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'HSHQGDELOLW\�$QDO\VLV�LQ�WKH�(DUO\�3KDVHV�RI�80/�%DVHG
6\VWHP�'HVLJQ

$QGUHD�%RQGDYDOOL���0DULR�'DO�&LQ���'LHJR�/DWHOOD���,VWYiQ�0DM]LN���$QGUiV�3DWDULF]D��DQG
*LDQFDUOR�6DYRLD�

��8QLYHUVLW\�RI�)LUHQ]H��'LS��6LVWHPL�H�,QIRUPDWLFD��9LD�/RPEURVR�������,�������)LUHQ]H��,WDO\
��8QLY��(UODQJHQ�1�UQEHUJ��,00'���0DUWHQVVWUD�H����'�������(UODQJHQ��*HUPDQ\

��&18&(�,VWLWXWR�GHO�&15��9LD�9��$OILHUL����/RF��6��&DWDOGR��,�������*KH]]DQR��3LVD���,WDO\
��7HFKQLFDO�8QLYHUVLW\�RI�%XGDSHVW��'0,(��0 HJ\HWHP�UNS����+������%XGDSHVW��+XQJDU\

��,17(&6�6LVWHPL�6S$��9LD�*HUHVFKL�����,�������3LVD��,WDO\

$EVWUDFW

$�WKRURXJK�V\VWHP�VSHFLILFDWLRQ�LV�LQVXIILFLHQW�WR�JXDUDQWHH�WKDW�D�FRPSXWHU�V\VWHP�ZLOO�DGHTXDWHO\
SHUIRUP� LWV� WDVNV� GXULQJ� LWV� HQWLUH� OLIH� F\FOH�� 7KH� HDUO\� HYDOXDWLRQ� RI� V\VWHP� FKDUDFWHULVWLFV� OLNH
GHSHQGDELOLW\�� FRUUHFWQHVV�DQG�SHUIRUPDQFH� LV�QHFHVVDU\� WR�DVVHVV� WKH� FRQIRUPDQFH�RI� WKH� V\VWHP
XQGHU� GHYHORSPHQW� WR� LWV� WDUJHWV�� 7KLV� SDSHU� SUHVHQWV� WKH� UHVXOWV� DFKLHYHG� VR� IDU� WR� GHYHORS� DQ
LQWHJUDWHG�HQYLURQPHQW��ZKHUH�GHVLJQ� WRROV�EDVHG�RQ� WKH�80/��8QLILHG�0RGHOLQJ�/DQJXDJH��DUH
DXJPHQWHG� ZLWK� YDOLGDWLRQ� DQG� DQDO\VLV� WHFKQLTXHV� WKDW� SURYLGH� XVHIXO� LQIRUPDWLRQ� LQ� WKH� HDUO\
SKDVHV� RI� V\VWHP� GHVLJQ��$XWRPDWLF� WUDQVIRUPDWLRQV� DUH� GHILQHG� IRU� WKH� JHQHUDWLRQ� RI�PRGHOV� WR
FDSWXUH�V\VWHP�EHKDYLRUDO�SURSHUWLHV��GHSHQGDELOLW\�DQG�SHUIRUPDQFH�

.H\ZRUGV��'HSHQGDELOLW\�DQDO\VLV��YDOLGDWLRQ�DQG�YHULILFDWLRQ��80/��PRGHO�WUDQVIRUPDWLRQ

�� ,QWURGXFWLRQ

&RPSXWHU�FRQWUROOHG�V\VWHPV�DUH�XVHG�LQ�PDQ\�DSSOLFDWLRQ�ILHOGV��ZLWK�GLIIHUHQW�OHYHOV�RI�FULWLFDOLW\
UHTXLUHPHQWV��$� FRPPRQ� FKDUDFWHULVWLF� RI� VXFK� V\VWHPV� LV� WKH� LQFUHDVLQJ� FRPSOH[LW\� LQ� LQWHUQDO
VWUXFWXUH� �UHGXQGDQF\�� OD\HULQJ� RI� IXQFWLRQDOLW\�� DQG� RSHUDWLRQDO� LVVXHV� �SHUIRUPDQFH� FRQVWUDLQWV�
FULWLFDOLW\� RI� WKH� FRQWUROOHG� DSSOLFDWLRQV�� HWF���� 7KH� LQFUHDVLQJ� QHHG� IRU� HIIHFWLYH� GHVLJQ� KDV� FRQ�
WULEXWHG� WR�SXVK� IRU� WKH�GHYHORSPHQW�RI� VWDQGDUGL]HG�DQG�ZHOO�VSHFLILHG�GHVLJQ�PHWKRGV�DQG� ODQ�
JXDJHV�� ZKLFK� DOORZ� V\VWHP� GHYHORSHUV� WR� ZRUN� ZLWK� D� FRPPRQ� SODWIRUP� RI� GHVLJQ� WRROV�� 7KH
8QLILHG� 0RGHOLQJ� /DQJXDJH� �80/�� >�@� LV� D� JHQHUDO�SXUSRVH� YLVXDO� PRGHOLQJ� ODQJXDJH� WKDW� LV
GHVLJQHG� WR� VSHFLI\�� YLVXDOL]H�� FRQVWUXFW� DQG� GRFXPHQW� DVSHFWV� RI� REMHFW� RULHQWHG� V\VWHPV� >���@�
80/�LV�H[SHFWHG�WR�EHFRPH�D�GH�IDFWR�VWDQGDUG�IRU�WKH�GHVLJQ�RI�D�YDULHW\�RI�V\VWHPV�IURP�VPDOO
HPEHGGHG�FRQWURO�V\VWHPV�WR�ODUJH�DQG�FRPSOH[�RSHQ�V\VWHPV�
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$Q�HIIHFWLYH�GHVLJQ�SURFHVV�VKRXOG�LQFOXGH�DQ�HDUO\�YDOLGDWLRQ�RI�WKH�FRQFHSWV�DQG�DUFKLWHFWXUDO
FKRLFHV�XQGHUO\LQJ�V\VWHP�GHVLJQ��7KH�HDUO\�HYDOXDWLRQ�RI�V\VWHP�FKDUDFWHULVWLFV�OLNH�GHSHQGDELOLW\
>�@�� SHUIRUPDQFH� DQG� FRUUHFWQHVV�� QHFHVVDU\� WR� DVVHVV� WKH� FRPSOLDQFH� RI� WKH� V\VWHP� XQGHU
GHYHORSPHQW�WR�LWV�WDUJHWV��EHFRPHV�HVSHFLDOO\�LPSRUWDQW�IRU�GHVLJQLQJ�V\VWHPV�VXSSRUWLQJ�FULWLFDO
DSSOLFDWLRQV�� 7KH� VLPXOWDQHRXVO\� LQFUHDVLQJ� FRPSOH[LW\� DQG� GHSHQGDELOLW\� UHTXLUHPHQWV� RI
FRPSXWHU� FRQWUROOHG� V\VWHPV� KDYH�� LQ� IDFW�� H[SRVHG� WKH� OLPLWV� RI� WKH� YDOLGDWLRQ� WHFKQLTXHV
WUDGLWLRQDOO\� XVHG� LQ� LQGXVWU\�� OLNH� FRGH� UHYLHZ�� WHVWLQJ�� IDXOW� WUHHV� RU� )DLOXUH�0RGHV� DQG�(IIHFWV
$QDO\VLV��0RUHRYHU��QHZ�WHFKQRORJLHV�VXFK�DV�KDUGZDUH�VRIWZDUH�FRGHVLJQ�SUHVHQW�QHZ�FKDOOHQJHV
IRU� WKH� YDOLGDWLRQ� SURFHVV�� 7KH� WUDGLWLRQDO� YDOLGDWLRQ� WHFKQLTXHV� DUH� EHLQJ� PRUH� DQG� PRUH
FRPSOHPHQWHG� ZLWK� DGYDQFHG� YDOLGDWLRQ� WHFKQLTXHV�� VXFK� DV� IRUPDO� YHULILFDWLRQ�� PRGHO� EDVHG
GHSHQGDELOLW\�HYDOXDWLRQ��IDXOW�LQMHFWLRQ��7KHVH�WHFKQLTXHV�DUH�QRW�DLPHG�WR�UHSODFH�WKH�WUDGLWLRQDO
YDOLGDWLRQ�WHFKQLTXHV��EXW�VKRXOG�UDWKHU�EH�LQWHJUDWHG�ZLWK�WKHP�

7KH�YDOLGDWLRQ�RI�GHVLJQV�GHVFULEHG�XVLQJ�80/�ZDV�WKH�PDLQ�REMHFWLYH�RI�RXU�SURMHFW��+LJK�
/HYHO� ,QWHJUDWHG�'HVLJQ�(QYLURQPHQW� IRU�'HSHQGDELOLW\�� �+,'(�� >�@��7KH�SXUSRVH�RI�+,'(� LV� WR
DOORZ�WKH�GHVLJQHU�WR�XVH�80/�DV�D�IURQW�HQG�IRU�WKH�VSHFLILFDWLRQ�RI�ERWK�WKH�V\VWHP�DQG�WKH�XVHU
UHTXLUHPHQWV�� DQG� WR� EULGJH� WKH� JDS� EHWZHHQ� D� SUDFWLFH�RULHQWHG� &$6(� PHWKRGRORJ\� DQG
VRSKLVWLFDWHG� PDWKHPDWLFDO� WRROV� UHTXLUHG� IRU� GHSHQGDELOLW\� YDOLGDWLRQ�� )RUPDO� YHULILFDWLRQ� DQG
TXDQWLWDWLYH�DQDO\VLV� WRROV�ZLOO�EH�PDGH� DYDLODEOH� WR� WKH�GHVLJQHU�ZLWKLQ� WKH�GHVLJQ� HQYLURQPHQW�
DQG�WKH�UHTXLUHG�PDWKHPDWLFDO�PRGHOV�ZLOO�EH�GHULYHG�DXWRPDWLFDOO\�IURP�WKH�80/�VSHFLILFDWLRQ�

7KH�UHVW�RI�WKLV�SDSHU�LV�VWUXFWXUHG�DV�IROORZV��6HFWLRQ���GHVFULEHV�WKH�RYHUDOO�DSSURDFK�RI�WKH
+,'(�SURMHFW�DQG�6HFWLRQ���GHWDLOV�WKH�VWUXFWXUH�RI�WKH�+,'(�HQYLURQPHQW��6HFWLRQ���LQWURGXFHV�WKH
H[WHQVLRQV� DQG� FRQVWUDLQWV� DSSOLHG� RQ� WKH� VWDQGDUG� 80/�� 6HFWLRQ� �� GHWDLOV� WKH� PRGHO� DQDO\VLV
FXUUHQWO\� SHUIRUPHG� LQ� WKH� GLUHFWLRQV� RI� IRUPDO� YHULILFDWLRQ�� TXDQWLWDWLYH� GHSHQGDELOLW\� DQDO\VLV
�ZKHUH�WZR�FRPSOHPHQWDU\�DSSURDFKHV�DUH�IROORZHG��DQG�SHUIRUPDQFH�DQDO\VLV��6HFWLRQ���GHVFULEHV
WKH�DVVHVVPHQW�RI�WKH�DSSURDFK�E\�D�GHPRQVWUDWLYH�H[DPSOH��/DVW�VHFWLRQ�GUDZV�VRPH�FRQFOXVLRQV
DQG�LGHQWLILHV�RXU�IXWXUH�ZRUN�

�� 7KH�+,'(�DSSURDFK

:KLOH�D�UHOHYDQW�HIIRUW�LV�EHLQJ�GHYRWHG�WR�WKH�GHYHORSPHQW�RI�VWDQGDUGL]HG�GHVLJQ�ODQJXDJHV�DQG
PHWKRGV��VXFK�DV�WKH�UHFHQWO\�FUHDWHG�80/��PXFK�OHVV�DWWHQWLRQ�KDV�EHHQ�GHGLFDWHG�XS�WR�QRZ�WR
WKH�LQWHJUDWLRQ�RI�WKH�GHVLJQ�WHFKQRORJLHV�ZLWK�WKH�YDOLGDWLRQ�WHFKQLTXHV��$W�SUHVHQW��WKH�YDOLGDWLRQ
RI�V\VWHP�GHVLJQ�LV�XVXDOO\�SHUIRUPHG�DV�D�VHSDUDWH�SURMHFW�SKDVH�SRVWSRQHG�WR�WKH�HQG�RI�WKH�GHVLJQ
SURFHVV��7KLV�SUDFWLFH�KRZHYHU�VXIIHUV�IURP�WKH�IROORZLQJ�ZHDN�SRLQWV�

�� 7\SLFDOO\�� VLPXODWLRQ� EDVHG� YDOLGDWLRQ� LV� XVHG� IRU� FKHFNLQJ� WKH� FRQIRUPDQFH� RI� WKH� V\VWHP
PRGHO� WR� WKH� LQLWLDO� VSHFLILFDWLRQ�� +RZHYHU�� H[SHULPHQWDO� YDOLGDWLRQ� DVVXUHV� RQO\� D� KLJK
OLNHOLKRRG�RI�FRUUHFWQHVV��EXW�QR�SURRI�RI�LW�

�� 1R� LQWHJUDWHG� VXSSRUW� LV� FXUUHQWO\� RIIHUHG� IRU� TXDQWLWDWLYH� YDOLGDWLRQ� RI� GHSHQGDELOLW\� DQG
SHUIRUPDQFH��WKXV�OHDYLQJ�WKHVH�DVSHFWV�XQFRYHUHG�

�� 3XUH� IXQFWLRQDO� VSHFLILFDWLRQ� OHDYHV� WKH� V\VWHP� EHKDYLRU� XQGHILQHG� LQ� WKH� SUHVHQFH� RI� IDXOWV�
9DOLGDWLRQ�UDLVHV�WKH�TXHVWLRQ�KRZ�WR�DVVXUH�GHSHQGDELOLW\�LQ�D�V\VWHP�EXLOW�RI�DYHUDJH�TXDOLW\�
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QRQ� XOWUD�UHOLDEOH� FRPSRQHQWV�� 0RUHRYHU�� GHSHQGDELOLW\� LV� D� FUXFLDO� FRVW� IDFWRU� LQ� WKH� DIWHU�
PDQXIDFWXULQJ�SKDVHV�RI�WKH�SURGXFW�OLIH�F\FOH��H�J��PDLQWHQDQFH��

:KLOH�PDQXIDFWXUHUV�RI�FULWLFDO�V\VWHPV�DUH�SUHSDUHG�DQG�KDYH�D�FRQVLGHUDEOH�H[SHULHQFH�RQ�WKH
YDOLGDWLRQ� RI� WKHLU� SURGXFWV� �GULYHQ� E\� WKH� QHHG� RI� FHUWLI\LQJ� DQG� KDYLQJ� WKHLU� V\VWHPV� WR� EH
DFFHSWHG�E\�FXVWRPHUV���WKHUH�DUH�PDMRU�GLIILFXOWLHV�DQG�PXFK�OHVV�H[SHUWLVH�LQ�WKH�HDUO\�YDOLGDWLRQ
RI�V\VWHP�GHVLJQ��7KH�XVH�RI�IRUPDO�PHWKRGV�IRU�WKH�VSHFLILFDWLRQ�DQG�YHULILFDWLRQ�RI�SURSHUWLHV�RI
V\VWHPV�ZRXOG�EH�RQH�PHWKRGRORJLFDO�LPSURYHPHQW�RI�WKH�V\VWHP�GHYHORSPHQW�SURFHVV��ZKLFK��WR�
JHWKHU�ZLWK�RWKHU�WHFKQLTXHV��ZRXOG�DOORZ�UHDFKLQJ�KLJK�TXDOLW\�VWDQGDUGV��+RZHYHU��WKH�ODUJH�VHW
RI� IRUPDO� DQDO\VLV� WHFKQLTXHV� DQG� WKHLU� OHYHO�RI� VRSKLVWLFDWLRQ� UHTXLUH� D� KXJH� LQYHVWPHQW� LQ� VWDII
VNLOO�DQG�WLPH��7KLV�GLVFRXUDJHV�GHVLJQHUV�DQG�EXLOGHUV�WR�DSSO\�VXFK�DQDO\VLV�PHWKRGV�LQ�WKH�SKDVH
RI�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�SURFHVV�LQ�ZKLFK�WKH\�DUH�PRVW�HIIHFWLYH�

7KH�+,'(�SURMHFW�DLPHG�DW�SURSRVLQJ�D�FRQYLQFLQJ�DQG�JHQHUDO�DQVZHU� WR� WKH�QHHG� IRU�HDUO\
YDOLGDWLRQ�RI�V\VWHP�GHVLJQ�� ,W�DLPHG�DW� LQWHJUDWLRQ�DPRQJ� WKH�GHVLJQ��YDOLGDWLRQ�DQG�YHULILFDWLRQ
WHFKQLTXHV� IRU� FRPSOH[� VRIWZDUH�KDUGZDUH� V\VWHPV�� WKURXJK� D� WUDQVIRUPDWLRQDO� DSSURDFK�
$XWRPDWLF� PRGHO� WUDQVIRUPDWLRQ� WHFKQLTXHV� IURP� WKH� 80/� PRGHO� RI� WKH� V\VWHP� WR� WKH� PRVW
FRPPRQ�IRUPDO�YHULILFDWLRQ��TXDQWLWDWLYH�DQG�SHUIRUPDQFH�DQDO\VLV�WRROV��OLNH�DXWRPDWD��3HWUL�QHWV�
ZHUH�HODERUDWHG�

7KH� WUDQVIRUPDWLRQV� DGKHUH� WR� 80/� DV� PXFK� DV� SRVVLEOH�� ([WHQVLRQV� �XVLQJ� WKH� VWDQGDUG
PHFKDQLVP� RI� 80/�� DUH� QHFHVVDU\� WR� GHVFULEH� WKH� DUFKLWHFWXUH� DQG� SURSHUWLHV� RI� WKH� V\VWHP
SUHFLVHO\��VR�WKDW�DQ�DXWRPDWLF�WRRO�LV�DEOH�WR�SHUIRUP�WKH�DQDO\VLV��7KH�ODUJHU�PRGHO�VL]H�DQG�UXQ�
WLPH�UHTXLUHPHQWV�RI�WKH�DXWRPDWLFDOO\�GHULYHG�PRGHOV�VKRXOG�QRW�VWURQJO\�OLPLW�WKH�WDUJHW�ILHOG�RI
DSSOLFDWLRQV�LQ�FRPSDULVRQ�ZLWK�WKH�PDQXDOO\�FRPSRVHG�RQHV�

7KH�UHVXOWV�DUH�DXWRPDWLFDOO\�EDFN�DQQRWDWHG�IRU�SUHVHQWDWLRQ�LQWR�WKH�VDPH�80/�PRGHO��7KH
GHVLJQHU� LV� SURYLGHG� ZLWK� D� VRXUFH� RI� SUHFLRXV� LQIRUPDWLRQ�� H�J�� KLJKOLJKWLQJ� GHVLJQ� IDXOWV�
GHSHQGDELOLW\� ERWWOHQHFNV� DQG� LGHQWLI\LQJ� WR� D� FHUWDLQ� OHYHO� WKH� SRVVLEOH� FDXVHV� IRU� WKH� GHVLJQ
IDLOXUHV� DQG� WKH� FRUUHVSRQGLQJ� UHFRYHU\� DFWLRQV��7KH� HVWLPDWLRQ� DQG� WKH�SUHGLFWLRQ�RI� WKH� V\VWHP
SURSHUWLHV�KDYH�DQ�DFFHSWDEOH�OHYHO�RI�FRQILGHQFH�WR�GULYH�WKH�VXEVHTXHQW�GHVLJQ�FKRLFHV���,W�KDV�WR
EH� HPSKDVL]HG��KRZHYHU�� WKDW� QRW� DOO� SURSHUWLHV� UHODWHG� WR� GHSHQGDELOLW\� DQG� SHUIRUPDQFH� FDQ� EH
DQDO\]HG�DW�WKH�HDUO\�GHVLJQ�SKDVHV��

7KH�HQWLUH�EDFNJURXQG�PDWKHPDWLFV�DUH�FRPSOHWHO\�KLGGHQ�WR�WKH�GHVLJQHU��WKXV�HOLPLQDWLQJ�WKH
QHHG�IRU�ERWK�D�VSHFLILF�H[SHUWLVH�LQ�DEVWUDFW�PDWKHPDWLFV�DQG�WKH�WHGLRXV�UH�PRGHOLQJ�RI�WKH�V\VWHP
IRU�PDWKHPDWLFDO�DQDO\VLV��7KH�+,'(�IUDPHZRUN�WKXV�LQWHJUDWHV�LQ�D�XVHU�IULHQGO\�ZD\�WKH�GH�IDFWR
VWDQGDUG�GHVLJQ�ODQJXDJH�80/�ZLWK�D�VHW�RI�YDOLGDWLRQ��YHULILFDWLRQ�DQG�HYDOXDWLRQ�WHFKQLTXHV�IRU
DVVXULQJ�WKH�TXDOLW\�RI�VHUYLFH�RI�WKH�V\VWHP�VWLOO�GXULQJ�WKH�HDUO\�GHVLJQ�SKDVHV�ZLWKRXW�WKH�QHHG�RI
VSHFLDO�VNLOOV�RU�H[WUHPH�HIIRUWV�E\�WKH�GHVLJQHU��7KLV�DOORZV� WR�VKRUWHQ� WKH�QHFHVVDU\�YHULILFDWLRQ
DQG�YDOLGDWLRQ�F\FOH��ZLWK�D�FRQVHTXHQW�VDYLQJ�LQ�WKH�DVVRFLDWHG�FRVWV��'HVLJQ�UHILQHPHQW�LV�GULYHQ
E\�WKH�LQIRUPDWLRQ�JDLQHG�GXULQJ�WKH�YDOLGDWLRQ�SURFHVV��WKXV�DOORZLQJ�DGHTXDWH�V\VWHP�GHVLJQV�WR
EH�SURGXFHG�EHIRUH�LPSOHPHQWDWLRQ�DQG�H[SHULPHQWDO��LQ�WKH�ILHOG��YDOLGDWLRQ�WDNH�SODFH�
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�� 7KH�+,'(�HQYLURQPHQW

7KH� WUDQVIRUPDWLRQDO� DSSURDFK� RI� WKH� +,'(� SURMHFW� UHTXLUHG� DQ� RSHQ� HQYLURQPHQW� LQWR� ZKLFK
GLIIHUHQW� WUDQVIRUPDWLRQV� IURP� FRPPHUFLDO� 80/� &$6(� WRROV� WRZDUGV� WDUJHW� PDWKHPDWLFDO
IRUPDOLVPV�DQG�FRUUHVSRQGLQJ�DQDO\VLV�WRROV�FDQ�EH�LQWHJUDWHG��,Q�WKH�FXUUHQW�SKDVH�RI�WKH�SURMHFW�
WKH�SULPDU\�WDUJHW�ZDV�WKH�GHILQLWLRQ�RI�D�SURWRW\SLQJ�HQYLURQPHQW��FRQVLGHULQJ�WKH�DVVXUDQFH�RI�D
KLJK�OHYHO�RI�IOH[LELOLW\�DQG�D�JRRG�VXSSRUW�RI�GHEXJJLQJ�RI�WKH�DOJRULWKPV�WR�EH�LPSOHPHQWHG��,Q
WKLV�SKDVH��ERWK�WKH�HIILFLHQW�XVH�RI�UHVRXUFHV�DQG�WKH�WLPH�UHTXLUHPHQWV�RI�WKH�WUDQVIRUPDWLRQV�ZHUH
RI�VHFRQGDU\�LPSRUWDQFH��$FFRUGLQJO\��WKH�LPSOHPHQWDWLRQ�RI�WKH�+,'(�HQYLURQPHQW�UHOLHV��DV�IDU
DV�SRVVLEOH��RQ�DYDLODEOH�WRROV�

���� $UFKLWHFWXUH�RI�WKH�+,'(�HQYLURQPHQW

7KH�+,'(�HQYLURQPHQW�LV�EXLOW�XS�IURP���PDLQ�FRPSRQHQWV�

�� 80/�&$6(�WRRO��7KH�XVHU�HQG�PRGHOLQJ�SODWIRUP�LV�DQ��DUELWUDU\��80/�&$6(�WRRO��LQ�ZKLFK
WKH�GHVLJQHU�FDQ�EXLOG�XS�KLV�KHU�80/�PRGHO��$OO�WRRO�SURYLGHG�IHDWXUHV�OLNH�FRGH�JHQHUDWLRQ�
URXQG�WULS� HQJLQHHULQJ� DQG� GRFXPHQWDWLRQ� JHQHUDWLRQ�� FDQ� EH� XVHG� ZLWKRXW� PRGLILFDWLRQV�
+RZHYHU�� GXULQJ� WKH� FUHDWLRQ� RI� WKH� 80/� PRGHO� VRPH� UHTXLUHG� �VWDQGDUG�� H[WHQVLRQV� DQG
UHVWULFWLRQV�GHILQHG�E\�+,'(�PXVW�EH�REVHUYHG�LQ�RUGHU�WR�EH�DEOH�WR�DFFHVV�WKH�DQDO\VLV�WRROV�

�� $QDO\VLV� WRROV��7KHVH� WRROV� DUH�RII�WKH�VKHOI� FRPSRQHQWV��7KH�+,'(�FRUH� DFWV� DV� DQ� HQG�XVHU
WRZDUG�WKH�DQDO\VLV�WRROV�E\�VXSSO\LQJ�WKH�LQSXW�IRU�WKH�WRRO�DQG�WKHQ�E\�SURFHVVLQJ�DQG�EDFN�
DQQRWDWLQJ� WKH� UHVXOW�� 2QH� RI� WKH� FKDOOHQJHV� RI� WKH� SURMHFW� ZDV� WKH� VHOHFWLRQ� RI� WKH� SURSHU
PRGHOLQJ�IRUPDOLVPV�DQG�VXSSRUWLQJ�WRROV�LQ�RUGHU�WR�EH�DEOH�WR�SHUIRUP�WKH�DQDO\VLV�UHTXLUHG
E\�WKH�GHVLJQHU�

�� +,'(� FRUH�� 7KH� +,'(� FRUH� HVWDEOLVKHV� D� EULGJH� IURP� WKH� 80/� &$6(� WRRO� WR� WKH� YDULRXV
DQDO\VLV�WRROV�WKDW�UHTXLUH�GLIIHUHQW�LQSXW�IRUPDWV��EDVHG�RQ�GLIIHUHQW�PDWKHPDWLFDO�IRUPDOLVPV��
7KH�FRPPRQ�ZD\� WR� LPSOHPHQW� WKLV�EULGJH� LV�D� VHW�RI�GLUHFW�PRGHO� WUDQVIRUPDWLRQV� IURP� WKH
UHSRVLWRU\� RI� WKH� 80/� &$6(� WRRO� WR� WKH� LQSXW� IRUPDOLVP� RI� HDFK� DQDO\VLV� WRRO�� ,QVWHDG� RI
LPSOHPHQWLQJ� HDFK� WUDQVIRUPDWLRQ� VHSDUDWHO\�� WKH�+,'(� HQYLURQPHQW� LQFRUSRUDWHV� D� FRPPRQ
UHSUHVHQWDWLRQ��WKH�VR�FDOOHG�+,'(�GDWDEDVH��LQ�RUGHU�WR�GHYHORS�WKH�PRGHO�WUDQVIRUPDWLRQV�LQ�D
XQLIRUP� IUDPHZRUN�� 7KH� VWUXFWXUH� RI� WKLV� GDWDEDVH� FRUUHVSRQGV� WR� WKH� VWUXFWXUH� RI� WKH� 80/
PHWDPRGHO��ZKLFK�ZDV�PDGH�DYDLODEOH�IRU�HQG�XVHUV�>�@��$FFRUGLQJO\��IXOO�FRPSOLDQFH�ZLWK�WKH
80/� VWDQGDUG� DQG� D� VWUDLJKWIRUZDUG� PDSSLQJ� IURP� WKH� SURGXFW�GHSHQGHQW� UHSRVLWRU\� RI� WKH
&$6(� WRRO� LV� DVVXUHG�� %DVHG� RQ� WKH� GDWDEDVH� UHSUHVHQWDWLRQ� RI� WKH� 80/�PRGHO�� VSHFLDOL]HG
VFULSWV�ZULWWHQ�LQ�VWDQGDUG�GDWDEDVH�ODQJXDJH��3/�64/��LPSOHPHQW�WKH�PRGHO�WUDQVIRUPDWLRQV�WR
WKH�LQSXW�IRUPDOLVPV�RI�WKH�DQDO\VLV�WRROV��)LJXUH�����7KLV�DSSURDFK�KDV�WKH�DGYDQWDJH�WKDW�WKH
WUDQVIRUPDWLRQ�VFULSWV�DUH�LQGHSHQGHQW�RI�WKH�&$6(�WRRO�
,W� VKRXOG� EH� SRLQWHG� RXW� WKDW� WKH� WDUJHW� IRUPDOLVP� RI� WKH� DQDO\VLV� WRROV� PLJKW� DOVR� KDYH� DQ
HIILFLHQW� DQG� VWUDLJKWIRUZDUG� GDWDEDVH� UHSUHVHQWDWLRQ�� ,Q� WKLV�ZD\�� WKH� FRUH� SDUW� RI� WKH�PRGHO
WUDQVIRUPDWLRQ�FDQ�EH�SHUIRUPHG�DV�D�VHULHV�RI�GDWDEDVH�RSHUDWLRQV�ZLWKLQ�WKH�+,'(�GDWDEDVH�
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3HUIRUPDQFH
DQDO\VLV

)RUPDO
YHULILFDWLRQ

+,'(
PRGHO

GDWDEDVH

�FRPPHUFLDO
GDWDEDVH
PDQDJHU�

WRRO�
GHSHQ�
GHQW
VFULSW

PRGHO

EDFN�
DQQRWDWLRQ

VFULSW

VFULSW

VFULSW

VFULSW

80/
PRGHO

�80/�&$6(
WRRO

UHSRVLWRU\�

'HSHQGDELOLW\
DQDO\VLV

2WKHU
DQDO\VHV

)LJXUH���� 7KH�WUDQVIRUPDWLRQ�IORZ�LQ�WKH�+,'(�HQYLURQPHQW

���� 7KH�+,'(�URXQGWULS

$FFRUGLQJ� WR� WKH� DUFKLWHFWXUH� RI� WKH� +,'(� HQYLURQPHQW�� DQ� DQDO\VLV� LQLWLDWHG� E\� WKH� GHVLJQHU
FRQVLVWV�RI�VHYHUDO�VWHSV��KLGGHQ�IURP�WKH�GHVLJQHU��

��� 7KH�80/�PRGHO�LV�H[SRUWHG�IURP�WKH�UHSRVLWRU\�RI�WKH�&$6(�WRRO�WR�WKH�+,'(�PRGHO�GDWDEDVH�

��� 7KH� PRGHO� WUDQVIRUPDWLRQ� LV� LPSOHPHQWHG� SDUWLDOO\� DV� D� GDWDEDVH� WUDQVIRUPDWLRQ� �IURP� WKH
+,'(�PRGHO�GDWDEDVH�WR�WKH�GDWDEDVH�VWUXFWXUH�RI�WKH�WDUJHW�IRUPDOLVP��DQG�SDUWLDOO\�DV�D�FRGH
JHQHUDWLRQ��IURP�WKH�GDWDEDVH�UHSUHVHQWDWLRQ�RI�WKH�WDUJHW�PRGHO�WR�WKH�VSHFLILF�LQSXW�IRUPDW�RI
WKH�DQDO\VLV�WRRO��

��� 7KH�DQDO\VLV�WRRO�LV�WKHQ�FDOOHG�DQG�LWV�UHVXOW�LV�EDFN�DQQRWDWHG�LQWR�WKH�+,'(�PRGHO�GDWDEDVH�

��� 7KH� +,'(�PRGHO� GDWDEDVH� LV� LPSRUWHG� LQWR� WKH� &$6(� WRRO� DQG� WKLV� ZD\� WKH� UHVXOWV� RI� WKH
DQDO\VLV�DUH�YLVXDOL]HG��1RWH�WKDW�WKH�UHVWULFWHG�VXSSRUW�RI�WKH�&$6(�WRRO�PD\�UHTXLUH�H[WHUQDO
YLVXDOL]DWLRQ� PRGXOHV� DFFHVVLQJ� GLUHFWO\� WKH� �EDFN�DQQRWDWHG�� +,'(� PRGHO� GDWDEDVH�� H�J�� WR
VKRZ�G\QDPLF�DQDO\VLV�WUDFHV�LI�WKH�&$6(�WRRO�ODFNV�D�VLPXODWLRQ�HQJLQH�

7KH� +,'(� URXQGWULS�� ZKLFK� LV� EDVHG� RQ� WKHRUHWLFDOO\� ZHOO�IRXQGHG� PRGHO� WUDQVIRUPDWLRQV�
DVVXUHV� ERWK� WKH� IDLWKIXOQHVV� RI� WKH� VRXUFH� 80/�PRGHO� DQG� WKH� WDUJHW� DQDO\VLV� PRGHO�� DQG� WKH
XQDPELJXRXV�LQWHUSUHWDWLRQ�RI�WKH�DQDO\VLV�UHVXOWV�

�� 80/�PRGHOLQJ���H[WHQVLRQV�DQG�FRQVWUDLQWV

$W�SUHVHQW�80/�LV�PHUHO\�D�VHPLIRUPDO�ODQJXDJH��,W�SURYLGHV�D�VHW�RI�GLDJUDPV�WR�GHVFULEH�GLIIHUHQW
YLHZV�RI�REMHFW�RULHQWHG�GHVLJQV�� ,WV�V\QWD[� LV�ZHOO�GHILQHG��SUHFLVH� UXOHV� �JLYHQ�E\�GLDJUDPPDWLF
WHFKQLTXHV�DQG�WH[WXDO�FRQVWUDLQWV��VSHFLI\�FRQGLWLRQV�XQGHU�ZKLFK�FRQVWUXFWV�DUH�DOORZHG��EXW�OLWWOH
IRUPDO�VHPDQWLFV�LV�DWWDFKHG�WR�WKH�LQGLYLGXDO�GLDJUDPV�DQG�WKHUH�LV�QR�IRUPDOO\�GHILQHG�VHPDQWLFV
IRU� WKH� LQWHJUDWLRQ�RI� WKHP� >�@��0RUHRYHU�� WKHUH� DUH�QR� VWDQGDUG�ZD\V� WR� GHVFULEH� QRQ�IXQFWLRQDO
�H�J��GHSHQGDELOLW\��DVSHFWV�RI� WKH�GHVLJQ��$FFRUGLQJO\�� LW� LV� LPSRVVLEOH�WR�DSSO\�ULJRURXV�DQDO\VLV
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WHFKQLTXHV�WR�HYDOXDWH�D�80/�PRGHO�DV� LW� LV�� ,Q�RWKHU�ZRUGV�� LQ�RUGHU� WR�HYDOXDWH�DQ�80/�EDVHG
YLVXDO�GHVLJQ��WKH�PRGHO�KDV�WR�EH�HQULFKHG�ZLWK�DGGLWLRQDO�LQIRUPDWLRQ�DQG�WKHQ�EH�WUDQVIRUPHG�WR
D�PRGHO�ZLWK�D�SUHFLVH�VHPDQWLFV�

80/�SURYLGHV�VWDQGDUG�PHFKDQLVPV� WR� LQWURGXFH� WKH�UHTXLUHG�H[WHQVLRQV� LQWR� WKH�PRGHO��$V
WKHVH�H[WHQVLRQV�DUH�SDUWV�RI�80/��WKH\�DUH�DGRSWHG�E\�WKH�&$6(�WRROV��:H�DSSOLHG�WKH�IROORZLQJ
H[WHQVLRQV�

�� 7DJJHG� YDOXHV� DUH� SVHXGR� DWWULEXWHV� DVVLJQHG� WR� PRGHO� HOHPHQWV� LQ� WKH� IRUP� RI� D� SDLU
�WDJ YDOXH��� ,Q� RXU� FDVH�� WDJJHG� YDOXHV� DUH� DVVLJQHG� WR� REMHFWV� WR� GHILQH� GHSHQGDELOLW\
SDUDPHWHUV� OLNH� IDXOW� DFWLYDWLRQ� UDWH�� HUURU� ODWHQF\�� IDLOXUH� SURSDJDWLRQ� SUREDELOLW\�� DQG� UHSDLU
GHOD\��(�J��UHSDLU�GHOD\�LV�DVVLJQHG�LQ�WKH�IRUP��5' �������7DJJHG�YDOXHV�ZLWK�HPSW\�YDOXH
ILHOG�PD\�LQGLFDWH�PHDVXUHV�WR�EH�FRPSXWHG�E\�WKH�DQDO\VLV��6WDWHV�DQG�WUDQVLWLRQV�LQ�VWDWHFKDUW
GLDJUDPV� DUH� DVVLJQHG� WDJJHG� YDOXHV� WR� GHILQH� SHUIRUPDQFH�UHODWHG� SDUDPHWHUV� OLNH� WUDQVLWLRQ
UDWHV��EUDQFKLQJ�SUREDELOLWLHV�RU�JHQHUDO�UHZDUG�IXQFWLRQV�

�� 6WHUHRW\SHV� LQWURGXFH�D�QHZ�FODVV�RI�PRGHOLQJ�HOHPHQWV�DW�PRGHOLQJ�WLPH�E\�GHILQLQJ�D�KLJK�
OHYHO� FODVVLILFDWLRQ� �H�J��PHDQLQJ�� XVDJH�� RI�PRGHO� HOHPHQWV��2Q� VWUXFWXUDO� GLDJUDPV��ZH� XVH
VWHUHRW\SHV�WR�LGHQWLI\�QRQ�IXQFWLRQDO�SURSHUWLHV�DQG�UROHV�RI�REMHFWV��)RU�H[DPSOH��VWHUHRW\SHV
OLNH���VWDWHOHVV�KDUGZDUH!!����YDULDQW!!��DQG���DGMXGLFDWRU!!�ZHUH�LQWUR�
GXFHG��2Q�G\QDPLF�GLDJUDPV��VWHUHRW\SHV�LQGLFDWH�IDLOXUH�VWDWHV�DQG�IDXOW\�WUDQVLWLRQV�

�� &RQVWUDLQWV� LQWURGXFH� UXOHV� WKDW� FDQ� EH� FKHFNHG� DJDLQVW� WKH� GHVLJQ�� WKXV� SURYLGLQJ� D� ZD\� WR
H[SUHVV�UHTXLUHPHQWV��,Q�RXU�FDVH��FRQVWUDLQWV�DUH�XVHG�WR�GHILQH�EHKDYLRUDO�UHTXLUHPHQWV��H�J��LQ
WKH�IRUP�RI�OLQHDU�WHPSRUDO�ORJLF�IRUPXODH�DVVLJQHG�WR�VFHQDULRV�RU�XVH�FDVHV��

,Q�WKH�+,'(�HQYLURQPHQW�D�VWULFW�VXEVHW�RI�80/�GLDJUDPV�LV�FRQVLGHUHG��FRQWDLQLQJ�WKRXJK�WKH
PRVW�LPSRUWDQW�FRQFHSWXDO�LVVXHV�LQWHUHVWLQJ�IURP�WKH�SRLQW�RI�YLHZ�RI�GHSHQGDELOLW\�DQDO\VLV��)URP
WKH� SRLQW� RI� YLHZ� RI� WKH� VWUXFWXUH�� WKH� 80/� GHVLJQ� LV� FRQVLGHUHG� DV� D� VWDWLF� VHW� RI� LQWHUDFWLQJ
REMHFWV��WKH�G\QDPLF�FUHDWLRQ�DQG�GHVWUXFWLRQ�RI�REMHFWV�LV�QRW�DOORZHG��,QKHULWDQFH�LV�XWLOL]HG�RQO\
WR� GHULYH� WKH� SURSHUWLHV� RI� WKH� VWDWLF� REMHFWV�� 5HGXQGDQF\� LQ� WKH� GHVLJQ� LV� UHVWULFWHG� WR� FODVVHV
�REMHFWV��DQG�KDUGZDUH�HOHPHQWV��)URP�WKH�SRLQW�RI�YLHZ�RI�G\QDPLF�EHKDYLRU��WKH�VXEVHW�LQFOXGHV
DOO� DVSHFWV� UHODWHG� WR� FRQFXUUHQF\� OLNH� VHTXHQWLDOL]DWLRQ��QRQ�GHWHUPLQLVP�DQG�SDUDOOHOLVP��0LQRU
SHFXOLDULWLHV� OLNH� GHIHUUHG� HYHQWV�� WLPH� DQG� FKDQJH� HYHQWV�� KLVWRU\� VWDWHV�� H[LW� DQG� HQWU\� DFWLRQV�
DFWLYLW\�VWDWHV�HWF��DUH�QRW�FRYHUHG��7KHVH�ODWWHU�VLPSOLILFDWLRQV�ZHUH�LQWURGXFHG�HVVHQWLDOO\�WR�NHHS
WKH� OHYHO� RI� FRPSOH[LW\� DW� DQ� DFFHSWDEOH� OHYHO�� VLQFH� WKH\� GR� QRW� KDYH� DQ\� VWURQJ� LPSDFW� RQ� WKH
VHPDQWLFV��2Q�WKH�RWKHU�KDQG��G\QDPLF�REMHFW�RULHQWHG�IHDWXUHV�UHTXLUH�IXUWKHU�VWXG\�

�� 0RGHO�DQDO\VLV�E\�WUDQVIRUPDWLRQV

8S�WR�QRZ�WKUHH� WUDQVIRUPDWLRQV�ZHUH�HODERUDWHG� LQ� WKH�+,'(�HQYLURQPHQW��7KH� ILUVW�RQH� WDUJHWV
IRUPDO� YHULILFDWLRQ� RI� GHSHQGDELOLW\�UHODWHG� DWWULEXWHV� OLNH� IUHHGRP� IURP�GHDGORFNV�� DYRLGDQFH� RI
XQVDIH� V\VWHP� VWDWHV�� 7KH� QH[W� WZR� WUDQVIRUPDWLRQV� WDUJHW� TXDQWLWDWLYH� DQDO\VLV� RI� GHSHQGDELOLW\
DWWULEXWHV� OLNH� UHOLDELOLW\� RU� DYDLODELOLW\�� DQG� SHUIRUPDQFH� PHDVXUHV� OLNH� WKURXJKSXW� RU� DYHUDJH
UHVSRQVH�WLPH�
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)RUPDO�YHULILFDWLRQ�LV�D�KRW�WRSLF�QRZDGD\V�LQ�WKH�ILHOG�RI�V\VWHP�HQJLQHHULQJ��HVSHFLDOO\�IRU�WKH
GHYHORSPHQW�RI�FULWLFDO�GHSHQGDEOH�V\VWHPV��)RU�D�FRPSOHWH�VRIWZDUH�V\VWHP��IRUPDO�YHULILFDWLRQ�LV
DOPRVW� LPSRVVLEOH� WR�DIIRUG�GXH� WR�FRPSOH[LW\� LVVXHV�� ,W� LV�RQO\�SHUIRUPHG� IRU�FULWLFDO�DVSHFWV��RU
SDUWV�� RI� WKH� V\VWHP�� ,Q� +,'(�� WKH� G\QDPLF� EHKDYLRU� RI� FULWLFDO� REMHFWV�� VSHFLILHG� E\� VWDWHFKDUW
GLDJUDPV��LV�WR�EH�DQDO\]HG��$�WUDQVIRUPDWLRQ�KDV�EHHQ�GHILQHG�>��@�ZKLFK�PDSV�D�VXEVHW�RI�80/
VWDWHFKDUW�GLDJUDPV�WR�.ULSNH�VWUXFWXUHV��RU�LQ�JHQHUDO�WUDQVLWLRQ�V\VWHPV��IRU�IRUPDO�YHULILFDWLRQ�RI
IXQFWLRQDO�SURSHUWLHV�XVLQJ�WKH�PRGHO�FKHFNHU�63,1�>�@��7KLV�WUDQVIRUPDWLRQ�LV�EDVHG�RQ�D�UHIHUHQFH
IRUPDO�RSHUDWLRQDO�VHPDQWLFV�IRU�80/�VWDWHFKDUW�GLDJUDPV�ZLWKLQ�+,'(�

$PRQJVW� WKH� DSSURDFKHV� FRPPRQO\� DGRSWHG� WR� HYDOXDWH� GHSHQGDELOLW\� DWWULEXWHV�� DQDO\WLFDO
PRGHOLQJ�KDV�SURYHQ�WR�EH�YHU\�XVHIXO�DQG�YHUVDWLOH��(VSHFLDOO\�GXULQJ�GHVLJQ��PRGHOV�VKRZ�WKHLU
XVHIXOQHVV� DQG� SRWHQWLDOLWLHV�� 7KH\� DOORZ� WR� FRPSDUH� GLIIHUHQW� DUFKLWHFWXUDO� DQG� GHVLJQ� VROXWLRQV
DQG�WR�UXQ�VHQVLWLYLW\�DQDO\VHV�LGHQWLI\LQJ�ERWK�GHSHQGDELOLW\�ERWWOHQHFNV�DQG�FULWLFDO�SDUDPHWHUV�WR
ZKLFK� WKH� V\VWHP� LV� KLJKO\� VHQVLWLYH�� 7ZR� FRPSOHPHQWDU\� DSSURDFKHV� KDYH� EHHQ� IROORZHG� IRU
SURYLGLQJ�TXDQWLWDWLYH�DQDO\VHV�RI�GHSHQGDELOLW\�DWWULEXWHV��$�WUDGH�RII�KDV�WR�EH�PDGH�EHWZHHQ�WKH
GHJUHH�RI�GHWDLOV� LQ�PRGHOLQJ�DQG� WKH�GHJUHH�RI�SRVVLEOH�DXWRPDWLRQ�RI� WKH�DQDO\VLV�SURFHVV��7KH
WUDQVIRUPDWLRQV�KDYH�EHHQ�GHILQHG� IURP�80/�VXEVHWV� WR�7LPHG�3HWUL�1HWV� �731��DQG�6WRFKDVWLF
5HZDUG�1HWV��651��>�@��2Q�RQH�KDQG��WKLV�DSSURDFK�DOORZV�XVLQJ�WKH�HODERUDWH�DQG�ZHOO�HVWDEOLVKHG
3HWUL�1HW�WRROV�IRU�WKH�TXDQWLWDWLYH�DQDO\VLV�RI�80/�PRGHOV��2Q�WKH�RWKHU�KDQG��LW�LQWHJUDWHV�WKH�XVH
RI� 3HWUL� 1HWV� LQWR� WKH� REMHFW�RULHQWHG� PRGHOLQJ� SDUDGLJP� RI� 80/�� )RU� H[DPSOH�� WKH� JHQHUDWHG
PRGHOV�FDQ�EH�H[WHQGHG�E\�PRGHOLQJ�DVSHFWV� OLNH� WKH� LQWHJUDWLRQ�RI� IDXOW�PRGHOV��GLIILFXOW� WR�H[�
SUHVV�GLUHFWO\�LQ�80/��%RWK�WKHVH�WZR�WUDQVIRUPDWLRQV�XVH�3$1'$�>�@��DV�3HWUL�1HW�DQDO\VLV�WRRO�
,W� DOORZV� WR� DQQRWDWH� WUDQVLWLRQV� ZLWK� JXDUGV� DQG� WR� XVH� VWDWH� GHSHQGHQW� FDSDFLWLHV� IRU� DUFV�
0RUHRYHU��3$1'$�DFFHSWV�QRW�RQO\� H[SRQHQWLDO� GLVWULEXWLRQ� IXQFWLRQV�� EXW� DOVR�QRQ�H[SRQHQWLDO
RQHV�� 'HSHQGDELOLW\� PHDVXUHV� FDQ� EH� VSHFLILHG� E\� UHZDUG� IXQFWLRQV�� EXLOW� IURP� VR�FDOOHG
FKDUDFWHUL]LQJ�IXQFWLRQV�OLNH�WKH�QXPEHU�RI�WRNHQV�RI�D�SODFH��3$1'$�FRPSXWHV�WKH�H[SHFWHG�YDOXH
RI�D�UHZDUG�IXQFWLRQ�DW�D�SRLQW�LQ�WLPH��H�J��DYDLODELOLW\��DV�ZHOO�DV�DFFXPXODWHG�UHZDUGV��5HZDUG
IXQFWLRQV� FDQ� EH� XWLOL]HG� WR� GHULYH� SHUIRUPDQFH� UHODWHG� SDUDPHWHUV� �OLNH� WKURXJKSXW�� DYHUDJH
UHVSRQVH�WLPH��

���� )RUPDO�YHULILFDWLRQ

:KHQ�SHUIRUPLQJ� IRUPDO�YHULILFDWLRQ�RI�GHSHQGDELOLW\� UHODWHG�EHKDYLRUDO� SURSHUWLHV�� WKH� VFRSH� RI
LQYHVWLJDWLRQ�LV��WKH�VHW�RI��80/�VWDWHFKDUW�GLDJUDPV��%\�XVLQJ�VWDWHFKDUWV��WKH�EHKDYLRU�RI�FODVVHV
�REMHFWV��DQG�KDUGZDUH�QRGHV�FDQ�EH�VSHFLILHG��$�PDQGDWRU\�SUHUHTXLVLWH�IRU�IRUPDO�YHULILFDWLRQ�LV
WR�PDS�WKH�VWDWHFKDUW�GLDJUDPV�WR�D�IRUPDO�VHPDQWLFV�PRGHO��7KH�YHULILFDWLRQ�WHFKQLTXH�ZH�DLP�DW�LV
PRGHO� FKHFNLQJ�� WKXV�ZH� XVH�.ULSNH� VWUXFWXUHV�� 7KLV� IRUPDO� VHPDQWLFV�PRGHO� VKRXOG� VDWLVI\� WKH
SURSHUWLHV�RI�WKH�80/�VHPDQWLFV�JLYHQ�LQIRUPDOO\�LQ�>�@�

7R� GHILQH� WKH�PDSSLQJ� IURP�80/� VWDWHFKDUW� GLDJUDPV� WR�.ULSNH� VWUXFWXUHV�� DQ� LQWHUPHGLDWH
PRGHO� LV� LQWURGXFHG�� ZKLFK� LV� D� PRGLILHG� YDULDQW� RI� ([WHQGHG� +LHUDUFKLFDO� $XWRPDWD� �(+$�
LQWURGXFHG� IRU�D� VLPLODU�SXUSRVH� LQ� >��@��(+$�FDQ�EH� FRQVLGHUHG� DV� DQ� DEVWUDFW� V\QWD[� IRU�80/
VWDWHFKDUW�GLDJUDPV�� VLQFH� WKH� WUDQVIRUPDWLRQ� WR�(+$� LV� VWUDLJKWIRUZDUG� DQG�SXUHO\� V\QWDFWLFDO�� ,W
DEVWUDFWV� IURP� VRPH� JUDSKLFDO� GHWDLOV� DQG� GHVFULEHV� RQO\� WKH� HVVHQWLDO� DVSHFWV� RI� VWDWHFKDUW
GLDJUDPV�� QDPHO\� WKH� VWDWH� KLHUDUFK\� DQG� FRQFXUUHQF\�� (+$� DUH� FRPSRVHG� RI� VLPSOH� VHTXHQWLDO
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DXWRPDWD�UHODWHG�E\�D�UHILQHPHQW�IXQFWLRQ��$�VWDWH�FDQ�EH�PDSSHG�E\�WKH�UHILQHPHQW�IXQFWLRQ�WR�D
VLQJOH� DXWRPDWRQ� �UHSUHVHQWLQJ� D� QHVWHG� VWDWH� PDFKLQH� LQ� WKH� VWDWHFKDUW� GLDJUDP�� RU� WR� D� VHW� RI
DXWRPDWD� �UHSUHVHQWLQJ� D� FRQFXUUHQW� FRPSRVLWH� VWDWH� LQ� WKH� VWDWHFKDUW� GLDJUDP��� 7KHUH� LV� D� FOHDU
FRUUHVSRQGHQFH�RI� WKH� VWDWHV�DQG�QRQ�LQWHUOHYHO� WUDQVLWLRQV�RI� WKH� WZR� VWUXFWXUHV� �)LJXUH����� RWKHU
GHWDLOV�DUH�HQFRGHG�LQ�WKH�ODEHOV�RI�WUDQVLWLRQV�

$�

V�

V�

V�

V�

V�

V�

V�

V�

V�
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)LJXUH���� $Q�H[DPSOH�RI�DQ�80/�VWDWHFKDUW�GLDJUDP��D��DQG�WKH�FRUUHVSRQGLQJ�(+$��E�

7KH�QH[W�VWHS�LV�WKH�HODERUDWLRQ�RI�WKH�80/�VHPDQWLFV�RI�(+$��:KHQ�GHILQLQJ�WKH�VHPDQWLFV�
WKH� SHFXOLDULWLHV� RI� 80/� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW�� 7KH� IXQGDPHQWDO� VHPDQWLFV� RI� 80/
DVVXPHV�WKDW�HYHQWV�DUH�SURFHVVHG�E\� WKH�XQGHUO\LQJ�VWDWH�PDFKLQH�RQH�E\�RQH��ZKHUH�HDFK�HYHQW
VWLPXODWHV� D� UXQ�WR�FRPSOHWLRQ� VWHS�� +RZHYHU�� WKH� VHOHFWLRQ� RI� WKH� HYHQW� IURP� WKH� HYHQW� TXHXH
UHSUHVHQWLQJ�WKH�H[WHUQDO�HQYLURQPHQW�LV�GHILQHG�LQ�WKH�80/�VHPDQWLFV�RQO\�SDUWLDOO\��$FFRUGLQJO\�
RXU� WUDQVIRUPDWLRQ� LV� SDUDPHWULF� ZLWK� UHVSHFW� WR� WKH� VHPDQWLFV� RI� WKH� HQYLURQPHQW� �UDQGRP
VHOHFWLRQ�� ),)2� RUGHULQJ� RI� HYHQWV� HWF�� FDQ� EH� VHW� E\� WKH�PRGHOHU��� 6HOHFWHG� HYHQWV� HQDEOH� VWDWH
WUDQVLWLRQV��VRPH�RI�WKHP�PD\�DOVR�EH�LQ�FRQIOLFW�LI�WKH�LQWHUVHFWLRQ�RI�WKH�VHW�RI�VWDWHV�WKH\�H[LW�LV
QRW�HPSW\��80/�UHVROYHV�VRPH�FRQIOLFWV�E\�GHILQLQJ�WKDW�D�WUDQVLWLRQ�HPDQDWLQJ�IURP�D�VXEVWDWH�KDV
KLJKHU�SULRULW\�WKDQ�D�WUDQVLWLRQ�HPDQDWLQJ�IURP�D�FRQWDLQLQJ�VWDWH��7R�FRYHU�WKH�SULRULW\�LVVXHV��ZH
XVH�D�QRWLRQ�RI�SULRULW\�VFKHPH��RQ�ZKLFK�WKH�VHPDQWLFV�LV�SDUDPHWULF��DQG�WKHQ�LQVWDQWLDWH�LW�ZLWK
WKH�80/�RQH��7KH�SDUDPHWULF�QDWXUH�RI�RXU�VHPDQWLFV�GHILQLWLRQ�ZLWK�UHVSHFW�WR�WUDQVLWLRQ�SULRULWLHV
DQG� WKH� VHPDQWLFV� RI� WKH� HQYLURQPHQW� DOORZV� WR� XVH� WKH� WUDQVIRUPDWLRQ� XQGHU� GLIIHUHQW� SULRULW\
VFKHPHV�DQG�IRU�VSHFLILF�UXQ�WLPH�HQYLURQPHQWV�

7KH�80/�RSHUDWLRQDO�VHPDQWLFV�RI�(+$�LV�GHILQHG�DV�D�.ULSNH�VWUXFWXUH�WKDW�LV�D�VHW�RI�VWDWHV
�FDOOHG�VWDWXVHV��UHODWHG�E\�D�WUDQVLWLRQ�UHODWLRQ��FDOOHG�VWHS�UHODWLRQ���7KH�VWDWXV�LV�FRPSRVHG�E\�WKH
VWDWH�FRQILJXUDWLRQ�RI�WKH�(+$��L�H��WKH�VWDWHFKDUW��DQG�WKH�FXUUHQW�HQYLURQPHQW��WKH�ODWWHU�FDQ�DOVR
EH�PDQLSXODWHG�IURP�RXWVLGH�RI�WKH�DXWRPDWD��7KH�VWHS�UHODWLRQ�LV�GHILQHG�E\�PHDQV�RI�D�GHGXFWLRQ
V\VWHP��%DVLFDOO\��HDFK�VHTXHQWLDO�DXWRPDWRQ�RI�WKH�(+$�PLJKW�FRQWULEXWH�LQ�WKUHH�ZD\V�LQ�WKH�VWHS
UHODWLRQ�

�� 3URJUHVV��,I�WKH�DXWRPDWRQ�KDV�D�WUDQVLWLRQ�ZKLFK�LV�HQDEOHG�DQG�LWV�SULRULW\�LV�KLJK�HQRXJK��WKHQ
WKH�WUDQVLWLRQ�ILUHV�DQG�D�QHZ�VWDWXV�LV�UHDFKHG�DFFRUGLQJO\��7KH�SULRULW\�LV�FKHFNHG�RQ�WKH�EDVLV
RI�����D�FXPXODWLYH�VHW�RI�WUDQVLWLRQV�ZKLFK�DUH�HQDEOHG�LQ�WKH�DQFHVWRUV�RI�WKH�DXWRPDWRQ�DQG
����WKH�VHW�RI�HQDEOHG�WUDQVLWLRQV�LQ�WKH�GHVFHQGDQWV�RI�WKH�DXWRPDWRQ�



�

�� &RPSRVLWLRQ��7KH�DXWRPDWD�FDQ�GHOHJDWH�WKH�H[HFXWLRQ�RI�WUDQVLWLRQV�WR�LWV�VXE�DXWRPDWD��XQGHU
WKH�FRQVWUDLQWV�RI�WKH�VHW�FRQWDLQLQJ�DOVR�WKH�ORFDO�HQDEOHG�WUDQVLWLRQV��DQG�WKHVH�WUDQVLWLRQV�DUH
SURSDJDWHG�XSZDUGV��1RWH�WKDW�QRQ�GHWHUPLQLVP�PD\�DULVH�ERWK�IURP�FRQIOLFWLQJ�WUDQVLWLRQV�RI
WKH�VDPH�DXWRPDWRQ�DQG�IURP�WKH�SRVVLELOLW\�RI�DSSO\LQJ�SURJUHVV�RU�FRPSRVLWLRQ�

�� 6WXWWHULQJ��,I�WKH�DXWRPDWRQ�KDV�QR�WUDQVLWLRQ�WKDW�LV�HQDEOHG�DQG�QR�VXE�DXWRPDWD�H[LVW�WR�ZKLFK
WKH�H[HFXWLRQ�FDQ�EH�GHOHJDWHG�WKHQ�WKH�VWDWH�RI�WKH�DXWRPDWRQ�LV�QRW�FKDQJHG�

7KH�IRUPDOL]DWLRQ�RI�WKHVH�WKUHH�UXOHV�FRQVWLWXWHV�WKH�GHGXFWLRQ�V\VWHP��ZKLFK�GHILQHV�WKH�VWHS
UHODWLRQ� RI� WKH� .ULSNH� VWUXFWXUH�� L�H�� WKH� IRUPDO� RSHUDWLRQDO� VHPDQWLFV� RI� RXU� VXEVHW� RI� 80/
VWDWHFKDUW�GLDJUDPV�>��@��6XFK�VHPDQWLFV�KDYH�EHHQ�SURYHQ�WR�VDWLVI\�UHTXLUHPHQWV�VSHFLILHG�LQ�WKH
RIILFLDO�GHILQLWLRQ�RI�80/�>�@��7KLV�VLPSOH�GHGXFWLRQ�V\VWHP�IRUPV�WKH�EDVLV�RI�WKH�WUDQVIRUPDWLRQ
IURP�80/� VWDWHFKDUW� GLDJUDPV� WR� 3520(/$�� LQSXW� ODQJXDJH� RI� WKH�PRGHO� FKHFNHU� 63,1�� 7KH
WUDQVIRUPDWLRQ�LV�IRUPDOO\�VSHFLILHG�DQG�SURYHQ�FRUUHFW�LQ�>��@��:H�VHOHFWHG�63,1��VLQFH�LW�LV�RQH�RI
WKH�PRVW�HIILFLHQW� WRROV�DYDLODEOH��DQG�3520(/$�DOORZV�WKH�VSHFLILFDWLRQ�RI�ERWK�VWDWH�YDULDEOHV
DQG�FRPPXQLFDWLRQ�DFWLRQV�>�@��+RZHYHU��WKH�UHFXUVLYH�QDWXUH�RI�WKH�VHPDQWLFV�SRVHG�SUREOHPV�LQ
WKH� WUDQVIRUPDWLRQ�� VLQFH� 3520(/$� KDV� YHU\� OLPLWHG� UHFXUVLRQ� FDSDELOLWLHV�� $FFRUGLQJO\�� ZH
UHVWULFWHG�WKH�XVH�RI�UHFXUVLRQ�RQO\�LQ�WKH�WUDQVIRUPDWLRQ�IXQFWLRQ�GHILQLWLRQ�LQ�RUGHU�WR�H[SORLW�WKH
VWDWLF� WUHH�VWUXFWXUH� RI� WKH� VWDWHFKDUW� GLDJUDPV� LQ� WUDQVIRUPDWLRQ� WLPH�� 2Q� WKH� RWKHU� KDQG�� WKH
KLHUDUFKLFDO�DQG�UHFXUVLYH�QDWXUH�RI�WKH�DERYH�UXOHV�KHOSHG�D�ORW�LQ�FDUU\LQJ�RQ�FRUUHFWQHVV�SURRIV�RI
WKH�VHPDQWLFV��DOO�LQWHUHVWLQJ�SURSHUWLHV�RI�WKH�VWDWHFKDUW�GLDJUDPV�ZHUH�SURYHQ�LQGXFWLYHO\�>��@�

5HTXLUHPHQWV� WR� EH� FKHFNHG� E\� IRUPDO� YHULILFDWLRQ� DUH� H[SUHVVHG� E\� D� OLQHDU� WHPSRUDO� ORJLF
IRUPXOD�RU�E\�DQRWKHU�DXWRPDWRQ�WUDQVIRUPHG�WR�D�.ULSNH�VWUXFWXUH��,Q�WKH�ILUVW�FDVH�WKH�IRUPXOD�FDQ
EH�LQFOXGHG�LQ�WKH�IRUP�RI�D�FRQVWUDLQW��KRZHYHU��QRW�WKH�VWDQGDUGL]HG�FRQVWUDLQW�ODQJXDJH�RI�80/
LV�XVHG��VLQFH�LW�GRHV�QRW�SURYLGH�DQ�H[SOLFLW�QRWDWLRQ�IRU�WHPSRUDO�ORJLF���,Q�WKH�VHFRQG�FDVH��WKH�UH�
TXLUHPHQW�FDQ�EH�H[SUHVVHG�DJDLQ�DV�D��VLPSOH��VWDWHFKDUW�GLDJUDP�DQG�LWV�UHVXOWLQJ�VHPDQWLFV�FDQ
EH�XVHG�IRU�PRGHO�FKHFNLQJ�WKH�RULJLQDO�VWDWHFKDUW�GLDJUDP�

,I�D�UHTXLUHPHQW�IDLOV��63,1�SURGXFHV�D�FRXQWHU�H[DPSOH�LQ�WKH�IRUP�RI�D�WUDFH��7UDFHV�FDQ�EH
EDFN�DQQRWDWHG�LQWR�WKH�80/�PRGHO� LQ�WKH�IRUP�RI�VHTXHQFH�GLDJUDPV�� WKXV� WKH�GHVLJQHU�PD\�EH
DEOH�WR�LGHQWLI\�WKH�UHDVRQ�RI�WKH�IDLOXUH��+RZHYHU��DV�WKH�FRPPRQ�80/�&$6(�WRROV�GR�QRW�VXSSRUW
JXLGHG�VLPXODWLRQ��WKH�G\QDPLF��VWHS�E\�VWHS��SUHVHQWDWLRQ�RI�WKH�WUDFH�LV�QRW�VROYHG�\HW�

7KH� DSSURDFK� ZH� IROORZHG� VKDUHV� WKH� UHODWLYH� VLPSOLFLW\� RI� WKH� ZRUN� SURSRVHG� LQ� >��@� IRU
FODVVLFDO� VWDWHFKDUWV�� EXW� LW� WDNHV� LQWR� FRQVLGHUDWLRQ� WKH� SHFXOLDULWLHV� RI� WKH�80/� UHOHYDQW� IRU� WKH
FRQVLGHUHG�VXEVHW�RI�WKH�QRWDWLRQ��6HYHUDO�RWKHU�DSSURDFKHV�KDYH�EHHQ�SURSRVHG�LQ�WKH�OLWHUDWXUH�IRU
WKH�GHILQLWLRQ�RI�D�IRUPDO�VHPDQWLFV�RI�80/�VWDWHFKDUW�GLDJUDPV��H�J��>�����@��DQG�PXFK�PRUH�KDV
EHHQ�GRQH�IRU�FODVVLFDO�VWDWHFKDUWV��6WDWH�UHILQHPHQW�LV�QRW�DOORZHG�DQG�WUDQVLWLRQ�SULRULWLHV�DUH�QRW
GHDOW�ZLWK�LQ�>��@��,Q�>��@�DOO�LQWHUHVWLQJ�DVSHFWV�RI�80/�VWDWHFKDUW�GLDJUDPV�VHPDQWLFV�DUH�FRYHUHG�
8QIRUWXQDWHO\��QR�FRUUHFWQHVV�UHVXOW�IRU�WKH�SURSRVHG�VHPDQWLFV�LV�SURYLGHG��PRUH�HPSKDVLV�LV�SXW
RQ�LPSOHPHQWDWLRQ�UHODWHG�LVVXHV��,Q�>��@�D�GLIIHUHQW�DSSURDFK�WR�PRGHO�FKHFNLQJ�RI�80/�VWDWHFKDUW
GLDJUDPV��EDVHG�RQ� WKH� VHPDQWLFV�SURSRVHG� LQ� >��@��KDV�EHHQ� LQYHVWLJDWHG��ZKLFK�XVHV�EUDQFKLQJ
WLPH�WHPSRUDO�ORJLF�
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���� 'HSHQGDELOLW\�DQDO\VLV�RI�VWUXFWXUDO�GHVLJQ

7KH� ILUVW� TXDQWLWDWLYH� WUDQVIRUPDWLRQ� IRFXVHV� RQ� WKH� HDUO\�� V\VWHP�OHYHO� GHSHQGDELOLW\� PRGHOLQJ
EDVHG� RQ� KLJK�OHYHO�� VWUXFWXUDO� GHVFULSWLRQV�� 7KH� WUDQVIRUPDWLRQ� PDSV� 80/� VWUXFWXUDO� GLDJUDPV
�XVH�FDVH��FODVV��REMHFW��DQG�GHSOR\PHQW�GLDJUDPV��WR�731�>�����@��7KLV�WUDQVIRUPDWLRQ�FRSHV�ZLWK
WKH� VWDWH� H[SORVLRQ�E\� VWDUWLQJ� IURP�VLPSOH� KLJK�OHYHO�PRGHOV�� DQG�PDNLQJ� WKHP�PRUH� DQG�PRUH
FRPSOH[� DQG� GHWDLOHG� E\� UHILQLQJ� WKH� UHOHYDQW� SDUWV� RI� WKH� V\VWHP�� +LJKHU� OHYHO� 80/� PRGHOV
�VWUXFWXUDO� GLDJUDPV�� DUH� XVXDOO\� DYDLODEOH� EHIRUH� WKH� GHWDLOHG�� ORZ� OHYHOV� RQHV�� 7KH� DQDO\VLV� RQ
WKHVH�URXJK�PRGHOV�SURYLGHV�LQGLFDWLRQV�DERXW�WKH�FULWLFDO�SDUWV�RI�WKH�V\VWHP��ZKLFK�UHTXLUH�D�PRUH
GHWDLOHG� UHSUHVHQWDWLRQ�� ,Q� DGGLWLRQ�� E\� XVLQJ� ZHOO� GHILQHG� LQWHUIDFHV�� VXFK� PRGHOV� FDQ� EH
DXJPHQWHG� E\� LQVHUWLQJ� PRUH� GHWDLOHG� LQIRUPDWLRQ� FRPLQJ� IURP� UHILQHG� 80/� PRGHOV� RI� WKH
LGHQWLILHG� FULWLFDO� SDUWV� RI� WKH� V\VWHP��7KHVH�PLJKW� EH� SURYLGHG� E\� RWKHU� WUDQVIRUPDWLRQV� GHDOLQJ
ZLWK� 80/� EHKDYLRUDO� DQG� FRPPXQLFDWLRQ� GLDJUDPV�� OLNH� WKH� WUDQVIRUPDWLRQ� WR� EH� GHVFULEHG� LQ
6HFWLRQ�����

$FFRUGLQJO\��RXU�WUDQVIRUPDWLRQ�

�� DOORZV�D�OHVV�GHWDLOHG�EXW�V\VWHP�ZLGH�UHSUHVHQWDWLRQ�RI�WKH�GHSHQGDELOLW\�FKDUDFWHULVWLFV�RI�WKH
DQDO\]HG�V\VWHP�

�� SURYLGHV�HDUO\��SUHOLPLQDU\�HYDOXDWLRQV�RI� WKH�V\VWHP�GHSHQGDELOLW\�GXULQJ� WKH�HDUO\�SKDVHV�RI
WKH�GHVLJQ�

�� GHDOV�ZLWK�YDULRXV�OHYHOV�RI�GHWDLO��UDQJLQJ�IURP�YHU\�SUHOLPLQDU\�DEVWUDFW�80/�GHVFULSWLRQV��XS
WR� WKH� UHILQHG� VSHFLILFDWLRQV� RI� WKH� ODVW� GHVLJQ� SKDVHV�� FDSWXULQJ� RQO\� WKH� IHDWXUHV� UHOHYDQW� WR
GHSHQGDELOLW\�

7KH� DQDO\VLV� FRYHUV� WKH� VR�FDOOHG� FODVV�EDVHG� UHGXQGDQF\� DSSOLHG� LQ� WKH� 80/� GHVLJQ�� ,W
SUHVFULEHV�WKDW�FRPSRQHQWV�RI�D�UHGXQGDQF\�VWUXFWXUH�PXVW�EH�GHILQHG�DV�VSHFLILF�FODVVHV�LGHQWLILHG
E\�VWHUHRW\SHV��7KH�WKUHH�EDVLF�FRPSRQHQWV�DUH�DV�IROORZV��9DULDQWV��VWHUHRW\SH���YDULDQW!!�
LPSOHPHQW�WKH�VDPH�IXQFWLRQDOLW\�E\�UHSOLFDWLRQ�RU�GHVLJQ�GLYHUVLW\��$FFRUGLQJO\��KDUGZDUH�IDXOWV
FDQ�EH�WROHUDWHG�E\�GHSOR\LQJ�UHSOLFDWHG�REMHFWV�RQ�GLIIHUHQW�KDUGZDUH��ZKLOH�VRIWZDUH�EXJV�FDQ�EH
WROHUDWHG�E\�GLYHUVLW\��$Q�DGMXGLFDWRU����DGMXGLFDWRU!!��LV�XVHG�WR�FKHFN��FRPSDUH��WHVW��YRWH�
WKH� UHVXOWV� RI� WKH� YDULDQWV�� $� VLQJOH� UHGXQGDQF\� PDQDJHU� RI� WKH� VWUXFWXUH� ���UHGXQGDQF\
PDQDJHU!!��FRQWUROV�WKH�H[HFXWLRQ�RI�WKH�YDULDQWV��,W�PD\�LPSOHPHQW�VSHFLILF�WHFKQLTXHV�DV�ZHOO
DV� FRPPRQ� VFKHPHV� OLNH� UHFRYHU\� EORFNV�� 1�YHUVLRQ� SURJUDPPLQJ� HWF�� 7KH� VHUYLFH� RI� WKH
UHGXQGDQF\�VWUXFWXUH�LV�DYDLODEOH�WKURXJK�WKH�UHGXQGDQF\�PDQDJHU�DQG�WKH�YDULDQWV�FDQQRW�EH�XVHG
VHSDUDWHO\�

7KH� WUDQVIRUPDWLRQ� LV� GHILQHG� LQ� PRUH� VWHSV�� 7KH� ILUVW� RQH� KDV� WKH� IXQGDPHQWDO� WDVN� RI
H[WUDFWLQJ� WKH� UHOHYDQW� LQIRUPDWLRQ� IURP� WKH�80/�GLDJUDPV�QHFHVVDU\� WR� IL[� WKH� VHW�RI�EDVLF�DQG
GHULYHG�IDLOXUH�HYHQWV� OLNH�IDXOW�DFWLYDWLRQ��IDLOXUH�SURSDJDWLRQ�DQG�UHSDLU�SURFHVVHV�� ,Q�WKLV�VWHS�D
JHQHUDO�V\VWHP�PRGHO�FDOOHG�KHUH� ,QWHUPHGLDWH�0RGHO� �,0�� LV�EXLOW��7KH�QH[W� VWHS�GHILQHV�D�731
PRGHO� LQ�D� IRUPDOLVP�JHQHUDO�HQRXJK� WR�SRVWSRQH� WKH�FKRLFH�RI� WKH�DXWRPDWLF� WRRO��)XUWKHU� VWHSV
DOORZ�WR�WUDQVODWH�WKH�PRGHO�WR�WKH�LQSXW�IRUPDW�RI�D�VSHFLILF�WRRO��LQ�RXU�FDVH�3$1'$��
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'XULQJ�WKH�ILUVW�VWHS�RI�WKH�WUDQVIRUPDWLRQ��80/�PRGHO�HOHPHQWV��REMHFWV��QRGHV��SDFNDJHV��DQG
FRPSRQHQWV��DUH�PDSSHG�WR�VLPSOH�HOHPHQWV��ZKLOH�UHGXQGDQF\�VWUXFWXUHV�DUH�PDSSHG�WR�FRPSRVLWH
HOHPHQWV� RI� WKH� ,0�� +DUGZDUH� DQG� VRIWZDUH� FRPSRQHQWV�� ZLWK� RU� ZLWKRXW� LQWHUQDO� VWDWHV�� DUH
GLVWLQJXLVKHG� E\� WKH� W\SH� RI� WKH� HOHPHQW� �WKH� GLVWLQFWLRQ� LV� LPSRUWDQW� IURP� WKH� SRLQW� RI� YLHZ� RI
HUURUV� DQG� HUURU� SURSDJDWLRQ��� 80/� UHODWLRQV� �DVVRFLDWLRQV�� FRPSRVLWLRQV�� GHSHQGHQFLHV�
GHSOR\PHQWV��DUH�PDSSHG�WR��XVHV�VHUYLFH�RI���LQ�D�VSHFLDO�FDVH��GHSOR\HG�RQ���DQG��FRPSRVHG�RI�
UHODWLRQV�RI�WKH�,0��)LQDOO\��WKH�UHVXOWLQJ�,0�ZLOO�EH�D�K\SHUJUDSK��ZKHUH�HDFK�QRGH�UHSUHVHQWV�DQ
HOHPHQW�GHVFULEHG�LQ�WKH�80/�GLDJUDPV��DQG�HDFK�K\SHUDUF�UHSUHVHQWV�D�UHODWLRQ�EHWZHHQ�HOHPHQWV�

)DLOXUH�RI�D�FRPSRVLWH�HOHPHQW�� L�H��D�UHGXQGDQF\�VWUXFWXUH�� LV�QRW�RQO\�DQ�25�UHODWLRQ�RI� WKH
IDLOXUHV�RI�WKH�VLPSOH�HOHPHQWV�EHORQJLQJ�WR�WKH�JLYHQ�FRPSRVLWH�RQH��8VXDOO\��D�IDXOW�WUHH�FDQ�EH
XVHG�WR�GHVFULEH�WKH�HIIHFWV�RI�VHSDUDWH�DQG�FRPPRQ�PRGH�IDLOXUHV�RI�WKH�HOHPHQWV��,Q�RXU�DSSURDFK�
LW�LV�DYDLODEOH�HLWKHU�GLUHFWO\�IURP�WKH�OLEUDU\�RI�UHGXQGDQF\�VFKHPHV��FRQVWUXFWHG�E\�GHSHQGDELOLW\
H[SHUWV���RU�GHULYHG�E\�DQDO\]LQJ�WKH�EHKDYLRUDO�GHVFULSWLRQ�RI�WKH�UHGXQGDQF\�PDQDJHU�EHORQJLQJ
WR�WKH�VFKHPH��,Q�WKH�ODWWHU�FDVH�� WKH�GHVLJQHU� LV�UHTXLUHG�WR�SURYLGH�WKH�FRPSOHWH�EHKDYLRU�RI� WKH
UHGXQGDQF\�PDQDJHU� LQ� WKH� IRUP�RI� DQ� DQQRWDWHG�80/� VWDWHFKDUW� GLDJUDP�� ,Q� VXFK� GLDJUDPV� WKH
SDWKV� �WUDMHFWRULHV�� IURP� LQLWLDO� VWDWH� OHDGLQJ� WR� IDLOXUH� VWDWHV� RU� HYHQWV� DUH� IROORZHG� DQG� WKH
LQFRPLQJ�HYHQWV�DQG�FRQGLWLRQV�DUH�H[DPLQHG��GHULYLQJ�LQ�WKLV�ZD\�WKH�IDXOW�WUHH�DXWRPDWLFDOO\�

7KH�VHFRQG�VWHS�RI�RXU�WUDQVIRUPDWLRQ�EXLOGV�WKH�731�GHSHQGDELOLW\�PRGHO��E\�JHQHUDWLQJ�D�VHW
RI� VXEQHWV� IRU� HDFK� HOHPHQW� RI� WKH� ,0�� 7KH� VXEQHWV� LQFOXGH� ZHOO�GHILQHG� VHW� RI� SODFHV� DQG
WUDQVLWLRQV�WKDW�DUH�LQWHUIDFHV�WRZDUGV�RWKHU�VXEQHWV�RI�WKH�PRGHO��6XEQHWV�DUH�D�FRQYHQLHQW�QRWDWLRQ
WR�PDNH�WKH�PRGHO�FOHDUHU��HQFDSVXODWLQJ�SRUWLRQ�RI�WKH�ZKROH�QHW��WKXV�DOORZLQJ�IRU�D�PRGXODU�DQG
KLHUDUFKLFDO�GHILQLWLRQ�RI�WKH�PRGHO��0RUHRYHU��QHVWHG�VXEQHWV�DOORZ�WKH�FRPELQDWLRQ�RI�PRGHOV�DW
WKH�GLIIHUHQW�OHYHOV�RI�GHWDLOV�

$FFRUGLQJ� WR� WKH� DERYH�GHVFULEHG� VWUXFWXUH� DQG�SDUDPHWHUV�RI� WKH� ,0�� WKH� WDUJHW�731�PRGHO
FRQVLVWV�RI�WKH�IROORZLQJ�W\SHV�RI�VXE�QHWV�

�� %DVLF� IDLOXUH� VXEQHWV� UHSUHVHQW� WKH� LQWHUQDO� VWDWH� RI� WKH�80/� HOHPHQW� FRUUHVSRQGLQJ� WR� HDFK
QRGH�RI�WKH�,0��DQG�PRGHO�WKH�IDLOXUH�SURFHVVHV��3ODFHV�+�DQG�)�PRGHO�WKH�KHDOWK\�DQG�IDLOHG
VWDWH��RFFXUUHQFH�RI�D�IDXOW�LV�PRGHOHG�E\�D�WLPHG�WUDQVLWLRQ��6WDWHIXO�QRGHV�DOVR�LQFOXGH�D�SODFH
(�IRU�WKH�HUURQHRXV�VWDWH��DQG�DQ�RWKHU�WLPHG�WUDQVLWLRQ�UHSUHVHQWLQJ�HUURU�ODWHQF\��)LJXUH��D��

�� 5HSDLU� VXEQHWV� DUH� DFWLYDWHG� E\� WKH� IDLOXUHV� RFFXUUHG� LQ� WKH� IDLOXUH� VXEQHW� RI� WKH� VDPH� QRGH�
7ZR�GLIIHUHQW�NLQGV�RI�UHSDLU�DUH�PRGHOHG�DV�D�FRQVHTXHQFH�RI� WUDQVLHQW�DQG�SHUPDQHQW�IDXOWV
�)LJXUH��D���,Q�WKH�FDVH�RI�VWDWHIXO�QRGHV��WKH�HUURU�UHFRYHU\�DFWLYLW\�VKRXOG�DOVR�EH�PRGHOHG�

�� 3URSDJDWLRQ�VXEQHWV�DUH�JHQHUDWHG�E\�H[DPLQLQJ�WKH��XVHV�WKH�VHUYLFH�RI��K\SHUDUFV�RI�WKH�,0�
7KH\�OLQN�WKH�EDVLF�VXEQHWV�PRGHOLQJ�WKDW�D�IDLOXUH�RFFXUULQJ�LQ�D�QRGH�PD\�SURSDJDWH�WR�RWKHU
QRGH�V��E\�FRUUXSWLQJ�LWV�LQWHUQDO�VWDWH��3URSDJDWLRQ�VXEQHWV�DUH�LQWHUIDFHG�WKURXJK�WKH�SODFHV�+�
(�DQG�)�RI�WKH�EDVLF�IDLOXUH�VXEQHWV��)LJXUH��E��

�� )DXOW�WUHH�VXEQHWV��DV�VSHFLDO�SURSDJDWLRQ�VXEQHWV��H[SUHVV�WKH�ORJLF�ZLWK�ZKLFK�WKH�IDLOXUHV�RI
FRPSRVLQJ�HOHPHQWV�SURSDJDWH�WRZDUGV�WKH�IDLOXUH�RI�D�UHGXQGDQF\�VWUXFWXUH��$OVR��WKH�GXDO�RI
WKH�IDXOW�WUHH�UHSUHVHQWV�WKH�ZD\�WKH�UHGXQGDQF\�VWUXFWXUH�EHFRPHV�KHDOWK\�ZKHQ�WKH�FRPSRVLQJ
HOHPHQWV�DUH�UHFRYHUHG��7KHVH�VXEQHWV�DUH�ERWK�LQGXFHG�E\�WKH��LV�FRPSRVHG�RI��K\SHUDUFV�RI
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WKH� ,0��DQG�JHQHUDWHG�E\�PDSSLQJ� WKH� ORJLF�RI� IDXOW� WUHHV� WR�731� >��@��1RWH� WKDW� WKH� V\VWHP
IDLOXUH� LV� XVXDOO\� D� VLPSOH� IDXOW� WUHH� FRQVLVWLQJ� RI� DQ�25� JDWH� FRQQHFWLQJ� WKH� IDLOXUHV� RI� WKH
HOHPHQWV��RQ�WKH�XSSHUPRVW�OD\HU��RI�WKH�V\VWHP�
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)LJXUH���� �D��%DVLF�IDLOXUH�VXEQHW��ERWWRP��DQG�UHSDLU�VXEQHW��WRS�
RI�D�VWDWHIXO�KDUGZDUH�HOHPHQW���E��D�SURSDJDWLRQ�VXEQHW

3UREDELOLW\�DQG�WLPLQJ�SDUDPHWHUV�RI�WKH�WUDQVLWLRQV�DUH�DYDLODEOH��WKURXJK�WKH�SDUDPHWHUV�RI�WKH
,0� QRGHV�� LQ� WDJJHG� YDOXHV� RI� WKH� VRXUFH� 80/�PRGHO�� 1RWH� WKDW� LI� DOO� WLPLQJ� GLVWULEXWLRQV� DUH
H[SRQHQWLDO�RQHV��WKHQ�WKH�731�PRGHO�UHVXOWV�LQ�D�*HQHUDOL]HG�6WRFKDVWLF�3HWUL�1HW��*631�>��@���,I
WKHUH�DUH�DOVR�WUDQVLWLRQV�ZLWK�GHWHUPLQLVWLF�WLPLQJ�WKHQ�WKH�PRGHO�LV�'HWHUPLQLVWLF�DQG�6WRFKDVWLF
3HWUL�1HW��'631�>��@���%RWK�FODVVHV�DUH�ZHOO�VXSSRUWHG�E\�DQDO\VLV�WRROV�

7KH�UHVXOW�RI�WKH�DQDO\VLV�LV�XVXDOO\�D�VLQJOH�YDOXH��H�J��UHOLDELOLW\�RU�DYDLODELOLW\�RI�WKH�V\VWHP��,W
FDQ� EH� EDFN�DQQRWDWHG� DV� D� 80/� WDJJHG� YDOXH� �DVVLJQHG� WR� WKH� JLYHQ� XVH� FDVH��� ,Q� WKH� FDVH� RI
VHQVLWLYLW\�DQDO\VLV��WKH�YLVXDOL]DWLRQ�RI�WKH�VHULHV�RI�FRPSXWHG�SDUDPHWHUV�UHTXLUHV�H[WHUQDO�WRROV�

���� 'HSHQGDELOLW\�DQDO\VLV�RI�G\QDPLF�EHKDYLRU

$QRWKHU� TXDQWLWDWLYH� WUDQVIRUPDWLRQ� IRFXVHV� RQ� 80/� G\QDPLF� PRGHO� FRPSULVLQJ� XVH� FDVHV�
VHTXHQFH�DQG�VWDWHFKDUW�GLDJUDPV��$�ULJRURXV�PDSSLQJ�KDV�EHHQ�ZRUNHG�RXW�IURP�WKH�VHPL�IRUPDO
ODQJXDJH�RI�WKH�VXEVHW�RI�80/�GLDJUDPV�WR�WKH�IRUPDOLVP�RI�651�SRVVHVVLQJ�D�SUHFLVH�VHPDQWLFV
>��@��:H�GHDOW�ZLWK� D� VSHFLILF� VXE�FODVV� RI� VWDWHFKDUWV�� WKH� VR�FDOOHG�*XDUGHG�6WDWHFKDUWV� �*6&��
ZKLFK� DUH� VXLWDEOH� IRU� PRGHOLQJ� GHSHQGDEOH� HPEHGGHG� V\VWHPV�� 7KH� FRQWURO� VRIWZDUH� LQ� WKHVH
V\VWHPV� LV� XVXDOO\� D� PXOWLWDVNLQJ� �PXOWLWKUHDGLQJ�� V\VWHP� UHFHLYLQJ� VHQVRU� VLJQDOV� DQG� RPLWWLQJ
DFWXDWRU� VLJQDOV�� &RQWLQXRXV� VLJQDOV� DUH� DEVWUDFWHG� WR� GLVFUHWH� VLJQDOV� DVVXPLQJ� D� ILQLWH� VHW� RI
FULWLFDO�YDOXHV��(YHQWV�DUH�VLJQDO�FKDQJHV�

*XDUGHG�VWDWHFKDUWV�DUH�FRPSRVHG�RI�VWDWHV�DQG�WUDQVLWLRQV��7UDQVLWLRQV�DUH�ODEHOHG�ZLWK�JXDUGV�
WULJJHU�HYHQWV�DQG�WKH�VHW�RI�WDUJHW�VWDWHV��0RUHRYHU��WUDQVLWLRQV�DUH�DQQRWDWHG�ZLWK�VWDWH�WUDQVLWLRQ
SUREDELOLWLHV�� EUDQFKLQJ� SUREDELOLWLHV� �ZHLJKWV�� DQG�RU� WLPLQJ� LQIRUPDWLRQ� �UDWHV��� *XDUGV� DUH
%RROHDQ�H[SUHVVLRQV�RI�SUHGLFDWHV�LQ�VWDWH���ZKLFK�SUHGLFDWH�HYDOXDWHV�WR�WUXH�LI�VWDWH�LV�WKH�FXUUHQW
VWDWH� RI� WKH�*6&�RU� RI� VRPH� FRQFXUUHQW�*6&�� ,I� D� WUDQVLWLRQ� ILUHV�� WKH� QH[W� VWDWH� LV� FKRVHQ� QRQ�
GHWHUPLQLVWLFDOO\�IURP�WKH�VHW�RI�WDUJHW�VWDWHV��WKLV�ZD\�QRQ�GHWHUPLQLVP�UHTXLUHG�WR�PRGHO�H[WHUQDO
HYHQWV�RU�IDXOW�HIIHFWV�FDQ�EH�PRGHOHG���2XWSXW�LV�FRQVLGHUHG�DV�SDUW�RI�WKH�VWDWH�LQ�ZKLFK�LW�RFFXUV�
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*6&V� DUH� QRW� KLHUDUFKLF� ±� UDWKHU�� DOO� KLHUDUFK\� OHYHOV� �H[FHSW� WKH� ERWWRP� OHYHO�� GHVFULEH
FRQFXUUHQW�EHKDYLRU��FRQFXUUHQW�WDVNV��RU�WKUHDGV�RI�WKH�FRQWURO�VRIWZDUH���*XDUGHG�VWDWH�WUDQVLWLRQV
FDQ�EH�FRQVLGHUHG�DV�KLJK�OHYHO�DEVWUDFWLRQV�RI�DQ�DV\QFKURQRXV�V\QFKURQL]DWLRQ�SDWWHUQ�EHWZHHQ
WDVNV��7KLV�SDWWHUQ�LV�LQKHUHQWO\�PXOWLWKUHDGHG��EHFDXVH�LW�PRGHOV�D�PHVVDJH�EHLQJ�SDVVHG�WR�DQRWKHU
REMHFW�ZLWKRXW� WKH�\LHOGLQJ�RI�FRQWURO��6SHFLILF�VWDWHV��VR�FDOOHG�SXEOLF�VWDWHV��GHVFULEH�WKH�HYHQWV�
VWDWHFKDUWV�JHQHUDWH�RU�UHVSRQG�WR�

$XJPHQWLQJ� WKH� V\VWHP� PRGHO� ZLWK� D� UHDOLVWLF� IDXOW� PRGHO� LV� WKH� EDVLV� IRU� GHSHQGDELOLW\
DQDO\VLV�� 2XU� HUURU�PRGHO� IRU�*6&V� LV� EDVHG� RQ� WKH� QRWLRQ� RI� VWDWH� SHUWXUEDWLRQV�� )RU� H[DPSOH�
XQLQWHQGHG�VWDWH�WUDQVLWLRQV�DUH�VWDWH�SHUWXUEDWLRQV��$Q�XQLQWHQGHG�VWDWH�WUDQVLWLRQ�FDXVHG�E\�D�IDXOW
FDQ� RFFXU�ZKHQHYHU� WKH� V\VWHP� LV� LQ� WKH� VWDWH� WKDW� JLYHV� ULVH� WR� WKH� HUURQHRXV� WUDQVLWLRQ�� 6LJQDO
ORVVHV�FDQ�FDXVH�WKDW�JXDUGV��UHIHUULQJ�WR�SXEOLF�VWDWHV��DUH�QRW�REVHUYHG��WKH�JXDUG�WKHQ�HYDOXDWHV�WR
FRQVWDQW� WUXH�IDOVH��7KLV�ZD\��DOVR� VHQVRU�DQG�DFWXDWRU� VWXFN�DW� IDXOWV�RU� ORVV�RI�PHVVDJHV� FDQ�EH
PRGHOHG� E\� VWDWH� SHUWXUEDWLRQV�� )LQDOO\�� XVLQJ� JXDUGV� DOVR� VDIHW\� UHTXLUHPHQWV�� H[SUHVVHG� DV
%RROHDQ�H[SUHVVLRQV�RYHU�*6&�VWDWHV��FDQ�EH�LQWHJUDWHG�LQWR�WKH�PRGHO��GHVFULELQJ�H�J���FROOLVLRQ�RI
FHUWDLQ�GHYLFHV��

)RU� D� GHSHQGDELOLW\� DQDO\VLV�� *6&� PRGHOV� DUH� WUDQVIRUPHG� WR� 651� PRGHOV�� 7KH� PDLQ
WUDQVIRUPDWLRQ�VWHSV�DUH�DV�IROORZV�

�� 3ULYDWH�VWDWHV��ZKLFK�GR�QRW�DSSHDU�LQ�JXDUG�H[SUHVVLRQV��DUH�WUDQVIRUPHG�WR�651�SODFHV�

�� 3XEOLF� VWDWHV� �VWDWHV� GHQRWLQJ� VHQVRU� DQG� DFWXDWRU� VLJQDOV�� DUH� WUDQVIRUPHG� WR� SDLUV� RI� SODFHV
�)LJXUH�����3ODFH�6WDWH�PRGHOV�WKH�VWDWH�RI�WKH�VLJQDO�DQG�SODFH�6WDWHB38%�PRGHOV�WKH�SUHVHQFH
RI�WKH�VLJQDO��UHIHUUHG�WR�LQ�JXDUG�H[SUHVVLRQV���$UFV�ZLWK�VWDWH�GHSHQGHQW�FDSDFLWLHV�DUH�XVHG�WR
PRGHO� IDXOWV� �WUDQVLWLRQV� )�� DQG� )���� 1RUPDOO\�� ERWK� 6WDWH� DQG� 6WDWHB38%� KDYH� WKH� VDPH
QXPEHU�RI�WRNHQV��,I�RQO\�6WDWH�FRQWDLQV�D�WRNHQ�WKHQ�LW�PHDQV�WKDW�D�IDXOW�
VLJQDO�ORVW
�KDV�EHHQ
RFFXUUHG�� ,I� RQO\� 6WDWHB38%� FRQWDLQV� D� WRNHQ� WKHQ� D� VSXULRXV� VLJQDO� KDV� EHHQ� LQMHFWHG
�WUDQVLWLRQ� 6� FDQ� QRW� ILUH�� EXW� WKH� JXDUG� FRUUHVSRQGLQJ� WR� WKH� VLJQDO� HYDOXDWHV� WR� WUXH��� 7KH
PRGHOHU�KDV�WR�SURYLGH�WKH�IDLOXUH�UDWHV�H��DQG�H��

�� 6WDWH�WUDQVLWLRQV�ZLWK�WLPH�GHOD\�DUH�WUDQVIRUPHG�WR�WLPHG�WUDQVLWLRQV�

�� 7LPH�OHVV�WUDQVLWLRQV��ODEHOHG�ZLWK�ZHLJKWV��DUH�WUDQVIRUPHG�WR�LPPHGLDWH�WUDQVLWLRQV��ZLWK�WKH
VDPH�ZHLJKW��

�� *XDUGV�DQG�WULJJHUV�EHFRPH�JXDUGV�RI�WUDQVLWLRQV�

6WDWH 6WDWHB38%

)�

�[0DUN�6WDWHB38%�

H�[���0DUN�6WDWH��[
���0DUN�6WDWHB38%��

H�[0DUN�6WDWHB38%�
)�

6

)LJXUH���� 0RGHOLQJ�IDXOW�RFFXUUHQFH�LQ�651�PRGHOV
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7KXV�� ZH� PDGH� LW� SRVVLEOH� E\� WKH� WUDQVIRUPDWLRQ� WR� PRGHO� FRPPXQLFDWLRQ� HUURUV� H[SOLFLWO\
ZLWKLQ�WKH�651��ZKLFK�ILWV�ZHOO� WR�WKH�PRGHOLQJ�RI�HPEHGGHG�V\VWHPV�ZKHUH� WKH�FRPPXQLFDWLRQ
EHWZHHQ� VHYHUDO� FRPSRQHQWV� LV� RI� LPSRUWDQFH�� 7KH� GHSHQGDELOLW\� PHDVXUHV� FDQ� EH� VSHFLILHG� E\
UHZDUG�IXQFWLRQV�

7KH� DQDO\VLV� RI� GHWDLOHG� *6&� PRGHOV� LV� YHU\� WLPH� FRQVXPLQJ� DQG� QHHGV� KLJK�SHUIRUPDQFH
�SDUDOOHO�� FRPSXWHUV��)XOO�*6&�PRGHOV�RI� UHDOLVWLF� DSSOLFDWLRQV� DUH�XVXDOO\� DERYH� WKH� FRPSOH[LW\
PRGHUQ�WRROV�DQG�FRPSXWHUV�FDQ�KDQGOH��7KXV��TXDQWLWDWLYH�DQDO\VLV�VKRXOG�EH�IRFXVHG�RQ�FHUWDLQ
V\VWHP�FRPSRQHQWV�VXFK�DV�HPEHGGHG�FRQWUROOHUV��7KH\�FDQ�EH�PRGHOHG�LQ�PRUH�GHWDLO��ZKLOH�WKH
RWKHU�V\VWHP�FRPSRQHQWV�QHHG�QRW�EH�PRGHOHG�LQ�GHWDLOV��+HUH�WKH�FRQQHFWLRQ�ZLWK�WKH�V\VWHP�OHYHO
VWUXFWXUDO� GHSHQGDELOLW\� DQDO\VLV� �6HFWLRQ� ����� VKRXOG� EH� XVHIXO�� V\VWHP�OHYHO� VHQVLWLYLW\� DQDO\VLV
FDQ�LGHQWLI\�FULWLFDO�FRPSRQHQWV��ZKLOH�WKH�DQDO\VLV�RI�G\QDPLF�EHKDYLRU�SURYLGHV�SDUDPHWHUV�XVHIXO
LQ�WKH�FRPSXWDWLRQ�RI��V\VWHP�OHYHO��GHSHQGDELOLW\�DWWULEXWHV�

���� 4XDQWLWDWLYH�DQDO\VLV�RI�SHUIRUPDQFH

7KH� 651� PRGHO� UHVXOWHG� IURP� WKH� SUHYLRXV� WUDQVIRUPDWLRQ� �ZLWK� RU� ZLWKRXW� IDXOW� PRGHOV�� LV
DPHQDEOH� DOVR� WR� WKH� DQDO\VLV� RI� SHUIRUPDQFH�� 7KH� WRRO� 3$1'$� VXSSRUWV� YDULRXV� GLVWULEXWLRQ
IXQFWLRQV��H[SRQHQWLDO�DQG�QRQ�H[SRQHQWLDO�RQHV��RI�WLPH�GHOD\��DQG�SHUIRUPDQFH�PHDVXUHV�FDQ�EH
GHILQHG�DV�UHZDUG�IXQFWLRQV�

7R� KDQGOH� FRPSOH[LW\� SUREOHPV� DULVLQJ� GXULQJ� SHUIRUPDQFH� DQDO\VLV�� LW�PD\� EH� QHFHVVDU\� WR
PRGHO�DQG�DQDO\]H�RQO\�FHUWDLQ�VFHQDULRV�RI�WKH�GHVLJQ��6RPH�VFHQDULRV�PD\�EH�DYDLODEOH�DV�80/
VHTXHQFH� GLDJUDPV� �SURYLGHG� E\� WKH� GHVLJQHU��� VRPH� RWKHUV� FDQ� EH� GHGXFHG� IURP� WKH� VWDWHFKDUW
GLDJUDPV��8VXDOO\�WKHVH�VHTXHQFH�GLDJUDPV�DUH�PXFK�OHVV�FRPSOH[�WKDQ�WKH�VWDWHFKDUW�PRGHO�LWVHOI�
7KH�VHTXHQFH�GLDJUDPV�DUH�WUDQVIRUPHG�WR�651��)LJXUH�����,W�FDQ�EH�FKHFNHG�ZKHWKHU�WKH�VFHQDULR
LV� GHDGORFN�IUHH�� DQG� YDULRXV� PHDVXUHV� FDQ� EH� FRPSXWHG� �H�J�� WKH� SUREDELOLW\� WKDW� WKH� VFHQDULR
WHUPLQDWHV�DIWHU�D�JLYHQ�WLPH��RU�GLVWULEXWLRQ�IXQFWLRQV�RI�WLPH�UHTXLUHG�IRU�VSHFLILF�DFWLYLWLHV��

$ % &

)LJXUH���� 7UDQVIRUPDWLRQ�IURP�D�VHTXHQFH�GLDJUDP�WR�3HWUL�QHW

�� ,PSOHPHQWDWLRQ�DQG�DVVHVVPHQW

7KRXJK� DOO� WKH�PHQWLRQHG� WUDQVIRUPDWLRQ� SURFHGXUHV� KDYH� EHHQ�ZRUNHG� RXW�� RQO\� VRPH� RI� WKHP
ZHUH� LPSOHPHQWHG� LQ� WKH� +,'(� HQYLURQPHQW�� 0RUHRYHU�� QR� H[DPSOHV� RI� DSSO\LQJ� WKH
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WUDQVIRUPDWLRQV�IRU�ODUJH�V\VWHPV�DUH�DYDLODEOH�\HW��1HLWKHU�WR�SURYLGH�ODUJH�80/�VSHFLILFDWLRQV�WR
H[HUFLVH� WKH� WUDQVIRUPDWLRQ�� QRU� WKH� RSWLPL]DWLRQ� RI� WKH� WUDQVIRUPDWLRQ� SURFHGXUHV� �IURP� D
TXDQWLWDWLYH�YLHZSRLQW��ZDV�LQ�WKH�VFRSH�RI�WKH�+,'(�SURMHFW��$FFRUGLQJO\��ZH�DUH�IDU�IURP�EHLQJ
DEOH�WR�SURYLGH�UHDO�TXDQWLWDWLYH�DVVHVVPHQW�RI�WKH�WUDQVIRUPDWLRQ��+RZHYHU��VRPH�UHPDUNV�RQ�WKH
TXDOLWDWLYH�DVVHVVPHQW�DUH�SRVVLEOH�

���� 4XDOLWDWLYH�DVVHVVPHQW

7KH� TXDOLWDWLYH� FULWHULD� IRU� WKH� DVVHVVPHQW� RI� WKH� WUDQVIRUPDWLRQV� DUH� �L�� DGKHUHQFH� WR� 80/
PRGHOLQJ�WHFKQLTXHV���LL��VHPDQWLF�WUXWKIXOQHVV�DQG��LLL��DYDLODELOLW\�RI�WKH�IRUPDO�GHILQLWLRQ�RI�WKH
WUDQVIRUPDWLRQV�

)URP� WKH�YLHZSRLQW�RI�DGKHUHQFH� WR�80/�� LW� FDQ�EH� VWDWHG� WKDW� DOO� WUDQVIRUPDWLRQV�XVH�ZHOO�
GHILQHG�VXEVHWV�RI�80/�GLDJUDPV��DQG�WKH�QHZ�SDUDPHWHUV�DUH�GHILQHG�XVLQJ�WKH�VWDQGDUG�H[WHQVLRQ
PHFKDQLVPV�RI�80/�

6HPDQWLF� WUXWKIXOQHVV� DQG� WKH� FRPSDULVRQ� RI� DXWRPDWLFDOO\� JHQHUDWHG� PRGHOV� DQG� WKDW� RI
JHQHUDWHG�E\�KDQG�DUH�DVVHVVHG�DV�IROORZV�

�� )RUPDO� YHULILFDWLRQ�� 7KH� WUDQVIRUPDWLRQ� LV� GHILQHG� IRUPDOO\�� 7KH� IRUPDO� SURRIV� RI� WKH
LQWHUHVWLQJ� SURSHUWLHV� RI� (+$� DQG� WKHLU� VHPDQWLF�PRGHO�� LQFOXGLQJ� WKH� FRUUHFWQHVV� RI� VXFK� D
PRGHO� ZLWK� UHVSHFW� WR� WKH� LQIRUPDO� GHILQLWLRQ� RI� 80/� VWDWHFKDUW� GLDJUDPV�� VKRZ� WKDW� WKH
WUDQVIRUPDWLRQ�LV�VRXQG�IURP�D�VHPDQWLFDO�SRLQW�RI�YLHZ�>��@��7KH�JHQHUDWHG�QXPEHU�RI�VWDWHV�LQ
WKH�3520(/$�FRGH�KDV�RQO\�D�VPDOO�RYHUKHDG�LQ�FRPSDULVRQ�ZLWK�WKH�QXPEHU�RI�VWDWXVHV�RI
WKH�FRUUHVSRQGLQJ�.ULSNH�VWUXFWXUH��,W�LV�GXH�WR�WKH�LQWHUPHGLDWH�VWDWHV�JHQHUDWHG�E\�63,1��DQG
JURZV�RQO\�OLQHDUO\�ZLWK�WKH�VL]H�RI�WKH�DXWRPDWRQ�

�� 'HSHQGDELOLW\�DQDO\VLV��7KH�80/�GLDJUDPV� WKDW� IRUP� WKH� LQSXW�RI� WKLV� WUDQVIRUPDWLRQ�GR�QRW
KDYH�D�IRUPDO�VHPDQWLFV�DQG�DOVR�WKH�VSHFLILFDWLRQ�WKLV�VHW�SURYLGHV�PLJKW�EH�LQFRPSOHWH�RU�DP�
ELJXRXV��VR�IRUPDO�FRUUHFWQHVV�RI�WKLV�WUDQVIRUPDWLRQ�FDQQRW�EH�SURYLGHG��7KH�QXPEHU�RI�SODFHV
DQG� WUDQVLWLRQV� LQ� WKH�JHQHUDWHG�731� LV�SURSRUWLRQDO� WR� WKH�QXPEHU�RI�PRGHO� HOHPHQWV� LQ� WKH
80/� GLDJUDPV�� WKH� ,0� LV� UHVXOW� RI� D� GLUHFW� PDSSLQJ�� DQG� DOO� ,0� HOHPHQWV� DUH� WUDQVODWHG� WR
SUHGHILQHG� VXEQHWV�� 1R�PRUH� FRQFLVH� 731� FDQ� EH� XVHG� WR� UHSUHVHQW� WKH� JLYHQ� IDLOXUH�UHSDLU
VFHQDULR�

�� $QDO\VLV� RI� G\QDPLF� GLDJUDPV�� 7KHVH� WUDQVIRUPDWLRQV� DUH� EDVHG� RQ� D� VXEVHW� RI� WKH� 80/
G\QDPLF�GLDJUDPV��7KH�JHQHUDWHG�651�H[KLELW� WKH�VDPH�EHKDYLRU�DV� WKHLU�80/�FRXQWHUSDUWV�
+HUH�WKH�QXPEHU�RI�HOHPHQWV�RI�WKH�651�LV�WKH�VDPH�DV�WKH�QXPEHU�RI�PRGHOLQJ�HOHPHQWV�LQ�WKH
80/�PRGHO��H[FHSW�WKH�DGGLWLRQDO�VWDWHV�DQG�WUDQVLWLRQV�LQWURGXFHG�WR�PRGHO�IDXOWV��

7KH� WUDQVIRUPDWLRQ� UHTXLUHG� IRU� IRUPDO� YHULILFDWLRQ� LV� GHILQHG� IRUPDOO\� >��@�� WKH� RWKHUV� DUH
JLYHQ�LQIRUPDOO\�EXW�LQ�D�ULJRURXV�ZD\�

���� ,PSOHPHQWDWLRQ�RI�WKH�WUDQVIRUPDWLRQV

7KH� WKUHH� WUDQVIRUPDWLRQV�ZHUH� LPSOHPHQWHG� LQ� WKH� +,'(� HQYLURQPHQW� E\� 3/�64/� VFULSWV�� 7KH
+,'(�GDWDEDVH�VWUXFWXUH�RI�DQ�80/�GHVLJQ�FRQVLVWV�RI�����WDEOHV��FRUUHVSRQGLQJ�WR�WKH�DUFKLWHFWXU
RI�WKH�80/�PHWDPRGHO��
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7KH�3520(/$�FRGH�JHQHUDWLRQ�IRU�IRUPDO�YHULILFDWLRQ�LV�DSSUR[LPDWHO\������OLQHV��ZKLOH�WKH
JHQHUDWLRQ� RI� WKH� 651� IRU� WKH� DQDO\VLV� RI� G\QDPLF� GLDJUDPV� LV� DERXW� ����� OLQHV�� 7KH� LQWHUQDO
UHSUHVHQWDWLRQ�RI� WKHVH�PRGHOV� LQ� WKH�+,'(�GDWDEDVH�FRPSULVHV�RQO\���DQG��� WDEOHV�� UHVSHFWLYHO\�
7KH� V\VWHP�OHYHO� GHSHQGDELOLW\� PRGHO� LV� JHQHUDWHG� E\� 3/�64/� VFULSWV� DQG� D� VHSDUDWH� -DYD
DSSOLFDWLRQ�

���� 3LORW�DSSOLFDWLRQ

:H� GHPRQVWUDWHG� WKH� WUDQVIRUPDWLRQDO� DSSURDFK� E\� D� VPDOO� H[DPSOH�� ,W� LV� D� YDULDQW� RI� WKH
SURGXFWLRQ�FHOO�PRGHO�>��@��7KH�V\VWHP�FRQWDLQV�D�SUHVV�WKDW�SURFHVVHV�PHWDO�SODWHV��D�URERW�ZLWK�DQ
H[WHQVLEOH�DUP�IRU� ORDGLQJ�DQG�XQORDGLQJ� WKH�SUHVV�� D� URWDU\� WDEOH� IRU�PRYLQJ�EODQN�SODWHV� DQG�D
IHHG�EHOW�IRU�WUDQVIHUULQJ�SODWHV��7KH�SURGXFWLRQ�FHOO�ZDV�H[WHQGHG�WR�EH�IDXOW�WROHUDQW�E\�LQVHUWLQJ�D
UHGXQGDQW�SUHVV�DQG�D�ZRUNHU�EHLQJ�DEOH�WR�UHSDLU�IDXOW\�FRPSRQHQWV��)LJXUH����

5RERW

$UP�

$UP�

)HHG�EHOW

(OHYDWLQJ
URWDU\�WDEOH

3UHVV�

3UHVV�

)LJXUH���� 7KH�SURGXFWLRQ�FHOO

7KH�80/�PRGHO�RI�WKH�SURGXFWLRQ�FHOO�ZDV�PDQDJHDEOH��$�VLQJOH�XVH�FDVH��SURGXFLQJ�SODWHV�
ZDV� HODERUDWHG� LQFOXGLQJ� �� W\SLFDO� VFHQDULRV� �VHTXHQFH� GLDJUDPV��� DOO� VWUXFWXUDO� GLDJUDPV� �REMHFW
GLDJUDPV� ZLWK� ��� REMHFWV� DQG� D� GHSOR\PHQW� GLDJUDP�� DQG� DOO� G\QDPLF� EHKDYLRUDO� GLDJUDPV� ���
VWDWHFKDUW�GLDJUDPV�����VWDWHV�DQG����WUDQVLWLRQV���7KH�PDLQ�REMHFW�GLDJUDP�LV�GHSLFWHG�LQ�)LJXUH���
ZKLOH� RQH� RI� WKH� VWDWHFKDUW� GLDJUDPV� �GHVFULELQJ� WKH� EHKDYLRU� RI� WKH� URWDU\� WDEOH� FRQWUROOHU�� LV
SUHVHQWHG�LQ�)LJXUH����$OO�VRIWZDUH�REMHFWV�ZHUH�GHSOR\HG�RQ�D�VLQJOH�FRQWUROOHU�3&�

)HHG%HOW+:

)HHG%HOW&

FRQWUROV

5RWDU\7DEOH+:

5RWDU\7DEOH&

FRQWUROV

5RERW+:

5RERW&

FRQWUROV

5HGXQGDQF\
0DQDJHU

3UHVV&

FRQWUROV

FRPP�FRPP�

3UHVV�+:3UHVV�+:

FRPP�

:RUNHU

SXWV JHWV

ORDGV JHWV WDNHV

)LJXUH���� 2EMHFW�PRGHO�RI�WKH�SURGXFWLRQ�FHOO

7KH�80/�PRGHO�RI�WKH�SURGXFWLRQ�FHOO�PRGHO�ZDV�DQDO\]HG�IURP�WKH�YLHZSRLQW�RI�IXQFWLRQDO
FRUUHFWQHVV�DQG�GHSHQGDELOLW\�



��

7KH� WUDQVIRUPDWLRQ� IURP� WKH� 80/� VWDWHFKDUW� GLDJUDPV� WR� 3520(/$� FRGH� IRU� YHULILFDWLRQ
UHTXLUHG�DERXW���PLQXWHV��LQFOXGLQJ�GDWDEDVH�H[SRUW���7KH�YHULILFDWLRQ�ZDV�SHUIRUPHG�XVLQJ�63,1
YHUVLRQ�������UXQQLQJ�RQ�DQ�,QWHO�&HOHURQ����0+]�/LQX[�3&��7KH�GHDGORFN�FKHFNLQJ�RI�WKH�PRGHO
ZDV� SHUIRUPHG� LQ� DERXW� �� VHF�� �JHQHUDWLQJ� ����� VWDWHV� LQ� ������� DWRPLF� VWHSV�� DQG� UHTXLUHG� ��
0E\WHV�RI�PHPRU\��7KH�OLYHQHVV�FKHFNLQJ�RI�WKH�PRGHO�ZDV�VWDUWHG�WR�ORRN�IRU�QRQ�SURJUHVV�F\FOHV
�KHUH�SURJUHVV�PHDQV�WKDW�D�SURFHVVHG�SODWH�LV�UHPRYHG�IURP�WKH�SURGXFWLRQ�FHOO���7KH�YHULILFDWLRQ
UHVXOWHG� LQ� WKH� IDLOXUH� RI� WKH� OLYHQHVV� SURSHUW\� GXH� WR� SRVVLEOH� F\FOHV� RI� IDLOXUH�UHSDLU� RI� D� SUHVV
ZLWKRXW� SURJUHVV� LQ� SURFHVVLQJ� WKH� EODQN� SODWHV�� 2QO\� ���� VWDWHV� �LQ� ������ DWRPLF� VWHSV�� ZHUH
YLVLWHG�GXULQJ�WKLV�DQDO\VLV�

)LJXUH���� 7KH�*6&�PRGHO�RI�WKH�URWDU\�WDEOH�FRQWUROOHU

7KH� V\VWHP� OHYHO� UHOLDELOLW\�PRGHO� RI� WKH� SURGXFWLRQ� FHOO� ZDV� GHULYHG� E\� WKH� WUDQVIRUPDWLRQ
IURP�WKH�80/�REMHFW�DQG�GHSOR\PHQW�GLDJUDPV�H[WHQGHG�ZLWK�IDLOXUH�UDWHV��IDLOXUH�KRXU��DQG�HUURU
SURSDJDWLRQ� SUREDELOLWLHV�� 7KH� RYHUDOO� VWUXFWXUH� RI� WKH� UHVXOWLQJ� 731� UHOLDELOLW\� PRGHO� DQG� WKH
SDUDPHWHUV�DUH�SUHVHQWHG�LQ�)LJXUH����+HUH�RQO\�UHOLDELOLW\�LV�FRQFHUQHG��WKXV�UHSDLU�LV�QRW�PRGHOHG�
7KH�EDVLF�DQG�SURSDJDWLRQ�VXEQHWV�ZHUH�LQWURGXFHG�LQ�)LJXUH����KHUH�6)(�+:�DQG�6)(�6:�GHQRWH
VWDWHIXO� KDUGZDUH� DQG� VRIWZDUH� HOHPHQWV�� UHVSHFWLYHO\��� 7KH� IDXOW� WUHH� FRUUHVSRQGLQJ� WR� WKH� SUHVV
VXEV\VWHP��VXEQHW�&�DW�WKH�XSSHU�ULJKW�FRUQHU�RI�)LJXUH����DQG�LWV�731�UHSUHVHQWDWLRQ�DUH�GHWDLOHG
LQ�)LJXUH�����7KH�PRGHO� FRQVLVWHG�RI����SODFHV� DQG���� WUDQVLWLRQV�� WKH� XQGHUO\LQJ�0DUNRY�FKDLQ
FRQWDLQHG������VWDWHV��7KH� UHOLDELOLW\�RI� WKH�SURGXFWLRQ�FHOO�GXULQJ� WKH�ZRUNLQJ� WLPH� �D����KRXUV
PLVVLRQ��ZDV�FRPSXWHG�YDU\LQJ�WKH�IDLOXUH�UDWH�RI�WKH�SUHVVHV��7KH�VROXWLRQ�RI�WKH�PRGHO�UHTXLUHG
���VHFRQGV��XVLQJ�3$1'$�RQ�WKH�VDPH�PDFKLQH�DV�DERYH��7KH�UHVXOW�LV�GHSLFWHG�RQ�)LJXUH�����7KH
WKLFN� GDVKHG� OLQH� VKRZV� WKH� UHOLDELOLW\� RI� WKH� UHIHUHQFH� SURGXFWLRQ� FHOO� ZLWK� D� VLQJOH� SUHVV� RQO\
�IDLOXUH�UDWH�LV������KRXU���,W�WXUQV�RXW�WKDW�WKH�VHQVLWLYLW\�RI�WKH�SURGXFWLRQ�FHOO�WR�WKH�UHOLDELOLW\�RI
WKH�SUHVV�FDQ�EH�VLJQLILFDQWO\�UHGXFHG�LI�WZR�SUHVVHV�DUH�XVHG���7KLV��RI�FRXUVH��GRHV�QRW�SURYH�WKDW
WKH�SUHVV�LV�WKH�GHSHQGDELOLW\�ERWWOHQHFN�LQ�WKH�V\VWHP��VLQFH�RWKHU�FRPSRQHQWV�VKRXOG�EH�FKHFNHG
DV�ZHOO��
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)LJXUH���� 2YHUDOO�VWUXFWXUH�RI�WKH�651�GHSHQGDELOLW\�PRGHO

3UHVV�+:
IDLOV

3UHVV�+:
IDLOV

5HGXQGDQF\
0DQDJHU
IDLOV

3UHVV�6XEV\VWHP�IDLOV

*

3

3

*

)LJXUH�����)DXOW�WUHH�DQG�LWV�3HWUL�QHW�UHSUHVHQWDWLRQ

7KH�SHUIRUPDQFH�DQDO\VLV�RI� WKH�V\VWHP�UHTXLUHG� WKH� WUDQVIRUPDWLRQ�RI� WKH�EHKDYLRUDO�PRGHOV
�JXDUGHG� VWDWHFKDUWV� H[WHQGHG� ZLWK� WLPLQJ� LQIRUPDWLRQ�� WR� DQ� 651� PRGHO�� 7KH� WUDQVIRUPDWLRQ
UHTXLUHG�D�IHZ�PLQXWHV�� WKH� UHVXOWLQJ�651�KDG�����SODFHV�DQG���� WUDQVLWLRQV� ����JXDUGHG�DQG���
XQJXDUGHG���3HUIRUPDQFH�PHDVXUHV�OLNH�XWLOL]DWLRQ�RI�WKH�ZRUNHU��UHSDLUPDQ��DQG�WKH�WKURXJKSXW�RI
WKH� SURGXFWLRQ� FHOO� ZHUH� FRPSXWHG� >��@�� 7KH� W\SLFDO� VFHQDULRV� �VHTXHQFH� GLDJUDPV�� ZHUH
WUDQVIRUPHG�WR�651�VHSDUDWHO\��$�VHTXHQFH�GLDJUDP�GHVFULELQJ� WKH�IDLOXUH�RI�D� URERW�DUP�DQG� LWV
UHSDLU� �LQFOXGLQJ� ��� PHVVDJHV�� UHVXOWHG� LQ� DQ� 651� ZLWK� RQO\� ��� SODFHV� DQG� ��� WUDQVLWLRQV�� %\
VROYLQJ�WKHVH�651V�VLPSOLILHG�SHUIRUPDQFH�PHDVXUHV�OLNH�GLVWULEXWLRQ�RI�WKH�GXUDWLRQ�RI�D�VFHQDULR
FRXOG�EH�FRPSXWHG�>��@�
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KRXUV

5HOLDELOLW\

l=0.001

l=0.002

l=0.005

l=0.01

l=0.02

l=0.05

)LJXUH�����5HOLDELOLW\�RI�WKH�SURGXFWLRQ�FHOO

7KLV� NLQG� RI� PXOWL�DVSHFW�� DXWRPDWLF� DQDO\VLV� RI� WKH� VDPH� PRGHO� SURYLGHV� WR� WKH� GHVLJQHU
FRQVLVWHQW�DQG�GHWDLOHG�LQIRUPDWLRQ�WKDW�FDQ�KHOS�WR� WDNH�GHFLVLRQV� OLNH� WKH�FKRLFH�RI� UHGXQGDQF\�
VHOHFWLRQ�RI�WKH�DSSURSULDWH�KDUGZDUH�FRPSRQHQWV��GHSOR\PHQW�RI�VRIWZDUH�FRPSRQHQWV��+RZHYHU�
LW� KDV� WR� EH� HPSKDVL]HG� WKDW� RXU� DQDO\VHV� IRFXVVHG� RQ� GHSHQGDELOLW\�UHODWHG� SDUDPHWHUV�� DQG� WKH
ILQDO�GHFLVLRQ�QHHGV�DOVR�FKHFNLQJ�RI�RWKHU�DVSHFWV�OLNH�FRVWV��WLPH�UHTXLUHG�IRU�LPSOHPHQWDWLRQ�HWF�

�� &RQFOXVLRQ

7KLV�SDSHU� UHSRUWV� WKH� UHVXOWV�RI�RXU�H[SORUDWRU\�+,'(�SURMHFW��7KH�SURMHFW�DLPHG�DW�SURSRVLQJ�D
FRQYLQFLQJ� DQG� JHQHUDO� DQVZHU� WR� WKH� QHHG� IRU� HDUO\� YDOLGDWLRQ� RI� V\VWHP� GHVLJQ�� VXSSRUWLQJ� WKH
GHVLJQ�DQG�YDOLGDWLRQ�VWUDWHJ\�RI��HPEHGGHG��GHSHQGDEOH�V\VWHPV��,W� LQWHQGHG�WR�FRQWULEXWH�WR�WKH
LQWHJUDWLRQ�DPRQJ�WKH�GHVLJQ��YDOLGDWLRQ�DQG�YHULILFDWLRQ�WHFKQLTXHV�IRU�FRPSOH[�VRIWZDUH�KDUGZDUH
V\VWHPV��WKURXJK�D�WUDQVIRUPDWLRQDO�DSSURDFK�WKDW�WDUJHWV�WKH�PRVW�FRPPRQ�DQDO\VLV�WRROV�

7KH� SURMHFW� ZDV� RI� VSHFLDO� LQWHUHVW� IRU� RXU� LQGXVWULDO� SDUWQHUV� VLQFH� LW� WULHV� WR� H[WHQG� WKH
DSSOLFDWLRQ�DUHD�RI�80/�WRZDUG�GHSHQGDEOH��FULWLFDO�V\VWHPV��,W�SURPLVHV�D�VSHHG�XS�LQ�WKH�GHVLJQ
RI�VXFK�V\VWHPV�DQG�DQ�LQFUHDVH�RI�WKH�TXDOLW\�RI�VHUYLFH�GXULQJ�WKH�SURGXFW�OLIH�F\FOH��ERWK�ZLWK�D
FRQVHTXHQW�VDYLQJ� LQ� WKH�DVVRFLDWHG�FRVWV��7KH�VXSSRUW�RI�PRGHO�EDVHG�DQDO\VLV� LV�RI�FRPSHWLWLYH
DGYDQWDJH� LQ� WKH� ILHOG� RI� &$6(� WRROV�� HVSHFLDOO\� LI� WKH� DSSOLFDWLRQ� RI� IRUPDO� PHWKRGV� GRHV� QRW
UHTXLUH�VSHFLILF�WUDLQLQJ�DQG�H[SHULHQFH�

3DUW�RI�WKH�ZRUN�SHUIRUPHG�VR�IDU�KDV�EHHQ�GHVFULEHG��QDPHO\�WKH�WUDQVIRUPDWLRQV�IRU�DFKLHYLQJ
IRUPDO�YHULILFDWLRQ�DQG�TXDQWLWDWLYH�GHSHQGDELOLW\�DQDO\VLV��ZKHUH�WZR�FRPSOHPHQWDU\�DSSURDFKHV
ZHUH� IROORZHG�� :RUN� LV� FXUUHQWO\� LQ� SURJUHVV� WR� SURYLGH� D� PRUH� JHQHUDO� WUDQVIRUPDWLRQ
PHWKRGRORJ\�>��@�DQG�LQYHVWLJDWLRQ�VWDUWHG�IRU�GHDOLQJ�ZLWK�WLPHOLQHVV�DQDO\VHV�LQ�WKH�+,'(�FRQ�
WH[W�

$FNQRZOHGJHPHQWV

7KH� ZRUN� GHVFULEHG� LQ� WKLV� SDSHU� ZDV� VXSSRUWHG� E\� WKH� (&� LQ� WKH� IUDPHZRUN� RI� (635,7� /75
������+,'(��+LJK�/HYHO�,QWHJUDWHG�'HVLJQ�(QYLURQPHQW�IRU�'HSHQGDELOLW\���3DUWHUQV�ZHUH�)$8
�(UODQJHQ�� *HUPDQ\��� &35�3'&&� �3LVD�� ,WDO\��� 78%� �%XGDSHVW�� +XQJDU\��� 0,'� *PE+



��

�1XUHPEHUJ��*HUPDQ\���DQG�,QWHFV�6LVWHPL�6S$��3LVD��,WDO\���7KH�DXWKRUV�H[SUHVV�WKHLU�WKDQNV�WR�DOO
SHRSOH� LQYROYHG� LQ� WKH� SURMHFW�� HVSHFLDOO\� WR� .�� .RVPLGLV� DQG�:�� +RKO� �)$8��� ,�� 0XUD� �&35�
3'&&���*\��&VHUWiQ��&V��6]iV]��-��-iYRUV]N\��*��+XV]HUO��78%���DQG�$��%RUVFKHW��0,'��

5HIHUHQFHV

��� 5DWLRQDO�6RIWZDUH��0LFURVRIW��+HZOHWW�3DFNDUG��2UDFOH��6WHUOLQJ�6RIWZDUH��0&,�6\VWHPKRXVH�
8QLV\V�� ,&21� &RPSXWLQJ�� ,QWHOOL&RUS�� L�/RJL[�� ,%0�� 2EMHF7LPH�� 3ODWLQXP� 7HFKQRORJ\�
3WHFK��7DVNRQ��5HLFK�7HFKQRORJLHV�DQG�6RIWHDP���80/�1RWDWLRQ�*XLGH����80/��6HPDQWLFV��
YHUVLRQ�����������

��� -�� � 5XPEDXJK�� ,�� -DFREVRQ� DQG� *�� %RRFK�� �7KH� 8QLILHG� 0RGHOLQJ� /DQJXDJH� 5HIHUHQFH
0DQXDO���$GGLVRQ�:HVOH\�������

��� 0��)RZOHU�DQG�.��6FRWW���80/�'LVWLOOHG��$SSO\LQJ�WKH�6WDQGDUG�2EMHFW�0RGHOLQJ�/DQJXDJH��
$GGLVRQ�:HVOH\�������

��� -��&��/DSULH�� �'HSHQGDELOLW\� �� ,WV�$WWULEXWHV�� ,PSDLUPHQWV� DQG�0HDQV��� ,Q�%��5DQGHOO�� -��&�
/DSULH��+��.RSHW]�DQG�%��/LWWOHZRRG��(GV����3UHGLFWDEO\�'HSHQGDEOH�&RPSXWLQJ�6\VWHPV���SS
������6SULQJHU�9HUODJ�������

��� $�� %RQGDYDOOL�� 0�� 'DO� &LQ�� '�� /DWHOOD� DQG� $�� 3DWDULF]D�� �+LJK�OHYHO� ,QWHJUDWHG� 'HVLJQ
(QYLURQPHQW� IRU� 'HSHQGDELOL\� �+,'(���� ,Q� 3URF�� )LIWK� ,QWHUQDWLRQDO� :RUNVKRS� RQ� 2EMHFW�
2ULHQWHG� 5HDO�7LPH� 'HSHQGDEOH� 6\VWHPV� �:25'6������ 0RQWHUH\�� &DOLIRUQLD�� SS�� ������
�����

��� 0�� '�� )UDVHU�� .�� .XPDU� DQG� 9�.�� 9DLVKQDYL�� �6WUDWHJLHV� IRU� ,QFRUSRUDWLQJ� )RUPDO
6SHFLILFDWLRQV�LQ�6RIWZDUH�'HYHORSPHQW����&RPP��RI�WKH�$&0��9RO������SS��������������

��� *��+RO]PDQQ���7KH�0RGHO�&KHFNHU�63,1���,(((�7UDQVDFWLRQV�RQ�6RIWZDUH�(QJLQHHULQJ��9RO�
����SS���������������

��� *��&LDUGR��$��%ODNHPRUH��3��&KLPHQWR��-��0XSSDOD�DQG�.��7ULYHGL���$XWRPDWHG�*HQHUDWLRQ
DQG�$QDO\VLV�RI�0DUNRY�5HZDUG�0RGHOV�XVLQJ�6WRFKDVWLF�5HZDUG�QHWV��� ,Q�/LQHDU�$OJHEUD�
0DUNRY�&KDLQV�DQG�4XHXHLQJ�0RGHOV��6SULQJHU�9HUODJ�������

��� 6��$OOPDLHU� DQG� 6��'DOLERU�� �3$1'$� �� 3HWUL�1HW�$QDO\VLV� DQG�'HVLJQ�$VVLVWDQW��� ,Q� 3URF�
3HUIRUPDQFH�722/6¶����6DLQW�0DOR��)UDQFH�������

���� '��/DWHOOD�� ,��0DM]LN��DQG�0��0DVVLQN���7RZDUGV�D�)RUPDO�2SHUDWLRQDO�6HPDQWLFV�RI� �80/
6WDWHFKDUW� 'LDJUDPV�� ,Q� 3�� &LDQFDULQL� DQG� 5�� *RUULHUL�� HGLWRUV�� � ,),3� 7&��:*���� 7KLUG
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�)RUPDO�0HWKRGV�IRU�2SHQ�2EMHFW�2ULHQWHG�'LVWULEXWHG�6\VWHPV�
.OXZHU�$FDGHPLF�3XEOLVKHUV�������

���� '�� /DWHOOD� DQG� ,�� 0DM]LN� DQG� 0�� 0DVVLQN�� �$XWRPDWLF� 9HULILFDWLRQ� RI� 80/� 6WDWHFKDUW
'LDJUDPV�XVLQJ�WKH�63,1�0RGHO�&KHFNHU���)RUPDO�$VSHFWV�RI�&RPSXWLQJ��7KH�,QWHUQDWLRQDO
-RXUQDO�RI�)RUPDO�0HWKRGV��9RO������1R�����SS�����������6SULQJHU�������



��

���� (��0LNN��<��/DNKQHFK�DQG�0��6LHJHO���+LHUDUFKLFDO�$XWRPDWD�DV�0RGHO�IRU�6WDWHFKDUWV���,Q�5�
6K\DPDVXQGDU�DQG�.��(XGD� �HGV��� �7KLUG�$VLDQ�&RPSXWLQJ�6FLHQFH�&RQIHUHQFH�$6,$1
���
/1&6�������6SULQJHU�9HUODJ��SS����������������

���� 5�� -�� �:LHULQJD� DQG� -��%URHUVHQ�� �$�0LQLPDO�7UDQVLWLRQ�6\VWHP�6HPDQWLFV� IRU�/LJKWZHLJKW
&ODVV�DQG�%HKDYLRU�'LDJUDPV���,Q�3URF��,&6(���:RUNVKRS�RQ�3UHFLVH�6HPDQWLFV�IRU�6RIWZDUH
0RGHOLQJ�7HFKQLTXHV��0XQLFK��*HUPDQ\�������

���� -��/LOLXV�DQG�,��3DOWRU�3RUUHV���7KH�6HPDQWLFV�RI�80/�6WDWH�0DFKLQHV���7HFKQLFDO�5HSRUW�����
7XUNX�&HQWUH�IRU�&RPSXWHU�6FLHQFH��$ER�$FDGHP\�8QLYHUVLW\��7XUNX��)LQODQG�������

���� 6�� *QHVL�� '�� /DWHOOD� DQG�0��0DVVLQN�� �0RGHO� &KHFNLQJ� 80/� 6WDWHFKDUW� 'LDJUDPV� 8VLQJ
-$&.��� ,Q� $�� :LOOLDPV�� HGLWRU�� )RXUWK� ,(((� ,QWHUQDWLRQDO� +LJK�$VVXUDQFH� 6\VWHPV
(QJLQHHULQJ�6\PSRVLXP��+$6(
�����SS��������,(((�&RPSXWHU�6RFLHW\�3UHVV�������

���� $��%RQGDYDOOL��,��0DM]LN�DQG�,��0XUD���$XWRPDWHG�'HSHQGDELOLW\�$QDO\VLV�RI�80/�'HVLJQV��
,Q� 3URF�� ,625&¶���� WKH� �QG� ,(((� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ�2EMHFW�2ULHQWHG�5HDO�7LPH
'LVWULEXWHG�&RPSXWLQJ��6DLQW�0DOR��)UDQFH��SS����������������

���� $�� %RQGDYDOOL�� ,�� 0DM]LN� DQG� ,�� 0XUD�� �$XWRPDWLF� 'HSHQGDELOLW\� $QDO\VLV� IRU� 6XSSRUWLQJ
'HVLJQ�'HFLVLRQV� LQ�80/��� ,Q�$��:LOOLDPV�� HGLWRU�� 3URF�� )RXUWK� ,(((� ,QWHUQDWLRQDO� +LJK�
$VVXUDQFH�6\VWHPV�(QJLQHHULQJ�6\PSRVLXP��+$6(
�����,(((�&RPSXWHU�6RFLHW\�3UHVV�������

���� 0�� 0DOKRWUD� DQG� .�� 6�� 7ULYHGL�� �'HSHQGDELOLW\� 0RGHOLQJ� 8VLQJ� 3HWUL� 1HWV��� ,(((
7UDQVDFWLRQV�RQ�5HOLDELOLW\��9RO������QR�����SS����������6HSWHPEHU������

���� 0��$MPRQH�0DUVDQ��*��%DOER�DQG�*��&RQWH���$�&ODVV�RI�*HQHUDOL]HG�6WRFKDVWLF�3HWUL�1HWV�IRU
WKH�3HUIRUPDQFH�$QDO\VLV�RI�0XOWLSURFHVVRU�6\VWHPV���$&0�72&6��9RO�����SS���������������

���� 0�� $MPRQH� 0DUVDQ� DQG� *�� &KLROD�� �2Q� 3HWUL� 1HWV� ZLWK� 'HWHUPLQLVWLF� DQG� ([SRQHQWLDOO\
'LVWULEXWHG� )LULQJ� 7LPHV��� /HFWXUH� 1RWHV� LQ� &RPSXWHU� 6FLHQFH�� 9RO�� ����� SS�� ��������
6SULQJHU�9HUODJ�������

���� 0��'DO�&LQ��*��+XV]HUO�DQG�.��.RVPLGLV���4XDQWLWDWLYH�(YDOXDWLRQ�RI�'HSHQGDELOLW\�&ULWLFDO
6\VWHPV�%DVHG� RQ�*XDUGHG� 6WDWHFKDUW�0RGHOV��� ,Q�$��:LOOLDPV�� HGLWRU�� 3URF�� )RXUWK� ,(((
,QWHUQDWLRQDO�+LJK�$VVXUDQFH�6\VWHPV�(QJLQHHULQJ�6\PSRVLXP��+$6(
�����SS���������,(((
&RPSXWHU�6RFLHW\�3UHVV�������

���� &��/HZHUHQW]��7K��/LQGQHU��HGV����)RUPDO�'HYHORSPHQW�RI�5HDFWLYH�6\VWHPV���/HFWXUH�1RWHV
LQ�&RPSXWHU�6FLHQFH��9RO�������6SULQJHU�9HUODJ�������

���� '�� 9DUUy�� *�� 9DUUy� DQG� $�� 3DWDULF]D�� �'HVLJQLQJ� WKH� $XWRPDWLF� 7UDQVIRUPDWLRQ� RI� 9LVXDO
/DQJXDJHV���,Q�+��(KULJ�DQG�*��7DHQW]HU��HGLWRUV��3URF��*5$75$�������-RLQW�$33/,*5$3+
DQG�*(7*5$76�:RUNVKRS�RQ�*UDSK�7UDQVIRUPDWLRQ�6\VWHPV��%HUOLQ��SS��������������


