
$ 6HFRQG�RUGHU 7KHRUHP 3URYHU DSSOLHG WR

&LUFXPVFULSWLRQ

0LFKDHO %HHVRQ

'HSDUWPHQW RI 0DWKHPDWLFV DQG &RPSXWHU 6FLHQFH
6DQ -RVH 6WDWH 8QLYHUVLW\

$EVWUDFW� &LUFXPVFULSWLRQ LV QDWXUDOO\ H[SUHVVHG LQ VHFRQG�RUGHU ORJLF�
EXW SUHYLRXV LPSOHPHQWDWLRQV DOO ZRUN E\ KDQGOLQJ FDVHV WKDW FDQ EH UH�

GXFHG WR nUVW�RUGHU ORJLF� 0DNLQJ XVH RI D QHZ VHFRQG�RUGHU XQLnFDWLRQ

DOJRULWKP LQWURGXFHG LQ >�@� ZH VKRZ KRZ D WKHRUHP SURYHU FDQ EH PDGH
WR nQG SURRIV LQ VHFRQG�RUGHU ORJLF� LQ SDUWLFXODU SURRIV E\ FLUFXPVFULS�

WLRQ� :H ZRUN RXW D EORFNV�ZRUOG H[DPSOH LQ FRPSOHWH GHWDLO DQG JLYH WKH

RXWSXW RI DQ LPSOHPHQWDWLRQ� GHPRQVWUDWLQJ WKDW LW ZRUNV DV FODLPHG�

� ,QWURGXFWLRQ

&LUFXPVFULSWLRQ ZDV LQWURGXFHG E\ -RKQ0F&DUWK\ >��@ DV D PHDQV RI IRUPDOL]LQJ
?FRPPRQ�VHQVH UHDVRQLQJ� IRU DUWLnFLDO LQWHOOLJHQFH� ,W VHUYHG DV WKH IRXQGDWLRQ
RI KLV WKHRU\ RI QRQ�PRQRWRQLF UHDVRQLQJ� 7KH HVVHQWLDO LGHD LV WR LQWURGXFH�
ZKHQ D[LRPDWL]LQJ D VLWXDWLRQ� D SUHGLFDWH DE IRU ?DEQRUPDOLW\�� DQG WR D[LRP�
DWL]H WKH DE SUHGLFDWH E\ VD\LQJ LW LV WKH OHDVW SUHGLFDWH VXFK WKDW WKH RWKHU
D[LRPV DUH YDOLG� 6RPH RWKHU SUHGLFDWHV PD\ EH DOORZHG WR ?YDU\� LQ WKH PLQL�
PL]DWLRQ DV ZHOO� 7KHUH DUH VHYHUDO WHFKQLFDO GLpFXOWLHV ZLWK 0F&DUWK\
V LGHD�
)LUVW� WKH FLUFXPVFULSWLRQ SULQFLSOH LV PRVW QDWXUDOO\ H[SUHVVHG LQ VHFRQG�RUGHU
ORJLF� ZKHUH ZH KDYH YDULDEOHV RYHU SUHGLFDWHV RI REMHFWV� 6HFRQG� XQOHVV WKH UHVW
RI WKH D[LRPV FRQWDLQ DE RQO\ SRVLWLYHO\� WKH FLUFXPVFULSWLRQ SULQFLSOH LV QRW DQ
RUGLQDU\ LQGXFWLYH GHnQLWLRQ� DQG WKHUH PD\ QRW HYHQ EH D �XQLTXH� OHDVW VROX�
WLRQ IRU WKH DE SUHGLFDWH� VR WKH FLUFXPVFULSWLRQ SULQFLSOH FDQ EH LQFRQVLVWHQW�
0F&DUWK\
V XOWLPDWH JRDO ZDV LPSOHPHQWDWLRQ RI VRIWZDUH XVLQJ WKH FLUFXPVFULS�
WLRQ SULQFLSOH WR FRQVWUXFW DUWLnFLDO LQWHOOLJHQFH� %HOLHYLQJ WKDW LPSOHPHQWDWLRQ
RI VHFRQG�RUGHU ORJLF ZDV QRW D SUDFWLFDO DSSURDFK� PDQ\ UHVHDUFKHUV KDYH WULHG
YDULRXV PHWKRGV RI UHGXFLQJ VSHFLDO FDVHV RI WKH FLUFXPVFULSWLRQ SULQFLSOH WR
nUVW�RUGHU ORJLF� VHH >�@ IRU D VXPPDU\ RI WKHVH HmRUWV� 6RPH RI WKHVH UHGXFWLRQV
ZHUH LQ WXUQ LPSOHPHQWHG�

,Q WKLV SDSHU ZH WDNH WKH RWKHU SDWK� DQG H[KLELW D GLUHFW LPSOHPHQWDWLRQ RI
VHFRQG�RUGHU ORJLF ZKLFK LV FDSDEOH RI KDQGOLQJ VRPH FLUFXPVFULSWLRQ SUREOHPV�
7KH NH\ WR PDNLQJ WKLV ZRUN LV D QHZ QRWLRQ RI VHFRQG�RUGHU XQLnFDWLRQ� 7KLV
QRWLRQ RI XQLnFDWLRQ ZDV LQWURGXFHG LQ >�@� ZKHUH VRPH WKHRUHPV DERXW LW DUH
SURYHG� ,Q WKDW SDSHU� , SRLQWHG RXW WKH SRVVLELOLW\ RI FRQYHUWLQJ \RXU IDYRULWH
nUVW�RUGHU WKHRUHP SURYHU WR D VHFRQG�RUGHU WKHRUHP SURYHU E\ DGGLQJ VHFRQG�
RUGHU XQLnFDWLRQ� 7KLV SDSHU VKRZV H[SOLFLWO\ KRZ WKLV FDQ EH GRQH� DQG WKDW WKH
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UHVXOWLQJ VHFRQG�RUGHU SURYHU FDQ LQGHHG nQG FLUFXPVFULSWLRQ SURRIV� 1RWH WKDW
LW ZRXOG DOUHDG\ EH LQWHUHVWLQJ LI WKH UHVXOWLQJ SURRI�FKHFNHU FRXOG DFFHSW DQG
YHULI\ FLUFXPVFULSWLRQ SURRIV� EXW WKH HVVHQWLDO SRLQW RI WKLV SDSHU LV WKDW WKH XVH
RI WKH QHZ XQLnFDWLRQ DOJRULWKP RI >�@ HQDEOHV D VLPSOH WKHRUHP�SURYHU WR nQG
FLUFXPVFULSWLRQ SURRIV E\ LWVHOI� 7KH KDUG SDUW RI WKLV� RI FRXUVH� LV nQGLQJ WKH
FRUUHFW YDOXHV RI WKH VHFRQG�RUGHU SUHGLFDWHV LQYROYHG� 7KHVH DUH JHQHUDOO\ JLYH
E\ w WHUPV LQYROYLQJ DQ RSHUDWRU IRU GHnQLWLRQ E\ FDVHV� ,W LV WKHUHIRUH HVVHQWLDO
WR XVH D IRUPDOL]DWLRQ RI VHFRQG�RUGHU ORJLF ZKLFK KDV WHUPV IRU GHnQLWLRQ E\
FDVHV�

$OWKRXJK ZH KDYH XVHG D VSHFLnF nUVW�RUGHU SURYHU LQ WKLV H[HUFLVH� ZH PDNH
QR FODLPV DERXW WKH YDOXH HLWKHU RI WKLV SDUWLFXODU SURYHU RU RI WKH EDFNZDUGV�
*HQW]HQ DSSURDFK WKDW LW XVHV� :H EHOLHYH WKH VDPH UHVXOWV FRXOG EH DWWDLQHG
ZLWK DQ\ PHGLXP�WR�JRRG TXDOLW\ nUVW�RUGHU WKHRUHP SURYHU� VXLWDEO\ H[WHQGHG
WR VHFRQG�RUGHU E\ LPSOHPHQWLQJ WKH QHZ XQLnFDWLRQ DOJRULWKP� :H MXVW XVHG
WKH WKHRUHP�SURYHU ZH KDYH� LQ RUGHU WR GHPRQVWUDWH WKDW WKLV DSSURDFK ZRUNV�

2Q WKH RWKHU KDQG� LW PD\ QRW EH FRPSOHWHO\ WULYLDO WR DGG WKH QHZ XQLnFDWLRQ
DOJRULWKP WR DQ H[LVWLQJ UHVROXWLRQ�VW\OH SURYHU VXFK DV 2WWHU� 1RWH WKDW LQ VXFK
SURYHUV� ?YDULDEOH� PHDQV ZKDW ZH KHUH FDOO ?PHWDYDULDEOH�� DQG RXU ?REMHFW
YDULDEOHV� DUH MXVW FRQVWDQWV� ,Q VXFK SURYHUV� WKHUH LV QR QRWLRQ RI D ?UHVWULFWLRQ�
WKDW SUHYHQWV XQLnFDWLRQ IURP PDNLQJ WKH YDOXH RI D YDULDEOH GHSHQG RQ FHUWDLQ
FRQVWDQWV� ,Q D *HQW]HQ�VW\OH SURYHU� ZKHQ ZH SURYH �[�\3 �[� \�� ZH WU\ 3 �;�\�
DIWHU UHVWULFWLQJ ; WR QRW GHSHQG RQ \� ,Q UHVROXWLRQ SURYHUV� WKLV LV KDQGOHG E\
6NROHPL]DWLRQ� VR WKDW ZKHQ ZH SURYH �[�\3 �[� \�� ZH UHSODFH \ E\ J�[� DQG
WU\ WR UHIXWH �3 �[� J�[��� 7KHQ WKH RFFXUV FKHFN SUHYHQWV WKH HYHQWXDO YDOXH RI
[ IURP GHSHQGLQJ RQ \� 7KH H[SUHVVLRQ J�[� IXQFWLRQV HVVHQWLDOO\ DV D YDULDEOH
\ ZKRVH SUHVHQFH FDXVHV [ WR QRW GHSHQG RQ \� 2XU QHZ XQLnFDWLRQ DOJRULWKP�
KRZHYHU� FDOOV IRU LQWURGXFLQJ QHZ YDULDEOHV G\QDPLFDOO\ DQG UHVWULFWLQJ WKHLU
HYHQWXDO YDOXHV� 7KXV LW LV QRW MXVW D PDWWHU RI DGGLQJ D IHZ OLQHV WR 2WWHU
V
XQLnFDWLRQ FRGH WR PDNH WKLV ZRUN ZLWK 2WWHU� +RZHYHU� LW LV FHUWDLQO\ SRVVLEOH�

� 'HnQLWLRQV

��� 6\QWD[ RI VHFRQG�RUGHU ORJLF

6HFRQG�RUGHU ORJLF UHIHUV WR D V\VWHP LQ ZKLFK ZH KDYH WZR NLQGV RI YDULDEOHV�
REMHFW YDULDEOHV DQG SUHGLFDWH YDULDEOHV� :H ZULWH ORZHU�FDVH OHWWHUV [� \� � � � IRU

REMHFW YDULDEOHV DQG XSSHU�FDVH OHWWHUV;�<� � � � IRU SUHGLFDWH YDULDEOHV� 6LPLODUO\�

ZH KDYH REMHFW WHUPV DQG SUHGLFDWH WHUPV� 7KH WHUP IRUPDWLRQ UXOHV DUH DV

IROORZV�

9DULDEOH� 2EMHFW9DULDEOH _ 3UHGLFDWH9DULDEOH

%LQDU\&RQQHFWLYH �� B _ A _ �

/LVW7HUP � >2EMHFW7HUP@ _ >2EMHFW7HUP _ /LVW7HUP@

9DU/LVW � >2EMHFW9DULDEOH@ _ >2EMHFW9DULDEOH _ 9DU/LVW@

2EMHFW7HUP � )LUVW2UGHU7HUP _ $SSOLFDWLRQ7HUP

$SSOLFDWLRQ7HUP � DS�3UHGLFDWH7HUP� /LVW7HUP�
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3UHGLFDWH7HUP � /DPEGD7HUP _ 3UHGLFDWH9DULDEOH _ 3UHGLFDWH&RQVWDQW

/DPEGD7HUP � �w 9DU/LVW� )RUPXOD�

)RUPXOD � $WRPLF)RUPXOD _ �)RUPXOD %LQDU\&RQQHFWLYH )RUPXOD� _

�� )RUPXOD� _ &DVH7HUP _ � 9DULDEOH � )RUPXOD

&DVH7HUP� G�2EMHFW7HUP � 2EMHFW7HUP � 3UHGLFDWH7HUP� 3UHGLFDWH7HUP�

1RWH WKDW IXQFWLRQ V\PEROV WDNLQJ SUHGLFDWH DUJXPHQWV DUH QRW OHJDO� 7KHUH

FDQ EH IXQFWLRQ V\PEROV� DV XVXDO LQ nUVW�RUGHU ORJLF� EXW WKH\ WDNH RQO\ nUVW�

RUGHU DUJXPHQWV�

$V XVXDO� >[�� � � � � [Q@ DEEUHYLDWHV >[�M>[�� � � � � [Q@@� (DFK /LVW7HUP KDV D
XQLTXH OHQJWK Q� $Q $WRPLF)RUPXOD LV DQ H[SUHVVLRQ RI WKH IRUP 3 �]�� ZKHUH 3
LV D SUHGLFDWH WHUP RI DULW\ Q DQG ] LV D OLVW WHUP RI OHQJWK Q� ,Q FDVH 3 LV D SUHGL�
FDWH FRQVWDQW� ZH FRQVLGHU 3 �>[�� � � � � [Q�@� WR EH WKH VDPH DV WKH XVXDO nUVW�RUGHU
WHUP 3 �[�� � � � � [Q�� )RU WKH SUHFHGLQJ WR PDNH VHQVH� ZH PXVW GHnQH WKH DULW\
RI HDFK SUHGLFDWH WHUP� 7KLV LV VLPSO\ WKH QXPEHU RI LWV IUHH REMHFW YDULDEOHV� ,Q
WKH XVXDO ZD\� ZH FDQ DVVRFLDWH WR HDFK SUHGLFDWH RU REMHFW WHUP D OLVW RI LWV IUHH
YDULDEOHV �LQ D VSHFLnHG RUGHU�� 7KH V\QWD[ UXOH IRU $SSOLFDWLRQ7HUP LV WKHQ
VXEMHFWHG WR WKH UHVWULFWLRQ WKDW DS�3� ]� FDQ EH IRUPHG RQO\ ZKHQ WKH OHQJWK
RI WKH OLVW ] LV HTXDO WR WKH DULW\ RI 3 � YDULDEOHV DUH ERXQG E\ WKH w RSHUDWRU LQ
WKH XVXDO ZD\� 7KXV IRU H[DPSOH w[�3 �[� \� LV D SUHGLFDWH WHUP RI DULW\ �� :H
FDQ WKHUHIRUH IRUP WKH REMHFW WHUP DS�w[�3 �[� \�� F��

:H LQFOXGH WZR SUHGLFDWH FRQVWDQWV RI DULW\ �� QDPHO\ WUXH DQG IDOVH� 7KH
DERYH UXOHV WKHQ PDNH WKHVH WZR LQWR DWRPLF IRUPXODH DV ZHOO� 7KH XVH RI WUXH
DQG IDOVH LV SULPDULO\ D PDWWHU RI QRWDWLRQDO FRQYHQLHQFH� IDOVH LQ WKH VXFFHGHQW
LV WUDGLWLRQDOO\ ZULWWHQ DV DQ HPSW\ VXFFHGHQW� :H FRXOG UHJDUG �$ DV DQ DEEUH�
YLDWLRQ IRU $ � IDOVH� EXW LW LV FRQYHQLHQW WR UHWDLQ ERWK QRWDWLRQV� +RZHYHU�
ZH DOORZ �$ DQG $� IDOVH WR XQLI\�

DS�;�]� FDQ EH DEEUHYLDWHG LQ ZULWLQJ DV;�]�� DOWKRXJK LQ LPSOHPHQWDWLRQV
LW LV PDLQWDLQHG� DQG LV SULQWHG LQ WKH RXWSXW RI RXU SURYHU� 1RWH� WKRXJK� WKDW
SUHGLFDWH V\PEROV 3 �FRQVWDQWV� RI WKH ODQJXDJH DUH XVHG LQ WKH XVXDO nUVW�RUGHU
V\QWD[ 3 �[�� UDWKHU WKDQ DS�3� [��

6HFRQG�RUGHU XQLnFDWLRQ� DQG LWV DSSOLFDWLRQ WR FLUFXPVFULSWLRQ� ERWK GHSHQG
RQ WKH XVH RI FRQGLWLRQDO WHUPV� RU FDVH�WHUPV� 7KHVH DUH WHUPV RI WKH IRUP�

3 �[� LI [  \
4�[� RZ

7KHUH DUH VHYHUDO GLmHUHQW QRWDWLRQV IRU VXFK WHUPV LQ XVH� LQFOXGLQJ WKH IRUP
XVHG LQ WKH & DQG -DYD SURJUDPPLQJ ODQJXDJHV�

[  \ " 3 �[� � 4�[�

DQG WKH IRUP XVHG LQ >�@ DQG LQ WKH WKHRULHV RI )HIHUPDQ >�@�

G�[� \� 3 �[�� 4�[���

7KH IRUP ZLWK G LV WKH RQH WKDW KDV EHHQ JLYHQ LQ WKH RpFLDO V\QWD[ DERYH� EXW
WKH RWKHU WZR IRUPV DUH ERWK PRUH UHDGDEOH� 7KH V\QWD[ XVHG E\ RXU FRPSXWHU
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LPSOHPHQWDWLRQ DOORZV D PRUH JHQHUDO NLQG RI FDVH WHUP LQ ZKLFK WKHUH FDQ EH
VHYHUDO FDVHV� LQVWHDG RI MXVW RQH� EHIRUH WKH ?RWKHUZLVH� WHUP� )RU UHSUHVHQWLQJ
VXFK WHUPV WKH QRWDWLRQ ZLWK D EUDFH LV PRUH UHDGDEOH� VR WKH RXWSXW RI WKH
SURYHU LV SUHVHQWHG LQ WKDW QRWDWLRQ� )RU ZULWLQJ SDSHUV� WKH QRWDWLRQ ZLWK D
TXHVWLRQ PDUN LV PRUH FRPSDFW DQG HTXDOO\ UHDGDEOH� VR ZH ZLOO XVH LW LQ WKH
SDSHU�
:H QRWH WKDW HYHU\WKLQJ LQ WKLV SDSHU DSSOLHV HTXDOO\ ZHOO WR KLJKHU�RUGHU

ORJLF� 7KLV V\VWHP ZRXOG DOORZ WHUPV RI HYHU\ nQLWH W\SH� :H FDQ WKHQ XVH WKH
GHYLFH RI ?FXUU\LQJ� WR HOLPLQDWH WKH QHHG IRU OLVW WHUPV� LQVWHDG RI DS�3� >[� \@�
ZH ZRXOG XVH DS�DS�3�[�� \�� :H WKHQ KDYH WR GHnQH WKH UXOHV IRU DVVLJQLQJ
W\SHV WR WHUPV� DQG H[WHQG WKH GHnQLWLRQ RI FDVH WHUPV� ,Q FDVH WHUPV� WKH nUVW
WZR DUJXPHQWV DUH VWLOO UHVWULFWHG WR W\SH �� 7KLV LV RQH RI WKH V\VWHPV WKDW
KDV EHHQ XVHG LQ >�@� �7KH RWKHU LV D PRUH JHQHUDO XQW\SHG V\VWHP FDOOHG w�'��
6HFRQG�RUGHU ORJLF LV HVVHQWLDOO\ WKH W\SH�� VXEV\VWHP RI KLJKHU�RUGHU ORJLF� 6LQFH
VHFRQG�RUGHU ORJLF VXpFHV IRU FLUFXPVFULSWLRQ� ZH ZRUN LQ WKDW V\VWHP�

��� $[LRPV DQG UXOHV RI VHFRQG�RUGHU ORJLF

:H XVH D *HQW]HQ�VHTXHQW IRUPXODWLRQ RI VHFRQG�RUGHU ORJLF� :H VLPSO\ WDNH WKH
XVXDO *HQW]HQ UXOHV �H�J� *� DV LQ >�@� IRU ERWK SUHGLFDWH DQG REMHFW TXDQWLnHUV�
7KH *� UXOHV QHHG WR EH VXSSOHPHQWHG ZLWK UXOHV FRUUHVSRQGLQJ WR WKH IRUPDWLRQ
RI w�WHUPV DQG DS�WHUPV� DV ZHOO DV ZLWK UXOHV FRUUHVSRQGLQJ WR WKH LQWURGXFWLRQ
RI FDVH WHUPV LQ ERWK DQWHFHGHQW DQG VXFFHGHQW� :H GR QRW UHSHDW WKH *� UXOHV
KHUH� EXW KHUH DUH WKH RWKHU UXOHV�

W  V�$�&�b W� V�%�b�&

G�W� V�$�%��� b�&

W  V�$
b�G�W� V� $�%��

W� V�%

b�G�W� V� $�%��

b�$>W [@

b��w[�$�W

b�$>W [@��

b� �w[�$�W��

7KHVH ODVW UXOHV DOORZ XV WR UHZULWH WHUPV E\ EHWD�UHGXFWLRQ ZKHQ VHDUFKLQJ LQ
?EDFNZDUGV�*HQW]HQ� VW\OH IRU D SURRI� ERWK LQ WKH ?DVVXPSWLRQV� �DQWHFHGHQW�
DQG WKH ?JRDO� �FRQVHTXHQW�� :LWK UHJDUG WR HTXDOLW\ UHDVRQLQJ� ZH FDQ HLWKHU
LQFOXGH *HQW]HQ�VW\OH HTXDOLW\ UXOHV� RU ZH FDQ VLPSO\ UHJDUG WKH HTXDOLW\ D[�
LRPV DV SDUW RI WKH D[LRPV b RI WKH WKHRU\ LQ TXHVWLRQ� ,Q RXU LPSOHPHQWDWLRQ�
WKHUH DUH FHUWDLQ PHWKRGV WKDW nQG SURRIV LQYROYLQJ HTXDOLW\ ZKLFK FRXOG EH LQ�
WHUSUHWHG LQ HLWKHU V\VWHP� EXW DFWXDOO\ GR QRW IROORZ HLWKHU RQH YHU\ FORVHO\� $V
LV ZHOO�NQRZQ� HTXDOLW\ UHDVRQLQJ RmHUV GLpFXOWLHV IRU DXWRPDWHG GHGXFWLRQ� EXW
WKHVH GLpFXOWLHV DUH QRW GLUHFWO\ UHOHYDQW WR WKH WRSLFV GLVFXVVHG LQ WKLV SDSHU�
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H[FHSW RI FRXUVH WKDW WKH nUVW�RUGHU DVSHFWV RI WKH SURYHU PXVW EH JRRG HQRXJK
WR GHDO ZLWK WKH HTXDOLW\ UHDVRQLQJ UHTXLUHG LQ WKH FLUFXPVFULSWLRQ H[DPSOHV�

��� &LUFXPVFULSWLRQ

,I 8 DQG 9 DUH SUHGLFDWH H[SUHVVLRQV RI WKH VDPH DULW\� WKHQ 8 � 9 VWDQGV IRU
�[�8�[� � 9 �[��� ,I 8  8�� � � � � 8Q DQG 9  9�� � � � � 9Q DUH VLPLODU WXSOHV RI
SUHGLFDWH H[SUHVVLRQV� L�H� 8L DQG 9L DUH RI WKH VDPH DULW\� � � L � Q� WKHQ 8 � 9

LV DQ DEEUHYLDWLRQ IRU AQ

L �
8L � 9L� :H ZULWH 8  9 IRU 8 � 9 A 9 � 8 � DQG

8 � 9 IRU 8 � 9 A �9 � 8 �

'HnQLWLRQ � �6HFRQG�2UGHU &LUFXPVFULSWLRQ�� /HW 3 EH D WXSOH RI GLVWLQFW
SUHGLFDWH FRQVWDQWV� 6 EH D WXSOH RI GLVWLQFW IXQFWLRQ DQG�RU SUHGLFDWH FRQVWDQWV
GLVMRLQW IURP 3 � DQG OHW 7 �3 �6� EH D VHQWHQFH� 7KH VHFRQG�RUGHU FLUFXPVFULSWLRQ
RI 3 LQ 7 �3 �6� ZLWK YDULDEOH 6� ZULWWHQ &LUF�7 �3 �6�� LV JLYHQ LQ >�@ DV

7 �3 �6� A �jk�>7 �j� k� A k � 3 @

ZKHUH j DQG k DUH WXSOHV RI YDULDEOHV VLPLODU WR 3 DQG 6� UHVSHFWLYHO\� 7KLV FDQ
HTXLYDOHQWO\ EH VWDWHG LQ WKH IRUP

7 �3 �6� A �jk >7 �j�k� A k � 3 � 3 � k @�

ZKLFK LV WKH IRUP RXU SURYHU XVHV�

� 8QLnFDWLRQ

,Q WKLV VHFWLRQ� ZH UHFDOO WKH QRWLRQ RI XQLnFDWLRQ LQWURGXFHG LQ >�@�

��� 0HWDYDULDEOHV

$PHWDYDULDEOH LV D YDULDEOH �QRW SDUW RI WKH IRUPDO ODQJXDJH� UDQJLQJ RYHU WHUPV
RI WKH IRUPDO ODQJXDJH� 0HWDYDULDEOHV DUH XVHG LQ D WKHRUHP SURYHU WR VWDQG WHP�
SRUDULO\ IRU WHUPV ZKRVH YDOXHV ZLOO HYHQWXDOO\ EH GHWHUPLQHG� 8QLnFDWLRQ LV WKH
PHDQV E\ ZKLFK WKH YDOXHV DUH GHWHUPLQHG� )RU H[DPSOH� ZKHQ WKH SURYHU WULHV WR
SURYH �< $�< �� D QHZ PHWDYDULDEOH = LV LQWURGXFHG DQG WKH JRDO EHFRPHV $�=��
:H XVH EROGIDFH OHWWHUV IRU PHWDYDULDEOHV� VLQFH WKH GLVWLQFWLRQ EHWZHHQ ORZHU
DQG XSSHU FDVH LV DOUHDG\ XVHG IRU VRPHWKLQJ HOVH� ,Q FRPSDULQJ >�@ ZLWK WKLV
SDSHU� LW VKRXOG EH XQGHUVWRRG WKDW WKH ?YDULDEOHV� RI >�@ DUH WKH PHWDYDULDEOHV
RI WKLV SDSHU� DQG WKH ?FRQVWDQWV� RI >�@ DUH WKH REMHFW DQG SUHGLFDWH YDULDEOHV
�DQG WKH FRQVWDQWV� RI VHFRQG�RUGHU ORJLF�
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��� 5HVWULFWLRQV DQG (QYLURQPHQWV

$ UHVWULFWLRQ LV D SDLU FRQVLVWLQJ RI D PHWDYDULDEOH DQG D �SRVVLEO\ HPSW\� OLVW
RI �REMHFW RU SUHGLFDWH� YDULDEOHV� �,QWXLWLYHO\� WKH HYHQWXDO YDOXH RI WKH YDULDEOH
LV QRW DOORZHG WR GHSHQG RQ WKH PHPEHUV RI WKH OLVW�� $Q HQYLURQPHQW LV D
nQLWH OLVW RI UHVWULFWLRQV� �,QWXLWLYHO\� DQ HQYLURQPHQW OLVWV DOO WKH YDULDEOHV LQ
XVH VR IDU� ZKHWKHU RU QRW WKHLU HYHQWXDO YDOXHV DUH UHVWULFWHG� WRJHWKHU ZLWK DQ\
UHVWULFWLRQV VR IDU LPSRVHG�� ,I K=� UL LV D PHPEHU RI WKH HQYLURQPHQW ( ZH VD\
WKDW WKH YDULDEOH = RFFXUV LQ ( RU LV PHQWLRQHG LQ (� DQG WKDW DOO WKH PHPEHUV
RI WKH OLVW U DUH IRUELGGHQ WR = LQ (� :H VD\ D FRPSRXQG WHUP W LV IRUELGGHQ
WR = LQ ( LI LW FRQWDLQV D IUHH RFFXUUHQFH RI DQ\ FRQVWDQW WKDW LV IRUELGGHQ WR =
LQ (� $ VXEVWLWXWLRQ LV D IXQFWLRQ IURP PHWDYDULDEOHV WR WHUPV� 7KH VXEVWLWXWLRQ
} LV OHJDO IRU HQYLURQPHQW ( SURYLGHG }�=� LV GHnQHG IRU DOO = WKDW RFFXU LQ
( DQG WKDW }�=� GRHV QRW FRQWDLQ IUHH RFFXUUHQFHV RI DQ\ YDULDEOH RU FRQVWDQW
IRUELGGHQ WR = LQ (� 7KH VXEVWLWXWLRQ } XQLnHV WHUPV W DQG V UHODWLYH WR ( LI IRU
VRPH VXEVWLWXWLRQ � ZKRVH UHVWULFWLRQ WR ( LV WKH LGHQWLW\� ZH KDYH W}�  V}���

��� 'HnQLWLRQ RI XQLnFDWLRQ

7KH LQSXWV WR WKH XQLnFDWLRQ DOJRULWKP DUH WZR WHUPV W DQG V WR EH XQLnHG DQG
DQ HQYLURQPHQW (� :H VD\ WKDW W DQG V DUH WR EH XQLnHG ?UHODWLYH WR� WKH HQ�
YLURQPHQW (� 2QH RXWSXW RI WKH XQLnFDWLRQ DOJRULWKP LV D VXEVWLWXWLRQ } ZKLFK
LV OHJDO IRU (� VXFK WKDW W}  V}� 7KH XVXDO QRWLRQ RI XQLnFDWLRQ LV REWDLQHG E\
WDNLQJ DQ HQYLURQPHQW ( ZLWK QR UHVWULFWLRQV RQ DQ\ RI WKH YDULDEOHV RFFXUULQJ
LQ (� %XW QRWH WKDW WKH XVH RI UHVWULFWLRQV� HYHQ LQ nUVW�RUGHU XQLnFDWLRQ� FRU�
UHVSRQGV WR WKH DFWXDO XVH RI XQLnFDWLRQ LQ WKHRUHP�SURYLQJ� ZKHUH IRU H[DPSOH
ZKHQ ZH WU\ WR SURYH b��< $� ZH LQWURGXFH D QHZ PHWDYDULDEOH = ZLWK WKH
UHVWULFWLRQV WKDW LWV XOWLPDWH YDOXH FDQQRW GHSHQG RQ YDULDEOHV ERXQG LQ $�b �

7KH XQLnFDWLRQ DOJRULWKP KDV D VHFRQG RXWSXW� ZKLFK LV D QHZ HQYLURQPHQW
�SRVVLEO\� HQODUJLQJ WKH LQSXW HQYLURQPHQW (� +HUH ?HQODUJLQJ� PHDQV VLPSO\
WKDW QHZ YDULDEOHV PD\ KDYH EHHQ DGGHG�

7KH NH\ QHZ FODXVHV LQ WKH GHnQLWLRQ RI XQLnFDWLRQ DUH WKHVH�
7R XQLI\ =�W� DQG 6� ZKHUH W DQG 6 DUH QRW IRUELGGHQ WR =� ZH WDNH =  

w[G�[� W� 6�=[�� +HUH = LV D QHZ PHWDYDULDEOH� 7KH RXWSXW HQYLURQPHQW LQFOXGHV
< � 7KH YDULDEOHV IRUELGGHQ WR = DUH WKH RQHV IRUELGGHQ WR =�
7R XQLI\ ;�W�� W�� DQG 6� ZKHUH W�� W� DQG 6 DUH QRW IRUELGGHQ WR ;� ZH WDNH

;  w[�[��G�[�� W��G�[�� W�� V�=�[��=�[�

ZKHUH =� DQG =� DUH QHZ PHWDYDULDEOHV� DQG VLPLODUO\ IRU XQLI\LQJ ;�W�� � � � � WQ�
DQG 6�
,I 6 LV D WHUP FRQWDLQLQJ D YDULDEOH ] IRUELGGHQ WR ;� WR XQLI\ ;] DQG 6�

ZH WDNH =  w]��6 B =]�� 7KH YDULDEOH ] ZLOO EH IRUELGGHQ WR = LQ WKH RXWSXW
HQYLURQPHQW� DORQJ ZLWK DQ\ RWKHU YDULDEOHV IRUELGGHQ WR ;�

� 7KDW LV� W}  V} IRU VRPH YDOXHV RI WKH WKH YDULDEOHV QRW LQ (�
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7KH RWKHU FODXVHV LQ WKH GHnQLWLRQ RI XQLnFDWLRQ DUH RI WZR NLQGV� )LUVW� WKHUH
DUH FODXVHV VLPLODU WR WKRVH IRU 5RELQVRQ
V RULJLQDO XQLnFDWLRQ� EXW LW VKRXOG EH
QRWHG WKDW LQ WKH PDLQ UHFXUVLYH FODXVH� ZKHUH XQLnFDWLRQ LV DSSOLHG VXFFHVVLYHO\
WR WKH DUJXPHQWV RI D WHUP� WKH RXWSXW HQYLURQPHQW IURP HDFK UHFXUVLYH FDOO LV WKH
LQSXW HQYLURQPHQW ZKHQ XQLI\LQJ WKH QH[W DUJXPHQW� 6HFRQG� WKHUH DUH FODXVHV
GHVLJQHG WR HQVXUH WKDW WHUPV ZKLFK FDQ EH UHGXFHG �HLWKHU E\ n�UHGXFWLRQ RU
G�UHGXFWLRQ� DUH UHGXFHG EHIRUH WKH DERYH UXOHV DUH DSSOLHG� )RU WKH GHWDLOV� VHH
>�@� 7KH UXOHV JLYHQ KHUH VKRXOG EH VXpFLHQW WR XQGHUVWDQG WKH DSSOLFDWLRQV WR
FLUFXPVFULSWLRQ�
)RU H[DPSOH� LI ZH ZDQW WR XQLI\ =�F� ZLWK IDOVH� ZH ZLOO JHW

=  w[��[  F " IDOVH � =�[��

ZKLFK LQWXLWLYHO\ VD\V WKDW =�F� VKRXOG EH IDOVH� EXW RQ DOO YDOXHV RI [ GLmHUHQW
IURP F� ;�[� LV XQGHWHUPLQHG� 7KH XVH RI D QHZ PHWDYDULDEOH H[SUHVVHV ?XQGH�
WHUPLQHG��
5HPDUN � ,Q >�@� LW LV SURYHG WKDW ZLWK UHVSHFW WR WKLV QRWLRQ RI XQLnFDWLRQ� XQLTXH
PRVW�JHQHUDO�XQLnHUV H[LVW� MXVW DV WKH\ GR IRU 5RELQVRQ XQLnFDWLRQ LQ nUVW�RUGHU
ORJLF� :H ZDQW WR WDNH WKLV RSSRUWXQLW\ WR H[SODLQ KRZ WKLV UHVXOW UHFRQFLOHV
ZLWK WKH ZHOO�NQRZQ IDFW WKDW WKHUH LV QR XQLTXH XQLnHU IRU +XHW
V QRWLRQ RI
w�XQLnFDWLRQ� +HUH LV WKH VWDWHPHQW RI WKH PRVW�JHQHUDO XQLnHU WKHRUHP IURP
>�@�

7KHRUHP � �0RVW JHQHUDO XQLnHU�� /HW ( EH DQ HQYLURQPHQW� 6XSSRVH WKDW

S DQG T DUH QRUPDO WHUPV LQ w'� 6XSSRVH WKDW IRU VRPH VXEVWLWXWLRQ t OHJDO IRU

(� St DQG Tt DUH LGHQWLFDO� 7KHQ S DQG T XQLI\� DQG WKH DQVZHU VXEVWLWXWLRQ LV

OHJDO IRU (� DQG PRUH JHQHUDO WKDQ t�

7KH SRLQW LV� WKDW WKH FRQFOXVLRQ ZRXOG QRW EH YDOLG LI ZH UHSODFHG WKH K\�
SRWKHVLV ?St DQG Tt DUH LGHQWLFDO� E\ WKH K\SRWKHVLV ?St DQG Tt KDYH D FRPPRQ
UHGXFW�� +XHW
V WHUPV ZLWK PDQ\ XQLnHUV GR QRW IRUP D FRXQWHUH[DPSOH WR WKH
WKHRUHP�

� %ORFNV :RUOG ([DPSOH

:H WUHDW WKH nUVW H[DPSOH IURP >�@ DV D W\SLFDO FLUFXPVFULSWLRQ SUREOHP�
/HW b �$E�2Q� EH WKH WKHRU\

F� E A �2Q�F� A �[��DE�[�� 2Q�[��

ZKHUH WKH YDULDEOHV UDQJH RYHU ?EORFNV� DQG 2Q�[� PHDQV ?[ LV RQ WKH WDEOH��
&LUFXPVFULSWLRQ HQDEOHV XV WR FRQFOXGH WKDW D LV WKH RQO\ EORFN QRW RQ WKH WDEOH�
)RU VLPSOLFLW\� ZH nUVW FRQVLGHU WKH SUREOHP ZLWKRXW WKH SUHGLFDWH %� L�H� ZH
DVVXPH DOO YDULDEOHV UDQJH RQO\ RYHU EORFNV� 7KH LGHD LV WKDW QRUPDO EORFNV DUH
RQ WKH WDEOH� DQG VLQFH F LV WKH RQO\ DEQRUPDO EORFN� E LV D QRUPDO EORFN DQG
KHQFH LV RQ WKH WDEOH� &LUFXPVFULSWLRQ VKRXOG HQDEOH XV WR SURYH 2Q�E��
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&LUFXPVFULSWLRQ LQ WKLV H[DPSOH LV WDNHQ WR PLQLPL]H DE ZLWK YDULDEOH 2Q�
VR LQ WKH JHQHUDO VFKHPD DERYH� ZH WDNH 3 WR EH DE DQG 6 WR EH 2Q�

F� E ���

�[��DE�[�� 2Q�[�� ���

�2Q�F� ���

�jk >�[��k�[�� j�[�� A �j�F� A k � DE� DE � k @ ���

:H nUVW SUHVHQW D KXPDQ�SURGXFHG SURRI� IRU ODWHU FRPSDULVRQ WR WKH SURRI
IRXQG E\ RXU SURJUDP� :H WDNH DV WKH JRDO WR SURYH 2Q�E�� %DFNFKDLQLQJ IURP
��� SURGXFHV WKH QHZ JRDO �DE�E�� 7KH KXPDQ WKHQ VXJJHVWV WKH YDOXHV

k  w[��[  F " WUXH � IDOVH� ���

j  w[��[  F " IDOVH � WUXH� ���

:LWK WKHVH YDOXHV RI j DQG k � ZH ZDQW WR SURYH DE�E� � IDOVH� VR ZH QHHG WR
YHULI\ ��E�  IDOVH� %XW ��E�  �E  F " WUXH � IDOVH�� DQG E  F HYDOXDWHV WR
IDOVH VLQFH E � F LV LQ WKH DQWHFHGHQW� VR ��E� HYDOXDWHV WR IDOVH� ,W WKHUHIRUH
VXpFHV WR YHULI\ WKH K\SRWKHVLV RI ���� QDPHO\

�[��k�[�� j�[�� A �j�F� A k � DE�

)L[ DQ [� DQG VXSSRVH �k�[�� 7KHQ [� F� IURP ZKLFK j�[� IROORZV� ZKLFK SURYHV
WKH nUVW FRQMXQFW� 7KH VHFRQG FRQMXQFW� �j�F�� IROORZV LPPHGLDWHO\ E\ UHGXFWLRQ
WR WUXH� 7KH WKLUG FRQMXQFW� k � DE� LV SURYHG DV IROORZV� VXSSRVH k�[�� 7KHQ
[  F DQG VR ZH PXVW SURYH DE�F�� %XW E\ ��� ZH KDYH �2Q�F�� DQG VR E\ ��� ZH
KDYH DE�F�� 7KDW FRPSOHWHV WKH SURRI�
:H QRZ H[SODLQ KRZ WKH SURYHU DWWDFNV WKLV SUREOHP� :H ZDQW WR SURYH

�DE�E�� �2pFLDOO\ WKDW JRDO LV WKH VXFFHGHQW RI D VHTXHQW ZKRVH DQWHFHGHQW LV WKH
OLVW RI D[LRPV�� 6R WKH SURYHU DVVXPHV DE�E�� DQG WKH QHZ JRDO LV DE�E��IDOVH� �2I
FRXUVH RpFLDOO\ WKH D[LRPV VKRXOG DSSHDU LQ WKH DQWHFHGHQW RI WKH JRDO VHTXHQW�
WRR� EXW ZH GR QRW ZULWH WKHP�� 7KLV FDXVHV ��� WR EH ?RSHQHG XS�� LQWURGXFLQJ
PHWDYDULDEOHV 3 DQG 4� 7KH IRUPXOD DE � 4 LV UHDOO\ �Z�DE�Z� � 4�Z���
VR D PHWDYDULDEOH : LV LQWURGXFHG IRU Z DV ZHOO� EXW VRRQ LW LV LQVWDQWLDWHG
WR E WR XQLI\ DE�E� ZLWK DE�: �� LQ WKH KRSHV RI SURYLQJ DE�: ��4�: � IURP
DE�E��IDOVH� 7KXV WKH SURYHU WULHV WR XQLI\ 4�E� ZLWK IDOVH� 7KLV JLYHV

4  w\��\  E " IDOVH � < �\��

ZKHUH < LV D QHZ YDULDEOH� 7KH QH[W JRDO LV WKH FRQMXQFWLRQ RI WKH WKUHH IRUPXODH
RQ WKH OHIW RI WKH LPSOLFDWLRQ LQ �� 7KHVH DUH WDNHQ LQ RUGHU� WKH nUVW RQH LV
�Y��4�Y�� 3�Y��� )L[LQJ Y WKH JRDO LV �4�Y�� 3�Y�� ZULWLQJ RXW WKH FXUUHQW
YDOXH RI 4 DQG n�UHGXFLQJ� WKH JRDO LV

��Y  E " IDOVH � < �Y��� 3�Y�

7KHUH LV D VLPSOLnFDWLRQ UXOH IRU SXVKLQJ D QHJDWLRQ LQWR D FDVHV WHUP� QDPHO\

��Y  S " T � U�  �Y  S " �T � �U��
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6R WKH JRDO EHFRPHV

�Y  E " WUXH � �< �Y��� 3�Y��

7KLV LV VROYHG E\ VHFRQG�RUGHU XQLnFDWLRQ� WDNLQJ

3  wY���Y  E" WUXH � �< �Y�� B =Y��

7KH QH[W JRDO LV �3�F�� 7KDW LV� DIWHU D EHWD UHGXFWLRQ�

���F  E " WUXH � �< �F�� B =�F����

1RZ ZH FDQ DSSO\ D VLPSOLnFDWLRQ UXOH XVLQJ WKH D[LRP F � E� UHGXFLQJ WKH
FDVHV WHUP WR �< �]� DQG KHQFH WKH ZKROH JRDO WR ���< �F�B=�F��� 8VLQJ UHZULWH
UXOHV DSSURSULDWH WR FODVVLFDO ORJLF ZH VLPSOLI\ WKLV WR < �]�A�=�F�� 6SOLWWLQJ WKH
FRQMXQFWLRQ LQWR WZR VXEJRDOV� WKH nUVW RQH WR EH SURYHG LV < �F�� 7KLV LV VROYHG
E\ VHFRQG�RUGHU XQLnFDWLRQ� WDNLQJ

<  wX��X  F" DE�E� � $�X��

ZKHUH $ LV D QHZ PHWDYDULDEOH� <RX PLJKW WKLQN ZH VKRXOG JHW WUXH LQ SODFH RI
DE�E� LQ WKH YDOXH RI < � EXW ZKHQ WKH SURYHU KDV WR SURYH D JRDO RI WKH IRUP < �F��
LW GRHV QRW WU\ WR XQLI\ < �F� ZLWK WUXH� EXW UDWKHU ZLWK RQH RI WKH DVVXPSWLRQV
�IRUPXODV LQ WKH DQWHFHGHQW�� ,W WULHV WKH PRVW UHFHQWO\�DGGHG RQHV nUVW� DQG LW
nQGV DE�E� WKHUH� ZKLFK H[SODLQV WKH YDOXH JLYHQ IRU < �
7KH VHFRQG JRDO LV �=�F�� 7KHQ =�F� LV DVVXPHG� OHDGLQJ WR D JRDO =�F��IDOVH�

8QLI\LQJ =�F� ZLWK IDOVH JLYHV = WKH YDOXH

=  wU��U  F " 2Q�F� � %�U���

ZKHUH% LV D QHZ PHWDYDULDEOH� $JDLQ� \RX PLJKW H[SHFW IDOVH WR RFFXU LQ SODFH RI
2Q�F� LQ WKH YDOXH RI =� EXW WKH SURYHU nQGV WKH YDOXH JLYHQ� ZKLFK LV HTXLYDOHQW
VLQFH �2Q�F� LV DQ D[LRP�
$W WKLV SRLQW� WKH YDOXHV RI 3 KDV EHFRPH

3  wY��Y  E " WUXH � ��Y  F" WUXH � $�]�

ZKLFK VLPSOLnHV WR

3  wY��Y  E " WUXH � Y  F " 2Q�F� � �$�]��

7KH YDOXH RI 4 LV QRZ JLYHQ E\

4  w\��\  E " IDOVH � �wX��X  F " DE�E� � $�X���\�

ZKLFK UHGXFHV WR

4  w\��\  E " IDOVH � \  F " DE�E� � $�\��
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7KH QH[W JRDO LV 4 � DE� WKDW LV �]�4�]�� DE�]��� )L[LQJ ]� WKH JRDO LV 4�]��
DE�]�� 8VLQJ WKH *HQW]HQ UXOH IRU LQWURGXFLQJ � RQ WKH ULJKW� DQG ZULWLQJ RXW
WKH FXUUHQW YDOXH RI 4� RXU JRDO LV WKH VHTXHQW

]  E " IDOVH � ]  F " D�E� �: �[��DE�[��

7KLV LV SURYHG E\ FDVHV� VSHFLnFDOO\ E\ WKH FDVHV�OHIW UXOH�
&DVH �� ]  E� 7KH JRDO UHGXFHV WR IDOVH� DE�]� ZKLFK LV LPPHGLDWH�

&DVH �� ]� E DQG ]  F� 7KHQ 4�D� UHGXFHV WR

]  F A ]� E A DE�E�

VR WKH JRDO EHFRPHV
]  F� ]� E� DE�E��DE�]��

7KH KXPDQ FDQ QRWH WKDW DE�F� IROORZV IURP �[��DE�[�� 2Q�[�� DQG �2Q�F��
DQG IURP DE�F� WKH JRDO IROORZV TXLFNO\� 7KLV LV D UHODWLYHO\ VLPSOH SUREOHP LQ
nUVW�RUGHU ORJLF ZLWK HTXDOLW\� WKH GLpFXOWLHV RI ZKLFK DUH LUUHOHYDQW WR FLUFXP�
VFULSWLRQ DQG VHFRQG�RUGHU ORJLF� :HLHUVWUDVV LV DEOH WR SURYH WKH JRDO�
&DVH �� ]� E DQG ]� F� 7KHQ 4�]� UHGXFHV WR : �]�� VR WKH JRDO EHFRPHV

: �]��DE�]��

7KLV JRDO LV SURYHG E\ LQVWDQWLDWLQJ WKH PHWDYDULDEOH : �

:  w]��DE�]� B 7 �]��

ZKHUH 7 LV D QHZ PHWDYDULDEOH� 7KH nQDO YDOXHV RI 3 DQG 4 DUH WKXV

3  wY��Y  E " WUXH � Y  F " 2Q�F� � ��DE�Y� A �7 �Y���

4  w\��\  E " IDOVH � \  F " D�E� � �DE�\� B 7 �\���

7R DFKLHYH WKH VWDWHG JRDO 2Q�E�� WKH SURYHU KDV RQO\ QHHGHG WR GHGXFH WKDW E
LV QRW DEQRUPDO� 8QOLNH WKH KXPDQ� LW KDV QRW JRQH DKHDG WR GHGXFH DQ\WKLQJ
DERXW RWKHU REMHFWV WKDQ D DQG E^ WKH XQLQVWDQWLDWHG PHWDYDULDEOH 7 UHPDLQV DV
?XQGHWHUPLQHG�� 2I FRXUVH� WKH FRQVWDQW E PLJKW DV ZHOO KDYH EHHQ D YDULDEOH�
WKH SURYHU FDQ SURYH �[�[� D� 2Q�[�� MXVW DV ZHOO DV LW FDQ SURYH 2Q�E�� %XW
WKDW SURRI� OLNH WKH RQH DERYH� ZLOO VWLOO XVH LQVWDQWLDWLRQV RI 3 DQG 4 LQYROYLQJ
IUHH PHWDYDULDEOHV�

� 7KH DXWRPDWLFDOO\�SURGXFHG SURRI

+HUH ZH SUHVHQW WKH SURRI DV SURGXFHG �DQG W\SHVHW� E\ RXU SURYHU� ,Q WKLV SURRI�
D�[� VWDQGV IRU DE�[�� PHDQLQJ ?[ LV DEQRUPDO�� 2Q�[�� PHDQLQJ ?[ LV RQ WKH
WDEOH�� LV UHSUHVHQWHG E\ R�[��

7KH JRDO LV R�E�
7U\LQJ ��D�;��
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$VVXPLQJ D�;�
7U\LQJ IRU D FRQWUDGLFWLRQ
7U\LQJ OHIW�DUURZ
$VVXPH

�Z�D�Z�� DS�4�Z��

6WLOO WU\LQJ IDOVH
WU\LQJ VHFRQG�RUGHU XQLnFDWLRQ �FODXVH �� RQ

DS�4�: �  IDOVH

7KH PHWDYDULDEOH JHWV WKH YDOXH

4  w\�

�
IDOVH LI \  :

DS�<� \� RZ

7U\LQJ D�: �
$KD� ZH KDYH D�: �
6XFFHVV

6XFFHVV
'LVFKDUJLQJ

�Z�D�Z�� DS�4�Z��

7U\LQJ

�Y���DS�4� Y��� DS�3� Y�����DS�3� F����]�DS�4� ]�� D�]��

7U\LQJ
�Y���DS�4� Y��� DS�3� Y��

7U\LQJ
��DS�4�Y��� DS�3� Y�

7KDW UHGXFHV WR��
WUXH LI Y  E

��DS�<� Y�� RZ
� DS�3� Y�

$VVXPLQJ�
WUXH LI Y  E

��DS�<� Y�� RZ
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7U\LQJ DS�3� Y�
WU\LQJ VHFRQG�RUGHU XQLnFDWLRQ �FODXVH �� RQ

DS�3� Y�  

�
WUXH LI Y  E

��DS�<� Y�� RZ

7KH PHWDYDULDEOH JHWV WKH YDOXH

3  wY�B

�!!!!�
�

WUXH LI Y  E

��DS�<� Y�� RZ
�DS�=� Y�

�!!!!�
$KD� ZH KDYH DS�3� Y�
6XFFHVV
'LVFKDUJLQJ

6XFFHVV
6XFFHVV
7U\LQJ

��B���DS�<� F��� DS�=� F���

&ODVVLFDOO\� LW ZRXOG VXpFH WR SURYH�

DS�<� F����DS�=� F��

7U\LQJ DS�<� F�
WU\LQJ VHFRQG�RUGHU XQLnFDWLRQ �FODXVH �� RQ

DS�<� F�  D�;�

7KH PHWDYDULDEOH JHWV WKH YDOXH

<  wX�

�
D�E� LI X  F

DS�$� X� RZ

$KD� ZH KDYH DS�<� F�
6XFFHVV
7U\LQJ ��DS�=� F��
WU\LQJ VHFRQG�RUGHU XQLnFDWLRQ �FODXVH �� RQ DS�=� F�  R�F�
7KH PHWDYDULDEOH JHWV WKH YDOXH

=  wU�

�
R�F� LI U  F

DS�%� U� RZ
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$KD� ZH KDYH ��DS�=� F��
6XFFHVV

7KDW ZDV WKH ODVW FRQMXQFW� VR WKH FRQMXQFWLRQ LV SURYHG�
6XFFHVV
7U\LQJ

�]

t
DS�w\�

� IDOVH LI \  E

DS�wX�

�
D�E� LI X  F

DS�$� X� RZ
� \� RZ

� ]�� D�]�

u

7U\LQJ

DS�w\�

� IDOVH LI \  E

DS�wX�

�
D�E� LI X  F

DS�$� X� RZ
� \� RZ

� ]�� D�]�

7KDW UHGXFHV WR��
IDOVH LI ]  E

D�E� LI ]  F

DS�$�]� RZ
� D�]�

$VVXPLQJ

�
IDOVH LI ]  E

D�E� LI ]  F

DS�$�]� RZ

7U\LQJ D�]�
7U\LQJ OHIW�DUURZ
$VVXPH

�Z�D�Z�� DS�'�Z��

6WLOO WU\LQJ D�]�
)DLOXUH
'LVFKDUJLQJ
'LVFKDUJLQJ

3URFHHG E\ FDVHV�
&DVH ��]  E

7KHQ ZH KDYH IDOVH
7U\LQJ D�]�
7KDW FDVH FDQQRW RFFXU
&DVH VXFFHHGHG
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&DVH ��]  F

7KHQ ZH KDYH D�E�

7U\LQJ D�]�

7U\LQJ OHIW�DUURZ

$VVXPH

�Z�D�Z�� DS�'�Z��

6WLOO WU\LQJ D�]�

)DLOXUH

'LVFKDUJLQJ

'LVFKDUJLQJ

7U\LQJ SURRI E\ FRQWUDGLFWLRQ RI D�]�

$VVXPH ��D�]��

%\ D[LRP F�� LW ZRXOG VXpFH WR SURYH ��D�&��

7U\LQJ ��D�&��

$KD� ZH KDYH ��D�&��

6XFFHVV

&DVH VXFFHHGHG

&DVH ��RWKHUZLVH

7U\LQJ D�]�

WU\LQJ VHFRQG�RUGHU XQLnFDWLRQ �FODXVH �� RQ

DS�$� ]�  D�]�

7KH PHWDYDULDEOH JHWV WKH YDOXH

$  w]�B�D�]�� DS�'� ]��

$KD� ZH KDYH D�]�

&DVH VXFFHHGHG

3URRI E\ FDVHV VXFFHHGHG

6XFFHVV

'LVFKDUJLQJ

6XFFHVV

6XFFHVV

7KDW ZDV WKH ODVW FRQMXQFW� VR WKH FRQMXQFWLRQ LV SURYHG�

6XFFHVV

6XFFHVV

6XFFHVV

6XFFHVV� 7KDW FRPSOHWHV WKH SURRI�
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5HIHUHQFHV

�� %HHVRQ� 0�� )RXQGDWLRQV RI &RQVWUXFWLYH 0DWKHPDWLFV� 6SULQJHU�9HUODJ� %HUOLQ�
+HLGHOEHUJ� 1HZ <RUN �������

�� %HHVRQ� 0�� 8QLnFDWLRQ LQ /DPEGD &DOFXOXV ZLWK LI�WKHQ�HOVH� LQ� .LUFKQHU� &��
DQG .LUFKQHU� +� �HGV��� $XWRPDWHG 'HGXFWLRQ�&$'(���� ��WK ,QWHUQDWLRQDO &RQ�

IHUHQFH RQ $XWRPDWHG 'HGXFWLRQ� /LQGDX� *HUPDQ\� -XO\ ���� 3URFHHGLQJV� SS�
������� /HFWXUH 1RWHV LQ $UWLnFLDO ,QWHOOLJHQFH ����� 6SULQJHU�9HUODJ �������

�� %HHVRQ� 0�� $XWRPDWLF JHQHUDWLRQ RI HSVLORQ�GHOWD SURRIV RI FRQWLQXLW\� LQ� &DOPHW�
-DFTXHV� DQG 3OD]D� -DQ �HGV�� $UWLnFLDO ,QWHOOLJHQFH DQG 6\PEROLF &RPSXWDWLRQ�

,QWHUQDWLRQDO &RQIHUHQFH $,6&���� 3ODWWVEXUJK� 1HZ <RUN� 86$� 6HSWHPEHU ����

3URFHHGLQJV� SS� ������ 6SULQJHU�9HUODJ �������
�� %HHVRQ� 0�� $XWRPDWLF JHQHUDWLRQ RI D SURRI RI WKH LUUDWLRQDOLW\ RI H� LQ $UPDQGR�

$�� DQG -HEHOHDQ� 7� �HGV��� 3URFHHGLQJV RI WKH &DOFXOXPXV :RUNVKRS� ����� (OHF�
WURQLF 1RWHV LQ 7KHRUHWLFDO &RPSXWHU 6FLHQFH �� �� ����� (OVHYLHU� $YDLODEOH DW
KWWS���ZZZ�HOVHYLHU�QO�ORFDWH�HQWFV� 7KLV SDSHU KDV DOVR EHHQ DFFHSWHG IRU SXEOL�
FDWLRQ LQ D VSHFLDO LVVXH RI -RXUQDO RI 6\PEROLF &RPSXWDWLRQ ZKLFK VKRXOG DSSHDU
LQ WKH YHU\ QHDU IXWXUH�

�� %HHVRQ� 0�� 6RPH DSSOLFDWLRQV RI *HQW]HQ
V SURRI WKHRU\ WR DXWRPDWHG GHGXFWLRQ�
LQ 3� 6FKURHGHU�+HLVWHU �HG��� ([WHQVLRQV RI /RJLF 3URJUDPPLQJ� /HFWXUH 1RWHV LQ
&RPSXWHU 6FLHQFH ��� �������� 6SULQJHU�9HUODJ �������

�� 'RKHUW\� 3�� /XNDV]HZLF]� :�� $QG 6]DODV� $�� &RPSXWLQJ FLUFXPVFULSWLRQ UHYLV�
LWHG� D UHGXFWLRQ DOJRULWKP� -� $XWRPDWHG 5HDVRQLQJ ��� ������� �������

�� *LQVEHUJ� 0� /�� $ FLUFXPVFULSWLYH WKHRUHP SURYHU� $UWLnFLDO ,QWHOOLJHQFH �� SS�
�������� �����

�� ,QWURGXFWLRQ WR 0HWDPDWKHWLFV� YDQ 1RVWUDQG� 3ULQFHWRQ� 1�-� �������
�� /LIVFKLW]� 9�� &RPSXWLQJ FLUFXPVFULSWLRQ� LQ� 3URFHHGLQJV RI WKH �WK ,QWHUQDWLRQDO

-RLQW &RQIHUHQFH RQ $UWLnFLDO ,QWHOOLJHQFH� YROXPH �� SDJHV �������� �����
��� 0F&DUWK\� -�� &LUFXPVFULSWLRQ� D IRUP RI QRQ�PRQRWRQLF UHDVRQLQJ� $UWLnFLDO ,Q�

WHOOLJHQFH� �� ������ SS� ������ �����
��� 3U]\PXVLQVNL� 7�� $Q DOJRULWKP WR FRPSXWH FLUFXPVFULSWLRQ� $UWLnFLDO ,QWHOOLJHQFH�

��� SS� ������ �����


