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���,1752'8&7,21
������7KHUH�LV�DQ�LQFUHDVLQJ�LQWHUHVW�LQ�FRPSXWDWLRQDO�UHDFWRU�VDIHW\�DQDO\VLV�WR�UHSODFH�WKH

FRQVHUYDWLYH�HYDOXDWLRQ�PRGHO�FDOFXODWLRQV�E\�EHVW�HVWLPDWH�FDOFXODWLRQV
VXSSOHPHQWHG�E\�D�TXDQWLWDWLYH�XQFHUWDLQW\�DQDO\VLV�

l �6RXUFHV�RI�XQFHUWDLQWLHV���FRGH�PRGHOV��LQLWLDO�DQG�ERXQGDU\�FRQGLWLRQV��SODQW�VWDWH�
IXHO�SDUDPHWHUV��VFDOLQJ��DQG�QXPHULFDO�VROXWLRQ�DOJRULWKP�

l �0HDVXUHPHQWV�ZKLFK�DUH�WKH�EDVLV�RI�FRPSXWHU�FRGH�PRGHO�VKRZ�D�VFDWWHU�DURXQG�D
PHDQ�YDOXH��)RU�H[DPSOH��GDWD�IRU�WZR�SKDVH�SUHVVXUH�GURS�VKRZ�D�VFDWWHU�UDQJH�RI
DERXW������±�����

l $�UDQJH�RI�YDOXHV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�IRU�WKH�UHVSHFWLYH�PRGHO�SDUDPHWHU
LQVWHDG�RI�RQH�GLVFUHWH�YDOXH�RQO\��7KH�VWDWH�RI�NQRZOHGJH�DERXW�DOO�XQFHUWDLQ
SDUDPHWHUV�LV�GHVFULEHG�E\�UDQJHV�DQG�VXEMHFWLYH�SUREDELOLW\�GLVWULEXWLRQV�
7KH�WHUP�³VXEMHFWLYH´�LV�XVHG�KHUH�WR�GLVWLQJXLVK�XQFHUWDLQW\�GXH�WR�LPSUHFLVH
NQRZOHGJH�IURP�XQFHUWDLQW\�GXH�WR�VWRFKDVWLF�RU�UDQGRP�YDULDELOLW\��6WRFKDVWLF
YDULDELOLW\�PD\�EH�D�WLPH�GHSHQGHQW�HQVHPEOH�RI�UHFRUGV�IRU�D�JLYHQ�VWDWH�WKDW�FDQ�EH
XVHG�WR�HVWLPDWH�WKH�YDULDELOLW\�RI�PHDVXUHPHQWV�VR�WKDW�XQFHUWDLQW\�RI�PHDVXUHPHQW
UHDGLQJV�FDQ�EH�GHULYHG��6WRFKDVWLF�YDULDELOLW\�PD\�DOVR�EH�SRVVLEOH�V\VWHP�IDLOXUHV�
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l 6WRFKDVWLF�YDULDELOLW\�GXH�WR�SRVVLEOH
FRPSRQHQW�IDLOXUHV�RI�WKH�UHDFWRU�SODQW�LV
QRW�FRQVLGHUHG�LQ�DQ�XQFHUWDLQW\�DQDO\VLV�
7KH�VLQJOH�IDLOXUH�FULWHULRQ�LV�WDNHQ�LQWR
DFFRXQW�LQ�D�GHWHUPLQLVWLF�ZD\�

l 7KH�DLP�RI�WKH�XQFHUWDLQW\�DQDO\VLV�LV�DW
ILUVW�WR�LGHQWLI\�DQG�TXDQWLI\�DOO
SRWHQWLDOO\�LPSRUWDQW�XQFHUWDLQ
SDUDPHWHUV

l 7KHLU�SURSDJDWLRQ�WKURXJK�FRPSXWHU�FRGH
FDOFXODWLRQV�SURYLGHV�VXEMHFWLYH
SUREDELOLW\�GLVWULEXWLRQV��DQG�UDQJHV��IRU
WKH�FRGH�UHVXOWV��7KH�HYDOXDWLRQ�RI�WKH
PDUJLQ�WR�DFFHSWDQFH�FULWHULD��� �WHFKQLFDO
OLPLW�YDOXH��H�J��WKH�PD[LPXP�IXHO�URG
FODG�WHPSHUDWXUH��VKRXOG�EH�EDVHG�RQ
WKH�XSSHU�OLPLW�RI�WKLV�GLVWULEXWLRQ�IRU
WKH�FDOFXODWHG�WHPSHUDWXUHV
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6RXUFHV�RI�LQIRUPDWLRQ
l 2(&'�&61,�DFWLYLWLHV�IRU�WKH�YDOLGDWLRQ�RI�EHVW�HVWLPDWH�WKHUPDOK\GUDXOLF�FRGHV�DQG�WKH

GHYHORSPHQW�RI�XQFHUWDLQW\�DQG�VHQVLWLYLW\�DQDO\VLV��6$��

l µ6HQVLWLYLW\�$QDO\VLV¶�
E\�$��6DOWHOOL��.��&KDQ��(�0��6FRWW��:LOH\�������
$�ERRN�WKDW�SUHVHQWV�EDVLF�LGHDV�DQG�D�YHU\�JRRG�UHYLHZ�RI�PHWKRGV�DQG�ZRUN�SHUIRUPHG��QRW
RQO\�LQ�WKH�QXFOHDU�ILHOG��,W�PDNHV�UHIHUHQFHV�WR�VSHFLDO�LVVXHV�RI�MRXUQDOV�

��-6&6�������-RXUQDO�RI�6WDWLVWLFDO�&RPSXWDWLRQ�6LPXODWLRQ���������

��5(66�������5HOLDELOLW\�(QJLQHHULQJ�6\VWHP�6DIHW\������

�6$02�������6HQVLWLYLW\�$QDO\VLV�RI�0RGHO�2XWSXW
�(85�5HSRUW�������(1��/X[HPERXUJ

��&3&�������&RPSXWHU�3K\VLFV�&RPPXQLFDWLRQV�����������

l 7KH�15&�SURJUDPPH�RI�FRGH�FRQVROLGDWLRQ�LQFOXGHV�WKH�GHYHORSPHQW�RI�DQ�$XWRPDWLF�&RGH
$VVHVVPHQW�3DFNDJH��$&$3��
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������������������������&ODVVLILFDWLRQ�RI�VHQVLWLYLW\�DQDO\VLV�PHWKRGV
l 6FUHHQLQJ�PHWKRGV

'HDOLQJ�ZLWK�PRGHOV�WKDW�DUH�FRPSXWDWLRQDO�H[SHQVLYH�WR�HYDOXDWH�DQG�KDYH�D
ODUJH�QXPEHU�RI�LQSXW�SDUDPHWHUV�VFUHHQLQJ�H[SHULPHQWV�FDQ�EH�XVHG�WR
LGHQWLI\�WKH�SDUDPHWHU�VXEVHW�WKDW�FRQWUROV�PRVW�RI�WKH�RXWSXW�YDULDELOLW\�
7KH\�GR�QRW�TXDQWLI\�WKH�HIIHFWV�

l /RFDO�PHWKRGV
8VXDOO\�FDUULHG�RXW�E\�FRPSXWLQJ�SDUWLDO�GHULYDWLYHV�RI�WKH�RXWSXW�IXQFWLRQV�

l *OREDO�PHWKRGV
7KH�LQSXW�IDFWRUV�DUH�GHVFULEHG�E\�SUREDELOLW\�GLVWULEXWLRQ�IXQFWLRQV�WKDW�FRYHU
WKH�UDQJH�RI�YDOXHV��7KH�VHQVLWLYLW\�RI�RXWSXW�YDOXHV�LV�HVWLPDWHG�E\�YDU\LQJ�DOO
LQSXW�IDFWRUV�
7KHVH�PHWKRGV�DUH�TXDQWLWDWLYH�PHWKRGV��*56�PHWKRG�LV�VXFK�D�PHWKRG�
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�����([DPSOH�RI�D�6HQVLWLYLW\�$QDO\VLV
7KH�VLPXODWLRQ�E\�WKH�FRPSXWHU�FRGH�UHSUHVHQWV�DQ�LQSXW�RXWSXW�UHODWLRQ�

\��W�� 6��[�W�
\��W�����RXWSXW�YHFWRU
[��W��LQSXW�YHFWRU�RU�LQSXW�IDFWRUV�FRQVLVWLQJ�RI

[H�W����H[WHUQDO�ERXQGDU\�FRQGLWLRQV[L�W����LQWHUQDO�SDUDPHWHU�RI�WKH�SK\VLFDO�PRGHO(DFK�IDFWRU�LV�GHILQHG�E\�D�UDQJH�RI�YDOXHV�RU�VWDWHV�DQG�WKHLU�SUREDELOLW\
GLVWULEXWLRQ�

7KH�GHVLJQ�RI�WKH�H[SHULPHQW�LV�GHWHUPLQHG�E\�D�VWDWLVWLFDO�VDPSOLQJ�PHWKRG�ZKLFK
GHWHUPLQHV�D�VHW�RI�YDOXHV�IRU�LQSXW�IDFWRUV
�[��L�����[��,���«��[.�L������L� ���1�
7KH�VLPXODWLRQ�UXQ�LV�SHUIRUPHG�IRU�HDFK�VHW�RI�YDOXHV��L�H��1�UXQV�RI�WKH�FRGH�DUH
SHUIRUPHG��7KH�UHVXOW�FRQVLVWV�RI�1�RXWSXW�YHFWRUV
�\��L�����\�L�����«���\U�L�����L� ���1
7KHVH�RXWSXW�YHFWRUV�UHSUHVHQW�D�VDPSOH�RI�WKH�V\VWHP�UHVSRQVH��7KLV�VDPSOH�LV
HYDOXDWHG�E\�VWDWLVWLFDO�PHWKRGV�WR�GHWHUPLQH�VHQVLWLYLW\�RI�RXWSXW�IDFWRUV�WR�LQSXW
IDFWRUV�
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0LOHVWRQHV�RI�2(&'�&61,�DFWLYLW\
l 3LRQHHULQJ�ZRUN�SURPRWHG�E\�8615&�OHG�WR�WKH�SURSRVDO�RI�&6$8�PHWKRG��&RGH

6FDOLQJ��$SSOLFDELOLW\�DQG�8QFHUWDLQW\���SXEOLVKHG�������7KLV�LQLWLDWHG�&61,�ZRUN�
l �����&61,�6WDWXV�5HSRUW�RQ�/2&$&61,�5HSRUW����
l �����5HYLHZ�VWXG\�RQ�XQFHUWDLQW\�PHWKRGV�IRU�WKHUPDO�K\GUDXOLF�FRPSXWHU�FRGHV

(85�������(1��/X[HPERXUJ������
l ����&61,�:RUNVKRS�RQ�8QFHUWDLQW\�$QDO\VLV�0HWKRGV&61,��5������������9RO�

,W�ZDV�UHFRPPHQGHW�WR�SHUIRUP�DQ�8QFHUWDLQW\�0HWKRG�6WXG\��806�
l �����5HSRUW�RQ�WKH�8QFHUWDLQW\�0HWKRGV�6WXG\���7��:LFNHWW��(G��

&61,��5����������9RO������-XQH�����
l �����2(&'�6HPLQDU�RQ�%HVW�(VWLPDWH�0HWKRGV�RQ�7KHUPDOK\GUDXOLFV�

$QNDUD�����-XQH�±���-XO\������
l �����,QW��0HHWLQJ�RQ�%HVW�(VWLPDWH�0HWKRGV�LQ�1XFOHDU�,QVWDOODWLRQ�6DIHW\�$QDO\VLV�
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XQFHUWDLQWLHV�TXDQWLILHG�E\�UDQJHV�DQG�63'V
DQG�FRPELQHG��6WDWLVWLFDO�SDFNDJH�0$<'$<

5(/$3��02'����(PSUHVD�1DFLRQDO�GHO�8UDQLR��6$
�(186$���6SDLQ

,361�0HWKRG��3KHQRPHQD�XQFHUWDLQWLHV
TXDQWLILHG�E\�UDQJHV�DQG�63'V�DQG
FRPELQHG��6816(7

&$7+$5(���YHUVLRQ����8�UHY��,QVWLWXW�GH�3URWHFWLRQ
HW�GH�6�UHWp�1XFOpDLUH��,361��
)UDQFH

*56�0HWKRG��3KHQRPHQD�XQFHUWDLQWLHV
TXDQWLILHG�E\�UDQJHV�DQG�VXEMHFWLYH�SUREDELOLW\
GLVWULEXWLRQV��63'V��DQG�FRPELQHG��686$

$7+/(7�0RG�����&\FOH�$*HVHOOVFKDIW�I�U�$QODJHQ��XQG
5HDNWRUVLFKHUKHLW��*56���*HUPDQ\

8QFHUWDLQW\�0HWKRG�EDVHG�RQ�$FFXUDF\
([WUDSRODWLRQ��80$(����$FFXUDF\�LQ
FDOFXODWLQJ�VLPLODU�LQWHJUDO�WHVWV�LV
H[WUDSRODWHG�WR�SODQW�

5(/$3��02'��F\FOH�������
���������������������������������,%0�YHUVLRQ
&$7+$5(���YHUVLRQ����8�UHY��

8QLYHUVLW\�RI�3LVD

$($7�0HWKRG�
3KHQRPHQD�XQFHUWDLQWLHV�VHOHFWHG��TXDQWLILHG
E\�UDQJHV�DQG�FRPELQHG�

5(/$3��02'���$($�7HFKQRORJ\��8.
0HWKRG�1DPH�DQG�7\SH&RGH�9HUVLRQ�8VHG3DUWLFLSDQW

6XPPDU\�RI�0HWKRGV
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'DWD�&RPSDULVRQ2ULJLQ�&RQVWUDLQHG�/LQHDU�5HJUHVVLRQ��
'DWD�&RPSDULVRQ6WDQGDUG�/LQHDU�5HJUHVVLRQ��/��VWDQGDUG���
'DWD�&RPSDULVRQ&URVV�&RUUHODWLRQ�&RHIILFLHQW��r[\���
'DWD�&RPSDULVRQ0HDQ�)UDFWLRQDO�(UURU��0)(��
'DWD�&RPSDULVRQ8QV\VWHPDWLF�0HDQ�6TXDUH�(UURU�
'DWD�&RPSDULVRQ6\VWHPDWLF�0HDQ�6TXDUH�(UURU��606(��
'DWD�&RPSDULVRQ,QGH[�RI�$JUHHPHQW��-$��
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'DWD�&RPSDULVRQ0HDQ�6TXDUH�(UURU��06(��
'DWD�&RPSDULVRQ9DULDQFH�RI�(UURU��9(��
'DWD�&RPSDULVRQ0HDQ�(UURU��0(��
'DWD�&RPSDULVRQ'¶$XULD�))7��'))7��
8WLOLW\�&ODVV0HWKRG

$&$3�0HWKRGV
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7ZR�PHWKRGV�IRU�WKH�TXDQWLILFDWLRQ�RI�XQFHUWDLQWLHV�DUH�DYDLODEOH�LQ�*HUPDQ\�DW�SUHVHQW�

l 7KH�GHVLJQHU¶V�PHWKRG�E\�)UDPDWRPH�$13��IRUPHU�6LHPHQV��.:8���,W�IROORZV�HVVHQWLDOO\�WKH
&RGH�6FDOLQJ��$SSOLFDELOLW\��DQG�8QFHUWDLQW\�(YDOXDWLRQ�0HWKRGRORJ\��&6$8���EXW
GLIIHUV�LQ�WKH�DSSOLFDWLRQ�RI�VRPH�VWHSV��'HSLVFK���������7KH�&6$8�PHWKRGRORJ\��%R\DFN�
������<RXQJ��������KDV�EHHQ�SURSRVHG�E\�WKH�86�1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��15&��

l *56�PHWKRG��,W�KDV�EHHQ�GHYHORSHG�IRU�DSSOLFDWLRQ�RI�IXWXUH�FRQILUPDWRU\�DQDO\VHV�FRQGXFWHG
DV�SDUW�RI�WKH�VDIHW\�DVVHVVPHQW�E\�H[SHUW�RUJDQLVDWLRQV��*ODHVHU��������
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�����)UDPDWRPH�$13��IRUPHU�6LHPHQV��.:8��0HWKRG
l 7KH�GHVLJQHU¶V�PHWKRGRORJ\�ZDV�GHYHORSHG�E\�8�6��6LHPHQV�3RZHU�&RUSRUDWLRQ

�63&��LQ������DQG�KDV�EHHQ�VXEPLWWHG�WR�WKH�86�15&�IRU�DSSURYDO��,W�IROORZV
HVVHQWLDOO\�WKH�&6$8�DSSURDFK��EXW�GLIIHUV�LQ�WKH�DSSOLFDWLRQ�RI�VRPH�VWHSV��,W�ZDV
UHFHQWO\�����������DSSOLHG�E\�)UDPDWRPH�$13�WR�D���ORRS�3:5������RI�.:8�W\SH�
7KH�DSSURDFK�FRQVLVWV�RI���VWHSV�

l ,Q�WKH�ILUVW�VWHS�WKH�3KHQRPHQD�,GHQWLILFDWLRQ�DQG�5DQNLQJ�7DEOH��3,57��LV
HVWDEOLVKHG�IRU�HDFK�VHOHFWHG�HYHQW�VHTXHQFH��H�J��IRU�/%/2&$�RI�D�133�

l :LWKLQ�WKH�VHFRQG�VWHS�WKH�VSHFLILF�DVVHVVPHQW�RI�WKH�DSSOLHG�FRGH�UHODWHG�WR�WKH
VHOHFWHG�HYHQW�VHTXHQFH�LV�GHPRQVWUDWHG��$�FURVV�UHIHUHQFH�PDWUL[�FRQWDLQV�WKH
H[SHULPHQWV��VHSDUDWH�HIIHFWV�WHVWV�DQG�LQWHJUDO�WHVWV��XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH
SKHQRPHQD�RI�WKH�3,57��7KH�YDOLGDWLRQ�UHVXOWV�DUH�GRFXPHQWHG�DOVR�DV�SDUW�RI�WKH
VHFRQG�VWHS��7KH�SODQW�QRGDOLVDWLRQ�IRU�WKH�DQDO\VHV�RI�WKH�VHOHFWHG�HYHQW�VHTXHQFH�LV
HVWDEOLVKHG�LQ�FRQVLVWHQFH�ZLWK�WKH�DQDO\VHV�RI�WKH�H[SHULPHQWV�

l $�VHQVLWLYLW\�DQDO\VLV�LV�SHUIRUPHG�ZLWKLQ�WKH�WKLUG�VWHS�
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���'HVFULSWLRQ�RI�WKH�*56�0HWKRG
l *56��+RIHU�������KDV�GHYHORSHG

PHWKRGV�IRU�WKH�GHWHUPLQDWLRQ�RI
XQFHUWDLQWLHV��7KH�VWDWH�RI�NQRZOHGJH
DERXW�DOO�XQFHUWDLQ�SDUDPHWHUV�LV
GHVFULEHG�E\�UDQJHV�DQG�VXEMHFWLYH
SUREDELOLW\�GLVWULEXWLRQV�

l ,Q�RUGHU�WR�JHW�LQIRUPDWLRQ�DERXW�WKH
XQFHUWDLQW\�RI�FRPSXWHU�FRGH�UHVXOWV�
D�QXPEHU�RI�FRGH�UXQV�KDYH�WR�EH
SHUIRUPHG��)RU�HDFK�RI�WKHVH
FDOFXODWLRQ�UXQV��DOO�LGHQWLILHG
XQFHUWDLQ�SDUDPHWHUV�DUH�YDULHG
VLPXOWDQHRXVO\�
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l 8QFHUWDLQ�SDUDPHWHUV�DUH�XQFHUWDLQ�LQSXW�YDOXHV��PRGHOV��LQLWLDO�DQG�ERXQGDU\
FRQGLWLRQV��QXPHULFDO�YDOXHV�OLNH�FRQYHUJHQFH�FULWHULD�DQG�PD[LPXP�WLPH�VWHS
VL]H��HWF��0RGHO�XQFHUWDLQWLHV�DUH�H[SUHVVHG�E\�DGGLQJ�RQ�RU�PXOWLSO\LQJ
FRUUHODWLRQV�E\�D�FRUUHFWLYH�WHUP��RU�E\�D�VHW�RI�DOWHUQDWLYH�PRGHO
IRUPXODWLRQV�

l &RGH�YDOLGDWLRQ�UHVXOWV�DUH�D�IXQGDPHQWDO�EDVLV�WR�TXDQWLI\�SDUDPHWHU
XQFHUWDLQWLHV�

l 7KH�VHOHFWLRQ�RI�SDUDPHWHU�YDOXHV�DFFRUGLQJ�WR�WKHLU�VSHFLILHG�VXEMHFWLYH
SUREDELOLW\�GLVWULEXWLRQV��WKHLU�FRPELQDWLRQ�DQG�WKH�HYDOXDWLRQ�RI�WKH
FDOFXODWLRQ�UHVXOWV�UHTXLUHV�D�PHWKRG�

l )ROORZLQJ�D�SURSRVDO�E\�*56�WKH�FHQWUDO�SDUW�RI�WKH��PHWKRG�LV�D�VHW�RI
VWDWLVWLFDO�WHFKQLTXHV��7KH�DGYDQWDJH�RI�XVLQJ�WKHVH�WHFKQLTXHV�LV�WKDW�WKH
QXPEHU�RI�FRGH�FDOFXODWLRQV�QHHGHG�LV�LQGHSHQGHQW�RI�WKH�QXPEHU�RI
XQFHUWDLQ�SDUDPHWHUV�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

l ,Q�HDFK�FRGH�FDOFXODWLRQ��DOO�XQFHUWDLQ
SDUDPHWHUV�DUH�YDULHG�VLPXOWDQHRXVO\��,Q
RUGHU�WR�TXDQWLI\�WKH�HIIHFW�RI�WKHVH�YDULDWLRQV
RQ�WKH�UHVXOW��VWDWLVWLFDO�WRROV�DUH�XVHG��%HFDXVH
WKH�QXPEHU�RI�FDOFXODWLRQV�LV�LQGHSHQGHQW�RI
WKH�QXPEHU�RI�XQFHUWDLQ�SDUDPHWHUV��QR�D
SULRUL�UDQNLQJ�RI�LQSXW�SDUDPHWHUV�LV�QHFHVVDU\
WR�UHGXFH�WKHLU�QXPEHU�LQ�RUGHU�WR�FXW
FRPSXWDWLRQ�FRVW�

l 7KH�QXPEHU�RI�FRGH�FDOFXODWLRQV�GHSHQGV�RQ
WKH�UHTXHVWHG�SUREDELOLW\�FRQWHQW�DQG
FRQILGHQFH�OHYHO�RI�WKH�VWDWLVWLFDO�WROHUDQFH
OLPLWV�XVHG�LQ�WKH�XQFHUWDLQW\�VWDWHPHQWV�RI�WKH
UHVXOWV��7KH�UHTXLUHG�PLQLPXP�QXPEHU�Q�RI
WKHVH�FDOFXODWLRQ�UXQV�LV�JLYHQ�E\�WKH�:LONV¶
IRUPXOD��:LONV��������������

� 2QH�VLGHG�VWDWLVWLFDO�WRO�
HUDQFH�OLPLWV�

� 7ZR�VLGHG�VWDWLVWLFDO�WRO�
HUDQFH�OLPLWV�

b/a� ����� ����� ����� � ����� ����� �����

����� ��� ��� ���� � ��� ��� ����
����� ��� ��� ���� � ��� ��� ����
����� ��� ��� ���� � ��� ���� ����

�
0LQLPXP�QXPEHU�RI�FDOFXODWLRQV�Q�IRU�RQH�VLGHG�DQG
WZR�VLGHG�VWDWLVWLFDO��WROHUDQFH�OLPLWV



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

l $QRWKHU�LPSRUWDQW�IHDWXUH�RI�WKH�PHWKRG�LV�WKDW�RQH�FDQ�HYDOXDWH�VHQVLWLYLW\
PHDVXUHV�RI�WKH�LPSRUWDQFH�RI�SDUDPHWHU�XQFHUWDLQWLHV�IRU�WKH�XQFHUWDLQWLHV�RI
WKH�UHVXOWV��7KHVH�PHDVXUHV�JLYH�D�UDQNLQJ�RI�LQSXW�SDUDPHWHUV��7KLV
LQIRUPDWLRQ�SURYLGHV�JXLGDQFH�DV�WR�ZKHUH�WR�LPSURYH�WKH�VWDWH�RI
NQRZOHGJH�LQ�RUGHU�WR�UHGXFH�WKH�RXWSXW�XQFHUWDLQWLHV�PRVW�HIIHFWLYHO\��RU
ZKHUH�WR�LPSURYH�WKH�PRGHOOLQJ�RI�WKH�FRPSXWHU�FRGH

l 7KH�GLIIHUHQW�VWHSV�RI�WKH�XQFHUWDLQW\�DQDO\VLV�DUH�VXSSRUWHG�E\�WKH�VRIWZDUH
V\VWHP�686$��6RIWZDUH�6\VWHP�IRU�8QFHUWDLQW\�DQG�6HQVLWLYLW\�$QDO\VHV�
GHYHORSHG�E\�*56��.U]\NDF]��������7KH\�SURYLGH�D�FKRLFH�RI�VWDWLVWLFDO�WRROV
WR�EH�DSSOLHG�GXULQJ�WKH�XQFHUWDLQW\�DQG�VHQVLWLYLW\�DQDO\VLV



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

+RZ�WR�DSSO\�WKH�*56�PHWKRG"
6WDQGDUG�DSSOLFDWLRQ�
l ,GHQWLI\�UHOHYDQW�SDUDPHWHUV�LQFOXGLQJ�VWDWH�RI�NQRZOHGJH��SDUDPHWHU�UDQJH��VXEMHFWLYH

SUREDELOLW\�GHQVLW\�IXQFWLRQ��
l 'HWHUPLQH�E\�6LPSOH�5DQGRP�6DPSOLQJ��656��VHWV�RI�SDUDPHWHU�YDOXHV��7KH�PLQLPXP�QXPEHU

RI�VHWV�LV�GHILQHG�E\�:LON¶V�IRUPXODH�
l 5XQ�WKH�FRGH�IRU�HDFK�VHW�RI�SDUDPHWHUV
l &ROOHFW�UHVXOWV�DQG�PDNH�HYDOXDWLRQV�E\�686$�

:KLFK�YDULDWLRQV�DUH�UHDVRQDEOH"
l 7KH�:LON¶V�IRUPXDOH�GHILQH�WKH�PLQLPXP�QXPEHU�RI�UXQV�ZKLFK�DUH�QHHGHG�WR�DOORZ�WKH�FRUUHFW

GHWHUPLQDWLRQ�RI��D��E��WROHUDQFH�OLPLWV�
l $�IHZ�UXQV��DERXW�����FRXOG�EH�XVHG�WR�GHWHUPLQH�UHOHYDQW�VHQVLWLYLWLHV��WKRXJK�WKH�VHQVLWLYLW\

PHDVXUHV�PD\�VKRZ�JUHDW�VFDWWHULQJ�
l 7KH�UDQJH�RI�YDOXHV�LV�PRUH�LPSRUWDQW�IRU�6$�WKDQ�WKH�GLVWULEXWLRQ�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

��������������:KDW�DUH�W\SLFDO�FRUUHODWLRQ�FRHIILFLHQWV�DQG�VHQVLWLYLW\�PHDVXUHV"

7KH�686$�WXWRULDO�GHVFULEHV�WKDW�IROORZLQJ�FRUUHODWLRQ�FRHIILFLHQWV�DUH�FDOFXODWHG�
± 3HDUVRQ¶V�5KR
± 4XDGUDQW�0HDVXUH
± .HQGDOO¶V�7DX
± 6SHDUPDQ¶V�5KR
± &RUUHODWLRQ�RI�%LYDULDWH�6WDQGDUG�1RUPDO

,Q�DGGLWLRQ��686$�RIIHUV���JURXSV�RI�FRUUHODWLRQ�UHODWHG�VHQVLWLYLW\�PHDVXUHV�
± 3HDUVRQ¶V�3URGXFW�0RPHQW
± %ORPTXLVW¶V�0HGLDO
± .HQGDOO¶V�5DQN
± 6SHDUPDQ¶V�5DQN

:LWKLQ�HDFK�JURXS�DUH�FDOFXODWHG
± 7KH�RUGLQDU\�DQG�SDUWLDO�FRUUHODWLRQ
± 6WDQGDUG�SDUWLDO�UHJUHVVLRQ�FRHIILFLHQW
± &RHIILFLHQW�RI�PXOWLSOH�GHWHUPLQDWLRQ��5��

DQG�LQ�DGGLWLRQ��VHQVLWLYLW\�PHDVXUHV�IURP
± &RUUHODWLRQ�UDWLRV
± �[��FRQWLQJHQF\�WDEOHV
± VWHS�ZLVH�UDQN�UHJUHVVLRQ



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

���$SSOLFDWLRQ�RI�*56�PHWKRG�WR�H[SHULPHQW�/67)�6%�&/���

l 7HVW�GHVFULSWLRQ�
�����7KH�WHVW�VLPXODWHV�D�VPDOO�EUHDN�ORVV�RI�FRRODQW�DFFLGHQW������SHUIRUPHG�RQ

WKH�-DSDQHVH�/67)�IDFLOLW\�ZKLFK�LV�D������YROXPHWULFDOO\�VFDOHG�PRGHO�RI�D
:HVWLQJKRXVH�W\SH������0:WK�IRXU�ORRSV�3:5��.XPDPDUX��������7KH�PDLQ
FRPSRQHQWV�RI�/67)�KDYH�WKH�VDPH�HOHYDWLRQV�DV�WKH�UHIHUHQFH�3:5�WR
VLPXODWH�WKH�QDWXUDO�FLUFXODWLRQ�SKHQRPHQD�DQG�ODUJH�ORRS�SLSHV�WR�VLPXODWH
WKH�WZR�SKDVH�IORZ�UHJLPHV�DQG�SKHQRPHQD�RI�VLJQLILFDQFH�LQ�DQ�DFWXDO�SODQW�
7KH�IRXU�SULPDU\�ORRSV�RI�WKH�UHIHUHQFH�3:5�DUH�UHSUHVHQWHG�E\�WZR
ORRSV�RI�HTXDO�YROXPH��LQOHW�GLDPHWHU�LV�������P��%RWK�WKH�LQLWLDO�VWHDG\�VWDWH
FRQGLWLRQV�DQG�WKH�WHVW�SURFHGXUHV�ZHUH�GHVLJQHG�WR�PLQLPL]H�WKH�HIIHFWV�RI
/67)�VFDOLQJ�FRPSURPLVHV�RQ�WKH�WUDQVLHQW�GXULQJ�WKH�WHVW�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

0DLQ�RSHUDWLRQDO�FRQGLWLRQV�DUH�
����������������������EUHDN�RSHQLQJ�DW�WLPH�]HUR�

��ORVV�RI�RIIVLWH�SRZHU�DW�VFUDP�
��KLJK�SUHVVXUH�VDIHW\�LQMHFWLRQ�QRW�DFWXDWHG�
��PDLQ�IHHGZDWHU�WHUPLQDWLRQ�DW�UHDFWRU�VFUDP�
��DX[LOLDU\�IHHGZDWHU�QRW�DFWXDWHG�
��DFFXPXODWRU�LQMHFWLRQ�DW������03D�
��ORZHU�SUHVVXUH�LQMHFWLRQ�DW������03D�

0DLQ�SK\VLFDO�SKHQRPHQD�REVHUYHG�GXULQJ�WKLV�WHVW�
7ZR�XQFRYHULHV�RI�WKH�KHDWHU�URG�EXQGOH�UHSUHVHQWLQJ�WKH�FRUH��7KH�ILUVW�RQH
GXH�WR�ZDWHU�OHYHO�GHSUHVVLRQ����������V��EHIRUH�WKH�ORRS�VHDO�FOHDUHG������V��
DQG�WKH�VHFRQG�RQH����������V��GXH�WR�ORVV�RI�ZDWHU�LQYHQWRU\�DW�WKH�EUHDN
ZKLFK�ZDV�ILQLVKHG�E\�WKH�DFFXPXODWRU�LQMHFWLRQ������V���7KH�ZKROH�WUDQVLHQW
ODVWHG�����V�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

0DUWLQHOOL�1HOVRQ�FRUUHO��ZLWK�FRQVWDQW�IULFWLRQ�IDFWRU��YHUWLFDO��,7032 ��
&KLVKROP�FRUUHODWLRQ�ZLWK�FDOFXODWHG�IULFWLRQ�XVLQJ�ZDOO�URXJKQHVV��YHUWLFDO��,7032� ���

/RJ�QRUPDO
/RJ�
QRUPDO

�2),���

0DUWLQHOOL�1HOVRQ�FRUUHO��ZLWK�FRQVWDQW�IULFWLRQ�IDFWRU��KRUL]RQWDO��,7032 ��
&KLVKROP�FRUUHODWLRQ�ZLWK�FDOFXODWHG�IULFWLRQ�XVLQJ�ZDOO�URXJKQHVV��KRUL]RQWDO��,7032� ���

/RJ�QRUPDO
/RJ�
QRUPDO

�2),�+��
&RUUHODWLRQ�VHOHFWLRQ��SDUDPHWHU����DQG������RU��,7032��

7ZR�SKDVH�SUHVVXUH�GURS
&RUUHFWLRQ�IDFWRU�IRU�ZDWHU�HQWUDLQPHQW�LQ�YHUWLFDO�EXQGOH8QLIRUP���2'(17��
&RUUHFWLRQ�IDFWRU�IRU�KRUL]RQWDO�FRUH�FKDQQHO�FRQQHFWLRQV8QLIRUP�����2'+%5��
&RUUHFWLRQ�IDFWRU�IRU�KRUL]RQWDO�SLSH3RO\JRQDO���������2'+3,��
&RUUHFWLRQ�IDFWRU�IRU�YHUWLFDO�DQQXOXV1RUPDO�������2'9.8��
&RUUHFWLRQ�IDFWRU�IRU�YHUWLFDO�EXQGOH1RUPDO�������2'%81��
&RUUHFWLRQ�IDFWRU�IRU�YHUWLFDO�SLSH��)ORRGLQJ�%DVHG�'ULIW�)OX[�0RGHO�3RO\JRQDO�������2'952�

'ULIW�PRGHOV
7XUEXOHQFH�IDFWRU�IRU�HYDSRUDWLRQ�LQ�FULWLFDO�EUHDN�IORZ�PRGHO/RJ�QRUPDO�����785%�
'LUHFW�FRQGHQVDWLRQ8QLIRUP�����207&21�
1XPEHU�RI�GURSOHWV�SHU�YROXPH��P � 
�3RO\JRQDO�[�� ��� ���� �=7�
1XPEHU�RI�EXEEOHV�SHU�XQLW�YROXPH��P � 
�3RO\JRQDO�[�� ��� ���� �=%2�

(YDSRUDWLRQ
7UDQVLWLRQ�RI�YRLG�IUDFWLRQ�IRU�FRQWUDFWLRQ�FRHIILFLHQW3RO\JRQDO�������������33�
&RQWUDFWLRQ�FRHIILFLHQW��IRU�VWHDP�IORZ3RO\JRQDO���������))�
:HLVEDFK�'DUF\�ZDOO�IULFWLRQ�FRHIILFLHQW3RO\JRQDO������������)'�
&RUUHFWLRQ�IDFWRU�FRQWUDFWLRQ�OHQJWK3RO\JRQDO�������'6&21�

&ULWLFDO�EUHDN�IORZ
PD[PLQ

([SODQDWLRQ'LVWULEXWLRQ5HIHUHQFH5DQJHV3DUDPHWHU1R �

/LVW�RI�XQFHUWDLQ�LQSXW�SDUDPHWHUV�IRU�/67)�FDOFXODWLRQV



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

�� � �� � �� � � �� � �� � �� � �� �� �� � � � � �� � � �� � �! � � �� ��"" #$%&'( ( ) %* ' ( + ) %, ,

�� � �� � �� � � �� � �� � �� � �� �� �� � � � �- � . � �� � � � � �� � � �� � � � � �� � � �! � � �� ��"#/ $%/ 0'( ( ) %* ' ( + ) %, #

�� � �� � �� � � �� � �� � �� � �� �� �� � � � � � 1 1 � � 2 � �- � � 1 � � � � � �- � 1 � �� � �! � � �� ��"#%/ $'( ( ) %* ' ( + ) %, "

�� � �� � �� � � �� � �� � �� � �� �� �� � � � � 2 �� � � 3! � � �� ��"" / $%/ 4 45'( ( ) %* ' ( + ) %, %
67 89 9 : 7 8 ;7 <=> ? <7 @ A <9 9 89

B � � � � �� � � � �� � � 3 � � � � � �� - 2 � �- � � � � � � � � � 2� � 3 - � �� � �� � � � C$ % DE%/ $)F GH

B � � � � �� � � � �� � � 3 � � � � � �� - 2 � �- � � � � � � � � � � �� � 1 � � � - C$ % DE%/ $)F GH#I
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&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

&RUUHFWLRQ�IDFWRU�IRU�ORZHU�ORFDO�DEVROXWH�HUURU�RI�YRLG�IUDFWLRQ
�IDFWRU�����[�� � e�

8QLIRUP�������&/,0;��
&RUUHFWLRQ�IDFWRU�IRU�KHDWHU�SRZHU��QRPLQDO�����0:�PD[LPXP�SRZHU�8QLIRUP���������452'������
&RQYHUJHQFH�FULWHULRQ��XSSHU�ORFDO�UHODWLYH�HUURU�7ULDQJXODU�� � 
�� � f�� � e(36��

&RQYHUJHQFH�FULWHULD��KHDWHU�SRZHU
$FFXPXODWRU�KHDW�WUDQVIHU�FRHIILFLHQW��:�P f�.�8QLIRUP�������+(&8�+7&/2��
&RUUHFWLRQ�IDFWRU�IRU�PLQLPXP�ILOP�ERLOLQJ�WHPSHUDWXUH��*URHQHYHOG�6WHZDUW�FRUUHODWLRQ�8QLIRUP��������270)%��
&RUUHFWLRQ�IDFWRU�IRU�SRRO�ILOP�ERLOLQJ�DW�QDWXUDO�FRQYHFWLRQ��%URPOH\�FRUUHODWLRQ�8QLIRUP���������2+:3%��
&RUUHFWLRQ�IDFWRU�IRU�QXFOHDWH�ERLOLQJ��PRGLILHG�&KHQ�FRUUHODWLRQ�8QLIRUP�������2+:1%��
&RUUHFWLRQ�IDFWRU�IRU�VLQJOH�SKDVH�IRUFHG�FRQYHFWLRQ�WR�VWHDP��0F�(OLJRW�������8QLIRUP���������
&RUUHFWLRQ�IDFWRU�IRU�VLQJOH�SKDVH�IRUFHG�FRQYHFWLRQ�WR�VWHDP��'LWWXV�%RHOWHU�,,�������8QLIRUP�������2+9)&��
6HOHFWLRQ�RI�FRUUHODWLRQ��SDUDPHWHU������RU��,+7&����
&RUUHFWLRQ�IDFWRU�IRU�VLQJOH�SKDVH�QDWXUDO�FRQYHFWLRQ�WR�ZDWHU��0F�$GDPV�8QLIRUP���������2+:1&��
&RUUHFWLRQ�IDFWRU�IRU�VLQJOH�SKDVH�IRUFHG�FRQYHFWLRQ�WR�ZDWHU��'LWWXV�%RHOWHU�8QLIRUP���������2+:)&��
&RUUHFWLRQ�IDFWRU�IRU�FULWLFDO�KHDW�IOX[��%LDVL�FRUUHODWLRQ�������8QLIRUP�������
&RUUHFWLRQ�IDFWRU�IRU�FULWLFDO�KHDW�IOX[��PLQLPXP�YDOXH�������8QLIRUP�������2751%��
6HOHFWLRQ�RI�FRUUHODWLRQ��SDUDPHWHU������RU��,&+),���
&RUUHFWLRQ�IDFWRU�IRU�ILOP�ERLOLQJ��&RQGLH�%HQJVWRQ�������3RO\JRQDO���������
&RUUHFWLRQ�IDFWRU�IRU�ILOP�ERLOLQJ��PRGLILHG�'RXJDOO�5RKVHQRZ�FRUUHODWLRQ�������8QLIRUP��������2+:)%��
6HOHFWLRQ�RI�FRUUHODWLRQ��SDUDPHWHU������RU��,+7&,���

+HDW�WUDQVIHU



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD
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$�WRWDO�QXPEHU�RI�����$7+/(7�FDOFXODWLRQV�ZDV�SHUIRUPHG��$FFRUGLQJ�WR�:LONV¶�IRUPXOD�D�PLQLPXP�RI
���UXQV�DUH�UHTXLUHG�WR�HVWDEOLVK�WZR�VLGHG�WROHUDQFH�OLPLWV�ZLWK�����SUREDELOLW\�DQG�����FRQILGHQFH

&DOFXODWHG�XQFHUWDLQW\�UDQJH�DQG�EHVW�HVWLPDWH�UHIHUHQFH�FDOFXODWLRQ�FRPSDUHG�ZLWK�PHDVXUHG
PLQLPXP�DQG�PD[LPXP�YDOXHV�RI�URG�FODG�WHPSHUDWXUH�DW�OHYHO���RQ�H[SHULPHQW�/67)�6%�&/���



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

,QGH[�RI�SDUDPHWHU

5D
QN
�FR

UUH
ODW
LRQ

�FR
HII
LFLH

QW

/67)�6%�&/����H[SHULPHQW��ILUVW�KHDW�XS

'ULIW�LQ�
KRUL]RQWDO�SLSH

'ULIW�LQ�KRUL]RQWDO�
EXQGHO�FRQQHFWLRQV

'ULIW�LQ�
YHUWLFDO�SLSH

6HQVLWLYLW\�PHDVXUHV�RI�WKH�ILUVW�SHDN�FODG�WHPSHUDWXUH�ZLWK�UHVSHFW�WR�WKH�VHOHFWHG����XQFHUWDLQ�LQSXW�SDUDPHWHUV��UDQN�FRUUHODWLRQ
FRHIILFLHQW��IRU�WKH�/67)�H[SHULPHQW

$FFRUGLQJ�WR�WKHVH�TXDQWLWLHV��WKH�PRVW�LPSRUWDQW�WKUHH�SDUDPHWHUV�DUH��'ULIW�LQ�KRUL]RQWDO�SLSH��GULIW�LQ�YHUWLFDO
SLSH��DQG�GULIW�LQ�KRUL]RQWDO�FRQQHFWLRQV�RI�WKH�KHDWHU�URG�EXQGOH�
$Q�LQFUHDVHG�GULIW�LQ�WKH�KRUL]RQWDO�EXQGOH�FRQQHFWLRQV��GHFUHDVHG�ZDWHU�GURSOHW�WUDQVSRUW�WR�WKH�KRW�EXQGOH�UHJLRQV��DQG
LQFUHDVHG�GULIW�LQ�WKH�YHUWLFDO�SLSH��LPSHGHV�ORRS�VHDO�FOHDUDQFH��WHQG�WR�LQFUHDVH�FODG�WHPSHUDWXUH��ZKHUHDV�LQFUHDVHG�GULIW�LQ�WKH
KRUL]RQWDO�SLSH�LPSHGHV�ORRS�VHDO�ILOOLQJ�DQG�UHVXOWV�LQ�GHFUHDVHG�FODG�WHPSHUDWXUH�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

,QGH[�RI�SDUDPHWHU

5D
QN
�FR

UUH
ODW
LRQ

�FR
HII
LFLH

QW

&RQWUDFWLRQ�
FRHIILFLHQW�
FULWLFDO�
GLVFKDUJH

'ULIW�LQ�
EXQGOH

/67)�6%�&/����H[SHULPHQW��VHFRQG�KHDW�XS

6HQVLWLYLW\�PHDVXUHV�RI�WKH�VHFRQG�SHDN�FODG�WHPSHUDWXUH�ZLWK�UHVSHFW�WR�WKH�VHOHFWHG����XQFHUWDLQ�LQSXW�SDUDPHWHUV
�UDQN�FRUUHODWLRQ�FRHIILFLHQW��IRU�WKH�/67)�H[SHULPHQW

7KH�6SHDUPDQ�5DQN�&RUUHODWLRQ�&RHIILFLHQW�VKRZV�WKH�WRS�UDQNLQJ�RI�WKH�SDUDPHWHU�XQFHUWDLQWLHV��&RQWUDFWLRQ�FRHIILFLHQW
DQG�YHUWLFDO�GULIW�LQ�WKH�KHDWHU�URG�EXQGOH��$Q�LQFUHDVHG�FRQWUDFWLRQ�FRHIILFLHQW�ZLOO�OHDG�WR�DQ�HDUOLHU�DFFXPXODWRU
LQMHFWLRQ��DQG�FRQVHTXHQWO\��WHQGV�WR�GHFUHDVH�WKH�FODG�WHPSHUDWXUH��$�KLJKHU�GULIW�LQ�WKH�EXQGOH�UHVXOWV�LQ�LQFUHDVHG�FODG
WHPSHUDWXUH�LQ�WKH�XSSHU�EXQGOH�UHJLRQ�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

����$SSOLFDWLRQ�RI�*56�PHWKRG�WR�D�*HUPDQ�5HIHUHQFH�5HDFWRU

'HVFULSWLRQ�RI�WKH�DFFLGHQW�VFHQDULR
�����$����EUHDN�LQ�WKH�FROG�OHJ�RI�D�*HUPDQ�3:5�RI������0:�HOHFWULF�SRZHU�LV�LQYHVWLJDWHG�

/LNH�IRU�WKH�/67)�H[SHULPHQW��D�ORVV�RI�RII�VLWH�SRZHU�DW�VFUDP�LV�DVVXPHG��7KH�KLJK
SUHVVXUH�LQMHFWLRQ�V\VWHP�LV�DVVXPHG�WR�IDLO��WKLV�DVVXPSWLRQ�LV�EH\RQG�GHVLJQ�EDVLV���$OO
HLJKW�DFFXPXODWRUV�DUH�DYDLODEOH��IRXU�DUH�FRQQHFWHG�WR�HDFK�RI�WKH�IRXU�KRW�OHJV�DQG�IRXU�WR
HDFK�RI�WKH�FROG�OHJV��7KH�DFFXPXODWRU�V\VWHP�LV�VSHFLILHG�WR�LQLWLDWH�FRRODQW�LQMHFWLRQ�LQWR
WKH�SULPDU\�V\VWHP�EHORZ�D�SUHVVXUH�RI�����03D��$IWHU�DERXW�����VHFRQGV�WKH�LQMHFWLRQ�LV
LQWR�WKH�KRW�OHJV�RQO\�EHFDXVH�WKH�FROG�OHJ�DFFXPXODWRUV�ZLOO�EH�FORVHG��7KH�ORZ�SUHVVXUH
LQMHFWLRQ�V\VWHP�LV�DFWLYDWHG�DW������03D�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

8QFHUWDLQ�SDUDPHWHUV
������$OO�SDUDPHWHUV�LGHQWLILHG�DV�SRWHQWLDOO\�LPSRUWDQW�DUH�LQFOXGHG�LQ�WKH�XQFHUWDLQW\�DQDO\VLV��)RU�WKLV�DQDO\VLV

D�WRWDO�RI����SRWHQWLDOO\�LPSRUWDQW�XQFHUWDLQ�SDUDPHWHUV�DUH�LGHQWLILHG��,QFOXGHG�DUH����PRGHO�SDUDPHWHUV���
XQFHUWDLQWLHV�RI�E\SDVV�IORZ�FURVV�VHFWLRQV�LQ�WKH�UHDFWRU�YHVVHO��EHWZHHQ�XSSHU�GRZQFRPHU�DQG�XSSHU
SOHQXP��DV�ZHOO�DV�XSSHU�GRZQFRPHU�DQG�XSSHU�KHDG�����XQFHUWDLQWLHV�RI�UHDFWRU�SODQW�FRQGLWLRQV��DQG��
XQFHUWDLQW\�RI�WKH�QXPHULFDO�VROXWLRQ�SURFHGXUH�

0RGHO�XQFHUWDLQWLHV
���������)RU�WKLV�UHDFWRU�DSSOLFDWLRQ����SDUDPHWHUV�DUH�FKDUDFWHULVLQJ�FRPSXWHU�FRGH�PRGHO�XQFHUWDLQWLHV�E\

XQFHUWDLQ�FRUUHFWLYH�PXOWLSOLHUV��)RXU�DGGLWLRQDO�PRGHO�XQFHUWDLQWLHV�DUH�H[SUHVVHG�E\�VHWV�RI�DOWHUQDWLYH
PRGHO�IRUPXODWLRQV��L�H��WZR�IURP�ZDOO�KHDW�WUDQVIHU��DQG�WZR�IURP�K\GURG\QDPLFV��GULIW��SUHVVXUH�GURS��
7KH�TXDQWLILFDWLRQ�RI�PRGHO�XQFHUWDLQWLHV�LV�EDVHG�RQ�WKH�H[SHULHQFH�JDLQHG�IURP�$7+/(7�YDOLGDWLRQ�

6FDOLQJ�HIIHFWV
���������3RVVLEOH�FRQWULEXWLRQV�WR�WKH�XQFHUWDLQW\�RI�UHDFWRU�FDOFXODWLRQV�PD\�FRPH�IURP�VFDOLQJ�HIIHFWV��6HYHUDO

WHVWV�RI�WKH�*HUPDQ�Ä8SSHU�3OHQXP�7HVW�)DFLOLW\³��837)��DQG�837)�75$0��7UDQVLHQW�DQG�$FFLGHQW
0DQDJHPHQW��WHVWV�LQ�����VFDOH�ZHUH�LQYHVWLJDWHG�E\�FRPSDULVRQV�ZLWK�$7+/(7�FRGH�FDOFXODWLRQV�RU�ZLWK
UHVXOWV�RI�VPDOO�VFDOH�IDFLOLWLHV��,W�WXUQHG�RXW�WKDW�QR�DGGLWLRQDO�XQFHUWDLQ�PRGHO�SDUDPHWHU�KDV�WR�EH
LQWURGXFHG�WR�DFFRXQW�IRU�VFDOLQJ�HIIHFWV�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

������5HDFWRU�SODQW�FRQGLWLRQV
l ,Q�RUGHU�WR�DFFRXQW�IRU�XQFHUWDLQWLHV�LQ�UHDFWRU�SODQW�FRQGLWLRQV��WKH�XQFHUWDLQWLHV�LQ�FRUH

SRZHU�>�����������@��GHFD\�KHDW�SRZHU�>',1������@��IXHO�FODG�JDS�FRQGXFWDQFH
FRUUHFWLRQ�IDFWRU�>������������@��DQG�WKH�WHPSHUDWXUH�RI�WKH�FRROLQJ�ZDWHU�LQ�WKH
DFFXPXODWRUV�>��������&@�DUH�LQFOXGHG��)RU�JDS�FRQGXFWDQFH�D�QRUPDO�GLVWULEXWLRQ�LV
VSHFLILHG��IRU�WKH�RWKHU�SDUDPHWHUV�D�XQLIRUP�GLVWULEXWLRQ�

l 5HDOLVWLF�LQLWLDO�DQG�ERXQGDU\�FRQGLWLRQV�DUH�XVHG�LQ�WKH�XQFHUWDLQW\�DQG�VHQVLWLYLW\
DQDO\VLV�RI�WKH�UHIHUHQFH�UHDFWRU��,I�VSHFLILF�FRQGLWLRQV�DUH�QRW�H[DFWO\�NQRZQ��WKH\�DUH
FRQVLGHUHG�XQFHUWDLQ��7KH�VLQJOH�IDLOXUH�FULWHULRQ��KRZHYHU��LV�WDNHQ�LQWR�DFFRXQW�LQ�D
GHWHUPLQLVWLF�ZD\��LW�LV�QRW�WUHDWHG�DV�XQFHUWDLQW\��7KLV�LV�D�VXSHULRU�SULQFLSOH�RI�VDIHW\
DQDO\VLV��UHGXQGDQFH���7KH�SUREDELOLW\�RI�V\VWHP�IDLOXUHV�LV�SDUW�RI�SUREDELOLVWLF�VDIHW\
DQDO\VHV��QRW�RI�GHPRQVWUDWLQJ�WKH�HIIHFWLYHQHVV�RI�HPHUJHQF\�FRUH�FRROLQJ�V\VWHPV��)RU
GHVLJQ�EDVLV�DFFLGHQWV�WKH�FRROLQJ�V\VWHP�HIIHFWLYHQHVV�KDV�WR�EH�SURYHQ�E\�GHWHUPLQLVWLF
VDIHW\�DQDO\VHV�ZLWK�UHJDUG�WR�WKH�DYDLODEOH�V\VWHPV��7KH�XQFHUWDLQW\�DQDO\VLV�RI�VXFK
GHWHUPLQLVWLF�FDOFXODWLRQV�SHUPLWV�D�TXDQWLWDWLYH�SUREDELOLVWLF�VWDWHPHQW�DERXW�WKH�PDUJLQ
EHWZHHQ�WKH�WROHUDQFH�OLPLWV�RI�WKH�FDOFXODWLRQ�UHVXOWV�DQG�WKH�DFFHSWDQFH�OLPLWV��,Q�WKH
SUHVHQW�LQYHVWLJDWLRQ��KRZHYHU��WKH�VLQJOH�IDLOXUH�RI�RQH�KLJK�SUHVVXUH�V\VWHP��DQG�WKH
XQDYDLODELOLW\�RI�D�VHFRQG�KLJK�SUHVVXUH�V\VWHP�GXH�WR�SUHYHQWLYH�PDLQWHQDQFH�DUH
H[FHHGHG�E\�WKH�DVVXPSWLRQ�RI�D�FRPSOHWH�IDLOXUH�RI�WKH�KLJK�SUHVVXUH�LQMHFWLRQ
V\VWHP��+LJK�SUHVVXUH�V\VWHP�IDLOXUHV�DUH�WKH�ZRUVW�XQDYDLODELOLWLHV�LQ�VPDOO�EUHDN
ORVV�RI�FRRODQW�DFFLGHQWV�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

5HIHUHQFH 5HDFWRU
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�&DOFXODWHG�XQFHUWDLQW\�UDQJH�RI�URG�FODG�WHPSHUDWXUH�DQG�EHVW�HVWLPDWH�FDOFXODWLRQ�IRU�UHIHUHQFH�UHDFWRU



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

��������������������������5HVXOWV
l 7KH�KLJKHVW�FDOFXODWHG�FODG�WHPSHUDWXUHV�DUH�RI�VSHFLDO�LQWHUHVW��7KH�SHDN�FODG�WHPSHUDWXUH�LV

FDOFXODWHG�LQ�WKH�XSSHU�SDUW�RI�WKH�FRUH��OHYHO�����7KH�SUHYLRXV�ILJXUH�VKRZV�WKH�XQFHUWDLQW\
UDQJH�IRU�WKH�FODG�WHPSHUDWXUH�RI�WKH�URGV�DW�OHYHO����$W�OHDVW�����RI�WKH�FRPELQHG�LQIOXHQFH�RI
DOO�LGHQWLILHG�XQFHUWDLQWLHV�DUH�ZLWKLQ�WKLV�UDQJH�DW�D�FRQILGHQFH�OHYHO�RI���������FDOFXODWLRQ
UXQV�ZHUH�SHUIRUPHG��

l $�FRPSDULVRQ�RI�WKLV�FDOFXODWLRQ�ZLWK�/67)�UHVXOWV�VKRZ�GLIIHUHQFHV�DW�DERXW�����WR�����V�
:KLOH�/67)�VKRZV�D�ILUVW�KHDW�XS�GXULQJ�WKLV�WLPH�VSDQ��WKH�UHDFWRU�FDOFXODWLRQ�GRHV�QRW�VKRZ
DQ�LQFUHDVH�LQ�FODG�WHPSHUDWXUH��7KLV�GLIIHUHQFH�LV�PDLQO\�GXH�WR�GLIIHUHQW�GHFD\�SRZHU
FXUYHV��7KH�PD[LPXP�SRZHU�LQ�/67)�LV�RQO\�����RI�WKH�VFDOHG�SRZHU�XQGHU�QRUPDO�RSHUDWLQJ
FRQGLWLRQV��7KHUHIRUH��WKLV�KLJKHVW�SRVVLEOH�SRZHU�LV�NHSW�IRU����V�DIWHU�WKH�VFUDP�VLJQDO��DQG�LV
GHFUHDVHG�VXEVHTXHQWO\�WR�FRPSHQVDWH�IRU�WKH�ORZHU�LQLWLDO�SRZHU��&RPSDULVRQV�LQ�WKH�/2%,
H[SHULPHQWDO�IDFLOLW\��ZKHUH�WKH�IXOO�VFDOHG�LQLWLDO�SRZHU�ZDV�DYDLODEOH��UXQQLQJ�H[SHULPHQWV
ZLWK�UHDFWRU�W\SLFDO�GHFD\�KHDW�LPPHGLDWHO\�DIWHU�VFUDP��VKRZ�QHDUO\�QR�ILUVW�KHDW�XS�FRPSDUHG
ZLWK�D�SRZHU�FXUYH�VLPLODU�WR�/67)�

l $�KHDW�XS�LV�FDOFXODWHG�DW�����V�GXULQJ�FRUH�XQFRYHU\��7KH�FDOFXODWHG�XSSHU�WROHUDQFH�OLPLW�RI
WKH�PD[LPXP�FODG�WHPSHUDWXUH�DW�OHYHO���LV�����&��7KH�PD[LPXP�FODG�WHPSHUDWXUH�DW�OHYHO���LQ
WKH�UHIHUHQFH�FDOFXODWLRQ��XVLQJ�QRPLQDO�YDOXHV��LV������&��$IWHU�����V�WKH�XQFHUWDLQW\�UDQJH
GHFUHDVHV�ZKHQ�WKH�URGV�DUH�FRROHG�GXH�WR�DFFXPXODWRU�ZDWHU�LQMHFWLRQ��7KH�HDUOLHVW�VWDUW�RI
DFFXPXODWRU�LQMHFWLRQ�LV�DW�����V�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD

����

����

� � ���� �� �� �� �� �� �� �� �� �� �� �� ����

����

�

���

���

���
GULIW�LQ
FRUH

FRQWUDFWLRQ
FRHIILFLHQW�
FULWLFDO�
GLVFKDUJH

GHFD\�KHDW
SRZHU

LQGH[�RI�SDUDPHWHU

6WD
QG
DUG

LVH
G�U
DQ
N�U
HJ
UHV

VLR
Q�F

RH
IILF

LHQ
W

5HIHUHQFH�UHDFWRU��SHDN�FODGGLQJ�WHPSHUDWXUH

6HQVLWLYLW\�PHDVXUHV�RI�WKH�SHDN�FODG�WHPSHUDWXUH�ZLWK�UHVSHFW�WR�WKH�VHOHFWHG����XQFHUWDLQ�LQSXW�SDUDPHWHUV
�VWDQGDUGLVHG�UDQN�UHJUHVVLRQ�FRHIILFLHQW��IRU�UHIHUHQFH�UHDFWRU

7KH�PDLQ�FRQWULEXWLRQV�WR�XQFHUWDLQW\�RI�WKH�SHDN�FODG�WHPSHUDWXUH�FRPH�IURP�WKH�GHFD\�KHDW�SRZHU��SDUDPHWHU������WKH
YHUWLFDO�GULIW�PRGHO�LQ�WKH�FRUH��SDUDPHWHU������DQG�WKH�FRQWUDFWLRQ�FRHIILFLHQW�RI�WKH�FULWLFDO�GLVFKDUJH�PRGHO��SDUDPHWHU
����,QFUHDVLQJ�WKH�FRQWUDFWLRQ�FRHIILFLHQW�WHQGV�WR�GHFUHDVH�WKH�SHDN�FODG�WHPSHUDWXUH�DQG�YLFH�YHUVD��$Q�LQFUHDVHG�GULIW�LQ
WKH�FRUH�DQG�DQ�LQFUHDVHG�GHFD\�KHDW�SRZHU�UHVXOWV�LQ�LQFUHDVHG�FODG�WHPSHUDWXUH�DW�KLJKHU�HOHYDWLRQV�



&RPSDUDWLYH�$QDO\VLV�RI�$VVXPSWLRQV��0RGHOV�DQG�5HVXOWV�RI�$FFLGHQW�$QDO\VHV�LQFOXGHG�LQ�6$5V
�����-XO\�������6RILD��%XOJDULD
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7LPH�GHSHQGHQW�VHQVLWLYLW\�PHDVXUHV�RI�URG�FODG�WHPSHUDWXUH�IRU�UHIHUHQFH�UHDFWRU��KHDW�XS����������V�
FRROLQJ����������V�

,Q�DGGLWLRQ�WR�WKRVH�PHQWLRQHG�IRU�WKH�SHDN�FODG�WHPSHUDWXUH��WKH�WXUEXOHQFH�IDFWRU�IRU�HYDSRUDWLRQ�LQ�WKH�FULWLFDO�GLVFKDUJH
PRGHO��SDUDPHWHU����VKRZV�XS�WR�EH�DQ�LPSRUWDQW�XQFHUWDLQW\�FRQWULEXWRU�LQ�WKH�WLPH�EHWZHHQ�����DQG�����V��%HWZHHQ����
DQG�����V�WKH�FRQWUDFWLRQ�FRHIILFLHQW�DW�WKH�EUHDN�LV�D�PDMRU�XQFHUWDLQW\�FRQWULEXWRU
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$QDO\VLV�RI�/RYLLVD���7UDQVLHQW��99(5������/RDG�GURS�RI�RQH�WXUER�JHQHUDWRU�DW�QRPLQDO�SRZHU
�SURSRVDOV�GRQH�DW�9$/&2�±�:RUNVKRS�+HOVLQNL������±�����$SULO�������

l )RU�WKH�XQFHUWDLQW\�DQG�VHQVLWLYLW\�DQDO\VLV��LW�LV�QHFHVVDU\�WR�LGHQWLI\�WKH�PRVW�UHOHYDQW�SK\VLFDO�SKHQRPHQD
GHWHUPLQLQJ�WKH�WUDQVLHQW�HYROXWLRQ��WKLV�ZLOO�OHDG�WR�WKH�LGHQWLILFDWLRQ�RI�WKH�UHOHYDQW�SK\VLFDO�PRGHO
SDUDPHWHUV�LQFOXGLQJ�WKHLU�VWDWXV�RI�NQRZOHGJH�L�H��WKH�UDQJH�RI�SDUDPHWHU�YDOXHV�DQG�WKH�VXEMHFWLYH
SUREDELOLW\�GHQVLW\�GLVWULEXWLRQ��,Q�DGGLWLRQ��LW�LV�LPSRUWDQW�WR�GHILQH�WKH�PDLQ�UHVXOWV�RI�WKH�FDOFXODWLRQ�IRU
ZKLFK�WKH�VHQVLWLYLW\�VKRXOG�EH�GHWHUPLQHG��$V�D�EDVLV�RI�GLVFXVVLRQ�LW�LV�SURSRVHG�WR�GHILQH�WDEOHV�IRU�HDFK
WRSLF��7KH�DYDLODEOH�UHVXOWV�DUH�UHIHUHQFHG�E\�WKH�ILJXUHV�LQ�WKH�SXEOLFDWLRQV�RI�$QQXDOV�RI�1XFOHDU�(QHUJ\�

l 7KH�XQFHUWDLQW\�DQG�VHQVLWLYLW\�DQDO\VLV�FRQVLVWV�RI�WKH�IROORZLQJ�VWHSV��'HVLJQ�DQ�H[SHULPHQW�DQG�GHILQH
WKH�OLVW�RI�XQFHUWDLQ�IDFWRUV�LQFOXGLQJ�WKH�VWDWH�RI�NQRZOHGJH�E\�WKH�UDQJH�RI�SDUDPHWHUV�DQG�WKH
FRUUHVSRQGLQJ�VXEMHFWLYH�SUREDELOLW\�GHQVLW\�IXQFWLRQV��7KHVH�VWHSV�ZLOO�EH�VXSSRUWHG�E\�7DEOHV������DQG���
2Q�WKLV�EDVLV�E\�0RQWH�&DUOR�VDPSOLQJ�DQ�LQSXW�YHFWRU�PDWUL[�ZLOO�EH�GHILQHG�IRU�VLPXODWLRQ�E\�WKH
FRPSXWHU�PRGHO��7KH�UHVXOWV�RI�WKH�FDOFXODWLRQ�UHSUHVHQW�D�VDPSOH�RI�WKH�RXWSXW�GLVWULEXWLRQ��WKDW�ZLOO�EH
HYDOXDWHG�E\�WKH�XQFHUWDLQW\�DQG�VHQVLWLYLW\�DQDO\VLV��7KLV�HYDOXDWLRQ�ZLOO�EH�JXLGHG�E\�7DEOH���
�)ROORZLQJ�WDEOHV�DUH�SURSRVHG�

l 7DEOH����(YHQW�VHTXHQFH�RI�WUDQVLHQW
l 7DEOH����5HOHYDQW�SK\VLFDO�SKHQRPHQD�RI�WKH�WUDQVLHQW
l 7DEOH����/LVW�RI�XQFHUWDLQ�IDFWRUV�RU�XQFHUWDLQ�PRGHO�SDUDPHWHUV�RI�WUDQVLHQW�DQDO\VLV
l 7DEOH����3DUDPHWHUV�RI�WKH�FDOFXODWLRQ�UHVXOWV�IRU�ZKLFK�WKH�XQFHUWDLQW\�DQG�VHQVLWLYLW\�VKRXOG�EH�GHWHUPLQHG
l 7DEOH����0RVW�UHOHYDQW�GHYLDWLRQV�EHWZHHQ�FDOFXODWLRQV�DQG�PHDVXUHPHQW
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,QFUHDVH�RI�ZDWHU�OHYHO��ZKLFK�DOVR�FRQWULEXWHV�WR
LQFUHDVH�RI�SUHVVXUH

$FWLRQV�RI�YROXPH�FRQWURO�V\VWHP
E\�PDNH�XS�LQMHFWLRQ

����V�

,QFUHDVH�RI�SUHVVXUH��WKLV�LV�DOVR�DIIHFWHG��E\�YROXPH
FRQWURO�PHDQV

$IWHU�WKH�GHFUHDVH�RI�SULPDU\
SUHVVXUH�WKH�KHDWHUV�RI
SUHVVXUL]HU�DUH�DFWLYDWHG�E\�WKH
SUHVVXUH�FRQWURO�V\VWHP

����V�

7KHVH�DFWLRQV�OHDG�WR�D�GHFUHDVH�RI�ZDWHU�OHYHO�LQ
SUHVVXUL]HU

$FWLRQV�RI�YROXPH�FRQWURO�V\VWHP
E\�OHWGRZQ�RSHQLQJ

���±�����V�

7KHVH�DFWLRQV�OHDG�WR�D�GHFUHDVH�RI�SULPDU\�SUHVVXUH$IWHU�WKH�LQFUHDVH�RI�SULPDU\
SUHVVXUH�WKH�SUHVVXUH�FRQWURO
V\VWHP�DFWLYDWHV�KHDWHU�VZLWFK�RII
DQG�SUHVVXUL]HU�VSUD\�YDOYH
RSHQLQJ

���������V�

5HGXFWLRQ�RI�QHXWURQ�SRZHU�IURP�QRPLQDO�WR�DERXW���
��ZLWK�DQ�LQWHUPHGLDWH�KROG�DW����V

6WHS�ZLVH�LQVHUWLRQ�RI�FRQWURO�URG
JURXS��

��±�����V�

3UHVVXUH�LQFUHDVH�RQ�VHFRQGDU\�VLGH/RDG�GURS�RI�RQH�WXUER�JHQHUDWRU��V�
&RQVHTXHQFHV(YHQW7LPH1U

(YHQW�VHTXHQFH�RI�WKH�WUDQVLHQW��WDEOH���
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3ULPDU\�SUHVVXUH�DQG�ZDWHU�OHYHO�LQ�WKH
SUHVVXUL]HU

/RQJ�WHUP�SUHVVXUH�FRQWURO�LQ�WKH
SUHVVXUL]HU�WR�LQFUHDVH�DQG
VWDELOL]H�WKH�SUHVVXUH

����±�����V�

3ULPDU\�SUHVVXUH�DQG�ZDWHU�OHYHO�LQ�WKH
SUHVVXUL]HU

3UHVVXUH�FRQWURO�LQ�WKH�SUHVVXUL]HU
WR�UHGXFH�WKH�SUHVVXUH��HQHUJ\
EDODQFH�DQG�FRQGHQVDWLRQ�

���±�����V��

5HGXFWLRQ�RI�QXFOHDU�SRZHU��JHQHUDWLRQ
DQG�FRQVHTXHQWO\�GHFUHDVH�RI�FRRODQW
WHPSHUDWXUHV�DQG�GHFUHDVH�RI�ZDWHU�OHYHO

6WHS�ZLVH�,QVHUWLRQ�RI�FRQWURO�URG
JURXS���OHDGLQJ�WR�D�SRZHU
UHGXFWLRQ

��±�����V��

,QFUHDVH�RI�SULPDU\�SUHVVXUH�DQG�DFWLYDWLRQ
RI�SUHVVXUH�FRQWURO�LQ�WKH�SUHVVXUL]HU

+HDW�XS�RI�SULPDU\�FLUFXLW�DQG
YROXPH�H[SDQVLRQ�RI�SULPDU\
FRRODQW

�������V�

,QFUHDVH�RI�SULPDU\�SUHVVXUH
,QFUHDVH�RI�FROG�OHJ�WHPSHUDWXUHV

5HGXFWLRQ�RI�KHDW�WUDQVIHU�EHWZHHQ
SULPDU\�DQG�VHFRQGDU\�VLGH

������V�

3UHVVXUH�LQFUHDVH�RQ�VHFRQGDU\�VLGH/RDG�GURS�RI�RQH�WXUER�JHQHUDWRU������V��

$IIHFWHG�SDUDPHWHUV(YHQW�RU�3K\VLFDO�SKHQRPHQD7LPH�SHULRG5HIHUHQFH�WR
7DEOH��

1U

5HOHYDQW�SK\VLFDO�SKHQRPHQD�RI�WKH�WUDQVLHQW��WDEOH���
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7LPH�RI�VWDUWLQJ�PDNH�XS�V\VWHP��FDSDFLW\�RI�PDNH�XS�V\VWHP��:KDW�YDULDQWV�RI
PDNH�XS�IORZ�DUH�UHDVRQDEOH"
7LPH�RI�RSHUDWLQJ�KHDWHUV

��

3UHVVXUH�FRQWURO�V\VWHP��WLPH�SRLQW�RI�VZLWFKLQJ�RII�KHDWHUV��HIILFLHQF\�RI�VSUD\
V\VWHP�
9ROXPH�FRQWURO�V\VWHP��WLPH�SRLQW�RI�OHWGRZQ�RSHQLQJ��FDSDFLW\�RI�OHWGRZQ
V\VWHP��GXUDWLRQ�RI�RSHUDWLQJ�OHWGRZQ�V\VWHP�

��

:KDW�DUH�UHDVRQDEOH�FRQWURO�URG�LQVHUWLRQ�SURJUDPPHV�WKDW�DUH�DFFHSWDEOH�ZLWK
PHDVXUHPHQW"�:KLFK�PRGHOV�ZHUH�DOUHDG\�XVHG�E\�SDUWLFLSDQWV��)=5�"

��

+HDW�WUDQVIHU�IURP�SULPDU\�WR�VHFRQGDU\�VLGH
9ROXPH�RI�SULPDU\�FLUFXLW
7RWDO�PDVV�IORZ��YDOXH�DQG�WLPH�IXQFWLRQ�
3ULPDU\�SUHVVXUH�FRQWURO

��

7LPH�IXQFWLRQ�RI�VHFRQGDU\�SUHVVXUH��,Q�$7+/(7�WKLV�WLPH�IXQFWLRQ�LV�JHQHUDWHG
E\�D�*&60�PRGHO�XVLQJ�IHHG�ZDWHU�IORZ�DQG�VWHDP�H[WUDFWLRQ�WR�REWDLQ�JRRG
DJUHHPHQW�ZLWK�PHDVXUHG�YDOXHV��:KDW�WLPH�IXQFWLRQV�DUH�DFFHSWDEOH�LQ
FRPSDULVRQ�WR�PHDVXUHPHQW"�&RPSDUH�WLPH�IXQFWLRQV�RI�$7+/(7�DQG
60$%5(�
:KDW�DIIHFWV�WKH�KHDW�WUDQVIHU�IURP�SULPDU\�WR�VHFRQGDU\�VLGH"�:DWHU�OHYHO�
QRGDOL]DWLRQ�RWKHU�PRGHO�SDUDPHWHUV��+7&�"

��
7LPH�SRLQW�RI�ORDG�GURS�LV�IL[HG��

0RGHOV�RU�SDUDPHWHUV5HIHUHQFH� WR
7DEOH��

1U

/LVW�RI�XQFHUWDLQ�IDFWRUV�RU�XQFHUWDLQ�PRGHO�SDUDPHWHUV�RI�WUDQVLHQW�DQDO\VLV��WDEOH���
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['HWHFWRU�UHDGLQJV�DW�VSHFLILHG�ORFDWLRQV��
[$[LDO�SRZHU�GHQVLW\�GLVWULEXWLRQ��

;0LQLPXP�RI�ZDWHU�OHYHO�DW�DERXW�����V��
;0D[LPXP�RI�ZDWHU�OHYHO�DW�DERXW����V��

;:DWHU�OHYHO�LQ�SUHVVXUL]HU��
;9DOXH�RI�SULPDU\�SUHVVXUH�DW�DERXW����V�
;0D[LPXP�SUHVVXUH�LQ�SULPDU\�FLUFXLW�DW�DERXW����V�

;3UHVVXUH�LQ�SULPDU\�FLUFXLW�
;&RRODQW�WHPSHUDWXUH�LQ�VL[�FROG�OHJV�DW�WKH�HQG�RI�WUDQVLHQW�
;0D[LPXP�WHPSHUDWXUH�LQ�FROG�OHJV�DW�DERXW���V�

;&RRODQW�WHPSHUDWXUHV�LQ�VL[�FROG�OHJV�
;6WHDP�KHDGHU�SUHVVXUH�RI�VHFRQGDU\�VLGH�

;'LIIHUHQFH�RI�QHXWURQ�SRZHU�OHYHO��GXULQJ�SRZHU�UHGXFWLRQ�EHWZHHQ���
DQG����V

�
;1HXWURQ�SRZHU�
,QGH[�YDOXHG6LQJOH�YDOXHG3DUDPHWHU�RI�UHVXOW1U

3DUDPHWHUV�RI�UHVXOWV�IRU�ZKLFK�WKH�XQFHUWDLQW\�DQG�VHQVLWLYLW\�VKRXOG�EH�GHWHUPLQHG��WDEOH���
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3UHVVXUL]HU�ZDWHU�OHYHO����±�����V�
3UHVVXUH�LQFUHDVH�LQ�SULPDU\�FLUFXLW�GXH�WR�SUHVVXUH�FRQWURO����±�����V�
0D[LPXP�YDOXH�RI�SULPDU\�SUHVVXUH���V�
:DWHU�OHYHO�LQ�WKH�VWHDP�JHQHUDWRU���������V�

&RRODQW�WHPSHUDWXUH�LQ�VL[�FROG�OHJV����V�HQG�RI
WUDQVLHQW

�
&RRODQW�WHPSHUDWXUHV�LQ�VL[�FROG�OHJV���V�
3RVLWLRQ�RI�FRQWURO�URG�JURXS���������V�
1HXWURQ�SRZHU�OHYHO�EHWZHHQ����DQG����V���V�
3DUDPHWHU7LPH1U

0RVW�UHOHYDQW�GHYLDWLRQV�EHWZHHQ�FDOFXODWLRQV�DQG�PHDVXUHPHQW��WDEOH���

7KLV�WDEOH�LV�JLYHQ�WR�UHPLQG�WKH�PRVW�UHOHYDQW�GHYLDWLRQV�IURP�PHDVXUHPHQW�VHHQ�LQ�WKH
DYDLODEOH�FDOFXODWLRQV��,W�ZLOO�QRW�EH�XVHG�ZLWKLQ�WKH�XQFHUWDLQW\�DQG�VHQVLWLYLW\�DQDO\VLV�
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&RQFOXVLRQV�RQ�XQFHUWDLQW\�HYDOXDWLRQV

l $�FKDOOHQJH�LQ�SHUIRUPLQJ�XQFHUWDLQW\�DQDO\VHV�LV�WKH�VSHFLILFDWLRQ�RI
SUREDELOLW\�GLVWULEXWLRQV�RI�LQSXW�SDUDPHWHUV�DV�H[SUHVVLRQ�RI�WKH�VWDWH�RI
NQRZOHGJH��7KH�VSHFLILFDWLRQV�RI�UDQJHV�DQG�SUREDELOLW\�GLVWULEXWLRQV�RI
XQFHUWDLQ�LQSXW�SDUDPHWHUV�PD\�KDYH�D�ELJ�LQIOXHQFH�RQ�WKH�XQFHUWDLQW\�RI
FRGH�UHVXOWV��DQG��WKXV��RQ�WKH�TXDQWLILFDWLRQ�RI�WKH�SUHGLFWLRQ�FDSDELOLW\�
&XUUHQW�DFWLYLWLHV�LQ�WKH�IUDPH�RI�SUHGLFWLRQ�FDSDELOLWLHV�RI�EHVW�HVWLPDWH
FRPSXWHU�FRGHV�DUH�HPSKDVLVLQJ�WKHVH�VSHFLILFDWLRQV�

l �,QYHVWLJDWLRQV�DUH�XQGHUZD\�WR�WUDQVIRUP�GDWD�PHDVXUHG�LQ�H[SHULPHQWV
DQG�SRVW�WHVW�FDOFXODWLRQV�LQWR�WKHUPDO�K\GUDXOLF�PRGHO�SDUDPHWHUV�ZLWK
XQFHUWDLQWLHV��,W�LV�HIIHFWLYH�WR�FRQFHQWUDWH�RQ�WKRVH�XQFHUWDLQWLHV�VKRZLQJ�WKH
KLJKHVW�VHQVLWLYLW\�PHDVXUHV��7KH�VWDWH�RI�NQRZOHGJH�DERXW�WKHVH�XQFHUWDLQ
LQSXW�SDUDPHWHUV�KDV�WR�EH�LPSURYHG��DQG�VXLWDEOH�H[SHULPHQWDO�DV�ZHOO�DV
DQDO\WLFDO�LQIRUPDWLRQ�KDV�WR�EH�VHOHFWHG��7KLV�LV�D�JHQHUDO�H[SHULHQFH
DSSO\LQJ�GLIIHUHQW�XQFHUWDLQW\�PHWKRGV�


