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'$7$ 6+((7

)HDWXUHV

� )XOO\ LQWHJUDWHGñ ëðFKLS WUDQVFHLYHU IRU LQWHUIDFLQJ WR
WZLVWHGðSDLU OLQHV DW ëæë WR æåé NESV

� ,QWHJUDWHG OLQH GULYHUVñ ILOWHUV DQG K\EULG FLUFXLWV UHð
GXFH WKH QXPEHU RI H[WHUQDO FRPSRQHQWV UHTXLUHG

� 6HOIðFRQWDLQHG DFWLYDWLRQîVWDUWðXS FRQWURO HOLPLQDWHV DQ
H[WHUQDO PLFURSURFHVVRU LQ PDQ\ DSSOLFDWLRQV

� 3DUDOOHO LQWHUIDFH IRU SURFHVVRU FRQWURO RU PRQLWRULQJ

� 3URJUDPPDEOH IRU HLWKHU OLQN PDVWHU RU VODYH RSHUDWLRQ

� 6LQJOH òè9 VXSSO\

� 7\SLFDO SRZHU GLVVLSDWLRQ OHVV WKDQ èíí P:¥JRRG IRU
DSSOLFDWLRQV ZLWK UHPRWH SRZHU IHHGLQJ

� 6XSSRUWV WUDQVSDUHQW UHSHDWHU DSSOLFDWLRQV ZLWKRXW DQ
H[WHUQDO SURFHVVRU RU JOXHðORJLF

� 6XSSRUWV SURFHVVRU GLUHFWHG UDWH VHOHFWLRQ GULYHQ E\ UHð
FHLYH VLJQDO OHYHO DQG QRLVH PDUJLQ

� &RQWLQXRXVO\ DGDSWLYH HFKR FDQFHOOHU DQG HTXDOL]HUV
PDLQWDLQ H[FHOOHQW WUDQVPLVVLRQ SHUIRUPDQFH ZLWK
FKDQJLQJ QRLVH DQG OLQH FKDUDFWHULVWLFV

� 7\SLFDO QRLVHðIUHH WUDQVPLVVLRQ UDQJHã
æåé NESV
ìæïí NIW õèïë NPô RQ úëé $:* õíïè PPô FDEOH
ìëïå NIW õêïä NPô RQ úëç $:* õíïé PPô FDEOH
ëæë NESV
ëë NIW õçïæ NPô RQ úëé $:* õíïè PPô FDEOH
ìç NIW õéïä NPô RQ úëç $:* õíïé PPô FDEOH

$8*867 ìääæ
5HYLVLRQ ìïí

*HQHUDO 'HVFULSWLRQ

7KH 0XOWLð5DWH '6/ 'DWD 3XPS LV D FRPSOHWHñ YDULDEOHð
UDWH WUDQVFHLYHU WKDW SURYLGHV IXOO GXSOH[ FRPPXQLFDWLRQ
RQ WZR ZLUHV XVLQJ HFKRðFDQFHOOHUðZLWKðK\EULG DQG ë%ì4
OLQH FRGLQJ WHFKQRORJ\ï ,W SURYLGHV V\PPHWULFDO OLQH UDWHV
IURP ëæë WR æåé NESVï 3HUIRUPDQFH VSHFLILFDWLRQV DUH
GHILQHG DW WKH ëæëñ éííñ èëå DQG æåé NESV GDWD UDWHV ZKLFK
SURYLGH D SD\ORDG RI éñ çñ å RU ìë çé NESV FKDQQHOV ZLWK D
ìç NESV RYHUKHDG FKDQQHOï 7KH 0'6/ 'DWD 3XPS DOVR
VXSSRUWV DSSOLFDWLRQV ZKHUH WKH SD\ORDG LV XQFKDQQHOð
OL]HGï

7KH 0'6/ 'DWD 3XPS FKLS VHW FRQVLVWV RI WZR GHYLFHVã

� 6.æíæëí 0'6/ 'LJLWDO 6LJQDO 3URFHVVRU õ0'63ô

� 6.æíæëì ,QWHJUDWHG $QDORJ )URQWð(QG õ,$)(ô

7KH ,$)( LV D IXOO\ LQWHJUDWHG &026 DQDORJ IURQWðHQG ,&
ZKLFK LQFOXGHV WUDQVPLWWHU OLQH GULYHUVñ ILOWHUVñ DQG ë%ì4
HQFRGLQJ IXQFWLRQV DORQJ ZLWK WKH UHFHLYHU K\EULGñ $*&ñ
$î' FRQYHUWHU PRGXODWRU DQG 9&;2 IXQFWLRQVï 7KH
0'63 LQFRUSRUDWHV DOO GLJLWDO VLJQDO SURFHVVLQJ UHTXLUHG
IRU $î' FRQYHUVLRQñ HFKRðFDQFHOODWLRQñ GDWD VFUDPEOLQJ
DQG DGDSWLYH HTXDOL]DWLRQ DV ZHOO DV WUDQVFHLYHU DFWLYDWLRQ
VWDWH PDFKLQH FRQWUROï

$SSOLFDWLRQV

� +LJK VSHHG UHVLGHQWLDO ,QWHUQHW DFFHVV
� ([WHQGHG 5DQJH IUDFWLRQDO 7ìî(ì WUDQVSRUW
� éñ çñ å RU ìëðFKDQQHO GLJLWDO SDLUðJDLQ
� :LUHOHVV EDVH VWDWLRQ WR VZLWFK DFFHVV
� :$1 DFFHVV IRU /$1 URXWHUV
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3,1 $66,*10(176 $1'
6,*1$/ '(6&5,37,216

7KH ,$)( LV SDFNDJHG LQ D ëåðSLQ 3/&&ï )LJXUH ì VKRZV
WKH ,$)( SLQ ORFDWLRQVï 7DEOH ì OLVWV VLJQDO GHVFULSWLRQV IRU
HDFK SLQñ H[FHSW SLQV ìå DQG ìäñ ZKLFK DUH QRW FRQQHFWHGï

7KH 0'63 GHYLFH LV SDFNDJHG LQ D ééðSLQ 3/&&ï )LJXUH ë
VKRZV0'63 SLQ GHVLJQDWLRQVï 7DEOH ë OLVWV VLJQDO GHVFULSð
WLRQV IRU HDFK SLQï

)LJXUH ìã 6.æíæëì ,$)( 3LQ /RFDWLRQV
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*URXS 3LQ ú 6\PERO ,î2ì 'HVFULSWLRQ

/LQH ìê 57,3 $, 5HFHLYH 7LS DQG 5LQJï 5HFHLYHU GLIIHUHQWLDO LQSXWVï

ìé 55,1* $,

ìç %7,3 $, 5HFHLYH %DODQFH 7LS DQG 5LQJï 5HFHLYHU K\EULG EDODQFH LQSXWVï

ìæ %5,1* $,

ëì 77,3 $2 7UDQVPLW 7LS DQG 5LQJï /LQH GULYHU RXWSXWVï

ëë 75,1* $2

3// æ ;2 $2 &U\VWDO 2VFLOODWRU ,QSXW DQG 2XWSXWï &RQQHFW D SXOODEOH FU\VWDO ZKRVH
IUHTXHQF\ LV êë WLPHV WKH ELW UDWH EHWZHHQ WKHVH WZR SLQVï 5HIHU WR WKH
$SSOLFDWLRQV 6HFWLRQ IRU FU\VWDO VSHFLILFDWLRQVïå ;, $,

ä 93// $2 3// &RQWURO 9ROWDJHï &RQWURO VLJQDO IRU WKH 9&;2ï

3RZHU ìí 3*1' 6 3// *URXQGï í 9ï

ìë 59&& 6 5HFHLYH 3RZHU VXSSO\ï òè 9 õ� èøôï

ëê 79&& 6 7UDQVPLW 3RZHU VXSSO\ï òè 9 õ� èøôï

ëé '9&& 6 'LJLWDO 3RZHU 6XSSO\ï òè 9 õ� èøôï

ç '*1' 6 '9&& *URXQGï í 9ï

ìè 5*1' 6 59&& *URXQGï í 9ï

ëí 7*1' 6 79&& *URXQGï í 9ï

ìï ,î2 FROXPQ HQWULHVã ',  'LJLWDO ,QSXWâ '2  'LJLWDO 2XWSXWâ ',î2  'LJLWDO ,QSXWî2XWSXWâ $,  $QDORJ ,QSXWâ $2  $QDORJ 2XWSXWâ
$,î2  $QDORJ ,QSXWî2XWSXWâ 6  6XSSO\ï
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ê 5;B&. ', 5HFHLYH %DXG 5DWH &ORFN ,QSXWï

é 6(5B&7/ ', 6HULDO &RQWURO ,QSXWï

è 9&2B&. '2 0'6/ 5HIHUHQFH &ORFN 2XWSXWï 8VHG DV WKH UHFHLYH WLPLQJ UHIHUHQFH IRU
WKH 0'63ï

ëæ 7;B&. ', 7UDQVPLW 6\PERO &ORFN ,QSXWï

'DWD
,QSXW
DQG

2XWSXW

ëå $*&B6(7 '2 $*& $GMXVW 2XWSXWï

ì $'ì '2 $ðWRð' &RQYHUWHU 'DWD /LQH ìï

ë $'í '2 $ðWRð' &RQYHUWHU 'DWD /LQH íï

ëè 76*1 ', 7UDQVPLW 4XDW 6LJQ ,QSXWï
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$QDORJ
,QSXW

ìì ,%,$6 $, ,QSXW %LDVï 7KLV LQSXW VHWV LQWHUQDO ELDV FXUUHQWVï
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6.æíæëíî6.æíæëì 0XOWLð5DWH '6/ 'DWD 3XPS &KLS 6HW

æðåç L1

7DEOH ëã 6.æíæëí 0'63 3LQ $VVLJQPHQWVî6LJQDO 'HVFULSWLRQV

*URXS 3LQú 6\PERO ,î2é 'HVFULSWLRQ

3RZHU ì 9&&ì 6 /RJLF 3RZHU 6XSSO\ï õ5HIHU WR 7DEOH ëæô

éé 9&&ë 6 ,î2 3RZHU 6XSSO\ï òè 9 õ� èøôï

ë *1'ì 6 *URXQG ìï í 9ï

ê *1'ë 6 *URXQG ëï í 9ï

ëå *1'ê 6 *URXQG êï í 9ï

0LVF ëä n/c ¤ 1R LQWHUQDO FRQQHFWLRQï

êì TEST ',ì 7HVWï 5HVHUYHG IRU IDFWRU\ WHVWLQJï 7LH +LJK IRU QRUPDO RSHUDWLRQï

ìå RESET ',ì 5HVHWï 3XOVH /RZ WR LQLWLDOL]H LQWHUQDO FLUFXLWVï

8VHU 3RUW ìí 5'$7$B67 '2 5HFHLYH 'DWD 6WUREHï 5'$7$B67 JRHV +LJK IRU ìå FRQVHFXWLYH
%,7B&. SHULRGV WR LQGLFDWH IRXU VWXIILQJ ELWV õEéæíê ð éæíçô DQG ìé
IUDPH ELWV õEìðìéô RQ 5'$7$ï

ìç 02'( ', 0RGH 6HOHFWï:KHQ 02'( LV +LJKñ WKH 'DWD 3XPS RSHUDWHV LQ 0DVWHU
PRGH VR WKDW LW LV WKH OLQN WLPLQJ VRXUFH DQG LQLWLDWHV DFWLYDWLRQï :KHQ
02'( LV /RZñ WKH 'DWD 3XPS RSHUDWHV LQ 6ODYH PRGHï 7LHG WR LQWHUQDO
SXOOðXS GHYLFHï 7KH 0'63 PXVW EH UHVHW DIWHU WKH 02'( LV FKDQJHGï

ìæ %,7B&. '2 %LW 5DWH &ORFNï 7KLV FORFN WUDQVIHUV GDWD LQWR DQG RXW RI WKH 0'6/ GDWD
LQWHUIDFH DW WKH ELW UDWHï 0675B&. LV WKH VRXUFH RI %,7B&. LQ 0DVWHU
0RGHï 9&2B&. LV WKH VRXUFH RI %,7B&. LQ 6ODYH 0RGHï

êí ACTIVE '2 /LQN $FWLYH ,QGLFDWRUï ACTIVE JRHV /RZ XSRQ WKH UHFHLSW RI WZR FRQð
VHFXWLYH IUDPH V\QF ZRUGVï ACTIVE JRHV +LJK ZKHQ WKH IUDPH V\QF
ZRUG LV QRW GHWHFWHG LQ VL[ FRQVHFXWLYH IUDPHVï

å 5'$7$ '2 0'6/ 5HFHLYH 'DWD 2XWSXWï:KHQ ACTIVE LV /RZñ WKH UHFHLYH GDWD
LQFOXGLQJ IUDPH V\QF DQG VWXII ELWV DUH RXWSXW RQ 5'$7$ï 5'$7$ LV
+LJK ZKHQ ACTIVE LV +LJKï

æ 5)3 '2 5HFHLYH )UDPH 3XOVHï /RZ IRU RQH %,7B&. F\FOH GXULQJ WKH ODVW ELW RI
WKH FXUUHQW 0'6/ UHFHLYH IUDPH RQ 5'$7$ñ HLWKHU Eéæíë RU Eéæíçï 5)3
LV YDOLG ZKHQ ACTIVE LV /RZï

ìì 7'$7$ ',ì 0'6/ 7UDQVPLW 'DWD 6WUHDPï :KHQ ACTIVE LV /RZñ WKH 'DWD 3XPS
VDPSOHV GDWD RQ 7'$7$ H[FHSW GXULQJ IUDPH V\QF DQG VWXII ELWVï

ìë 7)3 ',ì 7UDQVPLW )UDPH 3XOVHï 7)3 VKRXOG EH /RZ IRU RQH %,7B&. F\FOH WKH
GXULQJ ODVW ELW RI WKH FXUUHQW 0'6/ IUDPH RQ 7'$7$ï ,I 7)3 LV SXOOHG
/RZ DQG LV /RZ DJDLQ WKUHH %,7B&. F\FOHV ODWHUñ 5'$7$ñ 5)3ñ
5'$7$B67ñ %,7B&.ñ &.B(1ñ DQG ACTIVEZLOO WULðVWDWH XQWLO WKH GHYLFH
LV UHVHWï 7LHG WR DQ LQWHUQDO SXOOðXS GHYLFHï

ìï 7KLV LQSXW LV D 6FKPLGW 7ULJJHUHG FLUFXLW DQG LQFOXGHV DQ LQWHUQDO SXOOðXS GHYLFHï
ëï 7KH SHULRG LV ëêèì RU ëêèê EDXG WLPHVï
êï 7KLV LQSXW LV D 6FKPLGW 7ULJJHUHG FLUFXLW DQG LQFOXGHV DQ LQWHUQDO SXOOðGRZQ GHYLFHï
éï ,î2 FROXPQ HQWULHVã ',  'LJLWDO ,QSXWâ '2  'LJLWDO 2XWSXWâ ',î2  'LJLWDO ,QSXWî2XWSXWâ $,  $QDORJ ,QSXWâ $2  $QDORJ 2XWSXWâ
$,î2  $QDORJ ,QSXWî2XWSXWâ 6  6XSSO\ï
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L1

+DUGZDUH
,QWHUIDFH

õ+DUGZDUH
&RQWURO
0RGHô

é 48,(7 ',ê 4XLHW 0RGH (QDEOHï 6HW +LJK WR IRUFH WKH 0'63 LQWR WKH 'HDFWLYDWHG
6WDWHï 6HW /RZ WR HQDEOH DFWLYDWLRQ UHTXHVWV õVHH $&75(4ôï

è $&75(4 ',ê $FWLYDWLRQ 5HTXHVW õ0DVWHU PRGHô õQR IXQFWLRQ LQ 6ODYH PRGHôï 7LH
WKLV SLQ /RZ LQ 6ODYH PRGHï :KHQ 48,(7 LV /RZñ D ULVLQJ HGJH RQ WKLV
SLQ LQLWLDWHV DFWLYDWLRQï 7KH VLJQDO LV LJQRUHG DIWHU DFWLYDWLRQ õVHH
48,(7ôï

ç /223,' ',êî2 /RRS 1XPEHU ,QSXW õ0DVWHU PRGHô RU /RRS 1XPEHU ,QGLFDWRU
õ6ODYH PRGHôï 7KLV LQGLFDWRU LV WUDQVPLWWHG IURP WKH OLQN 0DVWHU WR WKH
VODYH DQG FDQ EH XVHG IRU ORRS LGHQWLILFDWLRQ LQ V\VWHPV WKDW PXOWLSOH[
GDWD RQWR PXOWLSOH 0'6/ OLQHVï ,Q 6ODYH PRGH /223,' LV YDOLG RQO\
ZKHQ ACTIVE LV /RZï

ä $&791* '2 $FWLYDWLQJ 6WDWH ,QGLFDWLRQï $&791* JRHV +LJK ZKHQ WKH 0'63 LV LQ
WKH $FWLYDWLQJ 6WDWHï

êë 705B(;3 '2 7LPHU ([SLUDWLRQ ,QGLFDWRUï 705B(;3 JRHV +LJK WR LQGLFDWH WKH H[SLð
UDWLRQ RI WKH DFWLYDWLRQ WLPHUï

êê CHIPSEL ',ê &KLS 6HOHFW $VVHUW WKHVH WKUHH SLQV /RZ WR DFWLYDWH +DUGZDUH &RQWURO
0RGHï :KHQ DQ\ RI WKHP LV +LJKñ WKH 0'63 UHYHUWV
LPPHGLDWHO\ WR 6RIWZDUH &RQWURO 0RGHï

êé WRITE ',ê :ULWH 3XOVH

êè READ ',ê 5HDG 3XOVH

êç /26
õ0DVWHUô

'2 /RVV RI 6LJQDO ,QGLFDWRUï ,Q 0DVWHU PRGHñ /26 JRHV +LJK ZKHQ WKH 'DWD
3XPS HQWHUV WKH ,QDFWLYH 6WDWHï :KHQ WKH 'DWD 3XPS UHDFKHV WKH 'HDFWLð
YDWHG 6WDWH IURP $FWLYHðì RU $FWLYHðëñ LW VWDUWV WKH /RVV RI 6LJQDO õ/26ô
WLPHU DIWHU 6ODYH WUDQVPLVVLRQ VWRSVï :KHQ WKH /26 WLPHU H[SLUHVñ WKH
'DWD 3XPS JRHV WR WKH ,QDFWLYH 6WDWHï :KHQ WKH 'DWD 3XPS WUDQVLWLRQV
IURP WKH $FWLYDWLQJ 6WDWH GLUHFWO\ WR WKH 'HDFWLYDWHG 6WDWHñ LW PD\ LPPHð
GLDWHO\ HQWHU WKH ,QDFWLYH 6WDWH ZLWKRXW ZDLWLQJ IRU 6ODYH WUDQVPLVVLRQ WR
FHDVHï õ6HH )LJXUH äïô

/26
õ6ODYHô

'2 /RVV RI 6LJQDO ,QGLFDWRUï ,Q 6ODYH PRGHñ /26 JRHV +LJK LPPHGLDWHO\
ZKHQ ORVV RI VLJQDO HQHUJ\ LV GHWHFWHG DQG WKH GDWD SXPS HQWHUV WKH ,QDFð
WLYH 6WDWHï õ6HH )LJXUH ìíïô

êæ '($&797' '2 'HDFWLYDWLRQ ,QGLFDWRUï '($&797' JRHV +LJK ZKHQ WKH 'HDFWLYDWLRQ
WLPHU H[SLUHV DQG WKH GDWD SXPS JRHV IURP WKH 3HQGLQJ 'HDFWLYDWLRQ VWDWH
WR WKH 'HDFWLYDWHG VWDWHï

êå ,/07 ',ì ,QVHUWLRQ /RVV 0HDVXUHPHQW 7HVWï 6HW +LJK WR WUDQVPLW D IUDPHG ÷
VFUDPEOHGñ ¦DOO ìV§ñ ë%ì4 SXOVH VHTXHQFHï 3XOVH VHTXHQFH ZLOO KDYH D
YDOLG V\QF ZRUGï ,Q WKH 6ODYH FRQILJXUDWLRQñ ZKHQ WKH ,/07 PRGH LV
VHOHFWHGñ WKH 'DWD 3XPS PD\ EHJLQ DFWLYDWLRQï

êä 5375 ',ì 5HSHDWHU 0RGH (QDEOHï:KHQ LQ 0DVWHU PRGHñ VHWWLQJ 5375 +LJK FRQð
ILJXUHV WKH GDWD SXPS WR GHULYH WLPLQJ IURP WKH 0675B&. RXWSXW RI DQ
DGMDFHQW GHYLFH IRU WUDQVSDUHQW UHSHDWHU DSSOLFDWLRQVï 7KH %,7B&. RXWSXW
SKDVH LV DOLJQHG WR WKH 7)3 LQSXW SXOVH ZLGWKï 5375 LV LJQRUHG LQ 6ODYH
PRGHï

7DEOH ëã 6.æíæëí 0'63 3LQ $VVLJQPHQWVî6LJQDO 'HVFULSWLRQV ¤ FRQWLQXHG

*URXS 3LQú 6\PERO ,î2é 'HVFULSWLRQ

ìï 7KLV LQSXW LV D 6FKPLGW 7ULJJHUHG FLUFXLW DQG LQFOXGHV DQ LQWHUQDO SXOOðXS GHYLFHï
ëï 7KH SHULRG LV ëêèì RU ëêèê EDXG WLPHVï
êï 7KLV LQSXW LV D 6FKPLGW 7ULJJHUHG FLUFXLW DQG LQFOXGHV DQ LQWHUQDO SXOOðGRZQ GHYLFHï
éï ,î2 FROXPQ HQWULHVã ',  'LJLWDO ,QSXWâ '2  'LJLWDO 2XWSXWâ ',î2  'LJLWDO ,QSXWî2XWSXWâ $,  $QDORJ ,QSXWâ $2  $QDORJ 2XWSXWâ
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+DUGZDUH
,QWHUIDFH

õ+DUGZDUH
&RQWURO
0RGHô
ðFRQW©G

éí )(/% ',ì )URQWð(QG /RRSEDFN õ0DVWHU RQO\ôï ,Q WKH ,QDFWLYH 6WDWHñ VHW +LJK WR
FDXVH WKH ,$)( WR ORRSEDFNï 7KH UHWXUQHG VLJQDO DFWLYDWHV WKH 0'63
ZKLFK UHFHLYHV LWV RZQ WUDQVPLWWHG GDWDï 7KH FKLS VHW LJQRUHV LQFRPLQJ
GDWD IURP WKH 6ODYH GXULQJ ORRSEDFNï

éì %(/% ',ì %DFNð(QG /RRSEDFNï ,Q WKH $FWLYHðì RU $FWLYHðë VWDWHVñ VHWWLQJ %(/%
+LJK IRUFHV DQ LQWHUQDOñ WUDQVSDUHQW ORRSEDFN ZLWK 5'$7$ FRQQHFWHG WR
7'$7$ DQG 5)3 FRQQHFWHG WR 7)3ï

éë 5&/.8 '2 5HFHLYH %DXG 5DWH &ORFNï $OLJQHG ZLWK %,7B&. LQ 6ODYH PRGHñ SKDVH
V\QFKURQRXV ZLWK UHFHLYH SXOVH VWUHDPñ +RZHYHUñ GXULQJ $FWLYDWLQJ
6WDWHñ WKH FORFNV PD\ QRW EH DOLJQHGï ,Q WKH 0DVWHU PRGH 5&/.8 KDV D
FRQVWDQWñ DUELWUDU\ñ SKDVH UHODWLRQVKLS ZLWK %,7B&. LQ $FWLYH 6WDWHï

éê 7;767 ',ì 7UDQVPLW 7HVWï 6HW KLJK WR HQDEOH LVRODWHG WUDQVPLW SXOVH JHQHUDWLRQï
7'$7$ FRQWUROV WKH VLJQ DQG 7)3 FRQWUROV WKH PDJQLWXGH RI WKH WUDQVPLWð
WHG TXDW SXOVHV DFFRUGLQJ WR WKH ë%ì4 HQFRGLQJ UXOHVï ,Q WKH 6ODYH FRQð
ILJXUDWLRQñ ZKHQ WKH 7;767 PRGH LV VHOHFWHGñ WKH 'DWD 3XPS PD\ EHJLQ
DFWLYDWLRQï

3URFHVVRU
,QWHUIDFH

õ6RIWZDUH
&RQWURO
0RGHô

êç
êæ
êå
êä
éí
éì
éë
éê

'í
'ì
'ë
'ê
'é
'è
'ç
'æ

',ìî2
',ìî2
',ìî2
',ìî2
',ìî2
',ìî2
',ìî2
',ìî2

'DWD ELW íï (LJKWðELWñ SDUDOOHO GDWD EXVï
'DWD ELW ì
'DWD ELW ë
'DWD ELW ê
'DWD ELW é
'DWD ELW è
'DWD ELW ç
'DWD ELW æ

é
è
ç
ä

$''5í
$''5ì
$''5ë
$''5ê

',ê

',ê

',ê

',ê

$GGUHVV ELW íï )RXUðELW DGGUHVVñ VHOHFWV UHDG RU ZULWH UHJLVWHUï
$GGUHVV ELW ì
$GGUHVV ELW ë
$GGUHVV ELW ê

êë INT '2 ,QWHUUXSW 2XWSXWï 2SHQ GUDLQ RXWSXWï 5HTXLUHV DQ H[WHUQDO ìí NΩ SXOO
XS UHVLVWRUï *RHV /RZ RQ LQWHUUXSWï

êê CHIPSEL ',ê &KLS 6HOHFWï 3XOO /RZ WR UHDG RU ZULWH WR UHJLVWHUVï

êé WRITE ',ê :ULWH 3XOVHï 3XOO /RZ WR ZULWH WR UHJLVWHUVï

êè READ ',ê 5HDG 3XOVHï 3XOO /RZ WR UHDG IURP UHJLVWHUVï

7DEOH ëã 6.æíæëí 0'63 3LQ $VVLJQPHQWVî6LJQDO 'HVFULSWLRQV ¤ FRQWLQXHG

*URXS 3LQú 6\PERO ,î2é 'HVFULSWLRQ

ìï 7KLV LQSXW LV D 6FKPLGW 7ULJJHUHG FLUFXLW DQG LQFOXGHV DQ LQWHUQDO SXOOðXS GHYLFHï
ëï 7KH SHULRG LV ëêèì RU ëêèê EDXG WLPHVï
êï 7KLV LQSXW LV D 6FKPLGW 7ULJJHUHG FLUFXLW DQG LQFOXGHV DQ LQWHUQDO SXOOðGRZQ GHYLFHï
éï ,î2 FROXPQ HQWULHVã ',  'LJLWDO ,QSXWâ '2  'LJLWDO 2XWSXWâ ',î2  'LJLWDO ,QSXWî2XWSXWâ $,  $QDORJ ,QSXWâ $2  $QDORJ 2XWSXWâ
$,î2  $QDORJ ,QSXWî2XWSXWâ 6  6XSSO\ï



æðåä

3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV

L1

&ORFN DQG
&RQWURO

ìé 6/$9(B&. ',ê 6ODYH 0RGH 5HIHUHQFH &ORFNï0DQGDWRU\ LQ 6ODYH PRGHï 7LH +LJK RU
/RZ LQ 0DVWHU 0RGHï &ORFN LQSXW UHTXLUHV � êë SSP DFFXUDF\ï

ìè &.B(1 '2 6ODYH 0RGH 5HIHUHQFH &ORFN (QDEOHï $FWLYH +LJK HQDEOH IRU WKH
6/$9(B&. FORFNï ,Q VODYH PRGHñ WKLV SLQ JRHV /RZ WR LQGLFDWH WKH 3//
LV WUDFNLQJ WKH LQSXW VLJQDO IURP WKH PDVWHUï 1RW XVHG LQ PDVWHU PRGHï

ìê 0675B&. ',ì

'2

ìç[ 0'6/ 5HIHUHQFH &ORFNï ,Q 0DVWHU 0RGHñ WKLV FORFN JHQHUDWHV
WUDQVPLW DQG UHFHLYH WLPLQJ DQG PXVW KDYH �êë SSP DFFXUDF\ï
,Q 6ODYH 0RGHñ WKLV RXWSXW LV GHULYHG E\ GLYLGLQJ 9&2B&. E\ WZR VR
WKDW LW PD\ GULYH WKH 0675B&. LQSXW RI DQRWKHU GDWD SXPS FRQILJXUHG
IRU 0DVWHU PRGH DV D UHSHDWHU õZLWK 5375 +LJKôï

ìä 9&2B&. ', êë[ 5HFHLYH &ORFN ,QSXWï

ëí 6(5B&7/ '2 6HULDO &RQWURO 2XWSXWï

ëì 5;B&. '2 5HFHLYH %DXG 5DWH &ORFNï 'HULYHG IURP 9&2B&.ï

ëë $'í ', $QDORJ WR 'LJLWDO &RQYHUWHU 'DWD /LQH íï

ëê $'ì ', $QDORJ WR 'LJLWDO &RQYHUWHU 'DWD /LQH ìï

ëé $*&B6(7 ', $*& $GMXVW ,QSXWï

ëè 7;B&. '2 7UDQVPLW 6\PERO &ORFN 2XWSXWï

ëç 70$* '2 7UDQVPLW 4XDW 0DJQLWXGH %LWï

ëæ 76*1 '2 7UDQVPLW 4XDW 6LJQ %LWï

7DEOH ëã 6.æíæëí 0'63 3LQ $VVLJQPHQWVî6LJQDO 'HVFULSWLRQV ¤ FRQWLQXHG

*URXS 3LQú 6\PERO ,î2é 'HVFULSWLRQ

ìï 7KLV LQSXW LV D 6FKPLGW 7ULJJHUHG FLUFXLW DQG LQFOXGHV DQ LQWHUQDO SXOOðXS GHYLFHï
ëï 7KH SHULRG LV ëêèì RU ëêèê EDXG WLPHVï
êï 7KLV LQSXW LV D 6FKPLGW 7ULJJHUHG FLUFXLW DQG LQFOXGHV DQ LQWHUQDO SXOOðGRZQ GHYLFHï
éï ,î2 FROXPQ HQWULHVã ',  'LJLWDO ,QSXWâ '2  'LJLWDO 2XWSXWâ ',î2  'LJLWDO ,QSXWî2XWSXWâ $,  $QDORJ ,QSXWâ $2  $QDORJ 2XWSXWâ
$,î2  $QDORJ ,QSXWî2XWSXWâ 6  6XSSO\ï



æðäí

6.æíæëíî6.æíæëì 0XOWLð5DWH '6/ 'DWD 3XPS &KLS 6HW

L1

)81&7,21$/ '(6&5,37,21

7KH 0'6/ 'DWD 3XPS õ0'3ô SURYLGHV V\QFKURQRXVñ IXOO
GXSOH[ WUDQVPLVVLRQ RQ D VLQJOH SDLU RI ZLUHV XVLQJ ë%ì4
OLQH FRGLQJ DQG HFKR FDQFHOODWLRQï 7KH 'DWD 3XPS VXSð
SRUWV V\PPHWULFDO OLQH UDWHV IURP ëæë WR æåé NESV DQG SURð
YLGHV FRPSOHWH VWDUW XS DQG RSHUDWLRQ ZLWKRXW DQ H[WHUQDO
SURFHVVRUï 7KH 0'3 PD\ EH XVHG WR WUDQVSRUW IUDPHG RU
XQIUDPHG GDWD ZKLFK LV V\QFKURQRXVñ DV\QFKURQRXVñ RU
QHDUðV\QFKURQRXV WR WKH FORFN UDWH RI WKH GDWD SXPSï 7KLV
VHFWLRQ SURYLGHV DQ RYHUYLHZ RI KRZ WKH 03' GDWD LQWHUð
IDFH IXQFWLRQV WR VXSSRUW WKHVH DSSOLFDWLRQVï )RU D GHWDLOHG
H[SODQDWLRQ RQ WKH KRZ WR FRQILJXUH WKH 03' IRU D VSHFLILF
DSSOLFDWLRQ UHIHU WR WKH VHFWLRQ HQWLWOHG ¦0'6/ 'DWD ,QWHUð
IDFH§ï

)LJXUH ê LOOXVWUDWHV GDWD WUDQVSRUW XVLQJ WKH 0'6/ V\VWHPï
'DWD LV FORFNHG LQWR D WUDQVPLWWHUñ VHQW RYHU WKH OLQHñ DQG
FORFNHG RXW RI WKH UHFHLYHU RI WKH IDUðHQG WUDQVFHLYHUï 'DWD
LV WUDQVPLWWHG VLPXOWDQHRXVO\ LQ ERWK GLUHFWLRQVï

)UDPLQJ
7KH 0'3 HPEHGV D ìéðELW IUDPH V\QFKURQL]DWLRQ ZRUG
õ)6:ô LQ WKH GDWD VWUHDP WKDW GLYLGHV WKH GDWD LQWR éæíëðELW
0'6/ IUDPHV DV VKRZQ LQ )LJXUH éï 7KH IUDPLQJ VLJQDO
VHUYHV WKUHH SXUSRVHVã

ìï ,W DOORZV DXWRPDWLF DFWLYDWLRQ DQG GHDFWLYDWLRQ EDVHG
RQ UHFHLYHU IUDPH V\QF ZRUG GHWHFWLRQï

ëï ,W DOORZV WKH DYHUDJH GDWD UDWH LQ HDFK GLUHFWLRQ RI
WUDQVPLVVLRQ WR EH DGMXVWHG ZKLOH PDLQWDLQLQJ D
FRQVWDQW OLQH UDWHï

êï ,W SURYLGHV DQ0'6/ IUDPH SRVLWLRQ LQGLFDWRU WKDW PD\
EH XVHG LQ XQIUDPHG WLPHðGLYLVLRQðPXOWLSOH[HG
V\VWHPV WR UHODWH WLPH VORWV LQ WKH 0'6/ IUDPH WR
WKRVH LQ DQ DSSOLFDWLRQ IUDPHï õ6HH 1RWH EHORZô

127(

7KH 0'3 IUDPH V\QF ZRUG IRUPDW DQG IUDPH OHQJWK
DUH IXOO\ FRPSDWLEOH ZLWK WKRVH GHILQHG IRU æåé NESV
+'6/ DSSOLFDWLRQV LQ WKH (76, (75ðìèë DQG &RPð
PLWWHH 7ì 75ðëå WHFKQLFDO UHSRUWVï +RZHYHUñ WKH
03' LV IXOO\ WUDQVSDUHQW WR DOO GDWD H[FHSW WKH IUDPH
V\QF ZRUGñ VR LW GRHV QRW LPSRVH WKH RWKHU IUDPLQJ
IXQFWLRQV GHILQHG IRU +'6/ï

(DFK IUDPH FRQWDLQV éçåå SD\ORDG GDWD ELWVñ DQG WKHUH DUH
QR UHVWULFWLRQV RQ WKH GDWD SDWWHUQV ZKLFK FDQ EH WUDQVPLWð
WHG LQ WKH SD\ORDG GDWDï 7KH DSSOLFDWLRQ V\QFKURQL]HV GDWD
WR WKH 0'3 IUDPLQJ E\ JHQHUDWLQJ D SXOVH RQ WKH WUDQVPLW
IUDPH SXOVH LQSXWñ 7)3ï 7KH WUDQVPLWWHU VHQGV WKH )6: LQ
WKH ILUVW ìé ELWV IROORZLQJ WKH ULVLQJ HGJH RI 7)3ï $SSOLFDð
WLRQ GDWD LV QRW WUDQVPLWWHG RU EXIIHUHG GXULQJ WKH WUDQVPLVð
VLRQ RI WKH )6:ï

)LJXUH êã 0'6/ 6\VWHP 'DWD 7UDQVSRUW

)LJXUH éã 0'6/ )UDPH

5'$7$
5'$7$B67

5)3
%,7B&.

7'$7$
7)3

7'$7$
7)3

%,7B&.

5)3
5'$7$
5'$7$B67

6FUDPEOHG ë%ì4
6LJQDO

EìçEìèEéæíëEéæíì ;;; ; ;;;;;

%,7B&.

7'$7$

7)3

0DVWHU 'DWD 3XPS 6ODYH 'DWD 3XPS

EìçEìèEéæíëEéæíì

%,7B&.

5'$7$

5'$7$B67

5)3

ì í ì í ì í í í í í ì í í í Eìè Eìç Eìæ Eìå Eéæíì Eéæíëï ï ïEìä

)UDPH 6\QF
:RUG

7UDQVSDUHQW 3D\ORDG 'DWD

0'6/ )UDPH



)XQFWLRQDO 'HVFULSWLRQ

æðäìL1

7KH 0'3 UHFHLYHU GHWHFWV WKH LQFRPLQJ )6: DQG SURYLGHV
D EODQNLQJ VLJQDO õ5'$7$B67ô DW LWV RXWSXW WR LQGLFDWH
WKDW SD\ORDG GDWD LV QRW SUHVHQW GXULQJ WKH )6:ï 7KH
5'$7$B67 VLJQDO FDQ DOVR EH XVHG WR JDWH WKH UHFHLYHU
FORFN VLJQDO õ%,7B&.ô VR WKDW FORFN WUDQVLWLRQV DUH SUHVHQW
RQO\ ZKHQ SD\ORDG GDWD LV DYDLODEOHï 7KH UHVXOWLQJ JDSSHG
FORFN LV VLPLODU WR WKDW IRXQG LQ PDQ\ RWKHU GDWD WUDQVSRUW
V\VWHPVï

7KH0'3 KDV WZRPRGHV RI RSHUDWLRQã )L[HG 'DWD 5DWH DQG
9DULDEOH 'DWD 5DWHï

)L[HG 'DWD 5DWH 0RGH

,Q )L[HG 'DWD 5DWH 0RGHñ WKH 0'3 WUDQVSRUWV RQH GDWD ELW
IRU HDFK F\FOH RI WKH ELW FORFN õ%,7B&.ô H[FHSW GXULQJ WKH
ìéðELW )6: DW WKH VWDUW RI HDFK IUDPHï 'DWD PD\ EH HLWKHU
V\QFKURQRXV õRQH GDWD ELW SHU DYDLODEOH FORFN F\FOHô RU
DV\QFKURQRXV õGDWD VHQW RQO\ ZKHQ DYDLODEOHôï ,Q ERWK
FDVHVñ WKH WUDQVPLWWHU VDPSOHV WKH WUDQVPLW GDWD VLJQDO
õ7'$7$ô RQ WKH ULVLQJ HGJH RI %,7B&. DQG UHSURGXFHV
WKDW VLJQDO DW WKH RXWSXW RI WKH UHFHLYHU õ5'$7$ô VR WKDW LW
LV YDOLG RQ WKH ULVLQJ HGJH RI WKH UHFHLYHU %,7B&.ï $Q
H[WHUQDO IUDPH FRXQWHU LV UHTXLUHG WR SURYLGH D WUDQVPLW
IUDPH SXOVH HYHU\ éæíë %,7B&. F\FOHV WR V\QFKURQL]H WKH
'DWD 3XPS IUDPH SRVLWLRQ WR WKH JDSSHG GDWDï

,Q DSSOLFDWLRQV ZKHUH WKH GDWD LV IRUPDWWHG LQWR ORJLFDO
IUDPHV RU SDFNHWV WKHUH LV QR UHTXLUHPHQW IRU D IL[HG PDSð
SLQJ EHWZHHQ WKH DSSOLFDWLRQ IUDPHV DQG 0'6/ IUDPHV
VLQFH WKH GDWD FRQWDLQV WKH IUDPLQJ LQIRUPDWLRQ UHTXLUHG WR
JLYH LW PHDQLQJï 8QOHVV WKH DSSOLFDWLRQ IUDPH VL]H GLYLGHV
HYHQO\ LQWR WKH 0'6/ IUDPH VL]Hñ LW LV EHVW WR HPEHG DSSOLð
FDWLRQ IUDPLQJ LQIRUPDWLRQ ZLWK WKH GDWD UDWKHU WKDQ WR FUHð
DWH D IL[HG PDSSLQJ EHWZHHQ VSHFLILF WLPH VORWV LQ WKH
0'6/ DQG DSSOLFDWLRQ IUDPHVï :LWK XQIUDPHGñ WLPHðGLYLð
VLRQ PXOWLSOH[HG GDWD GHILQHG UHODWLYH WR DQ DSSOLFDWLRQ
IUDPH SXOVH LW LV QHFHVVDU\ WR HVWDEOLVK D IL[HG PDSSLQJ
EHWZHHQ DSSOLFDWLRQ IUDPH DQG 0'6/ IUDPH ERXQGDULHVï

