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6XPPDU\�±�+DUG�UHDO�WLPH�V\VWHPV�DUH�LQFUHDVLQJO\�XVHG� LQ�YDULRXV�DUHDV�RI�KXPDQ
DFWLYLW\�MXVWLI\LQJ�WKHLU�LPSOHPHQWDWLRQ�E\�PHDQV�RI�VSHFLDOL]HG�VROXWLRQV��PRVWO\�RI�D
VXLWDEOH� KDUGZDUH�VRIWZDUH� FRPELQDWLRQ�� $� IUHTXHQWO\� DGRSWHG� DSSURDFK� WR� WKH
UHDOL]DWLRQ� RI� WKH� KDUGZDUH� SDUW� LV� EDVHG� RQ� $6,&�� XVXDOO\� D� ³JHQHUDO� SXUSRVH´
SURFHVVRU�ZKLFK�RSHUDWHV�DFFRUGLQJ�WR�UHDO�WLPH�FRQVWUDLQWV��,Q�WKLV�ZRUN�WKH�PRGHOLQJ
RI� D� SURFHVVRU� IRU� WKH� KDUG� UHDO�WLPH� GRPDLQ� LV� GHVFULEHG�� ,W� LV� VWUXFWXUHG� DV� D
FROOHFWLRQ� RI� ³WDVN� SURFHVVRUV´� EHLQJ� VXSHUYLVHG� E\� DQRWKHU� RQH� GHGLFDWHG� WR� WKH
³NHUQHO´�IXQFWLRQV��6SHFLILFDOO\�WKH�EHKDYLRU�RI�WKH�WDVN�SURFHVVRUV�LV�PRGHOHG�XVLQJ
9+'/�DQG�VXEVHTXHQWO\�VLPXODWHG�DQG�WHVWHG��7KH�SDSHU�DOVR�DGGUHVVHV�WKH�PRGHOLQJ
SURFHVV� E\� GHWHUPLQLQJ� WKH� GHWDLOHG� UHTXLUHPHQWV� RQ� WKH� EHKDYLRU� RI� WKH� WDVN
SURFHVVRU��7KH�RXWFRPH�RI�WKLV�VWHS�LQIOXHQFHG�WKH�PRGHOLQJ�SURFHVV�DV�WKH�WRROV�XVHG
ZHUH� RI� UHVWULFWHG� IXQFWLRQDOLW\� DQG� SURFHVVRU� EHKDYLRU� HQIRUFHG� D� SDUWLFXODU
GHFRPSRVLWLRQ��%HFDXVH� RI� D� UHVWULFWHG�9+'/� VXEVHW� DYDLODEOH�� LW� ZDV� QHFHVVDU\� WR
PRGHO� WKH� WDVN� SURFHVVRU� RQ� WKH� ORZHVW� OHYHO� RI� EHKDYLRUDO� DEVWUDFWLRQ�� 7KH� WDVN
SURFHVVRU� KDV� EHHQ� WHVWHG� DJDLQVW� FKRVHQ� WHVW� SURJUDPV� ZULWWHQ� LQ� DQ� DSSURSULDWH
DVVHPEO\�ODQJXDJH�EHLQJ�VSHFLDOO\�GHYHORSHG�IRU�WKLV�SXUSRVH�

.H\ZRUGV�±�KDUG�UHDO�WLPH��WDVN�SURFHVVRU��PRGHOLQJ�DQG�VLPXODWLRQ��9+'/

,��,1752'8&7,21

$OWKRXJK� WKH� UHTXLUHPHQWV� IRU� DQG� WKH� SRVVLELOLWLHV� LQ� WKH� GHVLJQ� RI�PLFURSURFHVVRU
EDVHG�SURFHVV�FRQWURO�V\VWHPV�KDYH�VLJQLILFDQWO\�FKDQJHG�RYHU� WKH� ODVW�GHFHQQLD�� WKH
DSSURDFK�UHPDLQHG�PRUH�RU�OHVV�WKH�VDPH�VLQFH�WKH�HDUO\�����V��7\SLFDOO\��WKHUH�LV�D
&,6&�PLFURSURFHVVRU�RU�D�PLFURFRQWUROOHU�UHFHLYLQJ�VLJQDOV�IURP��DQG�FRPPXQLFDWLQJ
YLD�FRPSXWHU�LQWHUQDO�VWDQGDUG�SHULSKHUDO�LQWHUIDFHV�ZLWK�WKH�HQYLURQPHQW�

,W� LV� LQ� WKH� YHU\� QDWXUH� RI� FRPSXWHU� FRQWURO� V\VWHPV� WKDW� FHUWDLQ� DFWLRQV� PXVW� EH
SHUIRUPHG�ZLWKLQ� WKH�VSHFLILHG� WLPH�IUDPHV�RU�HOVH� WKH�DFWLRQ�ZLOO� IDLO�ZLWK�PRUH�RU
OHVV� VHYHUH� FRQVHTXHQFHV�� ,Q� WKH� XVXDO� DSSOLFDWLRQV� WKLV� LV� DVVXUHG� E\� HPSOR\LQJ
KRSHIXOO\� IDVW� HQRXJK� FRQWURO� V\VWHPV� DQG� YHULILHG� E\� WHVWLQJ� RI� WKHLU� WHPSRUDO
EHKDYLRXU�

&RPPRQ� PLFURSURFHVVRU� DUFKLWHFWXUHV� DUH� PDLQO\� GHVLJQHG� WR� PHHW� WKH� FODVVLFDO
REMHFWLYH� RI� PD[LPL]LQJ� DYHUDJH� UHVRXUFH� XWLOL]DWLRQ�� 7KH� DSSOLFDWLRQ� RI� WKH� VDPH
JXLGLQJ� SULQFLSOH� LQ� KDUG� UHDO� WLPH� V\VWHPV� GHVLJQ� LV� EDVHG� RQ� RQH� RI� WKH� PRVW
FRPPRQ� PLVFRQFHSWLRQV� SRLQWHG� WR� E\� 6WDQNRYLF� �6WDQNRYLF�� ������ WKDW� UHDO� WLPH
V\VWHPV�ZHUH�HTXDO�WR�IDVW�V\VWHPV��+RZHYHU��RSWLPL]DWLRQ�RI�UHVRXUFH�XWLOL]DWLRQ�DQG
DYHUDJH�SHUIRUPDQFH�XVXDOO\�FRQWUDGLFWV�WKH�UHDO�WLPH��YL]���ZRUVW�FDVH��UHTXLUHPHQWV�

7KXV�� LQVWHDG� RI� FRPSXWHU� VSHHG�� ZKLFK� FDQQRW� JXDUDQWHH� WKDW� VSHFLILHG� WLPLQJ
UHTXLUHPHQWV� ZLOO� EH� PHW�� D� GLIIHUHQW� XOWLPDWH� REMHFWLYH� LQ� GHVLJQLQJ� FRQVLVWHQW
V\VWHPV� IRU� HPEHGGHG� KDUG� UHDO�WLPH� DSSOLFDWLRQV� ZDV� JHQHUDOO\� DFFHSWHG�
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SUHGLFWDELOLW\� RI� WHPSRUDO� EHKDYLRXU�� :KLOH�� IRU� WKH� V\VWHPV� XVXDOO\� HPSOR\HG� LQ
SURFHVV� FRQWURO�� WHVWLQJ� RI� FRQIRUPDQFH� WR� IXQFWLRQDO� VSHFLILFDWLRQV� LV� ZHOO
HVWDEOLVKHG�� WHPSRUDO� FLUFXPVWDQFHV�� EHLQJ� DQ� HTXDOO\� LPSRUWDQW� GHVLJQ� DVSHFW�� DUH
VHOGRP� YHULILHG� FRQVLVWHQWO\�� $OPRVW� QHYHU� LW� LV� SURYHQ� DW� GHVLJQ� WLPH� WKDW� VXFK� D
V\VWHP�ZLOO�PHHW�LWV�WHPSRUDO�UHTXLUHPHQWV�LQ�HYHU\�VLWXDWLRQ�WKDW�LW�PD\�HQFRXQWHU�

'HWHUPLQLVP�DQG�SUHGLFWDELOLW\�RI�SURFHVV�H[HFXWLRQ�WLPHV��KRZHYHU��DUH�XQIRUWXQDWHO\
LQ�FRQIOLFW�ZLWK� WKH�FRPPRQ�GHVLJQ�REMHFWLYH� IRU�XQLYHUVDO�PLFURSURFHVVRU� V\VWHPV�
YL]��� WR�RSWLPL]H�DYHUDJH�SHUIRUPDQFH��1HZ�SDUDGLJPV�DUH�QHHGHG�IRU� WKH�FRQVLVWHQW
GHVLJQ�RI�FRQWURO�V\VWHPV�

)LQDOO\�� WR� HQVXUH� LQWHJULW\� RI� VDIHW\�FULWLFDO� KDUG� UHDO�WLPH� V\VWHPV�� WKH\� VKRXOG� EH
YHULILHG� IRU� WKHLU� FRUUHFWQHVV�� &RPSOH[� DUFKLWHFWXUHV� DUH� XQPDQDJHDEOH� E\� VWDWH�RI�
WKH�DUW� YHULILFDWLRQ� WHFKQLTXHV� DQG� WRROV�� (�J��� H[KDXVWLYH� YHULILFDWLRQ� RI� HYHQ� WKH
VLPSOHVW� FRPPRQ� PLFURSURFHVVRU� ZLWK� H[FHSWLRQV� DQG�RU� SLSHOLQLQJ� SUHVHQWV� 13�
FRPSOHWH� SUREOHP��+HQFH�� WKH� GHVLJQ�PXVW� EH� NHSW� VLPSOH� LQ� RUGHU� WR� DOORZ� IRU� LWV
YHULILFDWLRQ�

:KHUHDV� DFDGHPLF� UHVHDUFK� RQ� WKH� GHVLJQ� RI� KDUG� UHDO�WLPH� V\VWHPV� PDLQO\
FRQFHQWUDWHV� RQ� LVVXHV� VXFK� DV� VFKHGXOLQJ�� KDUGZDUH� DUFKLWHFWXUHV� DUH� ZLGHO\
QHJOHFWHG�� 7KH\� DUH� WDNHQ� IRU� JUDQWHG�� DQG� XVXDOO\� DVVXPHG� WR� EH� RSHUDWLQJ
GHWHUPLQLVWLFDOO\�� )XUWKHU�� KDUGZDUH� SODWIRUPV�PXVW� VXSSRUW� WKH� KLJK� OHYHO� ODQJXDJH
FRQVWUXFWV�DQG�RSHUDWLQJ�V\VWHPV
�IHDWXUHV�GHDOLQJ�ZLWK�WLPH��ZKLFK�DUH�FKDUDFWHULVWLF
IRU�SURFHVV�FRQWURO��3DUWLFXODUO\�LQ�VDIHW\�FULWLFDO�HQYLURQPHQWV��DSDUW�IURP�FRQVLVWHQW
GHVLJQV�UHJDUGLQJ� WHPSRUDO�FLUFXPVWDQFHV�� LPSURYHG�IDXOW� WROHUDQFH� LV� UHTXLUHG�� ,W� LV
QHFHVVDU\� WR� LQWHQVLI\� UHVHDUFK� LQ� WHPSRUDOO\� GHWHUPLQLVWLFDOO\� EHKDYLQJ� HPEHGGHG
FRPSXWHU�FRQWURO� V\VWHPV�� ,Q� WKLV�SDSHU�GHVLJQ�RI�D�SURFHVVRU�ZLWK� IXOO\�SUHGLFWDEOH
WHPSRUDO� EHKDYLRXU� LV� SUHVHQWHG�� LW� WKXV� ILWV� LQWR� WKH� ³OD\HU�E\�OD\HU� DSSURDFK´
�6WDQNRYLF� DQG�5DPDPULWKDP�� ������� SUHGLFWDELOLW\� RI� HDFK� XQGHUO\LQJ� OHYHO� LQ� WKH
GHVLJQ� RI� WKH� UHDO�WLPH� FRQWURO� V\VWHP� SURYLGHV� WKH� QHFHVVDU\� SUHFRQGLWLRQ� IRU� WKH
SUHGLFWDELOLW\�RI�WKH�QH[W�VXEVHTXHQW�OD\HU�

,Q� 6HFWLRQ� ,,� WKH� RYHUDOO� PRGHO� RI� WKH� FRQWURO� V\VWHP� ZLOO� EH� EULHIO\� RXWOLQHG�� ,WV
LQIRUPDO� DQDO\VLV� DQG� VSHFLILFDWLRQ�ZDV� JLYHQ� LQ� �&ROQDULþ�� ������� 6SHFLILFDOO\�� WKH
SDSHU�DFFRXQWV�IRU�WKH�9+'/�EDVHG�PRGHOLQJ�RI�D�FRPSRQHQW�ZLWKLQ�LWV�DUFKLWHFWXUH
±�WKH�WDVN�SURFHVVRU��*URã��������±�DV�GHVFULEHG�LQ��+DODQJ����������&ROQDULþ��������
�&ROQDULþ� DQG� +DODQJ�� ������� $V� WKH� SURFHVVRU
V� 9+'/� EHKDYLRUDO� PRGHO� FDQ� EH
SDUDPHWHUL]HG� DQG� KHQFH�PRGLILHG� DFFRUGLQJ� WR� SDUWLFXODU� QHHGV� �3HUU\�� ������� LW� LV
VXLWDEOH� IRU�KDUGZDUH�VRIWZDUH�FR�GHVLJQ��:ROI���������$GGLWLRQDOO\�� WKLV�EHKDYLRUDO
PRGHO� LV� WHFKQRORJLFDOO\� LQGHSHQGHQW�� WKXV� OHDGLQJ� WR�HLWKHU�)3*$�RU� VWDQGDUG�FHOOV
LPSOHPHQWDWLRQV��6PLWK��������

7KH�UHVW�RI�WKH�SDSHU�LV�VWUXFWXUHG�DV�IROORZV��,Q�6HFWLRQ�,,,�ZH�GHVFULEH�WKH�WRROV�ZH
KDYH� XVHG� IRU� WKH� GHVLJQ� SURFHVV� DQG� LQ� 6HFWLRQ� ,9� WKH� SURSHU� PRGHOLQJ� RI� WKH
SURFHVVRU� �� 7KH� VLPXODWLRQ� RI� WKH� SDUWLFXODU� SURFHVVRU� FRPSRQHQWV� LV� RXWOLQHG� LQ
6HFWLRQ�9��$V� WHVWLQJ�RI� WKH�SURFHVVRU� DV� D�ZKROH� UHSUHVHQWHG� DQ� LVVXH�� WKH�PHWKRG
XVHG� WR� RYHUFRPH� LW� LV� GHVFULEHG� LQ� 6HFWLRQ� 9,�� )LQDOO\�� FRQFOXGLQJ� UHPDUNV� DQG
GLUHFWLRQV�IRU�IXWXUH�ZRUN�DUH�JLYHQ�LQ�6HFWLRQ�9,,�
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7KHUH�DUH�GLIIHUHQW�REVWDFOHV� LQ�DFKLHYLQJ�SUHGLFWDELOLW\�RI� WHPSRUDO�EHKDYLRXU�ZKHQ
GHVLJQLQJ�D�FRQWURO�V\VWHP��2QH�RI�WKH�PDMRU�FDXVHV�RI�WHPSRUDO�QRQ�GHWHUPLQLVP�DUH
LQWHUUXSWV�� ,Q�RXU� DUFKLWHFWXUH� WKH\� DUH�GHDOW�ZLWK�E\�PLJUDWLQJ� WKH� RSHUDWLQJ� V\VWHP
NHUQHO�DQG� WKH� DVVRFLDWHG� LQWHUUXSW� VHUYLFH� IURP� WKH� DSSOLFDWLRQ� WDVN�SURFHVVRUV� WR� D
GHGLFDWHG� 26� NHUQHO� SURFHVVRU� �+DODQJ�� ������� �&ROQDULþ�� ������� �&ROQDULþ� DQG
+DODQJ���������6LPLODU�DSSURDFKHV�ZHUH�WDNHQ�E\�VHYHUDO�RWKHU�JURXSV��5DPDPULWKDP
DQG� 6WDQNRYLF�� ������� �/LQGK�� ������� �5RRV�� ������� �&RROLQJ�� ������� �6DH]� HW� DO��
������DV�ZHOO�

7KH�PDLQ�LGHD�FDQ�EH�LOOXVWUDWHG�E\�DQ�HYHU\GD\�OLIH�H[DPSOH��WKH�MRE�RI�D�PDQDJHU
V
VHFUHWDU\� LV� WR� UHOLHYH�KLP� IURP� WKH� URXWLQH�ZRUN�� VR� WKDW� KH� KDV�PRUH� WLPH� OHIW� IRU
PRUH� LPSRUWDQW� WDVNV�� 7KH� VHFUHWDU\� DOVR� DGPLQLVWHUV� WKH� PDQDJHU
V� VFKHGXOHV� DQG
SUHYHQWV�KLP�IURP�EHLQJ�LQWHUUXSWHG�IRU�XQLPSRUWDQW�UHDVRQV�

,Q� FODVVLFDO� FRPSXWHU� DUFKLWHFWXUHV� WKH� RSHUDWLQJ� V\VWHPV� DUH� UXQQLQJ� RQ� WKH� VDPH
SURFHVVRU�V�� DV� WKH� DSSOLFDWLRQ� VRIWZDUH�� ,Q� UHVSRQVH� WR� DQ\� RFFXUULQJ� HYHQW�� WKH
FRQWH[W� LV� VZLWFKHG�� V\VWHP� VHUYLFHV� DUH� SHUIRUPHG�� DQG� VFKHGXOHV� DUH� GHWHUPLQHG�
$OWKRXJK� LW� LV� UDWKHU� OLNHO\� WKDW� WKH� VDPH� SURFHVV� ZLOO� EH� UHVXPHG�� TXLWH� D� ELW� RI
FRPSXWHU� FDSDFLW\� LV� ZDVWHG� E\� VXSHUIOXRXV� RYHUKHDG�� 7KLV� VXJJHVWV� HPSOR\LQJ� D
SDUDOOHO� SURFHVVRU� WR� FDUU\� RXW� WKH� RSHUDWLQJ� V\VWHP� VHUYLFHV�� 6XFK� DQ� DV\PPHWULFDO
DUFKLWHFWXUH� GHSLFWHG� LQ� )LJ�� �� WXUQV� RXW� WR� EH� DGYDQWDJHRXV� VLQFH�� E\� GHGLFDWLQJ� D
VSHFLDO�SXUSRVH��PXOWL�OD\HU� SURFHVVRU� WR� WKH� UHDO�WLPH� RSHUDWLQJ� V\VWHP� NHUQHO�� WKH
XVHU� WDVN� SURFHVVRU�V�� DUH� UHOLHYHG� IURP� DQ\� DGPLQLVWUDWLYH� RYHUKHDG�� 7KH� NHUQHO
SURFHVVRU� DQG� WKH� WDVN� SURFHVVRUV� DUH� FRQQHFWHG� SRLQW�WR�SRLQW� E\� VHULDO� OLQNV�� WKXV
DYRLGLQJ� FROOLVLRQV� RQ� FRPPRQ� FRPPXQLFDWLRQ�PHGLD� DV� D� SRVVLEOH� VRXUFH� RI� QRQ�
GHWHUPLQLVP�

)LJ�����+DUG�5HDO�7LPH�3URFHVVRU�0RGHO

7KH� NHUQHO� SURFHVVRU� �.3�� LV� UHVSRQVLEOH� IRU� DOO� RSHUDWLQJ� V\VWHP� VHUYLFHV�� ,W
PDLQWDLQV�D� UHDO�WLPH�FORFN��DQG�REVHUYHV�DQG�KDQGOHV�DOO� HYHQWV� UHODWHG� WR� LW�� WR� WKH
H[WHUQDO�VLJQDOV�DQG�WR�WKH�DFFHVVHV�WR�WKH�FRPPRQ�YDULDEOHV�DQG�V\QFKURQL]HUV��HDFK
RI�WKHVH�FRQGLWLRQV�LQYRNLQJ�DVVLJQHG�WDVNV�LQWR�WKH�UHDG\�VWDWH�� ,W�SHUIRUPV�HDUOLHVW�
GHDGOLQH�ILUVW�VFKHGXOLQJ�RQ�WKHP�DQG�RIIHUV�DQ\�RWKHU�QHFHVVDU\�V\VWHP�VHUYLFHV�

([WHUQDO�SURFHVVHV�DUH�FRQWUROOHG�E\�WDVNV�UXQQLQJ�LQ�WKH�WDVN�SURFHVVRUV��73��ZLWKRXW
EHLQJ� LQWHUUXSWHG� E\� WKH� RSHUDWLQJ� V\VWHP� IXQFWLRQV�� $� UXQQLQJ� WDVN� LV� RQO\� SUH�
HPSWHG� LI�� DIWHU� UH�VFKHGXOLQJ� FDXVHG� E\� QHZO\� LQYRNHG� WDVNV� DV� D� FRQVHTXHQFH� RI
HYHQWV��LW� LV�DEVROXWHO\�QHFHVVDU\�WR�H[HFXWH�RQH�RI� WKH�DUULYLQJ�WDVNV�LPPHGLDWHO\�LQ
RUGHU�WR�DOORZ�IRU�DOO�WDVNV�WR�PHHW�WKHLU�GHDGOLQHV�

,,,��6(/(&7,21�2)�'(6,*1�722/6

7KH�GHVLJQ�RI�D�SURFHVVRU�LV�D�FRPSOH[�DQG�FRPSXWLQJ�LQWHQVLYH�WDVN��7KH�LQSXW�WR�WKH
GHVLJQ�SURFHVV�LV�XVXDOO\�DQ�LQIRUPDO�GHVFULSWLRQ�RI�WKH�SURFHVVRU��ZKLOH�WKH�RXWSXW�LV
LWV� WHFKQRORJLFDO� GHVFULSWLRQ�� H�J�� �6PLWK�� ������� 7KH� ODWWHU� GHSHQGV� RQ� WKH� FKRVHQ
WHFKQRORJ\�DQG�HYHQWXDOO\�DOORZV�WKH�PDQXIDFWXULQJ�RI�WKH�SURFHVVRU��7RROV�QRZDGD\V
XVHG�LQ�$6,&�GHVLJQ�SURFHVV�DUH�KLJKO\�VRSKLVWLFDWHG�DQG�TXLWH�FDSDEOH�RI�DXWRPDWLQJ
WKH� GHVLJQ� SURFHVV� LQ� D� JUHDW� H[WHQW�� WKXV� UHGXFLQJ� WLPH� WR� DFKLHYH� D� FRPSOHWH� DQG
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YHULILHG� GHVLJQ�� +RZHYHU�� WKRXJK� DXWRPDWLRQ� VDYHV� WLPH�� LW� PDNHV� WKH� GHVLJQ� VXE�
RSWLPDO��$�SDUWLDO�VROXWLRQ� WR� WKLV�SUREOHP�LV� WR�XVH�PRUH�VRSKLVWLFDWHG� WRROV��ZKLFK
ZLOO�PDNH�WKH�GHVLJQ�FORVHU�WR�WKH�RSWLPDO�RQH��2Q�WKH�RWKHU�KDQG��RSWLPDO�GHVLJQ�LV
RQO\�SRVVLEOH�LI�LW�LV�GRQH�HQWLUHO\�E\�KXPDQ�GHVLJQHUV��ZKR�DUH�KLJKO\�VSHFLDOL]HG�IRU
SDUWLFXODU�SDUWV�RI�WKH�GHVLJQ�SURFHVV�

7KH�ILUVW�WDVN��EHIRUH�VWDUWLQJ�WKH�GHVLJQ�SURFHVV�LWVHOI��LV�WR�ILQG�DSSURSULDWH�WRROV�IRU
WKDW�MRE��%\�³DSSURSULDWH´�LW�LV�PHDQW�WKDW�WKH�WRROV�FRYHU�WKH�FRPSOHWH�GHVLJQ�SURFHVV�
VXSSRUW�D�KLJK�GHJUHH�RI�GHVLJQ�DXWRPDWLRQ��DUH�UHODWLYHO\�HDV\�WR�PDVWHU�DQG��ILQDOO\�
SRVVHVV�DQ�DWWUDFWLYH�SULFH�SHUIRUPDQFH�UDWLR��7KUHH�UHDVRQV�PDGH�XV�WR�WXUQ�RXUVHOYHV
WRZDUG�WKH�,QWHUQHW�LQ�VHDUFK�IRU�DQ�DFFHSWDEOH�GHVLJQ�WRRONLW��7KH�ILUVW�RQH�LV�WKDW�WKH
,QWHUQHW� KDV� DOUHDG\� EHFRPH� WKH� VRXUFH� RI� PDQ\� KLJK� TXDOLW\� DSSOLFDWLRQV�� XVXDOO\
LPSOHPHQWHG�DV�UHVXOWV�RI�UHVHDUFK�SURMHFWV�ZLWKLQ�DFDGHPLD��$V�D�JHQHUDO�UXOH��WKHVH
DSSOLFDWLRQV�DUH�QRW�H[FHVVLYHO\�XVHU�IULHQGO\�EXW�DUH�E\�DOO�PHDQV�RI�D�VWDWH�RI�WKH�DUW
TXDOLW\�� 7KH� VHFRQG� UHDVRQ� LV� WKH� LPPHGLDWH� DYDLODELOLW\� WR� ZKLFK� ,QWHUQHW� KDV� QR
PDWFK��7KH�WKLUG�UHDVRQ�LV�D�SXUHO\�HFRQRPLFDO�RQH��VLQFH�WRROV�IRXQG�RQ�WKH�,QWHUQHW
DUH�JHQHUDOO\�HLWKHU�IUHH�RI�FKDUJH�RU�DUH�RQO\�QRPLQDOO\�FKDUJHG��$IWHU�VRPH�VHDUFK�
PDLQO\�RQ�ZHOO�NQRZQ�XQLYHUVLWLHV
�VLWHV�DQG�LQ�QHZVJURXSV��DOO�WKH�WRROV�IRXQG�ZHUH
JURXSHG�LQWR�WKUHH�FDWHJRULHV�

7KH�ILUVW�FDWHJRU\�FRQVLVWHG�RI�PDQ\�GLIIHUHQW�DQG�VPDOO�GHVLJQ�WRROV�PDGH�DV�SURRI�RI
D�FRQFHSW��DQG�DV�VXFK��KLJKO\�VSHFLDOL]HG�IRU�RQO\�VRPH�SDUWLFXODU�WDVNV�LQ�WKH�ZKROH
GHVLJQ�SURFHVV��OLNH�H�J��ILQLWH�VWDWH�PDFKLQH��)60��V\QWKHVL]HUV��+RZHYHU��LQ�VSLWH�RI
WKHLU�JUHDW�FDSDELOLWLHV�WKH�LGHD�RI�FROOHFWLQJ�WKHVH�NLQG�RI�WRROV�ZDV�DEDQGRQHG�VLQFH
LQWHJUDWLRQ� VHHPHG� WR� UHSUHVHQW� D� JUHDW� SUREOHP�� $OVR�� OHDUQLQJ� DOO� RI� WKHP� LV
H[FHHGLQJO\�WLPH�FRQVXPLQJ��EHFDXVH��DV�D�UXOH��WKH\�GR�QRW�FRQIRUP�WR�DQ\�VWDQGDUG�
1HYHUWKHOHVV�� LW� DOVR� PLJKW� KDSSHQ� WKDW� VRPH� SDUW� RI� WKH� GHVLJQ� SURFHVV� UHPDLQV
XQFRYHUHG�E\�WKH�DSSURSULDWH�WRRO�

7RROV� WKDW�� DW� OHDVW� IRU� HGXFDWLRQDO� SXUSRVHV�� KDYH� VRPH� QRPLQDO� FKDUJH� DVVRFLDWHG
ZLWK� WKHP�PDGH� WKH�VHFRQG�FDWHJRU\��7KH�PDLQ�UHSUHVHQWDWLYH� WR�EH�PHQWLRQHG�KHUH
ZHUH� WRROV� RIIHUHG� E\� %HUNHOH\� 8QLYHUVLW\� WKURXJK� LWV� ,QGXVWULDO� /LDLVRQ� 3URJUDP
�/XHKUPDQQ� DQG� 5DEDH\�� ������� $OWKRXJK� DWWUDFWLYH�� WKLV� DOWHUQDWLYH� VWLOO� PHDQW
SXUFKDVH� H[SHQGLWXUH�� HYHQ� IRU� WRRO� HYDOXDWLRQ� SXUSRVHV� RQO\�� DQG� ZDV� DV� ZHOO
DEDQGRQHG�IURP�IXUWKHU�HYDOXDWLRQ�

7RROV� WKDW�ZHUH� IRXQG� WR� VDWLVI\� DOO� RI� RXU� LQLWLDO� JRDOV� DQG� WR� EH� DOVR� DYDLODEOH� IRU
HYDOXDWLRQ� IRUPHG� WKH� WKLUG� FDWHJRU\�� +HUH� EHORQJ� SDFNDJHV� OLNH� $OOLDQFH� &$'
�$OOLDQFH�� �������2O\PSXV� 6\QWKHVLV� 6\VWHP� �'H�0LFKHOL� HW� DO��� ������� �.X� DQG�'H
0LFKHOL���������DQG�2FHDQ��*URHQHYHOG�DQG�6WUDYHUV���������$IWHU�VRPH�HYDOXDWLRQ�RI
WKHVH�WRROV�ZH�ILQDOO\�GHFLGHG�WR�XVH�$OOLDQFH�&$'�VLQFH�LW�ZDV�WKH�PRVW�VXLWDEOH�IRU
RXU�SXUSRVHV�

7KH�$OOLDQFH�&$'�V\VWHP�LV�D�FRPSOHWH�VHW�RI�WRROV�IRU�GHYHORSLQJ�$6,&V��$OOLDQFH�
������� 7KH� V\VWHP� JHQHUDWHV� DQ� RXWSXW� VXLWDEOH� IRU� D� VWDQGDUG� FHOO� RU� )3*$
LPSOHPHQWDWLRQ�DQG�DOVR�RIIHUV�DQ�HQYLURQPHQW�IRU�PRGHO�WHVWLQJ��$OOLDQFH�KDV�VRPH
UHVWULFWLRQV� WKRXJK�� HVSHFLDOO\� ZLWK� UHVSHFW� WR� WKH� VXSSRUWHG� 9+'/� VXEVHW� �,(((�
������� )XUWKHU� DGYDQWDJH� RI� $OOLDQFH� LV� WKH� DYDLODELOLW\� RI� GLIIHUHQW� WRROV� IRU
JHQHUDWLQJ� EHKDYLRUDO�� VWUXFWXUDO� DQG� SK\VLFDO� PRGHOV� RI� GLIIHUHQW� IXQFWLRQDO� XQLWV�
7KHUH�DUH�JHQHUDWRUV�IRU�DGGHUV��%RRWK�PXOWLSOLHUV��EDUUHO�VKLIWHUV��5$0�DQG�520��DV
ZHOO�DV�WRROV�IRU�JHQHUDWLRQ�RI�EHKDYLRUDO�PRGHOV�RI�)60V�DQG�WKH�OLNH�
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7KH�GHVLJQ�SURFHVV� VKRXOG�VWDUW�ZLWK� WKH�EHKDYLRUDO�PRGHOLQJ�DQG� VLPXODWLRQ�RI� WKH
WRS�OHYHO�HQWLW\��LQ�RXU�FDVH�WKH�KDUG�UHDO�WLPH�SURFHVVRU��$IWHU�WKLV�WRS�OHYHO�HQWLW\�LV
PRGHOHG�DQG�WHVWHG�LW�LV�SURJUHVVLYHO\�GHFRPSRVHG�LQWR�JUDGXDOO\�VPDOOHU�XQLWV�XS�WR
WKH�SRLQW�ZKHUH�HLWKHU�WKH�V\QWKHVLV�WRROV�FDQ�EH�XVHG��RU�VWUXFWXUDO�PRGHOLQJ�FDQ�EH
PDQXDOO\�SHUIRUPHG��7KLV�VFHQDULR��KRZHYHU��DVVXPHV�DQ�DSSURSULDWH�+'/�� OLNH�H�J�
9+'/� �,(((�� ������� ZKLFK� KDV� WR� EH� VXSSRUWHG� ZLWKLQ� WKH� GHVLJQ� WRRO� XVHG�
8QIRUWXQDWHO\��WKH�9+'/�VXEVHW�VXSSRUWHG�LQ�$OOLDQFH�&$'�GRHV�QRW�DOORZ�VXFK�DQ
DSSURDFK�� ,QVWHDG�� WKH� WRS�OHYHO� HQWLW\� GHVFULSWLRQ� KDV� WR� EH� HQWHUHG� LQ� DQ� DOUHDG\
GHFRPSRVHG�IRUP�

$V�LW� LV�VKRZQ�LQ�)LJ����� WKH�IROORZLQJ�JOREDO�XQLWV�ZLWKLQ�WKH�WDVN�SURFHVVRU�FDQ�EH
FOHDUO\�LGHQWLILHG���L��NHUQHO�LQWHUIDFH���LL��WDVN�FRQWURO�XQLW��DQG��LLL��WDVN�SURFHVV�XQLW�
7KHVH�XQLWV�DUH�RUJDQL]HG�DURXQG�WKH�XVXDO�WKUHH�EXVVHV�JOREDO�WR�D�SURFHVVRU��WKH�GDWD
EXV�� WKH� DGGUHVV� EXV�� DQG� WKH� FRQWURO� EXV�� ,QWHUQDO� WR� WKH� WDVN� SURFHVV� XQLW� DUH
DGGLWLRQDO�EXVVHV�±�WZR�GDWD�EXVVHV��G���G����DQG�DQ�DGGUHVV�EXV�D��

)LJ�����7DVN�3URFHVVRU�0RGHO

���.HUQHO�,QWHUIDFH��WKLV�LQWHUIDFH�DOORZV�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�NHUQHO�SURFHVVRU
SHUIRUPLQJ�RSHUDWLQJ�V\VWHP�IXQFWLRQV�RQ�WKH�RQH�VLGH��DQG�WKH�WDVN�SURFHVVRUV�ZKLFK
FRQWURO� UHDO�WLPH� SURFHVVHV�� RQ� WKH� RWKHU�� 7KH� UHVSHFWLYH� VSHFLILFDWLRQ� LV� WKH
UHVSRQVLELOLW\� RI� WKH� NHUQHO� SURFHVVRU� DQG� LV� QRW� SXUVXHG� IXUWKHU�� 7R� SURYLGH� IRU� DQ
DGHTXDWH�NHUQHO�SURFHVVRU�LQWHUIDFLQJ��WKH�LQWHUQDO�EXVVHV�DUH�H[SRVHG�LQ�WKLV�LQWHUIDFH�

���7DVN�&RQWURO�8QLW��7KLV�XQLW� FRQWUROV� WKH� JOREDO� RSHUDWLRQ� RI� WKH� WDVN� SURFHVVRU�
7KUHH�EXVVHV��GDWD��DGGUHVV��DQG�FRQWURO��IURP�)LJ����DUH�DOVR�LQWHUQDO�WR�WKLV�VXEXQLW�
1DPHO\��IRU�HIILFLHQF\�UHDVRQV�QR�LQWHUQDO�WDVN�FRQWURO�XQLW�EXVVHV�DUH�HQYLVLRQHG��DV
WKH� WDVN� SURFHVV� XQLW�PDNHV� XVH� RI� SULYDWH� EXVVHV� �G���G�� DQG�D��� DQG� WKH� NHUQHO
LQWHUIDFH� LV� LQDFWLYH� GXULQJ� QRUPDO� RSHUDWLRQ� RI� WKH� WDVN� SURFHVVRU�� WKLV� LV� TXLWH
DFFHSWDEOH��6LQFH�$OOLDQFH�&$'�RIIHUV�RQO\�VLPSOH�9+'/�FRQVWUXFWV��WKH�WDVN�FRQWURO
XQLW�KDV�WR�EH�IXUWKHU�GHFRPSRVHG�

���7DVN�3URFHVV�8QLW��7KLV�XQLW�SHUIRUPV�DFWXDO�WUDQVIRUPDWLRQV�RQ�GDWD��,W�KDV�LWV�RZQ
LQWHUQDO� EXVVHV�� DV� VWDWHG� LQ� SUHYLRXV� SDUDJUDSKV�� 7KH� QXPEHU� RI� EXVVHV�� DV�ZHOO� DV
WKHLU�ZLGWK�DQG�SXUSRVH��LV�GHWHUPLQHG�E\�UHTXLUHPHQWV�SODFHG�XSRQ�WKH�WDVN�SURFHVVRU
GXULQJ� WKH� VSHFLILFDWLRQ� SKDVH�� 7KHVH� UHTXLUHPHQWV� HQFRPSDVV� H[HFXWLRQ� RI� RQH
LQVWUXFWLRQ� SHU� F\FOH� DQG� SDUDOOHO� H[HFXWLRQ� RI� GDWD� SURFHVVLQJ� DQG� IORZ� FRQWURO
LQVWUXFWLRQV��6LQFH�WKH�H[HFXWLRQ�RI�RQH�LQVWUXFWLRQ�SHU�F\FOH�PHDQW�HLWKHU�VRPH�VRUW�RI
SLSHOLQLQJ� RU� D� FRQVLGHUDEOH� LQFUHDVH� LQ� SURFHVVRU� FRPSOH[LW\�� VRPH� GHVLJQ
FRPSURPLVHV�KDG�WR�EH�GRQH�

,W�ZDV�DOUHDG\�VWDWHG�WKDW�WKH�WDVN�SURFHVVRU�DV�D�ZKROH�LV�WRR�FRPSOH[�WR�EH�PRGHOHG
ZLWK�WKH�DYDLODEOH�EHKDYLRUDO�VXEVHW�RI�$OOLDQFH
V�9+'/��7KXV�LW�KDV�WR�EH�UHFXUVLYHO\
GHFRPSRVHG� LQWR� VLPSOHU� VXEXQLWV� XQWLO� D� SRLQW� LV� UHDFKHG� ZKHUH� VRPH� SDUWLFXODU
VXEXQLW� LV� VLPSOH� HQRXJK� WR� EH� GHVFULEHG� ZLWK� WKH� DYDLODEOH� 9+'/� VXEVHW�� $V� D
FRQVHTXHQFH� RI� WKLV� GHFRPSRVLWLRQ� SURFHGXUH� LW� LV� QHFHVVDU\� WR� SURYLGH� IRU� DQ
DSSURSULDWH� VXEXQLWV
� LQWHUFRQQHFWLRQ��:LWKLQ�$OOLDQFH� WKLV� LV� DFKLHYHG� E\� XVLQJ� WKH
VWUXFWXUDO�9+'/�VXEVHW��,Q�)LJ����WKH�WRS�OHYHO�VWUXFWXUDO�PRGHO�RI�WKH�WDVN�SURFHVVRU
LV� VKRZQ��$V� LW� FDQ� EH� VHHQ�� WKH� UHVSHFWLYH� SULPLWLYHV� DUH� WKH�&20321(17V�� (DFK
&20321(17� LWVHOI� FDQ� EH�� DQG� LQ� RXU� PRGHO� WKH\� LQGHHG� DUH�� FRPSRVHG� RI� RWKHU
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&20321(17V�� (YHQWXDOO\�� DW� WKH� OHDI� QRGHV� RI� WKLV� GHFRPSRVLWLRQ� EHKDYLRUDO
&20321(17V�DUH�WR�EH�JLYHQ��EHFDXVH�EHKDYLRU�LV�QRW�GHVFULEHG�E\�VWUXFWXUH��EXW�KDV
WR�EH�H[SOLFLWO\�VSHFLILHG��,Q�WKH�IROORZLQJ�WH[W�LW�ZLOO�EH�DVVXPHG�WKDW�GHFRPSRVDEOH
XQLWV�SRVVHVV�ERWK�WKH�VWUXFWXUDO�GHVFULSWLRQ�DQG��WKURXJK�WKH�UHVSHFWLYH�VXEXQLWV��WKH
EHKDYLRUDO�PRGHO�DV�ZHOO��:LWKLQ�WKLV�IUDPHZRUN�)LJ����VKRZV�D�PRUH�GHWDLOHG�YLHZ
RI�WKH�WDVN�SURFHVVRU�

)LJ�����7RS�/HYHO�9+'/�6WUXFWXUDO�0RGHO�RI�7DVN�3URFHVVRU

)LJ�����'HWDLOHG�6WUXFWXUH�RI�7DVN�3URFHVVRU�0RGHO

$QRWKHU�SRLQW� WR�EH�GLVFXVVHG�� WKDW� LV� UHODWHG� WR� �VXE�XQLWV
� EHKDYLRU� LV� WKHLU�PXWXDO
V\QFKURQL]DWLRQ��ZKLFK�FDQ�EH�RUJDQL]HG�LQ�WZR�SRVVLEOH�ZD\V��,Q�VWULFWO\�SUHGHILQHG
V\QFKURQL]DWLRQ� RSHUDWLRQ� GXUDWLRQ� FDQ� EH� VWDWHG� LQ� DGYDQFH�� 7KH� RWKHU� SRVVLEOH
VROXWLRQ� LV� FRQGLWLRQDO� V\QFKURQL]DWLRQ� ZKHQ� D� IXQFWLRQDO� VXEXQLW�ZLOO� SHUIRUP� LWV
RSHUDWLRQV�DV� ORQJ�DV�QHHGHG� �DQG� LQVWUXFWHG�VR�E\� DQ� DSSURSULDWH� FRQWURO� VLJQDO��� ,W
ZDV�GHFLGHG�WR�LPSOHPHQW�WKH�ODWWHU�DSSURDFK��PDLQO\�IRU�D�SUDFWLFDO�UHDVRQ��WKHUH�ZDV
QR�WRS�OHYHO�WDVN�SURFHVVRU�EHKDYLRUDO�PRGHO�DYDLODEOH�

$��7DVN�&RQWURO�8QLW

$V�WKH�VWUXFWXUH�RI�WKLV�VXEXQLW�ZDV�DOUHDG\�GHVFULEHG�LQ��&ROQDULþ��������DOO�WKDW�KDG
WR� EH� GRQH� ZDV� WR� IXUWKHU� UHILQH� LW�� 7KLV� VXEXQLW� FRQVLVWV� RI� D� SURJUDP� FRXQWHU�
SURJUDP�PHPRU\��VWDFN��DQG�FRQWURO�XQLW�

���3URJUDP�&RXQWHU�� 7KLV� LV� D� UHODWLYHO\� VLPSOH� IXQFWLRQDO� XQLW�� 7KH�PRVW� GLIILFXOW
SDUW�LQ�LWV�PRGHOLQJ�LV�LPSOHPHQWLQJ�WKH�FRQWHQWV�LQFUHPHQW�EHFDXVH�$OOLDQFH
V�9+'/
KDV� QR� DULWKPHWLF� RSHUDWRUV��$IWHU� VRPH� VLPSOH� DQDO\VLV�� WKH� UHFXUVLYH� IRUPXODH� ���
DQG�����ZHUH�LPSOHPHQWHG��ZKHUH�Q�VWDQGV�IRU�WKH�SURJUDP�FRXQWHU�ZHLJKW�

( ) �BB �
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��
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��� 6WDFN�� 7KH� VWDFN� LV� VXEGLYLGHG� LQWR� WZR� SDUWV�� VWDFN� PHPRU\� DQG� VWDFN� FRQWURO�
6LQFH� WKH� PHPRU\� LV� TXLWH� UHJXODU�� KDV� D� VLPSOH� VWUXFWXUH�� DQG� LWV� FDSDFLW\� LV� QRW
NQRZQ�LQ�DGYDQFH��D�VPDOO�SURJUDP�LQ�&�LV�GHYHORSHG�WKDW�DXWRPDWLFDOO\�JHQHUDWHV�D
9+'/� EHKDYLRUDO� 5$0�PRGHO� ZLWK� JLYHQ� FDSDFLW\� DQG� GDWD� ZLGWK�� 6WDFN� SRLQWHU
LQFUHPHQW� LV� PRGHOHG� ZLWK� WKH� VDPH� VSHFLILFDWLRQ� FRGH� DV� IRU� SURJUDP� FRXQWHU
LQFUHPHQW�� WKH� RQH� IRU� VWDFN� SRLQWHU� GHFUHPHQW� LV� LWV� VOLJKW�PRGLILFDWLRQ�� 7KH� FRGH
LPSOHPHQWV�WKH�UHFXUVLYH�IRUPXODH�����DQG�����
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��� 3URJUDP�0HPRU\�� 7KH� SURJUDP�PHPRU\� LV� JHQHUDWHG� E\� D� VSHFLDOO\� GHYLVHG� &
SURJUDP� �XVLQJ� *18
V�ELVRQ� �'RQQHO\� DQG� 6WDOOPDQ�� ������ DQG� IOH[� �3D[VRQ�
������ WRROV�� WKDW� WDNHV� DV� LQSXW� D� SURJUDP� ZULWWHQ� LQ� WKH� WDVN� SURFHVVRU� DVVHPEO\
ODQJXDJH�� DQG�SURGXFHV�EHKDYLRUDO�PRGHOV�RI� WKH�SURJUDP�PHPRU\� DQG�RI� WKH� ORFDO
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PHPRU\�WKDW�LV�SDUW�RI�WKH�WDVN�SURFHVV�XQLW��WR�EH�GHVFULEHG�EHORZ���7KLV�DSSURDFK�LV
WDNHQ�LQ�RUGHU�WR�RYHUFRPH�WKH�QHHG�WR�UXQ�D�QXPEHU�RI�VPDOO�WHVW�SURJUDPV�IRU�WHVWLQJ
SDUWLFXODU� DVSHFWV� RI� WKH� WDVN� SURFHVVRU� GXULQJ� WKH� HYDOXDWLRQ� SKDVH� RI� WKH� GHVLJQ
�*ODYLQLü�HW�DO���������

��� &RQWURO� 8QLW�� 7KH� FRQWURO� XQLW� RI� WKH� WDVN� FRQWURO� XQLW� LV� LPSOHPHQWHG� XVLQJ
$OOLDQFH�&$'�V\I� WRRO��7KLV� SDUWLFXODU� WRRO� LPSOHPHQWV� D� VXEVHW� RI�9+'/� WKDW� LV
VSHFLDOL]HG�IRU�GHVFULSWLRQ�RI�)60V��+RZHYHU��V\I�LPSRVHV�WZR�UHVWULFWLRQV���L��DQ\
DGGLWLRQDO� PHPRU\� HOHPHQW� DV� ZHOO� DV� DQ\� DGGLWLRQDO� IXQFWLRQDOLW\� UHTXLUHG� E\� WKH
FRQWURO�XQLW�KDV�WR�EH�LPSOHPHQWHG�VHSDUDWHO\��DQG��LL��DOO�VLJQDOV�DUH�FRQVLGHUHG�WR�EH
DFWLYH�ZLWK�KLJK�ORJLFDO�YDOXH��+HQFH��WKH�FRQWURO�XQLW�LV�VXEGLYLGHG�LQWR�WKUHH�SDUWV�
WKH�WLPHU��WKH�LQVWUXFWLRQ�UHJLVWHU�DQG�WKH�)60�

%��7DVN�3URFHVV�8QLW

$IWHU� HYDOXDWLRQ� RI� UHTXLUHG� GDWD� SURFHVVLQJ� LQVWUXFWLRQV�� DQG� UHTXLUHPHQWV� VXFK� DV
RQH�LQVWUXFWLRQ�SHU�FORFN�F\FOH�DV�ZHOO�DV�IXOO�SUHGLFWDELOLW\�RI�SURFHVVRU�EHKDYLRU��IHZ
FKDQJHV� ZHUH� PDGH� WR� WKH� RULJLQDO� GHVLJQ� RI� WKH� WDVN� SURFHVV� XQLW� DV� GHVFULEHG� LQ
�&ROQDULþ�� ������� 0L[HG� DULWKPHWLF� LQVWUXFWLRQV� ZHUH� UHPRYHG� DQG� WZR� QHZ
LQVWUXFWLRQV�LQWURGXFHG��7KH�ZKROH�VXEXQLW�LV�RUJDQL]HG�DURXQG�ILYH�EXVVHV��WZR���ELW
DGGUHVV�EXVVHV��WZR����ELW�GDWD�EXVVHV�DQG�D�FRQWURO�EXV��7KH�VXEXQLW�FRQVLVWV�RI�WKH
IROORZLQJ�IXQFWLRQDO�EORFNV��D�ORJLFDO�XQLW��DQ�LQWHJHU�DULWKPHWLF�XQLW��D�IORDWLQJ�SRLQW
DULWKPHWLF�XQLW��WZR�FRQYHUVLRQ�XQLWV��D�ORFDO�UHJLVWHU�ILOH��DQ�H[WHUQDO�GDWD�DFFHVV�XQLW�
DQG�D�FRQWURO�XQLW��8QOLNH�WKH�WDVN�FRQWURO�XQLW�ZKRVH�IXQFWLRQDO�EORFNV�DUH�UHODWLYHO\
VLPSOH��KHUH�ZH�KDYH�VRPH�YHU\�FRPSOH[�IXQFWLRQDO�EORFNV�WKDW�KDYH�QHHGHG�IXUWKHU
GHFRPSRVLWLRQ�

'XULQJ�WDVN�SURFHVV�XQLW�PRGHOLQJ�VRPH�RI�$OOLDQFH�&$'�WRROV�IRU�EHKDYLRUDO�PRGHO
JHQHUDWLRQ�ZHUH�H[WHQVLYHO\�XVHG�DFFHOHUDWLQJ�LQ�D�JUHDW�H[WHQW�LWV�GHYHORSPHQW��7KHVH
LQFOXGH� WRROV� OLNH� H�J�� DGGHU� JHQHUDWRU�� PXOWLSOLHU� JHQHUDWRU� DQG� EDUUHO� VKLIWHU
JHQHUDWRU�

��� /RJLFDO� 8QLW�� 7KH� ORJLFDO� XQLW� ZDV� UHODWLYHO\� HDV\� WR� PRGHO�� LWV� VWUXFWXUH� EHLQJ
GHWHUPLQHG�E\� WKH�XVH�RI� WKH�EDUUHO�VKLIWHU�JHQHUDWRU� WKDW� LV� LQFOXGHG� LQ� WKH�$OOLDQFH
&$'�GLVWULEXWLRQ��,�H��WKH�ZKROH�ORJLFDO�XQLW�ZDV�VXEGLYLGHG�LQWR�D�EDUUHO�VKLIWHU�DQG�D
FRPSRXQG�RSHUDWRU�IRU�WKH�XVXDO�ORJLFDO�RSHUDWLRQV��$1'��125��;25�DQG�$1'B127��

��� ,QWHJHU� $ULWKPHWLF� 8QLW�� 7KH� PRGHO� RI� WKH� LQWHJHU� DULWKPHWLF� XQLW� ZDV� DOPRVW
FRPSOHWHO\�JHQHUDWHG�ZLWK� WKH� KHOS� RI�$OOLDQFH�&$'� WRROV��7KH� VLQJOH� SDUWV� RI� WKLV
XQLW� VR� JHQHUDWHG� LQFOXGHG� WKH� DGGHU�VXEWUDFWRU� DV� ZHOO� DV� WKH� PXOWLSOLFDWLRQ� XQLW�
ZKLOH� WKH�GLYLGHU� �H[FHSW� WKH� VXEWUDFWLQJ�VXEXQLW��ZDV� LQ�SDUW�PRGHOHG�PDQXDOO\�� ,Q
WKH�SURFHVV�RI�PRGHOLQJ� WKH� GLYLGHU�� WZR�PRGHOV� UHSUHVHQWLQJ� GLVSDUDWH� VROXWLRQV� LQ
WHUPV� RI� WLPH� FRQVXPSWLRQ� SHU� VLQJOH� GLYLVLRQ� ZHUH� GHYLVHG�� RQH� WKDW� SHUIRUPV
GLYLVLRQ� LQ� D� VLQJOH� FORFN� F\FOH� �SDUDOOHO� VXEWUDFWLRQ�� DQG� WKH� RWKHU� WKDW� SHUIRUPV
GLYLVLRQ�LQ����F\FOHV��VHULDO�VXEWUDFWLRQ���,Q�HLWKHU�FDVH��GLYLVLRQ�KDV�WR�EH�FRPSOHWHG
LQ� D� FRQVWDQW� QXPEHU� RI� FORFN� F\FOHV� WR� SURYLGH� IRU� SUHGLFWDELOLW\�� DOWKRXJK� WKH
VWUXFWXUH�RI�VRPH�RSHUDQGV�DOORZV�IRU�IDVWHU�FRPSOHWLRQ��,Q�WKH�ILQDO�GHVLJQ�WKH�GLYLGHU
ZLOO�XVXDOO\�EH�D�FRPSURPLVH�EHWZHHQ� WKH� WZR�H[WUHPHV�� WKH�H[DFW�QXPEHU�RI�FORFN
F\FOHV�QHFHVVDU\� IRU�FRPSOHWLRQ�RI�GLYLVLRQ�EHLQJ�GHWHUPLQHG�E\� WKH�GXUDWLRQ�RI� WKH
VLQJOH� FORFN� F\FOH�� )RU� WKH� SUHVHQW� SURFHVVRU�� KRZHYHU�� QR� VXFK� UHTXLUHPHQWV� ZHUH
VWDWHG�
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���)ORDWLQJ�3RLQW�8QLW��7KH�PRVW�FRPSOH[�IXQFWLRQDO�EORFN�LV�WKH�IORDWLQJ�SRLQW�XQLW�
ZKLFK�LV�IXUWKHU�VXEGLYLGHG�LQWR�VXEXQLWV�IRU�DGGLWLRQ�VXEWUDFWLRQ��PXOWLSOLFDWLRQ�DQG
GLYLVLRQ��HDFK�RI�ZKLFK�LV�LQ�WXUQ�IXUWKHU�VXEGLYLGHG��$OVR��VRPH�FRPPRQ�RSHUDWLRQV
DUH�VHSDUDWHG�LQWR�GLVWLQFW�XQLWV��KHQFH��LQ�DGGLWLRQ�WR�WKH�DIRUHPHQWLRQHG�XQLWV��WKHUH
LV�DOVR�RQH�DVVLJQHG�WKH�FKHFNLQJ�RI�FRUUHFWQHVV�RI� LQSXW�RSHUDQGV�DQG�RI� WKH�RXWSXW
UHVXOW�� 0XOWLSOLFDWLRQ� ZDV� WKH� HDVLHVW� RSHUDWLRQ� WR� PRGHO�� EDVLQJ� RQ� DQ� DGGHU� IRU
H[SRQHQW�DQG�DQ�LQWHJHU�PXOWLSOLHU�IRU�PDQWLVVD�FDOFXODWLRQ��7KH�GLYLGHU�LV�DOVR�QRW�WRR
FRPSOH[�� RQFH� WKH�PDQWLVVD� GLYLVLRQ� LV� IL[HG�� EXW� LW� LV� WKH� VORZHVW� XQLW� LQ� WKH� WDVN
SURFHVVRU� DQG� PLJKW� QHHG� WR� EH� UH�GHVLJQHG�� HVSHFLDOO\� DIWHU� SHUIRUPLQJ� WLPLQJ
DQDO\VLV� RQ� WKH� VWUXFWXUDO�PRGHO�� 7KH� VDPH� WKDW�ZDV�ZULWWHQ� IRU� WKH� LQWHJHU� GLYLGHU
KROGV�DOVR�IRU� WKH� IORDWLQJ�SRLQW�RQH��$SDUW� IURP�D�GLYLGHU� IRU� WKH�PDQWLVVD�� WKHUH� LV
DOVR�D�VXEWUDFWRU� IRU� WKH�H[SRQHQW��7KH�DGGHU�DQG� WKH� VXEWUDFWRU�DUH� LPSOHPHQWHG� LQ
WKH� XVXDO� ZD\� ZLWK� WKH� DGGLWLRQ� RI� DQ� DSSURSULDWH� EDUUHO� VKLIWHU� DQG� H[SRQHQW
FRPSDUDWRUV�IRU�PDQWLVVD�DOLJQPHQW�

���&RQYHUVLRQ�8QLWV��7KHUH�DUH�WZR�FRQYHUVLRQ�XQLWV�LQ�WKH�WDVN�SURFHVVLQJ�XQLW��2QH
WUDQVIRUPV� WKH� IORDWLQJ� SRLQW� QXPEHUV� LQWR� LQWHJHU� RQHV� DQG� WKH� RWKHU� SHUIRUPV� WKH
LQYHUVH� RSHUDWLRQ�� 7KHVH� XQLWV� DUH�PDGH� RI� FRPELQDWLRQDO� ORJLF� RQO\�� EXW� DUH� TXLWH
FRPSOH[�VLQFH�WKHUH�DUH�H[FHSWLRQV�WKDW�QHHG�WR�EH�KDQGOHG�VHSDUDWHO\��7KH�H[FHSWLRQV
DULVH� IURP� WKH� ZD\� IORDWLQJ�SRLQW� QXPEHUV� DUH� FRGHG�� $OVR�� FDUH� PXVW� EH� WDNHQ� WR
FKHFN� IRU� VRPH� VSHFLDO� YDOXHV� IORDWLQJ�SRLQW� QXPEHUV� FDQ� KDYH�� OLNH� 1D1�� EHIRUH
FRQYHUVLRQ� �,(((�� ������� 7KHVH� FDVHV�� DV� ZHOO� DV� RYHUIORZV� DQG� XQGHUIORZV� DUH
VLJQDOHG�WKXV�HQDEOLQJ�D�SURSHU�SURFHVVLQJ�

��� 5HJLVWHU� )LOH�� 7KLV� LV� D� VLPSOH� 5$0� ORFDO� PHPRU\� WKDW� UHVLGHV� RQ� WKH� WDVN
SURFHVVRU��%HIRUH�H[HFXWLRQ�RI�VRPH�SURFHVV�VWDUWV�� WKH�NHUQHO�SURFHVVRU�SUH�ORDGV� LW
ZLWK�FRQVWDQWV� WKH�SURFHVV�QHHGV��DQG�DOVR��GXULQJ�FRQWH[W�VZLWFK��VDYHV� WHPSRUDULO\
WKH�UHJLVWHU�ILOH�FRQWHQWV�DQG�UHVWRUHV�LW�ODWHU�ZKHQ�WKH�SURFHVV�LV�UHVWDUWHG��+RZHYHU�
DV� WKH� NHUQHO� SURFHVVRU� KDG� QRW� EHHQ� DYDLODEOH� DW� VLPXODWLRQ� WLPH�� WKH� SURJUDP� WKDW
JHQHUDWHG� WKH�SURJUDP�PHPRU\� �GHVFULEHG� LQ� WKH�SUHYLRXV� VXEVHFWLRQ��ZDV�GHVLJQHG
VR� WKDW� LW� FRXOG� DOVR� JHQHUDWH� 9+'/� PRGHOV� RI� ORFDO� PHPRU\� ZLWK� FRQVWDQWV
SUHZULWWHQ�LQWR�LW��WKXV�REYLDWLQJ�NHUQHO�SURFHVVRU�IXQFWLRQV�

���([WHUQDO�'DWD�$FFHVV�8QLW��7KLV�XQLW�LV�WKH�WDVN�SURFHVVRU�LQWHUIDFH�WR�WKH�H[WHUQDO
ZRUOG�� ,W� LV� VHSDUDWHG� IURP� WKH� RWKHU� XQLWV� VR� WKDW� WKH� WDVN� SURFHVVRU� KDV� D� JHQHUDO
LQWHUIDFH��ZKLFK� FDQ� ODWHU� EH� DFFRPPRGDWHG� IRU� SDUWLFXODU� VWDQGDUG� EXVVHV�� H�J�� ,,&
�3KLOLSV���������$V�VRPH�LQWHUIDFHV�DUH�DV\QFKURQRXV�DQG�VRPH�DUH� V\QFKURQRXV� WKH
H[WHUQDO�GDWD�DFFHVV�LV�VHOHFWHG�WR�KDYH�DQ�DV\QFKURQRXV�LQWHUIDFH�WR�WKH�WDVN�SURFHVVRU
WKXV�VHUYLQJ�ERWK�NLQGV�RI�LQWHUIDFHV�

���&RQWURO�8QLW��7KH�FRQWURO�XQLW�LV�VWUXFWXUHG�DV�WKH�RQH�VXSHUYLVLQJ�WKH�RSHUDWLRQ�RI
WKH� WDVN� FRQWURO� XQLW� DV� GHVFULEHG� DERYH�� 7KH�9+'/� VXEVHW� IRU� )60�GHVFULSWLRQ� LV
XVHG� WR� VSHFLI\� D� SDUW� RI� LWV� IXQFWLRQDOLW\� WKDW� LV� VXEVHTXHQWO\� WUDQVODWHG� LQWR� WKH
UHVSHFWLYH�EHKDYLRUDO�PRGHO�XVLQJ�WKH�V\I�WRRO�

9��6,08/$7,21

$IWHU� PRGHOLQJ� HDFK� EORFN�� LWV� PRGHO� ZDV� XVHG� WR� SHUIRUP� VLPXODWLRQ� WHVWLQJ�
6LPXODWLRQ�LQ�HVVHQFH�DSSOLHV�VRPH�WHVW� LQSXWV� WR�D�PRGHO�DQG�FRPSDUHV�WKH�RXWSXWV
ZLWK�WKH�H[SHFWHG�RQHV�RU�VLPSO\�RXWSXWV�WKHP�WR�VRPH�ILOH�IRU�ODWHU�SURFHVVLQJ��7KLV
OHDGV� XV� WR� WZR� W\SHV� RI� VLPXODWLRQV�� ZKLFK� FRXOG� EH� GXEEHG� DV� ³PDQXDO´� DQG
³DXWRPDWLF´��7KH�GLIIHUHQFH�EHWZHHQ� WKH� WZR� LV� LQ� WKH�ZD\� WKH� UHVXOWLQJ�RXWSXWV� DUH



��

H[DPLQHG��$OWKRXJK�LW�ZRXOG�EH�LGHDO�WR�XVH�DXWRPDWLF�WHVWV��WKHUH�DUH�VLWXDWLRQV�WKDW
DUH�QRW�VXLWDEOH� IRU�VXFK�DQ�DSSURDFK��)RU�H[DPSOH�� LQ� WKH�FDVH�RI� WKH� IORDWLQJ�SRLQW
XQLW�LW�ZDV�QHFHVVDU\�WR�XVH�PDQXDO�WHVWLQJ�VLQFH�LW�ZDV�ERWK�VLPSOHU�DQG�LW�RIIHUHG�WKH
SRVVLELOLW\� WR� FLUFXPYHQW� &� URXQGLQJ� IXQFWLRQV�� ,Q� VRPH� RWKHU� FDVHV� SURJUDPPLQJ
RXWSXW� FDOFXODWLRQV� LV� VLPSO\� WRR� GHPDQGLQJ� DQG� LW� LV� VLPSOHU� WR� PDQXDOO\� WHVW� WKH
UHVXOWV�

7HVW� LQSXWV�ZHUH� SUHSDUHG� E\� XVLQJ� WKH�JHQSDW� WRRO� WKDW� LV� LQFOXGHG� LQWR�$OOLDQFH
&$'�GLVWULEXWLRQ��JHQSDW�LV�DFWXDOO\�D�IURQW�HQG�WR�WKH�&�FRPSLOHU�DQG�OLQNHU��7KH
SURFHGXUH�IRU�JHQHUDWLQJ�WHVW�LQSXWV�LV�VWUDLJKWIRUZDUG��D�VLPSOH�&�SURJUDP�LV�ZULWWHQ�
WKDW�� XVLQJ� PDFURV� RIIHUHG� E\� JHQSDW�� GHFODUHV� DOO� LQSXW� DV� ZHOO� DV� LQWHUQDO� DQG
RXWSXW� VLJQDOV� RI� LQWHUHVW�� $IWHU� GHFODUDWLRQ�� WKH� SURJUDP� DSSOLHV� YDOXHV� RQ� LQSXW
VLJQDOV��DQG�RSWLRQDOO\�±�GHSHQGLQJ�RQ�WKH�W\SH�RI�WHVWV��DXWRPDWLF�RU�PDQXDO��±�VHWV
WKH�H[SHFWHG�YDOXHV�RQ�WKH�RXWSXW�DQG�LQWHUQDO�VLJQDOV��$IWHU�WKDW��JHQSDW�LV�XVHG�WR
FRPSLOH� DQG� UXQ� WKH�&� SURJUDP��ZKLFK� DV� D� UHVXOW� SURGXFHV� WHVW� SDWWHUQV� LQ� VSHFLDO
IRUPDW�ILOHV�IRU�$OOLDQFH
V�9+'/�VLPXODWRU�DVLPXW�

7HVWLQJ�WKH�WDVN�SURFHVVRU
� LQGLYLGXDO�XQLWV�IRU�D�FRUUHFW�RSHUDWLRQ�GRHV�KRZHYHU�QRW
JXDUDQWHH� WKH�FRUUHFW�RSHUDWLRQ�RI� WKH�SURFHVVRU� DV� D�ZKROH��7KXV�� DV� WKH� LQGLYLGXDO
SDUWV�RI�WKH�SURFHVVRU�ZHUH�PRGHOHG��WKH\�ZHUH�JUDGXDOO\�LQWHUFRQQHFWHG�DQG�WHVWHG�

)LQDOO\��DV�YHULILFDWLRQ�RI�DOO�WKH�SDUWV�RI�WKH�SURFHVVRU�ZDV�FRPSOHWHG��WKH�SURFHVVRU
DV� D� ZKROH� ZDV� WHVWHG� WKURXJK� EHKDYLRUDO� VLPXODWLRQ�� $V� WKH� SURFHVVRU� LV� D� IDLUO\
FRPSOH[�XQLW��DQG�VLPXODWLRQV�DUH�SURFHVV�LQWHQVLYH�� LW�ZDV�GHFLGHG� WKDW�PDQ\�VPDOO
GLIIHUHQW� WHVWV� ZLOO� EH� SHUIRUPHG�� HDFK� RI� ZKLFK� FKHFNV� IRU� D� SDUWLFXODU� SURFHVVRU
IHDWXUH��)LJ���� VKRZV�DQ�H[DPSOH�RI�D� VXFK� D� VLPSOH�SURJUDP� WKDW� LV� WUDQVODWHG� LQWR
EHKDYLRUDO�PRGHOV� IRU� SURJUDP� DQG� ORFDO�PHPRULHV�� ZKLFK� DUH� WKHQ� LQWHUFRQQHFWHG
ZLWK� WKH� RWKHU� SDUWV� RI� WKH� SURFHVVRU� DQG� VLPXODWHG�� 6RPH� FKDUDFWHULVWLF� SURFHVVRU
VLJQDOV�GXULQJ�VLPXODWLRQ�DUH�VKRZQ�LQ�)LJ����

)LJ�����6LPSOH�7HVW�3URJUDP

)LJ�����9DOXHV�RI�6RPH�,QWHUQDO�6LJQDOV�LQ�7DVN�3URFHVV�8QLW�GXULQJ�6LPXODWLRQ

9,��02'(/,1*�352*5$0�$1'�'$7$�6725$*(

%RWK� WKH� SURJUDP� PHPRU\� DQG� WKH� ORFDO� PHPRU\� DUH� PRGHOHG� DV� VHSDUDWH� 9+'/
PRGXOHV�DQG�VKRZQ�DV�VKDGHG�EORFNV�LQ�)LJ�����,W�VKRXOG�EH�QRWHG�WKDW� LW� LV�QRW�YHU\
HIILFLHQW�WR�KDQG�FRGH�WHVW�SURJUDPV�DQG�PDQXDOO\�ZULWH�WKH�UHVSHFWLYH�9+'/�PRGHOV�
ILUVWO\�� LW� LV� WLPH�FRQVXPLQJ��DQG�VHFRQGO\��PHPRULHV��LQ�RXU�FDVH�ERWK�SURJUDP�DQG
ORFDO��KDYH�KLJKO\�UHJXODU�VWUXFWXUHV��ZKLFK�FRXOG�EH�JHQHUDWHG�DXWRPDWLFDOO\��$OO�WKLV
OHDGV� XV� WR� WKH� FRQFOXVLRQ� WKDW� LW� LV� SUDFWLFDO� WR� GHILQH� DQ� DVVHPEOHU� WKDW� WUDQVODWHV
SURJUDPV� ZULWWHQ� LQ� WKH� UHVSHFWLYH� WDVN� SURFHVVRU� DVVHPEO\� ODQJXDJH� LQWR� 9+'/
PRGHOV�IRU�ERWK�WKH�SURJUDP�DQG�ORFDO�PHPRU\�

$��$VVHPEOHU�,QSXW�DQG�2XWSXW

7KH�LQSXW�WR�WKH�DVVHPEOHU�LV�D�ILOH�FRQWDLQLQJ�D�SURJUDP�ZULWWHQ�LQ�WKH�WDVN�SURFHVVRU
DVVHPEO\� ODQJXDJH�� 7KH� RXWSXWV� DUH� WZR� GLVWLQFW� 9+'/� EHKDYLRUDO� PRGHOV�� RQH
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FRQWDLQLQJ�WKH�PRGHO�RI�WKH�SURJUDP�PHPRU\��DQG�WKH�RWKHU�FRQWDLQLQJ�WKH�PRGHO�RI
WKH�ORFDO�PHPRU\�ZLWK�SUHGHILQHG�FRQVWDQWV�

%��,QSXW�)LOH�6\QWD[

7KH� V\QWD[� RI� WKH� LQSXW� ILOH� LV� IDLUO\� VLPSOH�� JHQHUDOO\�� LW� VWDUWV� ZLWK� YDULDEOH
GHILQLWLRQV��FRQWLQXHV�ZLWK� WKH�SURJUDP�FRGH�DQG�HQGV�ZLWK� WKH� UHVHUYHG�ZRUG�HQG�
%ODQN�OLQHV�DQG�HYHU\WKLQJ�EHJLQQLQJ�ZLWK�D�KDVK�����LV�LJQRUHG�XS�WR�WKH�HQG�RI�WKH
OLQH��9DULDEOHV�DUH�GHILQHG�ZLWK�WKH�IROORZLQJ�V\QWD[�

YDULDEOHBQDPH�W\SH�LQLWLDOBYDOXH�

ZKHUH� YDULDEOHBQDPH� LV� DQ\� VHTXHQFH� RI� FKDUDFWHUV�� W\SH� LV� RQH� RI� UHDO� RU
LQWHJHU��DQG�LQLWLDOBYDOXH�LV�WKH�VWDUWLQJ�YDOXH�RI�WKH�YDULDEOH�

7KH� RULJLQDO� WDVN� SURFHVVRU� LQVWUXFWLRQ� VHW� �&ROQDULþ�� ������ ZDV� VOLJKWO\� PRGLILHG
SULRU�WR�EHKDYLRUDO�PRGHOLQJ�SKDVH��7DEOH���OLVWV�WKH�DYDLODEOH�LQVWUXFWLRQ�PQHPRQLFV
DQG�DVVHPEOHU�GLUHFWLYHV��,Q�WKH�LQSXW�ILOH�HDFK�LQVWUXFWLRQ�LV�SODFHG�LQ�LWV�RZQ�LQSXW
OLQH�ZLWK�WKH�IROORZLQJ�V\QWD[�

ODEHO��LQVWUXFWLRQ�

ZKHUH�ODEHO� LV� XVHG� WR� PDUN� WKH� OLQH� LI� LW� LV� WR� EH� UHIHUHQFHG�� HLWKHU� ODEHO� RU
LQVWUXFWLRQ�PD\�EH�RPLWWHG�

7DEOH����$YDLODEOH�,QVWUXFWLRQ�0QHPRQLFV�DQG�$VVHPEOHU�'LUHFWLYHV

&��2XWSXW�9+'/�0RGHOV

2XWSXW� ILOHV�� IRU� SURJUDP� DQG� IRU� ORFDO� PHPRU\�� DUH� 9+'/� PRGHOV� RI� UHVSHFWLYH
PRGXOHV� ZLWKLQ� WKH� WDVN� SURFHVVRU�� %RWK� RI� WKHP� KDYH� D� UHJXODU� VWUXFWXUH� EXLOW� E\
UHJXODU� UHSHWLWLRQ� RI� EDVLF� FHOOV�� $OVR�� ERWK� PRGHOV� VWDUW� ZLWK� WKH� GHILQLWLRQ� RI� WKH
LQWHUIDFH�WR�WKH�RXWVLGH�ZRUOG�

)LJ�� �� VKRZV� WKH� 9+'/� PRGHO� RI� WKH� SURJUDP� PHPRU\� ZLWK� WKUHH�LQVWUXFWLRQ
FRQWHQWV��7KH�PRGHO�LV�HDVLO\�H[WHQGHG�WR�DFFRPPRGDWH�IRU�ODUJHU�SURJUDPV�

)LJ�����9+'/�0RGHO�RI�3URJUDP�0HPRU\

([FHUSWV� IURP�WKH�9+'/�PRGHO�RI� ORFDO�PHPRU\�DUH�JLYHQ� LQ�)LJXUHV��� WR�����7KH
LQWHUIDFH�WR�WKH�RXWVLGH�ZRUOG��DV�VKRZQ�LQ�)LJ�����LV�WKH�VDPH�IRU�DOO�WKH�PRGHOV��)LJ���
VKRZV� WKH� GHILQLWLRQ� RI� VRPH� RI� PHPRU\� ORFDWLRQV� �DOWKRXJK� QRW� DOO� RI� WKHP� DUH
VKRZQ���WKHUH�DUH�DOO�WRJHWKHU�����RI�WKHP��DORQJ�ZLWK�WZR�LQWHUQDO�UHDG�EXVVHV��7KLV
VHFWLRQ�LV�DOVR�LGHQWLFDO�IRU�DOO�ORFDO�PHPRU\�PRGHOV��)LQDOO\��)LJ�����VKRZV�H[FHUSWV
IURP�WKH�FRGH�WKDW�GHILQHV�EHKDYLRU�RI�WKH�ORFDO�PHPRU\�

)LJ�����,QWHUIDFH�'HILQLWLRQ�IRU�/RFDO�0HPRU\

)LJ�����'HILQLWLRQ�RI�0HPRU\�/RFDWLRQV�DQG�,QWHUQDO�%XVVHV�IRU�/RFDO�0HPRU\
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)LJ������/RFDO�0HPRU\��D��:ULWLQJ�,QWR��E��5HDGLQJ�)URP��F��5HVHW

'��,PSOHPHQWDWLRQ

7KH� DVVHPEOHU� LV� LPSOHPHQWHG� LQ� &�� 6RPH� RI� LWV� SDUWV� DUH� GHYHORSHG� XVLQJ� WKH
ODQJXDJH� FRQVWUXFWLRQ� WRROV� ELVRQ� �'RQQHO\� DQG� 6WDOOPDQ�� ������ DQG� IOH[
�3D[VRQ��������� ,Q� WKH� ILUVW�SKDVH� WKH�DVVHPEOHU�EXLOGV� WKH� LQWHUQDO� UHSUHVHQWDWLRQ�RI
WKH�SURJUDP��$IWHUZDUGV� WKH� SRVWSURFHVVRU� LV� FDOOHG� E\� WKH�PDLQ� IXQFWLRQ� WKDW� IL[HV
ODEHO�DGGUHVVHV��DQG�ILQDOO\�JHQHUDWHV�WKH�RXWSXW�9+'/�PRGHOV�

9,,��&21&/86,21�$1'�)8785(�:25.

7KH�JRDO�RI� WKH�SDSHU�ZDV� WR�H[SORUH� WKH�SRVVLELOLWLHV� WR� LPSOHPHQW�FRQVLVWHQWO\� WKH
GHVLJQ� RI� D� UHODWLYHO\� VLPSOH� SURFHVVRU� IRU� H[HFXWLRQ� RI� KDUG� UHDO�WLPH� WDVNV�� DV
SURSRVHG�LQ�SUHYLRXV�ZRUNV��+DODQJ����������&ROQDULþ����������&ROQDULþ�DQG�+DODQJ�
������� 7KH� SURFHVVRU
V� XOWLPDWH� UHTXLUHPHQW� ZDV� WKXV� WHPSRUDO� SUHGLFWDELOLW\� RI
LQVWUXFWLRQ�H[HFXWLRQ��,Q�WKH�SDSHU��LW�ZDV�VKRZQ�FRQVWUXFWLYHO\��WKDW�VXFK�D�GHVLJQ�LV
SRVVLEOH�ZLWK�VLPSOH�DQG�UHDGLO\�DYDLODEOH�PHDQV�

7KH�IDFW�WKDW�QR�NHUQHO�LQWHUIDFH�KDG�EHHQ�SUHGHILQHG�LQIOXHQFHG�WKH�SUHVHQW�PRGHO�RI
WKH�WDVN�SURFHVVRU��ZKLFK�DFFRUGLQJO\�LV�QRW�IXOO\�IXQFWLRQDO�DQG�LWV�WRS�OHYHO�VWUXFWXUDO
PRGHO� LV� IDU� IURP� EHLQJ� WHFKQRORJLFDOO\� LPSOHPHQWDEOH�� $IWHU� GHYHORSLQJ� WKLV
LQWHUIDFH�� WKH� QH[W� VWHS� LQ� WKH� GHVLJQ� SURFHVV� ZRXOG� EH� IXOO� VWUXFWXUDO� PRGHOLQJ
�SUHVHQWO\�RQO\�SDUWLDOO\�GRQH��DQG�PRGHO�PDSSLQJ�RQWR�VRPH�WHFKQRORJ\��6WUXFWXUDO
PRGHOLQJ�FRXOG�EH�GRQH�ZLWK�VRPH�WRROV�DOUHDG\�DYDLODEOH�LQ�$OOLDQFH�&$'�ZKLFK�DUH
FDSDEOH�RI� WUDQVIRUPLQJ�EHKDYLRUDO�GHVFULSWLRQV� LQWR�VWUXFWXUDO�RQHV��+RZHYHU�� WKHVH
WRROV� KDYH� VRPH� UHVWULFWLRQV� UHODWHG� WR� V\QWKHVLV� EHLQJ� DSSOLFDEOH� WR� VLPSOHU� FDVHV
RQO\�� LW� ZRXOG� WKXV� EH� QHFHVVDU\� WR� UHZULWH� VRPH� SDUWV� RI� WKH� H[LVWLQJ� 9+'/
VSHFLILFDWLRQ� LQ� RUGHU� WR� DOORZ� LWV� DXWRPDWLF� V\QWKHVLV�� ,Q� WKH� FDVH� WKDW� DXWRPDWLF
V\QWKHVLV�LV�QRW�SRVVLEOH��LW�PLJKW�EH�QHHGHG�WR�PDQXDOO\�SHUIRUP�VWUXFWXUDO�PRGHOLQJ�
$IWHU�PDSSLQJ�WKH�PRGHO�RQWR�WKH�VHOHFWHG�WHFKQRORJ\�WKH�WZR�LPSRUWDQW�SDUDPHWHUV�±
PD[LPXP� FORFN� UDWH� DQG� UHTXLUHG� QXPEHU� RI� WUDQVLVWRUV� ±� FDQ� EH� HVWDEOLVKHG�
+RZHYHU�� LW� VKRXOG�EH�QRWHG� WKDW� OLPLWDWLRQV�RQ� WKH�QXPEHU�RI� WUDQVLVWRUV� H[LVW� WKXV
SRVVLEO\� UHTXLULQJ� SURFHVVRU� UHGHVLJQ�� *HQHUDOO\�� PRUH� WUDQVLVWRUV� PHDQV� D� PRUH
VRSKLVWLFDWHG� DUFKLWHFWXUH� �DV� SDUDOOHOLVP� LV� SRVVLEOH��� ZKLFK� ZRXOG� DOORZ� KLJKHU
WKURXJKSXW�� DQG� D� KLJKHU� FORFN� IUHTXHQF\� DV� ZHOO�� 7KH� VDPH� KROGV� LI� WKH� FORFN
IUHTXHQF\�UHVXOWLQJ�IURP�WKH�VHOHFWHG�WHFKQRORJ\�LV�ORZHU�WKDQ�WKH�UHTXLUHG�RQH�

$&.12:/('*(0(17

7KLV�ZRUN�KDV�EHHQ�SDUWO\�FDUULHG�RXW�ZLWKLQ�SURMHFW��������$UFKLWHFWXUDO�(OHPHQWV
IRU�5HJLRQDO� ,QIRUPDWLRQ� ,QIUDVWUXFWXUHV�� IXQGHG� MRLQWO\� E\� WKH�0LQLVWU\� RI� 6FLHQFH
DQG�7HFKQRORJ\�RI�WKH�5HSXEOLF�RI�&URDWLD�DQG�WKH�,VWULDQ�&RXQW\�
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>�@� $OOLDQFH� �������$OOLDQFH�� $� &RPSOHWH� &$'� 6\VWHP� IRU� 9/6,� 'HVLJQ�� $OOLDQFH
���E�'LVWULEXWLRQ��8QLYHUVLWq�0DULH�HW�3LHUUH�&XULH��3DULV��'HFHPEHU������

>�@� &ROQDULþ�� 0�� ������� 3UHGLFWDELOLW\� RI� 7HPSRUDO� %HKDYLRXU� RI� +DUG� 5HDO�7LPH
6\VWHPV�� 3K�'�� 'LVV��� )DFXOW\� RI� 7HFKQLFDO� 6FLHQFHV�� 8QLYHUVLW\� RI� 0DULERU�
0DULERU�������
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