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2 YHUYLHZ
‡ 9 DOLGDWLRQ"
‡ $ �ULVN�EDVHG�DSSURDFK
‡ $ VVXPSWLRQ�FKHFNLQJ
‡ ( YDOXDWLRQ�PHWKRGV

‡3DUDPHWHUV
‡3UHGLFWLYH�SHUIRUPDQFH

‡ 6HQVLWLYLW\ �DQDO\ VLV
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&DQ�ZH�DJUHH�RQ�D�QDPH"

‡ 0 RGHO�$ SSURSULDWHQHVV
‡ 0 RGHO�&KHFNLQJ
‡ 0 RGHO�( YDOXDWLRQ
‡ 0 RGHO�4 XDOLILFDWLRQ
‡ 0 RGHO�9 DOLGDWLRQ
‡ 0 RGHO�9 HULILFDWLRQ
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³ 9 DOLGDWLRQ́ �,V�0 LVOHDGLQJ

³$ OO�PRGHOV�DUH�ZURQJ�EXW�VRPH�DUH�XVHIXO�´
>%R[ ��* ��( ��3���� � � � � ��5REXVWQHVV�LQ�WKH�VWUDWHJ\ �RI�VFLHQWLILF�PRGHO�
EXLOGLQJ��,Q�5��/ ��/ DXQHU��DQG�* ��1 ��: LONLQVRQ���HGV���5REXVWQHVV�LQ�
6WDWLVWLFV��1 HZ�<RUN��$ FDGHPLF�3UHVV@

‡ 0 RGHOV�DUH�QHYHU�FRPSOHWHO\ �YDOLG��EXW�WKH�
DSSOLFDWLRQ�RI�D�PRGHO�WR�D�VSHFLILF�
SXUSRVH�V��FDQ�EH�HYDOXDWHG�
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$ �5LVN�%DVHG�$ SSURDFK�WR�
0 RGHO�( YDOXDWLRQ

‡ ,GHQWLI\ �
± : KDW�DUH�WKH�GHILFLHQFLHV�RI�WKH�PRGHO"
± : KDW�DUH�WKH�UHVXOWLQJ�ULVNV�IRU�WKH�PRGHOLQJ�DQG�

GHFLVLRQ�PDNLQJ�SURFHVV"

‡ $ VVHVV�
± : LOO�WKHVH�GHILFLHQFLHV�ULVNV�LPSDFW�WKH�LQWHQGHG�XVH�

RI�WKH�PRGHO"

‡ 0 DQDJH�
± : KDW�DUH�WKH�VWUDWHJLHV�IRU�PDQDJLQJ�WKHVH�ULVNV"
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: KDW�WR�( YDOXDWH"
‡ 7KH�PRGHO�LWVHOI"

± 6WUXFWXUDO�3. �3' �PRGHO
± 0 RGHOV�IRU�FRYDULDWH�SDUDPHWHU�UHODWLRQVKLSV
± 5DQGRP�HIIHFW�PRGHOV

‡ 7KH�SHUIRUPDQFH�RI�PRGHO�EDVHG�DSSOLFDWLRQV�DQG�
LQIHUHQFHV"
± 3DUDPHWHU�HVWLPDWHV�DQG�FRQILGHQFH�LQWHUYDOV
± + \ SRWKHVLV�WHVWV
± 3UHGLFWLRQV�VLPXODWLRQV�ZLWK�PRGHO
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‡ %HIRUH�LPSOHPHQWLQJ�D�PRGHO�HYDOXDWLRQ�
PHWKRG��
± / RRN�DW�WKH�GDWD�FDUHIXOO\
± 5HYLHZ�PRGHOLQJ�REMHFWLYH
± ' HYHORS�PRGHO�DFFRUGLQJ�WR�* 2 ) �FULWHULD
± &KHFN�PRGHO�DVVXPSWLRQV�
± ' HILQH�PRGHO�HYDOXDWLRQ�PHWKRG�DQG�FULWHULD�

IRU�GHFLVLRQ�PDNLQJ
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0 HWKRGV

‡ $ VVXPSWLRQ�&KHFNLQJ
± 5DQGRPL] DWLRQ�WHVW

‡ 6WDELOLW\ �SUHFLVLRQ�RI�SDUDPHWHU�HVWLPDWHV
± 9 DOLGDWLRQ�WKURXJK�SDUDPHWHU�SUHGLFWLRQ�HUURUV��%UXQR�

HW�DO� -3%�� � �� � � � � � � ��� � � � �
± / RJ�/ LNHOLKRRG�3URILOH
± %RRWVWUDS��SDUDPHWULF�	 �QRQ�SDUDPHWULF�
± &URVV�9 DOLGDWLRQ�/ HYHUDJH�DQDO\ VLV

‡ $ VVHVVPHQW�RI�PRGHO�SHUIRUPDQFH
± 3UHGLFWLRQ�HUURUV��IURP�LQWHUQDO�RU�H[ WHUQDO�WHVW�VHW�
± �3RVWHULRU��3UHGLFWLYH�&KHFN

‡ 6HQVLWLYLW\ �$ QDO\ VLV
± 3DUW�RI�WKH�VLPXODWLRQ�HIIRUW
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$ VVXPSWLRQ�&KHFNLQJ

‡ 7HVW�DVVXPSWLRQV�RI�VWUXFWXUDO�PRGHO
‡ 7HVW�DVVXPSWLRQV�LQ�VWDWLVWLFDO�PRGHO
‡ 7HVW�HVWLPDWLRQ�PHWKRG�DVVXPSWLRQV
‡ 3ULPDULO\ �D�PRGHO�EXLOGLQJ�DQG�GDWD�

DQDO\ VLV�FRQFHUQ��HVSHFLDOO\ �ZKHQ�DQDO\ VLV�
LQYROYHV�K\ SRWKHVLV�WHVWLQJ�
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$ VVXPSWLRQ�&KHFNLQJ��0 RGHO

‡ ' RHV�WKH�PRGHO�ILW�WKH�REVHUYHG�GDWD"
‡ +DV�WKH�VHDUFK�UHDFKHG�D�JOREDO�PLQLPXP"
‡ $ UH�SDUDPHWHU�HVWLPDWHV�FRQVLVWHQW�ZLWK�SULRU�

NQRZOHGJH"
‡ $ UH�UDQGRP�HIIHFW�GLVWULEXWLRQV�FRQVLVWHQW�ZLWK�

PRGHOLQJ�DVVXPSWLRQV��H�J��1 RUPDO�h 	 �e
GLVWULEXWLRQV��FHQWHUHG�RQ�] HUR�"

‡ : KDW�LV�WKH�LPSDFW�RI�DVVXPSWLRQV�LQ�GDWD�
UHFRUGLQJ�DVVHPEO\ "��WU\ �SODXVLEOH�VFHQDULRV�
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Ŷ

T

M_ R
`

Y

O

b U

$ VVXPSWLRQ�&KHFNLQJ��
( VWLPDWLRQ�0 HWKRG

‡ $ UH�DVVXPSWLRQV�DERXW�OLNHOLKRRG�
DSSUR[ LPDWLRQ�YDOLG"��7U\ �PRUH�ULJRURXV�
PHWKRGV�DQG�FRPSDUH�GLDJQRVWLFV��

‡ $ UH�DVVXPSWLRQV�DERXW�WHVW�VWDWLVWLFV�
DFFXUDWH"��H�J��c� GLVWULEXWLRQ�RI�D�� / RJ/ �
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5DQGRPL] DWLRQ�7HVW

‡ &KHFNV�DVVXPSWLRQV�DERXW�c� GLVWULEXWLRQ�
RI�D�� / RJ/

‡ ' HWHUPLQHV�DFWXDO�VLJQLILFDQFH�OHYHO�IRU�D�
JLYHQ�PRGHO�FRPSDULVRQ��) XOO�YV��
5HGXFHG�

‡ ' LVWULEXWLRQ�RI�D�� / RJ/ �IRU�QXOO�
K\ SRWKHVLV�LV�JHQHUDWHG�E\ �ILWWLQJ�UHSHDWHG�
UDQGRP�SHUPXWDWLRQV�RI�GDWD�VHW
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5DQGRPL] DWLRQ�7HVW��0 HWKRG

