
L1 SF åðì

ì

ë

ê

é

è

ç

æ

å

ä

ìí

ìì

ìë

ìê

ìé

ìè

6;7çëêé %ORFN 'LDJUDP

Multiplexer

HDB3
Decoder #[1:4]

Elastic Store
Multiplexer

And
Timing
Control

HDB3 Encoder

4 Tributary NRZ Data Outputs

4 Clocks

Service Channels / AIS

Demultiplexer
And

Timing
ControlMode Select

Demultiplexer

HDB3 Decoder

HDB3
Encoder #[1:4]

High Speed NRZ Data Input
Clock

HDB3 Data Input
Clock

4 Tributary NRZ Data Inputs

4 Clocks

4

4

4
4

NRZ Data Output

Bipolar Violation Alarm

6

4 HDB3 Pos/Neg Data Output Pairs

4 HDB3 Pos/Neg Data Input Pairs

4 Clocks

8

4 Force AIS

4 NRZ Data Inputs

Service Channels / Ref Clock

High Speed Multiplexer Clock
NRZ Data Input

Clock

4

4

4
4

4 NRZ Data Outputs

4 Elastic Store Alarm Indications
4 Bipolar Violation Alarms4

4
4

8

High Speed NRZ Data Output

Frame Sync Pulse

Pos/Neg Data Output Pair2

Loss Of Signal (LOS)

-81( ìääæ
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(ð5DWH 0XOWLSOH[HU

'$7$ 6+((7

*HQHUDO 'HVFULSWLRQ

7KH 6;7çëêé (ð5DWH 0XOWLSOH[HU LV D VLQJOHðFKLS VROXWLRQ
IRU PXOWLSOH[LQJ IRXU WULEXWDU\ FKDQQHOV LQWR D VLQJOH KLJK
VSHHG GDWD VWUHDP DQG IRU GHPXOWLSOH[LQJ D KLJK VSHHG GDWD
VWUHDP EDFN WR IRXU WULEXWDU\ FKDQQHOVï $OO RI WKH QHFHVVDU\
FLUFXLWU\ LV LQWHJUDWHG LQWR WKH 6;7çëêé (ð5DWH 0XOWLð
SOH[HUâ WKHUH LV QR QHHG IRU DQ H[WHUQDO IUDPLQJ GHYLFHï

7KH 6;7çëêé (ð5DWH 0XOWLSOH[HU FRQIRUPV WR ERWK WKH
õ,78ô *ïæéë DQG õ,78ô *ïæèì PXOWLSOH[LQJ IRUPDWV
GHILQHG E\ WKH ,QWHUQDWLRQDO 7HOHFRPPXQLFDWLRQV 8QLRQ
õ,78â IRUPHUO\ NQRZQ DV &&,77ôã *ïæéë UHFRPPHQGDWLRQ
IRU PXOWLSOH[LQJ IRXU (ì FKDQQHOV LQWR DQ (ë IUDPHâ DQG WKH
*ïæèì UHFRPPHQGDWLRQ IRU PXOWLSOH[LQJ IRXU (ë FKDQQHOV
LQWR DQ (ê IUDPHï

7KH 6;7çëêé (ð5DWH 0XOWLSOH[HU DOVR HQFRGHV DQG
GHFRGHV +'%ê ]HUR VXSSUHVVLRQ OLQH FRGLQJ XVHG RQ (ìñ
(ëñ DQG (ê VLJQDOVï 7KH FRGHU DQG GHFRGHU LQSXWîRXWSXW
SLQV DUH H[WHUQDOO\ DFFHVVLEOHñ DOORZLQJ HLWKHU +'%ê RU
15= õQRQðUHWXUQðWRð]HURô ,î2 WR WKH PXOWLSOH[HUï 7KH
6;7çëêé (ð5DWH 0XOWLSOH[HU FDQ DOVR VHUYH DV D ILYH FKDQð
QHO +'%ê FRGHU DQG GHFRGHUï

$SSOLFDWLRQV

� (ìî(ë 0XOWLSOH[HU õëîå 0ELWîVô
� (ëî(ê 0XOWLSOH[HU õåîêé 0ELWîVô
� (ìî(ê 0XOWLSOH[HU õëîêé 0ELWîVô
� 'LJLWDO /RRS &DUULHU õ'/&ô 7HUPLQDO
� $GG î 'URS 0XOWLSOH[HUV õ$'0ô
� é ð WR ð ì 1RQð6WDQGDUG 0XOWLSOH[HU

)HDWXUHV

� 3HUIRUPV IRXUð(ì WR RQHð(ëñ RU IRXUð(ë WR RQHð(ê
PXOWLSOH[LQJï )LYH ,&V ZLOO LPSOHPHQW D VL[WHHQð(ì WR
RQHð(ê 0XOWLSOH[HUï

� )XOO\ FRPSOLDQW ZLWK WKH *ïæéë DQG *ïæèì ,78 UHFð
RPPHQGDWLRQVï )XOO\ FRPSOLDQW ZLWK *ïæíê ZKHQ
XVHG ZLWK /;7êíèîêêë /LQH ,QWHUIDFHï

� $ UREXVW IUDPHðDFTXLVLWLRQ DQG IUDPHðKROGLQJ DOJRð
ULWKP PLQLPL]HV IUDPH VOLSSDJHñ DFTXLUHV DQG KROGV
IUDPH EHORZ ìíðë ELW HUURU UDWHï

� )RXU DX[LOLDU\ ORZ VSHHG GDWD RU IODJ FKDQQHOV DUH
DYDLODEOH YLD WKH 6WXIILQJ %LWV RQ HDFK WULEXWDU\ FKDQð
QHOï

� $FFHVV WR WKH $ODUP ELW DQG WKH 1DWLRQDO ELWï 7KHVH
FDQ EH XVHG DV UHFRPPHQGHG E\ ,78 RU IRU SURSULð
HWDU\ XVHï

� )LYH LQGHSHQGHQW +'%ê &2'(&V DOORZ 0XOWLSOH[HU
,î2 LQ HLWKHU +'%ê RU 15= IRUPDWVï 7KH 6;7çëêé
FDQ DOVR IXQFWLRQ DV D VWDQG DORQH ILYHðFKDQQHO +'%ê
WUDQVFRGHUï
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6;7çëêé (ð5DWH 0XOWLSOH[HU

)LJXUH ìã 6;7çëêé 3LQ $VVLJQPHQW

7DEOH ìã ,QSXW 6LJQDOV

3LQ ú 6\P 'HVFULSWLRQ

ì 0/'3,ì +'%ê 'HFRGHU úì 3RVLWLYH 'DWD ,QSXWï +'%ê 'HFRGHU úì SRVLWLYH UDLO LQSXW FORFNHG RQ WKH
SRVLWLYH WUDQVLWLRQV RI WKH FORFN VLJQDO 0/&.ìï

ë 0/'1,ì +'%ê 'HFRGHU úì 1HJDWLYH 'DWD ,QSXWï +'%ê 'HFRGHU úì QHJDWLYH UDLO LQSXW FORFNHG RQ
WKH SRVLWLYH WUDQVLWLRQV RI WKH FORFN VLJQDO 0/&.ìï

å 0/'3,ë +'%ê 'HFRGHU úë 3RVLWLYH 'DWD ,QSXWï +'%ê 'HFRGHU úë SRVLWLYH UDLO LQSXW FORFNHG RQ WKH
SRVLWLYH WUDQVLWLRQV RI WKH FORFN VLJQDO 0/&.ëï

ä 0/'1,ë +'%ê 'HFRGHU úë 1HJDWLYH 'DWD ,QSXWï +'%ê 'HFRGHU úë QHJDWLYH UDLO LQSXW FORFNHG RQ
WKH SRVLWLYH WUDQVLWLRQV RI WKH FORFN VLJQDO 0/&.ëï

ìæ 0/'3,ê +'%ê 'HFRGHU úê 3RVLWLYH 'DWD ,QSXWï +'%ê 'HFRGHU úê SRVLWLYH UDLO LQSXW FORFNHG RQ WKH
SRVLWLYH WUDQVLWLRQV RI WKH FORFN VLJQDO 0/&.êï

