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&RS\ULJKW Fq 6WDQIRUG %XVLQHVV 6RIWZDUH� ,QF�� ����^����� $OO ULJKWV UHVHUYHG� 3ULQWHG LQ
WKH 8QLWHG 6WDWHV RI $PHULFD� ([FHSW DV SHUPLWWHG XQGHU WKH 8QLWHG 6WDWHV &RS\ULJKW $FW
RI ����� QR SDUW RI WKLV SXEOLFDWLRQ PD\ EH UHSURGXFHG RU GLVWULEXWHG LQ DQ\ IRUP RU E\
PHDQV� RU VWRUHG LQ D GDWDEDVH RU UHWULHYDO V\VWHP� ZLWKRXW WKH SULRU ZULWWHQ SHUPLVVLRQ RI
WKH DXWKRUV�

7KLV PDQXDO ZDV W\SHVHW XVLQJ /D7(; PDFURV ZLWK .QXWK
V 7(; W\SHVHWWLQJ V\VWHP�

3XEOLVKHU� 6WDQIRUG %XVLQHVV 6RIWZDUH� ,QF�
���� %D\VKRUH 3DUNZD\� 6XLWH ���
0RXQWDLQ 9LHZ� &$ �����
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&RVWV DQG UHVRXUFH DYDLODELOLWLHV DUH RIWHQ XQFHUWDLQ TXDQWLWLHV LQ PDQ\ DSSOLFDWLRQV� 7KXV�
LW LV LPSRUWDQW WR NQRZ WKH HoHFW RI FKDQJLQJ D FRVW� D ULJKW�KDQG VLGH� RU HYHQ D FRQVWUDLQW
PDWUL[ FRHrFLHQW RQ WKH VROXWLRQ WR D OLQHDU SURJUDP�

s +RZ PXFK FDQ RQH GHFUHDVH D FRVW DQG KDYH D SDUWLFXODU VROXWLRQ UHPDLQ RSWLPDO"

s %\ KRZ PXFK FDQ RQH FKDQJH D ULJKW�KDQG VLGH DQG KDYH D SDUWLFXODU EDVLV UHPDLQ
IHDVLEOH"

7KH YDOXH RI WKH VROXWLRQ WR D OLQHDU SURJUDP LV OLPLWHG LI WKH UREXVWQHVV RI WKDW VROXWLRQ LV
XQNQRZQ�

6$0,126� WKH 6HQVLWLYLW\ $QDO\VLV SDFNDJH IRU XVH ZLWK 0,126 �9HUVLRQ ��� RU ODWHU��
PDNHV LW HDV\ IRU WKH 0,126 XVHU WR FUHDWH VHQVLWLYLW\ DQDO\VLV UHSRUWV� 6$0,126 DOORZV
WKH 0,126 XVHU WR JHQHUDWH UHSRUWV RQ FRVWV� ULJKW�KDQG VLGHV� DQG HYHQ FRQVWUDLQW PD�
WUL[ FRHrFLHQWV ZLWKRXW SXWWLQJ PXFK PRUH HoRUW LQWR LQSXW WKDQ ZRXOG EH UHTXLUHG ZLWK
0,126� %\ GHIDXOW� ZKHQ WKH VHQVLWLYLW\ DQDO\VLV RSWLRQ LV LQYRNHG� UDQJHV DUH SURYLGHG RQ
DOO FRVWV� DOO ULJKW KDQG VLGHV� DQG DOO QRQ]HUR HOHPHQWV RI WKH FRHrFLHQW PDWUL[� +RZHYHU�
WKH NQRZOHGJHDEOH XVHU FDQ HDVLO\ PRGLI\ WKLV DV GHVFULEHG LQ $SSHQGL[ $�

,W LV DVVXPHG WKDW \RX DUH DOUHDG\ IDPLOLDU ZLWK 0,126� :H UHFRPPHQG WKDW \RX KDYH
DFFHVV WR D FRS\ RI WKH 0,126 8VHU
V *XLGH DV \RX UHDG WKLV PDQXDO�

�
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6$0,126 LV D VHW RI URXWLQHV ZKLFK� WRJHWKHU ZLWK 0,126� DOORZ \RX WR REWDLQ XSSHU DQG
ORZHU ERXQGV RQ WKH FRVWV� ULJKW�KDQG VLGHV� DQG PDWUL[ FRHrFLHQWV DVVRFLDWHG ZLWK D OLQHDU
SURJUDP�

,Q WKLV FKDSWHU� ZH GHVFULEH KRZ WR VHW XS WKH 6$0,126 H[HFXWDEOH SURJUDP DQG WKH
6$0,126 LQSXW pOHV LQ RUGHU WR SHUIRUP VHQVLWLYLW\ DQDO\VLV RQ D OLQHDU SURJUDP�

��� 6(77,1* 83 6$0,126

5( 48, 5( 0 ( 1 7 6

7R VHW XS 6$0,126� \RX ZLOO QHHG�

s D FRS\ RI WKH 0,126 VRXUFH FRGH �9HUVLRQ ��� RU ODWHU��

s D )RUWUDQ �� FRPSLOHU�

s WKH 6$0,126 GLVNHWWH� DQG�

s D FRPSXWHU ZLWK VXrFLHQW PHPRU\ �VHH WKH 0,126 8VHU
V 0DQXDO IRU GHWDLOV RQ
PHPRU\ UHTXLUHPHQWV��

1RWH� ,I \RX GHFLGH WR VHW XS 6$0,126 RQ D 3&� ZH UHFRPPHQG WKDW \RX XVH D )RUWUDQ
�� FRPSLOHU WKDW VXSSRUWV H[WHQGHG PHPRU\�

�
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,Q WKLV VHFWLRQ ZH GHVFULEH WKH VWHSV WR FUHDWH WKH 6$0,126 H[HFXWDEOH SURJUDP RQ \RXU 3&
DVVXPLQJ WKDW \RX KDYH DYDLODEOH WKH /DKH\ )RUWUDQ �� )��/�(0��� 9HUVLRQ ���� FRPSLOHU��

�� 7UDQVIHU DOO pOHV IURP WKH 6$0,126 GLVNHWWH WR WKH WKH GLUHFWRU\ ZKHUH \RXU 0,126
pOHV UHVLGH �ZH DVVXPH WKH GLUHFWRU\ LV QDPHG 0,126��

&�0,126?! FRS\ D�
�


�� %HFDXVH RI WKH ZD\ 0,126 LV VHW XS� \RX ZLOO KDYH WR PDNH D VPDOO PRGLpFDWLRQ WR
WKH pOH 0,126/�)25� &RPPHQW RXW WKH OLQH

HQWU\ PDWPRG

ZKLFK LV WRZDUGV WKH HQG RI 0,126/�)25� 5HPHPEHU WR VDYH WKH pOH ZLWK WKLV
FKDQJH� 7KLV PRGLpFDWLRQ LV QHFHVVDU\ EHFDXVH WKH VHQVLWLYLW\ DQDO\VLV URXWLQHV DUH
FDOOHG WKURXJK VXEURXWLQH 0$702'� ZKLFK UHVLGHV LQ WKH pOH 6$)816�)25�

�� 7KH EDWFK pOH 6$3&&20�%$7 LV XVHG WR FRPSLOH WKH VRXUFH FRGH IRU 6$0,126 DQG
OLQN WKH UHVXOWLQJ �2%- pOHV WR FUHDWH DQ H[HFXWDEOH 6$0,126�(;(� 7KH EDWFK pOH
LV LQYRNHG E\ W\SLQJ

&�?0,126! VDSFFRP

�� 7ZR VLPSOH H[DPSOH SUREOHPV DUH LQFOXGHG RQ \RXU 6$0,126 GLVNHWWH� (;�',(7�
ZKLFK LV WKH GLHW SUREOHP 7�',(7 GHVFULEHG LQ WKH 0,126 8VHU
V *XLGH� DQG WKH
SUREOHP (;�)851� D IXUQLWXUH SURGXFWLRQ SUREOHP WDNHQ IURP WKH OLWHUDWXUH� (DFK
H[DPSOH XVHV WZR pOHV�

s D pOH ZLWK H[WHQVLRQ 63&� DQG

s D pOH ZLWK H[WHQVLRQ 036�

7R WU\ 6$0,126 RQ RQH RI WKHVH SUREOHPV� FRS\ pOHV DV IROORZV�

&�?0,126! FRS\ (;�',(7�
 0,126�


RU

�6KR XOG \ R X GH F LGH WR XVH D GLoH UH QW F R PSLOH U �R U D GLoH UH QW SOD WIR UP� SOH D VH UH IH U WR \ R XU F R PSLOH U
PD QXD O D QG PR GLI\ WKH pOH V 6$ 3& & 20 �%$ 7 D QG 6$ 3& /3�/1 . D SSUR SULD WH O\ �
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&�?0,126! FRS\ (;�)851�
 0,126�


�� ([HFXWH 6$0,126 E\ LVVXLQJ WKH IROORZLQJ FRPPDQG�

&�?0,126! 6$0,126

,I \RX WU\ SUREOHP (;�',(7� \RX VKRXOG JHW DQ REMHFWLYH IXQFWLRQ YDOXH RI ����� ,I
\RX WU\ SUREOHP (;�)851� \RX VKRXOG JHW DQ REMHFWLYH IXQFWLRQ YDOXH RI b������

127(6�

s 7KH EDWFK pOH 6$3&&20�%$7 XVHV WKH GHIDXOW FRPSLOHU RSWLRQV IRU WKH /DKH\ )��/�
(0��� 9HUVLRQ ���� FRPSLOHU� 7KLV UHVXOWV LQ WKH FUHDWLRQ RI pOHV ZLWK D �6/' H[WHQ�
VLRQ ZKLFK DUH XVHG E\ /DKH\
V V\PEROLF RQOLQH GHEXJJHU� $GG WKH �16 RSWLRQ WR WKH
EDWFK pOH WR VXSSUHVV JHQHUDWLRQ RI WKHVH pOHV�

s /DKH\ )RUWUDQ DOORZV \RX WR UHGXFH WKH H[HFXWDEOH VL]H RI 6$0,126 E\ SXWWLQJ
WKH ZRUNVSDFH DUUD\ = LQ D EODQN FRPPRQ EORFN� WKH FRPSLOHU ZLOO FUHDWH D VPDOOHU
H[HFXWDEOH WKDW DOORFDWHV PHPRU\ IRU = GXULQJ H[HFXWLRQ UDWKHU� ,I \RX ZLVK WR PDNH
WKLV FKDQJH� \RX ZLOO QHHG WR PRGLI\ WKH pOH 0,126/�)25�

s ,I \RX SODQ WR XVH D FRPSLOHU RWKHU WKDQ /DKH\ )��/�(0���� FKHFN WR VHH LI LW VXS�
SRUWV H[WHQGHG PHPRU\� ,I \RXU FRPSLOHU VXSSRUWV H[WHQGHG PHPRU\� \RX VKRXOG EH
WR DEOH FRPSLOH DQG OLQN E\ PRGLI\LQJ WKH EDWFK pOH 6$3&&20�%$7 DQG OLQN pOH
6$3&/3�/1.� ,I \RXU FRPSLOHU GRHV QRW VXSSRUW H[WHQGHG PHPRU\� \RX ZLOO QHHG
WR VWXG\ WKH VRXUFH pOHV DQG FUHDWH RYHUOD\V� 7KH FUHDWLRQ RI RYHUOD\V LV GRQH GXULQJ
OLQN WLPH IRU PRVW FRPSLOHUV�

��� 6$0,126 ,1387 ),/(6

7KH 3& YHUVLRQ RI 6$0,126 XVHV WKH IROORZLQJ pOHV IRU LQSXW�

0,126�63& 63(&,),&$7,216 )LOH
0,126�036 036 )LOH

1RWH WKDW WKH UHTXLUHG LQSXW pOHV DUH H[DFWO\ WKH VDPH RQHV WKDW \RX ZRXOG XVH WR VROYH
D OLQHDU SURJUDP ZLWK 0,126� +RZHYHU� RQ V\VWHPV RWKHU WKDQ D 3&� 0,126 pOH QDPHV
PD\ DXWRPDWLFDOO\ EH VXSSOLHG E\ WKH V\VWHP� SOHDVH UHIHU WR WKH 0,126 ��� 8VHU
V *XLGH
DQG�RU WKH pOHV ZLWK H[WHQVLRQ �'2& VXSSOLHG RQ \RXU 0,126 ��� GLVNHWWH�

%HFDXVH 6$0,126 DGGV RQ WR 0,126 ���� 6$0,126 FDQ DOVR UHDG IURP RU ZULWH WR
DOO WKH RWKHU pOHV WKDW 0,126 ��� FDQ DFFHVV� ,I \RX ZDQW WR XVH WKH LQIRUPDWLRQ LQ WKHVH
pOHV� \RX PD\ QHHG WR ZRUN ZLWK WKH VSHFLpFDWLRQ pOH� 6HH WKH 0,126 ��� 8VHU
V *XLGH IRU
D GHVFULSWLRQ RI WKHVH VXSSOHPHQWDU\ pOHV�
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7KH 0,126 VSHFLpFDWLRQV pOH VKRXOG EH VHW XS DV LI \RX ZHUH VROYLQJ DQ RUGLQDU\ OLQHDU
SURJUDP� ZLWK WZR LPSRUWDQW H[FHSWLRQV�

s &<&/( /,0,7� 7KH QXPEHU RI OLQHDU SURJUDPV VROYHG E\ 0,126 LV FRQWUROOHG E\
WKH &<&/( /,0,7 SDUDPHWHU IRXQG LQ WKH 0,126 VSHFLpFDWLRQV pOH� $W OHDVW RQH
OLQHDU SURJUDP PXVW EH VROYHG LI WKH VHQVLWLYLW\ DQDO\VLV URXWLQHV DUH WR EH FDOOHG� )RU
WKLV UHDVRQ� LQFOXGH WKH OLQH

&<&/( /,0,7 �

s :25.63$&( �86(5�� <RX ZLOO QHHG WR UHVHUYH D SRUWLRQ RI WKH 0,126 ZRUNVSDFH
IRU XVH E\ WKH VHQVLWLYLW\ DQDO\VLV URXWLQHV� ,QFOXGH WKH OLQH

:25.63$&( �86(5� PD[Z

ZKHUH PD[Z LV WKH QXPEHU RI VSDFHV LQ WKH ZRUNVSDFH DUUD\ WKDW \RX ZLOO DOORFDWH WR
WKH DUUD\V QHHGHG IRU VHQVLWLYLW\ DQDO\VLV� <RX ZLOO QHHG WR VHW

PD[Z y
�

�
�PD[ IQ�P� OJ� �� � ��Q�P � O��

ZKHUH Q LV WKH QXPEHU RI YDULDEOHV�P LV WKH QXPEHU RI FRQVWUDLQWV� DQG O LV WKH QXPEHU
RI PDWUL[ FRHrFLHQW HOHPHQWV WKDW \RX VSHFLI\ DV LQSXW WR WKH SUREOHP �DV VSHFLpHG LQ
WKH 0,126 8VHUV
 *XLGH� WKLV FDQ EH JUHDWHU WKDQ WKH QXPEHU RI QRQ]HURV�� 7\SLFDOO\�
O ZLOO HTXDO WKH QXPEHU RI QRQ�]HUR HOHPHQWV LQ WKH FRQVWUDLQW PDWUL[�

$Q H[DPSOH RI D VSHFLpFDWLRQV pOH LV VKRZQ LQ )LJXUH ���� 7KLV LV WKH VSHFLpFDWLRQV pOH
IRU WKH (;�',(7 H[DPSOH LQFOXGHG LQ WKH 6$0,126 GLVNHWWH�

63 ( &, )<, 1 * /, 1 ( $5 3 52% /( 0 '$7 $ �0 3 6 ), /( �

$V UHTXLUHG E\ 0,126� DOO YDULDEOHV� DQG WKH FRQVWUDLQWV DQG ERXQGV DVVRFLDWHG ZLWK WKH
YDULDEOHV� DUH VSHFLpHG LQ WKH 036 GDWD pOH� 7KHUH DUH WZR H[FHSWLRQV \RX ZLOO QHHG WR NHHS
LQ PLQG� KRZHYHU�

�� =HUR�YDOXHG &RHrFLHQW 0DWUL[ (OHPHQW ,I \RX ZRXOG OLNH WKH VHQVLWLYLW\ DQDO\VLV WR
UHSRUW RQ D ]HUR�YDOXHG HOHPHQW RI WKH FRQVWUDLQW PDWUL[� EH VXUH WR OLVW WKLV HOHPHQW
H[SOLFLWO\ ZLWK D ]HUR YDOXH LQ WKH &2/8016 VHFWLRQ RI \RXU 036 pOH�
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%HJLQ H[�GLHW �'LHW /3 SUREOHP�

0LQLPL]H

5RZV ��

&ROXPQV ��

(OHPHQWV ���

&\FOH /LPLW � 
 6HW F\FOH OLPLW WR DW OHDVW �

036 ILOH ��

,WHUDWLRQV ���

3ULQW OHYHO � 
 2. IRU VPDOO SUREOHPV

3ULQW IUHTXHQF\ �

6XPPDU\ IUHTXHQF\ �

:RUNVSDFH �XVHU� ���� 
 $OORFDWH VSDFH IRU VHQVLWLYLW\ DQDO\VLV

(QG 'LHW 3UREOHP

)LJXUH ���� $ 6SHFLpFDWLRQV )LOH

�� &DQQRW +DQGOH 5DQJH &RQVWUDLQWV� 7KLV YHUVLRQ RI 6$0,126 LV QRW HTXLSSHG WR
KDQGOH UDQJHG FRQVWUDLQWV� L�H�� FRQVWUDLQWV RI WKH IRUP EL x D7

L
[ x EL�U� ZKHUH U ! ��

<RX ZLOO QHHG WR EUHDN DQ\ VXFK FRQVWUDLQW XS LQWR WZR FRQVWUDLQWV� RU 6$0,126 ZLOO
QRW UHSRUW RQ WKLV FRQVWUDLQW� +RZHYHU� QR DFWXDO HUURU FRQGLWLRQ ZLOO UHVXOW�

$Q H[DPSOH RI DQ 036 pOH LV VKRZQ LQ )LJXUH ���� 7KLV LV WKH 036 pOH IRU WKH (;�',(7
SUREOHP LQFOXGHG LQ WKH 6$0,126 GLVNHWWH�

��� 6$0,126 287387

7KH VROXWLRQ WR WKH OLQHDU SURJUDP LV ZULWWHQ WR WKH 35,17 pOH XVHG E\ 0,126 ���� LI
D VROXWLRQ KDV EHHQ IRXQG� RWKHUZLVH� WKH DSSURSULDWH HUURU PHVVDJHV DUH ZULWWHQ WR WKH
35,17 pOH� 6$0,126 JHQHUDWHV WKUHH DGGLWLRQDO RXWSXW pOHV�

6$0,126�&26 &RVW 5DQJH )LOH
6$0,126�5+6 5LJKW�+DQG 6LGH 5DQJH )LOH
6$0,126�0$7 &RQVWUDLQW 0DWUL[ &RHrFLHQW 5DQJH )LOH

(DFK RI WKH pOHV LV GHVFULEHG LQ WKH IROORZLQJ VXE�VHFWLRQV�
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6$0,126�&26 LV D UHSRUW RI WKH VHQVLWLYLW\ DQDO\VLV UHVXOWV RQ WKH OLQHDU SURJUDP REMHFWLYH
FRVW FRHrFLHQWV� )RU HDFK YDULDEOH �QRW LQFOXGLQJ VODFN YDULDEOHV LPSOLFLW WR WKH SURJUDP��
WKH UHSRUW VSHFLpHV D UDQJH RYHU ZKLFK HDFK FRVW FRHrFLHQW PD\ EH YDULHG ZLWKRXW FKDQJLQJ
WKH RSWLPDOLW\ RI WKH FXUUHQW /3 VROXWLRQ �SURYLGHG DOO WKH RWKHU FRHrFLHQWV DW WKHLU RULJLQDO
YDOXHV�� 1RWH WKDW DOWKRXJK WKH /3 EDVLF VROXWLRQ GRHV QRW FKDQJH LI D FRVW FRHrFLHQW LV
LQGLYLGXDOO\ YDULHG RYHU WKH VSHFLpHG UDQJH� WKH REMHFWLYH IXQFWLRQ YDOXH LWVHOI ZLOO DOPRVW
FHUWDLQO\ FKDQJH� ,W LV VWUDLJKWIRUZDUG WR FRPSXWH WKH QHZ REMHFWLYH YDOXH� LW FDQ DOVR EH
REWDLQHG E\ UH�UXQQLQJ 0,126�
)LJXUH ��� GLVSOD\V WKH 6$0,126�&26 pOH JHQHUDWHG IRU WKH (;�',(7 H[DPSOH SUR�

YLGHG ZLWK WKH 6$0,126 GLVNHWWH�

����� 5, *+ 7 + $1 ' 6, '( 5$1 *, 1 * 5( 3 257 �6$0 , 1 26�5+ 6�

6$0,126�5+6 LV D UHSRUW RI WKH VHQVLWLYLW\ DQDO\VLV UHVXOWV RQ WKH OLQHDU SURJUDP ULJKW�
KDQG VLGHV� )RU HDFK FRQVWUDLQW �QRW LQFOXGLQJ WKH FRVW FRQVWUDLQW� RU DQ\ UDQJHG FRQ�
VWUDLQWV�� WKH UHSRUW VSHFLpHV WKH UDQJH RYHU ZKLFK WKH ULJKW�KDQG VL]H RI WKDW FRQVWUDLQW
PD\ EH YDULHG ZLWKRXW FKDQJLQJ WKH IHDVLELOLW\ RI WKH FXUUHQW RSWLPDO /3 EDVLV� 1RWH WKDW
DOWKRXJK WKH EDVLV GRHV QRW FKDQJH ZLWK D FKDQJH LQ RQH RI WKH ULJKW�KDQG VLGHV� WKH YDO�
XHV RI WKH EDVLF YDULDEOHV ZLOO DOPRVW FHUWDLQO\ FKDQJH� DQG KHQFH VR ZLOO WKH YDOXH RI WKH
REMHFWLYH IXQFWLRQ� 7R REWDLQ WKH QHZ YDOXHV RI WKH RSWLPDO EDVLF IHDVLEOH VROXWLRQ \RX FDQ
HLWKHU UH�UXQ 0,126 RU 6$0,126 ZLWK WKH QHZ YDOXH RI WKH ULJKW�KDQG VLGH� ,I RQO\ WKH
QHZ REMHFWLYH YDOXH LV GHVLUHG� \RX FDQ FRPSXWH LW XVLQJ LQIRUPDWLRQ IURP WKH FXUUHQW UXQ
E\ QRWLQJ WKDW WKH FKDQJH WR WKH RSWLPDO REMHFWLYH YDOXH LV JLYHQ E\ DV D UHVXOW RI FKDQJLQJ



�� &+$37(5 �� 6(16,7,9,7< $1$/<6,6 : ,7+ 6$0,126

5+6 $1$/<6,6

,1'(; 1$0( 67$786 /2:(5 /,0,7 833(5 /,0,7

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

� (1(5*< $&7,9( ���������(��� ���������(���

� 3527(,1 /226( �,1) ���������(���

� &$/&,80 /226( �,1) ���������(���
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WKH ULJKW KDQG VLGH EL LV JLYHQ E\ }LcEL� ZKHUH }L LV WKH VLPSOH[ PXOWLSOLHU RQ FRQVWUDLQW L
DQG cEL LV WKH FKDQJH LQ YDOXH RI WKH ULJKW KDQG VLGH�
)LJXUH ��� GLVSOD\V WKH 6$0,126�5+6 pOH JHQHUDWHG IRU WKH (;�',(7 H[DPSOH SUR�

YLGHG ZLWK WKH 6$0,126 GLVNHWWH�

����� &2( )), &, ( 1 7 0 $7 5, ; 5$1 *, 1 * 5( 3 257 �6$0 , 1 26�0 $7 �

6$0,126�0$7 LV D UHSRUW RI WKH VHQVLWLYLW\ DQDO\VLV UHVXOWV RQ WKH FRHrFLHQW PDWUL[
HOHPHQWV RI WKH OLQHDU SURJUDP� 5DQJHV RQ DOO PDWUL[ HOHPHQWV VSHFLpHG LQ WKH 036 LQSXW
pOH ZLOO EH UHSRUWHG� XQOHVV WKDW HOHPHQW EHORQJV WR D UDQJHG FRQVWUDLQW� )RU HDFK PDWUL[
FRHrFLHQW HOHPHQW� 6$0,126�0$7 OLVWV D UDQJH �DQG RFFDVLRQDOO\� WZR UDQJHV� RI YDOXHV
WKDW WKH PDWUL[ HOHPHQW PD\ DVVXPH ZLWKRXW DoHFWLQJ WKH IHDVLELOLW\ RU RSWLPDOLW\ RI WKH
FXUUHQW RSWLPDO EDVLV� 1RWH WKDW DOWKRXJK WKH EDVLV GRHV QRW FKDQJH ZKHQ ZH FKDQJH D
PDWUL[ HOHPHQW ZLWKLQ D UHSRUWHG UDQJH� WKH YDOXHV RI WKH EDVLF YDULDEOHV PD\ FKDQJH DQG
WKH YDOXH RI WKH REMHFWLYH IXQFWLRQ ZLOO DOPRVW GHpQLWHO\ FKDQJH� 7R REWDLQ WKH YDOXHV RI
WKH QHZ RSWLPDO EDVLF VROXWLRQ� WR UH�UXQ 0,126 �RU 6$0,126� ZLWK WKH QHZ YDOXH RI WKH
PDWUL[ HOHPHQW�
)LJXUH ��� GLVSOD\V WKH 6$0,126�0$7 pOH JHQHUDWHG IRU WKH (;�',(7 H[DPSOH SUR�

YLGHG ZLWK WKH 6$0,126 GLVNHWWH�
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,Q WKLV FKDSWHU� ZH GHVFULEH WKH VHQVLWLYLW\ DQDO\VLV IRUPXODV XVHG E\ 6$0,126� DQG GH�
VFULEH KRZ WR LQWHUSUHW WKH UHVXOWV� :H ZLOO GHYHORS WKH IRUPXODV XQGHU WKH DVVXPSWLRQ WKDW
WKH SUREOHP DW KDQG LV

0LQLPL]H F7[  ]

6XEMHFW WR $[  E

O x [ x X

)RUPXODV ZLOO DOVR EH GLVSOD\HG IRU PD[LPL]DWLRQ SUREOHPV� L�H�� IRU WKRVH SUREOHPV WKDW
PD[LPL]H F7[�

7KURXJKRXW WKLV FKDSWHU� ZH ZLOO XVH WKH SUREOHP (;�',(7 DV DQ H[DPSOH� 7KH SURE�
OHP (;�',(7 LV &KYwDWDO
V GLHW SUREOHP DV GHVFULEHG LQ WKH 0,126 8VHU
V *XLGH� 7KH
SUREOHP LV H[SUHVVHG DV IROORZV�

0LQLPL]H
�[� � ��[� � ��[� � �[� � ��[� � ��[�  ]

6XEMHFW WR
���[� � ���[� � ���[� � ���[� � ���[� � ���[� b [�  ����
�[� � ��[� � ��[� � �[� � �[� � ��[� b [�  ��
�[� � ��[� � ��[� � ���[� � ��[� � ��[� b [�  ���

[� x �� [� x �� [� x �� [� x �� [� x �� [� x �
[L y �� L  �� � � � � �
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7KH VROXWLRQ WR WKLV SUREOHP LV
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7KH RSWLPDO RSWLPDO EDVLV FRUUHVSRQGV WR WKH YDULDEOHV �[�� [�� [��� 7KH RSWLPDO GXDO
YDULDEOHV IRU WKH WKUHH FRQVWUDLQWV DUH
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��� &267 5$1*,1*

&RVWV DUH RIWHQ XQFHUWDLQ TXDQWLWLHV LQ PDQ\ DSSOLFDWLRQV� 7KXV� LW LV LPSRUWDQW WR NQRZ
WKH HoHFW RI D FRVW qXFWXDWLRQ RQ WKH RSWLPDOLW\ RI DQ /3 VROXWLRQ� QRWH WKDW UHJDUGOHVV RI
KRZ WKH FRVW qXFWXDWHV WKH IHDVLELOLW\ RI WKH OLQHDU SURJUDP LV QRW DoHFWHG� 7KH WHUP ?FRVW
UDQJLQJ� UHIHUV WR WKH GHWHUPLQDWLRQ RI DQ XSSHU DQG ORZHU ERXQG RQ WKH FRVW FM RI D YDULDEOH
[M VXFK WKDW WKH VROXWLRQ WR WKH /3 UHPDLQV WKH VDPH DV ORQJ DV QR RWKHU SDUDPHWHUV RI WKH
/3 FKDQJH� DQG DV ORQJ DV WKH FRVW UHPDLQV ZLWKLQ WKRVH ERXQGV� 7KHUH DUH WZR FDVHV WR
FRQVLGHU� WKH HoHFW RI FKDQJLQJ WKH FRVW RI RQH RI WKH QRQEDVLF YDULDEOHV DQG WKH HoHFW RI
FKDQJLQJ WKH FRVW IRU RQH RI WKH EDVLF YDULDEOHV�

����� 1 21 % $6, & 9$5, $% /( 6

0LQLPL]DWLRQ 3UREOHP� &RQVLGHU D PLQLPL]DWLRQ SUREOHP ZLWK DQ RSWLPDO VROXWLRQ [e

DQG DQ RSWLPDO GXDO VROXWLRQ }e� :H H[DPLQH WKH QRQEDVLF YDULDEOH [M ZLWK FRVW FM �

)RU RSWLPDOLW\ WR KROG� WKH UHGXFHG FRVW zFM DVVRFLDWHG ZLWK [M PXVW EH QRQ�QHJDWLYH LI
[M LV DW LWV ORZHU ERXQG OM DQG QRQ�SRVLWLYH LI [M LV DW LWV XSSHU ERXQG XM �

zFM  FM b$7
sM}

e y � LI [eM  OM
zFM  FM b$7

sM}
e x � LI [eM  XM
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7KXV� WKH UDQJH RI FRVWV FM IRU WKH QRQEDVLF YDULDEOH [M RYHU ZKLFK RSWLPDOLW\ RI WKH EDVLV
�DQG KHQFH WKH VROXWLRQ� LV SUHVHUYHG LV

FM y $7
sM}

e LI [eM  OM �����

FM x $7
sM}

e LI [eM  XM �����

)RU H[DPSOH� FRQVLGHU RXU VDPSOH SUREOHP (;�',(7 DQG WKH YDULDEOH [� ZLWK FRVW
F�  �� ,Q WKH VROXWLRQ WR WKLV SUREOHP� [� LV QRQ�EDVLF DQG LV DW LWV XSSHU ERXQG �� ,W GRHV
QRW SD\ WR UHGXFH WKH YDOXH RI [� DV ORQJ DV LWV UHGXFHG FRVW zF� x �� RU� IURP ������ DV ORQJ
F� VDWLVpHV�

F� x $7
s�}
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,I F� ZHUH WR H[FHHG ������� WKHQ WKH 6LPSOH[ $OJRULWKP ZRXOG DWWHPSW WR ORZHU WKH YDOXH
RI WKH YDULDEOH [��

0D[LPL]DWLRQ 3UREOHP� ,I WKH SUREOHP DW KDQG LV D PD[LPL]DWLRQ SUREOHP� WKHQ WKH
RSWLPDOLW\ FRQGLWLRQV RQ WKH UHGXFHG FRVWV DUH UHYHUVHG� WKH UHGXFHG FRVW zFM DVVRFLDWHG ZLWK
[M PXVW EH QRQ�SRVLWLYH LI [M LV DW LWV ORZHU ERXQG OM DQG QRQ�QHJDWLYH LI [M LV DW LWV XSSHU
ERXQG XM � +HQFH� WKH RSWLPDOLW\ UDQJH IRU FM ZRXOG EH

FM x $7
sM}

e LI [eM  OM �����

FM y $7
sM}

e LI [eM  XM �����

����� % $6, & 9$5, $% /( 6

0LQLPL]DWLRQ 3UREOHP� &RQVLGHU D PLQLPL]DWLRQ SUREOHP ZLWK DQ RSWLPDO VROXWLRQ [e

DQG DQ RSWLPDO GXDO VROXWLRQ }e� :H H[DPLQH WKH NWK EDVLF YDULDEOH [MN ZLWK FRVW FMN �
:KDW LV WKH UDQJH RI FRVWV RYHU ZKLFK FMN PD\ YDU\ ZLWKRXW DoHFWLQJ WKH RSWLPDOLW\

RI WKH FXUUHQW EDVLV �DQG KHQFH� WKH FXUUHQW VROXWLRQ�" 7KHVH OLPLWV ZLOO GHSHQG RQ WKH
HoHFW RI FKDQJLQJ FMN RQ WKH UHGXFHG FRVWV RI WKH QRQ�EDVLF YDULDEOHV� )RU WKH FXUUHQW
VROXWLRQ WR UHPDLQ RSWLPDO� WKH UHGXFHG FRVW zFL DVVRFLDWHG ZLWK QRQ�EDVLF YDULDEOH [L PXVW
EH QRQ�QHJDWLYH LI [L LV DW LWV ORZHU ERXQG DQG QRQ�SRVLWLYH LI [L LV DW LWV XSSHU ERXQG�
+HQFH� WKH RSWLPDOLW\ UDQJH IRU FMN LV

x
FMN �PD[

L�,

zFL
zDNL

� FMN �PLQ
L�-

zFL
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ZKHUH

,  IL � [L QRQEDVLF� zDNL � �� [
e

L  OL RU zDNL ! �� [
e

L  XLJ�
-  IL � [L QRQEDVLF� zDNL � �� [

e

L  XL RU zDNL ! �� [
e

L  OLJ�
zDNL  HOHPHQW �N� L� RI %b�$�

%b�$  FRQVWUDLQW PDWUL[ H[SUHVVHG LQ WHUPV RI WKH RSWLPDO EDVLV

$V DQ H[DPSOH� FRQVLGHU WKH VDPSOH SUREOHP (;�',(7� 7KH EDVLF YDULDEOH [� KDV DQ
DVVRFLDWHG FRVW RI F�  �� E\ KRZ PXFK FDQ ZH YDU\ F� ZLWKRXW DoHFWLQJ WKH RSWLPDOLW\
RI WKH FXUUHQW VROXWLRQ" %HFDXVH [� LV WKH pUVW EDVLF YDULDEOH� ZH ZLOO QHHG WR FKHFN WKH
UHGXFHG FRVWV zF DQG WKH pUVW URZ RI %b�$�
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+HQFH� IURP �����

F� y � �PD[ �zF� zD��� zF� zD��� zF� zD���

 � �PD[ �b�� ���b�� ��� � b ��
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} �����

DQG

F� x � �PLQ �zF� zD��� zF� zD��� zF� zD���

 � �PLQ ���� ��� � �� �� ���
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7KXV F� PD\ WDNH RQ DQ\ YDOXH EHWZHHQ ����� DQG ������� ZLWKRXW DoHFWLQJ WKH RSWLPDOLW\
RI WKH FXUUHQW VROXWLRQ�
7KH IXOO FRVW DQDO\VLV UHSRUW IRU (;�',(7 SURGXFHG E\ 6$0,126 LV GLVSOD\HG LQ )LJ�

XUH ���� %HFDXVH [�� [�� DQG [� DUH VODFN YDULDEOHV� WKH\ ZHUH QRW LQFOXGHG LQ WKH WKH 036
LQSXW pOH� +HQFH� WKH FRVW UDQJHV RQ WKH FRVWV IRU YDULDEOHV [�� [�� DQG [� DUH QRW LQFOXGHG
LQ WKH FRVW UHSRUW�
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)LJXUH ���� &RVW 5DQJH $QDO\VLV IRU (;�',(7

0D[LPL]DWLRQ 3UREOHP� ,I WKH SUREOHP DW KDQG LV D PD[LPL]DWLRQ SUREOHP� WKH RSWL�
PDOLW\ FRQGLWLRQV IRU UHGXFHG FRVWV DUH UHYHUVHG� ,Q WKLV FDVH� WKH XSSHU DQG ORZHU ERXQGV
RI RSWLPDOLW\ RQ FMN DUH x

FMN �PD[
L�-

zFL
zDNL

� FMN �PLQ
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7KH ULJKW�KDQG VLGHV RI /3 FRQVWUDLQWV RIWHQ UHSUHVHQW UHVRXUFH DYDLODELOLWLHV� 6LQFH UHVRXUFH
DYDLODELOLWLHV DUH IUHTXHQWO\ VXEMHFW WR DGMXVWPHQW� LW LV LPSRUWDQW WR H[DPLQH WKH HoHFW RI
VXFK FKDQJHV RQ WKH /3 VROXWLRQ� $OWKRXJK WKH YDOXHV RI WKH RSWLPDO EDVLF YDULDEOHV RI WKH
/3 ZLOO DOPRVW FHUWDLQO\ FKDQJH ZLWK D FKDQJH LQ D ULJKW�KDQG VLGH FRQVWUDLQW� WKH RSWLPDO
EDVLV QHHG QRW FKDQJH� 7KH SUREOHP DW KDQG LV WR GHWHUPLQH XSSHU DQG ORZHU ERXQGV RQ
D ULJKW�KDQG VLGH EU VR WKDW DV ORQJ DV QR RWKHU /3 SDUDPHWHUV FKDQJH� DQG DV ORQJ DV EU
UHPDLQV ZLWKLQ WKRVH ERXQGV� WKH RSWLPDO EDVLV GRHV QRW FKDQJH� 1RWH WKDW LI D FKDQJH LQ
WKH ULJKW�KDQG VLGH GRHV QRW PDNH WKH EDVLV LQIHDVLEOH� WKH EDVLV ZLOO UHPDLQ RSWLPDO�
&RQVLGHU D PLQLPL]DWLRQ SUREOHP ZLWK DQ RSWLPDO VROXWLRQ [e� DQG VXSSRVH WKDW ZH ZLVK

WR UHSODFH WKH ULJKW�KDQG VLGH RI WKH UWK FRQVWUDLQW� EU� ZLWK EU � p� WKDW LV� ZH UHSODFH E
ZLWK E� pHU� 7KH UDQJH RI YDOXHV p IRU ZKLFK WKH FXUUHQW EDVLV UHPDLQV IHDVLEOH DQG WKXV
RSWLPDO LV REWDLQHG E\ HQVXULQJ WKDW OL x [L x XL� LI [L LV EDVLF� ,I ZH OHW [%L

GHQRWH WKH LWK
EDVLF YDULDEOH� ZH REWDLQ WKH IROORZLQJ ERXQGV RQ EU�p�  EU � p�
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$V DQ H[DPSOH� FRQVLGHU WKH VDPSOH SUREOHP (;�',(7 DQG WKH pUVW ULJKW�KDQG VLGH
E�  ����� :H ZRXOG OLNH WR GHWHUPLQH WKH UDQJH RI YDOXHV WKDW PD\ E� DVVXPH ZLWKRXW DQ\
FKDQJH WR WKH RSWLPDO EDVLV ZKLFK FRUUHVSRQGV WR WKH YDULDEOHV �[�� [�� [��� 1RWH WKDW
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7KDW LV� DV ORQJ DV ���� x E� x ����� WKH FXUUHQW RSWLPDO EDVLV VWD\V IHDVLEOH DQG RSWLPDO�
7KH IXOO ULJKW�KDQG VLGH DQDO\VLV UHSRUW IRU (;�',(7 SURGXFHG E\ 6$0,126 LV GLV�

SOD\HG LQ )LJXUH ����
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1RWH WKDW FKDQJLQJ DQ HOHPHQW RI WKH FRHrFLHQW PDWUL[ ZLOO DoHFW ERWK IHDVLELOLW\ DQG
RSWLPDOLW\ RI WKH FXUUHQW EDVLV� $OWKRXJK WKH IRUPXODV DUH VRPHZKDW FRPSOH[� WKH\ DUH
VRPHZKDW HDVLHU WR XQGHUVWDQG LI LW LV XQGHUVWRRG WKDW�

s 3HUWXUELQJ DQ HOHPHQW DNM LV HTXLYDOHQW WR SHUWXUELQJ WKH YDULDEOH FRVW FM E\ D PXOWLSOH
RI WKH RSWLPDO GXDO SULFH }N�

s 3HUWXUELQJ DQ HOHPHQW DNM LV HTXLYDOHQW WR SHUWXUELQJ WKH ULJKW�KDQG VLGH EN E\ D
PXOWLSOH RI WKH RSWLPDO [M �

:H ZLOO QHHG WR FRQVLGHU WZR FDVHV� WKH HoHFW RI FKDQJHV LQ D FRHrFLHQW LQ D QRQEDVLF FROXPQ
DQG WKH HoHFW RI FKDQJHV LQ D FRHrFLHQW LQ D EDVLF FROXPQ�

����� 1 21 % $6, & &2/80 1 6

&KDQJLQJ WKH FRHrFLHQWV DVVRFLDWHG ZLWK QRQEDVLF FROXPQV FDQ DoHFW ERWK WKH IHDVLELOLW\
DQG RSWLPDOLW\ RI WKH FXUUHQW EDVLV� XQOHVV ZH DUH IDFHG ZLWK WKH VSHFLDO FDVH RI KDYLQJ DOO
QRQEDVLF YDULDEOHV VHW WR �� 7KH SUREOHP DW KDQG LV WR GHWHUPLQH XSSHU DQG ORZHU ERXQGV
RQ FRHrFLHQW DNM � ZKHUH [M LV QRQ�EDVLF� VR WKDW DV ORQJ DV DNM UHPDLQV ZLWKLQ WKRVH ERXQGV�
WKH FXUUHQW EDVLV UHPDLQV IHDVLEOH DQG RSWLPDO�

237,0$/,7< %281'6

6XSSRVH DNM LV UHSODFHG E\ DNM�o�  DNM � o� :H ZRXOG OLNH WR GHWHUPLQH ZKDW XSSHU DQG
ORZHU ERXQGV ZH FDQ SODFH RQ o VR WKDW WKH RSWLPDOLW\ RI WKH FXUUHQW EDVLV LV QRW DoHFWHG�
1RWH WKDW WKH UHGXFHG FRVW zFM DVVRFLDWHG ZLWK [M FDQ EH H[SUHVVHG DV D IXQFWLRQ RI o�

zFM�o�  FM b �$sM � oHN�
7 }e  FM b$7

sM}
e

b oH7N }
e  FM b o}eN b$7

sM}
e �����

7KLV UHODWLRQ VXJJHVWV WKDW UHSODFLQJ DNM ZLWK DNM�o�  o LV HTXLYDOHQW WR UHSODFLQJ FM ZLWK
FM b o}eN�

0LQLPL]DWLRQ 3UREOHP� ,Q 6HFWLRQ ������ ZH GHULYHG XSSHU DQG ORZHU ERXQGV RQ FM � :H
QRZ XVH WKLV UHVXOW WR GHULYH ERXQGV RQ DNM�o�  DNM � o DV VKRZQ EHORZ�

DNM�o� y DNM �
zFM
}eN
LI }eN � � DQG [eM  OM RU }

e

N ! � DQG [eM  XM ������

DNM�o� x DNM �
zFM
}eN
LI }eN � � DQG [eM  XM RU }

e

N ! � DQG [eM  OM ������
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$V DQ H[DPSOH� FRQVLGHU WKH VDPSOH SUREOHP (;�',(7 DQG WKH HOHPHQW D��� 6LQFH [�
LV D QRQ�EDVLF YDULDEOH DW LWV XSSHU ERXQG� DQG VLQFH }e

�
! ��

D�� y ��� � ��� ��� �b� ����  ��� �  ������ ������

0D[LPL]DWLRQ 3UREOHP� ,I WKH SUREOHP DW KDQG LV D PD[LPL]DWLRQ SUREOHP� WKH XSSHU
DQG ORZHU ERXQGV RQ FM DUH UHYHUVHG� +HQFH� WKH XSSHU DQG ORZHU ERXQGV RQ DNM DUH DOVR
UHYHUVHG�

DNM�o� x DNM �
zFM
}eN
LI }eN � � DQG [eM  OM RU }

e

N ! � DQG [eM  XM ������

DNM�o� y DNM �
zFM
}eN
LI }eN � � DQG [eM  XM RU }

e

N ! � DQG [eM  OM ������

)($6,%,/,7< %281'6

1RWH WKDW D FKDQJH LQ D QRQ�EDVLF FROXPQ RI $ FDQ DoHFW WKH IHDVLELOLW\ RI WKH FXUUHQW EDVLV�
XQOHVV WKH DVVRFLDWHG QRQ�EDVLF YDULDEOH LV VHW WR D ERXQG RI �� :H ZRXOG OLNH WR GHWHUPLQH
ZKDW XSSHU DQG ORZHU ERXQGV ZH FDQ SODFH RQ D qXFWXDWLRQ o LQ DNM VR WKDW WKH IHDVLELOLW\ RI
WKH FXUUHQW EDVLV LV QRW DoHFWHG� ,I WKH FXUUHQW EDVLV LV WR UHPDLQ IHDVLEOH� WKHQ OL x [L x XL
PXVW KROG IRU HDFK EDVLF YDULDEOH [L� 1RWH WKDW

[%�o�  %b�Eb%b��1[1 b oHN[M�
 %b�Eb%b�1[1 b o%b�HN[M
 %b��Eb o[MHN�b1[1

������

7KH DERYH UHODWLRQ VXJJHVWV WKDW UHSODFLQJ DNM ZLWK DNM�o�  DNM � o LV HTXLYDOHQW WR
GHFUHDVLQJ WKH ULJKW�KDQG VLGH EN E\ o[M � ,Q 6HFWLRQ ���� ZH GHULYHG XSSHU DQG ORZHU
ERXQGV RQ EN� ZH XVH WKHVH ERXQGV WR GHULYH IHDVLELOLW\ ERXQGV RQ DNM�o��
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$V DQ H[DPSOH� FRQVLGHU WKH VDPSOH SUREOHP (;�',(7 DQG WKH PDWUL[ HOHPHQW D���
6LQFH [� LV QRQ�EDVLF DQG SRVLWLYH�YDOXHG� DQG ZH FRPSXWHG XSSHU DQG ORZHU ERXQGV RQ E�
DV EHLQJ ���� DQG ���� LQ 6HFWLRQ ���� LW LV D VLPSOH PDWWHU WR FRPSXWH IHDVLELOLW\ ERXQGV
IRU D���

D�� y ��� � �����b ����� b �
 b��

D�� x ��� � �����b ����� b �
 ���

)RU WKH EDVLV WR UHPDLQ IHDVLEOH� b�� x D�� x ��� PXVW KROG� 6LQFH� IURP ������� ZH
PXVW KDYH D�� y ����� IRU WKH EDVLV WR UHPDLQ RSWLPDO� D�� PXVW OLH EHWZHHQ ����� DQG ���
IRU WKH FXUUHQW EDVLV WR UHPDLQ IHDVLEOH DQG RSWLPDO�

����� % $6, & &2/80 1 6

'HULYDWLRQ RI IHDVLELOLW\ DQG RSWLPDOLW\ ERXQGV IRU DNM ZKHQ [M LV EDVLF LV VRPHZKDW PRUH
FRPSOLFDWHG WKDQ ZKHQ [M LV QRQ�EDVLF� ,Q IDFW� LW WXUQV RXW WKDW WKH FKDQJHV LQ [ DQG zF
DUH QRQ�OLQHDU LQ D FKDQJH o LQ DNM � :KDW ZH GR LQVWHDG LV GHULYH XSSHU DQG ORZHU ERXQGV
RQ D YDULDEOH ��o�� ZKHUH

��o�  
�

%b�

LMN
� � o

DQG [M LV WKH LMWK EDVLF YDULDEOH �IRU GHWDLOV� VHH 'DQW]LJ 	 7KDSD >����@�� 6LQFH � LQFUHDVHV
ZKHQ o LQFUHDVHV� ZH FDQ XVH XSSHU DQG ORZHU ERXQGV RQ � WR GHULYH XSSHU DQG ORZHU
ERXQGV RQ o�
$V LW WXUQV RXW� DGGLQJ o WR DNM LV HTXLYDOHQW WR

s 'HFUHDVLQJ FM E\ }eN��o�� DQG

s 'HFUHDVLQJ EN E\ [eM��o�

237,0$/,7< %281'6

7KH UHVXOWV IURP 6HFWLRQ ����� SURYLGH RSWLPDOLW\ ERXQGV IRU ��
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7KH UHVXOWV IURP 6HFWLRQ ��� SURYLGH IHDVLELOLW\ ERXQGV IRU ��

��o� y PD[

�
PD[

L�%
b�

LU
!�

�
X%L

b [e%L

b[eM%
b�

LU

�
� PD[
L�%

b�

LU
��

�
O%L
b [e%L

b[eM%
b�

LU

��
LI [eL ! � ������

��o� y PD[

�
PD[

L�%
b�

LU
!�

�
O%L
b [e%L

b[eM%
b�

LU

�
� PD[
L�%

b�

LU
��

�
X%L

b [e%L

b[eM%
b�

LU

��
LI [eL � � ������

��o� x PLQ

�
PLQ

L�%
b�

LU
!�

�
O%L
b [e%L

b[eM%
b�

LU

�
� PLQ
L�%

b�

LU
��

�
X%L

b [e%L

b[eM%
b�

LU

��
LI [eL ! � ������

��o� x PLQ

�
PLQ

L�%
b�

LU
!�

�
X%L

b [e%L

b[eM%
b�

LU

�
� PLQ
L�%

b�

LU
��

�
O%L
b [e%L

b[eM%
b�

LU

��
LI [eL ! � ������

(;$03/(

$V DQ H[DPSOH� FRQVLGHU WKH VDPSOH SUREOHP (;�',(7 DQG WKH PDWUL[ HOHPHQW D��� ZKLFK
LV D FRHrFLHQW IRU EDVLF YDULDEOH [�� ,Q 6HFWLRQ ������ ZH GHULYHG ERXQGV RQ F�� ZH XVH WKHVH
ERXQGV DQG WKH IDFW WKDW }e

�
HTXDOV � ��� WR GHULYH RSWLPDOLW\ ERXQGV RQ ��o��

��� ��� �b� ���� x � x �b�� ��� �b� ����
b���� ��� x � x ���� ���
b������� x � x �������

,Q 6HFWLRQ ���� ZH GHULYHG ERXQGV RQ E�� ZH XVH WKHVH ERXQGV DQG WKH IDFW WKDW [e� HTXDOV
��� WR GHULYH IHDVLELOLW\ ERXQGV RQ ��o��

��� b ��� x � x b��� b ���
b���� � x � x ��� �
b������� x � x �������

+HQFH� ��o� PXVW IDOO EHWZHHQ b������� DQG �������� 7KLV LPSOLHV WKDW
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VLQFH
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 o ���� � o�

:H DUULYH DW WKH IROORZLQJ ERXQGV IRU D���

������� x D�� x ��������

7KH IXOO FRHrFLHQW PDWUL[ DQDO\VLV UHSRUW IRU (;�',(7 SURGXFHG E\ 6$0,126 DUH
GLVSOD\HG LQ )LJXUH ���� 1RWH WKDW [�� [�� DQG [� DUH VODFN YDULDEOHV� WKDW ZHUH QRW LQFOXGHG
LQ WKH 036 LQSXW pOH� +HQFH� WKH PDWUL[ FROXPQV FRUUHVSRQGLQJ WR [�� [�� DQG [� DUH QRW
LQFOXGHG LQ WKH PDWUL[ UHSRUW�
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� &$/&,80 � (**6 �,1) ,1)
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� 3527(,1 � 0,/. ���������(��� ,1)

� &$/&,80 � 0,/. ���������(��� ,1)

� (1(5*< � 3,( ���������(��� ���������(���

� 3527(,1 � 3,( ���������(��� ,1)

� &$/&,80 � 3,( ����������(��� ,1)

� (1(5*< � 325.%($1 �,1) ���������(���

� 3527(,1 � 325.%($1 �,1) ,1)

� &$/&,80 � 325.%($1 �,1) ,1)

)LJXUH ���� &RQVWUDLQW 0DWUL[ $QDO\VLV IRU (;�',(7
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7KLV VHFWLRQ SURYLGHV D GHVFULSWLRQ RI WKH WHFKQLFDO GHWDLOV RI 6$0,126� :H ZLOO GHVFULEH
RXU LPSOHPHQWDWLRQ RI WKH VHQVLWLYLW\ DQDO\VLV URXWLQHV� GLVFXVV FKDQJHV WKH XVHU FDQ PDNH
WR WKH FRGH� DQG SURYLGH D OLVW RI HUURU FRGHV�

$�� ,03/(0(17$7,21 '(6&5,37,21

,Q WKLV VHFWLRQ� ZH GHVFULEH WKH LPSOHPHQWDWLRQ RI WKH VHQVLWLYLW\ DQDO\VLV IRUPXODV GHVFULEHG
LQ WKH SUHYLRXV FKDSWHU� 7KHUH DUH pYH VRXUFH pOHV DVVRFLDWHG ZLWK 6$0,126�

s 6$)816�)25

s 6$87,/�)25

s 6$&2675$�)25

s 6$5+65$�)25

s 6$0$75$�)25

:H ZLOO GLVFXVV WKH FRQWHQWV RI HDFK RI WKHVH VRXUFH pOHV� &ULWLFDO LVVXHV LQFOXGH PHPRU\
DOORFDWLRQ� VXEURXWLQH GHVLJQ� DQG GDWD VWUXFWXUHV�

$���� 6( 1 6, 7 , 9, 7 < $1 $/<6, 6 )81 &7 , 21 6 �6$)81 6�)25�

6$0,126 GLoHUV IURP VWDQGDUG 0,126 RQO\ LQ VXEURXWLQH 0$702'� 7KH SXUSRVH RI
0$702' LV WR DOORZ 0,126 XVHUV WR DFFHVV WKH YDULRXV 0,126 GDWD VWUXFWXUHV EHIRUH
RU DIWHU 0,126 VROYHV D SUREOHP� 7KXV� 0,126 LV ZHOO�VXLWHG WR VROYLQJ IRU WKH TXDQWLWLHV
UHTXLUHG IRU VHQVLWLYLW\ DQDO\VLV� 7KH 6$0,126 YHUVLRQ RI0$702' ZDV ZULWWHQ VR WKDW

��



�� $33(1',; $� 7(&+1,&$/ '(7$,/6

LW FDOOV RWKHU VXEURXWLQHV WR SHUIRUP WKH FRVW DQDO\VLV� WKH ULJKW�KDQG VLGH DQDO\VLV� DQG WKH
FRQVWUDLQW PDWUL[ DQDO\VLV� 0$702' LV FDOOHG E\ WKH 0,126 URXWLQH 0,126�� ZKLFK LV
IRXQG LQ WKH VRXUFH pOH 0,��
�)25� WKH 3& YHUVLRQ RI 0,126� IRU H[DPSOH� KDV D VRXUFH
pOH QDPHG 0,��3&�)25�
7KH pOH 6$)816�)25 LQFOXGHV WKH 6$0,126 YHUVLRQ RI0$702'� ZKLFK SHUIRUPV

WKH IROORZLQJ IXQFWLRQV�

s ,QLWLDOL]H WKH OLVW RI FRVW FRHrFLHQWV WR DQDO\]H E\ FDOOLQJ VXEURXWLQH 6$&2$/�

s $QDO\]H WKH /3 FRVW FRHrFLHQWV DQG JHQHUDWH D UHSRUW E\ FDOOLQJ VXEURXWLQH 6$&26$�

s ,QLWLDOL]H WKH OLVW RI ULJKW�KDQG VLGHV WR DQDO\]H E\ FDOOLQJ VXEURXWLQH 6$5+$/�

s $QDO\]H WKH /3 ULJKW�KDQG VLGHV DQG JHQHUDWH D UHSRUW E\ FDOOLQJ VXEURXWLQH 6$5+6$�

s ,QLWLDOL]H WKH OLVW RI /3 FRQVWUDLQW PDWUL[ FRHrFLHQWV WR DQDO\]H E\ FDOOLQJ VXEURXWLQH
6$0$$/�

s $QDO\]H WKH /3 FRQVWUDLQW PDWUL[ FRHrFLHQWV DQG JHQHUDWH D UHSRUW E\ FDOOLQJ VXE�
URXWLQH 6$0$7$�

$���� 87 , /, 7 , ( 6 �6$87 , /�)25�

6$87,/�)25 LV XVHG IRU URXWLQHV ZKLFK DUH KHOG LQ FRPPRQ ZLWK DOO RI WKH VHQVLWLYLW\
DQDO\VLV URXWLQHV� LQFOXGLQJ� HUURU KDQGOLQJ� PDWUL[ DQG FRVW FRHrFLHQW UHWULHYDO� WROHUDQFH
FRPSXWDWLRQV� DQG PHPRU\ DOORFDWLRQ SURFHGXUHV� 0HPRU\ DOORFDWLRQ LV DQ HVSHFLDOO\ LP�
SRUWDQW LVVXH LQ 0,126� DQG PHULWV IXUWKHU GLVFXVVLRQ�
0,126 DOORFDWHV PHPRU\ E\ GHFODULQJ RQH ODUJH GRXEOH SUHFLVLRQ DUUD\ = DQG WKHQ

VHWWLQJ SRLQWHUV WR GLoHUHQW ORFDWLRQV LQ = IRU WKH YDULRXV DUUD\V QHHGHG WR VROYH OLQHDU DQG
QRQOLQHDU SURJUDPV� 7KHUHIRUH� DQ\ PHPRU\ QHHGHG IRU DUUD\V WR EH XVHG LQ VHQVLWLYLW\
DQDO\VLV PXVW EH SUH�DOORFDWHG� 7KH OHQJWK RI WKH DUUD\ = LV VHW LQ WKH SURJUDP IRXQG LQ
0,126/�)25�
0,126 DOORZV LWV XVHUV WR UHVHUYH PHPRU\ IRU WKHLU RZQ SXUSRVHV DW WKH EHJLQQLQJ RI

= WKURXJK WKH 63(&6 pOH RSWLRQ :25.63$&( �86(5�� �6HH WKH 0,126 8VHU
V *XLGH
IRU PRUH GHWDLOV RQ WKH 63(&6 pOH�� 6$0,126 WDNHV DGYDQWDJH RI WKLV LQ RUGHU WR UHVHUYH
PHPRU\ IRU WKH OLVWV RI FRVWV� ULJKW�KDQG VLGHV� DQG PDWUL[ FRHrFLHQWV WR UHSRUW� DQG IRU
WKH XSSHU DQG ORZHU ERXQGV RQ WKHVH TXDQWLWLHV�

s 6$&2$/ LV XVHG WR VHW XS WKH OLVW RI YDULDEOHV ZKRVH FRVW FRHrFLHQWV VKRXOG EH
UHSRUWHG LQ WKH VHQVLWLYLW\ DQDO\VLV� &XUUHQWO\� WKLV OLVW FRQVLVWV RI DOO RI WKH YDULDEOHV
GHpQHG E\ WKH XVHU LQ WKH 036 LQSXW pOH� 6ODFN YDULDEOHV ZKLFK DUH LPSOLFLWO\ GHpQHG
LQ 0,126 DUH QRW UHSRUWHG RQ� 6$&2$/ LV FDOOHG E\0$702'�
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s 6$5+$/ LV XVHG WR VHW XS WKH OLVW RI FRQVWUDLQWV ZKRVH ULJKW�KDQG VLGHV DUH WR EH
UHSRUWHG RQ LQ WKH VHQVLWLYLW\ DQDO\VLV� &XUUHQWO\� WKLV OLVW FRQVLVWV RI DOO FRQVWUDLQWV
H[FHSW IRU WKH REMHFWLYH� ,W VKRXOG EH QRWHG WKDW DOWKRXJK UDQJH FRQVWUDLQWV DUH
LQFOXGHG LQ WKLV OLVW� WKH\ DUH QRW UHSRUWHG RQ� 6$5+$/ LV FDOOHG E\ 0$702'�

s 6$0$$/ LV XVHG WR VHW XS WKH OLVW RI FRQVWUDLQW PDWUL[ FRHrFLHQWV WR EH UHSRUWHG RQ
LQ WKH VHQVLWLYLW\ DQDO\VLV� &XUUHQWO\� WKLV OLVW FRQVLVWV RI DOO PDWUL[ FRHrFLHQWV GHpQHG
E\ WKH XVHU LQ WKH 0,126 036 pOH� 1RWH WKDW PDWUL[ FRHrFLHQWV ZKLFK EHORQJ WR
WKH REMHFWLYH RU WR UDQJH FRQVWUDLQWV ZLOO QRW EH UHSRUWHG RQ� ,I WKH XVHU ZLVKHV WR
GHWHUPLQH WKH DOORZDEOH UDQJH RI D ]HUR�YDOXHG HOHPHQW RI WKH FRQVWUDLQW PDWUL[� WKH
XVHU VKRXOG LQFOXGH WKLV HOHPHQW H[SOLFLWO\ ZLWK YDOXH ]HUR LQ WKH &2/8016 VHFWLRQ
RI WKH 036 LQSXW pOH� 6$0$$/ LV FDOOHG E\ 0$702'�

s 6$672� LV XVHG WR DOORFDWH PHPRU\ IRU WKH XSSHU DQG ORZHU ERXQGV RQ FRVWV� ULJKW�
KDQG VLGHV� DQG PDWUL[ FRHrFLHQWV� 7KH ZRUNVSDFH XVHG EHJLQV DW WKH HQG RI WKH
OLVW RI HOHPHQWV WR EH UHSRUWHG RQ� ZKLFK LV VHW XS E\ 6$&2$/� 6$5+$/� RU
6$0$$/� ,I WKHUH LVQ
W HQRXJK PHPRU\ DYDLODEOH� DQ HUURU PHVVDJH ZLOO EH LVVXHG
IURP WKLV URXWLQH� DQG WKH DQDO\VLV ZLOO WHUPLQDWH� ,Q WKLV FDVH� WKH XVHU VKRXOG UHVHW
WKH 63(&6 pOH RSWLRQ :25.63$&( �86(5� ZLWK D ODUJHU QXPEHU� ,Q VRPH FDVHV�
WKH XVHU PD\ KDYH WR HGLW 0,126/�)25 DQG LQFUHDVH WKH OHQJWK RI WKH ZRUNVSDFH
DUUD\ =� 6$672� LV FDOOHG IURP 6$&26$� 6$5+6$� DQG 6$0$7$ �VHH EHORZ��

:KDW IROORZV LV D OLVW RI RWKHU VXEURXWLQHV IRXQG LQ 6$87,/�

s 6$/323 LV WKH URXWLQH XVHG WR GHWHUPLQH ZKHWKHU WKH 0,126 SUREOHP DW KDQG LV
LQGHHG D OLQHDU SURJUDP ZKLFK KDV EHHQ VROYHG WR RSWLPDOLW\� RWKHUZLVH� ZH FDQQRW
SHUIRUP VHQVLWLYLW\ DQDO\VLV�

s 6$*0$7 DQG 6$*5+6 DUH XVHG WR UHWULHYH FRQVWUDLQW PDWUL[ DQG ULJKW�KDQG VLGH
HOHPHQWV IURP WKH 0,126 GDWD VWUXFWXUHV XVHG WR VWRUH WKHP�

s 6$,57< LV XVHG WR GHWHUPLQH ZKHWKHU D SDUWLFXODU FRQVWUDLQW LV  � y� x� RU D UDQJH
FRQVWUDLQW� ,I D FRQVWUDLQW LV D UDQJH FRQVWUDLQW� VHQVLWLYLW\ DQDO\VLV LV QRW SHUIRUPHG
IRU WKDW FRQVWUDLQW�

s 6$677/ LV XVHG WR VHW WKH WROHUDQFHV UHTXLUHG WR GHWHUPLQH ZKDW FRQVWLWXWHV D ]HUR�
YDOXHG UHGXFHG FRVW� SLYRW RU YDULDEOH� 7KHVH WROHUDQFHV DUH EDVHG RQ ZKDW LV XVHG E\
0,126�
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6$&2675$ FRQVLVWV RI DOO URXWLQHV UHODWLQJ WR WKH VHQVLWLYLW\ DQDO\VLV RI WKH /3 REMHFWLYH
FRVW FRHrFLHQWV�

s 6$&26$ LV WKH PDLQ URXWLQH IRU DQDO\VLV RI WKH /3 FRVW FRHrFLHQWV� LW LV FDOOHG E\
0$702'� 6$&26$ FDOOV 6$&267� ZKLFK FRPSXWHV DQG UHSRUWV RQ WKH UDQJH
RI RSWLPDOLW\ IRU WKH FRVW FRHrFLHQWV�

s 6$&267 JHQHUDWHV D UHSRUW RI RSWLPDOLW\ UDQJHV RQ FRVW FRHrFLHQWV� 6$&267
FDOOV D URXWLQH �6$&25$� WR FRPSXWH WKH UDQJHV� RSHQV WKH UHSRUW pOH� FDOOV DQRWKHU
URXWLQH �6$&253� WR ZULWH WKH UHSRUW� DQG FORVHV WKH UHSRUW pOH�

s 6$&25$ FRPSXWHV WKH RSWLPDOLW\ UDQJH IRU HDFK FRVW FRHrFLHQW RI D OLQHDU SURJUDP�
6$&25$ LV FDOOHG E\ 6$&267�

s 6$%6() LV FDOOHG E\ 6$&25$ LQ RUGHU WR FRPSXWH WKH HoHFW RI D FKDQJH LQ WKH
FRVW FRHrFLHQW RI D EDVLF YDULDEOH RQ WKH UHGXFHG FRVW RI D QRQ�EDVLF YDULDEOH�

s 6$&253 JHQHUDWHV D UHSRUW RI WKH RSWLPDOLW\ UDQJHV RI WKH /3 FRVW FRHrFLHQWV�
6$&253 LV FDOOHG E\ 6$&267�

$���� 5, *+ 7 + $1 ' 6, '( 5$1 *, 1 * �6$5+ 65$�)25�

6$5+65$ FRQVLVWV RI DOO URXWLQHV UHODWLQJ WR WKH VHQVLWLYLW\ DQDO\VLV RI WKH /3 ULJKW�KDQG
VLGHV�

s 6$5+6$ LV WKH PDLQ URXWLQH IRU WKH DQDO\VLV RI WKH /3 ULJKW�KDQG VLGHV� 6$5+6$
FDOOV WKH ULJKW�KDQG VLGH UDQJH JHQHUDWRU 6$5+6� ZKLFK FRPSXWHV WKH UDQJHV RI
IHDVLELOLW\ IRU WKH /3 ULJKW KDQG VLGHV�

s 6$5+6 JHQHUDWHV D UHSRUW RI IHDVLELOLW\ UDQJHV RQ /3 ULJKW�KDQG VLGHV� 6$5+6
FDOOV 6$5+5$ WR FRPSXWH WKH UDQJHV� RSHQV WKH UHSRUW pOH� FDOOV 6$5+53 WR
ZULWH WKH UHSRUW� DQG FORVHV WKH UHSRUW pOH� 7KLV URXWLQH LV FDOOHG E\ 6$5+6$�

s 6$5+5$ FRPSXWHV WKH IHDVLEOH UDQJH IRU WKH /3 ULJKW�KDQG VLGHV� 6$5+5$ LV
FDOOHG E\ 6$5+6�

s 6$5+, FRPSXWHV WKH HoHFW RI D FKDQJH LQ WKH ULJKW�KDQG VLGH RI RQH RI WKH /3
FRQVWUDLQWV RQ WKH IHDVLELOLW\ RI WKH FXUUHQW EDVLV� 6$5+, LV FDOOHG E\ 6$5+5$�

s 6$5+53 ZULWHV D UHSRUW RI WKH IHDVLELOLW\ UDQJHV RI WKH /3 ULJKW�KDQG VLGHV�
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6$0$75$ FRQVLVWV RI DOO URXWLQHV UHODWLQJ WR WKH VHQVLWLYLW\ DQDO\VLV RI WKH /3 PDWUL[
FRHrFLHQWV�

s 6$0$7$ FDOOV WKH FRQVWUDLQW PDWUL[ UDQJH JHQHUDWRU 6$0$7� ZKLFK FRPSXWHV
WKH UDQJH RI IHDVLELOLW\ DQG RSWLPDOLW\ IRU WKH /3 FRQVWUDLQW PDWUL[�

s 6$0$7 JHQHUDWHV D UHSRUW RI IHDVLELOLW\�RSWLPDOLW\ UDQJHV RI WKH /3 FRQVWUDLQW
PDWUL[ HOHPHQWV� 6$0$7 FDOOV 6$0$5$ WR FRPSXWH WKH UDQJHV� RSHQV WKH UHSRUW
pOH� FDOOV 6$0$53 WR ZULWH WKH UHSRUW� DQG FORVHV WKH UHSRUW pOH� 7KLV SURFHGXUH
LV FDOOHG E\ 6$0$7$�

s 6$0$5$ FRPSXWHV WKH IHDVLELOLW\�RSWLPDOLW\ UDQJH IRU WKH /3 FRQVWUDLQW PDWUL[
HOHPHQWV� 6$0$5$ LV FDOOHG E\ 6$0$7�

s 6$0$53 ZULWHV D UHSRUW DERXW WKH IHDVLELOLW\�RSWLPDOLW\ UDQJHV RI WKH /3 FRQ�
VWUDLQW PDWUL[ HOHPHQWV� 6$0$53 LV FDOOHG E\ 6$0$7�

s 6$*7%' FRPSXWHV XSSHU DQG ORZHU IHDVLELOLW\�RSWLPDOLW\ ERXQGV RQ /3 FRQVWUDLQW
PDWUL[ HOHPHQWV LQ WKH IROORZLQJ PDQQHU� 6XSSRVH r LV D FKDQJH PDGH WR DLM � 7KHQ
6$*7%' FRPSXWHV XSSHU DQG ORZHU ERXQGV RQ DOORZDEOH YDOXHV RI r LI WKH YDULDEOH
[M LV QRQ�EDVLF� RU RI r �� � r%b�OL � LI [M LV WKH OWK EDVLF YDULDEOH DQG % LV WKH EDVLV
PDWUL[� 6$*7%' LV FDOOHG E\ 6$0$5$�

s 3+,,19 FDOFXODWHV WKH LQYHUVH RI WKH IXQFWLRQ ��\�  \ �� � E\�� ZKLFK LV XVHG
LQ WKH FRPSXWDWLRQ RI WKH XSSHU DQG ORZHU IHDVLELOLW\�RSWLPDOLW\ ERXQGV RQ WKH /3
FRQVWUDLQW PDWUL[ HOHPHQWV� 3+,,19 LV FDOOHG E\ 6$0$5$�

$�� 02',)<,1* 7+( 287387 5(32576

6$0,126 LV GHVLJQHG WR UHSRUW RQ DOO FRVWV� DOO ULJKW�KDQG VLGHV �H[FHSW IRU WKRVH FRUUH�
VSRQGLQJ WR UDQJH FRQVWUDLQWV�� DQG DOO FRQVWUDLQW PDWUL[ HOHPHQWV �H[FHSW IRU WKRVH FRUUH�
VSRQGLQJ WR UDQJH FRQVWUDLQWV�� ,I \RX ZLVK WR OLPLW WKHVH UHSRUWV WR FHUWDLQ YDULDEOHV RU
FRQVWUDLQWV� \RX ZLOO QHHG WR PRGLI\ 6$0,126�

$���� 0 2', )<, 1 * 7 + ( &267 5( 3 257

,I \RX ZLVK WR OLPLW WKH FRVW UHSRUW WR FHUWDLQ YDULDEOHV� \RX ZLOO KDYH WR PRGLI\ VXEURXWLQH
6$&2$/� ZKLFK LV IRXQG LQ 6$87,/�)25� <RX ZLOO QHHG WR DOWHU WZR EORFNV RI FRGH LQ
6$&2$/�
)LUVW� pQG WKH IROORZLQJ EORFN RI FRGH LQ 6$&2$/�
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OVWDUW  �Q����� � �

7KH YDULDEOH OVWDUW UHIHUV WR KRZ PXFK RI WKH ZRUNVSDFH DUUD\ = ZLOO EH XVHG WR VWRUH WKH
OLVW RI YDULDEOHV ZKRVH FRVWV DUH WR EH DQDO\]HG� <RX ZLOO QHHG WR FKDQJH WKH YDULDEOH Q WR D
FRQVWDQW RU YDULDEOH UHSUHVHQWLQJ WKH QXPEHU RI YDULDEOHV ZKRVH FRVWV \RX ZLVK WR UHSRUW�

7R DGGUHVV WKH YDULDEOH OLVW LWVHOI� \RX ZLOO QHHG WR FKDQJH WKH IROORZLQJ EORFN RI FRGH�

GR �� L  �� Q

Q]�L�  L

�� FRQWLQXH

7KH DUUD\ Q] LV DQ LQWHJHU FRS\ RI WKH GRXEOH SUHFLVLRQ ZRUNVSDFH DUUD\ =� QRWH WKDW WKH
HOHPHQWV DW WKH VWDUW RI = DUH XVHG WR VWRUH WKH OLVW� 7R DVVLJQ WKH LWK LWHP LQ WKH OLVW RI
YDULDEOHV� \RX ZLOO QHHG WR DGGUHVV Q]�L��

$���� 0 2', )<, 1 * 7 + ( 5, *+ 7 + $1 ' 6, '( 5( 3 257

,I \RX ZLVK WR OLPLW WKH ULJKW�KDQG VLGH UHSRUW WR FHUWDLQ FRQVWUDLQWV� \RX ZLOO KDYH WR PRGLI\
VXEURXWLQH 6$5+$/� ZKLFK LV IRXQG LQ 6$87,/�)25� <RX ZLOO QHHG WR DOWHU WZR EORFNV
RI FRGH LQ 6$5+$/�

)LUVW� pQG WKH IROORZLQJ EORFN RI FRGH LQ 6$5+$/�

OVWDUW  �P����� � �

7KH YDULDEOH OVWDUW UHIHUV WR KRZ PXFK RI WKH ZRUNVSDFH DUUD\ = ZLOO EH XVHG WR VWRUH WKH
OLVW RI FRQVWUDLQWV ZKRVH ULJKW�KDQG VLGHV DUH WR EH DQDO\]HG� <RX ZLOO QHHG WR FKDQJH WKH
YDULDEOH P WR D FRQVWDQW RU YDULDEOH UHSUHVHQWLQJ WKH QXPEHU RI ULJKW�KDQG VLGHV \RX ZLVK
WR UHSRUW�

7R DGGUHVV WKH ULJKW�KDQG VLGHV OLVW LWVHOI� \RX ZLOO QHHG WR FKDQJH WKH IROORZLQJ EORFN RI
FRGH�

GR �� L  �� P

Q]�L�  L

�� FRQWLQXH

7KH DUUD\ Q] LV DQ LQWHJHU FRS\ RI WKH GRXEOH SUHFLVLRQ ZRUNVSDFH DUUD\ =� QRWH WKDW WKH
HOHPHQWV DW WKH VWDUW RI = DUH XVHG WR VWRUH WKH OLVW� 7R DVVLJQ WKH LWK LWHP LQ WKH OLVW RI
FRQVWUDLQWV� \RX ZLOO QHHG WR DGGUHVV Q]�L��
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,I \RX ZLVK WR OLPLW WKH FRQVWUDLQW PDWUL[ UHSRUW WR D VXEVHW RI DOO RI WKH QRQ�]HUR PDWUL[
HOHPHQWV� \RX ZLOO KDYH WR PRGLI\ VXEURXWLQH 6$0$$/� ZKLFK LV IRXQG LQ 6$87,/�)25�
<RX ZLOO QHHG WR DOWHU WZR EORFNV RI FRGH LQ 6$0$$/�
)LUVW� pQG WKH IROORZLQJ EORFN RI FRGH LQ 6$0$$/�

OVWDUW  KVWDUW � �QH�����

7KH YDULDEOH OVWDUW UHIHUV WR KRZ PXFK RI WKH ZRUNVSDFH DUUD\ = ZLOO EH XVHG WR VWRUH
WKH OLVW RI PDWUL[ FRHrFLHQWV WR EH DQDO\]HG� <RX ZLOO QHHG WR FKDQJH WKH YDULDEOH QH WR D
FRQVWDQW RU YDULDEOH UHSUHVHQWLQJ WKH QXPEHU RI PDWUL[ HOHPHQWV WR UHSRUW�
1H[W� \RX ZLOO QHHG WR FKDQJH WKH IROORZLQJ EORFN RI FRGH�

GR �� L  �� Q��

Q]�L�  ND�L�

�� FRQWLQXH

7KH DUUD\ Q] LV DQ LQWHJHU FRS\ RI WKH GRXEOH SUHFLVLRQ ZRUNVSDFH DUUD\ = � 5HFDOO WKDW
0,126 VWRUHV PDWUL[ HOHPHQWV E\ FROXPQ� pUVW WKH H[SOLFLWO\ XVHU�VSHFLpHG HOHPHQWV RI
FROXPQ � DUH VWRUHG LQ RUGHU RI URZ� IROORZHG E\ DOO XVHU�VSHFLpHG HOHPHQWV RI FROXPQ �� DQG
VR RQ� )RU H[DPSOH� WKH PDWUL[

$  

�
%#

� � � �

� � � �

� � � �

�
&$

ZRXOG� LI ZH GLG QRW ZLVK WR VWRUH WKH ]HUR HOHPHQWV� EH VWRUHG LQ DQ DUUD\ LQ WKH IROORZLQJ

RUGHU�

�� �� �� �� �� �� �� �� �� �

7KH DUUD\ HOHPHQW ND�L� UHIHUV WR WKH pUVW HOHPHQW RI WKLV PDWUL[ DUUD\ WKDW EHORQJV WR

FROXPQ L� WKH DUUD\ HOHPHQW Q]�L� ZLOO UHIHU WR WKH pUVW HOHPHQW RI WKH OLVW RI FRHrFLHQWV

WR EH UHSRUWHG WKDW EHORQJV WR FROXPQ L� Q]�Q��� ZLOO UHIHU WR RQH SOXV WKH QXPEHU RI

FRHrFLHQWV WR EH UHSRUWHG RQ� )RU H[DPSOH� LI ZH ZLVKHG WR UHSRUW RQ HOHPHQWV D��� D���

D��� DQG D�� RI RXU VDPSOH PDWUL[� WKHQ ZH ZRXOG VHW XS Q] DV IROORZV�

Q]���  �

Q]���  �

Q]���  �

Q]���  �

Q]���  �
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1RWH WKDW VLQFH ZH ZRXOG QRW UHSRUW RQ DQ\ HOHPHQWV LQ FROXPQ �� ZH VHW Q]��� HTXDO WR

Q]���� $OVR QRWH WKDW ZH FDQ UHSRUW RQ D��� HYHQ WKRXJK D�� LV ]HUR�YDOXHG DQG PD\ QRW

KDYH EHHQ VSHFLpHG DV SDUW RI WKH 0,126 LQSXW�

1RZ WKDW VWRUDJH IRU HDFK FROXPQ KDV EHHQ VHW� \RX ZLOO QHHG WR DOWHU WKH IROORZLQJ EORFN

RI FRGH LQ RUGHU WR DFFHVV WKH PDWUL[ HOHPHQWV WKHPVHOYHV�

GR �� LH  �� QH

L  LH � QKVWUW

Q]�L�  KD�LH�

�� FRQWLQXH

7KH DUUD\ HOHPHQW Q]�L� UHIHUV WR WKH URZ LQGH[ RI WKH LHWK LWHP LQ WKH OLVW RI PDWUL[

FRHrFLHQWV WR UHSRUW� )RU H[DPSOH� LI ZH ZLVKHG WR UHSRUW HOHPHQWV D��� D��� D��� DQG D��

RI RXU VDPSOH PDWUL[� ZH ZRXOG VHW Q] XS DV IROORZV�

Q]���QKVWUW�  �

Q]���QKVWUW�  �

Q]���QKVWUW�  �

Q]���QKVWUW�  �

1RWH� :KHQ VHWWLQJ XS WKLV SRUWLRQ RI WKH ZRUNVSDFH� LW LV YHU\ LPSRUWDQW WKDW \RX UHIHU WR

HOHPHQWV RI Q] LQ WHUPV RI D SRVLWLRQ UHODWLYH WR QKVWUW UDWKHU WKDQ LQ WHUPV RI DQ DEVROXWH

LQGH[� 7KLV UHTXLUHPHQW UHVXOWV IURP WKH XVH RI WKH GRXEOH SUHFLVLRQ ZRUNVSDFH DUUD\ = DV

DQ LQWHJHU DUUD\ LQ VXEURXWLQH 6$0$$/�

$�� (5525 +$1'/,1*

6$0,126 KDV OLPLWHG HUURU KDQGOLQJ FDSDELOLWLHV� LW FKHFNV WR VHH WKDW�

s WKH SUREOHP FRQVLGHUHG LV LQGHHG D OLQHDU SURJUDP ZKLFK KDV EHHQ VROYHG WR RSWLPDOLW\�

DQG

s WKHUH LV HQRXJK PHPRU\ WR SHUIRUP WKH VHQVLWLYLW\ DQDO\VLV�

$ OLVW RI HUURU PHVVDJHV WKDW WKH XVHU PD\ HQFRXQWHU LV GLVSOD\HG LQ 7DEOH $���
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0HVVDJH (UURU

6$67�� (UURU� UHTXLUHG VWRUDJH LV [� DYDLODEOH VWRUDJH LV \ 1RW HQRXJK PHPRU\ IRU ERXQGV� LQ�
FUHDVH :25.63$&( �86(5�

6$&2$/ (UURU� UHTXLUHG VWRUDJH LV ! [� DYDLODEOH VWRUDJH LV \ 1RW HQRXJK PHPRU\ IRU OLVW RI FRVWV
WR UHSRUW� LQFUHDVH :25.63$&(
�86(5�

6$&26$ (UURU� 7KLV SUREOHP LV DQ 1/3 6$0,126 FDQ RQO\ SURFHVV OLQHDU
SURJUDPV� UHIRUPXODWH WKH SURJUDP DV
DQ /3� RU XVH 0,126 LQVWHDG

6$&26$ (UURU� /3 QRW VROYHG WR RSWLPDOLW\ (LWKHU WKH OLQHDU SURJUDP GRHV QRW
KDYH DQ RSWLPDO VROXWLRQ� RU LWHUDWLRQV
OLPLW ZDV UHDFKHG EHIRUH UHDFKLQJ WKH
RSWLPDO VROXWLRQ

6$&26$ (UURU� ,QVXrFLHQW PHPRU\ IRU FRVW DQDO\VLV 1RW HQRXJK PHPRU\ IRU FRVW ERXQGV�
LQFUHDVH :25.63$&( �86(5�

6$5+$/ (UURU� UHTXLUHG VWRUDJH LV ! [� DYDLODEOH VWRUDJH LV \ 1RW HQRXJK PHPRU\ IRU OLVW RI
ULJKW�KDQG VLGHV WR UHSRUW� LQFUHDVH
:25.63$&( �86(5�

6$5+6$ (UURU� 7KLV SUREOHP LV DQ 1/3 6$0,126 FDQ RQO\ SURFHVV OLQHDU
SURJUDPV� UHIRUPXODWH WKH SURJUDP DV
DQ /3� RU XVH 0,126 LQVWHDG

6$5+6$ (UURU� /3 QRW VROYHG WR RSWLPDOLW\ (LWKHU WKH OLQHDU SURJUDP GRHV QRW
KDYH DQ RSWLPDO VROXWLRQ� RU LWHUDWLRQV
OLPLW ZDV UHDFKHG EHIRUH UHDFKLQJ WKH
RSWLPDO VROXWLRQ

6$5+6$ (UURU� ,QVXrFLHQW PHPRU\ IRU 5+6 DQDO\VLV 1RW HQRXJK PHPRU\ IRU ULJKW�KDQG
VLGH ERXQGV� LQFUHDVH :25.63$&(
�86(5�

6$0$$/ (UURU� UHTXLUHG VWRUDJH LV ! [� DYDLODEOH VWRUDJH LV \ 1RW HQRXJK PHPRU\ IRU OLVW RI PD�
WUL[ FRHrFLHQWV WR UHSRUW� LQFUHDVH
:25.63$&( �86(5�

6$0$7$ (UURU� 7KLV SUREOHP LV DQ 1/3 6$0,126 FDQ RQO\ SURFHVV OLQHDU
SURJUDPV� UHIRUPXODWH WKH SURJUDP DV
DQ /3� RU XVH 0,126 LQVWHDG

6$0$7$ (UURU� /3 QRW VROYHG WR RSWLPDOLW\ (LWKHU WKH OLQHDU SURJUDP GRHV QRW
KDYH DQ RSWLPDO VROXWLRQ� RU LWHUDWLRQV
OLPLW ZDV UHDFKHG EHIRUH UHDFKLQJ WKH
RSWLPDO VROXWLRQ

6$0$7$ (UURU� ,QVXrFLHQW PHPRU\ IRU DQDO\VLV 1RW HQRXJK PHPRU\ IRU VWRULQJ PD�
WUL[ ERXQGV� LQFUHDVH :25.63$&(

7DEOH $��� 6$0,126 (UURU 0HVVDJHV
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&KYwDWDO� 9� ������� ?/LQHDU 3URJUDPPLQJ�� :�+� )UHHPDQ DQG &RPSDQ\� 1HZ <RUN� 1HZ
<RUN�

'DQW]LJ� *�%� �������?/LQHDU 3URJUDPPLQJ DQG ([WHQVLRQV�� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV�
3ULQFHWRQ� 1HZ -HUVH\�

'DQW]LJ� *�%� DQG 7KDSD 0�1� ������� ?/LQHDU 3URJUDPPLQJ �� ,QWURGXFWLRQ�� 6SULQJHU�
9HUODJ� %HUOLQ DQG 1HZ <RUN�

'DQW]LJ� *�%� DQG 7KDSD 0�1� �����D�� ?/LQHDU 3URJUDPPLQJ �� 7KHRU\ DQG ,PSOHPHQ�
WDWLRQ�� 7R EH SXEOLVKHG E\ 6SULQJHU�9HUODJ� %HUOLQ DQG 1HZ <RUN�

'DQW]LJ� *�%� DQG 7KDSD 0�1� �����E�� ?/LQHDU 3URJUDPPLQJ �� ([WHQVLRQV�� 7R EH
SXEOLVKHG E\ 6SULQJHU�9HUODJ� %HUOLQ DQG 1HZ <RUN�

/DKH\ &RPSXWHU 6\VWHPV� ,QF� ������� ?)��/�(0��� )RUWUDQ 5HIHUHQFH 0DQXDO�� /DKH\
&RPSXWHU 6\VWHPV� ,QF�� ,QFOLQH 9LOODJH� 1HYDGD�

0XUWDJK� %�$� DQG 6DXQGHUV� 0�$� ������� ?0,126 ��� 8VHU
V *XLGH�� 5HSRUW 62/ ���

��5� 'HSDUWPHQW RI 2SHUDWLRQV 5HVHDUFK� 6WDQIRUG 8QLYHUVLW\�

0XUW\� .�*� ������� ?/LQHDU 3URJUDPPLQJ�� -RKQ�:LOH\ DQG 6RQV� 1HZ <RUN� 1HZ <RUN�

��
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