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*LOEHUW�)ULGJHQ�����0DUF�)DELDQ�.|UQHU���-RKDQQHV�6HGOPHLU��
DQG�0DUWLQ�:HLEHO]DKO���

��),0�5HVHDUFK�&HQWHU��8QLYHUVLW\�RI�%D\UHXWK��:LWWHOVEDFKHUULQJ ����%D\UHXWK��*HUPDQ\
��3URMHFW�*URXS�%XVLQHVV�	�,QIRUPDWLRQ�6\VWHPV�(QJLQHHULQJ�RI�WKH�)UDXQKRIHU�),7��

:LWWHOVEDFKHUULQJ�����%D\UHXWK��*HUPDQ\

JLOEHUW�IULGJHQ#XQL�ED\UHXWK�GH�
PDUF�NRHUQHU#ILP�UF�GH�

MRKDQQHV�VHGOPHLU#ILW�IUDXQKRIHU�GH�
PDUWLQ�ZHLEHO]DKO#XQL�ED\UHXWK�GH

$EVWUDFW��(YHQ�WKRXJK�JOREDOL]DWLRQ�KDV�OHG�WR�ODUJHU��IDVWHU��DQG�PRUH�HIILFLHQW�
VXSSO\�FKDLQV��DW�WKH�VDPH�WLPH�WKH�QHZ�ZRUOGZLGH�LQWHUFRQQHFWLRQ�KDV�DOVR�UH�
VXOWHG� LQ�PDMRU�FKDOOHQJHV�ZLWK�UHVSHFW� WR�KLGGHQ�V\VWHPLF�ULVNV�� ,Q�SDUWLFXODU��
WKHUH�LV�D�ODFN�RI�D�KROLVWLF�SHUVSHFWLYH�RQ�WKH�HQWLUH�VXSSO\�QHWZRUN��7KLV�PLVVLQJ�
JOREDO� YLHZ� SURKLELWV� WKH� DQDPQHVLV� DQG� PDQDJHPHQW� RI� XQGHUO\LQJ� ULVNV��
$JDLQVW� WKLV� EDFNGURS�� LQ� WKLV� SDSHU�ZH� GLVFXVV� WKH� SRWHQWLDO� FRQWULEXWLRQV RI�
%ORFNFKDLQ�WHFKQRORJ\�WR�V\VWHPLF�ULVN�PDQDJHPHQW�LQ�JOREDO�VXSSO\�FKDLQV�DQG�
QHWZRUNV��*LYHQ�WKH�LQFUHDVLQJ�QXPEHU�RI�UHFHQW�LQLWLDWLYHV�RI�EXVLQHVVHV�LQ�WKH�
FRQWH[W�RI�%ORFNFKDLQ��ZH�DUJXH�WKDW�%ORFNFKDLQ�WHFKQRORJ\�FDQ�ORZHU�WKH�KXUGOH�
IRU�WKH�XVH�RI�VHFXUH�PXOWLSDUW\�FRPSXWDWLRQ��8OWLPDWHO\��LW�PD\�EH�SRVVLEOH�WR�
LPSOHPHQW�D�FRUUHVSRQGLQJ�PRQLWRULQJ�PHFKDQLVP�IRU�V\VWHPLF�ULVNV�ZLWKRXW��L��
WKH�QHHG�RI�D�FHQWUDO�DXWKRULW\�DQG��LL��UHYHDOLQJ�FRPSHWLWLRQ�UHOHYDQW��FRQILGHQ�
WLDO�LQIRUPDWLRQ�WR�RWKHU�VXSSO\�QHWZRUN�SDUWLFLSDQWV��

.H\ZRUGV� 6\VWHPLF�5LVNV� 6XSSO\ 1HWZRUNV� %ORFNFKDLQ� 6HFXUH�0XOWLSDUW\�
&RPSXWDWLRQ�

� ,QWURGXFWLRQ

:LWK�WKH�VWHDG\�SURJUHVVLRQ�RI�JOREDOL]DWLRQ��VXSSO\�QHWZRUNV H[SDQG�JOREDOO\�DQG�
RSHUDWH�DFURVV�ERUGHUV��7R�DGGUHVV�WKH�JURZLQJ�JOREDO�FRPSHWLWLRQ��FRPSDQLHV�DUH�FRQ�
WLQXRXVO\� LQFUHDVLQJ HIILFLHQF\� DQG� VSHHG�� UHVXOWLQJ� LQ� UHGXFHG� LQYHQWRU\� OHYHOV� DQG�
MXVW�LQ�WLPH�SURGXFWLRQ >�@��,Q�WKH�SDVW�GHFDGHV��GLJLWDOL]DWLRQ�KDV�VXFFHVVIXOO\�FRQWULE�
XWHG�WR�H[SDQGLQJ�DQG�PDQDJLQJ�WKH�UHVXOWLQJ FRPSOH[LW\�RI�PRGHUQ�VXSSO\�QHWZRUN
VWUXFWXUHV��+RZHYHU��ZKLOH�GLJLWDOL]DWLRQ KDV KHOSHG� WR� VSHHG XS�EXVLQHVV�SURFHVVHV��
V\VWHPLF� ULVNV KDYH VLPXOWDQHRXVO\� LQFUHDVHG�� VLQFH IDLOXUHV� PD\� UDSLGO\� SURSDJDWH�



�

ZLWKLQ�IDVW�UHVSRQGLQJ��VXSSO\� QHWZRUNV >�±�@��$�SURPLQHQW�H[DPSOH�IRU�VXFK�SURSD�
JDWLQJ� HIIHFWV� DUH� WKH� IORRGV� LQ�7KDLODQG� LQ� ������$IWHU� VHYHUDO� WURSLFDO� VWRUPV� DQG�
KHDY\�UDLQIDOO��7KDL�PDQXIDFWXUHUV�RI�KDUG�GLVNV�ZHUH�IRUFHG�WR�VKXW�GRZQ�WKHLU�SUR�
GXFWLRQ WHPSRUDULO\ >����@� ,Q�DQ�H[�DQWH�XQH[SHFWHG�LQWHQVLW\� WKLV ILQDOO\ DIIHFWHG�WKH�
JOREDO�SURGXFWLRQ�RI�QRWHERRNV�DQG�GLJLWDO�YLGHR�UHFRUGHUV YLD�GLIIHUHQW�LQWHUPHGLDWH�
PDQXIDFWXUHUV >�@��,Q�IDFW��DQ�H[�SRVW�LQYHVWLJDWLRQ�UHYHDOHG�WKDW�WKH�LQYROYHG�PDQXIDF�
WXUHUV�KDYH KDG D�VLJQLILFDQW�PDUNHW�VKDUH�DW�WKDW�WLPH� $V�WKLV�H[DPSOH�GHPRQVWUDWHV��
DQ�H[RJHQRXV�ORFDO�HYHQW�KDV�OHG�WR�D�ODUJH�JOREDO�VXSSO\�QHWZRUN GLVUXSWLRQ��ZKHUH�
ULVLQJ�SULFHV�IRU�HQG�FXVWRPHUV KHDYLO\�LQIOXHQFHG�PDUNHWV�DOO�DURXQG�WKH�ZRUOG� 7KHUH�
IRUH��PDQDJLQJ�V\VWHPLF�ULVNV�LV�D�PDMRU�FKDOOHQJH�LQ�WLPHV�RI�LQFUHDVHG�LQWHUFRQQHFWLRQ�
DQG�FRPSOH[LW\�RI�VXSSO\�QHWZRUNV >�@�

$V�KLJKOLJKWHG�DERYH��YDULRXV VXSSOLHUV�DQG�PDQXIDFWXUHUV�WKDW�DUH ZRUOGZLGH�GLV�
WULEXWHG�DQG�FRQQHFWHG FKDUDFWHUL]H WRGD\
V�VXSSO\�QHWZRUNV� +RZHYHU��WKHUH�LV�QR�FHQ�
WUDO�LQVWLWXWLRQ�WKDW FRXOG�WDNH�RYHU�WKH�DQDPQHVLV��GLDJQRVLV��RU�WKHUDS\�RI�XQGHUO\LQJ�
V\VWHPLF�ULVNV� *LYHQ�WKLV�ODFN�RI�D�JOREDO�SHUVSHFWLYH�DQG�FRQWURO��QRW�RQO\�UHVHDUFKHUV
EXW�DOVR�FXVWRPHUV�DQG�PDQDJHUV�DUH�ZHOO�DZDUH�RI�WKH�VLJQLILFDQW�FKDOOHQJHV�SRVHG�E\�
FDVFDGLQJ�ULVNV�DQG�IDLOXUHV >��±��@� 8OWLPDWHO\��WKH�UHVXOWV RI�WKH�GHVFULEHG�GHYHORS�
PHQWV�PD\�KDYH�KLJKO\�QHJDWLYH�FRQVHTXHQFHV�IRU�HQG�FRQVXPHUV��H�J���LQ�IRUP�RI�ULVLQJ�
SULFHV�RU�GHFUHDVLQJ�ZHOIDUH�

2Q�WKH�RWKHU�KDQG��%ORFNFKDLQ�WHFKQRORJ\�KDV�FDXVHG�D�VHQVDWLRQ�ZLWK�LWV�ILUVW�DQG�
PRVW�SRSXODU DSSOLFDWLRQ�WR�GDWH��WKH�%LWFRLQ��IRU�DOPRVW�WHQ�\HDUV�>��@��7KH�%ORFNFKDLQ�
DUFKLWHFWXUH XQFRQGLWLRQDOO\�IRFXVVHV RQ�GHFHQWUDOL]DWLRQ DQG KHQFH�IRU�H[DPSOH�HQD�
EOHV�D�FXUUHQF\�V\VWHP�ZLWK�HTXDO�SDUWLHV��L�H�� ZLWKRXW�DQ\�FHQWUDO�LQVWLWXWLRQ�RU�LQWHU�
PHGLDULHV >������@� ,WV NH\�SURSHUWLHV�FRQFHUQLQJ IRUJHU\�SURWHFWLRQ�� WUDQVSDUHQF\�RI�
UXOHV��QHXWUDOLW\��DQG�WKH�DOUHDG\�PHQWLRQHG�GHFHQWUDOL]DWLRQ PDNH�%ORFNFKDLQ�WHFKQRO�
RJ\�KLJKO\�UHOHYDQW�IRU�FURVV�RUJDQL]DWLRQDO�ZRUNIORZ�PDQDJHPHQW�DQG�SDUWLFXODUO\�IRU
DSSOLFDWLRQV�LQ�ORJLVWLFV�DQG�VXSSO\�QHWZRUNV�

$JDLQVW�WKLV�EDFNJURXQG��LW�LV�FRQFHLYDEOH�WKDW�IRU�WKH�ILUVW�WLPH�DOO�UHOHYDQW�SOD\HUV�
RI�D�VXSSO\�QHWZRUN�FDQ�PHHW�RQ�D�FRPPRQ�V\VWHP�ZLWK�D�XQLIRUP�ZD\�RI�FRPPXQL�
FDWLRQ�DQG�D�VSLULW�RI�FRRSHUDWLRQ�LQ�FRPSHWLWLRQ��³FRRSHWLWLRQ´���,Q�SULQFLSOH��VXFK�D�
PHHWLQJ�ZRXOG�PDNH�LW�SRVVLEOH�WR�FROOHFW�DOO�UHOHYDQW�GDWD�LQ�RUGHU�WR�LGHQWLI\�V\VWHPLF�
ULVNV�ZLWK�FRPSDUDWLYHO\�OLWWOH�HIIRUW��+RZHYHU��PHPEHUV�RI�D�VXSSO\�QHWZRUN�PD\�VWLOO�
KHVLWDWH�WR�VKDUH�WKHLU� W\SLFDOO\�FRQILGHQWLDO�GDWD��*LYHQ�WKLV�SRWHQWLDO�KHVLWDWLRQ��WKLV�
SDSHU� GLVFXVVHV� WKH� RSSRUWXQLWLHV� RI� %ORFNFKDLQ� WHFKQRORJ\� IRU� PDQDJLQJ� V\VWHPLF�
ULVNV�LQ�JOREDO�VXSSO\�QHWZRUNV�E\�XVLQJ�VHFXUH�PXOWLSDUW\�FRPSXWDWLRQ��2I�FRXUVH��WKH�
ODWWHU�WHFKQRORJ\�KDV�EHHQ�NQRZQ�IRU�TXLWH�VRPH�WLPH��EXW SUDFWLFDO DSSOLFDWLRQV�LQ�WKH�
VXSSO\�VHFWRU�KDYH�QRW�EHHQ�REVHUYHG� \HW��,Q�WKLV�SDSHU��ZH�DUJXH�WKDW�ZLWK�WKH�SUHVHQFH�
RI�QHZ�%ORFNFKDLQ�LQIUDVWUXFWXUHV��VHFXUH�PXOWLSDUW\�FRPSXWDWLRQ�KDV�WKH�SRWHQWLDO�WR�
GHULYH�GLIIHUHQW�ULVN�UHODWHG�PHWULFV�RI�D�VXSSO\�QHWZRUN��,Q�SDUWLFXODU��IRU�FRPSXWLQJ�
VXFK�PHWULFV��LQSXWV�IURP�YDULRXV�VXSSO\�QHWZRUN�SDUWLFLSDQWV�FDQ�EH�XVHG�ZLWKRXW�DQ\�
FRPSDQ\�JDLQLQJ�DGGLWLRQDO�LQIRUPDWLRQ�H[FHSW�WKH�ILQDO�UHVXOW��

7KLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��:H�ZLOO�ILUVW�GHVFULEH�PDLQ %ORFNFKDLQ�UHODWHG
GHYHORSPHQWV�LQ�VXSSO\�QHWZRUNV�LQ�6HFWLRQ����%DVHG�RQ�WKHVH�GHYHORSPHQWV��6HFWLRQ�
��ZLOO�VXEVHTXHQWO\ GLVFXVV�WKH�RSSRUWXQLWLHV�RI�%ORFNFKDLQ�WR�DGGUHVV�WKH�FKDOOHQJHV�
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RI�V\VWHPLF�ULVNV�E\�EHLQJ�DQ�HFRQRPLF�HQDEOHU�IRU�VHFXUH�PXOWLSDUW\�FRPSXWDWLRQ��)L�
QDOO\��WKH�SDSHU�FRQFOXGHV�ZLWK�D�VXPPDU\�LQ�6HFWLRQ���

� 'LVWULEXWHG�OHGJHU�WHFKQRORJLHV�DQG�WKH�ULVH�RI�%ORFNFKDLQ�
EDVHG�LQLWLDWLYHV�LQ�VXSSO\�QHWZRUNV

$OWKRXJK�%ORFNFKDLQ�LV�WKH�PRVW�FRPPRQO\�XVHG�WHUP�IRU�WKH�WHFKQRORJ\�XQGHU�FRQ�
VLGHUDWLRQ�LQ�WKLV�SDSHU��ZH�ZLOO�SODFH�%ORFNFKDLQ�LQ�WKH�PRUH�JHQHUDO�FRQWH[W�RI ³'LV�
WULEXWHG�/HGJHU�7HFKQRORJLHV´��'/7���'/7� LV�D�FROOHFWLYH� WHUP�IRU�GLVWULEXWHG�GDWD�
EDVHV ZLWKLQ�D�SHHU�WR�SHHU�QHWZRUN�WKDW�W\SLFDOO\�HPSOR\V D�FRPELQDWLRQ�RI�FU\SWR�
JUDSKLF�PHWKRGV�RQ�WKH�WHFKQLFDO�VLGH�DQG�SULQFLSOHV�IURP�JDPH�WKHRU\�DV�HFRQRPLF�
LQFHQWLYHV�LQ�RUGHU�WR�FUHDWH�FRQVHQVXV�EHWZHHQ�WKH�SDUWLFLSDQWV >��@��&RQVHQVXV�UHIHUV�
WR D�FRPPRQO\�DFFHSWHG�GHILQLWLRQ�RI�ZKDW� WKH� UXOHV DUH��H�J�� ³DSSHQG�RQO\´�RU�³QR�
GRXEOH�VSHQGLQJ´��6XFK�UXOHV�FDQ�WKHQ�HQIRUFH�LPPXWDELOLW\�RI�GDWD�LQ�WKH�%ORFNFKDLQ��
IDFLOLWDWH� GLJLWDO� PRQH\� �FU\SWRFXUUHQFLHV�� RU� MRLQW� H[HFXWLRQ� RI� VFULSWV ± VR�FDOOHG�
VPDUW�FRQWUDFWV ± LQ�D� WUXVWHG�ZD\�ZLWKRXW� WKH�QHHG� IRU�DQ� LQWHUPHGLDU\ >������@� ,Q�
'/7�EDVHG�DUFKLWHFWXUHV��XVXDOO\ WKH�VDPH�GDWD�LV�VWRUHG�RQ�HYHU\�VLQJOH�QRGH��UHVXOWLQJ�
LQ�FRPSOHWH�WUDQVSDUHQF\�RI�WKH�GDWD�LQ�WKH�OHGJHU��,Q�JHQHUDO��WKH�FRQFUHWH�GHVLJQ�RI�
GLVWULEXWHG�OHGJHUV�FDQ�WDNH�YDULRXV�IRUPV�GHSHQGLQJ�RQ�UHDGLQJ�RU�ZULWLQJ�SHUPLVVLRQ
�SHUPLVVLRQHG�YV� SHUPLVVLRQOHVV���HIILFLHQF\��RU�WKH�GHJUHH�RI�FHQWUDOL]DWLRQ �SXEOLF YV�
SULYDWH���

$�VSHFLDO�W\SH�RI '/7 LV %ORFNFKDLQ WHFKQRORJ\��7KH�ODWWHU�HPSOR\V�D�VSHFLILF��OLQHDU�
GDWD�VWUXFWXUH�RI�EORFNV�WKDW DUH�OLQNHG�E\�LQVHUWLQJ�WKH�KDVK�YDOXH�RI�WKH�SUHYLRXV�EORFN�
LQWR�HDFK�EORFN�� ,Q� IDFW�� WKH� ILUVW� DQG�PRVW�SURPLQHQW� UHSUHVHQWDWLYH�RI�D� GLVWULEXWHG�
OHGJHU DSSOLFDWLRQ��QDPHO\�WKH�%LWFRLQ�QHWZRUN�IRU�WKH�ZHOO�NQRZQ�FU\SWRFXUUHQF\�>��@��
LV�D�%ORFNFKDLQ��+RZHYHU� WKH�QXPEHU�RI DSSOLFDWLRQV�RI�'/7 KDV�LQFUHDVHG�UDSLGO\�LQ�
WKH�ODVW�\HDUV��DV UHVHDUFKHUV�DQG SUDFWLWLRQHUV�FRQVLGHU�WKHP�WR�KDYH�D�UDGLFDO�SRWHQWLDO�
QRW� RQO\� IRU� FU\SWRFXUUHQFLHV�� EXW� DOVR� IRU� YDULRXV�RWKHU� DUHDV� >��@�� H�J�� WKH HQHUJ\�
VHFWRU >��@ RU�JHQHUDO�VXSSO\�QHWZRUNV�>��±��@� 6LQFH�PRVW�RI�WKH�DSSOLFDWLRQV�VR�IDU�
KDYH�WKH�VWUXFWXUH�RI�D�%ORFNFKDLQ��WKH�ODWWHU�LV�WKH�PRUH�SRSXODU�WHUP��DQG�KHQFH�ZH�
ZLOO�DOVR�PDLQO\�XVH�WKH�ZRUG�³%ORFNFKDLQ´ LQ�WKLV�SDSHU ± HYHQ�WKRXJK�PRVW�VWDWHPHQWV�
DUH�DOVR�WUXH�IRU�'/7�LQ�JHQHUDO�

7KH�JHQHULF�LGHD�EHKLQG�WKH�XVH�RI�%ORFNFKDLQ�LV�WKH�LPSOHPHQWDWLRQ�RI�DQ�,7�DUFKL�
WHFWXUH�WKDW�HQVXUHV�PDQLSXODWLRQ�VHFXULW\�DQG�WUDQVSDUHQF\�RI�UXOHV�ZLWKRXW�WKH�QHHG�
RI D WUXVWHG LQWHUPHGLDU\��,Q�RWKHU�ZRUGV��%ORFNFKDLQ�WHFKQRORJ\�FDQ�IDFLOLWDWH�VR�FDOOHG
³QHXWUDO�SODWIRUPV´��,W�FRXOG�WKHUHIRUH�DOVR�WDNH�RQ�WKH�UROH�RI�D�FRRUGLQDWLQJ��WUXVWHG
FHQWUDO�DXWKRULW\�WKDW�FXUUHQWO\�GRHV�QRW�H[LVW�LQ�JOREDO�VXSSO\�QHWZRUNV >��@��

,Q�WKLV�FRQWH[W��ORJLVWLFV�DQG�VXSSO\�QHWZRUNV�KDYH�ORQJ�VWULYHG�IRU�LPSURYHG�GLJL�
WDOL]DWLRQ��DXWRPDWLRQ��DQG�FRRUGLQDWLRQ��ZKLFK�LV�RQO\�SRVVLEOH�LI�WKH�UHOHYDQW�SOD\HUV�
DJUHH�WR�SDUWLFLSDWH�RQ VRPH�NLQG�RI�FRPPRQ�SODWIRUP��+RZHYHU��SDUWLFLSDQWV�PD\�KHV�
LWDWH�WR�HQWUXVW�FRPSHWLWLRQ�UHOHYDQW�LQIRUPDWLRQ �H�J���GDWD�RQ� WKHLU�VXSSOLHUV�RU�FXV�
WRPHUV��QRW�RQO\�WR�ULYDOV��EXW�DOVR WR�D�FHQWUDO�LQVWLWXWLRQ�± UHJDUGOHVV�RI�ZKHWKHU�VXFK�
DQ�LQVWLWXWLRQ�LV�UHSUHVHQWHG�E\�D�JRYHUQPHQW�RU�E\�D�SULYDWH�FRPSDQ\��,Q�SDUWLFXODU��
HYHQ�LI�DOO�SDUWLFLSDQWV�LQ�WKH�QHWZRUN�ZHUH�WR�DJUHH�WKDW�D�FHQWUDO�DXWKRULW\�ZRXOG�PDNH�
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VHQVH� WR�FRRUGLQDWH�DQG�PRQLWRU� WKH�QHWZRUN�� WKLV�DXWKRULW\�ZRXOG�SRVVHVV�D�FHQWUDO�
PDUNHW� UROH�DQG� WKXV�D�FRQVLGHUDEOH�DPRXQW�RI�PDUNHW�SRZHU��)LQDOO\��QRW�RQO\�HFR�
QRPLF��EXW�DOVR�SROLWLFDO�FRQVLGHUDWLRQV�PLJKW�VXJJHVW�D�UHIXVDO�RI�VXFK�D SRWHQWLDO�PR�
QRSROLVW�

$OUHDG\�WRGD\� D QRQ�QHJOLJLEOH�QXPEHU�RI�FRQVRUWLD�DQG�LQLWLDWLYHV�± RIWHQ�HLWKHU�
FRQVLVWLQJ�RI�RU EHLQJ�VXSSRUWHG�E\�JOREDO�SOD\HUV�± DLP�DW HPSOR\LQJ�%ORFNFKDLQ�WR�
SXUVXH�WKH�ODWWHU�JRDO�KDYH�EHHQ�IRUPHG� 7KHVH�LQLWLDWLYHV�WU\ WR�WDFNOH�SUDFWLFDO�SURE�
OHPV�LQ�RSHUDWLRQ�DQG�PDQDJHPHQW�RI�PRGHUQ�VXSSO\�QHWZRUNV�ZLWK�WKH�KHOS�RI�%ORFN�
FKDLQ�EDVHG�VROXWLRQ DSSURDFKHV��H�J�� SUREOHPV�UHODWHG�WR�PLVVLQJ�GDWD�LQWHJUDWLRQ��OLP�
LWHG� LQIRUPDWLRQ�DERXW� WKH�PDQXIDFWXULQJ�SURFHVV��RU� WKH�KXJH�HIIRUW�ZLWK� UHVSHFW� WR�
QHFHVVDU\�SDSHUZRUN >������@��8OWLPDWHO\��ZLWK�WKH�GHVFULEHG�LQLWLDWLYHV��WKH�LQYROYHG�
FRPSDQLHV�DLP�DW�UHDOL]LQJ�SRVLWLYH�HIIHFWV�RQ�WKH�HIILFLHQF\�RI�WKHLU�VXSSO\�QHWZRUNV��
RQ�SURGXFW�TXDOLW\��DQG�RQ�FXVWRPHU�FRQILGHQFH >��@� )RU�H[DPSOH��,%0�DQG�0DHUVN�
FUHDWHG�WKH�VR�FDOOHG�³7UDGH/HQV´�LQLWLDWLYH LQ������WR�LPSOHPHQW D�%ORFNFKDLQ LQIUD�
VWUXFWXUH�ZLWKLQ D JOREDO�VXSSO\�QHWZRUN��)XUWKHUPRUH��DOVR�:DOPDUW�LPSOHPHQWHG�D�
%ORFNFKDLQ�EDVHG�VXSSO\�QHWZRUN�SODWIRUP�WR�WUDFH�LWV�SRUN�DQG�PDQJRV�IRU�WDFNOLQJ�
IRRG�VFDQGDOV�>������@��*LYHQ�WKHVH ZHOO�NQRZQ�LQLWLDWLYHV��IXUWKHU�DQG PRUH�DGYDQFHG�
%ORFNFKDLQ�EDVHG�QHXWUDO�SODWIRUPV�DQG�QHZ�HFRV\VWHPV�DUH�H[SHFWHG�WR�HYROYH LQ�WKH�
FRPLQJ�\HDUV�

� 6HFXUH�0XOWLSDUW\�&RPSXWDWLRQ��LWV�UHODWLRQ�WR�%ORFNFKDLQ��
DQG�WKH�FRUUHVSRQGLQJ�SRWHQWLDO�IRU�PDQDJLQJ�V\VWHPLF�ULVNV

$V�GHVFULEHG LQ� WKH�SUHYLRXV�VHFWLRQ��FRPSDQLHV�XVXDOO\�NHHS� WKHLU�VXSSOLHUV�DQG�
FXVWRPHUV�LQ�WKH�VXSSO\�QHWZRUN�VHFUHW�DQG�KHVLWDWH�WR�JLYH�FRUUHVSRQGLQJ�LQIRUPDWLRQ�
WR�WKHLU�FRPSHWLWRUV��2QH�RI�WKH�PDLQ�UHDVRQV�LV�WKDW�LQIRUPDWLRQ�DV\PPHWULHV�LQ�VXSSO\�
QHWZRUNV�DUH�RIWHQ�DQ�LQWHJUDO�SDUW�RI�WKH�EXVLQHVV�VHFUHW�DQG�WKHUHIRUH�SURYLGH�WKH�IRXQ�
GDWLRQ�IRU�SURILWDELOLW\ RI�FRPSDQLHV��,Q�SDUWLFXODU��FRPSDQLHV�PD\�DOVR�QRW�EH�ZLOOLQJ�
WR�JLYH�VXFK�LQIRUPDWLRQ�WR�D�WUXVWHG�FHQWUDO�LQVWLWXWLRQ�HYHQ�LI�WKH�UHVXOWLQJ��DJJUHJDWHG�
LQIRUPDWLRQ�RQ�WKH�JHQHUDO�VWDWH�RI�WKH�QHWZRUN�ZRXOG�EH�KLJKO\�UHOHYDQW�IRU�LQGLYLGXDO�
GHFLVLRQ�PDNLQJ�

$JDLQVW� WKLV� EDFNGURS�� VHFXUH�PXOWLSDUW\� FRPSXWDWLRQ �60&���ZKLFK� KDV� DOUHDG\�
EHHQ�D�VXEMHFW�WR UHVHDUFK VLQFH�WKH�����V��SURYLGHV�WKH�DELOLW\�WR�SHUIRUP�FRPSXWDWLRQV�
ZKLFK�XVH�GDWD�LQSXWV�IURP�GLIIHUHQW SDUWLFLSDQWV�ZLWKRXW�GLVWULEXWLQJ�WKH�LQSXWV�DPRQJ�
WKH�SDUWLFLSDQWV�RU�KDYLQJ�WR GLVFORVH DQ\�RI�WKHP�WR�D�WKLUG�SDUW\��7KH�IROORZLQJ�H[DP�
SOH��ZKLFK�LV�LQVSLUHG�E\�>��@� LOOXVWUDWHV�WKH�EDVLF�LGHD�EHKLQG�VHFXUH�PXOWLSDUW\�FRP�
SXWDWLRQ�E\�D�VLPSOLILHG�VNHWFK RI�VHFXUH DGGLWLRQ��/HW�XV�DVVXPH�WKUHH�LQYROYHG�FRP�
SDQLHV�GHQRWHG�E\�$��%��DQG�&� 7KH DVVRFLDWHG�SULYDWH�QXPEHUV�RI�WKH�FRPSDQLHV�DUH�D��
E��DQG�F��,Q�RUGHU�WR�FRPSXWH�WKHLU�VXP E\�PHDQV�RI�60&��FRPSDQ\�$ ILUVW�JHQHUDWHV�D�
UDQGRP�QXPEHU�U LQ�D�VXIILFLHQWO\�ODUJH�UDQJH�DQG�JLYHVݎ� ൅ ܽ WR�FRPSDQ\�%��,Q�WXUQ��
FRPSDQ\�% DGGV�LWV�RZQ�QXPEHU�ܾ DQG�SDVVHV�WKH�UHVXOW�WR�FRPSDQ\�&��ZKLFK�WKHQ�DGGV�
ܿ DQG�DUULYHV�DW ݎ ൅ ܽ ൅ ܾ ൅ ܿ��7KLV�VXEWRWDO�LV�VXEVHTXHQWO\ IRUZDUGHG�WR�FRPSDQ\�$��
ZKLFK LV�WKH�RQO\ FRPSDQ\�ZKLFK NQRZVݎ�� &RPSDQ\ $ FDQ�WKHQ�VXEWUDFWݎ� IURP�WKH�
ODVW�VXEWRWDO�DQG�JHWV WKH�GHVLUHG�UHVXOW D�E�F��)LQDOO\��$ FRPPXQLFDWHV�WKLV�VXP WR�
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WKH�RWKHU�FRPSDQLHV��1RWH�WKDW� WKLV�SURWRFRO�PDNHV�VXUH�WKDW�QR�VLQJOH�FRPSDQ\�FDQ�
GUDZ�DQ\�FRQFOXVLRQV�DERXW�WKH�RWKHUV¶� LQGLYLGXDO�LQSXWV� &RQVHTXHQWO\��QRQH�RI�WKH�
WKUHH�FRPSDQLHV�JHWV�DQ\�DGGLWLRQDO�LQIRUPDWLRQ�DSDUW�IURP�WKH�ILQDO�VXP D�E�F� $OVR��
QR�FHQWUDO�DXWKRULW\�LV QHHGHG�WR�SHUIRUP�WKH�SURWRFRO� )LJXUH���VXPPDUL]HV�WKLV�VLPSOH�
H[DPSOH�IRU�VHFXUH�DGGLWLRQ�DPRQJ�WKH�WKUHH�FRPSDQLHV�

)LJXUH����6HFXUH�DGGLWLRQ�DPRQJ�WKUHH�FRPSDQLHV�$��%��DQG�&

(YHQ�WKRXJK�WKH�H[DPSOH�LV�TXLWH�VLPSOH��LW�JLYHV DQ�LOOXVWUDWLYH�ZD\�RI�GHVFULELQJ�
WKH�PDLQ�IXQFWLRQLQJ RI�60&��,Q�LWV�VWDQGDUG�YHUVLRQ��³FXULRXV�EXW�KRQHVW´�SDUWLFLSDQWV�
DUH�DVVXPHG��0RUH�DGYDQFHG�SUREOHPV�RIWHQ HPSOR\ IXUWKHU�PHFKDQLVPV VXFK�DV�SHU�
PXWLQJ�WKH�UROHV�RI�$��%� DQG�&�LQ�RUGHU�WR�GHWHFW�SRWHQWLDO�PLVEHKDYLRXU E\�FKHFNLQJ�
ZKHWKHU�WKH�UHVXOW�LV�WKH�VDPH IRU�HDFK�SHUPXWDWLRQ��)RU�HYHQ�PRUH�HQKDQFHG�VHFXULW\��
VXFK�DV�UXOLQJ�RXW�FROOXVLRQ�DPRQJ�D�VXEVHW�RI�WKH�SDUWLFLSDQWV�RU�HQVXULQJ�WDS�SURRI�
LQIRUPDWLRQ�H[FKDQJH��FU\SWRJUDSKLF�PHWKRGV�FDQ�EH HPSOR\HG�

$FDGHPLF�OLWHUDWXUH�DOUHDG\�VXJJHVWV�VHYHUDO�PHWULFV�IRU�PHDVXULQJ�V\VWHPLF�ULVNV�LQ�
VXSSO\�QHWZRUNV��$PRQJ�WKH�PRVW�FRPPRQ�H[DPSOHV LV�WKH�³EHWZHHQQHVV�FHQWUDOLW\´
>������@� 7KH�ODWWHU PHWULF�LV�FDOFXODWHG�DV�D�ZHLJKWHG�VXP�RI�PDUNHW�VKDUHV�RI�D�VSHFLILF�
JRRG�DORQJ�VKRUWHVW�SDWKV��ZLWK�UHVSHFW�WR�VXLWDEOH�PHWULFV��LQ�D�QHWZRUN� %\�XVLQJ�DQ�
DSSURSULDWH�VHFXUH�PXOWLSDUW\�FRPSXWDWLRQ�SURWRFRO��VXFK�PHWULFV�FDQ�EH�FRPSXWHG�LQ�
FRPSOH[�VXSSO\ QHWZRUNV��WRR >��@��+RZHYHU��LW�UHPDLQV�WR�EH�DQDO\]HG�KRZ�PXFK�LQ�
IRUPDWLRQ�DERXW�WKH�QHWZRUN�FDQ�EH�UHFRQVWUXFWHG�IURP�WKH�H[SODLQHG�TXDQWLWLHV�VXFK�
DV�EHWZHHQQHVV�FHQWUDOLW\��,Q�SDUWLFXODU��WKH�H[WHQW�WR�ZKLFK�WKH�UHVXOWV�RI�D�60&�SUR�
WRFRO�VKRXOG�EH�SXEOLVKHG�QHHGV WR�UHVSHFW�WKH�GHJUHH�RI�DQRQ\PLW\�LQ�WKH�QHWZRUN�RU�
WKH�VHYHULW\�RI�D�V\VWHPLF�ULVN�

)URP�D�WHFKQLFDO�SHUVSHFWLYH��LW�LV�QRW�QHFHVVDU\�WR�KDYH�D�%ORFNFKDLQ�DUFKLWHFWXUH�
VHW�XS�LQ�RUGHU�WR�SHUIRUP�60&�SURWRFROV��5DWKHU��D�QHWZRUN�LV�UHTXLUHG�LQ�ZKLFK�WKH�
LQYROYHG SDUWLFLSDQWV�FDQ�PHHW�DQG�H[FKDQJH�GDWD��LGHDOO\ VHFXUHO\� 8S�WR�QRZ��QR�VXFK�
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V\VWHP�RI UHOHYDQFH�ZLWK�WKH�SXUSRVH�RI�60&�KDV�EHHQ�IRUPHG LQ�SUDFWLFH� 7KH�DGYHQW�
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OL]H�60&�DSSOLFDWLRQV�LQ�VXSSO\�QHWZRUNV��)LUVW�H[DPSOHV�DUH�DOUHDG\�EHLQJ�WHVWHG�RQ�
+\SHUOHGJHU�)DEULF��ZKLFK�LV�WKH %ORFNFKDLQ�,7�DUFKLWHFWXUH�EHKLQG�7UDGH/HQV >��@��,W�
LV�WKHUHIRUH�FRQFHLYDEOH�WKDW�WKH�DGGUHVVLQJ�RI�V\VWHPLF�ULVNV�LQ�VXSSO\�QHWZRUNV�PD\
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FXWHG�WR�FRPSXWH�FULWLFDO�ULVN�PHWULFV��7DNLQJ�RQ�WKH�WDVN�RI�D�WUXVWZRUWK\�FHQWUDO�DX�
WKRULW\��WKH�ODWWHU�PHWULFV�PD\�WKHQ�EH�XVHG�WR�PRQLWRU�WKH�ULVNV�RI�JOREDO�VXSSO\�V\V�
WHPV��,Q�WKLV�UHVSHFW��%ORFNFKDLQ�LQ�FRPELQDWLRQ�ZLWK�60&�PD\�KDYH�WKH�SRWHQWLDO�RI�
EHWWHU�PDQDJLQJ�DQG� UHJXODWLQJ�HQWLUH� VXSSO\�QHWZRUNV�ZLWKRXW�SLOORU\LQJ� LQGLYLGXDO�
FRPSDQLHV�
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