ìå 0/'1,ê +'%ê 'HFRGHU úê 1HJDWLYH 'DWD ,QSXWï +'%ê 'HFRGHU úê QHJDWLYH UDLO LQSXW FORFNHG RQ
WKH SRVLWLYH WUDQVLWLRQV RI WKH FORFN VLJQDO 0/&.êï
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ëé 0/'3,é +'%ê 'HFRGHU úé 3RVLWLYH 'DWD ,QSXWï +'%ê 'HFRGHU úé SRVLWLYH UDLO LQSXW FORFNHG RQ WKH
SRVLWLYH WUDQVLWLRQV RI WKH FORFN VLJQDO 0/&.éï

ëè 0/'1,é +'%ê 'HFRGHU úé 1HJDWLYH 'DWD ,QSXWï +'%ê 'HFRGHU úé QHJDWLYH UDLO LQSXW FORFNHG RQ
WKH SRVLWLYH WUDQVLWLRQV RI WKH FORFN VLJQDO 0/&.éï

æ 0/&.ì 0XOWLSOH[HU 7ULEXWDU\ úì &ORFN ,QSXWï &ORFN LQSXW IRU 0XOWLSOH[HU VLGH WULEXWDU\ FKDQQHO
úìï 7KLV FORFN LV XVHG E\ ERWK WKH DVVRFLDWHG +'%ê GHFRGHU DQG WKH 0XOWLSOH[HUï )RU VWDQGDUG
UDWH DSSOLFDWLRQVñ WKLV FORFN PXVW KDYH D IUHTXHQF\ RI �èí SSP IRU ëíéå NELWîV RSHUDWLRQ DQG
�êí SSP IRU WKH åééå NELWîV RSHUDWLRQ DV SHU ,78 *ïæíêï

ìé 0/&.ë 0XOWLSOH[HU 7ULEXWDU\ úë &ORFN ,QSXWï ,GHP DV 0/&.ì ZLWK WULEXWDU\ úë LQï

ëê 0/&.ê 0XOWLSOH[HU 7ULEXWDU\ úê &ORFN ,QSXWï ,GHP DV 0/&.ì ZLWK WULEXWDU\ úê LQï

êí 0/&.é 0XOWLSOH[HU 7ULEXWDU\ úé &ORFN ,QSXWï ,GHP DV 0/&.ì ZLWK WULEXWDU\ úé LQï

è 0/15=,ì 0XOWLSOH[HU 7ULEXWDU\ úì 15= 'DWD ,QSXWï0XOWLSOH[HU WULEXWDU\ 15= LQSXW FORFNHG RQ WKH
IDOOLQJ HGJH RI WKH FORFN VLJQDO 0/&.ìï

ìë 0/15=,ë 0XOWLSOH[HU 7ULEXWDU\ úé 15= 'DWD ,QSXWï0XOWLSOH[HU WULEXWDU\ 15= LQSXW FORFNHG RQ WKH
IDOOLQJ HGJH RI WKH FORFN VLJQDO 0/&.ëï

ëì 0/15=,ê 0XOWLSOH[HU 7ULEXWDU\ úê 15= 'DWD ,QSXWï0XOWLSOH[HU WULEXWDU\ 15= LQSXW FORFNHG RQ WKH
IDOOLQJ HGJH RI WKH FORFN VLJQDO 0/&.êï

ëå 0/15=,é 0XOWLSOH[HU 7ULEXWDU\ úé 15= 'DWD ,QSXWï0XOWLSOH[HU WULEXWDU\ 15= LQSXW FORFNHG RQ WKH
IDOOLQJ HGJH RI WKH FORFN VLJQDO 0/&.éï

ç 0/)$,6ì )RUFH $,6 RQ 0XOWLSOH[HU 7ULEXWDU\ úìï $FWLYH KLJK VLJQDO WR IRUFH $,6 õDOO ì©Vô GDWD DQG
/5()&. FORFN RQ 0XOWLSOH[HU WULEXWDU\ úìï

ìê 0/)$,6ë )RUFH $,6 RQ 0XOWLSOH[HU 7ULEXWDU\ úëï $FWLYH KLJK VLJQDO WR IRUFH $,6 õDOO ì©Vô GDWD DQG
/5()&. FORFN RQ 0XOWLSOH[HU WULEXWDU\ úëï

ëë 0/)$,6ê )RUFH $,6 RQ 0XOWLSOH[HU 7ULEXWDU\ úêï $FWLYH KLJK VLJQDO WR IRUFH $,6 õDOO ì©Vô GDWD DQG
/5()&. FORFN RQ 0XOWLSOH[HU WULEXWDU\ úêï

ëä 0/)$,6é )RUFH $,6 RQ 0XOWLSOH[HU 7ULEXWDU\ úéï $FWLYH KLJK VLJQDO WR IRUFH $,6 õDOO ì©Vô GDWD DQG
/5()&. FORFN RQ 0XOWLSOH[HU WULEXWDU\ úéï

çç $8;,ì $X[LOLDU\ )ODJî'DWD úì ,QSXWï 7KH VLJQDO RQ WKLV SLQ LV FORFNHG LQWR WKH IUDPH DW WKH VWXIILQJ
ELW ORFDWLRQ õ-ìô ZKHQ MXVWLILFDWLRQ LV VXFK WKDW WULEXWDU\ GDWD LV 127 SODFHG DW WKLV ORFDWLRQï $
KLJK RQ DODUP VLJQDO 0(6$ì LQGLFDWHV WKLV FRQGLWLRQ GXULQJ WKH FXUUHQW IUDPHï

æè $8;,ë $X[LOLDU\ )ODJî'DWD úë ,QSXWï 6HH $8;,ì 'HVFULSWLRQï 0(6$ë LV UHOHYDQW LQGLFDWLRQ VLJð
QDOï

æç $8;,ê $X[LOLDU\ )ODJî'DWD úê ,QSXWï 6HH $8;,ì 'HVFULSWLRQï 0(6$ê LV UHOHYDQW LQGLFDWLRQ VLJð
QDOï

ææ $8;,é $X[LOLDU\ )ODJî'DWD úé ,QSXWï 6HH $8;,ì 'HVFULSWLRQï 0(6$é LV UHOHYDQW LQGLFDWLRQ VLJð
QDOï

êç 01$7 1DWLRQDO %LW ,QSXWï 1DWLRQDO %LW LQSXW WKDW LV SODFHG LQ WKH ìëWK ELW RI WKH IUDPH DV SHU ,78
*ïæéëñ *ïæèì VSHFLILFDWLRQVï

êæ 0$,6 $,6î(UURU %LW ,QSXWï $,6 %LW LQSXW WKDW LV SODFHG LQ WKH ììWK ELW RI WKH IUDPHñ DV SHU ,78
*ïæéëñ *ïæèì VSHFLILFDWLRQVï

7DEOH ìã ,QSXW 6LJQDOV¤FRQWLQXHG

3LQ ú 6\P 'HVFULSWLRQ
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éì 0+08;& +LJK VSHHG 0XOWLSOH[HU &ORFN ,QSXWï &ORFN LQSXW IRU 0XOWLSOH[HU IXQFWLRQV DQG 15= KLJK
VSHHG GDWD RXWSXWï )RU VWDQGDUG UDWH DSSOLFDWLRQVñ WKLV FORFN PXVW KDYH D IUHTXHQF\ RI �êí SSP
IRU WKH åééå NELWîV RSHUDWLRQ DQG �ëí SSP IRU WKH êéêçå NELWîV RSHUDWLRQ DV SHU ,78 *ïæíêï

éé 0+15=, +'%ê (QFRGHU úè 15= ,QSXWï +'%ê (QFRGHU úè õ+LJK VSHHGô 15= LQSXW FORFNHG RQ WKH
ULVLQJ HGJH RI 0++'%ê&ï

éè 0++'%ê& +'%ê (QFRGHU úè &ORFN ,QSXWï:KHQ XVHG LQ FRQMXQFWLRQ ZLWK WKH 0XOWLSOH[HUñ WKLV SLQ
VKRXOG EH WLHG WR WKH KLJK VSHHG 0XOWLSOH[HU &ORFNñ 0+08;&ñ 3éìï

éå '+'3, +'%ê 'HFRGHU úè 3RVLWLYH 'DWD ,QSXWï +'%ê 'HFRGHU úè õ+LJK 6SHHGô SRVLWLYH UDLO LQSXW
FORFNHG RQ WKH ULVLQJ HGJH RI '++'%ê&ï

éä '+'1, +'%ê 'HFRGHU úè 1HJDWLYH 'DWD ,QSXWï +'%ê 'HFRGHU úè õ+LJK 6SHHGô SRVLWLYH UDLO LQSXW
FORFNHG RQ WKH ULVLQJ HGJH RI '++'%ê&ï

èí '++'%ê& +'%ê 'HFRGHU úè &ORFN ,QSXWï:KHQ XVHG LQ FRQMXQFWLRQ ZLWK WKH 'HPXOWLSOH[HUñ WKLV SLQ
VKRXOG EH WLHG WR WKH KLJK VSHHG 'HPXOWLSOH[HU &ORFNñ '+08;&ñ 3èæï

èç '+15=, 'HPXOWLSOH[HU 15= 'DWD ,QSXWï 'HPXOWLSOH[HU 15= LQSXW FORFNHG RQ ULVLQJ HGJH RI '+'ð
0;&ï

èæ '+'0;& +LJK VSHHG 'HPXOWLSOH[HU &ORFN ,QSXWï &ORFN LQSXW IRU 'HPXOWLSOH[HU IXQFWLRQV DQG 15=
KLJK VSHHG GDWD LQï )RU VWDQGDUG UDWH DSSOLFDWLRQVñ WKLV FORFN PXVW KDYH D IUHTXHQF\ RI �êí
SSP IRU WKH åééå NELWîV RSHUDWLRQ DQG �ëí SSP IRU WKH êéêçå NELWîV RSHUDWLRQ DV SHU ,78
*ïæíêï

åë '/15=,ì +'%ê (QFRGHU úì 15= 'DWD ,QSXWï +'%ê (QFRGHU úì 15= LQSXW FORFNHG RQ ULVLQJ HGJH
RI '/&,ìï

åç '/15=,ë +'%ê (QFRGHU úë 15= 'DWD ,QSXWï +'%ê (QFRGHU úë 15= LQSXW FORFNHG RQ ULVLQJ HGJH
RI '/&,ëï

äë '/15=,ê +'%ê (QFRGHU úê 15= 'DWD ,QSXWï +'%ê (QFRGHU úê 15= LQSXW FORFNHG RQ ULVLQJ HGJH
RI '/&,êï

äç '/15=,é +'%ê (QFRGHU úé 15= 'DWD ,QSXWï +'%ê (QFRGHU úé 15= LQSXW FORFNHG RQ ULVLQJ HGJH
RI '/&,éï

åê '/&,ì +'%ê (QFRGHU úì &ORFN ,QSXWï &ORFN LQSXW IRU +'%ê (QFRGHU úìï

åæ '/&,ë +'%ê (QFRGHU úë &ORFN ,QSXWï &ORFN LQSXW IRU +'%ê (QFRGHU úëï

äê '/&,ê +'%ê (QFRGHU úê &ORFN ,QSXWï &ORFN LQSXW IRU +'%ê (QFRGHU úêï

äæ '/&,é +'%ê (QFRGHU úé &ORFN ,QSXWï &ORFN LQSXW IRU +'%ê (QFRGHU úéï

èé 02'( (ìëî(ëê 0RGH 6HOHFWï0RGH VHOHFWLRQ IRU PXOWLSOH[HUîGHPXOWLSOH[HU RSHUDWLRQï $ ORZ VLJQDO
VHOHFWV é(ìî(ë PXOWLSOH[LQJï $ KLJK VLJQDO VHOHFWV é(ëî(ê PXOWLSOH[LQJï

ìíí /5()&. 7ULEXWDU\ 5HIHUHQFH &ORFNï 7KLV FORFN LV XVHG DV D UHIHUHQFH IRU WKH )RUFH $,6 IXQFWLRQV
õ6HH 3LQ ç 'HVFULSWLRQôï )RU VWDQGDUG UDWH DSSOLFDWLRQVñ WKLV FORFN PXVW KDYH D IUHTXHQF\ RI
�èí SSP IRU WKH ëíéå NELWîV RSHUDWLRQ DQG �êí SSP IRU WKH åééå NELWîV RSHUDWLRQ DV SHU ,78
*ïæíêï

çí &( &KLS (QDEOHï $ KLJK VLJQDO IRUFHV DOO RXWSXWV LQWR WULðVWDWHâ XVHG IRU 3&% 7HVWLQJï 7KLV VLJQDO
VKRXOG EH ORZ IRU QRUPDO RSHUDWLRQï

çê 5671 5HVHWï $Q DFWLYH ORZ UHVHW SLQï 0XVW EH SXOVHG ORZ RQ SRZHU XS WR LQLWLDOL]H DOO LQWHUQDO FLUð
FXLWV DIWHU 9&& DQG FORFNV DUH VWDEOHï

7DEOH ìã ,QSXW 6LJQDOV¤FRQWLQXHG

3LQ ú 6\P 'HVFULSWLRQ
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9&& 9ROWDJHï èðYROW VXSSO\ YROWDJHï

7DEOH ëã 2XWSXW 6LJQDOV

6\P 3LQ ú 'HVFULSWLRQ

0/15=2ì é +'%ê 'HFRGHU úì 15= 2XWSXWï+'%ê 'HFRGHU úì 15= RXWSXW FORFNHG RQ WKH ULVLQJ HGJH
RI 0/&.ìï

0/15=2ë ìì +'%ê 'HFRGHU úë 15= 2XWSXWï +'%ê 'HFRGHU úë 15= RXWSXW FORFNHG RQ WKH ULVLQJ HGJH
RI 0/&.ëï

0/15=2ê ëí +'%ê 'HFRGHU úê 15= 2XWSXWï +'%ê 'HFRGHU úê 15= RXWSXW FORFNHG RQ WKH ULVLQJ HGJH
RI 0/&.êï

0/15=2é ëæ +'%ê 'HFRGHU úé 15= 2XWSXWï +'%ê 'HFRGHU úé 15= RXWSXW FORFNHG RQ WKH ULVLQJ HGJH
RI 0/&.éï

0/%39ì ê +'%ê 'HFRGHU úì %LSRODU 9LRODWLRQ $ODUPï 7KLV RSHQ FROOHFWRU RXWSXW SXOVHV HYHU\ WLPH D
ELSRODU YLRODWLRQ RFFXUV LQ WKH GHFRGLQJ SURFHVVï

0/%39ë ìí +'%ê 'HFRGHU úë %LSRODU 9LRODWLRQ $ODUPï 7KLV RSHQ FROOHFWRU RXWSXW SXOVHV HYHU\ WLPH D
ELSRODU YLRODWLRQ RFFXUV LQ WKH GHFRGLQJ SURFHVVï

0/%39ê ìä +'%ê 'HFRGHU úê %LSRODU 9LRODWLRQ $ODUPï 7KLV RSHQ FROOHFWRU RXWSXW SXOVHV HYHU\ WLPH
D ELSRODU YLRODWLRQ RFFXUV LQ WKH GHFRGLQJ SURFHVVï

0/%39é ëç +'%ê 'HFRGHU úé %LSRODU 9LRODWLRQ $ODUPï 7KLV RSHQ FROOHFWRU RXWSXW SXOVHV HYHU\ WLPH D
ELSRODU YLRODWLRQ RFFXUV LQ WKH GHFRGLQJ SURFHVVï

0(6$ì êë 0XOWLSOH[HU 7ULEXWDU\ úì (ODVWLF 6WRUH $ODUP ,QGLFDWLRQï 0XOWLSOH[HU MXVWLILFDWLRQ VWDWXV
IRU WULEXWDU\ úìï $ KLJK LQGLFDWHV ELW VWXIILQJ RQ WKH FXUUHQW IUDPHï $ ORZ LQGLFDWHV DQ LQIRUð
PDWLRQ ELWï :KHQ H[WHUQDOO\ ILOWHUHGñ WKLV VLJQDO FDQ EH XVHG WR LQGLFDWH HODVWLF VWRUH IDLOXUH RU
LQFRUUHFW WULEXWDU\ IUHTXHQF\ï

0(6$ë êê 0XOWLSOH[HU 7ULEXWDU\ úë (ODVWLF 6WRUH $ODUP ,QGLFDWLRQï ,GHP DV 0(6$ì ZLWK WULEXWDU\
FKDQQHO ëï

0(6$ê êé 0XOWLSOH[HU 7ULEXWDU\ úê (ODVWLF 6WRUH $ODUP ,QGLFDWLRQï ,GHP DV 0(6$ì ZLWK WULEXWDU\
FKDQQHO êï

0(6$é êè 0XOWLSOH[HU 7ULEXWDU\ úé (ODVWLF 6WRUH $ODUP ,QGLFDWLRQï ,GHP DV 0(6$ì ZLWK WULEXWDU\
FKDQQHO éï

0+15=2 éë +LJK VSHHG 0XOWLSOH[HU 15= 2XWSXWï0XOWLSOH[HU 15= GDWD FORFNHG RXW RQ WKH ULVLQJ HGJH
RI 0+08;&ï

0+'32 éç +'%ê (QFRGHU úè 3RVLWLYH 'DWD 2XWSXWï +'%ê (QFRGHU úè 3RVLWLYH UDLO FORFNHG RXW RQ
WKH ULVLQJ HGJH RI 0++'%ê&ï

0+'12 éæ +'%ê (QFRGHU úè 1HJDWLYH 'DWD 2XWSXWï +'%ê (QFRGHU úè 1HJDWLYH UDLO FORFNHG RXW RQ
WKH ULVLQJ HGJH RI 0++'%ê&ï

'/15=2ì æé 'HPX[ 7ULEXWDU\ úì 15= 2XWSXWï 7KLV VLJQDO LV FORFNHG RXW RQ WKH ULVLQJ HGJH RI '+'ð
0;& DQG WUDQVLWLRQV DUH FRLQFLGHQW ZLWK WKH IDOOLQJ HGJH RI '/&2ìï

7DEOH ìã ,QSXW 6LJQDOV¤FRQWLQXHG

3LQ ú 6\P 'HVFULSWLRQ
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'/15=2ë æë 'HPX[ 7ULEXWDU\ úë 15= 2XWSXWï 7KLV VLJQDO LV FORFNHG RXW RQ WKH ULVLQJ HGJH RI '+'ð
0;& DQG WUDQVLWLRQV DUH FRLQFLGHQW ZLWK WKH IDOOLQJ HGJH RI '/&2ëï

'/15=2ê æí 'HPX[ 7ULEXWDU\ úê 15= 2XWSXWï 7KLV VLJQDO LV FORFNHG RXW RQ WKH ULVLQJ HGJH RI '+'ð
0;& DQG WUDQVLWLRQV DUH FRLQFLGHQW ZLWK WKH IDOOLQJ HGJH RI '/&2êï

'/15=2é çå 'HPX[ 7ULEXWDU\ úé 15= 2XWSXWï 7KLV VLJQDO LV FORFNHG RXW RQ WKH ULVLQJ HGJH RI '+'ð
0;& DQG WUDQVLWLRQV DUH FRLQFLGHQW ZLWK WKH IDOOLQJ HGJH RI '/&2éï

'/&2ì æê 'HPX[ 7ULEXWDU\ úì &ORFN 2XWSXWï 'HPXOWLSOH[HU VLGH UHFRYHUHG FORFN RI WULEXWDU\ úìï
7KLV FORFN KDV D GXW\ F\FOH RI æèø DQG LV JDSSHG DW SRLQWV LQ WKH IUDPH ZKHUH WULEXWDU\ GDWD
LV QRW SUHVHQW õLïHïñ IUDPH ZRUGôï 7KH PD[LPXP JDS LV ê FORFNV DW WKH IUDPH ZRUG ORFDWLRQï
7KH IUHTXHQF\ ZLOO PDWFK WKDW RI WKH IDU HQG PXOWLSOH[HU WULEXWDU\ LQSXWï 7KLV VLJQDO LV
FORFNHG RXW RQ WKH ULVLQJ HGJH RI '+'0;&ï

'/&2ë æì 'HPX[ 7ULEXWDU\ úë &ORFN 2XWSXWï 'HPXOWLSOH[HU VLGH UHFRYHUHG FORFN RI WULEXWDU\ úëï
6HH '/&2ì GHVFULSWLRQï

'/&2ê çä 'HPX[ 7ULEXWDU\ úê &ORFN 2XWSXWï 'HPXOWLSOH[HU VLGH UHFRYHUHG FORFN RI WULEXWDU\ úêï
6HH '/&2ì GHVFULSWLRQï

'/&2é çæ 'HPX[ 7ULEXWDU\ úé &ORFN 2XWSXWï 'HPXOWLSOH[HU VLGH UHFRYHUHG FORFN RI WULEXWDU\ úéï
6HH '/&2ì GHVFULSWLRQï

'/'32ì åé +'%ê (QFRGHU úì 2XWSXW òï +'%ê (QFRGHU úì SRVLWLYH UDLO RXWSXW FORFNHG RXW RQ WKH ULVð
LQJ HGJH RI '/&,ìï

'/'12ì åè +'%ê (QFRGHU úì 2XWSXW ðï +'%ê (QFRGHU úì QHJDWLYH UDLO RXWSXW FORFNHG RXW RQ WKH ULVð
LQJ HGJH RI '/&,ìï

'/'32ë åå +'%ê (QFRGHU úë 2XWSXW òï +'%ê (QFRGHU úë SRVLWLYH UDLO RXWSXW FORFNHG RXW RQ WKH ULVð
LQJ HGJH RI '/&,ëï

'/'12ë åä +'%ê (QFRGHU úë 2XWSXW ðï +'%ê (QFRGHU úë QHJDWLYH UDLO RXWSXW FORFNHG RXW RQ WKH ULVð
LQJ HGJH RI '/&,ëï

'/'32ê äé +'%ê (QFRGHU úê 2XWSXW òï +'%ê (QFRGHU úê SRVLWLYH UDLO RXWSXW FORFNHG RXW RQ WKH ULVð
LQJ HGJH RI '/&,êï

'/'12ê äè +'%ê (QFRGHU úê 2XWSXW ðï +'%ê (QFRGHU úê QHJDWLYH UDLO RXWSXW FORFNHG RXW RQ WKH ULVð
LQJ HGJH RI '/&,êï

'/'32é äå +'%ê (QFRGHU úé 2XWSXW òï +'%ê (QFRGHU úé SRVLWLYH UDLO RXWSXW FORFNHG RXW RQ WKH ULVð
LQJ HGJH RI '/&,éï

'/'12é ää +'%ê (QFRGHU úé 2XWSXW ðï +'%ê (QFRGHU úé QHJDWLYH UDLO RXWSXW FORFNHG RXW RQ WKH ULVð
LQJ HGJH RI '/&,éï

'+15=2 èë +'%ê 'HFRGHU úè 15= 'DWD 2XWSXWï +'%ê 'HFRGHU úè 15= GDWD FORFNHG RXW RQ WKH ULVð
LQJ HGJH RI '++'%ê&ï

'+%39 èê +'%ê 'HFRGHU úè %LSRODU 9LRODWLRQ $ODUPï 7KLV DFWLYH KLJK VLJQDO SXOVHV HYHU\ WLPH D
ELSRODU YLRODWLRQ RFFXUV LQ WKH GHFRGLQJ SURFHVVï

$8;2ì æå $X[LOLDU\ )ODJî'DWD úì 2XWSXWï $X[LOLDU\ 'DWD úì RXWSXW WKDW FRQWDLQV GDWD YDOXH LQSXW RQ
$8;,ìï 6HH $8;,ì 'HVFULSWLRQï

$8;2ë æä $X[LOLDU\ )ODJî'DWD úë 2XWSXWï $X[LOLDU\ 'DWD úë RXWSXW WKDW FRQWDLQV GDWD YDOXH LQSXW RQ
$8;,ëï 6HH $8;,ì 'HVFULSWLRQï

7DEOH ëã 2XWSXW 6LJQDOV¤FRQWLQXHG

6\P 3LQ ú 'HVFULSWLRQ
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$8;2ê åí $X[LOLDU\ )ODJî'DWD úê 2XWSXWï $X[LOLDU\ 'DWD úê RXWSXW WKDW FRQWDLQV GDWD YDOXH LQSXW RQ
$8;,êï 6HH $8;,ì 'HVFULSWLRQï

$8;2é åì $X[LOLDU\ )ODJî'DWD úé 2XWSXWï $X[LOLDU\ 'DWD úé RXWSXW WKDW FRQWDLQV GDWD YDOXH LQSXW RQ
$8;,éï 6HH $8;,ì 'HVFULSWLRQï

'1$7 çë 1DWLRQDO %LW 2XWSXWï 8SGDWHG HYHU\ IUDPH EDVHG RQ WKH FRQWHQWV RI WKH ìëWK ELW LQ WKH IUDPH
DV SHU ,78 *ïæéëñ *ïæèì

'+$,6' èå 'HPXOWLSOH[HU ,QSXW $,6 'HWHFWï $FWLYH KLJK DODUP RFFXUV ZKHQ DQ DOO ì©V FRQGLWLRQ õ$,6ô
LV GHWHFWHG DW WKH '+15=, LQSXWï 7KLV DODUP ZLOO QRW RFFXU LI WKH LQSXW LV D IUDPHG VLJQDO õLïHï
DOO WULEXWDULHV DUH $,6 RQ PXOWLSOH[HU VLGHôï

)/26 èä 'HPXOWLSOH[HU /RVV RI )UDPH $ODUPï $FWLYH KLJK )UDPH /RVV $ODUP WKDW RFFXUV ZKHQ WKH
'HPX[ KDV QRW GHWHFWHG WKH )UDPH ZRUGï

06<1& êå 0XOWLSOH[HU )UDPH 6\QF 3XOVHï 3XOVH RI RQH KLJK VSHHG FORFN F\FOH V\QFKURQRXV ZLWK WKH
ODVW ELW RI WKH IUDPH õMXVW EHIRUH WKH IUDPH ZRUG RI WKH QH[W IUDPHôï

'6<1& èè 'P[ )UDPH 6\QF 3XOVHï 3XOVH RI RQH KLJK VSHHG FORFN F\FOH V\QFKURQRXV ZLWK WKH ILUVW ELW
RI WKH IUDPH ZRUG RI WKH KLJK VSHHG LQFRPLQJ VLJQDOï

'$,6 çì $,6 (UURU %LW 2XWSXWï 8SGDWHG HYHU\ IUDPH EDVHG RQ WKH FRQWHQWV RI WKH ììWK ELW LQ WKH
IUDPH DV SHU ,78 *ïæéë DQG *ïæèìï

1& êìñ éê
èì

1RW &RQQHFWHGï 7KHVH SLQV PXVW EH OHIW XQFRQQHFWHGï

7DEOH ëã 2XWSXW 6LJQDOV¤FRQWLQXHG

6\P 3LQ ú 'HVFULSWLRQ
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)81&7,21$/ '(6&5,37,21

127(

7KLV )XQFWLRQDO 'HVFULSWLRQ LV IRU GHVLJQ DLG RQO\

7KH 6;7çëêé (ð5DWH 0XOWLSOH[HU FRQVLVWV RI D PXOWLSOH[HU
EORFNñ D GHPXOWLSOH[HU EORFNñ ILYH +'%ê GHFRGHUVñ DQG
ILYH +'%ê HQFRGHUVï ,I WKH +'%ê FRGHFV DUH XVHGñ WKH VLJð
QDO IORZ ZRXOG EH DV IROORZVã

0XOWLSOH[HUã )RXU WULEXWDULHV RI GDWD IHHG +'%ê GHFRGHUV
RQH WKURXJK IRXUï 7KH 15= RXWSXWV RI WKH GHFRGHUV DUH
FRQQHFWHG WR WKH PXOWLSOH[HU WULEXWDU\ LQSXWVï :LWKLQ WKH
PXOWLSOH[HUñ WKH MXVWLILFDWLRQ RU VWXIILQJ IRU HDFK WULEXWDU\
LV GHWHUPLQHGâ WKH IUDPH ZRUG LV DGGHGâ DQG WKH KLJK VSHHG
15= GDWD VHQW RXWï 7KH PXOWLSOH[HU RXWSXW LV FRQQHFWHG WR
+'%ê HQFRGHU ILYH ZKHUH LW LV HQFRGHG DQG VHQW RXW DV 3RVð
LWLYH 'DWD 2XWSXW õ0+'32ô DQG 1HJDWLYH 'DWD 2XWSXW
õ0+'12ôï

'HPXOWLSOH[HUã +LJK VSHHG HQFRGHG GDWD IHHGV WKH +'%ê
GHFRGHU ILYH DQG LV RXWSXW DV 15= GDWDï 7KH GHFRGHU RXWSXW
LV FRQQHFWHG WR WKH GHPXOWLSOH[HU LQSXW ZKHUH LW HQWHUV ERWK
WKH IUDPH VHDUFK FLUFXLWU\ DQG WKH GHPXOWLSOH[LQJ FLUFXLWU\ï
2QFH WKH IUDPH LV GHWHFWHGñ WKH 15= GDWD LV GHPXOWLSOH[HG
LQWR WKH IRXU WULEXWDULHV DQG WKH MXVWLILFDWLRQ LV UHPRYHGï
7ULEXWDU\ GDWD LV WKHQ VHQW RXW LQ 15= IRUPDWï 7KHVH WULEXð
WDU\ RXWSXWVñ ERWK &ORFN 2XWSXW õ'/&2[ô DQG 15= 2XWSXW
õ'/15=2[ôñ DUH FRQQHFWHG WR +'%ê HQFRGHUV RQH
WKURXJK IRXUñ HQFRGHGñ DQG RXWSXW DV 3RVLWLYH 'DWD
õ0+'32ô DQG 1HJDWLYH 'DWD õ0+'12ôï

)5$0( )250$7

7KH PXOWLSOH[HU DQG GHPXOWLSOH[HU VKDUH WKH 0RGH 6HOHFW
õ02'(ô FRQWURO SLQï :KHQ 02'( LV ORZñ WKH PXOWLSOH[HU
FRQIRUPV WR WKH ,78 *ïæéë IRUPDW IRU IRXUð(ì WR (ë õ)LJð
XUH êôï $Q (ë IUDPH LV åéå ELWV ORQJñ ZLWK ëíè GDWD ELWV DQG
RQH MXVWLILFDWLRQ ELW IRU HDFK (ì WULEXWDU\ï :KHQ 02'( LV
KLJKñ WKH PXOWLSOH[HU FRQIRUPV WR WKH ,78*ïæèì IRUPDW IRU
IRXUð(ë WR (ê õ)LJXUH éôï 7KLV (ê IUDPH LV ìèêç ELWV ORQJñ
ZLWK êææ GDWD ELWV DQG RQH MXVWLILFDWLRQ ELW IRU HDFK (ë WULEð
XWDU\ï

,Q ERWK (ë DQG (ê IRUPDWVñ WKHUH DUH WZR IODJ ELWV SHU
IUDPHã WKH $,6 ELW DQG WKH 1DWLRQDO ELWï 7KH IRXU MXVWLILFDð
WLRQ ELWV PD\ DOVR EH XVHG DV DGGLWLRQDO IODJ ELWVï

+'%ê &2'(&6

)LYH +'%ê FRGHFV DUH LQFOXGHG ZLWKLQ WKH 6;7çëêé WR
DOORZ HDV\ LQWHJUDWLRQ ZLWK D ZLGH UDQJH RI OLQH LQWHUIDFH
FLUFXLWVï 7KHUH DUH IRXU ORZ VSHHG FRGHFV IRU WKH WULEXWDU\

VWUHDPV DQG RQH KLJK VSHHG FRGHF WR SURFHVV WKH KLJK VSHHG
RXWSXW GDWDï $OO ILYH FRGHFV DUH LGHQWLFDO DQG DOO ,î2 SLQV
DUH H[WHUQDOO\ DFFHVVLEOH IRU HDFK GHYLFHï $OO FRGHFV FDQ EH
RSHUDWHG DW WKH PD[LPXP RSHUDWLQJ VSHHG LI WKH FKLS LV
XVHG DV D VWDQG DORQH +'%ê WUDQVFRGHUï 1RWH WKDW WKH ûORZ
VSHHGû GHFRGHUV VKDUH D FORFN ZLWK WKH PXOWLSOH[HU WULEXð
WDU\ FORFNVï

(DFK +'%ê GHFRGHU LV SURYLGHG ZLWK 3RVLWLYH 'DWDñ 1HJDð
WLYH 'DWDñ DQG FORFNâ WKH\ GHFRGH WKH GDWD LQWR D VLQJOH
15= ELW VWUHDPï 7KH +'%ê HQFRGHUV DUH SURYLGHG ZLWK
15= GDWD DQG FORFNâ WKH\ SURGXFH WKH 3RVLWLYH 'DWD DQG
1HJDWLYH 'DWD ELW VWUHDPVï

+'%ê '(&2'(5 $/$506

$ %LSRODU 9LRODWLRQ $ODUP õ0/%39[ñ '+%39ô DVVRFLð
DWHG ZLWK HDFK +'%ê GHFRGHU LQGLFDWH GHWHFWLRQ RI D FRGð
LQJ YLRODWLRQ HUURU ZLWKLQ WKH GDWDï &RGLQJ YLRODWLRQV
LQFOXGH %LSRODU 9LRODWLRQVñ D VWULQJ RI PRUH WKDQ IRXU ]HURV
LQ D URZñ RU HQFRGLQJ YLRODWLRQVï 7KH DFWLYH KLJK DODUP LV
RQH FORFN F\FOH LQ GXUDWLRQï

08/7,3/(;(5

7KH PXOWLSOH[HU IRUPDWV IRXU ORZ VSHHG 15= WULEXWDULHV
LQWR D VLQJOH KLJK VSHHG ELW VWUHDP õ)LJXUH ëôï 7ULEXWDU\
GDWD UDWHV DUH V\QFKURQL]HG YLD LQWHUQDO HODVWLF VWRUH PHPð
RULHV XVLQJ D SRVLWLYH MXVWLILFDWLRQ SURFHVV DV VSHFLILHG LQ
WKH ,78 UHFRPPHQGDWLRQVï

)LJXUH ëã 0XOWLSOH[HU 6LGH %ORFN 'LDJUDP

'DWD HQWHUV D ILUVWðLQîILUVWðRXW õ),)2ô HODVWLF VWRUH EORFNï
7KH ),)2 UHFHLYHV WKH GDWD DORQJ ZLWK WKH WULEXWDU\ FORFN
DQG D SRLQWHU JHQHUDWHG IURP WKH WLPLQJ FRQWUROï 7KH RXWSXW
RI WKH HODVWLF VWRUH EORFN LV FORFNHG E\ WKH WULEXWDU\ HQDEOH

0XOWLSOH[HU

$QG

7LPLQJ
&RQWURO

+'%ê
'HFRGHU
ú>ìãé@

(ODVWLF
6WRUH

0/%39>ìãé@

0(6$>ìãé@

0/15=í>ìãé@

0/15=,>ìãé@

0+15=2

06<1&

0+15=,

0/'3,>ìãé@

0/'1,>ìãé@

0/&.>ìãé@

0/)$,6>ìãé@

+'%ê
(QFRGHU

úè
0++'%ê&

0+'32

0+'12

0+08;&

/5()&.
01$7
0$,6

$8;,>ìãé@



6;7çëêé (ð5DWH 0XOWLSOH[HU

L1 SF åðä

ì

ë

ê

é

è

ç

æ

ä

ìí

ìì

ìë

ìê

ìé

ìè

å

SXOVHV IURP WKH WLPLQJ FRQWUROñ DQG WKH GDWD LV ILQDOO\ SURð
FHVVHG E\ WKH PXOWLSOH[HUï 3URFHVVLQJ QRUPDOO\ SODFHV WKH
RXWSXW GDWD ELW LQWR WKH KLJK VSHHG ELW VWUHDP GXULQJ WKH
WULEXWDU\ HQDEOHï $Q RQFHðSHUðIUDPH H[FHSWLRQ RFFXUV GXUð
LQJ MXVWLILFDWLRQï 'XULQJ WKLV HYHQW WKH ORFDWLRQ RI WKH
SRLQWHU LQ WKH ),)2 LV GHWHUPLQHG DQG D GHFLVLRQ PDGH IRU
MXVWLILFDWLRQï ,I WKH HODVWLF VWRUH LV OHVV WKDQ KDOI IXOOñ D MXVð
WLILFDWLRQ ELW õXVHG IRU WKH DX[LOLDU\ IODJ FKDQQHOVô LV SODFHG
LQ WKH ELW VWUHDP DQG WKH 0(6$[ SLQ LV VHW KLJKï :KHQ WKH
HODVWLF VWRUH EHFRPHV RYHU KDOI IXOOñ D WULEXWDU\ ELW LV
FORFNHG RXW IURP WKH ),)2ñ SODFHG LQ WKH ELW VWUHDPñ DQG
WKH 0(6$[ SLQ VHW ORZï 7KHUH DUH WKUHH MXVWLILFDWLRQ LQGLð
FDWRUV VSUHDG WKURXJKRXW WKH IUDPH WR VKRZ WKH VWDWXV RI

WKH MXVWLILFDWLRQ ELW WR WKH GHPXOWLSOH[HUï )LQDOO\ñ WKH
1DWLRQDO DQG $,6 ELWV DUH DGGHG DW WKH EHJLQQLQJ RI HDFK
IUDPHñ DQG WKH ELW VWUHDP LV FORFNHG RXW RQ 0+15=2ï

7KH PXOWLSOH[HU WLPLQJ FRQWURO UHFHLYHV D KLJK VSHHG FORFN
DQG JHQHUDWHV WKH IUDPH VWUXFWXUH DQG WLPLQJ FRQWURO
DFFRUGLQJ WR WKH ELW OHQJWK RI HDFK IUDPHï 7KLV LV åéå ELWV
IRU DQ (ë IUDPHñ DQG ìèêç ELWV IRU DQ (ê IUDPHï 02'(
SURYLGHV IRU HLWKHU (ë RU (ê VHOHFWLRQï

,Q FDVH RI WULEXWDU\ WUDQVPLVVLRQ IDLOXUH RU WKH ORVV RI D VLJð
QDOñ WULEXWDU\ GDWD FDQ EH IRUFHG WR DQ DOO ì©V VWDWHï )RU HDFK
WULEXWDU\ WKLV IXQFWLRQ LV FRQWUROOHG DW WKH 0/)$,6[ SLQï

)LJXUH êã (ë )UDPH

)LJXUH éã (ê )UDPH
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)ODJ %LWV
7ZR IODJ ELWVñ GHILQHG DV WKH 1DWLRQDO %LW õ01$7ô DQG
$,6î(UURU %LW õ0$,6ô DUH WUDQVPLWWHG ZLWK HDFK IUDPHï $W
WKH DSSURSULDWH WLPH WKH ELW YDOXHV RI WKH 01$7 DQG 0$,6
LQSXWV DUH LQVHUWHG LQWR WKH IUDPHï 7KHUH DUH DOVR IRXU DX[ð
LOLDU\ IODJ FKDQQHOV DYDLODEOH õ$8;,[ô WKDW XVH WKH MXVWLILð
FDWLRQ ELWï 7KHVH IODJV DUH SODFHG LQ WKH IUDPH
DSSUR[LPDWHO\ éíø RI WKH WLPHñ GHSHQGLQJ RQ WKH UDWLR RI
WKH WULEXWDU\ FORFN WR WKH PXOWLSOH[HU FORFNï $ KLJK RQ
0(6$[ LQGLFDWHV WKDW WKH $8;,[ IODJ ZLOO EH LQVHUWHG LQWR
WKH FXUUHQW IUDPHï

0XOWLSOH[HU $ODUPV

$Q LQGLFDWRU ELW õ0(6$[ô IRU HDFK WULEXWDU\ PRQLWRUV WKH
VWDWXV RI WKH HODVWLF VWRUH PHPRU\ï 7KLV SLQ SURYLGHV WKH
MXVWLILFDWLRQ VWDWXV RI WKH WULEXWDU\ï 8QGHU QRUPDO FRQGLð
WLRQV WKLV SLQ WRJJOHV DW WKH IUDPH UDWH ZLWK D éíø GXW\
F\FOHï /DUJH YDULDWLRQ RI WKH GXW\ F\FOH LQGLFDWHV WKH WULEXð
WDU\ FORFN IUHTXHQF\ LV RXW RI VSHFLILFDWLRQï /RVV RI FORFN
ZRXOG FDXVH 0(6$ WR DVVXPH D UDLO YDOXHï

)RU XVH DV D IUHTXHQF\ DODUP WKLV VLJQDO VKRXOG EH ILOWHUHG
E\ D VLQJOHðSROH 5& ILOWHU IDU EHORZ WKH IUDPH IUHTXHQF\ñ
DQG FRQQHFWHG WR D SDLU RI YROWDJH FRPSDUDWRUVï 7KH XQILOð
WHUHG DODUP VLJQDO FDQ EH XVHG WR FORFN WKH DX[LOLDU\ GDWD
FKDQQHO LQSXWVï

'(08/7,3/(;(5

'DWD HQWHULQJ WKH GHPXOWLSOH[HU LV VHQW WR ERWK WKH GHPXOWLð
SOH[LQJ EORFN DQG WKH IUDPHUï 7KH IUDPHUñ XVLQJ D 6LHYH
DOJRULWKPñ H[DPLQHV WKH LQFRPLQJ GDWD WR ILQG WKH IUDPLQJ
ZRUGï $ IUDPH LV GHFODUHG IRXQG ZKHQ WKUHH SDVVHV VKRZ
WKH IUDPH ZRUG KDV EHHQ IRXQG DW WKH VDPH ORFDWLRQ ZLWKLQ
WKH IUDPHï 7KH WLPLQJ PRGXOH LV WKHQ V\QFKURQL]HG WR WKH
LQFRPLQJ GDWD IUDPH DQG WKH )UDPH /RVV $ODUP WXUQV RIIï

9DOLG WULEXWDU\ GDWD FDQ EH H[WUDFWHG DIWHU WKH IUDPH LV
IRXQGï )RU HDFK WULEXWDU\ñ WKUHH MXVWLILFDWLRQ LQGLFDWRU ELWV
DUH VWRUHGï $ PDMRULW\ðUXOH GHWHUPLQDWLRQ GHFLGHV ZKHWKHU
WKH MXVWLILFDWLRQ ELW LV VHQW DV WULEXWDU\ GDWD õZLWK FORFNô RU
DV DQ DX[LOLDU\ ELW õZLWK QR FORFNôï

7KH '1$7 DQG '$,6 IODJ ELWV DUH XSGDWHG IRU HDFK IUDPH
DQG VHQW WR WKHLU GHGLFDWHG SLQVï 7KH DX[LOLDU\ IODJ ELWV
$8;2[ DUH XSGDWHG ZKHQ WKH\ DUH DYDLODEOH RQ WKH IUDPHï

'HPXOWLSOH[HU $ODUPV

7KH GHPXOWLSOH[HU KDV WZR DFWLYHðKLJK DODUPVã )UDPH /RVV
õ)/26ôñ DQG 'HPXOWLSOH[HU ,QSXW $,6 'HWHFW õ'+$,6'ôï

� )/26 LV DFWLYH DW SRZHUðXS DQG FOHDUV DIWHU WKUHH
FRQVHFXWLYH IUDPHV DUH GHWHFWHGï 'XULQJ QRUPDO
RSHUDWLRQ )/26 EHFRPHV DFWLYH DIWHU PLVVLQJ IRXU
FRQVHFXWLYH IUDPHVï

� '+$,6' DFWLYDWHV DIWHU æçå FRQVHFXWLYH ì©V SDVV
WKURXJK WKH KLJK VSHHG 15= GDWD VWUHDPï '+$,6' ZLOO
RFFDVLRQDOO\ JOLWFK LI IRXU WULEXWDULHV DUH DOO ì©V DQG WKH
MXVWLILFDWLRQ RI DOO IRXU FKDQQHOV LV LGHQWLFDOï 7KLV JOLWFK
LV ILOWHUHG ZLWK D VLQJOHðSROH 5& ILOWHUï

)LJXUH èã 'HPXOWLSOH[HU 6LGH %ORFN
'LDJUDP

*/266$5<

$,6 $ODUP ,QGLFDWLRQ 6LJQDOï

$0, $OWHUQDWH 0DUN ,QYHUVLRQï

&&,77 &RQVXOWDWLYH &RPPLWWHH IRU ,QWHUQDWLRQDO 7HOHð
JUDSK DQG 7HOHSKRQH õQRZ FDOOHG WKH ,QWHUQDð
WLRQDO 7HOHFRPPXQLFDWLRQV 8QLRQ ð ,78ôï

&2'(& &2GHUî'(&RGHUâ $Q DVVHPEO\ FRPSULVLQJ DQ
HQFRGHU DQG D GHFRGHU ZLWKLQ WKH VDPH XQLWï

+'%ê +LJK 'HQVLW\ %LSRODU FRGH RI RUGHU êñ H[WHQð
VLRQ RI $0,ï

(ì 7KH SULPDU\ (XURSHDQ GLJLWDO UDWH RI ëïíéå
0+]ñ RU WKLUW\ðWZR çé .% FKDQQHOVï

(ë 7KH VHFRQGDU\ (XURSHDQ UDWHñ IRXU (ì FKDQQHOV
DW åïééå 0+]ï

(ê 7KH WHUWLDU\ (XURSHDQ UDWHñ IRXU (ë FKDQQHOV DW
êéïêçå 0+]ï

),)2 )LUVWðLQî)LUVWð2XW 0HPRU\ï

,78 ,QWHUQDWLRQDO 7HOHFRPPXQLFDWLRQV 8QLRQï

15= 1RQð5HWXUQ WR =HURï

3&% 3ULQWHG &LUFXLW %RDUGï

5= 5HWXUQ WR =HURï

'HPXOWLSOH[HU

$QG

7LPLQJ
&RQWURO

'+15=,

'+'0;&

02'(

'/15=2>ìãé@

'/&2>ìãé@

+'%ê
(QFRGHU
ú>ìãé@
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'1$7

'$,6
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'6<1&

)/26
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'HFRGHU
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7KLV DSSOLFDWLRQ LQIRUPDWLRQ LV IRU GHVLJQ DLG RQO\ï

(ìî(ê 08/7,3/(;(5 %/2&. ',$*5$0

)LJXUH ç LV D EORFN GLDJUDP RI WKH (ìî(ê 0XOWLSOH[HUï

(ì /LQH ,QWHUIDFH
� 5HFHLYH FORFNV IURP WKH SXOVH GDWDï

� 3DVV HLWKHU +'%ê HQFRGHG VLJQDOV WR WKH (ð5DWH 0XOð
WLSOH[HU DV FORFN DQG 5= GDWD RU DV 15= GDWDìï õ%RWK
SRVLWLYH DQG QHJDWLYH 5= GDWDïô

6;7çëêéñ (ìî(ë 6WDJH
� 7KH 6;7çëêé PD\ LQWHUIDFH ZLWK HLWKHU +'%ê RU

QRQð+'%ê FRGHG VLJQDOVï 'DWD IURP DQ /,8 WKDW GRHV
QRW SHUIRUP +'%ê GHFRGLQJ PXVW EH FRQQHFWHG WR WKH
+'%ê LQSXWV RQ WKH 6;7çëêéï 7KHVH DUH WKH FORFN
õ0/&.[ô DQG GHFRGHU GDWD LQSXW VLJQDOV õERWK SRVLð
WLYH ð 0/'3[ DQG QHJDWLYH ð 0/'1[ôï :KHQ UHFHLYð
LQJ GDWD IURP DQ /,8 ZKLFK GRHV SHUIRUP +'%ê
GHFRGLQJñ WKH 15= GDWD LV FRQQHFWHG WR WKH 0/15=[
LQSXW DQG WKH FORFN FRQQHFWV WR WKH 0/&.[ LQ RQ WKH
6;7çëêé

ìï ,I WKH +'%ê GHFRGHU LV RQ WKH OLQH LQWHUIDFH XQLW õ/,8ôï

� 7KH IRXU WULEXWDULHV DUH LQWHUOHDYHG LQWR D VLQJOHñ LQWHUð
PHGLDU\ (ë UDWH GDWD VWUHDPï $Q RQðERDUG FU\VWDO RVð
FLOODWRU GULYHV WKH GDWD RXWSXW IUHTXHQF\ IURP WKH PX[
DW WKH (ë UDWH RI åïééå 0+]ï $ ELW VWXIILQJ DOJRULWKP
LPSOHPHQWHG LQ WKH 6;7çëêé HQVXUHV WULEXWDU\ UDWH
LQWHJULW\ DW WKH RXWSXWï 7KH 6;7çëêé FRQWDLQV HODVWLF
VWRUH EXIIHUV WR PDQDJH ELWðVWXIILQJ SURFHVVï

� 7KH 15= GDWD LV VHQW WR D WULEXWDU\ RI WKH (ð5DWH 0XOð
WLSOH[HUñ VWDJH (ëî(êï

6;7çëêéñ (ê 6WDJH
� 7KH PXOWLSOH[HU SRUWLRQ RI WKH 6;7çëêé LQWHUOHDYHV

IRXU DV\QFKURQRXV (ë UDWH 15= GDWD VWUHDPV LQWR D
VLQJOH (ê GDWD VWUHDPï 'HSHQGLQJ RQ WKH FRQILJXUDð
WLRQñ HLWKHU DQ RQðERDUG FU\VWDO RVFLOODWRU RU DQ H[WHUð
QDO UHIHUHQFH FORFN GULYHV WKH GDWD RXWSXW IUHTXHQF\
IURP WKH PX[ DW WKH UDWH RI êéïêçå 0ESVï 7KH ELW
VWXIILQJ DOJRULWKP LPSOHPHQWHG LQ WKH 6;7çëêé HQð
VXUHV WULEXWDU\ UDWH LQWHJULW\ DW WKH RXWSXWï

� ,I WKH /,8 SURYLGHV +'%ê HQFRGLQJñ WKHQ WKH 15=
GDWD DQG FORFN DUH SDVVHG WR WKH (ê OLQH LQWHUIDFHï

� ,I WKH /,8 GRHV QRW SURYLGH +'%ê HQFRGLQJñ WKHQ HQð
FRGLQJ LV GRQH E\ WKH 6;7çëêé DQG GDWD LV RXWSXW DV
SRVLWLYH DQG QHJDWLYH GDWDï $Q DFWLYLW\ PRQLWRU SURð
YLGHV WULEXWDU\ IDLO QRWLILFDWLRQ ZKHQ QHFHVVDU\ï

6HH $SSOLFDWLRQ 1RWH äèíì IRU DGGLWLRQDO LQIRUPDWLRQï
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0LQLPXP DQG PD[LPXP YDOXHV LQ 7DEOHV ê WKURXJK ä DQG )LJXUHV æ WKURXJK ìì UHSUHVHQW WKH SHUIRUPDQFH VSHFLILFDWLRQV
RI WKH 6;7çëêé (ð5DWH 0XOWLSOH[HU DQG DUH JXDUDQWHHG E\ WHVW H[FHSWñ ZKHUH QRWHGñ E\ GHVLJQï

7\SLFDO YDOXHV DUH QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

7KH 6;7çëêé (ð5DWH 0XOWLSOH[HUñ IDEULFDWHG ZLWK ìïëðPLFURQ &026 WHFKQRORJ\ñ LV FXUUHQWO\ DYDLODEOH LQ D ìííðSLQ SODVWLF
TXDG IODW SDFN SDFNDJH õ(,$- VWDQGDUG ìíí34)3ôï $OO GHYLFH ,î2 FRPSO\ ZLWK è9 &026 VWDQGDUGVï $ OLVW RI LQSXW DQG
RXWSXW VLJQDOV LV SURYLGHG ZLWK WKLV GDWD VKHHWï 7KHUH DUH éç LQSXW VLJQDOV DQG éê RXWSXW VLJQDOVï ,Q DGGLWLRQñ WKHUH DUH IRXU
9&& SRZHU SLQV DQG IRXU *URXQG SRZHU SLQVï

$ &KLS (QDEOH LV SURYLGHG WR IDFLOLWDWH ERDUG OHYHOñ LQðFLUFXLW WHVWLQJ GXULQJ WKH 3&% PDQXIDFWXULQJ SURFHVVï 7KH 6;7çëêé
(ð5DWH 0XOWLSOH[HU LV IXOO\ WHVWHG EHIRUH VKLSPHQWï

7DEOH êã $EVROXWH 0D[LPXP 5DWLQJV

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

'& VXSSO\ YROWDJH 9&& ðíïê æïí 9

,QSXW YROWDJH RQ DQ\ SLQ 9,1 í 9&&ò íïê 9

,QSXW FXUUHQW ,,1 ðð ìí �$

$PELHQW RSHUDWLQJ WHPSHUDWXUH 7$0 í òæí �&

6WRUDJH WHPSHUDWXUH 76725 ðèè òìèí �&
&$87,21

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

UHOLDELOLW\ï

7DEOH éã '& &KDUDFWHULVWLFV õ7$ í WR æí °&ñ 9&& �èøñ *1' í 9ô

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

+LJK OHYHO LQSXW YROWDJH 9,+ æí ðð ðð ø RI 9&&

/RZ OHYHO LQSXW YROWDJH 9,/ ðð ðð êí ø RI 9&&

+LJK OHYHO RXWSXW YROWDJH 92+ ëïé éïè ðð 9 ,2+  é P$
9''  éïæè 9

/RZ OHYHO RXWSXW YROWDJH 92+ ðð íïë íïé 9 ,2+  é P$
9''  éïæè 9

,QSXW OHDNDJH FXUUHQW ,,/ ðð ðð ìí �$ 9''  èïëè 9

7KUHH VWDWH OHDNDJH FXUUHQW ,+= ðìí ì ìí �$ 9''  èïëè 9

3RZHU GLVVLSDWLRQ
é(ìî(ëPRGH
é(ëî(ê PRGH

3'
ìíí
èíí

P:
P:

9''  èïëè 9
9''  èïëè 9

6WDWLF FXUUHQW ,'' ðð ì ëí �$ 9''  èïëè 9
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8QOHVV RWKHUZLVH VSHFLILHGñ DOO WLPLQJ VSHFLILFDWLRQV DUH UHIHUHQFHG DW DPELHQW FRQGLWLRQ DV
7$PELHQW  í° WR æí°&ñ 9&&  �èøñ *1'  í9ï

)LJXUH æã +'%ê (QFRGHU DQG 'HFRGHU 7LPLQJ õ5HIHU WR 7DEOH èô

)LJXUH åã 0XOWLSOH[HU 7ULEXWDU\ ,QSXW 7LPLQJ õ5HIHU WR 7DEOH çô

7DEOH èã +'%ê (QFRGHU DQG 'HFRGHU õ5HIHU WR )LJXUH æô

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

&ORFN GXW\ F\FOH W3:+ éí ðð æè ø

'DWD WR FORFN VHWXS WLPH W68 è ðð ðð QV

'DWD WR FORFN KROG WLPH W+ ç ðð ðð QV

&ORFN WR GDWD SURSDJDWLRQ WLPH õèíS) FDSDFLWLYH ORDGô W3' ðð ìè ëè QV

WVX WK

WSG

WF\F
0/&.[
0++'%ê&
'/&,[
'++%ê&

0/'3,[
0+15=,
'+'1,

0/15=2[
0+'32
'+15=2
'/'32[

WSZK

0/'1,[
'+'3,
'/15=,[

0/%39[
0+'12
'+%39
'/'12[

WVX

WF\F

0/&.[

0/15=,

WSZK

WK



L1 SF åðìè

6;7çëêé (ð5DWH 0XOWLSOH[HU

ì

ë

ê

é

è

ç

æ

å

ä

ìí

ìì

ìë

ìê

ìé

ìè

)LJXUH äã +LJK 6SHHG 0XOWLSOH[HU ,QSXW ÷ 2XWSXW 7LPLQJ õ5HIHU WR 7DEOH æô

7DEOH çã 0XOWLSOH[HU 7ULEXWDU\ ,QSXW õ5HIHU WR )LJXUH åô

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

&ORFN GXW\ F\FOH W3:+ éí ðð çí ø

'DWD WR FORFN VHWXS WLPH õIDOOLQJ HGJHô W68 è ðð ðð QV

'DWD WR FORFN KROG WLPH õIDOOLQJ HGJHô W+ è ðð ðð QV

7DEOH æã +LJK 6SHHG 0XOWLSOH[HU ,QSXW ÷ 2XWSXW õ5HIHU WR )LJXUH äô

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

&ORFN GXW\ F\FOH W3:+ éí ðð çí ø

'DWD WR FORFN VHWXS WLPH W68 è ðð ðð QV

'DWD WR FORFN KROG WLPH W+ ç ðð ðð QV

&ORFN WR GDWD SURSDJDWLRQ WLPH W3' ðð ëí êí QV

W68 W+

W3'

0+08;&

0$,6
01$7
$8;,

0+15=2
0(6$[

W3:+

W&<&
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