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6HOHFWLQJ�WKH�ULJKW�PRGHO�
DFURVV�PRGHOOLQJ�SODWIRUPV
� D�3RS3.3' SHUVSHFWLYH�

6WHSKHQ�'XIIXOO
8QLYHUVLW\�RI�4XHHQVODQG
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$LP
7R�GHVFULEH�PRGHO�VHOHFWLRQ WHFKQLTXHV�
GXULQJ�PRGHO�GHYHORSPHQW

7KLV�WDON�GRHV�QRW�FRYHU�PRGHO�HYDOXDWLRQ
WKDW�PD\�EH�SHUIRUPHG�DIWHU�PRGHO�
GHYHORSPHQW
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3ODWIRUPV�FRQVLGHUHG�LQ�WKLV�WDON
z 3DUDPHWULF�PD[LPXP�OLNHOLKRRG���H�J��1210(0�
z 1RQ�SDUDPHWULF�PD[LPXP�OLNHOLKRRG��H�J��13(0�
z 0DUNRY�FKDLQ�0RQWH�&DUOR��H�J��:LQ%8*6�
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0RGHO�DSSURSULDWHQHVV
z $OO�PRGHOV�DUH�ZURQJ�± EXW�VRPH�DUH�XVHIXO�

>*(3�%R[������@
z 'R�WKH�GHILFLHQFLHV�LQ�WKH�PRGHO�KDYH�D�QRWLFHDEOH�

HIIHFW�RQ�LWV�VXEVWDQWLYH�LQIHUHQFHV"
>$�*HOPDQ������@

z &KHFNLQJ�WKH�DSSURSULDWHQHVV�RI�D�PRGHO�WKHUHIRUH�
UHTXLUHV�WKH�SXUSRVH�IRU�ZKLFK�WKH�PRGHO�ZDV�
GHYHORSHG�WR�EH�NQRZQ�D�SULRUL
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*OREDO���/RFDO"
z *OREDO

< 5HIHUV�WR�PHWKRGV�WKDW�DVVHVV�WKH�JOREDO�ILW�RI�WKH�PRGHO�WR�
WKH�GDWD��ZLWKRXW�UHIHUHQFH�WR�DQ\�SDUWLFXODU�IHDWXUHV�RI�WKH�
PRGHO�RU�GDWD

= VXP�RI�VTXDUHV

= &URVV�YDOLGDWLRQ
z /RFDO

> 5HIHUV�WR�PHWKRGV�WKDW�DVVHVV�ORFDO�IHDWXUHV�RI�WKH�PRGHO��
H�J��KRZ�ZHOO�GRHV�WKH�PRGHO�GHVFULEH�&PD[

? 33&
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0RGHO�VHOHFWLRQ�GXULQJ�PRGHO�EXLOGLQJ
z 6WUXFWXUDO�0RGHO�H�J��3.�PRGHO

T ,QSXW�PRGHO

T 'LVSRVLWLRQ�PRGHO
z 6WDWLVWLFDO�0RGHO

T %HWZHHQ�VXEMHFW�YDULDELOLW\

T %HWZHHQ�RFFDVLRQ�YDULDELOLW\

T &RUUHODWLRQV�EHWZHHQ�SDUDPHWHUV��FRYDULDQFH�PDWUL[�

T 5HVLGXDO�YDULDELOLW\
z $GGLWLRQ�RI�FRYDULDWHV
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:KDW�FRQVWLWXWHV�D�JRRG�PRGHO�
VHOHFWLRQ�PHWKRG"
�� $FFXUDF\

¾ 7KH�PHWKRG�ZLOO�KDYH�DSSURSULDWH�VWDWLVWLFDO�
SURSHUWLHV�

�� 5HOHYDQFH
¾ 7KH�PHWKRG�WHVWV�WKH�UHOHYDQW�IHDWXUHV�RI�WKH�

PRGHO
�� (DVH�RI�XVH

¾ <RX�FDQ�SHUIRUP�WKH�PHWKRG�LQ�D�UHDO�WLPH�
VHWWLQJ�ZLWKRXW�UHTXLULQJ�H[FHVVLYH�FXVWRP�
ZULWWHQ�FRGH�DQG�SUHIHUDEO\�RQ�WKH�IO\



+\SRWKHVLV�WHVWLQJ $VVHVVPHQW�RI�PRGHO�
SUHGLFWLRQV

6LPXOWDQHRXV
PRGHOOLQJ

/57�r
UDQGRPL]DWLRQ�

WHVW

$,&
%,&
',&

33&

&URVV�YDOLGDWLRQ

%RRWVWUDS

0L[WXUH PRGHOOLQJ

5-�0&0&

0HWKRGV

3RVWHULRU�
'LVWULEXWLRQV

0DUJLQDO�
OLNHOLKRRG�

FRPSDULVRQ
%D\HV IDFWRUV
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+\SRWKHVLV�WHVWLQJ
z 3DUDPHWULF�PD[LPXP�OLNHOLKRRG

z /LNHOLKRRG�UDWLR�WHVW��/57�

} ± UDQGRPL]DWLRQ�WHVW
z 1RQ�SDUDPHWULF�PD[LPXP�OLNHOLKRRG

z /LNHOLKRRG�UDWLR�WHVW��/57�
z 0&0&

z 'HYLDQFH�,QIRUPDWLRQ�&ULWHULRQ��',&�
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$VVHVVLQJ�*RRGQHVV�RI�)LW
/LNHOLKRRG�UDWLR�WHVW��/57��IRU�QHVWHG�PRGHOV

� )RU�IXOO �N�SDUDPHWHUV� DQG�UHGXFHG�PRGHOV �N�U�SDUDPHWHUV��WKH�
GLIIHUHQFH�LQ�2%-)�LV�DSSUR[LPDWHO\�χ � GLVWULEXWHG

� $�PRGHO�LV�D�UHGXFHG�PRGHO�RI�WKH�IXOO�PRGHO�LI�RQH�RU�PRUH�SDUDPHWHUV�
�U��RI�WKH�IXOO�PRGHO�FDQ�EH�IL[HG��XVXDOO\�WR����WR�H[DFWO\�WKHQ�PDWFK�WKH�
UHGXFHG�PRGHO

� /LNHOLKRRG�UDWLR�WHVW��/57�

'HJUHHV�RI�)UHHGRP� ����
�S�������
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:K\�F�"
z 7KH�/57�FDQ�EH�VKRZQ�WR�EH�DV\PSWRWLFDOO\�χ Ê

GLVWULEXWHG�IRU�DOO�OLNHOLKRRGV��QRUPDO��ELQRPLDO��
3RLVVRQ�HWF�

Ë 0XVW�EH�QHVWHG
z )RU�PL[HG�HIIHFW�PRGHOV�DV\PSWRWLF�UHTXLUHV�WKDW�ERWK�
QBSDWLHQWV�Æ ∞ DQG�QBVDPSOHVBL�Æ ∞
�IRU�L� ���QBSDWLHQWV�

Ì :KHQ�WKHVH�DV\PSWRWHV�DUH�QRW�UHDFKHG�WKH�/57�LV�VDLG�WR�
EH�DSSUR[LPDWHO\�χ Í

GLVWULEXWHG
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3UREOHPV�ZLWK�DVVXPSWLRQ�RI�F� XQGHU�QXOO�
K\SRWKHVLV

z :DKOE\��-RQVVRQ DQG�.DUOVVRQ������
*HW�EHWWHU�DJUHHPHQW�ZLWK�QRPLQDO�DQG�DFWXDO�S�
YDOXHV�LI�

â 8VH�)2&(�IRU�DGGLWLYH�UHVLGXDO�HUURU�LQFOXGLQJ�ORJ�WUDQVIRUPHG�ERWK�
VLGHV�

â RU�)2&(�ZLWK�,QWHUDFWLRQ��)2&(,��IRU�SURSRUWLRQDO�RU�VORSH�LQWHUFHSW�
UHVLGXDO�HUURU�PRGHOV

z *REEXUX��/DZUHQFH������

ã &DQ�XVH�)2�PHWKRG�IRU�VSDUVH�GDWD�EXW�LW�LV�127�
EHWWHU�WKDQ�)2&(�RU�)2&(,



äå åæ çè éêë æ ìë ìæ í ì îï ðñ ò òñ å åó ôõ õö ÷

([DPSOH�
:HLJKW�RQ�FHQWUDO�YROXPH
z 0�

ø 799� 7+(7$���

z 0�

ø 799� 7+(7$���:7������7+(7$���

z )RU�ERWK�0��	�0�

ø 9� 799�(;3�(7$����
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7KH�/57

 7KH�GDWD�ZHUH�PRGHOOHG ZLWK�WKH�)2�PHWKRG��)2&(,�KDG�
FRQYHUJHQFH�SUREOHPV�

� ,W�LV�NQRZQ�WKDW�WKH�/57�FDQ�EH�LQDFFXUDWH�ZLWK�WKH�)2�1210(0�
PHWKRG

� 7KH�∆2%-)� �������IURP���UXQV�LQ�1210(0��XQGHU�)2�

� �����GDWD�VHWV�ZHUH�FUHDWHG�DQG DQDO\VHG XVLQJ�1210(0�ZKHUH�
ZHLJKW�ZDV�SHUPXWHG�DPRQJVW�WKH�LQGLYLGXDOV��Q ����UXQV�
VXFFHVVIXO�

� 7KH�3�YDOXH�FDQ�EH�FRPSXWHG�DV�WKH�QXPEHU�RI�UXQV�WKDW�SURYLGH�D�
PRUH�H[WUHPH�GLIIHUHQFH�WKDQ������
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5DQGRPL]DWLRQ�WHVW�UHVXOWV
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&RQFOXVLRQV�DERXW�:7�RQ�9�
z 7KH�DGGLWLRQ�RI�:7�WR�9��ZDV�QRW�VWDWLVWLFDOO\�
VLJQLILFDQW��S ������

z +RZHYHU��VXIILFLHQW�VFLHQWLILF�HYLGHQFH�
ZDUUDQWV�LWV�LQFOXVLRQ�LQ�DQ\�FDVH
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1RQ�SDUDPHWULF�XVH�RI�/57
z &XUUHQW�SXEOLFDWLRQV�XVLQJ�13(0�KDYH�XVHG�
WKH�/57�DV�\RX�ZRXOG�GR�IRU�WKH�SDUDPHWULF�
FDVH

z $�VLQJOH�SXEOLFDWLRQ�XVLQJ�130/�XVHG�WKH�
/57�EXW�VHW�WKH�GRI  �∆31

z 3UREOHPV
z $UH�QRQ�SDUDPHWULF�OLNHOLKRRGV�χ � GLVWULEXWHG"
z +RZ�GR�\RX�GHWHUPLQH�WKH�GRI"
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%D\HVLDQ�,QIRUPDWLRQ�&ULWHULRQ��%,&�

¤ 7KH�GLIILFXOW\�ZLWK�LPSOHPHQWLQJ�WKLV�FULWHULRQ�IRU�KLHUDUFKLFDO
PRGHOV�LV�WKDW�WKH�WUXH�GLPHQVLRQDOLW\��S��LV�QRW�NQRZQ

¥ +RZ�PDQ\�SDUDPHWHUV�DUH�LQIOXHQWLDO�LQ�D�KLHUDUFKLFDO�SRSXODWLRQ
PRGHO"

¦ SRSXODWLRQ�SDUDPHWHUV

¦ UHVLGXDO�YDULDQFH�SDUDPHWHUV

¦ Q [�S VHWV�RI�LQGLYLGXDO�SDUDPHWHUV

§ ��FSW PRGHO�ZLWK�����SDWLHQWV� ����

§ ��FSW PRGHO�ZLWK�����SDWLHQWV� ����

�ORJ����Ö_�ORJ QS03%,& [ −= <
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'HYLDQFH�,QIRUPDWLRQ�&ULWHULRQ��',&�

Ý 7KH�',&�LV�FRPSXWHG�DV�

Þ :KHUH S�HII LV�WKH�³DSSDUHQW´�QXPEHU�RI�SDUDPHWHUV�WKDW�HQWHUV�
WKH�PRGHO

ß :LQ%8*6�����SURYLGHV�WKH�',&�YDOXH

ß :LQ%8*6�����UHTXLUHV�VRPH�FRGLQJ�WR�PRGLI\�WKH�PRGHO�DQG�WKHQ�UXQ�
�����LWHUDWLRQV�WR�SURGXFH���HYDOXDWLRQ�RI�WKH�PRGHO�DW�WKH�PHDQ
SDUDPHWHU�YDOXHV�WR�FRPSXWH�

HIIS'',& ��� +=

6SLHJHOKDOWHU HW�DO��-566����������������
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$VVHVVPHQW�RI�PRGHO�SUHGLFWLRQV
z 3DUDPHWULF�PD[LPXP�OLNHOLKRRG

ô %RRWVWUDS

ô 3UHGLFWLYH�GLVWULEXWLRQ�FKHFN��QRW�DXWRPDWLF�

ô &URVV�YDOLGDWLRQ��QRW�DXWRPDWLF�
z 1RQ�SDUDPHWULF�PD[LPXP�OLNHOLKRRG

ô 3UHGLFWLYH�GLVWULEXWLRQ�FKHFN��QRW�DXWRPDWLF�

ô &URVV�YDOLGDWLRQ��QRW�DXWRPDWLF�
z 0&0&

ô 3RVWHULRU�SUHGLFWLYH�GLVWULEXWLRQ�FKHFN��33&�

ô &URVV�YDOLGDWLRQ��QRW�DXWRPDWLF�
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3RVWHULRU�SUHGLFWLYH�FKHFN

	 'RHV�WKH�REVHUYHG�GDWD�ORRN�SODXVLEOH�XQGHU�WKH�SRVWHULRU�
GLVWULEXWLRQ"


 7KH�UHSOLFDWHG�GDWD��\UHS��JHQHUDWHG�XQGHU�WKH�PRGHO��0� RU�
0���VKRXOG�ORRN�VLPLODU�WR�WKH�REVHUYHG�GDWD��\�

� 7KH�WHVW�VWDWLVWLF�PD\�EH�

� DQ�REVHUYDWLRQ��H�J��&PD[��7�\�

 D�MRLQW�IXQFWLRQ�RI�WKH�REVHUYDWLRQV�DQG�PRGHO��H�J��0(�RU�06(��
7�\��θ�

*HOPDQ HW�DO��%D\HVLDQ�'DWD�$QDO\VLV��&KDSPDQ�	�+DOO�����
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33&��3±YDOXHV�

" $�3�YDOXH�LV�FRPSXWHG�E\�VXPPLQJ�XS�WKH�QXPEHU�RI�WLPHV�
WKDW�D�SUHGLFWLRQ�LV�PRUH�H[WUHPH�WKDQ�DQ�REVHUYDWLRQ�

# ,I�WKH�REVHUYDWLRQ�LV��H�J��WKH�PHGLDQ�&PD[��WKHQ�D�JRRG�
PRGHO�VKRXOG�SURGXFH�DV�PDQ\�PRUH�H[WUHPH�YDOXHV�RI�&PD[�
DV�OHVV�H[WUHPH�YDOXHV

# 7KH�3�YDOXH�IURP�WKLV�H[DPSOH�VKRXOG�EH�FORVH�WR����

# $�3�YDOXH�RI�!�����RU�������PLJKW�LQGLFDWH�SRRU�PRGHO�
SHUIRUPDQFH�
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([DPSOH�± (QR[DSDULQ
z (QR[DSDULQ�LV�D�ORZ�PROHFXODU�ZHLJKW�KHSDULQ�XVHG�

LQ�WKH�WUHDWPHQW�RI�

8 DFXWH�FRURQDU\�V\QGURPHV��

8 SXOPRQDU\�HPEROLVP�

8 GHHS�YHLQ�WKURPERVLV

z ,WV�XVH�LV�FKDUDFWHULVHG�E\�D�UHGXFWLRQ�LQ�WKH�
FRPSOLFDWLRQV�DULVLQJ�IURP�WKHVH�FRQGLWLRQV�± EXW�DW�
D�ULVN�RI�LQFUHDVLQJ�WKH�ULVN�RI�EOHHGLQJ�LI�WKH�GRVH�LV�
QRW�VHOHFWHG�DSSURSULDWHO\
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3ULRU�3.3'

z 3UHYLRXV�GDWD�VXSSRUWHG�D�VWURQJ�UHODWLRQVKLS�
EHWZHHQ�&PD[�DQG�WKH�ULVN�RI�EOHHGLQJ�DQG�D�
VLJQLILFDQW�EXW�ZHDNHU�UHODWLRQVKLS�EHWZHHQ�&PLQ�
DQG�WKHUDSHXWLF�IDLOXUH
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(QR[DSDULQ�� 33&

a 7�\�� �^&PD[��&PLQ`

a &PD[

b 3�0��� ������

b 3�0��� ������

c &PLQ

d 3�0��� �����

e 3�0��� �����

f $Q�K\SRWKHVLV�WHVW��',&��ZDV�XQDEOH�WR�VKRZ�D�GLIIHUHQFH�EHWZHHQ
WKH�GHVFULSWLYH�SHUIRUPDQFH�RI�WKH�PRGHOV

f 33&�ZDV�SHUIRUPHG�GXULQJ�WKH�SURFHVV�RI�JHQHUDWLQJ�WKH�SRVWHULRU
GLVWULEXWLRQ
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6LPXOWDQHRXV PRGHOOLQJ
z 3DUDPHWULF�PD[LPXP�OLNHOLKRRG

z 1�$
z 1RQ�SDUDPHWULF�PD[LPXP�OLNHOLKRRG

z 1�$
z 0&0&

z 0L[WXUH�PRGHOOLQJ
z 5HYHUVLEOH�-XPS�0&0&��FDQQRW�GR�DXWRPDWLFDOO\�

LQ�%8*6�
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0L[WXUH�PRGHOOLQJ
0RGHO��

0RGHO��
«�0RGHO�N

D� D�
DN

5HVLGXDO�
YDULDQFH

∑ =�Lα

3RVWHULRU�GLVWULEXWLRQ��D�

3ULRU���
/LNHOLKRRG
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7KH�PL[LQJ�SDUDPHWHU��D�

£ 7KH�PL[LQJ�SDUDPHWHU�SURYLGHV�WKH�VXSSRUW�IRU�WKH�PRGHOV�LQ�
TXHVWLRQ

£ ,Q�D�VLPSOH�FDVH�RI���FRPSHWLQJ�PRGHOV�WKH�YDOXH�α DQG���� α��
SURYLGH�WKH�ZHLJKW�IRU�HDFK�PRGHO

£ 7KH�PHDQ�RI�WKH�SRVWHULRU�GLVWULEXWLRQ�RI�α SURYLGHV�WKH�
SUREDELOLW\�WKDW�RQH�PRGHO�LV�SUHIHUUHG�RYHU�DQRWKHU�

¤ WKLV�FDQ�EH�VKRZQ�DV�DQ�RGGV

£ 7KH�PHWKRG�FDQ�EH�SHUIRUPHG�RQ�WKH�IO\
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([DPSOH�� VLUROLPXV�DQDO\VLV
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� ����REVHUYDWLRQV
� ���SDWLHQWV
� URXWLQH�FOLQLFDO�FDUH
� FOXVWHUHG�DW�DERXW����
KRXUV
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7KH�RXWFRPH
z 7KH�SRVWHULRU�RGGV�IRU�SUHIHUULQJ�D���
FRPSDUWPHQW�PRGHO�ZDV����

z 7KH�',&�JDYH�ZHDN�VXSSRUW�IRU�WKLV�GHFLVLRQ
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&KHFNLQJ�WKH�PL[LQJ�SDUDPHWHU
z 'DWD�IURP�WKH�VDPH�GHVLJQ�ZDV�VLPXODWHG�DQG�ILWWHG�

XVLQJ�0&0&�ZLWK�LQIRUPDWLYH�DQG�QRQ�LQIRUPDWLYH�
SULRUV����WLPHV�IRU�HDFK�SULRU�XQGHU�HDFK�PRGHO

z 7KH�PL[LQJ�SDUDPHWHU�VXSSRUWHG�WKH�FRUUHFW�PRGHO���
RU���FRPSDUWPHQW��ZLWK�PHDQ�RGGV�UDQJLQJ�IURP����
WR�����RQ�HDFK�RFFDVLRQ

z 7KH�XVH�RI�LQIRUPDWLYH�SULRUV�LPSURYHG�WKH�DELOLW\�WR�
GLVFULPLQDWH�EHWZHHQ�PRGHOV
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+\SRWKHVLV�WHVWV

99"³%8*6´

9;"³13(0´

99"³1210(0´

(DVH�RI�XVH5HOHYDQFH$FFXUDF\
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3UHGLFWLYH�GLVWULEXWLRQV

999³%8*6´

999³13(0´

;9��;9³1210(0´

(DVH�RI�XVH5HOHYDQFH$FFXUDF\
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6LPXOWDQHRXV�PRGHOOLQJ

999³%8*6´

;"�;"³13(0´

;9�""³1210(0´

(DVH�RI�XVH5HOHYDQFH$FFXUDF\
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&RQFOXVLRQV

R 'LIIHUHQW�SXUSRVHV�IRU�PRGHO�XVH�DIIHFW�WKH�UHOHYDQFH RI�WKH�
PRGHO�VHOHFWLRQ�SURFHGXUH

S 'LIIHUHQW�SODWIRUPV�IRU�PRGHO�EXLOGLQJ�DIIHFW�WKH�DFFXUDF\��
UHOHYDQFH DQG�HDVH�RI�XVH RI�VRPH�SURFHGXUHV

S *HQHUDOO\�VLPXODWLRQ�SODWIRUPV�DQG�QRQ�SDUDPHWULF�PHWKRGV�
³SHUIRUP�ZHOO´�ZKHQ�DVVHVVLQJ�SUHGLFWLYH�GLVWULEXWLRQV

S 3DUDPHWULF�PD[LPXP�OLNHOLKRRG�PHWKRGV�FDQ�EH�OLQNHG�HDVLO\�
ZLWK�VWDQGDUG�SRVWKRF�SURFHGXUHV�VXFK�DV�UDQGRPL]DWLRQ�
WHVWV��ERRWVWUDS�HWF


