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( QYLUROLQN��&DWFKP HQW�6FDOH�0 RGHOOLQJ�±�2 YHUYLHZ�DQG�: RUNVKRS�2 XWFRP HV� LLL�

7DEOH�RI�&RQWHQWV�
�

( [ HFXWLYH�6XP P DU\ ���������������������������������������������������������������������������������������������������� Y�

$FNQRZOHGJHP HQWV�����������������������������������������������������������������������������������������������������YL�

� ��%DFNJURXQG������������������������������������������������������������������������������������������������������������� � �

� ��,QWURGXFWLRQ������������������������������������������������������������������������������������������������������������� � �

� ��0 RGHOOLQJ�7RROV�IRU�/ DQG�DQG�: DWHU�0 DQDJHP HQW������������������������������������������������� � �

4 XHVWLRQV�IRU�0 RGHOV�WR�$QVZHU�������������������������������������������������������������������������� � �
8 VLQJ�0 RGHO�5 HVXOWV�������������������������������������������������������������������������������������������� � �
&DVH�6WXGLHV������������������������������������������������������������������������������������������������������� � �

� ��2 YHUYLHZ�RI�&DWFKP HQW�6FDOH�1 XWULHQW�0 RGHOOLQJ ��������������������������������������������������� � �

� �� �%DFNJURXQG�DQG�2 YHUYLHZ �������������������������������������������������������������������������������� � �
' R�\ RX�QHHG�D�P RGHO" ����������������������������������������������������������������������������������������� � �
+RZ�P RGHOV�ZRUN������������������������������������������������������������������������������������������������� � �
&KRRVLQJ�D�P RGHO������������������������������������������������������������������������������������������������� � �

� �� �5 2 7$1 ������������������������������������������������������������������������������������������������������������ � � �
� �� �$TXLIHU6LP ������������������������������������������������������������������������������������������������������� � � �
� �� �&/ 8 ( 6 ������������������������������������������������������������������������������������������������������������ � � �
� �� �2 WKHU�0 RGHOV��������������������������������������������������������������������������������������������������� � � �

0 2 ' ) / 2 : �������������������������������������������������������������������������������������������������������� � � �
) ( 0 : $7( 5 ������������������������������������������������������������������������������������������������������ � � �

� ��,P SURYLQJ�WKH�XSWDNH�DQG�XVH�RI�P RGHOOLQJ�WRROV���5 HFRP P HQGDWLRQV����������������� � � �

� ��5 HIHUHQFHV�DQG�8 VHIXO�OLQNV��������������������������������������������������������������������������������� � � �

� ��$SSHQGLFHV����������������������������������������������������������������������������������������������������������� � � �

� �� �$SSHQGL[ �� ��1 RWHV�IURP �: RUNVKRS�±�� � WK�- XO\ �� � � � ��* UHDWHU�: HOOLQJWRQ��
: HOOLQJWRQ������������������������������������������������������������������������������������������������������ � � �

� �� �� �: RUNVKRS�$JHQGD� ����������������������������������������������������������������������������������� � � �
� �� �� �/ HVVRQV�/ HDUQW�IURP �8 VLQJ�&DWFKP HQW�0 RGHOV���������������������������������������� � � �
� �� �� �/ LP LWDWLRQV�DQG�2 WKHU�,VVXHV�ZLWK�0 RGHO�8 VH������������������������������������������� � � �
� �� �� �: KDW�6KRXOG�+DSSHQ�1 H[ W�WR�$GYDQFH�0 RGHO�8 VH���������������������������������� � � �

� �� �$SSHQGL[ �� ��) DUP �6FDOH�0 RGHOV���RYHUYLHZ ���������������������������������������������������� � � �
� �� �� �) $5 0 6,0 ������������������������������������������������������������������������������������������������� � � �
� �� �� �2 YHUVHHU70 � ���������������������������������������������������������������������������������������������� � � �
� �� �� �63$60 2 � ������������������������������������������������������������������������������������������������� � � �
� �� �� �1 3/ $6� ����������������������������������������������������������������������������������������������������� � � �

� �� �$SSHQGL[ �� ��&DVH�6WXG\ �3UHVHQWDWLRQV�IURP �: RUNVKRS�±�� � WK�- XO\ �� � � � �������� � � �
�
�
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( QYLUROLQN��&DWFKP HQW�6FDOH�0 RGHOOLQJ�±�2 YHUYLHZ�DQG�: RUNVKRS�2 XWFRP HV� Y�

�( [ HFXWLYH�6XP P DU\ �
�
&DWFKP HQW�VFDOH�QXWULHQW�P RGHOV�DUH�LQFUHDVLQJO\ �EHLQJ�XVHG�E\ �UHJLRQDO�FRXQFLOV�DQG�
XQLWDU\ �DXWKRULWLHV�WR�LQYHVWLJDWH�WKH�LP SDFWV�RI�LQWHQVLYH�ODQG�XVH�RQ�WKH�HQYLURQP HQW�DQG�WR�
GHYHORS�SROLF\ �WR�P DQDJH�WKHVH�HIIHFWV��
�
7KH�REMHFWLYHV�RI�WKH�ZRUNVKRS�KHOG�LQ�: HOOLQJWRQ�LQ�- XO\ �� � � � �ZHUH�WR�UDLVH�SRWHQWLDO�HQG�
XVHU�XQGHUVWDQGLQJ�RI�WKHVH�P RGHOV��VKDUH�VRP H�OHVVRQV�OHDUQW�DQG�SURP RWH�FURVV�GLVFLSOLQH�
GLVFXVVLRQ��( P SKDVLV�ZDV�DOVR�RQ�LP SURYLQJ�FROODERUDWLRQ�EHWZHHQ�FRXQFLOV�DQG�UHVHDUFK�
SURYLGHUV��DQG�WR�LGHQWLI\ �DFWLRQV�WR�LP SURYH�WKH�XQGHUVWDQGLQJ�DQG�XSWDNH�RI�WKHVH�P RGHOV��
�
7KLV�UHSRUW�SURYLGHV�DQ�RYHUYLHZ�RI�FDWFKP HQW�P RGHOOLQJ�FRQFHSWV��RXWOLQHV�SRLQWV�WR�
FRQVLGHU�ZKHQ�HVWDEOLVKLQJ�D�P RGHOOLQJ�SURMHFW��VHOHFWLQJ�P RGHOV�DQG�XVLQJ�WKH�UHVXOWV��,W�
DOVR�FRQWDLQV�VXP P DU\ �LQIRUP DWLRQ�RQ�WKH�UDQJH�RI�P RGHOV�FXUUHQWO\ �XVHG�LQ�1 HZ�=HDODQG��
7KH�UHSRUW�DOVR�FDSWXUHV�WKH�IHHGEDFN�DQG�UHFRP P HQGDWLRQV�IURP �WKH�ZRUNVKRS��
�
7KUHH�FDWFKP HQW�VFDOH�QXWULHQW�P RGHOV�ZHUH�SUHVHQWHG�DV�FDVH�VWXGLHV�WR�WKH�ZRUNVKRS��

· � 5 2 7$1 �±�/ DNH�5 RWRUXD��1 ,: $ �DQG�( QYLURQP HQW�%D\ �RI�3OHQW\ �
· � $TXLIHU6LP �±�&DQWHUEXU\ �3ODLQV��,5 $3�DQG�( QYLURQP HQW�&DQWHUEXU\ �
· � &/ 8 ( 6 �±�8 SSHU�: DLNDWR��1 ,: $ �DQG�( QYLURQP HQW�: DLNDWR��

�
6XP P DU\ �LQIRUP DWLRQ�RQ�WKHVH�WKUHH�P RGHOV�LV�UHSRUWHG�DQG�LQIRUP DWLRQ�LV�SURYLGHG�RQ�
DGGLWLRQDO�P RGHOV�ZKLFK�RSHUDWH�DW�RWKHU�VFDOHV��
�
' LVFXVVLRQ�GXULQJ�WKH�ZRUNVKRS�EURXJKW�RXW�WKHVH�NH\ �SRLQWV��

· � ' HILQLQJ�WKH�SUREOHP �DQG�WKH�V\ VWHP �LV�WKH�ILUVW�NH\ �VWHS�DV�LW�ZLOO�JXLGH�WKH�SRWHQWLDO�
XVH�DQG�W\ SH�RI�P RGHO�UHTXLUHG��

· � 7KHUH�LV�D�ODFN�RI�RYHUYLHZ�DQG�µXVHU�IULHQGO\ ¶�LQIRUP DWLRQ�RQ�P RGHOV��ZKLFK�P DNH�
FRP SDULVRQ�EHWZHHQ�WKHP �GLIILFXOW��

· � &KRRVLQJ�D�P RGHO��DQG�WKHQ�DSSO\ LQJ�LW�LQ�D�UREXVW�ZD\ �FDQ�EH�D�GLIILFXOW�SURFHVV�DQG�
VRP H�IRUP �RI�VWDQGDUG�JXLGHOLQH�FRXOG�DVVLVW�WKH�SURFHVV�DQG�LP SURYH�FRQILGHQFH�LQ�
UHVXOWV�

· � 8 VLQJ�UHVXOWV�RI�P RGHOOLQJ�IRU�SROLF\ �GHYHORSP HQW�DQG�HQJDJLQJ�D�FRP P XQLW\ �LQ�WKLV�
SURFHVV�FDQ�EH�FKDOOHQJLQJ��6RP H�FRXQFLOV�KDYH�OHDUQW�D�ORW�LQ�WKLV�DUHD�LQ�UHFHQW�
\ HDUV��7KHUH�ZRXOG�EH�YDOXH�LQ�FDSWXULQJ�DQG�VKDULQJ�WKHVH�OHDUQLQJV�IRU�RWKHU�
5 HJLRQV�

�
,GHDV�ZHUH�VRXJKW�IURP �ZRUNVKRS�SDUWLFLSDQWV�RQ�KRZ�WR�LP SURYH�WKH�XSWDNH�DQG�XVH�RI�
FDWFKP HQW�P RGHOV��7KHVH�KDYH�EHHQ�JURXSHG�LQWR�ILYH�P DLQ�WKHP HV��

· � &HQWUDO�P RGHO�OLEUDU\ �RI�UHVRXUFH�P DWHULDO�
· � ,P SURYHG�GDWD�VHWV�
· � 3URGXFWLYH�FROODERUDWLRQ�
· � ( GXFDWLRQ�RQ�0 RGHOV�
· � ,QWHOOHFWXDO�3URSHUW\ �

�
7KH�LVVXHV�DQG�EDUULHUV�DUH�RXWOLQHG�XQGHU�HDFK�WKHP H�DQG�UHFRP P HQGDWLRQV�P DGH�WR�
LP SURYH�WKH�JHQHUDO�XSWDNH�DQG�XVH�RI�FDWFKP HQW�VFDOH�P RGHOV��7KHVH�LQFOXGH�GHYHORSLQJ�
IXUWKHU�UHVRXUFHV�WR�P HHW�HQG�XVHU�QHHGV��HVWDEOLVKP HQW�RI�D�FHQWUDO�P RGHO�OLEUDU\ ��IRUP DWLRQ�
RI�D�VSHFLILF�FDWFKP HQW�P RGHOOLQJ�JURXS��DQG�SURP RWLQJ�DQ�µRSHQ�VRXUFH¶�DSSURDFK�WR�
P RGHOV�DQG�GDWD���
�
7KH�RXWFRP HV�RI�WKLV�ZRUNVKRS�DQG�WKH�UHFRP P HQGDWLRQV�DUH�VHHQ�WR�EH�ZHOO�DOLJQHG�ZLWK�
WKH�JRDOV�DQG�REMHFWLYHV�RI�5 HJLRQDO�&RXQFLOV�±�5 HVHDUFK�IRU�WKH�( QYLURQP HQW�6WUDWHJ\ ��5 &�
±�6$* ��� � � � � ��,W�LV�WKHUHIRUH�SURSRVHG�WR�SUHVHQW�WKHVH�ILQGLQJV�WR�WKH�5 HJLRQDO�&RXQFLOV�
5 HVRXUFH�0 DQDJHUV�* URXS�DQG�6FLHQFH�$GYLVRU\ �* URXS��
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$ FNQRZ OHGJHP HQWV�
�
+ROGLQJ�WKH�ZRUNVKRS�DQG�SUHSDULQJ�WKLV�UHSRUW�ZDV�P DGH�SRVVLEOH�WKURXJK�WKH�DVVLVWDQFH�RI�
D�QXP EHU�RI�SHRSOH��
�
) LUVWO\ ��WKDQN�\ RX�WR�WKH�ZRUNVKRS�SUHVHQWHUV��9LQFH�%LGZHOO��/ LQGD�/ LOEXUQH��5 D\ P RQG�) RUG��
6DQG\ �( OOLRWW��5 HHFH�+LOO��. LW�5 XWKHUIRUG��DQG�$QG\ �%UXHUH���<RXU�LQSXW�SURYLGHG�ERWK�WKH�
EDVLV�IRU�D�SURGXFWLYH�ZRUNVKRS�DQG�LQIRUP DWLRQ�IRU�WKLV�UHSRUW��
�
7KDQN�\ RX�DOVR�WR�WKH�µSODQQLQJ�WHDP ¶�RI�' RXJDOO�* RUGDQ��/ LQGD�/ LOEXUQH��7LQD�YRQ�3HLQ��&DUO�
+DQVRQ��. DWKOHHQ�&ULVOH\ ��5 HHFH�+LOO��DQG�9LY�6P LWK�IRU�WKHLU�LQSXW�WR�GHYHORSLQJ�WKH�
ZRUNVKRS��) LQDOO\ �* UHDWHU�: HOOLQJWRQ��' RXJ�0 F$OLVWHU��IRU�DVVLVWDQFH�LQ�KRVWLQJ�WKH�
ZRUNVKRS�LV�DFNQRZOHGJHG��
�
7KLV�ZRUNVKRS�DQG�UHSRUW�ZHUH�P DGH�SRVVLEOH�WKURXJK�( QYLUROLQN�IXQGLQJ�
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( QYLUROLQN��&DWFKP HQW�6FDOH�0 RGHOOLQJ�±�2 YHUYLHZ�DQG�: RUNVKRS�2 XWFRP HV� � �

� ��%DFNJURXQG�
�
7KLV�UHSRUW�KDV�EHHQ�SUHSDUHG�DV�SDUW�RI�DQ�( QYLUROLQN�IXQGHG�SURMHFW��7KH�SURMHFW�LQFOXGHG�D�
ZRUNVKRS�RQ�FDWFKP HQW�VFDOH�QXWULHQW�P RGHOOLQJ�IRU�5 HJLRQDO�&RXQFLO�DQG�8 QLWDU\ �$XWKRULW\ �
VFLHQFH�DQG�SROLF\ �VWDII��7KLV�ZRUNVKRS�ZDV�KHOG�DW�* UHDWHU�: HOOLQJWRQ¶V�RIILFH�LQ�: HOOLQJWRQ�
RQ�� � WK�- XO\ �� � � � ��
�
7KH�REMHFWLYHV�IRU�WKH�ZRUNVKRS�ZHUH�WR��

· � ,QIRUP �SRWHQWLDO�XVHUV�RI�WKH�FDWFKP HQW�VFDOH�QXWULHQW�P RGHOOLQJ�WRROV�DQG�ZKDW�WKH\ �
FDQ��DQG�FDQ¶W�GR�

· � ,GHQWLI\ �OHVVRQV�OHDUQW�LQ�WKH�XVH�RI�P RGHOV�WR�GDWH�
· � ,QLWLDWH�FURVV�GLVFLSOLQDU\ �GLVFXVVLRQV�DERXW�H[ LVWLQJ�P RGHOOLQJ�WRROV�DQG�KRZ�WKH\ �FDQ�

EH�XVHG�WR�GHYHORS�SROLF\ �
· � ,P SURYH�FROODERUDWLYH�OLQNV�EHWZHHQ�DQG�DP RQJ�UHJLRQDO�FRXQFLOV�DQG�UHVHDUFK�

SURYLGHUV�
· � ,GHQWLI\ �ZKDW�QHHGV�WR�KDSSHQ�QH[ W�WR�EXLOG�XQGHUVWDQGLQJ�DQG�XSWDNH�RI�FDWFKP HQW�

P RGHOV��
�
7KH�SXUSRVH�RI�WKLV�UHSRUW�LV�WR�FDSWXUH�WKH�GLVFXVVLRQ�DQG�WKLQNLQJ�IURP �WKH�ZRUNVKRS��
LQFOXGLQJ�WKH�FDVH�VWXGLHV�SUHVHQWHG�DQG�WR�SURYLGH�VRP H�EURDGHU�GLVFXVVLRQ�DQG�
EDFNJURXQG�RQ�P RGHOV�DQG�WKHLU�XVH�LQ�P DQDJLQJ�GLIIXVH�GLVFKDUJH��,W�DOVR�JLYHV�
UHFRP P HQGDWLRQV�WKDW�FRXOG�LP SURYH�WKH�XQGHUVWDQGLQJ�DQG�LP SOHP HQWDWLRQ�RI�P RGHOV�LQ�
UHVRXUFH�P DQDJHP HQW�GHFLVLRQV��
�
,W�LV�QRW�ZLWKLQ�WKH�VFRSH�RI�WKLV�UHSRUW�WR�XQGHUWDNH�GHWDLOHG�FRP SDULVRQV�RI�GLIIHUHQW�P RGHOV�
DYDLODEOH��RU�WR�FOHDUO\ �GHILQH�D�UREXVW�SURFHVV�IRU�SUREOHP �GHILQLWLRQ�FRQFHSWXDOLVDWLRQ�DQG�
P RGHO�VHOHFWLRQ���7KHVH�LVVXHV�ZHUH�FOHDUO\ �UDLVHG�DW�WKH�ZRUNVKRS�DQG�QHHG�IXWXUH�DWWHQWLRQ�
EXW�DUH�RXWVLGH�RI�WKH�REMHFWLYHV�DQG�UHVRXUFLQJ�RI�WKLV�UHSRUW��
�

� ��,QWURGXFWLRQ�

�
$ �P RGHO�LV�D�P DWKHP DWLFDO�UHSUHVHQWDWLRQ�RI�D�V\ VWHP ��D�VLP SOLILHG�DEVWUDFW�YLHZ�RI�WKH�
FRP SOH[ �UHDOLW\ ��0 RGHOV�DUH�W\ SLFDOO\ �XVHG�ZKHQ�LW�LV�HLWKHU�LP SRVVLEOH�RU�LP SUDFWLFDO�WR�FUHDWH�
H[ SHULP HQWDO�FRQGLWLRQV�LQ�ZKLFK�VFLHQWLVWV�FDQ�GLUHFWO\ �P HDVXUH�RXWFRP HV��$Q�
HQYLURQP HQWDO�P RGHO�UHSUHVHQWV�HP SLULFDO�REMHFWV�DQG�SK\ VLFDO�SURFHVVHV�LQ�D�ORJLFDO�ZD\ �
DQG�LV�LQWHQGHG�WR�VLP XODWH�WKH�FKDQJHV�LQ�QDWXUDO�SURFHVVHV�RYHU�WLP H�DQG�SUHGLFW�DQ�
RXWFRP H�IRU�DQ�DUHD�RU�LVVXH�RI�LQWHUHVW��: KHQ�SUHGLFWLQJ�RXWFRP HV��P RGHOV�XVH�
DVVXP SWLRQV��ZKLOH�P HDVXUHP HQWV�GR�QRW��$V�WKH�QXP EHU�RI�DVVXP SWLRQV�LQ�D�P RGHO�
LQFUHDVHV��WKH�DFFXUDF\ �DQG�UHOHYDQFH�RI�WKH�P RGHO�GLP LQLVKHV��
�
&DWFKP HQW�VFDOH�P RGHOV�KDYH�EHHQ�XVHG�IRU�GHFDGHV�WR�VWXG\ �DQG�LP SURYH�UHVRXUFH�
P DQDJHP HQW�RI�FDWFKP HQWV��,Q�1 HZ�=HDODQG�WKH\ �KDYH�EHHQ�SULP DULO\ �XVHG�WR�P DQDJH�
ZDWHU�\ LHOG�IURP �ULYHUV�DQG�JURXQGZDWHU�DQG�IRU�IORRGLQJ�DQG�VHGLP HQW�FRQWURO�LQ�ULYHUV��0 RUH�
UHFHQWO\ �WKHUH�KDV�EHHQ�FRQVLGHUDEOH�IRFXV�RQ�WKH�QHHG�WR�GHYHORS�DQG�XVH�P RGHOV�WR�KHOS�
P DQDJH�QXWULHQW�ORVVHV�IURP �QRQ�SRLQW�GLVFKDUJHV�DVVRFLDWHG�ZLWK�LQWHQVLYH�ODQG�XVH��
&RQVLGHUDEOH�UHVHDUFK�HIIRUW�KDV�RFFXUUHG�DQG�LV�FRQWLQXLQJ�WR�GHYHORS�P RGHOV�DSSURSULDWH�
WR�1 HZ�=HDODQG�FRQGLWLRQV��0 RVW�RI�WKH�UHVHDUFK�HIIRUW�KDV�EHHQ�XQGHUWDNHQ�E\ �&URZQ�
5 HVHDUFK�$JHQFLHV�ZLWK�LQSXW�DQG�RU�FROODERUDWLRQ�ZLWK�HQG�XVHUV��3&( ��� � � � � ��
�
* HQHUDOO\ �HQG�XVHUV�DUH�5 HJLRQDO�&RXQFLOV�DQG�8 QLWDU\ �$XWKRULWLHV�ZKR�KDYH�UHVSRQVLELOLW\ �
IRU�P DQDJLQJ�ODQG�DQG�ZDWHU�UHVRXUFHV�XQGHU�WKH�5 HVRXUFH�0 DQDJHP HQW�$FW��5 0 $����/ DQG�
DQG�ZDWHU�UHVRXUFHV�RI�D�FDWFKP HQW�DUH�VWURQJO\ �LQWHU�UHODWHG�DQG�P RGHOOLQJ�WRROV�FDQ�EH�
XVHG�WR�XQGHUVWDQG�ERWK�FXUUHQW�DQG�SRWHQWLDO�IXWXUH�DIIHFWV�RI�ODQG�XVH�P DQDJHP HQW�
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SUDFWLFHV�RQ�VRLO�KHDOWK��ZDWHU�TXDOLW\ �DQG�ZDWHU�TXDQWLW\ ��) LJXUH�� �UHSUHVHQWV�SRWHQWLDO�
RSSRUWXQLWLHV�ZKHQ�WU\ LQJ�WR�DFKLHYH�WKH�RXWFRP H�RI�VXVWDLQDEOH�ODQG�DQG�ZDWHU�
P DQDJHP HQW��
��
) URP �WKHVH�P RGHOOLQJ�RSSRUWXQLWLHV�SUHVHQWHG�LQ�) LJXUH�� �WKLV�UHSRUW�IRFXVHV�RQO\ �RQ�QXWULHQW�
ORVVHV�DQG�VXEVHTXHQW�WUDQVSRUW�YLD�JURXQGZDWHU��VWUHDP V��DQG�ULYHUV�RQ�D�FDWFKP HQW�VFDOH��
�
�

�
) LJXUH�� � �3RWHQWLDO�RSSRUWXQLWLHV�IRU�P RGHOOLQJ�FKDQJHV�LQ�ODQG�DQG�ZDWHU�UHVRXUFHV��
�

� ��0 RGHOOLQJ�7RROV�IRU�/ DQG�DQG�: DWHU�0 DQDJHP HQW��
�
0 RGHOOLQJ�WRROV�DUH�LQFUHDVLQJO\ �EHLQJ�XVHG�E\ �&RXQFLOV�IRU�WKH�GHYHORSP HQW�DQG�
LP SOHP HQWDWLRQ�RI�5 0 $�SROLFLHV�IRU�VXVWDLQDEOH�ODQG�P DQDJHP HQW��7KH�5 0 $�SROLF\ �
GHYHORSP HQW�SURFHVV��) LJXUH�� � �LV�QRUP DOO\ �EDVHG�RQ�UHVSRQGLQJ�WR�H[ LVWLQJ�RU�HP HUJLQJ�
P DQDJHP HQW�LVVXHV�WKDW�DUH�LGHQWLILHG�WKURXJK�HQYLURQP HQWDO�P RQLWRULQJ�DQG�UHSRUWLQJ��7KH�
QH[ W�VWHS��SDUWLFXODUO\ �IRU�ZDWHU�TXDOLW\ �LVVXHV��FDQ�EH�WKH�GHYHORSP HQW�RI�D�SDUWLFXODU�WDUJHW�
SDUDP HWHU�WR�UHDFK�DQ�RXWFRP H�VHW�E\ �WKH�FRP P XQLW\ ��7KLV�WDUJHW�WKHQ�IRUP V�WKH�EDVLV�IRU�
GHYHORSLQJ�SROLF\ �RSWLRQV�DQG�WRROV�WR�DGGUHVV�WKH�UHVRXUFH�LVVXH�V���
�
1 XWULHQW�P RGHOV�FDQ�EH�XVHG�WR�LQIRUP �WKH�5 0 $�SROLF\ �SURFHVV�LQ�VHYHUDO�DUHDV��) LJXUH�� � ��$W�
WKH�ODUJH�FDWFKP HQW�DQG�VXE�FDWFKP HQW�VFDOH��P RGHOV�FDQ�EH�YHU\ �XVHIXO�LQ�DVVHVVLQJ�
VLJQLILFDQFH�RI�ODQG�XVH�HIIHFWV�RQ�ZDWHU�TXDOLW\ �RU�FDQ�EH�XVHG�WR�LQYHVWLJDWH�WKH�LP SOLFDWLRQV�
RI�µZKDW�LI¶�VFHQDULRV��$W�WKLV�VFDOH��QXWULHQW�P RGHOV�FDQ�DOVR�EH�XVHG�WR�GHWHUP LQH�WKH�H[ WHQW�
RI�FKDQJHV�WR�ODQG�P DQDJHP HQW�WKDW�P D\ �EH�UHTXLUHG�WR�P HHW�D�VSHFLILF�ZDWHU�TXDOLW\ �WDUJHW�
DQG�RXWFRP H��
�
$W�WKH�VP DOOHU�IDUP �RU�SDGGRFN�VFDOH��QXWULHQW�P RGHOV�FDQ�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�
FDWFKP HQW�P RGHOV�WR�DVVHVV�WKH�HIIHFWLYHQHVV�DQG�IHDVLELOLW\ �RI�VSHFLILF�SROLF\ �RSWLRQV�DW�
P HHWLQJ�WKH�UHTXLUHG�HQYLURQP HQWDO�RXWFRP HV��7KHVH�FDQ�DOVR�EH�XVHG�WR�DVVHVV�WKH�



�
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IHDVLELOLW\ �RI�LP SOHP HQWDWLRQ�DQG�FRP SOLDQFH�ZLWK�VSHFLILF�SROLFLHV��) DUP �DQG�SDGGRFN�VFDOH�
P RGHOV�SURYLGH�XVHIXO�GDWD�LQSXW�DQG�RU�FDOLEUDWLRQ�IRU�FDWFKP HQW�P RGHOV��
�
7KH�- XO\ �ZRUNVKRS�IRFXVHG�RQ�FDWFKP HQW�VFDOH�P RGHOV��EXW�VRP H�UHIHUHQFH�ZLOO�EH�P DGH�LQ�
WKLV�UHSRUW�WR�SDGGRFN�DQG�IDUP �VFDOH�QXWULHQW�P RGHOV��
�

�
) LJXUH�� � �7KH�UHODWLRQVKLS�EHWZ HHQ�5 0 $ �SROLF\ �SURFHVV�DQG�1 XWULHQW�P RGHOOLQJ�
�

4 XHVWLRQV�IRU�0 RGHOV�WR�$ QVZ HU�
0 RGHOV�FDQ�EH�XVHG�WR�DQVZHU�ERWK�JHQHULF�TXHVWLRQV�RU�FDQ�EH�GHYHORSHG�WR�DQVZHU�P RUH�
VSHFLILF�TXHVWLRQV��,W�LV�LP SRUWDQW�WR�EH�FOHDU�GXULQJ�WKH�SURMHFW�GHYHORSP HQW�SURFHVV�ZKDW�
WKH�TXHVWLRQV�WKH�P RGHO�QHHGV�WR�DQVZHU��DQG�WR�EH�DZDUH�RI�ZKDW�WKH�OLP LWDWLRQV�RI�WKH�
P RGHO�DUH��6RP H�H[ DP SOHV�WR�WKHVH�DUH�SURYLGHG��
�
4 XHVWLRQ�FDWFKP HQW�VFDOH�QXWULHQW�P RGHOV�FDQ�KHOS�WR�DQVZHU�

· � $UH�P RQLWRULQJ�UHVXOWV�UHSUHVHQWDWLYH�RI�DQ�LVVXH" �
· � : KDW�LV�FDXVLQJ�WKH�LVVXH" �
· � : KLFK�DUHDV�DUH�FRQWULEXWLQJ�WKH�P RVW" ��VSDWLDO�YDULDELOLW\ �SUR[ LP LW\ ��µKRW�VSRWV¶��
· � : KDW�ZRXOG�KDSSHQ�LQ�IXWXUH�LI�ZH�« " ��UDQJH�RI�VFHQDULRV��

o� ' LG�QRWKLQJ�
o� &DSSHG�QXWULHQW�OHYHOV�QRZ�
o� %ULQJ�DERXW�ODQG�XVH�P DQDJHP HQW�FKDQJH�QRZ�RU�DW�VRP H�RWKHU�VSHFLILHG�

WLP H�LQ�WKH�IXWXUH��
· � +RZ�P XFK�FKDQJH�LQ�ODQG�XVH�LV�UHTXLUHG�WR�P HHW�SDUWLFXODU�WDUJHWV�RU�RXWFRP HV" �
· � : KLFK�DUHDV�DQG�RU�FKDQJHV�ZRXOG�JLYH�XV�WKH�EHVW�EDQJ�IRU�RXU�EXFN" �

�
0 RUH�VSHFLILF�TXHVWLRQV�VKRXOG�EH�FRQVLGHUHG�IRU�HDFK�SURMHFW�GHSHQGLQJ�RQ�WKH�V\ VWHP �
EHLQJ�VWXGLHG�DQG�DVSHFWV�RU�LQWHU�OLQNDJHV�RI�LQWHUHVW��
�
4 XHVWLRQV�FDWFKP HQW�VFDOH�QXWULHQW�P RGHOV�DUH�XQDEOH�WR�DQVZHU�

· � : KDW�LV�DQ�DFFHSWDEOH�WDUJHW�IRU�IXWXUH�ZDWHU�TXDOLW\ " �±�DOWKRXJK�P RGHO�UHVXOWV�DUH�
XVHIXO�LQ�XQGHUWDNLQJ�D�FRP P XQLW\ �GLVFXVVLRQ�WR�HVWDEOLVK�WDUJHWV��
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· � ( FRQRP LF�LP SOLFDWLRQV��L�H��HIIHFW�RI�ODQG�XVH�FKDQJH�RQ�HP SOR\ P HQW�) 7( ¶V��* URVV�
5 HJLRQDO�3URGXFW��±�DOWKRXJK�HFRQRP LF�P RGHOV�FDQ�EH�OLQNHG�LQWR�FDWFKP HQW�P RGHOV�
WR�SURYLGH�WKLV�W\ SH�RI�LQIRUP DWLRQ��6HH�&/ 8 ( 6 �±�6HFWLRQ�� �� � �

�
6HFWLRQ�� �SURYLGHV�P RUH�VSHFLILF�LQIRUP DWLRQ�DERXW�FDWFKP HQW�VFDOH�P RGHOV�WKDW�DUH�FXUUHQWO\ �
DYDLODEOH�DQG�EHLQJ�XVHG��
�

8 VLQJ�0 RGHO�5 HVXOWV�
0 RGHOOLQJ�UHVXOWV�FDQ�EH�XVHG�LQ�D�UDQJH�RI�UROHV�WKURXJK�WKH�SROLF\ �GHYHORSP HQW�SURFHVV��
%HLQJ�FOHDU�DERXW�WKH�V\ VWHP � �DQG�TXHVWLRQV�IRU�P RGHOOLQJ�ZLOO�LQIOXHQFH�WKH�XVHIXOQHVV�RI�WKH�
UHVXOWV��7KLV�KHOSV�WR�LGHQWLI\ �WKH�LP SRUWDQW�SDUDP HWHUV�WR�EH�P RGHOOHG�IRU�P HDQLQJIXO�UHVXOWV�
DQG�KHOSV�WR�FODULI\ �OLP LWDWLRQV�DQG�DVVXP SWLRQV�VR�WKDW�UHVXOWV�FDQ�EH�XVHG�LQ�WKH�ULJKW�
FRQWH[ W��&DWFKP HQW�VFDOH�P RGHOV�KDYH�VLJQLILFDQW�YDOXH�LQ�KHOSLQJ�XQGHUVWDQG�ZKDW�LV�
KDSSHQLQJ�ZLWKLQ�D�JURXQGZDWHU�RU�FDWFKP HQW�V\ VWHP �WR�KHOS�LQIRUP �ERWK�FRP P XQLW\ �
GLVFXVVLRQ��DQG�SROLF\ �RU�SROLWLFDO�GHFLVLRQ�P DNLQJ�SURFHVVHV��
�
&RP P XQLFDWLQJ�WKH�UHVXOWV�RI�P RGHOOLQJ�LQ�DQ�DFFXUDWH�DQG�P HDQLQJIXO�ZD\ �LV�SUREDEO\ �RQH�
RI�WKH�FKDOOHQJLQJ�VWHSV��\ HW�DFKLHYLQJ�WKLV�KDV�D�JUHDW�EHDULQJ�RQ�WKH�XVHIXOQHVV�RI�WKH�
P RGHOOLQJ�SURFHVV�LQ�DFKLHYLQJ�WKH�UHTXLUHG�HQYLURQP HQWDO�RXWFRP HV���,Q�XWLOLVLQJ�DQG�
FRP P XQLFDWLQJ�DQ\ �P RGHOOLQJ�UHVXOWV�VRP H�NH\ �DVSHFWV�WR�FRQVLGHU�DUH��

· � LGHQWLILFDWLRQ�DQG�P DQDJHP HQW�RI�WKH�XQFHUWDLQW\ �DVVRFLDWHG�ZLWK�VSHFLILF�P RGHO�
RXWSXWV�

· � WKH�DVVXP SWLRQV�DQG�OLP LWDWLRQV�VKRXOG�EH�FDUHIXOO\ �H[ SODLQHG�WR�VWDNHKROGHU�DQG�
GHFLVLRQ�P DNHUV�WR�SXW�WKH�UHODWLYH�DFFXUDF\ �RI�P RGHOHG�UHVXOWV�LQWR�FRQWH[ W��

�
' HYHORSLQJ�D�UDQJH�RI�P HDQLQJIXO�VFHQDULRV�IRU�\ RXU�V\ VWHP �WKDW�FDQ�EH�P RGHOHG�FDQ�EH�D�
YHU\ �XVHIXO�RXWFRP H�RI�FDWFKP HQW�P RGHOOLQJ��7KH�UHVXOWV�IURP �P RGHOOLQJ�WKHVH�VFHQDULRV�FDQ�
EH�XVHG�WR�VKRZ�UHODWLYH�FKDQJHV�LQ�RXWFRP HV�UDWKHU�WKDQ�D�VSHFLILF�H[ SHFWHG�RXWFRP H��7KLV�
SURYLGHV�XVHIXO�LQIRUP DWLRQ�IRU�RUJDQLVDWLRQDO�DQG�FRP P XQLW\ �GLVFXVVLRQ�DQG�VWUDWHJ\ �
GHYHORSP HQW���
�

&DVH�6WXGLHV�
$�QXP EHU�RI�P RGHOV�KDYH�DOUHDG\ �EHHQ�XVHG�E\ �GLIIHUHQW�5 HJLRQDO�&RXQFLOV�LQ�GHYHORSLQJ�
SROLF\ �WR�P DQDJH�WKH�HIIHFWV�RI�ODQG�XVH��7KUHH�&DVH�VWXGLHV�ZHUH�SUHVHQWHG�DW�WKH�
EHJLQQLQJ�RI�WKH�ZRUNVKRS��5 2 7$1 �±�/ DNH�5 RWRUXD�>1 ,: $ ��( QYLURQP HQW�%D\ �RI�3OHQW\ @��
$TXLIHU6LP �±�&DQWHUEXU\ �3ODQV�>,5 $3��( QYLURQP HQW�&DQWHUEXU\ ��DQG�&/ 8 ( 6 �±�8 SSHU�
: DLNDWR�&DWFKP HQW�>1 ,: $ ��( QYLURQP HQW�: DLNDWR����
�
3UHVHQWDWLRQV�IRU�WKHVH�FDVH�VWXGLHV�DUH�LQ�6HFWLRQ�� �� �$SSHQGL[ �� ��6HFWLRQ�� �SURYLGHV�P RUH�
VSHFLILF�LQIRUP DWLRQ�DERXW�FDWFKP HQW�VFDOH�P RGHOV�WKDW�DUH�DYDLODEOH�DQG�EHLQJ�XVHG��DQG�
SURYLGHV�VRP H�JXLGDQFH�RQ�WKH�FDSDELOLWLHV�RI�WKHVH�P RGHOV��
�
�
�
� �
�
�
�

�������������������������������������������������
� �6 \ VWHP �LV�GHILQHG�DV�WKH�LQWHU�OLQNHG�JHRSK\ VLFDO�DWWULEXWHV�RI�WKH�ODQGVFDSH�WKDW�QHHG�WR�EH�
TXDQWLILHG�DQG�XQGHUVWRRG�DV�SDUW�RI�WKH�P RGHOOLQJ��L�H��GLYHUVH�ODQG�XVH�SDWWHUQ��ODUJH�P XOWLSOH�
DTXLIHUV��VSULQJ�IHG�VWUHDP V��ODNHV��UHFKDUJH�] RQHV��
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� ��2 YHUYLHZ �RI�&DWFKP HQW�6FDOH�1 XWULHQW�0 RGHOOLQJ�
�

� �� �%DFNJURXQG�DQG�2 YHUYLHZ �
�
7KLV�VHFWLRQ�SURYLGHV�DQ�RYHUYLHZ�RI�WKH�W\ SHV�RI�FDWFKP HQW�VFDOH�P RGHOV�WKDW�DUH�DYDLODEOH�
DQG�SURYLGHV�VRP H�VSHFLILF�LQIRUP DWLRQ�DERXW�WKH�P DLQ�FDWFKP HQW�VFDOH�P RGHOV�FXUUHQWO\ �
EHLQJ�XVHG�LQ�1 HZ�=HDODQG��
�
&DWFKP HQW�VFDOH�QXWULHQW�P RGHOV�FDOFXODWH�QXWULHQW�ORVV�IURP �WKH�ODQG�VXUIDFH�DQG�URXWH�WKLV�
WKURXJK�WKH�FDWFKP HQW��0 RGHOHG�UHVXOWV�FDQ�GHSLFW�ORDGV�RI�QXWULHQW�WKURXJK�WKDW�FDWFKP HQW�
DQG�FRQFHQWUDWLRQV�RI�QXWULHQW�DW�SRLQWV�RI�LQWHUHVW�WKURXJKRXW�D�FDWFKP HQW��0 RGHOV�FDQ�EH�
XVHG�WR�P RGHO�RQH�RU�P RUH�FRP SRQHQWV�RI�WKH�K\ GURORJLFDO�IORZ�DQG�DVVRFLDWHG�QXWULHQW�
ORDGV�WKURXJKRXW�D�FDWFKP HQW��) LJXUH�� � ���* URXQGZDWHU�P RGHOV�ZLWK�VSULQJ�RXWIORZV�
>GLVFKDUJH@��L�H��$TXLIHU6LP ��DUH�FRP P RQO\ �XVHG�WR�P RGHO�ODUJH�JURXQGZDWHU�V\ VWHP V�VXFK�
DV�LQ�&DQWHUEXU\ ��6XUIDFH�ZDWHU�P RGHOV�DUH�XVHG�WR�P RGHO�QXWULHQW�ORVV�DQG�WUDQVSRUW�
WKURXJK�VWUHDP �DQG�ULYHU�V\ VWHP V��L�H��&/ 8 ( 6 ���0 RUH�FRP SOH[ �P RGHOV��RIWHQ�FRQVLVWLQJ�RI�
OLQNHG�FRP SRQHQWV��FDQ�EH�XVHG�WR�P RGHO�VHYHUDO�W\ SH�RI�ZDWHU�LQ�D�FDWFKP HQW��VXFK�DV�
JURXQGZDWHU��VWUHDP �DQG�ODNH��L�H��5 2 7$1 ���
�
�

�
) LJXUH�� � �+ \ GURORJLFDO�IORZ V�±' HFLGLQJ�Z KDW�WR�P RGHO�

�

' R�\ RX�QHHG�D�P RGHO" �
%HIRUH�DQVZHULQJ�WKLV�TXHVWLRQ�LW�LV�ZRUWK�FRQVLGHULQJ�WKH�GHILQLWLRQ�RI�D�P RGHO��0 DQ\ �
DVVXP H�LW�LV�VRP H�FRP SOH[ �VRIWZDUH�SURJUDP P H�WKDW�QHHGV�H[ SHUW�LQSXW�DQG�D�WKLFN�P DQXDO��
ZKLFK�LV�WUXH�LQ�P DQ\ �FDVHV��+RZHYHU��D�P RGHO�FDQ�DOVR�EH�DV�VLP SOH�DV�D�FRP SXWHU�
VSUHDGVKHHW�RI�GDWD�ZLWK�VRP H�OLQNHG�HTXDWLRQV��
�
: RUNLQJ�WKURXJK�WKH�DQVZHU�WR�WKLV�TXHVWLRQ�LV�WKH�ILUVW�VLJQLILFDQW�VWHS�WKDW�VKRXOG�EH�
FDUHIXOO\ �XQGHUWDNHQ�EHIRUH�SURFHHGLQJ���7KH�IROORZLQJ�SRLQWV�SURYLGH�VRP H�JXLGDQFH�WR�
DQVZHULQJ�WKH�TXHVWLRQ��

· � $ �UREXVW�SURMHFW�µFRQFHSWXDOLVDWLRQ¶�SURFHVV�LV�D�VWDUWLQJ�SRLQW��7KLV�VKRXOG�FOHDUO\ �
GHILQH�WKH�LVVXHV�SUREOHP V��WKH�DVVRFLDWHG�TXHVWLRQV�WKDW�QHHG�WR�EH�DQVZHUHG�WR�
VROYH�WKH�SUREOHP ��DQG�GHILQH�WKH�V\ VWHP V�WR�EH�P RGHOHG���
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· � 7KLV�SURFHVV�VKRXOG�SURYLGH�FODULW\ �RQ�SRLQWV�VXFK�DV���
o� : KDW�LQIRUP DWLRQ�LV�UHTXLUHG�WR�DGGUHVV�RU�DQVZHU�WKHVH" ��
o� +RZ�P XFK�GHWDLO�DQG�FHUWDLQW\ �LQ�WKH�UHVXOW�LV�UHTXLUHG" ��
o� +RZ�FRP SOH[ �LV�WKH�V\ VWHP �XQGHU�LQYHVWLJDWLRQ" ��
o� +RZ�ZHOO�GR�\ RX�XQGHUVWDQG�WKH�V\ VWHP V" �
o� : KDW�LQIRUP DWLRQ�LV�DOUHDG\ �DYDLODEOH�DERXW�WKH�LVVXHV�DQG�WKH�V\ VWHP " ���

· � +DYLQJ�D�FOHDU�XQGHUVWDQGLQJ�RI�WKH�QDWXUDO�V\ VWHP �LV�DOVR�LP SRUWDQW�DV�WKLV�LV�
UHTXLUHG�WR�HVWDEOLVK�WKH�ULJKW�P RGHO�V��IRU�DGGUHVVLQJ�WKH�P DQDJHP HQW�
LVVXH�SUREOHP �V���

· � ,Q�VRP H�FDVHV�GHYHORSLQJ�D�µEDFN�RI�WKH�HQYHORSH¶�P RGHO�ZLOO�KHOS�WR�LGHQWLI\ �WKH�
H[ WHQW�RI�DQ�LVVXHV��LGHQWLI\ �IXUWKHU�LQIRUP DWLRQ�QHHGV�DQG�DGG�WR�WKH�
FRQFHSWXDOLVDWLRQ�SURFHVV�UHTXLUHG�IRU�D�P RGHO�FRP SOH[ �P RGHO��

�

+ RZ �0 RGHOV�: RUN�
0 RGHOV�DUH�D�P DWKHP DWLFDO�UHSUHVHQWDWLRQ�RI�D�V\ VWHP ��7KLV�UHSUHVHQWDWLRQ�LV�RIWHQ�YLVXDOO\ �
SRUWUD\ HG�DV�D�IUDP HZRUN�RI�ER[ HV�DQG�DUURZV��7KH�ER[ HV�FDQ�EH�VHHQ�WR�UHSUHVHQW�µVWRUHV¶�
RI�ZDWHU�DQG�FRQWDP LQDQWV�LQ�GLIIHUHQW�SDUW�RI�WKH�V\ VWHP V��DQG�WKH�DUURZV�UHSUHVHQW�WKH�
µIORZ¶�RU�P RYHP HQW�RI�ZDWHU�DQG�FRQWDP LQDQWV�IURP �RQ�SDUW�RI�WKH�V\ VWHP �WR�WKH�QH[ W���$ �
JHQHULF�UHSUHVHQWDWLRQ�RI�WKLV�FRQFHSW�LV�VKRZQ�LQ�) LJXUH�� ���
�
) LJXUH�� �UHSUHVHQWV�WKH��

· � / DQGVFDSH�ORVVHV��LQ�D�P RGHO�WKH�ODQGVFDSH�LV�GLYLGHG�LQWR�D�JULG�DQG�HDFK�VTXDUHV�LV�
FDOFXODWHG�LQ�WKH�P RGHO�±�RQO\ �RQH�JULG�VTXDUH�LV�VKRZQ�LQ�) LJXUH�� � ��WKH�P RGHO�ZRXOG�
FDOFXODWH�WKH�ZDWHU�ORVVHV��UXQ�RII��GUDLQDJH��IURP �HDFK�ODQGVFDSH�XQLW�DQG�WKHVH�
ZRXOG�EH�WUDQVIHUUHG�WR�WKH�QH[ W�µVWRUH¶��ULYHU�IORZ��VXEVXUIDFH�IORZ���$ �QXWULHQW�ORVV�
P RGHO��L�H��2 YHUVHHU70 � �LV�XVHG�WR�FDOFXODWH�WKH�DVVRFLDWHG�IORZ�RI�QXWULHQWV�WKDW�ZRXOG�
RFFXU�ZLWK�WKH�UXQRII�DQG�GUDLQDJH��7KHVH�QXP EHUV�DUH�WKHQ�FDUULHU�WKURXJK�WKH�UHVW�RI�
WKH�P RGHOOLQJ�WR�SURYLGH�IORZ��QXWULHQW�FRQFHQWUDWLRQ�DQG�KHQFH�QXWULHQW�ORDG�GDWD��

�

�
) LJXUH�� � �&RQFHSWXDO�0 RGHOOLQJ�3URFHVVHV�

�
�
�
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· � 6XUIDFH�IORZ�RI�VROXWH��ZDWHU�DQG�GLVVROYHG�QXWULHQWV��LV�FROOHFWHG�DQG�URXWHG�DORQJ�WKH�
GUDLQDJH�QHWZRUN�DW�HDFK�WLP H�VWHS��7KH�P RGHO�LV�DOVR�DEOH�WR�WUDQVIHU�IURP �WKH�ULYHU�
VWRUH�LQWR�HLWKHU�D�ODNH�RU�JURXQGZDWHU�VWRUH�WR�UHSUHVHQW�LQIORZV��RU�UHFKDUJH�
UHVSHFWLYHO\ �WKDW�P D\ �RFFXU�ZLWKLQ�WKH�V\ VWHP ��

�
· � * URXQGZDWHU�UHFHLYHV�GUDLQDJH�IURP �VXEVXUIDFH�IORZ�RU�UHFKDUJH�IURP �VXUIDFH�

ULYHU�IORZ��$ �P RGHO�FDQ�UHSUHVHQW�P RUH�WKDQ�RQH�DTXLIHU�DQG�FDQ�EH�GHILQHG�WR�
EHVW�UHSUHVHQW�WKH�V\ VWHP V�EHLQJ�VWXGLHG��7KLV�FDQ�LQFOXGHG�URXWLQJ�VROXWH�
DORQJ�DQG�EHWZHHQ�DTXLIHUV�DW�HDFK�WLP H�VWHS�EDVHG�RQ�WKH�DTXLIHU�SDUDP HWHUV�
DQG�WKH�GLVFKDUJH�RI�VROXWH�WR�VXUIDFH�ZDWHU��ODNHV�DQG�ULYHUV��YLD�VSULQJV��

�
5 HVXOWV�IURP �WKH�P RGHOOLQJ�FDQ�EH�SUHVHQWHG�DV�LQ�D�UDQJH�RI�ZD\ V��IURP �WLP H�VHULHV�
JUDSKV�IRU�SRLQW��RU�JURXSHG�GDWD��L�H��UXQRII�YROXP HV��WR�WZR�RU�WKUHH�GLP HQVLRQDO�
UHSUHVHQWDWLRQV�RI�D�VSHFLILF�SDUDP HWHU��L�H��QXWULHQW�ORVV�OHYHOV�DFURVV�D�ODQGVFDSH�
>� ' @��RU�QXWULHQW�FRQFHQWUDWLRQV�WKURXJK�DQ�DTXLIHU�>� ' @����7KH�W\ SH�RI�UHVXOWV�ZLOO�EH�
GHSHQGDQW�RQ�WKH�V\ VWHP �EHLQJ�P RGHOHG�DQG�WKH�W\ SH�DQG�FRP SOH[ LW\ �RI�WKH�P RGHO�
XVHG��
�

&KRRVLQJ�D�0 RGHO�
: KHQ�\ RX�KDYH�FRP SOHWHG�WKH�SODQQLQJ�SURFHVV�DQG�FRP H�WR�WKH�FRQFOXVLRQ�WKDW�\ RX�UHTXLUH�
D�P RGHO�WR�DVVLVW�LQ�D�UHVRXUFH�P DQDJHP HQW�RU�SROLF\ �GHYHORSP HQW�SURFHVV��WKH�QH[ W�
FKDOOHQJH�LV�WR�GHFLGH�ZKLFK�P RGHO�V��ZRXOG�EHVW�VXLW�\ RXU�QHHGV��
�
7KLV�SURFHVV�FDQ�UHTXLUH�IXUWKHU�UHVHDUFK�DQG�LQYHVWLJDWLRQ��7DNLQJ�WKH�LVVXH�GHILQLWLRQ��
TXHVWLRQV�DQG�V\ VWHP �FKDUDFWHULVWLF�IRU�\ RXU�VLWXDWLRQ��WKH�SURFHVV�FDQ�VWDUW�ZLWK�D�
FRP SDULVRQ�RI�WKH�UHODWLYH�VWUHQJWKV��OLP LWDWLRQV�DQG�GDWD�UHTXLUHP HQWV�IRU�D�UDQJH�RI�P RGHOV�
WKDW�FRXOG�P RGHO�\ RXU�V\ VWHP V��L�H��JURXQGZDWHU��ULYHUV��ODNHV���7KLV�FDQ�EH�IROORZHG�XS�ZLWK�
VRP H�H[ SHUW�DGYLFH�IURP �SHHUV�ZKR�KDYH�XQGHUWDNHQ�P RGHOOLQJ�RU�P RGHO�GHYHORSHUV���
�
2 WKHU�IDFWRUV�WKDW�VKRXOG�EH�FRQVLGHUHG�DUH�LQ�WKH�VHOHFWLRQ�SURFHVV��

· � ' DWD��FRP SXWLQJ�DQG�WHFKQLFDO�UHTXLUHP HQWV�WR�UXQ�D�P RGHO�
· � : KDW�LV�LQ�WKH�µEODFN�ER[ ¶�
· � $UH�WKH�DVVXP SWLRQV�DFFHSWDEOH�
· � : KDW�OHYHO�RI�FHUWDLQW\ �LV�UHTXLUH�LQ�WKH�RXWSXWV�
· � +RZ�VHQVLWLYH�DUH�SDUDP HWHUV�
· � 8 VDELOLW\ �RI�P RGHO��LQWHUIDFHV��RXWSXWV�
· � 6XSSRUW�IRU�P RGHO�±�GRFXP HQWDWLRQ��FDVH�VWXGLHV�
· � 1 HHG�IRU�P XOWLSOH�FRP SRQHQWV��JURXQG�ZDWHU��VWHDP V��FDQ�\ RX�ILQG�WKHP �LQ�RQH�

P RGHO�
· � 7LP H�DQG�VSDWLDO�VFDOHV�
· � $UH�WKHUH�VLJQLILFDQW�JURXQG�ZDWHU�ODJV�

�
7KHUH�DUH�D�QXP EHU�RI�QXWULHQW�P RGHOV�FXUUHQWO\ �XVHG�WKDW�KDYH�EHHQ�GHYHORSHG�ERWK�LQ�1 HZ�
=HDODQG�DQG�RYHUVHDV��) LJXUH�� � ��7KH\ �UDQJH�IURP �RQH�GLP HQVLRQDO�SDGGRFN�VFDOH�WR�
UHJLRQDO�P RGHOV��6RP H�RI�WKH�ODUJH�VFDOH�P RGHOV�LQFRUSRUDWH�DV�SDUW�RI�WKHLU�GHVLJQ�RWKHU�
H[ LVWLQJ�P RGHOV��VXFK�DV�IDUP �RU�SDGGRFN�VFDOH�QXWULHQW�ORVV�P RGHOV�ZKRVH�UHVXOWV�DUH�
DP DOJDP DWHG�LQWR�WKH�ODUJHU�VFDOH�P RGHO��H�J��$TXLIHU6LP ��&/ 8 ( 6 ����
�
�
�
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�
�

) LJXUH�� � �( [ DP SOHV�RI�WKH�GLIIHUHQW�VFDOHV�RI�QXWULHQW�P RGHOV�
�
�
&RP SDUDWLYH�LQIRUP DWLRQ�RQ�D�UDQJH�RI�P RGHOV�LV�SURYLGHG�LQ�7DEOH�� ��0 RUH�VSHFLILF�
LQIRUP DWLRQ�LV�SURYLGHG�RQ�WKH�FDVH�VWXG\ �P RGHOV�SUHVHQWHG�DW�WKH�ZRUNVKRS��VHH�6HFWLRQ�
� �� � � �� � ��
�
$OO�&DWFKP HQW�6FDOH�P RGHOV�KDYH�D�µQXWULHQW�VXE�P RGHO¶�ZKLFK�GHWHUP LQHV�WKH�TXDQWXP �RI�
QXWULHQWV�ORVW�IURP �WKH�ODQGVFDSH��7KLV�LV�GRQH�JHQHUDOO\ �DW�D�SDGGRFN�RU�IDUP �VFDOH��VR�WKHUH�
DUH�GLUHFW�OLQNDJHV�EHWZHHQ�WKH�VP DOOHU�VFDOH�P RGHOV�DQG�FDWFKP HQW�VFDOH��) LJXUH�� � ��
�
6RP H�P RGHOV�DUH�GHYHORSHG�IRU�VSHFLILF�LVVXHV�DQG�ORFDWLRQV�VXFK�DV�5 2 7$1 ��GHYHORSHG�IRU�
5 RWRUXD�DQG�7DXSR�ODNHV��DQG�$TXLIHU6LP �GHYHORSHG�WR�P RGHO�JURXQGZDWHU�XQGHU�DOOXYLDO�
SODLQV��H�J���&DQWHUEXU\ ����7KLV�GRHV�QRW�P HDQ�WKDW�WKH\ �FDQ�QRW�EH�DSSOLHG�HOVHZKHUH��WKH\ �
ZRXOG�RQO\ �QHHG�WR�EH�VSHFLILFDOO\ �VHW�XS�DQG�FDOLEUDWHG�IRU�D�QHZ�DUHD��&/ 8 ( 6 �RQ�WKH�RWKHU�
KDQG�LV�D�P RUH�µJHQHULF¶��P RGHO�WKDW�FDQ�EH�DSSOLHG�QDWLRQDOO\ �RU�UHJLRQDOO\ �XVLQJ�ODUJHU�VFDOH�
VSDWLDO�GDWD�VHWV��,W�LV��KRZHYHU��SULP DULO\ �D�VXUIDFH�ZDWHU�P RGHO�WKDW�GRHV�QRW�IDFWRU�LQ�
JURXQG�ZDWHU�SURFHVVHV�DQG�ODJ��EXW�LW�LV�GHVLJQHG�ZLWK�D�XVHU�IULHQGO\ �LQWHUIDFH�WKDW�DOORZV�
IRU�YLVXDO�RXWSXWV�RI�VSDWLDO�UHVXOWV���
�
�
�
�
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1DPH� 0DLQ�1=�
' HYHORSHU�

6SDWLDO�VFDOH� 7HPSRUDO�
VFDOH�

&RQWDPLQDQW� =RQH�RI�
SUHGLFWLRQ�

7\ SH�

/ XFL� 3ODQW�	 �) RRG� 3DGGRFN� ' DLO\ � 1 XWULHQWV� 5 RRW�] RQH� 3URFHVV�
EDVHG�

) DUP 6LP � ,5 $3� ) DUP � ' DLO\ � 1 XWULHQWV� 5 RRW�] RQH� 3URFHVV�
EDVHG�

6SDVP R� 3ODQW�	 �) RRG� ) DUP � ' DLO\ � 1 XWULHQWV� 5 RRW�] RQH� 3URFHVV�
EDVHG�

1 3/ $ 6� 1 ,: $ � ) DUP � 0 HDQ�
DQQXDO�
�

1 XWULHQWV� 6XUIDFH�
ZDWHU�

�

2 YHUVHHU� $J5 HVHDUFK� ) DUP � 0 HDQ�
DQQXDO�
�

QXWULHQWV� 5 RRW�] RQH� ( P SLULFDO�

5 2 7$ 1 � 1 ,: $ � &DWFKP HQW� ' DLO\ �� 1 XWULHQWV� 6XUIDFH�DQG�
JURXQGZDWHU�

6HP L�
P HFKDQLVWLF�
�

63$ 5 5 2 : � 1 ,: $ � &DWFKP HQW��
1 DWLRQDO�

0 HDQ�
DQQXDO�

1 XWULHQW���
P LFUREHV���
VHGLP HQW�
�

6XUIDFH�
ZDWHU�

( P SLULFDO�

$ TXLIHU6LP � ,5 $3� &DWFKP HQW��
5 HJLRQDO�

0 HDQ�
DQQXDO�
�

1 XWULHQWV� * URXQGZDWHU
��VSULQJV�

3URFHVV�
EDVHG�

&/ 8 ( 6� 0 $) ��1 ,: $ � &DWFKP HQW��
1 DWLRQDO�

0 HDQ�
DQQXDO�

1 XWULHQW���
P LFUREHV���
VHGLP HQW�

6XUIDFH�
ZDWHU�

( P SLULFDO�

* / ( $ 0 6���
&5 ( $ 0 6�

� 3DGGRFN� ' DLO\ � 1 XWULHQWV� 5 RRW�] RQH� 3URFHVV�
EDVHG�
�

0 2 ' IORZ � � &DWFKP HQW��
5 HJLRQDO�

' DLO\ � 1 XWULHQWV� * URXQGZDWHU
�VSULQJV�

3URFHVV�
EDVHG�

�
7DEOH�� ��6XP P DU\ �LQIRUP DWLRQ�RQ�D�UDQJH�RI�P RGHOV���
�
�
: KHQ�\ RX�KDYH�FKRVHQ�D�P RGHO�RU�P RGHOV�WR�XVH��WKH�QH[ W�SURFHVV�LV�WR�VHW�XS�WKH�P RGHO�WR�
UHSUHVHQW�\ RXU�FDWFKP HQW��7KLV�FDQ�LQYROYH�VHWWLQJ�WKH�FDWFKP HQW�ERXQGDULHV�DQG�ERXQGDU\ �
FRQGLWLRQV��GHILQLQJ�ODQG�XVH��VRLO�DQG�DTXLIHU�SURSHUWLHV��DQG�VRXUFLQJ�RWKHU�GDWD�VHWV��VXFK�
DV�FOLP DWH�UHFRUGV�DQG�ZDWHU�TXDOLW\ �P RQLWRULQJ�GDWD�IRU�WKH�VHOHFWHG�FDWFKP HQW��
�
7KH�SURFHVV�RI�WKLV�VHW�XS�DQG�FDOLEUDWLRQ�RI�WKH�P RGHO�FDQ�EH�D�WHFKQLFDO�XQGHUWDNLQJ�
UHTXLULQJ�HLWKHU�P RGHOOLQJ�H[ SHULHQFH�RU�H[ SHUW�DGYLFH���
�
7KH�IROORZLQJ�SRLQWV�ZHUH�UDLVHG�DW�WKH�ZRUNVKRS�IRU�FRQVLGHUDWLRQ�ZKHQ�DSSO\ LQJ�P RGHOV��

· � 7KH�DVVXP SWLRQV�LQFRUSRUDWHG�LQWR�WKH�P RGHO�QHHG�WR�EH�FOHDUO\ �GHILQHG�DQG�
H[ SUHVVHG�ZLWK�RXWSXW�UHVXOWV��

· � 7KH�P RGHO�VKRXOG�QRW�EH�RSHUDWHG�RXWVLGH�LWV�OLP LWDWLRQ��L�H���WRR�IDU�EH\ RQG�
FDOLEUDWLRQ�GDWD��

· � 7KH�RXWSXW�LQIRUP DWLRQ�ZLOO�QHHG�WR�VXLW�LWV�SXUSRVH��0 RGHOV�FDQ�EH�ERWK�GHFLVLRQ�
VXSSRUW�WRROV�DQG�P DQDJHP HQW�WRROV��5 HVXOW�WR�EH�XVHG�ZLWK�FRP P XQLWLHV�DV�SDUW�RI�D�
GHFLVLRQ�SURFHVV�ZLOO�QHHG�WR�EH�SUHVHQWHG�WR�VXLW�WKH�DXGLHQFH��DQG�VXSSRUWHG�ZLWK�
LQIRUP DWLRQ�DERXW�KRZ�WKH�P RGHO�ZRUNV�DQG�ZK\ ��

· � 9DOLGDWLQJ�UHVXOWV�DQG�SURYLGLQJ�LQIRUP DWLRQ�RQ�WKH�OHYHO�RI�XQFHUWDLQW\ �ZLWKLQ�WKH�
P RGHO�QHHG�WR�EH�XQGHUWDNHQ�DQG�FOHDUO\ �VKRZQ�RU�FRP P XQLFDWHG�ZKHQ�XVLQJ�WKH�
UHVXOWV��

�
�
�
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� �� �5 2 7$ 1 �
�
1 DP H� 0 DLQ�1 =�

' HYHORSHU�
6SDWLDO�VFDOH� 7HP SRUDO�

VFDOH�
&RQWDP LQDQW� =RQH�RI�

SUHGLFWLRQ�
7\ SH�

5 2 7$1 �
�

1 ,: $ � &DWFKP HQW� ' DLO\ � 1 XWULHQWV� 6XUIDFH�
ZDWHU�DQG�
JURXQGZDWHU�

6HP L�
P HFKDQLVWLF�

6WUHQJWKV��
� � ,V�G\ QDP LF�DQG�WLP H�VWHS�DEOH�WR�

EH�DOWHUHG�
�� ,QFOXGHV�JURXQGZDWHU�
�� $FFRXQWV�IRU�WLP H�ODJV�LQ�H[ SRUWV�RI�

QXWULHQWV�
�� $EOH�WR�DFFRXQW�IRU�ERWK�WHP SRUDO�

DQG�VSDWLDO�FKDQJHV�LQ�ODQG�XVH�
�� ,V�EDVHG�LQ�$UF* ,6 �
� � &RGH�UHDGLO\ �DFFHVVLEOH�
�

/ LP LWDWLRQV��
� � 5 HTXLUHV�D�5 2 7$1 �³H[ SHUẂ�

WR�VHW�WKH�P RGHO�XS�FRUUHFWO\ �
DQG�UXQ�LW��

�

' DWD�5 HTXLUHP HQWV��
� � 5 DLQIDOO��
� � / DQG�XVH��
� � 6RLO�W\ SHV�
�� 3RLQW�VRXUFHV��VSDWLDO�

LQIRUP DWLRQ�DQG�DP RXQW�
RI�QXWULHQW�H[ SRUW�IURP �
HDFK�

�

�
5 2 7$1 � �5 2 WRUXD� DQG� 7$XSR� 1 LWURJHQ� P RGHO�� FDWFKP HQW� VFDOH� P RGHO� LV� D� GDLO\ � WLP H�
VWHS�� FRQFHSWXDO� UDLQIDOO�UXQRII�JURXQGZDWHU� P RGHO�� 7KH� P RGHO� UXQV� ZLWKLQ� $UF* ,6 � XVLQJ�
0 LFURVRIW� $FFHVVŠ� GDWDEDVHV� �5 XWKHUIRUG�� HW� DO�� � � � � �� 5 XFLQVNL� HW� DO�� � � � � � � ,Q� 5 2 7$1 �
WKHUH� LV� D� VLQJOH� ODQG� XVH� OD\ HU� FRP SULVLQJ� D� QXP EHU� RI� IXQFWLRQDO� XQLWV� � ) 8 � � Z KLFK� LV�
XQGHUODLQ�E\ �� � � �DTXLIHU�OD\ HUV�� ) LJXUH�� � ��) 8 V�DUH�GHILQHG�E\ �LQWHUVHFWLQJ�* ,6 �OD\ HUV�RI�
VXUIDFH�FDWFKP HQW�ERXQGDULHV��YHJHWDWLRQ�FRYHU��ODQG�XVH��VRLO�GUDLQDJH�DQG�UDLQIDOO��
�
: DWHU�EDODQFH�FDOFXODWLRQV�DUH�SHUIRUP HG�RQ�HDFK�) 8 �DQG�WKH�UHVXOWV�FRP ELQHG�WR�HVWLP DWH�
VWUHDP �IORZV�DQG�GUDLQDJH�UDWHV�LQWR�DQ\ �XQGHUO\ LQJ�DTXLIHUV��( DFK�) 8 �KDV�D�FKDUDFWHULVWLF�
VHW�RI�FRHIILFLHQWV�WKDW�TXDQWLI\ �LQWHUFHSWLRQ��LQILOWUDWLRQ��GUDLQDJH��DQG�HYDSRWUDQVSLUDWLRQ��) 8 �
FRHIILFLHQWV�GR�QRW�YDU\ �RYHU�WLP H�EXW�ODQG�XVH�FKDQJHV�DUH�VLP XODWHG�E\ �DOORZLQJ�WKH�VSDWLDO�
GLVWULEXWLRQ�RI�) 8 V�WR�FKDQJH��
�
: LWKLQ�HDFK�) 8 �WKHUH�DUH�� �VXE�OD\ HUV��) LJXUH�� ���7KH�WRS�� �VXE�OD\ HUV�HQFRP SDVV�WKH�URRW�
] RQH�LQ�ZKLFK�DUH�VLP XODWHG�LQWHUFHSWLRQ��LQILOWUDWLRQ��HYDSRWUDQVSLUDWLRQ�DQG�GUDLQDJH��
6XUIDFH�UXQRII�LV�VLP XODWHG�E\ �LQILOWUDWLRQ�H[ FHVV�DQG�VDWXUDWLRQ�H[ FHVV�UXQRII�GXULQJ�
KHDY\ �UDLQ��7KH�ERWWRP �� �VXE�OD\ HUV�DUH�FRQFHSWXDO�UHVHUYRLUV�WKDW�UHSUHVHQW�TXLFN�IORZ�
�YL] ���VKDOORZ�VXE�VXUIDFH�IORZ�WR�VWUHDP V�ZLWK�D�WLP H�VFDOH�RI�GD\ V��DQG�VORZ�IORZ��YL] ���
VXE�VXUIDFH�IORZ�WR�VWUHDP V�ZLWK�D�WLP H�VFDOH�RI�ZHHNV�P RQWKV��5 XWKHUIRUG�HW�DO��� � � � � ��
�
( DFK�) 8 �LV�DVVLJQHG�D�QLWURJHQ�H[ SRUW�UDWH�HVWLP DWHG�XVLQJ�2 YHUVHHUŠ��1 LWURJHQ�FDQ�EH�
H[ SRUWHG�IURP �HDFK�RI�WKH�� �VXE�OD\ HUV��7KH�UDWH�RI�UHOHDVH�RI�QLWURJHQ��HYDSRWUDQVSLUDWLRQ�
�VXE�OD\ HU�� �RQO\ � ��GUDLQDJH�DQG�UXQRII�GHWHUP LQHV�WKH�QLWURJHQ�FRQFHQWUDWLRQ�LQ�ZDWHU�
H[ SRUWHG�IURP �HDFK�VXE�OD\ HU��%\ �VXE�GLYLGLQJ�WKH�WRWDO�QLWURJHQ�H[ SRUW�EHWZHHQ�VXE�
OD\ HUV��WKH�P RGHO�VLP XODWHV�GLIIHUHQW�SDWKZD\ V�WR�WKH�ODNH�DQG�GLIIHUHQW�GHOLYHU\ �WLP HV��
7KHUHIRUH�QLWURJHQ�JHQHUDWHG�LQ�VXE�OD\ HU�� �� ) LJXUH�� � �UHDFKHV�WKH�VWUHDP �DQG�KHQFH�WKH�
UHFHLYLQJ�ZDWHU�ERG\ ��H�J���ODNH��VRRQ�DIWHU�LW�LV�JHQHUDWHG�YLD�TXLFNIORZ�IROORZLQJ�UDLQIDOO��
ZKHUHDV�QLWURJHQ�JHQHUDWHG�LQ�VXE�OD\ HUV�WKDW�GUDLQ�WR�JURXQGZDWHU�UHDFKHV�WKH�UHFHLYLQJ�
ZDWHU�ERG\ �\ HDUV�GHFDGHV�DIWHU�LW�LV�JHQHUDWHG��1 RWH�WKDW�WKLV�H[ HUFLVH�FRXOG�DOVR�EH�GRQH�
IRU�SKRVSKRUXV�LI�UHTXLUHG��
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�

) LJXUH�� � �5 2 7$1 �FRQFHSWXDO�P RGHO�WKDW�RSHUDWHV�LQ�HDFK�) XQFWLRQDO�8 QLW��) 8 ��DQG�
FRQQHFWLRQV�EHWZHHQ�) 8 V��$TXLIHUV��$4 V���DQG�6SULQJV��63V���VRXUFH��5 XWKHUIRUG�
HW��DO��� � � � � ��

�
7KH�DSSOLFDWLRQ�RI�WKH�5 2 7$1 �P RGHO�WR�WKH�/ DNH�5 RWRUXD�FDWFKP HQW�KDV�EH�VXSSRUWHG�E\ �
JURXQGZDWHU�UHVHDUFK�DQG�P RGHOOLQJ�XQGHUWDNHQ�E\ �WKH�,QVWLWXWH�RI�* HRORJLFDO�DQG�1 XFOHDU�
6FLHQFHV� �* 1 6 ��� * 1 6 � KDYH� DSSOLHG� WKH� ) ( 0 : $7( 5 � P RGHO� WR� WKH� / DNH� 5 RWRUXD�
&DWFKP HQW��6HH�VHFWLRQ�� �� � ��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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� �� �$ TXLIHU6LP �
�
1 DP H� 0 DLQ�1 =�

' HYHORSHU�
6SDWLDO�VFDOH� 7HP SRUDO�

VFDOH�
&RQWDP LQDQW� =RQH�RI�

SUHGLFWLRQ�
7\ SH�

$TXLIHU6LP �
�

,5 $3��
9LQFH�
%LGZHOO��
/ LQFROQ�
9HQWXUHV�
/ WG��
/ LQGD�
/ LOEXUQH��
/ DQGFDUH�
5 HVHDUFK�

&DWFKP HQW��
UHJLRQDO�

6WHDG\ �
VWDWH��
VLP XODWHV�
JURXQGZDWHU�
DJH�	 �WLP H�
ODJ�

$Q\ �
FRQVHUYDWLYH�
VROXWH��ILUVW�
RUGHU�GHFD\ �
�GHQLWULILFDWLRQ��

* URXQGZDWHU�
�GHSWK�
YDULDWLRQ���
JURXQGZDWHU�
GLVFKDUJH�WR�
VXUIDFH�
ZDWHUV�

3URFHVV�
EDVHG��
KHWHURJHQHRXV�
DTXLIHUV�

6WUHQJWKV��
� ����&DWFKP HQWV�XS�WR�� � �� � � �NP � �

DW�� �KD�ODQG�VXUIDFH�UHVROXWLRQ��
� � ) DVW�P RGHO�UXQ�WLP H�IRU�

VFHQDULR�DQG�XQFHUWDLQW\ �
VWXGLHV�

�� 8 VHU�LQWHUIDFH�DQG�YLVXDO�
RXWSXWV�

����2 XWSXWV�DQG�LQSXWV�FDQ�EH�
FXVWRP LVHG�LQ�$UF* ,6 �

�

/ LP LWDWLRQV��
� � &XUUHQWO\ �OLQNHG�WR�$UF* ,6 ���
� � QRW�D�WUDQVLHQW�P RGHO�
�

' DWD�5 HTXLUHP HQWV��
� � 0 HDQ�DQQXDO�QLWUDWH�

GLVFKDUJH�YDOXHV�IRU�
GHVLUHG�ODQG�XVHV��

� � / DQG�XVH�DQG�VRLO�OD\ HUV�
�� + \ GURORJLFDO�NQRZOHGJH�

DERXW�DTXLIHU�ERXQGDU\ �
FRQGLWLRQV��* URXQGZDWHU�
UHFKDUJH�GLVFKDUJH�
TXDQWLWLHV�DQG�ORFDWLRQ�

�� $TXLIHU�SURSHUWLHV��QLFH�WR�
KDYH�EXW�QRW�HVVHQWLDO��

�
$TXLIHU6LP �� LV� D� UHJLRQDO�VFDOH� P RGHO� RI� QLWUDWH� WUDQVSRUW� LQ� JURXQGZDWHU� DQG� LV� SDUW� RI� WKH�
UHVHDUFK� SURJUDP P H� ,QWHJUDWHG� 5 HVHDUFK� IRU� $TXLIHU� 3URWHFWLRQ� �,5 $3� � �� ZKRVH� P HP EHUV�
DUH� / LQFROQ� 9HQWXUHV� / WG�� / DQGFDUH� 5 HVHDUFK�� ( QYLURQP HQW� &DQWHUEXU\ �� 3ODQW� 	 � ) RRG��
$J5 HVHDUFK��' H[ FHO���( 65 �DQG�$TXDOLQF���
�
7KH� P RGHO� SUHGLFWV� WKH� ORQJ�WHUP � HIIHFWV� RI� DJULFXOWXUDO� ODQG� XVH� RQ� JURXQGZDWHU� TXDOLW\ � LQ�
WKH� XQGHUO\ LQJ� DTXLIHUV� DQG� JURXQGZDWHU� GLVFKDUJH� WR� VXUIDFH� ZDWHUV�� 7KH� DLP � LV� WR� KHOS�
LQIRUP �GHFLVLRQV�DERXW�WKH�IXWXUH�RI�ODQG�XVH�DQG�ZDWHU�UHVRXUFH�SODQQLQJ�DW�D�QDWLRQDO�OHYHO��
��
$TXLIHU6LP � ZRUNV� LQ� WDQGHP � ZLWK� DQRWKHU� P RGHO� XQGHU� GHYHORSP HQW� E\ � / LQFROQ� 9HQWXUHV��
FDOOHG�) DUP 6LP ��VHH�$SSHQGL[ �� � ��ZKLFK�SUHGLFWV�WKH�HIIHFW�RI�GLIIHUHQW�DJULFXOWXUDO�ODQG�XVHV�
DW�WKH�URRW�] RQH�OHYHO��ZKLOH�$TXLIHU6LP �ORRNV�DW�WKH�FXP XODWLYH�HIIHFW�RQ�WKH�JURXQGZDWHU�DV�
D�ZKROH��) LJXUH�� � ��7KH�URRW�] RQH�QLWUDWH�FRQFHQWUDWLRQ�DQG�UHFKDUJH�LQIRUP DWLRQ�FDQ�DOVR�EH�
VXSSOLHG�E\ �RWKHU�P RGHOV�H�J���2 YHUVHHU��6SDVP R��
�

�
) LJXUH�� � �0 RGHO�FRP ELQDWLRQ�IRU�$TXLIHU6LP ��DIWHU�/ LOEXUQH�HW��DO���� � � � � �

�������������������������������������������������
� �KWWS���ZZZ�LUDS�RUJ�Q] �LQGH[ �SKS�
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�
�
$TXLIHU6LP �LV�LQWHQGHG�WR�DVVLVW�DQVZHU�WZR�P DLQ�TXHVWLRQV���
� ��: KDW�LV�WKH�ORQJ�WHUP �HIIHFW�RI�D�ODQG�XVH�FKDQJH��VXFK�DV�D�FRQYHUVLRQ�IURP �VKHHS�WR�
GDLU\ ��RQ�JURXQGZDWHU�LQ�YDULRXV�SDUWV�RI�D�V\ VWHP " ��
� ��+RZ�ORQJ�ZLOO�LW�WDNH�WR�DFKLHYH�WKLV�ORQJ�WHUP �HIIHFW" ��
��
3UHGLFWLRQ�RI�WKH�� ' �SDWWHUQ�RI�QLWUDWH�FRQFHQWUDWLRQ�LQ�JURXQGZDWHU�UHTXLUHV�WKH�* ,6 �QLWUDWH�
GLVFKDUJH�P DS�LQ�FRQMXQFWLRQ�ZLWK�NQRZOHGJH�RI�ULYHU�UHFKDUJH��VXUIDFH�ZDWHU�GLVFKDUJH��DQG�
DTXLIHU�SURSHUWLHV�SURYLGHG�E\ �WKH�JURXQGZDWHU�IORZ�P RGHO���7KHVH�DUH�FRP ELQHG�LQ�D�QLWUDWH�
WUDQVSRUW�P RGHO�³$TXLIHU6LP ´�WKDW�KDV�EHHQ�GHYHORSHG�VSHFLILFDOO\ �IRU�UDSLG�FRP SXWDWLRQ�RI�
WKH�ORQJ�WHUP �SDWWHUQ�RI�JURXQGZDWHU�QLWUDWH�FRQFHQWUDWLRQ�IRU�D�VSHFLILHG�SDWWHUQ�RI�ODQG�XVH���
7KH�FXUUHQW�VWDWXV�RI�WKH�P RGHO�LV�WKDW�LW�FDQ�SUHGLFW�WKH�VSDWLDO�SDWWHUQ�RI�JURXQGZDWHU�QLWUDWH�
FRQFHQWUDWLRQ�DW�VSHFLILHG�GHSWKV��YHUWLFDO�YLHZV�VLP LODU�WR�) LJXUH�� ��%LGZHOO�DQG�* RRG��� � � � � ��
DQG�QLWUDWH�ORDGV�WR�JURXQGZDWHU�IHG�VSULQJV���
�
�

� �� �&/ 8 ( 6 �
�
1 DP H� 0 DLQ�1 =�' HYHORSHU� 6SDWLDO�VFDOH� 7HP SRUDO�

VFDOH�
&RQWDP LQDQW� =RQH�RI�

SUHGLFWLRQ�
7\ SH�

&/ 8 ( 6�
�

0 $) ��1 ,: $ ��
$J5 HVHDUFK��+ DUULV�
&RQVXOWLQJ��
/ DQGFDUH�
5 HVHDUFK��3ODQW�
DQG�) RRG�

&DWFKP HQW��
QDWLRQDO�

0 HDQ�
DQQXDO�

1 XWULHQWV��
( ��&ROL��
VHGLP HQW�

6XUIDFH�
ZDWHU�

( P SLULFDO�

6WUHQJWKV��
� ���9LVXDO�RXWSXWV�
����8 VHU�LQWHUIDFH�
����1 DWLRQDO�GDWDVHWV�SURYLGHG�
����0 RGHO�FDOLEUDWHG�WR�QDWLRQDO�GDWD�
����$OORZV�VFHQDULRV�WR�EH�LQYHVWLJDWHG�
����2 XWSXWV�DQG�LQSXWV�FDQ�EH�

FXVWRP LVHG�LQ�$UF* ,6 �
� ���5 XQV�TXLFNO\ �
� ���0 RGHOV�ERWK�1 �DQG�3�
�

/ LP LWDWLRQV��
� ��' RHV�QRW�DFFRXQW�IRU�WLP H�

ODJV�LQ�FDWFKP HQW�UHVSRQVH�
WR�ODQG�XVH�FKDQJH�

���6SDWLDO�UHVROXWLRQ�OLP LWHG�WR�
VXEFDWFKP HQWV��W\ SLFDOO\ �� �� �
NP � � �ZLWK�SURSRUWLRQV�RI�ODQG�
XVH�ZLWKLQ�VXEFDWKP HQWV�

��) L[ HG�VRLOV��ODQG�XVH�W\ SHV��
VRLOV��

� � &XUUHQWO\ �OLQNHG�WR�$UF* ,6�
�
�

' DWD�5 HTXLUHP HQWV��
� �����1 DWLRQDO�GDWDVHWV�DUH�

SURYLGHG�ZLWK�WKH�
SURJUDP P H��LQFOXGLQJ��

� �����&XUUHQW�ODQG�XVH��XVHU�
FDQ�HQWHU�WKHLU�RZQ��

� �����6WUHDP �QHWZRUN�
������&OLP DWH���$QQXDO�

UDLQIDOO�
������6ORSH�
������6RLO�RUGHU�DQG�GUDLQDJH�

FODVV�
������3RLQW�VRXUFHV�DQG�

ODNHV�
������0 HDQ�DQQXDO�IORZ�UDWH�
������( URVLRQ�WHUUDLQV�

&/ 8 ( 6��&DWFKP HQW�/ DQG�8 VH�IRU�( QYLURQP HQWDO�6XVWDLQDELOLW\ ��LV�D�FDWFKP HQW�RU�
UHJLRQDOO\ �P RGHO�IUDP HZRUN�IRU�QLWURJHQ�SKRVSKRUXV��( ��FROL��DQG�VHGLP HQW�ORDGV�LQ�
DQ\ �VWUHDP V�QDWLRQDOO\ �XQGHU�GLIIHUHQW�ODQG�XVH�VFHQDULRV��/ LQNV�WR�VRFLR�HFRQRP LF�
P RGHOV�P HDQ�WKDW�WKH�HIIHFWV�RI�D�FKDQJH�LQ�ODQG�XVH��VD\ �IURP �JUD] LQJ�OLYHVWRFN�WR�
YLWLFXOWXUH��RQ�ORFDO�FRP P XQLWLHV�FDQ�DOVR�EH�SUHGLFWHG��5 HFHQWO\ ��SUHGLFWLRQV�IRU�
QXWULHQW�FRQFHQWUDWLRQV�KDYH�DOVR�EHHQ�LQFRUSRUDWHG�LQWR�WKH�P RGHO��
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�

$FFXP XODWLRQ�DQG�ORVVHV�LQ�WKH�VWUHDP �QHWZRUN

( FRQRP LFV�DQG�HP SOR\ P HQW

&RQWDP LQDQW�VRXUFHV

&/ 8 ( 6 �P RGHO�VXLWH
� SDVWXUH�1 �DQG�32 9( 5 6( ( 5 Š

� KRUWLFXOWXUH�DQG�FURSV�163$60 2

� P LFUREHV��VHGLP HQW��1 �DQG�3�
IURP �RWKHU�VRXUFHV

� FRQWDP LQDQW�WUDQVSRUW

63$5 5 2 : �

� QLWURJHQ�OHDFKLQJ�ULVN( Q6XV

� WULSOH�ERWWRP �OLQH�HIIHFWV+$5 5 ,6

/ DQG�XVH�FKDQJH�VFHQDULRV

&KRLFH�RI�UHVXOW�GLVSOD\

&KRLFH�RI�ULYHU�UHDFKHV

&/ 8 ( 6 �XVHU�LQWHUIDFH

&OLP DWH

&DWFKP HQW�DQG�GUDLQDJH�QHWZRUN

&XUUHQW�ODQG�XVH

&/ 8 ( 6 �GDWDEDVH

6RLOV

&RP SRQHQW�0 RGHOV

$FFXP XODWLRQ�DQG�ORVVHV�LQ�WKH�VWUHDP �QHWZRUN

( FRQRP LFV�DQG�HP SOR\ P HQW

&RQWDP LQDQW�VRXUFHV

&/ 8 ( 6 �P RGHO�VXLWH
� SDVWXUH�1 �DQG�32 9( 5 6( ( 5 Š � SDVWXUH�1 �DQG�32 9( 5 6( ( 5 Š

� KRUWLFXOWXUH�DQG�FURSV�163$60 2 � KRUWLFXOWXUH�DQG�FURSV�163$60 2

� P LFUREHV��VHGLP HQW��1 �DQG�3�
IURP �RWKHU�VRXUFHV

� FRQWDP LQDQW�WUDQVSRUW

63$5 5 2 : � � P LFUREHV��VHGLP HQW��1 �DQG�3�
IURP �RWKHU�VRXUFHV

� FRQWDP LQDQW�WUDQVSRUW

63$5 5 2 : �

� QLWURJHQ�OHDFKLQJ�ULVN( Q6XV � QLWURJHQ�OHDFKLQJ�ULVN( Q6XV

� WULSOH�ERWWRP �OLQH�HIIHFWV+$5 5 ,6 � WULSOH�ERWWRP �OLQH�HIIHFWV+$5 5 ,6

/ DQG�XVH�FKDQJH�VFHQDULRV

&KRLFH�RI�UHVXOW�GLVSOD\

&KRLFH�RI�ULYHU�UHDFKHV

&/ 8 ( 6 �XVHU�LQWHUIDFH

&OLP DWH

&DWFKP HQW�DQG�GUDLQDJH�QHWZRUN

&XUUHQW�ODQG�XVH

&/ 8 ( 6 �GDWDEDVH

6RLOV

&OLP DWH

&DWFKP HQW�DQG�GUDLQDJH�QHWZRUN

&XUUHQW�ODQG�XVH

&/ 8 ( 6 �GDWDEDVH

6RLOV

&RP SRQHQW�0 RGHOV �
�

) LJXUH�� � �&/ 8 ( 6�P RGHO�IUDP HZRUN��6HP DGHQL�' DYLHV�HW�DO��� � � � � �

&/ 8 ( 6�OLQNV�VHYHUDO�FRP SRQHQW�P RGHOV�WRJHWKHU�DQG�SURYLGHV�D�IOH[ LEOH�XVHU�
LQWHUIDFH��

7KH�&/ 8 ( 6�SURMHFW�LQFOXGHG�WKH�GHYHORSP HQW�RI�D�VSDWLDO�GDWDEDVH�RI�ODQG�XVH��
VRLOV��FOLP DWH��VWUHDP �QHWZRUN�DQG�ODNHV��DQG�OLQNLQJ�WR�WKLV�WR�FRP SRQHQW�P RGHOV�IRU�
SUHGLFWLRQ�RI�FRQWDP LQDQW�VRXUFHV��/ DQG�XVH�W\ SHV�ZKLFK�FDQ�EH�DQDO\ VHG�LQFOXGH�
DUDEOH��KRUWLFXOWXUH��IRUHVWU\ ��DQG�VHYHUDO�SDVWRUDO�IDUP LQJ�YDULDWLRQV��

,QIRUP DWLRQ�RQ�&/ 8 ( 6 ��WKH�XVHU�P DQXDO��DQG�OLQNV�WR�GRZQORDG�VLWHV�DUH�DYDLODEOH�DW�
KWWS���ZZZ�P DI�JRYW�Q] �P DIQHW�UXUDO�Q] �VXVWDLQDEOH�UHVRXUFH�XVH�FOXHV��

63$5 5 2 : ��63$WLDOO\ �5 HIHUHQFHG�5 HJUHVVLRQV�2 Q�: DWHUVKHG�DWWULEXWHV��LV�D�ZDWHUVKHG�
P RGHOOLQJ�WHFKQLTXH�GHYHORSHG�E\ �8 6* 6�VFLHQWLVW��63$5 5 2 : �LV�XVHG�DV�D�VXE�P RGHO�ZLWKLQ�
&/ 8 ( 6 ��KRZHYHU�LW�KDV�EHHQ�XVHG�RQ�D�QDWLRQDO�VFDOH�LQ�1 HZ�=HDODQG�WR�SUHGLFW�QXWULHQW�
WUDQVSRUW��( OOLRW�HW��DO���� � � � � ��7KH�FRUH�RI�WKH�P RGHO�FRQVLVWV�RI�D�QRQOLQHDU�UHJUHVVLRQ�
HTXDWLRQ�GHVFULELQJ�WKH�QRQ�FRQVHUYDWLYH�WUDQVSRUW�RI�FRQWDP LQDQWV�IURP �SRLQW�DQG�QRQ�SRLQW�
�RU�³GLIIXVH́ ��VRXUFHV�RQ�ODQG�WR�ULYHUV�DQG�WKURXJK�WKH�VWUHDP �DQG�ULYHU�QHWZRUN��

7KH�P RGHO�HVWLP DWHV�FRQWDP LQDQW�FRQFHQWUDWLRQV��IOX[ HV��RU�³P DVV�´�ZKLFK�LV�WKH�SURGXFW�RI�
FRQFHQWUDWLRQ�DQG�VWUHDP IORZ���DQG�\ LHOGV�LQ�VWUHDP V��P DVV�RI�QXWULHQWV�HQWHULQJ�D�VWUHDP �
SHU�DFUH�RI�ODQG���DQG�HYDOXDWHV�WKH�FRQWULEXWLRQV�RI�VHOHFWHG�FRQWDP LQDQW�VRXUFHV�DQG�
ZDWHUVKHG�SURSHUWLHV�WKDW�FRQWURO�WUDQVSRUW�WKURXJKRXW�ODUJH�ULYHU�QHWZRUNV��,W�HP SLULFDOO\ �
HVWLP DWHV�WKH�RULJLQ�DQG�IDWH�RI�FRQWDP LQDQWV�LQ�VWUHDP V�DQG�UHFHLYLQJ�ERGLHV��DQG�TXDQWLILHV�
XQFHUWDLQWLHV�LQ�WKHVH�HVWLP DWHV�EDVHG�RQ�FRHIILFLHQW�HUURU�DQG�XQH[ SODLQHG�YDULDELOLW\ �LQ�WKH�
REVHUYHG�GDWD���

) RU�P RUH�LQIRUP DWLRQ�RQ�63$5 5 2 : ��
KWWS���ZDWHU�XVJV�JRY�QDZTD�VSDUURZ�) $4 V�IDT�KWP O� � � ��

�
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� �� �2 WKHU�0 RGHOV�

0 2 ' ) / 2 : �
0 2 ' ) / 2 : �LV�WKH�8 �6 ��* HRORJLFDO�6XUYH\ �P RGXODU�ILQLWH�GLIIHUHQFH�IORZ�P RGHO��0 2 ' ) / 2 : �
LV�D�WKUHH�GLP HQVLRQDO�ILQLWH�GLIIHUHQFH�JURXQG�ZDWHU�P RGHO�WKDW�ZDV�ILUVW�SXEOLVKHG�LQ�� � � � ���
,W�KDV�D�P RGXODU�VWUXFWXUH�WKDW�DOORZV�LW�WR�EH�HDVLO\ �P RGLILHG�WR�DGDSW�WKH�FRGH�IRU�D�SDUWLFXODU�
DSSOLFDWLRQ���0 DQ\ �QHZ�FDSDELOLWLHV�KDYH�EHHQ�DGGHG�WR�WKH�RULJLQDO�P RGHO����
�
0 2 ' ) / 2 : � � � � � �VLP XODWHV�VWHDG\ �DQG�QRQ�VWHDG\ �IORZ�LQ�DQ�LUUHJXODUO\ �VKDSHG�IORZ�V\ VWHP �
LQ�ZKLFK�DTXLIHU�OD\ HUV�FDQ�EH�FRQILQHG��XQFRQILQHG��RU�D�FRP ELQDWLRQ�RI�FRQILQHG�DQG�
XQFRQILQHG���) ORZ�IURP �H[ WHUQDO�VWUHVVHV��VXFK�DV�IORZ�WR�ZHOOV��DUHDO�UHFKDUJH��
HYDSRWUDQVSLUDWLRQ��IORZ�WR�GUDLQV��DQG�IORZ�WKURXJK�ULYHU�EHGV��FDQ�EH�VLP XODWHG����
�
,Q�DGGLWLRQ�WR�VLP XODWLQJ�JURXQG�ZDWHU�IORZ��WKH�VFRSH�RI�0 2 ' ) / 2 : � � � � � �KDV�EHHQ�
H[ SDQGHG�WR�LQFRUSRUDWH�UHODWHG�FDSDELOLWLHV�VXFK�DV�VROXWH�WUDQVSRUW�DQG�JURXQG�ZDWHU�
P DQDJHP HQW���
�
) RU�P RUH�LQIRUP DWLRQ�RQ�0 2 ' ) / 2 : ��
KWWS���ZDWHU�XVJV�JRY�QUS�JZVRIWZDUH�P RGIORZ� � � � �P RGIORZ� � � � �KWP O��
�

) ( 0 : $ 7( 5 �
) ( 0 : $7( 5 �LV�D�WKUHH�GLP HQVLRQDO�ILQLWH�HOHP HQW�JURXQG�ZDWHU�P RGHO���,W�FDQ�EH�XVHG�WR��
VLP XODWH��IORZ��DQG��WUDQVSRUW��LQ��ERWK��WKH��VDWXUDWHG��DQG��WKH��XQVDWXUDWHG��] RQH���
) XUWKHUP RUH���WKH��IORZ��DQG��WUDQVSRUW��FDQ��EH��FRXSOHG��WR��VLP XODWH��GHQVLW\ ��GHSHQGHQW�
SUREOHP V�VXFK�DV�VDOLQLW\ �LQWUXVLRQ����) ( 0 : $7( 5 �LV�D�P RGHUQ�LP SOHP HQWDWLRQ�RI�WKH�WZR�
ROGHU�P RGHOV��� ' ) ( 0 : $7( 5 ��IORZ��DQG�� ' / ( : $67( ��WUDQVSRUW�����
�
) ( 0 : $7( 5 �KDV�EHHQ�XVHG�E\ �* 1 6�LQ�WKH�/ DNH�5 RWRUXD�FDWFKP HQW�WR�VXSSRUW�WKH�
GHYHORSP HQW�RI�5 2 7$1 ��5 XWKHUIRUG�HW��DO���� � � � � ��
�
�
) RU�P RUH�LQIRUP DWLRQ�RQ�) ( 0 : $7( 5 ���IWS�JWN�IL�P LUURUV�JP V�JP V�JP V� �� �GRFV�IHP ZUHI�SGI��
�
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� ��,P SURYLQJ�WKH�8 SWDNH�DQG�8 VH�RI�0 RGHOOLQJ�7RROV�
�
' XULQJ�WKH�ZRUNVKRS�D�QXP EHU�RI�EDUULHUV�ZHUH�LGHQWLILHG�WKDW�SDUWLFLSDQWV�WKRXJKW�
KDG�DIIHFWHG�WKH�XSWDNH�DQG�XVH�RI�FDWFKP HQW�VFDOH�QXWULHQW�P RGHOV��$�QXP EHU�RI�
DFWLRQV�ZHUH�LGHQWLILHG�E\ �ZRUNVKRS�SDUWLFLSDQWV�WR�LP SURYH�IXWXUH�XSWDNH�RI�FDWFKP HQW�
QXWULHQW�P RGHOV�DQG�IRU�LP SURYLQJ�WKHLU�RXWFRP HV���7KH�EDUULHUV�DQG�UHFRP P HQGDWLRQV�KDYH�
EHHQ�JURXSHG�LQWR�IRXU�P DLQ�WKHP HV��

· � &HQWUDO�P RGHO�OLEUDU\ �RI�UHVRXUFH�P DWHULDO�
· � ,P SURYHG�GDWD�VHWV�
· � 3URGXFWLYH�FROODERUDWLRQ�
· � ( GXFDWLRQ�RQ�0 RGHOV�
· � ,QWHOOHFWXDO�3URSHUW\ �

�
6HFWLRQ�� �� �� �RXWOLQHV�DGGLWLRQDO�VXJJHVWLRQV�WKDW�ZHUH�FDSWXUHG�IURP �ZRUNVKRS�SDUWLFLSDQWV��
2 QO\ �WKH�SULRULW\ �VXJJHVWLRQV�XQGHU�WKH�P DLQ�RXWFRP H�DUHDV�KDYH�EHHQ�SUHVHQWHG����
�
7KH�ZRUN�EHLQJ�XQGHUWDNHQ�E\ �5 HJLRQDO�&RXQFLO�VWDII�ZKR�DWWHQGHG�WKLV�ZRUNVKRS�LV�VWURQJO\ �
DOLJQHG�ZLWK�WKH�UHVHDUFK�VWUDWHJ\ �WKDW�KDV�EHHQ�GHYHORSHG�E\ �5 HJLRQDO�&RXQFLOV��5 &�±�
6$* ��� � � � � ��LQ�SDUWLFXODU��WKH�HQKDQFHP HQW�RI�VFLHQFH�GHOLYHU\ �DQG�IDFLOLWDWLQJ�WKH�XSWDNH�RI�
VFLHQFH��
�
5 HFRP P HQGDWLRQV��

� �� 7KLV�ZRUNVKRS�UHSRUW�DQG�VSHFLILFDOO\ �LWV�UHFRP P HQGDWLRQV��DUH�SUHVHQWHG�WR�WKH�
5 HJLRQDO�&RXQFLOV�5 HVRXUFH�0 DQDJHUV�* URXS�DQG�6FLHQFH�$GYLVRU\ �* URXS���

� �� 7KDW�WKH�UHFRP P HQGDWLRQ�EHORZ�LQ�WKLV�UHSRUW�EH�SXW�IRUZDUG�IRU�LQFOXVLRQ�LQWR�WKH�
5 HVHDUFK�6WUDWHJ\ �±�$QQXDO�2 SHUDWLQJ�3ODQ�ZKHUH�DSSURSULDWH��

�
�
&DWFKP HQW�0 RGHO�/ LEUDU\ ���
( VWDEOLVKP HQW�RI�D�FHQWUDO�0 RGHO�/ LEUDU\ �ZLWK�D�UDQJH�RI�ZHE�EDVHG�UHVRXUFHV�ZDV�WKH�P RVW�
VWURQJO\ �VXSSRUWHG�VXJJHVWLRQ��7KLV�FRXOG�LQFOXGH�P RGHO�VRIWZDUH��GRFXP HQWDWLRQ��FDVH�
VWXGLHV��DQG�LQWHUDFWLYH�IRUXP ���
�
6XFK�D�OLEUDU\ �ZLOO�QHHG�D�FRRUGLQDWHG�HIIRUW�WR�EULQJ�WRJHWKHU�VXLWDEOH�P DWHULDO�IRU�WKH�ZLGH�
UDQJH�RI�SRWHQWLDO�OLEUDU\ �XVHUV��7KLV�UHSRUW�LV�D�VWDUWLQJ�SRLQW�IRU�D�EULHI�RYHUYLHZ�RI�P RGHOOLQJ�
DQG�P RGHO�DSSOLFDWLRQ�1 HZ�=HDODQG�ZKLFK�ZLOO�EH�XVHIXO�IRU�UDLVLQJ�WKH�DZDUHQHVV�DQG�
XQGHUVWDQGLQJ�RI�P RGHOOLQJ��7KHUH�ZDV�KRZHYHU��FRQVLGHUDEOH�LQWHUHVW�IURP �D�QXP EHU�RI�
ZRUNVKRS�SDUWLFLSDQWV�WR�KDYH�P RUH�GHWDLOHG�UHSRUWLQJ�RQ�SUREOHP �FRQFHSWXDOLVDWLRQ��P RGHO�
VHOHFWLRQ��P RGHO�FRP SDULVRQ�DQG�GHWDLOHG�FDVH�VWXGLHV���0 RVW�RI�WKH�P DWHULDO�SURGXFHG�E\ �
P RGHO�GHYHORSHU�LV�JHQHUDOO\ �LQ�WKH�IRUP �RI�FOLHQW�UHSRUWV��FRQIHUHQFH�RU�DFDGHP LF�SDSHUV��
ZKLFK�DUH�QRW�DOZD\ V�UHDGLO\ �XS�WDNHQ�E\ �&RXQFLO�VWDII��
�
7KH�NH\ �UHFRP P HQGDWLRQV�IRU�D�P RGHO�OLEUDU\ �DUH��

� �� 5 HTXHVW�WKURXJK�WKH�5 HVRXUFH�0 DQDJHU�* URXS��5 0 * ���WKDW�0 I( �HVWDEOLVK�DQG�
VXSSRUW�WKH�GHYHORSP HQW�RI�D�ZHE�EDVHG�OLEUDU\ �RI�P RGHOOLQJ�UHVRXUFHV��WKLV�VKRXOG�
EH�LQLWLDWHG�E\ �SURYLGLQJ�VXSSRUW�IRU�GHYHORSLQJ�D�EXVLQHVV�SODQ�ZKLFK�RXWOLQHV�KRZ�
VXFK�D�UHVRXUFH�UHSRVLWRU\ �ZLOO�EH�VWUXFWXUHG��GHYHORSHG��XVHG�DQG�XSGDWHG��

�
� �� 6HHN�IXUWKHU�IXQGLQJ�UHVRXUFHV��( QYLUROLQN��60 ) ��6) ) ��RU�5 HJLRQDO�FRQWULEXWLRQV��WR�

GHYHORS�WKH�IROORZLQJ�NH\ �UHVRXUFHV�ZKLFK�ZRXOG�EH�P RVW�XVHIXO�WR�LP SURYLQJ�P RGHO�
XSWDNH�DQG�FDQ�EHFRP H�SDUW�RI�D�OLEUDU\ �ZKHQ�HVWDEOLVKHG��

· � * XLGHOLQH�GRFXP HQW�RQ�SURMHFW�FRQFHSWXDOLVDWLRQ��P RGHO�VHOHFWLRQ�DQG�
FDOLEUDWLRQ��VLP LODU�WR�WKH�* URXQGZDWHU�0 RGHO�$XGLW�* XLGHOLQHV��3 ' 3 ��
� � � � � ��



�
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· � ' HWDLOHG�P RGHO�GHVFULSWLRQV�DQG�FRP SDULVRQV���LQFOXGLQJ�ZKDW�WKH\ �GR�DQG�
GR�QRW�GR��GDWD�LQSXW�DQG�RWKHU�RSHUDWLQJ�UHTXLUHP HQWV��DGYDQWDJHV��
DVVXP SWLRQ�XVHG��OLP LWDWLRQV��DQG�FRQWDFW�RUJDQLVDWLRQ�SHUVRQ��

· � &DVH�VWXGLHV�RI�P RGHO�XVH��LQFOXGLQJ�DSSOLFDWLRQ�WR�D�UDQJH�RI�VFHQDULRV�
DQG�H[ SODQDWLRQ�RI�P RGHO�VWUXFWXUH�DQG�VHQVLWLYLW\ �

�
� �� 6LJQDO�WR�) 5 67�WKDW�WKHUH�LV�D�JDS�EHWZHHQ�HQG�XVHU�H[ SHFWDWLRQV�IRU�UHVRXUFHV�RQ�

FDWFKP HQW�P RGHOOLQJ�DQG�WKH�RXWSXWV�IDYRXUHG�E\ �UHVHDUFKHUV��L�H��FOLHQW�UHSRUWV�DQG�
SDSHUV���$OVR�UHTXHVW�WKH�IXWXUH�HQG�XVHU�RXWSXWV�IURP �P RGHOOLQJ�UHVHDUFK�VKRXOG�DLP �
WR�DGG�YDOXH�WR�WKH�P RGHO�OLEUDU\ ���

�
�
' DWD�LP SURYHP HQWV�
$YDLODELOLW\ �DQG�DFFHVV�WR�UHTXLUHG�GDWD�VHWV�WR�UXQ�FDWFKP HQW�P RGHOV�FDQ�EH�D�VLJQLILFDQW�
OLP LWDWLRQ�WR�P RGHO�XVH��7KHUH�LV�DOVR�XQFHUWDLQW\ �DERXW�GDWD�UHTXLUHP HQWV�IRU�SDUWLFXODU�
P RGHOV��7KH�FXUUHQW�W\ SHV�DQG�TXDOLW\ �RI�GDWD�VHWV�ZHUH�VHHQ�DV�DQ�LP SHGLP HQW�WR�SURGXFWLYH�
XVH�RI�P DQ\ �P RGHOV��
�
7KH�NH\ �UHFRP P HQGDWLRQV�IRU�GDWD�LP SURYHP HQWV�DUH��

� �� $GYRFDWH��WKURXJK�5 0 * ��WR�FHQWUDO�JRYHUQP HQW�IRU�LP SURYHG�QDWLRQDO�GDWD�VHWV��
SDUWLFXODUO\ �ODQG�XVH�

� �� 7KURXJK�LP SOHP HQWDWLRQ�RI�UHFRP P HQGDWLRQ�� �� �,P SURYH�WKH�XQGHUVWDQGLQJ�RI�WKH�NH\ �
LQSXW�SDUDP HWHUV�DQG�GDWDVHWV�UHTXLUHG�IRU�VSHFLILF�P RGHOV��

�
�
0 RUH�&ROODERUDWLRQ�EHWZ HHQ�5 HJLRQDO�&RXQFLOV�DQG�Z LWK�&5 ,¶V�
7KHUH�LV�D�VWURQJ�GHP DQG�IURP �5 HJLRQDO�&RXQFLO�VWDII�WR�XQGHUVWDQG�DQG�XVH�FDWFKP HQW�
VFDOH�QXWULHQW�P RGHOV��$ �P RUH�VWUXFWXUHG�DSSURDFK�WR�FROODERUDWLRQ�ERWK�EHWZHHQ�UHJLRQDO�
FRXQFLOV�DQG�ZLWK�UHVHDUFKHUV�IURP �&5 ,¶V�ZDV�FRQVLGHUHG�E\ �ZRUNVKRS�SDUWLFLSDQWV�WR�EH�
KLJKO\ �EHQHILFLDO��L�H��LI�\ RX�GRQ¶W�NQRZ�ZKHUH�\ RX¶UH�JRLQJ��\ RX¶OO�QHYHU�JHW�WKHUH���$ �
VWUXFWXUHG�DSSURDFK�ZRXOG�LP SURYH�VKDUHG�OHDUQLQJ��EH�P RUH�UHVRXUFH�HIILFLHQW�DQG�FUHDWH�
P RUH�FRQVLVWHQW�DSSOLFDWLRQ�DQG�GHYHORSP HQW�RI�P RGHOV���
�
7KH�NH\ �UHFRP P HQGDWLRQV�IRU�LP SURYHG�FROODERUDWLRQ�DUH��

� �� ( VWDEOLVK�D�QHZ�5 HJLRQDO�&RXQFLO�VSHFLDO�LQWHUHVW�JURXS��6 ,* ��IRU�FDWFKP HQW�
P RGHOOLQJ��$ �XVHUV�JURXS�RI�µUHJLRQDO�FKDP SLRQV¶��3ODQQHUV�DQG�6FLHQWLVWV�DQG�
0 RGHOHUV��WDVNHG�ZLWK�LP SURYLQJ�FROODERUDWLRQ�DQG�P RGHOOLQJ�RXWFRP HV�

� �� 5 HTXHVW�WKDW�0 I( �WDNH�RQ�D�UROH�DV�D�QDWLRQDO�FKDP SLRQ�WR�LP SURYH�FROODERUDWLRQ�DQG�
HQG�XVHU�XSWDNH�IRU�FDWFKP HQW�P RGHOOLQJ���L�H���KRVWLQJ�DQQXDO�H[ FKDQJHV�RI�FXUUHQW�
SUDFWLFH��FR�FRRUGLQDWLQJ�ERG\ �IRU�XVH�SURWRFROV��JXLGHOLQHV��DQG�IXUWKHU�WRRO�
GHYHORSP HQW�SURJUDP ��ZLWK�) 5 67���

� � ��&DWFKP HQW�0 RGHOOLQJ�6,* �GHYHORSV�D�VWUXFWXUHG�SODQ�RI�VSHFLILF�DFWLRQV�IRU�LP SURYLQJ�
FROODERUDWLRQ�EHWZHHQ�UHJLRQDO�FRXQFLO�VWDII��DQG�ZLWK�UHVHDUFKHUV��7KLV�FRXOG�LQFOXGH��

· � : RUNVKRSV�RU�IRUXP �IRU�P RGHO�OHDUQLQJ�DQG�GHYHORSP HQW���
· � ,GHQWLI\ LQJ�FROODERUDWLYH�P RGHOOLQJ�SURMHFW�RSSRUWXQLWLHV�IRU�XVLQJ�DQG�

GHYHORSLQJ�P RGHOV��EDVHG�DURXQG�TXHVWLRQV�WKDW�DUH�ZLGHO\ �DSSOLFDEOH��
· � $GYRFDWLQJ�WKDW�( QYLUROLQN�IXQGLQJ�LV�DYDLODEOH�WR�IRU�VHFRQGP HQWV��VKRUW�

WHUP ��EHWZHHQ�UHJLRQDO�FRXQFLO�VWDII�VR�WKRVH�FRXQFLOV�ZLWK�H[ SHULHQFHV�
FDQ�VKDUH�ZLWK�WKRVH�WKDW�DUH�IROORZLQJ��

· � : RUNVKRSV�WKDW�EULGJH�WKH�JDS�EHWZHHQ�P RGHOOLQJ�DQG�5 HJLRQDO�&RXQFLO�
DSSURDFKHV�WR�QXWULHQW�P DQDJHP HQW�SROLF\ �

�
7KHVH�UHFRP P HQGDWLRQV�ZRXOG�VWURQJO\ �VXSSRUW�WKH�JRDOV�DQG�REMHFWLYHV�RI�WKH�UHVHDUFK�
VWUDWHJ\ ��5 &�±�6$* ��� � � � � �� ��* RDO�� ��7R�FDWDO\ VH�DQG�HQKDQFH�VFLHQFH�GHOLYHU\ ��* RDO�� ��7R�
IDFLOLWDWH�VFLHQFH�XSWDNH��
�
�



�

( QYLUROLQN��&DWFKP HQW�6FDOH�0 RGHOOLQJ�±�2 YHUYLHZ�DQG�: RUNVKRS�2 XWFRP HV�� � �

( GXFDWLRQ�RQ�0 RGHOV�DQG�WKHLU�$ SSOLFDWLRQ�
7KHUH�LV�D�SUHVVLQJ�QHHG�IRU�P RUH�HGXFDWLRQ�RQ�WKH�GLIIHUHQW�W\ SHV�RI�P RGHOV�DQG�WKHLU�XVH��
$FKLHYHP HQW�RI�WKH�UHTXLUHG�HGXFDWLRQ�DFWLRQV�UDLVHG�E\ �SDUWLFLSDQWV�ZRXOG�UHTXLUH�WKH�
UHFRP P HQGDWLRQV�XQGHU�µ&DWFKP HQW�0 RGHO�/ LEUDU\ ¶��1 R��� � � � �DQG�µ&ROODERUDWLRQ¶��1 R��� � � � � �
VHFWLRQV�WR�EH�DGYDQFHG��7KH�HGXFDWLRQ�WKHP H�LV�VHHQ�WR�KDYH�WZR�DXGLHQFHV���

· � FRXQFLO�VWDII�ZKR�QHHG�WR�XQGHUVWDQG�HQRXJK�DERXW�P RGHOV�WR�EH�DEOH�WR�XVH�WKHP �
DQG�WKHLU�UHVXOWV�HIIHFWLYHO\ ��DQG��

· � GHFLVLRQ�P DNHUV�RU�NH\ �VWDNHKROGHUV�ZKR�QHHG�WR�XQGHUVWDQG�ZKDW�WKH�UHVXOWV�P HDQ�
DQG�KRZ�WKH\ �ZHUH�GHYHORSHG�DQG�ZKDW�DVVXP SWLRQ�OLP LWDWLRQV�DQG�KHQFH�UHODWLYH�
µFHUWDLQW\ ¶�DUH�DVVRFLDWHG�ZLWK�P RGHOOLQJ�RXWSXWV���

�
7KH�NH\ �UHFRP P HQGDWLRQV�IRU�HGXFDWLRQ�RQ�P RGHOV�DUH��

� � ��' HYHORS�D�JXLGHOLQH�GRFXP HQW�RQ�XVLQJ�P RGHOOLQJ�UHVXOWV�WKDW�SURYLGHV�SUHVHQWDWLRQ�
DQG�FRP P XQLFDWLRQV�DGYLFH�WR�JHW�WKH�EHVW�IURP �P RGHO�RXWSXWV��,QFOXGH�OHDUQLQJV�
IURP �RWKHUV¶�H[ SHULHQFHV��( QYLURQP HQW�: DLNDWR��( %2 3���YLD�FDVH�VWXGLHV�VKRZLQJ�
KRZ�P RGHOV�KDYH�LQIRUP HG�SROLF\ ��DQG�KRZ�WKH\ �FRXOG�EHWWHU�LQIRUP �SROLF\ ��

� � ��' HYHORS�DQG�SURYLGH�VSHFLILF�FRXUVHV�RQ�LQGLYLGXDO�P RGHOV�DQG�WKHLU�XVH���
� � ��,QYHVWLJDWH�WKH�XVH�RI�( QYLUROLQN�IXQGLQJ�WR�WUDQVIHU�P RGHO�VNLOOV�IRU�D�SDUWLFXODU�NH\ �

LVVXH�
�
�
,QWHOOHFWXDO�3URSHUW\ �
,VVXHV�ZLWK�,3 �ZHUH�VHHQ�WR�DIIHFW�ERWK�WKH�XSWDNH�RI�P RGHOV�DQG�FROODERUDWLRQ�LQ�P RGHO�
GHYHORSP HQW�DQG�LQWHJUDWLRQ��0 RGHO�FRGH�VKRXOG�EH�RSHQ�VRXUFH�RU�RSHQ�WR�VFUXWLQ\ ��
HVSHFLDOO\ �ZKHQ�UHVXOWV�RI�P RGHOOLQJ�ZHUH�XVHG�WR�GHYHORS�µUHVWULFWLYH¶�ODQG�XVH�SROLFLHV��
$ �P RYH�WRZDUG�UHGXFLQJ�,3 �UHVWULFWLRQV�DQG�WDNLQJ�D�P RUH�µRSHQ�VRXUFH¶�DSSURDFK�VHHQ�DV�
WKH�EHVW�DSSURDFK�WR�UHGXFH�WKLV�EDUULHU��$OWKRXJK�VSHFLILF�H[ DP SOHV�RU�LVVXHV�ZHUH�QRW�
LGHQWLILHG�RU�GLVFXVVHG�DW�WKH�ZRUNVKRS�LW�ZDV�VHHQ�DV�DQ�LVVXH�WR�EH�DGGUHVVHG�SULP DULO\ �E\ �
FHQWUDO�JRYHUQP HQW�UHVHDUFK�IXQGHUV��
�
7KH�NH\ �UHFRP P HQGDWLRQV�IRU�LQWHOOHFWXDO�SURSHUW\ �DUH��

� � ��$GYRFDWH�WR�UHVHDUFK�IXQGHUV�DQG�DJHQFLHV�WKDW�,3 �UHVWULFWLRQ�RQ�GDWD�VHW�DQG�P RGHOV�
DUH�UHP RYHG�WR�IDFLOLWDWH�WKH�XVH�RI�WKHVH�UHVRXUFHV��

�
�
�
�
�
�
�
�
�
�
�
�



�

( QYLUROLQN��&DWFKP HQW�6FDOH�0 RGHOOLQJ�±�2 YHUYLHZ�DQG�: RUNVKRS�2 XWFRP HV� � � �

� ��5 HIHUHQFHV�DQG�8 VHIXO�OLQNV�
�
5 HIHUHQFHV�
�
%LGZHOO��9 �- ��DQG�* RRG��- �0 ��� � � � � � �' HYHORSP HQW�RI�WKH�$TXLIHU6LP �0 RGHO�RI�&XP XODWLYH��
( IIHFW�RQ�* URXQGZDWHU�RI�1 LWUDWH�' LVFKDUJH�IURP �+HWHURJHQHRXV�/ DQG�8 VH�RYHU�/ DUJH�
5 HJLRQV��,Q�2 [ OH\ ��/ ��DQG�. XODVLUL��' ���HGV��0 2 ' 6 ,0 �� � � � �,QWHUQDWLRQDO�&RQJUHVV�RQ�
0 RGHOOLQJ�DQG�6LP XODWLRQ��0 RGHOOLQJ�DQG�6LP XODWLRQ�6RFLHW\ �RI�$XVWUDOLD�DQG�1 HZ�=HDODQG��
' HFHP EHU�� � � � ��SS��� � � � � ��,6%1 ���� � � � � � � � � � � � � � � � � ���
KWWS��ZZZ�P VVDQ] �DX�P RGVLP � � �3DSHUV�
�
%LGZHOO��9 ��- ���/ LOEXUQH��/ ��5 ���DQG�* RRG��- ��0 ��� � � � � � ��6WUDWHJ\ �IRU�GHYHORSLQJ�* ,6 ��
EDVHG�7RROV�IRU�P DQDJHP HQW�RI�WKH�HIIHFWV�RQ�JURXQGZDWHU�QLWUDWH�OHDFKLQJ��
IURP �$JULFXOWXUDO�/ DQG�8 VH���SDSHU�SUHVHQWHG�DW�WKH�,QWHUQDWLRQDO�&RQJUHVV��
RQ�0 RGHOOLQJ�DQG�6LP XODWLRQ����0 HOERXUQH��$XVWUDOLD��' HFHP EHU�� � � � � ��
ZZZ�OLQFROQ�DF�Q] �VWRU\ BLP DJHV�� � � � BP RGVLP � � BV� � � � �SGI��
�
( OOLRWW��$ �+ ���$OH[ DQGHU��5 �%���6FKZDU] ��* �( ���6KDQNHU��8 ���6XNLV��- �3 �6 ���DQG�0 F%ULGH��* �%��
� � � � � � �( VWLP DWLRQ�RI�QXWULHQW�VRXUFHV�DQG�WUDQVSRUW�IRU�1 HZ�=HDODQG�XVLQJ�WKH�K\ EULG�
P HFKDQLVWLF�VWDWLVWLFDO�P RGHO�63$5 5 2 : ��- RXUQDO�RI�+ \ GURORJ\ ��1 =��� � � � � ��� � � � ��
�
( QYLURQP HQW�: DLNDWR��� � � � � ��3URSRVHG�: DLNDWR�5 HJLRQDO�3ODQ�9DULDWLRQ�� �±�/ DNH�7DXSR�
&DWFKP HQW��+HDULQJV�&RP P LWWHH�5 HFRP P HQGDWLRQV�9HUVLRQ����( QYLURQP HQW�: DLNDWR�3ROLF\ �
6HULHV�� � � � �� � ��KWWS���ZZZ�HZ�JRYW�Q] �3DJH) LOHV�� � � � �� � � � � � � �SGI��
�
* RRG��- ��	 �- ��%ULJKW��� � � � � ��$Q�REMHFW�RULHQWHG�VRIWZDUH�IUDP HZRUN�IRU�WKH�IDUP �VFDOH��
VLP XODWLRQ�RI�QLWUDWH�OHDFKLQJ�IURP �DJULFXOWXUDO�ODQG�XVHV���,5 $3�) DUP 6LP ��,Q�=HUJHU��$ ��DQG�
$UJHQW��5 �0 ���HGV��0 2 ' 6 ,0 �� � � � �,QWHUQDWLRQDO�&RQJUHVV�RQ�0 RGHOOLQJ�DQG�6LP XODWLRQ��
0 RGHOOLQJ�DQG�6LP XODWLRQ�6RFLHW\ �RI�$XVWUDOLD�DQG�1 HZ�=HDODQG��' HFHP EHU�� � � � ��SS��� � � �
� � � ��,6%1 ��� � � � � � � � � � � � � ��
�
/ LOEXUQH��/ ���%ULJKW��- ���) UDQFLV��* ���&ORVH��0 ���%LGZHOO��9 ���6QRZ��9 ���7KRUUROG��%���&ULVOH\ ��9 ���
DQG�P LWK��9 ��� � � � � � �7KH�,5 $3�SURMHFW��3UHGLFWLYH�IDUP �DQG�UHJLRQDO�VFDOH�WRROV�IRU�DVVHVVLQJ�
ODQG�XVH�LP SDFWV�RQ�JURXQGZDWHU�TXDOLW\ ��2 FFDVLRQDO�5 HSRUW�1 R��� � ��) HUWLOLVHU�DQG�/ LP H�
5 HVHDUFK�&HQWUH��3DOP HUWRQ�1 RUWK��3S��� � � � � � � ��
�
3&( ��� � � � � � ��* URZLQJ�IRU�JRRG��,QWHQVLYH�IDUP LQJ��VXVWDLQDELOLW\ �DQG�1 HZ�=HDODQG
V�
HQYLURQP HQW��3DUOLDP HQWDU\ �&RP P LVVLRQHU�IRU�WKH�( QYLURQP HQW��
�
3 ' 3 �� � � � � � ��* URXQGZDWHU�0 RGHO�$XGLW�* XLGHOLQHV��3UHSDUHG�IRU�0 ) ( ��3DWWOH�' HODP RUH�
3DUWQHUV�/ WG���
�
5 &�±�6$* �� � � � � � �5 HVHDUFK�IRU�WKH�( QYLURQP HQW��$ �5 HVHDUFK�6FLHQFH�DQG�7HFKQRORJ\ �
6WUDWHJ\ �IRU�5 HJLRQDO�&RXQFLOV��5 HJLRQDO�&RXQFLO�6FLHQFH�$GYLVRU\ �* URXS��
KWWS���ZZZ�HQYLUROLQN�JRYW�Q] �VWUDWHJ\ �KWP � +HDGLQJ� ��
�
5 XFLQVNL��' ���: DGKZD��6 ���5 XWKHUIRUG��- �&��� � � � � � ��5 2 7$1 �8 VHUV�* XLGH�±�9HUVLRQ�� ��1 ,: $ �
7HFKQLFDO�5 HSRUW��- XO\ �� � � � ��
�
5 XWKHUIRUG��. ���3DOOLVHU��&���: DGKZD��6 ��� � � � � � ��1 LWURJHQ�H[ SRUWV�IURP �WKH�/ DNH�5 RWRUXD�
FDWFKP HQW����FDOLEUDWLRQ�RI�WKH�5 2 7$1 �P RGHO��1 ,: $ �&OLHQW�5 HSRUW��+$0 � � � � � � � � ��
�
6HP DQGHQL�' DYLHV��$ ���6KDQNHU��8 ���( OOLRW��6 ��� � � � � � �7KH�&/ 8 ( 6 �3URMHFW��7XWRULDO�P DQXDO�IRU�
&/ 8 ( 6 �� �� ��1 ,: $ �&OLHQW�5 HSRUW�+$0 � � � � � � � � ��
�
�
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�
�
�
/ LQNV�
�
$ TXLIHU6LP �
�
KWWS���ZZZ�OYO�FR�Q] �QHZV�DTXLIHUVLP GHP R�KWP O��
KWWS���ZZZ�LUDS�RUJ�Q] �SXEOLFDWLRQV�SKS�
KWWS���ZZZ�FDQWHUEXU\ ZDWHU�RUJ�Q] �EDFNJURXQG�GRFXP HQWV��
�
&/ 8 ( 6 �
�
ZZZ�P DI�JRYW�Q] �P DIQHW�UXUDO�Q] �VXVWDLQDEOH�UHVRXUFH�XVH�FOXHV��
ZZZ�P DI�JRYW�Q] �P DIQHW�UXUDO�Q] �VXVWDLQDEOH�UHVRXUFH�XVH�FOXHV�P DQXDO��
�
�
63$ 5 5 2 : �
KWWS���ZDWHU�XVJV�JRY�QDZTD�VSDUURZ���
�
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� ��$ SSHQGLFHV�

� �� �$ SSHQGL[ �� � �1 RWHV�IURP �: RUNVKRS�±�� � WK�- XO\ �� � � � ��* UHDWHU�
: HOOLQJWRQ��: HOOLQJWRQ��

�

� �� �� �: RUNVKRS�$ JHQGD��
� � ,QWURGXFWLRQV�DQG�ZRUNVKRS�SXUSRVH�
�� 3UHVHQWDWLRQ�RI�WKUHH�FDWFKP HQW�VFDOH�QXWULHQW�P RGHOV��IURP �ERWK�P RGHO�GHYHORSHUV�

DQG�HQG�XVHUV��
� � $TXLIHU6LP �
�� &/ 8 ( 6 �
�� 5 2 7$1 �

�
� � ,QWHUDFWLYH�ZRUNVKRS�GLVFXVVLRQ�

D��3ROLF\ �4 XHVWLRQV��: KDW�DUH�WKH�TXHVWLRQV�WKDW�QHHG�WR�EH�DQVZHUHG�DQG�ZKDW�FDQ�
DQG�FDQ¶W�P RGHOV�DQVZHU" �

E��,VVXHV�DQG�/ LP LWDWLRQV�ZKHQ�XVLQJ�P RGHOV��: KDW�DUH�WKH\ �DQG�KRZ�FDQ�WKH\ �EH�
P LQLP LVHG�RU�RYHUFRP H" �

F��/ HVVRQV�OHDUQW�WR�GDWH�E\ �UHVHDUFKHUV�DQG�HQG�XVHUV��
G��,P SURYLQJ�P RGHO�XQGHUVWDQGLQJ��XVH�DQG�FROODERUDWLRQ�LQ�IXWXUH��

�
� � 2 EVHUYDWLRQV�DQG�SHUVSHFWLYHV�IURP �0 I( �	 �0 $) �
�
� � 5 HYLHZ�ZRUNVKRS�RXWFRP HV��DFWLRQ�SRLQWV�DQG�ZKHUH�WR�QH[ W�
�
�
7KH�ZKLWHERDUG�QRWHV�WDNHQ�GXULQJ�WKH�ZRUNVKRS�KDYH�EHHQ�VXP P DULVHG�DQG�JURXSHG�LQWR�
NH\ �WRSLF�DUHDV����
�
�

� �� �� �/ HVVRQV�/ HDUQW�IURP �8 VLQJ�&DWFKP HQW�0 RGHOV�
�
' HILQLQJ�WKH�SUREOHP �DQG�TXHVWLRQV�WR�DQVZHU��

· � 7KH�ILUVW�VWHS�VKRXOG�EH�D�ZHOO�WKRXJKW�RXW�µ&RQFHSWXDOLVDWLRQ¶�SURFHVV�WKDW�GHILQHV�±�
: KDW�LVVXHV�TXHVWLRQV�DUH�\ RX�WU\ LQJ�WR�DGGUHVV��ZKDW�LQIRUP DWLRQ�LV�UHTXLUHG�WR�
DGGUHVV�RU�DQVZHU�WKHVH" �+RZ�P XFK�FHUWDLQW\ �LQ�WKH�UHVXOW�LV�UHTXLUHG" �' R�\ RX�
DFWXDOO\ �QHHG�D�FRP SOH[ �P RGHO�WR�JHW�WKLV�LQIRUP DWLRQ" �

· � ,W�LV�DOVR�LP SRUWDQW�WR�FRQFHSWXDOL] H�\ RXU�QDWXUDO�V\ VWHP ��7KLV�LV�UHTXLUHG�WR�HVWDEOLVK�
WKH�ULJKW�P RGHO�V��IRU�DGGUHVVLQJ�WKH�P DQDJHP HQW�LVVXH�SUREOHP �V���

�
�
. QRZLQJ�WKH�WRROV��
,W�LV�LP SRUWDQW�WR�UHVHDUFK�DQG�XQGHUVWDQG�WKH�GLIIHUHQW�P RGHOOLQJ�WRROV�WKDW�DUH�DYDLODEOH���
7KLV�LQFOXGHV�FRQVLGHULQJ��

· � ' LIIHUHQW�P RGHOV�KDYH�GLIIHUHQW�IHDWXUHV�±�QHHG�WR�NQRZ�EHQHILWV�ZHDNQHVVHV�RI�
GLIIHUHQW�P RGHOV�DQG�OLP LWDWLRQV�DQG�DSSOLFDELOLW\ �WR�GLIIHUHQW�VHWWLQJV�

· � ,QIRUP DWLRQ�UHTXLUHP HQWV�YDU\ �DQG�QHHG�WR�EH�GHILQHG��5 XQQLQJ�D�P RGHO�P D\ �KHOS�
LGHQWLI\ �WKHVH�DV�\ RX�FDQ�VWDUW�UXQQLQJ�P RGHO�ZLWK�OLP LWHG�LQIRUP DWLRQ�

· � 1 HHG�WR�P DWFK�P RGHO�ZLWK�WKH�TXHVWLRQ�
�
�
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�
�
8 QGHUVWDQGLQJ�WKH�OLP LWDWLRQV��
7KH�UREXVWQHVV�DQG�XVH�RI�WKH�UHVXOWV�ZLOO�EH�VWURQJO\ �LQIOXHQFHG�E\ �WKH�OLP LWDWLRQV�RI�ERWK�WKH�
P RGHO�DQG�GDWD�VHWV��&RQVLGHUDWLRQ�QHHGV�WR�EH�JLYHQ�WR��

· � $YDLODEOH�GDWD�W\ SHV�DQG�TXDOLW\ �XVHG�E\ �WKH�P RGHO�
· � %DODQFLQJ�VLP SOLFLW\ �ZLWK�XQFHUWDLQW\ ��0 RUH�FRP SOH[ �P RGHO�KDV�KLJKHU�LQIRUP DWLRQ�

UHTXLUHP HQWV�DQG�P RUH�FRP SOH[ �P RGHO�WDNHV�ORQJHU�WR�GHYHORS�DQG�WHVW�DQG�\ RX�P D\ �
KDYH�WR�DFW�VRRQHU��6R�LW�FDQ�EH�LP SRUWDQW�WR�ILUVW�GHWHUP LQH�ZKDW�OHYHO�RI�FHUWDLQW\ �
\ RX�FDQ�OLYH�ZLWK�DQG�SODQ�IURP �WKDW���

· � $SSUHFLDWH�WKH�VSHFLILF�OLP LWDWLRQV�RI�D�P RGHO��DQG�NQRZ�ZKDW�WKH\ �DFFRXQW�IRU�DQG�
GRQ¶W�

· � 0 RGHOOLQJ�FDQ�EH�YHU\ �UHVRXUFH�GHP DQGLQJ��ERWK�LQ�GROODUV�DQG�WLP H�
�
�
) LWWLQJ�LQWR�WKH�5 0 $�SURFHVV��
0 RGHOV�FDQ�SURYLGH�YDOXDEOH�LQIRUP DWLRQ�WR�SROLF\ �GHYHORSP HQW�DQG�GHFLVLRQ�SURFHVVHV��
6RP H�REVHUYDWLRQV�ZHUH��

· � ,GHQWLI\ LQJ�DQG�P DQDJLQJ�WKH�XQFHUWDLQW\ �DVVRFLDWHG�ZLWK�P RGHO�RXWSXWV�LV�GLIILFXOW�
· � ,W�LV�XVHIXO�WR�LQYROYH�WKRVH�DIIHFWHG�E\ �P RGHO�WKHLU�GHYHORSP HQW�DQG�DSSOLFDWLRQ�
· � ) RU�SROLF\ �GHYHORSP HQW�QHHG�WR�LGHQWLI\ �D�XVHIXO�UDQJH�RI�VFHQDULRV�WR�HYDOXDWH�XVLQJ�

D�P RGHO�
· � &RQVLGHU�µILW�IRU�SXUSRVH¶�P DQWUD�GXULQJ�SROLF\ �GHYHORSP HQW�SURFHVV���6WDUW�ZLWK�

VLP SOH�LQLWLDO�P RGHO�WKHQ�P RYH�WR�P RUH�FRP SOH[ �DV�NQRZOHGJH�RI�LVVXHV�DQG�SROLF\ �
RSWLRQV�GHYHORS��

· � $ �UDQJH�RI�P RGHOV�FDQ�EH�UHTXLUHG�IURP �ODUJH�RU�VLJQLILFDQW�LVVXHV��&RYHULQJ�ERWK�WKH�
SROLF\ �GHYHORSP HQW�DQG�WKHQ�SROLF\ �LP SOHP HQWDWLRQ�SKDVHV��RU�VHYHUDO�] RQHV�RI�
P RGHOOLQJ�P LJKW�EH�UHTXLUHG�WR�XQGHUVWDQG�LVVXHV��SDGGRFN��VWUHDP ��JURXQG�ZDWHU��
ODNH��

�

� �� �� �/ LP LWDWLRQV�DQG�2 WKHU�,VVXHV�Z LWK�0 RGHO�8 VH�
�
' DWD�
$YDLODEOH�DQG�DFFXUDWH�GDWD�VHW�LV�VHHQ�DV�D�SULP DU\ �OLP LWDWLRQ�WR�P RGHO�DSSOLFDWLRQ���,VVXHV�
LQFOXGHG��

· � : KHQ�\ RX�KDYH�GDWD�JDSV�DQG�RU�QHHG�GDWD�XSGDWHV�±�ZKHUH�EHVW�WR�VSHQG�IXQGLQJ�
· � 1 HHG�IRU�DFFXUDWH�FRUH�GDWD�VHW�±�ODQG�XVH�VRLOV�FOLP DWH�
· � / DQG�XVH�GDWD�LV�RIWHQ�OLP LWLQJ�GXH�WR�DFFXUDF\ �DQG�FODVVLILFDWLRQ��7KHUH�DUH�GDWD�

TXDOLW\ �DQG�P DQDJHP HQW�LVVXHV�ZLWK�$JULEDVH�
· � ' DWD�DYDLODELOLW\ �FDQ�EH�D�EDUULHU�
· � / HDFKLQJ�GDWD�GLIILFXOW�WR�EH�FRQVLVWHQW��' LIIHULQJ�RXWSXWV�FDQ�EH�SURYLGHG��2 YHUVHHU�

YV�/ 8 &,�63$60 2 ��GHSHQGLQJ�RQ�KRZ�XQGHUO\ LQJ�DVVXP SWLRQV�DUH�VHW���
�
�
,QWHOOHFWXDO�3URSHUW\ �
,VVXHV�DURXQG�WKH�H[ LVWHQFH�DQG�P DQDJHP HQW�RI�LQWHOOHFWXDO�SURSHUW\ �DUH�VHHQ�WR�KROG�XS�WKH�
XVH�RI�P RGHOV�DQG�WR�FRQVXP H�UHVRXUFHV�LQ�VRUWLQJ�RXW�,3 ��,3 �LVVXHV�LQFOXGH�ERWK�P RGHOV�
DQG�GDWD�VHW��
�
�
8 VLQJ�5 HVXOWV�
7KHUH�DUH�D�QXP EHU�RI�FKDOOHQJHV�LQ�XVLQJ�WKH�UHVXOWV�IURP �P RGHOOLQJ��

· � 2 WKHU�HFRV\ VWHP �UHVSRQVHV�WR�DQ�LVVXHV�DUH�QRW�UHSUHVHQWHG�
· � / HYHO�RI�GHWDLO�UHTXLUHG�WR�P DNH�SROLF\ �GHFLVLRQV�P D\ �GLIIHU�IURP �RXWSXWV�DQG�D�

SURFHVV�RI�YHULILFDWLRQ�YDOLGDWLRQ�DXGLWLQJ�RI�P RGHO�RXWFRP HV�P D\ �EH�UHTXLUHG�
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· � 6HQVLWLYLWLHV�DVVXP SWLRQV�LQ�P RGHO�QHHG�WR�EH�VSHOW�RXW��DQG�UHODWLYH�DFFXUDF\ �RI�
P RGHO�P D\ �GLIIHU�IURP �P RQLWRULQJ�

· � +RZ�WR�XVH�WKH�UHVXOWV�DQG�H[ SODLQ�WKH�P RGHOV�IXQFWLRQLQJ�ZKHQ�ZRUNLQJ�ZLWK�WKH�
FRP P XQLW\ �WR�GHYHORS�WDUJHWV�

· � 1 HHG�WR�EH�FDUHIXO�WKDW�WKH�P RGHO�LV�QRW�RSHUDWHG�RXWVLGH�LWV�OLP LWDWLRQ�±�L�H���
FDOLEUDWLRQV�

· � 0 RGHOV�FDQ�EH�ERWK�GHFLVLRQ�VXSSRUW�WRROV�WKDW�P LQLP LVH�XQFHUWDLQW\ �DQG�DGGUHVV�
VSHFLILF�TXHVWLRQV��RU�P DQDJHP HQW�WRROV�WKDW�WUDFN�RQ�SURJUHVV�RU�FKDQJHV�LQ�
DFWLYLWLHV��

· � &RP P XQLFDWLRQ�FRQFHSWV�DQG�UHVXOWHG�WR�FRP P XQLW\ �DQG�SROLWLFLDQV�
· � / LYLQJ�ZLWK�XQFHUWDLQW\ �±�VHWWLQJ�DQG�GHIHQGLQJ�SROLF\ �

�
�
' HILQLQJ�6\ VWHP �
' HILQLQJ�WKH�TXHVWLRQV�DQG�WKH�V\ VWHP V�WR�EH�P RGHOHG�DUH�NH\ �VWDUWLQJ�SRLQWV�IRU�VXFFHVVIXO�
P RGHOOLQJ��

· � ' HFLGLQJ�RQ�ULJKW�P RGHO�IRU�\ RXU�V\ VWHP �DQG�FDOLEUDWLQJ�LW�
· � 8 QGHUVWDQGLQJ�DQG�GHILQLQJ�DWWHQXDWLRQ��
· � 5 HSUHVHQWLQJ�VHDVRQDO�YDULDWLRQ�LQ�SURFHVVHV�
· � / DJ�RI�HIIHFWV�IURP �ODQG�XVH�YV�ORQJ�WHUP �VWHDG\ �VWDWH�

�
�

�

� �� �� �: KDW�6KRXOG�+ DSSHQ�1 H[ W�WR�$ GYDQFH�0 RGHO�8 VH�
�
�
&DWFKP HQW�0 RGHO�/ LEUDU\ ���
7KHUH�ZDV�VWURQJ�GHP DQG�IRU�D�P RGHO�OLEUDU\ �RU�FHQWUDO�UHSRVLWRU\ �IRU�FDWFKP HQW�P RGHOV��
7KLV�OLEUDU\ �ZRXOG�QHHG�WR�EH�VXSSRUWHG�QDWLRQDOO\ ��0 I( � �DQG�FRXOG�XQGHUWDNH�D�UROH�RI�
FRRUGLQDWLQJ�IXUWKHU�P RGHO�GHYHORSP HQW�DQG�XVH��7KLV�OLEUDU\ �FRXOG�EH�D�ZHE�EDVHG�IDFLOLW\ �
WKDW�SURYLGHV��

· � ,QWURGXFWRU\ �P DWHULDO�RQ�FDWFKP HQW�P RGHOV�DQG�WKHLU�XVHV�LQFOXGLQJ�VXP P DU\ �WDEOHV�
WKDW�FRP SDUH�DQG�FRQWUDVW�P RGHOV�DQG�P RGHOOLQJ�RSWLRQV�

· � $ �P RUH�GHWDLOHG�GHVFULSWLRQ�RI�HDFK�P RGHO��: KDW�LW�GRHV�DQG�GRHV�QRW�GR��GDWD�LQSXW�
DQG�RWKHU�RSHUDWLQJ�UHTXLUHP HQWV��DGYDQWDJHV�DQG�OLP LWDWLRQV��DQG�FRQWDFW�
RUJDQLVDWLRQ�SHUVRQ��

· � &DVH�VWXGLHV�RI�P RGHO�XVH��LQFOXGLQJ�DSSOLFDWLRQ�WR�D�UDQJH�RI�VFHQDULRV�DQG�
H[ SODQDWLRQ�RI�P RGHO�VWUXFWXUH�DQG�VHQVLWLYLW\ ��

· � $Q�LQWHUDFWLYH�DUHD��EORJ�RU�ZLNL�SDJHV��WR�VKDUH�H[ SHULHQFHV�RU�TXHVWLRQV�RQ�D�
SDUWLFXODU�P RGHO�DQG�LQWHUDFW�ZLWK�P RGHO�FUHDWRUV��

· � $ �OLEUDU\ �DUHD�FRQWDLQLQJ�GRZQORDGDEOH�P DWHULDO�IRU�DYDLODEOH�P RGHOV�±�VRIWZDUH��
P DQXDOV��FDVH�VWXGLHV��GDWDVHWV��

· � $ �UHSRVLWRU\ �IRU�QDWLRQDO�GDWD�VHWV�WKDW�FDQ�EH�XVHG�LQ�FDWFKP HQW�P RGHOOLQJ��DQG�
FRQVLVWHQW�GHIDXOW�GDWD�VXFK�OHDFKLQJ�UDWHV�IURP �VSHFLILHG�ODQG�XVHV��

· � 7KH�OLEUDU\ �FRXOG�DOVR�SURYLGH�JXLGDQFH�RQ�WKH�VWDWXV�RI�P RGHO��VXFK�VWDJH�RI�
GHYHORSP HQW��WHVWHG�VXFFHVVIXOO\ �RQ�VSHFLILF�DSSOLFDWLRQ��RU�VRP H�µFHUWLILHG¶�VWDWXV��

�
�
' DWD�LP SURYHP HQWV�
$YDLODELOLW\ �DQG�DFFHVV�WR�UHTXLUHG�GDWD�VHW�WR�UXQ�FDWFKP HQW�P RGHOV�FDQ�EH�D�VLJQLILFDQW�
OLP LWDWLRQ�WR�P RGHO�XVH��7KHUH�LV�DOVR�XQFHUWDLQW\ �DERXW�GDWD�UHTXLUHP HQW�IRU�SDUWLFXODU�
P RGHOV��

· � ,P SURYHP HQW�RI�GDWD�VHWV�ZDV�VHHQ�DV�D�SULRULW\ �E\ �ZRUNVKRS�SDUWLFLSDQWV��7KH�
FXUUHQW�W\ SHV�DQG�TXDOLW\ �RI�GDWD�VHWV�ZHUH�VHHQ�DV�DQ�LP SHGLP HQW�WR�SURGXFWLYH�XVH�
RI�P DQ\ �P RGHOV�



�

( QYLUROLQN��&DWFKP HQW�6FDOH�0 RGHOOLQJ�±�2 YHUYLHZ�DQG�: RUNVKRS�2 XWFRP HV�� � �

· � $ �SDUWLFXODU�SULRULW\ �ZDV�D�QDWLRQDO�ODQG�XVH�GDWD�VHW�WKDW�ZRXOG�EH�UHJXODUO\ �XSGDWHG�
· � ,P SURYLQJ�WKH�XQGHUVWDQGLQJ�RI�WKH�NH\ �LQSXW�SDUDP HWHUV�DQG�GDWDVHWV�UHTXLUHG�IRU�

VSHFLILF�P RGHO�ZRXOG�DOVR�DVVLVW�P RGHO�XSWDNH�DQG�XVH��
�

�
0 RUH�&ROODERUDWLRQ�EHWZ HHQ�5 HJLRQDO�&RXQFLOV�DQG�Z LWK�&5 ,¶V�
7KHUH�LV�D�VWURQJ�GHP DQG�IURP �5 HJLRQDO�&RXQFLO�VWDII�WR�XQGHUVWDQG�DQG�XVH�FDWFKP HQW�
VFDOH�QXWULHQW�P RGHOV��$ �P RUH�VWUXFWXUH�DSSURDFK�WR�FROODERUDWLRQ�ERWK�EHWZHHQ�UHJLRQDO�
FRXQFLOV�DQG�ZLWK�UHVHDUFKHUV�IURP �&5 ,¶V�ZRXOG�EH�KLJKO\ �EHQHILFLDO��,W�ZRXOG�LP SURYH�VKDUHG�
OHDUQLQJ��EH�P RUH�UHVRXUFH�HIILFLHQW�DQG�FUHDWH�P RUH�FRQVLVWHQW�DSSOLFDWLRQ�DQG�GHYHORSP HQW�
RI�P RGHOV��7KLV�FRXOG�EH�DFKLHYHG�WKURXJK��

· � +ROGLQJ�ZRUNVKRSV�RU�IRUXP �P RUH�UHJXODUO\ ��EDVHG�DURXQG�D�SODQ��ZLWK�FOHDU�JRDOV�
DQG�REMHFWLYHV��IRU�P RGHO�OHDUQLQJ�DQG�GHYHORSP HQW��7KLV�FRXOG�LQFOXGH�VSHFLILF�
ZRUNLQJ�JURXSV��VHP LQDUV�RU�FRQIHUHQFHV��

· � ( VWDEOLVKLQJ�D�QDWLRQDO�FDWFKP HQW�P RGHOOLQJ�XVHUV�JURXS�RI�µUHJLRQDO�FKDP SLRQV¶�
�3ODQQHUV�DQG�6FLHQWLVWV�DQG�0 RGHOHUV��WDVNHG�ZLWK�LP SURYLQJ�FROODERUDWLRQ�DQG�
P RGHOOLQJ�RXWFRP HV��

· � ,GHQWLI\ LQJ�FROODERUDWLYH�P RGHOOLQJ�SURMHFW�RSSRUWXQLWLHV�IRU�XVLQJ�DQG�GHYHORSLQJ�
P RGHOV��EDVHG�DURXQG�TXHVWLRQV�WKDW�DUH�ZLGHO\ �DSSOLFDEOH��

· � $GYRFDWLQJ�WKDW�( QYLUROLQN�IXQGLQJ�LV�DYDLODEOH�WR�IRU�VHFRQGP HQWV��VKRUW�WHUP ��
EHWZHHQ�UHJLRQDO�FRXQFLO�VWDII�VR�WKRVH�FRXQFLOV�ZLWK�H[ SHULHQFHV�FDQ�VKDUH�ZLWK�
WKRVH�WKDW�DUH�IROORZLQJ��

· � ( QFRXUDJLQJ�0 I( �WR�EH�QDWLRQDO�FKDP SLRQ�WR�LP SURYH�FROODERUDWLRQ�±�L�H�KRVWLQJ�
DQQXDO�H[ FKDQJH�RI�FXUUHQW�SUDFWLFH��EHLQJ�FR�RUGLQDWLQJ�ERG\ �IRU�XVH�SURWRFROV��
JXLGHOLQHV��DQG�IXUWKHU�WRRO�GHYHORSP HQW�SURJUDP ��ZLWK�) 5 67���

· � $ �ZRUNVKRS�VLP LODU�WR�WKLV�ZLWK�WKH�WRSLF���: KDW�DUH�5 HJLRQDO�&RXQFLOV�GRLQJ�RQ�
QXWULHQW�P DQDJHP HQW�SROLF\ �

�
�
( GXFDWLRQ�RQ�0 RGHOV�DQG�WKHLU�$ SSOLFDWLRQ�
7KHUH�LV�D�SUHVVLQJ�QHHG�IRU�P RUH�HGXFDWLRQ�RQ�WKH�GLIIHUHQW�W\ SHV�RI�P RGHOV�DQG�WKHLU�XVH��
$FKLHYHP HQW�RI�WKH�UHTXLUHG�HGXFDWLRQ�DFWLRQV�ZRXOG�UHTXLUH�WKH�RXWFRP HV�XQGHU�
µ&DWFKP HQW�0 RGHO�/ LEUDU\ ¶�DQG�µ&ROODERUDWLRQ¶�VHFWLRQV�WR�EH�DGYDQFHG��7KH�HGXFDWLRQ�WKHP H�
LV�VHHQ�WR�KDYH�WZR�DXGLHQFHV��FRXQFLO�VWDII�ZKR�QHHG�WR�XQGHUVWDQG�HQRXJK�DERXW�P RGHO�WR�
EH�DEOH�WR�XVH�WKHP �DQG�WKH�UHVXOWV�HIIHFWLYHO\ ��DQG�GHFLVLRQ�P DNHUV�RU�NH\ �VWDNHKROGHUV�ZKR�
QHHG�WR�XQGHUVWDQG�KRZ�WKH�UHVXOW�ZHUH�GHYHORSHG�DQG�ZKDW�DVVXP SWLRQ�OLP LWDWLRQV�DQG�
KHQFH�UHODWLYH�µFHUWDLQW\ ¶�DUH�DVVRFLDWHG�ZLWK�P RGHOOLQJ�RXWSXWV��7KLV�FRXOG�DOVR�EH�H[ SUHVVHG�
DV�µ. QRZLQJ�KRZ�WR�JHW�UHVXOWV�IRU�D�VSHFLILF�LVVXH�RU�TXHVWLRQ¶�DQG�µ. QRZLQJ�KRZ�WR�XVH�
WKRVH�UHVXOWV�DQG�XQGHUVWDQG�WKHP ¶��6SHFLILF�VXJJHVWLRQV�LQFOXGHG��

· � ' HYHORS�D�µJXLGLQJ�GRFXP HQW¶�WKDW�DVVLVWV�WKH�SURFHVV�RI�FRQFHSWXDOL] LQJ�WKH�
SUREOHP ��GHILQLQJ�WKH�QHHG�IRU�D�P RGHO��FRQVLGHUDWLRQV�LQ�VHOHFWLQJ�D�P RGHO��RYHU�
YLHZ�RI�FXUUHQW�P RGHOV�DQG�FDVH�VWXGLHV���

· � ( IIHFWLYHO\ �HQJDJLQJ�ZLWK�VWDNHKROGHUV�WR�VKRZ�XVHIXOQHVV�RI�P RGHOV�DQG�WKHLU�
RXWSXWV�LQ�UHVROYLQJ�LVVXHV�LQ�SUDFWLFH��$OVR�QHHG�WR�OHDUQ�KRZ�WR�FRQYH\ �WR�
VWDNHKROGHU�WKH�UROH�DQG�OLP LWDWLRQV�RI�P RGHOV��L�H�FRQYH\ �UHDOLVDWLRQ�WKDW�WKH�RXWSXW�LV�
QRW�� � � � � �

· � 3URYLGH�JXLGDQFH�RQ�KRZ�WR�XVH�P RGHO�RXWSXWV���/ HDUQLQJ�IURP �RWKHUV�H[ SHULHQFHV�
�( QYLURQP HQW�: DLNDWR��( %2 3��+RUL] RQV���H[ SORUH��WKURXJK�FDVH�VWXGLHV��KRZ�P RGHOV�
KDYH�LQIRUP HG�SROLF\ ��KRZ�WKH\ �FROG�EHWWHU�LQIRUP �SROLF\ ��

· � ,QYHVWLJDWH�WKH�XVH�RI�( QYLUROLQN�IXQGLQJ�WR�WUDQVIHU�P RGHO�VNLOOV�IRU�D�SDUWLFXODU�NH\ �
LVVXH��

· � ' HYHORS�DQG�SURYLGH�VSHFLILF�FRXUVHV�RQ�LQGLYLGXDO�P RGHOV�DQG�WKHLU�XVH��WKLV�FRXOG�
IRUP �WKH�EDVLV�RI�GHYHORSLQJ�WUDLQLQJ�IRU�µFHUWLILHG¶�RSHUDWRUV¶�

�
�
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· � +ROG�DGYDQFHG�P RGHOOLQJ�³XQGHUVWDQGLQJ�WKH�EODFN�ER[ ´�ZRUNVKRS�±�DOO�P RGHOV�
WRJHWKHU��&/ 8 ( 6 ��2 YHUVHHU��6SDVP R�HWF��

�
�
,QWHOOHFWXDO�3URSHUW\ �
,VVXHV�ZLWK�,3 �ZHUH�VHHQ�WR�DIIHFW�ERWK�WKH�XSWDNH�RI�P RGHOV�DQG�FROODERUDWLRQ�LQ�P RGHO�
GHYHORSP HQW�DQG�LQWHJUDWLRQ��$OWKRXJK�VSHFLILF�H[ DP SOHV�RU�LVVXHV�ZHUH�QRW�LGHQWLILHG�RU�
GLVFXVVHG�LW�ZDV�VHHQ�DV�DQ�LVVXHV�WR�EH�DGGUHVVHG�E\ �FHQWUDO�JRYHUQP HQW��2 WKHU�
VXJJHVWLRQV�ZHUH��

· � ,P SURYH�FROODERUDWLRQ�E\ �UHOLQTXLVKLQJ�DQ\ �,3 �ULJKWV�DQG�SXW�P RGHO�LQ�SXEOLF�GRP DLQ�
· � 3HUVXDGH�FHQWUDO�JRYHUQP HQW�WR�IXOO\ �IXQG�WRRO�GHYHORSP HQW�DQG�GDWD�VHWV�RI�ODQG�XVH�

HWF�DQG�P DNH�IUHHO\ �DYDLODEOH�
· � 0 RGHO�FRGH�WR�EH�RSHQ�VRXUFH�RU�RSHQ�WR�VFUXWLQ\ ��HVSHFLDOO\ �ZKHQ�UHVXOWV�RI�

P RGHOOLQJ�ZHUH�XVHG�WR�GHYHORS�µUHVWULFWLYH¶�ODQG�XVH�SROLFLHV��
�
�
�
�
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( QYLUROLQN��&DWFKP HQW�6FDOH�0 RGHOOLQJ�±�2 YHUYLHZ�DQG�: RUNVKRS�2 XWFRP HV�� � �

� �� �$ SSHQGL[ �� � �) DUP �6FDOH�0 RGHOV���RYHUYLHZ �
�
7KH�IROORZLQJ�EULHI�VXP P DULHV�RI�SDGGRFN�DQG�IDUP �VFDOH�P RGHOV�DUH�SURYLGHG�IRU�
FRP SOHWHQHVV��DQG�SURYLGH�VRP H�LQIRUP DWLRQ�RQ�WKH�RWKHU�P RGHOV�DQG�OLQNDJHV�VKRZQ�LQ�
) LJXUH�� ��

� �� �� �) $ 5 0 6,0 � �
�
) DUP 6LP �LV�HVVHQWLDOO\ �D�GDLO\ �WLP H�VWHS�VLP XODWLRQ�RI�D�VLQJOH�XQLW�RI�DJULFXOWXUDO�SURGXFWLRQ�
RQ�DOOXYLDO�SODLQV��ZKHUH�UXQ�RII�WUDQVIHU�LV�QRW�D�IHDWXUH���7KH�VLP XODWLRQ�UHVSRQGV�WR�WLP H�
YDU\ LQJ�LQSXWV�IURP �WKH�FOLP DWH�DQG�GDLO\ �IDUP �OHYHO�P DQDJHP HQW�GHFLVLRQV���7KH�IDUP �P RGHO�
UHVSRQGV�WR�WKHVH�LQSXWV�DQG�WKH�VWDWH�FKDQJHV�RI�WKH�YDULRXV�FRP SRQHQWV�FDQ�EH�DQDO\ VHG���
2 I�WKHVH�VWDWH�FKDQJHV��WKH�GDLO\ �GUDLQDJH�IOX[ �DQG�QLWUDWH�FRQFHQWUDWLRQ�IURP �WKH�YDGRVH�
] RQH�P RGHO�FRP SRQHQW�FDQ�WKHQ�EH�SDVVHG�WR�WKH�$TXLIHU6LP �
�

�
�
�

� �� �� �2 YHUVHHU70 �� �
2 YHUVHHU70 �LV�D�GHFLVLRQ�VXSSRUW�WRRO�IRU�QXWULHQW�P DQDJHP HQW���,W�LQFOXGHV��
FRQVLGHUDWLRQ�RI�QLWURJHQ��SKRVSKRUXV��SRWDVVLXP ��VXOSKXU��FDOFLXP ��P DJQHVLXP ���
VRGLXP ��DQG�DFLGLW\ �DQG�JUHHQKRXVH�JDV�DQG�HQHUJ\ �DFFRXQWLQJ���2 YHUVHHU70 �FDQ�DFFRXQW�
IRU�SDVWRUDO��FURSSLQJ��DQG�KRUWLFXOWXUH�ODQG�XVHV�EXW�WKHUH�LV�JUHDWHU�GHYHORSP HQW�RQ�WKH�
SDVWRUDO�ODQG�XVH�P RGXOHV�RI�WKH�P RGHO���2 YHUVHHU70 �FDOFXODWHV�QXWULHQW�XVH�DQG�IORZV�IURP �
IHUWLOLVHU��HIIOXHQW��VXSSOHP HQWV��WUDQVIHU�E\ �DQLP DOV��DQG�UHP RYDO�LQ�SURGXFWV���2 YHUVHHU70 �
FDQ�EH�XVHG�WR�LQYHVWLJDWH�P LWLJDWLRQ�RSWLRQV��2 YHUVHHU70 �LV�GHVLJQHG�WR�EH�XVHG�E\ �IDUP HUV��
FRQVXOWDQWV�DQG�VFLHQWLVWV��$J5 HVHDUFK�LV�FXUUHQWO\ �LQ�WKH�SURFHVV�RI�SXEOLVKLQJ�WKH�VFLHQWLILF�
EDVLV�RI�2 YHUVHHU70 �LQ�SHHU�UHYLHZHG�MRXUQDOV���
��
�

�������������������������������������������������
� �* RRG�-��	 �%ULJKW�-��� � � � � �
� �7KLV�VXPPDU\ �LV�IURP�( QYLURQPHQW�: DLNDWR��� � � � � �DQG�LV�SDUW�RI�WKH�VHFWLRQ�� � �DQDO\ VLV�IRU�WKH�/ DNH�7DXSR�
SROLF\ �
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$ VVXP SWLRQV��/ LP LWDWLRQV��) HDWXUHV��
‡��2 YHUVHHU70 �HVWLP DWHV�ORQJ�WHUP �DQQXDO�DYHUDJHV��LW�LV�QRW�GHVLJQHG�WR�SUHGLFW�WKH�

RXWFRP HV�ZLWKLQ�D�SDUWLFXODU�\ HDU�RU�UHVXOWLQJ�IURP �H[ WUHP H�HYHQWV�ZLWKLQ�D�\ HDU���' RF�� �
� � � � � � � �3DJH�� � ��

‡��7KH�P RGHO�UHOLHV�RQ�WKH�XVHU�VXSSO\ LQJ�DFWXDO�DQG�UHDVRQDEOH�LQSXWV��%HFDXVH�2 YHUVHHU70 �
LV�GHVLJQHG�WR�EH�UXQ�E\ �IDUP HUV�DQG�WKHUH�LV�OLWWOH�UHVWULFWLRQ�RQ�KRZ�LQSXWV�FDQ�EH�
HQWHUHG��TXDOLW\ �FRQWURO�RI�WKH�LQSXWV�LV�DQ�LP SRUWDQW�LVVXH���,Q�LP SOHP HQWLQJ�WKH�9DULDWLRQ��
2 YHUVHHU70 �ZLOO�EH�UXQ�E\ �&HUWLILHG�&RQVXOWDQWV�RU�&RQWUDFWHG�: DLNDWR�5 HJLRQDO�&RXQFLO�
VWDII�WR�HQVXUH�FRQVLVWHQF\ �DQG�TXDOLW\ �FRQWURO���

‡��2 YHUVHHU70 �LV�DQ�HP SLULFDO�P RGHO�WKDW�KDV�EHHQ�H[ WHQVLYHO\ �FDOLEUDWHG�IRU�D�ZLGH�UDQJH�RI�
FOLP DWHV�DQG�VRLO�W\ SHV��7KH�TXDOLW\ �RI�WKH�FDOLEUDWLRQ�LV�GHSHQGHQW�RQ�WKH�GDWD�DYDLODEOH�
VR�KDV�LWV�JUHDWHVW�UHOLDELOLW\ �DQG�DFFXUDF\ �LQ�GHWHUP LQLQJ�QXWULHQW�IORZV�IURP �FRQYHQWLRQDO�
IDUP LQJ�V\ VWHP V����

‡��2 YHUVHHU70 �FDQ�QRW�EH�XVHG�DV�D�P DQDJHP HQW�WRRO�IRU�ZLWKLQ�VHDVRQ�GHFLVLRQV��IRU�
H[ DP SOH��2 YHUVHHU70 �FDQ�EH�XVHG�WR�HVWLP DWH�DYHUDJH�QLWURJHQ�UHTXLUHG�IRU�D�FURS�EXW�
FDQQRW�EH�XVHG�WR�P DNH�GHFLVLRQV�DERXW�QLWURJHQ�UHTXLUHG�IRU�D�SDUWLFXODU�\ HDU���

��
$ SSOLFDWLRQV��
‡�2 YHUVHHU70 �LV�XVHG�E\ �WKH�WKUHH�P DMRU�IHUWLOLVHU�FRP SDQLHV�DV�SDUW�RI�WKH�QXWULHQW�EXGJHWLQJ�

IRU�WKHLU�FOLHQWV���,W�LV�WKH�P RVW�ZLGHO\ �XVHG�QXWULHQW�P DQDJHP HQW�WRRO�LQ�1 HZ�=HDODQG���
‡�$YDLODEOH�IUHH�RI�FKDUJH�IURP �0 $) �RU�WKH�ZHEVLWH���
��
) XWXUH�' HYHORSP HQWV��
‡�2 YHUVHHU70 �LV�XQGHU�FRQWLQXDO�XSGDWH�XSJUDGH�LQ�UHVSRQVH�WR�XVHUV�QHHGV���,W�LV�LQWHQGHG�WR�

P DNH�LP SURYHP HQWV�WR�VRP H�RI�WKH�FDOLEUDWLRQV�IRU�VRP H�RI�WKH�FRP SRQHQWV�RI�WKH�P RGHO�
WKDW�DUH�WKRXJKW�WR�EH�ZHDNHU�DQG�DGG�P LWLJDWLRQ�RSWLRQV�WR�WKH�P RGHO�DV�WKH\ �EHFRP H�
DYDLODEOH�DQG�XQGHUVWRRG�WHVWHG��$V�GHWDLOHG�DERYH��$J5 HVHDUFK�KDV�D�P XOWL�\ HDU�
) RXQGDWLRQ�IRU�5 HVHDUFK�6FLHQFH�DQG�7HFKQRORJ\ ��) 5 67��IXQGHG�SURJUDP P H�RQ�ORZ�
QLWURJHQ�HP LWWLQJ�IDUP LQJ�V\ VWHP V�DQG�QLWURJHQ�OHDFKLQJ�WULDOV�VR�WKDW�2 YHUVHHU70 �FDQ�EH�
UHILQHG�IRU�WKH�7DXSR�&DWFKP HQW���

��
�

� �� �� �63$ 60 2 �� �
63$60 2 �LV�D�VLP XODWLRQ�P RGHO�ZKLFK�UHTXLUHV�GDLO\ �LQIRUP DWLRQ�VR�WKDW�LW�FDQ�UXQ�RQ�D�GDLO\ �
WLP H�VWHS�WKDW�DOORZV�WKH�LQYHVWLJDWLRQ�RI�WLP LQJ�ZHDWKHU�LQWHUDFWLRQV���7KH�63$60 2 �P RGHO�
ORRNV�DW�WKH�SURFHVVHV�RI�ZDWHU��SODQW�JURZWK��DQG�QLWURJHQ���7KH�P RGHO�VHWXS�LV�YHU\ �IOH[ LEOH�
VR�LW�FDQ�EH�XVHG�WR�DGGUHVV�D�YHU\ �ZLGH�UDQJH�RI�TXHVWLRQV���63$60 2 �LV�SULP DULO\ �DSSOLHG�WR�
KRUWLFXOWXUDO�V\ VWHP V�EXW�FDQ�DOVR�EH�DSSOLHG�WR�FURSSLQJ�DQG�SDVWRUDO�V\ VWHP V���63$60 2 �LV�
GHVLJQHG�WR�EH�UXQ�E\ �+ RUW5 HVHDUFK�VFLHQWLVWV�EXW�FDQ�EH�VHW�XS�LQ�YDULRXV�ZD\ V�WR�P DNH�LW�
P RUH�JHQHUDOO\ �DYDLODEOH�IRU�SXEOLF�XVH���
��
$ VVXP SWLRQV��/ LP LWDWLRQV��) HDWXUHV��
‡��6KRUW�WHUP �DQG�ORQJ�WHUP �YDULDELOLW\ �LV�HYLGHQW�LQ�UHVXOWV�IURP �WKH�P RGHO����
‡��7KH�P RGHO�LQSXWV�DUH�VHW�E\ �+RUW5 HVHDUFK�VFLHQWLVWV�DQG�WKHUHIRUH�DXWRP DWLFDOO\ �FRP H�ZLWK�

D�TXDOLW\ �FRQWURO�RQ�XVH�DQG�LQSXWV��7KH�µFRVW¶�RI�WKLV�LV�WKDW�WKH�P RGHO�LV�QRW�DYDLODEOH�WR�
LQGLYLGXDO�XVHUV���

‡��63$60 2 �FRXOG�EH�XVHG�DV�D�P DQDJHP HQW�WRRO�IRU�ZLWKLQ�VHDVRQ�GHFLVLRQV�KRZHYHU�LQ�
SUDFWLFH�WKLV�ZRXOG�EH�WRR�VORZ�EHFDXVH�RI�WKH�QHHG�WR�HQJDJH�D�VFLHQWLVW�WR�UXQ�HDFK�
VLP XODWLRQ���

��
3RVVLEOH�) XWXUH�' HYHORSP HQWV��
‡��63$60 2 �GHYHORSP HQWV�DUH�GULYHQ�E\ �GHP DQG�IURP �XVHUV��,W�LV�DQWLFLSDWHG�WKDW�WKH�P RGHO�

ZLOO�EH�GHYHORSHG�WR�LQFOXGH�P RUH�FURSV��P RUH�VRLOV��DQG�GLIIHUHQW�ODQG�SUDFWLFHV���

�������������������������������������������������
� �7KLV�VXPPDU\ �LV�IURP�( QYLURQPHQW�: DLNDWR��� � � � � �DQG�LV�SDUW�RI�WKH�VHFWLRQ�� � �DQDO\ VLV�IRU�WKH�/ DNH�7DXSR�
SROLF\ �
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��

� �� �� �1 3/ $ 6�� �
1 3/ $6�KDV�EHHQ�GHVLJQHG�WR�WHVW�LI�SURSRVHG�ODQG�XVH�FKDQJHV�DURXQG�WKH�5 RWRUXD�/ DNHV�
FRP SO\ �ZLWK�WKH�5 HJLRQDO�3ODQ�UHJXODWLRQ�ZKLFK�UHTXLUHV�D�FDS�LQ�QLWURJHQ�RU�SKRVSKRUXV�
OHDYLQJ�WKH�SURSHUW\ ��1 3/ $6�FDOFXODWHV�WKH�ORQJ�WHUP �DQQXDO�DYHUDJH�ORDG�RI�QLWURJHQ�DQG�
SKRVSKRUXV�HQWHULQJ�WKH�VWUHDP V�RQ�D�SURSHUW\ �RU�OHDYLQJ�WKH�SURSHUW\ �LQ�JURXQGZDWHU��
1 3/ $6�LV�D�ZHE�EDVHG�SURJUDP P H�DQG�KDV�EHHQ�GHVLJQHG�WR�EH�UXQ�HDVLO\ �E\ �DQ\ �XVHU�
ZLWKRXW�VSHFLILF�WUDLQLQJ���7KH�1 3/ $6 �P RGHO�LV�VSHFLILF�WR�WKH�5 RWRUXD�/ DNHV�GLVWULFW�EXW�LV�DQ�
H[ DP SOH�RI�ZKDW�FRXOG�EH�GHYHORSHG�IRU�RWKHU�ORFDWLRQV���
�
$ VVXP SWLRQV��/ LP LWDWLRQV��) HDWXUHV��
‡��7KH�1 3/ $6�P RGHO�FDQ�DVVHVV�SDVWRUDO�QLWURJHQ�OHDFKLQJ�HVWLP DWHV�IURP �D�EDVLF�YHUVLRQ�RI�

2 YHUVHHU70 ��SDVWRUDO�SKRVSKRUXV�ORVV�DQG�RYHUODQG�IORZ�ORVV�IURP �* / ( $0 6�VLP XODWLRQV��
GLUHFW�DQLP DO�GHSRVLWLRQ�WR�ZDWHUZD\ V��QLWURJHQ�DQG�SKRVSKRUXV�ORDGV�IURP �
KRXVHV�ZDVWHZDWHU��1 3/ $6�LQFOXGHV�D�FRQVLGHUDWLRQ�RI�WKH�HIIHFWV�RI�IHUWLOLVHU��UDLQ��VRLO�
GUDLQDJH��VORSH��DQG�ZLQWHULQJ�RII����

‡��1 3/ $6�FDQ�DFFRXQW�IRU�RQ�VLWH�P LWLJDWLRQ�WKURXJK�SRQGV��ULSDULDQ�VWULSV��DQG�ZHWODQGV����
‡��$OO�WKHVH�SUHGLFWLRQV�DUH�VSHFLILF�WR�WKH�5 RWRUXD�/ DNHV�HQYLURQP HQW���
��
) XWXUH�' HYHORSP HQWV��
‡��' HYHORSP HQWV�RI�WKH�1 3/ $6�P RGHO�LQ�WKH�LP P HGLDWH�IXWXUH�ZLOO�EH�FHQWUHG�RQ�UHILQHP HQW�

DQG�WHVWLQJ�RI�WKH�P RGHO���7KHUH�LV�DOVR�D�SRVVLELOLW\ �IRU�H[ WHQGLQJ�WKH�V\ VWHP �WR�RWKHU�
UHJLRQV���

��
3UHIHUUHG�0 RGHO�� �
2 YHUVHHU70 �LV�( QYLURQP HQW�: DLNDWR¶V�SUHIHUUHG�P RGHO�IRU�P DQDJLQJ�1 XWULHQWV�XQGHU�WKH�
UHJXODWLRQ�RI��WKH�9DULDWLRQ��EHFDXVH�LW�LV�WKH�P RVW�GHWDLOHG�DQG�DFFXUDWH�IDUP �V\ VWHP V�P RGHO�
DQG�WKH�LQSXWV�IRU�WKH�P RGHO�DUH�NQRZQ�E\ �RU�UHDGLO\ �DFFHVVLEOH�WR�IDUP HUV��: DLNDWR�5 HJLRQDO�
&RXQFLO�VRXJKW�WR�HQVXUH�IDUP HUV�KDG�D�WRRO�WKDW�EHVW�P HW�WKHLU�RQ�IDUP �P DQDJHP HQW�QHHGV�
EHFDXVH�LW�ZDV�WKH�IDUP �P DQDJHP HQW�V\ VWHP V�WKDW�ZHUH�WR�EH�P RGLILHG���,Q�DGGLWLRQ�LW�LV�
UHFRJQLVHG�WKDW�2 YHUVHHU70 �GRHV�KDYH�WKH�FDSDELOLW\ �WR�LQFOXGH�P LWLJDWLRQ�P HDVXUHV�LQFOXGLQJ�
DWWHQXDWLRQ�RI�QLWURJHQ�WKURXJK�ZHWODQGV�DQG�$J5 HVHDUFK�DUH�ORRNLQJ�WR�LQFOXGH�WKLV�
LQIRUP DWLRQ�LQ�WKH�P RGHO�LQ�WKH�QHDU�IXWXUH����
��
,W�LV�QRWHG�WKDW�D�FRP SDULVRQ�RI�P RGHOOLQJ�RXWSXWV�IURP �2 YHUVHHU70 �DQG�63$60 2 �LQ�WKH�
7DXSR�&DWFKP HQW�ZDV�FRP P LVVLRQHG�E\ �: DLNDWR�5 HJLRQDO�&RXQFLO�DQG�+RUW�5 HVHDUFK���7KH�
UHVXOW�RI�WKLV�FRP SDULVRQ�FRQFOXGHG�WKDW�WKHUH�LV�D�UHDVRQDEOH�DJUHHP HQW�EHWZHHQ�WKH�
SUHGLFWLRQV�IURP �WKH�WZR�P RGHOV���

�������������������������������������������������
� �7KLV�VXPPDU\ �LV�IURP�( QYLURQPHQW�: DLNDWR��� � � � � �DQG�LV�SDUW�RI�WKH�VHFWLRQ�� � �DQDO\ VLV�IRU�WKH�/ DNH�7DXSR�
SROLF\ �
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� �� �$ SSHQGL[ �� � �&DVH�6WXG\ �3UHVHQWDWLRQV�IURP �: RUNVKRS�±�� � WK�
- XO\ �� � � � �

�
&DVH�6WXG\ �� D��$TXLIHU6LP ��5 HVHDUFK�3UHVHQWDWLRQ�±�9LQFH�%LGZHOO��/ LQFROQ�

9HQWXUHV�/ WG��/ LQGD�/ LOEXUQH��/ DQGFDUH�5 HVHDUFK�/ WG�
�
&DVH�6WXG\ �� E�$TXLIHU6LP ��( QG�8 VHU�3UHVHQWDWLRQ�±�5 D\ P RQG�) RUG��( QYLURQP HQW�

&DQWHUEXU\ �
�
&DVH�6WXG\ �� D��&/ 8 ( 6��5 HVHDUFKHU�3UHVHQWDWLRQ�±�6DQG\ �( OOLRW��1 ,: $ �
�
&DVH�6WXG\ �� E�&/ 8 ( 6��( QG�8 VHU�3UHVHQWDWLRQ�±�5 HHFH�+LOO��( QYLURQP HQW�: DLNDWR��
�
&DVH�6WXG\ �� D��5 2 7$1 �±�5 HVHDUFKHU�3UHVHQWDWLRQ�±�. LW�5 XWKHUIRUG��1 ,: $ �
�
&DVH�6WXG\ �� E��5 2 7$1 �±�( QG�8 VHU�3UHVHQWDWLRQ�±�$QG\ �%UXHUH��( QYLURQP HQW�%D\ �RI�

3OHQW\ �
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( QYLUROLQN��&DWFKP HQW�6FDOH�0 RGHOOLQJ�±�2 YHUYLHZ�DQG�: RUNVKRS�2 XWFRP HV�� � �

&DVH�6WXG\ �� D��$TXLIHU6LP ��5 HVHDUFK�3UHVHQWDWLRQ�±�9LQFH�%LGZHOO��/ LQFROQ�
9HQWXUHV��/ LQGD�/ LOEXUQH��/ DQGFDUH�5 HVHDUFK��
�

�
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�
�
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�

�
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