� � ) LW�5HGXFHG��+ � � �DQG�) XOO��+ � � �PRGHOV�WR�
RULJLQDO�GDWD�VHW�DQG�REWDLQ�D�� / RJ/

� � 5DQGRPO\ �SHUPXWH��VFUDPEOH��YDULDEOH�RI�
LQWHUHVW��H�J��FRYDULDWH��DFURVV�HQWLUH�GDWD�VHW

� � ) LW�) XOO��+ � � �PRGHO�WR�SHUPXWHG�GDWD�VHW�DQG�
FRPSDUH�WR�5HGXFHG�PRGHO�WR�REWDLQ�D�� / RJ/

� � 5HSHDW�� �± � �VHYHUDO�WLPHV��KXQGUHGV�
� � * HQHUDWH�GLVWULEXWLRQ�RI�D�� / RJ/ �DQG�SLFN�

TXDQWLOH�RI�LQWHUHVW��� � � �IRU�S� � �� � �
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0 RGHO�( YDOXDWLRQ��7HVW�' DWD
‡ ,QWHUQDO

±' DWD�VSOLWWLQJ��VSOLW�GDWD�LQWR�PRGHO�
EXLOGLQJ�	 �WHVWLQJ�GDWD�VHWV��

±&URVV�9 DOLGDWLRQ��PXOWLSOH�VSOLWV�
±%RRWVWUDS��UHVDPSOLQJ�RU�VLPXODWLRQ�

‡ ( [ WHUQDO��VHSDUDWH�GDWD�VHW�
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( YDOXDWLRQ�RI�3DUDPHWHU�
( VWLPDWHV
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/ RJ�/ LNHOLKRRG�3URILOH

� � 2 EWDLQ�ILQDO�PRGHO�DQG�SDUDPHWHU�HVWLPDWHV
� � ) L[ �SDUDPHWHU�RI�LQWHUHVW��H�J��7+ ( 7$ �� � � �DW�

UDQJH�RI�YDOXHV�DERYH�DQG�EHORZ�WKH�PD[ LPXP�
OLNHOLKRRG�HVWLPDWH

� � 3HUIRUP�HVWLPDWLRQ�UXQV�IRU�HDFK�RI�WKH�IL[ HG�
YDOXHV�RI�7+ ( 7$ �� �

� � 5HFRUG�PLQLPXP�REMHFWLYH�IXQFWLRQ�YDOXH�
�0 2 ) 9 ��DW�HDFK�IL[ HG�YDOXH�RI�7+ ( 7$ ��

� � 3ORW�0 2 ) 9 �YV��7+ ( 7$ �� �
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/ RJ�/ LNHOLKRRG�3URILOH

‡ 9 DOXHV�RI�7+ ( 7$ �� � �WKDW�LQFUHDVH�WKH�
REMHFWLYH�IXQFWLRQ�E\ �� �� � �XQLWV�DUH�GHILQHG�
DV�� � � �FRQILGHQFH�LQWHUYDO

‡ $ FFXUDF\ �RI�WKLV�PHWKRG�LV�KLJKO\ �
GHSHQGHQW�XSRQ�DFFXUDF\ �RI�OLNHOLKRRG�
DSSUR[ LPDWLRQ�LQ�HVWLPDWLRQ�PHWKRG
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%RRWVWUDS

� � 2 EWDLQ�ILQDO�PRGHO�DQG�SDUDPHWHU�HVWLPDWHV
� � &UHDWH�VHYHUDO��KXQGUHGV��RI�UHSOLFDWH�GDWD�VHWV�

E\ �UH�VDPSOLQJ��XQLW LQGLYLGXDO��ZLWK�
UHSODFHPHQW�IURP�RULJLQDO�GDWD�VHW

� � 3HUIRUP�HVWLPDWLRQ�UXQ�ZLWK�ILQDO�PRGHO�RQ�HDFK�
RI�WKH�UHSOLFDWH�GDWD�VHWV

� � ) URP�GLVWULEXWLRQ�RI�SRSXODWLRQ�SDUDPHWHU�
HVWLPDWHV��REWDLQ�TXDQWLOHV�RI�LQWHUHVW

� � � � � �&,�LV�GHILQHG�E\ �� �� WK DQG�� � �� WK TXDQWLOHV�RI�
SDUDPHWHU�HVWLPDWHV
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%RRWVWUDS

‡ 5H�VDPSOHG�GDWD�WHFKQLTXH�LV�NQRZ�DV�QRQ�
SDUDPHWULF�ERRWVWUDS��5HVXOWV�DUH�FRQGLWLRQDO�RQ�
WKH�GDWD�

‡ 3DUDPHWULF�ERRWVWUDS�FDQ�EH�FRQGXFWHG�E\ �
VLPXODWLQJ�KXQGUHGV�RI�GDWD�VHWV�IURP�ILQDO�PRGHO�
�LQVWHDG�RI�UH�VDPSOLQJ�GDWD���5HVXOWV�DUH�
FRQGLWLRQDO�RQ�PRGHO�

‡ $ FFXUDF\ �RI�ERWK�PHWKRGV�GHSHQGV�XSRQ�DFFXUDF\ �
RI�OLNHOLKRRG�DSSUR[ LPDWLRQ�LQ�HVWLPDWLRQ�PHWKRG
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/ HYHUDJH�$ QDO\ VLV

� � 2 EWDLQ�ILQDO�PRGHO�DQG�SDUDPHWHU�
HVWLPDWHV�ZLWK�HQWLUH�GDWD�VHW

� � 6SOLW�GDWD�VHW�LQWR�P DSSUR[ LPDWHO\ �HTXDO�
VL] H��E\ �LQGLYLGXDO��VXEVHWV

� � ) LW�WKH�PRGHO�WR�GDWD�IURP�P�� �VXEVHWV
� � 5HFRUG�SRSXODWLRQ�SDUDPHWHU�HVWLPDWHV
� � 5HSHDW�IRU�HDFK�RI�WKH�XQLTXH�VXEVHWV
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/ HYHUDJH�$ QDO\ VLV

‡ 8 VHIXO�WR�H[ SORUH�VWDELOLW\ �RI�SDUDPHWHU�
HVWLPDWHV

‡ $ VVLVWV�LQ�LGHQWLI\ LQJ�KLJKO\ �LQIOXHQWLDO�
LQGLYLGXDO�V��RU�RXWOLHUV
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/ HYHUDJH�$ QDO\ VLV

3DUDPHWHU�
( VWLPDWH

&URVV�9 DOLGDWLRQ�6XEVHW
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AP

( YDOXDWLRQ�%DVHG�RQ�3UHGLFWLYH�
3HUIRUPDQFH
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AQ

$ �6LPSOH�4 XDOLWDWLYH�( YDOXDWLRQ

� � 3UHGLFW�LQWR�YDOLGDWLRQ�GDWD�VHW�ZLWK�PRGHO�	 �
SDUDPHWHUV�HVWLPDWHG�IURP�LQGH[ �GDWD

� � &UHDWH�GLDJQRVWLF�SORWV
± 7\ SLFDO�GLDJQRVWLF�VFDWWHU�SORWV��35( ' �YV��' 9 ��5 ( 6�

	 �: 5 ( 6�YV��7,0 ( �	 �35( ' �
± 5( 6�YV��FRYDULDWHV
± 35( ' ��' 9 �YV��FRYDULDWHV

6/ �%HDO� � 9DOLGDWLRQ�RI�D�3RSXODWLRQ�0 RGHO�´ �( �PDLO�WR�12 10 ( 0 �8 VHUV��
1HWZRUN��) HEUXDU\ �� ��� � � � �
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9 DOLGDWLRQ�7KURXJK�3UHGLFWLRQV

‡ 3UHGLFWLRQ�HUURU��3( L �&SUHGL�± &REVL

‡ 6XPPDU\ �PHWULFV�
± %LDV��0 3( ��0 63(
± 3UHFLVLRQ��0 6( ��0 $ ( ��50 6(

‡ 6WDWLVWLFDO�,VVXHV
± KHWHURVFHGDVWLF�YDULDQFH�

63( h  �3( h�6' hji RU�XVH�ORJ�3( �
± PRUH�WKDQ�� �REVHUYDWLRQ�SHU�LQGLYLGXDO�OHDGV�WR�

FRUUHODWHG�SUHGLFWLRQ�HUURUV�DQG�LQYDOLG�VWDWLVWLFDO�WHVWV
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6LQJOH�6SOLW�RU�( [ WHUQDO�
3UHGLFWLRQ

� � 6SOLW�GDWD�RQFH�E\ �LQGLYLGXDOV��H�J��� � �� � �
� � ( VWLPDWH�ZLWK�LQGH[ �VHW
� � 3UHGLFW�LQWR�YDOLGDWLRQ�VHW
� � &DOFXODWH�SUHGLFWLRQ�HUURUV
� � &UHDWH�GLDJQRVWLF�SORWV

2 5� HVWLPDWH�ZLWK�RQH�GDWD�VHW�DQG�SUHGLFW�LQWR�DQ�
HQWLUHO\ �QHZ�GDWD�VHW��H[ WHUQDO�
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&URVV�9 DOLGDWLRQ

� � 3URFHGXUH�VLPLODU�WR�/ HYHUDJH�$ QDO\ VLV
� � 6SOLW�GDWD�LQWR�PXOWLSOH�VXEVHWV
� � ( DFK�RI�WKH�P�� �HVWLPDWLRQ�VXEVHWV�LV�XVHG�

WR�SUHGLFW�LQWR�WKH�UHPDLQLQJ��XQXVHG��
VXEVHW

� � &UHDWH�GLDJQRVWLF�SORWV
� � &DOFXODWH�SUHGLFWLRQ�HUURUV
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3RVWHULRU�3UHGLFWLYH�&KHFN

‡ 3URSRVHG�WR�FKHFN�SHUIRUPDQFH�RI�KLHUDUFKLFDO�
%D\ HVLDQ�PRGHOV

‡ ' R�VLPXODWLRQV�EDVHG�RQ�WKH�PRGHO�	 �SDUDPHWHUV�
�PHDQ�DQG�YDULDQFH��UHVXOW�LQ�SDUDPHWHU��RU�
UHVSRQVH��GLVWULEXWLRQV�WKDW�DUH�VLPLODU�WR�WKH�
REVHUYHG�GLVWULEXWLRQ"

* HOPDQ�HW�DO��0 RGHO�&KHFNLQJ�DQG�6HQVLWLYLW\ �$QDO\ VLV��,Q�%D\ HVLDQ�
' DWD�$QDO\ VLV��&KDSPDQ�DQG�+DOO��1HZ�<RUN��� � � � ��
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3RVWHULRU�3UHGLFWLYH�&KHFN

� � 2 EWDLQ�ILQDO�PRGHO�DQG�SDUDPHWHU�HVWLPDWHV
� � 6LPXODWH�VHYHUDO��� � � � � �UHSOLFDWHV�RI�WKH�RULJLQDO�

GDWD�VHW�XVLQJ�ILQDO�PRGHO�IL[ HG�DQG�UDQGRP�
HIIHFW�SDUDPHWHUV

� � ( VWLPDWH�SRSXODWLRQ�IL[ HG�DQG�UDQGRP�HIIHFW�
SDUDPHWHUV�IRU�HDFK�RQH�RI�WKHVH�UHSOLFDWHV

� � 6LPXODWH�VHYHUDO��� � � � � �QHZ�UHSOLFDWHV�ZLWK�
HDFK�UHSOLFDWH�XVLQJ�VLPXODWLRQ�SDUDPHWHUV�HTXDO�
WR�RQH�RI�WKH�VHWV�RI�HVWLPDWHG�SDUDPHWHUV�IURP�
VWHS�� �
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3RVWHULRU�3UHGLFWLYH�&KHFN

� � ) URP�HDFK�RI�WKH�VLPXODWLRQV�LQ�VWHS�� ��FDOFXODWH�
D�FKDUDFWHULVWLF�RI�WKH�GDWD�WKDW�LV�RI�LQWHUHVW��H�J��
&PD[ �

� � 6XPPDUL] H�&PD[ DFURVV�DOO�VLPXODWLRQV��H�J��
PHGLDQ��� VWTXDUWLOH��HWF��

� � &DOFXODWH�WKH�VDPH�VXPPDU\ �VWDWLVWLF�IURP�WKH�
RULJLQDO�GDWD�VHW

� � 3ORW�GLVWULEXWLRQ�RI�VLPXODWHG�VWDWLVWLF�ZLWK�
REVHUYHG�YDOXH
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3RVWHULRU�3UHGLFWLYH�&KHFN

‡ 7KH�UHVXOWLQJ�GLVWULEXWLRQ�UHIOHFWV�ERWK�
XQFHUWDLQW\ �LQ�SDUDPHWHU�HVWLPDWHV�DQG�
UDQGRP�LQWHU�LQGLYLGXDO�	 �UHVLGXDO�
YDULDELOLW\

‡ 7KLV�SURFHVV�LV�YHU\ �FRPSXWDWLRQDOO\ �
LQWHQVLYH
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3UHGLFWLYH�&KHFN��$ �6KRUWFXW�

� � $ VVXPH�XQFHUWDLQW\ �LQ�SDUDPHWHUV�LV�VPDOO�
UHODWLYH�WR�RWKHU�VRXUFHV�RI�YDULDELOLW\

� � 3HUIRUP�RQH�VHW�RI�VLPXODWLRQV�XVLQJ�ILQDO�
PRGHO�SDUDPHWHUV

� � &DOFXODWH�VWDWLVWLF�RI�LQWHUHVW�DV�LQ�
3RVWHULRU�3UHGLFWLYH�&KHFN��VWHSV�� �± � �

2 5 �� &RPSDUH�REVHUYHG�GDWD�ZLWK�VLPXODWHG�
GDWD
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: KHQ�LV�( YDOXDWLRQ�/ HVV�,PSRUWDQW"
‡ 7KH�PRGHO�LV�SXUHO\ �GHVFULSWLYH
‡ 7KH�LPSDFW�RI�PRGHO�GHULYHG�LQIHUHQFHV�LV�

LQVLJQLILFDQW
‡ 7KH�PRGHO�LV�DSSOLHG�WR�D�SXUSRVH�WKDW�LV�QRW�HDVLO\ �

YDOLGDWHG��H[ WUDSRODWLRQ�
‡ 7KH�JRDO�RI�PRGHO�YDOLGDWLRQ�LV�VLPSO\ �WR�VDWLVI\ �D�

UHTXLUHPHQW��RU�FKHFN�D�ER[

YDOLG�PRGHO \ RX¶YH�ZDVWHG�WKH�ODVW�� �PRQWKV
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6HQVLWLYLW\ �$ QDO\ VLV

‡ 6RPHWLPHV��WKH�PRGHO�LV�DSSOLHG�WR�D�
SXUSRVH�WKDW�LV�QRW�HDVLO\ �HYDOXDWHG�
�H[ WUDSRODWLRQ�

‡ ,W�PD\ �EH�PRUH�LPSRUWDQW�WR�GHWHUPLQH�KRZ�
WKH�PRGHO�LQDGHTXDFLHV�DIIHFW�WKH�
FRQFOXVLRQV�GUDZQ�IURP�WKH�PRGHOLQJ�
DSSOLFDWLRQ

‡ ( [ DPSOH��FOLQLFDO�WULDO�VLPXODWLRQV
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7\ SHV�RI�6HQVLWLYLW\ �$ QDO\ VLV
‡ / RFDO�VHQVLWLYLW\ �DQDO\ VLV�

�IL[ HG�SRLQW�SHUWXUEDWLRQV�

‡ * OREDO�VHQVLWLYLW\ �DQDO\ VLV�
�EDVHG�RQ�XQFHUWDLQW\ �GLVWULEXWLRQV�DFURVV�
DOO�SDUDPHWHUV�
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/ RFDO�6HQVLWLYLW\ �$ QDO\ VLV
‡ &DQ�EH�SHUIRUPHG�E\ �HYDOXDWLRQ�RI�JUDGLHQWV�Z�U�W��

HDFK�SDUDPHWHU�
VHQVLWLYLW\  G�UHVSRQVH��G�SDUDPHWHU�

‡ 2 U�E\ �VLPXODWLQJ�ZLWK�IL[ HG�SRLQW�SHUWXUEDWLRQV�LQ�
WKH�SDUDPHWHU�DQG�VXEVHTXHQW�FRPSDULVRQ�RI�
VLPXODWLRQ�UHVSRQVH�HQGSRLQWV�
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/ LPLWDWLRQV�RI�/ RFDO�6HQVLWLYLW\ �
$ QDO\ VLV

‡ 2 QO\ �UHIOHFWV�VHQVLWLYLW\ �WR�XQFHUWDLQW\ �LQ�� �
SDUDPHWHU��DVVXPSWLRQ��DW�D�WLPH

‡ ,QHIILFLHQW��0 XVW�UHSHDW�WKH�VLPXODWLRQ�H[ HUFLVH�IRU�
HDFK�SDUDPHWHU�RI�LQWHUHVW

‡ &RQFOXVLRQV�DERXW�VHQVLWLYLW\ �WR�DVVXPSWLRQV�DUH�
RQO\ �DFFXUDWH�LI�IL[ HG�YDOXHV�RI�DOO�RWKHU�
SDUDPHWHUV�DUH�FRUUHFW
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* OREDO�6HQVLWLYLW\ �$ QDO\ VLV
‡ 8 QFHUWDLQW\ �LV�TXDQWLWDWLYHO\ �GHILQHG�IRU�DOO�

SDUDPHWHUV��PRGHOV�

‡ 0 RQWH�&DUOR�PHWKRGV�DUH�UHTXLUHG�WR�VLPXODWH�
IURP�XQFHUWDLQW\ �GLVWULEXWLRQV��XVXDOO\ �UHTXLUHV�
RQH�VHW�RI�VLPXODWLRQV�ZLWK�ODUJH�QXPEHU�RI�
UHSOLFDWHV�

‡ 8 QFHUWDLQW\ �GLVWULEXWLRQV�DUH�LPSOHPHQWHG�DV�
LQWHU�WULDO�YDULDELOLW\
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* OREDO�6HQVLWLYLW\ �$ QDO\ VLV
‡ 6HQVLWLYLW\ �RI�VLPXODWLRQ�RXWFRPH�V��WR�

DVVXPSWLRQV�FDQ�EH�YLHZHG�RYHU�D�FRQWLQXRXV�
UDQJH�RI�SDUDPHWHU�XQFHUWDLQW\ �

‡ &KDUDFWHUL] HV�VHQVLWLYLW\
WR�XQFHUWDLQW\ �LQ�DOO�PRGHO
SDUDPHWHUV��DVVXPSWLRQV�
VLPXOWDQHRXVO\
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* OREDO�6HQVLWLYLW\ �$ QDO\ VLV�LQ�3. �3'
‡ ( [ DPSOHV�LQ�3%3. �OLWHUDWXUH��VLPXODWLRQ�IURP�D�

UDQJH�RI�SDUDPHWHU�YDOXHV
± %RLV��) ��HW�DO��7R[ LFRO��$SSO��3KDUPDFRO� � � � ��� � � � � ��

� � � � �

‡ 1 HZ�PHWKRGV�SURSRVHG�LQFOXGH�XVH�RI�IX] ] \ �
QXPEHUV
± 1 HVWRURY��,��HW�DO��' UXJ�0 HWDE��' LVSRV� � � �� � � � � � � ��

� � � � �

‡ 3%3. �H[ DPSOHV�W\ SLFDOO\ �OXPS�SDUDPHWHU�
XQFHUWDLQW\ �DQG�LQWHU�LQWUD�LQGLYLGXDO�YDULDELOLW\ �
WRJHWKHU
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* OREDO�6HQVLWLYLW\ �$ QDO\ VLV�LQ�&76
‡ ,QFRUSRUDWH�SDUDPHWHU�XQFHUWDLQW\ �LQ�&76�XVLQJ�

%D\ HVLDQ�SULRU�SUREDELOLW\ �GLVWULEXWLRQV�IRU�PHDQ�
DQG�YDULDQFH�SDUDPHWHUV�LQ�WKH�VLPXODWLRQ�PRGHO

± * LOOHVSLH��: �5 ���HW�DO��&OLQ��3KDUPDFRO��7KHU� � � ��3,,,�
� � ��� � � � �

· $ �KLHUDUFKLFDO�PRGHO�LV�HPSOR\ HG�ZKHUH�
XQFHUWDLQW\ �LV�LPSOHPHQWHG�DV�LQWHU�WULDO�YDULDELOLW\ �
LQ�WKH�PRGHO�DQG�SDUDPHWHUV
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* OREDO�6HQVLWLYLW\ �$ QDO\ VLV
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‡ : KDW�DUH�WKH�XQGHUO\ LQJ�DVVXPSWLRQV�DQG�
LQDGHTXDFLHV�RI�D�SDUWLFXODU�PRGHO"

‡ : LOO�WKH�DVVXPSWLRQV�DQG�LQDGHTXDFLHV�RI�D�
PRGHO�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�WKH�
LQIHUHQFHV�GUDZQ�IURP�DSSOLFDWLRQV�RI�WKH�
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5HIHUHQFHV
‡ / %�6KHLQHU��6/ �%HDO��6RPH�6XJJHVWLRQV�IRU�0 HDVXULQJ�3UHGLFWLYH�

3HUIRUPDQFH��-3%�� ��� � � � � � � �� � � � � � �
‡ 6�9 R] HK��32 �0 DLWUH��' 5 �6WDQVNL��( YDOXDWLRQ�RI�3RSXODWLRQ�

�1 2 1 0 ( 0 ��3KDUPDFRNLQHWLF�3DUDPHWHU�( VWLPDWHV��-3%� � �� � � �� � � �
� � � � � � ��

‡ 6/ �%HDO��� 9 DOLGDWLRQ�RI�D�3RSXODWLRQ�0 RGHO�´ �( �PDLO�WR�1 2 1 0 ( 0 �
8 VHUV��1 HWZRUN��) HEUXDU\ �� ��� � � � � � ��
�KWWS���ZZZ�FSE�XRNKVF�HGX�FRPPRQ�DQRQ\ PRXV�QP�WRSLF� � � �KWPO��

‡ ) �0 HQWUH��0 ( �( EHOLQ��9 DOLGDWLRQ�RI�3RSXODWLRQ�3KDUPDFRNLQHWLF��
3KDUPDFRG\ QDPLF�$ QDO\ VHV��5HYLHZ�RI�3URSRVHG�$ SSURDFKHV��,Q�/ �
$ DURQV��/ 3�%DODQW��0 �' DQKRI��0 �* H[ �) DEU\ ��8 $ �* XQGHUW�5HP\ ��0 2 �
. DUOVVRQ��) �0 HQWUH��3/ �0 RUVHOOL��) �5RPERXW��0 �5RZODQG��-� / �6WHLPHU
	 �6�9 R] HK��HGV���7KH�3RSXODWLRQ�$SSURDFK��0 HDVXULQJ�DQG�0 DQDJLQJ�
9DULDELOLW\ �LQ�5HVSRQVH��&RQFHQWUDWLRQ�DQG�' RVH��&2 67��%UXVVHOV��
� � � � � � ��

‡ <DQR�< ��%HDO�6/ � 6KHLQHU/ %��( YDOXDWLQJ�SKDUPDFRNLQHWLF�
�SKDUPDFRG\ QDPLF�PRGHOV�XVLQJ�WKH�SRVWHULRU�SUHGLFWLYH�FKHFN��-
3KDUPDFRNLQHW�3KDUPDFRG\ Q� � � � ��� � � � � �� � � � � � � �
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5HIHUHQFHV��FRQWLQXHG�
‡ ( , ( WWH��3RSXODWLRQ�0 RGHO�6WDELOLW\ �DQG�3HUIRUPDQFH��- &OLQ�

3KDUPDFRO� � �� � � �� � � �� � � � � � �
‡ ) ' $ ��* XLGDQFH�IRU�,QGXVWU\ ��3RSXODWLRQ3KDUPDFRNLQHWLFV�� � � � � �
‡ * HOPDQHW�DO��0 RGHO�&KHFNLQJ�DQG�6HQVLWLYLW\ �$ QDO\ VLV��,Q�%D\ HVLDQ�

' DWD�$QDO\ VLV��&KDSPDQ�DQG�+DOO��1 HZ�<RUN��� � � � � �
‡ 7�+DVWLH��5 �7LEVKLUDQL��0 RGHUQ�5HJUHVVLRQ�DQG�&ODVVLILFDWLRQ�6KRUW�

&RXUVH��� � � � ���KWWS���ZZZ�VWDW�VWDQIRUG�HGX�aWUHYRU�PUF�KWPO�
‡ KWWS���GDYLGPODQH�FRP�K\ SHUVWDW�%� � � � � � �KWPO�UDQGRPL] DWLRQ�WHVW�

9 DOLGDWLRQ�$ SSOLFDWLRQV�LQ�3RSXODWLRQ�3. �3'
‡ 5�%UXQR�HW�DO��-3%� � �� � � �� � � �� � � � � � �
‡ -3�0 DQGHPD�HW�DO��%U�- &OLQ�3KDUPDFRO� � ��� � � � � � � �� � � � � � �
‡ * UDVHODHW�DO� ( XU- &OLQ�3KDUPDFRO� � �� � � �� � � �� � � � � � �
‡ ) DWWLQJHU�HW�DO��%U�- &OLQ�3KDUPDFRO� � �� � � �� � � �� � � � � � �
‡ $ DURQVHW�DO��%U�- &OLQ�3KDUPDFRO� � �� � � �� � � �� � � � � � �


