
�

2UJDQL]DWLRQDO�5HVWUXFWXULQJ�LQ�5HVSRQVH�WR�&KDQJHV
LQ�,QIRUPDWLRQ�3URFHVVLQJ�7HFKQRORJ\

-DFHN�$��&XNURZVNL
&(5*(�(,��3UDJXH��&]HFK�5HSXEOLF

0D\�����
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7KLV�SDSHU�DQDO\]HV�WKH�HIIHFWV�RI�FKDQJHV�LQ�LQIRUPDWLRQ�SURFHVVLQJ�WHFKQRORJ\�RQ�WKH�HIILFLHQW
RUJDQL]DWLRQDO� IRUPV� RI� GDWD�SURFHVVLQJ� LQ� GHFLVLRQ�PDNLQJ� V\VWHPV�� 'DWD�SURFHVVLQJ� LQ
GHFLVLRQ�PDNLQJ�LV�PRGHOOHG�LQ� WKH�IUDPHZRUN�RI� WKH�G\QDPLF�SDUDOOHO�SURFHVVLQJ�PRGHO�RI
DVVRFLDWLYH� FRPSXWDWLRQ� ZLWK� DQ� HQGRJHQRXV� GXUDWLRQ� RI� RSHUDWLRQV�� ,Q� VXFK� D� PRGHO�� WKH
FRQGLWLRQV� IRU� WKH� HIILFLHQW� RUJDQL]DWLRQ� RI� LQIRUPDWLRQ�SURFHVVLQJ� DUH� GHILQHG� DQG� WKH
DUFKLWHFWXUH�RI�WKH�HIILFLHQW�VWUXFWXUHV�LV�FRQVLGHUHG��,W�LV�VKRZQ�WKDW�GHFUHDVLQJ�UHWXUQV�WR�VFDOH
RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�DQG�WKH�LQIRUPDWLRQ�RYHUORDG�RI�WKH�V\VWHP�DUH�QHFHVVDU\
DQG�VXIILFLHQW�FRQGLWLRQV�IRU�WKH�GHFHQWUDOL]HG��KLHUDUFKLFDO��LQIRUPDWLRQ�SURFHVVLQJ��UHVSHFWLYHO\�
0RUHRYHU��WKH�DQDO\VLV�VKRZV�WKDW�WKH�VL]H�RI�WKH�HIILFLHQW�VWUXFWXUHV�LV�GHWHUPLQHG�H[FOXVLYHO\
E\�WKHLU�LQIRUPDWLRQ�ZRUNORDG�DQG�WKH�H[LVWLQJ�LQIRUPDWLRQ�SURFHVVLQJ�WHFKQRORJ\��,Q�SDUWLFXODU�
WKH�UHVXOWV�LQGLFDWH�WKDW��IRU�D�JLYHQ�LQIRUPDWLRQ�ZRUNORDG��WKH�VL]H�RI�LQIRUPDWLRQ�SURFHVVLQJ
VWUXFWXUHV�LQ�GHFLVLRQ�PDNLQJ�V\VWHPV�LV�LQYHUVHO\�UHODWHG�WR�WKH�GHJUHH�RI�KRPRJHQHLW\�RI�WKH
LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ��&RQVHTXHQWO\�� WKH�RUJDQL]DWLRQDO�UHVWUXFWXULQJ�RI�GHFLVLRQ�
PDNLQJ�V\VWHPV�WRZDUGV�IODWWHU�KLHUDUFKLFDO�VWUXFWXUHV�FDQ�EH�H[SODLQHG�H[FOXVLYHO\�E\�WKRVH
WHFKQRORJLFDO�FKDQJHV�ZKLFK�DIIHFW�HFRQRPLHV�RI�VFDOH�LQ�LQIRUPDWLRQ�SURFHVVLQJ��L�H���ZKLFK
LQFUHDVH�WKH�GHJUHH�RI�KRPRJHQHLW\�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�

.H\ZRUGV��7HFKQRORJLFDO�FKDQJHV��RUJDQL]DWLRQDO�UHVWUXFWXULQJ��KLHUDUFK\��
GHFLVLRQ�PDNLQJ��LQIRUPDWLRQ�SURFHVVLQJ�
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�

$EVWUDNW

7DWR�SUgFH�DQDO\]XMH�YOLY\�]PÀQ�Y�WHFKQRORJLL�]SUDFRYgQm�LQIRUPDFm�QD�HIHNWLYQm�RUJDQL]D³Qm
IRUP\�]SUDFRYgQm�GDW�Y�V\VWkPHFK�UR]KRGRYgQm��=SUDFRYgQm�GDW�Y�V\VWkPHFK�UR]KRGRYgQm�MH
PRGHORYgQR� Y� UgPFL� G\QDPLFNkKR� SDUDOHOQmKR� PRGHOX� ]SUDFRYgQm� DVRFLDWLYQmFK� Y¬SR³WÖ
V�HQGRJHQQmP�WUYgQmP�RSHUDFm��3UR�WHQWR�PRGHO�MVRX�]GH�]DGHILQRYgQ\�SRGPmQN\�SUR�HIHNWLYQm
RUJDQL]DFL�]SUDFRYgQm�LQIRUPDFm�D�MH�]GH�SRMHGQgQR�R�DUFKLWHNWXÎH�HIHNWLYQmFK�VWUXNWXU��-H�]GH
WDNk� XNg]gQR�� ©H� � NOHVDMmFm� Y¬QRV\� ]� UR]VDKX� ]SUDFRYgQm� IXQNFH� ]SUDFRYgQm� LQIRUPDFm� D
LQIRUPD³Qm�SÎHWm©HQm�V\VWkPX�MVRX�QXWQk�D�SRVWD³XMmFm�SRGPmQN\�SUR�GHFHQWUDOL]RYDQk��UHVS�
KLHUDUFKLFNk�]SUDFRYgQm�LQIRUPDFm��$QDO¬]D�QDYmF�XNg]DOD��©H�YHOLNRVW�HIHNWLYQmFK�VWUXNWXU�MH
XU³RYgQD�Y¬OX³QÀ��LQIRUPD³QmP�]DWm©HQmP�D�VWgYDMmFm�WHFKQRORJLm�]SUDFRYgQm�LQIRUPDFm��9¬VOHGN\
QD]QD³XMm�� � ©H� YHOLNRVW� VWUXNWXU� ]SUDFRYgQm� LQIRUPDFm� SÎL� GDQkP� LQIRUPD³QmP� ]DWm©HQm� MH� Y
LQYHU]QmP� Y]WDKX� VH� VWXSQÀP� KRPRJHQLW\� IXQNFH� ]SUDFRYgQm� LQIRUPDFm�� 2UJDQL]D³Qm
UHVWUXNWXUDOL]DFH�V\VWkPX�UR]KRGRYgQm�VPÀUHP�N�PkQÀ�³OHQLW¬P�KLHUDUFKLFN¬P�VWUXNWXUgP�PÖ©H
E¬W�QgVOHGQÀ�Y\VYÀWOHQD�Y¬KUDGQÀ�WHFKQRORJLFN¬PL�]PÀQDPL�RYOLYÈXMmFmPL�rVSRU\�]H�]Y¬§HQkKR
UR]VDKX�]SUDFRYgQm�LQIRUPDFm��W]Q��]Y¬§HQmP�VWXSQÀ�KRPRJHQLW\�IXQNFH�]SUDFRYgQm�LQIRUPDFm�
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6HYHUDO� OHDGLQJ� HFRQRPLVWV� KDYH� UHFRJQL]HG� WKH� LPSRUWDQFH� RI� LQIRUPDWLRQDO
VWUXFWXUHV�IRU�WKH�LQWHUQDO�RUJDQL]DWLRQ�RI�EXVLQHVV�ILUPV�DQG�ODUJH�FRUSRUDWLRQV
�VHH��H�J���$RNL��������RU�0LOJURP�DQG�5REHUWV���������,Q�SDUWLFXODU��GHFLVLRQ�
PDNLQJ� V\VWHPV� RI� VXFK� HQWHUSULVHV� DUH� ZLGHO\� SHUFHLYHG� WR� KDYH� FRPSOH[
LQIRUPDWLRQDO�VWUXFWXUHV��VHH��IRU�H[DPSOH��5DGQHU�������DQG�������5DGQHU�DQG
9DQ�=DQGW��������RU�%ROWRQ�DQG�'HZDWULSRQW���������7KH�DUFKLWHFWXUH�RI�WKHVH
VWUXFWXUHV�LV�RIWHQ�FRQVLGHUHG�DV�D�IDFWRU�ZKLFK�GHWHUPLQHV�WKH�SURILWDELOLW\�RI�WKH
ILUP�DV�D�ZKROH� �VHH��H�J���0LOJURP�DQG�5REHUWV��������RU�5DGQHU���������$Q
RYHUYLHZ� RI� WKH� FRQWULEXWLRQV� PDGH� E\� UHFHQW� UHVHDUFK� WR� XQGHUVWDQGLQJ� WKH
HFRQRPLF� VLJQLILFDQFH� RI� GDWD�SURFHVVLQJ� LQ� WKH� PDQDJHPHQW� RI� PRGHUQ
HQWHUSULVHV� LV� SUHVHQWHG� E\� 5DGQHU� �������� ,Q� WKH� VDPH� SDSHU�� KRZHYHU�� KH
HPSKDVL]HV�WKDW�LW�LV�VWLOO�QRW�FOHDU�ZKDW�IRUPDO�UHTXLUHPHQWV�KDYH�WR�EH�VDWLVILHG
LQ� RUGHU� WR� REVHUYH� GHFHQWUDOL]HG� �KLHUDUFKLFDO�� RUJDQL]DWLRQ� RI� LQIRUPDWLRQDO
SURFHVVHV�

7DNLQJ�LQWR�DFFRXQW�WKH�YHU\�OLPLWHG�DELOLW\�RI�LQGLYLGXDOV�WR�KDQGOH�DQG�SURFHVV
LQIRUPDWLRQ� �IRU� JLYHQ� LQIRUPDWLRQ�SURFHVVLQJ� WHFKQRORJ\��� VRPH� HFRQRPLVWV
DUJXH� WKDW�KLHUDUFKLFDO� IRUPV�KDYH�EHHQ�GHYHORSHG� WR� UHVSRQG� WR� WKH�JURZLQJ
SUREOHP�RI�KDQGOLQJ�DQ�LQFUHDVLQJ�IORZ�RI�LQIRUPDWLRQ��&KDQGOHU��������RU�%ROWRQ
DQG�'HZDWULSRQW���������1RW�VXUSULVLQJO\��WKHUHIRUH��RUJDQL]DWLRQDO�FKDQJHV��WKH
IODWWHQLQJ�RI�KLHUDUFKLFDO�VWUXFWXUHV��REVHUYHG�LQ�WKH�ODVW�GHFDGH��VHH��H�J���%XVLQHVV
:HHN��������DUH�XVXDOO\�H[SODLQHG�E\�DQ�LPSURYHPHQW�LQ�LQIRUPDWLRQ�SURFHVVLQJ
WHFKQRORJ\��6FKHLQ��������.HQQHG\��������RU�%ROWRQ�DQG�'HZDWULSRQW��������
+RZHYHU��UHVHDUFK�WR�GDWH�KDV�QRW�SURYLGHG�DQ�DGHTXDWH�HFRQRPLF�H[SODQDWLRQ�RI
WKH�FRQGLWLRQV�XQGHU�ZKLFK�LPSURYHPHQWV�LQ�LQIRUPDWLRQ�SURFHVVLQJ�WHFKQRORJ\
PLJKW�UHGXFH�WKH�GHSWK�RI�KLHUDUFKLFDO�VWUXFWXUHV��7KXV��DQ�H[DPLQDWLRQ�RI�WKH
FULWHULD� ZKLFK� KDYH� WR� EH� VDWLVILHG� IRU� WKH� UHVWUXFWXULQJ� RI� WKH� LQIRUPDWLRQ�
SURFHVVLQJ� VWUXFWXUHV� RI� GHFLVLRQ�PDNLQJ� V\VWHPV� LQ� UHVSRQVH� WR� FKDQJHV� LQ
LQIRUPDWLRQ�SURFHVVLQJ�WHFKQRORJ\�LV�WKH�VXEMHFW�RI�WKH�DQDO\VLV�EHORZ�

7KH� SDSHU� LV� FRQFHUQHG�ZLWK� WKH� DQDO\VLV� RI� GDWD�SURFHVVLQJ� LQ� WKH� GHFLVLRQ�
PDNLQJ� VHFWRU� RI� WKH� ILUP�� 7KH� FRQVLGHUDWLRQ� IRFXVHV� RQ� WKH� FRPSXWDWLRQ� RI
DVVRFLDWLYH�RSHUDWLRQV��EHFDXVH�D�QXPEHU�RI�GHFLVLRQ�PDNLQJ�SDUDGLJPV�LQYROYH
SULPDULO\�RSHUDWLRQV�RI�WKLV�NLQG��VHH�5DGQHU�������DQG��������
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$V�DQ�H[DPSOH�RI�DVVRFLDWLYH�FRPSXWDWLRQ�LQ�WKH�FRQWURO�DQG�PDQDJHPHQW�RI�WKH
ILUP�� D� GHFLVLRQ�PDNLQJ� SURFHVV� ZKHUH� DFWLRQV� DUH� FKRVHQ� XVLQJ� WKH� SDWWHUQ�
UHFRJQLWLRQ��QHDUHVW�QHLJKERU�FODVVLILFDWLRQ��SURFHGXUH�FDQ�EH�FRQVLGHUHG��,Q�WKLV
GHFLVLRQ�PDNLQJ� VFKHPH�� GHFLVLRQ�PDNHUV� FRPSDUH� VHWV� RI� GDWD� DERXW� WKH
HQYLURQPHQW�ZLWK�HOHPHQWV�RI� WKH� ILQLWH�VHW�RI� UHIHUHQFH�SDWWHUQV�� DQG� WR�HDFK
HOHPHQW�WKHUH�FRUUHVSRQGV�D�SDUWLFXODU�DFWLRQ��GHFLVLRQ��WR�EH�WDNHQ��7KXV��WKH
SUREOHP�RI�GHFLVLRQ�PDNLQJ�FRQVLVWV�LQ�WKH�FDOFXODWLRQ�RI�WKH�FORVHVW�UHIHUHQFH
SDWWHUQ�� L�H��� FDOFXODWLQJ� WKH�GLVWDQFHV�EHWZHHQ� WKH� UHIHUHQFH�SDWWHUQV�DQG�GDWD
DQDO\]HG� DQG� FKRRVLQJ� WKH�PLQLPXP��1RWH� WKDW� FDOFXODWLQJ� WKH� GLVWDQFHV� DQG
FKRRVLQJ� D� PLQLPXP� DUH� ERWK� DVVRFLDWLYH� RSHUDWLRQV� �VHH� 5DGQHU�� ������ IRU
GHWDLOV���

$QRWKHU�SRSXODU�H[DPSOH�RI�DVVRFLDWLYH�FRPSXWDWLRQV�LQ�GHFLVLRQ�PDNLQJ�LV�WKH
OLQHDU�GHFLVLRQ�UXOH��ZKHUH�WKH�YDOXH�RI�WKH�OLQHDU�IXQFWLRQ�F�[��F�[������F1[1�LV
FRPSXWHG� �FL� LV� D� FRHIILFLHQW� RI� D� FRQYHUVLRQ� WR� D� FRPPRQ� XQLW� DQG� [L� LV� D
QXPHULFDO�GDWD�LWHP��L ��������1���DQG�WKH�GHFLVLRQV�DUH�PDGH�EDVHG�RQ�WKH�UHVXOW
RI�WKLV�FRPSXWDWLRQDO�SURFHVV��,Q�SUDFWLFH��WKH�LWHPV�DJJUHJDWHG�PD\�QRW�EH�MXVW
QXPEHUV�EXW�YHFWRUV�RU�PDWULFHV��&RPSXWDWLRQV�RI�VXFK�D�NLQG�DUH�FRPPRQO\�XVHG
LQ�WKH�PHWKRGV�RI�VWDWLVWLFDO�SUHGLFWLRQ�RU�VWDWLVWLFDO�FRQWURO��VHH�0DUVFKDN�DQG
5DGQHU��������$RNL��������RU�5DGQHU�DQG�9DQ�=DQGW�������DQG��������

6LQFH� ERWK� DGGLWLRQ� DQG� FKRRVLQJ� D�PLQLPXP� �RU�PD[LPXP�� DUH� DVVRFLDWLYH
RSHUDWLRQV�� D� G\QDPLF� SDUDOOHO�SURFHVVLQJ� PRGHO� RI� DVVRFLDWLYH� FRPSXWDWLRQ
�5DGQHU�������DQG�������DQG�5DGQHU�DQG�9DQ�=DQGW��������LV�IUHTXHQWO\�XVHG�LQ
WKH�HFRQRPLF�OLWHUDWXUH�WR�GHVFULEH�FRPSXWDWLRQDO�SURFHVVHV�LQ�GHFLVLRQ�PDNLQJ�

,Q�WKH�SUHVHQW�SDSHU��WKH�PRGHO�RI�DVVRFLDWLYH�FRPSXWDWLRQ�LV�H[WHQGHG�WR�LQFOXGH
WKH� DVVXPSWLRQ� WKDW� WKH� VSHHG� RI� LQIRUPDWLRQ�SURFHVVLQJ� LQ� HDFK� LQGLYLGXDO
SURFHVVRU�GHSHQGV�XSRQ�WKH�FDSLWDO�DQG�ODERU�DOORFDWHG�WR�LW��L�H���WKH�GXUDWLRQ�RI
LQGLYLGXDO�RSHUDWLRQV�LV�HQGRJHQL]HG��0RUHRYHU��LW� LV�DVVXPHG�WKDW�LQ�RUGHU�WR
SURGXFH�D�IORZ�RI�GHFLVLRQV��WKH�VDPH�FRPSXWDWLRQDO�SURFHGXUH�LV�UHSHDWHG�DJDLQ
DQG�DJDLQ��&RQVHTXHQWO\��WKH�DQDO\VLV�LV�UHVWULFWHG�WR�WKH�RUJDQL]DWLRQ�RI�WKH�VLQJOH
FRKRUW�RI�GDWD�SURFHVVLQJ��RQH�VKRW�PRGH���,Q�VXFK�D�PRGHO��WKH�FRQGLWLRQV�IRU�WKH
HIILFLHQW� RUJDQL]DWLRQ� RI� GDWD�SURFHVVLQJ� DUH� GHILQHG�� DQG� WKH� DUFKLWHFWXUH� RI
HIILFLHQW� VWUXFWXUHV� LV� GHWHUPLQHG�� :H� VKRZ� WKDW� WKH� VL]H� RI� WKH� HIILFLHQW
LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUH�LV�GHWHUPLQHG�VROHO\�E\�WKH�H[LVWLQJ�LQIRUPDWLRQ�
SURFHVVLQJ� WHFKQRORJ\� DQG� WKH� LQIRUPDWLRQ� ZRUNORDG� RI� WKH� V\VWHP�� )LQDOO\�
DVVXPLQJ� D� IL[HG� LQIRUPDWLRQ�ZRUNORDG��ZH� ILQG� WKDW� WKH� VL]H� RI� WKH� HIILFLHQW
VWUXFWXUHV�PLJKW�YDU\�RQO\�LQ�UHVSRQVH�WR�WKRVH�WHFKQRORJLFDO�FKDQJHV�ZKLFK�DIIHFW
UHWXUQV�WR�VFDOH�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�DQG��LQ�SDUWLFXODU��WKDW�WKH
IODWWHQLQJ�KLHUDUFKLFDO�VWUXFWXUHV�REVHUYHG�UHFHQWO\�FDQ�EH�H[SODLQHG�RQO\�E\�WKRVH



�������:H�FDQ�FRQVLGHU�RQO\�WHFKQRORJLFDO�LPSURYHPHQWV��EHFDXVH�LQ�D�ZRUOG�ZLWK�SHUIHFW
LQIRUPDWLRQ�� QHZ� WHFKQRORJ\� WKDW� UHGXFHV� RXWSXW� SHU� XQLW� RI� HDFK� LQSXW� ZRXOG� QHYHU� EH
DGRSWHG�
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WHFKQRORJLFDO�LPSURYHPHQWV��ZKLFK�LQFUHDVH�WKH�GHJUHH�RI�KRPRJHQHLW\�RI�WKH
LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ��7HFKQRORJLFDO�FKDQJHV�ZKLFK�OHDYH�UHWXUQV�WR
VFDOH� RI� WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ�XQDIIHFWHG� GHFUHDVH� WKH� GHOD\� LQ
LQIRUPDWLRQ�SURFHVVLQJ�EXW�GR�QRW�LQIOXHQFH�HIILFLHQW�RUJDQL]DWLRQDO�IRUPV�

7KH�UHPDLQGHU�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�6HFWLRQ����WKH�GHFLVLRQ�
PDNLQJ�VHFWRU�RI�WKH�ILUP�LV�FKDUDFWHUL]HG�DQG�WKH�PRGHO�RI�LQIRUPDWLRQ�SURFHVVLQJ
LQ�GHFLVLRQ�PDNLQJ�LV�SUHVHQWHG��6HFWLRQ���DQDO\]HV�WKH�DUFKLWHFWXUH�RI�HIILFLHQW
SURFHVVLQJ�QHWZRUNV��6HFWLRQ���H[DPLQHV�FRQGLWLRQV�IRU�GHFHQWUDOL]HG�LQIRUPDWLRQ�
SURFHVVLQJ� LQ� GHFLVLRQ�PDNLQJ� V\VWHPV�� 6HFWLRQ� �� GLVFXVVHV� WKH� UHODWLRQVKLS
EHWZHHQ�WKH�FKDUDFWHULVWLFV�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�DQG�WKH�VL]H�RI
WKH�HIILFLHQW�VWUXFWXUHV��6HFWLRQ���FRQFOXGHV�

����'DWD�3URFHVVLQJ�LQ�'HFLVLRQ�0DNLQJ

(PSLULFDO�VWXGLHV�RI�WKH�ODERU�PDUNHW�LQ�LQGXVWULDOL]HG�FRXQWULHV�VKRZ�WKDW�PXFK
PRUH�WKDQ�RQH�WKLUG�RI�HPSOR\HHV�ZRUN�IXOO�WLPH�LQ�WKH�PDQDJHPHQW�RI�ILUPV�
SHUIRUPLQJ�DFWLYLWLHV�QRW�GLUHFWO\�FRQQHFWHG�ZLWK�WKH�SURGXFWLRQ�SURFHVV�VXFK�DV
SURFHVVLQJ� DQG� FRPPXQLFDWLQJ� LQIRUPDWLRQ�� PRQLWRULQJ� DFWLRQV� RI� WKH� RWKHU
PHPEHUV�RI�WKH�ILUP��DQDO\]LQJ�WKH�PDUNHW��SODQQLQJ��WUDLQLQJ�HPSOR\HHV��PDNLQJ
GHFLVLRQV�� HWF�� �VHH� 5DGQHU�� ������ IRU� D� GHWDLOHG� DQDO\VLV� RI� WKLV� LVVXH��� 7KH
FRPPRQ�IHDWXUH�RI�DOO�WKHVH�DFWLYLWLHV�LV�LQIRUPDWLRQ�SURFHVVLQJ��L�H���FROOHFWLQJ
DQG�DJJUHJDWLQJ�LQIRUPDWLRQ��WUDQVIRUPLQJ�GDWD��SUHVHQWLQJ�WKHP�LQ�WKH�DSSURSULDWH
IRUP��HWF��7KH�PDMRULW\�RI�WKH�DFWLYLWLHV�DVVRFLDWHG�ZLWK�GDWD�SURFHVVLQJ�LQ�WKH�ILUP
LV� FDUULHG� RXW� E\�PDQDJHUV�ZLWK� WKH� KHOS� RI� VWDII�� VHFUHWDULHV�� RU� FOHUNV� XVLQJ
FRPSXWDWLRQ�DQG�WHOHFRPPXQLFDWLRQ�HTXLSPHQW��EXLOGLQJV��HOHFWULFLW\��HWF��7KXV�
WKH�PDQDJHPHQW��RU�GHFLVLRQ�PDNLQJ��VHFWRU�RI�WKH�ILUP�LV�XQGHUVWRRG�WR�EH�D
V\VWHP�ZKLFK�WDNHV�VLJQDOV�IURP�WKH�HQYLURQPHQW�DQG�XVHV�WKH�FDSLWDO�DQG�ODERU
WR�WUDQVIRUP�WKHP�LQWR�GHFLVLRQV��7KH�TXDOLW\�RI�WKHVH�GHFLVLRQV�LV�LQYHUVHO\�UHODWHG
WR�WKH�GHYLDWLRQ�IURP�WKH�EHVW�SRVVLEOH�GHFLVLRQV��7KH�GLIIHUHQFH�EHWZHHQ�GHFLVLRQV
UHTXLUHG�DQG�GHFLVLRQV�PDGH�GHSHQGV��LQ�JHQHUDO��RQ�HUURUV�LQ�WKH�FRPSXWDWLRQDO
SURFHVV�DQG�GHOD\V�LQ�GDWD�SURFHVVLQJ��,I�DOO�PHPEHUV�RI�WKH�GHFLVLRQ�PDNLQJ�WHDP
KDYH�QR�LQFHQWLYHV�WR�UHSRUW�IDOVH�LQIRUPDWLRQ�DQG�GR�QRW�PDNH�PLVWDNHV��L�H��
HUURUV�DUH�QRW�SRVVLEOH���WKHQ�WKH�TXDOLW\�RI�WKH�GHFLVLRQV�GHSHQGV�VROHO\�RQ�WKH
GHOD\�LQ�GDWD�SURFHVVLQJ��VHH��H�J���5DGQHU�DQG�9DQ�=DQGW��������
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7KH�VLPSOHVW�H[DPSOH�RI�WKH�WUDQVIRUPDWLRQ�RI�GDWD�IURP�WKH�HQYLURQPHQW�LQWR
GHFLVLRQV�ZKLFK�LQYROYHV�FRPSXWDWLRQ�RI�DVVRFLDWLYH�RSHUDWLRQV�LV�D�OLQHDU�GHFLVLRQ
UXOH� �VHH� 6HFWLRQ� ���� 7KHUHIRUH�� ZLWKRXW� ORVV� RI� JHQHUDOLW\�� ZH� FDQ� IRFXV
H[FOXVLYHO\�RQ�WKLV�GHFLVLRQ�PDNLQJ�SDUDGLJP��7R�VLPSOLI\�WKH�DQDO\VLV��DVVXPH
WKDW� FRQYHUVLRQ� WR� D� FRPPRQ� XQLW� LV� QRW� UHTXLUHG�� L�H��� FL ��� IRU� L ��������1�
)ROORZLQJ� 5DGQHU� ������� ������� UHSUHVHQW� WKH� FRPSXWDWLRQDO� SURFHVV� LQ� WKH
GHFLVLRQ�PDNLQJ�VHFWRU�RI�WKH�ILUP�DV�DQ�LGHDOL]HG�SDUDOOHO�FRPSXWHU��7KDW�LV��OHW
HDFK� FRPSXWDWLRQDO� FHQWHU� LQ� WKH� ILUP� EH� D� SURFHVVRU� ZKLFK� FRQWDLQV� ERWK� D
PHPRU\�IRU�GDWD�VWRUDJH��FDOOHG�D�EXIIHU��DQG�D�UHJLVWHU�ZKHUH�VXPPDWLRQV�DUH
PDGH��(DFK�SURFHVVRU�FDQ�UHDG�D�VLQJOH�LWHP�RI�GDWD�IURP�LWV�PHPRU\�DQG�DGG�WKH
YDOXH�WR�WKH�FRQWHQWV�RI�WKH�UHJLVWHU�UHVHWWLQJ�LW�HTXDO�WR�WKH�UHVXOWLQJ�VXP��/RDGLQJ
DQG�DGGLQJ�D�VLQJOH�GDWXP�WR�WKH�FRQWHQWV�RI�WKH�UHJLVWHU�LV�FDOOHG�DQ�RSHUDWLRQ��7KH
WLPH�RI�RSHUDWLRQV�LV�DVVXPHG�WR�EH�WKH�VDPH����ZKDWHYHU�WKH�YDOXHV�RI�GDWD�DGGHG
DUH�RU����ZKHQ�D�GDWXP�LV�DGGHG�WR�WKH�FOHDUHG�UHJLVWHU��L�H���WR�]HUR���0RUHRYHU��D
SURFHVVRU�FDQ�VHQG�WKH�FRQWHQWV�RI�LWV�UHJLVWHU�WR�DQ�RXWSXW�RU�WR�WKH�EXIIHU�RI�DQ\
RWKHU�SURFHVVRU��WKURXJK�D�FRPPXQLFDWLRQ�FKDQQHO��LQ�]HUR�WLPH��VHH�5DGQHU�DQG
9DQ�=DQGW��������IRU�GHWDLOV���

(DFK�SURFHVVRU� KDV� D� OLPLWHG� FDSDFLW\� LQ� WKDW� WKHUH� LV� D�PD[LPXP�QXPEHU� RI
RSHUDWLRQV�LW�FDQ�FRPSXWH�SHU�XQLW�RI�WLPH��+RZHYHU��WKH�VSHHG�RI�FRPSXWDWLRQ�LQ
HDFK�LQGLYLGXDO�SURFHVVRU�GHSHQGV�XSRQ�WKH�FDSLWDO�DQG�ODERU�DOORFDWHG�WR�LW��7KH
UHODWLRQVKLS�EHWZHHQ�WKH�UHVRXUFHV�DOORFDWHG�WR�D�VLQJOH�SURFHVVRU�DQG�WKH�QXPEHU
RI�RSHUDWLRQV�LW�FDQ�FRPSXWH�LQ�D�XQLW�RI�WLPH�LV�GHWHUPLQHG�E\�WKH�WHFKQRORJ\�RI
LQIRUPDWLRQ�SURFHVVLQJ� DQG� LV� JLYHQ� LQ� IXQFWLRQDO� IRUP� DV� DQ� LQIRUPDWLRQ�
SURFHVVLQJ� IXQFWLRQ� �)�N�O���� 7KLV� IXQFWLRQ� LV� XQGHUVWRRG� WR� EH� D� �SURGXFWLRQ
IXQFWLRQ��LQ�LQIRUPDWLRQ�SURFHVVLQJ�DQG�VSHFLILHV�WKH�QXPEHU�RI�RSHUDWLRQV�SHU
XQLW�RI�WLPH�WKDW�FDQ�EH�PDGH�LQ�D�VLQJOH�SURFHVVRU�WR�ZKLFK�FDSLWDO��N��DQG�ODERU
�O��DUH�DOORFDWHG��6LPLODUO\�WR�WKH�RUGLQDU\�SURGXFWLRQ�IXQFWLRQ��WKH�LQIRUPDWLRQ�
SURFHVVLQJ�IXQFWLRQ�LV�DVVXPHG�WR�EH�WHFKQRORJLFDOO\�HIILFLHQW�LQ�WKH�VHQVH�WKDW�LW
LV�QRW�SRVVLEOH�WR�JHW�WKH�VDPH�RXWSXW��FRPSXWH�D�JLYHQ�QXPEHU�RI�RSHUDWLRQV�LQ
D�XQLW�RI�WLPH��XVLQJ�OHVV�RI�RQH�LQSXW�DQG�QR�PRUH�RI�WKH�RWKHU��7KH�SURSHUWLHV�RI
WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ� �VXFK�DV�� IRU�H[DPSOH�� UHWXUQV� WR� VFDOH�RU
KRPRJHQHLW\��FDQ�EH�GHILQHG�DQDORJRXVO\�DV�LQ�SURGXFWLRQ�WKHRU\��

7KH�GXUDWLRQ�RI�D�VLQJOH�RSHUDWLRQ��G��FDQ�EH�GHWHUPLQHG�DV���)�N�O���,W�LV�DOVR�D
IXQFWLRQ�RI� WKH�FDSLWDO� �N��DQG� ODERU� �O��HPSOR\HG�LQ� WKH�SURFHVVRU�FRQVLGHUHG
�G�N�O� ��)�N�O����,I�DOO�SURFHVVRUV�LQ�WKH�VWUXFWXUH�DUH�LGHQWLFDO��L�H���WKH�VWUXFWXUH
LV�KRPRJHQHRXV��WKHQ�WKH�GXUDWLRQ�RI�HDFK�LQGLYLGXDO�RSHUDWLRQ�FDQ�EH�VSHFLILHG
DV�

���



�������7KH�YDOXH�RI�WKH�FRPSXWDWLRQDO�VHUYLFH�LQ�GHFLVLRQ�PDNLQJ�LV�XQGHUVWRRG�WR�EH�WKH
GLIIHUHQFH�EHWZHHQ�WKH�YDOXH�RI�WKH�GHFLVLRQV�EDVHG�RQ�WKH�FRPSXWDWLRQDO�VHUYLFH�DQG�WKH�YDOXH
RI�WKH�GHFLVLRQV�ZLWKRXW�WKH�VHUYLFH��5DGQHU�DQG�9DQ�=DQGW��������

�

ZKHUH�.� DQG�/� GHQRWH� FDSLWDO� DQG� ODERU� DOORFDWHG� WR� LQIRUPDWLRQ�SURFHVVLQJ�
UHVSHFWLYHO\��DQG�3�LV�WKH�QXPEHU�RI�WKH�SURFHVVRUV�LQ�WKH�VWUXFWXUH��

$VVXPLQJ�WKDW�GDWD�LWHPV�DUH�QRW�FRVWO\��5DGQHU�������DQG��������WKH�WRWDO�FRVW�RI
WKH�FRPSXWDWLRQDO�SURFHVV�LV�GHWHUPLQHG�E\�WKH�FRVWV�RI�WKH�UHVRXUFHV��L�H���ODERU
DQG�FDSLWDO��LQYROYHG�LQ�WKH�FRPSXWDWLRQ�

(DFK� SURFHVVRU� DGGV� GDWD� LWHPV� LQ� D� VHULDO� IDVKLRQ�� 7KXV�� WR� VSHHG� XS� WKH
FRPSXWDWLRQDO�SURFHVV��GDWD�SURFHVVLQJ�FDQ�EH�GRQH�LQ�SDUDOOHO�XVLQJ�PRUH�WKDQ
RQH�SURFHVVRU��L�H���LQ�D�GHFHQWUDOL]HG�FRPSXWDWLRQDO�VWUXFWXUH���+RZHYHU��LQ�WKH
GHFHQWUDOL]HG�VWUXFWXUH��WKH�IL[HG�DPRXQW�RI�WKH�UHVRXUFHV�DOORFDWHG�WR�LQIRUPDWLRQ�
SURFHVVLQJ�KDYH�WR�EH�GLVWULEXWHG�DPRQJ�DOO� WKH�SURFHVVRUV��&RQVHTXHQWO\��WKH
SURFHVVLQJ�SRZHU�RI�HDFK�LQGLYLGXDO�SURFHVVRU�GHFUHDVHV��,W�LPSOLHV�WKDW��RQ�WKH
RQH�KDQG��SDUDOOHOL]DWLRQ�UHGXFHV�WKH�OHQJWK�RI�WKH�ORQJHVW�VHTXHQFH�RI�RSHUDWLRQV
QHHGHG�IRU� WKH�FRPSXWDWLRQ�RI� WKH� UHVXOW�EXW��RQ� WKH�RWKHU�KDQG�� LQFUHDVHV� WKH
GXUDWLRQ�RI�HDFK�LQGLYLGXDO�RSHUDWLRQ��GHFUHDVHV�WKH�FRPSXWDWLRQDO�SRZHU�RI�WKH
SURFHVVRUV���7KHUHIRUH��WKH�GHOD\�LQ�FRPSXWDWLRQ�LQ�WKH�GHFHQWUDOL]HG�VWUXFWXUH
ZRXOG�QRW�QHFHVVDULO\�EH�VPDOOHU�WKDQ�LQ�WKH�RULJLQDO�RQH��L�H���WKH�GHFHQWUDOL]HG
FRPSXWDWLRQDO� VWUXFWXUH� ZRXOG� QRW� QHFHVVDULO\� EH� EHWWHU� WKDQ� WKH� RULJLQDO
VWUXFWXUH��� DQG��FRQVHTXHQWO\��RUJDQL]DWLRQDO� IRUPV�RI�GDWD�SURFHVVLQJ�KDYH� WR
DQDO\]HG�LQ�DQ�HFRQRPLF�FRQWH[W�

���(IILFLHQW�2UJDQL]DWLRQ�RI�,QIRUPDWLRQ�3URFHVVLQJ�LQ�'HFLVLRQ�0DNLQJ

)ROORZLQJ�5DGQHU�������DQG��������DVVXPH�WKDW�SURFHVVRUV�LQ�WKH�FRPSXWDWLRQDO
VWUXFWXUH� FDQQRW� PDNH� HUURUV� LQ� GDWD� DQDO\VLV�� ,Q� WKLV� FDVH�� WKH� YDOXH� RI� WKH
FRPSXWDWLRQDO�VHUYLFH��LV�GHWHUPLQHG�VROHO\�E\�WKH�TXDOLW\�RI�WKH�UHVXOW�FRPSXWHG
ZKLFK�LV�LQYHUVHO\�UHODWHG�WR�WKH�GHOD\�LQ�LQIRUPDWLRQ�SURFHVVLQJ��VHH�5DGQHU�DQG
9DQ�=DQGW���������7KH�GHOD\�LQ�WKH�FRPSXWDWLRQ�RI�WKH�FRKRUW�RI�1�LWHPV�RI�GDWD
�'1�� LQ� DQ\� KRPRJHQHRXV� VWUXFWXUH� ZLWK� 3� SURFHVVRUV� LV� SURSRUWLRQDO� WR� WKH
GXUDWLRQ�RI�LQGLYLGXDO�RSHUDWLRQV��G�.�3�/�3���DQG��FRQVHTXHQWO\��LV�D�GHFUHDVLQJ
IXQFWLRQ� RI� WKH� UHVRXUFHV� DOORFDWHG� WR� WKH� FRPSXWDWLRQDO� VWUXFWXUH�� L�H��
M'1�.�/��M.���DQG�M'1�.�/��M/����7KXV��LQ�WKH�HIILFLHQW�LQIRUPDWLRQ�SURFHVVLQJ
VWUXFWXUHV�WKH�UHVRXUFHV�DOORFDWHG�WR�GDWD�SURFHVVLQJ�VKRXOG�EH�PLQLPL]HG�IRU�D
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JLYHQ�GHOD\�LQ�FRPSXWDWLRQDO�SURFHVV�DQG�WKH�QXPEHU�RI�GDWD�LWHPV�SURFHVVHG��RU
YLFH�YHUVD��L�H���IRU�D�JLYHQ�LQIRUPDWLRQ�ZRUNORDG�DQG�DPRXQW�RI�UHVRXUFHV�WKH
GHOD\�LQ�WKH�FRPSXWDWLRQDO�SURFHVV�VKRXOG�EH�PLQLPL]HG��

'HILQLWLRQ����(IILFLHQW�6WUXFWXUHV��7KH�LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUH�LV�VDLG
WR�EH�RUJDQL]HG�LQ�DQ�HIILFLHQW�ZD\�LI��IRU�D�JLYHQ�QXPEHU�RI�GDWD�LWHPV�SURFHVVHG
�1���LW�LV�QRW�SRVVLEOH�WR�JHW�WKH�VDPH�GHOD\�LQ�LQIRUPDWLRQ�SURFHVVLQJ��'1��XVLQJ
OHVV�RI�RQH�LQSXW�WR�LQIRUPDWLRQ�SURFHVVLQJ��L�H���FDSLWDO�RU�ODERU��DQG�QR�PRUH�RI
WKH�RWKHU�

,Q�WKH�PRGHO�XQGHU�VWXG\��WKH�GXUDWLRQ�RI�LQGLYLGXDO�RSHUDWLRQV�LV�QRW�FRQVWDQW�EXW
LV� HQGRJHQRXVO\� GHWHUPLQHG� LQ� WKH� PRGHO�� L�H��� LW� GHSHQGV� RQ� WKH� UHVRXUFHV
DOORFDWHG�WR�LQIRUPDWLRQ�SURFHVVLQJ�DQG�WKH�QXPEHU�RI�SURFHVVRUV�LQ�WKH�VWUXFWXUH�
1HYHUWKHOHVV��WKH�DUFKLWHFWXUH�RI�WKH�HIILFLHQW�VWUXFWXUHV�UHPDLQV�WKH�VDPH�DV�LQ�WKH
RULJLQDO�G\QDPLF�SDUDOOHO�SURFHVVLQJ�PRGHO�RI�DVVRFLDWLYH�FRPSXWDWLRQ�ZLWK�DQ
H[RJHQRXV�GXUDWLRQ�RI�RSHUDWLRQV��

3URSRVLWLRQ��

)RU� DQ\� JLYHQ� QXPEHU� RI� GDWD� LWHPV� SURFHVVHG� �1�� DQG� DQ\� IHDVLEOH
FRPELQDWLRQ�RI� WKH�UHVRXUFHV� �.�/��� WKH�PLQLPXP�GHOD\� LQ� LQIRUPDWLRQ�
SURFHVVLQJ�LQ�DQ\�FRPSXWDWLRQDO�VWUXFWXUH�ZLWK�3�SURFHVVRUV�LV�JLYHQ�E\�WKH
IROORZLQJ�IRUPXOD�

�I���O�
���

ZKHUH� EUDFNHWV� F� L�DQG� R� X� GHQRWH� URXQGLQJ�GRZQ�DQG� XS� WR� WKH� QHDUHVW
LQWHJHU��UHVSHFWLYHO\�

3URRI�

*LEERQV�DQG�5\WWHU��������VKRZ�WKDW�WKH�PLQLPXP�GHOD\�LQ�WKH�VXPPDWLRQ
RI�1�GDWD� LWHPV� LQ� WKH� VWUXFWXUH�ZLWK�3� LGHQWLFDO�SURFHVVRUV� �ZLWK� IL[HG
SURFHVVLQJ� SRZHU� DQG� D� GXUDWLRQ� RI� LQGLYLGXDO� RSHUDWLRQV� G ��� LV
GHWHUPLQHG�E\�WKH�WLPH�RI�FRPSXWDWLRQ�RI�&1�3��RSHUDWLRQV��ZKHUH�&1�3��LV
JLYHQ�DV�IROORZV�

���������I���O���� ���



�������7KH�QXPEHU�RI�SURFHVVRUV��3��LQ�DQ\�VNLS�OHYHO�UHSRUWLQJ�VWUXFWXUH�LV�OLPLWHG��3#F1��L�
EHFDXVH�DW�OHDVW�WZR�GDWD�LWHPV�KDYH�WR�EH�DVVLJQHG�WR�HDFK�RI�WKHP�

�������7KH�SURFHVVRU�EHORQJV�WR�WKH�OHYHO�

���� ���������LI�LW�GRHV�QRW�KDYH�DQ\�VXERUGLQDWH�SURFHVVRUV�
; 
�� 9�[����RWKHUZLVH�
�
ZKHUH�[�GHQRWHV�WKH�KLJKHVW�OHYHO�RI�WKH�KLHUDUFK\�WR�ZKLFK�RQH�RI�LWV�LPPHGLDWH�VXERUGLQDWH
SURFHVVRUV�EHORQJV��VHH�)LJXUH�����IRU�DQ�H[DPSOH��

�

,Q�WKH�PRGHO�XQGHU�VWXG\��WKH�GXUDWLRQ�RI�HDFK�LQGLYLGXDO�RSHUDWLRQ��G��LV�D
IXQFWLRQ�RI�WKH�UHVRXUFHV�DOORFDWHG�WR�LQIRUPDWLRQ�SURFHVVLQJ�DQG�WKH�VL]H
RI�WKH�VWUXFWXUH��L�H���G G�.�3�/�3����&RQVHTXHQWO\��IRU�D�JLYHQ�QXPEHU�RI
GDWD�LWHPV��1��DQG�WKH�UHVRXUFHV��.�/���WKH�PLQLPXP�GHOD\�'1�.�/��WKDW
FDQ� EH� DWWDLQHG� E\� DQ\� VWUXFWXUH� ZLWK� 3� LGHQWLFDO� SURFHVVRUV� FDQ� EH
GHWHUPLQHG�DV�'1�.�/� &1�3�G�.�3�/�3���7DNLQJ�LQWR�DFFRXQW�����DQG�XVLQJ
G�.�3�/�3� ��)�.�3�/�3��\LHOGV�����

4�(�'�

5DGQHU�������DQG�������VKRZV�WKDW�WKH�PLQLPXP�WLPH�QHHGHG�WR�DGG�1�LWHPV�RI
GDWD�ZLWK�WKH�KHOS�RI�3�SURFHVVRUV�LV�DWWDLQHG�E\�VR�FDOOHG��VNLS�OHYHO�UHSRUWLQJ�
VWUXFWXUHV�ZLWK�SURFHVVRUV�ORDGHG�DV�HTXDOO\�DV�SRVVLEOH��LI���3#F1��L����RU�E\�D
IXOO\�FHQWUDOL]HG�VWUXFWXUH��LI�3 ����7KH�WHUP��VNLS�OHYHO�UHSRUWLQJ��UHIHUV�WR�WKH
SUDFWLFH�LQ�DQ�RUJDQL]DWLRQ�ZKHUHE\�D�SURFHVVRU�LQ�OHYHO��;�VHQGV�UHSRUWV��SDUWLDO
UHVXOWV��WR�D�SURFHVVRU�LQ�OHYHO�;�/��/$����7KDW�LV��WKH�SURFHVVRU�LQ�OHYHO�;�FDQ
VNLS� RQH� RU� VHYHUDO� OHYHOV� LQ� UHSRUWLQJ� WR� LWV� GLUHFW� KLHUDUFKLFDO� VXSHULRU�� $Q
H[DPSOH�RI�WKH�VNLS�OHYHO�UHSRUWLQJ�VWUXFWXUH��ZLWK�3 ��SURFHVVRUV��GHVLJQHG�IRU
WKH�VXPPDWLRQ�RI�1 ���LWHPV�RI�GDWD��LV�SUHVHQWHG�LQ�)LJXUH������,Q�WKLV�QHWZRUN
HDFK�RI�WKH�SURFHVVRUV�UHFHLYHV�ILYH�QXPEHUV��$OO�WKH�SURFHVVRUV�VSHQG�SHULRGV��
WKURXJK���DGGLQJ�QXPEHUV��$W�WKLV�SRLQW��IRXU�RI�WKH�SURFHVVRUV�VHQG�WKHLU�WRWDO�WR
WKH�RWKHU�IRXU��ZLWK�HDFK�SURFHVVRU�UHFHLYLQJ�RQH�QXPEHU��7KLV�LV�DGGHG�WR�WKH
SURFHVVRU
V� SUHYLRXV� WRWDO� LQ� SHULRG� ��� $W� WKH� HQG� RI� WKLV� SHULRG�� WZR� RI� WKH
SURFHVVRUV�VHQG�WKHLU�SDUWLDO�UHVXOWV�WR�WKH�RWKHU�WZR��7KHVH�QXPEHUV�DUH�DGGHG�WR
SUHYLRXV�WRWDOV�LQ�SHULRG����DIWHU�ZKLFK�RQH�SURFHVVRU�VHQGV�LWV�WRWDO�WR�WKH�RWKHU�
)LQDOO\�� WKH� UHVXOW� LV� FRPSXWHG� LQ� SHULRG����7KH� WLPH�GLDJUDP�GHVFULELQJ� WKLV
FRPSXWDWLRQDO�SURFHVV�LV�VKRZQ�LQ�)LJXUH�����

1RWH�WKDW�WKH�GHQRPLQDWRU�LQ�����DOZD\V�GHFUHDVHV�ZLWK�3�ZKLOH�WKH�QXPHUDWRU�LV
D�QRQ�LQFUHDVLQJ�IXQFWLRQ�RI�3��,W�IROORZV�WKDW�WKH�VWUXFWXUH�RI�WKH�VL]H�3��VXFK�WKDW



��

)LJXUH����
7KH�6NLS�/HYHO�5HSRUWLQJ�6WUXFWXUH��3 ���1 ����3URFHVVRUV�$UH�5HSUHVHQWHG

$V�&LUFOHV��7ULDQJOHV�5HSUHVHQW�7KHLU�,QIRUPDWLRQ�:RUNORDG�

)LJXUH����
7KH�7LPH�'LDJUDP�&RUUHVSRQGLQJ�WR�WKH�,QIRUPDWLRQ�3URFHVVLQJ�6WUXFWXUH

3UHVHQWHG�LQ�)LJXUH����
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LV�VXUHO\�LQHIILFLHQW�L�H���IRU�DQ\�JLYHQ�DPRXQW�RI�WKH�UHVRXUFHV��D�VPDOOHU�GHOD\
FDQ�EH�DWWDLQHG�LQ�WKH�VWUXFWXUH�ZLWK�3!��SURFHVVRUV��&RQVHTXHQWO\��WKH�VL]H�RI�WKH
HIILFLHQW�VWUXFWXUH�LV�LQ�WKH�VHW�31� �̂ ��������F1��L`�?�31���ZKHUH�31��LV�WKH�VHW�RI�3�IRU
ZKLFK�WKH�HTXDOLW\�����LV�VDWLVILHG�

7KXV��IRU�DQ\�LQIRUPDWLRQ�ZRUNORDG��1���WKH�HIILFLHQF\�IURQWLHU��LQ�WKH�PRGHO�ZLWK
DQ�HQGRJHQRXV�GXUDWLRQ�RI�LQGLYLGXDO�RSHUDWLRQV��LV�FKDUDFWHUL]HG�E\�WKH�IROORZLQJ
H[SUHVVLRQ

�������I���O�
���

ZKHUH�3031��

&RQVHTXHQWO\�� IRU� D�JLYHQ� LQIRUPDWLRQ�ZRUNORDG� �1��� WKH� VL]H�RI� WKH� HIILFLHQW
VWUXFWXUHV� �ZKLFK� PLQLPL]H� WKH� GHOD\� LQ� GDWD� DQDO\VLV�� '1�.�/��� IRU� D� JLYHQ
FRPELQDWLRQ�RI�WKH�UHVRXUFHV�WR�LQIRUPDWLRQ�SURFHVVLQJ��.�/����3
��LV�GHWHUPLQHG
VROHO\�E\�WKH�SURSHUWLHV�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�

���7KH�'HFHQWUDOL]DWLRQ�RI�,QIRUPDWLRQ�3URFHVVLQJ�LQ�'HFLVLRQ�0DNLQJ

$OWKRXJK� WKH� VL]H�RI� WKH�HIILFLHQW�VWUXFWXUH� �IRU�D�JLYHQ�QXPEHU�RI�GDWD� LWHPV
SURFHVVHG��GHSHQGV�RQ�ERWK�WKH�DPRXQW�RI�UHVRXUFHV�XVHG�DQG�WKH�SURSHUWLHV�RI�WKH
LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ�� LQ� WKH� FDVH�ZKHQ� WKH� LQIRUPDWLRQ�SURFHVVLQJ
IXQFWLRQ� IDFHV�QRQ�GHFUHDVLQJ� UHWXUQV� WR� VFDOH�� WKH�FHQWUDOL]HG�VWUXFWXUH� �3 ��
PLQLPL]HV�GHOD\�LQ�GDWD�SURFHVVLQJ�IRU�DQ\�IHDVLEOH�FRPELQDWLRQ�RI�WKH�UHVRXUFHV
�L�H���LV�DOZD\V�HIILFLHQW���7KLV�SURSHUW\�LV�IRUPDOO\�HVWDEOLVKHG�E\�WKH�3URSRVLWLRQ
EHORZ�

3URSRVLWLRQ��

,I�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�H[KLELWV�QRQ�GHFUHDVLQJ�UHWXUQV�WR
VFDOH��L�H���FRQVWDQW�RU�LQFUHDVLQJ���WKHQ�WKH�HIILFLHQW�LQIRUPDWLRQ�SURFHVVLQJ
VWUXFWXUH�LV�FHQWUDOL]HG�



��

3URRI

)RU� DQ\� JLYHQ� QXPEHU� RI� GDWD� LWHPV� SURFHVVHG� �1�� DQG� DQ\� IHDVLEOH
FRPELQDWLRQ�RI�WKH�UHVRXUFHV��.�/���WKH�PLQLPXP�GHOD\�LQ�LQIRUPDWLRQ�
SURFHVVLQJ�LQ�DQ\�FRPSXWDWLRQDO�VWUXFWXUH�ZLWK�3�SURFHVVRUV�LV�JLYHQ�E\�WKH
H[SUHVVLRQ������,I�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�IDFHV�QRQ�GHFUHDVLQJ
UHWXUQV� WR� VFDOH�� WKHQ� WKH� GHQRPLQDWRU� LQ� ���� GHFUHDVHV� DW� OHDVW
SURSRUWLRQDOO\�ZLWK�3��$W�WKH�VDPH�WLPH��WKH�QXPHUDWRU�LQ�WKH�H[SUHVVLRQ����
GHFUHDVHV�ZLWK�3�OHVV�WKDQ�SURSRUWLRQDOO\��7KLV�LPSOLHV�WKDW�WKH�GHOD\�LQ
LQIRUPDWLRQ�SURFHVVLQJ� LQFUHDVHV� ZLWK� WKH� QXPEHU� RI� SURFHVVRUV� �3��
&RQVHTXHQWO\��WKH�HIILFLHQW�VWUXFWXUH�LV�WKH�VPDOOHVW�RQH��L�H���3
 ��

4�(�'�

3URSRVLWLRQ���FDQ�EH�LOOXVWUDWHG�E\�D�VLPSOH�H[DPSOH��$VVXPH�WKDW�WKH�LQIRUPDWLRQ�
SURFHVVLQJ� IXQFWLRQ� KDV� D� JHQHUDO� &REE�'RXJODV� IRUP�� )�.�/� ."/$�� ZKHUH
"�$$���)RU�DQ\�1��1$���DQG�DQ\�IHDVLEOH�FRPELQDWLRQ�RI�WKH�UHVRXUFHV��.�/���WKH
GHOD\�LQ�LQIRUPDWLRQ�SURFHVVLQJ�LQ�WKH�FHQWUDOL]HG�VWUXFWXUH�HTXDOV�

'1�3 ��.�/�� �1��.
"/$��

7KH�GHOD\�LQ�LQIRUPDWLRQ�SURFHVVLQJ�LQ�WKH�VWUXFWXUH�ZLWK�WZR�SURFHVVRUV�HTXDOV

'1�3 ��.�/� ��
"�$>F1��L���RORJ����1�PRG���X@��."/$�

DQG�LV�DOZD\V�JUHDWHU�WKDQ�'1�3 ��LI�"�$$���0RUHRYHU��LW�FDQ�EH�YHULILHG�WKDW��IRU
WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ� FRQVLGHUHG�� WKH� GHOD\� LQ� LQIRUPDWLRQ�
SURFHVVLQJ�LQ�DQ\�VWUXFWXUH�ZLWK�3!���3031��LV�JUHDWHU�WKDQ�LQ�WKH�FHQWUDOL]HG�RQH�

1RWH� WKDW� 3URSRVLWLRQ� �� VD\V� QRWKLQJ� DERXW� WKH� FRQGLWLRQV� XQGHU� ZKLFK� WKH
GHFHQWUDOL]DWLRQ� RI� WKH� LQIRUPDWLRQ�SURFHVVLQJ� VWUXFWXUHV� ZRXOG� EH� GHVLUDEOH�
+RZHYHU�� LW� VKRZV� WKDW�GHFUHDVLQJ� UHWXUQV� WR� VFDOH� VKRXOG�EH� FRQVLGHUHG�DV� D
QHFHVVDU\�FRQGLWLRQ�IRU�WKH�GHFHQWUDOL]DWLRQ�RI�GDWD�SURFHVVLQJ�

7KH�QH[W�UHVXOW�VSHFLILHV�DQ�DGGLWLRQDO�FRQGLWLRQ��D�VXIILFLHQW�FRQGLWLRQ��ZKLFK�KDV
WR�EH�VDWLVILHG�LQ�RUGHU�WR�H[SDQG��L�H���GHFHQWUDOL]H��WKH�LQIRUPDWLRQ�SURFHVVLQJ
VWUXFWXUH�

3URSRVLWLRQ��

,I�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�H[KLELWV�GHFUHDVLQJ�UHWXUQV�WR�VFDOH�
WKHQ� WKH� GHFHQWUDOL]DWLRQ� RI� WKH� LQIRUPDWLRQ�SURFHVVLQJ� VWUXFWXUH� ZLWK
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3�F1��L�SURFHVVRUV�XS�WR�3
�SURFHVVRUV��>F1��L$3
!3��LV�GHVLUDEOH�RQO\�LI�WKH
LQIRUPDWLRQ�ZRUNORDG��1��LV�ODUJH�HQRXJK��L�H��

���

ZKHUH

���������I���O� �����

DQG�<1�3�
��LV�GHWHUPLQHG�IRU�1$���30^��������F1��L`�

3URRI

,W�IROORZV�IURP�3URSRVLWLRQ���WKDW�WKH�PLQLPXP�GHOD\�LQ�WKH�FRPSXWDWLRQ
RI�1�GDWD� LWHPV� LQ� WKH� VWUXFWXUH�ZLWK�3� �30^��������F1��L`�� SURFHVVRUV� LV
GHWHUPLQHG�DV

���

7KXV��IRU�DQ\�JLYHQ�LQIRUPDWLRQ�ZRUNORDG��1���LW�LV�GHVLUDEOH�WR�GHFHQWUDOL]H
D� VWUXFWXUH�ZLWK�3� �30^��������F1��L!�`�� SURFHVVRUV� LI�� DQG�RQO\� LI�� WKHUH
H[LVWV�3
0^��������F1��L`��VXFK�WKDW�3
!3�DQG�'1�3
�.�/��'1�3�.�/���L�H��

���

5HDUUDQJLQJ�WKH�LQHTXDOLW\�DERYH�\LHOGV



�������1RWH�WKDW�LI�1�LQFUHDVHV��WKH�OHIW�KDQG�VLGH�RI�LQHTXDOLW\�����LQFUHDVHV��EXW�WKH�ULJKW�KDQG
VLGH� LV� ERXQGHG� �VHH� IRRWQRWH� ��� SURSHUW\� �E�� RI� WKH� IXQFWLRQ� <

1
�3���� 7KXV�� IRU� DQ\� 3


�3�3
#F1��L��DQG�WKH�GHFUHDVLQJ²UHWXUQV�WR�VFDOH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ��WKHUH�H[LVWV
VXFK�1�ZKLFK�VDWLVILHV�WKH�LQHTXDOLW\�����

��

1
3
>)� .

3 )
� /

3 )
� &

3

3 )
)�.

3
� /
3
�@ !

! )�.
3
� /
3
�>�<1�3

)�&�@ & )� .

3 )
� /

3 )
�><1�3�&�@ �

�
3
>)� .

3 )
� /

3 )
� &

3

3 )
)�.

3
� /
3
�@ �

����

$VVXPLQJ�WKDW�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�IDFHV�GHFUHDVLQJ�UHWXUQV
WR�VFDOH��WKH�H[SUHVVLRQ

����

LV�SRVLWLYH��'LYLGLQJ������E\������JLYHV������
4�(�'�

,W�IROORZV�WKDW�GHFUHDVLQJ�UHWXUQV�WR�VFDOH�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ
LV� D� QHFHVVDU\� �EXW� QRW� VXIILFLHQW�� FRQGLWLRQ� IRU� WKH� GHFHQWUDOL]DWLRQ� RI� GDWD�
SURFHVVLQJ�LQ�WKH�GHFLVLRQ�PDNLQJ�V\VWHPV��2QFH�WKLV�FRQGLWLRQ�LV�VDWLVILHG��WKH
FRQGLWLRQ�IRU�WKH�LQIRUPDWLRQ�ZRUNORDG�RI�WKH�GHFLVLRQ�PDNLQJ�VHFWRU��L�H���D�ODUJH
QXPEHU�RI�GDWD� LWHPV�� LV�VXIILFLHQW� IRU� WKH�GHFHQWUDOL]HG�RUJDQL]DWLRQ�RI�GDWD�
SURFHVVLQJ��0RUHRYHU��3URSRVLWLRQ���LPSOLHV�WKDW�LI�WKH�LQIRUPDWLRQ�SURFHVVLQJ
IXQFWLRQ�H[KLELWV�GHFUHDVLQJ�UHWXUQV�WR�VFDOH��WKH�VL]H�RI�WKH�HIILFLHQW�LQIRUPDWLRQ�
SURFHVVLQJ� VWUXFWXUHV� LQFUHDVHV� ZLWK� WKH� LQIRUPDWLRQ� ZRUNORDG� �1��� L�H��� LW� LV
GHVLUDEOH� WR� GHFHQWUDOL]H� DQ\� LQIRUPDWLRQ�SURFHVVLQJ� VWUXFWXUH� ZLWK� 3
�3031?^F1��L`��SURFHVVRUV�LI�1�LV�VXIILFLHQWO\�ODUJH��
7KXV��LI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�IDFHV�QRQ�GHFUHDVLQJ�UHWXUQV�WR�VFDOH�
WKHQ�WKH�HIILFLHQW�LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUH�LV�DOZD\V�FHQWUDOL]HG��IROORZLQJ
IURP�3URSRVLWLRQ�����2Q�WKH�RWKHU�KDQG��LI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ
H[KLELWV�GHFUHDVLQJ�UHWXUQV��WKHQ��IROORZLQJ�IURP�3URSRVLWLRQ����WKH�VL]H�RI�WKH
HIILFLHQW�VWUXFWXUH��3
��LV�GHWHUPLQHG�E\�WKH�QXPEHU�RI�GDWD�LWHPV�SURFHVVHG��1�
DQG� WKH� UHVRXUFHV� DOORFDWHG� WR� LQIRUPDWLRQ�SURFHVVLQJ��1RWH�� KRZHYHU�� WKDW� LQ
JHQHUDO� �LI� WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ� LV�QRQ�KRPRJHQHRXV��� IRU�DQ\
IL[HG�1�� WKH� VL]H� RI� WKH� HIILFLHQW� VWUXFWXUH� �3
�� FRXOG� EH� GLIIHUHQW� IRU� YDULRXV
FRPELQDWLRQV�RI�WKH�UHVRXUFHV�DOORFDWHG�WR�LQIRUPDWLRQ�SURFHVVLQJ�
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7R�VLPSOLI\�WKH�DQDO\VLV��ZH�UHVWULFW�RXU�FRQVLGHUDWLRQV�WR�KRPRJHQHRXV�RI�GHJUHH
K� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQV�L�H���ZH�DVVXPH� WKDW� IRU� WKH� LQIRUPDWLRQ�
SURFHVVLQJ�IXQFWLRQ�XQGHU�VWXG\�WKH�IROORZLQJ�LV�WUXH

����

ZKHUH���$���DQG���K�4��,Q�WKLV�FDVH��QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQV�IRU�WKH
GHFHQWUDOL]DWLRQ� RI� LQIRUPDWLRQ�SURFHVVLQJ� VWUXFWXUHV� FDQ� EH� IRUPXODWHG� DV
IROORZV�

3URSRVLWLRQ��

,I�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�LV�KRPRJHQHRXV�RI�GHJUHH�K��WKHQ
�IRU�DQ\�JLYHQ�LQIRUPDWLRQ�ZRUNORDG��1��LW�LV�GHVLUDEOH�WR�GHFHQWUDOL]H�WKH
LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUH�ZLWK�3��3�F1��L��SURFHVVRUV�LI��DQG�RQO\
LI��
����D�� WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�H[KLELWV�KRPRJHQHLW\�RI�D�GHJUHH

OHVV�WKDQ����L�H�����K����
����E�� WKHUH�H[LVWV�LQWHJHU�3
0>3���F1��L@��VXFK�WKDW�

����

ZKHUH�<1�3��LV�JLYHQ�E\�����

3URRI

7KH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ��)�.�/���IDFHV�GHFUHDVLQJ�UHWXUQV�WR
VFDOH� LI� WKH� GHJUHH� RI� KRPRJHQHLW\� EHORQJV� WR� WKH� LQWHUYDO� ������� 7KXV�
IROORZLQJ�IURP�3URSRVLWLRQ����LI�K0�������WKHQ�WKH�GHFHQWUDOL]DWLRQ�RI�WKH
VWUXFWXUH�ZLWK�3�SURFHVVLQJ�HOHPHQWV�LV�GHVLUDEOH�LI�WKHUH�H[LVWV�DQ�LQWHJHU
3
��3
0>3���F1��L@��VXFK�WKDW�LQHTXDOLW\�����LV�VDWLVILHG�IRU�D�JLYHQ�QXPEHU
RI�GDWD�SURFHVVHG�1��7DNLQJ�LQWR�DFFRXQW�FRQGLWLRQ�������SOXJJLQJ�3
 3�$
���$����LQWR������DQG�UHDUUDQJLQJ�\LHOGV������

4�(�'�

2QH� LPSRUWDQW� LPSOLFDWLRQ�RI�3URSRVLWLRQ��� LV� WKDW�� IRU�DQ\�JLYHQ� LQIRUPDWLRQ
ZRUNORDG� �1��� WKH� VL]H� RI� WKH� HIILFLHQW� LQIRUPDWLRQ�SURFHVVLQJ� VWUXFWXUH� �3
�
GHSHQGV�VROHO\�XSRQ�WKH�GHJUHH�RI�KRPRJHQHLW\��K��RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ
IXQFWLRQ�DQG�LV�WKH�VDPH�IRU�DQ\�IHDVLEOH�LQSXWV�FRPELQDWLRQ��7KHUHIRUH��IRU�DQ\
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JLYHQ�QXPEHU�RI�GDWD�LWHPV�SURFHVVHG��1���WKH�VL]H�RI�WKH�HIILFLHQW�VWUXFWXUH��3
�
FRXOG�YDU\�RQO\�LQ�UHVSRQVH�WR�FKDQJHV�LQ�WKH�GHJUHH�RI�KRPRJHQHLW\��K��RI�WKH
LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�

����2UJDQL]DWLRQDO�5HVWUXFWXULQJ�RI�WKH�(IILFLHQW�6WUXFWXUHV

,Q�RXU�VLPSOH�PRGHO��WKH�GHJUHH�RI�KRPRJHQHLW\��K��RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ
IXQFWLRQ�UHIOHFWV�WKH�FXUUHQW�VWDWXV�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�WHFKQRORJ\��DQG�
FRQVHTXHQWO\��LW�PD\�FKDQJH�LQ�UHVSRQVH�WR�WHFKQRORJLFDO�SURJUHVV��QRWH��KRZHYHU�
WKDW�QRW�HYHU\�LPSURYHPHQW�LQ�LQIRUPDWLRQ�SURFHVVLQJ�WHFKQRORJ\�FKDQJHV�WKH
GHJUHH�RI�KRPRJHQHLW\�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ���7KHUHIRUH��WKH�VL]H
RI�WKH�HIILFLHQW�LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUHV�FDQ�EH�DIIHFWHG�RQO\�E\�WKRVH
WHFKQRORJLFDO�FKDQJHV�LQ�LQIRUPDWLRQ�SURFHVVLQJ�ZKLFK�DIIHFW�UHWXUQV�WR�VFDOH�RI
WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ��L�H���WKH�GHJUHH�RI�KRPRJHQHLW\��K��

7KH� QH[W� UHVXOW� H[SODLQV� WKH� SDWWHUQ� RI� FKDQJHV� LQ� WKH� VL]H� RI� WKH� HIILFLHQW
LQIRUPDWLRQ�SURFHVVLQJ� VWUXFWXUHV� RI� GHFLVLRQ�PDNLQJ� V\VWHPV� LQ� UHVSRQVH� WR
FKDQJHV�LQ�UHWXUQV�WR�VFDOH�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�

3URSRVLWLRQ��

7KH�VL]H�RI�WKH�HIILFLHQW�LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUHV��3
��RI�GHFLVLRQ�PDNLQJ
V\VWHPV�GHFUHDVHV�RU�GRHVQ
W�FKDQJH��LQFUHDVHV�RU�GRHVQ
W�FKDQJH��LI�WKH�GHJUHH
RI� KRPRJHQHLW\� RI� WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ� LQFUHDVHV
�FRUUHVSRQGLQJO\��GHFUHDVHV��

3URRI

7KH�PLQLPXP�GHOD\�LQ�WKH�VXPPDWLRQ�RI�1�GDWD�LWHPV�WKDW�FDQ�EH�DWWDLQHG
E\� WKH� VWUXFWXUH�ZLWK� 3� SURFHVVRUV� �DVVXPLQJ� WKDW� WKH� GXUDWLRQ� RI� HDFK
LQGLYLGXDO�RSHUDWLRQ�HTXDOV����FDQ�EH�VSHFLILHG�DV�

�������I����O� �������������

7KXV��IRU�DQ\�JLYHQ�FRPELQDWLRQ�RI�LQSXWV��.�/���WKH�VL]H�RI�WKH�HIILFLHQW
VWUXFWXUHV�FDQ�EH�GHULYHG�IURP�WKH�IROORZLQJ�RSWLPL]DWLRQ�SUREOHP�
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,I�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�LV�KRPRJHQHRXV�RI�GHJUHH�K��K!���
L�H��� ���3�K)�.�/� � )�.�3�/�3��� WKHQ� WKH� RSWLPL]DWLRQ� SUREOHP� DERYH� LV
HTXLYDOHQW�WR

����

DQG��FRQVHTXHQWO\��IRU�DQ\�JLYHQ�1��WKH�VL]H�RI�WKH�HIILFLHQW�VWUXFWXUH��3
�
GHSHQGV� RQO\� XSRQ� WKH� GHJUHH� RI� KRPRJHQHLW\� RI� WKH� LQIRUPDWLRQ�
SURFHVVLQJ�IXQFWLRQ�DQG�GRHVQ
W�GHSHQG�RQ�WKH�FRPELQDWLRQ�RI�LQSXWV�WR
LQIRUPDWLRQ�SURFHVVLQJ���

7R�VKRZ�WKH�SDWWHUQ�RI�FKDQJHV�LQ�WKH�VL]H�RI�WKH�HIILFLHQW�VWUXFWXUHV��3
��LQ
UHVSRQVH�WR�FKDQJHV�LQ�WKH�GHJUHH�RI�KRPRJHQHLW\��K��RI�WKH�LQIRUPDWLRQ�
SURFHVVLQJ� IXQFWLRQ�� VXSSRVH� WKDW� &1�3�� FDQ� EH� DSSUR[LPDWHG� E\� WKH
FRQWLQXRXV��WZLFH�GLIIHUHQWLDEOH�IXQFWLRQ�ø1�3�

���ZKHUH�30>��F1��L@��VXFK
WKDW�ø1�3�!���Gø1�3��G3����DQG�G

�ø1�3��G3
�!���IRU�HDFK�30>��F1��L@��$V�DQ

H[DPSOH�� WKH� IXQFWLRQ� &1 ����3�� DQG� LWV� FRQWLQXRXV� DSSUR[LPDWLRQ
ø1 ����3� 1�3�ORJ�3�DUH�SUHVHQWHG�LQ�)LJXUH�����

'HILQH�FRQWLQXRXV�IXQFWLRQ�51�3�K� 3
Kø1�3���ZKHUH�30>��F1��L@��K0���4��

510�ø1�F1��L��4���DQG�FRQVLGHU�WKH�IROORZLQJ�RSWLPL]DWLRQ�SUREOHP���
����

ZKHUH� KE� �KE0���4��� LV� D� SDUDPHWHU�� 7KH� ILUVW� RUGHU� FRQGLWLRQ� FDQ� EH
UHSUHVHQWHG�DV�IROORZV�

����

GLYLGLQJ�RQ�3KE�\LHOGV

����
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1RWH� WKDW� WKH� HTXDWLRQ� DERYH� GRHV� QRW� QHFHVVDULO\� KDYH� D� VROXWLRQ� LQ
30���F1��L���DQG��FRQVHTXHQWO\��WKH�LQWHULRU�H[WUHPXP�GRHV�QRW�QHFHVVDULO\
H[LVW��,I�WKHUH�LV�QR�VXFK�3�LQ����F1��L��ZKLFK�VDWLVILHV�WKH�HTXDWLRQ�������WKHQ
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�3��LQ������DUH�GHFUHDVLQJ�DQG�VWULFWO\�FRQYH[�IXQFWLRQV�RI

3��&RQVHTXHQWO\�� WKHVH�IXQFWLRQV��D��FDQQRW�FURVV�HDFK�RWKHU��LQ� WKLV�FDVH�QHLWKHU� LQWHULRU
PLQLPXP�QRU�LQWHULRU�PD[LPXP�H[LVW����E��FDQ�FURVV�RQFH��RU��F��FDQ�FURVV�DW�PRVW�WZLFH��,Q
WKH� FDVH� �E��� WKH� REMHFWLYH� IXQFWLRQ� KDV� D� PD[LPXP� RU� D� PLQLPXP� LQ� WKH� SRLQW� RI� WKH
LQWHUVHFWLRQ��,Q�WKH�FDVH��F���LQ�RQH�LQWHUVHFWLRQ�SRLQW�WKHUH�LV�D�PD[LPXP�DQG�LQ�WKH�VHFRQG�RQH
WKH�PLQLPXP�RI�WKH�REMHFWLYH�IXQFWLRQ��+RZHYHU��LQ�DQ\�FDVH��L�H����D��RU��E���LI�WKH�LQWHULRU

��

)LJXUH����
7KH�0LQLPXP�'HOD\�&1�3��DQG�,WV�&RQWLQXRXV�$SSUR[LPDWLRQ�ø1�3�
�,QIRUPDWLRQ�:RUNORDG��1 �����'XUDWLRQ�RI�D�6LQJOH�2SHUDWLRQ��G ��

WKH�VROXWLRQ�WR�WKH�RSWLPL]DWLRQ�SUREOHP������LV�LQ�RQH�RI�WKH�FRUQHUV�RI�WKH
LQWHUYDO�>��F1��L@��WKDW�LV��3
� �DUJ^�PLQ�51�3���ZKHUH�30^��F1��L`�`��2Q�WKH
RWKHU� KDQG�� LI� WKH� IXQFWLRQ�ø1�3�� FDQ� EH� UHSUHVHQWHG� DV�ø1�3�/6�1�3

�K

�ZKHUH�6�1��GHQRWHV�DQ\�IXQFWLRQ�RI�1���WKHQ�WKH�PLQLPXP�YDOXH�RI�WKH
REMHFWLYH� IXQFWLRQ� GRHV� QRW� GHSHQG� RQ�3�� L�H��� WKH� REMHFWLYH� IXQFWLRQ� LV
FRQVWDQW�LQ�3��,Q�DOO�RWKHU�FDVHV��LI�WKH�VROXWLRQ�WR������H[LVWV�LQ�WKH�LQWHUYDO
���F1��L��� L�H��� 3
0���F1��L��� WKHQ� LW� FRUUHVSRQGV� WR� WKH� PLQLPXP� RI� WKH
REMHFWLYH�IXQFWLRQ��51�3���LI�WKH�VHFRQG�GHULYDWLYH�RI�51�3��ZLWK�UHVSHFW�WR
3�DW�3 3
�LV�SRVLWLYH��L�H���G�51�3�K KE��G3

�*3 3
!���
���7R�VKRZ�WKH�SDWWHUQ
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RI�FKDQJHV�LQ�WKH�VL]H�RI�WKH�HIILFLHQW�VWUXFWXUHV��LQ�UHVSRQVH�WR�FKDQJHV�LQ
SDUDPHWHU�KE��UHSUHVHQW� WKH�ILUVW�RUGHU�FRQGLWLRQ�DV�*�KE�3
�KE�� ���DQG
GHILQH�IXQFWLRQ

����

)XQFWLRQ� 4�KE�3
�KE��� LV� FRQWLQXRXVO\� GLIIHUHQWLDEOH� ZLWK� UHVSHFW� WR
KE0������DQG�3
0���F1��L���&RQVHTXHQWO\��E\�WKH�LPSOLFLW�IXQFWLRQ�WKHRUHP�
WKH�ILUVW�GHULYDWLYH�RI�3
�KE��ZLWK�UHVSHFW�WR�KE�LV

����

7KH�SDUWLDO�GHULYDWLYH�RI�4�KE�3
�KE���ZLWK�UHVSHFW�WR�KE�HTXDOV

����

DQG�LW�LV�SRVLWLYH�IRU�DOO�3
0���F1��L���7KH�SDUWLDO�GHULYDWLYH�RI�4�KE�3
�KE��
ZLWK�UHVSHFW�WR�3
�HTXDOV

����

7KH� VHFRQG� WHUP� LQ� WKH� H[SUHVVLRQ� DERYH� HTXDOV� ]HUR� �EHFDXVH
*�KE�3
�KE�� ����0RUHRYHU��M*�KE�3
�KE���M3
� �G�51�3�K KE��G3

�*3 3
�DQG
LV�SRVLWLYH�LI�3
�LV�WKH�LQWHULRU�PLQLPXP��7KXV��WKH�VHFRQG�WHUP�GLVDSSHDUV
DQG�WKH�ILUVW�WHUP�LQ������LV�JUHDWHU�WKDQ�]HUR��&RQVHTXHQWO\��G3
�KE��GKE���
L�H���WKH�VL]H�RI�WKH�HIILFLHQW�LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUH��3
��GHFUHDVHV
LI�WKH�GHJUHH�RI�KRPRJHQHLW\��K��RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ
LQFUHDVHV�

7KLV�ZRXOG� EH� D� JHQHUDO� SDWWHUQ� RI� FKDQJHV� LQ� WKH� VL]H� RI� WKH� HIILFLHQW
VWUXFWXUHV� LQ� UHVSRQVH� WR� FKDQJHV� LQ� WKH� GHJUHH� RI� KRPRJHQHLW\� RI� WKH
LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ��LI�&�3��ZHUH�D�FRQWLQXRXV�IXQFWLRQ�RI�3�
+RZHYHU�� &�3�� LV� GHWHUPLQHG� RQO\� IRU� LQWHJHU� YDOXHV� RI� 3� �L�H��� IRU
30^��������F1��L`���,Q�WKLV�FDVH��VPDOO�FKDQJHV�LQ�K�FRXOG�QRW�DIIHFW�WKH�VL]H
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��������,Q�WKH�H[WUHPH�FDVH��LI�K�JRHV�WR����WKHQ�WKH�ULJKW�KDQG�VLGH�RI�WKH�LQHTXDOLW\������JRHV
WR�LQILQLW\�
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RI� WKH� HIILFLHQW� VWUXFWXUHV� �3
��� 7R� VKRZ� LW�� DVVXPH� WKDW� IRU� D� FHUWDLQ
LQIRUPDWLRQ� ZRUNORDG� �1�� DQG� WKH� GHJUHH� RI� KRPRJHQHLW\� RI� WKH
LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�K K���K�0��������WKH�VWUXFWXUH�ZLWK� F1��L
SURFHVVRUV�LV�HIILFLHQW��L�H���IRU�DQ\�30^������F1��L!�`�WKHUH�H[LVWV�3
 F1��L
VXFK�WKDW�FRQGLWLRQ������LV�VDWLVILHG����1RWH�WKDW�WKH�ULJKW�KDQG�VLGH�RI�WKH
LQHTXDOLW\������LQFUHDVHV�ZLWK�K�ZKHQ�K0�������7KXV��LI�K K��ULVHV�D�ELW��VD\
WR�K���K�!K���EXW�WKH�GLIIHUHQFH�K�!K��LV�FORVH�WR�]HUR���WKHQ�LQHTXDOLW\�����
FRXOG� VWLOO� EH� VDWLVILHG� IRU� DOO� 30^������F1��L!�`�� DQG� WKH� VWUXFWXUH� ZLWK
3
 F1��L�SURFHVVRUV�ZRXOG�VWLOO�EH�HIILFLHQW��+RZHYHU��LI�WKH�LQFUHDVH�LQ�K�LV
VLJQLILFDQW��VD\�WR�K��FORVH�WR����WKHQ�WKH�ULJKW�KDQG�VLGH�RI�LQHTXDOLW\�����
ULVHV� FRQVLGHUDEO\���� DQG� WKLV� LQHTXDOLW\� LV� QRW� VDWLVILHG� IRU� DW� OHDVW� RQH
3�3
 F1��L��L�H���WKHUH�H[LVWV�D�VWUXFWXUH�ZLWK�3�3
 F1��L�SURFHVVLQJ�HOHPHQWV
WKDW�JLYHV�D�EHWWHU�UHVXOW�WKDQ�D�IXOO\�GHFHQWUDOL]HG�RQH��&RQVHTXHQWO\��D
VXEVWDQWLDO� LQFUHDVH� LQ� WKH� GHJUHH� RI� KRPRJHQHLW\� RI� WKH� LQIRUPDWLRQ�
SURFHVVLQJ�IXQFWLRQ�UHGXFHV�WKH�VL]H�RI�WKH�HIILFLHQW�VWUXFWXUH�

&RQVLGHU�QRZ�WKH�FDVH�ZKHQ��IRU�JLYHQ�YDOXHV�RI�1�DQG�K K���WKH�VL]H�RI�WKH
HIILFLHQW�VWUXFWXUH�3
�HTXDOV�3[��3[0^������F1��L!�`����7R�VKRZ�WKH�SDWWHUQ�RI
FKDQJHV�RI�3
�LQ�UHVSRQVH�WR�FKDQJHV�LQ�K��GHILQH�WKH�IXQFWLRQ

����

ZKHUH�30^��������F1��L!�`��K0�������DQG�<1�3��LV�JLYHQ�E\�����

3URSRVLWLRQ���LPSOLHV�WKDW�LI�3[�LV�WKH�VL]H�RI�WKH�HIILFLHQW�VWUXFWXUH��WKHQ�WKH
IROORZLQJ�FRQGLWLRQV�KDYH�WR�EH�VDWLVILHG�

� 1�#�91�3[�K��� ���������������

DQG�
�������1�!�91�3[�!�V�K���� ��������������

ZKHUH�V ��������3[!���
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,W�PHDQV�WKDW�LW�LV�DOZD\V�GHVLUDEOH�WR�H[SDQG�DOO�VWUXFWXUHV�ZLWK�SURFHVVRUV
OHVV�WKDQ�3[��XS�WR�3[���EXW�LW�LV�VXUHO\�QRW�GHVLUDEOH�WR�H[SDQG�WKH�VWUXFWXUH
ZLWK�3[�SURFHVVRUV��L�H���WKH�GHOD\�LQ�LQIRUPDWLRQ�SURFHVVLQJ�DWWDLQHG�E\�DQ\
ELJJHU�VWUXFWXUH�LV�JUHDWHU�WKDQ�WKH�GHOD\�DWWDLQHG�E\�WKH�VWUXFWXUH�ZLWK�3[

SURFHVVRUV���1RWH� WKDW� IXQFWLRQ�91�3�K�� LQFUHDVHV�ZLWK� K�ZKHQ�K0������
7KXV��LI�WKH�GHJUHH�RI�KRPRJHQHLW\�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ
LQFUHDVHV�� WKHQ� WKH� YDOXHV� RI� 91� DOVR� LQFUHDVH� IRU� HDFK� SDUWLFXODU� 3
�30^��������F1��L!�`���,W�LPSOLHV�WKDW�LI�K�ULVHV��L�H���GHSDUWXUHV�IURP�K����WKHQ
FRQGLWLRQV������DQG������FRXOG�EH�YLRODWHG��+RZHYHU��LI�WKH�LQFUHDVH�LQ�K�LV
UHODWLYHO\�VPDOO��VD\�WR�K���K�!K���EXW�)K� K�!K��LV�FORVH�WR�]HUR���WKHQ�WKH
VL]H� RI� WKH� HIILFLHQW� VWUXFWXUH� UHPDLQV� XQFKDQJHG�� L�H��� WKH� IROORZLQJ
LQHTXDOLWLHV�DUH�VWLOO�VDWLVILHG��1#91�3[�K��)K���DQG�1!91�3[!V�K��)K���
ZKHUH�V ��������3[!���2Q�WKH�RWKHU�KDQG��LI�K�LQFUHDVHV�FRQVLGHUDEO\��VD\�WR
K�� �K�!K��� EXW� )K� K�!K�� LV� VLJQLILFDQW�� WKHQ� WKH� FRQGLWLRQ
1!91�3[!V�K��)K����V ��������3[!���ZRXOG�EH�YLRODWHG�DW�OHDVW�IRU�RQH�V��L�H��
3[�ZRXOG�QR�ORQJHU�EH�WKH�VL]H�RI�WKH�VPDOOHVW�VWUXFWXUH�ZKLFK�VKRXOG�QRW�EH
H[SDQGHG��� ,W� LPSOLHV� WKDW�RQO\� D� VLJQLILFDQW� LQFUHPHQW� LQ� WKH�GHJUHH�RI
KRPRJHQHLW\��K��RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�UHGXFHV�WKH�VL]H
�3
��RI�WKH�HIILFLHQW�VWUXFWXUHV�

4�(�'�

,W�VKRXOG�EH�FOHDU�WKDW�WKH�QXPEHU�RI�OHYHOV�LQ�WKH�HIILFLHQW�SURFHVVLQJ�QHWZRUN
��VNLS�OHYHO� UHSRUWLQJ��� LV�SURSRUWLRQDO� WR� LWV� VL]H��3
� �QRWH�� KRZHYHU�� WKDW� WKH
QXPEHU� RI� OHYHOV� FRXOG� EH� WKH� VDPH� IRU� GLIIHUHQW� QXPEHUV� RI� SURFHVVRUV��
&RQVHTXHQWO\�� LI� WKH�QXPEHU�RI�SURFHVVRUV� LQ� WKH�HIILFLHQW� VWUXFWXUH�GHFUHDVHV
�LQFUHDVHV���WKHQ�WKH�GHSWK�RI�WKH�KLHUDUFK\�HLWKHU�GHFUHDVHV�RU�GRHV�QRW�FKDQJH
�FRUUHVSRQGLQJO\��LQFUHDVHV�RU�GRHV�QRW�FKDQJH���6LQFH�WKH�VL]H�RI�WKH�HIILFLHQW
VWUXFWXUHV�FKDQJHV�RQO\�LQ�UHVSRQVH�WR�WHFKQRORJLFDO�LPSURYHPHQWV�WKDW�FKDQJH�WKH
GHJUHH� RI� KRPRJHQHLW\� RI� WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ�� WKH� IODWWHQLQJ
KLHUDUFKLFDO� LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUHV�FDQ�EH�H[SODLQHG�RQO\�E\� WKRVH
WHFKQRORJLFDO� FKDQJHV� ZKLFK� LQFUHDVH� WKH� GHJUHH� RI� KRPRJHQHLW\� RI� WKH
LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ��

