
p������������Gq������ ��Gz���� Gz������

}�GWYSGu�UGWXSGOYWX_PSG��UG`[TXWZ

kvpaXWUY[`WWV����VWYWX`[XWZUYWX_UWZWX

��

6SHFLDO�,VVXH�$UWLFOH��7KH��WK (XURSHDQ�67$03�:RUNVKRS��(6:��������&KLHI�(GLWRU��
6YDQD�+HOHQ�%M|UQVGRWWLU��5H\NMDYLN�8QLYHUVLW\

0RGHOOLQJ�0XOWLSOH�/HYHOV�RI�$EVWUDFWLRQ�LQ�
+LHUDUFKLFDO�&RQWURO�6WUXFWXUHV

0DUWLQ�5HM]HN�
� 6YDQD�+HOHQ�%M|UQVGyWWLU�� 6YHQ�6WHIDQ�.UDXVV�

� 6DIHW\�&ULWLFDO�6\VWHPV�5HVHDUFK�/DE��=XULFK�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV��
7HFKQLNXPVWUDVVH���������:LQWHUWKXU� 6ZLW]HUODQG��ZZZ�]KDZ�FK�LDPS�VNV

� 6WLNL�� ,QIRUPDWLRQ�6HFXULW\��/DXJDYHJXU������
����5H\NMDYtN��,FHODQG��ZZZ�VWLNL�HX


 &RUUHVSRQGLQJ�DXWKRU��PDUWLQ�UHM]HN#]KDZ�FK

$EVWUDFW

7KH�KD]DUG�DQDO\VLV�PHWKRG�³6\VWHPV�7KHRUHWLF�3URFHVV�$QDO\VLV´��673$��PDNHV XVH�
RI�D�IXQFWLRQDO�V\VWHP�UHSUHVHQWDWLRQ�LQ�WKH�IRUP�RI�D +LHUDUFKLFDO�&RQWURO�6WUXFWXUH DQG�
XVHV WKLV� PRGHO� DV� WKH� VWDUWLQJ� SRLQW� IRU� WKH� DQDO\VLV� SURFHVV�� 7KH� GHYHORSPHQW� RI� WKH�
+LHUDUFKLFDO�&RQWURO�6WUXFWXUH W\SLFDOO\�LQYROYHV�PXOWLSOH�LWHUDWLRQV�DQG�VWDUWV�DW�D�UDWKHU�
DEVWUDFW�YLHZ��ZKLFK�LV�UHILQHG�GXULQJ�WKH�PRGHOOLQJ�SURFHVV��8VXDOO\��QR�GLIIHUHQWLDWLRQ�LV�
PDGH� EHWZHHQ� WKH� +LHUDUFKLFDO� &RQWURO� 6WUXFWXUH PRGHO� DQG� LWV� UHSUHVHQWDWLRQ� DV D
GLDJUDP��,Q�DGGLWLRQ�� WKH�UHSUHVHQWDWLRQ�LV� W\SLFDOO\�UHVWULFWHG� WR�D�VLQJOH�GLDJUDP��7KLV�
SDSHU� DGGUHVVHV� WKH� RSSRUWXQLWLHV RI� H[SOLFLWO\� GLIIHUHQWLDWLQJ� EHWZHHQ�PRGHO� DQG� YLHZV�
DQG LQWURGXFHV�D�FRQFHSW�HQFRXUDJLQJ XVH�RI�PXOWLSOH�GLDJUDPV�UHSUHVHQWLQJ�RQH�PRGHO��
7KLV�SDSHU�DOVR�GLVFXVVHV�WKH�UXOHVHWV�DQG�FRQVLVWHQF\�FRQVLGHUDWLRQV�QHFHVVDU\�WR�HQVXUH�
WKH� DQDO\VLV� LV� FRPSOHWH� DQG� WKH� +LHUDUFKLFDO� &RQWURO� 6WUXFWXUH� UHSUHVHQWDWLRQV� DUH�
FRQVLVWHQW�ZLWK�WKH�PRGHO�DQG�ZLWK�HDFK�RWKHU��

.H\ZRUGV��67$03��673$��PRGHO��PRGHOOLQJ��DEVWUDFWLRQ��GLDJUDPV��YLHZV

�� ,QWURGXFWLRQ

6\VWHPV� 7KHRUHWLF� 3URFHVV� $QDO\VLV� �673$�� LV� DQ� DQDO\VLV� PHWKRG� XQGHUVWDQGLQJ�
VDIHW\�DQG�VHFXULW\�DV�HPHUJHQW�SURSHUWLHV RI�D�V\VWHP >�@��

7KH� W\SLFDO�DQDO\VLV�SURFHVV�RI�673$��GHSLFWHG� LQ�)LJXUH� ��� FDQ�EH�VXPPDUL]HG�DV�
IROORZLQJ�

x 7KH�V\VWHP� WR�EH�DQDO\]HG� ILUVW� QHHGV� WR�EH�GHVFULEHG�DV�D�+LHUDUFKLFDO�&RQWURO�
6WUXFWXUH �+&6� WKURXJK� WKH� LGHQWLILFDWLRQ� RI� FRQWUROOLQJ� XQLWV� �FRQWUROOHUV��� WKH�
FRQWUROOHG�SURFHVV��DQG�WKH�IORZ�RI�FRQWURO�DFWLRQV�DQG�IHHGEDFN�DPRQJ�WKHP��7KH�
+&6� UHSUHVHQWV� D� PRGHO� RI� WKH� V\VWHP� XQGHU� DQDO\VLV� 'HYHORSPHQW� RI� WKH�
+LHUDUFKLFDO�&RQWURO�6WUXFWXUH FDQ�EH�VHHQ�DV�SUHSDUDWLRQ�ZRUN�EHIRUH SHUIRUPLQJ
WKH 673$�

x ,Q� WKH ILUVW�VWHS RI� WKH�DQDO\VLV�� UHIHUUHG� WR�DV�³673$�6WHS��´�� LQDGHTXDWH�FRQWURO�
DFWLRQV�DUH�V\VWHPDWLFDOO\�LGHQWLILHG�DQG�GHVFULEHG��DQG�DQ�DVVHVVPHQW�PDGH�DERXW
ZKHWKHU� WKH\� FDQ� SRWHQWLDOO\� UHVXOW� LQ� D� KD]DUG�� PDNLQJ WKHP� ³XQVDIH� FRQWURO�
DFWLRQV´���
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x ,Q� WKH VHFRQG�VWHS RI�WKH�DQDO\VLV��³673$�6WHS��´�� WKH�UHDVRQV�DUH�V\VWHPDWLFDOO\�
DQDO\]HG� IRU� ZK\� LQDGHTXDWH� FRQWURO� DFWLRQV WKDW� UHVXOW LQ� XQZDQWHG� SURFHVV�
RXWFRPHV FDQ�RFFXU��DQG�WKH�FRUUHVSRQGLQJ�VFHQDULRV�DUH�LGHQWILHG��

,ŝĞƌĂƌĐŚŝĐĂů�
�ŽŶƚƌŽů�
^ƚƌƵĐƚƵƌĞ

DŽĚĞů

�ĞǀĞůŽƉ
,ŝĞƌĂƌĐŚŝĐĂů
�ŽŶƚƌŽů�
^ƚƌƵĐƚƵƌĞ

^dW��^ƚĞƉ�ϭ

^dW��^ƚĞƉ�Ϯ

�ĞĨŝŶĞ��ŶĂůǇƐŝƐ�
^ĐŽƉĞ

)LJXUH� ��� 7KH�673$�SURFHVV� LV� DQ� LWHUDWLYH� SURFHVV� �GHSLFWHG� E\� WKH� EOXH
DUURZV���7KH�GHILQLWLRQ�RI� WKH�DQDO\VLV�VFRSH�WDNHV�SODFH�ZKLOH�GHYHORSLQJ�
WKH� +LHUDUFKLFDO� &RQWURO� 6WUXFWXUH� �SUHSDUDWRU\� VWHS� RI� 673$�� EXW� DOVR�
WKURXJK�673$�6WHS���DQG�6WHS���

���� 3UREOHP�6WDWHPHQW

7\SLFDOO\� WKH� ILUVW�+&6�GUDIW�PRGHOV� WKH� V\VWHP� WR� EH� DQDO\]HG� DW� D� UDWKHU� DEVWUDFW
OHYHO� LQ�WKH�IRUP�RI�D�VLQJOH�GLDJUDP�DQG�UHIUDLQV�IURP�HVWDEOLVKLQJ�V\VWHP�GHWDLOV��

6XFK� DQ� DEVWUDFW� UHSUHVHQWDWLRQ�PD\� IHDWXUH�� IRU H[DPSOH� ³WUDIILF� FRQWURO´� DV� VLQJOH�
FRQWUROOHU�� ZKLOH QRW� PRGHOOLQJ WKH� LQWHUQDOV� RI� WKH� WUDIILF� FRQWURO� V\VWHP� LQGLYLGXDOO\��
�)XUWKHU�H[DPSOHV�RI�GLIIHUHQW�OHYHOV�RI�DEVWUDFWLRQV�FDQ�EH�VHHQ�LQ�>����@���6RPH�UHDVRQV�
IRU�VWDUWLQJ�DW�DQ�DEVWUDFW�OHYHO�DUH�DV�IROORZV �QRQ�H[KDXVWLYH�OLVW��

D� $V� ZLWK� HYHU\� KD]DUG� DQDO\VLV� PHWKRG DQG� DOVR� IRU� 673$� WKH� DQDO\VLV� VFRSH�
QHHGV� WR� EH� GHWHUPLQHG�� 'HYHORSPHQW� RI� WKH� +&6� FRYHUV� RQH� DVSHFW� RI� WKLV� ³VFRSH
GHILQLWLRQ´� 6WDUWLQJ�WKH�PRGHOOLQJ�SURFHVV�DW�DQ�DEVWUDFW�OHYHO�DOORZV�IRU�HVWDEOLVKLQJ�D�
URXJK�VFRSH�HDUO\ LQ�WKH�SURFHVV��:KLOH�SURJUHVVLQJ�WKURXJK�WKH�DQDO\VLV�DQG�UHILQLQJ
WKH�DEVWUDFW�UHSUHVHQWDWLRQ��WKH�VFRSH�ZLOO�JUDGXDOO\�EHFRPH�UHILQHG�

E� :KHQ�D�V\VWHP�LV�XVHG�LQ�GLIIHUHQW�DSSOLFDWLRQV��DQ�DQDO\VLV�EDVHG�RQ�DQ�DEVWUDFW�
UHSUHVHQWDWLRQ� PD\� VHUYH� DV� D� FRPPRQ� VWDUWLQJ� SRLQW� IRU� LQGLYLGXDO�� DSSOLFDWLRQ�
VSHFLILF�DQDO\VHV��DQG�UHILQHPHQWV��&RQVLGHU�D�URERWLF�DUP�XVHG� WR�ZHOG�PHWDO�SODWHV��
EXW�DOVR�XVHG�IRU�H[FKDQJLQJ�WRROV�RI�D�PLOOLQJ�PDFKLQH��673$�FDQ�EH�SHUIRUPHG�IRU�
WKH�URERWLF�DUP�LWVHOI��QRW�WDNLQJ�LQWR�DFFRXQW�WKH�VSHFLILF�DSSOLFDWLRQ��7KLV�DQDO\VLV�FDQ�
EH� XVHG� DV� VWDUWLQJ� SRLQW� IRU� IXUWKHU�� DSSOLFDWLRQ� VSHFLILF�� DQDO\VHV� VXFK� DV� IRU� WKH�
ZHOGLQJ�RU�WRRO�H[FKDQJH��

F� $Q� DEVWUDFW� UHSUHVHQWDWLRQ�PD\� HYHQ� EH� YDOLG� IRU� YDULRXV W\SHV� RI� V\VWHPV�� )RU�
H[DPSOH��WKH�VDPH�DEVWUDFW�UHSUHVHQWDWLRQ�PD\�EH�XVHG�WR�PRGHO�FDQFHU�WUHDWPHQW�ZLWK�
SURWRQ�UDGLDWLRQ�EHDPV�>���@ DQG�EUDFK\WKHUDS\�>�@��7KLV�PHDQV�H[LVWLQJ�PRGHOV�PD\�
EH�UH�XVHG�DQG�DJDLQ�VHUYH�DV�VWDUWLQJ�SRLQW�IRU�PRUH�FRQFUHWH�DQDO\VHV�

G� )LQDOO\�� VWDUWLQJ� WKH� PRGHOOLQJ� SURFHVV� DW� DQ� DEVWUDFW� OHYHO� DOORZV� IRU TXLFN�
LGHQWLILFDWLRQ� RI WKRVH� SDUWV� RI� D� V\VWHP� IRU�ZKLFK� IXUWKHU� FODULILFDWLRQ� DFWLYLWLHV� DUH�
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QHFHVVDU\��7KLV�LV�UHOHYDQW� VLQFH�VXFK�DFWLYLWLHV�W\SLFDOO\�UHTXLUH�WLPH��7KH�VRRQHU�WKH�
FODULILFDWLRQV�DUH�LQLWLDWHG�WKH�EHWWHU�

:KLOH� SURJUHVVLQJ� ZLWK� WKH� DQDO\VLV� WKH� RULJLQDO� DEVWUDFW� UHSUHVHQWDWLRQ� LV� W\SLFDOO\�
³GLVFDUGHG´� L�H�� LW� LV�QR�ORQJHU�DFWLYHO\�FRQVLGHUHG�IRU�673$�EXW� LQVWHDG�PRUH�GHWDLOHG��
UHILQHG�UHSUHVHQWDWLRQV�DUH�XVHG��$OWKRXJK�WKH�LQLWLDO�DEVWUDFW�UHSUHVHQWDWLRQ�PLJKW�EH�NHSW�
DV�DQ� LQIRUPDWLYH� UHVRXUFH� �LQ� WKH� VLPSOHVW� IRUP� WKH�DQDO\VW�PD\�NHHS� D�SULQWRXW RI� WKH�
+&6�GLDJUDP���673$�FXUUHQWO\�IRUHVHHV�QR�IRUPDO�ZD\�RI�PDLQWDLQLQJ�PXOWLSOH�OHYHOV�RI�
DEVWUDFWLRQ��7KLV� LV� FRQVLGHUHG D GUDZEDFN�RI� WKH�PHWKRGRORJ\�DQG� IUDPHV� WKH� UHVHDUFK�
REMHFWLYH�RI�WKLV�SDSHU��

���� 5HVHDUFK�2EMHFWLYH

7KLV� SDSHU� SURPRWHV PDNLQJ XVH� RI�PXOWLSOH� GLDJUDPV� WR�PRGHO� WKH� FRPSOHWH�+&6��
)XUWKHUPRUH�� WKH� SDSHU VKRZV�ZKDW�PRGHOOLQJ� UXOHVHWV� DQG�FRQVWUDLQWV� QHHG� WR� DSSO\� LQ�
RUGHU�WR�NHHS�WKH�GLDJUDPV��DQG�VXEVHTXHQW�673$�6WHS���DQG����FRQVLVWHQW��,Q�SDUWLFXODU��
WKH�GHSHQGHQFLHV�EHWZHHQ�WKH�PRGHOOLQJ�HOHPHQWV�DSSHDULQJ�RQ�WKH�+&6�GLDJUDPV�DV ZHOO�
DV� WKH� GHSHQGHQFLHV� RI� WKHVH� HOHPHQWV� WR� 673$� 6WHS� �� DQG� ��PXVW� EH�ZHOO� WUDFHG� DQG�
XQGHU�FRQWURO��2WKHUZLVH� PRGHO�DQG�DQDO\VLV WHQG WR EHFRPH�LQFRPSOHWH�DQG�LQFRQVLVWHQW�

�� 3URSRVHG�&RQFHSW DQG�8VH�&DVHV

7KH�FRQFHSW�GHVFULEHG�LQ�WKLV�SDSHU��

x ([SOLFLWO\�GLIIHUHQWLDWHV EHWZHHQ�WKH�+&6�³PRGHO´�DQG�LW¶V�³YLHZV´��
x 3URYLGHV�WKH�QHFHVVDU\�UXOHVHW�IRU�PRGHOOLQJ�+&6�ZLWK�PXOWLSOH�GLDJUDPV�
x 6KRZV�WKH�LQIOXHQFH�RQ�WKH�SURFHVV�VWHSV�673$�6WHS���DQG���ZKHQ�XVLQJ�PXOWLSOH�

GLDJUDPV�

$V� LW� WXUQV RXW�� WKH� SURSRVHG FRQFHSW� GRHVQ¶W� RQO\� HQDEOH� PRGHOOLQJ� DQG� DQDO\]LQJ�
PXOWLSOH�OHYHOV�RI�DEVWUDFWLRQ DV�LQWURGXFHG�LQ�FKDSWHU��� EXW�LW�LV�DOVR�EHQHILFLDO�LQ�RWKHU
FDVHV�

x &RPSOHPHQWLQJ� 9LHZV� $Q� DQDO\VW� PD\� XVH� PXOWLSOH� GLDJUDPV� WR� PRGHO�
GLIIHUHQW� SKDVHV� RU� FKDUDFWHULVWLFV� RI� D� V\VWHP�� IRU� H[DPSOH� WKH� SKDVHV
GHVLJQ��RSHUDWLRQ�� DQG�GHFRPPLVVLRQLQJ� RU� WKH� FKDUDFWHULVWLFV� GRVH� FRQWURO
DQG�SRVLWLRQ�FRQWURO RI�D�FDQFHU�UDGLDWLRQ�WUHDWPHQW�V\VWHP�� 3ULQFLSDOO\�WKH�
DQDO\VW�FDQ�FKRRVH�EHWZHHQ�WKH�IROORZLQJ�RSWLRQV�

R 7KH�SKDVHV�RU�FKDUDFWHULVWLFV�FDQ�EH�DQDO\]HG�LQGLYLGXDOO\��+RZHYHU��
WKLV� ZRXOG� UHVXOW� LQ� QHJOHFWLQJ� WKH� LQWHUDFWLRQV EHWZHHQ� WKH�
SKDVHV�FKDUDFWHULVWLFV� DQG� EH� DJDLQVW� WKH� SDUDGLJP� RI� 673$� DV� WKH�
KROLVWLF�YLHZSRLQW�ZRXOG�QRW�EH�IROORZHG�

R $OO�SKDVHV�RU�FKDUDFWHULVWLFV� FDQ EH�PRGHOOHG�E\�PHDQV�RI�RQH�+&6
GLDJUDP��'HSHQGLQJ�RQ�WKH�VL]H�DQG�FRPSOH[LW\� WKH�UHVXOW�FRXOG�EH�D�
ODUJH�DQG�FRQIXVLQJ�UHSUHVHQWDWLRQ�

R )ROORZLQJ�WKH�FRQFHSW�SURSRVHG�LQ�WKLV�SDSHU��0XOWLSOH�GLDJUDPV�FDQ
EH� XVHG� WR� PRGHO� WKH� SKDVHV�FKDUDFWHULVWLFV� ZKHUH� FHUWDLQ� HOHPHQWV�
�FRQWUROOHUV��FRQWURO�DFWLRQV��HWF���FRXOG�DSSHDU�RQ�PXOWLSOH�GLDJUDPV�
$OO� GLDJUDPV� DUH� SDUW� RI� WKH� VDPH� PRGHO�� $OWKRXJK� PXOWLSOH�

� 7KH�LQVWUXPHQWDWLRQ�DQG�FRQWURO�V\VWHP�LQ�FDQFHU�UDGLDWLRQ�WUHDWPHQW�V\VWHPV�IRU�GRVH�FRQWURO�PD\�EH�TXLWH�
GLIIHUHQW� IURP� WKH� V\VWHP IRU� SRVLWLRQ� FRQWURO�� 7KHUHIRUH� D� GHVLUH PD\� H[LVW� WR� KDQGOH� GRVH� FRQWURO� DQG�
SRVLWLRQ�FRQWURO�LQGLYLGXDOO\�IURP�DQ�DQDO\VLV�YLHZSRLQW�
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GLDJUDPV�UHSUHVHQW�WKH�PRGHO��WKH�DQDO\VLV�ZRXOG�VHH�WKH�V\VWHP�DV�D�
ZKROH�DQG�ZRXOG�QRW�KDQGOH�WKH�GLDJUDPV RQ�DQ�LQGLYLGXDO�EDVLV�

x ,QWHOOLJHQW�$FWXDWRUV�DQG�6HQVRUV� 2QFH�WKH�DQDO\VW�SHUIRUPV�673$�6WHS��� LW�FDQ�
EHFRPH�FOHDU�WKDW�DQ�HOHPHQW��ZKLFK�KDV�EHHQ�FRQVLGHUHG�WR�EH�D�VLPSOH�DFWXDWRU�
RU� VHQVRU��WKHUHIRUH�RPLWWHG�RQ� WKH�+&6 GLDJUDP�� IXOILOOV�DOO� WKH�DWWULEXWHV�RI�D�
673$� FRQWUROOHU�� )RU� H[DPSOH�� ZKHQ� DQ� DFWXDWRU� FRQILJXUDEOH �H�J�� DQ� DFWXDWRU�
ZKLFK� LV� SURJUDPPDEOH� DQG�RU� KDV� WKH� SRZHU� WR� PDNH� GHFLVLRQV� DERXW� WKH�
FRQWUROOHG�SURFHVV�RQ�LWV�RZQ�

R 7KH�DQDO\VW� FDQ QRZ�JR�EDFN� WR� WKH RULJLQDO +&6 GLDJUDP�DQG�DGG� WKH�
LQWHOOLJHQW�DFWXDWRU �ZKHUH�LW�ZRXOG�DSSHDU�DV�³FRQWUROOHU´��LQFOXGLQJ�WKH�
UHOHYDQW� FRQWURO� DFWLRQV� DQG� IHHGEDFN�� �7KH� UHVXOWLQJ�PRGHO�ZRXOG� VWLOO�
FRQWDLQ�RQO\�D VLQJOH�+&6�GLDJUDP��

R $OWHUQDWLYHO\� WKH�DQDO\VW�FDQ PRGHO�WKH�DFWXDWRU�DQG�LWV�FRQWURO�IORZ�RQ�D�
VHFRQG�+&6�GLDJUDP� �7KH�UHVXOWLQJ�PRGHO�ZRXOG�WKHQ�FRQWDLQ�WZR�+&6�
GLDJUDPV��

x )XQFWLRQDO� 5HGXQGDQFLHV� 6RPH� V\VWHPV� PDNH� XVH� RI� IXQFWLRQDO� UHGXQGDQFLHV��
$Q�H[DPSOH�RI�WKLV�LV WZR�JURXQG�EDVHG�FRQWURO�FHQWHUV�IRU�VDWHOOLWH�FRQWURO��:KLOH�
WKH� FRQWURO� FHQWHUV� FRXOG� EH� LGHQWLFDO� DQG LPSRVH� WKH� VDPH� VWUHQJWKV� DQG�
ZHDNQHVVHV��WKHLU�LQWHUFRQQHFWLYLW\ FRXOG�OHDG�WR�DGGLWLRQDO�KD]DUGV�

R 7KH�DQDO\VW�FDQ PRGHO�WKH�GHWDLOV�RI�WKH�LGHQWLFDO�JURXQG�FHQWHUV RQ�RQH�
GLDJUDP� DQG� XVH� D� VHFRQG� +&6� GLDJUDP� WR� PRGHO� WKH� FRQWURO� IORZ
EHWZHHQ�WKH�JURXQG FHQWHUV DQG�WKH�VDWHOOLWH�

�� &RQFHSW�'HYHORSPHQW�3URFHVV

7KH�NH\�IDFWRUV�VWLPXODWLQJ�+&6�PRGHOOLQJ E\�PHDQV�RI�PXOWLSOH�GLDJUDPV�DUH�VLPSOH�
WR�VWDWH�

x $OORZ�UHSUHVHQWDWLRQ�RI D�+&6 E\�PHDQV�RI�PXOWLSOH�GLDJUDPV��YLHZV��
x $OORZ�XVLQJ�WKH�VDPH�HOHPHQW�LQ PXOWLSOH�GLDJUDPV�
x $OORZ�SDUHQW�FKLOG�UHODWLRQVKLS�DPRQJ�HOHPHQWV�

+RZHYHU��DV�PHQWLRQHG�DERYH��NHHSLQJ�WKH�GLDJUDPV FRQVLVWHQW�DQG�HQVXULQJ�WKH 673$�
6WHS� �� DQG� �� PDWFK WKH� PRGHO� DQG� DUH FRPSOHWH� LV� QRW� D� WULYLDO REMHFWLYH�� 7KH� WKUHH�
GLDJUDPV�LQ�)LJXUH�� JLYH�DQ�LOOXVWUDWLYH�H[DPSOH�RI�WKLV�FRPSOH[LW\�

'LDJUDP� � LQ� )LJXUH� � VKRZV� D� KLHUDUFKLFDO� FRQWURO� VWUXFWXUH� ZLWK� WKUHH� FRQWUROOHUV�
�ODEHOOHG�$��%��DQG�&��DQG�D�&RQWUROOHG�3URFHVV��)RU� WKH�VDNH�RI� WKLV�H[DPSOH�RQO\� WZR�
FRQWURO�DFWLRQV�DUH�H[SOLFLWO\�VKRZQ��&$� DQG�&$���'LDJUDP�� VKRZV�FRQWUROOHUV $��% DQG�
WKH�&RQWUROOHG�3URFHVV DJDLQ��7KLV�GLDJUDP�GRHV�QRW�VKRZ�&RQWUROOHU�& DQG�FRQVHTXHQWO\
FRQWURO�DFWLRQ &$� ZKLFK�LV UHFHLYHG�E\�&RQWUROOHU�&� 'LDJUDP�� VKRZV D�WKLUG�YLHZ�RI�
WKH�VDPH�PRGHO�IRFXVLQJ�RQ WKH�LQWHUQDOV�RI�&RQWUROOHU�%��1RWH�WKDW�&$� DSSHDUV�RQ�WKH�
ILUVW EXW�GRHV QRW�DSSHDU�RQ�WKH�VHFRQG DQG�WKLUG GLDJUDP� )XUWKHUPRUH� WKH�VRXUFH�RI�&$�
LV�&RQWUROOHU� % LQ� WKH� ILUVW� DQG� VHFRQG� GLDJUDP�ZKLOH� LW� LV�&RQWUROOHU� %�� LQ WKH� WKLUG�
GLDJUDP�

7KLV�EULQJV�XS�D�FRXSOH�RI�PRGHOOLQJ�DQG�DQDO\VLV�TXHVWLRQV��+RZ�LV�WKH�DQDO\VW�PDGH�
DZDUH�RI�WKH�IDFW�WKDW�&RQWUROOHU�% LVVXHV &$� ZKHQ�ZRUNLQJ�ZLWK�'LDJUDP��"�&RXOG�WKH�
DQDO\VW� VKRZ� &$� RQ� 'LDJUDP� � HYHQ� WKRXJK &RQWUROOHU� & LV� QRW� UHSUHVHQWHG"� ,V� LW�
LQFRQVLVWHQW�WR�KDYH�&$� DSSHDULQJ�RQ�'LDJUDP�� DQG�� ZLWK�GLIIHUHQW�VRXUFHV"�+RZ�GRHV�
&$� QHHG�WR�EH�KDQGOHG�LQ�673$�6WHS���DQG��"
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�ŽŶƚƌŽůůĞƌ��

�ŝĂŐƌĂŵ�ϭ

�ŽŶƚƌŽůůĞƌ��

�ŽŶƚƌŽůůĞƌ��

��ϭ

�ŽŶƚƌŽůůĞĚ�WƌŽĐĞƐƐ

��Ϯ

�ŽŶƚƌŽůůĞƌ��

�ŝĂŐƌĂŵ�Ϯ

�ŽŶƚƌŽůůĞƌ��

�ŽŶƚƌŽůůĞĚ�WƌŽĐĞƐƐ

��Ϯ

�ŽŶƚƌŽůůĞƌ��

�ŝĂŐƌĂŵ�ϯ

�ŽŶƚƌŽůůĞĚ�WƌŽĐĞƐƐ

�ŽŶƚƌŽůůĞƌ��

�͘Ϯ

�͘ϭ

�͘ϯ
��Ϯ

�ŽŶƚƌŽůůĞĚ�WƌŽĐĞƐƐ

)LJXUH� ���5HSUHVHQWDWLRQ�RI� D�+LHUDUFKLFDO�&RQWURO� 6WUXFWXUH�E\�PHDQV�
RI� WKUHH�GLDJUDPV�� ,Q�RUGHU� WR� NHHS� WKH�GLDJUDPV�FRQVLVWHQW�DQG�PDNLQJ�
VXUH� WKH� DQDO\VLV� PDWFKHV� WKH� PRGHO� DQG� LV� FRPSOHWH�� D� UXOHVHW� DQG�
FRQVLVWHQF\�FRQVLGHUDWLRQV�DUH�LQGLVSHQVDEOH�

7R�HQVXUH�WKH�GLDJUDPV�DUH�FRQVLVWHQW DQG�WKH�DQDO\VLV�LV�FRPSOHWH� D�VHW�RI�UXOHV�DQG�
FRQVLVWHQF\�FRQVLGHUDWLRQV�DUH�LQGLVSHQVDEOH � DGGUHVVLQJ�QRW�RQO\� WKH�PRGHOOLQJ�DVSHFW�
EXW�DOVR�673$�6WHS���DQG����7KH�³GLYLGH�DQG�FRQTXHU VWUDWHJ\´�LOOXVWUDWHG�LQ�)LJXUH�� ZDV�
XVHG� WR� GHULYH� UXOHVHWV� DQG� FRQVLVWHQF\� FRQVLGHUDWLRQV� IRU� WKH� LQGLYLGXDO� XVH� FDVHV DQG�
FRQVROLGDWH�WKHP�LQWR�RQH�VHW�

,GHQWLI\� 8VH� &DVHV�� $V� D� ILUVW� VWHS� XVH� FDVHV� KDYH� EHHQ� LGHQWLILHG� ZKHUH� XVLQJ�
PXOWLSOH� +&6 GLDJUDPV� GHVFULELQJ� WKH� VDPH� PRGHO� ZLOO� EHQHILW WKH� DQDO\VLV�� 6RPH� RI�
WKHVH�XVH�FDVHV�KDYH�DOUHDG\�EHHQ�PHQWLRQHG�LQ�FKDSWHU���

,Q�D�VHFRQG�VWHS�WKH�XVH�FDVHV�ZHUH�PHQWDOO\�SOD\HG�WKURXJK�DQG�DQDO\]HG�ZLWK�WKH�KHOS�
RI� NQRZOHGJH� JDLQHG IURP� SUHYLRXV� SURMHFWV� >��� ��� ����@�� OLWHUDWXUH� DQG� D� FRQVWUXFWHG�
H[DPSOH��7KH� DLP�RI� WKH� FRQVWUXFWHG� H[DPSOH�ZDV� WR� DQDO\]H� VLWXDWLRQV��ZKLFK�GLG� QRW�
RFFXU�LQ�SUHYLRXV�SURMHFWV�QRU�WKH�OLWHUDWXUH�ZH�ORRNHG�DW��EXW�ZHUH SULQFLSDOO\�SRVVLEOH�

)RU�HDFK�XVH�FDVH�WKH�VHW�RI�UXOHV�ZDV�GHULYHG�WKDW�LV�QHFHVVDU\�WR�HQDEOH�WKH�XVH�FDVH��
7KH�UXOHVHW�FRQWDLQV VSHFLILFV DERXW�PRGHOOLQJ�DQG�FRQVLVWHQF\�FRQVLGHUDWLRQV��DV�ZHOO�DV�
UXOHV�LQIOXHQFLQJ�673$�6WHS���DQG���

3UHYLRXV�SURMHFWV��OLWHUDWXUH��DQG�DGGLWLRQDO�H[DPSOHV�ZKHUH�XVHG�WR�SUHOLPLQDU\�YHULI\�
WKH�DSSOLFDELOLW\�DQG�FRUUHFWQHVV�RI�WKH�GHULYHG�UXOHVHW���$�SURSHU�YHULILFDWLRQ�LV�\HW�WR�EH�
GRQH��

7KH� LQGLYLGXDO� UXOHVHWV�ZKHUH� FRQVROLGDWHG� LQWR� RQH�EDVLF� UXOHVHW��ZLWK� WKH� UXOHV� DQG�
FRQVLVWHQF\�FRQVLGHUDWLRQV�UHILQHG��7KLV�ODVW�VWHS�LV�VWLOO�D�ZRUN�LQ�SURJUHVV�

7KH� IROORZLQJ� WZR� FKDSWHUV� GLVFXVV� WKH� WZR� XVH� FDVHV� ³FRPSOHPHQWLQJ� YLHZV´� DQG�
³OHYHOV�RI�DEVWUDFWLRQ´�
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/ĚĞŶƚŝĨǇ�hƐĞ��ĂƐĞƐ

�ŶĂůǇǌĞ�hƐĞ��ĂƐĞ

�ĞƌŝǀĞ�ZƵůĞƐĞƚ

WƌĞůŝŵ͘�sĞƌŝĨǇ�ZƵůĞƐĞƚ

�ŽŶƐŽůŝĚĂƚĞ�/ŶĚŝǀŝĚƵĂů�ZƵůĞƐĞƚƐ

&Žƌ�ĞĂĐŚ�
hƐĞ��ĂƐĞ�
ƐĞƉĂƌĂƚĞůǇ

)LJXUH� ��� )LUVW�� XVH� FDVHV ZHUH� LGHQWLILHG WKDW� EHQHILWHG� IURP� XVLQJ�
PXOWLSOH� +LHUDUFKLFDO� &RQWURO� 6WUXFWXUH� GLDJUDPV�� (DFK� XVH� FDVH� ZDV�
VHSDUDWHO\� DQDO\]HG�� D� UXOHVHW� GHULYHG� DQG� WKH� UXOHVHW� SUHOLPLQDU\�
YHULILHG��)LQDOO\� WKH�LQGLYLGXDO�UXOHVHWV�ZKHUH�FRQVROLGDWHG�LQWR�RQH�

�� &RPSOHPHQWLQJ�9LHZV

���� ,QWURGXFWLRQ WR�&RPSOHPHQWLQJ�9LHZV

)LJXUH�� SURYLGHV� DQ� DEVWUDFW�H[DPSOH�RI� FRPSOHPHQWLQJ�YLHZV��'LDJUDP��D DQG��E
WRJHWKHU�UHSUHVHQW�WKH�H[DFW�VDPH�PRGHO�DV�'LDJUDP��� MXVW�LQ WZR�VHSDUDWH�GLDJUDPV��

&RQWUROOHU�4 LVVXHV�FRQWURO�DFWLRQ�&$� WKDW�LV�UHFHLYHG�E\�&RQWUROOHU�5��&RQWUROOHU�5
LVVXHV� FRQWURO� DFWLRQ� &$� WKDW� LV� UHFHLYHG� E\� 3URFHVV 6�� $GGLWLRQDOO\� &RQWUROOHU� 4
LQIOXHQFHV�WKH�3URFHVV 6 GLUHFWO\�E\�WKH�PHDQV�RI�FRQWURO�DFWLRQV�&$� DQG�&$�� )HHGEDFN�
LV�QRW�H[SOLFLWO\�PRGHOOHG�LQ�WKLV�H[DPSOH�

�ŽŶƚƌŽůůĞƌ�Y

�ŽŶƚƌŽůůĞƌ�Z

WƌŽĐĞƐƐ�̂

��ϭ

��Ϯ

��ϯ͕
��ϰ

�ŝĂŐƌĂŵ�ϰ

�ŽŶƚƌŽůůĞƌ�Y

�ŽŶƚƌŽůůĞƌ�Z

WƌŽĐĞƐƐ�̂

��ϭ

��Ϯ

�ŝĂŐƌĂŵ�ϰĂ

�ŽŶƚƌŽůůĞƌ�Y

WƌŽĐĞƐƐ�̂

��ϯ͕
��ϰ

�ŝĂŐƌĂŵ�ϰď

)LJXUH��� 'LDJUDP��D�DQG��E�WRJHWKHU�GHVFULEH�H[DFWO\�WKH�VDPH�PRGHO�
DV�'LDJUDP�� RQ�WKH�OHIW VLGH��
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7DEOH�� OLVWV�WKH�DSSHDUDQFH�RI�HOHPHQWV�RQ�'LDJUDP�����D��DQG��E IURP )LJXUH����

�ŝĂŐƌĂŵ�ϰď
�ƉƉĞĂƌĂŶĐĞ�ŝŶ�&ŝŐƵƌĞ�ϰ

�ŽŶƚƌŽůůĞƌƐ͗
�ŽŶƚƌŽůůĞƌ�Y
�ŽŶƚƌŽůůĞƌ�Z

WƌŽĐĞƐƐ�^
�ŽŶƚƌŽůůĞĚ�WƌŽĐĞƐƐĞƐ͗

��ϭ
�ŽŶƚƌŽů��ĐƚŝŽŶƐ͗

&ĞĞĚďĂĐŬ͗

�ůĞŵĞŶƚ

zĞƐ
zĞƐ

zĞƐ

zĞƐ
zĞƐ
zĞƐ
zĞƐ

�ŝĂŐƌĂŵ�ϰ

��Ϯ
��ϯ
��ϰ

�ŝĂŐƌĂŵ�ϰĂ

zĞƐ
zĞƐ

zĞƐ

zĞƐ
zĞƐ
EŽ
EŽ

zĞƐ
EŽ

zĞƐ

EŽ
EŽ
zĞƐ
zĞƐ

7DEOH����$SSHDUDQFH�RI�HOHPHQWV�RQ�'LDJUDP�����D��DQG��E�RI�)LJXUH���

���� 5XOHVHW IRU�&RPSOHPHQWLQJ�9LHZV

7KH�UXOHV�LGHQWLILHG�IRU�WKLV�XVH�FDVH�DUH�VLPSOH�DQG VWUDLJKW�IRUZDUG��$�VXEVHW�RI�WKRVH�
UXOHV LV�SURYLGHG�LQ�WKH�IROORZLQJ�OLVW�

x 7KH�VDPH�FRQWUROOHU�PD\�DSSHDU�RQ�PXOWLSOH�GLDJUDPV�

x $�GLDJUDP�PD\�VKRZ RQO\�D�VXEVHW�RI�WKH�FRQWURO�DFWLRQV�JHQHUDWHG�UHFHLYHG�E\�D�
FRQWUROOHU�

x 673$� 6WHS� �� VKDOO EH� SHUIRUPHG� IRU� DOO� FRQWURO� DFWLRQV� UHJDUGOHVV� RI ZKLFK�
GLDJUDP�WKH\�DUH VKRZQ RQ�

x (YHU\� HOHPHQW� �FRQWUROOHU�� FRQWUROOHG� SURFHVV�� FRQWURO� DFWLRQ��RU� IHHGEDFN�� VKDOO
DSSHDU�RQ�RQH�GLDJUDP DW�OHDVW�

x «

:KLOH� WKLV� UDWKHU� EDVLF� XVH� FDVH� FDQ� EH� EHQHILFLDO� WR� WKH� DQDO\VW� LQ� FHUWDLQ�
FLUFXPVWDQFHV� LW� LV� DOVR� D� SUH�UHTXLVLWH� IRU� DOO� RWKHU� XVH� FDVHV� VXFK� DV� ³OHYHOV� RI�
DEVWUDFWLRQ´�DGGUHVVHG�LQ�WKH�IROORZLQJ�FKDSWHU�

�� /HYHOV�RI�$EVWUDFWLRQ

���� ,QWURGXFWLRQ WR�/HYHOV�RI�$EVWUDFWLRQ

7KH� PRWLYDWLRQ� WR� VXSSRUW� GLIIHUHQW� OHYHOV� RI� DEVWUDFWLRQ� ZKHQ� PRGHOOLQJ� WKH�
+LHUDUFKLFDO� &RQWURO� 6WUXFWXUH� KDV� DOUHDG\� EHHQ� ODLG� RXW� LQ� FKDSWHU ��� 7KLV� XVH� FDVH� LV�
EDVHG RQ�WKH�SUHPLVHV�WKDW�WZR�YLVXDO�UHSUHVHQWDWLRQV�RI�D�FRQWUROOHU�H[LVW�

x $�UHSUHVHQWDWLRQ WKDW VKRZV�WKH�FRQWUROOHUV�LQWHUDFWLRQ�ZLWK�LWV�HQYLURQPHQW��7KLV�
YLHZ�GRHVQ¶W�VKRZ�DQ\�LQWHUQDOV�RI�WKH�FRQWUROOHU� EXW�LW�LV�UHSUHVHQWHG�DV�D�EODFN
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IUDPH IURP�WKH�KLHUDUFKLFDO�FRQWURO�VWUXFWXUH�YLHZSRLQW���:H�UHIHU�WR�WKLV�W\SH�DV�
'��UHSUHVHQWDWLRQ���)LJXUH����FRQWUROOHUV�VKRZQ�RQ�WKH�OHIW GLDJUDP�

x $�UHSUHVHQWDWLRQ WKDW�VKRZV�WKH�LQWHUQDOV�RI�WKH�FRQWUROOHU��UHIHUUHG�WR�DV�'��
UHSUHVHQWDWLRQ�� ,Q� WKLV� UHSUHVHQWDWLRQ� WKH� GHFRPSRVHG� FRQWUROOHU� LV�
YLVXDOL]HG�DV�D� IUDPH��ZKLFK�DOORZV�UHILQLQJ� LW�ZLWK�QHZ�HOHPHQWV�DQG WKHLU�
FRQWURO�IORZ� �)LJXUH�� ³7UHDWPHQW�'HOLYHU\´�RQ�WKH�ULJKW�

7KH�H[DPSOH�VKRZQ�LQ�)LJXUH�� LV�EDVHG�RQ�>���@��7KH�H[DPSOH�VKRZV�WKH�'�� DQG�'��
UHSUHVHQWDWLRQV�RI�WKH�FRQWUROOHU�7UHDWPHQW�'HOLYHU\�

dƌĞĂƚŵĞŶƚ�&ĂĐŝůŝƚǇ

dƌĞĂƚŵĞŶƚ��ĞĨŝŶŝƚŝŽŶ

Y��ƌĞƐƵůƚƐ͕
WŚǇƐŝŽŐŶŽŵǇ�ĐŚĂŶŐĞƐ

KƉĞƌĂƚŽƌƐ

DĞĚŝĐĂů�dĞĂŵ

^ƉĞĐŝĨǇ�dŚĞƌĂƉĞƵƚŝĐ
ZĞƋƵŝƌĞŵĞŶƚƐ

Y��ƌĞƐƵůƚƐ

^ƉĞĐŝĨǇ
/ƌƌĂĚŝĂƚŝŽŶ

dƌ
ĞĂ
ƚŵ

ĞŶ
ƚ��

Ğů
ŝǀ
Ğƌ
Ǉ

�ƌĞĂƚĞ�ĂŶĚ�ĚĞůŝǀĞƌ�ďĞĂŵ

WĂƚŝĞŶƚ�dƌĞĂƚŵĞŶƚ

dƌĞĂƚŵĞŶƚ��ĞĨŝŶŝƚŝŽŶ

dƌĞĂƚŵĞŶƚ��ĞůŝǀĞƌǇ

�ĞĨŝŶĞ�dƌĞĂƚŵĞŶƚ

Y��ƌĞƐƵůƚƐ͕
WŚǇƐŝŽŐŶŽŵǇ�ĐŚĂŶŐĞƐ

WĂƚŝĞŶƚ�ǁĞůůͲďĞŝŶŐ͕
WŚǇƐŝŽŐŶŽŵǇ�ĐŚĂŶŐĞƐ

WƌĞƉĂƌĞ�ƉĂƚŝĞŶƚ͕
�ƌĞĂƚĞ�ĂŶĚ�ĚĞůŝǀĞƌ�ďĞĂŵ

,ĞĂůƚŚ�ŽƵƚĐŽŵĞ

WĂƚŝĞŶƚ�ǁĞůůͲďĞŝŶŐ͕
WŚǇƐŝŽŐŶŽŵǇ�ĐŚĂŶŐĞƐ

WƌĞƉĂƌĞ�ƉĂƚŝĞŶƚ

WĂƚŝĞŶƚ�dƌĞĂƚŵĞŶƚ

,ĞĂůƚŚ�ŽƵƚĐŽŵĞ

)LJXUH��� $Q�H[DPSOH�EDVHG�RQ� >���@ VKRZLQJ� WZR� OHYHOV�RI�DEVWUDFWLRQ�
RI� WKH� FRQWUROOHU� ³7UHDWPHQW� 'HOLYHU\´� DQG� WKH� FRQWURO� DFWLRQ� ³'HILQH�
7UHDWPHQW´�� 7KH� VWUXFWXUH� VKRZQ� RQ� WKH� ULJKW� VKRZV� WKH LQWHUQDOV� RI�
³7UHDWPHQW� 'HOLYHU\´�� )XUWKHUPRUH�� RQ� WKLV� VLGH WKH� FRQWURO� DFWLRQ�
³'HILQH� 7UHDWPHQW´� LV� UHILQHG� LQWR� ³6SHFLI\ ,UUDGLDWLRQ´� DQG� ³6SHFLI\�
7KHUDSHXWLF�5HTXLUHPHQWV´�

:KLOH�WKH�OHIW�GLDJUDP�RI�)LJXUH�� GLVSOD\V�WKH�FRQWUROOHU�7UHDWPHQW�'HOLYHU\ DV�D�
VLQJOH�XQLW��'��UHSUHVHQWDWLRQ���WKH�ULJKW�GLDJUDP�GLVSOD\V�WKH�LQWHUQDO� GHWDLOV RI�WKH�
7UHDWPHQW� 'HOLYHU\ �'��UHSUHVHQWDWLRQ��´� 7KHVH LQWHUQDOV DUH�� 0HGLFDO� 7HDP��
2SHUDWRUV��DQG�7UHDWPHQW�)DFLOLW\��:KLOH�WKH�FRQWURO�DFWLRQV 3UHSDUH�SDWLHQW� DQG�&UHDWH�
DQG� GHOLYHU� EHDP DUH� LVVXHG� E\� WKH� FRQWUROOHU�7UHDWPHQW�'HOLYHU\ RQ� WKH� OHIW�� WKH\� DUH�
LVVXHG�E\�7UHDWPHQW�)DFLOLW\��UHVSHFWLYHO\�E\�WKH�0HGLFDO�7HDP RQ�WKH�ULJKW�

7KH�FRQFHSW�RI�UHILQHPHQW�GRHV�QRW�RQO\�DSSO\�WR�FRQWUROOHUV��EXW�DOVR�WR�FRQWURO�DFWLRQV�
DQG�IHHGEDFN��)RU�H[DPSOH��WKH�OHIW�GLDJUDP�RI�)LJXUH�� VKRZV�WKH�FRQWURO�DFWLRQ�'HILQH�
7UHDWPHQW��7KLV�FRQWURO�DFWLRQ�LV�QRW�VKRZQ�LQ�WKH�ULJKW�GLDJUDP� EXW�LW�LV�UHSUHVHQWHG�E\�
6SHFLI\� ,UUDGLDWLRQ DQG� 6SHFLI\� 7KHUDSHXWLF� 5HTXLUHPHQWV�� $Q� RYHUYLHZ� DERXW� WKH�
UHILQHPHQW� DQG� UHODWLRQVKLS� EHWZHHQ� FRQWUROOHUV�� FRQWURO� DFWLRQV�� DQG IHHGEDFN� LV� JLYHQ�
EHORZ�LQ 7DEOH���

� ,QWHUQDOV�OLNH�WKH�SURFHVV�PRGHO��ZKLFK�WKH�FRQWUROOHU�QDWXUDOO\�FRQWDLQ DUH�W\SLFDOO\�QRW�VKRZQ�JUDSKLFDOO\�
RQ�WKH�KLHUDUFKLFDO�FRQWURO�VWUXFWXUH GLDJUDP�
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�ƉƉĞĂƌĂŶĐĞ�ŽŶ�&ŝŐƵƌĞ�ϱ

�ŽŶƚƌŽůůĞƌƐ͗
dƌĞĂƚŵĞŶƚ��ĞĨŝŶŝƚŝŽŶ
dƌĞĂƚŵĞŶƚ��ĞůŝǀĞƌǇ

DĞĚŝĐĂů�dĞĂŵ
KƉĞƌĂƚŽƌƐ
dƌĞĂƚŵĞŶƚ�&ĂĐŝůŝƚǇ

WĂƚŝĞŶƚ�dƌĞĂƚŵĞŶƚ
�ŽŶƚƌŽůůĞĚ�WƌŽĐĞƐƐĞƐ͗

�ĞĨŝŶĞ�dƌĞĂƚŵĞŶƚ
�ŽŶƚƌŽů��ĐƚŝŽŶƐ͗

WƌĞƉĂƌĞ�ƉĂƚŝĞŶƚ
�ƌĞĂƚĞ�ĂŶĚ�ĚĞůŝǀĞƌ�ďĞĂŵ

^ƉĞĐŝĨǇ�/ƌƌĂĚŝĂƚŝŽŶ
^ƉĞĐŝĨǇ�dŚĞƌĂƉĞƵƚŝĐ�ZĞƋƵŝƌĞŵĞŶƚƐ

&ĞĞĚďĂĐŬ͗
Y��ƌĞƐƵůƚƐ
WŚǇƐŝŽŐŶŽŵǇ�ĐŚĂŶŐĞƐ
WĂƚŝĞŶƚ�ǁĞůůͲďĞŝŶŐ
WŚǇƐŝŽŐŶŽŵǇ�ĐŚĂŶŐĞƐ
,ĞĂůƚŚ�ŽƵƚĐŽŵĞ

WĂƌĞŶƚ�ĞůĞŵĞŶƚ �ŚŝůĚ�ĞůĞŵĞŶƚ
�ůĞŵĞŶƚ

ZŝŐŚƚ�ĚŝĂŐƌĂŵ

zĞƐ zĞƐ
zĞƐ �Ɛ�ĨƌĂŵĞ
EŽ zĞƐ
EŽ zĞƐ
EŽ zĞƐ

zĞƐ zĞƐ

zĞƐ EŽ
EŽ zĞƐ
EŽ zĞƐ
zĞƐ zĞƐ
zĞƐ zĞƐ

zĞƐ zĞƐΎ
zĞƐ zĞƐ
zĞƐ zĞƐ
zĞƐ zĞƐ
zĞƐ zĞƐ

>ĞĨƚ�ĚŝĂŐƌĂŵ
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7DEOH����$SSHDUDQFH�RI�HOHPHQWV�LQ�)LJXUH���

���� 5XOHVHW IRU�/HYHOV�RI�$EVWUDFWLRQ

$OVR� IRU� WKH�XVH�FDVH�³/HYHOV�RI�$EVWUDFWLRQ´� D� VHW�RI� UXOHV KDV�EHHQ LGHQWLILHG��)RU�
H[DPSOH� WKH�IROORZLQJ�SDLU�RI�UXOHV�

x $�IHHGEDFN�PD\�KDYH�PXOWLSOH�VLQNV�

x ,I� D� IHHGEDFN� KDV� PXOWLSOH� VLQNV�� WKH\� PXVW� EH� UHODWHG� WR� HDFK� RWKHU� E\� D�
SDUHQW�FKLOG�UHODWLRQVKLS�

7KHVH�WZR�UXOHV�DSSO\�WR�WKH�IHHGEDFN�3DWLHQW�ZHOO�EHLQJ RI�)LJXUH����7KH�VLQN�RI�WKLV�
IHHGEDFN� LV� WKH� FRQWUROOHU� 7UHDWPHQW� 'HOLYHU\ �OHIW� GLDJUDP�� UHVSHFWLYHO\�� EXW� PRUH�
SUHFLVHO\� WKH� FRQWUROOHU� 0HGLFDO� 7HDP �ULJKW� GLDJUDP� LV� UHODWHG� E\� D� SDUHQW�FKLOG�
UHODWLRQVKLS�ZLWK�7UHDWPHQW�'HOLYHU\�

�� &RQFOXVLRQ�DQG�2XWORRN

:KLOH� WKH� UXOHVHWV� IRU� WKH� LQGLYLGXDO� XVH� FDVHV� KDYH� EHHQ� GHULYHG� DQG� D� VXFFHVVIXO�
SUHOLPLQDU\�YHULILFDWLRQ�RI�WKHP�ZDV FRQGXFWHG��WKH�FRQVROLGDWLRQ�RI�WKH�UXOHV�LV�VWLOO�ZRUN�
LQ�SURJUHVV��

:H�EHOLHYH� WKH� FRQFHSW�GHVFULEHG� LQ� WKLV�SDSHU� LV�HVSHFLDOO\�XVHIXO�ZKHQ�DQ�DQDO\VLV�
VKDOO� GLYH� LQWR� WKH� GHWDLOV� RI� D� V\VWHP�� 0DNLQJ� VXUH� WR� FRPSO\� ZLWK� WKH� UXOHVHW� DQG�
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FRQVWUDLQWV� LQYROYHV� VRPH� HIIRUW�� KRZHYHU��ZH� EHOLHYH� WKLV� HIIRUW� LV� KLJKO\� DXWRPDWDEOH�
WKURXJK�VRIWZDUH�WRROV�DQG�GRHV�WKHUHIRUH�QRW�QHFHVVDULO\�UHVXOW� LQ�VXEVWDQWLDO�DGGLWLRQDO�
ZRUNORDG�IRU�WKH�DQDO\VW��1HYHUWKHOHVV��WKH�DQDO\VW�KDV�WR�XQGHUVWDQG�WKH�EDVLF�FRQFHSW�RI�
PRGHOOLQJ�+&6�ZLWK�PXOWLSOH�GLDJUDPV��

7KH� UXOHVHW� DQG� FRQVWUDLQWV� DOORZLQJ� FRPSOHPHQWLQJ� YLHZV� KDYH� VXFFHVVIXOO\� EHHQ�
LPSOHPHQWHG�LQ�D�673$�VRIWZDUH�WRRO >��@� ,Q�D�QH[W�VWHS��WKH�SURSRVHG�FRQFHSW�ZLOO�EH�
DSSOLHG�IURP�WKH�VWDUW�RI�DQ�DQDO\VLV�SURMHFW�ZLWK�673$�

$FNQRZOHGJPHQWV

7KLV�ZRUN�ZDV�FRQGXFWHG�ZLWKLQ�UHVHDUFK�SURMHFWV�VXSSRUWHG�E\�WKH�6ZLVV�&RPPLVVLRQ�
IRU�7HFKQRORJ\� DQG� ,QQRYDWLRQ� �SURMHFW� JUDQW� QXPEHU� �������� 3),:�,:�� >��@�� DQG� E\�
(XURVWDUV� �SURMHFW� ,'� ��� ����� >��@���7KH� FRQFHSW� GHVFULEHG� LQ� WKLV� SDSHU� IRUPHG� D� WDON�
SUHVHQWHG� DW� WKH� �WK (XURSHDQ� 67$03�673$�:RUNVKRS� DQG� &RQIHUHQFH� LQ� 5H\NMDYtN��
,FHODQG�LQ�6HSWHPEHU������ >������@
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