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ìï ,5(1$ DQG ,5'$7 FDQ EH EXIIHUHG EHWZHHQ ERDUGV LQ PXOWLðERDUG FRQILJXUDWLRQVï :KHUH EXIIHULQJ LV XVHGñ D êêí Ω SXOOðXS UHVLVWRU FDQ EH
XVHG RQ HDFK VLJQDOñ RQ HDFK ERDUGï :KHUH QR EXIIHULQJ LV XVHGñ WKH WRWDO LPSHGDQFH VKRXOG EH QR OHVV WKDQ êêí Ωï

ëï ,5&)6 DQG ,5&2/ FDQQRW EH EXIIHUHGï ,Q PXOWLðERDUG FRQILJXUDWLRQVñ WKH WRWDO LPSHGDQFH RQ ,5&2/ VKRXOG EH QR VPDOOHU WKDQ êêí :ï ,5&)6
VKRXOG EH SXOOHG XS RQO\ RQFHñ E\ D VLQJOH êêí Ωñ ìø UHVLVWRUï

7DEOH êã &RQWUROñ 6WDWXV DQG 0LVFHOODQHRXV 6LJQDO 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ 6\PERO ,î2 'HVFULSWLRQ
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çí ,5'$7 ,î2 ,5% 'DWDï 7KLV SLQ LV XVHG WR SDVV GDWD EHWZHHQ PXOWLSOH UHSHDWHUV RQ WKH ,5%ï 7KH

,5'$7 EXV PXVW EH SXOOHG XS ORFDOO\ E\ D êêí Ω UHVLVWRUïì

çì ,5'(1 2 ,5% 'ULYHU (QDEOHï 7KH ,5'(1 SLQ LV XVHG WR HQDEOH H[WHUQDO EXV GULYHUV ZKLFK
PD\ EH UHTXLUHG LQ V\QFKURQRXV V\VWHPV ZLWK ODUJH EDFNSODQHVï 7KLV LV DQ DFWLYH ORZ
VLJQDOñ PDLQWDLQHG IRU WKH GXUDWLRQ RI WKH GDWD WUDQVPLVVLRQï ,5'(1 PXVW EH SXOOHG
XS ORFDOO\ E\ D êêí Ω UHVLVWRUï

çë

çê

,5&)6

,5&2/

,î2

,î2

,5% &ROOLVLRQ )ODJ 6HQVH õ,5&)6ô DQG ,5% &ROOLVLRQ õ,5&2/ôï 7KHVH WZR SLQV
DUH XVHG IRU FROOLVLRQ VLJQDOOLQJ EHWZHHQ PXOWLSOH /;7äìè GHYLFHV RQ WKH ,5%ï %RWK

WKH ,5&)6 EXV DQG WKH ,5&2/ EXV PXVW EH SXOOHG XS JOREDOO\ ZLWK êêí Ω UHVLVWRUVïì

õ,5&)6 UHTXLUHV D SUHFLVLRQ UHVLVWRU >�ìø@ïôë

7DEOH èã /;7äìè 3RZHU 6XSSO\ 6LJQDO 'HVFULSWLRQV

3LQ 6\PERO ,î2 'HVFULSWLRQ

ìè
ìç
êæ
éê
èè
èç
èæ
èå

9&& B 3RZHU 6XSSO\ï 7KHVH SLQV HDFK UHTXLUH D òè 9'& SRZHU VXSSO\ï 7KHVH YDULRXV SLQV PD\ EH
VXSSOLHG IURP D VLQJOH SRZHU VRXUFHñ EXW VSHFLDO GHðFRXSOLQJ UHTXLUHPHQWV PD\ DSSO\ï (DFK
9&& SLQ PXVW EH ZLWKLQ �íïê 9 RI HYHU\ RWKHU 9&& SLQï

ç
ä
ëê
ëè
ëæ
êé
éí
éç
çé

*1' B *URXQGï 7KHVH SLQV SURYLGH JURXQG UHWXUQ SDWKV IRU WKH YDULRXV 9&& SRZHU VXSSO\ SLQVï
&RQQHFW WKHVH SLQV WR H[WHUQDO JURXQG õPDQGDWRU\ôï

ëç 5%,$6 , %LDVï 7KLV SLQ SURYLGHV ELDV FXUUHQW IRU LQWHUQDO FLUFXLWU\ï &RQQHFW WKLV SLQ WR JURXQG WKURXJK
DQ H[WHUQDO ìëïéN ìø UHVLVWRUï

7DEOH éã ,QWHUð5HSHDWHU %DFNSODQH 6LJQDO 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ 6\PERO ,î2 'HVFULSWLRQ

ìï ,5(1$ DQG ,5'$7 FDQ EH EXIIHUHG EHWZHHQ ERDUGV LQ PXOWLðERDUG FRQILJXUDWLRQVï :KHUH EXIIHULQJ LV XVHGñ D êêí Ω SXOOðXS UHVLVWRU FDQ EH
XVHG RQ HDFK VLJQDOñ RQ HDFK ERDUGï :KHUH QR EXIIHULQJ LV XVHGñ WKH WRWDO LPSHGDQFH VKRXOG EH QR OHVV WKDQ êêí Ωï

ëï ,5&)6 DQG ,5&2/ FDQQRW EH EXIIHUHGï ,Q PXOWLðERDUG FRQILJXUDWLRQVñ WKH WRWDO LPSHGDQFH RQ ,5&2/ VKRXOG EH QR VPDOOHU WKDQ êêí :ï ,5&)6
VKRXOG EH SXOOHG XS RQO\ RQFHñ E\ D VLQJOH êêí Ωñ ìø UHVLVWRUï
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/;7äìè )XQFWLRQDO 'HVFULSWLRQ

/;7äìè)81&7,21$/ '(6&5,37,21

,QWURGXFWLRQ
7KH /;7äìè LV DQ LQWHJUDWHG KXE UHSHDWHU IRU ìí%$6(ð7
QHWZRUNVï 7KH KXE UHSHDWHU LV WKH FHQWUDO SRLQW IRU LQIRUPDð
WLRQ WUDQVIHU DFURVV WKH QHWZRUNï 7KH /;7äìè RIIHUV PXOWLð
SOH RSHUDWLQJ PRGHV WR VXLW D EURDG UDQJH RI DSSOLFDWLRQV
IURP VLPSOH éðñ åð RU ìçðSRUW VWDQGðDORQH PRGHOV XS WR ìëåð
SRUW VWDFNDEOH KXEVï

7KH PDLQ IXQFWLRQV RI WKH /;7äìè KXE UHSHDWHU DUH GDWD
UHFRYHU\ DQG UHWUDQVPLVVLRQ DQG FROOLVLRQ SURSDJDWLRQï
'DWD SDFNHWV UHFHLYHG DW WKH $8, RU ìí%$6(ð7 SRUWV DUH
GHWHFWHG DQG UHFRYHUHG E\ WKH SRUW UHFHLYHUV EHIRUH EHLQJ
SDVVHG WR WKH UHSHDWHU FRUH FLUFXLWU\ IRU UHWLPLQJ DQG
UHWUDQVPLVVLRQï 'DWD SDFNHWV UHFHLYHG WKURXJK WKH ,5% SRUW
DUH HVVHQWLDOO\ SDVVHG GLUHFWO\ WR WKH FRUH IRU UHWUDQVPLVð
VLRQï $IWHU UHFRYHU\ RI D YDOLG GDWD SDFNHWñ WKH UHSHDWHU
EURDGFDVWV LW WR DOO HQDEOHG VWDWLRQVñ H[FHSW WKH RULJLQDWRU
VWDWLRQï

([WHUQDO ,QWHUIDFHV
7KH /;7äìè LQFOXGHV IRXU ìí%$6(ð7 SRUWV ZLWK LQWHUQDO
ILOWHUVï 7KH /;7äìè DOVR LQFOXGHV DQ $WWDFKPHQW 8QLW
,QWHUIDFH õ$8,ô SRUW DQG DQ ,QWHUð5HSHDWHU %DFNSODQH
õ,5%ô SRUWï 7KH ,5% SRUW HQDEOHV PXOWLSOH /;7äìè GHYLFHV
WR EH LQWHUFRQQHFWHGñ FUHDWLQJ D ODUJHñ VLQJOHðVHJPHQWñ
PXOWLðSRUW UHSHDWHUï

ìí%$6(ð7 3RUWV
7KH IRXU ìí%$6(ð7 WUDQVFHLYHU SRUWV DUH FRPSOHWHO\ VHOIð
FRQWDLQHGï 6LQFH WKH WUDQVPLWWHUV DQG UHFHLYHUV LQFOXGH WKH
UHTXLUHG ILOWHULQJñ RQO\ VLPSOHñ LQH[SHQVLYH WUDQVIRUPHUV
DUH UHTXLUHG WR FRPSOHWH WKH ìí%$6(ð7 LQWHUIDFHï (DFK
LQGLYLGXDO 7ZLVWHGð3DLU õ73ô SRUW LV LPSOHPHQWHG LQ DFFRUð
GDQFH ZLWK WKH ,((( åíëïê ìí%$6(ð7 VWDQGDUGï 5HIHU WR
7DEOH ì IRU 73 3RUW VLJQDO GHVFULSWLRQVï

$8, 3RUW
7KH $8, SRUW RSHUDWHV LQ VWDQGDUG '7( PRGH DQG DOORZV
FRQQHFWLRQ RI DQ H[WHUQDO WUDQVFHLYHU õìí%$6(ðëñ
ìí%$6(ðèñ ìí%$6(ð7 RU )2,5/ô RU D GURS FDEOHï 5HIHU
WR 7DEOH ë IRU $8, 3RUW VLJQDO GHVFULSWLRQVï

,QWHUð5HSHDWHU %DFNSODQH
7KH ,QWHUð5HSHDWHU %DFNSODQH õ,5%ô DOORZV VHYHUDO
/;7äìèV WR IXQFWLRQ DV D VLQJOH UHSHDWHUï 7KH ,5% DOVR
DOORZV VHYHUDO PXOWLðUHSHDWHU ERDUGV WR EH LQWHJUDWHG LQ D
VWDQGDUG UDFN DQG WR IXQFWLRQ DV D VLQJOH XQLWï 7KH ,5% VXSð
SRUWV ¦KRW VZDSSLQJ§ IRU HDV\ PDLQWHQDQFH DQG WURXEOHð
VKRRWLQJï (DFK LQGLYLGXDO UHSHDWHU GLVWULEXWHV UHFRYHUHG
DQG UHWLPHG GDWD WR RWKHU UHSHDWHUV RQ WKH ,5% IRU EURDGFDVW
RQ DOO SRUWV VLPXOWDQHRXVO\ï 7KLV VLPXOWDQHRXV UHEURDGFDVW
DOORZV WKH PXOWLðUHSHDWHU V\VWHP WR DFW DV D VLQJOH ODUJH
UHSHDWHU XQLWï 7KH PD[LPXP QXPEHU RI UHSHDWHUV RQ WKH
,5% LV OLPLWHG E\ EXV ORDGLQJ IDFWRUV VXFK DV SDUDVLWLF
FDSDFLWDQFHï 7KH ,5% FDQ EH RSHUDWHG V\QFKURQRXVO\ RU
DV\QFKURQRXVO\ï 5HIHU WR 7DEOH ê IRU FRQWURO VLJQDOV DQG WR
7DEOH é IRU ,5% VLJQDO GHVFULSWLRQVï

6\QFKURQRXV ,5% 2SHUDWLRQ
,Q WKH V\QFKURQRXV PRGHñ D FRPPRQ H[WHUQDO VRXUFH
SURYLGHV WKH ìí 0+] EDFNSODQH FORFN õ%&/.,2ô DQG
WKH ëí 0+] V\VWHP FORFN õ6<6&/.ô WR DOO UHSHDWHUVï
õ%&/.,2 PXVW EH V\QFKURQRXV WR 6<6&/. DQG PD\
EH GHULYHG IURP 6<6&/. XVLQJ D GLYLGHðE\ðWZR FLUð
FXLWïô ,Q WKH V\QFKURQRXV PRGH êë RU PRUH /;7äìè
UHSHDWHUV PD\ EH FRQQHFWHG RQ WKH ,5%ñ SURYLGLQJ ìëå
ìí%$6(ð7 SRUWV DQG êë $8, SRUWVï

$V\QFKURQRXV ,5% 2SHUDWLRQ
,Q WKH DV\QFKURQRXV PRGH DQ H[WHUQDO %&/.,2 VRXUFH
LV QRW UHTXLUHGï 7KH UHSHDWHUV UXQ LQGHSHQGHQWO\ XQWLO
RQH WDNHV FRQWURO RI WKH ,5%ï 7KH WUDQVPLWWLQJ UHSHDWHU
WKHQ RXWSXWV LWV RZQ ìí 0+] FORFN RQWR WKH %&/.,2
OLQHï $OO RWKHU UHSHDWHUV V\QF WR WKDW FORFN IRU WKH GXUDð
WLRQ RI WKH WUDQVPLVVLRQï ,Q WKH DV\QFKURQRXV PRGH ìë
RU PRUH /;7äìè GHYLFHV PD\ EH FRQQHFWHG WR WKH
,5%ñ SURYLGLQJ éå ìí%$6(ð7 SRUWV DQG ìë $8, SRUWVï

127(

7KH PD[LPXP QXPEHU RI UHSHDWHUV ZKLFK PD\ EH
OLQNHG RQ WKH EDFNSODQH LV OLPLWHG E\ ERDUG GHVLJQ
IDFWRUVï 7KH QXPEHUV OLVWHG DERYH DUH HQJLQHHULQJ
HVWLPDWHV RQO\ï 6WURQJHU GULYHUV DQG UHGXFHG
FDSDFLWLYH ORDGLQJ LQ 3&% OD\RXW PD\ DOORZ DQ

LQFUHDVHG GHYLFH FRXQWï
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,QWHUQDO 5HSHDWHU &LUFXLWU\
7KH EDVLF UHSHDWHU FLUFXLWU\ LV VKDUHG DPRQJ DOO WKH SRUWV
ZLWKLQ WKH /;7äìèï ,W FRQVLVWV RI D JOREDO UHSHDWHU VWDWH
PDFKLQHñ VHYHUDO WLPHUV DQG FRXQWHUV DQG WKH WLPLQJ UHFRYð
HU\ FLUFXLWï 7KH WLPLQJ UHFRYHU\ FLUFXLW LQFOXGHV D ),)2 IRU
UHWLPLQJ DQG UHFRYHU\ RI WKH FORFN ZKLFK LV XVHG WR FORFN
WKH UHFHLYH GDWD RXW RQWR WKH ,5%ï

7KH VKDUHG IXQFWLRQDO EORFNV RI WKH /;7äìè DUH FRQWUROOHG
E\ WKH JOREDO VWDWH PDFKLQH VKRZQ LQ )LJXUH ëï 7KLV GLDð
JUDP DQG DOO DVVRFLDWHG QRWDWLRQV XVHG DUH LQ VWULFW DFFRUð
GDQFH ZLWK VHFWLRQ äïç RI WKH ,((( åíëïê VWDQGDUGï

7KH /;7äìè DOVR LPSOHPHQWV WKH 3DUWLWLRQ 6WDWH 'LDJUDP
DV GHILQHG E\ WKH ,((( åíëïê VWDQGDUG DQG VKRZQ LQ
)LJXUH êï 7KH YDOXH RI &&/,0,7 DV LPSOHPHQWHG LQ WKH
/;7äìè LV çéï

7KH &&/,0,7 YDOXH VHWV WKH QXPEHU RI FRQVHFXWLYH FROOLð
VLRQV WKDW PXVW RFFXU EHIRUH WKH SRUW LV VXEMHFWHG WR DXWRð
PDWLF SDUWLWLRQLQJï $XWRðSDUWLWLRQîUHFRQQHFWLRQ LV DOVR
VXSSRUWHG E\ WKH /;7äìè ZLWK 7Zè FRQIRUPLQJ WR WKH
VWDQGDUG UHTXLUHPHQW RI éèí WR èçí ELW WLPHVï

)LJXUH ëã *OREDO 6WDWH 0DFKLQH

2XW õ$//;1ô  3UHDPEOH 3DWWHUQ

6(1' 35($0%/( 3$77(51

2XW õ$//ô  ,GOH

,'/(

%HJLQ

67$57

2XW õ$//;1ô  7ZR2QHV

6(1' 7:2 21(6

2XW õ$//;1ô  'DWD

6(1' '$7$

2XW õ$OOô  -DP

75$160,7 &2//,6,21

2XW õ$//;0ô  -DP

21( 3257 /()7

6WDUW7Zì
2XWõ$//ô  ,GOH

:$,7

2XW õ$//;1ô  -DP

5(&(,9( &2//,6,21

3RZHU 2Q

8&7

&ROOLQõ$1<ô  64(>1⇐3RUWõ&ROOLQ  64(ô@

&ROOLQõ$1<;1ô  64(

&ROOLQõ$1<;1ô  64(

&ROOLQõ1ô  64( ò 'DWDLQõ1ô  ,, ó &ROOLQ õ$//ô  64(

&ROOLQõ$1<;1ô  64(

&ROOLQõ$1<;1ô  64(

&ROOLQõ$1<;0ô  64(

&ROOLQõ$1<ô  64( ò 7Zì'RQH

&ROOLQõ21/<ìô  64( ó
77õ$//ô≥ äçã>0⇐3RUWõ&ROOLQ  64(ô@

'DWDLQõ$1<ô  ,, ó &ROOLQõ$//ô  64(ã>1⇐3RUWõ'DWDLQ  ,,ô@

77õ$//;1ô ≥ çë ó 'DWD5G\ ó &ROOLQõ$//ô  64( ó 'DWDLQõ1ô  ,,

&ROOLQõ1ô  64( ò 'DWDLQõ1ô  ,, ó
&ROOLQõ$//ô  64( ó
$OO'DWD6HQW ó 77õ$1$<;1ô á äç

&ROOLQõ1ô  64( ò 'DWDLQ  ,, ó &ROOLQõ$//ô  64(

7ZR2QHV6HQW ó &ROOLQõ$//ô  64( ó 'DWDLQõ1ô  ,,

&ROOLQõ$//ô  64( ó 77õ$//ô≥ äç ó 7Zë'RQH

'DWDLQõ0ô  ,,ó
&ROOLQõ$//ô  64(ó
7Zë'RQH

'DWDLQõ1ô  ,, ó
&ROOLQõ$//ô  64( ó
77õ$//;1ô ≥ äç ó
7Zë'RQH

'DWDLQõ1ô  ,, ó
&ROOLQõ$//ô  64( ó
77õ$//;1ô ≥ äç ó
$OO'DWD6HQW

,,  LQSXWBLGOH õQR DFWLYLW\ô
,,  DFWLYLW\
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,QLWLDOL]DWLRQ
7KH IROORZLQJ GHVFULSWLRQ DSSOLHV WR WKH LQLWLDO SRZHUðRQ
UHVHW DQG WR DQ\ VXEVHTXHQW KDUGZDUH UHVHWï :KHQ D UHVHW
RFFXUV õ5(6(7 SLQ SXOOHG KLJK IRU ! ì PVôñ WKH GHYLFH
VHQVHV WKH OHYHOV DW WKH YDULRXV FRQWURO SLQV õVHH 7DEOHV ê
DQG éô WR GHWHUPLQH WKH FRUUHFW RSHUDWLQJ PRGHV IRU WKH
/('V DQG WKH ,5%ï

)LJXUH êã 3DUWLWLRQLQJ 6WDWH 'LDJUDP

3$57,7,21 :$,7

'DWDLQõ;ô  ,,
&ROOLQõ;ô  64(

3$57,7,21 +2/'

'DWDLQõ;ô  ,,
&ROOLQõ;ô  64(

',3UHVHQWõ;ô  ,, ó&,3UHVHQWõ;ô  64(

',3UHVHQWõ;ô  ,, ò &,3UHVHQWõ;ô  64(

&,3UHVHQWõ;ô  
64(

',3UHVHQWõ;ô  ,,
&,3UHVHQW  64(

3$57,7,21 &2//,6,21
:$7&+

'DWDLQõ;ô  ,,
&ROOLQõ;ô  64(

6WDUW7Zè

:$,7 72 5(6725(
3257

'DWDLQõ;ô  ,,
&ROOLQõ;ô  64(

&&õ;ô  í

7Zè'RQH ó ',3UHVHQWõ;ô  ,, ó
&,3UHVHQWõ;ô  64(

&2817 &/($5

&&õ;ô  í

'DWDLQõ;ô  ',3UHVHQWõ;ô

&ROOLQõ;ô  &,3UHVHQWõ;ô

%HJLQ

&2//,6,21 &2817 ,'/(

'DWDLQõ;ô  ',3UHVHQWõ;ô

&ROOLQõ;ô  &,3UHVHQWõ;ô

',3UHVHQWõ;ô  ,, ó
&,3UHVHQWõ;ô  64(

:$7&+ )25
&2//,6,21
6WDUW7Zè

'DWDLQõ;ô  ',3UHVHQWõ;ô

&ROOLQõ;ô  &,3UHVHQWõ;ô

&2//6,21 &2817
,1&5(0(17

'DWDLQõ;ô  ',3UHVHQWõ;ô

&ROOLQõ;ô  &,3UHVHQWõ;ô

&&õ;ô  &&õ;ô ò ì

6WDUW7Zç

',3UHVHQWõ;ô  ,, ó
&,3UHVHQWõ;ô  64(

7Zè'RQH ó ',3UHVHQWõ;ô  ,, ó
&,3UHVHQWõ;ô  64(

',3UHVHQWõ;ô  ,, ò &,3UHVHQWõ;ô  64(

&,3UHVHQWõ;ô  64(

&&õ;ô ≥
&&/LPLW ò õ7Zç'RQH ó
&,3UHVHQWõ;ô  64(ô

',3UHVHQWõ;ô  ,, ó
&,3UHVHQWõ;ô  64( ó
&&õ;ô á &&/LPLW ó

7Zç'RQH

',3UHVHQWõ;ô  ,, ó &,3UHVHQW õ;ô  64(
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ìí%$6(ð7 3RUW 2SHUDWLRQ

ìí%$6(ð7 5HFHSWLRQ
(DFK /;7äìè ìí%$6(ð7 SRUW UHFHLYHU DFTXLUHV GDWD SDFNð
HWV IURP LWV WZLVWHGðSDLU LQSXW õ',3î',1ôï $Q LQWHUQDO 5&
ILOWHU DQG DQ LQWHOOLJHQW VTXHOFK IXQFWLRQ GLVFULPLQDWH QRLVH
IURP OLQN WHVW SXOVHV DQG YDOLG GDWD VWUHDPVï 1R H[WHUQDO ILOð
WHUV DUH UHTXLUHGï 7KH UHFHLYH IXQFWLRQ LV DFWLYDWHG RQO\ E\
YDOLG GDWD VWUHDPV õDERYH WKH VTXHOFK OHYHO DQG ZLWK SURSHU
WLPLQJôï ,I WKH GLIIHUHQWLDO VLJQDO DW WKH ', FLUFXLW LQSXWV
IDOOV EHORZ æèø RI WKH WKUHVKROG OHYHO õXQVTXHOFKHGô IRU
HLJKW ELW WLPHV õW\SLFDOôñ WKH SRUW UHFHLYHU HQWHUV WKH LGOH
VWDWHï

3RODULW\ 'HWHFWLRQ DQG &RUUHFWLRQ
7KH /;7äìè ìí%$6(ð7 SRUWV GHWHFW DQG FRUUHFW IRU
UHYHUVHG SRODULW\ E\ PRQLWRULQJ OLQN SXOVHV DQG HQGðRIð
IUDPH VHTXHQFHVï $ UHYHUVHG SRODULW\ FRQGLWLRQ LV GHFODUHG
ZKHQ WKH SRUW UHFHLYHV VL[WHHQ RU PRUH LQFRUUHFW OLQN SXOVHV
FRQVHFXWLYHO\ñ RU IRXU IUDPHV ZLWK UHYHUVHG VWDUWðRIðLGOH
VHTXHQFHï ,Q WKHVH FDVHV WKH UHFHLYHU UHYHUVHV WKH SRODULW\
RI WKH VLJQDO DQG WKHUHE\ FRUUHFWV IRU WKLV IDLOXUH FRQGLWLRQï
,I WKH SRUW 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\ 7HVWð
LQJ LV GLVDEOHGñ SRODULW\ GHWHFWLRQ LV EDVHG RQO\ RQ UHFHLYHG
GDWDïô

ìí%$6(ð7 /LQN ,QWHJULW\ 7HVWLQJ
7KH /;7äìè IXOO\ VXSSRUWV WKH ìí%$6(ð7 /LQN ,QWHJULW\
WHVW IXQFWLRQï 7KH OLQN LQWHJULW\ WHVW GHWHUPLQHV WKH VWDWXV RI
WKH UHFHLYH VLGH WZLVWHGðSDLU FDEOHï 7KH UHFHLYHU UHFRJQL]HV
OLQN LQWHJULW\ SXOVHV WUDQVPLWWHG LQ WKH DEVHQFH RI GDWD WUDIð
ILFï :LWK QR GDWD SDFNHWV RU OLQN LQWHJULW\ SXOVHV ZLWKLQ ìíí
õ�èíô PVñ WKH SRUW HQWHUV D OLQN IDLO VWDWH DQG GLVDEOHV LWV
WUDQVPLWWHUï 7KH SRUW UHPDLQV LQ WKH OLQN IDLO VWDWH XQWLO LW
GHWHFWV WKUHH RU PRUH GDWD SDFNHWV RU OLQN LQWHJULW\ SXOVHVï

ìí%$6(ð7 7UDQVPLVVLRQ
(DFK /;7äìè ìí%$6(ð7 SRUW UHFHLYHV 15= GDWD IURP WKH
UHSHDWHU FRUH DQG SDVVHV LW WKURXJK D 0DQFKHVWHU HQFRGHUï
7KH HQFRGHG GDWD LV WKHQ WUDQVPLWWHG WR WKH WZLVWHGðSDLU
QHWZRUN õWKH '2 FLUFXLWôï 7KH DGYDQFHG LQWHJUDWHG SXOVH
VKDSLQJ DQG ILOWHULQJ QHWZRUN SURGXFHV WKH SUHðGLVWRUWHG
DQG SUHðILOWHUHG RXWSXW VLJQDO WR PHHW WKH ìí %DVHð7 MLWWHU
WHPSODWHï $Q LQWHUQDO FRQWLQXRXV UHVLVWRUðFDSDFLWRU ILOWHU LV
XVHG WR UHPRYH DQ\ KLJKðIUHTXHQF\ FORFNLQJ QRLVH IURP WKH
SXOVH VKDSLQJ FLUFXLWU\ï ,QWHJUDWHG ILOWHUV VLPSOLI\ WKH
GHVLJQ ZRUN UHTXLUHG IRU )&& FRPSOLDQW (0, SHUIRUð
PDQFHï

'XULQJ LGOH SHULRGVñ WKH /;7äìè ìí%$6(ð7 SRUWV WUDQVPLW
OLQN LQWHJULW\ WHVW SXOVHV LQ DFFRUGDQFH ZLWK WKH åíëïê
ìí%$6(ð7 VWDQGDUGï

'DWD SDFNHWV WUDQVPLWWHG E\ WKH /;7äìè FRQWDLQ D PLQLð
PXP RI èç SUHDPEOH ELWV EHIRUH WKH VWDUW RI IUDPH GHOLPLWHU
õ6)'ôï ,Q WKH $V\QFKURQRXV PRGHñ SUHDPEOH UHJHQHUDWLRQ
WDNHV SODFH RQ WKH WUDQVPLW VLGHï ,Q WKH 6\QFKURQRXV PRGHñ
WKH SUHDPEOH LV UHJHQHUDWHG RQ WKH UHFHLYH VLGH DQG GLVWULEð
XWHG YLD WKH ,5%ï ,I WKH WRWDO SDFNHW LV OHVV WKDQ äç ELWV
LQFOXGLQJ WKH SUHDPEOHñ WKH /;7äìè H[WHQGV WKH SDFNHW
OHQJWK WR äç ELWV E\ DSSHQGLQJ D -DP VLJQDO õìíìíïïïô DW WKH
HQGï

$8, 3RUW 2SHUDWLRQ

$8, 5HFHSWLRQ
7KH /;7äìè $8, SRUW UHFHLYHU DFTXLUHV GDWD SDFNHWV IURP
WKH QHWZRUN õ',3î',1ôï 2QO\ YDOLG GDWD VWUHDPV DERYH WKH
VTXHOFK OHYHO DFWLYDWH WKH UHFHLYH IXQFWLRQï ,I WKH GLIIHUHQð
WLDO VLJQDO DW WKH ', FLUFXLW LQSXWV IDOOV EHORZ æèø RI WKH
WKUHVKROG OHYHO õXQVTXHOFKHGô IRU å ELW WLPHV õW\SLFDOôñ WKH
$8, UHFHLYHU HQWHUV WKH LGOH VWDWHï

$8, 7UDQVPLVVLRQ
7KH /;7äìè $8, SRUW UHFHLYHV 15= GDWD IURP WKH UHSHDWHU
FRUHñ DQG SDVVHV LW WKURXJK D 0DQFKHVWHU HQFRGHUï 7KH
HQFRGHG GDWD WKHQ JRHV RXW RQ WKH QHWZRUN õ'23î'21ôï

&ROOLVLRQ +DQGOLQJ
$ FROOLVLRQ RFFXUV ZKHQ WZR RU PRUH UHSHDWHU SRUWV UHFHLYH
VLPXOWDQHRXVO\ñ RU ZKHQ WKH $8, &,3î&,1 VLJQDO LV DFWLYHï
7KH /;7äìè IXOO\ FRPSOLHV ZLWK WKH ,((( åíëïê FROOLVLRQ
VSHFLILFDWLRQVñ ERWK LQ LQGLYLGXDO DQG PXOWLðUHSHDWHU DSSOLð
FDWLRQVï ,Q PXOWLSOHðUHSHDWHU FRQILJXUDWLRQVñ FROOLVLRQ VLJð
QDOLQJ RQ WKH ,5% DOORZV DOO UHSHDWHUV WR VKDUH FROOLVLRQ
SDUDPHWHUVñ DFWLQJ DV D VLQJOH ODUJH UHSHDWHUï

,5&2/ LV D GLJLWDO RSHQðGUDLQ SLQï ,5&)6 LV DQ DQDORJîGLJð
LWDO SRUWï 7KH ,5&2/ DQG ,5&)6 OLQHV DUH SXOOHG XS JORð
EDOO\ õLïHïñ HDFK VLJQDO UHTXLUHV RQH SXOOðXS UHVLVWRU IRU DOO
ERDUGVôï ,I WKHUH DUH HLJKW êðUHSHDWHU ERDUGV LQ WKH V\VWHPñ
DOO HLJKW ERDUGV VKDUH D VLQJOH SXOOðXS UHVLVWRU IRU ,5&2/
DQG D VLQJOH SXOOðXS UHVLVWRU IRU ,5&)6ï 7KH JOREDO SXOOðXS
PD\ EH ORFDWHG RQ RQH RI WKH ERDUGVñ RU RQ WKH EDFNSODQHï
7KH ,5&)6 OLQH UHTXLUHV D SUHFLVLRQ õ� ìøô UHVLVWRUï

7KH ,5(1$ñ ,5'$7 DQG ,5'(1 OLQHV DUH HDFK SXOOHG XS
ORFDOO\ õRQH SXOOðXS UHVLVWRU SHU ERDUGô LI H[WHUQDO EXV GULYð
HUV DUH XVHGï ,I QR EXV GULYHUV DUH XVHG WKHQ RQO\ RQH JOREDO
SXOOðXS SHU VLJQDO LV XVHGï
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/(' 'LVSOD\
7KH /(' GLVSOD\ LQWHUIDFH FRQVLVWV RI VHYHQ LQWHJUDWHG
/(' GULYHUVñ RQH IRU HDFK RI WKH ILYH QHWZRUN SRUWV DQG WZR
IRU FRPPRQ IXQFWLRQVï (DFK SLQ SURYLGHV D WKUHHðVWDWH
SXOVHG RXWSXW õòè 9ñ KLJK =ñ DQG í 9ô ZKLFK DOORZV PXOWLð
SOH FRQGLWLRQV WR EH PRQLWRUHG DQG UHSRUWHG LQGHSHQGHQWO\ï
7DEOH ç VKRZV WKH /(' 0RGH VHOHFWHG ZLWK HDFK /('0ì
DQG /('0í FRPELQDWLRQï )LJXUH é VKRZV WKH /(' 'ULYHU
RXWSXW FRQGLWLRQV DQG 7DEOHV æ WKURXJK ìí OLVW WKH UHSHDWHU
VWDWHV DVVRFLDWHG ZLWK HDFK RI WKH ILYH FRQGLWLRQVï

/(' 0RGH í õ'HIDXOWô

7KLV PRGH LV VHOHFWHG ZKHQ /('0ì DQG /('0í DUH
IORDWHG RU SXOOHG ORZï 5HIHU WR 7DEOH æï

/(' 0RGH ì
7KLV PRGH LV VHOHFWHG ZKHQ /('0ì LV WLHGñ IORDWHG RU
SXOOHG ORZ DQG /('0í LV SXOOHG KLJK E\ D SXOOðXS UHVLVWRUï
5HIHU WR 7DEOH åï

/(' 0RGH ë
7KLV PRGH LV VHOHFWHG ZKHQ /('0ì LV SXOOHG KLJK E\ D
SXOOðXS UHVLVWRU DQG /('0í LV IORDWHG RU SXOOHG ORZï 5HIHU
WR 7DEOH äï

/(' 0RGH ê
7KLV PRGH LV VHOHFWHG ZKHQ /('0ì LV SXOOHG KLJK E\ D
SXOOðXS UHVLVWRU DQG /('0í LV DOVR SXOOHG KLJK E\ D SXOOð
XS UHVLVWRUï 5HIHU WR 7DEOH ìíï

7DEOH çã /(' 0RGH 6HOHFWLRQ

/('0ì /('0í
/(' 0RGH
6HOHFWHG

3LQ ëé 3LQ æ

í í í õGHIDXOWô

í ì ì

ì í ë

ì ì ê

7DEOH æã 0RGH í /(' 7UXWK 7DEOH õ'HIDXOWô

&RQGLWLRQ /('73 ìðé /('$8, /('&)

ì 5[ /LQN 3XOVH 1î$ ),)2 (UURU

ë 7[ 3DFNHW 7[ 3DFNHW 1î$

ê 5HYHUVHG 3RODULW\ 1î$ &ROOLVLRQ

é 5[ 3DFNHW 5[ 3DFNHW 1î$

è 3DUWLWLRQHG 2XW 3DUWLWLRQHG 2XW 1î$

7DEOH åã 0RGH ì /(' 7UXWK 7DEOH

&RQGLWLRQ /('73 ìðé /('$8, /('&)

ì 5[ /LQN 3XOVH 1î$ 0$8 -DEEHU /RFNXS 3URWHFWLRQ õ0-/3ô

ë 1î$ 1î$ 1î$

ê 1î$ 1î$ &ROOLVLRQ

é 5[ 3DFNHW 5[ 3DFNHW 1î$

è 1î$ 1î$ 1î$

7DEOH äã 0RGH ë /(' 7UXWK 7DEOH

&RQGLWLRQ /('73 ìðé /('$8, /('&)

ì 5[ /LQN 3XOVH 1î$ 0$8 -DEEHU /RFNXS 3URWHFWLRQ õ0-/3ô

ë 3DUWLWLRQHG 2XW 3DUWLWLRQHG 2XW 1î$

ê 1î$ 1î$ &ROOLVLRQ

é 5[ 3DFNHW 5[ 3DFNHW 1î$

è 1î$ 1î$ 1î$
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)LJXUH éã ,QWHJUDWHG /(' 'ULYHU ,QGLFDWLRQV

7DEOH ìíã 0RGH ê /(' 7UXWK 7DEOH

&RQGLWLRQ /('73 ìðé /('$8, /('&)

ì 5[ /LQN 3XOVH 1î$ 0$8 -DEEHU /RFNXS 3URWHFWLRQ õ0-/3ô

ë 5[ 3DFNHW 5[ 3DFNHW 1î$

ê 3DUWLWLRQHG 2XW 3DUWLWLRQHG 2XW &ROOLVLRQ

é 1î$ 1î$ 1î$

è 1î$ 1î$ 1î$

é PV é PV é PV é PV é PV é PV é PV é PV

&RQGLWLRQ éã
%OLQNLQJ 5HG

ëèç
PV

ëèç PV

òè9
+LJK =
í9 õ*QGô

é PV é PV é PV é PV é PV é PV

òè9
+LJK =
í9 õ*QGô

&RQGLWLRQ êã
6WHDG\ 5HG

òè9
+LJK =
í9 õ*QGô

é PV é PV é PV é PV é PV é PV é PV

&RQGLWLRQ ëã
%OLQNLQJ *UHHQ ëèç

PV

ëèç PV

é PV é PV é PV é PV é PVé PV
òè9
+LJK =
í9 õ*QGô

é PV

&RQGLWLRQ ìã
6WHDG\ *UHHQ

í9 õ*QGô
é PV

é PV é PV

äêïæè PV

òè9
+LJK =

é PV é PV

èïêê +]

é PV é PV

&RQGLWLRQ èã
$OWHUQDWLQJ 5HGî*UHHQ

5HG

*UHHQ
åëí Ω

åëí Ω

éæí Ω
/;7äìè
/('
'ULYHU

òè 9

5HG

*UHHQ
êêí Ω

êêí Ω

æí Ω
/;7äìè
/('
'ULYHU

òè 9ë P$ 2SHUDWLRQ è P$ 2SHUDWLRQ

127(
7KH GULYHUV DUH FDSDEOH RI GULYLQJ D ìí P$ ORDGï 7KH VLJQDO LV SXOVHG HYHU\ é PVñ PDNLQJ WKH DYHUDJH FXUUHQW DSSUR[LPDWHO\ è P$ï
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/;7äìè $SSOLFDWLRQ ,QIRUPDWLRQ

/;7äìè$33/,&$7,21 ,1)250$7,21

/D\RXW 5HTXLUHPHQWV

7KH 7ZLVWHG 3DLU ,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',3î7'3,1 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 VLJQDOV UXQQLQJ IURP WKH WUDQVIRUPHUV WR WKH FRQQHFWRU
VKRXOG UXQ LQ FORVH SDLUV GLUHFWO\ WR WKH FRQQHFWRUï %H FDUHð
IXO QRW WR FURVV WKH WUDQVPLW DQG UHFHLYH SDLUVï 2QH ZD\ WR
DYRLG D SUREOHP LV WR UXQ WKH UHFHLYH SDLUV RQ WKH FRPSRð
QHQW 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
IURP WKH WUDQVIRUPHUV WR WKH FRQQHFWRUVï 7KH GDWD VLJQDOV
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 /;7äìèï $Q\ HPLVVLRQV RU FRPPRQ PRGH QRLVH HQWHUð
LQJ WKH GHYLFH KHUH FRXOG EH PHDVXUHG RQ WKH WZLVWHG SDLU
RXWSXW VLJQDOVï 7KH /;7äìè UHTXLUHV D ìëïé NΩ, ìø UHVLVð
WRU GLUHFWO\ FRQQHFWHG WR 5%,$6 DW SLQ ëçï 7KLV FRQQHFWLRQ
VKRXOG EH DV VKRUW DV SRVVLEOHï 7KH JURXQG UDLOV IURP SLQV
ëè ÷ ëæ VKRXOG FRPH GLUHFWO\ RII RI WKH GHYLFH WR HQFORVH
WKH UHVLVWRU DQG SLQ IRUPLQJ D VKLHOGHG DUHD EHWZHHQ WKH
5%,$6 FRQQHFWLRQ DQG WKH VZLWFKLQJ VLJQDOV RQ WKH 3&%ï

8QPDQDJHG +XE $SSOLFDWLRQ
)LJXUH è VKRZV DQ HLJKWðSRUW XQPDQDJHG KXE DSSOLFDWLRQï
7KH DSSOLFDWLRQ VKRZV D SDLU RI /;7äìèV FRQQHFWHG XVLQJ
WKH $V\QFKURQRXV ,5% PRGHï

)LJXUH è õ6KHHW ìô KDV WKH /;7äìè VHW XS ZLWK WKH /('V LQ
0RGH ì ZLWK RQH OLQN /(' SHU SRUW DQG D VLQJOH FROOLVLRQ
/('ï ,Q /(' 0RGH ìñ WKH WZLVWHG SDLU SRUW /('V GLVSOD\
OLQN LQWHJULW\ RQO\ õUHIHU WR 7DEOH åôï /(' 0RGH ì LV
VHOHFWHG E\ SXOOLQJ /('0í +LJK ZLWK D ì NΩ UHVLVWRU RQ
SLQ æ DQG SXOOLQJ /('0ì /RZ ZLWK SLQ ëé DWWDFKHG WR
JURXQGï

)LJXUH è õ6KHHW ëô VKRZV WKH VHFRQG /;7äìè VHW XS LQ WKH
VDPH /('0RGH õ0RGH ìôï 7KH $&î'& SOXJ DQG UHJXODWRU
FLUFXLWV DUH FRPPRQO\ XVHG LQ UHPRWH KXE DSSOLFDWLRQVï

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
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/;7äìè 6LPSOH 4XDG (WKHUQHW 5HSHDWHU

0DJQHWLFV 5HTXLUHPHQWV

7KH 7ZLVWHG 3DLU ,QWHUIDFH
7KH /;7äìè UHTXLUHV WUDQVIRUPHUV ZLWK D ìãì UDWLR IRU WKH
UHFHLYH SDLUV DQG ìã√2 RQ WKH WUDQVPLW SDLUVï 7KH WUDQVð
IRUPHU LVRODWLRQ YROWDJH VKRXOG EH UDWHG DW ë .9 WR SURWHFW
WKH FLUFXLWU\ IURP VWDWLF YROWDJHV DFURVV WKH FRQQHFWRUV DQG
FDEOHVï 0DJQHWLFV VXLWDEOH IRU WKH /;7äìè DUH FXUUHQWO\
DYDLODEOHñ DQG DUH XVHG RQ WKH /;7äìé 4XDG 5HSHDWHUï
$YDLODEOH PDJQHWLFV LQFOXGH WKH IROORZLQJ RSWLRQVã

� VLPSOH SHUðSRUW 5[î7[ SDLU WUDQVIRUPHUV

� UHFHLYH TXDG WUDQVIRUPHUV DQG
WUDQVPLW TXDG WUDQVIRUPHUV

� VLQJOH éí SLQ RFWDO WUDQVIRUPHUV

&RPSRQHQW 6HOHFWLRQ
7DEOH ìì LV D OLVW RI DYDLODEOH 4XDG DQG 6LQJOH SRUW WUDQVð
IRUPHUV ZLWK PDQXIDFWXUHUV DQG SDUW QXPEHUVï 7KLV LQIRUð
PDWLRQ ZDV YDOLG DV RI WKH SULQWLQJ GDWH RI WKLV GRFXPHQWï
%HIRUH FRPPLWWLQJ WR D VSHFLILF FRPSRQHQWñ GHVLJQHUV
VKRXOG FRQWDFW WKH PDQXIDFWXUHU IRU FXUUHQW SURGXFW VSHFLð
ILFDWLRQVñ DQG VKRXOG WHVW DQG YDOLGDWH WKH PDJQHWLFV IRU WKH
VSHFLILF DSSOLFDWLRQï

7DEOH ììã 0DQXIDFWXUHUV 0DJQHWLFV /LVW

0DQXIDFWXUHU 4XDG 7UDQVPLW 4XDG 5HFHLYH 4XDG 3RUW 7[î5[

%(/ 6èèêðèäääðíë 6èèêðèäääðíê

+$/2 7'èéðìííç/ì
7*èéðìííç1ë

7'íìðìííç/ì
7*íìðìííç1ë

7*ééð6íìí1;
7*éèð6íìí1;
7*éçð6íìí1;

1DQRSXOVH èäæç èäææ

.DSSD 73éííê3 73éäæ3ìíì

3&$ (3(çííä (3(çíìí

7'. 7/$ðê7ìíæ 7/$ðê7ìíç

9$/25 37éììç 37éììæ
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/;7äìè 7HVW 6SHFLILFDWLRQV

/;7äìè 7(67 63(&,),&$7,216

127(

0LQLPXP DQG PD[LPXP YDOXHV LQ 7DEOHV ìë WKURXJK ìä DQG )LJXUH ç UHSUHVHQWV WKH SHUIRUPDQFH
VSHFLILFDWLRQV RI WKH /;7äìè DQG DUH JXDUDQWHHG E\ WHVW H[FHSWñ ZKHUH QRWHGñ E\ GHVLJQ

ï

7DEOH ìëã $EVROXWH 0D[LPXP 5DWLQJV

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

6XSSO\ YROWDJH 9&& ðíïê ¤ ç 9

2SHUDWLQJ WHPSHUDWXUH 723 í ¤ òæí � &

6WRUDJH WHPSHUDWXUH 767 ðçè ¤ òìèí � &

127(

([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 ìêã 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV

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

5HFRPPHQGHG VXSSO\ YROWDJH 9&& éïæè èïí èïëè 9

5HFRPPHQGHG RSHUDWLQJ WHPSHUDWXUH 723 í ¤ æí � &

7DEOH ìéã ,î2 (OHFWULFDO &KDUDFWHULVWLFVì õRYHU UHFRPPHQGHG UDQJHô

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

6XSSO\ FXUUHQW ,&& ¤ ¤ ìåí P$

,QSXW /RZ YROWDJH 9,/ ¤ ¤ íïå 9

,QSXW /RZ YROWDJH õ5(6(7ô 9,/5(6(7 ¤ ¤ íïå 9 9&&  èïëè 9

,QSXW +LJK YROWDJH 9,+5(6(7 éïí ¤ ¤ 9 9&&  éïæè 9

,QSXW +LJK YROWDJH õ5(6(7ô 9,+ ëïí ¤ ¤ 9

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

2XWSXW /RZ YROWDJH 92/ ¤ ¤ ìí ø 9&& ,2/ á ìí µ$

2XWSXW /RZ YROWDJH õ/('ô 92// ¤ ¤ ìïí 9 ,2//  è P$

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

ìï 1RW DSSOLFDEOH WR ,5% VLJQDOVâ ,5% HOHFWULFDO FKDUDFWHULVWLFV DUH VSHFLILHG LQ 7DEOH ìæï
ëï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â WKH\ DUH QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
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2XWSXW +LJK YROWDJH 92+ äí ¤ ¤ ø 9&& ,2+ á ìí µ$

2XWSXW +LJK YROWDJH õ/('ô 92+/ é ¤ ¤ 9 ,2+/  ðè P$

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

2XWSXW ULVH î IDOO WLPH ¤ ¤ ê å QV &/2$'  ëí S)

5(6(7 SXOVH ZLGWK 3:5(6(7 ìïí ¤ ¤ PV 9&&  éïæè 9

5(6(7 IDOO WLPH 7)5(6(7 ¤ ¤ ëíïí µV 9,+5(6(7 WR 9,/5(6(7

7DEOH ìèã $8, (OHFWULFDO &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG UDQJHô

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

,QSXW /RZ FXUUHQW ,,/ ¤ ¤ ðæíí µ$
,QSXW +LJK FXUUHQW ,,+ ¤ ¤ èíí µ$
'LIIHUHQWLDO RXWSXW YROWDJH 92' �èèí ¤ �ìëíí P9

5HFHLYH LQSXW LPSHGDQFH =,1 ¤ ëí ¤ NΩ %HWZHHQ &,3î&,1 ÷ ',3î',1

'LIIHUHQWLDO VTXHOFK WKUHVKROG 9'6 ¤ ëëí ¤ P9

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

7DEOH ìçã 73 (OHFWULFDO &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG UDQJHô

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

7UDQVPLW RXWSXW LPSHGDQFH =287 ¤ è ¤ Ω
3HDN GLIIHUHQWLDO RXWSXW YROWDJH 92' êïê êïè êïæ 9 /RDG  ìíí Ω DW 7323 DQG 7321

7UDQVPLW WLPLQJ MLWWHU DGGLWLRQ ¤ ¤ � çïé � ìí QV í OLQH OHQJWK

7UDQVPLW WLPLQJ MLWWHU DGGHG E\

WKH 0$8 DQG 3/6 VHFWLRQVë
¤ ¤ � êïè � èïè QV $IWHU OLQH PRGHO VSHFLILHG E\ ,(((

åíëïê IRU ìí%$6(ð7

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

'LIIHUHQWLDO VTXHOFK WKUHVKROG 9'6 êíí éëí èçè P9 è 0+] VTXDUH ZDYH LQSXW

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

7DEOH ìéã ,î2 (OHFWULFDO &KDUDFWHULVWLFVì õRYHU UHFRPPHQGHG UDQJHô ¤ FRQWLQXHG

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

ìï 1RW DSSOLFDEOH WR ,5% VLJQDOVâ ,5% HOHFWULFDO FKDUDFWHULVWLFV DUH VSHFLILHG LQ 7DEOH ìæï
ëï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â WKH\ DUH QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï



ìëðéä

L1

/;7äìè 7HVW 6SHFLILFDWLRQV

7DEOH ìæã ,5% (OHFWULFDO &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG UDQJHô

3DUDPHWHU 6\P 0LQï 7\Sì 0D[ 8QLWV
7HVW

&RQGLWLRQV

2XWSXW /RZ YROWDJH 92/ ¤ íïê íïç 9

2XWSXW ULVH RU IDOO WLPH 75) ¤ é ìë QV

,QSXW /RZ YROWDJHã ,5(1$ñ ,5&2/ ÷ ,5'$7 9,/,5% ¤ ¤ íïå 9 5/  êêíΩ
,QSXW +LJK YROWDJHã ,5(1$ñ ,5&2/ ÷ ,5'$7 9,+,5% êïí ¤ ¤ 9 5/  êêíΩ
,QSXW /RZ YROWDJHã %&/.,2 9,/%&/. ¤ ¤ íïé 9 5/  êêíΩ
,QSXW +LJK YROWDJHã %&/.,2 9,+%&/. éïí ¤ ¤ 9 5/  êêíΩ

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

7DEOH ìåã 6ZLWFKLQJ &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG UDQJHô

3DUDPHWHU 0LQ 7\Sì 0D[ 8QLWV

-DEEHU 7LPLQJ 0D[LPXP WUDQVPLW WLPH èïí ¤ èïè PV

8QMDE WLPH ¤ äïç ¤ µV
/LQN ,QWHJULW\ 7LPLQJ 7LPH OLQN ORVV ¤ çí ¤ PV

7LPH EHWZHHQ /LQN ,QWHJULW\ 3XOVHV ìí ¤ ëí PV

,QWHUYDO IRU YDOLG UHFHLYH /LQN ,QWHJULW\ 3XOVHV éïì ¤ êí PV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â WKH\ DUH QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
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)LJXUH çã ,QWHUð5HSHDWHU %XV 7LPLQJ

7DEOH ìäã ,QWHUð5HSHDWHU %XV 7LPLQJ õRYHU UHFRPPHQGHG UDQJHô

3DUDPHWHU 6\PERO 0LQ 7\SLFDOì 0D[ï 8QLWV

6WDUW RI )UDPH WR ,5'(1 /RZ õDFWLYHô W,5%ì ìí ¤ ìèí QV

6WDUW RI )UDPH WR ,5(1$ /RZ õDFWLYHô W,5%ë ìëè ¤ ëëè QV

%&/.,2 WR ,5'$7 YDOLG õ6\QFKURQRXV PRGHô W,5%ê è ¤ êí QV

%&/.,2 WR ,5'$7 YDOLG õ$V\QFKURQRXV PRGHô W,5%ê ¤ èí ¤ QV

,5(1$ /RZ õDFWLYHô WR 73 RXWSXWV DFWLYH W,5%é èëè ¤ çíí QV

,5(1$ /RZ õDFWLYHô WR $8, RXWSXW DFWLYH W,5%è éæè ¤ èëè QV

(QG RI )UDPH FORFN WR ,5(1$ +LJK õLQDFWLYHô W,5%ç è ¤ êí QV

,5(1$ +LJK õLQDFWLYHô WR ,5'(1 +LJK õLQDFWLYHô W,5%æ äè ¤ ìíè QV

,5(1$ +LJK õLQDFWLYHô WR 73 RXWSXWV LQDFWLYH W,5%å èæè ¤ çíí QV

,5(1$ +LJK õLQDFWLYHô WR $8, RXWSXW LQDFWLYH W,5%ä éëè ¤ éèí QV

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

W,5%åW,5%é

W,5%è

W,5%ä

W,5%æ

W,5%ë

W,5%ì

W,5%ç

W,5%ê

%&/.,2

,5'$7

,5(1$

,5'(1

$8,

73V

5[ '$7$
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