DF6DW�� �7DFWLFDO 6DWHOOLWH���� ����� (XURSHDQ 6SDFH $JHQF\�
KWWSV���HDUWK�HVD�LQW�ZHE�HRSRUWDO�VDWHOOLWH�PLVVLRQV�W�WDFVDW��� 9LVLWHG� �����������

>��@ *URQGVODJHQ YDQ KHW PDULWLHPH RSWUHGHQ� ����� 0LQLVWU\ 2I 'HIHQVH�
KWWSV���ZZZ�GHIHQVLH�QO�ELQDULHV�GHIHQVLH�GRFXPHQWHQ�SXEOLFDWLHV������������JURQGVODJHQ�YDQ�
KHW�PDULWLHPH�RSWUHGHQ�QHGHUODQGVH�PDULWLHPPLOLWDLUH�GRFWULQH�*02�GLJLWDDO�SGI� 9LVLWHG�
�����������

>��@ 9HUNHQQHU RQGHUZDWHU� +HW EHODQJ YDQ GH RQGHU]HHERRW DOV LQOLFKWLQJHQVHQVRU� ����� 0LOLWDLUH
6SHFWDWRU� KWWSV���ZZZ�PLOLWDLUHVSHFWDWRU�QO�WKHPD�RSHUDWLHV�DUWLNHO�YHUNHQQHU�RQGHUZDWHU�
9LVLWHG� �����������

>��@ 0LQLVWHU YDQ 'HIHQVLH� ����� 0LQLVWHULH YDQ 'HIHQVLH�
KWWSV���ZZZ�GHIHQVLH�QO�RUJDQLVDWLH�EHVWXXUVVWDI�PLQLVWHU� 9LVLWHG� �����������

>��@ /LVW RI 9/)�WUDQVPLWWHUV� ����� 0LOLWDU\�+LVWRU\�
KWWSV���PLOLWDU\�ZLNLD�RUJ�ZLNL�/LVW�RI�9/)�WUDQVPLWWHUV� 9LVLWHG� �����������

>��@ 0LVVLRQ 7XEXODU %HOOV� 3DUW 2QH� ����� 9LUJLQ 2UELW�
KWWSV���YLUJLQRUELW�FRP�WXEXODU�EHOOV���� 9LVLWHG� �����������

>��@ $DQWDOOHQ SHUVRQHHO� ����� 0LQLVWHULH YDQ 'HIHQVLH�
KWWSV���ZZZ�GHIHQVLH�QO�RQGHUZHUSHQ�RYHUGHIHQVLH�KHW�YHUKDDO�YDQ�GHIHQVLH�DDQWDOOHQ�
SHUVRQHHO� 9LVLWHG� �����������

>��@ 6KHULI +� $EGHOKDOHP� 3UDVDG 6� *XGHP� DQG /DZUHQFH (� /DUVRQ� 7XQDEOH &026 LQWHJUDWHG
GXSOH[HU ZLWK DQWHQQD LPSHGDQFH WUDFNLQJ DQG KLJK LVRODWLRQ LQ WKH WUDQVPLW DQG UHFHLYH EDQGV�
,((( 7UDQVDFWLRQV RQ 0LFURZDYH 7KHRU\ DQG 7HFKQLTXHV� �������±����� ����� ,661
��������� GRL� ��������7077��������������

>��@ *�3� %RXWHQ� /LWHUDWXUH 6WXG\ 5R\DO 1HWKHUODQGV $LU )RUFH 6HFWLRQ 6SDFH� ����� 78 'HOIW�

>��@ 6&&&²6800$5< 2) '(),1,7,21 $1' 3(5)250$1&(� &RQVXOWDWLYH &RPPLWWHH IRU
6SDFH 'DWD 6\VWHPV� :DVKLQJWRQ� '&� 86$� FFVGV �������J�� HGLWLRQ� ����� &&6'6
6HFUHWDULDW� 1DWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ�

>��@ 'DPRQ 'H/XFD� 6*3� 2UELW 3URSDJDWRU ZLWK *8,� ����� 0DWK:RUNV )LOH ([KDQJH�
KWWSV���ZZZ�PDWKZRUNV�FRP�PDWODEFHQWUDO�ILOHH[FKDQJH�������VJS��RUELW�SURSDJDWRU�ZLWK�JXL�
9LVLWHG� �����������

>��@ .LUXWKLND 'HYDUDM� 0DWW /LJRQ� (ULF %ORVVRP� -RVHSK %UHX� %U\DQ .ORIDV� .\OH &ROWRQ� DQG 5\DQ
.LQJVEXU\� 3ODQHW +LJK 6SHHG 5DGLR� &URVVLQJ *ESV IURP D �8 &XEH6DW� 6PDOO 6DWHOOLWH
&RQIHUHQFH� � ����� KWWSV���GLJLWDOFRPPRQV�XVX�HGX�VPDOOVDW������DOO���������

>��@ 6�:� (OOLQJVRQ� 5� %URZGHU� DQG $� :DO]� (OHFWURPDJQHWLFV� 9ROXPH �� 9LUJLQLD 7HFK 8QLYHUVLW\
/LEUDULHV� ����� ,6%1 ��������������

>��@ (� (� :HDYHU (� )� 'XII\ )� /� &DLQ� %� -� &RZQ� ())(&76 2) 1($5�),(/' 2%67$&/(6 21
)$5�),(/' $17(11$ 3(5)250$1&( &+$5$&7(5,67,&6� ����� GRL�
��������,6(0&��������������

>��@ 8QLWHG 6WDWHV 6SDFH )RUFH� $ERXW WKH 8QLWHV 6WDWHV 6SDFH )RUFH� �����
KWWSV���ZZZ�VSDFHIRUFH�PLO�$ERXW�8V�$ERXW�6SDFH�)RUFH�� 9LVLWHG� �����������



%LEOLRJUDSK\ ��

>��@ /�(� )UHQ]HO� +2: 3+$6(' $55$< $17(11$6 :25.� ����� 1XWV DQG 9ROWV�
KWWSV���ZZZ�QXWVYROWV�FRP�PDJD]LQH�DUWLFOH�KRZ�SKDVHG�DUUD\�DQWHQQDV�ZRUN� 9LVLWHG�
�����������

>��@ &� )XFKV� &� 6FKPLGW� )� 0ROO� 'LUN *LJJHQEDFK� DQG $� 6KUHVWKD� 6\VWHP DVSHFWV RI RSWLFDO
/(2�WR�JURXQG OLQNV� 63,(� ������������1� � ����� ,661 �������;� GRL�
�������������������

>��@ 1DWKDQ *DLQ� /DWHVW 8SGDWH 2Q 7KH 1HWKHUODQGV¶ :DOUXV�&ODVV 6XEPDULQH 5HSODFHPHQW
3URJUDP� ����� 1DYHO1HZV� KWWSV���ZZZ�QDYDOQHZV�FRP�QDYDO�QHZV���������ODWHVW�XSGDWH�RQ�
WKH�QHWKHUODQGV�ZDOUXV�FODVV�VXEPDULQH�UHSODFHPHQW�SURJUDP�� 9LVLWHG� �����������

>��@ 9�.� *DUJ� :LUHOHVV &RPPXQLFDWLRQ 	 1HWZRUNLQJ� (OVHYLHU ,QF� �����

>��@ $� *ROGVPLWK� :LUHOHVV &RPPXQLFDWLRQ� &DPEULGJH 8QLYHUVLW\ 3UHVV� ILUVW HGLWLRQ� ����� ,6%1
��������������

>��@ 'U� $QLWKD *RYLQG� $QWHQQD ,PSHGDQFH 0DWFKLQJ ± 6LPSOLILHG� $EUDFRQ�
KWWSV���DEUDFRQ�FRP�XSORDGV�UHVRXUFHV�$EUDFRQ�:KLWH�3DSHU�$QWHQQD�,PSHGDQFH�
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