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� , QWU RGXFWLRQ

7KLV LV D VKRUW SDSHU RQ WKH VXEMHFW RI *$866� QRW WKH *HUPDQ PDWKHPHWLFLDQ
EXW UDWKHU WKH FRPSXWHU SURJUDP� 7KLV SURJUDP LV UHDOO\ D KLJK^OHYHO� PDWUL[
RULHQWHG ODQJXDJH� ,W GLoHUV IURP SURJUDPV VXFK DV 763 RU 5$76 LQ WKDW RQH
FDQQRW SXVK D EXWWRQ DQG JHW DQ DQVZHU� RQH KDV WR WHOO *$866 ZKDW WR GR�
7KLV LV QRW DV IRUPLGLEOH DV RQH PLJKW VXSSRVH DV PD\ SHRSOH ZRUN ZLWK WKH
SURJUDP DQG WKXV WKHUH LV ORWV RI FRGH qRDWLQJ DURXQG WKDW FDQ EH DGDSWHG WR
\RXU VSHFLpF SUREOHP�
%DVLFDOO\� WKH FKRLFH EHWZHHQ *$866 DQG VRPH RWKHU HFRQRPHWULFV SDFNDJH

ZLOO KLQJH RQ WKH QDWXUH RI WKH SUREOHP \RX FRQIURQW� :LWK VWDQGDUG SUREOHPV
WKH SDFNDJHG VROXWLRQ VKRXOG EH SUHIHUHG� ZLWK QRQ^VWDQGDUG SUREOHPV� WKHVH
SDFNDJHV DUH RIWHQ GLrFXOW WR SURJUDP DQG VORZ� )RU H[DPSOH� LI \RX ZDQW WR
HVWLPDWH D 3RLVVRQ FRXQW PRGHO� /,0'(3 LV IRU \RX� (YHQ LI \RX KDYH QRQ^
OLQHDULWLHV� FDOFXODWLQJ LQWHUDFWLRQV DQG WKHLU YDULDQFH LV VWUDLJKW IRUZDUG XVLQJ
WKH PDWUL[ FRPPDQGV LQ WKH SURJUDP� +RZHYHU� LI \RX ZLVK WR HVLWPDWH D
3RLVVRQ +XUGOH PRGHO� WKHQ \RX PXVW SURJUDP LW \RXUVHOI LQ /,0'(3 DQG WKH
DGYDQWDJH WKDW WKLV SURJUDP KDV RYHU *$866 LV ORVW� ,QGHHG� GRLQJ D KXUGOH
PRGHO LV PXFK PRUH GLrFXOW LQ /,0'(3�
7KLV SDSHU ZLOO QRW WHDFK \RX KRZ WR SURJUDP� :ULWLQJ JRRG FRGH LV DQ

DUW WKDW , FDQQRW WHDFK� RQH PLJKW DOVR TXHVWLRQ WKH ?DUWLQHVV� RI P\ FRGH�
+RZHYHU� LW �XVXDOO\� ZRUNV DQG WKDW
V DOO , FDUH DERXW�
7KLV SDSHU ZLOO SUHVHQW WKH EDVLF IDFWV DERXW *$866 � 6HFWLRQ � ZLOO WDNH XS

WKH EDVLF *DXVV ODQJXDJH� 6HFWLRQ � GHVFULEHV IXQFWLRQV DQG SURFHHGXUHV� 6HFWLRQ
� SUHVHQWV WKH FRQFHSW RI /LEUDULHV� 6HFWLRQ � GHDOV ZLWK LQSXW DQG RXWSXW IURP
*$866 � DQG 6HFWLRQ � FRQVLGHUV JUDSKLFV� )LQDOO\� 6HFWLRQ � LV GHYRWHG WR DQ
H[DPSOH XVLQJ PD[LPXP OLNHOLKRRG RQ D SUREOHP WKDW RQH PLJKW ZHOO PHHW LQ
UHVHDUFK�
2QH pQDO FRPPHQW EHIRUH ZH VWDUW� <RX ZLOO pQG *$866 RQ 7HOOXV DW

Q:LQQSUJQVWDWQJDXVVQJDXVV���� <RX VWDUW *$866 E\ FOLFNLQJ RQ WKH LFRQ _
RU RQ JDXVV�H[H� &RPPDQGV P\ EH HQWHUHG GLUHFWO\ RQ WKH *DXVV ZLQGRZ �

7\SLQJ D FDUULDJH^UHWXUQ� �� ZLOO H[HFXWH WKH VWDWHPHQW� 1RWH WKDW DW WKH
PRPHQW �*$866 ������� RQO\ ODVW W\SHG VWDWHPHQW FDQ EH H[HFXWHG�� 2QFH
\RX KDYH ZULWWHQ D IHZ OLQHV� \RX PD\ ZLVK WR VDYH WKHP LQ D pOH IRU ODWHU
XVH� 7KH VWDWHPHQWV PD\ WKHQ EH FRSLHG DQG SDVWHG LQWR D pOH RI RQHV FKRLFH�
)RU LQVWDQFH� DIWHU KLWWLQJ WKH FRS\ EXWWRQ� HQWHU WKH QDPH RI D GHVWLQDWLRQ pOH
RQ WKH VSDFH EHVLGH WKH HGLW EXWWRQ DQG SXVK WKH HGLW EXWWRQ� 1RZ \RX PXVW
UHPRYH WKH �JDXVV� SURPSW IURP WKH pOH DQG DGG D VHPLFRORQ ��� DIWHU HDFK
VWDWHPHQW� 2QFH WKLV LV GRQH� \RX PD\ KLW WKH ?!� EHVLGH WKH UXQ EXWWRQ �WKH
QDPH RI WKH pOH ZLOO QRZ DSSHDU EHVLGH WKH EXWWRQ�� DQG SUHVV WKH UXQ EXWWRQ�
7KLV ZLOO H[HFXWH WKH FRPPDQGV�
, XVH WKH FRPPDQG ZLQGRZ DV D SRFNHW FDOFXODWRU DQG WR FKHFN RQ WKH

FRUUHFWQHVV RI VRPH VWDWHPHQWV� 2WKHUZLVH , DOZD\V ZULWH D VPDOO pOH ZLWK

� 7 K LV LV X VX DOO\ FDOOHG WK H FRPPDQ G Z LQ GRZ �
� 7 K LV P HDQ V WK DW \ RX FDQ Q RW P RY H WK H FX U VRU WR D S U HY LRX VO\ W\ S HG U RZ DQ G S X VK ?��

DQ G JHW DQ H[ HFX WHG VWDWHP HQ W� ,Q VWHDG \ RX P X VW FX W DQ G S DVWH WK LV VWDWHP HQ W WR WK H ODVW
U RZ � WK H RQ H Z LWK WK H FX U VRU DJIHU WK H S U RP S W�JDX VV�� 7 K LV LV D S DLQ E X W WK HU H LV Q RWK LQ J Z H
FDQ G R DE RX W LW�



� � 7+( *$866 /$1*8$*(

WKH VWDWHPHQWV DQG VXEPLW WKHP IURP WKH HGLWRU� � 2QH ODVW UHPDUN EHIRUH
EHJLQQLQJ� KHUH , XVH SULQWHUV
 TXRWDWLRQ PDUNV LQ *$866 VWDWHPHQWV FRQWDLQHG
LQ WKH WH[W� 7KLV LV WR PDNH P\ GRFXPHQW ORRN QLFH� ,Q SURJUDPV� \RX RI FRXUVH
PXVW XVH WKH VWUDLJW TXRWHV C � 
 ZKHQ W\SLQJ \RXU SURJUDPV�

� 7 KH *$866 /DQJXDJH

$V *$866 LV D PDWKHPDWLFDO ODQJXDJH� RQH PXVW NQRZ DQG EH DEOH WR XVH WKH
RSHUDWRUV� 7KH IROORZLQJ SDJHV OLVW DQG H[HPSOLI\ DOO RI WKH RSHUDWRUV� 7KH
VHFWLRQ FRQFOXGHV ZLWK D WDEOH OLVWLQJ WKH RSHUDWRUV PRUH FRPSDFWO\� 1RWH WKDW
PRVW RI WKH WH[W KDV EHHQ VFDQQHG IURP WKH *$866 PDQXDO�

��� ( OHPHQW^E\^( OHPHQW 2SHU DWRU V

7KH RSHUDWRUV GHVFULEHG DV (OHPHQW^E\�(OHPHQW RSHUDWRUV VKDUH FRPPRQ UXOHV
RI FRQIRUPDELOLW\� 6RPH IXQFWLRQV WKDW KDYH WZR DUJXPHQWV DOVR RSHUDWH DFFRUG�
LQJ WR WKH VDPH UXOHV�
7KH (OHPHQW^E\^(OHPHQW RSHUDWRUV KDQGOH WKRVH VLWXDWLRQV LQ ZKLFK PDWUL�

FHV DUH QRW FRQIRUPDEOH DFFRUGLQJ WR VWDQGDUG UXOHV RI PDWUL[ DOJHEUD� :KHQ
D PDWUL[ LV VDLG WR EH ([( FRQIRUPDEOH� LW UHIHUV WR WKLV (OHPHQW^E\^(OHPHQW
FRQIRUPDELOLW\� 7KH IROORZLQJ FDVHV DUH VXSSRUWHG�

PDWUL[ RSHUDWLRQ PDWUL[
PDWUL[ RSHUDWLRQ VFDODU
VFDODU RSHUDWLRQ PDWUL[
PDWUL[ RSHUDWLRQ YHFWRU
YHFWRU RSHUDWLRQ PDWUL[
YHFWRU RSHUDWLRQ YHFWRU

,Q D W\SLFDO H[SUHVVLRQ LQYROYLQJ DQ (OHPHQW^E\�(OHPHQW RSHUDWRU�

]  ; � < �

FRQIRUPDELOLW\ LV GHpQHG DV IROORZV�

s ,I ] DQG \ DUH WKH VDPH VL]H� WKH RSHUDWLRQV DUH FDUULHG RXW FRUUHVSRQGLQJ
HOHPHQW E\ FRUUHVSRQGLQJ HOHPHQW�

[  
� � �
� � �
� � �

\  
� � �
� � �
� � �

� 1 RWH WK DW \ RX FDQ Q RW K LJK OLJK W D IHZ VWDWHP HQ WV DQ G U X Q WK HVH DV RQ H FDQ LQ 6 $ 6 RU
5$ 7 6 RU /,0'( 3 � $ V WK H *$ 8 6 6 HG LWRU LV U DWK HU OLP LWHG _ JRRG LHV VX FK DV CX Q G R
� Z K LOH RQ
WK H P HQ X � G R Q RW Z RU N _ , X VH D WH[ W HG LWRU FDOOHG S U RJU DP P HU 
V p OH HG LWRU Z K LFK LV DY DLODE OH
IU HH IU RP KW W S���Z Z Z �ODQ FV�DF�XN�SHRSOH�FSDDS�SIH��



��� (OHPHQW^E\^(OHPHQW 2SHUDWRUV �

[� \  
� � �
� � �
� � �

s ,I [ LV D PDWUL[ DQG \ LV D VFDODU� RU YLFH YHUVD� WKHQ WKH VFDODU LV RSHUDWHG
RQ ZLWK UHVSHFW WR HYHU\ HOHPHQW LQ WKH PDWUL[� )RU H[DPSOH� [ � � ZLOO
DGG � WR HYHU\ HOHPHQW RI [�

[  
� � �
� � �
� � �

\  �

[� \  
� � �
� � �
� � �

s ,I [ LV DQ 1 E\ � FROXPQ YHFWRU DQG \ LV DQ 1 E\ . PDWUL[� RU YLFH YHUVD�
WKH YHFWRU LV VZHSW 
DFURVV� WKH PDWUL[�

YHFWRU PDWUL[
� b� � � �
� b� � � �
� b� � � �

UHVXOW
� � �
� � �
� � �

s ,I [ LV DQ O E\ . FROXPQ YHFWRU DQG \ LV DQ 1 E\ . PDWUL[� RU YLFH YHUVD�
WKHQ WKH YHFWRU LV VZHSW �GRZQ� WKH PDWUL[�

YHFWRU � � �
� � �
� � �

PDWUL[ � � �
� � �
� � �

UHVXOW � � �
� � �

s :KHQ RQH DUJXPHQW LV D URZ YHFWRU DQG WKH RWKHU LV D FROXPQ YHFWRU� WKH
UHVXOW RI DQ (OHPHQW^E\^(OHPHQW RSHUDWLRQ ZLOO EH WKH WDEOH RI WKH WZR�

URZ YHFWRU � � � �
� � � � �

FROXPQ YHFWRU � � � � �
� � � � �
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s ,I ] DQG \ DUH VXFK WKDW QRQH RI WKHVH FRQGLWLRQV DSSO\� WKHQ WKH PDWULFHV
DUH QRW FRQIRUPDEOH WR WKHVH RSHUDWLRQV DQG DQ HUURU PHVVDJH ZLOO EH
JHQHUDWHG�

��� 0 DWU L[ 2SHU DWRU V

7KH IROORZLQJ RSHUDWRUV ZRUN RQ PDWULFHV� 6RPH DVVXPH QXPHULF GDWD DQG
RWKHUV ZLOO ZRUN RQ HLWKHU FKDUDFWHU RU QXPHULF GDWD�

����� 1XPHULF 2SHUDWRUV

6HH 6HFWLRQ ��� IRU GHWDLOV RQ KRZ PDWUL[ FRQIRUPDELOLW\ LV GHpQHG IRU (OHPHQW^
E\^(OHPHQW RSHUDWRUV�

� $GGLWLRQ�\ \  [� ]� 3HUIRUPV (OHPHQW^E\^(OHPHQW DGGLWLRQ�

� 6XEWUDFWLRQ RU QHJDWLRQ�

\  [b ]� \  bN�

3HUIRUPV (OHPHQW^E\�(OHPHQW VXEWUDFWLRQ RU WKH QHJDWLRQ RI DOO
HOHPHQWV� GHSHQGLQJ RQ FRQWH[W�

e 0DWUL[ PXOWLSOLFDWLRQ RU PXOWLSOLFDWLRQ� \  [ e ]� :KHQ ] KDV WKH
VDPH QXPEHU RI URZV DV [ KDV FROXPQV� WKLV ZLOO SHUIRUP PDWUL[
PXOWLSOLFDWLRQ �LQQHU SURGXFW�� ,I [ RU ] DUH VFDODU� WKLV SHUIRUPV
VWDQGDUG (OHPHQW^E\^(OHPHQW PXOWLSOLFDWLRQ�

� 'LYLVLRQ RU OLQHDU HTXDWLRQ VROXWLRQ� ]  E $� ,I $ DQG E DUH VFDODUV�
LW SHUIRUPV VWDQGDUG GLYLVLRQ� ,I RQH RI WKH RSHUDQGV LV D PDWUL[
DQG WKH RWKHU LV VFDODU� WKH UHVXOW LV D PDWUL[ WKH VDPH VL]H ZLWK WKH
UHVXOWV RI WKH GLYLVLRQV EHWZHHQ WKH VFDODU DQG WKH FRUUHVSRQGLQJ
HOHPHQWV RI WKH PDWUL[� 8VH �� IRU (OHPHQW^E\^(OHPHQW GLYLVLRQ RI
PDWULFHV�
,I E DQG $ DUH FRQIRUPDEOH� WKLV RSHUDWRU VROYHV WKH OLQHDU PDWUL[
HTXDWLRQV�

$[  E�

/LQHDU HTXDWLRQ VROXWLRQ LV SHUIRUPHG LQ WKH IROORZLQJ FDVHV�
�� ,I $ LV D VTXDUH PDWUL[ DQG KDV WKH VDPH QXPEHU RI URZV DV E�
WKHQ WKLV VWDWHPHQW ZLOO VROYH WKH V\VWHP RI OLQHDU HTXDWLRQV XVLQJ
DQ /8 GHFRPSRVLWLRQ�
�� ,I $ LV UHFWDQJXODU ZLWK WKH VDPH QXPEHU RI URZV DV E� WKHQ WKLV
VWDWHPHQW ZLOO SURGXFH WKH OHDVW VTXDUHV VROXWLRQV E\ IRUPLQJ WKH
QRUPDO HTXDWLRQV DQG XVLQJ WKH &KROHVN\ GHFRPSRVLWLRQ WR JHW WKH
VROXWLRQ�

\  
$�E

$�$
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� �FRQWLQXHG� ,I 75$3 � LV VHW� PLVVLQJ YDOXHV ZLOO EH KDQGOHG ZLWK
SDLUZLVH GHOHWLRQ� )RU OHDVW VTXDUHV VROXWLRQV� DOO FRPSXWDWLRQV DQG
VWRUDJH RI LQWHUPHGLDWH UHVXOWV DUH GRQH LQ ���ELW SUHFLVLRQ� 35&61
�� FDQ EH VSHFLpHG WR IRUFH ���ELW SUHFLVLRQ IRU VPDOOHU PDWULFHV RU
ZKHQ XVLQJ WKH ���ELW YHUVLRQ RI *$866�

� 0RGXOR GLYLVLRQ� \  [�]� )RU LQWHJHUV� WKLV UHWXUQV WKH LQWHJHU
YDOXH WKDW LV WKH UHPDLQGHU RI WKH LQWHJHU GLYLVLRQ RI ] E\ [� ,I [ RU
] DUH QRQLQWHJHU� WKH\ ZLOO pUVW EH URXQGHG WR WKH QHDUHVW LQWHJHU�
7KLV LV DQ HOHPHQW�E\�HOHPHQW RSHUDWRU�

� )DFWRULDO� \  [�� &RPSXWHV WKH IDFWRULDO RI HYHU\ HOHPHQW LQ WKH
PDWUL[ U� 1RQLQWHJHUV DUH URXQGHG WR WKH QHDUHVW LQWHJHU EHIRUH WKH
IDFWRULDO RSHUDWRU LV DSSOLHG� *$866����L� 7KLV ZLOO QRW ZRUN ZLWK
FRPSOH[ PDWULFHV� ,I [ LV FRPSOH[� D IDWDO HUURU ZLOO EH JHQHUDWHG�

�e (OHPHQW�E\�HOHPHQW PXOWLSOLFDWLRQ� \  [� e ]� ,I [ LV D FROXPQ
YHFWRU� DQG ] LV D URZ YHFWRU �RU YLFH YHUVD�� WKHQ WKH ?RXWHU SURG�
XFW� RU ?WDEOH� RI WKH WZR ZLOO EH FRPSXWHG� 6HH 6HFWLRQ ��� IRU
FRQIRUPDELOLW\ UXOHV�

�� (OHPHQW^E\^HOHPHQW GLYLVLRQ� \  [� ]�

A (OHPHQW^E\^HOHPHQW H[SRQHQWLDWLRQ� \  [A]� ,I [ LV QHJDWLYH� ]
PXVW EH DQ LQWHJHU�

�A 6DPH DV A�

� e � .URQHFNHU�WHQVRU� SURGXFW� \  [ � e �]� 7KLV UHVXOWV LQ D PDWUL[ LQ
ZKLFK HYHU\ HOHPHQW LQ [ KDV EHHQ PXOWLSOLHG �VFDODU PXOWLSOLFDWLRQ�
E\ WKH PDWUL[ ]� )RU H[DPSOH�

[  I� �� � �J�
]  I� � �� � � �J�
\  [ �
� ]�

[  
� �
� �

]  
� � �
� � �

\  

� � � � �� ��
� � � �� �� ��
�� �� �� �� �� ��
�� �� �� �� �� ��

ea +RUL]RQWDO GLUHFW SURGXFW� ]  [ea\�

[  
� �
� �

\  
� �
� �

]  
� � �� ��
�� �� �� ��

7KH LQSXW PDWULFHV [ DQG \ PXVW KDYH WKH VDPH QXPEHU RI URZV�
7KH UHVXOW ZLOO KDYH FROV�[� e FROV�\� FROXPQV�
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����� 2WKHU 0DWUL[ 2SHUDWRUV

7KHUH DUH D QXPEHU RI RWKHU PDWUL[ RSHUDWRUV WKDW DUH YHU\ XVHIXO� 7KHVH DUH
OLVWHG EHORZ


 7UDQVSRVH RSHUDWRU� ,Q WKH H[SUHVVLRQ \  [
� WKH FROXPQV RI \
ZLOO FRQWDLQ WKH VDPH YDOXHV DV WKH URZV RI [ DQG WKH URZV RI \ ZLOO
FRQWDLQ WKH VDPH YDOXHV DV WKH FROXPQV RI [� *$866^���L� )RU
FRPSOH[ PDWULFHV WKLV FRPSXWHV WKH FRPSOH[ FRQMXJDWH WUDQVSRVH�
,I DQ RSHUDQG LPPHGLDWHO\ IROORZV WKH WUDQVSRVH RSHUDWRU� WKH 

ZLOO EH LQWHUSUHWHG DV 

� 7KXV \  [
[ LV HTXLYDOHQW WR \  [

[�

�
 %RRNNHHSLQJ WUDQVSRVH RSHUDWRU� \  [�
� 7KLV LV SURYLGHG SULPDU�
LO\ DV D PDWUL[ KDQGOLQJ WRRO IRU *$866^���L� )RU DOO PDWULFHV�
WKH FROXPQV RI \ ZLOO FRQWDLQ WKH VDPH YDOXHV DV WKH URZV RI [ DQG
WKH URZV RI \ ZLOO FRQWDLQ WKH VDPH YDOXHV DV WKH FROXPQV RI [�
7KH FRPSOH[ FRQMXJDWH WUDQVSRVH LV 127 FRPSXWHG IRU FRPSOH[
PDWULFHV ZKHQ \RX XVH �
�
,I DQ RSHUDQG LPPHGLDWHO\ IROORZV WKH ERRNNHHSLQJ WUDQVSRVH RSHU�
DWRU� WKH �
 ZLOO EH LQWHUSUHWHG DV �
e� 7KXV \  [�
[ LV HTXLYDOHQW
WR \  [�
e[�

M 9HUWLFDO FRQFDWHQDWLRQ
]  [M\�

[  
� � �
� � �

\  � � �

]  
� � �
� � �
� � �

a +RUL]RQWDO FRQFDWHQDWLRQ

]  [a\�

[  
� �
� �

\  
� �
� �

]  
� � � �
� � � �



��� 5HODWLRQDO 2SHUDWRUV �

��� 5HODWLRQDO 2SHU DWRU V

6HH 6HFWLRQ ��� IRU GHWDLOV RQ KRZ PDWUL[ FRQIRUPDELOLW\ LV GHpQHG IRU (OHPHQW^
E\^(OHPHQW RSHUDWRUV�
(DFK RI WKHVH RSHUDWRUV KDV WZR HTXLYDOHQW UHSUHVHQWDWLRQV� (LWKHU FDQ EH

XVHG �HJ�� � RU /7�� GHSHQGLQJ RQO\ XSRQ SUHIHUHQFH� 7KH DOSKDEHWLF IRUP
VKRXOG EH VXUURXQGHG E\ VSDFHV�
$ WKLUG IRUP RI WKHVH RSHUDWRUV KDV D C�
 DQG LV XVHG IRU FRPSDULVRQV EHWZHHQ

FKDUDFWHU GDWD DQG IRU FRPSDULVRQV EHWZHHQ VWULQJV�
,Q DGGLWLRQ� WKHVH C�
 FRPSDULVRQ RSHUDWRUV FDQ EH XVHG WR GR FRPSDULVRQV

RQ PLVVLQJ YDOXHV RU LQpQLWLHV RU DQ\ RWKHU W\SH RI 1D1
V WKDW DUH SRVVLEOH LQ
WKH ,((( GRXEOH SUHFLVLRQ IRUPDW� /HVV WKDQ RU JUHDWHU WKDQ FRPSDULVRQV PD\
QRW EH YHU\ PHDQLQJIXO ZLWK 1D1
V� EXW HTXDO DQG QRW HTXDO ZLOO EH YDOLG� 7KH
FRPSDULVRQV DUH GRQH E\WH E\ E\WH VWDUWLQJ ZLWK WKH ORZHVW DGGUHVVHG E\WH RI
WKH HOHPHQWV EHLQJ FRPSDUHG�
,I WKH UHODWLRQDO RSHUDWRU LV QRW SUHFHGHG E\ D GRW C�
� WKHQ WKH UHVXOW LV

DOZD\V D VFDODU � RU �� EDVHG XSRQ D FRPSDULVRQ RI DOO HOHPHQWV RI [ DQG \� $OO
FRPSDULVRQV PXVW EH WUXH IRU WKH UHODWLRQDO RSHUDWRU WR UHWXUQ 758(�
%\ WKLV GHpQLWLRQ� WKHQ

LI [  \�

LV LQWHUSUHWHG DV� ?LV HYHU\ HOHPHQW RI ] QRW HTXDO WR WKH FRUUHVSRQGLQJ HOHPHQW
RI \�� 7R FKHFN LI WZR PDWULFHV DUH QRW LGHQWLFDO� XVH�

LI QRW [   \�

*$866^���L� )RU FRPSOH[ PDWULFHV� WKH C  
� C� 
� C�  
 DQG C�� 
 RSHUDWRUV
FRPSDUH ERWK WKH UHDO DQG LPDJLQDU\ SDUWV RI WKH PDWULFHV� DOO RWKHU UHODWLRQDO
RSHUDWRUV FRPSDUH RQO\ WKH UHDO SDUWV�

s /HVV WKDQ
]  [ � \�
]  [ /7 \�
]  [ � � \�

s /HVV WKDQ RU HTXDO WR
]  [ � \�
]  [ /( \�
]  [ � � \�

s (TXDO WR
]  [   \�
]  [ (4 \�
]  [ �   \�

s 1RW HTXDO
]  [   \�
]  [ 1( \�
]  [ �  \�
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s *UHDWHU WKDQ RU HTXDO WR
]  [ ! \�
]  [ *( \�
]  [ � ! \�

s *UHDWHU WKDQ
]  [ ! \�
]  [ *7 \�
]  [ � ! \�

,I WKH UHODWLRQDO RSHUDWRU LV SUHFHGHG E\ D GRW C�
 WKHQ WKH UHVXOW ZLOO EH D PDWUL[
RI O
V DQG 2
V� EDVHG XSRQ DQ HOHPHQW^E\^HOHPHQW FRPSDULVRQ RI [ DQG \�

s (OHPHQW^E\^(OHPHQW OHVV WKDQ
]  [ � � \�
]  [ �/7 \�
]  [ �� � \�

s (OHPHQW^E\^(OHPHQW OHVV WKDQ RU HTXDO WR
]  [ � � \�
]  [ �/( \�
]  [ �� � \�

s (OHPHQW^E\^(OHPHQW HTXDO WR
]  [ �   \�
]  [ �(4 \�
]  [ ��   \�

s (OHPHQW^E\^(OHPHQW QRW HTXDO
]  [ �  \�
]  [ �1( \�
]  [ ��  \�

s (OHPHQW^E\^(OHPHQW JUHDWHU WKDQ RU HTXDO WR
]  [ � ! \�
]  [ �*( \�
]  [ �� ! \�

s (OHPHQW^E\^(OHPHQW JUHDWHU WKDQ
]  [ � ! \�
]  [ �*7 \�
]  [ �� ! \�



��� /RJLFDO 2SHUDWRUV ��

��� /RJLFDO 2SHU DWRU V

7KH ORJLFDO RSHUDWRUV SHUIRUP ORJLFDO RU %RROHDQ RSHUDWLRQV RQ QXPHULF YDOXHV�
2Q LQSXW D QRQ]HUR YDOXH LV FRQVLGHUHG 758( DQG D ]HUR YDOXH LV FRQVLGHUHG
)$/6(� 7KH ORJLFDO RSHUDWRUV UHWXUQ D � LI 758( DQG D � LI )$/6(� 'HFLVLRQV
DUH EDVHG RQ WKH IROORZLQJ WUXWK WDEOH�

&RPSOHPHQW
; 127 ;
7 )
) 7

&RQMXQFWLRQ
; < ; $1' <
7 7 7
7 ) )
) 7 )
) ) )

'LVMXQFWLRQ
; < ; 25 <
7 7 7
7 ) 7
) 7 7
) ) )

([FOXVLYH 25
; < ; ;25 <
7 7 )
7 ) 7
) 7 7
) ) )

(TXLYDOHQFH
; < ; (49 <
7 7 7
7 ) )
) 7 )
) ) 7

*$866^���L� )RU FRPSOH[ PDWULFHV� WKH ORJLFDO RSHUDWRUV FRQVLGHU RQO\
WKH UHDO SDUW RI WKH PDWULFHV�
7KH IROORZLQJ RSHUDWRUV UHTXLUH VFDODU DUJXPHQWV� 7KHVH DUH WKH RQHV WR XVH

LQ ,) DQG '2 VWDWHPHQWV�

s &RPSOHPHQW� ]  127 [�
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s &RQMXQFWLRQ� ]  [ $1' \�

s 'LVMXQFWLRQ� ]  [ 25 \�

s ([FOXVLYH RU� ]  [ ;25 \�

s (TXLYDOHQFH� ]  [ (49 \�

,I WKH ORJLFDO RSHUDWRU LV SUHFHGHG E\ D GRW 
�
 WKH UHVXOW ZLOO EH D PDWUL[ RI
O
V DQG �
V EDVHG XSRQ DQ (OHPHQW^E\^(OHPHQW ORJLFDO FRPSDULVRQ RI [ DQG \�

s (OHPHQW^E\^(OHPHQW ORJLFDO FRPSOHPHQW� ]  �127 [�

s (OHPHQW^E\^HOHPHQW FRQMXQFWLRQ� ]  [ �$1' \�

s (OHPHQW^E\^(OHPHQW GLVMXQFWLRQ� ]  [ �25 \�

s (OHPHQW^E\^(OHPHQW H[FOXVLYH RU� ]  [ �;25 \�

s (OHPHQW^E\^(OHPHQW HTXLYDOHQFH� ]  [ �(49 \�

��� 2WKHU 2SHU DWRU V

s $VVLJQPHQW 2SHUDWRU� $VVLJQPHQWV DUH GRQH ZLWK RQH HTXDO VLJQ� \  
��

s �FRPPD�

^ &RPPDV DUH XVHG WR GHOLPLW OLVWV� FOHDU [�\�]�

^ &RPPDV DUH DOVR XVHG WR VHSDUDWH URZ LQGLFHV IURP FROXPQ LQGLFHV
ZLWKLQ EUDFNHWV� \  [>���@�

^ $QG WR VHSDUDWH DUJXPHQWV RI IXQFWLRQV ZLWKLQ SDUHQWKHVHV� \  
PRPHQWG�[�G��

s �SHULRG� 'RWV DUH XVHG LQ EUDFNHWV WR VLJQLI\ ?DOO URZV� RU ?DOO FROXPQV��
\  [>���@�

s �VSDFH�
^ 6SDFHV DUH XVHG LQVLGH RI LQGH[ EUDFNHWV WR VHSDUDWH LQGLFHV� \  [>�

� ��� � �@��

^ 6SDFHV DUH DOVR XVHG LQ 35,17 DQG /35,17 VWDWHPHQWV WR VHSD�
UDWH WKH VHSDUDWH H[SUHVVLRQV WR EH SULQWHG� SULQW [�� �
VTUW�[���
7KHUHIRUH� QR H[WUDQHRXV VSDFHV DUH DOORZHG ZLWKLQ H[SUHVVLRQV LQ
35,17 DQG /35,17 VWDWHPHQWV XQOHVV WKH H[SUHVVLRQ LV HQFORVHG
LQ SDUHQWKHVHV� SULQW �[ � �� �� 
 VTUW�[���

s �FRORQ� $ FRORQ LV XVHG ZLWKLQ EUDFNHWV WR FUHDWH D FRQWLQXRXV UDQJH RI
LQGLFHV� \  U>�����@�

s �DPSHUVDQG� 7KH �	� DPSHUVDQG RSHUDWRU ZLOO UHWXUQ D SRLQWHU WR D SUR�
FHGXUH �352&� RU IXQFWLRQ �)1�� ,W LV XVHG ZKHQ SDVVLQJ SURFHGXUHV RU
IXQFWLRQV WR RWKHU IXQFWLRQV DQG IRU LQGH[LQJ SURFHGXUHV� 6HH 6HFWLRQ ��



��� 2WKHU 2SHUDWRUV ��

s 6WULQJ &RQFDWHQDWLRQ

[  �GRJ��
\  �FDW��
]  [ �� \�
SULQW ]�

GRJFDW

,I WKH pUVW DUJXPHQW LV RI W\SH 675,1*� WKH UHVXOW ZLOO EH RI W\SH 675,1*�
,I WKH pUVW DUJXPHQW LV RI W\SH 0$75,;� WKH UHVXOW ZLOO EH RI W\SH 0$�
75,;� 6HH WKH IROORZLQJ H[DPSOHV�

\  � �� �FDWHUSLODU��

7KH UHVXOW ZLOO EH D � E\ � PDWUL[ FRQWDLQLQJ FDWHUSLO�

\  ]HURV����� �� �FDW��

7KH UHVXOW ZLOO EH D � E\ � PDWUL[� HDFK HOHPHQW FRQWDLQLQJ FDW� ,I ZH XVH
WKH \ FUHDWHG DERYH LQ WKH IROORZLQJ�

N  \ �� �ILVK��

7KH UHVXOW ZLOO EH D � E\ � PDWUL[ ZLWK HDFK HOHPHQW FRQWDLQLQJ FDWILVK�
,I ZH WKHQ XVH N FUHDWHG DERYH�

W  � � �� N>���@�

7KH UHVXOW ZLOO EH D 675,1* FRQWDLQLQJ FDWILVK� ,I ZH XVHG WKH VDPH N
WR FUHDWH ] DV IROORZV� ]  �GRJ� �� N>���@� 7KH UHVXOW ] ZLOO EH D

VWULQJ FRQWDLQLQJ GRJFDWILVK�

6WULQJ 9DULDEOH 6XEVWLWXWLRQ ,Q D FRPPDQG OLNH WKH FUHDWH q  ROVGDW ZLWK
[����� E\ GHIDXOW *$866 ZLOO LQWHUSUHW ROVGDW DV WKH OLWHUDO QDPH RI WKH *$866
GDWD pOH WKDW \RX ZDQW WR FUHDWH� ,W ZLOO DOVR LQWHUSUHW [ DV WKH OLWHUDO SUHp[
VWULQJ IRU WKH YDULDEOH QDPHV [O [� [� [��
,I \RX ZDQW WR JHW WKH GDWD VHW QDPH IURP D VWULQJ YDULDEOH� WKH VXEVWLWXWLRQ

RSHUDWRU FRXOG EH XVHG DV IROORZV�

GDWDVHW  �ROGGDW��

FUHDWH IO  AGDWDVHW ZLWK [�����

,I \RX ZDQW WR JHW WKH GDWD VHW QDPH IURP D VWULQJ YDULDEOH DQG WKH YDULDEOH
QDPHV IURP D FKDUDFWHU YHFWRU� XVH WKH IROORZLQJ�

GDWDVHW  �ROGGDW��

YQDPHV  DJH� SD\� VH[

FUHDWH IO  AGDWDVHW ZLWK AYQDPHV�����
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7KH JHQHUDO V\QWD[ LV� AYDULDEOH QDPH� ([SUHVVLRQV DUH QRW DOORZHG�
7KH IROORZLQJ FRPPDQGV DUH VXSSRUWHG ZLWK WKH VXEVWLWXWLRQ RSHUDWRU LQ

WKH FXUUHQW YHUVLRQ�

FUHDWH IO  AGDWDVHW ZLWK AYQDPHV�����

FUHDWH IO  AGDWDVHW XVLQJ AFDGILOH�

RSHQ IO  AGDWDVHW�

RXWSXW ILOH  ARXWILOH�

ORDG [  AGDWDILOH�

ORDG SDWK  AOSDWK [�\�]�W�Y�

ORDGH[H EXI  AH[HILOH�

VDYH AQDPH  [�

VDYH SDWK  AVSDWK�

GRV AFPGVWU�

UXQ ASURJ�

PV\P APDWULQJ�

��� 6XPPDU \

7KH WDEOHV EHORZ OLVW DQG H[HPSOLI\ WKHP FRPSDFWO\�
0$7+(0$7,&$/ 23(5$7256
� DGGLWLRQ ]  [� \
b VXEWUDFWLRQ RU XQDU\ PLQXV ]  [b \
e PXOWLSOLFDWLRQ ]  [ e \
�e (OHPHQW E\ HOHPHQW PXOWLSOLFDWLRQ ]  [� e \
A (OHPHQW E\ HOHPHQW H[SRQHQWLDWLRQ [  [A�
� IDFWRULDO ]  [�
�� (OHPHQW E\ HOHPHQW GLYLVLRQ ]  [� \
� GLYLVLRQ RU OLQHDU HTXDWLRQ VROXWLRQ RI $[  E [  E $
� PRGXOR GLYLVLRQ ]  [��
�e� .URQHFNHU SURGXFW &  $� e �%

a KRUL]RQWDO GLUHFW SURGXFW &  $ea%
0$75,; $1' 675,1* $55$< 23(5$7256
_ PDWUL[ YHUWLFDO FRQFDWHQDWLRQ ]  [M\
a PDWUL[ KRUL]RQWDO FRQFDWHQDWLRQ ]  [ a\
�_ VWULQJ DUUD\ YHUWLFDO FRQFDWHQDWLRQ &  $�M%
�a VWULQJ DUUD\ KRUL]RQWDO FRQFDWHQDWLRQ &  $�a%

 WUDQVSRVH \  [�

�
 ERRNNHHSLQJ WUDQVSRVH \  [��

675,1* 23(5$7256
�� VWULQJ FRQFDWHQDWLRQ� $  �EODFN�� ��FDW�

6\PEROV XVHG IRU LQGH[LQJ PDWULFHV DUH� C>
� C@
� C�
 DQG C�
� )RU H[DPSOH�

[>� � �@ UHWXUQV WKH �VW� �QG DQG �WK HOHPHQWV RI [�
[>����@ UHWXUQV WKH �QG WKURXJK ��WK HOHPHQWV RI [�
[>��� � �@ UHWXUQV DOO URZV RI WKH �QG� �WK� DQG �WK FROXPQV RI [�

2SHUDWRUV� 0DWUL[ /RJLFDO 7KH PDWUL[ ORJLFDO RSHUDWRUV SHUIRUP ORJLFDO RU
%RROHDQ RSHUDWLRQV RQ QXPHULF YDOXHV� 2Q LQSXW� D QRQ]HUR YDOXH LV FRQVLGHUHG



��� 6XPPDU\ ��

758( DQG D ]HUR YDOXH LV FRQVLGHUHG )$/6(� 7KH ORJLFDO RSHUDWRUV UHWXUQ D �
LI 758( DQG D � LI )$/6(�

&RPSOHPHQW 'LVMXQFWLRQ (TXLYDOHQFH
]  �QRW [� ]  [ �RU \� ]  [ �HTY \�
&RQMXQFWLRQ ([FOXVLYH 25
]  [ �DQG \� ]  [ �[RU \�

,I WKH ORJLFDO RSHUDWRU LV SUHFHGHG E\ D GRW C�
� WKH UHVXOW ZLOO EH D PDWUL[ RI
�
V DQG �
V EDVHG XSRQ DQ (OHPHQW^E\^(OHPHQW ORJLFDO FRPSDULVRQ RI [ DQG \�
)RU H[DPSOH� LI [  I � � � � J DQG \  I � � � � J WKHQ �[ �RU \� ZLOO
EH WKH YHFWRU I � � � � J� 'R QRW XVH WKH C�
 RSHUDWRUV LQ LI RU GR � � � ZKLOH
VWDWHPHQWV�

2SHUDWRUV� 0DWUL[ 5HODWLRQDO 7KH PDWUL[�UHWXUQLQJ UHODWLRQDO RSHUDWRUV
DUH�

/HVV WKDQ� 1RW HTXDO�
]  [ �� \� ]  [ �� \�
]  [ �OW \� ]  [ �QH \�
]  [ ��� \� ]  [ ��� \�
*UHDWHU WKDQ� *UHDWHU WKDQ RU HTXDO WR�
]  [ �! \� ]  [ �! \�
]  [ �JW \� ]  [ �JH \�
]  [ ��! \� ]  [ ��! \�
(TXDO WR� /HVV WKDQ RU HTXDO WR�

]  [ �  \� ]  [ �� \�
]  [ �HT \� ]  [ �OH \�
]  [ ��  \� ]  [ ��� \�

7KH DERYH RSHUDWRUV DOO SURGXFH D PDWUL[ RI �
V DQG �
V� ZLWK D � ZKHUH WKH
FRUUHVSRQGLQJ FRPSDULVRQ LV 758(� 7KH C�
 LV XVHG IRU FRPSDULVRQV EHWZHHQ
FKDUDFWHU GDWD DQG RWKHU QRQQXPHULF GDWD� H�J� 1D1V�

2SHUDWRUV� 5HODWLRQDO 7KH VFDODU�UHWXUQLQJ UHODWLRQDO RSHUDWRUV DUH�
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/HVV WKDQ� 1RW HTXDO�
]  [ � \� ]  [ � \�
]  [ OW \� ]  [ QH \�
]  [ �� \� ]  [ �� \�
*UHDWHU WKDQ� *UHDWHU WKDQ RU HTXDO WR�
]  [ ! \� ]  [ ! \�
]  [ JW \� ]  [ JH \�
]  [ �! \� ]  [ �! \�
(TXDO WR� /HVV WKDQ RU HTXDO WR�
]  [   \� ]  [ � \�
]  [ HT \� ]  [ OH \�
]  [ �  \� ]  [ �� \�

7KH UHVXOW LV D VFDODU � RU �� EDVHG XSRQ D FRPSDULVRQ RI DOO HOHPHQWV RI [
DQG \� $// FRPSDULVRQV PXVW EH WUXH IRU D UHVXOW RI � �758(�� 7KH C�
 LV XVHG
IRU FRPSDULVRQV EHWZHHQ FKDUDFWHU GDWD DQG RWKHU QRQQXPHULF GDWD� H�J� 1D1V�

2SHUDWRUV� 6FDODU /RJLFDO 7KH ORJLFDO RSHUDWRUV SHUIRUP ORJLFDO RU %RROHDQ
RSHUDWLRQV RQ QXPHULF YDOXHV� 2Q LQSXW� D QRQ]HUR YDOXH LV FRQVLGHUHG 758(
DQG D ]HUR YDOXH LV FRQVLGHUHG )$/6(� 7KH ORJLFDO RSHUDWRUV UHWXUQ D � LI 758(
DQG D � LI )$/6(�
7KHVH RSHUDWRUV UHTXLUH VFDODU DUJXPHQWV� 7KHVH DUH WKH RQHV WR XVH LQ LI

DQG GR VWDWHPHQWV�

&RPSOHPHQW 'LVMXQFWLRQ (TXLYDOHQFH
]  QRW [� ]  [ RU \� ]  [ HTY \�
&RQMXQFWLRQ ([FOXVLYH 25
]  [ DQG \� ]  [ [RU \�

&RQGLWLRQDO %UDQFKLQJ &RQGLWLRQDO EUDQFKLQJ LV GRQH ZLWK WKH LI VWDWHPHQW�

LI [ ! ��
UY  ��
SULQW �3RVLWLYH��

HOVHLI [ � ��
UY  ���
SULQW �1HJDWLYH��

HOVH�
UY  ��
SULQW �=HUR��

HQGLI�
7KH H[SUHVVLRQ DIWHU WKH LI RU WKH HOVHLI PXVW EH D VFDODU^UHWXUQLQJ H[SUHV�

VLRQ� 8VH WKH UHODWLRQDO DQG ORJLFDO RSHUDWRUV ZLWKRXW WKH GRW� HOVHLI DQG HOVH
DUH RSWLRQDO� 7KHUH FDQ EH PXOWLSOH HOVHLI 
V�

8QFRQGLWLRQDO EUDQFKLQJ LV GRQH ZLWK JRWR� :KLOH CJRRG
 SURJUDPPLQJ
XVHV D PLQLPDO RI XQFRQGLWLRQDO EUDQFKLQJ VWDWHPHQWV� VRPHWLPHV� DV LQ WKH
IROORZLQJ H[DPSOH� WKH\ DUH QHFHVVDU\�



��� 6XPPDU\ ��

([DPSOHV �

�
 FRLQ WRVV��� 
�

WRVV�

FRLQ  UQGX������

LI FRLQ ! ��� DQG FRLQ � ����

JRWR HGJH�

HOVHLI FRLQ ! ����

KHDGV  KHDGV � ��

HQGLI�

W  W � ��

JRWR WRVV�

HGJH�

SULQW �,W
V RQ HGJH���

SULQW �+� KHDGV �7� W�KHDGV�

�
 ILOH FKHFN��� 
�

RSHQ I�  P\GDW IRU UHDG�

LI I�   ���

JRWR HUURXW��)LOH QRW IRXQG�� �� ��

HQGLI�

HUURXW�

SRS UY�

SRS PVJ�

HUURUORJ PVJ�

HUUYDO  UY�

HQG�

7KH WDUJHW RI D JRWR LV FDOOHG D ODEHO� /DEHOV PXVW EHJLQ ZLWK 
 
 RU DQ
DOSKDEHWLF FKDUDFWHU DQG DUH DOZD\V IROORZHG E\ D FRORQ�

JRWR� OLNH JRVXE� FDQ SDVV DUJXPHQWV YLD WKH VWDFN� ,I DUJXPHQWV DUH SDVVHG�
WKH\ DUH UHWULHYHG �SRS
HG� LQ WKH UHYHUVH RUGHU WKH\ DUH SDVVHG�

/RRSLQJ &RQWURO /RRSLQJ LQ *$866 LV D WLPH^FRQVXPLQJ SDVWWLPH� ,I \RX
FDQ DYRLG ORRSV E\ SURJUDPPLQJ PDWULFHV� WKHQ E\ DOO PHDQV GR VR� +RZHYHU�
WKHUH DUH WLPHV ZKHQ ORRSV FDQQRW EH DYRLGHG� <RX VKRXOG NQRZ WKDW ORRSLQJ
LV FRQWUROOHG ZLWK WKH GR VWDWHPHQW�

GR ZKLOH VW ! WRO� �
 ORRS LI WUXH 
�

�

�

�

HQGR�

GR XQWLO VW � WRO� �
 ORRS LI IDOVH 
�

�

�

�

HQGR�

EUHDN� -XPS WR WKH VWDWHPHQW IROORZLQJ HQGR�

FRQWLQXH� -XPS WR WKH WRS RI D GR ORRS�

&UHDWLQJ 0DWULFHV 7KHUH DUH D QXPEHU RI FRPPDQGV WKDW PD\ EH XVHG WR
FUHDWH PDWULFHV� D OLVW RI WKHVH IROORZV�
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GHVLJQ &UHDWHV D GHVLJQ PDWUL[ RI �
V DQG �
V�
HGLWP ,QYRNHV WKH PDWUL[ HGLWRU�
H\H &UHDWHV DQ LGHQWLW\ PDWUL[�
OHW &UHDWHV D PDWUL[ IURP D OLVW RI YDOXHV�

RQHV &UHDWHV D PDWUL[ RI RQHV�
UHFVHUDU &RPSXWHV DXWR�UHJUHVVLYH UHFXUVLYH VHULHV�
UHFVHUFS &RPSXWHV UHFXUVLYH VHULHV LQYROYLQJ SURGXFWV�
UHFVHUUF &RPSXWHV UHFXUVLYH VHULHV LQYROYLQJ GLYLVLRQ�
VHTD &UHDWHV D YHFWRU DV DQ DGGLWLYH VHTXHQFH�
VHTP &UHDWHV D YHFWRU DV D PXOWLSOLFDWLYH VHTXHQFH�

WRHSOLW] &RPSXWHV 7RHSOLW] PDWUL[ IURP FROXPQ YHFWRU�
]HURV &UHDWHV D PDWUL[ RI ]HURV�
_ 9HUWLFDO FRQFDWHQDWLRQ RSHUDWRU�
a +RUL]RQWDO FRQFDWHQDWLRQ RSHUDWRU�

� 3 U RJU DPV

*$866 SURJUDPV FDQ ORRVHO\ EH GHpQHG DV pOHV ZLWK YDOLG *$866 FRPPDQGV�
$ SURJUDP pOH PD\ FRQVLVW RI ERWK WKH DFWXDO FRGH RI WKH SURJUDP DQG DGGLWLRQDO
SURFHGXUHV VSHFLpF WR WKDW SURJUDP� $V D pUVW FRPPDQG RI D *$866 SURJUDP�
WKH XVHU FDQ VWDUW WR JLYH QHZ ZKLFK FOHDUV WKH ZRUNVSDFH� $OO PDWULFHV DQG
SURFHGXUHV IURP SUHYLRXV SURJUDPV DUH GHOHWHG IURP PHPRU\� $ SURJUDP FDQ
EH HQGHG ZLWK WKH HQG^VWDWHPHQW� ZKLFK FORVHV DOO RSHQ pOHV DQG WHUPLQDWHV
WKH SURJUDP� 7KH SDXVH ����^VWDWHPHQW KDOWV H[HFXWLRQ RI WKH SURJUDP IRU ��
VHFRQGV DQG WKH V\VWHP^VWDWHPHQW H[LWV *$866�
$Q LPSRUWDQW HOHPHQW LQ DQ\ SURJUDP LV WKH qRZ FRQWURO� 9DULRXV NH\ZRUGV

DUH DYDLODEOH LQ *$866 WR GHWHUPLQH ZKHWKHU D SLHFH RI FRGH VKRXOG EH UHSHDWHG
VRPH WLPHV RU VKRXOG EH H[HFXWHG DW DOO� $ *$866^ORRS LV VWDUWHG XVLQJ WKH
GR�ZKLOH VWDWHPHQW DQG HQGHG E\ WKH HQGR VWDWHPHQW� :LWKLQ WKH ORRS� RQH FDQ
MXPS WR WKH WRS RI WKH ORRS ZLWK WKH FRQWLQXH^VWDWHPHQW DQG RQH FDQ EUHDN
RXW RI WKH ORRS ZLWK WKH EUHDN^VWDWHPHQW� ,Q WKDW FDVH WKH SURJUDP SURFHHGV
ZLWK WKH pUVW FRPPDQG IROORZLQJ HQGR� &RQVLGHU WKH IROORZLQJ H[DPSOH�

L O�

GR ZKLOH �L� �����

L L�O�

SULQW �L � L�

HQGR�

1RWH WKDW D %RROHDQ H[SUHVVLRQ L� ��� GHWHUPLQHV ZKHWKHU WKH FRGH ZLWKLQ
WKH ORRS VKRXOG EH H[HFXWHG DJDLQ RU QRW� $OWHUQDWLYHO\� WKH ORRS FDQ EH FRQ�
WUROOHG XVLQJ WKH GR XQWLO VWDWHPHQW DV LQ

L O�

GR XQWLO �L!�����

L L�O�

SULQW �L � L�

HQGR�

,W LV QRW DGYLVDEOH WR SHUIRUP PDWUL[ RSHUDWLRQV XVLQJ D GR^ZKLOH ORRS LI WKH\
FDQ EH SHUIRUPHG XVLQJ HOHPHQWZLVH RSHUDWRUV LQVWHDG� 7KH IROORZLQJ SURJUDP



��

JHQHUDWHV ����� UDQGRP QXPEHUV XQLIRUPO\ GLVWULEXWHG EHWZHHQ � DQG �� DQG
FODVVLpHV WKHP LQWR WKH LQWHUYDOV >�� ��� >����� DQG >�� ��@� �KVHF LV D VWDQGDUG
*$866 IXQFWLRQ WKDW UHWXUQV WLPH HODSVHG VLQFH PLGQLJKW LQ KXQGUHGWKV RI D
VHFRQG��

U ������

Y ��
UQGX�U�O��

HWO KVHF�

YO ]HURV�U�O��

L O�

GR ZKLOH �L� U��

LI Y>L@���

YO>L@ ��

HOVHLI Y>L@!��

YO>L@ ��

HOVH�

YO>L@ ��

HQGLI�

L L�O�

HQGR�

HWO �KVHF�HWO������

HW� KVHF�

Y� �Y���� � �
�Y�! ���
�Y�� �� � �
�Y�!���

HW� �KVHF�HW�������

SULQW �ORRS� HWO�

SULQW �YHFWRUL]HG� HW��

SULQW �UDWLR� �HW��HWO��

&ODVVLpFDWLRQ LV PXFK IDVWHU LI GRQH XVLQJ WKH HOHPHQWZLVH RSHUDWRUV� LQ WKLV
SDUWLFXODU H[DPSOH WKH 
YHFWRUL]HG
�FRGH LV DOPRVW WKUHH WLPHV DV IDVW� ,Q IDFW�
HYHQ IDVWHU FRGH LV

Y� ���Y�! ����Y�! ���

&RGH LV H[HFXWHG FRQGLWLRQDOO\ XVLQJ WKH LI � � � HQGLI VWDWHPHQWV� :LWKLQ
DQ LI � � � HQGLI EUDQFK RQH FDQ XVH HOVHLI DQG HOVH VWDWHPHQWV IRU IXUWKHU FRQ�
GLWLRQLQJ� %RWK WKH LI DQG HOVHLI VWDWHPHQWV PXVW EH IROORZHG E\ D VFDODU
H[SUHVVLRQ ZKLFK GHWHUPLQHV ZKHWKHU WKH FRGH VKRXOG EH H[HFXWHG RU QRW� (DFK
LI VWDWHPHQW PXVW EH HQGHG ZLWK DQ HQGLI VWDWHPHQW� &RQVLGHU WKH IROORZLQJ
H[DPSOH�

M O�

GR ZKLOH �L� ����

LI �L��  ���

SULQW OOL LV HYHQ� L�

HOVHLI �L��  ���

SULQW �L LV RGG DQG GLYLVLEOH E\ �� L� HOVH�

SULQW �L LV RGG DQG QRW GLYLVLEOH E\ �� L� HQGLI�

L L�O�

HQGR�

$IWHU ZULWLQJ D SURJUDP LQ WKH *$866�HGLWRU� RQH FDQ FRPSLOH DQG UXQ WKH
SURJUDP E\ FOLFNLQJ RQ WKH UXQ EXWWRQ�
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� *$866 3 U RFHGXU HV

3URFHGXUHV DUH WKH EXLOGLQJ EORFNV RI *$866� 0DQ\ XVHIXO SURFHGXUHV DUH SUR�
YLGHG ZLWK WKH LQVWDOODWLRQ DQG RWKHU KDQG\ SURFHGXUHV DUH VKLSSHG ZLWK WKH
*$866 PRGXOHV RU ZLWK FRPPHUFLDO H[WHQVLRQV WR *$866� *$866 GHULYHV LWV
qH[LELOLW\ IURP WKH SRVVLELOLWLHV IRU WKH XVHU WR ZULWH KLV RZQ SURFHGXUHV� 7KHVH
SURFHGXUHV FDQ EH YHU\ VLPSOH RU FRPSOH[� HYHQ WKRXJK LW LV UHFRPPHQGDEOH WR
EUHDN FRPSOH[ SURFHGXUHV LQ D IHZ VLPSOHU RQHV� ,Q WKLV VHFWLRQ ZH ZLOO GLVFXVV
ZULWLQJ D SURFHGXUH DQG VRPH LPSRUWDQW VWDQGDUG SURFHGXUHV WKDW EHORQJ WR
WKH VWDQGDUG LQVWDOODWLRQ RI *$866�

$ SURFHGXUH LV FUHDWHG DORQJ WKH IROORZLQJ VWHSV� )LUVW� WKH VRXUFH FRGH PXVW
EH ZULWWHQ LQ D pOH� 7KDW pOH PXVW KDYH WKH VDPH QDPH DV WKH SURFHGXUH � DQG
KDYH H[WHQVLRQ J� )RU H[DPSOH� WKH FRGH RI WKH SURFHGXUH ER[FR[ PXVW EH LQ
WKH VRXUFH pOH ER[FR[�J� 7KLV UHTXLUHPHQW LPSOLHV WKDW D SURFHGXUH QDPH FDQ
KDYH XS WR HLJKW FKDUDFWHUV� 7KH pOH ZLWK WKH VRXUFH FRGH PXVW EH SODFHG LQ D
VXEGLUHFWRU\ WKDW LV OLVWHG LQ WKH SDWK IRU SURJUDP pOHV �WKH YDULDEOH VUF^SDWK
LQ JDXVV�FIJ�� 7KH DFWXDO FRGH IRU WKH SURFHGXUH FRQVLVWV RI WKH IROORZLQJ pYH
SDUWV�

�� SURFHGXUH GHFODUDWLRQ SURF�[ � SQDPH�DJUXPHQWV ��
�� GHFODUDWLRQ RI WKH ORFDO YDULDEOHV ORFDOOLVW
�� DFWXDO FRGH RI WKH SURFHGXUH *$866 VWDWHPHQWV
�� UHWXUQLQJ YDOXHV UHWS�OLVW ��
�� HQG RI WKH SURFHGXUH HQGS�

,W LV JRRG SUDFWLFH WR GRFXPHQW WKH PRVW LPSRUWDQW IHDWXUHV RI WKH SURFHGXUH
LQ WKH pUVW FRXSOH RI OLQHV� EHWZHHQ WKH FRPPHQW WHUPLQDWRUV  e DQG e � ,I WKH
XVHU QHHGV KHOS RQ WKH SURFHGXUH KH FDQ XVH WKH *$866 KHOS V\VWHP DV LI WKH
SURFHGXUH ZHUH DQ LQWULQVLF FRPPDQG RU D YHQGRU SURYLGHG SURFHGXUH� 7KH
KHOS V\VWHP SXWV WKH VRXUFH FRGH RI WKH SURFHGXUH LQ WKH *$866^HGLWRU� KHQFH
GRFXPHQWDWLRQ VKRXOG EH LQ WKH WRS RI WKH VRXUFH pOH�

2QH VKRXOG QRWH WKDW *$866 LV QRW D YHU\ 
VDIH
 ODQJXDJH LQ WKH VHQVH WKDW
LW KDUGO\ SHUIRUPV DQ\ W\SH FKHFNLQJ DW HLWKHU FRPSLODWLRQ RU UXQ WLPH� +HQFH�
WKH XVHU VKRXOG GR WKLV ZKHQ KH ZULWHV WKH SURFHGXUH�

(YHU\ SURFHGXUH VWDUWV ZLWK D GHFODUDWLRQ� DV IRU H[DPSOH�

SURF ���  ER[FR[�[�E��

7KH QXPEHU RI UHWXUQV LV SXW EHWZHHQ SDUHQWKHVHV� ,I RQO\ RQH REMHFW LV
UHWXUQHG WKLV FDQ EH OHIW RXW DV LQ SURF ER[FR[�[�E��� 7KH SDUDPHWHUV RI WKH
SURFHGXUH DUH SDVVHG DIWHU WKH SURFHGXUH QDPH� ,Q WKLV FDVH� WKHUH DUH WZR
SDUDPHWHUV� [ DQG E�

7KH VHFRQG HOHPHQW RI WKH SURFHGXUH LV WKH GHFODUDWLRQ RI WKH ORFDO YDULDEOHV�
$OO YDULDEOHV LQ *$866 DUH JOREDO RQHV� XQOHVV WKH\ DUH SUHFHGHG E\ WKH NH\ZRUG
ORFDO ZKHQ WKH\ DUH GHFODUHG� $OO JOREDO YDULDEOHV DUH DFFHVVLEOH IURP ZLWKLQ WKH
SURFHGXUH DQG DUH QRW GHFODUHG LQ RQH ZD\ RU DQRWKHU� 7KHUH LV PXFK WKDW
FRXOG EH VDLG DV WR WKH DGYDQWDJH RU GLVDGYDQWDJH RI XVLQJ JOREDO YDULDEOHV LQ D
SURFHGXUH� *RRG SUDFWLFH ZRXOG EH WR XVH RQO\ ORFDO YDULDEOHV EXW LQ DQ LWHUDWLYH
FRQWH[W� WKLV PD\ EH WLPH FRQVXPLQJ DV WKH ORFDO YDULDEOHV PXVW EH DVVLJHG DW



��

HDFK FDOO WR WKH SURFHGXUH�

,I WKH SURFHGXUH LV VSHFLpF WR RQH SURJUDP �IRU H[DPSOH� D SURFHGXUH WKDW
FDOFXODWHV D VSHFLpF OLNHOLKRRG IXQFWLRQ WR EH RSWLPL]HG� WKH FRGH RI WKH SUR�
FHGXUH PD\ DOVR EH SODFHG LQ WKH pOH WKDW FRQWDLQV WKH FRGH RI WKH *$866
SURJUDP� ,Q WKLV FDVH� WKDW SURFHGXUH FDQ QRW EH FDOOHG IURP RWKHU SURJUDPV� ,I
WKH SURFHGXUH LV SDUW RI D OLEUDU\� WKLV LV QRW QHFHVVDU\� &UHDWLRQ RI OLEUDULHV LV
GLVFXVVHG LQ 6HFWLRQ �� +RZHYHU� LI WKH SURFHGXUHV DUH WR EH SODFHG LQ D OLEUDU\�
FDUH PXVW EH WDNHQ LI WKH URXWLQHV FRQWDLQ JOREDO YDULDEOHV�

/RFDO YDULDEOHV DUH GHFODUHG DV LQ

ORFDO ]�

$IWHU WKLV FRPPDQG� ] PXVW EH LQLWLDOL]HG DV LW LV QRW LQLWLDOL]HG E\ LWV
GHFODUDWLRQ� $ ORFDO YDULDEOH PD\ KDYH WKH VDPH QDPH DV D JOREDO YDULDEOH�
ZLWKLQ WKH SURFHGXUH ZKHUH LW KDV EHHQ GHFODUHG DV ORFDO� WKH ORFDO YDULDEOH
WHPSRUDULO\ 
RYHUULGHV
 WKH JOREDO YDULDEOH RI WKH VDPH QDPH� $OO SDUDPHWHUV
DUH SDVVHG E\ UHIHUHQFH�

7KH WKLUG SDUW RI WKH SURFHGXUH LV JHQHUDOO\ WKH PRVW LQWHUHVWLQJ SDUW� +HUH
WKH DFWXDO FDOFXODWLRQV DUH SHUIRUPHG� ,Q WKLV VHFWLRQ RWKHU SURFHGXUHV PD\ EH
FDOOHG�

7KH IRXUWK HOHPHQW RI WKH SURFHGXUH LV UHWXUQLQJ WKH UHVXOW RI WKH FDOFX�
ODWLRQV� 7KH QXPEHU RI HOHPHQWV UHWXUQHG PXVW FRLQFLGH ZLWK WKH QXPEHU RI
UHWXUQV JLYHQ LQ WKH GHFODUDWLRQ� $Q H[DPSOH RI WKH UHWXUQ VWDWHPHQW LV

UHWS� ] ��

,I WKH SURFHGXUH KDV QR UHWXUQV� WKLV SDUW FDQ EH VNLSSHG� LI PRUH WKDQ RQH
HOHPHQW LV UHWXUQHG� WKH HOHPHQWV DUH VHSDUDWHG E\ FRPPD
V DV LQ

UHWS�]�[��

)LQDOO\� HYHU\ SURFHGXUH LV WHUPLQDWHG ZLWK WKH

HQGS�

FRPPDQG� $Q H[DPSOH RI D SURFHGXUH WKDW FDOFXODWHV WKH %R[�&R[ WUDQV�
IRUP �WKH %R[�&R[ WUDQVIRUP LV D WUDQVIRUPDWLRQ LQ VWDWLVWLFV WKDW WUDQVIRUPV D

YDULDEOH DFFRUGLQJ WR [�y�  [yb�
y

LI y � � DQG [�y�  OQ[ LI y  �
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SURF �O� ER[FR[O�[�ODP��

�


LQSXW [� Q [ N PDWUL[ ZLWK SRVLWLYH HOHPHQWV

ODP� VFDODU

RXWSXW� Q [ N PDWUL[ ZLWK %R[ &R[ WUDQIRUPDWLRQ RI HDFK HOHPHQW RI [

�


LI �URZV�ODP�� � RU FROV�ODP�� ���

HUURUORJ �ER[FR[O�J� ODP PXVW EH D VFDODU��

UHWS�����

HQGLI�

LI �ODP  ���

UHWS�OQ�[���

HOVH�

UHWS�[�AODP����ODP�

HQGLI�

HQGS�

7KLV SURFHGXUH GRHV WZR WKLQJV� )LUVW LW FKHFNV ZKHWKHU WKH VHFRQG DUJX�
PHQW� ODP� LV D VFDODU� ,I WKLV LV QRW WKH FDVH� DQ HUURU PHVVDJH LV SULQWHG XVLQJ
WKH HUURUORJ FRPPDQG DQG WKH SURFHGXUH UHWXUQV YDOXH ��� $IWHU WKLV FKHFN�
WKH DFWXDO FDOFXODWLRQV� ZKLFK GHSHQG RQ WKH YDOXH RI WKH pUVW DUJXPHQW [ DUH
SHUIRUPHG� 1RWH WKDW QR ORFDO YDULDEOHV DUH GHFODUHG WR PLQLPL]H PHPRU\ UH�
TXLUHPHQWV� 0RUHRYHU� QRWH WKDW LW LV SRVVLEOH WR H[LW IURP WKH SURFHGXUH ZLWK
D UHWS^VWDWHPHQW IURP DQ\ZKHUH ZLWKLQ WKH SURFHGXUH�

3URFHGXUHV FDQ EH FDOOHG LQ GLoHUHQW ZD\V �HLJUV� LV D SURFHGXUH WKDW FDOFX�
ODWHV WKH HLJHQYDOXHV DQG HLJHQYHFWRUV RI D UHDO� V\PPHWULF PDWUL[��

[ ER[FR[�\������

ER[FR[�\������

IYD�YHJ HLJUV��K��

FDOO HLJUV��K��

,Q WKH pUVW FDVH� WKH UHVXOW RI WKH SURFHGXUH LV VWRUHG LQ WKH PDWUL[ [� 7KLV
PDWUL[ [ LV FUHDWHG DQG LQLWLDOL]HG DXWRPDWLFDOO\� LI QHFHVVDU\� ,Q WKH VHFRQG
FDVH� WKH RXWSXW RI WKH SURFHGXUH ER[FR[ LV FRSLHG WR VFUHHQ� 7KH RXWSXW RI
WKH SURFHGXUH HLJUV� FRQVLVWV RI WZR HOHPHQWV� 7KH pUVW PDWUL[ LQ WKH UHWS^
VWDWHPHQW RI HLJUV� LV VWRUHG LQ YD DQG WKH VHFRQG PDWUL[ LQ WKDW VWDWHPHQW LQ
YH� ,Q WKH IRXUWK FDVH� WKH SURFHGXUH LV H[HFXWHG DQG DOO RXWSXW LV GLVFDUGHG�
7KLV ZD\ RI FDOOLQJ D SURFHGXUH PD\ EH XVHIXO LI WKH UHWXUQ LQGLFDWHV VXFFHVVIXO
FRPSOHWLRQ RI WKH SURFHGXUH RQO\ �DV LV XVXDOO\ WKH FDVH ZLWK� IRU H[DPSOH� WKH
SURFHGXUH [\ ZKLFK GRHV D WZR^GLPHQVLRQDO JUDSK� DQG RQH LV QRW LQWHUHVWHG LQ
VDYLQJ WKH UHVXOW�

6RPHWLPHV D SURFHGXUH XVHV JOREDO YDULDEOHV �IRU H[DPSOH WKH ROV� DQG GVWDW�
SURFHGXUHV WR EH GLVFXVVHG EHORZ�� ,Q JHQHUDO� LW LV EHWWHU WR SDVV JOREDO YDULDEOHV
DV SDUDPHWHUV WR WKH SURFHGXUH� 7KLV PDNHV WKH SURFHGXUH PRUH XVDEOH LQ
DQRWKHU FRQWH[W� JOREDO YDULDEOHV WHQG WR EH WKHUH ZKHQ \RX QHHG WKHP� EXW
WKH\ DOVR WHQG WR VKRZ XS ZKHQ \RX GRQ
W H[SHFW WKHP� 7KH IROORZLQJ SURJUDP
LV YDOLG *$866 FRGH� LW VKRZV WKH GDQJHUV RI DFFHVVLQJ JOREDO YDULDEOHV IURP



��

ZLWKLQ D SURFHGXUH�

QHZ�

D ��

FKDQJH D�

SULQW D�

SURF ���  FKDQJH D���

D ��

HQGS�

7KH SULQWHG UHVXOW LV � HYHQ WKRXJK PRVW XVHUV ZRXOG H[SHFW WKH UHVXOW �
IURP WKH SULQW D�

$ VSHFLDO NLQG RI DUJXPHQW RI D SURFHGXUH LV D SRLQWHU WR DQRWKHU SURFH�
GXUH� 7KLV LV XVHIXO ZKHQ ZULWLQJ VRPH JHQHUDO SXUSRVH URXWLQHV WKDW WDNH D
SURFHGXUH DV WKHLU DUJXPHQW� )RU LQVWDQFH� WKH GHULYDWLYH RI D SURFHGXUH FDQ EH
DSSUR[LPDWHG E\

I ��[� } I�[� K�b I�[b K�

�K

ZLWK K VPDOO QXPEHU� 7KLV JHQHUDO SXUSRVH SURFHGXUH WR DSSUR[LPDWH D GHULYD�
WLYH FDQ EH SURJUDPPHG WDNLQJ D SRLQWHU WR WKH IXQFWLRQ I DV LWV DUJXPHQW� 6HH
WKH H[DPSOH EHORZ�

[ �_�_��

QXPGHU�	[��[��H����

SURF QXPGHU�	I�[�K��

�e DSSUR[LPDWHV WKH GHULYDWLYH RI I DW [ e�
ORFDO I�SURF�

UHWS��I�[�K��I�[�K�����eK���
HQGS�

SURF [��[��

UHWS�[A���

HQGS�

3RLQWHUV WR WKHVH SURFHGXUHV DUH REWDLQHG E\ SUHFHGLQJ WKH QDPH RI WKH
SURFHGXUH ZLWK DQ DPSHUVDQG �	�� D FRQYHQWLRQ ZHOO^NQRZQ WR & DQG &��
SURJUDPPHUV� 1RWH WKDW WKH V\PERO IRU WKH SURFHGXUH WR EH SDVVHG LQ WKH
DUJXPHQW OLVW RI WKH SURFHGXUH QXPGHU �I LQ WKLV FDVH� PXVW EH GHFODUHG DV D ORFDO
SURFHGXUH LQ WKH ORFDO GHFODUDWLRQ OLVW �ORFDO I�SURF�� ,W LV WKH UHVSRQVLELOLW\ RI
WKH XVHU WKDW I LV FDOOHG FRUUHFWO\ ZLWKLQ QXPGHU� )RU LQVWDQFH� LI WKH SURFHGXUH
[� ZHUH UHGHpQHG DV

SURF [��[�N��

UHWS�[AN��

HQGS�

*$866 ZRXOG JLYH DQ HUURU PHVVDJH EHFDXVH WKH FDOO I�[ � K� LQ WKH SUR�
FHGXUH QXPGHU ZRXOG EH LQYDOLG� DV WKLV SURFHGXUH KDV RQH SDUDPHWHU RQO\� $
PRUH FRPSOH[ H[DPSOH LV WKH SURJUDP EHORZ ZKHUH D SURFHGXUH LV SDVVHG DV D
SRLQWHU WR DQRWKHU SURFHGXUH LQ RUGHU WR HVWLPDWH D GHQVLW\ E\ NHUQHO HVWLPDWLRQ�
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�


SURJUDP WR LOOXVWUDWH SURFHGXUHV DV

DUJXPHQWV WR RWKHU SURFHGXUHV

�


QHZ�

OLEUDU\ SJUDSK�

QREV ������

QJULG ����

UQGVHHG ���

< VRUWF�UQGQ�QREV�������

] VHTD������QJULG�QJULG��

IO NHUQHOHVWLPDWH�]�\�����	ELZHLJKW��

I� NHUQHOHVWLPDWH�]�\�����	JDXVVLDQ��

IWUXH SGIQ�]��

SOW\SH  ��

SFRORU  ��� ��� �� �

FDOO [\�]�IOaI�aIWUXH��

SURF NHUQHOHVWLPDWH�]�[�K�	NI��

ORFDO DUJ�L�I�NI�SURF�

L ��

I ]HURV�URZV�]�����

GR ZKLOH �L� URZV�]���

DUJ �]>L@�[� �K�

I>L@ PHDQF�NI�DUJ���K�

L L���

HQGR�

UHWS� I��

HQGS�

SURF ELZHLJKW�[��

UHWS� ������
���[A��A���
�DEV�[�������

HQGS�

SURF JDXVVLDQ�[��

UHWS� SGIQ�[���

HQGS�

,Q WKLV H[DPSOH� SRLQWHUV WR WKH ELZHLJKW� DQG JDXVVLDQ^SURFHGXUHV DUH SDVVHG
DV SDUDPHWHUV WR WKH SURFHGXUH NHUQHOHVWLPDWH�
*$866 LV VKLSSHG ZLWK PDQ\ VWDQGDUG SURFHGXUHV� 7ZR LPSRUWDQW SURFH�

GXUHV DUH WKH SURFHGXUH WR SHUIRUP OLQHDU UHJUHVVLRQ DQG WKH SURFHGXUH WR FDOFX�
ODWH GHVFULSWLYH VWDWLVWLFV� %RWK SURFHGXUHV XVH ERWK ORFDO DQG JOREDO YDULDEOHV�
)LUVW ZH GLVFXVV WKH UHJUHVVLRQ SURFHGXUH� 7KH SURFHGXUH HVWLPDWHV SDUDPHWHUV
LQ WKH OLQHDU PRGHO� ZKHUH L  �� � � � Q�

\L  p�[L � sL ���

,Q HTXDWLRQ ���� WKH N YHFWRU [L LV WKH YHFWRU ZLWK UHJUHVVRUV WKDW PD\ RU PD\
QRW LQFOXGH D FRQVWDQW WHUP� 7KH GLVWXUEDQFHV sL DUH DVVXPHG WR EH LQGHSHQ�
GHQWO\ GLVWULEXWHG ZLWK ]HUR PHDQ DQG �FRQVWDQW� YDULDQFH ��� 7KH SDUDPHWHUV
RI WKH PRGHO �p DQG ��� FDQ EH HVWLPDWHG E\

IYQDP�P�E�VWE�YF�VWGHUU�VLJPD�F[�UVT�UHVLG�GZVWDWJ ROV�GDWDVHW�GHSYDU�LQGYDU��



��

7KH SDUDPHWHUV RI WKLV SURFHGXUH DUH GDWDVHW �D VWULQJ YDULDEOH FRQWDLQLQJ
WKH QDPH RI WKH GDWDVHW�� GHSYDU �D FKDUDFWHU YHFWRU ZLWK RQH HOHPHQW RU D VFDODU
SRLQWLQJ WR WKH URZ LQ WKH GDWDVHW ZLWK WKH GHSHQGHQW YDULDEOH� DQG LQGYDU �D
FKDUDFWHU YHFWRU ZLWK WKH QDPHV RI WKH LQGHSHQGHQW YDULDEOHV RU D YHFWRU ZLWK WKH
URZ LQGLFHV RI WKH LQGHSHQGHQW YDULDEOHV�� ,I GDWDVHW LV D QXOO VWULQJ� WKH DFWXDO
YHFWRU RI WKH GHSHQGHQW YDULDEOH DQG WKH PDWUL[ ZLWK LQGHSHQGHQW YDULDEOHV DUH
DVVXPHG WR EH SDVVHG WR WKH SURFHGXUH DV GHSYDU DQG LQGYDU� 7KH IROORZLQJ WZR
FDOOV \LHOG WKH VDPH UHVXOWV�

FDOO ROV��WHVWROV���<����;��_�;����

FDOO ROV���\�[Oa[���

DVVXPLQJ WKDW WKH GDWDVHW WHVWROV FRQWDLQV WKH VDPH YDOXHV IRU WKH YDULDEOHV
DV WKH YHFWRUV \� [O� DQG [�� 7KH ZD\ 2/6 HVWLPDWHV DUH FDOFXODWHG LV SDUWO\
GHWHUPLQHG E\ JOREDO YDULDEOHV� 7KHVH JOREDO YDULDEOHV DUH DOVR NQRZQ DV CqDJV
�

FRQ LI WKLV YDULDEOH LV VHW WR � WKH UHJUHVVLRQ LV HVWLPDWHG ZLWK�
RXW DQ LQWHUFHSW� 7KH GHIDXOW YDOXH LV � VR WKDW DQ LQWHUFHSW
LV LQFOXGHG�

PLVV WKLV RQH GHWHUPLQHV KRZ PLVVLQJ YDOXHV DUH WUHDWHG� 7KH
GHIDXOW YDOXH LV � VR WKDW WKH SURFHGXUH DVVXPHV DOO REVHU�
YDWLRQV DUH YDOLG�

ROVUHV ,I WKLV YDULDEOH LV VHW WR �� WKH 'XUELQ�:DWVRQ WHVW VWDWLVWLF
IRU DXWRFRUUHODWLRQ LV FDOFXODWHG DQG WKH 2/6�UHVLGXDOV DUH
GHWHUPLQHG� 7KH GHIDXOW YDOXH LV ��

DOWQDP 7KLV PD\ EH VHW WR D FKDUDFWHU YHFWRU ZLWK WKH QDPHV RI
WKH YDULDEOHV� ZLWK WKH QDPH RI WKH GHSHQGHQW YDULDEOH DV
WKH ODVW HOHPHQW�

'HWDLOHG LQIRUPDWLRQ RQ WKLV SURFHGXUH FDQ EH REWDLQHG IURP WKH RQOLQH KHOS�

$QRWKHU XVHIXO VWDQGDUG SURFHGXUH LV GVWDW� 7KLV SURFHGXUH FDOFXODWHV WKH
PHDQ� VWDQGDUG GHYLDWLRQ� PLQLPXP� PD[LPXP DQG QXPEHU RI YDOLG FDVHV RI D
GDWDVHW RU D GDWDPDWUL[� ,WV V\QWD[ LV

IYQDP�PHDQ�YDU�VWG�PLQ�PD[�YDOLG�PLVVLQJJ GVWDW�GDWDVHW�YDUV��

$JDLQ� GDWDVHW LV D VWULQJ YDULDEOH ZLWK WKH QDPH RI WKH GDWDVHW WR EH DQD�
O\]HG DQG YDUV PD\ EH HLWKHU D FKDUDFWHU YHFWRU RU DQ LQGH[ YHFWRU� ,I YDUV LV
�� GHVFULSWLYH VWDWLVWLFV RI DOO YDULDEOHV LQ WKH GDWDVHW DUH OLVWHG� ,I GDWDVHW LV
�� YDUV LV DVVXPHG WR EH D GDWD PDWUL[ WKDW LV DQDO\]HG� 7UHDWPHQW RI PLVVLQJ
YDOXHV LV GHWHUPLQHG E\ WKH JOREDO YDULDEOH PLVV GHVFULEHG DERYH� $Q H[DPSOH
ZKHUH ERWK WKH ROV� DQG GVWDW^SURFHGXUH DUH XVHG LV

QREV ����

[ RQHV�QREV�O�a�
UQGQ�QREV����

EHWD I ���������� J�
VLJPD ��

\ [
EHWD�VLJPD
UQGQ�QREV�O��

ROVUHV O�

��DOWQDP �&2167$17�_�;O�_�;��_�;��_�'(39$5��

FDOO GVWDW�2�[a\��

FDOO ROV�2�\�[��



�� � /,%5$5,(6

� /LEU DU LHV

*$866 LV D PRGXODU ODQJXDJH� LW FDQ EH H[WHQGHG E\ OLEUDULHV WKDW DGG QHZ
SURFHGXUHV WR WKH ODQJXDJH� 7KHVH OLEUDULHV DUH GLVWULEXWHG ERWK DV FRPPHUFLDO
DGG^RQV WR *$866 DV ZHOO DV IUHH VRIWZDUH� ,Q WKLV VHFWLRQ ZH ZLOO GHVFULEH KRZ
DGG^RQ OLEUDULHV FDQ EH XVHG DV ZHOO DV KRZ RQH FDQ ZULWH RQHV RZQ OLEUDU\�
%HIRUH ZH GLVFXVV ZULWLQJ OLEUDULHV� ZH QHHG WR GLVFXVV WKH ZD\ *$866

VHDUFKHV IRU XQNQRZQ UHIHUHQFHV �OLNH D PDWUL[ RU D SURFHGXUH�� ,I WKH FRPSLOHU
HQFRXQWHUV DQ XQNQRZQ REMHFW GXULQJ FRPSLODWLRQ� WKH VWDWH RI WKH DXWRORDGHU
GHWHUPLQHV KRZ WKH SURJUDP VHDUFKHV WR UHVROYH WKH XQNQRZQ UHIHUHQFH LI WKH
UHIHUHQFH FDQQRW EH UHVROYHG LQ WKH pOH XQGHU FRPSLODWLRQ� )LUVW� WKH DXWRORDGHU
VHDUFKHV LQ WKH FXUUHQW GLUHFWRU\ �ZKLFK LV OLVWHG LQ WKH ORZHU�ULJKW FRUQHU RI WKH
VFUHHQ� DQG WKHQ DORQJ WKH VUF^SDWK JLYHQ E\ VUF SDWK LQ WKH pOH JDXVV�FIJ� 7KH
H[DFW ZD\ KRZ LV VHDUFKHG IRU XQNQRZQ UHIHUHQFHV LV GHWHUPLQHG E\ WKH VWDWH RI
WKH DXWRORDGHU DQG WKH DXWRGHOHWH VWDWH IRXQG LQ WKH RSWLRQV^SURJUDP^PHQ\�
6XSSRVH *$866 HQFRXQWHUV WKLV OLQH RI FRGH� IE�V�J ROV HVWLPDWH�\�[��

6LQFH ROV HVWLPDWH LV QRW DQ LQWULQVLF *$866 IXQFWLRQ� FRGH IRU WKLV IXQFWLRQ
QHHGV WR EH ORFDWHG DQG FRPSLOHG� ,I WKH DXWRORDGHU LV WXUQHG Ro �WKDW LV� WKH
ER[ LQ WKH PHQ\ LV QRW FKHFNHG�� WKHQ WKH SURFHGXUH PXVW KDYH EHHQ GHFODUHG
EHIRUH ZLWK WKH FRPPDQG

H[WHUQDO SURF ROV HVWLPDWH�

,Q WKDW FDVH IRUZDUG UHIHUHQFHV �LH� UHIHUHQFHV WR REMHFWV QRW DOUHDG\ GH�
pQHG� DUH QRW DOORZHG� ,I ERWK WKH DXWRORDGHU LV RQ DQG WKH DXWRGHOHWH^VWDWH LV
RQ *$866 VHDUFKHV IRU WKH XQNQRZQ REMHFW DORQJ WKH IROORZLQJ SDWKV� )LUVW�
*$866 WULHV WR pQG LW LQ WKH XVHU OLEUDU\� WKHQ LQ XVHU�VSHFLpHG OLEUDULHV� WKHQ
LQ WKH *$866 OLEUDU\ DQG pQDOO\ LW VHDUFKHV IRU pOHV ZLWK D ?�J� H[WHQVLRQ LQ
WKH FXUUHQW GLUHFWRU\ DQG DORQJ WKH SDWK OLVWHG LQ VUF^SDWK�
,Q FDVH WKH DXWRORDGHU LV RQ EXW WKH DXWRGHOHWH^VWDWH LV Ro� *$866 GRHV QRW

VHDUFK IRU pOHV ZLWK D C�J
 H[WHQVLRQ� 0RUHRYHU� IRUZDUG UHIHUHQFHV WR REMHFWV
QRW OLVWHG LQ WKH OLEUDULHV DUH QRW DOORZHG�
&RPSLODWLRQ WLPH LV ORQJHVW ZKHQ ERWK WKH DXWRORDGHU DQG WKH DXWRGHOHWH�

VWDWH DUH RQ� EXW WKDW FDVH LV PRVW FRQYHQLHQW WR WKH XVHU� ,Q WKH UHPDLQGHU RI
WKLV VHFWLRQ ZH DVVXPH WKDW ERWK DUH RQ�
$ *$866 OLEUDU\ LV EHVW WKRXJKW RI DV DQ LQGH[ pOH ZKHUH WKH SURJUDP FDQ

pQG WKH H[DFW ORFDWLRQ RI UHIHUHQFHV� /LEUDULHV DUH DFWLYDWHG E\ D FRPPDQG OLNH

OLEUDU\ PD[OLN� EVWDW�

$IWHU DFWLYDWLRQ� SURFHGXUHV DQG PDWULFHV GHpQHG LQ WKHVH OLEUDULHV EHFRPH
DYDLODEOH LQ D SURJUDP� 7ZR OLEUDULHV DUH DFWLYDWHG E\ GHIDXOW ZKHQ *$866 LV
VWDUWHG� WKH JDXVV� DQG XVHU�OLEUDULHV� 7KH JDXVV OLEUDU\ LV D OLEUDU\ ZLWK QDWLYH
JDXVV SURFHGXUHV OLNH GVWDW� EVWDW DQG PDQ\ RWKHUV� 7KH XVHU^OLEUDU\ LV HPSW\
DW WKH PRPHQW *$866 LV LQVWDOOHG RQ RQHV V\VWHP� EXW WKH XVHU FDQ DGG KLV
RZQ SURFHGXUHV WR WKLV OLEUDU\ �VHH EHORZ�� :KHQ D *$866^VHVVLRQ LV VWDUWHG�
LW LV H[DPLQHG ZKHWKHU D XVHU^OLEUDU\ H[LVWV� ,I WKLV LV QRW WKH FDVH WKH XVHU LV
SURPSWHG LI VXFK D OLEUDU\ PXVW EH FUHDWHG�
*$866 OLEUDULHV DUH VWRUHG DV $6&,,�pOHV ZLWK H[WHQVLRQ C�OFJ
 LQ WKH GL�
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UHFWRU\ VSHFLpHG E\ WKH YDULDEOH OLE^SDWK LQ JDXVV�FIJ� $Q H[DPSOH RI VXFK D
OLEUDU\ pOH LV WKH RQH EHORZ� 7KH pOH ZRXOG EH DQ $6&,, RQH FRQWLQLQJ WKUHH
URZV �LQGHQWDWLRQ LV RSWLRQDO� DQG PLJKW EH FDOOHG FRXUVH�OFJ �

I�QSURJQWHVWOLEO�VUF
ROV HVWLPDWLRQ � SURF

PO HVWLPDWLRQ � SURF

7KLV OLEUDU\ FRQVLVWV RI WZR REMHFWV� WZR SURFHGXUHV �ROV HVWLPDWLRQ DQG
PO HVWLPDWLRQ�� ,I WKH FRXUVH^OLEUDU\ KDV EHHQ DFWLYDWHG E\ WKH FRPPDQG

OLEUDU\ FRXUVH�

DQG WKH FRPSLOHU HQFRXQWHUV D UHIHUHQFH WR HLWKHU RQH RI WKHVH REMHFWV�
*$866 
NQRZV
 ZKHUH WR pQG WKH FRGH IRU WKDW SDUWLFXODU REMHFW DQG WKH pOH
FRQWDLQLQJ WKDW REMHFW �LQ WKLV H[DPSOH WHVWOLEO�VUF� ZLOO EH FRPSLOHG� ,Q IDFW�
DOO FRGH LQ WHVWOLEO� VUF ZLOO EH FRPSLOHG VR LW LV VHQVLEOH QRW WR FUHDWH H[FHV�
VLYHO\ ODUJH OLEUDU\ VRXUFH FRGH pOHV� ,W LV QRW QHFHVVDU\ WR KDYH DOO FRGH IRU RQH
SDUWLFXODU OLEUDU\ LQ RQH pOH� DV WKH IROORZLQJ H[DPSOH VKRZV�

�




 WVFV�OFJ



 7LPH 6HULHV�&URVV 6HFWLRQDO $QDO\VLV /LEUDU\



 �&� &RS\ULJKW ��������� E\ $SWHFK 6\VWHPV� ,QF�



$OO 5LJKWV 5HVHUYHG�


�

WVFV�GHF

WV YHU � PDWUL[

WVPRGHO � PDWUL[

WVVWQG � PDWUL[

WVPHWK � PDWUL[

WVLVH � PDWUL[

WVPQVIQ � VWULQJ

WV PQ � VWULQJ

WVFV�VUF

WVFV � SURF

WVJUSPHDQV � SURF

WVSUWS � SURF

WVFVVHW � SURF

WVILOH � SURF

7KLV OLEUDU\ LV WKH OLEUDU\ pOH RI WKH WLPH�VHULHV�FURVV�VHFWLRQ OLEUDU\� RQH RI
WKH OLEUDULHV FRPPHUFLDOO\ DYDLODEOH� $OO FRGH IRU WKLV OLEUDU\ LV IRXQG LQ WZR
pOHV� WVFV�GHF �D pOH ZLWK GHFODUDWLRQV RI JOREDO YDULDEOHV� VHH EHORZ� DQG WVFV�
VUF �D pOH ZLWK WKH DFWXDO SURFHGXUHV WKDW PDNH XS WKH OLEUDU\�� 8VXDOO\ OLEUDU\
pOHV ZLWK VRXUFH FRGH KDYH H[WHQVLRQ �VUF RU �DUF�

$ VHFRQG pOH ZLWK VRXUFH FRGH �VD\� WHVWOLE��VUF� LV DGGHG WR RXU FRXUVH^
OLEUDU\ E\

OLE FRXUVH WHVWOLE��VUF

DW WKH *$866^FRPPDQG SURPSW� 7KH OLVW RI DFWLYH OLEUDULHV FDQ EH IRXQG
E\ JLYLQJ WKH FRPPDQG OLEUDU\ ZLWKRXW DQ\ OLEUDU\ QDPHV�

0RVW OLEUDULHV XVH JOREDO YDULDEOHV WR DOORZ WKH XVHU WR GHWHUPLQH KRZ FDO�
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FXODWLRQV DUH PDGH� 7KHVH JOREDO YDULDEOHV FDQ EH GHFODUHG DQG LQLWLDOL]HG DW
FRPSLOH WLPH XVLQJ WKH GHFODUH^VWDWHPHQW� ,Q WKH IROORZLQJ VRXUFH FRGH pOH� WKH
2/6^HVWLPDWRU LV FDOFXODWHG� DQG DQ HVWLPDWH IRU WKH YDULDQFH RI WKH HUURU WHUP
LQ WKH OLQHDU UHJUHVVLRQ PRGHO�

�LQFOXGH WHVWOLE��GHF

SURF ��� WHVWOLEVHW�

GI FRUUHFWLRQ ��

HQGS�

SURF ��� ROV HVWLPDWLRQ�\�[�� �


'RHV DQ 2/6 HVWLPDWLRQ

LQSXW� \ GHSHQGHQW YDULDEOH

[ PDWUL[ RI LQGHSHQGHW YDULDEOHV

RXWSXW� E YHFWRU RI HVWLPDWHG FRHIILFLHQWV

V� UHVLGXDO YDULDQFH


�

ORFDO Q�N�E�H�V��

Q URZV�[��

N FROV�[��

E \�[�

H \�[
E�

LI � GI FRUUHFWLRQ  ���

V� H
H��Q�N��

HOVH�

V� H
H�Q�

HQGLI�

UHWS� E� V���

HQGS�

:KHQ WKLV pOH LV FRPSLOHG� WKH LQFOXGH_VWDWHPHQW 
UHDGV
 WKH pOH WHVWOLE��GHF
LQWR WHVWOLE��VUF DQG WKH UHVXOWLQJ FRGH LV FRPSLOHG� 7KH pOH WHVWOLE��GHF FRQWDLQV
WKH OLQH

GHFODUH GI FRUUHFWLRQ" ��

+HUH� WKH JOREDO YDULDEOH GI FRUUHFWLRQ LV GHFODUHG DQG LQLWLDOL]HG� :KHQ
WKH FRGH RI WKH SURFHGXUH ROV HVWLPDWLRQ LV FRPSLOHG� *$866 
NQRZV
 WKDW
GI FRUUHFWLRQ LV D JOREDO YDULDEOH ZLWK YDOXH �� XQOHVV WKH XVHU KDV LQLWLDOL]HG
WKLV YDULDEOH HDUOLHU� ,Q WKDW FDVH� GI FRUUHFWLRQ LV QRW UHLQLWLDOL]HG� EHFDXVH LW
LV GHFODUHG XVLQJ " � ,I WKH XVXDO  ZHUH XVHG� GI FRUUHFWLRQ ZRXOG EH UHLQL�
WLDOL]HG� HYHQ LI LW ZHUH LQLWLDOL]HG EHIRUH� )RU GHWDLOV RI LQLWLDOL]LQJ YDULDEOHV ZH
UHIHU WR WKH PDQXDO�

&RPSOHPHQWDU\ WR WKH GHFODUDWLRQ pOH ZH KDYH WKH pOH WHVWOLE��H[W�

H[WHUQDO PDWUL[ GI FRUUHFWLRQ�

7KH H[WHUQDO�FRPPDQG GHpQHV D YDULDEOH ZLWKRXW LQLWLDOL]LQJ LW�
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� )LOH LQSXW^RXWSXW

2QH RI WKH PRUH WURXEOHVRPH LVVXHV ZLWK DQ\ FRPSXWHU ODQJXDJH LV FRUUHVSRQG�
LQJ ZLWK RWKHU SURJUDPV� *$866 FDQ UHDG $6&,,�GDWDpOHV DQG LW UHDGV DQG
ZULWHV GDWDpOHV LQ D SURSULHWDU\ ELQDU\ IRUPDW WKDW LV QRW UHFRJQL]HG E\ RWKHU
SURJUDPV� ,W LV QRW SRVVLEOH WR LPSRUW ELQDU\ GDWD pOHV RI ZHOO^NQRZQ SURJUDPV
DV 6366 RU /2786 ZLWKRXW WKH KHOS RI WKLUG�SDUW\ DSSOLFDWLRQV��

$Q $6&,,�pOH ZLWK QXPHULF GDWD LV UHDG LQWR D YHFWRU [ ZLWK WKH ORDG^
VWDWHPHQW� ORDG [>@ ILOH�DVF�� 7KH GDWD DUH UHDG URZ^ZLVH IURP pOH�DVF DQG
PXVW EH VHSDUDWHG E\ D ZKLWH VSDFH �LH� D VSDFH� WDE RU UHWXUQ�� 7KH GDWD LQ
pOH�DVF PXVW EH GDWD VXLWDEOH IRU VWRUDJH LQ WKH *$866 GDWD W\SH PDWUL[� WKH\
PXVW EH QXPHULFDO RU D VHTXHQFH RI FKDUDFWHUV VWDUWLQJ ZLWK WKH FKDUDFWHU CD
� �
� � C]
 RU WKHLU XSSHUFDVH HTXLYDOHQWV� *$866 VWRSV SURFHVVLQJ WKH LQSXW VWUHDP
DV VRRQ DV D QRQQXPHULFDO HQWU\ ZLWK D QRQYDOLG pUVW FKDUDFWHU LV IRXQG �IRU
H[DPSOH 	� HYHQ WKRXJK YDOLG GDWD PD\ IROORZ�
&RPSLOHG SURFHGXUHV� VWULQJV� DQG PDWULFHV FDQ DOO EH VDYHG LQ D ELQDU\

IRUPDW� 0RVW RIWHQ� RQH ZDQWV WR VDYH D PDWUL[ RU D VWULQJ �DUUD\� VR WKDW
WKHVH FDQ EH XVHG ODWHU IRU IXUWKHU DQDO\VLV� 7KH JHQHUDO IRUPDW RI WKH VDYH^
FRPPDQG LV VDYH QDPH  V\PERO � ZKHUH QDPH LV D OLWHUDO RU D UHIHUHQFHG VWULQJ
DQG V\PERO LV D V\PERO �D PDWUL[ RU D VWULQJ� IRU H[DPSOH�� ([DPSOHV DUH �[ LV
D PDWUL[ DQG V LV D VWULQJ��

VDYH [�

VDYH QDPHV V�

VDYH F�QWPSQ[[ [�
VDYH SDWK F�QWPS [�

,Q WKH pUVW FDVH� [ LV VDYHG LQWR WKH ELQDU\ pOH [�IPW LQ WKH FXUUHQW GLUHFWRU\�
LQ WKH VHFRQG FDVH� V LV VDYHG LQWR WLOH ELQDU\ pOH QDPHV�IVW LQ WKH FXUUHQW
GLUHFWRU\� LQ WKH WKLUG FDVH� [ LV VDYHG LQWR WKH pOH [[�IPW LQ WKH GLUHFWRU\ F�QWPS
DQG LQ WKH pQDO FDVH [ LV VDYHG LQWR WKH pOH [�IPW LQ WKH GLUHFWRU\ F�QWPS DQG DOO
IXUWKHU REMHFWV VDYHG ZLWK WKH VDYH^FRPPDQG ZLOO EH SODFHG LQ WKLV GLUHFWRU\�
XQOHVV DQ H[SOLFLW pOHQDPH LV JLYHQ DV LQ WKH WKLUG H[DPSOH� 7KH H[WHQVLRQ C�IPW

LQGLFDWHV D PDWUL[ ZULWWHQ WR GLVN DQG WKH H[WHQVLRQ C�IVW
 LQGLFDWHV D VWULQJ
ZULWWHQ WR GLVN�
$ PDWUL[ pOH FUHDWHG XVLQJ WKH VDYH^FRPPDQG FDQ EH ORDGHG LQWR WKH

ZRUNVSDFH XVLQJ WKH ORDG^FRPPDQG� IRU H[DPSOH E\ ORDG [ �[�IPW LV ORDGHG IURP
WKH FXUUHQW GLUHFWRU\ LQWR [� RU ORDG [ F�QWPSQ[[ �F�QWPSQ[[�IPW LV ORDGHG LQWR
[�� $ ELQDU\ pOH FRQWDLQLQJ D VWULQJ FDQ EH ORDGHG ZLWK WKH ORDGV^FRPPDQG�
ZKLFK ZRUNV DQDORJRXVO\ WR WKH ORDG^FRPPDQG� 1RWH WKDW WKH ORDG_FRPPDQG
LV XVHG ERWK WR UHDG $6&,,�GDWD LQWR D *$866 PDWUL[ DQG WR UHDG PDWUL[ pOHV
VDYHG HDUOLHU LQ D *$866�VHVVLRQ� ,W LV QRW SRVVLEOH WR UHDG $6&,,�GDWD XVLQJ
WKH ORDGV^VWDWHPHQW�
6RPHWLPHV LW LV FRQYHQLHQW WR VDYH GDWD LQ $6&,,^IRUPDW� LQVWHDG RI LQ WKH

*$866 ELQDU\ IRUPDW� IRU LQVWDQFH� LI WKH GDWD DUH WR EH XVHG LQ DQRWKHU SUR�
JUDP� 7KLV LV DFFRPSOLVKHG E\ SULQWLQJ WKH GDWD WR D pOH� )LUVW� RQH GHpQHV DQ
RXWSXW pOH XVLQJ WKH RXWSXW^FRPPDQG� 7KHQ WKH GDWD DUH SULQWHG� DQG pQDOO\
WKH RXWSXW pOH LV FORVHG� $Q H[DPSOH LV

� 1 HZ HU Y HU VLRQ V RI *$ 8 6 6 Z LOO LP S RU W 06 ( [FHO p OHV�
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RXWSXW ILOH WHVW�RXW UHVHW�

SULQW [�

RXWSXW RII�

+HUH� WKH PDWUL[ [ LV SULQWHG WR WKH pOH WHVW�RXW� 1RWH WKH UHVHW^PRGLpHU
LQ WKH RXWSXW VWDWHPHQW� 7KLV FDXVHV DQ H[LVWLQJ WHVW�RXW pOH WR EH RYHUZULWWHQ�
7KH PRGLpHU LV UHTXLUHG LI WKH pOH GRHV QRW H[LVW� )RUPDWWLQJ RI HQWULHV RI WKH
PDWUL[ FDQ EH FKDQJHG LI QHFHVVDU\ XVLQJ WKH IRUPDW^FRPPDQG�

,W LV QRW DOZD\V SUDFWLFDO WR VWRUH GDWD LQ D PDWUL[� 6RPHWLPHV LW LV PRUH
FRQYHQLHQW WR VWRUH WKHP LQ D GDWDVHW RQ GLVN� HVSHFLDOO\ LI WKH GDWDVHW LV ODUJH�
$ GDWDVHW FDQ EH FUHDWHG LQ WZR GLoHUHQW PDQQHUV� IURP ZLWKLQ *$866 RU E\
XVLQJ D FRQYHUVLRQ XWLOLW\ WKDW FRQYHUWV D GDWDVHW LQ $6&,, IRUPDW LQWR *$866
IRUPDW�

)LUVW� RQH FDQ XVH WKH VDYHG^FRPPDQG DV LQ VDYHG�[�GDWDVHW�YQDPHV� ZKHUH
[ LV WKH PDWUL[ WR EH VDYHG LQ WKH GDWDpOH� GDWDVHW LV D VWULQJ YDULDEOH FRQWDLQLQJ
WKH QDPH RI WKH GDWDpOH DQG YQDPHV LV D YHFWRU ZLWK WKH QDPHV RI WKH FROXPQV
RI [� 8SRQ VXFFHVVIXO FRPSOHWLRQ VDYHG UHWXUQV WKH YDOXH �� ,W LV FXVWRPDU\ WR
DVVLJQ YDULDEOH QDPHV LQ FDSLWDOV IRU QXPHULFDO YDULDEOHV DQG LQ ORZHUFDVH IRU
FKDUDFWHU YDULDEOHV� ,I QR YHFWRU ZLWK YDULDEOH QDPHV LV SDVVHG �L�H�� YQDPHV
LV VHW WR ��� *$866 FUHDWHV D YHFWRU ZLWK YDULDEOH QDPHV DXWRPDWLFDOO\� ZLWK
QDPHV ;O� ;�� HWF�

�
 LOOXVWUDWLRQ RI ZULWLQJ DQG UHDGLQJ GDWDVHWV 
�

[ �
UQGQ���������

\ UQGQ���������

F �\�����
�OW]HUR���\�! ���
�JW]HUR��

GDWD [ F�

�
 XSSHUFDVH� QXPHULFDO YDULDEOHV 
�

�
 ORZHUFDVH� FKDUDFWHU YDULDEOHV 
�

YQDPHV �;O�_�;��_�;��_�VLJQ��

ILOH QDPH �WHVWGDWDOO��

VDYHG�GDWD�ILOH QDPH�YQDPHV��

] ORDGG�ILOH�QDPH��

'DWD FDQ EH UHDG LQWR PHPRU\ XVLQJ WKH ORDGG^FRPPDQG DV LQ WKH H[DPSOH
DERYH� 7KLV� KRZHYHU� LV SRVVLEOH IRU VPDOO GDWDVHWV RQO\� ,I WKH GDWDVHW LV ODUJH
GDWD FDQ EH UHDG E\ UHDGLQJ VXFFHVVLYH FKXQNV IURP WKH GDWDpOH� $OWHUQDWLYHO\�
GDWD FDQ EH UHDG URZ^ZLVH IURP D GDWDVHW� DV LQ WKH H[DPSOH EHORZ�

�
 LOOXVWUDWLRQ RI UHDGLQJ GDWDVHWV URZ�ZLVH 
�

ILOH QDPH �WHVWGDWD�� YQDPHV JHWQDPH�ILOH QDPH��

L ��

GDWD IJ�
RSHQ IK AILOH QDPH�

QXPEHU URZV URZVI�IK��

GR ZKLOH L� QXPEHU URZV�

GDWD URZ UHDGU�IK����

GDWD GDWD_GDWD URZ�

L L�O�

HQGR�

FORVH�IK��

)LUVW� RQH DVVLJQV D pOH KDQGOH WR WKH pOH WKDW LV JRLQJ WR EH UHDG� 7KHQ
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7DEOH �� *UDSK W\SHV DYDLODEOH LQ *$866�
*UDSK W\SHV

[\�[�\� ORJ[�[�\� ORJ\�[�\� ORJORJ�[�\�
EDU�Y�K� KLVW�[�Y� KLVWI�[�I� KLVWS�[�S�
ER[�J�K� [\]�[�\�]� VXUIDFH�[�\�]� FRQWRXU�[�\�]�

WKH GDWDVHW LV DFFHVVHG XVLQJ WKH UHDGU�IK���^FRPPDQG� 7KH pUVW DUJXPHQW LV
WKH pOH KDQGOH� WKH VHFRQG DUJXPHQW LV WKH QXPEHU RI URZV WKDW LV JRLQJ WR EH
UHDG� )LQDOO\� WKH GDWDVHW LV FORVHG� $OO RSHQ pOHV LQ D *$866 VHVVLRQ PD\ EH
FORVHG ZLWK FORVHDOO� 7KH YDULDEOH QDPHV RI WKH FROXPQV LQ WKH GDWDVHW FDQ EH
UHWULHYHG E\ WKH FRPPDQG YQDPHV JHWQDPHV�GDWDVHW� ZKHUH GDWDVHW LV D VWULQJ
YDULDEOH ZLWK WKH QDPH RI WKH GDWDVHW�

� *U DSKLFV

*$866 LV HTXLSSHG ZLWK VRPH JUDSKLFV FDSDELOLWLHV� :LWK D IHZ FRPPDQGV RQH
LV DEOH WR SORW WZR� DQG WKUHH GLPHQVLRQDO GDWD DQG WKH JUDSKV FDQ EH VDYHG IRU
LQFRUSRUDWLRQ LQ D ZRUG SURFHVVRU� ,Q WKH pUVW VXEVHFWLRQ ZH ZLOO GHDO ZLWK WKH
PRVW LPSRUWDQW FRPPDQGV RI WKH JUDSKLFV OLEUDU\� LQ WKH VHFRQG VXEVHFWLRQ ZH
VKRZ KRZ WR LQFOXGH *$866 JUDSKLFV LQ D /$7(;GRFXPHQW�

��� &U HDWLQJ JU DSKLFV LQ *$866

,Q WKLV VHFWLRQ ZH GLVFXVV FRQpJXUDWLRQ RI WKH JUDSKLFV OLEUDU\ DQG WKH PRVW
LPSRUWDQW FRPPDQGV� 7KH JUDSKLFV OLEUDU\ RI *$866 LV FRQpJXUHG DQDORJRXVO\
WR WKH ZD\ *$866 LV FRQpJXUHG E\ HGLWLQJ WKH pOH JDXVVL�FIJ� 7KH FRQpJXUDWLRQ
VHWWLQJV IRU WKH JUDSKLFV OLEUDU\ DUH VWRUHG LQ WKLV pOH� 6RPH RI WKH RSWLRQV VHW
LQ WKLV pOH FDQ EH FKDQJHG ZKLOH UXQQLQJ *$866 �DOO SULQW RSWLRQV�� EXW WKH
YLGHR DGDSWHU W\SH LV GHWHUPLQHG E\ 06 :LQGRZV� *$866 VXSSRUWV YDULRXV
SULQWHUV DOVR WKURXJK WKH 06 :LQGRZV LQWHUIDFH� )RU '26 XVHUV� RWKHU UXOHV
DSSO\� $OVR� IRU WKHVH XVHUV� LW LV LPSRUWDQW WKDW WKH GLUHFWRU\ WKDW FRQWDLQV WKH
pOH JDXVVL�H[H LV OLVWHG LQ WKH '26 VHDUFK SDWK� ,W ZLOO QRW EH SRVVLEOH WR UXQ WKH
JUDSKLFV SURJUDP LI WKDW LV QRW WKH FDVH� *HQHUDO KHOS RQ WKH JUDSKLFV OLEUDU\
LV WR EH IRXQG LQ WKH RQ^OLQH KHOS IXQFWLRQ�
7KH JUDSKLFV OLEUDU\ LV DFWLYDWHG E\ OLEUDU\ SJUDSK DQG JOREDO YDULDEOHV DUH

VHW WR WKHLU GHIDXOW YDOXHV E\ FDOOLQJ WKH SURFHGXUH JUDSKVHW �D SURFHGXUH ZLWK�
RXW SDUDPHWHUV�� *$866 JUDSKLFV DUH FUHDWHG LQ IRXU VWHSV�

�� $FWLYDWLRQ RI WKH JUDSKLFV OLEUDU\�

�� 5HDGLQJ DQG IRUPDWWLQJ RI WKH GDWD�

�� 6HWWLQJ JOREDO YDULDEOHV WR VSHFLDO YDOXHV�

�� &DOOLQJ WKH DFWXDO JUDSKLFV SURFHGXUH QHHGHG�
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+HUH ZH IRFXV RQ WKH WKLUG DQG IRXUWK VWHS� $IWHU D JUDSK LV GLVSOD\HG RQ
VFUHHQ WKH XVHU KDV WZR RSWLRQV� 3UHVVLQJ �(6&! OHWV WKH SURJUDP FRQWLQXH
DQG SUHVVLQJ � \LHOGV D PHQX ZLWK VRPH VDYLQJ DQG SULQWLQJ RSWLRQV� 7KH
DERYH WDEOH FRQWDLQV WKH FRPPDQGV WKDW JHQHUDWH JUDSKLFV� 7KH QDPHV RI WKH
SURFHGXUHV LQGLFDWH WKH W\SH RI JUDSK LW FUHDWHV� 7KH PRVW XVHIXO JUDSKV WKDW FDQ
EH JHQHUDWHG DUH WZR^ DQG WKUHH^GLPHQVLRQDO SORWV �[\ DQG [\]�� FRQWRXU DQG
VXUIDFH SORWV RI WKUHH^GLPHQVLRQDO GDWD �FRQWRXU DQG VXUIDFH�� DQG KLVWRJUDPV
�KLVW� KLVWI� DQG KLVWS�� 7R LOOXVWUDWH WKH XVH RI WKH JUDSKLFV OLEUDU\� ZH JLYH
D VLPSOH H[DPSOH pUVW� $ JUDSK RI WKH VWDQGDUG QRUPDO GHQVLW\ IXQFWLRQ LV
JHQHUDWHG LQ WKH IROORZLQJ SURJUDP�

�
 GHQVLW\ RI VWDQGDUG QRUPDO 
�

OLEUDU\ SJUDSK�

JUDSKVHW�

JULG VL]H ����

[ VHTD����JULG VL]H���JULG VL]H��

\ SGIQ�[��

[\�[�\��

7KH VWDQGDUG QRUPDO GHQVLW\ IXQFWLRQ LV HYDOXDWHG RQ D JULG RI WKH KRUL]RQWDO
D[LV� WKH GLVWDQFH EHWZHHQ VXFFHVVLYH SRLQWV LV ����� ,I WKH GLVWDQFH ZRXOG EH WRR
ODUJH� VD\ ���� WKH JUDSK ZRXOG EH WRR MDJJHG� 2XWSXW LV SDUWO\ GHWHUPLQHG E\
JOREDO YDULDEOHV RI WKH JUDSKLFV OLEUDU\� 2I FRXUVH� WKHVH YDOXHV PXVW EH VHW EHIRUH
WKH JUDSK LV GUDZQ XVLQJ RQH RI WKH GUDZLQJ FRPPDQGV� *OREDO YDULDEOHV DUH
VHW E\ FDOOLQJ D SURFHGXUH �IRU H[DPSOH� WLWOH��H[DPSOH SORW��� RU E\ H[SOLFLW
DVVLJQPHQW �IRU H[DPSOH� SGDWH 2�� 1RW DOO JOREDO YDULDEOHV DUH DSSOLFDEOH WR
HDFK JUDSK W\SH� *OREDO YDULDEOHV DUH UHVHW WR WKHLU GHIDXOW YDOXHV E\ FDOOLQJ WKH
SURFHGXUH JUDSKVHW� $[LV FDQ EH QDPHG ZLWK [ODEHO��WH[W RQ [��D[LV���
\ODEHO��WH[W RQ \�D[LV��� DQG ]ODEHO��WH[W RQ ]�D[LV�� DQG D WLWOH LV
JLYHQ ZLWK WLWOH�CCWLWOH RI WKH SORW

�� 7KH GDWH DQG WLPH RI FUHDWLRQ RI
WKH JUDSK LV SULQWHG LQ WKH XSSHU OHIW FRUQHU� 7KLV IHDWXUH FDQ EH WXUQHG Ro
E\ VHWWLQJ WKH JOREDO YDULDEOH SGDWH 2�� ,I SGDWH LV VHW WR D VWULQJ� WKHQ WKLV
VWULQJ ZLOO EH SULQWHG LQ WKH XSSHU OHIW FRUQHU DQG WKH GDWH ZLOO EH DSSHQGHG�

7KH FRPPDQGV KLVW�[�Y�� KLVWI�I�F� DQG KLVWS�[�Y� LQ 7DEOH � DOO SURGXFH
KLVWRJUDPV� 7KH\ GLoHU RQO\ LQ W\SH RI LQIRUPDWLRQ GLVSOD\HG RQ WKH YHUWLFDO
D[LV �DEVROXWH QXPEHUV� IUHTXHQFLHV RI SHUFHQWDJHV� DQG LQSXW UHTXLUHPHQWV �UDZ
GDWD DQG D YHFWRU RI EUHDNSRLQWV �KLVW DQG KLVWS� RU IUHTXHQFLHV DQG D YHFWRU
ZLWK FDWHJRU\ ODEHOV �KLVWI �� ,Q WKH H[DPSOH pOH EHORZ ZH JHQHUDWH D YHFWRU ZLWK
QRUPDOO\ GLVWULEXWHG QXPEHUV DQG GUDZ D KLVWRJUDP XVLQJ I����� ��� �� �� ���J
DV EUHDNSRLQWV VR WKDW WKH pUVW EDU FRUUHVSRQGV WR REVHUYDWLRQV [ � b���� WKH
VHFRQG FDWHJRU\ WR b��� � [ � �� HWF�

OLEUDU\ SJUDSK�

JUDSKVHW�

[ UQGQ��������

E I����� ��� �� �� ���J�
WLWOH��KLVWRJUDP RI QRUPDO GLVWULEXWLRQ���

\ODEHO��IUHTXHQF\���

[ODEHO��[ YDOXH���

SGDWH 2�

FDOO KLVW�[�E��



��� &UHDWLQJ JUDSKLFV LQ *$866 ��

7ZR GLPHQVLRQDO JUDSKV FDQ EH SORWWHG XVLQJ WKH [\�[�\�^FRPPDQG� 2I
FRXUVH� WKH DUJXPHQWV [ DQG \ PXVW EH RI HTXDO OHQJWK XQOHVV RQH ZDQWV WR
LQGH[ WKH REVHUYDWLRQV� 7KH FRPPDQG [\���\� SORWV WKH FXUYH ��� \O�� ��� \���
HWF� 7KH VHFRQG DUJXPHQW QHHG QRW EH D YHFWRU� LI D PDWUL[ �ZLWK WKH VDPH
QXPEHU RI URZV DV [� LV SDVVHG DV DQ DUJXPHQW� HDFK FROXPQ ZLOO EH JUDSKHG�
&RQVLGHU IRU H[DPSOH WKH IROORZLQJ SURJUDP

OLEUDU\ SJUDSK�

JUDSKVHW�

QJULG ����

[ VHTD������QJULG�QJULG��

\� SGIQ�[��

\� ��SL
O�����[P\KDW���

SOHJFWO �a�a�a����

SOHJVWU �*DXVVLDQ GHQVLW\Q���&DXFK\ GHQVLW\��

[ODEHO��RUGLQDWH���

\ODEHO��GHQVLW\���

FDOO [\�[�\Oa\���

,Q WKLV H[DPSOH� WZR GHQVLW\ IXQFWLRQV DUH JUDSKHG� YL]� WKH GHQVLW\ RI WKH
QRUPDO GLVWULEXWLRQ DQG WKH GHQVLW\ IXQFWLRQ RI WKH &DXFK\ GLVWULEXWLRQ� 7KH
VHFRQG DUJXPHQW SDVVHG WR WKH [\^SURFHGXUH LV D ��� E\ ��PDWUL[ DQG HDFK
FROXPQ LV JUDSKHG DV D VHSDUDWH OLQH� 7KH OHJHQG LQ WKH JUDSK LV VHW E\ WZR
YDULDEOHV� 7KH ��URZ YHFWRU SOHJFWO GHWHUPLQHV ZKHUH WKH OHJHQG LV SODFHG� 7KH
pUVW HOHPHQW GHWHUPLQHV ZKHWKHU WKH FRRUGLQDWHV DUH VHW LQ SORW FRRUGLQDWHV ����
LQFKHV ���� RU SL[HOV ���� 7KH VHFRQG HOHPHQW JLYHV WKH IRQW VL]H RI WKH OHJHQG
�EHWZHHQ � DQG �� DQG WKH pQDO WZR HOHPHQWV JLYH WKH KRUL]RQWDO DQG YHUWLFDO
FRRUGLQDWH RI WKH ORZHU OHIW FRUQHU RI WKH OHJHQG �LQ XQLWV VSHFLpHG E\ WKH pUVW
DUJXPHQW�� ,Q RXU H[DPSOH� FRRUGLQDWHV DUH JLYHQ LQ SORW FRRUGLQDWHV� IRQW VL]H
LV � DQG WKH FRRUGLQDWH RI WKH ORZHU OHIW FRUQHU LV ��� ������ 7KH WH[W RI WKH
OHJHQG LV VSHFLpHG LQ OHJVWU� 'LoHUHQW FXUYH ODEHOV DUH VHSDUDWHG E\ WKH $6&,,�
� FKDUDFWHU Q���� 7KH ODEHO RI WKH pUVW FXUYH LV 
*DXVVLDQ GHQVLW\
 DQG WKH ODEHO
RI WKH VHFRQG FXUYH LV 
&DXFK\ GHQVLW\
� ,I WKH QXPEHU RI ODEHOV JLYHQ LQ SOHJVWU
LV OHVV WKDQ WKH QXPEHU RI FROXPQV LQ \ HPSW\ ODEHOV ZLOO EH SULQWHG LQ WKH
OHJHQG RWKHUZLVH WKH RUGHU RI WKH FXUYHV LQ WKH OHJHQG FRUUHVSRQG WR WKH RUGHU
RI WKH FROXPQV LQ \� $GGLWLRQDO WH[W PHVVDJHV FDQ EH SORWHG LQ WKH JUDSK XVLQJ
WKH JOREDO YDULDEOHV SPVJFWO DQG SPVJVWU� %\ LWV GHIDXOW VHWWLQJV VHW XVLQJ WKH
JUDSKVHW SURFHGXUH� D OLQH LV GUDZQ WKURXJK WKH SRLQWV SORWWHG� 7KH W\SH RI OLQH
SORWWHG LV FRQWUROOHG E\ WKH JOREDO YDULDEOH SOFWUO� ,I WKLV YDULDEOH LV VHW WR ���
RQO\ LQGLYLGXDO SRLQWV DUH SORWWHG DQG WKHVH SRLQWV DUH QRW MRLQHG E\ D OLQH� 7KH
V\PERO DW HDFK SRLQW LV FRQWUROOHG XVLQJ SVW\SH�

,W LV DOVR SRVVLEOH WR GUDZ WKUHH GLPHQVLRQDO FXUYHV DQG FRQWRXU OLQHV DUH
JUDSKHG XVLQJ WKH VXUIDFH DQG FRQWRXU SURFHGXUHV VWDWHG LQ 7DEOH �� %RWK
SURFHGXUHV KDYH WKUHH DUJXPHQWV� D URZ^YHFWRU [ RI OHQJWK N� D YHFWRU \ RI
OHQJWK S DQG D S [ N PDWUL[ ]� 7KH URZV RI ] FRUUHVSRQG WR WKH HOHPHQWV
RI \ DQG WKH FROXPQV RI ] FRUUHVSRQG WR WKH HOHPHQWV RI [� $ JUDSK RI WKH
VXUIDFH DERYH WKH �[� \� SODQH LV GUDZQ E\ VXUIDFH�[�\�]� DQG D WZR GLPHQVLRQDO
JUDSK ZLWK LVRFRQWRXU FXUYHV LV GUDZQ E\ WKH FRPPDQG FRQWRXU�[�\�]�� $ WKUHH
GLPHQVLRQDO JUDSK RI D IXQFWLRQ LV REWDLQHG ZLWK WKH [\]�[� \� ]�^SURFHGXUH�

7KLV SURFHGXUH \LHOGV �' UHVXOWV DQDORJRXV WR WKH [\ SURFHGXUH GLVFXVVHG
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DERYH� $V DQ H[DPSOH ZH JLYH WKH IROORZLQJ SURJUDP WKDW JHQHUDWHV WKUHH �'
SORWV EDVHG RQ D ELYDULDWH QRUPDO GHQVLW\ IXQFWLRQ�

OLEUDU\ SJUDSK�

JUDSKVHW�

QJULG ���

[ VHTD������QJULG�QJULG��

\ [�

[� SGIQ�[��

\� SGIQ�\��

] [��
\�
�

[\]�[�\�]>�����@��

VXUIDFH�[��\�]��

FRQWRXU�[��\�]��

*UDSKLFDO LPDJHV FDQ EH VDYHG WR GLVN LQ RQH RI WKH pOH IRUPDWV VXSSRUWHG
XVLQJ WKH JUDSKWSUW SURFHGXUH� 7KH DUJXPHQW RI WKLV SURFHGXUH LV D VWULQJ
WKDW FRQWDLQV VRPH qDJV� 7KH PRVW LPSRUWDQW qDJV DUH �S �SULQW JUDSK XVLQJ
WKH VHWWLQJV VSHFLpHG LQ STJUXQ�FI J�� �SI WHVW �SULQW RXWSXW WR D pOH WHVW��
�F N �FRQYHUW pOH IRUPDW WR �N �� (QFDSVXODWHG 3RVWVFULSW� �N �� /RWXV 3,&�
pOH� �N �� +3*/ IRUPDW RU �N �� 3&; FRORUHG ELWPDS IRUPDW� DQG �FI WHVW
�SULQW RXWSXW WR D pOH FDOOHG WHVW�� )RU H[DPSOH� WKH pUVW JUDSK GUDZQ DIWHU
WKH FRPPDQG JUDSKSUW�?�S �SI WHVW�� ZLOO EH SULQWHG DXWRPDWLFDOO\ WR D GLVN
pOH WHVW XVLQJ WKH SULQWHU GHIDXOW LQ STJUXQ�FIJ� 2I FRXUVH� WKH SLFWXUH PXVW EH
UHGUDZQ EHIRUH WKHVH VHWWLQJV WDNH HoHFW� 7KLV FDQ EH GRQH H[SOLFLWO\ E\ FDOOLQJ
WKH JUDSKLQJ SURFHGXUH RI FKRLFH� EXW DOVR XVLQJ WKH UHUXQ FRPPDQG� ,Q WKH
ODWWHU FDVH� WKH ODVW JUDSK LV UHGUDZQ�

��� , QFRU SRU DWLQJ *$866 JU DSKLFV LQ GRFXPHQWV

, KDYH KDYH EDG H[SHULHQFH LQ WU\LQJ WR SULQW *$866 JUDSKLFV DIWHU VDYLQJ WKHP
LQ GLoHUHQW IRUPDWV� ,I RQH LV GRLQJ /$7(;� WKHQ , ZRXOG VWURQJO\ VXJJHVW WKDW
RQH VDYH WKH GDWD WKDW LV XVHG LQ WKH SORW DQG GR WKH DFWXDO GUDZLQJ LQ DQRWKHU
SURJUDP VXFK DV $[XP _ ZKLFK , XVH _ RU &RUDO'UDZ� (YHQ ([FHO FDQ EH
XVHG IRU PRVW JUDSKV�

,I RQH LV XVLQJ :RUG IRU :LQGRZV RU VRPH RWKHU ZLQGRZV EDVHG SURJUDP�
WKHQ , KDYH IRXQG WKDW FRQYHUVLRQ WR WKH +3*/ IRUPDW DQG VXEVHTXHQW LPSRUW�
LQJ WR WKH GRFXPHQW LV WKH EHVW ZD\ WR JR� +RZHYHU� P\ H[SHULHQFH KHUH KDV
EHHQ ZLWK WKH '26 YHUVLRQ� LW VHHPV WKDW WKH ZLQGRZV YHUVLRQ ZLOO QRW H[SRUW
JUDSKLFV DW WKH PRPHQW� $W OHDVW QRW IRU PH�

� 'RLQJ U HVHDU FK ZLLWK *$866

:KLOH *$866 LV IXQ WR SOD\ DURXQG ZLWK� LW LV D SRZHUIXO SURJUDP WKDW FDQ
EH� DQG LQGHHG LV� XVHG LQ GLoHUHQW UHVHDUFK DSSOLFDWLRQV� VLPXODWLQJ QRQ^OLQHDU
V\VWHPV DQG WKH PD[LPXP OLNHOLKRRG HVWLPDWLRQ DUH EXW WZR H[DPSOHV RI DSSOL�
FDWLRQV RI WKH SURJUDP� ,Q WKLV FRQFOXGLQJ VHFWLRQ� , ZLOO WDON DERXW WKH ODWWHU
LQ WKH FRQWH[W RI HVWLPDWLQJ D /RJLW UHJUHVVLRQ�



��

7KH EDVLF PRGHO LV
\"L  [L

Ap

+RZHYHU� WKH GHSHQGHQW YDULDEOH� \"L LV QRW REVHUYDEOH� ,QVWHDG ZH REVHUYH LV
\L  � LI \

"
L ! � DQG \L  � RWKHUZLVH� 1RWH WKDW [Lp LV QRW (�\LM[L� DV LQ WKH

OLQHDU SUREDELOLW\ PRGHO EXW UDWKHU (�\"L M[L�� WKLV LPSOLHV WKDW WKH UHVLGXDO LV
QRW DYDLODEOH ZKHQ ZH HVWLPDWH PRGHOV EDVHG RQ \L� 7KLV ZDV WKH VSHFLpFDWLRQ
HUURU LQ (GZDUG
V DUWLFOH UHIHUUHG WR DERYH� 7KLV PHDQV WKH SUREDELOLW\ WKDW
\L  � LV

3 �\L  ��  3 �XL ! b[Lp�  �b ) �b[Lp�

ZKHUH ) LV WKH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ IRU WKH XL
V�
1RWH WKDW WKH YDOXHV RI \L DUH UHDOL]DWLRQV RI D ELQRPLDO GLVWULEXWLRQ ZLWK

WKH SUREDELOLWLHV DV DERYH� 7KXV WKH OLNHOLKRRG IXQFWLRQ LV

/  
4

\L  � ) �b[Lp� c
4

\L  � >�b ) �b[Lp�@

 
4

L >) �b[Lp�@
�b\L c >�b ) �b[Lp�@

\L

7KH H[DFW IRUP RI WKH OLNHOLKRRG IXQFWLRQ ZLOO GHSHQG XSRQ WKH DVVXPSWLRQV
RQ WKH GLVWULEXWLRQ IXQFWLRQ ) � ,Q SUDFWLFH� ZH PD[LPL]H WKH QDWXUDO ORJ� RI
WKLV IXQFWLRQ�

OQ/  
;

L

�\L OQ >�b ) �b[Lp�@ � ��b \L� OQ >) �b[Lp�@�

1RWH WKDW DQ HTXLYDOHQW VSHFLpFDWLRQ� DQG WKH RQH ZH VKDOO XVH� LV IRXQG LQ
$PHPL\D� $GYDQFHG (FRQRPHWULFV� S� ����� +HUH , ZULWH LW DV WKH ORJ RI WKH
OLNHOLKRRG IXQFWLRQ IRU D VLQJOH REVHUYDWLRQ�

OQ/L  �\L OQ >) �[Lp�@ � ��b \L� OQ >�b ) �[Lp�@� ���

/HW XV QRZ VSHSFLI\ WKH GHQVLW\ RI WKH ORJLVWLF GLVWULEXWLRQ�

) �[Lp�  
H[S �[Lp�

� � H[S �[Lp�
���

7KLV PDNHV IRU DQ HVSHFLDOO\ VLPSOH IUHTXHQF\ IXQFWLRQ�

I�[Lp�  ) �[Lp� c >�b ) �[Lp�@ ���

7KH OLNHOLKRRG IXQFWLRQ ��� LV PD[LPL]HG E\ VHWWLQJ LWV pUVW SDUWLDO GHULYDWLYHV
WR ]HUR�
7KXV WKH pUVW RUGHU FRQGLWLRQV REWDLQ E\ VHWWLQJ WKH JUDGLHQW YHFWRU RI WKH

ORJ OLNHOLKRRG IXQFWLRQ HTXDO WR ]HUR�

# OQ/L

#p
 �\L b ) �[Lp��[L  � ���

� 8 Q OHVV H[ S OLFLWO\ VWDWHG RWK HU Z LVH� DOO ORJDU LWK P V DU H WR E H X Q G HU VWRRG DV WK H Q DWX U DO
ORJDU LWK P V RI E DVH H
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7KH +HVVLDQ LV IRU WKH VHFRQG RUGHU FRQGLWLRQV LV DOZD\V QHJDWLYH GHpQLWH�

#� OQ/

#p#p�
 b

;

L

) �[Lp� ��b ) �[Lp�� [L[
�

L ���

*LYHQ HTXDWLRQV ���� ��� DQG ���� ZLWK WKH /RJLW GLVWULEXWLRQ XQGHUVWRRG
WR EH WKH ) IXQFWLRQ� ZH QRZ KDYH WKH QHFHVVDU\ LQIRUPDWLRQ WR EHJLQ D EULHI
GLVFXVVLRQ RI PD[LPXP OLNHOLKRRG�

��� 0 D[LPL]LQJ D OLNHOLKRRG IXQFWLRQ

$OO PD[LPL]LQJ URXWLQHV KDYH D QXPEHU RI IHDWXUHV LQ FRPPRQ�

�� ,W JRHV ZLWKRXW VD\LQJ WKDW WKH pUVW UHTXLUHPHQW LV D IXQFWLRQ WR EH PD[�
LPL]HG DORQJ ZLWK WKH GDWD _ LI DQ\ _ WR EH XVHG�

�� $ VHFRQG UHTXLUHPHQW LV VWUDUWLQJ YDOXHV IRU WKH XQNRZQ SDUDPHWHU YHF�
WRU� 7KH URXWLQH ZLOO EHJLQ KHUH DQG WU\ WR pQG EHWWHU YDOXHV IRU WKHVH
XQNQRZQV� *LYHQ WKH LQLWLDO YDOXHV� WKH SURJUDP FDOFXODWHV WKH JUDGLHQW
YHFWRU DW WKH VWDUWLQJ SRLQW DV ZHOO DV WKH D PDWUL[ RI VHFRQG GHULYDWLYHV
RU DQ DSSUL[LPDWLRQ RI WKLV PDWUL[� -XVW KRZ WKLV PDWUL[ LV FDOFXODWHG
GHSHQGV XSRQ WKH PHWKRG XVHG� 7KH 1HZWRQ�5DSKVRQ PHWKRG XVHV WKH
+HVVLDQ� WKH PHWKRG RI VFRULQJ XVHV WKH H[SHFWHG YDOXH RI WKH +HVVLDQ�
%+++ XVHV WKH RXWHU SURGXFW RI WKH JUDGLHQW YHFWRU� ,I DQDO\WLFDO URX�
WLQHV IRU WKH WKHVH PDWULFHV DUH QRW DYDLODEOH� QXPHULFDO DSSUR[LPDWLRQV
DUH XVHG DQG WKH PD[LPL]LQJ DOJRULWKP HPSOR\HG ZLOO EH WKH 'DYLGGRQ^
)OHWFKHU^3RZHOO RU D YDULDQW WKHUHRI�

$IWHU DQ LWHUDWLRQ� WKH SDUDPHWHU YHFWRU LV JLYHQ QHZ YDOXHV� 7KH XSGDWLQJ
IRUPXOD LV

EL� �  EL b V+b�J ���

ZKHUH + LV WKH +HVVLDQ DQG J LV WKH JUDGLHQW RI WKH IXQFWLRQ XQGHU FRQ�
VLGHUDWLRQ� V LV WKH VWHS VL]H� ,I WKLV LV WRR ODUJH� WKHQ ZH RYHUVKRRW� LI
LW LV WRR VPDOO WKHQ ZH GR WR PDQ\ LWHUDWLRQV� 7KHUH DUH GLoHUHQW ZD\V
WR FDOFXODWH WKH VL]H RI V EXW D VLPSOH PHWKRG XVXDOO\ ZRUNV TXLWH ZHOO�
HVSHFLDOO\ LI WKH REMHFWLYH IXQFWLRQ LV VWULFWO\ FRQFDYH� )RU H[DPSOH� RQH
PHWKRG EHJLQV XVLQJ WKH IXOO VWHS �V  �� DQG VWRSV ZKHQ WKH VWHS LV MXVW
ODUJH HQRXJK WR LQFUHDVH WKH IXQFWLRQ YDOXH� 1RWH WKDW WKLV LV UDWKHU DG
KRF EXW LW ZRUNV�

�� $ FRQYHUJHQFH FULWHULXP ZLOO WKH WKH URXWLQH ZKHQ LW KDV IRXQG WKH DQVZHU�
LI WKH JUDGLHQW LV VXrFLHQWO\ FORVH WR ]HUR� WKHQ ZH KDYH IRXQG WKH PD[L�
PXP DQG WKH LWHUDWLRQV VWRS� 1RWH WKDW LI WKHUH DUH DQ\ ORFDO PD[LPXP
SRLQWV� WKH URXWLQH PD\ FRQYHUJH WR RQH RI WKHVH UDWKHU WKDQ WKH JOREDO
DQVZHU�

�� )LQDOO\ WKH URXWLQH VKRXOG SURYLGH DQ HVWLPDWH RI WKH VWDQGDUG HUURUV WR
WKH SDUDPHWHUV�



��� 0D[LPL]LQJ D OLNHOLKRRG IXQFWLRQ ��

7KH URXWLQH PD[OLN LV D URXWLQH LQ *$866 WKDW ZLOO SHUIRU WKHVH FDOFXOD�
WLRQV�� 7KLV URXWLQH LV FDOOHG XVLQJ

ISDU�I�J�+�UHWFRGHJ  PD[OLN�GDWD�YDU�	OLNHOL�VWDUW�

7KH DUJXPHQWV DUH LQ WKLV FDOO DUH DV IROORZV�

7KH DUJXPHQWV LQ WKH FDOO
GDWD WKH GDWD
YDU WKH OLVW RI YDULDEOHV LQ WKH GDWD WKDW ZLOO EH XVHG� WKLV LV

VHW WR ]HUR LI DOO WKH GDWD LV EHLQJ XVHG
	OLNHOL WKH QDPH RI WKH IXQFWLRQ WR EH PD[LPL]HG� 0RUH ZLOO EH

VDLG DERXW WKLV EHORZ� +HUH ZH VKRXOG QRWH WKDW WKH URXWLQH
VKRXOG FDOFXODWH WKH ORJOLNHOLKRRG IRU HDFK REVHUYDWLRQ�

VWDUW WKH LQLWLDO YDOXHV
7KH � YDULDEOHV RQ RXWSXW
SDU WKH HVWLPDWHG YDOXHV RI WKH SDUDPHWHUV DW FRQYHUVLRQ
I WKH DYHUDJH YDOXH RI WKH pQDO OLNOLKRRG
J WKH GHULYDWLYH RI WKH HQWLUH OLNHOLKRRG IXQFWLRQ DW FRQYHU�

VLRQ
+ WKH +HVVLDQ PDWUL[ DW FRQYHUVLRQ
UHWFRGH $ YDULDEOH GHVFULELQJ ZK\ WKH URXWLQH VWRSHG� UHWFRGH

 � DW QRUPDO FRQYHUJHQFH� 2WKHU YDOXHV LQGLFDWH VRPH
SUREOHP ZDV LQFRXQWHUHG DGQ WKH URXWLQH VWRSSHG EHIRUH
WKH FRQYHUJHQFH FULWHULD ZHUH VDWLVLpHG�

7KHUH DUH LQQXPPHUDEOH JOREDO YDULDEOHV WKDW FRQWURO WKH qRZ RI WKH URXWLQH�
7KHUH DUH D IHZ WKDW , OLVW LQ WKH IROORZLQJ WDEOH�

�, G HVFU LE H Y HU VLRQ � RI WK LV S U RJU DP �
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PD[ $OJRULWKP 7KLV DOORZV WKH XVHG WR FKRRVH WKH PD[LPL]LQJ DOJRULWKP�
C� VWHHSHVW GHFHQW
� C� %)*6
� C� ')3
�C� 1HZWRQ^
5DSKVRQ
� C� %+++
 DQG C� 35 FRQMXQJDWH JUDGLHQW
�
:LWK QXPHULFDO GHULYDWLYHV� XVH � RU �� ZLWK DQDO\WLFDO pUVW
GHULYDWLYHV XVH �� � RU �� ZLWK DQDO\WLFDO pUVW DQG VHFRQG
GHULYDWLYHV� XVH ��

PD[ &RY3DU $ VFDODU WR VHW WKH W\SH RI FRYDULDQFH PDWUL[ RI WKH SD�
UDPHWHUV WKDW LV FDOFXODWHG� C� LQYHUVH RI WKH pQDO +HV�
VLDQ
� C� WKH LQYHUVH RI WKH VHFRQG GHULYDWLYHV
� C� 2XWHU
3URGXFW *UDGLHQW
� C� +HWHURVFHGDVWLF^FRQVLVWHQW &9&

�+b��J�J�+b���

PD[ *UDG3URF $ SRLQWHU WR WKH URXWLQH WR FDOFXODOOWH pUVW GHULYDWLYHV�
7KLV LV RSWLRQDO�

PD[ +HVV3URF $ SRLQWHU WR WKH URXWLQH WR FDOFXODWH WKH +HVVLDQ PDWUL[�
WKLV WRR LV RSWLRQDO�

PD[ ,WHU'DWD $ � E\ � YHFWRU FRQWLQ� RQ RXWSXW� WKH QXPEHU RI LWHUDWLRQ�
WKH UXQ WLPH LQ PLQXWHV DQG D FRGH LQGLFDWLQJ WKH W\SH RI
FRYDULDQFH PDWUL[ FDOFXODWHG�

PD[ /LQH6HDUFK 7KLV FRQWUROV WKH PHWKRV XVHG IRU WKH VWHS VL]H PHQWLRQHG
LQ ���� C� XQLW VWHS OHQJWK
� C� FXELF RU TXDGUDWLF VWHS
OHQJWK
 �WKH GHIDXOW�� C� VWHS KDOYLQJ
� C� %UHQW
� DQG
C� %+++ VWHS OHQJWK
�

PD[ 3DU1DPHV $ YHFWRU ZLWK WKH QDPHV RI WKH SDUDPHWHUV�

��� $Q H[DPSOH

$OO WKDW LV OHIW LV WR VSHFLI\ WKH URXWLQHV IRU WKH OLNHOLKRRG IXQFWLRQ� WKH JUDGLHQW
YHFWRU DQG WKH +HVVLDQ� 7KHVH RI FRXUVH GHSHQG RQ WKH SUREOHP DW KDQG ZKLFK
KHUH LV WKH ORJLVWLF GLVWLUEXWLRQ�

7KH pUVW URXWLQH GHpQHV WKH OLNHOLKRRG IXQFWLRQ� 7KH FRGH SURF OLNHOL�E�GDWD�
WHOOV *DXVV WKDW WKH OLQHV WKDW IROORZ GHILQH D VXEURXWLQH FDOOHG COLNHOL
�
,W SDVVHV WKH DUJXPHQWV CE
 DQG CGDWD
 WR WKH URXWLQH DQG UHWXUQV D
VLQJOH DUJXPHQW� D YHFWRU RI WKH OLNHOLKRRGV IRU HDFK REVHUYDWLRQ��

7KH YDULDEOHV LQ WKH DUJXPHQWV VKRXOG QRW EH FKDQJHG LQVLGH WKH OLNHOLKRRG
URXWLQH� +HUH LV D URXWLQH WR FDOFXODWH WKH OLNHOLKRRG LQ HTXDWLRQ
����

�*DX VV
 PD[OLN U RX WLQ H U HT X LU HV WK DW WK H OLN HOLK RRG IRU HDFK RE VHU Y DWLRQ LV FDOFX ODWHG � )X U �
WK HU � LI DQ DO\ WLFDO p U VW G HU LY DWLY HV DU H S U RY LG HG � WK HQ WK H U RX WLQ H WK DW FDOFX ODWHV WK HP P X VW
U HWX U Q WK H VFRU H P DWU L[ �
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SURF OLNHOL�E�GDWD��

�


5HWXUQV WKH OLNHOLKRRG YHFWRU IRU WKH ORJLW PRGHO�


�

ORFDO OL�FGI�N�[�\� �
 'HILQH ORFDO YDULDEOHV 
�

N  FROV�GDWD�� �
 WKH QXPEHU RI LQGHS
V�� 
�

[  GDWD>����N��@� �
 WKH LQGHSHQGHQW YDUV 
�

\  GDWD>��N@� �
 WKH GLFKRWRPRXV� GHS� YDU 
�

FGI  ������H[S��[
E��� �
 /RJLW &') 
�

OL  \�
OQ�FGI�����\��
OQ���FGI�� �
 /LNHOLKRRG 
�

UHWS�OL�� �
 UHWXUQ 
�

HQGS� �
 HQG RI SURFHGXUH 
�

7KH DERYH URXWLQH LV DOO WKDW LV QHHGHG� *LYHQ WKH GDWD DQG WKH VWDUWLQJ
YDOXHV *$866 ZLOO JLYH DQ DQVZHU� ,QGHHG� DV WKH OLNHOLKRRG IXQFWLRQ LV JOREDOO\
FRQFDYH� QXPHULFDO GHULYDWLYHV ZRUN TXLWH ZHOO KHUH� +RZHYHU� SURYLGLQJ WKH
DQDO\WLFDO VFRUH DQG WKH +HVVLDQ PDWULFHV� ZKLOH RSWLRQDO� ZLOO VSHHG XS FRQYHUJH
FRQVLGHUDEOH� (VSHFLDOO\ ZLWK ODUJH GDWD VHWV� WKH WLPH JDLQ FDQ EH VXEVWDQWLDO�
7R FDOFXODWH WKH VFRUH PDWUL[ XVH WKH IROORZLQJ�

SURF OVFRUH�E�GDWD��

�


5HWXUQV WKH 6FRUH PDWUL[ IRU WKH ORJLW PRGHO�


�

ORFDO J�FGI�SGI�N�[�\� �
 7KH ORFDO YDULDEOHV 
�

N  FROV�GDWD�� �
 WKH QXPEHU RI LQGHS
V�� 
�

[  GDWD>����N��@� �
 WKH LQGHSHQGHQW YDUV 
�

\  GDWD>��N@� �
 WKH GLFKRWRPRXV� GHS YDU 
�

FGI  ������H[S��[
E��� �
 WKH /RJLW &') 
�

SGI  FGI�
���FGI�� �
 WKH /RJLW 3') 
�

J  \�
�SGI��FGI��
[����\��
�SGI�����FGI���
[�

UHWS�J�� �
 5HWXUQ WKH VFRUH� J 
�

HQGS� �
 (QG RI SRUFHGXUH 
�

,Q PDQ\ SUREOHPV� pUVW GHULYDWLYHV DUH HDV\ WR FDOFXODWH DQG VKRXOG EH� LI
SRVVLEOH� XVHG� ,QGHHG� WKH 23* HVWLPDWH RI WKH pQDO FRYDULDQFH PDWUL[ RI WKH
SDUDPHWHUV PD\ EH FDOFXODWHG XVLQJ WKH URXWLQH IRU WKH VFRUH� 7KLV URXWLQH LV
LQFOXGHG LQ WKH SURJUDP E\ ZULWLQJ PD[ *UDG3URF  	OVFRUH� EHIRUH FDOOLQJ
PD[OLN�
:LWK ODUJH SUREOHPV _ WKRXVDQGV RI REVHUYDWLRQV DUH WKH UXOH ZLWK ELQDU\

PRGHOV _ WKH LQFOXVLRQ RI DQDO\WLFDO VHFRQG GHULYDWLYHV LQFUHDVHV VSHHG WR FRQ�
YHUVLRQ DQG DOORZV RQH WR WU\ PDQ\ PRGHO VSHFLpFDWLRQV LQ WKH VDPH WLPH WKDW
RQH XVHV IRU RQH HVWLPDWLRQ ZLWK ORWV RI GDWD DQG QR GHULYDWLYHV� 7KH +HVVLDQ
FDQ EH FDOFXODWHG DV EHORZ� $V ZLWK WKH VFRUH� WKH URXWLQH LV LQFOXGHG LQ WKH
SURJUDP E\ ZULWLQJ PD[ +HVV3URF  	OKHVVLDQ� EHIRUH FDOOLQJ PD[OLN�

SURF OKHVVLDQ�E�GDWD��

�


5HWXUQV WKH +HVVLDQ PDWUL[ IRU WKH ORJLW PRGHO�


�

ORFDO SGI� N�[�\� �
 /RFDO YDULDEOHV 
�

N  FROV�GDWD�� �
 WKH QXPEHU RI LQGHS
V�� 
�

[  GDWD>����N��@� �
 WKH LQGHSHQGHQW YDUV 
�

\  GDWD>��N@� �
 WKH GLFKRWRPRXV� GHS YDU 
�

SGI  H[S��[
E������H[S��[
E��A�� �
 WKH /RJLVWLF 3') 
�

UHWS���[�
SGI�

[�� �
 5HWXUQ WKH +HVVLDQ 
�

HQGS� �
 (QG RI SURFHGXUH 
�
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2QH ODVW LWHP UHPDLQV� ZH ZLVK WR VHH WKH UHVXODWV RI RXU HVWLPDWHV� 2QH
ZD\ WR GR WKLV LV WR ZULWH

ISDU�I�J�+�UHWFRGHJ  PD[SUW�PD[OLN�GDWD�YDUV�	OLNOL�VWDUW��
DV WKH VWDWHPHQW XVHG WR VWDUW WKH PD[LPL]DWLRQ� +RZHYHU� RQH PXVW EH FDUHIXO
RI KRZ *$866 FDOFXODWHV WKH FRYDULDQFH PDWUL[� , XVXDOO\ GR WKLQJV E\ KDQG�
7KH IROORZLQJ VHTXHQFH ZLOO SULQW RXW WKH pQDO HVWLPDWHV�

FYO  LQY��OKHVVLDQ�SDU�GDWD��� �
 LQYHUVH RI ILQDO KHVVLDQ 
�

VH  VTUW�GLDJ�FYO��� �
 VWDQGDUG HUURUV 
�

W  SDU��VH� �
 W�VWDWLVWLFV 
�

GI  URZV�GDWD��URZV�SDU�� �
 GHJUHHVV RI IUHHGRP 
�

VLJQ  �
FGIWF�DEV�W��GI�� �
 S�YDOXHV 
�

I OLN  VXPF�OLNOL�SDU�GDWD��� �
 ILQDO OLNHOLKRRG 
�

�
 GHILQH IRUPDWV 
�

PVN  ]HURV����� RQHV������ �
 RQH FRO FKDUD GDWD� � QXPHU 
�

OHW IPW>���@  �
 � FROV RI PVN� � LV UHTXLUHG 
�

�
�
V � � � �
 FKDUDFWHU GDWD� � SRV � VSDFH 
�

�
�
OI� �� � �
 OHIW MXVW�� I�IPW� �� SRV� SUHF � 
�

�
�
OJ� �� � �
 OHIW MXVW�� I�IPW� �� SRV� SUHF � 
�

�
�
OJ� �� � �
 OHIW MXVW�� I�RU H�IPW� �� SRV� SUHF � 
�

�
�
OH� �� �� �
 OHIW MXVW�� H�IPW� �� SRV� SUHF � 
�

SULQW�

SULQW �7KH QXPEHU RI LWHUDWLRQV � � PD[ ,WHU'DWD>�@�

SULQW �)LQDO OLNHOLKRRG � � I OLN�

SULQW �1XPEHU RI REVHUYDWLRQV � � URZV�GDWD��

SULQW �1XPEHU RI GHJUHHV RI IUHHGRP � � GI

� SULQW�

SULQW �9DULDEOH FRHI VWG�HUU W�VWDW 6LJQLI ��

T SULQWIP� PD[ 3DU1DPHVaSDUaVHaWaVLJQ�PVN�IPW��

7KH DERYH URZV LOOXVWUDWH KRZ RQH FDQ SULQW UHVXOWV� 1RWH P\ RZQ CVKRUW�
KDQG
 �ZLWK CSRV
 IRU SRVLWLRQ� CIPW
 IRU IRUPDW DQG CMXVW�
 IRU MXVWLpHG� VR WKH
SURJUDP ZLOO pW RQ WKH SDJH�

&XUW :HOOV
/XQG� )DOO ����


