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&6���� 1RWHV��� �

&6������'DWDEDVH�6\VWHP�
3ULQFLSOHV

1RWHV�����0RUH�73

+HFWRU�*DUFLD�0ROLQD
�6RPH�PRGLILFDWLRQV�E\�&KULV�2OVWRQ�

&6���� 1RWHV��� �

6HFWLRQV�WR�6NLP�

� &KDSWHU����
± VNLP����

� &KDSWHU���
± VNLP���������

� &KDSWHU����
± VNLP�����������������

� &KDSWHU�����QRQH��UHDG�DOO�VHFWLRQV�

&6���� 1RWHV��� �

&KDSWHU��� 0RUH�RQ�WUDQVDFWLRQ�
SURFHVVLQJ

7RSLFV�
� &DVFDGLQJ�UROOEDFN��UHFRYHUDEOH�VFKHGXOH
� 'HDGORFNV

± 3UHYHQWLRQ
± 'HWHFWLRQ

� 9LHZ�VHULDOL]DELOLW\
� 'LVWULEXWHG�WUDQVDFWLRQV
� /RQJ�WUDQVDFWLRQV��QHVWHG��FRPSHQVDWLRQ�

&6���� 1RWHV��� �

([DPSOH� 7M� 7L

:M�$�

UL�$�

&RPPLW�7L

$ERUW�7M

&RQFXUUHQF\�FRQWURO�	�UHFRYHU\

«
«

«

«
«

E 1HHG�WR�³XQFRPPLW´�7L��������%DG��

&6���� 1RWHV��� �

� 6FKHGXOH�LV�FRQIOLFW�VHULDOL]DEOH
� 7M 7L

� %XW�QRW�UHFRYHUDEOH
± ,�H���QRW�DOZD\V�SRVVLEOH�WR�DERUW�D�
WUDQVDFWLRQ�ZLWKRXW�DIIHFWLQJ�WKH�VWDWXV�RI�
VRPH�WUDQVDFWLRQ�WKDW�DOUHDG\�FRPPLWWHG

&6���� 1RWHV��� �

� 1HHG�WR�PDNH�³ILQDO´�GHFLVLRQ�IRU�HDFK�
WUDQVDFWLRQ�
± FRPPLW�GHFLVLRQ � V\VWHP�JXDUDQWHHV�
WUDQVDFWLRQ�ZLOO�RU�KDV�FRPSOHWHG��QR�
PDWWHU�ZKDW

± DERUW�GHFLVLRQ � V\VWHP�JXDUDQWHHV�
WUDQVDFWLRQ�ZLOO�RU�KDV�EHHQ�UROOHG�EDFN�

�KDV�QR�HIIHFW�
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&6���� 1RWHV��� �

7R�PRGHO�WKLV��WZR�QHZ�DFWLRQV�

� &L � WUDQVDFWLRQ�7L�FRPPLWV
� $L � WUDQVDFWLRQ�7L DERUWV

&6���� 1RWHV��� �

1RWH��LQ�WUDQVDFWLRQV��UHDGV�DQG�ZULWHV�
SUHFHGH�FRPPLW�RU�DERUW

➳ ,I�&L ∈ 7L��WKHQ�UL�$����&L�
ZL�$��� &L�

➳ ,I�$L�∈ 7L��WKHQ UL�$����$L
ZL�$����$L�

� $OVR��RQH�RI�&L��$L�SHU�WUDQVDFWLRQ

&6���� 1RWHV��� �

��
�

��
�

��
�

��
�

%DFN�WR�H[DPSOH�

7M 7L

:M�$�
UL�$�

&L ← FDQ�ZH FRPPLW�
KHUH"

&6���� 1RWHV��� ��

'HILQLWLRQ

7L��UHDGV�IURP�7M�LQ�6��7M��⇒6 7L���LI

����ZM�$� �6 UL�$�

�����DM �6 UL�$��������������GRHV�QRW�SUHFHGH�

����,I�ZM�$� �6 ZN�$� �6 UL�$���WKHQ
DN �6 UL�$��

&6���� 1RWHV��� ��

'HILQLWLRQ

6FKHGXOH�6�LV�UHFRYHUDEOH LI�
ZKHQHYHU�7M ⇒6 7L� DQG��M�≠ L�DQG�&L�∈ 6
WKHQ�&M �6 &L

&6���� 1RWHV��� ��

� 6�LV�UHFRYHUDEOH LI�HDFK�WUDQVDFWLRQ�
FRPPLWV RQO\�DIWHU�DOO�WUDQVDFWLRQV�IURP�
ZKLFK�LW�UHDG�KDYH�FRPPLWWHG�

� 6�DYRLGV�FDVFDGLQJ�UROOEDFN LI�HDFK�
WUDQVDFWLRQ�PD\�UHDG RQO\�WKRVH�YDOXHV�
ZULWWHQ�E\�FRPPLWWHG�WUDQVDFWLRQV�
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&6���� 1RWHV��� ��

� 6�LV�VWULFW�LI�HDFK�WUDQVDFWLRQ�PD\�UHDG�
DQG�ZULWH RQO\�LWHPV�SUHYLRXVO\�ZULWWHQ�
E\�FRPPLWWHG�WUDQVDFWLRQV�

$YRLGV�FDVFDGLQJ�UROOEDFN

5&

$&5

67 6(5,$/

&6���� 1RWHV��� ��

:KHUH�DUH�VHULDOL]DEOH�VFKHGXOHV"

$YRLGV�FDVFDGLQJ�UROOEDFN

5&

$&5

67
6(5,$/

&6���� 1RWHV��� ��

([DPSOHV

� 5HFRYHUDEOH�
± Z��$��Z��%���Z��$��U��%����F� F�

� $YRLGV�&DVFDGLQJ�5ROOEDFN�
± Z��$��Z��%���Z��$���F���U��%����F�

� 6WULFW�
± Z��$��Z��%��F� Z��$��U��%����F�

$VVXPHV�Z
�
�$��LV�GRQH

ZLWKRXW�UHDGLQJ

&6���� 1RWHV��� ��

+RZ�WR�DFKLHYH�VFKHGXOHV�WKDW�
DYRLG�FDVFDGLQJ�UROOEDFN�
�DQG�DUH�WKXV�DOVR�UHFRYHUDEOH������"

&6���� 1RWHV��� ��

➳ :LWK��3/��KROG�ZULWH�ORFNV�XQWLO�DIWHU�
FRPPLW��VWULFW��3/�

7M 7L

:M�$�

&M
XM�$�

UL�$�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

$YRLGV�
FDVFDGLQJ�
UROOEDFN�

&6���� 1RWHV��� ��

➳ :LWK�YDOLGDWLRQ��QR�FKDQJH�
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&6���� 1RWHV��� ��

'HDGORFNV

� 'HWHFWLRQ
± 7LPHRXW

± :DLW�IRU�JUDSK

� 3UHYHQWLRQ
± 5HVRXUFH�RUGHULQJ

± :DLW�GLH

± :RXQG�ZDLW

&6���� 1RWHV��� ��

7LPHRXW �*XHVV«�

� ,I�WUDQVDFWLRQ�ZDLWV�PRUH�WKDQ�/�VHF��
UROO�LW�EDFN�

� 6LPSOH�VFKHPH
� +DUG�WR�VHOHFW�/

± 0D\�ZDLW�WRR�ORQJ�EHIRUH�UROOLQJ�EDFN�
GHDGORFNHG�WUDQVDFWLRQV

± 0D\�UROOEDFN�WUDQVDFWLRQV�WKDW�ZHUH�QRW
GHDGORFNHG�

&6���� 1RWHV��� ��

5HDO�'HDGORFN�'HWHFWLRQ

� %XLOG�:DLW�)RU�JUDSK
� 8VH�ORFN�WDEOH�VWUXFWXUHV
� %XLOG�LQFUHPHQWDOO\�RU�SHULRGLFDOO\
� :KHQ�F\FOH�IRXQG��UROOEDFN�YLFWLP

T1

T3

T2

T6

T5

T4
T7

&6���� 1RWHV��� ��

'HDGORFN�3UHYHQWLRQ�«

&6���� 1RWHV��� ��

3UHYHQWLRQ�����5HVRXUFH�2UGHULQJ

� 2UGHU�DOO�HOHPHQWV�$���$���«��$Q

� $�WUDQVDFWLRQ�7�FDQ�ORFN�$L DIWHU�$M RQO\�
LI��L�!�M

3UREOHP���2UGHUHG�ORFN�UHTXHVWV�QRW�
UHDOLVWLF�LQ�PRVW�FDVHV

&6���� 1RWHV��� ��

3UHYHQWLRQ�����:DLW�GLH

� 7UDQVDFWLRQV�JLYHQ�D�WLPHVWDPS�ZKHQ�
WKH\�DUULYH�«��WV�7L�

� 7L�FDQ�RQO\�ZDLW�IRU�7M�LI�WV�7L���WV�7M�
���HOVH�GLH
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&6���� 1RWHV��� ��

7�
�WV  ���

7�
�WV  ���

7�
�WV  ���

ZDLW

ZDLW

([DPSOH�

ZDLW"

&6���� 1RWHV��� ��

3UHYHQWLRQ�����:RXQG�ZDLW

� 7UDQVDFWLRQV�JLYHQ�D�WLPHVWDPS�ZKHQ�
WKH\�DUULYH�«�WV�7L�

� 7L�ZRXQGV�7M�LI��WV�7L�� WV�7M�
HOVH�7L� ZDLWV

³:RXQG´��7M UROOV�EDFN�DQG�JLYHV�ORFN�WR�7L

&6���� 1RWHV��� ��

/RFNLQJ
/RFNLQJ

:KDW�DUH�ZH�UHDOO\�ORFNLQJ"

&6���� 1RWHV��� ��

([DPSOH�

7L
5HDG�UHFRUG�U�

5HDG�UHFRUG�U� GR�UHFRUG
ORFNLQJ

0RGLI\�UHFRUG�U�

��
�

��
�

��
�

��
�

&6���� 1RWHV��� ��

%XW�XQGHUQHDWK�

'LVN

SDJHV

5�

5�

5�

UHFRUG�LG

,I�ZH�ORFN�DOO

GDWD�LQYROYHG�LQ�UHDG�

RI�5���ZH�PD\�SUHYHQW

DQ�XSGDWH�WR�5�

�ZKLFK�PD\�UHTXLUH�

UHRUJDQL]DWLRQ�ZLWKLQ

EORFN�

&6���� 1RWHV��� ��

6ROXWLRQ� YLHZ�'%�DW�WZR�OHYHOV

7RS�OHYHO��UHFRUG�DFWLRQV
UHFRUG�ORFNV
XQGR�UHGR�DFWLRQV�² ORJLFDO

H�J���,QVHUW�UHFRUG�;�<�=�
5HGR��LQVHUW�;�<�=�
8QGR��GHOHWH
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&6���� 1RWHV��� ��

/RZ�OHYHO��GHDO�ZLWK�SK\VLFDO�GHWDLOV
ODWFK SDJH�GXULQJ�DFWLRQ
�UHOHDVH�DW�HQG�RI�DFWLRQ�

&6���� 1RWHV��� ��

1RWH��XQGR�GRHV�QRW�UHWXUQ�SK\VLFDO�'%�
WR�RULJLQDO�VWDWH��RQO\�VDPH�ORJLFDO�VWDWH

H�J���������,QVHUW�5� 8QGR��GHOHWH�5��

5� 5�
5�

5�
5�

5�
5�

&6���� 1RWHV��� ��

:H¶YH�ORRNHG�DW�WKH�ORZ�OHYHO�JXWV�RI�
ORFNLQJ�DQG�FRQFXUUHQF\�FRQWURO

/HW¶V�SRS�RXU�KHDGV�RXW�DQG�ORRN�DW�WKLQJV�
IURP�WKH�SRLQW�RI�YLHZ�RI�XVHUV

�$OZD\V�D�JRRG�H[HUFLVH�«�

&6���� 1RWHV��� ��

8VHU�3URJUDP�FRPPDQGV

/RWV�RI�YDULDWLRQV��EXW�LQ�JHQHUDO
� %HJLQBZRUN
� &RPPLWBZRUN
� 5ROOEDFNBZRUN��$ERUWBZRUN�

&6���� 1RWHV��� ��

7UDQVDFWLRQV

8VHU�SURJUDP��RU�64/�SURPSW��

%HJLQBZRUN�

,I�UHVXOWVBRN��WKHQ�FRPPLW�ZRUN
HOVH�DERUWBZRUN

��
�

��
�

��
�

&6���� 1RWHV��� ��

3UREOHP�ZLWK�5HJXODU�7UDQVDFWLRQV

*UDQXODULW\�RI�FRPPLW�DERUW�LV�WRR�FRDUVH

'HVLUDEOH�EHKDYLRU��VHH�YLGHR�JDPHV�«

�VDYH!��WU\�WR�VOD\�GUDJRQ!��VDYH!�
�WU\�WR�MXPS�DE\VV!��VDYH!�«
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&6���� 1RWHV��� ��

1HVWHG�WUDQVDFWLRQV

8VHU�SURJUDP�

%HJLQBZRUN�
%HJLQBZRUN�

,I�UHVXOWVBRN��WKHQ�FRPPLW�ZRUN

HOVH�^DERUWBZRUN��WU\�VRPHWKLQJ�HOVH«`

,I�UHVXOWVBRN��WKHQ�FRPPLW�ZRUN
HOVH�DERUWBZRUN

�

�

�

�

�

�

�

�

�

&6���� 1RWHV��� ��

3DUDOOHO�1HVWHG�7UDQVDFWLRQV

7��� EHJLQ�ZRUN

SDUDOOHO�
7��� EHJLQBZRUN

FRPPLWBZRUN

7��� EHJLQBZRUN

FRPPLWBZRUN

FRPPLWBZRUN

...
...

...
...

7�

7�� 7��

7�

&6���� 1RWHV��� ��

$QRWKHU�3UREOHP�ZLWK�7UDQVDFWLRQV

� 6RPH�WUDQVDFWLRQV�WDNH�D�ORQJ�WLPH�
� GDWD�DQDO\VLV���PLQLQJ
� &$'�V\VWHPV
� ZRUNIORZ

� :DQW�WR�DYRLG�ORFNLQJ�RXW�RWKHU�
WUDQVDFWLRQV�DOWRJHWKHU

� $W�VDPH�WLPH��DYRLG�FRPSOHWH�DQDUFK\

&6���� 1RWHV��� ��

,GHD�����'LIIHUHQW�/HYHOV�RI�,VRODWLRQ

� )RU�VRPH�ORQJ�UXQQLQJ�DQDO\VLV�RU�
PLQLQJ�TXHULHV��FDQ�WROHUDWH�VRPH�
LQFRQVLVWHQFLHV

� )RU�VXFK�WUDQVDFWLRQV��GR�QRW�HQIRUFH�
�3/��L�H���SHUPLW�XQORFN�WKHQ�ORFN�

� 3HUPLWV�RWKHU�WUDQVDFWLRQV�WR�PRGLI\�WKH�
GDWD�ZKLOH�WKH�DQDO\VLV�TXHU\�LV�UXQQLQJ

� /RVH�JXDUDQWHH�RI�³UHSHDWDEOH�UHDG´

&6���� 1RWHV��� ��

:KDW�DERXW�ORQJ�UXQQLQJ�WUDQVDFWLRQV�
WKDW�PRGLI\�WKH�GDWDEDVH"

&6���� 1RWHV��� ��

:RUNIORZ�H[DPSOH��H[SHQVH�UHSRUW

FUHDWH�
WUDYHO�
UHSRUW

UHVHUYH�
PRQH\

UHTXHVW
DXWKRUL]DWLRQ

ZULWH�
FKHFN

VWDUW

DYDLODEOH

QRW�HQRXJK

DERUW
DERUW

GHQ\

DSSURYH

FRPPLW

$�

$�

$�

$�
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&6���� 1RWHV��� ��

&RPSHQVDWLQJ�7UDQVDFWLRQV

� )RU�HYHU\�DFWLRQ�$��DQ�DFWLRQ�$�� WKDW�
³XQGRHV´�WKH�HIIHFWV�RI�$��UHJDUGOHVV�RI�
LQWHUYHQLQJ�DFWLRQV

� )RUPDOO\��$α$�� ≡ α
� $���  �GHOHWH�WUDYHO�UHSRUW
� $���  �SXW�PRQH\�EDFN�LQ�DFFRXQW
� $���  �GHOHWH�DXWKRUL]DWLRQ�IRUP
� $���  �FDQFHO�FKHFN��QHYHU�QHFHVVDU\�

&6���� 1RWHV��� ��

6HPDQWLF�DWRPLFLW\��

H[HFXWH�RQH�RI
� $���$���$���$�

� $���$���$���$�
����$�

�����$�
��

� $���$���$�
�����$�

��

� $���$�
��

� QRWKLQJ

FDOOHG�D�VDJD

&6���� 1RWHV��� ��

&DUHIXO�

� &RPSHQVDWLQJ�DFWLRQV�DUH�WULFN\
� 5HPHPEHU�UHTXLUHPHQW��$α$�� ≡ α
� ([��VWDUW�ZLWK�DQ�DFFRXQW�ZRUWK������

$� �DGG��������$��  �GHGXFW������

&� �GHGXFW������

&RQVWUDLQW��EDODQFH�FDQ¶W�EH�QHJDWLYH

$&$�� Å $���IDLOV

&�Å &�IDLOV
$α$�� ≡ α

&6���� 1RWHV��� ��

6XPPDU\

� &DVFDGLQJ�UROOEDFN
5HFRYHUDEOH�VFKHGXOH

� 'HDGORFN
± 3UHYHQWLRQ

± 'HWHFWLRQ

� /RJLFDO�YV��SK\VLFDO�ORFNLQJ�
� 1HVWHG�WUDQVDFWLRQV
� /RQJ�UXQQLQJ�WUDQVDFWLRQV


