
�

8VHU (IILFLHQW %OLQG 6LJQDWXUHV DQG ,WV

$SSOLFDWLRQV LQ 'LJLWDO &DVK DQG (OHFWURQLF 9RWLQJ

�ÌÓ

&KLQ�/DXQJ /HL

'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ

1DWLRQDO 7DLZDQ 8QLYHUVLW\

7DLSHL� 7DLZDQ� 5�2�&�



�

2XWOLQHV

,� ,QWURGXFWLRQ

,,� 3UHOLPLQDU\

,,,� 8VHU (IILFLHQW %OLQG 6LJQDWXUHV

,9� 8QWUDFHDEOH 'LJLWDO &DVK

9� $QRQ\PRXV (OHFWURQLF 9RWLQJ

9,� &RQFOXVLRQV



�

,QWURGXFWLRQ



�

,QWHUQHW

6HUYHUV

'DWD %DVHV

&OLHQWV

(IILFLHQF\

8ELTXLW\



�

)HDWXUHV RI ,QWHUQHW 6HUYLFHV�

z (IILFLHQF\� )DVWHU WKDQ WUDGLWLRQDO VHUYLFHV

z 8ELTXLW\� 8VHUV FDQ REWDLQ VHUYLFHV DQ\ZKHUH�

z )OH[LELOLW\� &OLHQWV FDQ UHTXHVW VHUYLFHV DQ\WLPH�

z 2SHQQHVV� 3RSXODUL]DWLRQ

z ([DPSOHV� 'LJLWDO FDVK DQG HOHFWURQLF YRWLQJ VHUYLFHV



�

6RPH &KDOOHQJHV WR ,QWHUQHW 6HUYLFHV�

z 5REXVW VHFXULW\ PHFKDQLVPV DQG SURWRFROV

� +DFNHUV DQG YLUXVHV

� 3ULYDF\ DQG SROLF\ FRQVLGHUDWLRQV

z (IILFLHQF\

� $ ORW RI H[WUD FRPSXWDWLRQV PXVW EH SHUIRUPHG E\ XVHUV�

� /LPLWHG SRZHU RI GHYLFHV VXFK DV PRELOH XQLWV RU VPDUW FDUGV



�

*RDOV�

�� 'HVLJQ HIILFLHQW EOLQG VLJQDWXUH VFKHPHV WR UHGXFH WKH

FRPSXWDWLRQ RYHUKHDGV RI XVHUV HVSHFLDOO\ IRU GLJLWDO FDVK

DQG HOHFWURQLF YRWLQJ�

�� 'HYHORS IOH[LEOH GLJLWDO FDVK VHUYLFHV IRU GLIIHUHQW W\SHV

RI WUDQVDFWLRQV

�� &RQVWUXFW SUDFWLFDO YRWLQJ VHUYLFHV WR VWUHQJWKHQ WKH

VHFXULW\ RI HOHFWURQLF HOHFWLRQV�



�

3UHOLPLQDU\



�

'LJLWDO 6LJQDWXUHV

o 6LJQ�PHVVDJH�

/LQNDEOH

6LJQHU

8VHU

n PHVVDJH

ê$XWKHQWLFDWLRQ



��

%OLQG 6LJQDWXUHV

PHVVDJH

PHVVDJHo 6LJQ� �

p 6LJQ�PHVVDJH�

n

8QOLQNDEOH

6LJQHU

8VHU

ê3ULYDF\



��

%OLQG 6LJQDWXUHV

z %OLQG 6LJQDWXUHV → 8QIRUJHDELOLW\ � 8QOLQNDELOLW\

z $QRQ\PRXV (OHFWURQLF 9RWLQJ

z 8QWUDFHDEOH 'LJLWDO &DVK



��

(OHFWURQLF 9RWLQJ

q 3XEOLVK 6LJQ�LQWHQWLRQ�9RWHU

&HQWHU

%OLQG 6LJQDWXUH 3URWRFRO
LQWHQWLRQn

p 9RWH � ³6LJQ�LQWHQWLRQ�´

o 6LJQ� �LQWHQWLRQ

$QRQ\PRXV &KDQQHOV



��

'LJLWDO &DVK

q 9HULI\ 6LJQ�PHVVDJH�
&XVWRPHU

%DQN

%OLQG 6LJQDWXUH 3URWRFRO

PHVVDJHn

p (�FDVK � ³6LJQ�PHVVDJH�´

o 6LJQ� �PHVVDJH

6KRS

s 'RXEOH�6SHQGLQJ &KHFN

	 6WRUH 6LJQ�PHVVDJH��

r 6LJQ�PHVVDJH�



��

3DUWLDOO\ %OLQG 6LJQDWXUHV

PHVVDJH

�$�PHVVDJHo 6LJQ�

p 6LJQ�PHVVDJH�$�

n

8QOLQNDEOH XQGHU WKH VDPH $

6LJQHU

8VHU

ê3UHYHQW WKH EDQN¶V GDWDEDVH IURP JURZLQJ XQOLPLWHGO\ �



��

)DLU %OLQG 6LJQDWXUHV

PHVVDJH

�PHVVDJHo 6LJQ�

p 6LJQ�PHVVDJH�

n

-XGJH FDQ UHFRYHU WKH OLQN�

6LJQHU

8VHU

ê&RSH ZLWK WKH PLVXVH SUREOHP RI XQOLQNDELOLW\�



��

'LYLVLEOH %OLQG 6LJQDWXUHV

PHVVDJH

�PHVVDJHo 6LJQ�

p 6LJQ�PHVVDJH�

n

6LJQHU

8VHU

ê5HGXFH WKH VWRUDJH RI GLJLWDO FDVK�



��

8VHU (IILFLHQW %OLQG 6LJQDWXUHV



��

� $ 7\SLFDO %OLQG 6LJQDWXUH 6FKHPH ;

0 LV WKH XQGHUO\LQJ VHW RI PHVVDJHV�

5 LV D ILQLWH VHW RI UDQGRP LQWHJHUV�

6; � 0 → 0 LV WKH VLJQLQJ IXQFWLRQ NHSW VHFUHW E\ WKH VLJQHU�

9; � 6;�0� ×0 → ^WUXH� IDOVH` LV WKH YHULILFDWLRQ IRUPXOD�

%; �0 × 5 → 0 LV WKH EOLQGLQJ IXQFWLRQ�

8; � 6;�0� × 5 → 6;�0� LV WKH XQEOLQGLQJ IXQFWLRQ� DQG

∀ P ∈ 0 DQG U ∈ 5� 8; �6; �%; �P� U��� U�  6; �P��



��

8VHU 6LJQHU

P ∈ 0

U ∈ 5

%OLQGLQJ� %; �P� U�

%OLQG 6LJQLQJ� W  6; �%; �P� U��

8QEOLQGLQJ� 8; �W� U�  6; �P�

6LJQDWXUH� �6; �P�� P�

9HULI\LQJ� 9; �6; �P�� P�  7UXH

W

"



��

� 7KH 3URSRVHG %OLQG 6LJQDWXUH 6FKHPH

z7KH ILUVW EOLQG VLJQDWXUH VFKHPH EDVHG RQ 4XDGUDWLF 5HVLGXHV�

z ,I [
�
 \ �PRG Q�� WKHQ \ LV D TXDGUDWLF UHVLGXH �45� LQ =Q


DQG [ LV

D VTXDUH URRW RI \�

z ,I Q  S�S� DQG S�� S� DUH GLVWLQFW ODUJH SULPHV� WKHQ� JLYHQ \ DQG Q�

LW LV LQWUDFWDEOH WR FRPSXWH [ ZLWKRXW S� RU S��



��

P ∈ =Q

X� Y ∈ 5 =Q α  +�P��X��Y�� PRG Q

[

[ ∈ 5 =Q

E ∈ 5 =Q

δ E� PRG Q
β  δ�X−Y[� PRG Q

λ  β−�
PRG Q

W
� ≡Q α�[

�
���λ�

�W� λ�

F  δλ�X[�Y� PRG Q

V  EW PRG Q

9HULI\ �F� P� V� � V
� ≡Q +�P��F

�
���

8VHU 6LJQHU

"



��

'LVFXVVLRQV�

z6LQFH E� X� DQG Y DUH UDQGRPO\ FKRVHQ E\ WKH XVHU� WKH VLJQHU

FDQQRW OLQN WKH VLJQDWXUH�PHVVDJH WULSOH �F� P� V� WR WKH LQVWDQFH

RI WKH VLJQDWXUH SURWRFRO SURGXFLQJ WKDW WULSOH� �8QOLQNDELOLW\�

z$V S� T DUH NHSW VHFUHW E\ WKH VLJQHU DQG + LV RQH�ZD\� LW LV

FRPSXWDWLRQDOO\ LQIHDVLEOH IRU DQ LQWUXGHU WR IRUJH D YDOLG

VLJQDWXUH� �8QIRUJHDELOLW\�

z7KH XVHU RQO\ UHTXLUHV WR SHUIRUP �� PXOWLSOLFDWLRQV WR REWDLQ D

YDOLG VLJQDWXUH�PHVVDJH WULSOH� DQG RQO\ � PXOWLSOLFDWLRQV LV

QHHGHG WR YHULI\ D VLJQDWXUH�PHVVDJH WULSOH� �(IILFLHQF\�



��

3URSHUW\ &RPSDULVRQV�

2XU 6FKHPH

>��� ��@

&DPHQLVFK

>��@

&KDXP

>��@

)HUJXVRQ

>��@

3RLQWFKHYDO

>��@

3RLQWFKHYDO

>��@

)RXQGDWLRQ 45 '/�'/ 56$ 56$ '/�56$ 45�45

8QOLQNDELOLW\ ä ä�ä ä ä ä�ä ä�ä

5DQGRPL]DWLRQ ä ä�ä Ø ä ä�ä ä�ä

0HVVDJH 5HFRYHU\ ä Ø�ä ä Ø Ø�Ø Ø�Ø



��

&RPSDULVRQV RI &RPSXWDWLRQ 2YHUKHDGV IRU 8VHUV�

2XU 6FKHPH

>��� ��@

&DPHQLVFK

>��@

&KDXP

>��@

)HUJXVRQ

>��@

3RLQWFKHYDO

>��@

3RLQWFKHYDO

>��@

([SRQHQWLDWLRQV � � � � � �

,QYHUVHV � � � � � �

+DVKLQJV � � � � � �

0XOWLSOLFDWLRQV �� � � � � �N

5HGXFHG E\� ! ��� ! ��� ! ��� ! ��� ! ���



��

� 7KH 3URSRVHG 3DUWLDOO\ %OLQG 6LJQDWXUH 6FKHPH

z7KH ILUVW SDUWLDOO\ EOLQG VLJQDWXUH VFKHPH EDVHG RQ 45�

z7KH VLJQHU HQVXUHV WKDW HYHU\ VLJQDWXUH LVVXHG E\ KLP FRQWDLQV

WKH LQIRUPDWLRQ D KH GHVLUHV� VXFK DV WKH H[SLUDWLRQ GDWH RI DQ

H�FDVK RU WKH LGHQWLW\ RI DQ HOHFWLRQ�

z7KH SURSHUW\ RI SDUWLDO EOLQGQHVV PDNHV LW SRVVLEOH IRU WKH EDQN

WR PLQLPL]H LWV GDWDEDVH ZKLFK NHHSV WKH VSHQW H�FDVK�



��

8VHU 6LJQHU

P� D ∈ =Q � X� Y ∈ 5 =Q

α  +�P��X��Y�� PRG Q

[

9HULI\ D�

[ ∈ 5 =Q

E ∈ 5 =Q

δ E� PRG Q β  δ�X−Y[� PRG Q

λ  β−�
PRG Q

W
� ≡Q +�D��α�[

�
����

�λ�

�W� λ�

F  δλ�X[�Y� PRG Q

V  E
�
W PRG Q

9HULI\ �D� F� P� V� � V
� ≡Q +�D��+�P��F

�
����

�

�D� α�

"
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'LVFXVVLRQV�

z 7KH VLJQHU FDQQRW OLQN WKH VLJQDWXUH�PHVVDJH ��WXSOH �D� F� P� V�

WR WKH LQVWDQFH RI WKH VLJQDWXUH SURWRFRO SURGXFLQJ WKDW ��WXSOH

XQGHU WKH VDPH D� �8QOLQNDELOLW\ XQGHU WKH VDPH HPEHGGHG LQIRUPDWLRQ�

z &RPSXWLQJ �+�D�
���PRG φ�Q�

PRG Q� LV LQIHDVLEOH ZLWKRXW S RU T

ZKHUH φ�Q�  �S����T���� )XUWKHUPRUH� ZH FDQ VHOHFW S DQG T

ZLWK �_�S��� RU �_�T��� VXFK WKDW ���
�
PRG φ�Q�� GRHV QRW H[LVW�

z 7KH XVHU RQO\ SHUIRUPV �� PXOWLSOLFDWLRQV WR REWDLQ D YDOLG

VLJQDWXUH DQG � PXOWLSOLFDWLRQV WR YHULI\ D VLJQDWXUH� UHVSHFWLYHO\�



��

3URSHUW\ &RPSDULVRQV�

2XUV

>��� ��@

$EH

>�@

&DPHQLVFK

>��@

&KDXP

>��@

)HUJXVRQ

>��@

3RLQWFKHYDO

>��@

3RLQWFKHYDO

>��@

)RXQGDWLRQ 45 56$ '/�'/ 56$ 56$ '/�56$ 45�45

8QOLQNDELOLW\ ä ä ä�ä ä ä ä�ä ä�ä

5DQGRPL]DWLRQ ä Ø ä�ä Ø ä ä�ä ä�ä

0HVVDJH 5HFRYHU\ ä ä Ø�ä ä Ø Ø�Ø Ø�Ø

3DUWLDO %OLQGQHVV ä ä Ø�Ø Ø Ø Ø�Ø Ø�Ø
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&RPSDULVRQV RI &RPSXWDWLRQ 2YHUKHDGV IRU 8VHUV�

2XUV

>��� ��@

$EH

>�@

&DPHQLVFK

>��@

&KDXP

>��@

)HUJXVRQ

>��@

3RLQWFKHYDO

>��@

3RLQWFKHYDO

>��@

([SRQHQWLDWLRQV � � � � � � �

,QYHUVHV � � � � � � �

+DVKLQJV � � � � � � �

0XOWLSOLFDWLRQV �� � � � � � �N

5HGXFHG E\� ! ��� ! ��� ! ��� ! ��� ! ��� ! ���



��

� 7KH 3URSRVHG )DLU %OLQG 6LJQDWXUH 6FKHPH

z7KH XQOLQNDELOLW\ SURSHUW\ RI EOLQG VLJQDWXUHV PD\ EH PLVXVHG E\

FULPLQDOV� VXFK DV WR ODXQGHU PRQH\ RU WR VDIHO\ JHW D UDQVRP�

z ,Q D IDLU EOLQG VLJQDWXUH VFKHPH� WKH MXGJH FDQ PDNH VLJQDWXUHV

OLQNDEOH ZKHQ QHFHVVDU\�

z7KH SURSRVHG VFKHPH LV WKH ILUVW IDLU EOLQG VLJQDWXUH VFKHPH

EDVHG RQ 45� DQG FRPSDULQJ ZLWK WKH H[LVWLQJ VFKHPHV� RXU

PHWKRG ODUJHO\ UHGXFHV WKH FRPSXWDWLRQ RYHUKHDGV RI XVHUV�



��

P � PHVVDJH

α ≡Q +�P��X
�
�Y

�
�

9HULI\ 6�]��

δ � UDQGRP
[  +�δ�

λ ≡Q E
�
�X−Y[�

H ≡Q λ−�

W
� ≡Q α�[����H��H� W� [�

F  E
�
H�X[�Y� PRG Q

V  EW PRG Q

9HULI\ �F� P� V� � V
� ≡Q +�P��F

�
���

8VHU 6LJQHU-XGJH

β� γ� E� ] � UDQGRP
X  +�β�
Y  +�γ��E� X� Y� ]� 6�]��

�α� ]� 6�]��

�[� ]� 6�]��

λ

"
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'LVFXVVLRQV�

z*LYHQ D WULSOH �F� P� V�� WKH MXGJH FDQ UHYHDO �β� γ� E� ]� WR WKH

VLJQHU ZKHUH F ≡Q �+�β�[�+�γ���+�β��+�γ�[���� VR WKDW WKH VLJQHU

FDQ OLQN �F� P� V� WR WKH LGHQWLILHU ]� �/LQNDJH 5HFRYHU\�

z ,I WKH MXGJH GRHV QRW UHYHDO QHFHVVDU\ LQIRUPDWLRQ WR WKH VLJQHU�

WKH XQOLQNDELOLW\ RI VLJQDWXUHV LV SUHVHUYHG�

z7KH XVHU RQO\ SHUIRUPV �� PXOWLSOLFDWLRQV WR REWDLQ D YDOLG

VLJQDWXUH DQG � PXOWLSOLFDWLRQV WR YHULI\ D VLJQDWXUH�PHVVDJH

WULSOH� UHVSHFWLYHO\�



��

3URSHUW\ &RPSDULVRQV�

2XUV

>��� ��@

&DPHQLVFK

>��@

&KDXP

>��@

)HUJXVRQ

>��@

3RLQWFKHYDO

>��@

3RLQWFKHYDO

>��@

6WDGOHU

>��@

)RXQGDWLRQ 45 '/�'/ 56$ 56$ '/�56$ 45�45 56$�'/�'/

8QOLQNDELOLW\ ä ä�ä ä ä ä�ä ä�ä ä�ä�ä

5DQGRPL]DWLRQ ä ä�ä Ø ä ä�ä ä�ä Ø�ä�ä

0HVVDJH

5HFRYHU\
ä Ø�ä ä Ø Ø�Ø Ø�Ø Ø�Ø�Ø

)DLUQHVV ä Ø�Ø Ø Ø Ø�Ø Ø�Ø ä�ä�ä



��

&RPSDULVRQV RI &RPSXWDWLRQ 2YHUKHDGV IRU 8VHUV�

2XUV

>��� ��@

&DPHQLVFK

>��@

&KDXP

>��@

)HUJXVRQ

>��@

3RLQWFKHYDO

>��@

3RLQWFKHYDO

>��@

6WDGOHU

>��@

([SRQHQWLDWLRQV � � � � � �� �

,QYHUVHV � � � � � � �

+DVKLQJV � � � � � � �

0XOWLSOLFDWLRQV �� � � � � � �N

5HGXFHG E\� ! ��� ! ��� ! ��� ! ��� ! ��� ! ���
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8QWUDFHDEOH 'LJLWDO &DVK



��

� 8VHU (IILFLHQW 8QWUDFHDEOH 'LJLWDO &DVK

%DQN

7KH SURSRVHG EOLQG VLJQDWXUH SURWRFRO

3D\HH

&RUUHFWQHVV FKHFNLQJ �

'RXEOH�VSHQGLQJ FKHFNLQJ(�FDVK� �F� P� V�

�F� P� V�

V
� ≡Q +�P��F

�
���

+�P�

"

3D\HU
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� 'LYLVLEOH 'LJLWDO &DVK

,QLWLDOL]DWLRQ �

+� � +� � +� � ���� +
Z

DUH RQH�ZD\ KDVK IXQFWLRQV�

+L�+L���+L�������+M�P������ LI L ≤ M
+L�M�P�  

P RWKHUZLVH�

^
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P ∈ =Q

X� Y ∈ 5 =Q

α  +�P���Z�X
�
�Y

�
�

[

[ ∈ 5 =Q

E ∈ 5 =Q

δ E� PRG Q

β  δ�X−Y[� PRG Q

λ  β−�
PRG Q

W
� ≡Q α�[

�
���λ�

�W� λ�

F  δλ�X[�Y� PRG Q

V  EW PRG Q

9HULI\ �F� P� V� Z� � V
� ≡Q +��Z�P��F

�
���

8VHU %DQN

3XEOLVK Z�
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�F�P�V�Z� �F�P��V�Z��

�F�P��V�Z��

�F�PT�V�ZT�

ZKHUH Z��Z������ZT  Z

PL  +�H
L
�Z

L
����Z �P�

HL  Z��Z������ZL��

'LYLGH �F�P�V�Z� LQWR T VXE�FDVK �



��

)RU HDFK �F�PL�V�ZL� �

V
� ≡Q +���H

L
�Z

L
��PL��F

�
���

ZKHUH H�  �

HL  Z��Z������ZL��

9HULILFDWLRQ�

"
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��

� $QRQ\PRXV 5HZDUGLQJ 6FKHPHV

n 3XEOLVK D SUREOHP 33

p 3D\ WKH FODLPDQW WKH UHZDUG

o 6HQG WKH VROXWLRQ λ RI 3 WR WKH SURYLGHU

&ODLPDQW

3URYLGHU



��

$Q ([DPSOH�

:DQWHG

�������

p 3D\ WKH FODLPDQW WKH UHZDUG

o 6HQG WKH FOXH WR WKH SURYLGHU

&ODLPDQW

3URYLGHU

n $ SURYLGHU SURYLGHV D

UHZDUG WR WKH SHRSOH

ZKR FDQ RIIHU KLP WKH

FOXH WR D FULPH�



��

3RVVLEOH :HDNQHVVHV�

n 3XEOLVK D SUREOHP 33

7KH 7UXVW :HDNQHVV�

7KH SURYLGHU PD\ UHIXVH WR SD\ WKH UHZDUG�

o 6HQG WKH VROXWLRQ λ RI 3

&ODLPDQW

3URYLGHU

7KH 3ULYDF\ :HDNQHVV�

7KH LGHQWLWLHV RI FODLPDQWV PD\ EH QRW SURWHFWHG�



��

7KH 3URSRVHG 5HZDUGLQJ 6FKHPH

� $ 5HZDUG 3URYLGHU

$ SHUVRQ ZKR SXEOLVKHV D SUREOHP DQG RIIHUV D UHZDUG�

� $ 5HZDUG &ODLPDQW

$ KDV WKH VROXWLRQ RI WKH SUREOHP DQG FODLPV WKH UHZDUG�

� $ 9HULILHU

,W KDV HQRXJK SRZHU WR YHULI\ WKH VROXWLRQ RI WKH SUREOHP� DQG LW GRHV

QRW UHYHDO WKH VROXWLRQ WR WKH SURYLGHU EHIRUH KH SD\V WKH UHZDUG�

)RU H[DPSOH� WKH FUHGLW EXUHDXV RU WKH JRYHUQPHQW

� $ %DQN

,W LVVXHV HOHFWURQLF FDVK�



��

%DQN9HULILHU 3URYLGHU&ODLPDQW

�� 3XEOLVK D SUREOHP�
�� (9�VROXWLRQ�� +�VROXWLRQ�� D EOLQGHG PHVVDJH

�� 9HULI\ VROXWLRQV�

�� 7KH ILUVW TXDOLILHG RQH

�� 7KH EOLQGHG PHVVDJH

�� $ EOLQGHG FDVK

�� 3XEOLVK WKH EOLQGHG FDVK�

�� 9HULI\ WKH EOLQGHG FDVK�

��� 7KH VHOHFWHG VROXWLRQ DQG DOO SUHYLRXV VROXWLRQV

��� 8QEOLQG WKH EOLQGHG FDVK�

�� 63�(9�VROXWLRQ�� EOLQGHG PHVVDJH� VHTXHQFH QR��V



��

'LVFXVVLRQV�

z7KH LGHQWLWLHV RI WKH UHZDUG FODLPDQWV DUH SURWHFWHG DJDLQVW

DQ\RQH HOVH�

z7KH UHZDUG SURYLGHU FDQQRW GHFOLQH WKH VHOHFWHG FODLPDQW KLV

HQWLWOHG UHZDUG DIWHU WKH SURYLGHU REWDLQV WKH VROXWLRQ�

z7KH YHULILHU FDQQRW VHOHFW D FODLPDQW RWKHU WKDQ WKH ILUVW TXDOLILHG

RQH WR REWDLQ WKH UHZDUG ZLWKRXW EHLQJ GHWHFWHG E\ WKH SURYLGHU�



��
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� $ 8VHU (IILFLHQW (OHFWURQLF 9RWLQJ 6FKHPH

&HQWHU9RWHU
7KH SURSRVHG EOLQG VLJQDWXUH SURWRFRO
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z2QO\ RQH URXQG RI UHJLVWUDWLRQ DFWLRQ LV QHHGHG IRU D YRWHU WR

SDUWLFLSDWH LQ D VHTXHQFH RI GLIIHUHQW HOHFWLRQV�

z ,I ERWK DIILUPDWLYH DQG RSSRVLWLYH YRWHV DUH FDVW E\ D YRWHU LQ DQ

HOHFWLRQ� WKHQ WKH\ FDQ EH GHWHFWHG�

z$OO RI WKH YRWHV FDVW E\ D YRWHU LQ D VHTXHQFH RI HOHFWLRQV FDQ EH

OLQNHG WRJHWKHU E\ WKH WDOO\ FHQWHU�
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� $ 5HFHLSW )UHH (OHFWURQLF 9RWLQJ 6FKHPH

z ,W LV HDVLHU WR EX\ YRWHV LQ D W\SLFDO HOHFWURQLF HOHFWLRQ�

z ,Q D UHFHLSW IUHH HOHFWURQLF YRWLQJ VFKHPH� HYHU\ YRWHU FDQQRW

FRQYLQFH DQ\ RWKHU YRWHU RI WKH YDOXH RI KLV YRWH�

z7KH SURSRVHG UHFHLSW IUHH YRWLQJ VFKHPH LV EDVHG RQ SUREDELOLVWLF

HQFU\SWLRQ PHWKRGV �3(0� DQG EOLQG VLJQDWXUHV�
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3URWRFRO 6KRZB=HUR�D��

z ,I D ∈ 5(���� WKH FHQWHU FDQ FRQYLQFH WKH YRWHU LQ D YRWLQJ ERRWK WKDW D

LV LQGHHG LQ 5(��� ZLWKRXW UHYHDOLQJ WKH FHUWLILFDWH '¶�D��

3URWRFRO 6KRZB=HURB2QH�D��

z ,I D ∈ 5(���∪ 5(���� WKH FHQWHU FDQ FRQYLQFH DOO YRWHUV WKDW D LV LQGHHG

LQ 5(���∪ 5(��� ZLWKRXW UHYHDOLQJ WKH FHUWLILFDWH RI '¶�D��

z 7KH SURWRFRO FDQQRW VKRZ WKDW D LV H[DFWO\ LQ 5(��� RU 5(����
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7KH 3URSRVHG 9RWLQJ 3URWRFRO

0 LV WKH XQGHUO\LQJ VHW RI PHVVDJHV�

5 LV D ILQLWH VHW RI UDQGRP LQWHJHUV�

6; �0 → 0 LV WKH VLJQLQJ IXQFWLRQ NHSW VHFUHW E\ WKH FHQWHU�

9; � 6;�0� ×0 → ^WUXH� IDOVH` LV WKH YHULILFDWLRQ IRUPXOD�

%; �0 × 5 → 0 LV WKH EOLQGLQJ IXQFWLRQ�

8; � 6;�0� × 5 → 6;�0� LV WKH XQEOLQGLQJ IXQFWLRQ�



��

8VHU &HQWHU

P ∈ ^�� �`

(�P� ∈ 5(�P�

U ∈ 5 %; �(�P�� U�
6LJQLQJ �

E  (��� ∈ 5(���

β  6; �%; �(�P�E� U��

8; �β� U�  6; �(�P�E�  6; �(�P¶��

�β� E�

9HULI\ 9; �6; �(�P¶��� (�P¶��  7UXH�

3HUIRUP 6KRZB=HURB2QH�(�P¶���

$  ΠL(�P¶L�  (�ΣLP¶L�

3XEOLVK '�$� DQG '¶�$��

3HUIRUP 6KRZB=HUR�E��

�,Q D YRWLQJ ERRWK�

�6; �(�P¶��� (�P¶��
"



��

'LVFXVVLRQV�

z3(0 � ,QWHUDFWLYH 3URRI 3URWRFROV → )UHHGRP IURP 5HFHLSWV

z6LQFH HYHU\ YRWHU KDV QR OLFHQVH RI KLV YRWH� KH FDQQRW FRQYLQFH

DQ\ RWKHU YRWHU RI WKH YDOXH RI KLV YRWH�

z%OLQG 6LJQDWXUHV � $QRQ\PRXV &KDQQHOV → 3ULYDF\ 3URWHFWLRQ

z ,Q WKH SURSRVHG VFKHPH� WKH SULYDF\ RI HYHU\ YRWHU LV SURWHFWHG

DJDLQVW DQ\RQH HOVH�
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� %OLQG 6LJQDWXUHV

z(IILFLHQF\� 8VHU (IILFLHQW %OLQG 6LJQDWXUHV

/RZ�&RPSXWDWLRQ 3DUWLDOO\ %OLQG 6LJQDWXUHV

(IILFLHQW )DLU %OLQG 6LJQDWXUHV

z9DULDWLRQV� 'LYLVLEOH %OLQG 6LJQDWXUHV

6HPDQWLFV $WWDFKDEOH %OLQG 6LJQDWXUHV
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� $SSOLFDWLRQV

z'LJLWDO &DVK� $QRQ\PRXV 5HZDUGLQJ 6FKHPHV

'LYLVLEOH 'LJLWDO &DVK

,QIRUPDWLRQ $WWDFKDEOH (OHFWURQLF &DVK

z(OHFWURQLF 9RWLQJ� 0XOWL�5HFDVWDEOH (OHFWURQLF 9RWLQJ

5HFHLSW )UHH (OHFWURQLF 9RWLQJ

(IILFLHQW (OHFWLRQV IRU 5HVROYLQJ 7LHV
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� )XWXUH 5HVHDUFK

z(QODUJH WKH GRPDLQ RI WKH DWWDFKHG PHVVDJHV LQ WKH SURSRVHG

LQIRUPDWLRQ DWWDFKDEOH HOHFWURQLF FDVK VFKHPH�

z'HVLJQ HIILFLHQW PHWKRGV WR DOORZ DUELWUDU\�YDOXHG YRWHV LQ WKH

SURSRVHG PXOWL�UHFDVWDEOH YRWLQJ DQG UHFHLSW IUHH HOHFWLRQV�


