
�

2Q 'HWHUPLQLVWLF 7UDIILF 5HJXODWLRQ DQG 6HUYLFH

*XDUDQWHHV �$ 6\VWHPDWLF $SSURDFK E\ )LOWHULQJ

,((( 7UDQVDFWLRQV RQ ,QIRUPDWLRQ 7KHRU\

9RO� ��� SS� ���������� 0D\ ����

5HSRUWHU�7VXQJ�5D\ :DQJ �������

1&78 &RPPXQLFDWLRQ (QJLQHHULQJ

$EVWUDFW
� ��$ ILOWHULQJ WKHRU\ IRU GHWHUPLQLVWLF WUDIILF UHJXODWLRQ

DQG VHUYLFH JXDUDQWHHV XQGHU WKH�PLQ����DOJHEUD

� ��7UDIILF UHJXODWRUV WKDW JHQHUDWH ƒ �XSSHU FRQVWUDLQHG
RXWSXWV FDQ EH LPSOHPHQWHG RSWLPDOO\ E\ D OLQHDU WLPH

LQYDULDQW ILOWHU ZLWK WKH LPSXOVH UHVSRQVH I
 XQGHU WKH
�PLQ����DOJHEUD�ZKHUH ƒ 
 LV WKH VXEDGGLWLYH FORVXUH

� $QDORJRXV WR WKH FODVVLFDO ILOWHULQJ WKHRU\�WKHUH LV DQ

DVVRFLDWH FDOFXOXV�LQFOXGLQJ IHHGEDFN�FRQFDWHQDWLRQ�

¦ILOWHU EDQN VXPPDWLRQ§ DQG SHUIRUPDQFH ERXQGV



�

0LQ�SOXV DOJHEUD

,Q VXFK DQ DOJHEUD�RQH UHSODFHV WKH XVXDO DGGLWLRQ RSHUDWRU

E\ WKH PLQ RSHUDWRU DQG WKH XVXDO PXOWLSOLFDWLRQ RSHUDWRU

E\ WKH DGGLWLRQ RSHUDWRU �'HQRWH E\ ⊕ WKH PLQ RSHUDWRU DQG

⊗ WKH � RSHUDWRU�

LH� $ ⊕%  PLQ^$�%` $ ⊗ % $�%

'HILQLWLRQ

� �6XEDGGLWLYH FORVXUH� )RU DQ\ ƒ∈)�GHILQH ƒ
 YLD
WKH IROORZLQJ UHFXUVLYH HTXDWLRQ�

ƒ
��� �� ƒ
�W� PLQ >ƒ�W��PLQ>ƒ
�V�� ƒ
�W�V�@@�W!�
ZH FDOO ƒ
 WKH VXEDGGLWLYH FORVXUH RI ƒ�

� )RU WKH HTXDWLRQ % $ ⊕�%
ƒ�� % $ ƒ
 LV WKH
PD[LPXP VROXWLRQ

��V�W






�

'HILQLWLRQ

� )RU DQ LQFUHDVLQJ VHTXHQFH $D^$�W��W �����`

$��� ��ZH FDOOHG $ LV ƒ �XSSHU FRQVWUDLQHG IRU VRPH
IXQFWLRQ ƒ LI $�W���$�W��≤ƒ�W��W��

� $ VHTXHQFH ƒ≡^ƒ�W��W ��������`∈)�UHVS�)� VDWLVILHV
ƒ���≥��UHVS� ƒ��� ��DQG ƒ�V�≤ƒ�W� IRU DOO W�
�,��PLQ� WKH SRLQWZLVH PLQLPXP RI WZR VHTXHQFH�

�ƒ ⊕ J��W� PLQ>ƒ�W��J�W�@
�,,��FRQYROXWLRQ� WKH FRQYROXWLRQ RI WZR VHTXHQFHV

XQGHU WKH �PLQ����DOJHEUD�

�ƒ
J��W� PLQ >ƒ�V��J�W�V�@��≤V≤W

6XSSRVH WKDW $� ƒ∈) �&RQVWUXFW D VHTXHQFH % $ ƒ
�

L�H� �%�W� PLQ >$�V��ƒ
�W�V�@

� �7UDIILF UHJXODWLRQ� % LV ƒ
�XSSHU FRQVWUDLQHG DQG
WKXV ƒ�FRQVWUDLQHG

� �2SWLPDOLW\� )RU DQ\ ƒ�XSSHU FRQVWUDLQHG VHTXHQFH
% WKDW VDWLVILHV %≤$�RQH KDV %≤%

� �&RQIRUPLW\� $ LV ƒ�XSSHU FRQVWUDLQHG LI DQG RQO\ LI

% $�

� 


aa a

� ≤V ≤W



�

�0D[LPDO ƒ�UHJXODWRU�)RU ƒ ∈) �WKH FRQVWUXFWLRQ LQ

�%�W� PLQ >$�V��ƒ
�W�V�@ LV FDOOHG WKH PD[LPDO ƒ UHJXODWRU

�IRU WKH LQSXW $��

�&RQFDWHQDWLRQ�$ FRQFDWHQDWLRQ RI WKH PD[LPDOƒ�UHJXODWRU

$QG WKH PD[LPDO ƒ�UHJXODWRU�LQGHSHQGHQW RI WKH RUGHU�LV
WKH PD[LPDO ƒ�UHJXODWRU�ZKHUH ƒ ƒ ƒ LV WKH FRQYROXWLRQ
RI ƒ DQG ƒ XQGHU WKH �PLQ����DOJHEUD�L�H��

ƒ�W� PLQ >ƒ�V��ƒ�W�V�@

�

� ≤V ≤W

�

�≤V≤W

�

�

�

�




�)LOWHU EDQN VXPPDWLRQ�$ ¦ILOWHU EDQN VXPPDWLRQ§RI WKH

PD[LPDO WKH PD[LPDO ƒ�UHJXODWRU DQG WKH PD[LPDO ƒ
UHJXODWRU LV WKH PD[LPDO ƒ�UHJXODWRU ZLWK ƒ ƒ ⊕ ƒ �LI

ƒ
 ⊕ ƒ
 LV VXEDGGLWLYH�
� �

� �

� �



�

:H VKRZ WKDW OHDN\ EXFNHWV DUH LQGHHG PD[LPDO UHJXODWRU

DQG WKH\ FDQ EH UHDOL]HG E\ D V\VWHPDWLF DSSURDFK XQGHU

WKH �PLQ����DOJHEUD�

7UDIILF UHJXODWLRQ IRU SHULRGLF FRQVWUDLQW IXQFWLRQV FDQ EH

HIILFLHQWO\ LPSOHPHQWHG E\ WKH ),5�,,5 UHDOL]DWLRQ�

2QH SRVVLEOH DSSOLFDWLRQ IRU VXFK D UHJXODWRU LV WUDIILF

SROLFLQJ IRU YLGHR VHTXHQFH�H�J� 03(*�ZKHUH D FHUWDLQ

SHULRGLF VWUXFWXUH H[LVWV�

�ƒ�VHUYHU� $ VHUYHU JXDUDQWHHV VHUYLFH FXUYH ƒ ∈) IRU D

,QSXW VHTXHQFH $ ∈) LI LWV RXWSXW VHTXHQFH VDWLVILHV

%≥$ ƒ�L�H��%�W� ≥ PLQ >$�V��ƒ�W�V�@� IRU DOO W�6XFK D

VHUYHU LV FDOOHG DQ ƒ�VHUYHU IRU $�

�:LQGRZ IORZ FRQWURO�/HW $ EH WKH LQSXW WR D QHWZRUN DQG

% EH WKH RXWSXW�6XSSRVH WKDW WKH QHWZRUN LV D XQLYHUVDO ƒ�

6HUYHU DQG WKDW WKH QHWZRUN DOVR HQIRUFHV D ZLQGRZ IORZ

&RQWURO IRU WKH LQSXW $ ZLWK WKH ZLQGRZ VL]H Z ! ��

7KXV �WKH HIIHFWLYH LQSXW�GHQRWHG E\ $� �VDWLVILHV

$��W� PLQ>$�W��%�W��Z@



�≤V≤W



�

&RQFOXVLRQV DQG IXWXUH UHVHDUFK
� ,Q WKH IROORZLQJ�ZH GLVFXVV SRVVLEOH H[WHQVLRQV RI WKH

ILOWHULQJ WKHRU\�

�L�0DWUL[ RSHUDWLRQV�RQH PD\ FRQVLGHU VTXDUH QÕQ

PDWULFHV ZLWK HQWULHV LQ )� 6XFK DQ H[WHQVLRQ FRXOG EH

XVHG IRU PRGHOOLQJ ILOWHULQJ ZLWK PXOWLSOH LQSXWV DQG

RXWSXWV�

�LL�7UDQVIHU IXQFWLRQV XQGHU WKH�PLQ����DOJHEUD�RQH PD\

GHILQH WKH VR FDOOHG =�WUDQVIRUP XQGHU WKH �PLQ����

DOJHEUD E\ )�]� PLQ >ƒ�W��]W@
�LLL�7LPH YDU\LQJ ILOWHULQJ

�LY�&RQVWUDLQHG ILOWHULQJ

W


