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*ORVVDU\ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
,QGH[ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
5HYLVLRQ +LVWRU\ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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$ERXW WKLV 0DQXDO�

7KLV PDQXDO GHVFULEHV WKH IXQFWLRQV� FKDUDFWHULVWLFV� DQG RSHUDWLQJ SURFHGXUHV RI WKH +RVW /LQN 8QLWV
IRU XVH ZLWK WKH &���.�W\SH 3&V�

6HFWLRQ � GHVFULEHV WKH EDVLF SK\VLFDO IHDWXUHV RI WKH +RVW /LQN 8QLWV DQG JLYHV H[DPSOHV RI V\VWHPV
XVLQJ WKHP�

6HFWLRQ � GHVFULEHV KRZ WR LQFRUSRUDWH +RVW /LQN 8QLWV LQWR D ODUJHU V\VWHP� ,W SURYLGHV LQIRUPDWLRQ
RQ KRZ WR VHW WKH VZLWFKHV VR WKDW WKH 8QLW ZLOO SURYLGH WKH GHVLUHG IXQFWLRQV GXULQJ RSHUDWLRQ� KRZ WR
PRXQW WKH GHYLFH� DQG KRZ WR HVWDEOLVK FRPPXQLFDWLRQV EHWZHHQ WKH +RVW /LQN 8QLW DQG WKH KRVW
FRPSXWHU� 7KH ILQDO VHFWLRQ LQFOXGHV GHWDLOV DERXW WKH SURFHGXUHV IRU SUHSDULQJ 56ï��� DQG
56ï���& FDEOHV IRU FRQQHFWLRQ�

6HFWLRQ � GHVFULEHV WKH GLIIHUHQW RSHUDWLQJ PRGHV DQG WKH VWHSV LQ GDWD IORZ RI WKH 3& DV GHWHUPLQHG
E\ WKH +RVW /LQN 8QLW VHWWLQJV� 7KH SURFHGXUHV IRU FRPPXQLFDWLRQV WHVWLQJ DUH DOVR H[SODLQHG�6HFWLRQ
�ï� GHVFULEHV KRZ WR FDOFXODWH WKH PD[LPXP DQG PLQLPXP UHVSRQVH WLPHV EHWZHHQ D 8QLW UHFHLYLQJ
DQ LQSXW VLJQDO DQG SURGXFLQJ DQ RXWSXW�

6HFWLRQ � GHVFULEHV WKH FRPPDQGV DQG UHVSRQVHV FRYHUHG E\ WKLV PDQXDO� ,W JLYHV WKH EDVLF IRUPDW
IRU HDFK FRPPDQG DQG UHVSRQVH DQG FRYHUV WKH IDFWRUV ZKLFK PLJKW DIIHFW WKH RSHUDWLQJ VSHHG RI WKH
3& ZKHQ GHDOLQJ ZLWK VXFK FRPPDQGV DQG UHVSRQVHV�

6HFWLRQ � GHVFULEHV WKH UDQJH RI HUURUV WKDW FDQ EH H[SHFWHG ZKHQ RSHUDWLQJ D FRPSXWHUL]HG V\VWHP
LQFRUSRUDWLQJ D +RVW /LQN 8QLW� ,W GLVFXVVHV WKH GHYHORSPHQW RI DQ HUURU�SURFHVVLQJ SURJUDP DQG DOVR
SURYLGHV D WDEXODWHG WURXEOHVKRRWLQJ JXLGH�

$SSHQGL[ $ GHVFULEHV WKH VWDQGDUG UDQJH RI +RVW /LQN 8QLWV DYDLODEOH�

$SSHQGL[ % OLVWV WKH VSHFLILFDWLRQ GHWDLOV IRU WKH YDULRXV +RVW /LQN 8QLW DQG /LQN $GDSWHU PRGHOV�

$SSHQGL[ & SURYLGHV DQ $6&,, FRGH WDEOH�

$SSHQGL[ ' GHVFULEHV WKH VWDQGDUG UDQJH RI DFFHVVRULHV IRU +RVW /LQN 8QLWV DQG WKHLU IHDWXUHV�

7KH *ORVVDU\ JLYHV D FRPSUHKHQVLYH OLVW RI H[SUHVVLRQV FRPPRQO\ XVHG ZKHQ GHDOLQJ ZLWK +RVW /LQN
8QLWV DQG 3URJUDPPDEOH &RQWUROOHUV�
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6(&7,21 �
,QWURGXFWLRQ

7KLV GRFXPHQW LV GHVLJQHG WR LQWURGXFH WKH UHDGHU WR WKH SULQFLSOHV RI RSHUDWLRQ RI +RVW /LQN 8QLWV IRU WKH 6<60$&
&�� 3& �3URJUDPPDEOH &RQWUROOHU� DQG WKH 6<60$& .�W\SH 3&V

$ +RVW /LQN 8QLW DOORZV D KRVW FRPSXWHU WR PRQLWRU WKH RSHUDWLQJ VWDWXV DQG GDWD DUHDV RI WKH 3&V DQG WR FRQWURO WKH
FRPPXQLFDWLRQV ZLWK WKH 3&V LQ WKH FRQWURO V\VWHP�

2QH +RVW /LQN 8QLW LV UHTXLUHG IRU HDFK 3&� DQG XS WR �� 3&V FDQ EH FRQQHFWHG WR D VLQJOH KRVW FRPSXWHU� 7KH +RVW /LQN
8QLWV GHVFULEHG LQ WKLV PDQXDO DUH UHIHUUHG WR DV ´&38 PRXQWLQJ�µ $V WKH QDPH VXJJHVWV� &38�PRXQWLQJ +RVW /LQN
8QLWV DUH PRXQWHG GLUHFWO\ WR WKH 3&·V &38�

6HFWLRQ �ï�H[SODLQV WKH QDPHV IRU WKH GLIIHUHQW SDUWV RI WKH 8QLWV DQG 6HFWLRQ �ï�JLYHV VRPH W\SLFDO V\VWHP FRQILJXUD�
WLRQV� 0RVW RI WKHVH V\VWHPV DOVR HPSOR\ /LQN $GDSWHUV� ZKLFK DUH QRUPDOO\ XVHG WR EUDQFK EHWZHHQ +RVW /LQN 8QLWV
DQG KRVW FRPSXWHUV� HWF�� RU WR LQWHUIDFH ZLUH FDEOHV ZLWK RSWLFDO ILEHU FDEOHV� RU WR SHUIRUP ERWK RI WKHVH IXQFWLRQV�

�ï� 1RPHQFODWXUH �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï� 6\VWHP &RQILJXUDWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�ï�ï� &RQQHFWLRQV �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� 6\VWHP ([DPSOHV �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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�ï� 1RPHQFODWXUH
7KH IROORZLQJ ILJXUHV JLYH GHWDLOV RI VZLWFKHV� VHOHFWRUV� DQG FRQQHFWRU W\SHV
IRU \RXU +RVW /LQN 8QLW� ,W ZLOO EH QHFHVVDU\ WR UHIHU WR WKHVH GLDJUDPV IURP
WLPH WR WLPH DV \RX UHDG IXUWKHU LQ WKH PDQXDO� SDUWLFXODUO\ ZKHQ UHDGLQJ 6HF�
WLRQ �ï� +RVW /LQN 8QLW 6HWWLQJV�

5($'< LQGLFDWRU

5&9 �UHFHLYH� LQGLFDWRU

;07 �WUDQVPLW� LQGLFDWRU

(55RU LQGLFDWRU
�3DULW\� IUDPLQJ�
RYHUUXQ� DQG
)&6 HUURUV�

56ï���& FDEOH FRQQHFWRU
6HH ([DPSOH � LQ 6HFWLRQ
�ï� 6\VWHP &RQILJXUDWLRQ
IRU UHVWULFWLRQV ZLWK
56ï���& FDEOH�

56ï��� FDEOH FRQQHFWRU

�*�&�ï/.���ï(9� �*�&�ï/.���ï(9�

)URQW SDQHOV

5HDU SDQHOV

6:� 6:�

6:� 6:�

6:�6:�

�*�$�ï/.���ï(9� �*�$�ï/.ï���ï(9�

1RPHQFODWXUH 6HFWLRQ �ï�
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�ï� 6\VWHP &RQILJXUDWLRQ
7KH IROORZLQJ H[DPSOHV LOOXVWUDWH SRVVLEOH DSSOLFDWLRQV RI +RVW /LQN 8QLWV LQ
ZLUHG RU RSWLFDO V\VWHPV� RU ERWK�

6RPH V\VWHPV ZLOO FRQWDLQ MXVW RQH +RVW /LQN 8QLW FRQQHFWHG WR D VLQJOH KRVW
FRPSXWHU� 7KLV LV NQRZQ DV D ´VLQJOH�OLQNµ V\VWHP� 2WKHUV V\VWHPV PLJKW FRQ�
WDLQ VHYHUDO +RVW /LQN 8QLWV FRQQHFWHG WR D KRVW FRPSXWHU� 7KLV FRQILJXUDWLRQ
LV NQRZQ DV D ´PXOWLSOH�OLQNµ V\VWHP� $OWKRXJK PRVW V\VWHPV ZLOO UHTXLUH RQO\
RQH KRVW FRPSXWHU� LI ERWK 5DFN�PRXQWLQJ DQG &38�PRXQWLQJ +RVW /LQN
8QLWV DUH XVHG WRJHWKHU� WZR KRVW FRPSXWHUV FDQ EH FRQQHFWHG WR WKH VDPH
3&� LQGHSHQGHQW RI HDFK RWKHU� 7KH 3& FDQ WKHQ H[HFXWH FRPPDQGV VHQW
IURP HLWKHU KRVW FRPSXWHU�

,Q DOO EXW WKH ILUVW FRQILJXUDWLRQ H[DPSOH� /LQN $GDSWHUV DUH XVHG WR EUDQFK
EHWZHHQ V\VWHP GHYLFHV� RU WR FRQYHUW EHWZHHQ GLIIHUHQW W\SHV RI FDEOHV� RU
WR SHUIRUP ERWK RI WKHVH IXQFWLRQV� 7KH ILUVW SDUW RI WKH /LQN $GDSWHU PRGHO
QXPEHUV �L�H�� �*�$�ï� LQ WKH H[DPSOHV KDV EHHQ RPLWWHG�

�ï�ï� &RQQHFWLRQV
6\VWHP FRPSRQHQWV FDQ EH FRQQHFWHG XVLQJ 56ï���& RU 56ï��� FDEOHV� RU
ERWK� DQ\ RI WKUHH W\SHV RI RSWLFDO ILEHU FDEOH� RU D FRPELQDWLRQ RI ZLUHG DQG
RSWLFDO VHFWLRQV� ,Q DQ\ V\VWHP� WKH PD[LPXP OHQJWK RI 56ï���& FDEOH LV ��
P� 7KH WRWDO OHQJWK RI DOO 56ï��� FDEOH PXVW EH QR ORQJHU WKDQ �� P�
56ï���& DQG 56ï��� FDEOHV ZKLFK DUH XVHG WR FRQQHFW WKH +RVW /LQN 8QLW
WR WKH KRVW FRPSXWHU DUH QRW DYDLODEOH IURP 20521 DQG PXVW EH SXUFKDVHG
IURP DQ DOWHUQDWLYH VRXUFH�

0D[LPXP OHQJWKV IRU RSWLFDO ILEHU FDEOHV DUH GHWHUPLQHG E\ WKH W\SH RI FDEOH
DQG WKH SDUWLFXODU PRGHOV HPSOR\HG� 0RGHOV ZKLFK ILQLVK ZLWK ´ï3µ LQ WKH
FRGH QXPEHU FDQ EH VHW DW D OHQJWK RI �� P IRU $3) FDEOH DQG ��� P IRU
3&) FDEOH� 0RGHOV ZLWKRXW WKH ´ï3µ FRGLQJ FDQ EH VHW DW D PD[LPXP OHQJWK
RI ���P ZLWK 3&) FDEOH�

�ï�ï� 6\VWHP ([DPSOHV

([DPSOH � 6HULDO 0XOWLSOH�OLQN 6\VWHP

+RVW FRPSXWHU

56ï��� RU 56ï���&

/LQN $GDSWHU
$/���ï�3�(

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

56ï���& RU 56ï���

6\VWHP &RQILJXUDWLRQ 6HFWLRQ �ï�
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$V VKRZQ DERYH� PRUH WKDQ RQH +RVW /LQN 8QLW FDQ EH FRQQHFWHG LQ VHULHV�
,I� KRZHYHU� DQ\ IDLOXUH �GXH WR SRZHU IDLOXUH� GLVFRQQHFWLRQ� HWF�� RFFXUV LQ
RQH RI WKH 8QLWV� WKH VHULHV FRQQHFWLRQ ZLOO FDXVH DOO VXEVHTXHQW +RVW /LQN
8QLWV WR FHDVH WR RSHUDWH� 7KLV VLWXDWLRQ FDQ EH DYRLGHG E\ XVLQJ /LQN $GDSW�
HUV VXFK DV WKH $/���ï�3�( /LQN $GDSWHU VKRZQ LQ WKH IROORZLQJ H[DPSOH�

([DPSOH � 3DUDOOHO 0XOWLSOH�OLQN 6\VWHP ZLWK 2SWLFDO )LEHU &DEOH

+RVW FRPSXWHU

56ï���& RU 56ï���& FDEOH

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

2SWLFDO ILEHU �$3)�3&)�

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

56ï���&
RU 56ï���

56ï��� RU
56ï���&

/LQN $GDSWHU
$/���ï�3�(

56ï���& 56ï���

56ï���

/LQN $GDSWHU
$/���ï�3�(

/LQN $GDSWHU
$/���ï�3�(

/LQN $GDSWHU
$/���ï�3�(

/LQN $GDSWHU
$/���

� � � �

1RWH :KHQ XVLQJ $/���ï�3�( /LQN $GDSWHUV� WKH FRQQHFWLRQV FDQ RQO\ LQFOXGH
WKH IROORZLQJ� RQH RSWLFDO ILEHU� RQH 56ï���&� DQG RQH 56ï���� $V WKH +RVW
/LQN 8QLWV FDQ RQO\ EH FRQQHFWHG WR HLWKHU 56ï���& RU 56ï��� FDEOHV �GH�
SHQGLQJ RQ WKH PRGHO�� WKH UHVW RI WKH 6\VWHP PXVW EH FRQILJXUHG DFFRUGLQJ
WR WKHVH UHVWULFWRQV� 7R PHHW WKHVH OLPLWDWLRQV� DQG KDYLQJ $/���ï�3�( PRG�
HOV DV WKH ILUVW WKUHH /LQN $GDSWHUV� WKH ULJKWPRVW /LQN $GDSWHU LQ WKH DERYH
6\VWHP ZRXOG QHHG WR EH DQ $/��� ZLWK WKUHH 56ï��� FDEOH FRQQHFWLRQV�
DQG WKH FRUUHVSRQGLQJ +RVW /LQN 8QLW ZRXOG QHHG WR EH DQ /.���ï(9� PRG�
HO� �2WKHU FRQILJXUDWLRQV DUH SRVVLEOH� H�J�� LI WKH WRS /LQN $GDSWHU ZDV
RPLWWHG� WKH FDEOH EHWZHHQ /LQN $GDSWHUV � DQG � ZRXOG QHHG WR EH RSWLFDO
ILEHU� DQG WKLV ZRXOG DIIHFW WKH DYDLODEOH FRQQHFWLRQV IRU WKH UHPDLQLQJ 8QLWV��
6HH $SSHQGL[ % RU D /LQN $GDSWHUV 0DQXDO IRU IXUWKHU LQIRUPDWLRQ�

7KH DERYH H[DPSOH XVHV $/���ï�3�( $GDSWHUV WR FRQQHFW WKH 8QLWV LQ SDUDO�
OHO� 7KHVH /LQN $GDSWHUV E\SDVV DQ\ +RVW /LQN 8QLW QRW SURSHUO\ FRQQHFWHG
VR WKDW WKH UHVW RI WKH V\VWHP FDQ RSHUDWH QRUPDOO\� (YHQ LI D SRZHU IDLOXUH
RFFXUV LQ D +RVW /LQN 8QLW FRQQHFWHG WR D EUDQFK OLQH RI D /LQN $GDSWHU� VLJ�
QDOV DUH VWLOO WUDQVPLWWHG WR WKH RWKHU +RVW /LQN 8QLWV�

([DPSOH � 6LQJOH�OLQN 6\VWHP ZLWK 56ï���& &DEOH

,Q D V\VWHP ZKHUH D 56ï���& FDEOH FRQQHFWV D +RVW /LQN 8QLW GLUHFWO\ WR D
KRVW FRPSXWHU� RQO\ RQH +RVW /LQN 8QLW FDQ EH FRQQHFWHG WR WKDW KRVW FRP�
SXWHU� L�H�� LW KDV D VLQJOH�OLQN� ,W VKRXOG EH QRWHG WKDW WKH 3& RQWR ZKLFK WKH

6\VWHP &RQILJXUDWLRQ 6HFWLRQ �ï�



�

+RVW /LQN 8QLW LV PRXQWHG FRXOG KDYH DQRWKHU +RVW /LQN 8QLW FRQQHFWHG GL�
UHFWO\ RU LQGLUHFWO\ FRQQHFWHG WR DQRWKHU KRVW FRPSXWHU�

+RVW FRPSXWHU +RVW /LQN 8QLW

([DPSOH � 0XOWLSOH�OLQN 6\VWHP ZLWK 56ï���& DQG 56ï��� &DEOH

%\ XVLQJ 56ï��� FDEOH DQG $/��� /LQN $GDSWHUV� PRUH WKDQ RQH +RVW /LQN
8QLW FDQ EH FRQQHFWHG WR WKH VDPH KRVW FRPSXWHU WR PDNH D 0XOWLSOH�OLQN
6\VWHP�

+RVW FRPSXWHU

56ï���& FDEOH

/LQN $GDSWHU
$/���ï�3�(

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

56ï��� FDEOH

56ï��� FDEOH

/LQN $GDSWHU

$/���

/LQN $GDSWHU

$/���

/LQN $GDSWHU

$/���

/LQN $GDSWHU

$/���

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

6\VWHP &RQILJXUDWLRQ 6HFWLRQ �ï�
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6(&7,21 �
6HWWLQJ 8S

7KLV VHFWLRQ SURYLGHV WKH EDVLF LQIRUPDWLRQ QHFHVVDU\ WR LQFRUSRUDWH D +RVW /LQN 8QLW LQWR D ODUJHU V\VWHP� 6HFWLRQ �ï�
H[SODLQV KRZ WR VHW WKH +RVW /LQN 8QLW VZLWFKHV DQG VHOHFWRUV IRU WKH UHTXLUHG WDVNV� 6HFWLRQ �ï�SURYLGHV LQIRUPDWLRQ RQ
KRZ WR HVWDEOLVK GDWD FRPPXQLFDWLRQV EHWZHHQ WKH +RVW /LQN 8QLW DQG WKH KRVW FRPSXWHU� 6HFWLRQ �ï�H[SODLQV WKH FRU�
UHFW ZD\ WR LQWHUIDFH WKH +RVW /LQN 8QLWV WR WKH KRVW FRPSXWHUV XVLQJ WKH YDULRXV W\SHV RI FDEOHV� DQG 6HFWLRQ �ï�GHWDLOV
WKH FRUUHFW SURFHGXUHV IRU FRQQHFWLQJ 56ï���& DQG 56ï��� FDEOHV�

�ï� +RVW /LQN 8QLW 6HWWLQJV �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� 6:� �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� 6:� �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� 6:� �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�ï� +RVW &RPSXWHU 6HWWLQJV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï� 7\SHV RI ,QWHUIDFHV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�ï�ï� 56ï���& ,QWHUIDFH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� 56ï��� ,QWHUIDFH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�ï� :LULQJ 56ï���& DQG 56ï��� &DEOH &RQQHFWRUV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� 3UHSDUDWLRQ RI 6KLHOGHG &DEOH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� 3UHSDUDWLRQ RI 8QVKLHOGHG &DEOH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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�ï� +RVW /LQN 8QLW 6HWWLQJV
7KH VHOHFWRUV DQG ',3 VZLWFKHV RQ D +RVW /LQN 8QLW� RQ ERWK WKH IURQW DQG
EDFN SDQHOV� PXVW EH VHW SURSHUO\ EHIRUH WKH 8QLW LV PRXQWHG�

�ï�ï� 6:�
6:� ZLOO SHUIRUP RQH RI WZR GLIIHUHQW IXQFWLRQV GHSHQGLQJ RQ WKH 8QLW� ,Q
ERWK LQVWDQFHV� WKH ILUVW ILYH ',3 VZLWFKHV DUH XVHG WR VHW WKH 8QLW QXPEHU DV
VKRZQ EHORZ�

21 -,6�

2)) $6&,,

21 581

2)) 6723

� � � � � 8QLW 1R�

2)) 2)) 2)) 2)) 2)) �

2)) 2)) 2)) 2)) 21 �

2)) 2)) 2)) 21 2)) �

2)) 2)) 2)) 21 21 �

2)) 2)) 21 2)) 2)) �

2)) 2)) 21 2)) 21 �

2)) 2)) 21 21 2)) �

2)) 2)) 21 21 21 �

2)) 21 2)) 2)) 2)) �

2)) 21 2)) 2)) 21 �

2)) 21 2)) 21 2)) ��

2)) 21 2)) 21 21 ��

2)) 21 21 2)) 2)) ��

2)) 21 21 2)) 21 ��

2)) 21 21 21 2)) ��

2)) 21 21 21 21 ��

21 2)) 2)) 2)) 2)) ��

21 2)) 2)) 2)) 21 ��

21 2)) 2)) 21 2)) ��

21 2)) 2)) 21 21 ��

21 2)) 21 2)) 2)) ��

21 2)) 21 2)) 21 ��

21 2)) 21 21 2)) ��

21 2)) 21 21 21 ��

21 21 2)) 2)) 2)) ��

21 21 2)) 2)) 21 ��

21 21 2)) 21 2)) ��

21 21 2)) 21 21 ��

21 21 21 2)) 2)) ��

21 21 21 2)) 21 ��

21 21 21 21 2)) ��

21 21 21 21 21 ��

581�
6723
VHOHFWRU8QLW 1R�

21 2GG

2)) (YHQ

3DULW\ VHOHFWRU

7UDQVPLVVLRQ FRGH
VHOHFWRU

1RWH (DFK XQLW PXVW EH JLYHQ D GLIIHUHQW XQLW QXPEHU�

8QLW 1XPEHU (DFK +RVW /LQN 8QLW PXVW KDYH D XQLTXH XQLW QXPEHU� 'R QRW DOORFDWH WKH
VDPH QXPEHU WR GLIIHUHQW +RVW /LQN 8QLWV�

+RVW /LQN 8QLW 6HWWLQJV 6HFWLRQ �ï�
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3DULW\ 3LQ � LV XVHG WR VHW WKH SDULW\� ,I WKH +RVW /LQN 8QLW LV XVHG ZLWK RWKHU PRGHOV
�VXFK DV WKH �*�$�ï/.���ï(�� HYHQ SDULW\ FDQ EH REWDLQHG E\ VHWWLQJ WKLV
SLQ WR 2))� 7KH SDULW\ RI WKH +RVW &RPSXWHU DQG WKH +RVW /LQN 8QLW PXVW
PDWFK�

7UDQVPLW &RGH 6HW SLQ � WR 2)) WR XVH $6&,, FRGHV� ,Q 21 WKH WUDQVPLVVLRQ LV LQ -DSDQHVH
FRGHV�

581�6723 6HOHFWRU 3LQ � LV XVHG WR VHW WKH 3& LQ 581 RU 352*5$0 PRGH XSRQ WKH DSSOLFDWLRQ
RI SRZHU� ,I WKH SLQ LV VHW WR 21 WKH 3& ZLOO EH LQ 581 PRGH DQG ZLOO VWDUW RS�
HUDWLQJ ZKHQ SRZHU LV DSSOLHG RU ZKHQ WKH +RVW /LQN 8QLW LV PRXQWHG WR D 3&
ZKLFK DOUHDG\ KDV WKH SRZHU DSSOLHG� ,I WKH SLQ LV VHW WR 2))� WKH 3& LV VHW WR
352*5$0 PRGH XSRQ WKH DSSOLFDWLRQ RI SRZHU� :KHQ PRXQWLQJ WKH +RVW
/LQN 8QLW WR D 3& ZLWK SRZHU DSSOLHG� WKH 3& ZLOO UHWDLQ WKH SUHYLRXVO\ VHW
PRGH� 5HIHU WR 6HFWLRQ �ï� 3& 2SHUDWLQJ 0RGH IRU GHWDLOV�

�ï�ï� 6:�

2)) 21 2)) 21 ���ESV

21 2)) 2)) 21 ���ESV

2)) 2)) 2)) 21 �����ESV

21 21 21 2)) �����ESV

2)) 21 21 2)) �����ESV

21 2)) 21 2)) �����ESV

2)) 2)) 21 2)) ������ESV

21 21 2)) 2)) ������ESV

� %DXG UDWH

6:�

� � �

7UDQVPLVVLRQ 6SHHG 7KH WUDQVPLVVLRQ VSHHG RI WKH +RVW /LQN 8QLW PXVW PDWFK WKDW RI WKH KRVW
FRPSXWHU�

�ï�ï� 6:�

21

2))
21

2))

21

2))

&76 DOZD\V 21
([WHUQDO &76 VLJQDO

7HUPLQDWLRQ UHVLVWDQFH 21

7HUPLQDWLRQ UHVLVWDQFH 2))

7HUPLQDWLRQ 5HVLVWDQFH :KHQ WKLV VZLWFK LV VHW WR 21� D EXLOW�LQ WHUPLQDWLRQ UHVLVWDQFH RI ��� W LV
FRQQHFWHG� :KHQ VHW WR 2))� WKH WHUPLQDWLRQ UHVLVWDQFH LV GLVFRQQHFWHG�
:KHQ XVLQJ D 56ï��� FDEOH WKURXJKRXW D V\VWHP� WKH +RVW /LQN 8QLW DW HDFK
HQG RI WKH FDEOH V\VWHP PXVW KDYH WKH WHUPLQDWLRQ UHVLVWDQFHV WXUQHG 21 DV

+RVW /LQN 8QLW 6HWWLQJV 6HFWLRQ �ï�
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GHWDLOHG LQ WKH IROORZLQJ GLDJUDP� 1RWH WKDW GLIIHUHQW FDEOLQJ DQG /LQN $GDSW�
HUV FDQ EH XVHG� �)RU IXUWKHU LQIRUPDWLRQ VHH $SSHQGL[ %��

56ï���

+RVW FRPSXWHU

/LQN
$GDSWHU

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

/LQN
$GDSWHU

/LQN
$GDSWHU

/LQN
$GDSWHU

/LQN
$GDSWHU

/LQN
$GDSWHU

56ï���

FDEOH

56ï��� FDEOH

7XUQ WKH WHUPLQDWLRQ UHVLVWDQFH 21 IRU WKHVH WZR +RVW /LQN 8QLWV�

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

&�VHULHV 3&
ZLWK +RVW /LQN
8QLW

/LQN $GDSWHU
$/���

&76 6HOHFWRU :KHQ WKH VHOHFWRU LV VHW WR � 9� WKH FOHDU�WR�VHQG �&76� VLJQDO LV FRQWLQXRXVO\
21� :KHQ WKH VHOHFWRU LV VHW WR H[WHUQDO� WKH 8QLW ZLOO UHVSRQG WR H[WHUQDOO\
JHQHUDWHG &76 VLJQDOV�

�ï� +RVW &RPSXWHU 6HWWLQJV
7R HVWDEOLVK FRUUHFW GDWD FRPPXQLFDWLRQV ZLWK WKH +RVW /LQN 8QLW� WKH FRP�
PXQLFDWLRQV FRQGLWLRQV OLVWHG EHORZ PXVW PDWFK RQ ERWK WKH KRVW FRPSXWHU
DQG WKH +RVW /LQN 8QLW� )RU WKH DFWXDO VHWWLQJ RI WKHVH FRQGLWLRQV� UHIHU WR WKH
KRVW FRPSXWHU PDQXDO�

7UDQVPLVVLRQ 6SHHG 7KH WUDQVPLVVLRQ VSHHG RI WKH +RVW /LQN 8QLW PXVW PDWFK WKDW RI WKH KRVW
FRPSXWHU� 6HH 6HFWLRQ �ï� +RVW /LQN 8QLW 6HWWLQJV IRU WKH VHWWLQJ SURFHGXUH�

6HW WKH KRVW FRPSXWHU WR WKH IROORZLQJ ���ELW GDWD IRUPDW ���ELW $6&,,��
1XPEHU RI VWDUW ELWV� �
'DWD /HQJWK� � ELWV
(YHQ �YHUWLFDO� SDULW\� � ELW
1XPEHU RI VWRS ELWV� �

7KH IROORZLQJ ���ELW IRUPDW FDQ DOVR EH VHW ���ELW -,6�� 0DNH VXUH WKDW WKH
KRVW FRPSXWHU DQG +RVW /LQN 8QLW IRUPDW VHWWLQJV DUH WKH VDPH�

1XPEHU RI VWDUW ELWV� �
'DWD OHQJWK� � ELWV
3DULW\ �RGG RU HYHQ�� � ELW
1XPEHU RI VWRS ELWV� �

6LQJOH�FKDUDFWHU 'DWD
)RUPDW

+RVW &RPSXWHU 6HWWLQJV 6HFWLRQ �ï�



)*

6*

6'

5'

56

&6

6KLHOGHG FDEOH

)*

6*

6'

5'

56

&6

+RVW /LQN 8QLW +RVW FRPSXWHU

��

�ï� 7\SHV RI ,QWHUIDFHV

7KH V\VWHP PXVW EH SURSHUO\ LQWHUIDFHG WR HQDEOH HUURU�IUHH FRPPXQLFDWLRQV�
8VH WKH IROORZLQJ LQIRUPDWLRQ WR FRUUHFWO\ LQWHUIDFH \RXU V\VWHP�

�ï�ï� 56ï���& ,QWHUIDFH

:KHQ XVLQJ DQ RSWLFDO ILEHU FDEOH RU 56ï��� FDEOH� VHYHUDO +RVW /LQN 8QLWV
FDQ EH FRQQHFWHG WR RQH KRVW FRPSXWHU� :KHQ 56ï���& FDEOHV DUH XVHG�
KRZHYHU� WKH FRQQHFWLRQ PXVW EH PDGH RQ D RQH�WR�RQH EDVLV� RU D /LQN
$GDSWHU PXVW EH XVHG WR FRQYHUW WR 56ï��� FDEOH RU RSWLFDO ILEHU FDEOH� �6HH
$SSHQGL[ % 6SHFLILFDWLRQV RU WKH /LQN $GDSWHU PDQXDOV IRU GHWDLOV�� 7KH WDEOH
EHORZ JLYHV WKH SURSHU FRQQHFWLRQV IRU DQ 56ï���& LQWHUIDFH�

6LJQDO 6\PERO 3LQ 1R�

)UDPH *URXQG )* �

6LJQDO *URXQG 6* �

6HQG 'DWD 6' �

5HFHLYH 'DWD 5' �

5HTXHVW WR VHQG 56 �

&OHDU WR VHQG &6 �

(TXLSPHQW 5HDG\ (5 ��

 9LHZHG IURP WKH +RVW /LQN 8QLW�

7KH PD[LPXP FDEOH OHQJWK LV �� P� *URXQG WKH )* WHUPLQDOV RI ERWK WKH 3&
DQG WKH KRVW FRPSXWHU DW D SRLQW WKDW KDV D UHVLVWDQFH RI OHVV WKDQ ��� W�

�ï�ï� 56ï��� ,QWHUIDFH

7KH IROORZLQJ WDEOH GHWDLOV WKH SLQ FRQQHFWLRQV IRU D 56ï��� LQWHUIDFH�

6LJQDO 6\PERO 3LQ 1R�

6HQG 'DWD % 6'% �

5HFHLYH 'DWD $ 5'$ �

5HFHLYH 'DWD % 5'% �

6LJQDO *URXQG 6* �

)UDPH *URXQG )* �

 9LHZHG IURP WKH +RVW /LQN 8QLW�

7\SHV RI ,QWHUIDFHV 6HFWLRQ �ï�
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6'%

6'$

5'%

5'$

6*

)*

5'%

5'$

6'%

6'$

6*

)*

7HUPLQDWLRQ 5HVLVWDQFH 

6KLHOGHG :LUH

/LQN $GDSWHU +RVW /LQN 8QLW

7HUPLQDWLRQ 5HVLVWDQFH 

 7KH WRWDO WHUPLQDWLRQ UHVLVWDQFH PXVW EH ��� : PLQ�
7KH EXLOW�LQ UHVLVWDQFH LV ��� :�

7KH PD[LPXP FDEOH OHQJWK LV ��� P� *URXQG WKH )* WHUPLQDOV RQ ERWK WKH
3& DQG WKH KRVW FRPSXWHU WR D SRLQW ZKHUH WKH UHVLVWDQFH LV OHVV WKDQ ��� W�
)RU PRUH LQIRUPDWLRQ� UHIHU WR WKH 3& RU KRVW FRPSXWHU PDQXDOV�

7KH PD[LPXP FDEOH OHQJWK LV ��� P� *URXQG WKH )* WHUPLQDOV RI ERWK WKH
3& DQG WKH KRVW FRPSXWHU WR D SRLQW ZLWK D UHVLVWDQFH RI OHVV WKDQ ��� W� )RU
GHWDLOV� UHIHU WR WKH 3& RU KRVW FRPSXWHU PDQXDOV�

0XOWLSOH�OLQN &RQQHFWLRQV :KHQ FRQQHFWLQJ D PXOWLSOH�OLQN V\VWHP ZLWK 56ï��� FDEOH� XVH VKLHOGHG
WZLVWHG SDLU FDEOHV IRU FRQQHFWLRQV WR WKH +RVW /LQN 8QLW� 7KH FDEOH OHQJWK IRU
WKH HQWLUH V\VWHP PXVW QRW H[FHHG ��� P� 7KH OHQJWK RI HDFK EUDQFK OLQH
VKRXOG EH NHSW WR OHVV WKDQ �� P�

�ï� :LULQJ 56ï���& DQG 56ï��� &DEOH &RQQHFWRUV
7KH IROORZLQJ SURFHGXUHV VKRXOG EH IROORZHG ZKHQ ZLULQJ 56ï���& DQG
56ï��� FRQQHFWRUV�

�ï�ï� 3UHSDUDWLRQ RI 6KLHOGHG &DEOH
7KH IROORZLQJ OLVW RXWOLQHV WKH SURFHGXUHV IRU SUHSDULQJ D VKLHOGHG FDEOH
ZKLFK LV WR EH FRQQHFWHG WR )*� 7KH LQVWUXFWLRQV OLVWHG EHORZ FRUUHVSRQG WR
WKH GLDJUDPV ZKLFK IROORZ�

�� �� ���� �� &XW WKH FDEOH WR WKH UHTXLUHG OHQJWK�
�� 8VH D VKDUS NQLIH RU UD]RU WR FXW DZD\ WKH VKHDWK �WDNLQJ FDUH QRW WR

GDPDJH WKH EUDLGLQJ XQGHUQHDWK�� �� PP IRU 56ï��� FDEOH� �� PP IRU
56ï���& FDEOH�

�� 8VH VFLVVRUV WR FXW DZD\ DOO EXW �� PP RI WKH H[SRVHG EUDLGLQJ�
�� 8VH ZLUH VWULSSHUV WR UHPRYH WKH LQVXODWLRQ IURP WKH ODVW � PP RI HDFK

ZLUH�

:LULQJ 56���� DQG 56���� &DEOH &RQQHFWRUV 6HFWLRQ �ï�
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�� 0RYH WKH ERRW WR FXW WKH HGJH RI WKH VKHDWK DQG IROG WKH EUDLGLQJ EDFN
RYHU WKH HQG RI LW�

�� :UDS DOXPLQXP IRLO WDSH RYHU WKH WRS RI WKH EUDLGLQJ RQ WRS RI WKH ERRW
IRU RQH�DQG�D�KDOI WXUQV�

$OXPLQXP IRLO WDSH

��

��

��

��

��

��

�ï�ï� 3UHSDUDWLRQ RI 8QVKLHOGHG &DEOH
7KH IROORZLQJ OLVW RXWOLQHV WKH SURFHGXUHV IRU SUHSDULQJ DQ XQVKLHOGHG FDEOH
ZKLFK LV WR EH FRQQHFWHG WR )*� 7KH LQVWUXFWLRQV OLVWHG EHORZ FRUUHVSRQG WR
WKH GLDJUDPV IROORZLQJ�

�� �� ���� �� &XW WKH FDEOH WR WKH UHTXLUHG OHQJWK�
�� 8VH D UD]RU EODGH WR FXW DZD\ WKH VKHDWK� �� PP IRU 56ï��� FDEOH� ��

PP IRU 56ï���& FDEOH�
�� 8VH VFLVVRUV WR FXW DZD\ WKH H[SRVHG EUDLGLQJ�
�� 8VH ZLUH VWULSSHUV WR UHPRYH WKH LQVXODWLRQ IURP WKH ODVW � PP RI DOO

ZLUHV�
�� :UDS LQVXODWLQJ WDSH RYHU WKH WRS DQG HQG RI WKH WKH FXW VKHDWK�

(OHFWULFLDQ·V
WDSH

��

��

��

��

��

6ROGHULQJ 2EVHUYH WKH IROORZLQJ ZKHQ VROGHULQJ WKH SUHSDUHG ZLUHV RQWR WKH FRQQHF�
WRUV�

:LULQJ 56���� DQG 56���� &DEOH &RQQHFWRUV 6HFWLRQ �ï�
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�� �� ���� �� 3ODFH KHDW�VKULQNLQJ WXEHV RQWR DOO ZLUHV� IDU HQRXJK DZD\ IURP WKH HQG
VR DV QRW WR LQWHUIHUH ZLWK WKH VROGHULQJ�

�� 3UHVROGHU DOO ZLUHV DQG FRQQHFWRU WHUPLQDOV�
�� 6ROGHU ZLUHV� LQVHUWLQJ � PP RI WKH H[SRVHG � PP RI ZLUH LQWR WKH FRQ�

QHFWRU WHUPLQDO�
�� 0RYH WKH KHDW�VKULQNLQJ WXEHV RQWR WKH VROGHUHG DUHD DQG VKULQN WKHP

LQWR SODFH�

+RRG $VVHPEO\ $VVHPEOH WKH KRRG DV VKRZQ LQ WKH IROORZLQJ GLDJUDP�

$OXPLQXP IRLO WDSH

+RRG �)*� FRQQHFWHG
WR VKLHOG ZLUH

+RRG �)*� QRW FRQQHFWHG
WR VKLHOG ZLUH

%RRW

:LULQJ 56���� DQG 56���� &DEOH &RQQHFWRUV 6HFWLRQ �ï�
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6(&7,21 �
2SHUDWLRQ

,Q 6HFWLRQ �ï� WKH HIIHFWV RI +RVW /LQN 8QLW VHWWLQJV RQ WKH 3& RSHUDWLQJ PRGH DQG GDWD IORZ LQ GLIIHUHQW PRGHV DUH H[�
SODLQHG� 6HFWLRQ �ï�GHWDLOV WKH GLIIHUHQW IRUPDWV WKDW PDNH XS WKH FRPPXQLFDWLRQV SURWRFRO XQGHU ZKLFK WKH V\VWHP RS�
HUDWHV� &RPPXQLFDWLRQV WHVWLQJ LV FRYHUHG LQ 6HFWLRQ �ï�� ,Q 6HFWLRQ �ï�WKH PLQLPXP DQG PD[LPXP UHVSRQVH WLPHV DUH
H[SODLQHG�

�ï� 3& 2SHUDWLQJ 0RGH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï� &RPPXQLFDWLRQV 3URWRFRO ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�ï�ï� %ORFN )RUPDW ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� %ORFN )RUPDW :LWK 0RUH 7KDQ 2QH )UDPH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� 'DWD 5HSUHVHQWDWLRQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�ï� &RPPXQLFDWLRQV 7HVWV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� 'DWD 7UDQVDFWLRQ 7HVW 3URJUDP ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� )&6 &DOFXODWLRQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï�ï� )&6 &DOFXODWLRQ 3URJUDP ([DPSOH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�ï� ,�2 5HVSRQVH 7LPHV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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�ï� 3& 2SHUDWLQJ 0RGH
7KH RSHUDWLQJ PRGH RI WKH 3& GHSHQGV DQ WKH VHWWLQJ RI WKH PRGH VHOHFWRU
RQ WKH +RVW /LQN 8QLW� WKH 581�6723 VHOHFWRU RQ WKH +RVW /LQN 8QLW� DQG WKH
VWDWXV RI DQ\ SHULSKHUDO GHYLFH FRQQHFWHG WR WKH 3&�

3RZHU�XS ,I WKH 3& LV LQ 581 PRGH� LW ZLOO EHJLQ RSHUDWLRQ LPPHGLDWHO\ WKH SRZHU LV
DSSOLHG�

&DXWLRQ /DEHO 7KH &38�PRXQWLQJ �*&�� +RVW /LQN 8QLWV DUH VXSSOLHG ZLWK D VHOI�DGKHVLYH
FDXWLRQ ODEHO� ,I WKH 581�6723 VHOHFWRU LV VHW WR 581� WKH ODEHO VKRXOG EH
DWWDFKHG DV VKRZQ EHORZ� ,W ZDUQV XVHUV WKDW WKH 8QLW LV VHW WR 581 PRGH�
LQGLFDWLQJ WKDW WKH 3& ZLOO FRPPHQFH RSHUDWLRQ DV VRRQ DV WKH SRZHU LV
DSSOLHG�

$WWDFK ODEHO KHUH

6HQGLQJ D 581 6WDUW &RPPDQG WR WKH 3&
7KH IROORZLQJ IORZFKDUW VKRZV WKH FRPSXWHU GHFLVLRQ PDNLQJ SURFHVVHV IRU
HQVXULQJ WKDW WKH 3& LV LQ 581 PRGH DIWHU VWDUWXS�

3RZHU DSSOLFDWLRQ

5HDG 3&
RSHUDWLRQ PRGH�

3& LQ
581 PRGH"

67$786 :5,7(
�581�

<(6

12

(1'

3& 2SHUDWLQJ 0RGH 6HFWLRQ �ï�
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�ï� &RPPXQLFDWLRQV 3URWRFRO
7KH KRVW FRPSXWHU KDV LQLWLDO WUDQVPLVVLRQ SULRULW\� 'DWD WUDQVIHU EHWZHHQ WKH
KRVW FRPSXWHU DQG WKH +RVW /LQN 8QLW LV� WKHUHIRUH� LQLWLDWHG ZKHQ WKH FRP�
SXWHU VHQGV D FRPPDQG WR WKH +RVW /LQN 8QLW�

$ VHW RI GDWD LQ D WUDQVPLVVLRQ LV FDOOHG D ´EORFNµ� 7KH GDWD EORFN VHQW IURP
WKH KRVW FRPSXWHU WR WKH +RVW /LQN 8QLW LV FDOOHG D ´FRPPDQG EORFN�µ 7KH
EORFN VHQW IURP WKH +RVW /LQN 8QLW WR WKH FRPSXWHU LV FDOOHG D ´UHVSRQVH
EORFN�µ ,Q D PXOWLSOH�OLQN FRPPXQLFDWLRQV V\VWHP� HDFK EORFN VWDUWV ZLWK D XQLW
QXPEHU DQG D KHDGHU� DQG HQGV ZLWK D )UDPH &KHFN 6HTXHQFH �)&6� FRGH
DQG D WHUPLQDWRU � DQG &5�� ,Q D VLQJOH�OLQN V\VWHP� KRZHYHU� HDFK EORFN
VWDUWV ZLWK RQO\ D KHDGHU� DQG HQGV ZLWK RQO\ D WHUPLQDWRU� 7KH WHUPLQDWRU LQ
WKH FRPPDQG EORFN HQDEOHV WKH +RVW /LQN 8QLW WR VHQG D UHVSRQVH� 7KH WHU�
PLQDWRU LQ WKH UHVSRQVH EORFN HQDEOHV WKH KRVW FRPSXWHU WR VHQG DQRWKHU
FRPPDQG�

�ï�ï� %ORFN )RUPDW
0XOWLSOH�OLQN 6\VWHP

;��� ;���

8QLW QR� �� WR �� +HDGHU 7H[W )&6 7HUPLQDWRU

)&6 FDOFXODWLRQ UDQJH

# ; ; ; ; ; ; &5

6LQJOH�OLQN 6\VWHP

+HDGHU 7H[W 7HUPLQDWRU

; ; &5

$ EORFN LV XVXDOO\ PDGH XS RI RQH XQLW FDOOHG D ´IUDPH�µ EXW ORQJ EORFNV RI
GDWD DUH GLYLGHG LQWR PRUH WKDQ RQH IUDPH� ,Q D PXOWLSOH�OLQN V\VWHP� WKH ILUVW
IUDPH FDQ KDYH XS WR ��� FKDUDFWHUV� DQG VXEVHTXHQW IUDPHV FDQ KDYH XS WR
��� FKDUDFWHUV� ,Q D VLQJOH�OLQN V\VWHP� KRZHYHU� HYHU\ IUDPH �WKH ILUVW LQ�
FOXGHG� KDV XS WR ��� FKDUDFWHUV� 7KH GDWD PXVW WKHQ EH GLYLGHG LQWR PRUH
WKDQ RQH IUDPH ZKHQ WKHUH LV D EORFN FRQVLVWLQJ RI PRUH WKDQ ��� FKDUDFWHUV
LQ D PXOWLSOH�OLQN V\VWHP� RU PRUH WKDQ ��� FKDUDFWHUV LQ D VLQJOH�OLQN V\VWHP�
,Q WKLV FDVH� WKH EHJLQQLQJ DQG LQWHUPHGLDWH EORFNV HQG ZLWK D GHOLPLWHU �&5��
LQVWHDG RI D WHUPLQDWRU �&5��

�ï�ï� %ORFN )RUPDW :LWK 0RUH 7KDQ 2QH )UDPH
0XOWLSOH�OLQN 6\VWHP
)LUVW )UDPH ���� &KDUDFWHUV RU /HVV�

;��� ;���

8QLW 1R� �� WR �� +HDGHU 7H[W ���� FKDUDFWHUV PD[�� )&6

)&6 FDOFXODWLRQ UDQJH

# ; ; ; ; ; ; &5

'HOLPLWHU

&RPPXQLFDWLRQV 3URWRFRO 6HFWLRQ �ï�
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,QWHUPHGLDWH )UDPHV ���� &KDUDFWHUV RU /HVV�

7H[W ���� FKDUDFWHUV PD[�� )&6

)&6 FDOFXODWLRQ UDQJH

; ; &5

'HOLPLWHU

/DVW )UDPH ���� &KDUDFWHUV RU /HVV�

7H[W QR� 0 ���� FKDUDFWHUV PD[�� 7HUPLQDWRU

; ; &5
)&6

)&6 FDOFXODWLRQ UDQJH

6LQJOH�OLQN 6\VWHP
)LUVW )UDPH ���� &KDUDFWHUV RU /HVV�

7H[W EORFN QR� � ���� FKDUDFWHUV PD[��

; ; &5

'HOLPLWHU+HDGHU

,QWHUPHGLDWH )UDPH�V� ���� &KDUDFWHUV RU /HVV�

7H[W EORFN QR� � ���� FKDUDFWHUV PD[��

&5

'HOLPLWHU

/DVW )UDPH ���� &KDUDFWHUV RU /HVV�

7H[W EORFN QR� 0 ���� FKDUDFWHUV PD[�� 7HUPLQDWRU

&5

6HQGLQJ &RPPDQGV 7R VHQG D FRPPDQG EORFN �ZLWK PRUH WKDQ RQH IUDPH� IURP WKH FRPSXWHU�
LQLWLDOO\ VHQG RQO\ WKH ILUVW IUDPH LQ WKH EORFN� 'R QRW VHQG WKH QH[W IUDPH XQWLO
WKH KRVW FRPSXWHU KDV UHFHLYHG WKH GHOLPLWHU ZKLFK VKRXOG KDYH EHHQ VHQW
EDFN LQ WKH UHVSRQVH EORFN IURP WKH +RVW /LQN 8QLW� 'R QRW VSOLW GDWD IURP D
VLQJOH ZRUG LQWR GLIIHUHQW IUDPHV IRU DQ\ ZULWH FRPPDQG�

&RPPXQLFDWLRQV 3URWRFRO 6HFWLRQ �ï�
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5HVSRQVH EORFN
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)LUVW IUDPH ,QWHUPHGLDWH IUDPH (QG IUDPH

&RPPDQG EORFN

5HFHLYLQJ &RPPDQGV 7R UHFHLYH D UHVSRQVH EORFN FRQVLVWLQJ RI PRUH WKDQ RQH IUDPH IURP WKH +RVW
/LQN 8QLW� WKH KRVW FRPSXWHU PXVW VHQG WKH FDUULDJH UHWXUQ FRGH �GHOLPLWHU� WR
WKH +RVW /LQN 8QLW DIWHU LW UHFHLYHV WKH GHOLPLWHU IURP WKH +RVW /LQN 8QLW� 7KLV
HQDEOHV WKH +RVW /LQN 8QLW WR VHQG WKH QH[W IUDPH�
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5HVSRQVH
EORFN

�ï�ï� 'DWD 5HSUHVHQWDWLRQ
1XPHULFDO GDWD ZLWKLQ D WUDQVPLVVLRQ LV H[SUHVVHG LQ KH[DGHFLPDO RU GHFL�
PDO� 5HIHU WR WKH IRUPDW H[DPSOH RI HDFK FRPPDQG LQ 6HFWLRQ � &RPPDQGV
DQG 5HVSRQVHV IRU GHWDLOV�

�ï� &RPPXQLFDWLRQV 7HVWV
3ULRU WR DQ DFWXDO GDWD WUDQVDFWLRQ EHWZHHQ WKH +RVW /LQN 8QLW DQG KRVW FRP�
SXWHU� FKHFN WKH V\VWHP E\ IROORZLQJ WKH QLQH VWHSV OLVWHG EHORZ�

�� �� ���� �� &KHFN WKH VHWWLQJV RI WKH +RVW /LQN 8QLW·V ',3 VZLWFKHV DQG VHOHFWRUV�
PDNH VXUH WKH WUDQVPLVVLRQ VSHHGV� VSHFLILHG LQWHUIDFHV� DQG GDWD IRU�
PDWV RI ERWK WKH +RVW /LQN 8QLW DQG KRVW FRPSXWHU PDWFK�

�� 0RXQW WKH +RVW /LQN 8QLW WR WKH 3&�
�� &RQQHFW WKH +RVW /LQN 8QLW WR WKH KRVW FRPSXWHU ZLWK WKH SURSHU FDEOH�

)RU GHWDLOV� UHIHU WR 6HFWLRQ ��

&RPPXQLFDWLRQV 7HVWV 6HFWLRQ �ï�
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�� $SSO\ SRZHU WR WKH 3& DQG WKH KRVW FRPSXWHU�
�� ,I WKH (5525 RU $/$50 LQGLFDWRUV RQ WKH 3& LOOXPLQDWH� UHFWLI\ WKH HUURU

DQG WKHQ FOHDU WKH DODUP�
�� ,I WKH +RVW /LQN 8QLW LV UHDG\� WKH 581 LQGLFDWRU ZLOO LOOXPLQDWH� &RQILUP

WKDW WKLV LV VR EHIRUH SURFHHGLQJ�
�� 3UHSDUH DQG H[HFXWH D WHVW SURJUDP RQ WKH KRVW FRPSXWHU�
�� ,I WKH GDWD WHVW LV FRPSOHWHG VXFFHVVIXOO\� WKH V\VWHP LV RSHUDWLRQDO�
�� ,I DQ HUURU RFFXUV� SHUIRUP WKH UHTXLUHG HUURU SURFHVVLQJ E\ UHIHUULQJ WR

6HFWLRQ ��

�ï�ï� 'DWD 7UDQVDFWLRQ 7HVW 3URJUDP
7KH IROORZLQJ SURJUDP H[DPSOH LV GHVLJQHG WR VHQG WHVW GDWD WR WKH +RVW /LQN
8QLW DQG UHWXUQ LW� XQDOWHUHG� WR WKH KRVW FRPSXWHU� %\ H[HFXWLQJ WKLV SURJUDP�
WKH WUDQVPLW DQG UHFHLYH GDWD DUH ERWK GLVSOD\HG RQ WKH VFUHHQ RI WKH KRVW
FRPSXWHU� ,I WKH WUDQVPLW GDWD DQG WKH UHFHLYH GDWD PDWFK� WKH V\VWHP LV RS�
HUDWLRQDO� 7KH H[DPSOH LV IRU D PXOWLSOH�OLQN V\VWHP� DQG WKH SURJUDP LV H[�
HFXWHG E\ +RVW /LQN 8QLW QXPEHU ��

7UDQVDFWLRQ 7HVW 3URJUDP 7KH IROORZLQJ SURJUDP H[DPSOH LV XVHG WR VHQG FRPPDQGV WR D +RVW /LQN
8QLW DQG UHFHLYH EDFN WKH UHVSRQVH DW WKH KRVW FRPSXWHU� :KHQ WKLV SURJUDP
LV H[HFXWHG� WKH WUDQVPLW DQG UHFHLYHG GDWD DUH ERWK GLVSOD\HG RQ WKH VFUHHQ
RI WKH KRVW FRPSXWHU IRU YLVXDO FRQILUPDWLRQ� 7KH SURJUDP DOVR DXWRPDWLFDOO\
DGGV WKH )&6 WR WKH WUDQVPLVVLRQ EHIRUH VHQGLQJ LW�

/LQH ����� RSHQV WKH 56����& SRUW� /LQH ����� GLVSOD\V ´&200$1'���µ
7KH GHVLUHG FRPPDQGV VKRXOG EH HQWHUHG LQ UHVSRQVH� )RU H[DPSOH�
#��55�������� DQG WKHQ D FDUULDJH UHWXUQ FDQ EH LQSXW WR UHDG RXW GDWD
IURP ,5 �� WKURXJK ,5 �� RI 8QLW ��� 7KH SULQFLSDO SDUWV RI WKH UHPDLQLQJ OLQHV
RI WKH SURJUDP IXQFWLRQ DV IROORZV�

2SHQV 56ï���&

7UDQVPLVVLRQ GDWD
HQWHUHG

&DOFXODWLRQ RI )&6

'LVSOD\V WKH
WUDQVPLVVLRQ GDWD

5HFHLYHV WKH UHVSRQVH

6HWWLQJ RI LQLWLDO YDOXH
IRU (25 FDOFXODWLRQ

'LVSOD\V WKH UHVSRQVH

�ï�ï� )&6 &DOFXODWLRQ
7KH )&6 LV ��ELW GDWD FRQYHUWHG LQWR WZR $6&,, FKDUDFWHUV� 7KH ��ELW GDWD LV
WKH UHVXOW RI DQ ([FOXVLYH 25 VHTXHQWLDOO\ SHUIRUPHG RQ HDFK FKDUDFWHU� IURP
WKH ILUVW FKDUDFWHU LQ WKH IUDPH WR WKH ODVW FKDUDFWHU RI WKH WH[W LQ WKDW IUDPH�

&RPPXQLFDWLRQV 7HVWV 6HFWLRQ �ï�
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# � � 5 + � � � � � � � � � �  &5

8QLW QR� 7H[W+HDGHU )&6 7HUPLQDWRU

# ���� ����
(25

� ���� ����
(25

� ���� ����
(25

5 ���� ����

� ���� ����
(25

� ���� ����

���� ����

���� ���� ���� ����

)&6

&RQYHUVLRQ
WR $6&,,

([DPSOH

�ï�ï� )&6 &DOFXODWLRQ 3URJUDP ([DPSOH
7KH IROORZLQJ SURJUDP LV DQ H[DPSOH RI KRZ )&6 FDOFXODWLRQ FDQ EH SHU�
IRUPHG RQ UHFHLYHG GDWD�

7UDQVPLW�UHFHLYH GDWD

1XPEHU RI FKDUDFWHUV LQ )&6 FDOFXODWLRQ UDQJH�
5HFHLYH GDWD FRQWDLQV DQ )&6� GHOLPLWHU�
WHUPLQDWRU� HWF� 7KH $%257 FRPPDQG�
KRZHYHU� GRHV QRW FRQWDLQ DQ )&6�

)&6 FDOFXODWLRQ UHVXOW

5HFHLYH )&6 GDWD

$ VSDFH IROORZV WKH VHPLFRORQ LI WKH
)&6 UHFHSWLRQ LV SHUIRUPHG QRUPDOO\� ,I
LW LV QRW SHUIRUPHG� (55 LV GLVSOD\HG�

1RWH� LQ WKLV H[DPSOH� &5 �&+5������
LV QRW LQFOXGHG LQ 5(63216(��

�ï� ,�2 5HVSRQVH 7LPHV
7KH SURFHVVLQJ WKDW GHWHUPLQHV� DQG WKH PHWKRGV IRU FDOFXODWLQJ� WKH PLQL�
PXP DQG PD[LPXP WLPHV UHTXLUHG IURP DQ LQSXW RQ RQH 3& ZLWK D +RVW /LQN
8QLW WR DQ RXWSXW RQ DQRWKHU 3& ZLWK D +RVW /LQN 8QLW DUH GHVFULEHG EHORZ�
7KH WUDQVIHU EHWZHHQ WKH 3&V LV KDQGOHG WKURXJK D KRVW FRPSXWHU FRQQHFWHG
WR ERWK WKHVH 3&V�

7KH FDOFXODWLRQV XVHG LQ WKLV VHFWLRQ DVVXPH WKDW DOO KRVW FRPSXWHU FRP�
PDQGV DQG 3& UHVSRQVHV UHTXLUH QR PRUH WKDQ RQH KRVW OLQN VHUYLFLQJ SHUL�

,�2 5HVSRQVH 7LPHV 6HFWLRQ �ï�
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RG WR FRPSOHWH WUDQVPLVVLRQ� 7R FRPSXWH UHVSRQVH WLPHV IRU VLWXDWLRQV LQ�
YROYLQJ D ORQJHU FRPPDQG DQG�RU UHVSRQVH� WKH QXPEHU RI KRVW OLQN VHUYLFLQJ
SHULRGV �L�H�� WKH QXPEHU RI VFDQV� UHTXLUHG WR FRPSOHWH WKH FRPPDQG RU UH�
VSRQVH ZRXOG KDYH WR EH LQFRUSRUDWHG LQWR WKH HTXDWLRQV�

,Q FRQVLGHULQJ UHVSRQVH WLPHV� LW LV LPSRUWDQW WR UHPHPEHU WKH VHTXHQFH RI
SURFHVVLQJ WKDW RFFXUV GXULQJ WKH 3& VFDQ� 7KH PDLQ IDFWRU WKDW DIIHFWV WKH
UHVSRQVH WLPH LV WKH WLPLQJ RI LQSXWV DQG RXWSXWV� DQG RI WKH KRVW FRPSXWHU
SURFHVVLQJ LQ UHODWLRQ WR WKLV VHTXHQFH�

7KH IROORZLQJ GLDJUDP LOOXVWUDWHV WKH VHWXS XVHG LQ UHVSRQVH WLPH
FDOFXODWLRQV

+RVW FRPSXWHU

+RVW /LQN
8QLW � �

3&

+RVW /LQN
8QLW � ��

3&6FDQ WLPH
��� PV�

6FDQ WLPH
��� PV�

[ �
,QSXW

2XWSXW

0LQLPXP 5HVSRQVH 7LPH 7KH GDWD IORZ WKDW ZLOO SURGXFH WKH PLQLPXP UHVSRQVH WLPH LV VKRZQ EHORZ�
7KLV IORZ DVVXPHV WKDW DOO VLJQDOV DQG GDWD WUDQVPLVVLRQV DUH SURFHVVHG DV
VRRQ DV WKH\ RFFXU� 7KH HTXDWLRQ IRU WKH PLQLPXP UHVSRQVH WLPH LV JLYHQ
EHORZ WKH GLDJUDP�

6FDQ WLPH

,QSXW
VLJQDO

2XWSXW
VLJQDO

6FDQ WLPH

,�2 UHIUHVK

,�2 UHIUHVK

,�2 UHVSRQVH WLPH

&38 UHDGV
LQSXW VLJQDO

&38 ZULWHV
RXWSXW VLJQDO

2XWSXW 21 GHOD\,QSXW 21 GHOD\

+RVW OLQN VHUYLFH

%XIIHU IRU +RVW
/LQN 8QLW � �

6FDQ WLPH 6FDQ WLPH

%XIIHU IRU +RVW
/LQN 8QLW � ��

3& IRU +RVW
/LQN 8QLW � ��

3& IRU +RVW
/LQN 8QLW � �

+RVW FRPSXWHU

+RVW FRPSXWHU
SURFHVVLQJ WLPH

&RPPDQG &RPPDQG

5HVSRQVH 5HVSRQVH

&RPPDQG�UHVSRQVH IRU 8QLW � � &RPPDQG�UHVSRQVH IRU 8QLW � ��

+RVW OLQN VHUYLFH

0LQLPXP UHVSRQVH WLPH  ,QSXW 21 GHOD\ � &RPPDQG WUDQVPLVVLRQ WLPH � 6FDQ WLPH RI 3& IRU 8QLW �� � 5HVSRQVH WUDQVPLVVLRQ
WLPH � +RVW FRPSXWHU SURFHVVLQJ WLPH � &RPPDQG WUDQVPLVVLRQ WLPH � 2XWSXW 21 GHOD\

,�2 5HVSRQVH 7LPHV 6HFWLRQ �ï�
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0D[LPXP 5HVSRQVH 7LPH 7KH GDWD IORZ WKDW ZLOO SURGXFH WKH PD[LPXP UHVSRQVH WLPH LV VKRZQ EHORZ�
'HOD\V RYHU WKH PLQLPXP UHVSRQVH WLPH RFFXU EHFDXVH WKH LQSXW WR EH WUDQV�
IHUUHG WKURXJK WKH KRVW FRPSXWHU LV UHFHLYHG LPPHGLDWHO\ IROORZLQJ WKH ,�2
UHIUHVK SHULRG �UHTXLULQJ D ZDLW WR WKH QH[W VFDQ� DQG EHFDXVH WKH FRPPDQG
IURP WKH KRVW FRPSXWHU WR ZULWH WKH ELW WR EH RXWSXW IURP 3& IRU 8QLW ��� LV
UHFHLYHG LPPHGLDWHO\ IROORZLQJ KRVW OLQN VHUYLFLQJ �DJDLQ UHTXLULQJ D ZDLW WR
WKH QH[W VFDQ�� 7KH HTXDWLRQ IRU WKH PD[LPXP UHVSRQVH WLPH LV JLYHQ EHORZ
WKH GLDJUDP�

6FDQ WLPH

,QSXW
VLJQDO

2XWSXW
VLJQDO

6FDQ WLPH

,�2 UHIUHVK

,�2 UHIUHVK

,�2 UHVSRQVH WLPH

&38 UHDGV
LQSXW VLJQDO &38 ZULWHV

RXWSXW VLJQDO

2XWSXW 21 GHOD\,QSXW 21 GHOD\

+RVW OLQN VHUYLFH

%XIIHU IRU +RVW
/LQN 8QLW � �

6FDQ WLPH

%XIIHU IRU +RVW
/LQN 8QLW � ��

3& IRU +RVW
/LQN 8QLW � ��

3& IRU +RVW
/LQN 8QLW � �

+RVW FRPSXWHU

+RVW FRPSXWHU
SURFHVVLQJ WLPH

&RPPDQG &RPPDQG

5HVSRQVH 5HVSRQVH

&RPPDQG�UHVSRQVH IRU 8QLW � � &RPPDQG�UHVSRQVH IRU 8QLW � ��

+RVW OLQN VHUYLFH

6FDQ WLPH

0D[LPXP UHVSRQVH WLPH  ,QSXW 21 GHOD\ � &RPPDQG WUDQVPLVVLRQ WLPH � �6FDQ WLPH RI 3& IRU 8QLW �� [ �� � 5HVSRQVH
WUDQVPLVVLRQ WLPH � +RVW FRPSXWHU SURFHVVLQJ WLPH � &RPPDQG WUDQVPLVVLRQ WLPH � 6FDQ WLPH RI 3& IRU
8QLW ��� � 2XWSXW 21 GHOD\

,�2 5HVSRQVH 7LPHV 6HFWLRQ �ï�
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6(&7,21 �
&RPPDQGV DQG 5HVSRQVHV

7KLV VHFWLRQ OLVWV WKH FRPPDQGV DQG UHVSRQVHV IRU +RVW /LQN 8QLWV� 6HFWLRQ �ï�&RPPDQG 5HVSRQVH 6HW OLVWV DOO RI WKH
FRPPDQGV DQG UHVSRQVHV ZKLFK DSSO\ WR WKH .�W\SH +RVW /LQN 8QLWV� $OVR UHIHU WR 6HFWLRQ �ï�&RPPXQLFDWLRQV 3URWR�
FRO IRU EDVLF IRUPDW LQIRUPDWLRQ �VHH DOVR 6HFWLRQ �ï���

7KH IRUPDW H[DPSOHV VKRZQ LQ WKLV VHFWLRQ DUH IRU PXOWLSOH�OLQN V\VWHPV� 7KH GLIIHUHQFHV EHWZHHQ WKH IRUPDWV RI PXOWL�
SOH�OLQN DQG VLQJOH�OLQN V\VWHPV DUH H[SODLQHG LQ 6HFWLRQ �ï�&RPPXQLFDWLRQV 3URWRFRO� $OO UHVSRQVH IRUPDWV VKRZQ DUH
IRU QRUPDO UHVSRQVHV� IRU ZKLFK WKH UHVSRQVH FRGH LV ´���µ 5HIHU WR 6HFWLRQ �ï��5HVSRQVH &RGH /LVW IRU RWKHU UHVSRQVH
FRGHV�

7KH H[SODQDWLRQ IRU HDFK FRPPDQG DOVR LQFOXGHV SRVVLEOH GDWD �H�J�� SURJUDPPLQJ LQVWUXFWLRQV� ZKLFK PD\ QHHG WR EH
UHDG� 7KH DFWXDO GDWD WKDW ZLOO EH YDOLG IRU \RXU V\VWHP GHSHQGV RQ WKH 3&�V� XVHG� 7KHUHIRUH� ZKHQ UHDGLQJ WKH H[SODQD�
WLRQV� UHPHPEHU WR FRQILUP WKH SURJUDPPLQJ LQVWUXFWLRQV� WKH GDWD DUHDV� DQG WKH GDWD DUHD VL]HV DYDLODEOH LQ \RXU 3&�V��

7KH UHVSRQVH VSHHG RI WKH +RVW /LQN 8QLW YDULHV GHSHQGLQJ RQ WKH FRPPXQLFDWLRQ VSHHG DQG GDWD FDSDFLW\ VHOHFWHG� )XU�
WKHUPRUH� LW LV DOVR DIIHFWHG E\ WKH RSHUDWLQJ PRGH RI WKH 3&� ZKHWKHU WKH 3& HPSOR\V ODGGHU GLDJUDP RU IORZFKDUW SUR�
JUDPPLQJ� DQG WKH 3&·V VFDQ WLPH �IRU ODGGHU GLDJUDP SURJUDPPLQJ�� 7KHUHIRUH� LQ DSSOLFDWLRQV ZKHUH KLJK�VSHHG GDWD
SURFHVVLQJ LV YLWDO� WKHVH IDFWRUV QHHG WR EH WDNHQ LQWR FRQVLGHUDWLRQ ZKHQ FDOFXODWLQJ WKH UHVSRQVH VSHHG�

�ï� &RPPDQG DQG 5HVSRQVH 6HW ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï� &RPPDQG DQG 5HVSRQVH )RUPDWV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï� 7(67 ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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DUHDV �DQG VL]HV� DUH DYDLODEOH IRU WKH 3&V LQ \RXU V\VWHP�

1XPHULFDO GDWD ZLWKLQ D WUDQVPLVVLRQ LV H[SUHVVHG LQ KH[DGHFLPDO RU GHFLPDO
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5HDGV IURP WKH EHJLQQLQJ RI WKH SURJUDP DQG FDQ WKHUHIRUH WDNH XS WR ��
VHFRQGV WR SURGXFH D UHVSRQVH� 5HIHU DOVR WR 69 5($' � DQG 69 5($' ��

&RPPDQG )RUPDW

# 7 6

;��� ;���

# 5 � 7,0�&17 )&6 &5

7 , 0 ï
7 , 0 +
& 1 7 ï
& 1 7 5

1XPEHU

;��� ;���;��� ;���;��� ;���;��� ;���

� � � �
� �
� �

� � � �

8QLW QR�

69 5($' � 6HFWLRQ �ï��



��

5HVSRQVH )RUPDW

# 7 6

;��� ;���

# 5 �

;��� ;���;��� ;���
)&6 &5

;��� ;���

8QLW QR�
5HVSRQVH

FRGH 6HW YDOXH

,I WKH FRPPDQG LV XVHG PRUH WKDQ RQFH� WKH VHW YDOXH RI RQO\ WKH ILUVW LQVWUXF�
WLRQ ZLOO EH UHDG�

�ï�� 69 5($' �
5HDGV WKH VHW YDOXH �D FRQVWDQW� RU GDWD DUHD DQG ZRUG� RI WKH VSHFLILHG WLP�
HU�FRXQWHU LQVWUXFWLRQ� 7KH WLPHU�FRXQWHU LQVWUXFWLRQ LV GHVLJQDWHG E\ LWV SUR�
JUDP DGGUHVV� ,I WKH SURJUDP KDV PRUH WKDQ ����� DGGUHVVHV� XVH 69 5($'
�� GHVFULEHG LQ WKH QH[W VHFWLRQ�

&RPPDQG )RUPDW

;��� ;���

# 7 6

;��� ;���

# 5 � $GGUHVV

;��� ;���

)&6 &5

7,0�&17 1XPEHU

7 , 0 ï
7 , 0 +
& 1 7 ï
& 1 7 5

;��� ;���;��� ;���;��� ;���;��� ;���

� � � �
� �
� �

� � � �

8QLW QR�

5HVSRQVH )RUPDW

# 7 6

;��� ;���

# 5 �

;���;��� ;��� ;���
'DWD DUHD )&6 &5

& , 2 ï���,5 DUHD
+ 5 ï ï���+5 DUHD
' 0 ï ï���'0 DUHD
& 2 1 ï���&RQVWDQW

;��� ;���
:RUG8QLW QR�

5HVSRQVH
FRGH

�ï�� 69 5($' �
5HDGV WKH VHW YDOXH �D FRQVWDQW� RU GDWD DUHD DQG ZRUG� RI WKH VSHFLILHG WLP�
HU�FRXQWHU LQVWUXFWLRQ� 7KH RSHUDWLRQ LV VLPLODU WR 69 5($' �� EXW WKH 69
5($' � LV FDSDEOH RI UHDGLQJ IURP KLJKHU SURJUDP DGGUHVVHV�

&RPPDQG )RUPDW

;��� ;���

# 7 6# 5 �

;��� ;��� ;��� ;���

)&6 &5

$GGUHVV

;��� ;��� ;��� ;���

;��� ;���

7,0�&17

7 , 0 ï
7 , 0 +
& 1 7 ï
& 1 7 5

;��� ;��� ;��� ;���

� � � �
� �
� �

� � � �

1XPEHU

8QLW QR�

$OZD\V �

69 5($' � 6HFWLRQ �ï��



��

5HVSRQVH )RUPDW

# 7 6

;��� ;���

# 5 � )&6 &5

& , 2 ï���,5 DUHD
+ 5 ï ï���+5 DUHD
' 0 ï ï���'0 DUHD
& 2 1 ï���&RQVWDQW

'DWD DUHD

;���;��� ;��� ;���

:RUG

;��� ;���
8QLW QR�

5HVSRQVH
FRGH

�ï�� 67$786 :5,7(
&KDQJHV WKH RSHUDWLQJ PRGH RI WKH 3& DFFRUGLQJ WR WKH LQIRUPDWLRQ HQWHUHG
LQWR ZRUG ;����

&RPPDQG )RUPDW

0RGH GDWD

;��� ;���
)&6 &5

� � � � � � � �

;��� ;���

� � � � � �

� �� 352*5$0 PRGH
� �� 021,725 PRGH
� �� 581 PRGH

# 7 6

;��� ;���

# 6 &8QLW QR�

5HVSRQVH )RUPDW

# 6 & )&6 &5
;��� ;���

5HVSRQVH
FRGH8QLW QR�

;��� ;���

�ï�� ,5 $5($ :5,7(
:ULWHV GDWD WR WKH ,5 DUHD� VWDUWLQJ IURP WKH VSHFLILHG ZRUG� :ULWLQJ LV GRQH
ZRUG E\ ZRUG�

&RPPDQG )RUPDW

# : 5

;��� ;���

8QLW QR�

;��� ;��� ;��� ;��� ;��� ;���

)&6 &5

%HJLQQLQJ ZRUG

;��� ;��� ;��� ;���;��� ;���

'DWD IRU EHJLQQLQJ
ZRUG

'DWD IRU VHFRQG
ZRUG

5HVSRQVH )RUPDW

# 7 6

;��� ;���

# : 5 )&6 &5
;��� ;���

8QLW QR�
5HVSRQVH

FRGH

,5 $5($ :5,7( 6HFWLRQ �ï��



��

�ï�� +5 $5($ :5,7(
:ULWHV GDWD WR WKH +5 DUHD� VWDUWLQJ IURP WKH VSHFLILHG ZRUG� :ULWLQJ LV GRQH
ZRUG E\ ZRUG�

&RPPDQG )RUPDW

;��� ;��� ;��� ;��� ;��� ;���

)&6 &5

%HJLQQLQJ ZRUG 'DWD IRU EHJLQQLQJ
ZRUG

'DWD IRU VHFRQG
ZRUG# : +8QLW QR�

;��� ;��� ;��� ;��� ;��� ;��� ;��� ;���

5HVSRQVH )RUPDW

# : + )&6 &5
;��� ;���

5HVSRQVH
FRGH8QLW QR�

;��� ;���

�ï�� 7& 67$786 :5,7(
:ULWHV WKH VWDWXV RI WKH &RPSOHWLRQ )ODJV WR WKH 7& DUHD� VWDUWLQJ IRUP WKH
VSHFLILHG WLPHU�FRXQWHU�

&RPPDQG )RUPDW

# 7 6

;��� ;���

# : *

;��� ;��� ;��� ;���
)&6 &5

6WDWXV RI VHFRQG WLPHU�FRXQWHU

6WDWXV RI EHJLQQLQJ WLPHU�FRXQWHU

%HJLQQLQJ WLPHU�FRXQWHU

�� 2))
�� 21

21�
2))

21�
2))

7LPHU�&RXQWHU8QLW QR�

5HVSRQVH )RUPDW

;��� ;���
)&6 &5

;��� ;���

# : *8QLW QR�
5HVSRQVH

FRGH

�ï�� '0 $5($ :5,7(
:ULWHV GDWD WR WKH '0 DUHD� VWDUWLQJ IURP WKH VSHFLILHG ZRUG� :ULWLQJ LV GRQH
ZRUG E\ ZRUG�

&RPPDQG )RUPDW

# : '

;��� ;���

8QLW QR�

;��� ;��� ;��� ;��� ;��� ;���

)&6 &5

%HJLQQLQJ ZRUG

;��� ;��� ;��� ;���;��� ;���

'DWD IRU EHJLQQLQJ
ZRUG

'DWD IRU VHFRQG
ZRUG

'0 $5($ :5,7( 6HFWLRQ �ï��



��

5HVSRQVH )RUPDW

# : ' )&6 &5
;��� ;���

5HVSRQVH
FRGH8QLW QR�

;��� ;���

�ï�� 39 :5,7(
:ULWHV GDWD WR WKH SUHVHQW YDOXH DUHD� VWDUWLQJ IURP WKH VSHFLILHG ZRUG� :ULW�
LQJ LV GRQH ZRUG E\ ZRUG�

&RPPDQG )RUPDW

;��� ;��� ;��� ;��� ;��� ;���

)&6 &5

%HJLQQLQJ ZRUG 'DWD IRU EHJLQQLQJ
ZRUG

'DWD IRU VHFRQG
ZRUG# : &8QLW QR�

;��� ;��� ;��� ;��� ;��� ;��� ;��� ;���

5HVSRQVH )RUPDW

# 7 6

;��� ;���

5HVSRQVH
FRGH# : & )&6 &5

;��� ;���
8QLW QR�

�ï�� 69 &+$1*( �
&KDQJHV WKH VHW YDOXH �FRQVWDQW RQO\� RI WKH VSHFLILHG WLPHU�FRXQWHU LQVWUXF�
WLRQ� 5HDGV IURP WKH EHJLQQLQJ RI WKH SURJUDP DQG WKHUHIRUH WDNH XS WR ��
VHFRQGV WR SURGXFH D UHVSRQVH� 5HIHU DOVR WR 69 &+$1*( � DQG 69
&+$1*( ��

&RPPDQG )RUPDW

# : � &51HZ VHW YDOXH

;��� ;��� ;��� ;���
)&6 7,0�&17 1XPEHU

7 , 0 ï
7 , 0 +
& 1 7 ï
& 1 7 5

8QLW QR�

;��� ;��� ;��� ;���

� � � �
� �
� �

� � � �

� � � �
� �
� �

� � � �

;��� ;���

5HVSRQVH )RUPDW

# 7 6

;��� ;���

# : � )&6 &5
;��� ;���

5HVSRQVH
FRGH8QLW QR�

�ï�� 69 &+$1*( �
&KDQJHV WKH VHW YDOXH �D FRQVWDQW� RU GDWD DUHD DQG ZRUG� RI WKH VSHFLILHG
WLPHU�FRXQWHU LQVWUXFWLRQ� 7KH LQVWUXFWLRQ LV VSHFLILHG E\ LWV SURJUDP DGGUHVV�

69 &+$1*( � 6HFWLRQ �ï��



��

,I WKH SURJUDP KDV PRUH WKDQ ����� DGGUHVVHV� XVH 69 &+$1*( �� GH�
VFULEHG LQ WKH QH[W VXEVHFWLRQ�

&RPPDQG )RUPDW

;��� ;���

# 7 6# : �

;��� ;��� ;��� ;���

)&6 &5

$GGUHVV

;��� ;���

1XPEHU

;��� ;���

7 , 0 ï
7 , 0 +
& 1 7 ï
& 1 7 5

7,0�&17

'DWD DUHD :RUG

;��� ;��� ;��� ;���

& , 2 ï����,5 DUHD
+ 5 ï ï����+5 DUHD
' 0 ï ï����'0 DUHD
& 2 1 ï����&RQVWDQW

� � � �
� �
� �

� � � �

8QLW QR�

5HVSRQVH )RUPDW

# 7 6

;��� ;���

# : � )&6 &5
;��� ;���

5HVSRQVH
FRGH8QLW QR�

�ï�� 69 &+$1*( �
&KDQJHV WKH VHW YDOXH �D FRQVWDQW� RU GDWD DUHD DQG ZRUG� RI WKH VSHFLILHG
LQVWUXFWLRQ� 7KH RSHUDWLRQ LV VLPLODU WR 69 &+$1*( �� EXW 69 &+$1*( �
FDQ FKDQJH 69V DW KLJKHU SURJUDP DGGUHVVHV�

69 &+$1*( � 6HFWLRQ �ï��



��

&RPPDQG )RUPDW

# 7 6

;��� ;���

# : �

;��� ;��� ;��� ;���

)&6 &5

$GGUHVV

7 , 0 ï
7 , 0 +
& 1 7 ï
& 1 7 5

7,0�&17

'DWD DUHD :RUG

;��� ;��� ;��� ;���

& , 2 ï����,5 DUHD
+ 5 ï ï����+5 DUHD
' 0 ï ï����'0 DUHD
& 2 1 ï����&RQVWDQW

;��� ;���

1XPEHU

;��� ;��� ;��� ;���

� � � �
� �
� �

� � � �

8QLW QR�

$OZD\V �

5HVSRQVH )RUPDW

# 7 6

;��� ;���

# : � )&6 &5
;��� ;���

5HVSRQVH
FRGH8QLW QR�

�ï�� )25&(' 6(7
)RUFHG VHWV D ELW LQ DQ ,5� /5� +5� $5� RU 7& DUHD� %LWV QHHG WR EH IRUFH VHW
RQH DW D WLPH�

&RPPDQG )RUPDW

# 7 6

;��� ;���

# . 6

;��� ;���

'DWD DUHD

& , 2 ï ,5 DUHD� � � � �

+ 5 ï ï +5 DUHD� � � � �

7 , 0 ï

7 , 0 +

& 1 7 ï

& 1 7 5

;��� ;���

%LW:RUG

;��� ;���
)&6 &5

7& DUHD

8QLW QR�

5HVSRQVH )RUPDW

# . 6 )&6 &5
;��� ;���

5HVSRQVH
FRGH8QLW QR�

;��� ;���

)25&(' 6(7 6HFWLRQ �ï��



��

�ï�� )25&(' 5(6(7
)RUFH UHVHWV D ELW LQ DQ ,5� /5� +5� $5� RU 7& DUHD� %LWV FDQ RQO\ EH IRUFH
UHVHW RQH DW D WLPH� ,I DQ DWWHPSW LV PDGH WR VLPXOWDQHRXVO\ IRUFH UHVHW PRUH
WKDQ RQH ELW� QRQH RI WKH ELWV ZLOO UHVHW�

&RPPDQG )RUPDW

# 7 6

;��� ;���
8QLW QR�# . 58QLW QR�

;��� ;���

'DWD DUHD

;��� ;���

%LW:RUG

;��� ;���
)&6 &5

& , 2 ï ,5 DUHD� � �

+ 5 ï ï +5 DUHD� � �

7 , 0 ï

7 , 0 +

& 1 7 ï

& 1 7 5

7& DUHD

5HVSRQVH )RUPDW

# . 5 )&6 &5
;��� ;���

5HVSRQVH
FRGH8QLW QR�

;��� ;���

�ï�� )25&(' 6(7�5(6(7 &$1&(/
&DQFHOV DOO IRUFHG VHW DQG IRUFHG UHVHW ELWV �LQFOXGLQJ WKRVH DFKLHYHG YLD
08/7,3/( )25&(' 6(7�5(6(7 IRU WKH &���+��

&RPPDQG )RUPDW

# 7 6

;��� ;���

# . & )&6 &58QLW QR�

5HVSRQVH )RUPDW

)&6 &5
;��� ;���

5HVSRQVH
FRGH

;��� ;���

# . &8QLW QR�

�ï�� 3& 02'(/ 5($'
5HDGV WKH PRGHO W\SH RI WKH 3&�

&RPPDQG )RUPDW

;��� ;���
# 0 0 )&6 &58QLW QR�

3& 02'(/ 5($' 6HFWLRQ �ï��



��

5HVSRQVH )RUPDW

# 7 6

;��� ;��� ;��� ;���

5HVSRQVH
FRGH# 0 0 )&6 &5

;��� ;���

3& PRGHO
FRGH

� � &��
� � .�W\SH

8QLW QR�

�ï�� $%257 DQG ,1,7,$/,=(
7KH $%257 FRPPDQG LV XVHG WR DERUW WKH SURFHVV EHLQJ SHUIRUPHG E\ WKH
+RVW /LQN 8QLW DQG WR WKHQ HQDEOH UHFHSWLRQ RI WKH QH[W FRPPDQG� 7KH ,1,�
7,$/,=( FRPPDQG LQLWLDOL]HV WKH WUDQVPLVVLRQ FRQWURO SURFHGXUH RI DOO WKH
3&V FRQQHFWHG WR WKH KRVW FRPSXWHU� 1HLWKHU FRPPDQG UHFHLYHV D UHVSRQVH�

$ SURFHVVLQJ WLPH RI ��� PV LV UHTXLUHG EHWZHHQ UHFHSWLRQ RI WKH $%257 RU
,1,7,$/,=( FRPPDQGV� DQG UHFHSWLRQ RI WKH QH[W FRPPDQG� ,I ,1,7,$/,=( LV
XVHG LQ D VLQJOH�OLQN V\VWHP� LW ZLOO EH UHJDUGHG DV XQGHILQHG�

$%257 &RPPDQG )RUPDW

;��� ;���
8QLW QR�# ; =8QLW QR� )&6 &5

,1,7,$/,=( &RPPDQG )RUPDW

# &5 

�ï�� 5HVSRQVH WR DQ 8QGHILQHG &RPPDQG
7KLV UHVSRQVH LV VHQW LI WKH +RVW /LQN 8QLW FDQQRW UHDG WKH FRPPDQG·V KHDG�
HU FRGH� RU LI WKH VSHFLILHG FRPPDQG LV QRW YDOLG IRU WKH FRPPDQG OHYHO RU
PRGHO RI 3&� ,I WKLV UHVSRQVH LV UHFHLYHG FKHFN WKH KHDGHU FRGH� FRPPDQG
OHYHO� DQG 3& PRGHO� WKHQ H[HFXWH WKH FRUUHFW FRPPDQG�

5HVSRQVH )RUPDW

;��� ;���
8QLW QR�# , &8QLW QR� )&6 &5

�ï�� 5HVSRQVH ,QGLFDWLQJ DQ 8QSURFHVVHG &RPPDQG
7KLV UHVSRQVH LV VHQW ZKHQ WKH +RVW /LQN 8QLW FDQQRW SURFHVV D FRPPDQG�
7KH W\SH RI HUURU HQFRXQWHUHG E\ WKH +RVW /LQN 8QLW FDQ EH LGHQWLILHG YLD WKH
UHVSRQVH FRGH�

5HVSRQVH )RUPDW

;��� ;���
+HDGHU FRGH#

;��� ;���
)&6 &5+HDGHU FRGH

5HVSRQVH
FRGH8QLW QR�

5HVSRQVH ,QGLFDWLQJ DQ 8QSURFHVVHG &RPPDQG 6HFWLRQ �ï��



��

7KH KHDGHU FRGH YDULHV DFFRUGLQJ WR WKH FRPPDQG ZKLFK ZDV VHQW� 7KH
KHDGHUV RI VRPH FRPPDQGV LQFOXGH VXEKHDGHU FRGHV �H�J�� ,�2 5(*,67(5�
,�2 5($'� DQG '0 6,=( &+$1*(��

�ï�� 352*5$0 5($'
5HDGV WKH FRQWHQWV RI WKH 3& SURJUDP PHPRU\ DQG FRQYHUWV WKH SURJUDP
LQWR PDFKLQH ODQJXDJH�

&RPPDQG )RUPDW

;��� ;���
8QLW QR�# 5 38QLW QR� )&6 &5

5HVSRQVH )RUPDW

# 7 6

;��� ;���

# 5 3 )&6 &53URJUDP

;��� ;��� ;��� ;���

0HPRU\ VL]H

;��� ;���

5HVSRQVH
FRGH8QLW QR�

�ï�� 352*5$0 :5,7(
7DNHV D PDFKLQH ODQJXDJH SURJUDP VWRUHG LQ WKH KRVW FRPSXWHU� FRQYHUWV LW
WR D ODGGHU GLDJUDP� DQG ZULWHV LW WR WKH 3& SURJUDP PHPRU\�

&RPPDQG )RUPDW

# : 3

8S WR PD[LPXP PHPRU\ FDSDFLW\

;��� ;���

8QLW QR� )&6 &5;��� ;��� ;��� ;���

3URJUDP

5HVSRQVH )RUPDW

# 7 6

;��� ;���

# : 3 )&6 &5;��� ;���

5HVSRQVH
FRGH8QLW QR�

�ï�� ,�2 5(*,67(5
5HJLVWHUV WKH ,5� /5� +5� $5� RU 7& DUHD ELW� RU WKH '0 ZRUG WKDW LV WR EH
UHDG YLD ,�2 5($' �GHVFULEHG LQ WKH QH[W VXEVHFWLRQ�� 5HJLVWHUHG GDWD LV UH�
WDLQHG XQWLO QHZ GDWD LV UHJLVWHUHG� RU WKH SRZHU LV WXUQHG 2))�

,�2 5(*,67(5 6HFWLRQ �ï��



��

&RPPDQG )RUPDW

# 4 4 0 5

& , 2 ï����,5 DUHD

+ 5 ï ï���+5 DUHD

7 , 0 ï

7 , 0 +

& 1 7 ï

& 1 7 5

' 0 ï ï����'0 DUHD

7& DUHD

;��� ;��� ;��� ;���

'DWD DUHD

;��� ;���

:RUG

�
'DWD DUHD

23� 23� 23� 23�

:RUG

;��� ;��� ;��� ;���

'HOLQHDWRU

�%LW QR� RU
:RUG

6XEKHDGHU
FRGH

%LW QR� RU
:RUG )&6 &525� 25�

8QLW QR�

5HVSRQVH )RUPDW

;��� ;���
# 4 4 0 5 )&6 &5;��� ;���

5HVSRQVH
FRGH8QLW QR�

�ï�� ,�2 5($'
5HDGV WKH GDWD VSHFLILHG E\ ,�2 5(*,67(5�

&RPPDQG )RUPDW

6XEKHDGHU FRGH

;��� ;���
# 4 4 , 5 )&6 &58QLW QR�

5HVSRQVH )RUPDW

�
5HDG ZRUG GDWD

;��� ;��� ;��� ;���
)&6 &5

21�
2))

3UHVHQW YDOXH

;��� ;��� ;��� ;���

# 7 6

;��� ;���

# 4 4 , 5

6XEKHDGHU FRGH

�

21�
2)) � �

(QG RI RQH GDWD VHW5HDG ELW VWDWXV

'HOLQHDWRU

;��� ;���

5HVSRQVH
FRGH8QLW QR�

,�2 5($' 6HFWLRQ �ï��



��

�ï�� 5HVSRQVH &RGH /LVW
;��� ;��� 'HVFULSWLRQ

� � 1RUPDO &RPSOHWLRQ

� � 1RW H[HFXWDEOH LQ 581 PRGH

� � 1RW H[HFXWDEOH LQ 021,725 PRGH

� � 1RW H[HFXWDEOH ZLWK 3520 PRXQWHG

� � $GGUHVV RYHU �GDWD RYHUIORZ�

� � ,�2 5(*,67(5 FDSDFLW\ H[FHHGHG �QR UHJLVWUDWLRQ PDGH�� ,�2 5($' XQH[HFXW�
DEOH�

� % 1RW H[HFXWDEOH LQ 352*5$0 PRGH

� � 3DULW\ HUURU

� � )UDPLQJ HUURU

� � 2YHUUXQ

� � )&6 HUURU

� � )RUPDW HUURU �SDUDPHWHU OHQJWK HUURU�

� � (QWU\ QXPEHU GDWD HUURU �SDUDPHWHU HUURU� GDWD FRGH HUURU� GDWD OHQJWK HUURU�

� � ,QVWUXFWLRQ QRW IRXQG

� � )UDPH OHQJWK HUURU

� � 1RW H[HFXWDEOH �GXH WR XQH[HFXWDEOH HUURU FOHDU� QRQ�UHJLVWUDWLRQ RI ,�2 WDEOH� HWF��

$ � $ERUWHG GXH WR SDULW\ HUURU LQ WUDQVPLW GDWD

$ � $ERUWHG GXH WR IUDPLQJ HUURU LQ WUDQVPLW GDWD

$ � $ERUWHG GXH WR RYHUUXQ LQ WUDQVPLW GDWD

$ � $ERUWHG GXH WR IRUPDW HUURU LQ WUDQVPLW GDWD

$ � $ERUWHG GXH WR HQWU\ QXPEHU GDWD HUURU LQ WUDQVPLW GDWD

$ � $ERUWHG GXH WR IUDPH OHQJWK HUURU LQ WUDQVPLW GDWD

5HVSRQVH &RGH /LVW 6HFWLRQ �ï��



��

�ï�� &RPPXQLFDWLRQV ([DPSOHV
7KH IROORZLQJ DUH H[DPSOHV RI FRPPDQGV IURP WKH KRVW FRPSXWHU �ILUVW OLQH�
DQG WKH UHVSRQVHV WKDW ZRXOG EH JLYHQ E\ WKH +RVW /LQN 8QLW �VHFRQG OLQH��
7KH DUURZV LQGLFDWH WKH WUDQVIHU RI WKH ULJKW WR WUDQVPLW�

5HDGLQJ 'DWD IURP 0XOWLSOH 3& :RUGV �,5 :G � WR �� �1RUPDO &RPSOHWLRQ�

# � � 5 5 � � � � � � � � � �

)&6

# � � 5 5 � � ) ( ' & % $ � � � � � � � �
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&RPPXQLFDWLRQV ([DPSOHV 6HFWLRQ �ï��
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:ULWLQJ 'DWD LQWR 3& :RUGV �´����µ WR '0 :G ��� DQG ´)('&µ WR '0 :G ���� DQG
&RQILUPLQJ ZLWK '0 $5($ 5($'�
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 &5

&RPPXQLFDWLRQV ([DPSOHV 6HFWLRQ �ï��
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6(&7,21 �
(UURU 3URFHVVLQJ

7KLV VHFWLRQ GHVFULEHV HUURUV WKDW FDQ RFFXU LQ D FRPSXWHU�OLQNHG V\VWHP HPSOR\LQJ RQH RU PRUH +RVW /LQN 8QLWV� 7KHVH
HUURUV DUH FODVVLILHG LQWR WKH IROORZLQJ WKUHH FDWHJRULHV�

�� �� ���� �� (UURUV ,QGLFDWHG E\ WKH +RVW /LQN 8QLW �VHH 6HFWLRQ �ï�7URXEOHVKRRWLQJ ��
�� (UURUV 3URFHVVHG E\ WKH 3&�
�� (UURUV SURFHVVHG E\ WKH KRVW FRPSXWHU �VHH 6HFWLRQV �ï�(UURU &RQWURO� �ï�

&RPPXQLFDWLRQV 3URWRFRO� DQG DOO RI 6HFWLRQ �� HVSHFLDOO\ 6HFWLRQV �ï��
$%257 DQG ,1,7,$/,=(� DQG �ï��5HVSRQVH &RGH /LVW��

�ï� 'HYHORSPHQW RI DQ (UURU�SURFHVVLQJ 3URJUDP ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï� (UURU &RQWURO ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�ï� 7URXEOHVKRRWLQJ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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�ï� 'HYHORSPHQW RI DQ (UURU�SURFHVVLQJ 3URJUDP
3URJUDPV WR PRQLWRU FRPPXQLFDWLRQ WLPH DQG HUURU KDQGOLQJ QHHG WR EH GH�
YHORSHG RQ WKH KRVW FRPSXWHU� %H VXUH WKDW WKHVH LQFOXGH SURFHVVHV WKDW FDQ
UHVSRQG DSSURSULDWHO\ WR HUURUV DQG RWKHU DEQRUPDOLWLHV IURP WKH 3& E\ WDN�
LQJ LQWR FRQVLGHUDWLRQ WKH NLQGV RI HUURUV GHVFULEHG LQ WKH VHFWLRQV OLVWHG
DERYH�

�ï� (UURU &RQWURO
7KH KRVW FRPSXWHU LV UHVSRQVLEOH IRU HQVXULQJ V\VWHP UHFRYHU\ DIWHU HUURUV
RFFXU LQ WKH +RVW /LQN 8QLW�

7KH +RVW /LQN 8QLW UXQV WKH IROORZLQJ FKHFNV WR GHWHFW HUURUV�

�� �� ���� �� 3DULW\ FKHFN
�� )UDPLQJ FKHFN
�� 2YHUUXQ FKHFN
�� )RUPDW FKHFN
�� (QWU\ GDWD FKHFN �7KH VWDUW ZRUG� UHDG ZRUG� HWF�� LQ WKH FRPPDQG IRU�

PDW��
�� )&6 �$Q ([FOXVLYH 25 FKHFN LV SHUIRUPHG RQ DOO FRPPDQG RU UHVSRQVH

GDWD� IURP WKH XQLW QXPEHU WR WKH HQG RI WKH WH[W��

2I WKH DERYH FRPPDQGV� � WR � DUH SHUIRUPHG RQ D FKDUDFWHU E\ FKDUDFWHU
EDVLV� &KHFNV � WR �� KRZHYHU� DUH SHUIRUPHG RQ HDFK EORFN �IUDPH��

7UDQVPLW GDWD LQ D PXOWLSOH�OLQN V\VWHP LV FKHFNHG E\ PHDQV RI D SDULW\ FKHFN
DQG D )UDPH &KHFN 6HTXHQFH �)&6�� 7KH )&6 FKHFN LV QRW SHUIRUPHG LQ
VLQJOH�OLQN V\VWHPV�

,I WKH +RVW /LQN 8QLW GHWHFWV DQ HUURU LQ D VLQJOH�IUDPH FRPPDQG RU WKH ILUVW
IUDPH RI D FRPPDQG EORFN� LW ZLOO UHJDUG WKH FRPPDQG DV LQYDOLG� 7KH FRP�
PDQG ZLOO QRW EH SURFHVVHG DQG� DIWHU WKH WHUPLQDWRU LV UHFHLYHG� DQ HUURU UH�
VSRQVH ZLOO EH VHQW WR WKH KRVW FRPSXWHU� �)RU GHWDLOV RI WKH HUURU UHVSRQVH�
UHIHU WR 6HFWLRQ �ï�� 5HVSRQVH WR DQ 8QSURFHVVHG &RPPDQG�

,I WKH +RVW /LQN 8QLW GHWHFWV DQ HUURU LQ DQ LQWHUPHGLDWH IUDPH� WKH FRPPDQGV
XS WR WKDW SRLQW ZLOO EH SURFHVVHG QRUPDOO\� 7KRVH IROORZLQJ WKH HUURQHRXV
IUDPH� KRZHYHU� ZLOO QRW EH SURFHVVHG� $IWHU WKH +RVW /LQN 8QLW KDV UHFHLYHG
WKH WHUPLQDWRU RI WKH HUURQHRXV EORFN� LW UHVSRQGV ZLWK D UHVSRQVH FRGH WKDW
LQIRUPV WKH KRVW FRPSXWHU RI WKH SURFHVV LQWHUUXSWLRQ� �)RU GHWDLOV� UHIHU WR
6HFWLRQ �ï�� 5HVSRQVH &RGH /LVW��

,I WKH +RVW /LQN 8QLW GRHV QRW UHFHLYH D GHOLPLWHU RU WHUPLQDWRU� LW FDQQRW VHQG
D UHVSRQVH WR WKH KRVW FRPSXWHU� 6LPLODUO\� LI WKH FRPSXWHU GRHV QRW UHFHLYH D
GHOLPLWHU RU WHUPLQDWRU� LW FDQQRW WUDQVPLW IXUWKHU FRPPDQGV WR WKH +RVW /LQN
8QLW� 7R DOORZ WUDQVPLVVLRQ WR DOWHUQDWH VPRRWKO\ EHWZHHQ WKH FRPSXWHU DQG
WKH +RVW /LQN 8QLW� WKH SURFHVV WLPHV QHHG WR EH PRQLWRUHG� ,W LV WKHUHIRUH
QHFHVVDU\ WR KDYH D WLPH�PRQLWRULQJ SURJUDP RQ WKH KRVW FRPSXWHU VLGH� ,WV
SXUSRVH LV WR LQLWLDWH UHPHGLDO DFWLRQ LI WKH ULJKW WR WUDQVPLW LV QRW WUDQVIHUUHG
TXLFNO\ HQRXJK�

,QYDOLG 3URFHVVLQJ

3URFHVV ,QWHUUXSWLRQ

7LPH 0RQLWRULQJ

(UURU &RQWURO 6HFWLRQ �ï�
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�ï� 7URXEOHVKRRWLQJ
7KH IROORZLQJ WURXEOHVKRRWLQJ JXLGH RXWOLQHV WKH EDVLF VWHSV IRU UHPHG\LQJ
WKH HUURUV PRVW OLNHO\ WR RFFXU ZKHQ XVLQJ +RVW /LQN 8QLWV�

3UREOHP 3RVVLEOH &DXVH 5HPHG\ 5HIHUHQFH

5($'< LQGLFDWRU GRHV
QRW OLJKW� �:KHQ SRZHU
LV DSSOLHG WR WKH +RVW
/LQN 8QLW� DQG WKH UHVHW
LV UHOHDVHG� WKH LQGLFD�
WRU VKRXOG LOOXPLQDWH��

3RZHU LV QRW DSSOLHG WR WKH 3&�
)DXOW\ FRQWDFW LQ WKH FRQQHFWRU EHWZHHQ
WKH 3& DQG WKH +RVW /LQN 8QLW�
3& LV UHVHWWLQJ WKH +RVW /LQN 8QLW�
+RVW /LQN 8QLW LV GHIHFWLYH�

$SSO\ SRZHU WR WKH 3&�
&KHFN DQG UHSDLU FRQQHFWLRQV�
7XUQ WKH 3& 2))� WKHQ 21� ,I
QHFHVVDU\� FKHFN WKH 3& IRU DQ
HUURU RU DEQRUPDO UHVHW�
5HSODFH WKH +RVW /LQN 8QLW�

5&9 LQGLFDWRU GRHV QRW
EOLQN� �:KHQ D VLJQDO LV
LQSXW DW WKH UHFHLYH
FRQQHFWRU� WKH LQGLFDWRU
VKRXOG EOLQN UHJDUGOHVV
RI WKH QDWXUH RI WKH VLJ�
QDO��

1R VLJQDO LV EHLQJ RXWSXW IRUP WKH KRVW
FRPSXWHU�
7KH VLJQDO IURP WKH KRVW FRPSXWHU LV QRW
UHDFKLQJ WKH +RVW /LQN 8QLW�
7KH LQGLFDWRU FLUFXLW LV GHIHFWLYH�

&KHFN WKH SURJUDP DQG RXWSXW RI
WKH KRVW FRPSXWHU�
&KHFN WKH ZLULQJ�
�&DEOH QRW FRQQHFWHG"
�&DEOH GDPDJHG"
�&DEOH LQFRUUHFWO\ FRQQHFWHG"
�)DXOW\ FRQWDFW LQ FRQQHFWRU"
,I WKH VLJQDO LV EHLQJ WUDQVPLWWHG DQG
UHFHLYHG QRUPDOO\� WKH +RVW /LQN
8QLW LV IDXOW\ DQG QHHGV WR EH UH�
SODFHG�

6HFWLRQ �

;07 LQGLFDWRU GRHV QRW
LOOXPLQDWH DIWHU WKH 5&9
LQGLFDWRU� �,I WKH 8QLW
QXPEHU RQ WKH FRPSXW�
HU VLGH PDWFKHV WKDW RI
WKH +RVW /LQN 8QLW� WKH
+RVW /LQN 8QLW UHFHLYHV
WKH WHUPLQDWRU� WKH &76
VLJQDO WKHQ JRHV 21�
DQG WKH +RVW /LQN 8QLW
VHQGV GDWD LUUHVSHFWLYH
RI LWV QDWXUH��

7KH XQLW QXPEHUV RI WKH FRPSXWHU DQG WKH
+RVW /LQN 8QLW GR QRW PDWFK�
7KH +RVW /LQN 8QLW LV QRW UHFHLYLQJ D WHU�
PLQDWRU�
7KH VLJQDO LV LJQRUHG EHFDXVH WKH +RVW
/LQN 8QLW FDQQRW FRUUHFWO\ UHDG LW�
�7UDQVPLVVLRQ VSHHGV RI WKH KRVW FRPSXW�
HU DQG WKH +RVW /LQN 8QLW GR QRW PDWFK�
�,QFRUUHFW ZLULQJ�
�,QFRUUHFW VHWWLQJ IRU WKH WHUPLQDWLRQ UHVLV�
WDQFH�
3DULWLHV RU WUDQVPLVVLRQ FRGHV GRQ·W
PDWFK�
(UURU LQ RSHUDWLQJ OHYHO VHWWLQJ�

&KHFN WKH XQLW QXPEHU VHWWLQJV�
&KHFN ZKHWKHU WKH KRVW FRPSXWHU LV
RXWSXWWLQJ D WHUPLQDWRU�
&KHFN WKH VHWWLQJV RI WKH +RVW /LQN
8QLW DQG WKH /LQN $GDSWHU�
&KHFN WKH ZLULQJ IRU WKH &76 VLJQDO�
&KHFN WKH SDULW\ RU WUDQVPLVVLRQ
FRGH VHWWLQJV�
&KHFN WKH RSHUDWLQJ OHYHO VHWWLQJV�

6HFWLRQ �

(55 LQGLFDWRU LOOXPL�
QDWHV�

3DULW\ HUURU �HYHQ SDULW\��
)UDPLQJ HUURU�
2YHUUXQ HUURU�
2FFXUUHQFH RI PRPHQWDU\ SRZHU IDLOXUH�

6HQG FRUUHFW GDWD� ,I D PRPHQWDU\
SRZHU IDLOXUH RFFXUV� ERWK WKH 3&
DQG WKH +RVW /LQN 8QLW DUH UHVHW DQG
LQLWLDOL]HG� 7KH (55RU LQGLFDWRU ZLOO
WXUQ RII�

$OWKRXJK WKH ;07 LQGL�
FDWRU LOOXPLQDWHV� WKH
+RVW /LQN 8QLW FDQQRW
VHQG D UHVSRQVH WR WKH
KRVW FRPSXWHU�

2SHUDWLRQ HUURU RQ WKH KRVW FRPSXWHU
VLGH�
�,�2 FKDQQHO SURFHVVLQJ HUURU�
�3URJUDP HUURU�
7KH FRUUHFW VLJQDO LV QRW UHDFKLQJ WKH KRVW
FRPSXWHU�
�&DEOH GDPDJH�
�,QFRUUHFW FDEOH ZLULQJ�
�)DXOW\ FRQWDFW LQ FRQQHFWRU�

ïïï 6HFWLRQ �

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

3URGXFW 'HVFULSWLRQ 0RGHO 1XPEHU

+RVW /LQN 8QLW 56ï���& �*�&�ï/.���ï(9�

56ï��� �*�&�ï/.���ï(9�

/LQN $GDSWHU 56ï��� �� FRQQHFWRUV� �*�$�ï$/���

2SWLFDO �$3)�3&)� �� FRQQHFWRUV� �*�$�ï$/���ï3(

2SWLFDO �3&)� �� FRQQHFWRUV� �*�$�ï$/���ï(

2SWLFDO �$3)�3&)�� 56ï���&� 56ï��� �� FRQQHFWRU HDFK� �*�$�ï$/���ï3(

2SWLFDO �3&)�� 56ï���&� 56ï��� �� FRQQHFWRU HDFK� �*�$�ï$/���ï(

2SWLFDO �$3)�3&)�� RSWLFDO �$*)� �� FRQQHFWRU HDFK� �*�$�ï$/���ï3(

2SWLFDO �3&)�� RSWLFDO �$*)� �� FRQQHFWRU HDFK� �*�$�ï$/���ï(

2SWLFDO �$3)�3&)� �� FRQQHFWRU�� RSWLFDO �$*)� �� FRQQHFWRUV� �*�$�ï$/���ï3(

2SWLFDO �3&)� �� FRQQHFWRU�� RSWLFDO �$*)� �� FRQQHFWRUV� �*�$�ï$/���ï(
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$SSHQGL[ %
6SHFLILFDWLRQV

+RVW /LQN 8QLW

0RGHO 1XPEHU ,QWHUIDFH 7UDQVPLVVLRQ 'LVWDQFH :HLJKW 3RZHU &RQVXPSWLRQ

�*�&�ï/.���ï(9� 56ï���& �� P ��� J PD[� � $ PD[� DW � 9'&

�*�&�ï/.���ï(9� 56ï��� �� P�EUDQFK ���� P WRWDO�

7RWDO LQ WKH V\VWHP�

&RPPXQLFDWLRQV
&RPPXQLFDWLRQV SURWRFRO ��ZLUH� KDOI GXSOH[

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

7UDQVPLVVLRQ VSHHG ���� ���� ������ ������ ������ ������ ������ RU ������ ESV �VZLWFK�VHOHFWDEOH�

&KDUDFWHU FRGH $6&,, �� ELWV� RU -,6 �� ELWV�

(UURU FKHFN 9HUWLFDO �HYHQ� SDULW\ DQG )&6

,QWHUIDFH 56ï���& ��*�&�ï/.���ï(9��� 56ï��� ��*�&�ï/.���ï(9��

'LPHQVLRQV
7KH GLPHQVLRQV RI WKH �*�&�ï/.���ï(9� DQG �*�&�ï/.���ï(9� +RVW /LQN 8QLWV DUH DV GHWDLOHG LQ WKH
IROORZLQJ GLDJUDPV�

�*�&�ï/.���ï(9� �*�&�ï/.���ï(9�

��

���

��

���

��



6SHFLILFDWLRQV $SSHQGL[ %

��

/LQN $GDSWHU
7KH IROORZLQJ DUH WKH VSHFLILFDWLRQV IRU /LQN $GDSWHUV VXLWDEOH IRU XVH ZLWK WKH &���.�W\SH 3&V� &DUH VKRXOG
EH WDNHQ WR WR FKRRVH D /LQN $GDSWHU ZLWK WKH DSSURSULDWH FRQQHFWLRQV IRU WKH 8QLWV LQ WKH 6\VWHP� 2WKHU /LQN
$GDSWHUV PD\ EH LQFOXGHG LQ WKH 6\VWHP LQ DVVRFLDWLRQ ZLWK RWKHU W\SHV RI +RVW /LQN 8QLWV �UHIHU WR WKH DSSOL�
FDEOH +RVW /LQN 0DQXDO RU /LQN $GDSWHU 0DQXDO��

/LQN $GDSWHU &RQQHFWLRQ 6XSSO\
YROWDJH

2SHUDWLQJ
YROWDJH UDQJH

:HLJKW 3RZHU
&RQVXPSWLRQ

�*�$�ï$/��� 56ï���

56ï���56ï���

1RW
UHTXLUHG

ïïï ��� J
PD[�

ïïï

�*�$�ï$/���ï3ï( 2SWLFDO )LEHU �$3)�

56ï���&56ï���

�������
9$&

�� WR ��� 9$&
��� WR ��� 9$&

� NJ PD[� �� 9$ PD[�

�*�$�ï$/���ï( 2SWLFDO )LEHU �3&)�

56ï���&56ï���
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$SSHQGL[ &
$FFHVRULHV

2SWLFDO ,QWHUIDFH
�8VHG WR LQWHUIDFH &���ï/.���� �*�$�ï/.���ï(9�� DQG �*�$�ï/.���ï(9� +RVW /LQN 8QLWV��

3URGXFW 'HVFULSWLRQ 0RGHO 1XPEHU

2SWLFDO ,QWHUIDFH 56ï���&  RSWLFDO FRQYHUWHU =�51ï$ï�

2SWLFDO )LEHU &DEOH ´Qµ UHSODFHG ZLWK FDEOH OHQJWK� �� �� ��� ��� ��� ��� ���� ���� ����
RU ��� P�

=�)�ï�'Q0

$& $GDSWHU )RU 2SWLFDO ,QWHUIDFH SRZHU VXSSO\�
2QH UHTXLUHG IRU &���ï/.���� WZR IRU �*�$�ï/.���ï(9� RU
�*�$�ï/.���ï(9� +RVW /LQN 8QLWV�

=�*3ï��

:LUH &DEOH
56ï��� DQG 56ï���& FRQQHFWLQJ FDEOHV PXVW EH VXSSOLHG E\ WKH XVHU�

3ODVWLF 2SWLFDO )LEHU &DEOH �$3)�
3URGXFW 'HVFULSWLRQ 0RGHO 1XPEHU

3ODVWLF RSWLFDO ILEHU FDEOH &DEOH RQO\ �ZLWKRXW RSWLFDO FRQQHFWRU�� 2UGHU LQ PXOWLSOHV RI � P
�IURP � WR ��� P�� RU LQ OHQJWKV RI ��� P RU ��� P�

�*�$�ï3)���

2SWLFDO FRQQHFWRU $ � 2SWLFDO FRQQHFWRUV �EURZQ��
)RU SODVWLF RSWLFDO ILEHU FDEOH � WR �� P ORQJ�

�*�$�ï&����

2SWLFDO FRQQHFWRU % � 2SWLFDO FRQQHFWRUV �EODFN��
)RU SODVWLF RSWLFDO ILEHU FDEOH � WR �� P ORQJ�

�*�$�ï&����

3ODVWLF RSWLFDO ILEHU VHW � P FDEOH ZLWK FRQQHFWRU $ DWWDFKHG� �*�$�ï3)���

7KH RSWLFDO FRQQHFWRU IRU WKH �*�$�ï3)��� FDEOH PXVW RUGHUHG VHSDUDWHO\�

&U\VWDO )LEHU &DEOH �$*)�
&U\VWDO ILEHU FDEOH LV QRW DYDLODEOH IURP 20521� ,W PXVW EH VXSSOLHG E\ WKH XVHU�



$FFHVRULHV $SSHQGL[ &

��

3ODVWLF�FODG 2SWLFDO )LEHU &DEOH �3&)�
&DEOH 7\SH 'HVFULSWLRQ 2SHUDWLQJ (QYLURQPHQW 0RGHO 1XPEHU

,QGRRU ��� P� ZLWK FRQQHFWRU 2SHUDWLQJ WHPSHUDWXUH� ï��R WR ��R& �*�$�ï2)���

� P� ZLWK FRQQHFWRU �*�$�ï2)���

� P� ZLWK FRQQHFWRU �*�$�ï2)���

� P� ZLWK FRQQHFWRU �*�$�ï2)���

� P� ZLWK FRQQHFWRU �*�$�ï2)���

�� P� ZLWK FRQQHFWRU �*�$�ï2)���

�� P� ZLWK FRQQHFWRU �*�$�ï2)���

�� P� ZLWK FRQQHFWRU �*�$�ï2)���

�� P� ZLWK FRQQHFWRU �*�$�ï2)���

�� P� ZLWK FRQQHFWRU �*�$�ï2)���

,QGRRU�RXWGRRU �� WR ��� P� ZLWK FRQQHFWRU
�RUGHU LQ PXOWLSOHV RI �� P�

2SHUDWLQJ WHPSHUDWXUH� ï��R WR ��R& �*�$�ï2)���

��� WR ��� P� ZLWK FRQQHFWRU
�RUGHU LQ PXOWLSOHV RI �� P�

2SHUDWLQJ WHPSHUDWXUH� �R WR ��R&
�'R QRW H[SRVH WR GLUHFW VXQOLJKW�

$V VSOLFLQJ RI RSWLFDO ILEHU FDEOHV LV PRUH GLIILFXOW WKDQ IRU ZLUH FDEOHV� EH VXUH WR RUGHU
VXIILFLHQW H[FHVV FDEOH WR DOORZ IRU LQLWLDO VSOLFLQJ DQG VXEVHTXHQW UHSDLUV DQG DOWHU�
DWLRQV� 7KH FDEOH OHQJWK GRHV QRW LQFOXGH FRQQHFWRUV�

1RWH
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$SSHQGL[ '
$VFLL &RGHV

%LWV � WR � ���� ����� ���� ���� ���� ���� ���� ����
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*ORVVDU\

DGGUHVV 7KH ORFDWLRQ LQ PHPRU\ ZKHUH GDWD LV VWRUHG� )RU GDWD DUHDV� DQ DGGUHVV
FRQVLVWV RI D WZR�OHWWHU GDWD DUHD GHVLJQDWLRQ DQG D QXPEHU WKDW GHVLJQDWH
WKH ZRUG DQG�RU ELW ORFDWLRQ� )RU WKH 80 DUHD� DQ DGGUHVV GHVLJQDWHV WKH LQ�
VWUXFWLRQ ORFDWLRQ �80 DUHD�� IRU WKH )0 DUHD� WKH EORFN ORFDWLRQ �)0 DUHD��
HWF�

$*) &RGH IRU FU\VWDO RSWLFDO ILEHU FDEOH�

DOORFDWLRQ 7KH SURFHVV E\ ZKLFK WKH 3& DVVLJQV FHUWDLQ ELWV RU ZRUGV LQ PHPRU\ IRU
YDULRXV IXQFWLRQV� 7KLV LQFOXGHV SDLULQJ ,�2 ELWV WR ,�2 SRLQWV RQ 8QLWV�

$1' $ ORJLF RSHUDWLRQ ZKHUHE\ WKH UHVXOW LV WUXH LI DQG RQO\ LI ERWK SUHPLVHV DUH
WUXH� ,Q ODGGHU�GLDJUDP SURJUDPPLQJ WKH SUHPLVHV DUH XVXDOO\ 21�2))
VWDWHV RI ELWV RU WKH ORJLFDO FRPELQDWLRQ RI VXFK VWDWHV FDOOHG H[HFXWLRQ FRQGL�
WLRQV�

$3) $FURQ\P IRU DOO SODVWLF RSWLFDO ILEHU FDEOH�

$5 DUHD $ 3& GDWD DUHD DOORFDWHG WR IODJV� FRQWURO ELWV� DQG ZRUG ELWV�

DULWKPHWLF VKLIW $ VKLIW RSHUDWLRQ ZKHUHLQ WKH FDUU\ IODJ LV LQFOXGHG LQ WKH VKLIW�

$6&,, 6KRUW IRU $PHULFDQ 6WDQGDUG &RGH IRU ,QIRUPDWLRQ ,QWHUFKDQJH� $6&,, LV
XVHG WR FRGH FKDUDFWHUV IRU RXWSXW WR SULQWHUV DQG RWKHU H[WHUQDO GHYLFHV�

$6&,, 8QLW $Q ,QWHOOLJHQW ,�2 8QLW XVHG WR SURJUDP LQ %$6,&� :KHQ FRQQHFWHG WR DQ
168 RQ D 1HW /LQN 6\VWHP� FRPPDQGV FDQ EH VHQW WR RWKHU QRGHV�

%DFNSODQH $ EDVH RQWR ZKLFK 8QLWV DUH PRXQWHG WR IRUP D 5DFN� %DFNSODQHV SURYLGH D
VHULHV RI FRQQHFWRUV IRU WKHVH 8QLWV DORQJ ZLWK ZLULQJ WR FRQQHFW WKHP WR WKH
&38� %DFNSODQHV DOVR SURYLGH FRQQHFWRUV XVHG WR FRQQHFW WKHP WR RWKHU
%DFNSODQHV� ,Q VRPH 6\VWHPV� GLIIHUHQW %DFNSODQHV DUH XVHG IRU GLIIHUHQW
5DFNV� LQ RWKHU 6\VWHPV� 5DFNV GLIIHU RQO\ DFFRUGLQJ WR WKH 8QLWV PRXQWHG WR
WKHP�

%&' 6KRUW IRU ELQDU\�FRGHG GHFLPDO�

%&' FDOFXODWLRQ $Q DULWKPHWLF FDOFXODWLRQ WKDW XVHV QXPEHUV H[SUHVVHG LQ ELQDU\�FRGHG GHFL�
PDO�

ELQDU\ $ QXPEHU V\VWHP ZKHUH DOO QXPEHUV DUH H[SUHVVHG WR WKH EDVH �� L�H�� DQ\
QXPEHU FDQ EH ZULWWHQ XVLQJ RQO\ �·V RU �·V� (DFK JURXS RI IRXU ELQDU\ ELWV LV
HTXLYDOHQW WR RQH KH[DGHFLPDO GLJLW�

ELQDU\ FDOFXODWLRQ $Q DULWKPHWLF FDOFXODWLRQ WKDW XVHV QXPEHUV H[SUHVVHG LQ ELQDU\�

ELQDU\�FRGHG GHFLPDO $ V\VWHP XVHG WR UHSUHVHQW QXPEHUV VR WKDW HDFK IRXU ELQDU\ ELWV LV QXPHUL�
FDOO\ HTXLYDOHQW WR RQH GHFLPDO GLJLW�

ELW $ ELQDU\ GLJLW� KHQFH D XQLW RI GDWD LQ ELQDU\ QRWDWLRQ� 7KH VPDOOHVW XQLW RI
LQIRUPDWLRQ WKDW FDQ EH HOHFWURQLFDOO\ VWRUHG LQ D 3&� 7KH VWDWXV RI D ELW LV
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HLWKHU 21 RU 2))� 'LIIHUHQW ELWV DW SDUWLFXODU DGGUHVVHV DUH DOORFDWHG WR VSH�
FLDO SXUSRVHV� VXFK DV KROGLQJ WKH VWDWXV LQSXW IURP H[WHUQDO GHYLFHV� ZKLOH
RWKHU ELWV DUH DYDLODEOH IRU JHQHUDO XVH LQ SURJUDPPLQJ�

ELW DGGUHVV 7KH ORFDWLRQ LQ PHPRU\ ZKHUH D ELW RI GDWD LV VWRUHG� $ ELW DGGUHVV PXVW
VSHFLI\ �VRPHWLPHV E\ GHIDXOW� WKH GDWD DUHD DQG ZRUG WKDW LV EHLQJ DG�
GUHVVHG DV ZHOO DV WKH QXPEHU RI WKH ELW�

ELW GHVLJQDWRU $Q RSHUDQG WKDW LV XVHG WR GHVLJQDWH WKH ELW RU ELWV RI D ZRUG WR EH XVHG E\
DQ LQVWUXFWLRQ�

ELW QXPEHU $ QXPEHU WKDW LQGLFDWHV WKH ORFDWLRQ RI D ELW ZLWKLQ D ZRUG� %LW �� LV WKH ULJKW�
PRVW �OHDVW�VLJQLILFDQW� ELW� ELW �� LV WKH OHIWPRVW �PRVW�VLJQLILFDQW� ELW�

EORFN %ORFN FDQ UHIHU WR RQH RI WKUHH DVSHFWV RI 3& RSHUDWLRQ� D EORFN LQ WKH )0
DUHD� D EORFN LQVWUXFWLRQ �SURJUDP�� RU D ORJLF EORFN� $ EORFN LQ WKH )0 LV WKH
XQLW XVHG WR WUDQVIHU GDWD WR DQG IURP WKH )LOH 0HPRU\ 8QLW DQG HTXDOV ���
ZRUGV� 5HIHU WR EORFN LQVWUXFWLRQ� EORFN SURJUDP� DQG ORJLF EORFN IRU GHILQL�
WLRQV RI WKHVH�

EORFN LQVWUXFWLRQ $ VSHFLDO FODVV RI LQVWUXFWLRQ XVHG ZLWKLQ ODGGHU�GLDJUDP SURJUDPPLQJ WR DO�
ORZ IORZFKDUW�OLNH FRGLQJ� ZKLFK LV RIWHQ GLIILFXOW WR ZULWH ZLWK ODGGHU GLDJUDPV�
)XQFWLRQ FRGHV IRU EORFN LQVWUXFWLRQV DUH LQGLFDWHG EHWZHHQ SRLQWHG SDUHQ�
WKHVHV �OLNH WKLV!�

EORFN SURJUDP $ VHFWLRQ RI SURJUDP ZULWWHQ ZLWKLQ D ODGGHU GLDJUDP EXW EDVHG RQ EORFN LQ�
VWUXFWLRQV� %ORFN SURJUDPV FDQ DOVR FRQWDLQ VRPH� EXW QRW DOO� RI WKH ODG�
GHU�GLDJUDP LQVWUXFWLRQV�

EXIIHU $ WHPSRUDU\ VWRUDJH VSDFH IRU GDWD LQ D FRPSXWHUL]HG GHYLFH�

EXLOGLQJ�EORFN 3& $ 3& WKDW LV FRQVWUXFWHG IURP LQGLYLGXDO FRPSRQHQWV� RU ´EXLOGLQJ EORFNV�µ
:LWK EXLOGLQJ�EORFN 3&V� WKHUH LV QR RQH 8QLW WKDW LV LQGHSHQGHQWO\ LGHQWLIL�
DEOH DV D 3&� 7KH 3& LV UDWKHU D IXQFWLRQDO DVVHPEO\ RI FRPSRQHQWV�

EXV EDU 7KH OLQH OHDGLQJ GRZQ WKH OHIW DQG VRPHWLPHV ULJKW VLGH RI D ODGGHU GLDJUDP�
,QVWUXFWLRQ H[HFXWLRQ SURFHHGV GRZQ WKH EXV EDU� ZKLFK LV WKH VWDUWLQJ SRLQW
IRU DOO LQVWUXFWLRQ OLQHV�

FDOO $ SURFHVV E\ ZKLFK LQVWUXFWLRQ H[HFXWLRQ VKLIWV IURP WKH PDLQ SURJUDP WR D
VXEURXWLQH� 7KH VXEURXWLQH PD\ EH FDOOHG E\ DQ LQVWUXFWLRQ RU E\ DQ LQWHUUXSW�

FDUU\ IODJ $ IODJ WKDW LV XVHG ZLWK DULWKPHWLF RSHUDWLRQV WR KROG D FDUU\ IURP DQ DGGLWLRQ
RU PXOWLSOLFDWLRQ RSHUDWLRQ� RU WR LQGLFDWH WKDW WKH UHVXOW LV QHJDWLYH LQ D VXE�
WUDFWLRQ RSHUDWLRQ� 7KH FDUU\ IODJ LV DOVR XVHG ZLWK FHUWDLQ W\SHV RI VKLIW RSHU�
DWLRQV�

FORFN SXOVH $ SXOVH DYDLODEOH DW D FHUWDLQ ELW LQ PHPRU\ IRU XVH LQ WLPLQJ RSHUDWLRQV� 9DUL�
RXV FORFN SXOVHV DUH DYDLODEOH ZLWK GLIIHUHQW SXOVH ZLGWKV�

FORFN SXOVH ELW $ ELW LQ PHPRU\ WKDW VXSSOLHV D SXOVH WKDW FDQ EH XVHG WR WLPH RSHUDWLRQV�
9DULRXV FORFN SXOVH ELWV DUH DYDLODEOH ZLWK GLIIHUHQW SXOVH ZLGWKV� DQG WKHUH�
IRUH GLIIHUHQW IUHTXHQFLHV�

FRQGLWLRQ $Q PHVVDJH SODFHG LQ DQ LQVWUXFWLRQ OLQH WR GLUHFW WKH ZD\ LQ ZKLFK WKH WHUPL�
QDO LQVWUXFWLRQV� RQ WKH ULJKW VLGH� DUH WR EH H[HFXWHG� (DFK FRQGLWLRQ LV DV�
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VLJQHG WR D ELW LQ PHPRU\ WKDW GHWHUPLQHV LWV VWDWXV� 7KH VWDWXV RI WKH ELW DV�
VLJQHG WR HDFK FRQGLWLRQ GHWHUPLQHV� LQ WXUQ� WKH H[HFXWLRQ FRQGLWLRQ IRU HDFK
LQVWUXFWLRQ XS WR D WHUPLQDO LQVWUXFWLRQ RQ WKH ULJKW VLGH RI WKH ODGGHU GLDJUDP�

FRQVWDQW $Q RSHUDQG IRU ZKLFK WKH DFWXDO QXPHULF YDOXH LV VSHFLILHG E\ WKH XVHU� DQG
ZKLFK LV WKHQ VWRUHG LQ D SDUWLFXODU DGGUHVV LQ WKH GDWD PHPRU\�

FRQWURO ELW $ ELW LQ D PHPRU\ DUHD WKDW LV VHW HLWKHU WKURXJK WKH SURJUDP RU YLD D 3UR�
JUDPPLQJ 'HYLFH WR DFKLHYH D VSHFLILF SXUSRVH� H�J�� D 5HVWDUW ELW LV WXUQHG
21 DQG 2)) WR UHVWDUW D 8QLW�

&RQWURO 6\VWHP $OO RI WKH KDUGZDUH DQG VRIWZDUH FRPSRQHQWV XVHG WR FRQWURO RWKHU GHYLFHV�
$ &RQWURO 6\VWHP LQFOXGHV WKH 3& 6\VWHP� WKH 3& SURJUDPV� DQG DOO ,�2 GH�
YLFHV WKDW DUH XVHG WR FRQWURO RU REWDLQ IHHGEDFN IURP WKH FRQWUROOHG V\VWHP�

FRQWUROOHG V\VWHP 7KH GHYLFHV WKDW DUH EHLQJ FRQWUROOHG E\ D 3& 6\VWHP�

FRQWURO VLJQDO $ VLJQDO VHQW IURP WKH 3& WR HIIHFW WKH RSHUDWLRQ RI WKH FRQWUROOHG V\VWHP�

FRXQWHU (LWKHU D GHGLFDWHG QXPEHU RI GLJLWV RU ZRUGV LQ PHPRU\ XVHG WR FRXQW WKH
QXPEHU RI WLPHV D VSHFLILF SURFHVV KDV RFFXUUHG RU D ORFDWLRQ LQ PHPRU\ DF�
FHVVHG WKURXJK D 7& ELW DQG XVHG WR FRXQW WKH QXPEHU RI WLPHV WKH VWDWXV RI
D ELW RU DQ H[HFXWLRQ FRQGLWLRQ KDV FKDQJHG IURP 2)) WR 21�

&38 $Q DFURQ\P IRU FHQWUDO SURFHVVLQJ XQLW� ,Q D 3& 6\VWHP� WKH &38 H[HFXWHV
WKH SURJUDP� SURFHVVHV ,�2 VLJQDOV� FRPPXQLFDWHV ZLWK H[WHUQDO GHYLFHV�
HWF�

&38 %DFNSODQH $ %DFNSODQH XVHG WR FUHDWH D &38 5DFN�

&38 5DFN 3DUW RI D EXLOGLQJ�EORFN 3&� WKH &38 5DFN FRQWDLQV WKH &38� D SRZHU VXS�
SO\� DQG RWKHU 8QLWV� :LWK PRVW 3&V� WKH &38 5DFN LV WKH RQO\ 5DFN WKDW SUR�
YLGHV OLQNDEOH VORWV�

&76 $Q DFURQ\P IRU FOHDU�WR�VHQG� D VLJQDO XVHG LQ FRPPXQLFDWLRQV EHWZHHQ
HOHFWURQLF GHYLFHV WR LQGLFDWH WKDW WKH UHFHLYHU LV UHDG\ WR DFFHSW LQFRPLQJ
GDWD�

GDWD DUHD $Q DUHD LQ WKH 3&·V PHPRU\ WKDW LV GHVLJQHG WR KROG D VSHFLILF W\SH RI GDWD�
H�J�� WKH /5 DUHD LV GHVLJQHG WR KROG FRPPRQ GDWD LQ D 3& /LQN 6\VWHP�
0HPRU\ DUHDV WKDW KROG SURJUDPV DUH QRW FRQVLGHUHG GDWD DUHDV�

GDWD DUHD ERXQGDU\ 7KH KLJKHVW DGGUHVV DYDLODEOH LQ D GDWD DUHD� :KHQ GHVLJQDWLQJ DQ RSHUDQG
WKDW UHTXLUHV PXOWLSOH ZRUGV� LW LV QHFHVVDU\ WKDW WKH KLJKHVW DGGUHVV LQ WKH
GDWD DUHD LV QRW H[FHHGHG�

GDWD VKDULQJ $Q DVSHFW RI 3& /LQN 6\VWHPV DQG RI 'DWD /LQNV LQ 1HW /LQN 6\VWHPV LQ
ZKLFK FRPPRQ GDWD DUHDV RU FRPPRQ GDWD ZRUGV DUH FUHDWHG EHWZHHQ WZR
RU PRUH 3&V�

GHEXJ $ SURFHVV E\ ZKLFK D GUDIW SURJUDP LV FRUUHFWHG XQWLO LW RSHUDWHV DV LQWHQGHG�
'HEXJJLQJ LQFOXGHV ERWK UHPRYDO RI V\QWD[ HUURUV� DV ZHOO DV ILQH�WXQLQJ RI
WLPLQJ DQG FRRUGLQDWLRQ RI FRQWURO RSHUDWLRQV�

GHFLPDO $ QXPEHU V\VWHP ZKHUH DOO QXPEHUV DUH H[SUHVVHG WR WKH EDVH ��� $OWKRXJK
LQ D 3& DOO GDWD LV XOWLPDWHO\ VWRUHG LQ ELQDU\ IRUP� IRXU ELQDU\ ELWV DUH RIWHQ



*ORVVDU\

��

XVHG WR UHSUHVHQW RQH GHFLPDO GLJLW� YLD D V\VWHP FDOOHG ELQDU\�FRGHG GHFL�
PDO�

GHFUHPHQW 'HFUHDVLQJ D QXPHULF YDOXH�

GHIDXOW $ YDOXH DVVXPHG DQG DXWRPDWLFDOO\ VHW E\ WKH 3& ZKHQ D VSHFLILF YDOXH LV
QRW LQSXW E\ WKH XVHU� 0DQ\ GHYLFHV ZLOO DVVXPH VXFK GHIDXOW FRQGLWLRQV XSRQ
WKH DSSOLFDWLRQ RI SRZHU�

GHILQHU $ QXPEHU XVHG DV DQ RSHUDQG IRU DQ LQVWUXFWLRQ EXW WKDW VHUYHV WR GHILQH WKH
LQVWUXFWLRQ LWVHOI UDWKHU WKDW WKH GDWD RQ ZKLFK WKH LQVWUXFWLRQ LV WR RSHUDWH�
'HILQHUV LQFOXGH MXPS QXPEHUV� VXEURXWLQH QXPEHUV� HWF�

GHOLPLWHU $ FDUULDJH UHWXUQ �&5� LQGLFDWLQJ WKH HQG RI WKH FXUUHQW IUDPH ZLWKLQ D PXO�
WL�IUDPH EORFN RI LQIRUPDWLRQ� $ WHUPLQDWRU LQGLFDWHV WKH HQG RI WKH EORFN�

GHVWLQDWLRQ 7KH ORFDWLRQ ZKHUH GDWD LQ DQ LQVWUXFWLRQ LV WR EH SODFHG� DV RSSRVHG WR WKH
ORFDWLRQ IURP ZKLFK GDWD LV WR EH WDNHQ� IRU XVH LQ WKH LQVWUXFWLRQ� 7KH ORFDWLRQ
IURP ZKLFK GDWD LV WR EH WDNHQ LV FDOOHG WKH VRXUFH�

GLIIHUHQWLDWHG LQVWUXFWLRQ $Q LQVWUXFWLRQ WKDW LV H[HFXWHG RQO\ RQFH HDFK WLPH LWV H[HFXWLRQ FRQGLWLRQ
JRHV IURP 2)) WR 21� 1RQGLIIHUHQWLDWHG LQVWUXFWLRQV DUH H[HFXWHG HDFK VFDQ
DV ORQJ DV WKH H[HFXWLRQ FRQGLWLRQ VWD\V 21�

GLIIHUHQWLDWLRQ LQVWUXFWLRQ $Q LQVWUXFWLRQ XVHG WR HQVXUH WKDW WKH RSHUDQG ELW LV QHYHU WXUQHG 21 IRU
PRUH WKDQ RQH VFDQ DIWHU WKH H[HFXWLRQ FRQGLWLRQ JRHV HLWKHU IURP 2)) WR
21 IRU D 'LIIHUHQWLDWH 8S LQVWUXFWLRQ RU IURP 21 WR 2)) IRU D 'LIIHUHQWLDWH
'RZQ LQVWUXFWLRQ�

GLJLW $ XQLW RI VWRUDJH LQ PHPRU\ WKDW FRQVLVWV RI IRXU ELWV�

GLJLW GHVLJQDWRU $Q RSHUDQG WKDW LV XVHG WR GHVLJQDWH WKH GLJLW RU GLJLWV RI D ZRUG WR EH XVHG
E\ DQ LQVWUXFWLRQ�

GLVWULEXWHG FRQWURO $Q DXWRPDWLRQ FRQFHSW LQ ZKLFK FRQWURO RI HDFK SRUWLRQ RI DQ DXWRPDWHG V\V�
WHP LV ORFDWHG QHDU WKH GHYLFHV DFWXDOO\ EHLQJ FRQWUROOHG� L�H�� FRQWURO LV GH�
FHQWUDOL]HG DQG ¶GLVWULEXWHG· RYHU WKH V\VWHP� 'LVWULEXWHG FRQWURO LV D FRQFHSW
EDVLF WR 3& 6\VWHPV�

'0 DUHD $ GDWD DUHD XVHG WR KROG ZRUG GDWD� $ ZRUG LQ WKH '0 DUHD FDQQRW EH DF�
FHVVHG ELW E\ ELW�

GRZQORDG 7KH SURFHVV RI WUDQVIHUULQJ D SURJUDP RU GDWD IURP D KLJKHU�OHYHO FRPSXWHU
WR D ORZHU�OHYHO FRPSXWHU RU 3&�

HOHFWULFDO QRLVH 6SXULRXV VLJQDOV VXSHULPSRVHG RQ D WUDQVPLWWHG VLJQDO ZKLFK FDQ FDXVH HU�
URUV LQ FRPPXQLFDWLRQV VLJQDOV� )DOVH WULJJHULQJ RI LQSXWV RU RXWSXWV� DQG
HYHQ FRPSRQHQW EUHDNGRZQ LI WKH QRLVH VLJQDO LV YHU\ ODUJH�

HUURU FRGH $ QXPHULF FRGH RXWSXW WR LQGLFDWH WKH H[LVWHQFH� DQG VRPHWKLQJ DERXW WKH
QDWXUH� RI DQ HUURU� 6RPH HUURU FRGHV DUH JHQHUDWHG E\ WKH V\VWHP� RWKHUV
DUH GHILQHG LQ WKH SURJUDP E\ WKH RSHUDWRU�

H[FOXVLYH 25 $ ORJLF RSHUDWLRQ ZKHUHE\ WKH UHVXOW LV WUXH LI RQH DQG RQO\ RQH RI WKH SUHP�
LVHV LV WUXH� ,Q ODGGHU�GLDJUDP SURJUDPPLQJ WKH SUHPLVHV DUH XVXDOO\ 21�
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2)) VWDWHV RI ELWV� RU WKH ORJLFDO FRPELQDWLRQ RI VXFK VWDWHV� FDOOHG H[HFXWLRQ
FRQGLWLRQV�

H[FOXVLYH 125 $ ORJLF RSHUDWLRQ ZKHUHE\ WKH UHVXOW LV WUXH LI DQG RQO\ LI ERWK RI WKH SUHPLVHV
DUH WUXH RU ERWK RI WKH SUHPLVHV DUH IDOVH� ,Q ODGGHU�GLDJUDP SURJUDPPLQJ
WKH SUHPLVHV DUH XVXDOO\ 21�2)) VWDWHV RI ELWV� RU WKH ORJLFDO FRPELQDWLRQ RI
VXFK VWDWHV� FDOOHG H[HFXWLRQ FRQGLWLRQV�

H[HFWLRQ FRQGLWLRQ 7KH 21 RU 2)) VWDWXV XQGHU ZKLFK DQ LQVWUXFWLRQ LV H[HFXWHG� 7KH H[HFXWLRQ
FRQGLWLRQ LV GHWHUPLQHG E\ WKH ORJLFDO FRPELQDWLRQ RI FRQGLWLRQV RQ WKH VDPH
LQVWUXFWLRQ OLQH DQG XS WR WKH LQVWUXFWLRQ EHLQJ H[HFXWHG�

H[HFXWLRQ WLPH 7KH WLPH UHTXLUHG IRU WKH &38 WR H[HFXWH HLWKHU DQ LQGLYLGXDO LQVWUXFWLRQ RU
DQ HQWLUH SURJUDP�

([SDQVLRQ ,�2 %DFNSODQH $ %DFNSODQH XVHG WR FUHDWH DQ ([SDQVLRQ ,�2 5DFN�

([SDQVLRQ ,�2 5DFN 3DUW RI D EXLOGLQJ�EORFN 3&� DQ ([SDQVLRQ ,�2 5DFN LV FRQQHFWHG WR HLWKHU D
&38 5DFN RU DQRWKHU ([SDQVLRQ ,�2 5DFN WR LQFUHDVH WKH QXPEHU RI VORWV
DYDLODEOH IRU PRXQWLQJ 8QLWV�

H[WHQGHG FRXQWHU $ FRXQWHU FUHDWHG LQ D SURJUDP WKDW FRXQWV KLJKHU WKDQ DQ\ RI WKH VWDQGDUG
FRXQWHUV SURYLGHG E\ WKH LQGLYLGXDO LQVWUXFWLRQV�

H[WHQWHG WLPHU $ WLPHU FUHDWHG LQ D SURJUDP WKDW WLPHV ORQJHU WKDQ DQ\ RI WKH VWDQGDUG WLP�
HUV SURYLGHG E\ WKH LQGLYLGXDO LQVWUXFWLRQV�

)DFWRU\ ,QWHOOLJHQW 7HUPLQDO $ SURJUDPPLQJ GHYLFH SURYLGHG ZLWK DGYDQFHG SURJUDPPLQJ DQG GHEXJJLQJ
FDSDELOLWLHV WR IDFLOLWDWH 3& RSHUDWLRQ� 7KH )DFWRU\ ,QWHOOLJHQW 7HUPLQDO DOVR
SURYLGHV YDULRXV LQWHUIDFHV IRU H[WHUQDO GHYLFHV� VXFK DV IORSS\ GLVN GULYHV�

IDWDO HUURU $Q HUURU WKDW ZLOO VWRS 3& RSHUDWLRQ DQG UHTXLUH FRUUHFWLRQ EHIRUH RSHUDWLRQ
FDQ EH FRQWLQXHG�

)&6 $FURQ\P IRU IUDPH FKHFN VHTXHQFH�

),7 $EEUHYLDWLRQ IRU )DFWRU\ ,QWHOOLJHQW 7HUPLQDO�

IODJ $ GHGLFDWHG ELW LQ PHPRU\ WKDW LV VHW E\ WKH V\VWHP WR LQGLFDWH VRPH W\SH RI
RSHUDWLQJ VWDWXV� 6RPH IODJV� VXFK DV WKH FDUU\ IODJ� FDQ DOVR EH VHW E\ WKH
RSHUDWRU RU SURJUDP�

IOLFNHU ELW $ ELW WKDW LV SURJUDPPHG WR WXUQ 21 DQG 2)) DW D VSHFLILF IUHTXHQF\�

IORDWLQJ SRLQW GHFLPDO $ GHFLPDO QXPEHU H[SUHVVHG DV D QXPEHU EHWZHHQ � DQG � �WKH PDQWLVVD�
PXOWLSOLHG E\ D SRZHU RI ��� H�J�� ����� [ ��ï��

)ORSS\ 'LVN ,QWHUIDFH 8QLW $ 8QLW XVHG WR LQWHUIDFH D IORSS\ GLVN GULYH WR D 3& VR WKDW SURJUDPV DQG�RU
GDWD FDQ EH VWRUHG RQ IORSS\ GLVNV�

)0 DUHD $ PHPRU\ DUHD ORFDWHG LQ D )LOH 0HPRU\ 8QLW XVHG WR VWRUH�EDFNXS SURJUDPV
DQG�RU GDWD�

IRUFH UHVHW 7KH SURFHVV RI IRUFLEO\ WXUQLQJ 2)) D ELW YLD D SURJUDPPLQJ GHYLFH� %LWV DUH
XVXDOO\ WXUQHG 2)) DV D UHVXOW RI SURJUDP H[HFXWLRQ�
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IRUFH VHW 7KH SURFHVV RI IRUFLEO\ WXUQLQJ 21 D ELW YLD D SURJUDPPLQJ GHYLFH� %LWV DUH
XVXDOO\ WXUQHG 21 DV D UHVXOW RI SURJUDP H[HFXWLRQ�

IXQFWLRQ FRGH $ WZR�GLJLW QXPEHU XVHG WR LQSXW DQ LQVWUXFWLRQ LQWR WKH 3&�

*3& $FURQ\P IRU *UDSKLF 3URJUDPPLQJ &RQVROH�

$ SURJUDPPLQJ GHYLFH SURYLGHG ZLWK DGYDQFHG SURJUDPPLQJ DQG GHEXJJLQJ
FDSDELOLWLHV WR IDFLOLWDWH 3& RSHUDWLRQ� $ *UDSKLF 3URJUDPPLQJ &RQVROH LV
SURYLGHG ZLWK D ODUJH GLVSOD\ RQWR ZKLFK ODGGHU�GLDJUDP SURJUDPV FDQ EH
ZULWWHQ GLUHFWO\ LQ ODGGHU�GLDJUDP V\PEROV IRU LQSXW LQWR WKH 3& ZLWKRXW FRQ�
YHUVLRQ WR PQHPRQLF IRUP�

KDUGZDUH HUURU $Q HUURU RULJLQDWLQJ LQ WKH KDUGZDUH VWUXFWXUH �HOHFWURQLF FRPSRQHQWV� RI WKH
3&� DV RSSRVHG WR D VRIWZDUH HUURU� ZKLFK RULJLQDWHV LQ VRIWZDUH �L�H�� SUR�
JUDPV��

KH[DGHFLPDO $ QXPEHU V\VWHP ZKHUH DOO QXPEHUV DUH H[SUHVVHG WR WKH EDVH ��� $OWKRXJK
LQ D 3& DOO GDWD LV XOWLPDWHO\ VWRUHG LQ ELQDU\ IRUP� GLVSOD\V RQ DQG LQSXWV
WKURXJK 3URJUDPPLQJ 'HYLFHV DUH RIWHQ H[SUHVVHG LQ KH[DGHFLPDO WR IDFLOL�
WDWH RSHUDWLRQ� (DFK JURXS RI IRXU ELQDU\ ELWV LV QXPHULFDOO\ HTXLYDOHQW WR RQH
KH[DGHFLPDO GLJLW�

+RVW /LQN 6\VWHP 2QH RU PRUH KRVW FRPSXWHUV FRQQHFWHG WR RQH RU PRUH 3&V WKURXJK +RVW
/LQN 8QLWV VR WKDW WKH KRVW FRPSXWHU FDQ EH XVHG WR WUDQVIHU GDWD WR� DQG WR
UHFHLYH GDWD IURP� WKH 3&�V�� +RVW /LQN 6\VWHPV HQDEOH FHQWUDOL]HG PDQDJH�
PHQW DQG FRQWURO RI 3& 6\VWHPV�

+RVW /LQN 8QLW $Q LQWHUIDFH XVHG WR FRQQHFW D 3& WR D KRVW FRPSXWHU LQ D +RVW /LQN 6\VWHP�

KRVW FRPSXWHU $ FRPSXWHU WKDW LV XVHG WR WUDQVIHU GDWD RU SURJUDPV WR RU UHFHLYH GDWD RU
SURJUDPV IURP D 3& LQ D +RVW /LQN 6\VWHP� 7KH KRVW FRPSXWHU LV XVHG IRU
GDWD PDQDJHPHQW DQG RYHUDOO V\VWHP FRQWURO� +RVW FRPSXWHUV DUH JHQHUDOO\
SHUVRQDO RU EXVLQHVV FRPSXWHUV�

+5 DUHD $ GDWD DUHD XVHG WR VWRUH DQG PDQLSXODWH GDWD� DQG WR SUHVHUYH GDWD ZKHQ
SRZHU WR WKH 3& LV WXUQHG 2))�

LQFUHPHQW ,QFUHDVLQJ D QXPHULF YDOXH�

LQGLUHFW DGGUHVV $Q DGGUHVV ZKRVH FRQWHQWV LQGLFDWHV DQRWKHU DGGUHVV� 7KH FRQWHQWV RI WKH
VHFRQG DGGUHVV ZLOO EH XVHG DV WKH RSHUDQG� ,QGLUHFW DGGUHVVLQJ LV SRVVLEOH
LQ WKH '0 DUHD RQO\ �

LQLWLDOL]DWLRQ HUURU $Q HUURU WKDW RFFXUV HLWKHU LQ KDUGZDUH RU VRIWZDUH GXULQJ WKH 3& 6\VWHP
VWDUWXS� L�H�� GXULQJ LQLWLDOL]DWLRQ�

LQLWLDOL]H 3DUW RI WKH VWDUWXS SURFHVV ZKHUHE\ VRPH PHPRU\ DUHDV DUH FOHDUHG� V\VWHP
VHWXS LV FKHFNHG� DQG GHIDXOW YDOXHV DUH VHW�

LQSXW 7KH VLJQDO FRPLQJ IURP DQ H[WHUQDO GHYLFH LQWR WKH 3&� 7KH WHUP LQSXW LV RI�
WHQ XVHG DEVWUDFWO\ RU FROOHFWLYHO\ WR UHIHU WR LQFRPLQJ VLJQDOV�

LQSXW ELW $ ELW LQ WKH ,5 DUHD WKDW LV DOORFDWHG WR KROG WKH VWDWXV RI DQ LQSXW�

*UDSKLF 3URJUDPPLQJ
&RQVROH



*ORVVDU\

��

LQSXW GHYLFH $Q H[WHUQDO GHYLFH WKDW VHQGV VLJQDOV LQWR WKH 3& 6\VWHP�

LQSXW SRLQW 7KH SRLQW DW ZKLFK DQ LQSXW HQWHUV WKH 3& 6\VWHP� ,QSXW SRLQWV FRUUHVSRQG
SK\VLFDOO\ WR WHUPLQDOV RU FRQQHFWRU SLQV�

LQSXW VLJQDO $ FKDQJH LQ WKH VWDWXV RI D FRQQHFWLRQ HQWHULQJ WKH 3&� *HQHUDOO\ DQ LQSXW
VLJQDO LV VDLG WR H[LVW ZKHQ� IRU H[DPSOH� D FRQQHFWLRQ SRLQW JRHV IURP ORZ WR
KLJK YROWDJH RU IURP D QRQFRQGXFWLYH WR D FRQGXFWLYH VWDWH�

LQVWUXFWLRQ $ GLUHFWLRQ JLYHQ LQ WKH SURJUDP WKDW WHOOV WKH 3& RI DQ DFWLRQ WR EH FDUULHG
RXW� DQG ZKLFK GDWD LV WR EH XVHG LQ FDUU\LQJ RXW WKH DFWLRQ� ,QVWUXFWLRQV FDQ
EH XVHG WR VLPSO\ WXUQ D ELW 21 RU 2))� RU WKH\ FDQ SHUIRUP PXFK PRUH FRP�
SOH[ DFWLRQV� VXFK DV FRQYHUWLQJ DQG�RU WUDQVIHUULQJ ODUJH EORFNV RI GDWD�

LQVWUXFWLRQ EORFN $ JURXS RI LQVWUXFWLRQV WKDW LV ORJLFDOO\ UHODWHG LQ D ODGGHU�GLDJUDP SURJUDP�
$OWKRXJK DQ\ ORJLFDOO\ UHODWHG JURXS RI LQVWUXFWLRQV FRXOG EH FDOOHG DQ LQVWUXF�
WLRQ EORFN� WKH WHUP LV JHQHUDOO\ XVHG WR UHIHU WR EORFNV RI LQVWUXFWLRQV FDOOHG
ORJLF EORFNV WKDW UHTXLUH ORJLF EORFN LQVWUXFWLRQV WR UHODWH WKHP WR RWKHU LQ�
VWUXFWLRQV RU ORJLF EORFNV�

LQVWUXFWLRQ H[HFXWLRQ WLPH 7KH WLPH UHTXLUHG WR H[HFXWH DQ LQVWUXFWLRQ� 7KH H[HFXWLRQ WLPH IRU DQ\ RQH
LQVWUXFWLRQ FDQ YDU\ ZLWK WKH H[HFXWLRQ FRQGLWLRQV IRU WKH LQVWUXFWLRQ DQG WKH
RSHUDQGV XVHG ZLWKLQ LW�

LQVWUXFWLRQ OLQH $ JURXS RI FRQGLWLRQV WKDW OLH WRJHWKHU RQ WKH VDPH KRUL]RQWDO OLQH RI D ODGGHU
GLDJUDP� ,QVWUXFWLRQ OLQHV FDQ EUDQFK DSDUW RU MRLQ WRJHWKHU WR IRUP LQVWUXFWLRQ
EORFNV�

,QWHOOLJHQW ,�2 8QLW $ 8QLW� VXFK DV DQ $6&,, 8QLW RU /DGGHU 'LDJUDP ,�2 8QLW� WKDW LV HTXLSSHG
ZLWK LWV RZQ &38 DQG FDQ EH SURJUDPPHG�

LQWHUIDFH $Q LQWHUIDFH LV WKH FRQFHSWXDO ERXQGDU\ EHWZHHQ V\VWHPV RU GHYLFHV DQG
XVXDOO\ LQYROYHV FKDQJHV LQ WKH ZD\ WKH FRPPXQLFDWHG GDWD LV UHSUHVHQWHG�
,QWHUIDFH GHYLFHV VXFK DV 16%V SHUIRUP RSHUDWLRQV OLNH FKDQJLQJ WKH FRGLQJ�
IRUPDW� RU VSHHG RI WKH GDWD�

LQWHUORFN $ SURJUDPPLQJ PHWKRG XVHG WR WUHDW D QXPEHU RI LQVWUXFWLRQV DV D JURXS VR
WKDW WKH HQWLUH JURXS FDQ EH UHVHW WRJHWKHU ZKHQ LQGLYLGXDO H[HFXWLRQ LV QRW
UHTXLUHG� $Q LQWHUORFNHG SURJUDP VHFWLRQ LV H[HFXWHG QRUPDOO\ IRU DQ 21 H[�
HFXWLRQ FRQGLWLRQ DQG SDUWLDOO\ UHVHW IRU DQ 2)) H[HFXWLRQ FRQGLWLRQ�

LQWHUUXSW �VLJQDO� $ VLJQDO WKDW VWRSV QRUPDO SURJUDP H[HFXWLRQ DQG FDXVHV D VXEURXWLQH WR EH
UXQ�

,QWHUUXSW ,QSXW 8QLW $ 5DFN�PRXQWLQJ 8QLW XVHG WR LQSXW H[WHUQDO LQWHUUXSWV LQWR D 3& 6\VWHP�

LQYHUVH FRQGLWLRQ $ FRQGLWLRQ WKDW SURGXFHV DQ 21 H[HFXWLRQ FRQGLWLRQ ZKHQ WKH ELW DVVLJQHG
WR LW LV 2))� DQG DQ 2)) H[HFXWLRQ FRQGLWLRQ ZKHQ WKH ELW DVVLJQHG WR LW LV
21�

,�2 FDSDFLW\ 7KH QXPEHU RI LQSXWV DQG RXWSXWV WKDW D 3& LV DEOH WR KDQGOH� 7KLV QXPEHU
UDQJHV IURP DURXQG RQH KXQGUHG IRU VPDOOHU 3&V� WR WZR WKRXVDQG IRU WKH
ODUJHVW RQHV�

,�2 &RQWURO 8QLW $ 8QLW PRXQWHG WR WKH &38 5DFN LQ FHUWDLQ 3&V WR PRQLWRU DQG FRQWURO ,�2
SRLQWV RQ ([SDQVLRQ ,�2 8QLWV�
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,�2 GHYLFHV 7KH GHYLFHV WR ZKLFK WHUPLQDOV RQ ,�2 8QLWV� 6SHFLDO ,�2 8QLWV� RU ,QWHOOLJHQW
,�2 8QLWV DUH FRQQHFWHG� ,�2 GHYLFHV PD\ EH HLWKHU SDUW RI WKH &RQWURO 6\V�
WHP� LI WKH\ IXQFWLRQ WR KHOS FRQWURO RWKHU GHYLFHV� RU WKH\ PD\ EH SDUW RI WKH
FRQWUROOHG V\VWHP�

,�2 ,QWHUIDFH 8QLW $ 8QLW PRXQWHG WR DQ ([SDQVLRQ ,�2 5DFN LQ FHUWDLQ 3&V WR LQWHUIDFH WKH ([�
SDQVLRQ ,�2 5DFN WR WKH &38 5DFN�

,�2 /LQN &UHDWHG LQ DQ 2SWLFDO 5HPRWH ,�2 6\VWHP WR HQDEOH LQSXW�RXWSXW RI RQH RU
WZR ,5 ZRUGV GLUHFWO\ EHWZHHQ 3&V� 7KH ZRUGV DUH LQSXW�RXWSXW EHWZHHQ WKH
3& FRQWUROOLQJ WKH 0DVWHU DQG D 3& FRQQHFWHG WR WKH 5HPRWH ,�2 6\VWHP
WKURXJK DQ ,�2 /LQN 8QLW RU DQ ,�2 /LQN 5DFN�

,�2 /LQN 8QLW $ 8QLW XVHG ZLWK FHUWDLQ 3&V WR FUHDWH DQ ,�2 /LQN LQ DQ 2SWLFDO 5HPRWH ,�2
6\VWHP�

,�2 SRLQW 7KH SODFH DW ZKLFK DQ LQSXW VLJQDO HQWHUV WKH 3& 6\VWHP� RU DW ZKLFK DQ RXW�
SXW VLJQDO OHDYHV WKH 3& 6\VWHP� ,Q SK\VLFDO WHUPV� ,�2 SRLQWV FRUUHVSRQG WR
WHUPLQDOV RU FRQQHFWRU SLQV RQ D 8QLW� LQ WHUPV RI SURJUDPPLQJ� DQ ,�2 SRLQWV
FRUUHVSRQG WR ,�2 ELWV LQ WKH ,5 DUHD�

,�2 UHVSRQVH WLPH 7KH WLPH UHTXLUHG IRU DQ RXWSXW VLJQDO WR EH VHQW IURP WKH 3& LQ UHVSRQVH WR
DQ LQSXW VLJQDO UHFHLYHG IURP DQ H[WHUQDO GHYLFH�

,�2 WDEOH $ WDEOH FUHDWHG ZLWKLQ WKH PHPRU\ RI WKH 3& WKDW OLVWV WKH ,5 DUHD ZRUGV DOOR�
FDWHG WR HDFK 8QLW LQ WKH 3& 6\VWHP� 7KH ,�2 WDEOH FDQ EH FUHDWHG E\� RU PR�
GLILHG IURP� D 3URJUDPPLQJ 'HYLFH�

,�2 8QLW 7KH PRVW EDVLF W\SH RI 8QLW PRXQWHG WR D EDFNSODQH WR FUHDWH D 5DFN� ,�2
8QLWV LQFOXGH ,QSXW 8QLWV DQG 2XWSXW 8QLWV� HDFK RI ZKLFK LV DYDLODEOH LQ D
UDQJH RI VSHFLILFDWLRQV� ,�2 8QLWV GR QRW LQFOXGH 6SHFLDO ,�2 8QLWV� /LQN 8QLWV�
HWF�

,�2 ZRUG $ ZRUG LQ WKH ,5 DUHD WKDW LV DOORFDWHG WR D 8QLW LQ WKH 3& 6\VWHP�

,5 DUHD $ GDWD DUHD ZKRVH SULQFLSDO IXQFWLRQ LV WR KROG WKH VWDWXV RI LQSXWV FRPLQJ
LQWR WKH V\VWHP DQG WKDW RI RXWSXWV WKDW DUH WR EH VHW RXW RI WKH V\VWHP� %LWV
DQG ZRUGV LQ WKH ,5 WKDW DUH XVHG WKLV ZD\ DUH FDOOHG ,�2 ELWV DQG ,�2 ZRUGV�
7KH UHPDLQLQJ ELWV LQ WKH ,5 DUHD DUH ZRUN ELWV�

-,6 $FURQ\P IRU -DSDQHVH ,QGXVWULDO 6WDQGDUGV�

MXPS $ W\SH RI SURJUDPPLQJ ZKHUH H[HFXWLRQ PRYHV GLUHFWO\ IURP RQH SRLQW LQ D
SURJUDP WR DQRWKHU� ZLWKRXW VHTXHQWLDOO\ H[HFXWLQJ DQ\ LQVWUXFWLRQV LQEH�
WZHHQ� -XPSV DUH XVXDOO\ FRQGLWLRQDO RQ DQ H[HFXWLRQ FRQGLWLRQ�

MXPS QXPEHU $ GHILQHU XVHG ZLWK D MXPS WKDW GHILQHV WKH SRLQWV IURP DQG WR ZKLFK D MXPS
LV WR EH PDGH�

ODGGHU GLDJUDP �SURJUDP� $ IRUP RI SURJUDP DULVLQJ RXW RI UHOD\�EDVHG FRQWURO V\VWHPV WKDW XVHV FLU�
FXLW�W\SH GLDJUDPV WR UHSUHVHQW WKH ORJLF IORZ RI SURJUDPPLQJ LQVWUXFWLRQV�
7KH DSSHDUDQFH RI WKH SURJUDP LV VLPLODU WR D ODGGHU� DQG WKXV WKH QDPH�

ODGGHU GLDJUDP V\PERO $ V\PERO XVHG LQ D ODGGHU�GLDJUDP SURJUDP�
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ODGGHU LQVWUXFWLRQ $Q LQVWUXFWLRQ WKDW UHSUHVHQWV WKH ¶UXQJ· SRUWLRQ RI D ODGGHU�GLDJUDP SURJUDP�
7KH RWKHU LQVWUXFWLRQV LQ D ODGGHU GLDJUDP IDOO DORQJ WKH ULJKW VLGH RI WKH GLD�
JUDP DQG DUH FDOOHG WHUPLQDO LQVWUXFWLRQV�

/DGGHU 6XSSRUW 6RIWZDUH $ VRIWZDUH SDFNDJH WKDW SURYLGHV PRVW RI WKH IXQFWLRQV RI WKH )DFWRU\ ,QWHOOL�
JHQW 7HUPLQDO RQ DQ ,%0 $7� ,%0 ;7� RU FRPSDWLEOH FRPSXWHU�

/$1 $Q DFURQ\P IRU ORFDO DUHD QHWZRUN�

OHIWPRVW �ELW�ZRUG� 7KH KLJKHVW QXPEHUHG ELWV RI D JURXS RI ELWV� JHQHUDOO\ RI DQ HQWLUH ZRUG� RU
WKH KLJKHVW QXPEHUHG ZRUGV RI D JURXS RI ZRUGV� 7KHVH ELWV�ZRUGV DUH RIWHQ
FDOOHG PRVW�VLJQLILFDQW ELWV�ZRUGV�

/LQN $GDSWHU $ 8QLW XVHG WR FRQQHFW FRPPXQLFDWLRQV OLQHV� HLWKHU WR EUDQFK WKH OLQHV RU WR
FRQYHUW EHWZHHQ GLIIHUHQW W\SHV RI FDEOH� 7KHUH DUH WZR W\SHV RI /LQN
$GDSWHU� %UDQFKLQJ /LQN $GDSWHUV DQG &RQYHUWLQJ /LQN $GDSWHUV�

OLQN $ KDUGZDUH RU VRIWZDUH FRQQHFWLRQ IRUPHG EHWZHHQ WZR 8QLWV� ´/LQNµ FDQ
UHIHU HLWKHU WR D SDUW RI WKH SK\VLFDO FRQQHFWLRQ EHWZHHQ WZR 8QLWV �H�J�� RSWL�
FDO OLQNV LQ :LUHG 5HPRWH ,�2 6\VWHPV� RU D VRIWZDUH FRQQHFWLRQ FUHDWHG WR
GDWD H[LVWLQJ DW DQRWKHU ORFDWLRQ �1HWZRUN 'DWD /LQNV��

OLQNDEOH VORW $ VORW RQ HLWKHU D &38 RU ([SDQVLRQ ,�2 %DFNSODQH WR ZKLFK D /LQN 8QLW FDQ
EH PRXQWHG� %DFNSODQHV GLIIHU LQ WKH VORWV WR ZKLFK /LQN 8QLWV FDQ EH
PRXQWHG�

/LQN 6\VWHP $ V\VWHP WKDW LQFOXGHV RQH RU PRUH RI WKH IROORZLQJ V\VWHPV� 5HPRWH ,�2
6\VWHP� 3& /LQN 6\VWHP� +RVW /LQN 6\VWHP� RU 1HW /LQN 6\VWHP�

/LQN 8QLW $Q\ RI WKH 8QLWV XVHG WR FRQQHFW D 3& WR D /LQN 6\VWHP� 7KHVH DUH 5HPRWH
,�2 8QLWV� ,�2 /LQN 8QLWV� 3& /LQN 8QLWV� +RVW /LQN 8QLWV� DQG 1HW /LQN 8QLWV�

ORDG 7KH SURFHVVHV RI FRS\LQJ GDWD HLWKHU IURP DQ H[WHUQDO GHYLFH RU IURP D VWRU�
DJH DUHD WR DQ DFWLYH SRUWLRQ RI WKH V\VWHP VXFK DV D GLVSOD\ EXIIHU� $OVR� DQ
RXWSXW GHYLFH FRQQHFWHG WR WKH 3& LV FDOOHG D ORDG�

ORFDO DUHD QHWZRUN $ QHWZRUN FRQVLVWLQJ RI QRGHV RU SRVLWLRQV LQ D ORRS DUUDQJHPHQW� (DFK QRGH
FDQ EH DQ\ RQH RI D QXPEHU RI GHYLFHV� ZKLFK FDQ WUDQVIHU GDWD WR DQG IURP
HDFK RWKHU�

ORJLF EORFN $ JURXS RI LQVWUXFWLRQV WKDW LV ORJLFDOO\ UHODWHG LQ D ODGGHU�GLDJUDP SURJUDP
DQG WKDW UHTXLUHV ORJLF EORFN LQVWUXFWLRQV WR UHODWH LW WR RWKHU LQVWUXFWLRQV RU
ORJLF EORFNV�

ORJLF EORFN LQVWUXFWLRQ $Q LQVWUXFWLRQ XVHG WR ORFDOO\ FRPELQH WKH H[HFXWLRQ FRQGLWLRQ UHVXOWLQJ IURP
D ORJLF EORFN ZLWK D FXUUHQW H[HFXWLRQ FRQGLWLRQ� 7KH FXUUHQW H[HFXWLRQ FRQGL�
WLRQ FRXOG EH WKH UHVXOW RI D VLQJOH FRQGLWLRQ� RU RI DQRWKHU ORJLF EORFN� $1'
/RDG DQG 25 /RDG DUH WKH WZR ORJLF EORFN LQVWUXFWLRQV�

ORJLF LQVWUXFWLRQ ,QVWUXFWLRQV XVHG WR ORJLFDOO\ FRPELQH WKH FRQWHQW RI WZR ZRUGV DQG RXWSXW
WKH ORJLFDO UHVXOWV WR D VSHFLILHG UHVXOW ZRUG� 7KH ORJLF LQVWUXFWLRQV FRPELQH
DOO WKH VDPH�QXPEHUHG ELWV LQ WKH WZR ZRUGV DQG RXWSXW WKH UHVXOW WR WKH ELW RI
WKH VDPH QXPEHU LQ WKH VSHFLILHG UHVXOW ZRUG�

ORRS $ JURXS RI LQVWUXFWLRQV WKDW FDQ EH H[HFXWHG PRUH WKDQ RQFH LQ VXFFHVVLRQ
�L�H�� UHSHDWHG� GHSHQGLQJ RQ DQ H[HFXWLRQ FRQGLWLRQ RU ELW VWDWXV�
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/5 DUHD $ GDWD DUHD WKDW LV XVHG LQ D 3& /LQN 6\VWHP VR WKDW GDWD FDQ EH WUDQVIHUUHG
EHWZHHQ WZR RU PRUH 3&V� ,I D 3& /LQN 6\VWHP LV QRW XVHG� WKH /5 DUHD LV
DYDLODEOH IRU XVH DV ZRUN ELWV�

/66 $EEUHYLDWLRQ IRU /DGGHU 6XSSRUW 6RIWZDUH�

PDLQ SURJUDP $OO RI D SURJUDP H[FHSW IRU WKH VXEURXWLQHV�

PDVNLQJ ¶&RYHULQJ· DQ LQWHUUXSW VLJQDO VR WKDW WKH LQWHUUXSW LV QRW HIIHFWLYH XQWLO WKH
PDVN LV UHPRYHG�

0DVWHU 6KRUW IRU 5HPRWH ,�2 0DVWHU 8QLW�

PHPRU\ DUHD $Q\ RI WKH DUHDV LQ WKH 3& XVHG WR KROG GDWD RU SURJUDPV�

PQHPRQLF FRGH $ IRUP RI D ODGGHU�GLDJUDP SURJUDP WKDW FRQVLVWV RI D VHTXHQWLDO OLVW RI WKH
LQVWUXFWLRQV ZLWKRXW XVLQJ D ODGGHU GLDJUDP� 0QHPRQLF FRGH LV UHTXLUHG WR
LQSXW D SURJUDP LQWR D 3& ZKHQ XVLQJ D 3URJUDPPLQJ &RQVROH�

021,725 PRGH $ PRGH RI 3& RSHUDWLRQ LQ ZKLFK QRUPDO SURJUDP H[HFXWLRQ LV SRVVLEOH� DQG
ZKLFK DOORZV PRGLILFDWLRQ RI GDWD KHOG LQ PHPRU\� 8VHG IRU PRQLWRULQJ RU GH�
EXJJLQJ WKH 3&�

PRVW�VLJQLILFDQW �ELW�ZRUG� 6HH OHIWPRVW �ELW�ZRUG��

1& LQSXW $Q LQSXW WKDW LV QRUPDOO\ FORVHG� L�H�� WKH LQSXW VLJQDO LV FRQVLGHUHG WR EH
SUHVHQW ZKHQ WKH FLUFXLW FRQQHFWHG WR WKH LQSXW RSHQV�

QHVW 3URJUDPPLQJ RQH ORRS ZLWKLQ DQRWKHU ORRS� SURJUDPPLQJ D FDOO WR D VXEURX�
WLQH ZLWKLQ DQRWKHU VXEURXWLQH� RU SURJUDPPLQJ DQ ,)ï(/6( SURJUDPPLQJ
VHFWLRQ ZLWKLQ DQRWKHU ,)ï(/6( VHFWLRQ�

1HW /LQN 6\VWHP $Q RSWLFDO /$1 IRUPHG IURP 3&V FRQQHFWHG WKURXJK 1HW /LQN 8QLWV� $ 1HW
/LQN 6\VWHP DOVR QRUPDOO\ FRQWDLQV QRGHV LQWHUIDFLQJ FRPSXWHUV DQG RWKHU
SHULSKHUDO GHYLFHV� 3&V LQ WKH 1HW /LQN 6\VWHP FDQ SDVV GDWD EDFN DQG IRUWK�
UHFHLYH FRPPDQGV IURP DQ\ LQWHUIDFHG FRPSXWHU� DQG VKDUH DQ\ LQWHUIDFHG
SHULSKHUDO GHYLFH�

1HW /LQN 8QLW 7KH 8QLW XVHG WR FRQQHFW 3&V WR D 1HW /LQN 6\VWHP� 7KH IXOO QDPH LV ´6<6�
0$& 1HW /LQN 8QLW�µ

1HWZRUN 6HUYLFH %RDUG $ GHYLFH ZLWK DQ LQWHUIDFH WR FRQQHFW GHYLFHV RWKHU WKDQ 3&V WR D 1HW /LQN
6\VWHP�

1HWZRUN 6HUYLFH 8QLW $ 8QLW WKDW SURYLGHV WZR LQWHUIDFHV WR FRQQHFW SHULSKHUDO GHYLFHV WR D 1HW
/LQN 6\VWHP�

QRGH 2QH RI WKH SRVLWLRQV LQ D /$1� (DFK QRGH LQFRUSRUDWHV D GHYLFH WKDW FDQ
FRPPXQLFDWH ZLWK WKH GHYLFHV DW DOO RI WKH RWKHU QRGHV� 7KH GHYLFH DW D QRGH
LV LGHQWLILHG E\ WKH QRGH QXPEHU� 2QH ORRS RI D 1HW /LQN 6\VWHP �20521·V
/$1� FDQ FRQVLVW RI XS WR ��� QRGHV� (DFK QRGH LV RFFXSLHG E\ D 1HW /LQN
8QLW PRXQWHG WR D 3& RU D GHYLFH SURYLGLQJ DQ LQWHUIDFH WR D FRPSXWHU RU
RWKHU SHULSKHUDO GHYLFH�

12 LQSXW $Q LQSXW WKDW LV QRUPDOO\ RSHQ� L�H�� WKH LQSXW VLJQDO LV FRQVLGHUHG WR EH SUHV�
HQW ZKHQ WKH FLUFXLW FRQQHFWHG WR WKH LQSXW FORVHV�
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QRLVH LQWHUIHUHQFH 'LVWXUEDQFHV LQ VLJQDOV FDXVHG E\ HOHFWULFDO QRLVH�

QRQIDWDO HUURU $ KDUGZDUH RU VRIWZDUH HUURU WKDW SURGXFHV D ZDUQLQJ EXW GRHV QRW VWRS WKH
3& IURP RSHUDWLQJ�

QRUPDO FRQGLWLRQ $ FRQGLWLRQ WKDW SURGXFHV DQ 21 H[HFXWLRQ FRQGLWLRQ ZKHQ WKH ELW DVVLJQHG
WR LW LV 21� DQG DQ 2)) H[HFXWLRQ FRQGLWLRQ ZKHQ WKH ELW DVVLJQHG WR LW LV
2))�

127 $ ORJLF RSHUDWLRQ ZKLFK LQYHUWV WKH VWDWXV RI WKH RSHUDQG� )RU H[DPSOH� $1'
127 LQGLFDWHV DQ $1' RSHUDWLRQ ZLWK WKH RSSRVLWH RI WKH DFWXDO VWDWXV RI WKH
RSHUDQG ELW�

16% $Q DFURQ\P IRU 1HWZRUN 6HUYLFH %RDUG�

168 $Q DFURQ\P IRU 1HWZRUN 6HUYLFH 8QLW�

2)) 7KH VWDWXV RI DQ LQSXW RU RXWSXW ZKHQ D VLJQDO LV VDLG QRW WR EH SUHVHQW� 7KH
2)) VWDWH LV JHQHUDOO\ UHSUHVHQWHG E\ D ORZ YROWDJH RU E\ QRQ�FRQGXFWLYLW\�
EXW FDQ EH GHILQHG DV WKH RSSRVLWH RI HLWKHU�

2)) GHOD\ 7KH GHOD\ EHWZHHQ WKH WLPH ZKHQ D VLJQDO LV VZLWFKHG 2)) �H�J�� E\ DQ LQSXW
GHYLFH RU 3&� DQG WKH WLPH ZKHQ WKH VLJQDO UHDFKHV D VWDWH UHDGDEOH DV DQ
2)) VLJQDO �L�H�� DV QR VLJQDO� E\ D UHFHLYLQJ SDUW\ �H�J�� RXWSXW GHYLFH RU
3&��

21 7KH VWDWXV RI DQ LQSXW RU RXWSXW ZKHQ D VLJQDO LV VDLG WR EH SUHVHQW� 7KH 21
VWDWH LV JHQHUDOO\ UHSUHVHQWHG E\ D KLJK YROWDJH RU E\ FRQGXFWLYLW\� EXW FDQ EH
GHILQHG DV WKH RSSRVLWH RI HLWKHU�

21 GHOD\ 7KH GHOD\ EHWZHHQ WKH WLPH ZKHQ DQ 21 VLJQDO LV LQLWLDWHG �H�J�� E\ DQ LQSXW
GHYLFH RU 3&� DQG WKH WLPH ZKHQ WKH VLJQDO UHDFKHV D VWDWH UHDGDEOH DV DQ
21 VLJQDO E\ D UHFHLYLQJ SDUW\ �H�J�� RXWSXW GHYLFH RU 3&��

RQH�VKRW ELW $ ELW WKDW LV WXUQHG 21 RU 2)) IRU D VSHFLILHG LQWHUYDO RI WLPH ZKLFK LV ORQJHU
WKDQ RQH VFDQ�

RQ�OLQH UHPRYDO 5HPRYLQJ D 5DFN�PRXQWHG 8QLW IRU UHSODFHPHQW RU PDLQWHQDQFH GXULQJ 3&
RSHUDWLRQ�

RSHUDQG %LW�V� RU ZRUG�V� GHVLJQDWHG DV WKH GDWD WR EH XVHG IRU DQ LQVWUXFWLRQ� $Q RS�
HUDQG FDQ EH LQSXW DV D FRQVWDQW H[SUHVVLQJ WKH DFWXDO QXPHULF YDOXH WR EH
XVHG RU DV DQ DGGUHVV WR H[SUHVV WKH ORFDWLRQ LQ PHPRU\ RI WKH GDWD WR EH
XVHG�

RSHUDQG ELW $ ELW GHVLJQDWHG DV DQ RSHUDQG IRU DQ LQVWUXFWLRQ�

RSHUDQG ZRUG $ ZRUG GHVLJQDWHG DV DQ RSHUDQG IRU DQ LQVWUXFWLRQ�

RSHUDWLQJ HUURU $Q HUURU WKDW RFFXUV GXULQJ DFWXDO 3& RSHUDWLRQ DV RSSRVHG WR DQ LQLWLDOL]D�
WLRQ HUURU� ZKLFK RFFXUV EHIRUH DFWXDO RSHUDWLRQV FDQ EHJLQ�

2SWLFDO ,�2 8QLW $ 8QLW WKDW LV FRQQHFWHG LQ DQ 2SWLFDO 5HPRWH ,�2 6\VWHP WR SURYLGH � ,�2
SRLQWV� 2SWLFDO ,�2 8QLWV DUH QRW PRXQWHG WR D 5DFN�
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2SWLFDO 6ODYH 5DFN $ 6ODYH 5DFN FRQQHFWHG WKURXJK DQ 2SWLFDO 5HPRWH ,�2 6ODYH 8QLW�

25 $ ORJLF RSHUDWLRQ ZKHUHE\ WKH UHVXOW LV WUXH LI HLWKHU RI WZR SUHPLVHV LV WUXH� RU
LI ERWK DUH WUXH� ,Q ODGGHU�GLDJUDP SURJUDPPLQJ WKH SUHPLVHV DUH XVXDOO\ 21�
2)) VWDWHV RI ELWV RU WKH ORJLFDO FRPELQDWLRQ RI VXFK VWDWHV FDOOHG H[HFXWLRQ
FRQGLWLRQV�

RXWSXW 7KH VLJQDO VHQW IURP WKH 3& WR DQ H[WHUQDO GHYLFH� WKH WHUP RXWSXW LV RIWHQ
XVHG DEVWUDFWO\ RU FROOHFWLYHO\ WR UHIHU WR RXWJRLQJ VLJQDOV�

RXWSXW ELW $ ELW LQ WKH ,5 DUHD WKDW LV DOORFDWHG WR KROG WKH VWDWXV WR EH VHQW WR DQ RXWSXW
GHYLFH�

RXWSXW GHYLFH $Q H[WHUQDO GHYLFH WKDW UHFHLYHV VLJQDOV IURP WKH 3& 6\VWHP�

RXWSXW SRLQW 7KH SRLQW DW ZKLFK DQ RXWSXW OHDYHV WKH 3& 6\VWHP� 2XWSXW SRLQWV FRUUH�
VSRQG SK\VLFDOO\ WR WHUPLQDOV RU FRQQHFWRU SLQV�

RXWSXW VLJQDO $ VLJQDO EHLQJ VHQW WR DQ H[WHUQDO GHYLFH� *HQHUDOO\ DQ RXWSXW VLJQDO LV VDLG
WR H[LVW ZKHQ� IRU H[DPSOH� D FRQQHFWLRQ SRLQW JRHV IURP ORZ WR KLJK YROWDJH
RU IURP D QRQFRQGXFWLYH WR D FRQGXFWLYH VWDWH�

RYHUVHHLQJ 3DUW RI WKH SURFHVVLQJ SHUIRUPHG E\ WKH &38 WKDW LQFOXGHV JHQHUDO WDVNV UH�
TXLUHG WR RSHUDWH WKH 3&�

RYHUZULWH &KDQJLQJ WKH FRQWHQW RI D PHPRU\ ORFDWLRQ VR WKDW WKH SUHYLRXV FRQWHQW LV
ORVW�

SDULW\ $GMXVWPHQW RI WKH QXPEHU RI 21 ELWV LQ D ZRUG RU RWKHU XQLW RI GDWD VR WKDW
WKH WRWDO LV DOZD\V DQ HYHQ QXPEHU RU DOZD\V DQ RGG QXPEHU� 3DULW\ LV JHQHU�
DOO\ XVHG WR FKHFN WKH DFFXUDF\ RI GDWD DIWHU EHLQJ WUDQVPLWWHG E\ FRQILUPLQJ
WKDW WKH QXPEHU RI 21 ELWV LV VWLOO HYHQ RU VWLOO RGG�

3& $Q DFURQ\P IRU 3URJUDPPDEOH &RQWUROOHU�

3&% $Q DFURQ\P IRU SULQWHG FLUFXLW ERDUG�

3& FRQILJXUDWLRQ 7KH DUUDQJHPHQW DQG LQWHUFRQQHFWLRQV RI WKH 8QLWV WKDW DUH SXW WRJHWKHU WR
IRUP D IXQFWLRQDO 3&�

3&) $FURQ\P IRU SODVWLF�FODG RSWLFDO ILEHU FDEOH�

3& /LQN 6\VWHP $ V\VWHP LQ ZKLFK 3&V DUH FRQQHFWHG WKURXJK 3& /LQN 8QLWV WR HQDEOH WKHP
WR VKDUH FRPPRQ GDWD DUHDV� L�H�� HDFK RI WKH 3&V ZULWHV WR FHUWDLQ ZRUGV LQ
WKH /5 DUHD DQG UHFHLYHV WKH GDWD RI WKH ZRUGV ZULWWHQ E\ DOO RWKHU 3& /LQN
8QLWV FRQQHFWHG LQ VHULHV ZLWK LW�

3& /LQN 8QLW 7KH 8QLW XVHG WR FRQQHFW 3&V LQ D 3& /LQN 6\VWHP�

3& 6\VWHP :LWK EXLOGLQJ�EORFN 3&V� DOO RI WKH 5DFNV DQG LQGHSHQGHQW 8QLWV FRQQHFWHG
GLUHFWO\ WR WKHP XS WR� EXW QRW LQFOXGLQJ WKH ,�2 GHYLFHV� 7KH ERXQGDULHV RI D
3& 6\VWHP DUH WKH 3& DQG WKH SURJUDP LQ LWV &38 DW WKH XSSHU HQG� DQG WKH
,�2 8QLWV� 6SHFLDO ,�2 8QLWV� 2SWLFDO ,�2 8QLWV� 5HPRWH 7HUPLQDOV� HWF�� DW WKH
ORZHU HQG�
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SHULSKHUDO GHYLFH 'HYLFHV FRQQHFWHG WR D 3& 6\VWHP WR DLG LQ V\VWHP RSHUDWLRQ� 3HULSKHUDO
GHYLFHV LQFOXGH SULQWHUV� SURJUDPPLQJ GHYLFHV� H[WHUQDO VWRUDJH PHGLD� HWF�

3/& $FURQ\P IRU 3URJUDPPDEOH /RJLF &RQWUROOHU� DOVR NQRZQ DV 3URJUDPPDEOH
&RQWUROOHU RU 3&�

SRUW $ FRQQHFWRU RQ D 3& RU FRPSXWHU WKDW VHUYHV DV D FRQQHFWLRQ WR DQ H[WHUQDO
GHYLFH�

SUHVHQW YDOXH 7KH FXUUHQW YDOXH UHJLVWHUHG LQ D GHYLFH DW DQ\ LQVWDQW GXULQJ LWV RSHUDWLRQ�
3UHVHQW YDOXH LV DEEUHYLDWHG DV 39�

SULQWHG FLUFXLW ERDUG $ ERDUG RQWR ZKLFK HOHFWULFDO FLUFXLWV DUH SULQWHG IRU PRXQWLQJ LQWR D FRPSXW�
HU RU HOHFWULFDO GHYLFH�

3ULQWHU ,QWHUIDFH 8QLW $ 8QLW XVHG WR LQWHUIDFH D SULQWHU VR WKDW ODGGHU GLDJUDPV DQG RWKHU GDWD FDQ
EH SULQWHG RXW�

SURJUDP 7KH OLVW RI LQVWUXFWLRQV WKDW WHOOV WKH 3& WKH VHTXHQFH RI FRQWURO DFWLRQV WR EH
FDUULHG RXW�

3URJUDPPDEOH &RQWUROOHU $ FRPSXWHUL]HG GHYLFH WKDW FDQ DFFHSW LQSXWV IURP H[WHUQDO GHYLFHV DQG JHQ�
HUDWH RXWSXWV WR H[WHUQDO GHYLFHV DFFRUGLQJ WR D SURJUDP KHOG LQ PHPRU\�
3URJUDPPDEOH &RQWUROOHUV DUH XVHG WR DXWRPDWH FRQWURO RI H[WHUQDO GHYLFHV�
$OWKRXJK VLQJOH�FRPSRQHQW 3URJUDPPDEOH &RQWUROOHUV DUH DYDLODEOH� EXLOG�
LQJ�EORFN 3URJUDPPDEOH &RQWUROOHUV DUH FRQVWUXFWHG IURP VHSDUDWH FRPSR�
QHQWV� 6XFK EXLOGLQJ�EORFN 3URJUDPPDEOH &RQWUROOHUV DUH IRUPHG RQO\ ZKHQ
HQRXJK RI WKHVH VHSDUDWH FRPSRQHQWV DUH DVVHPEOHG WR IRUP D IXQFWLRQDO
DVVHPEO\� L�H�� QR RQH LQGLYLGXDO 8QLW LV FDOOHG D 3&�

SURJUDPPHG DODUP $Q DODUP JLYHQ DV D UHVXOW RI H[HFXWLRQ RI DQ LQVWUXFWLRQ GHVLJQHG WR JHQHU�
DWH WKH DODUP LQ WKH SURJUDP� DV RSSRVHG WR RQH JHQHUDWHG E\ WKH V\VWHP�

SURJUDPPHG HUURU $Q HUURU DULVLQJ DV D UHVXOW RI WKH H[HFXWLRQ RI DQ LQVWUXFWLRQ GHVLJQHG WR JHQ�
HUDWH WKH HUURU LQ WKH SURJUDP� DV RSSRVHG WR RQH JHQHUDWHG E\ WKH V\VWHP�

SURJUDPPHG PHVVDJH $ PHVVDJH JHQHUDWHG DV D UHVXOW RI H[HFXWLRQ RI DQ LQVWUXFWLRQ GHVLJQHG WR
JHQHUDWH WKH PHVVDJH LQ WKH SURJUDP� DV RSSRVHG WR RQH JHQHUDWHG E\ WKH
V\VWHP�

3URJUDPPLQJ &RQVROH 7KH VLPSOHVW IRUP RU SURJUDPPLQJ GHYLFH DYDLODEOH IRU D 3&� 3URJUDPPLQJ
&RQVROHV DUH DYDLODEOH ERWK DV KDQG�KHOG PRGHOV DQG DV &38�PRXQWLQJ
PRGHOV�

3URJUDPPLQJ 'HYLFH $ SHULSKHUDO GHYLFH XVHG WR LQSXW D SURJUDP LQWR D 3& RU WR DOWHU RU PRQLWRU D
SURJUDP DOUHDG\ KHOG LQ WKH 3&� 7KHUH DUH GHGLFDWHG SURJUDPPLQJ GHYLFHV�
VXFK DV 3URJUDPPLQJ &RQVROHV� DQG WKHUH DUH QRQ�GHGLFDWHG GHYLFHV� VXFK
DV D KRVW FRPSXWHU�

352*5$0 PRGH $ PRGH RI RSHUDWLRQ WKDW DOORZV LQSXWWLQJ DQG GHEXJJLQJ RI SURJUDPV WR EH
FDUULHG RXW� EXW WKDW GRHV QRW SHUPLW QRUPDO H[HFXWLRQ RI WKH SURJUDP�

3520 :ULWHU $ SHULSKHUDO GHYLFH XVHG WR ZULWH SURJUDPV DQG RWKHU GDWD LQWR D 520 IRU
SHUPDQHQW VWRUDJH DQG DSSOLFDWLRQ�



*ORVVDU\

��

SURPSW $ PHVVDJH RU V\PERO WKDW DSSHDUV RQ D GLVSOD\ WR UHTXHVW LQSXW IURP WKH RS�
HUDWRU�

39 $FURQ\P IRU SUHVHQW YDOXH�

5DFN $Q DVVHPEO\ RI YDULRXV 8QLWV RQ D %DFNSODQH WKDW IRUPV D IXQFWLRQDO XQLW LQ D
EXLOGLQJ�EORFN 3& 6\VWHP� 5DFNV LQFOXGH &38 5DFNV� ([SDQVLRQ ,�2 5DFNV�
,�2 5DFNV� DQG 6ODYH 5DFNV�

UHIUHVK 7KH SURFHVV RI XSGDWLQJ RXWSXW VWDWXV VHQW WR H[WHUQDO GHYLFHV VR WKDW LW
DJUHHV ZLWK WKH VWDWXV RI RXWSXW ELWV KHOG LQ PHPRU\ DQG RI XSGDWLQJ LQSXW
ELWV LQ PHPRU\ VR WKDW WKH\ DJUHH ZLWK WKH VWDWXV RI LQSXWV IURP H[WHUQDO GH�
YLFHV�

UHOD\�EDVHG FRQWURO 7KH IRUHUXQQHU RI 3&V� ,Q UHOD\�EDVHG FRQWURO� JURXSV RI UHOD\V DUH LQWHUFRQ�
QHFWHG WR IRUP FRQWURO FLUFXLWV� ,Q D 3&� WKHVH DUH UHSODFHG E\ SURJUDPPDEOH
FLUFXLWV�

5HPRWH ,�2 0DVWHU 8QLW 7KH 8QLW LQ D 5HPRWH ,�2 6\VWHP WKURXJK ZKLFK VLJQDOV DUH VHQW WR DOO RWKHU
5HPRWH ,�2 8QLWV� 7KH 5HPRWH ,�2 0DVWHU 8QLW LV PRXQWHG HLWKHU WR D &38
5DFN RU DQ ([SDQVLRQ ,�2 5DFN FRQQHFWHG WR WKH &38 5DFN� 5HPRWH ,�2
0DVWHU 8QLW LV JHQHUDOO\ DEEUHYLDWHG WR 0DVWHU�

5HPRWH ,�2 6ODYH 8QLW $ 8QLW PRXQWHG WR D %DFNSODQH WR IRUP D 6ODYH 5DFN� 5HPRWH ,�2 6ODYH 8QLW
LV JHQHUDOO\ DEEUHYLDWHG WR 6ODYH� 7KH RSHUWLRQ RI D 6ODYH LV FRQWUROOHG E\ D
0DVWHU�

5HPRWH ,�2 6\VWHP $ V\VWHP LQ ZKLFK UHPRWH ,�2 SRLQWV DUH FRQWUROOHG WKURXJK D 0DVWHU
PRXQWHG WR D &38 5DFN RU DQ ([SDQVLRQ ,�2 5DFN FRQQHFWHG WR WKH &38
5DFN�

5HPRWH ,�2 8QLW $Q\ RI WKH 8QLWV LQ D 5HPRWH ,�2 6\VWHP� 5HPRWH ,�2 8QLWV LQFOXGH 0DVWHUV�
6ODYHV� 2SWLFDO ,�2 8QLWV� ,�2 /LQN 8QLWV� DQG 5HPRWH 7HUPLQDOV�

UHPRWH ,�2 ZRUG $Q ,�2 ZRUG DOORFDWHG WR D 8QLW LQ D 5HPRWH ,�2 6\VWHP�

UHVHW 7KH SURFHVV RI WXUQLQJ D ELW RU VLJQDO 2)) RU RI FKDQJLQJ WKH SUHVHQW YDOXH RI
D WLPHU RU FRXQWHU WR LWV VHW YDOXH RU WR ]HUR�

UHWU\ 7KH SURFHVV ZKHUHE\ D GHYLFH ZLOO UHWUDQVPLW GDWD ZKLFK KDV UHVXOWHG LQ DQ
HUURU PHVVDJH IURP WKH UHFHLYLQJ GHYLFH�

UHWXUQ 7KH SURFHVV E\ ZKLFK LQVWUXFWLRQ H[HFXWLRQ VKLIWV IURP D VXEURXWLQH EDFN WR
WKH PDLQ SURJUDP �XVXDOO\ WKH SRLQW IURP ZKLFK WKH VXEURXWLQH ZDV FDOOHG��

UHYHUVLEOH FRXQWHU $ FRXQWHU WKDW FDQ EH ERWK LQFUHPHQWHG DQG GHFUHPHQWHG GHSHQGLQJ RQ WKH
VSHFLILHG FRQGLWLRQV�

UHYHUVLEOH VKLIW UHJLVWHU $ VKLIW UHJLVWHU WKDW FDQ VKLIW GDWD LQ HLWKHU GLUHFWLRQ GHSHQGLQJ RQ WKH VSHFL�
ILHG FRQGLWLRQV�

ULJKW�KDQG LQVWUXFWLRQ $QRWKHU WHUP IRU WHUPLQDO LQVWUXFWLRQ�

ULJKWPRVW �ELW�ZRUG� 7KH ORZHVW QXPEHUHG ELWV RI D JURXS RI ELWV� JHQHUDOO\ RI DQ HQWLUH ZRUG� RU
WKH ORZHVW QXPEHUHG ZRUGV RI D JURXS RI ZRUGV� 7KHVH ELWV�ZRUGV DUH RIWHQ
FDOOHG OHDVW�VLJQLILFDQW ELWV�ZRUGV�
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URWDWH UHJLVWHU $ VKLIW UHJLVWHU LQ ZKLFK WKH GDWD PRYHG RXW IURP RQH HQG LV SODFHG EDFN LQWR
WKH VKLIW UHJLVWHU DW WKH RWKHU HQG�

581 PRGH 7KH RSHUDWLQJ PRGH XVHG E\ WKH 3& IRU QRUPDO FRQWURO RSHUDWLRQV�

VFDQ 7KH SURFHVV XVHG WR H[HFXWH D ODGGHU�GLDJUDP SURJUDP� 7KH SURJUDP LV H[�
DPLQHG VHTXHQWLDOO\ IURP VWDUW WR ILQLVK DQG HDFK LQVWUXFWLRQ LV H[HFXWHG LQ
WXUQ EDVHG RQ H[HFXWLRQ FRQGLWLRQV�

VFDQ WLPH 7KH WLPH UHTXLUHG IRU D VLQJOH VFDQ RI WKH ODGGHU�GLDJUDP SURJUDP�

VFKHGXOHG LQWHUUXSW $Q LQWHUUXSW WKDW LV DXWRPDWLFDOO\ JHQHUDWHG E\ WKH V\VWHP DW D VSHFLILF WLPH
RU SURJUDP ORFDWLRQ VSHFLILHG E\ WKH RSHUDWRU� 6FKHGXOHG LQWHUUXSWV UHVXOW LQ
WKH H[HFXWLRQ RI VSHFLILF VXEURXWLQHV WKDW FDQ EH XVHG IRU LQVWUXFWLRQV WKDW
PXVW EH H[HFXWHG UHSHDWHGO\ IRU D VSHFLILHG SHULRG RI WLPH�

VHOI GLDJQRVLV $ SURFHVV ZKHUHE\ WKH V\VWHP FKHFNV LWV RZQ RSHUDWLRQ DQG JHQHUDWHV D
ZDUQLQJ RU HUURU LI DQ DEQRUPDOLW\ LV GLVFRYHUHG�

VHOI�PDLQWDLQLQJ ELW $ ELW WKDW LV SURJUDPPHG WR PDLQWDLQ HLWKHU DQ 2)) RU 21 VWDWXV XQWLO VHW RU
UHVHW E\ VSHFLILHG FRQGLWLRQV�

VHUYLFLQJ 7KH SURFHVV ZKHUHE\ WKH 3& SURYLGHV GDWD WR RU UHFHLYHV GDWD IURP H[WHUQDO
GHYLFHV RU UHPRWH ,�2 8QLWV� RU RWKHUZLVH KDQGOHV GDWD WUDQVDFWLRQV IRU /LQN
6\VWHPV�

VHW 7KH SURFHVV RI WXUQLQJ D ELW RU VLJQDO 21�

VHW YDOXH 7KH YDOXH IURP ZKLFK D GHFUHPHQWLQJ FRXQWHU VWDUWV FRXQWLQJ GRZQ RU WR
ZKLFK DQ LQFUHPHQWLQJ FRXQWHU FRXQWV XS �L�H�� WKH PD[LPXP FRXQW�� RU WKH
WLPH IURP ZKLFK RU IRU ZKLFK D WLPHU VWDUWV WLPLQJ� 6HW YDOXH LV DEEUHYLDWHG
69�

VKLIW UHJLVWHU 2QH RU PRUH ZRUGV LQ ZKLFK GDWD LV VKLIWHG D VSHFLILHG QXPEHU RI XQLWV WR WKH
ULJKW RU OHIW LQ ELW� GLJLW� RU ZRUG XQLWV� ,Q D URWDWH UHJLVWHU� GDWD VKLIWHG RXW RQH
HQG LV VKLIWHG EDFN LQWR WKH RWKHU HQG� ,Q RWKHU VKLIW UHJLVWHUV� QHZ GDWD �HL�
WKHU VSHFLILHG GDWD� ]HUR�V� RU RQH�V�� LV VKLIWHG LQWR RQH HQG DQG WKH GDWD
VKLIWHG RXW DW WKH RWKHU HQG LV ORVW�

6ODYH 6KRUW IRU 5HPRWH ,�2 6ODYH 8QLW�

6ODYH 5DFN $ 5DFN FRQWDLQLQJ D 5HPRWH ,�2 6ODYH 8QLW DQG FRQWUROOHG WKURXJK D 5HPRWH
,�2 0DVWHU 8QLW� 6ODYH 5DFNV DUH JHQHUDOO\ ORFDWHG DZD\ IURP WKH &38 5DFN�

VORW $ SRVLWLRQ RQ D 5DFN �%DFNSODQH� WR ZKLFK D 8QLW FDQ EH PRXQWHG�

VRIWZDUH HUURU $Q HUURU WKDW RULJLQDWHV LQ D VRIWZDUH SURJUDP�

VRIWZDUH SURWHFW $ PHDQV RI SURWHFWLQJ GDWD IURP EHLQJ FKDQJHG WKDW XVHV VRIWZDUH DV RS�
SRVHG WR D SK\VLFDO VZLWFK RU RWKHU KDUGZDUH VHWWLQJ�

VRXUFH 7KH ORFDWLRQ IURP ZKLFK GDWD LV WDNHQ IRU XVH LQ DQ LQVWUXFWLRQ� DV RSSRVHG WR
WKH ORFDWLRQ WR ZKLFK WKH UHVXOW RI DQ LQVWUXFWLRQ LV WR EH ZULWWHQ� 7KH ODWWHU LV
FDOOHG WKH GHVWLQDWLRQ�
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6SHFLDO ,�2 8QLW $ GHGLFDWHG 8QLW WKDW LV GHVLJQHG IRU D VSHFLILF SXUSRVH� 6SHFLDO ,�2 8QLWV
LQFOXGH 3RVLWLRQ &RQWURO 8QLWV� +LJK�VSHHG &RXQWHU 8QLWV� $QDORJ ,�2 8QLWV�
HWF�

65 DUHD $ GDWD DUHD LQ D 3& XVHG PDLQO\ IRU IODJV� FRQWURO ELWV� DQG RWKHU LQIRUPDWLRQ
SURYLGHG DERXW 3& RSHUDWLRQ� 7KH VWDWXV RI RQO\ FHUWDLQ 65 ELWV PD\ EH FRQ�
WUROOHG E\ WKH RSHUDWRU� L�H�� PRVW 65 ELWV FDQ RQO\ EH UHDG�

VXEURXWLQH $ JURXS RI LQVWUXFWLRQV SODFHG DIWHU WKH PDLQ SURJUDP DQG H[HFXWHG RQO\ LI
FDOOHG IURP WKH PDLQ SURJUDP RU DFWLYDWHG E\ DQ LQWHUUXSW�

VXEURXWLQH QXPEHU $ GHILQHU XVHG WR LGHQWLI\ WKH VXEURXWLQH WKDW D VXEURXWLQH FDOO RU LQWHUUXSW
DFWLYDWHV�

69 $EEUHYLDWLRQ IRU VHW YDOXH�

VZLWFKLQJ FDSDFLW\ 7KH PD[LPXP YROWDJH�FXUUHQW WKDW D UHOD\ FDQ VDIHO\ VZLWFK RQ DQG RII�

V\QWD[ HUURU $Q HUURU LQ WKH ZD\ LQ ZKLFK D SURJUDP LV ZULWWHQ� 6\QWD[ HUURUV FDQ LQFOXGH
¶VSHOOLQJ· PLVWDNHV �L�H�� D IXQFWLRQ FRGH WKDW GRHV QRW H[LVW�� PLVWDNHV LQ
VSHFLI\LQJ RSHUDQGV ZLWKLQ DFFHSWDEOH SDUDPHWHUV �H�J�� VSHFLI\LQJ XQZULW�
DEOH 65 ELWV DV D GHVWLQDWLRQ�� DQG PLVWDNHV LQ DFWXDO DSSOLFDWLRQ RI LQVWUXF�
WLRQV �H�J�� D FDOO WR D VXEURXWLQH WKDW GRHV QRW H[LVW��

V\VWHP FRQILJXUDWLRQ 7KH DUUDQJHPHQW LQ ZKLFK 8QLWV LQ D V\VWHP DUH FRQQHFWHG�

V\VWHP HUURU $Q HUURU JHQHUDWHG E\ WKH V\VWHP� DV RSSRVHG WR RQH UHVXOWLQJ IURP H[HFX�
WLRQ RI DQ LQVWUXFWLRQ GHVLJQHG WR JHQHUDWH DQ HUURU�

V\VWHP HUURU PHVVDJH $Q HUURU PHVVDJH JHQHUDWHG E\ WKH V\VWHP� DV RSSRVHG WR RQH UHVXOWLQJ
IURP H[HFXWLRQ RI DQ LQVWUXFWLRQ GHVLJQHG WR JHQHUDWH D PHVVDJH�

7& DUHD $ GDWD DUHD WKDW FDQ EH XVHG RQO\ IRU WLPHUV DQG FRXQWHUV� (DFK ELW LQ WKH 7&
DUHD VHUYHV DV WKH DFFHVV SRLQW IRU WKH 69� 39� DQG &RPSOHWLRQ IODJ IRU WKH
WLPHU RU FRXQWHU GHILQHG ZLWK WKDW ELW�

7& QXPEHU $ GHILQHU WKDW FRUUHVSRQGV WR D ELW LQ WKH 7& DUHD DQG XVHG WR GHILQH WKH ELW
DV HLWKHU D WLPHU RU D FRXQWHU�

WHUPLQDO LQVWUXFWLRQ $Q LQVWUXFWLRQ SODFHG RQ WKH ULJKW VLGH RI D ODGGHU GLDJUDP WKDW XVHV WKH ILQDO
H[HFXWLRQ FRQGLWLRQV RI DQ LQVWUXFWLRQ OLQH�

WHUPLQDWRU 7KH FRGH FRPSULVLQJ DQ DVWHUL[ DQG D FDUULDJH UHWXUQ � &5� ZKLFK LQGLFDWHV
WKH HQG RI D EORFN RI GDWD� ZKHWKHU LW LV D VLQJOH�IUDPH RU PXOWL�IUDPH EORFN�
)UDPHV ZLWKLQ D PXOWL�IUDPH EORFN DUH VHSDUDWHG E\ GHOLPLWHUV�

WLPHU $ ORFDWLRQ LQ PHPRU\ DFFHVVHG WKURXJK D 7& ELW DQG XVHG WR WLPH GRZQ IURP
WKH WLPHU·V VHW YDOXH� 7LPHUV DUH WXUQHG 21 DQG UHVHW DFFRUGLQJ WR WKHLU H[�
HFXWLRQ FRQGLWLRQV�

70 DUHD $ PHPRU\ DUHD XVHG WR VWRUH WKH UHVXOWV RI D WUDFH�

WUDQVPLVVLRQ GLVWDQFH 7KH GLVWDQFH WKDW D VLJQDO FDQ EH WUDQVPLWWHG�

75 DUHD $ GDWD DUHD XVHG WR VWRUH H[HFXWLRQ FRQGLWLRQV VR WKDW WKH\ FDQ EH UHORDGHG
ODWHU IRU XVH ZLWK RWKHU LQVWUXFWLRQV�
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WUDFH $Q RSHUDWLRQ ZKHUHE\ WKH SURJUDP LV H[HFXWHG DQG WKH UHVXOWLQJ GDWD LV
VWRUHG LQ 70 PHPRU\ WR HQDEOH VWHS�E\�VWHS DQDO\VLV DQG GHEXJJLQJ�

WUDQVIHU 7KH SURFHVV RI PRYLQJ GDWD IURP RQH ORFDWLRQ WR DQRWKHU ZLWKLQ WKH 3&� RU
EHWZHHQ WKH 3& DQG H[WHUQDO GHYLFHV� :KHQ GDWD LV WUDQVIHUUHG� JHQHUDOO\ D
FRS\ RI WKH GDWD LV VHQW WR WKH GHVWLQDWLRQ� L�H�� WKH FRQWHQW RI WKH VRXUFH RI
WKH WUDQVIHU LV QRW FKDQJHG�

WULJJHU DGGUHVV $Q DGGUHVV LQ WKH SURJUDP WKDW GHILQHV WKH EHJLQQLQJ SRLQW IRU WUDFLQJ� 7KH
DFWXDO EHJLQQLQJ SRLQW FDQ EH DOWHUHG IURP WKH WULJJHU E\ GHILQLQJ HLWKHU D
SRVLWLYH RU QHJDWLYH GHOD\�

80 DUHD 7KH PHPRU\ DUHD XVHG WR KROG WKH DFWLYH SURJUDP� L�H�� WKH SURJUDP WKDW LV
EHLQJ FXUUHQWO\ H[HFXWHG�

8QLW ,Q 20521 3& WHUPLQRORJ\� WKH ZRUG 8QLW LV FDSLWDOL]HG WR LQGLFDWH DQ\ SURG�
XFW VROG IRU D 3& 6\VWHP� 7KRXJK PRVW RI WKH QDPHV RI WKHVH SURGXFWV HQG
ZLWK WKH ZRUG 8QLW� QRW DOO GR� H�J�� D 5HPRWH 7HUPLQDO LV UHIHUUHG WR LQ D FRO�
OHFWLYH VHQVH DV D 8QLW� &RQWH[W JHQHUDOO\ PDNHV DQ\ OLPLWDWLRQV RI WKLV ZRUG
FOHDU�

XQLW QXPEHU $ QXPEHU DVVLJQHG WR VRPH /LQN 8QLWV DQG 6SHFLDO ,�2 8QLWV WR IDFLOLWDWH
LGHQWLILFDWLRQ ZKHQ DVVLJQLQJ ZRUGV RU RWKHU RSHUDWLQJ SDUDPHWHUV WR LW�

ZDWFKGRJ WLPHU $ WLPHU ZLWKLQ WKH V\VWHP WKDW HQVXUHV WKDW WKH VFDQ WLPH VWD\V ZLWKLQ VSHFL�
ILHG OLPLWV� :KHQ OLPLWV DUH UHDFKHG� HLWKHU ZDUQLQJV DUH JLYHQ RU 3& RSHUD�
WLRQ LV VWRSSHG GHSHQGLQJ RQ WKH SDUWLFXODU OLPLW WKDW LV UHDFKHG�

:LUHG 6ODYH 5DFN $ 6ODYH 5DFN FRQQHFWHG WKURXJK D :LUHG 5HPRWH ,�2 6ODYH 8QLW�

ZRUG $ XQLW RI GDWD VWRUDJH LQ PHPRU\ WKDW FRQVLVWV RI �� ELWV� $OO GDWD DUHDV FRQ�
VLVWV RI ZRUGV� 6RPH GDWD DUHDV FDQ EH DFFHVVHG RQO\ E\ ZRUGV� RWKHUV� E\
HLWKHU ZRUGV RU ELWV�

ZRUG DGGUHVV 7KH ORFDWLRQ LQ PHPRU\ ZKHUH D ZRUG RI GDWD LV VWRUHG� $ ZRUG DGGUHVV PXVW
VSHFLI\ �VRPHWLPHV E\ GHIDXOW� WKH GDWD DUHD DQG WKH QXPEHU RI WKH ZRUG WKDW
LV EHLQJ DGGUHVVHG�

ZRUG PXOWLSOLHU $ YDOXH EHWZHHQ � DQG � WKDW LV DVVLJQHG WR D 0DVWHU LQ D 5HPRWH ,�2 6\V�
WHP VR WKDW ZRUGV FDQ EH DOORFDWHG WR QRQ�5DFN�PRXQWLQJ 8QLWV ZLWKLQ WKH
6\VWHP� 7KH ZRUG VHWWLQJ PDGH RQ WKH 8QLW LV DGGHG WR �� WLPHV WKH ZRUG
PXOWLSOLHU WR DUULYH DW WKH DFWXDO ZRUG WR EH DOORFDWHG�

ZRUN ELW $ ELW LQ D ZRUN ZRUG�

ZRUN ZRUG $ ZRUG WKDW FDQ EH XVHG IRU GDWD FDOFXODWLRQ RU RWKHU PDQLSXODWLRQ LQ SUR�
JUDPPLQJ� L�H�� D ¶ZRUN VSDFH· LQ PHPRU\� $ ODUJH SRUWLRQ RI WKH ,5 DUHD LV
DOZD\V UHVHUYHG IRU ZRUN ZRUGV� 3DUWV RI RWKHU DUHDV QRW UHTXLUHG IRU VSHFLDO
SXUSRVHV PD\ DOVR EH XVHG DV ZRUN ZRUGV� H�J�� /5 ZRUGV QRW XVHG LQ D 3&
/LQN RU 1HW /LQN 6\VWHP�
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,QGH[

$

$%257� ��

%

EDXG UDWH� 6HH WUDQVPLVVLRQ VSHHG

EORFN IRUPDW� ��

&

FDXWLRQ SODWH� ��

FOHDUïWRïVHQG VHOHFWRU� ��

FRPPDQGV
$%257� ��
'0 $5($ 5($'� ��
'0 $5($ :5,7(� ��
(5525 5($'� ��
)25&(' 5(6(7� ��
)25&(' 6(7� ��
)25&(' 6(7�5(6(7 &$1&(/� ��
+5 $5($ 5($'� ��
+5 $5($ :5,7(� ��
,�2 5($'� ��
,�2 5(*,67(5� ��
,1,7,$/,=(� ��
,5 $5($ 5($'� ��
,5 $5($ :5,7(� ��
3& 02'(/ 5($'� ��
352*5$0 5($'� ��
352*5$0:5,7(� ��
39 $5($ 5($'� ��
39 $5($ :5,7(� ��
67$786 5($'� ��
67$786 :5,7(� ��
69 &+$1*( �� ��
69 &+$1*( �� ��
69 &+$1*( �� ��
69 5($' �� ��
69 5($' �� ��
69 5($' �� ��
7& $5($ 5($'� ��
7& $5($ :5,7(� ��
7(67� ��

FRPPDQGV DQG UHVSRQVHV� ��

FRPPXQLFDWLRQV� ��

FRPPXQLFDWLRQV IRUPDWV� ��

FRPPXQLFDWLRQV SURWRFRO� ��

FRPPXQLFDWLRQV WHVW� ��

FRQQHFWLRQV� �
PXOWLSOHïOLQN� ��
VKLHOGHG FDEOH� ��
VROGHULQJ� ��
XQVKLHOGHG FDEOH� ��

FRQQHFWRUV� 56ï���& DQG 56ï���� ��

&76 VHOHFWRU� ��

'

GDWD UHSUHVHQWDWLRQ� ��
GHFLPDO� ��
KH[DGHFLPDO� ��

GHFLPDO GDWD� ��

GHOLPLWHU� ��� ��

'0 $5($ 5($'� ��

'0 $5($ :5,7(� ��

(

HUURU FRQWURO� ��

HUURUV� ��
HUURUïSURFHVVLQJ SURJUDP� ��
LQYDOLG SURFHVVLQJ� ��
SURFHVV LQWHUUXSWLRQ� ��

(5525 5($'� ��

)

IDXOW GLDJQRVLV� 6HH WURXEOHVKRRWLQJ

)&6 FDOFXODWLRQ� ��

)25&(' 5(6(7� ��

)25&(' 6(7� ��

)25&(' 6(7�5(6(7 &$1&(/� ��

IUDPH FKHFN VHTXHQFH� 6HH )&6

+

KH[DGHFLPDO GDWD� ��

KRVW FRPSXWHU VHWWLQJV� ��

+RVW /LQN 8QLW� VZLWFK VHWWLQJV� �

+5 $5($ 5($'� ��

+5 $5($ :5,7(� ��

,

,�2 5($'� ��

,�2 5(*,67(5� ��

,�2 UHVSRQVH WLPH� ��

,1,7,$/,=(� ��

LQWHUIDFHV� ��
56ï���&� ��
56ï���� ��

LQYDOLG SURFHVVLQJ� ��

,5 $5($ 5($'� ��

,5 $5($ :5,7(� ��

/

/LQN $GDSWHU� �� �
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0

PXOWLSOHïOLQN FRQQHFWLRQV� ��

PXOWLSOHïOLQN V\VWHP� �

2

RSHUDWLQJ PRGH� 6HH 3& PRGHV

RSWLFDO ILEHU FRQQHFWLRQV� SDUDOOHO PXOWLSOHïOLQN V\VWHP� �

RSWLFDO ILEHU FRQQHFWRUV� �

3

SDUDOOHO PXOWLSOHïOLQN V\VWHP� �

3& 02'(/ 5($'� ��

3& PRGHV
GHIDXOW RQ DSSOLFDWLRQ RI SRZHU� ��
581� ��

SURFHVV LQWHUUXSWLRQ� ��

352*5$0 5($'� ��

352*5$0:5,7(� ��

SURWHFWLYH FDXWLRQ SODWH� ��

SURWRFRO� FRPPXQLFDWLRQV� ��

39 $5($ 5($'� ��

39 $5($ :5,7(� ��

5

UHVSRQVH FRGHV� ��

581 PRGH� ��

581 VWDUW FRPPDQG� ��

581�6723 VHOHFWRU� �� ��

6

VHULDO PXOWLSOHïOLQN V\VWHP� �

VLQJOHïOLQN V\VWHP� �

VROGHULQJ� ��� ��

67$786 5($'� ��

67$786 :5,7(� ��

69 &+$1*( �� ��

69 &+$1*( �� ��

69 &+$1*( �� ��

69 5($' �� ��

69 5($' �� ��

69 5($' �� ��

6:�� �

6:�� �

VZLWFK VHWWLQJV
+RVW /LQN 8QLW� �
6:�� �� �

V\VWHP H[DPSOHV� �
PXOWLSOHïOLQN V\VWHP� �
VLQJOHïOLQN� �

7

7& $5($ 5($'� ��

7& $5($ :5,7(� ��

WHUPLQDWLRQ UHVLVWDQFH� �

WHUPLQDWRU� ��� ��

7(67� ��

WHVW� FRPPXQLFDWLRQV� ��

WLPH PRQLWRULQJ� ��

WUDQVPLVVLRQ VSHHG� ��
6HH DOVR EDXG UDWH

WURXEOHVKRRWLQJ� ��

8

XQSURFHVVHG FRPPDQGV� ��

:

ZLUH FRQQHFWLRQ
PXOWLSOHïOLQN V\VWHP� �
VLQJOHïOLQN V\VWHP� �

ZLUH FRQQHFWRUV� �� ��
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5HYLVLRQ +LVWRU\

$ 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
SUHYLRXV YHUVLRQ�

5HYLVLRQ
FRGH

'DWH 5HYLVHG FRQWHQW

� -XO\���� &RQYHUWHG WR VWDQGDUG PDQXDO DQG SDJH IRUPDWV� 7KH WH[W ZDV UHZULW�
WHQ WR JLYH H[WUD FODULW\� 7HUPLQRORJ\ VWDQGDUGL]HG�

6\VWHP FRQILJXUDWLRQ H[DPSOHV LQ 6HFWLRQV � DQG � KDYH EHHQ FRU�
UHFWHG�

/LQN $GDSWHUV VHFWLRQ RPLWWHG� 6RPH GHWDLOV DGGHG WR $SSHQGL[ %�

6HFWLRQ �ï� ,�2 5HVSRQVH 7LPHV KDV EHHQ DGGHG IRU JUHDWHU FODULW\�

7KH $SSHQGLFHV KDYH EHHQ UHDUUDQJHG DQG H[SDQGHG�

)HEUXDU\ ���� )RUPDW FKDQJHG EXW FRQWHQW OHIW XQFKDQJHG�

�$ 0D\ ���� $GGUHVV FKDQJH
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