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� )XOO\ LQWHJUDWHGñ ëðFKLS VHW IRU LQWHUIDFLQJ WR ëðZLUH
+'6/ OLQHV DW æåé NESV

� 6LQJOH òè 9 VXSSO\

� ,QWHJUDWHG OLQH GULYHUVñ ILOWHUV DQG K\EULG FLUFXLWV UHVXOW
LQ JUHDWO\ UHGXFHG H[WHUQDO ORJLF DQG VLPSOLILHG VXSSRUW
FLUFXLWU\ UHTXLUHPHQWV

� 6LPSOH OLQH LQWHUIDFH FLUFXLWU\ñ YLD WUDQVIRUPHU FRXð
SOLQJñ WR WZLVWHG SDLU OLQH

� ,QWHUQDO $&& YROWDJH UHIHUHQFH

� &RQYHUWV VHULDO ELQDU\ GDWD WR VFUDPEOHG ë%ì4 HQFRGð
HG GDWD

� 6HOIðFRQWDLQHG DFWLYDWLRQîVWDUWðXS VWDWH PDFKLQH IRU
VLPSOLILHG VLQJOH ORRS GHVLJQV

� 3URJUDPPDEOH IRU HLWKHU FHQWUDO RIILFH õ+78ð&ô RU UHð
PRWH VLWH õ+78ð5ô DSSOLFDWLRQV

� &RPSOLDQW ZLWKã

¤ %HOOFRUH 7$ð1:7ðííìëìí

¤ $16, +'6/ 7HFKQLFDO 5HSRUW 1Rï ëåðìääé

¤ (76, (75ðìèë õìääèô

� 'HVLJQ DOORZV IRU RSHUDWLRQ LQ HLWKHU 6RIWZDUH &RQWURO
RU VWDQG DORQH +DUGZDUH &RQWURO PRGH

� 7\SLFDO SRZHU FRQVXPSWLRQ OHVV WKDQ ìïí : DOORZLQJ
UHPRWH SRZHU IHHGLQJ IRU UHSHDWHU DQG +78ð5 HTXLSð
PHQW

� ,QSXW RU 2XWSXW 5HIHUHQFH &ORFN RI ìëïèéé 0+]

� 'LJLWDO UHSUHVHQWDWLRQ RI UHFHLYH VLJQDO OHYHO DQG QRLVH
PDUJLQ YDOXHV DYDLODEOH IRU 615 FRQWUROOHG DFWLYDWLRQï
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6.æíæíéî6.æíæíç
æåé NESV +'6/ 'DWD 3XPS &KLS 6HW

'$7$ 6+((7

*HQHUDO 'HVFULSWLRQ
7KH +'6/ 'DWD 3XPS LV D FKLS VHW FRQVLVWLQJ RI WKH IROð
ORZLQJ WZR GHYLFHVã

� 6.æíæíé $QDORJ &RUH &KLS õ$&&ô

� 6.æíæíç +'6/ 'LJLWDO 7UDQVFHLYHU õ+';ô

7KH +'6/ 'DWD 3XPS LV D ëðZLUH WUDQVFHLYHU ZKLFK SURð
YLGHV HFKRðFDQFHOOLQJ DQG ë%ì4 OLQH FRGLQJï ,W LQFRUSRð
UDWHV WUDQVPLW SXOVH VKDSLQJñ ILOWHULQJñ OLQH GULYHUVñ UHFHLYH
HTXDOL]DWLRQñ WLPLQJ DQG GDWD UHFRYHU\ WR SURYLGH æåé
NESVñ FOHDUðFKDQQHOñ ¦GDWD SLSH§ WUDQVPLVVLRQï 7KH 'DWD
3XPS SURYLGHV 1HDUð(QG &URVVð7DON õ1(;7ô SHUIRUð
PDQFH LQ H[FHVV RI WKDW UHTXLUHG RYHU DOO $16, DQG (76,
WHVW ORRSVï 7\SLFDO WUDQVPLVVLRQ UDQJH RQ ëç $:* õíïé
PPô FDEOH H[FHHGV ìê NIW õé NPô LQ D QRLVHðIUHH HQYLURQð
PHQW RU äïè NIW õëïä NPôZLWK$16,ðVSHFLILHG QRLVH OHYHOVï

7KH 'DWD 3XPS PHHWV WKH UHTXLUHPHQWV RI %HOOFRUH 7$ð
1:7ðííìëìíñ $16, 7ì 7HFKQLFDO 5HSRUW 1Rï ëåðìääé DQG
(76, (75ðìèëï ,W SURYLGHV RQH HQG RI D VLQJOHðFKDQQHO
+'6/ WUDQVPLVVLRQ V\VWHP IURP WKH WZLVWHG SDLU LQWHUIDFH
EDFN WR WKH 'DWD 3XPSî+'6/ GDWD LQWHUIDFHï 7KH 'DWD
3XPS FDQ EH XVHG DW HLWKHU WKH +78ð5 RU WKH +78ð& HQG
RI WKH LQWHUIDFHï

$SSOLFDWLRQV
� 7ì õëðSDLUô DQG IUDFWLRQDO 7ì WUDQVSRUW

� 1ðFKDQQHO GLJLWDO SDLUðJDLQ

� :LUHOHVV EDVH VWDWLRQ WR VZLWFK LQWHUIDFH

� &DPSXV DQG SULYDWH QHWZRUNLQJ

� +LJKð6SHHG GLJLWDO PRGHPV
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6.æíæíéî6.æíæíç æåé NESV +'6/ 'DWD 3XPS &KLS 6HW

L1

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 +'; LV SDFNDJHG LQ D ééðSLQ 3/&&ï )LJXUH ë VKRZV
WKH +'; SLQ ORFDWLRQVï 7DEOH ë OLVWV VLJQDO GHVFULSWLRQV IRU
HDFK SLQñ LQFOXGLQJ SLQ ëäñ ZKLFK LV QRW FRQQHFWHGï

)LJXUH ìã 6.æíæíé $&& 3LQ /RFDWLRQV
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7DEOH ìã 6.æíæíé $&& 3LQ $VVLJQPHQWVî6LJQDO 'HVFULSWLRQV

*URXS 3LQ ú 6\PERO ,î2ì 'HVFULSWLRQ

/LQH ìê 57,3 $, 5HFHLYH 7LS DQG 5LQJ LQSXWVï &RQQHFW WKHVH SLQV WR WKH OLQH WUDQVIRUPHU
SHU QHWZRUN UHTXLUHPHQWVï

ìé 55,1* $,

ìç %7,3 $, %LDV 7LS DQG 5LQJï ,QSXWV SURYLGH D ELDV VHWWLQJ IRU WKH UHFHLYHUï 3URYLGH
EDODQFHG QHWZRUN 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 2VFLOODWRUï &RQQHFW D ëèïíåå 0+] FU\VWDO DFURVV WKHVH WZR SLQVï

å ;, $,

ä 93// $2 3// 9ROWDJH &RQWUROï 6XSSOLHV FRQWURO YROWDJH WR 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

ì ,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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)LJXUH ëã 6.æíæíç +'; 3LQ $VVLJQPHQWV

&ORFN
DQG

&RQWURO

ê )6 ', êäë N+] &ORFN ,QSXWï )URP +'; )6ï

é '75 ', 6HULDO &RQWURO 'DWDï ,QSXW IURP +'; DW ìëïèéé 0ESVï

è &.ëè0 '2 ëèïíåå 0+] +'6/ 5HIHUHQFH &ORFNï 8VHG DV WKH UHFHLYH WLPLQJ UHIHUð
HQFH IRU WKH +';ï 7LH WR +'; &.ëè0ï

ëæ 7&.ê0 ', êïìêç 0+] &ORFNï ,QSXW IURP +'; 7&.ê0ï

'DWD
,QSXW
DQG

2XWSXW

ëå $*&.,. '2 $*& $GMXVW 6LJQDOï 2XWSXW WR +'; $*&.,.ï

ì $'ì '2 $ðWRð' &RQYHUWHU 'DWD /LQH ìï &RQQHFW WR +'; $'ìï

ë $'í '2 $ðWRð' &RQYHUWHU 'DWD /LQH íï &RQQHFW WR +'; $'íï

ëè 76*1 ', 7UDQVPLW 4XDW 6LJQï ,QSXW IURP +';ï

ëç 70$* ', 7UDQVPLW 4XDW 0DJQLWXGHï ,QSXW IURP +';ï

$QDORJ
,QSXW

ìì ,%,$6 $, ,QSXW %LDVï 3URYLGHV LQSXW ELDV FXUUHQWï

7DEOH ìã 6.æíæíé $&& 3LQ $VVLJQPHQWVî6LJQDO 'HVFULSWLRQV ¤ FRQWLQXHG

*URXS 3LQ ú 6\PERO ,î2ì 'HVFULSWLRQ

ì ,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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6.æíæíéî6.æíæíç æåé NESV +'6/ 'DWD 3XPS &KLS 6HW

æðé L1

7DEOH ëã 6.æíæíç +'; 3LQ $VVLJQPHQWVî6LJQDO 'HVFULSWLRQV

*URXS 3LQú 6\PERO ,î2é 'HVFULSWLRQ

3RZHU ì 9&&ì 6 /RJLF VXSSO\ LQSXWï õ5HIHU WR 7DEOH ëæô

éé 9&&ë 6 ,î2 VXSSO\ LQSXWï

ë *1'ì 6 *URXQGï

ê *1'ë 6 *URXQGï

ëå *1'ê 6 *URXQGï

8VHU 3RUW ìí 5)67 '2 5HFHLYH )UDPH DQG 6WXII %LW ,QGLFDWRUï *RHV +LJK IRU ìå FRQVHFXWLYH
,&/. SHULRGV WR LQGLFDWH IRXU VWXIILQJ ELWV õEéæíê ð éæíçô DQG ìé IUDPH ELWV
õEìðìéô RQ 5'$7$ï

ìê 5()&/. ',ì

'2

ìëïèéé 0+] +'6/ 5HIHUHQFH &ORFNï ,Q +78ð& 0RGHñ WKLV FORFN JHQHUð
DWHV WUDQVPLW DQG UHFHLYH WLPLQJ DQG PXVW KDYH �êë SSP DFFXUDF\ï
,Q +78ð5 0RGHñ WKLV RXWSXW LV GHULYHG E\ GLYLGLQJ &.ëè0 E\ WZRï

ìç +78ð& ', 2SHUDWLRQ 0RGH 6HOHFWï :KHQ +78ð& LV +LJKñ WKH 'DWD 3XPS RSHUDWHV
LQ +78ð& PRGHâ ZKHQ +78ð& LV /RZñ WKH 'DWD 3XPS RSHUDWHV LQ +78ð5
PRGHï 7LHG WR LQWHUQDO SXOOðXS GHYLFHï

ìæ ,&/. '2 %LW 5DWH &ORFNï 1RPLQDOO\ æåé N+]ñ 5()&/. LV WKH VRXUFH RI ,&/. LQ
+78ð& 0RGHï &.ëè0 LV WKH VRXUFH RI ,&/. LQ +78ð5 0RGHï

êí /26: '2 /RVV RI 6\QF :RUG ,QGLFDWRUï 1RUPDOO\ /RZ LQ $FWLYH 6WDWHVñ JRHV +LJK
WR LQGLFDWH UHFHLSW RI VL[ FRQVHFXWLYH PLVPDWFKHG IUDPH V\QFK ZRUGVï
/26: LV ORJLF +LJK LQ DOO VWDWHV H[FHSW $FWLYH 6WDWHVï

å 5'$7$ '2 5HFHLYH +'6/ 'DWD 6WUHDPï 2XWSXW GDWD WR +'6/ IUDPHU DW æåé NESVã
+'6/ SD\ORDG RI /RRS ì RU /RRS ë E\WHV SOXV WKH )ðELWVñ
HRFñ FUFñ ORVGñ IHEHñ SVñ ESYñ KUSñ LQGFîLQGU DQG XLE ELWVñ
6\QF ELWV IRU IUDPH SRVLWLRQV Eìðìéñ
6WXII ELWV IRU IUDPH SRVLWLRQV Eéæíê ð éæíçï

5'$7$ ELWV DUH IRUFHG KLJK LQ DOO VWDWHV H[FHSW WKH $FWLYH 6WDWHï

æ 5)3 '2 5HFHLYH )UDPH 3XOVHï /RZ IRU RQH ,&/. F\FOH GXULQJ WKH ODVW ELW RI WKH
FXUUHQW +'6/ UHFHLYH IUDPH RQ 5'$7$ñ HLWKHU Eéæíë RU Eéæíçï 3HULRG LV
ZLWKLQ RQH EDXG WLPH RI ç PVïë 5)3 LV YDOLG ZKHQ /26: WUDQVLWLRQV /RZï

ìì 7'$7$ ',ì 7UDQVPLW +'6/ 'DWD 6WUHDPï ,QSXW GDWD IURP +'6/ IUDPHU DW
æåé NESVã
+'6/ SD\ORDG RI /RRS ì RU /RRS ë E\WHV SOXV WKH )ðELWVñ
HRFñ FUFñ ORVGñ IHEHñ SVñ ESYñ KUSñ LQGFîLQGU DQG XLE ELWVñ
6\QF ELWV IRU IUDPH SRVLWLRQV Eìðìéñ
6WXII GXPP\ ELWVâ PD\ EH ìV RU íVï
7LHG WR LQWHUQDO SXOOðXS GHYLFHï

:KHQ $&7,9(ñ WKH 'DWD 3XPS LV WUDQVSDUHQW DQG WKH +'6/ IUDPHU PXVW
JHQHUDWH WKH DSSURSULDWH ELWV RQ 7'$7$ DV VKRZQ LQ 7DEOH èï

ìë 7)3 ',ì 7UDQVPLW )UDPH 3XOVHï 6KRXOG EH /RZ IRU RQH ,&/. F\FOH WKH GXULQJ ODVW
ELW RI WKH FXUUHQW +'6/ IUDPH RQ 7'$7$ñ HLWKHU Eéæíë RU Eéæíçï 3HULRG LV
ZLWKLQ RQH EDXG WLPH RI ç PVïë ,I 7)3 LV SXOOHG /RZ DQG LV /RZ DJDLQ
WKUHH ,&/. F\FOHV ODWHUñ 5'$7$ñ 5)3ñ 5)67ñ ,&/.ñ &.ç0(1ñ DQG
/26: JR WR WULðVWDWHï 7LHG WR LQWHUQDO SXOOðXS GHYLFHï

ìï 7KLV LQSXW LV D 6FKPLGW 7ULJJHUHG FLUFXLW DQG LQFOXGHV DQ LQWHUQDO SXOOðXS GHYLFHï
ëï 7KH SHULRG LV ç PV �ìîêäë PVï
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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3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV

L1

+DUGZDUH
,QWHUIDFH

õ+DUGZDUH
&RQWURO
0RGHô

é 48,(7 ',ê 4XLHW 0RGH (QDEOHï 3XOO +LJK WR IRUFH +'; LQWR 'HDFWLYDWHG 6WDWHï $Q\
ODWHU WUDQVLWLRQ WR /RZ ZLOO QRW UHWXUQ +'; WR $FWLYH 6WDWHï 6HH $&75(4ï

è $&75(4 ',ê $FWLYDWLRQ 5HTXHVW õ+78ð& PRGHô RU QR IXQFWLRQ õ+78ð5 PRGHôï 7LH
WKLV SLQ /RZ LQ +78ð5 PRGHï ,I 48,(7 LV /RZñ D ULVLQJ HGJH RQ WKLV SLQ
LQLWLDWHV DFWLYDWLRQñ EXW WKH VLJQDO LV LJQRUHG DIWHU DFWLYDWLRQï 6HH 48,(7ï

ç /223,' ',êî2 /RRS 1XPEHU &RQWURO õ+78ð& PRGHô RU /RRS 1XPEHU ,QGLFDWRU
õ+78ð5 PRGHôï /RZ  ORRS ìâ +LJK  ORRS ëï ,QSXW 6LJQDO IRU +78ð&
PRGHñ RXWSXW IRU +78ð5 PRGHï ,Q +78ð5 PRGH YDOLG RQO\ ZKHQ /26:
LV /RZï
1RWHã 7KH (76, UHFRPPHQGDWLRQ XVHV RYHUKHDG ELWV IRU ORRS LGHQWLILFDð
WLRQï

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

ìå RESET2 ',ì 5HVHW 3XOVHï 3XOO /RZ RQ SRZHU XS WR LQLWLDOL]H FLUFXLWV DQG VWRS DOO FORFNVï

êì RESET1 ',ì 5HVHW 3XOVHï 3XOO /RZ WR LQLWLDOL]H LQWHUQDO FLUFXLWVï

êë 7(;3 '2 7LPHU ([SLU\ï *RHV +LJK WR LQGLFDWH êí VHFRQG WLPHU H[SLUDWLRQ LQ DOO
VWDWHVï

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

êé WRITE ',ê :ULWH 3XOVH

êè READ ',ê 5HDG 3XOVH

êç /267
õ+78ð&ô

'2 /RVV RI 6LJQDO 7LPHU ([SLUDWLRQï ,Q +78ð& PRGHñ /267 JRHV +LJK
ZKHQ WKH 'DWD 3XPS HQWHUV WKH ,QDFWLYH 6WDWHï 7KH WUDQVLWLRQ IURP WKH
'HDFWLYDWHG WR WKH ,QDFWLYH 6WDWH RFFXUV ì VHFRQG DIWHU WKH HQG RI WUDQVPLVð
VLRQ E\ WKH +78ð5 ZKHQ GHDFWLYDWLRQ EHJDQ IURP HLWKHU WKH $FWLYHðì RU
$FWLYHðë 6WDWHï :KHQ WKH 'DWD 3XPS WUDQVLWLRQV IURP WKH $FWLYDWLQJ 6WDWH
WR WKH 'HDFWLYDWHG 6WDWH LW PD\ LPPHGLDWHO\ HQWHU WKH ,QDFWLYH 6WDWH ZLWKRXW
ZDLWLQJ IRU +78ð5 WUDQVPLVVLRQ WR FHDVHï õ6HH )LJXUH çïô

/26
õ+78ð5ô

'2 /RVV RI 6LJQDO (QHUJ\ ,QGLFDWRUï ,Q +78ð5 PRGH /26 JRHV +LJK WR
LQGLFDWH ORVV RI VLJQDO HQHUJ\ RQ HQWHULQJ WKH ,QDFWLYH 6WDWHï õ6HH )LJXUH åïô

êæ /26:7 '2 /RVV RI 6\QF :RUG 7LPHUï /26:7 JRHV +LJK ZKHQ /26: LV VXVWDLQHG
IRU ORQJHU WKDQ ë VHFï

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 +78ð5 FRQILJXUDWLRQñ ZKHQ WKH ,/07 PRGH LV
VHOHFWHGñ WKH 'DWD 3XPS PD\ EHJLQ DFWLYDWLRQï

êä 5375 ',ì 5HSHDWHU 0RGH (QDEOHï :KHQ LQ +78ð& PRGHñ ,&/. RXWSXW SKDVH LV
DOLJQHG WR WKH 7)3 LQSXW SXOVH ZLGWKï ,JQRUHG LQ +78ð5 PRGHï

éí )(/% ',ì )URQWð(QG /RRSEDFN õ+78ð& RQO\ôï ,Q ,QDFWLYH 6WDWHñ VHW +LJK WR FDXVH
WKH $&& WR ORRSEDFNï 7KH UHWXUQHG VLJQDO DFWLYDWHV WKH +'; ZKLFK
UHFHLYHV LWV RZQ WUDQVPLWWHG GDWDï 7KH V\VWHP LJQRUHV LQFRPLQJ GDWD IURP
+78ð5 GXULQJ ORRSEDFN LUUHVSHFWLYH RI VWDWXVï

7DEOH ëã 6.æíæíç +'; 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 ç PV �ìîêäë PVï
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



6.æíæíéî6.æíæíç æåé NESV +'6/ 'DWD 3XPS &KLS 6HW

æðç L1

+DUGZDUH
,QWHUIDFH

õ+DUGZDUH
&RQWURO
0RGHô
ðFRQW©G

éì %(/% ',ì %DFNð(QG /RRSEDFNï ,Q $FWLYH 6WDWH D +LJK IRUFHV DQ LQWHUQDOñ WUDQVSDUð
HQW ORRSEDFN ZLWK 5'$7$ FRQQHFWHG WR 7'$7$ DQG 5)3 FRQQHFWHG WR
7)3ï

éë 5&/.8 '2 5HFHLYH %DXG 5DWH õêäë N+]ô &ORFNï $OLJQHG ZLWK ,&/. LQ +78ð5
PRGHñ SKDVH V\QFKURQRXV ZLWK UHFHLYH SXOVH VWUHDPñ +RZHYHUñ GXULQJ
$FWLYDWLQJ 6WDWHñ WKH FORFNV PD\ QRW EH DOLJQHGï ,Q WKH +78ð& PRGH
5&/.8 KDV D FRQVWDQWñ DUELWUDU\ñ SKDVH UHODWLRQVKLS ZLWK ,&/. LQ $FWLYH
6WDWHï

éê 7;767 ',ì 7UDQVPLW 7HVWï 6HW KLJK WR HQDEOH LVRODWHG WUDQVPLW SXOVH JHQHUDWLRQï 7KH
WLPH EHWZHHQ SXOVHV LV DSSUR[LPDWHO\ ç PVï 7'$7$ FRQWUROV WKH VLJQ DQG
7)3 FRQWUROV WKH PDJQLWXGH RI WKH WUDQVPLWWHG TXDW SXOVHV DFFRUGLQJ WR WKH
ë%ì4 HQFRGLQJ UXOHVï ,Q WKH +78ð5 FRQILJXUDWLRQñ 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

ìå RESET2 ',ì 5HVHW 3XOVHï 3XOO /RZ RQ SRZHU XS WR LQLWLDOL]H FLUFXLWV DQG VWRS DOO FORFNVï

êì RESET1 ',ì 5HVHW 3XOVHï 3XOO /RZ WR LQLWLDOL]H LQWHUQDO FLUFXLWVï ,&/. FRQWLQXHVï

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

0LVFï ëä n/c ¤ 1R LQWHUQDO FRQQHFWLRQ

7DEOH ëã 6.æíæíç +'; 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 ç PV �ìîêäë PVï
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



æðæ

3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV

L1

&ORFN DQG
&RQWURO

ìé &.ç0 ',ê çïëæë RU ìëïèéé 0+] 5HIHUHQFH &ORFNï0DQGDWRU\ LQ +78ð5 PRGHï 7LH
+LJK RU /RZ LQ +78ð& 0RGHï &ORFN LQSXW UHTXLUHV � êë SSP DFFXUDF\ï

ìè &.ç0(1 '2 &.ç0 (QDEOHï $FWLYH +LJK HQDEOH IRU &.ç0 FORFNï ,Q +78ð5 PRGHñ
WKLV SLQ JRHV /RZ WR LQGLFDWH WKH 3// LV WUDFNLQJ WKH LQSXW VLJQDO IURP WKH
+78ð&ï 1RW XVHG LQ +78ð&ï

ìä &.ëè0 ', 5HFHLYH 7LPLQJ &ORFN õëèïíåå 0+]ôï 7LH WR &.ëè0 RQ $&&ï

ëí '75 '2 6HULDO &RQWURO 'DWD /LQNï 7UDQVIHUV GDWD DW ìëïèéé 0ESVï 7LH WR '75 RQ
$&&ï

ëì )6 '2 êäë N+] &ORFN ï 'HULYHG IURP &.ëè0ï 7LH WR )6 RQ $&&ï

ëë $'í ', $QDORJ WR 'LJLWDO &RQYHUWHU LQSXW SLQï 7LH WR $'í RQ $&&

ëê $'ì ', $QDORJ WR 'LJLWDO &RQYHUWHU LQSXW SLQï 7LH WR $'ì RQ $&&

ëé $*&.,. ', $*& $GMXVW 6LJQDOï &RQWUROV DQDORJ JDLQ FLUFXLWï 7LH WR $*&.,. RQ
$&&ï

ëè 7&.ê0 '2 7UDQVPLW &ORFNï 7LH WR 7&.ê0 RQ $&&ï

ëç 70$* '2 7UDQVPLW 0DJQLWXGH %LWï 7LH WR 70$* RQ $&&ï

ëæ 76*1 '2 7UDQVPLW 6LJQ %LWï 7LH WR 76*1 RQ $&&ï

7DEOH ëã 6.æíæíç +'; 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 ç PV �ìîêäë PVï
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



6.æíæíéî6.æíæíç æåé NESV +'6/ 'DWD 3XPS &KLS 6HW

æðå L1

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

7KH +'6/ 'DWD 3XPS LV D IXOO\ðLQWHJUDWHGñ WZRðFKLS VROXð
WLRQ õVHH EORFN GLDJUDP RQ IURQW SDJHô ZKLFK LQFOXGHV DQ
6.æíæíé $QDORJ &RUH &KLS õ$&&ô DQG DQ 6.æíæíç
+'6/ 'LJLWDO 7UDQVFHLYHU õ+';ôï

7UDQVPLW
7KH WUDQVPLW GDWD VWUHDP LV VXSSOLHG WR WKH +'; DW WKH
7'$7$ LQSXW LQ D ELQDU\ IDVKLRQï 7KH +'; VFUDPEOHV
DQG ë%ì4 HQFRGHV WKH GDWD DQG DGGV WKH V\QF ZRUG DQG
VWXII TXDWV EDVHG RQ WKH 7)3 IUDPH SXOVH SRVLWLRQï 7KH
LQMHFWHG VWXII TXDWV LQ D IUDPH DUH HTXDO WR WKH ODVW VFUDPð
EOHG GDWD V\PERO LQ WKDW IUDPHï 7KH ë%ì4 HQFRGHG WUDQVð
PLW TXDW GDWD VWUHDP õ76*1 î 70$*ô LV WKHQ SDVVHG WR WKH
$&& ZKLFK ILOWHUV DQG GULYHV LW RQWR WKH OLQHï )RU DGGLð
WLRQDO GHWDLOV RQ WKH WUDQVPLW IXQFWLRQñ UHIHU WR &RPSRQHQW
'HVFULSWLRQï

5HFHLYH
7KH FRPSRVLWH ZDYHIRUP RI WKH UHFHLYH VLJQDO SOXV WUDQVð
K\EULG HFKR LV ILOWHUHG DQG FRQYHUWHG WR GLJLWDO ZRUGV DW D
UDWH RI êäë NðZRUGVîVHFRQG LQ WKH $&&ï 7KH $&& SDVVHV
WKH GLJLWL]HG UHFHLYH TXDW VWUHDP õ$'í DQG $'ìô WR WKH
+';ï 7KH +'; SHUIRUPV GLJLWDO ILOWHULQJñ OLQHDU HFKR FDQð
FHOODWLRQñ IUDPH UHFRYHU\ DQG GHVFUDPEOLQJï 7KH +';
XVHV WKH WUDQVPLW TXDW VWUHDP WR JHQHUDWH WKH HFKR HVWLPDWHV
DQG HVWLPDWH HUURU YDOXHVï 8VLQJ WKLV HUURU DQG WKH GHOD\HG
WUDQVPLW TXDW VWUHDPñ WKH HFKR FDQFHOOHU FRHIILFLHQWV DUH
XSGDWHGï 7KH UHFRYHUHGñ GHFRGHG DQG GHVFUDPEOHG GDWD LV
WKHQ RXWSXW WR WKH IUDPHUðPX[ IURP WKH +'; 5'$7$ SLQï
)RU DGGLWLRQDO GHWDLOV RQ WKH UHFHLYH IXQFWLRQñ UHIHU WR &RPð
SRQHQW 'HVFULSWLRQï

&RQWURO
7KH 'DWD 3XPS RIIHUV WZR FRQWURO PRGHV ð +DUGZDUH0RGH
DQG 6RIWZDUH 0RGHï ,Q +DUGZDUH PRGH WKH +'; UHFHLYHV
FRQWURO LQSXWV YLD LQGLYLGXDOO\ GHVLJQDWHG SLQVï ,Q 6RIWð
ZDUH PRGH WKH +'; FRQWURO GDWD LV VXSSOLHG YLD DQ åðELW
SDUDOOHO SRUWï ,Q HLWKHU PRGHñ FRPPXQLFDWLRQ EHWZHHQ WKH
+'; DQG WKH $&& LV HVWDEOLVKHG YLD D XQLGLUHFWLRQDO VHULDO
SRUW õ'75ôï

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

$QDORJ &RUH &KLS õ$&&ô
7KH $&& LQFRUSRUDWHV WKH IROORZLQJ DQDORJ IXQFWLRQVã

� WKH WUDQVPLW GULYHU

� WUDQVPLW DQG UHFHLYH ILOWHUV

� 3KDVHð/RFNHG /RRS õ3//ô

� K\EULG FLUFXLWU\ DQDORJðWRðGLJLWDO FRQYHUWHU

7KH $&& SURYLGHV WKH FRPSOHWH DQDORJ IURQW HQG IRU WKH
+'6/ 'DWD 3XPSï ,W SHUIRUPV WUDQVPLW SXOVH VKDSLQJñ OLQH
GULYLQJñ UHFHLYH $î'ñ DQG WKH 9&2 SRUWLRQ RI WKH UHFHLYHU
3// IXQFWLRQï 7UDQVPLW DQG UHFHLYH FRQWUROV DUH LPSOHð
PHQWHG WKURXJK WKH VHULDO SRUWï 7KH $&& OLQH LQWHUIDFH XVHV
D VLQJOH WZLVWHG SDLU OLQH IRU ERWK WUDQVPLW DQG UHFHLYHï
7DEOH ì OLVWV WKH $&& SLQ GHVFULSWLRQVï 5HIHU WR 7HVW 6SHFð
LILFDWLRQV IRU $&& HOHFWULFDO DQG WLPLQJ VSHFLILFDWLRQVï

$&& 7UDQVPLWWHU
7KH $&& SHUIRUPV WKH SXOVH VKDSLQJ DQG GULYLQJ IXQFð
WLRQVï 7KH $&& WUDQVPLWWHU JHQHUDWHV D éðOHYHO RXWSXW
RI ìîõåóIõ7&.ê0ôô GHILQHG E\ 70$* DQG 76*1ï
7DEOH ê OLVWV ë%ì4 SXOVH FRGLQJ SDUDPHWHUVï 5HIHU WR
7HVW 6SHFLILFDWLRQV IRU IUHTXHQF\ DQG YROWDJH WHPð
SODWHVï

$&& 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 D ELW VWUHDP UDWH RI ìëïèéé 0+]ï
7KH VHFRQG VWDJH RI WKH $î' VDPSOHV WKH QRLVH RI WKH
ILUVW DQG JHQHUDWHV WKH $'ì ELW VWUHDP DW ìëïèéé 0+]ï

5HFHLYHU JDLQ LV FRQWUROOHG E\ WKH +'; YLD WKH $*&ëð
í ELWV LQ WKH '75 VHULDO FRQWURO VWUHDPï 7KH $*&.,.
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 +'; WR
ORZHU WKH JDLQï

7KH 9&2 LV SDUW RI D SKDVHðORFNHG ORRS õ3//ô ORFNHG
WR WKH UHFHLYH GDWD EDXG UDWH XVLQJ DQ H[WHUQDO SKDVH
GHWHFWRUï 7KH 9&2 IUHTXHQF\ LV YDULHG E\ SXOOLQJ DQ
H[WHUQDO FU\VWDO ZLWK H[WHUQDO YDUDFWRU GLRGHV WKDW DUH
FRQWUROOHG E\ WKH 93// RXWSXWï 7KH 93// RXWSXW LVñ LQ
WXUQñ FRQWUROOHG E\ WKH VHULDO SRUW 9&2 DQG 3// ELWVï
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)XQFWLRQDO 'HVFULSWLRQ

æðä

L1

+'6/ 'LJLWDO 7UDQVFHLYHU õ+';ô

7KH +'; 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 WR WKH +'6/ IUDPHUï

7KH +'; DOVR SURYLGHV WKH 'DWD 3XPS %DFNð(QG LQWHUIDFH
IRU WKH FXVWRPHU GHILQHGîGHYHORSHG +'6/ IUDPHU YLD
VHULDO GDWD FKDQQHOV DQG FORFN VLJQDOVï $ VLPSOHñ SDUDOOHO
åðELW PLFURSURFHVVRU LQWHUIDFH RQ WKH +'; DOORZV KLJKð
VSHHG DFFHVV WR FRQWUROñ VWDWXV DQG ILOWHU FRHIILFLHQW ZRUGVï
7DEOH ë OLVWV WKH +'; SLQ GHVFULSWLRQVï 5HIHU WR 7HVW
6SHFLILFDWLRQV IRU +'; HOHFWULFDO DQG WLPLQJ VSHFLILFDð
WLRQVï

7KH PLFURSURFHVVRU LQWHUIDFH RQ WKH +'; SURYLGHV ELW
IODJV IRU VLJQDO SUHVHQFHñ V\QFKURQL]DWLRQñ DFWLYDWLRQ FRPð
SOHWLRQñ DQG ORVV RI V\QFKURQL]DWLRQ IRU D WLPH JUHDWHU WKDQ
WZR VHFRQGVï 6LQJOHðE\WH ZRUGV UHSUHVHQWLQJ UHFHLYH VLJð
QDO OHYHO DQG WKH QRLVH PDUJLQ RI WKH WUDQVFHLYHU DUH DOVR
DYDLODEOH RQ WKH PLFURSURFHVVRU LQWHUIDFHï 2QH FRQWURO
E\WH DOORZV WKH XVHU WR VWDUW WKH 'DWD 3XPS DFWLYDWLRQ
VHTXHQFHï 7KH +'; FRQWUROV WKH FRPSOHWH DFWLYDWLRQî

VWDUWðXS VHTXHQFHñ DOORZLQJ IOH[LEOHñ VLQJOHðORRSñ IUDFð
WLRQDO DSSOLFDWLRQVï

+';î$&& ,QWHUIDFH

7KH $&& SURYLGHV WKH ëèïíåå0+]PDVWHU FORFNñ &.ëè0ñ
WR WKH +';ï 7KH VHULDO FRQWURO VWUHDP IUDPLQJ VLJQDO )6
LV VDPSOHG LQVLGH WKH $&& ZLWK WKH &.ëè0 ULVLQJ HGJHï
7KH VHULDO FRQWURO VWUHDPñ '75ñ LV VDPSOHG LQVLGH WKH $&&
E\ WKH ULVLQJ HGJH RI DQ LQWHUQDOO\ðJHQHUDWHG FORFN DW
Iõ&.ëè0ôîëï 7KLV $&& LQWHUQDO FORFN KDV WKH VDPH SKDVH
UHODWLRQVKLS ZLWK D VLPLODU FORFN LQVLGH WKH +';ñ DV HVWDEð
OLVKHG E\ WKH )6 VLJQDOï ,Q WKH +';ñ WKH KDOIðUDWH FORFN
&.ëè0îë DQG )6 WUDQVLWLRQ RQ WKH ULVLQJ HGJH RI &.ëè0ñ
DQG '75 WUDQVLWLRQV FRLQFLGH ZLWK WKH IDOOLQJ HGJH RI
&.ëè0îëï 7KH RXWSXW 5()&/. LQ +78ð5 0RGH LV HTXDO
WR &.ëè0îëï

7KH $î' FRQYHUWHU RXWSXWVñ $'í DQG $'ìñ DUH FORFNHG RXW
RI WKH $&& ZLWK &.ëè0ñ KDYLQJ WUDQVLWLRQV FRLQFLGHQWDO
ZLWK WKH ULVLQJ HGJH RI &.ëè0îëï 7KH +'; VDPSOHV $'í
DQG $'ì ZLWK WKH IDOOLQJ HGJH RI LWV LQWHUQDO &.ëè0îëï

7UDQVPLW GDWDñ UHSUHVHQWHG E\ 76*1 DQG 70$*ñ LV
FORFNHG IURP WKH +'; XVLQJ WKH IDOOLQJ HGJH RI 7&.ê0ñ
WKH êïìêç 0+] õIõ5()&/.ôîéô WUDQVPLW WLPH EDVH FORFNï
7KH $&& XVHV WKH ULVLQJ HGJH RI 7&.ê0 WR VDPSOH 76*1
DQG 70$*ï 76*1 DQG 70$* FKDQJH VWDWH DW WKH EDXG
UDWHñ RU HYHU\ å F\FOHV RI 7&.ê0ï )LJXUH ê VKRZV UHODWLYH
WLPLQJ IRU WKH +';î$&& LQWHUIDFHï

+';î$&& 6HULDO 3RUW
7KH +'; FRQWLQXDOO\ ZULWHV WR WKH $&& VHULDO SRUWï
7KLV VHULDO VWUHDP FRQVLVWV RI WZR ìçðELW ZRUGV DV
VKRZQ LQ 7DEOH éï 7KH GDWD IORZV IURP WKH +'; WR
WKH $&& DW D UDWH RI Iõ&.ëè0ôîëï 5HIHU WR WKH 7HVW
6SHFLILFDWLRQV VHFWLRQ IRU VHULDO SRUW WLPLQJ UHODWLRQð
VKLSV DQG HOHFWULFDO SDUDPHWHUVï

7DEOH êã $&& 7UDQVPLW &RQWURO

76*1 70$* 2XWSXW 6\PERO õTXDWô

ì í òê

ì ì òì

í ì ðì

í í ðê

)LJXUH êã +';î$&& ,QWHUIDFH ¤ 5HODWLYH 7LPLQJ

&.ëè0

7&.ê0

&.ëè0îë

$'í
$'ì

'75

)6

%ì %í $ìè $ìé $ìê %ìè$ì $í



6.æíæíéî6.æíæíç æåé NESV +'6/ 'DWD 3XPS &KLS 6HW

æðìí L1

/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 ìë DQG ìêôï 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

+'6/ 'DWD ,QWHUIDFH

7KH +'6/ GDWD LQWHUIDFH LQFOXGHV WKH WUDQVPLW DQG UHFHLYH
ELQDU\ GDWD VWUHDPVñ WUDQVPLW DQG UHFHLYH IUDPH SXOVHVñ WKH
æåé N+] FORFN õ,&/.ô DQG WKH UHFHLYH IUDPH DQG VWXII TXDW
LQGLFDWRU õ5)67ôï )LJXUH é VKRZV UHODWLYH WLPLQJ IRU WKH
IUDPHU LQWHUIDFHï 5HIHU WR 7HVW 6SHFLILFDWLRQV VHFWLRQ IRU
GHWDLOV RQ WKH 'DWD 3XPSîIUDPHU LQWHUIDFHï )LJXUH ç VKRZV
D FRPSOHWH +'6/ V\VWHP ZLWK ERWK WKH UHPRWH +78ð5 DQG
FHQWUDO RIILFH +78ð& +'6/ IUDPHU LQWHUIDFHV LOOXVWUDWHGï
7DEOH è VKRZV WKH 7'$7$ UHTXLUHPHQWV IRU WKH IUDPHU
LQWHUIDFH WKURXJK WKH DFWLYDWLRQ VHTXHQFHï 2QFH WKH
$&7,9( íðWRðì WUDQVLWLRQ RFFXUVñ WKH 'DWD 3XPS EHFRPHV
WUDQVSDUHQWï 7KHUHIRUHñ WKH +'6/ IUDPHU PXVW VXSSO\
DSSURSULDWH GDWD WR 7'$7$ï 7DEOH è VXPPDUL]HV WKLV
UHTXLUHPHQWï

7DEOH éã +';î$&& 6HULDO 3RUW :RUG %LW
'HILQLWLRQV õ6HH )LJXUH êô

%LW :RUG $ õRQ '75ô :RUG % õRQ '75ô

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

7DEOH èã +'6/ )UDPHU 7'$7$ 5HTXLUHPHQWV

$FWLYDWLRQ 3URFHVV 7'$7$

)UDPHU 'DWD 3XPS 2YHUKHDG 'DWD

,GOH $FWLYDWLQJ GRQ©W FDUH GRQ©W FDUH

,GOH $FWLYH ì OLYH DOO ìV

$FWLYHð5 $FWLYH ì OLYH DOO ìV

$FWLYHð7 $FWLYH ì OLYH OLYH

/LQN $FWLYH $FWLYH ì OLYH OLYH

/LQN $FWLYH $FWLYH ë OLYH OLYH
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)LJXUH éã +';î$&& )UDPHU ,QWHUIDFH ¤ 5HODWLYH 7LPLQJ

Eéçää Eéæíí Eéæíì Eéæíë Eì Eë Eê Eé

$ô 7UDQVPLW 7LPLQJ¤:LWKRXW 6WXII %LWV

,&/.

7)3

7'$7$

Eéçää Eéæíí Eéæíì Eéæíë Eì Eë Eìé Eìè

&ô 5HFHLYH 7LPLQJ¤:LWKRXW 6WXII %LWV

,&/.

5)3

5'$7$

5)67

Eéæíì Eéæíë Eéæíê Eéæíé Eéæíè Eéæíç Eì Eë

%ô 7UDQVPLW 7LPLQJ¤:LWK 6WXII %LWV

,&/.

7)3

7'$7$

Eéæíë Eéæíê Eéæíé Eì EìèEìéEéæíè Eéæíç

'ô 5HFHLYH 7LPLQJ¤:LWK 6WXII %LWV

,&/.

5)3

5'$7$

5)67
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7KH +'6/ IUDPHU LQWHUIDFH LV VXEMHFW WR WKH IROORZLQJ
UXOHVã
ìï :KHQ IUDPH V\QF LV QRW SUHVHQW õ/26: LV +LJKôñ DOO

5'$7$ ELWV DUH VHW WR ìï
ëï ,I IUDPH V\QF LV ORVW RQ ERWK 'DWD 3XPSð5ì DQG 'DWD

3XPSð5ëñ ERWK XQLWV ZLOO IDOO EDFN RQ WKH ORFDO
UHIHUHQFH IUHTXHQF\ ZLWK � êë SSP WROHUDQFHñ DQG
VWXII ELWV ZLOO EH LQMHFWHG LQ WKHLU 5'$7$ VWUHDPV RQ
HYHU\ RWKHU IUDPHï,I IUDPH V\QF LV ORVW RQ HLWKHU 'DWD
3XPSð5ì RU 'DWD 3XPSð5ëñ WKDW XQLW FDQ EH PDGH WR
IDOO EDFN RQ WKH 5()&/. IURP WKH 'DWD 3XPSð5
ZKLFK LV VWLOO LQ IUDPH V\QFñ DQG VWXII ELWV ZLOO EH
LQMHFWHG LQ WKH 5'$7$ VWUHDP RQ HYHU\ RWKHU IUDPH RI
WKH RXWðRIðIUDPH 'DWD 3XPSð5ï

êï ,I IUDPH V\QF LV ORVW RQ HLWKHU 'DWD 3XPSð&ì RU 'DWD
3XPSð&ëñ ERWK XQLW©V UHFHLYHU ZLOO IDOO EDFN RQ WKH
UHIHUHQFH FORFN ZLWK � êë SSP RU � è SSP WROHUDQFHñ
DQG LQMHFW VWXII ELWV LQ WKH 5'$7$ VWUHDP RQ HYHU\
RWKHU IUDPHï

éï ,I HLWKHU 7ìð5 RU 7ìð& ORVHV V\QF RU VLJQDOñ LW LV
DVVXPHG WKDW WKH FRUUHVSRQGLQJ 7ì UHFHLYHU ZLOO IDOO
EDFN RQ D ORFDO UHIHUHQFH ZLWK � êë SSP WROHUDQFHñ DQG

WKDW WUDQVPLW ELWðVWXIILQJ FRQWURO ZLOO VWLOO EH DSSOLHG
WKURXJK WKH 7)3 VLJQDO IURP WKH +'6/ IUDPHUï

èï 7KH +'6/ IUDPHU VKRXOG SURYLGH 7)3 VLJQDO ZLWK D
SHULRG RI ç PV � ìîêäë PV SULRU WR DQ DFWLYDWLRQ UHTXHVW
IRU WKH +78ð& 'DWD 3XPSõVôï 7KH IUDPHU VKRXOG
SURYLGH D YDOLG 7)3 DIWHU SRZHUðXSñ EHIRUH RU
LPPHGLDWHO\ DIWHU /26 JRHV /RZ IRU WKH +78ð5 'DWD
3XPSõVôï

çï ,I IRU DQ\ UHDVRQ WKH 7)3 VLJQDO IURP WKH +'6/
IUDPHU LV LQDFWLYH õDOZD\V +LJK RU XQFRQQHFWHGôñ WKHQ
WKH 'DWD 3XPS ZLOO LQMHFW VWXII ELWV LQ WKH 7'$7$
VWUHDP LQ HYHU\ RWKHU IUDPHñ DOWKRXJK WKH 'DWD 3XPS
ZLOO QRW EH V\QFKURQL]HG WR WKH +'6/ IUDPHUï :KHQ
D QHZ 7)3 LV SURYLGHG WKH 'DWD 3XPS ZLOO
LPPHGLDWHO\ UHVHW WKH WUDQVPLW IUDPH DOLJQPHQWñ
W\SLFDOO\ FDXVLQJ ORVV RI DOLJQPHQW DW WKH RWKHU HQGï

æï $ VLPXOWDQHRXV RESET2WR DOO +78ð& 'DWD 3XPSV
ZKLFK XVH D FRPPRQ 5()&/. HOLPLQDWHV SKDVH VKLIW
EHWZHHQ WKH ,&/. RXWSXWV ZKLFK PD\ H[LVW DIWHU
SRZHUðXSï

7KH ,&/. RXWSXWV RI DOO +78ð5 'DWD 3XPSV PD\
KDYH DQ DUELWUDU\ SKDVH GLIIHUHQFH HYHQ XVLQJ D FRPð
PRQ &.ç0 UHIHUHQFHï

)LJXUH èã 0RGHO IRU +'6/ 'DWD 3XPS DQG +'6/ )UDPHU $SSOLFDWLRQV

+'6/
)UDPHU
ð5

'3ð5ì

'3ð5ë

+78ð5

/RFDO ;WDO
2VF

7'$7$

7)3

/26:

,&/.

5'$7$

5)3

5)67

5)&/.

7'$7$

7)3

/26:

,&/.

5'$7$

5)3

5)67

7R 7ì ,î)
õ7ìð5ô

5326

51(*

5&/.

7326

71(*

7&/.

5)&/.

+'6/
)UDPHU
ð&

'3ð&ì

'3ð&ë

+78ð&

7'$7$

7)3

/26:

,&/.

5'$7$

5)3

5)67

7'$7$

7)3

/26:

,&/.

5'$7$

5)3

5)67

7R 7ì ,î)
õ7ìð&ô

5326

51(*

5&/.

7326

71(*

7&/.

5DWH
6\QWK

/RFDO ;WDO
2VF

5)&/.

I5 õ&ô

5)&/.

&.ç0

&.ç0

I5 õ5ô

)UHTXHQF\ 5HODWLRQVKLSV
ìï I7&/. õ'6ìð&ô  õ'6ìð5ôâ WROHUDQFH  �êë SSPñ HYHQ ZLWK ORVV RI VLJQDO RQ '6ìð5
ëï I7&/. õ'6ìð5ô  õ'6ìð&ôâ WROHUDQFH  �êë SSPñ HYHQ ZLW ORVV RI VLJQDO RQ '6ìð&

êï I,&/. õ&ô  I5õ&ôîìçâ WROHUDQFH  �êë SSP LI VRXUFHG E\ ORFDO FU\VWDO RVFLOODWRU õVWUDWXP éô
 �è SSP LI VRXUFHG E\ RIILFH FORFN õVWUDWXP êô

éï I,&/. õ5ô  I,&/. õ&ô LI ORRS LV DFWLYDWHG ZLWK UHFHLYH IUDPH V\QF DFTXLUHG
 I5õ5ôîìç LI UHFHLYH V\QF LV ORVWâ WROHUDQFH  �êë SSPï õI5õ5ô  ìëïèéé 0+]ô
 I5õ5ôîå LI I5õ5ô  çïëæë 0+=
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0LFURSURFHVVRU ,QWHUIDFH
õ+';ô

7KUHH SULPDU\ FRQWURO SLQVñ CHIPSEL õ&KLS 6HOHFWôñ
READ DQGWRITEñ H[HFXWH WKH 6RIWZDUH0RGH 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
µSURFHVVRU 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 )6ï $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 +';
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 /26:ñ /26:7 RU 7(;3ï $Q\ WUDQVLWLRQ RQ
/26ZLOO 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 +'; 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

èï3XOOWRITE/RZñ REVHUYLQJ PLQLPXP SXOVH ZLGWKï

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

5HDG
3URFHGXUHV IRU UHDGLQJ WKH +'; UHJLVWHUV YDU\ DFFRUGð
LQJ 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 FRPSOH[ï
8QOHVV SDUDOOHO SRUW UHDGV DUH V\QFKURQL]HG ZLWK WKH
IDOOLQJ HGJH RI )6ñ 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 3XOO READ/RZñ REVHUYLQJ PLQLPXP SXOVH ZLGWKï

êï3XOO 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
äï 5HJLVWHU 5'ê KROGV WKH ORZHU E\WH YDOXH DQG UHJLVð
WHU 5'é KROGV WKH XSSHU E\WH YDOXHï 7R UHFRQVWUXFW WKH
FRPSOHWH ìçðELW ZRUGñ FRQFDWHQDWH WKH OHDVW VLJQLILFDQW
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 ä 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



æðìé

6.æíæíéî6.æíæíç æåé NESV +'6/ 'DWD 3XPS &KLS 6HW

L1

5HJLVWHUV

7KUHH ZULWH UHJLVWHUV DQG VHYHQ UHDG UHJLVWHUV DUH DYDLODEOH
WR WKH XVHUï 7DEOH ç 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 RESET1RU RESET2VLJQDOñ WKH 'DWD
3XPS LQLWLDOL]HV LWV UHJLVWHUV WR WKH GHIDXOW YDOXHï

7DEOH çã 5HJLVWHU 6XPPDU\

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

$êð$í :5ú 1DPH 7DEOH 5'ú 1DPH 7DEOH

íííí :5í 0DLQ &RQWURO æ 5'í 0DLQ 6WDWXV ìí

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

ííìí :5ë ,QWHUUXSW 0DVN å 5'ë 1RLVH 0DUJLQ ìë

ííìì :5ê 5HDG &RHIILFLHQW 6HOHFW ä 5'ê &RHIILFLHQW 5HDG 5HJLVWHU õORZHU E\WHô ìê

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

íìíì UHVHUYHG 5'è $FWLYDWLRQ 6WDWXV ìé

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

íìììðìííì UHVHUYHG UHVHUYHG
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:5í¥0DLQ &RQWURO 5HJLVWHU

$GGUHVVã $êðí  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 æ OLVWV ELW DVVLJQPHQWV IRU WKH :5í UHJLVWHUï

7DEOH æã 0DLQ &RQWURO 5HJLVWHU :5í

%LW 'HVFULSWLRQ

Eæ 7UDQVPLW 7HVW 3DWWHUQ (QDEOH õ7;767ôï 6HW 7;767 WR ì WR HQDEOH LVRODWHG WUDQVPLW SXOVH JHQHUDWLRQï 7KH
WLPH EHWZHHQ SXOVHV LV ç PVï 7'$7$ FRQWUROV WKH VLJQ DQG 7)3 FRQWUROV WKH PDJQLWXGH RI WKH WUDQVPLWWHG V\Pð
EROV DFFRUGLQJ WR WKH ë%ì4 HQFRGLQJ UXOHVï ,Q WKH +78ð5 FRQILJXUDWLRQ ZKHQ WKH 7;767 PRGH LV VHOHFWHGñ WKH
'DWD 3XPS PD\ EHJLQ DFWLYDWLRQï

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

Eè )URQW (QG /RRS %DFN õ)(/%ôï ,Q WKH +78ð& 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 +78ð5 LQVWHDG V\QFKURQL]LQJ WR LWV RZQ WUDQVPLW VLJQDOï

Eé 5HSHDWHU 0RGH õ5375ôï 7KH 5375 ELW LV VHW WR ì DQG WKH +78ð& SLQ LV SXOOHG +LJK WR SURJUDP WKH 'DWD 3XPS
IRU RSHUDWLRQ RQ WKH VLGH RI WKH +'6/ UHSHDWHU GULYLQJ WKH UHPRWH +78ð5ï 5375 LV VHW WR í DQG WKH +78ð& SLQ
LV WLHG /RZ WR SURJUDP WKH 'DWD 3XPS IRU RSHUDWLRQ RQ WKH VLGH RI WKH UHSHDWHU GULYHQ E\ WKH FHQWUDO RIILFH
+78ð&ï

Eê /RRS &RQWURO õ/223,'ôï )RU ëðSDLU $16, +'6/ DSSOLFDWLRQVñ /223,' GHILQHV WKH IUDPH V\QF ZRUG IRUPDW
WR HQFRGH WKH ORRS QXPEHU LQ +78ð& PRGHï 6HW /223,' WR í IRU /RRSì RU WR ì IRU /RRSëï 7KH 'DWD 3XPS
WUDQVPLWV D æðTXDWñ WLPHðUHYHUVHGñ GRXEOHð%DUNHU FRGH RQ /RRSëï
)RU êðSDLU (76, +'6/ DSSOLFDWLRQVñ /223,' VKRXOG EH VHW WR í RQ DOO ORRSV EHFDXVH WKH ORRS QXPEHU LV
HQFRGHG LQ WKH +'6/ RYHUKHDG XVLQJ WKH = ELWVï

Eë ,QVHUWLRQ /RVV 0HDVXUHPHQW 7HVW õ,/07ôï 6HW ,/07 WR ì WR HQDEOH WUDQVPLVVLRQ RI D VFUDPEOHG DOO RQHV
LQVHUWLRQ ORVV PHDVXUHPHQW WHVW SDWWHUQï ,Q WKH +78ð5 FRQILJXUDWLRQ ZKHQ WKH ,/07 PRGH LV VHOHFWHGñ WKH 'DWD
3XPS PD\ EHJLQ DFWLYDWLRQï

Eì 4XLHW 0RGH õ48,(7ôï 6HW 48,(7 WR ì WR IRUFH WKH 'DWD 3XPS LQWR WKH 'Hð$FWLYDWHG 6WDWH ZLWK WKH WUDQVPLWWHU
VLOHQWï 6HWWLQJ 48,(7 WR í ZLOO QRW FDXVH WKH 'DWD 3XPS WR UHDFWLYDWHï ,Q WKH +78ð5 PRGHñ WKH 'DWD 3XPS ZLOO
QRW UHVSRQG WR DQ 6í VLJQDO IURP WKH +78ð& ZKHQ 48,(7 LV VHW WR ìñ EXW PD\ DFWLYDWH DIWHU 48,(7 LV VHW WR í
HYHQ LI WKH +78ð& WUDQVPLVVLRQ KDV DOUHDG\ FHDVHGï

Eí $FWLYDWLRQ 5HTXHVW õ$&75(4ôï ,Q WKH +78ð& 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 $&75(4 LV D OHYHOð UDWKHU
WKDQ DQ HGJHðWULJJHUHG VLJQDOñ LW VKRXOG EH UHVHW WR í DJDLQ ZLWKLQ DSSUR[LPDWHO\ ëè VHFRQGV WR SUHYHQW WKH LPPHð
GLDWH VWDUW RI DQRWKHU DFWLYDWLRQ F\FOH LI WKH FXUUHQW DFWLYDWLRQ DWWHPSW IDLOVï ,I DQ DFWLYDWLRQ DWWHPSW IDLOVñ WKH SURð
FHVVRU VKRXOG DOORZ WKH 'DWD 3XPS WR UHPDLQ LQ WKH ,QDFWLYH 6WDWH ZKHUH WKH WUDQVPLWWHU LV VLOHQW IRU êë VHFRQGV
EHIRUH JHQHUDWLQJ DQRWKHU DFWLYDWLRQ UHTXHVW WR DOORZ WKH +78ð5 WR UHWXUQ WR WKH ,QDFWLYH 6WDWHï ,W LV SRVVLEOH WR
VKRUWHQ WKLV TXLHW SHULRG IROORZLQJ D IDLOHG DFWLYDWLRQ E\ LPSOHPHQWLQJ DGGLWLRQDO DOJRULWKPV GHVFULEHG LQ WKH
VHFWLRQ HQWLWOHG ¦$FWLYDWLRQ 6WDWH 0DFKLQHVï§
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:5ë¥,QWHUUXSW 0DVN 5HJLVWHU

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

:5ê¥5HDG &RHIILFLHQW 6HOHFW 5HJLVWHU

$GGUHVVã $êðí  ííìì
'HIDXOWã ííK
$WWULEXWHVã :ULWH 2QO\
7DEOH ä OLVWV WKH ELW PDSV XVHG WR VHOHFW WKH FRHIILFLHQW UHDG IURP WKH +';ï

7DEOH åã ,QWHUUXSW 0DVN 5HJLVWHU :5ë

%LW 'HVFULSWLRQ

Eæãç 5HVHUYHGï 0XVW EH VHW WR íï

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

Eé /6:706.ï ì 0DVNHGï í 1RW 0DVNHGï ,QWHUUXSW PDVN IRU WKH /26:7 FRQGLWLRQ

Eê /6:06.ï ì 0DVNHGï í 1RW 0DVNHGï ,QWHUUXSW PDVN IRU WKH /26: FRQGLWLRQ

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

Eì 5HVHUYHGï0XVW EH VHW WR íï

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

7DEOH äã 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



æðìæ
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L1

5'í¥0DLQ 6WDWXV 5HJLVWHU
$GGUHVVã $êðí  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 ìí OLVWV WKH ELW DVVLJQPHQWV LQ WKLV UHJLVWHUï

5'ì¥5HFHLYHU *DLQ :RUG 5HJLVWHU
$GGUHVVã $êðí  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 ìíã 0DLQ 6WDWXV 5HJLVWHU 5'í

%LW $FWLYH 'HVFULSWLRQ

Eæ 7LPHU ([SLU\ õ7(;3ôï 6HW WR ì WR LQGLFDWH êíðVHFRQG WLPHU H[SLUDWLRQ LQ WKH $FWLYH 6WDWHï
� &DXVHV LQWHUUXSW RQ FKDQJLQJ IURP í WR ìâ PDVNHG E\ $&706.  ìï
� /DWFKHG HYHQWâ UHVHW RQ UHDGñ ZLWK SHUVLVWHQFH ZKLOH LQ WKH $FWLYH 6WDWHï

Eç 7,3î5,1* SRODULW\ UHYHUVHG õINVERT ôï í  SRODULW\ UHYHUVDOï 9DOLG RQO\ LQ $FWLYH 6WDWHï

Eè &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

Eé /RVV 2I 6LJQDO IRU +78ð5 õ/26ôï ì  ORVV RI OLQH VLJQDO HQHUJ\ RQ HQWHULQJ ,QDFWLYH 6WDWHï

/RVV RI 6LJQDO 7LPHU ([SLUDWLRQ IRU +78ð& õ/267ôï 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/267 LV QRW D ODWFKHG HYHQWï

Eê /RRS 1XPEHU &RQWURO õ/223,'ôï í  ORRS ìâ ì  ORRS ëï 9DOLG RQO\ LQ $FWLYH 6WDWHVñ í LQ DOO RWKHUV
1RWHã 7KLV ELW LV XVHG RQO\ IRU $16, V\VWHPVï 7KH (76, UHFRPPHQGDWLRQ GHILQHV RYHUKHDG ELWV IRU ORRS LGHQWLILFDWLRQï

Eë /RVV RI 6\QF :RUG 7LPHU ([SLU\ õ/26:7ôï ,QGLFDWHV WZR VHFRQGV RI /26:ï
� &DXVHV LQWHUUXSW RQ FKDQJLQJ IURP í WR ìâ PDVNHG ZKHQ /6:706.  ìï
� /DWFKHG HYHQWâ UHVHW RQ UHDGâ ZLWK SHUVLVWHQFH ZKLOH LQ WKH 'HDFWLYDWHG 6WDWHï

Eì /RVV RI 6\QF :RUG õ/26:ôï
� &DXVHV LQWHUUXSW RQ FKDQJLQJ IURP í WR ìâ PDVNHG E\ /6:06.  ìï
� /DWFKHG HYHQWâ UHVHW RQ UHDGâ ZLWK SHUVLVWHQFH ZKLOH LQ WKH 3HQGLQJ 'HDFWLYDWLRQ 6WDWHï

Eí $FWLYH 6WDWH õ$&7,9(ôï ì  &RPSOHWLRQ RI OD\HU ì DFWLYDWLRQï
� &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 ììã 5HFHLYHU *DLQ :RUG 5HJLVWHU

%LW 'HVFULSWLRQ

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

$*& 7DS  Σ ELóë
Lðç

L  í

ç
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5'ë¥1RLVH 0DUJLQ 5HJLVWHU

$GGUHVVã $êðí  ííìí
'HIDXOWã [[K õ[ XQGHILQHGô
$WWULEXWHVã 5HDG 2QO\
7KH QRLVH PDUJLQ RI WKH UHFHLYHG VLJQDO LV DQ LQSXW WR
WKH +'6/ IUDPHU©V $FWLYDWLRQ 6WDWH 0DFKLQHï 7KH
QRLVH PDUJLQ PXVW UHDFK D WKUHVKROG OHYHO EHIRUH WKH
+'6/ IUDPHU FDQ WUDQVLWLRQ WR WKH IXOO\ $FWLYH 6WDWHï
7KH +'; SURYLGHV D FDOFXODWHGñ ORJDULWKPLF QRLVH
PDUJLQ YDOXH XVHG E\ WKH +'6/ IUDPHUï 7KLV HLJKWðELW
ZRUGñ VWRUHG LQ UHJLVWHU 5'ëñ LV DYDLODEOH HYHU\ EDXGñ
DOWKRXJK XSGDWHG RQO\ HYHU\ çé EDXGï 7DEOH ìë 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 EDXG  ìçê �Vôñ WKH UHFRPPHQGHG SURFHGXUH
IRU HYDOXDWLQJ WUDQVPLVVLRQ TXDOLW\ LV WR DYHUDJH DW
OHDVW ìííí VDPSOHV RYHU D ìçê PV SHULRGï

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

06% /6% 1RLVH
0DUJLQìEæ Eç Eè Eé Eê Eë Eì Eí

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

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

$GGUHVVã 5'ê õ$êðí  ííììô
5'é õ$êðí  íìííô

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

5'è¥$FWLYDWLRQ 6WDWXV 5HJLVWHU

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

7DEOH ìêã &RHIILFLHQW 5HDG 5HJLVWHU

%LW 'HVFULSWLRQ

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

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

$&7 %LWV êðí
6WDWH LQ

+78ð& 0RGH
6WDWH LQ

+78ð5 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 $êðí  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 ìèï 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 '$*& LQ WKH +'; DQG *$*& LV IURP WKH $&&ï %LWV 67íð67ë LQGLFDWH WKH 'DWD 3XPS DFWLYDð
WLRQ VWDWHV DV VKRZQ LQ )LJXUHV ç DQG å DQG 7DEOH ìçï

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

%LW 'HVFULSWLRQ

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

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

EèðEé *))(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

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

EëðEí *$*&ëð*$*&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 6WDWH 0DFKLQHV
7KH 'DWD 3XPS $FWLYDWLRQî6WDUWð8S FLUFXLWU\ LV FRPSDWLEOH
ZLWK $16, 7ì(ìïéîäéðííçï )XOO +78ð& DFWLYDWLRQ LV SDUð
WLWLRQHG EHWZHHQ WKH 'DWD 3XPS DQG WKH IUDPHUï )LJXUH ç
UHSUHVHQWV WKH +78ð& 'DWD 3XPS $FWLYDWLRQ 6WDWH
0DFKLQHñ DQG )LJXUH æ VKRZV WKH +78ð& IUDPHU DFWLYDWLRQ
VWDWH PDFKLQHï )LJXUHV å DQG ä SUHVHQW WKH FRUUHVSRQGLQJ
+78ð5 VWDWH PDFKLQHVï 7DEOH ìç OD\V RXW WKH FRUUHVSRQð
GHQFH EHWZHHQ WKH 'DWD 3XPS DQG )UDPHU VWDWH PDFKLQHVï
,Q 6RIWZDUH 0RGHñ WKH 67Q ELWV LQ 5HDG 5HJLVWHU ç
õ$''5 íììíô VKRZ WKH FXUUHQW VWDWXV RI WKH VWDWH PDFKLQHï

+78ð& 'DWD 3XPS $FWLYDWLRQ

:KHQ WKH +78ð& 'DWD 3XPS LV SRZHUHG XS DQG UHVHW LV
DSSOLHGñ WKH FKLS LV LQ WKH ,QDFWLYH 6WDWH DV VKRZQ DW WKH WRS
RI )LJXUH çï 6WDUWLQJ DW WKH ,QDFWLYH 6WDWHñ WKH GHYLFH
SURJUHVVHV LQ D FORFNZLVH GLUHFWLRQ WKURXJK WKH $FWLYDWLQJñ
$FWLYHðìñ $FWLYHðëñ 3HQGLQJ 'Hð$FWLYDWLRQ DQG 'Hð$FWLð
YDWHG 6WDWHVï

,Q WKH KDUGZDUH PRGH ZKHQ WKH 'DWD 3XPS LV LQ WKH ,QDFð
WLYH 6WDWH DQG WKH 48,(7 SLQ LV /RZñ D /RZðWRð+LJK WUDQð
VLWLRQ RQ WKH $&75(4 SLQ LQLWLDWHV DFWLYDWLRQ RI WKH OLQNï
,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 LW VKRXOG EH VHW WR ì DQG WKHQ
UHVHW WR í DJDLQ ZLWKLQ ëè VHFRQGV WR JHQHUDWH D VLQJOH DFWLð
YDWLRQ UHTXHVWï

'XULQJ WKH $FWLYDWLQJ 6WDWHñ WKH HFKR FDQFHOOHUñ HTXDOL]HU
DQG WLPLQJ UHFRYHU\ FLUFXLWV DUH DOO DGDSWLQJ GXULQJ WKH
VLPXOWDQHRXV WUDQVPLVVLRQ DQG UHFHSWLRQ RI WKH IUDPHGñ
VFUDPEOHGðRQHV GDWD WUDQVPLWWHG DV D WZRðOHYHO FRGH õ6íô
RU DV WKH IRXUðOHYHO FRGH õ6ìôï ,I WKH UHFHLYH IUDPH V\QF
ZRUG LV QRW GHWHFWHG LQ WZR FRQVHFXWLYH IUDPHV ZLWKLQ êí
VHFRQGVñ WKH WLPHU H[SLUHV DQG WKH GHYLFH PRYHV WR WKH 'Hð
$FWLYDWHG 6WDWH DQG FHDVHV WUDQVPLVVLRQï ,W ZLOO WKHQ LPPHð
GLDWHO\ WUDQVLWLRQ WR WKH ,QDFWLYH 6WDWH õVHWWLQJ /267
UHJDUGOHVV RI ZKHWKHU +78ð5 WUDQVPLVVLRQ KDV FHDVHGôï
$QRWKHU DFWLYDWLRQ UHTXHVW VKRXOG QRW EH JHQHUDWHG IRU êë
VHFRQGV DOORZLQJ WKH +78ð5 WR WLPHRXWñ GHWHFW /26 DQG
PRYH IURP WKH 'Hð$FWLYDWHG WR WKH ,QDFWLYH 6WDWHï ,Q
PLFURSURFHVVRUðEDVHG V\VWHPVñ WKLV WLPH PD\ EH VKRUWHQHG
E\ LPSOHPHQWLQJ D SURFHVVRU URXWLQH WR UHVHW WKH +78ð5
'DWD 3XPSV ZKLFK DUH LQ WKH $FWLYDWLQJ 6WDWH ZKHQ QR
+78ð& VLJQDO LV SUHVHQWï

6XFFHVVIXO GHWHFWLRQ RI WKH V\QF ZRUG GULYHV WKH 6WDWH
PDFKLQH WR WKH $FWLYHðì 6WDWHï 7KLV LV LQGLFDWHG E\ D íðWRð
ì WUDQVLWLRQ RI WKH $&7,9( ELW õ6RIWZDUH 0RGHôï ,I WKH

+78ð& 'DWD 3XPS UHPDLQV ORFNHG WR WKH V\QF ZRUG XQWLO
WKH $FWLYDWLRQ 7LPHU H[SLUHVñ WKH GHYLFH WUDQVLWLRQV WR WKH
$FWLYHðë õIXOO\ DFWLYHô 6WDWHï ,I V\QF LV ORVWñ DV LQGLFDWHG E\
D íðWRðì WUDQVLWLRQ RQ /26:ñ WKH +78ð& 'DWD 3XPS WUDQð
VLWLRQV WR WKH 3HQGLQJ 'Hð$FWLYDWLRQ 6WDWHï

,Q 3HQGLQJ 'Hð$FWLYDWLRQñ WKH +78ð& 'DWD 3XPS
SURJUHVVHV WR WKH 'Hð$FWLYDWHG DQG ,QDFWLYH 6WDWHV ZLWK WKH
H[SLUDWLRQ RI WKH UHVSHFWLYH WLPHUVï ,I WKH V\QF ZRUG LV
GHWHFWHG EHIRUH WKH /26: WLPHU H[SLUHVñ WKH +78ð& 'DWD
3XPS UHWXUQV WR HLWKHU $FWLYH ì RU $FWLYHðëï õ7KH +78ð&
'DWD 3XPS UHWXUQV WR ZKLFKHYHU VWDWH LW RFFXSLHG EHIRUH
WUDQVLWLRQLQJ WR 3HQGLQJ 'Hð$FWLYDWLRQïô

7KH +78ð& '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 +78ð& 'DWD 3XPS GLUHFWO\ WR WKH 'Hð$FWLYDWHG
6WDWHï 7KH RQO\ RWKHU PHDQV RI H[LWLQJ WKH $FWLYH 6WDWH LV
WKURXJK D ORVV RI UHFHLYH V\QF ZRUG õ/26:ôï /26: LV VHW
ZKHQ VL[ FRQVHFXWLYH IUDPHV RFFXU ZLWKRXW D V\QF ZRUG
PDWFKï 7KH /26: HYHQW SXWV WKH +78ð& 'DWD 3XPS LQWR
WKH 3HQGLQJ 'Hð$FWLYDWLRQ 6WDWHï

7KH +78ð& 'DWD 3XPS UHPDLQV LQ WKH 3HQGLQJ 'Hð$FWLYDð
WLRQ 6WDWH IRU D PD[LPXP RI WZR VHFRQGVï ,I D V\QF ZRUG
LV GHWHFWHG ZLWKLQ WZR VHFRQGV DIWHU WKH /26: HYHQWñ WKH
+78ð& 'DWD 3XPS UHHQWHUV WKH $FWLYH 6WDWHï ,I WKH /26:
FRQGLWLRQ H[FHHGV WZR VHFRQGVñ DQ /26:7 HYHQW RFFXUV
ZKLFK VHQGV WKH FKLS WR WKH 'Hð$FWLYDWHG 6WDWHï :KHQ WKH
'Hð$FWLYDWHG 6WDWH LV UHDFKHG IURP 3HQGLQJ 'Hð$FWLYDð
WLRQñ WKH +78ð& 'DWD 3XPS UHWXUQV WR WKH ,QDFWLYH 6WDWH
DQG GHFODUHV /267 ZKHQ LW GHWHFWV QR VLJQDO IURP WKH
+78ð5 IRU RQH VHFRQGï 7KH 'DWD 3XPS VKRXOG UHPDLQ LQ
WKH ,QDFWLYH 6WDWH IRU ìè VHFRQGV EHIRUH DQRWKHU DFWLYDWLRQ
DWWHPSWï
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+78ð& )UDPHU $FWLYDWLRQ
)LJXUH æ VKRZV WKH DFWLYDWLRQ VWDWH PDFKLQH IRU WKH +78ð&
+'6/ IUDPHUï 7UDQVLWLRQ WR WKH /LQN $FWLYH VWDJH IURP WKH
,GOH VWDJH õXSSHU OHIWô UHTXLUHV VXFFHVVIXO H[FKDQJH RI D
SDLU RI LQGLFDWRU ELWVñ LQGF DQG LQGUï õ¦,1'&§ DQG ¦,1'5§
DUH LQWHUQDO VWDWXV VLJQDOV ZLWKLQ WKH +'6/ IUDPHUâ ¦LQGF§
DQG ¦LQGU§ DUH ELWV LQ WKH RYHUKHDG FKDQQHOïô 7KH +78ð&
GHYLFH WUDQVPLWV WKH LQGF ELWñ DQG WKH +78ð5 GHYLFH WUDQVð
PLWV WKH LQGU ELWï 7KH RYHUKHDG IUDPH FDUULHV WKHVH LQGLFDð
WRU ELWV GXULQJ WUDQVPLVVLRQ RI WKH 6ì WUDLQLQJ SDWWHUQï

)LJXUH æ LOOXVWUDWHV WKH WZR SDUWLDOO\ DFWLYH VWDWHV õ$FWLYHð5
DQG $FWLYHð7ô ZKLFK PD\ VHUYH DV WUDQVLWLRQV EHWZHHQ WKH
,GOH DQG /LQN $FWLYH 6WDWHVï ,I WKH +78ð& GHYLFH UHDFKHV
WKH 615 WKUHVKROGñ LWV IUDPHU VHWV WKH ,1'& ELW DQG WKH
GHYLFH WUDQVLWLRQV WR WKH $FWLYHð5 6WDWHï ,I WKH +78ð5
GHYLFH UHDFKHV WKH 615 WKUHVKROGñ LW ZLOO WUDQVPLW WKH LQGU
ELW WR WKH +78ð&ï 7KH +78ð& ZLOO WKHQ WUDQVLWLRQ WR WKH
$FWLYHð7 6WDWHï )URP HLWKHU RI WKH SDUWLDOO\ $FWLYH 6WDWHVñ
WKH GHYLFHV WUDQVLWLRQ WR WKH IXOO /LQN $FWLYH 6WDWH RQO\ ZLWK
ERWK ,QGLFDWLRQ ELWV VHWï

8SRQ HQWHULQJ WKH $FWLYH 6WDWHV õ$FWLYHð5ñ $FWLYHð7 RU
/LQN $FWLYHôñ WKH FKLS ZLOO RSHQ XS WKH IXOO GXSOH[ FRPPXð
QLFDWLRQ OLQN ZLWK WKH +78ð5ï 2QO\ WKH $FWLYH DQG 3HQGð
LQJ 'Hð$FWLYDWLRQ 6WDWHV DOORZ IXOO SD\ORDG WUDQVPLVVLRQï
,Q DOO VWDWHV H[FHSW $FWLYHðì DQG $FWLYHðëñ WKH 5'$7$ RXWð
SXW LV FODPSHG +LJKï

7DEOH ìçã 'DWD 3XPSî)UDPHU $FWLYDWLRQ 6WDWH
0DFKLQH &RUUHVSRQGHQFHV

67ë 67ì 67í
'DWD 3XPS
6WDWH

)UDPHU
6WDWH

í í í ,QDFWLYH ,GOH

í í ì $FWLYDWLQJ ¤
êí V WLPHU UXQð
QLQJ

,GOH

í ì í $FWLYH ¤ êí V
WLPHU UXQQLQJ
õ$FWLYHðìôì

,GOHñ $FWLYHð5
RU $FWLYHð7ñ RU
/LQN $FWLYH

í ì ì $FWLYH ¤ êí V
WLPHU H[SLUHG
õ$FWLYHðëôì

/LQN $FWLYH

ì í í 3HQGLQJ 'Hð
$FWLYDWLRQì

/LQN $FWLYH
RU $FWLYHð5
RU $FWLYHð7

ì í ì 'Hð$FWLYDWHG ,GOH

ì ì í XQXVHG XQXVHG

ì ì ì XQXVHG 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 çã +78ð& 'DWD 3XPS $FWLYDWLRQ 6WDWH 0DFKLQH

'Hð$FWLYDWHG
7[PLWWHU VLOHQW
õìñ íñ ìô ,QDFWLYH

7[PLWWHU VLOHQW
õíñ íñ íô

/267
í ì

'3 $FWLYDWLQJ
7[PLWWLQJ 6í RU 6ì

õíñ íñ ìô

$FWLYH ì
7[PLWWLQJ 6ì RU
ë%ì4 /LYH GDWD

õíñ ìñ íô

/26: ì í

$FWLYH ë
7[PLWWLQJ ë%ì4
/LYH GDWD
õíñ ìñ ìô

$FWYDWLRQ
7LPHU

([SLUDWLRQ

3HQGLQJ
'Hð$FWLYDWLRQ
7[PLWWLQJ ë%ì4
'DWD õìñ íñ íô

/26:
ì í

/26:
í ì

/26:
ì í /26:

í ì

$FWLYDWLRQ
7LPHU

([SLUDWLRQ

/26:7
í ì $&75(4

í ì

3RZHU 2Q

127(ã
õQñ Qñ Qô LQGLFDWHV WKH VWDWXV RI ELWV 67ëñ 67ì DQG 67í UHVSHFWLYHO\ï
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)XQFWLRQDO 'HVFULSWLRQ

L1

)LJXUH æã +78ð& +'6/ )UDPHU $FWLYDWLRQ 6WDWH 0DFKLQH

+78ð5 'DWD 3XPS $FWLYDWLRQ
)LJXUHV å DQG ä UHSUHVHQW WKH +78ð5 'DWD 3XPS $FWLYDð
WLRQ 6WDWH 0DFKLQH DQG WKH +78ð5 +'6/ )UDPHU 6WDWH
0DFKLQHï 7KH DFWLYDWLRQ VWDWH PDFKLQHV IRU +78ð5 DQG
+78ð& GHYLFHV DUH VLPLODUï %RWK 'DWD 3XPS PDFKLQHV
VWDUW DW WKH ,QDFWLYH 6WDWH DQG SURJUHVV FORFNZLVH WKURXJK
WKH $FWLYDWLQJñ $FWLYHðìñ $FWLYHðëñ 3HQGLQJ 'Hð$FWLYDWLRQñ
DQG 'Hð$FWLYDWHG 6WDWHVï 2QH GLIIHUHQFH EHWZHHQ WKHP LV
LQ WKH LQLWLDO FRQGLWLRQ UHTXLUHG WR H[LW IURP WKH ,QDFWLYH
6WDWHï 7KH +78ð& 'DWD 3XPS UHVSRQGV WR WKH $FWLYDWLRQ
5HTXHVW õ$&75(4ô VLJQDOï 7KH +78ð5 GHYLFH UHVSRQGV
RQO\ WR WKH SUHVHQFH RI VLJQDO HQHUJ\ RQ WKH OLQNï 7KXVñ
RQO\ DQ DFWLYH +78ð& GHYLFH FDQ EULQJ XS WKH OLQNï 2QFH
WKH +78ð& EHJLQV WUDQVPLWWLQJñ WKH +78ð5 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 'Hð$FWLð
YDWHG WR WKH ,QDFWLYH 6WDWHï ,Q WKH +78ð& 'DWD 3XPSñ H[SLð
UDWLRQ RI D RQHðVHFRQG ORVV RI VLJQDO WLPHU õ/267ô FDXVHV
WKH WUDQVLWLRQï ,Q WKH +78ð5 WKH WUDQVLWLRQ RFFXUV LPPHGLð
DWHO\ RQ /RVV RI 6LJQDO õ/26ôï

+78ð5 )UDPHU $FWLYDWLRQ
7KH +'6/ IUDPHU DFWLYDWLRQ VWDWH PDFKLQHV IRU +78ð&
DQG +78ð5 DUH DOVR VLPLODUï 7KH GLIIHUHQFH LV LQ WKH LQGLð
FDWRU ELWV ZKLFK FDXVH WKH WUDQVLWLRQ WR HLWKHU WKH $FWLYHð7
RU $FWLYHð5 6WDWHï 2Q WKH +78ð5 VLGHñ WKH ,1'5 ELW
FDXVHV WKH WUDQVLWLRQ WR WKH $FWLYHð5 6WDWHñ DQG WKH LQGF ELW
FDXVHV WKH WUDQVLWLRQ WR WKH $FWLYHð7 6WDWHï )URP HLWKHU SDUð
WLDOO\ DFWLYH VWDWHñ UHFHLSW RI WKH UHPDLQLQJ LQGLFDWRU ELW RU
WLPHU H[SLU\ FDXVHV WKH WUDQVLWLRQ WR WKH IXOO /LQN $FWLYH
6WDWHï

+'6/ 6\QFKURQL]DWLRQ 6WDWH
0DFKLQH
)LJXUH ìí VKRZV WKH +'6/ 6\QFKURQL]DWLRQ 6WDWH 0DFKLQH
LQFRUSRUDWHG LQ WKH +';ï ,W DSSOLHV WR ERWK +78ð& DQG
+78ð5 GHYLFHVï 7DEOH ìæ 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 FRQð
VHFXWLYH IUDPH V\QF ZRUG PDWFKHV DUH UHTXLUHG WR DFKLHYH
V\QFKURQL]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 ëðVHFRQG WLPHU H[SLUHV ZLWKð
RXW UHHVWDEOLVKLQJ IUDPH V\QF õ/26:7  ìô RU LI WKH
UHFHLYH VLJQDO LV ORVW HQWLUHO\ õ/26  ìôñ WKH GHYLFH UHWXUQV
GLUHFWO\ WR 6WDWH íï

,I IUDPH V\QF LV UHHVWDEOLVKHGñ 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

,GOH

$FWLYHð5

$FWLYHð7

/LQN
$FWLYH

/26:7  ì

,1'&ã í ì
RU

7LPHU ([SLUDWLRQ

LQGUã í ì
RU

7LPHU ([SLUDWLRQ

$&7,9(ã í ì
÷

LQGUã í ì

$&7,9(ã í ì
÷

,1'&ã í ì
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)LJXUH äã +78ð5 +'6/ )UDPHU $FWLYDWLRQ 6WDWH 0DFKLQH

7DEOH ìæã $FWLYDWLRQ ¤ 6\QFKURQL]DWLRQ

$FWLYDWLRQ 6WDWH 6\QFKURQL]DWLRQ 6WDWHV

,QDFWLYH 6WDWH í

$FWLYDWLQJ 6WDWH ì

$FWLYH 6WDWHV ëñ êñ éñ èñ çñ DQG æ

3HQGLQJ 'Hð$FWLYDWLRQ 6WDWHV åñ äñ DQG ìí
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$33/,&$7,21 ,1)250$7,21

+'6/ )UDPHU 6WDWH 0DFKLQH
'HVLJQ

%HFDXVH RI GDWD WUDQVSDUHQF\ FKDUDFWHULVWLFV RI WKH 'DWD
3XPSñ WZR LVVXHV LPSDFW RQ LPSOHPHQWLQJ WKH +'6/
)UDPHU $FWLYDWLRQ 6WDWH PDFKLQHV IRU ERWK +78ð& DQG
+78ð5 GHYLFHVã

ìï 2QFH WKH $&7,9( íðWRðì WUDQVLWLRQ RFFXUVñ WKH 'DWD
3XPS EHFRPHV WUDQVSDUHQWï 7KHUHIRUHñ WKH +'6/
IUDPHU PXVW SXW DSSURSULDWH GDWD LQ 7'$7$ï 7DEOH è
VXPPDUL]HV WKLV UHTXLUHPHQWï

ëï 7KH OLQN LQGLFDWRU ELWV õLQGF DQG LQGUô PXVW VWDELOL]H
EHIRUH WKH GHYLFH PDNHV WKH WUDQVLWLRQ IURP WKH ,GOH WR
WKH $FWLYHð7 6WDWHï 7KXVñ WKH +'6/ IUDPHU GHVLJQ
PD\ GHWHFW ç FRQVHFXWLYH PDWFKHV IRU WKH LQGLFDWLRQ ELW
WUDQVLWLRQï 7KLV LV SDUWLFXODUO\ LPSRUWDQW IRU QRQð&6$
ORRSV ZKHUH D ORZHU 615 PD\ EH H[SHULHQFHGï

3&% /D\RXW

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

� 5HIHU WR )LJXUHV ìë DQG ìêñ DQG 7DEOH ìåï .HHS DOO
VKDGHG FRPSRQHQWV FORVH WR WKH SLQV WKH\ FRQQHFW WRï

� 8VH D IRXUðOD\HU RU PRUH 3&% OD\RXWñ ZLWK HPEHGGHG
SRZHU DQG JURXQG SODQHVï

� %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 +'; DV VKRZQ
LQ )LJXUHV ìë DQG ìêï

� ,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 $'ìñ )6ñ '75ñ 76*1ñ
70$*ñ 7&.ê0ñ DQG $*&.,. RQ WKH VROGHU VLGH RI
WKH 3&%ñ DQG URXWH DOO DQDORJ VLJQDOV RQ WKH FRPSRð
QHQW 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

8VHU ,QWHUIDFH

7KH 5()&/. DQG &.ç0 VLJQDOV DUH VHQVLWLYH WR FDSDFLð
WLYH ORDGLQJ DQG ULVH WLPHï .HHS WKH ULVH WLPH õIURP ìíøð
äíøô IRU WKHVH VLJQDOV OHVV WKDQ è QVï
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)LJXUH ììã 3&% /D\RXW *XLGHOLQHV

127(ã 7KH 9&& DQG *1' SODQHV IRU 'LJLWDO DQG $QDORJ VLGHV VKRXOG EH
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'LRGH 'ê LV RSWLRQDOï



$SSOLFDWLRQ ,QIRUPDWLRQ

æðëäL1

7DEOH ìäã 7UDQVIRUPHU 6SHFLILFDWLRQV
õ)LJXUHV ìë DQG ìêñ 5HIHUHQFH 7ìô

0HDVXUH 9DOXH 7ROHUDQFH

7XUQV 5DWLR õ,&ã/LQHô ìãìïå �ìø

6HFRQGDU\ ,QGXFWDQFH
õ/LQH 6LGHô

ëïæè P+ �çø

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

7+' ≤ ðæí G%

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

5HWXUQ /RVV ≥ ëí G% éíðëíí N+]

,VRODWLRQ ëííí 9506

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

7DEOH ëíã &U\VWDO 6SHFLILFDWLRQV
õ)LJXUHV ìë DQG ìêñ 5HIHUHQFH <ìô

0HDVXUH 9DOXH 7ROHUDQFH

&DOLEUDWLRQ )UHTXHQF\ ëèïíåå 0+]
#&/  ëí S)

òíðòéí SSP

0RGH )XQGDPHQWDOñ
3DUDOOHO

5HVRQDQFH

3XOODELOLW\
õ&/  ëé S)Ö ìç S)ô

≥ òìçí SSP

2SHUDWLQJ 7HPSHUDWXUH ðéíðòåè � &

7HPSHUDWXUH 'ULIW ≤ �êí SSP

$JLQJ 'ULIW ≤ è SSPî\HDU

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

+ROGHU +&ðéä

)LJXUH ìêã 7\SLFDO 6XSSRUW &LUFXLWU\ IRU +78ð5 $SSOLFDWLRQV

127(6ã
7KH +'; DQG $&& VKRXOG KDYH LQGHSHQGHQW JURXQG SODQHV FRQQHFWHG DW D VLQJOH SRLQWï
'LRGH 'ê LV RSWLRQDOï

8ì
6.æíæíç
+';

9
&
&
ì

*
1
'
ì

*
1
'
ë

9
&
&
ë

*
1
'
ê

5
(
)
&
/
.

&
.
ç0

&
.
ç0
(
1

+
7
8
ð&

5)3æ

5)67ìí

5'$7$å

,&/.ìæ

7)3ìë

7'$7$ìì

é $''5í

è

ç

ä

êè 5($'

êé :5,7(

êê &+,36(/

êë ,17

'íïï'æêçïïéê

ì

5(6(7ì êì

5(6(7ë ìå

$''5ì

$''5ë

$''5ê

ë êéé ëå

ìê ìé ìè ìç

8ë
6.æíæíé
$&&

7
9
&
&

7
*
1
'

'
9
&
&

'
*
1
'

5
9
&
&

ëêëí ëé çìë

5
*
1
'

ìè

ìê

ìé

ìç

ìæ

ëì

ëë

ìì

57,3

55,1*

%7,3

%5,1*

77,3

75,1*

,%,$6

9
3
/
/ ;
,

;
2

3
*
1
'

ä å æ ìí

<ì

5ìì

&è

5æ

5å

5ìí

&ç

5è

5ç

&ê

&é

&ì

5é

5ê

5ìë

5ìê

òè9

ò
&å

-ì

&026 &/2&.
26&,//$725

çïëæë RU ìëïèéé 0+=
õòîð êë 330ô

7ì
ìãìïå

ë

é ç

ìí

5(6(7ð

òè9

òè9
5ë

&æ

5ä

'ë
5ì

&ë

'ê
&ìí&ä

&ìë

&ìê&ìì

352&(6625
,î)

+'6/
'$7$
,î)

'ì

)6

'75

&.ëè0

ëì

ëí

ìä

)6

'75

&.ëè0

ê

é

è

$*&.,. $*&.,.
ëå

$'ì

$'í

ëê

ëë

$'ì

$'í

ì

ë

76*1
ëæ

70$*
ëç

7&.ê0
ëè

76*1

70$*

7&.ê0

ëè

ëç

ëæ

ëé



6.æíæíéî6.æíæíç æåé NESV +'6/ 'DWD 3XPS &KLS 6HW

æðêí L1

)LJXUH ìéã 6.æíæíç +'; &RQWURO DQG 6WDWXV 6LJQDOV õ6WDQGðDORQH 0RGHô

8ì
6.æíæíç
+';

$&75(4
è

48,(7
é

$&791*ä

7(;3êë

/26:7êæ

êç /267î/26
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127(ã
7KLV ILJXUH LOOXVWUDWHV WKH +'; FRQWURO DQG VWDWXV VLJQDOV LQ VWDQGðDORQH PRGHï $OO RWKHU +'; DQG $&& VLJQDOV DUH
FRQQHFWHG DV VKRZQ LQ )LJXUHV ìë DQG ìêï



æðêì

7HVW 6SHFLILFDWLRQV

L1

7(67 63(&,),&$7,216
127(

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

7DEOH ëìã $&& $EVROXWH 0D[LPXP 5DWLQJV

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

6XSSO\ YROWDJHì UHIHUHQFH WR JURXQGë 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 $QDORJ &RUH &KLSï 1RUPDO RSHUDWLRQ DW WKHVH OLPð

LWV 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 ëëã $&& 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 ëêã $&& '& (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

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

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

'9&& FXUUHQW ¤ ê ç P$

59&& FXUUHQW ¤ ëç êê P$

79&& FXUUHQW ¤ çê æä P$ 1RUPDO 0RGH åòêñ åðêñ åòêñ ïïï

¤ êå éå P$ 2II 0RGH

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

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

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

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

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



6.æíæíéî6.æíæíç æåé NESV +'6/ 'DWD 3XPS &KLS 6HW

æðêë L1

)LJXUH ìèã $&& 1RUPDOL]HG 3XOVH $PSOLWXGH 7UDQVPLW 7HPSODWH

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

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

/RDG FDSDFLWDQFH õ5()&/. RXWSXWô &/5() ¤ ¤ ëí S)

7DEOH ëéã $&& 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 ìë DQG 7DEOH ìåï

7DEOH ëêã $&& '& (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô ¤ FRQWLQXHG

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

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

ðìïë 7 ðíïç 7

'  íïäê

%  ìïíæ

ðíïé 7 íïé 7

&  ìïíí
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íïè 7

$  íïíì

)  ðíïíì

$  íïíì
)  ðíïíì+  ðíïíè

ìé 7 èí 7

7  ëïèè µV

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
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7HVW 6SHFLILFDWLRQV

æðêêL1

)LJXUH ìçã $&& 7UDQVPLWWHU 7LPLQJ )LJXUH ìæã $&& 7UDQVPLW 3RZHU 6SHFWUDO 'HQVLW\

70$*

76*1

7&.ê0

$ô 7UDQVPLW 6\QWD[

%ô 7UDQVPLW 7LPLQJ

W76068

W760+

7&.ê0

76*1
÷ 70$*

ðëí

ðéí

ðçí

ðåí

ðìíí

ðìëí

ðìéí

ðìçí
ìN+] ìíN+] ìííN+] ì0+] ìí0+]

ð ììæ G%Pî+]
# ìïäç 0+]

6ORSH  
ðåí G%î'HFDGH

ð êæ G%Pî+]
# ìäç N+]

G%Pî+]

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

7DEOH ëèã $&& 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

$*&.,.

$'ì

$'í

)6

&.ìëïè0
õ,17(51$/ô

&.ëè0

$'íñ
$'ì

$*&.,.

&/.ëè0

3523 '(/$<

%ô 5HFHLYHU 7LPLQJ$ô 5HFHLYHU 6\QWD[



6.æíæíéî6.æíæíç æåé NESV +'6/ 'DWD 3XPS &KLS 6HW

æðêé L1

7DEOH ëçã +'; $EVROXWH 0D[LPXP 5DWLQJV

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

6XSSO\ YROWDJHì UHIHUHQFH WR JURXQGë 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 +'6/ 'LJLWDO 7UDQVFHLYHU õ+';ôï

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 ëæã +'; 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV

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

'& VXSSO\ 9&&ìì êïäè èïí èïëè 9

9&&ë éïæè èïí èïëè 9

9&&ëð9&&ì ðíïëè ¤ òíïä 9

$PELHQW RSHUDWLQJ WHPSHUDWXUH 7$ 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 ìë DQG ìêï 7KH GLRGH
VKRXOG EH VHOHFWHG WR PHHW 9&&ì PLQLPXP VSHFLILFDWLRQVï

7DEOH ëåã +'; '& (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

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

6XSSO\ FXUUHQW õIXOO RSHUDWLRQô ¤ ìíí ìæè P$

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

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

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

2XWSXW +LJK 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 õ5()&/. RXWSXWô &/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



æðêè

7HVW 6SHFLILFDWLRQV

L1

7DEOH ëäã +';î+'6/ 'DWD ,QWHUIDFH 7LPLQJ 6SHFLILFDWLRQV õ6HH )LJXUH ìåô

3DUDPHWHU 6\PERO 0LQ 7\Sì 0D[ 8QLW

,&/. IUHTXHQF\ I,&/. ¤ æåé ¤ N+]

5()&/. IUHTXHQF\ I5()&/. ¤ ìëïèéé ¤ 0+]

5()&/. IUHTXHQF\ WROHUDQFH õ+78ð& 0RGHô WRO5&/. ðêë í òêë SSP

&.ç0 IUHTXHQF\ WROHUDQFH õ+78ð5 0RGHôë WRO&.ç0 ðêë í òêë SSP

,&/. SXOVH ZLGWK KLJK W,3: ¤ çêå ¤ QV

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 ,&/. ULVLQJ HGJH W768 ìíí ¤ ¤ QV

7'$7$ñ 7)3 KROG WLPH IURP ,&/. ULVLQJ HGJH W7+ ìíí ¤ ¤ QV

5'$7$ñ 5)3ñ 5)67 GHOD\ IURP ,&/. IDOOLQJ
HGJH

W7' í ¤ ìèí QV

7)3 SXOVH ZLGWKé W7)3: ìëéå ìëæç ìêíé QV

7)3 IDOOLQJ HGJH WR ,&/. ULVLQJ HGJHé W7),5 éåí ¤ çìí QV

7)3 VHWXS WLPH WR 5()&/. ULVLQJ HGJHé W7685 ëè ¤ ¤ QV

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï &.ç0 PXVW PHHW WKLV WROHUDQFH DERXW DQ DEVROXWH IUHTXHQF\ RI çïëæëííí 0+] RU ìëïèééííí 0+] LQ +78ð5 PRGHï
êï 0HDVXUHG ZLWK ìè S) ORDGï
éï 7KHVH SDUDPHWHUV DSSO\ RQO\ WR DQ +78ð& PRGH 'DWD 3XPS SURJUDPPHG IRU UHSHDWHU DSSOLFDWLRQV DV VKRZQ LQ )LJXUH ìäï
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æðêç L1

)LJXUH ìäã +';î+'6/ 'DWD ,QWHUIDFH 7LPLQJ

ìφ ,&/. W,3:

W7+ W768 W7,

W7' W72

9,/

9,+

92+

92/

92+
92/

5$7$ñ
5)3ñ 5)67

7'$7$ñ
7)3

,&/.

ìφ ,&/.

W,3:

W 7+ W768

W 7' W72

9,/

9,+

92+

92/

92+
92/

5$7$ñ
5)3ñ 5)67

7'$7$

,&/.

W7+

W7,

9,/

9,+7)3

W7)3:
W 7),5

%ô 5HSHDWHU 0RGH

$ô 1RQð5HSHDWHU 0RGH

5()&/.

7)3

W7685

9,+
9,/

9,+
9,/

&ô 5HSHDWHU 0RGH



æðêæ

7HVW 6SHFLILFDWLRQV

L1

7DEOH êíã +';î0LFURSURFHVVRU ,QWHUIDFH 7LPLQJ 6SHFLILFDWLRQV õ6HH )LJXUHV ìä DQG ëíô

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

RESET2SXOVH ZLGWK /RZ W53:/ íïì ¤ ìñííí µV

RESET2WR INT FOHDU õìí NΩ UHVLVWRU IURP INT WR
9&&ëô

W,17+ ¤ ¤ êíí QV

RESET2WR 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 YDOLG GDWD 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 êìã *HQHUDO 6\VWHP DQG +DUGZDUH 0RGH 7LPLQJ

3DUDPHWHU 0LQ 7\Sì 0D[ 8QLW

7KURXJKSXW GHOD\ 7'$7$ WR 77,3î75,1* ¤ ìíïë ìëïè µV

57,13î55,1* WR 5'$7$ ¤ èêïç 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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æðêå L1

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

$ô 5HVHW 7LPLQJ

%ô ,QWHUUXSW 7LPLQJ

tRPWL

tINTH

tDTHZ

INT

D0    7
(Output)

VIH

VIL

VOH

VOL

VOL

VOH

RESET2

READ

VIH

VIL

tINTR

ADDR0 - 3

INT

VIH

VIL

VIH

VIL

VOH

VOL

CHIPSEL



æðêä

7HVW 6SHFLILFDWLRQV

L1

)LJXUH ëìã 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

'í æ
õ2XWSXWô

VIH

VIL

CHIPSEL

VOH

VOL

tRDLZ tPRD

READ

'í æ
(Output)

VIH

VIL

(WRITE = 1)

$''5í ê

tRDHZ

tRSPWL

tWPWL VIH

VIL

CHIPSEL

VIH

VIL

tDHW

WRITE

'í æ
(Input)

VIH

VIL
tAHW

tASUW

(READ = 1)

$''5í ê

t TI

tDSUW
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