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�$EVWUDFW�� �� 7KH� GHYHORSPHQW� RI� WRROV� IRU� WKH� GHVLJQ� RI� ERWK� KDUGZDUH� DQG� VRIWZDUH� V\VWHPV� GUDZV� JUHDW
EHQHILWV� IURP� WKH�XVH�RI� IRUPDO�PHWKRGV�� HVSHFLDOO\� LI� WKH\� RIIHU� D� GHVFULSWLYH� FDSDFLW\�ZKLFK� FRYHUV� UHDO
DSSOLFDWLRQV��2Q�WKH�EDVLV�RI�WKH�7�/2726�ODQJXDJH��D�ODQJXDJH�FDOOHG�77/�KDV�EHHQ�GHYHORSHG��ZKLFK�DGGV
QHZ�FRQVWUXFWV�DQG�WRROV�WR�WKH�FRQVLGHUDEOH�H[LVWLQJ�H[SUHVVLYHQHVV�RI�WKH�RULJLQDO�ODQJXDJH��WKXV�PDNLQJ�LW
VXLWDEOH�IRU�WKH�VSHFLILFDWLRQ�RI�KDUGZDUH�DQG�VRIWZDUH� V\VWHPV�RI� UHDO�FRPSOH[LW\��6RPH�RI� WKH�H[WHQVLRQ
SURSRVHG�FRYHUV�WKH�DVSHFWV�RI�PRGXODUL]DWLRQ�RI�WKH�VSHFLILFDWLRQ��WKH�LQWURGXFWLRQ�RI�LWHUDWLYH�FRQVWUXFW�DQG
D� ILUVW� PRYLQJ� WR� REMHFW� SDUDGLJPD�� $Q� H[WHQVLYH� H[DPSOH� RI� WKH� XVH� RI� 77/� LV� SUHVHQWHG� WR� VKRZ� LWV
FKDUDFWHULVWLFV�

�
�.H\�:RUGV���� 0RGHOLQJ��)RUPDO�9HULILFDWLRQ��9HULILFDWLRQ�DQG�9DOLGDWLRQ��&RPSXWHU�$OJHEUD��$QDO\VLV�DQG

GHVLJQ�WRROV�
�

���,QWURGXFWLRQ
7KH� SUREOHP� RI� GHVLJQLQJ� DQG� VSHFLI\LQJ� FRPSOH[
V\VWHPV� IRU� ZKLFK� FRQVWUDLQWV� RI� WLPH� DQG
V\QFKURQL]DWLRQ� �� ZLWK� WKH� RXWVLGH� ZRUOG� RU� RWKHU
V\VWHPV����KDYH�WR�EH�UHVSHFWHG��LV�D�KLJKO\�GHEDWHG
WRSLF��,W� LV�JHQHUDOO\�GHDOW�ZLWK�E\� LPSRVLQJ�SUHFLVH
GHVLJQ�PHWKRGV�ZKLFK�PDNH� LW� SRVVLEOH� WR� WHVW� WKDW
WKH�UHVXOWV�REWDLQHG�PHHW�WKH�UHTXLUHPHQWV�ODLG�GRZQ
ZKHQ� WKH� V\VWHP� LV� GHILQHG� �&$'� PHWKRGV� DQG
VRIWZDUH� HQJLQHHULQJ��� )XQGDPHQWDO� LQ� DQ\� GHVLJQ
PHWKRG� LV� WKH� FKRLFH� RI� D� VSHFLILFDWLRQ� WHFKQLTXH
ZKLFK� DOORZV� V\VWHPV� WR� EH� GHVFULEHG
XQDPELJXRXVO\� DQG� FOHDUO\�� 2QH� VHFWRU� ZKHUH� WKH
SUREOHP� KDV� EHHQ� GHDOW� ZLWK� LV� WKDW� RI
FRPPXQLFDWLRQ�SURWRFROV��ZKHUH�WKH�ILUVW�VWXGLHV�RQ
WKH� DSSOLFDWLRQ� RI� IRUPDO� GHVFULSWLRQ� WHFKQLTXHV� WR
GHVLJQ�ZHUH�PDGH�� DQG� LQ� WKLV�FRQWH[W� D�QXPEHU� RI
SDUWLFXODUO\� VXLWDEOH� ODQJXDJHV� �RU� )7'V� �� )RUPDO
'HVFULSWLRQ� 7HFKQLTXHV�� KDYH� EHHQ� VWDQGDUGL]HG�
VXFK�DV��/2726�>�@>�@�DQG�(67(//(�>�@�
([SHULHQFH� DFTXLUHG�ZLWK� FRPPXQLFDWLRQ� SURWRFROV
VXJJHVWHG�H[WHQGLQJ�WKH�ILHOG�RI�DSSOLFDWLRQ�RI�)'7V
WR�RWKHU�VHFWRUV�VXFK�DV�KDUGZDUH�GHVLJQ�>�@�
8QWLO� D� IHZ� \HDUV� DJR� KDUGZDUH� V\VWHPV� ZHUH
GHVLJQHG�XVLQJ�&$'�WRROV��PDLQO\�EDVHG�RQ�JUDSKLF
HGLWRUV�� ZKLFK� HQDEOHG� GHVLJQHUV� WR� GHILQH� WKH
HOHFWULFDO� VFKHPH� RI� WKH� FRQQHFWLRQV� EHWZHHQ� WKH
YDULRXV� FRPSRQHQWV�� DQG� SURJUDPV�ZKHUHE\� LW� ZDV
SRVVLEOH�WR�H[WUDFW� �D�FHUWDLQ�DPRXQW�RI�LQIRUPDWLRQ
IURP� WKHP�� 7KLV� LQIRUPDWLRQ� ZDV� XVHG� WR� WHVW� DQG
VLPXODWH� WKH� EHKDYLRXU� RI� WKH� GHYLFH�� ,QWHUSUHWDWLRQ
RI� WKH� UHVXOWV� GHSHQGHG� RQ� WKH� DELOLW\� RI� GHVLJQHUV
ZKR� XVHG� WKHLU� H[SHULHQFH� WR� JXDUDQWHH� WKH

FRUUHFWQHVV� RI� WKH� GHVLJQ�� ,I� WKH� V\VWHP� QHHGHG
LQWHUDFWLRQ� EHWZHHQ� WKH� KDUGZDUH� DQG� VRIWZDUH
FRPSRQHQWV��WKH�WZR�SDUWV�ZHUH�XVXDOO\�VHSDUDWHG�DW
WKH� YHU\� EHJLQQLQJ� RI� WKH� GHVLJQ� F\FOH�� 7KH\� ZHUH
WKHUHIRUH� GHYHORSHG� LQGHSHQGHQWO\�� ZLWK� OLWWOH
LQWHUDFWLRQ� XS� WR� WKH� LQWHJUDWLRQ� SKDVH�� 7KLV
DSSURDFK�OLPLWHG�WKH�RSSRUWXQLW\�WR�H[SORUH�SRVVLEOH
KZ�VZ� WUDGH�RIIV�� VXFK� DV�PRYLQJ� FHUWDLQ� IXQFWLRQV
IURP�WKH�VRIWZDUH�WR�WKH�KDUGZDUH�GRPDLQ��DQG�YLFH
YHUVD��� DQG� JUHDWO\� FRPSOLFDWHG� ERWK� GHVLJQ� DQG
DVVHVVPHQW�RI�WKH�FRVW�GXH�WR�LQWHUIDFLQJ�EHWZHHQ�WKH
WZR�SDUWV��7KH�GHYHORSPHQW�RI�FLUFXLW�WHFKQRORJ\�OHG
WR�DQ� LQFUHDVH� LQ� WKH�QXPEHU�RI� HOHPHQWDU\�GHYLFHV
RQ�D�VLQJOH�FKLS�DQG�WKXV�WR�D�QHHG�WR�GHVLJQ�D�GHYLFH
QRW� DW� WKH� JDWH� OHYHO� EXW� DV� D� VHW� RI� DSSURSULDWHO\
FRQQHFWHG� EORFNV� �PHPRULHV�� DGGHUV�� HWF��� 7KLV� OHG
WR� WKH� GHILQLWLRQ�RI� ODQJXDJHV� WR� GHVFULEH� KDUGZDUH
V\VWHPV� �H�J�� 9+'/�>�@� DQG� 9HULORJ�>�@��� 7KH
LQFUHDVLQJ�FRPSOH[LW\�RI�V\VWHPV�KDV�SRLQWHG�WR�WKH
QHFHVVLW\� RI� DSSO\LQJ� WR� WKH� GHVLJQ� RI� KDUGZDUH
GHYLFHV�WKH�NQRZOHGJH�DFTXLUHG�LQ�WKH�GHYHORSPHQW
RI� GLVWULEXWHG� V\VWHPV�� VXFK� DV� WKH� XVH� RI� IRUPDO
WRROV�
5HFHQWO\�FRQVLGHUDEOH�LQWHUHVW�KDV�EHHQ�VKRZQ�LQ�WKH
SURSRVDO� WR� LQWHJUDWH� WKH� GHVLJQ� RI� VRIWZDUH� DQG
KDUGZDUH� FRPSRQHQWV� LQ� VXFK� D� ZD\� WKDW� LW� LV� QRW
QHFHVVDU\�WR�PDNH�D�SUHOLPLQDU\�FKRLFH��EXW�UDWKHU�WR
OHDYH�WKH�GHFLVLRQ�WR�LPSOHPHQW�FHUWDLQ�FRPSRQHQWV
LQ�KDUGZDUH�RU�VRIWZDUH�WR�WKH�ILQDO�VWDJHV�RI�GHVLJQ�
2QH� RI� WKH� PRVW� ZLGHO\� LQYHVWLJDWHG� ILHOGV� LQ� WKLV
FRQWH[W� LV� WKDW� RI� FRQWURO�GRPLQDWHG� HPEHGGHG
V\VWHPV���L�H��V\VWHPV�ZKLFK�UHDFW�WR�H[WHUQDO�VWLPXOL
E\�SHUIRUPLQJ�D�FHUWDLQ�DFWLRQ��FKRLFH�RI�ZKLFK�GRHV
QRW�LQYROYH�YHU\�FRPSOH[�FDOFXODWLRQV�
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2XU�ZRUN�ILWV�LQWR�WKLV�FRQWH[W��LWV�DLP�LV�WR�SURSRVH
D� IUDPHZRUN� ZKLFK� ZLOO� EH� RI� KHOS� LQ� WKH
GHYHORSPHQW� RI� V\VWHPV� EHORQJLQJ� WR� WKH� FDWHJRU\
PHQWLRQHG� DERYH�� ,Q� WKLV� SDSHU� ZH� GHVFULEH� WKH
ODQJXDJH�ZH�KDYH� FKRVHQ� DV� VSHFLILFDWLRQ� ODQJXDJH
�FDOOHG�7HPSODWHG�7�/2726��DQG� LWV�DSSOLFDWLRQ� WR
DQ� H[DPSOH� RI� � DQ� KRPH� DXWRPDWLRQ� V\VWHP
�LQWHJUDWHG�PDQDJHPHQW�RI�WKH�KHDWLQJ�� OLJKWLQJ�DQG
DODUP� HWF�� V\VWHPV��� ,Q� WKLV� H[DPSOH� ZH� VKRZ� WKH
SHFXOLDU�IHDWXUHV�RI�WKH�ODQJXDJH�DQG�WKH�DGYDQWDJHV
LW�RIIHUV��PDLQO\� LQ�PDNLQJ� WKH�GHVFULSWLRQ�PRGXODU
DQG�PRGLILDEOH��:H� DOVR� GLVFXVV� WKH� YDULRXV� VWDJHV
ZKLFK� OHG� WR� WKH� GHYHORSPHQW� RI� WKH� H[DPSOH� DQG
KRZ� LW� FDQ� HDVLO\� EH� H[WHQGHG�� WKDQNV� WR� WKH
FKDUDFWHULVWLFV�RI�WKH�ODQJXDJH�

���7HPSODWHG�7�/2726
7KH�ILUVW�SUREOHP�WKDW�KDG�WR�EH�WDFNOHG�ZDV�WKDW�RI
FKRRVLQJ� D� VSHFLILFDWLRQ� ODQJXDJH� ZKLFK� PXVW� EH
VXLWDEOH� IRU� ERWK� VRIWZDUH� DQG� KDUGZDUH�� 6HYHUDO
)'7V�VXLWDEOH� IRU� WKLV� SXUSRVH� KDYH� EHHQ� SURSRVHG
LQ� OLWHUDWXUH�� RQH� RI� WKH� PRVW� LQWHUHVWLQJ� EHLQJ
;&,5&$/�>�@� � EDVHG�RQ� WKH�SURFHVV� DOJHEUD� FDOOHG
&,5&$/�>�@��:LWK� WKH� IRUPDO�PRGHO�&,5&$/� LW� LV
QRW� SRVVLEOH� WR� GHDO� ZLWK� TXDQWLWDWLYH� WLPH
UHIHUHQFHV���$QRWKHU�ODQJXDJH�WKDW�KDV�EHHQ�XVHG�WR
VSHFLI\�KZ�VZ�V\VWHPV� LV�(67(5(/�>�@��ZKLFK�KDV
EHHQ�SURYHG� WR�EH�HTXLYDOHQW� WR� WKH�([WHQGHG�)60
PRGHO�
7KH� ODQJXDJH� ZH� KDYH� FKRVHQ� DV� D� EDVLV� IRU� WKH
GHVLJQ�RI�KDUGZDUH�VRIWZDUH�V\VWHPV��VHH�>��@>��@��
LQ� WKH� DWWHPSW� WR� RYHUFRPH� WKH� OLPLWV� RI� WKH
ODQJXDJHV� PHQWLRQHG� DERYH�� LV� DQ� H[WHQVLRQ� RI� 7�
/2726�>��@� FDOOHG� 77/>��@� �7HPSODWHG� 7�
/2726��� 7�/2726� GHULYHV� IURP� /2726� ZKLFK
DOORZV�WLPH�FRQVWUDLQWV�WR�EH�VSHFLILHG��,W�KDV�DOUHDG\
EHHQ� ZLGHO\� XVHG� WR� VSHFLI\� FRPSOH[� V\VWHPV�
PDLQO\� LQ� WKH� DUHD� RI� FRPPXQLFDWLRQ
SURWRFROV�>��@�>��@�� EXW� WKHUH� DUH� DOVR� H[DPSOHV� RI
DSSOLFDWLRQ�WR�KDUGZDUH�V\VWHPV�>�@�
:KHQ�DSSOLHG�WR�WKH�GHVFULSWLRQ�RI�PL[HG�V\VWHPV�RI
UHDO�VL]H��7�/2726�KDV�FHUWDLQ�OLPLWV�UHODWLQJ�WR�WKH
LPSRVVLELOLW\�RI�PDNLQJ�PRGXODU�VSHFLILFDWLRQV��7KLV
LQYROYHV� HFRQRPLF� SUREOHPV� DV� OLEUDULHV� RI� DOUHDG\
GHYHORSHG� SDUWV� FDQQRW� EH� UH�XVHG�� ,Q� DGGLWLRQ�� WKH
ODFN� RI� WRROV� WR�PRGXODUL]H� VSHFLILFDWLRQV� PDNHV� LW
GLIILFXOW�WR�VKDUH�WKH�VSHFLILFDWLRQ�ZRUN�RXW�EHWZHHQ
SHRSOH�� DV� LW� UHTXLUHV� JUHDWHU� LQWHUDFWLRQ� EHWZHHQ
GHVLJQHUV�� 7KLV� DVSHFW� LV� IXQGDPHQWDO� EHFDXVH� WKH
FRPSOH[LW\�RI�WKH�V\VWHPV�WR�ZKLFK�ZH�DUH�DSSO\LQJ
WKHVH� WHFKQLTXHV� LV� VXFK� DV� WR� UHTXLUH� WKH
FROODERUDWLRQ� RI� D� ODUJH� QXPEHU� RI� SHRSOH�� RIWHQ
VSHFLDOL]LQJ� LQ�GLIIHUHQW�DUHDV��7KHVH�FRQVLGHUDWLRQV
OHG�WR�WKH�SURSRVDO�WR�H[WHQG�7�/2726��7KH�IHDWXUHV
RI�77/�ZKLFK�PDGH� LW� XVHIXO� IRU� WKH� DSSOLFDWLRQ� LQ
WKH�VFHQDULR�DERYH�SUHVHQWHG�DUH�

��� )RUPDO� EDVH�� 7KLV� LV� WKH� NH\� IHDWXUH� RI� WKH
ODQJXDJH��LW�DOORZV�XV�WR�GHVFULEH�D�V\VWHP�LQ�D
FOHDU�DQG�XQDPELJXRXV�ZD\��0DQ\� V\VWHPV�DUH
RIWHQ� XVHG� LQ� OLIH� FULWLFDO� VLWXDWLRQV�� ZKHUH
UHOLDELOLW\� DQG� VDIHW\� DUH� WKH� PRVW� LPSRUWDQW
FULWHULD��)RUPDOO\�GHILQHG�ODQJXDJHV�DOORZV�XV�WR
PHHW�WKLV�UHTXLUHPHQW�

��� +LJK�GHJUHH�RI�DEVWUDFWLRQ��7KLV� IHDWXUH�DOORZV
XV� WR� UHGXFH� WKH� FRPSOH[LW\� RI� WKH� GHVFULSWLRQ
DQG� SHUPLWV� XV� ERWK� WR� GHVFULEH� VRIWZDUH� DQG
KDUGZDUH� V\VWHPV� GXH� WR� LQGHSHQGHQFH� IURP
WDUJHW�DUFKLWHFWXUH�

��� &RQFXUUHQF\��7KLV�IHDWXUHV�SHUPLWV�XV�WR�PRGHO
UHDO� OLIH� V\VWHPV� ZKLFK� DUH� JHQHUDOO\� PDGH� E\
VHYHUDO�SDUWV�HYROYLQJ�FRQFXUUHQWO\�

��� 7LPH� DWWULEXWHV�� 7KLV� IHDWXUHV� DOORZV� XV� WR
GHVFULEH�WLPH�UHTXLUHPHQWV�RI�UHDO�OLIH�V\VWHPV�

��� 0RGXODULW\��7KLV� IHDWXUH�SHUPLWV� WR� XVH� DOUHDG\
VSHFLILHG� DQG� WHVWHG� SDUWV� VR� DOORZLQJ� WR� VDYH
WLPH�

6RPH� RI� WKH� SUHYLRXVO\� PHQWLRQHG� IHDWXUHV� DUH
DOUHDG\�RZQHG�E\�/2726�DQG�7�/2726�
7KH�77/�H[WHQVLRQV�DOORZ�D�PRGXODU�GHVFULSWLRQ�DQG
DOVR� RIIHU� WKH� SRVVLELOLW\� RI� GHVFULELQJ� JHQHULF
PRGXOHV��WHPSODWH���7R�DGG�IXUWKHU�IOH[LELOLW\�WR�WKH
ODQJXDJH��H[WHQVLRQV�WR�WKH�EDVLF�FRQVWUXFWV�DUH�DOVR
SURSRVHG� WR� PDNH� WKH� VSHFLILFDWLRQ� RI� IUHTXHQW
VLWXDWLRQV�� VXFK� DV� UHSHWLWLYH� F\FOHV��PRUH� FRPSDFW�
7KH�ZD\V�LQ�ZKLFK�WKHVH�H[WHQVLRQV�DUH�LQWHJUDWHG�LQ
WKH� 7�/2726� PRGHO� DUH� GLVFXVVHG� LQ� >��@�� 2QH
SDUWLFXODU�IHDWXUH�RI�WKH�H[WHQVLRQV�PDGH�LV�WKDW�WKH\
GR� QRW� SUHFOXGH� XVH� RI� WKH� WRROV� DYDLODEOH� IRU� 7�
/2726�� IRU� LQVWDQFH� /2/$>��@� ZKLFK� DOORZV� D
FRPSOHWH� DQDO\VLV� DQG� VLPXODWLRQ� RI� WKH
VSHFLILFDWLRQ�

���$�&DVH�6WXG\
�:H�ZLOO�QRZ�JLYH�DQ�H[DPSOH�RI�WKH�XVH�RI�77/�LQ
GHVFULELQJ�D�FRPSOH[�V\VWHP��,W�LV�WKH�GHVFULSWLRQ�RI
D�KRPH�DXWRPDWLRQ� V\VWHP� �LQWHJUDWHG�PDQDJHPHQW
RI� WKH� KHDWLQJ�� OLJKWLQJ� DQG� DODUP� HWF�� V\VWHPV�
ZKLFK� PDQDJHV� D� ODUJH� QXPEHU� RI� VHQVRUV� DQG
DFWXDWRUV�ZLWK�JUHDW�IOH[LELOLW\�
7KH�PDLQ�FRPSRQHQWV�RI�WKH�V\VWHP�DUH�WKH�PDVWHU�
WKH� SHULSKHUDO� FRQWURO� SDQHOV� DQG� WKH� FRQWUROOHUV� RI
WKH�VHQVRUV�DQG�DFWXDWRUV��(DFK� VHQVRU� DQG�DFWXDWRU
LQ� WKH� V\VWHP� LV� LGHQWLILHG� E\� D� ���ELW� DGGUHVV�� WKH
ILUVW� �� RI� ZKLFK� LGHQWLI\� RQH� RI� WKH� ���� SRVVLEOH
SHULSKHUDO� SDQHOV�� DQG� WKH� ODVW� �� RQH� RI� WKH� ���
SRVVLEOH�DFWXDWRUV�RU�VHQVRUV�FRQQHFWHG�ZLWK�LW�� ,W� LV
WKHUHIRUH� SRVVLEOH� WR� KDYH� ���� FRQWURO� SDQHOV�� HDFK
RI� ZKLFK� FDQ� FRQWURO� XS� WR� ���� VHQVRUV� DQG
DFWXDWRUV��7KH�DGGUHVVHV�RI�ERWK�DUH�DVVLJQHG�LQ� WKH
LQVWDQWLDWLRQ�SKDVH�
7KH� IROORZLQJ� LV� D� GHWDLOHG� OLVW� RI� WKH� FRPSRQHQWV
DQG� WKH� UHODWLYH� 77/� VSHFLILFDWLRQ�� IRU� UHDVRQV� RI
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VSDFH� DQG� VLPSOLFLW\� WKH� SDUW� FRQFHUQLQJ� WKH
GHILQLWLRQ�RI�GDWD�W\SHV�KDV�EHHQ�RPLWWHG�

����0DVWHU
7KH�PDVWHU� LV� WKH� FRPSRQHQW�ZKLFK� FRRUGLQDWHV� DOO
WKH� SHULSKHUDO� FRQWURO� SDQHOV� WR� ZKLFK� LW� LV
FRQQHFWHG��,WV�WDVNV�DUH�
•� WR� UHDG� IURP� D� VHULDO� OLQH� �6O�� WKH� YDOXHV� ZLWK

ZKLFK�WR�FRQILJXUH�WKH�YDULRXV�VHQVRU�FRQWUROOHUV�
•� WR� GLVWULEXWH� WKH� VHQVRU� FRQILJXUDWLRQV� WR� WKH

SHULSKHUDO�FRQWURO�SDQHOV��0RXW��
•� WR� GLDORJXH� ZLWK� WKH� YDULRXV� FRQWURO� SDQHOV

WKURXJK�D�GHGLFDWHG�OLQH�IRU�HDFK�SDQHO��0LQ
N

��
3DUW� �D�� RI� ILJ���� LV� D� JUDSKLF� UHSUHVHQWDWLRQ� RI� WKH
PDVWHU�� ZKLOH� SDUW� �E�� VKRZV� WKH� GHFODUDWLRQ� DQG
77/�GHILQLWLRQ�RI�WKH�0DVWHU�PRGXOH�

�
7KH�0DVWHU�SURFHVV�LV�D�77/� WHPSODWH��DV� LW�FDQ�EH
SDUDPHWUL]HG�ZLWK�UHVSHFW�WR�WKH�QXPEHU�RI�JDWHV�� LW
LV�SRVVLEOH�WR�GHVFULEH�WKH�VHW�RI�0DVWHUV�IRU�YDU\LQJ
QXPEHUV�RI�FRQWURO�SDQHOV�DV�D�VLQJOH�SURFHVV�
,W�VKRXOG�EH�QRWHG�WKDW�LQ�WKH�WHPSODWH�FRQWH[W�0>1@
LV�D� OLVW�RI�1�JDWHV�ZKLFK�ZLOO�EH�GHILQHG�ZKHQ� WKH
WHPSODWHV� DUH� LQVWDQFHG�� VR� 0>1@� FDQ� EH� XVHG
DQ\ZKHUH�D�OLVW�RI�JDWHV�LV�SURYLGHG�IRU��,Q�ILJ�����IRU
H[DPSOH��FKRLFH�J� LQ�0�>1@��ZLOO�EH� WUDQVODWHG�LQWR
FKRLFH� J� LQ� >J

�
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@� ZKHUH� J
�

�� J������JQ� DUH� WKH
HOHPHQWV�RI�WKH�YHFWRU�0�

����3HULSKHUDO�&RQWURO�3DQHO
$�SHULSKHUDO�FRQWURO�SDQHO� LV� WKH�SDUW�RI� WKH� V\VWHP
ZKLFK� FRQWUROV� WKH� VHQVRUV� DQG� DFWXDWRUV��(DFK� RQH
KDV� DQ� ��ELW� DGGUHVV� E\�ZKLFK� LW� LV� VHOHFWHG� E\� WKH
PDVWHU�� 7KH� VSHFLILFDWLRQ� RI� WKH� FRQWURO� SDQHO� LV
JLYHQ� LQ� VXFK� D� ZD\� DV� WR� DOORZ� IOH[LEOH� XVH� LQ
YDULRXV�VLWXDWLRQV��3DUW� �D�� RI� ILJ���� JLYHV� D� VFKHPH
RI�WKH�SDQHO��ZKLOH�SDUW��E��VKRZV�WKH�GHFODUDWLRQ�RI
WKH� &HQWB3HU� PRGXOH�� 7KH� SDUDPHWHU� LQG� LV� WKH
DGGUHVV�RI�WKH�SDQHO��JLYHQ�ZKHQ�LW�LV�LQVWDQFHG�
7KH�FRQWURO�SDQHO�KDV�WKUHH�SDUWV�
•� D�6HQVRU�0DQDJHU�ZKLFK�GHDOV�ZLWK�WKH�VHQVRUV�
•� D�$FW�0DQDJHU�ZKLFK�GHDOV�ZLWK�WKH�DFWXDWRUV�
•� D� 5RXWLQJ� 7DEOH� ZKLFK� GHDOV� ZLWK� WKH

FRUUHVSRQGHQFH�EHWZHHQ�VHQVRUV�DQG�DFWXDWRUV�

$� GHILQLWLRQ� RI� WKH�0DLQ� SURFHVV� LV� JLYHQ� LQ� ILJ���
ZKHUHDV� ILJ���� JLYHV� WKH� GHILQLWLRQ� RI� WKH� RWKHU
SURFHVVHV�GHFODUHG�LQ�ILJ����

,W� VKRXOG� EH� QRWHG� WKDW� LQ� WKLV� SURFHVV� DQRWKHU
FKDUDFWHULVWLF�RI�WHPSODWHV�LV�XVHG��WKDW�LV�WKH�FKDQFH
WR�SDUDPHWUL]H�ZLWK�UHVSHFW�WR�WKH�SURFHVV�QDPHV��,Q
WKLV� FDVH� WKH� DFWXDWRU�VHQVRU� FRQQHFWLRQV� DUH� RQO\
GHILQHG� ZKHQ� WKH� FRQWURO� SDQHO� LV� LQVWDQFHG�� WKXV
DOORZLQJ�D�KLJKO\�JHQHULF�GHVFULSWLRQ�RI�WKH�GHYLFH�
,Q� WKH� GHILQLWLRQ� RI� &HQB3HU� D� ORRS� � LV� XVHG� WR
VSHFLI\�WKH�SROOLQJ�F\FOH�LQ�DQ�H[WUHPHO\�VLPSOH�DQG
QDWXUDO�ZD\�

7KH�VHQVRU�0DQDJHU��WKH�77/�GHILQLWLRQ�RI�ZKLFK�LV
JLYHQ�LQ�ILJ�����HVVHQWLDOO\�KDV�WZR�WDVNV�
•� LW� WUDQVPLWV� WKH� GDWD� UHFHLYHG� IURP� WKH� 0DVWHU

�0LQ��WR�WKH�ORFDO�VHQVRUV��6RXW��
•� LW�SROOV�WKH�VHQVRUV�WR�FROOHFW�WKHLU�GDWD��6LQ

N

��
)LJ����JLYHV�WKH�77/�GHILQLWLRQ�RI�WKH�$FW�0DQDJHU�
(DFK� VHQVRU� FDQ� LQWHUDFW�ZLWK� RQH� RU� WZR� DFWXDWRUV
�H�J�� WKH� SUHVHQFH� VHQVRU� FDQ� DIIHFW� WKH� IXQFWLRQLQJ
RI� ERWK� WKH� KHDWLQJ� V\VWHP� DQG� WKH� DODUP� V\VWHP��
7KH�VHQVRU�DGGUHVV�DFWXDWRU�DGGUHVV�OLQN�LV�JLYHQ�E\
WKH� 5RXWLQJ� 7DEOH�� ZKLFK� KDV� WR� EH� VSHFLILHG

&HQWB3HU���SURFHVV�6HQVRUB0DQDJHU�>0LQ���6RXW��6LQ>1@��5LQ@�LQG���LQW���QRH[LW� 

OHW�L�QDW ��LQ

ORRS��L�1��L����6B0�>0LQ���6RXW��6LQ>1@��5LQ@�LQG�L��

��������������������������!!�6HQVRUB0DQDJHU�>0LQ���6RXW��6LQ>1@��5LQ@�LQG��

��ZKHUH�SURFHVV�6B0�>@�LQG�L��LQW��QRH[LW� 

���6LQ>L@"LQGVD�LQW��6LQ>L@"YDO�LQW�

��5LQ��LQGVD�LQG���5LQ�YDO�H[LW
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� �0LQ�"LQGVD��LQW��0LQ�"YDO��LQW�

������>��LQGVD��! �LQG
������$1'��LQGVD����LQG���
����@�!

��������������������6RXW��LQGVD��LQG
�����6RXW�YDO���5LQ��LQGVD�LQG
������5LQ�YDO�H[LW

��>@
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HQGSURF

HQGSURF

&HQWB3HU���SURFHVV�$FWB0DQDJHU�>0LQ���5RXW��$RXW@�LQG���LQW���QRH[LW� 

0LQ�"LQGVD�LQW��0LQ�"YDO�LQW�

�����>�LQGVD! �LQG
������$1'��LQGVD���LQG���
����@�!

$RXW��LQGVD�LQG��6RXW�YDO�$FWB0DQDJHU�>0LQ���5RXW��$RXW@�LQG��

����>@

����>�LQGVD��LQG
������25��LQGVD! ��LQG���
����@�!$FWB0DQDJHU�>0LQ���5RXW��$RXW@�LQG��

��

��>@

5RXW"LQGVD��5RXW"YDO��$RXW�LQGVD��$RXW�YDO��$FWB0DQDJHU�>0LQ���5RXW��$RXW@�LQG��

HQGSURF

)LJ����&RQWURO�3DQHO�LQWHUQDO�SURFHVVHV�GHILQLWLRQ

6HQVRU

0DQDJHU

0RXW0LQ� 0LQQ

���

PRGXOH�&HQWB3HU�LV

SULYDWH�

SURFHVV�6HQVRUB0DQDJHU�>0LQ���6RXW��6LQ>1@��5LQ@�LQG���LQW��

SURFHVV�$FWB0DQDJHU�>0LQ���5RXW��$RXW@�LQG���LQW��

SXEOLF�

SURFHVV�0DLQ�>0LQ���0LQ���0RXW��6RXW��6LQ>1@��$RXW@

�LQG���LQW��5RXWLQJB7DEOH>5LQ��5RXW��0RXW@!�

HQG�&HQWB3HU

�E��D�

$FW

0DQDJHU

5RXW�

7DEOH

5RXW5LQ

$RXW

6RXW

6LQQ

6LQ�

)LJ����&RQWURO�3DQHO�VFKHPD�DQG�LWV�GHFODUDWLRQ
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0RXW0LQ� 0LQQ

�����

6O

PRGXOH�0DVWHU�LV

SURFHVV�0DLQ�>6O��0RXW��0LQ>1@@�

HQG�0DVWHU

0DVWHU���SURFHVV�0DLQ�>6O��0RXW��0LQ>1@@��QRH[LW� 

OHW�L�LQW ��LQ

6O"LQGVD�LQW��6O"YDO�LQW��0RXW�LQGVD��0RXW�YDO�0DLQ>6O��0RXW��0LQ>1@@

>@

�FKRLFH�J�LQ�>0>1@@�>@�J"LQGVD��J"YDO��0RXW�LQGVD�0RXW�YDO�

0DLQ�>6O��0RXW��0LQ>1@@�

HQGSURF

�E��D�

)LJ����0DVWHU�0RGXOH�6FKHPD��LWV�GHFODUDWLRQ�DQG�GHILQLWLRQ

)LJ����&RQWURO�3DQHO�PDLQ�SURFHVV�GHILQLWLRQ

&HQWB3HU���SURFHVV�0DLQ�>0LQ���0LQ���0RXW��6RXW��6LQ>1@��$RXW@�LQG���LQW�

�5RXWLQJB7DEOH�>5LQ��5RXW��0RXW@!��QRH[LW� 

�6HQVRUB0DQDJHU�>0LQ���6RXW��6LQ>1@��5LQ@�LQG�

_>5LQ@_5RXWLQJB7DEOH�>5LQ��5RXW��0RXW@

_>5RXW@_$FWB0DQDJHU>0LQ���5RXW��$RXW@�LQG��

HQGSURF
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DFFRUGLQJ� WR� WKH� VSHFLILFDWLRQ� RI� WKH� VLQJOH� FRQWURO
SDQHO�� ,Q� 7�/2726� WKLV� ZRXOG� PHDQ� DV� PDQ\
GHVFULSWLRQV� DV� WKHUH� DUH� SDQHOV�� 7R� PDNH� WKH
GHVFULSWLRQ� RI� WKH� &HQWB3HU� PRGXOH� DV� JHQHULF� DV
SRVVLEOH�� ZH� XVH� RQH� RI� WKH� FKDUDFWHULVWLFV� RI� 77/
WHPSODWHV���WKH�SRVVLELOLW\�RI�XVLQJ�JHQHULF�QDPHV�IRU
SURFHVVHV�LQ�D�JLYHQ�GHVFULSWLRQ��,Q�WKLV�ZD\�WKHUH�LV
RQO\�RQH�GHVFULSWLRQ�RI�WKH�SHULSKHUDO�FRQWURO�SDQHO�
ZKLFK� FDQ� EH� SHUVRQDOL]HG� HYHU\� WLPH� D� SDQHO� LV
LQVWDQFHG� JLYLQJ� LW� WKH� QDPH� RI� WKH� 5RXWLQJ� 7DEOH
SURFHVV�� 7KH� ODWWHU� KDV� WKH� WDVN� RI� VHQGLQJ� WR� WKH
PDVWHU�WKH�GDWD�UHODWLQJ�WR�DFWXDWRUV�ORFDWHG�LQ�RWKHU
SDQHOV��ZKLFK�WKH�PDVWHU�ZLOO�WKHQ�VHQG�WR�WKH�SURSHU
GHVWLQDWLRQ�

����6HQVRU�&RQWUROOHUV
)LJ���� JLYHV� D� VFKHPH� DQG� 77/� GHILQLWLRQ� RI� WKH
6HQVRU�&RQWUROOHU� PRGXOH�� ZKLFK� FRQWUROV� WKH
VHQVRUV�� ,Q� WKH� LQVWDQWLDWLRQ� SKDVH� WKH� DGGUHVV� RI
HDFK� FRQWUROOHU� LV� JLYHQ� �LQGV��� E\� ZKLFK� LW� FDQ� EH
VHOHFWHG� WR� � EH� VHQW� GDWD� DQG� WKH� UHIHUHQFH� YDOXH
�YDO��� ,Q� DGGLWLRQ�� HDFK� FRQWUROOHU� FDQ� GHFLGH� ZKDW
DFWLRQ�WKH�DFWXDWRU�LV�WR�WDNH�DFFRUGLQJ�WR�GLIIHUHQFH
IURP�WKH�UHIHUHQFH�YDOXH�
7KURXJK� WKH� LQSXW� OLQH� &SLQ� LW� LV� DOVR� SRVVLEOH� WR
FKDQJH�WKH�UHIHUHQFH�YDOXH�G\QDPLFDOO\�

����$FWXDWRU�&RQWUROOHUV
(DFK� DFWXDWRU� KDV� D� FRQWUROOHU�ZKLFK� LQWHUDFWV�ZLWK
WKH� $FW� 0DQDJHU� DQG� WKH� DFWXDWRU�� )URP� WKH� $FW
0DQDJHU� LW� UHFHLYHV� GDWD� FRQFHUQLQJ� WKH� DFWLRQV� WR
EH�SHUIRUPHG�DQG�WUDQVPLWV�LW� WR�WKH�DFWXDWRU��)LJ���
JLYHV� WKH� VFKHPH� DQG� 77/� GHILQLWLRQ� RI� WKH

$FWB&RQWUROOHU�PRGXOH��ZKLFK� KDV� DQ� ��ELW� DGGUHVV
�LQGD��

����([DPSOH�RI�$SSOLFDWLRQ
7R�VKRZ�WKH�IOH[LELOLW\�RI�WKH�77/�VSHFLILFDWLRQV�RI
WKH� YDULRXV� FRPSRQHQWV�� ZH� JLYH� DQ� H[DPSOH� LQ
ZKLFK� D� VSHFLILF� KRPH� DXWRPDWLRQ� V\VWHP� LV
GHVLJQHG� VWDUWLQJ� IURP� JHQHULF� FRPSRQHQWV�� ,W
VKRXOG�EH�QRWHG�WKDW��JLYHQ�WKH�ZD\�WKH�FRPSRQHQWV
DUH�VSHFLILHG��LW�LV�SRVVLEOH�WR�GHVLJQ�V\VWHPV�ZLWK�D
FRPSOH[�VWUXFWXUH�

/HW�XV�DVVXPH��IRU�LQVWDQFH��WKDW�ZH�ZDQW�WR�VSHFLI\
D�V\VWHP�ZLWK�WKH�IROORZLQJ�IHDWXUHV�
•� D�V\VWHP�ZKLFK�FRYHUV�WKUHH�VHSDUDWH�URRPV�
•� IRU� WZR� RI� WKH� WKUHH� URRPV�� FRQWURO� RI

WHPSHUDWXUH��OLJKWLQJ�DQG�WKH�DODUP�V\VWHP�
•� IRU�WKH�WKLUG�URRP��FRQWURO�RI�WKH�OLJKWLQJ�V\VWHP

DORQH�
•� ORFDO� PDQDJHPHQW� RI� WKH� KHDWLQJ� DQG� OLJKWLQJ

V\VWHP�DQG�JOREDO�FRQWURO�RI�WKH�DODUP�V\VWHP�

�

XVH�FRPS�GHF

VSHFLILFDWLRQ�+RPHB$XWRPDWLRQB6\VWHP�>6O��6Y����6Y����6Y����$Y����$Y����6Y����$Y����$Y����6Y����6Y����6Y���

$Y����$Y��@���QRH[LW� 

EHKDYLRXU

����������������0DVWHU�0DLQ>6O��PEXV��PLQ>PLQ���PLQ���PLQ�@@

_>PLQ���PEXV@_ &HQWB3HU�0DLQ>PEXV��PEXV��PLQ���6RXW���6LQ>6����6����6��@��$RXW�@����5B7�>5�LQ��5�RXW��PLQ�@!�

_>PLQ���PEXV@_ &HQWB3HU�0DLQ>PEXV��PEXV��PLQ���6RXW���6LQ>6��@��$RXW�@����5B7�>5�LQ��5�RXW��PLQ�@!�

_>PLQ���PEXV@_ &HQWB3HU�0DLQ>PEXV��PEXV��PLQ���6RXW���6LQ>6����6����6��@��$RXW�@����5B7�>5�LQ��5�RXW��PLQ�@!�

_>6����6RXW�@_� 6HQVRUB&RQWUROOHU�0DLQ>6����6RXW���6Y��@��������

_>6����6RXW�@_� 6HQVRUB&RQWUROOHU�0DLQ>6����6RXW���6Y��@��������

_>6����6RXW�@_� 6HQVRUB&RQWUROOHU�0DLQ>6����6RXW���6Y��@��������

_>$RXW�@_� $FWB&RQWUROOHU�0DLQ>$RXW���$Y��@����

_>$RXW�@_ �$FWB&RQWUROOHU�0DLQ>$RXW���$Y��@����

_>6����6RXW�@_� 6HQVRUB&RQWUROOHU�0DLQ>6����6RXW���6Y��@��������

_>$RXW�@_� $FWB&RQWUROOHU�0DLQ>$RXW���$Y��@����

_>$RXW�@_� $FWB&RQWUROOHU�0DLQ>$RXW���$Y��@����

_>6����6RXW�@_� 6HQVRUB&RQWUROOHU�0DLQ>6����6RXW���6Y��@��������

_>6����6RXW�@_� 6HQVRUB&RQWUROOHU�0DLQ>6����6RXW���6Y��@��������

_>6����6RXW�@_� 6HQVRUB&RQWUROOHU�0DLQ>6����6RXW���6Y��@��������

_>$RXW�@_� $FWB&RQWUROOHU�0DLQ>$RXW���$Y��@����

_>$RXW�@_� $FWB&RQWUROOHU�0DLQ>$RXW���$Y��@����

ZKHUH

SURFHVV�5B7�>5�LQ��5�RXW��PLQ�@��QRH[LW� 

5�LQ"LQGV�LQW��5�LQ"YDO�LQW��>LQGV �@�!�5�RXW����5�RXW�YDO��5B7�>5�LQ��5�RXW��PLQ�@�

>@

>LQGV �@�!�5�RXW����5�RXW�YDO��5B7�>5�LQ��5�RXW��PLQ�@�

>@

>LQGV �@�!�PLQ����
��������PLQ��YDO��5B7�>5�LQ��5�RXW��PLQ�@�

�

HQGSURF

SURFHVV�5B7�>5�LQ��5�RXW��PLQ�@��QRH[LW� 

5�LQ"LQGV�LQW��5�LQ"YDO�LQW��>LQGV �@�!�5�RXW����5�RXW�YDO��5B7�>5�LQ��5�RXW��PLQ�@�

>@

>LQGV �@�!�5B7�>5�LQ��5�RXW��PLQ�@�

HQGSURF

SURFHVV�5B7�>5�LQ��5�RXW��PLQ�@��QRH[LW� 

5�LQ"LQGV�LQW��5�LQ"YDO�LQW��>LQGV �@�!�5�RXW����5�RXW�YDO��5B7�>5�LQ��5�RXW��PLQ�@�

>@

>LQGV �@�!�5�RXW����5�RXW�YDO��5B7�>5�LQ��5�RXW��PLQ�@�

>@

>LQGV �@�!�PLQ����
��������PLQ��YDO��5B7�>5�LQ��5�RXW��PLQ�@�

�

HQGSURF

HQGVSHF

�
�)LJ���� VKRZV� WKH� PDLQ� VSHFLILFDWLRQ� RI� WKH� V\VWHP
ZKLFK� PDNHV� XVH� RI� D� OLEUDU\� RI� PRGXOHV� DOUHDG\
DQDO\]HG��FDOOHG�FRPS�� WKH� VFKHPD�RI� WKH� V\VWHP� LV
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)LJ����8VLQJ�PRGXOHV�WR�EXLOG�D�FRPSOHWH�DSSOLFDWLRQ

6HQVRU

&RQWUROOHU

&SRXW&SLQ

6YDO

PRGXOH�6HQVRUB&RQWUROOHU�LV

SURFHVV�0DLQ�>&SLQ��&SRXW��6YDO@�LQGV���LQW��YDO���LQW��

HQG�6HQVRUB&RQWUROOHU

6HQVRUB&RQWUROOHU���SURFHVV�0DLQ��>&SLQ��&SRXW��6YDO@�LQGV���LQW��YDO���LQW��QRH[LW� 

&SLQ"LQGVD�LQW��&SLQ"QYDO�LQW��>LQGVD LQGV@�!�0DLQ�>&SLQ��&SRXW��6YDO@�LQGV��QYDO��

>@

>LQGVD� LQGV@�!�0DLQ�>&SLQ��&SRXW��6YDO@�LQGV��YDO��

�

>@

6YDO"[�LQW��>[!YDO@�!�&SRXW�LQGV��&SRXW�'(&��0DLQ�>&SLQ��&SRXW��6YDO@�LQGV��YDO��

>@

>[�YDO@��!�&SRXW�LQGV��&SRXW�,1&��0DLQ�>&SLQ��&SRXW��6YDO@�LQGV��YDO��

>@

>[ YDO@�!�&SRXW�LQGV��&SRXW�12B$&7,21��0DLQ�>&SLQ��&SRXW��6YDO@�LQGV��YDO��

�

HQGSURF

�E�
�D�

6L

)LJ����6HQVRU�&RQWUROOHU�VFKHPD��LWV�GHFODUDWLRQ�DQG�GHILQLWLRQ

$FW

&RQWUROOHU

&SLQ

$YDO

PRGXOH�$FWB&RQWUROOHU�LV

SURFHVV�0DLQ�>&SLQ��$YDO@�LQGD���LQW��

HQG�$FWB&RQWUROOHU

$FWB&RQWUROOHU���SURFHVV�0DLQ��>&SLQ��$YDO@�LQGD���LQW��QRH[LW� 

&SLQ"LQGVD�LQW��&SLQ"YDO�LQW�� >LQGVD LQGD@�!�$YDO�YDO��0DLQ�>&SLQ���$YDO@�LQGD��

>@

>LQGVD� LQGD@�!�0DLQ�>&SLQ��$YDO@�LQGD��

�

HQGSURF

�E��D�

$FWL

)LJ����$FWXDWRU�&RQWUROOHU�VFKHPD��LWV�GHFODUDWLRQ�DQG�GHILQLWLRQ

)LJ����77/�GHVFULSWLRQ�RI�FRPSOHWH�V\VWHP
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JLYHQ� LQ� ILJ�����2I� LQWHUHVW� LV� WKH� GHVFULSWLRQ� RI� WKH
YDULRXV� 5RXWLQJ� 7DEOHV�� ZKLFK� DUH� SDVVHG� WR� WKH
&HQWB3HU� PRGXOH�� DQG� � WKH� FRPSDFWQHVV� RI� WKH
GHVFULSWLRQ� �ILJ������ 7KLV� LV� GXH� WR� WKH� ODQJXDJH�
EHFDXVH�DOWKRXJK�WKH�QXPEHU�RI�URRPV�PD\�YDU\�WKH
UHIHUHQFH�OLEUDU\�GRHV�QRW�

���&RQFOXVLRQV
77/�KDV�EHHQ�GHYHORSHG�WR�VSHFLI\�FRPSOH[�KZ�VZ
V\VWHPV�
,W�FRYHUV�PDQ\�RI�WKH�JDSV�OHIW�E\�7�/2726��VXFK�DV
WKH� ODFN� RI� PRGXODUL]DWLRQ� PHFKDQLVPV�� LWHUDWLYH
FRQVWUXFWV� DQG� WKH� FDSDFLW\� WR� GHILQH� JHQHULF
SURFHVVHV�
77/� KDV� EHHQ� GHYLVHG� LQ� VXFK� D� ZD\� DV� WR� EH
FRQVLVWHQW�ZLWK�WKH�REMHFW�SDUDGLJP�DQG�IXUWKHU�ZRUN
LV�EHLQJ�GRQH�LQ�WKLV�GLUHFWLRQ�
$� 77/� VSHFLILFDWLRQ� FDQ� EH� WUDQVODWHG� LQWR� D� 7�
/2726� RQH� E\�PHDQV� RI� DQ� DXWRPDWLF� WRRO� ZKLFK
FRSHV�ZLWK�UHIHUHQFHV� WR�H[WHUQDO�PRGXOHV�� H[SDQGV
ORRS� FRQVWUXFWV� DQG� UHSODFHV� DOO� WKH� WHPSODWH
LQVWDQWLDWLRQV�ZLWK�WKH�UHODWLYH�7�/2726�SURFHVVHV�
7KLV�LV�D�IXQGDPHQWDO�SRLQW�EHFDXVH�LW�JXDUDQWHHV�WKH
SRVVLELOLW\�RI�XVLQJ�DOO�WKH�WRROV�ZKLFK�DOUHDG\�H[LVW
LQ�7�/2726�
,Q� WKLV� SDSHU� D� FRPSOHWH� H[DPSOH� RI� DSSOLFDWLRQ� RI
WKH� 77/� WR� D� UHDO� FDVH� KDV� EHHQ� SUHVHQWHG�
)XUWKHUPRUH� WKH� H[DPSOH� KDV� EHHQ� DQDO\]HG� XVLQJ
WKH� WRROV� GHYHORSHG� IRU� /2726�� VLPSO\� E\
FRQYHUWLQJ�77/�VSHFLILFDWLRQ�LQWR�/2726�RQH�
�
�5HIHUHQFHV�
>�@ ,62� ,6� ������ ,QIRUPDWLRQ� 3URFHVVLQJ

6\VWHPV�� 2SHQ� 6\VWHP� ,QWHUFRQQHFWLRQ�
/2726�� $� )RUPDO� 'HVFULSWLRQ� 7HFKQLTXH
%DVHG� RQ� WKH� 7HPSRUDO� 2UGHULQJ� RI
2EVHUYDWLRQDO�%HKDYLRXU��,62��-XQH������

>�@ 7�� %RORJQHVL�� (�� %ULQNVPD�� ,QWURGXFWLRQ� WR
WKH� ,62� 6SHFLILFDWLRQ� /DQJXDJH� /2726�
&RPSXWHU� 1HWZRUNV� DQG� ,6'� 6\VWHPV�� ��
�������������

>�@ ,62� ,6� ������ ,QIRUPDWLRQ� 3URFHVVLQJ
6\VWHPV�� 2SHQ� 6\VWHPV� ,QWHUFRQQHFWLRQ�
(67(//(��$�)RUPDO��'HVFULSWLRQ�7HFKQLTXH
%DVHG� RQ� DQ� ([WHQGHG� 6WDWH� 7UDQVLWLRQ
0RGHO��,62�

>�@ 0��)DFL��/��/R�*ULSSR��6SHFLI\LQJ�KDUGZDUH
V\VWHPV� LQ� /2726�� &+'/���� $SULO� ���
����

>�@ ,(((��6WDQGDUG�9+'/�/DQJXDJH�5HIHUHQFH
0DQXDO��,(((�VWG�����������

>�@ 7�� 6WHUQKHLP�� 5�� 6LQJK�� 5�� 0DGKDYHQ�� <�
7ULYHGL�'LJLWDO� 'HVLJQ� DQG� 6\QWKHV\V� ZLWK
9HULORJ� +'/�� $XWRPDWD� 3XEOLVKLQJ
&RPSDQ\�������

>�@ $�� %DLOH\�� *�$�� 0F&DVNLOO�� *�-��0LOQH� $Q
([HUFLVH� LQ� WKH� $XWRPDWLF� 9HULILFDWLRQ� RI
$V\QFKURQRXV� 'HVLJQ�� )RUPDO� 0HWKRGV� LQ
6\VWHP�'HVLJQ��������������������

>�@ -��0LOQH��&,5&$/�DQG�WKH�5HSUHVHQWDWLRQ�RI
&RPPXQLFDWLRQ�� &RQFXUUHQF\�� DQG� 7LPH�
$&0� 7UDQVDFWLRQV� RQ� 3URJUDPPLQJ
/DQJXDJHV�DQG�6\VWHPV��9RO�����1R�����$SULO
������SS����������

>�@ *�� %HUU\�� *�� *RQWKLHU�� � 7KH� (67(5(/
V\QFKURQRXV� SURJUDPPLQJ� ODQJXDJ�� GHVLJQ
VHPDQWLFV�� LPSOHPHQWDWLRQ�� 6FLHQFH� RI
&RPSXWHU�3URJUDPPLQJ������������������

>��@ 9�� &DUFKLROR�� 0�� 0DOJHUL�� *�� 0DQJLRQL�
)RUPDO� &RGHVLJQ� 0HWKRGRORJ\� ZLWK
0XOWLVWHS�3DUWLWLRQLQJ��9/6,�'HVLJQ�-RXUQDO�
9ROXPH����1XPEHU���������

>��@ 9��&DUFKLROR��0��0DOJHUL��*��0DQJLRQL��$Q
$SSURDFK� WR� WKH� 6\QWKHVLV� RI� +:�6:
&RGHVLJQ��3URF��2I��WK�,(((�,QWO��:RUNVKRS
RQ� +DUGZDUH�6RIWZDUH� &RGHVLJQ�
%UDXQVFKZHLJ� �*HUPDQ\��� 0DUFK� ������
�����

>��@ -�� 4XHPDGD�� $�� )HUQDQGH]�� ,QWURGXFWLRQ� RI
4XDQWLWDWLYH� 5HODWLYH� 7LPH� LQWR� /2726�
,),3� :RUNVKRS� RQ� 3URWRFRO� 6SHFLILFDWLRQ
7HVWLQJ�DQG�9HULILFDWLRQ��9,,�1RUWK�+ROODQG
�����

>��@ 9�� &DUFKLROR�� 0�� 0DOJHUL� �� *�� 0DQJLRQL�
77/�� $� /RWRV� ([WHQVLRQ� IRU� 6\VWHP
'HVFULSWLRQ�� 3URF�� 2I� 7KHRUHWLFDO� SUREOHPV
RQ� 0DQXIDFWXULQJ� 6\VWHPV� 'HVLJQ� DQG
&RQWURO��/LVERQ��-XQH������

>��@ 9�� &DUFKLROR�� $�� 'L� 6WHIDQR�� $�� )DUR�� *�
3DSSDODUGR�� (&&6� DQG� /,36� 7ZR
/DQJXDJHV� IRU� 26,� 6\VWHPV� 6SHFLILFDWLRQ
DQG� 9HULILFDWLRQ�� $&0� 7UDQV�� RQ
3URJUDPPLQJ� /DQJXDJHV� DQG� 6\VWHPV�
9RO����1R����$SULO�������SS���������

>��@ 9�� &DUFKLROR�� $�� )DUR�� 2�� 0LUDEHOOD�� *�
3DSSDODUGR�� *�� 6FROOR�� $� /2726
6SHFLILFDWLRQ� RI� WKH� 352:$<� +LJKZD\
6HUYLFH�� ,(((� 7UDQV�� RQ� &RPSXWHU�� 9RO���
1R�����1RY������

>��@ -�� 4XHPGD�� 6�� 3DYRQ�� $�� )HUQDQGH]�� 6WDWH
H[SORUDWLRQE\� 7UDQVIRUPDWLRQ� ZLWK� /2/$�
:RUNVKRS� RQ� $XWRPDWLF� 9HULILFDWLRQ
0HWKRGV� IRU� )LQLWH6WDWH� 6\VWHPV�� *UHQREOH�
)UDQFH��-XQH������

)LJ����77/�GHVFULSWLRQ�RI�FRPSOHWH�V\VWHP


