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$EVWUDFW��7KH�SDSHU�SURSRVHV�D�WHFKQLTXH�WKDW�DOORZV�UHSUHVHQWLQJ�GHVLJQ�SDWWHUQV�LQ
D� ZD\� VXLWDEOH� IRU� GHVLJQ� RI� DQ� DSSOLFDWLRQ�� 7KH� SDSHU� DQDO\VHV� WZR� LPSRUWDQW
DVSHFWV�RI�GHVLJQ�SDWWHUQV�QDPHO\�WKHLU�OHYHOV�RI�DEVWUDFWLRQ�DQG�JHQHUDOLW\��:H�DLP
DW�LGHQWLI\LQJ�WKHLU�GLIIHUHQFH�DQG�FRQVHTXHQWO\��DW�SURSRVLQJ�D�ZD\�WR�H[SUHVV�WKHP�
0RUHRYHU�� WKH� UROH� RI� DEVWUDFWLQJ� DQG� JHQHUDOLVLQJ� LQ� WKH� GHVLJQ� SURFHVV� LV� PRUH
SUHFLVHO\� UHFRJQLVHG�� :H� SURSRVH� WR� GHVFULEH� �VRPH� HVVHQWLDO� DVSHFWV� RI�� GHVLJQ
SDWWHUQV� LQ� D� VSDFH� ZLWK� WZR� GLPHQVLRQV�� DEVWUDFWLRQ� DQG� JHQHUDOLW\�� 1H[W�� ZH
GHVFULEH�D�WHFKQLTXH�RI�PRGHOOLQJ�GHVLJQ�SDWWHUQV�E\�PHDQV�RI�GHVFULSWLRQ�VFKHPDWD
DW� D� PHWDOHYHO�� $� PHWDVFKHPD� UHSUHVHQWV� SDWWHUQ� UHOHYDQW� HOHPHQWV� DQG� WKHLU
UHODWLRQV�� $OVR�� FRQVWUDLQWV� DUH� LQWURGXFHG� WKDW� UHVWULFW� WKH� SRVVLEOH� VWUXFWXUH� RI
SDWWHUQ�LQVWDQFHV�

����,QWURGXFWLRQ
'HVLJQ�SDWWHUQV�DUH�D�WHFKQLTXH�HQYLVDJHG�WR�VXSSRUW�GHYHORSPHQW�DQG�PDLQWHQDQFH�RI�VRIW�
ZDUH�V\VWHPV��7KH\�KHOS�UHGXFH� WKH�FRPSOH[LW\�RI�VROYLQJ�PDQ\� UHDO�OLIH�SUREOHPV��7KXV
WKH\� DUH� HVVHQWLDOO\� DEVWUDFWLRQV� RI� FRQFUHWH� GHVLJQ� VWHSV� ZKLFK� SUHVXPDEO\� EHORQJ� WR
ZHDOWK�RI�GHVLJQ�H[SHULHQFH�DFFXPXODWHG�E\�WKH�SUDFWLWLRQHUV�RI�WKH�ILHOG��7KH\�FRQVWLWXWH�D
VHW� RI� UXOHV� GHVFULELQJ� KRZ� WR� DFFRPSOLVK� FHUWDLQ� WDVNV� LQ� WKH� UHDOP� RI� VRIWZDUH
GHYHORSPHQW� >��@��7KH�SXUSRVH�RI�DEVWUDFWLQJ� LV� WR�KLGH�PDQ\�XQHVVHQWLDO�GHWDLOV� WKDW�DUH
QHFHVVDULO\� LQYROYHG� LQ� HODERUDWLQJ� DQG� VXEVHTXHQWO\� LPSOHPHQWLQJ� DQ\� GHVLJQ�� 0HUH
DEVWUDFWLQJ�� KRZHYHU�� \LHOGV� RQO\� D� KLJK� OHYHO� DEVWUDFW� GHVFULSWLRQ� RI� D� VSHFLILF� GRPDLQ
VROXWLRQ� ZLWK� ORZ�OHYHO� GHFLVLRQV� DQG� LPSOHPHQWDWLRQ� GHWDLOV� DEVWUDFWHG� DZD\�� 2QFH� ZH
KDYH�WKLV��ZH�ZDQW�PRUH��:H�ZDQW�WKH�GHVLJQ�SDWWHUQ��ZKLFK�KDV�SURYHQ�WR�EH�D�VXFFHVVIXO
VROXWLRQ�WR�RQH�VSHFLILF�SUREOHP�LQ�RQH�DSSOLFDWLRQ�GRPDLQ�WR�EH�XVHIXO�IRU�RWKHU�SUREOHPV
DQG�SRVVLEO\�LQ�RWKHU�GRPDLQV��WRR��,Q�RWKHU�ZRUGV��ZH�QHHG�WKH�GHVLJQ�SDWWHUQ�WR�EH�JHQHUDO
DV�ZHOO��7KHVH� WZR� DVSHFWV�� YL]�� DEVWUDFWLRQ� DQG� JHQHUDOLW\�RIWHQ� OHDG� WR�PXFK� FRQIXVLRQ�
:H� EHOLHYH� WKH� LVVXH� LV�ZRUWK� GLVFXVVLQJ� IURP�PDQ\� SRLQWV� RI� YLHZ�� ZLWK� RQH� SDUWLFXODU
EHLQJ�GHVLJQ�SDWWHUQ�IRUPXODWLRQ�DQG�UHSUHVHQWDWLRQ�

7KH� XVXDO� ZD\� RI� IRUPXODWLQJ� GHVLJQ� SDWWHUQV� �FI��� >�@�� UHOLHV� RQ� D� FRPELQDWLRQ� RI
GLDJUDPPDWLF� GHVFULSWLRQ� RI� VRPH� DVSHFWV� RI� WKH� SDWWHUQ
V� VWUXFWXUH� DQG� RQ� D� WH[WXDO
GHVFULSWLRQ�RUJDQLVHG�LQWR�D�ORRVH�VWUXFWXUH��)RU�D�XVHU�ZKR�ZLVKHV�WR�OHDUQ�WKH�HVVHQFH�RI
WKH�SDUWLFXODU�GHVLJQ� SDWWHUQ�� WKLV� VHHPV� WR� EH� ±� DW� OHDVW� DFFRUGLQJ� WR� WKH� FXUUHQW� VWDWH� RI
GHYHORSPHQW�RI�WKH�GLVFLSOLQH�±�D�VDWLVI\LQJ�ZD\�RI�IRUPXODWLRQ�

)URP�DQRWKHU�SRLQW�RI�YLHZ��LW�FDQQRW�VHUYH�DV�D�EDVLV�IRU�D�PHFKDQLFDO�PDQLSXODWLRQ�RI
VRIWZDUH�GHVLJQ�GRFXPHQWDWLRQ��6RIWZDUH�GHVLJQ�LV�XQGRXEWHGO\�RQH�RI�WKH�FUXFLDO�SKDVHV�RI



VRIWZDUH� GHYHORSPHQW�� )RU� WKH� DFWXDO� GHVLJQ�� LW� LV� LPSRUWDQW� WR�PDNH� XVH� RI� DV�PXFK� RI
VWDQGDUGLVHG� GHVLJQ� NQRZOHGJH� �HPERG\LQJ� YHULILHG� H[SHULHQFH�� DV� SRVVLEOH�� EHFDXVH
LGHDOO\�� LW� ZRXOG� GHFUHDVH� FRVW� RI� DQG� LQFUHDVH� FRQILGHQFH� LQ� WKH� GHVLJQHG� VRIWZDUH�� )RU
VRIWZDUH� PDLQWHQDQFH�� GRFXPHQWDWLRQ� DERXW� GHVLJQ� GHFLVLRQV� FDQ� EH� YHU\� XVHIXO�� )RU
VRIWZDUH� V\VWHP� UHYHUVH� HQJLQHHULQJ�� UHFRUGHG� WUDFHV� RI� GHVLJQ� SDWWHUQV� DSSOLHG� LQ� WKH
RULJLQDO� GHVLJQ� ZRXOG� PDNH� WKH� MRE� HDVLHU�� )RU� VRIWZDUH� V\VWHP� UHHQJLQHHULQJ�� VLPLODU
FRQVLGHUDWLRQ�LV�YDOLG�

%HFDXVH�GHVLJQ�SDWWHUQ�LV�D�TXLWH�FRPSOH[�QRWLRQ�� WR�GHYLVH�D�ZD\�WR�UHSUHVHQW� WKHP�LV
QRW� D� VWUDLJKWIRUZDUG� WDVN� DW� DOO��:H� ZDQW� WR� FRQFHQWUDWH� RQ� WKRVH� DVSHFWV� WKDW� ZH� ILQG
HVSHFLDOO\�LPSRUWDQW�IURP�WKH�DERYH�RXWOLQHG�SRLQW�RI�YLHZ��'HVLJQ�SDWWHUQV��ZKHQ�DSSOLHG
LQ� WKH� GHVLJQ� SURFHVV�� DUH� LQYROYHG� LQ� D� VHULHV� RI� WUDQVIRUPDWLRQ� VWHSV�� ,Q� WKH
WUDQVIRUPDWLRQV�� WKH�GHVLJQ�XQGHUJRHV� FKDQJHV�±� DPRQJ�RWKHU� WKLQJV� ±� DFURVV� D� VHULHV� RI
DEVWUDFWLRQ�DQG�JHQHUDOLW\� OD\HUV��:H�ZDQW� WR� VXSSRUW� WKHVH� WUDQVIRUPDWLRQV�E\�RIIHULQJ�D
VXLWDEOH�UHSUHVHQWDWLRQ�RI�WKH�UHOHYDQW�DVSHFWV�RI�GHVLJQ�SDWWHUQV�

:H�QRWH� WKHUH� DUH� RWKHU� LQWHUHVWLQJ� DVSHFWV� RI� GHVLJQ� SDWWHUQV�� VXFK� DV� WKHLU� VWUXFWXUDO
OHYHO� �H�J��� FRPSRQHQWV�� IUDPHZRUNV�� SDWWHUQV�� DQG� DUFKLWHFWXUHV�� RU� DQ� XQGHUO\LQJ
SURJUDPPLQJ�SDUDGLJP�

7KH�UHVW�RI�WKH�SDSHU�LV�VWUXFWXUHG�DV�IROORZV��,Q�6HFWLRQ����ZH�LQWURGXFH�VKRUWO\�GHVLJQ
SDWWHUQV� DV� SUHVHQWHG� LQ� D� NQRZQ� FDWDORJXH� >�@�� ,Q�6HFWLRQ� ���ZH� GLVFXVV� VRPH� SUREOHPV
ZLWK� GHVLJQ� SDWWHUQ� UHSUHVHQWDWLRQ�� ,Q� 6HFWLRQ� ���ZH� GHVFULEH� WKH� WHFKQLTXH� RI�PRGHOOLQJ
GHVLJQ�SDWWHUQV�E\�PHDQV�RI�DQ�H[DPSOH��,Q�6HFWLRQ����UHODWHG�ZRUN�LV�JLYHQ��:H�FRQFOXGH
ZLWK�VXJJHVWLRQV�IRU�IXWXUH�ZRUN�

����&DWDORJXH�RI�'HVLJQ�3DWWHUQ
'HVLJQ� SDWWHUQV� FDSWXUH� H[SHUWLVH� RI� GHVLJQHUV�� 7KH\� GHVFULEH� FRPPRQO\� UHFXUULQJ
VWUXFWXUHV� RI� FRPPXQLFDWLQJ� FRPSRQHQWV� WKDW� VROYH� JHQHUDO� GHVLJQ� SUREOHPV� ZLWKLQ
SDUWLFXODU�FRQWH[W�>�@��3DWWHUQV�SURYLGH�VROXWLRQV�WKDW�KDYH�EHHQ�GHYHORSHG�DQG�HYROYHG�RYHU
WLPH�DQG�DUH�SURYHQ�WR�EH�XVHIXO�LQ�GHVLJQ�RI�VHYHUDO�V\VWHPV��'HVLJQ�SDWWHUQV�DUH�SUHVHQWHG
LQ�D�IL[HG�IRUPDW��3DWWHUQ�QDPH��FRQWH[W��SUREOHP��VROXWLRQ��DORQJ�ZLWK�H[DPSOH��VWUXFWXUH�
G\QDPLFV�� LPSOHPHQWDWLRQ��YDULDQW�� NQRZQ�XVHV�� FRQVHTXHQFHV�� DQG� D� UHIHUHQFH� WR� UHODWHG
SDWWHUQV� DUH� WKH� VHFWLRQV� XVHG� IRU� SDWWHUQ� IRUPXODWLRQ� LQ�*R)� FDWDORJXH� >�@��(DFK� SDWWHUQ
RFFXSLHV� VHYHUDO� SDJHV� RI� QDWXUDO� ODQJXDJH� GHVFULSWLRQV� DFFRPSDQLHG� E\� GLDJUDPV� DQG
VRXUFH�FRGH�VDPSOHV�

$V� DQ� H[DPSOH� WKDW�ZLOO� EH� XVHG� WKURXJKRXW� WKH� SDSHU��ZH� VKRZ� WKH�$EVWUDFW� )DFWRU\
GHVLJQ�SDWWHUQ�>�@��0DLQ�JRDO�RI�WKH�$EVWUDFW�)DFWRU\�SDWWHUQ�LV�WR�SURYLGH�DQ�LQWHUIDFH�IRU
FUHDWLQJ�IDPLOLHV�RI�UHODWHG�RU�GHSHQGHQW�REMHFWV�ZLWKRXW�VSHFLI\LQJ�WKHLU�FRQFUHWH�FODVVHV�

,Q� WKH� FDWDORJXH�� FRQYHQWLRQDO� QRWDWLRQV� OLNH� 207� FODVV� GLDJUDPV� >��@� DUH� XVHG� WR
GHVFULEH� VWDWLF� VWUXFWXUH�RI�SDWWHUQ�SDUWLFLSDQWV��&ODVV� GLDJUDP� H[SUHVVLQJ� WKH� VWUXFWXUH� RI
WKH�$EVWUDFW�)DFWRU\�SDWWHUQ�LV�VKRZQ�LQ�)LJXUH���

�$OWHUQDWLYHO\� WR� FODVV� GLDJUDPV�� REMHFW� GLDJUDPV� DQG� REMHFW� LQWHUDFWLRQ� GLDJUDPV� KHOS
H[SODLQ�SDWWHUQ¶V� UXQ�WLPH�EHKDYLRXU��%\�XVLQJ� WKHVH� VWDQGDUG�QRWDWLRQV� WR�EHWWHU� UHYHDO� D
SDWWHUQ��VRPH�W\SLFDO�SDWWHUQ�FRQVWUXFWV�FDQQRW�EH�H[SUHVVHG�FRPSOHWHO\�RU�XQDPELJXRXVO\�
$�SDWWHUQ�FDQ�KDYH�IRU�H[DPSOH�PXOWLSOH�RFFXUUHQFH�RI�D�SDUWLFXODU�FRPSRQHQW�EXW�WKLV�IDFW
LV�QRW�LQGLFDWHG�LQ�WKH�FODVV�GLDJUDP��)RU�H[DPSOH��WKH�QXPEHU�RI�&RQFUHWH)DFWRU\V�LV
WZR� LQ� WKH� FODVV� GLDJUDP� LQ� )LJXUH��� EXW� WKH� FDWDORJXH� DVVXPHV� WKDW� WKH� SDWWHUQ� LQ� IDFW
DOORZV�WKH�QXPEHU�RI�&RQFUHWH)DFWRU\V�WR�EH�³DQ\´�

7KH�PDLQ� GLIILFXOW\� FDXVLQJ� WKDW� FODVV� GLDJUDPV� DUH� XQDEOH� WR� H[SUHVV� GHVLJQ� SDWWHUQV
DSSURSULDWHO\� DQG� VXIILFLHQWO\� LV� WKDW� FODVV� GLDJUDPV� DUH� PHDQW� WR� PRGHO� WKH� VSHFLILF
VWUXFWXUH� RI� FODVVHV� WKDW� UHVXOWV� LQ� FRQFUHWH� SURJUDP��3DWWHUQV� DUH� GHVFULSWLRQV� RI� D� VHW� RI



SRVVLEOH� VWUXFWXUHV�� L�H�� WKH\� PD\� UHVXOW� LQ� PDQ\� SRVVLEOH� VWUXFWXUHV�� 7KH� ODFN� RI� FODVV
GLDJUDP¶V� H[SUHVVLYHQHVV� LV� LQ� WKH� FDWDORJXH� VXEVWLWXWHG� E\� JLYLQJ� H[DPSOHV�� E\� FRGH
VDPSOHV�� DQG� E\� LQIRUPDO� WH[WXDO� GHVFULSWLRQV�� 7KH� SDWWHUQ� UHDGHU� LV� H[SHFWHG� WR� UHWULHYH
SDWWHUQ� HVVHQFH� QRW� RQO\� IURP� WKH� SDWWHUQ� VWUXFWXUH� EXW� DOVR� IURP� RWKHU� SDUWV�� :H� DUH
SHUVXDGHG� D� UHSUHVHQWDWLRQ� WKDW� H[SUHVVHV� GHVLJQ� SDWWHUQ� HVVHQFH� PRUH� DSSURSULDWHO\� LV
QHFHVVDU\��6HYHUDO�HIIRUWV�WR�IRUPDOL]H�SDWWHUQV�WKDW�KDYH�EHHQ�PDGH�UHFHQWO\�>�@��>�@��>�@�
>�@�UHIOHFW�WKLV�QHFHVVLW\�DV�ZHOO�

����'HVLJQ�3DWWHUQ�6SDFH
%HIRUH� DWWHPSWLQJ� WR� SURSRVH� SDWWHUQ� UHSUHVHQWDWLRQ�� ZH� H[DPLQH� WKH� QDWXUH� RI� GHVLJQ
SDWWHUQV�ZLWK�UHVSHFW�WR�DEVWUDFWLRQ�DQG�JHQHUDOLVDWLRQ�

,Q� WKH� YDVW� OLWHUDWXUH� RQ� GHVLJQ� SDWWHUQV�� RQH� FDQ� ILQG� DPELJXRXV� MXGJHPHQWV� RQ� WKHLU
SURSHUWLHV��,Q�>�@��GHVLJQ�SDWWHUQV�DUH�UHJDUGHG�WR�EH�DEVWUDFWLRQV�RYHU�SURJUDPV��,Q�>�@��WKH
QRWLRQV�RI�DEVWUDFWLRQ�DQG�JHQHUDOLVDWLRQ�KDYH�EHHQ�FRQIXVHG��DV�LV�DSSDUHQW�IURP�WKH�TXRWH
�WKH� VROXWLRQ�PD\�EH�JHQHUDOLVHG� LQWR�DQ� DEVWUDFWLRQ´��2EYLRXVO\�� UHVXOW�RI� WKH�SURFHVV�RI
JHQHUDOLVLQJ�LV�D�JHQHUDOLVDWLRQ��6LPLODUO\��DEVWUDFWLQJ�UHVXOWV�LQ�D�KLJKHU�DEVWUDFWLRQ�

2EMHFW�RULHQWHG�GHVLJQ�SDWWHUQV�DUH�DEVWUDFWLRQV�DERYH�WKH�FODVV�OHYHO��1RWLRQ�RI�GHVLJQ
SDWWHUQV� DOORZV� XV� WR� YLHZ� FROODERUDWLQJ� FODVVHV� DV� D� XQLW� ZLWK� NQRZQ� VWUXFWXUH� DQG
EHKDYLRXU�� 3DWWHUQ� H[LVWV� DW� GLIIHUHQW� DEVWUDFWLRQ� OHYHOV� LQ� VRIWZDUH� GHYHORSPHQW�� ,Q� WKH
HDUOLHU� GHYHORSPHQW� VWDJHV�� SDUWLFLSDWLQJ� FODVVHV� DQG� WKHLU� UHODWLRQV� DUH� JLYHQ�� /DWHU�� WKH
DEVWUDFWLRQ�OHYHO�GHVFHQGV�IXUWKHU�E\�DGGLQJ�PRUH�GHWDLOV�WR�SDWWHUQ�SDUWLFLSDQWV��$�SRVVLEOH
GLIIHUHQWLDWLRQ� EHWZHHQ� DEVWUDFW� DQG� FRQFUHWH� SDWWHUQV� PD\� EH� WKDW� WKH� ODWWHU� DUH
LPSOHPHQWDWLRQV�RI�WKH�IRUPHU��$�SDWWHUQ�LV�EHFRPLQJ�PRUH�FRQFUHWH�LI�LW�LQFOXGHV�PHWKRGV
WKDW�DUH�QRW�RQO\�DEVWUDFW�� L�H��VSHFLILHG�EXW�ZLWKRXW�D�ERG\�ZLWK�D�SURJUDP�FRGH��EXW�DOVR
LPSOHPHQWHG�L�H���FRQFUHWH�

+RZHYHU�� WKHUH� DUH� DOVR� DVSHFWV� RI� GHVLJQ� SDWWHUQV� WKDW� DUH� PRUH� DSSURSULDWHO\
XQGHUVWRRG�ZKHQ�EURXJKW� LQWR�FRUUHVSRQGHQFH�ZLWK�WKH�JHQHUDOLW\�GLPHQVLRQ��2QH�ZD\�RI
VSHFLDOLVLQJ� WKH� GHVLJQ� SDWWHUQ� LV� WKURXJK� UHQDPLQJ� WKH� JHQHUDO� SDWWHUQ� HOHPHQWV� E\
DSSOLFDWLRQ�VSHFLILF�RQHV��7KLV�UHVXOWV�LQ�D�GRPDLQ�VSHFLILF�GHVLJQ�SDWWHUQ��:KHQ�WKHUH�LV�QR
UHFRUG�DERXW�SDWWHUQ�SUHVHQFH�DQG�DERXW�UROHV�SOD\HG�E\�SDUWLFXODU�FODVVHV�RU�PHWKRGV�LQ�D
SDWWHUQ�� SDWWHUQ�PDLQWHQDQFH� LQ� VRIWZDUH� GHYHORSPHQW� LV� GLIILFXOW� >�@� RU� HYHQ� LPSRVVLEOH�
7KH�VLWXDWLRQ�LV�IXUWKHU�FRPSOLFDWHG�E\�WKH�IDFW�WKDW�IUHTXHQWO\��VHYHUDO�SDWWHUQV�DUH�XVHG�LQ
GHVLJQLQJ�D�V\VWHP��+RZ�WR�FRPELQH�WKHLU�DSSOLFDWLRQ�LQ�D�V\VWHPDWLF�ZD\�LV�DQ�LPSRUWDQW
UHODWHG�LVVXH��+RZHYHU��ZH�VKDOO�QRW�LQYHVWLJDWH�LW�LQ�WKLV�SDSHU�

)LJXUH����&ODVV�GLDJUDP�H[SUHVVLQJ�WKH�VWUXFWXUH�RI�$EVWUDFW�)DFWRU\�SDWWHUQ

$EVWUDFW3URGXFW$

$EVWUDFW3URGXFW%

&RQFUHWH3URGXFW%�&RQFUHWH3URGXFW%�

&RQFUHWH3URGXFW$�&RQFUHWH3URGXFW$�

&OLHQW

&RQFUHWH)DFWRU\�
&UHDWH3URGXFW$��
&UHDWH3URGXFW%��

&RQFUHWH)DFWRU\�
&UHDWH3URGXFW$��
&UHDWH3URGXFW%��

$EVWUDFW)DFWRU\
&UHDWH3URGXFW$��
&UHDWH3URGXFW%��

LQKHULWV
FUHDWHV
UHIHUHQFHV



$QRWKHU� ZD\� RI� VSHFLDOLVLQJ� JHQHUDO� SDWWHUQ� VWUXFWXUH� LV� E\� JLYLQJ� YDOXHV� WR� SDWWHUQ
SDUDPHWHUV��3DWWHUQ� SDUDPHWHUV� DUH� WKRVH� SDUWV� RI� SDWWHUQ� VWUXFWXUH� WKDW� DUH� OHIW� IOH[LEOH�
5HIHUULQJ� WR� RXU� VDPSOH� SDWWHUQ�� WKHUH� FDQ� EH� VHYHUDO� &RQFUHWH)DFWRU\V�� 1XPEHU� RI
&RQFUHWH)DFWRU\V�LV�WKH�SDUDPHWHU�RI� WKH�SDWWHUQ�ZKLFK�LV�VXSSRVHG�WR�EH��DQ\��DW� WKH
JHQHUDO� OHYHO�� DQG�ZKLFK� FDQ� EH� VSHFLDOLVHG� IRU� H[DPSOH� WR� WKH� YDOXH� RI� WZR� DW� WKH� QH[W
ORZHU� OHYHO� RI� VSHFLDOLVDWLRQ�� 2XU� UHFRJQLWLRQ� RI� WKH� H[SOLFLW� UROH� RI� SDUDPHWHULVDWLRQ
SDUDOOHOV� WKH� HQGHDYRXUV� WR� SURSRVH� DQG� GHYHORS� QHZ� SDUDGLJPV�� H�J�� JHQHUDWLYH
SURJUDPPLQJ�>�@�

$Q� LPSRUWDQW� DVSHFW�RI�SDWWHUQ� SDUDPHWULVDWLRQ� LV� WKDW� VSHFLILF� YDOXH� RI� RQH� SDUDPHWHU
PD\�LPSRVH�FRQVWUDLQWV�RQ�RWKHU�SDUDPHWHUV��:KHQ�FRQVLGHULQJ�RXU�H[DPSOH��WKH�QXPEHU�RI
&RQFUHWH)DFWRU\�FODVVHV�PXVW�FRUUHVSRQG�WR�WKH�QXPEHU�RI�&RQFUHWH3URGXFW�FODVVHV
IRU� HDFK�$EVWUDFW3URGXFW�� ,Q� WKH�*R)� FDWDORJXH�� FRQVWUDLQWV� DUH� H[SOLFLWO\� IRUPXODWHG
QHLWKHU�LQ�WH[WXDO�QRU�LQ�JUDSKLFDO�VHFWLRQV�RI�SDWWHUQ�GHVFULSWLRQ��:H�DUH�FRQYLQFHG�WKDW�LW�LV
H[WUHPHO\�XVHIXO�WR�UHODWH�H[SOLFLW�FRQVWUDLQWV�WR�WKH�JHQHUDO�SDWWHUQ�VWUXFWXUH��DV�WKH\�UHVWULFW
VSHFLILF� SDWWHUQ� VWUXFWXUH� WR� REH\� SDWWHUQ� UHJXODULWLHV�� &RQVWUDLQWV� DUH� KHOSIXO� LQ
WUDQVIRUPLQJ�D�JHQHUDO�DQG�DEVWUDFW�SDWWHUQ�LQWR�D�PRUH�FRQFUHWH�DQG�PRUH�VSHFLILF�RQH�

(DFK�GHVLJQ�SDWWHUQ�RFFXUV�DW�GLIIHUHQW�DEVWUDFWLRQ�DQG�JHQHUDOLW\�OHYHOV�GXULQJ�VRIWZDUH
GHYHORSPHQW� SURFHVV�� :LWK� UHVSHFW� WR� JHQHUDOLW\� DQG� DEVWUDFWLRQ� GLPHQVLRQV�� WKH� WHUP
GHVLJQ�SDWWHUQ�FRYHUV�D� VSDFH� WKDW� LV� GHSLFWHG� LQ�)LJXUH���� )RXU�PRVW� VLJQLILFDQW� VWDWHV�RI
SDWWHUQ�DUH�
�� JHQHUDO� DQG�DEVWUDFW�SDWWHUQ� �LQ� WKH� WRS� OHIW� FRUQHU��±� LQ� WKLV� VWDWH�� SDWWHUQ� LV� MXVW� D

QDPHG�DEVWUDFWLRQ�WKDW�VROYHV�D�JHQHUDO��L�H��GRPDLQ�LQGHSHQGHQW��GHVLJQ�SUREOHP�
�� DSSOLFDWLRQ� VSHFLILF� SDWWHUQ� �LQ� WKH� WRS� ULJKW� FRUQHU�� ±� JHQHUDO� SDWWHUQ� EHFRPHV

VSHFLILF�E\�HPEHGGLQJ�LW�LQ�DQ�DSSOLFDWLRQ�GRPDLQ���
�� SDWWHUQ�DV�SDUDPHWHULVHG�SURJUDP�VFKHPD�±�DQ�DEVWUDFW�SDWWHUQ�LV�WUDQVIRUPHG�LQWR�D

PRUH�FRQFUHWH�VWUXFWXUH�
�� SDWWHUQ� LQVWDQFHV� LQ� DSSOLFDWLRQ� SURJUDPV� ±� FRQFUHWH� DQG� VSHFLILF� SDWWHUQ� LQVWDQFHV

WKDW�OLYH�LQ�FRGH�
7KH� SURFHVV� RI� VRIWZDUH� GHYHORSPHQW� PRYHV� WKH� GHVLJQ� SDWWHUQ� LQ� IRXU� SRVVLEOH

GLUHFWLRQV� >�@�� FRQFUHWLVDWLRQ�� DEVWUDFWLRQ�� VSHFLDOLVDWLRQ�� DQG� JHQHUDOLVDWLRQ�� :KLOH� LQ
SDWWHUQ� PLQLQJ�� L�H�� GLVFRYHULQJ� XVHIXO� VROXWLRQV� DQG� UHFRUGLQJ� WKHP� DV� SDWWHUQV�
JHQHUDOLVDWLRQ�DQG�DEVWUDFWLRQ�DUH�PRVWO\�LQYROYHG��GXULQJ�SDWWHUQ�DSSOLFDWLRQ�WKH�SULQFLSDO
PRYHPHQW� JRHV� IURP� D� JHQHUDO� DQG� DEVWUDFW� SDWWHUQ� WRZDUGV� D� PRUH� FRQFUHWH� DQG� PRUH
VSHFLILF�RQH�

7UDQVIRUPLQJ� WKH� JHQHUDO� DQG� DEVWUDFW� SDWWHUQ� LQWR� PRUH� VSHFLILF� DQG� PRUH� FRQFUHWH
LQVWDQFHV�LV�FDOOHG�SDWWHUQ�LQVWDQWLDWLRQ��,W�LV�D�YHFWRU�WKDW�FRPELQHV�D�SDUWLDO�WUDQVIRUPDWLRQ

GHVLJQ�SDWWHUQ
�DEVWUDFW�DQG�JHQHUDO�

SDWWHUQ�DV�SDUDPHWULVHG
SURJUDP�VFKHPDWD

�FRQFUHWH�DQG�JHQHUDO�

DSSOLFDWLRQ�VSHFLILF�SDWWHUQ
�DEVWUDFW�DQG�VSHFLILF�

SDWWHUQV�LQVWDQFHV
LQ�DSSOLFDWLRQ�SURJUDPV
�FRQFUHWH�DQG�VSHFLILF�

)LJXUH����'HVLJQ�SDWWHUQ�VSDFH

DEVWUDFWLRQ�
FRQFUHWLVDWLRQ

VSHFLDOLVDWLRQ�
JHQHUDOLVDWLRQ

LQVWDQWLDWLRQ

6WUXFWXUH 0RWLYDWLRQ

&RGH�6DPSOH

3� 3�

3�



IURP�DEVWUDFW�WR�FRQFUHWH��DQG�D�SDUWLDO�WUDQVIRUPDWLRQ�IURP�JHQHUDO�WR�VSHFLILF��7KLV�SURFHVV
OHDGV�HYHQWXDOO\�WR�D�FRQFUHWH�DQG�VSHFLILF�SDWWHUQ�LQVWDQFH�HPEUDFHG�LQ�FRGH�

)URP� WKH� JHQHUDOLW\� DQG� DEVWUDFWLRQ� SRLQWV� RI� YLHZ�� WKH� FDWDORJXHV� RI� GHVLJQ� SDWWHUQV
H[SODLQ�SDWWHUQ�HVVHQFH�DW�GLIIHUHQW�DEVWUDFWLRQ�DQG�RU�JHQHUDOLW\�OHYHOV��VHH�DOVR�)LJXUH����
7KH� SDWWHUQ� VWUXFWXUH� H[SUHVVHG� E\� FODVV� GLDJUDPV� �VKRZQ� DV� SRLQW� 3�� LQ� )LJXUH���FRQFUHWLVHV� WKH�SDWWHUQ�EXW� LW� XQIRUWXQDWHO\�GRHV�QRW�SUHVHUYH�SDWWHUQ¶V� RULJLQDO� JHQHUDOLW\
EHFDXVH�LW�DVVLJQV�VSHFLILF�QXPEHUV� WR�SDWWHUQ�SDUDPHWHUV��7KH�PRWLYDWLRQ�H[DPSOH��SRLQW
3�� LQ�)LJXUH���� LV� HYHQ� IXUWKHU� VSHFLDOLVHG�EHFDXVH� LW� JLYHV� DQ� DSSOLFDWLRQ� VSHFLILF�SDWWHUQVWUXFWXUH��&RGH�VDPSOHV��SRLQW�3��LQ�)LJXUH����GHFUHDVH�ERWK�JHQHUDOLW\�DQG�DEVWUDFWLRQ�OHYHOE\� ELQGLQJ� WR� VSHFLILF� LPSOHPHQWDWLRQ� ODQJXDJH� DQG� FRQYH\LQJ� FRQFUHWH� LPSOHPHQWDWLRQ
GHWDLOV�

2XU�DLP�LV�WR�IRUPXODWH�SDWWHUQ�VWUXFWXUH�DW�LWV�YHU\�JHQHUDO�OHYHO��:H�DUH�FRQYLQFHG�WKDW
DQ� DSSURSULDWH� SDWWHUQ� UHSUHVHQWDWLRQ� VKRXOG� EH� DEOH� WR� UHIOHFW� GLIIHUHQW� JHQHUDOLW\� DQG
DEVWUDFWLRQ�OHYHOV�D�SDWWHUQ�PD\�H[LVW�DW�

����7KH�'HVLJQ�3DWWHUQV�5HSUHVHQWDWLRQ�7HFKQLTXH
,Q� WKLV� VHFWLRQ�� D� WHFKQLTXH� IRU� UHSUHVHQWLQJ� SDWWHUQV� ZLWK� UHVSHFW� WR� LWV� DEVWUDFWQHVV� DQG
JHQHUDOLW\�LV�LQWURGXFHG��2XU�REMHFWLYH�LV�WR�SURSRVH�D�UHSUHVHQWDWLRQ�WKDW�H[SUHVVHV�SDWWHUQ
DV�D�VHW�RI�SRVVLEOH�VSHFLILF�SDWWHUQ�VWUXFWXUHV�WKDW�PD\�H[LVW�DW�GLIIHUHQW�DEVWUDFWLRQ�OHYHOV�

,Q� RXU� DSSURDFK�� SDWWHUQV� DUH� UHSUHVHQWHG� DV� D� PHWDVFKHPD� DW� WKH� JHQHUDO� OHYHO�
$�PHWDVFKHPD� GHSLFWV� SDWWHUQ� UHOHYDQW� HOHPHQWV� DQG� WKHLU� UHODWLRQV�� &RQVWUDLQWV� PD\� EH
DWWDFKHG�WR�D�SDWWHUQ�PHWDVFKHPD�LQ�RUGHU�WR�H[SUHVV�GHSHQGHQFLHV�WKDW�PXVW�EH�SUHVHUYHG�
$OO� VSHFLILF� LQVWDQFHV� WKDW� DUH� GHULYHG� IURP� VXFK� D� PHWDVFKHPD� DUH� VXSSRVHG� WR� VDWLVI\
SDWWHUQ�FRQVWUDLQWV�

%DVLF�HOHPHQWV�RI�WKH�SDWWHUQ�PHWDVFKHPD�DUH�GHSLFWHG�E\�D�UHFWDQJOH��,Q�FDVH�RI�REMHFW�
RULHQWHG� SDWWHUQV�� EDVLF� HOHPHQWV� RI�PHWDVFKHPD� DUH� FODVVHV� DQG�PHWKRGV� WKDW� DUH� QDPHG
DIWHU�WKH�UROHV�WKH\�SOD\�LQ�WKH�SDWWHUQ��,W�LV�LQ�SULQFLSOH�SRVVLEOH�WR�H[WHQG�PHWDVFKHPD�VR
WKDW�WKH�EDVLF�HOHPHQWV�H[SUHVV�DOVR�OHVV�DEVWUDFW�GHWDLOV��IRU�H[DPSOH�PHWKRG�SDUDPHWHUV�RU
UHWXUQ�YDOXH�RI�PHWKRGV��%HFDXVH�RI� VSDFH� OLPLWDWLRQV�� OHVV� DEVWUDFW� HOHPHQWV� DUH� RPLWWHG
KHUH�

(DFK� PHWDVFKHPD� FRQWDLQV� DOVR� RQH� VSHFLDO� HOHPHQW�� VR�FDOOHG� SDWWHUQ� HOHPHQW�� 7KH
SDWWHUQ�HOHPHQW� FRUUHVSRQGV� WR� WKH�DEVWUDFW� VWDWH�ZKHQ�SDWWHUQ� LV� FRQVLGHUHG� DV� D�XQLW��$W
VSHFLILF� OHYHO��SDWWHUQ�HOHPHQW�UHFRUGV�WKH�SUHVHQFH�RI�SDWWHUQ�LQVWDQFH��7KH�PRVW� UHOHYDQW
HOHPHQWV�DUH�GLUHFWO\�UHODWHG�WR�SDWWHUQ�HOHPHQW�

5HODWLRQV� EHWZHHQ� SDWWHUQ� HOHPHQWV� DUH� GHSLFWHG� E\� D� UKRPEXV�� 7KH� UHODWLRQ� KDV� LWV
QDPH��PD[LPDO�DQG�PLQLPDO�FDUGLQDOLW\��7KRVH�UHODWLRQV�WKDW�KDYH�FDUGLQDOLW\�RQH�WR�PDQ\
���1�� H[SUHVV� WKH� SDWWHUQ� JHQHULFLW\�� ZLWK� 1� EHLQJ� D� SDWWHUQ� SDUDPHWHU�� 3RVVLEOH
GHSHQGHQFLHV�DPRQJ�SDUDPHWHUV�YDOXHV�DUH�H[SUHVVHG�E\�SDWWHUQ�FRQVWUDLQWV�

,Q� )LJXUH���� D� PHWDVFKHPD� IRU� WKH� $EVWUDFW� )DFWRU\� SDWWHUQ� LV� VKRZQ�� $EVWUDFW�
)DFWRU\�� &RQFUHWH)DFWRU\�� $EVWUDFW3URGXFW�� DQG� &RQFUHWH3URGXFW� DUH� WKH
PHWDVFKHPD� HOHPHQWV� WKDW� FRUUHVSRQG� WR� SULQFLSDO� FODVVHV� LQ� WKH� SDWWHUQ�� $EVWUDFW�
)DFWRU\3DWWHUQ�LV�WKH�SDWWHUQ�HOHPHQW�

,Q� WKH� SDWWHUQ� VWUXFWXUH� IURP� WKH� *2)� FDWDORJXH� �)LJXUH����� WKH� UHODWLRQ� EHWZHHQ
$EVWUDFW)DFWRU\�DQG�&RQFUHWH)DFWRU\�LV�VKRZQ�DV�JHQHUDOLVH��LQKHULWDQFH��UHODWLRQ�
VKLS��7KH�SXUSRVH�RI�WKH�$EVWUDFW)DFWRU\�FODVV�LV�WR�GHFODUH�D�FRPPRQ�LQWHUIDFH�WKDW�LV
LPSOHPHQWHG�E\�HDFK�&RQFUHWH)DFWRU\��2EYLRXVO\��WKLV�LV�DQ�DEVWUDFW�±�FRQFUHWH�UHODWLRQ
ZKHQ�PHWKRG¶V�LPSOHPHQWDWLRQ�LV�DEVWUDFWHG�DZD\�LQ�WKH�DEVWUDFW�FODVV��,Q�RXU�PHWDVFKHPD�
$EVWUDFW)DFWRU\� DQG�&RQFUHWH)DFWRU\� DUH� UHODWHG� WKURXJK� LVBFRQFUHWLVHG� UHODWLRQ�
ZLWK�FDUGLQDOLW\�RQH�WR�PDQ\�EHFDXVH�PDQ\�&RQFUHWH)DFWRU\V�PD\�EH�GHULYHG�



7R� GHILQH� D� IDPLO\� RI� FODVVHV� ZLWK� LGHQWLFDO� LQWHUIDFHV� LV� D� FRPPRQ� WKHPH� LQ� GHVLJQ
SDWWHUQV� WKDW� KHOSV� UHGXFH� LPSOHPHQWDWLRQ� GHSHQGHQFLHV� LQ� REMHFW�RULHQWHG� GHVLJQ� >�@�� ,Q
)LJXUH� ��� ZH� HQFDSVXODWHG� WKH� IDPLO\� RI� )DFWRU\� FODVVHV� E\� D� GDVKHG� OLQH� UHFWDQJOH�� $OO
FODVVHV� LQ� WKH� IDPLO\� UHVSRQG� WR� WKH� VDPH� LQWHUIDFH� FRQVLVWLQJ� RI� D� QXPEHU� RI�&UHDWH�
3URGXFW¶V�PHWKRGV��7KH�LQWHUIDFH�LV�GHFODUHG�LQ�WKH�$EVWUDFW)DFWRU\�FODVV�DQG�PXVW
EH�LPSOHPHQWHG�LQ�SRWHQWLDOO\�PDQ\�&RQFUHWH)DFWRU\V��&RUUHFW�LQVWDQWLDWLRQ�RI�WKLV�SDUW
RI�PHWDVFKHPD�LV�H[SUHVVHG�E\�WKH�ILUVW�$EVWUDFW�)DFWRU\�FRQVWUDLQW�

��� IRU�HDFK�&RQFUHWH)DFWRU\
FDUGLQDOLW\BRI�$EVWUDFW)DFWRU\�&UHDWH3URGXFW�� 
FDUGLQDOLW\BRI�&RQFUHWH)DFWRU\�&UHDWH3URGXFW�

6LPLODU� FRQVWUDLQW�PD\� EH� DWWDFKHG� WR�PDQ\� SDWWHUQV� LQ� WKH� FDWDORJXH�� IRU� H[DPSOH� WR
2EVHUYHU��%ULGJH��3URWRW\SH��HWF�

,Q�WKH�$EVWUDFW�)DFWRU\�PHWDVFKHPD��WKH�GHSHQGHQFLHV�DPRQJ�SDWWHUQ�SDUDPHWHUV�FDQ�EH
H[SUHVVHG�E\�WKH�IROORZLQJ�FRQVWUDLQWV�

���� IRU�HDFK�$EVWUDFW3URGXFW
FDUGLQDOLW\BRI�$EVWUDFW)DFWRU\�LVBFRQFUHWLVHG�� 
FDUGLQDOLW\BRI�$EVWUDFW3URGXFW�LVBFRQFUHWLVHG�

���� FDUGLQDOLW\BRI�$EVWUDFW)DFWRU\3DWWHUQ�LVBFRQFUHWLVHG�� 
FDUGLQDOLW\BRI�$EVWUDFW)DFWRU\�GHFODUHV�

7KH�FRQVWUDLQW�����IRUFHV�WR�NHHS�HTXDOLW\�EHWZHHQ�WKH�QXPEHU�RI�&RQFUHWH)DFWRU\V
DQG� WKH� QXPEHU� RI� &RQFUHWH3URGXFWV� IRU� HDFK� $EVWUDFW3URGXFW�� $FFRUGLQJ� WR
FRQVWUDLQW� ����� WKH� QXPEHU� RI� $EVWDFW3URGXFWV� PXVW� FRUUHVSRQG� WR� WKH� QXPEHU� RI
&UHDWH3URGXFW�PHWKRGV�LQ�WKH�IDPLO\�RI�)DFWRU\�FODVVHV�

2QH� SRVVLEOH� LQVWDQFH� RI� WKH� $EVWUDFW� )DFWRU\� SDWWHUQ� LV� GHSLFWHG� LQ� )LJXUH� ��� ,Q� WKLV
FDVH��VSHFLDOLVDWLRQ�E\�DVVLJQLQJ�WKH�YDOXHV�WR�SDWWHUQ�SDUDPHWHUV�DV�ZHOO�DV�E\�HPEHGGLQJ
WKH�SDWWHUQ�LQWR�WKH�XVHU�LQWHUIDFH�WRRONLW�DSSOLFDWLRQ�GRPDLQ�KDV�EHHQ�GRQH��$OO�DSSOLFDWLRQ
VSHFLILF� HOHPHQWV�� IRU� H[DPSOH� 0RWLI:LGJHW)DFWRU\�� :LQGRZ�� 306FUROO%DU�
&UHDWH:LQGRZ�� DUH� W\SHG�DIWHU� WKH� UROHV� WKH\�SOD\� LQ� WKH�SDWWHUQ��5HODWLRQV� DUH�GHSLFWHG
XQLIRUPO\� LQ� WKH� GLDJUDP�� 7KH� NLQG� RI� UHODWLRQ� LV� GHWHUPLQHG� E\� LWV� QDPH�� ,WV� VSHFLILF
PXOWLSOLFLW\�LV�H[SOLFLWO\�VWDWHG�

&RQVWUDLQWV� WKDW� DUH� DWWDFKHG� WR� WKH� JHQHUDO� PHWDVFKHPD� DOORZ� FKHFNLQJ� VWUXFWXUDO

$EVWUDFW)DFWRU\3DWWHUQ

$EVWUDFW)DFWRU\ $EVWUDFW3URGXFW

&RQFUHWH3URGXFW&RQFUHWH)DFWRU\

)LJXUH����0HWDVFKHPD�IRU�WKH�$EVWUDFW�)DFWRU\�SDWWHUQ

LVBFRQFUHWLVHG
���

LVBFRQFUHWLVHG
��1

LVBFRQFUHWLVHG
��1

LVBFRQFUHWLVHG
��1

FUHDWHV
���

&UHDWH3URGXFW

GHILQHV
��1



GHSHQGHQFLHV�RI�PHWDVFKHPD¶V�VSHFLILF�LQVWDQFHV��)RU�WKH�$EVWUDFW�)DFWRU\�SDWWHUQ�LQVWDQFH
LQ�)LJXUH����WKH�QXPEHU�RI�$EVWUDFW3URGXFWV�LV�DVVLJQHG�WR�WKUHH�DQG�LW�PXVW�FRUUHVSRQG
WR�WKH�QXPEHU�RI�&UHDWH3URGXFW�PHWKRGV��2WKHUZLVH��SDWWHUQ�UHJXODULWLHV�ZRXOG�QRW�NHSW�
$OVR� LQ� FDVH� WKDW� WKH� DSSOLFDWLRQ� XQGHUJRHV� PRGLILFDWLRQ� DQG� WKH� QXPEHU� RI
$EVWDUFW3URGXFWV� FKDQJHV�� WKH� SDWWHUQ� FRQVWUDLQWV� HQVXUH� WKDW� WKH� QXPEHU� RI�PHWKRGV
IRU�SURGXFW�FUHDWLRQ�FRUUHVSRQGV�WR�WKH�QXPEHU�RI�$EVWDUFW3URGXFWV�

����5HODWHG�:RUN�DQG�&RQFOXVLRQV
7KH� SDSHU� SURSRVHV� D� WHFKQLTXH� WKDW� DOORZV� UHSUHVHQWLQJ� GHVLJQ� SDWWHUQV� LQ� D� ZD\

VXLWDEOH� IRU�GHVLJQ�RI�DQ�DSSOLFDWLRQ��7KH�SDSHU� DQDO\VHV� WZR� LPSRUWDQW�DVSHFWV�RI�GHVLJQ
SDWWHUQV� QDPHO\� WKHLU� OHYHOV� RI� DEVWUDFWLRQ� DQG� JHQHUDOLW\�� :H� DLP� DW� LGHQWLI\LQJ� WKHLU
GLIIHUHQFH�DQG�FRQVHTXHQWO\��DW�SURSRVLQJ�D�ZD\�WR�H[SUHVV�WKHP�

:H�GHVFULEH�GHVLJQ�SDWWHUQV�LQ�D�VSDFH�ZLWK�WZR�GLPHQVLRQV��DEVWUDFWLRQ�DQG�JHQHUDOLW\�
$� QHZ� WHFKQLTXH� RI� PRGHOOLQJ� GHVLJQ� SDWWHUQV� E\� PHDQV� RI� GHVFULSWLRQ� VFKHPDWD� DW� D
PHWDOHYHO� LV� LQWURGXFHG��$�PHWDVFKHPD�LV�SURSRVHG�WR� UHSUHVHQW�SDWWHUQ�UHOHYDQW�HOHPHQWV
DQG� WKHLU� UHODWLRQV��&RQVWUDLQWV� WKDW� UHVWULFW� WKH� SRVVLEOH� VWUXFWXUH� RI� SDWWHUQ� LQVWDQFHV� DUH
DWWDFKHG�WR�WKH�PHWDVFKHPD�

2XU�DSSURDFK�LV�TXLWH�JHQHUDO�ZLWK�UHVSHFW�WR�ZKDW�NLQG�RI�FRPSRQHQWV�WKH�PHWDVFKHPD
HOHPHQWV�UHSUHVHQW��7KURXJKRXW�WKLV�SDSHU��ZH�KDYH�VKRZQ�KRZ�WKH�PHWDVFKHPD�GHVFULEHV
REMHFW�RULHQWHG�SDWWHUQV��PHWDVFKHPD�HOHPHQWV�DUH�FODVVHV�DQG�PHWKRGV��+RZHYHU�� LW� LV� LQ
SULQFLSOH�SRVVLEOH�WR�UHSUHVHQW�DQ\�FROODERUDWLQJ�HOHPHQWV�E\�D�PHWDVFKHPD�

2QH�RI� WKH�SULPDU\�PRWLYDWLRQV�IRU�UHSUHVHQWLQJ�SDWWHUQV�LV� WR�KDYH�DQ�DSSURSULDWH�WRRO
OHWWLQJ�WR�UHSUHVHQW�WKH�V\VWHP�DOVR�LQ�WHUPV�RI�GHVLJQ�SDWWHUQV��7RROV�WKDW�DVVLVW�LQ�VRIWZDUH
GHYHORSPHQW� ZLWK� SDWWHUQV� KDYH� EHHQ� GLVFXVVHG� LQ� VHYHUDO� SDSHUV�� ,Q� >��@�� D� XQLILHG
UHSUHVHQWDWLRQ�GHVFULELQJ�SDWWHUQV�DV�WKH�³KRRN	WHPSODWH´�PHWDSDWWHUQ�KDV�EHHQ�SURSRVHG�

,Q�>�@��D�WRRO�WKDW�VXSSRUWV�WKH�VSHFLILFDWLRQ�RI�GHVLJQ�SDWWHUQV�DQG�WKHLU�UHDOLVDWLRQ�LQ�D
JLYHQ�SURJUDP� LV� SUHVHQWHG��7KLV�PHWDSURJUDPPLQJ� DSSURDFK� WR� SDWWHUQ� UHSUHVHQWDWLRQ� LV
TXLW�GLIIHUHQW�IURP�RXUV��'HVLJQ�SDWWHUQV�DUH�XQGHUVWRRG�DV�D�VHTXHQFH�RI�VWHSV�WKDW�PXVW�EH
FDUULHG�RXW� LQ�SDWWHUQ�DSSOLFDWLRQ��$�SUHFLVH�PHWKRG�RI�VSHFLI\LQJ�KRZ�D�GHVLJQ�SDWWHUQ� LV
DSSOLHG�E\�SKUDVLQJ�LW�DV�DQ�DOJRULWKP�LQ�D�PHWD�SURJUDPPLQJ�ODQJXDJH�LV�SURSRVHG�

$QRWKHU� WRRO� VXSSRUWLQJ�SDWWHUQ� LQVWDQWLDWLQJ� LV�GHVFULEHG� LQ� >�@�� ,W� KDV� D� UHSRVLWRU\� RI
SDWWHUQ�SURWRW\SHV��HDFK�UHSUHVHQWLQJ�WKH�SDWWHUQ�DV�D�VHW�RI�IUDJPHQWV�WKDW�IXOILO�D�SDUWLFXODU

0RWLI:LGJHW)DFWRU\�
&RQFUHWH)DFWRU\

&UHDWH%XWWRQ��&UHDWH3URGXFW %XWWRQ�
$EVWUDFW3URGXFW

0\:LGJHW)DFWRU\�$EVWUDFW)DFWRU\3DWWHUQ

:LGJHW)DFWRU\�$EVWUDFW)DFWRU\

LVBFRQFUHWLVHGLVBFRQFUHWLVHG

)LJXUH����$�SRVVLEOH�VSHFLDOLVDWLRQ�RI�$EVWUDFW�)DFWRU\�SDWWHUQ

LVBFRQFUHWLVHG

306FUROO%DU�
&RQFUHWH3URGXFW

LVBFRQFUHWLVHG

&UHDWH6FUROO%DU��&UHDWH3URGXFW

�

�
GHFODUHV

FUHDWHV
&UHDWH:LQGRZ��&UHDWH3URGXFW

30:LQGRZ�
&RQFUHWH3URGXFW0RWLI:LQGRZ�

&RQFUHWH3URGXFW

6FUROO%DU�
$EVWUDFW3URGXFW

0RWLI6FUROO%DU�
&RQFUHWH3URGXFW

FUHDWHV
FUHDWHV

:LQGRZ�
$EVWUDFW3URGXFW

30:LGJHW)DFWRU\�
&RQFUHWH)DFWRU\

30%XWWRQ�
&RQFUHWH3URGXFW0RWLI%XWWRQ�

&RQFUHWH3URGXFW

LVBFRQFUHWLVHGLVBFRQFUHWLVHG
� � �

�



UROH� IRU� WKH� SDWWHUQ�� 3DWWHUQ� LV� D� WUHH� ZLWK� DOO� IUDJPHQWV� UHODWHG� WR� LWV� URRW�� ([DPSOHV� RI
SDWWHUQ� IUDJPHQWV� DUH� FODVVHV�� PHWKRGV�� DWWULEXWHV�� DVVRFLDWLRQ� UHODWLRQV�� FRQWDLQPHQW
UHODWLRQV�� DQG� LQKHULWDQFH� UHODWLRQV��7KH� GLIIHUHQFH� WR� RXU� DSSURDFK� LV� WKDW� HYHQ� WKH�PRVW
ILQH�JUDLQHG�SDWWHUQ�IUDJPHQWV�DUH�OLQNHG�WR�WKH�URRW�IUDJPHQW�UHJDUGOHVV�RI�WKHLU�DEVWUDFWLRQ
GHJUHH�

,Q�>�@��D�GHVLJQ�SDWWHUQ� LV� UHSUHVHQWHG�DV�PHWDVFKHPD��VR�FDOOHG�SULPDO�VFKHPD��3ULPDO
VFKHPD� GHILQHV� UROHV� DQG� UHODWLRQVKLSV� RI� FODVVHV�� ,W� FRQVLVWV� RI� D� EDVLF� VHW� RI� DEVWUDFW
FODVVHV� DQG� WKHLU� UHODWLRQVKLSV� FDSWXULQJ� WKH� HVVHQFH� RI� WKH� SDWWHUQ�� ,Q� WKLV� VHQVH�� WKHLU
DSSURDFK� LV� YHU\� VLPLODU� WR� RXUV�� 7KH� PDLQ� GLIIHUHQFH� LV� WKDW� WKH� SRVVLEO\� PXOWLSOH
RFFXUUHQFH� RI� SDWWHUQ¶V� SDUWLFLSDQWV� LV� QRW� WDNHQ� LQWR� DFFRXQW�� $OVR�� FRQVWUDLQWV� DUH� QRW
HPEUDFHG�

7KH�SURSRVHG�WHFKQLTXH�IRU�GHVLJQ�SDWWHUQ�UHSUHVHQWDWLRQ�ZLOO�EH�IXUWKHU�GHYHORSHG��:H
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