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$EVWUDFW

:H GHULYH UHODWLRQ EHWZHHQ D TXDQWXP FKDQQHO
V FDSDFLW\ WR FRQYH\ FODVVLFDO LQIRU�
PDWLRQ DQG LWV DELOLW\ WR FRQYH\ TXDQWXP LQIRUPDWLRQ� :H DOVR VKRZ WKDW WKHVH
SURSHUWLHV RI D TXDQWXP FKDQQHO DUH UHODWHG WR WKH FKDQQHO
V DELOLW\ WR FRQYH\ TXDQ�
WXP FRKHUHQW LQIRUPDWLRQ�

,� ,QWURGXFWLRQ

$ TXDQWXP FRPPXQLFDWLRQ FKDQQHO FDQ EH XVHG WR SHUIRUP D YDULHW\ RI WDVNV�
LQFOXGLQJ�

�� &RQYH\LQJ FODVVLFDO LQIRUPDWLRQ IURP D VHQGHU WR D UHFHLYHU�

�� &RQYH\LQJ TXDQWXP LQIRUPDWLRQ �LQFOXGLQJ TXDQWXP HQWDQJOHPHQW� IURP D VHQGHU
WR D UHFHLYHU�

(DFK RI WKHVH WDVNV FDQ EH SHUIRUPHG LQ WKH SUHVHQFH RI QRLVH� ,QGHHG� LQ TXDQ�
WXP FU\SWRJUDSK\ WKH QRLVH LV RI FHQWUDO LPSRUWDQFH LQ UHYHDOLQJ WKH DFWLYLW\ RI DQ
HDYHVGURSSHU�

$ FHQWUDO FRQFHUQ LQ WKH DQDO\VLV RI DQ\ QRLV\ FRPPXQLFDWLRQV FKDQQHO LV WKH
FKDQQHO
V FDSDFLW\� WKH PD[LPXP UDWH DW ZKLFK LQIRUPDWLRQ �FODVVLFDO RU TXDQWXP�
FDQ EH UHOLDEO\ WUDQVPLWWHG WKURXJK WKH FKDQQHO� :KHQ ZH XVH TXDQWXP V\VWHPV WR
FRQYH\ LQIRUPDWLRQ ZH FRQIURQW FRQFHUQV ZKLFK DUH QRW SUHVHQW LQ FODVVLFDO FKDQQHOV�
$ FKLHI FRQFHUQ LV WKH PHDVXUHPHQW SHUIRUPHG E\ WKH UHFHLYHU LQ RUGHU WR H[WUDFW WKH
LQIRUPDWLRQ�

0HDVXUHPHQW RI WKH UHFHLYHG PHVVDJH LV QRW SDUWLFXODU WR TXDQWXP FKDQQHOV� D
UHFHLYHU XVLQJ D FODVVLFDO FKDQQHO PXVW DOVR PHDVXUH WKH UHFHLYHG PHVVDJH� &RXQWLQJ
WKH QXPEHUV RI GRWV DQG GDVKHV LQ D 0RUVH FRGHZRUG LV D PHDVXUHPHQW� :KDW LV D
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SDUWLFXODU FRQFHUQ IRU WKH XVHU RI D TXDQWXP FKDQQHO LV WKDW D PHDVXUHPHQW UHVXOW
PD\ EH DPELJXRXV HYHQ LI WKH TXDQWXP FKDQQHO LV QRLVHOHVV� )RU H[DPSOH� DVVXPH
WKDW $OLFH� WKH VHQGHU DQG %RE� WKH UHFHLYHU� DJUHH WR XVH YHUWLFDOO\ SRODUL]HG SKRWRQV
WR UHSUHVHQWV D ?�� DQG KRUL]RQWDOO\ SRODUL]HG SKRWRQV WR UHSUHVHQW D ?��� :H DOVR
DVVXPH WKDW %RE PHDVXUHV IRU SKRWRQV SRODUL]HG DORQJ DQ D[LV WKDW LV �� GHJUHHV
IURP KRUL]RQWDO� 4XDQWXP PHFKDQLFV WHOOV XV WKDW� LQ WKLV FDVH� %RE FRXOG QRW WHOO
LI $OLFH VHQW D ?�� RU D ?��� 7KLV LV WUXH HYHQ LI $OLFH
V SKRWRQ UHDFKHV %RE ZLWKRXW
DQW GLVWRUWLRQ LQ LWV DQJOH RI SRODUL]DWLRQ� 2QH PLJKW REMHFW �TXLWH ULJKWIXOO\ LQ WKLV
FDVH� WKDW $OLFH DQG %RE VHWWOHG RQ D SDUWLFXODUO\ VLOO\ PHDVXUHPHQW WR XVH LQ UHDGLQJ
WKH VLJQDOV� ,I WKH OHWWHU VWDWHV �SKRWRQ SRODUL]DWLRQV KHUH� DUH QRW RUWKRJRQDO WKHQ
WKHUH LV QR PHDVXUHPHQW %RE FDQ SHUIRUP WKDW ZLOO SHUIHFWO\ GLVWLQJXLVK WKHP� 7KLV
LV D nUVW GLmHUHQFH EHWZHHQ FODVVLFDO DQG TXDQWXP FKDQQHOV� PHDVXUHPHQWV DUH� LQ
JHQHUDO� DPELJXRXV� HYHQ LI QR QRLVH LV SUHVHQW�

2QH PLJKW VXJJHVW WKDW LI %RE FDQQRW XVH D VLQJOH PHDVXUHPHQW WR GHFRGH $OLFH
V
VLJQDO WKHQ %RE VKRXOG SHUIRUP VHYHUDO PHDVXUHPHQWV RQ HDFK SKRWRQ� 4XDQWXP
PHFKDQLFV SUHYHQWV LPSOHPHQWDWLRQ RI VXFK D VFKHPH� D PHDVXUHPHQW RI D TXDQWXP
V\VWHP IXQGDPHQWDOO\ FKDQJHV WKH SURSHUWLHV RI WKDW V\VWHP� :H UHWXUQ WR RXU H[DP�
SOH ZKHUH $OLFH DQG %RE XVHG YHUWLFDO DQG KRUL]RQWDO SRODUL]DWLRQV DQG D PHDVXUHPHQW
DW �� GHJUHHV� $IWHU %RE KDV PHDVXUHG D JLYHQ SKRWRQ� LW LV WKH LQ D SXUH VWDWH RI ��
GHJUHH SRODUL]DWLRQ� 7KDW LV� LI D VHFRQG SRODUL]HU LV VHW XS LPPHGLDWHO\ DIWHU WKH nUVW
ZLWK WKH VDPH ��� GHJUHH� SRODUL]DWLRQ WKHQ WKH SKRWRQ ZLOO SDVV LW ZLWK FHUWDLQW\�
,I WKH SRODUL]HU LV VHW DW DQ\ RWKHU DQJOH� WKHQ WKHUH LV D QRQ]HUR FKDQFH WKDW WKH
SDUWLFOH ZLOO QRW SDVV� ,QGHHG� HYHQ LI $OLFH GLVSDWFKHV WKH SKRWRQ ZLWK YHUWLFDO SR�
ODUL]DWLRQ DQG LI LW SDVVHV %RE
V nUVW SRODUL]HU� LW ZLOO WKHQ KDYH RQO\ D ��� FKDQFH RI
SDVVLQJ D VXEVHTXHQW YHUWLFDO SRODUL]HU� 7KLV LV D VHFRQG GLmHUHQFH EHWZHHQ FODVVLFDO
DQG TXDQWXP FKDQQHOV� PHDVXUHPHQWV RI WKH UHFHLYHG VLJQDOV IXQGDPHQWDOO\ FKDQJH
WKH VLJQDO�

2QH PLJKW IXUWKHU VXJJHVW WKDW LI %RE
V PHDVXUHPHQWV FKDQJH WKH VWDWH RI WKH
WUDQVPLWWHG V\VWHPV� WKHQ %RE VKRXOG PDNH VHYHUDO FRSLHV RI HDFK VLJQDO VWDWH� +H
FRXOG WKH SHUIRUP D VLQJOH PHDVXUHPHQW RQ HDFK FRS\ DQG WKHUHE\ H[WUDFW $OLFH
V
PHVVDJH� 2QFH DJDLQ� TXDQWXP PHFKDQLFV SUHYHQWV VXFK D VROXWLRQ� 7KH SUREOHP
KHUH LV WKDW JHQHUDO TXDQWXP VWDWHV FDQ QRW EH SHUIHFWO\ FRSLHG� 7KLV LV WKH FRQWHQW
RI WKH QR�FORQLQJ WKHRUHP RI :RRWWHUV DQG =XUHN >�@� 7KLV LV D WKLUG GLmHUHQFH EHWZHHQ
TXDQWXP DQG FODVVLFDO FKDQQHOV� TXDQWXP VWDWHV FDQQRW EH FORQHG�

,W VKRXOG EH QRWHG WKDW WKH QR�FORQLQJ WKHRUHP GRHV QRW LPSO\ WKDW $OLFH FDQ QRW
PDNH PXOWLSOH FRSLHV RI WKH VWDWHV VKH LV VHQGLQJ� $OO WKDW VKH QHHGV WR GR LV SUHSDUH
PXOWLSOH V\VWHPV LQ WKH VDPH ZD\� WKLV LV QRW FORQLQJ� ,I $OLFH DQG %RE GHFLGH WR GR
WKLV WR LQFUHDVH WKH UHOLDELOLW\ RI WKHLU FKDQQHO LW ZRXOG GHFUHDVH WKH FDSDFLW\ RI WKH
FKDQQHO� 7KLV LV EHFDXVH FDSDFLW\ LV WKH UDWH DW ZKLFK LQIRUPDWLRQ LV WUDQVPLWWHG SHU
OHWWHU VWDWH� ,I $OLFH VHQG PRUH OHWWHU VWDWHV� WKH FDSDFLW\ RI WKH FKDQQHO LV UHGXFHG�
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*LYHQ ZKDW KDV EHHQ VDLG WR WKLV SRLQW� RQH PLJKW FRQFOXGH WKDW HYHQ nQGLQJ WKH
FODVVLFDO FDSDFLW\ RI D TXDQWXP FKDQQHO LV SUREOHPDWLF DW EHVW� ,Q IDFW� ZH GR NQRZ
WKH FODVVLFDO FDSDFLW\� HYHQ IRU QRLV\ TXDQWXP FKDQQHOV� 7KLV UHVXOW LV SUHVHQWHG LQ
6HFWLRQ ,,�

7R WKLV SRLQW� ZH KDYH EHHQ FRQFHUQHG ZLWK WKH FODVVLFDO FDSDFLW\ RI D TXDQWXP
FKDQQHO� 2QH FDQ DOVR DQDO\]H WKH TXDQWXP FDSDFLW\ RI D TXDQWXP FRPPXQLFDWLRQV
FKDQQHO� 7KLV LV WKH DELOLW\ RI WKH FKDQQHO WR IDLWKIXOO\ WUDQVPLW D TXDQWXP VWDWH IURP
RQH V\VWHP WR DQRWKHU� 7KH FDSDFLW\ RI D QRLVHOHVV TXDQWXP FKDQQHO LV NQRZQ >��@
EXW WKH FDVH RI WKH QRLV\ FKDQQHO LV VWLOO XQGHU DQDO\VLV HYHQ WKRXJK VRPH SURJUHVV KDV
EHHQ PDGH >��@� 6HFWLRQ ,,, SUHVHQWV WKH FRQFHSW RI FRKHUHQW TXDQWXP LQIRUPDWLRQ
>��@ DQG VRPH RI LWV SURSHUWLHV� 6HFWLRQ ,,, FRQFOXGHV ZLWK DQ DQO\VLV VKRZLQJ WKH UH�
ODWLRQ EHWZHHQ WKH FODVVLFDO FDSDFLW\ RI D FKDQQHO� WKH FRKHUHQW LQIRUPDWLRQ FRQYH\HG
E\ WKDW FKDQQHO DQG WKH TXDQWXP FDSDFLW\ RI WKH FKDQQHO�

,,� &ODVVLFDO FDSDFLW\ RI D QRLV\ TXDQWXP FKDQQHO

6XSSRVH $OLFH ZLVKHV WR FRQYH\ FODVVLFDO LQIRUPDWLRQ WR %RE E\ XVLQJ D TXDQWXP
V\VWHP 4 DV D FRPPXQLFDWLRQ FKDQQHO� $OLFH SUHSDUHV WKH FKDQQHO LQ RQH RI YDULRXV
TXDQWXP VWDWHV :[ ZLWK D SULRUL SUREDELOLWLHV S[� %RE PDNHV D PHDVXUHPHQW RQ
WKH V\VWHP 4� DQG IURP LWV UHVXOW KH WULHV WR LQIHU ZKLFK VWDWH $OLFH SUHSDUHG� $
WKHRUHP VWDWHG E\ *RUGRQ >�@ DQG /HYLWLQ >�@� nUVW SURYHG E\ .KROHYR >�@� JLYHV DQ
XSSHU ERXQG WR WKH DPRXQW RI LQIRUPDWLRQ WKDW %RE FDQ REWDLQ DERXW $OLFH
V VLJQDO�
,I :  

3
[ S[:[ LV WKH GHQVLW\ RSHUDWRU GHVFULELQJ WKH HQVHPEOH RI $OLFH
V VLJQDOV�

WKHQ WKH PXWXDO LQIRUPDWLRQ +�; � < � EHWZHHQ $OLFH
V LQSXW ; DQG %RE
V RXWSXW <
LV ERXQGHG E\

+�; � < � � +�: �b
;
[

S[+�:[�� ���

ZKHUH +�: �  b7U: ORJ: � WKH YRQ 1HXPDQQ HQWURS\ RI WKH GHQVLW\ RSHUDWRU : �
7KH XSSHU ERXQG LQ (TXDWLRQ � LV LQ JHQHUDO D ZHDN RQH� LQ WKDW %RE PD\ QRW EH DEOH
WR FKRRVH DQ REVHUYDEOH WKDW JLYHV KLP DQ DPRXQW RI LQIRUPDWLRQ QHDU WR WKH XSSHU
ERXQG >�@�

6XSSRVH WKDW $OLFH HPSOR\V VLJQDO VWDWHV:[ WKDW DUH PL[HG VWDWHV� 7KHQ FDQ $OLFH
DQG %RE nQG D FKRLFH RI FRGH DQG GHFRGLQJ REVHUYDEOH VR WKDW WKH JHQHUDO /HYLWLQ �
.KROHYR ERXQG �(TXDWLRQ �� FDQ EH DSSURDFKHG DUELWUDULO\ FORVHO\" ,Q WKLV SDSHU� ZH
VKRZ WKDW WKH DQVZHU WR WKLV TXHVWLRQ LV ?\HV�� 7KDW LV� ZH SURYH WKH IROORZLQJ UHVXOW�

7KHRUHP� 6XSSRVH ZH KDYH OHWWHU VWDWHV :[ ZLWK D SULRUL SUREDELOL�
WLHV S[� DQG OHW

�  +�: �b
;
[

S[+�:[��
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)L[ q� p ! �� 7KHQ IRU VXpFLHQWO\ ODUJH /� WKHUH H[LVW D FRGH �ZKRVH
FRGHZRUGV DUH VWULQJV RI / OHWWHUV� DQG D GHFRGLQJ REVHUYDEOH VXFK WKDW
WKH LQIRUPDWLRQ FDUULHG SHU OHWWHU LV DW OHDVW �b p DQG WKH SUREDELOLW\ RI
HUURU 3( � q�

7KH SURRI HPSOR\V DQ DYHUDJH RYHU UDQGRPO\ JHQHUDWHG FRGHV WR HVWDEOLVK WKH
H[LVWHQFH RI D VDWLVIDFWRU\ FRGH� �,I WKH DYHUDJH SUREDELOLW\ RI HUURU LV VPDOO IRU DQ
HQVHPEOH RI FRGHV� WKH HQVHPEOH PXVW FRQWDLQ VSHFLnF FRGHV ZLWK VPDOO SUREDELOLW\ RI
HUURU�� :H DOVR XVH D VLPLODU SUHVFULSWLRQ IRU %RE
V GHFRGLQJ REVHUYDEOH� 7KH FKLHI
UHnQHPHQW LQ WKH SURRI SUHVHQWHG KHUH LV WKH HQIRUFHPHQW RI VWURQJHU ?W\SLFDOLW\�
FRQGLWLRQV RQ YDULRXV TXDQWLWLHV DVVRFLDWHG ZLWK WKH FKDQQHO�

7KH PL[HG VWDWHV :[ PD\ EH WKRXJKW RI DV WKH RXWSXWV RI D QRLV\ TXDQWXP
FKDQQHO� 7KXV� RXU PDLQ UHVXOW ZLOO HQDEOH XV WR GUDZ FRQFOXVLRQV DERXW WKH FODVVLFDO
LQIRUPDWLRQ FDSDFLW\ RI D QRLV\ TXDQWXP FKDQQHO�

:H KDYH VKRZQ WKDW LW LV SRVVLEOH WR VHQG LQIRUPDWLRQ DW DQ\ UDWH XS WR � ELWV SHU
OHWWHU ZLWK DUELWUDULO\ ORZ SUREDELOLW\ RI HUURU� 7KH FDSDFLW\ RI D FKDQQHO LV GHnQHG
DV WKH PD[LPXP LQIRUPDWLRQ SHU OHWWHU WKDW PD\ EH VHQW WKURXJK WKH FKDQQHO ZLWK
3( DUELWUDULO\ VPDOO� 7KXV� � SURYLGHV D ORZHU ERXQG WR WKH FDSDFLW\ RI WKH TXDQWXP
FKDQQHO�

&ODVVLFDO LQIRUPDWLRQ WKHRU\ WRJHWKHU ZLWK WKH /HYLWLQ � .KROHYR 7KHRUHP DOVR
DOORZV XV WR XVH � WR HVWDEOLVK DQ XSSHU ERXQG IRU WKH FDSDFLW\ RI WKH FKDQQHO� 6XSSRVH
; UHSUHVHQWV $OLFH
V LQSXW DQG < UHSUHVHQWV %RE
V GHFRGLQJ PHDVXUHPHQW RXWFRPH�
7KHQ WKH )DQR LQHTXDOLW\ >��@ VWDWHV WKDW

b3( ORJ3( b ��b 3(� ORJ��b 3(� � 3( ORJ�1; b �� w +�;M< � ���

ZKHUH 3( LV WKH SUREDELOLW\ RI HUURU DQG 1; LV WKH QXPEHU RI SRVVLEOH YDOXHV RI ;�
+�;M< � LV WKH FRQGLWLRQDO 6KDQQRQ HQWURS\ RI ; JLYHQ <_WKDW LV� WKH HQWURS\ RI
WKH FRQGLWLRQDO GLVWULEXWLRQ S�[M\�� DYHUDJHG RYHU WKH YDULRXV YDOXHV RI \� ,W LV UHODWHG
WR WKH PXWXDO LQIRUPDWLRQ +�; � < � E\

+�;M< �  +�;�b+�; � < �� ���

,Q WKH FKDQQHO� $OLFH XVHV VRPH VLJQDO VWDWHV |D ZLWK SUREDELOLWLHV 3D� /HYLWLQ �
.KROHYR 7KHRUHP SODFHV DQ XSSHU ERXQG RQ WKH PXWXDO LQIRUPDWLRQ +�; � < ��

+�; � < � � +�|�b
;
D

3D+�|D��

�1RWH WKDW� LI WKH FKDQQHO XVHG E\ $OLFH DQG %RE FRQVLVWV RI / OHWWHUV XVHG LQGH�
SHQGHQWO\� WKHQ WKH /HYLWLQ � .KROHYR ERXQG LV MXVW /�� ZKHUH � LV WKH /HYLWLQ �
.KROHYR ERXQG IRU D VLQJOH OHWWHU�� ,I WKH $OLFH
V LQSXW ; KDV DQ HQWURS\ +�;� WKDW
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H[FHHGV +�|� b
3
D 3D+�|D�� WKHQ +�;M< � ! � DQG LW ZLOO QRW EH SRVVLEOH WR PDNH

WKH SUREDELOLW\ RI HUURU 3( DUELWUDULO\ VPDOO�

6XSSRVH ZH n[ DQ DOSKDEHW b  I:[J RI OHWWHU VWDWHV :[� DQG UHTXLUH WKDW $OLFH
XVH FRGHZRUGV D WKDW DUH OHQJWK�/ VWULQJV RI WKHVH OHWWHU VWDWHV� D  [� � � � [/� 7KHQ
WKH SUREDELOLW\ GLVWULEXWLRQ 3D \LHOGV PDUJLQDO SUREDELOLW\ GLVWULEXWLRQV S�[��� � � � � S�[/�
DQG DYHUDJH GHQVLW\ RSHUDWRUV :�� � � � �:/ IRU WKH / GLmHUHQW OHWWHUV� ,W IROORZV WKDW

+�|�b
;
D
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ZKHUH ZH KDYH XVHG WKH VXEDGGLWLYLW\ RI WKH HQWURS\ +�|�� :H PLJKW ZULWH WKLV DV

��/� � �� � c c c� �/ ���

ZKHUH ��/� UHSUHVHQWV WKH /HYLWLQ � .KROHYR ERXQG IRU WKH HQVHPEOH RI FRGHZRUGV RI
OHQJWK /� DQG ��� � � � � �/ UHSUHVHQW /HYLWLQ � .KROHYR ERXQGV IRU WKH LQGLYLGXDO OHWWHU
HQVHPEOHV�

:H GHnQH WKH n[HG�DOSKDEHW FDSDFLW\ &b WR EH

&b  VXS
S�[�

� ���

ZKHUH S�[� LV WKH SUREDELOLW\ GLVWULEXWLRQ RYHU WKH OHWWHUV VWDWHV LQ b DQG � LV WKH VLQJOH�
OHWWHU /HYLWLQ � .KROHYR ERXQG� 7KLV TXDQWLW\ UHSUHVHQWV WKH PD[LPXP LQIRUPDWLRQ
UDWH SHU OHWWHU WKDW $OLFH FDQ VHQG WR %RE ZLWK DUELWUDULO\ ORZ SUREDELOLW\ RI HUURU�

7KLV FODLP IROORZV GLUHFWO\ IURP RXU UHVXOWV VR IDU� 6XSSRVH $OLFH XVHV FRGHZRUGV
RI OHQJWK /� 7KHQ ��/� � /&b� DQG E\ WKH DERYH DUJXPHQW� LI $OLFH DWWHPSWV WR VHQG
PRUH WKDQ /&b ELWV XVLQJ WKHVH FRGHZRUGV WKHQ WKH SUREDELOLW\ RI HUURU ZLOO QRW EH
DUELWUDULO\ VPDOO� &RQYHUVHO\� ZH FDQ FKRRVH WKH OHWWHU SUREDELOLWLHV VR WKDW � LV DV
FORVH DV UHTXLUHG WR &b� DQG ZH KDYH SUHYLRXVO\ VKRZQ WKDW D VXLWDEOH FKRLFH RI FRGH
DQG GHFRGLQJ REVHUYDEOH FDQ FRQYH\ XS WR � ELWV SHU OHWWHU ZLWK DUELWUDULO\ ORZ 3(�
7KXV� WKH FDSDFLW\ &b FDQQRW EH H[FHHGHG EXW FDQ EH DSSURDFKHG DUELWUDULO\ FORVHO\�

7KH PL[HG VWDWHV :[ XVHG LQ RXU DOSKDEHW DUH WKH VWDWHV DYDLODEOH WR %RE IRU
GHFRGLQJ� 7KH\ PD\ LQ IDFW QRW EH WKH RULJLQDO VWDWHV RI WKH FKDQQHO4 FKRVHQ E\ $OLFH�
,Q WKH LQWHUYDO EHWZHHQ $OLFH
V HQFRGLQJ DQG %RE
V GHFRGLQJ� WKH V\VWHP 4 PD\ KDYH
XQGHUJRQH XQLWDU\ LQWHUQDO HYROXWLRQ �ZKLFK %RE FDQ FRUUHFW E\ D VXLWDEOH FKRLFH RI
?URWDWHG� GHFRGLQJ REVHUYDEOH� DQG LQWHUDFWLRQ ZLWK WKH H[WHUQDO HQYLURQPHQW �ZKLFK
%RE FDQQRW LQ JHQHUDO FRUUHFW��

7KH PRVW JHQHUDO GHVFULSWLRQ RI WKH HYROXWLRQ RI D TXDQWXP V\VWHP 4 LQWHUDFWLQJ
ZLWK DQ HQYLURQPHQW LV SURYLGHG E\ D WUDFH�SUHVHUYLQJ FRPSOHWHO\ SRVLWLYH OLQHDU PDS
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RQ WKH VHW RI GHQVLW\ RSHUDWRUV RI 4 >��@� 6XFK D PDS LV GHVFULEHG E\ D VXSHURSHUDWRU
( �

| b� |�  (�|�� ���

ZKHUH | LV WKH LQLWLDO VWDWH RI WKH V\VWHP DQG |� LV WKH nQDO VWDWH� 7KH VXSHURSHUDWRU (
DFWV OLQHDUO\� VR WKDW D FRQYH[ FRPELQDWLRQ RI LQSXW VWDWHV \LHOGV D FRQYH[ FRPELQDWLRQ
RI RXWSXW VWDWHV� 7KLV GHVFULSWLRQ FOHDUO\ LQFOXGHV XQLWDU\ HYROXWLRQ RI 4 DV D VSHFLDO
FDVH� EXW LW DOVR FDQ DFFRXQW IRU LQWHUDFWLRQ ZLWK WKH HQYLURQPHQW�

$ QRLV\ TXDQWXP FKDQQHO LV GHnQHG E\ D VXSHURSHUDWRU ( WKDW GHVFULEHV WKH HYR�
OXWLRQ RI HDFK OHWWHU DV LW LV WUDQVPLWWHG IURP $OLFH WR %RE� :H DVVXPH WKDW WKH
FKDQQHO LV PHPRU\OHVV_L�H�� WKDW WKH HYROXWLRQ RI HDFK OHWWHU LV LQGHSHQGHQW� 7KLV
PHDQV� DPRQJ RWKHU WKLQJV� WKDW D SURGXFW VWDWH RI VHYHUDO LQSXW OHWWHUV ZLOO HYROYH
LQWR D SURGXFW VWDWH RXWSXW�

$OLFH
V EDVLF SUREOHP LV WR XVH LQSXW VWDWHV Z[ VR WKDW WKH RXWSXW VWDWHV :[  
(�Z[� FDQ EH GLVWLQJXLVKHG E\ %RE� ,I $OLFH KDV D n[HG DOSKDEHW IZ[J RI LQSXW
VWDWHV� WKHQ WKH PD[LPXP DFKLHYDEOH LQIRUPDWLRQ UDWH SHU OHWWHU LV VWLOO JLYHQ E\ RXU
n[HG�DOSKDEHW FDSDFLW\ &b� ZKHUH b LV WKH DOSKDEHW RI RXWSXW VWDWHV�

1RZ VXSSRVH WKDW $OLFH LV DOORZHG WR FKRRVH KHU LQSXW VWDWHV LQ RUGHU WR PD[LPL]H
WKH LQIRUPDWLRQ FRQYH\HG WR %RE RYHU WKH QRLV\ TXDQWXP FKDQQHO� VXEMHFW WR WKH
FRQVWUDLQW WKDW $OLFH PXVW WUDQVPLW FRGHZRUGV ZKLFK DUH UHSUHVHQWHG E\ SURGXFW
VWDWHV RI WKH OHWWHUV� 7KLV DOPRVW UHGXFHV WR WKH n[HG�DOSKDEHW SUREOHP� ZKHUH WKH
n[HG DOSKDEHW b QRZ LQFOXGHV DOO RI WKH SRVVLEOH RXWSXW VWDWHV RI WKH FKDQQHO� 7KH
PD[LPXP RYHU SUREDELOLW\ GLVWULEXWLRQV LV QRZ D PD[LPXP RYHU DOO LQSXW HQVHPEOHV
RI VWDWHV FKRVHQ E\ $OLFH�

:H VD\ WKDW WKLV SUREOHP DOPRVW UHGXFHV WR WKH n[HG DOSKDEHW SUREOHP LQ WKDW
WKH DUJXPHQW WKDW � LV DQ XSSHU ERXQG RI WKH FDSDFLW\ PXVW EH PRGLnHG LQ WKLV FDVH�
5HFDOO IURP WKH SUHYLRXV VHFWLRQ WKDW ZH DSSOLHG WKH FODVVLFDO )DQR LQHTXDOLW\ WR VKRZ
WKDW LI $OLFH DWWHPSWV WR VHQG LQIRUPDWLRQ DW D UDWH H[FHHGLQJ � WKHQ WKH SUREDELOLW\
RI HUURU FDQQRW EH PDGH DUELWUDULO\ VPDOO� ,I ZH DWWHPSW WR XVH WKH VDPH DUJXPHQW
LQ WKH SUHVHQW FDVH WKHQ WKH )DQR LQHTXDOLW\ GRHV QRW KHOS XV IRU DW OHDVW WZR UHDVRQV�
)LUVW� WKH QXPEHU RI SRVVLEOH LQSXW VWDWHV 1[ LV XQERXQGHG� 6HFRQG� ZH GR QRW KDYH
D FKDUDFWHUL]DWLRQ RI +�;OLQH< � WKDW DOORZV XV WR FRPSDUH LW ZLWK 1[� 7KXV ZH ZLOO
PRGLI\ WKH )DQR LQHTXDOLW\ WR XQGHUVWDQG WKH EHKDYLRU RI WKH SUREDELOLW\ RI HUURU LQ
WKH SUHVHQW FDVH�

:H nUVW QRWH WKDW WKH SUREDELOLW\ RI ?JHWWLQJ LW ULJKW�
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LV OLQHDU LQ WKH HOHPHQWV RI WKH 320� 7KXV WKH SUREDELOLW\ RI HUURU� 3( LV D FRQYH[
IXQFWLRQ RQ WKH HOHPHQWV RI WKH 320� :H PD\ PRGLI\ WKH SURRI RI D UHVXOW RI 'DYLHV
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�7KHRUHP � RI >��@� WR VKRZ WKDW WKH FRQYH[ IXQFWLRQ 3( LV PLQLPL]HG E\ D 320
KDYLQJ QR PRUH WKDQ G� HOHPHQWV� ZKHUH G LV WKH GLPHQVLRQ RI WKH VXSSRUW RI WKH
320� 7KXV� WKH SUREDELOLW\ RI HUURU LV PLQLPL]HG E\ D GHFLVLRQ VFKHPH LQ ZKLFK DW
PRVW G� RI WKH LQSXWV DUH LGHQWLnHG E\ WKH GHFLVLRQ VFKHPH� /HW XV GHQRWH WKH RXWSXW
RI VXFK D VFKHPH E\ <PLQ� )DQR
V LQHTXDOLW\ JLYHV XV WKDW
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1RWH WKDW
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VR WKDW ZH FRQFOXGH
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1RWH WKDW WKLV LV D UHODWLRQ EHWZHHQ WKH PLQLPXP SUREDELOLW\ RI HUURU DQG D
TXDQWLW\ �+�;�b �� ZKLFK GRHV QRW GHSHQG RQ WKH SDUWLFXODU GHFLVLRQ VFKHPH� :H
VHH WKDW LI $OLFH DWWHPSWV WR VHQG LQIRUPDWLRQ DW D UDWH +�;� LQ H[FHVV RI � WKHQ WKH
SUREDELOLW\ RI HUURU FDQ QRW EH PDGH DUELWUDULO\ VPDOO�

:H QRZ WXUQ WR D GHPRQVWUDWLRQ WKDW WKLV UDWH FDQ EH DFKLHYHG� $OLFH ZLVKHV WR
FKRRVH D VHW RI LQSXW VWDWHV Z[ �WRJHWKHU ZLWK LQSXW SUREDELOLWLHV S[� VR WKDW � LV
PD[LPL]HG IRU WKH RXWSXW VWDWHV :[� :H QH[W VKRZ WKDW $OLFH FDQ GR QR EHWWHU WKDQ
FKRRVH WKH LQSXW VWDWHV Z[ WR EH SXUH� /HW D VHW RI �SRVVLEO\ PL[HG� LQSXW VWDWHV Z[
EH JLYHQ DORQJ ZLWK WKHLU D SULRUL SUREDELOLWLHV� DQG OHW
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EH WKH DYHUDJH RXWSXW VWDWH� 7KHQ
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&RQVWUXFW D QHZ VHW RI SXUH VWDWH LQSXWV E\ UHVROYLQJ HDFK PL[HG VWDWH LQSXW LQWR D
FRQYH[ FRPELQDWLRQ RI SXUH VWDWHV�
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VR WKDW WKH DYHUDJH RXWSXW VWDWH LV VWLOO : � DV EHIRUH� %\ WKH FRQYH[LW\ RI WKH YRQ
1HXPDQQ HQWURS\�
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,Q RWKHU ZRUGV� IRU DQ\ HQVHPEOH RI PL[HG LQSXW VWDWHV� ZH FDQ nQG DQ HQVHPEOH RI
SXUH LQSXW VWDWHV ZKRVH RXWSXW VWDWHV KDYH D � DW OHDVW DV JUHDW� 7KH RSWLPDO LQSXWV
IRU WKH QRLV\ TXDQWXP FKDQQHO DUH SXUH VWDWHV�

7R VXP XS� LI $OLFH LV UHTXLUHG WR XVH SURGXFW VWDWHV WR UHSUHVHQW KHU FRGHZRUGV�
WKHQ WKH FDSDFLW\ &��� RI WKH QRLV\ TXDQWXP FKDQQHO LV

&���  PD[� ����

ZKHUH � LV WKH /HYLWLQ � .KROHYR ERXQG IRU WKH RXWSXW VWDWHV RI WKH FKDQQHO� DQG WKH
PD[LPXP LV WDNHQ RYHU DOO HQVHPEOHV RI SXUH VWDWH LQSXWV� $OLFH FDQ UHOLDEO\ WUDQVPLW
LQIRUPDWLRQ WR %RE DW DQ\ UDWH EHORZ &���� :H ZLOO UHIHU WR &��� DV WKH SURGXFW VWDWH
FDSDFLW\� 7KH VXSHUVFULSW ��� UHPLQGV XV WKDW $OLFH LV UHTXLUHG WR XVH WKH PXOWLSOH
DYDLODEOH FRSLHV RI WKH FKDQQHO RQH DW D WLPH� FRGLQJ KHU PHVVDJHV LQWR SURGXFW VWDWHV�

,,,� &RKHUHQW TXDQWXP LQIRUPDWLRQ DQG TXDQWXP FDSDFLW\

7KH HQWURS\ H[FKDQJH 6H PHDVXUHV WKH DPRXQW RI LQIRUPDWLRQ WKDW LV H[FKDQJHG
EHWZHHQ WKH V\VWHP 4 DQG WKH HQYLURQPHQW ( GXULQJ WKHLU LQWHUDFWLRQ� ,I WKH HQYL�
URQPHQW LV LQLWLDOO\ LQ D SXUH VWDWH� WKH HQWURS\ H[FKDQJH LV MXVW WKH HQYLURQPHQW
V
HQWURS\ DIWHU WKH LQWHUDFWLRQ_L�H�� 6H  6�|(

�

�� ZKHUH |(
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LV WKH nQDO VWDWH RI (�
�7KH HQWURS\ KHUH LV MXVW WKH RUGLQDU\ YRQ 1HXPDQQ HQWURS\ RI D GHQVLW\ RSHUDWRU�
6�|�  b7U | ORJ |�� 7KH HQWURS\ H[FKDQJH LV HQWLUHO\ GHWHUPLQHG E\ WKH LQLWLDO VWDWH
|4 RI 4 DQG WKH FKDQQHO G\QDPLFV VXSHURSHUDWRU (4� WKDW LV� WKH HQWURS\ H[FKDQJH
LV D SURSHUW\ ?LQWULQVLF� WR 4 DQG LWV G\QDPLFV�

7KH FRKHUHQW LQIRUPDWLRQ ,H� LQWURGXFHG LQ >��@� LV JLYHQ E\

,H  6�|4
�
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7KH FRKHUHQW LQIRUPDWLRQ KDV PDQ\ SURSHUWLHV WKDW VXJJHVW LW DV WKH SURSHU PHDVXUH RI
WKH TXDQWXP LQIRUPDWLRQ FRQYH\HG IURP $OLFH WR %RE E\ WKH FKDQQHO� )RU H[DPSOH� ,H
FDQ QHYHU EH LQFUHDVHG E\ TXDQWXP GDWD SURFHVVLQJ SHUIRUPHG E\ %RE RQ WKH FKDQQHO
RXWSXW� DQG SHUIHFW TXDQWXP HUURU FRUUHFWLRQ RI WKH FKDQQHO RXWSXW LV SRVVLEOH IRU
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%RE LI DQG RQO\ LI QR FRKHUHQW LQIRUPDWLRQ LV ORVW LQ WKH FKDQQHO >��@� )LQDOO\� WKH
FRKHUHQW LQIRUPDWLRQ VHHPV WR EH UHODWHG WR WKH FDSDFLW\ RI D TXDQWXP FKDQQHO WR
FRQYH\ TXDQWXP VWDWHV ZLWK KLJK nGHOLW\ >��@�

$OLFH PLJKW EH XVLQJ WKH FKDQQHO WR VHQG FODVVLFDO LQIRUPDWLRQ WR %RE� $OLFH
SUHSDUHV 4 LQ RQH RI D VHW RI SRVVLEOH ?VLJQDO VWDWHV� |4N � ZKLFK DUH XVHG E\ $OLFH ZLWK
D SULRUL SUREDELOLWLHV SN� 7KH DYHUDJH VWDWH |

4 LV JLYHQ E\
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%RE UHFHLYHV WKH NWK VLJQDO DV |4
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DYHUDJH UHFHLYHG VWDWH LV
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%RE DWWHPSWV WR GHFRGH $OLFH
V PHVVDJH �WKDW LV� WR LGHQWLI\ ZKLFK VLJQDO VWDWH ZDV
FKRVHQ E\ $OLFH� E\ PHDVXULQJ VRPH GHFRGLQJ REVHUYDEOH RQ KLV UHFHLYHG V\VWHP 4��

7KH DPRXQW RI FODVVLFDO LQIRUPDWLRQ FRQYH\HG IURP $OLFH WR %RE� ZKLFK ZH ZLOO
GHQRWH +%RE� LV JRYHUQHG E\ WKH TXDQWLW\ �
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� GHnQHG E\
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7KLV TXDQWLW\ LV VLJQLnFDQW LQ WZR ZD\V�
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� UHJDUGOHVV RI WKH GHFRGLQJ REVHUYDEOH FKRVHQ >��� ��@�

q +%RE FDQ EH PDGH DV FORVH DV GHVLUHG WR WR �
4�

E\ D VXLWDEOH FKRLFH RI FRGH
DQG GHFRGLQJ REVHUYDEOH� 7R PDNH +%RE QHDU �

4�

� $OLFH PXVW LQ JHQHUDO XVH
WKH FKDQQHO PDQ\ WLPHV DQG HPSOR\ FRGH ZRUGV FRPSRVHG RI PDQ\ VLJQDOV� %RE
PXVW SHUIRUP KLV GHFRGLQJ PHDVXUHPHQW RQ HQWLUH FRGH ZRUGV� 7KH QHW UHVXOW LV
WKDW WKH FKDQQHO LV XVHG1 WLPHV WR VHQG XS WR 1�4
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ELWV RI FODVVLFDO LQIRUPDWLRQ
UHOLDEO\ >�@�

,Q VKRUW� �4
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UHSUHVHQWV DQ XSSHU ERXQG RQ WKH FODVVLFDO LQIRUPDWLRQ FRQYH\HG IURP
$OLFH WR %RE� DQ XSSHU ERXQG WKDW PD\ EH DSSURDFKHG DUELWUDULO\ FORVHO\ LI $OLFH DQG
%RE XVH WKH FKDQQHO HpFLHQWO\�

,I WKLV JHQHUDO SLFWXUH LV XVHG WR GHVFULEH D QRLV\ TXDQWXP FKDQQHO� WKHQ ZH QHHG
WR DFFRXQW IRU WKH LQIRUPDWLRQ WKDW LV SDVVHG WR WKH HQYLURQPHQW� 5HFDOO WKDW WKH
HYROXWLRQ VXSHURSHUDWRU (4 GHVFULEHV DOO RI WKH HmHFWV RI WKH FKDQQHO� RU� WR SXW LW
DQRWKHU ZD\� DOO RI SURSHUWLHV RI WKH OLQN EHWZHHQ $OLFH DQG %RE DUH FRQWDLQHG LQ WKH
LQWHUDFWLRQ RSHUDWRU 84(� 7KH LQIRUPDWLRQ SDVVHG WR WKH HQYLURQPHQW +( ZLOO EH
OLPLWHG E\
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$VVXPH WKDW WKH VWDWHV RI 4 LQLWLDOO\ SUHSDUHG E\ $OLFH DUH SXUH VWDWHV
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UHFDOO WKDW WKH HQYLURQPHQW ( FDQ EH SUHVXPHG WR EHJLQ LQ D SXUH VWDWH
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4 DQG ( LQWHUDFW XQLWDULO\� WKH MRLQW VWDWH
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ZLOO DOVR EH D

SXUH VWDWH� JHQHUDOO\ DQ HQWDQJOHG RQH� 7KH VXEV\VWHP VWDWHV� GHVFULEHG E\ GHQVLW\
RSHUDWRUV
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,W LV LQWHUHVWLQJ WR QRWH WKDW� DOWKRXJK ERWK �4
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GHSHQG RQ WKH FKRLFH
RI SXUH VWDWH LQSXWV IRU WKH FKDQQHO 4� WKH GLmHUHQFH �4
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GHSHQGV RQO\ RQ WKH
RYHUDOO GHQVLW\ RSHUDWRU |4 IRU WKH LQSXWV�

,Q LV VKRZQ LQ >��@ WKDW SHUIHFW HUURU FRUUHFWLRQ LV SRVVLEOH LI DQG RQO\ LI WKH FRKHUHQW
LQIRUPDWLRQ RI WKH FKDQQHO HTXDOV WKH HQWURS\ RI WKH LQSXW VWDWH� 7KH TXDQWLW\ 'H LV
GHnQHG >��@ DV IROORZV�
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:H FDQ WKXV VD\ WKDW SHUIHFW HUURU FRUUHFWLRQ LV SRVVLEOH LI DQG RQO\ LI 'H  ��

6XEWUDFWLQJ HDFK VLGH RI HTXDWLRQ ���� IURP WKH HQWURS\ RI WKH LQSXW VWDWH \LHOGV�
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5HFDOO WKDW �4 LV PD[LPL]HG ZKHQ $OLFH XVHV SXUH VWDWH WR HQFRGH KHU PHVVDJHV� ,Q
WKDW FDVH ZH KDYH �4  6�|4�� VR HTXDWLRQ ���� WDNHV WKH IRUP
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7KLV HTXDWLRQ LV TXLWH LQIRUPDWLYH� ,W LPSOLHV WKDW FRQYH\LQJ TXDQWXP LQIRUPDWLRQ
SHUIHFWO\ GHSHQGV RQ WZR WDVNV� 0D[LPL]DWLRQ RI FODVVLFDO FDSDFLW\ DQG ]HUR HQWURS\
ORVV WR WKH HQYLURQPHQW� 7KLV LPSOLHV D VWURQJ FRQQHFWLRQ EHWZHHQ WKH TXDQWXP
FDSDFLW\ RI D TXDQWXP FKDQQHO DQG LWV FODVVLFDO FDSDFLW\�

:H ZRXOG OLNH WR WKDQN:� .� :RRWWHUV DQG 0� $� 1LHOVHQ IRU KHOSIXO FRQYHUVDWLRQV
DQG VXJJHVWLRQV�
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