
L1 ëðìêä

*HQHUDO 'HVFULSWLRQ

7KH /;7êêé LV D TXDGñ VKRUWðKDXOñ 3&0 WUDQVFHLYHU IRU
ëïíéå 0+] RU ìïèéé 0+] WUDQVPLVVLRQ V\VWHPVï ,WV ORZ
LPSHGDQFH WUDQVPLW RXWSXW GULYHUV SURYLGH FRQVWDQW OLQH
LPSHGDQFH ZKHWKHU WUDQVPLWWLQJ PDUNV RU VSDFHVï 7KH RXWð
SXW SXOVH DPSOLWXGHV DUH DOVR FRQVWDQWñ VWDELOL]HG DJDLQVW
VXSSO\ YROWDJH YDULDWLRQVï

7KH /;7êêé FDQ EH FRQILJXUHG IRU EDODQFHG ìííîìëí Ω RU
XQEDODQFHG æè Ω V\VWHPV DQG H[FHHGV WKH ODWHVW (76,
UHWXUQ ORVV UHFRPPHQGDWLRQVï $Q RQðFKLS SXOVH VKDSLQJ
FLUFXLW JHQHUDWHV DFFXUDWH WUDQVPLW SXOVHV LQGHSHQGHQW RI
WKH WUDQVPLW FORFN GXW\ F\FOHï $OO WUDQVPLWWHUV DQG UHFHLYHUV
LQFRUSRUDWH D SRZHU GRZQ PRGH ZLWK RXWSXW WULðVWDWLQJï

7KH /;7êêé IHDWXUHV GLIIHUHQWLDO UHFHLYHU DUFKLWHFWXUH
ZLWK KLJK QRLVH LQWHUIHUHQFH PDUJLQï ,W XVHV SHDN GHWHFWLRQ
ZLWK D YDULDEOH WKUHVKROG IRU UHOLDEOH UHFRYHU\ RI GDWD DV
ORZ DV èíí P9 õXS WR ìë G% RI FDEOH DWWHQXDWLRQôï

7KH UHFHLYHU LV SURJUDPPDEOH IRU WUDQVIRUPHUðFRXSOHG OLQH
LQWHUIDFHVï 7KH IXOO\ GLJLWDO FORFN UHFRYHU\ V\VWHP XVHV D
ORZ IUHTXHQF\ PDVWHU FORFN RI ëïíéå0+] RU ìïèéé0+] DV
LWV UHIHUHQFHï (DFK UHFHLYHU LQFRUSRUDWHV D FRPELQDWLRQ
DQDORJîGLJLWDO /RVV 2I 6LJQDO õ/26ô SURFHVVRU WKDW PHHWV
WKH ODWHVW ,78 *ïææè VWDQGDUGï 7KH /;7êêé IHDWXUHV D
GULYHU IDLOXUH PRQLWRULQJ FLUFXLW LQ SDUDOOHO WR 77,3 DQG
75,1* WKDW UHSRUWV GULYHU VKRUWVï

)HDWXUHV

• Fully integrated quad, short-haul PCM transceiver for
G.703 2.048 Mbps or I.431 1.544 Mbps operation   

• Single rail supply voltage of 5 V (typical) 
• Low power consumption of 410 mW (typical)
� Programmable G.703 transmit pulse shaping for

G.703 75 Ω and 120 Ω and I.431 100 Ω systems  
• High performance line drivers with constant low

impedance for 20 dB return loss (typical) 
exceeds ETSI 300 166

• On-chip band gap voltage reference for stabilized,
constant output amplitude  

• High-performance receivers recover data with up to
12 dB cable attenuation

• Low frequency 1.544 or 2.048 MHz reference clock 
• On-chip clock recovery function
• Programmable unipolar and bipolar PCM interface
• On-chip AMI and HDB3 encoder/decoder 
• On-chip Driver Failure Monitoring circuit 
• Local and remote loopback testing function
• Independent Loss of Signal processor for each chan-

nel conforms to ITU G.775 recommendation

• Small-footprint 64-pin QFP 

$SSOLFDWLRQV

� +LJK GHQVLW\ OLQH FDUGV XVLQJ GLJLWDO EDFNHQG $6,&V

6(37(0%(5 ìääæ
5HYLVLRQ íïì
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3,1 $66,*10(176 ÷ 6,*1$/ '(6&5,37,216

)LJXUH ìã /;7êêé 3LQ $VVLJQPHQWV

7DEOH ìã /;7êêé 3LQ 'HVFULSWLRQV

3LQ ú 6\P ,î2ì 'HVFULSWLRQ

ì 0&/. ', 0DVWHU &ORFN ,QSXWï $Q LQGHSHQGHQW DQG IUHHðUXQQLQJ ëïíéå RU ìïèéé 0+] FORFN LQSXW
JHQHUDWHV WKH LQWHUQDO UHIHUHQFH FORFNV IRU DOO WUDQVFHLYHUVï 2Q /RVV RI 6LJQDO õ/26ôñ WKH
/;7êêé GHULYHV 5&/.[ IURP WKLV PDVWHU FORFNï :LWK 0&/. DVVHUWHG +LJKñ WKH /;7êêé
GLVDEOHV WKH 3// FORFN UHFRYHU\ FLUFXLWVï 7KH WUDQVFHLYHU WKHQ IHHGV 5326[ DQG 51(*[ WR
DQ LQWHUQDO ;25 JDWH WKDW SHUIRUPV ORJLFDOO\ðH[FOXVLYH 25V IRU ERWK GDWD VLJQDOV DQG FRQð
QHFWV WKLV RXWSXW WR 5&/.[ IRU H[WHUQDO FORFN UHFRYHU\ï ,Q WKLV PRGHñ WKH /;7êêé RSHUDWHV
DV D GDWD UHFRYHU\ FLUFXLWï :LWK 0&/. DVVHUWHG /RZñ WKH /;7êêé SRZHUV GRZQ LWV FORFN
DQG GDWD UHFRYHU\ FLUFXLWV DQG VZLWFKHV WKH RXWSXW SLQV 5&/.[ñ 5326[ DQG 51(*[ WR WULð
VWDWH PRGHï 'ULYLQJ ERWK 0&/. DQG 7&/.[ /RZ SRZHUV WKH GHYLFH GRZQï

0&/. 2SHUDWLQJ 0RGH
&ORFNHG 'DWDî&ORFN 5HFRYHU\

/ 3RZHU 'RZQ
+ 'DWD 5HFRYHU\

ìï (QWULHV LQ ,î2 FROXPQ DUHã ',  GLJLWDO LQSXWâ '2  GLJLWDO RXWSXWâ ',î2  GLJLWDO LQSXWîRXWSXWâ $,  DQDORJ LQSXWâ $2  DQDORJ RXWSXWâ 6  VXSSO\ï
1RWHã GR QRW OHDYH GLJLWDO LQSXWV IORDWLQJñ ZLWK WKH H[FHSWLRQ RI SLQV ìæñ ìåñ DQG èèðèåï
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3LQ $VVLJQPHQWV ÷ 6LJQDO 'HVFULSWLRQV

ë 7&/.í ', 7UDQVPLW &ORFNî7UDQVPLW 3RZHU 'RZQ ,QSXW¤3RUW íï $OO 7&/.[ SLQV DUH LGHQWLFDOï 7KH
/;7êêé VDPSOHV 7326[ DQG 71(*[ RQ WKH IDOOLQJ HGJH RI 7&/.[ï :LWK 7&/.[ DVVHUWHG
/RZñ WKH WRWDO WUDQVPLW SDWKñ LQFOXGLQJ WKH RXWSXW GULYHUVñ HQWHUV D ORZðSRZHUñ KLJKð= PRGH
ZLWK DOO DQDORJ DQG GLJLWDO FLUFXLWU\ SRZHUHG GRZQï :LWK 7&/.[ DVVHUWHG +LJK IRU PRUH
WKDQ ìç FORFN F\FOHVñ WKH 7326[ DQG 71(*[ GXW\ F\FOHV GHWHUPLQH WKH WUDQVPLW RXWSXW
SXOVH ZLGWKVï ,Q WKLV PRGHñ WKH /;7êêé RSHUDWHV DV D OLQH GULYHUï

7&/.[ 2SHUDWLQJ 0RGH
&ORFNHG 7UDQVPLWWHU

+ /LQH 'ULYHU õRU 7$26 LI 0&/. LV &ORFNHGô
/ 3RZHU 'RZQ

0&/. DFWLYH ZLWK 7&/.[ +LJK VHWV 7$26 õ7UDQVPLW $OO 2QHVô 0RGHï

ê 7326íî
7'$7$í

', 7UDQVPLW 3RVLWLYH 'DWDî7UDQVPLW 'DWD ,QSXW¤3RUW íï $OO 7326[î7'$7$[ SLQV DUH LGHQð
WLFDOï ,Q ELSRODU PRGH WKLV SLQ õ7326[ô DFWV DV DFWLYH +LJK LQSXW IRU WKH SRVLWLYH SXOVH WR EH
WUDQVPLWWHGï ,Q XQLSRODU PRGH WKLV SLQ õ7'$7$[ô DFWV DV DFWLYH +LJK LQSXW IRU WKH GDWD WR EH
WUDQVPLWWHG RQ WKH OLQHï

é 71(*íî
8%6í

', 7UDQVPLW 1HJDWLYH 'DWDî8QLSRODUð%LSRODU 6HOHFW ,QSXW¤3RUW íï $OO 71(*[î8%6[ SLQV
DUH LGHQWLFDOï ,Q ELSRODU PRGHñ WKLV SLQ DFWV DV LQSXW IRU WKH QHJDWLYH SXOVH WR EH WUDQVPLWWHGï
,I WKLV SLQ LV DVVHUWHG +LJK IRU PRUH WKDQ ìç 7&/. F\FOHVñ WKH /;7êêé VZLWFKHV WR XQLSRODU
PRGHï 7KH GHYLFH LPPHGLDWHO\ UHWXUQV WR ELSRODU PRGH RQFH WKLV SLQ JRHV /RZï

8%6[ 2SHUDWLQJ 0RGH
/ %LSRODU 0RGH
+ 8QLSRODU 0RGH

è 7&/.ì ', 7UDQVPLW &ORFNî7UDQVPLW 3RZHU 'RZQ ,QSXW¤3RUW ìï 6HH 7&/.íñ SLQ ëï

ç 7326ìî
7'$7$ì

', 7UDQVPLW 3RVLWLYH 'DWDî7UDQVPLW 'DWD ,QSXW¤3RUW ìï 6HH 7326íî7'$7$íñ SLQ êï

æ 71(*ìî
8%6ì

', 7UDQVPLW 1HJDWLYH 'DWDî8QLSRODUð%LSRODU 6HOHFW ,QSXW¤3RUW ìï 6HH 71(*íî8%6íñ SLQ
éï

å *1' 6 *URXQGï

ä 77,3í $2 7UDQVPLW 7LS 2XWSXW¤3RUW íï $OO SLQ SDLUV 77,3[î75,1*[ DUH LGHQWLFDOï 3LQ SDLUV 77,3[î
75,1*[ DUH GLIIHUHQWLDO OLQH GULYHU RXWSXWV GHVLJQHG WR GULYH æèΩ XQEDODQFHG RU ìíí Ωîìëí
Ω EDODQFHG FDEOHV XVLQJ WUDQVIRUPHU FRXSOLQJï

ìí 7*1'í 6 7UDQVPLW *URXQG¤3RUW íï *URXQG UHWXUQ IRU WUDQVPLW GULYHU íï

ìì 79&&í 6 7UDQVPLW 3RVLWLYH 6XSSO\¤3RUW íï òè 9'& SRZHU VXSSO\ LQSXW IRU WUDQVPLW GULYHU íï

ìë 75,1*í $2 7UDQVPLW 5LQJ 2XWSXW¤3RUW íï $OO SLQ SDLUV 77,3[î75,1*[ DUH LGHQWLFDOï 3LQ SDLUV
77,3[î75,1*[ DUH GLIIHUHQWLDO OLQH GULYHU RXWSXWV GHVLJQHG WR GULYH æè Ω XQEDODQFHG RU
ìíí Ωîìëí Ω EDODQFHG FDEOHV XVLQJ WUDQVIRUPHU FRXSOLQJï 6HH 77,3íñ SLQ äï

ìê 77,3ì $2 7UDQVPLW 7LS 2XWSXW¤3RUW ìï 6HH 77,3íñ SLQ äï

7DEOH ìã /;7êêé 3LQ 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ ú 6\P ,î2ì 'HVFULSWLRQ

ìï (QWULHV LQ ,î2 FROXPQ DUHã ',  GLJLWDO LQSXWâ '2  GLJLWDO RXWSXWâ ',î2  GLJLWDO LQSXWîRXWSXWâ $,  DQDORJ LQSXWâ $2  DQDORJ RXWSXWâ 6  VXSSO\ï
1RWHã GR QRW OHDYH GLJLWDO LQSXWV IORDWLQJñ ZLWK WKH H[FHSWLRQ RI SLQV ìæñ ìåñ DQG èèðèåï
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ìé 7*1'ì 6 7UDQVPLW *URXQG¤3RUW ìï *URXQG UHWXUQ IRU WUDQVPLW GULYHU ìï

ìè 79&&ì 6 7UDQVPLW 3RVLWLYH 6XSSO\¤3RUW ìï òè 9'& SRZHU VXSSO\ LQSXW IRU WUDQVPLW GULYHU ìï

ìç 75,1*ì $2 7UDQVPLW 5LQJ 2XWSXW¤3RUW ìï 6HH 75,1*íñ SLQ ìëï

ìæ 02'(ì ', 0RGH ì 6HOHFW ,QSXWï :KLOH &17/ì LV /RZñ DQG LI WKLV SLQ LV DVVHUWHG /RZñ DOO WKH /;7êêé
GULYHUV DUH FRQILJXUHG IRU ORZ SRZHU PRGH ZLWK D W\SLFDO SHDN SXOVH RXWSXW YROWDJH RI ê 9ï
,I WKLV SLQ LV DVVHUWHG +LJKñ WKH /;7êêé FRQILJXUHV LWV OLQH GULYHUV IRU PDWFKHG OLQH GULYH
PRGH ZLWK D W\SLFDO SHDN SXOVH RXWSXW YROWDJH RI é 9ï %RWK WKH GULYHU DQG WKH UHFHLYHUV DUH
VHW WR GULYH WUDQVIRUPHUVï

02'(ì 2SHUDWLQJ 0RGH
/ /RZ 3RZHU 0RGH õ6HH )LJXUHV ê DQG çô
+ 0DWFKHG /LQH 'ULYH 0RGH õ6HH )LJXUHV é DQG èô

,I &17/ì LV +LJKñ 02'(ì FRQWUROV WKH ORDGðPDWFKLQJ FLUFXLWU\ LQ WKH WUDQVFHLYHUã
02'(ì /RDG

+ æè Ω
/ ìëí Ω

ìå 02'(ë ', 0RGH ë 6HOHFW ,QSXWï ,I WKLV SLQ LV SXOOHG /RZñ DOO WUDQVFHLYHUV RSHUDWH LQ (ì PRGH XVLQJ
$0, HQFRGLQJï :LWK WKLV SLQ SXOOHG +LJKñ DOO WUDQVFHLYHUV HQWHU (ì PRGH XVLQJ +'%ê
HQFRGLQJ LI RSHUDWHG LQ 8QLSRODU 0RGHï :LWK WKLV SLQ OHIW RSHQ WKH /;7êêé HQWHUV 7ì PRGH
DFFRUGLQJ WR 5HFRPPHQGDWLRQ *ïæíêï

02'(ë 2SHUDWLQJ 0RGH
/ (ì 0RGH ZLWK $0, (QFRGLQJ
+ (ì 0RGH ZLWK +'%ê (QFRGLQJ

2SHQ 7ì 0RGH ZLWK $0, (QFRGLQJ

ìä
ëí

55,1*í
57,3í

$,
$,

5HFHLYH 5LQJ ,QSXW¤3RUW íî5HFHLYH 7,3 ,QSXW¤3RUW íï 7KHVH SLQV DUH WKH LQSXWV RI WKH
IXOO\ GLIIHUHQWLDO OLQH UHFHLYHUï

ëì /26í '2 /RVV RI 6LJQDO 2XWSXW¤3RUW íï $OO /26[ SLQV DUH LGHQWLFDOï 7KLV RXWSXW LV +LJK ZKHQ WKH
LQFRPLQJ VLJQDO KDV QR WUDQVLWLRQVñ LïHïñ ZKHQ LW LV PRUH WKDQ ëë G% EHORZ WKH QRPLQDO í G%
OHYHO IRU PRUH WKDQ êë FRQVHFXWLYH SXOVH LQWHUYDOVï 7KH /26 FRQGLWLRQ LV FOHDUHG DQG WKH
RXWSXW SLQ UHWXUQV /RZ ZKHQ WKH LQFRPLQJ VLJQDO KDV WUDQVLWLRQV õLïHïñ ZKHQ WKH VLJQDO OHYHO
LV HTXDO WR RU JUHDWHU WKDQ ëì G% EHORZ WKH QRPLQDO í G% OHYHO DQG WKH DYHUDJH RQHV GHQVLW\
UHDFKHV ìëïèøïôï ,Q GDWD UHFHLYHU PRGHñ /26[ LV D SXUH DQDORJ HQHUJ\ GHWHFWRUï
,Q FDVH RI D GULYHU IDLO FRQGLWLRQ õ')0  +LJKô WKLV SLQ DFWV DV D 'ULYHU )DLO 0RQLWRU FKDQJH
RI VWDWXV RXWSXW WR LGHQWLI\ WKH VSHFLILF GULYHU ZLWK WKH SUREOHPï

ëë
ëê

55,1*ìî
57,3ì

$,
$,

5HFHLYH 5LQJ ,QSXW¤3RUW ìî5HFHLYH 7,3 ,QSXW¤3RUW ìï 6HH 55,1*íñ SLQ ìäâ 57,3íñ SLQ
ëíï

ëé /26ì '2 /RVV RI 6LJQDO 2XWSXW¤3RUW ìï 6HH /26íñ SLQ ëìï

ëè
ëç

55,1*ëî
57,3ë

$,
$,

5HFHLYH 5LQJ ,QSXW¤3RUW ëî5HFHLYH 7,3 ,QSXW¤3RUW ëï 6HH 55,1*íñ SLQ ìäâ 57,3íñ SLQ
ëíï

7DEOH ìã /;7êêé 3LQ 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ ú 6\P ,î2ì 'HVFULSWLRQ

ìï (QWULHV LQ ,î2 FROXPQ DUHã ',  GLJLWDO LQSXWâ '2  GLJLWDO RXWSXWâ ',î2  GLJLWDO LQSXWîRXWSXWâ $,  DQDORJ LQSXWâ $2  DQDORJ RXWSXWâ 6  VXSSO\ï
1RWHã GR QRW OHDYH GLJLWDO LQSXWV IORDWLQJñ ZLWK WKH H[FHSWLRQ RI SLQV ìæñ ìåñ DQG èèðèåï
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3LQ $VVLJQPHQWV ÷ 6LJQDO 'HVFULSWLRQV

ëæ /26ë '2 /RVV RI 6LJQDO 2XWSXW¤3RUW ëï 6HH /26íñ SLQ ëìï

ëå
ëä

55,1*êî
57,3ê

$,
$,

5HFHLYH 5LQJ ,QSXW¤3RUW êî5HFHLYH 7,3 ,QSXW¤3RUW êï 6HH 55,1*íñ SLQ ìäâ 57,3íñ SLQ
ëíï

êí /26ê '2 /RVV RI 6LJQDO 2XWSXW¤3RUW êï 6HH /26íñ SLQ ëìï

êì
êë

&17/ì
&17/ë

',
',

&RQWURO ìî&RQWURO ëï
6HWWLQJV

&17/ì &17/ë 5HVXOW
/ / 5326ñ 51(* YDOLG RQ IDOOLQJ HGJH RI 5&/.
/ + 5326ñ 51(* YDOLG RQ ULVLQJ HGJH RI 5&/.
+ / 5326ñ 51(* YDOLG RQ IDOOLQJ HGJH RI 5&/.â

ìëí Ωñ æè Ω ORDG PDWFKLQJ VHOHFWHG E\
02'(ì SLQï

+ + UHVHUYHG¤GR QRW XVH WKLV VHWWLQJï

êê 75,1*ë $2 7UDQVPLW 5LQJ 2XWSXW¤3RUW ëï 6HH 75,1*íñ SLQ ìëâ 77,3íñ SLQ äï

êé 79&&ë 6 7UDQVPLW 3RZHU 6XSSO\¤3RUW ëï òè 9'& SRZHU VXSSO\ LQSXW IRU WUDQVPLW GULYHU ëï

êè 7*1'ë 6 7UDQVPLW *URXQG¤3RUW ëï *URXQG UHWXUQ IRU WUDQVPLW GULYHU ëï

êç 77,3ë $2 7UDQVPLW 7LS 2XWSXW¤3RUW ëï 6HH 77,3íñ SLQ äï

êæ 75,1*ê $2 7UDQVPLW 5LQJ 2XWSXW¤3RUW êï 6HH 75,1*íñ SLQ ìëâ 77,3íñ SLQ äï

êå 79&&ê 6 7UDQVPLW 3RZHU 6XSSO\¤3RUW êï òè 9'& SRZHU VXSSO\ LQSXW IRU WUDQVPLW GULYHU êï

êä 7*1'ê 6 7UDQVPLW *URXQG¤3RUW êï *URXQG UHWXUQ IRU WUDQVPLW GULYHU êï

éí 77,3ê $2 7UDQVPLW 7LS 2XWSXW¤3RUW êï 6HH 77,3íñ SLQ äï

éì 9&& 6 3RVLWLYH 6XSSO\ï

éë 71(*ëî
8%6ë

', 7UDQVPLW 1HJDWLYH 'DWDî8QLSRODUð%LSRODU 6HOHFW ,QSXW¤3RUW ëï 6HH 71(*íî8%6íñ SLQ
éï

éê 7326ëî
7'$7$ë

', 7UDQVPLW 3RVLWLYH 'DWDî7UDQVPLW 'DWD ,QSXW¤3RUW ëï 6HH 7326íî7'$7$íñ SLQ êï

éé 7&/.ë ', 7UDQVPLW &ORFNî7UDQVPLW 3RZHU 'RZQ ,QSXW¤3RUW ëï 6HH 7&/.íñ SLQ ëï

éè 71(*êî
8%6ê

', 7UDQVPLW 1HJDWLYH 'DWDî8QLSRODUð%LSRODU 6HOHFW ,QSXW¤3RUW êï 6HH 71(*íî8%6íñ SLQ
éï

éç 7326êî
7'$7$ê

', 7UDQVPLW 3RVLWLYH 'DWDî7UDQVPLW 'DWD ,QSXW¤3RUW êï 6HH 7326íî7'$7$íñ SLQ êï

7DEOH ìã /;7êêé 3LQ 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ ú 6\P ,î2ì 'HVFULSWLRQ

ìï (QWULHV LQ ,î2 FROXPQ DUHã ',  GLJLWDO LQSXWâ '2  GLJLWDO RXWSXWâ ',î2  GLJLWDO LQSXWîRXWSXWâ $,  DQDORJ LQSXWâ $2  DQDORJ RXWSXWâ 6  VXSSO\ï
1RWHã GR QRW OHDYH GLJLWDO LQSXWV IORDWLQJñ ZLWK WKH H[FHSWLRQ RI SLQV ìæñ ìåñ DQG èèðèåï
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éæ 7&/.ê ', 7UDQVPLW &ORFNî7UDQVPLW 3RZHU 'RZQ ,QSXW¤3RUW êï 6HH 7&/.íñ SLQ ëï

éå ')0 '2 'ULYHU )DLOXUH 0RQLWRU 2XWSXWï :KHQ +LJKñ LQGLFDWHV D GULYHU VKRUW LQ RQH RI WKH RXWSXW
GULYHUVï 7KH /26[ RXWSXW LGHQWLILHV WKH VSHFLILF IDLOLQJ GULYHU LQ WKLV FDVHï

éä 51(*êî
%39ê

'2 5HFHLYH 1HJDWLYH 'DWDî%LSRODU 9LRODWLRQ ,QGLFDWLRQ 2XWSXW¤3RUW êï $OO 51(*[î%39[
SLQV DUH LGHQWLFDOï ,Q ELSRODU PRGH WKHVH SLQV DFW DV DFWLYH +LJK ELSRODU QRQðUHWXUQðWRð]HUR
õ15=ô UHFHLYH VLJQDO RXWSXWVï $ +LJK VLJQDO RQ 51(*[ FRUUHVSRQGV WR UHFHLSW RI D QHJDð
WLYH SXOVH RQ 57,3[î55,1*[ï $ +LJK VLJQDO RQ 5326[ FRUUHVSRQGV WR UHFHLSW RI D SRVLWLYH
SXOVH RQ 57,3[î55,1*[ï %RWK VLJQDOV DUH YDOLG RQ WKH VDPH HGJH RI 5&/.[ñ DV GHWHUPLQHG
E\ &17/ì DQG &17/ëï
,Q XQLSRODU PRGHñ WKH /;7êêé DVVHUWV WKH %39[ SLQ +LJK DQ\ WLPH LW VHQVHV DQ ,Qð6HUYLFH
/LQH &RGH YLRODWLRQï
õ,Q GDWD UHFRYHU\ PRGHñ WKLV SLQ LV DFWLYH /RZïô 6HH 5326êî5'$7$êñ SLQ èíâ DQG )XQFð
WLRQDO 'HVFULSWLRQï

èí 5326êî
5'$7$ê

'2 5HFHLYH 3RVLWLYH 'DWDî5HFHLYH 'DWD 2XWSXW¤3RUW êï $ +LJK VLJQDO RQ 5326[ FRUUHð
VSRQGV WR UHFHLSW RI D SRVLWLYH SXOVH RQ 57,3[î55,1*[ï 7KLV VLJQDO LV YDOLG RQ WKH HGJH RI
5&/.[ GHWHUPLQHG E\ &17/ì DQG &17/ëï
,Q XQLSRODU PRGH õVHOHFWHG E\ SXOOLQJ 71(*[ +LJK IRU PRUH WKDQ ìç 7&/.[ SHULRGVô WKH
/;7êêé DVVHUWV 5'$7$[ +LJK ZKHQ D PDUN KDV EHHQ UHFHLYHG DQG LV YDOLG RQ WKH IDOOLQJ
HGJH RI 5&/.[ï 5'$7$[ LV DQ 15= UHFHLYH GDWD RXWSXWï
õ,Q 'DWD 5HFRYHU\ PRGHñ WKLV SLQ LV DFWLYH /RZïô 6HH 51(*êî%39êñ SLQ éäï

èì 5&/.ê '2 5HFHLYH &ORFN 2XWSXW¤3RUW êï $OO 5&/.[ SLQV DUH LGHQWLFDOï 7KLV SLQ SURYLGHV WKH UHFRYð
HUHG FORFN IURP WKH VLJQDO UHFHLYHG DW 57,3[ DQG 55,1*[ï ,Q ORVV RI VLJQDO FRQGLWLRQV WKH
/;7êêé FRQQHFWV 0&/. WR WKLV SLQ WKURXJK LQWHUQDO FLUFXLWU\ï
$VVHUWLQJ WKH 0&/. SLQ +LJK GLVDEOHV WKH FORFN UHFRYHU\ FLUFXLW DQG LQWHUQDOO\ FRQQHFWV
5326[ DQG 51(*[ WR DQ ;25 WKDW LV IHG WR WKH 5&/.[ RXWSXW IRU H[WHUQDO FORFN UHFRYHU\
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èê 5326ëî
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7DEOH ìã /;7êêé 3LQ 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ ú 6\P ,î2ì 'HVFULSWLRQ
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1RWHã GR QRW OHDYH GLJLWDO LQSXWV IORDWLQJñ ZLWK WKH H[FHSWLRQ RI SLQV ìæñ ìåñ DQG èèðèåï
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3LQ $VVLJQPHQWV ÷ 6LJQDO 'HVFULSWLRQV

èè /223ê ', /RRSEDFN 0RGH 6HOHFW ,QSXW¤3RUW êï $OO /223[ SLQV DUH LGHQWLFDOï 'ULYLQJ WKLV SLQ /RZ
VHOHFWV 5HPRWH 'LJLWDO /RRSEDFN ZKLFK FDXVHV WKH /;7êêé WR LJQRUH DQ\ LQFRPLQJ GDWD RQ
7326[ DQG 71(*[ï ,W WKHQ UHWUDQVPLWV GDWD IURP 57,3[ DQG 55,1*[ EDFN WR 77,3[ DQG
75,1*[ DW WKH 5&/.[ UDWHï
'ULYLQJ WKLV SLQ +LJK VHOHFWV /RFDO /RRSEDFN ZKLFK FDXVHV WKH /;7êêé WR LJQRUH GDWD
UHFHLYHG RQ 57,3[ DQG 55,1*[ DQG ORRS GDWD LQWHUQDOO\ IURP 77,3[ DQG 75,1*[ EDFN
DURXQG WR WKH UHFHLYH LQSXWVï
/HDYLQJ WKLV SLQ RSHQ VHOHFWV QRUPDO RSHUDWLRQ PRGHï

/223ì 2SHUDWLQJ 0RGH
/ 5HPRWH /RRSEDFN
+ /RFDO /RRSEDFN

2SHQ 1RUPDO 2SHUDWLRQ 0RGH

èç /223ë ', /RRSEDFN 0RGH 6HOHFW ,QSXW¤3RUW ëï 6HH /223êñ SLQ èèï

èæ /223ì ', /RRSEDFN 0RGH 6HOHFW ,QSXW¤3RUW ìï 6HH /223êñ SLQ èèï

èå /223í ', /RRSEDFN 0RGH 6HOHFW ,QSXW¤3RUW íï 6HH /223êñ SLQ èèï

èä 51(*ìî
%39ì

'2 5HFHLYH 1HJDWLYH 'DWDî%LSRODU 9LRODWLRQ ,QGLFDWLRQ 2XWSXW¤3RUW ìï 6HH 51(*êî%39êñ
SLQ éäâ 5326êî5'$7$êñ SLQ èíï

çí 5326ìî
5'$7$ì

'2 5HFHLYH 3RVLWLYH 'DWDî5HFHLYH 'DWD 2XWSXW¤3RUW ìï õ,Q 'DWD 5HFRYHU\ 0RGHñ WKLV VLJð
QDO LV DFWLYH /RZïô 6HH 5326êî5'$7$êñ SLQ èíâ 51(*êî%39êñ SLQ éäï

çì 5&/.ì '2 5HFHLYH &ORFN 2XWSXW¤3RUW ìï 6HH 5&/.êñ SLQ èìï

çë 51(*íî
%39í

'2 5HFHLYH 1HJDWLYH 'DWDî%LSRODU 9LRODWLRQ ,QGLFDWLRQ 2XWSXW¤3RUW íï 6HH 51(*êî
%39êñ SLQ éäâ 5326êî5'$7$êñ SLQ èíï

çê 5326íî
5'$7$í
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QDO LV DFWLYH /RZïô 6HH 5326êî5'$7$êñ SLQ èíâ 51(*êî%39êñ SLQ éäï

çé 5&/.í '2 5HFHLYH &ORFN 2XWSXW¤3RUW íï 6HH 5&/.êñ SLQ èìï

7DEOH ìã /;7êêé 3LQ 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ ú 6\P ,î2ì 'HVFULSWLRQ

ìï (QWULHV LQ ,î2 FROXPQ DUHã ',  GLJLWDO LQSXWâ '2  GLJLWDO RXWSXWâ ',î2  GLJLWDO LQSXWîRXWSXWâ $,  DQDORJ LQSXWâ $2  DQDORJ RXWSXWâ 6  VXSSO\ï
1RWHã GR QRW OHDYH GLJLWDO LQSXWV IORDWLQJñ ZLWK WKH H[FHSWLRQ RI SLQV ìæñ ìåñ DQG èèðèåï
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)81&7,21$/ '(6&5,37,21

7KH /;7êêé LV D IXOO\ LQWHJUDWHGñ TXDG OLQH LQWHUIDFH XQLW
õ4/,8ô ZLWK IRXU FRPSOHWHñ LQGHSHQGHQW WUDQVFHLYHUVï ,W
VXSSRUWV *ïæíê DSSOLFDWLRQV DW ERWK ëïíéå 0ESV DQG
ìïèéé 0ESVï $OO WUDQVFHLYHUV RSHUDWH DW WKH VDPH IUHð
TXHQF\ñ GHWHUPLQHG E\ WKH 0&/. LQSXWï 5HIHU WR WKH
/;7êêé EORFN GLDJUDP RQ SDJH ìï

7KH IURQW HQG RI HDFK WUDQVFHLYHU LQWHUIDFHV ZLWK IRXU OLQHVñ
RQH SDLU IRU WUDQVPLWñ DQG RQH SDLU IRU UHFHLYHï (DFK WUDQVð
PLWîUHFHLYH OLQH VHW FRQVWLWXWHV D GLJLWDO GDWD ORRS IRU IXOO
GXSOH[ WUDQVPLVVLRQï

(DFK WUDQVFHLYHU DOVR LQWHUIDFHV ZLWK EDFNðHQG SURFHVVRUV
WKURXJK ELSRODU RU XQLSRODU GDWD ,î2 FKDQQHOVñ DQG DOORZV
FRQWURO E\ KDUGZLUHG SLQV IRU VWDQGðDORQH RSHUDWLRQï

5HFHLYHU
7KH IRXU UHFHLYHUV LQ WKH /;7êêé DUH LGHQWLFDOï 7KH IROORZð
LQJ SDUDJUDSKV GHVFULEH WKH RSHUDWLRQ RI D VLQJOH UHFHLYHUï

,Q 7UDQVIRUPHU &RXSOHG 0RGHñ WKH /;7êêé UHFHLYHV WKH
LQSXW VLJQDO DW 57,3î55,1* YLD D ìãì WUDQVIRUPHUï

'DWD VOLFHUV DQG D SHDN GHWHFWRU SURFHVV WKH UHFHLYHG VLJð
QDOï 7KH SHDN GHWHFWRU VDPSOHV WKH UHFHLYHG VLJQDO DQG
GHWHUPLQHV LWV PD[LPXP YDOXHï $ GDWDðUDWH GHSHQGHQW SHUð
FHQWDJH RI SHDN YDOXH JRHV WR WKH GDWD VOLFHUV DV D WKUHVKROG
OHYHO WR HQVXUH DQ RSWLPXP VLJQDOðWRðQRLVH UDWLRï

7KH UHFHLYHU DFFXUDWHO\ UHFRYHUV VLJQDOV ZLWK XS WR ðìë G%
RI FDEOH ORVVï 7KH PLQLPXP UHFHLYHU VHQVLWLYLW\ VLJQDO OHYHO
LV DSSUR[LPDWHO\ èíí P9ï 5HJDUGOHVV RI WKH UHFHLYHG VLJð
QDO OHYHOñ WKH /;7êêé KROGV LWV SHDN GHWHFWRUV DERYH D PLQð
LPXP OHYHO õíïëëè 9ô WR SURYLGH LPPXQLW\ IURP LPSXOVH
QRLVHï

$IWHU WKH GDWD VOLFHUV SURFHVV WKH UHFHLYHG VLJQDOñ LW LV IHG WR
WKH GDWD DQG WLPLQJ UHFRYHU\ VHFWLRQñ DQG WR WKH UHFHLYH
PRQLWRUï 7KH GDWD DQG WLPLQJ UHFRYHU\ FLUFXLWV SURYLGH DQ
LQSXW MLWWHU WROHUDQFH VLJQLILFDQWO\ EHWWHU WKDQ UHTXLUHG E\
*ïåëê DV VKRZQ LQ WKH 7HVW 6SHFLILFDWLRQV VHFWLRQï

7KH UHFRYHUHG FORFN LV RXWSXW DW 5&/. LQ ERWK ELSRODU DQG
XQLSRODU PRGHVï

,Q ELSRODU PRGHñ UHFRYHUHG GDWD LV DFWLYH +LJK DQG RXWSXW
DW 5326 DQG 51(*â LQ XQLSRODU PRGH UHFRYHUHG GDWD LV
DFWLYH +LJK DQG RXWSXW DW 5'$7$ï

,I &17/ë LV /RZñ 5326 DQG 51(* RXWSXWV DUH YDOLG RQ

WKH IDOOLQJ HGJH RI 5&/.ï ,) &17/ì LV /RZ DQG &17/ë
LV +LJKñ 5326 DQG 51(* RXWSXWV DUH YDOLG RQ WKH ULVLQJ
HGJH RI 5&/.ï

$VVHUWLQJ 0&/. +LJK GLVDEOHV WKH FORFN UHFRYHU\ IXQFð
WLRQ DQG VZLWFKHV DOO UHFHLYHUV WR GDWD UHFRYHU\ PRGHï ,Q
GDWD UHFRYHU\ PRGH WKH 5326î51(* RXWSXWV DUH DFWLYH
/RZï $VVHUWLQJ0&/./RZ SRZHUV DOO UHFHLYHUV GRZQ DQG
KROGV 5326î51(* DQG 5&/. LQ D KLJK LPSHGDQFH VWDWHï

/RVV 2I 6LJQDO 'HWHFWRU

/26 'HWHFWLRQ DW ëïíéå 0+]
'XULQJ ëïíéå 0+] RSHUDWLRQñ WKH /RVV RI 6LJQDO
õ/26ô GHWHFWRU XVHV D FRPELQDWLRQ DQDORJ DQG GLJLWDO
GHWHFWLRQ VFKHPH DQG FRPSOLHV ZLWK WKH ,78 *ïææè
UHFRPPHQGDWLRQï

7KH UHFHLYHU PRQLWRU ORDGV D GLJLWDO FRXQWHU DW WKH
5&/. IUHTXHQF\ï 7KH PRQLWRU LQFUHPHQWV WKH FRXQWHU
ZLWK HDFK UHFHLYHG íñ DQG UHVHWV LW WR í ZLWK HDFK
UHFHLYHG ì õPDUNôï $Q\ VLJQDO aëì G% EHORZ WKH QRPð
LQDO í G% VLJQDO IRU êë FRQVHFXWLYH SXOVH LQWHUYDOV JHQð
HUDWHV D /26 FRQGLWLRQï

7KH /;7êêé VHWV WKH /26 IODJñ DQG UHSODFHV WKH UHFRYð
HUHG FORFN ZLWK 0&/. DW WKH 5&/. RXWSXW LQ D
VPRRWK WUDQVLWLRQï õ5HFHLYH RSHUDWLRQ UHTXLUHV
0&/.ïô /26 LV FOHDUHG DJDLQ ZKHQ WKH VLJQDO OHYHO
ULVHV DERYH aëì G% õW\SLFDOô EHORZ WKH PLQLPXP í G%
OHYHO DQG WKH DYHUDJH ìV GHQVLW\ UHDFKHV ìëïèø õé
PDUNV LQ D êëðELW ZLQGRZôï $QRWKHU VPRRWK WUDQVLWLRQ
UHSODFHV 0&/. ZLWK WKH UHFRYHUHG FORFN DW 5&/.ï
'XULQJ /26 FRQGLWLRQVñ UHFHLYHG GDWD LV RXWSXW RQ
5326î51(* õRU 5'$7$ LQ XQLSRODU ,î2 PRGHôï

,Q GDWD UHFRYHU\ PRGHñ WKH /26 GHWHFWRU XVHV DQ DQDð
ORJ GHWHFWLRQ VFKHPH DQG FRPSOLHV ZLWK *ïææèï 'XUð
LQJ /26 FRQGLWLRQVñ UHFHLYHG GDWD LV RXWSXW RQ 5326î
51(*ï $Q\ VLJQDO ëë G% õW\SLFDOô EHORZ WKH QRPLQDO
í G% VLJQDO IRU PRUH WKDQ DSSUR[LPDWHO\ ìç µV JHQHUð
DWHV D /26 FRQGLWLRQï /26 LV FOHDUHG ZKHQ WKH VLJQDO
OHYHO RI WKH ILUVW ì ULVHV WR PRUH WKDQ ëì G% õW\SLFDOô
EHORZ WKH PLQLPXP í G% OHYHOï

/26 'HWHFWLRQ DW ìïèéé 0+]
'XULQJ ìïèéé 0+] RSHUDWLRQñ WKH /;7êêé DVVHUWV
/26 LI LW UHFHLYHV ìæè FRQVHFXWLYH ]HURVñ DQG GHDVVHUWV
/26 ZKHQ WKH VLJQDO UHDFKHV ìëïèø RQHV GHQVLW\ õìç
PDUNV LQ D ìëåðELW ZLQGRZ ZLWK QR PRUH WKDQ ää FRQð
VHFXWLYH ]HURVôï
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)XQFWLRQDO 'HVFULSWLRQ

,Qð6HUYLFH &RGH 9LRODWLRQ 0RQLWRULQJ
,Q XQLSRODU $0, ,î2 0RGHñ WKH /;7êêé UHSRUWV ELSRð
ODU YLRODWLRQV XVLQJ DQ DFWLYH +LJK RXWSXW IRU RQH
5&/. F\FOH RQ WKH %39 RXWSXWï $ ELSRODU YLRODWLRQ
LQ $0, HQFRGLQJ PRGH LV WZR FRQVHFXWLYH PDUNV RI
WKH VDPH SRODULW\ï :LWK WKH +'%ê GHWHFWRU HQDEOHG
õSXOOLQJ 02'(ë +LJKôñ WKH GHFRGHU ZLOO GHWHFW $0,
FRGH YLRODWLRQV WKDW DUH QRW SDUW RI D ]HUR VXEVWLWXWLRQ
FRGHï

+'%ê FRGH YLRODWLRQV RPLW VHTXHQFHV RI ]HURV WKDW
YLRODWH WKH FRGLQJ UXOHVï ,I DQ +'%ê FRGH YLRODWLRQ
RFFXUVñ WKH GHFRGHU DVVHUWV WKH %39 RXWSXW IRU RQH
5&/. F\FOH GXULQJ WKH SHULRG RI WKH YLRODWLQJ ELWï ,Q
WKH HYHQW WKH GHFRGHU LQSXW UHFHLYHV D VHTXHQFH RI IRXU
RU PRUH ]HURVñ LW DVVHUWV WKH %39 RXWSXW GXULQJ WKH
HQWLUH VHTXHQFH RI YLRODWLQJ GDWD ELWVï

7UDQVPLWWHU
7KH IRXU ORZðSRZHU WUDQVPLWWHUV LQ WKH /;7êêé DUH LGHQWLð
FDOï 7KH IROORZLQJ SDUDJUDSKV GHVFULEH WKH RSHUDWLRQ RI D
VLQJOH WUDQVPLWWHUï 7KH /;7êêé KDV VHSDUDWH SRZHU VXSSO\
õ79&&[î7*1'[ô IRU HDFK RXWSXW GULYHUï

7KH /;7êêé FORFNV WUDQVPLW GDWD IURP WKH EDFN HQG VHULð
DOO\ LQWR WKH GHYLFH DW 7326î71(* LQ WKH ELSRODU PRGHñ RU
DW 7'$7$ LQ WKH XQLSRODU PRGHï

7KH WUDQVPLW FORFN õ7&/.ô VXSSOLHV LQSXW V\QFKURQL]DWLRQï
7KH /;7êêé VDPSOHV WKH 7326î71(* RU 7'$7$ LQSXW
RQ WKH IDOOLQJ HGJH RI 7&/.ï :LWK QR 7&/.ñ WKH WUDQVPLWð
WHU UHPDLQV SRZHUHG GRZQ DQG WKH 77,3î75,1* RXWSXWV
VWD\ LQ WKHLU KLJKð= VWDWHï

&XUUHQW OLPLWHUV RQ WKH RXWSXW GULYHUV SURYLGH VKRUW FLUFXLW
SURWHFWLRQï õ5HIHU WR WKH 7HVW 6SHFLILFDWLRQV VHFWLRQïô 7KH
/;7êêé WUDQVPLWV GDWD DV D èíø $0, OLQH FRGH DV VKRZQ
LQ )LJXUH ëï 3XOOLQJ 7&/. +LJK ZLWK QR 0&/. LQSXW
E\SDVVHV WKH WUDQVPLWWHU 3//ï ,Q WKLV FDVHñ 7326 DQG
71(* FRQWURO WKH SXOVH ZLGWK DQG SRODULW\ RQ 77,3 DQG
75,1*ï

7KH OLQH GULYHU SURYLGHV D FRQVWDQW ORZ RXWSXW LPSHGDQFH
RI áê Ω õW\SLFDOôñ UHJDUGOHVV RI ZKHWKHU LW LV GULYLQJ PDUNV
RU VSDFHVï 7KLV ZHOOðFRQWUROOHG LPSHGDQFH SURYLGHV H[FHOð
OHQW UHWXUQ ORVV ZKHQ XVHG ZLWK H[WHUQDO SUHFLVLRQ UHVLVWRUV
õ�ìø DFFXUDF\ô LQ VHULHV ZLWK WKH WUDQVIRUPHUï

7KH $SSOLFDWLRQ ,QIRUPDWLRQ VHFWLRQ OLVWV UHFRPPHQGHG
WUDQVIRUPHU VSHFLILFDWLRQV DQG UDWLRVñ DQG VHULHV UHVLVWRU
õ5Wô YDOXHVï

7UDQVPLW $OO 2QHV 0RGH
3XOOLQJ 7&/. +LJK IRU PRUH WKDQ ìç 0&/. F\FOHV DFWLð
YDWHV 7UDQVPLW $OO 2QHV 0RGH õ7$26ô 0RGHï ,Q 7$26
0RGHñ WKH /;7êêé LJQRUHV WKH 7326 DQG 71(* LQSXWV
DQG WUDQVPLWVPDUNV FRQWLQXRXVO\ DW WKH0&/. IUHTXHQF\ï

3XOVH 6KDSH
7KH /;7êêé JHQHUDWHV WUDQVPLW SXOVH VKDSHV LQWHUQDOO\
XVLQJ D KLJKðVSHHG 3// DQG GLJLWDOðWRðDQDORJ FRQYHUWHUV
DQG DSSOLHV WKHP WR WKH $0, OLQH GULYHU IRU WUDQVPLVVLRQ
RQWR WKH OLQH DW 77,3 DQG 75,1*ï

'ULYHU )DLOXUH 0RQLWRU
,Q WKH HYHQW RI D VKRUW FLUFXLW RQ DQ\ WUDQVPLW OLQHñ WKH
'ULYHU )DLOXUH 0RQLWRU õ')0ñ FRPPRQ WR DOO WUDQVFHLYHUVô
JRHV +LJKï 7KH /26 SLQ õ/26[ô IRU WKDW VSHFLILF SRUW
FKDQJHV LWV LQGLFDWLRQ VWDWXV WR IODJ D GULYHU VKRUW FRQGLWLRQï

')0 LV LQ SDUDOOHO ZLWK 77,3 DQG 75,1*ï 7KH /;7êêé
XVHV D FDSDFLWRUñ FKDUJHG E\ D PHDVXUH RI WKH GULYHU RXWSXW
FXUUHQW DQG GLVFKDUJHG E\ D PHDVXUH RI WKH PD[LPXP
DOORZDEOH FXUUHQWñ WR GHWHFW GULYHU IDLOXUHï

6KRUWHG OLQHV GUDZ H[FHVVLYH FXUUHQWñ RYHUFKDUJLQJ WKH
FDSDFLWRUï :KHQ WKH FDSDFLWRU FKDUJH LV RXWVLGH WKH QRPLð
QDO FKDUJH ZLQGRZñ WKH /;7êêé UHSRUWV D GULYHU VKRUW FLUð
FXLW IDLOXUHï 'XULQJ D ORQJ VWULQJ RI VSDFHVñ WKLV VKRUWð
LQGXFHG RYHUFKDUJH HYHQWXDOO\ EOHHGV RIIñ FOHDULQJ WKH
')0 IODJï

)LJXUH ëã èíø $0, 3XOVH )RUP

%,7 &(//

77,3

75,1*
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7DEOH ëã 2SHUDWLQJ 0RGH 6XPPDU\

0&/. 7&/. /223 5HFHLYH 0RGH 7UDQVPLWWHU 0RGH /RRS

FORFNHG FORFNHG 2SHQ 'DWDî&ORFN 5HFRYHU\ 1RUPDO 1R /RRSEDFN

FORFNHG FORFNHG / 'DWDî&ORFN 5HFRYHU\ 1RUPDO 5HPRWH /RRSEDFN

FORFNHG FORFNHG + 'DWDî&ORFN 5HFRYHU\ 1RUPDO /RFDO /RRSEDFN

/ FORFNHG 2SHQ 3RZHU 'RZQ 1RUPDO 1R /RRSEDFN

/ FORFNHG / 3RZHU 'RZQ 1RUPDO 1R 5HPRWH /RRSEDFN

/ FORFNHG + 3RZHU 'RZQ 1RUPDO 1R (IIHFW RQ 2SHUDWLRQ

/ + 2SHQ 3RZHU 'RZQ /LQH 'ULYHU 1R /RRSEDFN

/ + / 3RZHU 'RZQ /LQH 'ULYHU 1R 5HPRWH /RRSEDFN

/ + + 3RZHU 'RZQ /LQH 'ULYHU 1R (IIHFW RQ 2SHUDWLRQ

/ / ; 3RZHU 'RZQ 3RZHU 'RZQ 1R /RRSEDFN

+ FORFNHG 2SHQ 'DWD 5HFRYHU\ 1RUPDO 1R /RRSEDFN

+ FORFNHG / 'DWD 5HFRYHU\ /LQH 'ULYHU 5HPRWH /RRSEDFN

+ FORFNHG + 'DWD 5HFRYHU\ 1RUPDO /RFDO /RRSEDFN

+ / 2SHQ 'DWD 5HFRYHU\ 3RZHU 'RZQ 1R /RRSEDFN

+ / / 'DWD 5HFRYHU\ 3RZHU 'RZQ 1R (IIHFW RQ 2SHUDWLRQ

+ / + 'DWD 5HFRYHU\ 3RZHU 'RZQ 1R /RFDO /RRSEDFN

+ + 2SHQ 'DWD 5HFRYHU\ /LQH 'ULYHU 1R /RRSEDFN

+ + / 'DWD 5HFRYHU\ /LQH 'ULYHU 5HPRWH /RRSEDFN

+ + + 'DWD 5HFRYHU\ /LQH 'ULYHU /RFDO /RRSEDFN

FORFNHG / 2SHQ 'DWDî&ORFN 5HFRYHU\ 3RZHU 'RZQ 1R /RRSEDFN

FORFNHG / / 'DWDî&ORFN 5HFRYHU\ 3RZHU 'RZQ 1R (IIHFW RQ 2SHUDWLRQ

FORFNHG / + 'DWDî&ORFN 5HFRYHU\ 3RZHU 'RZQ 1R /RFDO /RRSEDFN

FORFNHG + 2SHQ 'DWDî&ORFN 5HFRYHU\ 7UDQVPLW $OO 2QHV 1R /RRSEDFN

FORFNHG + / 'DWDî&ORFN 5HFRYHU\ 1RUPDO 5HPRWH /RRSEDFN

FORFNHG + + 'DWDî&ORFN 5HFRYHU\ 7UDQVPLW $OO 2QHV /RFDO /RRSEDFN
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$SSOLFDWLRQ ,QIRUPDWLRQ

$33/,&$7,21 ,1)250$7,21

)LJXUH êã (ì /RZ 3RZHU 7[ ,î) IRU &RD[ &DEOHV

)LJXUH éã (ì 0DWFKHG /LQH 7[ ,î) IRU &RD[ &DEOHV
IRU +LJK 5HWXUQ /RVV

)LJXUH èã (ì 0DWFKHG /LQH 7[ ,î) IRU 7ZLVWHGð3DLU
/LQHV IRU +LJK 5HWXUQ /RVV

)LJXUH çã (ì /RZ 3RZHU 7[ ,î) IRU 7ZLVWHGð3DLU
/LQHV

)LJXUH æã (ì 5[ ,î) IRU &RD[ &DEOHV

)LJXUH åã (ì 5[ ,î) IRU 7ZLVWHGð3DLU /LQHV

)LJXUH äã 7ì /RZ 3RZHU 7[ ,î) IRU 7ZLVWHGð3DLU
/LQHV

)LJXUH ìíã 7ì 0DWFKHG /LQH 7[ ,î) IRU 7ZLVWHGð
3DLU /LQHV

)LJXUH ììã 7ì 5[ ,î) IRU 7ZLVWHGð3DLU /LQHV
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7DEOH êã 7UDQVIRUPHU 6HOHFWLRQ *XLGHì

0DQXIDFWXUHU

7UDQVPLW 6LGH 5HFHLYH VLGH
õìãì 5DWLRô

õëí G% 5HWXUQ /RVVô

3DUW 1XPEHU 7UDQVIRUPHU 7XUQV 5DWLR 7\SH

3XOVH
(QJLQHHULQJ

3(ðçèèåç ìãìïêç 4XDG

3(ðçèæçç ìãìïëçç 'XDO

3(ðçåæåä ìãìïè 'XDO

3(ðçèæçë ìãìïêç 'XDO

3(ðçèåçì ìãë 'XDO

3(ðçèåçì ìãì 'XDO

3(ðçåæåä ìãìïìåè 6LQJOH

3(ðçèêåä ìïëççãì 6LQJOH

+$/2 7*ëæðìèíè1; ìãìïêç 2FWDO

7'çéðìëíè' ìãìïëç 'XDO

7*ëäðìëíè1; ìãë 2FWDO

%HOð)XVH íèèêðííìê ìãìïêç 'XDO

èííçðì& ìãë 'XDO

6FKRWW &RUS çæìëäêíí ìãë 6LQJOH

ìï $V RI WKH SXEOLFDWLRQ GDWHñ /HYHO 2QH &RPPXQLFDWLRQVñ ,QFïñ KDV WHVWHG WKH WUDQVIRUPHUV OLVWHG LQ WKLV WDEOHï +RZHYHUñ SDUW QXPEHUV DQG VSHFLILFDð
WLRQV FKDQJH ZLWKRXW QRWLFHï 'HVLJQ HQJLQHHUV VKRXOG YDOLGDWH FRPSRQHQWV EHIRUH FRPPLWWLQJ WR WKHLU XVHï

7DEOH éã 7UDQVPLW 7UDQVIRUPHU DQG 5HVLVWRU &RPELQDWLRQV

7UDQVIRUPHU 5HVLVWRU 5HWXUQ /RVVì &17/ì 02'(ì ,PSHGDQFH

ìïëççãì í Ω á ì G% /RZ /RZ æè Ω
ìãì í Ω á ì G% /RZ /RZ ìëí Ω

ìãìïìåè ëçïì Ω ëí G% /RZ +LJK æè Ω

ìãìïè ëçïì Ω ëí G% /RZ +LJK ìëí Ω

ìãìïêç ëè Ω ìå G% /RZ +LJK æè Ω

ìãìïêç ëè Ω ìå G% /RZ +LJK ìëí Ω

ìãë ìè Ω ≥ å G% +LJK +LJK æè Ω

ìãë ìè Ω ≥ å G% +LJK /RZ ìëí Ω

ìï 7\SLFDO YDOXHV èì N+] ð êïíæå 0+]
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$SSOLFDWLRQ ,QIRUPDWLRQ

)LJXUH ìëã (ì ìëí Ω DQG æè Ω 0DWFKHG /LQH $SSOLFDWLRQV

/;7êêé

77,3í

75,1*í

77,3ì
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55,1*í
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7326í
71(*í
5326í
51(*í
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&RPSRQHQW
$SSOLFDWLRQ

ìëí Ω æè Ω
5ìï 7UDQVPLW UHVLVWRU ëè Ω ëè Ω

5ëï 5HFHLYH UHVLVWRU ì NΩ ì NΩ

5êï 5HFHLYH WHUPLQDWLQJ UHVLVWRU ìëí Ω æè Ω

&ìï 7UDQVPLW FDSDFLWRU õW\SLFDOô ìåí S) ìåí S)
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7(67 63(&,),&$7,216
127(

7KH PLQLPXP DQG PD[LPXP YDOXHV LQ 7DEOHV è WKURXJK ìé DQG )LJXUHV ìê WKURXJK ìå UHSUHVHQW WKH SHUIRUPDQFH VSHFLILð
FDWLRQV RI WKH /;7êêé DQG DUH JXDUDQWHHG E\ WHVW H[FHSWñ ZKHUH QRWHGñ E\ GHVLJQ RU RWKHU FRUUHODWLRQ PHWKRGVï

7DEOH èã $EVROXWH 0D[LPXP 5DWLQJV

3DUDPHWHU 6\P 0LQ 0D[ 8QLW

'& VXSSO\ YROWDJH 59&&ñ 5*1' ðíïê çïí 9

,QSXW YROWDJH RQ DQ\ SLQì 9,1 *1' ðíïê 59&& ò íïê 9

,QSXW YROWDJH RQ 57,3î55,1* 9,1 ðç 59&& ò íïê 9

7UDQVLHQW ODWFKXS FXUUHQW RQ DQ\ SLQë ,,1 ¤ ìíí P$

,QSXW FXUUHQW RQ DQ\ GLJLWDO SLQê ,,1 ðìí ìí P$

'& LQSXW FXUUHQW RQ 77,3ñ 75,1*ê ,,1 ¤ �ìíí P$

'& LQSXW FXUUHQW RQ 57,3ñ 55,1*ê ,,1 ¤ �ëí P$

6WRUDJH WHPSHUDWXUH 76725 ðçè òìèí �&

7RWDO SDFNDJH SRZHU GLVVLSDWLRQ ¤ ¤ ì :

&$87,21
([FHHGLQJ WKHVH YDOXHV PD\ FDXVH SHUPDQHQW GDPDJH WR WKH GHYLFHï 2SHUDWLRQ LV QRW JXDUDQWHHG XQGHU WKHVH FRQGLWLRQVï ([SRVXUH WR

DEVROXWH PD[LPXP UDWLQJ FRQGLWLRQV IRU H[WHQGHG SHULRGV PD\ DGYHUVHO\ DIIHFW GHYLFH UHOLDELOLW\ï

ìï 5HIHUHQFHG WR JURXQGï
ëï ([FHHGLQJ WKHVH YDOXHV ZLOO FDXVH 6&5 ODWFKðXSï
êï &RQVWDQW LQSXW FXUUHQWï

7DEOH çã 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV

3DUDPHWHU 6\P 0LQ 7\S 0D[ 8QLW 7HVW
&RQGLWLRQ

'& VXSSO\ YROWDJHì 9ò éïæè èïí èïëè 9

$PELHQW RSHUDWLQJ WHPSHUDWXUH 7$ ðéí ëè òåè ° &

ìï 79FF PXVW QRW GLIIHU IURP 59&& E\ PRUH WKDQ � íïê 9ï



ëðìèê

L1

7HVW 6SHFLILFDWLRQV

7DEOH æã '& &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG UDQJHô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLW 7HVW &RQGLWLRQ

'LJLWDO ,î2 SLQV +LJK OHYHO LQSXW YROWDJH 9,+ ëïí ¤ ¤ 9

/RZ OHYHO LQSXW YROWDJH 9,/ ¥ ¤ íïå 9

+LJK OHYHO RXWSXW YROWDJHë 92+ êïè ¤ ¤ 9 ,287 ðéíí�$

/RZ OHYHO RXWSXW YROWDJHë 92/ ¥ ¤ íïé 9 ,287 ìïç P$

,QSXW OHDNDJH FXUUHQW õGLJLWDO LQSXW SLQVô ,,/ ðìí ¤ òìí �$

7ULVWDWH OHDNDJH FXUUHQWè ,+= ðìí òìí �$

'ULYHU VKRUW
FLUFXLW FXUUHQW

(ì ¤ ¤ ¤ èí P$ 6HH )LJXUHV é DQG è

7ì ¤ ¤ ¤ ìèí P$ 6HH )LJXUH ä

02'( LQSXW
SLQV

/RZ OHYHO LQSXW YROWDJH 9,1/ ¤ ¤ ìïè 9 SLQV ìæñ ìåñ èèñ èçñ èæñ
èå

+LJK OHYHO LQSXW YROWDJH 9,1+ êïè ¤ ¤ 9

0LGUDQJH LQSXW YROWDJH 9,10 ëïê ëïè ëïæ 9

/RZ OHYHO LQSXW FXUUHQW ,,1/ ¤ ¤ èí �$

+LJK OHYHO LQSXW FXUUHQW ,,1+ ¤ ¤ èí �$

7RWDO SRZHU
GLVVLSDWLRQ ê

æè Ω V\VWHP õ02'(ì +ô 3' ¤ ççí æèí P: )LJXUH é

ìëí Ω V\VWHP õ02'(ì +ô 3' ¤ ççí æèí P: )LJXUH è

ìíí Ω V\VWHP õ02'(ì +â
02'(ë 2SHQô

¤ ¤ çåí åäè P: )LJXUH ìí

7RWDO SRZHU
GLVVLSDWLRQé

æè Ω V\VWHP õ02'(ì /ô 3' ¤ éìí éæí P: )LJXUH ê

ìëí Ω V\VWHP õ02'(ì /ô 3' ¤ éìí éæí P: )LJXUH ç

ìíí Ω V\VWHP õ02'(ì /â
02'(ë 2SHQô

¤ ¤ êæí èíí P: )LJXUH ä

3RZHU GRZQ FXUUHQW ,&&2 ¤ ¤ ìí P$

ìï 7\SLFDO ILJXUHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï 2XWSXW 'ULYHUV ZLOO RXWSXW &026 ORJLF OHYHOV LQWR &026 ORDGVï
êï ìííø ìV GHQVLW\ï 3RZHU GLVVLSDWLRQ LQFOXGLQJ GHYLFH ORDG ZKLOH GULYLQJ D PDWFKHG OLQH RYHU WKH RSHUDWLQJ WHPSHUDWXUH UDQJHï 'LJLWDO LQSXWV DUH
ZLWKLQ ìíø RI WKH VXSSO\ UDLOV DQG GLJLWDO RXWSXWV DUH GULYLQJ D èí S) ORDGï

éï èíø ìV GHQVLW\ï 3RZHU GLVVLSDWLRQ LQFOXGLQJ GHYLFH ORDG ZKLOH GULYLQJ D OLQH ZLWKRXW PDWFKLQJ UHVLVWRUV RYHU WKH RSHUDWLQJ WHPSHUDWXUH UDQJHï 'LJLð
WDO LQSXWV DUH ZLWKLQ ìíø RI WKH VXSSO\ UDLOV DQG GLJLWDO RXWSXWV DUH GULYLQJ D èí S) ORDGï

èï $SSOLHV WR WKH IROORZLQJ SLQVã äñ ìëñ ìêñ ìçñ êêñ êçñ êæñ éíñ éäðèéñ èäðçéï
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7DEOH åã ëïíéå 0+] 7UDQVPLW &KDUDFWHULVWLFV LQ 7UDQVIRUPHU &RXSOLQJ 0RGH
õRYHU UHFRPPHQGHG UDQJHô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLW 7HVW &RQGLWLRQ

2XWSXW SXOVH DPSOLWXGH æè Ω ¤ ëïìê ëïêæ ëïçì 9 7HVWHG DW WKH OLQH VLGHï

ìëí Ω ¤ ëïæ êïí êïê 9 7HVWHG DW WKH OLQH VLGHï

3HDN YROWDJH RI
D VSDFH

æè Ω ¤ ðíïëêæ í íïëêæ 9

ìëí Ω ¤ ðíïê í íïê 9

3RVLWLYH WR QHJDWLYH SXOVH LPEDODQFH ¤ íïäè ¤ ìïíè ¤

7UDQVPLW DPSOLWXGH YDULDWLRQ ZLWK VXSSO\ ¤ ¤ ì ¤ ø

'ULYHU RXWSXW LPSHGDQFHé ¤ ¤ ê ¤ Ω

'LIIHUHQFH EHWZHHQ SXOVH VHTXHQFHVëñ é ¤ ¤ ¤ ëíí P9

7UDQVPLW RXWSXW MLWWHU ëí +] WR ìíí N+]ê ¤ ¤ ¤ íïíé 8ï,ï SHDN WR SHDN

2XWSXW MLWWHU LQ ORRSEDFN
PRGHé

ëí +] WR ìíí N+] ¤ ¤ ¤ íïíä 8ï,ï SHDN WR SHDN

3XOVH ZLGWK UDWLR RI WKH SRVLWLYH DQG QHJDWLYH SXOVHV ¤ íïäè ¤ ìïíè ¤ $W WKH QRPLQDO KDOI
DPSOLWXGHï

7UDQVPLW UHWXUQ ORVVé èì N+] WR ìíë N+] ¤ ëí ¤ ¤ G% 6HH $SSOLFDWLRQ ,QIRUð
PDWLRQñ )LJXUHV éñ èï

ìíë N+] WR ëïíéå 0+] ¤ ëí ¤ ¤ G%

ëïíéå 0+] WR êïíæë 0+] ¤ ëí ¤ ¤ G%

7UDQVPLW ORDG FDSDFLWDQFH &57 ¤ ìåí ¤ S)

ìï 7\SLFDO ILJXUHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï 3HU ,78 ,ïéêì UHFRPPHQGDWLRQ õéïìïëïêïô IRU D ZLQGRZ RI ìæ FRQVHFXWLYH ELWVï
êï :LWK QR MLWWHU DW WKH LQSXW XVHG IRU V\QFKURQL]DWLRQ RU ZKHQ XVLQJ DQ H[WHUQDOO\ VXSSOLHG MLWWHU IUHH PDVWHU FORFN WKH SHDN WR SHDN

MLWWHU ZLOO QRW H[FHHG WKH VSHFLILHG YDOXHï
éï *XDUDQWHHG E\ GHVLJQ DQG RWKHU FRUUHODWLRQ PHWKRGVï



ëðìèè

L1

7HVW 6SHFLILFDWLRQV

7DEOH äã ìïèéé 0+] 7UDQVPLW &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG UDQJHô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLW 7HVW &RQGLWLRQ

2XWSXW SXOVH DPSOLWXGH ¤ ëïé êïí êïç 9 =/  ìíí Ω.

3HDN YROWDJH RI D VSDFH ¤ ðíïìè í íïìè 9 =/  ìíí Ω.

7UDQVPLW DPSOLWXGH YDULDWLRQ ZLWK VXSSO\ ¤ ¤ ì ¤ ø

'ULYHU RXWSXW LPSHGDQFHé ¤ ¤ ê ¤ Ω

3RVLWLYH WR QHJDWLYH SXOVH LPEDODQFH ¤ ¤ ¤ íïè G%

7UDQVPLW RXWSXW MLWWHU ë ìí +] WR å N+]é ¤ ¤ ¤ íïíë 8ï, SHDN WR SHDN

å N+] WR éí N+]é ¤ ¤ ¤ íïíëè 8ï,ï

ìí +] WR éí N+]é ¤ ¤ ¤ íïíëè 8ï,ï

%URDG %DQG ¤ ¤ ¤ íïíè 8ï,ï

2XWSXW SRZHU OHYHO ææë N+]êñ é ¤ ìë ¤ ìä G%

2XWSXW SRZHU ìèéé N+] UHODWLYH WR SRZHU
DW ææë N+]é

¤ ðëä ¤ ¤ G%

5DWLR RI WKH SXOVH ZLGWKV RI WKH SRVLWLYH DQG QHJDWLYH
SXOVHV DW WKH QRPLQDO KDOI DPSOLWXGH

¤ íïäè ¤ ìïíè ¤

7UDQVPLW UHWXUQ ORVV é èì N+] WR ìíë N+] ¤ ìå ¤ ¤ G% 6HH $SSOLFDWLRQV
,QIRUPDWLRQ VHFWLRQ
)LJXUH ìíïìíë N+] WR ëïíéå 0+] ¤ ìå ¤ ¤ G%

ëïíéå 0+] WR êïíæë 0+] ¤ ìå ¤ ¤ G%

7UDQVPLW ORDG FDSDFLWDQFH &57 ¤ ìåí ¤ S)

ìï 7\SLFDO ILJXUHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï :LWK QR MLWWHU DW WKH LQSXW XVHG IRU V\QFKURQL]DWLRQ RU ZKHQ XVLQJ DQ H[WHUQDOO\ VXSSOLHG MLWWHU IUHH PDVWHU FORFN WKH SHDN WR SHDN

MLWWHU ZLOO QRW H[FHHG WKH VSHFLILHG YDOXHï
êï 7KH VLJQDO OHYHO LV WKH SRZHU OHYHO PHDVXUHG LQ D ê N+] EDQGZLGWK DW WKH SRLQW ZKHUH WKH VLJQDO DUULYHV DW WKH GLVWULEXWLRQ IUDPH IRU

DQ DOO ìV SDWWHUQ WUDQVPLWWHGï
éï *XDUDQWHHG E\ GHVLJQ DQG RWKHU FRUUHODWLRQ PHWKRGVï
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7DEOH ìíã ëïíéå 0+] 5HFHLYH &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG UDQJHô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLW 7HVW &RQGLWLRQ

3HUPLVVLEOH FDEOH DWWHQXDWLRQë ¤ ¤ ¤ ìë G% #ìíëé N+]

5HFHLYHU G\QDPLF UDQJH '5 íïè ¤ éïë 9S

6LJQDO WR QRLVH LQWHUIHUHQFH PDUJLQ ëñ ç 6î, ìè ¤ ¤ G% 3HU *ïæíêñ 2ïìèìñ ç G%
RI FDEOHï

6LJQDO WR VLQJOH WRQH LQWHUIHUHQFH PDUJLQ 6î; ìé ¤ ¤ G% 2ïìèìñ ç G% RI FDEOH

'DWD GHFLVLRQ WKUHVKROG 65( éê èí èæ ø 5HODWLYH WR SHDN LQSXW
YROWDJHï

$QDORJ ORVV RI VLJQDO WKUHVKROG ¤ ¤ ëëèè ¤ P9

/RVV RI VLJQDO WKUHVKROG K\VWHUHVLV ¤ ¤ ëïè ¤ G%

&RQVHFXWLYH ]HURV EHIRUH ORVV RI VLJQDO ¤ ¤ êë ¤ *ïææè UHFRPPHQGDWLRQ

/RZ OLPLW LQSXW MLWWHU
WROHUDQFH ê

ìïë(ðè +] WR ëí +]ç ¤ êç ¤ ¤ 8ï,ï *ïæêè UHFRPPHQGDWLRQ
6HH 1RWH ìï

ëí +] WR ëïé N+]é ¤ ìïè ¤ ¤ 8ï,ï

å N+] WR ìíí N+] ¤ íïë ¤ ¤ 8ï,ï

5&/. RXWSXW MLWWHUéñ ç í +] WRìíí N+] ¤ ¤ íïíì ¤ 8ï,ï SHDN WR SHDN

&ORFN UHFRYHU\ 3// ê G% EDQGZLGWK ¤ ¤ ìí ¤ N+]

3// SHDNLQJç ¤ ¤ ¤ í G%

5HFHLYHU LQSXW LPSHGDQFH ¤ ¤ éí ¤ NΩ #ìíëé N+] 57,3 WR
55,1*

5HFHLYHU UHWXUQ ORVVç èì N+]¤ìíë N+] ¤ ëí ¤ ¤ G% 6HH $SSOLFDWLRQ ,QIRUð
PDWLRQ VHFWLRQñ )LJXUHV
æñ åïìíë¤ëíéå N+] ¤ ëí ¤ ¤ G%

ëíéå N+]¤êíæë N+] ¤ ëí ¤ ¤ G%

ìï 7\SLFDO ILJXUHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï 1R HUURUV VKDOO RFFXU ZKHQ WKH FRPELQHG VLJQDO DWWHQXDWHG E\ WKH PD[LPXP VSHFLILHG LQWHUFRQQHFWLQJ FDEOH ORVV LV DSSOLHG WR WKH LQSXW SRUWï 6HH
,78 2ïìèì UHFRPPHQGDWLRQ IRU IXUWKHU GHWDLOVï

êï 6LQH ZDYH MLWWHU DQG ZDQGHU ZLWK D SHDN WR SHDN DPSOLWXGH WKDW FRUUHVSRQGV DW OHDVW WR ZKDW LV VSHFLILHG LQ )LJXUH ìæ VKDOO QRW FDXVH HLWKHU D ELW HUð
URU RU ORVV RI IUDPH DOLJQPHQWï $V WHVW VLJQDO DQ +'%êðFRGHG GLJLWDO VLJQDO ZLWK DQ HOHFWULFDO FKDUDFWHULVWLF WKDW FRPSOLHV ZLWK ZKDW LV VHW IRUWK LQ
,78 *ïæíê VKDOO EH XVHGï 7HVW VHTXHQFH LV SVHXGRðUDQGRP ëìèðìï 6HH DOVR ,78 2ïìèìï

éï ,I WKH /;7êêé LV FRQILJXUHG DV GDWD UHFHLYHU RQO\ DQG LI D MLWWHU IUHH VLJQDO LV DSSOLHG WR 57,3 DQG 55,1* WKH DGGHG MLWWHU PXVW QRW H[FHHG WKH VSHFð
LILHG YDOXHï

èï (TXDO WR ëë G% EHORZ WKH QRPLQDO í G% OHYHO LQ ìëí Ω V\VWHPVï
çï *XDUDQWHHG E\ GHVLJQ DQG RWKHU FRUUHODWLRQ PHWKRGVï
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7HVW 6SHFLILFDWLRQV

7DEOH ììã ìïèéé 0+] 5HFHLYH &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG UDQJHô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLW 7HVW &RQGLWLRQ

3HUPLVVLEOH FDEOH DWWHQXDWLRQ ¤ ¤ ¤ ìë G% #ææë N+]

5HFHLYHU G\QDPLF UDQJH '5 íïè ¤ éïë 9S

8QGHUVKRRW 86 ¤ ¤ çë ø

'DWD GHFLVLRQ WKUHVKROG 657 çê æí ææ ø 5HODWLYH WR SHDN LQSXW YROWDJHï

/RVV RI VLJQDO WKUHVKROG ¤ ¤ íïëëè ¤ 9

$OORZDEOH FRQVHFXWLYH íV EHIRUH /26 ¤ ¤ ìæè ¤

/RZ OLPLW LQSXW MLWWHU
WROHUDQFH

ìå N+] WR ìíí N+] ¤ íïéêí ¤ ¤ 8ï,ï *ïæêè UHFRPPHQGDWLRQ

&ORFN UHFRYHU\ 3// ê G% EDQGZLGWK ¤ ¤ ìí ¤ N+]

3// SHDNLQJë ¤ ¤ ¤ í G%

5HFHLYHU LQSXW LPSHGDQFH ¤ ¤ éí ¤ NΩ 57,3 WR 55,1* # ææë N+]

,QSXW UHWXUQ ORVVë èì N+]¤ìíë N+] ¤ ëí ¤ ¤ G% 6HH $SSOLFDWLRQ ,QIRUPDWLRQ
VHFWLRQñ )LJXUH ììï

ìíë¤ëíéå N+] ¤ ëí ¤ ¤ G%

ëíéå N+]¤êíæë N+] ¤ ëí ¤ ¤ G%

ìï 7\SLFDO ILJXUHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï *XDUDQWHHG E\ GHVLJQ DQG RWKHU FRUUHODWLRQ PHWKRGVï
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ëðìèå

L1

)LJXUH ìêã /;7êêé 7UDQVPLW 7LPLQJ 'LDJUDP

7DEOH ìëã 7UDQVPLW 7LPLQJ &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG UDQJHô

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

0DVWHU FORFN IUHTXHQF\ (ì 0&/. ¤ ëïíéå ¤ 0+]

7ì 0&/. ¤ ìïèéé ¤ 0+]

0DVWHU FORFN WROHUDQFH 0&/.W ¤ �èí ¤ SSP

0DVWHU FORFN GXW\ F\FOH ¤ éí ¤ çí ø

2XWSXW SXOVH ZLGWK (ì W3: ëìä ëéé ëçä QV

7ì W3: ëæé êëé êæé QV

7UDQVPLW FORFN IUHTXHQF\ (ì 7&/. ¤ ëïíéå ¤ 0+]

7ì 7&/. ¤ ìïèéé ¤ 0+]

7UDQVPLW FORFN WROHUDQFH 7&/.W ¤ �èí ¤ SSP

7UDQVPLW FORFN GXW\ F\FOH 7&/.G ìí ¤ äí ø 1RUPDO PRGH

7326î71(* GXW\ F\FOH 731G éåïé ¤ èìïç ø /LQH GULYHU PRGH

7326î71(* WR 7&/. VHWXS WLPH W687 ëè ¤ ¤ QV

7&/. WR 7326î71(* KROG WLPH W+7 ëè ¤ ¤ QV

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



ëðìèä

L1

7HVW 6SHFLILFDWLRQV

)LJXUH ìéã /;7êêé 5HFHLYH 7LPLQJ 'LDJUDP

7DEOH ìêã 5HFHLYH 7LPLQJ &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG UDQJHô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLW 7HVW
&RQGLWLRQ

5HFHLYH FORFN FDSWXUH UDQJH ¤ ¤ �åí ¤ SSP

5HFHLYH FORFN GXW\ F\FOH ë 5/&.G éí èí çí ø

5HFHLYH FORFN SXOVH ZLGWK ë (ì W3: ééæ éåå èëä QV

7ì W3: èäé çéå æíë QV

5HFHLYH FORFN SXOVH
ZLGWK ORZ WLPH

(ì W3:/ ëíê ëéé ëåè QV

7ì W3:/ ëæí êëé êæå QV

5HFHLYH FORFN SXOVH
ZLGWK KLJK WLPH

(ì W3:+ ¤ ëéé ¤ QV

7ì W3:+ ¤ êëé ¤ QV

5326î51(* GDWD ORZ WLPH õ0&/. +ô êñé W3:'ì ëíí ëéé êíí QV

5326î51(* WR 5&/.
ULVLQJ VHWXS WLPH

(ì W685 èí ëíê ¤ QV

7ì W685 èí ëæí ¤ QV

5&/. ULVLQJ WR 5326î51(*
KROG WLPH

(ì W+5 èí ëíê ¤ QV

7ì W+5 èí ëæí ¤ QV

'HOD\ WLPH EHWZHHQ 5326î51(* DQG 5&/. ¤ ¤ è ¤ QV 0&/.  +

ìï 7\SLFDO ILJXUHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï 5&/. GXW\ F\FOH ZLOO YDU\ GHSHQGLQJ RQ H[WHQW RI UHFHLYHG SXOVH MLWWHU GLVSODFHPHQWï 0D[LPXP DQG PLQLPXP 5&/. GXW\ F\FOHV DUH IRU ZRUVW
FDVH MLWWHU FRQGLWLRQV õíïë 8ï,ï GLVSODFHPHQW IRU (ì DQG íïé 8ï,ï IRU 7ì RSHUDWLRQôï

êï 7KLV PRGH GLVDEOHV FORFN UHFRYHU\ï
éï ,I 0&/. LV +LJKñ WKH 3// FORFN UHFRYHU\ FLUFXLWV DUH GLVDEOHGï 5326[ DQG 51(*[ DUH IHG WR DQ LQWHUQDO ;25 JDWH WKDW FRQQHFWV WKLV RXWSXW WR
5&/.[ IRU H[WHUQDO FORFN UHFRYHU\ï



/;7êêé 4XDG 6KRUW +DXO 7UDQVFHLYHU ZLWK &ORFN 5HFRYHU\

ëðìçí

L1

)LJXUH ìèã ëïíéå 0+] 3XOVH 0DVN *ïæíê

)LJXUH ìçã ìïèéé 0+] 3XOVH 0DVN ,ïéêì



ëðìçì

L1

7HVW 6SHFLILFDWLRQV

)LJXUH ìæã -LWWHU 7ROHUDQFH¥*ïåëê

)LJXUH ìåã -LWWHU $WWHQXDWLRQ¥*ïæêè

ìíðç

+]
ì
+]

ìí
+]

ìíí
+]

ì
N+]

ìí
N+]

ìíí
N+]

íïì 8ï,ï

íïë

ì 8ï,ï

ìí 8ï,ï

ìíí 8ï,ï

êçïä

3HDNðWRðSHDN -LWWHU
DQG

:DQGHU $PSOLWXGH

ì
ë
(
ðç
+
]

ë
í
+
]

ë
ïé
N+
]

ì
å
N+
]

ìïè

è 8ï,ï

ë N+]ã ê 8ï,ï

íïæ 8ï,ï

íïé 8ï,ï

-LWWHU )UHTXHQF\ õ+]ô

,78 *ïåëê õ0DUFK äêô
6ORSH HTXLYDOHQW WR
ëí G% SHU GHFDGH

/;7êêé -LWWHU
7ROHUDQFH

ìí +] ìíí +] ì N+] ìí N+] ìíí N+]
)UHTXHQF\ õ+]ô

ðêè G%

ðìè G%

ðìí G%

í G%

ðè G%

ðëí G%

ðëè G%

ðêí G%

ðéí G%

ðéè G%

ðèí G%

éí N+]ã ðëè G%

ìí N+]ã ðè G%
ìíí +]ã ðíïì G%

ìíí N+]ã ðéè G%

/;7êêé -LWWHU $WWHQXDWLRQ

,78 *ïæêè -LWWHU
$WWHQXDWLRQ 5HTXLUHPHQW



/;7êêé 4XDG 6KRUW +DXO 7UDQVFHLYHU ZLWK &ORFN 5HFRYHU\

ëðìçë

L1

7DEOH ìéã 5HOHYDQW 5HFRPPHQGDWLRQV

5HFRPPHQGDWLRQ 'HVFULSWLRQ

,78

*ïæíê 3K\VLFDOîHOHFWULFDO FKDUDFWHULVWLFV RI KLHUDUFKLFDO GLJLWDO LQWHUIDFHV

*ïæíé )XQFWLRQDO FKDUDFWHULVWLFV RI LQWHUIDFHV DVVRFLDWHG ZLWK QHWZRUN QRGHV

*ïæêè
&KDUDFWHULVWLFV RI 3ULPDU\ 3&0 PXOWLSOH HTXLSPHQW RSHUDWLQJ DW ëíéå NELWîV DQG
RIIHULQJ GLJLWDO DFFHVV DW êåé NELWîV DQGîRU V\QFKURQRXV GLJLWDO DFFHVV DW çé NELWîV

*ïæêç &KDUDFWHULVWLFV RI D V\QFKURQRXV GLJLWDO PXOWLSOH[ HTXLSPHQW RSHUDWLQJ DW ëíéå NELWîV

*ïææè
/RVV RI VLJQDO õ/26ô DQG DODUP LQGLFDWLRQ õ$,6ô GHIHFW GHWHFWLRQ DQG FOHDUDQFH FULWHð
ULD

*ïåëê
7KH FRQWURO RI MLWWHU DQG ZDQGHU ZLWKLQ GLJLWDO QHWZRUNV ZKLFK DUH EDVHG RQ WKH ëíéå
NELWîV KLHUDUFK\

2ïìèì 6SHFLILFDWLRQ RI LQVWUXPHQWV WR PHDVXUH HUURU SHUIRUPDQFH LQ GLJLWDO V\VWHPV

,ïéêì ,6'1 3ULPDU\ 5DWHã XVHU QHWHZRUN LQWHUIDFH OD\HU ì VSHFLILFDWLRQ

(76,

(76 êíí ìçç
7UDQVPLVVLRQ DQG 0XOWLSOH[LQJ õ70ôâ 3K\VLFDO DQG HOHFWULFDO FKDUDFWHULVWLFV RI KLHUDUð
FKLFDO GLJLWDO LQWHUIDFHV IRU HTXLSPHQW XVLQJ WKH ëïíéå NESîVðEDVHG SOHVLRFKURQRXV RU
V\QFKURQRXV GLJLWDO KLHUDUFKLHV
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