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&ROODERUDWLYH�DQG�6FDODEOH�)LQDQFLDO�$QDO\VLV�ZLWK�0XOWL�DJHQW�7HFKQRORJ\

-HURPH�<HQ
'HSDUWPHQW�RI�6\VWHPV�(QJLQHHULQJ�DQG�(QJLQHHULQJ�0DQDJHPHQW

7KH�&KLQHVH�8QLYHUVLW\�RI�+RQJ�.RQJ
FK\HQ#VH�FXKN�HGX�KN

$ODQ�&KXQJ��+HURQ�+R��%LUJLWWD�7DP��5RFN\�/DX��0LFKDHO�&KXD��DQG�.DL�+ZDQJ
'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH�DQG�,QIRUPDWLRQ�6\VWHPV

7KH�8QLYHUVLW\�RI�+RQJ�.RQJ��+RQJ�.RQJ

$EVWUDFW

'XULQJ� WKH�SDVW� WZR�\HDUV�� EXVLQHVV�ZRUOG� VWDUWHG
WR� XVH� FOXVWHUV� RI� 3&V� DQG� ZRUNVWDWLRQV�� PXOWL�DJHQW
WHFKQRORJ\�� -DYD� SURJUDPPLQJ�� ,QWUDQHW�� DQG� ,QWHUQHW
WR� VXSSRUW� ILQDQFLDO� FRPSXWLQJ�� GHFLVLRQ� DQDO\VLV�
HOHFWURQLF� EXVLQHVV�� HWF�� ,Q� WKLV� SDSHU�� ZH� LQWHJUDWHG
WKHVH�WHFKQRORJLHV�DQG�SUHVHQW�D�GLVWULEXWHG�PXOWL�DJHQW
PRGHO� IRU� QHWZRUN�EDVHG� ILQDQFLDO� FRPSXWLQJ� RU
HFRQRPLF� DQDO\VLV�� ,Q� SDUWLFXODU�� ZH� IRFXV� RQ� WKH
SRWHQWLDO� WR� DSSO\� FOXVWHU� FRPSXWLQJ� WR� ILQDQFH�
EXVLQHVV�� LQYHVWPHQW�� LQVXUDQFH�� DQG� VRFLRHFRQRPLF
DSSOLFDWLRQ� GRPDLQV�� 7KHVH� FRPPHUFLDO� GRPDLQV
GHPDQG�VSHFLDO�FRPSXWLQJ�FKDUDFWHULVWLFV��ZKLFK�GLIIHU
LQ� PDQ\� ZD\V� IURP� WKH� VFLHQWLILF� FRPSXWLQJ
UHTXLUHPHQWV�

$�SURWRW\SH�RI� WKH�GLVWULEXWHG� ILQDQFLDO�FRPSXWLQJ
KDV� EHHQ� LPSOHPHQWHG� WR� LOOXVWUDWH� WKH� LGHD� RI� PXOWL�
DJHQW� FRPSXWLQJ� RQ� ZRUNVWDWLRQ� FOXVWHUV�� 7KH� FOXVWHU
SODWIRUP�DQG�WKH�PXOWL�DJHQW�PRGHO�KDV�EHHQ�SURYHG�WR
EH� DSSOLFDEOH� LQ� RWKHU� GRPDLQV� VXFK� DV� HOHFWURQLF
EXVLQHVV�� PDUNHW� DQDO\VLV�� ILQDQFLDO� GHFLVLRQ� PDNLQJ�
DQG� HFRQRPLF� FULVLV� PDQDJHPHQW�� $� WKUHH�WLHU� PXOWL�
DJHQW� DUFKLWHFWXUH� KDV� EHHQ� GHVLJQHG� WR� FDSWXUH� WKH
VWUXFWXUH� RI� +RQJ� .RQJ� HFRQRPLF� DFWLYLWLHV�� � 7KH
V\VWHP�FDOFXODWHV�ULVNV�DQG�UHWXUQV�EDVHG�RQ�PRUH�WKDQ
WKLUW\� ILQDQFLDO� LQGLFDWRUV� WKDW� FRYHU� PDMRU� EXVLQHVV
DFWLYLWLHV�LQ�+RQJ�.RQJ���2QH�PRUH�DSSOLFDWLRQ�RI�XVLQJ
VXFK� PXOWL�DJHQW� V\VWHP� LV� WR� JHQHUDWH� D� FRPSRVLWH
HFRQRPLF� LQGH[� WR� PHDVXUHPHQW� WKH� HFRQRPLF
SHUIRUPDQFH�

���,QWURGXFWLRQ

,QIRUPDWLRQ�DQG�GDWD�RYHUIORZ�KDV�EHFRPH�D� YHU\
VHULRXV� SUREOHP� WKDW� FKDOOHQJHG� GHFLVLRQ� PDNHUV� LQ
ILQDQFLDO�PDUNHW��)RU� H[DPSOH�� IRU� WKH�XVHUV�RI� WH[WXDO
LQIRUPDWLRQ�� LW� LV� LPSRVVLEOH� WR� WUDFH� DOO� WKH� VRXUFHV�
VXFK�DV��QHZV�DUWLFOHV��,QWHUQHW��RU�ILQDQFLDO�LQIRUPDWLRQ
VHUYLFH� SURYLGHU�� IRU� DOO� WKH� LQIRUPDWLRQ� UHODWH� WR� D
SDUWLFXODU� LQFLGHQFH� RU� LVVXH�� � )RU� QXPHULF� GDWD�� LW� LV
GLIILFXOW� WR�PRQLWRU�DOO� WKH� WLPH� VHULHV�RU� VWDWLVWLFV� WKDW
WKDW�PD\�DIIHFW� WKH�HFRQRP\�RI�D� UHJLRQ�� IRU� H[DPSOH�
'RZ� -RQHV� ,QGH[� DQG� LQWHUHVW� UDWHV�� � ,W� KDV� EHHQ
HVWLPDWHG�WKDW�PRUH�WKDQ�����WLPH�VHULHV�PD\�DIIHFW�WKH
HFRQRP\�RI� WKH�86�>�@�� �6XSHU�FRPSXWHUV�DQG�SDUDOOHO
FRPSXWLQJ� KDYH� EHHQ� XVHG� H[WHQVLYHO\� WR� KHOS� H[SHUWV

VHDUFKLQJ� IRU� SDWWHUQV� RU� LGHQWLI\LQJ� UHODWLRQVKLSV
DPRQJ�WKHVH�WLPH�VHULHV�� �)RU�H[DPSOH��:DOO�6WUHHW
KDG� NHSW� H\HV� RSHQ� RQ� ,%0� 'HHS� %OXH� PDFKLQH�
:KLFK� LV� DEOH� WR� VLPXOWDQHRXVO\� SURFHVV� KXJH
QXPEHU�RI� WLPH� VHULHV�RU�GDWD� VHWV� WR� LGHQWLI\� WKHLU
XQGHUQHDWK�UHODWLRQVKLSV�DQG�WKLV�ZDV�GHILQHG�WR�EH
WKH�GHHS�FRPSXWLQJ�

+RZHYHU��RQH�RI�WKH�WUHQGV�RI�FRPSXWLQJ�SODWIRUP
LV�PRYLQJ�IURP�KHDY\�LQYHVWPHQW�RQ�VXSHU�FRPSXWHUV
WR�FOXVWHU�FRPSXWHUV�� �:KHUH�D�JURXS�RI�ZRUNVWDWLRQV
RU�SHUVRQDO�FRPSXWHUV��3&V��ZLOO�EH�OLQNHG�WRJHWKHU�WR
SURYLGH�WKH�SURFHVVLQJ�SRZHU�WKDW�VLPLODU�WR�WKH�VXSHU
FRPSXWHUV�� � 7R� VROYH� WKH� GDWD� RYHUIORZ� SUREOHP�� ZH
LQWHJUDWHG�WKH�,QWHUQHW��PXOWL�FRPSXWHU�FOXVWHULQJ��DQG
PXOWL�DJHQW�WHFKQRORJ\�WR�GHYHORS�D�VROXWLRQ���,Q�RUGHU
WR� SURYLGH� VXFK� VROXWLRQ� DQG� VXSSRUW� XVHUV� ZLWK� XVHU
IULHQGO\�LQWHUIDFH��VHYHUDO�LVVXHV�QHHG�WR�EH�VROYHG�

6FDODELOLW\� LV� DOVR� DQ� LPSRUWDQW� LVVXH�� � 7R� DGG
PRUH� PHPRU\� RU� PRUH� KDUG� GLVN� VSDFH� LV� QRW� D� WUXH
VROXWLRQ�IRU�VROYLQJ�WKH�VFDODELOLW\�LVVXH���)RU�H[DPSOH�
LW�RYHU������WLPH�VHULHV�PD\�DIIHFW�WKH�HFRQRP\�RI�WKH
ZRUOG��KRZ� WR� LGHQWLI\� WKHLU� UHODWLRQVKLSV�� �7KH�PDMRU
GLIILFXOW\� OLHV� LQ� WKH� IDFW� WKDW� VXFK� UHODWLRQVKLSV� DUH
WLPH�GHSHQGHQW� DQG� LW� LV� GLIILFXOW� WR� XVH� D� VLPSOH
UHJUHVVLRQ�DQDO\VLV�WR�GR�WKH�MRE���:KHQ�WKH�QXPEHU�RI
VXFK� WLPH� VHULHV� LQFUHDVHV�� WKH� FRPSOH[LW\� RI
UHODWLRQVKLSV� DPRQJ� WKHP� ZLOO� DOVR� LQFUHDVH�� � 6XFK
VSHHG� RI� LQFUHDVLQJ� FRXOG� EH� JUHDWHU� WKDQ� WKDW� RI� WKH
VL]H�RI�PHPRU\�RU�WKH�SURFHVVLQJ�VSHHG���2Q�WKH�RWKHU
KDQG��WKH�SHUIRUPDQFH�RI�3&V�KDV�EHHQ�LQFUHDVHG�YHU\
UDSLGO\�DQG�LW� LV�HDV\�WR�XVH�DQG�PDLQWDLQ�� �7KLV�OHDGV
XV�WR�XVH�FOXVWHUV�RI�3&V�RU�ZRUNVWDWLRQV�WR�FRSH�ZLWK
WKH�VFDODELOLW\�LVVXH�

7KH� RWKHU� LVVXH� LQ� ILQDQFLDO� FRPSXWLQJ� LV
WUDFWDELOLW\���)RU�H[DPSOH��ZKHQ�D�V\VWHP�WKDW�VXSSRUWV
ULVN�DVVHVVPHQW�VHQGV�D�ZDUQLQJ�VLJQDO�WR�LQGLFDWH�WKDW
FHUWDLQ�PDUNHWV�PD\�KDYH� WURXEOH��XVHUV�PXVW�EH�DEOH
WR�XQGHUVWDQG�ZK\�DQG�VXFK�V\VWHP�PXVW�KHOS�XVHUV�WR
WUDFH� WKH� VRXUFHV�� � 7R� VROYH� VXFK� SUREOHP�� ZH
SURSRVHG� WR�XVH�PXOWL�DJHQW� WHFKQRORJ\�� �0XOWL�DJHQW
V\VWHPV�LV�D�VSHFLDO�W\SH�RI�VRIWZDUH�DJHQWV�LQ�ZKLFK�D
JURXS� RI� VRIWZDUH� DJHQWV� VLW� RQ� GLIIHUHQW� 3&V� RU
ZRUNVWDWLRQV�WR�MRLQWO\�DFFRPSOLVK�D�VHW�RI�WDVNV�

7KH�LQWHJUDWLRQ�RI�FOXVWHU�FRPSXWHUV�DQG�PXOWL�
DJHQW� WHFKQRORJ\� SURYLGHV� D� QHZ� DSSURDFK� WR

Proceedings of the 32nd Hawaii International Conference on System Sciences - 1999

0-7695-0001-3/99 $10.00 (c) 1999 IEEE

Proceedings of the 32nd Hawaii International Conference on System Sciences - 1999

1



�

VXSSRUW� FROODERUDWLYH� FRPSXWLQJ�� � &ROODERUDWLYH
FRPSXWLQJ�LV�D�WHUP�WKDW�GHVFULEHV�D�VHW�RI�FRPSXWHUV�RI
LQIRUPDWLRQ� V\VWHPV� WKDW� UHVLGH� DW� GLIIHUHQW� SODFHV�� IRU
H[DPSOH�� KHDGTXDUWHUV� RI� ILUPV�� WR� ZRUN� WRJHWKHU� WR
FUHDWH� WKH� MRLQW� EHQHILWV� RU� SURILWV�� � )RU� H[DPSOH�
VXSSRUWV� WKH� PDQDJHPHQW� RI� VXSSO\� FKDLQV� RU
GLVWULEXWHG� GHVLJQ� SURMHFWV�� � 6XFK� FRPSXWLQJ
HQYLURQPHQW� FDQ� EH� FRQVLGHUHG� DV� D� VRFLHW\� RU
FRPPXQLW\�� � 7KHUH� DUH� GLIIHUHQW� W\SHV� RI� PHPEHUV�
FDOOHG� DJHQWV�� HDFK�PHPEHU� KDV� LWV� VHW� RI� FDSDELOLWLHV�
VXFK� DV�� WKH� DELOLW\� WR� FROOHFW� LQIRUPDWLRQ� RU� GDWD�� WR
UHDVRQ�� WR� FRPPXQLFDWH� DQG� LQWHUDFW�� DQG� WR� PDNH
GHFLVLRQ��DV�ZHOO�DV�D�VHW�RI�WDVNV�WR�ILQLVK���,Q�RUGHU�WR
JHW� WKH� MRLQW� DVVLJQPHQW� GRQH�� DOO� RU� PRVW� RI� WKH
PHPEHUV�LQVLGH�VXFK�HQYLURQPHQW�PXVW�ZRUN�WRJHWKHU�

:H� KDYH� LPSOHPHQWHG� D� PXOWL�DJHQW� V\VWHP� WKDW
FRQVLVWV�RI���� VRIWZDUH� DJHQWV� WR� UXQ� RQ� WKH� FOXVWHU� DW
WKH�8QLYHUVLW\� RI�+RQJ�.RQJ�� �7KLV� V\VWHP� LV� DEOH� WR
VLPXOWDQHRXVO\� PRQLWRU� RU� SURFHVV� ��� HFRQRPLF
LQGH[HV�� ,W� WDNHV� DW� OHDVW� WHQ� ZRUNVWDWLRQV� LQ� D� 8QL[
FOXVWHU� WR� UHDFK� D� VDWLVIDFWRU\� SHUIRUPDQFH�� �:H� KDYH
WHVWHG�LW�RQ�D�FOXVWHU�RI�ZRUNVWDWLRQV�DQG�VHUYHUV�� �7KLV
FOXVWHU� LV� FRQVWUXFWHG� IURP� ��� SOXV� 3&V�� ZRUNVWDWLRQV�
DQG� KLJK�SHUIRUPDQFH� VHUYHUV�� VXFK� DV�� 6*,� 3RZHU
&KDOOHQJHU� DQG� 6XQ� (QWHUSULVH� ������ ZKLFK� DUH
FRQQHFWHG� E\� ERWK� IDVW� (WKHUQHW� DQG� $70� VZLWFKHV
ZLWK�DQ�DJJUHJDWH�EDQGZLGWK�RI��*ESV�

:H� VHOHFWHG� HFRQRPLF� DQDO\VLV� WR� EH� WKH� SUREOHP
WR� WHVW� WKH� V\VWHP�� � $QDO\VLV� RU� VWXG\� D� FRXQWU\¶V
HFRQRP\� LV� D� YHU\� FRPSOH[� DQG� GLIILFXOW� WDVN�� ,W� PD\
LQYROYH� VHYHUDO� LQGXVWULHV� RU� VRFLRHFRQRPLF� VHFWRUV�
)RU� H[DPSOH�� WKRVH� ��� WLPH� VHULHV� WKDW� ZH� VHOHFWHG� WR
PRQLWRU� FRYHU� WKH� PDMRU� EXVLQHVV� DFWLYLWLHV� RI� ILYH
LQGXVWULHV� RU� VHFWRUV� LQ� +RQJ� .RQJ�� PDQXIDFWXULQJ�
UHWDLO�� ILQDQFLDO�EDQNLQJ�� UHDO� HVWDWH�� DQG� WRXULVP�� �2XU
GHVLJQ� LV� D� WKUHH�WLHU� DUFKLWHFWXUH� RI� DJHQWV�� ZKLFK
UHIOHFWV�WKH�VWUXFWXUH�RI�+RQJ�.RQJ¶V�HFRQRP\�

7KH� +.8� FOXVWHU� DUFKLWHFWXUH� DQG� WKH� FRQFHSW� RI
VLQJOH� V\VWHP� LPDJH� �66,�� VHUYLFHV� ZLOO� EH� EULHIO\
GLVFXVVHG� LQ� 6HFWLRQ� ��� � ,Q� 6HFWLRQ� ��� ZH�ZLOO� GLVFXVV
WKH� VWUXFWXUH�RI� WKH� HFRQRPLF� DFWLYLWLHV� LQ�+RQJ�.RQJ
DQG� WKH� DUFKLWHFWXUH� RI� WKH� PXOWL�DJHQW� V\VWHP�� � ,Q
6HFWLRQ� ��� ZH� GLVFXVV� PXOWL�DJHQW� WHFKQRORJ\� DQG� WKH
DUFKLWHFWXUH�RI�WKH�PXOWL�DJHQW�V\VWHP��:H�H[SODLQ�KRZ
VXFK� V\VWHP� XVHV� ILQDQFLDO� LQGLFDWRUV� VXSSRUW� WR
FDOFXODWH�ULVNV�DQG�UHWXUQ�WR�VXSSRUW�GHFLVLRQ�PDNLQJ�LQ
ILQDQFLDO�LQYHVWPHQW��7KH�VRIWZDUH�WHFKQRORJ\�WKDW�XVHG
WR�GHYHORS�WKH�V\VWHP�ZLOO�EH�GLVFXVVHG�LQ�6HFWLRQ���

���'LVWULEXWHG�&OXVWHU�&RPSXWLQJ

$�PXOWLFRPSXWHU�FOXVWHU�LV�D�FROOHFWLRQ�RI�FRPSOHWH
FRPSXWHUV��FDOOHG�QRGHV�RU�KRVWV���ZKLFK�DUH�SK\VLFDOO\
FRQQHFWHG� E\� ORFDO� DUHD� QHWZRUNV� RU� KLJK�EDQGZLGWK
VZLWFKHV�DV�LOOXVWUDWHG�LQ�)LJ����&ROOHFWLYHO\��WKH�FOXVWHU
QRGHV� FDQ� ZRUN� DV� DQ� LQWHJUDWHG� FRPSXWLQJ� UHVRXUFH�
EHVLGH� LQWHUDFWLYH� XVH� DV� LQGLYLGXDO� FRPSXWHUV� >�@�
6LQFH� HDFK� QRGH� UXQV� ZLWK� LWV� RZQ� RSHUDWLQJ� V\VWHP

�26��� D� WUDGLWLRQDO� QHWZRUN� RI� FRPSXWHUV� KDYH
PXOWLSOH� V\VWHP� LPDJHV�RQ� GLIIHUHQW� QRGHV��2Q� WKH
RWKHU�KDQG��D�VKDUHG�PHPRU\�PXOWLSURFHVVRU�VHUYHU
PXVW�KDYH�D�VLQJOH�V\VWHP�LPDJH��66,��

7KH�FRPSXWLQJ�WUHQG�LV�PRYLQJ�IURP�FOXVWHULQJ�RI
KLJK�HQG� PDLQIUDPHV� WR� FOXVWHULQJ� RI� GHVNWRS
FRPSXWHUV�� 7KLV� WUHQG� LV� WULJJHUHG� E\� WKH� ZLGHVSUHDG
XVH� RI� 3&V�� ZRUNVWDWLRQV�� DQG�*LJDELW� QHWZRUNV�� 7KH
66,� FOXVWHU� JLYHV� WKH� LOOXVLRQ� RI� D� VLQJOH� FRPSXWLQJ
V\VWHP�� $� FOXVWHU� XVHU� VLWWLQJ� LQ� IURQW� D� ZRUNVWDWLRQ
FDQ� KDYH� KLV� MRE� H[HFXWHG� E\� DQ\� VXEVHW� RI� QRGHV
ZLWKRXW� ZRUU\� DERXW� FRQIOLFWV� ZLWK� RWKHU� XVHUV�� 7KH
FOXVWHUV�RIIHU�66,�DW�D�ZLGH�UDQJH�RI�DEVWUDFWLRQ�OHYHOV�
$W� RQH� H[WUHPH�� D� FOXVWHU� FDQ� IXQFWLRQ� DV� D� WLJKWO\�
FRXSOHG�PXOWLSURFHVVRU� V\VWHP��$W� WKH�RWKHU� H[WUHPH�
D� FOXVWHU� � EHKDYHV� OLNH� D� GLVWULEXWHG� QHWZRUN� V\VWHP
ZLWK� PXOWLSOH� V\VWHP� LPDJHV�� ,Q� SUDFWLFH�� � VLQJOH�
V\VWHP�LPDJH� FOXVWHUV� DUH� PRUH� GHVLUDEOH� LQ� ERWK
VFLHQWLILF�DQG�FRPPHUFLDO�FRPSXWLQJ�DSSOLFDWLRQV�

7R� UHDOL]H� DQ� 66,� FOXVWHU�� WKH� IROORZLQJ� VHW� RI
JRDOV�KDYH�EHHQ� VHW� E\�PDQ\�GHVLJQHUV� >��� ��� �@��:H
FODVVLI\� WKHVH� JRDOV� LQ� WKUHH� FDWHJRULHV�� FRPSOHWH
WUDQVSDUHQF\� LQ� UHVRXUFHV� PDQDJHPHQW�� VFDODEOH
SHUIRUPDQFH� E\� DGGLQJ� PRUH� FOXVWHU� QRGHV�� DQG
HQKDQFHG�DYDLODELOLW\�LQ�FDVH�RI�IDLOXUH��,Q�D�FOXVWHU��LW
LV� GHVLUHG� WR� KDYH� DQ� 66,� VXSSRUWHG� E\� PLGGOHZDUH
EHWZHHQ� WKH� QRGH� 26� DQG� XVHU� DSSOLFDWLRQ
HQYLURQPHQW�

7KH�PLGGOHZDUH�FRQVLVWV�RI�HVVHQWLDOO\�WZR�OD\HUV
RI� VRIWZDUH�ZKLFK� JOXHV� DOO� QRGH�26� WRJHWKHU� ZLWK� D
YDULDEOH�GHJUHH�RI�66,�DQG�HQKDQFHG�DYDLODELOLW\��7KH
DYDLODELOLW\� LQIUDVWUXFWXUH� HQDEOHV� WKH� FOXVWHU� VHUYLFHV
RI� FKHFNSRLQWLQJ�� DXWRPDWLF� IDLORYHU�� UHFRYHU\� IURP
IDLOXUH�� DQG� IDXOW�WROHUDQW� RSHUDWLRQ� DPRQJ� DOO� FOXVWHU
QRGHV�� �7KH�66,� OD\HU� LV� QHHGHG� WR� VXSSRUW� FROOHFWLYH
FOXVWHU� DSSOLFDWLRQV� ZKLFK� GHPDQG� RSHUDWLRQDO
WUDQVSDUHQF\�DQG�VFDODEOH�SHUIRUPDQFH�

0DMRU� FOXVWHU� GHVLJQ� LVVXHV� LQFOXGH� VL]H
VFDODELOLW\�� HQKDQFHG� DYDLODELOLW\�� V\VWHP
PDQDJHDELOLW\�� IDVW� PHVVDJH� SDVVLQJ�� VHFXULW\� DQG
HQFU\SWLRQ�� DQG� GLVWULEXWHG� HQYLURQPHQWV�� ,QWHUHVWHG
UHDGHUV�PD\�FKHFN�ZLWK� UHIHUQFHV� >�������������� @� � IRU
VRPH�FRYHUDJH�RI�WKHVH�WRSLFV���7KH�66,�FOXVWHU�FDQ�EH
VXSSRUWHG�E\�KDUGDUH��VRIWZDUH��RU�PLGGOHZDUH��6RPH
PLGGOHZDUH� SDFNDJHV� IRU� VXSSRUWLQJ� FOXVWHU� V\VWHPV
DUH� DYDLODEOH� IURP� SXEOLF� GRPDLQV� DQG� VRPH� DV
FRPPHUFLDO�SURGXFWV�

7KH�7HVWEHG���+.8�:RUNVWDWLRQ�&OXVWHU

7KH� +.8� FOXVWHU� LV� EXLOW� DURXQG� IRXU
LQWHUFRQQHFWHG� $70� VZLWFKHV� ZLWK� DQ� DJJUHJDWH
EDQGZLGWK� RI� �� *ESV�� 2SWLFDO� FDEOHV� XVLQJ� ���
0ESV� PXOWLPRGH� ILEHUV� DUH� XVHG� WR� LQWHUFRQQHFW� �
603�VHUYHUV�DQG�RYHU����6XQ�DQG�6*,�ZRUNVWDWLRQV
DQG� 3&V�� DOO� RI� ZKLFK� DUH� ORFDWHG� LQ� WKH� VDPH
EXLOGLQJ�� )LJXUH� �� VKRZV� D� W\SLFDO� ZRUNVWDWLRQ
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FOXVWHU� DUFKLWHFWXUH� WKDW� FDQ� EH� FRQILJXUHG� IURP� WKH
+.8�FOXVWHU�

7KURXJK� WKH� ,QWHUQHW�� DQ� XVHU� DFFHVVHV� WKH� FOXVWHU
ZLWK� D� :HE� %URZVHU�� 7KH� DJHQW� QDPH� VHUYHU� �$16�
DOORFDWHV� DQG� GHDOORFDWH� DJHQWV� IRU� D� VSHFLILF� UHTXHVW�
$Q�DJHQW�LV�HVVHQWLDOO\�D�VRIWZDUH�SURFHVV�UXQQLQJ�RQ�D

ZRUNVWDWLRQ�� $OO� GUDIWHG� DJHQWV� PXVW� LQWHUDFW� ZLWK
WKH� GDWDEDVH� VHUYHU�� ZKLFK� XSGDWHV� WKH� 2UDFOH
GDWDEDVH� RI� WKH� DGGUHVVHG� DSSOLFDWLRQ�� 7KH� ILQDO
GHFLVLRQ� UHVXOW� LV� UHWXUQHG� WR� WKH� XVHU� E\� WKH� $16
WKURXJK�WKH�,QWHUQHW�

)LJXUH����$�7\SLFDO�FOXVWHU�RI�FRPSXWHUV�IRU�GLVWULEXWHG�UHWULHYDO
�������DQG�SURFHVVLQJ�RI�ILQDQFLDO�LQIRUPDWLRQ�IURP�WKH�,QWHUQHW

���(FRQRPLF�$QDO\VLV��7KH�+RQJ�.RQJ¶V�&DVH

)XQGDPHQWDO� DQDO\VLV� DQG� WHFKQLFDO� DQDO\VLV� DUH
WZR�PDMRU�DSSURDFKHV� WR�DQDO\]LQJ� WKH�SHUIRUPDQFH�RU
IXWXUH� PRYHPHQW� RI� D� FRXQWU\¶V� HFRQRP\� RU� RI� D
SDUWLFXODU� LQGXVWU\� >�@�� �)XQGDPHQWDO� DQDO\VLV� LV� EDVHG
RQ� WKH� DVVXPSWLRQ� WKDW� PDUNHW� YDOXH� RI� D� FRPSDQ\�
SHUIRUPDQFH�RI�DQ�LQGXVWU\��RU�HFRQRP\�RI�D�FRXQWU\�LV
VWURQJO\� UHODWHG� WR� LWV� SDVW� SHUIRUPDQFH�� LQWHUQDO� DQG
H[WHUQDO� HQYLURQPHQWV�� WKUHDWV� DQG� RSSRUWXQLWLHV�� DV
ZHOO� DV� XQFHUWDLQWLHV�� � 1HZV� DUWLFOHV�� ILQDQFLDO
VWDWHPHQWV�� JRYHUQPHQW� UHSRUWV�� ILQDQFLDO� LQGLFDWRUV�
VWDWLVWLFV�� HWF��� DUH� WKH�PDMRU� VRXUFHV� RI� LQIRUPDWLRQ� WR
VXSSRUW�VXFK�DQ�DQDO\VLV�� �,Q�DGGLWLRQ��FHUWDLQ�ILQDQFLDO
LQGLFDWRUV�� VXFK� DV�� XQHPSOR\PHQW� UDWH�� YROXPHV� RI
H[SRUW� DQG� LPSRUW�� DQG� LQWHUHVW� UDWHV�� FDQ� EH� PRUH
LPSRUWDQW�WR�KHOS�XQGHUVWDQGLQJ�WKH�HFRQRP\�

)RU�WHFKQLFDO�DQDO\VLV��FKDUWV��VWDWLVWLFDO�WHFKQLTXHV�
PDWKHPDWLFDO�PRGHOV��DQG�FRPSXWHU�SURJUDPV�DUH�RIWHQ
XVHG� WR� GHWHFW� SDWWHUQV� DQG� LGHQWLI\� WUHQGV� IURP
LQGLFDWRUV� RU� LQGLFHV�� VXFK� DV�� VWRFN� SULFHV�� LQGH[HV�
LQWHUHVW� UDWHV�� IRUHLJQ� FXUUHQF\� H[FKDQJH� UDWHV�� HWF�
0DQ\� EHOLHYH� WKDW� LGHQWLILFDWLRQ� RI� VXFK� SDWWHUQV� RU
WUHQGV� LV� FULWLFDO� WR� WKHLU� SUHGLFWLRQ� RU� IRUHFDVWLQJ�� � ,Q
PRVW� FDVHV�� LQWHUSUHWDWLRQ� RU� DQDO\VLV� ZLWK� VXFK� GDWD
UHTXLUHV�VSHFLDO�WUDLQLQJ�RU�NQRZOHGJH�

%RWK�OHDGLQJ�LQGLFHV�DQG�WLPH�VHULHV�DUH�XVHIXO�LQ

GHWHUPLQLQJ�WKH�JHQHUDO�GLUHFWLRQ�RI�WKH�HFRQRP\�DQG
LQ� IRUHFDVWLQJ� WKH�SDFH�RI� HFRQRPLF� DFWLYLWLHV�� �$V� D� NH\
HOHPHQW� WR� WKH� DOORFDWLRQ� RI� D� FRXQWU\¶V� UHVRXUFHV� DQG

UHVSRQG�WR�WKH�IDVW�FKDQJLQJ�HFRQRP\��PRVW�FRXQWULHV
KDYH� VHW� XS� FXVWRGLDQV� DQG� D� VHW� RI� HFRQRPLF
LQGLFDWRUV� WR� PRQLWRU� HFRQRPLF� SHUIRUPDQFH�� � )RU
H[DPSOH�� WKH� %XUHDX� RI� (FRQRPLF� $QDO\VLV� RI� WKH
'HSDUWPHQW�RI�&RPPHUFH�KDV�EHHQ�VHOHFWHG�E\�WKH�86
*RYHUQPHQW� WR� ORRN� DIWHU� WKH� RIILFLDO� FRPSRVLWH
OHDGLQJ��FRLQFLGHQW��DQG�ODJJLQJ�LQGH[HV��ZKLFK�DUH�WKH
PRVW� LPSRUWDQW� EDURPHWHUV� WR� PHDVXUH� WKH� HFRQRPLF
FRQGLWLRQ�RI�WKH�86�

$OVR�� WKH� %XVLQHVV� &\FOH� ,QGLFDWRUV� GDWDEDVH�
ZKLFK�LQFOXGH�WKH�FRPSRVLWH�LQGH[HV��D�VHW�RI�³OHDGLQJ
LQGLFDWRUV´�� DQG� D� VHW� RI� PRUH� WKDQ� ���� HFRQRPLF
VHULHV� DUH� DOVR� SURYLGH� LQIRUPDWLRQ� WR� PRQLWRU� WKH
HFRQRPLF� FRQGLWLRQ� >�@�� 1R� VLQJOH� WLPH� VHULHV� FDQ
SURYLGH� D� FRPSOHWH� SLFWXUH� DERXW� WKH� HFRQRPLF
FRQGLWLRQ�� � ,Q� RUGHU� WR� FDQFHO� RXW� WKH� YRODWLOLW\� RI
LQGLYLGXDO�LQGLFDWRUV��LW�LV�QHFHVVDU\�WR�DQDO\]H�D�JURXS
RI� LQGLFDWRUV� RU� WR� XVH� FRPSRVLWH� LQGH[HV�� � /HDGLQJ�
FRLQFLGHQW�� DQG� ODJJLQJ� FRPSRVLWH� LQGLFHV� DUH
FDOFXODWHG� EDVHG� RQ� WKH� ZHLJKWHG� VXPV� RI� VHWV� RI
LQGLFDWRUV�

6LQFH� GLIIHUHQW� LQGLFDWRUV� KDYH� WKHLU� RZQ
YRODWLOLW\�� PRUH� LQGLFDWRUV� FDQ� VPRRWK� RXW� VXFK
IOXFWXDWLRQ� DQG� SURYLGH� PRUH� XVHIXO� DQG� UHOLDEOH
LQIRUPDWLRQ���)RU�H[DPSOH��D�WKUHH�PRQWK�GHFOLQH�LQ
WKH�OHDGLQJ�LQGH[�LQGLFDWHV�D�UHFHVVLRQ�LQ�WKH�86���,Q
+RQJ�.RQJ�� LW� QHHGV� WZR� FRQVHFXWLYH� WKUHH�PRQWK
GHFOLQHV�LQ�*'3�WR�VLJQDO�D�UHFHVVLRQ����7KH�OHDGLQJ
LQGH[� RI� WKH� 86� LV� D� YHU\� LPSRUWDQW� EDURPHWHU� WR
PHDVXUH�LWV�HFRQRPLF�FRQGLWLRQ�DQG�LW�LV�GHWHUPLQHG
E\�WKH�QRUPDOL]HG�ZHLJKWHG�VXP�RI�WHQ������OHDGLQJ

,QWHUQHW

�2UDFOH
' W E

:HE %URZVHU

$JHQW

$JHQW

$JHQW$JHQW

$JHQW

'DWDEDVH
6HUYHU

$JHQW�QDPH�VHUYHU
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LQGLFDWRUV�

,Q�WKH�FDVH�RI�+RQJ�.RQJ��*'3��+DQJ�6HQJ�,QGH[�
DQG� LQWHUHVW� UDWH� DUH� WKH� PDMRU� HFRQRPLF� LQGLFDWRUV�
+RZHYHU��WKH�*'3�LV�RQO\�DQQRXQFHG�IRXU�WLPHV�D�\HDU
DQG� LW� LV� GLIILFXOW� WR� FDSWXUH� WKH� VKRUW�WHUP� IOXFWXDWLRQ�
,Q� RUGHU� WR� VROYH� VXFK� SUREOHP�� ZH� KDG� GHVLJQHG� D
FRPSRVLWH� LQGH[� WR� VKRZ�KRZ� WKH� V\VWHP�ZRUNV�� �7KH
PRGHO� WKDW� ZH� KDYH� VHOHFWHG� ZDV� GLIIHUHQW� IURP� WKH
OHDGLQJ� LQGH[� LQ� WKH� 86�� ,W� LV� D� WKUHH�WLHU� PRGHO� WR
FDSWXUH� WKH� UHODWLRQVKLSV� EHWZHHQ� HFRQRPLF� LQGLFDWRUV
DQG�SHUIRUPDQFH� IDFWRUV��ZKLFK� DUH� VSHFLDOO\� GHVLJQHG
WR�UHIOHFW�WKH�FRQGLWLRQ�RI�+RQJ�.RQJ¶V�HFRQRP\�

7R�DQDO\]H�+RQJ�.RQJ�HFRQRP\��ZH� FRQVLGHU� ��
LQGXVWULDO� VHFWRUV�� VXFK� DV� ILQDQFH�� EDQNLQJ�� SXEOLF
XWLOLWLHV��HWF�� �&RPSDQLHV�LQ�HDFK�LQGXVWU\�RU�VHFWRU�DUH
DIIHFWHG�E\�RQH�RU�PRUH�IDFWRUV���)RU�H[DPSOH��WRXULVP
LQGXVWU\�LV�DIIHFWHG�PDLQO\�E\�IDFWRU�±�7RXULVP��ZKLFK
GHWHUPLQHG� E\� IRXU� LQGLFDWRUV�� YLVLWRU� DUULYDOV�� KRWHO

RFFXSDQF\� UDWH�� UHVLGHQW� GHSDUWXUH�� DYHUDJH� WRXULVW
H[SHQGLWXUH�DQG�FXUUHQF\�H[FKDQJH�UDWHV�� �,Q�7DEOH
��� ZH� KDYH� LGHQWLILHG� WHQ� IDFWRUV� WKDW� KDYH
GHPRQVWUDWHG� WKH�PRVW�VLJQLILFDQW� LPSDFWV� WR�+RQJ
.RQJ� HFRQRP\� LQ� UHFHQW� \HDUV�� 7KH� PDWKHPDWLFDO
PRGHO� WKDW�ZH� KDYH�GHYHORSHG� WR� EXLOG� WKH� V\VWHP
ZDV�D� VLPSOH�0XOWL�IDFWRU�0RGHO�� �$� IDFWRU�FDQ�EH
GHWHUPLQHG�E\�DQ\�DOJHEUDLF�FRPELQDWLRQ�RI�D�VHW�RI
LQGLFDWRUV�� :H� GLG� QRW� FKRRVH� D� � FRPSOLFDWHG
PDWKHPDWLFDO� PRGHO�� EHFDXVH� RXU� PDLQ� JRDO� LV� WR
GHPRQVWUDWH� KRZ� WR� XVH� WKH� FOXVWHU� FRPSXWHUV� DQG
PXOWL�DJHQW� WHFKQRORJ\�� QRW� LQGXOJLQJ� RQ� WKH
GHOLFDF\� RI� PRGHOLQJ�� � $OVR�� HFRQRP\� DQG
SHUIRUPDQFH� RI� PDMRU� LQGXVWULHV� DUH� FKDQJLQJ
UDSLGO\�� ZKLFK� ZRXOG� VLJQLILFDQW� DIIHFW� WKH
FRPSRVLWH�RI�WKH�PRGHOV���7KHUHIRUH��LW�LV�LPSRUWDQW
WKDW� WKHVH�PRGHOV� DUH� VLPSOH� DQG� HDV\� WR� DGMXVW� LQ
GLIIHUHQW�WLPH�IUDPHV�

7DEOH����(FRQRPLF�$QDO\VLV�)DFWRUV�DQG�,QGLFDWRUV�XVHG�LQ�+RQJ�.RQJ

$QDO\VLV�)DFWRU 6RFLDO�DQG�(FRQRPLF�,QGLFDWRUV

���/RFDO�(FRQRP\ 'RPHVWLF�*'3 8QHPSOR\PHQW�5DWH

���7UDGH �,PSRUW�$PRXQW 'RPHVWLF�([SRUW �5H�H[SRUW�$PRXQW

���,QWHUHVW�5DWHV 86�3ULPH�5DWH 0RUWJDJH��5DWH 0RQWKO\�'HSRVLW�5DWH

���([FKDQJH�5DWHV 'HXWVFKH�0DUN %ULWLVK�3RXQG �-DSDQHVH�<HQ

���)RUHLJQ�6WRFN
����0DUNHWV

1LNNHL�,QGH[ 'RZ�-RQHV
,QGH[

/RQGRQ
5HIHUHQFH�,QGH[

���&KLQHVH�(FRQRP\ *'3�RI�&KLQD 8QHPSOR\PHQW�5DWH 1DWLRQDO�6XUYH\

���5HDO�(VWDWH
����3URSHUW\

$YHUDJH�3URSHUW\
7UDQVDFWLRQ�3ULFH

%XVLQHVV�5HFHLSWV�IRU
5HDO�(VWDWH�,QGXVWU\

3URSHUW\�,QFUHDVH�RU
'HFUHDVH�5DWH

���7UDQVSRUWDWLRQ /DQG�7UDQVSRUW 0DULWLPH�7UDQVSRUW $LU�7UDQVSRUW

���7RXULVP 9LVLWRU�$UULYDOV +RWHO�2FFXSDQF\�5DWH 7RXULVW�([SHQGLWXUHV

����5HWDLO��DQG
�����0DQXIDFWXULQJ

7RWDO�3URGXFWLRQ 5HVWDXUDQW
5HFHLSWV

:KROHVDOH 5HWDLO

)LJXUH���VKRZV�KRZ�WR�DGG�RU�PRGLI\�WKH�FRQWHQWV
RI�DQ�HFRQRPLF�IDFWRU�2Q�WKH� WRS�RI� WKH�VFUHHQ�D� OLWWOH
ER[� WKDW� LQGLFDWHV� WKH� IDFWRU� WR� EH� PRGLILHG� LV� WKH
(FRQRPLF�)DFWRU���,Q�WKH�PLGGOH��LW�VKRZV�WKDW�)DFWRU��
/RFDO� (FRQRPLF� LV� GHWHUPLQHG� E\� WKUHH� LQGLFDWRUV�
GRPHVWLF� *'3�� XQHPSOR\PHQW� UDWH�� DQG� UHJLRQDO
VXUYH\�� �$W�WKH�ERWWRP�� LW�SURYLGHV�D�VKRUW�H[SODQDWLRQ
DERXW�WKH�EDFNJURXQG�RI�WKH�IDFWRU�DQG�ZKDW�LQGLFDWRUV
LW�ZDV�EDVHG�XSRQ���2Q�WKH�ULJKW�KDQG�VLGH�RI�WKH�VFUHHQ
LV�WKH�OLVW�RI�DOO�WKH�LQGLFDWRUV�

8VHUV� FDQ� PRGLI\� WKH� PRGHO� E\� FKDQJLQJ� WKH
ZHLJKWV� RQ� WKRVH� H[LVWLQJ� LQGLFDWRUV�� &KHFNLQJ� XS� WKH
OLVW�RQ� WKH� ULJKW��RQH�FDQ�PRGLI\� WKH�PRGHO� VLPSO\�E\
FKDQJLQJ� �LQGB��� WR��LQGB�����&OLFNLQJ� WKH� � �8SGDWH�
ZLOO� FKDQJH� WKH� PRGHO� LPPHGLDWHO\� RU� FOLFNLQJ� WKH
�$GYDQFH�� ZLOO� HGLW� WKH� FRQILJXUDWLRQ� VHWWLQJ� RI� WKH

FRUUHVSRQGLQJ� IDFWRU� DQDO\VLV� DJHQW�� ��� � 0XOWL�$JHQW
6RIWZDUH�7HFKQRORJ\

7KH�PRVW�JHQHUDO�ZD\�LQ�ZKLFK� WKH� WHUP�DJHQW� LV
XVHG� LV� WR� GHQRWH� D� KDUGZDUH� RU� �PRUH� XVXDOO\�
VRIWZDUH�EDVHG� V\VWHP� WKDW� KDV� WKH� IROORZLQJ
SURSHUWLHV�>���������@�

u� $XWRQRP\�� DJHQWV� RSHUDWH� ZLWKRXW� WKH� GLUHFW
LQWHUYHQWLRQ�RI�KXPDQV�RU�RWKHUV��DQG�KDYH� VRPH
NLQG� RI� FRQWURO� RYHU� WKHLU� DFWLRQV� DQG� LQWHUQDO
VWDWH�
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u� 6RFLDO�DELOLW\��DJHQWV� LQWHUDFW�ZLWK�RWKHU�DJHQWV� �DQG
SRVVLEO\� KXPDQV�� YLD� VRPH� NLQG� RI� DJHQW
FRPPXQLFDWLRQ�ODQJXDJH�

u� 5HDFWLYLW\��DJHQWV�SHUFHLYH�WKHLU�HQYLURQPHQW���ZKLFK
PD\� EH� SK\VLFDO� ZRUOG�� D� XVHU� YLD� D� JUDSKLFDO� XVHU
LQWHUIDFH��D�FROOHFWLRQ�RI�RWKHU�DJHQWV��WKH�,QWHUQHW��RU
SHUKDSV� DOO� RI� WKHVH� FRPELQHG��� DQG� UHVSRQG� LQ� D
WLPHO\�IDVKLRQ�WR�FKDQJHV�WKDW�RFFXU�LQ�LW�

u� 3UR�DFWLYHQHVV��DJHQWV�GR�QRW�VLPSO\�DFW� LQ� UHVSRQVH
WR� WKHLU� HQYLURQPHQW�� WKH\� DUH� DEOH� WR� H[KLELW� JRDO�
GLUHFWHG�EHKDYLRU�E\�WDNLQJ�WKH�LQLWLDWLYH�

�$� VWURQJHU� QRWLRQ� RI� DJHQF\�� )RU� VRPH� UHVHDUFKHUV�
SDUWLFXODUO\� WKRVH� ZRUNLQJ� LQ� DUWLILFLDO� LQWHOOLJHQFH�� WKH
WHUP� ³DJHQW´� KDV� D� VWURQJHU� DQG� PRUH� VSHFLILF� PHDQLQJ
WKDQ� WKDW� VNHWFKHG�RXW�DERYH��7KHVH�UHVHDUFKHUV�JHQHUDOO\
PHDQ�DQ�DJHQW�WR�EH�D�FRPSXWHU�V\VWHP�WKDW��LQ�DGGLWLRQ�WR
KDYLQJ�WKH�SURSHUWLHV�OLVWHG�DERYH��LW�HLWKHU�FRQFHSWXDOL]HG
RU� LPSOHPHQWHG� XVLQJ� FRQFHSWV� WKDW� DUH� PRUH� XVXDOO\
DSSOLHG� WR� KXPDQ�� � )RU� H[DPSOH�� LW� LV� TXLWH� FRPPRQ� LQ
DUWLILFLDO� LQWHOOLJHQFH� WR� FKDUDFWHUL]H� DQ� DJHQW� XVLQJ
PHQWDOLVWLF� QRWLRQV�� VXFK� DV� NQRZOHGJH�� EHOLHI�� LQWHQWLRQ
DQG�REOLJDWLRQ��DQG�VXFK�IUDPHZRUN�ZDV�WKH�IRXQGDWLRQ�WR
WKH�GHYHORSPHQW�RI�VHYHUDO�DJHQW�SURJUDPPLQJ�ODQJXDJHV�

0XOWL�DJHQW� V\VWHPV� DUH� VSHFLDO� W\SH� RI� DJHQWV�

ZKLFK� IRFXV� RQ� WKH� FRRUGLQDWLRQ� DQG� WKH
FRPPXQLFDWLRQ� DPRQJ� DJHQWV� WR� FROODERUDWLYHO\
DFFRPSOLVK�WDVNV��&RPPXQLFDWLRQ�DQG�FRRSHUDWLRQ�DUH
WKH� WZR� PRVW� LPSRUWDQW� FDSDELOLWLHV� RI� PXOWL�DJHQW
V\VWHPV���0XOWL�DJHQW�V\VWHPV�DUH�GHVLJQHG�WR�KDYH�WKH
FDSDELOLW\� WR� HLWKHU�� FROODERUDWH�� IRU� H[DPSOH�� WR
GHFRPSRVH� DQG� VROYH� WKH� SUREOHP�� RU� FRPSHWH�� VXFK
DV�� VHDUFK� IRU� WKH� EHVW� GHDO� IRU� WKH� XVHUV�� 7KH� PXOWL�
DJHQW�V\VWHP�DUFKLWHFWXUH�LV�GHVFULEHG�LQ�)LJ����

&RPPXQLFDWLRQ� LV� YLWDOO\� LPSRUWDQW� E\� ZKLFK
UHOHYDQW� LQIRUPDWLRQ� WR� VXSSRUW� FRRSHUDWLRQ� LV
H[FKDQJHG�� 7KH� .40/� �.QRZOHGJH� 4XHU\� DQG
0DQLSXODWLRQ� /DQJXDJH�� LV� D� ODQJXDJH� WKDW� VXSSRUWV
WKH� FRPPXQLFDWLRQ� DPRQJ� DJHQWV� >�@�� � +RZHYHU�
DJHQWV� PXVW� GR� PRUH� WKDQ� MXVW� FRPPXQLFDWLRQ�� WKH\
PXVW�KDYH�DQDO\VLV�DQG�GHFLVLRQ�PDNLQJ�FDSDELOLW\�WKDW
PDGH� SRVVLEOH� E\� WKHLU� NQRZOHGJH� EDVHV�� � 'HVLJQ� RI
WKH� FRPPXQLFDWLRQ� DQG� FRRSHUDWLRQ� SURWRFROV� LV
LPSRUWDQW�� �+RZHYHU��VR�IDU� WKHUH� LV�QR�SURJUDPV�WKDW
UXQV� DW� WKH� EDFN�HQG�� � 7KH� LQWHUDFWLRQ� EHWZHHQ� WKH
PXOWL�DJHQW�V\VWHP�DQG�XVHUV�LV�GRQH�E\�WKH�IURQW�HQG
DSSOLFDWLRQV� D� VRIWZDUH� $JHQW� WR� UHSRUW� ZKDW� KDG
KDSSHQHG�WR�WKH�XVHUV�

$���0XWOL�$JHQW�3URFHVVLQJ�$UFKLWHFWXUH

0DSSLQJ�RI
LQGLFDWRU�,'

&OLFN�KHUH
WR�HGLW�WKH
DJHQW�VHWWLQJ
LI�QHFHVVDU\

&OLFN�KHUH
WR�XSGDWH
WKH VHWWLQJ

)LJXUH����7KH�PRGHO�IRU�PRGLILFDWLRQ�RI�D�IDFWRU�DQDO\VLV�SURFHVV
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$V�GLVFXVVHG�DERYH��DJHQWV�PRQLWRU� WKH�FKDQJHV�RQ
LQGLFDWRUV� DQG� DODUP� WKH� XVHUV� ZKHQ� WKHUH� LV� D� SDUWLFXODU
FRQGLWLRQ��VXFK�DV��LQWHUHVW� UDWH�ZHQW�XS��7KLV� LV�DFKLHYHG

E\� WKH� WKUHH�WLHU� PXOWL�DJHQW� DUFKLWHFWXUH� LQ� )LJ�� ��
6SHFLILF�DJHQW�IXQFWLRQV�DUH�GHILQHG�EHORZ�

)LJXUH�����$�PXOWL�DJHQW�ILQDQFLDO�DQDO\VLV�V\VWHP�DUFKLWHFWXUH

(FRQRPLF� 3HUIRUPDQFH� $JHQW� �� (DFK� DJHQW
FDOFXODWHV� DQG� HYDOXDWHV� WKH� SHUIRUPDQFH� RI� HDFK
HFRQRPLF� LQGH[� HYHU\� ��� VHFRQGV�� � $ODUP� DQG� JLYH
DGYLFH�WR�WKH�XVHU��VXFK�DV��D�JRYHUQPHQW�RIILFHU��ZKHQ
SDUWLFXODU� VLWXDWLRQ� KDSSHQHG��� 'R� GDLO\� EDFNXS� RQ
GDWDEDVH� WR� SURYLGH� KLVWRULFDO� UHFRUGV� IRU� WKH� FKDUWLQJ
IXQFWLRQ�

)DFWRU� $QDO\VLV� $JHQW� �� (DFK� IDFWRU� DQDO\VLV
DJHQW� LV� UHVSRQVLEOH� IRU� D� SUHGHILQHG� IDFWRU� DQDO\VLV
PRGHO�� ZKLFK� FDQ� EH� DGMXVWHG� HDVLO\� E\� XVHU�� DQG
PRQLWRUV�WKH�FRUUHVSRQGLQJ�VHW�RI�LQGLFDWRUV��,I�WKHUH�LV
DQ\� FKDQJH� RI� WKRVH� LQGLFDWRU� YDOXHV� �L�H�� QHZ� VLJQDO
UHFHLYHG� IURP� DQ� ,QGLFDWRU� $JHQW��� WKHQ� WKH� IDFWRU
DQDO\VLV� DJHQW� ZLOO� UH�GR� WKH� IDFWRU� DQDO\VLV� DFFRUGLQJ
WR� LWV� GHILQHG� IDFWRU� DQDO\VLV� PRGHO�� 7KH� (FRQRPLF
3HUIRUPDQFH� $JHQW� ZLOO� WKHQ� EH� LQIRUPHG� RI� WKH� QHZ
DQDO\VLV�UHVXOW�

,QGLFDWRU� $JHQW� ±� (DFK� LQGLFDWRU� DJHQW� LV
UHVSRQVLEOH� IRU� RQH� SUHGHILQHG� LQIRUPDWLRQ� VRXUFH� DQG
VXFK� VRXUFH� FDQ� EH� HDVLO\� PRGLILHG�� � 2QFH� D� FKDQJH
RFFXUV�RQ�WKDW�LQGLFDWRU�YDOXH��WKH�,QGLFDWRU�$JHQW�ZLOO
LQIRUP� LWV� FRUUHVSRQGLQJ� IDFWRU� DQDO\VLV� DJHQW� RI� WKH
ODWHVW�YDOXH�� �,I�WKH�ODWHVW�YDOXH�KLJKHU� WKDQ�D� WKUHVKROG
RU�RXWVLGH�LWV�SUHGHILQHG�UDQJH��D�ZDUQLQJ�VLJQDO�ZLOO�EH
JHQHUDWHG� DOVR�� 7KH� LQGLFDWRU� YDOXHV� FDQ� EH� REWDLQHG
IURP�D�SRRO�RI�GLVWULEXWHG� LQIRUPDWLRQ�VRXUFHV� VXFK�DV
+RQJ� .RQJ� *RYHUQPHQW� 6WDWLVWLFV� 'HSDUWPHQW�� 1HZV
$JHQF\��5HXWHUV��DQG�VR�RQ�

%���0XOWL�$JHQW�&RPPXQLFDWLRQV

7KH� ODQJXDJH� XVHG� WR� VXSSRUW� WKH� FRPPXQLFDWLRQ
DPRQJ� DJHQWV� LV� .QRZOHGJH� 4XHU\� DQG� 0DQLSXODWLRQ
/DQJXDJH� �.40/�� � >�@�� .40/� LQFOXGHV� D� ODQJXDJH
DQG� SURWRFRO� IRU� H[FKDQJLQJ� LQIRUPDWLRQ� DQG
NQRZOHGJH� DPRQJ� DJHQWV�� .40/� LV� ERWK� PHVVDJH
IRUPDW� DQG�PHVVDJH�KDQGOLQJ� SURWRFRO� WR� VXSSRUW� UXQ�

WLPH�NQRZOHGJH�VKDULQJ�DPRQJ�DJHQWV��,W�SURYLGHV�WKH
DJHQWV� D� FRPPRQ� ODQJXDJH� DQG� D� VHW� RI� VWDQGDUG
PHVVDJH� W\SHV�� � ,Q� WKH� IROORZLQJ�� ZH� ZLOO� EULHIO\
GLVFXVV�WKH�SURFHVV�RI�UXQQLQJ�WKH�V\VWHP�

'XULQJ� WKH� VWDUW�XS� RI� WKH� V\VWHP�� DOO� DJHQWV� DUH
FRQQHFWHG� WR� DQ�$JHQW�1DPH�6HUYHU� DQG� XQGHUJR� WKH
UHJLVWUDWLRQ� SURFHVV�� )RU� H[DPSOH�� ,QGLFDWRU� $JHQW
PRQLWRUV� WKH� XQHPSOR\PHQW� UDWH� DQG� LWV� LQLWLDO� YDOXH
ZDV� ����� RQ�0D\� �VW�� ������ � ,QIRUPDWLRQ� DERXW� KRVW�
SRUW�� DQG� VHQGHU�� ZKLFK� DUH� UHTXLUHG� E\� .40/
ODQJXDJH�WR�VXSSRUW�FRPPXQLFDWLRQ�DPRQJ�DJHQWV�DUH
DOVR� QHHG� WR� EH� LQLWLDOL]HG�� � $IWHU� LQLWLDOL]DWLRQ� RI� DOO
WKH� LQGLFDWRU� DJHQWV�� V\VWHP� LQLWLDOL]HV� DOO� WKH� IDFWRU
DJHQWV�

��)RU� H[DPSOH�� )DFWRU� $QDO\VLV� $JHQW� RI� /RFDO
(FRQRP\� LQLWLDOL]HG� LWVHOI� DQG� VWDUW� VFDQQLQJ� LQSXWV
IURP� DOO� WKH� ��� LQGLFDWRU� DJHQWV�� � ,W� WKHQ� VHW� XS
FRQQHFWLRQV�ZLWK� WKUHH�DJHQWV� WKDW�SURYLGH� WKH�GDWD� WR
GHWHUPLQH� WKH� /RFDO� (FRQRP\�� *'3�� 8QHPSOR\PHQW
5DWH��DQG�([SHFWDWLRQ��WKH�5HJLRQDO�6XUYH\����)LQDOO\�
WKH� 3RUWIROLR� 0DQDJHPHQW� $JHQW� VHWV� XS� FRQQHFWLRQ
ZLWK� VHUYHU� DQG� LQLWLDOL]HV� YDOXHV� RI� WKH� IROORZLQJ�
SRUWIROLR� LQIRUPDWLRQ�� IDFWRU� LQIRUPDWLRQ�� EHWD� YDOXHV�
DQG�WKH�H[SHFWHG�UHWXUQV�

$IWHU� LQLWLDOL]DWLRQ�� HDFK� ,QGLFDWRU� $JHQW� �,$�
VWDUWV�PRQLWRULQJ� LWV�GDWD� VRXUFH��$V�GLVFXVVHG� DERYH�
ZKHQHYHU� WKHUH� LV�D�FKDQJH�� WKH� ,QGLFDWRU�$JHQWV� ILUVW
DQDO\]HV� KRZ� VLJQLILFDQW� WKLV� FKDQJH� LV�� � ,I� VXFK
LQGLFDWRU� H[FHHGV� WKH� OLPLW� RU� WKUHVKROG�� IRU� H[DPSOH�
����� ������ SHUFHQW� IRU� XQHPSOR\PHQW� UDWH� DQG� HOHYHQ
�����SHUFHQW� RI� LQWHUHVW� UDWH�� WKHQ� LQGLFDWRU� DJHQW�ZLOO
VHQG� D� PHVVDJH� WRJHWKHU� ZLWK� D� ZDUQLQJ� PHVVDJH
WKURXJK� 7&3�,3� E\� .40/� ODQJXDJH� WR� WKH� )DFWRU
$QDO\VLV�$JHQW��)$$����)LJXUH���VKRZV�WKH�WDVNV�WR�EH
DFFRPSOLVKHG�E\�D�)$$�
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)LJXUH����3VHXGR�&RGH�DQG�7DVNV�WR�EH�DFFRPSOLVKHG�E\�D�)DFWRU�$QDO\VLV�$JHQW��)$$�

,I� WKH� LQGLFDWRU� GRHV� QRW� H[FHHG� WKH� OLPLW�� WKHQ� VXFK
PHVVDJH�RQO\�FRQWDLQV�WKH�YDOXH�RI�WKH�XQHPSOR\PHQW�
3RUWIROLR�0DQDJHPHQW�$JHQW� �30$��� �)LJXUH��� VKRZV

WKH�SVHXGR�FRGHV�RI� WKH� WDVNV� WR�EH�DFFRPSOLVKHG�E\�D
30$�

)LJXUH����3VHXGR�&RGH�IRU�D�3RUWIROLR�0DQDJHPHQW�$JHQW��30$�

PDLQ��
67$57�83�352&(66(6


�UHDG�WKH�DGGUHVV�ILOH

�LQVWDQWLDWH�WKH�)DFWRU�$QDO\VLV�$JHQW

�FUHDWH�VHUYHU�WKUHDG

�UHJLVWHU�WKH�)$�DJHQW

�FRQQHFW�WR�WKH�$JHQW�1DPH�6HUYHU��$16�URXWHU�

�FKHFN�XS�WKH�OLVW�RI�FRUUHVSRQGLQJ�LQGLFDWRUV

�VWDUW�WR�UHFHLYH�PHVVDJHV

���VWDUW��
���ZDLW�IRU�$FW��

&217,18286�352&(66(6

�PRQWKO\�XSGDWH�WKH�FRUUHVSRQGLQJ�IDFWRU�YDOXH�LQ�GDWDEDVH

$FW�2EMHFW�R�
7+,6�0(7+2'�:,//�%(�75,**(5('�$8720$7,&$//<�:+(1(9(5�$�1(:�,1',&$725�9$/8(�,6
)(7&+('

�GR�PHVVDJH�SDUVLQJ��H�J��WR�JHW�WKH�LQGLFDWRU�YDOXH�

�HQVXUH�WKDW�)$�KDV�DFTXLUHG��L�H��QHZO\�UHFHLYHG�RU�DOUHDG\
��RQ�PHPRU\��WKH�LQGLFDWRU�YDOXHV�IURP�DOO�WKH�VXERUGLQDWH�LQGLFDWRU�DJHQWV

�GHWHUPLQH�WKH�IDFWRU�YDOXH

�UHDG�WKH�FRQILJXUDWLRQ�ILOH�WR�GHWHUPLQH�LWV�YDULDQFH

�GR�IDFWRU�DQDO\VLV�DFFRUGLQJ�WR�WKH�PRGHO

�XSGDWH�GDWDEDVH�ZLWK�WKH�ODWHVW�IDFWRU�YDOXH

� 
�LQIRUP�WKH�30�DJHQW�E\�.40/
�����VHQG5HVXOW0HVVDJH�6WULQJ�UHFHLYHU��6WULQJ�UHVXOW�

RU VHQG(UURU0HVVDJH�.40/PHVVDJH NTPO�

PDLQ��
67$57�83�352&(66(6


�UHDG�WKH�FRQILJXUDWLRQ�DQG�DGGUHVV�ILOH

�LQVWDQWLDWH�WKH�30�DJHQW

�FUHDWH�VHUYHU�WKUHDG

�UHJLVWHU�WKH�30�DJHQW

�FRQQHFW�WR�WKH�$JHQW�1DPH�6HUYHU��$16�URXWHU�

�VWDUW�LQLWLDOL]DWLRQ
� ���LQVWDQWLDWH�REMHFWV

���UHWULHYH�WKH�SRUWIROLR�,'�IRU�DOO�H[LVWLQJ
���SRUWIROLRV�LQ�GDWDEDVH
���LQLWLDOL]H�LQIRUPDWLRQ�RI�IDFWRUV
���LQLWLDOL]H�EHWD�YDOXHV�DQG�H[SHFWHG�UHWXUQV


�VWDUW�WR�UHFHLYH�PHVVDJHV
���VWDUW��
���ZDLW�IRU�$FW��

&217,18286�352&(66(6

�UHIUHVK�WKH�PHPRU\�IRU�HYHU\����PLQ

�PRQLWRU�WKH�ULVN�	�UHWXUQ�IRU�HYHU\�����PLQ

�GDLO\�SURFHVV�WR�XSGDWH�ULVN�	�UHWXUQ�LQ�GDWDEDVH

$FW�2EMHFW�R�
7+,6�0(7+2'�:,//�%(�75,**(5('�$8720$7,&$//<�:+(1(9(5
$�1(:�)$&725�9$/8(�,6�)(7&+('

�GR�PHVVDJH�SDUVLQJ

�GHWHUPLQH�WKH�IDFWRU�LQIR����YDOXH��YDU��PHDQ��QXP

�XSGDWH�'%�IRU�WKH�QHZ�IDFWRU�LQIR����YDU��PHDQ��QXP

�IRU�HDFK�SRUWIROLR

���UHIUHVK�WKH�EHWD�YDOXHV�RQ�PHPRU\
���UHIUHVK�WKH�SRUWIROLR�LQIRUPDWLRQ�RQ�PHPRU\
���UH�FDOFXODWH�WKH�ULVN�DQG�UHWXUQ
���LI�ULVN�RU�UHWXUQ�LV�RXW�RI�WKH�XVHU¶V�OLPLW

VHQG$ODUP0HVVDJH�6WULQJ�UHFHLYHU�6WULQJ�PHVJ�
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�

:H� XVH� )LJXUH� �� WR� LOOXVWUDWH� KRZ� WKUHH� GLIIHUHQW
W\SHV� RI� DJHQWV� LQ� VXFK� PXOWL�DJHQW� V\VWHP� ZRUN
WRJHWKHU�WR�GHWHUPLQH�WKH�ULVNV�RI�HFRQRP\���+RZHYHU�LW
GRHV�QRW�H[FHHG�WKH�OLPLW�RI�����SHUFHQW���7KHUHIRUH�RQO\
WKH�QHZ�YDOXH�ZLOO�EH�IRUZDUGHG�WR�WKH�)DFWRU�$QDO\VLV
$JHQW�RI�/RFDO�(FRQRP\�

$IWHU� )DFWRU� $QDO\VLV� $JHQW� RI� /RFDO� (FRQRP\
UHFHLYHG� WKH�PHVVDJH� IURP� WKH� ,QGLFDWRU�$JHQW�� LW� ILUVW
FKHFNV� LI� D� ZDUQLQJ� PHVVDJH� DWWDFKHG�� � ,I� ZDUQLQJ

PHVVDJH� LV� WKHUH�� LW� ZLOO� SUHSDUH� DQRWKHU� ZDUQLQJ
PHVVDJH� WR� WKH� 3RUWIROLR� 0DQDJHPHQW� $JHQW�� � ,I
QRW�� WKHQ� LW� SHUIRUPV� DQDO\VLV� EDVHG� RQ� WKH� PRGHO
WKDW�HQWHUHG�E\�WKH�XVHU�DQG�WKH�GDWD�IURP�,QGLFDWRU
$JHQWV�� *'3� DQG� XQHPSOR\PHQW� UDWH�� � $IWHU
DQDO\VLV�� WKH� )DFWRU� $QDO\VLV� $JHQW� FDOFXODWHV� D
QHZ�YDOXH�RI� WKH�/RFDO�(FRQRP\�)DFWRU� �� �������
DQG�VHQG�LW�WR�WKH�3RUWIROLR�0DQDJHPHQW�$JHQW�

�

)LJXUH�����,QWHUDFWLRQ�DPRQJ�GLIIHUHQW�DJHQWV�LQ�GLVWULEXWHG�SRUWIROLR�PDQDJHPHQW

,QGLFDWRU�$JHQW

)DFWRU�$QDO\VLV�$JHQW

3RUWIROLR�0DQDJHPHQW�$JHQW

6HQG�QHZ�LQGLFDWRU
YDOXH�WR�)DFWRU
$QDO\VLV�$JHQW�E\
.40/

9DOXH�RI�,QGLFDWRU�
³8QHPSOR\PHQW´
FKDQJHG�WR����

6HQG�QHZ�IDFWRU�YDOXH
WR�3RUWIROLR
0DQDJHPHQW�$JHQW�E\
.40/

6HQG�VLJQDO�WR�DODUP
WKH�XVHU�DQG
UHFRPPHQG�DGYLFHV
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�

$� SRUWIROLR� LV� D� EDVNHW� RI� VWRFNV� WR� GLYHUVLI\� WKH
ULVNV��ZKLFK� LV� VLPLODU� WR�D� OHDGLQJ� LQGH[� WKDW�FRQVLGHU
LQIOXHQFH�RI�VHYHUDO�IDFWRUV���(DFK�SRUWIROLR�KDV�LWV�RZQ
ULVN�DQG�H[SHFWHG�UHWXUQ�DQG�WKH\�DUH�DIIHFWHG�E\�RQH�RU
PRUH� IDFWRUV��$V�PHQWLRQHG� HDUOLHU�� KRZ� VHQVLWLYH� DQG
LQ�ZKDW� GLUHFWLRQ� VXFK� LQIOXHQFH� LV�� DUH� GHWHUPLQHG� E\
WKH� VHQVLWLYLW\� ±� EHWD�� � � $IWHU� 3RUWIROLR� 0DQDJHPHQW
$JHQW� UHFHLYHV� D� PHVVDJH� IURP� WKH� )DFWRU� $QDO\VLV
$JHQW��LW�ILUVW�FKHFNV�LI�D�ZDUQLQJ�PHVVDJH�DWWDFKHG�

,I� QRW�� LW� WKHQ� FDOFXODWHV� WKH� QHZ� DYHUDJH� RI� WKH
/RFDO�(FRQRP\�)DFWRU���%DVHG�RQ�WKH�EHWDV�DQG�WKH�QHZ
DYHUDJH�RI�/RFDO�(FRQRP\�)DFWRU� �����������3RUWIROLR
0DQDJHPHQW� $JHQW� FDOFXODWHV� WKH� QHZ� ULVNV� DQG
H[SHFWHG� UHWXUQV�� � 7KHQ� 3RUWIROLR� 0DQDJHPHQW� $JHQW
KDV� WR� FKHFN� LI� DQ\� ULVNV� RU� UHWXUQV� H[FHHG� WROHUDQFHV�
)RU� H[DPSOH�� WKH� QHZ� ULVN� RI� 3RUWIROLR� V\KR�� H[FHHGV
������ZKLFK�ZDV�VHW�E\� WKH�XVHU�HDUOLHU�� WKHQ� WKH� DJHQW
ZLOO� VHQG� D� ZDUQLQJ� PHVVDJH� WR� UHPLQG� WKDW� DQ
DGMXVWPHQW� RU� IXUWKHU� VWXG\� RQ� WKH� SRUWIROLR� LV
QHHGHG�7KLV� V\VWHP� KDV� EHHQ� GHVLJQHG� WR� PDQDJH
LQYHVWRUV¶� SRUWIROLR� DQG� SURYLGH� FXVWRPL]HG� DODUPLQJ
VHUYLFHV�� ,W�PRQLWRUV� WKH� ULVN� OHYHO�DQG�H[SHFWHG� UHWXUQ
RI�WKH�XVHUV¶�SRUWIROLR�FRQWLQXRXVO\�DQG�JLYHV�DGYLFH�WR
WKH� LQYHVWRUV� RQ� WKHLU� SRUWIROLR� VHOHFWLRQ�� $ODUPLQJ

VLJQDOV�FDQ�EH�VHW�DFFRUGLQJ�WR�WKH�XVHUV¶�FULWHULD�RQ�WKH
ULVN� OHYHO� RI� SRUWIROLR� RU� RWKHU� VWRFN� GDWD�� VXFK� DV�
VWRFN�SULFHV�DQG�+DQJ�6HQJ�,QGH[��%HVLGHV��RWKHU�VWRFN
LQIRUPDWLRQ� VXFK� DV� RQOLQH� VWRFN� TXRWH�� KLVWRULFDO
FKDUWLQJ� DQG� VWRFN� QHZV� DUH� DOVR� DYDLODEOH� ZLWK� WKLV
V\VWHP�

����6RIWZDUH�7RROV�IRU�&OXVWHU�3URFHVVLQJ

7DEOH���VXPPDUL]HV� WKH�VRIWZDUH� WRROV�EHHQ�XVHG
LQ� WKH� GHYHORSPHQW� WKH� V\VWHP�� � )RU� WKH� IURQW�HQG�
0LFURVRIW� )URQW3DJH� KDV� EHHQ� XVHG� WR� GHYHORS� WKH
KRPHSDJHV�� � 9LVXDO� &DIp� ZDV� VHOHFWHG� WR� EXLOG� WKH
LQWHUIDFH��,Q�FRQWUDVW�WR�WKH�WUDGLWLRQDO�WH[W�HGLWRU�VW\OH
SURJUDPPLQJ�� 9LVXDO� &DIp� HQKDQFHV� -DYD� DSSOHW
SURJUDPPLQJ� E\� GUDJJLQJ� UHDG\�PDGH� FRPSRQHQWV
IURP�D�OLEUDU\�LQWR�D�ZLQGRZ�*8,�

0LFURVRIW� $JHQW� KDV� EHHQ� XVHG� WR� LPSOHPHQW� D
FOLHQW� DSSOLFDWLRQ� �� WKH� $ODUPLQJ� $JHQW�� ZKLFK� VHQG
DODUP� VLJQDOV� RU� UHFRPPHQGDWLRQV� WR� WKH� XVHUV� IRU
VROYLQJ�SDUWLFXODU�FRQGLWLRQ��0LFURVRIW�$JHQW�SURYLGHV
D�SURSHUW\��WKDW�HYHQ�ZKHQ�H[HFXWLRQ�RI�WKH�V\VWHP�KDV
EHHQ�PRYHG�WR� WKH�EDFNHQG�RU�XVHU� OHIW�RWKHU� WDVNV�� LW
VWLOO� FDQ� SRS� XS� WR� WKH� IURQW�HQG� WR� DODUP� WKH� XVHU� RU
VHQG�HQ�H�PDLO�WR�WKH�OLVW�RI�SHRSOH�DV�GHVLJQDWHG�E\�WKH
XVHU�

7DEOH����'HYHORSPHQW�7RROV�DQG�$SSOLFDWLRQ�6RIWZDUH

8VHU�,QWHUIDFH &OXVWHU�6\VWHP�6RIWZDUH

Â 0LFURVRIW�)URQW3DJH

Â -'.������-DYD�

Â 9LVXDO�&DIp

Â 0LFURVRIW�,QWHUQHW�([SORUHU

Â 0LFURVRIW�$JHQW

Â $GREH�3KRWR6KRS

Â 9%�6FULSW

Â -DYD�6FULSW

Â -'.������-DYD�

Â &*,��2UDSHUO��3HUO�

Â -$7/LWH

Â .40/

Â $SDFKH�+773�VHUYHU

Â 2UDFOH�64/

Â &��

Â 81,;�6KHOO�6FULSWV

� �

$OO�DJHQWV�LQ�WKH�($&,6�DUH�FRQQHFWHG�WR�D�VSHFLDO
SURJUDP� FDOOHG� $JHQW� 1DPH� 6HUYHU� �$16�� ZKLFK
SURYLGHV�D�EXOOHWLQ�ERDUG�DQG�PHVVDJH�URXWLQJ�VHUYLFHV�
$16�UHFHLYHV�PHVVDJHV�IURP�WKH�UHJLVWHUHG�DJHQWV�DQG
URXWHV� WKH� PHVVDJHV� WR� WKH� FRUUHFW� WDUJHW� DJHQWV�
&RQVHTXHQWO\�� HDFK� DJHQW� GRHV� QRW� QHHG� WR� UHPHPEHU
DQG� PDLQWDLQ� DOO� WKH� SRVVLEOH� UHFHLYHUV
� DGGUHVVHV�
ZKLFK�PD\�EH�FKDQJHG� IUHTXHQWO\��7KH�VHQGHU�FDQ�DVN
DERXW� WKH� UHFHLYHU� DGGUHVV� WR� WKH� $16� LI� LW� GRHV� QRW
NQRZ� WKH� UHFHLYHU
V� FXUUHQW� DGGUHVV�� 7KLV� DOVR� DOORZV
WKH� DJHQW� WR� FKDQJH� WKHLU� DGGUHVVHV� IUHTXHQWO\� ZLWKRXW
DIIHFWLQJ�WKH�IXQFWLRQLQJ�RI�WKH�V\VWHP�

)RU� WKH�EDFN�HQG�� -$7/LWH� �-DYD�$JHQW�7HPSODWH�
/LWH��ZDV�XVHG�DV�WKH�EDFN�HQG�FRQWURO��,W�LV�D�SDFNDJH
RI�-DYD�SURJUDPV�WKDW�SURYLGHV� WKH�EDVLF� LQIUDVWUXFWXUH
IRU� GHYHORSLQJ� WKH� PXOWL�DJHQW� V\VWHPV� DQG� DJHQW
FRPPXQLFDWLRQ�� ,W� HVSHFLDOO\� IDFLOLWDWHV� WKH

FRQVWUXFWLRQ� RI� DJHQWV� WKDW� H[FKDQJH� .40/
PHVVDJHV� EDVHG� RQ� RSHQ� ,QWHUQHW� VWDQGDUGV�
7&3�,3��6073��DQG�)73��,W� DOVR�SURYLGHV�JUHDWHU
IOH[LELOLW\� LQ� WKH� EDFN�HQG� LPSOHPHQWDWLRQ� DV� LW
VXSSRUWV�ERWK�VWDQG�DORQH�DJHQWV�DQG�DSSOHW�DJHQWV
RQ� YDULRXV� SODWIRUPV� VXFK� DV� :LQGRZV� ���
:LQGRZV�17��6RODULV��HWF�

.QRZOHGJH� 4XHU\� 0DQLSXODWLRQ� /DQJXDJH
�.40/��ZDV�XVHG�DV�WKH�FRPPXQLFDWLRQ�ODQJXDJH
LQ� WKH�EDFN�HQG� >�@�� ,W� LV�D� ODQJXDJH�DQG�SURWRFRO
IRU�H[FKDQJLQJ�LQIRUPDWLRQ�DQG�NQRZOHGJH�DPRQJ
DJHQWV�� LW� LV� KLJKO\� VXLWDEOH� IRU� EXLOGLQJ� PXOWL�
DJHQW�V\VWHPV���-DYD�'HYHORSPHQW�.LW��-'.�������
ZDV�XVHG�LQ�-DYD�SURJUDPPLQJ���,W�KHOSV�WR�FUHDWH
DSSOHWV� WKDW� UXQ� LQ� -DYD�HQDEOHG� EURZVHUV� DQG
GHYHORS�-DYD�DSSOLFDWLRQV��,W�ZDV�XVHG�WR�SURJUDP
WKH�DJHQWV�DQG�DSSOHWV�VXFK�DV�LQWHUDFWLYH�FKDUWLQJ
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DQG�ORJLQ�V\VWHP�RI�WKLV�V\VWHP�

���&RQFOXVLRQV

,Q� WKLV� SDSHU�� ZH� SUHVHQWHG� WKH� SURWRW\SH� RI� WKH
GLVWULEXWHG� ILQDQFLDO� FRPSXWLQJ� WKDW� KDV� EHHQ
LPSOHPHQWHG� WR� LOOXVWUDWH� WKH� LGHD� RI� PXOWL�DJHQW
FRPSXWLQJ�RQ�ZRUNVWDWLRQ�FOXVWHUV��7KH�FRPELQDWLRQ�RI
WKH�FOXVWHU�SODWIRUP�DQG�WKH�PXOWL�DJHQW�PRGHO�KDV�EHHQ
SURYHG�WR�EH�XVHIXO�WR�VROYH�WKH�LVVXHV�RI�VFDODELOLW\�DQG
WUDFWDELOLW\�� ZKLFK� KDYH� EHFRPH� YHU\� LPSRUWDQW� WR� WKH
ILQDQFLDO� FRPSXWLQJ�� � 2WKHU� SRWHQWLDO� DSSOLFDWLRQ
GRPDLQV� RI� VXFK� WHFKQRORJLHV� DUH� HOHFWURQLF� EXVLQHVV�
PDUNHW� DQDO\VLV�� ILQDQFLDO� GHFLVLRQ� PDNLQJ�� DQG
HFRQRPLF�FULVLV�PDQDJHPHQW�

$� WKUHH�WLHU� PXOWL�DJHQW� DUFKLWHFWXUH� KDV� EHHQ
GHVLJQHG� WR� FDSWXUH� WKH� VWUXFWXUH� RI� +RQJ� .RQJ
HFRQRPLF� DFWLYLWLHV�� � :H� KDYH� FRQGXFWHG� D� VHULHV� RI
H[SHULPHQWV� WR� WHVW� WKH� XVHIXOQHVV� DQG�XVHU� DFFHSWDQFH
ZLWK� RWKHU� V\VWHPV� WKDW� VXSSRUW� HFRQRPLF� DQDO\VLV� RU
LQYHVWPHQW�DQDO\VLV�� �2QH�RI� WKHVH�H[SHULPHQWV�ZDV� WR
OHW�WKH�V\VWHP�D�JHQHUDWHV�D�FRPSRVLWH�HFRQRPLF�LQGH[�
LQVWHDG�RI�UHWXUQV�DQG�ULVNV�� IRU� WKH�GHFLVLRQ�PDNHUV� WR
PHDVXUHPHQW� WKH� HFRQRPLF� SHUIRUPDQFH�� � 7KH� UHVXOWV
LQGLFDWHG� WKDW� WKH� V\VWHP� ZDV� DEOH� WR� SURYLGH� PRUH
LQIRUPDWLRQ� WKDQ� D� VLPSOH� *'3� �*URVV� 'RPHVWLF
3URGXFW�� LQGH[� DQG� ZKLFK� ZDV� FORVHU� WR� ZKDW� WKH
UHVLGHQWV�RI�+RQJ�.RQJ�H[SHULHQFHG�

0RUH� UHVHDUFK� LQ� WKLV� DUHD� LV� QHHGHG�� � &RPSXWHU
KDUGZDUH�� VRIWZDUH� V\VWHPV� WR� VXSSRUW� 6LQJOH� 6\VWHP
,PDJH�� SURWRFROV� DQG� SURJUDPPLQJ� ODQJXDJHV� WR
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