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

������������������������������������������������������*(50$1��*56��$3352&+�72�$&&,'(17�$1$/<6,6�3$557�,,�
�
�
�

9$/,'$7,21�2)�&20387(5�&2'(6�

.��9HONRY�
�5�.LUPVH��

*HVHOOVFKDIW�I�U�$QODJHQ��XQG�5HDNWRUVLFKHUKHLW��*56��PE+�
)RUVFKXQJVJHOlQGH��������*DUFKLQJ��*HUPDQ\�

YHN#JUV�GH�
�

�



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

&217(17�2)�7+(�35(6(17$7,21
l *HQDUDO�&RQVLGHUDWLRQV
l 9DOLGDWLRQ�RI�6\VWHP�&RGHV�IRU�6$5�LQ�*HUPDQ\

± 6�5(/$3
± $7+/(7

l ([DPSOH�RI�/%/2&$�$QDO\VLV�IRU�.2192,�3ODQWV
l &XUUHQW�$SSURDFK�DQG�7UHQGV�7RZDUGV�%HVW�(VWLPDWH�6DIHW\�$QDO\VVLV

�H[DPSOHV�RI�%(�FDOFXODWLRQV�



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

���*HQDUDO�&RQVLGHUDWLRQV
7\SLFDO�&RGH�&DWHJRULHV�IRU�'HWHUPLQLVWLF�6DIHW\�$QDO\VLV
l �6LPXODWLRQ�RI�3KHQRPHQD����UHDFWRU�SK\VLFV����IXHO�EHKDYLRXU����WKHUPDO�K\GUDXOLFV����VWUXFWXUH�G\QDPLFV����UDGLRORJLFDO�GRVH�FDOFXODWLRQV
l �'HSWK�RI�6LPXODWLRQ����GHWDLOHG�PHFKDQLVWLF�PRGHOV����VLPSOLILHG�PRGHOOLQJ
l �6FRSH�RI�6LPXODWLRQ����FRUH ��VTXDUH��KH[DJRQDO����������UHDFWRU�FRRODQW�V\VWHP����GU\�FRQWDLQPHQW����SUHVVXUH�VXSSUHVVLRQ�V\VWHPV



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

&)'67$5�&'
&)'&);
&)'$67(&
&)')/87$1
&)'3+2(1,&6

%RURQ�GLOXWLRQ�VFHQDULRV3:5�::(5�0L[LQJ�LQ�539.:8�'(2
376�VFHQDULRV3:5�::(5�0L[LQJ�LQ�539.:8�0,;
FRXSOHG�ZLWK�6�5(/$3�::(5��'��QHXWURQLFV��WUDQVLHQW+(;7,0(

::(5��'�QHXWURQLFV��VWDWLRQDU\+(;0('
%:5�3'2�IXHO�DVVHPEO\�EHKDYLRXU+(&+$1
%:5�/2&$�IXHO�DVVHPEO\�EHKDYLRXU+8;<

FRXSOHG�ZLWK�6�5(/$3�%:5�QHXWURQLFV��7�+�LQ�UHDFWRU�FRUH&26%:5
%:5�PXOWL�FKDQQHO�7�+�LQ�UHDFWRU�FRUH)5$1&(6&$

FRXSOHG�ZLWK�6�5(/$3�%:5��'�QHXWURQLFV���7�+�LQ�UHDFWRU�FRUH5$021$
FRXSOHG�ZLWK�3$1%2;3:5��'�7�+�LQ�UHDFWRU�FRUH&2%5$
FRXSOHG�ZLWK�6�5(/$3�3:5��'�QHXWURQLFV��WUDQVLHQW3$1%2;

3:5��'�QHXWURQLFV��VWDWLRQDU\6$9
6WDWLVWLFV�IRU�/2&$�EHKDYLRXU*68$0

&$52�%(7+<�6�5(/$3�/2&$�IXHO�URG�EHKDYLRXU��FRUH�GDPDJH&$5/2
)XHO�URG�FRQGLWLRQ�SULRU�WR�RFFXUUHQFHV��DFFLGHQWV&$52
/2&$�IXHO�URG�EHKDYLRXU%(7+<

FRXSOHG�ZLWK�6�5(/$3�7�+�&RQWDLQPHQW��PXOWL�FRPSDUWPHQW�:$9&2
FRXSOHG�ZLWK�6�5(/$3�3:5�7�+�&RQWDLQPHQW��VLQJOH�FRPSDUWPHQW�&2&2

7�+�EHKDYLRXU�RI�%:5��3:5��::(56�5(/$3�
5HPDUNV$SSOLFDWLRQ1DPH

$9$,/$%/(�&2'(6�)25�3(5)250,1*�$$�,1�*(50$1<



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

���9DOLGDWLRQ�RI�6\VWHP�&RGHV�IRU�6$5�LQ�*HUPDQ\
7KH�7HUPV�9HULILFDWLRQ�DQG�9DOLGDWLRQ

l 9HULILFDWLRQ�
7KH�FRGH�EHKDYHV�DV�LQWHQGHG��SURSHU�PDWKHPDWLFDO�UHSUHVHQWDWLRQ�RI�WKH�FRQFHSWXDO
PRGHO��HTXDWLRQV�DUH�FRUUHFWO\�HQFRGHG�DQG�VROYHG�
9HULILFDWLRQ�PD\�LQFOXGH�
'HPRQVWUDWLRQ�RI�FRQYHUJHQFH�RI�FDOFXODWHG�UHVXOWV�ZKLOH�UHGXFLQJ�WLPH�VWHSV�DQG�VL]H�RI
QRGHV��FRPSDULVRQ�ZLWK�H[DFW�PDWKHPDWLFDO�VROXWLRQV��EHQFKPDUN�FRPSDULVRQ�ZLWK�RWKHU
FRGHV��FKHFN�RI�SODXVLELOLW\

l �9DOLGDWLRQ�
&RPSDULVRQ�RI�FDOFXODWHG�UHVXOWV�ZLWK�PHDVXUHG�YDOXHV

�³9HULILFDWLRQ´�RIWHQ�XVHG�V\QRQ\PRXVO\�ZLWK�YDOLGDWLRQ�DQG�TXDOLILFDWLRQ



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

9$/,'$7,21��2)��6�5(/$3��EDVLF�LQIRUPDWLRQ�

l ,QLWLDOO\�GHYHORSHG�E\�6LHPHQV�3RZHU�&RUSRUDWLRQ��63&��LQ�5LFKODQG��86$�IRU�SHUIRUPLQJ
UHDOLVWLF�DQDO\VLV�RI�/%/2&$�IRU�3:5V

l %DVHG�RQ�5(/$3��02'��DQG�5(/$3��02'��IXUWKHU�GHYHORSHG�IURP�63&�DQG�.:8
l 7KH�EDVLF�PRGHOV��WKH�FRGH�VWUXFWXUH�DQG�WKH�QXPHULF�VROXWLRQ�SURFHGXUHV�DUH�LGHQWLFDO�ZLWK

WKRVH�RI�5(/$3��02'�
l 7KH�FRGH�VWUXFWXUH�IRU�6�5(/$3��ZDV�PRGLILHG�WR�EH�HVVHQWLDOO\�WKH�VDPH�DV�WKDW�IRU

5(/$3��02'���ZLWK�WKH�VDPH�FRGH�SRUWDELOLW\�IHDWXUHV
l 7KH�FRGLQJ�IRU�UHDFWRU�NLQHWLFV��FRQWURO�V\VWHP�DQG�WULS�V\VWHPV�DUH�WKH�VDPH�OLNH�LQ

5(/$3��02'�



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

l $V�DQ�H[DPSOH��WKH�YHULILFDWLRQ�PDWUL[�IRU�5(/$3��02'���SDUWO\�UHSHWLWLRQV�RI
FDOFXODWLRQV�DOUHDG\�SHUIRUPHG�EHIRUH�ZLWK�5(/$3��02'���FRQWDLQV�SKHQRPHQRORJLFDO
SUREOHPV�OLNH�IRU�LQVWDQFH�JUDYLWDWLRQ�KHDG�HIIHFW�RI�IDOOLQJ�OLTXLG�LQWR�D�VWHDP�DWPRVSKHUH�
QRQ�FRQGHQVDEOH�VWDWH�RVFLOODWRU\�IORZ��8�WXEH�RVFLOODWLRQV���DQG�VHYHUDO�ZRUNVKRS
SUREOHPV�VLPXODWLQJ�D�K\SRWKHWLFDO�WZR�ORRS�3:5�V\VWHP

l 86�15&�KDV�DSSURYHG�$1)�5(/$3���DQ�63&�PRGLILHG�YHUVLRQ�RI�5(/$3��02'��
9HUVLRQ���������IRU�6%/2&$��VWHDP�OLQH�EUHDN��DQG�QRQ�/2&$�WUDQVLHQW�OLFHQVLQJ
DQDO\VHV

l 7KH�LPSURYHPHQWV�DQG�PRGLILFDWLRQV�LQFOXGHG�DUH�WKRVH�UHTXLUHG�WR�SURYLGH�FRQJUXHQF\
ZLWK�WKH�XQPRGLILHG�OLWHUDWXUH�FRUUHODWLRQV�DQG�WKRVH�UHTXLUHG�WR�REWDLQ�DGHTXDWH�VLPXODWLRQ
RI�NH\�/%/2&$�H[SHULPHQWV

l 7KH�GHYHORSPHQWDO�YHULILFDWLRQ�SUREOHPV�SHUIRUPHG�IRU�5(/$3��02'��DQG�02'��FDQ
DOVR�EH�FRQVLGHUHG�DV�DSSOLFDEOH�IRU�6�5(/$3�



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

/LVW�RI�WKH�IDFLOLWLHV�DQG�WHVWV�SUHYLRXVO\�DQDO\VHG�E\�63&�DQG�UHYLHZHG�E\
WKH�86�15&

l 8QLYHUVLW\�RI�+DQQRYHU�&&)/�7HVW�)DFLOLW\����[��EXQGOH��VWHDP�ZDWHU�WHVWV�ZLWKYDULRXV�WLH�SODWHV�
l ,1(/�6HPLVFDOH�)DFLOLW\���6�87���VPDOO�EUHDN�WHVW�
l ,1(/�6HPLVFDOH�)DFLOLW\���6�1&���QDWXUDO�FLUFXODWLRQ�WHVW�
l ,1(/�/2)7�1XFOHDU�)DFLOLW\���/����VPDOO�EUHDN�WHVW�
l ,1(/�/2)7�1XFOHDU�)DFLOLW\���/����ORVV�RI�ORDG�WHVW�
l ,1(/�/2)7�1XFOHDU�)DFLOLW\���/����ORVV�RI�IORZ�WHVW�
l ,1(/�/2)7�1XFOHDU�)DFLOLW\���/����H[FHVVLYH�VWHDP�ORDG�WHVW�
l ,1(/�/2)7�1XFOHDU�)DFLOLW\���/����ORVV�RI�IHHGZDWHU�WHVW��DQG
l 251/�7KHUPDO�+\GUDXOLF�7HVW�)DFLOLW\��7+7)�����������-����0��DQG���''�OHYHOVZHOO�WHVWV�



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

l 7KH�&RGH�6FDOLQJ��$SSOLFDELOLW\�DQG�8QFHUWDLQW\��&6$8��(YDOXDWLRQ�0HWKRGRORJ\�WR�D
/%/2&$��86�15&��������LV�LQFOXGHG�DV�SDUW�RI�WKH�DVVHVVPHQW�PHWKRGRORJ\��,W�SURYLGHV
D�ORJLFDO�SURFHVV�IRU�DVVHVVLQJ�DQG�TXDQWLI\LQJ�WKH�XQFHUWDLQWLHV�RI�D�FRPSXWHU�FRGH�ZLWK
UHVSHFW�WR�EORZGRZQ��UHILOO��DQG�UHIORRG�SHULRGV�RI�D�/%/2&$

l $FFRUGLQJ�WR�&6$8��FRGH�DVVHVVPHQW�PD\�EH�SHUIRUPHG�DW�WZR�OHYHOV��WKH�GHYHORSPHQWDO
DVVHVVPHQW�DQG�WKH�FRGH�DVVHVVPHQW��%RWK�OHYHOV�ZHUH�XVHG�WR�DVVHVV�6�5(/$3��

l 6�5(/$3��ZDV�H[HUFLVHG�RYHU�D�UDQJH�RI�LQWHJUDO�DQG�VHSDUDWH�HIIHFWV�WHVWV�LQ�RUGHU�WR
GHPRQVWUDWH�WKDW�WKH�FRGH�FRXOG�SUHGLFW�WKH�GRPLQDQW�SKHQRPHQD�DVVRFLDWHG�ZLWK�D�3:5
/%/2&$���IRU�H[DPSOH���SKHQRPHQD�ZKLFK�DUH�FKDUDFWHULVWLFDOO\�IRU�3:5�ZLWK�FROG�OHJ
LQMHFWLRQ�



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

l 6SHFLILF�SKHQRPHQD�RI�FRPELQHG�KRW�OHJ�DQG�FROG�OHJ�LQMHFWLRQ�PRGH�ZHUH�DVVHVVHG�
± /2)7�/������
± &&7)�5XQ���
± )/(&+7�6(6($7������������
± 837)�7HVW��������
± 251/�7+7)����������
± &(�(35,�3XPS�7HVW
± *(�/HYHO�6ZHOO�������
± 0DUYLNHQ�7HVW������
± %HQQHWW�7HVWV������	�����



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

6\VWHP�RI�6HOHFWHG�*56�&RGHV�IRU�$$�RI�/:5



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

�6<67(0�&2'(�$7+/(7
�����$7+/(7�VLPXODWHV�IORZ�DQG�KHDW�WUDQVIHU�SURFHVVHV�LQ�WKH�UHDFWRU�FRRODQW

V\VWHPV�RI�3:5��%:5��::(5��5%0.��7KH�VFRSH�RI�DSSOLFDWLRQ�FRPSULVHV�WKH
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PDWUL[�ZDV�GHULYHG�IRU�$7+/(7�H[WHQGHG�E\�WKH�H[SHULPHQWV�ZKLFK�DUH�VSHFLILF�IRU
UHDFWRUV�RI�*HUPDQ�GHVLJQ�

l 7KH�$7+/(7��RYHUDOO�YDOLGDWLRQ�PDWUL[�FRQWDLQV�
± ���VLQJOH�HIIHFWV�H[SHULPHQWV��3:5��%:5�
± ����LQWHJUDO�H[SHULPHQWV��3:5��%:5�
± ���LQWHJUDO�H[SHULPHQWV�IRU�99(5�UHDFWRUV



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

� 3UHVVXULVHG�ZDWHU�UHDFWRUV�
�H[SHULPHQWV�IRU�::(5�QRW�LQFOXGHG��

%RLOLQJ�ZDWHU�
UHDFWRUV�

)DFLOLW\�RU�SODQW� 6FDOH� /DUJH�
EUHDNV�

6PDOO��LQWHU�
PHGLDWH�EUHDNV�

7UDQVLHQWV� 6KXW�GRZQ�
WUDQVLHQWV�

$0� /2&$
V�7UDQVL
HQWV�

837)��75$0� ���� �� �� � � �� � �
&&7)� ����� �� � � � � � �
/2)7� ����� �� �� �� � � � �
/67)� ����� � �� � � � � �
%(7+6<� ������ � �� � �� �� � �
3./� ������ �� �� �� �� �� � �
526$�,,,� ������ � � � � � �� ��
),67� ������ � � � � � �� ��
/2%,� ������ �� �� �� � �� � �
*(5'$� ������� � �� � � � � �
.RQYRL� 133� � � �� � � � �
%URNGRUI� 133� � � �� � � � �
*XQGUHPPLQJHQ� 133� � � � � � � ��
.U�PPHO� 133� � � � � � � ��
� � ��� ��� ��� �� ��� �� ��

�

�

$7+/(7�9DOLGDWLRQ�0DWUL[��6XUYH\�RQ�,QWHJUDO�([SHULPHQWV�IRU�3:5�DQG�%:5



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

�����

�������,6%�::(5

��������30.��

��������3$&7(/

$06KXWGRZQ�WUDQVLHQWV7UDQVLHQWV6PDOO�EUHDNV�
LQWHUPHGLDWH

EUHDNV
/DUJH
%UHDNV

6FDOH)DFLOLW\�RU�SODQW

::(5�UHDFWRUV

$7+/(7�9DOLGDWLRQ�0DWUL[��6XUYH\�RQ�,QWHJUDO�([SHULPHQWV�IRU�::(5



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

�������RR�1RQ�FRQGHQVDEOH�JDV�HIIHFWV
���R�R�RR�����DQG���SKDVH�SXPS�EHKDYLRXU
�RRRRRR�RR'H�HQWUDLQPHQW��&RUH��83�
�RRRRRR�RR(QWUDLQPHQW��&RUH��83�
��������RR4XHQFK�IURQW�SURSDJDWLRQ
�RR�������&RUH�KHDW�WUDQVIHU�LQFO��'1%��GU\�RXW��51%
�RRRRRR���3RRO�IRUPDWLRQ�LQ�83

RRRR�RR�R�6WHDP�ELQGLQJ��OLTXLG�FDUU\�RYHU��HWF��
��RRRRR��R&&)/��8&63�
��RR��RR�R(&&�E\SDVV�DQG�SHQHWUDWLRQ
R�RRRRR��R&RUH�ZLGH�YRLG���IORZ�GLVWULEXWLRQ
�RRRRRR��R0L[LQJ�DQG�FRQGHQVDWLRQ�GXULQJ�LQMHFWLRQ
���������R3KDVH�VHSDUDWLRQ��FRQGLWLRQ�RU�WUDQVLWLRQ�
RRRRRRR���%UHDN�IORZ3KHQR

PHQRQ

837)� �
�����D�

6(0,6&$/(
�������

/2%,
�������

3./
�� �
���

%(7+6<
�������

/2)7
������

&&7)������5HIORRG5HILOO%ORZGRZQ

7HVW�)DFLOLW\
DQG�9ROXPHWULF�6FDOLQJ

7HVW�7\SH3KHQRPHQD�YHUVXV�WHVW�W\SH
��RFFXUULQJ
R�SDUWLDOO\�RFFXUULQJ
��QRW�RFFXUULQJ
7HVW�IDFLOLW\�YHUVXV�SKHQRPHQRQ
��VXLWDEOH�IRU�FRGH�DVVHVVPHQW
R�OLPLWHG�VXLWDELOLW\
��QRW�VXLWDEOH
7HVW�W\SH�YHUVXV�WHVW��IDFLOLW\
��SHUIRUPHG
R�SHUIRUPHG�EXW�RI�OLPLWHG�XVH
��QRW�SHUIRUPHG�RU�SODQQHG

&URVV�5HIHUHQFH�0DWUL[�3:5�/%/2&$�ZLWK�6HOHFWHG�7HVW�IRU�$7+/(7�9DOLGDWLRQ



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

&&7)� � � �� R� ��
/2)7� � � �� �� ��
%(7+6<� � � �� �� ��
3./� � � R� �� ��
/2%,� � � �� �� ��
6(0,6&$/(� � � �� �� ��7HV

W�)
DFL
OLW\

�

837)� � � R� �� ��

�
�,PSRUWDQW�WHVW�SDUDPHWHU�
����EUHDN�ORFDWLRQ���EUHDN�VL]H�
����SXPSV�RII���SXPSV�RQ�
����FROG�OHJ�LQMHFWLRQ���
����FRPELQHG�LQMHFWLRQ�
�
���D��837)�LQWHJUDO�WHVWV�

)DFLOLW\� 5XQ� 'HVFULSWLRQ� � )DFLOLW\� 5XQ� 'HVFULSWLRQ� � %&7� %DVH�&DVH�7HVW�
837)� �� �$�&/%�&,�/5� � /2)7� /���� �$�&/%�7%2� � %(5� %HVW�(VWLPDWH�5DWHV�
� ��%� �$�&/%�&,�%(5� � /2%,� $����� �$�&/%�&+&,� � &+&,� &RPELQHG�,QMHFWLRQ�
� ��� �$�&/%�&+&,�/5� � � $����� �$�&/%�&,� � &,� &ROG�/HJ�,QMHFWLRQ�
� ��� �$�&/%�&+&,�%(5� � 3./�,,� %�� �$�&/%�&+&,� � &/%� &ROG�/HJ�%UHDN�
� ��� ���$�&/%�&+&,�/5� � � %�� �$�+/%�+,� � '&,� 'RZQFRPHU�DQG�&,�
� ��� �$�&/%�'&,�997� � � %�� �$�&/%�&,� � +,� +RW�/HJ�,QMHFWLRQ�
&&7)� &�������� �$�&/%�&+&,�/5� � %(7+6<� ���E� �$�&/%�&,�15� � +/%� +RW�/HJ�%UHDN�
� &�������� �$�&/%�&+&,�%(5� � � � � � /5� /LFHQVLQJ�5DWHV�
� &�������� �$�&/%�&,�%&7� � � � � � 15� 1LWURJHQ�5HOHDVH�
� &�������� �$�&/%�&,�%(5� � � � � � 7%2� 7RWDO�%ODFN�RXW�
� � � � � � � � 997� 9HQW�9DOYH�7HVWV�

�

&RQWLQXDWLRQ�RI�&URVV�5HIHUHQFH�0DWUL[



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

������7KH�$7+/(7�YDOLGDWLRQ�PDWUL[�FRYHUV�D�EURDG�VSHFWUXP�RI�LQFLGHQW�VFHQDULRV�DQG
FRQFHUQV�QXPHURXV�VLQJOH�HIIHFWV�H[SHULPHQWV�DQG�LQWHJUDO�H[SHULPHQWV�RQ�
± ODUJH��PHGLXP�DQG�VPDOO�EUHDNV�LQ�3:5�ZLWK�8�WXEH�6*V��3:5�ZLWK�RQFH�WKURXJK

6*V��99(5�3:5�ZLWK�KRUL]RQWDO�6*V�
± WUDQVLHQWV�LQ�3:5�ZLWK�8�WXEH�6*V��3:5�ZLWK�VWUDLJKW�WXEH�6*V��LQ�99(5�3:5

ZLWK�KRUL]RQWDO�6*V�
± /2&$V�DQG�WUDQVLHQWV�LQ�%:5�
± $FFLGHQW�0DQDJHPHQW�0HDVXUHV�

�������,Q�WKLV�UHVSHFW��WKH�LQWHUQDWLRQDO�VWDQGDUG�SUREOHPV��,63��UHSUHVHQW�SDUWLFXODUO\
LPSRUWDQW�FRQWULEXWLRQV��7KH�,63�UHODWHG�WR�/2&$V�PRVWO\�FRQFHUQV�WKH�VLPXODWLRQ�RI
HYHQW�VHTXHQFHV�LQ�UHDFWRU�SODQWV�ZLWK�FROG�OHJ�HPHUJHQF\�FRUH�FRROLQJ�LQMHFWLRQ�



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

������7KH�WUDQVIHUDELOLW\�RI�ILQGLQJV�IURP�D�VFDOHG�GRZQ�WHVW�IDFLOLW\�WR�D�UHDFWRU�SODQW�LV�RI�VSHFLDO�LPSRUWDQFH
IRU�WKH�YDOLGDWLRQ��,W�LV�HVVHQWLDO�IRU�PRGHOV�YDOLGDWHG�RQ�WKH�EDVLV�RI�VXFK�WHVW�UHVXOWV�WKDW�WKH\�DUH�FKHFNHG
VHOHFWLYHO\�DFFRUGLQJ�WR�GDWD�IURP�D�WHVW�IDFLOLW\�FRUUHVSRQGLQJ�ZLWK�WKH�JHRPHWU\�RI�D�UHDFWRU��7KH
H[SHULPHQWV�RI�WKH�837)��DQG�837)�75$0�SURJUDPPH�RIIHU�RXWVWDQGLQJ�SRVVLELOLWLHV�IRU�LW��'XH�WR�WKLV
VSHFLDO�VWDWXV��PDQ\�RI�WKH�837)�H[SHULPHQWV�DQG�QHDUO\�DOO�H[SHULPHQWV�RI�WKH�837)�75$0�VHULHV�$�DQG
%�KDYH�EHHQ�LQFRUSRUDWHG�LQ�WKH�$7+/(7�YDOLGDWLRQ�PDWUL[�

������)XUWKHU�YDOLGDWLRQ�PDWULFHV�

l 6L[�LQWHJUDO�H[SHULPHQWV���FRYHUV�DOO�HVVHQWLDO�SKHQRPHQD�

������&&7)�&����� � �����EUHDN�LQ�FROG�OHJ��FRPELQHG�(&&�LQMHFWLRQ��3:5

/67)�6%�&/��� ���EUHDN�LQ�FROG�OHJ��FROG�OHJ�(&&�LQMHFWLRQ��3:5
/2%,�$���� ����������������������������������/RVV�RI�RIIVLWH�SRZHU��$7:6��3:5
*(5'$������� ��FPð�SXPS�VHDO�EUHDN��RQFH���WKURXJK�VWHDP�JHQHUDWRU��3:5 �������������������������

���������),67�*06%, VWHDP�OLQH�EUHDN��%:5
526$�,,,���� ����EUHDN�LQ�UHFLUFXODWLRQ�OLQH��%:5



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

����8S�WR�QRZ��SRVW�FDOFXODWLRQV�KDYH�EHHQ�SHUIRUPHG�IRU����LQWHJUDO�DQG
���VLQJOH�HIIHFWV�H[SHULPHQWV�ZLWKLQ�WKH�VFRSH�RI�WKH�YDOLGDWLRQ�

�����7KHUH�DUH�VHYHUDO�LQVWLWXWLRQV��LQGHSHQGHQW�RI�*56��LQYROYHG�LQ�WKH�YDOLGDWLRQ
SURFHVV�



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

��������������������([DPSOH�RI�/%/2&$�$QDO\VLV�IRU�.2192,�3ODQWV

l 3HUIRUPHG�LQ�WKH�PLG�HLJKWLHV
l $QDO\VHV�DUH�FRPSLOHG�LQ�WKH�(&&�KDQGERRN��SDUW�RI�6$5�
l 6$5�LV�SUHSDUHG�E\�WKH�YHQGRU�IRU�WKH�XWLOLW\��DSSOLFDQW��DQG�ZDV�SUHVHQWHG�WR

WKH�0LQLVWHU�LQ�FKDUJH�RI�QXFOHDU�VDIHW\�LQ�WKDW�IHGHUDO�VWDWH�RQ�WKH�WHUULWRU\�RI
ZKLFK�WKH�133�ZDV�IRUHVHHQ�WR�EH�EXLOG

l $QDO\VHV�DW�WKDW�WLPH�ZHUH�SHUIRUPHG�ZLWK�&(0�FRGHV��FRQVHUYDWLYH
HYDOXDWLRQ�PRGHOV��E\�WKH�YHQGRU



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

7(63$7(63$%(7+<�$=+RW� 5RG
$QDO\VLV� DQG
&RUH�'DPDJH

75$&�3)��)/87+<'5$165HILOO� DQG
5HIORRG�3KDVH

75$&�3)��'58)$1/(&.����0RG��%ORZGRZQ�3KDVH
$VVHVVRU9HQGRU$FFLGHQW�3KDVH

8VH�RI�&RGHV�LQ�.2192,�3ODQW�/LFHQVLQJ



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

'(*%�LQ�&ROG�/HJ
'(*%�LQ�&URVVRYHU�/HJ
'(*%�LQ�+RW�/HJ
��$�LQ�&ROG�/HJ
����$�LQ�&ROG�/HJ
�����$�LQ�&ROG�/HJ

$VVHVVRU9HQGRU&DVH

/%/2&$�&DVHV�DQDO\VHG�LQ�.2192,�3ODQW�/LFHQVLQJ



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

l &RQVHUYDWLYH�LQLWLDO�DQG�ERXQGDU\�FRQGLWLRQV�ZHUH�XVHG�DV�SUHVFULEHG�LQ�D�JHQHUDO�ZD\
LQ�WKH�VDIHW\�FULWHULD�DQG�PRUH�SUHFLVHO\�LQ�WKH�56.�JXLGHOLQHV��7KH�56.�JXLGHOLQHV
KDG�EHHQ�HVWDEOLVKHG�LQ�RUGHU�WR�HDVH�WKH�SURFHVV�RI�DVVHVVPHQW�ZLWKLQ�WKH�56.�
+RZHYHU��WKH�JXLGHOLQHV�DOORZHG�D�FHUWDLQ�GHJUHH�RI�IOH[LELOLW\�WR�SURYLGH�VXIILFLHQW
IUHHGRP�WR�WDNH�LQWR�DFFRXQW�WKH�FRQWLQXRXV�GHYHORSPHQW�RI�VDIHW\�WHFKQRORJ\��,I
WKH�DSSOLFDQW�ZDV�QRW�ZLOOLQJ�RU�QRW�DEOH�WR�IXOILOO�SDUWLFXODU�UHTXLUHPHQWV��KH�KDG�WR
GHPRQVWUDWH�WKDW�DOWHUQDWLYH�PHDVXUHV�DQG�VROXWLRQV�DVVXUH�VDIHW\�LQ�DW�OHDVW�DQ
HTXLYDOHQW�ZD\��,I�UHDVRQV�RI�FRQVHUYDWLVP�RI�PRGHO�DVVXPSWLRQV�ZHUH�REVROHWH��WKH
PRGHO�FRXOG�EH�UHSODFHG�E\�D�PRUH�UHDOLVWLF�DVVXPSWLRQ��SURYLGHG�WKH�DSSOLFDQW�FRXOG
SURYH�LW�E\�DSSURSULDWH�H[SHULPHQWDO�YHULILFDWLRQ�

l 7KH�DQDO\VLV�RI�'(*%�ZDV�UHTXHVWHG�LQ�RUGHU�WR�GHPRQVWUDWH�WKH�(&�HIILFLHQF\�DQG
WKH�VWUHQJWK�RI�WKH�FRQWDLQPHQW��&RQFHUQLQJ�ORDG�DVVXPSWLRQV�IRU�WKH�FDOFXODWLRQ�RI
UHDFWLRQ�DQG�MHW�IRUFHV�RQ�SLSHV�DQG�FRPSRQHQWV��DQG�FRQVHTXHQFHV�RQ�UHDFWRU�SUHVVXUH
YHVVHO�LQWHUQDOV��KRZHYHU��D�EUHDN�FURVV�VHFWLRQ�RI�����$�KDG�WR�EH�SRVWXODWHG
�EHFDXVH�RI�WKH�DSSOLFDWLRQ�RI�WKH�EUHDN�SUHFOXVLRQ�FRQFHSW���$OO�DQDO\VHV�RI�EUHDN
VL]HV�ODUJHU�WKDQ�����$�ZHUH�SHUIRUPHG�ZLWKRXW�FRQVLGHULQJ�UHDFWRU�VFUDP��,W�ZDV
GHPRQVWUDWHG�IRU�EUHDN�VL]HV�ODUJHU�WKDQ�����$�WKDW�UHDFWRU�VFUDP�LV�QRW�QHHGHG�WR�VKXW
GRZQ�WKH�ILVVLRQ�SRZHU��$OVR�IRU�WKH�ORQJ�WHUP�UHDFWLYLW\�EDODQFH�WKH�HIIHFW�RI�WKH
VFUDP�V\VWHP�ZDV�QRW�FRQVLGHUHG�



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

&RQVHUYDWLYH�PRGHO�DVVXPSWLRQV�IRU�WKH�/%/2&$�DQDO\VHV
l XVHG�IRU�FULWLFDO�IORZ�UDWH��EXUQRXW�WLPH��ILOP�ERLOLQJ�KHDW�WUDQVIHU��KHDW�WUDQVIHU�GXULQJ�UHILOO�DQGUHIORRG��UHVLGXDO�ZDWHU�FRQWHQW��IORZ�UDWH�UHGXFWLRQ�IRU�KRW�URG�WHPSHUDWXUH�FDOFXODWLRQ��DQG�RWKHUV�
l 7\SLFDO�FRQVHUYDWLYH�LQLWLDO�FRQGLWLRQV�ZHUH�WKH�LQFUHDVHG�FRUH�SRZHU�DQG�WKH�LQFUHDVHG�SULPDU\FRRODQW�WHPSHUDWXUH��DV�ZHOO�DV�WKH�UHGXFHG�SUHVVXUH�LQ�WKH�SULPDU\�V\VWHP��6XFK�GDWD�ZHUH�DVVXPHG�DWWKH�ERXQGDU\�RI�EDQGV�RI�WKH�UHDFWRU�OLPLWDWLRQ�V\VWHP��FRQVLGHULQJ�DOVR�WKH�XQFHUWDLQW\�RIPHDVXUHPHQWV�
l (VVHQWLDO�FRQVHUYDWLYH�ERXQGDU\�FRQGLWLRQV

± �WKH�ORVV�RI�QRUPDO�RQVLWH�DQG�RIIVLWH�SRZHU��/2123��VLPXOWDQHRXVO\�ZLWK�WKH�IDVW�EUHDNLQLWLDWLRQ��EUHDNLQJ�WLPH�RI����PV��
± �UHGXFHG�FRQWDLQPHQW�EDFN�SUHVVXUH�
± UHDFWRU�FRUH�SRZHU�GLVWULEXWLRQ�
± GHFD\�KHDW�SRZHU�
± IDLOXUH�RI�UHGXQGDQFLHV�RI�WKH�(&&�V\VWHP�GXH�WR�VLQJOH�IDLOXUH�DQG�PDLQWHQDQFH��7KHVHIDLOXUHV�ZHUH�DSSOLHG�RQ�WKRVH�FRPSRQHQWV�PRVW�IDYRXUDEOH�IRU�FRUH�FRROLQJ�UHJDUGOHVVZKHWKHU�WKH\�DUH�DFWLYH�RU�SDVVLYH�

l �1R�FUHGLW�IRU�FRUH�FRROLQJ�ZDV�WDNHQ�IURP�HPHUJHQF\�FRUH�FRRODQW�LQMHFWHG�LQ�WKH�YLFLQLW\�RI�WKHEUHDN�



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

7KH�WHFKQLFDO�OLPLW��DFFHSWDQFH�FULWHULD��YDOXHV�IRU�WKH�/%/2&$�DQDO\VHV�ZHUH�

l &DOFXODWHG�SHDN�FODG�WHPSHUDWXUH�EHORZ������&
l &DOFXODWHG�ORFDO�FODGGLQJ�R[LGDWLRQ�GHSWK�EHORZ������RI�WKH�FODGGLQJ�WKLFNQHVV
l =LUFRQLXP�ZDWHU�UHDFWLRQ�OHVV�WKDQ�����RI�WKH�WRWDO�FODGGLQJ�PDWHULDO
l 1R�FKDQJHV�RI�FRUH�JHRPHWU\�ZKLFK�ZRXOG�SUHYHQW�VXIILFLHQW�FRUH�FRROLQJ
l )LVVLRQ�SURGXFW�UHOHDVHV�GXH�WR�FODGGLQJ�WXEH�GHIHFWV�EHORZ�VSHFLILF�YDOXHV�������RI�QREOH�JDVHV�����RI�KDORJHQV������RI�YRODWLOH�VROLGV��&V��7H���DQG�������RI�RWKHU�VROLGV��,W�ZDV�WR�EH�DVVXPHG�WKDW

�����RI�DOO�FODGGLQJ�ZLOO�IDLO�XQOHVV�D�FRUH�GDPDJH�DQDO\VLV�ZRXOG�UHVXOW�LQ�D�ORZHU�YDOXH�
�������$�FRUH�GDPDJH�DQDO\VLV�ZDV�UHTXHVWHG�E\�WKH�OLFHQVLQJ�DXWKRULWLHV�LQ�RUGHU�WR�GHPRQVWUDWH�D

FRUH�GDPDJH�RI�OHVV�WKDQ������

�������,Q�DGGLWLRQ��UHTXLUHPHQWV�RQ�ORQJ�WHUP�FRROLQJ�KDYH�WR�EH�IXOILOOHG�ZLWK�UHJDUG�WR
PDLQWDLQLQJ�VXEFULWLFDOLW\�DQG�WR�DYRLGLQJ�ORQJ�WHUP�VWHDP�UHOHDVH�WR�WKH�FRQWDLQPHQW�

7KH�DVVHVVRUV�FRQILUPHG�WKH�IXOILOOPHQW�RI�WKH�DFFHSWDQFH�FULWHULD�LQFOXGLQJ�WKH������FRUH
GDPDJH�



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

���&XUUHQW�$SSURDFK�DQG�7UHQGV�7RZDUGV�%HVW�(VWLPDWH�6DIHW\�$QDO\VVLV

������%HVW�HVWLPDWH�FRPSXWHU�FRGHV�DUH�XVHG�WR�FDOFXODWH�SRVWXODWHG�ORVV�RI�FRRODQW�DQG
WUDQVLHQW�DFFLGHQWV�LQ�D�UHDOLVWLF�DQG�QRW�LQ�D�FRQVHUYDWLYH�ZD\��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�

�������7KH�WKHUPDO�K\GUDXOLF�V\VWHP�FRGHV�SUHVHQWO\�DYDLODEOH�LQ�*HUPDQ\�IRU�OLFHQVLQJ�DQG
UHODWHG�SXUSRVHV�DUH�PRUH�UHDOLVWLF�WKDQ�DW�WKH�WLPH�RI�OLFHQVLQJ�WKH�.2192,�SODQWV�



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

���������� 3UHUHTXLVLWHV�RI�%(�$QDO\VLV
l 7KH�FRGHV�DQG�PRGHOV�UHIOHFW�WKH�EHVW�DYDLODEOH�NQRZOHGJH��H[FHSWLRQV�KDYH

WR�EH�WUHDWHG�VWLOO�FRQVHUYDWLYHO\�
l �7KH�FRGH�XVHU�KDYH�KLJK�TXDOLILFDWLRQ
l �7KH�XQFHUWDLQWLHV�DUH�HYDOXDWHG
l 6WDQGDUGV�DQG�*XLGHOLQHV�DOORZHG�WKH�IOH[LELOLW\�WR�IROORZ�WKH�DGYDQFHV�LQ

VDIHW\�WHFKQRORJ\�DQG�WUDQVIHU�UHOLDEOH�5	'�UHVXOWV�LQWR�FRGH�PRGHOV�DQG
DVVXPSWLRQV

������'HWHUPLQLVWLF�$$�ZDV�SHUIRUPHG�XQGHU�FRQVHUYDWLYH�DQG�%HVW�HVWLPDWH
FRQGLWLRQV�LQ�DOO�OLFHQVLQJ�SURFHVVHV
7KH�56.�JXLGHOLQHV�UHIOHFWHG�WKH�SULRULW\�RI�WKH�/%/2&$�DV�WKH�OLPLWLQJ
'%$�DQG�GLG�QRW�VSHFLILFDOO\�FRQVLGHU�DOO�LPSRUWDQW�SKHQRPHQD�ZKLFK
GHWHUPLQH�WKH�DFFLGHQW�VHTXHQFH�RI�6%/2&$



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

6WDWXV�RI�3UHVHQW�$QDO\VLV�7RROV
l �$YDLODEOH�7+�FRGHV�DUH�DEOH�WR�FDOFXODWH�PRUH�UHDOLVWLFDOO\�WKDQ�DW�WKH�WLPH�RI�WKH

ODVW�OLFHQVLQJ�RI�QHZ�113V�
l �([LVWLQJ�PRGHOV�ZHUH�LPSURYHG��QHZ�PRGHOV�ZHUH�GHYHORSHG��H�J�

���VL[�HTXDWLRQ�WZR�IOXLG�PRGHO���GLUHFW�FRQGHQVDWLRQ�PRGHOV���PRGHOV�IRU�QRQ�
FRQGHQVDEOH�JDVHV���ERURQ�WUDFNLQJ�PRGHOV���H[WHQGHG�WZR�SKDVH�IORZ�PRGHOV�IRU
VSHFLDO�FRPSRQHQWV��H�J��7�MXQFWLRQV��FRPSOH[�EDODQFH�RI�SODQW�PRGHOV�

7KHVH�PRGHOV�UHIOHFW�WKH�EHVW�DYDLODEOH�NQRZOHGJH�
l �&RXSOLQJ�RI�7+�FRGHV�ZLWK��'�UHDFWRU�SK\VLFV�FRGHV�DQG�FRQWDLQPHQW�FRGHV
l �,PSURYHG�UREXVWQHVV�RI�FRGHV��H[WHQWHG�DFFXUDF\�FKHFNV
l �6RPH�YHU\�FRPSOH[�SKHQRPHQD�FDQ�VWLOO�QRW�EH�GHVFULEHG�LQ�D�FRPSOHWH�UHDOLVWLF

PDQQHU�¾�FRQVHUYDWLYH�DVVXPSWLRQV
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$1�(;$03/(�)25�7+(�'(9(/230(17�72:$5'6�%(67�(67,0$7(�$3352$&+

l 7KH�DQDO\WLFDO�GHVFULSWLRQ�RI�WKH�GULIW�YHORFLW\�LV�QRW�GLUHFWO\�UHODWHG�WR�RQH�RI�WKH
DVVXPSWLRQV�UHFRPPHQGHG�LQ�WKH�56.�JXLGHOLQHV�EXW�LW�FRQFHUQV�WKH�JHQHUDO
GHYHORSPHQW�RI�WKH�WKHUPDO�K\GUDXOLF�V\VWHP�FRGHV�XVHG�IRU�WKH�6$5��8QWLO�������D
FRQYHQWLRQDO�GULIW�IOX[�PRGHO�ZDV�XVHG�LQ�WKH�FRGHV�IRU�DOO�HVVHQWLDO�IORZ�UHJLPHV�LQ
YHUWLFDO�JHRPHWU\��VXSSOHPHQWHG�E\�FRUUHODWLRQV�IRU�WKH�FRXQWHU�FXUUHQW�IORZ
OLPLWDWLRQ��)RU�KRUL]RQWDO�IORZ�FKDQQHOV��RQO\�VLPSOLILHG�YRLG�FRUUHODWLRQV�ZHUH
DYDLODEOH��9DOLGDWLRQ�ZDV�SHUIRUPHG�E\�PHDQV�RI�VFDOHG�H[SHULPHQWV��H�J��IURP�WKH
WHVW�IDFLOLWLHV�/2%,�DQG�/2)7��,Q�RUGHU�WR�PHHW�WKHVH�H[SHULPHQWV��DSSURSULDWH
PRGHO�DSSURDFKHV�ZLWK�UHJDUG�WR�WKH�FRXQWHU�FXUUHQW�IORZ�OLPLWDWLRQ�ZHUH�PDGH
IRU�WKH�UHDFWRU�FDOFXODWLRQV�IRU�WKH�.2192,�SODQWV�GXULQJ�WKH�OLFHQVLQJ�SURFHVV��7R
FRPSHQVDWH�WKH�VFDOLQJ�XQFHUWDLQW\�D�SHQDOL]LQJ�FKDUJH�ZDV�PDGH��H�J��ZLWK�WKH
REMHFWLYH�WR�KLQGHU�WKH�ZDWHU�GRZQIORZ�IURP�WKH�VWHDP�JHQHUDWRUV�WR�WKH�XSSHU�SOHQXP
E\�WKH�VWHDP�IORZ�IURP�WKH�XSSHU�SOHQXP�

l ,Q������H[SHULPHQWDO�UHVXOWV�IURP�WKH�IXOO�VFDOH�837)�WHVW�VHULHV�KDG�EHHQ�REWDLQHG�
1HZ�FRUUHODWLRQV�UHODWHG�WR�WKH�JHRPHWU\�IRU�WKH�KRUL]RQWDO�WXEH�ZKLFK�DOVR�LQFOXGHV
WKH�LQFOLQHG�WXEH�VHFWLRQ�DW�WKH�VWHDP�JHQHUDWRU�LQOHW�ZHUH�GHYHORSHG�DQG�YDOLGDWHG
DJDLQVW�D�YDULHW\�RI�H[SHULPHQWV�LQFOXGLQJ�WKH�837)�WHVW����
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6FKHPDWLF�5HSUHVHQWDWLRQ�RI�WKH�+RW�/HJ�RI�837)

&RXQWHU�&XUUHQW�)ORZ�LQ�+RUL]RQWDO�)ORZ�&KDQQHOV
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l 6DWXUDWHG�ZDWHU�ZDV�VXSSOLHG�LQ�WKH�H[SHULPHQW�IURP�WKH�VWHDP�JHQHUDWRU�VLGH
DQG��VLPXOWDQHRXVO\��VDWXUDWHG�VWHDP�IURP�WKH�YHVVHO�VLGH��L��H��IURP�WKH�XSSHU
SOHQXP��7KH�VWHDP�PDVV�IORZ�UDWH�ZDV�LQFUHDVHG�JUDGXDOO\�XQWLO�RFFXUUHQFH�RI
WKH�FRXQWHU�FXUUHQW�IORZ�OLPLWDWLRQ��7KH�VSHFLILF�YROXPHWULF�IORZ�UDWHV�LQ
WHUPV�RI�:DOOLV�SDUDPHWHUV�IRU�VWHDP�DQG�ZDWHU�IRU�WKH�FRXQWHU�FXUUHQW�IORZ
OLPLWDWLRQ�FRQGLWLRQ�DUH�PHDVXUHG�DQG�DIWHU�WKDW�FRPSDUHG�ZLWK�$7+/(7
FDOFXODWLRQV�

l 7KH�JRRG�FRUUHVSRQGHQFH�IRU�WKH�KRUL]RQWDO�WXEH�ZLWK�RULJLQDO�GLDPHWHU
GHPRQVWUDWHV�WKDW�WKH�YHORFLWLHV�RI�WKH�WZR�SKDVHV�LQFOXGLQJ�WKH�FRXQWHU�
FXUUHQW�IORZ�OLPLWDWLRQ�DUH�GHWHUPLQHG�UHDOLVWLFDOO\�E\�WKH�FRUUHODWLRQ�
:LWK�WKH�QHZ�FRUUHODWLRQ��IXUWKHU�H[SHULPHQWV�ZHUH�DQDO\]HG�VXFFHVVIXOO\��H��J�
WKH�GHSOHWLRQ�RI�WKH�VWHDP�JHQHUDWRU�8�SLSHV�GXULQJ�D�VPDOO�OHDN�H[SHULPHQW�LQ
WKH�/2%,�WHVW�IDFLOLW\��$IWHU�FRPSOHWLRQ�RI�WKH�PRGHO�YDOLGDWLRQ�FDOFXODWLRQV�
WKH�QHZ�FRUUHODWLRQ�ZDV�LQFRUSRUDWHG�LQ�WKH�$7+/(7�FRGH�

l %DVHG�RQ�WKH�VDPH�ILQGLQJV�WKH�YHQGRU�PDGH�WKH�VLPLODU�LPSURYHPHQWV�LQ�KLV
YHUVLRQ�RI�5(/$3�
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837)����WHVW�UHVXOWV�DQG�'ULIW�IOX[�PRGHO�RI�$7+/(7

&RXQWHU�&XUUHQW�)ORZ�LQ�+RUL]RQWDO�)ORZ�FKDQQHOV
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l 7KH�PRGHO�LPSURYHPHQWV�ZHUH�LPSOHPHQWHG�LQ�WKH�FRGHV�DIWHU�WKH
SHUIRUPDQFH�RI�WKH�OLFHQVLQJ�FDOFXODWLRQV�IRU�WKH�.2192,�SODQWV��,Q�RUGHU�WR
ILQG�RXW�WKH�GHJUHH�RI�FRQVHUYDWLVP�RI�WKH�OLFHQVLQJ�DQDO\VHV��VRPH�RI�WKHP
ZHUH�UHSHDWHG�ZLWK�WKH�LPSURYHG�$7+/(7�YHUVLRQ��$�PHGLXP�OHDN�VL]H�RI
����FPð�LQ�WKH�FROG�OHJ�RI�WKH�.2192,�SODQWV�ZDV�VHOHFWHG�E\�WKH�DVVHVVRU�IRU
GHPRQVWUDWLRQ�

l 7KH�WLPH�VHTXHQFH�VKRZQ�LQ�WKH�ILJXUHV�LV�UHVWULFWHG�WR�WKH�WLPH�SHULRG�EHWZHHQ
WKH�LQFLGHQW�RFFXUUHQFH�DQG�WKH�EHJLQQLQJ�RI�WKH�LQMHFWLRQ�E\�WKH�SUHVVXUH
DFFXPXODWRUV��7KHLU�KLJK�LQMHFWLRQ�UDWH�WHUPLQDWHG�WKH�GHSOHWLRQ�RI�WKH�FRUH
DOUHDG\�LQ�WKH�SUHYLRXV�FDOFXODWLRQV��,Q�WKH�UHFHQW�FDOFXODWLRQ��KRZHYHU��WKH
FRUH�UHPDLQV�FRQWLQXRXVO\�FRYHUHG�ZLWK�D�WZR�SKDVH�PL[WXUH�HYHQ�GXULQJ�WKH
KLJK�SUHVVXUH�LQMHFWLRQ�SKDVH��$V�D�FRQVHTXHQFH��WKH�FODGGLQJ�WHPSHUDWXUHV�GR
QRW�ULVH�VLJQLILFDQWO\�DERYH�WKH�VDWXUDWLRQ�WHPSHUDWXUH�RI�WKH�FRRODQW��7KH�WLPH
SHULRG�GXULQJ�ZKLFK�WKH�FRRODQW�LV�UHWDLQHG�LQ�WKH�VWHDP�JHQHUDWRUV�WXEHV�DQG
SOHQXPV�DW�LQOHW�DQG�H[LW�ZDV�UHGXFHG�FRPSDUHG�WR�WKH�IRUPHU�FDOFXODWLRQ�
:LWK�UHDOLVWLF�VLPXODWLRQ�RI�WKH�FRXQWHU�FXUUHQW�IORZ�OLPLWDWLRQ�WKH
FRRODQW�HQWHUHG�WKH�539�HDUOLHU�DQG�FDXVHG�DQ�LQFUHDVH�RI�WKH�FRUH�ZDWHU
OHYHO��$Q�XQFRYHU\�RI�WKH�FRUH�GLG�QRW�RFFXU�DQ\PRUH�LQ�WKH�UHFHQW
DQDO\VLV�
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$SSOLFDWLRQ�RQ�6%/2&$������FPð�LQ�&/�RI�3:5��������&RUH�/HYHO

&RXQWHU�&XUUHQW�)ORZ�LQ�+RUL]RQWDO�)ORZ�&KDQQHOV
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�����-XO\�������6RILD��%XOJDULD

$SSOLFDWLRQ�RQ�6%/2&$������FPð�LQ�&/�RI�3:5��������3&7�LQ�&RUH

&RXQWHU�&XUUHQW�)ORZ�LQ�+RUL]RQWDO�)ORZ�&KDQQHOV
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�����-XO\�������6RILD��%XOJDULD

l :LWK�WKH�QHZ�FRUUHODWLRQ�LQ�WKH�$7+/(7�FRGH�IXUWKHU�DQDO\VHV�ZHUH
SHUIRUPHG�E\�RQH�7h9V�LQ������FRYHULQJ�DQ�LQWHUPHGLDWH�EUHDN�VSHFWUXP
EHWZHHQ����FPð�DQG�����FPð�GXULQJ�ZKLFK�FRUH�XQFRYHU\�GLG�QRW�RFFXU�HLWKHU�
7KLV�ZDV�IRXQG�DOVR�LQ���������ZKHQ�WKH�YHQGRU�UHSHDWHG�WKH�DQDO\VHV�IRU�WKH
VDPH�OHDN�VSHFWUXP�ZLWK�WKH�FRGH�5(/$3��,Q�VXPPDU\��LW�ZDV�SURYHQ�WKDW�LQ
WKH�6%/2&$�DQDO\VHV��SHUIRUPHG�LQGHSHQGHQWO\�E\�WKH�DSSOLFDQW�DQG�E\�WKH
DVVHVVRUV�LQ�WKH�IUDPH�RI�WKH�OLFHQVLQJ�SURFHGXUH�IRU�WKH�.2192,�SODQWV��WKH
FRUH�KHDW�XS�KDG�EHHQ�RYHUHVWLPDWHG�GXH�WR�D�WRR�VWURQJ�FRXSOLQJ�RI�WKH�SKDVHV
LQ�WKH�KRW�OHJ�
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([DPSOHV�RI�'HYLDWLRQV�IURP�5HFRPPHQGDWLRQV�LQ�56.�*XLGHOLQHV

([SHULPHQWDOO\�YHULILHG�FRUUHODWLRQV��VHOHFWHG�E\�TXDOLW\�DQG
WHPSHUDWXUH�GLIIHUHQFH�

$GLDEDWLF�FRUH�KHDW�XS�SULRU�WR�IORRGLQJ�RU
H[SHULPHQWDO�+7&�ILJXUHV

6LQFH�H[SHULPHQWDOO\�FRQILUPHG�UHDOLVWLF�PRGHOV�DUH�QRW�DYDLODEOH�IRU
WKH�FRPSOHWH�UDQJH�RI�SDUDPHWHUV�WKH�*URHQHYHOG�����FRUUHODWLRQ�ZDV
XVHG�DV�D�FRQVHUYDWLYH�PRGHO��H[SHULPHQWV��56����EXQGOH�WHVWV���WKH
UHFRPPHQGHG�'RXJDO�5RKVHQRZ�FRUUHODWLRQ�ZDV�QRW�FRQILUPHG�DV�D
FRQVHUYDWLYH�FRUUHODWLRQ

0RGLILHG�'RXJDO�5RKVHQRZ�KHDW�WUDQVIHU
FRUUHODWLRQ�GXULQJ�EORZGRZQ�DQG�SULRU�WR
WKH�GU\LQJ�RI�WKH�UHDFWRU�FRUH�LI
H[SHULPHQWDOO\�FRQILUPHG�FRUUHODWLRQV�DUH
QRW�DYDLODEOH�

7KH�VDPH�UHFRPPHQGDWLRQ�DOVR�IRU�WKH�KHDW
WUDQVIHU�GXULQJ�TXHQFKLQJ�

0XOWL�FKDQQHO�FRUH�UHSUHVHQWDWLRQV�ZLWK�FURVV�FRQQHFWLRQV��PDLQO\
YDOLGDWHG�DJDLQVW�/2)7��&&7)��6&7)��ZLWK�FRQVLGHUDWLRQ�RI�IXHO�URGV
ZLWK�GLIIHUHQW�SRZHU�DQG�KHDW�IOX[�SURILOH�UHSODFHG�DUWLILFLDO�KRW�URG
FDOFXODWLRQV���UHDOLVWLF��'�GLVWULEXWLRQV��)RU�WKH�UHDOLVWLF�GHWHUPLQDWLRQ
RI�FULWLFDO�KHDW�IOX[�IRU�WKH�KRW�FKDQQHO�WKH�*URHQHYHOG�³ORRN�XS´�WDEOH
LV�UHSODFLQJ�FRQVHUYDWLYH�DVVXPSWLRQV�

(VWLPDWLRQ�RI�FRQVHUYDWLYH�EXUQRXW�WLPH�IRU�WKH
EORZGRZQ�DQG�RU�KRW�URG�FDOFXODWLRQV

'LVFKDUJH�PRGHOV�YDOLGDWHG�DJDLQVW�D�YDULHW\�RI�H[SHULPHQWV��H�J�
6XSHU�0RE\�'LFN��0DUYLNHQ��,W�LV�QRW�VXUH�WKDW�WKH�XVH�RI�VR�FDOOHG
FRQVHUYDWLYH�PRGHOV�UHDOO\�OHDGV�WR�FRQVHUYDWLYH�UHVXOWV�LQ�YLHZ�RI�FRUH
FRROLQJ��WKHUHIRUH�SDUDPHWULF�YDULDWLRQV�DUH�YHU\�XVHIXO��H�J��YDULDWLRQ
RI�&'�IDFWRU

%HUQRXOOL�0RRG\�PRGHO��VXE�FRROHG�WZR�
SKDVH��IRU�WKH�EORZ�GRZQ�PDVV�IORZ�UDWH�LI
H[SHULPHQWDOO\�FRQILUPHG�FRUUHODWLRQV�DUH
QRW�DYDLODEOH

$VVHVVRUV�DVVXPSWLRQV�LQ�WKH�ODWHVW�OLFHQVLQJ�FDOFXODWLRQV
�.2192,��DQG�WUHQGV�WKHUHDIWHU

5HFRPPHQGDWLRQV�IURP�FKDSWHU
�������RI�56.�JXLGHOLQHV
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,Q�XQDPELJXRXV�FDVHV��H�J��WKH�UXSWXUH�RI�WKH�LQMHFWLRQ
OLQH��WKLV�UHFRPPHQGDWLRQ�LV�LQGLVSXWDEOH��LQ�RWKHU�FDVHV�
H�J��OHDNV�LQ�WKH�QHLJKERXUKRRG�RI�WKH�SRLQW�RI�LQMHFWLRQ�
WKH�LQWHUDFWLRQV�EHWZHHQ�VXE�FRROHG�ZDWHU�DQG�YDSRXU
PD\�LQIOXHQFH�WKH�GLVWULEXWLRQ�RI�FRRODQW�LQ�WKH�HQWLUH
FLUFXLW��7KHUHIRUH�SHUIRUPDQFH�RI�SDUDPHWULF�YDULDWLRQV
ZDV�FRQGXFWHG��7RGD\�WKH�DGYDQFHG�FRGHV�DUH�DEOH�WR
FDOFXODWH�WKHVH�LQWHUDFWLRQV�VDWLVIDFWRULO\�

(&&�ZDWHU�VXSSOLHG�GLUHFWO\�WR�WKH�EUHDN�VKDOO�QRW�EH�WDNHQ
LQWR�FRQVLGHUDWLRQ�IRU�FRUH�FRROLQJ�SXUSRVHV

6LPSOH�FRQVHUYDWLYH�FRUUHODWLRQV�DSSOLHG�GXULQJ�WKH
OLFHQVLQJ�SURFHVV�IRU�.2192,�SODQWV��ODWHU�GHYHORSPHQW
RI�UHDOLVWLF�FRUUHODWLRQV�DIWHU�837)�H[SHULPHQWDO�UHVXOWV
EHFDPH�DYDLODEOH��VHH�FKDSWHU���RI�WKLV�UHSRUW�

'ULIW�FRUUHODWLRQV��QRW�VSHFLILFDOO\�PHQWLRQHG�LQ�WKH�56.
JXLGHOLQHV

1XPHURXV�H[SHULPHQWV��H�J��837)��KDYH�VKRZQ�WKDW
WKHUH�LV�RYHUODSSLQJ�EHWZHHQ�WKH�SKDVHV�RI
GHSUHVVXULVDWLRQ��UHILOO��DQG�UHIORRG�DQG�WKDW�UHVLGXDO
ZDWHU�H[LVWV�DW�WKH�HQG�RI�GHSUHVVXULVDWLRQ��WKH�FRGHV�FDQ
SUHGLFW�QRZ�D�UHDOLVWLF�YDOXH�RI�WKH�UHVLGXDO�ZDWHU

1R�UHVLGXDO�ZDWHU�OHIW�LQ�WKH�539�DIWHU�WKH�GHSUHVVXULVDWLRQ
SKDVH�RI�/%/2&$

$VVHVVRUV�DVVXPSWLRQV�LQ�WKH�ODWHVW�OLFHQVLQJ
FDOFXODWLRQV��.2192,��DQG�WUHQGV�WKHUHDIWHU

5HFRPPHQGDWLRQV�IURP�FKDSWHU��������RI�56.
JXLGHOLQHV
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� ³EHVW�HVWLPDWH³�,%&� ³FRQVHUYDWLYH³�,%&�
%UHDN�RSHQLQJ�WLPH� ���PV�
5HDFWRU�SRZHU� ������ ������
'HFD\�KHDW� ',1�VLPSOLILHG� ',1�VLPSOLILHG�����s�
3RZHU�VKDSH����[���� �UG�F\FOH��PLG� �VW�F\FOH����G�
+RW�VSRW�IDFWRU� �����
*DS�+7&� D[LDOO\�YDU\LQJ� D[LDOO\�XQLIRUP�
��DYHUDJH�URG� GHSHQGLQJ�RQ�ORFDO�SRZHU� �����:�Pð�.�
��KRW�URG� DERXW�������:�Pð�.� �����:�Pð�.�
&RQWDLQPHQW�SUHVVXUH� FRQVLGHUDWLRQ�RI�SUHVVXUH�UHGXFLQJ�HIIHFWV�
�

(VVHQWLDO�'LIIHUHQFHV�EHWZHHQ�³EHVW�HVWLPDWH´�DQG�³FRQVHUYDWLYH´�,%&�IRU�/%/2&$
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�����-XO\�������6RILD��%XOJDULD

&RXSOLQJ�RI�7+�FRGHV�ZLWK��'�UHDFWRU�SK\VLFV�FRGHV
�H[DPSOHV�RI��%(�FDOFXODWLRQV�

l 2(&'�15&��0DLQ�6WHDP�/LQH�%UHDN�%HQFKPDUN�±�FRGH�WR�FRGH�FRPSDULVRQ

l 2(&'�15&��%:5�7XUELQH�7ULS�%HQFKPDUN�±�FRPSDULVRQ�ZLWK�PHDVXUHPHQWV
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$1$/<6,6�2)�7+(�3:5�0$,1�67($0�/,1(�%5($.
�06/%��%(1&+0$5.�%<�7+(�&283/('�&2'(�6<67(0

$7+/(7���48$%2;�&8%%2;

7+5((�(;(5&,6(6�IRU�WKH�06/%�%(1&+0$5.
�$,06��2)�7+(�%(1&+0$5.��(;(5&,6(6��
l &283/('�&2'(�72�&2'(�&203$5,621���D�SDUW�RI�WKH�FRGH�YDOLGDWLRQ�SURFHGXUH�
l 3(5)250$1&(�2)�5($/,67,&�$1$/<6,6
l &203$5,621�%(7:((1�32,17�.,1(7,&6�$1'��'�1(87521,&6�5(68/76
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3/$17�&21),*85$7,21
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6&(1$5,2�$1'�6<67(06��$9$,/$%,/,7<�)25��7+(��3:5�06/%�75$16,(17

l +RW�IXOO�SRZHU
l 'RXEOH�HQGHG�UXSWXUH�RI�06/�XSVWUHDP�RI�WKH�LVRODWLRQ�YDOYH

�RSHQLQJ�DW����V�����LQFK�DQG���LQFK�
l ,QLWLDWLRQ�RI�UHFWRU�WULS�DW������RI�QRPLQDO�SRZHU
l 6WXFN�URG�RI�WKH�PRVW�HIIHFWLYH�URG��1���
l &ORVLQJ�RI�WXUELQH�VWHDP�YDOYHV
l 5HFLUFXODWLRQ�SXPSV�LQ�RSHUDWLRQ
l +LJK�SUHVVXUH�LQMHFWLRQ�SXPSV�LQ�RSHUDWLRQ
l )HHGZDWHU�JLYHQ�DV�WLPH�IXQFWLRQ
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0$,1��3+<6,&$/��3+(120(1$�

l 7KH�EUHDN�FDXVHV�D�SUHVVXUH�GHFUHDVH�LQ�WKH�6*�VHFRQGDU\�VLGH��7KLV�LV�DIIHFWHG�E\
EUHDN�PDVV�IORZ��GHSHQGHQW�RQ�WKH�UDWLR�RI�ZDWHU�DQG�VWHDP�GLVFKDUJH��DQG�WKH
IHHGZDWHU�VXSSO\

l 7KH�SUHVVXUH�LQ�WKH�VHFRQGDU\�VLGH�GHWHUPLQHV�WKH�VDWXUDWLRQ�WHPSHUDWXUH�RI�WKH
FRRODQW�LQ�WKH�6*�DQG�FRQVHTXHQWO\�WKH�KHDW�UHPRYDO�IURP�WKH�SULPDU\�VLGH��$Q
HIILFLHQW�KHDW�WUDQVIHU�H[LVW�DV�ORQJ�DV�WKH�6*�FRQWDLQV�VXIILFLHQW�OLTXLG��7KHUHIRU��WKH
WHPSHUDWXUH�LQ�WKH�FROG�OHJ�IROORZV�GLUHFWO\�WKH�GHFUHDVH�RI�WKH�VDWXUDWLRQ
WHPSHUDWXUH�RQ�WKH�VHFRQGDU\�VLGH�

l 7KH�FRRO�GRZQ�RI�SULPDU\�FLUFXLW�LV�WHUPLQDWHG�ZKHQ�WKH�VWHDP�JHQHUDWRU�IDOOV�GU\
l 7KH�FRRODQW�WHPSHUDWXUH�LQ�WKH�UHDFWRU�FRUH��ZKLFK�GHWHUPLQHV�WKH�FULWLFDOLW\

FRQGLWLRQV�DIWHU�UHDFWRU�WULS��LV�GHSHQGHQW�RQ�WKH�PL[LQJ�SKHQRPHQD�EHWZHHQ�WKH
FRRODQW�IORZV�IURP�WKH�DIIHFWHG�DQG�LQWDFW�SULPDU\�ORRS�DV�ZHOO�DV�WKH�PL[LQJ�LQ�WKH
FRUH�UHJLRQ
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