
%D\HVLDQ�$SSOLFDWLRQV��
*OREDO�)LWWLQJ�LQ�'DUN�
0DWWHU�3DUWLFOH�0RGHO�

<XH�/LQ�6PLQJ�7VDL�
.DYOL�,308

8QLYHUVLW\�RI�7RN\R
������-XQH



%D\HVLDQ�DQG�0DGJUDSK�
ȹ %D\HVLDQ�0&0&�FDQ�EH�XVHG�IRU�WKH�FDOFXODWLRQ�RI�

FURVV�VHFWLRQV�E\�LQWHJUDWLRQ�RYHU�PXOWL�GLPHQVLRQDO�
SKDVH�VSDFH��H�J��%D\HVLDQ�1HXUDO�1HWZRUNV�

ȹ %D\HVLDQ�WKHRU\�LV�D�JRRG�WRRO�WR�PDUJLQDOL]H�WKH�
QXLVDQFH�SDUDPHWHUV�DQG�HVWLPDWH�EDFNJURXQG�DQG�
VLJQDO�VWUHQJWK�



%D\HVLDQ�DQG�0DGJUDSK�
ȹ %D\HVLDQ�0&0&�FDQ�EH�XVHG�IRU�WKH�FDOFXODWLRQ�RG�

FURVV�VHFWLRQV�E\�LQWHJUDWLRQ�RYHU�PXOWL�GLPHQVLRQDO�
SKDVH�VSDFH��H�J��%D\HVLDQ�1HXUDO�1HWZRUNV�

ȹ %D\HVLDQ�WKHRU\�LV�D�JRRG�WRRO�WR�PDUJLQDOL]H�WKH�
QXLVDQFH�SDUDPHWHUV�DQG�HVWLPDWH�EDFNJURXQG�DQG�
VLJQDO�VWUHQJWK�



7RR�PDQ\�IUHH�SDUDPHWHUV�LQ�'0�VHDUFK�
3DUWLFOH�SK\VLFV $VWURSK\VLFV 2WKHU�QXLVDQFH�SDUDPHWHUV

,QGLUHFW�GHWHFWLRQ �� FURVV�VHFWLRQ�GHFD\�WLPH
�� '0�PDVV
�� HQHUJ\�VSHFWUXP�

�� '0�KDOR�SURILOH
�� YHORFLW\��GLVWULEXWLRQV
�� SURSDJDWLRQ�PRGHOV

�� EDFNJURXQG�SDUDPHWHUV
�� 6WDQGDUG�0RGHO�SDUDPHWHUV

'LUHFW�GHWHFWLRQ �� FURVV�VHFWLRQ
�� '0�PDVV�

�� '0�ORFDO�GHQVLW\
�� YHORFLW\�GLVWULEXWLRQV
�� SURSDJDWLRQ�PRGHOV

�� +DGURQLF�SDUDPHWHUV
�� 6WDQGDUG�0RGHO�SDUDPHWHUV�

&ROOLGHUV �� FRXSOLQJV
�� PDVVHV
�� SDUWLFOH�FRQWHQWV�

��PRGHO�GHSHQGHQW�

�� 6WDQGDUG�0RGHO�SDUDPHWHUV�

7KH�PRGHUQ�KLJK�HQHUJ\�H[SHULPHQWV�DOZD\V�UHSRUW�WKH�UHVXOW�LQ�HQHUJ\�
GHSHQGHQW�HYHQW�QXPEHUV��+RZ�GR�ZH�LQWHUSUHW�WKHP"





/HFWXUH�,

/HFWXUH�,,



5HFDS�FKL�VTXDUHG�PHWKRG
�� 7KHRUHWLFDO�SUHGLFWLRQ�SHU�HQHUJ\�ELQ��3�0�(���IXQFWLRQ�RI�

PRGHO�SDUDPHWHUV�
�� 1�GDWD�SRLQWV�IURP�21(�H[SHULPHQW��

ZLWK�FHQWUDO�YDOXH�'�(��DQG�HUURUV�VLJPD�(���
�� 7KH�WRWDO�FKL�VTXDUHG�IRU�WKLV�H[SHULPHQW�LV��

�

�
6RPHWLPHV��LI�RQH�ZDQWV�WR�FRPSXWH�WKH�FKL�VTXDUHG�E\�FRPELQLQJ�VHYHUDO�GDWD�VHWV�IURP�GLIIHUHQW�
H[SHULPHQW��WKH�ZHLJKW�RI�HDFK�H[SHULPHQW�KDV�WR�EH�SURSHUO\�FRQVLGHUHG�
���������������������������������������������������������
�����������������������������������������ZKHUH�L�UXQV�RYHU�WKH�H[SHULPHQWV��H�J���$06����)HUPL��DQG�3$0(/$�



:HLJKWHG�FRPELQDWLRQ�
)RU�3RLVVRQ�GLVWULEXWLRQ��ZLWK�GHWHFWHG�HYHQWV��1�REV�!!���
ZH�GHILQH�WZR�H[SHULPHQWV·�FKLA��DV��

5HFDS�FKL�VTXDUHG�PHWKRG

+HUH��ZH�LQJQRUH�V\VWHPDWLF�HUURUV�RI�WZR�H[SHULPHQWV�



6WDWLVWLFDO�	�6\VWHPDWLF�HUURUV�

5HFDS�FKL�VTXDUHG�PHWKRG

6\VWHPDWLF�HUURUV



:KDW�LV�SUREDELOW\"�

7HUPLQRORJLFDOO\��RQH�FDQ�VD\�WKH�SUHGLFWLRQ�
ZLWK�Q�VLJPD�IDU�DZD\�IURP�WKH�FHQWUDO�YDOXH��
+RZHYHU��FDQ�ZH�GLVFULEH�WKLV�LQ�WHUPV�RI�

SUREDELOLW\"�



:KDW�LV�SUREDELOW\"�

7KRPDV�%D\HV

-HU]\�1H\PDQ��(JRQ�3HDUVRQ�DQG�5RQDOG�)LVFKHU



:H�KDYH�WZR�FKRLFHV�

�� 3�GDWD_0RGHO���
3UREDELOLW\��GDWD��JLYHQ�SDUDPHWHU���WKH�SUREDELOLW\�
FRQVWUXFWHG�´LQ�WKH�GDWDµ��)UHTXHQWLVW�DSSURDFK�

�� 3�0RGHO_GDWD���
3UREDELOLW\��SDUDPHWHU��JLYHQ�GDWD���WKH�SUREDELOLW\�
FRQVWUXFWHG�´LQ�WKH�PRGHOµ��%D\HVLDQ�DSSURDFK��

0RGHO�� ���PDOH�RU�IHPDOH
'DWD������ ���SUHJQDQW�RU�QRW�SUHJQDQW

3�IHPDOH_SUHJQDQW���QH��3�SUHJQDQW_IHPDOH�
������!!������������������������a���



7KHUH�LV�QR�VLQJOH��´ULJKWµ�VWDWLVWLFV���

%D\HVLDQ�VWDWLVWLFV�LV�YHU\�SRSXODU�LQ�PDQ\�EUDQFKHV�RI�VFLHQFH�
�DVWURQRP\��FRVPRORJ\��HWF���

)RU�H[DPSOH��7KH�:LONLQVRQ�0LFURZDYH�$QLVRWURS\�3UREH��:0$3��
DQDO\VLV�RI�FRVPLF�PLFURZDYH�EDFNJURXQG��&0%��VSHFWUXP�

Ƚ %D\HVLDQV���SUREDELOLW\�� �GHJUHH�RI�EHOLHYDELOLW\��8QNQRZQ�
TXDQWLWLHV�DUH�WUHDWHG�SUREDELOLVWLFDOO\�DQG�WKH�VWDWH�RI�WKH�ZRUOG�
FDQ�DOZD\V�EH�XSGDWHG��%\�%D\HV����WK�FHQWXU\��

Ƚ )UHTXHQWLVWV���SUREDELOLW\�� �ORQJ�UXQ�IUDFWLRQ�KDYLQJ�WKLV�
FKDUDFWHULVWLF��6DPSOLQJ�LV�LQILQLWH�����WK�FHQWXU\�

Ƚ /LNHOLKRRGLVWV��6LQJOH�VDPSOH�LQIHUHQFH�EDVHG�RQ�PD[LPL]LQJ�WKH�
OLNHOLKRRG�IXQFWLRQ��%\�)LVKHU�HW�DO�����WK�FHQWXU\���



%D\HVLDQ�6WDWLVWLFV���

Ɣ �/LNHOLKRRG��WKH�SUREDELOLW\�RI�REWDLQLQJ�GDWD�LI�K\SRWKHVLV�LV�WUXH�
�

Ɣ �3ULRU��ZKDW�ZH�NQRZ�DERXW�K\SRWKHVLV�%()25(�VHHLQJ�WKH�GDWD�

Ɣ �(YLGHQFH���QRUPDOL]DWLRQ�FRQVWDQW��FUXFLDO�IRU�PRGHO�FRPSDULVRQ�

Ɣ �3RVWHULRU��WKH�SUREDELOLW\�DERXW�K\SRWKHVLV�$)7(5�VHHLQJ�WKH�GDWD�

%D\HV�WKHRUHP�



3URILOH�OLNHOLKRRG�PHWKRG
0L[HG�)UHTXHQWLVW���%D\HVLDQ

7KH�PDLQ�GLVDGYDQWDJH�RI�WKH�IUHTXHQWLVW�PHWKRG�IRU�FXUUHQW�H[SHULPHQWV�
�VXFK�DV�;(121�����/+&��,FH&XEH��HWF������LV�QRW�DEOH�WR�UHSHDW�H[DFWO\�WKH�
VDPH�VHWWLQJ��IRU�H[DPSOH�D�IL[HG�EDFNJURXQG���

%D\HVLDQ�IRU�QXLVDQFH�SDUDPHWHUV�DQG�DSSUR[LPDWH�)UHTXHQWLVW�WR�UHGXFH�
GLPHQVLRQV�WR�MXVW�SK\VLFV�SDUDPHWHUV

6R�
VRPH�IUHTXHQWLVW·V�SRLQW�RI�YLHZ��3/�PHWKRG�LV�PLQLPDO�%D\HVLDQ�
VRPH�%D\HVLDQ·V�SRLQW�RI�YLHZ���3/�PHWKRG�LV�IUHTXHQWLVW�



3URILOH�/LNHOLKRRG�YV�0DUJLQDO�3RVWHULRU

1HHGV�
3ULRU

&RYHUDJH ,QIHUHQFH XSGDWH�
EHOLHIV

&RPELQH�
GDWD

8QSK\VLFDO�
UHJLRQ

6\VWHPDWLF�
WKHRUHWLFDO�
HUURUV�

3URILOH�
/LNHOLKRRG 1R YHU\�

LPSRUWDQW

1R 1R (DV\
����KDUG�FXW�
OLNHOLKRRG

SURILOHG�RXW�
RYHU�WKH�
QXLVDQFH�
SDUDPHWHUV

0DUJLQDO�
3RVWHULRU

<HV 8QLPSRUWD
QW

<HV <HV +DUG ([FOXGHG�E\�
SULRU

LQWHUJUDWHG�
RYHU�SULRU

:H�ZLOO�VHH�ODWHU�LW�LV�QXPHULFDOO\�HDV\�WR�SHUIRUP�D�VFDQ�E\�XVLQJ�0DUJLQDO�3RVWHULRU��



7DEOH�IRU�VWDWLVWLFDO�PHWKRGV�LQ�'0�
VHDUFKLQJ�H[SHULPHQWV�

)HUPL�/$7 /+& ,FH&XEH ;(121����/8; 3/$1&.�:0$3

0DUJLQDO�3RVWHULRU� <HV <HV 12 12 <HV

3URILOH�/LNHOLKRRG� <HV <HV <HV <HV 12

ȹ 0RUH�DQG�PRUH�H[SHULPHQWV�DGRSW�WKH�%D\HVLDQ�
�0DUJLQDO�SRVWHULRU��DSSURDFK���

ȹ 0DUJLQDO�SRVWHULRU�PHWKRG�JLYHV�D�FRQVHUYDWLYH�UHVXOW��



%D\HVLDQ�VWDWLVWLFV�
3DUW�,��/LNHOLKRRG�



ȹ 7KH�SUREDELOLW\�RI�REWDLQLQJ�GDWD�LI�K\SRWKHVLV�LV�WUXH��

ȹ ,Q�WKLV�WDON��ZH�ZLOO�VKRZ���VWDQGDUG�GLVWULEXWLRQV�RI�OLNHOLKRRG�
IXQFWLRQ�EXW�WKHUH�FDQ�EH�VHYHUDO�GLVWULEXWLRQV�RI�OLNHOLKRRG��DV�ORQJ�DV�
WKH�GLVWULEXWLRQ�LV�´WKH�SUREDELOLW\�RI�D�JLYHQ�VDPSOH�EHLQJ�UDQGRPO\�
GUDZQ�UHJDUGHG�DV�D�IXQFWLRQ�RI�WKH�SDUDPHWHUV�RI�WKH�SRSXODWLRQµ��

/LNHOLKRRG�IXQFWLRQ



*DXVVLDQ�/LNHOLKRRG



3RLVVRQ�/LNHOLKRRG
3RLVVRQ�GLVWULEXWLRQ�WR�FKDUDFWHUL]H¬FRXQWLQJ�

H[SHULPHQWV�¬



3RLVVRQ�/LNHOLKRRG�
WKH�VLJQDO�RYHU�EDFNJURXQG�UDWLR

��7KH�VWDQGDUG�GHYLDWLRQ�RI�3RLVVRQ�GLVWULEXWLRQ�LV�
¥P

��)RU�D�QXOO�VLJQDO��V ���VHDUFK�
WKH�VLJQLILFDQFH�LV�

��)RU�D�VLJQDO�VHDUFK�
WKH�VLJQLILFDQFH�LV�

��+HUH�VLJQLILFDQFH�PHDQV�
KRZ�PDQ\�VLJPD�WKH�VLJQDO�
H[FHVVHV�UHDFKHV�WR�WKH�

EDFNJURXQG�RU�
VLJQDO�EDFNJURXQG"�



7ULFN��/LNHOLKRRG�IURP�OLPLWV

ȹ 8VH�HUURU�IXQFWLRQ�WR�VPHDU�WKH�ERXQG��
ȹ &DQ�DGG�WKHRU\�HUURU�DV�ZHOO�



7HVW�6WDWLVWLF�RU�&KL�6TXDUH

7KH�ILUVW�PHWKRG�LV�PRUH�FRQVHUYDWLYH�DQG�
GHOWD�FKL�VTXDUHG�FDQ�EH�QHJDWLYH�

)RU�FRPELQHG�DQDO\VLV��ZH�DUH�DOZD\V�XVLQJ�WKH�
VHFRQG�PHWKRG�

��7HVW�'0�VLJQDOV



$Q�H[DPSOH��0RQR�MHW�/LNHOLKRRG



$Q�H[DPSOH��0RQR�MHW�/LNHOLKRRG
�� )H\QUXOHV��!�YHUWH[
�� 0DGJUDSK�!�FURVV�VHFWLRQ
�� 0DG(YHQW�!�UHFRQVWUXFWLRQ�
�� &XW�DSSOLHG
�� OLNHOLKRRG�FRPSXWDWLRQ�
�� 76 ����



&/��S�YDOXH��DQG�&KL�VTXDUH

2QO\�YDLOG�IRU�*DXVVLDQ�OLNH�
OLNHOLKRRG�



&/��S�YDOXH��DQG�&KL�VTXDUH

HYLGHQFH����VLJPD��EXW�GLVFRYHU\����VLJPD��



3�YDOXH�LQ�*OREDO�ILWWLQJ�

&RQVWUDLQWV 3/$1&.
�UHOLF�

/8;
�6,�

;���
�6'�

JDPPD�
UD\

0RQR�
MHW

0RQR�
SKRWRQ

LQY��= LQY��+

FRQVWUDLQHG�
FRXSOLQJV

$// J6 4XDUN�
J'

$// 4XDUN��
J'

/HSWRQ�
J'

J' J6

3UREOHP��ZH�GR�QRW�NQRZ�KRZ�PDQ\�G�R�I��SUHFLVHO\�DUH�



:H�FDQ�DOZD\V�GHWHUPLQH�D�S�YDOXH�IRU�
DQ\�H[SHULPHQW�E\�UHSHDWLQJ�WKH�SVXGR�
H[SHULPHQWV��+RZHYU��ZH�FDQQRW�GHFLGH�D�

S�YDOXH�IRU�D�FRPELQHG�DQDO\VLV�IURP�
VHYHUDO�LQGHSHQGHQW�'0�H[SHULPHQWV�

UHVXOW��

3�YDOXH�LQ�*OREDO�ILWWLQJ�



/HFWXUH�,,



%D\HVLDQ�VWDWLVWLFV�
3DUW�,,��3ULRU�

3ULRU��ZKDW�ZH�NQRZ�DERXW�K\SRWKHVLV�%()25(�VHHLQJ�WKH�GDWD�
DV�´VWDWH�RI�NQRZOHGJHµ��



�7KH�GHÀQLWLRQ�RI�´LQWHUHVWLQJµ�LV�GLHUHQW�IRU�GLHUHQW�
LQYHVWLJDWRUV��DQG�WKH�ZD\�SRLQWV�DUH�JHQHUDWHG�DOZD\V�
LQYROYHV�D�SULRU�LQ�SDUDPHWHU�VSDFH��HYHQ�JULG�PHWKRGV�
FDQ�EH�VDLG�WR�KDYH�D�SULRU��QDPHO\�D�VHULHV�RI�'LUDF�
GHOWD�IXQFWLRQV�DW�HDFK�JULG�SRLQW���2QH�FRXOG�JR�WR�WKH�
H[WUHPH�RI�SURGXFLQJ�
DQ\�NLQG�RI�UHVXOWV�E\�FKRRVLQJ�
DSSURSULDWH�SULRUV��

%RXGMHPD�HW�DO���DU;LY����������

3ULRU�FKRLFH



4XHVWLRQ�
*LYHQ�D�LQWHUHVWLQJ�UDQJH��KRZ�GR�ZH�PDS�D�UDQGRP�
VHHG����I����JHQHUDWHG�E\�FRPSXWHU��WR�D�SK\VLFDO�

SDUDPHWHU"
)RU�H[DPSOH��ZH�DUH�LQWHUHVWLQJ�RQ�VFDQLQJ�WRS�PDVV��

ȹ�7KHUH�LV�QR�´ULJKWµ�FKRLFH�RI�SULRU�

ȹ�7KHUH�DUH�ZURQJ�GLVKRQHVW�FKRLFHV��H�J���D�GHOWD�IXQFWLRQ�IRU�
D�SDUDPHWHU�WKDW�\RX�NQRZ�QRWKLQJ�DERXW�

ȹ�%D\HVLDQ�VWDWLVWLFV�LV�D�FDOFXOXV�RI�EHOLHIV��
,W�FDQQRW�WHOO�\RX�ZKDW�\RXU�SULRU�EHOLHIV�VKRXOG�EH�

3ULRU�FKRLFH





3ULRU��ZKDW�ZH�NQRZ�DERXW�
K\SRWKHVLV�%()25(�VHHLQJ�WKH�
GDWD�

3ULRU�GHSHQGHQFH�LV�WZR�IROG�
ż 3ULRU�UDQJH�
ż 3ULRU�GLVWULEXWLRQ�



7DNHQ�IURP���DU;LY�
���������Y�
/RXLV�/\RQV



%D\HVLDQ�VWDWLVWLFV�
3DUW�,,,��3RVWHULRU�
ȹ 3RVWHULRU��WKH�SUREDELOLW\�DERXW�K\SRWKHVLV�$)7(5�VHHLQJ�WKH�GDWD�

ȹ 7KH�SUREDELOLW\�FRQVWUXFWHG�´LQ�WKH�PRGHOµ��L�H���ZH�WKLQN�DERXW�RQO\�WKH�GDWD�ZH�
KDYH��QRW�SVHXGR�GDWD�IURP�LPDJLQDU\�H[SHULPHQWV�



ȹ ,I�WKH�/LNHOLKRRG�LV�ZHOO�SHDNHG��WKH�
SRVWHULRU�IROORZV�WKH�/LNHOLKRRG�

ȹ 2WKHUZLVH��LW�IROORZV�WKH�SULRU�



R��REVHUYHG�HYHQWV
E��EDFNJURXQG�H[SHFWHG�HYHQWV
V��VLJQDO�H[SHFWHG�HYHQWV��

3URILOH�/LNHOLKRRG

0DUJLQDO�3RVWHULRU

OLNHOLKRRG

3RVWHULRU

&RQILGHQFH�OLPLWV��3URILOH�/LNHOLKRRG��
DQG�

&UHGLEOH�UHJLRQ��0DUJLQDO�3RVWHULRU��
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���� ���� ����

���� ���� ����

���� ���� ����

���� ���� ����

0DUJLQDOL]LQJ�

3URILOLQJ

1XPHULFDO�ELQQLQJ�

QRUPDOL]DWLRQ�IDFWRU ����

QRUPDOL]DWLRQ�IDFWRU �����

!��� ���� ����

���� ���� ����

���� ���� ����
6RUW�DQG�ILQG�����DQG�

����&�/��

!��� ���� ����

���� ���� ����

���� ���� ����

6RUW�DQG�ILQG�����
DQG�����&�/��

;�D[LV�

<�D[LV



SULRU�GHSHQGHQFH

)ODW�SULRU /RJ�SULRU



9ROXPH�HIIHFW

7KH�9ROXPH�HIIHFW�FDQ�EH�YHU\�VWURQJ�LI�WKH�OLNHOLKRRG�IXQFWLRQ�LV�QRW�
YHU\�VWURQJH�



%D\HVLDQ�VWDWLVWLFV�
3DUW�,9��(YLGHQFH�



(YLGHQFH���QRUPDOL]DWLRQ�FRQVWDQW��
FUXFLDO�IRU�PRGHO�FRPSDULVRQ�

ȹ (YLGHQFH�LV�SUREDELOLW\�RI�GDWD�JLYHQ�PRGHO��2QH�PRGHO�
LQ�RQH�VFDQ�RQO\�KDV�RQH�YDOXH�RI�HYLGHQFH�

ȹ ,W�FRQWDLQV�LQIRUPDWLRQ�IURP�ERWK�OLNHOLKRRG�DQG�SULRU��
ȹ ,I�HYLGHQFH�LV�VPDOO��PRGHO�LV�ILQH�WXQHG��QDPHO\��SULRU�

DJUHHV�ZLWK�GDWD�RQO\�LQ�VPDOO�SDUW�RI�SDUDPHWHU�VSDFH�
ȹ 7KH�UDWLR�RI�WZR�HYLGHQFHV�UHYHDOV�ZKLFK�PRGHO�LV�

EHWWHU�



0RGHO�FRPSDUVLRQ
%D\HV�IDFWRU�DQG�S�YDOXH

7DNHQ�IURP�
���������Y� *RRGQHVV�RI�ILW



&RQQHFWLRQ�EHWZHHQ�WKH�%D\HVLDQ�DSSURDFK�
DQG�WKH�ÀQH�WXQLQJ�PHDVXUH

´$�IUHTXHQWLVW�DQDO\VLV�LV�QRW�VHQVLWLYH�WR�WKH�ILQH�WXQLQJ��)LQH�WXQLQJ�KDV�WR�GR�ZLWK�
VWDWLVWLFDO�ZHLJKW�DQG�D�IUHTXHQWLVW�DQDO\VLV�LV�EDVHG�HQWLUHO\�RQ�OLNHOLKRRG��L�H��WKH�
DELOLW\�WR�UHSURGXFH�WKH�H[SHULPHQW��DQG�WKXV�FDQQRW�VHH�WKH�ILQH�WXQLQJ��´

´,W�PD\�KDSSHQ�WKDW�D�SRLQW��RU�D�UHJLRQ��LQ�WKH�SDUDPHWHU�VSDFH�FDQ�SUHVHQW�DQ�
RSWLPDO�OLNHOLKRRG��EXW�RQO\�DIWHU�DQ�H[WUHPH�WXQLQJ�RI�WKH�XQSORWWHG�SDUDPHWHUV��
LQYROYLQJ�FDQFHOODWLRQV��8VXDOO\�WKDW�SRLQW�LV�FRQVLGHUHG�YHU\�LPSODXVLEOH�RU�
GLVIDYRUHG�VLQFH��D�SULRUL��FDQFHOODWLRQV�DUH�QRW�OLNHO\�XQOHVV�WKHUH�H[LVWV�VRPH�NQRZQ�
WKHRUHWLFDO�UHDVRQ�IRU�WKHP��+RZHYHU��DV�ORQJ�DV�WKH�SRLQW�LV�FDSDEOH�WR�UHSURGXFH�
WKH�H[SHULPHQWDO�GDWD��WKH�ILQH�WXQLQJ�FRQVLGHUDWLRQV�GR�QRW�DIIHFW�LWV�SULYLOHJHG�
FRQGLWLRQ�LQ�D�IUHTXHQWLVW�DQDO\VLV��7KLV�IDFW�FDQ�IDYRU�SRLQWV�LQ�WKH�IUHTXHQWLVW�
DSSURDFK��H�J��LQ�WKH�ORZ�HQHUJ\�UHJLRQV��ZKLFK�DUH�VXSSUHVVHG�LQ�WKH�%D\HVLDQ�RQH�µ

7DNHQ�IURP�5HI�������������&DEUHUD��&DVDV��DQG�5XL]�GH�$XVWUL��



)LQH�WXQLQJ��+LJJV�PDVVHV

$OWKRXJK�EHVW�ILW�SRLQW�
LV�QRW�WKH�ODQJXDJH�RI�
%D\HVLDQ��ZH�FDQ�VWLOO�VHH�
ILQH�WXQQLQJ�IURP�WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�
ORFDWLRQ�RI�EHVW�ILW�DQG�
SRWHULRU�



7KH�´%DUELHUL�*LXGLFH��PHDVXUH



:H�DUH�DSSURDFKLQJ�WKH�+LJKHU�ILQH�WXQLQJ�UHJLRQ�



)LQH�WXQLQJ��UHOLF�GHQVLW\
DU;LY�KHS�SK��������
-��(OOLV�DQG�.��2OLYH

+LJJV�UHVRQDQFH

%XON
FRDQQ�

$�IXQQHO

ȹ PB?FKL�a�PBK����+LJJV�UHVRQDQFH�
ȹ PB?FKL�a�PB$����$�IXQQHO�
ȹ PB^VWRS�VWDX`�PB?FKL�a����*H9��

VWRS��VWDX��FRDQQLKLODWLRQ��
ȹ $OO�WKH�6IHUPLRQ�PDVV�OLJKW��%XON��

:H�FDQ�VHH�WKDW�ILQH�WXQLQJ�GXH�WR�WKH�
PHFKLDQLVP��



)LQH�WXQLQJ�DQG�%D\HVLDQ�HYLGHQFH
ȹ )LQH�WXQLQJ�PHDVXUH�ZKHUH�WKH�OLNHOLKRRG�FKDQJHV�E\�YDU\LQJ�

LQSXW�SDUDPHWHUV�LQ�D�VPDOO�UHJLRQ��
ȹ %D\HVLDQ�HYLGHQFH�WHOOV�XV�WKH�KRZ�PXFK�SULRU�DQG�OLNHOLKRRG�

DJUHH�HDFK�RWKHU��
ȹ 7KH�ILQH�WXQLQJ�PHDVXUH�LQ�%D\HVLDQ�VWDWLVWLFV�LV�WKH�

HYLGHQFH�
ȹ :KHWKHU�SHRSOH�EHOLHYH�ILQH�WXQLQJ�LQ�WKH�QDWXUH�RU�QRW��WKLV�

LV�LVVXH�RI�EHOLHI��2QH�FDQ�LQWURGXFH�WKHP�LQ�%D\HVLDQ�SULRU�
VR�WKDW�WKH�HYLGHQFH�FDQ�EH�LPSURYHG��

ȹ 6KRXOG�ZH�WDNH�UHOLF�GHQVLW\�DQG�KLJJV�PDVV�GLVWULEXWLRQV�
LQWR�RXU�SULRU"



+RZ�WR�SHUIRUP�
D�%D\HVLDQ�JOREDO�VFDQ��

D�EHJLQQHUV�JXLGH�



�%D\HVLDQ�7RROV
8VHIXO�VOLGHV�DW�3+<67$7
KWWS���LQGLFR�FHUQ�FK�HYHQW��������RWKHU�YLHZ"YLHZ VWDQGDUG

3XEOLF�&RGHV
Ɠ 6XSHU%D\H6
Ɠ 52276WDW
Ɠ 0XOWL1HVW
Ɠ &RVPR0&
Ɠ 6XSHU3\	6XSHU3ORW
Ɠ %$7�
Ɠ SLSSL
Ɠ ª

1RQ�3XEOLF�&RGHV�JURXSV�
Ɠ %D\HV),76
Ɠ 6��$NXOD��DQG�3��1DWK
Ɠ %��$OODQDFK
Ɠ 6��$EGXV6DODP
Ɠ &��$ULQD
Ɠ 5��&DWHQD
Ɠ -��(GVMR��DQG�3��*RQGROR
Ɠ ª

7KHUH�DUH�PDQ\��PDQ\�PRUH�WR�QDPH�KHUH���



�%D\HVLDQ�7RROV
8VHIXO�VOLGHV�DW�3+<67$7
KWWS���LQGLFR�FHUQ�FK�HYHQW��������RWKHU�YLHZ"YLHZ VWDQGDUG

3XEOLF�&RGHV
Ɠ 6XSHU%D\H6
Ɠ 52276WDW
Ɠ 0XOWL1HVW
Ɠ &RVPR0&
Ɠ 6XSHU3\	6XSHU3ORW
Ɠ %$7�
Ɠ SLSSL
Ɠ ª

1RQ�3XEOLF�&RGHV�JURXSV�
Ɠ %D\HV),76
Ɠ 6��$NXOD��DQG�3��1DWK
Ɠ %��$OODQDFK
Ɠ 6��$EGXV6DODP
Ɠ &��$ULQD
Ɠ 5��&DWHQD
Ɠ -��(GVMR��DQG�3��*RQGROR
Ɠ ª

7KHUH�DUH�PDQ\��PDQ\�PRUH�WR�QDPH�KHUH���



+RZ�GRHV�D�VFDQ�UXQ"



*ULG�6FDQ�Y�V��0XOWL1HVW�
(IILFLHQF\ QXLVDQFH�

SDUDPHWHUV
/LNHOLKRRG� 0DUJLQDOLVDWLRQ *OREDO�PD[PXP�

*ULG�6FDQ���
KDUG�FXW��

YHU\�SRRU�
LI�'!���

LQFUHDVH�
SDUDPHWHUV

1R�QHHG 1R 1RW�FOHDU

%D\HVLDQ�
0XOWL1HVW

PXFK�
EHWWHU

6LPSO\�
LQFOXGH�WKHP

1HHG (VD\�WR�XVH SULRU�
GHSHQGHQF\�



0DUNRY�FKDLQ�0RQWH�&DUOR�
0HWURSROLV�+DVWLQJ�6DPSOLQJ

,W�UHTXLUHV�´%XUQ�LQµ�IRU�ORFDO�
0D[LPXP�



6DPSOLQJ�VNLOOV�¬1HVWHG�6DPSOLQJ
�� 5DQGRPO\�VDPSOH�LQ�WKH�SDUDPHWHU�VSDFH�

���������D��*HW�ULG�RI�SRLQWV�ZLWK�76!����
���������E��&ROOHFW�WRWDO�QXPEHU�RI�OLYLQJ�SRLQWV�HTXDO�WR��QOLYH��
�� 6RUW�DOO�WKH�OLNHOLKRRGV�
�� *HW�ULG�RI�WKH�ORZHVW�OLNHOLKRRG�
�� 3URMHFW�WKH�UHVW�OLYLQJ�SRLQWV�WR�SDUDPHWHU�VSDFH
�� )LQG�RXW�WKH�RFFXSLHG�UHJLRQ�E\�OLYLQJ�SRLQWV�
�� *HQHUDWH�D�QHZ�SRLQW�ZLWKLQ�WKH�RFFXSLHG�UHJLRQ��LQFOXGLQJ�D�

HQODUJHPHQW�IDFWRU�
�� $FFHSW�WKH�SRLQW�ZLWK�OLNHOLKRRG�JUHDW�WKDQ�WKH�ORZHVW�OLYLQJ�

SRLQWV
�OLNHOLKRRG��RWKHUZLVH�UHMHFW�WKLV�SRLQW�
�� 5HWXUQ�WR�VWHS�RI�VRUWLQJ������DQG�GR�LW�DJDLQ�XQWLO�WKH�VWRS�

FULWHULD�VDWLVILHG��



7KH�´0XOWL1HVWµ�DOJRULWKP

0XOWL1HVW



7KH�´0XOWL1HVWµ�DOJRULWKP�
VWRS�FULWHULD

2QH�FDQ�DOZD\V�VHW�WKH�DERYH�FRQYHUJH�FULWHULD�OHVV�WKDQ�
VRPH�FHUWDLQ�QXPEHU��

7DNHQ�IURP�DU;LY����������
)��)HUR]��0�3��+REVRQ��0��%ULGJHV



&KDOOHQJHV�RI�%D\HVLDQ�DSSURDFK��
LQ�SDUWLFOH�SK\VLFV�

�� 3ROH�ILQH�WXQLQJ�UHJLRQV��LI�WKLV�LV�
LQWHUHVWLQJ�LQ�SK\VLFV��

�� 3ULRU�GHSHQGHQF\��ZHDN�OLNHOLKRRGV���
�� 5HXVDEOH�GDWDVHWV"
�� 5HIHUHHV�FRQIXVHG�ZLWK�

IUHTXHQWLVW·V�DSSURDFK��



$GYHUWLVHPHQW



+RZ�DERXW�WKH�H[SHULPHQWDO�FRQVWUDLQWV"

6OLGH�WDNHQ�IURP�0DG*UDSK�6FKRRO������7DLSHL��
1HLO�&KULVWHQVHQ

�PLFURPHJDV�



/LNH'0�FRGH
LQ�&ROODERUDWLRQ�ZLWK�4��<XDQ�DQG�;��+XDQJ

'0�LQGLUHFW�GHWHFWLRQ�DQG�GLUHFW�GHWHFWLRQ��

LQFOXGLQJ�WKHRUHWLFDO�XQFHUWDLQWLHV�

SDUWLFOH�PRGHO�LQGHSHQGHQW�OLNHOLKRRG

/LNH'0

'/+$

ȹ :H�FDQ�PRUH�FRQILGHQWO\�DQG�HIILFLHQWO\�FKHFN�HYHU\�GDUN�PDWWHU�
PRGHO�

ȹ &DQ�EH�H[WHQG�WR�FRVPRORJ\�FRQVWUDLQWV��
ȹ 6LPLODU�WR�´'0),7´�µ+LJJV%RXQGµ�EXW�VWDUWLQJ�IURP�GDWD�OHYHO



)LWWLQJ�'0�JDPPD�UD\V�
E\�XVLQJ�)HUPL7RROV��

)HUPL7RROV

�� +DOR�PRGHOV
�� '0�PRGHO�LQIRUPDWLRQ
�� $VWURSK\VLFV�VRXUFHV
�� 6RXUFH�ORFDWLRQV
�� %DFNJURXQG

/LNHOLKRRGV

7RR�PXFK�&38�WLPH�FRQVXPLQJ�WR�GR�SDUWLFOH�PRGHO�ILWWLQJ�



)LWWLQJ�'0�JDPPD�UD\V�
E\�XVLQJ�/LNH'0��

)HUPL7RROV

�� +DOR�PRGHOV
�� $VWURSK\VLFV�VRXUFHV
�� 6RXUFH�ORFDWLRQV
�� %DFNJURXQG

/LNHOLKRRGV

(QHUJ\�5HVLGXDO�
�OLNHOLKRRG�PDS

<�/�6PLQJ�7VDL��4LDQJ�<XDQ��;LDR\XDQ�+XDQJ�
3XEOLVKHG�LQ�-&$3�����������������

H�3ULQW��DU;LY�����������

'0�SDUWLFOH�PRGHO�LQIRUPDWLRQ0XFK�IDVW�WR�GR�SDUWLFOH�PRGHO�ILWWLQJ�


