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1RWLFH�
20521 SURGXFWV DUH PDQXIDFWXUHG IRU XVH DFFRUGLQJ WR SURSHU SURFHGXUHV E\ D TXDOLILHG RSHUDWRU DQG
RQO\ IRU WKH SXUSRVHV GHVFULEHG LQ WKLV PDQXDO�

7KH IROORZLQJ FRQYHQWLRQV DUH XVHG WR LQGLFDWH DQG FODVVLI\ ZDUQLQJV LQ WKLV PDQXDO� $OZD\V KHHG WKH LQ�
IRUPDWLRQ SURYLGHG ZLWK WKHP�

&DXWLRQ ,QGLFDWHV LQIRUPDWLRQ WKDW� LI QRW KHHGHG� FRXOG UHVXOW LQ PLQRU LQMXU\ RU GDPDJH WR
WKH SURGXFW�

'$1*(5� ,QGLFDWHV LQIRUPDWLRQ WKDW� LI QRW KHHGHG� FRXOG UHVXOW LQ ORVV RI OLIH RU VHULRXV LQMXU\�

20521 3URGXFW 5HIHUHQFHV
$OO 20521 SURGXFWV DUH FDSLWDOL]HG LQ WKLV PDQXDO� 7KH ZRUG ´8QLWµ LV DOVR FDSLWDOL]HG ZKHQ LW UHIHUV WR
DQ 20521 SURGXFW� UHJDUGOHVV RI ZKHWKHU RU QRW LW DSSHDUV LQ WKH SURSHU QDPH RI WKH SURGXFW�

7KH DEEUHYLDWLRQ ´&K�µ ZKLFK DSSHDUV LQ VRPH GLVSOD\V DQG RQ VRPH 20521 SURGXFWV� RIWHQ PHDQV
´ZRUGµ DQG LV DEEUHYLDWHG ´:Gµ LQ GRFXPHQWDWLRQ LQ WKLV VHQVH�

7KH DEEUHYLDWLRQ ´3&µ PHDQV 3URJUDPPDEOH &RQWUROOHU DQG LV QRW XVHG DV DQ DEEUHYLDWLRQ IRU DQ\WKLQJ
HOVH�

9LVXDO $LGV
7KH IROORZLQJ KHDGLQJV DSSHDU LQ WKH OHIW FROXPQ RI WKH PDQXDO WR KHOS \RX ORFDWH GLIIHUHQW W\SHV RI LQIRU�
PDWLRQ�

1RWH ,QGLFDWHV LQIRUPDWLRQ RI SDUWLFXODU LQWHUHVW IRU HIILFLHQW DQG FRQYHQLHQW RSHUDWLRQ RI
WKH SURGXFW�

�� �� ���� �� ,QGLFDWHV OLVWV RI RQH VRUW RU DQRWKHU� VXFK DV SURFHGXUHV� FKHFNOLVWV� HWF�

» 20521� ����
$OO ULJKWV UHVHUYHG� 1R SDUW RI WKLV SXEOLFDWLRQ PD\ EH UHSURGXFHG� VWRUHG LQ D UHWULHYDO V\VWHP� RU WUDQVPLWWHG� LQ DQ\
IRUP� RU E\ DQ\ PHDQV� PHFKDQLFDO� HOHFWURQLF� SKRWRFRS\LQJ� UHFRUGLQJ� RU RWKHUZLVH� ZLWKRXW WKH SULRU ZULWWHQ SHUPLV�
VLRQ RI 20521�

1R SDWHQW OLDELOLW\ LV DVVXPHG ZLWK UHVSHFW WR WKH XVH RI WKH LQIRUPDWLRQ FRQWDLQHG KHUHLQ� 0RUHRYHU� EHFDXVH 20521 LV
FRQVWDQWO\ VWULYLQJ WR LPSURYH LWV KLJK�TXDOLW\ SURGXFWV� WKH LQIRUPDWLRQ FRQWDLQHG LQ WKLV PDQXDO LV VXEMHFW WR FKDQJH
ZLWKRXW QRWLFH� (YHU\ SUHFDXWLRQ KDV EHHQ WDNHQ LQ WKH SUHSDUDWLRQ RI WKLV PDQXDO� 1HYHUWKHOHVV� 20521 DVVXPHV QR
UHVSRQVLELOLW\ IRU HUURUV RU RPLVVLRQV� 1HLWKHU LV DQ\ OLDELOLW\ DVVXPHG IRU GDPDJHV UHVXOWLQJ IURP WKH XVH RI WKH LQIRUPD�
WLRQ FRQWDLQHG LQ WKLV SXEOLFDWLRQ�



L[

$ERXW WKLV 0DQXDO�

7KLV PDQXDO GHVFULEHV WKH RSHUDWLRQ RI WKH &����)=��� )X]]\ /RJLF 8QLW DQG LQFOXGHV WKH VHFWLRQV GH�
VFULEHG EHORZ� 7KH &����)=��� LV SURJUDPPHG XVLQJ WKH )X]]\ 6XSSRUW 6RIWZDUH� 5HIHU WR WKH )X]]\
6XSSRUW 6RIWZDUH 2SHUDWLRQ 0DQXDO IRU GHWDLOV RQ )X]]\ 6XSSRUW 6RIWZDUH�

3OHDVH UHDG WKLV PDQXDO FRPSOHWHO\ DQG EH VXUH \RX XQGHUVWDQG WKH LQIRUPDWLRQ SURYLGH EHIRUH DWWHPSW�
LQJ WR RSHUDWH WKH &����)=����

6HFWLRQ � ,QWURGXFWLRQ LQWURGXFHV WKH IHDWXUHV RI WKH )X]]\ /RJLF 8QLW DQG H[SODLQV WKH IX]]\ ORJLF SUR�
FHVVLQJ WKDW WDNHV SODFH GXULQJ RSHUDWLRQ�

6HFWLRQ � &RPSRQHQWV DQG 6ZLWFK 6HWWLQJV GHVFULEHV WKH FRPSRQHQWV RI WKH &����)=��� DQG WKHLU
IXQFWLRQV�

6HFWLRQ � 0HPRU\ $OORFDWLRQ H[SODLQV KRZ ZRUGV LQ WKH 3& DUH DOORFDWHG WR WKH &����)=��� DQG WKHLU
IXQFWLRQV DV IODJV� FRQWURO ELWV� DQG ,�2 ZRUGV�

6HFWLRQ � 3URJUDP DQG .QRZOHGJH %DVH H[SODLQV EULHIO\ KRZ WR SUHSDUH WKH VXE�SURJUDP XVHG LQ WKH
3& DQG WKH NQRZOHGJH EDVH XVHG LQ WKH &����)=����

6HFWLRQ � ([DPSOH $SSOLFDWLRQ GHVFULEHV WKH VWHSV LQ WKH GHYHORSPHQW RI DQ DFWXDO FRQWURO V\VWHP WKDW
XVHV D &����)=����

6HFWLRQ �0DLQWHQDQFH DQG 7URXEOHVKRRWLQJ SURYLGHV JXLGHOLQHV IRU URXWLQHPDLQWHQDQFH DQG GHDOLQJ
ZLWK HUURUV WKDW PLJKW RFFXU ZKLOH XVLQJ WKH &����)=����
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6(&7,21 �
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6(&7,21 �
3URJUDP DQG .QRZOHGJH %DVH ��� � � � � � � � � � � � � � � � � � � � � �
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0DLQWHQDQFH DQG 7URXEOHVKRRWLQJ ��� � � � � � � � � � � � � � � � � � �

��� 0DLQWHQDQFH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 7URXEOHVKRRWLQJ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$SSHQGLFHV
$ 6WDQGDUG 0RGHOV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
% 6SHFLILFDWLRQV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

*ORVVDU\ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
,QGH[ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
5HYLVLRQ +LVWRU\ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �



�

6(&7,21 �
,QWURGXFWLRQ

7KLV VHFWLRQ LQWURGXFHV WKH IHDWXUHV RI WKH )X]]\ /RJLF 8QLW DQG H[SODLQV WKH IX]]\ ORJLF SURFHVVLQJ WKDW WDNHV SODFH GXULQJ
RSHUDWLRQ�

��� )HDWXUHV �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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����� ,QWURGXFWLRQ WR )X]]\ /RJLF �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )X]]\ /RJLF LQ WKH &����)=��� �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 'HYHORSLQJ WKH .QRZOHGJH %DVH �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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��� )HDWXUHV
7KH &����)=��� )X]]\ /RJLF 8QLW EULQJV DGYDQFHG� KLJK�VSHHG IX]]\ ORJLF
WHFKQRORJ\ WR WKH &���� &����+� &����+� &9���� &9����� &9����� DQG
&90� 3&V� &RQWURO RI VRPH FRPSOLFDWHG V\VWHPV WKDW SUHYLRXVO\ KDG WR EH VX�
SHUYLVHG E\ D VSHFLDOLVW FDQ QRZ EH KDQGOHG E\ WKHVH 3&V�

/DUJH ,�2 &DSDFLW\ 7KH &����)=��� SURYLGHV � LQSXWV DQG � RXWSXWV� DQG HDFK UXOH FDQ KDYH XS WR
� FRQGLWLRQ DQG � FRQFOXVLRQ SDUWV� DOORZLQJ LW WR EH XVHG LQ D ZLGH UDQJH RI DSSOL�
FDWLRQV�

:LGH 9DULHW\ RI ,�2 8QLWV 7KH XVHU FDQ VHOHFW IURP WKH ZLGH YDULHW\ RI 8QLWV WKDW FDQ EH PRXQWHG RQ D
&���� &����+� &����+� &9���� &9����� &9����� RU &90� %DFNSODQH�

6\VWHP &RPSDWLELOLW\ 7KH &����)=��� )X]]\ /RJLF 8QLW XVHV WKH ,�2 5($' DQG ,�2 :5,7( ,QVWUXF�
WLRQV WR FRPPXQLFDWH ZLWK WKH 3&� VR D IX]]\ FRQWURO V\VWHP FDQ EH FUHDWHG LI
WKHUH LV VSDFH IRU MXVW RQH ,�2 8QLW LQ WKH H[LVWLQJ FRQWURO V\VWHP�

,%0�FRPSDWLEOH 6RIWZDUH 7KH )X]]\ 6XSSRUW 6RIWZDUH �)66�� XVHG WR FUHDWH DQG WUDQVIHU WKH NQRZOHGJH
EDVH DV ZHOO DV WR PRQLWRU RSHUDWLRQ� UXQV RQ DQ ,%0 3&�$7 RU FRPSDWLEOH FRP�
SXWHU� $OO RI WKH FRPSXWHU RSHUDWLRQV FDQ EH FRQWUROOHG ZLWK SXOO�GRZQ PHQXV�
PDNLQJ WKH VRIWZDUH HDV\ WR XVH� HYHQ IRU EHJLQQHUV�

��� &RQILJXUDWLRQ
7KH &����)=��� FDQ EH PRXQWHG LQ DQ\ VORW RI D &���� &����+� RU &����+
&38 RU ([SDQVLRQ ,�2 5DFN� EXW QRW LQ D 6ODYH 5DFN EHFDXVH WKH 8QLW WUDQVIHUV
GDWD WR DQG IURP WKH &38 ZLWK WKH ,�2 :5,7( �:5,7����� DQG ,�2 5($'
�5($'����� LQVWUXFWLRQV� 7KH &����)=��� FDQQRW EH XVHG ZLWK KLJK�VSHHG
PRGHOV RI WKH &��� WKDW GR QRW VXSSRUW :5,7���� DQG 5($'�����
7KH )X]]\ /RJLF 8QLW FDQ EHPRXQWHG LQ DQ\ VORW RI D &9���� &9����� &9�����
RU &90� &38� ([SDQVLRQ &38� RU ([SDQVLRQ ,�2 5DFN� EXW QRW LQ D 6ODYH 5DFN
EHFDXVH LW XVHV WKH ,�2 :5,7( �:5,7������ DQG ,�2 5($' �5($'������ LQ�
VWUXFWLRQV�
7KH )X]]\ /RJLF 8QLW LV RIWHQ XVHG WRJHWKHU ZLWK WKH &����$'��� $QDORJ ,QSXW
8QLW DQG &����'$��� $QDORJ 2XWSXW 8QLW� DV VKRZQ LQ WKH IROORZLQJ GLDJUDP�

,%0 3&�$7 RU
FRPSDWLEOH

)X]]\ 6XSSRUW
6RIWZDUH

&����$'��� &����'$���

&����)=���

&���� &����+� &����+� &9���� &9�����
&9����� RU &90�

0RXVH

��� )X]]\ /RJLF 7KHRU\

����� ,QWURGXFWLRQ WR )X]]\ /RJLF
%HIRUH IX]]\ ORJLF WKHRU\� PRGHUQ FRQWURO PHWKRGV UHTXLUHG D SUHFLVH H[SUHV�
VLRQ �HLWKHU WKHRUHWLFDO RU QXPHULFDO� RI WKH UHODWLRQVKLS EHWZHHQ LQSXWV DQG RXW�
SXWV LQ D V\VWHP� ,QVWHDG RI D SUHFLVH PDWKHPDWLFDO IRUPXOD� IX]]\ ORJLF H[SUHV�

)X]]\ /RJLF 7KHRU\ 6HFWLRQ ���
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VHV WKH UHODWLRQVKLS EHWZHHQ LQSXWV DQG RXWSXWV LQ D JURXS RI LI�WKHQ VWDWHPHQWV
EDVHG RQ KXPDQ NQRZ�KRZ DQG H[SHULHQFH� ,Q IX]]\ ORJLF WKHRU\ WKH LI�WKHQ
VWDWHPHQWV DUH FDOOHG UXOHV� 7KH ´LIµ SDUW RI WKH UXOHV GHVFULEHV SRVVLEOH V\VWHP
FRQGLWLRQV� DQG WKH ´WKHQµ SDUW RI WKH VWDWHPHQWV GHVFULEHV WKH DSSURSULDWH DF�
WLRQ�V� IRU WKRVH FRQGLWLRQV�
&UHDWLQJ D IX]]\ FRQWURO V\VWHP ZLWK LI�WKHQ VWDWHPHQWV LV PXFK� PXFK VLPSOHU
WKDQH[SUHVVLQJ D FRQWURO SURFHVV XVLQJ D VHW RIPDWKHPDWLFDO HTXDWLRQV� EXW WKH
NH\ WR IX]]\ ORJLF WKHRU\ LVQ·W WKH XVH RI UXOHV� LW·V WKH DVVLJQPHQW RI D JUDGH WR
WKRVH VWDWHPHQWVDFFRUGLQJ WR KRZZHOO WKH\ ILW WKH FXUUHQW V\VWHP FRQGLWLRQV�$OO
RI WKH UXOHV DUH FRPELQHG ZLWK WKHLU UHODWLYH LPSRUWDQFH GHWHUPLQHG E\ WKHLU
JUDGH� $VVLJQLQJ JUDGHV WR WKH VWDWHPHQWV DOORZV FRPSXWHUV WR GHDO HDVLO\ ZLWK
WKH YDULDWLRQV LQ WKH UHDO ZRUOG�
/HW·V FRQVLGHU WKH FRQFHSW RI ´ZDUPWKµ WR GHPRQVWUDWH KRZ IX]]\ WKHRU\ DVVLJQV
JUDGHV WR FRQGLWLRQV� ´:DUPµ LV DQ LQH[DFW� RU IX]]\� FRQFHSW� 0RVW SHRSOH ZLOO
DJUHH WKDW ��� LV ZDUP� EXW ZRXOGQ·W VD\ WKDW D WHPSHUDWXUH RI ��� RU ��� LVQ·W
ZDUP� 7KH IHHOLQJ RI ´ZDUP�µ DV RSSRVHG WR ´KRWµ RU ´FROG�µ MXVW LVQ·W DV VWURQJ DW
��� RU ����
)X]]\ WKHRU\ DVVLJQV D JUDGH WR WKLV IHHOLQJ RI ZDUPWK� DQG WKH IXQFWLRQ WKDW UH�
ODWHV WKH FRQGLWLRQ �IHHOLQJ RI ZDUPWK� DQG WKH JUDGH LV FDOOHG WKHPHPEHUVKLS
IXQFWLRQ� $ VHW RI YDOXHV GHILQHG E\ DPHPEHUVKLS IXQFWLRQ LV FDOOHG D IX]]\ VHW�
7KH PRVW DFFXUDWH PHPEHUVKLS IXQFWLRQ LV XVXDOO\ D EHOO FXUYH� EXW WULDQJXODU RU
WUDSH]RLGDO VKDSHV DUH XVHG PRVW RIWHQ EHFDXVH WKH\ DUH HDV\ WR GHILQH DQG
XVH� 7KH IROORZLQJ GLDJUDP VKRZV D WULDQJXODU PHPEHUVKLS IXQFWLRQ IRU
´ZDUPWK�µ

��� ��� ��� ������
7HPSHUDWXUH ��)�

���

���

���

:DUP&RRO +RW

*UDGH

)URP WKLV IXQFWLRQ� WKH FRPSXWHU FDQ FDOFXODWH WKH OHYHO RI ´ZDUPWKµ IRU DQ\ WHP�
SHUDWXUH� $ WHPSHUDWXUH RI ��� KDV D JUDGH RI �� ZKLOH ��� DQG ��� KDYH D JUDGH
RI ���� ,Q RWKHU ZRUGV� D UXOH WKDW XVHV ´ZDUPWKµ LQ LWV LI VWDWHPHQW �,I LW·V ZDUP�
WKHQ ���� ZLOO EH ZHLJKWHG E\ D JUDGH RI � DW ���� RU ��� DW ��� RU ����
7KH IX]]\ ORJLF SURFHVVRU FDOFXODWHV WKH JUDGH IRU HYHU\ UXOH DFFRUGLQJ WR WKH
FXUUHQW FRQGLWLRQV DQG WKHQ FRPELQHV WKHVH UHVXOWV WR \LHOG D VLQJOH UHVXOW� 7KH
ILQDO UHVXOW LV DIIHFWHG E\ DOO RI WKH UXOHV WKDW WKH SURJUDPPHU LQFOXGHG�

0DNLQJ ,I�7KHQ 6WDWHPHQWV 7KH ILUVW VWHS LQ FUHDWLQJ D IX]]\ FRQWURO V\VWHP LV H[SUHVVLQJ WKH FRQWURO SURFHVV
LQ LI�WKHQ VWDWHPHQWV� 7KH IROORZLQJ VWDWHPHQWV H[SUHVV WKH NQRZ�KRZ WKDW SHR�
SOH XVH XQFRQVFLRXVO\ ZKHQ WKH\ DGMXVW WKH WHPSHUDWXUH RI WKHLU EDWK�

,I WKH ZDWHU LV YHU\ KRW� WXUQ WKH IDXFHW IDU WR WKH OHIW�
,I WKH ZDWHU LV KRW� WXUQ WKH IDXFHW D OLWWOH WR WKH OHIW�
,I WKH ZDWHU LV ZDUP� GRQ·W WXUQ WKH IDXFHW�
,I WKH ZDWHU LV FRRO� WXUQ WKH IDXFHW D OLWWOH WR WKH ULJKW�
,I WKH ZDWHU LV FROG� WXUQ WKH IDXFHW IDU WR WKH ULJKW�

$ SDWWHUQ HPHUJHV LQ WKHVH VWDWHPHQWV WKDW VKRZV DERXW KRZPXFK WR DGMXVW WKH
IDXFHW GHSHQGLQJ RQ WKH WHPSHUDWXUH RI WKH ZDWHU� 7KH NQRZ�KRZ WKDW RQH XVHV

)X]]\ /RJLF 7KHRU\ 6HFWLRQ ���
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ZKHQ KH DGMXVWV WKH EDWK WHPSHUDWXUH KDV EHHQ FRQYHUWHG WR D IRUP WKDW FDQ EH
HQWHUHG LQWR D FRPSXWHU�

0DNLQJ WKH 5XOHV 7KH ´LIµ FODXVHV DUH FDOOHG WKH FRQGLWLRQ SDUWV DQG WKH ´WKHQµ FODXVHV DUH FDOOHG
WKH FRQFOXVLRQ SDUWV RI WKH UXOH�

&RQGLWLRQ
�9HU\ KRW ZDWHU�

$FWLRQ
�7XUQ IDXFHW IDU WR WKH OHIW�

,) �FRQGLWLRQ� SDUW 7+(1 �FRQFOXVLRQ� SDUW

7KH &����)=��� FDQ KDYH XS WR ��� UXOHV ZLWK � FRQGLWLRQ DQG � FRQFOXVLRQ
SDUWV HDFK� 0RUH FRQGLWLRQ DQG FRQFOXVLRQ SDUWV DOORZ WKH IX]]\ FRQWURO WR KDQ�
GOH PRUH FRPSOLFDWHG FRQWURO SURFHVVHV� )RU WKH EDWK H[DPSOH� D UXOH PLJKW
KDYH WZR FRQGLWLRQ SDUWV VXFK DV ´,I WKH ZDWHU LV YHU\ KRW DQG WKH DLU LV FROG�µ DQG
WZR FRQFOXVLRQ SDUWV VXFK DV ´WXUQ WKH IDXFHW IDU WR WKH OHIW DQG DGG D OLWWOH ZDWHU�µ
7KH UXOHV FDQ EH OLVWHG DV VKRZQ EHORZ�

&RQGLWLRQ SDUWV� &RQFOXVLRQ SDUWV�

$D�� $D�� ��� &D�� &D�
$E�� $E�� ��� &E�� &E�
$F�� $F�� ��� &F�� &F�

&RQGLWLRQ SDUWV ZLWKLQ RQH UXOH DUH OLQNHG E\ ORJLFDO $1'V� L�H�� DOO RI WKH SDUWV
PXVW EH WUXH� 5XOHV DUH OLQNHG E\ ORJLFDO 25V� L�H� DQ\ UXOH FDQ EH VDWLVILHG
UHJDUGOHVV RI WKH VWDWXV RI RWKHU UXOHV� 7KHVH UHODWLRQVKLSV DUH LOOXVWUDWHG
EHORZ�

,) �$D� $1' $D� $1' ���� 7+(1 �&D� $1' &D��
25

,) �$E� $1' $E� $1' ���� 7+(1 �&E� $1' &E��
25
HWF�

0HPEHUVKLS )XQFWLRQV 7KH FRQGLWLRQPHPEHUVKLS IXQFWLRQ DVVLJQV D QXPHULFDO YDOXH WR KRZZHOO D VSH�
FLILF YDOXH RI D IX]]\ YDULDEOH �WHPSHUDWXUH� GLVWDQFH� VSHHG� HWF�� VDWLVILHV D
FRQGLWLRQ �FRRO� ZDUP� FORVH� IDU� VORZ� IDVW� HWF�� LQ D UXOH�
&RQGLWLRQ PHPEHUVKLS IXQFWLRQV FDQ KDYH IRXU GLIIHUHQW VKDSHV� 6� =� L� RU P�
5HIHU WR ����� 'HYHORSLQJ WKH .QRZOHGJH %DVH IRU GHWDLOV RQ PHPEHUVKLS IXQF�
WLRQ VKDSHV�
7KH &����)=��� FDQ KDYH XS WR � PHPEHUVKLS IXQFWLRQV IRU HDFK IX]]\ YDUL�
DEOH� 7KH FRQGLWLRQV �FRRO� ZDUP� FORVH� IDU� VORZ� IDVW� HWF�� GHILQHG E\ WKHPHP�
EHUVKLS IXQFWLRQV DUH FDOOHG ODEHOV� 7KH IROORZLQJ GLDJUDP VKRZV D VWDQGDUG DU�
UDQJHPHQW RI L�W\SH PHPEHUVKLS IXQFWLRQV�

��� 0D[���� 0LQ�
���

���

���

1/

�

10 16 =5 36 30 3/

*
UD
G
H

/DEHOV�
1/� 1HJDWLYH /DUJH
10� 1HJDWLYH 0HGLXP
16� 1HJDWLYH 6PDOO
=5� =HUR 5DQJH
36� 3RVLWLYH 6PDOO
30� 3RVLWLYH 0HGLXP
3/� 3RVLWLYH /DUJH

)X]]\ /RJLF 7KHRU\ 6HFWLRQ ���
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:KHQ FUHDWLQJ PHPEHUVKLS IXQFWLRQV IRU D SDUWLFXODU V\VWHP� PRGLI\ WKLV VWDQ�
GDUG DUUDQJHPHQW WR VXLW WKH SDUWLFXODU DSSOLFDWLRQ� 5HIHU WR ����� 'HYHORSLQJ
WKH .QRZOHGJH %DVH IRU GHWDLOV RQ FUHDWLQJ FRQGLWLRQ PHPEHUVKLS IXQFWLRQV�
7KH FRQFOXVLRQ PHPEHUVKLS IXQFWLRQ DVVLJQV D VSHFLILF YDOXH WR DQ DFWLRQ �WXUQ�
LQJ D YDOYH� UDLVLQJ YROWDJH� HWF�� LQGLFDWHG LQ WKH FRQFOXVLRQ SDUW RI D UXOH� 7KH
VKDSH RI WKH FRQFOXVLRQ PHPEHUVKLS IXQFWLRQV LV URXJKO\ WULDQJXODU� PDGH XS RI
� FROXPQV IRU 1/ DQG 3/ DQG � FROXPQV IRU 10 WKURXJK 30� (DFK FRQFOXVLRQ
PHPEHUVKLS IXQFWLRQ RYHUODSV WKH DGMDFHQW IXQFWLRQ�V�� SURGXFLQJ D WRWDO RI ��
FROXPQV LQ WKH RXWSXW UDQJH�

)))�
�

�))

1/ 10 16 =5 36 30 3/

*
UD
G
H

30

30
DORQH36 DQG 30

RYHUODS KHUH�

)X]]\ /RJLF 3URFHVVLQJ 7KLV VHFWLRQ EULHIO\ H[SODLQV KRZ WKH IX]]\ ORJLF SURFHVVRU FDOFXODWHV D UHVXOW
IURP WKH FRQGLWLRQ DQG FRQFOXVLRQ SDUWV RI WKH UXOHV WKDW ZHUH H[SUHVVHG LQ WHUPV
RI PHPEHUVKLS IXQFWLRQV DERYH� 5HIHU WR ����� )X]]\ /RJLF LQ WKH &����)=���
IRU D PRUH GHWDLOHG H[SODQDWLRQ�
)LUVW RI DOO� WKH JUDGHV IRU WKH FRQGLWLRQ SDUWV RI HDFK UXOH DUH FDOFXODWHG IURP WKH
LQSXWV DQG FRQGLWLRQPHPEHUVKLS IXQFWLRQV IRU HDFK UXOH� 7KHPLQLPXP JUDGH RI
WKH FRQGLWLRQ SDUWV LV WKH UXOH JUDGH� 7KH PLQLPXP YDOXH LV WDNHQ EHFDXVH FRQ�
GLWLRQ SDUWV RI D UXOH DUH OLQNHG E\ ORJLFDO $1'V� VR DOO RI WKH SDUWV PXVW EH VDWLV�
ILHG VLPXOWDQHRXVO\�
)RU D UXOH ZLWK WZR FRQGLWLRQ SDUWV VXFK DV ´,I WKH ZDWHU LV YHU\ KRW DQG WKH DLU LV
FROG�µ WKH UXOH JUDGH LV WKH OHVVHU RI WKH WZR JUDGHV� ,Q WKH FDVH VKRZQ EHORZ� WKH
UXOH JUDGH LV ����

���

���

���

9HU\ KRW

*
UD
G
H

���� ���� ����

:DWHU WHPSHUDWXUH ��)�

���

*
UD
G
H

���

���

���

&ROG

��� ��� ���

$LU WHPSHUDWXUH ��)�

���

$IWHU DOO RI WKH UXOH JUDGHV DUH FDOFXODWHG� WKH JUDGH IRU HDFK ODEHO LV FDOFXODWHG�
7KH JUDGH IRU D ODEHO LV FDOOHG LWV IX]]\ RXWSXW� 7KH IX]]\ RXWSXW LV WKHPD[LPXP
UXOH JUDGH IRU WKDW ODEHO� 7KH PD[LPXP YDOXH LV WDNHQ EHFDXVH WKH UXOHV DUH
OLQNHG E\ ORJLFDO 25V� 7DNLQJ WKH PD[LPXP YDOXH HQVXUHV WKDW WKH UHVXOWV IURP
DOO RI WKH UXOHV DUH WDNHQ LQWR DFFRXQW IDLUO\� 7KH ILQDO UHVXOW LV FDOFXODWHG IURP WKH
IX]]\ RXWSXWV LQ DQ RSHUDWLRQ FDOOHG GHIX]]LILFDWLRQ�

'HIX]]LILFDWLRQ 7KH FHQWHU RI JUDYLW\ PHWKRG RI GHIX]]LILFDWLRQ LV XVHG LQ WKH &����)=���� (DFK
FRQFOXVLRQ PHPEHUVKLS IXQFWLRQ LV FXW RII DERYH WKH IX]]\ RXWSXW DQG WKHQ WKH
FHQWHU RI JUDYLW\ RI WKH �� FROXPQV LQ WKH RXWSXW UDQJH �RQ WKH [�D[LV� LV FDOFX�
ODWHG� 7KH ORFDWLRQ RI WKH FHQWHU RI JUDYLW\ LV WKH ILQDO UHVXOW�

)X]]\ /RJLF 7KHRU\ 6HFWLRQ ���
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����� )X]]\ /RJLF LQ WKH &����)=���
,Q WKLV VHFWLRQ� WKH IX]]\ ORJLF SURFHVVLQJ WKDW ZDV RXWOLQHG LQ WKH SUHYLRXV VHF�
WLRQ LV H[DPLQHG LQ GHWDLO� )X]]\ ORJLF SURFHVVLQJ LQ WKH &����)=��� LV GLYLGHG
LQWR WKUHH VWHSV� FRQGLWLRQ SDUW SURFHVVLQJ� FRQFOXVLRQ SDUW SURFHVVLQJ� DQG GH�
IX]]LILFDWLRQ�

&RQGLWLRQ SDUW SURFHVVLQJ LQYROYHV FDOFXODWLQJ WKH UXOH JUDGHV� 7KLV LV D WZR�VWHS
SURFHVV EHFDXVH RQH UXOH FDQ KDYH XS WR � FRQGLWLRQ SDUWV� )LUVW� WKH JUDGH IRU
HDFK FRQGLWLRQ SDUW RI D UXOH LV FDOFXODWHG IURP LWV FRQGLWLRQPHPEHUVKLS IXQFWLRQ
DQG WKH LQSXWV� WKHQ WKH PLQLPXP JUDGH LV WDNHQ DV WKH UXOH JUDGH�
7KH UXOH LQ WKH IROORZLQJ H[DPSOH KDV � FRQGLWLRQ SDUWV�

*UDGH

*UDGH

*UDGH

&RQGLWLRQ PHPEHUVKLS IXQFWLRQ $QRWKHU FRQGLWLRQ
PHPEHUVKLS IXQFWLRQ

$QRWKHU FRQGLWLRQ
PHPEHUVKLS IXQFWLRQ

0LQLPXP JUDGH  UXOH JUDGH

,QSXW

,QSXW

,QSXW

7KH UXOH JUDGHV� ZKLFK DUH XVHG LQ FRQFOXVLRQ SDUW SURFHVVLQJ� DUH VWRUHG LQ
5$0 DQG FDQ EH PRQLWRUHG ZLWK WKH )X]]\ 6XSSRUW 6RIWZDUH�

&RQFOXVLRQ 3DUW 3URFHVVLQJ &RQFOXVLRQ SDUW SURFHVVLQJ LQYROYHV FDOFXODWLQJ WKH IX]]\ RXWSXW IRU HDFK ODEHO�
7KH UXOH JUDGHV IRU DOO UXOHV WKDW KDYH WKDW ODEHO LQ WKHLU FRQFOXVLRQ SDUW DUH FRP�
SDUHG DQG WKH PD[LPXP LV WDNHQ DV WKH IX]]\ RXWSXW IRU WKDW ODEHO�
,Q WKH IROORZLQJ H[DPSOH UXOHV �� �� DQG � DIIHFW ODEHO $�

5XOHV ZLWK ODEHO $ LQ WKH FRQFOXVLRQ SDUW�

5XOH JUDGH  ���

5XOH �

5XOH JUDGH  ���

5XOH �

5XOH JUDGH  ���

5XOH �

7DNH WKH PD[LPXP

/DEHO $ IX]]\ RXWSXW  ���

:KHQ WKH RSHUDWLRQ VKRZQ LQ WKH SUHYLRXV GLDJUDP LV SHUIRUPHG IRU DOO RI WKH
ODEHOV� HDFK ODEHO ZLOO KDYH D IX]]\ RXWSXW� 7KH FRQFOXVLRQ PHPEHUVKLS IXQFWLRQ

&RQGLWLRQ 3DUW 3URFHVVLQJ�
&DOFXODWLQJ 5XOH *UDGHV

)X]]\ /RJLF 7KHRU\ 6HFWLRQ ���
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IRU HDFK ODEHO LV FXW RII DERYH WKH IX]]\ RXWSXW� ([DPSOHV RI WKLV SURFHVV IRU OD�
EHOV $ DQG % DUH VKRZQ EHORZ�

���
�

�

/DEHO $
IX]]\ RXWSXW

�))

/D�
EHO
$

���

/D�
EHO
%

����

/DEHO %
IX]]\ RXWSXW

'HIX]]LILFDWLRQ 'HIX]]LILFDWLRQ GHWHUPLQHV D ILQDO UHVXOW E\ FDOFXODWLQJ WKH FHQWHU RI JUDYLW\ RI WKH
FRQFOXVLRQ PHPEHUVKLS IXQFWLRQV FXW RII DW WKH IX]]\ RXWSXW� 7KH HTXDWLRQ XVHG
WR FDOFXODWH WKH FHQWHU RI JUDYLW\ DORQJ WKH [�D[LV� 5� LV VKRZQ EHORZ� 7KH WHUP6Q
LV WKH ORFDWLRQ RI HDFK RI WKH �� FROXPQV RQ WKH [�D[LV� )Q LV WKH KHLJKW RI WKH
FROXPQ DW 6Q� :KHQ WZR FROXPQV RYHUODS� WKH JUHDWHU RI WKH WZR LV WDNHQ DV )Q�
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�
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$
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,I DOO RI WKH IX]]\ RXWSXWV DUH ]HUR� WKH GLYLVRU LQ WKH HTXDWLRQ DERYH ZLOO DOVR EH
]HUR� WKH GLYLVLRQ ZLOO QRW EH SHUIRUPHG DQG WKH (UURU )ODJ �ELW ��� DQG 1R &RUUH�
VSRQGLQJ 2XWSXW )ODJ �ELW ��� IRU WKDW RXWSXW ZLOO EH WXUQHG 21� 5HIHU WR �����
2XWSXW 'DWD 7UDQVIHU IRU GHWDLOV RQ WKH RXWSXW GDWD IRUPDW�

����� 'HYHORSLQJ WKH .QRZOHGJH %DVH
7KH UXOHV DQG PHPEHUVKLS IXQFWLRQV WRJHWKHU DUH NQRZQ DV WKH NQRZOHGJH
EDVH� 7KLV VHFWLRQ H[SODLQV KRZ WR RUJDQL]H WKH UXOHV DQG PHPEHUVKLS IXQF�
WLRQV XVHG LQ WKH &����)=����

'HWHUPLQLQJ 2EMHFWLYHV 7KH ILUVW VWHS LQ GHVLJQLQJ D IX]]\ FRQWURO V\VWHP LV GHWHUPLQLQJ WKH SDUDPHWHUV
WKDW ZLOO EH FRQWUROOHG�

�� �� ���� �� 'HFLGH ZKDW SDUW RI WKH FRQWUROOHG V\VWHP ZLOO EH FRQWUROOHG E\ WKH 8QLW�
�� 2QH RI WKH VWUHQJWKV RI IX]]\ ORJLF LV LWV FDSDFLW\ WR RSHUDWH ZLWK PRUH WKDQ

RQH REMHFWLYH� 'HFLGH ZKDW WKH REMHFWLYHV DUH IRU WKH IX]]\ FRQWURO V\VWHP�
WKH RUGHU RI SULRULW\ IRU WKRVH REMHFWLYHV� DQG WKH JRDO IRU HDFK REMHFWLYH� $V
DQ H[DPSOH� WKH IROORZLQJ WDEOH OLVWV WKUHH REMHFWLYHV IRU D PDQXIDFWXULQJ
SURFHVV LQ RUGHU RI LPSRUWDQFH� LQFUHDVLQJ PDQXIDFWXULQJ SUHFLVLRQ� VSHHG�
DQG HQHUJ\ HIILFLHQF\�

,WHP 2EMHFWLYH *RDO

0DQXIDFWXULQJ SUHFLVLRQ 0D[LPL]H SUHFLVLRQ [� PP

0DQXIDFWXULQJ VSHHG 0D[LPL]H VSHHG [� P�V

(QHUJ\ HIILFLHQF\ 0LQLPL]H SRZHU FRQVXPSWLRQ [� NLORZDWWV

'HWHUPLQLQJ ,�2

�� �� ���� �� 2UJDQL]H WKH LQIRUPDWLRQ DERXW WKH FRQWUROOHG V\VWHPDQGGHFLGHZKDW LQIRU�
PDWLRQ LV QHFHVVDU\ WR DFKLHYH WKH REMHFWLYHV�

)X]]\ /RJLF 7KHRU\ 6HFWLRQ ���
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�� 'LYLGH WKH LQIRUPDWLRQ LQWR LQSXWV DQG RXWSXWV�

�� 2UJDQL]H WKH LQIRUPDWLRQ LQWR JURXSV E\ FULWHULD VXFK DV WKRVH EHORZ�

� *URXSHG DFFRUGLQJ WR REMHFWLYH�

� *URXSHG DFFRUGLQJ WR RXWSXW�

� *URXSHG DFFRUGLQJ WR LQSXW�

� *URXSHG DFFRUGLQJ WR VLWXDWLRQ�

� *URXSHG DFFRUGLQJ WR VWHSV �H�J�� FRQGLWLRQ $ JRDO $ RXWSXW YDOXH��

7KHVH JURXSV FDQ EH XVHG DV WKH\ DUH ZKHQ FUHDWLQJ UXOHV�

�� 5HYLHZ WKH JURXSV WR YHULI\ WKDW WKH\ VDWLVI\ WKH REMHFWLYHV�

6\VWHP &RQILJXUDWLRQ 7KH)X]]\ /RJLF8QLW FDQ EH XVHG DORQH RU LQ D FRQYHQWLRQDO�IX]]\ K\EULG FRQWURO
V\VWHP� 7KH EHVW FRQWURO V\VWHP ZLOO GHSHQG RQ WKH FKDUDFWHULVWLFV RI WKH FRQ�
WUROOHG V\VWHP�

�� �� ���� �� 7KH IROORZLQJ GLDJUDPV VKRZ WZR YHUVLRQV RI FRQYHQWLRQDO�IX]]\ K\EULG
FRQWURO V\VWHPV� 7KH ILUVW XVHV IX]]\ ORJLF LQ SDUDOOHO ZLWK WKH H[LVWLQJ FRQWURO
V\VWHP DQG WKH VHFRQG XVHV IX]]\ ORJLF WR UHILQH WKH RXWSXW RI WKH H[LVWLQJ
FRQWURO V\VWHP�

([LVWLQJ FRQ�
WURO

)X]]\ FRQWURO

&RQWUROOHG V\VWHP

a

��a

3DUDOOHO FRQWURO�

&RQWUROOHG V\VWHP

)X]]\ ORJLF�UHILQHG FRQWURO�

([LVWLQJ FRQ�
WURO

)X]]\ FRQWURO

�� )X]]\ ORJLF DORQH FDQ EH XVHG WR FRQWURO WKH V\VWHP� DV VKRZQ EHORZ�

&RQWUROOHG V\VWHP

)X]]\ ORJLF FRQWURO�

)X]]\ FRQWURO

�� $ )X]]\ /RJLF 8QLW FDQ EH LQVWDOOHG WR DFW DV DQ LQWHUIDFH EHWZHHQ WKH KX�
PDQ RSHUDWRU DQG H[LVWLQJ FRQWURO V\VWHP LQ V\VWHPV WKDW UHTXLUH DQ RSHUD�
WRU WR DGMXVW VHWWLQJV�

)X]]\ ORJLF LQWHUIDFH�

([LVWLQJ FRQ�
WURO

&RQWUROOHG V\VWHP

)X]]\ FRQWURO2SHUDWRU

6HWWLQJV

�� $ )X]]\ /RJLF 8QLW FDQ EH XVHG WR WXQH WKH RXWSXW RI WKH H[LVWLQJ FRQWURO V\V�
WHP� 7KLV FRQILJXUDWLRQ LV VLPLODU WR WKH IX]]\ ORJLF�UHILQHG FRQWURO V\VWHP LQ
FRQILJXUDWLRQ ��

)X]]\ /RJLF 7KHRU\ 6HFWLRQ ���
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)X]]\ ORJLF�WXQHG FRQWURO�

([LVWLQJ FRQ�
WURO

&RQWUROOHG V\VWHP

)X]]\ FRQWURO

7XQLQJ

0DNLQJ WKH 5XOHV 0DNH HQRXJK UXOHV VR WKDW WKHUH DUH RXWSXWV IURP DW OHDVW WZR UXOHV LQ LQSXW
UDQJHV ZKHUH SUHFLVLRQ DQG VPRRWK RSHUDWLRQ DUH UHTXLUHG� +RZHYHU� KDYLQJ �
RU PRUH UXOHV ZLWK D JUDGH RI PRUH WKDQ ��� DW WKH VDPH WLPH LV UHGXQGDQW�

7KHUH PXVW EH DW OHDVW RQH RXWSXW IURP D UXOH DW DOO WLPHV� $Q HUURU ZLOO RFFXU LI
WKHUH LVQ·W DQ RXWSXW� VR EH VXUH QRW WR DOORZ JDSV LQ LQSXW FRYHUDJH VXFK DV WKH
RQH VKRZQ EHORZ�

)))� ,QSXW UDQJH

5XOH �

5XOH �

5XOH �

5XOH �

5XOH �

'RQ·W FUHDWH JDSV

,Q FDVHV ZKHUH SUHFLVH UHVSRQVH LV QRW UHTXLUHG� PDNH UXOHV WKDW FRYHU D EURDG
VHFWLRQ RI WKH LQSXW UDQJH� DV VKRZQ EHORZ�

)))� ,QSXW UDQJH

5XOH �

5XOH �

5XOH �
5XOH �

5XOH �

7KH WLPH UHTXLUHG WR ZULWH DQG H[HFXWH WKH SURJUDP FDQ EH UHGXFHG E\PDNLQJ D
VLQJOH UXOH ZLWK WZR FRQFOXVLRQ SDUWV LQVWHDG RI WZR VHSDUDWH UXOHV ZLWK MXVW RQH
FRQFOXVLRQ SDUW ZKHUH SRVVLEOH� ,I WKH UHVSRQVH WLPH LV WRR VORZ� WU\ JURXSLQJ
UXOHV DFFRUGLQJ WR VLWXDWLRQ� UHGXFLQJ WKH QXPEHU RI UXOHV DV PXFK DV SRVVLEOH�
DQG EURDGHQLQJ WKH LQSXW UDQJH WKDW HDFK UXOH FRYHUV�

:H UHFRPPHQG VDYLQJ WR WKH IORSS\ GLVN IUHTXHQWO\ WR DYRLG ORVLQJ GDWD� DQG
NHHSLQJ D MRXUQDO RI FKDQJHV DQG WKH UHDVRQV IRUPDNLQJ WKH FKDQJHVDV DQHGX�
FDWLRQDO UHVRXUFH IRU WKH SURJUDPPHU KLPVHOI DQG RWKHUV�

&RQGLWLRQ )XQFWLRQV 7KH IRXU VWDQGDUG VKDSHV IRU FRQGLWLRQPHPEHUVKLS IXQFWLRQV DUH VKRZQ EHORZ�

6 = l p

,Q D FORVHG�ORRS V\VWHP� ZH UHFRPPHQG VWDUWLQJZLWK WULDQJXODU �l� PHPEHUVKLS
IXQFWLRQV WKDW DUH VSDFHG RQH�KDOI WKHLU ZLGWK� DV VKRZQ EHORZ� 7KH LQSXW UDQJH

)X]]\ /RJLF 7KHRU\ 6HFWLRQ ���



��

KDV D ODUJH HIIHFW RQ FRQWURO SHUIRUPDQFH� VR SURSHU ,�2 VLJQDO FRQYHUVLRQ �JDLQ
DGMXVWPHQW� LV YHU\ LPSRUWDQW�

7KH IROORZLQJ GLDJUDPV VKRZ WZR HIIHFWV RI PRGLILHG PHPEHUVKLS IXQFWLRQV� ,Q
WKH GLDJUDPRQ WKH OHIW� WKH UXOHV LQ RQH VHFWLRQ RI WKH LQSXW UDQJH FRYHU D QDUURZ�
HU UDQJH IRU JUHDWHU VHQVLWLYLW\� ,Q WKH GLDJUDP RQ WKH ULJKW� WKH FHQWUDO VHFWLRQ RI
HDFK PHPEHUVKLS IXQFWLRQ KDV QR VHQVLWLYLW\ WR FKDQJHV LQ WKH LQSXW YDOXH�

*UHDWHU VHQVLWLYLW\ LQ
WKLV UHJLRQ�

1R LQIOXHQFH IURP QHLJKERULQJ PHPEHUVKLS IXQFWLRQV DQG
QR VHQVLWLYLW\ WR FKDQJHV LQ LQSXW YDOXH LQ WKHVH UHJLRQV�

7KH FRQVWUXFWLRQ RI WKHPHPEHUVKLS IXQFWLRQVZLOO GHSHQG RQ WKH FKDUDFWHULVWLFV
RI WKH FRQWUROOHG V\VWHP� 7KH DUUDQJHPHQW RI PHPEHUVKLS IXQFWLRQV FDQ EH�
FRPH YHU\ DV\PPHWULFDO DQG FRPSOLFDWHG� SDUWLFXODUO\ ZLWK RSHQ�UHHO FRQWURO
V\VWHPV DQG UHFRJQLWLRQ�LGHQWLILFDWLRQ V\VWHPV�

&RQFOXVLRQ )XQFWLRQ 7KH VKDSH DQG ORFDWLRQ RI WKH FRQFOXVLRQ PHPEHUVKLS IXQFWLRQV LV IL[HG� 7KH
IXQFWLRQV DUH URXJKO\ WULDQJXODU� PDGH XS RI � FROXPQV IRU 1/ DQG 3/ DQG � FRO�
XPQV IRU 10 WKURXJK 30� 7KUHH FROXPQV RI WKH PHPEHUVKLS IXQFWLRQV RYHUODS
WKH DGMDFHQW IXQFWLRQ�V�� SURGXFLQJ D WRWDO RI �� FROXPQV LQ WKH RXWSXW UDQJH�

3/10 WR 301/

)))�
�

�))

1/ 10 16 =5 36 30 3/

*
UD
G
H

,QGLYLGXDO IXQFWLRQV &RPELQHG IXQFWLRQV

)ROORZ WKH SURFHGXUH EHORZ ZKHQ PRGLI\LQJ WKH NQRZOHGJH EDVH IRU LPSURYHG
SHUIRUPDQFH�

�� �� ���� �� 7KH ILUVW VWHS LQ GHVLJQLQJ WKH NQRZOHGJH EDVH LV WR OLVW WKH UXOHV� 8VH D VWDQ�
GDUG VKDSH IRU WKH PHPEHUVKLS IXQFWLRQV�
$IWHU OLVWLQJ WKH UXOHV� ZH·OO PRGLI\ WKH NQRZOHGJH EDVH EDVHG RQ WKH UHVXOWV
RI VLPXODWLRQV�

�� 0RGLI\ WKH UXOHV� DGG QHZ UXOHV ZKHQ QHHGHG�

,QWHJUDWHG 'HYHORSPHQW RI
WKH 5XOHV DQG 0HPEHUVKLS
)XQFWLRQV

)X]]\ /RJLF 7KHRU\ 6HFWLRQ ���



��

�� %HIRUH PRGLI\LQJ WKH PHPEHUVKLS IXQFWLRQV� DGMXVW WKH ,�2 JDLQ�
�� 0RGLI\ WKHPHPEHUVKLS IXQFWLRQV� %HJLQ E\ DGMXVWLQJ WKH ZLGWK DQG SRVLWLRQ

RI WKH FRQGLWLRQ SDUWV� )RU WKH FRQFOXVLRQ SDUWV� SRVLWLRQ LV WKH RQO\ VHWWLQJ
WKDW FDQ EH DGMXVWHG�

$IWHU FRPSOHWLQJ WKLV SURFHGXUH� WHVW IRU XQXVXDO RU XQH[SHFWHG RXWSXWV XVLQJ D
YDULHW\ RI LQSXW FRPELQDWLRQV�

����� 'RZQORDGLQJ WKH .QRZOHGJH %DVH
$IWHU WKH NQRZOHGJH EDVH KDV EHHQ ZULWWHQ LQ WKH FRPSXWHU� LW PXVW EH WUDQV�
IHUUHG �GRZQORDGHG� WR WKH )X]]\ /RJLF 8QLW� 5HIHU WR ��� 0DNLQJ DQG 'RZQ�
ORDGLQJ WKH .QRZOHGJH %DVH IRU GHWDLOV�

)X]]\ /RJLF 7KHRU\ 6HFWLRQ ���



��

6(&7,21 �
&RPSRQHQWV DQG 6ZLWFK 6HWWLQJV

7KLV VHFWLRQ GHVFULEHV WKH FRPSRQHQWV RI WKH &����)=��� DQG WKHLU IXQFWLRQV�

��� &RPSRQHQWV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� ,QGLFDWRUV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6ZLWFK 6HWWLQJV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 56����& ,QWHUIDFH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 0RXQWLQJ 'HSWK ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �



��

��� &RPSRQHQWV

)URQW %DFN

/(' LQGLFDWRUV
,QGLFDWH RSHUDWLRQDO VWDWXV�
�7KH IURQW ',3 VZLWFK LV
XQGHU WKH /(' LQGLFDWRU
FRYHU� 5HIHU WR ��� 6ZLWFK
6HWWLQJV IRU GHWDLOV��

56����& SRUW
8VHG WR FRQQHFW WR WKH
FRPSXWHU�

%DWWHU\ FRPSDUWPHQW

&RQQHFWRU
&RQQHFWV WKH 8QLW WR
WKH 3&·V &38 DQG
SRZHU VXSSO\�

0RXQWLQJ VFUHZ
$WWDFKHV WKH 8QLW WR WKH
3&·V %DFNSODQH�

%DFN ',3 VZLWFK
5HIHU WR ��� 6ZLWFK 6HWWLQJV
IRU GHWDLOV�

5HVHW VZLWFK
8VHG WR UHVWDUW WKH 8QLW� $OO
,�2 VWDWXV LV UHVHW WR ]HUR
ZKHQ WKLV VZLWFK LV SUHVVHG�

0RXQWLQJ VFUHZ
$WWDFKHV WKH 8QLW WR WKH
3&·V %DFNSODQH�

��� ,QGLFDWRUV
7KH /(' LQGLFDWRUV RQ WKH IURQW RI WKH )X]]\ /RJLF 8QLW SURYLGH YLVXDO LQIRUPD�
WLRQ RQ WKH JHQHUDO RSHUDWLRQ RI WKH 8QLW� 7KH IXQFWLRQ RI WKH LQGLFDWRUV LV GH�
VFULEHG LQ WKH IROORZLQJ WDEOH�

,QGLFDWRUV 6HFWLRQ ���



��

,QGLFDWRU )XQFWLRQ

581 /LJKWV ZKHQ WKH 8QLW LV RSHUDWLQJ QRUPDOO\�

(5525 /LJKWV ZKHQ DQ HUURU LV GLVFRYHUHG LQ VHOI�GLDJQRVLV RSHUDWLRQV�
)ODVKHV ZKHQ WKH NQRZOHGJH EDVH KDVQ·W EHHQ HQWHUHG RU KDV
EHHQ GDPDJHG�

7�5 /LJKWV ZKHQ GDWD LV EHLQJ WUDQVPLWWHG WR RU IURP WKH 8QLW YLD WKH
56����& SRUW�

%$7 (55 /LJKWV ZKHQ WKH EDWWHU\ YROWDJH LV EHORZ WKH PLQLPXP�

��� 6ZLWFK 6HWWLQJV
7KH VHWWLQJV RI WKH ',3 VZLWFKHV RQ WKH IURQW DQG EDFN RI WKH 8QLW GHWHUPLQH KRZ
WKH 8QLW ZLOO FRPPXQLFDWH ZLWK D SURJUDPPLQJ GHYLFH WKURXJK WKH 56����&
SRUW� $OZD\V WXUQ WKH 3& SRZHU RII EHIRUH FKDQJLQJ WKH ',3 VZLWFK VHWWLQJV�

)URQW ',3 6ZLWFK 7KH IURQW ',3 VZLWFK LV ORFDWHG XQGHU WKH /(' LQGLFDWRU FRYHU DQG FDQ EH DF�
FHVVHG E\ OLIWLQJ RII WKH FRYHU ZLWK D VWDQGDUG VFUHZGULYHU� DV VKRZQ LQ WKH LOOXV�
WUDWLRQ EHORZ�

6WDQGDUG VFUHZGULYHU

3LQV � WR � VHW WKH EDXG UDWH IRU FRPPXQLFDWLRQV WKURXJK WKH 56����& SRUW� DV
VKRZQ LQ WKH WDEOH EHORZ� �7KH EDXG UDWH LV VHW WR ����� DW WKH IDFWRU\��

3LQ VHWWLQJV %DXG UDWH
� � �

2)) 2)) 2)) 1RW XVHG�

2)) 2)) 21 ������

2)) 21 2)) �����

2)) 21 21 �����

21 21 2)) �����

21 2)) 21 �����

21 21 2)) ���

21 21 21 ���

3LQV � WR � RI WKH IURQW ',3 VZLWFK DUH XVHG WR VHW WKH XQLW QXPEHU RI WKH
&����)=��� DV VHHQ IURP WKH FRPSXWHU� 7KH XQLW QXPEHU FDQ EH � WR ��� DQG LV
VHW DV D ELQDU\ QXPEHU� 3LQ YDOXHV �ZKHQ21� DUH VKRZQ LQ WKH WDEOH EHORZ� �7KH
XQLW QXPEHU LV VHW WR � DW WKH IDFWRU\��

6ZLWFK 6HWWLQJV 6HFWLRQ ���



��

3LQ YDOXH

3LQ � 3LQ � 3LQ � 3LQ � 3LQ �

�� ���� �� ��� �� ��� �� ��� �� ���

([DPSOH 7KH IROORZLQJ GLDJUDP VKRZV WKH IURQW ',3 VZLWFK VHW IRU ����� EDXG DQG XQLW
QXPEHU �� �� � � � � � � � �  ����

21 � � � � � � ��

2)) � �
21 � �

%DFN ',3 6ZLWFK 7KH EDFN ',3 VZLWFK LV ORFDWHG RQ WKH EDFN RI WKH 8QLW QHDU WKH ERWWRP DQG LV
XVHG WR VHW WKH FRPPXQLFDWLRQV SURWRFRO IRU WKH 56����& SRUW�

%DFN ',3 VZLWFK

� 9'& SRZHU
VXSSO\ VZLWFK

3LQV � WR � DUH XVHG WR VHW WKH FKDUDFWHU IRUPDW DQG SLQ � LV XVHG WR VHW WKH &76
VLJQDO� DV VKRZQ LQ WKH IROORZLQJ WDEOHV� 3LQV � WR � DQG � DUH QRW XVHG� �7KHVH
SLQV DUH DOO VHW WR � DW WKH IDFWRU\��

3LQ VHWWLQJV &KDUDFWHU IRUPDW
� � �

2)) 2)) 2)) � GDWD ELWV� HYHQ SDULW\� � VWRS ELWV

21 2)) 2)) � GDWD ELWV� RGG SDULW\� � VWRS ELWV

2)) 21 2)) � GDWD ELWV� HYHQ SDULW\� � VWRS ELW

21 21 2)) � GDWD ELWV� RGG SDULW\� � VWRS ELW

2)) 2)) 21 � GDWD ELWV� QR SDULW\� � VWRS ELWV

21 2)) 21 � GDWD ELWV� QR SDULW\� � VWRS ELW

2)) 21 21 � GDWD ELWV� HYHQ SDULW\� � VWRS ELW

21 21 21 � GDWD ELWV� RGG SDULW\� � VWRS ELW

3LQ � VHWWLQJ &76 VLJQDO

2)) 7KH &76 VLJQDO LV UHFHLYHG IURP WKH H[WHUQDO VRXUFH�

21 7KH &76 VLJQDO LV LJQRUHG �FRQQHFWHG WR � 9��

6ZLWFK 6HWWLQJV 6HFWLRQ ���



��

��� 56����& ,QWHUIDFH
7KH &����)=��� FRPPXQLFDWHV ZLWK SURJUDPPLQJ GHYLFHV WKURXJK WKH
56����& SRUW RQ WKH IURQW RI WKH 8QLW� 7KH IXQFWLRQ RI WKH SLQV LQ WKH 56����&
SRUW DUH VKRZQ LQ WKH IROORZLQJ WDEOH�

&RQQHFWRU 3LQ 1XPEHUV

)UDPH JURXQG

6HQG GDWD

5HFHLYH GDWD

5HTXHVW WR VHQG

&OHDU WR VHQG

1RW XVHG

6LJQDO JURXQG

1RW XVHG

2SWLFDO LQWHUIDFH SRZHU VXSSO\

�

�

�

�

�

�

�

� WR ��

��

)*

6'

5'

576

&76

�

6*

�

� 9

�

2XW

,Q

2XW

,Q

�

�

�

,�21DPH$EEU�3LQ 1R�

��

��

�

��
1RW XVHG

(QDEOH UHFHLYH

�� WR ��

��

�

(5

�

2XW

1RW XVHG�� WR �� � �

&RQQHFW WKH FDEOH WR WKH 8QLW RQO\ DIWHU WXUQLQJ RII WKH FRPSXWHU�

6*

6'

5'

576

&76

)*

6*

6'

5'

576

&76

�

�

�

�

�

�

�

�

�

�

�

)X]]\ 8QLW &RPSXWHU
����SLQ SRUW�

6*

5'

6'

576

&76

)*

6*

6'

5'

576

&76

�

�

�

�

�

�

�

�

�

�

�

)X]]\ 8QLW &RPSXWHU
���SLQ SRUW�

6KLHOGHG ZLUH 6KLHOGHG ZLUH

&RQQHFWLQJ &DEOH 7KH PD[LPXP FDEOH OHQJWK EHWZHHQ WKH &����)=��� DQG D FRPSXWHU LV �� P�
7KH FRQQHFWLQJ FDEOH PXVW EH SXUFKDVHG VHSDUDWHO\�

&����)=����&RPSXWHU
&RQQHFWLRQ

56����& ,QWHUIDFH 6HFWLRQ ���



��

��� 0RXQWLQJ 'HSWK
7KH GHSWK RI WKH )X]]\ /RJLF 8QLW LV RQO\ ��� PP� LQFOXGLQJ WKH %DFNSODQH� $O�
ORZ DQ DGGLWLRQDO �� WR �� PP IRU FDEOH FOHDUDQFH� DV VKRZQ EHORZ�

$� ��� PP
%� ��� WR ��� PP

$

%

56����& ,QWHUIDFH 6HFWLRQ ���



��

6(&7,21 �
0HPRU\ $OORFDWLRQ

7KLV VHFWLRQ H[SODLQV KRZ ZRUGV LQ WKH 3& DUH DOORFDWHG WR WKH )X]]\ /RJLF 8QLW� DQG WKH IXQFWLRQ RI WKRVH ZRUGV DV IODJV�
FRQWURO ELWV� DQG ,�2 ZRUGV�

��� 0HPRU\ $OORFDWLRQ LQ WKH 3& ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� ,QSXW 'DWD 7UDQVIHU ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 2XWSXW 'DWD 7UDQVIHU ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 6WDWXV )ODJV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 'DWD 7UDQVIHU DQG 7LPLQJ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �



��

��� 0HPRU\ $OORFDWLRQ LQ WKH 3&
7KH )X]]\ /RJLF 8QLW LV DOORFDWHG � ZRUGV LQ WKH ,5 $UHD RI D &���� &����+�
RU &����+� RU LQ WKH ,�2 $UHD RI D &9���� &9����� &9����� RU &90� ZKHQ
WKH ,�2 WDEOH LV UHJLVWHUHG� 7KHVH WZR ZRUGV DUH XVHG ZLWK WKH ,�2 5($' DQG
,�2 :5,7( LQVWUXFWLRQV WR WUDQVIHU GDWD EHWZHHQ WKH 8QLW DQG WKH 3&� 7KH
ILUVW ZRUG LV XVHG WR WUDQVIHU LQSXW GDWD IURP WKH 3& WR WKH 8QLW DQG WKH VHF�
RQG ZRUG LV XVHG WR WUDQVIHU RXWSXW GDWD IURP WKH 8QLW WR WKH 3&�

����� ,QSXW 'DWD 7UDQVIHU
,QSXW GDWD LV WUDQVIHUUHG WR WKH )X]]\ /RJLF 8QLW IURP WKH 3& ZLWK WKH :5,7����
LQVWUXFWLRQ �:5,7����� LQ &9�VHULHV 3&V� YLD WKH ILUVW ZRUG DOORFDWHG WR WKH 8QLW
LQ WKH ,�2 7DEOH 5HJLVWUDWLRQ RSHUDWLRQ� DV VKRZQ EHORZ� 8S WR � ZRUGV FDQ EH
WUDQVIHUUHG�

&

%

:5,7����

'

(

)

$ &

%

 

�(TXDOV )ODJ�

$� 6WDUW FRQGLWLRQ
%� 6HOI�KROGLQJ ELW
&� 6WRSV SURFHVVLQJ ZKHQ IX]]\ ORJLF SURFHVVLQJ LV FRPSOHWHG
'� 1XPEHU RI ZRUGV �� WR �� %&'�
(� $GGUHVV RI ILUVW VRXUFH ZRUG LQ 3&
)� )LUVW ZRUG DOORFDWHG WR WKH 8QLW

'DWD )RUPDW (DFK LQSXW LV DOORFDWHG RQH ZRUG� DQG WKH LQSXW GDWD LV FRQWDLQHG LQ ELWV � WR �� RI
WKDW ZRUG LQ ��GLJLW KH[DGHFLPDO� 7KH LQSXW UDQJH LV WKXV ��� WR ))) �� WR ����
GHFLPDO�� %LWV �� WR �� DUH QRW XVHG�

7KH GDWD VWUXFWXUH IRU LQSXWV LV VKRZQ LQ WKH IROORZLQJ WDEOH EHJLQQLQJ IURP WKH
ILUVW LQSXW ZRUG� I� ,Q WKLV FDVH WKHUH DUH � LQSXWV� EXW DQ\ZKHUH IURP � WR � LQSXWV
FDQ EH XVHG� :H UHFRPPHQG XVLQJ WKH '0 $UHD WR VWRUH WKH VRXUFH GDWD�

:RUG %LWV �� WR �� %LWV � WR ��

I 1RW XVHG� 6HW WR ]HUR� ,QSXW � GDWD

I�� 1RW XVHG� 6HW WR ]HUR� ,QSXW � GDWD

I�� 1RW XVHG� 6HW WR ]HUR� ,QSXW � GDWD

����� 2XWSXW 'DWD 7UDQVIHU
2XWSXW GDWD LV WUDQVIHUUHG IURP WKH )X]]\ /RJLF 8QLW WR WKH 3& ZLWK WKH
5($'���� LQVWUXFWLRQ �5($'����� LQ &9�VHULHV 3&V� YLD WKH VHFRQG ZRUG DOOR�

0HPRU\ $OORFDWLRQ LQ WKH 3& 6HFWLRQ ���



��

FDWHG WR WKH 8QLW LQ WKH ,�2 7DEOH 5HJLVWUDWLRQ RSHUDWLRQ� DV VKRZQ EHORZ� )RXU
ZRUGV DUH WUDQVIHUUHG�

&

%

5($'����

'

(

)

$

%

 

�(TXDOV )ODJ�

&

$� 6WDUW FRQGLWLRQ
%� 6HOI�KROGLQJ ELW
&� 6WRSV ORDGLQJ RI RXWSXW GDWD ZKHQ FRPSOHWHG
'� 1XPEHU RI RXWSXWV ��� %&'�
(� $GGUHVV RI ILUVW GHVWLQDWLRQ ZRUG LQ 3&
)� 6HFRQG ZRUG DOORFDWHG WR WKH 8QLW

'DWD )RUPDW (DFK RXWSXW LV DOORFDWHG RQHZRUG� DQG WKH RXWSXW GDWD LV FRQWDLQHG LQ ELWV � WR ��
RI WKDW ZRUG LQ ��GLJLW KH[DGHFLPDO� 7KH RXWSXW UDQJH LV WKXV ��� WR ))) �� WR
���� GHFLPDO�� %LWV �� WR �� DUH QRW XVHG�
7KH RXWSXW GDWD VWUXFWXUH LV VKRZQ LQ WKH IROORZLQJ WDEOH EHJLQQLQJ IURP WKH ILUVW
RXWSXW ZRUG� O� 7ZR ZRUGV �O DQG O��� DUH DOORFDWHG WR RXWSXW GDWD UHJDUGOHVV
RI WKH QXPEHU RI RXWSXWV VSHFLILHG� :H UHFRPPHQG XVLQJ WKH '0 $UHD WR VWRUH
RXWSXW GDWD�

:RUG %LWV �� WR �� %LWV � WR ��

O 1RW XVHG� 6HW WR ]HUR� 2XWSXW � GDWD

O�� 1RW XVHG� 6HW WR ]HUR� 2XWSXW � GDWD

(UURU FRGHV IRU WKH RXWSXWV DUH FRQWDLQHG LQ ZRUGVO�� DQGO��� DV VKRZQ LQ WKH
IROORZLQJ WDEOH�

:RUG %LW �� %LWV � WR �� %LWV � WR �

O�� (5 1RW XVHG� 6HW WR ]HUR� 2XWSXW � HUURU FRGH

O�� (5 1RW XVHG� 6HW WR ]HUR� 2XWSXW � HUURU FRGH

0HPRU\ $OORFDWLRQ LQ WKH 3& 6HFWLRQ ���



��

7KH (UURU )ODJ �(5� ZLOO EH WXUQHG 21 ZKHQ DQ\ RI ELWV � WR � IRU WKDW RXWSXW DUH
WXUQHG 21� 7KH IROORZLQJ WDEOH VKRZV WKH IXQFWLRQ RI WKH HUURU FRGH ELWV�

%LW )ODJ QDPH )XQFWLRQ

�� ,QSXW 5DQJH ([FHHGHG )ODJ 7XUQHG 21 WR LQGLFDWH WKDW WKH LQSXW UDQJH
���� WR )))� KDV EHHQ H[FHHGHG�

�� 7RR 0DQ\ ,QSXW :RUGV )ODJ 7XUQHG 21 WR LQGLFDWH WKDW WRR PDQ\ LQSXWV
KDYH EHHQ WUDQVIHUUHG WR WKH 8QLW�

�� 7RR )HZ ,QSXW :RUGV )ODJ 7XUQHG 21 WR LQGLFDWH WKDW QRW HQRXJK
LQSXWV KDYH EHHQ WUDQVIHUUHG WR WKH 8QLW�

�� 8QGHILQHG 2XWSXW )ODJ 7XUQHG 21 WR LQGLFDWH WKDW WKH RXWSXW ZDV
QRW GHILQHG LQ WKH )X]]\ /RJLF 6HWWLQJV�
7KH ILQDO UHVXOW ZLOO EH VHW WR ()))�

�� 1R &RUUHVSRQGLQJ 2XWSXW )ODJ 7XUQHG 21 WR LQGLFDWH WKDW QR JUDGH KDV
EHHQ RXWSXW IRU WKDW RXWSXW� 7KH ILQDO UHVXOW
ZLOO EH VHW WR ))))�

,W LVQ·W DEVROXWHO\ QHFHVVDU\ WR UHDG WKH HUURU FRGHV� EXW ZH UHFRPPHQG ORDGLQJ
WKHP WR ILQG DQ\ HUURUV LQ IX]]\ ORJLF SURFHVVLQJ DV VRRQ DV SRVVLEOH� ,I \RX GH�
WHUPLQH WKDW LW LVQ·W QHFHVVDU\ WR ORDG WKH HUURU FRGHV� VHW WKH 1XPEHU RI 2XWSXWV
VHWWLQJ LQ WKH )X]]\ /RJLF 6HWWLQJV WR WKH UHTXLUHG QXPEHU RI RXWSXWV�

����� 6WDWXV )ODJV
7KH WZR ZRUGV DOORFDWHG WR WKH )X]]\ /RJLF 8QLW DUH DOVR XVHG WR WUDQVIHU
GDWD RQ 3& DQG 8QLW VWDWXV� DV ZHOO DV LQSXW DQG RXWSXW GDWD� 7KH ILUVW ZRUG LV
XVHG WR WUDQVIHU GDWD RQ 3& VWDWXV WR WKH 8QLW DQG WKH VHFRQG ZRUG LV XVHG WR
WUDQVIHU GDWD RQ 8QLW VWDWXV WR WKH 3&� 7KHVH IODJV DUH UHIUHVKHG GXULQJ ,�2
UHIUHVKLQJ DW WKH HQG RI HDFK VFDQ�F\FOH DIWHU WKH ,�2 5($' RU ,�2 :5,7(
LQVWUXFWLRQ KDV EHHQ H[HFXWHG� 7KH WDEOH EHORZ VKRZV WKH VWDWXV IODJV FRQ�
WDLQHG LQ WKH ILUVW ZRUG DOORFDWHG WR WKH 8QLW�

%LW�V� )ODJ QDPH )XQFWLRQ

�� 3& %XV\ )ODJ 7KHVH IODJV DUH VHW RU UHVHW DXWRPDWLFDOO\
ZKHQ :5,7���� RU 5($'���� LV H[HFXWHG�

�� 3& 5HDG &RPSOHWH )ODJ �:5,7����� DQG 5($'����� LQ &9�VHULHV
3&V�

�� 3& :ULWH &RPSOHWH )ODJ

�� WR �� ��� 1RW XVHG�

0HPRU\ $OORFDWLRQ LQ WKH 3& 6HFWLRQ ���



��

7KH WDEOH EHORZ VKRZV WKH VWDWXV IODJV FRQWDLQHG LQ WKH VHFRQG ZRUG DOORFDWHG
WR WKH 8QLW�

%LW�V� )ODJ QDPH )XQFWLRQ

�� 8QLW %XV\ )ODJ 7KHVH IODJV DUH VHW RU UHVHW DXWRPDWLFDOO\
ZKHQ :5,7���� RU 5($'���� LV H[HFXWHG�

�� 8QLW 5HDG &RPSOHWH )ODJ �:5,7����� DQG 5($'����� LQ &9�VHULHV
3&V�

�� 8QLW :ULWH &RPSOHWH )ODJ

�� )X]]\ (UURU )ODJ 7XUQHG 21 WR LQGLFDWH WKDW DQ HUURU KDV
RFFXUUHG GXULQJ WKH VHOI�GLDJQRVWLF FKHFN�

�� 0HPRU\ (UURU )ODJ 7XUQHG 21 WR LQGLFDWH WKDW DQ HUURU KDV
EHHQ IRXQG LQ WKH UXOHV RU PHPEHUVKLS
IXQFWLRQV�

�� %DWWHU\ (UURU )ODJ 7XUQHG 21 WR LQGLFDWH WKDW WKH EDWWHU\
YROWDJH KDV IDOOHQ EHORZ WKH PLQLPXP� RU
WKDW WKH EDWWHU\ LVQ·W LQVWDOOHG RU FRQQHFWHG
SURSHUO\�

�� ��� 1RW XVHG�

�� 3URFHVVLQJ (QDEOHG )ODJ 7XUQHG 21 WR LQGLFDWH WKDW WKH 8QLW LV UHDG\
WR EHJLQ IX]]\ ORJLF SURFHVVLQJ� 7XUQHG
2)) ZKHQ UXOHV DQG PHPEHUVKLS IXQFWLRQV
DUH EHLQJ WUDQVIHUUHG RU RQ FRPPDQG IURP
WKH FRPSXWHU�

�� WR �� ��� 1RW XVHG�

��� 'DWD 7UDQVIHU DQG 7LPLQJ
7KH:5,7���� LQVWUXFWLRQ �:5,7����� LQ &9�VHULHV 3&V�� ZKLFK WUDQVIHUV WKH LQ�
SXW GDWD IURP WKH 3& WR WKH 8QLW� ZLOO EH H[HFXWHG ZKHQ LWV H[HFXWLRQ FRQGLWLRQ LV
21 DQG WKH 8QLW %XV\ DQG 8QLW 5HDG &RPSOHWH )ODJV DUH 2))� :KHQ:5,7����
KDV EHHQ H[HFXWHG� WKH 3&:ULWH &RPSOHWH )ODJ ZLOO EH WXUQHG 21 IRU RQH VFDQ�
F\FOH� DQG WKH (TXDOV )ODJ ZLOO EH WXUQHG 21� 7KH VWDWXV RI WKH (TXDOV )ODJ FDQ
EH XVHG WR GHWHUPLQH ZKHWKHU RU QRW :5,7���� KDV EHHQ H[HFXWHG�
/LNHZLVH� WKH5($'���� LQVWUXFWLRQ �5($'����� LQ &9�VHULHV 3&V�� ZKLFK WUDQV�
IHUV WKH RXWSXW GDWD IURP WKH8QLW WR WKH 3&� ZLOO EH H[HFXWHG ZKHQ LWV VWDUW FRQGL�
WLRQ LV 21 DQG WKH 8QLW %XV\ DQG 8QLW 5HDG &RPSOHWH )ODJV DUH 2))� :KHQ
5($'���� KDV EHHQ H[HFXWHG� WKH 3&:ULWH &RPSOHWH )ODJZLOO EH WXUQHG21 IRU
RQH VFDQ�F\FOH� DQG WKH (TXDOV )ODJ ZLOO EH WXUQHG 21� 7KH VWDWXV RI WKH (TXDOV
)ODJ FDQ EH XVHG WR GHWHUPLQH ZKHWKHU RU QRW 5($'���� KDV EHHQ H[HFXWHG�
:KLOH WKH LQSXW DQG RXWSXW GDWD LV WUDQVIHUUHG ZKHQ :5,7���� DQG 5($'����
DUH H[HFXWHG� WKH IODJV LQGLFDWLQJ 3& DQG 8QLW VWDWXV �GHVFULEHG LQ ����� 6WDWXV
)ODJV� DUH UHIUHVKHG GXULQJ ,�2 UHIUHVKLQJ DW WKH HQG RI WKH VFDQ�F\FOH� VR WKHVH
IODJV FDQQRW EH UHDG XQWLO DIWHU WKH QH[W ,�2 UHIUHVK�

'DWD 7UDQVIHU DQG 7LPLQJ 6HFWLRQ ���



��

7KH GLDJUDP EHORZ VKRZV WKH WLPLQJ RI GDWD WUDQVIHU EHWZHHQ WKH 3& DQG WKH
8QLW�

� VFDQ�F\FOH

3URJUDP
H[HFXWLRQ

,�2
UHIUHVKLQJ

�$� �%�

(4  �

8QLW
SURFHVVLQJ

(4  � (4  � (4  � (4  � (4  �

�&� �'�

� VFDQ�F\FOH

3URJUDP
H[HFXWLRQ

,�2
UHIUHVKLQJ

�(� �)�

� VFDQ�F\FOH

3URJUDP
H[HFXWLRQ

,�2
UHIUHVKLQJ

�*� �+�

� VFDQ�F\FOH

3URJUDP
H[HFXWLRQ

,�2
UHIUHVKLQJ

8QLW
SURFHVVLQJ

8QLW
SURFHVVLQJ

(4  � (4  �

:5,7����
�H[HFXWHG�

:5,7����
�QRW H[HFXWHG�

3&

6WDWXV
IODJV

)X]]\
/RJLF
8QLW

$IWHU D :5,7���� LQVWUXFWLRQ KDV EHHQ H[HFXWHG� WKH QH[W :5,7���� LQVWUXFWLRQ
ZRQ·W EH H[HFXWHG XQWLO SURFHVVLQJ KDV EHHQ FRPSOHWHG LQ WKH )X]]\ /RJLF 8QLW�
5($'���� ZLOO EH H[HFXWHG� WUDQVIHUULQJ WKH UHVXOWV RI WKH SUHYLRXV SURFHVVLQJ�
HYHQ LI IX]]\ ORJLF SURFHVVLQJ LV LQ SURJUHVV XVLQJ QHZ GDWD WUDQVIHUUHG IURP
DQRWKHU :5,7���� LQVWUXFWLRQ� +RZHYHU� LI IX]]\ ORJLF SURFHVVLQJ XVLQJ WKH QHZ
GDWD LV FRPSOHWHG EHIRUH 5($'���� LV H[HFXWHG� WKH QHZ UHVXOWV ZLOO EH WUDQV�
IHUUHG DQG WKH UHVXOWV RI WKH SUHYLRXV SURFHVVLQJ ORVW�

'DWD 7UDQVIHU DQG 7LPLQJ 6HFWLRQ ���



��

6(&7,21 �
3URJUDP DQG .QRZOHGJH %DVH

7KLV VHFWLRQ H[SODLQV KRZ WR SUHSDUH WKH WZREDVLF VRIWZDUH UHTXLUHPHQWV IRU )X]]\/RJLF8QLW RSHUDWLRQ� WKH VXE�SURJUDP LQ
WKH 3& DQG WKH NQRZOHGJH EDVH LQ WKH )X]]\ /RJLF 8QLW LWVHOI�

��� 3& 6XE�SURJUDP ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� ,�2 :5,7( ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� ,�2 5($' ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� %DVLF 6XE�SURJUDPV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 0DNLQJ DQG 'RZQORDGLQJ WKH .QRZOHGJH %DVH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �



��

��� 3& 6XE�SURJUDP
$VXE�SURJUDPPXVW EH SUHSDUHGZLWKLQ WKH3& SURJUDP WR FRQWURO WKH WUDQVIHU RI
GDWD EHWZHHQ WKH 3& DQG WKH 8QLW� 7KLV SURJUDP FDQ EH ZULWWHQ ZLWK VWDQGDUG
LQVWUXFWLRQV VXFK DV 029����� :5,7����� DQG 5($'����� ,Q WKLV VHFWLRQ ZHZLOO
EULHIO\ UHYLHZ WKH XVH RI :5,7���� DQG 5($'���� �:5,7����� DQG 5($'�����
LQ WKH &9�VHULHV�� EHFDXVH WKHVH LQVWUXFWLRQV DUH HVVHQWLDO WR RSHUDWLRQ RI WKH
)X]]\ /RJLF 8QLW� DQG WKHQ SURYLGH H[DPSOHV RI VXE�SURJUDPV WUDQVIHUULQJ GDWD
WR DQG IURP $QDORJ ,QSXW DQG 2XWSXW 8QLWV� ZKLFK DUH RIWHQ XVHG ZLWK WKH )X]]\
/RJLF 8QLW�

����� ,�2 :5,7(
7KH ,�2 :5,7( LQVWUXFWLRQ �:5,7���� RU :5,7������ LV XVHG WR WUDQVIHU LQSXW
GDWD IURP WKH3& WR WKH8QLW� ,Q WKH H[DPSOH EHORZ� ZKLFK LV ZULWWHQ IRU D&����+
3&� WKH IRXU LQSXW ZRUGV FRQWDLQHG LQ '0���� WR '0���� DUH WUDQVIHUUHG WR WKH
8QLW WKURXJK ,5 ���� WKH ILUVW ZRUG DOORFDWHG WR WKH 8QLW ZKHQ WKH ,�2 WDEOH LV UHJ�
LVWHUHG�

'0 ����

'0 ����

'0 ����

$GGUHVV ,QVWUXFWLRQ 2SHUDQGV

����� /' �����

����� :5,7����

� ����

'0 ����

���

'0 ����

,5 ���

�)LUVW ZRUG DOORFDWHG WR
WKH )X]]\ /RJLF 8QLW�

�����

:5,7����

�����

'0����

���

7KH ,�2 :5,7( LQVWUXFWLRQ ZLOO EH H[HFXWHG ZKHQ WKH )X]]\ /RJLF 8QLW LV FDSD�
EOH RI UHFHLYLQJ WKH GDWD �L�H�� ZKHQ WKH8QLW %XV\ DQG 8QLW 5HDG &RPSOHWH )ODJV
DUH 2))� DQG WKH H[HFXWLRQ FRQGLWLRQ LV 21� &KHFN WKH VWDWXV RI WKH (TXDOV DQG
(UURU )ODJV WR YHULI\ WKDW WKH LQVWUXFWLRQ KDV EHHQ H[HFXWHG� 7KH PHDQLQJ RI
WKHVH IODJV· VWDWXV LV GHVFULEHG LQ WKH IROORZLQJ WDEOH�

)ODJ VWDWXV 0HDQLQJ

(TXDOV � � (UURU �(5�

21 2)) :5,7���� H[HFXWHG ZLWKRXW HUURUV�

2)) 2)) :5,7���� ZDVQ·W H[HFXWHG EHFDXVH WKH 8QLW LV EXV\
RU KDVQ·W \HW ORDG WKH GDWD IURP WKH SUHYLRXV
H[HFXWLRQ RI :5,7�����

8QFKDQJHG 21 $Q HUURU KDV RFFXUUHG GXULQJ H[HFXWLRQ RI
:5,7����� 5HIHU WR \RXU 3&·V 2SHUDWLRQ 0DQXDO IRU
SRVVLEOH FDXVHV RI HUURUV�

1RWH 7KH ,�2 :5,7( LQVWUXFWLRQ ZLOO EH H[HFXWHG ZKHQ WKH )X]]\ /RJLF 8QLW LV FDSD�
EOH RI UHFHLYLQJ WKH GDWD DQG WKH H[HFXWLRQ FRQGLWLRQ LV 21� HYHQ LI WKH 2XWSXW
2)) %LW LV 21�

����� ,�2 5($'
7KH ,�2 5($' LQVWUXFWLRQ �5($'���� RU 5($'������ LV XVHG WR WUDQVIHU RXWSXW
GDWD IURP WKH 8QLW WR WKH 3&·V &38� ,Q WKH H[DPSOH EHORZ� ZKLFK LV ZULWWHQ IRU D

3& 6XE�SURJUDP 6HFWLRQ ���



��

&����+ 3&� WKH IRXU RXWSXW ZRUGV �WZR FRQWDLQLQJ SURFHVVLQJ UHVXOWV DQG WZR
FRQWDLQLQJ HUURU FRGHV� DUH WUDQVIHUUHG WR '0 ���� WR '0 ���� WKURXJK ,5 ����
WKH VHFRQG ZRUG DOORFDWHG WR WKH 8QLW ZKHQ WKH ,�2 WDEOH LV UHJLVWHUHG�

'0 ����

'0 ����

'0 ����

$GGUHVV ,QVWUXFWLRQ 2SHUDQGV

����� /' �����

����� 5($'����

� ����

'0 ����

���

'0 ����

,5 ���

�6HFRQG ZRUG DOORFDWHG
WR WKH )X]]\ /RJLF 8QLW�

5($'����

�����

'0����

���

�����

7KH ,�25($' LQVWUXFWLRQ ZLOO EH H[HFXWHG ZKHQ WKH )X]]\ /RJLF 8QLW LV VHQGLQJ
WKH GDWD DQG WKH H[HFXWLRQ FRQGLWLRQ LV 21� &KHFN WKH VWDWXV RI WKH (TXDOV DQG
(UURU )ODJV WR YHULI\ WKDW WKH LQVWUXFWLRQ KDV EHHQ H[HFXWHG� 7KH PHDQLQJ RI
WKHVH IODJV· VWDWXV LV GHVFULEHG LQ WKH IROORZLQJ WDEOH�

)ODJ VWDWXV 0HDQLQJ

(TXDOV � � (UURU �(5�

21 2)) 5($'���� H[HFXWHG ZLWKRXW HUURUV�

2)) 2)) 5($'���� ZDVQ·W H[HFXWHG EHFDXVH WKH 8QLW LV
EXV\ RU LVQ·W VHQGLQJ WKH GDWD�

8QFKDQJHG 21 $Q HUURU KDV RFFXUUHG GXULQJ H[HFXWLRQ RI
5($'����� 5HIHU WR \RXU 3&·V 2SHUDWLRQ 0DQXDO IRU
SRVVLEOH FDXVHV RI HUURUV�

1RWH 7KH ,�25($' LQVWUXFWLRQ ZLOO EH H[HFXWHG ZKHQ WKH )X]]\ /RJLF 8QLW LV VHQGLQJ
WKH GDWD DQG WKH H[HFXWLRQ FRQGLWLRQ LV 21� HYHQ LI WKH 2XWSXW 2)) %LW LV 21�

3& 6XE�SURJUDP 6HFWLRQ ���
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����� %DVLF 6XE�SURJUDPV
7KH IROORZLQJ H[DPSOHV VKRZ VXE�SURJUDPV IRU FRQWUROOLQJ GDWD WUDQVIHU ZLWK
YDULRXV $QDORJ ,QSXW DQG $QDORJ2XWSXW 8QLWV� ,Q DOO FDVHV� WKH )X]]\ /RJLF 8QLW
LV DOORFDWHG ZRUGV ,5 ��� WR ,5 ����

�� %DVLF ,�2 'DWD 7UDQVIHU 7KLV H[DPSOH VKRZV WKH ODGGHU GLDJUDP DQG PQHPRQLFV WKDW ZLOO WUDQVIHU ,�2
GDWD EHWZHHQ WKH )X]]\ /RJLF 8QLW DQG WKH 3& ZKHQ WKH WLPLQJ LVQ·W LPSRUWDQW
DQG LW LVQ·W QHFHVVDU\ WR WUDQVIHU WKH RXWSXW GDWD RQFH IRU HDFK WLPH WKH LQSXW GDWD
LV WUDQVIHUUHG� 7KH � LQSXW GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR
'0 ����� DQG WKH � RXWSXW GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR
'0 �����

$GGUHVV ,QVWUXFWLRQ 2SHUDQGV $GGUHVV ,QVWUXFWLRQ 2SHUDQGV

����� /' �����

����� 5($'����

� ����

'0 ����

���

����� :5,7����

� ����

���

'0 ����

5($'����

�����

���

'0����

:5,7����

�����

'0����

���

�����

�1RUPDOO\ 21�

1RWH �� 7KH IXQFWLRQ FRGHV IRU WKH ,�2 5($' DQG ,�2 :5,7( LQVWUXFWLRQV DUH GLIIHU�
HQW LQ WKH &9�VHULHV 3&V� 5($'����� DQG :5,7������

�� 7KH RXWSXW GDWD ZLOO QRW EH RXWSXW IRU VHYHUDO 3& VFDQV �RU F\FOHV�� 7KH
GHOD\ ZLOO EH WZLFH WKH &38 VFDQ WLPH RU IX]]\ ORJLF SURFHVVLQJ WLPH� ZKLFK�
HYHU LV ORQJHU�

3& 6XE�SURJUDP 6HFWLRQ ���
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�� ,�2 'DWD 7UDQVIHU 7KLV H[DPSOH VKRZV WKH ODGGHU GLDJUDP WKDW ZLOO WUDQVIHU ,�2 GDWD EHWZHHQ WKH
)X]]\ /RJLF 8QLW DQG WKH 3& ZKHQ WKH WLPLQJPXVW EH FRQWUROOHG DQG LW LV QHFHV�
VDU\ WR WUDQVIHU WKH RXWSXW GDWD RQFH IRU HDFK WLPH WKH LQSXW GDWD LV WUDQVIHUUHG�
7KH � LQSXW GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR '0 ����� DQG WKH �
RXWSXW GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR '0 �����

�����

�����

�����

�����

�����

����� �����

 

�(TXDOV )ODJ�

�����

 

�(TXDOV )ODJ�
����� �����

:5,7����

�����

'0����

���

����� ����� ����� �����

�3URFHVVLQJ
(QDEOHG )ODJ�

�)X]]\ (UURU
)ODJ�

5($'����

�����

���

'0����

�����

�)X]]\ (UURU
)ODJ�

$IWHU WKH ,�2:5,7( LQVWUXFWLRQ KDV EHHQ H[HFXWHG� WKH QH[W ,�2:5,7( LQVWUXF�
WLRQ ZRQ·W EH H[HFXWHG XQWLO SURFHVVLQJ KDV EHHQ FRPSOHWHG LQ WKH )X]]\ /RJLF
8QLW� 7KH FRPSOHWLRQ RI SURFHVVLQJ LQ WKH )X]]\ /RJLF 8QLW DOVR HQDEOHV H[HFX�
WLRQ RI WKH ,�2 5($' LQVWUXFWLRQ� ,I WKH QH[W ,�2 :5,7( LQVWUXFWLRQ LV H[HFXWHG
EHIRUH WKH ,�2 5($' LQVWUXFWLRQ� WKH ,�2 5($' LQVWUXFWLRQ FDQ EH H[HFXWHG GXU�
LQJ SURFHVVLQJ� WUDQVIHUULQJ WKH UHVXOWV RI WKH SUHYLRXV SURFHVVLQJ� +RZHYHU� LI
WKH ,�2 5($' LQVWUXFWLRQ LV H[HFXWHG DIWHU IX]]\ ORJLF SURFHVVLQJ LV FRPSOHWHG
XVLQJ WKH QHZ GDWD� WKH QHZ UHVXOWV ZLOO EH WUDQVIHUUHG DQG WKH UHVXOWV RI WKH SUH�
YLRXV SURFHVVLQJ ORVW�
&KHFN WKH 6WDWXV )ODJV �6HH ����� 6WDWXV )ODJV� WR VHH ZKHWKHU WKH ,�2:5,7(
DQG ,�2 5($' LQVWUXFWLRQV KDYH EHHQ H[HFXWHG�

3& 6XE�SURJUDP 6HFWLRQ ���
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�� 'DWD 7UDQVIHU IURP 8QLW 7KLV H[DPSOH VKRZV D ODGGHU GLDJUDP WKDW ZLOO WUDQVIHU LQSXW GDWD WR WKH 3& IURP
D &����$'��� $QDORJ ,QSXW 8QLW WKDW LV DOORFDWHG ZRUGV ,5 ��� DQG ,5 ����
WUDQVIHU WKDW GDWD WR WKH )X]]\ /RJLF 8QLW� DQG WKHQ WUDQVIHU WKH UHVXOWV RI IX]]\
ORJLF SURFHVVLQJ IURP WKH )X]]\ /RJLF 8QLW EDFN WR WKH 3&� 2QFH DJDLQ� WKH �
LQSXW GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR '0 ����� DQG WKH � RXWSXW
GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR '0 �����

�����

�����

�����

�����

029����

���

'0����

�����

029����

���

'0����

�����

�����

 

�(TXDOV )ODJ�

 

�(TXDOV )ODJ�

�����

5($'����

�����

���

'0����

:5,7����

�����

'0����

���

,I ,5 ����� VWD\V 21 IRU MXVW RQH VFDQ� WKH LQSXW GDWD ZLOO EH ORDGHG IURP WKH
$QDORJ ,QSXW 8QLW� WKH )X]]\ /RJLF 8QLW ZLOO SURFHVV WKDW GDWD MXVW RQFH DQG WKH
UHVXOWV ZLOO EH WUDQVIHUUHG WR '0 ���� WR '0 �����
,I ,5 ����� VWD\V21 FRQWLQXRXVO\� WKH )X]]\ /RJLF 8QLW ZLOO FRQWLQXH SURFHVVLQJ
GDWD IURP WKH $QDORJ ,QSXW 8QLW� DQG WKH UHVXOWV ZLOO FKDQJH DV WKH LQSXW GDWD
FKDQJHV�
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�� 'DWD 7UDQVIHU IURP 8QLW 7KLV H[DPSOH VKRZV D ODGGHU GLDJUDP WKDW ZLOO WUDQVIHU LQSXW GDWD WR WKH 3& IURP
D&����$'��� $QDORJ ,QSXW 8QLW WKDW LV DOORFDWHGZRUGV ,5 ��� DQG ,5 ���� FRQ�
YHUW WKH GDWD DQG WUDQVIHU LW WR WKH )X]]\ /RJLF 8QLW� DQG WKHQ WUDQVIHU WKH UHVXOWV
RI IX]]\ ORJLF SURFHVVLQJ IURP WKH )X]]\ /RJLF 8QLW EDFN WR WKH 3&� 2QFH DJDLQ�
WKH � LQSXW GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR '0 ����� DQG WKH �
RXWSXW GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR '0 �����
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,I ,5 ����� VWD\V 21 IRU MXVW RQH VFDQ� WKH LQSXW GDWD ZLOO EH ORDGHG IURP WKH
$QDORJ ,QSXW 8QLW DQG FRQYHUWHG WR DQ DFFHSWDEOH UDQJH� 7KH FRQYHUWHG GDWD LV
WKHQ SURFHVVHG MXVW RQFH E\ WKH )X]]\ /RJLF 8QLW DQG WKH UHVXOWV DUH WUDQVIHUUHG
WR '0 ���� WR '0 �����
,I ,5 ����� VWD\V21 FRQWLQXRXVO\� WKH )X]]\ /RJLF 8QLW ZLOO FRQWLQXH SURFHVVLQJ
GDWD IURP WKH $QDORJ ,QSXW 8QLW� DQG WKH UHVXOWV ZLOO FKDQJH DV WKH LQSXW GDWD
FKDQJHV�

�� 'DWD 7UDQVIHU IURP 8QLW 7KLV H[DPSOH VKRZV D ODGGHU GLDJUDP WKDW ZLOO WUDQVIHU LQSXW GDWD WR WKH 3& IURP
D &����$'��� $QDORJ ,QSXW 8QLW WKDW LV DOORFDWHG ZRUGV ,5 ��� WR ,5 ���� FRQ�
YHUW WKH GDWD DQG WUDQVIHU LW WR WKH )X]]\ /RJLF 8QLW� DQG WKHQ WUDQVIHU WKH UHVXOWV
RI IX]]\ ORJLF SURFHVVLQJ IURP WKH )X]]\ /RJLF 8QLW EDFN WR WKH 3&� 2QFH DJDLQ�
WKH � LQSXW GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR '0 ����� DQG WKH �
RXWSXW GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR '0 �����

3& 6XE�SURJUDP 6HFWLRQ ���
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,I ,5 ����� VWD\V 21 IRU MXVW RQH VFDQ� WKH LQSXW GDWD ZLOO EH ORDGHG IURP WKH
$QDORJ ,QSXW 8QLW DQG FRQYHUWHG WR DQ DFFHSWDEOH UDQJH� 7KH FRQYHUWHG GDWD LV
WKHQ SURFHVVHG MXVW RQFH E\ WKH )X]]\ /RJLF 8QLW DQG WKH UHVXOWV DUH WUDQVIHUUHG
WR '0 ���� WR '0 �����
,I ,5 ����� VWD\V21 FRQWLQXRXVO\� WKH )X]]\ /RJLF 8QLW ZLOO FRQWLQXH SURFHVVLQJ
GDWD IURP WKH $QDORJ ,QSXW 8QLW� DQG WKH UHVXOWV ZLOO FKDQJH DV WKH LQSXW GDWD
FKDQJHV�

3& 6XE�SURJUDP 6HFWLRQ ���
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�� 'DWD 7UDQVIHU WR 8QLW 7KLV H[DPSOH VKRZV D ODGGHU GLDJUDP WKDW ZLOO WUDQVIHU LQSXW GDWD WR WKH )X]]\
/RJLF 8QLW� DQG WKHQ WUDQVIHU WKH UHVXOWV RI IX]]\ ORJLF SURFHVVLQJ IURP WKH )X]]\
/RJLF 8QLW WR WKH 3& DQG WKHQ RQ WR D &����'$��� $QDORJ 2XWSXW 8QLW WKDW LV
DOORFDWHG ZRUGV ,5 ��� DQG ,5 ���� 2QFH DJDLQ� WKH � LQSXW GDWD ZRUGV DUH FRQ�
WDLQHG LQ ZRUGV '0 ���� WR '0 ����� DQG WKH � RXWSXW GDWD ZRUGV DUH FRQ�
WDLQHG LQ ZRUGV '0 ���� WR '0 �����

�����

�����

����� �����

�����

�����

�����

 

�(TXDOV )ODJ�

 

�(TXDOV )ODJ�

5($'����

�����

���

'0����

:5,7����

�����

'0����

���

029����

'0����

���

029����

'0����

���

�����

,I ,5 ����� VWD\V 21 IRU MXVW RQH VFDQ� WKH LQSXW GDWD LV SURFHVVHG MXVW RQFH E\
WKH )X]]\ /RJLF 8QLW DQG WKH UHVXOWV DUH WUDQVIHUUHG WR WKH $QDORJ 2XWSXW 8QLW�
,I ,5 ����� VWD\V21 FRQWLQXRXVO\� WKH )X]]\ /RJLF 8QLW ZLOO FRQWLQXH SURFHVVLQJ
WKH LQSXW GDWD� DQG WKH UHVXOWV ZLOO FKDQJH DV WKH LQSXW GDWD FKDQJHV�

3& 6XE�SURJUDP 6HFWLRQ ���
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�� 'DWD 7UDQVIHU WR 8QLW 7KLV H[DPSOH VKRZV D ODGGHU GLDJUDP WKDW ZLOO WUDQVIHU LQSXW GDWD WR WKH )X]]\
/RJLF 8QLW� WUDQVIHU WKH UHVXOWV RI IX]]\ ORJLF SURFHVVLQJ IURP WKH )X]]\ /RJLF
8QLW WR WKH 3&� FRQYHUW WKH GDWD DQG WKHQ WUDQVIHU LW WR D &����'$��� $QDORJ
2XWSXW 8QLW WKDW LV DOORFDWHG ZRUGV ,5 ��� DQG ,5 ���� 2QFH DJDLQ� WKH � LQSXW
GDWD ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR '0 ����� DQG WKH � RXWSXW GDWD
ZRUGV DUH FRQWDLQHG LQ ZRUGV '0 ���� WR '0 �����
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,I ,5 ����� VWD\V 21 IRU MXVW RQH VFDQ� WKH LQSXW GDWD LV SURFHVVHG MXVW RQFH E\
WKH )X]]\ /RJLF 8QLW DQG WKH UHVXOWV DUH WUDQVIHUUHG WR WKH $QDORJ 2XWSXW 8QLW�

,I ,5 ����� VWD\V21 FRQWLQXRXVO\� WKH )X]]\ /RJLF 8QLW ZLOO FRQWLQXH SURFHVVLQJ
WKH LQSXW GDWD� DQG WKH UHVXOWV ZLOO FKDQJH DV WKH LQSXW GDWD FKDQJHV�

��� 0DNLQJ DQG 'RZQORDGLQJ WKH .QRZOHGJH %DVH
7KH NQRZOHGJH EDVH PXVW EH FUHDWHG ZLWK WKH )66 LQ WKH FRPSXWHU DQG WKHQ
GRZQORDGHG WR WKH )X]]\ /RJLF 8QLW� 7KH EDVLF VWHSV LQYROYHG LQ PDNLQJ DQG
GRZQORDGLQJ WKH NQRZOHGJH EDVH DUH OLVWHG EHORZ�

�� �� ���� �� 0DNH WKH NQRZOHGJH EDVH XVLQJ WKH )66�

�� 9HULI\ WKDW WKH NQRZOHGJH EDVH KDV EHHQ ZULWWHQ FRUUHFWO\

�� 'RZQORDG WKH NQRZOHGJH EDVH WR WKH 8QLW�

0DNLQJ DQG 'RZQORDGLQJ WKH .QRZOHGJH %DVH 6HFWLRQ ���



��

7KH RSHUDWLRQV WKDW FDQ EH SHUIRUPHG ZLWK WKH )66 DUH GHVFULEHG EULHIO\ LQ D
WDEOH EHORZ� 5HIHU WR WKH )X]]\ 6XSSRUW 6RIWZDUH 2SHUDWLRQ 0DQXDO IRU GHWDLOV
RQ WKHVH )66 RSHUDWLRQV�

2SHUDWLRQ )XQFWLRQ

)LOH PDQDJHPHQW 0DNLQJ D QHZ
NQRZOHGJH EDVH ILOH

&OHDUV WKH NQRZOHGJH EDVH ILOH EHLQJ
HGLWHG DQG VWDUWV PDNLQJ D QHZ RQH�

/RDGLQJ D
NQRZOHGJH EDVH ILOH

/RDGV D NQRZOHGJH EDVH ILOH IURP WKH
IORSS\ RU KDUG GLVN DQG VWDUWV HGLWLQJ�

6DYLQJ D NQRZOHGJH
EDVH ILOH

6DYHV WKH NQRZOHGJH EDVH ILOH EHLQJ
HGLWHG WR WKH IORSS\ RU KDUG GLVN�

5HFRYHULQJ WKH
8QLW·V NQRZOHGJH
EDVH ILOH

5HFRYHUV WKH NQRZOHGJH EDVH ILOH WKDW
ZDV VHW LQ WKH 8QLW IRU HGLWLQJ�

6DYLQJ WKH 8QLW·V
SURFHVVLQJ GDWD

6DYHV WKH 8QLW·V ILOH GDWD DV D ILOH�

3ULQW 3ULQWV WKH NQRZOHGJH EDVH ILOH EHLQJ
HGLWHG DQG WKH 8QLW·V RSHUDWLQJ VWDWXV�

0DNLQJ WKH
NQRZOHGJH EDVH

0DNLQJ PHPEHUVKLS
IXQFWLRQV

(GLWV WKH FRQGLWLRQ DQG FRQFOXVLRQ
PHPEHUVKLS IXQFWLRQV�

0DNLQJ WKH UXOHV (GLWV WKH UXOHV�

9HULI\LQJ WKH
NQRZOHGJH EDVH

*HQHUDO FKHFN &KHFNV ZKHWKHU WKH NQRZOHGJH EDVH
FDQ EH XVHG LQ IX]]\ ORJLF SURFHVVLQJ�

'HWDLO FKHFN &KHFNV IRU UHGXQGDQFLHV LQ WKH
.QRZOHGJH EDVH�

2QOLQH �OLQN�
RSHUDWLRQV

$IILUPLQJ WKH 8QLW·V
NQRZOHGJH EDVH

/RDGV WKH NQRZOHGJH EDVH IURP WKH
8QLW DQG GLVSOD\V LQIRUPDWLRQ VXFK DV
WKH NQRZOHGJH EDVH QDPH�

.QRZOHGJH EDVH
FRPSDULVRQ

&RPSDUHV WKH NQRZOHGJH EDVH LQ WKH
8QLW WR WKH RQH EHLQJ HGLWHG�

,QIHUHQFH 6WDUWV RU VWRSV IX]]\ ORJLF SURFHVVLQJ�

.QRZOHGJH EDVH
GRZQORDG

'RZQORDGV WKH NQRZOHGJH EDVH ILOH
EHLQJ HGLWHG WR WKH 8QLW�

3URFHVVLQJ VWDWXV
PRQLWRU

0RQLWRUV WKH SURFHVVLQJ VWDWXV RI WKH
8QLW LQ UHDO�WLPH�

8QLW LQLWLDOL]DWLRQ ,QLWLDOL]HV WKH 8QLW�

0DNLQJ DQG 'RZQORDGLQJ WKH .QRZOHGJH %DVH 6HFWLRQ ���



��

6(&7,21 �
([DPSOH $SSOLFDWLRQ

7KLV VHFWLRQ GHVFULEHV WKH GHYHORSPHQW RI DQ DFWXDO FRQWURO V\VWHP WKDW XVHV D &����)=��� )X]]\ /RJLF 8QLW�

��� &RQYH\RU %HOW &RQWURO 6\VWHP 6XPPDU\ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 0DNLQJ WKH .QRZOHGJH %DVH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ,QSXW 'DWD ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 0HPEHUVKLS )XQFWLRQV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� &UHDWLQJ 5XOHV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �



��

��� &RQYH\RU %HOW &RQWURO 6\VWHP 6XPPDU\
,Q WKLV H[DPSOH DSSOLFDWLRQ� D )X]]\ /RJLF 8QLW LV XVHG WR FRQWURO WZR FRQYH\RU
EHOWV IRU SURGXFW SDFNDJLQJ� 7KH SURGXFWV DUH FDUULHG RQ FRQYH\RU $ DW UDQGRP
LQWHUYDOV� EXW DW D IL[HG VSHHG� 7KH ER[HV DUH FDUULHG DW UHJXODU LQWHUYDOV RQ FRQ�
YH\RU %� ZKLFK UXQV SDUDOOHO WR FRQYH\RU $ DW D VSHHG FRQWUROOHG E\ WKH )X]]\
/RJLF 8QLW�
7KH )X]]\ /RJLF 8QLW DGMXVWV WKH VSHHG RI FRQYH\RU % VR WKDW WKH ER[HV DUULYH DW
WKH VDPH WLPH DV WKH SURGXFWV� 7KH UHTXLUHG LQIRUPDWLRQ LV WKH RIIVHW EHWZHHQ
WKH SURGXFW DQG WKH ER[ DQG WKH UDWH WKDW WKH RIIVHW LV FKDQJLQJ� $ FRQYHQWLRQDO
FRQWURO V\VWHPHOLPLQDWHV WKH RIIVHW EHWZHHQ WKH SURGXFW DQG WKH ER[� EXW VRPH�
WLPHV QR VSHHG DGMXVWPHQW LV QHFHVVDU\ HYHQ WKRXJK WKHUH LV D ODUJH RIIVHW� VR
WKH V\VWHP FRQWUROOHG E\ WKH )X]]\ /RJLF 8QLW LV PXFK PRUH HIILFLHQW�

&RQYH\RU $� &DUULHV WKH SURGXFWV�
&RQYH\RU %� &DUULHV WKH ER[HV�
3+ � WR 3+ �� 3KRWRHOHFWULF VHQVRUV

%

$

3+�

3+�

3+�

3+�

&RQYH\RU %HOW &RQWURO 6\VWHP 6XPPDU\ 6HFWLRQ ���



��

6\VWHP &RQILJXUDWLRQ

0RWRU $ (QFRGHU $ 6HUYRGULYHU $

(QFRGHU $

0DQXDO DGMXVW�
PHQW

0RWRU % (QFRGHU % 6HUYRGULYHU %

(QFRGHU %

&RQQHFWLQJ
FRQYH\RU

3+ � WR �
�3KRWRHOHFWULF VHQVRUV�

&����+
,QSXW 8QLW 2XWSXW 8QLW &RXQWHU % &RXQWHU $

$QDORJ
,QSXW 8QLW

&����+�&38���(
$QDORJ

2XWSXW 8QLW
)X]]\

/RJLF 8QLW

3DUWV /LVW

3DUW )XQFWLRQ 0RGHO QXPEHU

0RWRU $ �%� 'ULYHV FRQYH\RU $ �%�� ïïï

5RWDU\ HQFRGHU $ �%� (QFRGHU IRU PRWRU $ �%� ïïï

6HUYRGULYHU $ �%� 6HUYRGULYHU FRQWUROOLQJ PRWRU $ �%� ïïï

3KRWRHOHFWULF VHQVRUV ��� 6HQVH SDVVLQJ SURGXFWV DQG ER[HV� ïïï

,QSXW 8QLW 5HFHLYHV SKRWRHOHFWULF VHQVRU LQSXWV� �*�$��,'���

+LJK�VSHHG &RXQWHU $ �%� &RXQWV WKH RXWSXW RI URWDU\ HQFRGHU $ �%�� �*�$��&7���

$QDORJ ,QSXW 8QLW &RQYHUWV DQDORJ VSHHG GDWD IURP VHUYRGULYHU $ WR GLJLWDO GDWD� �*�$��$'���

$QDORJ 2XWSXW 8QLW &RQYHUWV WKH GLJLWDO RXWSXW IURP IX]]\ ORJLF SURFHVVLQJ WR DQDORJ
GDWD DQG RXWSXWV LW WR VHUYRGULYHU %�

�*�$��'$���

)X]]\ /RJLF 8QLW +DQGOHV IX]]\ ORJLF SURFHVVLQJ� &����)=���

6\VWHP 2SHUDWLRQ 7KH GLVWDQFH WKDW WKH ER[ WUDYHOV IURP WKH WLPH WKDW LW SDVVHV WKH ILUVW SKRWRHOHF�
WULF VHQVRU RQ FRQYH\RU % �3+ �� XQWLO WKH SURGXFW SDVVHV WKH ILUVW SKRWRHOHFWULF
VHQVRU RQ FRQYH\RU $ �3+ �� FDQ EH FDOFXODWHG IURP WKH URWDU\ HQFRGHUV DW�
WDFKHG WR WKH PRWRUV DQG +LJK�VSHHG &RXQWHU 8QLWV $ DQG %� :H ZLOO FDOO WKLV
GLVWDQFH WKH SURGXFW�ER[ RIIVHW�

7KH ILUVW UXOHV LQ WKH )X]]\ /RJLF 8QLW ZLOO EH EDVHG RQ WKLV RIIVHW�

´,I WKH SURGXFW�ER[ RIIVHW LV ODUJH� WKHQ VORZ GRZQ FRQYH\RU %�µ

´,I WKH SURGXFW�ER[ RIIVHW LV VPDOO� WKHQ GRQ·W FKDQJH FRQYH\RU %·V VSHHG
PXFK�µ

&RQYH\RU %HOW &RQWURO 6\VWHP 6XPPDU\ 6HFWLRQ ���



��

)X]]\ ORJLF SURFHVVLQJ XVLQJ WKHVH UXOHV DQG UXOHV EDVHG RQ WKH UDWH RI FKDQJH
RI WKH SURGXFW�ER[ RIIVHW DOORZ YHU\ VPRRWK DGMXVWPHQW RI FRQYH\RU %·V VSHHG�

1RWH :H DVVXPH WKDW RQO\ RQH SURGXFW RU ER[ WUDYHOV EHWZHHQ WKH SKRWRHOHFWULF VHQ�
VRUV DW D WLPH�

��� 0DNLQJ WKH .QRZOHGJH %DVH

����� ,QSXW 'DWD

7KH LQSXW GDWD IRU WKH SURGXFW�ER[ RIIVHW LV WDNHQ IURP WKH UHODWLYH SURGXFW�ER[
SRVLWLRQ �(� FDOFXODWHG DV VKRZQ EHORZ�

(  �&RXQW IURP URWDU\ HQFRGHU $� ï �&RXQW IURP URWDU\ HQFRGHU %�

7KH LQSXW GDWD IRU WKH UDWH RI FKDQJH RI WKH RIIVHW �D(� LV VLPSO\ WKH GLIIHUHQFH
EHWZHHQ WKH PRVW UHFHQW YDOXH RI ( �(Q� DQG WKH SUHYLRXV YDOXH RI ( �(Q��� DV
VKRZQ EHORZ�

D(  �(Q� ï �(Q���

����� 0HPEHUVKLS )XQFWLRQV

7KH GLDJUDPV LQ WKLV VHFWLRQ VKRZ WKH FRQGLWLRQ PHPEHUVKLS IXQFWLRQV IRU WKH
SURGXFW�ER[ RIIVHW DQG RIIVHW UDWH RI FKDQJH� DV ZHOO DV WKH FRQFOXVLRQ PHPEHU�
VKLS IXQFWLRQ �FRQYH\RU % VSHHG DGMXVWPHQW��

3URGXFW�%R[ 2IIVHW

0DNLQJ WKH .QRZOHGJH %DVH 6HFWLRQ ���



��

2IIVHW 5DWH RI &KDQJH

&RQYH\RU % 6SHHG $GMXVWPHQW

0DNLQJ WKH .QRZOHGJH %DVH 6HFWLRQ ���



��

����� &UHDWLQJ 5XOHV
([SUHVVLQJ 5XOHV LQ :RUGV 6WDUW FUHDWLQJ WKH UXOHV E\ RUJDQL]LQJ \RXU ´NQRZ�KRZµ RU ´SDVW H[SHULHQFHµ RI

WKH V\VWHP LQ HYHU\GD\ H[SUHVVLRQV� $ JRRGZD\ WR RUJDQL]H WKHVH H[SUHVVLRQV
LV D WDEOH OLNH WKH RQH EHORZ�

(

D(

%R[ LV DKHDG $ERXW HYHQ 3URGXFW LV DKHDG

%R[ LV IDVWHU 6ORZ ER[ D ORW 6ORZ ER[ D ORW 6ORZ ER[ D OLWWOH 6SHHG LW XS D OLWWOH 6SHHG LW XS

6ORZ ER[ D ORW 6ORZ WKH ER[ 6ORZ ER[ D OLWWOH 6SHHG LW XS D OLWWOH 6SHHG LW XS

$ERXW HYHQ 6ORZ WKH ER[ 6ORZ ER[ D OLWWOH 'RQ·W FKDQJH 6SHHG LW XS D OLWWOH 6SHHG LW XS

6ORZ WKH ER[ 6ORZ ER[ D OLWWOH 6SHHG LW XS D OLWWOH 6SHHG LW XS 6SHHG LW XS D ORW

%R[ LV VORZHU 6ORZ WKH ER[ 6ORZ ER[ D OLWWOH 6SHHG LW XS D OLWWOH 6SHHG LW XS 6SHHG LW XS D ORW

&RQYHUWLQJ WR /DEHOV 1H[W� FRQYHUW WKH LQSXW GDWD� RXWSXW GDWD� DQG WKH H[SUHVVLRQV IURP WKH WDEOH
DERYH WR ODEHOV� DV VKRZQ EHORZ�
,QSXW GDWD�

3URGXFW�ER[ RIIVHW� (
2IIVHW UDWH RI FKDQJH� '( �D(�

2XWSXW GDWD�
&RQYH\RU % VSHHG DGMXVWPHQW� 9%

7KH H[SUHVVLRQV IURP WKH WDEOH DERYH FDQ EH FRQYHUWHG DV IROORZV�

(

'(

1/ 16 =5 36 3/

3/ 1/ 1/ 16 36 30

36 1/ 10 16 36 30

=5 10 16 =5 36 30

16 10 16 36 30 3/

1/ 10 16 36 30 3/

&RQYHUWLQJ WR ,I�7KHQ 1H[W� FRQYHUW WKH ODEHOV IURP WDEOH IRUP WR LI�WKHQ VWDWHPHQW IRUP� ZKLFK FDQ EH
HQWHUHG LQWR D FRPSXWHU�

,) ( 1/ $1' '( 3/ 7+(1 9% 1/
,) ( 1/ $1' '( 36 7+(1 9% 1/
,) ( 1/ $1' '( =5 7+(1 9% 10
,) ( 1/ $1' '( 16 7+(1 9% 10
,) ( 1/ $1' '( 1/ 7+(1 9% 10
,) ( 16 $1' '( 3/ 7+(1 9% 10
,) ( 16 $1' '( 36 7+(1 9% 10
,) ( 16 $1' '( =5 7+(1 9% 16
,) ( 16 $1' '( 16 7+(1 9% 16
,) ( 16 $1' '( 1/ 7+(1 9% 16
,) ( =5 $1' '( 3/ 7+(1 9% 16
,) ( =5 $1' '( 36 7+(1 9% 16
,) ( =5 $1' '( =5 7+(1 9% =5
,) ( =5 $1' '( 16 7+(1 9% 36

0DNLQJ WKH .QRZOHGJH %DVH 6HFWLRQ ���
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,) ( =5 $1' '( 1/ 7+(1 9% 36
,) ( 36 $1' '( 3/ 7+(1 9% 36
,) ( 36 $1' '( 36 7+(1 9% 36
,) ( 36 $1' '( =5 7+(1 9% 36
,) ( 36 $1' '( 16 7+(1 9% 30
,) ( 36 $1' '( 1/ 7+(1 9% 30
,) ( 3/ $1' '( 3/ 7+(1 9% 30
,) ( 3/ $1' '( 36 7+(1 9% 30
,) ( 3/ $1' '( =5 7+(1 9% 30
,) ( 3/ $1' '( 16 7+(1 9% 3/
,) ( 3/ $1' '( 1/ 7+(1 9% 3/

(QWHULQJ ,I�7KHQ 6WDWHPHQWV )LQDOO\� HQWHU WKH LI�WKHQ VWDWHPHQWV LQWR WKH FRPSXWHU IRU GRZQORDGLQJ WR WKH
)X]]\ /RJLF 8QLW�

0DNLQJ WKH .QRZOHGJH %DVH 6HFWLRQ ���
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6(&7,21 �
0DLQWHQDQFH DQG 7URXEOHVKRRWLQJ

7KLV VHFWLRQSURYLGHVJXLGHOLQHV IRU GHDOLQJZLWK URXWLQHPDLQWHQDQFH DQGHUURUV WKDWPLJKW RFFXUZKLOH XVLQJ WKH)X]]\/RJLF
8QLW�

��� 0DLQWHQDQFH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 7URXEOHVKRRWLQJ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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��� 0DLQWHQDQFH
7KH LWHPV OLVWHG LQ WKH IROORZLQJ WDEOH VKRXOG EH LQVSHFWHG UHJXODUO\ WR HQVXUH
FRUUHFW RSHUDWLRQ�

$UHD ,WHP &RUUHFW FRQGLWLRQ

$PELHQW FRQGLWLRQV 7HPSHUDWXUH �� WR ���&

+XPLGLW\ ��� WR ��� �QR FRQGHQVDWLRQ�

'XVW RU GHEULV 1R GXVW RU GHEULV VKRXOG EH DOORZHG WR DFFXPXODWH RQ WKH 8QLW�

,QVWDOODWLRQ 8QLW PRXQWLQJV &KHFN WKDW WKH 8QLW LV PRXQWHG VHFXUHO\�

&DEOH FRQQHFWRUV &KHFN WKDW WKH FDEOH FRQQHFWRUV DUH WLJKW�

&RQQHFWLQJ FDEOH &KHFN WKH FRQQHFWLQJ FDEOH IRU GDPDJH�

5HSODFLQJ WKH %DWWHU\
7KH &���ï%$7�� EDWWHU\ LQ WKH )X]]\ /RJLF 8QLW KDV D OLIH H[SHFWDQF\ RI �
\HDUV DW ���&� 7KH OLIHWLPH ZLOO EH VKRUWHU DW KLJKHU WHPSHUDWXUHV�
:KHQ WKH EDWWHU\ EHJLQV WR IDLO� WKH %$7(55 LQGLFDWRU ZLOO OLJKW� 5HSODFH WKH EDW�
WHU\ DV RXWOLQHG EHORZ ZLWKLQ � ZHHN DIWHU WKH %$7 (55 LQGLFDWRU ILUVW OLJKWV�

�� �� ���� �� 7XUQ RII WKH SRZHU� ,I WKH SRZHU ZDV RII DOUHDG\� WXUQ LW RQ IRU DW OHDVW RQH
PLQXWH� WKHQ WXUQ LW RII�

�� 5HPRYH WKH EDWWHU\ FRYHU E\ SUHVVLQJ LW DQG VOLGLQJ LW GRZQ�
�� 5HPRYH WKH ROG EDWWHU\ DQG LWV FRQQHFWRU� 5HSODFH WKH ROG EDWWHU\ ZLWK D

QHZ RQH ZLWKLQ � PLQXWHV�
�� :KHQ LQVWDOOLQJ WKH QHZ EDWWHU\� EH VXUH WKDW \RX SUHVV WKH FRQQHFWRU LQWR LWV

VRFNHW ILUPO\�
�� 5HSODFH WKH EDWWHU\ FRYHU� %H VXUH WKDW WKH FDWFK RQ WKH WRS RI WKH FRYHU

JRHV LQWR WKH QRWFK LQ WKH 8QLW�

��� 7URXEOHVKRRWLQJ
(UURU ,QGLFDWLRQV

7KH WDEOH EHORZ OLVWV HUURU FRQGLWLRQV� WKHLU SUREDEOH FDXVH� DQG SRVVLEOH UHPH�
GLHV�

,QGLFDWRU�V� 3UREDEOH FDXVH 5HPHG\

1R LQGLFDWRUV OLW� 7KH 3& SRZHU VXSSO\ LV 2))� &RQQHFW WKH 3& SRZHU VXSSO\ RU FKHFN
FRQQHFWRUV�

)X]]\ /RJLF 8QLW PRXQWLQJ VFUHZV DUH ORRVH� 7LJKWHQ VFUHZV�

(5525 LQGLFDWRU LV OLW� $Q HUURU KDV RFFXUUHG GXULQJ WKH )X]]\ /RJLF
8QLW·V VHOI�GLDJQRVWLFV�

5HSODFH WKH 8QLW�

%$7 (55 LQGLFDWRU LV OLW� 7KH EDWWHU\ LVQ·W FRQQHFWHG� &KHFN WKH EDWWHU\ FRQWDFWV DQG EH VXUH
WKDW WKH\ DUH SURSHUO\ FRQQHFWHG�

%DWWHU\ YROWDJH KDV GURSSHG EHORZ WKH PLQLPXP� 5HSODFH WKH EDWWHU\�

(5525 LQGLFDWRU LV
IODVKLQJ�

7KH NQRZOHGJH EDVH KDVQ·W EHHQ LQSXW RU KDV
EHHQ FRUUXSWHG VRPHKRZ�

7UDQVIHU WKH NQRZOHGJH EDVH WR WKH
)X]]\ /RJLF 8QLW�

5HSODFLQJ WKH 8QLW
:H UHFRPPHQG WKDW XVHUV KDYH D EDFNXS 8QLW DYDLODEOH WR PDNH UHSDLUV DQG
PLQLPL]H GRZQ�WLPH LI D SUREOHPRFFXUVZLWK D)X]]\ /RJLF8QLW� 3OHDVH REVHUYH
WKH IROORZLQJ SUHFDXWLRQV LQ WKH HYHQW RI D SUREOHP�
� $OZD\V WXUQ WKH SRZHU RII ZKHQ UHSODFLQJ D )X]]\ /RJLF 8QLW�
� ,I D )X]]\ /RJLF 8QLW IDLOV� UHSODFH LW ZLWK D QHZ RQH DQG LPPHGLDWHO\ YHULI\ WKDW
WKH QHZ 8QLW LV ZRUNLQJ SURSHUO\�

7URXEOHVKRRWLQJ 6HFWLRQ ���
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�:KHQ UHWXUQLQJ D PDOIXQFWLRQLQJ )X]]\ /RJLF 8QLW IRU UHSDLU� SOHDVH DWWDFK D
GHWDLOHG GHVFULSWLRQ RI WKH SUREOHP WR WKH 8QLW DQG UHWXUQ LW WR WKH VDOHV RIILFH
QHDUHVW \RX �VHH OLVWLQJ DW WKH HQG RI WKLV SXEOLFDWLRQ��

� ,I \RX VXVSHFW WKDW D SRRU FRQQHFWLRQ LV WKH FDXVH RI D PDOIXQFWLRQ� FOHDQ WKH
FRQQHFWRUV XVLQJ D FOHDQ� VRIW FORWK DQG LQGXVWULDO�JUDGH DOFRKRO� 5HPRYH DQ\
OLQW RU WKUHDGV OHIW IURP WKH FORWK� DQG UH�PRXQW WKH )X]]\ /RJLF 8QLW�

7URXEOHVKRRWLQJ 6HFWLRQ ���
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$SSHQGL[ $
6WDQGDUG 0RGHOV

1DPH 0RGHO QXPEHU 1RWHV

)X]]\ /RJLF 8QLW &����)=��� ���

%DWWHU\ &����%$7�� 2QH %DWWHU\ LV LQFOXGHG ZLWK WKH )X]]\ /RJLF 8QLW�

)X]]\ 6XSSRUW 6RIWZDUH �)66� &����68����( 7KH )66 LV DYDLODEOH RQ HLWKHU ���µ RU ����µ IORSS\ GLVNV�
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$SSHQGL[ %
6SHFLILFDWLRQV

,WHP 6SHFLILFDWLRQV

)X]]\ ORJLF SURFHVVRU ,�2 FDSDFLW\ � LQSXWV DQG � RXWSXWV PD[�

5XOH IRUPDW � FRQGLWLRQ DQG � FRQFOXVLRQ SDUWV PD[�

1XPEHU RI UXOHV ��� UXOHV PD[�

/RJLF SURFHVV )RUZDUG ORJLF

3URFHVVLQJ WLPH ��� PV SHU UXOH PD[�

/RJLF UXOH 0$;ï0,1 ORJLFDO SURGXFW

1XPEHU RI ODEHOV � PD[�

)LQDO FDOFXODWLRQ &HQWHU RI JUDYLW\ PHWKRG

0HPEHUVKLS IXQFWLRQV &RQGLWLRQ � LQIOHFWLRQ SRLQWV PD[LPXP

&RQFOXVLRQ 7KH FRQFOXVLRQ PHPEHUVKLS IXQFWLRQ LV PDGH XS RI �� FROXPQV
DQG WKH YHUWLFDO UHVROXWLRQ LV �����

,�2 ZRUGV ,QSXWV (DFK LQSXW LV DOORFDWHG RQH ZRUG� 7ZHOYH ELWV RI WKH ZRUG DUH
XVHG� VR WKH UDQJH LV ��� WR ))) �� WR ���� GHFLPDO��

2XWSXWV (DFK RXWSXW LV DOORFDWHG RQH ZRUG�7ZHOYH ELWV RI WKH ZRUG DUH
XVHG� VR WKH UDQJH LV ��� WR ))) �� WR ���� GHFLPDO��

56����&
FRPPXQLFDWLRQV

&RPPXQLFDWLRQV +DOI GXSOH[

6\QFKURQL]DWLRQ 6WDUW�VWRS V\QFKURQL]DWLRQ

%DXG UDWH ���� ���� ����� ����� ����� ����� RU ����� �VHW RQ WKH IURQW ',3
VZLWFK�

7UDQVPLVVLRQ GLVWDQFH �� P PD[� �ZLWK D VHULDO FDEOH�

,QWHUIDFH 56����& SRUW �&DQ EH FRQQHFWHG WR D /LQN 8QLW� DOORZLQJ
FRPPXQLFDWLRQ E\ RSWLFDO ILEHU��

&RPPXQLFDWLRQV
SURWRFRO

6SHFLDO SURFHGXUH ���1�

3URFHVVLQJ WLPH ��� PV SHU UXOH � ��� PV

'DWD UHWDLQHG LQ D SRZHU LQWHUUXSWLRQ 5XOHV DQG PHPEHUVKLS IXQFWLRQV DUH UHWDLQHG�

%DWWHU\ /LIH H[SHFWDQF\ � \HDUV DW ���&� 6KRUWHU DW KLJKHU WHPSHUDWXUHV�

5HSODFHPHQW 5HSODFH ZLWKLQ RQH ZHHN DIWHU WKH %$7 (55 LQGLFDWRU OLJKWV� 'DWD
LV UHWDLQHG IRU � PLQXWHV PD[� ZLWKRXW WKH EDWWHU\�

6HOI�GLDJQRVWLFV 3URJUDP FKHFN $ ´PHPRU\ HUURUµ ZLOO EH JHQHUDWHG LI DQ HUURU RFFXUV GXULQJ WKH
SURJUDP FKHFN�



��

*ORVVDU\

FHQWHU RI JUDYLW\ PHWKRG $PHWKRG RI GHIX]]LILFDWLRQ� 7KH FHQWHU RI JUDYLW\ RI WKH IX]]\ RXWSXWV �DORQJ WKH
[�D[LV� LV FDOFXODWHG DV WKH ILQDO UHVXOW RI IX]]\ ORJLF SURFHVVLQJ�

FRQGLWLRQ SDUW 7KH ´LIµ FODXVHV RI D UXOH� $ VLQJOH UXOH FDQ KDYH XS WR � FRQGLWLRQ SDUWV LQ WKH IRUP
´,) ;� $1' ;� ��� $1' ;��µ

FRQFOXVLRQ SDUW 7KH ´WKHQµ FODXVHV RI D UXOH� $ VLQJOH UXOH FDQ KDYH XS WR � FRQFOXVLRQ SDUWV LQ WKH
IRUP ´7+(1 <� $1' <��µ

GHIX]]LILFDWLRQ 'HIX]]LILFDWLRQ LV WKH SURFHVV WKDW FRPELQHV WKH IX]]\ RXWSXWV WR D VLQJOH UHVXOW
WKDW LV RXWSXW IURP WKH )X]]\ /RJLF 8QLW� 7KH &���ï)=��� XVHV WKH FHQWHU RI
JUDYLW\ PHWKRG�

IX]]\ RXWSXW $IWHU DOO RI WKH UXOH JUDGHV DUH FDOFXODWHG� WKH JUDGH IRU HDFK ODEHO LV FDOFXODWHG�
7KH JUDGH IRU D ODEHO LV FDOOHG LWV IX]]\ RXWSXW� 7KH IX]]\ RXWSXW LV WKHPD[LPXP
UXOH JUDGH IRU WKDW ODEHO� 7KH PD[LPXP YDOXH LV WDNHQ EHFDXVH WKH UXOHV DUH
OLQNHG E\ ORJLFDO 25V�

IX]]\ YDULDEOH $ YDULDEOH VXFK DV GLVWDQFH� WHPSHUDWXUH� RU SUHVVXUH� WKDW LV PHDVXUHG E\ WKH
3&·V VHQVRUV� 7KH PHDVXUHG YDOXHV RI WKH IX]]\ YDULDEOHV DUH LQSXW WR WKH 8QLW
IRU IX]]\ ORJLF SURFHVVLQJ�

JUDGH $ QXPEHU EHWZHHQ � DQG � WKDW LQGLFDWHV KRZ ZHOO WKH JLYHQ YDOXH RI WKH IX]]\
YDULDEOH VDWLVILHV D ODEHO� $ JUDGH RI �PHDQV WKH ODEHO LV QRW VDWLVILHG DW DOO� DQG D
JUDGH RI � PHDQV WKH ODEHO LV SHUIHFWO\ VDWLVILHG DW WKH JLYHQ YDOXH RI WKH IX]]\
YDULDEOH�

ODEHO /DEHOV DUH XVHG WR GHVFULEH WKH VWDWH RI D IX]]\ YDULDEOH� /DEHOV IRU GLVWDQFH
PLJKW EH ´FORVH�µ ´2.�µ DQG ´IDU�µ /DEHOV IRU WHPSHUDWXUH PLJKW EH ´FROG�µ ´FRRO�µ
´ZDUP�µ DQG ´KRW�µ /DEHOV IRU SUHVVXUH PLJKW EH ´OLJKW�µ ´PRGHUDWH�µ DQG ´KDUG�µ
7KH &���ï)=��� FDQ KDYH XS WR � ODEHOV IRU HDFK IX]]\ YDULDEOH�

NQRZOHGJH EDVH 7KH UXOHV DQG PHPEHUVKLS IXQFWLRQV�

PHPEHUVKLS IXQFWLRQ 'HILQHV WKH UHODWLRQVKLS EHWZHHQ WKH JUDGH DQG WKH IX]]\ YDULDEOH IRU HDFK ODEHO�
7KH PRVW DFFXUDWH VKDSH IRU D PHPEHUVKLS IXQFWLRQ LV XVXDOO\ D EHOO FXUYH� EXW
WULDQJOHV DQG WUDSH]RLGV DUH XVHG PRVW RIWHQ WR VLPSOLI\ DQG VSHHG XS SURFHVV�
LQJ�

UXOH $Q LI�WKHQ VWDWHPHQW WKDW H[SUHVVHV D UHODWLRQVKLS EHWZHHQ LQSXWV DQG RXWSXWV�
7KH &���ï)=��� FDQ KDYH XS WR ��� UXOHV�

UXOH JUDGH 0HPEHUVKLS IXQFWLRQV DVVLJQ JUDGHV WR WKH ODEHOV RI WKH FRQGLWLRQ SDUWV RI D UXOH
DFFRUGLQJ WR WKH SUHVHQW FRQGLWLRQV� 7KH UXOH JUDGH LV WKH PLQLPXP RI WKHVH
JUDGHV�
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,QGH[

%� &
EDWWHU\
OLIH H[SHFWDQF\� ��
UHSODFHPHQW� ��

FHQWHU RI JUDYLW\ PHWKRG� �

FRPPXQLFDWLRQV SURWRFRO� VHWWLQJ� ��

FRPSRQHQWV� ORFDWLRQ� ��

FRQFOXVLRQ SDUW
GHILQLWLRQ� �
SURFHVVLQJ� �

FRQGLWLRQ SDUW
FRPELQDWLRQV� �
GHILQLWLRQ� �
SURFHVVLQJ� �

FRQILJXUDWLRQ� V\VWHP� �

FRQQHFWLQJ FDEOH� ��

FRQWURO V\VWHP
K\EULG� �
SXUH IX]]\ ORJLF� �

'� (
GHIX]]LILFDWLRQ� GHILQLWLRQ� �

GLPHQVLRQV� ��

HUURU FRGHV� ��

(UURU )ODJ� RXWSXW� ��

HUURU LQGLFDWLRQV� ��

H[DPSOH� DSSOLFDWLRQ� ��

)
IODJV
%DWWHU\ (UURU )ODJ� ��
)X]]\ (UURU )ODJ� ��
,QSXW 5DQJH ([FHHGHG )ODJ� ��
0HPRU\ (UURU )ODJ� ��
1R &RUUHVSRQGLQJ 2XWSXW )ODJ� ��
3& %XV\ )ODJ� ��
3& 5HDG &RPSOHWH )ODJ� ��
3& :ULWH &RPSOHWH )ODJ� ��
3URFHVVLQJ (QDEOHG )ODJ� ��
7RR )HZ ,QSXW :RUGV )ODJ� ��
7RR 0DQ\ ,QSXW :RUGV )ODJ� ��
8QGHILQHG 2XWSXW )ODJ� ��
8QLW %XV\ )ODJ� ��
8QLW 5HDG &RPSOHWH )ODJ� ��
8QLW :ULWH &RPSOHWH )ODJ� ��

IX]]\ ORJLF
LQWURGXFWLRQ� �
SURFHVVLQJ� �

IX]]\ RXWSXW
FDOFXODWLQJ� �
GHILQLWLRQ� �

IX]]\ VHW� GHILQLWLRQ� �

IX]]\ YDULDEOH� GHILQLWLRQ� �

*� ,
JUDGH
GHILQLWLRQ� �
ODEHOV� �
UXOHV� �

LQGLFDWRUV
HUURU� ��
IXQFWLRQV� ��
ORFDWLRQ� ��

LQSXW UDQJH� RI UXOHV� �

LQVWDOODWLRQ
DFFHSWDEOH ORFDWLRQV� ��
3& PRXQWLQJ VORW� �

LQVWUXFWLRQ VHW
5($'�����5($'������ ��
:5,7�����:5,7������ ��

.� /
NQRZOHGJH EDVH
GHILQLWLRQ� �
GHYHORSLQJ� �� ��

ODEHO� GHILQLWLRQ� �

ODGGHU GLDJUDP SURJUDP� H[DPSOH� ��

0
PDLQWHQDQFH� ��

PHPEHUVKLS IXQFWLRQ
FRQFOXVLRQV� VWDQGDUG VKDSH� ��
FRQGLWLRQV� VWDQGDUG VKDSHV� �
GHILQLWLRQ� �
VWDQGDUG FRQFOXVLRQ� �� ��
VWDQGDUG FRQGLWLRQ� �

PHPEHUVKLS IXQFWLRQV
GHYHORSLQJ� �
GHYHORSLQJ ZLWK UXOHV� ��
GRZQORDGLQJ� ��

PHPRU\ DOORFDWLRQ� LQ WKH 3&� ��

PRGHO QXPEHUV� ��



,QGH[

��

3� 5

SURJUDP �3&�
H[DPSOH� ��³��
UHTXLUHPHQWV� ��

UHSODFHPHQW� 8QLW� ��

56����& SRUW
FDEOH VSHFLILFDWLRQV� ��
FRQQHFWRU SLQV� ��
VHWWLQJ EDXG UDWH� ��
VHWWLQJ SURWRFRO� ��

UXOH JUDGH
FDOFXODWLQJ� �
GHILQLWLRQ� �

UXOHV
EDVLF IRUPDW� �
GHILQLWLRQ� �
GHWHUPLQLQJ LQSXW UDQJH� �
GHYHORSLQJ� �
GHYHORSLQJ ZLWK PHPEHUVKLS IXQFWLRQV� ��
GRZQORDGLQJ� ��

6� 7
VSHFLILFDWLRQV� ��

VWDQGDUG PRGHOV� ��

VZLWFKHV
ORFDWLRQ� ��
VHWWLQJV� ��

V\VWHP FRQILJXUDWLRQ� �
GHVLJQLQJ� �

WHPSHUDWXUH� DFFHSWDEOH UDQJH� ��

WURXEOHVKRRWLQJ� ��
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5HYLVLRQ +LVWRU\

&����)=��� )X]]\ /RJLF 8QLW
2SHUDWLRQ 0DQXDO

$ PDQXDO UHYLVLRQ FRGH DSSHDUV DV D VXIIL[ WR WKH FDWDORJ QXPEHU RQ WKH IURQW FRYHU RI WKH PDQXDO�

&DW� 1R� :����(���$

5HYLVLRQ FRGH

7KH IROORZLQJ WDEOH RXWOLQHV WKH FKDQJHV PDGH WR WKH PDQXDO GXULQJ HDFK UHYLVLRQ� 3DJH QXPEHUV UHIHU WR WKH
SUHYLRXV YHUVLRQ�

5HYLVLRQ FRGH 'DWH 5HYLVHG FRQWHQW
� 0DUFK ���� 2ULJLQDO SURGXFWLRQ
�$ -XO\ ���� 3DJHV �� �� � 0LQRU FKDQJHV WR DGG &9���� DQG &90��
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