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$%675$&7
7KH�DVVHVVPHQW�RI�TXDOLW\�DWWULEXWHV�RI�VRIWZDUH�LQWHQVLYH�V\VWHPV
LV� D� FKDOOHQJLQJ� LVVXH�� 7KLV� SDSHU� RXWOLQHV� D� PHWKRG� DLPHG� DW
TXDQWLWDWLYH� HYDOXDWLRQ� RI� FHUWDLQ� TXDOLW\� DWWULEXWHV� WKDW� DUH
LPSRUWDQW� IRU� HPEHGGHG� V\VWHPV�� WLPHOLQHVV�� SHUIRUPDQFH� DQG
PHPRU\�FRQVXPSWLRQ�

7KH� SDSHU� VNHWFKHV� RXW� WKH� NH\� SULQFLSOHV� IRU� EXLOGLQJ� D� IRUPDO
PRGHO� IRU� HYDOXDWLQJ� TXDOLW\� DWWULEXWHV�� ���� 'HSHQGDELOLW\
FRQVWUDLQWV� DUH� VSHFLILHG� LQ� DQ� HQG�WR�HQG� IDVKLRQ�� ���
&RPSRQHQWV� DUH� DWWULEXWHG� ZLWK� UHVRXUFH� GHPDQGV�� ���
6SHFLILFDWLRQ� RI� FRPSRQHQW� LQWHUDFWLRQ� LV� VHSDUDWHG� IURP
VSHFLILFDWLRQ�RI�FRPSRQHQW�EHKDYLRU�

7KH�PHWKRG� LV� DLPHG� WR� EH� DSSOLFDEOH� LQ� SUDFWLFH�� 7KHUHIRUH�ZH
LQYHVWLJDWH� FRPELQLQJ� ZLGHO\� XVHG� VRIWZDUH� PRGHOLQJ� QRWDWLRQV
ZLWK� H[LVWLQJ� IRUPDO� PHWKRGV�� ,Q� SDUWLFXODU�� WKH� SURSRVHG
DSSURDFK� FRPELQHV� 0HVVDJH� 6HTXHQFH� &KDUWV� DQG� 7LPHG
$XWRPDWD��:H�LOOXVWUDWH�WKH�DSSURDFK�ZLWK�DQ�H[DPSOH�

&DWHJRULHV�DQG�6XEMHFW�'HVFULSWRUV
'������ 6RIWZDUH� $UFKLWHFWXUHV�� '����� � � 6RIWZDUH� �� 3URJUDP
9HULILFDWLRQ

*HQHUDO�7HUPV
3HUIRUPDQFH��'HVLJQ��5HOLDELOLW\��9HULILFDWLRQ�

.H\ZRUGV
&RPSRQHQW�EDVHG� VRIWZDUH�� VRIWZDUH� DUFKLWHFWXUH�� TXDOLW\
DWWULEXWHV�� DUFKLWHFWXUH� HYDOXDWLRQ�� WLPHOLQHVV�� PHPRU\
FRQVXPSWLRQ��IRUPDO�PHWKRGV�

��� ,1752'8&7,21
1RZDGD\V�� PRUH� DQG� PRUH� ³LQWHOOLJHQW´� GHYLFHV� FRQWDLQ
VRSKLVWLFDWHG� HPEHGGHG� VRIWZDUH� WR� IXOILOO� D� EURDG� VFRSH� RI
IXQFWLRQV��$V�PRUH�GHYLFHV�DUH�GHYHORSHG��WKH�VFRSH�RI�IXQFWLRQV
WR� EH� LPSOHPHQWHG� PXVW� EH� EURDGHU�� 7KLV� JURZLQJ� FRPSOH[LW\
FRPSOLFDWHV� WKH� GHYHORSPHQW� RI� HPEHGGHG� VRIWZDUH�� 7KXV�� QHZ
DSSURDFKHV�IRU�VRIWZDUH�GHYHORSPHQW�DUH�KHDYLO\�QHHGHG�

7R� UHGXFH�GHYHORSPHQW� FRVW� DQG�GHYHORSPHQW� WLPH�� WKH� UHXVH�RI

H[LVWLQJ� VROXWLRQV� LV� YLWDO�� )RU� WKLV� SXUSRVH�� WKH� FRQVWUXFWLRQ� RI
VRIWZDUH� ZLWK� UHXVDEOH� FRPSRQHQWV� LV� KLJKO\� GHVLUDEOH�� 7KLV
PHWKRG�RI�VRIWZDUH�GHYHORSPHQW�UHTXLUHV�WHFKQLTXHV�IRU�DVVHVVLQJ
WKH� FRPSRVDELOLW\� RI� FRPSRQHQWV�� 7KLV� DVVHVVPHQW� FDQ� EH� GRQH
UHDVRQDEO\�ZHOO�IRU� WKH�IXQFWLRQDO�DVSHFWV�RI�FRPSRQHQWV��EXW�QR
DGHTXDWH� WHFKQLTXHV� H[LVWV� IRU� DQDO\]LQJ� FRPSRVDELOLW\� RI� QRQ�
IXQFWLRQDO�RQHV�

7KH�SRVVLELOLW\� WR�HVWLPDWH�UHOHYDQW�TXDOLW\�DWWULEXWHV� LQ� WKH�HDUO\
GHYHORSPHQW� SKDVH� LV� FUXFLDO�� 7KHVH� NLQGV� RI� SUHGLFWLRQV� ZLOO
UHGXFH� WKH� ULVN� RI� GHYHORSLQJ� QRQ�FRPSHWLWLYH�� LQIHDVLEOH� RU
IODZHG� SURGXFWV�� 7KXV�� IRU� TXDQWLWDWLYH� VRIWZDUH� DUFKLWHFWLQJ� D
IRUPDO�PDWKHPDWLFDO�EDVLV�LV�QHHGHG�

0RVW� FRQWHPSRUDU\� DUFKLWHFWLQJ� DSSURDFKHV� GHDO� RQO\� ZLWK� WKH
IXQFWLRQDO�DVSHFWV�RI�VRIWZDUH��%XW�� WKHUH�DUH�DOVR�QRQ�IXQFWLRQDO
TXDOLW\� DWWULEXWHV�� D� W\SLFDO� H[DPSOH� EHLQJ� GHSHQGDELOLW\� TXDOLW\
DWWULEXWHV��SHUIRUPDQFH��WLPHOLQHVV��UHOLDELOLW\��DYDLODELOLW\��VDIHW\�
DQG�VHFXULW\��7KHVH�DWWULEXWHV�HPHUJH�DV�D� UHVXOW� RI� FROODERUDWLYH
IXQFWLRQLQJ�RI�DOO�SDUWV��ZKLFK�D�V\VWHP�LV�EXLOW�IURP��DQG�WKH\�FDQ
PDNH� D� VLJQLILFDQW� LPSDFW� RQ� WKH� HQWLUH� DUFKLWHFWXUH�
&RQVHTXHQWO\�� RQH� RI� WKH� PRVW� LPSRUWDQW� LVVXHV� LQ� VRIWZDUH
DUFKLWHFWLQJ�LV�GHDOLQJ�ZLWK�TXDOLW\�DWWULEXWHV�

0DQ\�PRGHUQ�WHFKQLTXHV�IRU�VRIWZDUH�HYDOXDWLRQ�XVH�H[SHUW�EDVHG
DSSURDFKHV� �H�J��$7$0� >�@�� 6$$0� >�@��ZKLFK� HYDOXDWH� RYHUDOO
TXDOLW\�RI�WKH�DUFKLWHFWXUH��7KH�TXDQWLWDWLYH�PHWKRGV�XVHG�LQ�WKHVH
DSSURDFKHV�DUH�DSSOLHG�LQ�DQ�DG�KRF�PDQQHU�DQG�� LQ�PDQ\�FDVHV�
DUH�WRR�FRQWH[W�RULHQWHG�WR�EH�JHQHUDOL]HG��$V�D�FRQVHTXHQFH��LW�LV
GLIILFXOW� WR� PDNH� WKH� DUFKLWHFWLQJ� SURFHVV� UHOLDEOH�� SUHGLFWDEOH�
DQG�UHSHDWDEOH�

)RU� WKH� WLPH� EHLQJ�� DUFKLWHFWLQJ� LV� VWLOO� PRUH� DQ� DUW� WKDQ� DQ
HQJLQHHULQJ�GLVFLSOLQH��6XEVWDQWLDO� HIIRUWV�KDYH� WR�EH� LQYHVWHG� LQ
PDNLQJ� WKH� DUFKLWHFWLQJ� SURFHVV� PRUH� UDWLRQDOL]HG� DQG� SUHFLVH�
2QH�RI�WKH�ZD\V�WR�PDNH�WKH�DUFKLWHFWLQJ�SURFHVV�PRUH�SUHFLVH�LV
WKH� XVH� RI� IRUPDO�PHWKRGV�� +RZHYHU�� IRUPDO�PHWKRGV� DUH� QRW� D
VLOYHU�EXOOHW��WKH\�KDYH�WKHLU�RZQ�GUDZEDFNV��2QH�VKRXOG�EH�DZDUH
WKDW� WKH� DSSOLFDWLRQ� RI� IRUPDO� PHWKRGV� XVXDOO\� UHTXLUHV� SUHFLVH
DQG�FRPSOHWH� VSHFLILFDWLRQ�� ,Q�PDQ\�FDVHV�� DQ� DUFKLWHFW�GRHV�QRW
KDYH�WKLV�LQIRUPDWLRQ��+H�RU�VKH�PD\�QRW�HYHQ�EH�LQWHUHVWHG�LQ�D
YHU\� GHWDLOHG� GHVLJQ� DW� WKH� HDUO\� VWDJHV� RI� GHVLJQ�� EXW� SUHIHU� WR
SRVWSRQH�GHVLJQ�GHFLVLRQV�WR�ODWHU�VWDJHV��7KXV��D�EDODQFH�EHWZHHQ
WKH�DUFKLWHFW
V�IUHHGRP�RI�GHVLJQ�DQG�WKH�SUHFLVLRQ�RI�DQDO\VLV�DQG
VSHFLILFDWLRQ�VKRXOG�EH�IRXQG��1RWH��DFFXUDF\�RI�D�VSHFLILFDWLRQ�LV
QRW� DOZD\V� D� GUDZEDFN�� DV� LW� DOVR� VWLPXODWHV� RQH� WR� WKLQN� PRUH
DFFXUDWHO\�DQG�V\VWHPDWLFDOO\�
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6XSSRUW� E\� DXWRPDWLF� WRROV� FRXOG� EH� YHU\� KHOSIXO� IRU� DUFKLWHFWV�
+RZHYHU��WRROLQJ�XVXDOO\�UHTXLUHV�VWULFW�QRQ�DPELJXRXV�VHPDQWLFV
RI� WKH� PRGHOV� EHLQJ� SURFHVVHG�� WKXV�� IRUPDO� PHWKRGV� DUH� DOVR
HVVHQWLDO�KHUH�

7KHUH� H[LVW� QR� JHQHUDO� DSSURDFKHV� IRU� HYDOXDWLQJ� QRQ�IXQFWLRQDO
SURSHUWLHV� RI� D� V\VWHP� DW� WKH� DUFKLWHFWXUDO� OHYHO�� 7KH� LQWHUHVWLQJ
DSSURDFK�FRPELQLQJ�VWUXFWXUDO�GHVFULSWLRQ�RI�DUFKLWHFWXUH��'DUZLQ
$UFKLWHFWXUH� 'HVFULSWLRQ� /DQJXDJH�� ZLWK� EHKDYLRUDO� GHVFULSWLRQ
RI�FRPSRQHQWV��/DEHOHG�7UDQVLWLRQ�6\VWHP��ZDV�SURSRVHG�LQ�>�@�
+RZHYHU��WKLV�DSSURDFK�RQO\�DOORZV�FKHFNLQJ�VDIHW\�DQG�OLYHQHVV
SURSHUWLHV��EXW�LW�GRHV�QRW�PRGHO�WLPLQJ�DVSHFWV�ZKLFK�DUH�QHHGHG
IRU� WKH� DQDO\VLV� RI� TXDOLW\� DWWULEXWHV� OLNH� WLPHOLQHVV� DQG
SHUIRUPDQFH�� $OVR�� WKH� H[LVWLQJ� PHWKRGV� IRU� TXDQWLWDWLYH
HYDOXDWLRQ�IRFXV�RQ�RQH�TXDOLW\�DWWULEXWH�RQO\�

:H�DLP�WR�LQWHJUDOO\�PRGHO�PXOWLSOH�TXDOLW\�DWWULEXWHV±WLPHOLQHVV�
SHUIRUPDQFH��DQG�PHPRU\�FRQVXPSWLRQ±WR�VXSSRUW�WKH�PDNLQJ�RI
DUFKLWHFWXUDO�GHVLJQ�WUDGH�RIIV�

���� 5HTXLUHPHQWV�RQ�WKH�0HWKRG
7KH�DLP�LV�WR�GHYHORS�D�PHWKRG�IRU�VXSSRUWLQJ�VRIWZDUH�DUFKLWHFWV
GXULQJ� HDUO\� VWDJHV� RI� FRPSRQHQW�EDVHG� VRIWZDUH� DUFKLWHFWLQJ� RI
UHVRXUFH�FRQVWUDLQHG� V\VWHPV�� ,W� LV� QHFHVVDU\� WR� ILQG� VXLWDEOH
WHFKQLTXHV� IRU� DUFKLWHFWXUH� GHVFULSWLRQ� DQG� PHWKRGV� IRU� TXDOLW\
DWWULEXWHV� HYDOXDWLRQ� DQG� WR� PHUJH� WKHP� LQWR� DQ� LQWHJUDWHG
IUDPHZRUN�

7KH�UHTXLUHPHQWV�RQ�WKH�PHWKRG�DUH�WKH�IROORZLQJ�

��� &RPSRVLWLRQDOLW\� RI� UHVRXUFH�FRQVWUDLQW� V\VWHPV�� 7KH
PHWKRGRORJ\� VKRXOG� EH� FRPSRVLWLRQDO�� 7KLV� PHDQV� WKDW� TXDOLW\
DWWULEXWHV� RI� D� FRPSRVLWH� V\VWHP� FDQ� EH� FDOFXODWHG� IURP� WKH
FRQVWLWXHQWV� FRPSRQHQWV� DQG� FRPSRVLWLRQ� PHFKDQLVPV�� ,Q
SDUWLFXODU�� WKH� PHWKRG� VKRXOG� IRFXV� RQ� SUHGLFWLQJ� TXDOLW\
DWWULEXWHV�EDVHG�RQ�UHVRXUFH�FRQVXPSWLRQ�RI�WKH�FRPSRQHQWV�

(YHQ� LI� WKH� IXQFWLRQDO� LQWHUIDFHV� DQG� WKH� LQWHUDFWLRQ�PHFKDQLVPV
RI� FRPSRQHQWV� DUH� SUHFLVHO\� VSHFLILHG�� FRPSRQHQW� FRPSRVLWLRQ
PD\� QRW� IXQFWLRQ� SURSHUO\� EHFDXVH� QRQ�IXQFWLRQDO� SURSHUWLHV� RI
WKH� HQWLUH� V\VWHP� ZHUH� QRW� FRQVLGHUHG� EHIRUHKDQG�� 7\SLFDO
LQVWDQFHV� RI� WKLV� SUREOHP� DUH� UHVRXUFH� FRQIOLFWV� �H�J��� UDFH
FRQGLWLRQV�� FRQIOLFWV� RQ� DFFHVV� WR� VKDUHG� UHVRXUFHV� HWF��� 7KHVH
FRQIOLFWV� PDNH� LW� GLIILFXOW� WR� HQVXUH� WKH� SURSHU� DQG� SUHGLFWDEOH
EHKDYLRU�RI�D�V\VWHP�LQ�DGYDQFH�

��� 'HSHQGDELOLW\� DVVHVVPHQW� GXULQJ� WKH� HDUO\� GHYHORSPHQW
SKDVHV�� 7KH� GHSHQGDELOLW\� DWWULEXWHV� �WLPHOLQHVV�� SHUIRUPDQFH�
UHOLDELOLW\�� DYDLODELOLW\�� VDIHW\� DQG� VHFXULW\�� RI� FRPSRQHQW�EDVHG
V\VWHPV� FDQQRW� EH� HYDOXDWHG� E\� WKH� FXUUHQW� DSSURDFKHV�� 6R�� WKH
PHWKRG� PXVW� KHOS� DUFKLWHFWV� WR� HVWLPDWH� WKH� GHSHQGDELOLW\
DWWULEXWHV�DQG�HQVXUH�D�FHUWDLQ�OHYHO�RI�HVWLPDWLRQ�DFFXUDF\��$V�D
VLPSOH� H[DPSOH�� WKH� UHVXOWV� FDQ� EH� GHVFULEHG� LQ� WHUPV� RI� ZRUVW�
FDVH�DQG�EHVW�FDVH�HVWLPDWLRQV�

$OVR�� WKHUH� DUH� QRQ�WHFKQLFDO� UHTXLUHPHQWV� RQ� WKH� PHWKRG�� ,Q
RUGHU� WR�EH� HDVLO\� FRPSUHKHQVLEOH� DQG� HDV\� WR� OHDUQ� E\� VRIWZDUH
HQJLQHHUV�� WKH� PHWKRG� VKRXOG� EH� EDVHG� RQ� ZLGHO\� DFFHSWHG
VRIWZDUH� VSHFLILFDWLRQ� DQG� GHVLJQ� WHFKQLTXHV�� 7KHVH� WHFKQLTXHV
VKRXOG�PDNH�HQJLQHHU¶V�ZRUN�PRUH�HIILFLHQW�DIWHU�WKH�HQJLQHHU�KDV
JDLQHG�VRPH�H[SHULHQFH�ZLWK�WKHP�

��� .(<�35,1&,3/(6�)25�&20321(17�
%$6('�$5&+,7(&7,1*
&RPSRQHQW�EDVHG�DUFKLWHFWLQJ� �H�J��� VHH� >��@�DQG� >��@�� LV�RQH�RI
WKH� PRVW� SURPLVLQJ� DSSURDFKHV� IRU� PDQDJLQJ� FRPSOH[LW\� DQG
ERRVWLQJ�UHXVH��+RZHYHU��FXUUHQW�FRPSRQHQW�EDVHG�DSSURDFKHV�GR
QRW�DGGUHVV�WKH�EHKDYLRUDO�DQG�QRQ�IXQFWLRQDO�DVSHFWV�RI�VRIWZDUH�
7KHUHIRUH��ZH�SURSRVH�WKH�IROORZLQJ�H[WHQVLRQV�

([SOLFLW� VSHFLILFDWLRQ� RI� FRPSRQHQW� EHKDYLRU� DQG� LQWHUDFWLRQ��$
IRUPDO� VSHFLILFDWLRQ� RI� WKH� G\QDPLF� DVSHFWV� RI� FRPSRQHQWV� DQG
WKHLU� LQWHUDFWLRQ�LV�QHFHVVDU\�IRU�UHDVRQLQJ�DERXW� WKH�EHKDYLRU�RI
WKHLU�FRPSRVLWLRQ�DQG�LWV�QRQ�IXQFWLRQDO�SURSHUWLHV�

6XSSRUW�RI�KLHUDUFKLFDO�FRPSRQHQW�GHVFULSWLRQ��$�FRPSRQHQW�FDQ
EH�HLWKHU�DWRPLF�RU�FRPSRXQG��7KH�DWRPLF�FRPSRQHQW�FDQQRW�EH
IXUWKHU� VXEGLYLGHG�� EXW� WKH� FRPSRXQG� FRPSRQHQW� FDQ� FRQVLVW� RI
DWRPLF�DQG�RU��RWKHU�FRPSRXQG�FRPSRQHQWV��$V�D�UHVXOW��RQH�KDV
PRUH� IOH[LELOLW\� LQ�FKRRVLQJ� WKH�XQLW�RI� WKH� UHXVH��HLWKHU�D� VLQJOH
DWRPLF�FRPSRQHQW�RU�DQ�HQWLUH�SDFNDJH��$QRWKHU�DGYDQWDJH�LV�WKH
SRVVLELOLW\�WR�DSSO\�FRPSRVLWLRQDO�GHVLJQ�DSSURDFK�DW�WKH�GLIIHUHQW
OHYHOV� RI� KLHUDUFK\�� D� V\VWHP� LV� FRPSRVHG� IURP� VXEV\VWHPV�
VXEV\VWHPV�DUH�FRPSRVHG�IURP�FRPSRXQG�FRPSRQHQWV�HWF�

6HSDUDWLRQ� RI� FRPSRQHQW� LQWHUDFWLRQ� IURP� FRPSRQHQW� EHKDYLRU�
7KH� GHVFULSWLRQ� RI� EHKDYLRUDO� DVSHFWV� LV� VWUXFWXUHG� LQ� VHSDUDWH
SDUWV�� 7KHUH� DUH� VSHFLILFDWLRQV� RI� FRPSRQHQW� EHKDYLRU� DQG
VSHFLILFDWLRQV� RI� FRPSRQHQW� LQWHUDFWLRQ�� $� UDWLRQDOH� IRU
LQGHSHQGHQW� VSHFLILFDWLRQ� RI� WKH� LQWHUDFWLRQ� UHODWLRQVKLSV� LV
SUHVHQWHG� LQ� >�@��:H� LGHQWLILHG� WKH� IROORZLQJ� DGGLWLRQDO� UHDVRQV
IRU�WKLV�VHSDUDWLRQ�

��� *HQHULFLW\�7DLORUDELOLW\�� 7KH� LQWHUDFWLRQ� VSHFLILFDWLRQ
PD\� EH� XVHG� WR� WDLORU� WKH� EHKDYLRU� RI� JHQHULF
FRPSRQHQWV� WR� SDUWLFXODU� FRQWH[W�� 7KLV� KHOSV� WR� DYRLG
FRGLQJ� RI� FRQWH[W�GULYHQ� DVSHFWV� ZLWKLQ� FRPSRQHQWV
DQG��KHQFH��DOORZV�PRUH�JHQHUDO�FRPSRQHQW�GHVLJQV�

��� 6SHFLI\LQJ� FRQVWUDLQWV� HQG�WR�HQG�� 'HSHQGDELOLW\
FRQVWUDLQWV� DUH� RIWHQ� FRQFHUQHG� ZLWK� WKH� HQG�WR�HQG
LQWHUDFWLRQ� EHWZHHQ� FRPSRQHQWV�� +DYLQJ� D� VHSDUDWH
VSHFLILFDWLRQ� RI� WKH� LQWHUDFWLRQ� FRQVWLWXWHV� D� EHWWHU
PHDQV� IRU� VWUXFWXULQJ� WKH� VSHFLILFDWLRQ� WKDQ� WKH
DOWHUQDWLYHV�� ���� SODFLQJ� FRQVWUDLQWV� DW� RQH� RI� WKH
FRPSRQHQWV� LQYROYHG�RU� ����GLYLGLQJ� XS� DQ� HQG�WR�HQG
WLPLQJ�FRQVWUDLQW�RYHU�PXOWLSOH�FRPSRQHQWV�

��� /RRVH�FRXSOLQJ��,Q�H[LVWLQJ�FRPSRQHQW�PRGHOV�WKH�ZD\
WKDW� D� FRPSRQHQW� LV� LQWHQGHG� WR� LQWHUDFW� ZLWK� RWKHU
FRPSRQHQWV� LV� SURJUDPPHG� LQWR� D� FRPSRQHQW
�HQGRJHQRXV� ELQGLQJ��� 7KLV� KDV� WR� FKDQJH� LI� WKH
EHKDYLRU� RI� RWKHU� FRPSRQHQWV� FKDQJHV�� +HQFH�� LW
FRQVWLWXWHV� D� GHSHQGHQF\� RQ� WKH� EHKDYLRU� RI� RWKHU
FRPSRQHQWV�� %\� VSHFLI\LQJ� LQWHUDFWLRQ� VHSDUDWHO\
�H[RJHQRXVO\���WKLV�GHSHQGHQF\�LV�DYRLGHG�

([SOLFLW�VSHFLILFDWLRQ�RI�WKH�UHVRXUFH�UHTXLUHPHQWV�RI�FRPSRQHQWV�
7KH� GHSHQGDELOLW\� RI� D� V\VWHP� LV� UHODWHG� WR� WKH� DPRXQW� RI
UHVRXUFHV� FRQVXPHG� E\� WKH� FRPSRQHQWV� DQG� SURYLGHG� E\� WKH
H[HFXWLRQ� SODWIRUP�� 7KHUH� DUH� WKUHH� W\SHV� RI� UHVRXUFHV�
FRPSXWDWLRQ�UHVRXUFHV��FRPPXQLFDWLRQ�UHVRXUFHV�DQG�VWRUDJH��7KH
GHILQLWLRQ� RI� FRPSRQHQW� UHVRXUFH� UHTXLUHPHQWV� LQ� D� SODWIRUP�
LQGHSHQGHQW�ZD\�EURDGHQV�WKH�VFRSH�RI�FRPSRQHQW�DSSOLFDWLRQ�

6SHFLILFDWLRQ� RI� GHSHQGDELOLW\� FRQVWUDLQWV� LQ� DQ� HQG�WR�HQG
IDVKLRQ�� 7KH� EDVLF� LGHD� LV� WKDW� WLPLQJ� DQG� GHSHQGDELOLW\
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FRQVWUDLQWV� VKRXOG� QRW� EH� FRPSRQHQW� DWWULEXWHV�� EHFDXVH� WKLV
ZRXOG� MHRSDUGL]H� UHXVDELOLW\�� 7KH\� DUH� UDWKHU� FRQVLGHUHG� DV
FRQVWUDLQWV�RQ�WKH�G\QDPLFV�RI�WKH�V\VWHP��L�H��RQ�WKH�FRPSRQHQW
LQWHUDFWLRQ�

'LVWLQJXLVK�UHVRXUFH�FRQVWUDLQWV�DQG�UHVRXUFH�FRQVXPSWLRQ��7KH
IRUPHU�DUH�GHVFULEHG�DW� WKH�RYHUDOO�V\VWHP�OHYHO� LQ�DQ�HQG�WR�HQG
IDVKLRQ��DQG�WKH�ODWWHU�LV�DVVRFLDWHG�ZLWK�D�FRPSRQHQW�GHVFULSWLRQ�
7KLV�VHSDUDWLRQ�HQDEOHV� WKH�GHYHORSPHQW�RI�UHXVDEOH�FRPSRQHQWV
DQG� JLYHV� GHVLJQHUV� IUHHGRP� LQ� WKH� VDWLVIDFWLRQ� RI� WKH� UHVRXUFH
FRQVWUDLQWV�

$OO�WKH�DIRUHPHQWLRQHG�DVSHFWV�KDYH�WR�EH�SURSHUO\�HODERUDWHG�LQ
RUGHU�WR�FRQVWLWXWH�D�SUDFWLFDO�PHWKRG�

��� $5&+,7(&7,1*�(19,5210(17
7R� UHFRQFLOH� WKH� JRDOV� RI� XVLQJ� DFFHSWHG� VRIWZDUH� HQJLQHHULQJ
QRWDWLRQV� DQG�DXWRPDWHG� DQDO\VLV� WRROV��ZH�DLP� IRU� D� IUDPHZRUN
WKDW�FRQVLVWV�RI�WKUHH�SDUWV��VHH�)LJXUH����

7HPSRUDO
/RJLF

7LPHG
$XWRPDWD

06&
5HJXODU

([SUHVVLRQV

7LPHG�$XWRPDWD
�833$$/�QRWDWLRQ��H[WHQVLRQV�

%DVLF
IRUPDOLVP

([WHQVLRQV
IRU�VSHFLI\LQJ
LQWHUDFWLRQV
DQG�WLPLQJ
FRQVWUDLQWV

%HKDYLRU�&RQVWUDLQWV�6SHF

2&/

$QDO\VLV 9HULILFDWLRQ 6LPXODWLRQ
(YDOXDWLRQ

([WHQVLRQV
IRU�VSHFLI\LQJ
EHKDYLRXU
FRQVWUDLQWV

)LJXUH����$UFKLWHFWLQJ�HQYLURQPHQW

7KH�DUFKLWHFWLQJ�HQYLURQPHQW�SURYLGHV�HQJLQHHUV�WKH�SRVVLELOLW\�WR
XVH� D� FRPELQDWLRQ� RI� QRWDWLRQV� IRU� GHVFULELQJ� DUFKLWHFWXUHV�� )RU
WKH� WLPH� EHLQJ�� ZH� IRFXV� RQ� 0HVVDJH� 6HTXHQFH� &KDUWV� �06&�
>��@� DQG� 7LPHG� $XWRPDWD� �7$�� >�@�� $OVR�� WKH� DUFKLWHFWLQJ
HQYLURQPHQW�LV�WR�EH�H[WHQGLEOH�ZLWK�RWKHU�QRWDWLRQV��VXFK�DV� WKH
2EMHFW�&RQVWUDLQW�/DQJXDJH��2&/��>��@�RU�WHPSRUDO�ORJLF�

)RU�DQDO\]LQJ�DUFKLWHFWXUDO�GHVLJQV��WKH�GLIIHUHQW�QRWDWLRQV�QHHG�WR
EH� UHODWHG��7R� WKLV� HQG��ZH�GHYLVH�PDSSLQJV� RI� QRWDWLRQV� RQWR� D
EDVLF� IRUPDOLVP�� ,Q� RXU� DSSURDFK�� 7LPHG�$XWRPDWD� DUH� XVHG� DV
EDVLF� IRUPDOLVP�� :H� GR� QRW� H[SHFW� WR� ILQG� PDSSLQJV� RI� DOO
FRQVWUXFWV�RI�DOO�PRGHOLQJ�QRWDWLRQV�RQWR�D�VLQJOH�EDVLF�PRGHOLQJ
IRUPDOLVP�� ,Q� FR�RSHUDWLRQ� ZLWK� HQJLQHHUV�� ZH� KDYH� WR� VHOHFW
VXEVHWV� RI� WKH� QRWDWLRQV� WKDW� FRPSULVH� WKH� PRVW� LPSRUWDQW
PRGHOLQJ�FRQVWUXFWV��\HW�DOVR�SURYLGH�WKH� LQIRUPDWLRQ�QHHGHG�IRU
DXWRPDWLF�DQDO\VLV�

7R�VXSSRUW�GLIIHUHQW�W\SHV�RI�DQDO\VHV�ZH�HQYLVDJH�D�FROOHFWLRQ�RI
DQDO\VLV�WRROV�VXFK�DV�VFKHGXODELOLW\���VLPXODWLRQ��RU�YHULILFDWLRQ�
WRROV�� 7KHVH� WRROV� RSHUDWH� RQ� WKH� UHSUHVHQWDWLRQ� RI� WKH
DUFKLWHFWXUDO�GHVLJQ�LQ�WHUPV�RI�WKH�EDVLF�IRUPDOLVP�

��� $5&+,7(&785(�'(6&5,37,21
7(&+1,48(6
7KLV� VHFWLRQ� HQXPHUDWHV� WKH� UHTXLUHPHQWV� RQ� DUFKLWHFWXUH
GHVFULSWLRQ� WHFKQLTXHV� DQG� RXWOLQHV� WKH� IUDPHZRUN�� $OVR�� LW
FRQWDLQV�DQ�H[DPSOH�WR�LOOXVWUDWH�WKH�PHWKRG�SURSRVHG�

���� 5HTXLUHPHQWV�IRU�GHVFULSWLRQ�WHFKQLTXHV
)RU� VSHFLI\LQJ� FRPSRQHQW� EHKDYLRU�� D� QXPEHU� RI� IRUPDO
GHVFULSWLRQ� WHFKQLTXHV�ZHUH� LQVSHFWHG� DQG�FRPSDUHG��%HIRUH� WKH
DFWXDO� FRPSDULVRQ�� HVVHQWLDO� UHTXLUHPHQWV� RQ� WKH� GHVFULSWLRQ
WHFKQLTXHV�ZHUH�LGHQWLILHG��7KHVH�UHTXLUHPHQWV�DQG�WKHLU�UDWLRQDOH
IROORZ�EHORZ��7KH�UHTXLUHPHQWV�DUH�PDUNHG�DV�FRPSXOVRU\��&��RU
RSWLRQDO��2��

��� 7KH�GHVFULSWLRQ�WHFKQLTXHV�VKRXOG�VXSSRUW�TXDQWLWDWLYH
PRGHOV�IRU�WLPHOLQHVV�DQDO\VLV���&�

5DWLRQDOH��WR�HQDEOH�WLPHOLQHVV�DVVHVVPHQW�DW�WKH�HDUO\
DUFKLWHFWLQJ�SKDVH��EHIRUH�V\VWHP�LPSOHPHQWDWLRQ�

��� 7KH�GHVFULSWLRQ�WHFKQLTXHV�VKRXOG�VXSSRUW�TXDQWLWDWLYH
HYDOXDWLRQ�RI�PHPRU\�FRQVXPSWLRQ���&�

5DWLRQDOH��WR�HQDEOH�PHPRU\�FRQVXPSWLRQ�HVWLPDWLRQ�DW�WKH
HDUO\�DUFKLWHFWLQJ�SKDVH�

��� 7KH� GHVFULSWLRQ� WHFKQLTXHV� VKRXOG� VXSSRUW� VSHFLILFDWLRQ� RI
WLPLQJ�FRQVWUDLQWV�LQ�DQ�HQG�WR�HQG�IDVKLRQ���&�

5DWLRQDOH�� WR� DYRLG� XQQHFHVVDU\� UHGXFWLRQ� RI� GHVLJQ� VSDFH
�FDXVHG�E\�DUWLILFLDO�VXEGLYLVLRQ�RI�WKH�LQLWLDO�GHDGOLQHV��

��� 7KH�GHVFULSWLRQ�WHFKQLTXHV�VKRXOG�VXSSRUW� WKH�SRVVLELOLW\� WR
VSHFLI\�LQWHUDFWLRQ�EHKDYLRU�H[RJHQRXVO\��&��

5DWLRQDOH�� WR� LQFUHDVH� UHXVDELOLW\�RI� WKH� FRPSRQHQWV� DQG� WR
EXLOG�IOH[LEOH�DUFKLWHFWXUHV�

��� 7KH�GHVFULSWLRQ�WHFKQLTXHV�VKRXOG�DOORZ�RQH�WR�UHDVRQ�DERXW
WKH� SURSHUWLHV� RI� D� FRPSRQHQW� FRPSRVLWLRQ�� EDVHG� RQ� WKH
SURSHUWLHV�RI�WKH�FRPSRQHQWV���&�

5DWLRQDOH��7R�HQDEOH�HIIHFWLYH��DXWRPDWHG��IRUPDO�UHDVRQLQJ�

��� 7KH� GHVFULSWLRQ� WHFKQLTXHV� VKRXOG� VXSSRUW� WKH� VSHFLILFDWLRQ
RI� UHVRXUFH� UHTXLUHPHQWV� �SURFHVVLQJ�� VWRUDJH� DQG
FRPPXQLFDWLRQ���&�

5DWLRQDOH��WR�HQDEOH�DQDO\VLV�RI�HIIHFWV�RI�UHVRXUFH�FRQIOLFWV�

��� 7KH�VSHFLILFDWLRQV�PXVW�EH�FRPSUHKHQVLEOH�IRU�HQJLQHHUV��&��

5DWLRQDOH��UHGXFH�HIIRUWV�IRU�HGXFDWLRQ�RI�HQJLQHHUV�

��� 6XSSRUW�IRU�DXWRPDWLF�FRGH�JHQHUDWLRQ��2��

$�GHVFULSWLRQ�WHFKQLTXH�VKRXOG�HQDEOH�FUHDWLQJ�RI� WRROV� WKDW
FDQ�JHQHUDWH�FRGH�IRU�D�JLYHQ�VSHFLILFDWLRQ�

5DWLRQDOH��WR�HQDEOH�HIILFLHQW�GHYHORSPHQW�

��� 8VH�RI�H[LVWLQJ�GHVLJQ��VLPXODWLRQ�DQG�YHULILFDWLRQ�WRROV��2��
,W�LV�SUHIHUDEOH�WR�XVH�WKH�H[LVWLQJ�WRROV�LQVWHDG�RI�GHYHORSLQJ
QHZ�RQHV�

5DWLRQDOH��WR�GHVLJQ�WKH�VRIWZDUH�TXLFNO\�DQG�HDVLO\�

���� %DVLF�IRUPDO�IUDPHZRUN
,Q�WKLV�VHFWLRQ�ZH�H[SODLQ�WKH�DUFKLWHFWLQJ�DSSURDFK�E\�OLVWLQJ�WKH
PRGHOV� WKDW�VKRXOG�EH�FRQVWUXFWHG�IRU�GHVFULELQJ�DQ�DUFKLWHFWXUH�
:H�PRWLYDWH�WKH�FKRLFHV�RI�WKH�IRUPDO�GHVFULSWLRQ�WHFKQLTXHV�IRU
WKHVH�PRGHOV�



�

������ *HQHUDO�YLHZ
$�JHQHUDO�RYHUYLHZ�RI� WKH�DSSURDFK� WR�PRGHOLQJ� DUFKLWHFWXUHV� LV
JLYHQ� LQ� )LJXUH� ��� 7KUHH� HVVHQWLDO� DUFKLWHFWLQJ� PRGHOV� DUH
FRQVLGHUHG�

7KH� ³6WUXFWXUDO� PRGHO´� UHSUHVHQWV� WKH� VWDWLF� FRQILJXUDWLRQ� RI� D
V\VWHP� WKURXJK� WKH� GHSHQGHQFLHV� DQG� FRQQHFWLRQV� EHWZHHQ
FRPSRQHQWV�

7KH�³%HKDYLRUDO�0RGHO´�LV�XVHG�WR�GHVFULEH�WKH�G\QDPLF�DVSHFWV
RI� WKH� FRPSRQHQWV�� FRPSRQHQW� LQWHUDFWLRQ� DQG� UHVRXUFH
FRQVWUDLQWV� �H�J��HQG�WR�HQG�GHDGOLQHV���$�FRPSRQHQW�GHVFULSWLRQ
VSHFLILHV�UHVRXUFH�UHTXLUHPHQWV�LQ�WHUPV�RI�WKH�³5HVRXUFH�0RGHO´�

7KH� ³5HVRXUFH� PRGHO´� GHVFULEHV� WKH� DYDLODEOH� UHVRXUFHV�� 7KLV
PRGHO�DOVR�GHILQHV�D�VKDULQJ�VWUDWHJ\�IRU�HDFK�UHVRXUFH�

%

$�P %�Q &�T

&�S

$

&
UU

UU

UUUU

5HVRXUFH
PRGHO

5HVRXUFH�� 5HVRXUFH��

6WUXFWXUDO�PRGHO %HKDYLRXUDO�PRGHO

6SHFLI\�HQG�WR�HQG�FRQVWUDLQWV

6WLPXOXV 5HVSRQVH

)LJXUH����2YHUYLHZ�RI�WKH�DSSURDFK

������ &KRLFH�RI�DSSURSULDWH�IRUPDOLVPV
)RU� VWUXFWXUDO� GHVFULSWLRQ� ZH� FRQVLGHU� RQH� RI� WKH� H[LVWLQJ
FRPSRQHQW� PRGHOV� VXSSRUWLQJ� WKH� QRWLRQV� RI� SURYLGHG� DQG
UHTXLUHG� LQWHUIDFHV� �H�J��.RDOD� >��@� DQG�'DUZLQ� >��@��� 6LQFH�ZH
DLP� WR� WKH�HYDOXDWLRQ�RI� WLPLQJ�SURSHUWLHV�� WKH�SURSHU�EHKDYLRUDO
GHVFULSWLRQ�IRUPDOLVPV�DUH�WR�EH�IRXQG�

$IWHU�FRPSDULQJ�VHYHUDO�IRUPDOLVPV��WKH�H[WHQGHG�QRWLRQ�RI�6WDWH
0DFKLQHV��7LPHG�$XWRPDWD��>�@��ZDV�FKRVHQ�IRU�WKH�VSHFLILFDWLRQ
RI� FRPSRQHQW� EHKDYLRU�� %DVLF� 0HVVDJH� 6HTXHQFH� &KDUWV� >��@
ZHUH� FKRVHQ� IRU� VSHFLI\LQJ� FRPSRQHQW� LQWHUDFWLRQ�� 7KLV� VHFWLRQ
PRWLYDWHV�WKLV�FKRLFH�

�������� 7LPHG�$XWRPDWD
7LPHG�$XWRPDWD�DUH�VXSSRUWHG�E\�D�ZLGH�VFRSH�RI�H[LVWLQJ�WRROV
IRU�PRGHOLQJ�DQG� VLPXODWLRQ� �H�J��833$$/�� IRU�GHWDLOV� VHH� >�@��
)XUWKHUPRUH�� WKHLU� JUDSKLFDO� GHVFULSWLRQ� PDNHV� WKHP
FRPSUHKHQVLEOH�IRU�HQJLQHHUV�

7KH� WKHRU\� RQ� 7LPHG� $XWRPDWD� GHVFULEHV� FRQVWUXFWLRQV� IRU
REWDLQLQJ�DQ�DXWRPDWRQ�WKDW�GHVFULEHV�WKH�EHKDYLRU�RI�WKH��SDUDOOHO
FRPSRVLWLRQ� RI� WLPHG� DXWRPDWD�� )RU� WKH� VLPSOHVW� FDVHV�� LW� LV
SRVVLEOH�WR�XVH�WKH�&DUWHVLDQ�SURGXFW�

+RZHYHU��ZKHQ�XVLQJ�WLPHG�DXWRPDWD��FHUWDLQ�SULQFLSOHV�PXVW�EH
IROORZHG� LQ� RUGHU� WR� EH� DEOH� WR� UHDVRQ� FRPSRVLWLRQDOO\�� )RU
H[DPSOH�� RQH� VKRXOG� QRW� XVH� JOREDO� FORFN� YDULDEOHV� WR� GHILQH
FRQVWUDLQV�RQ�WKH�EHKDYLRU�RI�PXOWLSOH�FRPSRQHQWV�

�������� 0HVVDJH�6HTXHQFH�&KDUWV
$V� PHQWLRQHG� EHIRUH�� FRPSRQHQW� LQWHUDFWLRQ� LV� VSHFLILHG
VHSDUDWHO\� IURP� FRPSRQHQW� EHKDYLRU�� )RU� WKDW�� D� VSHFLILFDWLRQ
ODQJXDJH�LV�UHTXLUHG�WKDW�FDQ�DGGUHVV�WKH�IROORZLQJ�LVVXHV�

�� ,W� VKRXOG� HQDEOH� UHVWULFWLQJ� WKH� EHKDYLRU� RI� JHQHULF
FRPSRQHQWV

�� ,W�VKRXOG�VXSSRUW�WKH�VSHFLILFDWLRQ�RI�WLPLQJ�FRQVWUDLQWV
LQ�DQ�HQG�WR�HQG�IDVKLRQ�

7KH� 06&� QRWDWLRQ� DOORZV� RQH� WR� YLYLGO\� H[SUHVV� WLPLQJ
FRQVWUDLQWV�EHWZHHQ�VWLPXOXV�DQG�UHVSRQVH�HYHQWV�DW�D�VLQJOH�SODFH
LQ� D� VSHFLILFDWLRQ�� 7KLV� LV� LQ� FRQWUDVW� WR� WLPHG� DXWRPDWD�� ZKHUH
WLPLQJ� FRQVWUDLQWV� DUH� VSHFLILHG� E\� PHDQV� RI� WZR� �RU� PRUH�
FRQVWUDLQWV� RQ� VKDUHG� FORFN� YDULDEOHV� WKDW� DUH� GLVWULEXWHG� RYHU
VHSDUDWH�VWDWHV�RU�WUDQVLWLRQV�RI�WKH�PRGHO��WKLV�ZLOO�EH�LOOXVWUDWHG
ODWHU� E\� DQ� H[DPSOH��� 7KLV� UHGXFHV� WKH� LQWHOOLJLELOLW\� RI� D
VSHFLILFDWLRQ�

06&� DUH� D�ZHOO�DFFHSWHG� VRIWZDUH� QRWDWLRQ� WKDW� LV� HDV\� WR� OHDUQ
DQG� XQGHUVWDQG�� $OVR�� WKH\� KDYH� IRUPDO� VHPDQWLFV� LQ� WHUPV� RI
DXWRPDWD� �VHH� H�J�� >��@�� WKDW�PDNHV� LW� SRVVLEOH� WR� UHODWH� WKHP� WR
WLPHG�DXWRPDWD��ZKLFK�ZH�XVH�DV�EDVLF�IRUPDOLVP��

%HFDXVH� RI� WKH� DERYH� DGYDQWDJH��06&�ZHUH� SUHIHUUHG� WR� 7LPHG
$XWRPDWD�IRU�VSHFLI\LQJ�WKH�WLPLQJ�FRQVWUDLQWV�

���� ([DPSOH
7R�JLYH�D�IODYRU�RI�RXU�DSSURDFK��ZH�ZLOO�GHPRQVWUDWH�VRPH�RI�WKH
GHVFULSWLRQ�SULQFLSOHV� �DQDO\VLV� LV�QRW� LQFOXGHG��ZLWK�DQ�H[DPSOH
RI�DQ�³$XWRPDWLF�7HOOHU�0DFKLQH´�

7KH�VWUXFWXUDO�PRGHO�RI�WKH�DUFKLWHFWXUH�LV�GHSLFWHG�LQ�)LJXUH���

8VHU $70 %DQN

)LJXUH����.H\�FRPSRQHQWV

7KH� V\VWHP� FRQVLVWV� RI� WKH� IROORZLQJ� FRPSRQHQWV�� 8VHU�� $70
�PRGHOLQJ�D�FDVK�GLVSHQVHU���DQG�%DQN��PRGHOLQJ�VRPH�DVSHFWV�RI
EDQN�RSHUDWLRQ���8VHU�DQG�%DQN�LQWHUDFW�RQO\�ZLWK�$70��EXW�QRW
ZLWK�HDFK�RWKHU�

7KH�EHKDYLRUDO�PRGHO�FRQVLVWV�RI� D� VSHFLILFDWLRQ�RI� WKH�EHKDYLRU
RI�WKH�LQGLYLGXDO�FRPSRQHQWV�XVLQJ�833$$/�DQG�D�VSHFLILFDWLRQ
RI�WKHLU�LQWHUDFWLRQ�XVLQJ�06&V�

:H�EULHIO\�H[SODLQ� WKH�833$$/�QRWDWLRQ�>�@�� ,Q�833$$/��WLPH
LV� PRGHOHG� XVLQJ� FORFN� YDULDEOHV�� WLPLQJ� FRQVWUDLQV� DUH
H[SUHVVLRQV� RYHU� FORFN� YDULDEOHV�� 7KHVH� FRQVWUDLQWV� FDQ� EH
DWWDFKHG�ERWK�WR�WUDQVLWLRQV�DQG�VWDWHV��$�FRQGLWLRQ�RQ�D�VWDWH�LV�DQ
LQYDULDQW�� WKH� V\VWHP� LV� DOORZHG� WR� EH� LQ� D� VWDWH� RQO\� LI� LWV
LQYDULDQW� KROGV�� $� FRQGLWLRQ� RQ� D� WUDQVLWLRQ� LV� D� JXDUG�� WKH
WUDQVLWLRQ�FDQ�RQO\�EH�WDNHQ�LI�WKH�JXDUG�KROGV�

7KH� ODEHOV� RQ� WUDQVLWLRQV� GHQRWH� HYHQWV�� /DEHOV� ZLWK� D� TXHVWLRQ
PDUN�³"´�GHILQH�LQSXW�HYHQWV��ODEHOV�ZLWK�DQ�H[FODPDWLRQ�PDUN�³�´
GHILQH�RXWSXW�HYHQWV�

5HWXUQLQJ� WR� WKH� H[DPSOH�� )LJXUH� �� GHVFULEHV� WKH� EHKDYLRU� RI
8VHU�
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,GOH X�LQVHUW�FDUG� X�HQWHU�3,1�

X�3,1
LQYDOLG"

X�3,1

YDOLGDWHG"

X�HMHFW

FDUG"

X�HQWHU
DPRXQW�

X�FDQFHO�

X�DFFHSW
DPRXQW"

X�IDLO"

X�VXFFHVV"

X�ZLWKGUDZ�

$XWKRUL]DWLRQ

&KHFNLQJ

DPRXQW

)LJXUH����%HKDYLRU�RI�8VHU

7KH�VSHFLILFDWLRQ�RI�8VHU�GHVFULEHV�WKH�EHKDYLRU�RI�DQ�LQGLYLGXDO
ZKR� ZDQWV� WR� ZLWKGUDZ� FDVK� IURP� DQ� $70�� 7KH� DXWRPDWRQ
GHILQHV�DQ�RUGHU�RQ�WKH�HYHQWV�IRU�WKH�ZLWKGUDZDO�SURFHVV�

7KH� EHKDYLRU� RI� $70� DQG� %DQN� LV� LOOXVWUDWHG� LQ� )LJXUH� �� DQG
)LJXUH����UHVSHFWLYHO\�

,GOH
D�LQVHUW
FDUG"

D�HQWHU
3,1"

D�YDOLGDWH
3,1�

D�QRQ�
DXWKRUL]HG" D�DXWKRUL]HG"

D�3,1
YDOLGDWHG�

D�HQWHU
DPRXQW"

D�DFFHSW
DPRXQW�

D�EDQN
WUDQVDFWLRQ�

D�EDQN
ILDW�

D�VXFFHVV�

D�ZLWKGUDZ"

D�3,1�LQYDOLG�

D�HMHFW�FDUG�

D�FDQFHO"

D�EDQN
YHWR�

D�IDLO�

&KHFNLQJ

DPRXQW

3HUIRUP

WUDQVDFWLRQ

W�� �

W�!�

W���

W�� �

W�! �

W�! �

W���

)LJXUH����%HKDYLRU�RI�$70

)RU�WKH�VSHFLILFDWLRQ�RI�%DQN�ZH�XVH�WZR�DXWRPDWD��7KH�VHPDQWLFV
RI� WKLV� LV� WKDW� WKH\� RSHUDWH� LQ� SDUDOOHO�� 7KLV� DOORZV� IXUWKHU
HQKDQFLQJ�RI�WKH�VSHFLILFDWLRQV�WR�VXSSRUW�PRUH�WKDQ�RQH�8VHU�DQG
RQH�$70�� WKH�XQQHFHVVDU\� VHULDOL]DWLRQ�RI� WKH� DXWKRUL]DWLRQ� DQG
WUDQVDFWLRQ�UHTXHVWV� IURP�GLIIHUHQW�FDVK�GLVSHQVHUV��ZKLFK�ZRXOG
EH� HQIRUFHG� E\� PRGHOLQJ� WKH� EHKDYLRU� DV� D� VLQJOH� DXWRPDWD�� LV
DYRLGHG�

,GOH

E�YDOLGDWH3,1"
[� �

9DOLGDWLQJ
[��

E�QRQ�DXWKRUL]HG�
[! �

E�DXWKRUL]HG�
[! �

,GOH

E�EDQN

WUDQVDFWLRQ"
\� �

7UDQVDFWLRQ
\��

E�EDQN�YHWR�
\! �

E�EDQN�ILDW�
\! �

)LJXUH����%HKDYLRU�RI�%DQN

:H� XVH� FORFN� YDULDEOHV� [� DQG� \� WR� VSHFLI\� WKH� UHVRXUFH
FRQVXPSWLRQ� RI� %DQN�� 7KH� VSHFLILFDWLRQ� VWDWHV� WKDW� WKH� WLPH� RI
SURFHVVLQJ� DXWKRUL]DWLRQ� UHTXHVWV� �E\� D� K\SRWKHWLFDO� &38�� LV� DW
OHDVW� RQH� WLPH� XQLW� DQG� DW� PRVW� WZR� WLPH� XQLWV�� 7KH� IRUPHU� LV
LQGLFDWHG� ZLWK� WKH� JXDUGV� �[! ��� RQ� ERWK� WUDQVLWLRQV�� DQG� WKH
ODWWHU� LV� VSHFLILHG� ZLWK� WKH� LQYDULDQW� �[���� RI� WKH� ³9DOLGDWLQJ´
VWDWH��/LNHZLVH��WKH�WLPH�QHFHVVDU\�IRU�SHUIRUPLQJ�D�WUDQVDFWLRQ�LV
DW�OHDVW�WZR�WLPH�XQLWV�EXW�DW�PRVW�IRXU�WLPH�XQLWV��6LPLODUO\��RQH
FDQ�VSHFLI\�FRQVXPSWLRQ�RI�&38�FDSDFLW\�IRU�RWKHU�FRPSRQHQWV�

)LQDOO\�� ZH� GHPRQVWUDWH� WKH� VSHFLILFDWLRQ� RI� HQG�WR�HQG� WLPLQJ
FRQVWUDLQWV� DQG� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH� FRPSRQHQWV� 8VHU�
$70��DQG�%DQN�ZLWK�WKH�0HVVDJH�6HTXHQFH�&KDUW�LQ�)LJXUH���

2Q�WKH�RQH�KDQG��WKH�PHVVDJH�VHTXHQFH�FKDUW�LQ�)LJXUH���VSHFLILHV
WKURXJK� ZKLFK� WUDQVLWLRQV� DOO� WKH� WKUHH� DXWRPDWD� LQWHUDFW�� )RU
H[DPSOH�� WR� LQGLFDWH� WKDW� WKH�DFWLRQV�³X�LQVHUW�FDUG´�DQG�³D�LQVHUW
FDUG´�RI�8VHU�DQG�$70��UHVSHFWLYHO\��QHHG�WR�V\QFKURQL]H��ZH�XVH
DQ� DPSHUVDQG� V\PERO� ³	´�� /LNHZLVH�� WKH� RWKHU� ODEHOV� RI� DOO� WKH
WKUHH� DXWRPDWD� DUH� ERXQG�� 7KLV� W\SH� RI� VSHFLILFDWLRQ� WHFKQLTXH
DOORZV�RQH�WR�ELQG�FRPSRQHQWV�LQ�DQ�H[RJHQRXV�PDQQHU�

$GGLWLRQDOO\�� WKLV�PHVVDJH�VHTXHQFH�FKDUW� LQGLFDWHV� WKDW� WKH� WLPH
EHWZHHQ� WKH� RFFXUUHQFH� RI� ³HQWHU� 3,1´� DQG� WKH� RFFXUUHQFH� RI
³3,1� YDOLGDWHG´� PXVW� QRW� H[FHHG� ILYH� WLPH� XQLWV�� $W� WKH� VDPH
WLPH�� LW� LQGLFDWHV� WKDW� WLPH� EHWZHHQ� ³HQWHU� DPRXQW´� DQG
³WUDQVDFWLRQ�VXFFHVV´�PXVW�QRW�H[FHHG�VL[�WLPH�XQLWV��,Q�D�VLPLODU
ZD\�� PHVVDJH� VHTXHQFH� FKDUWV� FDQ� EH� XVHG� WR� VSHFLI\� RWKHU
GHSHQGDELOLW\� FRQVWUDLQWV� LQ� DQ� HQG�WR�HQG� PDQQHU� IRU� UHOHYDQW
H[HFXWLRQ�VFHQDULRV�
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PVF�&DVKBZLWKGUDZDOBVFHQDULR

8VHU $70 %DQN

X�LQVHUW�FDUG	
D�LQVHUW�FDUG

X�HQWHU�3,1	
D�HQWHU�3,1 D�YDOLGDWH�3,1	

E�YDOLGDWH�3,1

9DOLGDWLQJ

D�DXWKRUL]HG	
E�DXWKRUL]HG

X�3,1�YDOLGDWHG	
D�3,1�YDOLGDWHG

X�HQWHU�DPRXQW	
D�HQWHU�DPRXQW
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)LJXUH����6SHFLILFDWLRQ�RI�GHDGOLQHV�DQG�FRPSRQHQW�LQWHUDFWLRQ

��� 7(&+1,48(6�)25�(9$/8$7,21�2)
48$/,7<�$775,%87(6
7KLV� VHFWLRQ� VXPPDUL]HV� RXU� HYDOXDWLRQ� RI� PHWKRGV� IRU� WKH
DVVHVVPHQW�RI�WLPHOLQHVV�DQG�PHPRU\�FRQVXPSWLRQ�DQG�LQWHUSUHWV
WKHLU�XVH�IRU�WKH�VRIWZDUH�DUFKLWHFWLQJ�

���� 7LPHOLQHVV�HYDOXDWLRQ
$V�DOUHDG\�PHQWLRQHG��WLPHOLQHVV�LV�DQ�LPSRUWDQW�TXDOLW\�DWWULEXWH�
7LPHOLQHVV� FDQ�EH� UHDVRQHG�DERXW� HLWKHU� �DQDO\WLFDOO\�� WKURXJK� D
VFKHGXODELOLW\� WHVW�� D� W\SLFDO� H[DPSOH� EHLQJ� 5DWH� 0RQRWRQLF
$QDO\VLV� �50$�� �VHH� >��@�� >��@�� >��@�� DQG� >��@��� RU� WKURXJK� WKH
FRQVWUXFWLRQ�RI�DQ�H[SOLFLW�VFKHGXOH��H�J��LQ�>��@��

%RWK� DSSURDFKHV� PRGHO� WKH� VFKHGXOLQJ� SROLF\� DGRSWHG� IRU� WKH
V\VWHP��'HSHQGLQJ�RQ�ZKHWKHU�WKH�SULRULW\�DVVLJQPHQW�VWUDWHJ\�RI
WKH�VFKHGXOLQJ�SROLF\� LV� IL[HG�RU�G\QDPLF��GLIIHUHQW�PRGHOV�KDYH
WR�EH�XVHG�

)RU�WKH�IL[HG�SULRULW\�VFKHGXOLQJ�SROLF\��50$�LV�XVXDOO\�DSSOLHG�
7KLV�PHWKRG�LV�EDVHG�RQ�WKH�DQDO\VLV�RI�D�VR�FDOOHG�FULWLFDO�LQVWDQW�
ZKHQ� DOO� WDVNV� LQ� WKH� WDVN� VHW� DUH� UHOHDVHG� VLPXOWDQHRXVO\�� ,W� LV
SURYHQ� WKDW� WKH� ZRUVW�FDVH� UHVSRQVH� WLPH� DSSHDUV� IRU� HDFK� WDVN
GXULQJ�WKH�FULWLFDO� LQVWDQW��7KH�50$�PHWKRG�FDOFXODWHV� UHVSRQVH
WLPH�IRU�HDFK�WDVN��IRU�D�JLYHQ�UHDO�WLPH�VLWXDWLRQ�GHVFULELQJ�D�VHW

RI� WDVNV�EHLQJ� DQDO\]HG� >��@��� EDVHG� RQ� WKH� VSHFLILHG�ZRUVW�FDVH
H[HFXWLRQ�WLPH�DQG�GHDGOLQH��,Q�DGGLWLRQ�� LI� WKH� WDVNV�VKDUH�VRPH
UHVRXUFHV�� WKH� EORFNLQJ� WLPH� LQGXFHG� E\� WKH� RQHV� ZLWK� ORZHU
SULRULW\�VKRXOG�EH�JLYHQ��)LQDOO\��WKH�SHULRGLFLW\�LQIRUPDWLRQ��IRU�D
VLPSOH� FDVH�� LQ� D� IRUP� RI� WDVN� LQWHU�DUULYDO� SHULRGV�� KDV� WR� EH
SURYLGHG�WR�HQDEOH�WKH�DSSOLFDWLRQ�RI�50$�

+RZHYHU�� 50$� FDQ� RQO\� EH� XVHG� ZLWK� VRPH�� UDWKHU� VWULFW�
DVVXPSWLRQV�RQ�WKH�WDVNV�RI�WKH�V\VWHP��7KH�PDLQ�UHVWULFWLRQ�LV�WKH
DVVXPSWLRQ�WKDW�WKH�DUULYDO�SDWWHUQ�RI�D�VWLPXOXV�KDV�VRPH�IRUP�RI
SHULRGLFLW\��(DUO\�YHUVLRQV�RI�50$�KDYH�GHDOW� RQO\�ZLWK� VWULFWO\
SHULRGLF� HYHQWV�� KRZHYHU�� ODWHU� H[WHQVLRQV� KDYH� LQFRUSRUDWHG� D�
SHULRGLF�WDVNV�DQG�VSRUDGLF�VHUYHUV��$QRWKHU�GUDZEDFN�RI�50$�LV
WKDW� LW� GRHV� QRW� DOORZ� LQWHUDFWLRQ� EHWZHHQ� WKH� WDVNV�� 7KH� RQO\
DOORZHG�LQWHUDFWLRQ�LV�PXWXDO�DFFHVV�WR�VKDUHG�UHVRXUFHV�

1HZ�VFKHGXODELOLW\�PRGHOLQJ�DSSURDFKHV�KDYH�HPHUJHG�DV�D�UHVXOW
RI�WKH�VXEVWDQWLDO�SURJUHVV�LQ�WKH�GHYHORSPHQW�RI�PRGHO�FKHFNLQJ
WHFKQLTXHV� ERWK� IRU� RUGLQDU\� DQG� K\EULG� WLPHG� DXWRPDWD�� 7KHVH
DSSURDFKHV� SDUWLDOO\� DGGUHVV� WKH� GUDZEDFNV� RI� 50$�OLNH
WHFKQLTXHV�� DV� WKH\� WDNH� LQWHUDFWLRQ� EHWZHHQ� WKH� WDVNV� LQWR
DFFRXQW�

7KH� PDLQ� SULQFLSOH� RQ� ZKLFK� WKHVH� WHFKQLTXHV� DUH� EXLOW� LV� WKH
UHSODFHPHQW� RI� WKH� LQLWLDO� VFKHGXODELOLW\� SUREOHP� ZLWK� WKH
UHDFKDELOLW\� SUREOHP� IRU� D� WLPHG� DXWRPDWRQ� HQFRPSDVVLQJ� DOO
SHFXOLDULWLHV� RI� D� FRQFUHWH� VFKHGXODELOLW\� SROLF\�� 7KH� DXWRPDWRQ
PRGHOLQJ�WKH�VFKHGXOHU��FRPELQHG�ZLWK�DXWRPDWD�PRGHOLQJ�LQWHU�
WDVN� FRPPXQLFDWLRQ�� LV� DQDO\]HG� IRU� UHDFKDELOLW\� RI� WKH� VWDWH
FRUUHVSRQGLQJ�WR�D�QRQ�VFKHGXODEOH�VLWXDWLRQ�>��@�

,Q� JHQHUDO�� DXWRPDWD�EDVHG� PHWKRGV� FRYHU� D� EURDGHU� VFRSH� RI
SRVVLEOH�VFKHGXOLQJ�SROLFLHV��WKDQ�50$�OLNH�PHWKRGV�GR��DV�WKH\
DOVR� WDNH� LQWR� DFFRXQW� WDVN� LQWHUDFWLRQV��+RZHYHU�� WKH� DXWRPDWD�
EDVHG� PHWKRGV� KDYH� WZR� GLVDGYDQWDJHV�� 7KH� ILUVW� LV� WKDW� WKHVH
PHWKRGV� RQO\� LQGLFDWH� ZKHWKHU� D� WDVN� VHW� LV� VFKHGXODEOH� RU� QRW�
WKH\�GR�QRW�SURYLGH�WKH�UHVSRQVH�WLPH�RI� WKH� WDVNV��ZKLFK�ZRXOG
EH� YHU\� XVHIXO� IRU� DUFKLWHFWV�� 7KH� VHFRQG� GUDZEDFN� LV� WKDW� WKHVH
PHWKRGV�� EHLQJ� EDVHG� RQ� WKH� FRQVWUXFWLRQ� RI� DQ� DXWRPDWRQ
PRGHOLQJ�WKH�VFKHGXOHU��VXIIHU�IURP�WKH�VWDWH�H[SORVLRQ�SUREOHP�
)RUWXQDWHO\�� GXULQJ� WKH� ODVW� WKUHH� \HDUV�� D� QXPEHU� RI� VXFFHVVIXO
DFFRXQWV�DERXW�WKH�DSSOLFDWLRQ�RI�DXWRPDWD�EDVHG�WHFKQLTXHV�KDYH
EHHQ� SXEOLVKHG� >�@�� >�@�� DQG� >��@�� %HFDXVH� RI� WKH� IOH[LELOLW\� RI
WKHVH� NLQGV� RI� WHFKQLTXHV�� WKHLU� DSSOLFDWLRQ� LV� IHDVLEOH� DW� WKH
DUFKLWHFWLQJ� OHYHO�� HVSHFLDOO\� LQ� WKH� FDVHV� ZKHQ� VWDQGDUG
WHFKQLTXHV�OLNH�50$�DUH�QRW�DSSOLFDEOH�

%RWK�W\SHV�RI�WHFKQLTXHV�UHTXLUH�LQIRUPDWLRQ�DERXW�WKH�ZRUVW�FDVH
H[HFXWLRQ� WLPH� RI� WDVNV�� 8QIRUWXQDWHO\�� PRVW� FRQWHPSRUDU\
PHWKRGV�IRU�WKH�HVWLPDWLRQ�RI�ZRUVW�FDVH�H[HFXWLRQ�WLPH�FDQQRW�EH
GLUHFWO\� DSSOLHG� WR� DUFKLWHFWLQJ�� DV� WKH\� DUH� EDVHG� RQ� DOUHDG\
H[LVWLQJ�FRGH��%XW�DW�WKH�DUFKLWHFWXUDO�OHYHO��VRPH�HVWLPDWLRQV�DUH
RIWHQ� QHHGHG� EHIRUH� WKH� FRGH� LV� ZULWWHQ�� )XUWKHUPRUH�� WKHUH� DUH
WZR�SUREOHPV�ZLWK�WUDGLWLRQDO�DSSURDFKHV�

�� 3UHGLFWLRQV� DUH� RYHU�SHVVLPLVWLF� GXH� WR� H[FOXGLQJ� HIIHFWV� RI
WKH� DFFHOHUDWLRQ� IDFLOLWLHV� RI� PRGHUQ� &38¶V� �SLSHOLQHV�
EUDQFK� SUHGLFWLRQ� EORFNV�� FDFKHV� HWF��� 7KHVH� HIIHFWV� DUH
H[FOXGHG� IURP� WKH� DQDO\VLV� EHFDXVH� RI� XQSUHGLFWDEOH
EHKDYLRU�RI�WKH�DFFHOHUDWLRQ�IDFLOLWLHV�

�� 9DULDWLRQ� LQ� EHKDYLRU� GXH� WR� GLIIHUHQW� LQSXW� SDUDPHWHUV� LV
GLIILFXOW�WR�DFFRXQW�IRU��7KLV�UHTXLUHV�DQDO\VLV�RI�DOO�SRVVLEOH
SDWKV� RI� FRQWURO� IORZ�� ZKLFK� LV� QRW� SRVVLEOH� IRU� PDQ\
VLWXDWLRQV� ZLWKRXW� SURYLGLQJ� DGGLWLRQDO� LQIRUPDWLRQ



�

GHVFULELQJ� WKH� UHODWLRQ� EHWZHHQ� LQSXW� GDWD� DQG� SURJUDP
EHKDYLRU�

,W� LV� IRUHVHHQ� WKDW� WKHVH�SUREOHPV�RI� WUDGLWLRQDO� DSSURDFKHV�PXVW
DOVR� EH� VROYHG� IRU� SHUIRUPLQJ� ZRUVW�FDVH� H[HFXWLRQ� WLPH
HVWLPDWLRQ�DW�WKH�DUFKLWHFWXUDO�OHYHO�

���� 0HPRU\�FRQVXPSWLRQ�HYDOXDWLRQ�
,Q� PDQ\� FDVHV�� DQDO\VLV� RI� PHPRU\� FRQVXPSWLRQ� LV� QHHGHG� WR
UHDVRQ� DERXW� WKH� IHDVLELOLW\� RI� DQ� HPEHGGHG� V\VWHP�� 7KH
DOORFDWLRQ� RI� PHPRU\� FDQ� EH� G\QDPLF� RU� VWDWLF�� 6WDWLF� PHPRU\
DOORFDWLRQ� LV� SHUIRUPHG� DW� FRPSLOH�� RU� ORDG�WLPH��ZKLOH� G\QDPLF
PHPRU\� DOORFDWLRQ� LV� SHUIRUPHG� GXULQJ� UXQ�WLPH�� )RU�PRVW� UHDO�
WLPH�RSHUDWLQJ�V\VWHPV�� WKH�PHPRU\�OD\RXW�RI�DQ�DSSOLFDWLRQ�FDQ
EH�SUHVHQWHG�DV�IROORZV�

��� 6WDWLFDOO\� DOORFDWHG� PHPRU\�� WKH� LPDJH� RI� SURJUDP� FRGH�
VWDWLF�GDWD��VWDFN��DQG�KHDS

��� '\QDPLFDOO\�DOORFDWHG�PHPRU\��VWDFNV��IRU�GLIIHUHQW�WKUHDGV��
GDWD�REMHFWV�DOORFDWHG�LQ�WKH�KHDS�

$QDO\VLV� RI� PHPRU\� DYDLODELOLW\� IRU� WKH� VWDWLF� DOORFDWLRQ
PHFKDQLVP� LV� WULYLDO� LQ�PRVW�FDVHV�� ,W� LV�HQRXJK� MXVW� WR� VXPPDWH
WKH�VL]HV�RI�DOO�PHPRU\�EORFNV�QHHGHG� IRU�DOO� WDVNV�DQG�FRPSDUH
WKH�UHVXOW�ZLWK�WKH�DPRXQW�RI�DYDLODEOH�V\VWHP�PHPRU\��+RZHYHU�
WKLV�KROGV�RQO\�IRU�ELQDU\�FRPSRQHQWV�

7KH� VLWXDWLRQ� ZRUVHQV� ZKHQ� GHDOLQJ� ZLWK� WKH� PHFKDQLVPV� IRU
G\QDPLF� PHPRU\� DOORFDWLRQ�� ,Q� WKLV� FDVH�� WKH� SKHQRPHQRQ� RI
IUDJPHQWDWLRQ� FDQ� EH� REVHUYHG�� 8VXDOO\�� WKH� IUDJPHQWDWLRQ� LV
FDXVHG�E\�LQWHUOHDYHG�VHTXHQFH�RI�PHPRU\�EORFN�DOORFDWLRQV�DQG
GH�DOORFDWLRQV�ZLWK�JUHDWO\�YDU\LQJ�EORFN�VL]H��,W�LV�UDWKHU�GLIILFXOW
WR� HYDOXDWH� WKH� LPSDFW� RQ� PHPRU\� DOORFDWLRQ� LQGXFHG� E\� WKH
IUDJPHQWDWLRQ�� 0RUHRYHU�� KDYLQJ� WKH� PHPRU\� VKDUHG� EHWZHHQ
GLIIHUHQW� WDVNV� UHVXOWV� LQ� DGGLWLRQDO� LQWHUIHUHQFH� WKDW� PDNHV� WKH
PHPRU\�EHKDYLRU�HYHQ�OHVV�SUHGLFWDEOH�

7KH�PRVW�FRPPRQ�SUDFWLFH�IRU�KDUG�UHDO�WLPH�V\VWHPV�LV�WR�DYRLG
WKH� XVH� RI� G\QDPLF� PHPRU\� PDQDJHPHQW� WR� LQFUHDVH� WKH
SUHGLFWDELOLW\� DQG� HIILFLHQF\�� ,QVWHDG�� GDWD� LV� DOORFDWHG� VWDWLFDOO\�
1HYHUWKHOHVV�� VRPH� UHVHDUFK� RQ� WKH� HYDOXDWLRQ� RI� G\QDPLF
PHPRU\�DOORFDWLRQ�KDV�EHHQ�GRQH��H�J��LQ�>��@�E\�=RUQ�HW�DO��7KHLU
PHWKRG�HPSOR\V�V\QWKHWLF�DOORFDWLRQ�WUDFHV��WKH�DOORFDWLRQ�WUDFH�RI
DQ� DFWXDO� SURJUDP� LV� PRGHOHG� ZLWK� D� VWRFKDVWLF� SURFHVV�� 7KLV
PHWKRG�LV�UHSRUWHG�WR�SURYLGH�UHVXOWV�ZLWK�����DFFXUDF\��7KXV��LW
PLJKW�EH�DSSOLFDEOH� IRU� WKH�HDUO\�DQDO\VLV�RI�ZRUVW�FDVH�G\QDPLF
PHPRU\�FRQVXPSWLRQ��DV�PRUH�SUHFLVH�HVWLPDWLRQV�DUH�QRW�QHHGHG
GXULQJ� WKH� DUFKLWHFWLQJ�SKDVH��$QRWKHU� DSSURDFK� LV� EDVHG� RQ� WKH
DEVWUDFW� LQWHUSUHWDWLRQ� WKHRU\�� WKLV� PHWKRG� DXWRPDWLFDOO\
WUDQVIRUPV� D� KLJK�OHYHO� ODQJXDJH� SURJUDP� LQWR� D� IXQFWLRQ
FDOFXODWLQJ� WKH� ZRUVW�FDVH� XVDJH� RI� VWDFN� DQG� KHDS� VSDFH� �VHH
>��@��� 7KLV� DSSURDFK� PLJKW� DOVR� EH� DSSOLFDEOH� GXULQJ� WKH
DUFKLWHFWLQJ�

��� &21&/86,21
7KH� IRUHVHHQ� IUDPHZRUN� IRU� FRPSRQHQW�EDVHG� VRIWZDUH
DUFKLWHFWLQJ� LV� VXSSRVHG� WR� DGGUHVV� WKH� IROORZLQJ�� ���� UHDVRQLQJ
DERXW� FRPSRVDELOLW\� RI� EHKDYLRU�� ���� WKH� HDUO\� DVVHVVPHQW� RI
TXDOLW\�DWWULEXWHV�

)RU�WKH�VSHFLILFDWLRQ�RI�FRPSRQHQW�EHKDYLRU�� WLPHG�DXWRPDWD�DUH
VXJJHVWHG�� ZKLOH� WKH� VSHFLILFDWLRQ� RI� FRPSRQHQW� LQWHUDFWLRQ� LV
GHVFULEHG�ZLWK�0HVVDJH�6HTXHQFH�&KDUWV� �06&��ZKLFK� DOORZ� WR
YLYLGO\�UHSUHVHQW�WLPLQJ�FRQVWUDLQWV�LQ�WKH�HQG�WR�HQG�PDQQHU�

)RU� WKH� DVVHVVPHQW� RI� WLPHOLQHVV�� WZR� DOWHUQDWLYH� FODVVHV� RI
WHFKQLTXHV�ZHUH�FRQVLGHUHG��DQDO\WLF�DQG�FRQVWUXFWLYH�WHFKQLTXHV�
7KH�DSSOLFDELOLW\�RI�WKHVH�WHFKQLTXHV�LQ�WKH�FRQWH[W�RI�FRPSRQHQW�
EDVHG�VRIWZDUH�DUFKLWHFWXUH�LV�EHLQJ�YDOLGDWHG�ZLWK�LQGXVWULDO�FDVH
VWXGLHV�

&XUUHQWO\�� ZH� DUH� ZRUNLQJ� RQ� WKH� LQWHJUDWLRQ� RI� WKH� SURSRVHG
DUFKLWHFWXUH�GHVFULSWLRQ�WHFKQLTXHV�ZLWK�WKH�HYDOXDWLRQ�WHFKQLTXHV
IRU� WKH� DQDO\VLV� RI� WLPHOLQHVV� DQG� PHPRU\� FRQVXPSWLRQ�� +HUH�
WLPHG�DXWRPDWD�EDVHG� WHFKQLTXHV� DUH� HVSHFLDOO\� SURPLVLQJ�� DV
WKH\�KDYH�WKH�VDPH�IRUPDO�EDVLV�ERWK�IRU�WKH�HYDOXDWLRQ�RI�TXDOLW\
DWWULEXWHV�DQG�WKH�GHVFULSWLRQ�RI�FRPSRQHQW�EHKDYLRU�

7KHUH�DUH�D�QXPEHU�RI�FKDOOHQJLQJ�WRSLFV�IRU�IXUWKHU�UHVHDUFK�

�� 7R� ILQG� DQ� DSSURSULDWH� OHYHO� RI� DEVWUDFWLRQ� IRU� FRPSRQHQW
EHKDYLRU�GHVFULSWLRQ��7KHUH�VKRXOG�EH�D�EDODQFH�EHWZHHQ�WKH
DFFXUDF\�RI�WKH�GHVFULSWLRQ��UHOHYDQW�SDUWV�RI�EHKDYLRU�DUH�QRW
RPLWWHG��DQG�WKH�FRPSOH[LW\�RI�WKH�HYDOXDWLRQ

�� 7R� HODERUDWH� D� PHWKRG� IRU� WKH� VSHFLILFDWLRQ� RI� UHVRXUFH
FRQVXPSWLRQ�� ,W� LV� LPSRUWDQW� WR� EH� DEOH� WR� LQWHJUDWH� WKH
VSHFLILFDWLRQ� RI� UHVRXUFH� FRQVXPSWLRQ� LQ� WKH� GHVFULSWLRQ� RI
FRPSRQHQWV�WR�HQDEOH�WKH�HYDOXDWLRQ�RI�TXDOLW\�DWWULEXWHV

�� 7R� GHYHORS� D� IRUPDO� PHWKRGRORJ\� IRU� WKH� HYDOXDWLRQ� RI
ZRUVW�FDVH�PHPRU\�FRQVXPSWLRQ�

�� 7R�GHYHORS�D�PHWKRG�IRU�UHODWLQJ�06&�EDVHG�GHVFULSWLRQV�WR
WLPHG�DXWRPDWD�EDVHG�RQHV�

��� 5()(5(1&(6
>�@� *�� $ERZG�� /�� %DVV�� 5�� .D]PDQ�� 0�� :HEE�� �6$$0�� $

0HWKRG� IRU� $QDO\]LQJ� WKH� 3URSHUWLHV� RI� 6RIWZDUH
$UFKLWHFWXUH��� LQ� 3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�6RIWZDUH�(QJLQHHULQJ��,WDO\��0D\�����

>�@� 5��$OOHQ� DQG�'��*DUODQ�� $� )RUPDO� %DVLV� IRU� $UFKLWHFWXUDO
&RQQHFWLRQ�� $&0� 7UDQVDFWLRQV� RQ� 6RIWZDUH� (QJLQHHULQJ
DQG�0HWKRGRORJ\������������������-XO\������

>�@� 5�� $OXU�� '�/�� 'LOO�� $� 7KHRU\� RI� 7LPHG� $XWRPDWD�� LQ�
7KHRUHWLFDO�&RPSXWHU�6FLHQFH�9RO�������1R�����$SULO������
SS����������

>�@� 0��%DUEDFFL��6��-��&DUULHUH��3��)HLOHU��5��.D]PDQ��0��.OHLQ�
+�� /LSVRQ�� 7�� /RQJVWDII�� DQG� &�� :HLQVWRFN�� �6WHSV� LQ� DQ
$UFKLWHFWXUH� 7UDGHRII� $QDO\VLV� 0HWKRG�� 4XDOLW\� $WWULEXWH
0RGHOV� DQG�$QDO\VLV��� 7HFKQLFDO� 5HSRUW� &08�6(,����75�
���������

>�@� $�� %XUQV�� +RZ� WR� 9HULI\� D� 6DIH� 5HDO�7LPH� 6\VWHP�� 7KH
$SSOLFDWLRQ� RI�0RGHO� &KHFNLQJ� DQG� D� 7LPHG� $XWRPDWD� WR
WKH�3URGXFWLRQ�&HOO�&DVH�6WXG\��7HFKQLFDO�UHSRUW��5HDO�7LPH
6\VWHP�5HVHDUFK�*URXS��'HSDUWPHQW� RI� &RPSXWHU� 6FLHQFH�
8QLYHUVLW\�RI�<RUN������

>�@� $�� 'DYLG�� 833$//� �N�� 6PDOO� 7XWRULDO�
KWWS���ZZZ�GRFV�XX�VH�GRFV�UWPY�XSSDDO�WXWRULDO�SGI

>�@� $��)HKQNHU��6FKHGXOLQJ�D�VWHHO�SODQW�ZLWK�WLPHG�DXWRPDWD��,Q
3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5HDO�
7LPH� &RPSXWLQJ� 6\VWHPV� DQG� $SSOLFDWLRQV� �57&6$����
SDJHV����������,(((�&RPSXWHU�6RFLHW\������

>�@� '��*LDQQDNRSRXORX��-��.UDPHU�DQG�6��&KHXQJ��$QDO\VLQJ�WKH
%HKDYLRXU� RI� 'LVWULEXWHG� 6\VWHPV� XVLQJ� 7UDFWD�� -RXUQDO� RI
$XWRPDWHG� 6RIWZDUH� (QJLQHHULQJ�� VSHFLDO� LVVXH� RQ



�

$XWRPDWHG� $QDO\VLV� RI� 6RIWZDUH�� 9RO�� ����� SS�� ������
-DQXDU\�����

>�@� '��.��+DPPHU� DQG�0�5�9�� &KDXGURQ�� &RPSRQHQW�0RGHOV
IRU�5HVRXUFH�&RQVWUDLQW�6\VWHPV��:KDW�DUH�WKH�1HHGV"��3URF�
�WK� ,QW�� :RUNVKRS� RQ� 2EMHFW�2ULHQWHG� 5HDO�7LPH
'HSHQGDEOH�6\VWHPV��:25'6���5RPH��-DQXDU\������

>��@�'�.��+DPPHU��&RPSRQHQW�EDVHG�DUFKLWHFWLQJ�IRU�GLVWULEXWHG
UHDO�WLPH� V\VWHPV�� +RZ� WR� DFKLHYH� FRPSRVDELOLW\"�� ,QW�
6\PSRVLXP� RQ� 6RIWZDUH� $UFKLWHFWXUHV� DQG� &RPSRQHQW
7HFKQRORJ\� �6$&7���(QVFKHGH��1HWKHUODQGV�� -DQXDU\� �����
WR�EH�SXEOLVKHG�E\�.OXZHU�

>��@�'��,��.DWFKHU��6��6��6DWKD\H��-��.��6WURVQLGHU��)L[HG�SULRULW\
VFKHGXOLQJ�ZLWK�OLPLWHG�SULRULW\�OHYHOV��,(((�7UDQVDFWLRQV�RQ
&RPSXWHUV������������������������

>��@�0��+��.OHLQ��7��5DO\D��%��3ROODN��5��2EHQ]D��+��*RQ]DOH]��$
3UDFWLWLRQHUV� +DQGERRN� IRU� 5HDO�7LPH� $QDO\VLV�� *XLGH� WR
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