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7KH�,&7�ODQGVFDSH��QRWDEO\�FKDQJHG�E\�WKH�DGYHQW�
RI� XELTXLWRXV� ZLUHOHVV� FRQQHFWLYLW\�� LV� IXUWKHU�
UHVKDSLQJ�GXH� WR� WKH� LQFUHDVLQJ�GHSOR\PHQW�RI�
SHUYDVLYH� FRPSXWLQJ� WHFKQRORJLHV�� 9LD� 5),'�

WDJV�DQG�VLPLODU�WHFKQRORJLHV��REMHFWV�ZLOO�FDUU\�D�
ZLGH�UDQJH�RI�GLJLWDO��VHOI�GHVFULELQJ�LQIRUPDWLRQ��
:LUHOHVV�VHQVRU�QHWZRUNV�DQG�FDPHUD�QHWZRUNV�
ZLOO�VSUHDG�DFURVV�RXU�FLWLHV�DQG�EXLOGLQJV�WR�PRQL�
WRU�SK\VLFDO�SKHQRPHQD��6PDUWSKRQHV�DQG�RWKHU�
SHUVRQDO�GHYLFHV�ZLOO�LQFUHDVLQJO\�VHQVH�DQG�VWRUH�
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$Q�$SSURDFK�%DVHG�RQ�6HPDQWLF�
:HE�7HFKQRORJLHV

$%675$&7

(PHUJLQJ�SHUYDVLYH�FRPSXWLQJ�VFHQDULRV�UHTXLUH�RSHQ�VHUYLFH�IUDPHZRUNV�SURPRWLQJ�VLWXDWHG�DGDS�
WLYH�EHKDYLRUV�DQG�VXSSRUWLQJ�GLYHUVLW\�LQ�VHUYLFHV�DQG�ORQJ�WHUP�DELOLW\�WR�HYROYH��7KH�DXWKRUV�DUJXH�
WKDW�WKLV�FDOOV�IRU�D�QDWXUH�LQVSLUHG�DSSURDFK�LQ�ZKLFK�SHUYDVLYH�VHUYLFHV�DUH�PRGHOHG�DQG�GHSOR\HG�DV�
DXWRQRPRXV�LQGLYLGXDOV�LQ�DQ�HFRV\VWHP�RI�RWKHU�VHUYLFHV��GDWD�VRXUFHV��DQG�SHUYDVLYH�GHYLFHV��7KH\�
GLVFXVV�KRZ�VWDQGDUG�VHUYLFH�RULHQWHG�DUFKLWHFWXUHV�KDYH�WR�HYROYH�WR�WDFNOH�WKH�DERYH�LVVXHV��SUHVHQW�
D�JHQHUDO�DUFKLWHFWXUH�EDVHG�RQ�D�VKDUHG�VSDWLDO�VXEVWUDWH�PHGLDWLQJ�LQWHUDFWLRQV�RI�DOO�WKH�LQGLYLGXDO�
VHUYLFHV�RI�WKH�SHUYDVLYH�FRPSXWLQJ�V\VWHP��DQG�¿QDOO\�VKRZ�WKDW�WKLV�DUFKLWHFWXUH�FDQ�EH�LPSOHPHQWHG�
UHO\LQJ�SULPDULO\�RQ�VWDQGDUG�:�&�6HPDQWLF�:HE�WHFKQRORJLHV��OLNH�5')�DQG�63$54/��$�XVH�FDVH�RI�
DGDSWLYH�SHUYDVLYH�GLVSOD\V�IRU�FURZG�VWHHULQJ�DSSOLFDWLRQV�LV�H[SORLWHG�DV�UHIHUHQFH�H[DPSOH�
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QRWDEOH�DPRXQWV�RI�GDWD�UHODWHG�WR�RXU�SHUVRQDO��
VRFLDO�DQG�SURIHVVLRQDO�DFWLYLWLHV��EH\RQG�IHHGLQJ�
�DQG�EHLQJ�IHG�E\��WKH�:HE�ZLWK�VSDWLDO�DQG�VRFLDO�
UHDO�WLPH�LQIRUPDWLRQ��&DPSEHOO�HW�DO���������

7KLV�HYROXWLRQ�LV�FRQWULEXWLQJ�WR�EXLOGLQJ�LQWH�
JUDWHG�DQG�GHQVH�LQIUDVWUXFWXUHV�IRU�WKH�SHUYDVLYH�
SURYLVLRQLQJ�RI�JHQHUDO�SXUSRVH�GLJLWDO�VHUYLFHV��,I�
DOO�WKHLU�FRPSRQHQWV�DUH�DEOH�WR�RSSRUWXQLVWLFDOO\�
FRQQHFW�ZLWK�HDFK�RWKHU��VXFK�LQIUDVWUXFWXUHV�FDQ�
EH�XVHG�WR�HQULFK�H[LVWLQJ�VHUYLFHV�ZLWK�WKH�FDSD�
ELOLW\�RI�DXWRQRPRXVO\�DGDSWLQJ�WKHLU�EHKDYLRU�WR�
WKH�SK\VLFDO�DQG�VRFLDO�FRQWH[W�LQ�ZKLFK�WKH\�DUH�
LQYRNHG��DQG�ZLOO�DOVR�VXSSRUW�LQQRYDWLYH�VHUYLFHV�
IRU�HQKDQFHG� LQWHUDFWLRQV�ZLWK� WKH�VXUURXQGLQJ�
SK\VLFDO�DQG�VRFLDO�ZRUOGV��&ROHPDQ��������

8VHUV�ZLOO�SOD\�DQ�DFWLYH�UROH�E\�FRQWULEXWLQJ�
GDWD�DQG�VHUYLFHV�DQG�E\�PDNLQJ�DYDLODEOH�WKHLU�
RZQ�VHQVLQJ�DQG�DFWXDWLQJ�GHYLFHV��7KLV�ZLOO�PDNH�
SHUYDVLYH�FRPSXWLQJ�LQIUDVWUXFWXUHV�DV�SDUWLFLSD�
WRU\�DQG�DV�FDSDEOH�RI�YDOXH�FR�FUHDWLRQ�DV� WKH�
:HE��6SRKUHU�HW�DO����������HYHQWXDOO\�DFWLQJ�DV�
JOREDOO\�VKDUHG�VXEVWUDWHV�WR�H[WHUQDOL]H��HQKDQFH��
DQG�PDNH�PRUH�YDOXDEOH�RXU�SK\VLFDO�DQG�VRFLDO�
LQWHOOLJHQFH�

:H�DOUHDG\�IDFH�WKH�FRPPHUFLDO�UHOHDVH�RI�D�
YDULHW\�RI�HDUO\�SHUYDVLYH�VHUYLFHV�WU\LQJ�WR�H[SORLW�
WKH�SRVVLELOLWLHV�RSHQHG�E\�WKHVH�QHZ�VFHQDULRV��
*36�QDYLJDWLRQ�V\VWHPV�SURYLGLQJ�UHDO�WLPH�WUDI�
ILF�LQIRUPDWLRQ�DQG�XSGDWLQJ�URXWHV�DFFRUGLQJO\��
FRRSHUDWLYH�VPDUWSKRQHV�WKDW�LQIRUP�XV�DERXW�WKH�
FXUUHQW�SRVLWLRQV�RI�RXU�IULHQGV��DQG�DXJPHQWHG�
UHDOLW\�VHUYLFHV�WKDW�HQULFK�ZKDW�ZH�VHH�DURXQG�ZLWK�
G\QDPLFDOO\�UHWULHYHG�GLJLWDO�LQIRUPDWLRQ��)HUVFKD�
DQG�9RJO���������+RZHYHU��WKH�URDG�WRZDUGV�WKH�
HIIHFWLYH� DQG� V\VWHPDWLF� H[SORLWDWLRQ� RI� WKHVH�
HPHUJLQJ�VFHQDULRV�FDOOV�IRU�D�UDGLFDO�UHWKLQNLQJ�
RI�FXUUHQW�VHUYLFH�PRGHOV�DQG�IUDPHZRUNV�

(ODERUDWLQJ�RQ� WKLV�SUREOHP�� WKLV�FKDSWHU� LV�
RUJDQL]HG�DV�IROORZV�

�� ,Q� 6HFWLRQ� �� ZH� SURYLGH� D� EDFNJURXQG��
VWDUWLQJ� IURP� D� FDVH� VWXG\� RI� DGDSWLYH�
SHUYDVLYH� GLVSOD\V�� ZH� GLVFXVV� WKH� EDVLF�
UHTXLUHPHQWV�RI�HPHUJHQW�SHUYDVLYH�FRP�

SXWLQJ� DSSOLFDWLRQV�� QDPHO\� VLWXDWHGQHVV��
DGDSWDWLRQ�� DQG� VXSSRUW� IRU� GLYHUVLW\� DQG�
ORQJ�WHUP�HYROXWLRQ�

�� ,Q�6HFWLRQV�����ZH�SUHVHQW�WKH�PDLQ�IRFXV�
RI� WKH� FKDSWHU�� ZH� SURSRVH� KRZ� FXUUHQW�
62$�VROXWLRQV�DUH�WR�EH�HYROYHG�WR�WDFNOH�
WKRVH�UHTXLUHPHQWV��QDPHO\��E\�D�GHHS�UH�
WKLQNLQJ�LQVSLUHG�E\�QDWXUH�DQG�LWV�PHFKD�
QLVPV��SURPRWLQJ�WKH�LGHD�RI�D�³SHUYDVLYH�
DQG�VKDUHG�VSDWLDO�FRQWLQXXP´�RYHU�ZKLFK�
ORFDO� LQGLYLGXDO� LQWHUDFWLRQV� RFFXU�� DQG�
ZH� SUHVHQW� DQ� LQQRYDWLYH� DUFKLWHFWXUH� IRU�
SHUYDVLYH�VHUYLFH�HFRV\VWHPV�URRWHG�LQ�WKH�
FRQFHSWV�RI� ³/LYH�6HPDQWLF�$QQRWDWLRQV´�
�/6$V��UHSUHVHQWLQJ�LQWHUIDFHV�RI�HQYLURQ�
PHQW�VHUYLFHV��DQG�³HFR�ODZV´��JOREDO�FR��
RUGLQDWLRQ� UXOHV� HQDEOLQJ� DQG� UHJXODWLQJ�
LQWHUDFWLRQV���,Q�6HFWLRQ���DQ�LPSOHPHQWD�
WLRQ� RI� WKH� IUDPHZRUN� EDVHG� RQ� VWDQGDUG�
:�&�WHFKQRORJLHV�IRU�WKH�6HPDQWLF�:HE�LV�
GLVFXVVHG��QDPHO\��UHO\LQJ�RQ�5')�IRU�VXS�
SRUWLQJ�/6$V��DQG�63$54/�IRU�HFR�ODZV��
6HFWLRQ� �� SUHVHQWV� D� FRQFUHWH� H[DPSOH� LQ�
WKH�IRUP�RI�D�FURZG�VWHHULQJ�H[DPSOH�

�� ,Q�6HFWLRQ���ZH�GLVFXVV�UHODWHG�ZRUNV�
�� )LQDOO\�� LQ�6HFWLRQ����ZH�FRQFOXGH�E\�GH�

VFULELQJ� WKH� IXWXUH� GLUHFWLRQV� RI� WKH� SUH�
VHQWHG�UHVHDUFK�

%$&.*5281'

$V�EDFNJURXQG�IRU�WKLV�FKDSWHU��ZH�SUHVHQW�WKH�
SHUYDVLYH� FRPSXWLQJ� VFHQDULRV� ZH� LQWHQG� WR�
WDUJHW��VR�DV�WR�HPSKDVL]H�WKH�UHTXLUHPHQWV�WKH\�
SRVH��:H�GR�WKLV�E\�PHDQV�RI�D�VLPSOH�FDVH�VWXG\�
±�UHSUHVHQWDWLYH�RI�D�ODUJHU�FODVV�RI�HPHUJLQJ�SHU�
YDVLYH�VFHQDULRV�±�ZKLFK�ZLOO�EH�XVHG�WR�JURXQG�
RXU�DUJXPHQWV��VNHWFK�WKH�UHTXLUHPHQWV�RI�IXWXUH�
SHUYDVLYH� VHUYLFHV�� DQG� XOWLPDWHO\� GLVFXVV� WKH�
SURSRVHG�VHUYLFH�IUDPHZRUN�

,W�LV�D�PDWWHU�RI�IDFW�WKDW�ZH�DUH�LQFUHDVLQJO\�
VXUURXQGHG� E\� GLJLWDO� GLVSOD\V�� IURP� WKRVH� RI�
ZHDUDEOH�GHYLFHV�WR�ZLGH�ZDOO�PRXQWHG�GLVSOD\V�
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SHUYDGLQJ�XUEDQ�DQG�ZRUNLQJ�HQYLURQPHQWV��&XU�
UHQWO\��WKH�IRUPHU�LQWHUDFW�ZLWK�WKH�HQYLURQPHQW�
DQG�DUH�DIIHFWHG�E\�LWV�FRQWLQJHQFLHV�LQ�OLPLWHG�
PDQQHUV��ZKLOH� WKH� ODWWHU�DUH�VLPSO\�FRQFHLYHG�
DV�VWDWLF�LQIRUPDWLRQ�VHUYHUV�WR�VKRZ�LQIRUPDWLRQ�
LQ�D�PDQXDOO\�FRQILJXUHG�PDQQHU�±�H�J���F\FOLQJ�
VRPH�SUH�GHILQHG�FRPPHUFLDOV�RU�JHQHUDO�LQWHU�
HVW�QHZV�±�LQGHSHQGHQWO\�RI�ERWK�WKH�FRQWH[W�LQ�
ZKLFK�WKH\�RSHUDWH�DQG�RI�QHDUE\�XVHUV��+RZHYHU��
VXFK�RYHUDOO�GLVSOD\�LQIUDVWUXFWXUHV�FDQ�EH�PDGH�
PRUH�HIIHFWLYH�DQG�DGYDQWDJHRXV�IRU�ERWK�XVHUV�
DQG�LQIRUPDWLRQ�VHUYLFH�SURYLGHUV�E\�EHFRPLQJ�
JHQHUDO��RSHQ��DQG�DGDSWDEOH�LQIRUPDWLRQ�VHUYLFH�
LQIUDVWUXFWXUHV�

)LUVW��LQIRUPDWLRQ�VKRXOG�EH�GLVSOD\HG�EDVHG�
RQ�WKH�FXUUHQW�VWDWH�RI�WKH�VXUURXQGLQJ�SK\VLFDO�
DQG�VRFLDO�HQYLURQPHQW��)RU�LQVWDQFH��E\�H[SORLW�
LQJ�LQIRUPDWLRQ�IURP�VHQVRUV�DQG�IURP�SURILOHV�
RI�QHDUE\�XVHUV��D�GLVSOD\�VLWHG�ZLWKLQ�D�PXVHXP�
FRXOG�VHOHFW�DQ�H[KLELWLRQ�WR�DGYHUWLVH�EDVHG�RQ�
RYHUODSSLQJ�XVHU�LQWHUHVWV��$OVR��DFWLRQV�FRXOG�EH�
FRRUGLQDWHG�DPRQJ�QHLJKERULQJ�GLVSOD\V�WR�HQDFW�
GLIIHUHQW�SROLFLHV�� H�J��� WR� DYRLG� LUULWDWLQJ�XVHUV�
ZLWK� WKH�VDPH�DGV�DV� WKH\�SDVV�E\�� WR�FRPELQH�
DGMDFHQW�GLVSOD\V�IRU� WKH�SXUSRVH�RI�SUHVHQWLQJ�
FRPSOH[��PXOWLIDFHWHG�LQIRUPDWLRQ��RU�WR�FRRUGL�
QDWH�GLVSOD\V�WR�VWHHU�SHRSOH�WRZDUGV�DQ�H[KLELWLRQ��
7KHVH�H[DPSOHV�H[SUHVV�D�JHQHUDO�UHTXLUHPHQW�IRU�
SHUYDVLYH�VHUYLFHV�

�� 6LWXDWHGQHVV��3HUYDVLYH�VHUYLFHV�GHDO�ZLWK�
VSDWLDOO\��DQG�VRFLDOO\�VLWXDWHG�DFWLYLWLHV�RI�
XVHUV�� DQG� VKRXOG� WKXV�EH� DEOH� WR� LQWHUDFW�
ZLWK� WKH� VXUURXQGLQJ� SK\VLFDO� DQG� VRFLDO�
ZRUOG� DQG� DGDSW� WKHLU� EHKDYLRU� DFFRUG�
LQJO\��7KH�LQIUDVWUXFWXUH�LWVHOI��GHHSO\�HP�
EHGGHG�LQ�WKH�SK\VLFDO�VSDFH��VKRXOG�HIIHF�
WLYHO\�GHDO�ZLWK�VSDWLDO�FRQFHSWV�DQG�GDWD�

6HFRQG�� DQG� FRPSOHPHQWDU\� WR� WKH� DERYH��
WKH�GLVSOD\�LQIUDVWUXFWXUH�DQG�WKH�VHUYLFHV�ZLWKLQ�
VKRXOG�DXWRPDWLFDOO\�DGDSW�WR�WKHLU�RZQ�PRGLILFD�
WLRQV�DQG�FRQWLQJHQFLHV�LQ�DQ�DXWRPDWLF�ZD\�ZLWK�
RXW�PDOIXQFWLRQLQJ��DQG�SRVVLEO\�WDNH�DGYDQWDJH�

RI�VXFK�PRGLILFDWLRQV��1DPHO\��ZKHQ�QHZ�GHYLFHV�
DUH�GHSOR\HG��QHZ�LQIRUPDWLRQ�LV�LQMHFWHG��RU�QHZ�
SHRSOH�DUULYH��D�VSRQWDQHRXV�UH�GLVWULEXWLRQ�DQG�
UH�VKDSLQJ�RI�WKH�RYHUDOO�GLVSOD\HG�LQIRUPDWLRQ�
VKRXOG�WDNH�SODFH��)RU�LQVWDQFH��WKH�URXWH�WRZDUGV�
DQ�H[KLELWLRQ�FRXOG�EH�DXWRPDWLFDOO\�FRPSXWHG�
E\�VHOI�RUJDQL]DWLRQ�VR�DV�WR�G\QDPLFDOO\�DYRLG�
RYHUFURZGHG�URRPV�RU�FRUULGRUV��RU�DOWHUQDWLYH�
H[KLELWLRQV�FRXOG�EH�VHOHFWHG�LI�RQH�KDV�UHDFKHG�
�RU�ZLOO�VKRUWO\�UHDFK��FDSDFLW\��,Q�WHUPV�RI�D�JHQ�
HUDO�UHTXLUHPHQW�IRU�GHFHQWUDOL]HG�DQG�G\QDPLF�
VFHQDULRV�

�� $GDSWLYLW\��3HUYDVLYH�VHUYLFHV�DQG� LQIUD�
VWUXFWXUHV� VKRXOG� LQKHUHQWO\� H[KLELW� SURS�
HUWLHV�RI�DXWRQRPRXV�DGDSWDWLRQ�DQG�PDQ�
DJHPHQW��WR�VXUYLYH�FRQWLQJHQFLHV�ZLWKRXW�
KXPDQ�LQWHUYHQWLRQ�DQG�DW�OLPLWHG�FRVWV�

7KLUG��WKH�GLVSOD\�LQIUDVWUXFWXUH�VKRXOG�HQDEOH�
XVHUV� ±� RWKHU� WKDQ� GLVSOD\� RZQHUV� ±� WR� XSORDG�
LQIRUPDWLRQ�DQG�VHUYLFHV�WR�HQULFK�WKH�RIIHULQJV�
DYDLODEOH��RU�DGDSW�WKH�LQIUDVWUXFWXUH�WR�WKHLU�RZQ�
QHHGV��)RU�LQVWDQFH��XVHUV�PD\�FRQWLQXRXVO\�XS�
ORDG�SHUVRQDO�FRQWHQW��H�J���SLFWXUHV�DQG�DQQRWD�
WLRQV�UHODWHG�WR�WKH�ORFDO�HQYLURQPHQW��IURP�WKHLU�
RZQ�GHYLFHV�WR�WKH�LQIUDVWUXFWXUH��ERWK�IRU�EHWWHU�
YLVXDOL]DWLRQ�DQG�IRU�LQFUHDVLQJ�WKH�RYHUDOO�ORFDO�
LQIRUPDWLRQ�RIIHU��6LPLODUO\��D�JURXS�RI� IULHQGV�
FDQ�H[SORLW�D�SXEOLF�GLVSOD\�E\�XSORDGLQJ�VRIWZDUH�
OHWWLQJ�WKH�GLVSOD\�KRVW�D�VKDUHG�UHDO�WLPH�PDS��
YLVXDOL]LQJ�ZKDW¶V�KDSSHQLQJ�QHDUE\��ZKLFK�ZRXOG�
DOVR�UHTXLUH�RSSRUWXQLVWLF�DFFHVV�WR�WKH�H[LVWLQJ�
HQYLURQPHQWDO�VHQVRUV�DQG�WR�DQ\�DYDLODEOH�XVHU�
SURYLGHG�VHQVRUV��WR�PDNH�WKH�PDS�DOLYH�DQG�ULFK�
LQ�UHDO�WLPH�LQIRUPDWLRQ���,Q�JHQHUDO��RQH�VKRXOG�
HQDEOH�XVHUV�WR�DFW�DV�³SURVXPHUV´�±�L�H���DV�ERWK�
FRQVXPHUV�DQG�SURGXFHUV�±�RI�GHYLFHV��GDWD��DQG�
VHUYLFHV��7KLV�ZLOO�QRW�RQO\�PDNH�HQYLURQPHQWV�
PHHW�WKH�VSHFLILF�QHHGV�RI�DQ\�XVHU��DQG�FDSWXUH�
WKH�ORQJ�WDLO�RI�WKH�PDUNHW���EXW�ZLOO�DOVR�LQGXFH�D�
SURFHVV�RI�YDOXH�FR�FUHDWLRQ�LQFUHDVLQJ�WKH�RYHUDOO�
LQWULQVLF�YDOXH�RI�WKH�V\VWHP�DQG�RI�LWV�VHUYLFHV�
�9DUJR�HW�DO����������,I�WKH�PHQWLRQHG�UHDO�WLPH�
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PDS� DFFHVVHV� VRPH� VHQVRUV� LQ� XQFRQYHQWLRQDO�
ZD\V�WR�EHWWHU�GHWHFW�VLWXDWLRQV�DURXQG��WKLV�DGGV�
YDOXH�ERWK�WR�VXFK�VHQVRUV�DQG�WR�DOO�H[LVWLQJ�DQG�
IXWXUH�VHUYLFHV�UHTXLULQJ�VLWXDWLRQ�UHFRJQLWLRQ��,Q�
WHUPV�RI�D�JHQHUDO�UHTXLUHPHQW�

�� 3URVXPSWLRQ� DQG� 'LYHUVLW\�� 7KH� LQIUD�
VWUXFWXUH� VKRXOG� WROHUDWH� RSHQ� PRGHOV� RI�
VHUYLFH�SURGXFWLRQ�DQG�XVDJH�ZLWKRXW�OLP�
LWLQJ� WKH� QXPEHU� DQG� FODVVHV� RI� VHUYLFHV�
SURYLGHG�� DQG� UDWKHU� WDNLQJ� DGYDQWDJH� RI�
WKH�LQMHFWLRQ�RI�QHZ�VHUYLFHV�E\�H[SORLWLQJ�
WKHP�WR�LPSURYH�DQG�LQWHJUDWH�H[LVWLQJ�VHU�
YLFHV�ZKHQHYHU� SRVVLEOH�� DQG� DGG� IXUWKHU�
YDOXH�WR�WKHP�

)LQDOO\��EHVLGHV�VKRUW�WHUP�DGDSWDWLRQ��LQ�WKH�
ORQJHU�WHUP� DQ\� SHUYDVLYH� LQIUDVWUXFWXUH� ZLOO�
H[SHULHQFH�GUDPDWLF�FKDQJHV�UHODWHG�WR�WKH�WHFK�
QRORJ\�EHLQJ�DGRSWHG��DV�ZHOO�DV�LQ�WKH�NLQGV�RI�
VHUYLFHV�EHLQJ�GHSOR\HG�DQG�LQ�WKHLU�SDWWHUQV�RI�
XVDJH��)RU�LQVWDQFH��D�GLVSOD\�LQIUDVWUXFWXUH�ZLOO�
DW�VRPH�WLPH�LQWHJUDWH�PRUH�VRSKLVWLFDWHG�VHQV�
LQJ�PHDQV�WKDQ�ZH�KDYH�WRGD\�DQG�ZLOO�SRVVLEO\�
LQWHJUDWH�HQULFKHG�DFWXDWRUV�YLD�ZKLFK�WR�DWWUDFW�
XVHU�DWWHQWLRQ�DQG� LQWHUDFW�ZLWK� WKHP��7KLV�FDQ�
EH� WKH� FDVH� RI� SHUVRQDO� SURMHFWLRQ� V\VWHPV� WR�
PDNH�DQ\�SK\VLFDO�REMHFW�EHFRPH�D�GLVSOD\��RU�
RI� H\HJODVV� GLVSOD\V� IRU� LPPHUVLYH� SHUFHSWLRQ�
DQG�DFWLRQ��:KLOH�WKLV�FDQ�RSHQ�XS�WKH�ZD\�IRU�
EUDQG�QHZ�FODVVHV�DQG�JHQHUDWLRQV�RI�VHUYLFHV�WR�
EH�FRQFHLYHG�DQG�GHSOR\HG��LW�DOVR�UHTXLUHV�WKDW�
VXFK�HYROXWLRQ�FDQ�EH�JUDGXDOO\�DFFRPPRGDWHG�
ZLWKRXW�KDUPLQJ�WKH�H[LVWLQJ�LQIUDVWUXFWXUH�DQG�
VHUYLFHV��$V�D�JHQHUDO�UHTXLUHPHQW�

�� (WHUQLW\�� 7KH� LQIUDVWUXFWXUH� VKRXOG� WRO�
HUDWH� ORQJ�WHUP� HYROXWLRQV� RI� VWUXFWXUH��
FRPSRQHQWV��DQG�XVDJH�SDWWHUQV��WR�DFFRP�
PRGDWH� WKH� FKDQJLQJ� QHHGV� RI� XVHUV� DQG�
WHFKQRORJLFDO� HYROXWLRQ� ZLWKRXW� IRUFLQJ�
VLJQL¿FDQW� DQG� H[SHQVLYH� UH�HQJLQHHULQJ�
HIIRUWV� WR� LQFRUSRUDWH� LQQRYDWLRQV� DQG�
FKDQJHV�

3(59$6,9(�6(59,&(�(&26<67(06

)URP�62$�WR�1DWXUH�,QVSLUHG�
3HUYDVLYH�6HUYLFH�(FRV\VWHPV

&DQ�WKH�DERYH�UHTXLUHPHQWV�EH�PHW�E\�DUFKLWHFWLQJ�
SHUYDVLYH�VHUYLFH�HQYLURQPHQWV�DURXQG�VWDQGDUG�
VHUYLFH�RULHQWHG�DUFKLWHFWXUHV� �62$�"�7R�VRPH�
H[WHQWV��\HV��EXW�WKH�ILQDO�UHVXOW�ZRXOG�EH�D�VRUW�
RI�VFUDPEOH�RI�FXUUHQW�62$�PHWKRGRORJ\��,QGHHG��
ZH�EHOLHYH� WKH� DERYH� UHTXLUHPHQWV� FDOO� IRU� UH�
WKLQNLQJ�VRPH�DVVXPSWLRQV�RI�62$�DUFKLWHFWXUH��
DQG�HYROYLQJ�WKHP�ZLWK� LGHDV�DQG�PHFKDQLVPV�
SURSRVHG�LQ�WKH�ILHOG�RI�VHOI�RUJDQL]LQJ�FRPSXWHU�
V\VWHPV��QDPHO\��UHO\LQJ�RQ�D�QDWXUH�LQVSLUHG�DS�
SURDFK�DV�GHYHORSHG�LQ�WKH�IROORZLQJ�

&HQWUDOL]HG�62$�6ROXWLRQ

,Q�JHQHUDO��62$�FRQVLGHU�WKH�LQWHU�UHODWHG�DFWLYLWLHV�
RI�VHUYLFH�FRPSRQHQWV�WR�EH�PDQDJHG�E\�YDULRXV�
LQIUDVWUXFWXUDO� �PLGGOHZDUH�� VHUYLFHV� VXFK� DV��
GLVFRYHU\�VHUYLFHV�WR�KHOS�FRPSRQHQWV�ILQG�HDFK�
RWKHU��FRQWH[W�VHUYLFHV�WR�KHOS�FRPSRQHQWV�VLWXDWH�
WKHLU�DFWLYLWLHV��RUFKHVWUDWLRQ�VHUYLFHV�WR�FRRUGL�
QDWH�LQWHUDFWLRQV�DFFRUGLQJ�WR�VSHFLILF�DSSOLFDWLRQ�
ORJLFV��DQG�VKDUHG�GDWD�VSDFH�VHUYLFHV�WR�VXSSRUW�
GDWD�PHGLDWHG� LQWHUDFWLRQV� �:HOOV�HW�DO����������
7R�DUFKLWHFW�D�SHUYDVLYH�GLVSOD\�HQYLURQPHQW�LQ�
VXFK�WHUPV��)LJXUH���� WRS���RQH�KDV� WR�VHW�XS�D�
PLGGOHZDUH�VHUYHU�LQ�ZKLFK�WR�KRVW�DOO�WKH�QHFHV�
VDU\�LQIUDVWUXFWXUDO�VHUYLFHV�WR�VXSSRUW�WKH�YDULRXV�
FRPSRQHQWV�RI�WKH�VFHQDULR��L�H���GLVSOD\V��LQIRU�
PDWLRQ� DQG� DGYHUWLVLQJ� VHUYLFHV�� XVHU�SURYLGHG�
VHUYLFHV��VHQVLQJ�GHYLFHV�DQG�SHUVRQDO�GHYLFHV�

6XFK� FRPSRQHQWV� EHFRPH� DZDUH� RI� HDFK�
RWKHU�YLD�WKH�GLVFRYHU\�VHUYLFH��+RZHYHU��LQ�G\�
QDPLF�VFHQDULRV��XVHUV�DQG�GHYLFHV�FRPLQJ�DQG�
JRLQJ��� FRPSRQHQWV�DUH� IRUFHG� WR�FRQWLQXRXVO\�
DFFHVV��RU�EH�QRWLILHG�E\��WKH�GLVFRYHU\�VHUYLFH�
WR�SUHVHUYH�XS�WR�GDWH�LQIRUPDWLRQ²D�FRPSXWD�
WLRQDO�DQG�FRPPXQLFDWLRQ�ZDVWLQJ�DFWLYLW\��$OVR��
VLQFH�GLVFRYHU\�DQG�LQWHUDFWLRQV�DPRQJ�FRPSR�
QHQWV�KDYH�WR�UHO\�RQ�VSDWLDO�LQIRUPDWLRQ��L�H���D�
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)LJXUH����$UFKLWHFWLQJ�SHUYDVLYH�VHUYLFH�HQYLURQPHQWV��7RS��D�VROXWLRQ�ZLWK�D�FHQWUDOL]HG�PLGGOHZDUH�
VHUYHU��%RWWRP��D�VROXWLRQ�UHO\LQJ�RQ�D�GLVWULEXWHG�VHW�RI�ORFDO�PLGGOHZDUH�VHUYLFHV
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GLVSOD\�LV�LQWHUHVWHG�RQO\�LQ�WKH�XVHUV�DQG�VHQVRUV�
LQ� LWV� SUR[LPLW\��� WKLV� UHTXLUHV� HLWKHU� VRSKLVWL�
FDWHG� FRQWH[W�VHUYLFHV� WR� H[WUDFW� WKH� QHFHVVDU\�
VSDWLDO�LQIRUPDWLRQ�DERXW�FRPSRQHQWV��RU�WR�HP�
EHG�VSDWLDO�GHVFULSWLRQV�IRU�HDFK�FRPSRQHQW�LQWR�
LWV�GLVFRYHU\�HQWU\��DJDLQ�LQGXFLQJ�IUHTXHQW�DQG�
FRVWO\�XSGDWHV�WR�NHHS�XS�ZLWK�PRELOLW\�

7R� DGDSW� WR� VLWXDWLRQV� DQG� FRQWLQJHQFLHV��
FRPSRQHQWV�VKRXOG�EH�DEOH�WR�UHFRJQL]H�UHOHYDQW�
FKDQJHV� LQ� WKHLU� FXUUHQW� HQYLURQPHQW� DQG� SODQ�
FRUUHFWLYH� DFWLRQV� LQ� UHVSRQVH� WR� WKHP�� ZKLFK�
DJDLQ�UHTXLUHV�QRWDEOH�FRPPXQLFDWLRQ�DQG�FRP�
SXWDWLRQDO�FRVWV�IRU�DOO�WKH�FRPSRQHQWV�LQYROYHG��
$OWHUQDWLYHO\��RU�FRPSOHPHQWDU\��RQH�FRXOG�WKLQN�
RI� HPEHGGLQJ� DGDSWDWLRQ� ORJLFV� LQWR� D� VSHFLILF�
VHUYHU�LQVLGH�WKH�PLGGOHZDUH��H�J���LQ�WKH�IRUP�RI�
DXWRQRPLF�FRQWURO�PDQDJHUV��.HSKDUW�DQG�&KHVV��
��������+RZHYHU��VXFK�ORJLFV�ZRXOG�KDYH�WR�EH�
YHU\�FRPSOH[�DQG�KHDY\ZHLJKW�WR�HQVXUH�FDSDELO�
LW\�RI�DGDSWLQJ�WR�DQ\�IRUHVHHDEOH�VLWXDWLRQ��DQG�
HVSHFLDOO\�KDUG�IRU�ORQJ�WHUP�DGDSWDWLRQ�

'HFHQWUDOL]HG�62$�6ROXWLRQ

7R�UHGXFH�WKH�LGHQWLILHG�FRPSOH[LWLHV�DQG�FRVWV�
DQG�EHWWHU�PDWFK�WKH�FKDUDFWHULVWLFV�RI�WKH�VFHQDULR��
RQH�FRXOG� WKLQN�RI�D�PRUH�GLVWULEXWHG�VROXWLRQ��
ZLWK�D�YDULHW\�RI�PLGGOHZDUH� VHUYHUV�GHSOR\HG�
LQ�WKH�LQIUDVWUXFWXUH�WR�VHUYH��RQ�D�VWULFWO\�ORFDO�
EDVLV��RQO\�D�OLPLWHG�SRUWLRQ�RI�WKH�RYHUDOO�LQIUD�
VWUXFWXUH��)RU�LQVWDQFH��)LJXUH�����ERWWRP���RQH�
FRXOG�LQVWDOO�D�VLQJOH�PLGGOHZDUH�VHUYHU�IRU�HDFK�
RI�WKH�DYDLODEOH�SXEOLF�GLVSOD\V��,W�ZRXOG�PDQDJH�
WKH�ORFDO�GLVSOD\�DQG�DOO�ORFDO�VHUYLFH�FRPSRQHQWV��
WKXV� VLPSOLI\LQJ� ORFDO� GLVFRYHU\� DQG� QDWXUDOO\�
HQIRUFLQJ�VSDWLDO�LQWHUDFWLRQV��$GDSWDWLRQ�WR�VLWX�
DWLRQV� LV�PDGH� HDVLHU�� WKDQNV� WR� WKH� SRVVLELOLW\�
RI�UHFRJQL]LQJ�LQ�D�PRUH�FRQILQHG�ZD\��DQG�DW�
UHGXFHG� FRVWV�� ORFDO� FRQWLQJHQFLHV� DQG� HYHQWV��
DQG�RI�DFWLQJ�ORFDOO\�XSRQ�WKHP�

:LWK� WKH� DGRSWLRQ� RI� D� GLVWULEXWHG� VROXWLRQ�
HQIRUFLQJ� ORFDOLW\�� WKH� GLVWLQFWLRQ� EHWZHHQ� WKH�
ORJLFV�DQG�GXWLHV�RI�WKH�GLIIHUHQW�LQIUDVWUXFWXUDO�
VHUYLFHV� IDGHV�� GLVFRYHULQJ� ORFDO� VHUYLFHV� DQG�

GHYLFHV�LPSOLHV�GLVFRYHULQJ�VRPHWKLQJ�DERXW�WKH�
ORFDO�FRQWH[W��WKH�G\QDPLFV�RI�WKH�ORFDO�VFHQDULRV��
DV�UHIOHFWHG�LQ�WKH�ORFDO�GLVFRYHU\�WDEOHV��PDNHV�LW�
SRVVLEOH�WR�KDYH�FRPSRQHQWV�LQGLUHFWO\�LQIOXHQFH�
HDFK�RWKHU��EHLQJ�WKDW�WKHLU�DFWLRQV�DUH�SRVVLEO\�
GHSHQGHQW�RQ�VXFK�WDEOHV���DV�LQ�D�VRUW�RI�VKDUHG�
GDWD�VSDFH� PRGHO�� 7KLV� DOVR� LQGXFHV� VSHFLILF�
RUFKHVWUDWLRQ�SDWWHUQV�IRU�FRPSRQHQWV�EDVHG�RQ�
WKH�ORFDO�ORJLFV�XSRQ�ZKLFK�WKH�PLGGOHZDUH�UH�
OLHV�WR�GLVWULEXWH�LQIRUPDWLRQ�DQG�HYHQWV�DPRQJ�
FRPSRQHQWV�DQG�WR�SXW�FRPSRQHQWV�LQ�WRXFK�ZLWK�
HDFK�RWKHU�

$�SUREOHP�RI�WKLV�GLVWULEXWHG�DUFKLWHFWXUH�LV�WKDW�
LW�UHTXLUHV�VROXWLRQV�ERWK�WR�WXQH�LW�WR�WKH�VSDWLDO�
FKDUDFWHULVWLFV�RI�WKH�VFHQDULR�DQG�WR�DGDSWLYHO\�
KDQGOH�FRQWLQJHQFLHV��7KH�ORJLFV�RI�DOORFDWLRQ�RI�
PLGGOHZDUH�VHUYHUV��L�H���RQH�VHUYHU�SHU�GLVSOD\��
GHULYHV� QDWXUDOO\� RQO\� LQ� D� VWDWLF� VFHQDULR�� EXW�
WKH�DUULYDO�DQG�GHSDUWXUH�RI�GLVSOD\V�UHTXLUHV�WKH�
PLGGOHZDUH� VHUYHUV� WR� UHDFW� E\� UH�VKDSLQJ� WKH�
VSDWLDO� UHJLRQV� DQG� WKH� VHUYLFH� FRPSRQHQWV� RI�
SHUWLQHQFH�RI�HDFK�RI�WKHP��QRWLI\LQJ�FRPSRQHQWV�
FRUUHVSRQGLQJO\��'\QDPLVP�LV�FRPSXOVRU\��PRUH�
RYHU��LI�RQH�GHFLGHV�WR�LQVWDOO�WKRVH�PLGGOHZDUH�
VHUYLFHV�RQ�VPDUWSKRQHV�DV�ZHOO��H�J���GHSOR\HG�
DV�DSSV���LQ�RUGHU�WR�VHHPLQJO\�KDQGOH�SULYDWH�GLV�
SOD\V�RQ�WKHP��7R�WDFNOH�WKLV�JHQHUDO�SUREOHP��WKH�
DFWXDO�GLVWULEXWLRQ�RI�PLGGOHZDUH�VHUYHUV�VKRXOG�
EHFRPH�WUDQVSDUHQW�WR�VHUYLFH�FRPSRQHQWV²WKH\�
VKRXOG� QRW�ZRUU\� DERXW�ZKHUH� VHUYHUV� DUH�� EXW�
ZLOO� VLPSO\� DFW� LQ� WKHLU� ORFDO� VSDFH� FRQILGHQW�
WKDW� WKHUH� DUH� VHUYHUV� WR� DFFHVV��0RUHRYHU�� WKH�
QHWZRUN�RI�VHUYHUV�VKRXOG�EH�DEOH�WR�VSRQWDQH�
RXVO\�UH�RUJDQL]H�LWV�VKDSH�LQ�DXWRQRP\��ZLWKRXW�
GLUHFWO\�DIIHFWLQJ�VHUYLFH�FRPSRQHQWV�EXW�VLPSO\�
DGDSWLYHO\�LQGXFLQJ�LQ�WKHP�D�UH�RUJDQL]DWLRQ�RI�
WKHLU�LQWHUDFWLRQ�SDWWHUQV�

1DWXUH�,QVSLUHG�(FR�6\VWHPV

3XVKHG�WRZDUGV�D�YHU\�GHQVH�DQG�PRELOH�QHWZRUN�
RI�QRGHV��SHUYDVLYH�GHYLFHV�DQG�SHRSOH¶V�VPDUW�
SKRQHV��WKH�DUFKLWHFWXUH�ZLOO�HQG�XS�EHLQJ�SHUFHLY�
DEOH� DV� D� GHQVH� GLVWULEXWHG� HQYLURQPHQW� DERYH�
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ZKLFK� D� YHU\� G\QDPLF� VHW� RI� VSDWLDOO\�VLWXDWHG�
FRPSRQHQWV�GLVFRYHU��LQWHUDFW��DQG�FRRUGLQDWH�ZLWK�
HDFK�RWKHU��7KLV�LV�GRQH�LQ�WHUPV�RI�PXFK�VLPSOLILHG�
ORJLFV��HPEHGGHG�LQWR�WKH�XQLTXH��WKRXJK�KLJKO\�
GLVWULEXWHG�� LQIUDVWUXFWXUDO� VHUYLFH�� VXEVXPLQJ�
WKH�UROHV�RI�GLVFRYHU\��FRQWH[W��GDWD�VSDFH��DQG�
RUFKHVWUDWLRQ�VHUYLFHV��DQG�WDNLQJ�WKH�IRUP�RI�D�
OLPLWHG�VHW�RI�ORFDO�UXOHV�HPEHGGHG�LQ�WKH�VSDWLDO�
VXEVWUDWH�LWVHOI²GHSOR\HG�LQ�HDFK�FRPSXWDWLRQDO�
QRGH��7KDW�LV��ZH�ZRXOG�HQG�XS�ZLWK�VRPHWKLQJ�
WKDW�QRWDEO\�UHVHPEOHV�WKH�DUFKLWHFWXUH�RI�QDWXUDO�
HFRV\VWHPV��D�VHW�RI�VSDWLDOO\�VLWXDWHG�HQWLWLHV�LQ�
WHUDFWLQJ�DFFRUGLQJ�WR�D�ZHOO�GHILQHG�VHW�RI�QDWXUDO�
ODZV�HQIRUFHG�E\�WKH�VSDWLDO�HQYLURQPHQW�LQ�ZKLFK�
WKH\�VLWXDWH��DQG�DGDSWLYHO\�VHOI�RUJDQL]LQJ�WKHLU�
LQWHUDFWLRQ�G\QDPLFV�DFFRUGLQJ�WR�LWV�WKH�VKDSH�
DQG�VWUXFWXUH�

*RLQJ�IXUWKHU�WKDQ�DUFKLWHFWXUDO�VLPLODULW\��WKH�
QDWXUDO�PHWDSKRU�FDQ�EH�DGRSWHG�DV�WKH�JURXQG�
XSRQ�ZKLFK�WR�UHO\�WR�LQKHUHQWO\�DFFRPPRGDWH�WKH�
UHTXLUHPHQWV�RI�SHUYDVLYH�VHUYLFH�VFHQDULRV��6LWX�
DWHGQHVV�DQG�VSDWLDOLW\�DUH�WKHUH�E\�FRQVWUXFWLRQ��
$GDSWDWLRQ�FDQ�EH�DFKLHYHG�EHFDXVH�RI�WKH�EDVLF�
UXOHV�RI�WKH�JDPH��WKH�G\QDPLFV�RI�WKH�HFRV\VWHP��
DV�GHWHUPLQHG�E\�WKH�HQDFWPHQW�RI�ODZV�DQG�E\�
WKH�VKDSH�RI�WKH�HQYLURQPHQW��FDQ�VSRQWDQHRXVO\�
LQGXFH�IRUPV�RI�DGDSWLYH�VHOI�RUJDQL]DWLRQ�EHVLGH�
WKH�FKDUDFWHULVWLFV�RI�WKH�LQGLYLGXDO�FRPSRQHQWV��
$FFRPPRGDWLQJ� QHZ� DQG� GLYHUVH� FRPSRQHQW�
VSHFLHV��HYHQ�WRZDUGV�D�ORQJ�WHUP�HYROXWLRQ��LV�
REWDLQHG�E\�PDNLQJ�FRPSRQHQWV�SDUW\�WR�WKH�JDPH�
LQ�UHVSHFW�RI�LWV�UXOHV��DQG�E\�OHWWLQJ�WKH�HFRV\VWHP�
G\QDPLFV�HYROYH�DQG�UH�VKDSH�LQ�UHVSRQVH�WR�WKH�
DSSHDUDQFH�RI�VXFK�QHZ�VSHFLHV��7KLV�ZD\��ZH�FDQ�
WDNH�DGYDQWDJH�RI�WKH�QHZ�LQWHUDFWLRQ�SRVVLELOLWLHV�
RI�VXFK�QHZ�VHUYLFHV�DQG�RI�WKH�DGGLWLRQDO�YDOXH�
WKH\�EULQJ��ZLWKRXW�UHTXLULQJ�LQGLYLGXDO�FRPSR�
QHQWV�RU�WKH�LQIUDVWUXFWXUH�LWVHOI��L�H���LWV�ODZV�DQG�
VWUXFWXUH��WR�EH�UH�HQJLQHHUHG��-D]D\HUL��������

,QGHHG��QDWXUH�LQVSLUHG�VROXWLRQV�KDYH�DOUHDG\�
EHHQ�H[WHQVLYHO\�H[SORLWHG�LQ�GLVWULEXWHG�FRPSXW�
LQJ��%DEDRJOX�HW�DO���������IRU�WKH�LPSOHPHQWDWLRQ�
RI�VSHFLILF�DGDSWLYH�DOJRULWKPLF�VROXWLRQV�RU�RI�
VSHFLILF�DGDSWLYH�VHUYLFHV��$OVR��PDQ\�LQLWLDWLYHV�

±�OLNH�WKRVH�QDPHG�XSRQ�GLJLWDO�EXVLQHVV�VHUYLFH�
HFRV\VWHPV��8OLHUX�DQG�*UREEHODDU��������±�UHFRJ�
QL]H�WKDW�WKH�FRPSOH[LW\�RI�PRGHUQ�VHUYLFH�V\VWHPV�
LV�FRPSDUDEOH�WR�WKDW�RI�QDWXUDO�RQHV�DQG�UHTXLUHV�
LQQRYDWLYH�VROXWLRQV�DOVR� WR�HIIHFWLYHO\�VXSSRUW�
GLYHUVLW\�DQG�YDOXH�FR�FUHDWLRQ��<HW��WKH�LGHD�WKDW�
QDWXUDO�PHWDSKRUV�FDQ�EHFRPH�WKH�IRXQGDWLRQ�RQ�
ZKLFK�WR�IXOO\�UH�WKLQN�WKH�DUFKLWHFWXUH�RI�VHUYLFH�
V\VWHPV�LV�IDU�IURP�EHLQJ�PHWDEROL]HG�

$�5HIHUHQFH�&RQFHSWXDO�$UFKLWHFWXUH

7KH� DERYH� GLVFXVVLRQ� OHDGV� WR� WKH� LGHQWLILFD�
WLRQ� RI� D� UHIHUHQFH� FRQFHSWXDO� DUFKLWHFWXUH� IRU�
QDWXUH�LQVSLUHG� SHUYDVLYH� VHUYLFH� HFRV\VWHPV�
�VHH�)LJXUH����

7KH�ORZHVW�OHYHO�LV�WKH�FRQFUHWH�SK\VLFDO�DQG�
GLJLWDO�JURXQG�RQ�ZKLFK� WKH�HFRV\VWHP�ZLOO�EH�
GHSOR\HG�� L�H��� D� GHQVH� LQIUDVWUXFWXUH� �LGHDOO\� D�
FRQWLQXXP��RI�QHWZRUNHG�FRPSXWLQJ�GHYLFHV�DQG�
LQIRUPDWLRQ�VRXUFHV��$W�WKH�WRS�OHYHO��SURVXPHUV�
DFFHVV� WKH� RSHQ� VHUYLFH� IUDPHZRUN� IRU� XVLQJ�
FRQVXPLQJ�GDWD�RU�VHUYLFHV��DV�ZHOO�DV�IRU�SURGXF�
LQJ� DQG� GHSOR\LQJ� LQ� WKH� IUDPHZRUN� QHZ� VHU�
YLFHV� DQG�QHZ�GDWD� FRPSRQHQWV�RU� IRU�PDNLQJ�
QHZ� GHYLFHV� DYDLODEOH�� ,Q� RXU� FDVH� VWXG\�� WKH\�
LQFOXGH�WKH�XVHUV�SDVVLQJ�E\��WKH�GLVSOD\�RZQHUV��
LQIRUPDWLRQ�SURYLGHUV��DQG�WKH�DGYHUWLVLQJ�FRP�
SDQLHV�LQWHUHVWHG�LQ�EX\LQJ�FRPPHUFLDO�VORWV��$W�
ERWK�OHYHOV�RSHQQHVV�DQG�LWV�G\QDPLFV�DULVH��QHZ�
GHYLFHV�FDQ�MRLQ�OHDYH�WKH�V\VWHP�DW�DQ\�WLPH��DQG�
QHZ�XVHUV�FDQ�LQWHUDFW�ZLWK�WKH�IUDPHZRUN�DQG�
FDQ�GHSOR\�QHZ�VHUYLFHV�DQG�GDWD�LWHPV�RQ�LW��,Q�
RXU�FDVH�VWXG\��ZH�FRQVLGHU�LQWHJUDWLRQ�DW�DQ\�WLPH�
RI�QHZ�GLVSOD\V�DQG�QHZ�VHQVRUV��DQG�WKH�SUHVHQFH�
RI� D� FRQWLQXRXV� IORZ�RI� QHZ�YLVXDOL]DWLRQ� VHU�
YLFHV� �H�J��� FRPPHUFLDO� DGYHUWLVHUV�� DQG� XVHUV��
SRVVLEO\�KDYLQJ�WKHLU�RZQ�GHYLFHV�LQWHJUDWHG�LQ�
WKH�RYHUDOO�LQIUDVWUXFWXUH�

,Q�EHWZHHQ�WKHVH�WZR�OHYHOV��OLH�WKH�DEVWUDFW�
FRPSXWDWLRQDO�FRPSRQHQWV�RI�WKH�SHUYDVLYH�HFR�
V\VWHP�DUFKLWHFWXUH�
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�� 6SHFLHV�� 7KLV� OHYHO� LQFOXGHV� D� YDULHW\� RI�
FRPSRQHQWV�� EHORQJLQJ� WR� GLIIHUHQW� ³VSH�
FLHV´� \HW� PRGHOHG� DQG� FRPSXWDWLRQDOO\�
UHQGHUHG� LQ� D� XQLIRUP� ZD\�� UHSUHVHQWLQJ�
WKH�LQGLYLGXDOV��L�H���VRIWZDUH�DJHQWV��SRS�
XODWLQJ�WKH�HFRV\VWHP��SK\VLFDO�DQG�YLUWXDO�
GHYLFHV� RI� WKH� SHUYDVLYH� LQIUDVWUXFWXUH��
GLJLWDO�DQG�QHWZRUN�UHVRXUFHV�RI�DQ\�NLQG��
SURYLGHUV� RI� SHUVLVWHQW�WHPSRUDU\� NQRZO�
HGJH�GDWD� DQG� FRQWH[WXDO� LQIRUPDWLRQ��
VRIWZDUH�VHUYLFHV��RU�SHUVRQDO�XVHU�DJHQWV��
,Q� RXU� FDVH� VWXG\��ZH�ZLOO� KDYH� GLIIHUHQW�
VRIWZDUH�VSHFLHV�WR�UHSUHVHQW�GLVSOD\V�DQG�
WKHLU�GLVSOD\LQJ�VHUYLFH��WKH�YDULRXV�NLQGV�
RI�VHQVRUV�GLVWULEXWHG�DURXQG�WKH�HQYLURQ�
PHQW� DQG� WKH� GDWD� WKH\� H[SUHVV�� VRIWZDUH�

DJHQWV� WR� DFW� RQ� EHKDOI� RI� XVHUV�� GLVSOD\�
RZQHUV��DQG�DGYHUWLVHUV�
,Q�JHQHUDO�WHUPV��DQ�HFRV\VWHP�LV�H[SHFWHG�
WR�EH�SRSXODWHG�ZLWK�D�VHW�RI�VRIWZDUH�DJHQWV�
SK\VLFDOO\� GHSOR\HG� LQ� WKH� HQYLURQPHQW��
VLWXDWHG�LQ�VRPH�SRUWLRQ�RI�WKH�HFRV\VWHP�
VSDFH��DQG�G\QDPLFDOO\�MRLQLQJ�OHDYLQJ�LW��
7KH�YHU\�RFFXUUHQFH�RI�VXFK�DJHQWV�LV�UHLILHG�
LQ�RXU�DUFKLWHFWXUH�LQ�WHUPV�RI�VR�FDOOHG�/LYH�
6HPDQWLF�$QQRWDWLRQV��/6$V���ZKLFK�SOD\�
WKH�UROH�RI�HFRV\VWHP�LQGLYLGXDOV��$Q�/6$�
LV�D�VWUXFWXUHG��VHPDQWLFDOO\�IRXQGHG��DQG�
FRQWLQXRXVO\�XSGDWHG�DQQRWDWLRQ�UHIOHFWLQJ�
VRPH�UHOHYDQW�LQIRUPDWLRQ�IRU�WKH�FRRUGLQD�
WLRQ� RI� DQ� HFRV\VWHP�� FRQFHUQLQJ� HYHQWV�
VWDWH�LQWHUIDFH�JRDO�RI�VRIWZDUH�DJHQWV²WKXV�
FRQFHSWXDOO\� H[WHQGLQJ�HPEHGGLQJ� NQRZ�

)LJXUH����$�FRQFHSWXDO�DUFKLWHFWXUH�IRU�SHUYDVLYH�VHUYLFH�HFRV\VWHPV
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FRQFHSWV�RI�VHUYLFH�LQWHUIDFH�DQG�EHKDYLRU�
�DV�H�J���LQ�:6'/�DQG�%3(/�WHFKQRORJLHV���
6R��DQ\�HQWLW\��VWDWH��VLWXDWLRQ�RU�HYHQW�FRQ�
FHUQLQJ�DQ�DJHQW�LV�PDQLIHVWHG�E\�LW�LQ�WKH�
IRUP�RI�RQH�RU�PRUH�/6$V�

�� 6SDFH��7KLV� OHYHO�JLYHV�VKDSH� WR� WKH�VSD�
WLDO� IDEULF� VXSSRUWLQJ� /6$V�� QDPHO\�� WKH�
VSDWLDO�DFWLYLWLHV�DQG�LQWHUDFWLRQV�RI�DJHQWV��
*LYHQ� WKH�VSDWLDO�QDWXUH�RI�SHUYDVLYH�VHU�
YLFHV��DV�LW� LV�WKH�FDVH�RI�LQIRUPDWLRQ�DQG�
DGYHUWLVLQJ�VHUYLFHV�LQ�RXU�FDVH�VWXG\���WKLV�
OHYHO�VLWXDWHV�LQGLYLGXDOV�LQ�D�VSHFL¿F�SRU�
WLRQ�RI�WKH�VSDFH��VR�WKDW�WKHLU�DFWLYLWLHV�DQG�
LQWHUDFWLRQV�DUH�GLUHFWO\�GHSHQGHQW�RQ�WKHLU�
SRVLWLRQV�DQG�RQ�WKH�VKDSH�RI�WKH�VXUURXQG�
LQJ�VSDFH�
3UDFWLFDOO\�� WKH� VSDWLDO� VWUXFWXUH� RI� WKH�
HFRV\VWHP�ZLOO�EH�UHLILHG�E\�D�PLGGOHZDUH�
VXEVWUDWH��GHSOR\HG�RQ�WRS�RI�WKH�SK\VLFDO�
GHSOR\PHQW�FRQWH[W��VXSSRUWLQJ�WKH�H[HFX�
WLRQ�DQG�OLIH�F\FOH�RI�LQGLYLGXDOV�DQG�WKHLU�
VSDWLDO� LQWHUDFWLRQV� LQ� HDFK�FRPSXWDWLRQDO�
QRGH�RI� WKH�QHWZRUN��)URP� WKH�YLHZSRLQW�
RI� VXFK� LQGLYLGXDOV�� WKH� PLGGOHZDUH� ZLOO�
KDYH�WR�SURYLGH�WKHP��YLD�VRPH�$3,��ZLWK�
WKH�SRVVLELOLW\�RI�DGYHUWLVLQJ�WKHPVHOYHV�E\�
/6$V��DFFHVVLQJ�LQIRUPDWLRQ�DERXW�WKHLU�OR�
FDO�VSDWLDO�FRQWH[W��LQFOXGLQJ�RWKHU�QHDUE\�
LQGLYLGXDOV��DQG�GHWHFWLQJ�ORFDO�HYHQWV�YLD�
D� PHFKDQLVP� RI� /6$� ERQGLQJ²DQ� /6$�
FDQ�ERQG�WR�RWKHUV��DQG�DQ�DJHQW�FDQ�DFFHVV�
LQIRUPDWLRQ�H[SUHVVHG�ZLWKLQ� WKRVH�/6$V�
LW�LV�FRQQHFWHG�WR�E\�ERQGV��)URP�WKH�YLHZ�
SRLQW�RI� WKH�XQGHUO\LQJ� LQIUDVWUXFWXUH�� WKH�
PLGGOHZDUH�VKRXOG�SURYLGH�IRU�WUDQVSDUHQWO\�
DEVRUELQJ�G\QDPLF�FKDQJHV�DQG�WKH�DUULYDO�
GHSDUWXUH� RI� VXSSRUWLQJ� GHYLFHV�� ZLWKRXW�
DIIHFWLQJ�WKH�SHUFHSWLRQ�RI�WKH�VSDWLDO�HQYL�
URQPHQW�E\�LQGLYLGXDOV�
7HFKQRORJLFDOO\�� WKLV�FDQ�EH�UHDOL]HG�E\�D�
QHWZRUN�RI�DFWLYH�GDWD�RULHQWHG�DQG�HYHQW�
RULHQWHG� ORFDOL]HG� VHUYLFHV�� VSUHDG� DFURVV�
WKH� QRGHV� RI� WKH� SHUYDVLYH� VXEVWUDWH�� DQG�
DFFHVVLEOH�RQ�D�ORFDWLRQ�GHSHQGHQW�EDVLV�E\�

LQGLYLGXDOV�DQG�GHYLFHV��,Q�WKH�FDVH�VWXG\��
IRU� LQVWDQFH��RQH�FRXOG�WKLQN�RI�DVVLJQLQJ�
RQH�VXFK�PLGGOHZDUH�VHUYLFH�WR�HDFK�GLVSOD\�
DQG�HDFK�VPDUWSKRQH��DQG�KDYH�WKH�YDULRXV�
GLVSOD\V� G\QDPLFDOO\� VHOI�FRQILJXUH� WKHLU�
VSDWLDO�GRPDLQ�RI�FRPSHWHQFH�DFFRUGLQJO\�
WR�JHRJUDSKLF�DQG�³OLQH�RI�VLJKW´�IDFWRUV�

�� (FR�/DZV��7KH�ZD\�LQ�ZKLFK�LQGLYLGXDOV�
�ZKHWKHU� VHUYLFH� FRPSRQHQWV�� GHYLFHV�� RU�
JHQHULF� UHVRXUFHV�� OLYH�DQG� LQWHUDFW� LV�GH�
WHUPLQHG�E\� WKH� VHW�RI� IXQGDPHQWDO� ³HFR�
ODZV´� UHJXODWLQJ� WKH� HFRV\VWHP� PRGHO��
(QDFWPHQW�RI�HFR�ODZV�RQ�LQGLYLGXDOV�ZLOO�
W\SLFDOO\�DIIHFW�DQG�EH�DIIHFWHG�E\�WKH�ORFDO�
VSDFH�DQG�E\�WKH�ORFDO�LQGLYLGXDOV�DURXQG��
,Q�RXU�FDVH�VWXG\��HFR�ODZV�PLJKW�SURYLGH�
IRU� DXWRPDWLFDOO\� DQG� G\QDPLFDOO\� GHWHU�
PLQLQJ� WR�GLVSOD\�VSHFL¿F� LQIRUPDWLRQ�RQ�
D�VFUHHQ�DV�D�VRUW�RI�DXWRPDWLF�UHDFWLRQ�WR�
VSHFL¿F�HQYLURQPHQWDO�FRQGLWLRQV��RU�VXS�
SRUW� KDYLQJ� WZR� GLVSOD\V� VSRQWDQHRXVO\�
DJJUHJDWH�DQG�V\QFKURQL]H�ZLWK�HDFK�RWKHU�
LQ�VKRZLQJ�VSHFL¿F�DGYHUWLVHPHQWV�
$Q�HFR�ODZ�ZRUNV�DV�D�VRUW�RI�FKHPLFDO�ODZ��
LW�WDNHV�D�VHW�RI�UHDFWDQW�/6$V�H[LVWLQJ�LQ�WKH�
/6$�VSDFH��DQG�VXEVWLWXWHV�LW�ZLWK�D�VHW�RI�
SURGXFW�/6$V²ZKLFK�FRXOG�EH�SODFHG�HLWKHU�
ORFDOO\�RU�LQ�WKH�QHLJKERUKRRG��$OWHUQDWLYHO\��
DQ�HFR�ODZ�LV�D�SDWWHUQ�RI�DWRPLF�WUDQVIRUPD�
WLRQV�RI�JURXSV�RI�/6$V�UHVLGLQJ�LQ�WKH�VDPH�
ORFDOLW\��ZLWK�DQ�LPSOLFLW�H[SOLFLW�VFKHGXOLQJ�
SROLF\�DQG�VFRSH�GHSHQGLQJ�RQ�WKH�VSHFLILF�
RSHUDWLRQDO� PRGHO�� 6XFK� WUDQVIRUPDWLRQV�
FDQ� OHDG� WR�� FUHDWLRQ� RI� QHZ� /6$V� �H�J���
UHSUHVHQWLQJ�FRPSRVHG�VHUYLFHV���GHOHWLRQ�RI�
H[LVWLQJ�/6$V��H�J���GLVSRVLQJ�RI�VHUYLFHV�QR�
ORQJHU�XVHG���VHPDQWLF�PDQLSXODWLRQ�RI�/6$V�
�H�J���FKDQJLQJ�D�VHUYLFH�VWDWH�GHSHQGLQJ�RQ�
H[WUDFWLRQ�RI�VRPH�FRQWH[WXDO�LQIRUPDWLRQ���
FUHDWLRQ�GHOHWLRQ�RI�ERQGV��H�J���WR�FRQQHFW�
WZR�/6$V� WR�PDNH� WKHLU� DJHQWV� LQWHUDFW���
UHORFDWLQJ�GLIIXVLQJ� /6$V� �H�J��� WR� PDNH�
WKH�H[LVWHQFH�RI�D�VHUYLFH�EH�SHUFHLYHG�LQ�D�
UHJLRQ�RI�VSDFH��
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7KH�SURSRVHG�DUFKLWHFWXUH�UHSUHVHQWV�D�UDGL�
FDOO\�QHZ�SHUVSHFWLYH�RQ�PRGHOLQJ�VHUYLFH�V\VWHPV�
DQG�WKHLU�LQIUDVWUXFWXUHV��$Q�XQ�OD\HUHG�XQLYHUVH�
RI�FRPSRQHQWV��DOO�RI�ZKLFK�XQGHUOLH� WKH�VDPH�
PRGHO��OLYLQJ�DQG�LQWHUDFWLQJ�LQ�WKH�VDPH�VSDWLDO�
VXEVWUDWH��DQG�REH\LQJ�WKH�VDPH�HFR�ODZV²WKH�
ODWWHU�EHLQJ�WKH�RQO\�FRQFHSW�KDUGZLUHG�LQWR�WKH�
V\VWHP��VXEVXPHV�WKH�W\SLFDOO\�PXOWLIDFHWHG�OD\�
HUV�RI�62$�

7KLV� UHWKLQNLQJ� LV� YHU\� LPSRUWDQW� WR� HQVXUH�
DGDSWDWLRQ�� GLYHUVLW\�� DQG� ORQJ�WHUP� HYROXWLRQ��
QR�FRPSRQHQW��VHUYLFH�RU�GHYLFH�LV�WKHUH�WR�VWD\��
HYHU\WKLQJ�FDQ�FKDQJH�DQG�HYROYH��VHOI�DGDSWLQJ�
RYHU� VSDFH� DQG� WLPH��ZLWKRXW� XQGHUPLQLQJ� WKH�
RYHUDOO�VWUXFWXUH�DQG�DVVXPSWLRQV�RI�WKH�HFRV\V�
WHP��7KDW� LV�� E\� FRQFHLYLQJ� WKH�PLGGOHZDUH� LQ�
WHUPV�RI�D�VLPSOH�VSDWLDO�VXEVWUDWH�LQ�FKDUJH�RI�
HQIRUFLQJ�RQO\�EDVLF�LQWHUDFWLRQ�UXOHV��ZH�KDYH�
PRYHG�DZD\�IURP�WKH�LQIUDVWUXFWXUH�LWVHOI�QHHGLQJ�
WR�DGDSW��DQG�IXOO\�WUDQVODWHG�WKLV�DV�D�SURSHUW\�RI�
WKH�DSSOLFDWLRQ�OHYHO�DQG�RI�LWV�G\QDPLFV�

,QWHUDFWLRQV� EHWZHHQ� FRPSRQHQWV�� WKHQ�� DUH�
EDVHG�VROHO\�RQ�WKH�H[LVWHQFH�RI�D�ERQG��RU�ERQGV��
EHWZHHQ�WKHLU�/6$V��2QFH�HVWDEOLVKHG��DOO�LQWHU�
DFWLRQ�LV�LQGLUHFW��QDPHO\��E\�REVHUYLQJ�FKDQJHV�
PDGH�WR�WKH�VWUXFWXUH�DQG�FRQWHQW�RI�HDFK�SDUWQHU¶V�
/6$��7KLV�HPEHGGLQJ�RI�FRUH� LQWHUDFWLRQ�SULQ�
FLSOHV�ZLWKLQ�WKH�HQYLURQPHQW�UHSUHVHQWV�D�VKLIW�
DZD\�IURP�WUDGLWLRQDO�FRRUGLQDWLRQ�PRGHOV��ZKHUH�
LQWHUDFWLRQV�DUH�H[WHUQDOO\�VKDSHG�DQG�H[HFXWHG�

7KH�G\QDPLFV�RI�WKH�HFRV\VWHP�ZLOO�EH�GHWHU�
PLQHG�E\�LQGLYLGXDOV�DFWLQJ�EDVHG�RQ�WKHLU�RZQ�
JRDOV�DWWLWXGHV��\HW�EHLQJ�VXEMHFW�WR�WKH�HFR�ODZV�
IRU�WKHLU�LQWHUDFWLRQV�ZLWK�RWKHUV��7\SLFDO�SDWWHUQV�
WKDW�FDQ�EH�GULYHQ�E\�VXFK�ODZV�PD\�LQFOXGH�IRUPV�
RI�DGDSWLYH�VHOI�RUJDQL]DWLRQ��H�J���VSRQWDQHRXV�
VHUYLFH�DJJUHJDWLRQ�RU�VHUYLFH�RUFKHVWUDWLRQ��ZKHUH�
HFR�ODZV�SOD\�DQ�DFWLYH�UROH�LQ�IDFLOLWDWLQJ�LQGL�
YLGXDOV�WR�VSRQWDQHRXVO\�LQWHUDFW�DQG�RUFKHVWUDWH�
ZLWK� HDFK�RWKHU�� DOVR� LQ�GHSHQGHQFH�RI� FXUUHQW�
FRQGLWLRQV���DGDSWLYH�HYROXWLRQ��FKDQJLQJ�FRQGL�
WLRQV�UHIOHFWHG�LQ�FKDQJHV�LQ�WKH�ZD\�LQGLYLGXDOV�
LQ�D�ORFDOLW\�DUH�DIIHFWHG�E\�WKH�HFR�ODZV��DQG�RI�

GHFHQWUDOL]HG� FRQWURO� �WR� DIIHFW� WKH� HFRV\VWHP�
EHKDYLRU�E\�LQMHFWLQJ�QHZ�FRPSRQHQWV�LQWR�LW��

,Q�D�VHQVH��WKH�SRLQWZLVH�FKDUDFWHU�RI�VHUYLFHV�
LQ�VWDQGDUG�62$�LV�UHSODFHG�LQ�RXU�IUDPHZRUN�E\�
D�QRWLRQ�RI�VHUYLFH�DV�WKH�HIIHFW��WULJJHUHG�E\�VRPH�
DJHQWV��RI�WKH�RYHUDOO�HFRV\VWHP�DFWLYLW\��LQFOXG�
LQJ��H�J���WKH�ERQGLQJ�WRJHWKHU�RI�VRPH�/6$V��WKH�
WULJJHULQJ�RI�HFR�ODZV�WKDW�DFW�RQ�H[LVWLQJ�/6$V��
WKH�HIIHFW�RI�RWKHU�DJHQWV�WKDW�DUH�FRQVHTXHQWO\�
DFWLYDWHG��DQG�VR�RQ��

$�&21&5(7(�,03/(0(17$7,21

+DYLQJ�LQWURGXFHG�WKH�SURSRVHG�DEVWUDFW�DUFKLWHF�
WXUH��ZH�QRZ�DQDO\]H�KRZ�LW�FDQ�EH�VXSSRUWHG�E\�
H[LVWLQJ�FRQFUHWH�WHFKQRORJLHV��,Q�SDUWLFXODU��ZH�
ZLOO�VKRZ�WKDW�VRPH�WHFKQRORJLHV�LQ�WKH�DUHD�RI�WKH�
6HPDQWLF�:HE�FRPPXQLW\�VROLGO\�PDWFK�RXU�SURE�
OHP�GRPDLQ��+HUH�ZH�ILUVW�EULHIO\�RYHUYLHZ�RXU�
FKRVHQ�WHFKQRORJLHV�DQG�WKHLU�UROH�LQ�VXSSRUWLQJ�
WKH�SURSRVHG�DUFKLWHFWXUH��DQG�GLVFXVV�SHUFHLYHG�
DGYDQWDJHV� RYHU� RWKHU� FDQGLGDWH� WHFKQRORJLHV��
GHVFULEH�GHWDLOV�RI�LPSOHPHQWDWLRQ�RI�/6$V�LQWR�
5')��VKRZ�WKDW�WKH�UHDVRQLQJ�FDSDELOLWLHV�LQKHU�
HQW�WR�5')�SURYLGH�RQH�DSSURDFK�WR�UHDOL]H�WKH�
FRQFHSW�RI�VHPDQWLF�PDWFKLQJ��DQG�GHVFULEH�GHWDLOV�
RI�KRZ�HFR�ODZV�FDQ�EH�H[SUHVVHG�LQWR�63$54/�

7KH�5HVRXUFH�'HVFULSWLRQ�
)UDPHZRUN

7KH� 5HVRXUFH� 'HVFULSWLRQ� )UDPHZRUN� �5')��
�0LOOHU�DQG�0DQROD��������SURYLGHV�D�IRUPDOL]D�
WLRQ�RI�D�GLUHFWHG�JUDSK��ZLWK�QRGHV�UHSUHVHQWLQJ�
UHVRXUFHV�DQG�DUFV�UHSUHVHQWLQJ�SURSHUWLHV���$Q�
5')�JUDSK�FDQ�EH�GHFRQVWUXFWHG�WR�D�VHW�RI�WULSOHV�
�V��S��Rۧ��HDFK�DVVHUWLQJ�D�UHODWLRQ��S��WKDW�KROGVۦ
EHWZHHQ�D�VXEMHFW��V�DQG�REMHFW��R��6XEMHFWV�DQG�
UHODWLRQV�LQ�DQ�5')�PRGHO�DUH�DOZD\V�UHVRXUFHV�
�QDPHO\�85,V���QDPHVSDFH��VWULQJ��ZKLOH�REMHFWV�
PD\�WDNH�WKH�IRUP�RI�D�UHVRXUFH�RU�D�OLWHUDO�YDOXH��D�
TXRWHG�VWULQJ��SRVVLEO\�TXDOLILHG�E\�DVVRFLDWHG�W\SH�
LQIRUPDWLRQ��H�J���XVLQJ�;0/�6FKHPD�GDWDW\SHV��
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5')�VHPDQWLFV�DUH�SUHVFULEHG�E\�WZR�DGGLWLRQ�
DO�YRFDEXODULHV��5')�6FKHPD��5')6���*XKD�DQG�
%ULFNOH\��������DQG�WKH�:HE�2QWRORJ\�/DQJXDJH�
�2:/���.U|W]VFK�HW�DO����������5')6�SURYLGHV�D�
EDVLF�YRFDEXODU\�IRU�GLYLGLQJ�5')�UHVRXUFHV�LQWR�
FODVVHV��UHVWULFWLQJ�WKH�FODVVHV�RI�UHVRXUFH�D�SURS�
HUW\�PD\�OHJDOO\�UHODWH��DQG�LQWURGXFHV�VXE&ODVV�
DQG�VXE3URSHUW\�SURSHUWLHV� WR�FDSWXUH�UHODWLRQV�
EHWZHHQ�FODVVHV�DQG�SURSHUWLHV�DW�GLIIHUHQW�OHYHOV�
RI�DEVWUDFWLRQ��2:/�SURYLGHV�D�PRUH�H[SUHVVLYH�
RQWRORJ\� ODQJXDJH�E\�� IRU�H[DPSOH�� VXSSRUWLQJ�
WKH�H[SUHVVLRQ�RI�IXQFWLRQDO��WUDQVLWLYH��V\PPHW�
ULF��DQG�LQYHUVH�SURSHUWLHV��(TXLYDOHQW�SURSHUWLHV�
DQG� FODVVHV� PD\� EH� GHFODUHG�� DQG� FDUGLQDOLW\�
UHVWULFWLRQV�DOORZ�FRQVWUDLQWV�WR�EH�SODFHG�RQ�WKH�
OHJDO� VWUXFWXUH� RI� FODVV�PHPEHUV��2II�WKH�VKHOI�
UHDVRQHUV�� H�J��� 3HOOHW� �6LULQ� HW� DO��� ������� FDQ�
FKHFN� WKH�FRQVLVWHQF\�RI�5')�PRGHOV� WKDW�XVH�
SXEOLVKHG�YRFDEXODULHV�HYHQ�LI�RQO\�SDUWLDO�GDWD�
RU�SDUWLDO�RQWRORJ\�LV�DYDLODEOH��WKLV�LV�GHVLUDEOH�
IRU�D�GLVWULEXWHG�VFHQDULR�

5')� LV�� LQ� HVVHQFH�� D� UHODWLRQDO� PRGHO� IRU�
NQRZOHGJH�UHSUHVHQWDWLRQ��ZKLFK�ZH�XVH�WR�PRGHO�
/6$V��:H� MXVWLI\� LWV� VHOHFWLRQ� RYHU� FRPSHWLQJ�
WHFKQRORJLHV�E\�LWV�WZR�PDLQ�DGYDQWDJHV��GRPDLQ�
QHXWUDOLW\�DQG�QDWXUDO�VXSSRUW�IRU�GDWD�GLVWULEXWLRQ��
5')¶V� GRPDLQ�QHXWUDOLW\� DIIRUGV� FRQFXUUHQW�
VXSSRUW�IRU�PXOWLSOH�DSSOLFDWLRQV�DFURVV�PXOWLSOH�
GRPDLQV��ZKLOH�LWV�GLVWULEXWHG�GDWD�PRGHO�VXSSRUWV�
VHDPOHVVO\� PHUJLQJ� GDWD� IURP� KHWHURJHQHRXV��
GLVWULEXWHG� VRXUFHV�� %RWK� EHQHILWV� DUH� D� GLUHFW�
FRQVHTXHQFH�RI�5')¶V�XVH�RI�85,V� WR� LGHQWLI\�
UHVRXUFHV��L�H���JLYLQJ�WULSOHV�XQDPELJXRXV�JOREDO�

VHPDQWLFV��� 7KLV� FDQ� EH� FRQWUDVWHG� ZLWK�� VD\��
WUDGLWLRQDO�GDWDEDVH�VFKHPDWD��ZKRVH�WHUPV�DQG�
UHODWLRQV�KDYH�QR�SUHVFULEHG�VHPDQWLFV��DQG�;0/�
6FKHPD��ZKLFK�LV�FRQFHUQHG�ZLWK�WKH�VWUXFWXUH�RI�
D�GDWD�KLHUDUFK\�DQG�QRW�ZLWK�FDSWXULQJ�WKH�UHOD�
WLRQV�EHWZHHQ�GDWD�HOHPHQWV��,Q�DGGLWLRQ��QHLWKHU�
WHFKQRORJ\� LV� SUHGLVSRVHG� WR� LQWHJUDWLQJ� GDWD�
DGKHULQJ�WR�PXOWLSOH�VFKHPDWD�

7KH�5')6�YRFDEXODU\�VXIILFLHQWO\�PRGHOV�WKH�
/6$�FRPSRQHQW�RI�RXU�DUFKLWHFWXUH��,Q�WKLV�UHVSHFW��
ZH�FRQVLGHU�2:/�DQ�DGGHG�YDOXH�WHFKQRORJ\�WKDW�
VXSSRUWV�WKH�H[SUHVVLRQ�RI�VHPDQWLFV�FRPSDWLEOH�
ZLWK�EXW�QRW�FRUH�WR�RXU�DSSURDFK��:H�H[SORUH�RQH�
VXFK�H[WHQVLRQ��VHPDQWLF�PDWFKLQJ�

6XLWDEOH�WHFKQRORJLHV�IRU�LQVSHFWLQJ�DQG�XS�
GDWLQJ�5')�VWRUHV�H[LVW�LQ�WKH�IRUP�RI�63$54/�
�6HDERUQH�DQG�+DUULV��������DQG�63$54/�8SGDWH�
�*HDURQ�DQG�6FKHQN���������63$54/�VXSSRUWV�
TXHULHV�FRQVLVWLQJ�RI�WULSOH�SDWWHUQV��FRQMXQFWLRQV��
QHJDWLRQV�� GLVMXQFWLRQV�� DQG� RSWLRQDO� SDWWHUQV��
ZKLOH�63$54/�8SGDWH�VXSSRUWV�WKH�FRQGLWLRQDO�
LQVHUWLRQ�DQG�UHPRYDO�RI�WULSOHV�IURP�DQ�5')�VWRUH��
63$54/�SURYLGHV�D�PHDQV�RI�GHVFULELQJ�WR�ZKLFK�
/6$V�DQ�HFR�ODZ�VKRXOG�DSSO\��ZKLOH�63$54/�
8SGDWH�VXSSRUWV�WKH�H[SUHVVLRQ�RI�PDQLSXODWLRQV�
WKRVH�/6$V�DUH�VXEMHFW�WR²LQ�WKH�IROORZLQJ��ZKHQ�
WKHUH�LV�QR�ULVN�RI�DPELJXLW\��ZH�VKDOO�UHIHU�WR�WKH�
63$54/�IUDPHZRUN�WR�PHDQ�WKHVH�WZR�ODQJXDJHV�
DQG�UHODWHG�WRROV�

5')�DQG�WKH�63$54/�IUDPHZRUN��WKHQ��VXS�
SRUW�WKH�UHSUHVHQWDWLRQ�RI�GLVWULEXWHG�/6$V�XVLQJ�
WHUPV�IURP�WKH�PRVW�DSSURSULDWH�YRFDEXODULHV�IRU�
D�SDUWLFXODU�HQYLURQPHQW��VFHQDULR��RU�VHW�RI�DS�

7DEOH�����
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SOLFDWLRQV��ZLWK�WKH�UHVXOWDQW�GDWD�VWUDLJKWIRUZDUGO\�
LQWHJUDWHG��LQVSHFWHG��DQG�XSGDWHG�XVLQJ�VWDQGDUG�
WRROLQJ�� ,Q� SDUWLFXODU�� 5')� VWRUHV� FDQ� EH� XVHG�
DV�VSDFHV�RI�/6$V��LQVWDOOHG�LQ�HDFK�QRGH�RI�WKH�
SHUYDVLYH�V\VWHP��PDLQWDLQLQJ�WKH�/6$V�LQMHFWHG�
WKHUH�LQ�WKH�IRUP�RI�JURXSV�RI�WULSOHV��4XHU\�HQ�
JLQHV��VXSSRUWLQJ�H[HFXWLRQ�RI�63$54/�TXHULHV�
DQG� XSGDWHV�� DQG� UHDVRQHUV� �6LULQ� HW� DO��� ������
�FRXSOHG�ZLWK�VLPSOH�QHWZRUN�DJHQWV�SURYLGLQJ�
UHORFDWLRQ�RI�/6$V��FDQ�EH�XVHG�WR�VXSSRUW�VFKHG�
XOLQJ�DQG�H[HFXWLRQ�RI�HFR�ODZV�ORFDOO\²DQG�LQ�
SDUWLFXODU��WR�VXSSRUW�DGYDQFHG�PDWFKLQJ�DELOLWLHV�
DV�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

6HULDOL]DWLRQ�RI�/6$V

7KH� PDLQ� SULQFLSOH� EHKLQG� WKH� LGHD� RI� XVLQJ�
5')�WR�UHSUHVHQW�DQ�/6$�LV�WR�FRQVWUXFW�DQ�5')�
³SDFNHW´��IHDWXULQJ�D�VHW�RI�WULSOHVۦ�L��S��Yۧ�ZLWK�
VDPH�VXEMHFW� L�� WKH�/6$�LG��DQG�D�SDLU�S��Y�SHU�
HDFK� DVVLJQPHQW� RI� D� SURSHUW\� S� WR� D� GLVWLQFW�
YDOXH�Y��(TXLYDOHQWO\��DQ�/6$�LV�KHQFH�PRGHOHG�
DV�DQ�LGHQWLILHU� L� IROORZHG�E\�DQ�XQRUGHUHG�OLVW�
RI�PXOWL�YDOXHG�SURSHUWLHV²QDPHO\��D�VHPDQWLF�
WXSOH��2QH�VXFK�YDOXH�FRXOG�EH�WKH�LGHQWLILHU�RI�
DQRWKHU�/6$��E\�ZKLFK�ZH�PRGHO�ERQGV��$FFRUG�
LQJO\��ZH�DUH�DEOH�WR�UHSUHVHQW�/6$�LGHQWLILHUV�DV�
SRVVLEOH�VXEMHFWV��DQG�REMHFWV��IRU�5')�WULSOHV��
SURSHUWLHV�DV�SUHGLFDWHV��DQG�REMHFWV���DQG�YDOXHV�
RI�SULPLWLYH�GDWDW\SHV��QXPEHUV��VWULQJV��DQG�VR�
RQ��DV�REMHFWV��QDPHO\��VHULDOL]LQJ�/6$�LGV�DQG�

SURSHUWLHV�DV�85,V��DQG�E\�PDSSLQJ�SULPLWLYH�GDWD�
W\SHV� WR� DSSURSULDWH� OLWHUDO�YDOXHV� �XVLQJ�;0/�
6FKHPD�GDWDW\SHV�ZKHUH�DSSURSULDWH���7R�LOOXV�
WUDWH��WKH�5')�VQLSSHW��VHH�7DEOH����UHSUHVHQWHG�
LQ�1RWDWLRQ��V\QWD[��%HUQHUV�/HH�DQG�&RQQROO\��
�������FRUUHVSRQGLQJ�WR�WKH�/6$�RI�D�XVHU�ZDQ�
GHULQJ�WKH�PXVHXP�FRXOG�EH�

6HPDQWLF�0DWFKLQJ

,Q�DGGLWLRQ�WR�5')¶V�EHQHILWV�DV�D�GDWD�UHSUHVHQWD�
WLRQ�DQG�H[FKDQJH�WHFKQRORJ\��WKH�DFFRPSDQ\LQJ�
VHPDQWLFV�SURYLGHG�E\�5')6�DQG�2:/�VXSSRUW�
YRFDEXODULHV� WKDW� GHILQH� FODVVHV� RI� UHVRXUFHV��
VHPDQWLFDOO\�ULFK�UHODWLRQV��DQG�VHWV�RI�UHVWULFWLRQV�
RQ�KRZ�ERWK�PD\�OHJDOO\�EH�FRPELQHG�

$SSOLFDWLRQ�RI�WKHVH�YRFDEXODULHV�WR�DQ�5')�
PRGHO�PD\�EH�YHULILHG�IRU�FRUUHFWQHVV�E\�RII�WKH�
VKHOI�UHDVRQHUV��IRU�H[DPSOH�3HOOHW��6LULQ�HW�DO���
�������DQG�LQIHUHQFHV�±�VXFK�DV�WKH�FODVVLILFDWLRQ�
RI�UHVRXUFHV�±�PD\�EH�GUDZQ��,QGHHG��VWDQGDUG�
2:/� FODVVLILFDWLRQ� SURYLGHV� RQH� DSSURDFK� WR�

7DEOH�����

7DEOH�����
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UHDOL]LQJ�VHPDQWLF�PDWFKLQJ�LQ�WKH�HFR�ODZ�ODQ�
JXDJH��:KHQ�WZR�/6$V�KDYH�WR�EH�PDWFKHG��RQH�
FDQ�XVHG�UHODWLRQ��"$�UGI�W\SH�"%!�XVLQJ�2:/�
VHPDQWLFV��ZKLFK�VHHNV�IRU�WZR�/6$V�±�ZLWK�LG�
"$�DQG�"%�±�VXFK�WKDW�GHVFULSWLRQ�RI�"$�VDWLVILHV�
WKH�VHW�RI�UHVWULFWLRQV�WKDW�GHVFULEH�"%��DQ�2:/�
&ODVV�GHVFULSWLRQ�

7R�LOOXVWUDWH��ZH�GLVFXVV�DQ�H[DPSOH�RI�D�XVHU�
LQ� D� VKRSSLQJ�PDOO�� LQWHUHVWHG� LQ�EOXH�GHVNV�� ��
PHWHU�LQ�KHLJKW��,Q�1��QRWDWLRQ��WKLV�GHVFULSWLRQ�
LV�FRQVWUXFWHG�DV�VKRZQ�LQ�7DEOH���

&RQVLGHU� DOVR� SDUW� RI� DQ� /6$� GHVFULELQJ� D�
GHVN¶V�IHDWXUHV�RI�WKH�NLQG��VHH�7DEOH����WKDW�GLI�
IHUV�LQ�FRORU�DQG�LQ�LWV�H[SUHVVLRQ�RI�KHLJKW�IURP�
WKH�UHTXHVW��$VVXPLQJ�WKH�YRFDEXODULHV�WKDW�GHILQH�
WKHVH� WHUPV� DOVR� HQFRGH� WKH� NQRZOHGJH� WKDW�
H[�0LGQLJKW%OXH�LV�RI�W\SH�H[�%OXH��DQG�WKDW�WKH�
WHUP�H[��0(75(�LV�HTXLYDOHQW�WR�H[����&0��D�
UHDVRQHU�FDQ�LQIHU�WKDW�WKH�GHVN�VDWLVILHV�WKH�GH�
VFULSWLRQ�RI�%RE¶V�LQWHUHVW�

7KLV�JHQHUDOL]HV�WR�RWKHU�UHODWLRQV�WKDW�D�UHD�
VRQHU�PD\�G\QDPLFDOO\�FRPSXWH��)RU�H[DPSOH��
WKH�ERG\�RI�ZRUN�UHODWLQJ�WR�WKH�VHPDQWLF�PDWFK�
LQJ�RI�ZHE�VHUYLFHV�GHILQHV�PDQ\�FDWHJRULHV�RI�
PDWFK�� LQFOXGLQJ��H[DFW��SOXJ�LQ��VXEVXPHV�� LQ�
WHUVHFWLRQ��DQG�V\QWDFWLF��%DQGDUD�HW�DO����������
6XEVWLWXWLQJ�UGI�W\SH�ZLWK�WHUPV�IURP�D�YRFDEXODU\�
WKDW� GHVFULEHV� WKHVH� FRQFHSWV�� DQG� LQWURGXFLQJ�
IXQFWLRQV�WR�FRPSXWH�VXFK�UHODWLRQV��VXSSRUWV�WKHLU�
VHDPOHVV�LQWHJUDWLRQ�LQWR�HFR�ODZV�

7KH�(FR�/DZ�/DQJXDJH�DQG�
LWV�63$54/�6HULDOL]DWLRQ

(FR�ODZV�FDQ�EH�VWUXFWXUHG�DV�FKHPLFDO�UHVHP�
EOLQJ� UXOHV�ZRUNLQJ�RQ�SDWWHUQV�RI�/6$V�� WKH\�
ZRUN�E\�FRQVXPLQJ�D�VHW�RI�UHDFWDQW�/6$V�EDVHG�
RQ� OHIW�KDQG�VLGH�SDWWHUQV�DQG�SURGXFH�D�VHW�RI�
SURGXFW�/6$V�EDVHG�RQ�ULJKW�KDQG�VLGH�SDWWHUQV��
7KH\�DOVR�REH\�D�QXPHULF�WUDQVIRUPDWLRQ�UDWH�U�
ZULWWHQ� LQ� WKH� UHDFWLRQ� DUURZ� DQG� UHSUHVHQWLQJ�
D�0DUNRYLDQ�UDWH�LQ�D�FRQWLQXRXV�WLPH�0DUNRY�
FKDLQ��&70&��V\VWHP��:KHQ�QRW�VSHFLILHG��WKLV�
GHIDXOWV�WR����PHDQLQJ�WKH�UHDFWLRQ�LV�LPPHGLDWH��

7KH�UDWH�LQIOXHQFHV�WKH�VFKHGXOLQJ�SROLFLHV²DQ�
HFR�ODZ�ZLWK�UDWH�U�LV�VFKHGXOHG�DIWHU�DQ�HODSVHG�
WLPH�IROORZLQJ�QHJDWLYH�H[SRQHQWLDO�GLVWULEXWLRQ�
RI�SUREDELOLW\�ZLWK�DYHUDJH�WLPH�U�WLPH�XQLWV�

$�SDWWHUQ�LV�XVHG�WR�PDWFK�DQ�DQQRWDWLRQ��DQG�
LV�IRUPHG�E\�D�YDULDEOH�"[�WKDW�ZLOO�KROG�WKH�LG�RI�
WKH�DQQRWDWLRQ��DQG�D�VHTXHQFH�RI�ILOWHUV�XVHG�WR�
FRQWURO�ZKLFK�DQQRWDWLRQV�PDWFK²D�SDWWHUQ�ZLWK�
DQ�HPSW\�VHTXHQFH�RI�ILOWHUV�"[�>�@�LV�VKRUWHQHG�
WR�"[�

)LOWHU� FORQHV� "[�'��H[WHQGV� "[�'�� PDWFKHV�
/6$V�ZKRVH�GHVFULSWLRQ�H[DFWO\�KDV��LQFOXGHV��
WKH�SURSHUW\�YDOXH�DVVLJQPHQWV�RI�[²VXEVHTXHQW�
ILOWHUV�DUH�WKHQ�DSSOLHG��2WKHU�ILOWHUV�FRQVWUDLQ�WKH�
YDOXHV�DVVRFLDWHG� WR�D�SURSHUW\� LQ�D�SRLQW�ZLVH�
PDQQHU��WKH\�WDNH�D�WHUP�SURSHUW\�RQ�WKH�OHIW�DQG�
D�WHUP�SURSHUW\�RQ�WKH�ULJKW��&DVH�S� ��Y�����YQ��
PDWFKHV�WKRVH�DQQRWDWLRQV�LQ�ZKLFK�SURSHUW\�S�LV�
DVVLJQHG�SUHFLVHO\�WR�YDOXHV�Y�����YQ��FDVH�S�KDV�
�Y�����YQ��ZKHQ�S� LV�DVVLJQHG�DW� OHDVW� WR�YDOXHV�
Y�����YQ��DQG�S�KDV�QRW��Y�����YQ��ZKHQ�S�LV�DVVLJQHG�
WR�QR�YDOXHV�LQ�Y�����YQ��9DULDEOHV�LGHQWLI\�SURSHU�
WLHV�RQ�WKH�OHIW�RI�DQ�RSHUDWRU�RU�OLVWV�RI�YDOXHV�
YDULDEOHV�RQ�WKH�ULJKW��%HVLGHV�WKH�XQFRQVWUDLQHG�
YDULDEOH�"[��ZKLFK�FDQ�PDWFK�DQ\�YDOXH��ZH�DOVR�
DOORZ�V\QWD[�"^[�I`��ZKLFK�FDQ�PDWFK�DQ\�YDOXH�
Y� VXFK� WKDW� VXEVWLWXWLQJ�"[�ZLWK�Y� LQ� IRUPXOD� I�
JLYHV� D�%RROHDQ� H[SUHVVLRQ� HYDOXDWLQJ� WR� WUXH��
)RUPXODV�DUH�JHQHUDWHG�RXW�RI�WHUPV��YDOXHV�DQG�
YDULDEOHV��XVLQJ�DSSOLFDWLRQ�GHSHQGHQW�RU�VWDQGDUG�
PDWKHPDWLFDO�XQDU\�DQG�ELQDU\�RSHUDWRUV�

2QFH�/6$V�DUH�WXUQHG�LQWR�5')��LW�LV�QDWXUDO�
WR�WU\�WR�FRQVLGHU�H[LVWLQJ�ODQJXDJHV�WR�TXHU\�DQG�
PDQLSXODWH�5')�VWRUHV��OLNH�63$54/��DV�SRVVLEOH�
WDUJHW�IRU�WKH�HFR�ODZ�ODQJXDJH��,Q�SDUWLFXODU��WKH�
SUHPLVH�RI�RXU�WUDQVODWLRQ�LV�WR�FRQYHUW�DQ�HFR�
ODZ�LQWR�WZR�IUDJPHQWV���L��D�63$54/�TXHU\��RU�
VLPSO\�D�TXHU\��SOD\LQJ�WKH�UROH�RI�WKH�HFR�ODZ�
UHDFWDQW� SDWWHUQV�� QDPHO\�� FKHFNLQJ� IRU� WKH� H[�
LVWHQFH�RI�UHDFWDQW�/6$V��ILQGLQJ�LQVWDQWLDWLRQV�
IRU� DOO� WKH� YDULDEOHV� LQ� WKH� OHIW�KDQG� VLGH��� �LL��
D� VHTXHQFH� RI� 63$54/�8SGDWH� VWDWHPHQWV� �RU�
VLPSO\�VWDWHPHQWV���REWDLQHG�E\�LQVWDQWLDWLQJ�DOO�
YDULDEOHV�ERXQG�LQ�WKH�SUHYLRXV�63$54/�TXHU\��
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)LJXUH����([DPSOH�WUDQVODWLRQV���WRS��><281*(67@�HFR�ODZ�±�RI�WZR�ILHOGV�ZLWK�WKH�VDPH�VRXUFH��LW�
UHWDLQV�,'�RI�WKH�ROGHU�DQG�FRQWHQW�RI�WKH�\RXQJHU���ERWWRP��>%21'�39@�HFR�ODZ�±�ERQG�EDVHG�RQ�D�
SURSHUW\�YDOXH�FRPELQDWLRQ�RQ�WDUJHW
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ZKRVH�ILQDO�HIIHFW�LV�WR�XSGDWH�/6$V�DV�SUHVFULEHG�
E\�WKH�HFR�ODZ�

7HFKQLFDOO\��ZH�FRQFUHWL]H�HFR�ODZ�YDULDEOHV�DV�
TXHU\�YDULDEOHV�RI�WKH�IRUP�"[��DQG�ZULWH�IRUPXODV�!�
LQ�WKH�ODQJXDJH�RI�63$54/�),/7(5�DQG�RU�%,1'�
FRQVWUXFWV��:H�DOVR�LQWURGXFH�VSHFLDO�QRWDWLRQ��L�H���
D�SDUDPHWHU���[�LQ�VWDWHPHQWV�ZKLFK�LV�QRW�SDUW�
RI�63$54/�8SGDWH��WKH�LGHD�LV�WKDW�±�EHIRUH�WKH�
VWDWHPHQW�LV�H[HFXWHG�±��[�LV�VXEVWLWXWHG�ZLWK�WKH�
YDOXH�ERXQG�WR�IRUPHU�TXHU\�YDULDEOH�"[��)LJXUH�
��SURYLGHV�WZR�H[DPSOH�WUDQVODWLRQV��HDFK�FRP�
SRVHG�RI�D�TXHU\�DQG�D�VHTXHQFH�RI�VWDWHPHQWV��IRU�
WZR�HFR�ODZV�><281*(67@�DQG�>%21'�39@��
(FR�ODZ�><281*(67@�LV�XVHG�WR�DJJUHJDWH�WZR�
/6$V��ZLWK�LG�"),(/'�DQG�"),(/'���7KH�IRUPHU�
LV�D�FORQHG�FRS\�RI�DQ�/6$�VRXUFH�"/��FUHDWHG�DW�
WLPH�"7�DQG�WKHQ�GLIIXVHG�LQ�WKH�QHWZRUN��WKH�ODWWHU�
LV�D�FORQH�RI�WKH�IRUPHU��FUHDWHG�DW�JUHDWHU�WLPH�
"7��DQG�ODWHU�GLIIXVHG�DW�D�GLIIHUHQW�WLPH�"'7��DV�
D�UHVXOW��ZH�RQO\�WDNH�"),(/'��QDPHO\��"),(/'��
LV�UHPRYHG��WKRXJK�LWV�FRQWHQW�LV�FORQHG�IURP�WKDW�
RI�"),(/'�²QDPHO\��WKH�UHVXOWLQJ�/6$�UHWDLQV�
WKH�/6$�LG�RI�WKH�ROGHU�DQG�FRQWHQW�RI�WKH�\RXQJHU�
�VXFK�WKDW�QHZ�LQIRUPDWLRQ�RYHUZULWHV�ROG���(FR�
ODZ�>%21'�39@�LV�XVHG�WR�FUHDWH�D�ERQG�IURP�D�
VRXUFH�WKDW�VSHFLILHV�D�SURSHUW\�YDOXH�DVVLJQPHQW�
WKDW�WKH�WDUJHW�PXVW�LQFOXGH��,W�WDNHV�D�"6285&(�
WKDW�LV�QRW�DOUHDG\�ERXQG�WR�D�"7$5*(7�E\�SURS�
HUW\�"%��DQG� WKDW�VSHFLILHV�YLD�ERQG�UHTXHVW�DQ�
/6$�RI�W\SH�UHTXHVWBSY�GHVFULELQJ�WKDW�D�ERQG�
KDV�WR�EH�FUHDWHG�XVLQJ�"%�WRZDUGV�DQ�/6$�ZLWK�
SURSHUW\�"3523�IHDWXULQJ�YDOXHV�"9$/8(6��7KH�
RQO\�UHVXOW�RI�DSSO\LQJ�WKLV�HFR�ODZ�LV�WKDW�±�DIWHU�
LI�RQH�VXFK�/6$�"7$5*(7�LV�IRXQG�±�"6285&(�
LV�ERQGHG�WR�"7$5*(7�E\�SURSHUW\�"%�

$Q� HFR�ODZ� LV� ILUVW� WUDQVODWHG� LQWR� D� VLQJOH�
LQLWLDO�6(/(&7�TXHU\��ZKHUH�HDFK�RSHUDWLRQ�ILOWHU�
WKDW�RFFXUV�LQ�WKH�UHDFWDQW�SDWWHUQ�LV�WXUQHG�LQWR�D�
:+(5(�FODXVH�WKDW�FKHFNV�WKH�QHFHVVDU\�FRQGL�
WLRQV��)RU�LQVWDQFH��LQ�>%21'�39@��OLQH���KDQGOHV�
³ERQG�UHTXHVW�KDV��"%21'�5(4�´��WULSOH�"65&�
ERQG�UHTXHVW�"%21'�5(4�VKRXOG�RFFXU�LQ�WKH�
5')�VWRUH���OLQH���KDQGOHV�³"%�KDV�QRW��"7$5�
*(7�´� �WKH� WULSOH� VKRXOG� QRW� H[LVW��� OLQHV� ����

KDQGOH�³"3523�KDV�"9$/8(6´��WKHUH�VKRXOG�EH�
QR� YDOXH� R� DVVLJQHG� WR� ERQG�WDUJHWBYDOXH� LQ�
"%21'�5(4�WKDW�LV�QRW�DVVLJQHG�WR�"3523�LQ�
"7$5*(7��� OLQH� �� KDQGOHV� ³VDSHUH�W\SH� KDV�
ERQG�UHTXHVWBSY´��VLPLODU�WR�OLQH�����OLQHV���������
KDQGOH�³ERQG�ERQGBSURS �"%�´��WKH�WULSOH�VKRXOG�
H[LVW�EXW�QR�RWKHU�YDOXH�VKRXOG�RFFXU�IRU�WKH�VDPH�
SURSHUW\���DQG�VLPLODUO\�OLQHV�����������²ILOWHU�
³ERQG�WDUJHWBYDOXH "9$/8(´� LV� DOUHDG\� GHDOW�
ZLWK�LQ�OLQHV�������2QO\�RQH�,16(57�VWDWHPHQW�LV�
QHHGHG��WR�DGG�RQH�5')�WULSOH�WR�WKH�VWRUH�

7KH� FDVH� RI� ><281*(67@� LV� VLPLODU�� EXW�
H[SRVHV�WULFN\�DVSHFWV�UHODWHG�WR�WKH�FORQHV�FRQ�
VWUXFW� DQG� ILOWHUV�� /LQH� �� VKRZV� WKDW� DQQRWDWHG�
YDULDEOHV�JHQHUDWH�DGGLWLRQDO�ILOWHUV��OLQHV����í����
KDQGOH�FORQLQJ�LQ�WKH�OHIW�KDQG�VLGH��H[FHSW�IRU�
SURSHUWLHV�SXPS�SXPSBWLPH�DQG�SXPS�GLIIBWLPH��
ZKLFK� DUH�PHQWLRQHG� LQ� ILOWHUV�� DQ\� WULSOH�ZLWK�
VXEMHFW� "),(/'� VKRXOG� H[LVW� LQ� "),(/'�� DQG�
YLFH�YHUVD���5HJDUGLQJ�XSGDWH�VWDWHPHQWV��WULSOHV�
ZKHUH�"),(/'��LV�WKH�VXEMHFW�DUH�ILUVW�FOHDUHG�DQG�
WKHQ�UHFRQVWUXFWHG�XVLQJ�WKRVH�LQYROYLQJ�"),(/'�

7KH�IXOO�WUDQVODWLRQ�RI�HFR�ODZV�ODQJXDJH�LQWR�
WKH�63$54/�DQG�63$54/�83'$7(�GLDOHFWV�LV�
QRW�UHSRUWHG�KHUH�IRU�EUHYLW\�

$'$37,9(�',63/$<6�)25�&52:'�
67((5,1*�$33/,&$7,21

:H�FRQVLGHU�D�FURZG�VWHHULQJ�VFHQDULR�DV�D�FDVH�
VWXG\�WR�H[HPSOLI\�WKH�DSSURDFK�DQG�VKRZ�KRZ�
LW� WDFNOHV� VRPH� RI� WKH� UHTXLUHPHQWV� GLVFXVVHG��
QDPHO\��VLWXDWHGQHVV�DQG�DGDSWDWLRQ��,Q�WKLV�H[�
DPSOH�ZH�JXLGH�SHRSOH�WRZDUGV�HYHQWV�RI�LQWHUHVW�
LQ�D�FRPSOH[��G\QDPLF�HQYLURQPHQW��VHPDQWLFDOO\�
PDWFKLQJ�SHRSOH¶V�LQWHUHVWV���DYRLGLQJ�REVWDFOHV�
VXFK�DV�FURZGHG�UHJLRQV��DQG�ZLWKRXW�DQ\�VXSHU�
YLVHG�DSSURDFK��QDPHO\��LQ�D�VHOI�RUJDQL]LQJ�ZD\��
,Q�SDUWLFXODU��ZH�FRQVLGHU�D�PXVHXP�ZLWK�D�VHW�
RI�URRPV�FRQQHFWHG�E\�FRUULGRUV��ZKRVH�IORRU�LV�
FRYHUHG�ZLWK�D�QHWZRUN�RI�FRPSXWDWLRQDO�GHYLFHV�
�FDOOHG� VHQVRU� QRGHV���7KHVH� GHYLFHV� H[FKDQJH�
LQIRUPDWLRQ�EDVHG�RQ�SUR[LPLW\��VHQVH�WKH�SUHV�
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HQFH�RI�YLVLWRUV��DQG�KROG�LQIRUPDWLRQ�RI�YDULRXV�
NLQGV�RI�/6$V��H�J���DERXW�H[KLELWV�FXUUHQWO\�DF�
WLYH�LQ�WKH�PXVHXP���9LVLWRUV�DUH�HTXLSSHG�ZLWK�
D�VPDUWSKRQH�GHYLFH�WKDW�KROGV�WKHLU�SUHIHUHQFHV��

%\�LQWHUDFWLQJ�ZLWK�VHQVRU�QRGHV��YLVLWRUV�FDQ�EH�
JXLGHG�WRZDUGV�URRPV�ZLWK�WDUJHWV�PDWFKLQJ�WKHLU�
LQWHUHVWV��YLD�VLJQV�G\QDPLFDOO\�DSSHDULQJ�RQ�WKH�
VPDUWSKRQH�

)LJXUH����(FR�ODZV�IRU�XQLYHUVDO�JHQHUDWLRQ�RI�JUDGLHQW�GDWD�VWUXFWXUHV
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*HQHUDO�(FR�/DZV

7KH�RQO\�PHDQV�E\�ZKLFK�DQ�DJHQW�FDQ�JHW�FRQ�
WH[WXDOLVHG�� VXFK� WKDW� LW� FDQ�JDWKHU� LQIRUPDWLRQ�
DQG�GHFLGH�KRZ�WR�DFW��LV�E\�WKH�ERQGLQJ�PHFKD�
QLVP²ZKLFK�DOORZV�DQ�DJHQW�WR�UHDG�DQ�/6$�LW�GLG�
QRW�LQMHFW�LWVHOI��7KH�DJHQW�W\SLFDOO\�FDQQRW�FUHDWH�
WKRVH� ERQGV�� EHFDXVH� LW� VLPSO\� GRHV� QRW� NQRZ�
ZKLFK�RWKHU�/6$V�DUH�DURXQG�±�DW�OHDVW��LQLWLDOO\�
±�DQG�ZKLFK�DUH�SHUWLQHQW��7KH�W\SLFDO�VLWXDWLRQ�
LV�LQVWHDG�WKDW�VRPH�HFR�ODZ�FRPELQHV�DQ�DJHQW¶V�
/6$�ZLWK�UHODWHG�RQHV�IRUPLQJ�LWV�FRQWH[W��DQG�
DFFRUGLQJO\�FUHDWHV�D�ERQG��(LWKHU�VXFK�HFR�ODZV�
DFW�LQ�DQ�DSSOLFDWLRQ�VSHFLILF�ZD\�EDVHG�RQ�WKH�
VWUXFWXUH�RI�WKH�WZR�/6$V��RU�VRPH�JHQHUDO�PHFKD�
QLVP�KDV�WR�EH�GHYLVHG�WR�OHW�WKH�DJHQW�PDQLIHVW�
WKH�LQWHQWLRQ�RI�EHLQJ�ERQGHG�ZLWK�/6$V�KDYLQJ�
FHUWDLQ� FKDUDFWHULVWLFV�� 2QH� SRVVLEOH� DSSURDFK�
WR�ERQGLQJ�LV�VKRZQ�E\�HFR�ODZ�>%21'�(;7@�
SUHVHQWHG�LQ�)LJXUH����ZKLFK�FRPELQHV�D�VRXUFH�
/6$�±�H[SRVLQJ�WKH�GHVFULSWLRQ�RI�D�WDUJHW�±�ZLWK�
WKH�WDUJHW�LWVHOI��FUHDWLQJ�WKH�ERQG��7KH�RZQLQJ�
DJHQW�FDQ�GHVWUR\�ERQGV�PDQXDOO\�ZKHQ�WKHUH�LV�
QHHG�RI�GRLQJ�VR�

6XFK�DQ�HFR�ODZ�DVVXPHV�WKDW�WKH�VRXUFH�GH�
ILQHV�D�SURSHUW\�ERQG�UHTXHVWBH[W�VWRULQJ�D�ERQG�
WRZDUGV�DQ�/6$V�WKDW�GHVFULEHV�DOO�WKH�DVSHFWV�RI�
WKH�ERQGLQJ�UHTXHVW��ZKLFK�LQFOXGHV�D�UHIHUHQFH�
WR�WKH�VRXUFH¶V�SURSHUW\�WKDW�ZLOO�VWRUH�WKH�ERQG�
�ERQG�ERQGBSURS��� DQG�PRVW� LPSRUWDQWO\� D� GH�
VFULSWLRQ�RI�ZKLFK�/6$V�FDQ�EH�D�JRRG� WDUJHW��
7KH�ODWWHU�LV�LQ�WKH�IRUP�RI�DQRWKHU�/6$��ZKRVH�
LG�LV�"&217(17��ZKLFK�WKH�WDUJHW�VKRXOG�H[WHQG��
QDPHO\�� "&217(17� GHILQHV� DOO� WKH� SURSHUW\�
YDOXH�DVVRFLDWLRQV�WKDW�WKH�WDUJHW�VKRXOG�LQFOXGH�

7KH� RWKHU� HFR�ODZV� LQ�)LJXUH� �� DUH� XVHG� WR�
HVWDEOLVK�VR�FDOOHG�FRPSXWDWLRQDO�ILHOGV��0DPHL�
DQG�=DPERQHOOL��������9LUROL�HW�DO�������E��%HDO�
DQG�%DFKUDFK��������9LUROL�HW�DO�������D��3LDQLQL�HW�
DO����������D�UHPDUNDEOH�VHOI�RUJDQL]DWLRQ�PHFKD�
QLVP��$� FRPSXWDWLRQDO� ILHOG� LV� D� GDWD�VWUXFWXUH�
GLVWULEXWHG� LQ� D� QHWZRUNHG� V\VWHP� EDVHG� RQ�
VSDWLDO� DEVWUDFWLRQV� �GLVWDQFHV�� UHJLRQV�� DQG� VR�

RQ���([DPSOHV�RI�FRPSXWDWLRQDO�ILHOGV� LQFOXGH��
JUDGLHQWV��PDSSLQJ�HDFK�QRGH�WR�WKH�PLQLPXP�
GLVWDQFH�IURP�D�VRXUFH��SDWKV��PDSSLQJ�HDFK�QRGH�
EHORQJLQJ�WR�WKH�RSWLPDO�SDWK�IURP�D�VRXUFH�DQG�D�
GLVWDQFH�WR�D�QRQ�]HUR�YDOXH��SDUWLWLRQV��PDSSLQJ�
HDFK�QRGH�WR�WKH�QHDUHU�LQ�D�ILQLWH�VHW�RI�QRGHV��
DQG�VR�RQ²VHH�WKH�3URWR�LQLWLDWLYH��0,7�3URWR��
������%DFKUDFK�HW�DO����������7KH�JUDGLHQW�FDVH��
IRU�LQVWDQFH��LV�D�YHU\�LPSRUWDQW�RQH�LQ�SHUYDVLYH�
FRPSXWLQJ�V\VWHPV��IRU�LW�PDNHV�D�SRVVLEO\�ODUJH�
VHW�RI�QRGHV�WKDW�VXUURXQG�D�VLQJOH�RQH��WKH�JUDGL�
HQW�VRXUFH��DZDUH�RI�LWV�VWDWH��RU�SDUWV�RI�LW���DQG�
DZDUH�DOVR�RI�KRZ�LW�FDQ�EH�UHDFKHG�HIILFLHQWO\�
�L�H���DORQJ�DQ�RSWLPDO�SDWK�²KHQFH�VXSSRUWLQJ�
ORQJ�GLVWDQFH�LQWHUDFWLRQV�

%\� HFR�ODZ� >3803@�� D� JUDGLHQW� GDWD� VWUXF�
WXUH� LV� HYHQWXDOO\� HVWDEOLVKHG� RXW� RI� RQH� /6$�
�"6285&(�� IHDWXULQJ� QRQ�HPSW\� SURSHUWLHV�
SXPS�UHTBILHOGBZLWKBUDQJH��VWRULQJ�WKH�JUDGLHQW�
KRUL]RQ���SXPS�SXPSBUDWH��WKH�JUDGLHQW�SXPSLQJ�
UDWH���DQG�SXPS�VORSH��WKH�SURSDJDWLRQ�G\QDPLFV���
$OWRJHWKHU�WKRVH�HFR�ODZV�GLIIXVH�VRPH�ILHOG�/6$V�
DURXQG��FRQYHUJLQJ�WR�D�VLWXDWLRQ�LQ�ZKLFK���L��HDFK�
QRGH�ZLWKLQ�WKH�SXPS�UDQJHBGLVWDQFHBIURPBWKHB
VRXUFH��FRPSXWHG�E\�WKH�HVWLPDWHG�GLVWDQFH�EH�
WZHHQ�QRGHV�RU�RQ�D�VWHS�E\�VWHS�EDVLV�GHSHQGLQJ�
RQ�WKH�FKRVHQ�VORSH��ZLOO�FDUU\�RQH�/6$�RI�W\SH�
VDSHUH�ILHOG� WKDW�FORQHV� WKH�VRXUFH���LL��VXFK�DQ�
/6$�KDV�DQ�XSGDWHG�SXPS�GLVWDQFH�SURSHUW\��E\�
IROORZLQJ�GHFUHDVLQJ�YDOXHV�RI�GLVWDQFH�DQ\�DJHQW�
FDQ�UHWULHYH�DQ�RSWLPDO�SDWK�WRZDUGV�WKH�VRXUFH���
�LLL��WKH�RYHUDOO�VWUXFWXUH�LV�DEOH�WR�VHOI�RUJDQL]H�
�QDPHO\��VHOI�KHDO��WR�WRSRORJLFDO�FKDQJHV��%HDO��
������0DPHL�DQG�=DPERQHOOL��������

(FR�ODZ�>',))@�FRQWLQXRXVO\�GLIIXVHV�D�ILHOG�
/6$� LQ� QHLJKERULQJ� ORFDWLRQV� �RQH� DW� D� WLPH���
DW�UDWH�SXPS�GLIIBUDWH��ZLWK�LQFUHDVLQJ�GLVWDQFH�
YDOXH�GHSHQGLQJ�RQ�WKH�HVWLPDWHG�GLVWDQFH�WR�WKH�
QHLJKERU��DQG�SURYLGLQJ�WKH�RYHUDOO�GLVWDQFH�GRHV�
QRW�HVFDSH�WKH�JUDGLHQW�UDQJH��'LIIXVLRQ�LV�UHDOL]HG�
E\�FUHDWLQJ�/6$V�ZKRVH�SURSHUW\�VDSHUH�ORFDWLRQ�
VWRUHV� WKH� LGHQWLILHU� RI� D� QHLJKERULQJ� QRGH�� DQ�
XQGHUO\LQJ�PLGGOHZDUH� VHUYLFH� LV� LQ� FKDUJH� RI�
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UHORFDWLQJ�/6$V�DFFRUGLQJ�WR�WKH�FRQWHQW�RI�WKLV�
SURSHUW\�

$GGLWLRQDOO\�� WKH� FRQWH[WXDO� LQIRUPDWLRQ�
DERXW�DYDLODEOH�QHLJKERULQJ�QRGHV�LV�UHLILHG�E\�

WKH�PLGGOHZDUH�LQ�WHUPV�RI�/6$V�ZLWK�SURSHUW\�
VDSHUH�W\SH� VHW� WR� VDSHUH�QHLJKERXU�� E\� ZKLFK�
UHORFDWLRQ�LV�XOWLPDWHO\�VSHFLILHG��1RWH�WKDW�WKH�
GLIIXVHG�/6$�LV�DFWXDOO\�RI�W\SH�VDSHUH�SUH�ILHOG��

7DEOH�����

7DEOH�����

7DEOH�����
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IRU�LW�PLJKW�QHHG�WR�EH�PDQLSXODWHG�EHIRUH�EHLQJ�
VWRUHG�LQWR�RQH�RI�W\SH�VDSHUH�ILHOG�

(FR�ODZ�>35(@�LPSOHPHQWV�WKH�GHIDXOW�PDQLSX�
ODWLRQ�EHKDYLRU��DFWLYDWHG�LI�SXPS�FRQWH[WXDOL]LQJ�
LV�HPSW\���LW�VWRUHV�WKH�GLIIXVHG�/6$�DV�LW�LV²LW�
QHHGV�DQ�DSSOLFDWLRQ�VSHFLILF�HFR�ODZ�WR�FKDQJH�
WKLV�EHKDYLRU��DV�ZH�ZLOO�GHYHORS�QH[W��1RWH�WKDW�
>3803��',))@�NHHS�FUHDWLQJ�QHZ�/6$V�RYHU�WLPH�
LQ�WKH�GLIIXVLRQ�UHJLRQ��WR�UHPHG\�WKH�LQHYLWDEOH�
GLYHUJHQFH�� >1(:(67@�NHHSV� WKH�PRUH� UHFHQW�
ILHOG�LQIRUPDWLRQ�LQ�D�QRGH��ZKLOH�>6+257(67@�
NHHS� LQIRUPDWLRQ� RI� ILHOG� /6$V� ZLWK� VPDOOHU�
GLVWDQFH�IURP�VRXUFH�

/6$V

$FFRUGLQJ�WR�WKH�SURSRVHG�IUDPHZRUN��DOO�LQIRUPD�
WLRQ�H[FKDQJHG��LQFOXGLQJ�DJHQW�UHSUHVHQWDWLRQV��LV�
HQFDSVXODWHG�E\�/6$V��VXFK�DV���L���VRXUFH�/6$V��
UHSUHVHQWLQJ�LWHPV�RU�H[KLELWV�FXUUHQWO\�DFWLYH���LL���
ILHOG�/6$V��UHSUHVHQWLQJ�GLIIXVHG�FRSLHV�RI�VRXUFH�
/6$V�DQG�FDUU\LQJ�DQ�XSGDWHG�HVWLPDWHG�GLVWDQFH�
IURP�WKH�VRXUFH�DORQJ�WKH�EHVW�SDWK�DYDLODEOH���LLL�
��SUH�ILHOG�/6$V��WHPSRUDU\�FRSLHV�RI�ILHOG�/6$V��
XVHG�DV�LQWHUPHGLDWHV�WR�HVWDEOLVK�WKH�ILQDO�JUDGLHQW��
�LY���XVHU�/6$V��UHSUHVHQWLQJ�SUHVHQFH�DQG�VWDWH�
RI�D�XVHU��VWRUHG�LQ�WKHLU�VPDUWSKRQH����Y���FURZG�
/6$V�� UHSUHVHQWLQJ� WKH�SUHVHQFH�RI� D� FURZGHG�
DUHD�E\�D�VHQVRU�QRGH��,Q�SDUWLFXODU��ZH�UHO\�RQ�

7DEOH�����

7DEOH�����
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VRXUFH�/6$V�RI�WKH�NLQG�GHVFULELQJ�DQ�H[SRVLWLRQ�
RI�0LFKHODQJHOR¶V�VFXOSWXUH��VHH�7DEOH����

$�FURZG�/6$��JHQHUDWHG�LQ�HDFK�VHQVRU�QRGH�
WDNHV�WKH�IRUP�ZKHUH�PXVHXP�FURZGOHYHO�VHW�WR�
����PHDQV�WKDW�WKH�VHQVRU�SHUFHLYHG�WKH�KLJKHVW�
FURZG�� ZKLOH� FURZG� IDFWRU� LV� D� PXOWLSOLFDWLRQ�
IDFWRU�GLFWDWLQJ�KRZ�VXFK�D�OHYHO�VKRXOG�SHQDOL]H�
D�JUDGLHQW���VHH�7DEOH����

)LQDOO\��WKH�/6$V�RI�D�XVHU�±�VHHNLQJ��ILHOG��
H[KLELWLRQV�RI�DQ\�5HQDLVVDQFH¶V�VFXOSWRU�±�LV�RI�
WKH�NLQG��VHH�7DEOH����

1RWH� WKDW� WKLV�/6$�ZLOO�ERQG�WR�ILHOG�/6$V�
JHQHUDWHG�E\�PXVHXP�VRXUFHOVD�����DERYH�WKDQNV�
WR�HFR�ODZ�>%21'�:0@��$OVR��E\�WKH�VWUXFWXUH�
RI�VRXUFH�/6$�ZH�FDQ�H[SHFW�HFR�ODZV�>3803��

',))�'67��<281*(67��6+257(67��'(&$<@�
WR�DFWLYDWH�DQG�VXSSRUW�D�VWDEOH�JUDGLHQW��+RZ�
HYHU��D�IXUWKHU�DSSOLFDWLRQ�GHSHQGHQW�HFR�ODZ�LV�
QHHGHG�VLQFH�HFR�ODZ�>35(@�LV�QRW�HIIHFWLYH�KHUH��
IRU�FRQWH[WXDOLVDWLRQ�LV�UHTXLUHG�WR�KDQGOH�FURZG�
HG�DUHDV��7DEOH���VKRZV�RQH�VXFK�HFR�ODZ��ZKLFK�
LQFUHDVHV�WKH�ILHOG�/6$�GLVWDQFH��L�H���D�SHQDOW\��
ZKHQ�WKH�ORFDO�FURZG�OHYHO�LV�JUHDWHU�WKDQ���

:KHQ�D�XVHU�SHUFHLYHV�H[KLELWV�DQG�LV�ERQGHG�
WR�ILHOG�/6$V�LQ�LWV�ORFDOLW\��E\�HFR�ODZ�>%21'�
(;7@���LW�ZLOO�FKRRVH�RQH�VXFK�VRXUFH�WR�EH�VWHHUHG�
WR��DQG�DFFRUGLQJO\�XSGDWHV�LWV�/6$�WR�VXFK�WKDW�
LW�ZLOO�ERQG�WR�WKH�GHVLUHG�ILHOG��IURP�ZKLFK�LQ�
IRUPDWLRQ�RQ�WKH�GLUHFWLRQV�WR�WDNH�FDQ�EH�REVHUYHG�

)LJXUH����$�VLPXODWLRQ�UXQ�RI�WKH�UHIHUHQFH�H[SRVLWLRQ��WRS�OHIW��WRS�ULJKW��ERWWRP�OHIW��ERWWRP�ULJKW���
IURP�UDQGRP�SRVLWLRQV�SHRSOH�PRYH�WR���WDUJHWV�VXFK�WKDW�LW�ZLOO�ERQG�WR�WKH�GHVLUHG�ILHOG��IURP�ZKLFK�
LQIRUPDWLRQ�RQ�WKH�GLUHFWLRQV�WR�WDNH�FDQ�EH�REVHUYHG�DQG�ZLOO�EH�XSGDWHG�DV�LW�PRYHV�WKDQNV�WR�JUDGLHQW�
DXWRPDWLF�VHOI�KHDOLQJ
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DQG�ZLOO�EH�XSGDWHG�DV�LW�PRYHV�WKDQNV�WR�JUDGLHQW�
DXWRPDWLF�VHOI�KHDOLQJ��VHH�7DEOH����

6LPXODWLRQ

$V�D�SURRI�RI�FRQFHSW�IRU�WKH�SURSRVHG�VROXWLRQ��
ZH� UHO\� RQ� VLPXODWLRQV�RI� WKH� HYROXWLRQ�RI� WKH�
SRSXODWLRQ�RI�/6$V��$V�VXFK��RQFH�WKH�LQLWLDO�VWDWH�
RI�/6$V�DQG�HFR�ODZV�LV�IL[HG��WKH�HYROXWLRQ�RI�
D�VHUYLFH�HFRV\VWHP�FDQ�EH�VLPXODWHG�XVLQJ�DQ\�
DYDLODEOH�IUDPHZRUN�IRU�&70&V��OLNH�H�J���35,60�
�8QLYHUVLW\�RI�%LUPLQJKDP�������� �ZKLFK�DOVR�
DOORZV�IRU�VWRFKDVWLF�PRGHO�FKHFNLQJ���W\SLFDOO\�
ZRUNLQJ� YLD� 6WRFKDVWLF� 6LPXODWLRQ�$OJRULWKPV�
�66$��EDVHG�RQ��*LOOHVSLH��������

:H� SHUIRUPHG� VLPXODWLRQV� FRQGXFWHG� RYHU�
DQ�H[SRVLWLRQ�RI�QLQH�URRPV�FRQQHFWHG�YLD�FRU�

ULGRUV��$�ILUVW�VHW�RI�WHVWV�ZDV�DLPHG�DW�HYDOXDWLQJ�
WKH�HIIHFWLYHQHVV�RI�JUDGLHQWV� LQ� WKH�SURFHVV�RI�
VWHHULQJ� WR� D� GHVWLQDWLRQ�� HYHQ� LQ� DQ� DYHUDJHO\�
FURZGHG�VLWXDWLRQ��6QDSVKRWV�RI�D�VLPXODWLRQ�UXQ�
DUH�UHSRUWHG�LQ�)LJXUH����ZKHUH�ZH�FRQVLGHU�IRXU�
GLIIHUHQW� WDUJHWV� ORFDWHG�LQ�WKH�IRXU�URRPV�QHDU�
HQYLURQPHQW�HGJHV��3HRSOH��HDFK�KDYLQJ�LQWHUHVW�
LQ�RQH�RI�WKH�WDUJHWV��FKRVHQ�UDQGRPO\��DUH�LQLWLDOO\�
GLVWULEXWHG�UDQGRPO\�WKURXJKRXW�WKH�PXVHXP��DV�
VKRZQ�LQ�WKH�ILUVW�VQDSVKRW��7KH\�HYHQWXDOO\�UHDFK�
WKH�URRP�LQ�ZKLFK�WKH�GHVLUHG�WDUJHW�LV�KRVWHG��DV�
VKRZQ�LQ�WKH�ODVW�VQDSVKRW�

$�VHFRQG�VHW�RI�WHVWV�ZDV�DLPHG�DW�YHULI\LQJ�
WKH�PDQDJHPHQW� RI� RYHUFURZGLQJ� DQG�� LQ� SDU�
WLFXODU��KRZ�WKH�EHKDYLRU�RI� WKH�HFRV\VWHP�FDQ�
G\QDPLFDOO\�DQG�DXWRPDWLFDOO\�EHFRPH�VHOI�DZDUH�
RI� FURZGLQJ� FRQGLWLRQV� DQG� UHDFW� DFFRUGLQJO\��

)LJXUH����'DUN�YLVLWRUV�RFFXS\�D�FHQWUDO�URRP��RWKHUV�PRYH�OHIW�WR�ULJKW�E\�D�ORQJHU��OHVV�FURZGHG�SDWK�
FLUFXPYHQWLQJ�WKH�FHQWUDO�URRP�RQ�WRS
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)LJXUH���VKRZV�DQRWKHU�VLPXODWLRQ�UXQ��WZR�JURXSV�
RI� SHRSOH�� HDFK�ZLWK� D� FRPPRQ� LQWHUHVW� LQ� DQ�
H[KLELWLRQ�±�GHQRWHG�ZLWK�HPSW\��OLJKW��DQG�ILOOHG�
�GDUN��FLUFOHV�±�DUH�LQLWLDOO\�ORFDWHG�LQ�WZR�GLIIHU�
HQW� URRPV�� DV� VKRZQ� LQ� WKH� ILUVW� VQDSVKRW��7KH�
WDUJHW�IRU�WKH�GDUN�YLVLWRUV�LV�ORFDWHG�LQ�WKH�FHQWUDO�
URRP�RI�WKH�VHFRQG�URZ��ZKLOH�WKH�RWKHUV¶�LV�LQ�
WKH�ULJKW�URRP�RI�WKH�VHFRQG�URZ��,Q�WKH�VLPXOD�
WLRQ��GDUN�YLVLWRUV�UHDFK�WKHLU�WDUJHW�TXLFNO\�EHFDXVH�
LW�LV�FORVHU��KRZHYHU��WKH�UHVXOWDQW�FURZGHG�DUHD�
IRUPHG� LQWHUVHFWV� WKH�VKRUWHVW�SDWK� WRZDUGV� WKH�
RWKHU�YLVLWRUV¶� WDUJHW��'XH� WR� WKLV� MDP�WKH� ODWWHU�
YLVLWRUV�DUH�JXLGHG�DORQJ�D�GLIIHUHQW�SDWK��ZKLFK�
LV�ORQJHU�EXW�OHVV�FURZGHG�

%RWK� WHVWV� VKRZ�TXDOLWDWLYH�HIIHFWLYHQHVV�RI�
WKH� SURSRVHG� HFR�ODZV�� DQG� VXJJHVW� WKDW� RXU�
VLPXODWLRQ�DSSURDFK�FDQ�EH�XVHG�IRU�DGGLWLRQDO�
H[SHULPHQWV�IRFXVLQJ�RQ�WXQLQJ�V\VWHP�SDUDPHWHUV�
�IDFWRU�N��RU�DOWHUQDWLYH�VWUDWHJLHV��H�J���GLIIXVLQJ�
FURZG�LQIRUPDWLRQ��WR�RSWLPL]H�SDWKV�WR�GHVWLQD�
WLRQV�

5(/$7('�:25.6

7UDGLWLRQDO�7XSOH�6SDFHV

,QWHUDFWLRQ�RI�DJHQWV�LQ�RXU�IUDPHZRUN�LV�PHGLDWHG�
E\�D�VSDFH�UHLI\LQJ�DQG�UXOLQJ�LQWHUDFWLRQ��7KLV�YHU\�
LGHD�KDV�EHHQ�SURSRVHG�E\�WKH�SLRQHHU�ZRUN�LQ�WKH�
/LQGD��*HOHUQWHU��������WXSOH�VSDFH�PRGHO�DQG�LWV�
GLVWULEXWHG�LPSOHPHQWDWLRQV��1REOH�DQG�=ODWHYD��
������1LHOVHQ�DQG�6¡UHQVHQ��������0HUULFN�DQG�
:RRG��������$WNLQVRQ���������,Q�/LQGD�±�ZKLFK�
RULJLQDWHG�DV�D�ODQJXDJH�IRU�SDUDOOHO�FRPSXWLQJ�
EXW�ZDV�ODWHU�DGRSWHG�DV�SDUDGLJP�IRU�GLVWULEXWHG�
V\VWHP�FRRUGLQDWLRQ��2PLFLQL�DQG�9LUROL��������±�
FRRUGLQDWLRQ�LV�DFKLHYHG�E\�FRRUGLQDWHG�SURFHVVHV�
LQVHUWLQJ�WXSOHV��UHFRUGV�RI�SULPLWLYH�YDOXHV��LQ�WKH�
JOREDO�VKDUHG�VSDFH�DQG�UHWULHYLQJ��DQG�UHPRY�
LQJ��WKHP�EDVHG�RQ�WHPSODWHV��UHFRUGV�SRVVLEO\�
LQFOXGLQJ�ZLOGFDUGV���5HWULHYDO�LV�DOZD\V�EORFN�
LQJ��WKRXJK�QRQ�EORFNLQJ�YHUVLRQV�DUH�W\SLFDOO\�
DYDLODEOH�LQ�WKH�DERYH�LPSOHPHQWDWLRQV�

'HVSLWH�WKH�HYLGHQW�/6$�WXSOH�DQG�/6$�VSDFH�
WXSOH�VSDFH�VLPLODULW\±�WXSOH�VSDFHV�ZHUH�LQGHHG�D�
VRXUFH�RI�LQVSLUDWLRQ�IRU�RXU�ZRUN�±�RXU�IUDPHZRUN�
LQWURGXFHV�D�SURIRXQGO\�GLIIHUHQW�DSSURDFK�WR�WKH�
HQJLQHHULQJ�RI�GLVWULEXWHG�V\VWHPV��7XSOH�VSDFH�
DSSURDFKHV� VHH� WXSOHV� DV� �SRVVLEO\� VWUXFWXUHG��
³WRNHQV´� WR� EH� SODFHG�UHWULHYHG� LQ� WKH� VKDUHG�
VSDFH� HLWKHU� DV� D�PHDQV� RI� V\QFKURQL]DWLRQ� RU�
FRPPXQLFDWLRQ��/6$V�DUH�LQVWHDG�VWULFWO\�ERXQG�
WR�WKHLU�RZQHU��WKH\�UHSUHVHQW�ERWK�LWV�³LQWHUIDFH´�
WRZDUGV� WKH� HQYLURQPHQW� �ZKHQ� FRQVLGHULQJ�
PDQLIHVWDWLRQ��DQG�WKH�HQYLURQPHQW�³LQWHUIDFH´�
IRU�WKH�DJHQW��ZKHQ�FRQVLGHULQJ�REVHUYDWLRQ���,Q�
WKLV�DFFHSWDWLRQ��WKH�FRQFHSW�RI�/6$�UHVHPEOHV�
DQG�GHYHORSV�RQ�WRS�RI�WKH�QRWLRQV�RI�$JHQW�&R�
RUGLQDWLRQ�&RQWH[W�DV�GHYHORSHG�LQ��2PLFLQL�HW��
DO���������DQG�FRRUGLQDWLRQ�DUWLIDFW��2PLFLQL�HW��
DO���������

6HPDQWLF�7XSOH�6SDFHV

6R�FDOOHG�VHPDQWLF�WXSOH�VSDFH�FRPSXWLQJ�KDV�EHHQ�
UHFRJQL]HG�DV�RQH�RI�WKH�PRVW�QRWDEOH�DGYDQFHV�LQ�
WKH�ILHOG�RI�PLGGOHZDUHV�IRU�GHDOLQJ�ZLWK�LVVXHV�
OLNH�RSHQQHVV��G\QDPLVP��DQG�VFDODELOLW\²WKDW�
DUH�SHFXOLDU�DVSHFWV�RI�DSSOLFDWLRQV�RSHUDWLQJ�LQ�
RSHQ�HQYLURQPHQWV�VXFK�DV�WKH�:HE��,W�EDVLFDOO\�
DPRXQWV�WR�DXJPHQWLQJ�WXSOH�VSDFHV�ZLWK�VHPDQWLF�
UHSUHVHQWDWLRQ� DQG� UHDVRQLQJ²DQ� RYHUYLHZ� RI�
VRPH�DSSURDFKHV�LV�LQ�1L[RQ�HW�DO���������ZKLFK�
ZH�KHUH�EULHIO\�UHYLHZ�DQG�FRPSOHWH�

7ULSOH�VSDFH�FRPSXWLQJ��76&���)HQVHO��������
SURYLGHV�DQ�H[WHQVLRQ�RI�WXSOH�VSDFH�FRPSXWLQJ�
ZLWK� IHDWXUHV� RI� 6HPDQWLF�:HE� WHFKQRORJ\�� ,Q�
SDUWLFXODU��WKLV�ZRUN�SURSRVHV�DQ�H[WHQVLRQ�RI�WKH�
FODVVLFDO�IODW�GDWD�PRGHO�DGRSWHG�IRU�WXSOHV��LW�UHOLHV�
RQ�WKH�XVH�RI�5')�WR�VXSSRUW�DSSOLFDELOLW\�LQ�WKH�
6HPDQWLF�:HE�GRPDLQ��7KLV�PRGHO�LV�EDVHG�RQ�
WKH�DVVLJQPHQW�RI�85,V�WR�WXSOHV��ZKLFK�FDQ�EH�
LQWHUOLQNHG�VR�DV�WR�IRUP�JUDSKV��0RUHRYHU��WXSOHV�
EHFRPHV�5')� WULSOHV� RI� D� VXEMHFW�� D� SUHGLFDWH�
DQG�DQ�REMHFW��$PRQJ�WKH�RWKHUV��RQH�RI�WKH�PDLQ�
DGYDQWDJHV�RI�DGRSWLQJ�6HPDQWLF�:HE�WHFKQRORJ\�
OLHV�LQ�WKH�SRVVLELOLW\�WR�SURYLGH�D�WXSOH�VSDFH�ZLWK�
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PRUH�UHILQHG��VHPDQWLF��PDWFKLQJ�DOJRULWKPV�WKDQ�
WKH�XVXDO�WHPSODWH�PDWFKLQJ�RI�/LQGD�

%RUQ� DV� DQ� H[WHQVLRQ� RI� 76&�� &RQFHSWXDO�
6SDFHV� �&6SDFHV�� LV� DQ� LQGHSHQGHQW� LQLWLDWLYH�
WDUJHWHG�DW�VWXG\LQJ�WKH�DSSOLFDELOLW\�RI�VHPDQWLF�
WXSOH� VSDFH� FRPSXWLQJ� LQ� VFHQDULRV� RWKHU� WKDQ�
:HE��VXFK�DV�8ELTXLWRXV�&RPSXWLQJ��'LVWULEXWHG�
6RIWZDUH� &RPSRQHQWV�� (QWHUSULVH� $SSOLFDWLRQ�
,QWHJUDWLRQ�DQG�VR�RQ��&6SDFHV�IHDWXUHV�VHYHUDO�
FRPSRQHQWV��D�NQRZOHGJH�FRQWDLQHU��DQ�RUJDQL�
]DWLRQDO�DQG�D�FRRUGLQDWLRQ�PRGHO��D�PRGHO�IRU�
VHPDQWLF� LQWHURSHUDELOLW\�� D� VHFXULW\� DQG� WUXVW�
PRGHO�� D� NQRZOHGJH� YLVXDOL]DWLRQ� PRGHO�� DQG�
DQ� DUFKLWHFWXUH� PRGHO�� ,Q� SDUWLFXODU� WXSOHV� DUH�
UHFRUGV�ZLWK�H[DFWO\���ILHOGV��RQH�RI�ZKLFK�EHLQJ�
D� ORJLFDO�IRUPXOD�H[SUHVVHG�H�J�� LQ�'HVFULSWLRQ�
/RJLFV�DQG�UHSUHVHQWLQJ�WKH�VHPDQWLF�FRQWHQW�RI�
WKH�WXSOH��2WKHU�ILHOGV�URXJKO\�UHVHPEOHV�RXU�V\Q�
WKHWLF�SURSHUWLHV�DQG�LGHQWLILHUV²IRU�D�WKRURXJK�
GHVFULSWLRQ�RI� WKHVH�FRPSRQHQWV�� WKH�LQWHUHVWHG�
UHDGHU�FDQ�UHIHU�WR��1L[RQ�HW�DO���������

6HPDQWLF�:HE�6SDFHV��7RONVGRUI�HW�DO���������
1L[RQ�HW�DO���������KDV�EHHQ�GHYLVHG�DV�D�PLGGOH�
ZDUH�IRU�WKH�6HPDQWLF�:HE��ZKHUH�FOLHQWV�FDQ�H[�
SORLW�6HPDQWLF�:HE�GDWD�WR�DFFHVV�DQG�PDQLSXODWH�
NQRZOHGJH��VR�DV�WR�FRRUGLQDWH�WKHLU�DFWLYLWLHV��,Q�
SDUWLFXODU��RULJLQDOO\�FRQFHLYHG�DV�DQ�H[WHQVLRQ�
RI�;0/6SDFHV�±�D�WXSOH�VSDFH�SODWIRUP�VXSSRUW�
LQJ�WKH�H[FKDQJH�RI�;0/�GRFXPHQWV�±�6HPDQWLF�
:HE�6SDFHV�SURYLGHV�WXSOH�VSDFHV�DEOH�WR�VXSSRUW�
WKH�H[FKDQJH�RI�5')�WULSOHV��L�H���WXSOHV���UHO\�
LQJ�RQ�5')6� UHDVRQLQJ� FDSDELOLWLHV� DV� UHJDUGV�
WR�PDWFKLQJ�

7KH� V7XSOHV� PRGHO� �.KXVKUDM� HW� DO��� ������
1L[RQ�HW�DO����������GHYHORSHG�E\�1RNLD�5HVHDUFK�
&HQWHU��LV�WDUJHWHG�DW�SHUYDVLYH�FRPSXWLQJ�VHWWLQJV��
7KHUH�� JLYHQ� WKH� KHWHURJHQHRXV� DQG� G\QDPLF�
QDWXUH�RI�SHUYDVLYH�HQYLURQPHQWV��WKH�FRPELQHG�
DGRSWLRQ�RI�6HPDQWLF�:HE�DQG�WXSOH�VSDFHV�KDYH�
EHHQ�UHFRJQL]HG�DV�D�YLDEOH�VROXWLRQ�QRW�RQO\�WR�
VHPDQWLF� LQWHURSHUDELOLW\� LVVXHV�� EXW� DOVR� ZLWK�
UHVSHFW�WR�WHPSRUDO�DQG�VSDWLDO�GHFRXSOLQJ��DQG�
V\QFKURQL]DWLRQ�� 7R� WKLV� HQG�� VHPDQWLF� WXSOHV�
�EDVHG�RQ�-DYD6SDFH�REMHFW�WXSOHV��DUH�SURYLGHG�

WKDW�H[WHQG�GDWD�WXSOHV��DQG�WXSOH�WHPSODWH�PDWFK�
LQJ�LV�H[WHQGHG�YLD�D�VHPDQWLF�PDWFKLQJ�PHFKD�
QLVP�RQ�WRS�RI�REMHFW�EDVHG�PDWFKLQJ��,Q�DGGLWLRQ��
V7XSOHV�IHDWXUHV�DJHQWV�UHVLGLQJ�LQ�WKH�VSDFH�ZLWK�
WKH�JRDO�RI�SHUIRUPLQJ�XVHU�FHQWULF�VHUYLFHV��VXFK�
DV�WXSOH�UHFRPPHQGDWLRQ�

7KH� 5')6ZDUPV� PRGHO� LQ� �+DUDVLF� HW� DO���
������ H[SORUHV� VZDUP� DSSURDFKHV� LQ� VHPDQWLF�
WXSOH�VSDFHV��FRPELQLQJ�VHOI�RUJDQL]DWLRQ�DVSHFWV�
RI�WXSOH�GLIIXVLRQ�DQG�PDQLSXODWLRQ�ZLWK�WKH�VH�
PDQWLF�FKDUDFWHU�RI�WHFKQRORJLHV�OLNH�5')��ZLWK�
WKH�JRDO�RI�RSWLPL]LQJ�WKH�UHWULHYDO�RI�WXSOHV�E\�
VHPDQWLF�VLPLODULW\�

$�SUHYLRXV�VHPDQWLF�WXSOH�VSDFH�DSSURDFK�RI�
RXUV�LV�SUHVHQWHG�LQ��1DUGLQL�HW�DO����������LQ�ZKLFK�
WKH�7X&6R1�WXSOH�FHQWHU�PRGHO�LV�H[WHQGHG�ZLWK�
QRWLRQV�RI�VHPDQWLF�WXSOHV�DQG�VHPDQWLF�WHPSODWHV��
URXJKO\�FRUUHVSRQGLQJ�WR�LQVWDQFH�DQG�FODVVHV�LQ�
'HVFULSWLRQ�/RJLFV��ZLWK� D� SURSRVHG� WXSOH�OLNH�
V\QWD[�XVHG�WR�UHWDLQ�VLPSOLFLW\�RI�WKH�DSSURDFK��
7KLV�ZRUN�KDV�EHHQ�H[WHQGHG�ZLWK�FRQFHSWV�RI�
IX]]\�PDWFKLQJ��1DUGLQL�HW�DO���������

0RVW�RI�WKH�DERYH�DSSURDFKHV�OLPLW�WXSOHV�WR�
MXVW� 5')� WULSOHV��PDNLQJ� LW� QHFHVVDU\� WR� EXLOG�
FRPSOH[�JUDSKV�HYHQ�WR�PRGHO�VLPSOH�LQGLYLGXDOV�
DQG�FRQFHSWV��2QH�RI�WKH�NH\�IHDWXUHV�RI�RXU�PRGHO��
IROORZLQJ�WKH�GLUHFWLRQ�RI��1DUGLQL�HW�DO����������
LV�WR�FRQVLGHU�D�WXSOH�DV�WKH�RYHUDOO�GHVFULSWLRQ�
RI�DQ�LQGLYLGXDO��H�J��DV�PRGHOHG�LQ�'HVFULSWLRQ�
/RJLFV���EXW�LQYHQWLQJ�D�ODQJXDJH�RI�WXSOHV�DQG�RI�
WHPSODWHV�±�QDPHO\��/6$V�DQG�HFR�ODZ�SDWWHUQV�±�
WKDW�UHPDLQV�VLPSOH�HQRXJK�DQG�GRHV�QRW�H[SRVH�
WKH�ZKROH�FRPSOH[LW\�RI�'HVFULSWLRQ�/RJLFV²DV�
H�J��� LQ� &RQFHSWXDO� 6SDFHV�� 'LIIHUHQWO\� IURP�
�1DUGLQL�HW�DO����������ZH�DGGUHVV�PXOWL�YDOXHG�
SURSHUWLHV�DQG�UHIHUHQFHV�WR�RWKHU�LQGLYLGXDOV�LQ�
D�PRUH�QDWXUDO�DQG�HIIHFWLYH�ZD\��HVSHFLDOO\�DV�
IDU�DV�WUDQVODWLRQ�WR�5')�LV�FRQFHUQHG�

6HOI�2UJDQL]DWLRQ�LQ�7XSOH�6SDFHV

$V�GHVFULEHG�LQ��2PLFLQL�DQG�9LUROL���������DS�
SOLFDWLRQV�RI�FRRUGLQDWLRQ�PRGHOV�DQG�ODQJXDJHV�
±�DQG�HVSHFLDOO\�VSDFH�EDVHG�RQHV�±�DUH�LQHYLWDEO\�
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HQWHULQJ� WKH� UHDOP� RI� VHOI�RUJDQL]DWLRQ�� ZKHUH�
FRPSOH[LW\� RI� LQWHUDFWLRQV� EHFRPHV� WKH� NH\� WR�
PDNH� GHVLUHG� SURSHUWLHV� DSSHDU� E\� HPHUJHQFH��
*LYHQ�WKH�LQWULQVLF�GLIILFXOW\�RI�GHVLJQLQJ�HPHU�
JHQFH�� PRVW� DSSURDFKHV� VLPSO\�PLPLF� QDWXUH�
LQVSLUHG�WHFKQLTXHV�WR�RUJDQL]H�DQG�HYROYH�WXSOHV�
DFFRUGLQJ�WR�VSHFLILHG�UXOHV�

727$� �7XSOHV� 2Q� 7KH� $LU�� �0DPHL� DQG�
=DPERQHOOL��������LV�D�WXSOH�EDVHG�PLGGOHZDUH�
VXSSRUWLQJ�ILHOG�EDVHG�FRRUGLQDWLRQ�IRU�SHUYDVLYH�
FRPSXWLQJ�DSSOLFDWLRQV��,Q�727$�HDFK�WXSOH��ZKHQ�
LQVHUWHG�LQWR�D�QRGH�RI�WKH�QHWZRUN��LV�HTXLSSHG�
ZLWK�FRQWHQW��WKH�WXSOH�GDWD���D�GLIIXVLRQ�UXOH��WKH�
SROLF\�E\�ZKLFK�WKH�WXSOH�KDV�WR�EH�FORQHG�DQG�GLI�
IXVHG�DURXQG��DQG�D�PDLQWHQDQFH�UXOH��WKH�SROLF\�
ZKHUHE\�WKH�WXSOH�VKRXOG�HYROYH�GXH�WR�HYHQWV�RU�
WLPH�HODSVLQJ��

&RQFHUQLQJ�727$��ZKLFK�LV�WKH�PRGHO�PRVW�
VLPLODU�WR�RXUV�IURP�WKH�YLHZSRLQW�RI�DSSOLFDWLRQ�
GRPDLQ��ZH�REVHUYH�WKDW�ZKLOH�RXU�HFR�ODZV�DUH�
PHDQW�WR�EH�IL[HG�IRU�WKH�DSSOLFDWLRQ�GRPDLQ�DQG�
DSSO\�WR�DOO�/6$V��GHSHQGLQJ�RQ�VHPDQWLF�PDWFK�
LQJ�FULWHULD���LQ�727$�HDFK�WXSOH�LV�UHVSRQVLEOH�IRU�
FDUU\LQJ�LWV�EHKDYLRUDO�UXOHV��6R��ZKLOH�ZH�FDOO�IRU�
VSHFLI\LQJ�WKH�HYROXWLRQ�UXOHV�RI�WXSOHV�DW�GHVLJQ�
WLPH��ZKHQ�WKH�DSSOLFDWLRQ�JRDOV�DUH�LGHQWLILHG��
727$�LQVWHDG�SURPRWHV�D�UXQ�WLPH�DSSURDFK��DQ�
DJHQW�GHILQHV�GLIIXVLRQ�EHKDYLRU�EHIRUH�LQMHFWLQJ�
WKH�WXSOH�LQ�WKH�V\VWHP��(PEHGGLQJ�WKH�EHKDYLRU�
LQ�WKH�WXSOHV��UDWKHU�WKDQ�LQ�WKH�VSDFH��PDNH�GLI�
ILFXOW�DQG�LPSUDFWLFDO�WKH�WDVN�RI�SUHGLFWLQJ�RYHUDOO�
HFRV\VWHP�EHKDYLRU�LQ�DGYDQFH�

)LQDOO\��LW�LV�ZRUWK�QRWLQJ�WKDW�WKH�PRGHO�SUH�
VHQWHG�KHUH�RULJLQDWHV�IURP�SUHYLRXV�ZRUN�RI�RXUV�
�9LUROL�DQG�&DVDGHL��������9LUROL�HW�DO�������E��
9LUROL�DQG�&DVDGHL���������ZKHUH�D�ELR�FKHPLFDO�
WXSOH�VSDFH�PRGHO�LV�SUHVHQWHG��7KHUH��WXSOHV�DUH�
DVVRFLDWHG�ZLWK�DQ�DFWLYLW\�OHYHO��ZKLFK�UHVHPEOHV�
FKHPLFDO�FRQFHQWUDWLRQ�DQG�PHDVXUHV�WKH�H[WHQW�WR�
ZKLFK�WKH�WXSOH�FDQ�LQIOXHQFH�WKH�VWDWH�RI�V\VWHP�
FRRUGLQDWLRQ²H�J���D�WXSOH�ZLWK�ORZ�DFWLYLW\�OHYHO�
ZRXOG�EH�UDWKHU�LQHUW��KHQFH�WDNLQJ�SDUW�LQ�FRRU�
GLQDWLRQ�ZLWK�YHU\�ORZ�IUHTXHQF\��&KHPLFDO�OLNH�
UHDFWLRQV��SURSHUO\�LQVWDOOHG�LQWR�WKH�WXSOH�VSDFH��

HYROYH�DFWLYLW\� OHYHO�RI� WXSOHV�RYHU� WLPH� LQ� WKH�
VDPH�ZD\�FKHPLFDO�FRQFHQWUDWLRQ�LV�HYROYHG�LQ�
FKHPLFDO�V\VWHPV�

2WKHU�6HPDQWLF�5XOH�%DVHG�
$SSURDFKHV

7KH�HFR�ODZ�ODQJXDJH�EHDUV�D�UHVHPEODQFH�WR�RWKHU�
UXOH�ODQJXDJHV�EDVHG�RQ�6HPDQWLF�:HE�WHFKQROR�
JLHV��L�H���WKRVH�GHVLJQHG��RU�EULGJHG��WR�DGKHUH�WR�
DQG�RSHUDWH�RYHU�WKH�5')�PRGHO�

$�ILUVW�FDWHJRU\�LQFOXGHV�KXPDQ�IULHQGO\�ODQ�
JXDJHV� GHVLJQHG� SULPDULO\� IRU� UHDGDELOLW\�� DQG�
ORFDOL]HG� WR�D�SDUWLFXODU�SLHFH�RI� VRIWZDUH��)RU�
H[DPSOH�� -HQD¶V� UXOH� ODQJXDJH� DQG� DVVRFLDWHG�
LQIHUHQFH�HQJLQH��&DUUROO�HW�DO���������VXSSRUWV�
PDQXDOO\�VSHFLILHG�UXOHV��DQG�LV�XVHG�ZLWKLQ�-HQD�
WR�LQIHU�NQRZOHGJH�HQWDLOHG�E\�5')6�DQG�2:/�
VHPDQWLFV��75,3/(��'HFNHU�HW�DO���������LV�D�SUR�
SRVHG�TXHU\�DQG�UXOH�ODQJXDJH�IRU�5')��ZKLOH�1��
/RJLF��%HUQHUV�OHH�HW�DO���������SURYLGHV�D�IUDPH�
ZRUN�WKDW�H[WHQGV�1��5')�V\QWD[�ZLWK�VXSSRUW�
IRU�UXOHV��%H\RQG�ODQJXDJHV�GHVLJQHG�VSHFLILFDOO\�
WR�RSHUDWH�RYHU�WKH�5')�PRGHO��JHQHUDO�SXUSRVH�
UXOH�HQJLQHV��VXFK�DV�-HVV��)ULHGPDQ�+LOO���������
DQG�3URYD��3DVFKNH�DQG�6FKURGHU���������KDYH�
EHHQ�VXFFHVVIXOO\�EULGJHG�WR�RSHUDWH�RYHU�5')�
�2¶&RQQRU�DQG�.QXEODXFK��������3DVFKNH�DQG�
6FKURGHU��������

$� VHFRQG� FDWHJRU\� LV� WKDW� RI� UXOH� PDUNXS�
ODQJXDJHV�� ZKLFK� DUH� KHDYLO\� WDLORUHG� WRZDUGV�
WKH�SXEOLFDWLRQ��LQWHUFKDQJH��DQG�UHXVH�RI�UXOHV�
DFURVV�VRIWZDUH�V\VWHPV��7KHUH�VLW�WKH�6HPDQWLF�
:HE�5XOH�/DQJXDJH� �6:5/�� �+RUURFNV�HW�DO���
�������DQ�5')�EDVHG�ODQJXDJH�WKDW�FRPELQHV�D�
VXEVHW�RI�IHDWXUHV�RI�2:/�DQG�WKH�5XOH�0DUNXS�
/DQJXDJH��5XOH0/���%ROH\�HW�DO����������DQG�WKH�
5(:(56(�5XOH�0DUNXS�/DQJXDJH��:DJQHU�HW�
DO����������ZKLFK�H[WHQGV�6:5/�ZLWK�VXSSRUW�IRU�
2EMHFW�&RQVWUDLQW�/DQJXDJH��:DUPHU�DQG�.OHSSH��
������� 63$54/� ,QIHUHQFLQJ� 1RWDWLRQ� �63,1��
�.QXEODXFK�HW�DO���������SURYLGHV�D�YRFDEXODU\�WR�
UHSUHVHQW�63$54/�TXHULHV�DV�5')��DQG�VXSSRUWV�
WKH�H[HFXWLRQ�RI�UXOHV�DQG�REMHFW�FRQVWUDLQWV�RYHU�
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5')�GDWD�PRGHOV��)LQDOO\��WKH�5XOH�,QWHUFKDQJH�
)RUPDW��.LIHU��������LV�WKH�SURGXFW�RI�DQ�DFWLYH�
:�&�ZRUNLQJ�JURXS�DLPLQJ�WR� LPSOHPHQW�UXOH�
LQWHUFKDQJH�EHWZHHQ�GLIIHUHQW�UXOH�ODQJXDJHV�LQ�
WKH�6HPDQWLF�:HE�

$OWKRXJK�D�FRVPHWLF�FRUUHVSRQGHQFH�EHWZHHQ�
WKH�VWUXFWXUH�RI�HFR�ODZV�DQG�UXOHV�H[LVWV��GLIIHU�
HQFHV�LQ�WKH�JRDOV�DQG�XQGHUO\LQJ�VHPDQWLFV�RI�
HDFK� VWURQJO\� GLIIHUHQWLDWH� WKHP�� ,Q� SDUWLFXODU�
�L�� HFR�ODZV�GR� QRW� GHQRWH� D� ORJLFDO� LQIHUHQFH��
EXW� D� GDWD� WUDQVIRUPDWLRQ� �WKDW� RIWHQ� PRGLILHV�
WKH�ODZ¶V�UHDFWDQWV����LL��ZRUNLQJ�DW�WKH�OHYHO�RI�
/6$V�� HFR�ODZ� RSHUDWLRQDO� VHPDQWLFV� FDSWXUH�
LQVWUXFWLRQV�WR�PRGLI\��FUHDWH��GHOHWH��RU�FRQQHFW�
³REMHFWV´��UDWKHU�WKDW�H[SUHVV�WKH�JHQHUDWLRQ�RI�QHZ�
NQRZOHGJH�IURP�WKH�H[LVWHQFH�RI�FRPELQDWLRQV�RI�
LQGLYLGXDO�³IDFWV´���LLL��WKH�ILULQJ�RI�DQ�HFR�ODZ�
UHVXOWV�LQ�WKH�WUDQVIRUPDWLRQ�RI�D�VLQJOH�SDWWHUQ�
RI�/6$V�PDWFKLQJ�WKH�ODZ¶V�OHIW�KDQG�VLGH��WKLV�
FDQ�EH�MX[WDSRVHG�ZLWK�UXOH�HQJLQHV��ZKHUH�UXOH�
VHWV�DUH�XVXDOO\�HYDOXDWHG�DV�D�EDWFK��H[HFXWLQJ�
DOO�PDWFKHG� SDWWHUQV� RYHU� DOO� UXOHV�� ILQDOO\� �LY��
HFR�ODZ�VFKHGXOLQJ�LV�&07&�EDVHG��UDWKHU�WKDQ�
SULRULW\�EDVHG��ZKLFK�LV�W\SLFDO�RI�UXOH�HQJLQHV�

3RLQWV��LLL��DQG��LY��DGGLWLRQDOO\�LPSO\�DQ�HQ�
WLUHO\�GLIIHUHQW�PHWKRGRORJ\�IRU�ZRUNLQJ�ZLWKLQ�
WKH�HFR�ODZ�IUDPHZRUN�WKDQ�ZLWK�D�UXOH�HQJLQH��,Q�
D�UXOH�EDVHG�HQYLURQPHQW�WKH�UXOH�VHW�LV�W\SLFDOO\�
HYDOXDWHG�LPPHGLDWHO\�DIWHU�QHZ�GDWD�LV�LQWURGXFHG�
RU�EHIRUH�WKH�NQRZOHGJH�EDVH�LV�QH[W�TXHULHG��JLY�
LQJ�VRIWZDUH�DJHQWV�WKH�H[SHFWDWLRQ�WKDW��D�� WKH�
LQIHUHQFH�SURFHVV�ZLWK�UHVSHFW�WR�WKH�PRVW�UHFHQW�
LQSXW�LV�FRPSOHWH��DQG�E��LQ�WKH�DEVHQFH�RI�IXUWKHU�
LQSXW��WKH�NQRZOHGJH�EDVH�UHPDLQV�VWDWLF��1HLWKHU�
H[SHFWDWLRQ�KROGV�ZLWKLQ�WKH�HFR�ODZ�IUDPHZRUN��
ZKHUH�VRIWZDUH�DJHQWV�KDYH�QR�H[SOLFLW�FRQWURO�
RYHU� WKH� ILULQJ�RI� HFR�ODZV� UHODWLYH� WR� WKH� WLP�
LQJ�RI�LWV�LQVSHFWLRQ�RI�WKH�HQYLURQPHQW��QRU�DQ\�
H[SHFWDWLRQ� RI� NQRZOHGJH� VWDELOLW\� ZLWKLQ� WKH�
/6$�6SDFH�EH\RQG�WKH�SURSHUWLHV�RI�/6$V�WKDW�
LW�GLUHFWO\�JRYHUQV�

6HWWLQJ�DVLGH�PHWKRGRORJ\�DQG�WKH�VHPDQWLFV�
RI�H[HFXWLRQ��ZH�QRWH�WKDW�SDUWV�RI�WKH�HFR�ODZ�
VHPDQWLFV�PD\�EH�DSSUR[LPDWHG�E\�VRPH�RI�WKH�

UXOH�ODQJXDJHV�GHVFULEHG�DERYH��)RU�H[DPSOH��D�
VLQJOH�/6$�DSSHDULQJ�RQ�WKH�OHIW�KDQG�VLGH�RI�DQ�
HFR�ODZ�PD\�EH�H[SUHVVHG�LQ�DQ\�UXOH�ODQJXDJHV�
DV� D� FRQMXQFWLRQ� RI� IDFWV²RQH� IRU� HDFK� /6$�
SURSHUW\��6RPH�UXOH�ODQJXDJHV��H�J���-HVV��VXSSRUW�
WKH�ELQGLQJ�RI�QHZ�YDULDEOHV�RQ� WKH�ULJKW�KDQG�
VLGH�RI�D�UXOH��EXW�WKLV�FDSDELOLW\�LV�QRW�VWDQGDUG��
7KH�VHPDQWLFV�RI�ERWK�WKH�µFORQHV¶�DQG�µH[WHQGV¶�
RSHUDWRUV�DUH�FORVHO\�WLHG�WR�WKH�HFR�ODZ¶V�³REMHFW�
RULHQWHG´�YLHZ�RI�WKH�ZRUOG²WKDW�LV��ERWK�RSHU�
DWH�RYHU�NQRZOHGJH�WKDW�LV�LPSOLFLWO\�GHFODUHG�E\�
DVVRFLDWLRQ�WR�ERXQG�/6$�LGHQWLILHUV��7R�WKH�EHVW�
RI�RXU�NQRZOHGJH��WKLV�SUHFOXGHV�LPSOHPHQWDWLRQ�
RI�WKHVH�RSHUDWRUV�LQ�DQ\�WKH�6HPDQWLF�:HE�UXOH�
ODQJXDJHV�GLVFXVVHG�DERYH��H�J���-HQD�5XOHV�DQG�
6:5/�ODFN� WKH�FDSDELOLW\� WR�ELQG�YDULDEOHV�RQ�
WKH� ULJKW�KDQG� VLGH�RI� D� UXOH��6:5/�DOVR�GRHV�
QRW� VXSSRUW�TXDQWLILFDWLRQ�QHFHVVDU\� WR�RSHUDWH�
RYHU�WKH�VHW�RI�SURSHUWLHV�DVVRFLDWHG�ZLWK�DQ�/6$�
LGHQWLILHU���,W�DSSHDUV�SRVVLEOH�WR�V\QWKHVL]H�WKLV�
IXQFWLRQDOLW\�LQ�WKH�-HVV�ODQJXDJH�E\�XVLQJ�D�FRP�
ELQDWLRQ�RI�FXVWRP�IXQFWLRQV�DQG�SURFHGXUDO�VW\OH�
FRGH�ZLWKLQ�D� UXOH��KRZHYHU� WKLV�³DOJRULWKPLF´�
DSSURDFK�WR�UXOH�FRQVWUXFWLRQ�LV�QRQ�VWDQGDUG�

)LQDOO\��ZH�QRWH�WKDW�WKH�H[LVWHQFH�RI�D�IRUPDO�
WUDQVODWLRQ�IURP�WKH�HFR�ODZ�ODQJXDJH�WR�63$54/�
PHDQV�WKDW�HFR�ODZV�PD\�EH�H[HFXWHG�DJDLQVW�WKH�
PDMRULW\�RI�ERWK�RSHQ�VRXUFH�DQG�SURSULHWDU\�5')�
VWRUHV��XVLQJ�VWDQGDUG�WRROLQJ�

&21&/86,21

,Q� WKLV� FKDSWHU� ZH� SUHVHQWHG� D� IUDPHZRUN� IRU�
SHUYDVLYH�VHUYLFH�HFRV\VWHPV��PHDQW�WR�RYHUFRPH�
WKH� OLPLWDWLRQV� RI� VWDQGDUG� 62$�ZKHQ� GHDOLQJ�
ZLWK�VLWXDWHG�DQG�DGDSWLYH�SHUYDVLYH�FRPSXWLQJ�
V\VWHPV��DORQJ�ZLWK�DQ�LPSOHPHQWDWLRQ�VFKHPD�
EDVHG� RQ� VWDQGDUG� :�&� WHFKQRORJLHV� IRU� WKH�
6HPDQWLF�:HE��DQG�DQ�DSSOLFDWLRQ�FDVH�RI�FURZG�
VWHHULQJ�E\�SXEOLF�SULYDWH�GLVSOD\V�

:H�EHOLHYH�WKDW�WKH�PDLQ�QRYHOW\�RI�WKH�SUR�
SRVHG� DSSURDFK� SUHFLVHO\� OLHV� LQ� WKH� LQWHUSOD\�
EHWZHHQ�HFR�ODZV�DQG�/6$V��WKH�IRUPHU�UHJXODWHV�
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WKH�RYHUDOO� HFRV\VWHP�E\�EDVLF�PHFKDQLVPV�RI�
DJHQW�LQWHUDFWLRQ�YLD�ERQGV�DQG�RI�VSDWLDO�FRRU�
GLQDWLRQ��9LUROL�HW�DO�������E���WKH�ODWWHU�UHJXODWHV�
DJHQW�DXWRQRP\��FRQWUROOLQJ�KRZ�D�VLQJOH�DJHQW�
LV�DIIHFWHG�E\�WKH�HFRV\VWHP�DQG�PDQLIHVWV�WR�LW��
7R�WKLV�HQG��D�NH\�UROH�LV�SOD\HG�E\�WKH�OLYHQHVV�
RI�/6$V��ZKLFK�LV�DFKLHYHG�E\�WKUHH�IXQGDPHQWDO�
PHFKDQLVPV�� �L�� DJHQWV� KDYH� UHVSRQVLELOLW\� IRU�
FRQWLQXRXVO\�XSGDWLQJ�WKH�VWDWH�RI�WKHLU�/6$V�RYHU�
WLPH���LL��FRQWH[WXDOL]DWLRQ��VHHQ�DV�D�PLGGOHZDUH�
VHUYLFH�� JXDUDQWHHV� WKDW� LQIRUPDWLRQ� DERXW� WKH�
SK\VLFDO�ZRUOG�SURPSWO\�UHIOHFWV�LQ�V\QWKHWLF�/6$V�
DQG� SURSHUWLHV�� �LLL�� HFR�ODZV� HQDFW� FRQWLQXRXV�
SURFHVVHV��HYROYLQJ�/6$V�WR�UHIOHFW� WKH�RYHUDOO�
HFRV\VWHP�VLWXDWLRQ�

&RQFHUQLQJ�WKH�XVH�RI�:�&�WHFKQRORJLHV��ZH�
UHPDUN� WKDW� WKH\� FRPH� HTXLSSHG�ZLWK� D� VHW� RI�
UHDVRQHUV�DQG�WHFKQLTXHV�ZH�FDQ�DGRSW�WR�GHYLVH�
DQDO\VLV�WRROV�IRU�SHUYDVLYH�HFRV\VWHPV��7KH�SUR�
SRVHG�WUDQVODWLRQ�DOVR�GHILQHV�D�UHIHUHQFH�LPSOH�
PHQWDWLRQ�RI�DQ�/6$�VSDFH�EDVHG�RQ�DQ�5')�VWRUH�
FRXSOHG�ZLWK�D�63$54/� LQWHUSUHWHU��7KLV�GRHV�
QRW�PHDQ�WKDW�WKLV�LV�WKH�SUHIHUUHG�WHFKQRORJLFDO�
VROXWLRQ� IRU� WKH�GHYHORSPHQW�RI� D�PLGGOHZDUH��
EXW� LW�SURYLGHV�D�PHDQV� WR�TXLFNO\�SURWRW\SH�D�
FRUUHFW�E\�GHILQLWLRQ� /6$�VSDFH� LPSOHPHQWD�
WLRQ��DQG�D�UHIHUHQFH�WR�EH�FRPSOLDQW�ZLWK�LQ�WKH�
FDVH�RWKHU�VROXWLRQV�DUH�FRQVLGHUHG��)LQDOO\��WKH�
DSSURDFK�GHVFULEHG�LQ�WKLV�FKDSWHU�SDYHV�WKH�ZD\�
IRU�D�GHHS�FRQQHFWLRQ�ZLWK�WKH�XVH�RI�H[LVWLQJ�QHZ�
2:/�RQWRORJLHV��7KH\�FDQ�EH�XVHG�QRW�RQO\�WR�
VXSSRUW�2:/�EDVHG�VHPDQWLF�PDWFKLQJ��EXW�DOVR�
WR�GHFODUH�WKH�VKDSH�RI�YDOLG�/6$V��FKHFN�HQDFW�LW��
DQG�HQIRUFH�FRUUHFWQHVV�RI�HFRV\VWHPV�GHYHORSHG�
RQ�WRS�RI�NQRZ�/6$V�DQG�HFR�ODZV�

$OWKRXJK� QHFHVVDULO\� HDUO\�� ZH� EHOLHYH� WKH�
H[SHULPHQWV�GHVFULEHG�LQ�WKLV�FKDSWHU�VKRZ�VRPH�
NH\�SURSHUWLHV�RI�WKH�SURSRVHG�PRGHO���L��H[SUHV�
VLYHQHVV� RI� WKH� HFR�ODZ� ODQJXDJH� LQ� PRGHOLQJ�
EDVLF� LQWHUDFWLRQ� SDWWHUQV� XS� WR� VRSKLVWLFDWHG�
VHOI�RUJDQL]DWLRQ�SDWWHUQV���LL��DELOLW\�WR�FRPSRVH�
XQLYHUVDO�DQG�DSSOLFDWLRQ�VSHFLILF�HFR�ODZV���LLL��
SRVVLELOLW\� RI� DQDO\]LQJ� HFRV\VWHPV� ±� DQG� WKH�
EHKDYLRU�RI�HFR�ODZV�WKHUHLQ�±�E\�VLPXODWLRQ�

)XWXUH�:RUNV

7KH�DFWLYLWLHV�WR�EH�FDUULHG�RXW�LQ�WKH�QH[W�VWDJHV�
RI�WKLV�UHVHDUFK�LQFOXGH�

�� 7R� SURYLGH� D� IRUPDO� RSHUDWLRQDO� PRGHO��
JURXQGLQJ�WKH�SURSRVHG�DSSURDFK�DQG�JLY�
LQJ�VHPDQWLFV�WR�WKH�HFR�ODZ�ODQJXDJH�

�� $� PHWKRGRORJ\� �RU� D� FRKHUHQW� FROOHFWLRQ�
RI�PHWKRGRORJ\�IUDJPHQWV�� IRU� WKH�GHYHO�
RSPHQW�RI� HFRV\VWHPV�ZLOO�EH�GHYHORSHG��
IROORZLQJ�HDUO\�H[SHULHQFHV�LQ�WKH�FRQWH[W�
RI�WKH�$26(��DJHQW�RULHQWHG�VRIWZDUH�HQ�
JLQHHULQJ�� UHVHDUFK� ¿HOG�� ,Q� SDUWLFXODU��
WKH� LVVXH� RI� DSSOLFDWLRQ�LQGHSHQGHQW� YHU�
VXV� DSSOLFDWLRQ�VSHFL¿F� HFR�ODZV�� DQG� WKH�
SUREOHP�RI�ZKLFK�DSSOLFDWLRQ�LQGHSHQGHQW�
HFR�ODZV�WR�SURYLGH�WR�JXLGH�WKH�EDVLF�DV�
SHFWV� RI� HFRV\VWHP� EHKDYLRU�� DUH� WR� EH�
VWXGLHG�LQ�GHWDLO�

�� 6WD\LQJ� ZLWKLQ� WKH� FRQWH[W� RI� PHWKRGRO�
RJ\��IXUWKHU�H[SORUDWLRQ�DQG�GHHSHQLQJ�RI�
WKH�UHODWLRQVKLS�EHWZHHQ�HFR�ODZ�PHGLDWHG�
LQWHUDFWLRQV� DQG� WUDGLWLRQDO� FRRUGLQDWLRQ�
WHFKQRORJLHV�� ZLWK� SDUWLFXODU� DWWHQWLRQ� WR�
%3(/��WKH�EXVLQHVV�SURFHVV�PRGHO�WKDW�GH�
VFULEHV�LQWHUDFWLRQV�EHWZHHQ�ZHE�VHUYLFHV�

�� ,Q�RUGHU�WR�ZRUN�LQ�D�FRPSOHWH�\HW�HIIHFWLYH�
ZD\�� WKH�PHWKRGRORJ\� VKRXOG� EH� FRXSOHG�
ZLWK�DGGLWLRQDO�WRROV��LQFOXGLQJ�
�ƕ $� IXOO\�IHDWXUHG� VLPXODWLRQ� IUDPH�

ZRUN� IRU� HFRV\VWHPV�� LPSOHPHQWLQJ�
LQ�DQ�HI¿FLHQW�ZD\�WKH�RSHUDWLRQDO�VH�
PDQWLFV�RI�HFR�ODZV�

�ƕ $�ZRUNEHQFK�IRU�WKH�IRUPDO�DQDO\VLV�
RI�VWDWLF�DQG�EHKDYLRUDO�SURSHUWLHV�RI�
HFRV\VWHPV��SRVVLEO\�UHXVLQJ�H[LVWLQJ�
WRROV� WDFNOLQJ� IUDJPHQWV� RI� WKH� HFR�
ODZ�ODQJXDJH�

�ƕ ,PSOHPHQWLQJ�SURWRW\SH�GHYHORSPHQW�
WRROV��LQFOXGLQJ�HGLWRUV�DQG�FKHFNHUV�
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$&.12:/('*0(17

7KLV�ZRUN� KDV� EHHQ� VXSSRUWHG� E\� WKH�(8�)3��
SURMHFW�³6$3(5(���6HOI�DZDUH�3HUYDVLYH�6HUYLFH�
(FRV\VWHPV´�XQGHU�FRQWUDFW�1R���������

5()(5(1&(6

$WNLQVRQ��$��.����������7XSOHZDUH��$�GLVWULEXWHG�
WXSOH�VSDFH�IRU�FOXVWHU�FRPSXWLQJ��,Q�3URFHHGLQJV�
RI� WKH������1LQWK� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
3DUDOOHO�DQG�'LVWULEXWHG�&RPSXWLQJ��$SSOLFDWLRQV�
DQG� 7HFKQRORJLHV�� �SS�� ���±������:DVKLQJWRQ��
'&��,(((�&RPSXWHU�6RFLHW\�

%DEDRJOX��2���&DQULJKW��*���'HXWVFK��$���&DUR��*��
$��'���'XFDWHOOH��)���	�*DPEDUGHOOD��/��0����������
'HVLJQ� SDWWHUQV� IURP� ELRORJ\� IRU� GLVWULEXWHG�
FRPSXWLQJ���$&0�7UDQVDFWLRQV�RQ�$XWRQRPRXV�
DQG�$GDSWLYH�6\VWHPV����������±���

%DFKUDFK�� -���%HDO�� -���	�0F/XUNLQ�� -�� ��������
&RPSRVDEOH�FRQWLQXRXV�VSDFH�SURJUDPV�IRU�UR�
ERWLF�VZDUPV���1HXUDO�&RPSXWLQJ�	�$SSOLFDWLRQV��
����������±����

%DQGDUD��$���3D\QH��7���5RXUH��'��'���*LEELQV��1���
	�/HZLV��7�� ��������6HPDQWLF� UHVRXUFH�PDWFK�
LQJ� IRU� SHUYDVLYH� HQYLURQPHQWV�� 7KH� DSSURDFK�
DQG� LWV� HYDOXDWLRQ�� 7HFKQLFDO� 5HSRUW� (&675�
,$0��������6FKRRO�RI�(OHFWURQLFV�DQG�&RPSXWHU�
6FLHQFH��8QLYHUVLW\�RI�6RXWKDPSWRQ�

%HDO��-����������)OH[LEOH�VHOI�KHDOLQJ�JUDGLHQWV��,Q�
6��<��6KLQ�	�6��2VVRZVNL��(GV����3URFHHGLQJV�RI�
WKH������$&0�6\PSRVLXP�RQ�$SSOLHG�&RPSXW�
LQJ��6$&���+RQROXOX��+DZDLL��86$��0DUFK�������
�������SS������±�������$&0�

%HDO�� -��� 	� %DFKUDFK�� -�� �������� ,QIUDVWUXFWXUH�
IRU� HQJLQHHUHG� HPHUJHQFH� RQ� VHQVRU�DFWXDWRU�
QHWZRUNV���,(((�,QWHOOLJHQW�6\VWHPV�����������±���

%HUQHUV�/HH��7���	�&RQQROO\��'�� ��������1RWD�
WLRQ���1����$�UHDGDEOH�5')�V\QWD[��:�&�WHDP�
VXEPLVVLRQ��:�&��5HWULHYHG� IURP� KWWS���ZZZ�
Z��RUJ�7HDP6XEPLVVLRQ�Q��

%HUQHUV�/HH��7���&RQQROO\��'���.DJDO��/���6FKDUI��
<��� 	� +HQGOHU�� -�� �������� 1�ORJLF�� $� ORJLFDO�
IUDPHZRUN�IRU�WKH�ZRUOG�ZLGH�ZHE���7KHRU\�DQG�
3UDFWLFH�RI�/RJLF�3URJUDPPLQJ��������±����

%ROH\��+���7DEHW��6���	�:DJQHU��*����������'HVLJQ�
UDWLRQDOH�RI�5XOH0/��$�PDUNXS�ODQJXDJH�IRU�VH�
PDQWLF�ZHE�UXOHV��,Q�7KH�6HPDQWLF�:HE�:RUNLQJ�
6\PSRVLXP���SS�����±�����

&DPSEHOO��$��7���(LVHQPDQ��6��%���/DQH��1��'���
0LOX]]R��(���3HWHUVRQ��5��$���	�/X��+����������
7KH�ULVH�RI�SHRSOH�FHQWULF�VHQVLQJ���,(((�,QWHUQHW�
&RPSXWLQJ��������

&DUUROO��-��-���'LFNLQVRQ��,���'ROOLQ��&���5H\QROGV��
'���6HDERUQH��$���	�:LONLQVRQ��.����������-HQD��
,PSOHPHQWLQJ� WKH�6HPDQWLF�:HE�UHFRPPHQGD�
WLRQV�� ,Q�3URFHHGLQJV�RI� WKH���WK� ,QWHUQDWLRQDO�
:RUOG�:LGH�:HE�&RQIHUHQFH� ��$OWHUQDWH�7UDFN�
3DSHUV�	�3RVWHUV���SS����±�����1HZ�<RUN��1<��
$&0�

&ROHPDQ��%����������8VLQJ�VHQVRU�LQSXWV�WR�DIIHFW�
YLUWXDO�DQG�UHDO�HQYLURQPHQWV���,(((�3HUYDVLYH�
&RPSXWLQJ���,(((�&RPSXWHU�6RFLHW\�DQG�,(((�
&RPPXQLFDWLRQV�6RFLHW\����������±���

'HFNHU��6���6LQWHN��0���%LOOLJ��$���+HQ]H��1���'R�
ORJ��3���	�1HMGO��:��«�=GXQ��8����������75,3/(�
��$Q�5')� UXOH� ODQJXDJH�ZLWK� FRQWH[W� DQG� XVH�
FDVHV��,Q�5XOH�/DQJXDJHV�IRU�,QWHURSHUDELOLW\�

)HQVHO�� '�� �������� 7ULSOH�VSDFH� FRPSXWLQJ��
6HPDQWLF� :HE� VHUYLFHV� EDVHG� RQ� SHUVLVWHQW�
SXEOLFDWLRQ�RI�LQIRUPDWLRQ��,Q�)��$��$DJHVHQ��&��
$QXWDUL\D��	�9��:XZRQJVH��(GV����,QWHOOLJHQFH�
LQ�&RPPXQLFDWLRQ�6\VWHPV�� ,),3� ,QWHUQDWLRQDO�
&RQIHUHQFH��,17(//&200�������3URFHHGLQJV��
YROXPH������RI�/HFWXUH�1RWHV�LQ�&RPSXWHU�6FL�
HQFH��%DQJNRN��7KDLODQG���SS����±�����6SULQJHU�
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)HUVFKD��$���	�9RJO��6����������:HDUDEOH�GLVSOD\V�
±� IRU� HYHU\RQH�� � ,(((�3HUYDVLYH�&RPSXWLQJ� ��
,(((�&RPSXWHU�6RFLHW\�DQG�,(((�&RPPXQLFD�
WLRQV�6RFLHW\���������±���

)ULHGPDQ�+LOO��(����������-HVV�� WKH�UXOH�HQJLQH�
IRU�WKH�-DYD�SODWIRUP��5HWULHYHG�IURP�KWWS���ZZZ�
MHVVUXOHV�FRP�

*HDURQ��3���	�6FKHQN��6���(GV������������63$54/�
����XSGDWH��:�&�ZRUNLQJ�GUDIW��:�&��5HWULHYHG�
IURP�KWWS���ZZZ�Z��RUJ�75������:'�VSDUTO���
XSGDWH����������

*HOHUQWHU��'����������*HQHUDWLYH�FRPPXQLFDWLRQ�
LQ�/LQGD�� �$&0�7UDQVDFWLRQV�RQ�3URJUDPPLQJ�
/DQJXDJHV�DQG�6\VWHPV����������±����

*LOOHVSLH��'��7����������([DFW�VWRFKDVWLF�VLPXOD�
WLRQ�RI�FRXSOHG�FKHPLFDO�UHDFWLRQV���-RXUQDO�RI�
3K\VLFDO�&KHPLVWU\��������������±�����

*XKD�� 5��9��� 	� %ULFNOH\�� '�� ��������5')� YR�
FDEXODU\�GHVFULSWLRQ�ODQJXDJH������5')�VFKHPD��
:�&� UHFRPPHQGDWLRQ�� :�&�� 5HWULHYHG� IURP�
KWWS���ZZZ�Z��RUJ�75������5(&�UGI�VFKH�
PD����������

+DUDVLF�� 0��� $XJXVWLQ�� $��� 2EHUPHLHU�� 3��� 	�
7RONVGRUI��5����������5')6ZDUPV��6HOI�RUJDQL]HG�
GLVWULEXWHG�5')�WULSOH�VWRUH��,Q�3URFHHGLQJV�RI�WKH�
�����$&0�6\PSRVLXP�RQ�$SSOLHG�&RPSXWLQJ��
6$&�¶�����SS������±�������1HZ�<RUN��1<��$&0�

+RUURFNV�� ,��� 3DWHO�6FKQHLGHU�� 3�� )��� %ROH\��+���
7DEHW��6���*URVRI��%���	�'HDQ��0����������6:5/��
$�VHPDQWLF�ZHE�UXOH�ODQJXDJH�FRPELQLQJ�2:/�
DQG� 5XOH0/�� 7HFKQLFDO� UHSRUW�� :�&� 0HPEHU�
6XEPLVVLRQ��5HWULHYHG�IURP�KWWS���ZZZ�Z���RUJ�
6XEPLVVLRQ�6:5/�

-D]D\HUL��0�� �������� 6SHFLHV� HYROYH�� LQGLYLGX�
DOV�DJH��,Q��WK�,(((�,QWHUQDWLRQDO�:RUNVKRS�RQ�
3ULQFLSOHV� RI� 6RIWZDUH� (YROXWLRQ�� �SS�� �±�����
:DVKLQJWRQ��'&�

.HSKDUW��-��2���	�&KHVV��'��0����������7KH�YL�
VLRQ�RI�DXWRQRPLF�FRPSXWLQJ���,(((�&RPSXWHU��
���������±���

.KXVKUDM��'���/DVVLOD��2���	�)LQLQ��7��:����������
V7XSOHV��6HPDQWLF�WXSOH�VSDFHV��,Q�3URFHHGLQJV�
RI� WKH� �VW�$QQXDO� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�
0RELOH� DQG� 8ELTXLWRXV� 6\VWHPV�� 1HWZRUNLQJ�
DQG�6HUYLFHV��0REL4XLWRXV¶������SS�����±������
%RVWRQ��0$��86$�

.LIHU��0����������5XOH�LQWHUFKDQJH�IRUPDW��7KH�
IUDPHZRUN��,Q�:HE�5HDVRQLQJ�DQG�5XOH�6\VWHPV��
,Q�/HFWXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH��9RO��������
SS���±�����%HUOLQ��*HUPDQ\��6SULQJHU�

.QXEODXFK�� +��� +HQGOHU�� -�� $��� 	� ,GHKHQ�� .��
�������� 63,1�� 63$54/� LQIHUHQFLQJ� QRWDWLRQ��
:�&�PHPEHU�VXEPLVVLRQ��:�&��5HWULHYHG�IURP�
KWWS���ZZZ�Z��RUJ�� 6XEPLVVLRQ������68%0�
VSLQ�RYHUYLHZ����������

.U|W]VFK��0��� 3DWHO�6FKQHLGHU�� 3�� )��� 5XGROSK��
6���+LW]OHU��3���	�3DUVLD��%���(GV������������2:/�
��ZHE�RQWRORJ\�ODQJXDJH�SULPHU��7HFKQLFDO�UH�
SRUW��:�&��5HWULHYHG�IURP�KWWS���ZZZ�Z��RUJ�
75������5(&�RZO��SULPHU����������

0DPHL��0���	�=DPERQHOOL��)����������3URJUDP�
PLQJ�SHUYDVLYH�DQG�PRELOH�FRPSXWLQJ�DSSOLFD�
WLRQV��7KH�727$�DSSURDFK���$&0�7UDQVDFWLRQV�
RQ�6RIWZDUH�(QJLQHHULQJ�DQG�0HWKRGRORJ\��������

0HUULFN�� ,��� 	�:RRG��$�� �������� &RRUGLQDWLRQ�
ZLWK� VFRSHV�� ,Q�3URFHHGLQJV� RI� WKH� �����$&0�
V\PSRVLXP� RQ�$SSOLHG� FRPSXWLQJ� �� 9ROXPH� ���
6$&�¶�����SS�����±������1HZ�<RUN��1<��$&0�

0LOOHU�� (��� 	�0DQROD�� )�� �(GV���� �������� 5')�
SULPHU��:�&�UHFRPPHQGDWLRQ��:�&��5HWULHYHG�
IURP� KWWS���ZZZ�Z��RUJ�75������5(&�UGI�
SULPHU����������

0,7����������0,7�3URWR��5HWULHYHG�1RYHPEHU����
������IURP�KWWS���SURWR�EEQ�FRP�
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1DUGLQL�� (���2PLFLQL��$���	�9LUROL��0�� ��������
'HVFULSWLRQ�VSDFHV�ZLWK�IX]]LQHVV��,Q���WK�$QQXDO�
$&0�6\PSRVLXP�RQ�$SSOLHG�&RPSXWLQJ��6$&�
������� 7XQJKDL� 8QLYHUVLW\�� 7DL&KXQJ�� 7DLZDQ��
$&0�

1DUGLQL��(���9LUROL��0���	�3DQ]DYROWD��(����������
&RRUGLQDWLRQ�LQ�RSHQ�DQG�G\QDPLF�HQYLURQPHQWV�
ZLWK�7XFVRQ�VHPDQWLF�WXSOH�FHQWUHV��,Q�3URFHHG�
LQJV� RI� WKH� ��WK� $QQXDO� $&0� 6\PSRVLXP� RQ�
$SSOLHG�&RPSXWLQJ��6$&��������YROXPH�,,,���SS��
����±�������6LHUUH��6ZLW]HUODQG��$&0�

1LHOVHQ��%���	�6¡UHQVHQ��7����������'LVWULEXWHG�
SURJUDPPLQJ�ZLWK�PXOWLSOH�WXSOH�VSDFH�/LQGD��$DO�
ERUJ�8QLYHUVLW\��,QVWLWXWH�IRU�(OHFWURQLF�6\VWHPV�

1L[RQ��/��-��%���6LPSHUO��(���.UXPPHQDFKHU��5���
	�0DUWLQ�5HFXHUGD��)����������7XSOHVSDFH�EDVHG�
FRPSXWLQJ�IRU�WKH�VHPDQWLF�ZHE��$�VXUYH\�RI�WKH�
VWDWH�RI�WKH�DUW�� � 7KH� .QRZOHGJH� (QJLQHHULQJ�
5HYLHZ������������±����

1REOH��0��6���	�=ODWHYD��6����������6FLHQWLILF�FRP�
SXWDWLRQ�ZLWK�-DYDVSDFHV��,Q�3URFHHGLQJV�RI�WKH��WK�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�+LJK�3HUIRUPDQFH�
&RPSXWLQJ�DQG�1HWZRUNLQJ��+3&1�(XURSH�������
�SS�����±������/RQGRQ��8.��6SULQJHU�9HUODJ�

2¶&RQQRU��0��-���	�.QXEODXFK��+����������:ULWLQJ�
UXOHV�IRU�WKH�VHPDQWLF�ZHE�XVLQJ�6:5/�DQG�-HVV��
,Q�WKH�3URWHJH�ZLWK�5XOHV�:RUNVKRS��KHOG�ZLWK�
�WK�,QWHUQDWLRQDO�3URWHJH�&RQIHUHQFH�

2PLFLQL�� $��� 5LFFL�� $��� 	� 9LUROL�� 0�� ��������
5%$&�IRU�RUJDQLVDWLRQ�DQG�VHFXULW\�LQ�DQ�DJHQW�
FRRUGLQDWLRQ�LQIUDVWUXFWXUH��,Q�(OHFWURQLF�1RWHV�
LQ�7KHRUHWLFDO�&RPSXWHU�6FLHQFH��9RO�������SS��
��±�����(OVHYLHU�6FLHQFH�%�9�

2PLFLQL�� $��� 5LFFL�� $��� 	� 9LUROL�� 0�� ��������
&RRUGLQDWLRQ�DUWLIDFWV�DV�ILUVW�FODVV�DEVWUDFWLRQV�
IRU�0$6�HQJLQHHULQJ��6WDWH�RI� WKH�UHVHDUFK�� ,Q�
6RIWZDUH�(QJLQHHULQJ�IRU�0XOWL�$JHQW�6\VWHPV��
,9��5HVHDUFK�,VVXHV�DQG�3UDFWLFDO�$SSOLFDWLRQV��
YRO�������GL�/1$,���SS����±�����6SULQJHU�

2PLFLQL��$���	�9LUROL��0����������&RRUGLQDWLRQ�
PRGHOV�DQG�ODQJXDJHV��)URP�SDUDOOHO�FRPSXWLQJ�
WR�VHOI�RUJDQLVDWLRQ���7KH�.QRZOHGJH�(QJLQHHULQJ�
5HYLHZ�����������±���

3DVFKNH��$���	�6FKURGHU��0�� �������� ,QGXFWLYH�
ORJLF�SURJUDPPLQJ�IRU�ELR�LQIRUPDWLFV�LQ�3URYD��
,Q�3URFHHGLQJV� RI� WKH� �QG�:RUNVKRS� RQ� 'DWD�
0LQLQJ�LQ�%LRLQIRUPDWLFV�DW�9/'%¶���

3LDQLQL��'���0RQWDJQD��6���	�9LUROL��0����������
$� FKHPLFDO� LQVSLUHG� VLPXODWLRQ� IUDPHZRUN� IRU�
SHUYDVLYH�VHUYLFHV�HFRV\VWHPV��,Q�3URFHHGLQJV�RI�
WKH�)HGHUDWHG�&RQIHUHQFH�RQ�&RPSXWHU�6FLHQFH�
DQG�,QIRUPDWLRQ�6\VWHPV���SS�����±������6]F]HFLQ��
3RODQG��,(((�&RPSXWHU�6RFLHW\�3UHVV�

6HDERUQH��$���	�+DUULV��6���(GV������������63$54/�
����TXHU\��:�&�ZRUNLQJ�GUDIW��:�&��5HWULHYHG�
IURP�KWWS���ZZZ�Z��RUJ�75������:'�VSDUTO���
TXHU\����������

6LULQ��(���3DUVLD��%���*UDX��%��&���.DO\DQSXU��$���
	�.DW]��<����������3HOOHW��$�SUDFWLFDO�2:/�'/�
UHDVRQHU���:HE�6HPDQWLFV�������±���

6SRKUHU��-��&���0DJOLR��3��3���%DLOH\��-��+���	�*UXKO��
'����������6WHSV�WRZDUG�D�VFLHQFH�RI�VHUYLFH�V\V�
WHPV���,(((�&RPSXWHU�����������±���

7RONVGRUI��5���1L[RQ��/��-��%���	�6LPSHUO��(��3��%��
��������7RZDUGV�D�WXSOHVSDFH�EDVHG�PLGGOHZDUH�
IRU�WKH�6HPDQWLF�:HE���:HE�,QWHOOLJHQFH�DQG�$JHQW�
6\VWHPV�����������±����

8OLHUX��0���	�*UREEHODDU��6�� �-XQH��������(Q�
JLQHHULQJ�LQGXVWULDO�HFRV\VWHPV�LQ�D�QHWZRUNHG�
ZRUOG��,Q�3URFHHGLQJV�RI�WKH��WK�,(((�,QWHUQD�
WLRQDO�&RQIHUHQFH�RQ�,QGXVWULDO�,QIRUPDWLFV���SS��
�±����,(((�3UHVV�

8QLYHUVLW\�RI�%LUPLQJKDP����������7KH�35,60�
SUREDELOLVWLF�PRGHO�FKHFNHU��5HWULHYHG�IURP�KWWS���
ZZZ�SULVPPRGHOFKHFNHU�RUJ
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9DUJR��6��/���0DJOLR��3��3���	�$NDND��0��$����������
2Q�YDOXH�DQG�YDOXH�FR�FUHDWLRQ��$�VHUYLFH�V\VWHPV�
DQG�VHUYLFH�ORJLF�SHUVSHFWLYH���(XURSHDQ�0DQDJH�
PHQW�-RXUQDO������������±����

9LUROL��0���%HDO��-���	�&DVDGHL��0�������D���&RUH�
RSHUDWLRQDO�VHPDQWLFV�RI�3URWR��,Q�3URFHHGLQJV�
RI�WKH���WK�$QQXDO�$&0�6\PSRVLXP�RQ�$SSOLHG�
&RPSXWLQJ� �6$&� ������� YROXPH� ,,�� $UWLILFLDO�
,QWHOOLJHQFH�	�$JHQWV��,QIRUPDWLRQ�6\VWHPV��DQG�
6RIWZDUH�'HYHORSPHQW���SS������±������

9LUROL��0���	�&DVDGHL��0����������%LRFKHPLFDO�
WXSOH�VSDFHV�IRU�VHOI�RUJDQLVLQJ�FRRUGLQDWLRQ��,Q�
3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�&RRUGLQDWLRQ�/DQJXDJHV�DQG�0RGHOV��YROXPH�
�����RI�/1&6���SS�����±������/LVERQ��3RUWXJDO��
6SULQJHU�

9LUROL�� 0��� 	� &DVDGHL�� 0�� �������� &KHPLFDO�
LQVSLUHG�VHOI�FRPSRVLWLRQ�RI�FRPSHWLQJ�VHUYLFHV��
,Q�3URFHHGLQJV�RI�WKH���WK�$QQXDO�$&0�6\PSR�
VLXP�RQ�$SSOLHG�&RPSXWLQJ��6$&��������YROXPH�
,,,���SS������±�������6LHUUH��6ZLW]HUODQG��$&0�

9LUROL��0���&DVDGHL��0���0RQWDJQD��6���	�=DPER�
QHOOL��)�������E���6SDWLDO�FRRUGLQDWLRQ�RI�SHUYDVLYH�
VHUYLFHV�WKURXJK�FKHPLFDO�LQVSLUHG�WXSOH�VSDFHV��
$&0�7UDQVDFWLRQV�RQ�$XWRQRPRXV�DQG�$GDSWLYH�
6\VWHPV�������������±�������

:DJQHU��*���*LXUFD��$���	�/XNLFKHY��6����������
$�XVDEOH�LQWHUFKDQJH�IRUPDW�IRU�ULFK�V\QWD[�UXOHV�
LQWHJUDWLQJ�2&/��5XOH0/�DQG�6:5/��,Q�3URFHHG�
LQJV�RI�WKH�:RUNVKRS�RQ�5HDVRQLQJ�RQ�WKH�:HE�
�5R:������

:DUPHU�� -��� 	� .OHSSH�� $�� �������� 7KH� REMHFW�
FRQVWUDLQW� ODQJXDJH�� 3UHFLVH� PRGHOLQJ� ZLWK�
80/��%RVWRQ��0$��$GGLVRQ�:HVOH\�/RQJPDQ�
3XEOLVKLQJ�&R���,QF�

:HOOV��*��&���0XHOOHU��%���	�6FKXOp��/����������
$� WXSOH� VSDFH�ZHE� VHUYLFH� IRU� GLVWULEXWHG� SUR�
JUDPPLQJ���6LPSOLI\LQJ�GLVWULEXWHG�ZHE�VHUYLFHV�
DSSOLFDWLRQV��,Q�3URFHHGLQJV�RI�WKH�)RXUWK�,QWHU�
QDWLRQDO�&RQIHUHQFH�RQ�:HE�,QIRUPDWLRQ�6\VWHPV�
DQG�7HFKQRORJLHV��:(%,67���������SS����±������
,167,&&�3UHVV�

$'',7,21$/�5($',1*

$JKD��*����������&RPSXWLQJ�LQ�SHUYDVLYH�F\EHU�
VSDFH���&RPPXQLFDWLRQV�RI�WKH�$&0�����������±���

$QGURXWVHOOLV�7KHRWRNLV�� 6��� 	� 6SLQHOOLV�� '��
��������$�VXUYH\�RI�SHHU�WR�SHHU�FRQWHQW�GLVWUL�
EXWLRQ�WHFKQRORJLHV���$&0�&RPSXWLQJ�6XUYH\V��
����������±����

%DQkWUH��-��3���	�/H�0pWD\HU��'����������3URJUDP�
PLQJ�E\�PXOWLVHW�WUDQVIRUPDWLRQ���&RPPXQLFDWLRQV�
RI�WKH�$&0�����������±����

%DUURV��$��3���	�'XPDV��0����������7KH�ULVH�RI�ZHE�
VHUYLFH�HFRV\VWHPV���,7�3URIHVVLRQDO����������±���

&RUNLOO��'����������%ODFNERDUG�V\VWHPV���-RXUQDO�
RI�$,�([SHUW����������±���

'REVRQ��6���'HQD]LV��6���)HUQiQGH]��$���*DwWL��'���
*HOHQEH��(���	�0DVVDFFL��)����������$�VXUYH\�RI�
DXWRQRPLF�FRPPXQLFDWLRQV���$&0�7UDQVDFWLRQV�
RQ� $XWRQRPRXV� DQG� $GDSWLYH� 6\VWHPV�� ������
���±����

*DUGHOOL��/���9LUROL��0���&DVDGHL��0���	�2PLFLQL��$��
��������'HVLJQLQJ�VHOI�RUJDQLVLQJ�HQYLURQPHQWV�
ZLWK�DJHQWV�DQG�DUWHIDFWV��$�VLPXODWLRQ�GULYHQ�DS�
SURDFK���,QWHUQDWLRQDO�-RXUQDO�RI�$JHQW�2ULHQWHG�
6RIWZDUH�(QJLQHHULQJ�����������±����

*HOHUQWHU��'���	�&DUULHUR��1����������&RRUGLQDWLRQ�
ODQJXDJHV�DQG�WKHLU�VLJQLILFDQFH���&RPPXQLFDWLRQV�
RI�WKH�$&0�����������±����
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+XKQV��0��1���	�6LQJK��0��3����������6HUYLFH�
RULHQWHG�FRPSXWLQJ��.H\�FRQFHSWV�DQG�SULQFLSOHV���
,(((�,QWHUQHW�&RPSXWLQJ����������±���

.DODVDSXU��6���.XPDU��0���	�6KLUD]L��%����������
'\QDPLF� VHUYLFH� FRPSRVLWLRQ� LQ� SHUYDVLYH�
FRPSXWLQJ���,(((�7UDQVDFWLRQV�RQ�3DUDOOHO�DQG�
'LVWULEXWHG�6\VWHPV�������������

2PLFLQL��$���5LFFL��$���	�9LUROL��0����������$U�
WLIDFWV�LQ�WKH�$	$�PHWD��PRGHO�IRU�PXOWL�DJHQW�
V\VWHPV�� �$XWRQRPRXV�$JHQWV�DQG�0XOWL�$JHQW�
6\VWHPV��������

3ULJRJLQH�� ,��� 	� 6WHLQJHUV�� ,�� �������� 7KH� HQG�
RI�FHUWDLQW\��7LPH��FKDRV��DQG� WKH�QHZ� ODZV�RI�
QDWXUH��)UHH�3UHVV�

9LUROL��0���+ROYRHW��7���5LFFL��$���6FKHOIWKRXW��.���
	�=DPERQHOOL��)����������,QIUDVWUXFWXUHV�IRU�WKH�
HQYLURQPHQW�RI�PXOWLDJHQW�V\VWHPV���$XWRQRPRXV�
$JHQWV�DQG�0XOWL�$JHQW�6\VWHPV�����������±���

9LUROL��0���	�=DPERQHOOL��)����������$�ELRFKHPLFDO�
DSSURDFK�WR�DGDSWLYH�VHUYLFH�HFRV\VWHPV���,QIRU�
PDWLRQ�6FLHQFHV���������������±�����

:HJQHU��3����������:K\�LQWHUDFWLRQ�LV�PRUH�SRZ�
HUIXO� WKDQ� DOJRULWKPV�� �&RPPXQLFDWLRQV� RI� WKH�
$&0�����������±���

=DPERQHOOL�� )��� 	� 3DUXQDN�� +�� 9�� '�� ��������
)URP�GHVLJQ�WR�LQWHQWLRQ��VLJQV�RI�D�UHYROXWLRQ��
,Q�3URFHHGLQJV�RI� WKH�)LUVW� ,QWHUQDWLRQDO� -RLQW�
&RQIHUHQFH�RQ�$XWRQRPRXV�$JHQWV�	�0XOWLDJHQW�
6\VWHPV��$$0$6�������-XO\��������������%RORJQD��
,WDO\���SS�����±������$&0�

.(<�7(506�$1'�'(),1,7,216

$GDSWLYLW\��3RVVHVVLQJ�WKH�DELOLW\�WR�FKDQJH�
EHKDYLRU�EDVHG�RQ�REVHUYHG�VWLPXOL�

$XWRQRPLF��$� FKDUDFWHULVWLF� RI� D� FRPSXWD�
WLRQDO�UHVRXUFH�RU�VHW�RI�FRPSXWDWLRQDO�UHVRXUFHV�
WKDW�FDQ�DXWRPDWLFDOO\�DGDSW�WR�FHUWDLQ�W\SHV�RI�
HQYLURQPHQWDO�FKDQJH�ZLWKRXW�XVHU�LQWHUYHQWLRQ�

(FR�/DZ��$�FKHPLFDO�OLNH�JOREDO�FRRUGLQDWLRQ�
UXOH�WKDW�ERWK�HQDEOHV�DQG�UHJXODWHV�LQWHUDFWLRQV�
EHWZHHQ�DJHQWV�ZLWKLQ�D�SHUYDVLYH�HFRV\VWHP�

/LYH�6HPDQWLF�$QQRWDWLRQ��$�FRQWLQXRXVO\�
XSGDWHG�� VWUXFWXUHG�� IRUPDO� UHSUHVHQWDWLRQ� RI� D�
SRUWLRQ�RI�DQ�DJHQW¶V�VWDWH�� LQWHQGHG�WR�VXSSRUW�
FRRUGLQDWLRQ�

3HUYDVLYH�(FRV\VWHP��7KH�HQYLURQPHQW�WKDW�
UHVXOWV�IURP�WKH�LQFUHDVHG�GHSOR\PHQW�DQG�HP�
EHGGLQJ�RI�VHQVLQJ�WHFKQRORJLHV�ZLWKLQ�HYHU\GD\�
REMHFWV��GHVLJQHG�WR�VXSSRUW�JHQHUDO�SXUSRVH�VHU�
YLFHV�WKDW�DUH�EDVHG�RQ�RSSRUWXQLVWLF�HQFRXQWHUV�
EHWZHHQ�ERWK�VWDWLF�DQG�KLJKO\�PRELOH�FRPSRQHQWV�

3URVXPHU��$�XVHU��RU�DJHQW� WKDW�FDQ�SRWHQ�
WLDOO\�ERWK�FRQWULEXWH�LQIRUPDWLRQ�WR�DQG�FRQVXPH�
LQIRUPDWLRQ�IURP�WKHLU�RSHUDWLQJ�HQYLURQPHQW�

6LWXDWHGQHVV��$�SURSHUW\�RI�D�FRPSXWDWLRQ��
DFWLRQ��RU�EHKDYLRU�WKDW�LV�LQIOXHQFHG�E\�WKH�FXU�
UHQW�VWDWH�RI�WKH�VXUURXQGLQJ�SK\VLFDO�DQG�VRFLDO�
HQYLURQPHQW�

6SDWLDO�6XEVWUDWH��$�PLGGOHZDUH�FRQVWUXFWHG��
ORJLFDO�SDUWLWLRQ�RI�VSDFH�WKDW�DEVWUDFWV�IURP�WKH�
SK\VLFDO�QHWZRUN�VWUXFWXUH�DQG�LV�GHVLJQHG�WR�VXS�
SRUW�VLWXDWHG�LQWHUDFWLRQV�EHWZHHQ�DJHQWV�

(1'127(

��� $QRQ\PRXV�UHVRXUFHV��VRPHWLPHV�UHIHUUHG�
WR�DV�EODQN�QRGHV��GHVLJQDWHG�ZLWK�D�ORFDOO\�
VFRSHG�LGHQWLILHU�DUH�DOVR�SHUPLWWHG�E\�5')��
KRZHYHU�ZH�GR�QRW�XVH�WKHP�KHUH�


