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0 L[ HG�( IIHFWV�0 RGHO�4 XDOLILFDWLRQ�
8 VLQJ�3UHGLFWLYH�&KHFN

3UDYLQ�5 �- DGKDY
* UDGXDWH�6WXGHQW�
9LUJLQLD�&RP P RQZHDOWK�8 QLYHUVLW\ ��5 LFKP RQG��9$
2 IILFH�RI�&OLQLFDO�3KDUP DFRORJ\ �DQG�%LRSKDUP DFHXWLFV��&' ( 5 ���) ' $
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2 XWOLQH

™ 3RVWHULRU�3UHGLFWLYH�&KHFN��33&�
™ 3UHGLFWLYH�FKHFN�WKHRU\

™ 6LP XODWLRQ�H[ DP SOH
™ $SSOLFDWLRQV
™ ,QIHUHQFH
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� 3RVWHULRU��3UHGLFWLYH�&KHFN��33&�

™ $�P HWKRG�WR�FKHFN�LI�WKH�SRVLWHG�P RGHO�VKRXOG�
EH�H[ FOXGHG�EHFDXVH�LW�IDLOV�WR�SURYLGH�D�
UHDVRQDEOH�VXP P DU\ �RI�WKH�GDWD�DW�KDQG

™ $�VXP P DU\ �IHDWXUH�RI�WKH�GDWD��DNDVWDWLVWLF��LV�
FDOFXODWHG�WR�FKHFN�WKH�FRP SDWLELOLW\ �RI�P RGHO�
DQG�GDWD�

™ 7KH�SUHVHQW�ZRUN�GRHV�QRWFRQVLGHU�WKH�
SRVWHULRU�GLVWULEXWLRQ�RI�P RGHO�SDUDP HWHUV
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$ �VXP P DU\ �IHDWXUH��D�VWDWLVWLF�

™ 7HVW�VWDWLVWLF� 7�\ �
' RHV�QRW�GHSHQG�RQ�P RGHO�SDUDP HWHUV

™ ' LVFUHSDQF\ �YDULDEOH� 7�\ �q�
' HSHQGV�RQ�P RGHO�SDUDP HWHUV
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N $YHUDJH�FRQFHQWUDWLRQ�DW�VSHFLILF�WLP H�
�&P D[ ��&P LQ��&VV��&W�

N $UHD�XQGHU�WKH�FXUYH��$8 &�

N 6XP �RI�VTXDUHG�HUURUV������
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3UHGLFWLYH�FKHFN

™ 3RVWHULRU�GLVWULEXWLRQ�DFFRXQWV�IRU�WKH�
SDUDP HWHU�XQFHUWDLQW\ �DQG�SULRU�NQRZOHGJH

i 1 RW�FRQVLGHUHG�LQ�WKH�FXUUHQW�HIIRUW

™ 0 D[ LP XP �/ LNHOLKRRG��0 / � �HVWLP DWLRQ�LJQRUHV�
XQFHUWDLQW\ �DQG�SULRU

i 0 / �ZLGHO\ �XVHG�LQ�SRSXODWLRQ�3. �3 ' �GDWD�DQDO\ VLV

™ 6R��QRW�H[ DFWO\ � 3RVWHULRU
™ 0 RUH�DSSURSULDWHO\ ��

0 / �3UHGLFWLYH�FKHFN
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™ ) LUVW�DWWHP SW�WR�V\ VWHP DWLFDOO\ �HYDOXDWH�
SURSHUWLHV�RI�33&�IRU�3. �3 ' �P RGHO�VHOHFWLRQ

™ 5 HVXOWV�DSSOLFDEOH�WR�VLQJOH�VXEMHFW�VHWWLQJ�DQG�
DSSOLFDWLRQ�WR�SRSXODWLRQ�GDWD�DQDO\ VLV�ZLWK�
VHYHUDO�FRYDULDWHV�LV�QRW�YHU\ �REYLRXV

™ 1 R�FOHDU�GLVWLQFWLRQ�EHWZHHQ�WKH�SURSHUWLHV�RI�D�
WHVW�VWDWLVWLF YHUVXV�D�GLVFUHSDQF\ �YDULDEOH

™ 2 QO\ �WKH�S�YDOXH��3S� ZDV�XVHG�IRU�SUHGLFWLYH�
SHUIRUP DQFH� RWKHU�DOWHUQDWLYHV�ZHUH�QRW�
H[ SORUHG
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,QIHUHQFHV

™ 8 VH�RI�GLVFUHSDQF\ �YDULDEOH�FDQQRW�DLG�LQ�
UHMHFWLQJ�IDOVH�P RGHOV

™ 8 VH�RI�WHVW�VWDWLVWLF�FDQ�DLG�LQ�UHMHFWLQJ�IDOVH�
P RGHOV

ž 6HOHFWLRQ�RI�LQIRUP DWLYH�WHVW�VWDWLVWLF�LV�FKDOOHQJLQJ

™ � � � �SUHGLFWLRQ�LQWHUYDO�FDQQRW�DLG�LQ�UHMHFWLQJ�
IDOVH�P RGHOV

™ ( TXLYDOHQFH�EDVHG�FRP SDULVRQ�RI�WHVW�VWDWLVWLF�LV�
P RUH�LQIRUP DWLYH�WKDQ�VLJQLILFDQFH�EDVHG�
FRP SDULVRQ
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3UHGLFWLYH�FKHFN�IRU�RQH�GDWDVHW
™ ( VWLP DWLRQ�VWHS��2 EWDLQ�HVWLP DWHV�RI� T

4 ³ ) DOVH�P RGHÓ��P DOHV IHP DOHV�

5 ³ 7UXH�P RGHÓ��P DOHV�zIHP DOHV�

™ 6LP XODWLRQ�VWHS��� � � �VLP XODWLRQV�IRU�HDFK�
P RGHO

™ ( YDOXDWLRQ�VWHS�

6 7HVW�VWDWLVWLF

798 &��W � �� �KU�
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3UHGLFWLYH�S�YDOXH��3S�

™ 8 VH�RI�GLVFUHSDQF\ �YDULDEOH�FDQQRW�KHOS�LQ�
UHMHFWLQJ�P RGHO�

™ ( [ SHULP HQW�LV�UHSHDWHG�IRU�� � �RULJLQDO�
GDWDVHWV��

� � � � �UHSOLFDWLRQV�IRU�HDFK�RULJLQDO�GDWDVHW

™ 7KXV��ZH�ZLOO�KDYH�� � �3S�YDOXH
™ : KDW�ZRXOG�EH�WKH�VKDSH�RI�3SGLVWULEXWLRQ"
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3UREDELOLW\ �RI�( TXLYDOHQFH��SHTY�

™ &DOFXODWLRQ�RI�3S�XVLQJ�WHVW�VWDWLVWLF�>&�W�@�
ZRXOG�QRW�EH�SUDFWLFDOO\ �UHOHYDQW�

` H�J���+RZ�H[ WUHP H�LV�WKH�REVHUYHG�&�W��UHODWLYH�WR�
UHSOLFDWLRQV"

™ ( TXLYDOHQFH��SHTY��EHWZHHQ�REVHUYHG�DQG�
VLP XODWHG�VWDWLVWLF�ZRXOG�EH�P RUH�UHOHYDQW�
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ü +RZ �GRHV�RQH�GHFLGH�Z KLFK�SDUW�RI�WKH�GDWD�LV�
LP SRUWDQW"

ü 6HOHFWLRQ�RI�LQIRUP DWLYH�WHVW�VWDWLVWLF�LV�D�FKDOOHQJH�

ý ,I�VRP H�KRZ�RQH�GHIHQGV�WKH�FKRLFH�RI�GRP DLQ�

ü ) RU�WKH�JLYHQ�H[ DP SOH��Z H�VD\ ��� � � �YDULDWLRQ��� �� � � �� � � �
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� �� � �DQG�P RVW�REVHUYDWLRQV�DUH�- 8 67�RXWVLGH�WKH�OLP LW"

� : RXOG�WKH�GHFLVLRQ�EH�GLIIHUHQW�LI�Z H�GRQ¶W�SHUIRUP �
SUHGLFWLYH�FKHFN�DQG�UHO\ �RQ�WUDGLWLRQDO�GLDJQRVWLFV" �1 RW�
DQVZ HUHG�

� 9LVXDO�LQVSHFWLRQ�Z RXOG�EH�DOZ D\ V�XVHIXO�
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$SSOLFDWLRQV�RI�33&

� &RQILUP LQJ�ZKHWKHU�RU�QRW�D�SRVLWHG�P RGHO�KHOSV�WR�
GHVFULEH�GRP DLQ�VSHFLILF�TXDQWLW\ �RI�LQWHUHVW

� ) RU�H[ DP SOH��& � 

!��& �

"
# ��$8 &

$ : KHQ�D�P RGHO�LV�XVHG�IRU�GHVLJQLQJ�WULDOV

% 0 RGHO�VKRXOG�DW�OHDVW�UHJHQHUDWH�WKH�GDWD

$ : KHQ�LQIRUP DWLYH�SULRUV�DUH�XVHG��	 �GDWD�DUH�VSDUH�

& * HOP DQHW�DO

& 5 HDFWLRQ�WLP HV�LQ��QRQ�VFKL] RSKUHQLFV��%D\ HVLDQ�

& * REEXUX�HW�DO

& ,QIOXHQFH�RI�DJH�RQ�UHQDO�&/ �LQ�QHRQDWHV��%D\ HVLDQ�
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,QIHUHQFHV

A 8 VH�RI�GLVFUHSDQF\ �YDULDEOH�FDQQRW�DLG�LQ�UHMHFWLQJ�
IDOVH�P RGHOV�

A 8 VH�RI�WHVW�VWDWLVWLF�FDQ�DLG�LQ�UHMHFWLQJ�IDOVH�P RGHOV�

B 6HOHFWLRQ�RI�LQIRUP DWLYH�WHVW�VWDWLVWLF�LV�FKDOOHQJLQJ

C � � � �SUHGLFWLRQ�LQWHUYDO�FDQQRW�DLG�LQ�UHMHFWLQJ�IDOVH�
P RGHOV�

C ( TXLYDOHQFH�EDVHG�FRP SDULVRQ�RI�WHVW�VWDWLVWLF�LV�
P RUH�LQIRUP DWLYH�WKDQ�VLJQLILFDQFH�EDVHG�
FRP SDULVRQ�

C ) XUWKHU�UHVHDUFK�LV�QHHGHG�EHIRUH�UHJXODU�XVH�RI�
SUHGLFWLYH�FKHFN�LQ�GUXJ�GHYHORSP HQW�
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5 HIHUHQFHV

_a` * XWWP DQ,��7KH�XVH�RI�WKH�FRQFHSW�RI�D�IXWXUH�REVHUYDWLRQ�LQ�
JRRGQHVV�RI�ILW�SUREOHP V��- �5 �6WDWLVW�6RF��%��� � � � � � ��� � � � �

bac 5 XELQ�' %��%D\ HVLDQO\ MXVWLILDEOH�DQG�UHOHYDQW�IUHTXHQF\ �
FDOFXODWLRQV�IRU�WKH�DSSOLHG�VWDWLVWLFLDQ��$QQ�6WDWLVW�� � ��� � � � �
� � � � � � � � � �

d
c 0 HQJ ; �/ ��3RVWHULRU�SUHGLFWLYH�S�YDOXHV��$QQ��6WDWLVW��� � ��� � � � �

� � � � ��� � � � ��

e
c * HOP DQ$��0 HQJ ; �/ ��6WHUQ�+ ��3RVWHULRU�SUHGLFWLYH�DVVHVVP HQW�

RI�P RGHO�ILWQHVV�YLD�UHDOL] HG�GLVFUHSDQFLHV��6WDWLVWLFD6LQLFD��
� �� � � � � � � ��� � � � �

f
c * REEXUX��+ROIRUGHW�DO��6LP SOLILHG�SRVWHULRU�SUHGLFWLYH�FKHFN�

�V33&��IRU�P RGHO�TXDOLILFDWLRQ��$6&37��� � � � �

g
c <DQR��%HDO�DQG�6KHLQHU��( YDOXDWLQJ�SN�SG�P RGHOV�XVLQJ�WKH�

SRVWHULRU�SUHGLFWLYH�FKHFN��- �3 . 3 ' ��� �� � � � � � � ��� � � � �
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$FNQRZOHGJHP HQWV

™ ' U��- RJDUDR�* REEXUX��2 &3%�&' ( 5 �) ' $

™ ' U��' RXJODV�%RXGLQRW��9&8

™ ' U��- RKQ�/ DZUHQFH��%LRP HWULFV�&' ( 5 �) ' $

™ ( &3$* �RUJDQL] LQJ�FRP P LWWHH
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