7DEOH ê VKRZV WKH SD\ORDG GDWD UDWH DQG IUDPH OHQJWK IRU
VRPH FRPPRQ YDOXHV RI OLQH UDWHVï
ï

9DULDEOH 'DWD 5DWH 0RGH

6RPH DSSOLFDWLRQV UHTXLUH WKDW GDWD EH WUDQVSRUWHG DW D UDWH
ZKLFK LV H[WHUQDOO\ FRQWUROOHG DQG YDULHV D VPDOO DPRXQW
IURP D QRPLQDO SD\ORDG GDWD UDWHï 7KH 0'3 KDV D YDULDEOH
UDWH RSHUDWLQJ PRGH ZKLFK DOORZV WKH DSSOLFDWLRQ WR PRGLI\
WKH SD\ORDG GDWD UDWH ZLWKRXW FKDQJLQJ WKH OLQH UDWH VR WKDW
HDFK RI WKH SD\ORDG ELWV FRQWDLQV D YDOLG GDWD ELWï 7R RSHUð
DWH LQ WKLV PRGHñ WKH 0'3 XVHV D PHFKDQLVP NQRZQ DV
VWXIILQJï %\ SURSHUO\ FKRRVLQJ WKH OLQH UDWH RI WKH 0'6/
V\VWHP DQG XVLQJ WKH VWXIILQJ PHFKDQLVPñ WKH DSSOLFDWLRQ
FDQ WUDQVPLW GDWD DW VOLJKWO\ GLIIHUHQW UDWHV LQ ERWK GLUHFð
WLRQV VLPXOWDQHRXVO\ ZKLOH VWLOO XVLQJ D FRPPRQñ IL[HG
0'6/ OLQH UDWHï

:KHQ VWXIILQJ LV HPSOR\HGñ WKH DSSOLFDWLRQ LQVHUWV DQ DGGLð
WLRQDO IRXU ELWV QRW FDUU\LQJ SD\ORDG GDWD LQ WKH GDWD VWUHDP
EHWZHHQ WKH HQG RI WKH éçåå SD\ORDG ELWV DQG WKH EHJLQQLQJ
RI WKH QH[W )6: DV VKRZQ LQ )LJXUH èï 7KLV LV DFFRPð
SOLVKHG E\ GHOD\LQJ WKH 7)3 SXOVH E\ IRXU %,7B&. SHULRGV
IURP LWV QRUPDO SRVLWLRQï 7KH 0'3 UHFHLYHU GHWHFWV WKLV
IRXU ELW FKDQJH LQ WKH ORFDWLRQ RI WKH )6: DQG DGMXVWV LWV
SD\ORDG GDWD VWUREH LQGLFDWRU õ5'$7$B67ô WR LQGLFDWH WKDW
WKH IRXU DGGLWLRQDO ELWV GR QRW FRQWDLQ SD\ORDG GDWD DQG
VKRXOG EH VXSSUHVVHG DORQJ ZLWK WKH )6: ZKLFK IROORZV
WKHPï 7KLV PRGH RI RSHUDWLRQ LV IUHTXHQWO\ XVHG LQ WKH
WUDQVSRUW RI 7ì VLJQDOV ZKHUH WKH XSVWUHDP GDWD UDWH LV QRW
LGHQWLFDO WR WKH GRZQVWUHDP GDWD UDWHï

7DEOH êã 'DWD 5DWH DQG )UDPH /HQJWK ([DPSOHV

/LQH 5DWH
õNESVô

3D\ORDG 'DWD
5DWH õNESVô

)UDPH /HQJWK
õPVô

ëæë ëæìïìäí ìæïëåæ

éíí êäåïåíä ììïæèè

èëå èëçïéëå åïäíè

æåé æåìïççç èïääæ

)LJXUH èã 9DULDEOH 'DWD 5DWH 0RGH )UDPLQJ
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)UDPH 6\QF
:RUG

7UDQVSDUHQW 3D\ORDG 'DWD

6KRUW
)UDPH
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)UDPH 6\QF
:RUG

7UDQVSDUHQW 3D\ORDG 'DWD

/RQJ
)UDPH
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6.æíæëíî6.æíæëì 0XOWLð5DWH '6/ 'DWD 3XPS &KLS 6HW

L1

7DEOH é SURYLGHV WKH PLQLPXP DQG PD[LPXP GDWD UDWHV
DQG IUDPH WLPHV IRU VHYHUDO OLQH UDWHVï $OWKRXJK WKH 0'3
FDQ RQO\ WUDQVSRUW GDWD DW HLWKHU RI WKHVH WZR LQVWDQWDQHRXV
UDWHVñ LW FDQ VXSSRUW DQ\ DYHUDJH GDWD UDWH EHWZHHQ WKHP E\
DGMXVWLQJ WKH UDWLR RI IUDPHV ZLWK VWXIILQJ WR WKRVH ZLWKRXW
VWXIILQJï :KHQ èíø VWXIILQJ LV XVHG WKH0'3ZLOO WUDQVSRUW
GDWD DW WKH QRPLQDO UDWH VKRZQ EHORZï ,I QHFHVVDU\ñ D 3//
WUDFNLQJ WKH UHFHLYH IUDPH SXOVH RXWSXW õ5)3ô FDQ EH XVHG
WR FUHDWH D FRQWLQXRXV õLïHïñ QRW JDSSHGô FORFN ZKRVH IUHð
TXHQF\ IROORZV WKH DYHUDJH UHFHLYH GDWD UDWHï

&RPSRQHQW 'HVFULSWLRQ
7KH IROORZLQJ SDUDJUDSKV GHVFULEH WKH FKLS VHW FRPSRQHQWV
LQGLYLGXDOO\ ZLWK UHIHUHQFH WR LQWHUQDO IXQFWLRQV DQG WKH
LQWHUIDFHV EHWZHHQ 'DWD 3XPS FRPSRQHQWVï

,QWHJUDWHG $QDORJ )URQW (QG õ,$)(ô
7KH ,$)( LQFRUSRUDWHV WKH IROORZLQJ DQDORJ IXQFWLRQVã

� WKH WUDQVPLW GULYHU
� WUDQVPLW DQG UHFHLYH ILOWHUV
� 3KDVHð/RFNHG /RRS õ3//ô
� K\EULG FLUFXLWU\ DQDORJðWRðGLJLWDO FRQYHUWHUï

7KH ,$)( SURYLGHV WKH FRPSOHWH DQDORJ IURQW HQG IRU WKH
0'6/ 'DWD 3XPSï ,W LQFOXGHV WUDQVPLW SXOVH VKDSLQJñ OLQH
GULYHUñ UHFHLYH $î' PRGXODWRUñ DQG WKH 9&2 SRUWLRQ RI WKH
UHFHLYHU 3// IXQFWLRQï 7UDQVPLW DQG UHFHLYH FRQWUROV DUH
LPSOHPHQWHG WKURXJK WKH VHULDO SRUWï 7KH ,$)( OLQH LQWHUð
IDFH XVHV D VLQJOH WZLVWHG SDLU OLQH IRU ERWK WUDQVPLW DQG
UHFHLYHï 7DEOH è OLVWV WKH ,$)( SLQ GHVFULSWLRQVï 5HIHU WR
7HVW 6SHFLILFDWLRQV IRU ,$)( HOHFWULFDO DQG WLPLQJ VSHFLILð
FDWLRQVï

,$)( 7UDQVPLWWHU
7KH ,$)( SHUIRUPV WKH SXOVH VKDSLQJ DQG GULYLQJ
IXQFWLRQVï 7KH ,$)( WUDQVPLWWHU JHQHUDWHV D éðOHYHO
RXWSXW RI ìîõåóIõ7;B&.ôô GHILQHG E\ 70$* DQG
76*1ï 7DEOH è OLVWV ë%ì4 SXOVH FRGLQJ SDUDPHWHUVï
5HIHU WR 7HVW 6SHFLILFDWLRQV IRU IUHTXHQF\ DQG YROWDJH
WHPSODWHVï

,$)( 5HFHLYHU
7KH ,$)( UHFHLYHU LV D VRSKLVWLFDWHG VLJPDðGHOWD FRQð

YHUWHUï ,W VXPV WKH GLIIHUHQWLDO VLJQDO DW 57,3î55,1*
PLQXV WKH VLJQDO DW %7,3î%5,1*ï 7KH ILUVW $î' VLJQDO
FRPHV RXW RI $'í DW WKH UDWH RI çé WLPHV WKH ë%ì4
V\PERO UDWHï 7KH VHFRQG VWDJH RI WKH $î' VDPSOHV WKH
QRLVH RI WKH ILUVW DQG JHQHUDWHV WKH $'ì ELW VWUHDP DW
WKH UDWH RI çé WLPHV WKH V\PERO UDWHï

5HFHLYHU JDLQ LV FRQWUROOHG E\ WKH 0'63 YLD WKH
$*&ëðí ELWV LQ WKH 6(5B&7/ VHULDO FRQWURO VWUHDPï
7KH $*&B6(7 RXWSXW IURP WKH ,$)( LV QRUPDOO\
/RZï ,W JRHV +LJK ZKHQ WKH VLJQDO OHYHO LQ WKH VLJPD
GHOWD $î' LV DSSURDFKLQJ LWV FOLSSLQJ OHYHOñ VLJQDOLQJ
WKH 0'63 WR ORZHU WKH JDLQï

7KH 9&2 LV SDUW RI D SKDVHðORFNHG ORRS õ3//ô ORFNHG
WR WKH UHFHLYH GDWDï 7KH 9&2 IUHTXHQF\ LV YDULHG E\
SXOOLQJ DQ H[WHUQDO FU\VWDO ZLWK YDUDFWRU GLRGHV WKDW DUH
ELDVHG E\ WKH 93// RXWSXWï 7KH 93// RXWSXW LVñ LQ
WXUQñ FRQWUROOHG E\ WKH VHULDO SRUW 3// ELWVï

0'6/ 'LJLWDO 6LJQDO 3URFHVVRU
õ0'63ô
7KH 0'63 LQFRUSRUDWHV WKH IROORZLQJ GLJLWDO IXQFWLRQVã

� ELWðUDWH WUDQVPLW DQG UHFHLYH VLJQDOðSURFHVVLQJ
� DGDSWLYH (FKRð&DQFHOOLQJ õ(&ô
� DGDSWLYH GHFLVLRQ IHHGEDFNðHTXDOL]DWLRQ õ')(ô XVLQJ
WKH UHFHLYH TXDW VWUHDP DQG WKH LQWHUQDO HUURU VLJQDO

� IL[HG DQG DGDSWLYH GLJLWDOðILOWHULQJ IXQFWLRQV
� DFWLYDWLRQîVWDUWðXS FRQWURO DQG WKH PLFURSURFHVVRU LQð
WHUIDFH

7KH 0'63 DOVR SURYLGHV WKH GLJLWDO GDWD LQWHUIDFHï $ VLPð
SOHñ SDUDOOHO åðELW PLFURSURFHVVRU LQWHUIDFH RQ WKH 0'63
DOORZV KLJKðVSHHG DFFHVV WR FRQWUROñ VWDWXV DQG ILOWHU FRHIð
ILFLHQW ZRUGVï 7DEOH ç OLVWV WKH 0'63 SLQ GHVFULSWLRQVï
5HIHU WR 7HVW 6SHFLILFDWLRQV IRU 0'63 HOHFWULFDO DQG WLPð
LQJ VSHFLILFDWLRQVï

7KH PLFURSURFHVVRU LQWHUIDFH RQ WKH 0'63 SURYLGHV ELW
IODJV IRU VLJQDO SUHVHQFHñ V\QFKURQL]DWLRQñ DFWLYDWLRQ FRPð
SOHWLRQï 6LQJOHðE\WH ZRUGV UHSUHVHQWLQJ UHFHLYH VLJQDO OHYHO
DQG WKH QRLVH PDUJLQ RI WKH WUDQVFHLYHU DUH DOVR DYDLODEOH RQ
WKH PLFURSURFHVVRU LQWHUIDFHï 2QH FRQWURO ELW DOORZV WKH
XVHU WR VWDUW WKH 'DWD 3XPS DFWLYDWLRQ VHTXHQFHï 7KH
0'63 FRQWUROV WKH FRPSOHWH DFWLYDWLRQîVWDUWðXS VHTXHQFHï

7DEOH éã 0LQLPXP DQG 0D[LPXP 'DWD 5DWHî)UDPH 7LPH ([DPSOHV

/LQH 5DWH
õNESVô

)UDPH /HQJWK õPVô
éæíë ELW )UDPH

)UDPH/HQJWK õPVô
éæíç ELW )UDPH

0LQï 3D\ORDG
'DWD 5DWH õNESVô

1RPLQDO 5DWH õNESVô
õèíø VWXIILQJô

0D[ï 3D\ORDG
'DWD 5DWH õNESVô

ëæë ìæïëåæ ìæïêíì ëæíïäçí ëæìïíæè ëæìïìäí

éíí ììïæèè ììïæçè êäåïéæí êäæïéèê êäåïåíä

èëå åïäíè åïäìê èëèïäåí èëéïçêæ èëçïéëå

æåé èïääæ çïííê æåìïííì ææäïííæ æåìïççç



)XQFWLRQDO 'HVFULSWLRQ

æðäêL1

0'63î,$)( ,QWHUIDFH
7KH ,$)( SURYLGHV WKH UHFHLYHU UHFRYHUHG FORFNñ
9&2B&.ñ WR WKH 0'63ï 7KH VHULDO FRQWURO VWUHDP IUDPLQJ
VLJQDO 5;B&. LV VDPSOHG LQVLGH WKH ,$)( ZLWK WKH
9&2B&. ULVLQJ HGJHï 7KH VHULDO FRQWURO VWUHDPñ
6(5B&7/ñ LV VDPSOHG LQVLGH WKH ,$)( E\ WKH ULVLQJ HGJH
RI DQ LQWHUQDOO\ðJHQHUDWHG FORFN DW Iõ9&2B&.ôîëï 7KLV
,$)( LQWHUQDO FORFN KDV WKH VDPH SKDVH UHODWLRQVKLS ZLWK D
VLPLODU FORFN LQVLGH WKH 0'63ñ DV HVWDEOLVKHG E\ WKH
5;B&. VLJQDOï ,Q WKH 0'63ñ WKH KDOIðUDWH FORFN
9&2B&.îë DQG 5;B&. WUDQVLWLRQ RQ WKH ULVLQJ HGJH RI
9&2B&.ñ DQG 6(5B&7/ WUDQVLWLRQV FRLQFLGH ZLWK WKH
IDOOLQJ HGJH RI 9&2B&.îëï 7KH RXWSXW 0675B&. LQ
6ODYH 0RGH LV HTXDO WR 9&2B&.îëï

7KH $î' FRQYHUWHU RXWSXWVñ $'í DQG $'ìñ DUH FORFNHG RXW
RI WKH ,$)(ZLWK 9&2B&.ñ KDYLQJ WUDQVLWLRQV FRLQFLGHQWDO
ZLWK WKH ULVLQJ HGJH RI 9&2B&.îëï 7KH 0'63 VDPSOHV
$'í DQG $'ì ZLWK WKH IDOOLQJ HGJH RI LWV LQWHUQDO
9&2B&.îëï

7UDQVPLW GDWDñ UHSUHVHQWHG E\ 76*1 DQG 70$*ñ LV
FORFNHG IURP WKH 0'63 XVLQJ WKH IDOOLQJ HGJH RI 7;B&.ñ
WKH WUDQVPLW FORFNï 7KH ,$)( XVHV WKH ULVLQJ HGJH RI
7;B&. WR VDPSOH 76*1 DQG 70$*ï 76*1 DQG 70$*
FKDQJH VWDWH DW WKH EDXG UDWHñ RU HYHU\ å F\FOHV RI 7;B&.ï
)LJXUH ç VKRZV UHODWLYH WLPLQJ IRU WKH 0'63î,$)( LQWHUð
IDFHï

0'63î,$)( 6HULDO 3RUW
7KH 0'63 FRQWLQXDOO\ ZULWHV WR WKH ,$)( VHULDO SRUWï
7KLV VHULDO VWUHDP FRQVLVWV RI WZR ìçðELW ZRUGV DV
VKRZQ LQ 7DEOH çï 7KH GDWD IORZV IURP WKH 0'63 WR

WKH ,$)( DW D UDWH RI Iõ9&2B&.ôîëï 5HIHU WR WKH 7HVW
6SHFLILFDWLRQV VHFWLRQ IRU VHULDO SRUW WLPLQJ UHODWLRQð
VKLSV DQG HOHFWULFDO SDUDPHWHUVï

/LQH ,QWHUIDFH
7KH 'DWD 3XPS OLQH LQWHUIDFH FRQVLVWV RI WKUHH GLIIHUHQWLDO
SDLUVï 7KH WUDQVPLW RXWSXWV 77,3 DQG 75,1*ñ UHFHLYH
LQSXWV 57,3 DQG 55,1*ñ DQG WKH EDODQFH LQSXWV %7,3 DQG
%5,1*ñ DOO FRQQHFW WKURXJK D FRPPRQ WUDQVIRUPHU WR D
VLQJOH WZLVWHGðSDLU OLQH õVHH )LJXUHV ìê DQG ìéôï 7KH WUDQVð
PLW RXWSXWV UHTXLUH UHVLVWRUV LQ VHULHV ZLWK WKH WUDQVIRUPHUï
$ SDVVLYH SUHILOWHU LV UHTXLUHG IRU WKH UHFHLYH LQSXWVï 7KH
EDODQFH LQSXWV IHHG WKH WUDQVPLW VLJQDOV EDFN WR WKH 'DWD
3XPS SURYLGLQJ SDVVLYH HFKR FDQFHOODWLRQï 3URWHFWLRQ FLUð
FXLWU\ VKRXOG EH LQVHUWHG EHWZHHQ DOO 'DWD 3XPS OLQH LQWHUð
IDFH SLQV DQG WKH WUDQVIRUPHUï 5HIHU WR WKH $SSOLFDWLRQV
VHFWLRQ IRU W\SLFDO VFKHPDWLFVï

7DEOH èã ,$)( 7UDQVPLW &RQWURO

76*1 70$* 2XWSXW 6\PERO õTXDWô

ì í òê

ì ì òì

í ì ðì

í í ðê

7DEOH çã 0'63î,$)( 6HULDO 3RUW :RUG %LW
'HILQLWLRQV õ6HH )LJXUH çô

%LW
:RUG $ õRQ
6(5B&7/ô

:RUG % õRQ
6(5B&7/ô

ìè ,1,7 &25é

ìé QîD &25ê

ìê QîD &25ë

ìë 7;2)) &25ì

ìì 7;',6 &25í

ìí 7;767 9&2ë

ä $*&ë 9&2ì

å $*&ì 9&2í

æ $*&í 3//æ

ç )(/% 3//ç

è QîD 3//è

é 375é 3//é

ê 375ê 3//ê

ë 375ë 3//ë

ì 375ì 3//ì

í 375í 3//í

)LJXUH çã 0'63î,$)( ,QWHUIDFH ¤ 5HODWLYH 7LPLQJ

9&2B&.

7;B&.

9&2B&.îë

$'í
$'ì

6(5B&7/

5;B&.

%ì %í $ìè $ìé $ìê %ìè$ì $í
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L1

0'6/ 'DWD ,QWHUIDFH

7KH ¦)XQFWLRQDO 'HVFULSWLRQ§ VHFWLRQ RI WKLV GDWD VKHHW SUHð
VHQWV DQ RYHUYLHZ RI GDWD WUDQVSRUW LQ DQ 0'6/ V\VWHPï
7KLV VHFWLRQ SURYLGHV GHWDLOHG LQIRUPDWLRQ RQ WKH RSHUDWLRQ
RI WKH GDWD LQWHUIDFH DQG KRZ LW LV FRQILJXUHG WR VXSSRUW
YDULDEOH GDWD UDWH DQG IL[HG GDWD UDWH DSSOLFDWLRQVï

&ORFN 'LVWULEXWLRQ

)LJXUH æ VKRZV DQ 0'6/ OLQN EHWZHHQ D PDVWHU DQG VODYH
WUDQVFHLYHUï 7KLV ILJXUH LOOXVWUDWHV WKH FORFNîWLPLQJ DUFKLð
WHFWXUH RI WKH GDWD SXPS LQ ERWK PRGHVï /LQN DFWLYDWLRQ LV
LQLWLDWHG E\ WKH PDVWHU PRGH GHYLFH ZKLFK DOVR RSHUDWHV DV
WKH 0'6/ WLPLQJ VRXUFHï 7KH VODYH PRGH GHYLFH UHVSRQGV
WR DQ DFWLYDWLRQ UHTXHVW DQG LV ¦ORRSðWLPHG§ õLïHïñ LW UHFRYHUV
WKH 0'6/ FORFN IURP WKH PDVWHU DQG XVHV WKLV FORFN WR
WUDQVPLW XSVWUHDPôï

,Q WKH PDVWHU PRGHñ WKH GDWD SXPS GHULYHV LWV OLQH WUDQVPLW
FORFN DQG GDWD LQWHUIDFH %,7B&. E\ GLYLGLQJ WKH FORFN VXSð
SOLHG DW WKH 0675B&. LQSXW E\ ìçï 0675B&. DOVR SURð
YLGHV D �êë SSP DFFXUDWH ORFDO WUDLQLQJ UHIHUHQFH IRU WKH
UHFHLYHU FORFN UHFRYHU\ 9&;2 EHIRUH DFWLYDWLRQï :KHQ
DFWLYHñ WKH PDVWHU GDWD SXPS XVHV WKLV 9&;2 LQ D 3// IRU
GDWD UHFRYHU\ IURP WKH OLQHñ EXW DQ LQWHUQDO ),)2 LV SURð
YLGHG VR WKDW WKH UHFHLYH GDWD FDQ EH FORFNHG RXW XVLQJ WKH
%,7B&. GLYLGHG GRZQ IURP WKH 0675B&.ï

,Q WKH VODYH PRGH DIWHU DFWLYDWLRQñ WKH GDWD SXPS GHULYHV LWV
OLQH WUDQVPLW FORFN DQG GDWD LQWHUIDFH %,7B&. IURP WKH

UHFHLYHU 3//ï ,Q WKLV PRGHñ WKH FORFN VXSSOLHG DW WKH
6/$9(B&. LQSXW LV RQO\ XVHG WR WUDLQ WKH 9&;2 IUHð
TXHQF\ ZLWKLQ �êë SSP EHIRUH DFWLYDWLRQï 7R PLQLPL]H
VZLWFKLQJ QRLVHñ WKH 6/$9(B&. FDQ EH WXUQHG RII ZKHQ
&.B(1 LV /RZï

7R VHOHFW WKH FORFN DQG FU\VWDO IUHTXHQFLHV UHTXLUHG IRU D
VSHFLILF DSSOLFDWLRQñ WKH UHTXLUHG OLQH UDWH PXVW ILUVW EH FDOð
FXODWHG IURP WKH VSHFLILHG SD\ORDG GDWD UDWHï 7KLV SURFHVV
LV RXWOLQHG EHORZ IRU IL[HG GDWD UDWH DQG YDULDEOH GDWD UDWH
FRQILJXUDWLRQVï

)L[HG 'DWD 5DWH 2SHUDWLRQ
)RU IL[HG GDWD UDWH RSHUDWLRQñ WKH OLQH UDWH LV FDOFXODWHG IURP
WKH SD\ORDG GDWD UDWH DV IROORZVã

OLQHBUDWH  GDWDBUDWH õéæíëîéçååôï

7KH WLPH UHTXLUHG WR WUDQVPLW D FRPSOHWH IUDPH LVã

IUDPHBWLPH  éæíë î OLQHBUDWHï

7KH 0DVWHU WUDQVFHLYHU UHTXLUHV D FORFN ZKRVH IUHTXHQF\
LVã

0675B&.  ìç õOLQHBUDWHôï

7KH VODYH WUDQVFHLYHU UHTXLUHV D FORFN ZKRVH IUHTXHQF\ LVã

6/$9(B&.  ìç õOLQHBUDWHôï

%RWK WUDQVFHLYHUV UHTXLUH D 9&;2 FU\VWDO ZKRVH IUHTXHQF\
LVã

I[WDO  êë õOLQHBUDWHôï

)LJXUH æã 0'6/ &ORFN 'LVWULEXWLRQ ,Q 0DVWHU DQG 6ODYH 0RGHV

&ORFN
õìç [ ELW UDWHñ
òîð êë SSPô

%,7B&.

6/$9(B&.

9&;2

ìîçé ìîêë

6/$9(

&ORFN
õìç [ ELW UDWHñ
òîð êë SSPô

ìîìç

%,7B&.

0675B&.
ìîêë

0$67(5

9&;2

),)2

5' :5
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)XQFWLRQDO 'HVFULSWLRQ

L1

9DULDEOH 'DWD 5DWH 2SHUDWLRQ
)RU YDULDEOH GDWD UDWH RSHUDWLRQñ WKH OLQH UDWH LV FDOFXODWHG
IURP WKH SD\ORDG GDWD UDWH DV VKRZQ EHORZã

OLQHBUDWH  DYHUDJHBGDWDBUDWH õéæíéîéçååô

$W WKLV OLQH UDWH WKH GDWD SXPS ZLOO WUDQVSRUW GDWD DW WKH
VSHFLILHG DYHUDJH GDWD UDWH ZKHQ èíø VWXIILQJ LV XVHGñ
KRZHYHU LW ZLOO DOZD\V RSHUDWH DW RQH RI WKH LQVWDQWDQHRXV
GDWD UDWHV JLYHQ E\ WKH IROORZLQJ WZR HTXDWLRQVï %\ DGMXVWð
LQJ WKH QXPEHU RI %,7B&. F\FOHV EHWZHHQ 7)3 SXOVHV DQ
H[WHUQDO FRQWUROOHU PD\ DGMXVW WKH IUDPH OHQJWK WR FRQWURO
WKH DYHUDJH GDWD UDWH EHWZHHQ WKH PLQLPXP DQG PD[LPXP
LQVWDQWDQHRXV UDWHVã

PD[BGDWDBUDWH  OLQHBUDWH õéçååîéæíëôñ DQG
PLQBGDWDBUDWH  OLQHBUDWH õéçååîéæíçôï

7KH WLPH UHTXLUHG WR WUDQVPLW D FRPSOHWH IUDPH LVã

IUDPHBWLPH õPLQô  éæíë î OLQHBUDWHñ RU
IUDPHBWLPH õPD[ô  éæíç î OLQHBUDWHï

7KH 0DVWHU WUDQVFHLYHU UHTXLUHV D FORFN ZKRVH IUHTXHQF\
LVã

0675B&.  ìç õOLQHBUDWHôï

7KH VODYH WUDQVFHLYHU UHTXLUHV D FORFN ZKRVH IUHTXHQF\ LVã

6/$9(B&.  ìç õOLQHBUDWHôï

%RWK WUDQVFHLYHUV UHTXLUH D 9&;2 FU\VWDO ZKRVH IUHTXHQF\
LVã

I[WDO  êë õOLQHBUDWHôï

'DWD ,QWHUIDFH 7LPLQJ
7KH 0'6/ GDWD LQWHUIDFH SURYLGHV IRU WKH WUDQVIHU RI
ELQDU\ GDWD WR DQG IURP WKH WUDQVFHLYHU XVLQJ WKH ëæë WR æåé
N+] FORFNñ %,7B&.ñ JHQHUDWHG E\ GDWD SXPSï )LJXUH å
VKRZV WKH WLPLQJ IRU WKH GDWD LQWHUIDFHï ,Q WKH UHFHLYH GLUHFð
WLRQñ WKH ELQDU\ GDWD RXWSXW RQ 5'$7$ FRQWDLQV WKH ìéðELW
IUDPH V\QF ZRUG õEìðEìéôñ WKH WUDQVSDUHQW SD\ORDG GDWD
õEìèðEéæíëô DQG RSWLRQDO VWXII ELWV õEéæíêðEéæíçôï 'XULQJ
WKH DFWLYDWLRQ SURFHVVñ 5'$7$ LV KHOG +LJK XQWLOACTIVE
JRHV /RZ WR LQGLFDWH OLQN DFWLYDWLRQ KDV EHHQ FRPSOHWHG
DQG UHFRYHUHG GDWD LV DYDLODEOHï 7KH GDWD VWUREH VLJQDO
5'$7$B67 LV +LJK GXULQJ WKH IUDPH V\QF ZRUG DQG VWXII
ELWV DQG /RZ GXULQJ SD\ORDG GDWDï 5'$7$B67 FDQ EH XVHG
WR FUHDWH D JDSSHG UHFHLYH SD\ORDG GDWD FORFN E\ VXSSUHVVð
LQJ %,7B&. F\FOHV ZKHQ 5'$7$B67 LV +LJKï 5)3 LV WKH
UHFHLYH IUDPH V\QF RXWSXW WKDW JRHV /RZ GXULQJ WKH ILUVW ELW
RI HYHU\0'6/ IUDPHï ,Q YDULDEOH GDWD UDWH DSSOLFDWLRQV WKH
RULJLQDO GDWD WLPLQJ FDQ EH UHFRYHUHG IURP 5)3 XVLQJ D
V\QWKHVL]HU 3//ï

,Q WKH WUDQVPLW GLUHFWLRQñ SD\ORDG GDWD LV VDPSOHG IURP
7'$7$ GXULQJ ELWV EìèðEéæíë RI HDFK IUDPHï )UDPH V\QF

ZRUG ELWV õEìðEìéô DUH LQWHUQDOO\ JHQHUDWHG LQ WKH 0'63
DQG QRW VDPSOHG IURP 7'$7$ñ VR DQ\ GDWD VXSSOLHG GXULQJ
EìðEìé LV LJQRUHGï 'XULQJ WKH DFWLYDWLRQ SURFHVVñ WUDQVPLW
GDWD LV LQWHUQDOO\ JHQHUDWHG E\ WKH 0'63 DQG 7'$7$ LV
QRW VDPSOHG XQWLO ACTIVE JRHV /RZ WR LQGLFDWH OLQN DFWLð
YDWLRQ KDV EHHQ FRPSOHWHGï )RU IL[HG GDWD UDWH DSSOLFDWLRQV
DQ H[WHUQDO FRXQWHU LV XVHG WR JHQHUDWH D RQH %,7B&. F\FOH
ORQJ /RZ SXOVH IRU WKH 7)3 LQSXWï 7KLV IUDPH V\QF SXOVH
HVWDEOLVKHV WKH VWDUW RI DQ 0'6/ IUDPH DQG LV QHHGHG WR
HVWDEOLVK D JDS LQ WKH SD\ORDG GDWD GXULQJ WKH WLPH WKH GDWD
SXPS LQWHUQDOO\ JHQHUDWHV WKH IUDPH V\QF ZRUGï ,Q YDULDEOH
UDWH DSSOLFDWLRQV VWXIILQJ FRQWURO ORJLF DGMXVWV WKH WLPH
EHWZHHQ 7)3 SXOVHV WR PDWFK WKH DYHUDJH GDWD UDWH WUDQVð
PLWWHG E\ WKH GDWD SXPS WR WKH UDWH DW ZKLFK LW LV VXSSOLHG
E\ WKH H[WHUQDO VRXUFHï ,Q ERWK FDVHVñ WKH 7)3 VLJQDO VKRXOG
EH YDOLG SULRU WR DQ DFWLYDWLRQ UHTXHVW IRU WKH 0DVWHU 'DWD
3XPSï $ YDOLG 7)3 VLJQDO VKRXOG EH JHQHUDWHG DIWHU SRZHUð
XSñ EHIRUH RU LPPHGLDWHO\ DIWHU /26 JRHV /RZ IRU WKH
6ODYH 'DWD 3XPSï 'XULQJ LQLWLDOL]DWLRQ DQG DQ\WLPH WKHUHð
DIWHU 7)3 PXVW QRW EH KHOG ORZ IRU PRUH WKDQ ë %,7B&.
F\FOHV RU WKH GDWD LQWHUIDFH RXWSXW VLJQDOV ZLOO EH GLVDEOHGï
$OVRñ LI WKH 7)3 VLJQDO LV LQDFWLYH õDOZD\V +LJK RU XQFRQð
QHFWHGô ZKHQ DFWLYDWLRQ VWDUWVñ WKHQ WKH 'DWD 3XPS PD\
DFWLYDWH EXW ZLOO LQMHFW VWXII ELWV LQ WKH 7'$7$ VWUHDP LQ
HYHU\ RWKHU IUDPH DQG V\QF ELWV LQ HYHU\ IUDPHï 6LQFH WKH
'DWD 3XPS ZLOO QRW EH V\QFKURQL]HG WR WKH GDWD VRXUFH
WKHVH LQWHUQDOO\ JHQHUDWHG ELWV ZLOO RYHUZULWH SD\ORDG GDWDï
,I WKH SKDVH RI 7)3 MXPSV WKH 'DWD 3XPS ZLOO LPPHGLDWHO\
UHVHW WKH WUDQVPLW IUDPH DOLJQPHQWñ W\SLFDOO\ FDXVLQJ ORVV
RI DOLJQPHQW DW WKH RWKHU HQGï

/RRSEDFNV
7KH GDWD SXPS SURYLGHV GDWD ORRSEDFNV WRZDUG WKH OLQH DQG
WRZDUG WKH GLJLWDO LQWHUIDFHï )URQW (QG /RRSEDFN õ)(/%ô LV
WKH ORRSEDFN WRZDUG WKH GLJLWDO LQWHUIDFH LQVLGH WKH ,$)(
DQG LV DYDLODEOH RQO\ LQ 0DVWHU PRGHï )(/% LV LQLWLDWHG E\
EULQJLQJ WKH )(/% DQG $&75(4 VLJQDOV +LJK LQ KDUGZDUH
PRGHñ RU E\ VHWWLQJ WKH )(/% DQG $&75(4 ELWV WR ì LQ WKH
SURFHVVRU FRQWURO PRGHï ,Q )(/% WKH GDWD SXPS UHFHLYHU
DFWLYDWHV ZLWK LWV RZQ WUDQVPLW GDWD DQG LJQRUHV D VLJQDO DW
WKH ,$)( UHFHLYHU DQDORJ OLQH LQWHUIDFHï 'DWD LV WUDQVPLWWHG
RQ WKH OLQH GXULQJ )(/%ï

%DFN (QG /RRSEDFN õ%(/%ô LV D GDWD ORRSEDFN WRZDUG WKH
DQDORJ OLQH LQWHUIDFH LQVLGH WKH 0'63ï %(/% LV DYDLODEOH
LQ ERWK 0DVWHU DQG 6ODYH PRGHV DIWHU DFWLYDWLRQ LV FRPð
SOHWHï %(/% LV LQLWLDWHG E\ EULQJLQJ WKH %(/% VLJQDO +LJK
LQ KDUGZDUH PRGHñ RU E\ VHWWLQJ WKH %(/% ELW WR ì LQ WKH
SURFHVVRU FRQWURO PRGHï ,Q %(/% WKH GDWD SXPS UHFHLYH
GDWD DQG IUDPH SXOVH VLJQDOV DUH VXSSOLHG WR WKH WUDQVPLWWHU
ZKLFK LJQRUHV WKH 7'$7$ DQG 7)3 LQSXWVï 5HFHLYH 'DWD
LV RXWSXW RQ 5'$7$ GXULQJ %(/%ï
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)LJXUH åã 0'63 'LJLWDO 'DWD ,QWHUIDFH 7LPLQJ

Eéæíé Eéæíç

$ô 7UDQVPLW 7LPLQJ¤:LWKRXW 6WXII %LWV

&ô 5HFHLYH 7LPLQJ¤:LWKRXW 6WXII %LWV

%ô 7UDQVPLW 7LPLQJ¤:LWK 6WXII %LWV

'ô 5HFHLYH 7LPLQJ¤:LWK 6WXII %LWV

%,7B&.

7)3

7'$7$

%,7B&.

7)3

7'$7$

EéæíêðEìé DUH WKH VWXII ELWV DQG IUDPH V\QF ZRUG JHQHUDWHG E\ WKH 0'63 õQRW VDPSOHG IURP 7'$7$ô

%,7B&.

5)3

5'$7$

5'$7$B67

%,7B&.

5)3

5'$7$

5'$7$B67
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æðäæ

)XQFWLRQDO 'HVFULSWLRQ

L1

0LFURSURFHVVRU ,QWHUIDFH
õ0'63ô

7KUHH SULPDU\ FRQWURO SLQVñ CHIPSEL õ&KLS 6HOHFWôñ
READ DQG WRITEñ VHOHFW WKH 6RIWZDUH 0RGH ZKLFK DOVR
XVHV DQ LQWHUUXSW RXWSXW SLQ WR UHSRUW VWDWXV FKDQJHVï )RXU
DGGLWLRQDO SLQV DUH XVHG IRU WKH SDUDOOHO EXV DGGUHVVLQJ DQG
HLJKW SLQV IRU GDWD ,î2ï 5HIHU WR 7HVW 6SHFLILFDWLRQV IRU
PLFURSURFHVVRU LQWHUIDFH WLPLQJ LQ 6RIWZDUH 0RGHï

&RQWURO 3LQV

&KLS 6HOHFWã 7KH &KLS 6HOHFW õCHIPSELô SLQ UHTXLUHV DQ
DFWLYH /RZ VLJQDO WR HQDEOH 'DWD 3XPS UHDG RU ZULWH WUDQVð
IHUV RYHU WKH GDWD EXVï 7R HQDEOH +DUGZDUH 0RGH KROG WKLV
SLQ /RZñ DORQJ ZLWK READ DQG WRITEï

'DWD 5HDGã 7KH 'DWD 5HDG SLQ õREADô UHTXLUHV DQ DFWLYH
/RZ SXOVH WR HQDEOH D UHDG WUDQVIHU RQ WKH GDWD EXVï :KHQ
READ LV SXOOHG /RZñ WKH 'DWD 3XPS GDWD EXV OLQHV JR IURP
WULVWDWH WR DFWLYH DQG RXWSXW WKH GDWD IURP WKH UHJLVWHU
DGGUHVVHG E\ $''5íð$''5êï 7R DYRLG UHDGLQJ GDWD GXUð
LQJ UHJLVWHU XSGDWHVñ UHDGV VKRXOG EH V\QFKURQL]HG WR WKH
IDOOLQJ HGJH RI 5;B&.ï $OWHUQDWLYHO\ñ HDFK UHDG VKRXOG EH
UHSHDWHG XQWLO WKH VDPH GDWD LV UHDG WZLFH ZLWKLQ RQH EDXG
WLPHï

'DWD :ULWHã 7KH 'DWD :ULWH SLQ õWRITEô UHTXLUHV DQ
DFWLYH /RZ SXOVH WR HQDEOH D ZULWH WUDQVIHU RQ WKH GDWD EXVï
'DWD WUDQVIHU LV WULJJHUHG E\ WKH ULVLQJ HGJH RI WKH WRITE
SXOVHï 7R HQVXUH GDWD LV ZULWWHQ WR WKH UHJLVWHU DGGUHVVHG E\
$''5íð$''5êñ YDOLG GDWD PXVW EH SUHVHQW RQ WKH 0'63
GDWD EXV OLQHV EHIRUH WRITE JRHV +LJKï

,QWHUUXSWã 7KH ,QWHUUXSW SLQ õINTô LV DQ RSHQ GUDLQ RXWSXW
UHTXLULQJ DQ H[WHUQDO SXOOðXS UHVLVWRUï 7KH INT RXWSXW LV
SXOOHG DFWLYH /RZ ZKHQ DQ LQWHUQDO LQWHUUXSW FRQGLWLRQ
RFFXUVï INT LV ODWFKHG DQG KHOG XQWLO 0DLQ 6WDWXV 5HJLVWHU
5'í LV UHDGï $Q LQWHUQDO LQWHUUXSWLRQ UHVXOWV IURP D /RZð
WRð+LJK WUDQVLWLRQ LQ DQ\ RI IRXU VWDWXV LQGLFDWRUVã
$&7,9(ñ ACTIVEñ '($&797' RU 705B(;3ï $Q\
WUDQVLWLRQ RQ /26 ZLOO DOVR JHQHUDWH DQ LQWHUUXSWï ,I DQ
LQWHUUXSW PDVN ELW LQ UHJLVWHU :5ë LV VHWñ DQ\ WUDQVLWLRQ RI
WKH FRUUHVSRQGLQJ VWDWXV ELW ZLOO QRW WULJJHU WKH INT RXWSXWï

5HJLVWHU $FFHVV

:ULWH
7R ZULWH WR DQ 0'63 UHJLVWHUñ SURFHHG DV IROORZVã

ìï 'ULYH CHIPSEL/RZï
ëï'ULYH DQ DGGUHVV õííííñ ííìíñ RU ííììô RQWR

$''5íð$''5êï

êï2EVHUYH DGGUHVV VHWXS WLPHï

éï6HW åðELW LQSXW GDWD ZRUG RQ 'íð'æï

èï3XOO WRITE/RZñ REVHUYLQJ PLQLPXP SXOVH ZLGWKï

çï3XOO WRITE+LJKñ REVHUYLQJ KROG WLPH IRU GDWD DQG
DGGUHVV OLQHVï

5HDG
3URFHGXUHV IRU UHDGLQJ WKH 0'63 UHJLVWHUV YDU\
DFFRUGLQJ WR ZKLFK UHJLVWHU LV EHLQJ UHDGï $FFHVVLQJ
UHJLVWHUV 5'íñ 5'ìñ 5'ëñ 5'è DQG 5'ç LV UHODWLYHO\
VLPSOHï 5HDGLQJ UHJLVWHUV 5'ê DQG 5'é LV PRUH FRPð
SOH[ï 8QOHVV SDUDOOHO SRUW UHDGV DUH V\QFKURQL]HG ZLWK
WKH IDOOLQJ HGJH RI 5;B&.ñ DOO UHDG RSHUDWLRQV VKRXOG
EH UHSHDWHG XQWLO WKH VDPH GDWD LV UHDG WZLFH ZLWKLQ
RQH EDXG WLPHï

7R UHDG UHJLVWHU 5'íñ 5'ìñ 5'ëñ 5'è RU 5'ç SURð
FHHG DV IROORZVã

ìï 'ULYH CHIPSEL/RZï

ëï'ULYH WKH GHVLUHG DGGUHVV RQWR $''5íð$''5êï

êï3XOO READ /RZñ REVHUYLQJ PLQLPXP SXOVH ZLGWKï

éï3XOO READ+LJK WR FRPSOHWH WKH UHDG F\FOHï

5HJLVWHUV 5'ê DQG 5'é KROG WKH FRHIILFLHQW YDOXHV
IURP WKH ')(ñ (&ñ ))( DQG $*& DV VKRZQ LQ 7DEOH
ìíï 5HJLVWHU 5'ê KROGV WKH ORZHU E\WH YDOXH DQG UHJð
LVWHU 5'é KROGV WKH XSSHU E\WH YDOXHï 7R UHFRQVWUXFW
WKH FRPSOHWH ìçðELW ZRUGñ FRQFDWHQDWH WKH OHDVW VLJQLIð
LFDQW DQG PRVW VLJQLILFDQW E\WHVï

7R UHDG UHJLVWHUV 5'ê DQG 5'é SURFHHG DV IROORZVã

ìï 6HOHFW WKH GHVLUHG FRHIILFLHQW E\ ZULWLQJ WKH DSSURð
SULDWH FRGH IURP 7DEOH ìí WR UHJLVWHU :5êï

ëï(QDEOH WKH &RHIILFLHQW 5HDG 5HJLVWHU E\ ZULWLQJ D ì
WR ELW Eí õ&5'ìô LQ UHJLVWHU :5ëï

êï3HUIRUP VWDQGDUG UHJLVWHU UHDG SURFHGXUH OLVWHG LQ
VWHSV ì WKURXJK ç DERYH WR UHDG WKH ORZHU E\WH IURP
5'ê DQG WKH XSSHU E\WH IURP 5'éï

éï&RQFDWHQDWH WKH 5'ê DQG 5'é WR REWDLQ WKH
FRPSOHWH ìçðELW ZRUGï



6.æíæëíî6.æíæëì 0XOWLð5DWH '6/ 'DWD 3XPS &KLS 6HW

æðäå L1

5HJLVWHUV

7KUHH ZULWH UHJLVWHUV DQG VHYHQ UHDG UHJLVWHUV DUH DYDLODEOH
WR WKH XVHUï 7DEOH æ OLVWV WKHVH UHJLVWHUV DQG WKH IROORZLQJ
SDUDJUDSKV GHVFULEH WKHP LQ PRUH GHWDLOï

6RPH RI WKH UHJLVWHUV FRQWDLQ UHVHUYHG ELWVï 6RIWZDUH PXVW
GHDO FRUUHFWO\ ZLWK UHVHUYHG ILHOGVï )RU UHDGVñ VRIWZDUH

PXVW XVH DSSURSULDWH PDVNV WR H[WUDFW WKH GHILQHG ELWV DQG
QRW UHO\ RQ UHVHUYHG ELWV EHLQJ DQ\ SDUWLFXODU YDOXHï ,Q VRPH
FDVHVñ VRIWZDUH PXVW SURJUDP UHVHUYHG ELW SRVLWLRQV WR D
SDUWLFXODU YDOXHï 7KLV YDOXH LV GHILQHG LQ WKH LQGLYLGXDO ELW
GHVFULSWLRQVï

$IWHU DVVHUWLQJ WKH RESETVLJQDOñ WKH 'DWD 3XPS LQLWLDOð
L]HV LWV UHJLVWHUV WR WKH GHIDXOW YDOXHï

7DEOH æã 5HJLVWHU 6XPPDU\

$''5 :ULWH 5HJLVWHUV 5HDG 5HJLVWHUV

$êð$í :5ú 1DPH 7DEOH 5'ú 1DPH 7DEOH

íííí :5í 0DLQ &RQWURO å 5'í 0DLQ 6WDWXV ìì

íííì UHVHUYHG QîD 5'ì 5HFHLYHU *DLQ :RUG ìë

ííìí :5ë ,QWHUUXSW 0DVN ä 5'ë 1RLVH 0DUJLQ ìê

ííìì :5ê 5HDG &RHIILFLHQW 6HOHFW ìí 5'ê &RHIILFLHQW 5HDG 5HJLVWHU õORZHU E\WHô ìé

íìíí UHVHUYHG 5'é &RHIILFLHQW 5HDG 5HJLVWHU õXSSHU E\WHô ìé

íìíì UHVHUYHG 5'è $FWLYDWLRQ 6WDWXV ìè

íììí UHVHUYHG 5'ç 5HFHLYHU $*& DQG ))( 6WHS *DLQ ìç

íìììðìííì UHVHUYHG UHVHUYHG



æðää
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L1

:5í¥0DLQ &RQWURO 5HJLVWHU

$GGUHVVã $áêãí!  íííí
'HIDXOW ííK
$WWULEXWHVã :ULWH 2QO\
&RQWURO 5HJLVWHU ELWV VHUYH WKH VDPH SXUSRVH LQ 6RIWZDUH 0RGH DV WKH OLNHðQDPHG LQGLYLGXDO SLQV LQ +DUGZDUH 0RGHï
7DEOH å OLVWV ELW DVVLJQPHQWV IRU WKH :5í UHJLVWHUï

7DEOH åã 0DLQ &RQWURO 5HJLVWHU :5í

%LW 'HVFULSWLRQ

æ 7UDQVPLW 7HVW 3DWWHUQ (QDEOH õ7;767ôï 6HW 7;767 WR ì WR HQDEOH LVRODWHG WUDQVPLW SXOVH JHQHUDWLRQï 2QH
V\PERO LV RXWSXW HYHU\ éæíë RU éæíç %,7B&. F\FOHVï 7'$7$ FRQWUROV WKH VLJQ DQG 7)3 FRQWUROV WKH PDJQLWXGH
RI WKH WUDQVPLWWHG V\PEROV DFFRUGLQJ WR WKH ë%ì4 HQFRGLQJ UXOHVï ,Q WKH 6ODYH PRGH ZKHQ WKH 7;767 PRGH LV
VHOHFWHGñ WKH 'DWD 3XPS PD\ EHJLQ DFWLYDWLRQï

ç %DFNð(QG /RRS %DFN õ%(/%ôï ,Q WKH $FWLYH 6WDWHñ VHW %(/% WR ì WR HQDEOH DQ LQWHUQDOñ WUDQVSDUHQW ORRSEDFN RI
WKH 0'63 5'$7$ WR 7'$7$ DQG 5)3 WR 7)3ï

è )URQW (QG /RRS %DFN õ)(/%ôï ,Q WKH 0DVWHU PRGH ZLWK WKH 'DWD 3XPS LQ WKH ,QDFWLYH 6WDWHñ VHW )(/% WR ì WR
HQDEOH DQ ,$)( IURQWðHQG ORRSEDFNï 7KH 'DWD 3XPS ZLOO EHJLQ DFWLYDWLRQ DQG WUDQVPLVVLRQ RQ WKH OLQHñ EXW ZLOO
LJQRUH DQ\ VLJQDO IURP WKH 6ODYH LQVWHDG V\QFKURQL]LQJ WR LWV RZQ WUDQVPLW VLJQDOï

é 5HSHDWHU 0RGH õ5375ôï 7KH 5375 ELW LV VHW WR ì DQG WKH 02'( SLQ LV SXOOHG +LJK WR SURJUDP WKH 'DWD 3XPS
IRU RSHUDWLRQ RQ WKH VLGH RI WKH 0'6/ UHSHDWHU GULYLQJ D UHPRWH VODYHï 5375 LV VHW WR í DQG WKH 0DVWHU SLQ LV WLHG
/RZ WR SURJUDP WKH 'DWD 3XPS IRU RSHUDWLRQ RQ WKH VLGH RI WKH UHSHDWHU GULYHQ E\ WKH 0DVWHUï

ê /RRS 1XPEHU õ/223,'ôï ,Q WZR ORRS 0'6/ DSSOLFDWLRQVñ /223,' LV VHW DW WKH 0DVWHU HQG RI WKH ORRS WR
VHOHFW WKH IUDPH V\QF ZRUG IRUPDW WR HQFRGH WKH ORRS QXPEHUï

ë ,QVHUWLRQ /RVV 0HDVXUHPHQW 7HVW õ,/07ôï 6HW ,/07 WR ì WR HQDEOH WUDQVPLVVLRQ RI D VFUDPEOHG DOO RQHV LQVHUð
WLRQ ORVV PHDVXUHPHQW WHVW SDWWHUQï ,Q WKH 6ODYH FRQILJXUDWLRQ ZKHQ WKH ,/07 PRGH LV VHOHFWHGñ WKH 'DWD 3XPS
PD\ EHJLQ DFWLYDWLRQï

ì 4XLHW 0RGH õ48,(7ôï 6HW 48,(7 WR ì WR IRUFH WKH 'DWD 3XPS LQWR WKH 'HDFWLYDWHG 6WDWH ZLWK WKH WUDQVPLWWHU
VLOHQWï 6HWWLQJ 48,(7 WR í ZLOO QRW FDXVH WKH 'DWD 3XPS WR UHDFWLYDWHï ,Q WKH 6ODYH PRGHñ WKH 'DWD 3XPS ZLOO QRW
UHVSRQG WR D VLJQDO IURP WKH 0DVWHU ZKHQ 48,(7 LV VHW WR ìñ EXW PD\ DFWLYDWH DIWHU 48,(7 LV VHW WR í HYHQ LI WKH
0DVWHU WUDQVPLVVLRQ KDV DOUHDG\ FHDVHGï

í $FWLYDWLRQ 5HTXHVW õ$&75(4ôï ,Q WKH 0DVWHU PRGH ZKHQ WKH 'DWD 3XPS LV LQ WKH ,QDFWLYH 6WDWH DQG 4XLHW LV
VHW WR íñ VHWWLQJ WKH $&75(4 ELW WR ì ZLOO LQLWLDWH DQ DFWLYDWLRQ VHTXHQFHï %HFDXVH $&75(4 LV D OHYHOð UDWKHU
WKDQ DQ HGJHðWULJJHUHG VLJQDOñ LW VKRXOG EH UHVHW WR í DJDLQ ZLWKLQ DSSUR[LPDWHO\ ëè VHFRQGV WR SUHYHQW WKH LPPHð
GLDWH VWDUW RI DQRWKHU DFWLYDWLRQ F\FOH LI WKH FXUUHQW DFWLYDWLRQ DWWHPSW IDLOVï ,I DQ DFWLYDWLRQ DWWHPSW IDLOVñ WKH SURð
FHVVRU VKRXOG DOORZ WKH 'DWD 3XPS WR UHPDLQ LQ WKH ,QDFWLYH 6WDWH ZKHUH WKH WUDQVPLWWHU LV VLOHQW IRU WKH
$FWLYDWLRQ 7LPHU GXUDWLRQ õVHH 7DEOH ìæô EHIRUH JHQHUDWLQJ DQRWKHU DFWLYDWLRQ UHTXHVWï 7KLV GHOD\ ZLOO DOORZ WKH
6ODYH WR UHWXUQ WR WKH ,QDFWLYH 6WDWHï ,W LV SRVVLEOH WR VKRUWHQ WKLV TXLHW SHULRG IROORZLQJ D IDLOHG DFWLYDWLRQ E\
LPSOHPHQWLQJ DGGLWLRQDO DOJRULWKPV GHVFULEHG LQ WKH VHFWLRQ HQWLWOHG ¦$FWLYDWLRQ 6WDWH 0DFKLQHVï§
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:5ë¥,QWHUUXSW 0DVN 5HJLVWHU

$GGUHVVã $áêãí!  ííìí
'HIDXOWã ííK
$WWULEXWHVã :ULWH 2QO\
7DEOH ä VKRZV WKH YDULRXV LQWHUUXSW PDVNV SURYLGHG LQ UHJLVWHU :5ëï

:5ê¥5HDG &RHIILFLHQW 6HOHFW 5HJLVWHU

$GGUHVVã $áêãí!  ííìì
'HIDXOWã ííK
$WWULEXWHVã :ULWH 2QO\
7DEOH ìí OLVWV WKH ELW PDSV XVHG WR VHOHFW WKH FRHIILFLHQW UHDG IURP WKH 0'63ï

7DEOH äã ,QWHUUXSW 0DVN 5HJLVWHU :5ë

%LW 'HVFULSWLRQ

æãç 5HVHUYHGï 0XVW EH VHW WR íï

è /2606.ï ì 0DVNHGï í 1RW 0DVNHGï ,QWHUUXSW PDVN IRU WKH /26 FRQGLWLRQ

é '($&706.ï ì 0DVNHGï í 1RW 0DVNHGï ,QWHUUXSW PDVN IRU WKH '($&797' FRQGLWLRQ

ê $&7%06.ï ì 0DVNHGï í 1RW 0DVNHGï ,QWHUUXSW PDVN IRU WKH ACTIVE FRQGLWLRQ

ë $&706.ï ì 0DVNHGï í 1RW 0DVNHGï ,QWHUUXSW PDVN IRU WKH 705B(;3 FRQGLWLRQ DQG WKH $&7,9( FRQGLWLRQ

ì 5HVHUYHGï0XVW EH VHW WR íï

í (QDEOH FRHIILFLHQW UHDG UHJLVWHU õ&5'ìôï ì (QDEOHï í 'LVDEOHï 8VHG LQ FRQMXQFWLRQ ZLWK :5ê IRU UHDGLQJ
FRHIILFLHQW YDOXHVï

7DEOH ìíã 5HDG &RHIILFLHQW 6HOHFW 5HJLVWHU :5ê

+H[ 9DOXH 6HOHFWHG 5HJLVWHUV 'HVFULSWLRQ

ííðíæ ')(ìð')(å ')( FRHIILFLHQWV

íåðí) (&ìð(&å (FKR &DQFHOODWLRQ

ìíðìè ))(ìð))(ç ))( FRHIILFLHQWV ìðç

ìçðìä UHVHUYHG

ì$ $*& 7DS $*& 7DS

ì%ð)) UHVHUYHG



æðìíì
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5'í¥0DLQ 6WDWXV 5HJLVWHU
$GGUHVVã $áêãí!  íííí
'HIDXOWã [[K õ[ XQGHILQHGô
$WWULEXWHVã 5HDG 2QO\
6WDWXV 5HJLVWHU ELWV VHUYH WKH VDPH SXUSRVH LQ 6RIWZDUH 0RGH DV WKH OLNHðQDPHG LQGLYLGXDO SLQV LQ +DUGZDUH PRGHï
7DEOH ìì OLVWV WKH ELW DVVLJQPHQWV LQ WKLV UHJLVWHUï

5'ì¥5HFHLYHU *DLQ :RUG 5HJLVWHU
$GGUHVVã $áêãí!  íííì
'HIDXOWã [[K õ[ XQGHILQHGô
$WWULEXWHVã 5HDG 2QO\
7KH åðELW ZRUG LQ WKLV UHJLVWHU LV WKH HLJKW PRVW VLJQLILFDQW ELWV RI WKH PDLQ ))( $*& WDSñ ZKLFKñ DORQJ ZLWK WKH $*&
DQG '$*& YDOXHV õ5'çôñ UHSUHVHQW WKH UHFHLYHU JDLQ UHTXLUHG WR FRPSHQVDWH IRU OLQH ORVVñ DQG WR QRUPDOL]H WKH UHFHLYH
ë%ì4 SXOVHV WR D IL[HG WKUHVKROGï %LW Eæ õVLJQ ELWñ DOZD\V íô LV WKH 06% ZLWK ELW Eí WKH /6%ï 7KH $*& WDS YDOXH LV
GHWHUPLQHG DV IROORZVã

7DEOH ììã 0DLQ 6WDWXV 5HJLVWHU 5'í

%LW $FWLYH 'HVFULSWLRQ

æ 7LPHU ([SLU\ õ705B(;3ôï 6HW WR ì WR LQGLFDWH $FWLYDWLRQ WLPHU H[SLUDWLRQï
� &DXVHV LQWHUUXSW RQ FKDQJLQJ IURP í WR ìâ PDVNHG E\ $&706.  ìï
� /DWFKHG HYHQWâ UHVHW RQ UHDGñ ZLWK SHUVLVWHQFH ZKLOH LQ WKH $FWLYH 6WDWHï

ç 7,3î5,1* SRODULW\ UHYHUVHG õINVERTôï í  SRODULW\ UHYHUVDOï 9DOLG RQO\ LQ $FWLYHðì RU $FWLYHðë VWDWHVï

è &KDQJH 2I )UDPH $OLJQPHQW õ&2)$ôï ,QGLFDWHV WKDW UHðDFTXLVLWLRQ RI IUDPH V\QF LV LQ D GLIIHUHQW SRVLWLRQ
ZLWK UHVSHFW WR WKH ODVW IUDPH SRVLWLRQï 'RHV QRW FDXVH LQWHUUXSWï /DWFKHG HYHQWâ UHVHW RQ UHDG

é /RVV 2I 6LJQDO õ6ODYHôï ì  ORVV RI OLQH VLJQDO HQHUJ\ GHWHFWHG DQG HQWU\ LQWR WKH ,QDFWLYH VWDWHï

/RVV RI 6LJQDO õ0DVWHUôï ì  ORVV RI VLJQDO IRU ì VHFRQG RQ HQWHULQJ ,QDFWLYH 6WDWHï
� &DXVHV LQWHUUXSW RQ WUDQVLWLRQV IURP í WR ì RU ì WR í WKDW DUH PDVNHG E\ /2606.  ìï
� /26î/26 LV QRW D ODWFKHG HYHQWï

ê /RRS 1XPEHU &RQWURO õ/223,'ôï í  ORRS ìâ ì  ORRS ëï 9DOLG RQO\ LQ $FWLYH 6WDWHVñ í LQ DOO RWKHUV

ë 'HDFWLYDWLRQ ,QGLFDWRU õ'($&797'ôï ì  H[SLUDWLRQ RI WKH 'HDFWLYDWLRQ WLPHU DQG WKH WUDQVLWLRQ IURP WKH
3HQGLQJ 'HDFWLYDWLRQ VWDWH WR WKH 'HDFWLYDWHG VWDWHï
� &DXVHV LQWHUUXSW RQ FKDQJLQJ IURP í WR ìâ PDVNHG ZKHQ '($&706.  ìï
� /DWFKHG HYHQWâ UHVHW RQ UHDGâ ZLWK SHUVLVWHQFH ZKLOH LQ WKH 'HDFWLYDWHG 6WDWHï

ì /LQN $FWLYH ,QGLFDWRUñ õACTIVEôñ DFWLYH /RZï ì  HQWU\ LQWR WKH 3HQGLQJ 'HDFWLYDWLRQ VWDWHï
� &DXVHV LQWHUUXSW RQ FKDQJLQJ IURP í WR ìâ PDVNHG E\ $&7%06.  ìï
� /DWFKHG HYHQWâ UHVHW RQ UHDGâ ZLWK SHUVLVWHQFH ZKLOH LQ WKH 3HQGLQJ 'HDFWLYDWLRQ 6WDWHï

í /LQN $FWLYH ,QGLFDWRUñ õ$&7,9(ôñ DFWLYH +LJKï ì  &RPSOHWLRQ RI OD\HU ì DFWLYDWLRQ DQG HQWU\ LQWR WKH
$FWLYHðì VWDWHï
� &DXVHV LQWHUUXSW RQ FKDQJLQJ IURP í WR ìâ PDVNHG E\ $&706.  ìï
� /DWFKHG HYHQWâ UHVHW RQ UHDG ZLWK SHUVLVWHQFH LI VWLOO LQ WKH $FWLYH 6WDWHï

7DEOH ìëã 5HFHLYHU *DLQ :RUG 5HJLVWHU

%LW 'HVFULSWLRQ

æãí ))( $*& 7DS 9DOXH õHLJKW PRVW VLJQLILFDQW ELWVôï

$*&7DS Σ ELóë
Lðç

L  í

ç
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5'ë¥1RLVH 0DUJLQ 5HJLVWHU

$GGUHVVã $áêãí!  ííìí
'HIDXOWã [[K õ[ XQGHILQHGô
$WWULEXWHVã 5HDG 2QO\
7KH QRLVH PDUJLQ RI WKH UHFHLYHG VLJQDO LV DQ LQSXW WR
WKH 0'6/ IUDPHU©V $FWLYDWLRQ 6WDWH 0DFKLQHï 7KH
QRLVH PDUJLQ PXVW UHDFK D WKUHVKROG OHYHO EHIRUH WKH
0'6/ IUDPHU FDQ WUDQVLWLRQ WR WKH IXOO\ $FWLYH 6WDWHï
7KH 0'63 SURYLGHV D FDOFXODWHGñ ORJDULWKPLF QRLVH
PDUJLQ YDOXH XVHG E\ WKH 0'6/ IUDPHUï 7KLV HLJKWðELW
ZRUGñ VWRUHG LQ UHJLVWHU 5'ëñ LV DYDLODEOH HYHU\ EDXGñ
DOWKRXJK XSGDWHG RQO\ HYHU\ çé EDXGï 7DEOH ìê VKRZV
WKH QRLVH PDUJLQ FRGLQJï 7R FDOFXODWH WKH 615ñ XVH
WKLV HTXDWLRQã

615  1RLVH 0DUJLQ ò ëìïè G%
(UURU SURSDJDWLRQ LQ WKH ')( DQG GHðVFUDPEOHU PD\
LQWURGXFH VRPH IUDFWLRQDO HUURUV LQ WKLV IRUPXODñ KRZð
HYHUñ WKH UHODWLRQVKLS EHWZHHQ WKH 615 DQG WKH QRLVH
PDUJLQ UHPDLQV YDOLG DV ORQJ DV WKH QRLVH IROORZV D
*DXVVLDQ GLVWULEXWLRQï

6LQFH WKH DYHUDJH SHULRG RI WKH FDOFXODWLRQ LV YHU\
VKRUW õçé EDXGVôñ WKH UHFRPPHQGHG SURFHGXUH IRU HYDOð
XDWLQJ WUDQVPLVVLRQ TXDOLW\ LV WR DYHUDJH DW OHDVW ìííí
VDPSOHVï

7DEOH ìêã 1RLVH 0DUJLQ 5HJLVWHU 5'ë
õ1RLVH 0DUJLQ &RGLQJô

06% /6% 1RLVH
0DUJLQìæ ç è é ê ë ì í

í í ì ì í ì í ì òëçïè

í í ì í ì ì ì ì òëêïè

í í ì í ì í ì ì òëìïè

í í ì í ì í í ì òëíïè

í í ì í í ì ì ì òìäïè

í í ì í í ì í ì òìåïè

í í ì í í ì í í òìåïí

í í ì í í í ì í òìæïí

í í ì í í í í í òìçïí

í í í ì ì ì ì í òìèïí

í í í ì ì ì í í òìéïí

í í í ì ì í ì í òìêïí

í í í ì ì í í í òìëïí

í í í ì í ì ì í òììïí

í í í ì í ì í í òìíïí

í í í ì í í ì í òäïí

í í í ì í í í í òåïí

í í í í ì ì ì í òæïí

í í í í ì ì í í òçïí

í í í í ì í ì í òèïí

í í í í ì í í í òéïí

í í í í í ì ì í òêïí

í í í í í ì í í òëïí

í í í í í í ì í òìïí

í í í í í í í í íïí

ì ì ì ì ì ì ì í ðìïí

ì ì ì ì ì ì í í ðëïí

ì ì ì ì ì í ì í ðêïí

ì ì ì ì ì í í í ðéïí

ì ì ì ì í ì ì í ðèïí

ì ì ì ì í ì í í ðçïí

ì $FFXUDF\ RI QRLVH PDUJLQ LV �ì G%ï
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5'ê õ/6%ôñ 5'é õ06%ô¥&RHIILFLHQW 5HDG 5HJLVWHU

$GGUHVVã 5'ê õ$áêãí!  ííììô
5'é õ$áêãí!  íìííô

'HIDXOWã [[K õ[ XQGHILQHGô
$WWULEXWHVã 5HDG 2QO\
&RHIILFLHQW 5HDG:RUG õUHDG IURP WKH 0'63ô FRPHV IURP WKH ORFDWLRQ FRQILJXUHG LQ WKH 5HDG &RHIILFLHQW 6HOHFW 5HJð
LVWHU õ:5êñ $GGUHVV $áêãí!  ííììôï 7KH 0'63 XSGDWHV WKLV ZRUG RQ WKH ULVLQJ HGJH RI WKH UHFHLYH FORFNñ 5;B&.ï
5HDG UHJLVWHU 5'ê LV WKH ORZHU E\WHñ DQG 5'é LV WKH XSSHU E\WHï

5'è¥$FWLYDWLRQ 6WDWXV 5HJLVWHU

$GGUHVVã $áêãí!  íìíì
'HIDXOWã [[K õ[ XQGHILQHGô
$WWULEXWHVã 5HDG 2QO\
7KH $&7 ELWV LQGLFDWH WKH FXUUHQW VWDWH RI WKH 0'63 WUDQVFHLYHU GXULQJ WKH $FWLYDWLQJ 6WDWH DV OLVWHG LQ 7DEOH ìèï õ)RU
DQ\ VWDWH RWKHU WKDQ WKH $FWLYDWLQJ 6WDWHñ WKH $&7 ELWV ZLOO EH ¦íííí§ïô

7DEOH ìéã &RHIILFLHQW 5HDG 5HJLVWHU

%LW 'HVFULSWLRQ

æãí &RHIILFLHQW :RUG 9DOXHï 5'ê FRQWDLQV WKH ORZHU E\WHâ 5'é WKH XSSHU E\WHï

7DEOH ìèã $FWLYDWLRQ 6WDWXV 5HJLVWHU 5'è

$&7 %LWV êãí
6WDWH LQ

0DVWHU 0RGH
6WDWH LQ

6ODYH 0RGH

íííí ,QDFWLYH ,QDFWLYH

íííì 3UHð$*& :DLW

ííìí 3UHð(& $$*&

ííìì 6,*'(7 (&

íìíí $$*& 3//ì

íìíì (& 3//ë

íììí 3// é/9/'(7

íììì é/9/'(7 )50'(7

ìííí )50'(7 ¤
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5'ç¥5HFHLYH 6WHS *DLQ 5HJLVWHU

$GGUHVVã $áêãí!  íììí
'HIDXOWã [[K õ[ XQGHILQHGô
$WWULEXWHVã 5HDG 2QO\
7KLV åðELW UHJLVWHU UHSUHVHQWV $*& DQG ))( JDLQ FRHIILFLHQWV õ*$*& DQG *))(ñ UHVSHFWLYHO\ôï %LW DVVLJQPHQWV DUH
OLVWHG LQ 7DEOH ìçï 7KH DSSUR[LPDWH OLQH ORVV õ//ô FDQ EH GHWHUPLQHG XVLQJ WKHVH YDOXHV LQ WKH IROORZLQJ HTXDWLRQã

//  ëíORJìí õ*))( ó $*& WDSô ò *$*& ò ëå G%
*))( FRUUHVSRQGV WR '$*& LQ WKH 0'63 DQG *$*& LV IURP WKH ,$)(ï %LWV 67íð67ë LQGLFDWH WKH 'DWD 3XPS DFWLð
YDWLRQ VWDWHV DV VKRZQ LQ )LJXUHV ä DQG ìí DQG 7DEOH ìåï

7DEOH ìçã 5HFHLYHU $*& DQG ))( 6WHS *DLQ 5HJLVWHU 5'ç

%LW 'HVFULSWLRQ

æ 67ëï 'DWD 3XPS $FWLYDWLRQ 6WDWH¤ELW ë

ç 67ìï 'DWD 3XPS $FWLYDWLRQ 6WDWH¤ELW ì

èãé *))(ìñ *))(íï 'LJLWDO *DLQ :RUG¤ELW ì DQG 'LJLWDO *DLQ :RUG¤ELW íï

%LWV áèãé!*))( 9DOXH
íí ëí  ì
íì ëì  ë
ìí ëë  é
ìì ëê  å

ê 67íï 'DWD 3XPS $FWLYDWLRQ 6WDWH¤ELW í

ëãí *$*&ëð*$*&íï $QDORJ *DLQ :RUG¤ELW ëñì DQG íï

%LWV áëãí!*$*& 9DOXH õG%ô
ííí ðìë
ííì ðìí
íìí ðå
íìì ðç
ìíí ðé
ìíì ðë
ììí í
ììì òë
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$FWLYDWLRQ
7KH0'6/ 'DWD 3XPS LQWHJUDWHV DOO ORJLF UHTXLUHG WR PDQð
DJH OLQN DFWLYDWLRQ DQG GHDFWLYDWLRQï )LJXUH ä LOOXVWUDWHV WKH
$FWLYDWLRQ 6WDWH 0DFKLQH IRU WKH 0DVWHU PRGHï )LJXUH ìí
LOOXVWUDWHV WKH 6ODYH PRGH VWDWH PDFKLQHï ,Q VRIWZDUH PRGHñ
WKH 67Q ELWV LQ 5HDG 5HJLVWHU ç õ$''5 íììíô VKRZ WKH
FXUUHQW VWDWXV RI WKH VWDWH PDFKLQHï

0DVWHU 0RGH $FWLYDWLRQ 6HTXHQFH

:KHQ WKH 0DVWHU 'DWD 3XPS LV SRZHUHG XS DQG UHVHW LV
DSSOLHGñ WKH FKLS VHW LV LQ WKH ,QDFWLYH 6WDWH DV VKRZQ DW WKH
WRS RI )LJXUH äï 6WDUWLQJ DW WKH ,QDFWLYH 6WDWHñ WKH GHYLFH
SURJUHVVHV LQ D FORFNZLVH GLUHFWLRQ WKURXJK WKH $FWLYDWLQJñ
$FWLYHðìñ $FWLYHðëñ 3HQGLQJ 'HDFWLYDWLRQ DQG 'HDFWLYDWHG
6WDWHVï ,Q WKH KDUGZDUH PRGH ZKHQ WKH 'DWD 3XPS LV LQ WKH
,QDFWLYH 6WDWH DQG WKH 48,(7 SLQ LV /RZñ D /RZðWRð+LJK
WUDQVLWLRQ RQ WKH $&75(4 SLQ LQLWLDWHV DFWLYDWLRQ RI WKH
OLQN õ6HH 7DEOH ìæôï ,Q WKH VRIWZDUH PRGH ZKHQ WKH 'DWD
3XPS LV LQ WKH ,QDFWLYH 6WDWH DQG WKH 48,(7 ELW LV VHW WR íñ
VHWWLQJ WKH $&75(4 ELW WR ì LQLWLDWHV DFWLYDWLRQ RI WKH OLQNï
%HFDXVH WKH $&75(4 FRQWURO ELW LV OHYHO VHQVLQJñ WR JHQð
HUDWH D VLQJOH UHTXHVWñ $&75(4 VKRXOG EH VHW WR ì DQG WKHQ
UHVHW WR í DJDLQ EHIRUH WKH $FWLYDWLRQ 7LPHU SHULRG HODSVHVï

'XULQJ WKH $FWLYDWLQJ 6WDWHñ WKH HFKR FDQFHOOHUñ HTXDOL]HUV
DQG WLPLQJ UHFRYHU\ FLUFXLWV DUH DOO DGDSWLQJ GXULQJ WKH
VLPXOWDQHRXV WUDQVPLVVLRQ DQG UHFHSWLRQ RI WKH IUDPHGñ
VFUDPEOHGðRQHV GDWD WUDQVPLWWHG ILUVW DV D WZRðOHYHO FRGH
õ6íô DQG WKHQ DV D IRXUðOHYHO FRGH õ6ìôï ,I WKH UHFHLYH IUDPH
V\QF ZRUG LV QRW GHWHFWHG LQ WZR FRQVHFXWLYH IUDPHV EHIRUH
WKH DFWLYDWLRQ WLPHU H[SLUHV WKH GHYLFH PRYHV WR WKH 'HDFð
WLYDWHG 6WDWH DQG FHDVHV WUDQVPLVVLRQï $IWHU UHDFKLQJ WKH
'HDFWLYDWHG VWDWH WKLV ZD\ñ LW ZLOO WKHQ LPPHGLDWHO\ WUDQVLð
WLRQ WR WKH ,QDFWLYH 6WDWH õVHWWLQJ /26 UHJDUGOHVV RI
ZKHWKHU 6ODYH WUDQVPLVVLRQ HQGHGôï 7KH QH[W DFWLYDWLRQ
UHTXHVW VKRXOG QRW EH JHQHUDWHG IRU RQH DFWLYDWLRQ WLPHU
SHULRG WR DOORZ WKH 6ODYH WR WLPHRXWñ GHWHFW /26 DQG PRYH
IURP WKH 'HDFWLYDWHG WR WKH ,QDFWLYH 6WDWHï 0LFURSURFHVVRUð
EDVHG V\VWHPV PD\ UHGXFH WKLV WLPH E\ UHVHWWLQJ WKH 6ODYH
GDWD SXPS IURP WKH $FWLYDWLQJ 6WDWH ZKHQ QR0DVWHU VLJQDO
LV SUHVHQWï

6XFFHVVIXO GHWHFWLRQ RI WKH V\QF ZRUG GULYHV WKH 6WDWH
PDFKLQH WR WKH $FWLYHðì 6WDWHï 7KLV LV LQGLFDWHG E\ D íðWRðì
WUDQVLWLRQ RI WKH $&7,9( ELW RU +LJK WR /RZ WUDQVLWLRQ RI
WKH ACTIVE SLQï ,I WKH 0DVWHU 'DWD 3XPS UHPDLQV ORFNHG
WR WKH V\QF ZRUG XQWLO WKH DFWLYDWLRQ WLPHU H[SLUHVñ WKH
GHYLFH WUDQVLWLRQV WR WKH $FWLYHðë õIXOO\ DFWLYHô 6WDWHï ,I
V\QF LV ORVWñ DV LQGLFDWHG E\ D íðWRðì WUDQVLWLRQ RQ WKH
ACTIVE SLQñ WKH 0DVWHU 'DWD 3XPS WUDQVLWLRQV WR WKH
3HQGLQJ 'HDFWLYDWLRQ 6WDWHï

7DEOH ìæã 6WDWH 0DFKLQH 7LPHU 'XUDWLRQV õ6HH )LJXUHV ä DQG ìíô

7LPHU

1RPLQDO 7LPHU 'XUDWLRQ õVHFRQGVô

'HVFULSWLRQëæë NESV éíí NESV èëå NESV æåé NESV

$FWLYDWLRQ 7LPHUì åçïè èäïí ééïè êíïí 0DVWHU 0RGHã 6WDUWV ZLWK DQ DFWLYDWLRQ UHTXHVWï
5HVWDUWV ZKHQ D VLJQDO LV GHWHFWHG IURP WKH 6ODYHï
6ODYH0RGHã 6WDUWV ZKHQ D VLJQDO LV GHWHFWHG IURP WKH
0DVWHUï

'HDFWLYDWLRQ
7LPHUëñ ê

çïí éïí êïí ëïí 6WDUWV GXH WR /RVV RI 6\QF :RUG IRU ç FRQVHFXWLYH
IUDPHVñ WULJJHULQJ WKH 3HQGLQJ 'HDFWLYDWLRQ VWDWHï

/26 7LPHUé êïí ëïí ìïè ìïí 0DVWHU 0RGHã 6WDUWV LQ 'HDFWLYDWHG VWDWH RQFH WKH
6ODYH LV TXLHWï
6ODYH 0RGHã QRW XVHGï

'HOD\ UHTXLUHG
EHIRUH QH[W

DFWLYDWLRQ UHTXHVW

åçïè èäïí ééïè êíïí 7KH DPRXQW RI WLPH WKH 0DVWHU PXVW EH LQ WKH ,QDFWLYH
VWDWH EHIRUH DQRWKHU DFWLYDWLRQ UHTXHVW FDQ EH PDGH
DIWHU WKH 'DWD 3XPS GHDFWLYDWHV GLUHFWO\ IURP WKH $FWLð
YDWLQJ 6WDWHï

ìï ,I WLPH HODSVHV DQG GDWD SXPS KDV QRW PRYHG WR $FWLYHðì VWDWHñ WKH GDWD SXPS HQWHUV WKH 'HDFWLYDWHG 6WDWHï
ëï 3HQGLQJ 'HDFWLYDWLRQ FDQ EH UHDFKHG IURP HLWKHU $FWLYHðì RU $FWLYHðë VWDWHVñ LI ORVV RI V\QF ZRUG RFFXUV IRU ç IUDPHVï
êï ,I V\QF ZRUG GHWHFWLRQ GRHV QRW RFFXU EHIRUH WLPH HODSVHVñ WKH GDWD SXPS GHDFWLYDWHVï
éï :KHQ WKH GDWD SXPS IDLOV WR DFWLYDWH LQ WKH $FWLYDWLQJ VWDWHñ WKHUH LV QR ZDLWLQJ SHULRG LQ WKH 'HDFWLYDWHG VWDWHâ WKH GDWD SXPS LPPHGLDWHO\ JRHV ,Qð
DFWLYHï
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)LJXUH äã 0DVWHU 0RGH $FWLYDWLRQ 6WDWH 0DFKLQH

,Q 3HQGLQJ 'HDFWLYDWLRQñ WKH 0DVWHU 'DWD 3XPS SURJUHVVHV
WR WKH 'HDFWLYDWHG DQG ,QDFWLYH 6WDWHV ZLWK WKH H[SLUDWLRQ RI
WKH UHVSHFWLYH WLPHUVï ,I WKH V\QF ZRUG LV GHWHFWHG EHIRUH
WKH 3HQGLQJ 'HDFWLYDWLRQ WLPHU H[SLUHVñ WKH 0DVWHU 'DWD
3XPS UHWXUQV WR HLWKHU $FWLYHðì RU $FWLYHðëï õ7KH 0DVWHU
'DWD 3XPS UHWXUQV WR ZKLFK HYHU VWDWH LW RFFXSLHG EHIRUH
WUDQVLWLRQLQJ WR 3HQGLQJ 'HDFWLYDWLRQïô

7KH 0DVWHU 'DWD 3XPS ZLOO H[LW WKH $FWLYHðë 6WDWH LQ RQH
RI WZR ZD\Vï $ /RZðWRð+LJK WUDQVLWLRQ RQ WKH 48,(7 SLQ
õ+DUGZDUH 0RGHô RU WKH 48,(7 ELW õ6RIWZDUH 0RGHôñ
IRUFHV WKH 0DVWHU 'DWD 3XPS GLUHFWO\ WR WKH 'HDFWLYDWHG
6WDWHï 7KH RQO\ RWKHU PHDQV RI H[LWLQJ WKH $FWLYH 6WDWH LV
WKURXJK D ORVV RI UHFHLYH V\QF ZRUGï ACTIVE JRHV /RZ
ZKHQ VL[ FRQVHFXWLYH IUDPHV RFFXU ZLWKRXW D V\QF ZRUG
PDWFK VHQGLQJ WKH 0DVWHU 'DWD 3XPS LQWR WKH 3HQGLQJ
'HDFWLYDWLRQ 6WDWHï

7KH 0DVWHU 'DWD 3XPS UHPDLQV LQ WKH 3HQGLQJ 'HDFWLYDð
WLRQ 6WDWH IRU D PD[LPXP RI WZR VHFRQGVï ,I D V\QF ZRUG LV
GHWHFWHG ZLWKLQ WKH WLPH OLPLWñ WKH 0DVWHU 'DWD 3XPS UHð
HQWHUV WKH $FWLYH 6WDWHï ,I QRWñ '($&797' JRHV +LJK DQG
WKH FKLS VHW JRHV WR WKH 'HDFWLYDWHG 6WDWHï :KHQ WKH 'HDFð
WLYDWHG 6WDWH LV UHDFKHG IURP 3HQGLQJ 'HDFWLYDWLRQñ WKH
0DVWHU 'DWD 3XPS UHWXUQV WR WKH ,QDFWLYH 6WDWH DQG GHFODUHV
/26 ZKHQ LW GHWHFWV QR VLJQDO IURP WKH 6ODYH IRU RQH VHFð
RQGï 7KH 'DWD 3XPS ZDLWV LQ WKH ,QDFWLYH 6WDWH EHIRUH
DQRWKHU DFWLYDWLRQ DWWHPSW õ6HH 7DEOH ìæôï

'HDFWLYDWHG

õìñ íñ ìô ,QDFWLYH
7; 2II
õíñ íñ íô

/26
í ì

$FWLYDWLQJ
7; 2Q õ6íñ6ìô

õíñ íñ ìô

$FWLYHðì

7; 2Q

õíñ ìñ íô

$&7,9( ì í

$FWLYHðë
7; 2Q

õíñ ìñ ìô $FWYDWLRQ
7LPHU

([SLUDWLRQ

3HQGLQJ
'HDFWLYDWLRQ
7; 2Q
õìñ íñ íô

ì í
í ì

ì í $&7,9(
í ì

$FWLYDWLRQ
7LPHU

([SLUDWLRQ

'($&797'
í ì $&75(4

í ì

3RZHU 2Q

7; 2II

$&7,9(

$&7,9(
$&7,9(

127(ã
õQñ Qñ Qô LQGLFDWHV WKH VWDWXV RI ELWV 67ëñ 67ì DQG 67í UHVSHFWLYHO\ï
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6ODYH 0RGH $FWLYDWLRQ 6HTXHQFH

)LJXUHV ìí DQG ìì UHSUHVHQW WKH 6ODYH 'DWD 3XPS $FWLYDð
WLRQ 6WDWH 0DFKLQH DQG WKH 6ODYH 0'6/ )UDPHU 6WDWH
0DFKLQHï 7KH DFWLYDWLRQ VWDWH PDFKLQHV IRU 6ODYH DQG 0DVð
WHU GHYLFHV DUH VLPLODUï %RWK 'DWD 3XPS PDFKLQHV VWDUW DW
WKH ,QDFWLYH 6WDWH DQG SURJUHVV FORFNZLVH WKURXJK WKH $FWLð
YDWLQJñ $FWLYHðìñ $FWLYHðëñ 3HQGLQJ 'HDFWLYDWLRQñ DQG
'HDFWLYDWHG 6WDWHVï 2QH GLIIHUHQFH EHWZHHQ WKHP LV LQ WKH
LQLWLDO FRQGLWLRQ UHTXLUHG WR H[LW IURP WKH ,QDFWLYH 6WDWHï
7KH 0DVWHU 'DWD 3XPS UHVSRQGV WR WKH $FWLYDWLRQ 5HTXHVW
õ$&75(4ô VLJQDOï 7KH 6ODYH GHYLFH UHVSRQGV RQO\ WR WKH
SUHVHQFH RI VLJQDO HQHUJ\ RQ WKH OLQNï 7KXVñ RQO\ DQ DFWLYH
0DVWHU GHYLFH FDQ EULQJ XS WKH OLQNï 2QFH WKH 0DVWHU
EHJLQV WUDQVPLWWLQJñ WKH 6ODYH GHYLFH ZLOO DXWRPDWLFDOO\
DFWLYDWH DQG DWWHPSW V\QFKURQL]DWLRQï

7KH RWKHU GLIIHUHQFH EHWZHHQ WKH 'DWD 3XPS VWDWH
PDFKLQHV LV WKH LPSHWXV IRU WKH FKDQJH IURP WKH 'HDFWLð
YDWHG WR WKH ,QDFWLYH 6WDWHï ,Q WKH 0DVWHU 'DWD 3XPSñ H[SLð
UDWLRQ RI D RQHðVHFRQG ORVV RI VLJQDO WLPHU õDIWHU IDU HQG
VLJQDO HQHUJ\ FHDVHVô ZLOO FDXVH WKH WUDQVLWLRQï ,Q WKH 6ODYH
WKH WUDQVLWLRQ RFFXUV LPPHGLDWHO\ RQ /RVV RI 6LJQDO õ/26ôï

7DEOH ìåã 'DWD 3XPS $FWLYDWLRQ 6WDWHV

67ë 67ì 67í 'DWD 3XPS 6WDWH

í í í ,QDFWLYH

í í ì $FWLYDWLQJ ¤ $FWLYDð
WLRQ WLPHU UXQQLQJ

í ì í $FWLYH ¤ $FWLYDWLRQ
WLPHU UXQQLQJ õ$FWLYHð
ìôì

í ì ì $FWLYH ¤ $FWLYDWLRQ
WLPHU H[SLUHG õ$FWLYHð
ëôì

ì í í 3HQGLQJ'HDFWLYDWLRQì

ì í ì 'HDFWLYDWHG

ì ì í XQXVHG

ì ì ì XQXVHG

ìï 7KH GDWD SXPS VDPSOHV WKH 7'$7$ LQSXW IRU DOO WUDQVPLW GDWD H[ð
FHSW WKH ìé V\QF ELWV DW WKH VWDUW RI HDFK IUDPH GXULQJ VWDWHV íìíñ
íìì DQG ìííï

)LJXUH ìíã 6ODYH 0RGH $FWLYDWLRQ 6WDWH 0DFKLQH

'HDFWLYDWHG

õìñ íñ ìô ,QDFWLYH
7; 2II
õíñ íñ íô

/26
í ì

$FWLYDWLQJ
7; 2Q õ6íñ6ìô

õíñ íñ ìô

$FWLYHðì

7; 2Q

õíñ ìñ íô

$&7,9( ì í

$FWLYHðë
7; 2Q

õíñ ìñ ìô $FWYDWLRQ
7LPHU

([SLUDWLRQ

3HQGLQJ
'HDFWLYDWLRQ
7; 2Q
õìñ íñ íô

ì í
í ì

ì í $&7,9(
í ì

$FWLYDWLRQ
7LPHU

([SLUDWLRQ

'($&797'
í ì

/26
ì í

3RZHU 2Q

7; 2II

$&7,9(

$&7,9(
$&7,9(

ìðVHF
7LPHU

127(ã
õQñ Qñ Qô LQGLFDWHV WKH VWDWXV RI ELWV 67ëñ 67ì DQG 67í UHVSHFWLYHO\ï
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6\QFKURQL]DWLRQ 6WDWH 0DFKLQH

)LJXUH ìì VKRZV WKH 0'6/ 6\QFKURQL]DWLRQ 6WDWH
0DFKLQH LQFRUSRUDWHG LQ WKH0'63ï ,W DSSOLHV WR ERWK 0DVð
WHU DQG 6ODYH GHYLFHVï 7DEOH ìä OLVWV WKH FRUUHVSRQGHQFH
EHWZHHQ WKH 6\QFKURQL]DWLRQ VWDWHV DQG $FWLYDWLRQ VWDWHVï
7KH 6\QF VWDWH PDFKLQH LV FORFNHG E\ WKH UHFHLYH VLJQDO
IUDPLQJï 6WDUWLQJ DW WKH LQLWLDO 2XWðRIð6\QF FRQGLWLRQ õ6WDWH
íôñ WKH GHYLFH SURJUHVVHV LQ D FORFNZLVH GLUHFWLRQ WKURXJK
6WDWH ì XQWLO 6\QF LV GHFODUHG LQ 6WDWH ëï 7ZR FRQVHFXWLYH
IUDPH V\QF ZRUG PDWFKHV DUH UHTXLUHG WR DFKLHYH V\QFKURð
QL]DWLRQï

2QFH WKH ,Qð6\QF FRQGLWLRQ LV GHFODUHGñ VL[ FRQVHFXWLYH
IUDPH V\QF PLVPDWFKHV ZLOO FDXVH WKH GHYLFH WR WUDQVLWLRQ
WKURXJK 6WDWHV ê WKURXJK æ DQG GHFODUH DQ 2XWðRIð6\QF FRQð
GLWLRQ LQ 6WDWH åï )URP 6WDWH åñ WKH GHYLFH ZLOO UHWXUQ HLWKHU
WR 6WDWH ë RU WR 6WDWH íï ,I WKH 3HQGLQJ 'HDFWLYDWLRQ WLPHU

H[SLUHV ZLWKRXW UHðHVWDEOLVKLQJ IUDPH V\QF RU LI WKH UHFHLYH
VLJQDO HQHUJ\ LV QR ORQJHU GHWHFWHGñ WKH GHYLFH UHWXUQV
GLUHFWO\ WR 6WDWH íï

,I IUDPH V\QF LV UHðHVWDEOLVKHGñ WKH GHYLFH ZLOO UHWXUQ WR WKH
,Qð6\QF FRQGLWLRQ õ6WDWH ëô WKURXJK 6WDWH ä LI WZR FRQVHFXð
WLYH IUDPHV DUH UHFHLYHG ZLWKRXW DQ\ FKDQJH RI IUDPH DOLJQð
PHQW õ&2)$  íôï ,I D FKDQJH RI IUDPH DOLJQPHQW GRHV
RFFXU õ&2)$  ìôñ WZR FRQVHFXWLYH PDWFKHV DUH UHTXLUHG
WR WUDQVLWLRQ WKURXJK 6WDWH ìí EDFN WR 6WDWH ëï

7DEOH ìäã $FWLYDWLRQ DQG 6\QFKURQL]DWLRQ 6WDWHV

$FWLYDWLRQ 6WDWH 6\QFKURQL]DWLRQ 6WDWHV

,QDFWLYH 6WDWH í

$FWLYDWLQJ 6WDWH ì

$FWLYH 6WDWHV ëñ êñ éñ èñ çñ DQG æ

3HQGLQJ 'HDFWLYDWLRQ 6WDWHV åñ äñ DQG ìí

)LJXUH ììã 0'6/ 6\QFKURQL]DWLRQ 6WDWH 0DFKLQH

6\QF

1R 6\QF
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$33/,&$7,21 ,1)250$7,21

3&% /D\RXW

7KH IROORZLQJ DUH JHQHUDO FRQVLGHUDWLRQV IRU 3&% OD\RXW
XVLQJ WKH 0'6/ 'DWD 3XPS FKLS VHWã

� 5HIHU WR )LJXUHV ìëñ ìê DQG ìéñ DQG 7DEOH ëíï

� 8VH D IRXUðOD\HU RU PRUH 3&% OD\RXWñ ZLWK HPEHGGHG
SRZHU DQG JURXQG SODQHVï %ULQJ WKH GLJLWDO SRZHU DQG
JURXQG SODQHV GRZQ WR LQFOXGH SLQV ìðç DQG ëéðëå RI
WKH ,$)(ï

� %UHDN XS WKH SRZHU DQG JURXQG SODQHV LQWR WKH IROð
ORZLQJ UHJLRQVï 7LH WKHVH UHJLRQV WRJHWKHU DW WKH FRPð
PRQ SRLQW ZKHUH SRZHU FRQQHFWV WR WKH FLUFXLWã

�'LJLWDO 5HJLRQ
�$QDORJ 5HJLRQ
�9&;2 VXEUHJLRQ
�,$)(ñ /LQH ,î)ñ DQG ,%,$6 VXEUHJLRQ

� 8VH ODUJHU IHHGWKURXJKV õ¦YLDV§ô DQG WUDFNV IRU FRQð
QHFWLQJ WKH SRZHU DQG JURXQG SODQHV WR WKH SRZHU DQG
JURXQG SLQV RI WKH ,&V WKDQ IRU VLJQDO FRQQHFWLRQVï
3ODFH WKH GHFRXSOLQJ FDSDFLWRUV ULJKW DW WKH IHHGð
WKURXJK SRZHUîJURXQG SODQH WLHVñ RU RQ WKH WUDFNV WR
WKH ,& SRZHUîJURXQG SLQV DV FORVH WR WKH SLQV DV SRVVLð
EOHï

� 2Q WKH 8VHU ,QWHUIDFH &RQQHFWRUñ URXWH GLJLWDO VLJQDOV
WR DYRLG SUR[LPLW\ WR WKH 7,3ñ 5,1*ñ DQG &7 OLQHVï

� 3URYLGH DW OHDVW ìíí �) RU PRUH RI EXON SRZHU VXSSO\
GHFRXSOLQJ DW WKH SRLQW ZKHUH SRZHU LV FRQQHFWHG WR
WKH 'DWD 3XPS FLUFXLWï

'LJLWDO 6HFWLRQ
� .HHS DOO GLJLWDO WUDFHV VHSDUDWHG IURP WKH DQDORJ UHð
JLRQ RI WKH 'DWD 3XPS OD\RXWï

� 3URYLGH KLJK IUHTXHQF\ GHFRXSOLQJ FDSDFLWRUV õíïíì
�) FHUDPLF RU PRQROLWKLFô DURXQG WKH 0'63 DV
VKRZQ LQ )LJXUHV ìê DQG ìéï 7KH FDSDFLWRU RQ WKH
0'63 9&&ì SLQ õSLQ ìô VKRXOG EH RQ WKH ,& VLGH RI
WKH
GLRGHï

� ,W LV SRVVLEOH WR UHSODFH WKH 1$1' JDWH õVKRZQ LQ
)LJXUH ìêô ZLWK DQ $1' JDWHï

$QDORJ 6HFWLRQ

7KH DQDORJ VHFWLRQ RI WKH 3&% FRQVLVWV RI WKH IROORZLQJ
VXEVHFWLRQVã

ìï ,$)( DQG SRZHU VXSSO\ GHFRXSOLQJ FDSDFLWRUV

ëï %LDV &XUUHQW *HQHUDWRU

êï 9ROWDJH &RQWUROOHG &U\VWDO 2VFLOODWRU

éï /LQH ,QWHUIDFH &LUFXLW

� 5RXWH GLJLWDO VLJQDOV $'íñ $'ìñ 5;B&.ñ 6(5B&7/ñ
76*1ñ 70$*ñ 7;B&.ñ DQG $*&B6(7 RQ WKH VROGHU
VLGH RI WKH 3&%ñ DQG URXWH DOO DQDORJ VLJQDOV RQ WKH
FRPSRQHQW VLGH DV PXFK DV SRVVLEOHï

� 5RXWH WKH IROORZLQJ VLJQDO SDLUV DV DGMDFHQW WUDFHVã

�77,3î75,1*
�%7,3î%5,1*
�57,3î55,1*

EXW NHHS WKH SDLUV VHSDUDWHG IURP HDFK RWKHU DV PXFK
DV SRVVLEOHï

� 'R QRW UXQ WKH DQDORJ JURXQG SODQH XQGHU WKH WUDQVð
IRUPHU OLQH VLGH WR PD[LPL]H KLJK YROWDJH LVRODWLRQï

� 7KH ,$)( VKRXOG EH SODFHG VXFK WKDW SLQ ì LV QHDU SLQ
ëê RI WKH 0'63 DQG SLQV ìëðìå DUH QHDU WKH HGJH RI
WKH 3&%ñ ZLWK WKH OLQH WUDQVIRUPHU DQG FRQQHFWRUï
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)LJXUH ìéã 7\SLFDO $SSOLFDWLRQ IRU 6ODYH 0RGH 2SHUDWLRQ

&èñ ç éæí S)ñ &2* RU PLFDñ ìíø 5æñ åì ìåïë Ωñ ìø <ì 3XOODEOH &U\VWDO
æåé NESVã ëèïíåå 0+] õSQãåíèéçîìô
èëå NESVã ìçïåäç 0+] õSQãåìèëëîìô
éíí NESVã ìëïåíí 0+] õSQãåíèéçîèô
ëæë NESVã åïæíé 0+] õSQãåìèëêîìô
õ+\ð4 ,QWHUQDWLRQDOô

&æñ ììðìê íïì µ)ñ FHUDPLFñ ìíø 5äñ ìí åíç Ωñ ìø

&å ìíí µ)ñ HOHFWURO\WLFñ ëíø 5ìì ëïéä NΩñ ìø 7ì ìãìïå 7UDQVIRUPHU
≥ éíí NESVã 0LGFRP çæìðæêæç RU
3XOVH (QJLQHHULQJ 3(ðçåçìé
á éíí NESVã 0LGFRP èíìíä

7DEOH ëíã &RPSRQHQWV IRU 6XJJHVWHG &LUFXLWU\ õ6HH )LJXUHV ìê DQG ìéô ¤ FRQWLQXHG

5HI 'HVFULSWLRQ 5HI 'HVFULSWLRQ 5HI 'HVFULSWLRQ

ìï 5æñ 5å VKRXOG EH ëí Ωñ ZKHQ 5ìë DQG 5ìê õWKH èïç Ω IXVH OLQNVô DUH QRW XVHGï
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æðììêL1

7DEOH ëìã 7UDQVIRUPHU 6SHFLILFDWLRQV
õ)LJXUHV ìê DQG ìéñ 5HIHUHQFH 7ìô

0HDVXUH 9DOXH 7ROHUDQFH

7XUQV 5DWLR õ,&ã/LQHô ìãìïå �ìø

/LQH 6LGH ≥ éíí NESV
,QGXFWDQFH á éíí NESV

ëïå P+
ììïæ P+

�ìíø

/HDNDJH ,QGXFWDQFH ≤ èí µ+
,QWHUZLQGLQJ &DSDFLWDQFH ≤ æí S)

7+' ≤ ðæí G%

/RQJLWXGLQDO %DODQFH ≥ èí G% èðìäç N+]

5HWXUQ /RVV ≥ ëí G% éíðëíí N+]

,VRODWLRQ ìèíí 9506

3ULPDU\ '& 5HVLVWDQFH ≤ êïë Ω
6HFRQGDU\ '& 5HVLVWDQFH ≤ çïí Ω
2SHUDWLQJ 7HPSHUDWXUH ðéí WR òåè� &

7DEOH ëëã &U\VWDO 6SHFLILFDWLRQV
õ)LJXUHV ìê DQG ìéñ 5HIHUHQFH <ìô

0HDVXUH 9DOXH 2IIVHW

)UHTXHQF\
#&/  ëí S)

åïæíé WR
ëèïíåå 0+]

ðíñ òéí SSP

0RGH )XQGDPHQWDOñ 3DUDOOHO
5HVRQDQFH

3XOODELOLW\
õ&/  ëé S)Ö ìç S)ô

≥ òìçí SSP

2SHUDWLQJ 7HPSHUDWXUH ðéí WR òåè � &

7HPSHUDWXUH 'ULIW ≤ �êí SSP

$JLQJ 'ULIW ≤ è SSPî\HDU

6HULHV 5HVLVWDQFH ≤ ìè Ω
'ULYH /HYHO íïè P:

)LJXUH ìèã 0'63 &RQWURO DQG 6WDWXV 6LJQDOV õ6WDQGðDORQH 0RGHô
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ìï 7KLV ILJXUH LOOXVWUDWHV WKH 0'63 FRQWURO DQG VWDWXV VLJQDOV LQ VWDQGðDORQH PRGHï $OO RWKHU 0'63 DQG ,$)( VLJQDOV

DUH FRQQHFWHG DV VKRZQ LQ )LJXUHV ìê DQG ìéï
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7(67 63(&,),&$7,216
127(

7KH PLQLPXP DQG PD[LPXP YDOXHV LQ 7DEOHV ëê WKURXJK êê DQG )LJXUHV ìç WKURXJK ëê UHSUHVHQW WKH SHUIRUPDQFH
VSHFLILFDWLRQV RI WKH 'DWD 3XPS DQG DUH JXDUDQWHHG E\ WHVWñ H[FHSW ZKHUH QRWHG E\ GHVLJQï

7DEOH ëêã ,$)( $EVROXWH 0D[LPXP 5DWLQJV

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

6XSSO\ YROWDJHì õUHIHUHQFH WR JURXQGëô 79&&ñ 59&&ñ '9&& ðíïê òçïí 9

,QSXW YROWDJHëñ êñ DQ\ LQSXW SLQ 79&&ñ 59&&ñ '9&& ð íïê9 9&& ò íïê 9

&RQWLQXRXV RXWSXW FXUUHQWñ DQ\ RXWSXW SLQ ¤ ¤ �ëè P$

6WRUDJH WHPSHUDWXUH 76725 ðçè òìèí � &

&$87,21
2SHUDWLRQV DW WKH OLPLWV VKRZQ PD\ UHVXOW LQ SHUPDQHQW GDPDJH WR WKH ,QWHJUDWHG $QDORJ )URQW (QGï 1RUPDO RSHUDWLRQ DW

WKHVH OLPLWV LV QHLWKHU LPSOLHG QRU JXDUDQWHHG

ìï 1R VXSSO\ LQSXW PD\ KDYH D PD[LPXP SRWHQWLDO RI PRUH WKDQ �íïê 9 IURP DQ\ RWKHU VXSSO\ LQSXWï
ëï 7*1'  í9â 5*1'  í9â '*1'  í9ï
êï 79&&  59&&  '9&&  9&&ï

7DEOH ëéã ,$)( 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV

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

'& VXSSO\ 79&&ñ '9&&ñ
59&&

éïæè èïí èïëè 9

$PELHQW RSHUDWLQJ WHPSHUDWXUH 7$ ðéí òëè òåè � &

7DEOH ëèã ,$)( '& (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

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

6XSSO\ FXUUHQW õIXOO RSHUDWLRQô ,&& ¤ åí ìëí P$ åê Ω UHVLVWRU DFURVV 77,3 DQG 75,1*

,QSXW ORZ YROWDJH 9,/ ¤ ¤ íïè 9 ,,/ á éí µ$

,QSXW KLJK YROWDJH 9,+ éïè ¤ ¤ 9 ,,+ á éí µ$

2XWSXW ORZ YROWDJH 92/ ¤ ¤ íïë 9 ,2/ á éí µ$

2XWSXW KLJK YROWDJH 92+ éïè ¤ ¤ 9 ,2+ á éí µ$

,QSXW OHDNDJH FXUUHQWë ,,/ ¤ ¤ �èí µ$ í á 9,1 á 9&&

,QSXW FDSDFLWDQFH õLQGLYLGXDO SLQVô &,1 ¤ ìë ¤ S)

/RDG FDSDFLWDQFH õ0675B&. RXWð
SXWô

&/5() ¤ ¤ ëí S)

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï $SSOLHV WR SLQV êñ éñ ëèñ ëç DQG ëæï
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7HVW 6SHFLILFDWLRQV

L1

)LJXUH ìçã ,$)( 1RUPDOL]HG 3XOVH $PSOLWXGH 7UDQVPLW 7HPSODWH

7DEOH ëçã ,$)( 7UDQVPLWWHU (OHFWULFDO 3DUDPHWHUV õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHUV 6\P 0LQ 7\S 0D[ 8QLW 7HVW &RQGLWLRQV

,VRODWHG SXOVH KHLJKW DW 77,3ñ
75,1*

¤ òëïéèè òëïçéí òëïåëè 9S 7'$7$ +LJKñ 7)3 /RZ õòêô

¤ ðëïåëè ðëïçéí ðëïéèè 9S 7'$7$ /RZñ 7)3 /RZ õðêô

¤ òíïåìå òíïååí òíïäéì 9S 7'$7$ +LJKñ 7)3 +LJK õòìô

¤ ðíïäéì ðíïååí ðíïåìå 9S 7'$7$ /RZñ 7)3 +LJK õðìô

6HWXS WLPH õ76*1ñ 70$*ô W76068 è ¤ ¤ QV

+ROG WLPH õ76*1ñ 70$*ô W760+ ìë ¤ ¤ QV

ìï 3XOVH DPSOLWXGH PHDVXUHG DFURVV D ìêè Ω UHVLVWRU RQ WKH OLQH VLGH RI WKH WUDQVIRUPHU XVLQJ WKH DSSOLFDWLRQ FLUFXLW VKRZQ LQ )LJXUH ìê DQG 7DEOH ëìï

ðìïë 7 ðíïç 7

'  íïäê

%  ìïíæ

ðíïé 7 íïé 7

&  ìïíí

ìïëè 7
(  íïíê

*  ðíïìç

íïè 7

$  íïíì

)  ðíïíì

$  íïíì
)  ðíïíì+  ðíïíè

ìé 7 èí 7

7  æïêè µVñ èïíí µVñ êïæä µVñ ëïèè µV õ# ëæëñ éííñ èëå
÷ æåé NESVô

1RUPDOL]HG
/HYHOV

4XDWHUQDU\ 6\PEROV õYDOXHV LQ 9ROWVô

òê òì ðì ðê

$ ïíì íïíëçé íïííåå ðíïííåå ðíïíëçé

% ìïíæ ëïåëéå íïäéìç ðíïäéìç ðëïåëéå

& ìïíí ëïçéíí íïååíí ðíïååíí ðëïçéíí

' íïäê ëïéèèë íïåìåé ðíïåìåé ðëïéèèë

( íïíê íïíæäë íïíëçé ðíïíëçé ðíïíæäë

) ðíïíì ðíïíëçé ðíïííåå íïííåå íïíëçé

* ðíïìç ðíïéëëé ðíïìéíå íïìéíå íïéëëé

+ ðíïíè ðíïìêëí ðíïíééí íïíééí íïìêëí
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ìï 3XOVH DPSOLWXGH PHDVXUHG DFURVV D ìêè : UHVLVWRU RQ WKH OLQH VLGH RI WKH WUDQVIRUPHU XVLQJ WKH DSSOLFDWLRQ FLUFXLW
VKRZQ LQ )LJXUH ìê DQG 7DEOH ëìï
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æðììç L1

)LJXUH ìæã 7UDQVPLW 3RZHU 6SHFWUDO 'HQVLW\¥8SSHU %RXQG

)LJXUH ìåã ,$)( 5HFHLYHU 6\QWD[ DQG 7LPLQJ

7DEOH ëæã ,$)( 5HFHLYHU (OHFWULFDO 3DUDPHWHUV õ2YHU 5HFRPPHQGHG 5DQJHô

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

3URSDJDWLRQ GHOD\ õ$'íñ $'ìô W$'' ¤ ¤ ëè QV

7RWDO KDUPRQLF GLVWRUWLRQ ¤ ¤ ðåí ¤ G% 9õ57,3ñ 55,1*ô  ê 9SS # èí N+]

57,3ñ 55,1*ñ WR %7,3ñ %5,1* JDLQ
UDWLR

¤ ¤ ìïí ìø 9î9

ðëí
G
%
P
î+
]

ì N+]

ðéí

ðçí

ðåí

ðìíí

ðìëí

ðìéí

ìí N+] ìíí N+] ì 0+] ìí 0+]

ðêë G%Pî+]
# çå N+]

ðêé G%Pî+]
# ìíí N+]

ðêæ G%Pî+]
# ìäç N+]

ðêè G%Pî+]
# ìêë N+]

ðäè G%Pî+=

ëæë NESV

ðììæ G%Pî+]
# ìïäç 0+]

éíí NESV
èëå NESV
æåé NESV

$*&B6(7

$'ì

$'í

5;B&.

9&2B&.îë
õ,17(51$/ô

9&2B&.

$'íñ
$'ì

$*&B6(7

9&2B&.

3523 '(/$<

%ô 5HFHLYHU 7LPLQJ$ô 5HFHLYHU 6\QWD[



æðììæ

7HVW 6SHFLILFDWLRQV

L1

)LJXUH ìäã 7\SLFDO 3HUIRUPDQFH YVï /LQH 5DWH DQG &DEOH *DXJH õ0HWULFô

íïè PPñ 1RLVHð)UHH
õ1RWH ìô

íïè PPñ (76, 1RLVH
õ1RWH ëô

íïé PPñ 1RLVHð)UHH
õ1RWH ìô

íïé PPñ (76, 1RLVH
õ1RWH ëô

åïí

æïí

çïí

èïí

éïí

êïí

ëïí
ëæë êêç éíí éçé èëå èäë çèç æëí æåé

/LQH 5DWH õNESVô

5
D
QJ
H
õN
P
ô

NOTES:
ìï 1RLVHðIUHH UDQJH LV VSHFLILHG ZLWK D %LW (UURU 5DWH õ%(5ô OHVV WKDQ RU HTXDO WR ìïí [ ìíðæï
ëï 7KH UDQJH ZLWK (76, VKDSHG QRLVH FRUUHVSRQGV WR D í G% PDUJLQ ZLWK D %(5 OHVV WKDQ RU HTXDO WR ìïí [ ìíðæï 7KH

SRZHU VSHFWUDO GHQVLW\ IRU (76, VWDQGDUG QRLVH LV GHILQHG LQ (76, (75ðìèë VHFWLRQ çïêïêïìï
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æðììå L1

)LJXUH ëíã 7\SLFDO 3HUIRUPDQFH YVï /LQH 5DWH DQG &DEOH *DXJH õ(QJOLVKô

7DEOH ëåã 0'63 $EVROXWH 0D[LPXP 5DWLQJV

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

6XSSO\ YROWDJHì õUHIHUHQFH WR JURXQGëô 9&&ëñ 9&&ì ðíïê òçïí 9

,QSXW YROWDJHëñ DQ\ LQSXW SLQ ¤ ð íïê 9&&ë ò íïê 9

&RQWLQXRXV RXWSXW FXUUHQWñ DQ\ RXWSXW SLQ ¤ ¤ �ëè P$

6WRUDJH WHPSHUDWXUH 76725 ðçè òìèí � &

&$87,21
2SHUDWLRQV DW WKH OLPLWV VKRZQ PD\ UHVXOW LQ SHUPDQHQW GDPDJH WR WKH 0'6/ 'LJLWDO 7UDQVFHLYHU õ0'63ôï

1RUPDO RSHUDWLRQ DW WKHVH OLPLWV LV QHLWKHU LPSOLHG QRU JXDUDQWHHG
ìï 7KH PD[LPXP SRWHQWLDO EHWZHHQ 9&&ë DQG 9&&ì PXVW QHYHU H[FHHG �ìïë 9ï
ëï *1'ê  í9â *1'ë  í9â *1'ì  í9ï

7DEOH ëäã 0'63 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV

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

'& VXSSO\ì 9&&ìë êïäè èïí èïëè 9

9&&ë éïæè èïí èïëè 9

9&&ëð9&&ì ðíïëè ¤ òíïä 9

$PELHQW RSHUDWð
LQJ WHPSHUDWXUH

6.æíæëí3( 7$ ðéí òåè � &

ìï 7R GHULYH WKLV VXSSO\ñ D ì1éííì õRU HTXLYDOHQWô GLRGH PD\ EH FRQQHFWHG EHWZHHQ 9&&ë DQG 9&&ì DV VKRZQ LQ )LJXUHV ìê DQG ìéï
ëï ,I D GLRGH LV XVHGñ LW VKRXOG EH VHOHFWHG WR PHHW 9&&ì PLQLPXP VSHFLILFDWLRQVï

æåéëæë êêç éíí éçé èëå èäë çèç æëí

/LQH 5DWH õNESVô

ëé

ëë

ìç

ìé

ìë

ìí

å

5
DQ
JH

õN
IW
ô

úëéñ 1RLVHð)UHH
õ1RWH ìô

úëéñ $16, òç G%
6HOIð1H[W õ1RWH ëô

úëéñ (76, 1RLVH
õ1RWH êô

úëçñ 1RLVHð)UHH
õ1RWH ìô

úëçñ $16, òç G%
6HOIð1H[W õ1RWH ëô

úëçñ (76, 1RLVH
õ1RWH êô

ìå

ëí

NOTES:
ìï 1RLVHðIUHH UDQJH LV VSHFLILHG ZLWK D %LW (UURU 5DWH õ%(5ô OHVV WKDQ RU HTXDO WR ìïí [ ìíðæï
ëï 7KHUH DUH QR JHQHUDOO\ DFFHSWHG QRLVH PRGHOV IRU 0'6/ V\VWHPVï 3HUIRUPDQFH VLPXODWLRQV XVLQJ $16, 1HDU

(QG &URVV 7DON õ1(;7ô QRLVH PRGHOV LQGLFDWH ZRUVW FDVH SHUIRUPDQFH GHJUDGDWLRQ VKRXOG EH OHVV WKDQ ë NIW õíïç
NPô IURP WKH QRLVHðIUHH SHUIRUPDQFHï

êï 7KH UDQJH ZLWK (76, VKDSHG QRLVH FRUUHVSRQGV WR D í G% PDUJLQ ZLWK D %(5 OHVV WKDQ RU HTXDO WR ìïí [ ìíðæï 7KH
SRZHU VSHFWUDO GHQVLW\ IRU (76, VWDQGDUG QRLVH LV GHILQHG LQ (76, (75ðìèë VHFWLRQ çïêïêïìï



æðììä

7HVW 6SHFLILFDWLRQV

L1

7DEOH êíã 0'63 '& (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

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

6XSSO\ FXUUHQWëæë NESV
éíí NESV
èëå NESV

æåé NESV

,&&
¤
¤
¤
¤

êè
éå
çë
ìíí

éè
çí
åí
ìêè

P$

,QSXW ORZ YROWDJH 9,/ ¤ ¤ íïè 9 ,,/ á éí µ$

,QSXW KLJK YROWDJH 9,+ éïí ¤ ¤ 9 ,,+ á éí µ$

2XWSXW ORZ YROWDJH 92/ ¤ ¤ *1' òíïê 9 ,2/ á éí µ$

2XWSXW KLJK YROWDJH 92+ 9&&ëðíïè ¤ ¤ 9 ,2+ á éí µ$

,QSXW OHDNDJH FXUUHQWë ,,/ ¤ ¤ �èí µ$ í á 9,1 á 9&&ë

7ULVWDWH OHDNDJH FXUUHQWê ,72/ ¤ ¤ �êí µ$ í á 9 á 9&&ë

,QSXW FDSDFLWDQFH õLQGLYLGXDO SLQVô &,1 ¤ ìë ¤ S)

/RDG FDSDFLWDQFH õ0675B&. RXWð
SXWô

&/5() ¤ ¤ ìè S)

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï $SSOLHV WR SLQV éñ èñ ììñ ìëñ ìéñ ìçñ ìåñ ìäñ ëëñ ëêñ ëéñ ëäñ êìñ êêñ êé DQG êèï $SSOLHV WR SLQV èñ çñ äñ ìêñ DQG êçðéêñ ZKHQ FRQILJXUHG DV LQSXWVï
êï $SSOLHV WR SLQV æñ åñ ìíñ ìèñ ìæñ êíñ êë DQG êçðéêñ ZKHQ WULVWDWHGï

7DEOH êìã 0'6/ 'DWD ,QWHUIDFH 7LPLQJ 6SHFLILFDWLRQV õ6HH )LJXUH ëìô

3DUDPHWHU 6\PERO 0LQ 7\Sì 0D[ 8QLW

%,7B&. IUHTXHQF\ I%,7B&/. ëæë ¤ æåé N+]

0675B&. IUHTXHQF\ I5()&/. éïêèë ¤ ìëïèéé 0+]

0675B&. IUHTXHQF\ WROHUDQFH õ0DVWHU 0RGHô WRO5&/. ðêë í òêë SSP

6/$9(B&. IUHTXHQF\ WROHUDQFH õ6ODYH 0RGHôë WRO6/$9(B&. ðêë í òêë SSP

%,7B&. SXOVH ZLGWK KLJK ëæë NESV
éíí NESV
èëå NESV
æåé NESV

W,3:
¤
¤
¤
¤

ìïåéí
ìïëèí
íïäèí
íïçêå

¤
¤
¤
¤

µV

7UDQVLWLRQ WLPH RQ DQ\ GLJLWDO RXWSXWê W72 ¤ è ìí QV

7UDQVLWLRQ WLPH RQ DQ\ GLJLWDO LQSXW W7, ¤ ¤ ëè QV

7'$7$ñ 7)3 VHWXS WLPH WR %,7B&. ULVLQJ HGJH W768 ìíí ¤ ¤ QV

7'$7$ñ 7)3 KROG WLPH IURP %,7B&. ULVLQJ
HGJH

W7+ ìíí ¤ ¤ QV

5'$7$ñ 5)3ñ 5'$7$B67 GHOD\ IURP %,7B&.
IDOOLQJ HGJH

W7' í ¤ ìèí QV

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï 6/$9(B&. PXVW PHHW WKLV WROHUDQFH DERXW D IUHTXHQF\ RI ìç WLPHV WKH %,7B&. IUHTXHQF\ LQ VODYH PRGHï
êï 0HDVXUHG ZLWK ìè S) ORDGï
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)LJXUH ëìã 0'6/ 'DWD ,QWHUIDFH 7LPLQJ

ì I %,7B&. W ,3:

W7+ W768 W7,

W7' W72

9,/

9,+

92+

92/

92+
92/

5$7$ñ
5)3ñ

5'$7$B67

7'$7$ñ
7)3

%,7B&.

$ô 1RQð5HSHDWHU 0RGH

ì
I%,7B&.

W,3:

W7+ W768

W7' W72

9,/

9,+

92+

92/

92+
92/

5$7$ñ
5)3ñ

5'$7$B67

7'$7$

%,7B&.

W7+

W7,

9,/

9,+7)3

W7)3:
W7),5

%ô 5HSHDWHU 0RGH

0675B&.

7)3

W7685

9,+
9,/

9,+
9,/

&ô 5HSHDWHU 0RGH



æðìëì

7HVW 6SHFLILFDWLRQV

L1

7DEOH êëã 0'63î0LFURSURFHVVRU ,QWHUIDFH 7LPLQJ 6SHFLILFDWLRQV õ6HH )LJXUHV ìå ÷ ìäô

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

RESETSXOVH ZLGWK /RZ W53:/ íïì ¤ è V

RESETWR INT FOHDU õìí NΩ UHVLVWRU IURP INT WR 9&&ëô W,17+ ¤ ¤ êíí QV

RESETWR GDWD WULVWDWH RQ 'íðæ W'7+= ¤ ¤ ìíí QV

CHIPSELSXOVH ZLGWK /RZ W&63:/ ëíí ¤ ¤ QV

CHIPSEL/RZ WR GDWD DFWLYH RQ 'íðæ W&'/= ¤ ¤ åí QV

CHIPSEL+LJK WR GDWD WULVWDWH RQ 'íðæ W&'+= ¤ ¤ åí QV

READ SXOVH ZLGWK /RZ W563:/ ìíí ¤ ¤ QV

READ /RZ WR GDWD DFWLYH W5'/= ¤ ¤ åí QV

READ+LJK WR GDWD WULVWDWH W5'+= ¤ ¤ åí QV

$GGUHVV WR 9DOLG 'DWD W35' ¤ ¤ åí QV

$GGUHVV VHWXS WR WRITE ULVLQJ HGJH W$68: ëí ¤ ¤ QV

$GGUHVV KROG IURP WRITE ULVLQJ HGJH W$+: ìí ¤ ¤ QV

WRITE SXOVH ZLGWK /RZ W:3:/ ìíí ¤ ¤ QV

'DWD VHWXS WR WRITE ULVLQJ HGJH W'68: ëí ¤ ¤ QV

'DWD KROG IURP WRITE ULVLQJ HGJH W'+: ìí ¤ ¤ QV

READ+LJK WR INT FOHDU ZKHQ UHDGLQJ UHJLVWHU 5'í W,175 ¤ ¤ éíí QV

ìï 7LPLQJ IRU DOO RXWSXWV DVVXPHV D PD[LPXP ORDG RI êí S)ï
ëï ¦$GGUHVV§ UHIHUV WR LQSXW VLJQDOV CHIPSELñ $íñ $ìñ $ëñ DQG $êï ¦'DWD§ UHIHUV WR ,î2 VLJQDOV 'íñ 'ìñ 'ëñ 'êñ 'éñ 'èñ 'çñ DQG 'æï

7DEOH êêã *HQHUDO 6\VWHP DQG +DUGZDUH 0RGH 7LPLQJ

3DUDPHWHU 0LQ 7\Sì 0D[ 8QLW

7KURXJKSXW GHOD\ 7'$7$ WR 77,3î75,1*
ëæë NESV
éíí NESV
èëå NESV
æåé NESV

¤
¤
¤
¤

ëäïé
ëíïí
ìèïë
ìíïë

êçïå
ëèïí
ìåïä
ìëïè

µV

57,13î55,1* WR 5'$7$
ëæë NESV
éíí NESV
èëå NESV
æåé NESV

¤
¤
¤
¤

ìèé
ìíè
æäïç
èêïç

ëíç
ìéí
ìíç
æë

µV

+DUGZDUH 0RGH ¦$&75(4§ LQSXW WUDQVLWLRQDO
SXOVH ZLGWK õ+LJK RU /RZô

è ¤ ¤ µV

¦48,(7§ WUDQVLWLRQDO SXOVH
ZLGWK õ+LJKðWRð/RZô

è ¤ ¤ µV

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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)LJXUH ëëã 5(6(7 DQG ,17(55837 7LPLQJ õµ3 &RQWURO 0RGHô

tRPWL

tINTH

tDTHZ

INT

D<0:7>
(Output)

VOH

VOL

VOL

VOH

RESET VIH
VIL

$ô 5HVHW 7LPLQJ

%ô ,QWHUUXSW 7LPLQJ

READ
VIH

VIL

t INTR

ADDR<0:3>

INT

VIH

VIL

VIH

VIL

VOH

VOL

CHIPSEL



æðìëê

7HVW 6SHFLILFDWLRQV

L1

)LJXUH ëêã 3DUDOOHO 'DWD &KDQQHO 7LPLQJ

$ô &KLS 6HOHFW 7LPLQJ

%ô 'DWD 5HDG 7LPLQJ

&ô 'DWD :ULWH 7LPLQJ

9,+

9,/

&+,36(/

W&63:/

92+

92/

W&'/= W&'+=
õ5($'  íô

'áíãæ!
õ2XWSXWô

VIH

VIL

CHIPSEL

VOH

VOL

tRDLZ tPRD

READ

'áíãæ!
(Output)

VIH

VIL

(WRITE = 1)

$''5áíãê!

tRDHZ

tRSPWL

tWPWL VIH

VIL

CHIPSEL

VIH

VIL

tDHW

WRITE

'áíãæ!
(Input)

VIH

VIL
tAHW

tASUW

(READ = 1)

$''5áíãê!

tTI

tDSUW
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