)RU� H[DPSOH�� LI� WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ� LV� RI� WKH� IRUP
)�.�/� $�."/$����ZKHUH�$��"��$��DQG���DUH�DOO�SRVLWLYH�SDUDPHWHUV��WKH�IXQFWLRQ
LV� KRPRJHQHRXV� ZLWK� WKH� GHJUHH� RI� KRPRJHQHLW\� K �"�$����� WKHQ� D� QHXWUDO
WHFKQRORJLFDO�FKDQJH�FRXOG�EH�UHSUHVHQWHG�E\�DQ�LQFUHDVH�LQ�$�RU�LQ����$Q�LQFUHDVH
LQ�$�OHDYHV�WKH�UHWXUQV�WR�VFDOH�XQFKDQJHG�ZKLOH�DQ�LQFUHDVH�LQ���LQFUHDVHV�WKRVH
UHWXUQV��UDLVHV�WKH�GHJUHH�RI�KRPRJHQHLW\��K���&RQVHTXHQWO\��DQ�LQFUHDVH�LQ�$�GRHV
QRW�DIIHFW�WKH�IRUP�RI�WKH�HIILFLHQW�KLHUDUFKLFDO�VWUXFWXUHV��ZKHUHDV�DQ�LQFUHDVH�LQ
��PLJKW�UHVXOW�LQ�D�UHGXFWLRQ��DQG�IODWWHQLQJ��RI�HIILFLHQW�LQIRUPDWLRQ�SURFHVVLQJ
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VWUXFWXUHV��

1RWH��KRZHYHU��WKDW�FKDQJHV�LQ�LQIRUPDWLRQ�SURFHVVLQJ�WHFKQRORJ\�ZKLFK�DIIHFW
UHWXUQV�WR�VFDOH�GR�QRW�DXWRPDWLFDOO\�LPSO\�FKDQJHV�LQ�WKH�VL]H��DQG�WKH�GHSWK��RI
WKH�HIILFLHQW�KLHUDUFKLHV��7R�UHGXFH�HIILFLHQW�LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUHV�
FKDQJHV�LQ�WKH�GHJUHH�RI�KRPRJHQHLW\�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�KDYH
WR�EH�ODUJH�HQRXJK�

����&RQFOXVLRQ

7KH�DQDO\VLV�RI�GDWD�SURFHVVLQJ�LQ�GHFLVLRQ�PDNLQJ�SUHVHQWHG�LQ�WKLV�SDSHU�VKRZV
WKDW�RUJDQL]DWLRQDO�IRUPV�RI�WKH�HIILFLHQW�LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUHV�DUH
GHWHUPLQHG� E\� SURSHUWLHV� RI� WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ� DQG� WKH
LQIRUPDWLRQ�ZRUNORDG�RI� WKH� V\VWHP�� ,Q�SDUWLFXODU�� LW�KDV�EHHQ�VKRZQ� WKDW� WKH
GHFHQWUDOL]HG��KLHUDUFKLFDO��RUJDQL]DWLRQ�RI�LQIRUPDWLRQ�SURFHVVLQJ�LQ�GHFLVLRQ�
PDNLQJ� FDQ� EH� REVHUYHG� LI�� DQG� RQO\� LI�� WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ
H[KLELWV�GHFUHDVLQJ�UHWXUQV�WR�VFDOH�DQG�WKH�LQIRUPDWLRQ�ZRUNORDG�RI�WKH�GHFLVLRQ�
PDNLQJ� V\VWHP� LV� ODUJH� HQRXJK�� ,I� WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ� LV
KRPRJHQHRXV��WKHQ�WKH�VL]H�RI�WKH�HIILFLHQW�VWUXFWXUHV�LV�GHWHUPLQHG�VROHO\�E\�WKH
GHJUHH�RI�KRPRJHQHLW\�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�DQG�WKH�LQIRUPDWLRQ
ZRUNORDG� RI� WKH� GHFLVLRQ�PDNLQJ� V\VWHP�� )XUWKHUPRUH�� LI� WKH� LQIRUPDWLRQ
ZRUNORDG�UHPDLQV�XQFKDQJHG��WKHQ�WKH�VL]H�RI�WKH�HIILFLHQW�VWUXFWXUHV�LV�LQYHUVHO\
UHODWHG�WR�WKH�GHJUHH�RI�KRPRJHQHLW\�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�DQG�
FRQVHTXHQWO\��HIILFLHQW�LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUHV�FDQ�EH�UHGXFHG�RQO\�E\
WKRVH�WHFKQRORJLFDO�LPSURYHPHQWV�ZKLFK�DIIHFW�HFRQRPLHV�RI�VFDOH�LQ�LQIRUPDWLRQ�
SURFHVVLQJ�� L�H��� WKRVH� ZKLFK� LQFUHDVH� WKH� GHJUHH� RI� KRPRJHQHLW\� RI� WKH
LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ��,W�VKRXOG�EH�HPSKDVL]HG�KRZHYHU�� WKDW�VPDOO
FKDQJHV� LQ� WKH�GHJUHH�RI�KRPRJHQHLW\�RI� WKH� LQIRUPDWLRQ�SURFHVVLQJ� IXQFWLRQ
PLJKW�QRW�DOWHU�WKH�VL]H�RI�WKH�HIILFLHQW�SURFHVVLQJ�QHWZRUNV�

7KH�UHVXOWV�DERYH�KDYH�EHHQ�GHULYHG�EDVHG�RQ�WKH�VHW�RI�VLPSOLI\LQJ�DVVXPSWLRQV
FRQFHUQLQJ�LQIRUPDWLRQ�SURFHVVLQJ�LQ�WKH�GHFLVLRQ�PDNLQJ�VHFWRU�RI�WKH�ILUP��7KH
DQDO\VLV� KDV� EHHQ� UHVWULFWHG� WR� WKH� VLPSOHVW� FDVH� RI� DVVRFLDWLYH� RSHUDWLRQV� LQ
KRPRJHQHRXV��RQH�VKRW�VWUXFWXUHV�ZLWK�SHUIHFWO\�UDWLRQDO�SURFHVVRUV��LW�KDV�EHHQ
DVVXPHG�WKDW�SURFHVVRUV�DOZD\V�SHUIRUP�DFFRUGLQJ�WR�VSHFLILFDWLRQ��L�H���FDQQRW
PDNH� HUURUV��� +RZHYHU�� VLPLODU� UHVXOWV� FRXOG� EH� REWDLQHG� XVLQJ� YDULRXV
PRGLILFDWLRQV� RI� WKH� G\QDPLF� SDUDOOHO�SURFHVVLQJ� PRGHO� RI� DVVRFLDWLYH
FRPSXWDWLRQ�LQ�ZKLFK��IRU�H[DPSOH��VWUXFWXUHV�ZLWK�KHWHURJHQHRXV�SURFHVVRUV�DUH
FRQVLGHUHG��&XNURZVNL������D���WKH�SRVVLELOLW\�RI�HUURUV�LQ�DVVRFLDWLYH�RSHUDWLRQV
LV� LQWURGXFHG� �&XNURZVNL�� ����E��� RU� FRPSXWDWLRQDO� SURFHVVHV� LQ� UHSHDWLQJ
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VWUXFWXUHV�DUH�VWXGLHG��5DGQHU�DQG�9DQ�=DQGW���������7KHVH�PRGHOV�PDNH�WKH
DQDO\VLV� PRUH� GLIILFXOW�� EXW� WKH� JHQHUDO� UHVXOW� FRQFHUQLQJ� WKH� SDWWHUQ� RI
RUJDQL]DWLRQDO� UHVWUXFWXULQJ� LQ� UHVSRQVH� WR� FKDQJHV� LQ� LQIRUPDWLRQ�SURFHVVLQJ
WHFKQRORJ\�UHPDLQV�WKH�VDPH��

,W�VKRXOG�EH�DOVR�FOHDU�WKDW�DOWKRXJK�WKH�SDUWLFXODU�VXEMHFW�RI�WKH�DQDO\VLV�SUHVHQWHG
LQ�WKH�SDSHU�ZDV�WKH�GHFLVLRQ�PDNLQJ�V\VWHP�LQVLGH�WKH�ILUP��WKH�PRGHO�GHYHORSHG
FRQFHUQV�RUJDQL]DWLRQV�WKDW�PD\�EH�GLIIHUHQW�IURP�ILUPV��,W�LV�UHOHYDQW�IRU�GHFLVLRQ�
PDNLQJ�V\VWHPV�LQ�ODUJH�FRUSRUDWLRQV�DQG�QRQSURILW�RUJDQL]DWLRQV�DV�ZHOO�DV�LQ
SXEOLF�DGPLQLVWUDWLRQ��&RQVHTXHQWO\��RUJDQL]DWLRQDO�FKDQJHV�LQ�WKHVH�V\VWHPV�FDQ
EH�MXVWLILHG�H[FOXVLYHO\�E\�WKRVH�WHFKQRORJLFDO�LPSURYHPHQWV�WKDW�DIIHFW�UHWXUQV
WR�VFDOH�RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�IXQFWLRQ�
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5()(5(1&(6

$RNL�� 0�� ������ �+RUL]RQWDO� YV�� 9HUWLFDO� ,QIRUPDWLRQ� 6WUXFWXUH� RI� WKH� )LUP��
$PHULFDQ�(FRQRPLF�5HYLHZ������������

%ROWRQ��3��DQG�0��'HZDWULSRQW���������7KH�)LUP�DV�D�&RPPXQLFDWLRQ�1HWZRUN���7KH
4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV�9RO��&,;��1R������������

%XVLQHVV�:HHN���������6SHFLDO�5HSRUW��$�1HZ�(UD�IRU�0DQDJHPHQW���$SULO�����
������

&KDQGOHU��$��������6WUDWHJ\�DQG�6WUXFWXUH��1HZ�<RUN��'RXEOHGD\�
&XNURZVNL��-�$������D���$Q�(FRQRPLF�$QDO\VLV�RI�1XPHULFDO�'DWD�3URFHVVLQJ�LQ�WKH

)LUP���&(5*(�(,�:RUNLQJ�3DSHU��������
����� ����E�� �7KH� +LHUDUFKLFDO� 2UJDQL]DWLRQ� RI� 0DQDJHPHQW� LQ� WKH� )LUP�

(FRQRPLF�5HDVRQV�DQG�(IILFLHQW�6WUXFWXUHV���&(5*(�(,�:RUNLQJ�3DSHU����
���

*LEERQV�� $�� DQG� :�� 5\WWHU�� ������ (IILFLHQW� 3DUDOOHO� $OJRULWKPV�� &DPEULGJH�
&DPEULGJH�8QLYHUVLW\�3UHVV�

.HQQHG\��3��:����������,QIRUPDWLRQ�3URFHVVLQJ�DQG�2UJDQL]DWLRQ�'HVLJQ���-RXUQDO
RI�(FRQRPLF�%HKDYLRU�	�2UJDQL]DWLRQ������������

0DUVFKDN��7��DQG�5��5DGQHU��������(FRQRPLFV�7KHRU\�RI�7HDPV��1HZ�+DYHQ��&7�
<DOH�8QLYHUVLW\�3UHVV�

0LOJURP�� 3�� DQG� -�� 5REHUWV�� ������ �7KH� (FRQRPLFV� RI�0RGHUQ�0DQXIDFWXULQJ�
7HFKQRORJ\��6WUDWHJ\��DQG�2UJDQL]DWLRQ���$PHULFDQ�(FRQRPLF�5HYLHZ������
�������

5DGQHU��5���������+LHUDUFK\��7KH�(FRQRPLFV�RI�0DQDJLQJ���-RXUQDO�RI�(FRQRPLF
/LWHUDWXUH���������������

����� ������ �7KH� 2UJDQL]DWLRQ� RI� 'HFHQWUDOL]HG� ,QIRUPDWLRQ� 3URFHVVLQJ��
(FRQRPHWULFD�������������

5DGQHU�5��DQG�7��9DQ�=DQGW���������,QIRUPDWLRQ�3URFHVVLQJ�LQ�)LUPV�DQG�5HWXUQ�WR
6FDOH���$QQDOHV�G
(FRQRPLH�HW�GH�6WDWLVWLTXH���������������

������������,QIRUPDWLRQ�3URFHVVLQJ�DQG�5HWXUQV�WR�6FDOH�LQ�6WDWLVWLFDO�'HFLVLRQ
3UREOHPV���0XUUD\�+LOO��1-��$7	7�%HOO�/DERUDWRULHV�

6FKHLQ�� (�+�� ������ �5HDVVHVVLQJ� WKH� 'LYLQH� 5LJKWV� RI� 0DQDJHUV��� 6ORDQ
0DQDJHPHQW�5HYLHZ��:LQWHU����������


