
0DNLQJ�PRGHOOLQJ�FRXQW � LQFUHDVLQJ�WKH�FRQWULEXWLRQ RI�VKHOI�VHDV��

FRPPXQLW\�DQG�HFRV\VWHP�PRGHOV�WR SROLF\ GHYHORSPHQW�DQG�PDQDJHPHQW�

.LHUDQ�+\GHUD
��$[HO�*�5RVVEHUJD��-�,FDUXV�$OOHQE��0HODQLH�& $XVWHQE��5RVD�0�%DUFLHODF���

+D\OH\�-�%DQQLVWHUG��3DXO�*�%ODFNZHOOH��-XOLD�/�%ODQFKDUGG�I��0LFKDHO�7�%XUURZVJ��(PPD��

'HIULH]K��7DUTXLQ�'RUULQJWRQL��.DUHQ�3�(GZDUGVM��%HUQDUGR�*DUFLD�&DUUHUDVD�K� 0LFKDHO�5�

+HDWKN��'HERUDK�-�+HPEXU\L��-RKDQQD�-�+H\PDQVJ��-DVRQ�+ROWO��-HQQLIHU�(�+RXOHP��6LPRQ��

-HQQLQJVD��6WHYH�0DFNLQVRQD��6WHSKHQ�-�0DOFROPD��5XDUDLGK�0F3LNHN� /DXUHQFH�0HHJ��'DYLG��

.�0LOOVD��&DURQ�0RQWJRPHU\L��'HDQ�3HDUVRQL��-RKQ�.�3LQQHJDUD��0DULOHQD�3ROOLFLQRL���

(NDWHULQD�(��3RSRYDQ� /RXLVH�5DHR��6WXDUW�,�5RJHUVD��'RXJODV�6SHLUVN��0LFKDHO�$�6SHQFHG�H���

5REHUW�7KRUSHD��5�.HUU\�7XUQHUS��-RKDQ�YDQ�GHU�0ROHQD��$QGUHZ�<RROQ 	�'DYLG�0�3DWHUVRQU��

D� &HQWUH�IRU�(QYLURQPHQW��)LVKHULHV�	�$TXDFXOWXUH�6FLHQFH� /RZHVWRIW�/DERUDWRU\����

3DNHILHOG�5RDG��/RZHVWRIW��15���+7��8.���

E��3O\PRXWK�0DULQH�/DERUDWRU\��3URVSHFW�3ODFH��7KH�+RH��3O\PRXWK�3/���'+��8.���

F��+DGOH\�&HQWUH�	�1DWLRQDO�&HQWUH�IRU�2FHDQ�)RUHFDVWLQJ��0HW�2IILFH��)LW]UR\ 5RDG��([HWHU���

(;���3%��8.���

G��$QLPDO�	�3ODQW�6FLHQFHV��8QLYHUVLW\�RI�6KHIILHOG��$OIUHG�'HQQ\�%XLOGLQJ��:HVWHUQ�%DQN����

6KHIILHOG 6����71��8.���

H��6FKRRO�RI�0DWKHPDWLFV�	�6WDWLVWLFV��8QLYHUVLW\�RI�6KHIILHOG��+LFNV�%XLOGLQJ��+RXQVILHOG���

5RDG��6KHIILHOG�6���5+��8.���

I��,QVWLWXWH�IRU�0DULQH�DQG�$QWDUFWLF�6WXGLHV��8QLYHUVLW\�RI�7DVPDQLD�����&DVWUD\�(VSODQDGH����

%DWWHU\�3RLQW��7DVPDQLD ������$XVWUDOLD���

3DJH�� RI��


7LWOH�3DJH��:,7+�$XWKRU�'HWDLOV�



J��6FRWWLVK�$VVRFLDWLRQ�IRU�0DULQH�6FLHQFH��6FRWWLVK�0DULQH�,QVWLWXWH��2EDQ��$UJ\OO�3$����

�4$��8.��

K��,PSHULDO�&ROOHJH�/RQGRQ� 6LOZRRG�3DUN�&DPSXV��%XFNKXUVW�5RDG��$VFRW��%HUNVKLUH�6/���

�3<��8.��

L��'HSDUWPHQW�IRU�(QYLURQPHQW��)RRG�	�5XUDO�$IIDLUV��1REHO�+RXVH�����6PLWK�6TXDUH���

/RQGRQ�6:�3��-5��8.��

M��(VWXDULQH�	�&RDVWDO�0RQLWRULQJ�	�$VVHVVPHQW�6HUYLFH��(QYLURQPHQW�$JHQF\��0DQOH\��

+RXVH��.HVWUHO�:D\��([HWHU (;���/4��8.��

N��'HSDUWPHQW�RI�0DWKHPDWLFV�DQG�6WDWLVWLFV��8QLYHUVLW\�RI�6WUDWKFO\GH� /LYLQJVWRQH�7RZHU���

���5LFKPRQG�6WUHHW��*ODVJRZ� *���;+��6FRWODQG���

O��1DWLRQDO�2FHDQRJUDSK\�&HQWUH��-RVHSK�3URXGPDQ�EXLOGLQJ����%URZQORZ�6WUHHW��/LYHUSRRO���

/���'$��8.���

P��6FKRRO�RI�%LRORJLFDO�6FLHQFHV��4XHHQ
V�8QLYHUVLW\�%HOIDVW��0HGLFDO�%LRORJ\�&HQWUH�������

/LVEXUQ�5RDG��%HOIDVW�%7���%/��1RUWKHUQ�,UHODQG���

Q��1DWLRQDO�2FHDQRJUDSK\�&HQWUH��8QLYHUVLW\�RI�6RXWKDPSWRQ :DWHUIURQW�&DPSXV��(XURSHDQ��

:D\��6RXWKDPSWRQ�62����=+��8.���

R��&HQWUH�IRU�(QYLURQPHQW��)LVKHULHV DQG�$TXDFXOWXUH�6FLHQFH� :H\PRXWK�/DERUDWRU\����

%DUUDFN�5RDG��:H\PRXWK��'RUVHW '7���8%��8.��

S��6FKRRO�RI�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�(DVW�$QJOLD��1RUZLFK�5HVHDUFK�3DUN����

1RUZLFK�15���7-��8.���

T��8QLYHUVLW\�RI�6W�$QGUHZV��6FKRRO�RI�%LRORJ\��6FRWWLVK�2FHDQV�,QVWLWXWH��(DVW�6DQGV��6W���

$QGUHZV��.<����/%��8.���

3DJH�� RI��




�&RUUHVSRQGLQJ�DXWKRU��.LHUDQ�+\GHU��&HQWUH�IRU�(QYLURQPHQW��)LVKHULHV�	�$TXDFXOWXUH��

6FLHQFH��&HIDV���/RZHVWRIW�/DERUDWRU\��3DNHILHOG�5RDG��/RZHVWRIW��15���+7��8.� 7HO�������

����������������H�PDLO��NLHUDQ�K\GHU#FHIDV�FR�XN�

�

3DJH�� RI��



0DNLQJ�PRGHOOLQJ�FRXQW � LQFUHDVLQJ�WKH�FRQWULEXWLRQ�RI�VKHOI�VHDV��

FRPPXQLW\�DQG�HFRV\VWHP�PRGHOV�WR�SROLF\�GHYHORSPHQW�DQG�PDQDJHPHQW�

+LJKOLJKWV��VXEPLW�LQ�D�VHSDUDWH�ILOH�± ��WR���EXOOHW�SRLQWV���

(FRV\VWHP�PRGHOV�KDYH�VLJQLILFDQW�SRWHQWLDO�WR�VXSSRUW�GHFLVLRQ�PDNLQJ��EXW�8.��

H[DPSOHV�DUH�OLPLWHG��

(FRV\VWHP�PRGHOV�ZRXOG�EH�PRUH�ZLGHO\�XVHG�LI�WKHUH�ZDV�EHWWHU DZDUHQHVV�RI�PRGHO��

FDSDELOLWLHV��GRFXPHQWHG�TXDOLW\�DVVXUDQFH��DQG WKH XQFHUWDLQWLHV�SUHVHQWHG��

(FRV\VWHP�PRGHOOLQJ�GHYHORSPHQWV�RI�KLJK�LPPHGLDWH�YDOXH�WR�SROLF\�PDNHUV�DQG��

SULRULWLHV�WR�ILOO�JDSV�LQ�FDSDELOLW\�DUH�LGHQWLILHG�IRU�WKH�8.��

0XOWLGLVFLSOLQDU\�FRPPXQLW\�RI�SROLF\�PDNHUV��PRGHOOHUV��VWDWLVWLFLDQV��DQG�GDWD���

VFLHQWLVWV�DUH�QHHGHG�WKDW�FR�GHYHORS�HFRV\VWHP�PRGHOV����

3DJH�� RI��

+LJKOLJKWV��IRU�UHYLHZ�
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0DNLQJ�PRGHOOLQJ�FRXQW � LQFUHDVLQJ�WKH�FRQWULEXWLRQ RI�VKHOI�VHDV��

FRPPXQLW\�DQG�HFRV\VWHP�PRGHOV�WR SROLF\ GHYHORSPHQW�DQG�PDQDJHPHQW�

�

3DJH�� RI���


0DQXVFULSW��ZLWKRXW�DQ\�DXWKRU�LGHQWLILHUV�
&OLFN�KHUH�WR�YLHZ�OLQNHG�5HIHUHQFHV
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$EVWUDFW�

0DULQH�OHJLVODWLRQ�LV�EHFRPLQJ�PRUH�FRPSOH[�DQG�PDULQH�HFRV\VWHP�EDVHG�PDQDJHPHQW�LV��

VSHFLILHG�LQ�QDWLRQDO�DQG�UHJLRQDO�OHJLVODWLYH�IUDPHZRUNV� 6KHOI�VHDV�FRPPXQLW\�DQG��

HFRV\VWHP�PRGHOV��KHUHDIWHU�WHUPHG�HFRV\VWHP�PRGHOV� DUH�FHQWUDO�WR�WKH�GHOLYHU\�RI��

HFRV\VWHP�EDVHG�PDQDJHPHQW��EXW�WKHUH�LV�OLPLWHG�XSWDNH�DQG�XVH�RI�PRGHO�SURGXFWV E\��

GHFLVLRQ�PDNHUV LQ�(XURSH�DQG�WKH�8.�LQ�FRPSDULVRQ�ZLWK�RWKHU�FRXQWULHV� ,Q�WKLV�VWXG\��WKH��

FKDOOHQJHV�WR�WKH�XSWDNH�DQG�XVH�RI�HFRV\VWHP PRGHOV�LQ�VXSSRUW�RI�PDULQH�HQYLURQPHQWDO��

PDQDJHPHQW DUH�DVVHVVHG XVLQJ�WKH�8.�FDSDELOLW\�DV�DQ�H[DPSOH��7KH�8.�KDV�D�EURDG�

FDSDELOLW\�LQ�PDULQH�HFRV\VWHP�PRGHOOLQJ��ZLWK�DW�OHDVW ���GLIIHUHQW�PRGHOV WKDW�VXSSRUW��

PDQDJHPHQW��EXW�IHZ�H[DPSOHV�H[LVW�RI�HFRV\VWHP�PRGHOOLQJ�WKDW XQGHUSLQ�SROLF\�RU���

PDQDJHPHQW GHFLVLRQV��7R�LPSURYH�XQGHUVWDQGLQJ�RI�SROLF\� DQG�PDQDJHPHQW LVVXHV�WKDW�FDQ���

EH�DGGUHVVHG�XVLQJ�HFRV\VWHP�PRGHOV��D�ZRUNVKRS�ZDV�FRQYHQHG�WKDW�EURXJKW WRJHWKHU���

DGYLVRUV��DVVHVVRUV��ELRORJLVWV��VRFLDO�VFLHQWLVWV��HFRQRPLVWV��PRGHOOHUV��VWDWLVWLFLDQV��SROLF\���

PDNHUV��DQG�IXQGHUV��6RPH�SROLF\�UHTXLUHPHQWV WKDW�FDQ�EH�DGGUHVVHG�ZLWKRXW�IXUWKHU�PRGHO���

GHYHORSPHQW ZHUH�LGHQWLILHG�LQFOXGLQJ� DWWULEXWLRQ�RI�HQYLURQPHQWDO�FKDQJH�WR�XQGHUO\LQJ���

GULYHUV��LQWHJUDWLRQ�RI�PRGHOV�DQG�REVHUYDWLRQV WR�GHYHORS�PRUH�HIILFLHQW�PRQLWRULQJ���

SURJUDPPHV��DVVHVVPHQW�RI�LQGLFDWRU SHUIRUPDQFH�IRU�GLIIHUHQW�PDQDJHPHQW�JRDOV��DQG�WKH���

FRVWV�DQG�EHQHILW�RI�OHJLVODWLRQ��0XOWL�PRGHO�HQVHPEOHV�DUH�EHLQJ GHYHORSHG�LQ�FDVHV�ZKHUH���

PDQ\�PRGHOV�H[LVW��EXW�PRGHO�VWUXFWXUHV�DUH�YHU\�GLYHUVH�PDNLQJ�D�VWDQGDUGLVHG�DSSURDFK�RI���

FRPELQLQJ�RXWSXWV�D�VLJQLILFDQW�FKDOOHQJH��DQG�WKHUH�LV�D�QHHG�IRU�QHZ�PHWKRGRORJLHV�IRU���

GHVFULELQJ��DQDO\VLQJ��DQG�YLVXDOLVLQJ�XQFHUWDLQWLHV��$�VWURQJHU�OLQN WR�VRFLDO�DQG�HFRQRPLF���

V\VWHPV�LV�QHHGHG�WR�LQFUHDVH�WKH�UDQJH�RI�SROLF\�UHODWHG�TXHVWLRQV�WKDW�FDQ�EH�DGGUHVVHG��,W�LV���

DOVR�LPSRUWDQW�WR�LPSURYH�FRPPXQLFDWLRQ EHWZHHQ�SROLF\�DQG�PRGHOOLQJ�FRPPXQLWLHV�VR�WKDW���

WKHUH�LV�D�VKDUHG�XQGHUVWDQGLQJ�RI�WKH�VWUHQJWKV�DQG�OLPLWDWLRQV�RI�HFRV\VWHP PRGHOV���

3DJH�� RI���
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.H\ZRUGV� HFRV\VWHP�PRGHOV� PDULQH�SROLF\ DQG�PDQDJHPHQW� 8.�HQYLURQPHQWDO��

DVVHVVPHQW��PDQDJHPHQW��DQG�PRQLWRULQJ��

�

3DJH�� RI���
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���,QWURGXFWLRQ�

0DULQH�OHJLVODWLRQ�LV�EHFRPLQJ PRUH�FRPSOH[ DV�D�FRQVHTXHQFH�RI�LQFUHDVLQJ�DQG PRUH��

GLYHUVH�XVH�RI�WKH�VHD >�@��&RPPLWPHQWV�WR PDULQH�HFRV\VWHP�EDVHG�PDQDJHPHQW�WKDW��

LQIOXHQFH�WKH�8.�DUH VSHFLILHG LQ QDWLRQDO�DQG�UHJLRQDO�OHJLVODWLYH�IUDPHZRUNV�LQFOXGLQJ�WKH��

0DULQH 6WUDWHJ\�)UDPHZRUN�'LUHFWLYH��06)'��>�@� &RPPRQ�)LVKHULHV�3ROLF\ �&)3� >�@��DQG�

WKH�:DWHU�)UDPHZRUN�'LUHFWLYH��:)'��>�@��+RZHYHU� WKH�IXQGLQJ�WR�SURYLGH�WKH�HPSLULFDO��

HYLGHQFH�EDVH WKDW�XQGHUSLQV�PRQLWRULQJ��DVVHVVPHQW��DQG�PDQDJHPHQW�LQ�VXSSRUW�RI�WKHVH��

SROLFLHV LV�GHFUHDVLQJ LQ�UHODWLYH�WHUPV� UHTXLULQJ LQFUHDVLQJO\�FRVW�HIIHFWLYH�GHFLVLRQ�WRROV�IRU��

RSHUDWLRQDO�PDQDJHPHQW�DQG�VFHQDULR�SODQQLQJ��7KH�NH\�UHTXLUHPHQWV�IRU�GHFLVLRQ�PDNHUV��

DUH�WR�XQGHUVWDQG�OLQNV�EHWZHHQ�KXPDQ�DQG�HQYLURQPHQWDO�SUHVVXUHV�DQG�WKH�VWDWH�RI�WKH���

HQYLURQPHQW��WR�GHWHUPLQH�VXLWDEOH�PDQDJHPHQW�PHDVXUHV�WR�PHHW�REMHFWLYHV��WR�WUDFN���

SURJUHVV�LQ�UHODWLRQ�WR�WKRVH�REMHFWLYHV� DQG�WR�DVVHVV�WKH�SHUIRUPDQFH�RI�PDQDJHPHQW�RSWLRQV���

EDVHG�RQ�WKHLU�HQYLURQPHQWDO��VRFLDO�DQG�HFRQRPLF�FRQVHTXHQFHV >�±�@��6KHOI�VHDV���

FRPPXQLW\�DQG�HFRV\VWHP�PRGHOV �KHUHDIWHU�WHUPHG�HFRV\VWHP�PRGHOV� FDQ�KHOS�WR�PHHW���

WKHVH�UHTXLUHPHQWV��6SHFLILF�H[DPSOHV�RI�FRQWULEXWLRQV FRXOG�LQFOXGH�WHVWLQJ�WKH�VHQVLWLYLW\�RI���

LQGLFDWRUV��LQFUHDVLQJ�WKH�FRVW�HIIHFWLYHQHVV�RI�PRQLWRULQJ�SURJUDPPHV� DQG VXSSRUWLQJ���

SUDFWLFDO�DSSOLFDWLRQ�RI�WKHRUHWLFDO�FRQFHSWV OLNH�PD[LPXP�VXVWDLQDEOH�\LHOG��06<����

(FRV\VWHP�PRGHOV RIWHQ�GLIIHU�IXQGDPHQWDOO\�IURP�PRGHOV�RI�SK\VLFDO�V\VWHPV EHFDXVH���

HFRV\VWHP�G\QDPLFV�DUH UDUHO\�GLUHFWO\ JRYHUQHG�E\�SK\VLFDO�ODZV DORQH��EXW�UHVXOW�IURP���

FRPSOH[�ELRORJLFDO�IHHGEDFNV�UHTXLULQJ�VRPH�IRUP�RI�DSSUR[LPDWLRQ��7KXV� LW�LV XVXDOO\��

LPSRUWDQW�WR�HPEUDFH�PRGHO�GLYHUVLW\�WR�DFFRXQW�IRU XQFHUWDLQW\ DERXW�WKH�PRVW�DSSURSULDWH��

PRGHO�VWUXFWXUH >�@��&RQVHTXHQWO\��PXOWL�PRGHO�HQVHPEOH�DSSURDFKHV VLPLODU�WR�WKDW�XVHG�E\���

WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&� IRU�FOLPDWH�SURMHFWLRQV�>�@ FDQ�EH���

XVHG�WR�FRQYH\�XQFHUWDLQW\�WKDW�UHVXOWV�IURP�GLIIHUHQFHV�LQ�VWUXFWXUH��DQ�DSSURDFK�WKDW�LV���

VWDUWLQJ�WR�EH�DSSOLHG�WR�DGYLFH�RQ�WKH�PDQDJHPHQW�RI�ILVKHULHV�>����@���

3DJH�� RI���
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(FRV\VWHP�PRGHOV�FRXOG�PDNH�D�PXFK�JUHDWHU�FRQWULEXWLRQ�WR�WKH�HYLGHQFH�EDVH�WKDW��

XQGHUSLQV�SROLF\�GHYHORSPHQW�DQG�GHFLVLRQ�PDNLQJ� EHFDXVH�WKH\�DOORZ�D�SULRUL�WHVWLQJ�RI��

SROLFLHV�DQG�PDQDJHPHQW�VFHQDULRV�DQG�TXDQWLILFDWLRQ�RI�WKH�ULVN�DQG�XQFHUWDLQW\� ,Q�PRVW��

FDVHV��LW�LV�LPSRVVLEOH�WR�DVVHVV�WKH�SHUIRUPDQFH�RI�SROLFLHV�DQG�SRWHQWLDO�PDQDJHPHQW��

PHDVXUHV�ZLWKRXW�PRGHOV� )RU�PRGHOV�WR�IXOILO�D�JUHDWHU�UROH�LQ�SROLF\�GHYHORSPHQW�DQG��

GHFLVLRQ�PDNLQJ��DQG�IRU�WKH�DVVRFLDWHG�DGYLFH�WR�EH�WUHDWHG�DV�FUHGLEOH��VDOLHQW�DQG��

OHJLWLPDWH��WKH�PRGHOOLQJ�DSSURDFKHV�XVHG�QHHG�WR�EH PRUH WUDQVSDUHQW��YHULILDEOH� DQG�

UHSHDWDEOH WKDQ�WKH\�DUH�DW�SUHVHQW��

(FRV\VWHP�PRGHOV�DUH�LQFUHDVLQJO\�XVHG�LQ VXSSRUW�RI PDULQH�HQYLURQPHQWDO�DVVHVVPHQW���

PDQDJHPHQW��DQG�SROLF\�GHYHORSPHQW�LQ�RWKHU�SDUWV�RI�WKH�ZRUOG�LQFOXGLQJ�WKH�86$�DQG���

$XVWUDOLD��H�J��>�����@���EXW�DUH�QRW�URXWLQHO\�XVHG�LQ�WKH�8. DQG�(XURSH��,Q�WKLV�SDSHU��WKH���

SURVSHFWV�IRU�LQFUHDVLQJ�WKH�FRQWULEXWLRQ�RI�FRPPXQLW\�DQG�HFRV\VWHP�PRGHOV�WR�WKH�HYLGHQFH���

EDVH WKDW�XQGHUSLQV�DVVHVVPHQW��PDQDJHPHQW�DQG�SROLF\�VXSSRUW LV DVVHVVHG��)RFXVVLQJ RQ�WKH���

8.�VKHOI�VHDV�FRPPXQLW\�DQG�HFRV\VWHP�PRGHOOLQJ�FDSDELOLW\��WKH�UDQJH�RI�PRGHOV�DYDLODEOH��

DUH�UHYLHZHG��DFWLRQV�H[SHFWHG�WR�LQFUHDVH�WKH�XSWDNH�DQG�XVH�RI�WKHVH�PRGHOV�LQ���

HQYLURQPHQWDO�PDQDJHPHQW DUH�LGHQWLILHG� DQG�SULRULWLHV�IRU�PRGHO�GHYHORSPHQW��DSSOLFDWLRQ���

DQG�SUHVHQWDWLRQ DUH�KLJKOLJKWHG���

���8.�HFRV\VWHP�PRGHOOLQJ�FDSDELOLW\ DQG�LWV�LPSDFW�RQ�SROLF\��

0DQ\�GLIIHUHQW�JOREDO�PDULQH�HFRV\VWHP�PRGHOV�KDYH�EHHQ�GHYHORSHG >��@ DQG�H[WHQVLYH��

LQWHUFRPSDULVRQV�KDYH�EHHQ�PDGH�>��@��EXW�KHUH�WKH IRFXV�LV�RQ�UHJLRQDO�PRGHOV��H�J��VKHOI���

ZLGH��UHJLRQDO�VHD��DV�WKHVH�KDYH�WKH�PRVW�GLUHFW�UHOHYDQFH�IRU�DSSOLFDWLRQ�WR�8.�PDULQH���

HQYLURQPHQWDO�SROLF\ DQG�PDQDJHPHQW LQFOXGLQJ�UHJXODWLRQ��8.�LQVWLWXWHV�DQG�XQLYHUVLWLHV���

DOUHDG\�XVH�PDQ\�FODVVHV�RI�PRGHOV�WKDW�UHSUHVHQW�GLIIHUHQW�FRPSRQHQWV�RI�WKH�HFRV\VWHP���

�)LJXUH�����7KHVH�UDQJH�IURP�PRGHOV�RI�ELRJHRFKHPLVWU\�DQG ORZ�WURSKLF�OHYHOV��H�J��>��@��WR���

3DJH�� RI���
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VL]H�EDVHG�DSSURDFKHV��H�J��>��±��@��DQG�PRGHOV�RI�WKH�ZKROH�IRRG�ZHE��H�J��>�����@�� 6RPH��

HFRV\VWHP�PRGHOV�KDYH�EHHQ�FRXSOHG�WR�SK\VLFDO�PRGHOV DQG�DLP�WR UHSUHVHQW�WKH�HQWLUH��

V\VWHP IURP�SK\VLFV�WR�ILVKHUV�>��@��0RGHOV�YDU\ LQ VWUXFWXUH�DQG�SDUDPHWHULVDWLRQ VLQFH�WKH\��

KDYH�EHHQ�GHYHORSHG�WR�DGGUHVV GLIIHUHQW�TXHVWLRQV E\�UHVHDUFKHUV�ZLWK�GLIIHUHQW SKLORVRSKLHV��

DQG�DSSURDFKHV��)RU�H[DPSOH��(56(0 ZDV�RULJLQDOO\�GHYHORSHG�DV�DQ�HQG�WR�HQG�HFRV\VWHP��

PRGHO�WR�VWXG\�QXWULHQW�F\FOLQJ�DQG�SODQNWRQLF�HFRV\VWHP�G\QDPLFV >��@� WKH�3RSXODWLRQ��

'\QDPLFDO�0DWFKLQJ�0RGHO��3'00���H�J��>�����@� ZDV�FRQVWUXFWHG�WR�GHYHORS�WKHRUHWLFDO��

XQGHUVWDQGLQJ�RI�IRRG�ZHE�SDWWHUQV DQG ELRGLYHUVLW\ >�����@� DQG�(FRSDWK�ZLWK�(FRVLP��

�(Z(� WR�DVVHVV�WKH�LPSDFWV RI�ILVKHULHV�RQ�IRRG�ZHEV DQG�FRQVHTXHQFHV�IRU�ILVKHULHV��H�J���

>��@����

,16(57�),*85(���+(5(��

$W�OHDVW�IRXUWHHQ GLIIHUHQW�PDULQH�HFRV\VWHP�PRGHOV�DUH�EHLQJ�XVHG�LQ�WKH�8. �7DEOH�� DQG���

PRGHO�VXPPDULHV�SURYLGHG�DW�KWWS���ZZZ�PDVWV�DF�XN�UHVHDUFK�PDULQH�HFRV\VWHP���

PRGHOOLQJ��� )HZ�RI�WKHVH�PRGHOV�KDYH�GLUHFWO\�LQIOXHQFHG�RU�URXWLQHO\�VXSSRUWHG���

PDQDJHPHQW�DQG�SROLF\�GHYHORSPHQW� EXW�PDQ\�DUH�OLNHO\�WR�KDYH�LQIOXHQFHG�VRFLHWDO�DQG���

VFLHQWLILF�SHUFHSWLRQV�DERXW�WKH�VWDWH�RI�WKH�PDULQH�HQYLURQPHQW�DQG�WKLV�KDV�KDG�DQ�LQGLUHFW���

LQIOXHQFH�RQ�WKH�HPSKDVLV�JLYHQ�WR�HFRV\VWHP�FRQVLGHUDWLRQV�LQ�FRQWHPSRUDU\�SROLF\ �H�J���

>��±��@�� $V�SROLF\�PDNLQJ�LV�QRUPDWLYH�DQG�UHIOHFWV�VRFLHWDO�YDOXHV��DORQJVLGH�WKH�HYLGHQFH���

EDVH >��@��LW�LV�RIWHQ�GLIILFXOW�WR�DVFULEH�GLUHFW�OLQNV EHWZHHQ�PRGHOV�DQG�GHFLVLRQV��+RZHYHU����

WKHUH�DUH�VRPH�JRRG�H[DPSOHV LQFOXGLQJ�SUHGLFWLQJ�KDUPIXO�DOJDO�EORRPV��HXWURSKLFDWLRQ��DQG���

FRPSDULVRQV�EHWZHHQ�WDUJHWV�IRU�HQYLURQPHQWDO�OHJLVODWLRQ DV�H[SODLQHG�EHORZ���

,16(57�7$%/( ��+(5(��

2SHUDWLRQDO�IRUHFDVWLQJ�DQG�PRQLWRULQJ�RI�ZDWHU�TXDOLW\�HQDEOHV�WLPHO\�LQWHUYHQWLRQV�E\�ERWK���

VWDNHKROGHUV�DQG�WKH�DJHQFLHV�UHVSRQVLEOH�IRU�SXEOLF�KHDOWK��7KH�$OJD5LVN�PRQLWRULQJ�WRRO LV���

3DJH�� RI���
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D�SURWRW\SH�WKDW�SURYLGHG ZDUQLQJV RI�DOJDO EORRPV�WR�VXSSRUW�WKH�VWDWXWRU\�REOLJDWLRQV�RI�WKH��

(QYLURQPHQW�$JHQF\ >�����@��7KLV�WRRO�FRPELQHV�GDWD�IURP�DQ RSHUDWLRQDO�SK\VLFDO��

ELRORJLFDO�FRDVWDO�PRGHO�ZLWK VDWHOOLWH�REVHUYDWLRQV��DQG�WKH�UHVXOWV DUH�DYDLODEOH�WKURXJK DQ��

LQWHUQHW�SRUWDO�ZKHUH�XVHUV�FDQ�YLVXDOLVH�ERWK�PRGHO�RXWSXW�DQG�REVHUYDWLRQV�

�KWWS���ZZZ�QHRGDDV�DF�XN�PXOWLYLHZ�SD����$�GHPRQVWUDWLRQ�$OJD5LVN�VHUYLFH�ZDV��

LPSOHPHQWHG�LQ����� WR�VXSSRUW WKH�(XURSHDQ�8QLRQ�%DWKLQJ�:DWHUV�'LUHFWLYH��

'HWHFWLRQ�DQG�GLDJQRVLV�RI�HXWURSKLFDWLRQ�LV�UHTXLUHG�IRU�D�UDQJH�RI�(8�OHJLVODWLRQ �H�J���

06)'�>�@��:)'�>�@��DQG�E\�WKH�263$5�&RQYHQWLRQ >��@��)ROORZLQJ�WKH�ILUVW�DVVHVVPHQW�RI��

HXWURSKLFDWLRQ�IRU�263$5��WKH�1HWKHUODQGV�DQG�*HUPDQ\�LGHQWLILHG�HXWURSKLFDWLRQ�SUREOHP��

DUHDV�LQ�WKHLU�PDULQH�ZDWHUV�DQG�DOOHJHG�WKDW�LQSXWV�RI�QLWURJHQ�IURP�WKH�8.�PDGH�D���

VLJQLILFDQW�FRQWULEXWLRQ� 7KH�263$5�(XWURSKLFDWLRQ�&RPPLWWHH�WDVNHG�WKH�,QWHUVHVVLRQDO��

&RUUHVSRQGHQFH�*URXS�IRU�(XWURSKLFDWLRQ 0RGHOOLQJ��,&*�(02� WR�XQGHUWDNH�PRGHOOLQJ���

EDVHG�RQ�263$5�ULYHULQH�QXWULHQW�UHGXFWLRQ�VFHQDULRV�DQG�WUDQV�ERXQGDU\�QXWULHQW�WUDQVSRUW��

>�����@� 7KLV ZRUN�LQYROYHG�WKH�DSSOLFDWLRQ�RI�VHYHQ�HFRV\VWHP�PRGHOV�E\�GLIIHUHQW�LQVWLWXWHV���

IRU�SUH�GHILQHG�VFHQDULRV��XVLQJ�WKH�VDPH�IRUFLQJ��YDOLGDWLRQ�GDWD��PHWKRGV� DQG�SRVW���

SURFHVVLQJ�SURFHGXUHV��7KH�UHVXOWLQJ�PXOWL�PRGHO�HQVHPEOH�ZDV XVHG�WR�DVVHVV�XQFHUWDLQW\����

ZKLFK�VXEVWDQWLDOO\�HQKDQFHG�WKH�RYHUDOO�FUHGLELOLW\�RI�WKH�UHVXOWV�UHSRUWHG�WR�WKH�263$5���

(XWURSKLFDWLRQ�&RPPLWWHH��7KHLU VXEVHTXHQW�LQIOXHQFH�RQ�263$5�GHFLVLRQ�PDNLQJ ZDV IDU���

JUHDWHU�WKDQ�ZRXOG�KDYH�EHHQ�DFKLHYHG�E\�RQH�QDWLRQDO�VRXUFH��7KLV�PRGHOOLQJ�ZRUN�ZDV�DOVR���

XVHG�DV�VXSSRUWLQJ�HYLGHQFH�LQ�D�FDVH�ZKHUH�WKH�8.�VXFFHVVIXOO\�GHIHQGHG�DJDLQVW�WKH���

(XURSHDQ�&RPPLVVLRQ�LQ�WKH�(XURSHDQ�&RXUW RI�-XVWLFH �&DVH�&�����������

$GYLFH�RQ�ILVKHULHV�PDQDJHPHQW�LV�URXWLQHO\�VXSSRUWHG�E\�VLQJOH�VSHFLHV�PRGHOOLQJ�WKURXJK���

WKH�8.�FRQWULEXWLRQ�WR�WKH�ZRUN�RI�,&(6�DVVHVVPHQW�JURXSV��(FRV\VWHP�PRGHOV�DUH�OHVV���

ZLGHO\�XVHG��EXW�KDYH�EHHQ�DGRSWHG�WR�SURYLGH�DGYLFH RQ�WKH�SURVSHFWV�IRU�PHHWLQJ�VLQJOH���

VSHFLHV�PDQDJHPHQW�WDUJHWV�VLPXOWDQHRXVO\�DQG�DVVHVVLQJ�WKH�WUDGH�RIIV�EHWZHHQ�PHHWLQJ���

3DJH�� RI���
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WDUJHWV�IRU�ILVKHULHV�PDQDJHPHQW�DQG�FRQVHUYDWLRQ��)RU�H[DPSOH� WKUHH�GLIIHUHQW�PRGHOV�KDYH��

EHHQ�XVHG�WR�VXSSRUW�DGYLFH�RQ�ZKHWKHU�PHHWLQJ�06< WDUJHWV�IRU�ILVK�LQ�WKH�1RUWK�6HD�XQGHU��

&)3 >�@ ZRXOG�EH�VXIILFLHQW�WR�PHHW�D�SURSRVHG�WDUJHW�IRU�WKH�/DUJH�)LVK�,QGLFDWRU��/),���

XQGHU 'HVFULSWRU�� RI�WKH�06)' >����@� ,W�ZDV�IRXQG�WKDW��HYHQ�WKRXJK�WKH�UDWLRQDOH��

XQGHUO\LQJ�WKH�WZR�WDUJHWV�LV�YHU\�GLIIHUHQW��WKH\�ZHUH�LQGHHG�FRPSDWLEOH�ZLWK�HDFK�RWKHU��

ZLWKLQ�WKH�XQFHUWDLQW\�RI�WKH�FRPELQHG�PRGHO�GDWD �$[HO�5RVVEHUJ��SHUV��FRPP����

���&KDOOHQJHV�IRU�WKH�XSWDNH�RI�HFRV\VWHP�PRGHOOLQJ�E\�SROLF\�PDNHUV��

����3URGXFLQJ�WKH�ULJKW�LQIRUPDWLRQ�IURP�HFRV\VWHP�PRGHOV�WR�LQIRUP�SROLF\�

3ROLF\�TXHVWLRQV�DUH�JHQHUDOO\�IRUPXODWHG�PXFK�PRUH�EURDGO\�WKDQ�VFLHQWLILF�K\SRWKHVHV�>�@���

VR�WKHUH�FDQ�EH�D�PLVPDWFK�EHWZHHQ�SROLF\�QHHGV�DQG�WKH�VSHFLILF�RXWSXWV�SURGXFHG�E\���

PRGHOV��)RU�H[DPSOH��WKH�'HIUD�0DULQH�DQG�)LVKHULHV�(YLGHQFH�3ODQ�>�@ KDV�WKH�KLJK�OHYHO���

SROLF\�JRDO�³WR�VHFXUH�KHDOWK\�IRRG�VXSSOLHV�GHOLYHUHG�E\�D�PRUH�VXVWDLQDEOH�ILVKLQJ�LQGXVWU\´���

WKDW�FRPSULVHV RI�PDQ\�GLIIHUHQW�HYLGHQFH�QHHGV�LQFOXGLQJ�³UHGXFLQJ�WKH�DGYHUVH�LPSDFW�RI���

FRPPHUFLDO�ILVKLQJ´��7KLV�SDUWLFXODU�HYLGHQFH�QHHG�LV�VXEGLYLGHG�LQWR�UHVHDUFK�QHHGV���

LQFOXGLQJ�³GHYHORSLQJ�DQ�HFRV\VWHP�DSSURDFK�WR�ILVKHULHV�PDQDJHPHQW�WKURXJK�HYDOXDWLQJ���

WKH�LPSDFWV�RI�GLIIHUHQW�PDQDJHPHQW�VFHQDULRV´��7R�PD[LPLVH�WKH�XWLOLW\�RI�PRGHOV��KLJK���

OHYHO�SROLF\�JRDOV�QHHG�WR�EH�WUDQVODWHG�LQWR�HYLGHQFH�QHHGV�DQG�PDWFKHG�DJDLQVW�VFLHQWLILF���

TXHVWLRQV�WKDW�FDQ�EH�DGGUHVVHG�XVLQJ�PRGHOV���

0RGHO�RXWSXWV�DOVR�QHHG�WR�EH�H[SUHVVHG�LQ�D�IRUP�WKDW�LV�PHDQLQJIXO�WR�SROLF\�PDNHUV����

.QRZOHGJH�RI�VFLHQFH��HYLGHQFH� DQG�SROLF\�LV�UHTXLUHG�WR�DFKLHYH�WKLV��VR�LW�LV�LPSRUWDQW�WKDW���

SROLF\�PDNHUV�ZRUN FORVHO\�ZLWK�PRGHOOHUV�WR�HQVXUH�D�FRPPRQ�XQGHUVWDQGLQJ�RI� DQG�WR���

PD[LPLVH�WKH�EHQHILWV�IURP PRGHOV��)RU�H[DPSOH� SROLF\�TXHVWLRQV�DUH�RIWHQ�IUDPHG�LQ�WHUPV���

RI�VRFLR�HFRQRPLF�FRQVHTXHQFHV��EXW�WKHUH�LV�RIWHQ�QR�VLPSOH�ZD\�WR�H[SUHVV�HFRV\VWHP���

PRGHO�RXWSXWV�LQ�WKLV�ZD\��0RGLILFDWLRQ�RU�GHYHORSPHQW�RI�PRGHOV�WR�DOORZ�DVVHVVPHQW RI�WKH���

3DJH�� RI���
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LPSDFW�RI�GLIIHUHQW�PDQDJHPHQW�PHDVXUHV�RQ�HFRV\VWHPV�LQ�ELRORJLFDO��VRFLDO�DQG�HFRQRPLF��

YDOXH ZLOO�LQFUHDVH�WKH�SURVSHFWV�IRU�XVH �H�J��>��@���

����&RQILGHQFH�LQ�HFRV\VWHP�PRGHO SURGXFWV�

/DFN�RI�FRQILGHQFH�LQ�HFRV\VWHP�PRGHO�SURGXFWV�PD\�UHGXFH WKHLU XSWDNH�E\�GHFLVLRQ��

PDNHUV��,Q�FRQWUDVW��PDQDJHUV�URXWLQHO\�DFFHSW�UHVXOWV�IURP�VLQJOH�VSHFLHV�ILVK�VWRFN��

DVVHVVPHQW�PRGHOV��GHVSLWH�XQFHUWDLQWLHV��7KH�FRQWUDVW�PD\�H[LVW�EHFDXVH�VWRFN�DVVHVVPHQW��

PRGHOV�DUH�HPEHGGHG�LQ�D�ZHOO�HVWDEOLVKHG�SURFHVV��DQG�WKHUH�LV�LQWHUQDWLRQDO�SROLWLFDO��

DFFHSWDQFH�RI�WKHLU�XVH�DV�WKH�EDVLV�RI�DGYLFH��D�JRRG�XQGHUVWDQGLQJ�RI�WKH�PRGHOV��DQG��

FRQILGHQFH�LQ�WKH�RXWSXWV�DQG�WKHLU�LQWHUSUHWDWLRQ�WKURXJK�TXDOLW\�DVVXUDQFH�E\�VFLHQWLILF��

H[SHUWV �H�J��,&(6�� ,Q�PDQ\�FDVHV��H[SHUW�MXGJHPHQW LV�UHTXLUHG�WR�LQWHUSUHW�WKH�UDQJH�RI���

PRGHO�RXWSXWV�DQG�WKHVH�SURFHGXUHV�FDQ�DSSHDU�RSDTXH�WR�SROLF\�PDNHUV DQG�ODFN�OHJLWLPDF\����

([SHUW�JURXSV�DUH�QHHGHG�WKDW�SURYLGH�LPSDUWLDO�DGYLFH�RQ�WKH XVH�RI�HFRV\VWHP�PRGHOV����

PDLQWDLQ TXDOLW\�VWDQGDUGV�IRU�PRGHOV��SXEOLVK�NH\�YDOLGDWLRQ�UXQV��DQG�SURYLGH�FOHDU�RXWSXW���

WKDW�FDQ�EH�XVHG�E\�GHFLVLRQ�PDNHUV �H�J��,&(6�:RUNLQJ�*URXS�RQ�0XOWLVSHFLHV�$VVHVVPHQW���

0HWKRGV >��@�� 7KH�8. (DUWK�6\VWHP�0RGHO���SURMHFW�EXLOGV�RQ�WKH�L0$51(7�H[SHULHQFH���

>��@ WR�SURYLGH D FRPPRQ�IUDPHZRUN�IRU PDULQH�ELRJHRFKHPLVWU\�PRGHOV�WR�VLW�ZLWKLQ DQG����

DV�VXFK��SURYLGHV DQ�H[DPSOH�RI�KRZ�D�FRPPXQLW\�FDQ�EH�XQLWHG�DURXQG�D�FRPPRQ���

IUDPHZRUN�ZLWK�FRPPRQ�VWDQGDUGV���

����9LVLELOLW\�DQG�DFFHVV�WR�HFRV\VWHP�PRGHO�SURGXFWV��

0RGHOV�DUH�RIWHQ�GHYHORSHG�E\�WKH�UHVHDUFK�FRPPXQLW\�WR�DQVZHU�VFLHQWLILF TXHVWLRQV�DQG�DUH���

WKHQ XVHG�E\�PRGHOOLQJ�H[SHUWV�WR�KHOS�GHFLVLRQ�PDNHUV >��������@��)RU�HFRV\VWHP�PRGHOV����

WKLV SURFHVV�LV�JHQHUDOO\ QHLWKHU�UREXVW�QRU WUDQVSDUHQW�GXH�WR�WKH�ODFN�RI�YLVLELOLW\�RI�H[LVWLQJ���

PRGHOV� GLIILFXOWLHV�DFFHVVLQJ PRGHO�SURGXFWV��DQG�DEVHQFH�RI GRFXPHQWDWLRQ�RI�PRGHO���

PHWDGDWD� 7KLV�FRQWUDVWV�ZLWK�WKH�FXUUHQW�LQLWLDWLYHV�RQ�GDWD�PDQDJHPHQW�DQG�GDWD�VWDQGDUGV���

3DJH�� RI���
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WKDW�SURYLGH�SXEOLF�DFFHVV�WR�PHWDGDWD�FDWDORJXHV�DQG�GDWDEDVHV�LQ�RUGHU�WR�PD[LPLVH�WKH�XVH��

RI�H[LVWLQJ�GDWD��DQG�PD\�EH�GXH�WR�WKH YROXPH�DQG�FRPSOH[LW\�RI�PRGHO�SURGXFWV� +RZHYHU���

WKLV�ODFN�RI�YLVLELOLW\�FDQ�OHDG�WR�WKH�IDOVH�LPSUHVVLRQ�WKDW�PRGHOV�DUH�QRW�VXLWDEOH�IRU�GHFLVLRQ��

PDNLQJ��

3ROLF\�PDNHUV�KDYH�RIWHQ�FDOOHG�IRU�D�³GHFLVLRQ�VXSSRUW�WRROER[´�FRPSULVLQJ�PRGHOV�WKDW�FDQ��

EH�XVHG�LQWHUDFWLYHO\�WR�H[SORUH�GLIIHUHQW�RSWLRQV�ZKHQ�QHJRWLDWLQJ�DQG�IRUPXODWLQJ�SROLFLHV�

>�����@��&RPSOH[�HFRV\VWHP�PRGHOV�FDQ�EH�LPSUDFWLFDO�LQ�WKLV�FRQWH[W��DV�WKH\�JHQHUDOO\�KDYH��

ORQJ�UXQWLPHV� UHTXLUH�WUDLQHG�RSHUDWRUV��DQG�SURGXFH�
ELJ�GDWD
��,W�LV�WKHUHIRUH�DQ�LPSRUWDQW��

DLP�WR�LQFUHDVH WUDQVSDUHQF\� DQG�PDNH�PRGHO SURGXFWV DYDLODEOH�WKURXJK�ZHE�SRUWDOV �H�J���

&RSHUQLFXV�3URWRW\SH�0DULQH�&RUH�6HUYLFH � KWWS���ZZZ�P\RFHDQ�HX���0DULQH�23(&����

KWWS���ZZZ�SRUWDOGHY�PDULQHRSHF�HX��DQG�LQFOXGH�PRGHO�SURGXFWV�LQ�WRROV�GHVLJQHG�IRU�XVH���

E\�HYLGHQFH�DQG�GHFLVLRQ�PDNLQJ�FRPPXQLWLHV �H�J��(0(&2�� KWWS���ZZZ�HPHFRGDWD�QHW�����

����'HYHORSPHQW�RI�HFRV\VWHP�PRGHOV DQG�PHWKRGV�IRU�XQGHUVWDQGLQJ�XQFHUWDLQW\��

7KH�TXDQWLILFDWLRQ�RI�XQFHUWDLQW\�KDV�FOHDU�LPSRUWDQFH�LQ�SROLF\�>��@ \HW�XQFHUWDLQW\���

DVVHVVPHQWV�DUH�RSHQ�WR�D�UDQJH�RI�LQWHUSUHWDWLRQV WKDW PD\�OHDG�WR�D�GLIIHUHQW�RXWFRPH��VHH���

H�J��>��@� DQG�FRPPXQLFDWLRQ�RI�XQFHUWDLQW\�FDQ�KDYH�D�ODUJH�LPSDFW�RQ�WKH�GHFLVLRQ�PDNLQJ���

SURFHVV��VHH�H�J� >��@���%HLQJ�DEOH�WR�FRPPXQLFDWH�XQFHUWDLQWLHV�SUHVXSSRVHV�NQRZLQJ�ZKDW���

WKH\�DUH�DQG�WKLV�LV�QR�VLPSOH�PDWWHU��HFRV\VWHP PRGHOV�DUH�RIWHQ�H[WUHPHO\�FRPSOH[�DQG���

DVVRFLDWHG�ZLWK�PDQ\�GLIIHUHQW�XQFHUWDLQWLHV��7KHUH�DUH�PDQ\�GLIIHUHQW�FODVVLILFDWLRQV�RI���

XQFHUWDLQW\��EXW�D�VLPSOH�H[DPSOH�UHOHYDQW�WR�PDULQH�HFRV\VWHP�PRGHOOLQJ�WKDW�KDV�EHHQ�XVHG���

LQ�WKH�FRQWH[W�RI�FOLPDWH�FKDQJH�FOLPDWH�LQFOXGHV��RQWRORJLFDO��UHODWHG�WR�XQGHUO\LQJ���

SURFHVVHV���HSLVWHPRORJLFDO��UHODWHG�WR�REVHUYDWLRQV DQG�PRGHO�SUHGLFWLRQV���PHWKRGRORJLFDO���

�UHODWHG�WR�PRGHO VWUXFWXUH���DQG�D[LRORJLFDO �UHODWHG�WR�WKH�ZRUOG YLHZ�RI�WKH�UHVHDUFK� >��@���

2QWRORJLFDO�XQFHUWDLQWLHV�DUH�RIWHQ�DFFRXQWHG�IRU�WKURXJK�H[SHUW�NQRZOHGJH� DQG��

3DJH��� RI���



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

HSLVWHPRORJLFDO�XQFHUWDLQW\�DUH�JHQHUDOO\�LQFRUSRUDWHG�WKURXJK�DVVHVVPHQW�RI�PRGHO��

SUHGLFWLRQV�DQG�NQRZOHGJH RI�WKH�REVHUYLQJ�V\VWHP���

,Q�WKH�FRQWH[W RI�PHWKRGRORJLFDO�XQFHUWDLQW\��WKHUH�DUH�FRPSOH[�VHWV RI�FKDOOHQJHV��

VXUURXQGLQJ�SDUDPHWHULVDWLRQ� YDOLGDWLRQ��GDWD�VHWV��XQFHUWDLQW\��YLVXDOLVDWLRQ��DQG�HFRV\VWHP��

PRGHOOLQJ�PHWKRGV WKDW�UHTXLUH�IXUWKHU�GHYHORSPHQW��7KHVH�FKDOOHQJHV�DUH�VLJQLILFDQW��DQG�D��

FRQWUDVW�WR�WKH�SK\VLFDO�FRPSRQHQWV�RI�HDUWK�V\VWHP�PRGHOV�WKDW�DUH�EDVHG�RQ�ZHOO�XQGHUVWRRG��

SK\VLFDO�ODZV�DQG�VFDODEOH�SURFHVVHV��L�H��JOREDO�SUHGLFWLRQV�FDQ�EH�GRZQVFDOHG�WR�UHJLRQDO��

VHDV���ZKHUH WKH�IRFXV�RI�GHYHORSPHQW�KDV�VKLIWHG�WRZDUGV VPDOOHU�VFDOHV� UHVROXWLRQ��VSHHG��

DQG�QXPHULFDO�LPSOHPHQWDWLRQV��7KHUH�LV�DOVR�D�PLVPDWFK�EHWZHHQ�WKH�WLPHVFDOHV�DVVRFLDWHG��

ZLWK�SURGXFWLRQ�RI�DGYLFH��ZHHNV�WR�PRQWKV��DQG�PRGHO�GHYHORSPHQW�UHTXLUHG�ZKHUH�PRGHOV���

GR�QRW�SURGXFH�WKH�RXWSXWV�QHHGHG��\HDUV�WR�GHFDGHV���+HQFH��WKHUH�LV�QHHG�WR�DQWLFLSDWH�KRZ���

PRGHOV�PLJKW�EH�XVHG�LQ�IXWXUH�LQ�RUGHU�WR�SURGXFH�DGYLFH�RQ�WKH�WLPHVFDOHV�UHTXLUHG����

1HZ�VWDWLVWLFDO�PHWKRGV�DUH�QHHGHG�WR�DQDO\VH�XQFHUWDLQW\�LQ�HFRV\VWHP��PXOWL��PRGHO��

HQVHPEOHV�WKDW�FDQ�EH�SUHVHQWHG�WR�GHFLVLRQ�PDNHUV�LQ�RUGHU�WR�XQGHUVWDQG�WKH�ULVN�DVVRFLDWHG���

ZLWK�D�SDUWLFXODU�GHFLVLRQ��7KH�VXFFHVVIXO�FRPPXQLFDWLRQ�RI�XQFHUWDLQWLHV�WR�GHFLVLRQ�PDNHUV���

LV�LPSRUWDQW�IRU�WUDQVSDUHQF\�DQG�UREXVW�GHFLVLRQ�PDNLQJ��WKXV�HQVXULQJ�PDQDJHPHQW�HIIRUWV���

DUH�QRW�PLVSODFHG >��@��1HZ�YLVXDOLVDWLRQ PHWKRGV�DUH�WKHUHIRUH�QHHGHG�WR�EXLOG�WUXVW�DQG���

HIIHFWLYHO\�FRPPXQLFDWH�WKH�RXWSXWV�DQG�DVVRFLDWHG�XQFHUWDLQW\�RI�HFRV\VWHP�PRGHOV�WR���

GHFLVLRQ�PDNHUV DQG�ZRXOG�LQFUHDVH�WKH�XSWDNH�RI�HFRV\VWHP�PRGHOV����

���,QFUHDVLQJ�WKH�XVH�RI�HFRV\VWHP�PRGHOV�LQ�GHFLVLRQ�PDNLQJ��

7KH�TXHVWLRQ�RI KRZ�WR�LQFUHDVH�WKH�XSWDNH�DQG�XVH�RI�FRPPXQLW\�DQG�HFRV\VWHP�PRGHOV���

XVHG�LQ�WKH�8.�WR�VXSSRUW�PDULQH�HQYLURQPHQWDO�PDQDJHPHQW�LQ�WKH�8.�DQG�(XURSH LV���

DGGUHVVHG�LQ�WKLV�VHFWLRQ��7KH�FRQFOXVLRQV�DUH�EDVHG�RQ�GLVFXVVLRQV�ZKLFK WRRN�SODFH DW D�WZR���

GD\�ZRUNVKRS�WKDW�EURXJKW�WRJHWKHU����SHRSOH�IURP����RUJDQLVDWLRQV�DFURVV�WKH�8.�WKDW���

3DJH��� RI���
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LQFOXGHG DGYLVRUV��DVVHVVRUV��ELRORJLVWV��VRFLDO�VFLHQWLVWV��HFRQRPLVWV��PRGHOOHUV��VWDWLVWLFLDQV���

SROLF\�PDNHUV��DQG�IXQGHUV� 7R�XQGHUVWDQG�KRZ�ZH�PLJKW�LQFUHDVH�WKH�FRQWULEXWLRQ�RI�WKH��

PRGHOV�WR�SROLF\�VXSSRUW��LW�ZDV�LPSRUWDQW�WR�LGHQWLI\�SROLF\�QHHGV DQG�PDWFK WKHP DJDLQVW��

PRGHOV�WKDW�PLJKW�VXSSRUW WKHVH�QHHGV��7KH�RXWFRPHV�LQFOXGHG LGHQWLILFDWLRQ�RI�SRWHQWLDO��

TXLFN�ZLQV�DQG�JDSV�LQ�H[LVWLQJ�HFRV\VWHP�PRGHOOLQJ�FDSDELOLW\�LQ�WKH�FRQWH[W�RI�ELRORJLFDO��

VXVWDLQDELOLW\��VRFLDO�EHQHILWV��DQG�HFRQRPLF�YDOXH���

����8QGHUVWDQGLQJ�WKH�SROLF\�DQG�PDQDJHPHQW GULYHUV�WKDW�FDQ�EH�DGGUHVVHG�XVLQJ�HFRV\VWHP��

PRGHOOLQJ�

&OLPDWH�FKDQJH��ELRGLYHUVLW\��DQG�PDULQH�HYLGHQFH�QHHGV�KDYH�EHHQ�LGHQWLILHG�E\�WKH�8.��

*RYHUQPHQW�>���������@ DQG�ZHUH WUDQVODWHG�LQWR�WUDFWDEOH�PRGHOOLQJ�TXHVWLRQV� 7KHVH�ZHUH��

FDWHJRULVHG�LQWR WKH�IROORZLQJ�KHDGLQJV� QDWXUDO�YDULDELOLW\�DQG PRQLWRULQJ��PDQDJHPHQW���

PHDVXUHV��HFRV\VWHP�JRRGV�DQG VHUYLFHV��*RRG�(QYLURQPHQWDO�6WDWXV��*(6� WDUJHWV�XQGHU���

06)'�>�@ DQG�SROOXWLRQ��DQG�HQYLURQPHQWDO�FKDQJH�DQG FOLPDWH�DGDSWDWLRQ �7DEOH�����6LQFH LW���

LV�RIWHQ�XQFOHDU�KRZ�PRGHOV�KDYH�DQG�FRXOG�EH�XVHG�WR�VXSSRUW�SROLF\� H[DPSOHV�RI�WKH���

LPSDFW�RI�PRGHOV�RQ�SROLF\�DQG�PDQDJHPHQW ZHUH�LGHQWLILHG��7DEOH�����$�VLPSOH�PDSSLQJ���

H[HUFLVH�ZDV�WKHQ�XVHG�WR�XQGHUVWDQG�WKH�SRWHQWLDO�FRQWULEXWLRQ�RI�HFRV\VWHP�PRGHOOLQJ�LQ�WKH���

SROLF\�DQG�PDQDJHPHQW DUHQD�WKURXJK�FRPSDULQJ�DYDLODEOH�PRGHOV�DJDLQVW�HYLGHQFH�QHHGV����

7KH�XWLOLW\��UDQNHG�TXDOLWDWLYHO\�DV�³+LJK´��³0HGLXP´� RU�³/RZ´��DQG�WLPHVFDOH�IRU���

GHYHORSPHQW����\HDU����\HDUV�����\HDUV��RI�HDFK�W\SH�RI�PRGHO�WR�GHOLYHU�SROLF\�UHOHYDQW�JRDOV��

ZHUH WKHQ�XVHG�WR�LGHQWLI\���

*DSV�� QHZ�PRGHOV�RU�ORQJ�WHUP�GHYHORSPHQW�UHTXLUHG���

4XLFN�ZLQV�� VKRUW�GHYHORSPHQW�WLPH�DQG�KLJK�XWLOLW\���

(QVHPEOHV�� PDQ\�PRGHOV�DQG VKRUW�GHYHORSPHQW�WLPHV���

3DJH��� RI���
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$ PDWUL[�RI�IXWXUH�HFRV\VWHP�PRGHO LPSDFW�ZDV�GHYHORSHG�IRU�WKH�8.��7DEOH�����7KLV��

KLJKOLJKWHG�WKDW�WKHUH�ZHUH�D�QXPEHU�RI�DUHDV�ZKHUH�ZH�KDYH�PDQ\�PRGHOV�WKDW�FDQ�EH��

TXLFNO\�GHYHORSHG�WR�DGGUHVV�TXHVWLRQV��H�J���%�± ³:KDW DUH�WKH�FRVWV�DQG�EHQHILWV�RI��

06)'�:)'�0DULQH�6SDWLDO�3ODQQLQJ��063� LPSOHPHQWDWLRQ"´���VRPH�DUHDV�WKDW�IHZ�PRGHOV��

FDQ�DGGUHVV��H�J���'�± ³:KDW DUH�WKH�LPSDFWV�RI�QRQ�QDWLYH�VSHFLHV RQ�HFRV\VWHP�VWDWH IURP��

FKDQJHV�LQ�WKH�HQYLURQPHQW�RU�WUDQVSRUW�RSSRUWXQLW\"´���DQG�VRPH�DUHDV�ZKHUH�LW�ZDV��

GLIILFXOW WR�DVVHVV�LI�HFRV\VWHP�PRGHOV�KDYH�DQ\�SRWHQWLDO��H�J���)�± ³+RZ DUH�GLIIHUHQW��

HFRV\VWHP�VHUYLFHV�DQG�EHQHILWV�FRXSOHG�LQ�D�VRFLR�HFRQRPLF�V\VWHP"´����

,16(57�7$%/(6���	�� +(5(�

��� ,GHQWLI\LQJ SRWHQWLDO�TXLFN�ZLQV��HQVHPEOHV�DQG�JDSV IRU�HFRV\VWHP�PRGHOOLQJ��

7KH�TXLFN�ZLQV��SRWHQWLDO�HQVHPEOHV�DQG�JDSV�ZHUH�LGHQWLILHG�IRU�HDFK�WKHPH��ZLWK�WKH���

PDQDJHPHQW�PHDVXUHV�DQG�HFRV\VWHP�JRRGV�DQG�VHUYLFHV WKHPHV FRPELQHG IRU�WKLV�SXUSRVH��

�7DEOH�����$�QXPEHU�RI�SROLF\�DQG�PDQDJHPHQW LVVXHV�FDQ�EH�DGGUHVVHG�LPPHGLDWHO\ DQG�DUH��

EURXJKW�WRJHWKHU�XQGHU�WKH�IROORZLQJ�JHQHUDO�KHDGLQJV���� DWWULEXWLRQ�RI FKDQJH WR�XQGHUO\LQJ���

GULYHUV� �� LQWHJUDWLRQ�RI�PRGHOV�DQG PRQLWRULQJ WR�GHYHORS�PRUH�HIILFLHQW�PRQLWRULQJ���

SURJUDPPHV���� DVVHVVPHQW�RI�LQGLFDWRUV�DQG�WKH LQWHUDFWLRQV�EHWZHHQ�OHJLVODWRU\ GHVFULSWRUV���

DQG����FRVW�EHQHILW�RI�OHJLVODWLRQ �7DEOH�������

,16(57�7$%/( � +(5(��

,W�ZDV�FOHDU�WKDW�PXOWL�PRGHO�HQVHPEOHV�FRXOG�EH�XVHG LQ�VRPH�DUHDV��7DEOH�����EXW�WKH���

PHWKRGV�IRU�GHOLYHULQJ�PXOWL�PRGHO�HQVHPEOHV�IRU�HFRV\VWHPV VWLOO�QHHG�WR�EH�GHYHORSHG��7KH���

JHQHUDO�PHWKRGV�IRU�PXOWL�PRGHO�HQVHPEOHV�H[LVW�LQ�WKH�FOLPDWH�DUHD�>�@��EXW�HFRV\VWHP���

PRGHO�VWUXFWXUHV�DUH�YHU\�GLYHUVH��H�J��IRRG�ZHE��VL]H�EDVHG��QXWULHQW F\FOLQJ� PDNLQJ�D���

VWDQGDUGLVHG�DSSURDFK�RI�FRPELQLQJ�RXWSXWV�GLIILFXOW� 7KLV�LV�EHFDXVH LW�LV�GLIILFXOW�WR�UHODWH���

WKH�YDULDEOHV IURP�GLIIHUHQW�PRGHOV��H�J��UHODWLQJ�IXQFWLRQDO�W\SHV�WR�VL]H±EDVHG�JURXSV��DQG���

3DJH��� RI���
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WKLV FKDOOHQJH�LQFUHDVHV�DW�KLJKHU�WURSKLF�OHYHOV��7KHUH�DUH�SURJUDPPHV�XQGHUZD\�WR�GHYHORS��

WKHVH�PHWKRGV��H�J��0DULQH�(FRV\VWHP�5HVHDUFK�3URJUDPPH�± KWWS���ZZZ�PDULQH��

HFRV\VWHPV�RUJ�XN�� DQG LQFOXGHV�WKH�FUHDWLRQ�RI�D�PXOWL�PRGHO�HQVHPEOH�WKDW EXLOGV RQ�WKH��

LGHDV RI�&KDQGOHU >��@��7KH�RXWSXWV DUH�PRGHOOHG�XVLQJ�D KLHUDUFKLFDO�VWUXFWXUH�ZKLFK��

VHSDUDWHV�LQGLYLGXDO�DQG�VKDUHG�PRGHO�GLVFUHSDQFLHV��7KLV�DSSURDFK�DOORZV�PRGHOV�ZLWK��

GLIIHUHQW�RXWSXWV�WR�LQIRUP�RQH DQRWKHU�WKURXJK�FRUUHODWLRQV�DQG�JLYHV�HVWLPDWHV�RI�WKH�WUXH��

RXWSXW�DV�ZHOO DV�UREXVW�PHDVXUHPHQWV�RI�XQFHUWDLQW\��$GGLWLRQDOO\��LW�LV�SRVVLEOH�WR�LQWURGXFH��

D�OHYHO�WR�WKH�KLHUDUFKLFDO�VWUXFWXUH�WKDW�JURXSV PRGHOV�WKDW�KDYH�VLPLODU�GLVFUHSDQFLHV��H�J���

VL]H�EDVHG�PRGHOV� 6RPH�H[DPSOHV�RI�PRGHO�LQWHUFRPSDULVRQ�DOVR�H[LVW��H�J��RFHDQ��

ELRJHRFKHPLVWU\ >��@��QXWULHQW�WUDQVIHU >��@��ILVKHULHV�>�@���EXW�PRUH�ZRUN�LV�UHTXLUHG�EHIRUH���

PXOWL�PRGHO�HQVHPEOHV�FDQ�EH�XVHG�URXWLQHO\�WR�VXSSRUW�SROLF\�GHYHORSPHQW�DQG���

PDQDJHPHQW���

3RWHQWLDO�JDSV�LQ�H[LVWLQJ�HFRV\VWHP�PRGHOOLQJ�FDSDELOLW\�ZHUH�DOVR�LGHQWLILHG�LQFOXGLQJ�WKRVH���

UHODWLQJ�WR�QRQ�QDWLYH�VSHFLHV��GLVHDVH�WUDQVPLVVLRQ��RFHDQ�DFLGLILFDWLRQ��FRDVWDO�]RQH���

PDQDJHPHQW��PDULQH�SURWHFWHG�DUHDV��FXPXODWLYH�HIIHFWV��VRFLR�HFRQRPLFV��DQG�SROOXWLRQ�DQG���

RLO�VSLOOV �7DEOH�����+RZHYHU��WKLV�DVVHVVPHQW�ZDV�GRQH�LQ�WKH�FRQWH[W�RI�H[LVWLQJ�HFRV\VWHP���

PRGHOOLQJ�FDSDELOLW\ LQ�WKH�8.��DQG�RWKHU�PHWKRGV�H[LVW�LQWHUQDWLRQDOO\ �H�J��0$5;$1 ���

KWWS���ZZZ�XT�HGX�DX�PDU[DQ� � IRU�PDULQH�SURWHFWHG�DUHDV��26&$5����

KWWS���ZZZ�VLQWHI�QR�KRPH�6,17()�0DWHULDOV�DQG�&KHPLVWU\�$ERXW���

XV�'HSDUWPHQWV�(QYLURQPHQWDO�0RQLWRULQJ�DQG�0RGHOOLQJ�26&$5��2LO�6SLOO�&RQWLJHQF\���

DQG�5HVSRQVH� � IRU�RLO�VSLOOV����

��� 'HYHORSLQJ�WKH�OLQN�EHWZHHQ�ELRORJLFDO��VRFLDO��DQG�HFRQRPLF�GULYHUV�IRU�HFRV\VWHP���

PDQDJHPHQW��

3DJH��� RI���
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3ROLF\�TXHVWLRQV�DUH�RIWHQ�IUDPHG�LQ�WHUPV�RI�VRFLR�HFRQRPLF�YDOXH �H�J��3ROLF\�$UHD���LQ��

7DEOH�����EXW�IHZ�HFRV\VWHP�PRGHOV�H[SUHVV�WKH�RXWSXWV�LQ�WKHVH�WHUPV��0RUHRYHU��WKHUH�DUH��

VLJQLILFDQW�FKDOOHQJHV�LQ�YDOXDWLRQ�RI�WKH�PDULQH�HQYLURQPHQW�DQG�WKHUH�LV�RIWHQ�D�PLVPDWFK��

EHWZHHQ�WKH�FRPSOH[LW\�RI�ELRORJLFDO�DQG�HFRQRPLF�PRGHOV��7KH�ZRUNVKRS�LGHQWLILHG�D QHHG��

WR�GHYHORS�PHWKRGV�WKDW�XVH�WKH�RXWSXWV�IURP�HFRV\VWHP�PRGHOV�WR�GULYH�WKH�YDOXDWLRQ�RI��

HFRV\VWHP�VHUYLFHV G\QDPLFDOO\��

(FRV\VWHP�VHUYLFHV�DUH WKH�GLUHFW�DQG�LQGLUHFW�FRQWULEXWLRQV�RI�HFRV\VWHPV�WR�KXPDQ�ZHOO��

EHLQJ� DQG�DUH�PDGH�XS�RI�WDQJLEOH�JRRGV��H�J��IRRG�DQG�UDZ�PDWHULDOV��DQG�OHVV�GLUHFW�DQG��

RIWHQ�PRUH�LQWDQJLEOH VHUYLFHV��H�J��WKH�UHJXODWLRQ�RI�RXU�FOLPDWH�DQG�WKH�UHPHGLDWLRQ�RI��

ZDVWH� >��@��7KH�FKDQJHV�LQ�DQ�HFRV\VWHP�DQG�KRZ�WKLV DIIHFWV YDOXH�DUH�LPSRUWDQW�IRU�SROLF\���

GHYHORSPHQW��ZLWK FKDQJHV�LQ�HFRV\VWHP�VHUYLFHV�GHWHUPLQHG IURP�HPSLULFDO�GDWD�RU�XVLQJ���

PRGHOV� 2IWHQ�LW�LV�WKH�WUDGH�RIIV�DPRQJ�WKH�GLIIHUHQW�VHUYLFHV�XQGHU�GLIIHUHQW�SROLFLHV�RU���

PDQDJHPHQW�VWUDWHJLHV�WKDW�GHWHUPLQH�WKH HFRQRPLF�DQG�VRFLDO�LPSRUWDQFH� 7KH�VLPSOHVW�ZD\���

WR�XVH�HFRV\VWHP�PRGHOV�WR�KHOS�XQGHUVWDQG�WKH�FKDQJHV�LQ�HFRV\VWHP�VHUYLFHV�LV�WR�GHYHORS���

OLQNDJHV�EHWZHHQ�FKDQJHV�LQ�HFRV\VWHP�IXQFWLRQ�DQG�VHUYLFH��7KLV�KDV�EHHQ�GRQH�IRU�'RJJHU���

%DQN�ZKHUH�LQGLFDWRUV�KDYH�EHHQ GHYHORSHG RI�FKDQJHV�LQ�HFRV\VWHP�VHUYLFHV�DQG�WKH���

FKDQJHV LQ�WKH�XQGHUO\LQJ�HFRORJLFDO�IXQFWLRQ >��@���

7KHUH�DUH�D�QXPEHU�RI�PRUH�FRPSOH[ HFRV\VWHP�VHUYLFH�IUDPHZRUNV��ZLWK�RQH�JRRG�H[DPSOH���

EHLQJ�WKH 8. 1DWLRQDO�(FRV\VWHP�$VVHVVPHQW�)ROORZ�2Q��8.1($)2�>��@���8.1($)2��

GHVFULEHV D�VHW�RI�VWUDWHJLF�SULQFLSOHV�EDVHG�RQ�WKH�DGDSWLYH�PDQDJHPHQW�DSSURDFK�WRJHWKHU���

ZLWK�SUDFWLFDO�WRROV�LQFOXGLQJ�PRGHOV�WR�LQIRUP�WKH�VXVWDLQDEOH�PDQDJHPHQW�RI�FRDVWDO�DQG���

PDULQH�HFRV\VWHP�VHUYLFHV��$ GHFLVLRQ�VXSSRUW�V\VWHP��'66��ZDV�GHYHORSHG�WKDW DGDSWHG�WKH���

'ULYHUV�3UHVVXUHV�6WDWH�,PSDFW�5HVSRQVH��'36,5��DSSURDFK�WR�DVVHVV�FKDQJHV�LQ�HFRV\VWHP���

VHUYLFHV�DQG�WKHLU�LPSDFW�RQ�KXPDQ�ZHOO�EHLQJ�DV�FRDVWDO�]RQHV�DUH�LQFUHDVLQJO\�DIIHFWHG�E\���

HQYLURQPHQWDO�FKDQJH�GULYHUV�DQG�SUHVVXUHV >��@��7KLV KDV KLJKOLJKWHG NH\�SROLF\�LVVXHV�DQG���

3DJH��� RI���
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ZDV DGDSWHG�WR�LQFOXGH�VWDWH�FKDQJHV�DQG�LPSDFWV�VSHFLILFDOO\�WDLORUHG�WR�HFRV\VWHP�VHUYLFHV��

DQG�WKHLU�KXPDQ�ZHOIDUH�HIIHFWV��)RXU�PDLQ�PDULQH�EDVHG�VFHQDULRV�ZKLFK�GHYLDWHG�IURP�D��

EDVHOLQH�FRQGLWLRQ�ZHUH�H[SORUHG�DQG�H[SRVHG�WR�FKDQJHV�LQ�VHOHFWHG�HQYLURQPHQWDO�FKDQJH��

�H�J��FOLPDWH��VRFLR�HFRQRPLF�GHYHORSPHQW��SROLWLFDO�VRFLDO�DQG�FXOWXUDO�GULYHUV�� $ VHW�RI��

HFRV\VWHP�FKDQJH�LQGLFDWRUV�FRQVLVWHQW�ZLWK�WKH�LPSOHPHQWDWLRQ RI�WKH�06)'�ZHUH�GHULYHG�

FRYHULQJ SURFHVVHV��LQWHUPHGLDWH�DQG�ILQDO�HFRV\VWHP�VHUYLFH�GHOLYHU\��LQ�VWRFN�DQG�IORZ��

WHUPV�>��@��7KH�GDWD�QHHGHG�IRU�WKHVH�LQGLFDWRUV�ZHUH GUDZQ�IURP�QDWLRQDO�OHYHO�REVHUYDWLRQV��

DQG�PRGHOV��*LYHQ�WKH�XQFHUWDLQW\�VXUURXQGLQJ�HFRV\VWHP�IXQFWLRQLQJ�DQG�WKH�LPSDFW�RQ��

RYHUDOO�ELRGLYHUVLW\�RI�VRPH�HFRV\VWHP�FKDQJHV� D�QXPEHU�RI�PRGHOOLQJ�DSSURDFKHV�ZHUH�

DSSOLHG�DQG�WHVWHG� 7KH�8.1($)2�DVVHVVHG�IRUPDO�PRGHOV�WR�TXDQWLI\�FKDQJHV�LQ�HFRV\VWHP���

VHUYLFH�VWRFNV�DQG�IORZV�DQG�LQ�SDUWLFXODU�WKH�SUDFWLFDOLW\�RI�FRXSOLQJ�ODQG�XVH�FKDQJH����

HVWXDULQH�DQG�FRDVWDO�DQG�PDULQH�PRGHOV���

7KH�LQFRUSRUDWLRQ�RI IHHGEDFN�EHWZHHQ�ELRORJLFDO��VRFLDO��DQG�HFRQRPLF�V\VWHPV�FDQ�EH��

GLIILFXOW LQ�DQ�HFRV\VWHP�VHUYLFHV�IUDPHZRUN��7KLV�LV�DQ�LVVXH�EHFDXVH�IHHGEDFN�ORRSV�DUH���

LPSRUWDQW�IRU�PDNLQJ�DFFXUDWH�SUHGLFWLRQV�RI�WKH�UHVSRQVH�RI�V\VWHPV�WR�PDQDJHPHQW���

PHDVXUHV DQG�DUH�LQKHUHQW�LQ�WKH�'36,5�DSSURDFK��6\VWHPV�G\QDPLFV LV�DQ�DOWHUQDWLYH���

DSSURDFK�WKDW�LV�JDLQLQJ�VXSSRUW�LQ�HQYLURQPHQWDO�HFRQRPLFV DQG LV�XVHG�WR�PRGHO�FRPSOH[���

QRQ�OLQHDU�V\VWHPV�LQFOXGLQJ�WKH�GHVLJQ�DQG�DQDO\VLV�RI�SROLF\��&XUUHQW�NQRZOHGJH�RI�KRZ�WKH���

µV\VWHP¶�IXQFWLRQV�KDV�EHHQ�XVHG�WR�GHYHORS�D�QXPEHU�RI�VLPSOH�FRQFHSWXDO�PRGHOV�WKDW�PD\���

QRW�DOZD\V�HQFDSVXODWH�WKH�HQWLUHW\�RI�WKH�V\VWHP�EXW�LQFOXGH�VLJQLILFDQW�FRPSRQHQWV��H�J��NH\���

KDELWDWV��VXE�V\VWHPV��KXPDQ�XVHV�IRU�ILVKLQJ�RU�UHQHZDEOH�HQHUJ\���7KHVH�VLPSOH�FRQFHSWXDO���

PRGHOV�FDQ�KHOS�WR�GHILQH�LQIRUPDWLRQ�QHHGV�WR�EXLOG�PRUH�LQIRUPDWLRQ�ULFK�V\VWHPV�PRGHOV���

WKDW�PD\�EH�TXDQWLWDWLYH��VWRFKDVWLF�RU�GHWHUPLQLVWLF��RU�TXDOLWDWLYH��QDUUDWLYH�ULFK�PRGHOV�����

7KHVH�HQDEOH�H[SORUDWLRQ�RI�WKH�FRQVHTXHQFHV�RI�FXUUHQW�RU�SURSRVHG�SROLF\�IRU�WKH�GHOLYHU\���

RI�HFRV\VWHP�VHUYLFHV�DQG�IRU�PDLQWDLQLQJ�WKH�LQWHJULW\�RI�WKH�V\VWHP�DV�D�ZKROH��ZKHUH���

3DJH��� RI���
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GLIIHUHQW�PRGHOV�FDQ�EH�HPSOR\HG�WRJHWKHU�DQG�WKH�DSSURDFK�LV�QRW�SUHVFULSWLYH��3URPLVLQJ��

µZLGH�VSHFWUXP�PRGHOV¶�WKDW�FDQ�ZRUN�DFURVV�WKH�QDWXUDO�VRFLDO�VFLHQFH�ERXQGDU\�LQFOXGH��

H[WHQGHG�(FRSDWK�ZLWK�(FRVLP�PRGHOV >��@��(QG�WR�(QG�PRGHOV� DQG�$WODQWLV >��@���

����0HWKRGV�IRU�DQDO\VLV�DQG�YLVXDOLVDWLRQ�RI�PRGHO�SURGXFWV�

7KH�UHTXLUHPHQW�IRU�XQFHUWDLQW\�TXDQWLILFDWLRQ�KDV�OHG�WR�D�PRYH�IURP�RSWLPLVLQJ�SDUDPHWHU��

VHWV�WKDW�ILW�REVHUYDWLRQV�>��@ WR�ILQGLQJ�D�UDQJH�RI�SRVVLEOH�VROXWLRQV�>��@��+RZHYHU��VWDQGDUG��

PHWKRGV�RI�XQFHUWDLQW\�DQDO\VLV�DUH�GLIILFXOW�WR�FRQGXFW�GXH�WR�WKH�FRPSOH[LW\�RI�HFRV\VWHP��

PRGHOV�DQG�WKH�FRPSXWDWLRQDO�SRZHU�UHTXLUHG�WR�HYDOXDWH�WKHP��H�J��0DUNRY�&KDLQ�0RQWH��

&DUOR�>��@���7KHVH�SUREOHPV�DUH�QRW�XQLTXH�WR�PDULQH�HFRV\VWHP�PRGHOV�DQG�OHVVRQV�FDQ�EH��

OHDUQHG�IURP�RWKHU�GLVFLSOLQHV�LQFOXGLQJ��ILWWLQJ�PRGHOV�WR�REVHUYDWLRQV��H�J� >��@���H[DPLQLQJ���

VWUXFWXUDO�XQFHUWDLQW\�LQ�GHFLVLRQ�PRGHOV��H�J��>��@��DQG�HQVHPEOH�PRGHOOLQJ��H�J� >��@����

7KHUH�LV�DQ�DEXQGDQFH�RI�VFLHQWLILF�OLWHUDWXUH�DVVHVVLQJ�WKH�PHWKRGV�XVHG�WR�UHVROYH�WKH���

OLQJXLVWLF�XQFHUWDLQWLHV�LQ�FRPPXQLFDWLQJ�PRGHO�RXWSXW�>��±��@��EXW�WKHUH�LV�OLWWOH�JXLGDQFH���

DERXW�YLVXDOLVLQJ�WKH�RXWSXWV�DQG�XQFHUWDLQW\�IURP�FRPSOH[�PRGHOV�>��@��0DQ\�RI�WKH���

WHFKQLTXHV�XVHG�IRU�GDWD�YLVXDOLVDWLRQ�LJQRUH�WKH�SUHVHQFH�RI�XQFHUWDLQWLHV�RU�DUH�RQO\�DEOH�WR���

GHSLFW�RQH�VRXUFH�RI�XQFHUWDLQW\�DW�D�WLPH�>�����@��0RUH�UHFHQWO\�PHWKRGV�KDYH�EHHQ���

GHYHORSHG�WR�GHSLFW�PXOWLSOH�XQFHUWDLQWLHV�ZLWKLQ�D�VLQJOH�YLVXDOLVDWLRQ��DOWKRXJK�HIIRUWV�KDYH���

EHHQ�KLQGHUHG�E\�WKH�SUHVHQFH�RI�GHHS�XQFHUWDLQWLHV�DQG�WKH�FKDOOHQJHV�DVVRFLDWHG�ZLWK���

GLVHQWDQJOLQJ�YDULRXV�VRXUFHV�RI�XQFHUWDLQW\�>��@���

�� )XWXUH�FKDOOHQJHV�IRU�HFRV\VWHP�PRGHOOLQJ WKDW�HQFRPSDVV QDWXUDO����

VRFLDO� DQG�HFRQRPLF�V\VWHPV��

$�FOHDU�OLPLWDWLRQ�WR�WKH�GHYHORSPHQW�RI�SROLF\�UHOHYDQW�HFRV\VWHP�PRGHOV�LV�WKH�PDWXULW\�RI���

WKH�XQGHUO\LQJ�VFLHQFH��7KH�OLQN�EHWZHHQ�ELRGLYHUVLW\��HFRV\VWHP�IXQFWLRQ�DQG�WKH�IORZ�RI���

3DJH��� RI���
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HFRV\VWHP�VHUYLFHV�LV�EHLQJ�DGGUHVVHG� EXW�LV�QRW�\HW�ZHOO�HQRXJK�XQGHUVWRRG�RU�GHVFULEHG�WR��

IXOILO�WKH�UHTXLUHPHQWV�IRU�PDQDJHPHQW�DQG�SROLF\�DGYLFH >��@��&RQFHSWV�WKDW�DUH��

XQGHUSLQQHG�E\�VWURQJ�HYLGHQFH�DUH�UHJXODUO\�TXHVWLRQHG��H�J��JOREDO�ZDUPLQJ��DQG�RWKHUV��

DFFHSWHG�EHIRUH�WKH�VFLHQFH�LV�IXOO\�UHVROYHG��)RU�H[DPSOH��ELRGLYHUVLW\�LV�RIWHQ�³SURWHFWHG´��

EHFDXVH�RI�WKH�DVVXPHG�OLQN�EHWZHHQ�ELRGLYHUVLW\�DQG�HFRV\VWHP�IXQFWLRQ�DQG�VHUYLFHV��

�06)'��DOWKRXJK�LQ�UHDOLW\�WKLV�OLQN�LV�FRPSOH[��ZLGHO\�GHEDWHG�DQG�RIWHQ�UHFRJQLVHG�DV��

FRQWH[W�GHSHQGDQW >��@��7KHUH�LV�QR�DEVROXWH�SRLQW�DW�ZKLFK�D�PRGHO�LV�VXIILFLHQWO\�DGYDQFHG��

WR�VXSSRUW�PDQDJHPHQW�DQG�SROLF\�DGYLFH��DV�WKLV�GHSHQGV�RQ�PDQ\�SROLWLFDO�DQG�VRFLHWDO��

IDFWRUV�DV�ZHOO�DV�WKH�GHYHORSPHQW�DQG�SUHVHQWDWLRQ�RI�WKH�VFLHQFH��&RQVHTXHQWO\��FOHDU��

FRPPXQLFDWLRQV�EHWZHHQ VFLHQWLVWV��PRGHOOHUV��VWDWLVWLFLDQV��PDQDJHUV DQG�SROLF\�PDNHUV�LV���

LPSRUWDQW�WR�EXLOG�XQGHUVWDQGLQJ�RI�WKH�FDSDELOLWLHV�RI�PRGHOV�DQG�WKH�DVVRFLDWHG���

XQFHUWDLQWLHV���

(FRV\VWHP�IXQFWLRQV�DUH�EHOLHYHG�WR�EH UHOLDQW�RQ�WKH�RUJDQLVPV�WKDW�LQKDELW�WKH�HFRV\VWHP����

EXW�SUHGLFWLQJ�WKH IXQFWLRQDOLW\�DQG�KRZ�LW�FKDQJHV�ZLWK�GLIIHUHQW�SUHVVXUHV�LV�D�VLJQLILFDQW���

FKDOOHQJH��+RZHYHU��WKHVH�XQFHUWDLQWLHV�GR�QRW�SUHYHQW�WKH�GHYHORSPHQW�RI�PRGHOV�WKDW���

LQFOXGH�ELRGLYHUVLW\�RU�IXQFWLRQDOLW\�EDVHG�RQ�NQRZOHGJH�RI�WKH�VSHFLHV�DVVHPEODJHV� EXW�WKLV���

GRHV�UHTXLUH�XQGHUVWDQGLQJ�RI WKH�OLPLWDWLRQV�RI�VFLHQWLILF NQRZOHGJH�RI�WKH�GULYHUV�RI�WKHVH���

UHODWLRQVKLSV��7KH�UHODWLYH�XQFHUWDLQW\�YDULHV�GHSHQGLQJ�RQ�WKH�HFRV\VWHP�VHUYLFH�XQGHU���

FRQVLGHUDWLRQ��IRU�H[DPSOH��SULPDU\�SURGXFWLRQ�LV�HDVLHU�WR�DGGUHVV�WKDQ�GHWR[LILFDWLRQ�RI���

[HQRELRWLFV��IRU�ZKLFK�ZH�KDYH�OHVV�VSHFLILF�NQRZOHGJH��3URJUHVV�LV�EHLQJ�PDGH�DQG�PDSSLQJ���

RI�ELRGLYHUVLW\��KDELWDW�W\SH�DQG�UHODWHG�IXQFWLRQV�DQG�VHUYLFH�SURYLVLRQV�LV�EHFRPLQJ�PRUH���

FRPPRQ�LQ�WHUUHVWULDO�V\VWHPV�>��@��ZLWK�PRUH�LQIRUPDWLRQ�RQ�FRDVWDO�DQG�PDULQH�V\VWHPV���

HPHUJLQJ��7KH�YDOXDWLRQ�RI�VHUYLFH�LQ�PDULQH�V\VWHPV�LV�DOVR�PRUH�SUREOHPDWLF�VLQFH�WKH���

EHQHILWV�RI�PDULQH�HFRV\VWHP�VHUYLFHV�SURYLVLRQ�DUH�OHVV�WDQJLEOH�WKDQ�WHUUHVWULDO�V\VWHP�DQG���

PHWKRGV�RI�YDOXDWLRQ��ERWK�PRQHWDU\�DQG�QRQ�PRQHWDU\�YDOXDWLRQV��DUH�PRUH�GLIILFXOW�WR���

3DJH��� RI���
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DSSO\ >��@� +HQFH� SURYLGLQJ�D�FRPPRQ��FRPSDUDEOH��FXUUHQF\�DFURVV�WHUUHVWULDO�DQG�PDULQH��

V\VWHP�FDQ�EH�GLIILFXOW��+RZHYHU��WKH�DSSOLFDWLRQ�RI�HFRV\VWHP�PRGHOV�ZLOO�KHOS�WR�IRFXV�RQ��

WKH�PRVW�XUJHQW�LVVXHV�WR�EH�DGGUHVVHG���

0XFK�HQYLURQPHQWDO�GHFLVLRQ�PDNLQJ�DVVXPHV�VPRRWK�FDXVH�HIIHFW�UHODWLRQVKLSV��EXW�WKHUH�LV�

LQFUHDVLQJ�HYLGHQFH�RI�UHJLPH�VKLIWV�DW�D�QXPEHU�RI�GLIIHUHQW�VFDOHV�LQ�ERWK�WURSLFDO�DQG��

WHPSHUDWH�PDULQH�HFRV\VWHPV��H�J�>��±��@���.QRZOHGJH�RI�µWLSSLQJ�SRLQWV¶�LV�HPSLULFDO�DQG��

FRQMHFWXUDO��VR�WKHLU�SUHGLFWLRQ�LV�D�KXJH�FKDOOHQJH��&KDQJHV�LQ�JOREDO�FLUFXODWLRQ�ZLOO�DOVR��

DIIHFW VKHOI�PRGHOV�DQG�UHSUHVHQW�DQRWKHU�FKDOOHQJH�RYHU�WKH�QH[W�GHFDGH��H�J��>��@���0RVW��

PRGHOV�KDYH�WR�EH�FRQVWUDLQHG�ZLWKLQ�GHILQHG�VSDWLDO�DQG�WHPSRUDO�ERXQGDULHV��DQG�IRU�QDWXUDO��

V\VWHPV�IRFXV�RQ��IRU�H[DPSOH� KDELWDWV��SRSXODWLRQV��RU�HFRV\VWHPV��6RFLDO�HFRORJLFDO���

V\VWHPV�VFDOHV�DUH�PRUH�FRPSOH[��SDUWO\�EHFDXVH�SHRSOH�ZKR�LQWHUDFW�ZLWK�PDULQH�V\VWHPV���

OLYH�RQ�WKH�ODQG��VR�RSHUDWH�RQ�GLIIHUHQW�VFDOHV�WKDQ�WKH�QDWXUDO�V\VWHPV�WKH\�H[SORLW��7KLV���

VFDOH�PLVPDWFK�SUHVHQWV�D�IXUWKHU�FKDOOHQJH�IRU�PRGHOOLQJ����

&RXSOHG�VRFLDO�HFRORJLFDO�V\VWHPV�VXIIHU�IURP�µORFNHG�LQ¶�SURFHVVHV�WKDW�KDYH�D�SURIRXQG���

HIIHFW�RQ�WKH�SRWHQWLDO�RSWLRQV�IRU�WKHLU�PDQDJHPHQW��7KHVH�IDFWRUV�FDQ�EH�PRGHOOHG�ZKHQ���

WKH\�DUH�SURSHUO\�XQGHUVWRRG�EXW�PDQ\�IHHGEDFN�SURFHVVHV�KDYH�QRW�EHHQ�LGHQWLILHG�DV�\HW�DQG���

FDQ�RQO\�EH�VXVSHFWHG�IURP�QRQ�OLQHDU�FDXVH�HIIHFW�EHKDYLRU��PDNLQJ�WKHP�YHU\�GLIILFXOW�WR���

PRGHO� $OO�V\VWHPV�KDYH�UDWH�OLPLWLQJ�VWHSV�RU FKRNH�SRLQWV�WKDW FDQ�VLPSOLI\�PRGHOOLQJ����

&RPSOH[�VRFLDO�HFRORJLFDO�V\VWHP�PRGHOOLQJ�KDV�DQ�DGGHG�GLPHQVLRQ�KRZHYHU��WKH�µRQ�RII¶���

EHKDYLRXU�RI�WKH�GHFLVLRQ�PDNLQJ�SURFHVV��7KLV�SURYLGHV�D�FKDOOHQJH�IRU�µVWRFN�DQG�IORZ¶���

PRGHOV�IRU�H[DPSOH��0RGHOOLQJ�WKH�IDFWRUV�DIIHFWLQJ�KXPDQ�GHFLVLRQV�LV FRPSOH[ DQG��

FXOWXUDOO\�GHSHQGHQW��PDNLQJ�SUHGLFWLRQV�XVLQJ�PRGHOV�D�VLJQLILFDQW�FKDOOHQJH �H�J��ILVKHU���

EHKDYLRXU�>��@����

�� &RQFOXVLRQV��

3DJH��� RI���
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7KHVH�FRQFOXVLRQV�KDYH�EHHQ�GHYHORSHG�IURP�WKLV DVVHVVPHQW�RI�8.�HFRV\VWHP�PRGHOOLQJ��EXW��

VRPH� RI� WKH� FKDOOHQJHV� DQG� VROXWLRQV� DSSO\� LQWHUQDWLRQDOO\��:KLOH� VRPH� FRXQWULHV� PD\� DW��

SUHVHQW� EH�PRUH� FRPIRUWDEOH� ZLWK� GHSOR\LQJ� HFRV\VWHP�PRGHOV� WR� JXLGH�PDQDJHPHQW� DQG��

SROLF\� WKDQ� RWKHUV �H�J�� $XVWUDOLD�� 86$��� WKHUH� LV� VWLOO� D� ODUJH� JXOI� EHWZHHQ�PRGHOOHUV� DQG��

GHFLVLRQ�PDNHUV��DQG�WKH�IXOO�XWLOLW\�RI�HFRV\VWHP PRGHOV�KDV�QRW�\HW�EHHQ�UHDOLVHG���

7R�LQFUHDVH�WKH�XSWDNH�DQG�XVH�RI�HFRV\VWHP�PRGHOV�DQG�EHWWHU�VXSSRUW�PDULQH�HQYLURQPHQWDO��

PDQDJHPHQW�DQG�SROLF\��LW�LV�LPSRUWDQW�WR��

(QVXUH�WKDW GHFLVLRQ�PDNHUV�NQRZ�ZKHUH�DQG�KRZ�HFRV\VWHP�PRGHOV�FDQ�EH�XVHG LQ�WKH��

FRQWH[W�RI�WKH�OLPLWHG�UHVRXUFHV�IRU�HYLGHQFH�JHQHUDWLRQ��

%XLOG� PXOWLGLVFLSOLQDU\� FRPPXQLWLHV� RI� SROLF\� PDNHUV�� GDWD� FROOHFWRUV�� PRGHOOHUV����

VWDWLVWLFLDQV��DQG�VRFLR�HFRQRPLVWV WKDW VSHDN�D�FRPPRQ� ODQJXDJH DQG ZRUN� WRJHWKHU� WR���

GHYHORS��DSSO\��UHYLHZ�DQG�FRPSDUH HFRV\VWHP�PRGHOV���

'HILQH� DQG� HPSOR\� ULJRURXV� TXDOLW\� VWDQGDUGV� WR� VDWLVI\� OHJDO� FKDOOHQJH� LQ� SROLF\� DQG���

PDQDJHPHQW GHFLVLRQV�WKDW HQVXUH�WKDW�PRGHO�GHULYHG�SURGXFWV�DUH�DYDLODEOH�DQG�UREXVW���

3XW�LQ�SODFH�SURJUDPPHV�WR�ILOO�H[LVWLQJ�NQRZOHGJH�JDSV�WKDW�FDQ�RQO\�EH�DGGUHVVHG�XVLQJ���

FRQWULEXWLRQV� IURP� PRGHOV �H�J�� OLQNLQJ� ELRORJLFDO� VXVWDLQDELOLW\�� VRFLDO� EHQHILWV�� DQG���

HFRQRPLF�YDOXHV��DGGUHVV�WKH�FKDOOHQJHV�RI�PRGHOOLQJ�G\QDPLF�V\VWHPV����

0D[LPLVH�WKH SXOO�WKURXJK�RI�QHZ�PRGHOOLQJ�WHFKQLTXHV WR�HQVXUH�WKDW�WKH�ODWHVW�VFLHQFH�LV���

EHLQJ�XVHG�WR�XQGHUSLQ�GHFLVLRQ�PDNLQJ���

(QFRXUDJH� WKH� GHYHORSPHQW� DQG� XVH� RI� QHZ� VWDWLVWLFDO�PHWKRGRORJLHV DQG� YLVXDOLVDWLRQ���

WHFKQLTXHV��IRU�LQIHUHQFH�IURP�PRGHO�HQVHPEOHV�DQG�IRU�WKH�SURSDJDWLRQ� PDQDJHPHQW�DQG���

FRPPXQLFDWLRQ�RI�XQFHUWDLQW\�LQ�JHQHUDO���

$FNQRZOHGJHPHQWV��

3DJH��� RI���
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7KLV�LQLWLDWLYH�ZDV�OHG�E\�.LHUDQ�+\GHU��&HIDV��DQG�'DYLG�0��3DWHUVRQ��8QLYHUVLW\�RI�6W��

$QGUHZV��GHYHORSHG�DV�D�WKHPH�XQGHU�WKH�6FLHQFH�$OLJQPHQW�:RUNJURXS�RI WKH�0DULQH��

6FLHQFH�&RRUGLQDWLRQ�&RPPLWWHH��06&&�� KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�JURXSV�PDULQH��

VFLHQFH�FR�RUGLQDWLRQ�FRPPLWWHH��LQ�FROODERUDWLRQ�ZLWK�WKH�0DULQH�$OOLDQFH�IRU�6FLHQFH�DQG��

7HFKQRORJ\�IRU�6FRWODQG��0$676�� KWWS���ZZZ�PDVWV�DF�XN����0$676�LV�IXQGHG�E\�WKH��

6FRWWLVK�)XQGLQJ�&RXQFLO��JUDQW�UHIHUHQFH�+5�������DQG�FRQWULEXWLQJ�LQVWLWXWLRQV� .LHUDQ��

+\GHU��(PPD�'HIULH]��%HUQDUGR�*DUFLD�&DUUHUDV��5XDUDLGK�0F3LNH��-RKQ�.�3LQQHJDU���

/RXLVH�5DH��6WXDUW�,�5RJHUV��$[HO�*�5RVVEHUJ DQG��-RKDQ�YDQ�GHU�0ROHQ ZHUH�VXSSRUWHG�E\��

WKH 'HIUD�SURMHFW�0(���� �³'HYHORSLQJ�HFRV\VWHP�PRGHOOLQJ�FDSDELOLW\�LQ�WKH�8.´��DQG��

&HIDV�6HHGFRUQ�IXQGLQJ�XQGHU�'3���� ,FDUXV�$OOHQ��3DXO�%ODFNZHOO��-XOLD�%ODQFKDUG��0LNH���

%XUURZV��-RKDQQD�+H\PDQV��0LNH�+HDWK��'RXJODV�6SHLUV��DQG�0LFKDHO�6SHQFH ZHUH��

VXSSRUWHG�E\�WKH�1DWXUDO�(QYLURQPHQW�5HVHDUFK�&RXQFLO�DQG�'HSDUWPHQW�IRU�(QYLURQPHQW����

)RRG DQG�5XUDO�$IIDLUV��JUDQW�QXPEHU�1(�/����������0DULQH�(FRV\VWHPV�5HVHDUFK���

3URJUDPPH���'DYLG�0��3DWHUVRQ�UHFHLYHG�IXQGLQJ�IURP�0$676�DQG�WKHLU�VXSSRUW�LV��

JUDWHIXOO\�DFNQRZOHGJHG��-HQQLIHU�+RXOH�ZDV�VXSSRUWHG�E\�D�%HDXIRUW�0DULQH�5HVHDUFK���

$ZDUG�FDUULHG�RXW�XQGHU�WKH�6HD�&KDQJH�6WUDWHJ\�DQG�WKH�6WUDWHJ\�IRU�6FLHQFH�7HFKQRORJ\���

DQG�,QQRYDWLRQ��������������ZLWK�WKH�VXSSRUW�RI�WKH�0DULQH�,QVWLWXWH��IXQGHG�XQGHU�WKH���

0DULQH�5HVHDUFK�6XE�3URJUDPPH�RI�WKH�,ULVK�1DWLRQDO�'HYHORSPHQW�3ODQ����������� 5REHUW���

7KRUSH�UHFHLYHG�ILQDQFLDO�DLG�IURP�WKH�(XURSHDQ�&RPPLVVLRQ��2&($1�&(57$,1��)3����

(19�������������QR�����������6WHYH�0DFNLQVRQ�ZDV�VXSSRUWHG�E\�*$3���(8�)3��SURMHFW����

*UDQW�DJUHHPHQW���������DQG�WKH�8.�'HSDUWPHQW�IRU�(QYLURQPHQW��)RRG�DQG�5XUDO�$IIDLUV���

�'HIUD��SURMHFW�0)���� ³/LQNLQJ�3K\VLFV�WR�)LVKHULHV�0DQDJHPHQW´� 6LPRQ�-HQQLQJV�ZDV���

VXSSRUWHG�E\�WKH�'HSDUWPHQW�IRU�(QYLURQPHQW��)RRG�DQG�5XUDO�$IIDLUV��'HIUD��SURMHFW���

³,QWHJUDWLRQ�RI�ILVKHULHV�DQG�HQYLURQPHQWDO�PDQDJHPHQW´��0)�������$�VSHFLDO�WKDQNV�WR���

3DJH��� RI���
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/RXLVH�'RFKHUW\�IRU�DOO�KHU�KHOS�ZLWK�RUJDQLVDWLRQ�RI�WKH�ZRUNVKRS DQG WR &ODLUH�+HGOH\�IRU��

SURYLGLQJ�WKH�XQGHUO\LQJ�SLFWXUH�XVHG�LQ�)LJXUH�����

5HIHUHQFHV�

>�@ %R\HV�6-��(OOLRWW�0��0DULQH�OHJLVODWLRQ�� 7KH�XOWLPDWH�³KRUUHQGRJUDP´��,QWHUQDWLRQDO��
ODZ��(XURSHDQ�GLUHFWLYHV�	�QDWLRQDO�LPSOHPHQWDWLRQ��0DU�3ROOXW�%XOO�����������±�����
GRL���������M�PDUSROEXO��������������

>�@ (8��'LUHFWLYH���������(&�RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI����-XQH��
�����HVWDEOLVKLQJ�D�IUDPHZRUN�IRU�FRPPXQLW\�DFWLRQ�LQ�WKH�ILHOG�RI�PDULQH��
HQYLURQPHQWDO�SROLF\��0DULQH�6WUDWHJ\�)UDPHZRUN�'LUHFWLYH���(XURSHDQ�3DUOLDPHQW��
DQG�&RXQFLO�RI�WKH�(XUR��2II�-�(XU�8QLRQ������������±�����

>�@ (8��5HJXODWLRQ��(8��1R�����������RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI���
���'HFHPEHU������RQ�WKH�&RPPRQ�)LVKHULHV�3ROLF\��DPHQGLQJ FRXQFLO�5HJXODWLRQV���
�(&��1R�����������DQG��(&��1R�����������DQG�UHSHDOLQJ�&RXQFLO�UHJXODWLRQV��(&����
1R�����������DQG��(&��2II�-�(XU�8QLRQ������������±�����

>�@ (8��'LUHFWLYH���������(&�RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI������
2FWREHU������HVWDEOLVKLQJ�D�IUDPHZRUN�IRU�&RPPXQLW\�DFWLRQ�LQ�WKH�ILHOG�RI�ZDWHU���
SROLF\��(XURSHDQ�3DUOLDPHQW�DQG�&RXQFLO�RI�WKH�(XURSHDQ�8QLRQ��2II�-�(XU���
&RPPXQLWLHV�����������±�����

>�@��
'HSDUWPHQW�IRU�(QYLURQPHQW��)RRG�	�5XUDO�$IIDLUV���������

>�@ 'HIUD��0DULQH�SURJUDPPH�HYLGHQFH��'HSDUWPHQW�IRU�(QYLURQPHQW��)RRG�	�5XUDO���
$IIDLUV��+WWSV���ZZZ�JRY�XN�JRYHUQPHQW�SXEOLFDWLRQV�HYLGHQFH�3ODQV���������

>�@ 6XWKHUODQG�:-��$UPVWURQJ�%URZQ�6��$UPVZRUWK�35��7RP�%��%ULFNODQG�-��&DPSEHOO���
&'��HW�DO��7KH�LGHQWLILFDWLRQ�RI�����HFRORJLFDO�TXHVWLRQV�RI�KLJK�SROLF\�UHOHYDQFH�LQ�WKH���
8.��-�$SSO�(FRO������������±����GRL���������M����������������������[���

>�@ 6WHZDUW�,-��0DUWHOO�6-'��5HFRQFLOLQJ�VWRFN�DVVHVVPHQW�SDUDGLJPV�WR�EHWWHU�LQIRUP���
ILVKHULHV�PDQDJHPHQW��,&(6�-�0DU�6FL�������GRL���������LFHVMPV�IVY������

>�@ 7HEDOGL�&��.QXWWL�5��7KH�XVH�RI�WKH�PXOWL�PRGHO�HQVHPEOH�LQ�SUREDELOLVWLF�FOLPDWH���
SURMHFWLRQV��3KLORV�7UDQV�$�0DWK�3K\V�(QJ�6FL��������������±������
GRL���������UVWD�������������

>��@ *DUGPDUN�$��,QGHJUHQ�0/��(XHQIHOGW�61��/HQFNQHU�7%��(LNLQKHLPR�2��0XOOHU���
.DUXOLV�%��HW�DO��%LRORJLFDO�HQVHPEOH�PRGHOLQJ�WR�HYDOXDWH�SRWHQWLDO�IXWXUHV�RI�OLYLQJ���
PDULQH�UHVRXUFHV��(FRO�$SSO������������±�����

3DJH��� RI���
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>��@ )XOWRQ�($��/LQN�-6��0RGHOLQJ�$SSURDFKHV�IRU�0DULQH�(FRV\VWHP�EDVHG�0DQDJHPHQW���
,Q��)RJDUW\�0-��0F&DUWK\�--��HGLWRUV��0DU��(FRV\VW��0DQDJ��6HD�9RO������+DUYDUG��
8QLYHUVLW\�3UHVV��������

>��@ )XOWRQ�($��/LQN�-6��.DSODQ�,&��6DYLQD�5ROODQG�0��-RKQVRQ�3��$LQVZRUWK�&��HW�DO���
/HVVRQV�LQ�PRGHOOLQJ�DQG�PDQDJHPHQW�RI�PDULQH�HFRV\VWHPV��WKH�$WODQWLV�H[SHULHQFH���
)LVK�)LVK������������±����GRL���������M����������������������[��

>��@ +ROW�-��,FDUXV�$OOHQ�-��$QGHUVRQ�75��%UHZLQ�5��%XWHQVFK|Q�0��+DUOH�-��HW�DO���
&KDOOHQJHV�LQ�LQWHJUDWLYH�DSSURDFKHV�WR�PRGHOOLQJ�WKH�PDULQH�HFRV\VWHPV�RI�WKH�1RUWK��
$WODQWLF��3K\VLFV�WR�ILVK�DQG�FRDVWV�WR�RFHDQ��3URJ�2FHDQRJU��������
GRL���������M�SRFHDQ���������������

>��@ .ZLDWNRZVNL�/��<RRO�$��$OOHQ�-��$QGHUVRQ�7��%DUFLHOD�5��%XLWHQKXLV�(7��HW�DO����
L0DU1HW��DQ�RFHDQ�ELRJHRFKHPLVWU\�PRGHO�LQWHU�FRPSDULVRQ�SURMHFW�ZLWKLQ�D�FRPPRQ���
SK\VLFDO�RFHDQ�PRGHOOLQJ�IUDPHZRUN��%LRJHRVFLHQFHV�'LVFXVV��������������±������
GRL���������EJG�����������������

>��@ %DUHWWD�-:��(EHQK|K�:��5XDUGLM�3��7KH�(XURSHDQ�UHJLRQDO�VHDV�HFRV\VWHP�PRGHO��D���
FRPSOH[�PDULQH�HFRV\VWHP�PRGHO��1HWKHUODQGV�-�6HD�5HV������������±������
GRL��������������������������������

>��@ %ODQFKDUG�-/��-HQQLQJV�6��/DZ�5��&DVWOH�0'��0F&ORJKULH�3��5RFKHW�0�-��HW�DO��+RZ���
GRHV�DEXQGDQFH�VFDOH�ZLWK�ERG\�VL]H�LQ�FRXSOHG�VL]H�VWUXFWXUHG�IRRG�ZHEV"�-�$QLP���
(FRO������������±����GRL���������M����������������������[���

>��@ %ODQFKDUG�-/��$QGHUVHQ�.+��6FRWW�)��+LQW]HQ�17��3LHW�*��-HQQLQJV�6��(YDOXDWLQJ���
WDUJHWV�DQG�WUDGH�RIIV�DPRQJ�ILVKHULHV�DQG�FRQVHUYDWLRQ�REMHFWLYHV�XVLQJ�D�PXOWLVSHFLHV���
VL]H�VSHFWUXP�PRGHO��-�$SSO�(FRO������������±����GRL���������������������������

>��@ %ODQFKDUG�-/��-HQQLQJV�6��+ROPHV�5��+DUOH�-��0HULQR�*��$OOHQ�-,��HW�DO��3RWHQWLDO���
FRQVHTXHQFHV�RI�FOLPDWH�FKDQJH�IRU�SULPDU\�SURGXFWLRQ�DQG�ILVK�SURGXFWLRQ�LQ�ODUJH���
PDULQH�HFRV\VWHPV��3KLORV�7UDQV�5�6RF�/RQG�%�%LRO�6FL��������������±������
GRL���������UVWE�������������

>��@ +DOO�6-��&ROOLH�-6��'XSOLVHD�'(��-HQQLQJV�6��%UDYLQJWRQ�0��/LQN�-��$�OHQJWK�EDVHG���
PXOWLVSHFLHV�PRGHO�IRU�HYDOXDWLQJ�FRPPXQLW\�UHVSRQVHV�WR�ILVKLQJ��&DQ�-�)LVK�$TXDW���
6FL�������������±����GRL���������I���������

>��@ &KULVWHQVHQ�9��:DOWHUV�&-��(FRSDWK�ZLWK�(FRVLP��PHWKRGV��FDSDELOLWLHV�DQG���
OLPLWDWLRQV��(FRO�0RGHOO�������������±����GRL���������M�HFROPRGHO���������������

>��@ +H\PDQV�--��&ROO�0��/LEUDODWR�6��0RULVVHWWH�/��&KULVWHQVHQ�9��*OREDO�SDWWHUQV�LQ���
HFRORJLFDO�LQGLFDWRUV�RI�PDULQH�IRRG�ZHEV��D�PRGHOOLQJ�DSSURDFK��3/R6�2QH���
�������H�������GRL���������MRXUQDO�SRQH�����������

>��@ /LEUDODWR�6��6ROLGRUR�&��%ULGJLQJ�ELRJHRFKHPLFDO�DQG�IRRG�ZHE�PRGHOV�IRU�DQ�(QG�WR���
(QG�UHSUHVHQWDWLRQ�RI�PDULQH�HFRV\VWHP�G\QDPLFV��7KH�9HQLFH�ODJRRQ�FDVH�VWXG\����
(FRO�0RGHOO��������������±����GRL���������M�HFROPRGHO���������������

3DJH��� RI���
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>��@ +DUWYLJ�0��$QGHUVHQ�.+��%H\HU�-(��)RRG�ZHE�IUDPHZRUN�IRU�VL]H�VWUXFWXUHG��
SRSXODWLRQV��-�7KHRU�%LRO�������������±����GRL���������M�MWEL��������������

>��@ 5RVVEHUJ�$*��+RXOH�-(��+\GHU�.��6WRFN�UHFUXLWPHQW�UHODWLRQV�FRQWUROOHG�E\�IHHGLQJ��
LQWHUDFWLRQV�DORQH��&DQ�-�)LVK�$TXDW�6FL�������������±����GRL���������FMIDV�������
������

>��@ 5RVVEHUJ�$*��6KLL�5,��0HPL\D�7$��,WRK�.��7KH�WRS�GRZQ�PHFKDQLVP�IRU�ERG\�PDVV��
DEXQGDQFH�VFDOLQJ��(FRORJ\������������±����GRL��������������������

>��@ 5RVVEHUJ�$*��)RRG�ZHEV�DQG�ELRGLYHUVLW\��IRXQGDWLRQV��PRGHOV��GDWD��:LOH\��������

>��@ 0DFNLQVRQ�6��&RPELQHG�DQDO\VHV�UHYHDO�HQYLURQPHQWDOO\�GULYHQ�FKDQJHV�LQ WKH�1RUWK��
6HD�HFRV\VWHP�DQG�UDLVH�TXHVWLRQV�UHJDUGLQJ�ZKDW�PDNHV�DQ�HFRV\VWHP�PRGHO¶V���
SHUIRUPDQFH�FUHGLEOH"�&DQ�-�)LVK�$TXDW�6FL�����������±����GRL���������FMIDV��������
�������

>��@ 3DXO\�'��$QHFGRWHV�DQG�WKH�VKLIWLQJ�EDVHOLQH�V\QGURPH�RI�ILVKHULHV��7UHQGV�(FRO�(YRO���
�������������GRL���������6�����������������������

>��@ 3DXO\�'��$OGHU�-��%HQQHWW�(��&KULVWHQVHQ�9��7\HGPHUV�3��:DWVRQ�5��7KH�IXWXUH�IRU���
ILVKHULHV��6FLHQFH��������������±����GRL���������VFLHQFH�����������

>��@ 3DXO\�'��&KULVWHQVHQ�9��3ULPDU\�SURGXFWLRQ�UHTXLUHG�WR�VXVWDLQ�JOREDO�ILVKHULHV����
1DWXUH�������������±���GRL���������������D����

>��@ &ROO�0��$NRJOX�(��$UUHJXtQ�6iQFKH]�)��)XOWRQ�($��*DVFXHO�'��+H\PDQV�--��HW�DO����
0RGHOOLQJ�G\QDPLF�HFRV\VWHPV��YHQWXULQJ�EH\RQG�ERXQGDULHV�ZLWK�WKH�(FRSDWK���
DSSURDFK��5HY�)LVK�%LRO�)LVK������������±����GRL���������V���������������[���

>��@ )OHWFKHU�6��&RQYHUWLQJ�VFLHQFH�WR�SROLF\�WKURXJK�VWDNHKROGHU�LQYROYHPHQW��$Q�DQDO\VLV���
RI�WKH�(XURSHDQ�0DULQH�6WUDWHJ\�'LUHFWLYH��0DU�3ROOXW�%XOO�������������±�����
GRL���������M�PDUSROEXO���������������

>��@ �RSHUDWLRQDO���
WRRO�IRU�LGHQWLI\LQJ�DQG�SUHGLFWLQJ�WKH�PRYHPHQW�RI�QXLVDQFH�DOJDO�EORRPV����
(QYLURQHPHQW�$JHQF\�6FLHQFH�5HSRUW��6&�������6��%ULVWRO��8.���������

>��@ 6KXWOHU�-'��:DUUHQ�0�D���0LOOHU�3,��%DUFLHOD�5��0DKGRQ�5��/DQG�3(��HW�DO��2SHUDWLRQDO���
PRQLWRULQJ�DQG�IRUHFDVWLQJ�RI�EDWKLQJ�ZDWHU�TXDOLW\�WKURXJK�H[SORLWLQJ�VDWHOOLWH�(DUWK���
REVHUYDWLRQ�DQG�PRGHOV��7KH�$OJD5LVN�GHPRQVWUDWLRQ�VHUYLFH��&RPSXW�*HRVFL���
����������±����GRL���������M�FDJHR���������������

>��@ 263$5��&RQYHQWLRQ�IRU�WKH�3URWHFWLRQ�RI�WKH�0DULQH�(QYLURQPHQW�RI�WKH�1RUWK�(DVW���
$WODQWLF���������

>��@ 263$5��263$5�:RUNVKRS�5HSRUW�RQ�(XWURSKLFDWLRQ�0RGHOOLQJ����
KWWS���ZZZ�FHIDV�GHIUD�JRY�XN�PHGLD��������ZRUNVKRS�5HSRUW�(XWUR�0RGHOOLQJ�SGI����
�������

3DJH��� RI���
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>��@ /HQKDUW�+�-��0LOOV�'.��%DUHWWD�%HNNHU�+��YDQ�/HHXZHQ�60��YDQ�GHU�0ROHQ�-��%DUHWWD��
-:��HW�DO��3UHGLFWLQJ�WKH�FRQVHTXHQFHV�RI�QXWULHQW�UHGXFWLRQ�RQ�WKH�HXWURSKLFDWLRQ��
VWDWXV�RI�WKH�1RUWK�6HD��-�0DU�6\VW������������±�����
GRL���������M�MPDUV\V��������������

>��@ +0�*RYHUQPHQW��0DULQH�6WUDWHJ\�3DUW�2QH��8.�LQLWLDO�DVVHVVPHQW�DQG�*RRG��
(QYLURQPHQWDO�6WDWXV��&URZQ�&RS\ULJKW��'HIUD��/RQGRQ��8.��������

>��@ +H\PDQV�--��6XPDLOD�85��&KULVWHQVHQ�9��3ROLF\�RSWLRQV�IRU�WKH�QRUWKHUQ�%HQJXHOD��
HFRV\VWHP�XVLQJ�D�PXOWLVSHFLHV��PXOWLIOHHW�HFRV\VWHP�PRGHO��3URJ�2FHDQRJU��
�����������±����GRL���������M�SRFHDQ��������������

>��@ ,&(6��,QWHULP�5HSRUW�RI�WKH�ZRUNLQJ�JURXS�RQ�PXOWLVSHFLHV�DVVHVVPHQW�PHWKRGV���
�:*6$0���6WRFNKROP��6ZHGHQ���������

>��@ 3ODJiQ\L�e(��%XWWHUZRUWK�'6��$�FULWLFDO�ORRN�DW�WKH�SRWHQWLDO�RI�(FRSDWK�ZLWK�(FRVLP���
WR�DVVLVW�LQ�SUDFWLFDO�ILVKHULHV�PDQDJHPHQW��$IULFDQ�-�0DU�6FL���������±�����

>��@ 0F,QWRVK�%6��$VFRXJK�-&��7ZHU\�0��&KHZ�-��(OPDKGL�D���+DDVH�'��HW�DO����
(QYLURQPHQWDO�GHFLVLRQ�VXSSRUW�V\VWHPV��('66��GHYHORSPHQW�� &KDOOHQJHV�DQG�EHVW���
SUDFWLFHV��(QYLURQ�0RGHO�6RIWZ�������������±�������
GRL���������M�HQYVRIW���������������

>��@ 1LOVVRQ�0��-RUGDQ�$��7XUQSHQQ\�-��+HUWLQ�-��1\NYLVW�%��5XVVHO�'��7KH�XVH�DQG�QRQ���
XVH�RI�SROLF\�DSSUDLVDO�WRROV�LQ�SXEOLF�SROLF\�PDNLQJ��DQ�DQDO\VLV�RI�WKUHH�(XURSHDQ���
FRXQWULHV�DQG�WKH�(XURSHDQ�8QLRQ��3ROLF\�6FL������������±����GRL���������V��������
�������������

>��@ :HVVHOLQN�$��&KDOOLQRU�$-��:DWVRQ�-��%HYHQ�.��$OOHQ�,��+DQORQ�+��HW�DO��(TXLSSHG�WR���
GHDO�ZLWK�XQFHUWDLQW\�LQ�FOLPDWH�DQG�LPSDFWV�SUHGLFWLRQV��OHVVRQV�IURP�LQWHUQDO�SHHU���
UHYLHZ��&OLP�&KDQJH�������GRL���������V�������������������

>��@ /XGZLJ�'��0DQJHO�0��+DGGDG�%��(FRORJ\��&RQVHUYDWLRQ��DQG�3XEOLF�3ROLF\��$QQX���
5HY�(FRO�6\VW������������±�����GRL���������DQQXUHY�HFROV\V��������������������

>��@ +DUZRRG�-��6WRNHV�.��&RSLQJ�ZLWK�XQFHUWDLQW\�LQ�HFRORJLFDO�DGYLFH��/HVVRQV�IURP���
ILVKHULHV��7UHQGV�(FRO�(YRO������������±����GRL���������M�WUHH���������������

>��@ 3HWHUVHQ�$��6LPXODWLQJ�QDWXUH��D�SKLORVRSKLFDO�VWXG\�RI�FRPSXWHU�PRGHO XQFHUWDLQWLHV���
DQG�WKHLU�UROH�LQ�FOLPDWH�VFLHQFH�DQG�SROLF\�DGYLFH��6HFRQG�HGL��&5&�3UHVV��$ELQJGRQ����
8.��&5&�3UHVV��$ELQJGRQ��8.���������

>��@ -DQVVHQ�3+0��3HWHUVHQ�$&��YDQ�GHU�6OXLMV�-3��5LVEH\�-6��5DYHW]�-5��$�JXLGDQFH�IRU���
DVVHVVLQJ�DQG�FRPPXQLFDWLQJ�XQFHUWDLQWLHV��:DWHU�6FL�7HFKQRO������������±�����

>��@ 'HIUD��%LRGLYHUVLW\�DQG�HFRV\VWHPV�HYLGHQFH�SODQ��'HSDUWPHQW�IRU�(QYLURQPHQW��)RRG���
	�5XUDO�$IIDLUV��+WWSV���ZZZ�JRY�XN�JRYHUQPHQW�SXEOLFDWLRQV�HYLGHQFH�3ODQV���������

>��@ 'HIUD��&OLPDWH�FKDQJH�HYLGHQFH�SODQ��'HSDUWPHQW�IRU�(QYLURQPHQW��)RRG�	�5XUDO���
$IIDLUV��+WWSV���ZZZ�JRY�XN�JRYHUQPHQW�SXEOLFDWLRQV�HYLGHQFH�3ODQV���������

3DJH��� RI���
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>��@ &KDQGOHU�5(��([SORLWLQJ�VWUHQJWK��GLVFRXQWLQJ�ZHDNQHVV��FRPELQLQJ�LQIRUPDWLRQ�IURP��
PXOWLSOH�FOLPDWH�VLPXODWRUV��3KLORV�7UDQV�$�0DWK�3K\V (QJ�6FL���������������������
GRL���������UVWD������������

>��@ 7((%��7KH�(FRQRPLFV�RI�(FRV\VWHPV�DQG�%LRGLYHUVLW\��(FRORJLFDO�DQG�(FRQRPLF��
)RXQGDWLRQV��/RQGRQ�DQG�:DVKLQJWRQ��(DUWKVFDQ��������

>��@ +DWWDP�&��$WNLQV�-3��%HDXPRQW�1��%|UJHU�7��%|KQNH�KHQULFKV�$� %XUGRQ�'��HW�DO���
�

����������±����GRL���������M�HFROLQG��������������

>��@ 8.�1DWLRQDO�(FRV\VWHP�$VVHVVPHQW��8.�1DWLRQDO�(FRV\VWHP�$VVHVVPHQW�6\QWKHVLV��
RI�WKH�.H\�)LQGLQJV��81(3�:&0&��&DPEULGJH��8.���������

>��@ *DUL�65��1HZWRQ�$��,FHO\�-'��$�UHYLHZ�RI�WKH�DSSOLFDWLRQ�DQG�HYROXWLRQ�RI�WKH�'36,5���
IUDPHZRUN�ZLWK�DQ�HPSKDVLV�RQ�FRDVWDO�VRFLDO�HFRORJLFDO�V\VWHPV��2FHDQ�&RDVW�0DQDJ���
�����������±����GRL���������M�RFHFRDPDQ���������������

>��@ )LVKHU�%��7XUQHU�5.��0RUOLQJ�3��'HILQLQJ�DQG�FODVVLI\LQJ�HFRV\VWHP�VHUYLFHV�IRU���
GHFLVLRQ�PDNLQJ��(FRO�(FRQ������������±����GRL���������M�HFROHFRQ���������������

>��@ 7KRUSH�5%��/H�4XHVQH�:-)��/X[IRUG�)��&ROOLH�-6��-HQQLQJV�6��(YDOXDWLRQ�DQG���
PDQDJHPHQW�LPSOLFDWLRQV�RI�XQFHUWDLQW\�LQ�DPXOWLVSHFLHV�VL]H�VWUXFWXUHG�PRGHO�RI���
SRSXODWLRQ�DQG�FRPPXQLW\�UHVSRQVHV�WR�ILVKLQJ��0HWKRGV�(FRO�(YRO����������±������
GRL�����������������;���������

>��@ *HOPDQ�$��&DUOLQ�-��6WHUQ�+��'XQVRQ�'��%D\HVLDQ�GDWD�DQDO\VLV��7KLUG�(GLW� %RFD���
5DWRQ��)ORULGD��86$��7D\ORU�	�)UDQFLV�*URXS���������

>��@ 9HUQRQ�,��*ROGVWHLQ\�0��%RZHU]�5*��*DOD[\�IRUPDWLRQ��$�%D\HVLDQ�XQFHUWDLQW\���
DQDO\VLV��%D\HVLDQ�$QDO�����������±����GRL������������%$������

>��@ 6WURQJ�0��2DNOH\�-(��&KLOFRWW�-��0DQDJLQJ�VWUXFWXUDO XQFHUWDLQW\�LQ�KHDOWK�HFRQRPLF���
GHFLVLRQ�PRGHOV��$�GLVFUHSDQF\�DSSURDFK��-�5�6WDW�6RF�6HU�&�$SSO�6WDW�����������±��
����GRL���������M����������������������[���

>��@ 5RXJLHU�-��6H[WRQ�'0+��,QIHUHQFH�LQ�HQVHPEOH�H[SHULPHQWV��3KLORV�7UDQV�$�0DWK���
3K\V�(QJ�6FL��������������±����GRL���������UVWD�������������

>��@ 3DWW�$��'HVVDL�6��&RPPXQLFDWLQJ�XQFHUWDLQW\��/HVVRQV�OHDUQHG�DQG�VXJJHVWLRQV�IRU���
FOLPDWH�FKDQJH�DVVHVVPHQW��&RPSWHV�5HQGXV�� *HRVFL�������������±������
GRL���������M�FUWH���������������

>��@ 3DWW�$*��6FKUDJ�'3��8VLQJ�6SHFLILF�/DQJXDJH�7R�'HVFULEH�5LVN��&OLP�&KDQJ���
����������±����GRL���������$�����������������

>��@ 0DVWUDQGUHD�0'��0DFK�.-��3ODWWQHU�*.��(GHQKRIHU�2��6WRFNHU�7)��)LHOG�&%��HW�DO����
7KH�,3&&�$5��JXLGDQFH�QRWH�RQ�FRQVLVWHQW�WUHDWPHQW�RI�XQFHUWDLQWLHV��$�FRPPRQ���
DSSURDFK�DFURVV�WKH�ZRUNLQJ�JURXSV��&OLP�&KDQJH�������������±������
GRL���������V�������������������
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>��@ 6SLHJHOKDOWHU�'��3HDUVRQ�0��6KRUW�,��9LVXDOL]LQJ�XQFHUWDLQW\�DERXW�WKH�IXWXUH��6FLHQFH��
�������������±�����GRL���������VFLHQFH����������

>��@ 0DF(DFKUHQ�$0��5RELQVRQ�$��+RSSHU�6��*DUGQHU�6��0XUUD\�5��*DKHJDQ�0��HW�DO���
9LVXDOL]LQJ�JHRVSDWLDO�LQIRUPDWLRQ�XQFHUWDLQW\��ZKDW�ZH�NQRZ�DQG�ZKDW�ZH�QHHG�WR��
NQRZ��&DUWRJU�*HRJU�,QI�6FL������������±����GRL���������������������������

>��@ %URGOLH�.��$OOHQGHV�2VRULR�5��/RSHV $��$�UHYLHZ�RI�XQFHUWDLQW\�LQ�GDWD�YLVXDOL]DWLRQ���
,Q��'LOO�-��5DH�(��.DVLN�'��9LQFH�-��&KXQJ�:RQJ�3��HGLWRUV��([SDQG��)URQW��9LV��$QDO���
9LV���/RQGRQ��8.��6SULQJHU�9HUODJ��������S����±�����GRL��������������������������
�B���

>��@ 3DWHUVRQ�'��'HIHZ�(��-DERXU�-��(FRV\VWHP�IXQFWLRQ�DQG�FR�HYROXWLRQ�RI�WHUPLQRORJ\�LQ���
PDULQH�VFLHQFH�DQG�PDQDJHPHQW��,Q��6RODQ�0��$VSGHQ�5��3DWHUVRQ�'��HGLWRUV��0DU����
%LRGLYHUV��(FRV\VW��)XQFW��)UDP��0HWKRGRO��,QWHJU���2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV����
������S����±�����

>��@ 1DLGRR�5��%DOPIRUG�D��&RVWDQ]D�5��)LVKHU�%��*UHHQ�5(��/HKQHU�%��HW�DO��*OREDO���
PDSSLQJ�RI�HFRV\VWHP�VHUYLFHV�DQG�FRQVHUYDWLRQ�SULRULWLHV��3URF�1DWO�$FDG�6FL�8�6�$���
�������������±�����GRL���������SQDV��������������

>��@ -REVWYRJW�1��+DQOH\�1��+\QHV�6��.HQWHU�-��:LWWH�8��7ZHQW\�WKRXVDQG�VWHUOLQJ�XQGHU���
WKH�VHD��(VWLPDWLQJ�WKH�YDOXH�RI�SURWHFWLQJ�GHHS�VHD�ELRGLYHUVLW\��(FRO�(FRQ���
����������±���GRL���������M�HFROHFRQ���������������

>��@ 0F4XDWWHUV�*ROORS�$��5DLWVRV�'(��(GZDUGV�0��3UDGKDQ�<��0HH�/'��/DYHQGHU�6-��HW���
DO��$�ORQJ�WHUP�FKORURSK\OO�GDWDVHW�UHYHDOV�UHJLPH�VKLIW�LQ�1RUWK�6HD�SK\WRSODQNWRQ���
ELRPDVV�XQFRQQHFWHG�WR�QXWULHQW�OHYHOV��/LPQRO�2FHDQRJU������������±������
GRL���������OR������������������

>��@ +XJKHV�73��%HOOZRRG�'5��)RONH�&��6WHQHFN�56��:LOVRQ�-��1HZ�SDUDGLJPV�IRU���
VXSSRUWLQJ�WKH�UHVLOLHQFH�RI�PDULQH�HFRV\VWHPV��7UHQGV�(FRO�(YRO������������±�����
GRL���������M�WUHH���������������

>��@ 7RPF]DN�07��+H\PDQV�--��<OHW\LQHQ�-��1LLUDQHQ�6��2WWR�6$��%OHQFNQHU�7��(FRORJLFDO���
QHWZRUN�LQGLFDWRUV�RI�HFRV\VWHP�VWDWXV�DQG�FKDQJH�LQ�WKH�%DOWLF�6HD��3/R6�2QH���
��������±����GRL���������MRXUQDO�SRQH�����������

>��@ .HQQ\�$-��6NMROGDO�+5��(QJHOKDUG�*+��.HUVKDZ�3-��5HLG�-%��$Q�LQWHJUDWHG�DSSURDFK���
IRU�DVVHVVLQJ�WKH�UHODWLYH�VLJQLILFDQFH�RI�KXPDQ�SUHVVXUHV�DQG�HQYLURQPHQWDO�IRUFLQJ���
RQ�WKH�VWDWXV�RI�ODUJH�PDULQH�HFRV\VWHPV��3URJ�2FHDQRJU������������±������
GRL���������M�SRFHDQ���������������

>��@ :X�/��&DL�:��=KDQJ�/��1DNDPXUD�+��7LPPHUPDQQ�$��-R\FH�7��HW�DO��(QKDQFHG���
ZDUPLQJ�RYHU�WKH�JOREDO�VXEWURSLFDO�ZHVWHUQ�ERXQGDU\�FXUUHQWV��1DW�&OLP�&KDQJ���
����������±���GRL���������QFOLPDWH�������

>��@ 7LGG�$1��9HUPDUG�<��0DUFKDO�3��3LQQHJDU�-��%ODQFKDUG�-/��0LOQHU�*XOODQG�(-����
)LVKLQJ�IRU�VSDFH��ILQH�VFDOH�PXOWL�VHFWRU�PDULWLPH�DFWLYLWLHV�LQIOXHQFH�ILVKHU�ORFDWLRQ���
FKRLFH��3/R6�2QH���������H���������GRL���������MRXUQDO�SRQH�����������

3DJH��� RI���



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

>��@ %ODFNIRUG�-&��$OOHQ�-,��*LOEHUW�)-��(FRV\VWHP�G\QDPLFV�DW�VL[�FRQWUDVWLQJ�VLWHV��D��
JHQHULF�PRGHOOLQJ�VWXG\��-�0DU�6\VW������������±������
GRL���������M�MPDUV\V��������������

>��@ $OOHQ�-,��+ROW�-7��%ODFNIRUG�-��3URFWRU�5��(UURU�TXDQWLILFDWLRQ RI�D�KLJK�UHVROXWLRQ��
FRXSOHG�K\GURG\QDPLF�HFRV\VWHP�FRDVWDO�RFHDQ�PRGHO��3DUW����&KORURSK\OO�D���
QXWULHQWV�DQG�630��-�0DU�6\VW������������±�����GRL���������M�MPDUV\V��������������

>��@ 9DQ�GHU�0ROHQ�-��$OGULGJH�-1��&RXJKODQ�&��3DUNHU�(5��6WHSKHQV�'��5XDUGLM 3���
0RGHOOLQJ�PDULQH�HFRV\VWHP�UHVSRQVH�WR�FOLPDWH�FKDQJH�DQG�WUDZOLQJ�LQ�WKH�1RUWK��
6HD��%LRJHRFKHPLVWU\�������������±����GRL���������V������������������

>��@ <RRO�$���3RSRYD�((��$QGHUVRQ�75��0HGXVD������D�QHZ�LQWHUPHGLDWH�FRPSOH[LW\���
SODQNWRQ�HFRV\VWHP�PRGHO�IRU�WKH�JOREDO�GRPDLQ��*HRVFL�0RGHO�'HY�����������±�������
GRL���������JPG��������������

>��@ +HDWK�05��(FRV\VWHP�OLPLWV�WR�IRRG�ZHE�IOX[HV�DQG�ILVKHULHV�\LHOGV�LQ�WKH�1RUWK�6HD���
VLPXODWHG�ZLWK�DQ�HQG�WR�HQG�IRRG�ZHE�PRGHO��3URJ�2FHDQRJU������������±������
GRL���������M�SRFHDQ���������������

>��@ $QGUHZV�-0��*XUQH\�:6��+HDWK�05��*DOOHJR�$��2¶%ULHQ�&0��'DUE\�&��HW�DO����
0RGHOOLQJ�WKH�VSDWLDO�GHPRJUDSK\�RI�$WODQWLF�FRG��*DGXV�PRUKXD��RQ�WKH�(XURSHDQ���
FRQWLQHQWDO�VKHOI��&DQ�-�)LVK�$TXDW�6FL�������������±����GRL���������I���������

>��@ 6SHLUV�'&��*XUQH\�:6&��+ROPHV�6-��+HDWK�05��:RRG�61��&ODUNH�('��HW�DO����
&DODQXV���

ILQPDUFKLFXV LQ�WKH�1RUZHJLDQ�6HD��-�$QLP�(FRO������������±�������
GRL���������M����������������������[���

>��@ +HDWK�05��&XOOLQJ�0$��&UR]LHU�::��)R[�&-��*XUQH\�:6&��+XWFKLQVRQ�:)��HW�DO����
&RPELQDWLRQ�RI�JHQHWLFV�DQG�VSDWLDO�PRGHOOLQJ�KLJKOLJKWV�WKH�VHQVLWLYLW\�RI�FRG��*DGXV���
PRUKXD��SRSXODWLRQ�GLYHUVLW\�LQ�WKH�1RUWK�6HD�WR�GLVWULEXWLRQV�RI�ILVKLQJ��,&(6�-�0DU���
6FL������������±�����GRL���������LFHVMPV�IVW������

>��@ *XUQH\�:6*��3UHHG\�.��)LVKHULHV�5HVHDUFK�6HUYLFHV�)LQDO�6FLHQWLILF�5HSRUW��6SDWLDOO\���
H[SOLFLW�PRGHO�IRU�KDGGRFN�SRSXODWLRQV�LQ�QRUWKHUQ�8.�ZDWHUV��52$0(�5HSRUW�IRU���
3URMHFW�0)�������������

>��@ 'DUE\�&��+XWWRQ�7��$QGUHZV�-��*XUQH\�:6&��%HYHULGJH�'��+LGGLQN�-��,QYHVWLJDWLRQV���
LQWR�FORVHG�DUHD�PDQDJHPHQW�RI�WKH�1RUWK�6HD�FRG��'HSDUWPHQW�IRU�(QYLURQPHQW��)RRG���
	�5XUDO�$IIDLUV�5HSRUW�6)&'�����������

>��@ 5RVVEHUJ�$*��$�FRPSOHWH�DQDO\WLF�WKHRU\�IRU�VWUXFWXUH�DQG�G\QDPLFV�RI�SRSXODWLRQV���
DQG�FRPPXQLWLHV�VSDQQLQJ�ZLGH�UDQJHV�LQ�ERG\�VL]H��$GY�(FRO�5HV������������±�������
GRL���������%����������������������������

>��@ 6SHLUV�'&��*XLUH\�(-��*XUQH\�:6&��+HDWK�05��$�OHQJWK�VWUXFWXUHG�SDUWLDO�HFRV\VWHP���
PRGHO�IRU�FRG�LQ�WKH�1RUWK�6HD��)LVK�5HV�������������±������
GRL���������M�ILVKUHV���������������

3DJH��� RI���
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>��@ 5RFKHW�0�-��&ROOLH�-6��-HQQLQJV�6��+DOO�6-��'RHV�VHOHFWLYH�ILVKLQJ�FRQVHUYH��
FRPPXQLW\�ELRGLYHUVLW\"�3UHGLFWLRQV�IURP�D�OHQJWK�EDVHG�PXOWLVSHFLHV�PRGHO��&DQ�-��
)LVK�$TXDW�6FL������������±����GRL���������)���������

�
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7$%/(6�

7DEOH��� 8.�HFRV\VWHP�PRGHOOLQJ�FDSDELOLW\ DQG�LPSDFW �H[LVWLQJ�DQG�SRWHQWLDO���(0���
(0��DUH�ELRJHRFKHPLFDO�IRUPXODWLRQV��(0��(0��DUH�IRRG�ZHE�IRUPXODWLRQV��DQG��
(0��(0���DUH�VL]H�EDVHG�IRUPXODWLRQV��

1DPH 'HVFULSWLRQ ,PSDFW
(0��(XURSHDQ�
5HJLRQDO�6HDV�
(FRV\VWHP�0RGHO
�(56(0�

(56(0�LV�D�ORZHU�WURSKLF�OHYHO�PRGHO�GHVLJQHG�WR�
UHSUHVHQW�WKH�ELRJHRFKHPLFDO�F\FOLQJ�RI�FDUERQ DQG�
QXWULHQWV��1��3��6L��2���)H��DV�DQ�HPHUJHQW�SURSHUW\�RI�
HFRV\VWHP�LQWHUDFWLRQ >�����@� ,W�LV�FRXSOHG�WR�D�QXPEHU�RI�
K\GURG\QDPLF PRGHOV IRU�WKH�QRUWK�HDVW�$WODQWLF��,W�KDV�
EHHQ�YDOLGDWHG�DJDLQVW�LQ VLWX GDWD��H�J��>��@��DQG�VDWHOOLWH�
RFHDQ�FRORXU� ,Q�JHQHUDO�SUHGLFWLRQV�DUH�UHDVRQDEOH IRU�
WHPSHUDWXUH��VDOLQLW\��QXWULHQWV��R[\JHQ��QXWULHQWV��EXW�OHVV�
JRRG�IRU�FKORURSK\OO�DQG�SODQNWRQ��ZLWK�SUHGLFWLRQV�
EHFRPLQJ�OHVV�DFFXUDWH�DW�KLJKHU�WURSLF�OHYHOV�>��@��
0RGHOV�FDSWXUH�VHDVRQDOLW\�ZHOO DQG�FDQ�SUHGLFW�DW�VSDWLDO�
VFDOHV�RI�RUGHU�!��NP��

(56(0�KDV�EHHQ�XVHG�WR�DVVHVV VKHOI�VHDV�ZDWHU�
TXDOLW\�DQG�FOLPDWH�LPSDFW��RFHDQ�DFLGLILFDWLRQ��
HXWURSKLFDWLRQ��WURSKLF�DPSOLILFDWLRQ��DQG�WR�DVVHVV�
SRWHQWLDO�FOLPDWH�LPSDFWV�RQ�KDUPIXO�DOJDO�EORRPV��
ILVKHULHV��ILVKHULHV�HFRQRPLFV�DQG�IRRG�VHFXULW\��)RU
IXWXUH XVH��WKH�PRGHO�LV�EHLQJ�GHYHORSHG�WR�TXDQWLI\�
µEOXH�FDUERQ¶��DVVHVV�QXWULHQW�EXGJHWV��DQG�VLPXODWH�
FKDQJHV�LQ�HFRV\VWHP�IXQFWLRQ�DQG�WKH�FRQVHTXHQFHV�
RI�VXFK�FKDQJHV�LQ�WKH�FRQWH[W�RI�HFRV\VWHP�VHUYLFHV�

(0��*(70�
(56(0�%)0

7KLV�LV�D�FRXSOHG K\GURG\QDPLF�DQG�ELRJHRFKHPLFDO�
PRGHO�WKDW�LV�EDVHG�RQ�WKH�F\FOLQJ�RI�FDUERQ�DQG�QXWULHQWV��
,W�UHSUHVHQWV�SK\WRSODQNWRQ��]RRSODQNWRQ��EDFWHULD��
PDFURDOJDH DQG ILOWHU�IHHGHU ODUYDH��DQG�KDV�D�FRXSOHG
EHQWKLF�V\VWHP��,W�LV�DYDLODEOH�LQ�D�1RUWK�6HD�VHWXS�DQG D�
QRUWK�ZHVW�(XURSHDQ�VKHOI�VHWXS WKDW�KDYH EHHQ�YDOLGDWHG
XVLQJ�FKORURSK\OO��630��WHPSHUDWXUH��DQG�VKLS�EDVHG�
EHQWKLF�GDWD >��@�

7KH�PRGHO�KDV�EHHQ�XVHG�WR�LQYHVWLJDWH�
HXWURSKLFDWLRQ�DQG�ULYHULQH�QXWULHQW�WUDQVSRUW��
SRWHQWLDO�LPSDFWV�RI�ODUJH�VFDOH�PDFURDOJDH IDUPV�
SRWHQWLDO LPSDFW�RI�FOLPDWH�FKDQJH�DQG�WUDZOLQJ��
HFRV\VWHP�LQGLFDWRUV� GHHS�FKORURSK\OO�PD[LPXP�
SURGXFWLRQ��3KDHRF\VWLV EORRPV��DQG SRWHQWLDO�
LPSDFW�RI�ODUJH�VFDOH�ZLQG�IDUPV��,Q�IXWXUH�LW�FRXOG�
EH�XVHG�WR�DWWULEXWH�FDXVHV�RI�FKDQJH��RSWLPLVH�
PRQLWRULQJ�SURJUDPPH��DVVHVV�LPSDFWV�RI�ZLQG�
IDUPV��WLGDO�IDUPV��PDFURDOJDH�IDUPV��QXWULHQW�
UHGXFWLRQ�VFHQDULRV��WUDZOLQJ��DQG�WKHUPDO�SOXPHV��
ZLWKLQ�WKH�FRQWH[W�RI�D�FKDQJLQJ�HQYLURQPHQW�

(0��0RGHO�RI�
(FRV\VWHP�
'\QDPLFV��FDUERQ�
8WLOLVDWLRQ��
6HTXHVWUDWLRQ�DQG�
$FLGLILFDWLRQ
�0('86$�

0('86$�LV�LQWHUPHGLDWH�FRPSOH[LW\�PRGHO�RI�ORZHU�
WURSKLF�OHYHO�SODQNWRQ�HFRV\VWHPV�WKDW�LV�W\SLFDOO\�UXQ�
ZLWKLQ�D�JOREDO�HDUWK�V\VWHP�PRGHO�FRQWH[W�WR�DGGUHVV�WKH�
ELRJHRFKHPLFDO�UHVSRQVH�WR�DQWKURSRJHQLF�GULYHQ�FKDQJHV�
�LQFOXGLQJ�RFHDQ�DFLGLILFDWLRQ��LQ�WKH�RFHDQV >��@��,W�KDV�
EHHQ�HYDOXDWHG�DW�WKH�JOREDO�VFDOH�XVLQJ�REVHUYDWLRQDO�
QXWULHQW��FKORURSK\OO�DQG�FDUERQ�F\FOH�ILHOGV��,Q�JHQHUDO��
VLPXODWLRQV�RI�QXWULHQWV��FDUERQ�DQG�SULPDU\�SURGXFWLRQ�
DUH�UHDVRQDEOH��WKRXJK�OHVV�DFFXUDWH�IRU�FKORURSK\OO��
0('86$�ZDV�VHOHFWHG�IURP�D�8.�ZLGH�JURXS�RI�PRGHOV�
WR�EH�WKH�PDULQH�ELRJHRFKHPLFDO�FRPSRQHQW�RI�WKH�8.�
(DUWK�6\VWHP�0RGHO��8.(60���WKDW�ZLOO�EH�XVHG�LQ�
,3&&�$5� >��@�

7KH�PRGHO�LV�FXUUHQWO\�XVHG�DW�D�UDQJH�RI�UHVROXWLRQV�
�XS�WR�����WK±GHJUHH��WR�VWXG\�JOREDO�VFDOH�RFHDQ�
ELRJHRFKHPLVWU\�DQG�PDULQH�SURGXFWLYLW\��,W�LV�DOVR�
XVHG�WR�PDNH�IXWXUH�SURMHFWLRQV�RI�RFHDQ�
ELRJHRFKHPLVWU\�DQG�DFLGLILFDWLRQ�DW�WKH�JOREDO�
VFDOH��,Q�IXWXUH��WKH�PRGHO�ZLOO�SURYLGH�UHJLRQDO�
SUHGLFWLRQV�DGGUHVVLQJ�SROLF\�LVVXHV�UHODWLQJ�WR�
YXOQHUDELOLW\��UHVLOLHQFH��DQG DGDSWDWLRQ�WR�FOLPDWH�
FKDQJH��,W�ZLOO�DOVR�EH�XVHG��ZLWKLQ�8.(60���DFURVV�
WKH�VXLWH�RI�8.�VLPXODWLRQV�VXEPLWWHG�WR�,3&&�$5��

(0��3RSXODWLRQ�
'\QDPLFDO�
0DWFKLQJ�0RGHO
�3'00�

7KH�3'00 LV�D�VLPSOH�WKHRUHWLFDO�HFRV\VWHP�PRGHO�WKDW
FDQ�UHSUHVHQW W\SLFDO�WHPSHUDWH�PDULQH�VKHOI�FRPPXQLWLHV��
FRYHULQJ�VSHFLHV�RI�DOO�VL]HV�IURP�SK\WRSODQNWRQ�WR�ODUJH�
ILVK� 7KH�PRGHO�FRQVWUXFWV�FRPSOH[�DQG�SRSXODWLRQ�
G\QDPLFDOO\�VWDEOH�HFRORJLFDO�PRGHO�FRPPXQLWLHV�E\�
PLPLFNLQJ�WKH�FRPPXQLW\�DVVHPEO\�SURFHVV�RI VXFFHVVLYH�
LQYDVLRQ� 7KH�PRGHO�FDQ UHSURGXFH�VL]H�DEXQGDQFH�
UHODWLRQV��GLVWULEXWLRQV RI�VSHFLHV�ULFKQHVV��VSHFLHV�VL]H�
GLVWULEXWLRQV��DQG�NH\�SDWWHUQV�LQ�IRRG�ZHE�>��@�

7KH�PRGHO�KDV�EHHQ�XVHG�WR�XQGHUVWDQG�PHFKDQLVPV�
FRQWUROOLQJ�VL]H�DEXQGDQFH�UHODWLRQVKLSV� YHULI\�WKH�
WKHRU\�RI�IRRG�ZHE�VWUXFWXUH��DVVHVV WKH�/DUJH�)LVK�
,QGLFDWRU��/),���DQG VWXG\�ELRGLYHUVLW\�SURGXFWLRQ�
UHODWLRQVKLSV IRU�ILVK� ,Q�IXWXUH��WKH�PRGHO�FRXOG�EH�
XVHG�WR�DVVHVV WKH�UHODWLRQVKLS�EHWZHHQ�ELRGLYHUVLW\�
DQG�HFRV\VWHP IXQFWLRQ� DQG�WKH�ORQJ�WHUP�
LPSOLFDWLRQV�RI�ILVKHULHV�PDQDJHPHQW�VWUDWHJLHV�WR�
UHDFK�06<�IRU PXOWLSOH�LQWHUDFWLQJ�VWRFNV�

(0��6WUDWKFO\GH�
HQG�WR�HQG�
HFRV\VWHP�PRGHO
�6WUDWK(�(�

6UDWK(�(�PRGHOV�WKH G\QDPLFV�RI�QLWURJHQ�LQ�HFRV\VWHP�
FRPSRQHQWV�LQFOXGLQJ GHWULWXV��LQRUJDQLF QLWURJHQ�LQ�
VROXWLRQ��SODQNWRQ��EHQWKRV��ILVK��ELUGV�DQG�PDPPDOV��.H\�
SK\VLFDO��JHRFKHPLFDO�DQG�ELRORJLFDO�SURFHVVHV�ZKLFK�
RFFXU�LQ�WKH�VHD�DQG�VHDEHG�VHGLPHQWV DUH�LQFOXGHG�>��@��
3DUDPHWHUV�ZHUH�FRPSXWDWLRQDOO\�ILWWHG�IRU�D PRGHO�RI�WKH�
1RUWK�6HD�WR�PLQLPLVH�WKH�GLVFUHSDQF\�EHWZHHQ REVHUYHG�
DQG�PRGHOOHG�DQQXDO�F\FOHV DQG�DYHUDJHG�DEXQGDQFHV��
SURGXFWLRQ�UDWHV� DQG�IHHGLQJ�IOX[HV�>��@�

6WUDWK(�(�KDV�EHHQ�XVHG�WR�VLPXODWH ILVKHU\�\LHOGV�LQ�
UHODWLRQ�WR KDUYHVWLQJ�UDWHV��WURSKLF�FDVFDGHV��
VHQVLWLYLW\�RI�06< WR�FKDQJHV�LQ�WKH�HQYLURQPHQW��
DQG LPSOHPHQWDWLRQ�RI�D�GLVFDUG�EDQ��,Q�IXWXUH��LW�
FRXOG�EH�XVHG�WR�DVVHVV�VHQVLWLYLW\�RI�ILVKHULHV�WR�
RFHDQ�DFLGLILFDWLRQ��GLVDJJUHJDWH WKH�HIIHFWV�RI�
HQYLURQPHQW�DQG�ILVKLQJ��FRPSDUH REVHUYHG�ILVKHU\�
\LHOGV�DQG�06<��SURMHFW�FXPXODWLYH�HIIHFWV�RI�
KDUYHVWLQJ�DQG�HQYLURQPHQWDO�FKDQJH��DQG�WKH�
HFRORJLFDO�HIIHFWV�RI�WKH�GLVFDUG�EDQ�PHDVXUHV�

(0��(FRSDWK�
ZLWK�(FRVLP�
�(Z(�

(Z( LV�DQ HFRV\VWHP�PRGHOOLQJ�IUDPHZRUN�WKDW TXDQWLILHV
IRRG�ZHE�DQG�ILVKHU\�LQWHUDFWLRQV��%LRORJLFDO�FRPSRQHQWV�
DQG ILVKLQJ�IOHHWV�FDQ�EH�GHVFULEHG��DQG LQIRUPDWLRQ�RQ�
ODQGLQJV��GLVFDUGV�DQG�HFRQRPLFV FDQ�EH�LQFOXGHG��7KH�
µFRUH¶�RI�WKH�PRGHO�LV�GHWHUPLQHG�E\�VSHFLI\LQJ�ZKR�HDWV�
�RU�FDWFKHV��ZKR�DQG�KRZ�PXFK� 0RGHOV�KDYH�EHHQ�
GHYHORSHG�IRU�PDQ\�UHJLRQV DQG�WKHUH�LV�D�VWURQJ�UHVHDUFK�
FRPPXQLW\�ZLWK�TXDOLW\�VWDQGDUGV�EHLQJ�HVWDEOLVKHG��

(Z(�KDV�EHHQ�XVHG�WR�HYDOXDWH WKH�WUDGH�RIIV�DPRQJ�
ILVKLQJ�VWUDWHJLHV�LQ UHODWLRQ WR�VXVWDLQDEOH�ILVKLQJ�
DQG�PL[HG�ILVKHULHV��DVVHVV UHODWLYH�LPSDFW�RI�
ILVKHULHV�DQG�FOLPDWH��LQYHVWLJDWH FORVHG�DUHD�
PDQDJHPHQW��HYDOXDWH�LPSDFW�RI�DJJUHJDWH�GUHGJLQJ��
PRGHO�G\QDPLFV�RI�JDGRLG�DQG�GHPHUVDO�ILVK��DQG�
DVVHVV HFRV\VWHP�EDVHG�PDQDJHPHQW� ,Q�IXWXUH�LW�
FRXOG�EH�XVHG�WR�DVVHVV�WKH�VSDWLDO�LPSDFWV�RI�

3DJH��� RI���
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1DPH 'HVFULSWLRQ ,PSDFW
0RGHOV�H[LVW�IRU�1RUWK�6HD��&HOWLF�6HD��:HVWHUQ�(QJOLVK�
&KDQQHO��(DVWHUQ�(QJOLVK�&KDQQHO��(QJOLVK�FKDQQHO��:HVW�
&RDVW�RI�6FRWODQG��'HHS�:HVW�&RDVW�RI�6FRWODQG��&O\GH�
6HD DQG�,ULVK�6HD��VRPH�RI�ZKLFK�KDYH�EHHQ�FDOLEUDWHG�
DJDLQVW�������\HDUV�RI�GDWD�

ILVKHULHV�DQG�FOLPDWH�RQ�WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�
HFRV\VWHPV��TXDQWLI\�WKH�SHUIRUPDQFH�RI GLIIHUHQW�
PDQDJHPHQW�VWUDWHJLHV��DQG�HYDOXDWH WKH�EHQHILWV�RI�
VSDWLDO�PDQDJHPHQW�SROLFLHV��H�J��03$��DQG�LPSDFWV�
RI�SUHVVXUHV��H�J��RLO�DQG�JDV��RQ�HFRV\VWHPV�

(0��$WODQWLV $WODQWLV LV�D�PRGHOOLQJ�IUDPHZRUN�WKDW�FRQWDLQV D�
ELRSK\VLFDO�PRGHO WKDW WUDFNV�QXWULHQW�IORZV�DQG PRGHOV
FRQVXPSWLRQ��SURGXFWLRQ��PLJUDWLRQ��SUHGDWLRQ��
UHFUXLWPHQW��KDELWDW�GHSHQGHQF\��DQG�PRUWDOLW\��7KH�
SK\VLFDO�HQYLURQPHQW�LV�UHSUHVHQWHG�E\�WKH�PDMRU�
JHRJUDSKLFDO�DQG�ELRUHJLRQDO�IHDWXUHV��DQG�WKH�ELRORJLFDO�
PRGHO�FRPSRQHQWV�DUH�UHSOLFDWHG�DW HDFK�GHSWK� $WODQWLV�
DOVR�LQFOXGHV�D�GHWDLOHG�H[SORLWDWLRQ�VXE�PRGHO WKDW�LV�
IRFXVHG�RQ�WKH�G\QDPLFV�RI�ILVKLQJ�IOHHWV DQG�FDQ DGGUHVV�
WKH�LPSDFW�RI�SROOXWLRQ��FRDVWDO�GHYHORSPHQW�DQG�EURDG�
VFDOH�HQYLURQPHQWDO�FKDQJH��LQ�WHUPV�RI HFRQRPLFV��
FRPSOLDQFH�GHFLVLRQV��DQG�H[SORUDWRU\�ILVKLQJ�DQG�RWKHU�
FRPSOLFDWHG�UHDO�ZRUOG�FRQFHUQV�VXFK�DV�TXRWD�WUDGLQJ�

$WODQWLV PRGHOV�DUH�EHLQJ�GHYHORSHG�IRU WKH�1RUWK�
6HD�DQG�(QJOLVK�&KDQQHO�WKDW�FRXOG�EH�XVHG�WR�
H[DPLQH LQWHUDFWLRQV�EHWZHHQ�ILVKHULHV��ZLQG�IDUPV��
03$V�DQG�FOLPDWH�FKDQJH� 7KH�$WODQWLV IUDPHZRUN�
KDV�EHHQ�XVHG�PRUH�H[WHQVLYHO\�LQ�RWKHU�SDUWV�RI�WKH�
ZRUOG�IRU�HFRV\VWHP�EDVHG�PDQDJHPHQW��VHH�>��@ IRU�
D�JHQHUDO�UHYLHZ��

(0��6WUDWKFO\GH�
VSDWLDO�SRSXODWLRQ�
G\QDPLFV�PRGHO
�6WUDWK63$&(�

6WUDWK63$&(�VLPXODWHV�WKH�VSDWLDO�DQG�WHPSRUDO�G\QDPLFV�
RI D�VLQJOH�VSHFLHV�SRSXODWLRQ LQ�WHUPV�RI�ELUWK��GHDWK��
JURZWK�DQG�PRYHPHQW�RI�ILVK >��@��,W�KDV�EHHQ�FDOLEUDWHG�
E\�WXQLQJ�D�VPDOO�QXPEHU�RI�NH\�SDUDPHWHUV�WR�PLQLPLVH�
HUURU��,Q�HDFK�FDVH��WKH�WXQHG�PRGHO�KDV�WKHQ�EHHQ�
FRPSDUHG�ZLWK�RWKHU�LQGHSHQGHQW GDWD�WKDW�ZHUH�QRW�
LQYROYHG�LQ�WKH�WXQLQJ�WR�FKHFN�IRU�FRPSDWLELOLW\�

7KH�PRGHO�KDV�EHHQ�XVHG�WR�DGGUHVV�K\SRWKHVHV�
DERXW�WKH�PHFKDQLVPV�JRYHUQLQJ�G\QDPLFV�RI
FRSHSRGV�>��@��DQG�YDULRXV�ILVK�VSHFLHV LQFOXGLQJ�
FRG�>��@ DQG�KDGGRFN�>��@��0RGHO�RXWSXWV�
FRQWULEXWHG�WR�GHYHORSPHQW�RI�WKH�&RG�5HFRYHU\�
3ODQ�LQ�WKH�1RUWK�6HD >��@��,Q�IXWXUH��LW�FRXOG�EH�XVHG�
IRU EOXH�ZKLWLQJ��FRSHSRGV��VDQG HHOV��DQG�VFDOORSV

(0��&RXSOHG�
&RPPXQLW\�6L]H�
6SHFWUXP�0RGHO
�&&660�

&&660 UHSUHVHQWV WKH�VL]H�DQG�DEXQGDQFH�RI�RUJDQLVPV�
LQ�WZR�FRXSOHG�VL]H�VWUXFWXUHG�IRRG�FKDLQV��RQH�EDVHG�RQ�
SUHGDWLRQ�DQG�VXSSRUWHG�E\�SULPDU\�SURGXFWLRQ�DQG�RQH�
EDVHG�RQ�HQHUJ\�VKDULQJ�DQG�VXSSRUWHG�E\�GHWULWXV >��@��
6SHFLHV�DUH�QRW�UHSUHVHQWHG�H[SOLFLWO\��3UHGLFWLRQV�RI�VL]H�
VSHFWUXP�ZHUH�YDOLGDWHG�LQ�WKH�1RUWK�6HD�E\�FRPSDULQJ�
PRGHO�SUHGLFWLRQV�ZLWK�HPSLULFDO�GDWD�RQ�WKH�VL]H�VWUXFWXUH�
RI�SHODJLF�SUHGDWRUV DQG�EHQWKLF�GHWULWLYRUHV >��@�

$SSOLFDWLRQV�RI�WKLV�PRGHO�KDYH�LQFOXGHG�WKH�
DVVHVVPHQW�RI�ILVKLQJ�LPSDFWV�RQ�FRPPXQLW\�VL]H�
VWUXFWXUH�DQG�DEXQGDQFH�LQ�WKH�1RUWK�6HD >��@��WKH�
HIIHFWV�RI�FRXSOLQJ�SHODJLF�DQG�EHQWKLF�IRRG�ZHEV�RQ�
UHVSRQVHV�WR�ILVKLQJ� DQG SUHGLFWLRQ�RI�WKH�PHGLXP�
DQG�ORQJ�WHUP�HIIHFWV�RI�FOLPDWH�FKDQJH�RQ�ILVK�
SURGXFWLRQ�DW�UHJLRQDO�DQG�JOREDO�VFDOHV >��@��

(0���6SHFLHV�
6L]H�6SHFWUXP�
0RGHO
�6660�

6660�LV�D�KLJKO\�VLPSOLILHG�VL]H�EDVHG�GHVFULSWLRQ�RI�WKH�
G\QDPLFV�RI�PDULQH�VSHFLHV��DQG LV�XQLTXH�LQ�WKH�IDFW�WKDW�
QR�DVVXPSWLRQV�DERXW�VWRFN�UHFUXLWPHQW�UHODWLRQVKLSV�DUH�
PDGH >��@��7KH�6660 KDV�EHHQ�VKRZQ�WR�UHSURGXFH
NQRZQ�FODVVLFDO�HIIHFWV�DW�VL]H�VSHFWUXP�OHYHO >��@�

$IWHU�D�PRUH�FRPSUHKHQVLYH�YDOLGDWLRQ��LW�FRXOG�EH�
XVHG�WR�LQIRUP�SROLF\�PDNHUV DERXW�KLJK�OHYHO�
HFRV\VWHP�UHVSRQVHV�WR�DQWKURSRJHQLF�SUHVVXUHV�

(0���
0XOWLVSHFLHV�VL]H�
VSHFWUXP�
HFRORJLFDO�
PRGHOOLQJ�LQ�5�
�0,=(5�

0,=(5�ZDV�GHYHORSHG�WR�UHSUHVHQW�WKH�VL]H�DQG�
DEXQGDQFH�RI�DOO�RUJDQLVPV�IURP�]RRSODQNWRQ�WR�ODUJH�ILVK�
SUHGDWRUV�LQ�D�VL]H�VWUXFWXUHG�IRRG�ZHE� $Q 5�SDFNDJH�KDV
EHHQ�GHYHORSHG�IRU�DSSOLFDWLRQ�RI WKH�PXOWL�VSHFLHV�VL]H�
VSHFWUXP�PRGHO�WR�D�ZLGH�UDQJH�RI�V\VWHPV��ZKLFK�DOVR�
FRQWDLQV�GRFXPHQWDWLRQ�RQ�WKH�PRGHO�HTXDWLRQV�DQG�
SURFHVVHV��7KH�PRGHO�SURYLGHV�SUHGLFWLRQV�RI�WKH�
DEXQGDQFH�RI�HDFK�VSHFLHV�DW�VL]H��DQG�KDV�EHHQ YDOLGDWHG�
IRU�WKH�1RUWK�6HD�>��@�

7KH�PRGHO�KDV�EHHQ�XVHG�WR�DVVHVV�HFRV\VWHP
UHVSRQVHV WR�ILVKLQJ�DQG�WR�GHWHUPLQH�ZKHWKHU�
PHHWLQJ�PDQDJHPHQW�WDUJHWV�IRU�H[SORLWHG�1RUWK�6HD�
SRSXODWLRQV�ZLOO�EH�VXIILFLHQW�WR�PHHW�SURSRVHG�
0DULQH�6WUDWHJ\�)UDPHZRUN�'LUHFWLYH�WDUJHWV�IRU�
ELRGLYHUVLW\�DQG�IRRG�ZHE�IXQFWLRQLQJ >��@�7KLV�
PRGHOOLQJ�IUDPHZRUN�LV�EHLQJ�GHYHORSHG�IRU�XVH�LQ�
PDQDJHPHQW�VWUDWHJ\�HYDOXDWLRQ�DQG�LQ�D�ULVN�
DVVHVVPHQW�IUDPHZRUN�

(0���6WUDWKFO\GH�
OHQJWK�VWUXFWXUHG�
SDUWLDO�HFRV\VWHP�
PRGHO�
�)LVK6806�

)LVK6806�UHSUHVHQWV�WKH�SRSXODWLRQ�G\QDPLFV�RI�D�VHW RI�
SUHGDWRU�DQG�SUH\�VSHFLHV��)RU�HDFK�VSHFLHV��WKH�PRGHO�
SUHGLFWV�ELRPDVV�E\�OHQJWK�FODVV�DQG�LQFOXGHV�JURZWK��
UHSURGXFWLRQ��GHQVLW\�GHSHQGHQW�PRUWDOLW\� DQG ORVVHV�GXH�
ILVKLQJ�DQG�SUHGDWLRQ��7KH�PRGHO�SURGXFHV ELRPDVV�
OHQJWK�GLVWULEXWLRQV��DQQXDO�UHFUXLWPHQW��FDWFK� DQG�
ODQGLQJV��7KH�FRG�IRFXVHG�1RUWK�6HD�PRGHO�KDV�EHHQ�
YDOLGDWHG�DJDLQVW�,&(6�VWRFN�DVVHVVPHQW�ELRPDVV��
UHFUXLWPHQW��DQG�ODQGLQJV��DQG�E\�FRPSDULQJ�OHQJWK�
GLVWULEXWLRQV�ZLWK�,%76�VXUYH\�GDWD�>��@�

7KH�PRGHO�KDV�EHHQ�XVHG�WR�VLPXODWH�FRG�\LHOGV�DQG�
06<�LQ�UHODWLRQ�WR�KDUYHVWLQJ�UDWHV�RQ�RWKHU�VSHFLHV��
SDUWLFXODUO\�KHUULQJ�>��@��WKH�KLVWRULFDO�1RUWK�6HD�
/),�DQG�LWV�UHVSRQVH�WR�FKDQJHV�LQ�ILVKLQJ��DQG�
FKDQJHV�LQ�ILVK�GLHW�DQG�ELRPDVV�IOX[HV�LQ�WKH�1RUWK�
6HD��,Q�IXWXUH��WKH�PRGHO�FRXOG�EH�XVHG�DV�D�OHQJWK�
EDVHG�PXOWLVSHFLHV�VWRFN�DVVHVVPHQW�WRRO��WR�PDNH�
FRPSDULVRQV�RI�ILVKHU\�\LHOGV�DQG�06<��WR�FRPSDUH�
WRS�GRZQ�DQG�ERWWRP�XS�SURFHVVHV��DQG�HIIHFWV�RI�
DOWHUQDWLYH�GLVFDUG�EDQ�PHDVXUHV�

(0���)LVK�
FRPPXQLW\�VL]H�
UHVROYHG�PRGHO
�)&650�

)&650 UHSUHVHQWV�DQ�HFRV\VWHP�LQFOXGLQJ ILVK�
SRSXODWLRQV�UHVROYHG�E\�VSHFLHV�DQG�ERG\�VL]H��ILVKLQJ�
PRUW��DQG�]RRSODQNWRQ LV�LQFOXGHG�DV�D�IRRG�VRXUFH��7KH�
PRGHO�SUHGLFWV�WKH�W\SHV�RI�ILVK�FRPPXQLWLHV�WKDW�PLJKW�
FRH[LVW��7KLV�LV�D�G\QDPLF�HFRV\VWHP�VL]H�EDVHG�PRGHO�
>��@ DQG�D�UHSUHVHQWDWLRQ�RI WKH�1RUWK�6HD�ILVK�FRPPXQLW\�
KDV�EHHQ�FDOLEUDWHG�DQG�YDOLGDWHG�>��@�

7KH�PRGHO�KDV�EHHQ�XVHG�EURDGO\�WR�DGYDQFH�
HFRORJLFDO�WKHRU\ DQG�WR�XQGHUVWDQG�KRZ�DQG�ZK\�
HFRV\VWHPV�UHVSRQG�WR�ILVKLQJ�SUHVVXUH��7KH�PRGHO�
ZLOO FRQWLQXH�WR�EH�XVHG�WR�DGGUHVV�TXHVWLRQV�DERXW�
WKH HFRV\VWHP�UHVSRQVH WR�GLIIHUHQW�W\SHV�RI�ILVKLQJ��
DQG�FRPSHWLQJ�PDQDJHPHQW�PHDVXUHV�

(0���/HQJWK�
EDVHG�
0XOWLVSHFLHV�
$QDO\VLV�E\�
1XPHULFDO�
6LPXODWLRQ�IRU�WKH�
1RUWK�6HD
�/H0$16�

/H0$16�LV�D�VL]H�VWUXFWXUHG�PXOWL�VSHFLHV�PRGHO�RI�D�
ILVK�FRPPXQLW\�ZLWK�D�UHDOLVWLF�GLVWULEXWLRQ�RI�OLIH�KLVWRU\�
DWWULEXWHV�>��@��7KLV�DSSURDFK�GLIIHUV�IURP RWKHU�VL]H�
EDVHG�PRGHOV�DV LW�PDLQWDLQV�ERWK�WKH VSHFLHV LGHQWLW\�DQG�
WKH�LQGLYLGXDO�SRSXODWLRQ�VL]H�VWUXFWXUH� 7KH�PRGHO�ZDV
YDOLGDWHG�E\�XVLQJ�ILVK�FRPPXQLW\�SURSHUWLHV��ELRPDVV�
HVWLPDWHV�IURP�VXUYH\V�1RUWK�6HD� DQG�FRPSDULVRQV�ZLWK�
VL[�DVVHVVHG�VWRFNV >��@� $Q�HQVHPEOH�DSSURDFK�KDV�EHHQ�
LPSOHPHQWHG�WKDW DUH�VFUHHQHG�DJDLQVW�,&(6�DEXQGDQFH�
GDWD�WR�SURGXFH�PRGHOV�WKDW�DUH�FRQVLVWHQW�ZLWK�GDWD�>��@�

7KH PRGHO�KDV�EHHQ�XVHG�WR�DVVHVV�ZKHWKHU�ILVKLQJ�
SUHVHUYHV�ELRGLYHUVLW\ >��@��,Q�IXWXUH�LW�FRXOG�EH�XVHG�
LQ�ULVN�EDVHG�GHFLVLRQ�VXSSRUW LQFOXGLQJ�WKH�WUDGH�RII�
EHWZHHQ�\LHOG�DQG�ULVN�RI�GLIIHUHQW�KDUYHVW�VWUDWHJLHV�
LQ D�PXOWL�VSHFLHV�ILVK�FRPPXQLW\��2WKHU�SRWHQWLDO�
XVHV�LQFOXGH�DVVHVVPHQW�RI�XQFHUWDLQW\�LQ�PXOWL�
VSHFLHV�UHIHUHQFH�SRLQW�HVWLPDWHV��WUDGH�RIIV�LQ�IOHHW�
PDQDJHPHQW��PXOWL�VSHFLHV�KDUYHVW�FRQWURO�UXOH�
HYDOXDWLRQ��DQG�DVVHVVPHQW�RI�VLJQDO�WR�QRLVH�UDWLRV�
IRU�ILVK�FRPPXQLW\�LQGLFDWRUV�

�
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7DEOH����3ROLF\�TXHVWLRQV GHULYHG�IURP�HYLGHQFH�SODQV >���������@ VSOLW�LQWR���WRSLFV�DQG��
UHIRUPXODWHG�IRU�PRGHOOHUV��

3ROLF\�$UHD 0RGHOOLQJ�4XHVWLRQV
���1DWXUDO�
YDULDELOLW\�	
PRQLWRULQJ

$� :KDW�DUH�WKH�VSDWLDO�DQG�WHPSRUDO�VFDOHV�WKDW�D�SDUWLFXODU�PRGHO�FDQ�DGGUHVV�DQG�GR�WKHVH�PDWFK�WKH�SROLF\�
UHTXLUHPHQWV"

%� +RZ�ORQJ�ZRXOG�LW�WDNH�WR�TXDQWLI\�WKH�XQFHUWDLQW\�RI�PRGHO�SUHGLFWLRQV"
&� &DQ�WKH�PRGHO�GLVWLQJXLVK�EHWZHHQ�UHODWLYH�SHUIRUPDQFHV�RI�FDQGLGDWH�HQYLURQPHQWDO�LQGLFDWRUV"
'� &DQ�WKH�PRGHO LGHQWLI\�KLJK�ULVN�DUHDV"
(� &DQ�WKH�PRGHO�FRQWULEXWH�WR�DVVHVVLQJ�WKH�SRWHQWLDO�HIILFLHQF\�JDLQV�IURP�UHGHVLJQLQJ�PRQLWRULQJ�SURJUDPV"
)� 'RHV�WKH�PRGHO�KDYH�D�FDSDFLW\�WR�EOHQG�PRGHOV�DQG�GDWD�WR�JHW�EHVW�HVWLPDWH�RI�VWDWH�RI�V\VWHP�H�J��GDWD�

DVVLPLODWLRQ��SDUDPHWHU�ILWWLQJ��WXQLQJ"
*� &DQ�WKH�PRGHO�EH�XVHG�WR�LQIRUP�HQJLQHHULQJ�WKH�HFRV\VWHP�WR�UHDFK�WKH�VWDWH�WKDW�\RX�UHTXLUH"

���0DQDJHPHQW�
PHDVXUHV

$� :KDW�DUH�WKH�H[SHFWHG�FKDQJHV�LQ�KDELWDW�H[WHQW�DQG�FRQGLWLRQ�UHVXOWLQJ�IURP�HQYLURQPHQWDO�FKDQJH IRU�D�JLYHQ�
QHWZRUN�RI�0DULQH�3URWHFWHG�$UHDV��03$V�"

%� +RZ�HIIHFWLYH�DUH�JLYHQ�QHWZRUNV RI�03$V�LQ�DFKLHYLQJ�WKHLU�PDQDJHPHQW�REMHFWLYHV"
&� +RZ�ZLOO�WKH�QHWZRUN�RI�03$V�GHOLYHU�REMHFWLYHV DQG�RXWFRPHV�LQ�UHODWLRQ�WR�HQYLURQPHQWDO�LPSDFWV��HFRV\VWHP�

VWUXFWXUH�DQG�IXQFWLRQ"
'� :KDW�DUH�HIILFLHQW�SURJUDPV�RI�PHDVXUHV�WR�DFKLHYH�0DULQH�6WUDWHJ\�)UDPHZRUN�'LUHFWLYH��06)'� WDUJHWV"
(� &DQ�WKH�HIIHFWV�RI�FKDQJHV��SUHVVXUH�DQG�UHVSRQVH��EH�DWWULEXWHG�WR�LQGLYLGXDO�DQG�FXPXODWLYH�HIIHFWV��DQG�WKH�ULVN�

�XQFHUWDLQW\��DVVRFLDWHG�ZLWK�WKLV"
)� :KDW�DUH�WKH�PDQDJHPHQW�VWUDWHJLHV�IRU�H[SORLWDWLRQ�RI�PL[HG�ILVKHULHV�WR�DFKLHYH�0D[LPXP�6XVWDLQDEOH�<LHOG�

�06<�"
*� :KDW�DUH�WKH�LPSDFWV�RI�ODQGLQJ�REOLJDWLRQV�RQ�06<�REMHFWLYHV�WKURXJK�H�J��IRRG�ZHE�LQWHUDFWLRQV"
+� :KDW�DUH�WKH�HIIHFWV�RI�FKDQJHV�LQ ILVKHULHV�PDQDJHPHQW�RQ�WKH�HQYLURQPHQW��LQ�SDUWLFXODU�WKURXJK�IRRG�ZHE�

HIIHFWV"
,� :KDW�LV�WKH�ULVN�RI�SRSXODWLRQ�GHFOLQH�RU�UHJLRQDO�H[WLQFWLRQ�RI�YDOXDEOH��HQGDQJHUHG�RU�YXOQHUDEOH�VSHFLHV�IURP�

&)3�UHIRUP"
���(FRV\VWHP�
JRRGV�	 VHUYLFHV

$� :KDW�DUH�WKH�VRFLR�HFRQRPLF�LPSDFWV�RI�JLYHQ�QHWZRUNV RI�03$V"
%� :KDW�DUH�WKH�FRVWV�DQG�EHQHILWV�RI�06)'�:DWHU�)UDPHZRUN�'LUHFWLYH��:)'��0DULQH�6SDWLDO�3ODQQLQJ��063�

LPSOHPHQWDWLRQ"
&� :KDW�DUH�WKH�LQWHUDFWLRQV�EHWZHHQ�GLIIHUHQW VHFWRUV�DQG�HFRV\VWHP�VHUYLFHV"
'� :KDW�DUH�WKH�PDUJLQDO�FRVWV�YDOXHV�RI�FKDQJHV�LQ�HFRV\VWHP�VHUYLFHV"
(� +RZ�DUH�GLIIHUHQW�HFRV\VWHP�IXQFWLRQV�DQG�VHUYLFHV�G\QDPLFDOO\�FRXSOHG"�
)� +RZ�DUH�GLIIHUHQW�HFRV\VWHP�VHUYLFHV�DQG�EHQHILWV�FRXSOHG�LQ�D�VRFLR�HFRQRPLF�V\VWHP"

���*RRG�
(QYLURQPHQWDO�
6WDWXV��*(6��
WDUJHW DQG�
SROOXWLRQ

$� &DQ�WKH�PRGHO�FRQWULEXWH�WR�WKH�HFRV\VWHP�DSSURDFK�WKURXJK�LQWHUDFWLRQV�ZLWK�RWKHU�PRGHOV"
%� :KDW�LV WKH�UHVSRQVHV�RI�LQGLFDWRUV�WR�VSHFLILF�PDQDJHPHQW�PHDVXUHV�IRU�06)'�GHVFULSWRUV"
&� $UH�WKHUH�PRUH�HIIHFWLYH�06)'�LQGLFDWRUV�WKDQ WKRVH�FXUUHQWO\�SURSRVHG�LQ�XVH"
'� :KDW�DUH�WKH�LPSDFWV�RI�SROOXWDQW�GLVSHUVDQWV�LQ�WKH�PDULQH�HQYLURQPHQW��WKHLU�LPSDFWV�RQ�PDULQH�HFRV\VWHPV"
(� +RZ�FDQ�HIIHFWLYHQHVV�RI�SROOXWDQW�GLVSHUVDQWV�EH�PD[LPL]HG"�
)� :KDW�DUH�WKH�HIIHFWV�RI�SROOXWLRQ�RQ�WKH�PDULQH�HQYLURQPHQW"
*� :KDW�DUH�WKH�LQWHUDFWLRQV�EHWZHHQ ELRGLYHUVLW\��'HVFULSWRU����DQG�RWKHU GHVFULSWRUV�RI�*(6 6WDWXV�XQGHU�06)'"
+� :KDW�DUH�WKH�LQWHUDFWLRQV�EHWZHHQ FRPPHUFLDO�ILVK �'HVFULSWRU����DQG�RWKHU GHVFULSWRUV�RI�*(6 XQGHU�06)'"
,� :KDW�DUH�WKH�LQWHUDFWLRQV�EHWZHHQ IRRG�ZHE�VWUXFWXUH �'HVFULSWRU����DQG�RWKHU GHVFULSWRUV�RI�*(6 XQGHU�06)'"
-� :KDW�DUH�WKH�LQWHUDFWLRQV�EHWZHHQ VHD�IORRU�LQWHJULW\ �'HVFULSWRU����DQG�RWKHU GHVFULSWRUV�RI�*(6�XQGHU�06)'"
.� $UH�WKHUH�DOWHUQDWLYH�XVHIXO�LQGLFDWRUV�WKDW�FDQ�EH�GHULYHG�IURP�PRGHOV�EXW�QRW�IURP�GLUHFW�REVHUYDWLRQ"

���(QYLURQPHQWDO�
FKDQJH 	 FOLPDWH�
DGDSWDWLRQ

$� :KDW�DUH�WKH�LPSDFWV�RI�UHJLRQDO�VFDOH�FOLPDWH�SDWWHUQV�RQ�HFRV\VWHP�VWDWH��*(6���DQG�FDQ�WKHVH�EH�YDOXHG"
%� &DQ�D�FKDQJH�LQ�HQYLURQPHQWDO�VWDWXV EH�DWWULEXWHG WR�D�FRPELQDWLRQ�RI�GULYHUV"
&� :KLFK�DVSHFWV�RI�HQYLURQPHQWDO�VWDWXV DUH�VHQVLWLYH�WR�FOLPDWH�FKDQJH"
'� :KDW�DUH�WKH�LPSDFWV�RI�QRQ�QDWLYH�VSHFLHV�RQ�HFRV\VWHP�VWDWH��*(6�"
(� :KDW�DUH�WKH�LPSDFWV�RI�KDUPIXO�VSHFLHV�RQ�KXPDQ�DQG�DQLPDO�KHDOWK"
)� +RZ�DUH�GHWDLOHG�ORFDO�HIIHFWV�RI�ORFDO�SUHVVXUHV FDSWXUHG"
*� :KDW�DUH�WKH�LPSDFWV�RI�RFHDQ�DFLGLILFDWLRQ�RQ�HFRV\VWHP�VWDWH��*(6�"
+� :KDW�DUH�WKH�LPSDFWV�RI�FKDQJHV�LQ�VKHOI�VHDV�ELRJHRFKHPLVWU\�RQ�HFRV\VWHP�VWDWH��*(6�"
,� :KDW�LV�WKH�LPSDFW�RQ�ODQG�VHD�WUDQVLWLRQ�]RQH"
-� &DQ�WKH ULVN�RU�LPSDFW�IURP�DUWLILFLDOO\�LQWURGXFHG�QRQ�QDWLYH�VSHFLHV EH�PRGHOOHG"
.� :KDW�DUH�WKH�LPSDFWV�RI�ZLQG IDUPV�DQG�RWKHU�RIIVKRUH�VWUXFWXUHV"

�
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7DEOH����6FRULQJ�RI�HFRV\VWHP�PRGHOV��PRGHO�QDPHV�DV�LQ�7DEOH����DQG�WKHLU�DELOLW\�WR�DGGUHVV�SROLF\�TXHVWLRQV��GHILQHG�LQ�7DEOH�����6FRULQJ��
V\VWHP���  �QRW�SRVVLEOH��� �ZLWKLQ�WHQ \HDUV���� �ZLWKLQ�ILYH \HDUV���� �ZLWKLQ�RQH \HDU��DQG�GLDJRQDO�KDVKLQJ�LV�QRW�SRVVLEOH�WR�DVVHVV�KHUH��

4XHVWLRQ (0� (0� (0� (0� (0� (0� (0� (0� (0� (0�� (0�� (0�� (0�� (0��
�$ � � � � � � � � � � � � � �
�% � � � � � � � � � � � � � �
�& � � � � � � � � � � � � � �
�' � � � � � � � � � � � � � �
�( � � � � � � � � � � � � �
�) � � � � � � � � � � � �
�* � � � � � � � � � � � � � �
�$ � � � � � � � � � � � � � �
�% � � � � � � � � � � � � � �
�& � � � � � � � � � � � � � �
�' � � � � � � � � � � � � � �
�( � � � � � � � � � � �
�) � � � � � � � � � � � � � �
�* � � � � � � � � �
�+ � � � � � � � � � � � � � �
�, � � � � � � � � � � � � �
�$ � � � � � � � � � � � � � �
�% � � � � � � � � � � � � � �
�& � � � � � � � � � � � � � �
�' � � � � � � � � � � � � � �
�( � � � � � � � � � � � � � �
�) � �
�$ � � � � � � � � � � � � � �
�% � � � � � � � � � � � � �
�& � � � � � � � � � �
�' � � � � � � � � � � �
�( � � � � � � � � � � � � �
�) � � � � � � � � � � � �
�* � � � � � � � � � � � � �
�+ � � � � � � � � � � � � �
�, � � � � � � � � � � � �
�- � � � � � � � � � � �
�. � � � � �
�$ � � � � � � � � � � � �
�% � � � � � � � � � � � �
�& � � � � � � � � � � � �
�' � � � � � � � � � � � � � �
�( � � � � � � � � � � � � �
�) � � � � � � � � � � � � � �
�* � � � � � � � � � � � � � �
�+ � � � � � � � � � � � � � �
�, � � � � � � � � � � � � � �
�- � � � � � � � � � � � � � �
�. � � � � � � � � � � � � � �

�
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7DEOH����3RWHQWLDO�IRU�XVH�RI�HFRV\VWHP�PRGHO�GHULYHG�SURGXFWV�LQ�DGGUHVVLQJ�SROLF\��
QHHGV�LQ�WHUPV�RI�TXLFN�ZLQV��SRVVLEOH�PXOWL�PRGHO�HQVHPEOHV��LWDOLFV�� DQG�JDSV�WKDW��
FDQQRW�FXUUHQWO\�EH�DGGUHVVHG��

7KHPH 4XLFN�:LQV *DSV
1DWXUDO�YDULDELOLW\�
DQG�PRQLWRULQJ�

'LVWLQJXLVKLQJ�EHWZHHQ�WKH�VHQVLWLYLW\�
DQG�XWLOLW\�RI�GLIIHUHQW�LQGLFDWRUV�
4XDQWLI\LQJ�XQFHUWDLQW\�
,QWHJUDWLRQ� RI� PRGHOV� ZLWK�
PRQLWRULQJ�WR�LQFUHDVH�HIILFLHQF\�
,GHQWLI\LQJ�FXUUHQW�V\VWHP�VWDWH�

,PSURYH� WKH� DELOLW\� RI� PRGHOV� WR�
FDSWXUH� LQWHU�DQQXDO� YDULDELOLW\� DQG�
ORQJ�WHUP�WUHQGV�

0DQDJHPHQW�
PHDVXUHV��JRRGV�
DQG�VHUYLFHV

(IILFLHQW�SURJUDPPH�RI�PHDVXUHV IRU�
DFKLHYLQJ� *RRG� (QYLURQPHQWDO�
6WDWXV��*(6��
,PSDFWV� RI� ODQGLQJ� REOLJDWLRQV� RQ�
0D[LPXP�6XVWDLQDEOH�<LHOG� �06<�
WKURXJK�IRRG�ZHEV�LQWHUDFWLRQV�
0DQDJHPHQW�VWUDWHJLHV�IRU�DFKLHYLQJ�
06<�LQ�D�PL[HG�ILVKHU\�
(IIHFWV� RI� ILVKHU\� PDQDJHPHQW� RQ�
IRRG�ZHEV�
&RVW�EHQHILW� RI� LPSOHPHQWDWLRQ� RI�
OHJLVODWLRQ� �H�J�� 06)'�� :DWHU�
)UDPHZRUN� 'LUHFWLYH� ± :)'��
&RPPRQ�)LVKHULHV�3ROLF\�� &)3��
0DUJLQDO�FRVWV���YDOXHV�RI�FKDQJHV�LQ�
HFRV\VWHP�VHUYLFHV�
/LQNV� EHWZHHQ� HFRV\VWHP� IXQFWLRQ�
DQG�VHUYLFHV�

$VVHVVLQJ� QHWZRUNV� RI� 0DULQH�
3URWHFWHG�$UHDV� �03$V� LQ� WHUPV�RI�
FRQQHFWLYLW\�� DFKLHYLQJ�PDQDJHPHQW�
REMHFWLYHV�DQG�VRFLR�HFRQRPLFV�
&XPXODWLYH�HIIHFWV�
5LVN�RI�GHFOLQH�RI�HQGDQJHUHG�VSHFLHV�
IURP�&)3�UHIRUP�
&RXSOLQJ� EHWZHHQ� HFRV\VWHP�
VHUYLFHV� DQG� EHQHILWV� LQ� VRFLR�
HFRORJLFDO�V\VWHPV�

*RRG�
(QYLURQPHQWDO�
6WDWXV��*(6��
WDUJHW�DQG�
SROOXWLRQ

6HQVLWLYLW\� RI� LQGLFDWRUV� WR�
PDQDJHPHQW� PHDVXUHV� DQG�
LGHQWLILFDWLRQ�RI�EHWWHU�LQGLFDWRUV�
(IIHFWV� RI� SROOXWLRQ� RQ� WKH� PDULQH�
HQYLURQPHQW�
,QWHUGHSHQGHQFLHV� EHWZHHQ� 06)'�
GHVFULSWRUV�

,PSDFWV�RI�SROOXWDQW GLVSHUVDQWV�
,QWHUGHSHQGHQFLHV� EHWZHHQ� GLIIHUHQW�
GHVFULSWRUV�ZLWKLQ�06)'�
0RGHO� LQWHURSHUDELOLW\� ± PRGXODU�
DSSURDFKHV�

(QYLURQPHQWDO�
FKDQJH�DQG�FOLPDWH�
DGDSWDWLRQ

5HJLRQDO� VFDOH� FOLPDWH� LPSDFWV� DQG�
WKHLU�YDOXH�
$WWULEXWLQJ� FKDQJH� LQ� HFRV\VWHPV� WR�
HQYLURQPHQWDO� GULYHUV� DQG� WKH�
V\VWHPV�UHVSRQVH�
,PSDFWV� RI� FKDQJHV� LQ� VKHOI�VHDV�
ELRJHRFKHPLVWU\� RQ� HFRV\VWHP� VWDWH��
IXQFWLRQ�DQG�VHUYLFHV�

,QWURGXFWLRQV� DQG� LPSDFWV� RI� QRQ�
QDWLYH�VSHFLHV�
$QLPDO�DQG�KXPDQ�GLVHDVH�
/RFDO�HIIHFWV�RI�SUHVVXUHV�
,PSDFWV�RI�RFHDQ�DFLGLILFDWLRQ�
,PSDFWV� RQ� WKH� ODQG�VHD� WUDQVLWLRQ�
]RQH�
,PSDFWV�RI�JHR�HQJLQHHULQJ�
,PSDFWV�RI�RIIVKRUH�VWUXFWXUHV�

�

�

3DJH��� RI���
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)LJXUH����&DWHJRULHV�RI�HFRV\VWHP�PRGHOV�DQG�WKH�SDUWV�RI�WKH�HFRV\VWHP�WKDW�WKH\��
LQFOXGH��
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&ŽŽĚ�ǁĞďƐ�
;Ğ͘Ő͘��ǁ�Ϳ

^ŚĞůĨ�ŵŽĚĞů�
;Ğ͘Ő͘��Z^�DͿ

WŚǇƐŝĐĂů�
;Ğ͘Ő͘�E�DKͿ

^ǇƐƚĞŵ�
;Ğ͘Ő͘��d>�Ed/^Ϳ

�ŽƵƉůĞĚ�DŽĚĞůƐ�с�ƉŚǇƐŝĐĂů�н�ďŝŽůŽŐŝĐĂů�
;Ğ͘Ő͘�E�DKͲ�Z^�DͿ

^ŝǌĞͲďĂƐĞĚ�;Ğ͘Ő͘�
>�D�E^Ϳ

KĐĞĂŶ��'�
;Ğ͘Ő͘�D��h^�Ϳ

&/'hZ��ϭͺϭ
)LJXUH
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