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, *OREDO /RRSEDFNï:KHQ /RZñ DOO SRUWV DUH IRUFHG WR LQWHUQDO ORRSEDFNñ GLVDEOLQJ
FROOLVLRQ DQG WKH WUDQVPLVVLRQ RI ERWK GDWD DQG OLQN SXOVHVï :KHQ +LJKñ WKH ORRSEDFN
IXQFWLRQ LV FRQWUROOHG RQ D SHU SRUW EDVLV XVLQJ /('7ì ð éî/%.ì ð éï

æç '64(
õJOREDOô

, 64( 'LVDEOHï:KHQ WKLV SLQ LV SXOOHG +LJKñ WKH 64( IXQFWLRQ LV GLVDEOHGï :KHQ WKLV
SLQ LV GULYHQ /RZ RU IORDWHGñ WKH 64( IXQFWLRQ LV HQDEOHGï 7KLV SLQ FRQWUROV WKH 64(
IXQFWLRQ IRU DOO IRXU 73 SRUWVï

ææ 3:'1
õJOREDOô

, 3RZHU 'RZQï:KHQ GULYHQ +LJK WKH /;7äéé HQWHUV SRZHU GRZQ VWDWH ZLWK DOO RXWð
SXWV WUL¤VWDWHGï :KHQ /RZ WKH /;7äéé LV LQ RSHUDWLRQDO PRGHï
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/;7äéé 3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV

7DEOH éã 6WDWXV ,QGLFDWLRQ 6LJQDO 'HVFULSWLRQV

3LQ 6\PERO ,î2 'HVFULSWLRQ

ëå
êç
éé
èë

/,1.ì
/,1.ë
/,1.ê
/,1.é

2
2
2
2

/LQN 6WDWXV õSRUWV ì¤éôï 7KHVH IRXU VLJQDOV LQGLFDWH OLQN VWDWXV IRU HDFK SRUWã
/RZ  OLQN WHVW SDVVï
+LJK  OLQN WHVW IDLOï

7KH OLQN VWDWXV LV YDOLG IRU ERWK KDOI DQG IXOO GXSOH[ PRGHVï

æè /('&)1
õJOREDOô

, /('&)XQFWLRQ6HOHFWï:KHQ GULYHQ /RZRU IORDWHGñ WKH /('&ì¤éî)'(ì¤é SLQV DUH
ELGLUHFWLRQDOï :KHQ GULYHQ +LJK WKH /('&ì¤éî)'(ì¤é SLQV DUH 77/ LQSXWV RQO\ï

ìæ
ëë
èä
çé

/('&ìî)'(ì
/('&ëî)'(ë
/('&êî)'(ê
/('&éî)'(é

,î2
,î2
,î2
,î2

&ROOLVLRQ /(' GULYHUV õSRUWV ì¤éôï 2SHQ GUDLQ GULYHUV IRU WKH FROOLVLRQ LQGLFDWRUVï
7KH RXWSXW LV SXOOHG /RZ DQG WKH SXOVH LV H[WHQGHG IRU ìííPV WR LQGLFDWH FROOLVLRQï

)XOO 'XSOH[ (QDEOH õSRUWV ì¤éôï ,I ([WHUQDOO\ WLHG /RZñ WKH UHVSHFWLYH SRUW LV IRUFHG
LQWR )XOO 'XSOH[ 0RGHï
7KHVH SLQV DUH LQWHUQDOO\ SXOOHG XSï

ìè
ëí
èæ
çë

/('7ìî/%.ì
/('7ëî/%.ë
/('7êî/%.ê
/('7éî/%.é

,î2
,î2
,î2
,î2

7UDQVPLW/('GULYHUV õSRUWVì¤éôï2SHQGUDLQGULYHUV IRU WKH WUDQVPLW LQGLFDWRUVï7KH
RXWSXW LV SXOOHG /RZ DQG WKH SXOVH LV H[WHQGHG IRU ìííPV WR LQGLFDWH WUDQVPLW DFWLYLW\ï

/RRSEDFN õSRUWV ì¤éôï ,I ([WHUQDOO\ WLHG /RZñ WKH UHVSHFWLYH SRUW LV IRUFHG WR ,QWHUð
QDO /RRSEDFNñ GLVDEOLQJ FROOLVLRQ GHWHFWLRQ DQG WKH WUDQVPLVVLRQ RI ERWK GDWD DQG
OLQN SXOVHVï 6HH /223%. SLQ æéï
7KHVH SLQV DUH LQWHUQDOO\ SXOOHG XSï

ìç
ëì
èå
çê

/('5ì
/('5ë
/('5ê
/('5é

2
2
2
2

5HFHLYH /(' GULYHUV õSRUWV ì¤éôï2SHQ GUDLQ GULYHUV IRU WKH UHFHLYH LQGLFDWRUVï 7KH
RXWSXW LV SXOOHG /RZ DQG WKH SXOVH LV H[WHQGHG IRU ìíí PV WR LQGLFDWH UHFHLYH DFWLYLW\ï

ìå
ëê
çí
çè

/('/ì
/('/ë
/('/ê
/('/é

2
2
2
2

/LQN /(' GULYHUV õSRUWV ì¤éôï 7KHVH WUL¤OHYHO /(' GULYHUV LQGLFDWH /LQN VWDWXV IRU
HDFK SRUWï 7KH RXWSXWV DUH SXOOHG /RZ WR LQGLFDWH KDOI GXSOH[ OLQN SDVV VWDWHï 7KH
RXWSXWV DUH GULYHQ +LJK WR LQGLFDWH IXOO GXSOH[ OLQN SDVV VWDWHï :KHQ LQ OLQN IDLO VWDWH
WKH GULYHU LV WUL¤VWDWHGï
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7DEOH çã 3RZHU DQG *URXQG 6LJQDO 'HVFULSWLRQV

7DEOH èã 0LVFHOODQHRXV 6LJQDO 'HVFULSWLRQV

æå 7(67 , 7HVWï )DFWRU\ XVH RQO\ï 7KLV SLQ PXVW EH WLHG WR JURXQGï

ëé 6<6&/. , 6\VWHP &ORFNï $ ëí 0+] FORFN LQSXW LV UHTXLUHG DW WKLV SLQï

ì
ë
æä
åí
åì
åë
åê
åé
äå
ää
ìíí

1&ì
1&ë
1&ê
1&é
1&è
1&ç
1&æ
1&å
1&ä
1&ìí
1&ìì

¤
¤
¤
¤
¤
¤
¤
¤
¤
¤
¤

1R &RQQHFWVï 7KHVH SLQV PXVW EH OHIW XQFRQQHFWHGï

3LQ 6\PERO ,î2 'HVFULSWLRQ

ìì
ìë
êê
éä
æí
æì
åå
äé

9&& ¤ 3RZHU ,QSXWï 7KHVH SLQV DUH WR EH FRQQHFWHG WR WKH SRZHU VXSSO\ õòè YROWVô

ìê
ìé
ìä
éì
çì
çç
çæ
çä
åè
äì
äæ

*1' ¤ *URXQGï 7KHVH SLQV DUH WR EH FRQQHFWHG WR WKH JURXQG SODQHï

çå 5%,$6 , %LDVï %LDV FXUUHQW IRU LQWHUQDO FLUFXLWU\ï 7KLV SLQ VKRXOG EH FRQQHFWHG WR JURXQG
WKURXJK DQ H[WHUQDO æïè NΩ ìø UHVLVWRUï
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/;7äéé )XQFWLRQDO 'HVFULSWLRQ

/;7äéé )81&7,21$/'(6&5,37,21

,QWURGXFWLRQ
7KH/;7äéé4XDG(WKHUQHW 7UDQVFHLYHU SHUIRUPV WKH SK\Vð
LFDO OD\HU VLJQDOLQJ õ3/6ô DQG 0HGLD $WWDFKPHQW 8QLW
õ0$8ô IXQFWLRQV DV GHILQHG E\ WKH ,((( åíëïê VSHFLILFDð
WLRQï ,W IXQFWLRQV DV DQ LQWHJUDWHG 3/6î0$8 IRU XVH ZLWK
IRXU ìí%$6(ð7 WZLVWHGðSDLU QHWZRUNVï

7KH /;7äéé LQWHUIDFHV EHWZHHQ WKH0HGLD$FFHVV &RQWUROð
OHU õIRXU VLQJOHV RU RQH 4XDG 0$&ô DQG IRXU WZLVWHGðSDLU
õ73ô FDEOHVï 7KH 0$& LQWHUIDFH LQFOXGHV WUDQVPLW DQG
UHFHLYH FORFN DQG 15= GDWD FKDQQHOVñ DV ZHOO DV PRGH FRQð
WURO ORJLF DQG VLJQDOLQJï 7KH WZLVWHGðSDLU LQWHUIDFHV LQFOXGH
7ZLVWHGð3DLU ,QSXW õ73,�ô DQG7ZLVWHGð3DLU 2XWSXW õ732�ô
SDLUVï ,Q DGGLWLRQ WR WKH WZR EDVLF LQWHUIDFHVñ WKH /;7äéé
KDV D ëí 0+] V\VWHP FORFN LQSXWâ D VLQJOH ìí 0+] 7&/.
RXWSXW WR DOO IRXU FRQWUROOHUVâ /(' GULYHUV IRU &ROOLVLRQñ
5HFHLYHñ 7UDQVPLWñ DQG /LQN 6WDWXV RI HDFK SRUWâ LQGHSHQð
GHQW RU JOREDO LQWHUQDO ORRSEDFNâ IXOO GXSOH[ RSHUDWLRQ RQ D
SHU SRUW EDVLVâ DQG IRXU 77/ OLQN VWDWXV RXWSXWVï

/;7äéé IXQFWLRQV DUH GHILQHG IURP WKH EDFN HQG FRQWUROOHU
VLGH RI WKH LQWHUIDFHï 7KH /;7äéé 7UDQVPLW IXQFWLRQ UHIHUV
WR GDWD WUDQVPLWWHGE\ WKH EDFN HQGFRQWUROOHUV WR WKH WZLVWHGð
SDLU QHWZRUNï7KH/;7äéé UHFHLYH IXQFWLRQ UHIHUV WR WKHGDWD
UHFHLYHG E\ WKH EDFN HQG FRQWUROOHUV IURP WKH WZLVWHGðSDLU
QHWZRUNVï 7KH /;7äéé SHUIRUPV DOO UHTXLUHG 0$8 IXQFð
WLRQV GHILQHG E\ WKH ,((( åíëïê ìí%$6(ð7 VSHFLILFDWLRQ
VXFK DVFROOLVLRQGHWHFWLRQñ OLQN LQWHJULW\ WHVWLQJñ VLJQDO TXDOð
LW\ HUURU PHVVDJLQJñ MDEEHU FRQWURO DQG ORRSEDFNï

&RQWUROOHU &RPSDWLELOLW\0RGHV
7KH /;7äéé LV FRPSDWLEOH ZLWK PRVW LQGXVWU\ VWDQGDUG
FRQWUROOHUV LQFOXGLQJ GHYLFHV SURGXFHG E\ $GYDQFHG0LFUR

'HYLFHV õ$0'ôñ )XMLWVXñ ,QWHOñ 0RWRURODñ 1DWLRQDO 6HPLð
FRQGXFWRUñ 6HHT DQG 7H[DV ,QVWUXPHQWVï

127(

5HIHU WR /HYHO 2QH $SSOLFDWLRQ 1RWH èì ZKHQ
GHVLJQLQJ ZLWK ,QWHO FRQWUROOHUVï 1RWH WKDW 6HHT
FRQWUROOHUV UHTXLUH LQYHUWHUV RQ WKH IROORZLQJ
VLJQDOVã 6<6&/.ñ /%.ìðéñ 5&/.ìðé DQG

&2/ìðéï

)RXU GLIIHUHQW FRQWURO VLJQDO WLPLQJ DQG SRODULW\ VFKHPHV
õPRGHV ì WKURXJK éô DUH UHTXLUHG WR DFKLHYH WKLV FRPSDWLð
ELOLW\ï 7KH 0RGH VHOHFW SLQV õ0'ì ÷ 0'íô GHWHUPLQH WKH
FRQWUROOHU FRPSDWLELOLW\ PRGH DV OLVWHG LQ 7DEOH æï &RQWUROð
OHU FRPSDWLELOLW\ PRGH LV VHOHFWHG JOREDOO\ï (DFK RI WKH
IRXU LQGHSHQGHQW FRQWUROOHU LQSXWV õRQH SHU SRUWô LV FRQILJð
XUHG WR RSHUDWH LQ WKH VDPH PRGHï 7KH XVHU PXVW VHOHFW D
VLQJOH FRQWUROOHU RSHUDWLQJ PRGH IRU DOO IRXU SRUWVï 5HIHU WR
WKH 7HVW 6SHFLILFDWLRQ VHFWLRQ IRU WKH WLPLQJ SDUDPHWHUVï

7UDQVPLW )XQFWLRQ
7KH /;7äéé UHFHLYHV 15= GDWD IURP WKH FRQWUROOHU DW WKH
7;' LQSXW õDV VKRZQ LQ WKH EORFN GLDJUDP RQ WKH ILUVW SDJH
RI WKH GDWD VKHHWô DQG SDVVHV LW WKURXJK D 0DQFKHVWHU
HQFRGHUï 7KH HQFRGHU GDWD LV WKHQ WUDQVIHUUHG WR WKH
WZLVWHGðSDLU QHWZRUN õWKH IRXU 732 FLUFXLWVôï 7KH DGYDQFHG
LQWHJUDWHG SXOVH VKDSLQJ DQG ILOWHULQJ QHWZRUN SURGXFHV WKH
RXWSXW VLJQDO RQ 7321[ DQG 7323[ñ VKRZQ LQ )LJXUH ëï
7KH 732 RXWSXW LV SUHðGLVWRUWHG DQG SUHðILOWHUHG WR PHHW WKH
ìí%$6(ð7 MLWWHU WHPSODWHï $Q LQWHUQDOñ FRQWLQXRXVñ UHVLVð
WRUðFDSDFLWRU ILOWHU UHPRYHV KLJK IUHTXHQF\ FORFNLQJ QRLVH
IURP WKH SXOVH VKDSLQJ FLUFXLWU\ï ,QWHJUDWHG ILOWHUV VLPSOLI\
WKH GHVLJQ ZRUN UHTXLUHG IRU )&& FRPSOLDQW (0, SHUIRUð
PDQFHï 'XULQJ LGOH SHULRGV WKH /;7äéé WUDQVPLWV OLQN
LQWHJULW\ WHVW SXOVHV RQ WKH 732[ FLUFXLWV õLI WKH /RRSEDFN
IXQFWLRQ LV GLVDEOHGôï

7DEOH æã &RQWUROOHU &RPSDWLELOLW\ 0RGHV

(WKHUQHW &RQWUROOHUV 6XSSRUWHG 0RGH 0'ì 0'í

$GYDQFHG 0LFUR 'HYLFHV $0æääíñ 0RWRUROD çå(1êçíñ 03&åçí DQG FRPSDWLEOH
FRQWUROOHUV

0RGH ì /RZ /RZ

,QWHO åëèäç DQG FRPSDWLEOH FRQWUROOHUVì 0RGH ë /RZ +LJK

)XMLWVX 0%åçäèíñ 0%åçäçíñ 6HHT åííèñ DQG FRPSDWLEOH FRQWUROOHUVë 0RGH ê +LJK /RZ

1DWLRQDO 6HPLFRQGXFWRU åêäíñ 7H[DV ,QVWUXPHQWV 706êåí&ëçñ DQG FRPSDWLEOH FRQð
WUROOHUV

0RGH é +LJK +LJK

ìï 5HIHU WR /HYHO 2QH $SSOLFDWLRQ 1RWH èì ZKHQ GHVLJQLQJ ZLWK ,QWHO FRQWUROOHUVï
ëï 6HHT FRQWUROOHUV UHTXLUH LQYHUWHUV RQ &/.,ñ /%.ñ 5&/. DQG &2/ï
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)LJXUH ëã /;7äéé 732 2XWSXW :DYHIRUP

-DEEHU &RQWURO )XQFWLRQ
)LJXUH ê LV D VWDWH GLDJUDP RI WKH /;7äéé MDEEHU FRQWURO
IXQFWLRQ SHU SRUWï 7KH /;7äéé RQðFKLS ZDWFKGRJ WLPHU
SUHYHQWV WKH '7( IURP ORFNLQJ LQWR D FRQWLQXRXV WUDQVPLW
PRGHï :KHQ D WUDQVPLVVLRQ H[FHHGV WKH WLPH OLPLWñ WKH
ZDWFKGRJ WLPHU GLVDEOHV WKH WUDQVPLW DQG ORRSEDFN IXQFð
WLRQV DQG DFWLYDWHV WKH &2/[ SLQVï 2QFH WKH /;7äéé LV LQ
MDEEHU VWDWHñ WKH 7;' FLUFXLW PXVW UHPDLQ LGOH IRU D SHULRG
RI íïëè WR íïæè VHFRQGV EHIRUH LW ZLOO H[LW WKH MDEEHU VWDWHï

)LJXUH êã /;7äéé -DEEHU &RQWURO )XQFWLRQ

64( )XQFWLRQ
7KH /;7äéé VXSSRUWV WKH 6LJQDO 4XDOLW\ (UURU õ64(ô
IXQFWLRQ DV VKRZQ LQ )LJXUH éï $IWHU HYHU\ VXFFHVVIXO WUDQVð
PLVVLRQ RQ WKH ìí%$6(ð7 QHWZRUNñ WKH /;7äéé WUDQVPLWV
WKH 64( VLJQDO IRU ìí ELW WLPHV õ%7ô �è %7 RQ WKH &2/[
SLQV RI WKH GHYLFHï

7KH 64( IXQFWLRQ FDQ EH GLVDEOHG IRU UHSHDWHU RU VZLWFK
DSSOLFDWLRQVï :KHQ WKH '64( SLQ  +LJKñ WKH 64( IXQFð
WLRQ LV GLVDEOHGï :KHQ '64(  /RZñ WKH 64( IXQFWLRQ LV
HQDEOHGï 7KH SLQ KDV DQ LQWHUQDO SXOO GRZQ HQDEOLQJ WKH
64( IXQFWLRQ ZKHQ XQFRQQHFWHGï

)LJXUH éã 6LJQDO4XDOLW\(UURU õ64(ô)XQFWLRQ

5HFHLYH )XQFWLRQ
7KH /;7äéé UHFHLYH IXQFWLRQ DFTXLUHV WLPLQJ DQG GDWD
IURP WKH WZLVWHGðSDLU QHWZRUN õWKH 73,[ FLUFXLWVôï 9DOLG
UHFHLYH VLJQDOV DUH SDVVHG WKURXJK WKH RQðFKLS ILOWHUV DQG
0DQFKHVWHU GHFRGHU WKHQ RXWSXW DV GHFRGHG 15= GDWD
UHFHLYH WLPLQJ RQ WKH 5;' 5&/. SLQVñ UHVSHFWLYHO\ï

$Q LQWHUQDO 5& ILOWHU DQG DQ LQWHOOLJHQW VTXHOFK IXQFWLRQ
GLVFULPLQDWHV QRLVH IURP OLQN WHVW SXOVHV DQG YDOLG GDWD
VWUHDPVï 7KH UHFHLYH IXQFWLRQ LV DFWLYDWHG RQO\ E\ YDOLG
GDWD VWUHDPV DERYH WKH VTXHOFK OHYHO DQG ZLWK SURSHU WLPð
LQJï ,I WKH GLIIHUHQWLDO VLJQDOV DW WKH 73,[ FLUFXLW LQSXWV IDOO
EHORZ åèø RI WKH WKUHVKROG OHYHO õXQVTXHOFKHGô IRU å ELW
WLPHV õW\SLFDOôñ WKH /;7äéé UHFHLYH IXQFWLRQ HQWHUV WKH LGOH
VWDWHï 7KH /;7äéé DXWRPDWLFDOO\ FRUUHFWV UHYHUVHG SRODULW\
RQ WKH 73,[ FLUFXLWVï

1R 2XWSXW

1RQMDEEHU 2XWSXW

6WDUWB;0,7B0$;B7LPHU

3RZHU 2Q

'2 $FWLYH

-DE

;0,7 'LVDEOH
/3%. 'LVDEOH

&, 64(

8QMDE :DLW

6WDUWB8QMDEB7LPHU
;0,7 'LVDEOH
/3%. 'LVDEOH

&, 64(

'2 $FWLYH ∗
;0,7B0D[B7LPHUB'RQH

'2 ,GOH

'2 ,GOH

8QMDEB 7LPHUB'RQH '2 $FWLYH ∗
8QMDEB7LPHUB1RWB'RQH

2XWSXW ,GOH

2XWSXW 'HWHFWHG

3RZHU 2Q

'2 $FWLYH

64( :DLW 7HVW

6WDUWB64(B7HVWBB:DLWB7LPHU

64( 7HVW

6WDUWB64(B7HVWB7LPHU
&, 64(

64(B7HVWBB:DLWB7LPHUB'RQH ∗
;0,7 (QDEOH

'2 ,GOH

64(B7HVWB7LPHUB'RQH

;0,7 'LVDEOH
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&ROOLVLRQ 'HWHFWLRQ )XQFWLRQ
$ FROOLVLRQ LV GHILQHG DV WKH VLPXOWDQHRXV SUHVHQFH RI YDOLG
VLJQDOV RQ ERWK WKH 73,[ FLUFXLWV DQG WKH 732L[ FLUFXLWVï
7KH /;7äéé UHSRUWV FROOLVLRQV WR WKH EDFNðHQG YLD WKH
&2/[ SLQVï ,I WKH 73,[ FLUFXLWV EHFRPH DFWLYH ZKLOH WKHUH
LV DFWLYLW\ RQ WKH 732[ FLUFXLWVñ WKH 73,[ GDWD LV SDVVHG WR
WKH EDFNðHQG RYHU WKH 5;' FLUFXLWñ GLVDEOLQJ QRUPDO ORRSð
EDFNï )LJXUH è LV D VWDWH GLDJUDP RI WKH /;7äéé FROOLVLRQ
GHWHFWLRQ IXQFWLRQ SHU SRUWï

)LJXUH èã /;7äéé &ROOLVLRQ 'HWHFWLRQ 6WDWH
0DFKLQH

3RODULW\ 5HYHUVH )XQFWLRQ
7KH /;7äéé VXSSRUWV DXWR SRODULW\ GHWHFWLRQ DQG FRUUHFð
WLRQï 7KH SRODULW\ UHYHUVH IXQFWLRQ XVHV ERWK WKH OLQN SXOVHV
DQG WKH HQGðRIðIUDPH GDWD WR GHWHUPLQH SRODULW\ RI WKH
UHFHLYHG VLJQDOï $ UHYHUVHG SRODULW\ FRQGLWLRQ LV GHWHFWHG
ZKHQ HLJKW FRQVHFXWLYH RSSRVLWH UHFHLYH OLQN SXOVHV DUH
GHWHFWHGZLWKRXW UHFHLSW RI D OLQNSXOVH RI WKH H[SHFWHGSRODUð
LW\ï 5HYHUVHG SRODULW\ LV DOVR GHWHFWHG LI IRXU FRQVHFXWLYH
IUDPHV DUH UHFHLYHG ZLWK D UHYHUVHG VWDUWðRIðLGOHï :KHQHYHU
D FRUUHFWHG SRODULW\ IUDPH LV UHFHLYHGñ WKHVH WZR FRXQWHUV DUH
UHVHW WR ]HURï ,I WKH /;7äéé HQWHUV WKH OLQN IDLO VWDWH DQG QR
YDOLG GDWD RU OLQN SXOVHV DUH UHFHLYHG ZLWKLQ äç WR ìëå PVñ
WKH SRODULW\ LV UHVHW WR WKH GHIDXOW QRQðIOLSSHG FRQGLWLRQï õ,I
/LQN ,QWHJULW\ WHVWLQJ LV GLVDEOHGñ SRODULW\ GHWHFWLRQ LV EDVHG
RQO\ RQ UHFHLYH GDWDïô 3RODULW\ FRUUHFWLRQ LV DOZD\V HQDEOHGï

/RRSEDFN )XQFWLRQ
7KH /;7äéé SURYLGHV WKH QRUPDO ORRSEDFN IXQFWLRQ VSHFð
LILHG E\ WKH ìí%$6(ð7 VWDQGDUG IRU WKH WZLVWHGðSDLU SRUWñ
DV ZHOO DV D IRUFHG ORRSEDFN IXQFWLRQï 7KH ORRSEDFN IXQFð
WLRQ RSHUDWHV LQ FRQMXQFWLRQ ZLWK WKH WUDQVPLW IXQFWLRQï
'DWD WUDQVPLWWHG E\ WKH EDFNðHQG LV LQWHUQDOO\ ORRSHG EDFN
ZLWKLQ WKH /;7äéé IURP WKH 7;'[ SLQV WKURXJK WKH
0DQFKHVWHU HQFRGHUîGHFRGHU WR WKH 5;'ìðé SLQV DQG
UHWXUQHG WR WKH EDFNðHQGï 7KLV ¦QRUPDO§ ORRSEDFN IXQFWLRQ
LV GLVDEOHG ZKHQ D GDWD FROOLVLRQ RFFXUVñ FOHDULQJ WKH 5;'[
FLUFXLWV IRU WKH 73,[ GDWDï 1RUPDO ORRSEDFN LV DOVR GLVDEOHG
GXULQJ OLQN IDLOñ MDEEHUñ DQG IXOO GXSOH[ VWDWHVï /RRSEDFN LV
DOZD\V HQDEOHG GXULQJ WKH IRUFHG ORRSEDFN VWDWHï

7KH /;7äéé SURYLGHV DQ DGGLWLRQDO ORRSEDFN IXQFWLRQï
([WHUQDO ORRSEDFN PRGHñ XVHIXO IRU V\VWHPðOHYHO WHVWLQJñ
LV FRQWUROOHG E\ WKH /('&[î)'([ SLQVï :LWK ERWK /('&[î
)'([ñ DQG /('7[î/%.[ñ RU WKH JOREDO /RRSEDFN SLQV
/RZñ WKH /;7äéé GHYLFHã

� GLVDEOHV LQWHUQDO ORRSEDFN FLUFXLWV

� GLVDEOHV 64(

� GLVDEOHV WKH FROOLVLRQ GHWHFWLRQ FLUFXLWU\

� HQDEOHV IXOO GXSOH[ PRGH

7KLV DOORZV IRU H[WHUQDO ORRSEDFN WHVWLQJï 7KLV FDQ EH FRQð
WUROOHG RQ D SHU SRUW EDVLV XVLQJ WKH LQGLYLGXDO SRUW FRQWUROV
RU JOREDOO\ E\ XVLQJ WKH ¦/RRSEDFN§ SLQï

)XOO 'XSOH[ 2SHUDWLRQ
)XOO GXSOH[ RSHUDWLRQ LV HQDEOHG E\ GULYLQJ WKH /('&[î
)'([ SLQV ZLWK DQ RSHQ FROOHFWRU GULYHUï 7KH /('&)1 SLQ
ZKHQ HQDEOHG ZLOO GLVDEOH WKH FROOLVLRQ /(' GULYHU DQG
DOORZ WKH /('&[î)'([ SLQ WR EH GULYHQ E\ D 77/ GULYHU WR
HQDEOH RU GLVDEOH WKH IXOO GXSOH[ RSHUDWLRQ RI WKH 73 SRUWVï

/(' 'ULYHU )XQFWLRQV
7KH /;7äéé VXSSRUWV LQGLYLGXDO /(' GULYHUV IRU HDFK
SRUWï 3HUðSRUW /(' GULYHUV LQFOXGH OLQN õERWK KDOI ÷ IXOO
GXSOH[ôñ UHFHLYHñ WUDQVPLWñ DQG FROOLVLRQï 7KH VLJQDO SXOVH
ZLGWKV RQ DOO DFWLYLW\ RXWSXWV õUHFHLYHñ WUDQVPLWñ DQG FROOLð
VLRQô DUH D PLQLPXP RI D ìíí PV WR LQFUHDVH YLVXDO UHFRJð
QLWLRQ RI WKH /(' VWDWXVï

7KH /,1.[ VLJQDOV DUH 77/ OHYHO RXWSXWV LQGLFDWLQJ OLQN
SDVV VWDWH IRU ERWK KDOI DQG IXOO GXSOH[ RSHUDWLRQï 7KH VLJð
QDO LV DFWLYH /RZ DQG FDQ EH UHDG DV D VWDWXV ELW RU EH XVHG
WR DFWLYDWH SRUW OLQN /('Vï

,GOH

3RZHU 2Q$

&ROOLVLRQ

73í '2
', 73, ∗
&, 64(

2XWSXW

73í '2
', '2

,QSXW

', 73,

'2 $FWLYH ∗
73, ,GOH ∗
;0,7 (QDEOH

'2 $FWLYH ∗
73, $FWLYH ∗ 
;0,7 (QDEOH

$ $

'2 $FWLYH ∗
73, $FWLYH ∗
;0,7 (QDEOH

'2 $FWLYH
∗73, ,GOH

'2 ,GOH ò
;0,7 'LVDEOH

'2 ,GOH

73, ,GOH
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/;7äéé 4XDG (WKHUQHW ,QWHUIDFH $GDSWHU

/LQN ,QWHJULW\ 7HVW )XQFWLRQ
)LJXUH ç LV D VWDWH GLDJUDP RI WKH /;7äéé /LQN ,QWHJULW\
7HVW IXQFWLRQï 7KH OLQN LQWHJULW\ WHVW LV XVHG WR GHWHUPLQH
WKH VWDWXV RI WKH UHFHLYH VLGH WZLVWHGðSDLU FDEOHï /LQN
LQWHJULW\ WHVWLQJ LV DOZD\V HQDEOHG XQOHVV WKH ORRSEDFN
IXQFWLRQ LV HQDEOHG õ/%. RU /RRSEDFN  +LJKôï :KHQ
HQDEOHGñ WKH UHFHLYHU UHFRJQL]HV OLQN LQWHJULW\ SXOVHV ZKLFK

DUH WUDQVPLWWHG LQ WKH DEVHQFH RI UHFHLYH WUDIILFï ,I QR VHULDO
GDWD VWUHDP RU OLQN LQWHJULW\ SXOVHV DUH GHWHFWHG ZLWKLQ èíð
ìèí PVñ WKH GHYLFH HQWHUV D OLQN IDLO VWDWH DQG GLVDEOHV WKH
WUDQVPLW DQG QRUPDO ORRSEDFN IXQFWLRQVï 7KH /;7äéé
LJQRUHV DQ\ OLQN LQWHJULW\ SXOVH ZLWK DQ LQWHUYDO OHVV WKDQ ëð
æ PVï 7KH /;7äéé ZLOO UHPDLQ LQ WKH /LQN )DLO VWDWH XQWLO
LW GHWHFWV HLWKHU D VHULDO GDWD SDFNHW RU WZR RU PRUH OLQN
LQWHJULW\ SXOVHVï

)LJXUH çã /;7äéé /LQN ,QWHJULW\ 7HVW )XQFWLRQ 6WDWH 0DFKLQH

/LQN 7HVW 3DVV

6WDUWB/LQNB/RVVB7LPHU
6WDUWB/LQNB7HVWB0LQB7LPHU

3RZHU 2Q

/LQN 7HVW )DLO 5HVHW

/LQNB&RXQW í
;0,7 'LVDEOH
5&95 'LVDEOH
/3%. 'LVDEOH

/LQNB/RVVB7LPHUB'RQH
∗ 73, ,GOH
∗ /LQNB7HVWB5FYG )DOVH

73, $FWLYHò
õ/LQNB7HVWB5FYG 7UXH
∗ /LQNB7HVWB0LQB7LPHUB'RQHô

/LQN 7HVW )DLO :DLW

;0,7 'LVDEOH
5&95 'LVDEOH
/3%. 'LVDEOH

/LQNB&RXQW /LQNB&RXQW ò ì

/LQN 7HVW )DLO

6WDUWB/LQNB7HVWB0LQB7LPHU
6WDUWB/LQNB7HVWB0D[B7LPHU

;0,7 'LVDEOH
5&95 'LVDEOH
/3%. 'LVDEOH

/LQNB7HVWB5FYG )DOVH
∗ 73, ,GOH

73, $FWLYH

73, $FWLYH /LQNB7HVWB5FYG ,GOH
∗ 73, ,GOH

/LQN 7HVW )DLO ([WHQGHG

;0,7 'LVDEOH
5&95 'LVDEOH
/3%. 'LVDEOH

73, $FWLYH ò
/LQNB&RXQW /&B0D[

/LQNB7HVWB0LQB7LPHUB'RQH
∗ /LQNB7HVWB5FYG 7UXH

õ73, ,GOH ∗ /LQNB7HVWB0D[B7LPHUB'RQHô ò
õ/LQNB7HVWB0LQB7LPHUB1RWB'RQH
∗ /LQNB7HVWB5FYG 7UXHô

73, ,GOH ∗
'2 ,GOH
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/;7äéé $SSOLFDWLRQ ,QIRUPDWLRQ

/;7äéé$33/,&$7,21 ,1)250$7,21

7KH IROORZLQJ GLDJUDPV JURXS VLPLODU SLQVâ WKH\ GR QRW
SRUWUD\ WKH DFWXDO FKLS SLQRXWï 7KH FRQWUROOHU LQWHUIDFH SLQV
õWUDQVPLWñ GDWDñ FORFNñ DQG HQDEOHâ UHFHLYH GDWD DQG FORFNâ
DQG WKH FROOLVLRQ GHWHFW DQG FDUULHU GHWHFW SLQVô DUH DW WKH
XSSHU OHIWï

7KH 9&& DQG *1' SLQV DUH DW WKH ERWWRP RI HDFK GLDJUDPï
$OO 9&& SLQV XVH D VLQJOH SRZHU VXSSO\ ZLWK GHFRXSOLQJ
FDSDFLWRUV LQVWDOOHG EHWZHHQ WKH 9&& DQG *1' SLQV DQG
WKHLU UHVSHFWLYH SODQHVï

0DJQHWLFV ,QIRUPDWLRQ
7KH /;7äéé UHTXLUHV D ìãì UDWLR IRU WKH UHFHLYH WUDQVIRUPð
HUV DQG D ìã√2 UDWLR IRU WKH WUDQVPLW WUDQVIRUPHUVï 7KH
/;7äéé XVHV WKH VDPH PDJQHWLFV ZKLFK DUH FXUUHQWO\ XVHG
RQ WKH /;7äìé 4XDG 5HSHDWHUï 9DULRXV IURQW HQG GHVLJQ
RSWLRQV DUH DYDLODEOHã D VLPSOH SHU SRUW 5[î7[ SDLU FRQILJð
XUDWLRQ õVHH )LJXUH æôñ WKH UHFHLYH TXDG DQG WKH WUDQVPLW
TXDG õVHH )LJXUH åôñ DQG WKH QHZ VLQJOH éí SLQ RFWDO WUDQVð
IRUPHU FRQILJXUDWLRQ õVHH )LJXUH äôï

7UDQVIRUPHUV IRU WKHVH GHVLJQV DUH DYDLODEOH IURP YDULRXV
PDQXIDFWXUHUV õVHH 7DEOH åô LV D OLVW RI DYDLODEOH 4XDG DQG
6LQJOH SRUW WUDQVIRUPHUV ZLWK PDQXIDFWXUHUV DQG WKHLU SDUW
QXPEHUVï %HIRUH FRPPLWWLQJ WR D VSHFLILF FRPSRQHQWñ
GHVLJQHUV VKRXOG WHVW DQG YDOLGDWH DOO VSHFLILFDWLRQV RI WKH
PDJQHWLFV XVHG LQ DOO DSSOLFDWLRQVï

/D\RXW 5HTXLUHPHQWV

7KH 7ZLVWHGð3DLU ,QWHUIDFH
7KH IRXUñ WZLVWHGðSDLU RXWSXW FLUFXLWV DUH LGHQWLFDOï (DFK
73'23î7'321 VLJQDO KDV D ëéïä Ω, ìøñ VHULHV UHVLVWRU
DQG D ìëí S) FDSDFLWRU GLIIHUHQWLDOO\ DFURVV WKH SRVLWLYH DQG
QHJDWLYH RXWSXWVï 7KHVH VLJQDOV JR GLUHFWO\ WR D ìã√2 WUDQVð
IRUPHU FUHDWLQJ WKH QHFHVVDU\ ìíí Ω WHUPLQDWLRQ IRU WKH
FDEOHï 7KH 73',3î73',1 VLJQDOV KDYH D ìíí Ω UHVLVWRU
DFURVV WKH SRVLWLYH DQG QHJDWLYH LQSXW VLJQDOV WR WHUPLQDWH
WKH ìíí Ω VLJQDO UHFHLYHG IURP WKH OLQHï 7R FDOFXODWH WKH
LPSHGDQFH RQ WKH RXWSXW OLQH LQWHUIDFHñ XVHã

õëéïä Ω ò ëéïä Ωô ó √22 ≈ ìíí Ωï

7KH OD\RXW RI WKH WZLVWHGðSDLU SRUWV LV FULWLFDO LQ FRPSOH[
GHVLJQVï 5XQ WKH VLJQDOV GLUHFWO\ IURP WKH GHYLFH WR WKH GLVð
FUHWH WHUPLQDWLRQ FRPSRQHQWV õORFDWHG FORVH WR WKH WUDQVð
IRUPHUVôï

7KH WUDQVIRUPHU LVRODWLRQ YROWDJH VKRXOG EH UDWHG DW ë N9
WR SURWHFW WKH FLUFXLWU\ IURP VWDWLF YROWDJHV DFURVV WKH FRQð
QHFWRUV DQG FDEOHVï 7KH VLJQDOV UXQQLQJ IURP WKH WUDQVIRUPð
HUV WR WKH FRQQHFWRU VKRXOG UXQ LQ FORVH SDLUV GLUHFWO\ WR WKH
FRQQHFWRUï %H FDUHIXO QRW WR FURVV WKH WUDQVPLW DQG UHFHLYH
SDLUVï 2QH ZD\ WR DYRLG D SUREOHP LV WR UXQ WKH UHFHLYH SDLUV
RQ WKH FRPSRQHQW VLGH DQG WKH WUDQVPLW SDLUV RQ WKH VROGHU
VLGHï &DUHIXO SODQQLQJ GXULQJ WKH VFKHPDWLF DQG OD\RXW
VWDJHV FDQ DYRLG WKHVH SUREOHPVï

7KH 3&% OD\RXW VKRXOG KDYH QR JURXQG RU SRZHU SODQHV
EHWZHHQ WKH WUDQVIRUPHUV DQG WKH FRQQHFWRUVï 7KH GDWD VLJð
QDOV VKRXOG EH WKH RQO\ WUDFHV LQ WKLV DUHDï 3ODFH WKH FKDVVLV
JURXQG IRU WKH FRQQHFWRUV QHDU WKH HGJH RI WKH 3&%ñ DZD\
IURP WKH VLJQDOVñ FRQQHFWLQJ WKH FRQQHFWRU VKLHOG ZLWK WKH
FKDVVLVï

7KH 5%,$6 3LQ

7KH 5%,$6 VLJQDO VHWV WKH OHYHOV IRU WKH RXWSXW GULYHUV RI
WKH /;7äééï $Q\ HPLVVLRQV RU FRPPRQ PRGH QRLVH HQWHUð
LQJ WKH GHYLFH KHUH FRXOG EH PHDVXUHG RQ WKH WZLVWHGðSDLU
RXWSXW VLJQDOVï

7KH /;7äéé UHTXLUHV D æïè NΩ, ìø UHVLVWRU GLUHFWO\ FRQð
QHFWHG EHWZHHQ SLQ çå DQG JURXQGï 7KHVH WUDFHV VKRXOG EH
DV VKRUW DV SRVVLEOHï 7KH JURXQG VLJQDOV IURP SLQV çæ ÷ çä
VKRXOG FRPH GLUHFWO\ RII RI WKH GHYLFH WR HQFORVH WKH UHVLVð
WRU DQG SLQ IRUPLQJ D VKLHOGHG DUHD EHWZHHQ WKH 5%,$6
FRQQHFWLRQ DQG WKH VZLWFKLQJ VLJQDOV RQ WKH 3&%ï

7DEOH åã 0DJQHWLFV 0DQXIDFWXUHUV

0IJUï 4XDG 7[ 4XDG 5[ 7[î5[ 3DLUV

%HOO )XVH 6èèêðèäääðíë 6èèêðèäääðíê

)LOð0DJ ëê=êêä ëê=êêå

+$/2 7'èéðìííç/ì
7*èéðìííç1ë

7'íìðìííç/ì
7*íìðìííç1ë

7'éëðëííç4
7'éêðëííç.
7*éëðìéíç1ì
7*éêðìéíç1

õ2FWDOô 7*ééð6íìí1;

.DSSD 73éííê3 73éäæ3ìíì

1DQð
RSXOVH

èäæç èäææ

3&$ (3(çííä (3(çíìí

9$/25 37éììç 37éììæ 37éíçä1ì
37éíçå1ì
67æíìì6ë
67æíìí6ë
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L1

/;7äéé 7HVW 6SHFLILFDWLRQV

/;7äéé 7(67 63(&,),&$7,216

127(

7KH PLQLPXP DQG PD[LPXP YDOXHV LQ 7DEOHV ä WKURXJK ìæ DQG )LJXUHV ìí WKURXJK ëè UHSUHVHQW WKH SHUIRUPDQFH
VSHFLILFDWLRQV RI WKH /;7äéé DQG DUH JXDUDQWHHG E\ WHVWñ H[FHSW ZKHUH QRWHG E\ GHVLJQ

7DEOH äã $EVROXWH 0D[LPXP 9DOXHV

3DUDPHWHU 6\PERO 0LQ 0D[ 8QLWV

6XSSO\ 9ROWDJH 9&& ðíïê ç 9

2SHUDWLQJ 7HPSHUDWXUH 723 í æí �&

6WRUDJH 7HPSHUDWXUH 767 ðçè òìèí �&

&$87,21

([FHHGLQJ WKHVH YDOXHV PD\ FDXVH SHUPDQHQW GDPDJHï )XQFWLRQDO RSHUDWLRQ XQGHU WKHVH FRQGLWLRQV LV QRW
LPSOLHGï ([SRVXUH WR PD[LPXP UDWLQJ FRQGLWLRQV IRU H[WHQGHG SHULRGV PD\ DIIHFW GHYLFH UHOLDELOLW\ï

7DEOH ìíã 2SHUDWLQJ &RQGLWLRQV

3DUDPHWHU 6\PERO 0LQ 7\S 0D[ 8QLWV 7HVW &RQGLWLRQV

5HFRPPHQGHG 6XSSO\ 9ROWDJHì 9&& éïæè èïí èïëè 9

5HFRPPHQGHG 2SHUDWLQJ 7HPSHUDWXUH 723 í ð æí �&

ìï 9ROWDJHV ZLWK UHVSHFW WR JURXQG XQOHVV RWKHUZLVH VSHFLILHGï

7DEOH ììã ,î2 (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLWV 7HVW &RQGLWLRQV

,QSXW /RZ YROWDJH 9,/ ¤ ¤ íïå 9

,QSXW +LJK YROWDJH 9,+ ëïí ¤ ¤ 9

2XWSXW /RZ YROWDJH 92/ ¤ ¤ íïé 9 ,2/  ìïç P$

92/ ¤ ¤ ìí ø9&& ,2/ á ìí �$

2XWSXW /RZ YROWDJH ð /('V 92// ¤ ¤ ìïí ø9&& ,2//  è P$

2XWSXW +LJK YROWDJH 92+ ëïé ¤ ¤ 9 ,2+  éí �$

92+ äí ¤ ¤ ø9&& ,2+ á ìí �$

2XWSXW +LJK YROWDJH ð /('V 92+/ ëïé ¤ ¤ 9 ,2+/  ðè P$

,QSXW /RZ FXUUHQW ,,/ ¤ ¤ ë P$ 92/  ïé 9

2XWSXW 5LVH 7LPH

7&/. ÷ 5&/.

&026 ð ð ê ìè QV &/2$'  ëí S)

77/ ð ð ë ìè QV

2XWSXW )DOO 7LPH

7&/. ÷ 5&/.

&026 ð ð ê ìè QV &/2$' ëí S)

77/ ð ð ë ìè QV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
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&/., ULVH WLPH õH[WHUQDOO\ GULYHQô ð ð ð ìí QV

&/., GXW\ F\FOH õH[WHUQDOO\ GULYHQô ð ð èíîèí éíîçí ø

6XSSO\ &XUUHQW 1RUPDO 0RGH ,&& í ìéí ëíí P$ ,GOH

1RUPDO 0RGH ,&& í ìåí ëëí P$ 7UDQVPLWWLQJ RQ 73

3RZHU 'RZQ
0RGH

,&& ð íïì ìíí �$

7DEOH ìëã 7ZLVWHGð3DLU (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\PERO 0LQ 7\Sì 0D[ 8QLWV 7HVW &RQGLWLRQV

7UDQVPLW RXWSXW LPSHGDQFH =287 ¤ ë ¤ Ω
7UDQVPLW WLPLQJ MLWWHU DGGLWLRQë ¤ ¤ �çïé �ìí QV í OLQH OHQJWK IRU LQWHUQDO 0$8

7UDQVPLW WLPLQJ MLWWHU DGGHG E\
WKH 0$8 DQG 3/6 VHFWLRQVëñ ê

¤ ¤ �êïè �èïè QV $IWHU OLQH PRGHO VSHFLILHG E\
,((( åíëïê IRU ìí%$6(ð7 LQWHUð
QDO 0$8

5HFHLYH LQSXW LPSHGDQFH =,1 ¤ ëé ¤ NΩ %HWZHHQ 73,3î73,1

'LIIHUHQWLDO 6TXHOFK 7KUHVKROG 9'6 êíí éëí èåè P9 è 0+] VTXDUH ZDYH LQSXW

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï *XDUDQWHHG E\ GHVLJQâ QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
êï ,((( åíëïê VSHFLILHV PD[LPXP MLWWHU DGGLWLRQV DW íïè QV IURP WKH HQFRGHU DQG êïè QV IURP WKH 0$8ï

7DEOH ìêã 6ZLWFKLQJ &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLWV

-DEEHU 7LPLQJ 0D[LPXP 7UDQVPLW 7LPLQJ ð ëí ð ìèí PV

8QMDE 7LPLQJ ð ëèí ð æèí PV

/LQN ,QWHJULW\
7LPLQJ

7LPH /LQN /RVV 5HFHLYH ð èí ð ìèí PV

/LQN 0LQ 5HFHLYH ð ë ð æ PV

/LQN 0D[ 5HFHLYH ð èí ð ìèí PV

/LQN 7UDQVPLW 3HULRG ð å ìí ëé PV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

7DEOH ìéã 5&/.î6WDUWðRIð)UDPH 7LPLQJ õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\Pï 0LQ 7\Sì 0D[ 8QLWV

'HFRGHU DFTXLVLWLRQ WLPH W'$7$ ð äíí ììíí QV

&' WXUQðRQ GHOD\ W&' ð èí ëíí QV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

7DEOH ììã ,î2 (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô ¤ FRQWLQXHG

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLWV 7HVW &RQGLWLRQV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
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5HFHLYH GDWD VHWXS
IURP 5&/.

0RGH ì W5'6 çí æí ð QV

0RGHV ëñ ê DQG é W5'6 êí éè ð QV

5HFHLYH GDWD KROG
IURP 5&/.

0RGH ì W5'+ ìí ëí ð QV

0RGHV ëñ ê DQG é W5'+ êí éè ð QV

5&/. VKXW RII GHOD\ IURP &' DVVHUW õ0RGH êô W6:6 ð �ìíí ð QV

7DEOH ìèã 5&/.î(QGðRIð)UDPH 7LPLQJ õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 7\SH 6\P 0RGH ì 0RGH ë 0RGH ê 0RGH é 8QLWV

5&/. DIWHU &' RII 0LQLPXP W5& è ì ëæ è ELW WLPHV

5[ GDWD WKURXJKSXW GHOD\ 0D[LPXP W5' éíí êæè êæè êæè QV

&' WXUQ RII GHOD\ ì 0D[LPXP W&'2)) èíí éæè éæè éæè QV

5HFHLYH EORFN RXW DIWHU 7(1 RII ë 7\SLFDOê W,)* è èí ð ð ELW WLPHV

5&/. VZLWFKLQJ GHOD\ DIWHU &' RII 7\SLFDOê W6:( ð ð ìëí õ�åíô ð ELW WLPHV

ìï &' 7XUQRII GHOD\ PHDVXUHG IURP PLGGOH RI ODVW ELWã WLPLQJ VSHFLILFDWLRQ LV XQDIIHFWHG E\ WKH YDOXH RI WKH ODVW ELWï
ëï %ORFNLQJ RI &DUULHU 'HWHFW LV GLVDEOHG GXULQJ IXOO GXSOH[ RSHUDWLRQï
êï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

7DEOH ìçã 7UDQVPLW 7LPLQJ õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\PERO 0LQLPXP 7\SLFDO ì 0D[LPXP 8QLWV

7(1 6HWXS IURP 7&/. W(+&+ ëë ð ð QV

7;' 6HWXS IURP 7&/. W'6&+ ëë ð ð QV

7(1 +ROG DIWHU 7&/. W&+(/ è ð ð QV

7;' +ROG DIWHU 7&/. W&+'8 è ð ð QV

7UDQVPLW 6WDUWðXS 'HOD\ W678' ð êèí éèí QV

7UDQVPLW 7KURXJKðSXW 'HOD\ W73' ð êêå êèí QV

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

7DEOH ìæã 0LVFHOODQHRXV 7LPLQJ õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\PERO 0LQLPXP 7\SLFDO ì 0D[LPXP 8QLWV

&2/ õ64(ô 'HOD\ DIWHU 7(1 RII W64(' íïçè ð ìïç µV
&2/ õ64(ô 3XOVH 'XUDWLRQ W64(3 èíí ð ìèíí QV

3RZHU 'RZQ UHFRYHU\ WLPH W3'5 ð 7%' ð PV

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

7DEOH ìéã 5&/.î6WDUWðRIð)UDPH 7LPLQJ õ2YHU 5HFRPPHQGHG 5DQJHô ¤ FRQWLQXHG

3DUDPHWHU 6\Pï 0LQ 7\Sì 0D[ 8QLWV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
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7LPLQJ 'LDJUDPV IRU 0RGH ì õ0'ì /RZñ 0'í /RZô )LJXUHV ìí WKURXJK ìê

)LJXUH ìíã 0RGH ì 5&/.î6WDUWðRIð)UDPH 7LPLQJ

)LJXUH ììã 0RGH ì 5&/.î(QGðRIð)UDPH 7LPLQJ

127(ã
ìï 5;' FKDQJHV ëè QV DIWHU WKH ULVLQJ HGJH RI 5&/.

ìì í ì í ì í ì í ì ì

ì í ì í ì í ì ì ì íì í ì

W&'

W'$7$

73,3î73,1
RU ',3î',1

&'

5&/.

5;'

W5'6
W5'+

í ì í í í ì í ì í

127(ã
ìï 5;' FKDQJHV ëè QV DIWHU WKH ULVLQJ HGJH RI 5&/.

ì í ì í ì í ì í í

ì íì í ì í ì íí

W5'

W&'2))

73,3î73,1
RU ',3î',1

&'

5&/.

5;'

W5&



ììðìèæ

L1

/;7äéé 7HVW 6SHFLILFDWLRQV

)LJXUH ìëã 0RGH ì 7UDQVPLW 7LPLQJ

)LJXUH ìêã 0RGH ì &2/ 2XWSXW 7LPLQJ

W&+(/W(+&+

W&+'8

7(1

7&/.

7;'

732

W73'

W'6&+

W678'

W64(3

W64('
7(1

&2/
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7LPLQJ 'LDJUDPV IRU 0RGH ë õ0'ì /RZñ 0'í +LJKô )LJXUHV ìé WKURXJK ìæ

)LJXUH ìéã 0RGH ë 5&/.î6WDUWðRIð)UDPH 7LPLQJ

)LJXUH ìèã 0RGH ë 5&/.î(QGðRIð)UDPH 7LPLQJ

127(ã
ìï 5;' FKDQJHV DW WKH ULVLQJ HGJH RI 5&/.â WKH FRQWUROOHU LV VDPSOHG DW WKH IDOOLQJ HGJHï

ì í ì í ì í ì ì ì íì í ì

W&'

W5'6
W5'+

&'

5&/.

5;'

W'$7$

73,3î73,1
RU ',3î',1

ìì í ì í ì í ì í ì ì í ì í í í ì í ì í

127(ã
ìï 5;' FKDQJHV DW WKH ULVLQJ HGJH RI 5&/.â WKH FRQWUROOHU LV VDPSOHG DW WKH IDOOLQJ HGJHï

ì í ì í ì í ì í í

W5'

73,3î73,1
RU ',3î',1

&'

5&/.

5;'

ì íì í ì í ì íí

W&'2))
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)LJXUH ìçã 0RGH ë 7UDQVPLW 7LPLQJ

)LJXUH ìæã 0RGH ë &2/ 2XWSXW 7LPLQJ

W&+(/W(+&+

W&+'8

7(1

7&/.

7;'

732

W'6&+

W73'W678'

127(ã
ìï 7KH &' RXWSXW LV GLVDEOHG IRU D PD[LPXP RI èè ELW WLPHV DIWHU 7(1 WXUQV RIIï

W64('
7(1

&2/

W,)*

W64(3
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7LPLQJ 'LDJUDPV IRU 0RGH ê õ0'ì +LJKñ 0'í /RZô )LJXUHV ìå WKURXJK ëì

)LJXUH ìåã 0RGH ê 5&/.î6WDUWðRIð)UDPH 7LPLQJ

)LJXUH ìäã 0RGH ê 5&/.î(QGðRIð)UDPH 7LPLQJ

127(ã
ìï 5;' FKDQJHV DW WKH ULVLQJ HGJH RI 5&/.â WKH FRQWUROOHU LV VDPSOHG DW WKH IDOOLQJ HGJHï

ì í ì í ì í ì ì ì íì í ì

W5'6 W5'+
W'$7$

&'

5&/.

5;'

73,3î73,1

ìì í ì í ì í ì í ì ì í ì í í í ì í ì

W&'

W6:6 5HFRYHUHG IURP ,QSXW 'DWD 6WUHDP

*HQHUDWHG IURP 7&/.

127(ã
ìï 5;' FKDQJHV DW WKH ULVLQJ HGJH RI 5&/.â WKH FRQWUROOHU LV VDPSOHG DW WKH IDOOLQJ HGJHï

W5'

W&'2))

&'

5&/.

5;'

W6:(

5HFRYHUHG &ORFN *HQHUDWHG IURP 7&/.

ì í ì í ì í ì í í

ì íì í ì í ì íí

73,3î73,1
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)LJXUH ëíã 0RGH ê 7UDQVPLW 7LPLQJ

)LJXUH ëìã 0RGH ê &2/ 2XWSXW 7LPLQJ
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