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1DPH ��0DGLQD�1XU�3UDWLZL
153 ����������������
'HSDUWPHQW ��0DULQH�(QJLQHHULQJ
6XSHUYLVRUV �

�� ,U��'ZL�3UL\DQWD��0�6(
�� 1XUKDGL�6LVZDQWRUR��6�7���0�7�

$EVWUDFW

7XJERDW�LV�WKH�VXSSRUWLQJ�V\VWHP�WKDW�SOD\V�DQ�HVVHQWLDO�UROH�LQ�SRUW��$�WXJERDW�
XVHG�IRU�PDQRHXYULQJ��SULPDULO\�SXOOLQJ�RU�SXVKLQJ�ELJJHU�YHVVHO�LQ�RSHQ�VHDV�RU�ULYHU�WR�
EH� DEOH� WR� OHDQ� LQ�SRUW��37�;�NQRZQ�DV� D� FRPSDQ\�KDV� D�SURPLQHQW�EXVLQHVV� ILHOG� LQ�
SURYLGHV�VXFK�DV�WXJ�ERDW��2Q�WKH�37�;�$QQXDO�5HSRUW�RI������UHSRUWHG�VHYHUDO�FDVHV�
WKDW�FDXVHG�WKDW�UHODWHG�WR�WKH�UHOLDELOLW\�RI�WKH�PDLQ�HQJLQH��7KH�IDLOXUH�RFFXUUHG�RQ�WKH�
PDLQ�HQJLQH��DIIHFWHG�FRPPLVVLRQ�GD\V� WDUJHWHG�ZDV�QRW�DFKLHYHG��5HOLDELOLW\�FHQWUHG�
0DLQWHQDQFH��5&0��LV�D�PDLQWHQDQFH�PHWKRG�WKDW�IRFXVHG�RQ�HOHYDWLQJ�WKH�UHOLDELOLW\�RI�
D�FRPSRQHQW LQ�WKH�V\VWHP�V���5&0�XVHG�D�ULVN�PDQDJHPHQW�SULQFLSOH�WR�GHWHUPLQH�WKH�
PDLQWHQDQFH� WDVN� DQG� VFKHGXOH� DSSURSULDWHO\�� 5&0� SURFHVV� LPSOHPHQWHG� XVLQJ� WKH�
*XLGH� IRU�6XUYH\�%DVHG�RQ�5HOLDELOLW\�FHQWUHG�0DLQWHQDQFH� �5&0��E\� WKH�$PHULFDQ�
%XUDX�RI�6KLSSLQJ��$%6��

%DVHG�RQ�WKH�UHVXOWV�RI�WKLV�UHVHDUFK��WKHUH�ZHUH��� WDVNOLVW�W\SH�ZKLFK�LV�REWDLQHG�
EDVHG� RQ� WKH� DQDO\VLV�RI�PDLQWHQDQFH� WDVN� DOORFDWLRQ� DQG� SODQQLQJ��7KH� WRWDO RI� HDFK�
PDLQWHQDQFH�W\SHV�IURP�HDFK�IDLOXUH�PRGH�DUH����WDVN�IRU�3UHYHQWLYH�0DLQWHQDQFH��30��
���WDVN�IRU��&RQGLWLRQ�0RQLWRULQJ��&0�����WDVN�IRU�5XQ�WR�)DLOXUH��57)��DQG���WDVN�IRU�
)LQGLQJ�)DLOXUH��))�� :RUNSDFNDJH�IRU�HDFK�LQWHUYDO�LV�FUHDWHG�IURP�HYHU\�IDLOXUH�PRGH�
IRU�HDFK�LQWHUYDO�IRU�PDLQWHQDQFH�LQVSHFWLRQ�

.H\ZRUGV��)0(&$��0DLQ�(QJLQH��0DLQWHQDQFH�6FKHGXOH��5&0��7XJERDW
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1DPD ��0DGLQD�1XU�3UDWLZL
153 ����������������
-XUXVDQ ��0DULQH�(QJLQHHULQJ
'RVHQ�3HPELPELQJ �

�� ,U��'ZL�3UL\DQWD��0�6(
�� 1XUKDGL�6LVZDQWRUR��6�7���0�7�

$EVWUDN

7XJERDW DGDODK� VLVWHP� SHQGXNXQJ� \DQJ� PHPDLQNDQ� SHUDQ� SHQWLQJ� GDODP�
SHODEXKDQ�� .DSDO� WXQGD� \DQJ� GLJXQDNDQ� XQWXN� EHUPDQXYHU�� WHUXWDPD� PHQDULN� DWDX�
PHQGRURQJ�NDSDO�EHVDU�GL� ODXW� OHSDV� DWDX� VXQJDL�XQWXN�GDSDW�EHUVDQGDU�GL�SHODEXKDQ��
37�;� GLNHQDO� VHEDJDL� SHUXVDKDDQ� \DQJ� PHPLOLNL� ELGDQJ� ELVQLV� WHUNHPXND� GL� ELGDQJ�
SHQ\HGLDDQ�VHSHUWL�NDSDO� WXQGD��3DGD�/DSRUDQ�7DKXQDQ�37�;�WDKXQ������PHODSRUNDQ�
EHEHUDSD� NDVXV� \DQJ� PHQ\HEDENDQ� WHUNDLW� GHQJDQ� NHDQGDODQ� SDGD� PDLQ� HQJLQH��
.HJDJDODQ�WHUMDGL�SDGD�PDLQ�HQJLQH��PHPSHQJDUXKL�FRPPLVLRQ�GD\V \DQJ�GLWDUJHWNDQ�
WLGDN�WHUFDSDL��5HOLDELOLW\�&HQWHUHG�0DLQWHQDQFH �5&0��DGDODK�PHWRGH�SHUDZDWDQ�\DQJ�
EHUIRNXV� SDGD� SHQLQJNDWDQ� NHDQGDODQ� NRPSRQHQ� GDODP� VLVWHP�� 5&0� PHQJJXQDNDQ�
SULQVLS�PDQDMHPHQ�ULVLNR�XQWXN�PHQHQWXNDQ�WXJDV�GDQ�MDGZDO�SHUDZDWDQ�GHQJDQ�WHSDW��
3URVHV�5&0 GLLPSOHPHQWDVLNDQ�PHQJJXQDNDQ�$%6�*XLGHQFH��

%HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� LQL�� DGD� �� MHQLV� GDIWDU� WXJDV� \DQJ� GLSHUROHK�
EHUGDVDUNDQ� DQDOLVLV� DORNDVL� WXJDV� SHPHOLKDUDDQ� GDQ� SHUHQFDQDDQ�� -XPODK� WLDS� MHQLV�
SHPHOLKDUDDQ�GDUL�VHWLDS�PRGH�NHJDJDODQ�DGDODK����WXJDV�SDGD�3UHYHQWLYH�0DLQWHQDQFH
�30��� ��� WXJDV� SDGD�&RQGLWLRQ�0RQLWRULQJ �&0��� �� MHQLV� WXJDV� SDGD�5XQ�WR�)DLOXUH�
�57)�� GDQ� �� MHQLV� WXJDV� SDGD�)DLOXUH�)LQGLQJ �))���7XJDV� SHPHOLKDDDQ�XQWXN� VHWLDS�
LQWHUYDO�GLEXDW�GDUL� VHWLDS�PRGH�NHJDJDODQ�XQWXN�VHWLDS LQWHUYDO�XQWXN�SHPHOLKDUDDQ� ��
LQVSHNVL�

.DWD�.XQFL��)0(&$��0DLQ�(QJLQH��0DLQWHQDQFH�6FKHGXOH��5&0��7XJERDW
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3UDLVH�EH�WR�*RG�$OPLJKW\��IRU�+LV�EOHVVLQJV��WKH�DXWKRUV�FDQ�ILQLVK�³%DFKHORU�
7KHVLV´�RI�UHSRUWV�LQ�DFFRUGDQFH�ZLWK�D�SUHGHWHUPLQHG�WLPH��7KH�DXWKRUV�KRSH�WKLV�UHSRUW�
FDQ�EH�XVHIXO�IRU�UHDGHUV�DQG�ZULWHUV�VR�WKDW�WKH\�FDQ�XQGHUVWDQG�ZKDW�FRQVLGHUDWLRQV�DUH�
XVHG� DV� D� UHIHUHQFH� LQ� PDNLQJ� VWDWHPHQWV� DERXW� WKH� ILQDO� SURMHFW� UHVHDUFK� DQG� GDWD�
FROOHFWLQJ�LQ�D�SDUWLFXODU�VKLSSLQJ FRPSDQ\��1RW�WR�IRUJHW�WKH�DXWKRUV�WR�WKDQN�WKH�SDUWLHV�
ZKR�KDYH�KHOSHG�LQ�FRPSOHWLQJ�WKH�SUHSDUDWLRQ�RI�WKLV�UHSRUW�VR�WKDW�LW�FDQ�EH�UHDOL]HG�
LQFOXGH��

�� ,U��'ZL�3UL\DQWD��0�6(���DV�D�VXSHUYLVRU RI�WKLV�%DFKHORU�7KHVLV�WKDW�KDV�WDNHQ�WKH�
WLPH�WR�JLYH�JXLGDQFH�DQG�GLUHFWLRQ�LQ�HYHU\�ZRUNPDQVKLS�

�� 1XUKDGL�6LVZDQWRUR��67���07���DV�D�VXSHUYLVRU RI�WKLV %DFKHORU�7KHVLV�WKDW�KDV�WDNHQ�
WKH�WLPH�WR�JLYH�JXLGDQFH�DQG�GLUHFWLRQ�LQ�HYHU\�DVVLVWDQFH�

�� %HORYHG�SDUHQWV�� IRU�SUD\HUV� DQG� VXSSRUW�ERWK�PRUDOO\� DQG�PDWHULDOO\� VR� WKDW� WKLV�
UHSRUW�LV�FRPSOHWHG�SURSHUO\�

�� 6KDILUD�5RV\DGD�ZKR�DOZD\V�VXSSRUW�PH DOO�WKH�WLPH��:H�PD\�QRW�VHHP�VXFK�D�JRRG�
IULHQG�WR�HDFK�RWKHU��EXW�VKH�DOZD\V�VWDQGLQJ�E\�P\�VLGH�ZKHQ�WLPHV�JHW�KDUG�

�� 0EDN� 6HNDU�� � 0DV� 1LNR�� DQG� 3DN� 3DXO� DV� D� PHQWRU� WR� GR� VXFK� DQ� XQRIILFLDOO\�
VXSHUYLVRU�WR�DVVLVW�PRUH WR�FROOHFWLQJ�WKH�GDWD�

�� $OXPQXV�RI�,76�ZKR�KDYH�DVVLVWHG�XV�LQ�H[SODLQLQJ�WKH�PDWHULDOV�LQ�GHWDLO�DQG�GLG�
VRPH�GDWD�REVHUYDWLRQV�

�� $QG�IULHQGV�ZKR�KDYH�JLYHQ�DQ�H[SODQDWLRQ�ZKHQ�WKH�DXWKRU�KDV�QRW�XQGHUVWRRG�LQ�
WKH�ZRUN�RI�WKH�DVVLJQPHQWV�JLYHQ�

7KH�DXWKRU�KRSHV�WKDW�E\�ZULWLQJ�RI�WKH�%DFKHORU�7KHVLV FDQ�EH�XVHIXO�DQG�SURYLGH�
LQIRUPDWLRQ�WR�WKH�UHDGHU��%HFDXVH�RI�WKH�OLPLWDWLRQV�RI�DXWKRU��FRQVWUXFWLYH�FULWLFLVPV�
DQG�VXJJHVWLRQV�DUH�LQGLVSHQVDEOH�IRU�SHUIHFWLRQ�LQ�WKLV�UHSRUW

6XUDED\D��-DQXDU\ ��WK ����

0DGLQD�1XU�3UDWLZL
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��� %DFNJURXQG
,QGRQHVLD� LV� RQH� RI� WKH� ODUJHVW� DUFKLSHODJRHV LQ� WKH� ZRUOG� EHFDXVH� LW�

H[FHHGV�������� LVODQGV��7KH� OHQJWK�RI�,QGRQHVLD
V�FRDVWOLQH�UHDFKHV��������
NP� ZLWK� D� VHD� DUHD� RI� ����PLOOLRQ� NP�� DQG� WKH� WRWDO� DUHD� RI� ,QGRQHVLD
V�
WHUULWRU\� LV�����PLOOLRQ�NP� 7KH�VHD� LV�YHU\� LGHQWLFDO� WR� WKH� UHVRXUFHV� LQ� LW��
6HYHUDO�VHFWRUV�FDQ�EH�GHYHORSHG��VXFK�DV�DTXDFXOWXUH��PDULQH�WRXULVP��VHD�
WUDQVSRUWDWLRQ��PLQHUDO�UHVRXUFHV��FRDVWDO�IRUHVWV��QRQ�FRQYHQWLRQDO�UHVRXUFHV��
VPDOO�LVODQGV��DTXDWLF�SURGXFW�SURFHVVLQJ�LQGXVWULHV��DQG�RWKHUV�

$W� SUHVHQW�� WKH� JRYHUQPHQW� LV� GHYHORSLQJ� RQH� VHFWRU�� XVLQJ� VHD�
WUDQVSRUWDWLRQ� IRU� ORJLVWLFV� SXUSRVHV��7KH� JRYHUQPHQW� WU\� WR� EDODQFLQJ� WKH�
VXSSO\�DQG�GHPDQG�IRU�JRRGV�DQG�VHUYLFHV��IURP�RQH�UHJLRQ�WR�DQRWKHU��:LWK�
WKH� HQFRXUDJHPHQW� IURP� WKH� JRYHUQPHQW�� GULYLQJ� JURZWK� LQ� VHD�
WUDQVSRUWDWLRQ�

6XSSO\�&KDLQ� ,QGRQHVLD� �6&,�� DQDO\VLV� ILYH� VXE�VHFWRUV� RI� ,QGRQHVLD
V�
WUDQVSRUWDWLRQ�� WKRVH� DUH� ODQG� WUDQVSRUWDWLRQ�� DLU� WUDQVSRUWDWLRQ�� VHD�
WUDQVSRUWDWLRQ��ULYHU��ODNH�DQG�FURVVLQJ�WUDQVSRUWDWLRQ��DQG�UDLO�WUDQVSRUWDWLRQ��
%DVHG�RQ�)LJXUH������VHD�WUDQVSRUWDWLRQ�LV�LQ�WKH�WKLUG�SRVLWLRQ��ZKLFK�VKRZV�
D�VWDEOH�JURZWK�UDWH�HYHU\�\HDU��:LWK�WKH�LQFUHDVHV�LQ�WKH�VHD�WUDQVSRUWDWLRQ�
VHFWRU�� WKHUH� DUH� QHHGV� VXSSRUWLQJ� V\VWHP� IRU� KHOSLQJ� WKH� GHYHORSPHQW�
LQGXVWU\��VXFK�DV�WXJERDW�XVH�

$�WXJERDW�LV�D�VKLS�XVHG�IRU�PDQRHXYHULQJ��SULPDULO\�SXOOLQJ�RU�SXVKLQJ�
RWKHU�ELJJHU�YHVVHOV�LQ�SRUWV��RSHQ�VHDV�RU�ULYHUV��7XJERDW�KDV�D�IXQFWLRQ�LQ�
SRUW�RSHUDWLRQV�WR�DWWUDFW�DQG�HQFRXUDJH�VKLSV�WR�EH�DEOH�WR�EHUWK�WR�FDUU\�RXW�
ORDGLQJ�XQORDGLQJ�DFWLYLWLHV��7XJERDWV�DOVR�KDYH�D�UROH�LQ�WKH�LQGXVWU\��VXFK�
DV�WKH�XVH�RI�EDUJHV�WKDW�UHTXLUH�WXJERDWV �0RUL��������

7XJ�DQG�%DUJH�LV�VHD�WUDQVSRUWDWLRQ�WKDW�FDQ�FDUU\�ODUJH�DPRXQWV�RI�FDUJR�
ZLWK�D�VL]H�RI������ ����IW��$�EDUJH�LV�FDSDEOH�RI�FDUU\LQJ������WRQV�RI�EXON�
FDUJR��7KLV�NLQG�RI�HFRQRPLF�YDOXH�RI�WKH�WXJERDWV�PRUH�HIILFLHQW�FRPSDUHG�
WR�RWKHU�W\SHV�RI�VKLSV��%HFDXVH�RI�WKLV��WXJ�DQG�EDUJH�GRPLQDWH�,QGRQHVLD
V�
VKLSSLQJ�ODQHV��HVSHFLDOO\�FRDO��VDQG��LURQ�RUH��DQG�RWKHU�EXON�ORDGV �6UL��HW�DO���
�������

7KH�VKLSSLQJ�LQGXVWU\�LV�NQRZQ�WR�KDYH�KLJK�SRWHQWLDO�RU�ULVNV�UHODWHG�WR�
VDIHW\�� ,I� DQ� DFFLGHQW�RFFXUV�� LW�ZLOO� FDXVH�YDULRXV� FRQVHTXHQFHV� UHODWHG� WR�
KXPDQ� VDIHW\�� ILQDQFLDO� DQG� HQYLURQPHQWDO�� 6KLS� DFFLGHQWV� FRQVLVW� RI�
FROOLVLRQV��HTXLSPHQW�IDLOXUHV��H[SORVLRQV��ILUHV��OHDNV��DJURXQG��RYHUWXUQHG��
VLQNLQJ��DQG�RWKHUV �6UL��HW�DO���������
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)LJXUH����� *URZWK�DQG�3UHGLFWLRQ�RI�,QGRQHVLDQ�7UDQVSRUWDWLRQ�6HFWRU�9DOXH�LQ�����������

%DVHG�RQ� WKH�DQDO\VLV�RI�VKLS�DFFLGHQW�GDWD�� UHSRUWHG�E\� WKH�'LQDV�
3HUKXEXQJDQ� ,QGRQHVLD VKRZQ� LQ�)LJXUH� ����� WKHUH� DUH� VHYHUDO� FDXVHV� RI�
DFFLGHQWV� VXFK� DV� KXPDQ� HUURU�� QDWXUDO� IDFWRUV�� DQG� RWKHU� IDFWRUV�� $PRQJ�
WKHP��KXPDQ�HUURU�LV�WKH�PRVW�VLJQLILFDQW�FDXVHV�RI DFFLGHQWV�RQ�D�VKLS�

4XRWHG�IURP�WKH�3	,�FOXE��3URWHFWLRQ�DQG�,QGHPQLW\�LQVXUDQFH� LQ�
DQDO\VLQJ�VWDWLVWLFDO�GDWD�IRXQG�KXPDQ�HUURU�IDFWRU�LV�D�FRPPRQ�IDFWRU�WKDW�
FDXVHG�PDFKLQH�RSHUDWLRQ�IDLOXUHV�+XPDQ�HUURU�GHILQHG�DV�LQFRUUHFW�RSHUDWLRQ�
RI�WKH�PDFKLQH�RU�PDLQWHQDQFH�LQVSHFWLRQ�RI�WKH�HQJLQH�

7KH�VWDWLVWLFDO�GDWD�DQDO\VHG�E\�WKH�3	,�FOXE�IURP�WKH�WRWDO�QXPEHU�
RI� ������������ DFFLGHQWV� DQQXDOO\��)LJXUH� ��� VKRZV� WKH� QXPEHU� RI� HDFK�
FDXVH� RI� DFFLGHQWV� VXFK� DV� PDQRHXYULQJ� DFFLGHQWV� �UHG��� HQJLQH� GDPDJH�
�EOXH���DQG�RWKHU�DFFLGHQWV� �JUHHQ���7KLV�GDWD� VKRZV� WKDW� WKH�SHUFHQWDJH�RI�
DFFLGHQWV�GXH�WR�HQJLQH�GDPDJH�H�UHDFKHV�����RI�WKH�WRWDO�QXPEHU�RI�VKLS�
DFFLGHQWV�SHU�\HDU��2WKHU�DFFLGHQWV�GHILQHG�GXH WR�KXOO�	�VWUXFWXUH��LUUHVLVWLEOH�
IRUFH��PLVKDQGOLQJ�RI�FRPEXVWLEOH�PDWHULDOV��DQG�PLVPDQDJHPHQW�RI�VWRUDJH�
DUHDV��DQG�RWKHUV��3	,&OXE�������

� 6HWLMDGL��³6HNWRU�WUDQVSRUWDVL�GLSUHGLNVL�WXPEXK�������SDGD�����´�
�KWWS���VXSSO\FKDLQLQGRQHVLD�FRP�QHZ�VHNWRU�WUDQVSRUWDVL�GLSUHGLNVL�WXPEXK������SDGD�
�������$FFHVVHG RQ�$XJXVW�����������
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)LJXUH����� 1XPEHU�RI�&RXUW�'HFLVLRQV�$FFRUGLQJ�WR�)DFWRUV�&DXVLQJ�6KLS�$FFLGHQWV
�3HUKXEXQJDQ��������

)LJXUH����� 7UHQG�RI�QXPEHU�RI�VKLS�DFFLGHQWV �������������3	,&OXE�������

3	,�FOXE�DOVR�DQDO\VHG�WKH��5HSRUW�RI�WKH�-DSDQ�0DULWLPH�$FFLGHQW�
7ULEXQDO��IURP������� ������,Q�WKH�DQDO\VLV��)LJXUH���� VKRZV�WKH�SHUFHQWDJH�
RI�HQJLQH�WURXEOH�FDXVHV�GXH�WR�IDXOW\�PDLQWHQDQFH��LQVSHFWLRQ��PDLQ�HQJLQH�
RSHUDWLRQ� UHDFKLQJ� �����:KLOH� RWKHU� FDXVHV� VXFK� DV� PDLQWHQDQFH� HUURUV��
LQVSHFWLRQ� DQG� KDQGOLQJ� RI� OXEULFDWLQJ� RLO� ������� PDLQWHQDQFH� HUURUV��
LQVSHFWLRQV�� DQG� DX[LOLDU\� HQJLQH� RSHUDWLRQV� ������� ODFN� RI� PDLQWHQDQFH�
PDQDJHPHQW�������DQG�RWKHUV������ �3	,&OXE��������

%DVHG� RQ� VKLS� DFFLGHQW� GDWD� ZLWK� HQJLQH� SUREOHPV� GXH� WR�
PDLQWHQDQFH� ZKLFK�FDQ�FDXVH� WKH� VKLS� WR� IDLO� WR�RSHUDWH�� 6KLS� IDLOXUH�ZLOO�
DGYHUVHO\� DIIHFW� FRPSDQLHV� WKDW� RZQ� VKLS� FKDUWHU�� %HFDXVH� LW� KDV� D� ORZ�
SHUIRUPDQFH�VKLS�RU�LQ�RWKHU�ZRUGV�GRHV�QRW�KDYH�HQRXJK DYDLODELOLW\�QHHGHG�
E\�WKH�XVHU�
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)LJXUH����� 7KH�FDVH�RI�PDULWLPH�DFFLGHQWV�FDXVHV��HQJLQH�WURXEOH������������� �3	,&OXE��
�����

,I� D� VKLS� DFFLGHQW� RFFXUV� LW� FDQ� GHFUHDVH� WKH� RSHUDWLRQDO� GD\� RI� D
YHVVHO�� 7KHQ�� WKH� WDUJHWHG� FRPPLVVLRQ� GD\V� WKDW� KDYH� EHHQ� DJUHHG� E\� WKH�
VHFRQG�SDUW\�KDV�QRW�UHDFKHG��:KHQ�WKLV�KDSSHQV��ERWK�SDUWLHV�ZLOO�LQFXU�WKH�
ORVVHV��7KH� XVHUV� RI� WKH� FKDUWHU� VKLS ZLOO IDFH ORVV� FRVWV EHFDXVH� EXVLQHVV�
PRELOLW\�KDPSHUHG DQG WKH�VKLSRZQHU�ZLOO�JHW�D�SHQDOW\�IURP�WKH�XVHU�EHFDXVH�
WKH�VKLS�XVHG�GRHV�QRW�UHDFK�WKH�FRPPLVVLRQ�GD\V�WKDW�WDUJHWHG��$OVR��FKDUWHU�
YHVVHO�RZQHUV�ZLOO�ORVH�WKH�WUXVW�RI�WKH�XVHU�EHFDXVH�WKH\�FDQQRW�JXDUDQWHH�WKH�
TXDOLW\�RI�WKH�FKDUWHU�VKLS�

7KHUHIRUH��WR HQVXUH�WKDW�WKH�WXJERDW�LV�RSHUDWLQJ�LQ�DQ�RSWLPDO�FRQGLWLRQ�
ZLWK�LPSOHPHQWLQJ�DSSURSULDWH�PDQDJHPHQW�PDLQWHQDQFH��%HFDXVH�HIILFLHQW�
PDQDJHPHQW�PDLQWHQDQFH�ZLOO�WXUQ�LQWR�RSWLPDO�V\VWHP�SHUIRUPDQFH��LW�DOVR�
PDLQWDLQV�WKH�OLIH�WLPH�RI�HDFK�FRPSRQHQW�RQ�D�V\VWHP�

��� 3UREOHP�6WDWHPHQWV
%DVHG� RQ� WKH� EDFNJURXQG� WKDW� KDV� GHVFULEHG�� WKH� SUREOHP WKDW� FDQ� EH�

VROYHG LQ�WKLV�7KHVLV DUH�

�� +RZ�WR�GHWHUPLQH WKH�KLHUDUFK\�RI�FRPSRQHQWV�EDVHG�RQ�HDFK�IXQFWLRQ
V\VWHP"

�� +RZ� DQDO\VH� WKH� IDLOXUH� DQG� ULVN� FDXVHG� E\� FRPSRQHQWV LQ� WKH� PDLQ�
HQJLQH RI�7XJERDW"

�� +RZ�WR�GHWHUPLQH�WKH�DSSURSULDWH PDLQWHQDQFH�WDVN�DQG�VFKHGXOH RQ�WKH�
PDLQ�HQJLQH RI�7XJERDW WR�UHGXFH�GRZQWLPH�GXULQJ�WKH�RSHUDWLRQDO�SHULRG�
RI�WKH�7XJERDW



�

��� 6FRSH�DQG�/LPLWDWLRQ
7KLV�WKHVLV�IRFXVHG�RQ�WKH�OLPLWDWLRQ�RQ�WKH�SUREOHP�WKHUH�DUH�

�� 7KLV� WKHVLV� XVLQJ� *XLGH� IRU� 6XUYH\� %DVHG� RQ� 5HOLDELOLW\�FHQWUHG�
0DLQWHQDQFH�E\ WKH�$PHULFDQ�%XUHDX�RI�6KLSSLQJ��$%6�

�� 7KH�UHVHDUFK�REMHFW�LV�WKH�0DLQ�HQJLQH�RI�7XJERDW RZQHG�E\�37��;
�� 7KH� IDLOXUH� GDWD� RI� FRPSRQHQWV� LV� WDNHQ� IURP� SODQQHG� PDLQWHQDQFH�

V\VWHP�ZLWKLQ�RQH \HDU

��� 2EMHFWLYHV
%DVHG�RQ�SUREOHPV��WKH�REMHFWLYHV�RI WKLV�ILQDO�SURMHFW�DUH�

�� ,GHQWLI\�WKH�KLHUDUFK\�RI�FRPSRQHQWV�EDVHG�RQ�HDFK�IXQFWLRQ V\VWHPV
�� ,GHQWLI\�WKH�IDLOXUH�DQG�ULVN�FDXVHG�E\�FRPSRQHQWV�LQ�WKH�PDLQ�HQJLQH�RI�

7XJERDW
�� 'HWHUPLQH� WKH� PDLQWHQDQFH� WDVN� DQG� VFKHGXOH� RQ� WKH� PDLQ� HQJLQH� RI�

7XJERDW WR�UHGXFH�GRZQWLPH�GXULQJ�WKH�RSHUDWLRQDO�SHULRG�RI�WKH�7XJERDW

��� %HQHILW�
7KH�H[SHFWHG�EHQHILWV�RI�WKLV�WKHVLV�DUH�DV�IROORZV�
�� 3URYLGH�DGYLFH�WR�FRPSDQLHV�LQ�LPSOHPHQWLQJ�WKH�5&0�PHWKRG�IRU�

PDLQWHQDQFH�DFWLYLWLHV�RQ�WKH�PDLQ�HQJLQH RI�7XJERDW
�� $V�DQ�HYDOXDWLRQ�RI�WKH�PDLQWHQDQFH�V\VWHP�WKDW�DOUHDG\�DSSOLHV�WR�WKH�

FRPSDQ\
�� 3URYLGH�LQIRUPDWLRQ�UHJDUGLQJ�WKH�LPSOHPHQWDWLRQ�RI�PDLQWHQDQFH�

DFWLYLWLHV�XVLQJ�WKH�5&0�PHWKRG�EDVHG�RQ�$%6�5XOHV�

��� 'HOLYHUDEOH
7KH� GHOLYHUDEOH� RI� WKLV� WKHVLV� LV� WKH� 5&0� LQIRUPDWLRQ� ZRUNVKHHW�

�)0(&$���'HFLVLRQ�:RUNVKHHW��DQG�PDLQWHQDQFH�WDVN�DQG�VFKHGXOLQJ�IRU�WKH�
PDLQ�HQJLQH�RI�7XJERDW



�

³7KLV�SDJH�LV�LQWHQWLRQDOO\�OHIW�EODQN´



�

&+$37(5��
678'<�/,7(5$785(

��� 3UREOHP�2YHUYLHZ
37��;�LV�D�VWDWH�RZQHG FRPSDQ\�ZKLFK�KDV�D�EXVLQHVV�VHFWRU�HQJDJHG�LQ�

VKLSSLQJ��37��; KDV����RSHUDWLQJ�ORFDWLRQV�WKURXJKRXW�,QGRQHVLD� DQG WKRVH�
DUH 0HGDQ�� 0DNDVVDU�� -DPEL�� 'XPDL�� &LODFDS�� %DOLNSDSDQ�� 3ODMX�� %DWDP��
7DQMXQJ�3ULRN��6XUDED\D��%RQWDQJ��DQG�6RURQJ�

37��; RIIHUV�VHYHUDO�SURGXFWV�DQG�VHUYLFHV��QDPHO\�SURYLGHU�RI�VKLSV�DV�
RSHUDWLRQDO� IOHHWV�� FKDUWHUV� 	� EURNHUDJH�� VKLS� DJHQF\� VHUYLFHV�� YHVVHO�
PDQDJHPHQW��SRUW�PDQDJHPHQW��VKLSSLQJ�IXHO�IRU�VKLSV�RU�WDQNHUV��DQG�RWKHUV��
37��; VKLSV�KDYH�YDULRXV�W\SHV�RI�YHVVHOV��VXFK�DV�WDQNHUV��$+76��$QFKRU�
+DQGOLQJ� 7XJ� 6XSSO\� YHVVHO��� WXJERDWV�� /1*� �/LTXHILHG� 1DWXUDO� *DV�
YHVVHOV��� PRRULQJ� ERDWV�� 632%� �6HOI� 3URSHOOHG� 2LO� %DUJH��� 5,%� �5LJLG�
,QIODWDEOH� %RDW��� DQG� RWKHUV� �&RQWLQHQWDO�� ������� )LJXUH� ��� VKRZV� WKH�
QXPEHU�DQG�W\SH�RI�YHVVHOV�RZQHG�E\�37��;�

)LJXUH����� 7\SH�RI�9HVVHO�DW�37��; �37�;�������

37��; KDV�D�SURPLQHQW�EXVLQHVV�ILHOG� LQ�SURYLGHUV�RI� OLJKW�YHVVHOV��
VXFK�DV� WXJ�ERDWV��PRRULQJ�ERDWV��$+76��DQG�RWKHUV��6R�37��; KDV�D�KLJK�
GHPDQG�IRU�WKH�OLJKW�YHVVHOV�WKH\�SURYLGH��$OVR��37��; KDV�KLJK�PRELOLW\�WR�
QDWLRQDO�HQHUJ\�QHHGV�
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,Q�WKH�GDWD�UHSRUWHG�E\�37��;��WKH�FRPPLVVLRQ�GD\V�HDUQHG�HDFK�\HDU�
H[SHULHQFHG� D� VLJQLILFDQW� LQFUHDVH�� DV� VKRZQ� LQ�)LJXUH� ����� (VSHFLDOO\� LQ�
������ LQFUHDVH� WR� �������� 37�� ; YHVVHOV� PXVW� KDYH� KLJK� DYDLODELOLW\� WR�
DFKLHYH�WKH�FRPPLVVLRQ�GD\V�WKDW�WDUJHWHG����37�;��������

37��; DV�D�FRPSDQ\�WKDW�KDV D�EXVLQHVV�RQ FKDUWHUHG�YHVVHOV��LQ������
KDV DQ�HIIRUW�WR�PDLQWDLQ�WKH�TXDOLW\�RI�VKLSV�E\�LPSOHPHQWLQJ�WKH�3ODQQHG�
0DLQWHQDQFH�6\VWHP��306��DV�SUHYHQWLYH�PDLQWHQDQFH��7KHQ��LQ������ 37��
; LPSOHPHQWHG� &(572� �&HUWLILFDWH� 2QOLQH�� RQ� VHYHUDO� RZQHG� YHVVHOV��
&(572 SHUIRUPV� PDLQWHQDQFH� VWLOO� DSSO\LQJ� 2(0� �2ULJLQDO� (TXLSPHQW�
0DQXIDFWXUHU��� SHU UXQQLQJ� KRXUV�� ,Q� WKH� DSSOLFDWLRQ� RI� 306�� 37�� ;
PDQDJHPHQW�KDV�VXIILFLHQW�WLPH�GLVFLSOLQH��ZLWK�WUHDWPHQWV�EDVHG�RQ�UXQQLQJ�
KRXUV��RLO�DQDO\VLV��VXUYH\V��DQG�RWKHUV�

)LJXUH����� &RPPLVVLRQ�GD\V�RI�VKLSV�RZQHG�E\�37��3HUWDPLQD�7UDQV�.RQWLQHQWDO �37�;��
�����

,Q������WKH�UHDOLVDWLRQ RI�FRPPLVVLRQ�GD\V�IRU�VKLSV�UHDFKHG��������
GD\V�RU��������LQFUHDVHV�FRPSDUHG�WR������ ZKLFK�RQO\�UHDFKHG��������GD\V��
VKRZQ�LQ )LJXUH������+RZHYHU��GHVSLWH�DQ�LQFUHDVH�IURP�WKH�SUHYLRXV�\HDU��
FRPPLVVLRQ�GD\V�LQ������RQO\�UHDFKHG������� IURP�WKH�WDUJHW RI WKH��������
GD\V�LQ�WKH������5.$3��5HFDQD�.HUMD�GDQ�$QJJDUDQ�3HUXVDKDDQ� �37�;��
������

7KHVH� VKLSV� PXVW� KDYH� KLJK� DYDLODELOLW\ WR� PHHW� WKH� GHPDQG� IRU�
FKDUWHUV� LQ� RWKHU� ZRUGV�� WKH� HTXLSPHQW� RI� HDFK� VKLS� PXVW� KDYH� KLJK�
UHOLDELOLW\��VXFK�DV�WKH�PDLQ�HQJLQH EHFDXVH�WKH�PDLQ�HQJLQH�LV�WKH�PDLQ�
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FULWLFDO� HTXLSPHQW� FRQWULEXWRU� WR� WKH� DYDLODELOLW\� RI� VKLSV�� 2QH� IRUP� RI�
SUHYHQWLRQ�IRU�GDPDJH�LV�PDLQWHQDQFH�PDQDJHPHQW�

,Q�WKH�DQQXDO�UHSRUW�LQ������DOVR�UHSRUWHG�WKH�VHYHUDO�IDFWRUV�WKDW�FDXVHG�
WKH�FRPPLVVLRQ�GD\V�WDUJHW�ZHUH GXH��ZKLFK�LQFOXGH�

�� 3DWUD� 7DQNHU� �� 	� 7UDQVNR� ZHUH� VWLOO� GRFNLQJ� IURP� 6HSWHPEHU� WR�
2FWREHU�

�� 5,%���ZDV�HIIHFWLYHO\�RII�KLUH�VLQFH����-XO\������GXH�WR�H[FHVVLYHO\�
ODUJH�ZDYHV�FDXVLQJ�WKH�VKLS�WR�VLQN��

�� 3DWUD� 7DQNHU� �� LQ� 6HSWHPEHU� ����� RQO\� DFKLHYHG� ��� GD\V� GXH� WR�
VXFWLRQ�YDOYH�UHSDLU��,Q�1RYHPEHU��LW�ZDV�RII�KLUH�RQ����1RYHPEHU�
����� DW� ������ GXH� WR� 0DLQ� (QJLQH� ,VVXH�� EDFN� RQ� KLUH� RQ� ���
1RYHPEHU������DW��������

�� &RPGD\V�RI�7UDQVNR�$ULHV�LQ�2FWREHU�DFKLHYHG����GD\V�GXH�WR�0DLQ�
(QJLQH�WURXEOH�DQG�HQJLQH�WURXEOH�RI�WKH�VKLS��,Q�1RYHPEHU�������LW�
ZDV�RII�KLUHG�RQ����1RYHPEHU������DW�������GXH�WR�HQJLQH�WURXEOH�
DQG�EDFN�2Q�+LUH�RQ����1RYHPEHU������DW��������

�� 07�*DV�3DWUD�LQ�1RYHPEHU������ZDV�RII�KLUHG�RQ����1RYHPEHU������
DW�������GXH� WR�(QJLQH�7URXEOH�DQG�EDFN�RQ�KLUH�RQ����'HFHPEHU�
�����DW��������

�� 7UDQVNR�1XUL�LQ������DFKLHYHG�IXOO�FRPPLVVLRQ�GD\V��
�� 7UDQVNR�7DXUXV�6KLS�EHJDQ�RSHUDWLRQV�RQ����$XJXVW�������,W�GLG�QRW�

H[SHULHQFH�DQ\�RII�KLUH�VLQFH�WKH�RSHUDWLRQ�EHJDQ��
�� 7XJ�%RDW������RQ����'HFHPEHU�ZDV�RII�KLUH�GXH�WR�F\OLQGHU�KHDG�

HQJLQH�WURXEOH�DQG�EDFN�RQ�KLUH�RQ����'HFHPEHU������

6RPH�RI�WKH�UHSRUWHG�FDVHV�DUH UHODWHG�WR�WKH�UHOLDELOLW\�RI�WKH�PDLQ�HQJLQH�
WKDW� DIIHFWV� FRPPLVVLRQ� GD\V� WDUJHWHG� DW� WKH� FRPSDQ\�� 5&0� �5HOLDELOLW\�
&HQWHUHG�0DLQWHQDQFH��LV�D�IRUP�RI�SUHYHQWLYH�PDLQWHQDQFH�PHWKRG�WKDW�DLPV�
WR�PDLQWDLQ� WKH� UHOLDELOLW\� RI� D� V\VWHP�� 5&0� GHILQHG� DV� VWUXFWXULQJ�� ORJLF�
SURFHVVHV�IRU�GHYHORSLQJ�RU�RSWLPLVLQJ PDLQWHQDQFH�

+LVWRULFDOO\��5&0� HVWDEOLVKHG� DV� D�PHWKRG� DSSOLHG� WR�86�1DY\� VKLSV
�0DUFLQ�.����������,W�DOVR�UHSRUWHG�WKDW�5&0�LV�DQ�H[FHOOHQW�PHWKRGRORJ\�IRU�
DQDO\VLQJ�5&0�PDLQWHQDQFH�QHHGV EHFDXVH�WKH�SKLORVRSK\�RI�WKH�PDLQ�SRLQWV�
FDQ�EH�HDVLO\�XVHG�WR�PDNH�SODQV�RU�GHFLVLRQV�RQ�PDLQWHQDQFH �5DM�	�5DM��
������ 5&0�DOVR�ZDV�DGRSWHG�E\�WKH�5R\DO�1DY\��51��LQ������WKDW�UHSRUWHG�
FRVW�VDYLQJV�DQG�LPSURYHPHQWV�LQ�DYDLODELOLW\��1HZ�	�*D\���������

$SSO\LQJ�5&0�WR�PDULQH�PDFKLQHU\�ZLOO�EULQJ�VRPH�EHQHILWV�VXFK�DV�DQ�
LQWHJUDWHG� SURJUDP� WKDW� DGGUHVV� WR� PDFKLQHU\� LQWHJULW\� DQG� UHOLDELOLW\��
LQFUHDVHG� OLIH� RI� FULWLFDO� FRPSRQHQWV� RI� PDFKLQHU\�� FRVW� HIIHFWLYH�
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PDLQWHQDQFH�� DQG� LPSURYHV� XQGHUVWDQGLQJ� RI� HTXLSPHQW� IDLOXUHV� DQG� WKHLU�
LPSDFW�RQ�YHVVHO�SHUIRUPDQFH��&RQDFKH\�	�0RQWJRPHU\��������

7KHUHIRUH�� LQ� WKLV� WKHVLV ZLOO� LPSOHPHQWLQJ WKH� 5&0� PHWKRG� ZLWK�
)0(&$�DQDO\VLV��)DLOXUH�0RGH��(IIHFWV�DQG�&ULWLFDO�$QDO\VLV��RI�$%6�5XOHV�
RQ� WKH� PDLQ� HQJLQH� V\VWHP� RI� 7XJERDW� RZQHG� E\� 37�� ; WR� VHOHFWLQJ�
PDLQWHQDQFH�WDVN�

��� 0DLQ�(QJLQH�6\VWHP
7KH�PDULQH�GLHVHO�HQJLQH�LV�D�YHU\�FRPSOLFDWHG�PHFKDQLFDO�V\VWHP��7KH�

GLHVHO�HQJLQH�RIIHUV�YDULRXV�DGYDQWDJHV�VXFK�DV�KLJK�HIILFLHQF\��KLJK�SRZHU�
FRQFHQWUDWLRQ�DQG�ORQJ�RSHUDWLRQDO�OLIHWLPH��

7KH� GLIIHUHQW� VXEV\VWHP� RI� WKH� PDULQH� GLHVHO� HQJLQH� DUH� FRROLQJ��
OXEULFDWLRQ��DLU��DQG�LQMHFWLRQ��DV�VKRZQ�LQ�)LJXUH�����

)LJXUH����� 6XEV\VWHPV�RI�WKH�PDULQH�GLHVHO�HQJLQH �1DKLP��HW�DO���������

7KH�FKDUDFWHULVWLFV�RI�WKH�V\VWHP�VXPPDULVHG�EHORZ�
�� &RROLQJ�6\VWHP

(QJLQH�FRROLQJ�V\VWHP�SOD\V�DQ LPSRUWDQW�UROH�WR�PDLQWDLQ�WKH�RSHUDWLQJ�
WHPSHUDWXUH�RI�WKH�HQJLQH��7KH�FRRODQW�FLUFXLW�LQLWLDWHV�E\�SLFNLQJ�XS�KHDW�
DW� ZDWHU� MDFNHWV�� 7KH� FRROLQJ� V\VWHP� FRQVLVWV� RI� WZR� W\SHV� RI� FLUFXLW��
VHDZDWHU�DQG� IUHVKZDWHU�FLUFXLW��(DFK�FLUFXLW� LV�DFWLYDWHG�ZLWK�D�SXPS��
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GHSHQGLQJ�RQ�WKH�WHPSHUDWXUH�RI�WKH�IUHVKZDWHU��D�WKHUPRVWDW�FRQWUROV�WKH�
IORZ�RI�ZDWHU�WR�WKH�KHDW�H[FKDQJHU�ZKHQ�LW�LV�KRW��RU�GLUHFWO\�WR�WKH�SXPS�
LI� LW� LV� UHODWLYHO\� FROG��7KH� V\VWHP� FRROV� WKH� RLO� EHIRUH� LWV� LQOHW� WR� WKH�
HQJLQH��DQG�FRRO�WKH�DLU�JRLQJ�WR�FRPEXVWLRQ�FKDPEHU�DW�LWV�RXWOHW�IURP�
WKH�FRPSUHVVRU���7KH�FRPSRQHQWV�RI�WKH�V\VWHP��VKRZQ�LQ�)LJXUH ����

)LJXUH����� &RROLQJ�6\VWHP�&RPSRQHQWV

�� /XEULFDWLQJ�6\VWHP
/XEULFDWLQJ�V\VWHPV�ZRUN�WR�NHHS�WKH�HQJLQH�FOHDQ�DQG�IUHH�IURP�UXVW�DQG�
FRUURVLRQ��(QJLQH�RLO�LV�H[SHFWHG�WR�SURYLGH�D�SURWHFWLYH�ILOP��WR�SUHYHQW�
PHWDO�WR�PHWDO�FRQWDFW�DQG�UHGXFH�IULFWLRQ��,W�PXVW�KHOS�UHPRYH�KHDW�IURP�
HQJLQH�VXUIDFHV�DQG�IOXVK�DZD\�ZHDU�SDUWLFOHV��,W�DOVR�DLGV�LQ�VHDOLQJ�WKH�
SLVWRQ� ULQJV�� VHUYHV� DV� D� K\GUDXOLF� IOXLG��7KH� OXEULFDWLRQ�FLUFXLW� RI� WKH�
FRPEXVWLRQ�HQJLQH�LQYROYHV�PDQ\�FRPSRQHQWV�VKRZQ�LQ�)LJXUH������

)LJXUH����� /XEULFDWLQJ�6\VWHP�&RPSRQHQWV

�� ,QMHFWLRQ�6\VWHP
7KH�IXHO�LQMHFWLRQ�V\VWHP�LV�UHVSRQVLEOH�IRU�VXSSO\LQJ�WKH�GLHVHO�HQJLQH�
ZLWK� IXHO�� 7KH� LQMHFWLRQ� V\VWHP� GULYHV� IXHO� IURP� WKH� WDQN� WR� WKH�
FRPEXVWLRQ� FKDPEHU�� 7KH� PDLQ� HOHPHQWV� RI� D� FRPPRQ� UDLO� GLHVHO�
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LQMHFWLRQ�V\VWHP�DUH�D�ORZ�SUHVVXUH�FLUFXLW��LQFOXGLQJ�WKH�IXHO�WDQN�DQG�D�
ORZ�SUHVVXUH�SXPS��DQG�D�KLJK�SUHVVXUH�SXPS�ZLWK�D�GHOLYHU\�YDOYH��7KH�
ORZ�SUHVVXUH� SXPS� VHQGV� WKH� IXHO� FRPLQJ� IURP� WKH� WDQN� WR� WKH� KLJK�
SUHVVXUH�SXPS��+HQFH�WKH�SXPS�SUHVVXUH�UDLVHV��DQG�ZKHQ�LW�H[FHHGV�D�
JLYHQ�WKUHVKROG� WKH�GHOLYHU\�YDOYH�RSHQV��DOORZLQJ�WKH�IXHO�WR�UHDFK�WKH�
FRPPRQ�UDLO��7KH�FRPPRQ�UDLO�KRVWV�DQ�HOHFWUR�K\GUDXOLF�YDOYH�GULYHQ�E\�
WKH� HOHFWURQLF� FRQWURO� XQLW� �(&8��� ZKLFK� GUDLQV� WKH� DPRXQW� RI� IXHO�
QHFHVVDU\�WR�VHW�WKH�IXHO�SUHVVXUH�WR�D�UHIHUHQFH�YDOXH��7KH�KLJK�SUHVVXUH�
SXPS�FRQQHFWHG�E\�D�VPDOO�RULILFH�WR�WKH�ORZ�SUHVVXUH�FLUFXLW�DQG�E\�D�
GHOLYHU\�YDOYH�ZLWK�D�FRQLFDO�VHDW�WR�WKH�KLJK�SUHVVXUH�FLUFXLW��:KHQ�WKH�
SLVWRQ�RI�WKH�SXPS�LV�DW�WKH�ORZHU�GHDG�FHQWUH��WKH�LQWDNH�RULILFH�LV�RSHQ�
DQG�DOORZV� WKH� IXHO� WR� ILOO� WKH�F\OLQGHU��ZKLOH� WKH�GRZQVWUHDP�GHOLYHU\�
YDOYH�LV�FORVHG�E\�WKH�IRUFHV�DFWLQJ�RQ�LW��7KHQ��WKH�FORVXUH�RI�WKH�LQWDNH�
RULILFH��GXH�WR�WKH�FDPVKDIW�URWDWLRQ��OHDGV�WR�WKH�FRPSUHVVLRQ�RI�WKH�IXHO�
LQVLGH�WKH�SXPS�FKDPEHU��7KH�V\VWHP�LV�SUHVHQWHG�LQ�)LJXUH ����

)LJXUH����� ,QMHFWLRQ�6\VWHP�&RPSRQHQWV

�� $LU�6\VWHP
&RPSUHVVHG�DLU�KDV�PDQ\�XVHV�LQERDUG�VXFK�DV�VWDUWLQJ�HQJLQH�FOHDQLQJ�
DQG�PDFKLQHU\�GXULQJ�PDLQWHQDQFH�LQ�WKH�PDLQ�HQJLQH�V\VWHP��7KLV�DLU�
V\VWHP�XVHV�D�KLJK�SUHVVXUH�V\VWHP��$LU�DW�D�SUHVVXUH�RI����WR����EDU�LV�
UHTXLUHG�IRU�VWDUWLQJ�WKH�PDLQ�GLHVHO�HQJLQH��7KH�FRPSUHVVHG�DLU�V\VWHP�
LV�VKRZQ�LQ�)LJXUH�����
8VXDOO\� LQ� &RPSUHVVHG� DLU� V\VWHP� KDV� WZR� DLU� FRPSUHVVRUV� DQG� WZR�
UHVHUYRLUV�ZLWK�VXIILFLHQW�FDSDFLW\��7KH�UHFHLYHUV�PXVW�VWRUH�VXIILFLHQW�DLU�
IRU�WKH�VWDUWV�ZLWKRXW�WKH�QHHG�IRU�WRS�XS�IURP�WKH�FRPSUHVVRUV��6DIHW\�
YDOYHV�DUH�JHQHUDOO\�ILWWHG�WR�WKH�DLU�UHFHLYHUV� EXW�LQ�VRPH�LQVWDOODWLRQV�
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WKH� UHVHUYRLUV� DUH� SURWHFWHG� DJDLQVW� RYHUSUHVVXUH� E\� WKRVH� RI� WKH�
FRPSUHVVRUV�� 7KHUH� LV� D� UHTXLUHPHQW� WKDW� LI� WKH� VDIHW\� YDOYHV� FDQ� EH�
LVRODWHG�IURP�WKH�UHVHUYRLUV�� WKH�ODWWHU�PXVW�KDYH�IXVLEOH�SOXJV�ILWWHG�WR�
UHOHDVH�WKH�DLU�LQ�WKH�HYHQW�RI�ILUH�

)LJXUH����� $LU�6\VWHP�&RPSRQHQWV

��� 0DLQWHQDQFH�
0DLQWHQDQFH�LV�WKH�FRQFHSW�RI�DOO�DFWLYLWLHV�QHHGHG�WR�PDLQWDLQ�WKH�TXDOLW\�

RI� HTXLSPHQW�� 7KLV� DFWLYLW\� LV� LQWHQGHG� WR� HQVXUH� WKDW� WKH� SK\VLFDO� DVVHWV�
RZQHG�FDQ�FRQWLQXH�WR�IXOILO�ZKDW�WKH�XVHU�ZDQWV��%\�GRLQJ�PDLQWHQDQFH��LW�
H[SHFWHG�WKDW�WKH�UHOLDELOLW\�RI�D�V\VWHP�FRXOG LQFUHDVH�

$�PDLQWHQDQFH�DFWLYLW\�DOVR�UHTXLUHV�D�SODQQHG�VWDQGDUG�RSHUDWLQJ��7KHUH�
DUH�WZR�PDLQ�SULQFLSOHV��WKRVH�DUH�
�� %UHDN� GRZQ� SHULRG� LV� DW� D� PLQLPXP� SRLQW� E\� FRQVLGHULQJ� HFRQRPLF�

DVSHFWV
�� $YRLGLQJ�XQSODQQHG�EUHDN�GRZQV�DQG�VXGGHQ�GDPDJH�

7KHUHIRUH��PDLQWHQDQFH�LV�ORQJ�WHUP�VWUDWHJLF�SODQQLQJ��ZKLFK�LQWHJUDWHV�
DOO�OLIHF\FOH�SKDVHV� WKH�UROH�RI�PDLQWHQDQFH�ZLOO�PDNH�DQ�LPSDFW�ZKHQ�WKH�
V\VWHP�VWDUWV�WR�H[SHULHQFH�GLVUXSWLRQ�RU�FDQ�QRW�RSHUDWH�

��� (YROXWLRQ�RI�0DLQWHQDQFH
0DLQWHQDQFH�VWUDWHJLHV�KDYH�HYROYHG�VLJQLILFDQWO\�RYHU�WKH�SDVW����\HDUV�

WR�DOORZ�IRU�VHYHUDO�JHQHUDWLRQV�RI�HYROXWLRQ� WR�EH�GLVWLQJXLVKHG��6LQFH� WKH�
����V��PDLQWHQDQFH�KDV�GLYLGHG�LQWR�IRXU�JHQHUDWLRQV��7KHVH�IRXU�JHQHUDWLRQV�
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KDYH� FKDQJHG� LQ� PHWKRGV� WKDW� LQFUHDVLQJO\� EHQHILW� DQ� LQGXVWU\� WKDW� FDQ�
PD[LPLVH�WKH�UHOLDELOLW\�RI�HTXLSPHQW�

����� )LUVW�*HQHUDWLRQ
$URXQG�WKH�����V��GLVUXSWLRQ�ZDV�QRW�WRR�PXFK�RI�D�SUREOHP���IL[�LW�

ZKHQ� LW� EURNH�� LV� WKH�PRWWR� RI� WKH ILUVW� JHQHUDWLRQ��%HFDXVH� LW� KDV� DQ�
LQGXVWU\�WKDW�LV�QRW�YHU\�PHFKDQLFDO��7KLV�NLQG�RI�LQGXVWULHV�VKRZV�WKDW�
SUHYHQWLRQ� LV� QRW� D� SULRULW\�� 7KLV� JHQHUDWLRQ� KDV� HQRXJK� LQ� FOHDQLQJ�
URXWLQH�DQG�OXEULFDWLRQ�

����� 6HFRQG�*HQHUDWLRQ
,Q� WKH� ����V�� PDFKLQHV� RI� DOO� W\SHV� ZHUH� PRUH� QXPHURXV� DQG�

FRPSOH[��0HFKDQLVDWLRQ�KDV�LQFUHDVHG��,QGXVWULHV�DW�WKDW�WLPH�EHJDQ�WR�
KDYH�D�GHSHQGHQF\�RQ�PHFKDQLVDWLRQ�

7KH� VHFRQG� JHQHUDWLRQ� IRFXVHG� RQ� WKH� EUHDNGRZQ� WLPH� FDXVHG� E\�
HTXLSPHQW��7KH�LQGXVWU\�DOVR�KDV�WKH�LGHD�WR�SUHYHQW�IDLOXUHV�LQ�HTXLSPHQW�
WKDW�JDYH�ELUWK�WR�WKH�FRQFHSW�RI�SUHYHQWLYH�PDLQWHQDQFH�

,Q� WKH� ����V�� HTXLSPHQW� PDLQWHQDQFH� ZDV� FDUULHG� RXW� DW� IL[HG�
LQWHUYDOV�� $OVR� LQFUHDVHV� PDLQWHQDQFH� FRVWV�� +RZHYHU�� EHKLQG� WKH�
LQFUHDVLQJ� FRVW� RI� PDLQWHQDQFH�� WKH� LQGXVWU\� KDV� D� FRQWURO� V\VWHP� WR�
SUHYHQW�HTXLSPHQW�IDLOXUHV��$OVR��FRQVHTXHQWO\��WKH�DPRXQW�RI�FDSLWDO�KDV�
LQFUHDVHG� VKDUSO\�� VR� WKH� LQGXVWU\�ZLOO� WU\� WR�PD[LPLVH� WKH� OLIHWLPH� RI�
DVVHWV�

7KH� VHFRQG�JHQHUDWLRQ� PDLQWHQDQFH� FRQFHSW� KDV� WKH� DGYDQWDJH� RI�
KLJKHU�DYDLODELOLW\��ORQJHU�OLIHWLPH��DQG�KDV�PDLQWHQDQFH�FRVWV�WKDW�DUH�QRW�
WRR�KLJK�

����� 7KLUG�*HQHUDWLRQ
(QWHULQJ�WKH�����V��WKH�SURFHVV�RI�HYROXWLRQ�LQ�WKH�LQGXVWU\�LV�PRUH�

VLJQLILFDQW��$W�WKLV�WLPH��DXWRPDWLRQ�LV�D�VLJQLILFDQW�LVVXH�LQ�WKH�LQGXVWU\��
%HFDXVH� DXWRPDWLRQ� ZLOO� SURYLGH� KLJK�TXDOLW\� VWDQGDUGV� DQG� KLJK�
SURGXFWLRQ�FDSDELOLWLHV�DV�ZHOO�

+RZHYHU��WKH�DXWRPDWLRQ�V\VWHP�ZLOO�EULQJ�PRUH�RSHUDWLRQDO�IDLOXUHV��
(YHQWXDOO\��WKH�RSHUDWLRQDO�IDLOXUHV�ZLOO�KDYH�PRUH�FRQVHTXHQFHV�RQ�WKH�
VDIHW\�DQG�HQYLURQPHQWDO�DQG�WKH�DPRXQW�RI�GHSHQGHQFH�RQ�WKH�LQWHJULW\�
RI�SK\VLFDO�DVVHWV�LQFUHDVHV��/LNHZLVH��ZLWK�WKH�FRVWV�WR�RSHUDWH��WKHUHIRUH�
WKH� LQGXVWU\�PXVW� ZRUN� HIILFLHQWO\� WR� EDODQFH� WKH� FRPSDQ\
V� ILQDQFLDO�
VLWXDWLRQ�
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)LQDOO\�� PDLQWHQDQFH� FRVWV� DUH� DEVROXWH� LQ� LQGXVWU\� DQG� KDYH� WKH�
VHFRQG�KLJKHVW�SURSRUWLRQ�RI�WRWDO�H[SHQGLWXUH�DIWHU�SURGXFWLRQ�FRVWV��7KH�
WKLUG�JHQHUDWLRQ� FRQFHSW�� KDV� KLJKHU� DYDLODELOLW\� 	� UHOLDELOLW\�� EHWWHU�
VHFXULW\��JXDUDQWHHG�SURGXFW�TXDOLW\��QR�HQYLURQPHQWDO�GDPDJH�� ORQJHU�
DVVHW�OLIH��DQG�LV�FRVW�HIIHFWLYH��0RXEUD\��������

����� )RXUWK�*HQHUDWLRQ
0DLQWHQDQFH�RYHU� WKH�QH[W� IHZ�\HDUV�ZLOO�EH�HQFRXUDJHG� WR�XWLOLVH�

WHFKQRORJ\�WR�REWDLQ�HIILFLHQF\�LQ�UHWULHYLQJ�GDWD�SURYLGHG�E\�WHFKQRORJ\��
7KH�VWDUW� RI� WKH� IRXUWK�JHQHUDWLRQ��PDUNHG�E\� WKH� VWUDWHJLF� WKLQNLQJ RI�
PDLQWHQDQFH� H[SHUWV� DQG� WHFKQRORJ\� SURYLGHUV�� 7KH� SUROLIHUDWLRQ� RI�
WHFKQRORJ\�RIIHULQJV�ZH�QRZ�H[SHULHQFH�EHFRPHV�PRUH�UDWLRQDOLVHG�LQWR�
ORJLFDO�VHWV�RI�HIILFLHQW��VWUDWHJLF��LQWHJUDWHG�GDWD�OHG�WRROV�

7KH�H[LVWHQFH�RI�VXFK�D�V\VWHP�ZLOO�PDNH� WKH�PDLQWHQDQFH�V\VWHP�
PRUH� DGDSWLYH� WR� FKDQJLQJ� HQYLURQPHQWDO� QHHGV� DQG� PRUH� IOH[LEOH� WR�
DOORZ�LW�WR�EH�VWDWLVWLFDO��

��� 0DLQWHQDQFH�7HFKQLTXHV
,Q� WKH� ILUVW� JHQHUDWLRQ� WR� WKH� IRXUWK� JHQHUDWLRQ� KDV� H[SHULHQFHG� DQ�

HYROXWLRQ� LQ� WKH� FRQFHSW� DQG� WUHDWPHQW� WHFKQLTXHV��)LJXUH���� VKRZV� KRZ�
LPSURYHPHQWV� LQ� WKH� DGPLQLVWUDWLYH� V\VWHP� KDYH� EHFRPH� PRUH� GHYHORSHG�
RYHU�WLPH�

6HYHUDO� WHFKQLTXHV� FUHDWHG� ZKLFK� VKRZ� KRZ� WR� PDQDJH� WUHDWPHQWV�
SURSHUO\��7KH�WKLUG�GHYHORSPHQW�WHFKQLTXHV�LQFOXGH��DV�IROORZV�
� 'HFLVLRQ�PDNLQJV�� VXFK�DV�+D]DUG�VWXGLHV��)0($��)DLOXUH�0RGHV�DQG�

(IIHFWV�$QDO\VLV���DQG�H[SHUW�V\VWHPV
� 7KH�ODWHVW�PDLQWHQDQFH�WHFKQLTXH��QDPHO\�FRQGLWLRQ�PRQLWRULQJ
� 'HVLJQ�HTXLSPHQW�E\�PD[LPLVLQJ�UHOLDELOLW\�DQG�DYDLODELOLW\
� &KDQJHV� LQ� RUJDQLVDWLRQDO� WKLQNLQJ� WR� SURGXFH� IOH[LEOH� DQG� HIIHFWLYH�

WHDPZRUN�

� 0DOFROP�+���³)RXUWK�*HQHUDWLRQ�0DLQWHQDFH´��������SJ�������KWWSV���VWUDWPDLQW�FRP�ZS�
FRQWHQW�XSORDGV���������)RXUWK�JHQHUDWLRQ�PDLQWHQDQFH�Y����SGI $FFHVVHG�RQ�$XJXVW�����
������
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)LJXUH�����0DLQWHQDQFH�7HFKQLTXHV� �0RXEUD\�������

0DLQWHQDQFH�GHYHORSPHQW�ZLOO�FRQWLQXH�WR�GHYHORS��%HFDXVH�WKH�PHWKRGV�LQ�
WKH�ILUVW��VHFRQG��DQG�WKLUG�JHQHUDWLRQ�ZLOO�QRW�ODVW�ORQJ�WR�JLYH�IDLOXUH�WR�DQ�
DVVHW��7KH�IRXUWK�JHQHUDWLRQ�KDV�DQ�HVVHQWLDO�SDUW�RI�ILQGLQJ�D�EHWWHU�ZD\�WR�
FROOHFW�GDWD�DQG�VKDUH�GDWD��DV�IROORZV�
� :RUVW�FDVH�VFHQDULR�SODQQLQJ
� =HUR�'HPDQG� )OH[LELOLW\� 2EVHUYDWLRQ� 0DQDJHPHQW� DQG� 8SJUDGH�

3UHSDUDWLRQ
� %XVLQHVV�&ULWLFDOLW\�$OLJQPHQW
� 3HUIRUPDQFH�0RQLWRULQJ
� 0DLQWHQDQFH�5HGXFWLRQLVP
� 6NLOOV�PDQDJHG�PDLQWHQDQFH�GHVLJQ
� $XWRPDWHG�'DWD�/HG�$QDO\VLV�DQG�6ROXWLRQV
� $GDSWLYH�0DLQWHQDQFH�6WUDWHJLHV
� $XWRPDWHG�7UDFNLQJ�DQG�5HSRUWLQJ
� 6WDWLVWLFDOO\�%DVHG�,QVSHFWLRQ�)UHTXHQFLHV�

%DVHG�RQ�WKH�OLWHUDWXUH�RQ�WKH�IRXUWK�JHQHUDWLRQ�RI�PDLQWHQDQFH��LWV�OLNHO\�
KDYH�PRUH� IRFXVHV� RQ� IDLOXUH� HOLPLQDWLRQ�� UDWKHU� WKDQ� IDLOXUH� SUHGLFWLRQ� RU�
SUHYHQWLRQ�� 7KH� LPSURYHPHQW� DFWLYLWLHV� ZLOO� FRQFHQWUDWH� RQ� UHGXFLQJ� WKH�

� 'HQLV�0DUVKPHQW��³7KH�IRXUWK�JHQHUDWLRQ�RI�PDLQWHQDQFH´�������
�KWWSV���ZZZ�OLQNHGLQ�FRP�SXOVH�IRXUWK�JHQHUDWLRQ�PDLQWHQDQFH�GHQLV�
PDUVKPHQW"DUWLFOH,G ��������������������FRPPHQWV�
�������������������	WUN SXEOLFBSURILOHBDUWLFOHBYLHZ $FFHVVHG�RQ����$XJXVW�������
� 0DOFROP�+���³)RXUWK�*HQHUDWLRQ�0DLQWHQDFH´��������SJ�������KWWSV���VWUDWPDLQW�FRP�ZS�
FRQWHQW�XSORDGV���������)RXUWK�JHQHUDWLRQ�PDLQWHQDQFH�Y����SGI $FFHVVHG�RQ�$XJXVW�����
������
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SURSRUWLRQ�RI�HTXLSPHQW�IDLOXUHV�WKDW�FRPSO\�ZLWK�1RZODQ�DQG�+HDS¶V�)DLOXUH�
,QIDQW�0RUWDOLW\�3DWWHUQ��,W�ZLOO�DOVR�IRFXV�RQ�UHGXFLQJ�WKH�RYHUDOO�OHYHOV�RI�
IDLOXUH�SUREDELOLW\��

7KH� FKDOOHQJHV� WKDW� H[LVW� LQ� PDLQWHQDQFH� DUH� QRW� RQO\� LQ� WKHVH�
PDLQWHQDQFH�WHFKQLTXHV�EXW�DOVR�KDYH�WKH�ULJKW�GHFLVLRQ�RQ�LPSURYLQJ�DVVHW�
TXDOLW\��DQG�LW�ZLOO�DOVR�DIIHFW�WKH�PDLQWHQDQFH�FRVWV�RI�DQ�DVVHW��7KH�ZURQJ�
GHFLVLRQ� ZRXOG� PDNH� QHZ� SUREOHPV� ZLOO� DULVH� DQG� PDNH� WKLQJV� ZRUVH�
�0RXEUD\��������

��� 6L[�)DLOXUH�3DWWHUQ
7KHUH LV�VL[�IDLOXUH�SDWWHUQ�WKDW�IRXQGHG�LQ�VHYHUDO�JHQHUDWLRQV��7KLV�VL[�

IDLOXUH�SDWWHU�GLYLGHG�LQWR�DJH�UHODWHG�DQG�QRQ�DJH�UHODWHG�IDLOXUH��
7KH�DJH�UHODWHG�SDWWHUQ�GHILQHV�WKH�SDWWHUQ�WKDW�KDV�SUREDELOLW\�IDLOXUH�UDWH�

LQFUHDVHV� RQFH� WKH� HTXLSPHQW� KDV� UHDFKHG� D� FHUWDLQ� DJH� RU� WLPH�EDVHG�
GHSHQGLQJ�RQ�UXQQLQJ�KRXUV�RI�WKH�HTXLSPHQW�XVDJH��7KH�WRWDO�RI�DJH�UHODWHG�
�WLPH�EDVHG��IDLOXUH�SDWWHUQ�RQO\�DFFRXQWV�IRU�����RI�DOO�DJH�UHODWHG�IDLOXUH�
SDWWHUQV��

7KH�QRQ�DJH�UHODWHG�SDWWHUQ�KLJKOLJKW�WKH�IDFW�GXULQJ�WKH�VWDUW�XS�LV�ZKHQ�
WKH�PDMRULW\�RI�IDLOXUH�ZLOO�RFFXU��7KLV�FRXOG�EH�GXH�WR�PDLQWHQDQFH�LQGXFHG�
IDLOXUHV��RU�PDQXIDFWXULQJ�GHIHFWV� LQ�HTXLSPHQW��7KH� LQLWLDO� VWDUW�XS�SHULRG�
IDLOXUH� LV� UDQGRP��7KH� WRWDO�RI�QRQ�DJH� UHODWHG�IDLOXUH�SDWWHUQ�DFFRXQWV� IRU�
����RI�DOO QRQ�DJH�UHODWHG�IDLOXUH�SDWWHUQV�
'RZQ�EHORZ�DUH�WKH�H[SODQDWLRQ�RI�HDFK�SDWWHUQ�WKDW�VKRZQ�LQ�)LJXUH������
WKRVH�DUH�
�� 3DWWHUQ�$�LV�D�EDWKWXE�FXUYH�WKDW�VWDUWV�ZLWK�D�KLJK�LQFLGHQFH�RI�IDLOXUH��

IROORZHG� E\� D� SUREDELOLW\� RI� FRQGLWLRQDO� IDLOXUH�� ZKLFK� LQFUHDVHV�
JUDGXDOO\��7KLV�SDWWHUQ�DFFRXQWV�IRU�DSSUR[LPDWHO\����RI�IDLOXUHV�

�� 3DWWHUQ�%�LV�WKH�ZHDU�RXW�FXUYH��WKDW�VKRZV�WKH�SUREDELOLW\�RI�FRQGLWLRQDO�
IDLOXUH�WKDW�FRQWLQXHV�WR�LQFUHDVH�DORQJ�ZLWK�WKH�DJH�RI�RSHUDWLRQDO�DVVHWV��
7KLV�SDWWHUQ�DFFRXQWV�IRU�DSSUR[LPDWHO\����RI�IDLOXUH�

�� 3DWWHUQ� &� LV� D� IDWLJXH� FXUYH�� WKDW� VKRZV� WKH� SRVVLELOLW\� RI� FRQGLWLRQDO�
IDLOXUH��ZKLFK�LQFUHDVHV�VORZO\��EXW�WKHUH�LV�QR�LGHQWLILDEOH�ZHDU�RXW�DJH��
7KLV�SDWWHUQ�DFFRXQWV�IRU�DSSUR[LPDWHO\����RI�IDLOXUH�

�� 3DWWHUQ�'�LV�DQ�LQLWLDO�EUHDN�LQ�SHULRG�FXUYH��WKDW�VKRZV�D�ORZ�SUREDELOLW\�
RI�FRQGLWLRQDO�IDLOXUH�ZKHQ�WKH�LWHP�LV�QHZ�RU�MXVW�OHIW�WKH�VWRUH��WKHQ�D�
TXLFN� LQFUHDVH� WR� D� FRQVWDQW� OHYHO�� 7KLV� SDWWHUQ� DFFRXQWV� IRU�
DSSUR[LPDWHO\����RI�IDLOXUH�

� 6DQG\�'XQQ��³7KH�)RXUWK�*HQHUDWLRQ�RI�0DLQWHQDQFH´��FRS\ULJKW������������7KH�3ODQW�
0DLQWHQDQFH�5HVRXUFH�&HQWHU��KWWS���ZZZ�SODQW�
PDLQWHQDQFH�FRP�DUWLFOHV��WKB*HQHUDWLRQB0DLQWHQDQFH�SGI�$FFHVVHG�RQ�6HSWHPEHU���������
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�� 3DWWHUQ�(� LV� D� UDQGRP�FXUYH�� WKDW� VKRZV� WKH�SUREDELOLW\�RI� FRQGLWLRQDO�
IDLOXUH�EHLQJ�FRQVWDQW�DW�DOO�DJHV��UDQGRP�IDLOXUH�� 7KLV�SDWWHUQ�DFFRXQWV�
IRU�DSSUR[LPDWHO\�����RI�IDLOXUH�

�� 3DWWHUQ�)�LV�DQ�LQIDQW�PRUWDOLW\�FXUYH��ZKLFK�VKRZV�D�KLJK�LQLWLDO�IDLOXUH�
UDWH� LQ� VWDUWV� EXW� HYHQWXDOO\� JRHV� GRZQ� WR� D� FRQVWDQW� RU� YHU\� VORZ�
SUREDELOLW\�RI�FRQGLWLRQDO�IDLOXUH��7KLV�SDWWHUQ�DFFRXQWV�IRU�DSSUR[LPDWHO\�
����RI�IDLOXUH�

)LJXUH����� 6L[�)DLOXUH�3DWWHUQ �0RXEUD\�������

��� 7\SH�RI�0DLQWHQDQFH 6WUDWHJLHV
)RUPV� RI� PDLQWHQDQFH� FODVVLILHG� LQWR� WZR� W\SHV�� QDPHO\� SODQQHG�

PDLQWHQDQFH� DQG�XQSODQQHG�PDLQWHQDQFH��+RZHYHU�� WKHUH�DUH�PDLQWHQDQFH�
DFWLRQV�WKDW�QHHG�WR�WDNH�LI�WKHUH�LV�D�VHYHUH�LQFLGHQW�ZKHUH�LI�QRW�FDUULHG�RXW�
PDLQWHQDQFH�DFWLRQV�ZLOO�FDXVH�VHULRXV�FRQVHTXHQFHV�VXFK�DV�REVWUXFWLRQ�RI�
WKH� SURGXFWLRQ� SURFHVV�� HTXLSPHQW� GDPDJH�� DQG� VDIHW\� UHDVRQV� FDOOHG�
HPHUJHQF\�PDLQWHQDQFH�

$V�VKRZQ�LQ�)LJXUH�������PDLQWHQDQFH�FDQ�EH�FODVVLILHG�LQWR�VHYHUDO�W\SHV�
RI�PDLQWHQDQFH��DV�IROORZV�
�� 3UHYHQWLYH�0DLQWHQDQFH

3UHYHQWLYH�0DLQWHQDQFH�LV�D�W\SH�RI�SURDFWLYH�PDLQWHQDQFH�WR�PDLQWDLQ�
FHUWDLQ� VHUYLFH� OHYHOV� RQ� HTXLSPHQW�� SURJUDP� WKHLU� YXOQHUDELOLW\�
LQWHUYHQWLRQV� LQ� WKH�PRVW� DSSURSULDWH� WLPH��+RZ� WR� LPSOHPHQW� UHJXODU�
SUHYHQWLYH�PDLQWHQDQFH�� L�H��HTXLSPHQW� LV� LQVSHFWHG�HYHQ� LI LW�GRHV�QRW�
SURYLGH� V\PSWRPV� RI� H[SHULHQFLQJ� SUREOHPV�� PDLQWHQDQFH� WDVNV� DUH�
FDUULHG� RXW� EDVHG� RQ� WLPH� UDWKHU� WKDQ� DFWXDO� FRQGLWLRQV�� %\� ZD\� RI�
SUHYHQWLRQ�VXFK�DV�WKLV�SUHYHQWLYH�PDLQWHQDQFH��H[SHULHQFH�FRVW�VDYLQJV�
RI�����WR�����FRPSDUHG�WR�UHDFWLYH�PDLQWHQDQFH�
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$GYDQWDJH�
� 0DLQWDLQ�DVVHWV�DQG�RSHUDWH�ORQJHU�WKDQ�RWKHU�W\SHV�RI�PDLQWHQDQFH
� 7KH�FRVW�RI�ORQJ�WHUP�UHSDLUV�LV�XVXDOO\�PXFK�ORZHU
� 6HFXULW\�LV�LPSURYHG�EHFDXVH�LW�FDQ�UHGXFH�WKH�FKDQFH�RI�IDLOXUH
'LVDGYDQWDJH�
� 0RUH�FRPSOH[�WKDQ�RWKHU�W\SHV�RI�WUHDWPHQWV
� 5HTXLUHV�PRUH�LQYHVWPHQW�HDUO\�RQ�

)LJXUH������ 7\SH�RI�0DLQWHQDQFH

�� 3UHGLFWLYH�0DLQWHQDQFH
3UHGLFWLYH� 0DLQWHQDQFH� LV� D� YRWLQJ� SURFHVV� NQRZQ� DV� FRQGLWLRQ�
PRQLWRULQJ�WR�FKHFN�WKH�VWDWXV�RI�DVVHWV�UHJXODUO\��.QRZLQJ�DQG�UHSRUWLQJ�
WKH�VWDWXV�DQG�RSHUDWLRQDO�FDSDFLW\�RI�WKH�SODQW�E\�NQRZLQJ�WKH�YDOXHV�RI�
FHUWDLQ� YDULDEOHV�� ZKLFK� UHSUHVHQW� WKH� FLUFXPVWDQFHV� DQG� RSHUDWLRQDO�
FDSDELOLWLHV�� 7KLV� PDLQWHQDQFH� LV� WHFKQLFDO�� EHFDXVH� LW� UHTXLUHV�
VRSKLVWLFDWHG�WHFKQLFDO�UHVRXUFHV��DQG�DW�WKH�WLPH�RI�VWURQJ�PDWKHPDWLFDO��
SK\VLFDO� DQG� WHFKQLFDO� NQRZOHGJH�� 3UHGLFWLYH� PDLQWHQDQFH� SURYLGHV� D�
FRVW�VDYLQJV�RI����WR�����RI�SUHYHQWLYH�PDLQWHQDQFH�
$GYDQWDJH�
� .HHS�WKH�FRVWV�DQG�GRZQWLPH�DUH�DW�WKH�PLQLPXP�FRVW
� 7KH�SRVVLELOLW\�RI�IDLOXUH�UHGXFHG��DQG�UHOLDELOLW\�LV�LPSURYHG
'LVDGYDQWDJH�

� +DQVIRUG�6HQVRUV��³7KH�SURV�DQG�FRQV�RI�GLIIHUHQW�PDLQWHQDQFH�VWUDWHJLHV´�
�KWWSV���ZZZ�KDQVIRUGVHQVRUV�FRP�WKH�SURV�DQG�FRQV�RI�GLIIHUHQW�PDLQWHQDQFH�VWUDWHJLHV���
$FFHVVHG�RQ�$XJXVW�����������

DĂŝŶƚĞŶĂŶĐĞ

WůĂŶŶĞĚ�
DĂŝŶƚĞŶĂŶĐĞ

WƌĞǀĞŶƚŝǀĞ�
DĂŝŶƚĞŶĂŶĐĞ

WƌĞĚŝĐƚŝǀĞ�
DĂŝŶƚĞŶĂŶĐĞ

hŶƉůĂŶŶĞĚ�
DĂŝŶƚĞŶĂŶĐĞ

ZĞĂĐƚŝǀĞ�
DĂŝŶƚĞŶĂŶĐĞ
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� 5HTXLUHV�D�ORQJ�WLPH�WR�LPSOHPHQW
� 8SIURQW�FRVWV�DUH�KLJKHU�WKDQ�WKH�EDVLF�PDLQWHQDQFH�VWUDWHJ\�

�� &RUUHFWLYH�0DLQWHQDQFH
&RUUHFWLYH�0DLQWHQDQFH� LV� D� VHULHV� RI� WDVNV� WR� UHSDLU� GHIHFWV� IRXQG� LQ�
HTXLSPHQW�� &RUUHFWLYH PDLQWHQDQFH� VWDUWV� ZKHQ� DGGLWLRQDO� SUREOHPV�
IRXQG�GXULQJ�D�VHSDUDWH�ZRUN�RUGHU��6XFK�DV��GXULQJ�DQ�HPHUJHQF\�UHSDLU��
DV�SDUW�RI�D�URXWLQH�LQVSHFWLRQ��RU�LQ�WKH�SURFHVV�RI�FDUU\LQJ�RXW�SUHYHQWLYH�
PDLQWHQDQFH�� D� WHFKQLFLDQ� GLVFRYHUV� RWKHU� SUREOHPV� WKDW� QHHG WR� IL[HG�
EHIRUH� RWKHU� SUREOHPV� RFFXU��'XULQJ� WKH� LPSOHPHQWDWLRQ� RI� FRUUHFWLYH�
PDLQWHQDQFH�ZRUN��DVVHWV�DUH�UHSDLUHG��UHVWRUHG�RU�UHSODFHG�
$GYDQWDJH�
� 5HGXFH�VKRUW�WHUP�FRVWV
� 0LQLPDO�SODQQLQJ
� $�PRUH�VWUDLJKWIRUZDUG�SURFHVV��EHFDXVH�LW�RQO\�DFWV�ZKHQ�D�

SUREOHP�RFFXUV
'LVDGYDQWDJH�
� 6WRS�WKH�RSHUDWLRQ
� +LJKHU�ORQJ�WHUP�FRVWV
� 8QFHUWDLQW\�LQ�WKH�HTXLSPHQW�XVHG�WR�WKH�VKRUWFRPLQJV�XQSUHGLFWHG�

�� %UHDNGRZQ�0DLQWHQDQFH
%UHDNGRZQ�0DLQWHQDQFH�LV�PDLQWHQDQFH�SHUIRUPHG�RQ�HTXLSPHQW�WKDW�LV�
GDPDJHG� RU� IDLOV�� 7KH� GLIIHUHQFHV� IURP� VRPHWKLQJ� OLNH� SUHYHQWLYH�
PDLQWHQDQFH�� ZKLFK� LV� GRQH� WR� NHHS� VRPHWKLQJ� UXQQLQJ� EHFDXVH� WKH�
SXUSRVH�RI�EUHDNGRZQ�PDLQWHQDQFH�LV�WR�IL[�VRPHWKLQJ�WKDW�LV�FRPSOHWHO\�
QRW�ZRUNLQJ�

6RPHWLPHV�PDLQWHQDQFH� EUHDNGRZQV� DUH� FDUULHG� RXW� GXH� WR� XQSODQQHG�
HYHQWV��)RU�H[DPSOH��LI�D�PDFKLQH�EUHDNV�GRZQ��PDLQWHQDQFH�LV�FDUULHG�
RXW�GXH� WR�DQ�XUJHQW�QHHG� IRU� WKH�PDFKLQH� WR�RSHUDWH� DJDLQ��7KH�PRVW�
VWUDLJKWIRUZDUG�PDLQWHQDQFH�VWUDWHJ\�LV� 
PDLQWHQDQFH�RI�GLVRUGHUV
��7KH�
DVVHWV� LQWHQWLRQDOO\� UXQ� XQWLO� WKH\� IDLO� :KHQ� D� IDLOXUH� RFFXUV�� UHDFWLYH�
PDLQWHQDQFH�LV�FDUULHG�RXW�WR�UHSDLU�WKH�DVVHW�DQG�UHWXUQ�LW�WR�IXOO�RSHUDWLRQ��
7KLV�DSSURDFK�LV�FRPPRQ�ZKHQ�HTXLSPHQW�IDLOXUH�GRHV�QRW�VLJQLILFDQWO\�
DIIHFW�RSHUDWLRQV�RU�SURGXFWLYLW\�
$GYDQWDJH�
� 0LQLPLVH�PDLQWHQDQFH�FRVWV�E\�FXWWLQJ�SUHYHQWLYH�PDLQWHQDQFH

� ,ELG�
� 7KH�5HDOWLHP�5HSRUW��³$GYDQWDJHV�DQG�'LVDGYDQWDJHV�RI�&RUUHFWLYH�0DLQWHQDQFH´�
�KWWSV���ZZZ�KDQVIRUGVHQVRUV�FRP�WKH�SURV�DQG�FRQV�RI�GLIIHUHQW�PDLQWHQDQFH�VWUDWHJLHV���
$XJXVW����������
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� 5HGXFH�WKH�FRVW�RI�UHSODFLQJ�GLVSRVDEOH�LWHPV
� $�VLPSOH�ZD\�WR�XQGHUVWDQG�ZKHQ�PDLQWHQDQFH�LV�QHHGHG
'LVDGYDQWDJH�
� 6HFXULW\�SUREOHPV�WKDW�FDQ�RFFXU�GXH�WR�XQSODQQHG�IDLOXUHV
� 8QSUHGLFWDEOH�FRVWV�GXH�WR�GDPDJHG�SDUWV�WKDW�XQSUHGLFWHG
� 'LIILFXOW�WR�ILQG�WKH�VRXUFH�RI�WKH�SUREOHP�

��� 0HWKRG IRU�'HYHORSLQJ�0DLQWHQDQFH
7KH� (8� �(XURSHDQ� 8QLRQ�� KDV� UHFHQWO\� LQWURGXFHG� WKH� SUHVVXUH�

HTXLSPHQW� GLUHFWLYH�� ZKLFK� LV� D� VWDQGDUG IRU� GHVLJQ� DQG� FRQVWUXFWLRQ� RI�
SUHVVXUH�HTXLSPHQW��7KH�(8�KDV�QR�VLPLODU�VWDQGDUG�IRU�WKH�LQ�VHUYLFH�SKDVH��
7KH�5,0$3�SURMHFW�ZLOO�GHYHORS�WKH�WHFKQRORJLFDO�EDVLV�IRU�D�VWDQGDUG�IRU�
ULVN�EDVHG�PDLQWHQDQFH�DQG�LQVSHFWLRQ�SODQQLQJ�

5LVN�EDVHG� LQVSHFWLRQ�DQG�PDLQWHQDQFH�SODQQLQJ� LV� D�PXOWLGLVFLSOLQDU\�
WDVN��,W�UHTXLUHV�D�WHDP��ZKHUH�DOO�QHFHVVDU\�FRPSHWHQFLHV�DUH�UHSUHVHQWHG�DQG�
H[SHUWLVH�DUH�DYDLODEOH��$QRWKHU�LPSRUWDQW�LVVXHV�LV�WKH�UHJXODU�HYDOXDWLRQ�WR�
DVVHVV�WKH�SHUIRUPDQFHV�RI�WKH�PDLQWHQDQFH�DQG�LQVSHFWLRQ�DFWLYLWLHV�EDVHG�RQ�
WKH�QHZ�GDWD�WKDW�EHFRPHV�DYDLODEOH�IURP�WKHVH�DFWLYLWLHV��7KH�VWHSV� LQ� WKH�
SURFHVV�DERYH�DUH�WKH�VDPH�IRU�DOO�LQYROYHG�LQGXVWU\�VHFWRUV��

7KH�5,0$3�SURMHFWV�SURYLGHV�JXLGHOLQHV�RQ�KRZ�WR�SHUIRUP�ULVN�EDVHG
LQVSHFWLRQ� DQG� PDLQWHQDQFH� SODQQLQJ� IRU� DOO� W\SHV� RI� HTXLSPHQW� �� DFWLYH�
FRPSRQHQWV��VWDWLF�FRPSRQHQWV��DV�ZHOO�DV�LQVWUXPHQW�SURWHFWLYH�IXQFWLRQV�

)LJXUH����� VKRZQ�WKH�LOOXVWUDWHV�KRZ�GLIIHUHQW�PHWKRGV�RI�DQDO\VLV�DUH�
DSSOLHG�WR�HDFK�W\SH�RI�HTXLSPHQW��7KH�VWHSV�UHTXLUHG�WR�SHUIRUP�PDLQWHQDQFH�
DQG�LQVSHFWLRQ�SODQQLQJ�DUH�VLPLODU�IRU�HDFK�W\SH�RI�HTXLSPHQW�

5,0$3�UHFRPPHQGV�WKH�XVH�RI�WKH�H[SHFWHG�VFHQDULR�LQ�DQDO\VHV��,W�LV�
HVVHQWLDO�WKDW�WKH�FKRLFH�RI�DSSURDFK�LV�PDGH�EHIRUH�WKH�DQDO\VLV�VWDUWV�DQG�
WKDW�WKH�VDPH�PHWKRG�LV�XVHG�FRQVLVWHQWO\�WKURXJKRXW�WKH�DQDO\VLV��,I�QRW��WKLV�
ZLOO�DIIHFW�WKH�FKRLFH�RI�ULVNV�WKDW�ZLOO�EH�PLWLJDWHG��7KLV�PD\�OHDG�DJDLQ�OHDG�
WR�D�VXE�RSWLPDO�PDLQWHQDQFH�DQG�LQVSHFWLRQ�SODQ��

� 8S.HHS��³%UHDNGRZQ�0DLQWHQDQFH´��KWWSV���ZZZ�RQXSNHHS�FRP�OHDUQLQJ�PDLQWHQDQFH�
W\SHV�EUHDNGRZQ�PDLQWHQDQFH��$FFHGGHG�RQ�$XJXVW�����������
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)LJXUH������ 6WUXFWXUH�RI�$QDO\VLV �$QJHOVHQ��HW�DO���Q�G��

3UREDELOLW\�RI�IDLOXUH��3R)��LV�D QXPEHU�RI�PHWKRGV�IRU�GHWHUPLQLQJ�WKH�
SUREDELOLW\�RI�IDLOXUH�DUH�GLVFXVVHG��H[SHUW�MXGJHPHQW��UDWH�PRGHOV��VWDWLVWLFDO��
SK\VLFDO� PRGHOV�� HWF���� 7KH� 3R)� DVVHVVPHQW� HQWHUV� LQWR� WKH� DQDO\VLV� LQ�
GLIIHUHQW�ZD\V�IRU�WKH�VWDWLF�HTXLSPHQW��LQVWUXPHQW�SURWHFWLYH�IXQFWLRQV�DQG�
DFWLYH�FRPSRQHQWV��

x 6WDWLF�HTXLSPHQW��)RU�WUHQGDEOH�GHJUDGDWLRQ�PHFKDQLVPV��WKH�DFFHSWDEOH�
ULVN�LV�FRPELQHG�ZLWK�WKH�FRQVHTXHQFH�RI�IDLOXUH�WR�GHWHUPLQH�D�3R)�OLPLW��
7KH�3R)�OLPLW�LV�FRPELQHG�ZLWK�WKH�GDPDJH�UDWH�WR�REWDLQ�D�PD[LPXP�
WLPH�WR�LQVSHFWLRQ�

x ,QVWUXPHQW�SURWHFWLYH�IXQFWLRQV��)RU�LQVWUXPHQW�SURWHFWLYH�IXQFWLRQV�WKH�
ULVN�DVVHVVPHQW�LV�XVHG�WR�GHWHUPLQH�D�UHTXLUHPHQW�RQ�DYDLODELOLW\��7KLV�
OLPLW� LV� WKHQ� XVHG� WR� GHWHUPLQH� PDLQWHQDQFH� VWUDWHJLHV� WKDW� PHHW� WKH�
UHTXLUHPHQWV��

x $FWLYH� FRPSRQHQWV��7KH�3R)� DVVHVVPHQW�� JLYHQ� D� FHUWDLQ�PDLQWHQDQFH�
SURJUDP��LV�FRPELQHG�ZLWK�WKH�&R) �&RQVHTXHQFH�RI�)DLOXUH� DVVHVVPHQW�
WR�REWDLQ�D�ULVN�IRU�WKH�JLYHQ�PDLQWHQDQFH�SURJUDP�

&RQVHTXHQFH�RI�IDLOXUH��&R)��LV�D VHW�RI�UHTXLUHPHQWV�WR�&R)�DVVHVVPHQWV�
KDYH� EHHQ� IRUPXODWHG�� &RPSO\LQJ� ZLWK� WKH� UHTXLUHPHQWV� LPSOLHV� WKDW� WKH�
5,0$3� SURFHGXUH� KDV� EHHQ� IROORZHG�� 0HWKRGV� KDYH� EHHQ� SURYLGHG� IRU�
DVVHVVLQJ��
x 6DIHW\�± LQVWDQW�FRQVHTXHQFHV�RQ�KXPDQV�ZLWKLQ�RU�RXWVLGH� WKH�SODQW¶V�

DUHD���
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x +HDOWK�FRQVHTXHQFHV�± ORQJ�WHUP�HIIHFWV�RQ�KXPDQV�ZLWKLQ�RU�RXWVLGH�WKH�
SODQW¶V�DUHD��

x (QYLURQPHQWDO�FRQVHTXHQFHV�DQG�EXVLQHVV�FRQVHTXHQFHV�RI�IDLOXUH���

x )LQDQFLDO�FRQVHTXHQFH�RI�IDLOXUH��
7KH�FRQVHTXHQFH�DVVHVVPHQW�DSSOLHV�WR�DOO�HTXLSPHQW�W\SHV��URWDWLQJ��VWDWLF��
LQVWUXPHQW�SURWHFWLYH�IXQFWLRQV��DQG�WR�DOO�LQGXVWU\�VHFWRUV�UHSUHVHQWHG�LQ�WKH�
SURMHFW��7KH�PHWKRGV�DUH�HDVLO\�H[WHQGHG�WR�RWKHU�LQGXVWU\�VHFWRUV�

��� 6RFLHW\�RI�$XWRPRWLYH�(QJLQHHUV��6$(�,QWHUQDWLRQDO�
6RFLHW\�RI�$XWRPRWLYH�(QJLQHHUV��6$(��LV�D�SURIHVVLRQDO�DVVRFLDWLRQ�WKDW�

DOVR�GHYHORS�WKH�VWDQGDUG�IRU�WKH�HQJLQHHULQJ�LQGXVWU\��ZLWK�D�SDUWLFXODU�IRFXV�
RQ�WUDQVSRUW�VHFWRUV��7KH�SXUSRVHV�WR�KHOS�LQGXVWU\�ZLWK�SK\VLFDO�DVVHWV��VXFK�
DV�PDFKLQHV�WKDW�ZLOO�GR�WKH�PDLQWHQDQFH�ZHOO�DQG�DOVR�LQFUHDVH�WKH�OLIHWLPH�
RI�WKH�DVVHW�

����� 6$(�-$������(YDOXDWLRQ�&ULWHULD�IRU�5HOLDELOLW\�&HQWHUHG�
0DLQWHQDQFH��5&0��3URFHVV�

7KH�FULWHULD�LQ�6$(�-$�����DUH�EDVHG�LQ�WKH�5&0�SURFHVV�HVWDEOLVKHG�E\�
1RZODQ� DQG� +HDS� LQ� ������ %HVLGHV�� WKUHH� GRFXPHQWV� WKDW� FORVHO\�
IROORZHG�WKH�RULJLQDO�SURFHVV�ZHUH�XVHG�H[WHQVLYHO\�DV�VRXUFHV��86�QDYDO�
DYLDWLRQ¶V�0,/�67'������$6���1(6�����DQG�5&0�,,�E\�-RKQ�0RXEUD\�

7KH� VWDQGDUG� UHTXLUHV� WKH� IROORZLQJ� VHYHQ� VWHSV� WR� EH� SHUIRUPHG� LQ�
VHTXHQFH��H[SODLQHG�LQ�VHFWLRQ���������+RZHYHU��WKH�SURFHVV�DVVXPHV�WKDW�
WKH� DVVHW� FRQFHUQHG� DOUHDG\� KDV� EHHQ� VHOHFWHG� DQG� GHILQHG�� 7KH� 6$(�
-$�����GRHV�QRW�SURYLGH�DQ\�FULWHULD�IRU�WKH�SURFHVV�XVHG�IRU�VHOHFWLQJ�
DQG�GHILQLQJ�WKH�DVVHW�

����� 6$(�-$������$�*XLGH�WR�WKH�5HOLDELOLW\�&HQWHUHG�0DLQWHQDQFH�
�5&0��6WDQGDUG�

6$(� -$����� LV� XVHG�DV� D�JXLGHOLQH� VWDQGDUG� LQ� WKH�5&0�SURFHVV� DQG�
GHILQHV�HDFK�RI�PDLQ�FULWHULD�OLVWHG�LQ�6$(�-$�����DQG�VXPPDULVHV�WKH�
DGGLWLRQDO�SURFHVVHV�WKDW�PXVW�EH�DQDO\VHG�VHTXHQWLDOO\�LQ�RUGHU�WR�DSSO\�
WKH�5&0�PHWKRG�WR�WKH�DVVHWV�

���� 5HOLDELOLW\�FHQWUHG�0DLQWHQDQFH

������ +LVWRU\
$IWHU� :RUOG� :DU� ,,� WKH� LQGXVWU\� KDV� H[SHULHQFHG� PXFK� SURJUHVV��
(VSHFLDOO\�LQ�WHUPV�RI�DZDUHQHVV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�IDLOXUH�
RI�DQ�DVVHW�ZLWK�PDLQWHQDQFH�DQG�WKH�TXDOLW\�RI�WKH�ILQDO�TXDOLW\�SURGXFW��
:LWK�WKLV�LQ�PLQG��WKH�LQGXVWU\�ZLOO�XOWLPDWHO\�LQFUHDVH�DVVHW�FDSDELOLW\�
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DQG�PLQLPLVH� RSHUDWLRQDO� DQG�PDLQWHQDQFH� FRVWV� QHHGHG�� 7KLV� FKDQJH�
UHTXLUHV� LPSURYLQJ� WKH� QHZ� PDLQWHQDQFH� PDQDJHPHQW� V\VWHP� DQG�
GHYHORSLQJ�WKH�H[LVWLQJ�V\VWHP�WR�EULQJ�XS�D�UHOHYDQW�GLVFLSOLQH��QDPHO\�
5&0��UHOLDELOLW\�FHQWUHG�0DLQWHQDQFH��
,Q�WKH�ODWH�����V��WKH�$PHULFDQ�FLYLO�DYLDWLRQ�LQGXVWU\�DGRSWHG�SUHYHQWLYH�
PDLQWHQDQFH�PHWKRGV��7KH� SURJUDP� LV� UXQ� DFFRUGLQJ� WR� UHVRXUFHV� DQG�
EDVHG� RQ� D� WHFKQLFDO� V\VWHP� WKDW� KDV� D� V\VWHP� WKDW� HVWLPDWHV� GRLQJ�
PDLQWHQDQFH� RQ� WLPH�� +RZHYHU�� WKLV� QXPEHU� RI� IOLJKWV VXIIHUHG�PDQ\�
W\SHV�RI�GDPDJH�WKDW�FRXOG�QRW�DYRLG�GXULQJ�RSHUDWLRQV�ZLWK�SUHYHQWLYH�
PHWKRGV��$V� D� UHVXOW�� WKLV�KDV� UHGXFHG� WKH� UHOLDELOLW\� DQG� VDIHW\�RI� WKH�
DYLDWLRQ�LQGXVWU\�LWVHOI��2I�WKH�FDVHV�RI�IDLOXUH�WKDW�RIWHQ�RFFXU��WKH�)HGHUDO�
$YLDWLRQ� $JHQF\� �)$$�� UHVHDUFKHV� WR� DQDO\VH� IDLOXUHV� LQ� DLUFUDIW�
RSHUDWLQJ� V\VWHPV�� $W� WKDW� WLPH�� LW� IRXQG� WKDW� UHGXFLQJ� IDLOXUH� RQ� WKH�
DLUFUDIW�WKURXJK�FKDQJHV�LQ�WKH�W\SH�RU�IUHTXHQF\�RI�RSHUDWLQJ�DFWLYLWLHV�
ZDV�XQVXFFHVVIXO�

7KH�QH[W�VWDJH�� LQ�������WKH�)$$�SURGXFHG�D�GRFXPHQW�FRQWDLQLQJ�WKH�
LQVWUXFWLRQV� IRU� HVWLPDWLQJ� DQG� GHYHORSLQJ� D� PDLQWHQDQFH� SURJUDP� RU�
FDOOHG�06*����0DLQWHQDQFH�6WHHULQJ�*URXS���7ZR�\HDUV�ODWHU��WKH�06*�
��V\VWHP�ZDV�DQQRXQFHG�DQG�LQWURGXFHG��7KHQ�06*���ZDV�LQWURGXFHG�LQ�
PLOLWDU\� DLUFUDIW�� VWDUWLQJ� IURP� WKH� 6��� /RFNKHDG�� WKHQ� WKH� 3���� DQG�
0DF'RQQHOO� )�-�� 7KH�06*� V\VWHP� WKDW� LQWURGXFHG� DQG� LPSOHPHQWHG�
VXFFHHGHG�LQ�SURGXFLQJ�D�PRUH�DGYDQFHG�WHFKQLFDO�V\VWHP�DQG�D�EHWWHU�
FRPSDULVRQ� RI� RSHUDWLQJ� KRXUV� DIWHU� LPSOHPHQWDWLRQ� RQ� VHYHUDO�
$PHULFDQ�RZQHG� DLUFUDIW�� 0DLQWHQDQFH� FRVWV� DIWHU� WKH� DSSOLFDWLRQ� RI�
06*�DOVR�FRVW�VLJQLILFDQWO\�ZLWKRXW�UHGXFLQJ�WKH�UHOLDELOLW\�RI�DQ�DVVHW�
,Q�������5&0�ILUVW�DSSOLHG� WR� WKH�86�1DY\� VKLS� � 866�5RDUN�� ,Q� WKH�
IROORZLQJ�\HDUV��5&0�EHFDPH�D�PDLQWHQDQFH�V\VWHP�WKDW�UHOLHG�RQ�RWKHU�
VKLSV� IURP� WKH� 86� 1DY\�� ,Q� WKH� PLG�����V�� PDLQWHQDQFH� SURJUDPV�
UHIHUUHG�WR�WKH�5&0�PHWKRG�DQG�GHYHORSHG�E\�WKH�8QLWHG�6WDWHV�$UP\��
WKHQ�LQ�WKH�$LU�)RUFH�DQG�WKH�1DY\��7KH�5&0�VWDQGDUG�XVHG�E\�WKH�86�
'HSDUWPHQW� RI� 'HIHQVH� SXEOLVKHG� LQ� ����� LQ� D� 0LOLWDU\� 6WDQGDUG�
GRFXPHQW� DQG� 0LOLWDU\� 6SHFLILFDWLRQV �0DUFLQ� .��� ������� 5&0� ZDV�
IRXQG� WR�EH� WKH�PRVW� HIILFLHQW� VWUDWHJ\� FRPSDUHG� WR� WKH�PRQLWRULQJ� RI�
H[LVWLQJ�PDLQWHQDQFH�VWUDWHJLHV�

7KH�IROORZLQJ LQ�7DEOH���� LV�D�VXFFHVV�VWRU\�RI�WKH�5&0�LPSOHPHQWDWLRQ�
WKDW�KDV�PDQ\�LPSDFWV�RQ�WKH�VWDWH�RI�PDLQWHQDQFH�DQG�ILQDQFLDO�EHQHILW�
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7DEOH����� 6XFFHVV�6WRU\�RI�5&0�,PSOHPHQWDWLRQ

1R <HDU 2EMHFW 5HVXOW /RFDWLRQ
� ���� h͘^͘�EĂǀǇ��ŽŵŵŽŶ�^ƵƉƉŽƌƚ�

�ƋƵŝƉŵĞŶƚ�͗�ƚŚƌĞĞ��ͬ^ϯϮ�Ͳ
ϯϬ��ĂŝƌĐƌĂĨƚ�ƚŽǁ�ƚƌĂĐƚŽƌƐ͕�ĂŶ�
�ͬDϯϮ�Ͳϭϳ�ŵŽďŝůĞ�Ăŝƌ�
ĐŽŶĚŝƚŝŽŶŝŶŐ�ƵŶŝƚ͕�ƚǁŽ�ŵŽďŝůĞ�
ĞůĞĐƚƌŝĐ�ƉŽǁĞƌ�ƉůĂŶƚƐ�;E�Ͳ
ϭϬ�ͬ�ͬ��ĂŶĚ�DD'Ͳϭ�Ϳ͕�ĂŶĚ�
ƚŚƌĞĞ�ŚǇĚƌĂƵůŝĐ�ƉŽǁĞƌ�
ƐƵƉƉůŝĞƐ�;dͲϱ͕�dͲϳ͕�ĂŶĚ�ϱϱͬ�Ϳ

ͻKŶ�ĂǀĞƌĂŐĞ͕�ƐĐŚĞĚƵůĞĚ�
ŵĂŝŶƚĞŶĂŶĐĞ�ŝƐ�ƌĞĚƵĐĞĚ�ďǇ�ϳϱй�
ͻKŶ�ĂǀĞƌĂŐĞ͕�ĐŽŶƐƵŵĂďůĞ�ƵƐĂŐĞ�
ŝƐ�ĚĞĐƌĞĂƐĞĚ�ϴϴй�
ͻdŚĞ�ĚŝƐƉŽƐĂů�ŽĨ�ŚĂǌĂƌĚŽƵƐ�
ŵĂƚĞƌŝĂů�ŝƐ�ĚĞĐƌĞĂƐĞĚ�ϴϰй�

86$

� ���� �ŽŶŶĞǀŝůůĞ�WŽǁĞƌ�
�ĚŵŝŶŝƐƚƌĂƚŝŽŶ�;�W�Ϳ�͗�
ƚƌĂŶƐŵŝƐƐŝŽŶ�ĂŶĚ�ĚŝƐƚƌŝďƵƚŝŽŶ�
ĨĂĐŝůŝƚŝĞƐ

dŚĞ�ƐƵĐĐĞƐƐ�ŽĨ�ƚŚĞ�Z�D�ƉƌŽŐƌĂŵ�
Ăƚ��W��ŚĂƐ�ďĞĞŶ�ďĂƐĞĚ�ŽŶ�
ƌĞĚƵĐŝŶŐ�ŵĂŝŶƚĞŶĂŶĐĞ�ƚĂƐŬƐ�ĂŶĚ�
ŵĂŝŶƚĞŶĂŶĐĞ�ďĂĐŬůŽŐ�;ŵŽƌĞ�
ĞĨĨŝĐŝĞŶƚͿ͘�dŚĞ�ƌĞƐƵůƚ�ƐŚŽǁƐ�ƚŚĞ�
ĐŽƐƚ�ƐĂǀŝŶŐƐ�ŽĨ�ƵƉ�ƚŽ�ϰϬ�й

86$

� ���� ZŽǇĂů�EĂǀǇ dŚĞ�ŵĂŝŶƚĞŶĂŶĐĞ�ŚĂƐ�ďĞĞŶ�
ĐŽŶǀĞƌƚĞĚ�ƚŽ�Z�D�ƚŚĞŶ�ƚŚĞ�ƌĞƐƵůƚ�
ĂƌĞ�ĂĨĨĞĐƚĞĚ�ŝŶ͗
ͻ&ŝŶĂŶĐŝĂů�ƐĂǀŝŶŐƐ�ŽĨ�ƵƉ�ƚŽ�ϰϬй͘�
dŚĞ�ƚŽƚĂů�ƐĂǀŝŶŐƐ�ŽĨ�άϮϭϴŵ�ǁĞƌĞ�
ĚĞƌŝǀĞĚ�ĨƌŽŵ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�
ƉƌŽŐƌĂŵŵĞƐ͗�dϮϮ�ĂŶĚ�dϮϯ�
&ƌŝŐĂƚĞƐ͕�dϰϮ��ĞƐƚƌŽǇĞƌƐ͕�,hEd�
�ůĂƐƐ�D�Ds͕�^ŝŶŐůĞ�ZŽůĞ�DŝŶĞ�
,ƵŶƚĞƌ͕�^^E͘
ͻdŚĞ�ŶƵŵďĞƌ�ŽĨ�ŽǀĞƌĚƵĞ�
ŵĂŝŶƚĞŶĂŶĐĞ�ƚĂƐŬƐ�ĂĐƌŽƐƐ�ƚŚĞ�
ƐƵƌĨĂĐĞ�ĨůĞĞƚ�ƚŽ�ďĞ�ƌĞĚƵĐĞĚ�ĨƌŽŵ�
ϲϬ͕ϬϬϬ�ƚŽ�ůĞƐƐ�ƚŚĂŶ�ϭϬ͕ϬϬϬ͘

8.

� ���� ��&ĞƌƌŽĐŚƌŽŵĞ�
DĂŶƵĨĂĐƚƵƌŝŶŐ��ŽŵƉĂŶǇ

ZĞĚƵĐĞƐ�ƚŚĞ�ŵĂŝŶƚĞŶĂŶĐĞ�ĐŽƐƚƐ�
ďǇ�ϮϬй�ŽĨ�ƚŽƚĂů�ŵĂŶƵĨĂĐƚƵƌŝŶŐ�
ĐŽƐƚƐ͘�&ƌŽŵ�Ψϳϳϳ͘ϯϬϳ�ŝŶ�
�ĞĐĞŵďĞƌ�ϮϬϬϲ͕�Ψϰϯϳ͘ϱϮϴ�ŝŶ�
:ĂŶƵĂƌǇ�ϮϬϬϳ͘�dŚĞ�ŵĂŝŶƚĞŶĂŶĐĞ�
ĐŽƐƚƐ�ĨŽƌ�ŽĐƚŽďĞƌ�ϮϬϬϳ�ƚŽ�:ĂŶƵĂƌǇ�
ϮϬϬϴ�ĂǀĞƌĂŐĞĚ�Ψϰϱϵ͘ϰϬϬ�ƉĞƌ�
ŵŽŶƚŚ�ĂĨƚĞƌ�ƚŚĞ�ŝŵƉůĞŵĞŶƚĂƚŝŽŶ�
ŽĨ�Z�D

6RXWK�
$IULFD

� ���� dŚĞ�ƐŽĚŝƵŵ�ĐŚůŽƌŝĚĞ�ƉůĂŶƚ�͗�
&ĞĞĚ�tĂƚĞƌ�WƵŵƉ͕�&ŝƌĞ�dƵďĞ�
�ŽŝůĞƌ͕�DĂŝŶƚĞŶĂŶĐĞ�>ĂďŽƌ�
&ŽƌĐĞ

dŚĞ�ƌĞƐƵůƚƐ�ƐŚŽǁ�ƚŚĂƚ�ƚŚĞ�ůĂďŽƌ�
ĐŽƐƚ�ĚĞĐƌĞĂƐĞƐ�ĨƌŽŵ�Ψ�
ϮϮϬ͘ϴϬϬͬǇĞĂƌ�ƚŽ�Ψ�Ϯϵϱ͘ϮϬϬͬǇĞĂƌ�
;ĂďŽƵƚ�Ϯϱ͘Ϯй�ŽĨ�ƚŚĞ�ƚŽƚĂů�ůĂďŽƌ�
ĐŽƐƚͿ͘�dŚĞ�DĂŝŶƚĞŶĂŶĐĞ�ƉůĂŶŶŝŶŐ�
ƌĞƐƵůƚƐ�ŝŶĚŝĐĂƚĞ�Ă�ƐĂǀŝŶŐ�ŽĨ�ĂďŽƵƚ�
ϴϬй�ŽĨ�ƚŚĞ�ƚŽƚĂů�ĚŽǁŶƚŝŵĞ�ĐŽƐƚ�
ĂƐ�ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�ƚŚĂƚ�ŽĨ�ĐƵƌƌĞŶƚ�
ŵĂŝŶƚĞŶĂŶĐĞ͘�dŚĞ�ƌĞƐƵůƚƐ�ƐŚŽǁ�
ƚŚĂƚ��ĂďŽƵƚ�ϮϮ͘ϭϳй�ŽĨ�ƚŚĞ�ĂŶŶƵĂů�
ƐƉĂƌĞ�ƉĂƌƚƐ�ĐŽƐƚ�ĂƌĞ�ƐĂǀĞĚ͘

�ŐǇƉƚŝĂŶ�
DŝŶĞƌĂůƐ�
ĂŶĚ�^ĂůƚƐ�
�ŽŵƉĂŶǇ
͕��ůͲ
&ĂǇŽƵŵ͕�
�ŐǇƉƚ

� ���� �ŝƌ��ŽŵƉƌĞƐƐŽƌ�hŶŝƚ Z�D�ŵĂŝŶƚĞŶĂŶĐĞ�ƐĐŚĞĚƵůĞ�
ƌĞƐƵůƚƐ�ŝŶ�ƚŚĞ�ŽǀĞƌĂůů�ƐĂǀŝŶŐ�ŽĨ�
ϭϱ͘ϱϳй�ŽĨ�ĞǆŝƐƚŝŶŐ�ŵĂŝŶƚĞŶĂŶĐĞ�

dŚĞƌŵĂů�
WŽǁĞƌ�
WůĂŶƚ�
<ŚĂƉĞƌŬŚ



��

ĐŽƐƚƐ͘�dŚĞ�ĂŶŶƵĂů�ƐĂǀŝŶŐ�
ĂƉƉƌŽǆŝŵĂƚĞůǇ�Ψ�ϭϴϰϬ�

ĞĚĂ�
EĂŐƉƵƌ͕�
/ŶĚŝĂ

� ���� W���WŽǁĞƌ��ŝƐƚƌŝďƵƚŝŽŶ�
^ǇƐƚĞŵ�

dŚĞ�ZĞƐƵůƚ�ƐŚŽǁ�ĐŽƐƚ�ƐĂǀŝŶŐƐ�ŽĨ�
ƵƉ�ƚŽ�ϭϭй͕�ƌĞĚƵĐĞƐ�ƵƉ�ƚŽ�Ψ�
ϭ͘ϯϬϱ͘ϭϲϬ

�ĂŶŐ�WĂ�
/Ŷ͕�
dŚĂŝůĂŶĚ

5&0�LWVHOI�LV�D�TXDOLWDWLYH�PHWKRG�IRU�GHWHUPLQLQJ�DSSOLFDEOH�SUHYHQWLYH�
PDLQWHQDQFH�WDVNV�DQG�LV�DQ�HIIHFWLYH�ZD\�WR�PDLQWDLQ�WKH�PDLQ�IXQFWLRQV�
RI�VHOHFWHG�FRPSRQHQWV�RU�V\VWHPV��5&0�IRFXVHV�RQ�PDLQWHQDQFH�RQO\�
RQ� LWHPV� WKDW� DIIHFW� WKH� UHOLDELOLW\� RI� WKH� V\VWHP�� WKXV� PDNLQJ� WKH�
PDLQWHQDQFH�SURJUDP�FRVWV�HIIHFWLYH�LQ�WKH�ORQJ�UXQ��%HFDXVH�WKH�UHVXOWV�
RI�5&0�EDVHG�RQ�WKH�FRQWH[W�RI�WKH�RSHUDWLRQ �0DUFLQ�.���������

,Q�������6$(��6RFLHW\�RI�$XWRPRWLYH�(QJLQHHUV��EHJDQ�PDNLQJ�VWDQGDUGV�
IRU�WKH�5&0�PHWKRG��6$(�,QWHUQDWLRQDO�LVVXHG�LQ������D�VWDQGDUG��6$(�
-$6�����DQG�LQ�������6$(�SXEOLVKHG�WKH�6$(�-$������

������ &RPSRQHQW�RI�5&0

)LJXUH������ &RPSRQHQW�RI�5&0 �*XSWD�	�0LVKUD�������

5&0�FRQVLVWV� RI� D�PL[WXUH� RI� UHDFWLYH�PDLQWHQDQFH�SUDFWLFHV�� VXFK�DV�
WLPH�EDVHG�� FRQGLWLRQ�EDVHG�� DQG� SURDFWLYH� PDLQWHQDQFH�� 7KLV�
PDLQWHQDQFH� VWUDWHJ\� LV� DSSOLHG� LQWHJUDOO\� ZLWK� RWKHU� PDLQWHQDQFH�
VWUDWHJLHV�WR�WDNH�DGYDQWDJH�RI�WKH�VWUHQJWK�RI�HDFK�VWUDWHJ\�WR�PD[LPLVH�
WKH� UHOLDELOLW\� RI� IDFLOLWLHV� DQG� HTXLSPHQW� ZKLOH� PLQLPLVLQJ� OLIH�F\FOH�
FRVWV��)LJXUH����� VKRZV�KRZ�DOO�VWUDWHJLHV�DUH�LQ�RQH�5&0�PHWKRG�

5&0� DV� D� PDLQWHQDQFH� WKHRU\� LV� PRGHUQ� DQG� GHYHORSHG� EHFDXVH� LW�
UHTXLUHV� DQ� RUJDQLVHG�PDLQWHQDQFH� SURJUDP�� 6XFK� SURJUDPV� EDVHG� RQ�
HTXLSPHQW� PDLQWHQDQFH� QHHGV�� ZKLFK� RUJDQLVHG� DFFRUGLQJ� WR� WKHLU�

ZĞůŝĂďŝůŝƚǇ��ĞŶƚĞƌĞĚ�DĂŝŶƚĞŶĂŶĐĞ

ZĞĂĐƚŝǀĞ WƌĞǀĞŶƚŝǀĞ WƌĞĚŝĐƚŝǀĞ�Θ�
/ŶƐƉĞĐƚŝŽŶ WƌŽĂĐƚŝǀĞ



��

LQWHUHVWV� 5&0� DOVR�PDQDJHV� DYDLODEOH� KXPDQ� DQG� ILQDQFLDO� UHVRXUFHV�
DFFRUGLQJ�WR�WKH� LPSRUWDQFH�RI� WKH�HTXLSPHQW�� WKDW�LV��DFFRUGLQJ� WR� WKH�
ORVV�RU�ULVN�WKDW�FDQ�EH�FDXVHG�E\�LWV�IDLOXUH��7KHUHIRUH�WKLV�VWUDWHJ\�LV�XVHG�
WR�LPSURYH�HIILFLHQF\�E\�LQFUHDVLQJ�HTXLSPHQW�UHOLDELOLW\�

������ ��4XHVWLRQ�RI�5&0
5&0�FDQ�DOVR�LQWHUSUHW�DV�D�SURFHVV�XVHG�WR�GHWHUPLQH�ZKDW�PXVW�EH�GRQH�
WR� HQVXUH� WKDW� HDFK� SK\VLFDO� DVVHW� RSHUDWHV� DSSURSULDWHO\� IROORZLQJ LWV�
GHVLJQ�DQG�IXQFWLRQ��5&0�DQVZHUV�VHYHQ PDLQ�TXHVWLRQV�WR�WKH�V\VWHP�
XQGHU�VWXG\��7KH�VHYHQ�TXHVWLRQV�DUH�DV�IROORZV�

�� :KDW�DUH�WKH�IXQFWLRQV�DQG�DVVRFLDWHG�SHUIRUPDQFH�VWDQGDUGV�RI�WKH�
DVVHW�LQ�LWV�SUHVHQW�RSHUDWLQJ�FRQWH[W �V\VWHP�IXQFWLRQ�"

([SODQDWLRQ�� %HIRUH� LW� LV� SRVVLEOH� WR� LPSOHPHQW� 5&0�� D� IXQFWLRQ�
GHILQLWLRQ�GHWHUPLQH IRU�HDFK�DVVHW�DQG�RSHUDWLRQDO�VWDQGDUGV�WKDW�PXVW�
DFKLHYH��7KH�SURFHVV�RI�XVLQJ�LW�LQ�WKH�FRQWH[W�RI�RSHUDWLRQV�FDQ�EH�FDUULHG�
RXW�E\�GHWHUPLQLQJ�ZKDW�ZDQWV�WR�EH�QHHGHG DQG�HQVXULQJ�WKDW�DVVHWV�FDQ�
PHHW�WKH�QHHGV��:KDW�LV�H[SHFWHG�E\�WKH�DVVHW�XVHU�FDQ�GLYLGH�LQWR�WZR�
FDWHJRULHV��QDPHO\�
� 7KH�PDLQ�IXQFWLRQV��LQFOXGLQJ�LVVXHV�VXFK�DV�VSHHG��UHVXOWV��FDSDFLW\��

SURGXFW�TXDOLW\��DQG�VHUYLFHV�
� 6HFRQGDU\�IXQFWLRQV��DVVHWV�DUH�H[SHFWHG�WR�GR�PRUH�WKDQ�IXOILO�WKHLU�

SULPDU\ IXQFWLRQ��&DQ�EH�H[SHFWHG�WR�KDYH�IXQFWLRQV�LQ�WKH�ILHOGV�RI
VDIHW\�� FRQWURO�� FRPIRUW�� VWUXFWXUDO� LQWHJULW\�� HFRQRP\�� SURWHFWLRQ��
RSHUDWLRQDO�HIILFLHQF\��DQG�RWKHUV�

�� ,Q�ZKDW�ZD\V�GRHV�LW�IDLO�WR�IXOILO�LWV�IXQFWLRQV �IXQFWLRQDO�IDLOXUH�"

([SODQDWLRQ�� )XQFWLRQDO� IDLOXUH� LV� D� FRPSRQHQW� IDLOXUH� WR� PHHW� WKH�
H[SHFWHG� V\VWHP� IXQFWLRQ�� )XQFWLRQDO� IDLOXUH DFKLHYHG� E\� DGRSWLQJ� DQ�
DSSURSULDWH�DSSURDFK�WR�IDLOXUH�PDQDJHPHQW��,Q�WKH�5&0�SURFHVV��WKHUH�
DUH�WZR�OHYHOV�FDUULHG�RXW��QDPHO\�
� ,GHQWLI\LQJ�FRQGLWLRQV�WKDW�FRQVLGHUHG�DV�IDLO�FRQGLWLRQV
� $VN�DERXW�HYHQWV�WKDW�FDQ�FDXVH�DVVHWV�WR�IDLO

�� :KDW�FDXVH�HDFK IXQFWLRQDO IDLOXUH��IDLOXUH�PRGHV�"

([SODQDWLRQ��,Q�WKH�SUHYLRXV�VWDJH��IXQFWLRQDO�IDLOXUH�LGHQWLILHG��1H[W�LV�
WR� WU\� WR� LGHQWLI\� WKH� SRVVLELOLW\� RI� IDLOXUH�� 7KH� FDXVHV� RI� IDLOXUHV� LQ�



��

FRPSRQHQWV�WKDW�KDYH�IDLOHG�DQG�GR�QRW�PHHW�RSHUDWLRQDO�VWDQGDUGV�DUH�
FDOOHG�IDLOXUH�PRGH�

�� :KDW�KDSSHQV�ZKHQ�HDFK IDLOXUH�RFFXUV �IDLOXUH�HIIHFW�"

([SODQDWLRQ�� )DLOXUH� RI� WKH� FRPSRQHQW� ZLOO� KDYH� DQ� LPSDFW� RQ� ZRUN�
RSHUDWLRQV��7KLV�IRXUWK�VWHS�LV�DQ�LOOXVWUDWLRQ�WKDW�ZLOO�RFFXU�ZKHQ�D�IDLOXUH�
PRGH�RFFXUV��7KLV�GHVFULSWLRQ�PXVW�LQFOXGH�DOO�WKH�LQIRUPDWLRQ�QHHGHG�WR�
VXSSRUW�DQ�HYDOXDWLRQ�RI�WKH�FRQVHTXHQFHV�RI�IDLOXUH�

�� ,Q�ZKDW�ZD\�GRHV�HDFK�IDLOXUH�PDWWHU �IDLOXUH�FRQVHTXHQFHV�"

([SODQDWLRQ�� )DLOXUH� WKDW� RFFXUV� LQ� DQ� DVVHW� ZLOO� KDYH� FRQVHTXHQFHV��
7KHUHIRUH��DVVHW�XVHUV�ZLOO�WU\�WR�DYRLG�WKHVH�IDLOXUHV��,I�WKH�IDLOXUH�GRHV�
QRW�KDYH�D�VLJQLILFDQW�HIIHFW��XVXDOO\�WKH�XVHU�ZLOO�GHFLGH�QRW�WR�GR�URXWLQH�
PDLQWHQDQFH�� 7KH� KLJK VWUHQJWK� RI� 5&0� LV� WR� UHFRJQLVH� WKDW� WKH�
FRQVHTXHQFHV� RI� IDLOXUH� DUH� IDU� PRUH� LPSRUWDQW� WKDQ� WKHLU� WHFKQLFDO�
FKDUDFWHULVWLFV��7KH�5&0�SURFHVV�FODVVLILHV�WKHVH�FRQVHTXHQFHV�LQWR�IRXU�
JURXSV��VKRZQ�LQ�)LJXUH������

)LJXUH������ )DLOXUH�&RQVHTXHQFHV�&DWHJRULHV

�� :KDW�FDQ�EH�GRQH�WR�SUHGLFW�RU�SUHYHQW�HDFK�IDLOXUH��SURDFWLYH�WDVN�"

([SODQDWLRQ��WKH�SURDFWLYH�WDVN�LV�D�WDVN�WKDW�LV�FDUULHG�RXW�EHIRUH�D�IDLOXUH�
RFFXUV��WR�SUHYHQW�LWHPV�IURP�HQWHULQJ�D�VWDWH�RI�IDLOXUH��3URDFWLYH�WDVNV�
SHUIRUP� WUDGLWLRQDOO\�RU�SUHGLFWLYH�DQG�SUHYHQWLYH� 5&0�XVHV� WKH� WHUP�
6FKHGXOHG�5HVWRUDWLRQ�

&ĂŝůƵƌĞ�
�ŽŶƐĞƋƵĞŶĐĞƐ

,ŝĚĚĞŶ�&ƵŶĐƚŝŽŶ

�ǀŝĚĞŶƚ�&ƵŶĐƚŝŽŶ

^ĂĨĞƚǇ�ĂŶĚ�
�ŶǀŝƌŽŶŵĞŶƚĂů�
�ŽŶƐĞƋƵĞŶĐĞƐ

KƉĞƌĂƚŝŽŶĂů�
�ŽŶƐĞƋƵĞŶĐĞƐ

EŽŶͲKƉĞƌĂƚŝŽŶĂů�
�ŽŶƐĞƋƵĞŶĐĞƐ



��

�� :KDW� VKRXOG� EH� GRQH� LI� D VXLWDEOH� SURDFWLYH� WDVN� FDQQRW� EH� IRXQG
�GHIDXOW�DFWLRQ�"

([SODQDWLRQ��$�GHIDXOW�DFWLRQ�LV�D�VWDWH�RI�IDLOXUH�DQG�FKRRVHV ZKHQ�LW�LV�
QRW�SRVVLEOH�WR�LGHQWLI\�D SUDFWLFDO� SURDFWLYH�WDVN��'HIDXOW�DFWLRQV�LQFOXGH�
IDLOXUH�ILQGLQJ� UH�GHVLJQ��DQG�UXQ�WR�IDLOXUH �0RXEUD\��������

������ )DLOXUH�0RGH��(IIHFWV��DQG�&ULWLFDOLW\�$QDO\VLV��)0(&$��
)0(&$�PHWKRGRORJ\�LV�DQ�DGYDQFHG�OHYHO�RI�)0($�GHVLJQHG�WR�DVVHVV�
WKH�ULVN�DVVRFLDWHG�ZLWK�DOO�IDLOXUH�PRGHV��7KH�REMHFWLYH�RI�)0(&$�LV�WR�
GHVLJQ�PDLQWHQDQFH�SURFHGXUHV�UHTXLUHG�WR�HOLPLQDWH�SRLQWV�RI�IDLOXUHV�DV�
ZHOO� DV� DQ\� FDWDVWURSKLF� RU� FULWLFDO� FRQVHTXHQFH� RI� VXFK� IDLOXUHV�� 7KH�
IXQGDPHQWDO�SXUSRVH� LV� WR� LQLWLDWH�DFWLRQV� WKDW� UHGXFH� WKH� OLNHOLKRRG�RI�
IDLOXUH�LQ�WKH�SURFHVV�

)0(&$�DOVR�LQFUHDVHV�NQRZOHGJH�RI�D�V\VWHP�DQG�FDQ�LPSURYH�WKH�FRVW�
HIIHFWLYHQHVV�RI�SUHYHQWLYH�PDLQWHQDQFH�SURJUDPV�

������ 6WHSV�RI�$%6�5XOHV
$%6�KDV�UHYLHZHG�WKH�5&0�DQDO\VLV�DUHD�DQG�PRGLILHG�WKH�PHWKRG�IRU�
PDULQH� DSSOLFDWLRQV�� $YDLODEOH� SURFHGXUHV� DQG� FRPSOLDQFH� ZLWK�
UHFRJQLVHG�VWDQGDUGV�DUH�6$(�-$������6$(-$������,02�$QQH[���DQG�
$QQH[���IRU�LPSOHPHQWLQJ�WKH�5HOLDELOLW\�FHQWHUHG�0DLQWHQDQFH��5&0��
SURFHVV �&RQDFKH\�	����������7KLV�LV�WKH�IROORZLQJ�VWHS�RI�LPSOHPHQWLQJ�
5&0�E\�$%6�UXOHV�

�� 6\VWHP�0RGHOLQJ��)XQFWLRQV�DQG�)XQFWLRQDO�)DLOXUHV

)LJXUH������ )XQFWLRQDO�+LHUDUFK\



��

7KH�ILUVW�VWHS ZLOO�UHTXLUH�DQ�DQDO\VLV�RI�WKH�RSHUDWLRQ PRGH RI�
WKH�VKLS�DQG�WKH�IXQFWLRQDO�V\VWHP�RI�WKH�PDLQ�HQJLQH��7KH�V\VWHP�
ZLOO�EH�PRGHOOHG�DV�D KLHUDUFK\�IRU�)0(&$�SXUSRVHV��DW�WKH�QH[W�
VWHS�� $%6� KDV� RUGHUHG� LQ� KLHUDUFKLFDO�� DV� LQ� )LJXUH� ������ $�
FRPSRQHQW�GHILQHG�DV�WKH�ORZHVW�OHYHO�RI�WKH�IXQFWLRQDO�KLHUDUFK\�
WKDW� FDQ� LGHQWLI\� WKH IXQFWLRQV�RI� WKH�JURXS�� IDLOXUH�PRGH�� DQG
SK\VLFDO� XQLWV� WKDW� FDQ� EH� FRQVLGHUHG SUHYHQWLYH� PDLQWHQDQFH�
SODQQLQJ�

7KH�V\VWHP�EORFN�GLDJUDP�ZLOO�YLVXDOLVH�WKH�VWUXFWXUDO�KLHUDUFK\�
DQG� LGHQWLILHG� HDFK� IXQFWLRQDO� V\VWHP�� 7KHQ� WKH� YDULRXV�
IXQFWLRQDO�IDLOXUHV�ZRXOG�EH�LGHQWLILHG��$%6�DOVR�KDV�D�WHPSODWH�
IRU�YDULRXV�V\VWHP�VXEMHFW� WR�$%6�UXOHV�DQG�VSHFLDO�SHULRGLFDO�
PDFKLQHU\�VXUYH\�UHTXLUHPHQWV�RQ�YHVVHOV��

�� &RQGXFW�)DLOXUH�0RGHV��(IIHFWV��DQG�&ULWLFDOLW\�$QDO\VLV�
�)0(&$�
7KH�QH[W�VWHS�LV�WR�VKRZ�WKH�FRQVHTXHQFHV�FDXVHG�E\�WKH�IDLOXUH�
PRGH�� ,Q� $%6� *XLGDQFH� DOVR� KDV� WKH� FODVVLILFDWLRQ� RI� HIIHFW�
IDLOXUH��7DEOH ��� VKRZQ�WKH�VHYHULW\�OHYHO��IURP�QR�HIIHFW��WZR�
SURJUHVVLYH�IXQFWLRQDO�GHJUDGDWLRQV�WR�FRPSOHWH�ORVV�RI�IXQFWLRQ��
)URP�WKH�DSSURDFKHV��WKH�FHUWLILFDWLRQ�SURFHVV�ZRXOG�EH�HDVLHU�WR�
GHWHUPLQH� WKH� IDLOXUH� HIIHFWV� RQ� IXQFWLRQDO� JURXSV� ZKHQ� D�
FRPSRQHQW�IDLOXUH�RFFXUV�

7DEOH����� ([DPSOH�RI�&RQVHTXHQFHV�6HYHULW\�/HYHO�'HILQLWLRQ��$%6�������

6HYHULW\�
/HYHO

'HVFULSWLRQ�IRU�
6HYHULW\�/HYHO

'HILQLWLRQ�IRU�6HYHULW\�
/HYHO

� 0LQRU��1HJOLJLEOH )XQFWLRQ�LV�QRW�DIIHFWHG��QR�
VLJQLILFDQW�RSHUDWLRQDO�
GHOD\V��1XLVDQFH�

� 0DMRU��0DUJLQDO��
0RGHUDWH

)XQFWLRQ�LV�QRW�DIIHFWHG��
KRZHYHU�IDLOXUH�

GHWHFWLRQ�FRUUHFWLYH�
PHDVXUHV�QRW�IXQFWLRQDO��
25�)XQFWLRQ�LV�UHGXFHG�
UHVXOWLQJ�LQ�RSHUDWLRQDO�

GHOD\V�
� &ULWLFDO��+D]DUGRXV��

6LJQLILFDQW
)XQFWLRQ�LV�UHGXFHG��RU�
GHPDJHG�PDFKLQHU\��

VLJQLILFDQW�RSHUDWLRQDO�GD\V
� &DWDVWURSKLF��&ULWLFDO &RPSOHWH�ORVV�RI�IXQFWLRQ
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3UREDELOLW\�RI�RWKHU�HOHPHQWV�RI�ULVN�LV�WKH�IUHTXHQF\�RI�IDLOXUH�
PRGH��7R�SUHYHQW�IDLOXUH�KDSSHQV��FROOHFWLQJ�GDWD�RI�IXQFWLRQDO�
IDLOXUH� LV� WKH� DQVZHU�� $%6� WDNHV� D� TXDOLWDWLYH� DSSURDFK� WR�
UHFRPPHQG�IUHTXHQF\�UDQJHV��DV�VKRZQ�LQ�7DEOH�����

7DEOH����� ([DPSOH�3UREDELOLW\�RI�)DLOXUH�&ULWHULD �$%6�������

/LNHOLKRRG�'HVFULSWRU 'HVFULSWLRQ

,PSUREDEOH )HZHU�WKDQ�������HYHQWV�\HDU
5HPRWH ������WR������HYHQWV�\HDU

2FFDVLRQDO �����WR�����HYHQWV�\HDU
3UREDEOH ����WR���HYHQWV�\HDU
)UHTXHQW ��RU�PRUH�HYHQWV�\HDU

1H[W�VWHS�LV�WKH�SUHSDUDWLRQ�RI�WKH�ULVN�PDWUL[��7KH�ULVN�PDWUL[�LV�
D� ULVN� OHYHO� WDEOH� RUJDQLVHG� EDVHG� RQ� WKH� FRPELQDWLRQ� RI�
FRQVHTXHQFH�OHYHO�DQG�IUHTXHQF\�RI�IDLOXUH��7KH�VWDQGDUG�XVHG�WR�
GHWHUPLQH�WKH�ULVN�PDWUL[�LV�GHULYHG�IURP�$%6�*XLGDQFH�LQ�7DEOH�
����

7DEOH����� ([DPSOH�RI�5LVN�0DWUL[��$%6�������

6HYHULW\�
/HYHO

/LNHOLKRRG�RI�)DLOXUH
,PSUREDEOH 5HPRWH 2FFDVLRQDO 3UREDEOH )UHTXHQW

� 0HGLXP 0HGLXP +LJK +LJK +LJK
� /RZ 0HGLXP 0HGLXP +LJK +LJK
� /RZ /RZ 0HGLXP 0HGLXP +LJK
� /RZ /RZ /RZ 0HGLXP 0HGLXP

,I� DOO� VWHS� RI� DQDO\VLV� RI� IDLOXUH� PRGH�� HIIHFWV�� DQG� FULWLFDOLW\�
DQDO\VLV�KDV�EHHQ�FRPSOHWHG��6R�WKH�UHVXOW�RI�WKH�DQDO\VLV�QHHGV�
WR�EH�ILOOHG�LQWR�WKH�ZRUNVKHHW��$%6�UHTXLUHV�WKH�DSSOLFDWLRQ�RI�D�
ERWWRP�XS�)0(&$� DV�VKRZQ�LQ�7DEOH�����

7DEOH����� %RWWRP�XS�)0(&$�:RUNVKHHW��$%6�������

1R���;; 'HVFULSWLRQ��3XPS
,WHP )DLOXUH�

0RGH
&DXVHV )DLOXUH�

&KDUDFWHULVWLFV
/RFDO�
(IIHFW

)XQFWLRQDO�
)DLOXUHV

(QG�
(IIHFWV

1R���;; 'HVFULSWLRQ��3XPS
,WHP 0DWUL[ 6HYHULW\ &XUUHQW�

/LNHOLKRRG
&XUUHQW�
5LVN

)DLOXUH�'HWHFWLRQ�
&RUUHFWLYH�0HDVXUHV
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������ 0DLQWHQDQFH�7DVN�$OORFDWLRQ�DQG�3ODQQLQJ
0DLQWHQDQFH�WDVN�DOORFDWLRQ�DQG�SODQQLQJ�LV�WKH�GHOLYHUDEOH�RI�WKLV�WKHVLV��
7KHUH�DUH�PDLQWHQDQFH�WDVN�FDWHJRULHV�IRU�VHOHFWLQJ�WKH�PDLQWHQDQFH�WDVNV�
DQG�PDLQWHQDQFH�WDVN�LQWHUYDO�WR�GHWHUPLQH�WKH�LQWHUYDO�RI�PDLQWHQDQFH�
�� 0DLQWHQDQFH�7DVN�&DWHJRULHV

0DLQWHQDQFH�WDVN�DOORFDWLRQ�DQG�SODQQLQJ�JHQHUDWHG�IURP�WKH�5&0�
DQDO\VLV� DUH� GLYLGHG� LQWR� VHYHUDO� FDWHJRULHV� EDVHG� RQ� ORFDWLRQ� DQG�
SDUWLHV�UHTXLUHG�WR�FDUU\�RXW�PDLQWHQDQFH�DFWLYLWLHV��LQFOXGLQJ��

R &DWHJRU\� $�� PDLQWHQDQFH� DFWLYLWLHV� FDQ� EH� FDUULHG� RXW�
GLUHFWO\� E\� WKH� FUHZ� HYHQ�ZKHQ� WKH� VKLS� LV� LQ� RSHUDWLRQDO
�VDLOLQJ���

R &DWHJRU\� %�� LI� D� FRPSRQHQW� KDV� EHHQ� LQ� WKH� PDLQWHQDQFH�
VFKHGXOH� RU� KDV� D� IDLOXUH�� WKH� VKLSRZQHU� LV� UHTXLUHG� WR�
SHUIRUP� PDLQWHQDQFH� DQG� UHSDLU� RI� WKH� VKLS LQ� D� QRQ�
RSHUDWLRQDO�FRQGLWLRQ��7KH�PDLQWHQDQFH�PD\�QHHG�VKLS\DUG�
HTXLSSHG�ZLWK� IDFLOLWLHV� IRU� VKLS� UHSDLU��7KH� RZQHU� LV� DOVR�
UHTXLUHG� WR� EH� DFFRPSDQLHG� E\� WKH� YHQGRU� GXULQJ�
PDLQWHQDQFH� DFWLYLWLHV� WR� HQVXUH� WKDW� H[LVWLQJ�PDLQWHQDQFH�
DFWLYLWLHV� DUH� XQGHU H[LVWLQJ� VWDQGDUGV� RQ� WKH� FRPSRQHQWV�
WKHPVHOYHV�

R &DWHJRU\�&��PDLQWHQDQFH�DFWLYLWLHV�RQ�WKH�FRPSRQHQWV�PXVW�
EH�FDUULHG�RXW�ZKHQ�WKH�VKLS�LV�QRW�RSHUDWLQJ��0DLQWHQDQFH�
PXVW�EH�FDUULHG�RXW�XVLQJ�UHSDLU�DQG�PDLQWHQDQFH�IDFLOLWLHV�DW�
WKH�GU\�GRFN�

�� 0DLQWHQDQFH�7DVN�,QWHUYDO
0DLQWHQDQFH 7DVN� ,QWHUYDO� LV� WKH� SHULRG�WLPH RI� PDLQWHQDQFH�
SHUIRUPHG� RQ� HDFK� FRPSRQHQW�� 7DVN� LQWHUYDOV� GHULYHG� IURP�5&0�
DQDO\VLV� GR� QRW� QHHG� WR� EH� IROORZLQJ WKH� H[LVWLQJ� PDLQWHQDQFH�
VFKHGXOH� �FDOHQGDU�EDVHG�PDLQWHQDQFH� VFKHGXOH���7KLV� QHHGV� WR� EH�
LQWHJUDWHG�ZLWK�WKH�H[LVWLQJ�PDLQWHQDQFH�VFKHGXOH�EHFDXVH� WKH�WDVN�
LQWHUYDO�FDQ�EH�GRQH�HLWKHU�VKRUWHU�RU�ORQJHU�WKDQ�WKH�H[LVWLQJ�VFKHGXOH�
GHSHQGLQJ�RQ�VHYHUDO�FULWHULD�DV�IROORZV��

R 0DLQWHQDQFH� DFWLYLWLHV�ZLWK� KLJK� VDIHW\� DQG� HQYLURQPHQWDO�
FRQVHTXHQFHV� LI�WKH�IDLOXUH RFFXUV��WKH�PDLQWHQDQFH�LQWHUYDO�
VKRXOG�EH VKRUWHU�WKDQ�WKH�H[LVWLQJ�PDLQWHQDQFH�VFKHGXOH�WR�
HQVXUH� WKDW� WKH�SRVVLEOH IDLOXUH�RI� WKH�FRPSRQHQWV�ZLOO�QRW�
GDQJHURXV GXULQJ�ZRUN�RSHUDWLRQV��

R ,I�0DLQWHQDQFH�DFWLYLWLHV�ZLWK�WKH�FRQVHTXHQFHV�RI�GLVUXSWLRQ�
RI� ZRUN� RSHUDWLRQV� ZKHQ� D� IDLOXUH� RFFXUV� WKHQ� WKH
PDLQWHQDQFH� LQWHUYDO� FDQ� EH� VKRUWHU� RU� ORQJHU� WKDQ� WKH�
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H[LVWLQJ� PDLQWHQDQFH� VFKHGXOH�� +RZHYHU� ZKHQ� PDNLQJ D�
GHFLVLRQ�WKH�PDLQWHQDQFH�LQWHUYDO�VFKHGXOH�LV�ORQJHU�WKDQ�WKH�
H[LVWLQJ� VFKHGXOH�� WKLV� PXVW� JHW� WKH� DSSURYDO� RI� WKH� SDUW\�
UHVSRQVLEOH�IRU�PDLQWHQDQFH�LQ�WKH�FRPSDQ\�

,Q�DQDO\VLQJ�WKH�PDLQWHQDQFH�WDVN�DQG�WLPH�LQWHUYDO��LW�QHHGHG WR ILOO�
LQWR�D�PDLQWHQDQFH�ZRUNVKHHW�DV�VKRZQ�LQ�7DEHO�����

7DEOH����� ([DPSOH�0DLQWHQDQFH�7DVN�6HOHFWLRQ�:RUNVKHHW��$%6�������
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,I� DOO� WKH� VWHSV� LQ� WKH� PDLQWHQDQFH� WDVN� DOORFDWLRQ� DQG� SODQQLQJ�
DQDO\VLV�KDYH�EHHQ�FRPSOHWHG��WKHQ�LW�LV�QHFHVVDU\�WR�FRQFOXGH�IURP�
WKH�UHVXOWV�RI�WKH�DQDO\VLV��7KH�IROORZLQJ�ZRUNVKHHW�LV�D�VXPPDU\�RI�
PDLQWHQDQFH�WDVNV�VKRZQ�LQ�7DEOH�����

7DEOH����� 6XPPDU\�RI�0DLQWHQDQFH�7DVNV��$%6�������

0DLQWHQDQFH�&DWHJRU\���&DWHJRU\�$��%�RU�&
)XQFWLRQDO�*URXS�����������,QGLFDWH�JURXS�QDPH��H�J���3URSXOVLRQ
6\VWHP����������������������������,QGLFDWH�V\VWHP QDPH
(TXLSPHQW�,WHP��������������,QGLFDWH�HTXLSPHQW�LWHP�QDPH
&RPSRQHQW���������������������,QGLFDWH�FRPSRQHQW�QDPH

7DVN 7DVN�
7\SH

,WHP�
1R�

5LVN )UHTXHQF\ 3URFHGXUH�
1R��RU�&ODVV�
5HIHUHQFH

&RPPHQWV
8Q�
PLWWLJDWHG

0LWWLJDWHG
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³7KLV�SDJH�LV�LQWHQWLRQDOO\�OHIW�EODQN´
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&+$37(5��
5(6($5&+�0(7+2'2/2*<

��� 5HVHDUFK�0HWKRGRORJ\�)ORZ�&KDUW
7KH�PHWKRGRORJ\�IORZ�FKDUW�VKRZV�DOO�RI�WKH�VWHSV�IRU�WKLV�ILQDO�SURMHFW�

UHVHDUFK��7KH�VWHSV�RI�WKLV�PHWKRGRORJ\�VKRZQ�LQ�)LJXUH������

)LJXUH����� )ORZ�&KDUW�RI�0HWKRGRORJ\
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��� 3UREOHP�,GHQWLILFDWLRQ�
,GHQWLI\� WKH� VSHFLILF� SUREOHP� DQG� REMHFWLYHV� RI� WKH� WKHVLV�� 7KH� PDLQ�

SUREOHP�FRPHV�IURP�WKH�H[LVWLQJ�FRQGLWLRQ�FRPSDUHG�WR�UHTXLUHG�FRQGLWLRQ�
�6WXG\�&DVH���,Q�WKLV�WKHVLV�ZLOO�H[DPLQH�WKH�5&0�PHWKRG�IRU�WKH�PDLQ�HQJLQH�
RI�7XJERDW RZQHG�E\�37��;�

��� 5HVHDUFK�3XUSRVHV
5HVHDUFK� SXUSRVHV� REWDLQHG� WKURXJK� SUREOHP� LGHQWLILFDWLRQ�� 7KH�

'HOLYHUDEOH�RI� WKLV� WKHVLV�ZRXOG�EH� WKH�PDLQWHQDQFH� WDVN� DQG�PDLQWHQDQFH�
VFKHGXOH�

��� /LWHUDWXUH�6WXG\�
7KH�OLWHUDWXUH�VWXG\�QHHGV�WR�EH�GRQH�WR�REWDLQ�LQIRUPDWLRQ�DV�D�VFLHQWLILF�

EDVH�DQG WR�VXSSRUW�WKH�DQDO\VLV�RI�WKH�UHVHDUFK��7KH�OLWHUDWXUH�VWXG\�LV�GRQH�
E\�H[WHQVLYHO\�UHDGLQJ�MRXUQDOV��6WDQGDUG�DFFRUGLQJ�WR�5&0�0HWKRG��%RRNV��
5HSRUWV��DQG�RWKHU�UHIHUHQFHV�

��� 'DWD�&ROOHFWLRQ�
$IWHU�GRLQJ� WKH� OLWHUDWXUH� VWXG\�� VHOHFWLQJ�D� V\VWHP�DQG�FROOHFWLQJ�GDWD�

SHUIRUPHG�� 7KHUH� DUH� WZR FDWHJRULHV� WR� FROOHFW� WKH� GDWD�� 7KH� FDWHJRULHV�
H[SODLQHG�LQ�GRZQ�EHORZ��
D� 3ULPDU\� 'DWD�RULJLQDWLQJ�IURP�WKH�RULJLQDO�RU�ILUVW�VRXUFH
E� 6HFRQGDU\�� 'DWD� WKDW� UHIHUV� WR� LQIRUPDWLRQ� JDWKHUHG� IURP� H[LVWLQJ�

VRXUFHV�� 6HFRQGDU\� GDWD� VRXUFHV� DUH� GRFXPHQWDWLRQ�� JRYHUQPHQW�
SXEOLFDWLRQV��LQGXVWU\�DQDO\VLV��ZHEVLWHV� RUHGD�DQG�VR�RQ�

��� 'HILQLQJ 6\VWHP�%RXQGDULHV
$IWHU� NQRZLQJ� WKH� V\VWHP� 	� GDWD� WR� EH� VWXGLHG�� WKH� QH[W� VWHS� LV� WR�

GHWHUPLQH� WKH� V\VWHP� ERXQGDULHV� HVWDEOLVKHG�� 6\VWHP� %RXQGDULHV� XVHG� WR�
GHWHUPLQH�WKH�V\VWHP�WR�EH�H[DPLQHG�LQ�IRXU�PDLQ�V\VWHPV�WKDW�H[LVW�RQ�WKH�
PDLQ�HQJLQH

��� ,GHQWLI\�2SHUDWLQJ�0RGHV�DQG�&RQWH[W
7KH� RSHUDWLQJ� PRGH� LV� WKH� RSHUDWLRQDO� VWDWH� WKH� YHVVHO� LV� LQ�� VXFK� DV�

FUXLVLQJ�DW�VHD��HQWHULQJ�RU�GHSDUWLQJ�D�SRUW��7KH�LGHQWLILFDWLRQ�RI�RSHUDWLQJ�
PRGH��GLYLGHG�LQWR�IRXU�FDWHJRULHV��QDPHO\�
� (QYLURQPHQWDO�3DUDPHWHUV��EDVHG�RQ�RSHUDWLRQDO�DUHD�RI�WKH�7XJERDW��;
� 0DQQHU�RI�8VH��%DVHG�RQ�RSHUDWLQJ�V\VWHP�RQ�7XJERDW��;�
� 3HUIRUPDQFH�&DSDELOLW\��%DVHG�RQ�SURMHFW�JXLGH�RI�PDLQ�HQJLQH�IURP�37��

;
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7KH� IXQFWLRQDO� LQWHUGHSHQGHQFH� RI� WKH� VHOHFWHG� V\VWHPV� ZLWKLQ IXQFWLRQDO�
JURXSV�VKDOO�EH�GHVFULEHG�WKURXJK�WKH�XVH�RI�EORFN�GLDJUDPV�

��� ,GHQWLI\�)XQFWLRQDO�+LHUDUFK\�&RPSRQHQWV
$VVHW� UHJLVWHU�PXVW� EH� DUUDQJHG� DFFRUGLQJ� WR� WKHLU� IXQFWLRQV� DQG� HDFK�

FRPSRQHQW� WR� LGHQWLI\� WKH� IXQFWLRQDO� KLHUDUFK\� FRPSRQHQWV�� 7KH� UHJLVWHU�
DVVHW��LW�ZLOO�EH�HDVLHU�WR�GHWHUPLQH�FRPSRQHQW�PDLQWHQDQFH�

��� ,GHQWLI\�6\VWHP�%ORFN�'LDJUDP�DQG�)XQFWLRQV
)%'� LV� XVHG� WR� GHVFULEH� WKH� UHODWLRQVKLS� EHWZHHQ� RQH� IXQFWLRQ� DQG�

DQRWKHU�IXQFWLRQ�LQ�WKH�V\VWHP��,Q�DGGLWLRQ�WR�VKRZLQJ�WKH�IXQFWLRQV�DQG�SDUWV�
LQ� WKHP�� WKH� )%'� DOVR� H[SODLQHG� WKH� UHODWLRQVKLS� DQG� ZRUNIORZ� EHWZHHQ�
IXQFWLRQV�WKDW�PDNH�XS�WKH�V\VWHP�DQG�WKH�VHWWLQJV�WKDW�UHTXLUH�WKH�V\VWHP��$V�
D�PLQLPXP��WKH�EORFN�GLDJUDP�LV�WR�FRQWDLQ�

Ͳ 7KH�SDUWLWLRQLQJ�RI�WKH�IXQFWLRQDO�JURXS�LQWR�V\VWHPV��HTXLSPHQW�
LWHPV�DQG FRPSRQHQWV�

Ͳ $OO�DSSURSULDWH�ODEHOOHG�LQSXWV�DQG�RXWSXWV�DQG�LGHQWLILFDWLRQ�
QXPEHUV�E\�ZKLFK�HDFK�V\VWHP�LV�FRQVLVWHQWO\�UHIHUHQFHG��

Ͳ $OO�UHGXQGDQFLHV��DOWHUQDWLYH�VLJQDO�SDWKV�DQG�RWKHU�HQJLQHHULQJ�
IHDWXUHV�WKDW�SURYLGH�³IDLO�VDIH´�PHDVXUHV���

���� )0(&$�$QDO\VLV
7KLV�VWDJH�LV�KRZ�LPSOHPHQWLQJ�5&0�E\�$%6�UXOHV�VWHS�E\�VWHS��)DLOXUH�

0RGH��(IIHFW�DQG�&ULWLFDO�$QDO\VLV��)0(&$��XWLOL]LQJ�ZLWK�5&0�PHWKRG�RI�
$%6�5XOHV��7KH�IROORZLQJ�VWHSV�LQ�LPSOHPHQWLQJ�)0(&$�LQ�WKLV�UHVHDUFK�DUH�
DV�IROORZV�
�� ,GHQWLILFDWLRQ RI�)DLOXUH�0RGHV

$�IDLOXUH�PRGH�LV�KRZ IDLOXUH�LV�REVHUYHG��,W�JHQHUDOO\�GHVFULEHV�WKH�ZD\�
WKH�IDLOXUH�RFFXUV�DQG�LWV�LPSDFW�RQ�WKH�HTXLSPHQW�RU�V\VWHP��$OO�RI�WKH�
HTXLSPHQW� LWHP� RU� FRPSRQHQW� UHODWHG� FDXVHV� RI� WKH� LGHQWLILHG� IDLOXUH�
PRGHV�DUH�WR�EH�LGHQWLILHG��

:KHQ�XVHG�LQ�FRQMXQFWLRQ�ZLWK�SHUIRUPDQFH�VSHFLILFDWLRQV�JRYHUQLQJ�WKH�
LQSXWV� DQG� RXWSXWV� RQ� WKH� V\VWHP� EORFN� GLDJUDP�� DOO� SRWHQWLDO� IDLOXUH�
PRGHV�FDQ�WKXV�EH�LGHQWLILHG�DQG�GHVFULEHG��)DLOXUH�VKDOO�EH�DVVXPHG�E\�
RQH�SRVVLEOH�IDLOXUH�PRGH�DW�D�WLPH�ZLWK�WKH�H[FHSWLRQ�RI�³KLGGHQ�IDLOXUHV´
LQ� ZKLFK� D� VHFRQG� IDLOXUH�PXVW� RFFXU� LQ� RUGHU� WR� H[SRVH� WKH� ³KLGGHQ�
IDLOXUH´���$�IDLOXUH�PRGH�LQ�DQ�HTXLSPHQW�LWHP�RU�FRPSRQHQW�FRXOG�DOVR�
EH�WKH�IDLOXUH�FDXVH�RI�D�V\VWHP�IDLOXUH���6LQFH�D�IDLOXUH�PRGH�PD\�KDYH�
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PRUH� WKDQ� RQH� FDXVH�� DOO� SRWHQWLDO� LQGHSHQGHQW� FDXVHV� IRU� HDFK� IDLOXUH�
PRGH�VKDOO�EH�LGHQWLILHG�

�� )DLOXUH�(IIHFWV
7KH�HIIHFWV�RI�WKH�IDLOXUH�IRU�HDFK�IDLOXUH�PRGH�DUH�WR�EH�OLVWHG�DV�IROORZV�
Ͳ 7KH�/RFDO�(IIHFW� LV� WR�GHVFULEH�WKH�LQLWLDO�FKDQJH� LQ�WKH�HTXLSPHQW�

LWHP�RU�FRPSRQHQW�RSHUDWLRQ�ZKHQ�WKH�IDLOXUH�PRGH�RFFXUV
Ͳ 7KH�)XQFWLRQDO�)DLOXUH�LV�WR�GHVFULEH�WKH�HIIHFW�RI�WKH�IDLOXUH�PRGH�RQ�

WKH�V\VWHP�RU�IXQFWLRQDO�JURXS
Ͳ 7KH� (QG� (IIHFW� LV� WR� GHVFULEH� WKH� RYHUDOO� HIIHFW� RQ� WKH� YHVVHO�

DGGUHVVLQJ�SURSXOVLRQ��GLUHFWLRQDO�FRQWURO��HQYLURQPHQW��ILUH�DQG�RU�
H[SORVLRQ��2QH�IDLOXUH�PRGH�PD\�UHVXOW�LQ�PXOWLSOH�HQG�HIIHFWV���

�� )DLOXUH�'HWHFWLRQ
7KH�IDLOXUH�GHWHFWLRQ�PHDQV��VXFK�DV�YLVXDO�RU�DXGLEOH�ZDUQLQJ�GHYLFHV��
DXWRPDWLF� VHQVLQJ� GHYLFHV�� VHQVLQJ� LQVWUXPHQWDWLRQ� RU� RWKHU� XQLTXH�
LQGLFDWLRQV��LI�DSSOLFDEOH��7KH�WHUP�³HYLGHQW´�LV�WR�EH�LQGLFDWHG��:KHUH�
WKH�IDLOXUH�GHWHFWLRQ�LV�QRW�HYLGHQW��WKH�WHUP�³KLGGHQ´�LV�WR�EH�LQGLFDWHG�

�� &RUUHFWLYH�0HDVXUHV
3URYLVLRQV�WKDW�DUH�IHDWXUHV�RI�WKH�GHVLJQ�DW�DQ\�OHYHO�WR�QXOOLI\�WKH�HIIHFWV�
RI�D�IDLOXUH�PRGH��3URYLVLRQV�ZKLFK�UHTXLUH�RSHUDWRU�DFWLRQ�WR�FLUFXPYHQW�
RU�PLWLJDWH�WKH�HIIHFWV�RI�WKH�IDLOXUH�PRGH�VKDOO�EH�SURYLGHG����

�� &ULWLFDOLW\�$QDO\VLV
&XUUHQW�/LNHOLKRRG�LV�H[SODLQHG�LQ�ILYH�FDWHJRULHV�LQ�GHWHUPLQLQJ�WKH�OHYHO�
RI� IUHTXHQF\� RI� GDPDJH� �IDLOXUH� PRGH��� 7KH� ILYH� FDWHJRULHV� DUH�
LPSUREDEOH��UHPRWH��RFFDVLRQDO��SUREDEOH��DQG�IUHTXHQW�

7KH�ULVN�OHYHO�RI�HDFK�FRPSRQHQW�LV�DQDO\VHG�XVLQJ�)0(&$�IURP�$%6�
UXOHV� WKDW� REWDLQHG� IURP� D� FRPELQDWLRQ� RI� WKH� VHYHULW\� DQG� OLNHOLKRRG�
GHVFULSWRUV�LQ�WKH�ULVN�PDWUL[�

7KH�DQDO\VLV�PXVW�EH�ILOOHG�LQWR�ERWWRP�XS�)0(&$�:RUNVKHHW�WR�
GHFLGH�WKH�PDLQWHQDQFH�WDVN�RI�WKH�PDLQ�HQJLQH�RI�7XJERDW��7R�IXOILO�WKH�
5&0�GHFLVLRQ�ZRUNVKHHW��LW�QHHGV�WR�DQVZHU�WKH�5&0�GHFLVLRQ�GLDJUDP��
ZKLFK�FRQVLVWV�RI�IDLOXUH�FRQVHTXHQFHV�DQG�WKH�PDLQWHQDQFH�WDVN�WHFKQLTXHV���



��

���� 0DLQWHQDQFH�7DVN�DQG�6FKHGXOH
7KH� UHVXOW� RI� WKLV� UHVHDUFK LV� GHWHUPLQHV� WKH� PDLQWHQDQFH� WDVN�� 7KH�

PDLQWHQDQFH�WDVN�DQG�VFKHGXOH�EDVHG�RQ�WKH�UHVXOWV�RI�WKH�DQDO\VLV�IURP�WKH�
SUHYLRXV�)0(&$�UHVXOW��

���� &RQFOXVLRQV�	�5HFRPPHQGDWLRQ
7KH�ILQDO�VWHS�LV�WR�PDNH�WKH�FRQFOXVLRQ�RI�WKH�HQWLUH�SURFHVV�WKDW�KDV�GRQH�

EHIRUH�DQG�SURYLGH�DQVZHUV�WR�H[LVWLQJ�SUREOHPV��DQG�VXJJHVWLRQV�DUH�JLYHQ�
EDVHG�RQ�WKH�UHVXOWV�RI�SUHYHQWLRQ�WKLV�UHVHDUFK��%DVHG�RQ�WKH�UHVXOWV�RI�WKH�
DQDO\VLV�� LW� LV� GHWHUPLQHG� WKDW� SURSRVHG� DFWLRQV� RU� UHFRPPHQGDWLRQV� IRU�
FRUUHFWLYH�RU�PDLQWHQDQFH�DFWLRQV�WDNHQ�DJDLQVW�IDLOXUHV�RFFXU�



��

³7KLV�SDJH�LV�LQWHQWLRQDOO\�OHIW�EODQN´



��

&+$37(5�,9
'$7$�$1$/<6,6

��� ,GHQWLILFDWLRQ�RI�'DWD�&ROOHFWLRQ
7KH�GDWD�UHWULHYDO�SURFHVV�DW�37��;�LV�FRQGXFWLQJ LQ�WKUHH�ZD\V��QDPHO\�

2EVHUYDWLRQ�LQ�&RPSDQ\��,QWHUYLHZ��DQG�SK\VLFDO�'DWD�RQ�WKH�FRPSDQ\��7KH�
GDWD�DUH�H[SODLQHG�GRZQ�EHORZ�
�� 2EVHUYDWLRQ�LQ�&RPSDQ\�

� 0DLQWHQDQFH�6\VWHP� +RZ�WKH�FRPSDQ\�SUHYHQW� WKH�EUHDN�GRZQWLPH
ZLWK�306��3ODQQHG�0DLQWHQDQFH�6\VWHP�

�� ,QWHUYLHZ�
� 0DLQWHQDQFH�$FWLYLW\� +RZ�WKH�FRPSDQ\�PDLQWDLQ�WKH�FRPPXQLFDWLRQ
EHWZHHQ�WKH�FUHZ�RQERDUG�DQG�WKH�VXSHULQWHQGDQW

�� 'DWD�IURP�WKH�&RPSDQ\�
� 0DLQ�(QJLQH�6SHFLILFDWLRQ� 7R�NQRZ�DERXW�WKH�VSHFLILFDWLRQ RI�HDFK�

SDUW WKDW�LQFOXGHG�LQWR�WKH�PDLQ�HQJLQH�
� 'DWD�2SHUDWLRQDO� 7R�NQRZ�DERXW�WKH�RSHUDWLRQDO�KLVWRU\�RI WKH�PDLQ�

HQJLQH
� 'DWD� )DLOXUH�	�5HSDLU� �/RJ�%RRN��� 7R� VHH IUHTXHQWO\� IDLOXUH� DQG�

UHSDLU�KLVWRU\�WR�HDFK�HTXLSPHQW�
� 3,'�	�3)'� 7R�VHH WKH�IORZ�GLDJUDP�RI�WKH�V\VWHP�LV�FRQVLVW�RI�WKH�

PDLQ�HQJLQH��

��� 5HVHDUFK�2EMHFW
7KH�ILUVW�VWDJH�LQ�WKH�5HOLDELOLW\�&HQWHUHG 0DLQWHQDQFH�PHWKRG�LV�WR�

VHOHFW�WKH�REMHFW�WR�EH�DQDO\VHG��7KLV�VWXG\�H[DPLQHG WKH�;�WXJERDW�RZQHG�E\�
37��;� $IWHU�VFUHHQLQJ�WKH�GDWD�LQ�WKH�FRPSDQ\��WKH�%DVLF�PDLQ�HQJLQH�ZDV�
VHOHFWHG��7KH�GDWD�RI�WXJERDW RZQHG�E\�37��;�H[SODQDWLRQ�GRZQ�EHORZ�

)LJXUH����� 7XJERDW RZQHG�E\�37��;
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*HQHUDO�,QIRUPDWLRQ�RI�7XJERDW
�7KLV�LQIRUPDWLRQ�EDVHG�RQ�VKLS�UHJLVWHU�ZHEVLWH�

%XLOW�<HDU ������
7\SH�RI�6KLS ��7XJERDW
)ODJ � ,QGRQHVLD
/%3��P� �������
%��P� ������
+ �P� ������
7��P� ������
*7 �����
17 �����
':7 �WRQ� �����
6HUYLFH�6SHHG��NQRW� ����

0DLQ�(QJLQH�6SHFLILFDWLRQ
0DQXIDFWXUH ��:DUWVLOD
1XPEHU�RI�6WURNHV ����
1XPEHU�RI�F\OLQGHUV ����
3RZHU � �����%+3
530 �������

��� 'DWD�+LVWRULFDO�5HSDLU�RI�7XJERDW
37��;�LV�RQH�RI�WKH�FRPSDQLHV�WKDW�KDYH�LPSOHPHQWHG�306�WKDW�UHIHUV�

WR�2(0��2ULJLQDO�(TXLSPHQW�0DQXIDFWXUHU���,Q�WKH�PDLQWHQDQFH�V\VWHP�RI�
37��;��DOUHDG\�LPSOHPHQWHG�WKH�ORJERRN�V\VWHP��ZKHUH�WKHUH�LV�D�KLVWRULFDO�
UHSDLU�RI�WKH�PDLQ�HQJLQH�

+LVWRULFDO�5HSDLU�LV�GDWD�WKDW�LQFOXGHV�FRPSRQHQWV�DV�ZHOO�DV�GHWDLOV�
RI�GDPDJH�WR�EH�GRQH�E\�WKH�FRPSDQ\�DV�LQ�)LJXUH�����



��

'DWD� WKDW� KDV� EHHQ� REWDLQHG�� WKHUH� LV� D� GHVFULSWLRQ� RI� UHSDLUV� DQG�
GDPDJH�WKDW�ZLOO�UHIHU�WR�WKH�FDXVH�RI�WKH�PDLQ�HQJLQH�EUHDN�GRZQ��7KHUHIRUH��
WKH�GDPDJH�WKDW�KDV�RFFXUUHG�ZLOO�EH�HYLGHQFH�RI�WKH�IDLOXUH�PRGH�WKDW�ZLOO�
KHOS� WR� DQDO\VH� WKH�)0(&$��%DVHG� RQ� KLVWRULFDO� GDWD� UHSDLU� DERYH�� LW� FDQ�
LGHQWLI\�WKH�IDLOXUH�PRGH�OLVW�WKDW�RFFXUV�RQ�WKH�PDLQ�HQJLQH�WXJERDW��/LVW�RI�
IDLOXUH�PRGHV�VKRZQ�LQ�6HFWLRQ�������

$OVR�� WKHUH� LV� DQ� DFFHSWDQFH� RIILFLDO� UHSRUW� WKDW� GHVFULSW� WKH�
LGHQWLILFDWLRQ�RI�GDPDJHV�DQG�FRUUHFWLYH�DFWLRQV�SHUIRUPHG�E\�WKH�FUHZ�RI�WKH�
VKLS�� 7KHUH� LV� DOVR� HYLGHQFH� RI� WKH� GHIHFW� LQ� WKH� DWWDFKHG� SKRWRV�� 7KH�
DFFHSWDQFH�RIILFLDO�UHSRUW�LV�RQH�RI�WKH�LQIRUPDWLRQ�WKDW�FDQ�KHOS�LGHQWLI\�WKH�
FDXVH�RI�WKH�GDPDJH��FDXVHV���WKH�LPSDFW��ORFDO�DQG�HQG�HIIHFWV���DQG�HDUO\�
GHWHFWLRQ� IRU� WKH� IDLOXUH� LQ� WKH� )0(&$�$QDO\]H�� 7KH� DFFHSWDQFH� RIILFLDO�
UHSRUW�LV�VKRZQ�LQ�)LJXUH�����

)LJXUH����� +LVWRULFDO 5HSDLU�RI�7XJERDW
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)LJXUH����� $FFHSWDQFH 2IILFLDO�5HSRUW�RI�7XJERDW

��� 5&0 $QDO\VLV�E\�$%6�*XLGDQFH
������ 2SHUDWLQJ�0RGHV�DQG�&RQWH[W

7R�GHWHUPLQH�WKH�RSHUDWLQJ�FKDUDFWHULVWLFV��WKH�YDULRXV�RSHUDWLRQ�PRGHV�
IRU� WKH� PDLQ� HQJLQH� PXVW� EH� LGHQWLILHG�� 7KH� RSHUDWLRQ� PRGH� XVHG� WR�
GHWHUPLQH�WKH�RSHUDWLQJ�FRQWH[W� DV�VKRZQ�LQ�$SSHQGL[���

7KH� IXQFWLRQDO� LQWHUGHSHQGHQFH� RI� WKH� V\VWHP� VHOHFWHG� LQ� IXQFWLRQDO�
JURXSV� VKRXOG� EH� H[SODLQHG� WKURXJK� WKH� XVH� RI� EORFN� GLDJUDPV� LQ� D�
QDUUDWLYH�IRUPDW�WR�DOORZ�WKH�IDLOXUH�HIIHFW�WR�EH�XQGHUVWRRG��7KH�OLVW�RI�
IDLOXUH�PRGHV� IRU� HDFK� V\VWHP� WR� EH� DQDO\VHG�ZLOO� EH� GHYHORSHG��7KH�
GHYHORSPHQW�RI�DQ�RSHUDWLRQDO FRQWH[W�LV�WR�FRQVLGHU�WKH�V\VWHP�VHWWLQJ��
SHUIRUPDQFH� RU VWDQGDUGV� RI� TXDOLW\�� HQYLURQPHQWDO� VWDQGDUGV�� VDIHW\�
VWDQGDUGV� DQG�2SHUDWLRQ�:D\��

������ 6\VWHP�'HILQLWLRQ
7KH�V\VWHP�GHILQLWLRQ�LQYROYHV SRUWLRQLQJ�WKH�IXQFWLRQDO�YHVVHO�JURXSV��
V\VWHP�� VXEV\VWHP�� DQG� FRPSRQHQW�� 7KH� SDUWLWLRQLQJ� LV� WR� SHUIRUPHG�
XVLQJ�D�WRS�GRZQ�DSSURDFK�XQWLO�D�OHYHO�RI�GHWDLO�LV�UHDFKHG�WR�LGHQWLI\
WKH� ERXQGDULHV� RI� WKH� FRPSRQHQWV� 7KH� SDUWLWLRQLQJ� IRU� WKLV� UHVHDUFK
VKRZQ�LQ�$SSHQGL[���



��

������ 6\VWHP�%ORFN�'LDJUDPV�DQG�)XQFWLRQV�
7KH� EORFN� GLDJUDP� LV VKRZLQJ� WKH� IXQFWLRQDO� IORZ� VHTXHQFH� RI� WKH�
IXQFWLRQDO�JURXS��WHFKQLFDO�XQGHUVWDQGLQJ�RI�WKH�IXQFWLRQV��DQG�RSHUDWLRQ�
RI�WKH�V\VWHP�DQG�IRU�VXEVHTXHQW�DQDO\VLV��7KH�V\VWHP�EORFN�GLDJUDPV�
FDQ�DOVR�EH�NQRZQ�HIIHFWV� DQG� VHTXHQFHV�RI�HYHQWV� WKDW�ZLOO� DQG�PD\�
RFFXU�GXH� WR�IDLOXUHV� LQ� WKH�FRPSRQHQW��6R� LQ� WKH�HYHQW�RI� IDLOXUH�� WKH�
V\VWHP�RU�DQRWKHU�FRPSRQHQW�WKDW�ZLOO�EH�DIIHFWHG�DJDLQVW�WKH�IDLOXUH�FDQ�
EH�NQRZQ�IURP�WKH�V\VWHP�EORFN��,Q $SSHQGL[�� LV�VKRZQ�WKH�)XQFWLRQDO�
%ORFN� 'LDJUDP� :KHUH� H[SODLQHG� WKH� KLHUDUFK\� RI� PDLQ� HQJLQH�
FRPSRQHQWV��

������ ,GHQWLILFDWLRQ�RI�)XQFWLRQDO�)DLOXUHV
:KHQ� LGHQWLI\LQJ� IXQFWLRQV�� WKH� DSSOLFDEOH� RSHUDWLQJ� PRGHV� DQG� WKH�
RSHUDWLQJ�FRQWH[W�LV�WR�EH�OLVWHG��7KH�SHUIRUPDQFH�VWDQGDUG�LV�WR�GHVFULEH�
WKH�PLQLPXP�DFFHSWDEOH�UHTXLUHPHQW�IRU�WKH RSHUDWLQJ�FRQWH[W�UDWKHU�WKDQ�
GHVLJQ� FDSDELOLW\�� 3HUIRUPDQFH� VWDQGDUG� GLYLGHG� LQWR� WZR� FDWHJRULVHG��
3ULPDU\�IXQFWLRQV�DQG�6HFRQGDU\�IXQFWLRQV��

$� OLVW� RI� IXQFWLRQDO� IDLOXUHV� IRU� HDFK� IXQFWLRQ� LGHQWLILHG� IRU� HDFK�
IXQFWLRQDO�JURXS��V\VWHP��DQG�FRPSRQHQW��(DFK�IXQFWLRQDO�IDLOXUH�LV�WR�EH�
GRFXPHQWHG�LQ�D�IXQFWLRQDO�IDLOXUH�VWDWHPHQW�WKDW�FRQWDLQV�D�YHUE��REMHFW��
DQG� IXQFWLRQDO� GHYLDWLRQ�� 7KH� IXQFWLRQDO� IDLOXUHV� DUH� WR� EH� VKRZQ� LQ�
$SSHQGL[���

������ )DLOXUH�0RGH�(IIHFWV�DQG�&ULWLFDOLW\�$QDO\VLV��)0(&$�
)RU�HDFK�IDLOXUH�PRGH��WKH�)0(&$�LV�WR�LQGLFDWH�DOO�IXQFWLRQDO�ORVVHV��
VHYHULW\��SUREDELOLW\�RI�IDLOXUH�DQG�WKHLU�UHVXOWLQJ�ULVN��7KH�FRQVHTXHQFH�
FDWHJRULHV�DUH�WR�EH�FRQVLGHUHG�LQ� WKH�)0(&$�ZKHQ� WKH�IDLOXUH�PRGH�
GLUHFWO\� LQLWLDWHV� D� FRQVHTXHQFH� )0(&$� DQDO\VLV� SUHVHQWHG LQ�
$SSHQGL[���

�������� ,GHQWLILFDWLRQ�RI�)DLOXUH�0RGHV
$�IDLOXUH�PRGH�LV�WKH�PDQQHU�E\�ZKLFK�D�IDLOXUH�LV�REVHUYHG� 6LQFH�D�
IDLOXUH�PRGH�PD\�KDYH�PRUH�WKDQ�RQH�FDXVH��DOO�SRWHQWLDO�LQGHSHQGHQW�
FDXVHV�IRU�HDFK�IDLOXUH�PRGH�VKDOO�EH�LGHQWLILHG� (DFK�IDLOXUH�PRGH�
DIIHFWV�SURGXFW�SHUIRUPDQFH��VDIHW\��UHOLDELOLW\�DQG�KDV�WKH SRWHQWLDO�
WR�UHVXOW�LQ�D�FDWDVWURSKLF�IDLOXUH� 7KH�IDLOXUH�FKDUDFWHULVWLFV�IRU�WKH�
IDLOXUH�PRGH�LV�WR�EH�LGHQWLILHG�DV�D�ZHDU�LQ�IDLOXUH��UDQGRP�IDLOXUH��
DQG�ZHDU�RXW� IDLOXUH� ,Q� WKLV� UHVHDUFK�� IDLOXUH�PRGH� REWDLQHG� IURP�



��

VHYHUDO� VRXUFHV�� +LVWRULF UHSDUDWLRQ�� 25('$�� DQG� PDQXIDFWXULQJ�
UHFRPPHQGDWLRQV��

�������� )DLOXUH�(IIHFWV
7KH�HIIHFWV�RI�WKH�IDLOXUH�IRU�HDFK�IDLOXUH�PRGH�DUH�WR�EH�OLVWHG�DV�WKH�
ORFDO� HIIHFW�� WKH� IXQFWLRQDO� IDLOXUH�� DQG WKH� HQG� HIIHFW�� :KHQ� WKH�
IDLOXUH� GHWHFWLRQ� LV� KLGGHQ� DQG� WKH� V\VWHP� FDQ� FRQWLQXH� ZLWK� LWV�
VSHFLILF� RSHUDWLRQ�� WKH� DQDO\VLV� LV� WR� EH� H[WHQGHG� WR� GHWHUPLQH� WKH�
HIIHFWV� RI� D� VHFRQG� IDLOXUH�� ZKLFK� LQ� FRPELQDWLRQ� ZLWK� WKH� ILUVW�
XQGHWHFWDEOH� IDLOXUH�PD\� UHVXOW� LQ� D�PRUH� VHYHUH� HIIHFW�� ,W� LV� WR� EH�
DVVXPHG�IRU�WKH�DQDO\VLV�WKDW�DQ\�FRUUHFWLYH�PHDVXUHV�SURYLGHG�DUH�
VXFFHVVIXO�XQOHVV�WKDW�FRUUHFWLYH�PHDVXUH�LV�WKH�VHFRQG�IDLOXUH�ZKRVH�
HIIHFWV�DUH�EHLQJ�DQDO\]HG�

�������� )DLOXUH�'HWHFWLRQ
7KH� IROORZLQJ� LQIRUPDWLRQ� LV� WR� EH LQFOXGHG� LQ� WKH� IDLOXUH�
GHWHFWLRQ�FRUUHFWLYH�PHDVXUHV�FROXPQ�RI�WKH�)0(&$�:RUNVKHHW�
L� 7KH� IDLOXUH� GHWHFWLRQ� PHDQV�� VXFK� DV� YLVXDO� RU� DXGLEOH�

ZDUQLQJ� GHYLFHV�� DXWRPDWLF� VHQVLQJ� GHYLFHV�� VHQVLQJ�
LQVWUXPHQWDWLRQ� RU� RWKHU� XQLTXH� LQGLFDWLRQV�� LI� DSSOLFDEOH��
7KH WHUP�³HYLGHQW´�LV�WR�EH�LQGLFDWHG�

LL� :KHUH�WKH�IDLOXUH�GHWHFWLRQ�LV�QRW�HYLGHQW��WKH�WHUP�³KLGGHQ´�
LV�WR�EH�LQGLFDWHG�

�������� &ULWLFDOLW\�$QDO\VLV
7KH� FULWLFDOLW\� DQDO\VLV� LV� SHUIRUPHG� FRQFXUUHQWO\� DV� SDUW� RI� WKH�
V\VWHP�GHVLJQ�SURFHVV��7KH�FULWLFDOLW\�DQDO\VLV�EHJLQV�DV�DQ�LQWHJUDO�
SDUW�RI�WKH�HDUO\�GHVLJQ SURFHVV�DQG�LV�XSGDWHG�DV�WKH�GHVLJQ�HYROYHV��
7KH� FULWLFDOLW\� DQDO\VLV SURGXFHV� D� UHODWLYH� PHDVXUH� RI� WKH�
VLJQLILFDQFH� RI� WKH� HIIHFW� D� IDLOXUH� PRGH� KDV� RQ� WKH� VXFFHVVIXO�
RSHUDWLRQ� DQG� VDIHW\� RI� WKH� V\VWHP�� 7KH FULWLFDOLW\� DQDO\VLV� LV�
FRPSOHWHG�DIWHU�WKH�ORFDO��QH[W�KLJKHU�OHYHO� DQG�HQG�HIIHFWV�RI�IDLOXUH�
KDYH� EHHQ� HYDOXDWHG� LQ� )0(&$�:RUNVKHHW� �$SSHQGL[� ��� /RJLF�
7UHH�$QDO\VLV� VKRZQ� LQ�$SSHQGL[� ��� $OVR� WKH� SURSRVHG� 6ROXWLRQ�
VKRZQ�LQ�$SSHQGL[���

7KH�VHYHULW\�OHYHO�IRU�FRQVHTXHQFHV�DUH WR�EH�GHVFULEHG�DQG�GHILQHG�
XVLQJ�WKH�IRUPDW�VKRZQ�LQ�7DEOH�����
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7DEOH����� &RQVHTXHQFH�6HYHULW\�/HYHO�'HILQLWLRQ�)RUPDW

6HYHULW\�
/HYHO

'HVFULSWLRQ� IRU�
6HYHULW\�/HYHO

'HILQLWLRQ� IRU�
6HYHULW\�/HYHO

$SSOLFDEOH� WR�
)XQFWLRQDO� *URXSV�
IRU

� 0LQRU��
1HJOLJLEOH

)XQFWLRQ�LV�QRW�
DIIHFWHG��QR�
VLJQLILFDQW�
RSHUDWLRQDO�GHOD\V��
1XLVDQFH�

3URSXOVLRQ
'LUHFWLRQDO�&RQWURO

'ULOOLQJ
3RVLWLRQ�0RRULQJ�
�6WDWLRQ�.HHSLQJ�
+\GURFDUERQ�
3URGXFWLRQ�DQG�
3URFHVVLQJ

,PSRUW�DQG�([SRUW�
)XQFWLRQV

� 0DMRU��
0DUJLQDO��
0RGHUDWH

)XQFWLRQ�LV�QRW�
DIIHFWHG��KRZHYHU�
IDLOXUH�
GHWHFWLRQ�FRUUHFWLYH�
PHDVXUHV�QRW�
IXQFWLRQDO��25�
)XQFWLRQ�LV�UHGXFHG�
UHVXOWLQJ�LQ�
RSHUDWLRQDO�GHOD\V�

� &ULWLFDO��
+D]DUGRXV��
6LJQLILFDQW

)XQFWLRQ�LV�UHGXFHG��
RU�GDPDJHG�
PDFKLQHU\��
VLJQLILFDQW�
RSHUDWLRQDO�GHOD\V

� &DWDVWURSKLF��
&ULWLFDO

&RPSOHWH�ORVV�RI�
IXQFWLRQ

)LJXUH� ��� VKRZQ� WKH� UHFDSLWXODWLRQ� RI� WKH� VHYHULW\� OHYHO� DQDO\VLV�
FRQGXFWHG�RQ� WKH�PDLQ� HQJLQH� RI� WKH� WXJERDW�;��7KHUH� DUH� ���PLQRU�
VHYHULW\�OHYHO���� PDMRU�VHYHULW\�OHYHO������FULWLFDO�VHYHULW\�OHYHO��DQG�
����FDWDVWURSKLF�VHYHULW\�/HYHO�



��

)LJXUH����� 6HYHULW\�OHYHO�5HFDSLWXODWLRQ

)RU�WKH�OLNHOLKRRG�RI�IDLOXUH��ILYH�OLNHOLKRRGV�DUH�GHVFULEHG DQG�GHILQHG�
VKRZQ�LQ�7DEOH������5DQJHV�EDVHG�RQ�WKH�QXPEHU�RI�HYHQWV�SHU�\HDU�DUH�
WR�EH�SURYLGHG��)URP�WKH�FODVVLILFDWLRQ�GDWD��WKHQ�XVHG�DV�D�UHIHUHQFH�LQ�
)0(&$�DQDO\VLV�DV�D�OHYHO�RI�FULWLFDO�HTXLSPHQW�RI�HYHU\�IDLOXUH�PRGH�
WKDW�RFFXUV�

7DEOH����� 3UREDELOLW\�RI�)DLOXUH�&ULWHULD�

/LNHOLKRRG�'HVFULSWLRQ 'HVFULSWLRQ
,PSUREDEOH )HZHU�WKDQ�������HYHQWV�\HDU
5HPRWH ������WR������HYHQWV�\HDU
2FFDVLRQDO �����WR�����HYHQWV�\HDU
3UREDEOH ����WR���HYHQWV�\HDU
)UHTXHQW ��RU�PRUH�HYHQWV�\HDU

$� ULVN�PDWUL[� LV� WR� EH� GHYHORSHG� XVLQJ� WKH� H[DPSOH� IRUPDW� VKRZQ� LQ�
7DEOH������7KH�ULVN�PDWUL[� LV� WR�EH�DVVLJQHG�D�SULRULW\�GHVFULSWRU��7KH�
ORZHVW� ULVN� UDQNLQJ� LV� WR� VLJQLI\� DFFHSWDEOH� ULVN� DQG� WKH� KLJKHVW ULVN�
UDQNLQJ�LV�WR�VLJQLI\�DQ�XQDFFHSWDEOH�ULVN��

$� ULVN� PDWUL[� LV� WR� EH� GHYHORSHG� IRU� WKH� IXQFWLRQDO� JURXSV� DQG�
FRQVHTXHQFH�FDWHJRULHV��'XULQJ�WKH�GHYHORSPHQW�RI�WKH�ULVN�PDWUL[��WKH�
ULVN�UDQNLQJ�IRU�FHUWDLQ�OLNHOLKRRGV�DQG�VHYHULW\�OHYHOV�PD\�YDU\�ZKHQ�
FRPSDULQJ�WKH�IXQFWLRQDO�JURXSV�DQG�FRQVHTXHQFH�FDWHJRULHV��

ϰϭй

ϱϯй

ϲйϬй

^�s�Z/dz
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D�:KZ

D/EKZ
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7DEOH����� 5LVN�0DWUL[

6HYHULW\�
/HYHO

/LNHOLKRRG�RI�)DLOXUH
,PSUREDEOH 5HPRWH 2FFDVLRQDO 3UREDEOH )UHTXHQW

� 0HGLXP 0HGLXP +LJK +LJK +LJK
� /RZ 0HGLXP 0HGLXP +LJK +LJK
� /RZ /RZ 0HGLXP 0HGLXP +LJK
� /RZ /RZ /RZ 0HGLXP 0HGLXP

)LJXUH���� VKRZQ�WKH�UHFDSLWXODWLRQ�RI�WKH�ULVN�OHYHO�DQDO\VLV�FRQGXFWHG�
RQ�WKH�PDLQ�HQJLQH�RI�WKH�WXJERDW�;��7KHUH�DUH�����0HGLXP�ULVN OHYHO�
DQG���� +LJK ULVN�OHYHO�

)LJXUH����� 5LVN�/HYHO 5HFDSLWXODWLRQ

������ 6HOHFWLRQ�RI�WKH�)DLOXUH�0DQDJHPHQW�7DVNV
7KH�PDLQWHQDQFH� WDVNV� LGHQWLILHG� LQ� HDFK� VWHS� DUH� WR� EH� RUJDQL]HG� LQ�
DFFRUGDQFH�ZLWK�WKH�IROORZLQJ�VXJJHVWHG�FDWHJRULHV�

x &DWHJRU\�$ � &DQ�EH�XQGHUWDNHQ�RQ�ORFDWLRQ��DW�VHD��RIIVKRUH��E\�
WKH�RQERDUG�SHUVRQQHO

x &DWHJRU\� %� ± 0XVW� EH� XQGHUWDNHQ� DORQJVLGH� E\� HTXLSPHQW�
YHQGRUV�RU�ZLWK�XVH�RI�GRFNVLGH�IDFLOLWLHV

x &DWHJRU\�&�±0XVW�EH�XQGHUWDNHQ�LQ�D�GU\�GRFN�IDFLOLW\

(YHU\� SURSRVHG� DFWLRQ� WR� DGGUHVV� WKH� IDLOXUH�PRGH� WKDW� RFFXUV� LQ� WKH�
)0(&$� DQDO\VLV� ZLOO� EH� GLYLGHG� LQWR� VHYHUDO� FDWHJRULHV�� 7KLV�
FDWHJRUL]LQJ� FRUUHVSRQGV� WR� WKH� DSSURSULDWH� WDVN� W\SH� EDVHG� RQ� WKH�

ϭϮй

ϴϴй

Z/^<

,/',

D��/hD



��

PDLQWHQDQFH�UHFRPPHQGDWLRQ��7KHUH DUH�3UHYHQWLYH�0DLQWHQDQFH��30���
&RQGLWLRQ�0RQLWRULQJ��&0���)DLOXUH�)LQGLQJ��))��DQG�2QH�7LPH�&KDQJH�
�27&���6WHSV�LQ�FDWHJRUL]LQJ�WUHDWPHQW�W\SHV�EDVHG�RQ�ORJLF�WUHH�DQDO\VLV�
LQ�$%6�*XLGDQFH� 7KH�ORJLF�WUHH�DQDO\VLV�LV�VKRZQ�LQ�$SSHQGL[����7KH�
UHVXOW� RI� ORJLF� WUHH� DQDO\VLV� ZLOO� XVH� WR� VSHFLI\� SURSRVHG� DFWLRQ� LQ�
)0(&$�ZRUNVKHHW��)0(&$�:RUNVKHHW SUHVHQWHG�LQ�$SSHQGL[���

)LJXUH� ��� VKRZQ� WKH� UHFDSLWXODWLRQ� RI� WKH� PDLQWHQDQFH� FDWHJRU\� RI�
)0(&$�DQDO\VLV�FRQGXFWHG�RQ�WKH�PDLQ�HQJLQH�RI�WKH�WXJERDW�;��7KHUH�
DUH���� RI &DWHJRU\�$������RI�&DWHJRU\�% DQG����RI�&DWHJRU\�&�

)LJXUH�����0DLQWHQDQFH�&DWHJRU\�5HFDSLWXODWLRQ

)LJXUH� ��� VKRZQ� WKH� UHFDSLWXODWLRQ� RI� WDVN� W\SH� RQ� WKH� ZKROH�
PDLQWHQDQFH�FDWHJRU\��7KHUH�DUH�����RI�3UHYHQWLYH�0DLQWHQDQFH��30���
��� &RQGLWLRQ�0RQLWRULQJ��&0����� RI�)DLOXUH�)LQGLQJ��))��

ϭϱй

ϴϱй

Ϭй

D�/Ed�E�E�����d�'KZz
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)LJXUH����� 7DVN�7\SH�RI�0DLQWHQDQFH�7DVN

7KH�VXPPDU\�RI�WKH�PDLQWHQDQFH�WDVN�SUHVHQWHG�LQ�$SSHQGL[����2Q WKH�
VXPPDU\�RI�PDLQWHQDQFH�WDVN��HDFK�PDLQWHQDQFH�DFWLRQ�LV�DQDO\]HG�WR�
GHWHUPLQH�WKH�DSSURSULDWH�WDVN�W\SH��(DFK�WDVN�W\SH LV�GHFLGHG�EDVHG�RQ�
ORJLF�WUHH�DQDO\VLV�LQ�WKH�$%6�*XLGDQFH��

)LJXUH���� VKRZQ�WKH�UHFDSLWXODWLRQ�RI�WDVN�W\SH�IURP�WKH�&DWHJRU\�$
PDLQWHQDQFH�WDVN��7KHUH�DUH�����RI 3UHYHQWLYH�0DLQWHQDQFH��30�������
&RQGLWLRQ�0RQLWRULQJ��&0������RI )DLOXUH�)LQGLQJ��))��

)LJXUH����� &DWHJRU\�$�PDLQWHQDQFH�WDVN

ϰϳй

ϰϬй

ϯй
ϭϬй

d�^<�dzW�

WD
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)LJXUH���� VKRZQ�WKH�UHFDSLWXODWLRQ�RI�WDVN�W\SH�IURP�WKH�&DWHJRU\�%
PDLQWHQDQFH� WDVN��7KHUH� DUH� ����3UHYHQWLYH�0DLQWHQDQFH� �30������
&RQGLWLRQ�0RQLWRULQJ��&0������RI )DLOXUH�)LQGLQJ��))�� &DWHJRU\�&
PDLQWHQDQFH�WDVN KDV�QR�WDVN�W\SH�

)LJXUH����� &DWHJRU\�%�PDLQWHQDQFH�WDVN

ϰϳй

ϯϴй

ϯй

ϭϮй

��d�'KZz��
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&&

Zd&
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��� &RPSDULVRQ 6WXG\
&RPSDULVRQ� VWXG\� RQ� WKH� UHVXOWV� RI� WKH� DQDO\VLV� RI� WUHDWPHQW�
UHFRPPHQGDWLRQV�LV�GRQH�E\�FRPSDULQJ�WKH�ULVN�RI�HTXLSPHQW�EHIRUH�DQDO\VLV�
�FXUUHQ�ULVN��ZLWK�ULVN�HTXLSPHQW�ZLWK�5&0�DQDO\VLV��SURMHFWHG ULVN���)LJXUH�
���� VKRZQ�WKH�GLDJUDP�&XUUHQW�5LVN��7KHUH�DUH�����0HGLXP�ULVN�OHYHO�DQG�
����+LJK� ULVN� OHYHO��$OVR )LJXUH� ���� VKRZQ� WKH� GLDJUDP�SURMHFWHG� ULVN�
7KHUH�DUH�����0HGLXP�ULVN�OHYHO�DQG�����/RZ�ULVN�OHYHO��

)LJXUH������ &XUUHQW�5LVN

)LJXUH������ 3URMHFWHG�5LVN

ϭϮй

ϴϴй

�hZZ�Ed�Z/^<
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&+$37(5�9
&21&/86,21	�68**(67,21

��� &RQFOXVLRQ

7KH UHOLDELOLW\�FHQWUHG�PDLQWHQDQFH �5&0��PHWKRG�LV�XVLQJ�WR�GHWHUPLQLQJ�
WKH�PDLQWHQDQFH�WDVN�IRU�0DLQ�(QJLQH�7XJERDW�;� 7KLV�DQDO\VLV�XVLQJ�KLVWRULFDO�
UHSDLU� OLVW GDWD LQ� ���� DQG� 25('$� GDWD� LQ� WKLV� DQDO\VLV�� %DVHG� RQ� WKH�
PDLQWHQDQFH� WDVN� DOORFDWLRQ� DQG� SODQQLQJ� DQDO\VLV�� WKH� IROORZLQJ� UHVXOWV� DUH�
REWDLQHG�

�� 7KHUH� DUH� WKUHH� PDLQWHQDQFH� WDVN� FDWHJRULHV�� ZKLFK� WKH� PDLQ� HQJLQH RI�
WXJERDW�;�KDV�� WDVN OLVW LQ�FDWHJRU\�$���� WDVN�OLVW�LQ�FDWHJRU\�%��� WDVN�OLVW�
LQ�FDWHJRU\�&�

�� ,Q� DOO� WKUHH� FDWHJRULHV�� WKHUH� DUH� �� WDVN� OLVWV� DFTXLUHG��:KLFK� WKH� W\SH� RI�
WUHDWPHQW� SUHVHQWDWLRQ� RI� IDLOXUH� PRGH� LV� ���� ���� WDVN�� RI� 3UHYHQWLYH�
0DLQWHQDQFH��30������ ����WDVN� RI�&RQGLWLRQ�0RQLWRULQJ��&0�� ��������
WDVN�� RI� 5XQ�WR�)DLOXUH� �57)� DQG� �� ��� WDVN� RI� )DLOXUH� )LQGLQJ� �))���
3UHYHQWLYH�0DLQWHQDQFH�DQG�&RQGLWLRQ�0RQLWRULQJ�PDLQWHQDQFH�DUH�WKH�PDLQ�
UHFRPPHQGDWLRQV�IRU�WKLV�DQDO\VLV�WR�JHW�WKH�PD[LPXP�RSHUDWLRQDO�WLPH�

�� %DVHG�RQ�WKH�DQDO\VLV��WKH�SURMHFWHG�ULVN�RI�WKH�PDLQ�HQJLQH�WXJERDW�;�KDV
ORZHU�ULVN�WKDQ�EHIRUH��%HIRUH�WKH�DQDO\VLV��,W�KDV ����0HGLXP�5LVN�DQG�����
+LJK�5LVN��$IWHU�WKH�DQDO\VLV��,W�KDV�����0HGLXP�5LVN�DQG�����/RZ�5LVN�

��� 6XJJHVWLRQ

)RU�WKH�VXJJHVWLRQ�WKHUH�DUH�VRPH�LPSURYH�IRU�WKH�PRUH�DFFXUDWH�UHVHDUFK�
UHVXOWV��REWDLQHG�

�� ,Q�WKH�GHYHORSPHQW�RI�WKLV�UHVHDUFK�UHTXLUHG�PRUH�VSHFLILF�IDLOXUH�GDWD�RI�
0DLQ�(QJLQH�7XJERDW�;�

�� )XUWKHU�GDWD�QHHGV�WR�EH�DQDO\]HG�E\�FRQVLGHULQJ�WKH�FRVW�PDLQWHQDQFH



��
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5HIHUHQFHV
$���������*XLGH�IRU�VXUYH\�EDVHG�RQ�PDFKLQHU\�UHOLDELOLW\�DQG�PDLQWHQDQFH�
WHFKQLTXHV��+RXVWRQ��$PHULFDQ�%XUHDX�RI�6KLSSLQJ�

$QJHOVHQ��6���-RKDQVVRQ��0���3ROORFN��$��	�9DJH��*���Q�G��5,0$3��5LVDN�%DVHG�
,QVSHFWLRQ�DQG�0DLQWHQDQFH�IRU�(XURSHDQ�,QGXVWULHV��7KH�(XURSHDQ�$SSURDFK��

&RQDFKH\��5��0��	�$���������'HYHORSPHQW�RI�5&0�5HTXLUHPHQWV�IRU�WKH�0DULQH�
,QGXVWU\��$%6�7HFKQLFDO�3DSHUV�

&RQDFKH\��5��0��	�0RQWJRPHU\��/��5���������$SSOLFDWLRQ�RI�5HOLDELOLW\�FHQWHUHG�
0DLQWHQDQFH�7HFKQLTXHV�WR�WKH�0DULQH�,QGXVWU\��$%6�7HFKQLFDO�3DSHUV��

'��	�5DM��-���������&%0��730��5&0��DQG�$�5&0�� $�4XDOLWDWLYH�&RPSDULVRQ�RI�
0DLQWHQDQFH�0DQDJHPHQW�6WUDWHJLHV��S�����

*��	�0���������,GHQWLILFDWLRQ�RI�&ULWLFDO�&RPSRQHQWV�XVLQJ�$13�IRU�
,PSOHPHQWDWLRQ�RI�5HOLDELOLW\�&DQWHUHG�0DLQWHQDQFH��

0DUFLQ�.���=��0���������5HOLDELOLW\�&HQWUHG�0DLQWHQDQFH��5&0��� %DVLFV�RI�
,PSOHPHQWDWLRQ�DQG�JHQHUDO�FKDUDFWHULVWLFV��-RXUQDO�RI�0DFKLQH�&RQVWUXFWLRQ�DQG�
0DLQWHQDQFH��S������

0RUL��7���������7KH�3UHVHQW�6LWXDWLRQ�DQG�7KH�LVVXHV�RQ�WXJERDW�EXVLQHVV�LQ�-DSDQ��
8QLYHULW\�0DUNHWLQJ�DQG�'LVWULEXWLRQ�6FLHQFHV��S����

0RXEUD\��-���������5HOLDELOLW\�FHQWUHG�PDLQWHQDQFH���QG�HG��V�O��,QGXVWULDQ�3UHVV�

1DKLP��+��0���<RXQHV��5���1RKUD��&��	�2XODGVLQH��0���������&RPSOHWH�0RGHOLQJ�
IRU�V\VWHP�RI�0DULQH�'LHVHO�(QJLQH��-RXUQDO�0DULQH�6FLHQFH�DQG�$SSOLFDWLRQ�

1HZ��&��	�*D\��5���������5&0�LQ�WKH�5R\DO�1DY\��51��� 'HYHORSLQJ�$�5LVN�%DVHG�
3ROLF\�IRU�LQWHJUDWLQJ�VDIHW\�DQG�PDLQWHQDQFH�PDQDJHPHQW��0DQDJLQJ�5HOLDELOLW\�
DQG�0DLQWDLQDELOLW\�LQ�WKH�0DULWLPH�,QGXVWU\�

3	,&OXE��������3	,�/RVV�3UHYHQWLRQ�%XOOHWLQ��7KLQNLQJ�3UHYHQWLRQ�RI�(QJLQH�
7URXEOH��V�O���3	,&OXE�

3HUKXEXQJDQ��'���������6WDWLVWLN�3HUKXEXQJDQ������%XNX�,,��-DNDUWD��'LQDV�
3HUKXEXQJDQ�,QGRQHVLD�

37�;��������$QQXDO�5HSRUW�������-DNDUWD��V�Q�



��

6���6UL��,���0��	�$���������0DSSLQJ�RI�9HVVHO�$FFLGHQW�&KDUDFWHULVWLFV�LQ�,QGRQHVLD�
%DVHG�RQ�,QYHVWLJDWLRQ�RI�.1.7��S����



$SSHQGL[��
2SHUDWLQJ�0RGHV�DQG�&RQWH[W

�K͗ �K͗

WĂŐĞ�ϭ͘ϭ�

)2��EHIRUH�HQJLQH�GULYHQ�IXHO�
IHHG�SXPS��PLQ�������EDU�DW�WHPS��
���&�

/2��EHIRUH�EHDULQJV��WHPS�����&�
DW�����EDU�DQG�DIWHU�HQJLQH�
DSSUR[������&

Ă͘�,ŝŐŚ�ƚĞŵƉ͘�ĐŽŽůŝŶŐ�ǁĂƚĞƌ�
ƐǇƐƚĞŵ�ďĞĨŽƌĞ�ĐǇůŝŶĚĞƌ͕�ĂƉƉƌŽǆ͘�
ϴϯΣ��ĂŶĚ�ƚĞŵƉ͘�ĂĨƚĞƌ�ĞŶŐŝŶĞ͕�
ŶŽŵ͘�ϵϭΣ�
ď͘�>Žǁ�ƚĞŵƉ͘�ĐŽŽůŝŶŐ�ǁĂƚĞƌ�
ƐǇƐƚĞŵ�ďĞĨŽƌĞ�ĞŶŐŝŶĞ�ŵŝŶͲŵĂǆ͘�
ϮϱͲϯϴΣ�

(QYLURQPHQWDO�3DUDPHWHUV EŽŵŝŶĂů�ĂŵďŝĞŶƚ�Ăŝƌ
ƚĞŵƉĞƌĂƚƵƌĞ͗�ϮϱͲϯϬΣ�

)2��EHIRUH�HQJLQH�GULYHQ�IXHO�
IHHG�SXPS��PLQ�������EDU�DW�WHPS��
���&�

/2��EHIRUH�EHDULQJV��WHPS�����&�
DW�����EDU�DQG�DIWHU�HQJLQH�
DSSUR[������&

Ă͘�,ŝŐŚ�ƚĞŵƉ͘�ĐŽŽůŝŶŐ�ǁĂƚĞƌ�
ƐǇƐƚĞŵ�ďĞĨŽƌĞ�ĐǇůŝŶĚĞƌ͕�ĂƉƉƌŽǆ͘�
ϴϯΣ��ĂŶĚ�ƚĞŵƉ͘�ĂĨƚĞƌ�ĞŶŐŝŶĞ͕�
ŶŽŵ͘�ϵϭΣ�
ď͘�>Žǁ�ƚĞŵƉ͘�ĐŽŽůŝŶŐ�ǁĂƚĞƌ�
ƐǇƐƚĞŵ�ďĞĨŽƌĞ�ĞŶŐŝŶĞ�ŵŝŶͲŵĂǆ͘�
ϮϱͲϯϴΣ�

EŽŵŝŶĂů�ĂŵďŝĞŶƚ�Ăŝƌ
ƚĞŵƉĞƌĂƚƵƌĞ͗�ϮϱͲϯϬΣ�

2SHUDWLQJ�&RQWH[W�RI�'LHVHO�(QJLQH
7KLV�LV�D�KDUERU�WXJ�WKDW�RSHUDWLQJ�DW�SRUW�DUHD��7KH�HQJLQHV�LV�D���VWURNH�ZLWK������%+3�DW������530�

&RPPRQ�&KDUDFWHULVWLFV
2SHUDWLQJ�0RGHV

$W�6HD 0DQHXYHULQJ�$ORQJVLGH &DUJR�+DQGOLQJ
EŽƚ�ƵƐĞĚ



$SSHQGL[��
2SHUDWLQJ�0RGHV�DQG�&RQWH[W

0DQHXYHULQJ�$ORQJVLGH

WĂŐĞ�ϭ͘Ϯ

EŽƚ�ƵƐĞĚDĂŶŶĞƌ�ŽĨ�hƐĞ

7R�RXWSXW������%+3�DW�
����530��FRQWUROODEOH�IURP�
EULGJH��FHQWUDOL]HG�FRQWURO�VWDWLRQ�

7R�RXWSXW�����%+3�DW�
����530��FRQWUROODEOH�IURP�
EULGJH��FHQWUDOL]HG�FRQWURO�VWDWLRQ�

EŽƚ�ƵƐĞĚ3HUIRUPDQFH�&DSDELOLW\

3URSHOV�YHVVHO�DW����NQRWV�DW�����
RI�0&5��7KLV�KDUERU�WXJ�XVLQJ���
GLHVHO�HQJLQH��

3URSHOV�YHVVHO�IURP���WR����NQRWV��
ZLWK�UHYHUVLQJ�DQG�VWRSSLQJ�
FDSDELOLWLHV��DQG�DVVLVWV�LQ�

2SHUDWLQJ�&RQWH[W�RI�'LHVHO�(QJLQH
7KLV�LV�D�KDUERU�WXJ�WKDW�RSHUDWLQJ�DW�SRUW�DUHD��7KH�HQJLQHV�LV�D���VWURNH�ZLWK������%+3�DW������530�

&RPPRQ�&KDUDFWHULVWLFV
2SHUDWLQJ�0RGHV

$W�6HD &DUJR�+DQGOLQJ



$SSHQGL[��
)XQFWLRQDO�+LHUDUFK\

WĂŐĞ�Ϯ͘ϭ�





$SSHQGL[��
)XQFWLRQDO�%ORFN�'LDJUDP

WĂŐĞ�ϯ͘ϭ�



$SSHQGL[��
)XQFWLRQDO�%ORFN�'LDJUDP

WĂŐĞ�ϯ͘Ϯ�



$SSHQGL[��
)XQFWLRQDO�%ORFN�'LDJUDP

WĂŐĞ�ϯ͘ϯ�





$SSHQGL[��
)XQFWLRQ�)XQFWLRQDO�)DLOXUH�/LVW

,WHP�
1R�

)XQFWLRQDO�6WDWHPHQW
)XQFWLRQ�
7\SH

,WHP�
1R�

)XQFWLRQDO�)DLOXUH

��� 7UDQVPLWV�OHVV�WKDQ������%+3�RI�SRZHU�WR�WKH�SURSXOVLRQ�VKDIWLQJ

��� 7UDQVPLWV�PRUH�WKDQ������%+3�RI�SRZHU�WR�WKH�SURSXOVLRQ�VKDIWLQJ

��� 7UDQVPLW�OHVV�WKDQ������530�URWDWLRQ�GXULQJ�RSHUDWLRQ�
��� 7UDQVPLW�PRUH�WKDQ������530�URWDWLRQ�GXULQJ�RSHUDWLRQ�
��� 1R�WUDQVPLVVLRQ�RI�SRZHU�WR�WKH�SURSXOVLRQ�VKDIWLQJ

��� �ǆŚĂƵƐƚ�ŐĂƐĞƐ�ĂƌĞ�ŵŽƌĞ�ƚŚĂŶ�ϯϯϬΣ�

��� �ǆŚĂƵƐƚ�ŐĂƐĞƐ�ĂƌĞ�ůĞƐƐ�ƚŚĂŶ�ϯϲϴΣ�
��� EŽ�ĂĐƚŝǀĂƚŝŽŶ�ŽĨ�ŽǀĞƌƐƉĞĞĚ�ƉƌŽƚĞĐƚŝŽŶ
��� KǀĞƌƐƉĞĞĚ�ƉƌŽƚĞĐƚŝŽŶ�ĂĐƚŝǀĂƚĞƐ�Ăƚ�ůĞƐƐ�ƚŚĂŶ�ϭϮϬϬ�ZWD
��� KǀĞƌƐƉĞĞĚ�ƉƌŽƚĞĐƚŝŽŶ�ĂĐƚŝǀĂƚĞƐ�Ăƚ�ŵŽƌĞ�ƚŚĂŶ�ϭϮϬϬ�ZWD
��� KǀĞƌƐƉĞĞĚ�ƉƌŽƚĞĐƚŝŽŶ�ĂĐƚŝǀĂƚĞƐ�ĂŶĚ�ĐĂŶŶŽƚ�ďĞ�ƌĞƐĞƚ�

WĂŐĞ�ϰ͘ϭ�

(TXLSPHQW�,WHP��0HGLXP�VSHHG�HQJLQH�IRU�PDLQ�SURSXOVLRQ��GULYLQJ�FRQWUROODEOH�SLWFK�SURSHOOHU
)XQFWLRQ )XQFWLRQ�)DLOXUH

�

dŽ�dƌĂŶƐŵŝƚ�ϮϭϬϬ��,W�Ăƚ�ϭϬϬϬ�ZWD�ŽĨ�
ƉŽǁĞƌ�

3ULPDU\

�
dŽ�ƌĞůĞĂƐĞ�ĞǆŚĂƵƐƚ�ĞŶŐŝŶĞ�ŐĂƐĞƐ�ĂĨƚĞƌ�
ƚŚĞ�ƚƵƌďŽĐŚĂƌŐĞƌƐ�ĂƌĞ�ƚŽ�ďĞ�ŝŶ�ƚŚĞ�ƌĂŶŐĞ�
ϯϯϬͲϯϲϴΣ�

6HFRQGDU\

�

dŽ�ƉƌŽǀŝĚĞ�ĞŶŐŝŶĞ�ŽǀĞƌƐƉĞĞĚ�ƉƌŽƚĞĐƚŝŽŶ�
Ăƚ�ϭϮϬϬ�ZWD

6HFRQGDU\





$SSHQGL[��
)0(&$�:RUNVKHHW

/RFDO�(IIHFWV (QG�(IIHFWV

ϭ͘ϭ �ůŽŐŐĞĚ�ĨƵĞů�ĨŝůƚĞƌ 7KH�IXHO�ILOWHU�UHPRYHV�DQ\�GLUW�IURP�WKH�IXHO�
EHIRUH�LW�FDQ�JHW�WR�WKH�IXHO�LQMHFWLRQ�V\VWHP���,W�
DOORZV�WKH�IXHO�WKURXJK�XQGHU�SUHVVXUH�EXW�
EORFNV�GLUW�SDUWLFOHV��2YHU�WLPH��WKH�ILOWHU�
PDWHULDO�ZLOO�EHFRPH�GLUW\��DQG�OHVV�SHUPHDEOH��
7KLV�ZLOO�UHVWULFW�WKH�DPRXQW�RI�IXHO�WKDW�FDQ�JHW�
WKURXJK�LW�WR�WKH�HQJLQH�

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

,I�WKHUH�LV�D�SUREOHP�FDXVHG�E\�D�
FORJJHG�IXHO�ILOWHU��WKHQ�LW�ZLOO�VKRZ�
XS�DV�D�IXHO�LQMHFWLRQ�V\VWHP�HUURU��
%HFDXVH�RI�WKH�IXHO�WR�WKH�IXHO�
LQMHFWRU�LV�UHVWULFWHG��

1RW�FKDQJLQJ�WKH�IXHO�
ILOWHU�UHJXODUO\�FDQ�OHDG�
WR�HQJLQH�SHUIRUPDQFH�
LVVXHV�DQG�VWDUW�
GLIILFXOWLHV��7KHVH�
LVVXHV�FDQ�XVXDOO\�EH�
UHPHGLHG�E\�ILWWLQJ�D�
QHZ�ILOWHU��

3URSXOVLRQ &ULWLFDO 5HPRWH 0HGLXP 2��)��(NHU��)��&DPFL��
DQG�,�.��-HQQLRQV��
������)LOWHU�&ORJJLQJ�
'DWD�&ROOHFWLRQ ��8.��
,9+0�&HQWUH��
&UDQILHOG�8QLYHUVLW\�

ϭ͘Ϯ /RZ�2XWSXW�IXHO�
IURP�)XHO�,QMHFWRU

7KH�IXHO�LQMHFWRUV�DUH�UHVSRQVLEOH�IRU�GHOLYHULQJ�
IXHO�WR�WKH�HQJLQH��/RZ�RXWSXW�IXHO�IURP�WKH�
LQMHFWRU�IXHO�FDXVHG�E\�WKH�IXHO�LQMHFWRU�LV�
FORJJHG��7KH�FORJJHG�IXHO�LQMHFWRU�FDXVHG�E\�
IXHO�ILOWHU�LV�ZRUQ�RXW��$Q\�IXHO�OHIW�LQ�WKH�
LQMHFWRU�WR�HYDSRUDWH�LV�DQRWKHU�FDXVHV�EHFDXVH�
LW�KDG�OHDYLQJ�EHKLQG�KDUG�GHSRVLWV�LQVLGH�WKH�
LQMHFWRU��2YHU�WLPH��WKHVH�ZLOO�HYHQWXDOO\�EORFN�
WKH�LQMHFWRU��:KHQ�WKH�IXHO�OHYHO�WKDW�LQMHFWV�WR�
WKH�FRPEXVWLRQ�FKDPEHU�IOXFWXDWHV�GUDVWLFDOO\��
WKH�KLJK�DQG�ORZ�USP
V�ZLOO�FDXVH�WKH�HQJLQH�WR�
PRYH�LQ�VXUJHV�UDWKHU�WKDQ�VORZ�DQG�JUDGXDO�
PRYHPHQWV

:HDU�2XW�
)DLOXUH

,I�D�FORJJHG�IXHO�LQMHFWRU�FRQWLQXDOO\�
GLVSHUVHV�IXHO�WR�WKH�HQJLQH��D�WLPH�
ZLOO�FRPH�ZKHQ�LW�PLVVHV�WKH�IXHO�
VXSSO\�FRPSOHWHO\�DQG�WKH�HQJLQH�
ZLOO�PLVILUH��7KH�PLVILUH�ZLOO�PDNH�
WKH�HQJLQH�FDQ�TXLFNO\�RYHUKHDW�DQG�
SUH�LJQLWH�WKH�IXHO�PL[WXUH

,W�OHDGV�WR�HQJLQH�
SHUIRUPDQFH�DQG�
VWDUWLQJ�LVVXHV

3URSXOVLRQ &ULWLFDO 5HPRWH 0HGLXP �ŝŵŝƚƌŝŽƐ�E͘�
dǌŝŽƵƌƚǌŝŽƵŵŝƐ�Θ�
�ŶĂƐƚĂƐƐŝŽƐ�D͘�
^ƚĂŵĂƚĞůŽƐ͕�ϮϬϭϵ͘�
�ŝĞƐĞůͲ/ŶũĞĐƚŝŽŶ�
�ƵŝƉŵĞŶƚ�WĂƌƚƐ�
�ĞƚĞƌŝŽƌĂƚŝŽŶ ͘�
�ŶĞƌŐŝĞƐ�:ŽƵƌŶĂů͘

ϭ͘ϯ /HDNDJH�
&UDQNVKDIW�6HDOV�

�ŽŵďŝŶĂƚŝŽŶ�ŽĨ�ŶŽƌŵĂů�ǁĞĂƌ�ŝŶ�ƚŚĞ�ĐƌĂŶŬƐŚĂĨƚ�
ĂŶĚ�ƐĞĂů�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ƚŚĞ�ĚƌǇŝŶŐ͕�ŚĂƌĚĞŶŝŶŐ�
ĂŶĚ�ƐŚƌŝŶŬŝŶŐ�ŽĨ�ƚŚĞ�ŵĂŝŶ�ƐĞĂů

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

dŚĞ�ĐƌĂŶŬ�ƐĞĂů�ƉƵƌƉŽƐĞ�ŝŶ�ŬĞĞƉŝŶŐ�
ƚŚĞ�Žŝů�ƚŚĂƚ�ŝƐ�ĐŽŶƐƚĂŶƚůǇ�ďĞŝŶŐ�
ƵƐĞĚ�ĂŶĚ�ƚŽƐƐĞĚ�ďǇ�ƚŚĞ�ĐƌĂŶŬƐŚĂĨƚ�
ĂƐ�ŝƚ�ƌŽƚĂƚĞƐ�ĨƌŽŵ�ůĞĂŬŝŶŐ�ŽƵƚ�ŽĨ�
ƚŚĞ�ĞŶŐŝŶĞ͛Ɛ�ĐƌĂŶŬĐĂƐĞ͘�tŚĞŶ�ƚŚĞǇ�
ĨĂŝů�ƚŚĞǇ�ĐĂŶ�ĐĂƵƐĞ�ůĞĂŬƐ�ǁŚŝĐŚ�ĐĂŶ�
ŵĂŬĞ�Ă�ŵĞƐƐ͕�ĞǀĞŶ�ƉƵƚ�ƚŚĞ�ĞŶŐŝŶĞ�
ĚĂŵĂŐĞ͘�^ƵĐŚ�ĂƐ�ďƌŽŬĞŶ�
ĐƌĂŶŬƐŚĂĨƚ�ďĞĐĂƵƐĞ�ŽƵƚ�ŽĨ�
ůƵďƌŝĐĂƚŝŶŐ�Žŝů͘

dŚĞ�ƉĂƌƚ�ŽĨ�ƚŚĞ�ĞŶŐŝŶĞ�
ǁŽƵůĚ�ďĞ�ǁŽƌŶ�ŽƵƚ�
ďĞĨŽƌĞ�ŝƚ�ƐŚŽƵůĚ�ďĞ�
ĂŶĚ��ŶŐŝŶĞ�ŽǀĞŚĞĂƚ

WƌŽƉƵůƐŝŽŶ DĂũŽƌ KĐĐĂƐŝŽŶĂů DĞĚŝƵŵ WŝŽƚƌ��ǌƵƌĂ͕�ϮϬϭϴ͘�
/ŶĨůƵĞŶĐĞ�ŽĨ�
>ƵďƌŝĐĂƚŝŶŐ�Kŝů�
/ŵƉƌŽǀĞƐ�ŽŶ�
WĞƌĨŽƌŵĂŶĐĞ�ŽĨ�
�ƌĂŶŬƐŚĂĨƚ�^ĞĂůƐ͘�
WŽůŝƐŚ�DĂƌŝƚŝŵĞ�
ZĞƐĞĂƌĐŚ͘

0DWUL[�&DWHJRU\�
&RQVHTXHQFH

6HYHULW\
&XUUHQW�

/LNHOLKRRG
5HPDUN

&XUHQW�
5LVN

)XQFWLRQ
)XQFWLRQ�
)DLOXUH

,WHP�
1R�

)DLOXUH�0RGH &DXVHV
)DLOXUH�

&KDUDFWHULVWL
FV

ZŝƐŬ

ϭ͘ϭ�dŽ�dƌĂŶƐŵŝƚ�
ϮϭϬϬ��,W�Ăƚ�ϭϬϬϬ�
ZWD�ŽĨ�ƉŽǁĞƌ�

ϭ͘ϭ�dƌĂŶƐŵŝƚƐ�
ůĞƐƐ�ƚŚĂŶ�ϮϭϬϬ�
�,W�ŽĨ�ƉŽǁĞƌ�ƚŽ�
ƚŚĞ�ƉƌŽƉƵůƐŝŽŶ�
ƐŚĂĨƚŝŶŐ

WĂŐĞ�ϱ͘ϭ�



$SSHQGL[��
)0(&$�:RUNVKHHW

/RFDO�(IIHFWV (QG�(IIHFWV

ϭ͘ϰ �ƌĂĐŬĞĚ�WŝƐƚŽŶ� �ĞƚŽŶĂƚŝŽŶ�ŝƐ�ƚŚĞ�ĐĂƵƐĞ�ŽĨ�Ă�ĐƌĂĐŬĞĚ�Žƌ�
ďƌŽŬĞŶ�ƉŝƐƚŽŶ͘�>ŽƐƐ�ŽĨ�ĞǆŚĂƵƐƚ�ŐĂƐ�
ƌĞĐŝƌĐƵůĂƚŝŽŶ�ŝƐ�ƚŚĞ�ĐĂƵƐĞ�ŽĨ�ĚĞƚŽŶĂƚŝŽŶ͘
/Ĩ�ƚŚĞ�ĐŽŵďƵƐƚŝŽŶ�ĐŚĂŵďĞƌ�ůŽƐƐ�ŽĨ�ĞǆŚĂƵƐƚ�
ŐĂƐ�ƌĞĐŝƌĐƵůĂƚŝŽŶ͕�ĐŽŵďƵƐƚŝŽŶ�ƚĞŵƉĞƌĂƚƵƌĞƐ�
ŵĂǇ�ĞǆĐĞĞĚ�ƚŚĞ�ŽĐƚĂŶĞ�ƌĂƚŝŶŐ�ŽĨ�ƚŚĞ�ĨƵĞů�
ĐĂƵƐŝŶŐ�ƚŚĞ�ĂŝƌͬĨƵĞů�ŵŝǆƚƵƌĞ�ƚŽ�ŝŐŶŝƚĞ�
ƐƉŽŶƚĂŶĞŽƵƐůǇ�ďĞĨŽƌĞ�ƚŚĞ�ƐƉĂƌŬ�ƉůƵŐ�ĨŝƌĞƐ͘�
dŚĞ�ŽƚŚĞƌ�ĐĂƵƐĞƐ�ĂƌĞ�ƚŚĂƚ�ĐĂŶ�ďƵƌŶ�Ă�ƉŝƐƚŽŶ͗�Ă�
ůĞĂŶ�ĨƵĞů�ŵŝǆƚƵƌĞ͕�ŽǀĞƌͲĂĚǀĂŶĐĞĚ�ƐƉĂƌŬ�
ƚŝŵŝŶŐ͕�Ă�ďĂĚ�ŬŶŽĐŬ�ƐĞŶƐŽƌ͕�ůŽǁ�ŽĐƚĂŶĞ�ĨƵĞů�Žƌ�
ĂŶǇƚŚŝŶŐ�ƚŚĂƚ�ĐĂƵƐĞƐ�ƚŚĞ�ĞŶŐŝŶĞ�ƚŽ�ƌƵŶ�ŚŽƚƚĞƌ�
ƚŚĂŶ�ŶŽƌŵĂů

tĞĂƌͲŽƵƚ�
&ĂŝůƵƌĞ

dŚĞ�ĐƌĂĐŬĞĚ�ƉŝƐƚŽŶ�ĐĂƵƐŝŶŐ�ůŽƐĞ�
ĐŽŵƉƌĞƐƐŝŽŶ

>Žǁ�ĐŽŵƉƌĞƐƐŝŽŶ�
ĐĂƵƐĞĚ�ůŽǁ�ƉŽǁĞƌ

WƌŽƉƵůƐŝŽŶ �ƌŝƚŝĐĂů ZĞŵŽƚĞ DĞĚŝƵŵ �ŵďƌŽǌŝŬ�dŽŵĂƐǌ�Θ�
>ĂŐŽǁƐŬŝ�WŝŽƚƌ͕�ϮϬϭϱ͘�
^ĞůĞĐƚĞĚ�&ĂŝůƵƌĞ�ŽĨ�
/ŶƚĞƌŶĂů��ŽŵďƵƐƚŝŽŶ�
�ŶŐŝŶĞ�WŝƐƚŽŶƐ ͘�
>ŽŐŝƐƚǇŬĂ͘

ϭ͘ϱ �ĞŵĂŐĞĚ�WŝƐƚŽŶ�
ZŝŶŐ

dŚŝƐ�ƉƌŽďůĞŵ�ŵŽƐƚ�ŽĨƚĞŶ�ŽĐĐƵƌƐ�ŝŶ�ƚŚĞ�ƚŽƉ�
ƉŝƐƚŽŶ�ƌŝŶŐ͘��ĞĐĂƵƐĞ�ŝƚ�ŝƐ�ĞǆƉŽƐĞĚ�ƚŽ�ƚŚĞ�ŵŽƐƚ�
ŚĞĂƚ�ĨƌŽŵ�ƚŚĞ�ĐŽŵďƵƐƚŝŽŶ�ĐŚĂŵďĞƌ͘��ŶǇƚŚŝŶŐ�
ƚŚĂƚ�ĐĂƵƐĞƐ�ƚŚĞ�ĨƵĞů�ŵŝǆƚƵƌĞ�ƚŽ�ƌƵŶ�ůĞĂŶ�Žƌ�ƚŚĞ�
ĞŶŐŝŶĞ�ƚŽ�ƌƵŶ�ŚŽƚ�ĐĂŶ�ďĞ�Ă�ĐŽŶƚƌŝďƵƚŝŶŐ�ĨĂĐƚŽƌ

tĞĂƌͲŽƵƚ�
&ĂŝůƵƌĞ

dŚĞ�ĚĂŵĂŐĞĚ�ƉŝƐƚŽŶ�ƌŝŶŐ�ĐĂŶ�
ĞĨĨĞĐƚ�ŝƐ�ĞǆĐĞƐƐŝǀĞ�Žŝů�ĐŽŶƐƵŵƉƚŝŽŶ�
ĂŶĚ�ůŽǁ�ƉŽǁĞƌ�ĨŽƌ�ĂĐĐĞůĞƌĂƚŝŽŶ�

&Žƌ�ƚŚĞ�ǁŽƌƐĞ͕�ŝƚ�ĐĂŶ�
ďĞ�ĂŶ�ŽǀĞƌĂůů�ůŽƐƐ�ŽĨ�
ƉŽǁĞƌ

WƌŽƉƵůƐŝŽŶ �ƌŝƚŝĐĂů ZĞŵŽƚĞ DĞĚŝƵŵ �ŵďƌŽǌŝŬ�dŽŵĂƐǌ�Θ�
>ĂŐŽǁƐŬŝ�WŝŽƚƌ͕�ϮϬϭϱ͘�
^ĞůĞĐƚĞĚ�&ĂŝůƵƌĞ�ŽĨ�
/ŶƚĞƌŶĂů��ŽŵďƵƐƚŝŽŶ�
�ŶŐŝŶĞ�WŝƐƚŽŶƐ ͘�
>ŽŐŝƐƚǇŬĂ͘

ϭ͘ϲ %UHDNDJH�DLU�LQOHW�
YDOYH

,Q�WKH�RSHUDWLRQ��WKHUPDO�DQG�PHFKDQLFDO�
VWUHVVHV�DUH�LPSRVHG�RQ�WKH�LQOHW�EHFDXVH�RI�
KLJK�WHPSHUDWXUH�DQG�SUHVVXUH�LQ�WKH�F\OLQGHU��
7KHVH�WKHUPDO�DQG�PHFKDQLFDO�VWUHVVHV�DUH�
SULPH�VRXUFHV�RI�YDOYH�IDLOXUHV�DW�WKH�VHDOLQJ�
DUHD��7KH�PRYHPHQW�RI�RSHQLQJ�DQG�FORVLQJ�
DOVR�LPSDUW�VOLGLQJ�IULFWLRQ�OHDGV�WR�YDOYH�VHDW�
ZHDU

:HDU�2XW�
)DLOXUH

7KLV�FRXOG�FDXVH�FRPSUHVVLRQ�
LVVXHV��:KHQ�D�YDOYH�LV�EXUQHG��LW�
FDQ�ORVH�PDWHULDO�DQG�HYHQ�KDYH�
ODUJH�KROHV�ZKLFK�OHDN�RXW�JDVHV�
DQG�UHGXFH�FRPSUHVVLRQ��

,W�FDQ�OHDG�WR�SRRU�
FRPEXVWLRQ�DQG�SRZHU�
ORVV�

3URSXOVLRQ &ULWLFDO 5HPRWH 0HGLXP

WŚŝůŝƉ�<ƌŝƐƚĂŶƚŽ�Θ�
ZĂŚĂƌĚũŽ�dŝƌƚŽĂƚŵŽĚũŽ͕�
ϮϬϬϬ͘�dŚĞ�ĞĨĨĞĐƚ�ŽĨ�
ƚĞŵƉĞƌĂƚƵƌĞ�ĂŶĚ�/ŶůĞƚ�
Ăŝƌ�ƉƌĞƐƐƵƌĞ�ŽŶ��ŝĞƐĞů�
�ŶŐŝŶĞ�WĞƌĨŽƌŵĂŶĐĞ͘�
DĞĐŚĂŶŝĐĂů�
�ŶŐŝŶĞĞƌŝŶŐ�
�ĞƉĂƌƚĞŵĞŶƚ͕�WĞƚƌĂ�
�ŚƌŝƐƚŝĂŶ�hŶŝǀĞƌƐŝƚǇ�

ϭ͘ϳ WŝƐƚŽŶ�^ůĂƉ WŝƐƚŽŶ�ƐůĂƉ�ŝƐ�ĐĂƵƐĞĚ�ďǇ�ǁŽƌŶ�ƉŝƐƚŽŶƐ�Žƌ�
ĐǇůŝŶĚĞƌƐ͕�ĐŽůůĂƉƐĞĚ�ƉŝƐƚŽŶ�ƐŬŝƌƚƐ͕�ŵŝƐĂůŝŐŶĞĚ�
ĐŽŶŶĞĐƚŝŶŐ�ƌŽĚƐ͕�ĞǆĐĞƐƐŝǀĞ�ƉŝƐƚŽŶ�ƚŽ�ĐǇůŝŶĚĞƌ�
ǁĂůů�ĐůĞĂƌĂŶĐĞ͕�Žƌ�ůĂĐŬ�ůƵďƌŝĐĂƚŝŽŶ�ƌĞƐƵůƚŝŶŐ�ŝŶ�
ǁŽƌŶ�ďĞĂƌŝŶŐƐ͘

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

WŝƐƚŽŶ�ŝƐ�ĐŽŵŵŽŶůǇ�ŚĞĂƌĚ�ǁŚĞŶ�
ƚŚĞ�ĞŶŐŝŶĞ�ŝƐ�ĐŽůĚ�ĂŶĚ�ŽĨƚĞŶ�ŐĞƚƐ�
ůŽƵĚĞƌ�ǁŚĞŶ�ƚŚĞ�ǀĞŚŝĐůĞ�
ĂĐĐĞůĞƌĂƚĞƐ͘�tŚĞŶ�Ă�ƉŝƐƚŽŶ�ƐůĂƉƐ�
ĂŐĂŝŶƚƐ�ƚŚĞ�ĐǇůŝŶĚĞƌ�ǁĂůů͕�ƚŚĞ�ƌĞƐƵůƚ�
ŝƐ�Ă�ŚŽůůŽǁ͕�ďĞůůͲůŝŬĞ�ƐŽƵŶĚ͘

/ƚ�ĐĂŶ�ůĞĂĚ�ƚŽ�ƉŽŽƌ�
ĐŽŵƉƌĞƐƐŝŽŶ�ĂŶĚ�
ƉŽǁĞƌ�ůŽƐƐ͘

3URSXOVLRQ &ULWLFDO 5HPRWH 0HGLXP 1$9('75$������D��
������&KDSWHU���(QJLQH�
7URXEOHVKRRWLQJ�

,WHP�
1R�

)DLOXUH�0RGH)XQFWLRQ )XQFWLRQ�
)DLOXUH

0DWUL[�&DWHJRU\�
&RQVHTXHQFH

6HYHULW\ &XUUHQW�
/LNHOLKRRG

5HPHDUN&XUHQW�
5LVN

&DXVHV )DLOXUH�
&KDUDFWHULVWL

FV

ZŝƐŬ

WĂŐĞ�ϱ͘Ϯ�



$SSHQGL[��
)0(&$�:RUNVKHHW

/RFDO�(IIHFWV (QG�(IIHFWV

��� %UHDNDJH�([KDXVW�
9DOYH

9DOYH�IDLOXUHV�LV�D�IDWLJXH�IDLOXUH��,Q�WKH�
RSHUDWLRQ��WKHUPDO�DQG�PHFKDQLFDO�VWUHVVHV�DUH�
LPSRVHG�RQ�WKH�LQOHW�DQG�H[KDXVW�YDOYH�EHFDXVH�
RI�KLJK�WHPSHUDWXUH�DQG�SUHVVXUH�LQ�WKH�
F\OLQGHU��7KHVH�WKHUPDO�DQG�PHFKDQLFDO�
VWUHVVHV�DUH�SULPH�VRXUFHV�RI�YDOYH�IDLOXUHV�DW�
WKH�VHDOLQJ�DUHD��7KH�PRYHPHQW�RI�RSHQLQJ�DQG�
FORVLQJ�DOVR�LPSDUW�VOLGLQJ�IULFWLRQ�RQ�WKH�YDOYH�
DQG�YDOYH�VHDW�VHDOLQJ�DUHD�ZKLFK�OHDGV�WR�
YDOYH�DQG�YDOYH�VHDW�ZHDU��7KH�IUHTXHQF\�RI�
H[KDXVW�YDOYH�IDLOXUH�LV�PRUH�WKDQ�WKH�LQWDNH�
YDOYH��7KH�H[KDXVW�YDOYH�LV�VXEMHFWHG�WR�
GLIIHUHQW�VWUHVVHV�WKDQ�WKH�LQOHW�YDOYH��([KDXVW�
YDOYHV�DUH�H[SRVHG�WR�WKHUPDO�VWUHVV�PRUH�WKDQ�
WKH�LQWDNH�YDOYH�EHFDXVH�WKH�LQWDNH�YDOYH�LV�
YLUWXDOO\�FRROHG�E\�IUHVK�DLU

:HDU�2XW�
)DLOXUH

7KLV�FRXOG�FDXVH�FRPSUHVVLRQ�
LVVXHV��:KHQ�D�YDOYH�LV�EXUQHG��LW�
FDQ�ORVH�PDWHULDO�DQG�HYHQ�KDYH�
ODUJH�KROHV�ZKLFK�OHDN�RXW�JDVHV�
DQG�UHGXFH�FRPSUHVVLRQ��

,W�FDQ�OHDG�WR�SRRU�
FRPEXVWLRQ�DQG�SRZHU�
ORVV�

3URSXOVLRQ &ULWLFDO 2FFDVLRQDO 0HGLXP <XYUDM�.��/DYKDOH��
3URI��-HHYDQ�6DOXQNH��
������2YHUYLHZ�RI�
)DLOXUH�7UHQG�RI�,QOHW�	�
([KDXVW�9DOYH��
,QWHUQDWLRQDO�-RXUQDO�RI�
0HFKDQLFDO�
(QJLQHHULQJ�DQG�
7HFKQRORJ\��,-0(7�

��� %UHDNDJH�F\OLQGHU�
KHDG�

7KH�FDXVHV�RI�F\OLQGHU�KHDG�FUDFNLQJ�LV�
RYHUKHDWLQJ��7KH�UDSLG�KHDWLQJ�RI�WKH�HQJLQH�
FDXVHV�WKH�KHDG�WR�H[SDQG�DQG�WKHQ�FRQWUDFW�DV�
WKH�HQJLQH�FRROV��7KLV�SXWV�D�ODUJH�DPRXQW�RI�
VWUHVV�RQ�WKH�F\OLQGHU�KHDG��OHDGLQJ�WR�FUDFNV��
6LPLODUO\��VWUHVVIXO�RSHUDWLQJ�FRQGLWLRQV�FDQ�
OHDG�WR�FUDFNV��DORQJ�ZLWK�RWKHU�HQJLQH�
SUREOHPV��

:HDU�2XW�
)DLOXUH

$�QXPEHU�RI�LVVXHV�FDQ�DULVH�IURP�D�
FUDFNHG�F\OLQGHU�KHDG��&RRODQW�FDQ�
HQWHU�WKH�F\OLQGHUV�DQG�HQJLQH�EORFN�
WKURXJK�WKH�FUDFN��7KLV�FDQ�
FRQWDPLQDWH�WKH�RLO��FDXVLQJ�RWKHU�
PDMRU�HQJLQH�SUREOHPV��,W�FRXOG�
DOVR�FDXVH�SLWWLQJ�DQG�GDPDJH�WR�WKH�
HQJLQH�EORFN��,I�WKH�FRRODQW�HQWHUV�
WKH�F\OLQGHU�LWVHOI��LW�LV�RIWHQ�EXUQHG�
RII�LQ�WKH�H[KDXVW��ZKLOH�GDPDJLQJ�
WKH�F\OLQGHUV��

(QJLQH�6WRS 3URSXOVLRQ &DWDVWURSKLF 5HPRWH 0HGLXP +RMMDW�$VKRXUL��%DEDN�
%HKHVKWL��	�
0RKDPPDG�5H]D�
(EUDKLP]DGHK��������
$QDO\VLV�RI�)DWLJXH�
&UDFNV�RI�&\OLQGHU�
+HDGV�LQ�'LHVHO�
(QJLQH ��-RXUQDO�RI�
7KHRUHWLFDO�DQG�$SSOLHG�
0HFKDQLFV�

����� %UHDNDJH�F\OLQGHU�
OLQHU

&\OLQGHU�OLQHUV�PD\�FUDFN�EHFDXVH�RI�SRRU�
FRROLQJ�
LPSURSHU�ILW�RI�SLVWRQV��LQFRUUHFW�LQVWDOODWLRQ�
IRUHLJQ�ERGLHV�LQ�WKH�FRPEXVWLRQ�VSDFH��RU�
HURVLRQ�DQG
FRUURVLRQ��,PSURSHU�FRROLQJ��ZKLFK�JHQHUDOO\�
UHVXOWV
IURP�UHVWULFWHG�FRROLQJ�SDVVDJHV��PD\�FDXVH�KRW�
VSRWV�LQ
WKH�OLQHUV��UHVXOWLQJ�LQ�OLQHU�IDLOXUH�GXH�WR�
WKHUPDO�VWUHVV

:HDU�2XW�
)DLOXUH

7KH�HIIHFW�ZLOO�EH�ORZ�ILULQJ�RU�
FRPSUHVVLRQ
SUHVVXUH�DQG�UDSLG�ZHDU�RI�SLVWRQ�
ULQJV

3RZHU�/RVV 3URSXOVLRQ &ULWLFDO 5HPRWH 0HGLXP

.��6ULQLYDVD�5DR��.��
6ULQLYDV��%��9LQD\��'��
$GLW\D��.�9��9DPVL�
.ULVKQD��	�.��6LYD�
5DPD�.ULVKQD��������
$QDO\VLV�RI�(QJLQH�
&\OLQGHU�/LQHUV ��
,QWHUQDWLRQDO�5HVHDUFK�
-RXUQDO�RI�(QJLQHHULQJ�
DQG�7HFKQRORJ\�
�,5-(7��

)XQFWLRQ
)XQFWLRQ�
)DLOXUH

,WHP�
1R�

)DLOXUH�0RGH 5HPDUN
&XUHQW�
5LVN

&DXVHV

5LVN
0DWUL[�&DWHJRU\�
&RQVHTXHQFH

6HYHULW\
&XUUHQW�

/LNHOLKRRG

)DLOXUH�
&KDUDFWHULVWL

FV

WĂŐĞ�ϱ͘ϯ�



$SSHQGL[��
)0(&$�:RUNVKHHW

/RFDO�(IIHFWV (QG�(IIHFWV

'XH�WR�VXGGHQ�FKDQJHV�LQ�WKH�ORDG�RQ�WKH�GLHVHO�
HQJLQH��WKH�VSHHG�RI�WKH�HQJLQH�PD\�YDU\�
�SUREDEO\�PDOIXQFWLRQ�RI�WKH�JRYHUQRU���
7KRXJK�D�JRYHUQRU�LV�SURYLGHG�WR�FRQWURO�WKH�
VSHHG�RI�WKH�GLHVHO�HQJLQH��WKH�VSHHG�PLJKW�JR�
RXW�RI�FRQWURO��GDPDJLQJ�WKH�HQJLQH��7KXV��IRU�
WKLV�UHDVRQ�RYHU�VSHHG�WULSV�DUH�XVHG

5DQGRP�
)DLOXUH

2YHUVSHHG�LV�DQ\�VSHHG�EH\RQG�WKH�
RSHUDWLQJ�UDQJH�VSHFLILHG�E\�WKH�
HQJLQH�PDQXIDFWXUHU��(QJLQH�
2YHUVSHHG�PD\�UHVXOW�LQ�FRVWO\�
GDPDJH�

2YHUVSHHG�OHDGV�WR�
VHULRXV�GDPDJH��QRW�
RQO\�WR�WKH�HQJLQH�LWVHOI�
EXW�DOVR�WR�JHQHUDWRUV�
DQG�JHDUV�

3URSXOVLRQ &ULWLFDO 5HPRWH 0HGLXP

7KH�HQJLQH�VWDUWV�WR�UXQDZD\��7KLV�LV�FRPPRQ�
LQ�ROG�GLHVHO�HQJLQHV��$�UXQDZD\�LV�D�FRQGLWLRQ�
LQ�ZKLFK�WKH�HQJLQH�JHWV�IXHO�IURP�DQ�
XQLQWHQGHG�VRXUFH�DQG�URWDWHV�IDVWHU�WKDQ�LWV�
JRYHUQHG�VSHHG��7KLV�FRQGLWLRQ�FDXVHG�RI�
0DOIXQFWLRQ�RI�WKH�IXHO�RLO�SXPSV

5DQGRP�
)DLOXUH

2YHUVSHHG�LV�DQ\�VSHHG�EH\RQG�WKH�
RSHUDWLQJ�UDQJH�VSHFLILHG�E\�WKH�
HQJLQH�PDQXIDFWXUHU��(QJLQH�
2YHUVSHHG�PD\�UHVXOW�LQ�FRVWO\�
GDPDJH�

2YHUVSHHG�OHDGV�WR�
VHULRXV�GDPDJH��QRW�
RQO\�WR�WKH�HQJLQH�LWVHOI�
EXW�DOVR�WR�JHQHUDWRUV�
DQG�JHDUV�

3URSXOVLRQ &ULWLFDO 5HPRWH 0HGLXP

ϭ͘ϯ�dƌĂŶƐŵŝƚ�
ůĞƐƐ�ƚŚĂŶ�ϭϬϬϬ�
ZWD�ƌŽƚĂƚŝŽŶ�
ĚƵƌŝŶŐ�
ŽƉĞƌĂƚŝŽŶ�

ϭ͘ϭϮ �ƌĂŶŬƐŚĂĨƚ�ĐƌĂĐŬĞĚ �ůů�ĚŝĞƐĞů�ĐƌĂŶŬƐŚĂĨƚƐ�ĂƌĞ�ŚĞĂƚ�ƚƌĞĂƚĞĚ͘�dŚŝƐ�
ŚĞĂƚ�ƚƌĞĂƚŝŶŐ�ŝƐ�ĚŽŶĞ�ƚŽ�ŝŶĐƌĞĂƐĞ�ǁĞĂƌ�
ƌĞƐŝƐƚĂŶĐĞ͕�ŝŵƉƌŽǀĞ�ĨĂƚŝŐƵĞ�ĂŶĚ�ŽďƚĂŝŶ�Ă�ŚŝŐŚ�
ƐƵƌĨĂĐĞ�ŚĂƌĚŶĞƐƐ͘��ĞĐĂƵƐĞ�ŽĨ�ƚŚŝƐ�ƉƌŽĐĞƐƐ�ƚŚĞ�
ĐƌĂŶŬƐŚĂĨƚ�ŝƐ�ĞǆƚƌĞŵĞůǇ�ŚĂƌĚ�ďƵƚ�ĂůƐŽ�ďƌŝƚƚůĞ͘�
tŚĞŶ�ĂŶ�ĞŶŐŝŶĞ�ŚĂƐ�Ă�ďĞĂƌŝŶŐ�ĨĂŝůƵƌĞ͕�ƚŚĞ�
ĞǆĐĞƐƐŝǀĞ�ĐůĞĂƌĂŶĐĞ�ĐĂŶ�ĐĂƵƐĞ�ƚŚĞ�ĐƌĂŶŬ�ƚŽ�
ŚĂǀĞ�Ă�͞ũƵŵƉ�ƌŽƉĞ͟�ĞĨĨĞĐƚ�ŝŶƐŝĚĞ�ƚŚĞ�ĞŶŐŝŶĞ͘�
dŚĞ�ĐƌĂŶŬƐŚĂĨƚ�ĐĂŶ�ďĞŶĚ�ƐĞǀĞƌĞůǇ�Žƌ�ĞǀĞŶ�
ďƌĞĂŬ�ŝŶ�ƐŽŵĞ�ĐĂƐĞƐ͘�

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

dŚĞ�ĐĂƵƐĞƐ�ĚĂŵĂŐĞ�ƚŽ�ƚŚĞ�ĐƌĂŶŬ�
ĞĨĨĞĐƚŝŶŐ�ƚŽ�ŚŽƵƐŝŶŐ�ďŽƌĞƐ�ŽĨ�ƚŚĞ�
ĐŽŶŶĞĐƚŝŶŐ�ƌŽĚƐ�ĂŶĚ�ŵĂŝŶƐ�ŝŶ�ƚŚĞ�
ĞŶŐŝŶĞ�ďůŽĐŬ͘�dŚĞ�ďƌŽŬĞŶ�ĐƌĂŶŬƐ�
ĐĂŶ�ƉƵůů�ŽŶ�ƚŚĞ�ŚŽƵƐŝŶŐ�ďŽƌĞƐ�ŽĨ�
ƚŚĞ�ĐŽŶŶĞĐƚŝŶŐ�ƌŽĚƐ�ĂŶĚ�ĞŶŐŝŶĞ�
ďůŽĐŬ͘��ůƐŽ͕�ŵĂŝŶ�ĐĂƉƐ�ĐĂŶ�ďĞĐŽŵĞ�
ůŽŽƐĞ�ŝŶ�ƚŚĞ�ƌĞŐŝƐƚĞƌƐ�ĐĂƵƐŝŶŐ�
ŵŝƐĂůŝŐŶŵĞŶƚ͘

�ŶŐŝŶĞ�^ƚŽƉ WƌŽƉƵůƐŝŽŶ �ĂƚĂƐƚƌŽƉŚŝĐ /ŵƉƌŽďĂďůĞ DĞĚŝƵŵ

>ƵĐũĂŶ�tŝƚĞŬ͕�&ĞůŝŬƐ�
^ƚĂĐŚŽǁŝĐǌ͕�Θ�
�ƌŬĂĚŝƵƐǌ��ĂůĞƐŬŝ͕�
ϮϬϭϳ͘�&ĂŝůƵƌĞ�
/ŶǀĞƐƚŝŐĂƚŝŽŶ�ŽĨ�ƚŚĞ�
�ƌĂŶŬƐŚĂĨƚ�ŽĨ��ŝĞƐĞů�
�ŶŐŝŶĞ͘�WŽƌƚƵŐĂů͗�ϮŶĚ�
/ŶƚĞƌŶĂƚŝŽŶĂů�
�ŽŶĨĞƌĞŶĐĞ�ŽŶ�
^ƚƌƵĐƚƵƌĂů�/ŶƚĞŐƌŝƚǇ͘

dŚĞ�ĞǆĐĞƐƐŝǀĞ�ůŽĂĚ�ĐĂŶ�ďĞŐŝŶ�ƚŽ�ĐƌĂĐŬ�ƵŶĚĞƌ�
ƐƚƌĞƐƐ͘��Ɛ�ƚŚĞ�ŵĂƚĞƌŝĂů�ĐƌĂĐŬƐ͕�ŝƚ͛Ɛ�Ă�ŚŝŐŚĞƌ�ƌŝƐŬ�
ĨŽƌ�ƐŶĂƉƉŝŶŐ�ĂŶĚ�ďƌĞĂŬŝŶŐ�ŝŶ�ƚŚĞ�ĞŶŐŝŶĞ͘�

ZĂŶĚŽŵ�
&ĂŝůƵƌĞ

/ƚ�ůĞĂĚƐ�ƚŽ�hŶƉƌŽƉĞƌůǇ�
ƐǇŶĐŚƌŽŶŝǌĞƐ�ƚŚĞ�ĐĂŵƐŚĂĨƚ�ƚŽ�ƚŚĞ�
ĐƌĂŶŬƐŚĂĨƚ�ƉŽƐŝƚŝŽŶ

�ŶŐŝŶĞ�^ƚŽƉ WƌŽƉƵůƐŝŽŶ �ĂƚĂƐƚƌŽƉŚŝĐ KĐĐĂƐŝŽŶĂů ,ŝŐŚ

dŚĞ�ƚŝŵŝŶŐ�ďĞůƚ�ŝƐ�ƵƐƵĂůůǇ�ŵĂĚĞ�ĨƌŽŵ�Ă�ƌƵďďĞƌ�
ŵĂƚĞƌŝĂů�ǁŝƚŚ�ƚĞĞƚŚ�ŽŶ�ŽŶĞ�ƐŝĚĞ�ƚŽ�ĐŽŶƚƌŽů�ƚŚĞ�
ŐĞĂƌƐ͕�ƉƵůůĞǇƐ͕�ĂŶĚ�ĐŽŵƉŽŶĞŶƚƐ�ŝŶ�ƚŚĞ�ĞŶŐŝŶĞ͘�
tŝƚŚ�ƚŚĞ�ŚĞĂƚ�ĂŶĚ�ĨƌŝĐƚŝŽŶ�ŝŶƐŝĚĞ�ƚŚĞ�ĞŶŐŝŶĞ͕�
ƚŚĞ�ƌƵďďĞƌ�ƚĞĞƚŚ�ŵĂǇ�ǁĞĂƌ�ĚŽǁŶ�ĂŶĚ�ŶŽ�
ůŽŶŐĞƌ�ďĞ�ĂďůĞ�ƚŽ�ŐƌŝƉ�ƚŚĞ�ŐĞĂƌƐ͘�dŚŝƐ�ŽĨƚĞŶ�
ƌĞƐƵůƚƐ�ŝŶ�Ă�ƐůŝƉ�ŽĨ�ƚŚĞ�ƚŝŵŝŶŐ�ďĞůƚ�ĂŶĚ�
ƉŽƚĞŶƚŝĂů�ĚĂŵĂŐĞ�ƚŽ�ƚŚĞ�ĞŶŐŝŶĞ͘

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

/ƚ�ůĞĂĚƐ�ƚŽ�hŶƉƌŽƉĞƌůǇ�
ƐǇŶĐŚƌŽŶŝǌĞƐ�ƚŚĞ�ĐĂŵƐŚĂĨƚ�ƚŽ�ƚŚĞ�
ĐƌĂŶŬƐŚĂĨƚ�ƉŽƐŝƚŝŽŶ

�ŶŐŝŶĞ�^ƚŽƉ WƌŽƉƵůƐŝŽŶ �ĂƚĂƐƚƌŽƉŚŝĐ KĐĐĂƐŝŽŶĂů ,ŝŐŚ

ϭ͘ϰ�EŽ�
ƚƌĂŶƐŵŝƐƐŝŽŶ�ŽĨ�
ƉŽǁĞƌ�ƚŽ�ƚŚĞ�
ƉƌŽƉƵůƐŝŽŶ�
ƐŚĂĨƚŝŶŐ

)DLOXUH�0RGH

ϭ͘ϭϯ �ƌĞĂŬĂŐĞ�dŝŵŝŶŐ�
ďĞůƚ�

2YHUVSHHGϭ͘Ϯ�dƌĂŶƐŵŝƚƐ�
ŵŽƌĞ�ƚŚĂŶ�ϭϱϲϱ�
Ŭt�ŽĨ�ƉŽǁĞƌ�ƚŽ�
ƚŚĞ�ƉƌŽƉƵůƐŝŽŶ�
ƐŚĂĨƚŝŶŐ

ϭ͘ϭϭ

)XQFWLRQ )XQFWLRQ�
)DLOXUH

,WHP�
1R�

&XUHQW�
5LVN

5HPDUN)DLOXUH�
&KDUDFWHULVWL

FV

ZŝƐŬ 0DWUL[�&DWHJRU\�
&RQVHTXHQFH

6HYHULW\ &XUUHQW�
/LNHOLKRRG

&DXVHV

WĂŐĞ�ϱ͘ϰ�

ZƵŶǌŚŝ�tĂŶŐ͕�yƵĞŵŝŶ�
>ŝ͕�:ŝŐƵĂŶŐ��ŚĂŶŐ͕�:ŝĂŶ�
�ŚĂŶŐ͕�tĞŶŚƵŝ�>ŝ͕�
zƵĨĞŝ�>ŝƵ͕�tĞŶũŝĞ�&Ƶ͕�Θ�
yŝƵǌŚĞŶ�DĂ͕�ϮϬϭϴ͘�
^ƉĞĞĚ��ŽŶƚƌŽů�ĨŽƌ�Ă�
DĂƌŝŶĞ��ŝĞƐĞů��ŶŐŝŶĞ�
�ĂƐĞĚ�ŽŶ�ƚŚĞ�
�ŽŵďŝŶĞĚ�>ŝŶĞĂƌͲ
EŽŶůŝŶĞĂƌ��ĐƚŝǀĞ�
�ŝƐƚƵƌďĂŶĐĞ�ZĞũĞĐƚŝŽŶ�
�ŽŶƚƌŽů ͘�,ŝŶĚĂǁŝ�
:ŽƵƌŶĂů͘

,ĂƌƐŚĂů�WĂŶĚǇĂ͕��ƌ͘�
�ŝƉĞƐŚ�<ƵŶĚĂůŝǇĂ͕��ƌ͘�
:ŝŐŶĂƐĂ�DĞŚƚĂ͕�Θ�Dƌ͘�
:ĂǇĂŶƚŝ�'ŽƌĂƐŝǇĂ͕�ϮϬϭϲ͘�
��ZĞǀŝĞǁ͗�/ĚĞŶƚŝĨǇ�
ZĞĂƐŽŶƐ�ŽĨ�dŝŵŝŶŐ��Ğůŝƚ�
&ĂŝůƵƌĞ��ŶĂůǇƐŝƐ�ǁŝƚŚ�
�ŽƌƌĞĐƚŝǀĞ�Θ�
WƌĞǀĞŶƚŝǀĞ�DĞĂƐƵƌĞƐ͘�
/ŶƚĞƌŶĂƚŝŽŶĂů�:ŽƵƌŶĂů�ŽĨ�
�ŶŐŝŶĞĞƌŝŶŐ�
�ĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�
ZĞƐĞĂƌĐŚ�;/:��ZͿ͘



$SSHQGL[��
)0(&$�:RUNVKHHW

/RFDO�(IIHFWV (QG�(IIHFWV

���� (QJLQH�IDLOHG�WR�
VWDUW�

,W�FDXVHG�E\�WKH�DLU�VWDUWLQJ�V\VWHP�SUREOHP��,W�
FDQ�EH�DLU�UHFHLYHU�FDSDFLW\�LV�QRW�RSWLPDO��
FRPSUHVVRU�ZRUQ�RXW�RU�FRPSUHVVRU�SUHVVXUH�LV�
OHVV�WKDQ�IURP�VSHFLILFDWLRQ�WHFKQLFDO�GDWD��RU�
SLSLQJ�FRPSUHVVHG�DLU�V\VWHP�LV�OHDNLQJ

:HDU�2XW�
)DLOXUH

&DQQRW�VWDUWLQJ�WKH�HQJLQH (QJLQH�6WRS 3URSXOVLRQ &DWDVWURSKLF 2FFDVLRQDO +LJK 1$9('75$������D��
������&KDSWHU���(QJLQH�
7URXEOHVKRRWLQJ�

���� &RQWDPLQWDHG�OXEH�
RLO�DQG�IXHO�RLO

:KHQ�XQEXUQHG�GLHVHO�IXHO�PDNHV�LWV�ZD\�SDVW�
WKH�ULQJV�DQG�LQWR�WKH�HQJLQH�RLO�LQ�WKH�
FUDQNFDVH��IXHO�FRQWDPLQDWLRQ��RU�IXHO�GLOXWLRQ��
UHVXOWV��)XHO�GLOXWLRQ�FDQ�GHFUHDVH�RLO�YLVFRVLW\�
DQG�OXEULFLW\�HYHQ�DW�YHU\�ORZ�OHYHOV��
LQFUHDVLQJ�ERWK�EHDULQJ�ZHDU�DQG�WKH�SRWHQWLDO�
IRU�EHDULQJ�IDLOXUH�

5DQGRP�
)DLOXUH

)XHO�FRQWDPLQDWLRQ�LV�D�VHULRXV�
LVVXH�WKDW�PDNHV�HDUO\�GHWHFWLRQ�
YLWDO�WR�PDLQWDLQLQJ�FRPSRQHQW�
KHDOWK��$V�GLHVHO�IXHO�ORZHUV�RLO�
YLVFRVLW\��LW�UHGXFHV�WKH�FRUURVLRQ�
SURWHFWLRQ�RI�LWV�DGGLWLYHV�DQG�
DFFHOHUDWHV�FRPSRQHQW�ZHDU�

([WUHPHO\�FDQ�UHVXOW�LQ�
D�FUDQNFDVH�H[SORVLRQ�

3URSXOVLRQ &ULWLFDO 5HPRWH 0HGLXP %XUHDX�9HULWDV��������
,GHQWLI\LQJ�(QJLQH�2LO�
&RQWDPLQDWLRQ ��%XUHX�
9HULWDV�:HEVLWH�

6HYHULW\ &XUUHQW�
/LNHOLKRRG

&XUHQW�
5LVN

5HPDUN

WĂŐĞ�ϱ͘ϱ�

)XQFWLRQ )XQFWLRQ�
)DLOXUH

,WHP�
1R�

)DLOXUH�0RGH &DXVHV )DLOXUH�
&KDUDFWHULVWL

FV

5LVN 0DWUL[�&DWHJRU\�
&RQVHTXHQFH





�ϭ �Ϯ

�ϭ

�Ϯ

�ϯ

�ϰ

�ϱ

�ϲ
�ϳ



�ϭ

�Ϯ

�ϯ



$SSHQGL[��
)0(&$�/7$�:RUNVKHHW

/RFDO (QG 6 &/ &5 $� $� %� %� %� %� %� %� %� &� &� &� 5HVXOW
��� &ORJJHG�IXHO�

ILOWHU
:HDU�2XW�
)DLOXUH

(YLGHQW ,I�WKHUH�LV�D�SUREOHP�
FDXVHG�E\�D�FORJJHG�IXHO�
ILOWHU��WKHQ�LW�ZLOO�VKRZ�XS�
DV�D�IXHO�LQMHFWLRQ�V\VWHP�
HUURU��%HFDXVH�RI�WKH�IXHO�
WR�WKH�IXHO�LQMHFWRU�LV�
UHVWULFWHG��

1RW�FKDQJLQJ�WKH�
IXHO�ILOWHU�UHJXODUO\�
FDQ�OHDG�WR�HQJLQH�
SHUIRUPDQFH�LVVXHV�
DQG�VWDUW�
GLIILFXOWLHV��7KHVH�
LVVXHV�FDQ�XVXDOO\�
EH�UHPHGLHG�E\�
ILWWLQJ�D�QHZ�ILOWHU��

&ULWLFDO 5HPRWH 0HGLXP 1 � 1 < � 1 < � � � � � 6SHFLI\�
FRPELQDWLRQ�
WDVNV�DW�����WKH�3�
)�LQWHUYDO�DQG�WKH�
OLIH�OLPLW

��� /RZ�2XWSXW�IXHO�
IURP�)XHO�
,QMHFWRU

:HDU�2XW�
)DLOXUH

(YLGHQW ,I�D�FORJJHG�IXHO�LQMHFWRU�
FRQWLQXDOO\�GLVSHUVHV�IXHO�
WR�WKH�HQJLQH��D�WLPH�ZLOO�
FRPH�ZKHQ�LW�PLVVHV�WKH�
IXHO�VXSSO\�FRPSOHWHO\�
DQG�WKH�HQJLQH�ZLOO�
PLVILUH��7KH�PLVILUH�ZLOO�
PDNH�WKH�HQJLQH�FDQ�
TXLFNO\�RYHUKHDW�DQG�SUH�
LJQLWH�WKH�IXHO�PL[WXUH

,W�OHDGV�WR�HQJLQH�
SHUIRUPDQFH�DQG�
VWDUWLQJ�LVVXHV

&ULWLFDO 5HPRWH 0HGLXP 1 � 1 < � < � � � � � � 6SHFLI\�SODQQHG�
PDLQWHQDQFH�DW�
WKH�DSSURSULDWH�
OLIH�OLPLW

��� /HDNDJH�
&UDQNVKDIW�6HDOV�

:HDU�2XW�
)DLOXUH

(YLGHQW 7KH�FUDQN�VHDO�SXUSRVH�LQ�
NHHSLQJ�WKH�RLO�WKDW�LV�
FRQVWDQWO\�EHLQJ�XVHG�DQG�
WRVVHG�E\�WKH�FUDQNVKDIW�
DV�LW�URWDWHV�IURP�OHDNLQJ�
RXW�RI�WKH�HQJLQH¶V�
FUDQNFDVH��:KHQ�WKH\�IDLO�
WKH\�FDQ�FDXVH�OHDNV�
ZKLFK�FDQ�PDNH�D�PHVV��
HYHQ�SXW�WKH�HQJLQH�
GDPDJH��6XFK�DV�EURNHQ�
FUDQNVKDIW�EHFDXVH�RXW�RI�
OXEULFDWLQJ�RLO�

7KH�SDUW�RI�WKH�
HQJLQH�ZRXOG�EH�
ZRUQ�RXW�EHIRUH�LW�
VKRXOG�EH�DQG�
(QJLQH�RYHKHDW

0DMRU 2FFDVLRQD
O

0HGLXP 1 � 1 < � < � � � � � � 6SHFLI\�SODQQHG�
PDLQWHQDQFH�DW�
WKH�DSSURSULDWH�
OLIH�OLPLW

���7R�7UDQVPLW�
�����%+3�DW�
�����530�RI�
SRZHU�

����7UDQVPLWV�
OHVV�WKDQ������
N:�RI�SRZHU�WR�
WKH�SURSXOVLRQ�
VKDIWLQJ

WĂŐĞ�ϲ͘ϭ

5LVN�&KDUDFWHUL]DWLRQ

&/��&XUUHQW�/LNHOLKRRG
&5��&XUUHQW�5LVN

6��6HYHULW\

5LVN�&KDUDFWHUL]DWLRQ 5&0�/7$�7DVN�6HOHFWLRQ(IIHFWV+LGGHQ�
�(YLGHQW

)XQFWLRQ� )XQFWLRQ�
)DLOXUH

)DLOXUH�0RGH )DLOXUH�
&KDUDFWHULVWL

,WHP�1R�



$SSHQGL[��
)0(&$�/7$�:RUNVKHHW

/RFDO (QG 6 &/ &5 $� $� %� %� %� %� %� %� %� &� &� &� 5HVXOW
ϭ͘ϰ �ƌĂĐŬĞĚ�WŝƐƚŽŶ� tĞĂƌͲŽƵƚ�

&ĂŝůƵƌĞ
(YLGHQW dŚĞ�ĐƌĂĐŬĞĚ�ƉŝƐƚŽŶ�

ĐĂƵƐŝŶŐ�ůŽƐĞ�
ĐŽŵƉƌĞƐƐŝŽŶ

>Žǁ�ĐŽŵƉƌĞƐƐŝŽŶ�
ĐĂƵƐĞĚ�ůŽǁ�ƉŽǁĞƌ

�ƌŝƚŝĐĂů ZĞŵŽƚĞ DĞĚŝƵŵ E Ͳ z Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ ^ƉĞĐŝĨǇ�ĐŽŶĚŝƚŝŽŶͲ
ŵŽŶŝƚŽƌŝŶŐ�ƚĂƐŬ�
Ăƚ�ϭͬϮ�ƚŚĞ�WͲ&�
ŝŶƚĞƌǀĂů

ϭ͘ϱ �ĞŵĂŐĞĚ�WŝƐƚŽŶ�
ZŝŶŐ

tĞĂƌͲŽƵƚ�
&ĂŝůƵƌĞ

(YLGHQW dŚĞ�ĚĂŵĂŐĞĚ�ƉŝƐƚŽŶ�ƌŝŶŐ�
ĐĂŶ�ĞĨĨĞĐƚ�ŝƐ�ĞǆĐĞƐƐŝǀĞ�Žŝů�
ĐŽŶƐƵŵƉƚŝŽŶ�ĂŶĚ�ůŽǁ�
ƉŽǁĞƌ�ĨŽƌ�ĂĐĐĞůĞƌĂƚŝŽŶ�

&Žƌ�ƚŚĞ�ǁŽƌƐĞ͕�ŝƚ�
ĐĂŶ�ďĞ�ĂŶ�ŽǀĞƌĂůů�
ůŽƐƐ�ŽĨ�ƉŽǁĞƌ

�ƌŝƚŝĐĂů ZĞŵŽƚĞ DĞĚŝƵŵ E Ͳ z Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ ^ƉĞĐŝĨǇ�ĐŽŶĚŝƚŝŽŶͲ
ŵŽŶŝƚŽƌŝŶŐ�ƚĂƐŬ�
Ăƚ�ϭͬϮ�ƚŚĞ�WͲ&�
ŝŶƚĞƌǀĂů

ϭ͘ϲ %UHDNDJH�DLU�
LQOHW�YDOYH

:HDU�2XW�
)DLOXUH

(YLGHQW 7KLV�FRXOG�FDXVH�
FRPSUHVVLRQ�LVVXHV��
:KHQ�D�YDOYH�LV�EXUQHG��
LW�FDQ�ORVH�PDWHULDO�DQG�
HYHQ�KDYH�ODUJH�KROHV�
ZKLFK�OHDN�RXW�JDVHV�DQG�
UHGXFH�FRPSUHVVLRQ��

,W�FDQ�OHDG�WR�SRRU�
FRPEXVWLRQ�DQG�
SRZHU�ORVV�

&ULWLFDO 5HPRWH 0HGLXP 1 � < � Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ ^ƉĞĐŝĨǇ�ĐŽŶĚŝƚŝŽŶͲ
ŵŽŶŝƚŽƌŝŶŐ�ƚĂƐŬ�
Ăƚ�ϭͬϮ�ƚŚĞ�WͲ&�
ŝŶƚĞƌǀĂů

ϭ͘ϳ WŝƐƚŽŶ�^ůĂƉ tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

(YLGHQW WŝƐƚŽŶ�ŝƐ�ĐŽŵŵŽŶůǇ�
ŚĞĂƌĚ�ǁŚĞŶ�ƚŚĞ�ĞŶŐŝŶĞ�
ŝƐ�ĐŽůĚ�ĂŶĚ�ŽĨƚĞŶ�ŐĞƚƐ�
ůŽƵĚĞƌ�ǁŚĞŶ�ƚŚĞ�ǀĞŚŝĐůĞ�
ĂĐĐĞůĞƌĂƚĞƐ͘�tŚĞŶ�Ă�
ƉŝƐƚŽŶ�ƐůĂƉƐ�ĂŐĂŝŶƚƐ�ƚŚĞ�
ĐǇůŝŶĚĞƌ�ǁĂůů͕�ƚŚĞ�ƌĞƐƵůƚ�
ŝƐ�Ă�ŚŽůůŽǁ͕�ďĞůůͲůŝŬĞ�
ƐŽƵŶĚ͘

/ƚ�ĐĂŶ�ůĞĂĚ�ƚŽ�ƉŽŽƌ�
ĐŽŵƉƌĞƐƐŝŽŶ�ĂŶĚ�
ƉŽǁĞƌ�ůŽƐƐ͘

&ULWLFDO ,PSUREDEO
H

/RZ < < �

Ͳ

� � � � � � � � 6SHFLI\�UXQ�WR�
IDLOXUH

ϭ͘ϴ �ƌĞĂŬĂŐĞ�
�ǆŚĂƵƐƚ�sĂůǀĞ

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

(YLGHQW 7KLV�FRXOG�FDXVH�
FRPSUHVVLRQ�LVVXHV��
:KHQ�D�YDOYH�LV�EXUQHG��
LW�FDQ�ORVH�PDWHULDO�DQG�
HYHQ�KDYH�ODUJH�KROHV�
ZKLFK�OHDN�RXW�JDVHV�DQG�
UHGXFH�FRPSUHVVLRQ��

,W�FDQ�OHDG�WR�SRRU�
FRPEXVWLRQ�DQG�
SRZHU�ORVV�

�ƌŝƚŝĐĂů KĐĐĂƐŝŽŶĂ
ů

0HGLXP 1 � < � Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ ^ƉĞĐŝĨǇ�ĐŽŶĚŝƚŝŽŶͲ
ŵŽŶŝƚŽƌŝŶŐ�ƚĂƐŬ�
Ăƚ�ϭͬϮ�ƚŚĞ�WͲ&�
ŝŶƚĞƌǀĂů

5LVN�&KDUDFWHUL]DWLRQ

&/��&XUUHQW�/LNHOLKRRG
&5��&XUUHQW�5LVN

6��6HYHULW\

(IIHFWV 5LVN�&KDUDFWHUL]DWLRQ)XQFWLRQ� )XQFWLRQ�
)DLOXUH

,WHP�1R�

WĂŐĞ�ϲ͘Ϯ

+LGGHQ�
�(YLGHQW

)DLOXUH�0RGH )DLOXUH�
&KDUDFWHULVWL

5&0�/7$�7DVN�6HOHFWLRQ



$SSHQGL[��
)0(&$�/7$�:RUNVKHHW

/RFDO (QG 6 &/ &5 $� $� %� %� %� %� %� %� %� &� &� &� 5HVXOW
ϭ͘ϵ �ƌĞĂŬĂŐĞ�

ĐǇůŝŶĚĞƌ�ŚĞĂĚ�
tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

�ǀŝĚĞŶƚ $�QXPEHU�RI�LVVXHV�FDQ�
DULVH�IURP�D�FUDFNHG�
F\OLQGHU�KHDG��&RRODQW�
FDQ�HQWHU�WKH�F\OLQGHUV�
DQG�HQJLQH�EORFN�WKURXJK�
WKH�FUDFN��7KLV�FDQ�
FRQWDPLQDWH�WKH�RLO��
FDXVLQJ�RWKHU�PDMRU�
HQJLQH�SUREOHPV��,W�FRXOG�
DOVR�FDXVH�SLWWLQJ�DQG�
GDPDJH�WR�WKH�HQJLQH�
EORFN��,I�WKH�FRRODQW�
HQWHUV�WKH�F\OLQGHU�LWVHOI��
LW�LV�RIWHQ�EXUQHG�RII�LQ�
WKH�H[KDXVW��ZKLOH�
GDPDJLQJ�WKH�F\OLQGHUV��

(QJLQH�6WRS �ĂƚĂƐƚƌŽƉŚŝ
Đ

ZĞŵŽƚĞ 0HGLXP 1 � < � Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ ^ƉĞĐŝĨǇ�ĐŽŶĚŝƚŝŽŶͲ
ŵŽŶŝƚŽƌŝŶŐ�ƚĂƐŬ�
Ăƚ�ϭͬϮ�ƚŚĞ�WͲ&�
ŝŶƚĞƌǀĂů

ϭ͘�ϭϬ �ƌĞĂŬĂŐĞ�
ĐǇůŝŶĚĞƌ�ůŝŶĞƌ

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

�ǀŝĚĞŶƚ 7KH�HIIHFW�ZLOO�EH�ORZ�
ILULQJ�RU�FRPSUHVVLRQ
SUHVVXUH�DQG�UDSLG�ZHDU�
RI�SLVWRQ�ULQJV

3RZHU�/RVV &ULWLFDO 5HPRWH 0HGLXP 1 � < � Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ ^ƉĞĐŝĨǇ�ĐŽŶĚŝƚŝŽŶͲ
ŵŽŶŝƚŽƌŝŶŐ�ƚĂƐŬ�
Ăƚ�ϭͬϮ�ƚŚĞ�WͲ&�
ŝŶƚĞƌǀĂů

����7UDQVPLWV�
PRUH�WKDQ������
N:�RI�SRZHU�WR�
WKH�SURSXOVLRQ�
VKDIWLQJ

ϭ͘ϭϭ 2YHUVSHHG 5DQGRP�
)DLOXUH

(YLGHQW 2YHUVSHHG�LV�DQ\�VSHHG�
EH\RQG�WKH�RSHUDWLQJ�
UDQJH�VSHFLILHG�E\�WKH�
HQJLQH�PDQXIDFWXUHU��
(QJLQH�2YHUVSHHG�PD\�
UHVXOW�LQ�FRVWO\�GDPDJH�

2YHUVSHHG�OHDGV�WR�
VHULRXV�GDPDJH��
QRW�RQO\�WR�WKH�
HQJLQH�LWVHOI�EXW�
DOVR�WR�JHQHUDWRUV�
DQG�JHDUV�

&DWDVWURSKL
F

,PSUREDEO
H

0HGLXP < 1 1 1 � � � � < � � � 6SHFLI\�WKH�WDVNV�
DW�WKH�DSSURSULDWH�
LQWHUYDO�WR�DFKLYH�
D�WROHUDEOH�ULVN

5LVN�&KDUDFWHUL]DWLRQ
6��6HYHULW\
&/��&XUUHQW�/LNHOLKRRG
&5��&XUUHQW�5LVN

+LGGHQ�
�(YLGHQW

(IIHFWV)XQFWLRQ�
)DLOXUH

,WHP�1R� )DLOXUH�0RGH )DLOXUH�
&KDUDFWHULVWL

WĂŐĞ�ϲ͘ϯ

5LVN�&KDUDFWHUL]DWLRQ 5&0�/7$�7DVN�6HOHFWLRQ)XQFWLRQ�



$SSHQGL[��
)0(&$�/7$�:RUNVKHHW

/RFDO (QG 6 &/ &5 $� $� %� %� %� %� %� %� %� &� &� &� 5HVXOW
5DQGRP�
)DLOXUH

(YLGHQW 2YHUVSHHG�LV�DQ\�VSHHG�
EH\RQG�WKH�RSHUDWLQJ�
UDQJH�VSHFLILHG�E\�WKH�
HQJLQH�PDQXIDFWXUHU��
(QJLQH�2YHUVSHHG�PD\�
UHVXOW�LQ�FRVWO\�GDPDJH

2YHUVSHHG�OHDGV�WR�
VHULRXV�GDPDJH��
QRW�RQO\�WR�WKH�
HQJLQH�LWVHOI�EXW�
DOVR�WR�JHQHUDWRUV�
DQG�JHDUV�

&DWDVWURSKL
F

,PSUREDEO
H

0HGLXP < 1 1 1 � � � � < � � � 6SHFLI\�WKH�WDVNV�
DW�WKH�DSSURSULDWH�
LQWHUYDO�WR�DFKLYH�
D�WROHUDEOH�ULVN

ϭ͘ϯ�dƌĂŶƐŵŝƚ�
ůĞƐƐ�ƚŚĂŶ�ϭϬϬϬ�
ZWD�ƌŽƚĂƚŝŽŶ�
ĚƵƌŝŶŐ�
ŽƉĞƌĂƚŝŽŶ�

ϭ͘ϭϮ �ƌĂŶŬƐŚĂĨƚ�
ĐƌĂĐŬĞĚ

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

(YLGHQW dŚĞ�ĐĂƵƐĞƐ�ĚĂŵĂŐĞ�ƚŽ�
ƚŚĞ�ĐƌĂŶŬ�ĞĨĨĞĐƚŝŶŐ�ƚŽ�
ŚŽƵƐŝŶŐ�ďŽƌĞƐ�ŽĨ�ƚŚĞ�
ĐŽŶŶĞĐƚŝŶŐ�ƌŽĚƐ�ĂŶĚ�
ŵĂŝŶƐ�ŝŶ�ƚŚĞ�ĞŶŐŝŶĞ�
ďůŽĐŬ͘�dŚĞ�ďƌŽŬĞŶ�ĐƌĂŶŬƐ�
ĐĂŶ�ƉƵůů�ŽŶ�ƚŚĞ�ŚŽƵƐŝŶŐ�
ďŽƌĞƐ�ŽĨ�ƚŚĞ�ĐŽŶŶĞĐƚŝŶŐ�
ƌŽĚƐ�ĂŶĚ�ĞŶŐŝŶĞ�ďůŽĐŬ͘�
�ůƐŽ͕�ŵĂŝŶ�ĐĂƉƐ�ĐĂŶ�

�ŶŐŝŶĞ�^ƚŽƉ �ĂƚĂƐƚƌŽƉŚŝ
Đ

/ŵƉƌŽďĂďůĞ DĞĚŝƵŵ E Ͳ E z Ͳ z Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ ^ƉĞĐŝĨǇ�ƉůĂŶŶĞĚ�
ŵĂŝŶƚĞŶĂŶĐĞ�Ăƚ�
ƚŚĞ�ĂƉƉƌŽƉƌŝĂƚĞ�
ůŝĨĞ�ůŝŵŝƚ

���� %UHDNDJH�7LPLQJ�
EHOW�

5DQGRP�
)DLOXUH

(YLGHQW /ƚ�ůĞĂĚƐ�ƚŽ�hŶƉƌŽƉĞƌůǇ�
ƐǇŶĐŚƌŽŶŝǌĞƐ�ƚŚĞ�
ĐĂŵƐŚĂĨƚ�ƚŽ�ƚŚĞ�
ĐƌĂŶŬƐŚĂĨƚ�ƉŽƐŝƚŝŽŶ

�ŶŐŝŶĞ�^ƚŽƉ &DWDVWURSKL
F

2FFDVLRQD
O

,ŝŐŚ < 1 1 1 � � � � < � � � 6SHFLI\�WKH�WDVNV�
DW�WKH�DSSURSULDWH�
LQWHUYDO�WR�DFKLYH�
D�WROHUDEOH�ULVN

:HDU�2XW�
)DLOXUH

(YLGHQW /ƚ�ůĞĂĚƐ�ƚŽ�hŶƉƌŽƉĞƌůǇ�
ƐǇŶĐŚƌŽŶŝǌĞƐ�ƚŚĞ�
ĐĂŵƐŚĂĨƚ�ƚŽ�ƚŚĞ�
ĐƌĂŶŬƐŚĂĨƚ�ƉŽƐŝƚŝŽŶ

�ŶŐŝŶĞ�^ƚŽƉ &DWDVWURSKL
F

2FFDVLRQD
O

,ŝŐŚ < 1 1 1 � � � � < � � � 6SHFLI\�WKH�WDVNV�
DW�WKH�DSSURSULDWH�
LQWHUYDO�WR�DFKLYH�
D�WROHUDEOH�ULVN

���� �ŶŐŝŶĞ�ĨĂŝůĞĚ�ƚŽ�
ƐƚĂƌƚ�

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

(YLGHQW �ĂŶŶŽƚ�ƐƚĂƌƚŝŶŐ�ƚŚĞ�
ĞŶŐŝŶĞ

�ŶŐŝŶĞ�^ƚŽƉ &DWDVWURSKL
F

5HPRWH 0HGLXP < 1 1 1 � � � � < � � � 6SHFLI\�WKH�WDVNV�
DW�WKH�DSSURSULDWH�
LQWHUYDO�WR�DFKLYH�
D�WROHUDEOH�ULVN

&5��&XUUHQW�5LVN

����1R�
WUDQVPLVVLRQ�RI�
SRZHU�WR�WKH�
SURSXOVLRQ�
VKDIWLQJ

5LVN�&KDUDFWHUL]DWLRQ
6��6HYHULW\ &/��&XUUHQW�/LNHOLKRRG

+LGGHQ�
�(YLGHQW

(IIHFWV 5LVN�&KDUDFWHUL]DWLRQ 5&0�/7$�7DVN�6HOHFWLRQ)XQFWLRQ� )XQFWLRQ�
)DLOXUH

,WHP�1R� )DLOXUH�0RGH )DLOXUH�
&KDUDFWHULVWL

WĂŐĞ�ϲ͘ϰ�



$SSHQGL[��
)0(&$�/7$�:RUNVKHHW

/RFDO (QG 6 &/ &5 $� $� %� %� %� %� %� %� %� &� &� &� 5HVXOW
���� &RQWDPLQWDHG�

OXEH�RLO�DQG�IXHO�
RLO

5DQGRP�
)DLOXUH

(YLGHQW )XHO�FRQWDPLQDWLRQ�LV�D�
VHULRXV�LVVXH�WKDW�PDNHV�
HDUO\�GHWHFWLRQ�YLWDO�WR�
PDLQWDLQLQJ�FRPSRQHQW�
KHDOWK��$V�GLHVHO�IXHO�
ORZHUV�RLO�YLVFRVLW\��LW�
UHGXFHV�WKH�FRUURVLRQ�
SURWHFWLRQ�RI�LWV�DGGLWLYHV�
DQG�DFFHOHUDWHV�
FRPSRQHQW�ZHDU�

([WUHPHO\�FDQ�
UHVXOW�LQ�D�
FUDQNFDVH�
H[SORVLRQ�

&ULWLFDO 5HPRWH 0HGLXP 1 � < � Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ ^ƉĞĐŝĨǇ�ĐŽŶĚŝƚŝŽŶͲ
ŵŽŶŝƚŽƌŝŶŐ�ƚĂƐŬ�
Ăƚ�ϭͬϮ�ƚŚĞ�WͲ&�
ŝŶƚĞƌǀĂů

5LVN�&KDUDFWHUL]DWLRQ
6��6HYHULW\
&/��&XUUHQW�/LNHOLKRRG
&5��&XUUHQW�5LVN

5LVN�&KDUDFWHUL]DWLRQ 5&0�/7$�7DVN�6HOHFWLRQ,WHP�1R� )DLOXUH�0RGH )DLOXUH�
&KDUDFWHULVWL

+LGGHQ�
�(YLGHQW

(IIHFWV)XQFWLRQ� )XQFWLRQ�
)DLOXUH

WĂŐĞ�ϲ͘ϱ�
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��� �ůŽŐŐĞĚ�ĨƵĞů�
ĨŝůƚĞƌ

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

(YLGHQW ,I�WKHUH�LV�D�SUREOHP�
FDXVHG�E\�D�FORJJHG�IXHO�
ILOWHU��WKHQ�LW�ZLOO�VKRZ�XS�
DV�D�IXHO�LQMHFWLRQ�V\VWHP�
HUURU��%HFDXVH�RI�WKH�IXHO�
WR�WKH�IXHO�LQMHFWRU�LV�
UHVWULFWHG��

1RW�FKDQJLQJ�WKH�
IXHO�ILOWHU�UHJXODUO\�
FDQ�OHDG�WR�HQJLQH�
SHUIRUPDQFH�LVVXHV�
DQG�VWDUW�
GLIILFXOWLHV��7KHVH�
LVVXHV�FDQ�XVXDOO\�
EH�UHPHGLHG�E\�
ILWWLQJ�D�QHZ�ILOWHU��

&ULWLFDO 5HPRWH 0HGLXP �&KHFN�SUHVVXUH�GURS�LQGLFDWRUV�DQG�FKDQJH�
ILOWHU�FDWULGJHV�LI�KLJK�SUHVVXUH�GURS�LV�
LQGLFDWHG�
�5HSODFH�IXHO�RLO�ILOWHU�FDWULGJHV�
�&KHFN�WKH�W\SH�RI�IXHO�XVHG�LW�PXVW�EH�LQ�
DFFRUGDQFH�ZLWK�WKH�FKDUDFWHULVWLFV�RI�WKH�
HQJLQH�DQG�VSHFLILFDWLRQV�>EXQNHULQJ@

,PSUREDEO
H

/RZ

ϭ͘Ϯ /RZ�2XWSXW�
IXHO�IURP�)XHO�
,QMHFWRU

:HDU�2XW�
)DLOXUH

(YLGHQW ,I�D�FORJJHG�IXHO�LQMHFWRU�
FRQWLQXDOO\�GLVSHUVHV�IXHO�
WR�WKH�HQJLQH��D�WLPH�ZLOO�
FRPH�ZKHQ�LW�PLVVHV�WKH�
IXHO�VXSSO\�FRPSOHWHO\�
DQG�WKH�HQJLQH�ZLOO�
PLVILUH��7KH�PLVILUH�ZLOO�
PDNH�WKH�HQJLQH�FDQ�
TXLFNO\�RYHUKHDW�DQG�SUH�
LJQLWH�WKH�IXHO�PL[WXUH

,W�OHDGV�WR�HQJLQH�
SHUIRUPDQFH�DQG�
VWDUWLQJ�LVVXHV

&ULWLFDO 5HPRWH 0HGLXP �,QVSHFW�LQMHFWRU�IXHO�
�&KHFN�QR]]OH�FRQGLWLRQ�LQ�D�WHVW�SXPS�
�UHSODFH�WKH�QR]]OH��LI�QHFHVVDU\��
�2YHUKDXO�RI�LQMHFWLRQ�SXPS�

,PSUREDEO
H

/RZ

ϭ͘ϯ /HDNDJH�
&UDQNVKDIW�
6HDOV�

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

(YLGHQW dŚĞ�ĐƌĂŶŬ�ƐĞĂů�ƉƵƌƉŽƐĞ�ŝŶ�
ŬĞĞƉŝŶŐ�ƚŚĞ�Žŝů�ƚŚĂƚ�ŝƐ�
ĐŽŶƐƚĂŶƚůǇ�ďĞŝŶŐ�ƵƐĞĚ�ĂŶĚ�
ƚŽƐƐĞĚ�ďǇ�ƚŚĞ�ĐƌĂŶŬƐŚĂĨƚ�
ĂƐ�ŝƚ�ƌŽƚĂƚĞƐ�ĨƌŽŵ�ůĞĂŬŝŶŐ�
ŽƵƚ�ŽĨ�ƚŚĞ�ĞŶŐŝŶĞ͛Ɛ�
ĐƌĂŶŬĐĂƐĞ͘�tŚĞŶ�ƚŚĞǇ�ĨĂŝů�
ƚŚĞǇ�ĐĂŶ�ĐĂƵƐĞ�ůĞĂŬƐ�
ǁŚŝĐŚ�ĐĂŶ�ŵĂŬĞ�Ă�ŵĞƐƐ͕�
ĞǀĞŶ�ƉƵƚ�ƚŚĞ�ĞŶŐŝŶĞ�
ĚĂŵĂŐĞ͘�^ƵĐŚ�ĂƐ�ďƌŽŬĞŶ�
ĐƌĂŶŬƐŚĂĨƚ�ďĞĐĂƵƐĞ�ŽƵƚ�ŽĨ�
ůƵďƌŝĐĂƚŝŶŐ�Žŝů͘

dŚĞ�ƉĂƌƚ�ŽĨ�ƚŚĞ�
ĞŶŐŝŶĞ�ǁŽƵůĚ�ďĞ�
ǁŽƌŶ�ŽƵƚ�ďĞĨŽƌĞ�ŝƚ�
ƐŚŽƵůĚ�ďĞ�ĂŶĚ�
�ŶŐŝŶĞ�ŽǀĞŚĞĂƚ

DĂũŽƌ KĐĐĂƐŝŽŶĂ
ů

DĞĚŝƵŵ 6HDOV�3HULRGLF�UHSODFHPHQW��,I�WKH�VHDOV�EURNH�
RQFH�LW�PXVW�EH�UHSODFHG�LW�FDQ
W�EH�
PDLQWDLQHG�

5HPRWH /RZ

5LVN�&KDUDFWHUL]DWLRQ
6��6HYHULW\
&/��&XUUHQW�/LNHOLKRRG
&5��&XUUHQW�5LVN

���7R�
7UDQVPLW�
�����%+3�DW�
�����530�RI�
SRZHU�

3DJH����

)XQFWLRQ

����7UDQVPLWV�
OHVV�WKDQ������
N:�RI�SRZHU�WR�
WKH�SURSXOVLRQ�
VKDIWLQJ

7DVN�6HOHFWLRQ)XQFWLRQ�
)DLOXUH

)DLOXUH�0RGH )DLOXUH�
&KDUDFWHUL

VWLFV

+LGGHQ�
�(YLGHQW

(IIHFWV 5LVN�&KDUDFWHUL]DWLRQ,WHP�
1R�
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ϭ͘ϰ �ƌĂĐŬĞĚ�
WŝƐƚŽŶ�

tĞĂƌͲŽƵƚ�
&ĂŝůƵƌĞ

(YLGHQW dŚĞ�ĐƌĂĐŬĞĚ�ƉŝƐƚŽŶ�ĐĂƵƐŝŶŐ�
ůŽƐĞ�ĐŽŵƉƌĞƐƐŝŽŶ

>Žǁ�ĐŽŵƉƌĞƐƐŝŽŶ�
ĐĂƵƐĞĚ�ůŽǁ�ƉŽǁĞƌ

�ƌŝƚŝĐĂů ZĞŵŽƚĞ DĞĚŝƵŵ ,QVSHFW��SXOO�LQVSHFW�DQG�FOHDQ��FKHFN�WKH�
KHLJKW�RI�WKH�ULQJ�JURRYHV��FKHFN�WKH�UHWDLQHU�
ULQJV�RI�WKH�JXGJHRQ�SLQV��UHSODFH�FRPSOHWH�
VHW�RI�SLVWRQ�ULQJV��DQG�QRWH�WKH�UXQQLQJ�LQ�
SURJUDP�

,PSUREDEO
H

/RZ

ϭ͘ϱ �ĞŵĂŐĞĚ�
WŝƐƚŽŶ�ZŝŶŐ

tĞĂƌͲŽƵƚ�
&ĂŝůƵƌĞ

(YLGHQW dŚĞ�ĚĂŵĂŐĞĚ�ƉŝƐƚŽŶ�ƌŝŶŐ�
ĐĂŶ�ĞĨĨĞĐƚ�ŝƐ�ĞǆĐĞƐƐŝǀĞ�Žŝů�
ĐŽŶƐƵŵƉƚŝŽŶ�ĂŶĚ�ůŽǁ�
ƉŽǁĞƌ�ĨŽƌ�ĂĐĐĞůĞƌĂƚŝŽŶ�

&Žƌ�ƚŚĞ�ǁŽƌƐĞ͕�ŝƚ�
ĐĂŶ�ďĞ�ĂŶ�ŽǀĞƌĂůů�
ůŽƐƐ�ŽĨ�ƉŽǁĞƌ

�ƌŝƚŝĐĂů ZĞŵŽƚĞ DĞĚŝƵŵ ,QVSHFW��SXOO�LQVSHFW�DQG�FOHDQ��FKHFN�WKH�
KHLJKW�RI�WKH�ULQJ�JURRYHV��FKHFN�WKH�UHWDLQHU�
ULQJV�RI�WKH�JXGJHRQ�SLQV��UHSODFH�FRPSOHWH�
VHW�RI�SLVWRQ�ULQJV��DQG�QRWH�WKH�UXQQLQJ�LQ�
SURJUDP�

,PSUREDEO
H

/RZ

ϭ͘ϲ %UHDNDJH�DLU�
LQOHW�YDOYH

:HDU�2XW�
)DLOXUH

(YLGHQW 7KLV�FRXOG�FDXVH�
FRPSUHVVLRQ�LVVXHV��:KHQ�
D�YDOYH�LV�EXUQHG��LW�FDQ�
ORVH�PDWHULDO�DQG�HYHQ�
KDYH�ODUJH�KROHV�ZKLFK�
OHDN�RXW�JDVHV�DQG�UHGXFH�
FRPSUHVVLRQ��

,W�FDQ�OHDG�WR�SRRU�
FRPEXVWLRQ�DQG�
SRZHU�ORVV�

&ULWLFDO 5HPRWH 0HGLXP �&KHFN�YDOYH�FOHDUDQFH�
�&KHFN�YDOYH�FRQGLWLRQ�
�&KHFN�QXWV�RI�WKH�IODQJH�FRQQHFWLRQV��
7LJKWHQ�ORRVH�QXWV�
�&KHFN�YDOYH�PHFKDQLVP�EHDULQJ��FKHFN�
WDSSHOV�DQG�URFNHU�DUPV�

,PSUREDEO
H

/RZ

��� WŝƐƚŽŶ�^ůĂƉ tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

(YLGHQW WŝƐƚŽŶ�ŝƐ�ĐŽŵŵŽŶůǇ�ŚĞĂƌĚ�
ǁŚĞŶ�ƚŚĞ�ĞŶŐŝŶĞ�ŝƐ�ĐŽůĚ�
ĂŶĚ�ŽĨƚĞŶ�ŐĞƚƐ�ůŽƵĚĞƌ�
ǁŚĞŶ�ƚŚĞ�ǀĞŚŝĐůĞ�
ĂĐĐĞůĞƌĂƚĞƐ͘�tŚĞŶ�Ă�
ƉŝƐƚŽŶ�ƐůĂƉƐ�ĂŐĂŝŶƚƐ�ƚŚĞ�
ĐǇůŝŶĚĞƌ�ǁĂůů͕�ƚŚĞ�ƌĞƐƵůƚ�ŝƐ�
Ă�ŚŽůůŽǁ͕�ďĞůůͲůŝŬĞ�ƐŽƵŶĚ͘

/ƚ�ĐĂŶ�ůĞĂĚ�ƚŽ�ƉŽŽƌ�
ĐŽŵƉƌĞƐƐŝŽŶ�ĂŶĚ�
ƉŽǁĞƌ�ůŽƐƐ͘

&ULWLFDO ,PSUREDEO
H

/RZ &RUUHFWLRQ�UHTXLUHV�HLWKHU��LW�GHSHQGV�RQ�WKH�
FDXVHV��
�5HSODFLQJ�WKH�SLVWRQV
�5HERULQJ�WKH�F\OLQGHU
�5HSODFLQJ�RU�UHDOLJQLQJ�WKH�URGV
�5HSODFLQJ�WKH�EHDULQJV

� �

ϭ͘ϴ �ƌĞĂŬĂŐĞ�
�ǆŚĂƵƐƚ�sĂůǀĞ

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

(YLGHQW 7KLV�FRXOG�FDXVH�
FRPSUHVVLRQ�LVVXHV��:KHQ�
D�YDOYH�LV�EXUQHG��LW�FDQ�
ORVH�PDWHULDO�DQG�HYHQ�
KDYH�ODUJH�KROHV�ZKLFK�
OHDN�RXW�JDVHV�DQG�UHGXFH�
FRPSUHVVLRQ��

,W�FDQ�OHDG�WR�SRRU�
FRPEXVWLRQ�DQG�
SRZHU�ORVV�

�ƌŝƚŝĐĂů KĐĐĂƐŝŽŶĂ
ů

0HGLXP �&KHFN�YDOYH�FOHDUDQFH�
�&KHFN�YDOYH�FRQGLWLRQ�
�&KHFN�QXWV�RI�WKH�IODQJH�FRQQHFWLRQV��
7LJKWHQ�ORRVH�QXWV�
�&KHFN�YDOYH�PHFKDQLVP�EHDULQJ��FKHFN�
WDSSHOV�DQG�URFNHU�DUPV�

5HPRWH 0HGLXP

5LVN�&KDUDFWHUL]DWLRQ
6��6HYHULW\
&/��&XUUHQW�/LNHOLKRRG
&5��&XUUHQW�5LVN

7DVN�6HOHFWLRQ)XQFWLRQ�
)DLOXUH

)XQFWLRQ ,WHP�
1R�

)DLOXUH�0RGH )DLOXUH�
&KDUDFWHUL

VWLFV

+LGGHQ�
�(YLGHQW

(IIHFWV 5LVN�&KDUDFWHUL]DWLRQ

3DJH����
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ϭ͘ϵ �ƌĞĂŬĂŐĞ�
ĐǇůŝŶĚĞƌ�ŚĞĂĚ�

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

�ǀŝĚĞŶƚ $�QXPEHU�RI�LVVXHV�FDQ�
DULVH�IURP�D�FUDFNHG�
F\OLQGHU�KHDG��&RRODQW�FDQ�
HQWHU�WKH�F\OLQGHUV�DQG�
HQJLQH�EORFN�WKURXJK�WKH�
FUDFN��7KLV�FDQ�
FRQWDPLQDWH�WKH�RLO��
FDXVLQJ�RWKHU�PDMRU�HQJLQH�
SUREOHPV��,W�FRXOG�DOVR�
FDXVH�SLWWLQJ�DQG�GDPDJH�
WR�WKH�HQJLQH�EORFN��,I�WKH�
FRRODQW�HQWHUV�WKH�F\OLQGHU�
LWVHOI��LW�LV�RIWHQ�EXUQHG�RII�
LQ�WKH�H[KDXVW��ZKLOH�
GDPDJLQJ�WKH�F\OLQGHUV

(QJLQH�6WRS �ĂƚĂƐƚƌŽƉŚŝ
Đ

ZĞŵŽƚĞ 0HGLXP �9LVXDO�LQVSHFWLRQ�RI�WKH�F\OLQGHU�KHDG�DQG�
F\OLQGHU�OLQHU�
�&KHFN�WKH�FRQGLWLRQ�DQG�FOHDQLQJ�RI�
F\OLQGHU�KHDGV�DQG�F\OLQGHU�OLQHUV�IRU�
FRPEXVWLRQ�UHVLGXHV��GLUW��VFDOH�DQG�
FRUURVLRQ�

,PSUREDEO
H

DĞĚŝƵŵ

ϭ͘�ϭϬ �ƌĞĂŬĂŐĞ�
ĐǇůŝŶĚĞƌ�ůŝŶĞƌ

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

�ǀŝĚĞŶƚ 7KH�HIIHFW�ZLOO�EH�ORZ�
ILULQJ�RU�FRPSUHVVLRQ
SUHVVXUH�DQG�UDSLG�ZHDU�RI�
SLVWRQ�ULQJV

3RZHU�/RVV &ULWLFDO 5HPRWH 0HGLXP �9LVXDO�LQVSHFWLRQ�RI�WKH�F\OLQGHU�KHDG�DQG�
F\OLQGHU�OLQHU�
�&KHFN�WKH�FRQGLWLRQ�DQG�FOHDQLQJ�RI�
F\OLQGHU�KHDGV�DQG�F\OLQGHU�OLQHUV�IRU�
FRPEXVWLRQ�UHVLGXHV��GLUW��VFDOH�DQG�
FRUURVLRQ�

,PSUREDEO
H

/RZ

����7UDQVPLWV�
PRUH�WKDQ������
N:�RI�SRZHU�WR�
WKH�SURSXOVLRQ�
VKDIWLQJ

ϭ͘ϭϭ 2YHUVSHHG 5DQGRP�
)DLOXUH

�ǀŝĚĞŶƚ 2YHUVSHHG�LV�DQ\�VSHHG�
EH\RQG�WKH�RSHUDWLQJ�
UDQJH�VSHFLILHG�E\�WKH�
HQJLQH�PDQXIDFWXUHU��
(QJLQH�2YHUVSHHG�PD\�
UHVXOW�LQ�FRVWO\�GDPDJH�

2YHUVSHHG�OHDGV�WR�
VHULRXV�GDPDJH��
QRW�RQO\�WR�WKH�
HQJLQH�LWVHOI�EXW�
DOVR�WR�JHQHUDWRUV�
DQG�JHDUV�

&DWDVWURSKL
F

,PSUREDEO
H

0HGLXP �&KHFN�RLO�OHYHO�LQ�JRYHUQRU�
�&KDQJH�RLO�LQ�JRYHUQRU�
�&KHFN�IXQFWLRQV�RI�RYHUVSHHG�WULS�
�,QVSHFW�WKH�JRYHUQRU�GULYLQJ�JHDU��5HSODFH�LI�
QHFHVVDU\�
�&KHFN�WKH�JRYHUQRU�GULYH�EHDULQJ�DQG�
FOHDUDQFH�
�&KHFN�WKH�IXQFWLRQ�RI�JRYHUQRU��5HSODFH�
ZRUQ�SDUWV�
�*HQHUDO�RYHUKDXO�RI�RYHUVSHHG�WULS�GHYLFH��
&KHFN�IXQFWLRQ�DQG�WULSSLQJ�VSHHG�

,PSUREDEO
H

DĞĚŝƵŵ

5LVN�&KDUDFWHUL]DWLRQ
6��6HYHULW\
&/��&XUUHQW�/LNHOLKRRG
&5��&XUUHQW�5LVN

)XQFWLRQ )XQFWLRQ�
)DLOXUH

)DLOXUH�0RGH,WHP�
1R�

3DJH����

)DLOXUH�
&KDUDFWHUL

VWLFV

+LGGHQ�
�(YLGHQW

(IIHFWV 5LVN�&KDUDFWHUL]DWLRQ 7DVN�6HOHFWLRQ
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5DQGRP�
)DLOXUH

�ǀŝĚĞŶƚ 2YHUVSHHG�LV�DQ\�VSHHG�
EH\RQG�WKH�RSHUDWLQJ�
UDQJH�VSHFLILHG�E\�WKH�
HQJLQH�PDQXIDFWXUHU��
(QJLQH�2YHUVSHHG�PD\�
UHVXOW�LQ�FRVWO\�GDPDJH

2YHUVSHHG�OHDGV�WR�
VHULRXV�GDPDJH��
QRW�RQO\�WR�WKH�
HQJLQH�LWVHOI�EXW�
DOVR�WR�JHQHUDWRUV�
DQG�JHDUV�

&DWDVWURSKL
F

,PSUREDEO
H

0HGLXP �&KHFNLQJ�RI�JDXJHV��UHSODFH�WKH�IDXOW\�RQH��
�&KHFN�IXQFWLRQV�RI�RYHUVSHHG�WULS�
�*HQHUDO�RYHUKDXO�RI�RYHUVSHHG�WULS�GHYLFH��
&KHFN�IXQFWLRQ�DQG�WULSSLQJ�VSHHG�

,PSUREDEO
H

DĞĚŝƵŵ

ϭ͘ϯ�dƌĂŶƐŵŝƚ�
ůĞƐƐ�ƚŚĂŶ�ϭϬϬϬ�
ZWD�ƌŽƚĂƚŝŽŶ�
ĚƵƌŝŶŐ�
ŽƉĞƌĂƚŝŽŶ�

ϭ͘ϭϮ �ƌĂŶŬƐŚĂĨƚ�
ĐƌĂĐŬĞĚ

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

dŚĞ�ĐĂƵƐĞƐ�ĚĂŵĂŐĞ�ƚŽ�ƚŚĞ�
ĐƌĂŶŬ�ĞĨĨĞĐƚŝŶŐ�ƚŽ�ŚŽƵƐŝŶŐ�
ďŽƌĞƐ�ŽĨ�ƚŚĞ�ĐŽŶŶĞĐƚŝŶŐ�
ƌŽĚƐ�ĂŶĚ�ŵĂŝŶƐ�ŝŶ�ƚŚĞ�
ĞŶŐŝŶĞ�ďůŽĐŬ͘�dŚĞ�ďƌŽŬĞŶ�
ĐƌĂŶŬƐ�ĐĂŶ�ƉƵůů�ŽŶ�ƚŚĞ�
ŚŽƵƐŝŶŐ�ďŽƌĞƐ�ŽĨ�ƚŚĞ�
ĐŽŶŶĞĐƚŝŶŐ�ƌŽĚƐ�ĂŶĚ�
ĞŶŐŝŶĞ�ďůŽĐŬ͘��ůƐŽ͕�ŵĂŝŶ�
ĐĂƉƐ�ĐĂŶ�ďĞĐŽŵĞ�ůŽŽƐĞ�ŝŶ�
ƚŚĞ�ƌĞŐŝƐƚĞƌƐ�ĐĂƵƐŝŶŐ�
ŵŝƐĂůŝŐŶŵĞŶƚ͘

�ŶŐŝŶĞ�^ƚŽƉ �ĂƚĂƐƚƌŽƉŚŝ
Đ

/ŵƉƌŽďĂďůĞ DĞĚŝƵŵ �&KHFN�FUDQNVKDIW�DOLJQPHQW�
�,QVSHFW�EDODQFLQJ�EHDULQJ��7DNH�RQH�EXVK�
RXW��,I�LQ�EDG�FRQGLWLRQ��FKHFN�WKH�RWKHU�
EXVKHV��5HSODFH�LI�QHFHVVDU\�
�&KHFN�WKUXVW�EHDULQJ�FOHDUDQFH�	�D[LDO�
FOHDUDQFH�
�,QVSHFW�WKH�ELJ�HQG�DQG�PDLQ�EHDULQJ��
PHDVXUH�WKH�FUDQNSLQ�GLDPHWHU�DQG�RYDOLW\�
�,QVSHFW�WKH�FUDQNVKDIW�EHDULQJ�VXUIDFHV�

,PSUREDEO
H

DĞĚŝƵŵ

5DQGRP�
)DLOXUH

(YLGHQW /ƚ�ůĞĂĚƐ�ƚŽ�hŶƉƌŽƉĞƌůǇ�
ƐǇŶĐŚƌŽŶŝǌĞƐ�ƚŚĞ�ĐĂŵƐŚĂĨƚ�
ƚŽ�ƚŚĞ�ĐƌĂŶŬƐŚĂĨƚ�ƉŽƐŝƚŝŽŶ

�ŶŐŝŶĞ�^ƚŽƉ &DWDVWURSKL
F

2FFDVLRQD
O

,ŝŐŚ 5HSODFH�7LPLQJ�%HOW 5HPRWH 0HGLXP

:HDU�2XW�
)DLOXUH

(YLGHQW /ƚ�ůĞĂĚƐ�ƚŽ�hŶƉƌŽƉĞƌůǇ�
ƐǇŶĐŚƌŽŶŝǌĞƐ�ƚŚĞ�ĐĂŵƐŚĂĨƚ�
ƚŽ�ƚŚĞ�ĐƌĂŶŬƐŚĂĨƚ�ƉŽƐŝƚŝŽŶ

�ŶŐŝŶĞ�^ƚŽƉ &DWDVWURSKL
F

2FFDVLRQD
O

,ŝŐŚ 5HSODFH�7LPLQJ�%HOW 5HPRWH 0HGLXP

5LVN�&KDUDFWHUL]DWLRQ
6��6HYHULW\
&/��&XUUHQW�/LNHOLKRRG
&5��&XUUHQW�5LVN

3DJH����

����1R�
WUDQVPLVVLRQ�RI�
SRZHU�WR�WKH�
SURSXOVLRQ�
VKDIWLQJ

)DLOXUH�
&KDUDFWHUL

VWLFV

+LGGHQ�
�(YLGHQW

(IIHFWV 5LVN�&KDUDFWHUL]DWLRQ 7DVN�6HOHFWLRQ

%UHDNDJH�
7LPLQJ�EHOW�

����

)XQFWLRQ )XQFWLRQ�
)DLOXUH

,WHP�
1R�

)DLOXUH�0RGH



$SSHQGL[��
0DLQWHQDQFH�7DVN�6HOHFWLRQ�:RUNVKHHW

/RFDO (QG 6 &/ &5
3URSRVHG�$FWLRQ 3/ 35

���� �ŶŐŝŶĞ�ĨĂŝůĞĚ�
ƚŽ�ƐƚĂƌƚ�

tĞĂƌ�KƵƚ�
&ĂŝůƵƌĞ

(YLGHQW �ĂŶŶŽƚ�ƐƚĂƌƚŝŶŐ�ƚŚĞ�ĞŶŐŝŶĞ �ŶŐŝŶĞ�^ƚŽƉ &DWDVWURSKL
F

5HPRWH 0HGLXP �7HVW�VWDUW�SURFHVV
�$LU�FRPSUHVVRU��,QVSHFW�/2�OHYHO�LQVLGH�
FUDQNFDVH�GDLO\��&OHDQ�RYHUKDXO�+LJK�
3UHVVXUH�	�/RZ�3UHVVXUH�YDOYHV�
�$LU�5HFHLYHU�,QWHUQDO�	�6DIWH\�9DOYH�FKHFN��
&OHDQ�	�,QVSHFW�LQWHUQDO�VXUIDFH�DQG�VDIHW\�
YDOYH�RYHUKDXO�DQG�WHVWLQJ�

5HPRWH 0HGLXP

���� &RQWDPLQWDHG�
OXEH�RLO�DQG�
IXHO�RLO

5DQGRP�
)DLOXUH

�ǀŝĚĞŶƚ )XHO�FRQWDPLQDWLRQ�LV�D�
VHULRXV�LVVXH�WKDW�PDNHV�
HDUO\�GHWHFWLRQ�YLWDO�WR�
PDLQWDLQLQJ�FRPSRQHQW�
KHDOWK��$V�GLHVHO�IXHO�
ORZHUV�RLO�YLVFRVLW\��LW�
UHGXFHV�WKH�FRUURVLRQ�
SURWHFWLRQ�RI�LWV�DGGLWLYHV�
DQG�DFFHOHUDWHV�FRPSRQHQW�
ZHDU�

([WUHPHO\�FDQ�
UHVXOW�LQ�D�
FUDQNFDVH�
H[SORVLRQ�

&ULWLFDO 5HPRWH 0HGLXP �3UHVVXUH�WHVWLQJ�WKH�IXHO�GHOLYHU\�
FRPSRQHQWV�
�&KHFN�SRURVLW\�LQ�WKH�F\OLQGHU�KHDG�FDVWLQJ��
IDLOHG�LQMHFWRU�2�ULQJ�VHDOV��OHDNLQJ�IXHO�
MXPSHU�SLSHV��DQG�FUDFNHG�F\OLQGHU�KHDG�
JDOOHULHV

,PSUREDEO
H

/RZ

+LGGHQ�
�(YLGHQW

(IIHFWV 5LVN�&KDUDFWHUL]DWLRQ 7DVN�6HOHFWLRQ

3DJH����

5LVN�&KDUDFWHUL]DWLRQ
6��6HYHULW\
&/��&XUUHQW�/LNHOLKRRG
&5��&XUUHQW�5LVN

)XQFWLRQ )XQFWLRQ�
)DLOXUH

,WHP�
1R�

)DLOXUH�0RGH )DLOXUH�
&KDUDFWHUL

VWLFV





$SSHQGL[��
6XPPDU\�RI�0DLQWHQDQFH

0DLQWHQDQFH�FDWHUJRU\ ��&DWHJRU\�$�
)XQFWLRQDO�*URXS ��3URSXOVLRQ
6\VWHP ��%DVLFV�0DLQ�(QJLQH
(TXLSPHQW�,WHP ��0DLQ�(QJLQH
&RPSRQHQW ��3DUW�RI�,QWHUQDO�&RPEXVWLRQ�(QJLQH

&XUUHQW 3URMHFWHG

7HVW�VWDUW�SURFHVV� 30 ��� 0HGLXP 0HGLXP :HHNO\
E\��RQ�ERDUG�
SHUVRQQHO

&KHFN�SUHVVXUH�GURS�
LQGLFDWRUV�DQG�FKDQJH�ILOWHU�
FDWULGJHV�LI�KLJK�SUHVVXUH�
GURS�LV�LQGLFDWHG�

&0 ��� 0HGLXP 0HGLXP :HHNO\
E\��RQ�ERDUG�
SHUVRQQHO

5HSODFH�IXHO�RLO�ILOWHU�
FDWULGJHV�

30 ��� 0HGLXP /RZ ��
E\��RQ�ERDUG�
SHUVRQQHO

&KHFN�WKH�W\SH�RI�IXHO�XVHG�
LW�PXVW�EH�LQ�DFFRUGDQFH�
ZLWK�WKH�FKDUDFWHULVWLFV�RI�
WKH�HQJLQH�DQG�
VSHFLILFDWLRQV�

&0 ��� 0HGLXP /RZ EXQNHULQJ
E\��RQ�ERDUG�
SHUVRQQHO

&KHFN�RLO�OHYHO�LQ�JRYHUQRU &0 ���� 0HGLXP 0HGLXP :HHNO\
E\��RQ�ERDUG�
SHUVRQQHO

&KDQJH�RLO�LQ�JRYHUQRU� 30 ���� 0HGLXP 0HGLXP �
E\��RQ�ERDUG�
SHUVRQQHO

3DJH����

7DVN
7DVN�
7\SH

3URFHGXUH�1R��RU�
&ODVV�5HIHUHQFH

&RPPHQWV
5LVN )UHTXHQF\�

�PRQWKV�,WHP�1R�



$SSHQGL[��
6XPPDU\�RI�0DLWHQDQFH

0DLQWHQDQFH�FDWHUJRU\ ��&DWHJRU\�%�
)XQFWLRQDO�*URXS ��3URSXOVLRQ
6\VWHP ��%DVLFV�0DLQ�(QJLQH
(TXLSPHQW�,WHP ��0DLQ�(QJLQH
&RPSRQHQW ��,QWHUQDO

&XUUHQW 3URMHFWHG

5HSODFH�7LPLQJ�%HOW 30 �������� +LJK 0HGLXP ��

$LU�FRPSUHVVRU��,QVSHFW�/2�OHYHO�
LQVLGH�FUDQNFDVH�GDLO\��&OHDQ�RYHUKDXO�
+3�	�/3�YDOYHV�

30 ��� 0HGLXP 0HGLXP ��

$LU�5HFHLYHU�,QWHUQDO�	�6DIWH\�9DOYH�
FKHFN��&OHDQ�	�,QVSHFW�LQWHUQDO�
VXUIDFH�DQG�VDIHW\�YDOYH�RYHUKDXO�DQG�
WHVWLQJ

30 ��� 0HGLXP 0HGLXP ��

,QVSHFW�LQMHFWRU�IXHO 30 ��� 0HGLXP /RZ ��

&KHFN�QR]]OH�FRQGLWLRQ�LQ�D�WHVW�SXPS�
�UHSODFH�WKH�QR]]OH��LI�QHFHVVDU\��

30 ��� 0HGLXP /RZ ��
��^�ZƵůĞƐ�;sĞƐƐĞů�^ǇƐƚĞŵƐ�
ĂŶĚ�DĂĐŚŝŶĞƌǇͿ�ϰͲϮͲϭͬdĂďůĞ�

Ϯ

2YHUKDXO�RI�LQMHFWLRQ�SXPS� 30 ��� 0HGLXP /RZ ��
��^�ZƵůĞƐ�;sĞƐƐĞů�^ǇƐƚĞŵƐ�
ĂŶĚ�DĂĐŚŝŶĞƌǇͿ�ϰͲϮͲϭͬdĂďůĞ�

Ϯ

6HDOV�3HULRGLF�UHSODFHPHQW��,I�WKH�
VHDOV�EURNH�RQFH�LW�PXVW�EH�UHSODFHG�LW�
FDQ
W�EH�PDLQWDLQHG�

30 ��� 0HGLXP /RZ ��

0XVW�EH�XQGHUWDNHQ�
DORQJVLGH�E\�YHQGRUV

3DJH����

7DVN
7DVN�
7\SH

3URFHGXUH�1R��RU�&ODVV�
5HIHUHQFH

&RPPHQWV,WHP�1R�
5LVN

)UHTXHQF\�
�PRQWKV�



$SSHQGL[��
6XPPDU\�RI�0DLWHQDQFH

0DLQWHQDQFH�FDWHUJRU\ ��&DWHJRU\�%�
)XQFWLRQDO�*URXS ��3URSXOVLRQ
6\VWHP ��%DVLFV�0DLQ�(QJLQH
(TXLSPHQW�,WHP ��0DLQ�(QJLQH
&RPSRQHQW ��,QWHUQDO

&XUUHQW 3URMHFWHG

5HSODFLQJ�WKH�SLVWRQV�LI�QHFHVVDU\ 57) ��� /RZ /RZ ��
5HSODFLQJ�WKH�F\OLQGHU�LI�QHFHVVDU\ 57) ��� /RZ /RZ ��
5HSODFLQJ�RU�UHDOLJQLQJ�WKH�URGV�LI�
QHFHVVDU\

57) ��� /RZ /RZ ��

5HSODFLQJ�WKH�EHDULQJV�LI�QHFHVVDU\ 57) ��� /RZ /RZ ��

,QVSHFW��SXOO�LQVSHFW�DQG�FOHDQ��FKHFN�
WKH�KHLJKW�RI�WKH�ULQJ�JURRYHV��FKHFN�
WKH�UHWDLQHU�ULQJV�RI�WKH�JXGJHRQ�SLQV��
UHSODFH�FRPSOHWH�VHW�RI�SLVWRQ�ULQJV��
DQG�QRWH�WKH�UXQQLQJ�LQ�SURJUDP�

30 �������� 0HGLXP /RZ ��

&KHFN�QXWV�RI�WKH�IODQJH�FRQQHFWLRQV��
7LJKWHQ�ORRVH�QXWV�

&0 ���������� 0HGLXP /RZ ��
$%6�5XOHV��9HVVHO�6\VWHPV�
DQG�0DFKLQHU\�����������

&KHFN�YDOYH�PHFKDQLVP�EHDULQJ��
FKHFN�WDSSHOV�DQG�URFNHU�DUPV

30 ���������� 0HGLXP /RZ ��

&KHFN�DLU�LQOHW�YDOYH�FOHDUDQFH� &0 ����� 0HGLXP /RZ ��
&KHFN�DLU�LQOHW�YDOYH�FRQGLWLRQ� &0 ����� 0HGLXP /RZ ��

7DVN
7DVN�
7\SH

,WHP�1R�
5LVN

)UHTXHQF\�
�PRQWKV�

3URFHGXUH�1R��RU�&ODVV�
5HIHUHQFH

&RPPHQWV

3DJH����

0XVW�EH�XQGHUWDNHQ�
DORQJVLGH�E\�YHQGRUV



$SSHQGL[��
6XPPDU\�RI�0DLWHQDQFH

0DLQWHQDQFH�FDWHUJRU\ ��&DWHJRU\�%�
)XQFWLRQDO�*URXS ��3URSXOVLRQ
6\VWHP ��%DVLFV�0DLQ�(QJLQH
(TXLSPHQW�,WHP ��0DLQ�(QJLQH
&RPSRQHQW ��&\OLQGHU

&XUUHQW 3URMHFWHG

&KHFN�H[KDXVW�YDOYH�FOHDUDQFH� &0 ���� 0HGLXP 0HGLXP ��
&KHFN�H[KDXVW�YDOYH�FRQGLWLRQ� &0 ���� 0HGLXP 0HGLXP ��
9LVXDO�LQVSHFWLRQ�RI�WKH�F\OLQGHU�KHDG�
DQG�F\OLQGHU�OLQHU�

&0 ���� 0HGLXP 0HGLXP ��

&KHFN�IXQFWLRQV�RI�RYHUVSHHG�WULS� &0 ���� 0HGLXP 0HGLXP ��
,QVSHFW�WKH�JRYHUQRU�GULYLQJ�JHDU��
5HSODFH�LI�QHFHVVDU\�

30 ���� 0HGLXP 0HGLXP ��

&KHFN�WKH�IXQFWLRQ�RI�JRYHUQRU��
5HSODFH�ZRUQ�SDUWV�

30 ���� 0HGLXP 0HGLXP ��

�ŚĞĐŬ�ƚŚĞ�ĐŽŶĚŝƚŝŽŶ�ĂŶĚ�ĐůĞĂŶŝŶŐ�ŽĨ�
ĐǇůŝŶĚĞƌ�ŚĞĂĚƐ�ĂŶĚ�ĐǇůŝŶĚĞƌ�ůŝŶĞƌƐ�ĨŽƌ�
ĐŽŵďƵƐƚŝŽŶ�ƌĞƐŝĚƵĞƐ͕�Ěŝƌƚ͕�ƐĐĂůĞ�ĂŶĚ�
ĐŽƌƌŽƐŝŽŶ�

&0 ���� 0HGLXP /RZ ��

&KHFN�WKH�JRYHUQRU�GULYH�EHDULQJ�DQG�
FOHDUDQFH &0 ���� 0HGLXP 0HGLXP ��

0XVW�EH�XQGHUWDNHQ�
DORQJVLGH�E\�YHQGRUV

5LVN
)UHTXHQF\�
�PRQWKV�

3URFHGXUH�1R��RU�&ODVV�
5HIHUHQFH

&RPPHQWV

3DJH����

7DVN
7DVN�
7\SH

,WHP�1R�



$SSHQGL[��
6XPPDU\�RI�0DLWHQDQFH

0DLQWHQDQFH�FDWHUJRU\ ��&DWHJRU\�%�
)XQFWLRQDO�*URXS ��3URSXOVLRQ
6\VWHP ��%DVLFV�0DLQ�(QJLQH
(TXLSPHQW�,WHP ��0DLQ�(QJLQH
&RPSRQHQW ��&\OLQGHU

&XUUHQW 3URMHFWHG

9LVXDO�LQVSHFWLRQ�RI�WKH�F\OLQGHU�KHDG�
DQG�F\OLQGHU�OLQHU�

&0 ���� 0HGLXP /RZ ��

�ŚĞĐŬ�ƚŚĞ�ĐŽŶĚŝƚŝŽŶ�ĂŶĚ�ĐůĞĂŶŝŶŐ�ŽĨ�
ĐǇůŝŶĚĞƌ�ŚĞĂĚƐ�ĂŶĚ�ĐǇůŝŶĚĞƌ�ůŝŶĞƌƐ�ĨŽƌ�
ĐŽŵďƵƐƚŝŽŶ�ƌĞƐŝĚƵĞƐ͕�Ěŝƌƚ͕�ƐĐĂůĞ�ĂŶĚ�
ĐŽƌƌŽƐŝŽŶ�

&0 ���� 0HGLXP /RZ ��

*HQHUDO�RYHUKDXO�RI�RYHUVSHHG�WULS�
GHYLFH��&KHFN�IXQFWLRQ�DQG�WULSSLQJ�
VSHHG�

30 ���� 0HGLXP 0HGLXP ��

&KHFN�FUDQNVKDIW�DOLJQPHQW 30 ���� 0HGLXP 0HGLXP ��

,QVSHFW�EDODQFLQJ�EHDULQJ��7DNH�RQH�
EXVK�RXW��,I�LQ�EDG�FRQGLWLRQ��FKHFN�
WKH�RWKHU�EXVKHV��5HSODFH�LI�QHFHVVDU\�

)) ���� 0HGLXP 0HGLXP ��

&KHFN�WKUXVW�EHDULQJ�FOHDUDQFH�	�D[LDO�
FOHDUDQFH�

30 ���� 0HGLXP 0HGLXP ��

)UHTXHQF\�
�PRQWKV�

0XVW�EH�XQGHUWDNHQ�
DORQJVLGH�E\�YHQGRUV

3URFHGXUH�1R��RU�&ODVV�
5HIHUHQFH

&RPPHQWV7DVN
7DVN�
7\SH

,WHP�1R�
5LVN

3DJH����



$SSHQGL[��
6XPPDU\�RI�0DLWHQDQFH

0DLQWHQDQFH�FDWHUJRU\ ��&DWHJRU\�%�
)XQFWLRQDO�*URXS ��3URSXOVLRQ
6\VWHP ��%DVLFV�0DLQ�(QJLQH
(TXLSPHQW�,WHP ��0DLQ�(QJLQH
&RPSRQHQW ��&\OLQGHU

&XUUHQW 3URMHFWHG

,QVSHFW�WKH�ELJ�HQG�DQG�PDLQ�EHDULQJ��
PHDVXUH�WKH�FUDQNSLQ�GLDPHWHU�DQG�
RYDOLW\�

30 ���� 0HGLXP 0HGLXP ��
0XVW�EH�XQGHUWDNHQ�
DORQJVLGH�E\�YHQGRUV

,QVSHFW�WKH�FUDQNVKDIW�EHDULQJ�VXUIDFHV� 30 ���� 0HGLXP 0HGLXP ��
0XVW�EH�XQGHUWDNHQ�
DORQJVLGH�E\�YHQGRUV

3UHVVXUH�WHVWLQJ�WKH�IXHO�GHOLYHU\�
FRPSRQHQWV�

&0 ���� 0HGLXP /RZ ��

&KHFN�SRURVLW\�LQ�WKH�F\OLQGHU�KHDG�
FDVWLQJ��IDLOHG�LQMHFWRU�2�ULQJ�VHDOV��
OHDNLQJ�IXHO�MXPSHU�SLSHV��DQG�FUDFNHG�
F\OLQGHU�KHDG�JDOOHULHV

&0 ���� 0HGLXP /RZ ��

3URFHGXUH�1R��RU�&ODVV�
5HIHUHQFH

&RPPHQWV

3DJH����

7DVN
7DVN�
7\SH

,WHP�1R�
5LVN

)UHTXHQF\�
�PRQWKV�



$SSHQGL[��
:RUN�3DFNDJH

/ŶƐƉĞĐƚ�ŝŶũĞĐƚŽƌ�ĨƵĞů
�ŚĞĐŬ�ŶŽǌǌůĞ�ĐŽŶĚŝƚŝŽŶ�ŝŶ�Ă�ƚĞƐƚ�ƉƵŵƉ�;ƌĞƉůĂĐĞ�ƚŚĞ�ŶŽǌǌůĞ͕�ŝĨ�ŶĞĐĞƐƐĂƌǇͿ�

�ĂƚĞŐŽƌǇ��
�ĂƚĞŐŽƌǇ��

�ŚĞĐŬ�ŶƵƚƐ�ŽĨ�ƚŚĞ�ĨůĂŶŐĞ�ĐŽŶŶĞĐƚŝŽŶƐ͘�dŝŐŚƚĞŶ�ůŽŽƐĞ�ŶƵƚƐ� �ĂƚĞŐŽƌǇ��
�ŚĞĐŬ�ĨƵŶĐƚŝŽŶƐ�ŽĨ�ŽǀĞƌƐƉĞĞĚ�ƚƌŝƉ� �ĂƚĞŐŽƌǇ��

�ŝƌ�ĐŽŵƉƌĞƐƐŽƌ͕�/ŶƐƉĞĐƚ�>K�ůĞǀĞů�ŝŶƐŝĚĞ�ĐƌĂŶŬĐĂƐĞ�ĚĂŝůǇ͘��ůĞĂŶ�ŽǀĞƌŚĂƵů�,W�Θ�>W�ǀĂůǀĞƐ�
�ĂƚĞŐŽƌǇ��

DĂŝŶƚĞŶĂŶĐĞ�^ĐŚĞĚƵůĞ
DĂŝŶ��ŶŐŝŶĞ

/ŶƚĞƌǀĂů

�ŚĞĐŬ�ƉƌĞƐƐƵƌĞ�ĚƌŽƉ�ŝŶĚŝĐĂƚŽƌƐ�ĂŶĚ�ĐŚĂŶŐĞ�ĨŝůƚĞƌ�ĐĂƚƌŝĚŐĞƐ�ŝĨ�ŚŝŐŚ�ƉƌĞƐƐƵƌĞ�ĚƌŽƉ�ŝƐ�ŝŶĚŝĐĂƚĞĚ�

�ŚĞĐŬ�Žŝů�ůĞǀĞů�ŝŶ�ŐŽǀĞƌŶŽƌ

�ĂƚĞŐŽƌǇ��

�ĂƚĞŐŽƌǇ��

tĞĞŬůǇ

�ŚĂŶŐĞ�Žŝů�ŝŶ�ŐŽǀĞƌŶŽƌ� �ĂƚĞŐŽƌǇ��

DĂŝŶƚĞŶĂŶĐĞ�^ĐŚĞĚƵůĞ
DĂŝŶ��ŶŐŝŶĞ

/ŶƚĞƌǀĂů �ŽŶĞ�ďǇ
�ĂƚĞŐŽƌǇ

ϲ�DŽŶƚŚƐ DĞĐŚĂŶŝĐ

�ŽŶĞ�ďǇ
DĞĐŚĂŶŝĐ

�ĂƚĞŐŽƌǇ

dĞƐƚ�ƐƚĂƌƚ�ƉƌŽĐĞƐƐ� �ĂƚĞŐŽƌǇ��

/ŶƚĞƌǀĂů �ŽŶĞ�ďǇ
�ĂƚĞŐŽƌǇ

Ϯϰ�DŽŶƚŚƐ DĞĐŚĂŶŝĐ
ZĞƉůĂĐĞ�ĨƵĞů�Žŝů�ĨŝůƚĞƌ�ĐĂƚƌŝĚŐĞƐ� �ĂƚĞŐŽƌǇ��

DĂŝŶƚĞŶĂŶĐĞ�^ĐŚĞĚƵůĞ
DĂŝŶ��ŶŐŝŶĞ

WĂŐĞ�ϵ͘ϭ



$SSHQGL[��
:RUN�3DFNDJH

DĂŝŶƚĞŶĂŶĐĞ�^ĐŚĞĚƵůĞ
DĂŝŶ��ŶŐŝŶĞ

/ŶƚĞƌǀĂů �ŽŶĞ�ďǇ
�ĂƚĞŐŽƌǇ

ϯϲ�DŽŶƚŚƐ DĞĐŚĂŶŝĐ

sŝƐƵĂů�ŝŶƐƉĞĐƚŝŽŶ�ŽĨ�ƚŚĞ�ĐǇůŝŶĚĞƌ�ŚĞĂĚ�ĂŶĚ�ĐǇůŝŶĚĞƌ�ůŝŶĞƌ� �ĂƚĞŐŽƌǇ��

ZĞƉůĂĐĞ�dŝŵŝŶŐ��Ğůƚ �ĂƚĞŐŽƌǇ��

�ŚĞĐŬ�ƚŚĞ�ŐŽǀĞƌŶŽƌ�ĚƌŝǀĞ�ďĞĂƌŝŶŐ�ĂŶĚ�ĐůĞĂƌĂŶĐĞ �ĂƚĞŐŽƌǇ��

DĞĐŚĂŶŝĐ

^ƉĞĞĚ�/ŶƐƚƌƵŵĞŶƚ͗��ŚĞĐŬŝŶŐ�ŽĨ�ŐĂƵŐĞƐ�;ƌĞƉůĂĐĞ�ƚŚĞ�ĨĂƵůƚǇ�ŽŶĞͿ� �ĂƚĞŐŽƌǇ��

DĂŝŶƚĞŶĂŶĐĞ�^ĐŚĞĚƵůĞ
DĂŝŶ��ŶŐŝŶĞ

�ŝƌ�ZĞĐĞŝǀĞƌ�/ŶƚĞƌŶĂů�Θ�^ĂĨƚĞǇ�sĂůǀĞ�ĐŚĞĐŬ͕��ůĞĂŶ�Θ�/ŶƐƉĞĐƚ�ŝŶƚĞƌŶĂů�ƐƵƌĨĂĐĞ�ĂŶĚ�ƐĂĨĞƚǇ�
ǀĂůǀĞ�ŽǀĞƌŚĂƵů�ĂŶĚ�ƚĞƐƚŝŶŐ

�ĂƚĞŐŽƌǇ��

�ŚĞĐŬ�Ăŝƌ�ŝŶůĞƚ�ǀĂůǀĞ�ĐŽŶĚŝƚŝŽŶ� �ĂƚĞŐŽƌǇ��
/ŶƐƉĞĐƚ�ƚŚĞ�ŐŽǀĞƌŶŽƌ�ĚƌŝǀŝŶŐ�ŐĞĂƌ͘�ZĞƉůĂĐĞ�ŝĨ�ŶĞĐĞƐƐĂƌǇ� �ĂƚĞŐŽƌǇ��
�ŚĞĐŬ�ĞǆŚĂƵƐƚ�ǀĂůǀĞ�ĐůĞĂƌĂŶĐĞ� �ĂƚĞŐŽƌǇ��

/ŶƚĞƌǀĂů �ŽŶĞ�ďǇ
�ĂƚĞŐŽƌǇ

Ϯϰ�DŽŶƚŚƐ

WĂŐĞ�ϵ͘Ϯ

ZĞƉůĂĐŝŶŐ�ƚŚĞ�ƉŝƐƚŽŶƐ�ŝĨ�ŶĞĐĞƐƐĂƌǇ �ĂƚĞŐŽƌǇ��
ZĞƉůĂĐŝŶŐ�ƚŚĞ�ĐǇůŝŶĚĞƌ�ŝĨ�ŶĞĐĞƐƐĂƌǇ �ĂƚĞŐŽƌǇ��
ZĞƉůĂĐŝŶŐ�Žƌ�ƌĞĂůŝŐŶŝŶŐ�ƚŚĞ�ƌŽĚƐ�ŝĨ�ŶĞĐĞƐƐĂƌǇ �ĂƚĞŐŽƌǇ��
ZĞƉůĂĐŝŶŐ�ƚŚĞ�ďĞĂƌŝŶŐƐ�ŝĨ�ŶĞĐĞƐƐĂƌǇ �ĂƚĞŐŽƌǇ��

/ŶƐƉĞĐƚ�ďĂůĂŶĐŝŶŐ�ďĞĂƌŝŶŐ͘�dĂŬĞ�ŽŶĞ�ďƵƐŚ�ŽƵƚ͘�/Ĩ�ŝŶ�ďĂĚ�ĐŽŶĚŝƚŝŽŶ͕�ĐŚĞĐŬ�ƚŚĞ�ŽƚŚĞƌ�ďƵƐŚĞƐ͘�
ZĞƉůĂĐĞ�ŝĨ�ŶĞĐĞƐƐĂƌǇ�

�ĂƚĞŐŽƌǇ��

�ŚĞĐŬ�ƚŚƌƵƐƚ�ďĞĂƌŝŶŐ�ĐůĞĂƌĂŶĐĞ�Θ�ĂǆŝĂů�ĐůĞĂƌĂŶĐĞ� �ĂƚĞŐŽƌǇ��
�ŚĞĐŬ�ĞǆŚĂƵƐƚ�ǀĂůǀĞ�ĐŽŶĚŝƚŝŽŶ� �ĂƚĞŐŽƌǇ��

�ŚĞĐŬ�Ăŝƌ�ŝŶůĞƚ�ǀĂůǀĞ�ĐůĞĂƌĂŶĐĞ� �ĂƚĞŐŽƌǇ��



$SSHQGL[��
:RUN�3DFNDJH

WƌĞƐƐƵƌĞ�ƚĞƐƚŝŶŐ�ƚŚĞ�ĨƵĞů�ĚĞůŝǀĞƌǇ�ĐŽŵƉŽŶĞŶƚƐ� �ĂƚĞŐŽƌǇ��
�ŚĞĐŬ�ƉŽƌŽƐŝƚǇ�ŝŶ�ƚŚĞ�ĐǇůŝŶĚĞƌ�ŚĞĂĚ�ĐĂƐƚŝŶŐ͕�ĨĂŝůĞĚ�ŝŶũĞĐƚŽƌ�KͲƌŝŶŐ�ƐĞĂůƐ͕�ůĞĂŬŝŶŐ�ĨƵĞů�ũƵŵƉĞƌ�
ƉŝƉĞƐ͕�ĂŶĚ�ĐƌĂĐŬĞĚ�ĐǇůŝŶĚĞƌ�ŚĞĂĚ�ŐĂůůĞƌŝĞƐ

�ĂƚĞŐŽƌǇ��

'ĞŶĞƌĂů�ŽǀĞƌŚĂƵů�ŽĨ�ŽǀĞƌƐƉĞĞĚ�ƚƌŝƉ�ĚĞǀŝĐĞ͘��ŚĞĐŬ�ĨƵŶĐƚŝŽŶ�ĂŶĚ�ƚƌŝƉƉŝŶŐ�ƐƉĞĞĚ� �ĂƚĞŐŽƌǇ��
�ŚĞĐŬ�ĐƌĂŶŬƐŚĂĨƚ�ĂůŝŐŶŵĞŶƚ

DĂŝŶƚĞŶĂŶĐĞ�^ĐŚĞĚƵůĞ
DĂŝŶ��ŶŐŝŶĞ

�ŚĞĐŬ�ǀĂůǀĞ�ŵĞĐŚĂŶŝƐŵ�ďĞĂƌŝŶŐ͕�ĐŚĞĐŬ�ƚĂƉƉĞůƐ�ĂŶĚ�ƌŽĐŬĞƌ�ĂƌŵƐ �ĂƚĞŐŽƌǇ��
/ŶƐƉĞĐƚ͕�ƉƵůů�ŝŶƐƉĞĐƚ�ĂŶĚ�ĐůĞĂŶ͕�ĐŚĞĐŬ�ƚŚĞ�ŚĞŝŐŚƚ�ŽĨ�ƚŚĞ�ƌŝŶŐ�ŐƌŽŽǀĞƐ͕�ĐŚĞĐŬ�ƚŚĞ�ƌĞƚĂŝŶĞƌ�
ƌŝŶŐƐ�ŽĨ�ƚŚĞ�ŐƵĚŐĞŽŶ�ƉŝŶƐ͕�ƌĞƉůĂĐĞ�ĐŽŵƉůĞƚĞ�ƐĞƚ�ŽĨ�ƉŝƐƚŽŶ�ƌŝŶŐƐ͕�ĂŶĚ�ŶŽƚĞ�ƚŚĞ�ƌƵŶŶŝŶŐͲŝŶ�
ƉƌŽŐƌĂŵ�

�ĂƚĞŐŽƌǇ��

�ŚĞĐŬ�ƚŚĞ�ĨƵŶĐƚŝŽŶ�ŽĨ�ŐŽǀĞƌŶŽƌ͘�ZĞƉůĂĐĞ�ǁŽƌŶ�ƉĂƌƚƐ� �ĂƚĞŐŽƌǇ��
�ŚĞĐŬ�ƚŚĞ�ĐŽŶĚŝƚŝŽŶ�ĂŶĚ�ĐůĞĂŶŝŶŐ�ŽĨ�ĐǇůŝŶĚĞƌ�ŚĞĂĚƐ�ĂŶĚ�ĐǇůŝŶĚĞƌ�ůŝŶĞƌƐ�ĨŽƌ�ĐŽŵďƵƐƚŝŽŶ�
ƌĞƐŝĚƵĞƐ͕�Ěŝƌƚ͕�ƐĐĂůĞ�ĂŶĚ�ĐŽƌƌŽƐŝŽŶ�

�ĂƚĞŐŽƌǇ��

�ŚĞĐŬ�ƚŚĞ�ĐŽŶĚŝƚŝŽŶ�ĂŶĚ�ĐůĞĂŶŝŶŐ�ŽĨ�ĐǇůŝŶĚĞƌ�ŚĞĂĚƐ�ĂŶĚ�ĐǇůŝŶĚĞƌ�ůŝŶĞƌƐ�ĨŽƌ�ĐŽŵďƵƐƚŝŽŶ�
ƌĞƐŝĚƵĞƐ͕�Ěŝƌƚ͕�ƐĐĂůĞ�ĂŶĚ�ĐŽƌƌŽƐŝŽŶ�

�ĂƚĞŐŽƌǇ��

/ŶƚĞƌǀĂů �ŽŶĞ�ďǇ
�ĂƚĞŐŽƌǇ

ϰϴ�DŽŶƚŚƐ DĞĐŚĂŶŝĐ
KǀĞƌŚĂƵů�ŽĨ�ŝŶũĞĐƚŝŽŶ�ƉƵŵƉ� �ĂƚĞŐŽƌǇ��
^ĞĂůƐ�WĞƌŝŽĚŝĐ�ƌĞƉůĂĐĞŵĞŶƚ͕�/Ĩ�ƚŚĞ�ƐĞĂůƐ�ďƌŽŬĞ�ŽŶĐĞ�ŝƚ�ŵƵƐƚ�ďĞ�ƌĞƉůĂĐĞĚ�ŝƚ�ĐĂŶΖƚ�ďĞ�
ŵĂŝŶƚĂŝŶĞĚ�

�ĂƚĞŐŽƌǇ��

�ĂƚĞŐŽƌǇ��
/ŶƐƉĞĐƚ�ƚŚĞ�ďŝŐ�ĞŶĚ�ĂŶĚ�ŵĂŝŶ�ďĞĂƌŝŶŐ͕�ŵĞĂƐƵƌĞ�ƚŚĞ�ĐƌĂŶŬƉŝŶ�ĚŝĂŵĞƚĞƌ�ĂŶĚ�ŽǀĂůŝƚǇ� �ĂƚĞŐŽƌǇ��
/ŶƐƉĞĐƚ�ƚŚĞ�ĐƌĂŶŬƐŚĂĨƚ�ďĞĂƌŝŶŐ�ƐƵƌĨĂĐĞƐ� �ĂƚĞŐŽƌǇ��

WĂŐĞ�ϵ͘ϯ





�ƉƉĞŶĚŝǆ�ϭϬ
�ĂƐŝĐ�DĂŝŶƚĞŶĂŶĐĞ

6\PERO� 6� �6FKHGXOH�0DLQWHQDQFH
&� �&RPSOHWHG�0DLQWHQDQFH

0RQWKV +RXUV -DQ )HE 0DU $SU 0HL -XQ -XO $XJ

� 0DLQ�(QJLQH
��� 6WDUW�3URFHVV 7HVW�VWDUW :HHNO\ :HHNO\ & & & & & & & &

��� )XHO�DQG�OXE�2LO�ILOWHU
&KHFN�SUHVVXUH�GURS�LQGLFDWRUV��&KDQJH�
ILOWHU�FDWULGJHV�LI�KLJK�SUHVVXUH�GURS�LV�
LQGLFDWHG

:HHNO\ �� & & & & & & & &

��� *DXJHV�DQG�,QGLFDWRUV 7DNH�UHDGLQJV :HHNO\ �� & & & & & & & &

���
,QMHFWLRQ�DQG�IXHO�
V\VWHP

&KHFN�OHDN�IXHO�TXDQWLW\ :HHNO\ �� & & & & & & & &

��� 0DLQ�EHDULQJ &KHFN�OLJKWHQLQJ�RI�PDLQ�EHDULQJ�VFUHZ :HHNO\ �� & & & & & & & &

��� 9DOYH�PHFKDQLVP &KHFN�YDOYH�FOHDUDQFH :HHNO\ �� & & & & & & & &

��� &\OLQGHU�SUHVVXUH
&KHFN�F\OLGHU�SUHVVXUH��UHFRUG�ILULQJ�
SUHVVXUHV�DOO�F\OLQGHU

� ��� & & & &

��� )XHO�ILOWHU 5HSODFH�IXHO�RLO�ILOWHU�FDWULGJHV � ���� & & &
��� 9DOYH &KHFN�RI�YDOYH�FRQGLWLRQ � ���� & & &

&XUUHQW�7RWDO�5XQQLQJ�+RXUV ������+RXUV

3DJH�����

7\SH�RI�(QJLQH��:DUWVLOD��/��

,QWHUYDO 1H[W�'XH�����
306�1R� 8QLW�6\VWHP 'HVFULSWLRQ�RI�:RUN�'RQH

6+,3
6�3/$11('�0$,17(1$1&(�6&+('8/(
(1*,1(�'(3$570(17

9HVVHO�1DPH��7XJERDW�;
3HULRG�RI�WLPH��-DQXDU\�$XJXVW�����



�ƉƉĞŶĚŝǆ�ϭϬ
�ĂƐŝĐ�DĂŝŶƚĞŶĂŶĐĞ

0RQWKV +RXUV -DQ )HE 0DU $SU 0HL -XQ -XO $XJ
����� ,QMHFWLRQ�YDOYH ,QVSHFW�LQMHFWLRQ�YDOYH � ���� & &

���� 2YHUVSHHG�WULS�GHYLFH &KHFN�IXQFWLRQ�RI�RYHU�VSHHG�WULS � ���� & &

���� &DPVKDIW ,QVSHFW�FRQWDFW�IDFHV�RI�FDPVKDIW �� ���� &
���� &UDQNVKDIW &KHFN�FUDQNVKDIW�DOOLJQPHQW �� ���� &

���� &\OLQGHU�/LQHUV

,QVSHFW�MDFNHW�ZDWHU�VSDFHV�3XOO�RQHV�
F\OLQGHU�OLQHUV�LI�GHSRVLWV�DUH�WKLFNHU�
WKDQ��PP��FOHDQ�DOO�OLQHUV�DQG�HQJLQH�
EORFN�ZDWHU�VSDFH

�� ���� &

���� ([KDXVW�PDQLIROG
&KHFN�QXWV�RI�WKH�IODQJH�FRQQHFWLRQ��
7LJKWHQ�ORRVH�QXWV

�� ���� &

���� 1R]]OHV
&KHFN�WKH�QR]]OH�FRQGLWLRQ�LQ�D�WHVW�
SXPS��UHSODFH�WKH�QR]]OH�E\�QHZ�RQHV�

�� ���� &

���� $LU�FRPSUHVVRU
,QVSHFW�/2�OHYHO�LQVLGH�FUDQNVFDVH�GDLO\��
&OHDQ��RYHUKDXO�+3�	�/3�YDOYHV

��
�����
����

&

���� %DODQFLQJ�VKDIW
,QVSHFW�EDODQFLQJ�VKDIW�EHDULQJ��7DNH�
RQH�EXVK�RXW��,I�LQ�EDG�FRQGLWLRQ��
UHSODFH�LI�QHFHVVDU\

�� ���� 6

���� &DPVKDIW�GULYLQJ�JHDU
,QVSHFW�DQG�FKHFN�FOHDUDQFH�DQG�
EDFNODVK��5HSODFH�SDUW�LI�QHFHVVDU\

�� ���� 6

3DJH�����

1H[W�'XH�����
306�1R� 8QLW�6\VWHP 'HVFULSWLRQ�RI�:RUN�'RQH

,QWHUYDO



�ƉƉĞŶĚŝǆ�ϭϬ
�ĂƐŝĐ�DĂŝŶƚĞŶĂŶĐĞ

0RQWKV +RXUV -DQ )HE 0DU $SU 0HL -XQ -XO $XJ

����� &UDQNVKDIW
&KHFN�WKUXVW�EHDULQJ�FOHDUDQFHV�	�D[LDO�
FOHDUDQFH

�� ���� 6

���� &\OLQGHU�KHDGV 2YHUKDXO�RI�F\OLQGHU�KHDG �� ���� 6

���� &\OLQGHU�OLQHU

,QVSHFW��PHDVXUH�ERUH��UHSODFH�OLQHU�LI�
ZHDU�OLPLWV�DUH�H[FHHGHG��+RQH�OLQHUV��
&KHFN�WKH�DQWLSROLVKLQJ�ULQJ�LI�SURYLGHG��
7XUQ�WKH�ULQJ�XS�VLGH�GRZQ�LI�ZRUQ

�� ���� 6

���� &\OLQGHU�OLQHU ,QVSHFW�F\OLQGHU�OLQHU�ZDWHU�VLGH �� ���� 6

���� 0DLQ�EHDULQJ
,QVSHFW�WKH�EHDULQJ�VKHOOV��5HSODFH�LI�
QHFHVVDU\

�� ���� 6

���� 3LVWRQ��SLVWRQ�ULQJV

3XOO�LQVSHFW�DQG�FOHDQ��&KHFN�WKH�KHLJKW�
RI�WKH�ULQJ�JURRYHV��&KHFN�WKH�UHWDLQHU�
ULQJ�RI�WKH�JXGJHRQ�SLQV��5HSODFH�
FRPSOHWH�VHW�RI�SLVWRQ�ULQJV��1RWH�WKH�
UXQQLQJ�LQ�SURJUDP

�� ���� 6

���� &DPVKDIW
,QVSHFW�FDPVKDIW�EHDULQJ��5HSODFH�LI�
QHFHVVDU\

�� ����� 6

���� &UDQNVKDIW
,QVSHFW�WKH�ELJ�HQG�DQG�PDLQ�EHDULQJ��
PHDVXUH�WKH�FUDQNSLQ�GLDPHWHU�DQG�
RYDOLW\

�� ����� 6

,QWHUYDO 1H[W�'XH�����

3DJH�����

306�1R� 8QLW�6\VWHP 'HVFULSWLRQ�RI�:RUN�'RQH



�ƉƉĞŶĚŝǆ�ϭϬ
�ĂƐŝĐ�DĂŝŶƚĞŶĂŶĐĞ

0RQWKV +RXUV -DQ )HE 0DU $SU 0HL -XQ -XO $XJ
���� ,QMHFWLRQ�SXPSV 2YHUKDXO�RI�LQMHFWLRQ�SXPSV �� ����� 6

���� 9DOYH�PHFKDQLVP
&KHFN�YDOYH�PHFDQLVP�EHDULQJ��FKHFN�
WDSSHWV�DQG�URFNHU�DUPV

�� ����� 6

����� &UDQNVKDIW ,QVSHFW�WKH�FUDQNVKDIW�EHDULQJ�VXUIDFHV �� ����� 6

���� 2YHUVSHHG�WULS�GHYLFH�
*HQHUDO�RYHUKDXO�RI�RYHUVSHHG�WULS�
GHYLFHV��&KHFN�IXQFWLRQ�DQG�WULSSLQJ�
VSHHG

�� ����� 6

���� (QJLQH *HQHUDO�RYHUKDXO ��� ����� 6

����
$LU�UHFLHYHU�LQWHUQDO�
	�6DIHW\�9DOYH�FKHFN

&KHFN�	�,QVSHFW�VXUIDFHV��VDIHW\�YDOYH�
RYHUKDXO�DQG�WHVWLQJ

�� ����������6

306�1R� 8QLW�6\VWHP 'HVFULSWLRQ�RI�:RUN�'RQH
,QWHUYDO 1H[W�'XH�����

3DJH�����



$87+25�%,2*5$3+<

7KH�DXWKRU�ZDV�ERUQ�LQ�0HGDQ��1RUWK�6XPDWHUD�RQ�0DUFK�
����������QDPHG�0DGLQD�1XU�3UDWLZL��6KH�LV�WKH�ILUVW�FKLOG�
RI� -XSULDQWR� DQG� (XLV� %XGLDUWL� $IDQGL�� 6KH� VWDUWV� KHU�
HGXFDWLRQDO�DW�6'1����3J�3RQGRN�.HODSD��-DNDUWD������ �
�������6031�����-DNDUWD��������������60$1����-DNDUWD�
�������������$IWHU�JUDGXDWHG�IURP�KLJK�VFKRRO��WKH�DXWKRU�
ZDV� DFFHSWHG� DW� WKH�'HSDUWPHQW� RI�0DULQH� (QJLQHHULQJ��
)DFXOW\� RI� 0DULQH� 7HFKQRORJ\�� 6HSXOXK� 1RYHPEHU�
,QVWLWXWH�RI�7HFKQRORJ\� WKURXJK�WKH�610371�DGPLVVLRQ�
LQ�������'XULQJ�WKH�VWXG\�SHULRG��WKH�ZULWHU�ZDV�DFWLYH�LQ�

YDULRXV�DFWLYLWLHV�DQG�RUJDQL]DWLRQV��$PRQJ�WKHP�DUH�WKH�+,0$6,6.$/��,76�0DULQH�
6RODU�%RDW�7HDP��%(0�,76��DQG�YROXQWDU\�DFWLYLWLHV��7KH�DXWKRU�GHFLGHV�WR�WDNH�WKH�
ILHOG�RI�0DLQWHQDQFH�6\VWHP�IRU�WKH�%DFKHORU�7KHVLV�XVLQJ�5&0�0HWKRG��7KH�DXWKRU�
FDQ�EH�FRQWDFWHG�YLD�WKH�IROORZLQJ�HPDLO��PDGLQDQQXUSUDWLZL#JPDLO�FRP



³7KLV�SDJH�LV�LQWHQWLRQDOO\�OHIW�EODQN´


