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$EVWUDFW
6RIWZDUH�DUFKLWHFWXUH�SURYLGHV�D�SRZHUIXO�ZD\�WR�PDQDJH�WKH�FRPSOH[LW\�RI � ODUJH�VRIWZDUH
V\VWHPV��,W�KDV�HPHUJHG�DV�D�GLVWLQFW�IRUP�RI �DEVWUDFWLRQ�IRU�VRIWZDUH�V\VWHPV�ZLWK�LWV�RZQ
VHW� RI � GHVLJQ� LVVXHV�� YRFDEXODU\�� DQG� JRDOV�� /LNH� GHVLJQHUV� LQ� RWKHU� GLVFLSOLQHV�� VRIWZDUH
DUFKLWHFWV� FDQ� JDLQ� VLJQLILFDQW� OHYHUDJH� E\� XVLQJ� SRZHUIXO� DQG� DSSURSULDWH� GHVLJQ
HQYLURQPHQWV� DQG� WRROV�� 7KH� FRVW� DQG� GLIILFXOW\� RI � FUHDWLQJ� WKHVH� SRZHUIXO� GHVLJQ� WRROV�
KRZHYHU�� SURKLELW� WKHLU� XVH� IRU�PDQ\� VRIWZDUH� GHYHORSPHQW� SURMHFWV��2QH�RI � WKH� SULPDU\
UHDVRQV� IRU� WKH�GLIILFXOW\� DQG�FRVW�RI �EXLOGLQJ� WKHVH� WRROV� LV� WKDW� WRRO�GHYHORSHUV� JHQHUDOO\
QHHG�WR�EXLOG�D�VLJQLILFDQW�DPRXQW�RI �VXSSRUWLQJ�LQIUDVWUXFWXUH�EHIRUH�WKH\�FDQ�PDNH�XVH�RI
WKH� LPSRUWDQW� DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH� WKDW� WKH� WRROV� HQFDSVXODWH�� 7KLV� LQIUDVWUXFWXUH
LQFOXGHV�ERWK�WKH�FRQFHSWV�XQGHUO\LQJ�WKH�WRROV·�IXQFWLRQDOLW\�DQG�WKH�LPSOHPHQWDWLRQ�RI �WKH
WRROV�WKHPVHOYHV�

7KLV� GLVVHUWDWLRQ� GHVFULEHV� D� QHZ� DSSURDFK� WR� FDSWXULQJ� DQG� XVLQJ� DUFKLWHFWXUDO� GHVLJQ
H[SHUWLVH� LQ�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��$� ODQJXDJH�DQG�WRROV�DUH�SUHVHQWHG
IRU� FDSWXULQJ� DQG� HQFDSVXODWLQJ� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH�ZLWKLQ� D� FRQFHSWXDO
IUDPHZRUN� RI � DUFKLWHFWXUDO� VW\OHV� DQG� GHVLJQ� UXOHV�� 7KH� GHVLJQ� H[SHUWLVH� WKXV� FDSWXUHG� LV
VXSSRUWHG�ZLWK�DQ�LQFUHPHQWDOO\�FRQILJXUDEOH�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW�WKDW
VSHFLDOL]HG�GHVLJQ�HQYLURQPHQW�EXLOGHUV�DQG�HQG�XVHUV�FDQ�HDVLO\� DQG�TXLFNO\�FXVWRPL]H�E\
VSHFLI\LQJ�WKH�DUFKLWHFWXUDO�VW\OHV�DQG�GHVLJQ�UXOHV�WKDW�WKH�HQYLURQPHQW�QHHGV�WR�VXSSRUW�
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$FNQRZOHGJHPHQWV
$OWKRXJK� P\� QDPH� JUDFHV� WKH� FRYHU� RI � WKLV� GLVVHUWDWLRQ� ,� ZRXOG� KDYH� EHHQ� XQDEOH� WR
FRPSOHWH� LW�ZLWKRXW� WKH�VXSSRUW�DQG�JXLGDQFH�RI �P\�IDPLO\�� IULHQGV��DQG�FROOHDJXHV��3OHDVH
DFFHSW�P\�WKDQNV�IRU�\RXU�DVVLVWDQFH�DQG�SDWLHQFH�

,�ZRXOG�SDUWLFXODUO\�OLNH�WR�UHFRJQL]H�WKH�IROORZLQJ�SHRSOH�

'DYLG�*DUODQ�KDV�EHHQ�DQ�H[FHOOHQW�WHDFKHU�DQG�D�KHOSIXO�JXLGH�LQ�QDYLJDWLQJ�WKH�YDJDULHV�RI
WKH�UHVHDUFK�ZRUOG��+H�LV�D�ZKHWVWRQH�IRU�WKH�LQWHOOHFW�ZKR�SXVKHG�PH�WR�WKLQN�OLNH�D�VFLHQWLVW�
WR�H[FHHG�WKH�DFFHSWDEOH��DQG�WR�DLP�IRU�WKH�VXSHUE��,�FDQ�RQO\�KRSH�WKDW�KLV�OHVVRQV�VWXFN�

,Q�RXU�PDQ\�FRQYHUVDWLRQV�RYHU�WKH�SDVW�VL[�\HDUV�0DU\�6KDZ�KDV�EHHQ�LPPHQVHO\�KHOSIXO�LQ
UHILQLQJ�P\�WKLQNLQJ�DERXW�VRIWZDUH��HQJLQHHULQJ��DQG�VRIWZDUH�HQJLQHHULQJ��6KH�KDV�EHHQ�DQ
H[FHOOHQW� WHDFKHU� RI � WKLQNLQJ�� WHFKQRORJ\�� %6� GHWHFWLRQ�� DQG� WKH� DELOLW\� WR� HQMR\� \RXU� OLIH
RXWVLGH�RI �ZRUN�

$V�PHPEHUV�RI �P\�WKHVLV�FRPPLWWHH��6WHYH�&URVV�DQG�'DYLG�1RWNLQ�JHQHURXVO\�JDYH�WKHLU
WLPH�DQG�LQVLJKW�RQ�KRZ�WR�LPSURYH�WKH�GLVVHUWDWLRQ�

5RE� $OOHQ� WDXJKW� PH� KRZ� WR� VXUYLYH� JUDGXDWH� VFKRRO�� SRLQWLQJ� RXW� ODQG� PLQHV� EHIRUH� ,
VWHSSHG�RQ�WKHP��+H�ZDV�DOVR�WKH�NH\�GHYHORSHU�RI �WKH�RULJLQDO�$HVRS�V\VWHP��RXW�RI �ZKLFK
PDQ\�RI �WKH�$UPDQL�LGHDV�JUHZ�

3HWH�6X��'UHZ�.RPSDQHN��*UHJ�=HOHVQLN��5RE�'H/LQH��(XJHQH�)LQN��DQG�WRR�PDQ\�RWKHU
PHPEHUV�RI � WKH�6&6�FRPPXQLW\� WR� OLVW��SURYLGHG�JUHDW� DVVLVWDQFH� LQ� IRFXVLQJ�P\� WKLQNLQJ
DERXW�WKLV�UHVHDUFK�DQG�PDNLQJ�LW�DFWXDOO\�ZRUN��7KH\�SOD\HG�WKHLU�UROHV�DV�IULHQGV��VRXQGLQJ
ERDUGV��DQG�WHFKQLFDO�FROOHDJXHV�EHDXWLIXOO\�

'LFN� &UHSV�� 3DXO� .RJXW�� 3H\PDQ� 2UHL]\�� )UDQNOLQ� :HEEHU�� -XQ� /L�� DQG� 3HWHU� )HLOHU� DOO
JHQHURXVO\�SDUWLFLSDWHG�LQ�WKH�FDVH�VWXGLHV�GHVFULEHG�LQ�WKLV�GLVVHUWDWLRQ��7KHLU�ZLOOLQJQHVV�WR
WU\�XQSURYHQ�VRIWZDUH�ZDV�FRXUDJHRXV��7KH�LQVLJKW�JDLQHG�IURP�WKHVH�SURMHFWV�ZDV�YDOXDEOH�

)LQDOO\��P\�ZRQGHUIXO�ZLIH�%HWV\�KDV�VWRRG�E\�PH�WKURXJK�VL[�\HDUV�RI �QHXURWLF� UDPEOLQJV
DERXW�VRIWZDUH�HQJLQHHULQJ��PDQLF�ILWV�RI �GHSUHVVLRQ�DQG�HEXOOLHQFH��DQG�FRXQWOHVV�HYHQLQJV
KRPH� DORQH�ZKLOH� ,�ZDV�ZRUNLQJ� ODWH� DW�&08�� 6KH� KDV� EHHQ�P\� DQFKRU� WR� VDQLW\� DQG�P\
SURYLGHU�RI �SHUVSHFWLYH�WKURXJKRXW�WKLV�MRXUQH\�
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&KDSWHU�� 

,QWURGXFWLRQ

7KLV�GLVVHUWDWLRQ�GHPRQVWUDWHV�WKDW�LW�LV�SRVVLEOH�WR�FDSWXUH�D�VLJQLILFDQW�DQG�XVHIXO�FROOHFWLRQ
RI � VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH� ZLWK� D� ODQJXDJH� DQG� PHFKDQLVPV� IRU� H[SUHVVLQJ� GHVLJQ
YRFDEXODU\�� GHVLJQ� UXOHV�� DQG� DUFKLWHFWXUDO� VW\OHV�� 7KLV� FDSWXUHG� GHVLJQ� H[SHUWLVH� FDQ� EH� XVHG� WR
LQFUHPHQWDOO\�FXVWRPL]H�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�

��� 7KH�UROH�RI �VRIWZDUH�DUFKLWHFWXUH

6RIWZDUH� GHVLJQHUV� DQG� GHYHORSHUV� KDYH� ORQJ� UHDOL]HG� WKH� LPSRUWDQFH� RI � SRZHUIXO� DQG
DSSURSULDWH� DEVWUDFWLRQV� IRU� VRIWZDUH� V\VWHPV�� 7KH� DUFKLWHFWXUDO� OHYHO� RI � DEVWUDFWLRQ
GHVFULEHV��DW�D�UHODWLYHO\�FRDUVH�JUDQXODULW\�� WKH�GHFRPSRVLWLRQ�RI �D�VRIWZDUH�V\VWHP�LQWR� LWV
PDMRU�FRPSRQHQWV��WKH�PHFKDQLVPV�DQG�UXOHV�E\�ZKLFK�WKRVH�FRPSRQHQWV�LQWHUDFW��DQG�WKH
JOREDO� SURSHUWLHV� RI � WKH� V\VWHP� WKDW� HPHUJH� IURP� WKH� FRPSRVLWLRQ� RI � LWV� SLHFHV��7KHUH� LV
JURZLQJ�UHFRJQLWLRQ�LQ�WKH�VRIWZDUH�GHVLJQ�FRPPXQLW\�WKDW�RQH�RI �WKH�FULWLFDO�VWHSV�IRU�WKH
VXFFHVVIXO� FRPSOHWLRQ� DQG� ILHOGLQJ� RI � D� PDMRU� VRIWZDUH� V\VWHP� LV� WKH� FUHDWLRQ� RI � D� ZHOO
GHILQHG�DQG�GRFXPHQWHG�DUFKLWHFWXUH�>*DU����50��@�

7KHUH� DUH� �DW� OHDVW�� IRXU� PDMRU� EHQHILWV� WR� SURGXFLQJ� DQG� GRFXPHQWLQJ� DQ� DUFKLWHFWXUDO
GHVLJQ�

�� $QDO\VLV�FDSDELOLWLHV��*LYHQ�DQ�DSSURSULDWH�VHW�RI �DQDO\VLV�WRROV��V\VWHP�GHVLJQHUV�FDQ
IODJ�OLNHO\�SUREOHPV�DQG�HVWLPDWH�JOREDO�SURSHUWLHV�DQG�FDSDELOLWLHV�RI �WKH�V\VWHP�HDUO\�LQ
WKH� GHYHORSPHQW� OLIHF\FOH�� 7KLV� FDSDELOLW\� DOORZV� WKH� GHVLJQHUV� WR� SHUIRUP� DQ� HDUO\
DQDO\VLV�RI �ZKHWKHU� WKH� ILHOGHG� V\VWHP�ZLOO�EH� DEOH� WR�PHHW� LWV� UHTXLUHPHQWV� LQ� D� FRVW�
HIIHFWLYH�ZD\�>$OO�����6*��@�

�� 6\VWHP� VWUXFWXUH� YLVLELOLW\�� $Q� H[SOLFLWO\� GHILQHG� DQG� GRFXPHQWHG� DUFKLWHFWXUH
FRPPXQLFDWHV� ´WKH� ELJ� SLFWXUHµ� RI � KRZ� WKH� HQWLUH� V\VWHP� ZLOO� ILW� WRJHWKHU� WR� JXLGH
V\VWHP�GHYHORSHUV� LQ�PDNLQJ� ORZHU�OHYHO�GHVLJQ�GHFLVLRQV��'HYHORSHUV� WKDW�KDYH�D�FOHDU
XQGHUVWDQGLQJ� RI � KRZ� WKHLU� SLHFH� RI � WKH� V\VWHP� ILWV� ZLWK� WKH� V\VWHP� DV� D� ZKROH� FDQ
LQVXUH�WKDW�WKHLU�FRPSRQHQWV�ZLOO�LQWHJUDWH�VPRRWKO\�ZLWK�WKH�UHVW�RI �WKH�V\VWHP�DQG�XVH
WKH�DUFKLWHFWXUH�WR�JXLGH�WKHP�LQ�PDNLQJ�JRRG�LPSOHPHQWDWLRQ�GHFLVLRQV�

�� ,PSRVHG�GLVFLSOLQH��7KH�SURFHVV�RI �SURGXFLQJ�DQ�H[SOLFLW�DUFKLWHFWXUDO�GHVLJQ�UHTXLUHV
DUFKLWHFWV�WR�WKLQN�DERXW�WKH�V\VWHP�DV�D�ZKROH�DQG�KRZ�LWV�SLHFHV�LQWHUDFW��7KLV�SURFHVV
ZLOO� RIWHQ� XQFRYHU� IX]]\� WKLQNLQJ�� SRRUO\� GHILQHG� UHTXLUHPHQWV�� DQG� LPSRUWDQW� GHVLJQ
LVVXHV�WKDW�PLJKW�RWKHUZLVH�EH�RYHUORRNHG�>$77��@�

�� 0DLQWDLQLQJ�FRQFHSWXDO�LQWHJULW\��$�V\VWHP·V�DUFKLWHFWXUH�VHUYHV�DV� LWV�´FRQVFLHQFH�µ
JXLGLQJ�PDLQWDLQHUV� LQ�PDNLQJ�DSSURSULDWH� H[WHQVLRQV�DQG�PRGLILFDWLRQV� WR� WKH� V\VWHP�
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,Q�WKLV�ZD\�� WKH�DUFKLWHFWXUDO�GRFXPHQW�H[SRVHV�WKH�´ORDG�EHDULQJ�ZDOOVµ�RI � WKH�V\VWHP
>6*����3:��@�

$OWKRXJK� DUFKLWHFWXUDO� GHVLJQ� LV� D� FULWLFDO� IDFWRU� LQ� WKH� VXFFHVVIXO� GHVLJQ�� GHYHORSPHQW�
GHSOR\PHQW�DQG�PDLQWHQDQFH�RI �D�VRIWZDUH�V\VWHP�� LW� UHTXLUHV�VLJQLILFDQW�WLPH��HIIRUW��VNLOO�
DQG�WKXV�H[SHQVH��WR�GR�ZHOO��0XFK�RI �WKH�FKDOOHQJH�RI �SURGXFLQJ�DQ�DSSURSULDWH�VRIWZDUH
DUFKLWHFWXUH�DULVHV� IURP�WKH� IXQGDPHQWDO�GLIILFXOW\�RI �GHWHUPLQLQJ� WKH� FRUH�DEVWUDFWLRQV� WR
XVH� LQ� GHVFULELQJ� WKH� V\VWHP�� DFFXUDWHO\� FDSWXULQJ� WKRVH� DEVWUDFWLRQV� LQ� D� FRQFUHWH
UHSUHVHQWDWLRQ� WKDW� V\VWHP�GHYHORSHUV� DQG�SURJUDPPHUV� FDQ�XVH� DV� D� EOXHSULQW� IRU� V\VWHP
LPSOHPHQWDWLRQ��DQG�DQDO\]LQJ�WKH�DUFKLWHFWXUDO�GHVFULSWLRQ�WR�GHWHUPLQH�ZKHWKHU�WKH�V\VWHP
WR�EH�SURGXFHG�LV�OLNHO\�WR�H[KLELW�LWV�GHVLUHG�SURSHUWLHV��%HFDXVH�RI �WKH�GLIILFXOW\�DQG�FRVW�RI
SURGXFLQJ� VXFK� DQ� DUFKLWHFWXUDO� VSHFLILFDWLRQ�� DV� ZHOO� DV� WKH� GLIILFXOW\� LQ� TXDQWLI\LQJ� WKH
EHQHILW� RI � GRLQJ� VR�� LW� LV� IUHTXHQWO\� GLIILFXOW� IRU� VRIWZDUH� GHYHORSPHQW� RUJDQL]DWLRQV� WR
MXVWLI\� SURGXFLQJ�� GRFXPHQWLQJ�� DQG� WKRURXJKO\� WHVWLQJ� GHWDLOHG� VRIWZDUH� DUFKLWHFWXUH
VSHFLILFDWLRQV�IRU�WKH�V\VWHPV�WKH\�GHYHORS�

7R�DGGUHVV�WKH�FRVW�DQG�GLIILFXOW\�RI �SURGXFLQJ�HIIHFWLYH�VRIWZDUH�DUFKLWHFWXUH�GHVFULSWLRQV�
QXPHURXV�$UFKLWHFWXUH�'HVFULSWLRQ�/DQJXDJHV��$'/V��KDYH�EHHQ�GHYHORSHG���8QIRUWXQDWHO\�
FXUUHQW� $'/V� KDYH� WZR� FULWLFDO� OLPLWDWLRQV�� )LUVW�� WKH\� JHQHUDOO\� GR� QRW� SURYLGH� DQ\
PHFKDQLVPV�IRU�GHVFULELQJ�SODQQHG�RU�DYDLODEOH�HYROXWLRQDU\�SDWKV�IRU� WKH�VRIWZDUH�V\VWHP
GHVFULEHG��7KH\� FDQ�QRW� GHVFULEH� WKH� FRQVWUDLQWV� XQGHU�ZKLFK� WKH� GHVLJQ�ZDV� FUHDWHG� DQG
PD\� EH� HYROYHG�� WKH� LQYDULDQWV� RI � WKH� GHVLJQ� WKDW� QHHG� WR� EH� PDLQWDLQHG� DV� WKH� V\VWHP
HYROYHV�� QRU� WKH� KHXULVWLFV� XVHG� LQ� WKH� V\VWHP·V� GHVLJQ�� &XUUHQW� $'/V� WHQG� WR� FDSWXUH� D
VQDSVKRW�RI �WKH�GHVLJQ�RI �LQGLYLGXDO�V\VWHPV�DW�LPSOHPHQWDWLRQ�RU�GHSOR\PHQW�WLPH��ZLWKRXW
D� URDGPDS� WR� JXLGH� VXEVHTXHQW� V\VWHP� PDLQWHQDQFH� DQG� HYROXWLRQ�� %HFDXVH� V\VWHP
PDLQWHQDQFH�DQG�HYROXWLRQ�FRVWV�DUH�IUHTXHQWO\�JUHDWHU�WKDQ�WKH�FRVW�RI �LQLWLDO�V\VWHP�GHVLJQ
DQG�GHYHORSPHQW�>3IO��@��WKH� LQDELOLW\�WR�VXSSRUW�WKHP�GLUHFWO\�LV�D�VLJQLILFDQW�OLPLWDWLRQ�RI
H[LVWLQJ�$'/V�

7KH� VHFRQG� OLPLWDWLRQ� LV� WKDW� FXUUHQW� $'/V� WHQG� WR� HPSKDVL]H� WKH� DELOLW\� WR� VSHFLI\� WKH
GHVLJQ�RI �D�VLQJOH�VRIWZDUH�V\VWHP�DQG�� LQ�VRPH�FDVHV�� WR�DQDO\]H�YDULRXV�SURSHUWLHV�RI � WKDW
VLQJOH�GHVLJQ��0DQ\�VRIWZDUH�GHYHORSPHQW�RUJDQL]DWLRQV��KRZHYHU��EXLOG�IDPLOLHV�RI �UHODWHG
V\VWHPV��$V�D�UHVXOW��WKH�GHVLJQ�DQG�GHYHORSPHQW�RI �D�VRIWZDUH�V\VWHP�LV�UDUHO\�D�JURXQG�XS
HQGHDYRU�UHTXLULQJ�WKH�SURGXFWLRQ�RI �D�IUHVK�GHVLJQ�DQG�VHW�RI �GHVLJQ�FRQFHSWV��5DWKHU��WKH
GHVLJQHUV� GHVLJQLQJ� D� QHZ� V\VWHP� RU� XSGDWLQJ� DQ� H[LVWLQJ� V\VWHP� WHQG� WR� UHXVH� SURYHQ
GHVLJQV�� GHVLJQ� UXOHV�� DQG� GHVLJQ� YRFDEXODU\� WKDW� WKHLU� RUJDQL]DWLRQ� KDV� GHYHORSHG� RU
DFTXLUHG�LQ�EXLOGLQJ�SUHYLRXV�V\VWHPV��8QIRUWXQDWHO\��IHZ�LI �DQ\�H[LVWLQJ�$'/V�DUH�HTXLSSHG
WR�FDSWXUH�WKLV�GHVLJQ�H[SHUWLVH�VR�WKDW�LW�FDQ�EH�UHXVHG�WR�JXLGH�WKH�EXLOGLQJ�RI �QHZ�V\VWHPV
RU� WKH� PRGLILFDWLRQ� RI � H[LVWLQJ� V\VWHP� GHVLJQV�� $V� D� UHVXOW�� WKLV� FULWLFDO� RUJDQL]DWLRQDO
VRIWZDUH�GHVLJQ� H[SHUWLVH� WHQGV� WR�EH� HLWKHU�NHSW� LQ� WKH�KHDGV�RI � D� IHZ�H[SHUWV�RU�� LI � LW� LV
ZULWWHQ� GRZQ� DW� DOO�� H[SUHVVHG� LQIRUPDOO\� LQ� QDWXUDO� ODQJXDJH� GRFXPHQWV�� 7KH� YDOXH� RI
H[LVWLQJ� $'/V� LV� OLPLWHG� IRU� PDQ\� VRIWZDUH� GHYHORSPHQW� RUJDQL]DWLRQV�� SURMHFWV�� DQG
SURFHVVHV�EHFDXVH�WKH\�GRQ·W�SURYLGH�DQ�HIIHFWLYH�ZD\�WR�FDSWXUH�WKLV�GHVLJQ�H[SHUWLVH�

�������������������������������������������������
1  See the related work section 3.1 for a detailed discussion of ADLs, their capabilities, and their limitations.
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%RWK�RI � WKHVH�SUREOHPV�FDQ�EH�DGGUHVVHG�ZLWK�DQ�$UFKLWHFWXUH�'HVFULSWLRQ�/DQJXDJH� WKDW
KDV�PHFKDQLVPV� DQG�FRQVWUXFWV� IRU� FDSWXULQJ�� DUFKLYLQJ�� UHWULHYLQJ�� DQG� UHXVLQJ�DUFKLWHFWXUDO
GHVLJQ�H[SHUWLVH��)RU�WKH�SXUSRVHV�RI �WKLV�WKHVLV��DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�HQFRPSDVVHV�WKH
FRQFHSWV��PRGHOV��DQG�UXOHV�WKDW�VNLOOHG�VRIWZDUH�DUFKLWHFWV�XVH�ZKHQ�VSHFLI\LQJ��FRQVWUXFWLQJ�
RU�DQDO\]LQJ�D�VRIWZDUH�DUFKLWHFWXUH��7KLV� LQFOXGHV�JHQHULF�GHVLJQ�UXOHV�DQG�YRFDEXODU\� WKDW
DUH�DSSOLFDEOH�WR�D�IDPLO\�RI �V\VWHPV��DV�ZHOO�DV�WKH�FRQVWUDLQWV��UXOHV��DQG�KHXULVWLFV�XVHG�LQ
SURGXFLQJ�D�VLQJOH�V\VWHP�DQG�JXLGLQJ�KRZ�WKDW�V\VWHP�FDQ�HYROYH�

����� $�FDVH�IRU�DXWRPDWHG�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�WRROV

7KH� DELOLW\� WR� H[SOLFLWO\� FDSWXUH� DQG� UHXVH� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH� LV� DQ
LPSRUWDQW� ILUVW� VWHS� WRZDUGV� LPSURYLQJ� WKH� VWDWH� RI � WKH� SUDFWLFH� RI � EXLOGLQJ� DQG� HYROYLQJ
VRIWZDUH�� ,W� LV��KRZHYHU��RQO\�D� ILUVW� VWHS��7R� WDNH� IXOO� DGYDQWDJH�RI � WKLV� FDSWXUHG�H[SHUWLVH
VRIWZDUH� DUFKLWHFWV� DOVR� QHHG� SRZHUIXO� GHVLJQ� DQG� DQDO\VLV� WRROV� DQG� HQYLURQPHQWV�� 7KHVH
WRROV�FDQ�JXLGH�DQ�DUFKLWHFW�LQ�DQDO\]LQJ�DQG�UHDVRQLQJ�DERXW�VRIWZDUH�DUFKLWHFWXUHV��WHVWLQJ
DQ� DUFKLWHFWXUDO� VSHFLILFDWLRQ� IRU� FRPSOLDQFH� ZLWK� D� VHW� RI � GHVLJQ� UXOHV�� RU� VHOHFWLQJ� DQ
DSSURSULDWH� FROOHFWLRQ� RI � YRFDEXODU\� HOHPHQWV� IRU� D� VSHFLILF� V\VWHP� GHVLJQ�� 6XFK� D� VHW� RI
WRROV�VKRXOG�DOORZ�VRIWZDUH�DUFKLWHFWV�DQG�GHYHORSHUV�WR�GR�WKHLU�MRE�PRUH�HDVLO\��TXLFNO\��DQG
HIIHFWLYHO\�

7KH�VXFFHVV�RI �&RPSXWHU�$LGHG�'HVLJQ��&$'��WRROV�LQ�RWKHU�GLVFLSOLQHV�VXFK�DV�PHFKDQLFDO
HQJLQHHULQJ�� EXLOGLQJ� DUFKLWHFWXUH�� DQG�9/6,� GHVLJQ� DUJXHV� WKDW�ZKHQ� GHVLJQ� WRROV� FDSWXUH
WKH�HVVHQWLDO�DVSHFWV�RI �GHVLJQ� LQ�D�JLYHQ�GRPDLQ��WKDW�GRPDLQ·V�GHVLJQ�H[SHUWLVH�� WKH\�FDQ
RIIHU� XVHIXO� DQDO\VHV�� VLJQLILFDQW� UHXVH� RI � FRPPRQ� GHVLJQ� HOHPHQWV�� DQG� HYHQ� GHVLJQ
JXLGDQFH�DQG�HYDOXDWLRQ��([SHULHQFH�ZLWK�WKHVH� WRROV�DOVR�GHPRQVWUDWHV� WKDW�� LQ�JHQHUDO�� DV
WKH\� DUH� PDGH�PRUH� GRPDLQ� VSHFLILF� WKH� WRROV� SURYLGH� JUHDWHU� OHYHUDJH� IRU� WKH� GHVLJQHUV
XVLQJ� WKHP�� 7KH� VWDQGDUG� ZD\� WR� PDNH� GHVLJQ� WRROV� PRUH� GRPDLQ� VSHFLILF� LV� WR� HQFRGH
GHVLJQ�H[SHUWLVH�IURP�WKH�WDUJHW�GRPDLQ�GLUHFWO\� LQWR�WKH�WRROV��)RU�H[DPSOH��D�9/6,�&$'
WRRO� PLJKW� LQFOXGH� URXWLQJ� DQG� OD\RXW� DOJRULWKPV�� D� ODUJH� OLEUDU\� RI � SUHGHILQHG� 9/6,
FRPSRQHQWV� VXFK� DV� UHJLVWHUV�� EXVVHV�� DQG�PHPRU\�EORFNV�� UXOHV� IRU� GHWHFWLQJ� DQG� GHDOLQJ
ZLWK� WLPLQJ� DQG� LPSHGDQFH�PLVPDWFKHV�� DQG� WRROV� WR� VLPXODWH� WKH� H[SHFWHG�EHKDYLRU�RI � D
FKLS� EHIRUH� LW� LV� IDEULFDWHG�� (DFK� RI � WKHVH� FDSDELOLWLHV� FDSWXUHV� D� FROOHFWLRQ� RI � GHVLJQ
H[SHUWLVH�WKDW�WRRO�XVHUV�FDQ�WDNH�DGYDQWDJH�RI �LQ�SURGXFLQJ�WKHLU�FKLS�GHVLJQV�

$SSURSULDWH� VRIWZDUH�DUFKLWHFWXUH�GHVLJQ� WRROV�FDQ�SURYLGH� VRIWZDUH�DUFKLWHFWV�ZLWK� VLPLODU
OHYHUDJH�� 6SHFLILFDOO\�� VSHFLDOL]HG� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� WRROV� DQG� HQYLURQPHQWV
SURPLVH�WR�SURYLGH�VRIWZDUH�DUFKLWHFWV�ZLWK�WKUHH�EHQHILWV�

• 5HXVDEOH� FRQFHSWXDO� IUDPHZRUNV�� 6SHFLDOL]HG� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQ�
PHQWV� FDSWXUH� DQG� HQFRGH� D� FRQFHSWXDO� IUDPHZRUN� IRU� GHVLJQLQJ� VSHFLILF� W\SHV� RI
V\VWHPV��6XFK� D� IUDPHZRUN�XVXDOO\� LQFOXGHV� D� YRFDEXODU\�RI � EXLOGLQJ�EORFNV�� UXOHV� DQG
VHPDQWLFV�IRU�FRPSRVLQJ�WKRVH�EXLOGLQJ�EORFNV��DQG�DQDO\VHV�WKDW�FDQ�EH�SHUIRUPHG�RQ
V\VWHPV�GHYHORSHG�ZLWK�WKH�HQYLURQPHQW��0XFK�RI �WKH�GLIILFXOW\�LQ�SURGXFLQJ�D�FRPSOH[
VRIWZDUH� V\VWHP� DULVHV� IURP� WKH� QHHG� WR� GHYHORS� DQ� DSSURSULDWH� DEVWUDFW� FRQFHSWXDO
PRGHO�DV�D�EDVLV�IRU�WKH�V\VWHP��7KHVH�VSHFLDOL]HG�HQYLURQPHQWV�DOORZ�D�GHVLJQHU�WR�UHXVH
WKH�EXLOGLQJ�EORFNV�DQG�H[SHUWLVH�WKDW�WKH�WRRO�KDV�FDSWXUHG�LQVWHDG�RI �KDYLQJ�WR�FUHDWH
KLV�RZQ�PRGHOV�IURP�VFUDWFK�IRU�HDFK�QHZ�V\VWHP�
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• ’HVLJQ� JXLGDQFH�� 6HOHFWLQJ� D� ZHOO� XQGHUVWRRG� FRQFHSWXDO� IUDPHZRUN� DV� D� EDVLV� IRU
V\VWHP�GHVLJQ�JXLGHV�DUFKLWHFWV�E\�SURYLGLQJ�D�YRFDEXODU\�RI �SURYHQ�GHVLJQ�HOHPHQWV�DQG
VXJJHVWLQJ� DSSURSULDWH� ZD\V� WR� FRPSRVH� WKRVH� HOHPHQWV�� 7KLV� IRXQGDWLRQ� FDQ� EH
H[WHQGHG� WR� FDSWXUH� WKH� KHXULVWLFV�� JXLGHOLQHV�� DQG� FRQWH[WXDO� FXHV� WKDW� H[SHUWV� WDNH
DGYDQWDJH� RI � ZKHQ� GHVLJQLQJ� WKH� FODVV� RI � V\VWHPV� WKDW� WKH� VSHFLDOL]HG� HQYLURQPHQW
VXSSRUWV��)XUWKHU��E\�HQFRGLQJ�LQIRUPDWLRQ�DERXW�WKH�HYROXWLRQDU\�SDWKV�DQG�FRQVWUDLQWV
EXLOW� LQWR� D� VSHFLILF� V\VWHP·V� GHVLJQ�� WKDW� V\VWHP·V�RULJLQDO� DUFKLWHFW�V�� FDQ�JXLGH� IXWXUH
V\VWHP�PDLQWDLQHUV�WRZDUGV�VDIH�DQG�DSSURSULDWH�V\VWHP�HYROXWLRQ��

• ’HVLJQ� HYDOXDWLRQ�� &RQVWUDLQLQJ� WKH� DUFKLWHFWXUDO� GHVLJQ� VSDFH� WR� D� ZHOO� XQGHUVWRRG
FRQFHSWXDO� IUDPHZRUN� SURYLGHV� D� IRXQGDWLRQ� IRU� FUHDWLQJ� WUDFWDEOH� DQG� DXWRPDWDEOH
GHVLJQ�DQDO\VHV�DQG�HYDOXDWLRQV��7KH�DELOLW\�WR�HYDOXDWH�WKH�FRVWV�DQG�EHQHILWV�RI �YDULRXV
GHVLJQ�DSSURDFKHV�DQG�DOWHUQDWLYHV�HDUO\� LQ�WKH�V\VWHP�GHVLJQ�DQG�GHYHORSPHQW�SURFHVV
DOORZV�GHVLJQHUV�WR�FDWFK�DQG�RU�SUHYHQW�FRVWO\�GHVLJQ�PLVWDNHV�ZKHQ�WKH\�DUH�UHODWLYHO\
LQH[SHQVLYH�WR�IL[�

0DQ\� RUJDQL]DWLRQV� KDYH� UHFRJQL]HG� WKH� SRWHQWLDO� EHQHILWV� RI � SURGXFLQJ� DQG� XVLQJ
DXWRPDWHG�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ� WRROV� DQG�HQYLURQPHQWV��&RQVHTXHQWO\��D�JUHDW�GHDO
RI � LQYHVWPHQW� KDV� EHHQ� PDGH� LQ� FUHDWLQJ� WKHP�� 7KHVH� WRROV� UDQJH� IURP� JHQHULF
HQYLURQPHQWV� WKDW�SURYLGH� OLPLWHG� OHYHUDJH�RYHU�D�ZLGH�YDULHW\�RI �GHVLJQ�GRPDLQV�� VXFK�DV
5DWLRQDO� 5RVH� DQG� WKH� 8QLILHG� 0RGHOLQJ� /DQJXDJH� >4XD��@�� WR� GRPDLQ�VSHFLILF� GHVLJQ
HQYLURQPHQWV� WKDW� SURYLGH� D� ORW� RI � DQDO\WLFDO� OHYHUDJH� DQG� GHVLJQ� JXLGDQFH� EXW� DUH
FRQVWUDLQHG� WR� D�PXFK�PRUH� OLPLWHG� VFRSH�RI � GHVLJQ��7KH� ODWWHU� JURXS� LQFOXGHV�'$53$·V
'RPDLQ�6SHFLILF� 6RIWZDUH� $UFKLWHFWXUH� �'66$�� HQYLURQPHQWV� >0*��@�� 0HWD+� >9HV��@�
2EMHF7LPH
V� 5HDO�WLPH� 2EMHFW�2ULHQWHG� 0RGHOLQJ� �5220�� WRROV� >6*:��@�� DQG� WKH
&KLPHUD�IUDPHZRUN�IRU�URERWLFV�VRIWZDUH�>69.��@�

����� /LPLWDWLRQV�RI �FXUUHQW�DSSURDFKHV

$OWKRXJK� VSHFLDOL]HG� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV� RIIHU� VLJQLILFDQW� SURPLVH�
FXUUHQW� DSSURDFKHV� WR� GHVLJQLQJ� DQG�EXLOGLQJ� WKHP�DUH� LQDGHTXDWH� IRU� WKH� IROORZLQJ� WKUHH
UHDVRQV��)LUVW��LW�LV�UDUHO\�FRVW�HIIHFWLYH�IRU�VRIWZDUH�GHYHORSPHQW�RUJDQL]DWLRQV�RU�SURMHFWV�WR
EXLOG�WRROV�DQG�HQYLURQPHQWV�WKDW�DUH�WLJKWO\�FXVWRPL]HG�WR�WKHLU�VSHFLILF�GHVLJQ�GRPDLQ�DQG
SUREOHPV��+LVWRULFDOO\��VXFK�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�KDYH�KDG�WR�EH�EXLOW
IURP�WKH�JURXQG�XS��$V�D�UHVXOW��WKH\�DUH�H[SHQVLYH��GLIILFXOW��DQG�WLPH�FRQVXPLQJ�WR�EXLOG�
%HFDXVH�RI �WKH�ODUJH�XS�IURQW�LQYHVWPHQW�WKH\�UHTXLUH��VXFK�VSHFLDOL]HG�GHVLJQ�HQYLURQPHQWV
PDNH�HFRQRPLF�VHQVH�RQO\� IRU�SURMHFWV�DQG�RUJDQL]DWLRQV�WKDW�DUH�DEOH� WR�XVH�WKH�HQYLURQ�
PHQW�IRU�WKH�SURGXFWLRQ�RI �PDQ\�V\VWHPV��WKXV�DPRUWL]LQJ�WKH�HQYLURQPHQW
V�GHYHORSPHQW
FRVW�� $OWKRXJK� WKH\� PLJKW� EHQHILW� JUHDWO\� IURP� XVLQJ� D� KLJKO\� FXVWRPL]HG� VRIWZDUH
DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW�� LW� LV�FXUUHQWO\� IDU� WRR�H[SHQVLYH� IRU� VRIWZDUH�DUFKLWHFWV� LQ
PDQ\�GRPDLQV�DQG�RUJDQL]DWLRQV�WR�GHYHORS�VXFK�FXVWRPL]HG�WRROV�

$�VHFRQG�SUREOHP�ZLWK�FXUUHQW�DSSURDFKHV� LV� WKDW� WKH�HQYLURQPHQWV�SURGXFHG�E\�EXLOGLQJ
IURP�VFUDWFK�WHQG�WR�EH�EULWWOH�DQG�GLIILFXOW�WR�HYROYH��$V�D�GHVLJQHU
V�XQGHUVWDQGLQJ�RI �KLV
GRPDLQ� DQG�GHVLJQ� WHFKQLTXHV� HYROYHV�� WKH� WRROV� WKDW�KH�XVHV�QHHG� WR�EH� UHDGLO\� HYROYDEOH

�������������������������������������������������
2 Although guidance in selecting an appropriate conceptual framework given a set of requirements is also an
important issue in design guidance, that type of guidance is not directly addressed in this thesis.
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DOVR��7KH�ODFN�RI �D�VWDQGDUG��JHQHULF�ZD\�WR�HQFRGH�GHVLJQ�H[SHUWLVH�UHTXLUHV�HDFK�HQYLURQ�
PHQW�GHYHORSPHQW�SURMHFW� WR� �UH�LQYHQW� D� UHSUHVHQWDWLRQ� IRU� WKH�GHVLJQ� H[SHUWLVH� WKDW� WKH\
FDSWXUH� DQG� HQFRGH�� %HFDXVH� WKH\� DUH� GHYHORSHG� IRU� D� VLQJOH� HQYLURQPHQW� SURMHFW�� WKH
VFKHPDV�DQG�PHFKDQLVPV�XVHG�WR�UHSUHVHQW�WKH�HQYLURQPHQW
V�GHVLJQ�H[SHUWLVH� WHQGV�WR�EH
LGLRV\QFUDWLF�� KLJKO\� WRRO�VSHFLILF�� DQG� GLIILFXOW� WR�PRGLI\�RU� UHXVH��$V� D� UHVXOW�� WKHVH� WRROV
WHQG�WR�ZRUN�ZHOO�IRU�D�VSHFLILF�GRPDLQ�RU�VW\OH�RI �DUFKLWHFWXUDO�GHVLJQ��RU�SHUKDSV�D�VPDOO
VHW�RI �GRPDLQV���EXW�WKH\�FDQ�QRW�EH�UHDGLO\�DGDSWHG�DV�WKH�WRRO�XVHUV
�XQGHUVWDQGLQJ�RI �WKH
GRPDLQ�HYROYHV�

7KH� WKLUG�SUREOHP�ZLWK� WKH� FXUUHQW� DSSURDFK� WR�EXLOGLQJ� VSHFLDOL]HG� VRIWZDUH� DUFKLWHFWXUH
GHVLJQ� HQYLURQPHQWV� LV� WKDW� LW� UHTXLUHV� D� JUHDW� GHDO�RI � WRRO�EXLOGLQJ� H[SHUWLVH� WR� FRQVWUXFW
VXFK� DQ� HQYLURQPHQW�� %XLOGLQJ� DQ� HIIHFWLYH� GHVLJQ� HQYLURQPHQW� UHTXLUHV� D� VSHFLILF� VHW� RI
VNLOOV�DQG�H[SHULHQFH��ZKLFK� H[SHUWV� LQ�GHVLJQLQJ�RWKHU� W\SHV�RI � VRIWZDUH�PD\�QRW�SRVVHVV�
&RQYHUVHO\�� D� VNLOOHG�GHYHORSHU�RI � VRIWZDUH� DUFKLWHFWXUH�GHVLJQ� HQYLURQPHQWV� LV�XQOLNHO\� WR
SRVVHVV� WKH�GHHS�XQGHUVWDQGLQJ�RI � WKH� WDUJHW�GRPDLQ�UHTXLUHG� WR�SURGXFH�DQ�HQYLURQPHQW
WKDW� LV� WLJKWO\� PDWFKHG� WR� WKDW� GRPDLQ�� $V� D� UHVXOW�� DQ� RUJDQL]DWLRQ� WKDW� ZDQWV� D� FXVWRP
VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW� LV� OLNHO\� WR� HQG� XS� ZLWK� HLWKHU� D� ZHOO�EXLOW
HQYLURQPHQW�WKDW�LV�D�SRRU�PDWFK�IRU�WKHLU�GRPDLQ��RU�D�SRRUO\�FUDIWHG�GHVLJQ�HQYLURQPHQW
WKDW�FDSWXUHV�WKHLU�GHVLJQ�H[SHUWLVH�EXW�LV�QRW�HIIHFWLYH�DV�D�GHVLJQ�WRRO�

$V�D�UHVXOW�RI �WKHVH�OLPLWDWLRQV��WRGD\·V�GRPLQDQW�PRGHO�IRU�EXLOGLQJ�GHVLJQ�HQYLURQPHQWV�LV
WR�KDYH�VRIWZDUH�GHVLJQHUV�DGDSW�WKHLU�SUREOHPV�WR�ILW�WKH�FRQFHSWV�DQG�PRGHOV�RI �WKH�WRROV
SURYLGHG�E\�WKH�WRRO�GHYHORSHUV��7KLV�FRXOG�WDNH�WKH�IRUP�RI �XVLQJ�JHQHULF�GHVLJQ�WRROV�WKDW
SURYLGH�PLQLPDO�OHYHUDJH��H�J��´ILQG�WKH�REMHFWVµ�XVLQJ�80/�>%5-��@���RU�DWWHPSWLQJ�WR�XVH
VSHFLDOL]HG� WRROV� WKDW�ZHUH� GHVLJQHG� WR� DGGUHVV� D� GLIIHUHQW� SUREOHP�RU� VW\OH� RI � GHVLJQ�� ,Q
ERWK�FDVHV��D�PLVPDWFK�EHWZHHQ�WKH�WRRO�FDSDELOLWLHV�DQG�WKH�QHHGV�RI �WKH�GHVLJQHU�HQVXHV��$
PRUH� DSSURSULDWH� PRGHO�� ZKLFK� LV� GHYHORSHG� LQ� WKLV� WKHVLV�� LV� WR� DOORZ� DQG� HQFRXUDJH
DUFKLWHFWV�WR�HDVLO\��LQFUHPHQWDOO\��DQG�TXLFNO\�DGDSW�WKHLU�WRROV�WR�VROYH�WKH�GHVLJQ�SUREOHPV
WKDW�WKH\�IDFH�

����� 7KH�UROH�RI �OLJKWZHLJKW��LQFUHPHQWDO�DGDSWDWLRQ

0DNLQJ� WKH�GHYHORSPHQW�DQG�XVH�RI �VSHFLDOL]HG�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�SUDFWLFDO
DQG�HFRQRPLFDOO\�IHDVLEOH�IRU�D�ZLGH�YDULHW\�RI �VRIWZDUH�GHYHORSPHQW�SURMHFWV�UHTXLUHV�D�QHZ
DSSURDFK� WR� WKHLU�GHVLJQ� DQG�FRQVWUXFWLRQ��5DWKHU� WKDQ�EXLOGLQJ�QHZ�GHVLJQ� HQYLURQPHQWV
IURP�VFUDWFK�IRU�HYHU\�GRPDLQ��LW�VKRXOG�EH�SRVVLEOH�WR�HDVLO\�DQG�TXLFNO\�DGDSW�DQ�H[LVWLQJ
GHVLJQ�HQYLURQPHQW�E\�LQFUHPHQWDOO\�DGGLQJ�QHZ�GHVLJQ�H[SHUWLVH�WR�LW��7KH�DELOLW\�WR�LQFUH�
PHQWDOO\� DGDSW� D� GHVLJQ� HQYLURQPHQW� ZLWK� GRPDLQ�VSHFLILF� DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH
SURYLGHV�WKUHH�PDMRU�EHQHILWV�

• 6LPSOLILHG� GHVLJQ� HQYLURQPHQW� FRQVWUXFWLRQ�� ,QFUHPHQWDOO\� FXVWRPL]LQJ� D� UHXVDEOH
HQYLURQPHQW� WKDW� LV� GHVLJQHG� IRU� DGDSWDWLRQ� UHTXLUHV� GUDPDWLFDOO\� OHVV� HIIRUW� WKDQ
EXLOGLQJ�D�FRPSDUDEOH�HQYLURQPHQW�IURP�VFUDWFK��%HFDXVH�WKH�EXON�RI �WKH�HQYLURQPHQW
LQIUDVWUXFWXUH�LV�EHLQJ�UHXVHG��WKH�FRVW��WLPH��GLIILFXOW\��DQG�H[SHUWLVH�UHTXLUHG�WR�SURGXFH
D�FXVWRP�GHVLJQ�HQYLURQPHQW�FDQ�WKHUHIRUH�EH�VLJQLILFDQWO\�UHGXFHG��$V�D�UHVXOW��WKH�XVH
RI �FXVWRPL]HG�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�EHFRPHV�HFRQRPLFDOO\�IHDVLEOH
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IRU� D� EURDG� DUUD\� RI � VRIWZDUH� GHYHORSPHQW� SURMHFWV� WKDW� FRXOG� QRW� DIIRUG� WR� SURGXFH
VXFK�DQ�HQYLURQPHQW�ZLWK�FXUUHQW�WHFKQRORJLHV�

• ’HVLJQ� HQYLURQPHQW� HYROYDELOLW\�� $� GHVLJQ� HQYLURQPHQW� WKDW� LV� EXLOW� WR� VXSSRUW
LQFUHPHQWDO� UHFRQILJXUDWLRQ� FDQ� HYROYH� DV� LWV� XVHUV
� XQGHUVWDQGLQJ� RI � WKH� GRPDLQ� DQG
GHVLJQ� WHFKQLTXHV� JURZV�� %\� EXLOGLQJ� HYROYDELOLW\� LQWR� WKH� HQYLURQPHQW� IURP� WKH
EHJLQQLQJ��WKH�EULWWOHQHVV�WKDW�SODJXHV�PDQ\�FXVWRP�WRROV�DQG�HQYLURQPHQWV�EXLOW�IURP
WKH�JURXQG�XS�FDQ�EH�DYRLGHG�

• (QG�XVHU�H[SHULPHQWDWLRQ��8VLQJ�WKH� LQFUHPHQWDO�DGGLWLRQ�RI �GHVLJQ�H[SHUWLVH�DV� WKH
SULPDU\�PHFKDQLVP�IRU�DGDSWLQJ�D�GHVLJQ�HQYLURQPHQW�SURYLGHV�DQ�DUFKLWHFW�RU�GRPDLQ
H[SHUW�ZLWK�D�JUHDW�GHDO�RI �HQYLURQPHQW�FXVWRPL]DWLRQ�FDSDELOLW\�DQG�IOH[LELOLW\��7KH�HQG�
XVHU�GRHV�QRW�QHHG�WR�NQRZ�DQ\�VLJQLILFDQW�GHWDLOV�DERXW�WKH�LPSOHPHQWDWLRQ�RI �D�GHVLJQ
HQYLURQPHQW� LQ� RUGHU� WR� DGDSW� DQG� FXVWRPL]H� LW�� +H� VLPSO\� QHHGV� WR� XQGHUVWDQG� WKH
PHFKDQLVPV� IRU� H[SUHVVLQJ� GHVLJQ� H[SHUWLVH� DQG� ORDGLQJ� WKHP� LQWR� WKH� FRQILJXUDEOH
HQYLURQPHQW��$V�D�UHVXOW��FXVWRPL]DWLRQ�GHFLVLRQV�FDQ�EH�PDGH�E\�WKRVH�ZKR�XQGHUVWDQG
WKH�GRPDLQ�DQG�LWV�GHVLJQ�WHFKQLTXHV�EHVW�²�WKH�DUFKLWHFWV�DQG�GRPDLQ�H[SHUWV�XVLQJ�WKH
HQYLURQPHQW��)XUWKHU��EHFDXVH�HQYLURQPHQW�FXVWRPL]DWLRQ�LV�D� OLJKWZHLJKW�SURFHVV�� LW� LV
HDV\� IRU� DQ� HQYLURQPHQW� XVHU� WR� H[SHULPHQW� ZLWK� PDQ\� GLIIHUHQW� IRUPV� RI � GHVLJQ
H[SHUWLVH�DQG�HQYLURQPHQW�FRQILJXUDWLRQV�

,Q� RUGHU� WR� DFKLHYH� WKHVH� EHQHILWV�� WKLV� GLVVHUWDWLRQ� SUHVHQWV� D� QHZ� DSSURDFK� WR� FDSWXULQJ
VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH� DQG� XVLQJ� LW� WR� LQFUHPHQWDOO\� FXVWRPL]H� VRIWZDUH
DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV�� 7KH� NH\� WR� WKLV� DSSURDFK� LV� D� ODQJXDJH� DQG� FRQFHSWXDO
IUDPHZRUN� IRU� FDSWXULQJ� GHVLJQ� H[SHUWLVH�� DORQJ�ZLWK� D� IOH[LEOH� GHVLJQ� HQYLURQPHQW� LQIUD�
VWUXFWXUH�WKDW�FDQ�EH�HDVLO\��TXLFNO\��DQG�LQFUHPHQWDOO\�FRQILJXUHG�ZLWK�WKH�ODQJXDJH�

7KHUH� DUH� WZR� IXQGDPHQWDO� FKDOOHQJHV� WR� VXSSRUWLQJ� WKH� LQFUHPHQWDO� FXVWRPL]DWLRQ� RI
VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV� ZLWK� HQFDSVXODWHG� GHVLJQ� H[SHUWLVH�� 7KH� ILUVW
FKDOOHQJH�LV�VLPSO\�GHYHORSLQJ�D�ZD\�WR�FDSWXUH�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH�DW�DOO�
7KLV�LQFOXGHV�GHYHORSLQJ�ERWK�D�QRWDWLRQ�IRU�H[SUHVVLQJ�DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�DQG�D
FRQFHSWXDO� IUDPHZRUN�WKDW�GHILQHV� WKH� UHODWLRQVKLSV�EHWZHHQ� WKH�YDULRXV�FRQVWUXFWV�RI � WKH
QRWDWLRQ��7KH� QRWDWLRQ� DQG� IUDPHZRUN�PXVW� EH� VXIILFLHQWO\� ULFK�� IOH[LEOH�� DQG� SRZHUIXO� WR
FDSWXUH�WKH�LPSRUWDQW�DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�IRU�D�EURDG�UDQJH�RI �DUFKLWHFWXUDO�VW\OHV
DQG�GHVLJQ�GRPDLQV��)XUWKHU��WKH\�PXVW�FDSWXUH�WKH�H[SHUWLVH�LQ�D�ZD\�WKDW�LV�VWUDLJKWIRUZDUG
IRU�VRIWZDUH�DUFKLWHFWV�WR�XQGHUVWDQG�DQG�XVH�

7KH� VHFRQG� FKDOOHQJH� OLHV� LQ� GHVLJQLQJ� DQG� EXLOGLQJ� DQ� H[WHQVLEOH� VRIWZDUH� DUFKLWHFWXUH
GHVLJQ� HQYLURQPHQW� LQIUDVWUXFWXUH� WKDW� FDQ� EH� LQFUHPHQWDOO\� DGDSWHG� ZLWK� WKLV� FDSWXUHG
GHVLJQ� H[SHUWLVH�� 6XFK� DQ� HQYLURQPHQW� QHHGV� WR� EH� DEOH� WR� LQFUHPHQWDOO\� LQFRUSRUDWH� WKH
GHVLJQ� H[SHUWLVH� FDSWXUHG� LQ� WKH� QRWDWLRQ� DQG� IUDPHZRUN�� 7R� FRPSOLFDWH� PDWWHUV�� WKH
HQYLURQPHQW� QHHGV� WR� EH� DEOH� WR� GHDO� ZLWK� FROOHFWLRQV� RI � GHVLJQ� H[SHUWLVH� WKDW� PD\� EH
LQWHUQDOO\�LQFRQVLVWHQW��RU�HYHQ�FRQWUDGLFWRU\�

7KHUH� DSSHDUV�� XQIRUWXQDWHO\�� WR� EH� D� IXQGDPHQWDO� WHQVLRQ� WKDW� DULVHV� LQ� DWWHPSWLQJ� WR
VLPXOWDQHRXVO\�DGGUHVV�WKHVH�FKDOOHQJHV��$V�WKH�QRWDWLRQ�DQG�FRQFHSWXDO�IUDPHZRUN�LV�PDGH
PRUH� ULFK�� IOH[LEOH�� DQG� FORVHU� WR� D� QDWXUDO� ODQJXDJH� LW� WHQGV� WR� EHFRPH�PRUH� GLIILFXOW� WR
SURYLGH�DXWRPDWHG�WRROV�WKDW�FDQ�SURFHVV�WKH�GHVLJQ�H[SHUWLVH��7KURXJKRXW�WKH�UHPDLQGHU�RI
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WKLV�GLVVHUWDWLRQ�,�GHVFULEH�KRZ�,�DGGUHVV�WKHVH�WUDGHRIIV�DQG�FKDOOHQJHV�WR�GHPRQVWUDWH�P\
WKHVLV�WKDW�

,W� LV� SRVVLEOH� WR� FDSWXUH� D� VLJQLILFDQW� DQG� XVHIXO� FROOHFWLRQ� RI � VRIWZDUH� DUFKLWHFWXUH� GHVLJQ
H[SHUWLVH�ZLWK�D� ODQJXDJH�DQG�PHFKDQLVPV� IRU�H[SUHVVLQJ�GHVLJQ�YRFDEXODU\��GHVLJQ�UXOHV��DQG
DUFKLWHFWXUDO� VW\OHV�� 7KLV� FDSWXUHG� GHVLJQ� H[SHUWLVH� FDQ� EH� XVHG� WR� LQFUHPHQWDOO\� FXVWRPL]H
VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�

7R� GHPRQVWUDWH� WKLV� WKHVLV�� ,� SUHVHQW� D� GHVLJQ� ODQJXDJH� DQG� D� FRQILJXUDEOH� GHVLJQ
HQYLURQPHQW� FDOOHG�$UPDQL�� ,� WKHQ� VKRZ� KRZ� WKH\� FDQ� EH� XVHG� WRJHWKHU� WR� LQFUHPHQWDOO\
FDSWXUH�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH�DQG�GHYHORS�FXVWRPL]HG�VRIWZDUH�DUFKLWHFWXUH
GHVLJQ� HQYLURQPHQWV��7R�GHPRQVWUDWH� WKH�XWLOLW\� RI � WKH� DSSURDFK�� ,� GHVFULEH� D� VHW� RI � FDVH
VWXGLHV�LQ�ZKLFK�$UPDQL�LV�XVHG�WR�UDSLGO\�FRQVWUXFW�FXVWRP�GHVLJQ�HQYLURQPHQWV�

����� &RQWULEXWLRQV

7KH�UHVHDUFK�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�PDNHV�WKH�IROORZLQJ�FRQWULEXWLRQV�WR�WKH�ILHOG�RI
&RPSXWHU�6FLHQFH�

• $� WHFKQLTXH� IRU� GUDPDWLFDOO\� UHGXFLQJ� WKH� WLPH�� FRVW�� DQG� GLIILFXOW\� RI � EXLOGLQJ� D
VLJQLILFDQW� FODVV� RI � FXVWRPL]HG� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV�� 7KLV� WHFK�
QLTXH�EHQHILWV�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW�EXLOGHUV�E\�GHPRQVWUDWLQJ�KRZ
D�YDULHW\�RI � GHVLJQ� WRROV� FDQ� EH�EXLOW� WKURXJK�SULQFLSOHG�� LQFUHPHQWDO� DGDSWDWLRQV� WR� D
FRPPRQ� VKDUHG� LQIUDVWUXFWXUH�� ,W� EHQHILWV� VRIWZDUH� GHYHORSPHQW� RUJDQL]DWLRQV� E\
SURYLGLQJ� DFFHVV� WR� KLJKO\� FXVWRPL]HG� WRROV� DW� D� PXFK� ORZHU� FRVW� WKDQ� FXUUHQW
GHYHORSPHQW� WHFKQLTXHV� DOORZ�� ,W� EHQHILWV� SUDFWLFLQJ� VRIWZDUH� DUFKLWHFWV� E\� SURYLGLQJ
WKHP�ZLWK� WRROV� WKDW� FORVHO\�PDWFK� WKHLU� GHVLJQ�GRPDLQ��)LQDOO\�� LW� EHQHILWV� UHVHDUFKHUV
VWXG\LQJ� VRIWZDUH� GHYHORSPHQW� WRROV� E\� SURYLGLQJ� D� JHQHUDO� FXVWRPL]DWLRQ� WHFKQLTXH
WKDW�FDQ�OLNHO\�EH�H[WHQGHG�WR�RWKHU�GHVLJQ�DQG�SUREOHP�GRPDLQV�

• $�GHVLJQ�ODQJXDJH��7KH�GLVVHUWDWLRQ�GHVFULEHV�D�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�ODQJXDJH
WKDW� LV� FDSDEOH� RI � LQFUHPHQWDOO\� FDSWXULQJ� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH� ZLWK
PRGXODU� DQG� UHXVDEOH� ODQJXDJH� FRQVWUXFWV�� 7KH� GHVLJQ� ODQJXDJH� LV� DOVR� D� IXOO�IOHGJHG
DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJH��$'/��FDSDEOH�RI �GHVFULELQJ�WKH�VWUXFWXUH�RI �VRIWZDUH
DUFKLWHFWXUHV� DQG� WKH� FRQVWUDLQWV� DQG� JXLGHOLQHV� XQGHU� ZKLFK� WKRVH� V\VWHPV� ZHUH
GHVLJQHG�DQG�PD\�EH�HYROYHG�

7KH� GHVLJQ� ODQJXDJH� FRQWULEXWHV� WR� WKH� VRIWZDUH� DUFKLWHFWXUH� UHVHDUFK� FRPPXQLW\� E\
GHPRQVWUDWLQJ�WKDW�D�ILUVW�RUGHU�SUHGLFDWH�ORJLF�EDVHG�FRQVWUDLQW�ODQJXDJH�FDQ�EH�XVHG�WR

HQFRGHV�DQ�H[WHQVLEOH�IUDPHZRUN�IRU�FDSWXULQJ�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH��,Q
DGGLWLRQ� WR� LWV� EHQHILW� WR� UHVHDUFKHUV�� WKH� GHVLJQ� ODQJXDJH� DOVR� EHQHILWV� VRIWZDUH
GHYHORSPHQW�RUJDQL]DWLRQV�E\�SURYLGLQJ� D�ZD\� WR� FDSWXUH� DQG� UHXVH� WKH�RUJDQL]DWLRQDO
GHVLJQ�H[SHUWLVH� WKH\�GHYHORS� LQ�EXLOGLQJ� VRIWZDUH� V\VWHPV��)LQDOO\�� LW�EHQHILWV� VRIWZDUH
DUFKLWHFWV� E\�SURYLGLQJ� DQ� H[SOLFLW� WHFKQLTXH� IRU� FDSWXULQJ� DQG� H[SUHVVLQJ� DUFKLWHFWXUDO
GHVLJQ�FRQVWUDLQWV�LQ�VRIWZDUH�DUFKLWHFWXUH�VSHFLILFDWLRQV�
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• $� UHIHUHQFH� DUFKLWHFWXUH�� 7KH� GLVVHUWDWLRQ� GHVFULEHV� D� UHIHUHQFH� DUFKLWHFWXUH�� RU
DUFKLWHFWXUDO� VW\OH�� IRU� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV� WKDW� VXSSRUW
LQFUHPHQWDO� FXVWRPL]DWLRQ�� ,W� GHVFULEHV� WKH� DUFKLWHFWXUH� RI � WKH� $UPDQL� GHVLJQ
HQYLURQPHQW��GLVFXVVHV�ZK\�D�QXPEHU�RI �DOWHUQDWLYH�DUFKLWHFWXUHV�ZHUH�QRW�VHOHFWHG��DQG
SUHVHQWV� VRPH� IXQGDPHQWDO� WUDGHRIIV�RI � WKLV� VW\OH�RI � DUFKLWHFWXUH��7KLV� FRQWULEXWLRQ� LV
SDUWLFXODUO\�XVHIXO�IRU�VRIWZDUH�WRRO�EXLOGHUV�ZKR�QHHG�DGDSWDEOH��PRGXODU�DUFKLWHFWXUHV
IRU�GHVLJQ�WRROV�DQG�HQYLURQPHQWV�

• $� VHW� RI � FDVH� VWXGLHV�� $� VHW� RI � GHWDLOHG� H[DPSOHV� DQG� FDVH� VWXGLHV� DUH� SUHVHQWHG� WR
LOOXVWUDWH�KRZ�WKH�WHFKQLTXH�� ODQJXDJH��DQG�LQWHJUDWLRQ�IUDPHZRUN�MXVW�GHVFULEHG�FDQ�EH
XVHG� WR� HIIHFWLYHO\� FDSWXUH� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH� DQG� UDSLGO\� GHYHORS
FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��7KH�FDVH�VWXGLHV�EHQHILW�SHRSOH�XVLQJ
$UPDQL� WR�GHVLJQ� VRIWZDUH�DUFKLWHFWXUHV�DQG�EXLOG� FXVWRP�VRIWZDUH� DUFKLWHFWXUH�GHVLJQ
HQYLURQPHQWV��7KH\� DUH� DOVR�XVHIXO� IRU� UHVHDUFKHUV� LQWHUHVWHG� LQ� IXUWKHU� H[SORUDWLRQ�RI
WKH�LGHDV�SUHVHQWHG�LQ�WKH�GLVVHUWDWLRQ�

��� $UPDQL�RYHUYLHZ

7KH� DSSURDFK�SUHVHQWHG� LQ� WKLV� WKHVLV� IRU� UDSLGO\� GHYHORSLQJ� FXVWRP� VRIWZDUH� DUFKLWHFWXUH
GHVLJQ� HQYLURQPHQWV� KDV� WZR� SULPDU\� WHFKQLFDO� FRPSRQHQWV�� 7KH� ILUVW� FRPSRQHQW�� D
ODQJXDJH� DQG� IUDPHZRUN� IRU� FDSWXULQJ� DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH� DQG� LQGLYLGXDO
DUFKLWHFWXUDO� GHVLJQV�� FRQVWLWXWHV� WKH� FRUH� WHFKQLFDO� IRXQGDWLRQ� IRU� WKH� DSSURDFK�� 7KH
ODQJXDJH�ELQGV�WKH�IRXQGDWLRQDO�FRQFHSWV�DQG�FRQVWUXFWV�DYDLODEOH�WR�VRIWZDUH�DUFKLWHFWV�DQG
HQYLURQPHQW� GHVLJQHUV� IRU� VSHFLI\LQJ� DUFKLWHFWXUHV� DQG� FDSWXULQJ� GHVLJQ� H[SHUWLVH�� 7KH
VHFRQG� FRPSRQHQW�� D� FRQILJXUDEOH� DQG� H[WHQVLEOH� GHVLJQ� HQYLURQPHQW�� FDQ� EH� FXVWRPL]HG
ZLWK�WKLV�GHVLJQ�ODQJXDJH�WR�VXSSRUW�VSHFLILF�VW\OHV�RI �DUFKLWHFWXUDO�GHVLJQ��7KURXJKRXW�WKLV
GLVVHUWDWLRQ�,�ZLOO� UHIHU� WR� WKH� ODQJXDJH�DQG�HQYLURQPHQW� WRJHWKHU�DV� WKH�$UPDQL�6\VWHP��RU
VLPSO\�$UPDQL��:KHQ� LW� LV� QHFHVVDU\� WR�GLVWLQJXLVK�EHWZHHQ�$UPDQL
V� ODQJXDJH� DQG�GHVLJQ
HQYLURQPHQW� ,� ZLOO� XVH� WKH� WHUPV� $UPDQL� GHVLJQ� ODQJXDJH� DQG� $UPDQL� GHVLJQ� HQYLURQPHQW�
UHVSHFWLYHO\�

����� &ULWLFDO�UHTXLUHPHQWV

,Q�RUGHU� IRU� WKH�$UPDQL� ODQJXDJH�DQG�HQYLURQPHQW� WR�DFKLHYH� WKHLU� JRDOV�RI � UHGXFLQJ� WKH
WLPH�� GLIILFXOW\�� DQG� FRVW� DVVRFLDWHG� ZLWK� EXLOGLQJ� FXVWRP� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ
HQYLURQPHQWV��WKH\�PXVW�PHHW�WKH�IROORZLQJ�UHTXLUHPHQWV�

�� ,QFUHPHQWDOLW\�� $� VRIWZDUH� DUFKLWHFW� XVLQJ� $UPDQL� VKRXOG� EH� DEOH� WR� LQFUHPHQWDOO\
DGDSW� KLV� RU� KHU� $UPDQL�EDVHG� WRROV� WR�PDNH� XVH� RI � DYDLODEOH� GHVLJQ� H[SHUWLVH�� RU� WR
VSHFLI\� DQG� DGG� DGGLWLRQDO� GHVLJQ� H[SHUWLVH�� )XUWKHU�� WKH� LQFUHPHQWDO� DGDSWDWLRQ� RI � DQ
H[LVWLQJ� HQYLURQPHQW� VKRXOG� EH� VLJQLILFDQWO\� TXLFNHU� DQG� HDVLHU� WKDQ� EXLOGLQJ� D� QHZ
HQYLURQPHQW�IURP�VFUDWFK�

�� 3RZHU��7KH�$UPDQL� ODQJXDJH� DQG�HQYLURQPHQW� VKRXOG�EH�DEOH� WR� FDSWXUH�XVHIXO��QRQ�
WULYLDO�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH�
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�� %UHDGWK��7KH�PHFKDQLVPV�SURYLGHG�E\�$UPDQL�VKRXOG�EH�FDSDEOH�RI �FDSWXULQJ�D�UDQJH
RI � VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH� WKDW� LV� VXIILFLHQWO\� EURDG� WR� SURGXFH� GHVLJQ
HQYLURQPHQWV�IRU�D�GLYHUVH�FROOHFWLRQ�RI �VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�GRPDLQV�

6WULFWO\� VSHDNLQJ�� RQO\� WKH� ILUVW� RI � WKHVH� UHTXLUHPHQWV� ²� LQFUHPHQWDOLW\� ²� QHHGV� WR� EH
GHPRQVWUDWHG�IRU� WKH�WKHVLV�WR�KROG��7KH�UHTXLUHPHQWV�IRU�SRZHU��EUHDGWK��PRGXODULW\��DQG
UHXVDELOLW\�VLPSO\�DVVXUH�WKDW�WKH�HQYLURQPHQWV�LQFUHPHQWDOO\�GHYHORSHG�ZLWK�$UPDQL�ZLOO�EH
XVHIXO� IRU� D� VXIILFLHQWO\�ZLGH� DXGLHQFH�RI � VRIWZDUH� DUFKLWHFWV� DQG� HQYLURQPHQW�GHYHORSHUV�
7KLV�GLVVHUWDWLRQ�ZLOO��KRZHYHU��GHPRQVWUDWH�WKDW�WKH�$UPDQL�DSSURDFK�WR�UDSLGO\�GHYHORSLQJ
FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�VDWLVILHV�DOO�IRXU�RI �WKHVH�UHTXLUHPHQWV�

����� 7KH�$UPDQL�GHVLJQ�ODQJXDJH

7KH�$UPDQL� GHVLJQ� ODQJXDJH� FDQ� EH� XVHG� IRU� FDSWXULQJ� ERWK� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ
H[SHUWLVH� DQG� WKH� DUFKLWHFWXUDO� VSHFLILFDWLRQ� RI � LQGLYLGXDO� VRIWZDUH� V\VWHP� GHVLJQV�� 7KH
ODQJXDJH�SURYLGHV�FRQVWUXFWV�IRU�FDSWXULQJ�WKUHH�IXQGDPHQWDO�FODVVHV�RI �DUFKLWHFWXUDO�GHVLJQ
H[SHUWLVH� ²� GHVLJQ�YRFDEXODU\�� GHVLJQ�UXOHV�� DQG� DUFKLWHFWXUDO� VW\OHV�� $� EULHI � RYHUYLHZ� RI � HDFK� RI
WKHVH�IROORZV��$�PRUH�FRPSOHWH�GHVFULSWLRQ�DQG�VSHFLILFDWLRQ�RI �WKH�$UPDQL�GHVLJQ�ODQJXDJH
LV�SURYLGHG�LQ�FKDSWHU���

• 'HVLJQ�YRFDEXODU\� LV� WKH�PRVW� EDVLF� IRUP�RI � GHVLJQ� H[SHUWLVH� WKDW� FDQ� EH� FDSWXUHG�ZLWK
$UPDQL�� DQG�SRVVLEO\� WKH�PRVW�YDOXDEOH��7KH�GHVLJQ�YRFDEXODU\�DYDLODEOH� WR�D� VRIWZDUH
DUFKLWHFW� VSHFLILHV� WKH� EDVLF� EXLOGLQJ� EORFNV� IRU� V\VWHP� GHVLJQ�� 'HVLJQ� YRFDEXODU\
GHVFULEHV� WKH� VHOHFWLRQ� RI � FRPSRQHQWV�� FRQQHFWRUV�� DQG� LQWHUIDFHV� WKDW� FDQ� EH� XVHG� LQ
V\VWHP�GHVLJQ��$V� DQ� H[DPSOH�� WKH�GHVLJQ�YRFDEXODU\� DYDLODEOH� IRU�D�QDwYH� FOLHQW�VHUYHU
VW\OH� RI � GHVLJQ�PLJKW� LQFOXGH� FOLHQW� DQG� VHUYHU� FRPSRQHQWV� DQG� DQ�+773� FRQQHFWRU�
$UPDQL�SURYLGHV�D�ULFK�SUHGLFDWH�EDVHG�W\SH�V\VWHP�WKDW�HQYLURQPHQW�GHVLJQHUV�FDQ�XVH
WR�VSHFLI\�WKH�GHVLJQ�YRFDEXODU\��WKH�SURSHUWLHV�RI �YRFDEXODU\�HOHPHQWV��DQG�WKH�GHVLJQ
LQYDULDQWV�DQG�KHXULVWLFV�WKDW�GHVFULEH�KRZ�WKH�YRFDEXODU\�HOHPHQWV�FDQ�EH�XVHG�

• 'HVLJQ�UXOHV�VSHFLI\�KHXULVWLFV��LQYDULDQWV��FRPSRVLWLRQ�FRQVWUDLQWV��DQG�FRQWH[WXDO�FXHV�WR
DVVLVW�DUFKLWHFWV�ZLWK�WKH�GHVLJQ�DQG�DQDO\VLV�RI �VRIWZDUH�DUFKLWHFWXUHV��$UPDQL�PDNHV�WKH
IROORZLQJ�DVSHFWV�RI �D�GHVLJQ�UXOH�LQGHSHQGHQWO\�PRGLILDEOH��WKH�VSHFLILFDWLRQ�RI �WKH�UXOH
LWVHOI��WKH�SROLF\�IRU�GHDOLQJ�ZLWK�YLRODWLRQV�RI �WKH�UXOH��DQG�WKH�VFRSH�RYHU�ZKLFK�WKH�UXOH
LV� HQIRUFHG�� $UPDQL� DOORZV� WKH� DVVRFLDWLRQ� RI � GHVLJQ� UXOHV� ZLWK� D� FRPSOHWH� VW\OH�� D
FROOHFWLRQ�RI �UHODWHG�GHVLJQ�HOHPHQWV��VXFK�DV�DOO�RI �WKH�FRPSRQHQWV�LQ�D�V\VWHP���D�W\SH
RI �GHVLJQ�HOHPHQW��RU�DQ� LQGLYLGXDO� LQVWDQFH�RI �D�FRPSRQHQW�RU�FRQQHFWRU��%\�PDNLQJ
WKH�VFRSLQJ�RI �GHVLJQ�UXOHV�IOH[LEOH�DQG�VSHFLI\LQJ�WKHLU�SROLF\� LQGHSHQGHQW�RI �WKH�UXOH
LWVHOI��$UPDQL� DOORZV�DQ� DUFKLWHFW� WR�DGG�� UHPRYH��PRGLI\��RU� WHPSRUDULO\� LJQRUH�GHVLJQ
UXOHV�DV�DSSURSULDWH�IRU�YDULRXV�VWDJHV�DQG�W\SHV�RI �GHVLJQ�

• $UFKLWHFWXUDO� VW\OHV� SURYLGH� D� PHFKDQLVP� IRU� SDFNDJLQJ� DQG� DJJUHJDWLQJ� UHODWHG� GHVLJQ
YRFDEXODU\��UXOHV��DQG�DQDO\VHV��$Q�$UPDQL�VW\OH�VSHFLILFDWLRQ�FRQVLVWV�RI �WKH�GHFODUDWLRQ
RI �D� VHW�RI �GHVLJQ�YRFDEXODU\� WKDW�FDQ�EH�XVHG�IRU�GHVLJQLQJ� LQ� WKH�VW\OH�� DQG�D� VHW�RI
GHVLJQ� UXOHV� WKDW� JXLGH� DQG� FRQVWUDLQ� WKH� FRPSRVLWLRQ� DQG� LQVWDQWLDWLRQ� RI � WKH� GHVLJQ
YRFDEXODU\�
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,Q�DGGLWLRQ� WR� WKH� FRQVWUXFWV�SURYLGHG� IRU� FDSWXULQJ� DEVWUDFW�GHVLJQ� H[SHUWLVH�� WKH�$UPDQL
GHVLJQ�ODQJXDJH�LV�DOVR�D�IXOO�DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJH�LQ�LWV�RZQ�ULJKW��$UFKLWHFWV�FDQ
XVH�$UPDQL�WR�GHVFULEH�WKH�DUFKLWHFWXUHV�RI �LQGLYLGXDO�VRIWZDUH�V\VWHPV��KRZ�WKRVH�V\VWHPV
ILW�LQWR�D�IDPLO\�RI �UHODWHG�V\VWHPV��DQG�KRZ�WKRVH�V\VWHPV�DUH�DOORZHG�WR�HYROYH�RYHU�WLPH�
7KH� ODQJXDJH� FRQVWUXFWV� IRU� GHVFULELQJ� LQVWDQFHV� RI � VRIWZDUH� DUFKLWHFWXUHV� DUH� IXOO\
LQWHJUDWHG�ZLWK��DQG�RYHUODS��WKH�ODQJXDJH�FRQVWUXFWV�XVHG�IRU�FDSWXULQJ�WKH�GHVLJQ�H[SHUWLVH
XVHG�WR�FXVWRPL]H�WKH�$UPDQL�GHVLJQ�HQYLURQPHQW�

8VLQJ�D�VLQJOH�ODQJXDJH�IRU�ERWK�WDVNV�KDV�D�QXPEHU�RI �EHQHILWV��)LUVW��DQ�DUFKLWHFW�QHHGV�WR
NQRZ� RQO\� D� VLQJOH� GHVLJQ� ODQJXDJH� WR� ERWK� GHVLJQ� VRIWZDUH� DUFKLWHFWXUHV� DQG� PRGLI\� RU
XSGDWH� D� GHVLJQ� HQYLURQPHQW� ´RQ� WKH� IO\µ�� 6HFRQG�� LW� LV� UHODWLYHO\� VWUDLJKWIRUZDUG� IRU
DXWRPDWHG� WRROV� WR�GHWHUPLQH�ZKHWKHU� DQ� LQGLYLGXDO� DUFKLWHFWXUDO� VSHFLILFDWLRQ� VDWLVILHV� WKH
GHVLJQ� UXOHV� WKDW�ZHUH� XVHG� LQ� LWV� GHVLJQ��7KLV�EHFRPHV� D� SDUWLFXODUO\� LPSRUWDQW� FDSDELOLW\
ZKHQ� PRGLILFDWLRQV� DUH� SURSRVHG� WR� WKH� GHVLJQ� WKDW� FRXOG� YLRODWH� VRPH� RI � WKH� RULJLQDO
GHVLJQ�UXOHV��DV�IUHTXHQWO\�RFFXUV�GXULQJ�WKH�PDLQWHQDQFH�DQG�XSJUDGH�VWDJHV�RI �D�V\VWHP·V
OLIHF\FOH�

����� 7KH�$UPDQL�GHVLJQ�HQYLURQPHQW

7KH� $UPDQL� GHVLJQ� ODQJXDJH� SURYLGHV� WKH� NH\� FRQFHSWXDO� LQIUDVWUXFWXUH� IRU� WKH� UDSLG
GHYHORSPHQW� RI � FXVWRP� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV� E\� VXSSRUWLQJ� WKH
FDSWXUH�RI �DEVWUDFW�DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH��&RQYHUWLQJ�WKLV� FDSWXUHG�H[SHUWLVH� LQWR�D
ZRUNLQJ�FXVWRPL]HG�GHVLJQ�HQYLURQPHQW��KRZHYHU��UHTXLUHV�WKH�DGGLWLRQDO�LQIUDVWUXFWXUH�WKDW
WKH� $UPDQL� GHVLJQ� HQYLURQPHQW� SURYLGHV�� 6SHFLILFDOO\�� WKH� $UPDQL� GHVLJQ� HQYLURQPHQW
SURYLGHV� WKH� JHQHULF� FRUH� LQIUDVWUXFWXUH� FRPPRQ� WR� D� ODUJH� FODVV� RI � VRIWZDUH� DUFKLWHFWXUH
GHVLJQ� HQYLURQPHQWV�� LQFOXGLQJ� D� GHVLJQ� UHSUHVHQWDWLRQ�GDWDEDVH�� D� JUDSKLFDO� XVHU� LQWHUIDFH
�JXL��� D� WRRO� LQWHJUDWLRQ�PHFKDQLVP�� D� JHQHULF� GHVLJQ� UXOH� YHULILFDWLRQ� V\VWHP�� DQG� WRROV� WR
VXSSRUW�HQG�XVHU�HQYLURQPHQW�FXVWRPL]DWLRQ�

$Q� $UPDQL� HQYLURQPHQW� GHVLJQHU� EXLOGV� RQ� WKLV� JHQHULF� HQYLURQPHQW� LQIUDVWUXFWXUH� WR
TXLFNO\�GHYHORS�D�FXVWRP��VSHFLDOL]HG�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW��%\��UH�XVLQJ
WKLV� FRQILJXUDEOH� JHQHULF� LQIUDVWUXFWXUH� DV� D� EDVLV� IRU� D� FXVWRP� GHVLJQ� HQYLURQPHQW�� DQ
$UPDQL� GHVLJQ� HQYLURQPHQW� EXLOGHU� EHJLQV� KLV� FXVWRP� HQYLURQPHQW� GHYHORSPHQW� SURMHFW
ZLWK�D�ELJ�KHDG�VWDUW�

7KH� EDVLF� GHYHORSPHQW� PRGHO� IRU� SURGXFLQJ� VXFK� D� FXVWRP� $UPDQL� HQYLURQPHQW� WDNHV
DGYDQWDJH� RI � WKLV� FRQILJXUDEOH� LQIUDVWUXFWXUH�� $Q� $UPDQL� HQYLURQPHQW� GHVLJQHU� XVHV� WKH
$UPDQL� GHVLJQ� ODQJXDJH� WR� VSHFLI\� WKH� GHVLJQ� YRFDEXODU\� DQG� GHVLJQ� UXOHV� IRU� WKH� WDUJHW
GRPDLQ�RU�VW\OH�RI �DUFKLWHFWXUDO�GHVLJQ��+H�WKHQ�ORDGV�WKLV�GHVLJQ�H[SHUWLVH�GLUHFWO\�LQWR�WKH
$UPDQL� HQYLURQPHQW�� ,Q� GRLQJ� VR�� WKH� HQYLURQPHQW� FRQILJXUHV� LWVHOI � WR� VXSSRUW� WKH
YRFDEXODU\�DQG�VHPDQWLFV�RI �GHVLJQ� LQ� WKH� WDUJHW�GRPDLQ��7KH�VSHFLILHG�GHVLJQ�YRFDEXODU\
W\SHV� DQG� GHVLJQ� UXOHV� IRU� WKH� GRPDLQ� DUH� ORDGHG� DQG� DYDLODEOH� IRU� DUFKLWHFWV� WR� XVH� LQ
GHVLJQLQJ� VRIWZDUH� DUFKLWHFWXUHV�ZLWK� WKH� HQYLURQPHQW�� )XUWKHU�� EHFDXVH� WKH� VWUXFWXUH� DQG
VHPDQWLFV�IRU�WKH�WDUJHW�VW\OH��RU�VW\OHV��RI �GHVLJQ�KDYH�EHHQ�VSHFLILHG��WKH�HQYLURQPHQW�FDQ
SURYLGH� EDVLF� GHVLJQ� FKHFNV� IRU� VHPDQWLF� FRQVLVWHQF\� VXFK� DV� W\SH� FKHFNLQJ� DQG
FRQILUPDWLRQ�WKDW�WKH�GHVLJQ�UXOHV�DUH�VDWLVLILHG�
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7KLV� HQYLURQPHQW� FXVWRPL]DWLRQ� SURFHVV� LV� ERWK� LQFUHPHQWDO� DQG� H[SHULPHQWDO�� 'HVLJQ
YRFDEXODU\�DQG�GHVLJQ�UXOHV�FDQ�EH�DGGHG�WR�DQ�HQYLURQPHQW��UHPRYHG�IURP�DQ�HQYLURQPHQW�
RU�PRGLILHG�DW�DOPRVW�DQ\�SRLQW�GXULQJ�WKH�HQYLURQPHQW·V�FUHDWLRQ�RU�XVH�DV�D�GHVLJQ�WRRO��$V
D� UHVXOW�� ERWK� HQYLURQPHQW� GHYHORSHUV� DQG� HQG�XVHUV� FDQ� TXLFNO\� DGDSW� WKHLU� GHVLJQ
HQYLURQPHQW�WR�UHIOHFW�QHZO\�GLVFRYHUHG�GHVLJQ�H[SHUWLVH�WKDW�QHHGV�WR�EH�LQFRUSRUDWHG�LQWR
WKH�HQYLURQPHQW�

7KH�DELOLW\� WR�G\QDPLFDOO\� ORDG�DUFKLWHFWXUDO� VW\OHV��GHVLJQ�YRFDEXODU\�DQG�GHVLJQ� UXOHV� LQWR
DQ�$UPDQL� HQYLURQPHQW�SURYLGHV�RQH� IRUP�RI � HQYLURQPHQW� FXVWRPL]DWLRQ�� ,Q� DGGLWLRQ� WR
WKLV� EDVLF� VHPDQWLF� FXVWRPL]DWLRQ�� $UPDQL� FDQ� EH� FRQILJXUHG� DQG� H[WHQGHG� ZLWK� ULFK
YLVXDOL]DWLRQV� IRU� UHQGHULQJ� VSHFLILF� W\SHV� RI � GHVLJQ� HOHPHQWV� �H�J��� WR� PDNH� D� GDWDEDVH
FRPSRQHQW� ORRN� GLIIHUHQW� IURP� D� ZHE�EURZVHU� FRPSRQHQW��� /LNHZLVH�� DGGLWLRQDO� GHVLJQ
DQDO\VLV� RU� FRQVWUXFWLRQ� WRROV� FDQ� EH� VSHFLILHG� DQG�RU� OLQNHG� LQWR� WKH� HQYLURQPHQW� WR
SURYLGH� ULFKHU� WRROLQJ� FDSDELOLWLHV�� /LNH� WKH� EDVLF� VHPDQWLF� FXVWRPL]DWLRQ� FDSDELOLWLHV�
YLVXDOL]DWLRQ�DQG� WRROLQJ� H[WHQVLRQV�FDQ�EH�DGGHG� WR� WKH� HQYLURQPHQW�ERWK� VWDWLFDOO\�ZKHQ
WKH�GHVLJQ�HQYLURQPHQW�LV�LQLWLDOO\�FUHDWHG��RU�G\QDPLFDOO\�ZKLOH�WKH�HQYLURQPHQW�LV�LQ�XVH�

����� 6WUXFWXUH�RI �WKH�GLVVHUWDWLRQ

7KH� UHPDLQGHU� RI � WKLV� GLVVHUWDWLRQ� H[SDQGV� DQG� HODERUDWHV� WKH� GLVFXVVLRQ� RI � WKH� $UPDQL
DSSURDFK�WR�FDSWXULQJ�DQG�H[SORLWLQJ�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH�WR�LQFUHPHQWDOO\
FXVWRPL]H� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV�� &KDSWHU� �� SURYLGHV� DQ� RYHUYLHZ� RI � KRZ� WKH
$UPDQL� V\VWHP� FDQ� EH� XVHG� WR� FDSWXUH� DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH� DQG� UDSLGO\� FUHDWH� D
FXVWRP� GHVLJQ� HQYLURQPHQW�� &KDSWHU� �� GLVFXVVHV� UHODWHG� ZRUN�� &KDSWHU� �� GHVFULEHV� WKH
$UPDQL� GHVLJQ� ODQJXDJH� XVHG� IRU� FDSWXULQJ� DUFKLWHFWXUDO� GHVLJQV� DQG� DUFKLWHFWXUDO� GHVLJQ
H[SHUWLVH��&KDSWHU���GHWDLOV� WKH�GHVLJQ�DQG�DUFKLWHFWXUH�RI � WKH�$UPDQL�FRQILJXUDEOH�GHVLJQ
HQYLURQPHQW��&KDSWHUV���WKURXJK���RXWOLQH�DQG�GHWDLO�WKH�VWHSV�WDNHQ�WR�YDOLGDWH�WKH�WKHVLV�
7KLV�LQFOXGHV�D�GHWDLOHG�WDVN�DQDO\VLV�DQG�D�VHULHV�RI �FDVH�VWXGLHV�WKDW�GHPRQVWUDWH�$UPDQL·V
FDSDELOLWLHV��&KDSWHU���HYDOXDWHV�WKH�UHVXOWV�RI �WKH�WKHVLV�UHVHDUFK�DQG�GLVFXVVHV�RSHQ�LVVXHV�
)LQDOO\�� &KDSWHU� ���ZUDSV� WKH� DUJXPHQW� XS�ZLWK� DQ� HYDOXDWLRQ� RI � WKH� WKHVLV� UHVXOWV� DQG� D
GLVFXVVLRQ�RI �SURPLVLQJ�GLUHFWLRQV�IRU�IXWXUH�ZRUN�
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&KDSWHU�� 

$�4XLFN�7RXU�RI �$UPDQL

7KLV�FKDSWHU�SURYLGHV�D�EULHI �WRXU�RI �WKH�$UPDQL�V\VWHP��,W�LOOXVWUDWHV��IURP�WKH�HQYLURQPHQW
XVHU
V� SHUVSHFWLYH�� KRZ� $UPDQL� FDQ� EH� XVHG� WR� UDSLGO\� DQG� LQFUHPHQWDOO\� FUHDWH� KLJKO\
FXVWRPL]HG� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV�� 6XEVHTXHQW� FKDSWHUV� ZLOO� SURYLGH
VLJQLILFDQWO\� PRUH� GHWDLO� RQ� WKH� $UPDQL� ODQJXDJH� DQG� HQYLURQPHQW�� DV� ZHOO� DV� GHWDLOHG
SUHVHQWDWLRQV�RI �VRPH�VSHFLDOL]HG�HQYLURQPHQWV�SURGXFHG�ZLWK�$UPDQL�

��� 7KH�JHQHULF�$UPDQL�LQIUDVWUXFWXUH

7KH�$UPDQL�GHVLJQ�HQYLURQPHQW�SURYLGHV�WKH�JHQHULF�FRUH�LQIUDVWUXFWXUH�FRPPRQ�WR�D�ODUJH
FODVV� RI � VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV�� 7KLV� FRUH� LQIUDVWUXFWXUH� LQFOXGHV� D
GHVLJQ�UHSUHVHQWDWLRQ�GDWDEDVH��D�JUDSKLFDO�XVHU�LQWHUIDFH��JXL���D�WRRO�LQWHJUDWLRQ�PHFKDQLVP�
D� JHQHULF� GHVLJQ� UXOH� YHULILFDWLRQ� V\VWHP�� DQG� WRROV� WR� VXSSRUW� HQG�XVHU� HQYLURQPHQW
FXVWRPL]DWLRQ��,Q�DGGLWLRQ�WR�EHLQJ�WKH�EDVH�RQ�ZKLFK�FXVWRP�GHVLJQ�HQYLURQPHQWV�DUH�EXLOW�
WKLV�FRUH�LQIUDVWUXFWXUH�DOVR�IXQFWLRQV�DV�D�FRPSOHWH��DOEHLW�JHQHULF��GHVLJQ�HQYLURQPHQW�LQ�LWV
RZQ� ULJKW�� $UFKLWHFWV� FDQ� XVH� WKH� JHQHULF� HQYLURQPHQW� WR� VSHFLI\� VRIWZDUH� V\VWHP
DUFKLWHFWXUHV�ZLWKRXW�DQ\�IXUWKHU�HQYLURQPHQW�FXVWRPL]DWLRQ�

)LJXUH�����VKRZV�DQ�H[DPSOH�RI �KRZ�DQ�DUFKLWHFW�FDQ�XVH�WKLV�JHQHULF�GHVLJQ�HQYLURQPHQW�WR
VSHFLI\�WKH�DUFKLWHFWXUH�RI �D�VRIWZDUH�V\VWHP��,Q�WKLV�H[DPSOH��DQ�DUFKLWHFW�XVHV�WKH�UHXVDEOH
YRFDEXODU\�HOHPHQWV�VWRUHG� LQ�WKH�SDOHWWH�WR�WKH� OHIW�RI � WKH�HQYLURQPHQW
V�PDLQ�ZLQGRZ�WR
GHVFULEH� D� VLPSOH� LQVWDQFH� RI � D� VRIWZDUH� V\VWHP� ZLWK� D� IHZ� LQWHUDFWLQJ� FRPSRQHQWV� DQG
FRQQHFWRUV��0DQLSXODWLQJ� WKHVH� LQVWDQFHV� RI � JHQHULF� FRPSRQHQWV� DQG� FRQQHFWRUV�ZLWK� WKH
HQYLURQPHQW
V� XVHU� LQWHUIDFH� WRROV� DOORZV� WKH� DUFKLWHFW� WR� VSHFLI\� WKH� QDPHV� RI � WKH
FRPSRQHQWV�DQG�FRQQHFWRUV��WKH�WRSRORJ\�RI �WKHLU�LQWHUDFWLRQV��HPHUJHQW�SURSHUWLHV�RI �WKH
V\VWHP� DV� D� ZKROH�� DQG� WKH� SURSHUWLHV� RI � LQGLYLGXDO� GHVLJQ� HOHPHQWV� �FRPSRQHQWV�
FRQQHFWRUV��DQG�WKHLU�LQWHUIDFHV��

7KH�SULPDU\�GUDZEDFN�WR�XVLQJ�RQO\�WKH�JHQHULF�GHVLJQ�HQYLURQPHQW� LV�WKDW� LW�SURYLGHV�WKH
GHVLJQHU� RQO\� JHQHULF� FRPSRQHQWV� DQG� FRQQHFWRUV� WR� XVH� DV� EXLOGLQJ� EORFNV� DQG�PLQLPDO
DQDO\WLFDO�FDSDELOLWLHV�RU�GHVLJQ�JXLGDQFH��7KHUH�LV�OLWWOH�VHPDQWLFV�DVVRFLDWHG�ZLWK�WKH�GHVLJQ
HOHPHQWV��MXVW�VXJJHVWLYH�QDPHV�DQG�GHVFULSWLRQV��7R�DGGUHVV�WKHVH�OLPLWDWLRQV��$UPDQL�EXLOGV
RQ�WKLV�FRPPRQ��JHQHULF�EDVH�E\�SURYLGLQJ�WKH�DELOLW\�WR�LQFUHPHQWDOO\�FXVWRPL]H�WKH�JHQHULF
HQYLURQPHQW�ZLWK�QHZ�GHVLJQ�YRFDEXODU\��GHVLJQ�UXOHV��DQG�DUFKLWHFWXUDO�VW\OHV��$Q�HQYLURQ�
PHQW�GHVLJQHU� FDQ� XVH� WKHVH� FXVWRPL]DWLRQ� FDSDELOLWLHV� WR� FUHDWH� VHPDQWLFDOO\� ULFK� EXLOGLQJ
EORFNV�DQG�DQDO\VHV�
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��� %XLOGLQJ�DQ�HQYLURQPHQW�IRU�D�QDwYH�FOLHQW�VHUYHU�VW\OH

7R� LOOXVWUDWH� KRZ� WKH� JHQHULF� $UPDQL� GHVLJQ� HQYLURQPHQW� FDQ� EH� FXVWRPL]HG� WR� VXSSRUW
GHVLJQ� GRQH� LQ� D� VSHFLILF� DUFKLWHFWXUDO� VW\OH�� WKLV� VHFWLRQ� GHVFULEHV� WKH� VWHSV� WKDW� DQ
HQYLURQPHQW�GHYHORSHU��RU�DQ�DUFKLWHFW�LQWHUHVWHG�LQ�FUHDWLQJ�D�FXVWRP�HQYLURQPHQW��ZRXOG
WDNH�WR�H[WHQG�WKH�JHQHULF�HQYLURQPHQW�WR�VXSSRUW�WKH�QDwYH�FOLHQW�VHUYHU�VW\OH��7KRXJK�VLPSOH�
WKLV� VW\OH� LV� DSSOLFDEOH� WR� D� ZLGH� UDQJH� RI � WUDGLWLRQDO�� WZR�WLHU� FOLHQW�VHUYHU� W\SH� V\VWHPV��

)LJXUH� ���� VKRZV� D� VFUHHQVKRW� RI � WKH� $UPDQL� GHVLJQ� HQYLURQPHQW� DIWHU� LW� KDV� EHHQ
FXVWRPL]HG�WR�VXSSRUW�WKLV�VW\OH�

�������������������������������������������������
3 I describe this style of architecture as a naïve client-server style because many of the details and design expertise
that make the client-server style of design useful and powerful have been omitted to provide a clear example of how
Armani is used.  Chapter 7 provides a full description of a set of related styles that build on the naïve client-server
style to create significantly more powerful and useful styles and design environments.

)LJXUH������$�VLPSOH�GHVLJQ�VSHFLILHG�ZLWK�WKH�JHQHULF�$UPDQL�GHVLJQ�HQYLURQPHQW
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7KH�IROORZLQJ�WKUHH�VWHSV�DUH�DOO�WKDW�DUH�UHTXLUHG�WR�FXVWRPL]H�WKH�JHQHULF�$UPDQL�V\VWHP�WR
VXSSRUW�WKH�QDwYH�FOLHQW�VHUYHU�VW\OH�

�� &DSWXUH�WKH�GHVLJQ�H[SHUWLVH�DSSURSULDWH�IRU�QDwYH�FOLHQW�VHUYHU�V\VWHPV�ZLWK�DQ
DUFKLWHFWXUDO� VW\OH� VSHFLILFDWLRQ�� 7KH� HQYLURQPHQW� GHVLJQHU� XVHV� WKH� $UPDQL� GHVLJQ
ODQJXDJH�WR�FDSWXUH�WKLV�H[SHUWLVH��7KLV�VW\OH�VSHFLILFDWLRQ�GHILQHV�H[WHQVLRQV�WR�$UPDQL·V
GHVLJQ�YRFDEXODU\�E\�GHILQLQJ�WKUHH�QHZ�FRPSRQHQW�W\SHV�FDOOHG�FO1



��

$UFKLWHFWV�XVLQJ�WKH�FXVWRPL]HG�HQYLURQPHQW�DUH�WKHUHIRUH�DEOH�WR�H[SOLFLWO\�XVH�FOLHQW�DQG
VHUYHU� FRPSRQHQWV� WKDW� KDYH� ZHOO�GHILQHG� VWUXFWXUDO� VHPDQWLFV� DQG� SURSHUWLHV� DV
SULPLWLYHV� LQ� WKHLU� GHVLJQV�� 7R� LOOXVWUDWH� WKLV� LGHD�� WKH� W\SH� GHILQLWLRQ� IRU� WKH� FOLHQW
FRPSRQHQW�W\SH�VSHFLILHV��DPRQJVW�RWKHU�WKLQJV��WKDW�DOO�FOLHQW� LQVWDQFHV�KDYH�LQWHUIDFHV
WKDW�FDQ�LQWHUDFW�SURSHUO\�ZLWK�FOLHQW�UHTXHVW�FRQQHFWRUV�DQG�WKDW�DOO�FOLHQW�LQVWDQFHV�KDYH
D� SURSHUW\� WKDW� GHVFULEHV� WKH� DYHUDJH� UDWH� DW� ZKLFK� WKH\� ZLOO� VHQG� UHTXHVWV� WR� WKHLU
DVVRFLDWHG�VHUYHU�V���/LNHZLVH�� WKH�VHUYHUV�GHILQH�KRZ�PDQ\�FRQFXUUHQW�FOLHQWV� WKH\�FDQ
KDQGOH��DQG�KRZ�TXLFNO\�WKH\�DUH�DEOH�WR�SURFHVV�FOLHQW�UHTXHVWV�

7KH� VW\OH� VSHFLILFDWLRQ� DOVR� LQFOXGHV� D� FROOHFWLRQ� RI � GHVLJQ� UXOHV� WKDW� GHILQH� YDOLG
DUFKLWHFWXUDO� WRSRORJLHV�� DFFHSWDEOH� UDQJHV� IRU� YDULRXV� GHVLJQ� SURSHUWLHV�� DQG� DQDO\VHV
WKDW� FDQ� EH� SHUIRUPHG�RQ� FOLHQW�VHUYHU� GHVLJQV��([DPSOHV� RI � WKH� VSHFLILF� GHVLJQ� UXOHV
SURYLGHG� LQ� WKH�QDwYH�FOLHQW�VHUYHU� VW\OH� LQFOXGH�GLVDOORZLQJ�FOLHQW�FOLHQW�FRQQHFWLRQV� WR
HQVXUH�WKDW�DOO�GLVSOD\� LQIRUPDWLRQ�LV�UHFHLYHG�WKURXJK�D�FOLHQW�VHUYHU�FRQQHFWLRQ��DQG�D
UXOH�WKDW�PDLQWDLQV�D�ZRUNDEOH�UDWLR�RI �FOLHQWV�WR�VHUYHUV�WR�LQVXUH�WKDW�WKH�VHUYHUV�DUH�QRW
VZDPSHG�E\�FOLHQW�UHTXHVWV�

7KH� FDVH� VWXG\� SUHVHQWHG� LQ� VHFWLRQ� ������ JLYHV� IXUWKHU� GHWDLOV� DERXW� WKLV� VW\OH� VSHF�
LILFDWLRQ�� $V� WKH� FDVH� VWXG\� LQGLFDWHV�� WKLV� VLPSOH�� GHFODUDWLYH�� DUFKLWHFWXUDO� VW\OH
GHVFULSWLRQ�UHTXLUHV�RQO\����OLQHV�RI �$UPDQL�FRGH�WR�VSHFLI\�DQG�WKH�HQWLUH�HQYLURQPHQW
�LQFOXGLQJ�LWV�VSHFLILFDWLRQ��WRRN�RQO\������KRXUV�WR�FUHDWH��7KLV�FRPSDUHV�VWULNLQJO\�WR�D
JURXQG�XS�HQYLURQPHQW�GHYHORSPHQW�SURMHFW�WKDW�FRXOG�FRQFHLYDEO\�UHTXLUH�KXQGUHGV�RI
WKRXVDQGV��RU�HYHQ�PLOOLRQV��RI �OLQHV�RI �FRGH�

�� &UHDWH�FXVWRP�YLVXDOL]DWLRQV�IRU�WKH�VW\OH•V�FRPSRQHQWV�DQG�FRQQHFWRUV��7KLV�VWHS
LV�RSWLRQDO�� DV� VWDQGDUG�YLVXDOL]DWLRQV� FDQ�EH�DSSOLHG� WR�QHZ� W\SHV�RI � FRPSRQHQWV�DQG
FRQQHFWRUV��&UHDWLQJ�FXVWRP�YLVXDOL]DWLRQV�IRU�VSHFLILF�FRPSRQHQW�DQG�FRQQHFWRU�W\SHV
FDQ��KRZHYHU��SURYLGH�DUFKLWHFWV�XVLQJ�WKH�HQYLURQPHQW�ZLWK�UDSLG�IHHGEDFN�DERXW�WKHLU
GHVLJQV��$UPDQL·V�YLVXDOL]DWLRQ�HQJLQH�LV�EXLOW�RQ�WRS�RI �WKH�9LVLR�GUDZLQJ�HQYLURQPHQW
>9LVLR��@�� $V� D� UHVXOW�� WKLV� VWHS� LV� SHUIRUPHG� XVLQJ� WKH� YLVXDOL]DWLRQ� FXVWRPL]DWLRQ
FDSDELOLWLHV� SURYLGHG� E\� 9LVLR� DQG� VSHFLI\LQJ� D� PDSSLQJ� EHWZHHQ� WKH� 9LVLR�EDVHG
YLVXDOL]DWLRQ�REMHFWV� DQG� WKH�XQGHUO\LQJ�$UPDQL� VSHFLILFDWLRQV�RI � WKH� FRPSRQHQWV� DQG
FRQQHFWRUV�� $� GHVLJQHU� FUHDWLQJ� D� FXVWRP� YLVXDOL]DWLRQ� IRU� D� FRPSRQHQW� RU� FRQQHFWRU
W\SH�FDQ�FKRRVH�WR�PDNH�D�WULYLDO�YLVXDO�PRGLILFDWLRQ�VXFK�DV�DVVLJQLQJ�XQLTXH�FRORUV�WR
HDFK� W\SH� XVHG� �D� PDWWHU� RI � VHOHFWLQJ� WKH� DSSURSULDWH� FRORU� IURP� D� GLDORJ� ER[��
$OWHUQDWLYHO\��KH� FDQ� FUHDWH� DUELWUDULO\� ULFK� YLVXDOL]DWLRQV� IRU� FRPSRQHQW� DQG� FRQQHFWRU
W\SHV� XVLQJ� 9LVLR·V� 6PDUW6KDSH�� WHFKQRORJ\� >9LVLR��@� DQG� $UPDQL
V� SURJUDPPDWLF
YLVXDOL]DWLRQ�LQWHUIDFHV�

�� /RDG� WKH� GHILQHG� VW\OH� DQG� YLVXDOL]DWLRQV� LQWR� WKH� HQYLURQPHQW�� 7KLV� VWHS� LV� DV
VLPSOH�DV�VHOHFWLQJ�D�SDLU�RI �ILOHV�IURP�D�GLDORJ�ER[�RI �WKH�UXQQLQJ�$UPDQL�HQYLURQPHQW�
7KH�ORDGHG�ILOHV� LPPHGLDWHO\�FRQILJXUH�WKH�HQYLURQPHQW�WR�VXSSRUW�GHVLJQ� LQ�WKH�QDwYH
FOLHQW�VHUYHU�VW\OH�

$V� WKHVH� WKUHH� VWHSV� LQGLFDWH�� LW� LV� VWUDLJKWIRUZDUG� WR� VSHFLDOL]H� WKH� JHQHULF� $UPDQL
HQYLURQPHQW� WR� VXSSRUW� VSHFLILF� VW\OHV� RI � DUFKLWHFWXUDO� GHVLJQ��2QFH� WKLV� FXVWRPL]DWLRQ� LV
FRPSOHWH��WKH�HQYLURQPHQW�SURYLGHV�D�YRFDEXODU\�RI �GHVLJQ�HOHPHQWV�WKDW�LV�WDLORUHG�WR�WKLV
QDwYH� FOLHQW�VHUYHU� VW\OH� �FOLHQWV�� VHUYHUV�� UHPRWH�SURFHGXUH�FDOOV��� DQG� D� VHW� RI �GHVLJQ� UXOHV
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WKDW� ERWK� JXLGHV� DUFKLWHFWV�ZRUNLQJ� LQ� WKLV� VW\OH� WRZDUGV� DSSURSULDWH� GHVLJQ� GHFLVLRQV� DQG
H[SOLFLWO\�SUHYHQWV�WKHP�IURP�PDNLQJ�D�QXPEHU�RI �SRRU�GHVLJQ�GHFLVLRQV�

��� ,QFUHPHQWDOO\�DGDSWLQJ�WKH�QDwYH�FOLHQW�VHUYHU�HQYLURQPHQW

$OWKRXJK� WKH� QDwYH� FOLHQW�VHUYHU� HQYLURQPHQW� MXVW� GHVFULEHG� SURYLGHV� D� PRUH� HIIHFWLYH
SODWIRUP� IRU� GHVLJQLQJ� FOLHQW�VHUYHU� V\VWHPV� WKDQ� WKH� JHQHULF� HQYLURQPHQW� RULJLQDOO\
GHVFULEHG�� LW� FDQ� EH� FXVWRPL]HG� HYHQ� IXUWKHU� DV� WKH� HQYLURQPHQW� XVHU·V� XQGHUVWDQGLQJ� RI
FOLHQW�VHUYHU�GHVLJQ�HYROYHV��6XSSRVH�WKDW�DIWHU�XVLQJ�WKH�QDwYH�FOLHQW�VHUYHU�HQYLURQPHQW�IRU
D� ZKLOH�� LW� EHFRPHV� DSSDUHQW� WKDW� WKH� QDwYH� VW\OH·V� WZR�WLHU� FOLHQW�VHUYHU� PRGHO� KDV� VRPH
VLJQLILFDQW� OLPLWDWLRQV�� 6SHFLILFDOO\�� LQ� WKH� WUDGLWLRQDO� WZR�WLHU� FOLHQW�VHUYHU� VW\OH� RI
DUFKLWHFWXUH��WKH�GLVSOD\�DQG�XVHU�LQWHUIDFH�IXQFWLRQDOLW\�RI �DQ�DSSOLFDWLRQ�UHVLGHV�LQ�WKH�FOLHQW
FRPSRQHQWV�DQG� WKH�JHQHULF�GDWD� VWRUDJH�FDSDELOLW\� UHVLGHV� LQ� WKH� VHUYHU� FRPSRQHQWV��7KH
GLIILFXOW\�DULVHV�LQ�GHFLGLQJ�ZKHUH�WR�DGG�WKH�DSSOLFDWLRQ�VSHFLILF�GDWD�SURFHVVLQJ�FDSDELOLW\�

7DEOH� ���� LOOXVWUDWHV� WKUHH� DUFKLWHFWXUDO� RSWLRQV� IRU� KRZ� WKLV� FDSDELOLW\� FDQ� EH� GLYLGHG
EHWZHHQ�FOLHQWV�DQG�VHUYHUV��7KH�QDwYH�FOLHQW�VHUYHU�VW\OH�FDQ�VXSSRUW�HLWKHU�RI �WKH�ILUVW�WZR
RSWLRQV���7KLFN�&OLHQW�7KLQ�6HUYHU��DQG��7KLQ�&OLHQW�7KLFN�6HUYHU���(DFK�RI �WKHVH�RSWLRQV�
XQIRUWXQDWHO\��KDV�VLJQLILFDQW�GUDZEDFNV��,Q�WKH�7KLFN�&OLHQW�7KLQ�6HUYHU�PRGHO�WKH�FOLHQWV
HQFDSVXODWH�WKH�GDWD�SURFHVVLQJ�FDSDELOLW\�RI �WKH�V\VWHP�DQG�WKH�VHUYHUV�VLPSO\�SURYLGH�WKH
UDZ� GDWD� RQ� ZKLFK� WKH� FOLHQWV� RSHUDWH�� $V� D� UHVXOW�� WKH� FOLHQWV� WHQG� WR� EH� ODUJH�� FRPSOH[
SURJUDPV� LQ� WKHLU� RZQ� ULJKW�� )XUWKHUPRUH�� PRGLI\LQJ� WKH� V\VWHP
V� DSSOLFDWLRQ�VSHFLILF
SURFHVVLQJ�UHTXLUHV�FKDQJLQJ�DOO�RI �WKH�FOLHQWV�LQ�WKH�V\VWHP��%HFDXVH�WKH�FOLHQW�FRPSRQHQWV
PD\�EH�EURDGO\�GHSOR\HG�DQG�GLVWULEXWHG�WKLV�FDQ�EH�D�ODUJH��WLPH�FRQVXPLQJ��DQG�ORJLVWLFDOO\
WULFN\�WDVN�

7KH� 7KLQ� &OLHQW�7KLFN� 6HUYHU� PRGHO� DGGUHVVHV� PDQ\� RI � WKH� OLPLWDWLRQV� RI � WKH� 7KLFN
&OLHQW�7KLQ� 6HUYHU� PRGHO�� 7KH� 7KLQ� &OLHQW� PRGHO� PRYHV� WKH� DSSOLFDWLRQ� SURFHVVLQJ
FDSDELOLW\� WR� WKH� VHUYHU� FRPSRQHQWV��7KH� FOLHQW� VLPSO\�GLVSOD\V� LQIRUPDWLRQ� DQG� DOO�RI � WKH
DSSOLFDWLRQ�SURFHVVLQJ�WDNHV�SODFH�LQ�WKH�VHUYHU�FRPSRQHQWV��$V�D�UHVXOW��PRGLILFDWLRQV�WR�WKH
DSSOLFDWLRQ� SURFHVVLQJ� ORJLF� FDQ� EH� PDGH� FHQWUDOO\� E\� FKDQJLQJ� WKH� VHUYHU� FRPSRQHQW�
8QIRUWXQDWHO\��WKH�7KLQ�&OLHQW�PRGHO�KDV�WZR�VLJQLILFDQW�GUDZEDFNV�RI �LWV�RZQ��7KH�ILUVW�LV
WKDW� LW� SXWV� D� PXFK� JUHDWHU� SURFHVVLQJ� ORDG� RQ� WKH� VHUYHU�� 'HSHQGLQJ� RQ� WKH� SURFHVVLQJ
GHPDQGV� RI � WKH� DSSOLFDWLRQ� DQG� WKH� H[SHFWHG� UDWLR� RI � FOLHQWV� WR� VHUYHUV� WKLV� PLJKW� EH� D
SUREOHP�� $� VHFRQG�� DQG�PRUH� VXEWOH� LVVXH�� LV� WKDW� WKH� GDWD� SURFHVVLQJ� FDSDELOLWLHV� RI � WKH
VHUYHU�DUH�QRZ�PRUH�WLJKWO\�LQWHUWZLQHG�ZLWK�WKH�GDWD�UHSUHVHQWDWLRQ�DQG�VWRUDJH�FDSDELOLWLHV
RI �WKH�VHUYHU��,I �GHVLJQHG�SURSHUO\��D�WKLFN�VHUYHU�LV�FHUWDLQO\�FDSDEOH�RI �NHHSLQJ�WKHVH�WZR
IXQFWLRQV� VHSDUDWH� DQG� UHDVRQDEO\� LQGHSHQGHQW�� 3XWWLQJ� WKHP� LQ� WKH� VDPH� FRPSRQHQW�
KRZHYHU��UHTXLUHV�VLJQLILFDQW�GLVFLSOLQH�RQ�WKH�SDUW�RI �V\VWHP�GHVLJQHUV�DQG�SURJUDPPHUV�WR
NHHS�WKH�WZR�IXQFWLRQV�LQGHSHQGHQW�

$�WKLUG�DOWHUQDWLYH��WKH�7KUHH�7LHU�&OLHQW�6HUYHU�VW\OH�DGGUHVVHV�WKH�OLPLWDWLRQV�RI �ERWK�WKH�7KLQ
&OLHQW�DQG�7KLFN�&OLHQW�PRGHOV�MXVW�GHVFULEHG��,Q�WKH�WKUHH�WLHU�VW\OH�ERWK�WKH�FOLHQWV�DQG�WKH
GDWDVWRUH� VHUYHUV� DUH� NHSW� YHU\� VSHFLDOL]HG�� 7KH� FOLHQWV�� FDOOHG� GDWD� YLHZV�� VLPSO\� GLVSOD\
LQIRUPDWLRQ�IRU�WKH�XVHU��DQG�GDWDVWRUH�VHUYHUV�VLPSO\�VWRUH�DQG�UHWULHYH�GDWD��$OO�RI �WKH�GDWD
SURFHVVLQJ�FDSDELOLWLHV� UHTXLUHG�E\� WKH�V\VWHP�DUH� VWRUHG� LQ�D�QHZ� W\SH�RI �FRPSRQHQW�� WKH
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DSSOLFDWLRQ� ORJLF� VHUYHU�� WKDW� PHGLDWHV� WKH� LQWHUDFWLRQV� EHWZHHQ� WKH� FOLHQWV� DQG� WKH� GDWDVWRUH
VHUYHUV�DQG�SURYLGHV�WKH�DSSOLFDWLRQ·V�SURFHVVLQJ�ORJLF��:LWK�WKLV�DSSURDFK��ERWK�WKH�FOLHQWV
DQG� WKH� GDWDVWRUH� VHUYHU� FRPSRQHQWV� UHWDLQ� WKH� DGYDQWDJHV� RI � UHPDLQLQJ� �WKLQ��²� ORZHU
SURFHVVLQJ�GHPDQGV��KLJKO\�VSHFLDOL]HG�IXQFWLRQDOLW\��DQG�HDV\�FRPSRQHQW�LQWHUFKDQJHDELOLW\
DQG�PRGLILFDWLRQ�²�ZLWKRXW�UHTXLULQJ�WKDW�WKHLU�FRXQWHUSDUWV�EHFRPH��WKLFN��DQG�VXIIHU�WKH
VXEVHTXHQW� OLPLWDWLRQV��$V� D� IXUWKHU�EHQHILW�� D� V\VWHP
V� DSSOLFDWLRQ�VSHFLILF�GDWD�SURFHVVLQJ
FDSDELOLW\� FDQ� EH� FOHDQO\� HQFDSVXODWHG� LQ� WKH� V\VWHP
V� DSSOLFDWLRQ� ORJLF� VHUYHUV�� LPSURYLQJ
V\VWHP�PDLQWDLQDELOLW\�DQG�PRGXODULW\�

$V�XVHUV�RI �WKH�QDwYH�FOLHQW�VHUYHU�VW\OH�GHVLJQ�HQYLURQPHQW��VKRZQ�LQ�ILJXUH������GHYHORS�DQ
XQGHUVWDQGLQJ� RI � WKH� WKUHH�WLHU� VW\OH� RI � GHVLJQ� WKH\� FDQ� LQFUHPHQWDOO\� HYROYH� WKHLU
HQYLURQPHQW�WR�VXSSRUW�GHVLJQ�GRQH�LQ�WKH�QHZ�VW\OH��7R�GR�VR��WKH\�VLPSO\�QHHG�WR�XSGDWH
WKH�GHVLJQ�H[SHUWLVH�ORDGHG�LQWR�WKH�GHVLJQ�HQYLURQPHQW��7KH�SURFHVV�RI �HYROYLQJ�DQ�H[LVWLQJ
GHVLJQ�HQYLURQPHQW�WR�VXSSRUW�D�QHZ�VW\OH�RI �GHVLJQ�LV�WKH�VDPH�DV�WKH�SURFHVV�GHVFULEHG�LQ
WKH�SUHYLRXV�VHFWLRQ�IRU�FUHDWLQJ�D�QHZ�GHVLJQ�HQYLURQPHQW��7KH�ILUVW�VWHS�LV�WR�DGG�WKH�QHZ
YRFDEXODU\� W\SHV� DQG� UXOHV� IRU�KRZ� WKRVH� YRFDEXODU\� W\SHV� FDQ�EH�XVHG��7KH� VHFRQG� VWHS�
ZKLFK�LV�RSWLRQDO��LV�WR�DGG�QHZ�YLVXDOL]DWLRQV�IRU�WKH�GHVLJQ�YRFDEXODU\�HOHPHQWV��)LQDOO\��WKH
QHZ�VW\OH� VSHFLILFDWLRQ�DQG�YLVXDOL]DWLRQV�DUH� ORDGHG� LQWR� WKH�$UPDQL� HQYLURQPHQW� DQG� WKH
PRGLILFDWLRQ�LV�FRPSOHWH�

'HSHQGLQJ� RQ� WKH� GHJUHH� RI � VLPLODULW\� EHWZHHQ� WKH� RULJLQDO� HQYLURQPHQW� DQG� WKH� QHZ
HQYLURQPHQW�WKLV�FKDQJH�FDQ�UDQJH�IURP�WULYLDO��UHTXLULQJ�WKH�DGGLWLRQ�RI �D�RQO\�D�IHZ�OLQHV
RI �GHVLJQ� UXOH� VSHFLILFDWLRQV�� WR� D� VLJQLILFDQW� UHZULWLQJ� RI � WKH�EDVLF� GHVLJQ�YRFDEXODU\� DQG
GHVLJQ� UXOHV�� %HFDXVH� WKH� RULJLQDO� QDwYH�FOLHQW�VHUYHU� SURYLGHV� D� VROLG� FRQFHSWXDO� EDVLV� RQ
ZKLFK�WR�EXLOG�WKH�WKUHH�WLHU�VW\OH��XSGDWLQJ�WKH�QDwYH�FOLHQW�VHUYHU�HQYLURQPHQW�WR�VXSSRUW
WKH�WKUHH�WLHU�FOLHQW�VHUYHU�VW\OH�IDOOV�VRPHZKHUH�EHWZHHQ�WKHVH�H[WUHPHV�

7KH�ILUVW�VWHS�LV�WR�VSHFLI\�WKH�QHZ�GHVLJQ�YRFDEXODU\�HOHPHQWV�DQG�GHVLJQ�UXOHV�WKDW�ZLOO�EH
WKH�EXLOGLQJ�EORFNV�RI �WKH�WKUHH�WLHU�FOLHQW�VHUYHU�VW\OH��7KH�YRFDEXODU\�RI �WKH�WKUHH�WLHU�VW\OH
H[WHQGV�WKH�QDwYH�VW\OH�ZLWK�WZR�DGGLWLRQDO�W\SHV�RI �FRPSRQHQWV��DQ�DSSOLFDWLRQ�ORJLF�VHUYHU�DQG
D� GDWDVWRUH� VHUYHU�� DORQJ� ZLWK� D� QHZ� GE�TXHU\� FRQQHFWRU� W\SH�� $SSOLFDWLRQ� ORJLF� VHUYHU
FRPSRQHQWV� FRQWDLQ� WKH� DSSOLFDWLRQ
V� GDWD� SURFHVVLQJ� IXQFWLRQDOLW\�� 'DWDVWRUH� VHUYHUV� DUH
GDWDEDVHV�WKDW�VLPSO\�VWRUH�DQG�UHWULHYH�WKH�UDZ�GDWD�XVHG�E\�WKH�V\VWHP��%RWK�RI �WKHVH�QHZ
FRPSRQHQW� W\SHV� DUH� VXEW\SHV� RI � WKH� QDwYH�FOLHQW�VHUYHU� VW\OH
V� VHUYHU� FRPSRQHQW� W\SH��$V� D
UHVXOW��WKH\�DUH�VSHFLILHG�E\�GHVFULELQJ�KRZ�WKH\�H[WHQG�WKH�EDVLF�VHUYHU�FRPSRQHQW��UDWKHU
WKDQ� ZLWK� D� JURXQG�XS� GHVFULSWLRQ�� $V� D� UHVXOW�� WKHLU� GHVFULSWLRQV� UHTXLUH� OHVV� WKDQ� WHQ
VWDWHPHQWV� HDFK��'E�TXHU\�� WKH� QHZ� FRQQHFWRU� W\SH�� LV� DGGHG� DV� D� FRQQHFWRU� W\SH� WKURXJK
ZKLFK�GDWDEDVH�TXHULHV�DUH�SDVVHG�DQG�WKH�UHVXOWV�RI �WKRVH�TXHULHV�DUH�UHWXUQHG��7KH�JHQHULF
FOLHQW�UHTXHVW�FRQQHFWRU�VXSSOLHG�E\�WKH�QDwYH�FOLHQW�VHUYHU�VW\OH�UHPDLQV�DYDLODEOH�LQ�WKH�WKUHH�
WLHU�VW\OH�
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$SSURDFK 7KLFN�&OLHQW�7KLQ
6HUYHU

7KLQ�&OLHQW�7KLFN
6HUYHU

7KUHH�7LHU

'LDJUDP

'HVFULSWLRQ

Embed application logic
in client  components.
Clients decide what data
to retrieve from servers.
Servers simply retrieve
requested data.

Embed application logic in
server  components.
Clients only send simple
requests and display
results. Server aggregates
and processes data,
returning processed
results.

Add a third layer of abs-
traction and a new type of
component, App Logic,
that embodies the applic-
ation logic and retrieves
and aggregates data from
the datastore(s).

%HQHILWV

• Simpler datastore

• Reduced server
processing load

• Simpler clients

• Updates to application
logic made at server side
propagate to all clients
easily and quickly

• Clean separation of
component
responsibilities

• Lightweight clients

• Impact of modifications
localized.

• Easy propagation of
component modifications

'UDZEDFNV

• Large, complex clients

• Updates to application
logic in installed base of
clients is difficult

• Dependencies between
client and server

• Data storage and
representation is tightly
tied to application data
processing

• Potentially high server
processing requirements

• Potential performance hit
due to extra layer of
indirection

• Additional potential
points of failure.

7DEOH������2YHUYLHZ�RI �DSSURDFKHV�IRU�DGGLQJ�DSSOLFDWLRQ�ORJLF�WR�FOLHQW�VHUYHU�V\VWHPV

$IWHU� VSHFLI\LQJ� WKH� DGGLWLRQDO� YRFDEXODU\� HOHPHQWV�� LW� LV� QHFHVVDU\� WR� DGG� D� VHW� RI � GHVLJQ
UXOHV�WKDW�GHVFULEH�OHJDO�FRQILJXUDWLRQV�IRU�V\VWHPV�LQ�WKLV�VW\OH��%HFDXVH�RQH�RI �WKH�SULPDU\
JRDOV� RI � WKH� WKUHH�WLHU� VW\OH� LV� WR� VHSDUDWH� WKH� DSSOLFDWLRQ� ORJLF� IURP� WKH� FOLHQW
V� GLVSOD\
FDSDELOLWLHV�DQG�WKH�V\VWHP
V�GDWD�VWRUDJH�FDSDELOLWLHV��WKH�ILUVW�WZR�UXOHV�WKDW�ZH�DGG�VWDWH�WKDW
FOLHQW� FRPSRQHQWV� PD\� RQO\� EH� FRQQHFWHG� WR� DSSOLFDWLRQ� ORJLF� FRPSRQHQWV�� DQG� WKDW
GDWDVWRUH�FRPSRQHQWV�PD\�RQO\�EH�DWWDFKHG�WR�DSSOLFDWLRQ�ORJLF�FRPSRQHQWV��$V�D�UHVXOW�� LW
LV� QRW� SRVVLEOH� WR� DWWDFK� D� FOLHQW� FRPSRQHQW� GLUHFWO\� WR� D� GDWD� VRXUFH�� 1H[W�� ZH� DGG
WRSRORJLFDO� FRQVWUDLQWV� VWDWLQJ� WKDW� DOO� FRQQHFWLRQV� EHWZHHQ� FOLHQWV� DQG� DSSOLFDWLRQ� ORJLF

Datastore
Server

Client

App
Logic

RPC's

Client

App
Logic

«

Datastore
Server

Client

App
Logic

RPC's

Client«

Data-
store

Data-
store

App
Logic

App
Logic

ClienW Client«

«

«
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VHUYHUV� PXVW� EH� PDGH� ZLWK� FOLHQW�UHTXHVW� FRQQHFWRUV� DQG� WKDW� DOO� FRQQHFWLRQV� EHWZHHQ
DSSOLFDWLRQ�ORJLF�VHUYHUV�DQG�GDWDVWRUHV�PXVW�EH�PDGH�ZLWK�GE�TXHU\�FRQQHFWRUV��)LQDOO\��ZH
DGG�UXOHV�WKDW�GHVFULEH�YDOLG�FRQQHFWRU�FRPSRQHQW�LQWHUIDFH�SDLUV�

,Q� DGGLWLRQ� WR� WKH� EDVLF� WRSRORJLFDO� FRQVWUDLQWV�� DGGLWLRQDO� GHVLJQ� UXOHV� DUH� DGGHG� WKDW
GHVFULEH� UHTXLUHG� SHUIRUPDQFH� FKDUDFWHULVWLFV� DQG� DSSURSULDWH� UDWLRV� RI � WKH� YDULRXV� FOLHQW
DQG� VHUYHU� FRPSRQHQWV� WR� PDLQWDLQ� DFFHSWDEOH� SHUIRUPDQFH� DQG� UHOLDELOLW\�� 7KLV� VHW� RI
GHVLJQ� UXOHV� FRQILJXUH� WKH� WKUHH�WLHU� HQDEOHG� GHVLJQ� HQYLURQPHQW� WR� FRQVWUDLQ� GHVLJQV� RI
V\VWHPV�FUHDWHG�ZLWK� WKH� HQYLURQPHQW� WR� WKRVH� WKDW�ZRXOG�EH� H[SHFWHG� IURP� WKH� LQIRUPDO
VW\OH�GHVFULSWLRQ�SUHVHQWHG�HDUOLHU��$V�WKH�QHZ�VW\OH� LV�IXUWKHU�UHILQHG��WKH�HQYLURQPHQW�FDQ
EH�HDVLO\�DQG�LQFUHPHQWDOO\�XSGDWHG�DV�ZHOO�

)LJXUH����� 7KH�$UPDQL�GHVLJQ�HQYLURQPHQW�FXVWRPL]HG�DIWHU�H[WHQGLQJ�WKH�QDwYH�FOLHQW�VHUYHU
VW\OH�WR�VXSSRUW�WKH�WKUHH�WLHU�FOLHQW�VHUYHU�VW\OH
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$IWHU�VSHFLI\LQJ� WKH�FRQFHSWXDO�DGGLWLRQV� UHTXLUHG� WR�HYROYH� WKH�FOLHQW�VHUYHU�HQYLURQPHQW�
ZH�ZLOO�QHHG�WR�DGG�QHZ�YLVXDOL]DWLRQV�IRU�WKH�GDWDVWRUH�DQG�DSSOLFDWLRQ�ORJLF�VHUYHUV��DV�ZHOO
DV� WKH� QHZ� GE�TXHU\� W\SH� FRQQHFWRU��7KHVH� YLVXDOL]DWLRQV� DUH� FUHDWHG� E\� GUDZLQJ� WKH� QHZ
VKDSHV�ZLWK�WKH�9LVLR�GUDZLQJ�WRRO�DQG�DGGLQJ�WKH�VKDSHV�WR�WKH�QHZ�VW\OH
V�SDOHWWH�RI �GHVLJQ
HOHPHQWV��7KLV�VWHS�UHTXLUHV�RQO\�WKDW�WKH�HQYLURQPHQW�GHYHORSHU�GUDJ�WKH�VKDSHV�IURP�WKH
GUDZLQJ�DUHD�DQG�GURS�WKHP�RQ�WKH�SDOHWWH��$IWHU�WKH�VKDSHV�DUH�GURSSHG�RQ�WKH�SDOHWWH�WKH
XVHU� LV� SURPSWHG� WR� VSHFLI\� WKH� PDSSLQJ� EHWZHHQ� WKH� YLVXDO� VKDSHV� DQG� WKHLU� XQGHUO\LQJ
GHVLJQ� W\SHV�� $W� WKLV� SRLQW�� WKH� HQYLURQPHQW� FXVWRPL]DWLRQ� VSHFLILFDWLRQ� LV� FRPSOHWH� DQG
$UPDQL� ZLOO� VXSSRUW� GHVLJQ� GRQH� LQ� WKH� WKUHH�WLHU� FOLHQW�VHUYHU� VW\OH�� )LJXUH� ���� VKRZV� D
VFUHHQVKRW� RI � WKH� FRPSOHWHG� WKUHH�WLHU� FOLHQW�VHUYHU� GHVLJQ� HQYLURQPHQW�� FRPSOHWH� ZLWK� D
GHVLJQ�EXLOW�XVLQJ�WKH�VW\OH�

��� 6XPPDU\

7KLV�FKDSWHU�KDV�EURDGO\� LOOXVWUDWHG� WKH�$UPDQL� DSSURDFK�E\�SURYLGLQJ�D�ZDON�WKURXJK� IRU
KRZ� WKH� $UPDQL� V\VWHP� FDQ� EH� XVHG� WR� FUHDWH� FXVWRP� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ
HQYLURQPHQWV�� 6XEVHTXHQW� FKDSWHUV� ZLOO� SUHVHQW� WKH� GHVLJQ� ODQJXDJH� DQG� HQYLURQPHQW� LQ
JUHDWHU�GHWDLO��IROORZHG�E\�D�VHW�RI �GHWDLOHG�FDVH�VWXGLHV�WKDW�GHPRQVWUDWH�$UPDQL
V�EUHDGWK
DQG�XWLOLW\�
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&KDSWHU�� 

5HODWHG�:RUN

7KHUH� DUH� IRXU� SULPDU\� DUHDV� RI � UHODWHG� ZRUN� WKDW� KDYH� LQVSLUHG� WKH� GLUHFWLRQ� RI � WKLV
GLVVHUWDWLRQ��IRUP�D�EDVH�RQ�ZKLFK�LW�EXLOGV��DQG�RU�DGGUHVV�VLPLODU�SUREOHPV��7KH�ILUVW�DQG
PRVW� LQIOXHQWLDO� RI � WKHVH� DUHDV� LV� VRIWZDUH� DUFKLWHFWXUH� GHVFULSWLRQ� ODQJXDJHV�� WRROV�� DQG
HQYLURQPHQWV��7KH�VHFRQG�DUHD�LV�JHQHUDO�SXUSRVH�VRIWZDUH�VSHFLILFDWLRQ�ODQJXDJHV��7KDW�LV�
ODQJXDJHV� IRU� VSHFLI\LQJ� VRIWZDUH� GHVLJQV� WKDW� DUH� QRW� VSHFLILFDOO\� FRQFHUQHG� ZLWK� WKH
DUFKLWHFWXUDO� OHYHO� RI � GHWDLO� DQG� DEVWUDFWLRQ�� 7KH� WKLUG� DUHD� RI � LQWHUHVW� LV� FRPSXWHU�DLGHG
GHVLJQ�DQG�DQDO\VLV�WRROV�XVHG�IRU�GHVLJQLQJ�ERWK�SK\VLFDO�REMHFWV�DQG�VRIWZDUH��)LQDOO\��WKH
IRXUWK�DUHD�LV�VWXGLHV�RI �WKH�DEVWUDFW�SURFHVV�RI �GHVLJQ��7KHVH�GHVLJQ�WKHRULHV�SURYLGH�XVHIXO
JXLGDQFH�IRU�WKH�FUHDWLRQ�RI �VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�WRROV��7KH\�DOVR�JXLGH�WKH�VHOHFWLRQ
RI �GHVLJQ�WDVNV�WKDW�DUH�UHDGLO\�DPHQDEOH�WR�FRPSXWDWLRQDO�DVVLVWDQFH�

��� 6RIWZDUH�DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJHV��WRRONLWV��DQG
HQYLURQPHQWV

2YHU� WKH� SDVW� GHFDGH� QXPHURXV� $UFKLWHFWXUH� 'HVFULSWLRQ� /DQJXDJHV� �$'/V�� KDYH� EHHQ
FUHDWHG� IRU� GHVFULELQJ� WKH� VWUXFWXUH� DQG� EHKDYLRU� RI � VRIWZDUH� V\VWHPV� DW� WKH� DUFKLWHFWXUDO
OHYHO�RI � DEVWUDFWLRQ��0RVW�RI � WKHVH�$'/V�RIIHU�D�VHW�RI � WRROV� WKDW� VXSSRUW� WKH�GHVLJQ�DQG
DQDO\VLV� RI � VRIWZDUH� V\VWHP� DUFKLWHFWXUHV� VSHFLILHG� ZLWK� WKH� $'/�� $V� ZH� VKDOO� VHH� LQ� WKH
HQVXLQJ� GLVFXVVLRQV�� KRZHYHU�� QRQH� RI � WKHVH�$'/V� RIIHU� VXIILFLHQWO\� ULFK� VXSSRUW� IRU� WKH
OLJKWZHLJKW� DQG� LQFUHPHQWDO� FDSWXUH� RI � D� EURDG� UDQJH� RI � VRIWZDUH� DUFKLWHFWXUH� GHVLJQ
H[SHUWLVH��QRU�IRU�LQFUHPHQWDO�FXVWRPL]DWLRQ�DQG�DGDSWDWLRQ�

����� $HVRS

7KH� $HVRS� V\VWHP� >*$2��@� LV� D� JHQHULF�� FRQILJXUDEOH� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ
HQYLURQPHQW� WKDW� FDQ� EH� FXVWRPL]HG� IRU� XVH� ZLWK� VSHFLILF� DUFKLWHFWXUDO� VW\OHV�� $HVRS
V
LQIUDVWUXFWXUH� FRQVLVWV� RI � D� JUDSKLFDO� XVHU� LQWHUIDFH� �*8,�� IRU� PDQLSXODWLQJ� YLVXDO
UHSUHVHQWDWLRQV� RI � DUFKLWHFWXUDO� GHVLJQV�� D� GDWDEDVH� WR� VWRUH� DQG� PDQDJH� GHVLJQV�� DQG� DQ
HYHQW� V\VWHP� IRU� LQWHJUDWLQJ� GHVLJQ� WRROV�� ,Q� WKHLU� ´UDZµ� VWDWH�� WKHVH� EXLOGLQJ� EORFNV
FRQVWLWXWH�D�JHQHULF�DUFKLWHFWXUDO�GHVLJQ�HQYLURQPHQW�WKDW�VHUYHV�SULPDULO\�DV�D�ER[�DQG�OLQH
HGLWRU�ZLWK�QR�VHPDQWLFV�XQGHUO\LQJ�WKH�ER[HV�DQG�WKH�OLQHV�

7KLV�JHQHULF�$HVRS�HQYLURQPHQW�FDQ�EH�H[WHQGHG�WR�VXSSRUW�VSHFLILF�VW\OHV�RI �DUFKLWHFWXUDO
GHVLJQ��7R�FUHDWH�D�VW\OH�VSHFLILF�GHVLJQ�HQYLURQPHQW��DQ�HQYLURQPHQW�GHYHORSHU�FUHDWHV�D�VHW
RI � FODVVHV� WKDW� HQFRGH� WKH� VW\OH
V� GHVLJQ� YRFDEXODU\�� FRQILJXUDWLRQ� FRQVWUDLQWV�� DQG
YLVXDOL]DWLRQV�� 7KLV� FROOHFWLRQ� RI � FODVVHV� GHILQHV� DQ�DUFKLWHFWXUDO�VW\OH� LQ�$HVRS�� ZKLFK� LV� WKH
SULPDU\� XQLW� RI � DEVWUDFWLRQ� IRU� FXVWRPL]LQJ� WKH� $HVRS� HQYLURQPHQW�� 7KHVH� FODVVHV
SURJUDPPDWLFDOO\� GHILQH� WKHLU� OHJDO� LQWHUDFWLRQV� ZLWK� WKH� HQYLURQPHQW� WKURXJK� WKH
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HQYLURQPHQW
V� DSSOLFDWLRQ� SURJUDPPLQJ� LQWHUIDFH� �$3,��� 2QFH� WKHVH� FODVVHV� KDYH� EHHQ
ZULWWHQ�WKH�HQYLURQPHQW�GHYHORSHU�JHQHUDWHV�D�FXVWRPL]HG�$HVRS�HQYLURQPHQW�E\�FRPSLOLQJ
DQG�OLQNLQJ�KLV�VW\OH�VSHFLILF�FODVVHV�ZLWK�WKH�JHQHULF�$HVRS�LQIUDVWUXFWXUH�

$Q� LPSRUWDQW� LPSOLFDWLRQ� RI � VXSSRUWLQJ� RQO\� SURJUDPPDWLF� FXVWRPL]DWLRQ� RI � WKH
HQYLURQPHQW� LV� WKDW� WKH�SURFHVV�RI �FXVWRPL]LQJ� WKH� HQYLURQPHQW� UHTXLUHV�D� UHODWLYHO\�GHHS
XQGHUVWDQGLQJ� RI � WKH� LQWHUQDO� LPSOHPHQWDWLRQ� RI � WKH� HQYLURQPHQW� LQIUDVWUXFWXUH�� $UPDQL�
RQ� WKH�RWKHU�KDQG�� DOORZV�DUFKLWHFWV� WR�FXVWRPL]H� WKHLU� HQYLURQPHQW�E\� ORDGLQJ�GHFODUDWLYH
GHVFULSWLRQV�RI �YRFDEXODU\�DQG�GHVLJQ�UXOHV�LQWR�WKHLU�HQYLURQPHQW�

7KH� H[SHULHQFH� ,� JDLQHG� GHYHORSLQJ� DQG� XVLQJ� WKH� $HVRS� V\VWHP� SURYLGHG� WKH� SULPDU\
PRWLYDWLRQ� DQG� LQVLJKW� JXLGLQJ� WKLV� WKHVLV� UHVHDUFK�� 6SHFLILFDOO\�� $HVRS� GHPRQVWUDWHV� WKDW
SURYLGLQJ�D�JHQHULF��FRQILJXUDEOH�GHVLJQ�HQYLURQPHQW�LQIUDVWUXFWXUH�FDQ�VLJQLILFDQWO\�UHGXFH
WKH�DPRXQW�RI �GHYHORSPHQW�HIIRUW�DVVRFLDWHG�ZLWK�FUHDWLQJ�FXVWRPL]HG�VRIWZDUH�DUFKLWHFWXUH
GHVLJQ� HQYLURQPHQWV�� )XUWKHU�� $HVRS� GHPRQVWUDWHG� WKDW� WKH� DUFKLWHFWXUDO� VW\OH� DEVWUDFWLRQ
FDQ�EH�DQ�HIIHFWLYH�ZD\�WR�FDSWXUH�EURDG�GHVLJQ�H[SHUWLVH�

8QIRUWXQDWHO\�� $HVRS
V� PRGHO� IRU� FDSWXULQJ� GHVLJQ� H[SHUWLVH� DQG� FXVWRPL]LQJ� GHVLJQ
HQYLURQPHQWV�DOVR�KDV�WKH�IROORZLQJ�ILYH�IXQGDPHQWDO�OLPLWDWLRQV�

�� $HVRS
V� VW\OHV� DUH� KHDY\ZHLJKW�� PRQROLWKLF� DQG� LQIOH[LEOH�� $HVRS
V� VW\OH� VSHFLILFDWLRQV� FDSWXUH
LQWHUUHODWHG� GHVLJQ� H[SHUWLVH� LQ� WKH� IRUP� RI � LPSHUDWLYH� SURJUDPPLQJ� FRGH�� 7KLV
H[SHUWLVH�LV�FDUHIXOO\�SURJUDPPHG�DV�D�FRKHUHQW�FROOHFWLRQ�RI �FODVVHV�WKDW�DUH�LQWHQGHG�WR
ZRUN�WRJHWKHU��7KH�VW\OH�VSHFLILFDWLRQ�LV��KRZHYHU��VFDWWHUHG�WKURXJKRXW�D�ODUJH�ERG\�RI
HQYLURQPHQW� LPSOHPHQWDWLRQ�FRGH�� ,W� LV�GLIILFXOW� IRU�DQ�HQYLURQPHQW�GHVLJQHU� WU\LQJ� WR
PRGLI\� D� VW\OH� VSHFLILFDWLRQ� WR� FOHDQO\� VHSDUDWH� WKH� VW\OH
V� YRFDEXODU\�� FRPSRVLWLRQ
FRQVWUDLQWV��DQG�DQDO\VHV��$V�D�UHVXOW��PRGLI\LQJ�D�VW\OH�FDQ�KDYH�VLJQLILFDQW�XQLQWHQGHG
FRQVHTXHQFHV��/LNHZLVH��WKLV�WLJKW�LQWHUPLQJOLQJ�RI �YRFDEXODU\��FRPSRVLWLRQ�FRQVWUDLQWV�
DQG�DQDO\VHV�DOVR�PDNHV�LW�GLIILFXOW�WR�UHXVH�SLHFHV�RI �D�VW\OH�GHILQLWLRQ�LQ�WKH�FUHDWLRQ�RI
D�QHZ�VW\OH�

�� 7KH� VHPDQWLFV� RI � DQ�$HVRS� VW\OH� VSHFLILFDWLRQ� DUH� LPSOLFLW� LQ� WKDW� VW\OH
V� HQYLURQPHQW� LPSOHPHQWDWLRQ
FRGH��$V�D�UHVXOW��LW�FDQ�EH�GLIILFXOW�WR�GHWHUPLQH�WKH�VHPDQWLFV�RI �WKH�VW\OH�LWVHOI��DV�WKH\
DUH� WLJKWO\� LQWHUPLQJOHG� ZLWK� LPSOHPHQWDWLRQ� GHWDLOV�� $Q� DUFKLWHFWXUH� GHVFULSWLRQ
ODQJXDJH� VXFK� DV� $UPDQL� WKDW� LV� H[SOLFLWO\� JHDUHG� WRZDUGV� FDSWXULQJ� DUFKLWHFWXUDO� VW\OH
VSHFLILFDWLRQV� FDQ� VLJQLILFDQWO\� HDVH� WKH� SURFHVVHV� RI � FUHDWLQJ� DQ� DUFKLWHFWXUDO� VW\OH�
XQGHUVWDQGLQJ� WKH� VHPDQWLFV�RI � D� VW\OH�� DQG� H[WHQGLQJ� WKH� VW\OH� WR� FDSWXUH�QHZ�GHVLJQ
H[SHUWLVH�

�� 7KH�UDQJH�RI �GHVLJQ�H[SHUWLVH� WKDW�DQ�$HVRS�VW\OH�VSHFLILFDWLRQ�FDQ�H[SUHVV�LV� OLPLWHG�� ,Q�WKH�$HVRS
V\VWHP��DQG�LQ�WKH�IRUPDO�ZRUN�RQ�VW\OHV�RI �$OOHQ��$ERZG�DQG�*DUODQ�>$$*��@��D�VW\OH
VSHFLILFDWLRQ�GHILQHV�LQYDULDQW�DVSHFWV�RI �DOO�V\VWHPV�EXLOW�LQ�WKH�JLYHQ�VW\OH��$V�D�UHVXOW��LW
LV�GLIILFXOW� WR�PDNH�XVH�RI �GHVLJQ�H[SHUWLVH� WKDW� LV�QRW�UHDGLO\�H[SUHVVHG�DV�DQ� LQYDULDQW
RYHU�DOO�LQVWDQFHV�RI �V\VWHPV�EXLOW�LQ�WKH�VW\OH��6SHFLI\LQJ�GHVLJQ�KHXULVWLFV��IRU�H[DPSOH�
FDQ�EH�GLIILFXOW�RU�LPSRVVLEOH�LQ�$HVRS�

�� ,QIOH[LEOH�VFRSLQJ��$OO�YRFDEXODU\�DQG�FRPSRVLWLRQ�UXOHV�LQ�WKH�$HVRS�V\VWHP�KDYH�D�VFRSH
RI � D� VLQJOH� VW\OH�� 6W\OHV�SURYLGH� OLWWOH� DVVLVWDQFH� IRU� FDSWXULQJ�RU� XVLQJ�GHVLJQ� H[SHUWLVH
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WKDW� DSSOLHV� HLWKHU� DFURVV� PXOWLSOH� VW\OHV�� WR� RQO\� D� FRQWH[W�GHSHQGHQW� VXEVHW� RI � WKH
HOHPHQWV�LQ�D�GHVLJQ��RU�WKDW�YDULHV�LQ�DSSOLFDELOLW\�GHSHQGLQJ�RQ�FRQWH[W��$V�D�UHVXOW��LW�LV
QRW� SRVVLEOH� IRU� DUFKLWHFWV� WR� DGG� ORFDOL]HG� FRQVWUDLQWV� WR� D� GHVLJQ� RU� WR� XVH� WKHLU
MXGJHPHQW�LQ�UHOD[LQJ�RU�RYHUULGLQJ�UXOHV�ZLWKRXW�DGDSWLQJ�WKH�HQWLUH�VW\OH�LWVHOI��$V�WKH
ILUVW� OLPLWDWLRQ�SRLQWHG�RXW�� DGDSWLQJ� DQ�$HVRS� VW\OH� LV� D� KHDY\ZHLJKW�RSHUDWLRQ� WKDW� LV
OLNHO\�WR�KDYH�UHSHUFXVVLRQV�EH\RQG�WKH�LQWHQGHG�PRGLILFDWLRQ�

�� /LPLWHG� VXSSRUW� IRU� H[SHULPHQWDWLRQ�� $OWKRXJK� D� VRIWZDUH� DUFKLWHFW� XVLQJ� DQ� $HVRS�EDVHG
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����� $FPH

$FPH� >*0:��@� LV� D� JHQHULF�� H[WHQVLEOH� VRIWZDUH� DUFKLWHFWXUH� GHVFULSWLRQ� DQG� LQWHUFKDQJH
ODQJXDJH�� 7KH� $FPH� ODQJXDJH� JUHZ� RXW� RI � D� SURMHFW� WR� VXSSRUW� WKH� LQWHUFKDQJH� RI
DUFKLWHFWXUDO�GHVFULSWLRQV�EHWZHHQ�D�ZLGH�YDULHW\�RI �GLIIHUHQW�DUFKLWHFWXUH�GHVLJQ�DQG�DQDO\VLV
WRROV�� %HFDXVH� PRVW� RI � WKH� WDUJHW� WRROV� XVHG� WKHLU� RZQ� LGLRV\QFUDWLF� ODQJXDJHV� DQG
UHSUHVHQWDWLRQV� IRU� GHVFULELQJ� VRIWZDUH� DUFKLWHFWXUHV� WKH\� GLG� QRW� QDWXUDOO\� ZRUN� ZHOO
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����� ’RPDLQ�6SHFLILF�6RIWZDUH�$UFKLWHFWXUH��’66$�

'$53$
V�'RPDLQ�6SHFLILF�6RIWZDUH�$UFKLWHFWXUH�SURJUDP� �'66$�� >0*��@�SURYLGHG�HDUO\
UHVHDUFK� UHFRJQLWLRQ� WKDW� UHXVDEOH� UHIHUHQFH� DUFKLWHFWXUHV� KROG� VLJQLILFDQW� SURPLVH� IRU
LPSURYLQJ�WKH�GHVLJQ��DQDO\VLV��SURGXFWLRQ�� DQG�PDLQWHQDQFH�RI �FRPSOH[�VRIWZDUH�V\VWHPV�
7KH�SURMHFW�ZDV�DOVR�DQ�HDUO\�DWWHPSW�DW�FDSWXULQJ�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH�IRU
VSHFLILF�DSSOLFDWLRQ�GRPDLQV��7KH�'66$�SURMHFW�GHYHORSHG�UHIHUHQFH�DUFKLWHFWXUHV�DV�ZHOO�DV
GHVLJQ�DQG�DQDO\VLV� WRROV�IRU�D�QXPEHU�RI �VRIWZDUH�GHYHORSPHQW�GRPDLQV��$V�WKH�SURMHFW
V
'$53$� RULJLQV� VXJJHVW�� WKH� GRPDLQV� VWXGLHG� ²� DYLRQLFV�� FRPPDQG� DQG� FRQWURO�� *1&
�JXLGDQFH��QDYLJDWLRQ��DQG�FRQWURO���DQG�DGDSWLYH�LQWHOOLJHQW�V\VWHPV�²�ZHUH�VHOHFWHG�IRU�WKHLU
VWUDWHJLF�LPSRUWDQFH�WR�WKH�8QLWHG�6WDWHV�'HSDUWPHQW�RI �'HIHQVH��'R'��

7KH�'66$�DSSURDFK�WR�FUHDWLQJ�UHIHUHQFH�DUFKLWHFWXUHV�DQG� WRROV�GLIIHUV�VLJQLILFDQWO\� IURP
$UPDQL
V� DSSURDFK�� 7KH� '66$� DSSURDFK� FDSWXUHV�� VWRUHV�� DQG� RUJDQL]HV� GHVLJQ� H[SHUWLVH
DFFRUGLQJ� WR� WKH� DSSOLFDWLRQ� GRPDLQ� IURP�ZKLFK� LW� ZDV� FDSWXUHG�� $Q� H[DPSOH� RI � VXFK� D
GRPDLQ� LV� WKH�DYLRQLFV�GRPDLQ��RU�PLOLWDU\�FRPPDQG�DQG�FRQWURO� V\VWHPV��$UPDQL��RQ� WKH
RWKHU�KDQG�� RUJDQL]HV�GHVLJQ� H[SHUWLVH� DFFRUGLQJ� WR� WKH�VW\OH� RI � DUFKLWHFWXUH� IRU�ZKLFK� WKH
H[SHUWLVH�LV�DSSOLFDEOH��6W\OHV�FDSWXUH�FRPPRQ�VWUXFWXUHV�DQG�DSSURDFKHV�WR�GHVLJQ�WKDW�FDQ
VSDQ�PXOWLSOH�DSSOLFDWLRQ�GRPDLQV��7KH�FOLHQW�VHUYHU�VW\OH�DQG�WKH�PDVWHU�VXESURJUDP�VW\OH
�VHH� VHFWLRQV�������DQG�������� UHVSHFWLYHO\�� DUH� WZR�H[DPSOHV�RI � DUFKLWHFWXUDO� VW\OHV� WKDW� DUH
DSSOLFDEOH�WR�PXOWLSOH�DSSOLFDWLRQ�GRPDLQV��7KH�GLVWLQFWLRQ�KHUH�LV�VXEWOH�EXW�LPSRUWDQW�

$�'66$�GRPDLQ�VSHFLILF� UHIHUHQFH� DUFKLWHFWXUH�JHQHUDOO\� VHOHFWV� D� VLQJOH� DUFKLWHFWXUDO� VW\OH
WKDW� LV� DSSURSULDWH� IRU� WKH�GRPDLQ�EHLQJ� VWXGLHG��'RLQJ� VR� DOORZV� VSHFLDOL]HG� DUFKLWHFWXUDO
GHVLJQ�DQG�DQDO\VLV�WRROV�WR�EH�GHYHORSHG�IRU�XVH�LQ�WKH�FKRVHQ�GRPDLQ��7KH�GRZQVLGH�LV�WKDW
WKH� H[SHUWLVH� FDSWXUHG� XVLQJ� WKH�'66$� DSSURDFK� LV� DSSOLFDEOH� WR� RQO\� D� QDUURZ� UDQJH� RI
V\VWHP� GHVLJQ� HIIRUWV�� )XUWKHU�� EHFDXVH� WKHUH� LV� PLQLPDO� VKDUHG� FRQFHSWXDO� EDVLV� RU
LQIUDVWUXFWXUH� EHWZHHQ� WKH� YDULRXV�'66$� UHIHUHQFH� DUFKLWHFWXUHV�� WRROV� GHYHORSHG� IRU� RQH
'66$�GRPDLQ�DUH�QRW�QHFHVVDULO\�UHXVDEOH�RU�DGDSWDEOH�IRU�XVH�ZLWK�DQRWKHU�'66$�GRPDLQ�

,Q�$UPDQL��RQ� WKH�RWKHU�KDQG�� WKH�GHILQLWLRQ�RI �DQ�DUFKLWHFWXUDO� VW\OH� LV�RUWKRJRQDO� WR� WKH
DSSOLFDWLRQ�GRPDLQ�LQ�ZKLFK�WKH�VW\OH�ZLOO�EH�DSSOLHG��$V�D�UHVXOW��GHVLJQ�H[SHUWLVH�FDSWXUHG
ZLWK�$UPDQL�FDQ�EH�DSSOLHG�WR�D�EURDGHU�UDQJH�RI �V\VWHP�GHVLJQ�HIIRUWV�WKDQ�WKH�H[SHUWLVH
FDSWXUHG�LQ�D�'66$�WRRONLW��)XUWKHU��$UPDQL
V�JHQHULF��DGDSWDEOH�LQIUDVWUXFWXUH�IRU�FUHDWLQJ
FXVWRP� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV� REYLDWHV� WKH� QHHG� IRU� WKH� JURXQG�XS
WRROLQJ�GHYHORSPHQW�HIIRUW�DVVRFLDWHG�ZLWK�WKH�'66$�SURMHFWV��7KH�FRVW�RI �FUHDWLQJ�D�VW\OH�
VSHFLILF�DUFKLWHFWXUDO�GHVLJQ�HQYLURQPHQW�ZLWK�$UPDQL�LV�GUDPDWLFDOO\�ORZHU�WKDQ�WKH�FRVW�RI
SURGXFLQJ�D�'66$�UHIHUHQFH�DUFKLWHFWXUH�DQG�WRRONLW�

2YHUDOO��'66$�WHFKQRORJ\�FRPSOHPHQWV�WKH�$UPDQL�WHFKQRORJ\��%RWK�GRPDLQ�EDVHG�GHVLJQ
H[SHUWLVH� DQG� VW\OH�FHQWULF� DUFKLWHFWXUDO�GHVLJQ� H[SHUWLVH�SOD\� LPSRUWDQW� UROHV� LQ�PRVW� ODUJH
VRIWZDUH�GHYHORSPHQW�SURMHFWV�

����� $XWRPDWHG�GHVLJQ�FULWLTXLQJ

(PHUJLQJ� ZRUN� E\� 5REELQV� DQG� 5HGPLOHV� >5+5��@� UHILQHV� )LVFKHU·V� ZRUN� RQ� DXWRPDWHG
FULWLTXLQJ�>)LV���@�DQG�DSSOLHV�LW�WR�WKH�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�SURFHVV��7R�GHPRQVWUDWH
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WKH� DSSURDFK�� WKH\� KDYH� SURGXFHG� D� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW� FDOOHG�$UJR
WKDW� LQWHJUDWHV� D� FULWLTXLQJ� FDSDELOLW\� ZLWK� WUDGLWLRQDO� GHVLJQ� HQYLURQPHQW� IXQFWLRQDOLW\�� ,Q
$UJR�� FULWLFV� DUH� EDFNJURXQG� WDVNV� WKDW� FRQWLQXDOO\� PRQLWRU� WKH� VWDWH� RI � D� GHVLJQ� DQG� WKH
DFWLRQV� WKDW� D� GHVLJQHU� WDNHV� WR� IODJ� SUREOHPV� DQG� WR� RIIHU� WKH� GHVLJQHU� VXJJHVWLRQV� DQG
JXLGDQFH�

$V�LQ�$UPDQL��WKH�DELOLW\�WR�FDSWXUH�DQG�OHYHUDJH�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH�LV�D
FHQWUDO�EHQHILW�RI �$UJR��$UJR��KRZHYHU��WDNHV�D�VLJQLILFDQWO\�GLIIHUHQW�DSSURDFK�WKDQ�$UPDQL�
7KH�GHVLJQ� H[SHUWLVH� WKDW�$UJR� FDSWXUHV� LV� HPEHGGHG� LQ� WKH� LPSOHPHQWDWLRQ�RI � LWV� FULWLFV�
7KHVH�FULWLFV�DUH�LPSOHPHQWHG�DV�-DYD�FODVVHV�WKDW�DUH�WLJKWO\�LQWHJUDWHG�ZLWK�WKH�UHVW�RI �WKH
$UJR�HQYLURQPHQW��$V�D�UHVXOW��$UJR·V�H[SHUWLVH�LV�UHDGLO\�PRGXODUL]HG�DQG�FRPSRVHG��PXFK
DV�LW�LV�LQ�$UPDQL�

&ULWLFV� SURYLGH� D� PHFKDQLVP� IRU� FDSWXULQJ� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH� WKDW� LV
ODUJHO\�FRPSOLPHQWDU\�WR�WKH�$UPDQL�DSSURDFK��&ULWLFV��KRZHYHU�� IDOO�VKRUW�RI �IXOO\� VROYLQJ
WKH�SUREOHPV�DGGUHVVHG�E\�$UPDQL��)LUVW��FULWLFV�DUH�D�UHODWLYHO\�KHDY\ZHLJKW�PHFKDQLVP�IRU
FDSWXULQJ� GHVLJQ� H[SHUWLVH�� &UHDWLQJ� WKHP� UHTXLUHV� VLJQLILFDQW� SURJUDPPLQJ� HIIRUW� DQG� D
UHODWLYHO\� GHHS� XQGHUVWDQGLQJ� RI � WKH� LPSOHPHQWDWLRQ� RI � WKH� HQYLURQPHQW� LQWR�ZKLFK� WKH\
ZLOO�EH�HPEHGGHG��$OWKRXJK�FULWLFV�VXSSRUW�DQ�LQFUHPHQWDO�ZD\�WR�DGG�GHVLJQ�H[SHUWLVH�WR�D
VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW��VXFK�LQFUHPHQWDO�HYROXWLRQ�UHPDLQV�RXW�RI �UHDFK
RI �WKH�HQYLURQPHQW·V�HQG�XVHUV��6HFRQG��WKH�FULWLFV�PHFKDQLVP�GRHVQ·W�VXSSRUW�WKH�FDSWXUH
RI � FRQVWUDLQWV� RYHU� VSHFLILF� GHVLJQ� LQVWDQFHV�� &ULWLFV� DUH� IXQGDPHQWDOO\� DVVRFLDWHG� ZLWK� D
GHVLJQ�HQYLURQPHQW�UDWKHU�WKDQ�DQ�LQGLYLGXDO�GHVLJQ��$V�D�UHVXOW��FULWLFV�DUH�QRW�DSSURSULDWH
ZD\V� WR� DQQRWDWH� DUFKLWHFWXUDO� VSHFLILFDWLRQV� ZLWK� GHVLJQ� UXOHV� WR� JXLGH� D� VLQJOH� V\VWHP·V
HYROXWLRQ��)LQDOO\��$UJR�ODFNV�D�XQLI\LQJ�IUDPHZRUN�IRU�DJJUHJDWLQJ�DQG�UHDVRQLQJ�DERXW�WKH
LQWHUDFWLRQV�RI �LWV�FULWLFV��$V�D�UHVXOW��GHYHORSLQJ�D�IRUPDO�IRXQGDWLRQ�IRU�XQGHUVWDQGLQJ�WKH
GHVLJQ�H[SHUWLVH�FDSWXUHG�E\�$UJR�SUHVHQWV�D�VLJQLILFDQW�FKDOOHQJH�

����� 2WKHU�$’/V

1XPHURXV�RWKHU�DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJHV��$'/V��KDYH�EHHQ�GHYHORSHG�WR�FDSWXUH
YDULRXV�DVSHFWV�RI �DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�DQG�SURYLGH�DUFKLWHFWV�ZLWK�PHFKDQLVPV�IRU
GHVFULELQJ� DQG� UHDVRQLQJ� DERXW� WKHLU� GHVLJQV�� $� EULHI � V\QRSVLV� RI � VRPH� SURPLQHQW� DQG
UHOHYDQW�$'/V�IROORZV��IROORZHG�E\�D�FRPSDULVRQ�ZLWK�$UPDQL�

8QL&RQ� �81,YHUVDO� &21QHFWRU�� >6KDZ���@� LV� DQ� DUFKLWHFWXUH� GHVFULSWLRQ� ODQJXDJH� DQG
WRROVHW� WKDW� VXSSRUWV� WKH� JHQHUDWLRQ� DQG� DQDO\VLV� RI � VRIWZDUH� V\VWHPV� IURP� DUFKLWHFWXUDO
GHVFULSWLRQV�� 7R� SURGXFH� D� VRIWZDUH� V\VWHP�� D� 8QL&RQ� XVHU� W\SLFDOO\� VSHFLILHV� WKH� VHW� RI
FRPSRQHQWV� WKDW� PDNH� XS� KLV� RU� KHU� V\VWHP� DORQJ� ZLWK� D� GHVFULSWLRQ� RI � KRZ� WKH
FRPSRQHQWV�FRPPXQLFDWH�DQG�LQWHUDFW��7KHVH�LQWHUDFWLRQ�SDWKV�DUH�FDOOHG�FRQQHFWRUV��8QL&RQ
VXSSRUWV� D� YDULHW\� RI � DUFKLWHFWXUDO� FRQQHFWRUV� WKDW� DUH� FRPPRQO\� XVHG� LQ� SURGXFWLRQ
VRIWZDUH� V\VWHPV�� ([DPSOHV� RI � WKHVH� FRQQHFWRUV� LQFOXGH�8QL[�3LSHV��5HPRWH�3URFHGXUH�&DOOV
�53&V��� DQG�64/�4XHULHV��%HFDXVH� WKH� LQWHUDFWLRQ� WHFKQLTXHV�XVHG�E\� WKHVH� FRQQHFWRUV� DUH
ZHOO� XQGHUVWRRG� DQG� VWDQGDUGL]HG��8QL&RQ� LV� DEOH� WR� JHQHUDWH� FRGH� WR� FUHDWH� WKH� V\VWHP
V
FRQQHFWRUV�� WKH� FRPSRQHQW� SDFNDJLQJ� QHHGHG� WR� KRRN� LWV� FRPSRQHQWV� WRJHWKHU
DSSURSULDWHO\��DQG�WKH�V\VWHP·V�EXLOG�ILOHV��$V�D�UHVXOW��8QL&RQ�FDQ�GUDPDWLFDOO\�LQFUHDVH�WKH
OHYHO�RI �DEVWUDFWLRQ�DW�ZKLFK�V\VWHPV�DUH�DFWXDOO\�FRQVWUXFWHG�
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5DSLGH�>/XF���@�SURYLGHV�DQ�HQYLURQPHQW�DQG� ODQJXDJH� IRU�PRGHOLQJ�DQG� UHDVRQLQJ� DERXW
VRIWZDUH� DUFKLWHFWXUHV�� $� 5DSLGH� V\VWHP� PRGHO� GHVFULEHV� V\VWHP� VWUXFWXUH� DQG� EHKDYLRU�
5DSLGH�SURYLGHV�LV�WKH�DELOLW\�WR�VLPXODWH�WKH�EHKDYLRU�RI �WKH�PRGHOHG�V\VWHP��JLYHQ�D�VWUHDP
RI � LQSXWV��7KH� UHVXOWLQJ� V\VWHP�EHKDYLRU� LV� UHSUHVHQWHG�DV� D�3DUWLDOO\�2UGHUHG�6HW� �326HW�
WKDW� GHILQHV� VHTXHQFHV� RI � HYHQWV� WKDW� FRXOG� RFFXU� DV� D� UHVXOW� RI � WKH� V\VWHP� LQSXWV�� $Q
DUFKLWHFW� FDQ� DQDO\]H� WKHVH� 326HWV� WR� GHWHFW� SRWHQWLDOO\� DQRPDORXV� HPHUJHQW� V\VWHP
EHKDYLRU�GLUHFWO\�IURP�WKH�DUFKLWHFWXUDO�VSHFLILFDWLRQ�

:ULJKW� >$*��@� LV� DQ� DUFKLWHFWXUH� GHVFULSWLRQ� ODQJXDJH� GHVLJQHG� SULPDULO\� WR� GHVFULEH� WKH
SURWRFROV� RI � LQWHUDFWLRQ� XVHG� ZLWKLQ� D� V\VWHP� RU� WKURXJKRXW� DQ� DUFKLWHFWXUDO� VW\OH�� /LNH
5DSLGH��:ULJKW·V�SULPDU\� DQDO\WLFDO� OHYHUDJH� FRPHV� IURP� LWV� DELOLW\� WR�GHVFULEH� DQG� DQDO\]H
V\VWHP� EHKDYLRU�� SDUWLFXODUO\� HPHUJHQW� V\VWHP�ZLGH� EHKDYLRU�� 8QOLNH� 5DSLGH�� KRZHYHU�� LW
VXSSRUWV� VWDWLF� DQDO\VLV� RI � DUFKLWHFWXUDO� VSHFLILFDWLRQV� UDWKHU� WKDQ� VLPXODWLRQ�� $V� D� UHVXOW�
:ULJKW
V� DQDO\WLFDO� UHVXOWV� DUH�PRUH� FRPSUHKHQVLYH� WKDQ� WKH� UHVXOWV� JHQHUDWHG� E\� D�5DSLGH
VLPXODWLRQ�� 7KDW� LV�� D� 5DSLGH� VLPXODWLRQ� HYDOXDWHV� V\VWHP� EHKDYLRU� RQO\� IRU� D� VSHFLILF
VHTXHQFH�RI �LQSXWV��$�VWDWLF�DQDO\VLV�RI �D�:ULJKW�VSHFLILFDWLRQ��RQ�WKH�RWKHU�KDQG��LV�VKRZQ
WR� KROG� RYHU� DOO� SRVVLEOH� LQSXW� VHTXHQFHV�� :ULJKW
V� VXSSRUW� IRU� WKH� VSHFLILFDWLRQ� RI
DUFKLWHFWXUDO� VW\OHV�� UDWKHU� WKDQ� MXVW� VSHFLILF� V\VWHP� LQVWDQFHV��GRYHWDLOV�QLFHO\�ZLWK� LWV� VWDWLF
DQDO\VLV�FDSDELOLWLHV��7KH�UHVXOWV�RI �D�:ULJKW�DQDO\VLV�RI �DQ�DUFKLWHFWXUDO�VW\OH
V�SURWRFROV�RI
LQWHUDFWLRQ�GHPRQVWUDWHV�HPHUJHQW�SURSHUWLHV�WKDW�ZLOO�KROG�IRU�DOO�V\VWHPV�EXLOW�DFFRUGLQJ�WR
WKDW�VW\OH
V�VSHFLILFDWLRQ�

(DFK�RI �WKHVH�$'/V�VXSSRUW�WKH�GHVFULSWLRQ�DQG�DQDO\VLV�RI �RQH�RU�PRUH�LPSRUWDQW�DVSHFWV
RI � VRIWZDUH� DUFKLWHFWXUH� GHVLJQ��7KH\�SURYLGH� DUFKLWHFWV�ZLWK� WKH� FDSDELOLW\� WR� H[SUHVV� WKH
GHVLJQ�RI � D� VSHFLILF� VRIWZDUH� DUFKLWHFWXUH�� DQDO\]H� D� VHW� RI �SURSHUWLHV� RI � WKDW� DUFKLWHFWXUH�
DQG��LQ�WKH�FDVH�RI �8QL&RQ��WR�JHQHUDWH�ZRUNLQJ�V\VWHPV�IURP�WKH�DUFKLWHFWXUDO�VSHFLILFDWLRQ�

$OWKRXJK� HDFK� RI � WKHVH�$'/V�SURYLGH� FRPSHOOLQJ� FDSDELOLWLHV�� WKH\� KDYH� VRPH� VLJQLILFDQW
OLPLWDWLRQV� DV� ZHOO�� )LUVW�� DOO� RI � WKHVH� $'/V� �ZLOOLQJO\�� WUDGH� RII � VRPH� IOH[LELOLW\� DQG
JHQHUDOLW\�IRU�JUHDWHU�DQDO\WLF�DQG�JHQHUDWLYH�FDSDELOLW\��7KDW�LV��DOWKRXJK�HDFK�$'/�LV�JRRG
DW�SURYLGLQJ�LWV�VSHFLILF�EHQHILWV��QRQH�RI �WKHP�DUH�SDUWLFXODUO\�JHQHUDO�RU�H[WHQVLEOH��6HFRQG�
DOO�RI � WKHVH�WRROV�UHTXLUHG�\HDUV�RI �UHVHDUFK�DQG�HQJLQHHULQJ�WR�GHYHORS��\HW�QRQH�RI � WKHP
FDQ�EH�UHDGLO\�PRGLILHG�RU�DGDSWHG�E\�WKHLU�XVHUV�DV�WKHLU�QHHGV�HYROYH��$V�D�UHVXOW��WKH�WRROV
ZLOO�UHTXLUH�VLJQLILFDQW�PDLQWHQDQFH�HIIRUW�DQG�H[SHQGLWXUHV�LI �WKH\�DUH�WR�EH�NHSW�FXUUHQW�DV
GHVLJQ�QHHGV�FKDQJH��

7KH�H[SOLFLW�GHFLVLRQ� WR�GHVLJQ�$UPDQL�DV�D�UDGLFDOO\�XVHU�FRQILJXUDEOH�GHVLJQ�HQYLURQPHQW
DGGUHVVHV� WKH� KLJK� FRVW� RI � LQLWLDOO\� SURGXFLQJ� VXFK� DQ� HQYLURQPHQW�� %\� SURYLGLQJ� D
FRQILJXUDEOH� LQIUDVWUXFWXUH� DQG� ODQJXDJH� WKDW� VXSSRUWV� PDQ\� RI � WKH� IXQFWLRQV� DQG
FDSDELOLWLHV�WKDW�KDG�WR�EH�EXLOW�IURP�VFUDWFK�IRU�WKHVH�$'/V��WKH�HIIRUW�WR�EXLOG�QHZ�GHVLJQ
DQG�DQDO\VLV� WRROV�DQG�FDSDELOLWLHV�FDQ�IRFXV�RQ�WKH�SURYLGLQJ�WKH� LQFUHPHQWDO�EHQHILWV� WKDW
WKHVH�WRROV�SURPLVH�UDWKHU�WKDQ�UHEXLOGLQJ�VWDQGDUG�LQIUDVWUXFWXUH�DQG�DUFKLWHFWXUDO�FRQFHSWV�

�������������������������������������������������
4 An updated version of UniCon was released after the publication of [Shaw+95] that provides a much more flexible
mechanism for adding new connectors to the environment.  This is a big step towards greater flexibility, though it
still requires a significant understanding of the implementation of the UniCon tools to successfully modify them.
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7KH�UHVHDUFK�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�H[SORUHV�D�GLIIHUHQW�SDUW�RI �WKH�GHVLJQ�VSDFH�IRU
VRIWZDUH� DUFKLWHFWXUDO� GHVLJQ� WRROV� DQG� HQYLURQPHQWV� WKDQ� WKHVH� WKUHH�$'/V�� 5DWKHU� WKDQ
WUDGH� RII � JHQHUDOLW\� DQG�EURDG� DSSOLFDELOLW\� IRU� DGGLWLRQDO� SRZHU�� $UPDQL� WUDGHV� RII � VRPH
DQDO\WLFDO�SRZHU�IRU�EURDGHU�JHQHUDOLW\��DSSOLFDELOLW\��DQG�HYROYDELOLW\��%\�EXLOGLQJ�RQ�WRS�RI
WKH�$FPH� LQWHUFKDQJH�VWDQGDUG��KRZHYHU��$UPDQL� LV�DEOH� WR�DGGUHVV� WKH�QHHG�IRU�SRZHUIXO
GHVLJQ� DQDO\VLV� DQG� JHQHUDWLRQ� FDSDELOLWLHV� WKDW� DUH� QRW� UHDGLO\� DYDLODEOH� ZLWK� $UPDQL�
6SHFLILFDOO\�� DQ� $UPDQL� GHVFULSWLRQ� FDQ� HQFRGH� GHVLJQ� LQIRUPDWLRQ� IRU� XVH� E\� 5DSLGH�
8QL&RQ�� RU� :ULJKW�EDVHG� DQDO\VHV�� 5DSLGH�� 8QL&RQ�� DQG� :ULJKW� DOO� SURYLGHG� VLJQLILFDQW
OHVVRQV� LQ� WKH�GHVLJQ� DQG� LPSOHPHQWDWLRQ�RI � WKH�$UPDQL� ODQJXDJH� DQG� HQYLURQPHQW��$V� D
UHVXOW�� $UPDQL� LV� DEOH� WR� OHYHUDJH� VRPH� RI � WKHLU� DQDO\WLFDO� SRZHU� ZKLOH� SURYLGLQJ� D�PRUH
JHQHUDO�DQG�H[WHQVLEOH�VHW�RI �DUFKLWHFWXUDO�FRQFHSWV�DQG�LQIUDVWUXFWXUH�

��� *HQHUDO�SXUSRVH�VRIWZDUH�VSHFLILFDWLRQ�ODQJXDJHV

7KHUH�DUH�PDQ\�JHQHUDO�VRIWZDUH�GHVLJQ�DQG�VSHFLILFDWLRQ�ODQJXDJHV�WKDW�DUH�FRPSOHPHQWDU\
WR�WKH�DUFKLWHFWXUH�VSHFLILF�ODQJXDJHV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��,Q�PRVW�FDVHV��WKHVH
ODQJXDJHV� DUH� LQWHQGHG� IRU� GHVFULELQJ� DQG� VSHFLI\LQJ� VRIWZDUH� DW� PRUH� GHWDLOHG� OHYHOV� RI
DEVWUDFWLRQ�WKDQ�WKH�DUFKLWHFWXUDO� OHYHO��$V�D� UHVXOW��QRQH�RI � WKHP�DUH�SDUWLFXODUO\�JRRG�IRU
GHVFULELQJ�VRIWZDUH�DUFKLWHFWXUHV�

7KH�SULPDU\�OLPLWDWLRQ�WKHVH�ODQJXDJHV�IDFH�IRU�GHVFULELQJ�VRIWZDUH�DUFKLWHFWXUHV�LV�WKDW�WKH\
GRQ
W� VXSSRUW� D� VXIILFLHQWO\� VSHFLDOL]HG� VHW� RI � FRQVWUXFWV� DQG� FRQFHSWV� IRU� GHDOLQJ� ZLWK
DUFKLWHFWXUDO� VSHFLILFDWLRQ� DQG� DQDO\VLV�� 7KHLU� SULPLWLYHV� DUH� JHQHUDOO\� JHDUHG� WRZDUGV
VSHFLI\LQJ�GDWD� VWUXFWXUHV� DQG� DOJRULWKPV��$Q�$'/��RQ� WKH�RWKHU�KDQG��PXVW� GHVFULEH� WKH
FRPSRQHQWV� RI � D� V\VWHP�� KRZ� WKRVH� FRPSRQHQWV� LQWHUDFW�� DQG� WKHLU� QRQ�IXQFWLRQDO
SURSHUWLHV�� $V� D� UHVXOW�� DQ� DUFKLWHFW� WU\LQJ� WR� XVH� VXFK� D� ODQJXDJH� IRU� DUFKLWHFWXUDO
VSHFLILFDWLRQ�PXVW�JHQHUDOO\�H[SHQG�D�VLJQLILFDQW�DPRXQW�RI �WLPH�DQG�HIIRUW�EXLOGLQJ�D�VHW�RI
DUFKLWHFWXUDO� FRQVWUXFWV� IURP� WKH� ODQJXDJH
V� SULPLWLYHV� EHIRUH� XVLQJ� WKH� ODQJXDJH� IRU
DUFKLWHFWXUDO�GHVFULSWLRQ�

$OWKRXJK� WKH\� DUH�QRW� WKH� LGHDO� FKRLFH� IRU�PDQ\� DUFKLWHFWXUDO� VSHFLILFDWLRQ� WDVNV��PDQ\�RI
WKHVH�ODQJXDJHV�HPERG\�JRRG�LGHDV�WKDW�ZHUH�ERUURZHG�E\�DQG�LQFRUSRUDWHG�LQWR�WKH�GHVLJQ
RI � WKH� $UPDQL� V\VWHP�� 7KLV� VHFWLRQ� ZLOO� GLVFXVV� VRPH� RI � WKH� PRVW� LQIOXHQWLDO� JHQHUDO
SXUSRVH�VRIWZDUH�VSHFLILFDWLRQ�DQG�GHVLJQ�ODQJXDJHV��KRZ�WKH\�KDYH�LQIOXHQFHG�WKH�GHVLJQ�RI
$UPDQL�� DQG� ZK\� WKH\� GR� QRW� VXIILFLHQWO\� DGGUHVV� WKH� SUREOHPV� WKDW� WKH� $UPDQL� V\VWHP
WDFNOHV�

����� 80/

7KH� 8QLILHG� 0RGHOLQJ� /DQJXDJH� �80/�� >%5-��@� LV� D� VHW� RI � JUDSKLFDO� QRWDWLRQV� IRU
VSHFLI\LQJ� WKH�GHVLJQ�RI �REMHFW�RULHQWHG�VRIWZDUH� V\VWHPV��80/�ZDV� IRUPHG�E\�PHUJLQJ�D
QXPEHU� RI � SRSXODU� REMHFW�RULHQWHG� GHVLJQ� QRWDWLRQV�� LQFOXGLQJ� 207� >5XP���@�� %RRFK
>%RR��@�� DQG� 226(� >-DF��@�� LQWR� D� VLQJOH� FROOHFWLRQ� RI � UHODWHG� REMHFW�RULHQWHG� GHVLJQ
QRWDWLRQV�� $V� D� UHVXOW�� 80/� LQFOXGHV� QRWDWLRQV� IRU� GHVFULELQJ� WKH� REMHFW� VWUXFWXUH� RI � D
V\VWHP��EHKDYLRUDO�GLDJUDPV� WR� LQGLFDWH�KRZ�REMHFWV� LQWHUDFW�� DQG�D�QRWDWLRQ� IRU� VSHFLI\LQJ
XVH�FDVHV��'XH� WR� LWV� FRPSUHKHQVLYH� VFRSH� DQG�EURDG� FRPPHUFLDO� WRRO� VXSSRUW��80/�KDV
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EHFRPH� D� SRSXODU� GHVLJQ� QRWDWLRQ� DPRQJVW� VRIWZDUH� HQJLQHHUV� DQG� DUFKLWHFWV� EXLOGLQJ
REMHFW�RULHQWHG�V\VWHPV�

$OWKRXJK�DW�ILUVW�JODQFH�80/�DSSHDUV�WR�EH�D�SRWHQWLDO�VXEVWLWXWH�IRU�$UPDQL��WKH�WZR�GHVLJQ
ODQJXDJHV� DUH�� LQ� IDFW�� TXLWH� GLIIHUHQW�� 80/� SURYLGHV� D� VROLG� QRWDWLRQ� IRU� VSHFLI\LQJ� WKH
GHWDLOHG�GHVLJQ�RI �VRIWZDUH�V\VWHPV��,W� LV�QRW��KRZHYHU��SDUWLFXODUO\�HIIHFWLYH�DV�D�KLJK�OHYHO
DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJH�IRU�WKH�IROORZLQJ�UHDVRQV�

:HDN�VHPDQWLFV��80/�ZDV�LQWHQWLRQDOO\�FUHDWHG�ZLWK�LQIRUPDO�VHPDQWLFV��6XUSULVLQJO\��WKLV
KDV� SURYHQ� WR� EH� RQH� RI � WKH� ODQJXDJH·V� JUHDWHVW� VHOOLQJ� SRLQWV� IRU� SUDFWLFLQJ� VRIWZDUH
GHVLJQHUV��%HFDXVH� WKH�VHPDQWLFV�RI � WKH�QRWDWLRQV�DUH�RQO\�ZHDNO\�GHILQHG��GHVLJQHUV�XVLQJ
80/�QHHG�QRW�EH�SDUWLFXODUO\�SUHFLVH� LQ�WKHLU�XVH�RI �WKH�QRWDWLRQ��7KLV�FDQ�EH�D�EHQHILW� LI
WKH� QRWDWLRQ� LV� XVHG� SULPDULO\� DV� D� ZD\� IRU� HQJLQHHUV� WR� VNHWFK� GHVLJQV� RQ� D� ZKLWHERDUG
GXULQJ�D�PHHWLQJ��8QIRUWXQDWHO\��80/·V�YDJXH�VHPDQWLFV�DUH�D�ZHDNQHVV�ZKHQ�WKH�QRWDWLRQ
LV�XVHG�WR�VSHFLI\�D�V\VWHP�DUFKLWHFWXUH��9DJXHQHVV�LQ�WKH�VHPDQWLFV�RI �WKH�QRWDWLRQ�LV�OLNHO\
WR� OHDG� WR�FRQIXVLRQ�DPRQJVW� WKH�HQJLQHHUV�DQG�SURJUDPPHUV�ZKR�KDYH� WR� LPSOHPHQW� WKH
V\VWHP��,Q� WKH�ZRUVW� FDVH� WKLV� FRXOG� OHDG� WR�D�FRPSOHWH� LQDELOLW\� WR� LQWHJUDWH� WKH� LQGLYLGXDO
HOHPHQWV�RI �WKH�V\VWHP�

3RRU� VXSSRUW� IRU� KLHUDUFK\� DQG� VFDOLQJ�� 80/� SURYLGHV� RQO\� ZHDN� VXSSRUW� IRU� WKH
KLHUDUFKLFDO�GHFRPSRVLWLRQ�RI �DQ�DUFKLWHFWXUDO�GHVLJQ��$V�D�UHVXOW��ODUJH�80/�GHVLJQV�WHQG�WR
EHFRPH� FRPSOLFDWHG�� ZLWK� KXQGUHGV� RU� HYHQ� WKRXVDQGV� RI � FRQQHFWHG� VKDSHV� RQ� D� VLQJOH
GLDJUDP�� $� GHVLJQ� WKDW� LV� WKLV� FRPSOLFDWHG� LV� GLIILFXOW� ERWK� IRU� V\VWHP� LPSOHPHQWHUV� WR
XQGHUVWDQG�DQG�DQDO\VLV� WRROV� WR�DQDO\]H��$UPDQL��RQ� WKH�RWKHU�KDQG��SURYLGHV�KLHUDUFKLFDO
GHFRPSRVLWLRQ�DV�D�IXQGDPHQWDO�ODQJXDJH�FDSDELOLW\�

7LJKW� WLHV� WR� LPSOHPHQWDWLRQ� VWUXFWXUH�� 7KH�80/� QRWDWLRQV� DUH� SULPDULO\� LQWHQGHG� WR
FDSWXUH�WKH�LPSOHPHQWDWLRQ�VWUXFWXUH�RI �D�V\VWHP��)XUWKHU��LW�KDV�RQO\�YHU\�ZHDN�VXSSRUW�IRU
WKH�QRWLRQV�RI � LQWHUIDFHV�WKDW�DUH�VHSDUDWH�IURP�LPSOHPHQWDWLRQV��7KLV� LV�D�EHQHILW� WR�WRROV
WKDW�JHQHUDWH�FRGH�VNHOHWRQV�IURP�80/�VWUXFWXUDO�GHILQLWLRQV��)URP�DQ�DUFKLWHFWXUDO�GHVLJQ
DQG�DQDO\VLV� VWDQGSRLQW�� WKRXJK�� LW� FDQ�EH�GLIILFXOW� WR�H[SUHVV�DEVWUDFW�GHVLJQ�FRQFHSWV�DQG
LQWHUDFWLRQV�XVLQJ�80/��$UPDQL��RQ�WKH�RWKHU�KDQG��H[SOLFLWO\�IRFXVHV�RQ�GHVFULELQJ�DEVWUDFW
DUFKLWHFWXUDO�VWUXFWXUH�DQG�LQWHUDFWLRQV��,Q�WKLV�ZD\��80/�DQG�$UPDQL�FDQ�EH�XVHG�WRJHWKHU
LQ�D�FRPSOHPHQWDU\�ZD\��$UPDQL�LV�JHQHUDOO\�D�EHWWHU�RSWLRQ�WKDQ�80/�IRU�VSHFLI\LQJ�KLJK�
OHYHO��DEVWUDFW�DUFKLWHFWXUDO�DVSHFWV�RI �D�VRIWZDUH�GHVLJQ��80/�FDQ�EH�HPEHGGHG�ZLWKLQ�DQ
$UPDQL�VSHFLILFDWLRQ�WR�GHVFULEH�WKH�GHWDLOHG��ORZHU�OHYHO�GHVLJQ�RI �D�V\VWHP�

7KHUH� LV� VLJQLILFDQW� HIIRUW� XQGHUZD\� LQ� WKH� VRIWZDUH� DUFKLWHFWXUH� UHVHDUFK� FRPPXQLW\� WR
LQWHJUDWH�80/·V�SRSXODU�LPSOHPHQWDWLRQ�OHYHO�GHVLJQ�FRQFHSWV�ZLWK�PRUH�DEVWUDFW�VRIWZDUH
DUFKLWHFWXUH� GHVLJQ� ODQJXDJHV� DQG� WRROV� >5RE���@�� )RU� D� GHWDLOHG� GLVFXVVLRQ� RQ� WKH
UHODWLRQVKLS�EHWZHHQ�DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJHV�DQG�REMHFW�PRGHOOLQJ�WHFKQLTXHV�VHH
>0RQ���@�

����� 396

65,·V� 3URWRW\SH� 9HULILFDWLRQ� 6\VWHP� �396�� >26��@� FRQVLVWV� RI � D� ODQJXDJH� IRU� VSHFLI\LQJ
V\VWHP�GHVLJQV�DQG�D�VHPL�DXWRPDWHG�WKHRUHP�SURYHU�WR�YHULI\�SURSHUWLHV�RI �WKRVH�GHVLJQV�
396
V� XVH� RI � DXWRPDWHG� WKHRUHP� SURYLQJ� DOORZV� LW� WR� VXSSRUW� WKH� VSHFLILFDWLRQ� DQG
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YHULILFDWLRQ�RI �FRPSOH[�V\VWHP�GHVLJQV� WKDW�ZRXOG�EH�GLIILFXOW�RU� LPSRVVLEOH� WR�YHULI\�ZLWK
PRUH�WUDGLWLRQDO�W\SH�FKHFNLQJ�PHWKRGV�

396�LV�UHOHYDQW�WR�$UPDQL�SULPDULO\�EHFDXVH��OLNH�$UPDQL��WKH�396�W\SH�V\VWHP�VXSSRUWV�WKH
VSHFLILFDWLRQ�RI �FRPSOH[�SUHGLFDWHV�IRU�FDSWXULQJ�GHVLJQV�DQG�GHVLJQ�FRQVWUDLQWV�>��$OWKRXJK
PDQ\�RI �WKH�GHWDLOV�RI �$UPDQL
V�V\QWD[�DQG�VHPDQWLFV�GLIIHU�VLJQLILFDQWO\�IURP�WKRVH�RI �396�
WKH� IXQGDPHQWDOV� RI � WKH� WZR� ODQJXDJHV� DUH� DFWXDOO\� VLPLODU� HQRXJK� WKDW� WKH�396� VHPDQWLF
FRUH� VHUYHV� DV� WKH� IRXQGDWLRQ� IRU� $UPDQL
V� IRUPDO� VHPDQWLF� VSHFLILFDWLRQ�� $V� D� UHVXOW�
$UPDQL�LV�DEOH�WR�OHYHUDJH�DQG�UHXVH�D�ZHOO�HVWDEOLVKHG�IRUPDO�UHSUHVHQWDWLRQ�DQG�ORJLF�DV�LWV
VHPDQWLF�XQGHUSLQQLQJV�

396� GRHV� QRW�� KRZHYHU�� VROYH� WKH� EDVLF� SUREOHP� WKDW� $UPDQL� DGGUHVVHV� −� UDSLGO\� DQG
LQFUHPHQWDOO\�GHYHORSLQJ�FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��396�SHUIRUPV

D� VLQJOH� GHVLJQ� WDVN� −� IRUPDO� YHULILFDWLRQ� DQG� WKHRUHP� SURYLQJ� −� ZHOO� IRU� D� YDULHW\� RI
DUFKLWHFWXUDO�GRPDLQV��$OWKRXJK�396�SURYLGHV�KHOSIXO�JXLGDQFH�DQG�D�IRUPDO�IRXQGDWLRQ�RQ
ZKLFK�WR�EXLOG��LW�LV�QRW�UHDGLO\�FXVWRPL]HG�WR�ZRUN�ZLWK�VSHFLILF�DUFKLWHFWXUDO�VW\OHV�

$�VHFRQG��DQG�SHUKDSV�PRUH�VXEWOH��UHDVRQ�WKDW�396�LV�QRW�E\�LWVHOI �D�VXIILFLHQW�EDVLV�IRU�DQ
H[WHQVLEOH�DUFKLWHFWXUDO�GHVLJQ� UHSUHVHQWDWLRQ� LV� WKDW� WKH� UHVXOW�RI � D�396�YHULILFDWLRQ� LV�QRW
QHFHVVDULO\�ELQDU\��7KDW�LV��WKH�UHVXOW�RI �D�YHULILFDWLRQ�WHVW�RQ�D�396�VSHFLILFDWLRQ�FDQ�EH��\HV�
WKH�GHVLJQ� LV� YHULILHG��� �QR�� WKH� GHVLJQ� LV� QRW� YHULILHG��� RU� �PD\EH�� LI � WKH� IROORZLQJ� SURRI
REOLJDWLRQV� KROG��� 7KLV� EHKDYLRUDO� FKDUDFWHULVWLF� DULVHV� EHFDXVH� WKH� 396� VSHFLILFDWLRQ
ODQJXDJH� LV�VXIILFLHQWO\� ULFK�WR� UHQGHU� W\SHFKHFNLQJ�D�VSHFLILFDWLRQ�XQGHFLGDEOH��$V�D� UHVXOW�
LQWHJUDWLQJ� RWKHU� LQWHUDFWLYH� GHVLJQ� WRROV� ZLWK� 396� FDQ� SURYH� FKDOOHQJLQJ�� %\� LQVXULQJ� D
ELQDU\� DQG� UHODWLYHO\� IDVW� UHVSRQVH� WR� D� WRRO
V� TXHU\� DERXW� ZKHWKHU� D� GHVLJQ� VDWLVILHV� LWV
FRQVWUDLQWV��$UPDQL� FDQ�SURYLGH� LQWHUDFWLYH� IHHGEDFN�QRW� RQO\� WR� KXPDQ� XVHUV� EXW� DOVR� WR
DXWRPDWHG�WRROV�

$V� D� UHVXOW�� 396� DQG� $UPDQL� DUH� FRPSOHPHQWDU\� WHFKQRORJLHV�� 7KH� 396� V\VWHP� DOORZV
YHULILFDWLRQ�DQG�YDOLGDWLRQ�RI �PRUH�FRPSOH[�GHVLJQV�WKDQ�$UPDQL�DW�WKH�H[SHQVH�RI �LWV�XWLOLW\
DV� D� JHQHUDO�GHVLJQ� UHSUHVHQWDWLRQ� DQG� LQWHJUDWLRQ� IUDPHZRUN��$UPDQL��RQ� WKH�RWKHU�KDQG�
SURYLGHV�D�IOH[LEOH��FXVWRPL]DEOH��HQYLURQPHQW�DQG�WRRO�LQWHJUDWLRQ�LQIUDVWUXFWXUH��2QH�ZD\
LQ� ZKLFK� WKH� WZR� WHFKQRORJLHV� FRXOG� EH� XVHG� WRJHWKHU�� IRU� H[DPSOH�� LV� WR� XVH� 396� WR
GHWHUPLQH� WKH� LQWHUQDO� FRQVLVWHQF\� RI � $UPDQL� W\SH� DQG� VW\OH� VSHFLILFDWLRQV�� 'HWHUPLQLQJ
ZKHWKHU�DQ�$UPDQL�VW\OH�VSHFLILFDWLRQ�LV�LQWHUQDOO\�FRQVLVWHQW�UHTXLUHV�PRUH�WKHRUHP�SURYLQJ
FDSDELOLW\� WKDQ�$UPDQL�SRVVHVVHV��396�SURYLGHV� VXFK�D�FDSDELOLW\�DQG�$UPDQL
V� LQWHJUDWLRQ
IUDPHZRUN�VKRXOG�DOORZ�WKH�WZR�WR�ZRUN�WRJHWKHU��7KLV�LVVXH�LV�DGGUHVVHG�LQ�JUHDWHU�GHWDLO�LQ
&KDSWHU���

����� /DUFK

/DUFK� >*+:��@� LV� D� VRIWZDUH� VSHFLILFDWLRQ� ODQJXDJH� WKDW� VXSSRUWV� WKH� GHILQLWLRQ� DQG
FRPSRVLWLRQ� RI � SDUWLDO� DOJHEUDLF� SURJUDP� DQG� DEVWUDFW� GDWD�W\SHV� �$'7V��� 7KH� DVSHFW� RI
/DUFK�WKDW�LV�PRVW�UHOHYDQW�WR�WKH�$UPDQL�GHVLJQ�ODQJXDJH�LV�/DUFK
V�VXSSRUW�IRU�WKH�FDSWXUH
RI �LPSRUWDQW�DVSHFWV�RI �$'7V�LQ�PRGXODU�� LQGHSHQGHQW�XQLWV�FDOOHG�WUDLWV��7KHVH�WUDLWV�FDQ
EH�FRPSRVHG�WR�FDSWXUH�WKH�VHPDQWLFV�RI �IXOO��ULFK�$'7V�
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7KH� $UPDQL� GHVLJQ� ODQJXDJH� PDNHV� XVH� RI � DQG� EXLOGV� RQ� /DUFK·V� LGHDV� DERXW� WUDLW
FRPSRVDELOLW\� DQG� SDUWLDO� VSHFLILFDWLRQ�� 6SHFLILFDOO\�� LW� XVHV� D� VLPLODU� DSSURDFK� IRU
FRQVWUXFWLQJ� DUFKLWHFWXUDO� VW\OHV� DQG� FRPSRXQG� YRFDEXODU\� W\SHV� RXW� RI � LQGLYLGXDO� GHVLJQ
UXOHV��VWUXFWXUDO�DQG�SURSHUW\�VSHFLILFDWLRQV��$V�D�UHVXOW��$UPDQL�FDQ�DGGUHVV�WKH�DUFKLWHFWXUDO
GHVLJQ�LVVXHV�WKDW�/DUFK��ZLWK�LWV�HPSKDVLV�RQ�DEVWUDFW�GDWD�W\SH�VSHFLILFDWLRQ��LV�QRW�LQWHQGHG
WR�FDSWXUH�

����� 7UDGLWLRQDO�IRUPDO�VRIWZDUH�VSHFLILFDWLRQ�ODQJXDJHV

,Q�DGGLWLRQ�WR�WKH�$'/V�GHVFULEHG�DERYH��WKHUH�KDV�EHHQ�D�VLJQLILFDQW�HIIRUW�E\�PHPEHUV�RI
WKH� VRIWZDUH� DUFKLWHFWXUH� UHVHDUFK� FRPPXQLW\� WR� XVH� IRUPDO� PHWKRGV� WR� SURYLGH� D
PDWKHPDWLFDO� IRXQGDWLRQ� IRU� GHVFULELQJ� VRIWZDUH� DUFKLWHFWXUHV� DQG� DUFKLWHFWXUDO� VW\OHV�
)RUPDOLVPV�VXFK�DV�=� >6SL����$$*��@��&63� >+RD��@�� DQG� WKH�&KHPLFDO�$EVWUDFW�0DFKLQH
>,:��@�KDYH�EHHQ�XVHG�WR�PRGHO�VRIWZDUH�DUFKLWHFWXUHV��$OWKRXJK�WKHVH�IRUPDOLVPV�FDQ�EH
XVHIXO�IRU�ULJRURXV�UHDVRQLQJ�DERXW�DUFKLWHFWXUDO�GHVLJQV��WKH\�IDLO� WR�SURYLGH�HLWKHU�DQ�HDV\
ZD\�IRU�GHVLJQHUV�DQG�GRPDLQ�H[SHUWV�ZKR�DUH�QRW�GHHSO\� IDPLOLDU�ZLWK� IRUPDO�PHWKRG� WR
FDSWXUH� H[SHUWLVH��RU�PHFKDQLVPV� IRU�DXWRPDWLQJ� WKH� IRUPDOLVPV� WKDW� WKH\�GR�FDSWXUH� LQ� D
ZRUNLQJ� DUFKLWHFWXUDO�GHVLJQ� HQYLURQPHQW��)XUWKHU�� WKHVH� IRUPDOLVPV�RIWHQ�SURYH� DZNZDUG
IRU� GHVFULELQJ� VRIWZDUH� DUFKLWHFWXUH� VSHFLILFDWLRQ� EHFDXVH� WKHLU� EDVLF� FRQVWUXFWV� DUH� QRW
JHDUHG�IRU�GRLQJ�VR��$OWKRXJK� LW� LV�RIWHQ�SRVVLEOH� WR�EXLOG�VRIWZDUH�DUFKLWHFWXUH�FRQVWUXFWV
RXW�RI �WKH�SULPLWLYHV�WKDW�WKHVH�IRUPDOLVPV�SURYLGH��PXFK�RI �WKH�FODULW\�WKDW�WKH�IRUPDOLVPV
H[KLELW�IRU�VSHFLILFDWLRQ�DW�ORZHU�OHYHOV�RI �DEVWUDFWLRQ�LV�ORVW�LQ�WKH�SURFHVV�

$OWKRXJK� WKH�$UPDQL� V\VWHP�GRHV� QRW� HPSKDVL]H� WKH� VDPH�GHJUHH� RI � ULJRU� IRU� UHDVRQLQJ
DERXW�DUFKLWHFWXUHV�WKDW�WKHVH�IRUPDOLVPV�SURYLGH�� LW�SURYLGHV�D�JUHDWHU�GHJUHH�RI �IOH[LELOLW\
IRU� FDSWXULQJ� GHVLJQ� H[SHUWLVH�� UHDOL]LQJ� WKDW� H[SHUWLVH� LQ� D� GHVLJQ� HQYLURQPHQW�� DQG
H[SHULPHQWLQJ� DQG� H[SORULQJ� WKH� UDQJH� RI � SRVVLEOH� GHVLJQV�� $UPDQL� LV�� LQ� IDFW�
FRPSOHPHQWDU\�ZLWK� WKHVH�PRUH� IRUPDO� VRIWZDUH� DUFKLWHFWXUH�GHVFULSWLRQ�PRGHOV�²� IRUPDO
VSHFLILFDWLRQV� FDQ� EH� HPEHGGHG� LQ� DQ� $UPDQL� GHVFULSWLRQ� WR� SURYLGH� D� PRUH� ULJRURXV
VSHFLILFDWLRQ�IRU�YDULRXV�DVSHFWV�RU�SLHFHV�RI �D�V\VWHP�GHVFULEHG�ZLWK�WKH�$UPDQL� ODQJXDJH
DQG�WRROV�

����� /DZ�*RYHUQHG�6\VWHPV

0LQVN\
V�ZRUN� RQ�/DZ�*RYHUQHG� 6\VWHPV� �/*6�� >0LQ����0LQ������0LQ����@� GHVFULEHV� DQ
DSSURDFK�IRU�JXLGLQJ�WKH�HYROXWLRQ�RI �VRIWZDUH�V\VWHPV�ZLWK�D�FROOHFWLRQ�RI �ODZV��7KHVH�ODZV
DUH� JHQHUDOO\� UHSUHVHQWHG� DV� SURORJ�EDVHG� UXOHV� WKDW� FDQ� EH� HYDOXDWHG� GXULQJ� V\VWHP
GHYHORSPHQW��PDLQWHQDQFH��RU�RSHUDWLRQ��%\�SURYLGLQJ�D�IUDPHZRUN�IRU�GHVFULELQJ�H[SHFWHG
�DQG� OHJDO�� V\VWHP� HYROXWLRQ� SDWKV� D� V\VWHP
V� RULJLQDO� GHVLJQHUV� FDQ� JXLGH� WKH� VXEVHTXHQW
HYROXWLRQ� RI � WKH� V\VWHP� DQG� IODJ� HYROXWLRQDU\� SDWKV� WKDW� DUH� OLNHO\� WR� YLRODWH� WKH� V\VWHP
V
EDVLF�IRXQGDWLRQV�

7KH� /*6� DSSURDFK� WR� FDSWXULQJ� DQG� HQIRUFLQJ� V\VWHP�ZLGH� HYROXWLRQDU\� ODZV� EHDUV� D
VWULNLQJ� UHVHPEODQFH� WR� WKH� $UPDQL� DSSURDFK� WR� FDSWXULQJ� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ
FRQVWUDLQWV��%RWK�DSSURDFKHV�SURYLGH�D� IUDPHZRUN�DQG�PHFKDQLVPV�IRU�FDSWXULQJ�VRIWZDUH
GHVLJQ� H[SHUWLVH� LQ� WKH� IRUP� RI � GHVLJQ� UXOHV� DQG� DQ� DXWRPDWHG� FKHFNLQJ� PHFKDQLVP� WR
HQVXUH�WKDW�WKRVH�UXOHV�DUH�IROORZHG�LQ�WKH�FRQVWUXFWLRQ�DQG�HYROXWLRQ�RI �VRIWZDUH�V\VWHPV�
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7KH� /DZ�*RYHUQHG� 6\VWHP� DSSURDFK� GRHV� QRW�� KRZHYHU�� IXOO\� DGGUHVV� DOO� RI � WKH� LVVXHV
DGGUHVVHG� E\� WKH� $UPDQL� V\VWHP�� )LUVW� DQG� IRUHPRVW�� /DZ�*RYHUQHG� 6\VWHPV� SURYLGH
PLQLPDO�GLUHFW� VXSSRUW� IRU�GHDOLQJ�ZLWK�DUFKLWHFWXUDO� LVVXHV��$OWKRXJK� WKH\�DUH�GHVLJQHG� WR
ZRUN� DW� YDULRXV� OHYHOV� RI � VRIWZDUH� V\VWHP� DEVWUDFWLRQ�� WKH\� WHQG� WR� HPSKDVL]H� LVVXHV� WKDW
RFFXU�DW�PRUH�GHWDLOHG��ORZHU�� OHYHOV�RI �DEVWUDFWLRQ�WKDQ�WKH�DUFKLWHFWXUDO� OHYHO��$V�D�UHVXOW�
0LQVN\
V�SURORJ�EDVHG�ODZV�WUDGH�RII �VRPH�RI �WKH�SRZHU�WKDW�FRPHV�IURP�IRFXVLQJ�RQ�WKH
DUFKLWHFWXUDO�OHYHO�RI �GHVLJQ�IRU�WKH�JHQHUDOLW\�RI �EHLQJ�DSSOLFDEOH�IRU�DOO�VWDJHV�RI �VRIWZDUH
GHVLJQ�DQG�GHYHORSPHQW�

$UPDQL��RQ� WKH�RWKHU�KDQG�� IRFXVHV�RQ� VSHFLI\LQJ�FRQVWUDLQWV�RQ� WKH� HYROXWLRQDU\�SDWK�RI
WKH� DUFKLWHFWXUDO� VSHFLILFDWLRQ��$OWKRXJK�$UPDQL� LV� QRW� DV� EURDGO\� SRZHUIXO� IRU� GHVFULELQJ
VXE�DUFKLWHFWXUDO�GHVLJQ� FRQVWUDLQWV� DV�/*6�� LWV� FRQVWUXFWV�� FRQFHSWV�� DQG�GHVLJQ�SULPLWLYHV
SURYLGH� DUFKLWHFWV�ZLWK� JUHDWHU� OHYHUDJH� IRU� GHVLJQLQJ� DW� WKH� VRIWZDUH� DUFKLWHFWXUH� OHYHO� RI
DEVWUDFWLRQ��$Q�DUFKLWHFW�XVLQJ�/*6�DV�WKH�EDVLV�IRU�DUFKLWHFWXUDO�GHVLJQ�QHHGV�WR�FUHDWH�D�VHW
RI � DUFKLWHFWXUH�OHYHO� SULPLWLYHV� DQG� GHVLJQ� UXOHV� EHIRUH�/*6� FDQ� EH� XVHG� HIIHFWLYHO\� DV� DQ
$UFKLWHFWXUH�'HVFULSWLRQ�/DQJXDJH��7KLV� LV� D�QRQ�WULYLDO�� WLPH� FRQVXPLQJ�� DQG�HUURU�SURQH
WDVN�� $Q� DUFKLWHFW� XVLQJ� $UPDQL�� RQ� WKH� RWKHU� KDQG�� FDQ� LPPHGLDWHO\� OHYHUDJH� LWV� EXLOW�LQ
DUFKLWHFWXUH�OHYHO�SULPLWLYHV�DQG�GHVLJQ�UXOHV�

$QRWKHU� OLPLWDWLRQ� WR� WKH� ODZ�JRYHUQHG� V\VWHP� DSSURDFK� LV� WKDW�� KLVWRULFDOO\�� WKH
LPSOHPHQWDWLRQV�RI � WKH� ODZ�JRYHUQHG�V\VWHP� LGHD�KDYH�EHHQ� WLJKWO\� WLHG� WR�REMHFW�RULHQWHG
V\VWHP� GHVLJQ� DQG� GHYHORSPHQW� WHFKQLTXHV� �F�I�� >0LQ����@� DQG� >0LQ����@��� ,W� LV� QRW� FOHDU
ZKHWKHU�WKLV�LV�IXQGDPHQWDO�RU�DFFLGHQWDO�WR�WKH�/*6�DSSURDFK��EXW�WKH�KHDY\�HPSKDVLV�RQ
REMHFW�RULHQWDWLRQ��DQG�PHWKRG�FDOO�LQWHUDFWLRQV�LQ�SDUWLFXODU��OLPLWV�WKH�UDQJH�RI �DUFKLWHFWXUDO
VW\OHV�WKDW�RQH�FDQ�FXUUHQWO\�XVH�WR�GHVLJQ�D� ODZ�JRYHUQHG�V\VWHP��2QH�RI �WKH� LPSOLFDWLRQV
RI � DOLJQLQJ� WKH� /*6� DSSURDFK� WLJKWO\� ZLWK� REMHFW�RULHQWHG� GHVLJQ� LV� WKDW� DOWKRXJK� /*6
SURYLGHV� D� ZD\� RI � H[SUHVVLQJ� ODZV� DW� D� ZLGH� UDQJH� RI � DEVWUDFWLRQ� OHYHOV� �H�J�� GHWDLOHG
LPSOHPHQWDWLRQ� ODZV� RU� KLJK�OHYHO� PRGXOH� UHODWLRQVKLSV��� LW� OLPLWV� WKH� RYHUDOO� V\VWHP
RUJDQL]DWLRQ�WR�D�UHODWLYHO\�VPDOO�UDQJH�RI �DEVWUDFWLRQV��$UPDQL��RQ�WKH�RWKHU�KDQG��IRFXVHV
RQ� FDSWXULQJ� GHVLJQ� FRQVWUDLQWV� DW� WKH� DUFKLWHFWXUDO� OHYHO� RI � DEVWUDFWLRQ�� EXW� DOORZV� D�ZLGH
UDQJH�RI �DUFKLWHFWXUDO�DEVWUDFWLRQV�IRU�V\VWHP�RUJDQL]DWLRQ�

)LQDOO\�� /DZ�*RYHUQHG� 6\VWHPV� SURYLGH� OLWWOH� RU� QR� VXSSRUW� IRU� WKH� UDSLG� FUHDWLRQ� DQG
HYROXWLRQ� RI � VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV�� /*6� SURYLGHV� DQ� DEVWUDFWLRQ� DQG
PRGHOLQJ�WHFKQLTXH�WKDW�FDQ�EH�UHDOL]HG�DQG�HPEHGGHG�LQ�VRIWZDUH�GHVLJQ�HQYLURQPHQWV�EXW
WKLV� GRHV� QRW� LQ� DQ\� VLJQLILFDQW� ZD\� WR� DGGUHVV� WKH� QHHG� IRU� UDSLG� DQG� LQFUHPHQWDO
HQYLURQPHQW�GHYHORSPHQW�DQG�PRGLILFDWLRQ�FDSDELOLWLHV�

����� &RQILJXUDEOH�SURJUDPPLQJ�HQYLURQPHQWV

7KH� LGHD� RI � SURYLGLQJ� JHQHUDWRUV� WKDW� FDQ� TXLFNO\� FUHDWH� FXVWRP� WRROV� IRU� VRIWZDUH
SURIHVVLRQDOV�FHUWDLQO\�SUHFHHGV�$UPDQL��7KH�*DQGDOI �6\VWHP�>+DE���@�DQG�WKH�6\QWKHVL]HU
*HQHUDWRU� >57��@� DUH� VRIWZDUH� WRRO� JHQHUDWRUV� WKDW�ZHUH� LQIOXHQWLDO� LQ� WKH� FRQFHSWLRQ� DQG
FUHDWLRQ�RI �$UPDQL�

7KH�6\QWKHVL]HU�*HQHUDWRU�DOORZV�WRRO�EXLOGHUV� WR� UDSLGO\�FUHDWH�VWUXFWXUHG�HGLWRUV� WKDW�DUH
FXVWRPL]HG� IRU� VSHFLILF� ODQJXDJHV�� 7KHVH� HGLWRUV� G\QDPLFDOO\� HQIRUFH� WKH� V\QWD[� RI � WKH
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ODQJXDJH�DQG�SURYLGH�FRQVWUXFWLYH�DVVLVWDQFH�WR�SURJUDPPHUV�XVLQJ�WKH�WRROV��7KHVH�HGLWRUV
DOVR�SURYLGH�D�SURJUDPPDWLF�LQWHUIDFH�IRU�PDQLSXODWLQJ�WKH�DWWULEXWH�JUDPPDU�UHSUHVHQWDWLRQ
RI �D�SURJUDP�

*DQGDOI � SURYLGHV� D� SDFNDJH� RI � LQIUDVWUXFWXUH� DQG� JHQHUDWRUV� WKDW� FDQ� EH� XVHG� WR� FUHDWH
FXVWRP�VRIWZDUH�GHYHORSPHQW�HQYLURQPHQWV��/LNH�WKH�6\QWKHVL]HU�*HQHUDWRU��D�NH\�SDUW�RI
WKH� *DQGDOI � VRIWZDUH� GHYHORSPHQW� HQYLURQPHQW� JHQHUDWLRQ� SURFHVV� LV� WKH� FUHDWLRQ� RI � D
FXVWRPL]HG� VWUXFWXUH� HGLWRU�� ,Q� DGGLWLRQ� WR� WKH� VWUXFWXUH� HGLWRU� *DQGDOI � DOVR� SURYLGHV
PHFKDQLVPV�IRU�KDQGOLQJ�SURMHFW�PDQDJHPHQW�DQG�VRXUFH�FRGH�YHUVLRQ�FRQWURO�

0XFK� OLNH�$UPDQL�� ERWK� RI � WKHVH� WRROV� JXLGH� VRIWZDUH�GHYHORSHUV� WRZDUG� EXLOGLQJ� FRUUHFW
VRIWZDUH��6SHFLILFDOO\��WKH�VWUXFWXUHG�HGLWRUV�FUHDWHG�E\�WKHVH�WRROV�PDNH�LW� LPSRVVLEOH��RU�DW
OHDVW�YHU\�GLIILFXOW��IRU�D�SURJUDPPHU�WR�FUHDWH�D�V\QWDFWLFDOO\�LQFRUUHFW�SURJUDP��HOLPLQDWLQJ
DQ�HQWLUH�FODVV�RI �SURJUDPPLQJ�HUURUV�

$OWKRXJK� ERWK� RI � WKHVH� WRROV� SURYLGH� FRPSHOOLQJ� VXSSRUW� IRU� FUHDWLQJ� FXVWRPL]HG
SURJUDPPLQJ�HQYLURQPHQWV��QHLWKHU�IXOO\�DGGUHVVHV�WKH�SUREOHPV�WKDW�$UPDQL�VROYHV��)LUVW�
ERWK�RI �WKH�V\VWHPV�IRFXV�RQ�SURYLGLQJ�SURJUDPPLQJ�VXSSRUW�DQG��LQ�WKH�FDVH�RI �*DQGDOI�
RQ�VXSSRUWLQJ� WHDPV�RI �SURJUDPPHUV�FRQVWUXFWLQJ�V\VWHPV��7KH� WRROV�DUH�QRW� LQWHQGHG� WR
VXSSRUW� WKH� VRIWZDUH� DUFKLWHFWXUH� DQG� GHVLJQ� SURFHVV�� /LNHZLVH�� QHLWKHU� WRRO� VXSSRUWV� WKH
DELOLW\�WR�H[SOLFLWO\�H[SUHVV��FDSWXUH��DQG�PDNH�XVH�RI �GHVLJQ�H[SHUWLVH��$OWKRXJK�WKH�SHUVRQ
JHQHUDWLQJ� FXVWRP� WRROV� PDNHV� XVH� RI � VLJQLILFDQW� H[SHUWLVH�� WKDW� H[SHUWLVH� LV� LPSOLFLWO\
HQFRGHG�LQ�HDFK�RI �WKH�JHQHUDWHG�WRROV�

6HFRQG�� QHLWKHU� RI � WKHVH� WRROV� DOORZ� WKH� HQG�XVHU� WR� SHUIRUP�DQ\� VLJQLILFDQW� HQYLURQPHQW
FXVWRPL]DWLRQ��/LNH�$HVRS��WKH\�ERWK�VXSSRUW�D�JHQHUDWLRQ�PRGHO�LQ�ZKLFK�WKH�SHUVRQ�ZKR
FUHDWHV� WKH� FXVWRP� HQYLURQPHQW� LV� GLIIHUHQW� IURP� WKH� SHUVRQ� ZKR� XVHV� WKH� HQYLURQPHQW�
$OWKRXJK�WKH�VDPH�SHUVRQ�FDQ�REYLRXVO\�SOD\�ERWK�UROHV��WKH�VNLOOV�DQG�SHUVSHFWLYH�UHTXLUHG
YDULHV� JUHDWO\�EHWZHHQ� WKH� WZR� WDVNV��$UPDQL·V� VXSSRUW� IRU�G\QDPLF� HQG�XVHU� HQYLURQPHQW
FRQILJXUDWLRQ�LV�D�SRZHUIXO�DGGLWLRQDO�FDSDELOLW\�

��� &RPSXWHU�DLGHG�GHVLJQ�DQG�DQDO\VLV�WRROV

7KH�SUHYLRXV�WZR�VHFWLRQV�KDYH�IRFXVHG�RQ�UHODWHG�UHVHDUFK�LQ�ODQJXDJHV�DQG�WHFKQLTXHV�IRU
VSHFLI\LQJ� DQG� UHDVRQLQJ� DERXW� VRIWZDUH� GHVLJQV�� $OWKRXJK� VRPH� RI � WKHVH� ODQJXDJHV� DUH
DFFRPSDQLHG� E\� VLJQLILFDQW� WRRONLWV�� WKH� SULPDU\� FRQWULEXWLRQV� RI � WKHVH� UHVHDUFK� SURMHFWV
WHQGV�WR�EH�WKH�DEVWUDFWLRQV�DQG�IUDPHZRUNV�WKDW�WKH\�SURYLGH�IRU�VSHFLI\LQJ�DQG�UHDVRQLQJ
DERXW�VRIWZDUH�GHVLJQV��$UPDQL�EXLOGV�RQ�WKLV�UHODWHG�ZRUN�EXW� LW�PXVW�DOVR�WDNH�DGYDQWDJH
RI � UHVHDUFK� DQG� GHYHORSPHQW� HIIRUWV� RWKHUV� KDYH� FRQGXFWHG� LQ� EXLOGLQJ� HIIHFWLYH
FRPSXWDWLRQDO�WRROV��,Q�WKLV�VHFWLRQ�,�SUHVHQW�VHOHFWHG�UHVHDUFK�LQ�FRPSXWHU�DLGHG�GHVLJQ�DQG
DQDO\VLV�WRROV�IURP�D�ZLGH�YDULHW\�RI �HQJLQHHULQJ�DQG�GHVLJQ�GRPDLQV�

����� &$’�WRROV�IRU�YDULRXV�GLVFLSOLQHV

&RPSXWHU�$LGHG�'HVLJQ� �&$'��KDV� SURYHQ� WR� EH� DQ� HIIHFWLYH� WRRO� IRU� GHVLJQHUV� LQ�PDQ\
GLVFLSOLQHV��$UFKLWHFWV��PHFKDQLFDO�HQJLQHHUV��HOHFWULFDO�HQJLQHHUV��DQG�PDQ\�JUDSKLF�GHVLJQHUV
UHO\�KHDYLO\�RQ�&$'�HQYLURQPHQWV�WR�SHUIRUP�WKHLU�MREV��6\VWHPV�VXFK�DV�&DGHQFH�>&DGHQFH@
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IRU�HOHFWULFDO�HQJLQHHULQJ��$XWR&$'�IRU�PHFKDQLFDO� HQJLQHHULQJ� >$XWRGHVN@�� WKH� ,QWHJUDWHG
%XLOGLQJ�'HVLJQ�(QYLURQPHQW�IRU�EXLOGLQJ�DUFKLWHFWV�>)HQ���@��DQG�&RUHO�*UDSKLFV� >&RUHO@
IRU� JUDSKLF� GHVLJQ� FDSWXUH� WKH� LPSRUWDQW� DVSHFWV�� PRGHOV�� DQG� WRROV� RI � GHVLJQ� LQ� WKHLU
SDUWLFXODU�GRPDLQV�

%HFDXVH�WKHVH�V\VWHPV�ZHUH�EXLOW� WR�VXSSRUW�GHVLJQ� LQ�VLJQLILFDQWO\�GLIIHUHQW�GRPDLQV� IURP
VRIWZDUH� DUFKLWHFWXUH�� WKH\� GR� QRW� VROYH� PDQ\� RI � WKH� VSHFLILF� LVVXHV� IDFHG� E\� VRIWZDUH
DUFKLWHFWV��([SORULQJ�KRZ�WKHVH�WRROV�SURYLGH�OHYHUDJH�IRU�WKH�GHVLJQHUV�XVLQJ�WKHP��KRZHYHU�
RIIHUHG�PDQ\� LQVLJKWV� LQWR�ZKDW�PDNHV� D�&$'� WRRO� HIIHFWLYH�� WKH� GHJUHH� WR�ZKLFK� GHVLJQ
WRROV� LQ�RWKHU�GRPDLQV�SURYLGH� HQG�XVHU� FRQILJXUDELOLW\� �WKH\�JHQHUDOO\�GRQ·W�SURYLGH� DQ\��
DQG�WKH�NLQGV�RI �DQDO\WLFDO�FDSDELOLWLHV�WKDW�WKHLU�XVHUV�VHHP�WR�H[SHFW�

7KH�SULPDU\�LQVLJKW�,�JDLQHG�IURP�H[SORULQJ�&$'�WRROV�LQ�RWKHU�GRPDLQV�ZDV�WKDW�WKH�WRROV
SURYLGH� D� ORW� RI � OHYHUDJH� ZKHQ� WKH\� �D�� FDSWXUH� DQG� H[SRVH� WKH� GRPDLQ·V� FRUH� GHVLJQ
H[SHUWLVH���E��SURYLGH�DQDO\WLFDO�FDSDELOLWLHV�WKDW�D�GHVLJQHU�ZRXOG�KDYH�GLIILFXOW\�SHUIRUPLQJ
ZLWKRXW�WKH�DVVLVWDQFH�RI �D�FRPSXWHU��DQG��F��DOORZ�GHVLJQHUV�WR�TXLFNO\�H[SORUH�D�YDULHW\�RI
DOWHUQDWLYH�VFHQDULRV�EHIRUH�ELQGLQJ�GHVLJQ�GHFLVLRQV��7KH�GHVLJQ�WRROV� WKDW�SURYLGHG�DOO�RI
WKHVH�FDSDELOLWLHV�WHQGHG�WR�EH�YHU\�HIIHFWLYH�DQG�SRSXODU�ZLWK�WKHLU�XVHUV��$OWKRXJK�WKH�WRROV
H[SORUHG�ZHUH�QRW�GLUHFWO\�DSSOLFDEOH�WR�WKH�VRIWZDUH�DUFKLWHFWXUH�GRPDLQ��GHWHUPLQLQJ�ZKDW
PDGH�WKHP�HIIHFWLYH�SURYHG�YHU\�KHOSIXO�LQ�GHVLJQLQJ�$UPDQL�

����� 7RROV�WKDW�PDQDJH�FRQVWUDLQWV�DQG�UXOHV

&RQVWUDLQW�EDVHG�SURJUDPPLQJ�DQG�UXOH�EDVHG�SURJUDPPLQJ�KDYH�EHHQ�VWXGLHG�H[WHQVLYHO\
LQ� WKH� $,� OLWHUDWXUH�� %RUQLQJ·V� 7KLQJODE� >%RU��@� ZDV� RQH� RI � WKH� HDUO\� FRQVWUDLQW�EDVHG
HQYLURQPHQWV� IRU�PDQLSXODWLQJ�PRGHOV� RI � WKH� SK\VLFDO�ZRUOG��7KLQJODE� VLPXODWHG� SK\VLFDO
HQYLURQPHQWV� DQG� DOORZHG� D� XVHU� WR� VSHFLI\� FRQVWUDLQWV� WKDW� QHHGHG� WR� EH� PDLQWDLQHG
EHWZHHQ�GLIIHUHQW�REMHFWV�LQ�WKH�VLPXODWHG�ZRUOG�

/LNH�7KLQJODE��$UPDQL�DOORZV�GHVLJQHUV�WR�VSHFLI\�FRQVWUDLQWV�WKDW�LWV�HQYLURQPHQW�HQIRUFHV
DV�D�VRIWZDUH�DUFKLWHFWXUH�VSHFLILFDWLRQ�HYROYHV��8QOLNH�$UPDQL��7KLQJODE�ZDV�GHVLJQHG�WR�EH
D�YHU\�JHQHUDO�FRQVWUDLQW�PDQDJHPHQW�V\VWHP�SULPDULO\�IRU�PRGHOLQJ�HQWLWLHV�LQ�WKH�SK\VLFDO
ZRUOG�� $V� D� UHVXOW�� 7KLQJODE� SURYLGHG� OLWWOH� RU� QR� VXSSRUW� IRU� WKH� DEVWUDFW� FRQFHSWV� DQG
FRQVWUDLQWV�UHTXLUHG�LQ�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ��$OWKRXJK�7KLQJODE·V�JHQHUDOLW\�DOORZHG
LW�WR�EH�DSSOLFDEOH�WR�PDQ\�GRPDLQV��E\�IRFXVLQJ�VSHFLILFDOO\�RQ�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�
$UPDQL� LV� FDSDEOH� RI � SURYLGLQJ� DUFKLWHFWV� ZLWK� VLJQLILFDQWO\� PRUH� GHVLJQ� OHYHUDJH� WKDQ� D
JHQHUDO�SXUSRVH�FRQVWUDLQW�PDQDJHPHQW�WRRO�

)LVFKHU·V� ZRUN� RQ� FULWLFV� �VHH� DOVR� VHFWLRQ�������� DQG� FRQILJXUDEOH� GHVLJQ� HQYLURQPHQWV� IRU
YDULRXV�LQGXVWULDO�GHVLJQ�GRPDLQV�>)LV���)LV���@�H[SORUHG�ZD\V�WR�FDSWXUH�GHVLJQ�NQRZOHGJH
DQG�GHVLJQ�UXOHV�LQ�FXVWRP��GRPDLQ�VSHFLILF�GHVLJQ�HQYLURQPHQWV��7KH�GHVLJQ�HQYLURQPHQWV
WKDW�)LVFKHU·V� UHVHDUFK� JURXS�EXLOW�� KRZHYHU��ZHUH� JHQHUDOO\� KDQG�FUDIWHG� FUHDWLRQV��8QOLNH
$UPDQL�� WKH\� GR� QRW� VXSSRUW� VLJQLILFDQW� HQG�XVHU� FRQILJXUDWLRQ�� FXVWRPL]DWLRQ�� RU
H[SUHVVLRQ�RI �GHVLJQ� UXOHV��$UPDQL·V� VXSSRUW�IRU�HQG�XVHU� UHFRQILJXUDELOLW\� LV� FHQWUDO� WR� LWV
GHVLJQ� DQG� UHTXLUHPHQWV�� $V� D� UHVXOW�� DOWKRXJK� )LVKHU·V� FULWLFV� ZRUN� SURYLGHV�PDQ\� XVHIXO
LGHDV�IRU�WKLV�UHVHDUFK��LW�GRHV�QRW�VROYH�WKH�IXOO�SUREOHP�WKDW�$UPDQL�DGGUHVVHV�
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����� ([SHUW�DQG�UXOH�EDVHG�V\VWHPV

5XOH�EDVHG� SURJUDPPLQJ� V\VWHPV� VXFK� DV� 236��� >)RU��@� DQG� &/,36� >*LD��@� DUH� JHQHULF
UXOH�EDVHG�V\VWHPV�IRU� FDSWXULQJ�H[SHUWLVH��7KHVH� WRROV�DUH�XVHG�E\� VRIWZDUH�GHYHORSHUV� WR
FUHDWH� H[SHUW� V\VWHPV� IRU� DUELWUDU\� GRPDLQV�� 7UDGLWLRQDO� H[SHUW� V\VWHPV� DUH� PRQROLWKLF
HQWLWLHV� WKDW� XVH� LQIHUHQFH� WHFKQLTXHV� WR� GHULYH� FRQFOXVLRQV� IURP� NQRZOHGJH� SURYLGHG� WR
WKHP�DV�LQSXW��7KHVH�FXVWRP�EXLOW�V\VWHPV�WHQG�WR�EH�OLPLWHG�WR�YHU\�VSHFLILF�GRPDLQV��VXFK
DV�GLDJQRVLQJ�DXWRPRELOH�SUREOHPV�DQG�VXJJHVWLQJ�KRZ�WR�IL[�WKHP�

%HFDXVH� WUDGLWLRQDO� H[SHUW� V\VWHPV� SURYLGH� PHFKDQLVPV� IRU� FDSWXULQJ� H[SHUWLVH� DQG� XVLQJ
WKDW� H[SHUWLVH� WR� VROYH� VSHFLILF� SUREOHPV� WKH\� VHHP� WR� EH� QDWXUDO� FDQGLGDWHV� IRU� EXLOGLQJ
VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�WRROV��8QIRUWXQDWHO\��WKH\�IDOO�VKRUW�RI �PHHWLQJ�DOO�RI �WKH�JRDOV
DQG�UHTXLUHPHQWV�ODLG�RXW�IRU�$UPDQL�LQ�WKUHH�LPSRUWDQW�ZD\V�

)LUVW��RQH�RI �$UPDQL·V�PRVW� LPSRUWDQW�FDSDELOLWLHV� LV� WKH�DELOLW\� WR� FDSWXUH�VPDOO��PRGXODU�
DQG� FRPSRVDEOH� ´VQLSSHWVµ� RI � H[SHUWLVH� WKDW� FDQ� EH� XVHG� �DQG� UHXVHG�� LQ� DQ� LQWHUDFWLYH
GHVLJQ�HQYLURQPHQW��5XOH�EDVHG�V\VWHPV�JHQHUDOO\�SURYLGH� WKH� FDSDELOLW\� WR�DGG�RU� UHPRYH
LQGLYLGXDO�UXOHV�IURP�WKH�LQIHUHQFH�HQJLQH��([SHULHQFH�ZLWK�WKHVH�V\VWHPV�LQGLFDWHV��KRZHYHU�
WKDW�WKH\�KDYH�D�WHQGHQF\�WR�EHFRPH�YHU\�EULWWOH�ZKHQ�PDQ\�UXOHV�DUH�DGGHG�WR�WKH�V\VWHP�
$UPDQL·V� PRGXODU� DQG� IRFXVHG� FRQVWUXFWV� IRU� FDSWXULQJ� GHVLJQ� H[SHUWLVH� JR� D� ORQJ� ZD\
WRZDUGV�DGGUHVVLQJ�WKLV�OLPLWDWLRQ�

6HFRQG�� WKHUH�DUH�PDQ\�NLQGV�RI �GHVLJQ�H[SHUWLVH� WKDW� DUH�QRW� UHDGLO\� FDSWXUHG� LQ�D� VHW�RI
LPSOLFLWO\�ILUHG�UXOHV��$�SULPH�H[DPSOH�LV�WKH�DELOLW\�WR�DQDO\]H�WKH�WKURXJKSXW�DQG�ODWHQF\�RI
D�V\VWHP�XVLQJ�TXHXLQJ�QHWZRUNV���([SHUW�V\VWHPV�WUDGLWLRQDOO\�RQO\�XVH�FROOHFWLRQV�RI �UXOHV
DQG�NQRZOHGJH��LQ�WKH�IRUP�RI �DVVHUWLRQV��WR�FDSWXUH�H[SHUWLVH��,Q�RUGHU�WR�FDSWXUH�D�ZLGH
UDQJH�RI �GHVLJQ�H[SHUWLVH��KRZHYHU��LW�LV�LPSRUWDQW�WKDW�D�FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ
HQYLURQPHQW� EXLOGLQJ� V\VWHP� SURYLGH� PXOWLSOH� PHFKDQLVPV� IRU� FDSWXULQJ� DQG� H[SORLWLQJ
GHVLJQ�H[SHUWLVH��$UPDQL�SURYLGHV�WKLV�FDSDELOLW\��EXW�WKH�FORVHG�ZRUOG�PRGHO�RI �PRVW�H[SHUW
V\VWHPV�SUHFOXGHV�WKHP�IURP�GRLQJ�VR�

7KH�ILQDO� OLPLWDWLRQ�RI �XVLQJ�D� WUDGLWLRQDO�H[SHUW�V\VWHP�DV� WKH�EDVLV�IRU� UDSLGO\�GHYHORSLQJ
FXVWRP� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV� LV� WKH� QHHG� WR� LQFOXGH� KXPDQV� LQ� WKH
GHFLVLRQ� PDNLQJ� SURFHVV�� 7KH� $UPDQL� HQYLURQPHQW� LV� LQWHQGHG� WR� SURYLGH� DVVLVWDQFH� WR
VNLOOHG� KXPDQ� GHVLJQHUV�� 0RVW� H[SHUW� V\VWHPV�� RQ� WKH� RWKHU� KDQG�� DUH� LQWHQGHG� WR�EH� WKH
H[SHUW�WKDW�PDNHV�WKH�LPSRUWDQW�GHFLVLRQV��7KLV�PRGHO�GRHV�QRW�ZRUN�YHU\�ZHOO�LQ�WKH�ZHDNO\
FRQVWUDLQHG� GRPDLQ� RI � VRIWZDUH� DUFKLWHFWXUH�� $UFKLWHFWXUDO� GHVLJQ� GHFLVLRQV� DUH� UDUHO\
VXIILFLHQWO\�FOHDU�FXW��PHFKDQLFDO��RU�ZHOO�TXDQWLILHG�WR�EH�DPHQDEOH�WR�D�SXUH�H[SHUW�V\VWHP
DSSURDFK�

$OWKRXJK� UXOH�EDVHG� V\VWHPV� GR� QRW� DSSHDU� WR� FRPSOHWHO\� REYLDWH� WKH� QHHG� IRU� WRROV� DQG
WHFKQLTXHV�WR�UDSLGO\�GHYHORS�FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��WKH\�FRXOG
FHUWDLQO\� EH� XVHG� DV� SDUW� RI � WKH� HQYLURQPHQW� LQIUDVWUXFWXUH�� $V� ,� GLVFXVV� LQ�&KDSWHU� ��� ,
VHOHFWHG�D�SUHGLFDWH�ORJLF�IRUPDOLVP�DV�WKH�EDVLV�IRU�FDSWXULQJ�GHVLJQ�H[SHUWLVH�LQ�$UPDQL��,W
SUREDEO\�ZRXOG�KDYH�EHHQ�SRVVLEOH�WR�XVH�D�UXOH�EDVHG�V\VWHP�DV�WKH�XQGHUO\LQJ�IRUPDOLVP

�������������������������������������������������
5 Such an application of queuing networks is described in detail in section 7.2.4’s case study.
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IRU� WKH� $UPDQL� GHVLJQ� HQYLURQPHQW� LQVWHDG� EXW� WKH� SUHGLFDWH�EDVHG� PRGHO� PRUH� FOHDQO\
PDWFKHG�$UPDQL·V�VWUXFWXUDO�DUFKLWHFWXUH�VSHFLILFDWLRQ�PRGHO�

��� 7KH�GHVLJQ�SURFHVV

7KHUH�LV�D�VLJQLILFDQW�ERG\�RI �ZRUN�RQ�WKH�DEVWUDFW�SURFHVV�DQG�FRJQLWLYH�DVSHFWV�RI �GHVLJQ�
LQFOXGLQJ�VWXGLHV�RI �GHVLJQ�LQ�HQJLQHHULQJ��LQGXVWULDO��DQG�SHUFHSWXDO�GRPDLQV��$OWKRXJK�WKH
UHVHDUFK� WKDW� WKH\� GHVFULEH� LV� QRW� DOZD\V� GLUHFWO\� UHODWHG� WR� UDSLGO\� GHYHORSLQJ� FXVWRP
VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��,�PDGH�XVH�RI �PDQ\�RI �WKH�SULQFLSOHV�SXW�IRUWK
LQ� WKHVH� VWXGLHV� WR� JXLGH� WKH�GHVLJQ� DQG�GHYHORSPHQW�RI � WKH�$UPDQL� V\VWHP��0\� UHVHDUFK
OHYHUDJHV�WKLV�ZRUN�RQ�GHVLJQ�SURFHVVHV�UDWKHU�WKDQ�GLUHFWO\�H[WHQGLQJ�LW�

6SHFLILF� VRXUFHV� WKDW� ,� IRXQG� SDUWLFXODUO\� XVHIXO� DQG� LQWHUHVWLQJ� IRU� WKLV� SXUSRVH� LQFOXGH
:LQRJUDG·V� ERRN� RI � HVVD\V� RQ� WKH� VRIWZDUH� GHVLJQ� SURFHVV� >:LQ��@�� 6FK|Q·V� ZRUN� RQ
´UHIOHFWLRQ�LQ�DFWLRQµ�>6FK��@��3HWURVNL·V�ZRUN�RQ�HQJLQHHULQJ�GHVLJQ�>3HW��@��DQG�1RUPDQ·V
GLVFXVVLRQ�RI �WKH�GHVLJQ�RI �HYHU\GD\�REMHFWV�>1RU��@��)ROORZLQJ�WKH�SULQFLSOHV�GHYHORSHG�LQ
WKHVH�VWXGLHV�KHOSHG�PH�GHVLJQ�WKH�$UPDQL�V\VWHP�WR�ILW�QDWXUDOO\�LQWR�DQ�DUFKLWHFW·V�GHVLJQ
SURFHVV

,Q� DGGLWLRQ� WR� WKHVH� EURDG� H[SORUDWLRQV� RI � WKH� GHVLJQ� SURFHVV�� WKHUH� DUH� WZR� DUHDV� RI
UHVHDUFK�VSHFLILFDOO\� UHODWHG� WR�GHVLJQLQJ� VRIWZDUH�DUFKLWHFWXUHV� WKDW� VLJQLILFDQWO\� LQIOXHQFHG
P\�ZRUN�RQ�$UPDQL�²�WKH�*DPPD��+HOP��-RKQVRQ��DQG�9OLVVLGHV·�ZRUN�RQ�GHVLJQ�SDWWHUQV
>*DP���@� DQG� 5HFKWLQ·V� V\VWHP� DUFKLWHFWLQJ� KHXULVWLFV� >5HF���� 50��@�� ,Q� WKH� QH[W� WZR
VHFWLRQV�,�GLVFXVV�WKHVH�SURMHFWV�DQG�KRZ�WKH\�UHODWH�WR�$UPDQL�LQ�GHWDLO�

����� ’HVLJQ�SDWWHUQV�DQG�SDWWHUQ�ODQJXDJHV

'HVLJQ� SDWWHUQV� KDYH� HPHUJHG� DV� D� SRSXODU�PHFKDQLVP� IRU� FDSWXULQJ� DQG� FRPPXQLFDWLQJ
SURYHQ�GHVLJQ�WHFKQLTXHV�WKDW�DGGUHVV�VSHFLILF�SUREOHPV��%DVHG�RQ�WKH�EXLOGLQJ�DUFKLWHFWXUH
ZRUN�RI �&KULVWRSKHU�$OH[DQGHU� >$OH���@��D�GHVLJQ�SDWWHUQ� LGHQWLILHV�D�SUREOHP��SURYLGHV�D
JHQHULF�VROXWLRQ�WKDW�FDQ�EH�WDLORUHG� LQ�PDQ\�GLIIHUHQW�ZD\V��DQG�GLVFXVVHV�WKH� LPSOLFDWLRQV
�ERWK�JRRG�DQG�EDG��RI �XVLQJ�WKH�SDWWHUQ��$OWKRXJK� LQGLYLGXDO�GHVLJQ�SDWWHUQV�DUH�KHOSIXO�
SDWWHUQV�SURYLGH�VLJQLILFDQWO\�PRUH�OHYHUDJH�ZKHQ�D�FRKHUHQW�FROOHFWLRQ�RI �UHODWHG�SDWWHUQV�LV
DYDLODEOH�WR�JXLGH�WKH�GHVLJQ�SURFHVV�WKDQ�WKH\�GR� LQ� LVRODWLRQ��6XFK�D�FROOHFWLRQ�RI � UHODWHG
SDWWHUQV�LV�FDOOHG�D�SDWWHUQ�ODQJXDJH�

*DPPD�� +HOP�� -RKQVRQ�� DQG� 9OLVVLGHV·� ERRN� ´'HVLJQ� 3DWWHUQV�� (OHPHQWV� RI � 5HXVDEOH
2EMHFW�2ULHQWHG� 6RIWZDUHµ� >*DP���@�� SRSXODUL]HG� WKH� GHVLJQ� SDWWHUQV� PRYHPHQW� E\
SUHVHQWLQJ�DQ�LQLWLDO�SDWWHUQ�ODQJXDJH�IRU�REMHFW�RULHQWHG�VRIWZDUH��6LQFH�WKDW�WLPH��KXQGUHGV
RI �DUWLFOHV�DQG�ERRNV�KDYH�DSSHDUHG�GHVFULELQJ�SDWWHUQ�ODQJXDJHV�IRU�QHDUO\�HYHU\�DVSHFW�RI
VRIWZDUH�GHVLJQ�DQG�GHYHORSPHQW��LQFOXGLQJ�VRIWZDUH�DUFKLWHFWXUH�>�%XV���@��7KHUH�LV�FOHDUO\
D�ZLGH�EDVH�RI �SRSXODU�VXSSRUW�IRU�WKH�XVH�RI �GHVLJQ�SDWWHUQV�

$V� ,� GHVFULEH� LQ� GHWDLO� LQ� >0RQ���@�� GHVLJQ� SDWWHUQV� DQG� DUFKLWHFWXUDO� VW\OHV� DUH
FRPSOHPHQWDU\�FRQVWUXFWV��'HVLJQ�SDWWHUQV�GR�QRW��KRZHYHU��VROYH�DOO�RI �WKH�SUREOHPV�WKDW
$UPDQL� VROYHV�� )LUVW�� WKH\� WHQG� WR� EH� LQIRUPDO�� $OWKRXJK� WKLV� LQIRUPDOLW\� ZRUNV� ZHOO� IRU
FRPPXQLFDWLQJ� D� JHQHUDO� DSSURDFK� WR� VROYLQJ� D� SUREOHP�� LW� LV� YHU\� GLIILFXOW� WR� SUHFLVHO\
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VSHFLI\� GHVLJQV� ZLWK� DQ� LQIRUPDO� VSHFLILFDWLRQ� DQG� HYHQ� KDUGHU� WR� SURYLGH� DXWRPDWHG
HYDOXDWLRQ�RI �D�GHVLJQ�WR�VHH�LI �LW�FRQIRUPV�WR�VXFK�D�VSHFLILFDWLRQ��6HFRQG��GHVLJQ�SDWWHUQV
WHQG� WR� EH� JRRG� DW� VROYLQJ� ORFDO� SUREOHPV� EXW� OLPLWHG� DW� SURYLGLQJ� JXLGDQFH� IRU� SXWWLQJ
WRJHWKHU� D� FRPSOHWH� V\VWHP�� )LQDOO\�� GHVLJQ� SDWWHUQV� DUH� LQWHQGHG� WR� EH� SULPDULO\� D
FRPPXQLFDWLRQ�PHGLXP�EHWZHHQ�SHRSOH��$OWKRXJK�WKLV�DSSURDFK�PDNHV�WKHP�HIIHFWLYH�IRU
H[FKDQJLQJ�GHVLJQV�DQG�GHVLJQ�NQRZOHGJH�EHWZHHQ�GHVLJQHUV��LW�DOVR�OLPLWV�WKHLU�HIIHFWLYHQHVV
DV�D�FRQFHSWXDO�IRXQGDWLRQ�IRU�FRQILJXUDEOH�GHVLJQ�WRROV�

5HFRJQL]LQJ� WKH� FRPSOHPHQWDU\� QDWXUH� RI � GHVLJQ� SDWWHUQV� DQG� $UPDQL·V� DSSURDFK� WR
FDSWXULQJ�GHVLJQ� H[SHUWLVH�� ,� KDYH� WULHG� WR� GHVLJQ�$UPDQL� WR� EH� DEOH� WR� WDNH� DGYDQWDJH� RI
GHVLJQ�SDWWHUQV��7KH�IXOO�$UPDQL�GHVLJQ�ODQJXDJH�SUHVHQWHG�LQ�&KDSWHU���GRHV�QRW�H[SOLFLWO\
SURYLGH�D�GHVLJQ�SDWWHUQ�FRQVWUXFW��,W�LV��KRZHYHU��SRVVLEOH�WR�FDSWXUH�PXFK�RI �WKH�VDPH�HIIHFW
RI �D�GHVLJQ�SDWWHUQ�E\�FRPELQLQJ�DQG�E\�SDFNDJLQJ�UHODWHG�GHVLJQ�YRFDEXODU\�DQG�GHVLJQ�UXOH
VSHFLILFDWLRQV�� 7KHVH� LPSOLFLW� SDWWHUQ� VSHFLILFDWLRQV� DUH� JHQHUDOO\� PRUH� ULJRURXV� WKDQ� WKH
SDWWHUQV� IRXQG� LQ� >*DP���@� DQG� UHODWHG� FROOHFWLRQV�� WKRXJK� WKH\� ODFN� WKH� ILUVW�FODVV� VWDWXV
DQG�PXFK� RI � WKH� LQIRUPDO� GHVFULSWLRQ� SURYLGHG� E\� WKH� H[SOLFLW� GHVLJQ� SDWWHUQ� ODQJXDJHV�
&RPSOHWLQJ�D�IXOO�LQWHJUDWLRQ�RI �GHVLJQ�SDWWHUQ�FRQFHSWV�ZLWK�$UPDQL�LV�D�SURPLVLQJ�DUHD�IRU
IXWXUH�UHVHDUFK�

����� 5HFKWLQ
V�V\VWHP�DUFKLWHFWLQJ�KHXULVWLFV

,Q�KLV�ERRNV�´6\VWHPV�$UFKLWHFWLQJµ�>5HF��@�DQG�´7KH�$UW�RI �6\VWHPV�$UFKLWHFWLQJµ�>50��@�
5HFKWLQ�RXWOLQHV�WHFKQLTXHV�DQG�FULWHULD�IRU�HIIHFWLYH�V\VWHP�DUFKLWHFWLQJ��2QH�RI �KLV�SULPDU\
WKHVHV� LV� WKDW� V\VWHP� DUFKLWHFWLQJ� LV� D� KHXULVWLF�GULYHQ� SURFHVV�� UHJDUGOHVV� RI � WKH� VSHFLILF
GRPDLQ�LQ�ZKLFK�LW�LV�SUDFWLFHG��H�J��$HURVSDFH��VRIWZDUH��SK\VLFDO�VWUXFWXUHV«���7KURXJKRXW
WKH� ERRNV� KH� SUHVHQWV� WKH� NH\� LVVXHV� IDFLQJ� V\VWHP� DUFKLWHFWV� DQG� RIIHUV� ���� KHXULVWLFV� WR
JXLGH�DUFKLWHFWV�LQ�SURSHUO\�DGGUHVVLQJ�WKHVH�LVVXHV�

7KRXJK� LQIRUPDO� DQG� IDU� IURP� FRPSUHKHQVLYH�� WKHVH� KHXULVWLFV� FDSWXUH� DQG� SURYLGH� D
WUHPHQGRXV� DPRXQW� RI � XVHIXO� DGYLFH� IRU� VXFFHVVIXO� V\VWHP� DUFKLWHFWLQJ�� %HFDXVH� RI � WKHLU
LQIRUPDOLW\�WKH\�DUH�GLIILFXOW�WR�HQFRGH�LQ�DXWRPDWHG�WRROV�IRU�XVH�LQ�HYDOXDWLQJ�DUFKLWHFWXUDO
VSHFLILFDWLRQV��DV�$UPDQL�QHHGV�WR�GR��5HFKWLQ�GRHV��KRZHYHU��PDNH�D�FRPSHOOLQJ�FDVH�IRU�WKH
LPSRUWDQFH�RI �KHXULVWLFV�DV�D�PHFKDQLVP�IRU�FDSWXULQJ�DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH��$V�ZH
ZLOO�VHH�LQ�&KDSWHU����WKH�$UPDQL�GHVLJQ�ODQJXDJH�EXLOGV�RQ�KLV�LGHDV�E\�SURYLGLQJ�D�KHXULVWLF
FRQVWUXFW� WKDW� DUFKLWHFWV� FDQ� XVH� WR� VSHFLI\� ´VRIWµ� JXLGHOLQHV� IRU� GHVLJQLQJ� VRIWZDUH
DUFKLWHFWXUHV�
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&KDSWHU�� 

7KH�$UPDQL�’HVLJQ�/DQJXDJH

$UPDQL
V� GHVLJQ� ODQJXDJH� GHILQHV� WKH� V\VWHP
V� FRUH� FRQFHSWV� IRU� VSHFLI\LQJ� WKH� GHVLJQ� RI
LQGLYLGXDO� VRIWZDUH� DUFKLWHFWXUHV� DQG� IRU� FDSWXULQJ� DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH�� ,Q� WKLV
FKDSWHU� ,� GHVFULEH� WKH� $UPDQL� GHVLJQ� ODQJXDJH�� ,� ILUVW� DUJXH� WKH� QHHG� IRU� VXFK� D� GHVLJQ
ODQJXDJH�DQG�OD\�RXW�WKH�UHTXLUHPHQWV�WKDW�WKH�ODQJXDJH�PXVW�VDWLVI\��7KHQ�,�GHVFULEH�WKH�NH\
GHVLJQ� GHFLVLRQV�PDGH� LQ� FUHDWLQJ� WKH� ODQJXDJH�� DUJXLQJ� WKDW� WKH� ODQJXDJH� ERWK�PHHWV� WKH
UHTXLUHPHQWV�SUHVHQWHG�DQG�SURYLGHV�WKH�GHVLUHG�EHQHILWV��5DWKHU� WKDQ�SURYLGLQJ�D�GHWDLOHG
VSHFLILFDWLRQ� IRU� WKH� ODQJXDJH� �ZKLFK� FDQ� EH� IRXQG� LQ� >0RQ��@��� WKH� GLVFXVVLRQ� LQ� WKLV
FKDSWHU� HPSKDVL]HV� WKH� LQWHUHVWLQJ� WHFKQLFDO� DVSHFWV� RI � WKH� ODQJXDJH� DQG� WKH� IXQGDPHQWDO
GHVLJQ�GHFLVLRQV�,�PDGH�LQ�FUHDWLQJ�LW�

��� $UPDQL�GHVLJQ�ODQJXDJH�UHTXLUHPHQWV

7KH�$UPDQL� GHVLJQ� ODQJXDJH� GHILQHV� WKH� SULPLWLYH� EXLOGLQJ� EORFNV� IRU� GHVFULELQJ� VRIWZDUH
DUFKLWHFWXUHV� DQG� DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH�� DORQJ� ZLWK� UXOHV� IRU� FRPSRVLQJ� WKRVH
SULPLWLYHV��$OWKRXJK�VHOHFWLQJ�VXFK�D�VHW�RI �SULPLWLYH�FRQVWUXFWV�DQG�FRPSRVLWLRQ�UXOHV�LV�D
FULWLFDO� ILUVW� VWHS� LQ� WKH� GHYHORSPHQW� RI � DQ� DUFKLWHFWXUH� GHVLJQ� RU� DQDO\VLV� WRRO� �RU
HQYLURQPHQW��� LW� LV� D� WLPH� FRQVXPLQJ� WDVN� WKDW� LV� GLIILFXOW� WR� GR� ZHOO�� $UPDQL� UHOLHYHV
VRIWZDUH� WRRO� DQG� HQYLURQPHQW� GHYHORSHUV� IURP� WKLV� EXUGHQ� E\� SURYLGLQJ� D� SRZHUIXO� DQG
JHQHULF� DUFKLWHFWXUH� GHVLJQ� ODQJXDJH� WKDW� HQFDSVXODWHV� VXFK� D� VHW� RI � GHVLJQ� SULPLWLYHV� DQG
FRPSRVLWLRQ�UXOHV�

7KH�$UPDQL�GHVLJQ� ODQJXDJH�PXVW�PHHW�ILYH�IXQGDPHQWDO� UHTXLUHPHQWV��,�HVWDEOLVKHG� WKHVH
UHTXLUHPHQWV� EDVHG� RQ� D� VHULHV� RI � FRQYHUVDWLRQV� ZLWK� SUDFWLFLQJ� VRIWZDUH� DUFKLWHFWV�
REVHUYDWLRQV�RI �QXPHURXV�IRUPDO�DQG�LQIRUPDO�DUFKLWHFWXUDO�VRIWZDUH�V\VWHPV�VSHFLILFDWLRQV�
DQG� H[SHULHQFH� XVLQJ� D� ZLGH� YDULHW\� RI � DUFKLWHFWXUH� GHVFULSWLRQ� ODQJXDJHV�� 7KH� ILUVW� WZR
UHTXLUHPHQWV� LGHQWLI\�ZKDW� WKH� ODQJXDJH�PXVW� EH� DEOH� WR�GHVFULEH�²� DUFKLWHFWXUDO� LQVWDQFHV
DQG� DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH�� 7KH� VXEVHTXHQW� WKUHH� UHTXLUHPHQWV� GHILQH� QHFHVVDU\
FKDUDFWHULVWLFV�RI �WKH�GHVLJQ�ODQJXDJH�IRU�GHVFULELQJ�H[SHUWLVH�DQG�LQVWDQFHV�²�H[SUHVVLYHQHVV�
DQDO\]DELOLW\��DQG�LQFUHPHQWDOLW\�

6WULFWO\�VSHDNLQJ��RQO\�WKH�VHFRQG�RI �WKHVH�UHTXLUHPHQWV�²�FDSWXULQJ�GHVLJQ�H[SHUWLVH�²�QHHGV
WR�EH�VDWLVILHG�WR�GHPRQVWUDWH�WKDW�WKH�WKHVLV�KROGV��([SHULHQFH�ZLWK�DUFKLWHFWXUH�GHVFULSWLRQ
ODQJXDJHV� DQG�GHVLJQ� HQYLURQPHQWV� �ERWK�P\�RZQ� DQG� WKDW� JDWKHUHG� IURP�RWKHU� VRXUFHV��
KRZHYHU��LQGLFDWHV�WKDW�WKH�RWKHU�IRXU�UHTXLUHPHQWV�DUH�QHFHVVDU\�IRU�WKH�ODQJXDJH�WR�FDSWXUH
D�VXIILFLHQWO\�EURDG�DUUD\�RI �SRZHUIXO�GHVLJQ�H[SHUWLVH�DQG�EH�XVHIXO�WR�DQ�DSSURSULDWHO\�ZLGH
DXGLHQFH��GLVFKDUJLQJ�WKH�EURDG�$UPDQL�UHTXLUHPHQWV�RI �LQFUHPHQWDOLW\��EUHDGWK��DQG�SRZHU�
8VLQJ� WKH� VDPH� ODQJXDJH� WR� FDSWXUH� LQVWDQFHV� RI � V\VWHP� GHVLJQV� DQG� DEVWUDFW� GHVLJQ



��

H[SHUWLVH� DOVR� VLPSOLILHV� WRROLQJ� DQG� UHGXFHV� WKH� OHDUQLQJ� FXUYH� IRU�DUFKLWHFWV�ZKR�QHHG� WR
OHDUQ�RQO\�RQH�ODQJXDJH�IRU�ERWK�SXUSRVHV�

$�GHWDLOHG�GLVFXVVLRQ�RI � WKHVH�UHTXLUHPHQWV�� WKH�UDWLRQDOH�EHKLQG� WKHP��DQG�WKHLU�SRWHQWLDO
EHQHILWV�IROORZV�

5HTXLUHPHQW� ��� ,QVWDQFHV�� 7KH� GHVLJQ� ODQJXDJH� PXVW� EH� FDSDEOH� RI � GHVFULELQJ� WKH� DUFKLWHFWXUDO
VWUXFWXUH��SURSHUWLHV��DQG�WRSRORJ\�RI �LQGLYLGXDO�VRIWZDUH�V\VWHP�GHVLJQV��DUFKLWHFWXUDO�LQVWDQFHV��

$Q� H[SOLFLW� DQG� SUHFLVH� DUFKLWHFWXUDO� VSHFLILFDWLRQ� RI � D� VRIWZDUH� V\VWHP� SURYLGHV� PXOWLSOH
EHQHILWV�WKURXJKRXW�WKH�V\VWHP·V�OLIHF\FOH��6XFK�D�VSHFLILFDWLRQ�GRFXPHQWV�WKH�GHVLJQ�RI �WKH
V\VWHP�� IDFLOLWDWLQJ� FRPPXQLFDWLRQ� EHWZHHQ� WKH� V\VWHP·V� GHVLJQHUV�� GHYHORSHUV�� WHVWHUV�
LQVWDOOHUV�� DQG� PDLQWDLQHUV�� $� SUHFLVH� DUFKLWHFWXUDO� VSHFLILFDWLRQ� LV� DOVR� D� SUHUHTXLVLWH� IRU
HIIHFWLYH� DXWRPDWHG� DUFKLWHFWXUDO� GHVLJQ� HYDOXDWLRQ� DQG� DQDO\VLV�� ,Q� DGGLWLRQ� WR� VXSSRUWLQJ
DXWRPDWHG� DQDO\VHV�� D� SUHFLVH� DUFKLWHFWXUDO� VSHFLILFDWLRQ� LV� DOVR� KHOSIXO� IRU� GHVLJQHUV� ZKR
QHHG� WR� SHUIRUP� LQIRUPDO�� EDFN�RI�WKH�QDSNLQ� DQDO\VHV�� )LQDOO\�� WKH� SURFHVV� RI � H[SOLFLWO\
GHILQLQJ� D� VRIWZDUH� V\VWHP
V� DUFKLWHFWXUH� IUHTXHQWO\� H[SRVHV� SRWHQWLDO� PLVPDWFKHV� DQG
GLVFUHSDQFLHV�LQ�WKH�GHVLJQ�

,Q�RUGHU�WR�DFKLHYH�WKHVH�EHQHILWV��VRIWZDUH�DUFKLWHFWV�PXVW�EH�DEOH�WR�H[SOLFLWO\��SUHFLVHO\��DQG
XQDPELJXRXVO\� VSHFLI\� WKHLU� GHVLJQ�� 7KHUH� DUH� WKUHH� NH\� SDUWV� WR� D� V\VWHP
V� DUFKLWHFWXUH
VSHFLILFDWLRQ�WKDW�WKH�$UPDQL�GHVLJQ�ODQJXDJH�QHHGV�WR�EH�DEOH�WR�VSHFLI\��)LUVW��WKH�VWUXFWXUH
DQG� WRSRORJ\� RI � D� VRIWZDUH� V\VWHP� IRUPV� LWV� FRUH� DUFKLWHFWXUH�� 7KLV� LQFOXGHV� GHILQLQJ� WKH
FRPSRQHQWV� WKDW�PDNH�XS� WKH� V\VWHP�DQG� WKH� FRQQHFWRUV� WKURXJK�ZKLFK� WKH� FRPSRQHQWV
LQWHUDFW�� 7KH� ODQJXDJH�PXVW�� WKHUHIRUH�� SURYLGH� FRQVWUXFWV� IRU� GHVFULELQJ� V\VWHP� VWUXFWXUH
DQG�WRSRORJ\�

6HFRQG�� WKH�GHVLJQ� ODQJXDJH�QHHGV� WR�EH�DEOH� WR�GHVFULEH�DUFKLWHFWXUDO�SURSHUWLHV��3URSHUWLHV
IDOO� LQWR� WZR� FODVVHV� ²� DVVHUWHG� SURSHUWLHV� DQG� HPHUJHQW� SURSHUWLHV�� $VVHUWHG� SURSHUWLHV
UHSUHVHQW�FODLPV�WKDW�WKH�GHVLJQHU�PDNHV�DERXW�LQGLYLGXDO�GHVLJQ�HOHPHQWV�RU�WKH�V\VWHP�DV�D
ZKROH��7KH�YDOXH�RI �DQ�DVVHUWHG�SURSHUW\�PD\�UHSUHVHQW�PHDVXUHPHQWV�PDGH� LQ� WHVWLQJ�DQ
LPSOHPHQWHG�GHVLJQ�HOHPHQW��HVWLPDWHV�PDGH�E\�WKH�DUFKLWHFW��RU�D�SULRUL�UHTXLUHPHQWV�WKDW
WKH� V\VWHP� DUFKLWHFW� VWDWHV� WKH� LPSOHPHQWDWLRQ�PXVW� VDWLVI\�� (PHUJHQW� SURSHUWLHV�� DV� WKHLU
QDPH� VXJJHVWV�� DUH� SURSHUWLHV� RI � D� V\VWHP� WKDW� DUH� GHULYHG� IURP� WKH� LQWHUDFWLRQV� RI � WKH
V\VWHP·V�LQGLYLGXDO�SLHFHV�

7KLUG��WKH�GHVLJQ�ODQJXDJH�QHHGV�WR�EH�DEOH�WR�GHVFULEH�FRQVWUDLQWV�WKDW�PXVW�EH�PDLQWDLQHG�DV
D�V\VWHP·V�GHVLJQ�HYROYHV��$OWKRXJK�PDLQWDLQLQJ�D�VRIWZDUH�V\VWHP·V�FRQFHSWXDO� LQWHJULW\� LV
FULWLFDO�WR�LWV�RYHUDOO�VXFFHVV�>%UR��@��LW�LV�GLIILFXOW�WR�GR�VR�LQ�WKH�LQLWLDO�GHVLJQ�RI �WKH�V\VWHP
DQG�HYHQ�PRUH�GLIILFXOW�DV�WKH�V\VWHP�GHVLJQ�LV�XSGDWHG�DQG�HYROYHG��%\�DOORZLQJ�D�V\VWHP·V
RULJLQDO�GHVLJQHUV�WR�H[SOLFLWO\�VWDWH�WKH�IXQGDPHQWDO�FRQVWUDLQWV�XQGHU�ZKLFK�WKH�V\VWHP�ZDV
GHYHORSHG��DQG�ZKLFK�QHHG�WR�EH�PDLQWDLQHG�DV�WKH�V\VWHP�HYROYHV��V\VWHP�XSGDWHV�FDQ�EH
PDGH� LQ� D� SULQFLSOHG� DQG� LQIRUPHG� ZD\�� 7KH� $UPDQL� GHVLJQ� ODQJXDJH� PXVW�� WKHUHIRUH�
LQFOXGH�WKH�DELOLW\�WR�DVVRFLDWH�H[SOLFLW�GHVLJQ�FRQVWUDLQWV�ZLWK�VRIWZDUH�V\VWHPV�

,Q� DGGLWLRQ� WR� WKH� WKUHH� IXQGDPHQWDO� FRQVWUXFWV� MXVW� GHVFULEHG�� $UPDQL·V� GHVLJQ� ODQJXDJH
DOVR� QHHGV� WR� VXSSRUW� HQFDSVXODWLRQ� RI � GHVLJQ� GHWDLOV� DQG� KLHUDUFKLFDO� GHFRPSRVLWLRQ�
$UFKLWHFWXUH� GHVFULSWLRQV� IRU� ODUJH� V\VWHPV� WKDW� GRQ·W� PDNH� XVH� RI � HQFDSVXODWLRQ� DQG
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KLHUDUFKLFDO�GHFRPSRVLWLRQ�WHQG�WR�HLWKHU�EHFRPH�XQZLHOG\�EHFDXVH�WKH\�FRQWDLQ�WRR�PXFK
GHWDLO� DW� D� VLQJOH� OHYHO� RI � DEVWUDFWLRQ� RU� DQDO\WLFDOO\� XVHOHVV� EHFDXVH� WKH\� DUH� WRR� YDJXH�
7KHUHIRUH��WR�NHHS�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�HOHPHQWV�RI �WKHVH�V\VWHPV�ERWK�LQWHOOHFWXDOO\
WUDFWDEOH� DQG� DQDO\WLFDOO\� XVHIXO�� WKH� DUFKLWHFWXUH� GHVFULSWLRQ� ODQJXDJH� PXVW� VXSSRUW� WKH
HQFDSVXODWLRQ�RI �VXEV\VWHPV��$SSURSULDWH�HQFDSVXODWLRQ�DOORZV�VXEV\VWHPV�WR�EH�GHVFULEHG
LQ�IXOO�GHWDLO�DW�RQH�OHYHO�RI �DEVWUDFWLRQ�DQG�HQFDSVXODWHG�IRU�XVH�DV�D�VLQJOH�GHVLJQ�HOHPHQW�DW
PRUH�DEVWUDFW�OHYHOV�RI �GHVFULSWLRQ�

5HTXLUHPHQW����’HVLJQ�([SHUWLVH��7KH�$UPDQL�GHVLJQ�ODQJXDJH�QHHGV�WR�EH�FDSDEOH�RI �GHVFULELQJ
VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH� WKDW� FDQ�EH� UHXVHG�DFURVV�PXOWLSOH� V\VWHP�GHVLJQV�DQG�PXOWLSOH�GHVLJQ
HQYLURQPHQWV�

$V�RUJDQL]DWLRQV�EXLOG� VRIWZDUH� V\VWHPV� WKH\� OHDUQ�KRZ� WR�GR� VR� HIIHFWLYHO\��7KLV� OHDUQLQJ
SURFHVV� LQFOXGHV� GHYHORSLQJ� D� GHHS� XQGHUVWDQGLQJ� RI � WKH� W\SHV� RI � V\VWHPV� WKDW� WKH
RUJDQL]DWLRQ�EXLOGV�DQG�GLVFRYHULQJ� WKH�SLWIDOOV� WKH\� IDFH� LQ�EXLOGLQJ� WKHP��$V�SDUW�RI � WKLV
OHDUQLQJ�SURFHVV��RUJDQL]DWLRQV�JHQHUDOO\�GHYHORS�D�VHW�RI �JRRG�SUDFWLFHV�DQG�WHFKQLTXHV�IRU
VRIWZDUH�GHVLJQ��DV�ZHOO�DV�ZD\V�WR�DYRLG�GHVLJQ�SUREOHPV��6XFK�DQ�RUJDQL]DWLRQ�KDV�DFTXLUHG
DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH��

7KHVH�SUDFWLFHV�DQG�WHFKQLTXHV�DUH�JHQHUDOO\�GHYHORSHG�LQIRUPDOO\�DQG�IUHTXHQWO\�UHVLGH�RQO\
LQ�WKH�PLQGV�RI �D�IHZ�VRIWZDUH�H[SHUWV�ZRUNLQJ�RQ�WKH�SURMHFW��6WRULQJ�WKLV�H[SHUWLVH�RQO\�LQ
WKH�KHDGV�RI � D� IHZ�FULWLFDO�SHRSOH�KDV� D�QXPEHU�RI �QHJDWLYH� LPSOLFDWLRQV� IRU� WKH� VRIWZDUH
GHYHORSPHQW�RUJDQL]DWLRQ��)LUVW��ZKHQ�WKHVH�H[SHUWV�OHDYH�WKH�RUJDQL]DWLRQ�WKH�H[SHUWLVH�WKDW
WKH�RUJDQL]DWLRQ�KDV�GHYHORSHG�IUHTXHQWO\�OHDYHV�ZLWK�WKHP��(YHQ�LI �WKH�H[SHUWV�VWD\�LQ�WKH
RUJDQL]DWLRQ��GHVLJQ�GHWDLOV�DUH�HDVLO\�IRUJRWWHQ�RYHU�WKH�GXUDWLRQ�RI �D�V\VWHP·V�RSHUDWLRQDO
OLIHWLPH��)LQDOO\��D�ODFN�RI �GRFXPHQWDWLRQ�GHVFULELQJ�H[SHFWHG�GHVLJQ�SUDFWLFH�PDNHV�WUDLQLQJ
SHRSOH�QHZ�WR�D�GHYHORSPHQW�SURMHFW�PRUH�FRVWO\�DQG�GLIILFXOW� WKDQ� LW�QHHGV�WR�EH��6LPSO\
GRFXPHQWLQJ�WKH�GHVLJQ�H[SHUWLVH�DFTXLUHG�E\�WKH�RUJDQL]DWLRQ�VKRXOG�UHGXFH�WKH�FRVWV�DQG
GLVUXSWLRQ�RI � VWDII � WXUQRYHU� DV�ZHOO� DV� VSHHGLQJ�XS� WKH� WUDLQLQJ�RI � WKH�RUJDQL]DWLRQ·V�QHZ
GHVLJQHUV�DQG�GHYHORSHUV�

$OWKRXJK� VLPSO\� H[SUHVVLQJ� DQ� RUJDQL]DWLRQ·V� DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH� ZLWK� QDWXUDO
ODQJXDJH�GRFXPHQWV�LV�D�XVHIXO�ILUVW�VWHS��WKHUH�DUH�WKUHH�VLJQLILFDQW�EHQHILWV�WR�XVLQJ�D�PRUH
IRUPDO� ODQJXDJH�DQG� IUDPHZRUN�IRU�FRGLI\LQJ� WKH�H[SHUWLVH��)LUVW�� D�GRPDLQ�H[SHUW�XVLQJ�D
IRUPDO� DUFKLWHFWXUH� GHVFULSWLRQ� ODQJXDJH� FDQ� EXLOG� RQ� WKH� EDVLF� FRQFHSWV� DQG� IUDPHZRUN
SURYLGHG� E\� WKH� IRUPDOLVP��8VLQJ� VXFK� D� ODQJXDJH� VXSSRUWV� FUHDWLYLW\� DQG� SURGXFWLYLW\� E\
IUHHLQJ�WKH�GHVLJQHU�WR�IRFXV�RQ�WKH�H[SHUWLVH�KH�ZDQWV�WR�H[SUHVV�UDWKHU�WKDQ�VHDUFKLQJ�IRU�D
ZD\� LQ� ZKLFK� WR� H[SUHVV� LW�� 6HFRQG�� WKH� GHVLJQHU� FDQ� EH� PXFK� PRUH� SUHFLVH� LQ� WKH
VSHFLILFDWLRQ� RI � WKH� H[SHUWLVH�ZLWK� D� IRUPDO� ODQJXDJH� WKDQ�ZLWK� D� QDWXUDO� ODQJXDJH�� 7KLUG�
H[SOLFLWO\� FDSWXULQJ� DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH� DQG� DUFKLWHFWXUDO� GHVLJQV� ZLWK� D� ZHOO�
GHILQHG� ODQJXDJH� LV� D� QHFHVVDU\� ILUVW� VWHS� WRZDUGV� SURYLGLQJ� DXWRPDWHG� GHVLJQ� JXLGDQFH�
HYDOXDWLRQ��DQG�DQDO\VLV�

7R�DFKLHYH�WKHVH�EHQHILWV��$UPDQL�PXVW�SURYLGH�D�IRUPDO�ODQJXDJH�IRU�FDSWXULQJ�DUFKLWHFWXUDO
GHVLJQ�H[SHUWLVH��7ZR� IXQGDPHQWDO� NLQGV�RI �GHVLJQ� H[SHUWLVH� DUH�GHVLJQ�YRFDEXODU\� DQG�GHVLJQ
UXOHV�� 7R� FDSWXUH� GHVLJQ� YRFDEXODU\� WKH� ODQJXDJH�PXVW� SURYLGH� FRQVWUXFWV� IRU� GHILQLQJ� WKH

�������������������������������������������������
6 [ATT93] describes one way in which AT&T has informally captured and described some of this expertise.
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VWUXFWXUH��SURSHUWLHV��DQG�FRQVWUDLQWV�DVVRFLDWHG�ZLWK�XVHU�GHILQHG�W\SHV�RI �VWUXFWXUDO�GHVLJQ
HOHPHQWV�� 7KH� W\SHV� RI � YRFDEXODU\� HOHPHQWV� WKXV� GHILQHG� EHFRPH� WKH� VHPDQWLFDOO\
PHDQLQJIXO�EXLOGLQJ�EORFNV�XVHG�WR�VSHFLI\�LQVWDQFHV�RI �DUFKLWHFWXUDO�GHVLJQV��7KH� ODQJXDJH
FRQVWUXFWV�IRU�FDSWXULQJ�GHVLJQ�UXOHV�PXVW�DW�OHDVW�EH�FDSDEOH�RI �GHILQLQJ�FRQVWUDLQWV�RQ�KRZ
UHODWHG� W\SHV� RI � GHVLJQ� YRFDEXODU\� HOHPHQWV� PD\� EH� FRPSRVHG� DQG� YDOLG� UDQJHV� IRU�� DQG
UHODWLRQVKLSV�EHWZHHQ��WKH�SURSHUWLHV�RI �WKRVH�HOHPHQWV�

,Q� DGGLWLRQ� WR�SURYLGLQJ� FRQVWUXFWV� IRU� FDSWXULQJ� LQGLYLGXDO�´QXJJHWVµ�RI � GHVLJQ� H[SHUWLVH
�ZLWK�WKH�YRFDEXODU\�DQG�GHVLJQ�UXOH�FRQVWUXFWV���WKH�$UPDQL�GHVLJQ�ODQJXDJH�DOVR�QHHGV�WR
SURYLGH� D�ZD\� WR� DJJUHJDWH� UHODWHG�GHVLJQ� H[SHUWLVH� LQWR� FRKHUHQW�SDFNDJHV� �RU�VW\OHV���7KLV
SURFHVV�SULPDULO\�HQWDLOV�SDFNDJLQJ�YRFDEXODU\�HOHPHQWV� WKDW�DUH�GHVLJQHG�WR�ZRUN�WRJHWKHU
ZLWK�GHVLJQ�UXOHV�WKDW�JXLGH�DQG�FRQVWUDLQ�KRZ�WKH�HOHPHQWV�PD\�EH�FRPSRVHG�DQG�LQWHUDFW�
7R� PDNH� VXFK� D� SDFNDJLQJ� VFKHPH� FRKHUHQW� WKH� ODQJXDJH� PXVW� GHILQH� WKH� VHPDQWLFV� RI
FRPSRVLQJ�DQG�DJJUHJDWLQJ�WKH�LQGLYLGXDO�GHVLJQ�H[SHUWLVH�FRQVWUXFWV�

5HTXLUHPHQW� ��� ([SUHVVLYHQHVV�� 7KH� QRWDWLRQ� DQG� FRQVWUXFWV� VXSSOLHG� E\� WKH� $UPDQL� GHVLJQ
ODQJXDJH�PXVW�PDWFK�WKH�H[SUHVVLYH�QHHGV�RI �VRIWZDUH�DUFKLWHFWV�

7KH�$UPDQL�GHVLJQ�ODQJXDJH�VKRXOG�IDFLOLWDWH�WKH�VSHFLILFDWLRQ�RI �VRIWZDUH�DUFKLWHFWXUHV�DQG
WKH� FDSWXUH� RI � DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH�� 7R� GR� VR�� WKH� $UPDQL� GHVLJQ� ODQJXDJH·V
FRQVWUXFWV�PXVW�PDS� QDWXUDOO\� WR� WKH� FRQFHSWV� WKDW� DUFKLWHFWV� XVH� IRU� GHVLJQLQJ� VRIWZDUH�
7KLV�LQFOXGHV�ERWK�WKH�VHOHFWLRQ�RI �SULPLWLYH�EXLOGLQJ�EORFNV�DQG�WKH�UXOHV�WKDW�GHILQH�KRZ
WKRVH�EXLOGLQJ�EORFNV� FDQ�EH�DVVHPEOHG�DQG�FRPSRVHG�� ,I � WKH�JDS�EHWZHHQ� WKH� ODQJXDJH·V
FRQVWUXFWV� DQG� GHVLJQHUV·� LQWXLWLRQ� LV� WRR� JUHDW� WKHQ� WKH� ODQJXDJH�ZLOO� KLQGHU� JRRG� GHVLJQ
UDWKHU�WKDQ�HQFRXUDJLQJ�LW��&RQYHUVHO\��LI �WKH�ODQJXDJH�PDSV�ZHOO�WR�LQWXLWLYH�GHVLJQ�FRQFHSWV
WKHQ�LW�FDQ�SURYLGH�GHVLJQHUV�ZLWK�VLJQLILFDQW�DQDO\WLFDO�DQG�PRGHOLQJ�OHYHUDJH�

$QRWKHU� DVSHFW� RI � H[SUHVVLYHQHVV� LV� WKH� ULFKQHVV� DQG� EUHDGWK� RI � WKH� GHVLJQV� DQG� GHVLJQ
H[SHUWLVH�WKDW�WKH�ODQJXDJH�FDQ�FDSWXUH��7KH�ODQJXDJH�PXVW�DOORZ�DUFKLWHFWV�WR�FDSWXUH�QRQ�
WULYLDO� GHVLJQ� H[SHUWLVH� DQG� VSHFLI\� SUHFLVH� DQG� GHWDLOHG� GHVFULSWLRQV� RI � WKHLU� DUFKLWHFWXUDO
GHVLJQV�� /LNHZLVH�� WKH� ODQJXDJH� PXVW� EH� DEOH� WR� HQFRGH� GHVLJQ� H[SHUWLVH� DQG� V\VWHP
VSHFLILFDWLRQV�IRU�D�EURDG�UDQJH�RI �DUFKLWHFWXUDO�VW\OHV�

5HTXLUHPHQW����$QDO\]DELOLW\��$UPDQL·V�GHVLJQ�ODQJXDJH�PXVW�VXSSRUW�WKH�HYDOXDWLRQ�DQG�DQDO\VLV�RI
DUFKLWHFWXUDO�GHVFULSWLRQV�

0XFK� RI � WKH� OHYHUDJH� WKDW� D� FXVWRP� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW� SURYLGHV
DUFKLWHFWV� LV� GHULYHG� IURP� WKH� HQYLURQPHQW·V� DELOLW\� WR� HYDOXDWH� DQG� DQDO\]H� DUFKLWHFWXUDO
GHVLJQV��(IIHFWLYH�GHVLJQ�DQDO\VHV�DOORZ�V\VWHP�DUFKLWHFWV�WR�H[SORUH�WKH�H[SHFWHG�SURSHUWLHV
RI �D�SURSRVHG�V\VWHP��ZDUQ� WKHP�RI �SRWHQWLDO�GHVLJQ�SUREOHPV�� DQG�KHOS� WKHP�GHWHUPLQH
ZKHWKHU� WKHLU� GHVLJQ� LV� OLNHO\� WR� SURGXFH� D� V\VWHP� WKDW� ZLOO� PHHW� LWV� UHTXLUHPHQWV�� 7KLV
FDSDELOLW\� DOORZV� DUFKLWHFWV� WR� HYDOXDWH� GHVLJQ� RSWLRQV� HDUO\� LQ� WKH� V\VWHP� GHYHORSPHQW
OLIHF\FOH�ZKHQ�PXOWLSOH�GHVLJQ�DOWHUQDWLYHV�FDQ�EH�H[SORUHG�UHODWLYHO\�LQH[SHQVLYHO\�

7KH�ILUVW�WZR�UHTXLUHPHQWV�VWDWHG�RQO\�WKDW�WKH� ODQJXDJH�EH�DEOH�WR�FDSWXUH�GHFODUDWLRQV�RI
LQVWDQFHV� DQG� GHVLJQ� H[SHUWLVH�� 7KH� $UPDQL� ODQJXDJH� LWVHOI � GRHV� QRW� QHHG� WR� EH� DEOH� WR
VXSSRUW� WKH�H[SUHVVLRQ�RI �RSHUDWLRQV�RU�FRPSXWDWLRQV��7KH� ODQJXDJH�QHHG�RQO\�EH�DEOH� WR
VSHFLI\�GHFODUDWLRQV�DERXW�WKH�VWUXFWXUH��SURSHUWLHV��DQG�FRQVWUDLQWV�RI �V\VWHP�LQVWDQFHV��DQG
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DEVWUDFW��PRGXODU�� UHXVDEOH�GHVLJQ�H[SHUWLVH��$OWKRXJK�WKH� ODQJXDJH� LWVHOI �GRHV�QRW�QHHG�WR
VXSSRUW�WKH�H[SUHVVLRQ�RI �RSHUDWLRQV��WKH�V\VWHPV�DQG�H[SHUWLVH�VSHFLILHG�ZLWK�WKH�ODQJXDJH
PXVW�EH�UHDGLO\�DPHQDEOH�WR�DQDO\VLV�E\�H[WHUQDO�WRROV�

3URYLGLQJ� D� VXIILFLHQWO\� IRUPDO� GHVLJQ� ODQJXDJH� DQG� D� FRQFHSWXDO� IUDPHZRUN� IRU� FDSWXULQJ
ERWK�WKH�DUFKLWHFWXUDO�VSHFLILFDWLRQV�RI �LQGLYLGXDO�VRIWZDUH�V\VWHPV�DQG�DEVWUDFW�DUFKLWHFWXUDO
GHVLJQ� H[SHUWLVH� LV� DQ� LPSRUWDQW� ILUVW� VWHS� WRZDUGV� VDWLVI\LQJ� WKLV� UHTXLUHPHQW�� 6XFK� D
ODQJXDJH� DQG� IUDPHZRUN� DOORZV� WKH�SUHFLVH� VSHFLILFDWLRQ�RI � DUFKLWHFWXUDO�GHVLJQV� WKDW�ERWK
DXWRPDWHG� WRROV� DQG� KXPDQV� FDQ� HYDOXDWH�� )XUWKHU�� GHVLJQ� H[SHUWLVH� FDSWXUHG� ZLWK� WKLV
ODQJXDJH�FDQ�EH�XVHG�E\�DXWRPDWHG�WRROV�WR�DQDO\]H�DQG�HYDOXDWH�VSHFLILF�V\VWHP�GHVLJQV�

$OWKRXJK�VWURQJ�VXSSRUW�IRU�DXWRPDWHG�DQDO\VLV�DSSHDUV�WR�EH�D�GHVLUDEOH�ODQJXDJH�SURSHUW\�
WKHUH� LV� D� IXQGDPHQWDO� WHQVLRQ� EHWZHHQ� D� ODQJXDJH·V� DQDO\]DELOLW\� DQG� LWV� QDWXUDOQHVV� RI
H[SUHVVLRQ�� ,Q� JHQHUDO�� LQIRUPDO� ODQJXDJHV� WHQG� WR� EH� PRUH� LQWXLWLYH� DQG� H[SUHVVLYH� WKDQ
IRUPDO�ODQJXDJHV��)RUPDO�ODQJXDJHV��KRZHYHU��DUH�JHQHUDOO\�PXFK�PRUH�DPHQDEOH�WR�ULJRURXV
DQDO\VLV��7KH�GHVLJQ�RI �WKH�$UPDQL�ODQJXDJH�PXVW�ILQG�DQ�DSSURSULDWH�EDODQFH�EHWZHHQ�WKH
QHHG�IRU�DQDO\]DELOLW\�DQG�WKH�QHHG�IRU�ODQJXDJH�H[SUHVVLYHQHVV�

5HTXLUHPHQW� ��� ,QFUHPHQWDOLW\�� 7KH� ODQJXDJH� PXVW� VXSSRUW� LQFUHPHQWDO� FDSWXUH� RI � DUFKLWHFWXUDO
GHVLJQ�H[SHUWLVH�DQG�LQFUHPHQWDO�PRGLILFDWLRQV�WR�DUFKLWHFWXUDO�VSHFLILFDWLRQV�

,Q�RUGHU�WR�VXSSRUW�WKH�UDSLG�FXVWRPL]DWLRQ�RI �WKH�$UPDQL�GHVLJQ�HQYLURQPHQW��WKH�$UPDQL
GHVLJQ� ODQJXDJH�PXVW�EH�FDSDEOH�RI �HQFDSVXODWLQJ�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH� LQ
PRGXODU�XQLWV�WKDW�FDQ�EH�LQFUHPHQWDOO\�FRPSRVHG�DQG�DGGHG�WR�WKH�GHVLJQ�HQYLURQPHQW��$V
&KDSWHU���GLVFXVVHV��EXLOGLQJ�VXSSRUW�IRU�LQFUHPHQWDO�VSHFLILFDWLRQ�LQWR�WKH�GHVLJQ�ODQJXDJH
WKDW� XQGHUOLHV� WKH� HQYLURQPHQW� PDNHV� WKH� MRE� RI � FXVWRPL]LQJ� WKH� HQYLURQPHQW� TXLWH
VWUDLJKWIRUZDUG�

7KH� LPSRUWDQFH�RI �KDYLQJ� D�PRGXODU� DQG� LQFUHPHQWDO� ODQJXDJH� IRU� FDSWXULQJ� DUFKLWHFWXUDO
GHVLJQ� H[SHUWLVH� H[WHQGV�� KRZHYHU�� EH\RQG� LWV� UROH� LQ� FXVWRPL]LQJ� WKH� $UPDQL� GHVLJQ
HQYLURQPHQW�� 7KH� DELOLW\� WR� FROOHFW� GHVLJQ� H[SHUWLVH� LQ� VPDOO�� PRGXODU�� DQG� FRPSRVDEOH
SDFNHWV�VLPSOLILHV�WKH�FRQFHSWXDO�HIIRUW�UHTXLUHG�WR�FDSWXUH�DQG�H[SUHVV�WKH�GHVLJQ�H[SHUWLVH
LWVHOI��)XUWKHUPRUH�� LW� DOORZV�GHVLJQHUV� WR� VHOHFW� WKH� H[SHUWLVH� WKDW� WKH\�QHHG� IRU� D� VSHFLILF
SURMHFW�DQG�WR�TXLFNO\�DGDSW�WKH�EDVLF�FRQFHSWV�WKDW�WKH\�KDYH�WR�ZRUN�ZLWK�

,Q�DGGLWLRQ�WR�WKH�QHHG�IRU�LQFUHPHQWDOLW\�LQ�FDSWXULQJ�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH�
WKH� ODQJXDJH� DOVR� QHHGV� WR� VXSSRUW� LQFUHPHQWDO� PRGLILFDWLRQ� WR� LQGLYLGXDO� DUFKLWHFWXUDO
VSHFLILFDWLRQV��$V�WKH�DUFKLWHFWXUH�RI �D�VRIWZDUH�V\VWHP�HYROYHV�RYHU�WLPH�LW�LV�LPSRUWDQW�WKDW
LWV� GHVLJQ� VSHFLILFDWLRQ� EH� PRGLILHG� WR� DSSURSULDWHO\� UHSUHVHQW� WKH� FKDQJHV� WR� WKH� V\VWHP
LPSOHPHQWDWLRQ�� %XLOGLQJ� WKLV� FDSDELOLW\� LQWR� WKH� DUFKLWHFWXUH� GHVLJQ� ODQJXDJH�PDNHV� VXFK
VSHFLILFDWLRQ�FKDQJHV�HDVLHU��PRUH� VWUDLJKWIRUZDUG�� DQG� WKHUHIRUH�PRUH� OLNHO\� WR�DFWXDOO\�EH
SHUIRUPHG�XQGHU�WLPH�DQG�GHDGOLQH�SUHVVXUH�

��� 7KH�$UPDQL�GHVLJQ�ODQJXDJH

7KH�$UPDQL�GHVLJQ� ODQJXDJH�PHHWV� WKHVH� UHTXLUHPHQWV�� ,Q� WKH� UHPDLQGHU�RI � WKLV� FKDSWHU� ,
SUHVHQW� WKH� NH\� GHVLJQ� GHFLVLRQV�PDGH� LQ� FUHDWLQJ� WKH�$UPDQL� ODQJXDJH�� GHVFULEH� WKH� FRUH
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FRQVWUXFWV� RI � WKH� ODQJXDJH� LQ� WKH� FRQWH[W� RI � GLVFXVVLQJ� WKHVH� GHVLJQ� GHFLVLRQV�� DQG� DUJXH
WKDW� WKH� GHVLJQ� GHFLVLRQV� OHDG� WR� D� ODQJXDJH� WKDW� VDWLVILHV� WKH� VWDWHG� UHTXLUHPHQWV�
7KURXJKRXW�WKH�GLVFXVVLRQ�,�ZLOO�LOOXVWUDWH�WKH�XVH�RI �WKH�ODQJXDJH�IRU�WZR�RI �LWV�WKUHH�UROHV�²
VSHFLI\LQJ�WKH�DUFKLWHFWXUDO�GHVLJQ�RI �LQGLYLGXDO�VRIWZDUH�V\VWHPV�DQG�FDSWXULQJ�DUFKLWHFWXUH
GHVLJQ�H[SHUWLVH��,�GHIHU�D�GHWDLOHG�GLVFXVVLRQ�RI �WKH�ODQJXDJH·V�WKLUG�UROH�²�FUHDWLQJ�FXVWRP
VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�²�WR�WKH�IROORZLQJ�FKDSWHU�

����� $UFKLWHFWXUDO�VWUXFWXUH

6HOHFWLQJ� DQ� DSSURSULDWH� VHW� RI � FRUH� FRQVWUXFWV� IRU� WKH� $UPDQL� GHVLJQ� ODQJXDJH� H[SRVHV
VRPH� IXQGDPHQWDO� WHQVLRQV�� )RU� H[DPSOH�� $UPDQL� QHHGV� WR� RIIHU� VXIILFLHQW� DQDO\WLFDO� DQG
H[SUHVVLYH�SRZHU�IRU�VSHFLILF�VW\OHV�RI �GHVLJQ��\HW�VWLOO�EH�IOH[LEOH�DQG�H[WHQVLEOH�HQRXJK�WR
VXSSRUW� GHVLJQ�ZRUN� GRQH� LQ� D� EURDG� UDQJH� RI � DUFKLWHFWXUDO� VW\OHV�� $UPDQL� DGGUHVVHV� WKLV
WHQVLRQ� E\� SURYLGLQJ� D� VLPSOH�� JHQHULF� ODQJXDJH� IRU� GHVFULELQJ� DUFKLWHFWXUDO� VWUXFWXUH� DV� LWV
IRXQGDWLRQ�IRU�DUFKLWHFWXUDO�VSHFLILFDWLRQ��,Q�WKH�FRQWH[W�RI �$UPDQL��DUFKLWHFWXUDO�VWUXFWXUH
GHILQHV� WKH� GHFRPSRVLWLRQ� RI � D� VRIWZDUH� V\VWHP� LQWR� LWV� FRQVWLWXHQW� FRPSRQHQWV� DQG� WKH
ZD\V� LQ� ZKLFK� WKRVH� FRPSRQHQWV� LQWHUDFW�� 7KLV� VWUXFWXUH� IRUPV� WKH� FRQWH[W� IRU� GRLQJ� DOO
VXEVHTXHQW�V\VWHP�VSHFLILFDWLRQ�DQG�GHVLJQ�

7KH�VHOHFWLRQ�RI �JHQHULF�VWUXFWXUH�DV�WKH�IRXQGDWLRQ�IRU�DUFKLWHFWXUDO�GHVFULSWLRQ�VDWLVILHV�WKH
ODQJXDJH
V�QHHG�WR�ZRUN�RYHU�D�EURDG�UDQJH�RI �DUFKLWHFWXUDO�VW\OHV��7R�DGGUHVV�WKH�ODQJXDJH
V
QHHG� WR� KDQGOH� VSHFLILF� GHVLJQ� LVVXHV� LQ� WKHVH� YDULRXV� VW\OHV�� $UPDQL� DOORZV� WKLV� JHQHULF
VWUXFWXUH� WR� EH� DXJPHQWHG� ZLWK� VW\OH�VSHFLILF� GHVLJQ� GHWDLOV� XVLQJ� $UPDQL
V� SURSHUW\� DQG
GHVLJQ�UXOH�FRQVWUXFWV��$V�VXEVHTXHQW�VHFWLRQV�RI �WKLV�FKDSWHU�ZLOO�GHVFULEH��WKH�ODQJXDJH�DOVR
SURYLGHV� ZD\V� IRU� DUFKLWHFWV� WR� SDFNDJH� DQG� UHXVH� WKH� VW\OH�VSHFLILF� DXJPHQWDWLRQV�� 7KLV
DSSURDFK� DOORZV� WKH� $UPDQL� GHVLJQ� ODQJXDJH� WR� ILQHVVH� WKH� IXQGDPHQWDO� WHQVLRQ� EHWZHHQ
JHQHUDOLW\�DQG�VW\OH�VSHFLILFLW\��JHWWLQJ�WKH�EHQHILWV�RI �ERWK�ZKLOH�PLQLPL]LQJ�WKHLU�GUDZEDFNV�

$V�RXWOLQHG�LQ�7DEOH������WKH�EDVLF�VWUXFWXUDO�FRQVWUXFWV�RI �WKH�$UPDQL�GHVLJQ�ODQJXDJH�DUH
FRPSRQHQWV�� FRQQHFWRUV�� SRUWV�� UROHV�� DQG� V\VWHPV�� 7KHVH� FRQVWUXFWV� DUH� JHQHULFDOO\� UHIHUUHG� WR� DV
GHVLJQ�HOHPHQWV��$WWDFKPHQWV�GHILQH�D�SRLQW�RI �LQWHUDFWLRQ�EHWZHHQ�D�SRUW�DQG�D�UROH��$V�D�UHVXOW�
WKH� VHW� RI � DWWDFKPHQWV� DVVRFLDWHG�ZLWK� D� V\VWHP� GHILQH� WKDW� V\VWHP·V� WRSRORJ\�� $OO� GHVLJQ
HOHPHQWV� FDQ� EH� KLHUDUFKLFDOO\� GHFRPSRVHG� ZLWK� WKH� UHSUHVHQWDWLRQ� FRQVWUXFW�� $Q� DEVWUDFWLRQ
PDS� GHILQHV� WKH� PDSSLQJ� IURP� DQ� ´RXWHUµ� HOHPHQW� WR� WKH� HOHPHQWV� GHILQHG� ZLWKLQ� LWV
UHSUHVHQWDWLRQ�� $� ELQGLQJ� LV� D� VSHFLDO� NLQG� RI � DEVWUDFWLRQ� PDS� LQ� $UPDQL� WKDW� GHILQHV
HTXLYDOHQFH�EHWZHHQ� WZR� HQWLWLHV��$OO� GHVLJQ� HOHPHQWV� FDQ� DOVR�EH� DQQRWDWHG�ZLWK�SURSHUWLHV
WKDW�FDSWXUH�VHOHFWHG�QRQ�VWUXFWXUDO�DVSHFWV�RI �WKH�GHVLJQ�HOHPHQWV��7KHVH�VHYHQ�FRQVWUXFWV
IRUP�WKH�EDVLF�RQWRORJ\�IRU�FDSWXULQJ�WKH�DUFKLWHFWXUDO�VWUXFWXUH�RI �VRIWZDUH�V\VWHPV��7KH\
DOVR�SURYLGH�WKH�FRQWH[W�ZLWKLQ�ZKLFK�DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�LV�FDSWXUHG�

6HOHFWLQJ�WKLV�FROOHFWLRQ�RI �FRUH�VWUXFWXUDO�FRQVWUXFWV�SURYHG�WR�EH�D�FULWLFDO�DQG�FKDOOHQJLQJ
VWHS� LQ� GHILQLQJ� WKH� $UPDQL� GHVLJQ� ODQJXDJH�� 7KHVH� FRQVWUXFWV� ZHUH� VHOHFWHG� EDVHG� RQ� D
FRPELQDWLRQ�RI��REVHUYDWLRQV�RI �SUDFWLFLQJ�VRIWZDUH�DUFKLWHFWV�ZKR�PDNH�KHDY\�XVH�RI �ER[
DQG� OLQH� GLDJUDPV� �UHSUHVHQWHG� E\� FRPSRQHQWV� DQG� FRQQHFWRUV�� UHVSHFWLYHO\��� VWXG\LQJ� WKH
LQIRUPDO�DQG�LQWXLWLYH�WHFKQLTXHV�DUFKLWHFWV�FRPPRQO\�XVH�WR�UHSUHVHQW�WKHLU�LGHDV��JHQHUDOO\
ER[� DQG� OLQH� GLDJUDPV� FRXSOHG�ZLWK� LQIRUPDO� QDWXUDO� ODQJXDJH� WH[W��� DQG� H[SHULHQFH� XVLQJ
SUHYLRXV�DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJHV�DQG�PRGXOH�LQWHUFRQQHFWLRQ�ODQJXDJHV�
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2QH� RI � WKH� ILUVW� VWHSV� LQ� GHVLJQLQJ� D� VRIWZDUH� DUFKLWHFWXUH� LV� GLYLGLQJ� WKH� IXQFWLRQDOLW\�
UHVSRQVLELOLWLHV�� DQG� FDSDELOLWLHV� RI � WKH� WDUJHW� V\VWHP� LQWR� D� VHW� RI � FRPSRQHQWV�� 7KH
FRPSRQHQWV� UHSUHVHQW� WKH� SULPDU\� FRPSXWDWLRQDO� HOHPHQWV� DQG� GDWD� VWRUHV� RI � D� V\VWHP�
,QWXLWLYHO\�� WKH\� FRUUHVSRQG� WR� WKH� ER[HV� LQ� ER[�DQG�OLQH� GHVFULSWLRQV� RI � VRIWZDUH
DUFKLWHFWXUHV�� 7\SLFDO� H[DPSOHV� RI � FRPPRQO\� XVHG� FRPSRQHQWV� LQFOXGH� FOLHQWV�� VHUYHUV�
ILOWHUV��REMHFWV��EODFNERDUGV��DQG�GDWDEDVHV�

$� FRPSRQHQW·V� LQWHUIDFHV� DUH� GHILQHG� E\� D� VHW� RI � SRUWV�� (DFK� SRUW� LGHQWLILHV� D� SRLQW� RI
LQWHUDFWLRQ�EHWZHHQ�WKH�FRPSRQHQW�DQG�LWV�HQYLURQPHQW��$�SRUW�FDQ�UHSUHVHQW�DQ�LQWHUIDFH
DV�VLPSOH�DV�D�VLQJOH�SURFHGXUH�VLJQDWXUH�RU�VRPHWKLQJ�PRUH�FRPSOH[�VXFK�DV�DQ�HYHQW�PXOWL�
FDVW� LQWHUIDFH� SRLQW� RU� D� FROOHFWLRQ�RI � SURFHGXUH� FDOOV� WKDW�PXVW�EH� LQYRNHG� LQ� D� VSHFLILHG
RUGHU��2QH�RI �WKH�LQWHUHVWLQJ�FDSDELOLWLHV�RI �$UPDQL
V�FRPSRQHQW�DQG�SRUW�FRQVWUXFWV�LV�WKDW
D�FRPSRQHQW�FDQ�SURYLGH�PXOWLSOH�LQWHUIDFHV�WR�LWV�HQYLURQPHQW��7KLV�DSSURDFK�VHSDUDWHV�WKH
VSHFLILFDWLRQ�RI �ZKDW�WKH�FRPSRQHQW�GRHV�IURP�KRZ�LW�LV�SDFNDJHG�

7KH�GHFRPSRVLWLRQ�RI �D�V\VWHP�DUFKLWHFWXUH�LQWR�LWV�FRQVWLWXHQW�FRPSRQHQWV�LV�RQO\�WKH�ILUVW
VWHS�LQ�WKH�GHVLJQ�DQG�VSHFLILFDWLRQ�RI �D�V\VWHP�DUFKLWHFWXUH��$�IXQGDPHQWDO�VHFRQG�VWHS�LV
GHILQLQJ� WKH� ZD\V� LQ� ZKLFK� WKRVH� FRPSRQHQWV� LQWHUDFW�� $UPDQL
V� &RQQHFWRU� FRQVWUXFW
DGGUHVVHV�WKH�QHHG�WR�UHSUHVHQW�LQWHUDFWLRQV�DPRQJ�FRPSRQHQWV��&RPSXWDWLRQDOO\�VSHDNLQJ�
FRQQHFWRUV� PHGLDWH� WKH� FRPPXQLFDWLRQ� DQG� FRRUGLQDWLRQ� DFWLYLWLHV� DPRQJ� FRPSRQHQWV�
,QIRUPDOO\�� WKH\�SURYLGH�WKH��JOXH��IRU�DUFKLWHFWXUDO�GHVLJQV�DQG�FRUUHVSRQG�WR�WKH� OLQHV� LQ
ER[�DQG�OLQH� GHVFULSWLRQV�� ([DPSOHV� RI � VLPSOH� FRQQHFWRUV� LQFOXGH� SLSHV�� SURFHGXUH� FDOOV�
DQG�PHVVDJH�SDVVLQJ�FKDQQHOV��&RQQHFWRUV�DUH�QRW��KRZHYHU�� OLPLWHG�WR�WKHVH�VLPSOH�ELQDU\
LQWHUDFWLRQV�� 7KH\� FDQ� DOVR� UHSUHVHQW� PRUH� FRPSOH[� LQWHUDFWLRQV�� VXFK� DV� D� FOLHQW�VHUYHU
SURWRFRO��DQ�HYHQW�V\VWHP��RU�D�64/�>''��@�OLQN�EHWZHHQ�D�GDWDEDVH�DQG�DQ�DSSOLFDWLRQ�

/LNH�FRPSRQHQWV��FRQQHFWRUV�KDYH�H[SOLFLWO\�VSHFLILDEOH�LQWHUIDFHV�WKDW�DUH�GHILQHG�E\�D�VHW�RI
UROHV��(DFK� UROH�RI � D� FRQQHFWRU�GHILQHV� D� SDUWLFLSDQW�RI � WKH� LQWHUDFWLRQ� UHSUHVHQWHG� E\� WKH
FRQQHFWRU�� %LQDU\� FRQQHFWRUV� KDYH� WZR� UROHV� VXFK� DV� WKH� FDOOHU� DQG� FDOOHH� UROHV� RI � DQ� 53&
FRQQHFWRU�� WKH�UHDGHU� DQG�ZULWHU� UROHV�RI �D�SLSH��RU� WKH�VHQGHU� DQG� UHFHLYHU� UROHV�RI �D�PHVVDJH
SDVVLQJ�FRQQHFWRU��2WKHU�NLQGV�RI �FRQQHFWRUV�PD\�KDYH�PRUH�WKDQ�WZR�UROHV��)RU�H[DPSOH�
DQ�HYHQW�EURDGFDVW�FRQQHFWRU�PLJKW�KDYH�D�VLQJOH�HYHQW�DQQRXQFHU�UROH�DQG�DQ�DUELWUDU\�QXPEHU
RI � HYHQW�UHFHLYHU� UROHV�� /LNHZLVH�� WKH� PHVVDJH� SDVVLQJ� FRQQHFWRU� GHVFULEHG� DERYH� FRXOG� EH
DXJPHQWHG�ZLWK� D� WKLUG� SUREH� UROH� WKDW� DOORZHG� RWKHU� FRPSRQHQWV� WR� OLVWHQ� WR� DOO�PHVVDJH
WUDIILF�SDVVLQJ�RQ�WKH�FRQQHFWRU�ZLWKRXW�EHLQJ�DEOH�WR�ZULWH�PHVVDJHV�

,QGLYLGXDO� FRPSRQHQW� DQG� FRQQHFWRU� VSHFLILFDWLRQV� DUH� QRW� SDUWLFXODUO\� XVHIXO� LQ� LVRODWLRQ�
7KH\� EHFRPH� XVHIXO� DQG� LQWHUHVWLQJ�� KRZHYHU�� ZKHQ� WKH\� DUH� FRPSRVHG� WR� IRUP� V\VWHPV�
$UPDQL�WKHUHIRUH�SURYLGHV�D�V\VWHP�FRQVWUXFW�WR�UHSUHVHQW�FRQILJXUDWLRQV�RI �FRPSRQHQWV�DQG
FRQQHFWRUV�� $� V\VWHP� LQFOXGHV� �DPRQJ� RWKHU� WKLQJV�� D� VHW� RI � FRPSRQHQWV�� D� VHW� RI
FRQQHFWRUV��DQG�D�VHW�RI �DWWDFKPHQWV�WKDW�GHVFULEH�WKH�WRSRORJ\�RI �WKH�V\VWHP��$Q�DWWDFKPHQW
DVVRFLDWHV�D�SRUW�LQWHUIDFH�RQ�D�FRPSRQHQW�ZLWK�D�UROH�LQWHUIDFH�RQ�D�FRQQHFWRU�
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&RQVWUXFW 3XUSRVH

6\VWHP
'HVFULEHV� D� VHW� RI � FRPSRQHQWV� DQG� FRQQHFWRUV� DQG� WKHLU� LQWHUDFWLRQ
WRSRORJ\�

&RPSRQHQW 5HSUHVHQWV�D�V\VWHP·V�SULPDU\�FRPSXWDWLRQDO�HOHPHQWV�DQG�GDWD�VWRUHV�

&RQQHFWRU 0HGLDWHV�WKH�LQWHUDFWLRQ�EHWZHHQ�FRPSRQHQWV�

3RUW 'HILQHV�DQ�LQWHUIDFH�WR�D�FRPSRQHQW�

5ROH 'HILQHV�DQ�LQWHUIDFH�WR�D�FRQQHFWRU�

3URSHUW\ &DSWXUHV�QRQ�VWUXFWXUDO�SURSHUWLHV�RI �GHVLJQ�HQWLWLHV�

5HSUHVHQWDWLRQ 6XSSRUWV�HQFDSVXODWLRQ�DQG�KLHUDUFKLFDO�GHFRPSRVLWLRQ�RI �GHVLJQV�

$WWDFKPHQW
'HILQHV�D�UHODWLRQVKLS�EHWZHHQ�D�SRUW�DQG�D�UROH��7KH�VHW�RI �DWWDFKPHQWV
LQ�D�V\VWHP�GHILQHV�WKDW�V\VWHP·V�WRSRORJ\�

$EVWUDFWLRQ�0DS
'HILQHV� WKH� UHODWLRQVKLS� EHWZHHQ� D� GHVLJQ� HOHPHQW� DQG� WKH� HOHPHQWV
FRQWDLQHG�LQ�D�UHSUHVHQWDWLRQ�RI �WKDW�HOHPHQW�

7DEOH�������6XPPDU\�RI �$UPDQL�DUFKLWHFWXUDO�LQVWDQFH�SULPLWLYHV

7R� LOOXVWUDWH� $UPDQL·V� VWUXFWXUH� ODQJXDJH�� ([DPSOH� ���� GHVFULEHV� D� WULYLDO� DUFKLWHFWXUDO
VSHFLILFDWLRQ�RI �D�V\VWHP�ZLWK�WZR�FRPSRQHQWV�²�D� FOLHQW�DQG�D�VHUYHU�²�FRQQHFWHG�E\�DQ�USF
FRQQHFWRU��7KH�FOLHQW�FRPSRQHQW�LV�GHFODUHG�WR�KDYH�D�VLQJOH�VHQG�UHTXHVW�SRUW��DQG�WKH�VHUYHU
KDV�D�VLQJOH�UHFHLYH�UHTXHVW�SRUW��7KH�FRQQHFWRU�KDV� WZR�UROHV�GHVLJQDWHG�FDOOHU� DQG� FDOOHH��7KH
WRSRORJ\�RI �WKLV�V\VWHP�LV�GHILQHG�E\�WKH�VHW�RI �$WWDFKPHQWV�

����� 5HSUHVHQWDWLRQV

&RPSOH[�DUFKLWHFWXUDO�GHVLJQV� UHTXLUH�KLHUDUFKLFDO�GHVFULSWLRQV� WR�PDNH� WKHLU� VSHFLILFDWLRQV
WUDFWDEOH� IRU� LQGLYLGXDO� GHVLJQHUV� WR� XQGHUVWDQG�� \HW� VXIILFLHQWO\� GHWDLOHG� WR� JXLGH� V\VWHP
DQDO\VLV�� LPSOHPHQWDWLRQ�� DQG� WHVWLQJ�� $UPDQL� VXSSRUWV� WKH� KLHUDUFKLFDO� GHFRPSRVLWLRQ� RI
DUFKLWHFWXUHV��6SHFLILFDOO\��DQ\�GHVLJQ�HOHPHQW�FDQ�EH�UHSUHVHQWHG�E\�RQH�RU�PRUH�ORZHU�OHYHO
GHVFULSWLRQV�WKDW�SURYLGH�DGGLWLRQDO�GHWDLO��(DFK�VXFK�GHVFULSWLRQ�LV�WHUPHG�D�UHSUHVHQWDWLRQ��$
UHSUHVHQWDWLRQ� HVWDEOLVKHV� DQG� HQIRUFHV� DQ� DEVWUDFWLRQ� ERXQGDU\� EHWZHHQ� WKH� VWUXFWXUH�
LQWHUIDFHV��DQG�SURSHUWLHV�WKDW�D�GHVLJQ�HOHPHQW�H[SRVHV�WR�LWV�HQYLURQPHQW�DQG�WKH�GHWDLOV�RI
WKH�HOHPHQW·V�GHVLJQ�DQG�RU�LPSOHPHQWDWLRQ��$�UHSUHVHQWDWLRQ�FRQVLVWV�RI �WZR�SDUWV��D�V\VWHP
WKDW� GHVFULEHV� WKH� UHSUHVHQWDWLRQ
V� VWUXFWXUH�� DQG� D� VHW� RI � ELQGLQJV� WKDW� GHILQH� D� PDSSLQJ
EHWZHHQ�VWUXFWXUH�LQ�WKH�KLJKHU�OHYHO�HOHPHQW�HQFDSVXODWLQJ�WKH�UHSUHVHQWDWLRQ�DQG�WKH�ORZHU�
OHYHO�HOHPHQWV�GHILQHG�LQ�WKH�UHSUHVHQWDWLRQ
V�V\VWHP�
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System  simpleCS = {
Component  client = { Port  sendRequest }
Component  server = { Port  receiveRequest }
Connector  rpc = { Roles  {caller, callee} }
Attachments  {

client.sendRequest to  rpc.caller ;
server.receiveRequest to  rpc.callee }

}

([DPSOH������ 6LPSOH�FOLHQW�VHUYHU�V\VWHP�VSHFLILFDWLRQ�LQ�$UPDQL�WH[W��OHIW��DQG�DV�D
ER[�DQG�OLQH�GLDJUDP��ULJKW�

7R�LOOXVWUDWH��OHW�XV�H[WHQG�WKH�VLPSOH�FOLHQW�VHUYHU�V\VWHP�GHVFULEHG�LQ�([DPSOH������6XSSRVH
WKDW�WKH�VHUYHU�FRPSRQHQW�LQ�WKLV�H[DPSOH�HQFDSVXODWHV�D�FRPSOH[�VXE�GHVLJQ��6SHFLILFDOO\��WKH
VHUYHU� FRPSRQHQW� FRQVLVWV� RI � WKUHH� LQWHUDFWLQJ� FRPSRQHQWV� ²� D� FRQQHFWLRQ� PDQDJHU�� D
VHFXULW\�PDQDJHU�� DQG� D� GDWDEDVH�� )LJXUH� ���� GHSLFWV� WKLV� GHVLJQ� H[WHQVLRQ� JUDSKLFDOO\�� DQG
([DPSOH�����SURYLGHV�WKH�FRUUHVSRQGLQJ�$UPDQL�WH[WXDO�VSHFLILFDWLRQ�

$GGLQJ� D� UHSUHVHQWDWLRQ� WR� WKH� VHUYHU� FRPSRQHQW� DOORZV� WKH� DUFKLWHFW� WR� SURYLGH� GHWDLOV
DERXW�WKH�ORZHU�OHYHO�GHVLJQ�RI �WKH�VHUYHU�ZLWKRXW�FRPSURPLVLQJ�LWV�KLJKHU�OHYHO�DEVWUDFWLRQ
DV� D� VLQJOH� GHVLJQ� HOHPHQW�� :KHQ� UHDVRQLQJ� DW� DQ� DEVWUDFW� OHYHO� DERXW� WKH� GHVLJQ� LW� LV
DSSURSULDWH� WR� KLGH� WKH� VHUYHU·V� FRPSOH[LW\� DQG� VLPSO\� WKLQN� RI � LW� DV� D� FRPSRQHQW� WKDW
SURYLGHV� D� VSHFLILF� VHUYLFH�� ,I�� KRZHYHU�� WKH� VHUYHU� UHSUHVHQWV� D� ODUJH� VXEV\VWHP� LW�PD\� EH
QHFHVVDU\� WR� VHOHFWLYHO\� UHYHDO� WKH� GHWDLOHG� GHVLJQ� RI � WKH� VHUYHU�� 7KH� DJHQW� LQWHUHVWHG� LQ
VHHLQJ� VXFK�GHVLJQ�GHWDLOV� FRXOG� EH� D�KXPDQ� DUFKLWHFW� RU� LW� FRXOG�EH� DQ� DXWRPDWHG� GHVLJQ
DQDO\VLV�WRRO�

,Q�DGGLWLRQ�WR�WKHLU�UROH�LQ�HQFDSVXODWLQJ�GHVLJQ�FRPSOH[LW\��UHSUHVHQWDWLRQV�FDQ�DOVR�EH�XVHG
WR�HQFRGH�PXOWLSOH�YLHZV�RI �DUFKLWHFWXUDO�HQWLWLHV��%\�DOORZLQJ�LQGLYLGXDO�GHVLJQ�HOHPHQWV�WR
KDYH� PXOWLSOH� UHSUHVHQWDWLRQV� $UPDQL� DOORZV� DUFKLWHFWV� WR� VSHFLI\� GLIIHUHQW� EXW
FRPSOHPHQWDU\� YLHZV� RI � D� VLQJOH� GHVLJQ� HOHPHQW·V� VXE�DUFKLWHFWXUH�� GHWDLOHG� GHVLJQ�� RU
LPSOHPHQWDWLRQ�

7KH� DELOLW\� WR� HQFRGH� PXOWLSOH� YLHZV� UDLVHV� VRPH� WULFN\� FKDOOHQJHV�� 2QH� RI � WKH� SULPDU\
FKDOOHQJHV� LV� GHILQLQJ� WKH� UHODWLRQVKLSV� DQG� UXOHV� IRU�PDLQWDLQLQJ� FRQVLVWHQF\� EHWZHHQ� WKH
GLIIHUHQW� YLHZV�� 7R� NHHS� WKH� GHVLJQ� ODQJXDJH� VLPSOH� DQG� IOH[LEOH� IRU� D� EURDG� DUUD\� RI
DSSOLFDWLRQV��$UPDQL�GRHV�QRW�ELQG�WKH�GHWDLOV�RI �WKH�VHPDQWLFV�RI �XVLQJ�UHSUHVHQWDWLRQV�WR
GHSLFW� PXOWLSOH� YLHZV�� /LNHZLVH�� LW� GRHV� QRW� SURYLGH� VSHFLDOL]HG� FRQVWUXFWV� IRU� PDQDJLQJ
LQWHU�YLHZ� FRUUHVSRQGHQFHV�� 5DWKHU�� LW� SURYLGHV� D� EDVLF� LQIUDVWUXFWXUH� RI � VWUXFWXUH� DQG
SURSHUWLHV� ZLWK� ZKLFK� DUFKLWHFWV� DQG� HQYLURQPHQW� GHVLJQHUV� FDQ� GHILQH� WKHLU� RZQ� YLHZ
VHPDQWLFV��'HYHORSLQJ� D�PRUH�SRZHUIXO� YLHZ�PHFKDQLVP� OLHV�RXWVLGH�RI � WKH� VFRSH�RI � WKLV
GLVVHUWDWLRQ�EXW�LW�LV�IHUWLOH�JURXQG�IRU�IXWXUH�ZRUN�

VHUYHU

rpc

FOLHQW
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����� ([WHQGLQJ�VWUXFWXUDO�VSHFLILFDWLRQV�ZLWK�SURSHUWLHV

$OWKRXJK�VWUXFWXUH�DQG�WRSRORJ\�DUH�FULWLFDO�DVSHFWV�RI �D�V\VWHP·V�DUFKLWHFWXUH��WKH\�DUH�QRW�
E\� WKHPVHOYHV�� VXIILFLHQW� IRU� D� FRPSOHWH� DUFKLWHFWXUDO� GHVFULSWLRQ�� 7KHUH� DUH� PDQ\� RWKHU
DVSHFWV�RI �V\VWHP�GHVLJQ� WKDW� FDQ�DQG�VKRXOG�EH� FDSWXUHG� LQ�DQ�DUFKLWHFWXUDO� VSHFLILFDWLRQ�
7KH� DVSHFWV� WKDW� PXVW� EH� FDSWXUHG� YDU\� GHSHQGLQJ� RQ� WKH� VW\OH� RI � WKH� V\VWHP� EHLQJ
GHVFULEHG�DQG�WKH�W\SHV�RI �DQDO\VHV�WKDW�WKH�V\VWHP�GHVFULSWLRQ�QHHGV�WR�VXSSRUW��$�V\VWHP
ZLWK�KDUG�UHDO�WLPH�UHTXLUHPHQWV��IRU�H[DPSOH��QHHGV�D�ZD\�WR�VSHFLI\�GHDGOLQHV��VFKHGXOLQJ
GRFWULQH��ODWHQF\��DQG�WKH�SHUIRUPDQFH�SURILOH�RI �LQGLYLGXDO�FRPSRQHQWV�DQG�FRQQHFWRUV��$
FOLHQW�VHUYHU� PDQDJHPHQW� LQIRUPDWLRQ� V\VWHP�� RQ� WKH� RWKHU� KDQG�� LV� SUREDEO\� PRUH
FRQFHUQHG� ZLWK� FRPPXQLFDWLRQ� SURWRFROV�� KRZ� WKH� GLIIHUHQW� VWDJHV� RI � LQIRUPDWLRQ
SURFHVVLQJ�DUH�DOORFDWHG�EHWZHHQ�FRPSRQHQWV��DQG�VXSSRUWHG�GDWDEDVH�TXHU\�ODQJXDJHV�WKDQ
LW�LV�ZLWK�WKH�GHVLJQ�FRQFHUQV�RI �KDUG�UHDO�WLPH�V\VWHPV�

$V� WKHVH� WZR� H[DPSOHV� LOOXVWUDWH�� DUFKLWHFWV� XVLQJ� D� JHQHUDO�SXUSRVH� DUFKLWHFWXUH� GHVLJQ
ODQJXDJH� ZLOO� OLNHO\� ZDQW� WR� VSHFLI\� D� ZLGH� YDULHW\� RI � QRQ�VWUXFWXUDO� GHVLJQ� LQIRUPDWLRQ�
$WWHPSWLQJ� WR� LQFOXGH� QDWLYH� ODQJXDJH� FRQVWUXFWV� WR� VXSSRUW� DOO� RI � WKH� GLIIHUHQW� W\SHV� RI
GHVLJQ�LQIRUPDWLRQ�WKDW�PLJKW�EH�XVHIXO�IRU�DOO�W\SHV�RI �GHVLJQ�LV�XQOLNHO\�WR�EH�VXFFHVVIXO��DV
VXFK�D�ODQJXDJH�ZRXOG�EH�RYHUO\�FRPSOH[�DQG�LQIOH[LEOH�

7KH�$UPDQL�GHVLJQ� ODQJXDJH� WDNHV� D� GLIIHUHQW� DSSURDFK�� ,W�SURYLGHV� D� IOH[LEOH� DQG� JHQHULF
SURSHUW\� FRQVWUXFW� WKDW� FDQ� KDQGOH� WKH� H[SUHVVLRQ� RI � D� ZLGH� YDULHW\� RI � QRQ�VWUXFWXUDO
LQIRUPDWLRQ��$Q�$UPDQL�SURSHUW\� LV� D� W\SHG�DWWULEXWH�YDOXH�SDLU� WKDW� FDQ�EH� DVVRFLDWHG�ZLWK
HVVHQWLDOO\�DOO�RI � WKH�$UPDQL�GHVLJQ� ODQJXDJH�FRQVWUXFWV��3URSHUWLHV�FDQ�HYHQ�EH�DVVRFLDWHG
ZLWK� RWKHU� SURSHUWLHV�� LQ� ZKLFK� FDVH� WKH\� DUH� FDOOHG�PHWD�SURSHUWLHV�� 0HWD�SURSHUWLHV� GHILQH
SURSHUWLHV� RI � D� SURSHUW\�� UDWKHU� WKDQ� SURSHUWLHV� RI � D� GHVLJQ� HOHPHQW�� $OWKRXJK� WKH� EDVLF
SURSHUW\� VWUXFWXUH� LV� VLPSOH�� FRPSOH[� SURSHUW\� H[SUHVVLRQV� FDQ� EH� FUHDWHG� E\� FRPSRVLQJ
LQGLYLGXDO�SURSHUWLHV�DQG�GHILQLQJ�VWDQGDUG�SURSHUWLHV�WKDW�DOO� UHODWHG�GHVLJQ�HOHPHQWV�PXVW
SRVVHV�

)LJXUH����� *UDSKLFDO�GHSLFWLRQ�RI �VLPSOH�FOLHQW�VHUYHU�V\VWHP�ZLWK�VHUYHU
UHSUHVHQWDWLRQ

FOLHQW

VHUYHU

USF

6\VWHP�VHUYHU'HWDLOV

Security
Manager

database

Connection
Manager
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System  simpleCS = {
Component  client = { … }

  Component  server =
       Port  receiveRequest;

Representation  serverDetails = {
System  serverDetailsSys = {

Component  connectionManager = {
 Ports  { externalSocket; securityCheckIntf; dbQueryIntf } }

 Component  securityManager =
 Ports  { securityAuthorization;  credentialQuery; } }

 Component  database = {
 Ports  { securityManagementIntf; queryIntf; } }

 Connector  SQLQuery = { Roles  { caller; callee } }
 Connector  clearanceRequest = { Roles  { requestor; grantor } }
 Connector  securityQuery =
 Roles  { securityManager; requestor } }
 
 Attachments  {
 connectionManager.securityCheckIntf
 to  clearanceRequest.requestor;

securityManager.securityAuthorization
 to  clearanceRequest.grantor;
 connectionManager.dbQueryIntf to  SQLQuery.caller;
 database.queryIntf to  SQLQuery.callee;
 securityManager.credentialQuery
 to  securityQuery.securityManager;
 database.securityManagementIntf
 to  securityQuery.requestor;  }
 }
 Bindings  { connectionManager.externalSocket to  server.receiveRequest }
 }
 }
  Connector  rpc  = { … }
  Attachments  { client.send-request to  rpc.caller ;

server.receive-request to  rpc.callee }
};

([DPSOH������ ([WHQGLQJ�WKH�FOLHQW�VHUYHU�H[DPSOH�ZLWK�D�GHWDLOHG�UHSUHVHQWDWLRQ
IRU�WKH�VHUYHU�FRPSRQHQW�
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System  simpleCS = {
Component  client =
       Port  sendRequest;
       Properties  { requestRate : float = 17.0;

sourceCode : externalFile = "CODE-LIB/client.c" }}

  Component  server =
       Port  receiveRequest;
       Properties  { idempotent : boolean = true;

         maxConcurrentClients : integer = 1;
multithreaded : boolean = false;

         sourceCode : externalFile =  "CODE-LIB/server.c" }}

  Connector  rpc  =
  Role caller;

Role callee;
     Properties  { synchronous : boolean = true;
           maxRoles : integer = 2;
                      protocol : WrightSpec = "..." }}

  Attachments  { client.sendRequest to  rpc.caller ;
     server.receiveRequest to  rpc.callee }
}

([DPSOH������6LPSOH�FOLHQW�VHUYHU�V\VWHP�ZLWK�SURSHUWLHV

7KH� GHFLVLRQ� WR� SURYLGH� $UPDQL� ZLWK� D� VLPSOH� VHW� RI � SURSHUW\� SULPLWLYHV� IURP� ZKLFK
FRPSOH[� SURSHUWLHV� FDQ� EH� EXLOW� UDWKHU� WKDQ� D� IL[HG� VHW� RI � SUHGHILQHG� SURSHUWLHV� LV
IXQGDPHQWDO�WR�$UPDQL·V�JRDO�RI �DFKLHYLQJ�IOH[LELOLW\�DQG�VXSSRUWLQJ�LQFUHPHQWDO�DGDSWDWLRQ�
7KLV�DSSURDFK�DOORZV�DUFKLWHFWV�WR�SUHFLVHO\�GHILQH�WKH�LPSRUWDQW�SURSHUWLHV�RI �WKHLU�GHVLJQV
LQ�WHUPV�WKDW�DUH�DSSURSULDWH�IRU�HDFK�LQGLYLGXDO�V\VWHP��VW\OH��RU�GHVLJQ�HQYLURQPHQW�

7KH�SULFH�RI �WKLV�IOH[LELOLW\�DQG�IUHHGRP�LV�WKDW�DUFKLWHFWV�QHHG�WR�SXW�D�QRQ�WULYLDO�DPRXQW
RI �HIIRUW� LQWR� VHOHFWLQJ�DQG�GHILQLQJ� WKH� VHW�RI �SURSHUWLHV� WR�EH�XVHG� LQ� WKHLU� DUFKLWHFWXUDO
VSHFLILFDWLRQV��PRUH�HIIRUW�� LQ�JHQHUDO�� WKDQ� WKH\�ZRXOG�EH�UHTXLUHG� WR�H[SHQG� LI �DOO�RI � WKH
DSSURSULDWH�SURSHUWLHV�ZHUH�VLPSO\�EXLOW�LQWR�WKH�ODQJXDJH��7R�DGGUHVV�WKLV�GUDZEDFN�$UPDQL
LQFOXGHV� D� QXPEHU� RI �PHFKDQLVPV� WKDW� HQFRXUDJH� WKH� UHXVH� DQG� DGDSWDWLRQ� RI � SUHYLRXVO\
GHILQHG� SURSHUWLHV� ERWK� ZLWKLQ� DQ� LQGLYLGXDO� V\VWHP� VSHFLILFDWLRQ� DQG� EHWZHHQ� GLIIHUHQW
V\VWHP� VSHFLILFDWLRQV�� 6HFWLRQ����·V� GLVFXVVLRQ� RI � DUFKLWHFWXUDO� VW\OHV� DQG� WKH�$UPDQL� W\SH
V\VWHP� GHVFULEHV� LQ� GHWDLO� KRZ� VXFK� D� FROOHFWLRQ� RI � SURSHUWLHV� FDQ� EH� GHILQHG�� XVHG�� DQG
UHXVHG�

7R�LOOXVWUDWH�WKH�XVH�RI �SURSHUWLHV�LQ�GHVFULELQJ�VRIWZDUH�DUFKLWHFWXUHV��([DPSOH�����VKRZV�DQ
H[WHQVLRQ� WR� WKH� VLPSOH� FOLHQW�VHUYHU� V\VWHP�JLYHQ� LQ�([DPSOH������7KLV� H[DPSOH�KDV�EHHQ
DQQRWDWHG�ZLWK�SURSHUWLHV�WKDW�GHVFULEH�FKDUDFWHULVWLFV�RI �WKH�FOLHQWV��VHUYHUV��DQG�USF·V�WKDW
IRUP�WKH�H[DPSOH�V\VWHP·V�VWUXFWXUH��7KHVH�SURSHUWLHV�DUH�DQQRWDWHG�ZLWK�W\SH�GHFODUDWLRQV�
)RU�WKH�SXUSRVH�RI �WKLV�GLVFXVVLRQ��D�SURSHUW\�W\SH�VLPSO\�GHILQHV�WKH�VHW�RI �YDOLG�YDOXHV�WKDW
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FDQ� EH� DVVLJQHG� WR� D� SURSHUW\�� ,� SURYLGH� D�PRUH� GHWDLOHG� GLVFXVVLRQ� RI � SURSHUW\� W\SHV� LQ
6HFWLRQ�������

7DEOH�����SURYLGHV�D�VHW�RI �VDPSOH�SURSHUWLHV�WKDW�DUH�DSSOLFDEOH�WR�GLIIHUHQW�W\SHV�RI �GHVLJQ
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3URSHUW\�WR�FDSWXUH ([DPSOH�XVDJH

:KHWKHU�D�FRQQHFWRU�ZRUNV�V\QFKURQRXVO\�RU
DV\QFKURQRXVO\�

&RQQHFWRU�FRQQ� �^�«
����3URSHUW\�6\QFKURQRXV���ERROHDQ� �WUXH�
«�`�

7KH�QXPEHU�RI �E\WHV�WKDW�FDQ�EH�VWRUHG�LQ�D�FRQQHFWRU
V
EXIIHU�

&RQQHFWRU�FRQQ� �^�«
����3URSHUW\�%XIIHU6L]H���LQW� ������
«�`�

7KH�TXHU\�ODQJXDJHV�DQG�SURWRFROV�WKDW�D�GDWDEDVH
XQGHUVWDQGV��7KLV�SURSHUW\�VSHFLILFDWLRQ�FRXOG�EH
DVVRFLDWHG�ZLWK�D�SRUW�WKDW�VSHFLILHV�WKH�LQWHUIDFH
WR�D�GDWDEDVH�FRPSRQHQW��RU�ZLWK�WKH�GDWDEDVH
FRPSRQHQW�LWVHOI�

&RPSRQHQW�GDWDEDVH� �^�«
����3URSHUW\�4XHU\3URWRFROV���VHW^3URWRFRO`
������� �^64/�2'%&��-'%&`�
«�`�

7KH�UDWH�DW�ZKLFK�GDWD�LV�SURFHVVHG�E\�D�GHVLJQ�HOHPHQW�
7KLV�W\SH�RI �LQIRUPDWLRQ�FRXOG�EH�DVVRFLDWHG
ZLWK�D�FRPSRQHQW��D�FRQQHFWRU��DQ�LQWHUIDFH��D
SRUW�RU�UROH���RU�D�FRPSOHWH�V\VWHP��7KLV
SURSHUW\�LV�VSHFLILHG�DV�D�UHFRUG�W\SH�WKDW
LQFOXGHV�ERWK�WKH�WKURXJKSXW�YDOXH�DQG�WKH�XQLW
LQ�ZKLFK�LW�LV�VSHFLILHG��$OWHUQDWLYHO\��LI �D
VWDQGDUG�XQLW�IRU�PHDVXULQJ�WKURXJKSXW�LV
HVWDEOLVKHG�DQG�XVHG�FRQVLVWHQWO\�WKURXJKRXW�D
VSHFLILFDWLRQ�WKHQ�WKLV�SURSHUW\�FRXOG�EH
UHSUHVHQWHG�ZLWK�D�VLPSOH�IORDWLQJ�SRLQW�YDOXH�

&RPSRQHQW�GVS)LOWHU� �^�«
���3URSHUW\�7KURXJKSXW��
������5HFRUG�>YDOXH�IORDW��XQLW�IORZ8QLW7\SH@
��������� ��>�YDOXH �������XQLW NE�VHFRQG�@�
«�`�

7KH�SURWRFRO�WKDW�D�FRQQHFWRU�XVHV�WR�PHGLDWH�WKH
LQWHUDFWLRQ�EHWZHHQ�D�VHW�RI �FRPSRQHQWV��%HFDXVH
$UPDQL�GRHVQ·W�LQFOXGH�D�QDWLYH�SURWRFRO
VSHFLILFDWLRQ�ODQJXDJH��WKLV�SURWRFRO�FDQ�EH
VSHFLILHG�DV�D�VWULQJ�H[SUHVVLRQ�LQ�WKH�:5,*+7

$UFKLWHFWXUH�'HVFULSWLRQ�/DQJXDJH�>$OOHQ��@
DQG�VWRUHG�DV�D�SURSHUW\�RI �DQ�$UPDQL
FRQQHFWRU��7KH�SURWRFRO�VSHFLILFDWLRQ�FDQ�WKHQ
EH�SDVVHG�IRU�DQDO\VLV�WR�DXWRPDWHG�WRROV�WKDW
XQGHUVWDQG�:5,*+7�$�VLPLODU�DSSURDFK�FDQ�EH
XVHG�WR�HPEHG�VSHFLILFDWLRQV�JLYHQ�LQ�DUELWUDU\
RWKHU�ODQJXDJHV�

&RQQHFWRU�XQL[3LSH� �^�«
���5ROHV�^�VRXUFH��VLQN�`
���3URSHUW\�SURWRFRO���:ULJKW6SHF� 

�������´«�VRXUFH�ZULWH→EXIIHU�ZULWH�«

���������>@��EXIIHU�ZULWH→VLQN�ZULWH�«µ�
«`�

7DEOH������6DPSOH�SURSHUW\�VSHFLILFDWLRQV

7R� VXSSRUW� WKH� VSHFLILFDWLRQ� DQG� HQIRUFHPHQW� RI � GHVLJQ� FRQVWUDLQWV�� $UPDQL� QHHGV� WR
DGGUHVV�IRXU�FULWLFDO�ODQJXDJH�GHVLJQ�LVVXHV��)LUVW��LW�PXVW�HVWDEOLVK�WKH�EDVLF�IRUPDOLVP�XVHG
IRU�H[SUHVVLQJ�FRQVWUDLQWV��7KH�VHOHFWHG�IRUPDOLVP�PXVW�EH�UHDVRQDEO\�IDPLOLDU�WR� LWV� WDUJHW
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DXGLHQFH�� PDWKHPDWLFDOO\� ZHOO�IRXQGHG�� DQG� VXIILFLHQWO\� H[SUHVVLYH� IRU� FDSWXULQJ� FRPPRQ
DUFKLWHFWXUDO�GHVLJQ�FRQVWUDLQWV��6HFRQG��WKH�SURFHVV�RI �HYDOXDWLQJ�ZKHWKHU�D�GHVLJQ�VDWLVILHV
LWV�FRQVWUDLQWV�PXVW�EH�UHDGLO\�DXWRPDWDEOH�DQG�FRPSXWDWLRQDOO\�GHFLGDEOH��7KLUG��LW�PXVW�EH
VWUDLJKWIRUZDUG� WR� LQWHJUDWH� WKH� FRQVWUDLQW� IRUPDOLVP� ZLWK� WKH� VWUXFWXUH� DQG� SURSHUW\
FRQVWUXFWV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��7KLV�LQFOXGHV�GHILQLQJ�VFRSLQJ�UXOHV��SULPLWLYH
EXLOGLQJ� EORFNV�� RSHUDWRUV�� DQG� D[LRPV� IRU� WKH� FRQVWUDLQW� ODQJXDJH�� )RXUWK�� WKH� ODQJXDJH
PXVW�SURYLGH� D�ZD\� IRU�GHVLJQHUV� WR� VHSDUDWH� WKH� WUXO\� FULWLFDO�GHVLJQ� FRQVWUDLQWV� IURP� WKH
FRQVWUDLQWV� WKDW� DUH� VLPSO\� JXLGHOLQHV�� )RU� JUHDWHVW� HIIHFW�� WKLV� GLVWLQFWLRQ� VKRXOG� EH� EXLOW
GLUHFWO\�LQWR�WKH�GHVLJQ�ODQJXDJH
V�VHPDQWLFV�

7R�DGGUHVV� WKHVH�GHVLJQ� LVVXHV��$UPDQL�SURYLGHV� D� OLPLWHG� ILUVW�RUGHU�SUHGLFDWH� ORJLF�EDVHG
FRQVWUDLQW� ODQJXDJH� LQ�ZKLFK�GHVLJQ�FRQVWUDLQWV�DUH� UHDOL]HG�DV�SUHGLFDWHV�RYHU�DUFKLWHFWXUDO
VSHFLILFDWLRQV�� 7KLV� SUHGLFDWH� ODQJXDJH� LV� DXJPHQWHG� ZLWK� FRQVWUXFWV� IRU� FODVVLI\LQJ
FRQVWUDLQWV�DV�HLWKHU�LQYDULDQWV�RU�KHXULVWLFV�WR�LQGLFDWH�KRZ�ULJRURXVO\�WKH\�PXVW�EH�HQIRUFHG�
7KH�IROORZLQJ�VHFWLRQV�HODERUDWH�RQ�WKH�DSSURDFK�WDNHQ� LQ�FUHDWLQJ�WKH�FRQVWUDLQW� ODQJXDJH
DQG�WKH�GHVLJQ�GHFLVLRQV�XQGHUO\LQJ�LW�

����� &RQVWUDLQW�ODQJXDJH�IRUPDOLVP

7KH�IRUPDOLVP�VHOHFWHG�IRU�VSHFLI\LQJ�GHVLJQ�FRQVWUDLQWV�LQ�$UPDQL�PXVW�PHHW�D�QXPEHU�RI
VRPHZKDW�FRQIOLFWLQJ� UHTXLUHPHQWV��6SHFLILFDOO\�� WKH� IRUPDOLVP�PXVW�EH� UHDVRQDEO\� IDPLOLDU
WR�LWV�WDUJHW�DXGLHQFH��PDWKHPDWLFDOO\�ZHOO�IRXQGHG��DQG�VXIILFLHQWO\�H[SUHVVLYH�IRU�FDSWXULQJ
FRPPRQ�DUFKLWHFWXUDO�GHVLJQ�FRQVWUDLQWV��$GGLWLRQDOO\�� WKH�SURFHVV�RI �HYDOXDWLQJ�ZKHWKHU�D
GHVLJQ�VDWLVILHV�LWV�FRQVWUDLQWV�PXVW�EH�UHDGLO\�DXWRPDWDEOH�DQG�FRPSXWDWLRQDOO\�GHFLGDEOH�WR
VXSSRUW�WKH�$UPDQL�GHVLJQ�HQYLURQPHQW·V�DXWRPDWHG�FRQVWUDLQW�PDQDJHPHQW�FDSDELOLWLHV�

7R�PHHW�WKHVH�UHTXLUHPHQWV��$UPDQL�XVHV�D�ILUVW�RUGHU�SUHGLFDWH�ORJLF��)23/��IRUPDOLVP�DV
WKH�EDVLV�IRU�LWV�FRQVWUDLQW�VSHFLILFDWLRQ�VXEODQJXDJH��)23/�LV�ZLGHO\�NQRZQ�DQG�XQGHUVWRRG
E\�WKH�VRIWZDUH�DUFKLWHFWV�DQG�FRPSXWHU�VFLHQWLVWV�ZKR�DUH�OLNHO\�WR�XVH�WKH�$UPDQL�ODQJXDJH�
$V�D� UHVXOW�� WKH� DPRXQW�RI � HIIRUW� UHTXLUHG� WR� OHDUQ� WKH�$UPDQL�GHVLJQ�FRQVWUDLQW� ODQJXDJH
VKRXOG�EH� FRPPHQVXUDWH�ZLWK� WKH� ODQJXDJH·V� H[SHFWHG�EHQHILWV��/LNHZLVH��)23/� LV� D�ZHOO�
XQGHUVWRRG�PDWKHPDWLFDO�IRUPDOLVP�WKDW�FDQ�EH�UHDGLO\�UHXVHG� LQ�WKH�FRQWH[W�RI �VSHFLI\LQJ
DUFKLWHFWXUDO�GHVLJQ�FRQVWUDLQWV��5HXVLQJ�D�ZHOO�XQGHUVWRRG�IRUPDOLVP�OHYHUDJHV�D�VLJQLILFDQW
ERG\�RI �WKHRUHWLFDO�ZRUN�DQG�SURYLGHV�D�ULJRURXV�PDWKHPDWLFDO�EDVLV�IRU�$UPDQL�FRQVWUDLQW
VSHFLILFDWLRQV�

)23/�DOVR�QLFHO\�PDWFKHV�$UPDQL·V�H[SUHVVLYH�QHHGV��$UFKLWHFWXUDO�GHVFULSWLRQV� LQ�$UPDQL
DUH� SULPDULO\� GHVFULSWLRQV� RI � VWDWLF� VWUXFWXUH� DQG� WKH� SURSHUWLHV� RI � WKDW� VWUXFWXUH�� )RU
H[DPSOH�� FRQVWUDLQWV� WKDW� VSHFLI\� UHTXLUHG� VWUXFWXUH�� UHFRPPHQGHG� GHVLJQ� SDWWHUQV� DQG
WRSRORJLHV��DQG�OHJDO�UDQJHV�IRU�SURSHUW\�YDOXHV�DUH�HDVLO\�H[SUHVVHG�DV�ILUVW�RUGHU�SUHGLFDWHV�
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,Q�PDQ\�UHVSHFWV��WKHUHIRUH��)23/�LV�D�QDWXUDO�FKRLFH�IRU�WKH�IRUPDO�IRXQGDWLRQ�RI �$UPDQL·V
FRQVWUDLQW� VSHFLILFDWLRQ� ODQJXDJH�� 7KH� IRUPDOLVP� UXQV� LQWR� WURXEOH�� KRZHYHU�� ZLWK� WKH
UHTXLUHPHQW� WKDW� LW� EH� UHDGLO\� DXWRPDWDEOH� DQG� FRPSXWDWLRQDOO\� GHFLGDEOH�� $OWKRXJK
HYDOXDWLQJ� )23/� H[SUHVVLRQV� LV� D� IDLUO\� ZHOO� XQGHUVWRRG� SURFHVV� WKDW� KDV� EHHQ� ZLGHO\
UHVHDUFKHG�DQG�XVHG� LQ�PDQ\�SUHYLRXV�DSSOLFDWLRQV� �VXFK�DV� >3HU��@�� >0LQ��@��DQG� >26��@��
GHWHUPLQLQJ�ZKHWKHU� DQ� DUELWUDU\� VHW� RI � SUHGLFDWHV� LV� WUXH� RU� IDOVH� LV� QRW� FRPSXWDWLRQDOO\

$UFKLWHFWXUDO�(OHPHQWV

System ::= System Name = { EntityDecl* } ;

EntityDecl ::= ComponentDecl
| Connector-Decl
| Port-Decl
| Role-Decl
| Property-Decl
| Rep-Decl
| Attachments-Decl

GenericDecl ::=  PropertyDecl | RepDecl;

ComponentDecl ::= Component  Name =
 (PortDecl | GenericDecl)* } ;

ConnectorDecl ::= Connector  Name =
 (RoleDecl | GenericDecl)* } ;

PortDecl ::= Port  Name = { GenericDecl * } ;

RoleDecl ::= Role  Name = { GenericDecl * } ;

AttachmentDecl ::= Attachments  { (PortName To RoleName)* } ;

Name ::= [a-zA-Z][a-zA-Z0-9_\-+]*

3URSHUWLHV

PropertyDecl ::= Property  Name [ : TypeExpression ] = Value
 [ << PropertyDecl+ >> ] ";"
| Properties  {(Name [ : TypeExpression ] = Value
 [ << PropertyDecl+ >> ] ";") * };

5HSUHVHQWDWLRQV

RepDecl ::= Representation  [ Name ]= “{“
 System
 [ Bindings  = { (Name To Name)* } ]
 “}” “;”  ;

)LJXUH�������3DUWLDO�%1)�IRU�VLPSOH�VWUXFWXUDO�LQVWDQFH�ODQJXDJH
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GHFLGDEOH� >(QG��@�� 7KH� NH\� DVSHFW� RI � )23/� WKDW� FDXVHV� XQGHFLGDELOLW\� LV� LWV� DELOLW\� WR
TXDQWLI\�YDULDEOHV�RYHU�LQILQLWH�VHWV�

7KH�$UPDQL�SUHGLFDWH�ODQJXDJH�DGGUHVVHV�WKLV�LVVXH�E\�LQVXULQJ�WKDW�SUHGLFDWH�TXDQWLILFDWLRQ
LV�GRQH�RQO\�RYHU�ILQLWH�VHWV��$V�D�UHVXOW��WKH�DOJRULWKP�IRU�FKHFNLQJ�ZKHWKHU�D�GHVLJQ�VDWLVILHV
LWV� FRQVWUDLQWV� LV� VWUDLJKWIRUZDUG� DQG� GHFLGDEOH�� $W� D� ORJLFDO� OHYHO�� WKH� FRQVWUDLQW� FKHFNHU
KDQGOHV�TXDQWLILFDWLRQ�E\�HQXPHUDWLQJ�DOO�RI �WKH�YDOXHV�RI �WKH�VHW�TXDQWLILHG�RYHU�DQG�FKHFNV
WKDW� WKH� DSSURSULDWH� SUHGLFDWH� KROGV� IRU� DOO� RI � WKRVH� YDOXHV� �LQ� WKH� FDVH� RI � D� XQLYHUVDO
TXDQWLILFDWLRQ��� RU� IRU� DW� OHDVW� RQH� RI � WKRVH� YDOXHV� �LQ� WKH� FDVH� RI � DQ� H[LVWHQWLDO
TXDQWLILFDWLRQ��� $� GHWDLOHG� GHVFULSWLRQ� RI � WKH� GHVLJQ� FRQVWUDLQW� FKHFNLQJ� DOJRULWKP� LV
SURYLGHG�LQ�>0RQ��@�

$OWKRXJK� DW� ILUVW� JODQFH� OLPLWLQJ� TXDQWLILFDWLRQ� WR� ILQLWH� VHWV� PLJKW� VHHP� OLNH� D� VHYHUH
UHVWULFWLRQ� LQ� H[SUHVVLYHQHVV�� LW� KDV� QRW� SURYHQ� WR� EH� D� VLJQLILFDQW� OLPLWDWLRQ� LQ� SUDFWLFH�
6SHFLILFDOO\��LW�GLG�QRW�SUHVHQW�DQ\�SUREOHPV�LQ�WKH�FDVH�VWXGLHV�GHVFULEHG�LQ�&KDSWHUV���DQG���
QRU�KDV�LW�EHHQ�DQ�LVVXH�LQ�RWKHU�H[SORUDWLRQV�RI �WKH�ODQJXDJH
V�FDSDELOLWLHV��,Q�JHQHUDO��PRVW
RI � WKH� LQWHUHVWLQJ�FRQVWUDLQWV� WKDW�FRXOG�EH� FDVW�DV�TXDQWLILFDWLRQV�RYHU� LQILQLWH�VHWV�FDQ�EH
UHDGLO\� UHFDVW� DV� TXDQWLILFDWLRQV� RYHU� ILQLWH� VHWV� RU� SUHGLFDWH� H[SUHVVLRQV� LQYROYLQJ� QR
TXDQWLILFDWLRQ�DW�DOO�

,Q� DGGLWLRQ� WR� GHFLGDELOLW\�� WKH� VSHHG� ZLWK� ZKLFK� DUELWUDU\� FRQVWUDLQW� H[SUHVVLRQV� FDQ� EH
HYDOXDWHG�LV�DOVR�D�FRQFHUQ��$V�,�GLVFXVV�LQ�GHWDLO�LQ�VHFWLRQ��������WKH�QDWXUH�RI �WKH�SUHGLFDWH
HYDOXDWLRQ� WKDW� $UPDQL� VXSSRUWV� DOORZHG� WKH� XVH� RI � VWUDLJKWIRUZDUG� FRQVWUDLQW� FKHFNLQJ
DOJRULWKPV� WKDW� JHQHUDOO\� UDQ� YHU\� IDVW� RQ� W\SLFDO� DUFKLWHFWXUDO� VSHFLILFDWLRQV�� 7KHVH
DOJRULWKPV�UDQ�IDVW�HQRXJK�WR�HDVLO\�VXSSRUW�LQWHUDFWLYH�GHVLJQ�FKHFNLQJ�

7KH� FRPSOH[LW\� RI � WKH� DQDO\VHV� WKDW� QHHG� WR� EH� VXSSRUWHG� E\� WKH� IRUPDOLVP� DUH� UDWKHU
PLQLPDO�LQ�SUDFWLFH��7KH�FRQVWUDLQW�FKHFNLQJ�PHFKDQLVP�RQO\�QHHGV�WR�EH�DEOH�WR�YHULI\�WKDW
D� VSHFLILF� V\VWHP� LQVWDQFH� VDWLVILHV� LWV� FRQVWUDLQWV��$V� ,� GLVFXVV� ODWHU� LQ� WKLV� FKDSWHU� DQG� LQ
>0RQ��@��WKLV�UHDVRQLQJ�LV�TXLWH�VWUDLJKWIRUZDUG��7KH�$UPDQL�FRQVWUDLQW�FKHFNLQJ�IRUPDOLVP
GRHV�QRW�SURYLGH�WKH�DELOLW\�WR�DXWRPDWLFDOO\�GHWHFW�ZKHWKHU�D�JLYHQ�V\VWHP·V�FRQVWUDLQWV�FDQ
HYHU� EH� VDWLVILHG� �WKDW� LV�� FRXOG� VRPHWKLQJ� EH� FKDQJHG� LQ� WKH� GHVLJQ� WR� PDNH� LW� FRUUHFW��
/LNHZLVH��LW�GRHV�QRW�DWWHPSW�WR�GHWHUPLQH�LI �D�VHW�RI �FRQVWUDLQWV�FDQ�QHYHU�EH�VDWLVILHG�E\�DQ\
V\VWHP��WKDW�LV��GR�WKH�V\VWHP·V�FRQVWUDLQWV�LPSO\�D�FRQWUDGLFWLRQ���7KHVH�W\SHV�RI �DQDO\WLFDO
FDSDELOLW\�JHQHUDOO\�UHTXLUH� IXOO� WKHRUHP�SURYLQJ�FDSDELOLWLHV��ZKLFK� LV�EH\RQG�WKH�VFRSH�RI
$UPDQL·V�FDSDELOLWLHV�

&DUHIXOO\� VFRSLQJ� WKH� W\SHV� RI � FRQVWUDLQWV� DQG� DQDO\VHV� WKDW� WKH� ODQJXDJH·V� FRQVWUDLQW
FKHFNLQJ� V\VWHP� FDQ� HYDOXDWH� LQVXUHG� WKDW� WKH� HYDOXDWLRQ� SHUIRUPDQFH� RI � $UPDQL·V
FRQVWUDLQW�FKHFNHU�GLG�QRW�EHFRPH�D�VLJQLILFDQW�LVVXH�LQ�SUDFWLFH�

����� ([WHQGLQJ�WKH�VWUXFWXUDO�ODQJXDJH�ZLWK�FRQVWUDLQWV

+DYLQJ�PDGH�WKH�GHFLVLRQ�WR�XVH�ILUVW�RUGHU�SUHGLFDWH�ORJLF�DV�WKH�IRXQGDWLRQ�IRU�FRQVWUDLQW
VSHFLILFDWLRQ�� LW� LV�QHFHVVDU\� WR� LQWHJUDWH� WKLV� FRQVWUDLQW� IRUPDOLVP�ZLWK�$UPDQL·V� VWUXFWXUH
DQG� SURSHUW\� FRQVWUXFWV�� 7R� DFKLHYH� WKLV� LQWHJUDWLRQ�� GHVLJQ� FRQVWUDLQWV� DUH� UHDOL]HG� LQ
$UPDQL�DV�SUHGLFDWHV�RYHU�DUFKLWHFWXUDO�VSHFLILFDWLRQV��3UHGLFDWHV�FDQ�UHIHU� WR�WKH�VWUXFWXUH�
WRSRORJ\��DQG�SURSHUWLHV�RI �VRIWZDUH�V\VWHPV�RU�WKH�LQGLYLGXDO�GHVLJQ�HOHPHQWV�WKDW�PDNH�XS
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D�V\VWHP��&RQVWUDLQW�FKHFNLQJ�WRROV�FDQ�HYDOXDWH�ZKHWKHU�D�GHVLJQ·V�VWUXFWXUH�DQG�SURSHUWLHV
VDWLVI\�LWV�GHFODUHG�FRQVWUDLQWV�

)LUVW�RUGHU�SUHGLFDWH�ORJLF�SURYLGHV�D�QDWXUDO�PDWFK�WR�WKH�W\SHV�RI �FRQVWUDLQW�SUHGLFDWHV�WKDW
$UPDQL� QHHGV� WR� VXSSRUW�� $V� D� UHVXOW�� WKH� FKDOOHQJH� LQ� EXLOGLQJ� DQ� HIIHFWLYH� ODQJXDJH� IRU
GHVFULELQJ� DUFKLWHFWXUDO� GHVLJQ� FRQVWUDLQWV� RQ� WRS� RI � ILUVW� RUGHU� SUHGLFDWH� ORJLF� OLHV� LQ
���¬LQVXULQJ�LWV�GHFLGDELOLW\�����¬DGGLQJ�DQ�DSSURSULDWH�VHW�RI �SULPLWLYH�DUFKLWHFWXUDO�SUHGLFDWHV�
RSHUDWRUV�� DQG� D[LRPV�� DQG� ���¬GHILQLQJ� D� VHW� RI � VFRSLQJ� UXOHV� WKDW� SURYLGH� VXIILFLHQW
PRGXODULW\�DQG�H[SUHVVLYH�FDSDELOLW\�ZLWKRXW�EHFRPLQJ�RYHUO\�YHUERVH�

$V� GLVFXVVHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� WKH� WDVN� RI � HYDOXDWLQJ� )23/� H[SUHVVLRQV� LV� PDGH
GHFLGDEOH� LQ� $UPDQL� E\� OLPLWLQJ� TXDQWLILFDWLRQ� WR� ILQLWH� VHWV�� $UPDQL� LQVXUHV� WKDW� WKLV
OLPLWDWLRQ�KROGV�E\�PDNLQJ�LW�V\QWDFWLFDOO\�LPSRVVLEOH�WR�GHILQH�RU�FRQVWUXFW�LQILQLWH�VHWV�IRU
WKH�SXUSRVH�RI �TXDQWLILFDWLRQ��,Q�D�TXDQWLILHG�SUHGLFDWH�H[SUHVVLRQ��WKH�VHW�WR�EH�TXDQWLILHG
RYHU� FDQ� EH� GHILQHG� E\� ���� H[SOLFLW� HQXPHUDWLRQ� RI � WKH� VHW·V� HOHPHQWV�� ���� UHIHUHQFLQJ� DQ
HOHPHQW·V�VXEVWUXFWXUH��VXFK�DV�DOO�RI �WKH�SRUWV�RI �D�FRPSRQHQW������UHIHUHQFLQJ�D�VHW�W\SHG
SURSHUW\�� ZKLFK� ZLOO� E\� GHILQLWLRQ� DOZD\V� EH� ILQLWH�� RU� ���� SHUIRUPLQJ� D� VHTXHQFH� RI
RSHUDWLRQV� WKDW� WDNH� RQH� RU� PRUH� ILQLWH� VHWV� DV� DUJXPHQWV� DQG� UHWXUQ� D� VLQJOH� ILQLWH� VHW�
%HFDXVH� QRQH� RI � WKHVH�PHFKDQLVPV� FDQ� EH� XVHG� WR� FUHDWH� LQILQLWH� VHWV�� $UPDQL� GRHV� QRW
DOORZ�TXDQWLILFDWLRQ�RYHU�LQILQLWH�VHWV�

7KH�IROORZLQJ�WZR�VHFWLRQV�GHVFULEH�WKH�SULPLWLYH�DUFKLWHFWXUDO�SUHGLFDWHV��RSHUDWRUV��D[LRPV
DQG�VFRSLQJ�UXOHV�DGGHG�WR�)23/�E\�$UPDQL�

������� ([WHQGLQJ�WKH�ILUVW�RUGHU�SUHGLFDWH�ORJLF�ZLWK�DUFKLWHFWXUDO�SULPLWLYHV

$UPDQL�GHILQHV�D�V\QWD[�DQG�VHPDQWLFV�IRU�H[SUHVVLQJ�GHVLJQ�FRQVWUDLQWV�DV�)23/�SUHGLFDWHV�
7KLV� LQFOXGHV� D� VWDQGDUG� VHW� RI � )23/� RSHUDWRUV� IRU� ORJLFDO�� FRPSDULVRQ�� DULWKPHWLF�� DQG
TXDQWLILFDWLRQ� H[SUHVVLRQV�� 7KH� VHPDQWLFV� RI � WKHVH� RSHUDWRUV�� GHWDLOHG� LQ� >0RQ��@�� DUH
VWUDLJKWIRUZDUG�� $GDSWLQJ� )23/� IRU� XVH� LQ� GHVFULELQJ� DUFKLWHFWXUDO� GHVLJQ� FRQVWUDLQWV�
KRZHYHU�� UHTXLUHV�PRUH� FDUH� WKDQ� VLPSO\� DGGLQJ� D� VHW� RI � )23/� FRQVWUXFWV� WR� WKH� GHVLJQ
ODQJXDJH·V� %1)�� 7DLORULQJ� WKH� SUHGLFDWH� ODQJXDJH� WR� GHVFULEH� DUFKLWHFWXUDO� FRQVWUDLQWV
UHTXLUHV� WKH� DGGLWLRQ� RI � SULPLWLYH� IXQFWLRQV� ZLWK� DUFKLWHFWXUH�OHYHO� VHPDQWLFV�� )RUWXQDWHO\�
VXFK�DQ�H[WHQVLRQ�FDQ�EH�FDUULHG�RXW�LQ�D�VWUDLJKWIRUZDUG�ZD\�E\�VLPSO\�DGGLQJ�D�VHW�RI �EXLOW�
LQ�IXQFWLRQV�WR�WKH�SUHGLFDWH�ODQJXDJH�

6SHFLILFDOO\��$UPDQL�DGGV�WZHQW\�IRXU�SULPLWLYH�IXQFWLRQV�WKDW�KDQGOH�IRXU�NH\�FDWHJRULHV�RI
DUFKLWHFWXUDO� FRQVWUDLQWV�� 7KHVH� FRQVWUDLQW� FDWHJRULHV� FRYHU�� V\VWHP� WRSRORJ\�� SURSHUWLHV�
DJJUHJDWLRQ� RI � VHWV� RI � UHODWHG� DUFKLWHFWXUDO� HQWLWLHV�� DQG� W\SHV� �ZKLFK�ZLOO� EH� GLVFXVVHG� LQ
GHWDLO�LQ�6HFWLRQ��������$�VHW�RI �IXQFWLRQV�IRU��ILQLWH��VHW�PDQLSXODWLRQ�DUH�DOVR�LQFOXGHG��7DEOH
����SURYLGHV�H[DPSOHV�IURP�HDFK�RI �WKHVH�EDVLF�FDWHJRULHV�

7KH� ILUVW� FDWHJRU\� RI � SULPLWLYH� DUFKLWHFWXUDO� IXQFWLRQV� GHDO� ZLWK� V\VWHP� WRSRORJ\�� 7KHVH
IXQFWLRQV� DOORZ� DQ� DUFKLWHFW� WR� VSHFLI\� FRQVWUDLQWV� VXFK� DV� KRZ� DQG�ZLWK� ZKDW� D� V\VWHP·V
FRPSRQHQWV� FDQ� FRPPXQLFDWH��ZKLFK� FRPSRQHQWV�PXVW�EH� FRQQHFWHG��ZKLFK�PXVW�QRW� EH

�������������������������������������������������
8 A full description of all of Armani’s primitive predicates is provided in [Mon98].
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FRQQHFWHG�� HWF��7RSRORJLFDO� IXQFWLRQV� FDQ� DOVR� EH� XVHG� WR� GHILQH� DQG� HQIRUFH� SDUHQW�FKLOG
UHODWLRQVKLSV�EHWZHHQ�HQWLWLHV�LQ�D�GHVLJQ�

7KH�VHFRQG�FDWHJRU\�RI �SULPLWLYH�IXQFWLRQV�DUH�UHIHUHQFLQJ�DQG�FRPSDULVRQ�RSHUDWLRQV�IRU
SURSHUWLHV�DQG�VXEVWUXFWXUH�RI �GHVLJQ�HOHPHQWV��7KH�RSHUDWRU�´�µ�LV�XVHG�WR�LGHQWLI\�VSHFLILF
HOHPHQW� SURSHUWLHV� RU� FKLOGUHQ� RI � D� GHVLJQ� HOHPHQW�� )RU� H[DPSOH�� WKH� SURSHUW\� WKDW
GHWHUPLQHV�ZKHWKHU�D�FRQQHFWRU�3�LV�V\QFKURQRXV�FDQ�EH�UHIHUULQJ�WR�DV�3�V\QFKURQRXV�

7KH�WKLUG�VHW�RI �IXQFWLRQV�VXSSRUW�WKH�DJJUHJDWLRQ�RI �UHODWHG�VXEVWUXFWXUH��7KHVH�IXQFWLRQV
DOORZ�VHWV�RI �VXEVWUXFWXUH�WR�EH�UHIHUHQFHG�E\�QDPH��)RU�H[DPSOH��3�UROHV�QDPHV�WKH�VHW�RI
UROHV�DVVRFLDWHG�ZLWK�WKH�FRQQHFWRU�3��7KHVH�IXQFWLRQV�SURYLGH�D�FRQYHQLHQW�VKRUWKDQG�IRU
GHVFULELQJ�VHWV�IRU�TXDQWLILFDWLRQ�

7KH� IRXUWK� DQG� ILQDO� FDWHJRU\� RI � SULPLWLYH� DUFKLWHFWXUDO� IXQFWLRQV� GHDO� ZLWK� DUFKLWHFWXUDO
W\SHV�� 6SHFLILFDOO\�� WKH\� FDQ� EH� XVHG� WR� GHWHUPLQH� RU� VHOHFW� GHVLJQ� HOHPHQWV� EDVHG� RQ� WKH
HOHPHQWV·�W\SH�GHFODUDWLRQV�

([SHULHQFH� XVLQJ� $UPDQL� LQGLFDWHV� WKDW� WKLV� LV� DQ� DSSURSULDWH� FROOHFWLRQ� RI � SULPLWLYH
DUFKLWHFWXUDO� IXQFWLRQV� DQG� UHIHUHQWLDO� FDSDELOLWLHV�� 7KHVH� IXQFWLRQV� DQG� SUHGLFDWHV� FDQ� EH

)XQFWLRQ�FDWHJRU\�DQG�VLJQDWXUH )XQFWLRQ�GHVFULSWLRQ

7RSRORJ\�
&RQQHFWHG�FRPS��FRPS��

5HWXUQV� 7UXH� LI � FRPSRQHQW� FRPS�� LV� FRQQHFWHG� WR
FRPSRQHQW� FRPS�� E\� DW� OHDVW� RQH� FRQQHFWRU�� HOVH� LW
UHWXUQV�)DOVH�

7RSRORJ\�
5HDFKDEOH�FRPS���FRPS��

5HWXUQV�7UXH�LI �FRPSRQHQW�FRPS��LV�LQ�WKH�WUDQVLWLYH
FORVXUH�RI �&RQQHFWHG�FRPS���
���HOVH�LW�UHWXUQV�)DOVH�

3URSHUWLHV�
+DV3URSHUW\�[��SURSHUW\1DPH�

5HWXUQV�7UXH�LI �HOHPHQW�[�KDV�D�SURSHUW\�FDOOHG
SURSHUW\1DPH��HOVH�LW�UHWXUQV�)DOVH�

3URSHUWLHV�
�(OHPHQW1DPH!��3URSHUW\1DPH!

5HWXUQV�WKH�YDOXH�RI �WKH�SURSHUW\�LGHQWLILHG�E\
�3URSHUW\1DPH!�LQ�WKH�HOHPHQW��(OHPHQW1DPH!�

$JJUHJDWLRQ�
�6\VWHP1DPH!�&RQQHFWRUV

5HWXUQV�D�VHW�FRQWDLQLQJ�DOO�RI �WKH�FRQQHFWRU
HOHPHQWV�LQ�WKH�V\VWHP�LGHQWLILHG�E\��6\VWHP1DPH!�

$JJUHJDWLRQ�
�&RQQHFWRU1DPH!�5ROHV

5HWXUQV�D�VHW�FRQWDLQLQJ�DOO�RI �WKH�UROHV�RI �WKH
FRQQHFWRU�LGHQWLILHG�E\��&RQQHFWRU1DPH!�

7\SHV�
'HFODUHV7\SH�HOW��W\SH1DPH�

5HWXUQV�7UXH�LI �WKH�HOHPHQW�LGHQWLILHG�E\�HOW�GHFODUHV
WKH�W\SH�LGHQWLILHG�E\�W\SH1DPH��HOVH�LW�UHWXUQV
)DOVH��$�GLVFXVVLRQ�RI �HOHPHQW�W\SHV�LV�SURYLGHG�LQ

VHFWLRQ�íÃ þR�éüd �

7DEOH������([DPSOHV�RI �SULPLWLYH�DUFKLWHFWXUDO�IXQFWLRQV�LQ�$UPDQL
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FRPSRVHG�ZLWKLQ�WKH�)23/�IUDPHZRUN�WR�GHILQH�FRPSOH[�DQG�LQWHUHVWLQJ�GHVLJQ�FRQVWUDLQWV�
$V� DUFKLWHFWV� JDLQ� IXUWKHU� H[SHULHQFH� ZRUNLQJ� ZLWK� $UPDQL� WKH\� IUHTXHQWO\� GLVFRYHU
DGGLWLRQDO� FRQVWUDLQWV� WKDW� WKH\� ZRXOG� OLNH� WR� EH� DEOH� WR� H[SUHVV� EXW� WKDW� DUH� QRW� UHDGLO\
UHSUHVHQWHG�ZLWK� WKLV� VHW� RI � SULPLWLYH� IXQFWLRQV�� 7R� DGGUHVV� WKLV� LVVXH��$UPDQL� SURYLGHV� D
PHFKDQLVP� E\� ZKLFK� DUFKLWHFWV� FDQ� FDSWXUH� XVHIXO� QRQ�SULPLWLYH� IXQFWLRQV� WKDW� FDQ� EH
UHXVHG�LQ�PXOWLSOH�FRQVWUDLQW�VSHFLILFDWLRQV��7KHVH�XVHU�GHILQHG�IXQFWLRQV��FDOOHG�GHVLJQ�DQDO\VHV�
ZLOO�EH�GLVFXVVHG�LQ�GHWDLO�ODWHU�LQ�WKLV�FKDSWHU�

7KH� IROORZLQJ� H[DPSOHV� LOOXVWUDWH� KRZ� WKH� EXLOW�LQ� IXQFWLRQV� FDQ� EH� XVHG� WR� FDSWXUH
DUFKLWHFWXUDO�GHVLJQ�FRQVWUDLQWV�

7KH�ILUVW�SUHGLFDWH�

&RQQHFWHG�FOLHQW��VHUYHU��

FKHFNV�WKDW�WKH�FRPSRQHQWV� FOLHQW�DQG�VHUYHU�DUH�FRQQHFWHG��7KH�QH[W�SUHGLFDWH� LV�GHILQHG�LQ
WKH�VFRSH�RI �D�V\VWHP�LQVWDQFH�

)RUDOO�FRQQ���FRQQHFWRU�LQ�V\VWHP,QVWDQFH�&RQQHFWRUV�_�VL]H�FRQQ�UROHV�� ���

,W�JXDUDQWHHV�WKDW�DOO�RI � WKH�FRQQHFWRUV� LQ�WKH�V\VWHP�PXVW�EH�ELQDU\�FRQQHFWRUV��L�H��� WKH\
PXVW�KDYH�H[DFWO\�WZR�UROHV���7KH�IROORZLQJ�SUHGLFDWH�VSHFLILHV�WKDW�DOO�UROHV�RQ�DOO�FRQQHFWRUV
LQ�D�V\VWHP�PXVW�EH�DWWDFKHG�WR�D�SRUW��DQG�IXUWKHU�WKDW�WKH�DWWDFKHG��SRUW��UROH��SDLU�PXVW
VKDUH�WKH�VDPH�SURWRFRO�

)RUDOO�FRQQ���FRQQHFWRU�LQ�V\VWHP,QVWDQFH�&RQQHFWRUV�_�)RUDOO�U���UROH�LQ�FRQQ�5ROHV�_
� ([LVWV�FRPS���FRPSRQHQW�LQ�V\VWHP,QVWDQFH�&RPSRQHQWV�_�([LVWV�S���SRUW�LQ�FRPS�3RUWV�_
� DWWDFKHG�S�U��DQG��S�SURWRFRO�  �U�SURWRFRO��

7KH�SRUW�DQG�UROH�SURWRFRO�YDOXHV�DUH�UHSUHVHQWHG�DV�SURSHUWLHV�RI �WKH�SRUW�DQG�UROH�GHVLJQ
HOHPHQWV�

,Q�DGGLWLRQ� WR�GHVFULELQJ� WKH� WRSRORJLFDO� IHDWXUHV�RI �D� V\VWHP��SUHGLFDWHV�FDQ�GHVFULEH�DQG
ERXQG�OHJDO�SURSHUW\�YDOXHV�DQG�W\SHV��7KH�IROORZLQJ�H[DPSOHV�GHPRQVWUDWH�SUHGLFDWHV�WKDW
ERXQG�WKH�OHJDO�YDOXH�UDQJH�IRU�D�SURSHUW\ �

VHOI�WKURXJKSXW5DWH�! ������

DQG�WKDW�VSHFLI\�D�UHODWLRQVKLS�EHWZHHQ�PXOWLSOH�SURSHUWLHV

FRPS�WRWDO/DWHQF\�  ��FRPS�UHDG/DWHQF\���FRPS�SURFHVVLQJ/DWHQF\���FRPS�ZULWH/DWHQF\��

7KHVH�H[DPSOHV�DUH�QRW� LQWHQGHG�WR�EH�DQ�H[KDXVWLYH�H[KLELWLRQ�RI �WKH�W\SHV�RI �SUHGLFDWHV
WKDW�FDQ�EH�H[SUHVVHG�LQ�$UPDQL��5DWKHU��WKH\�DUH�LQWHQGHG�DV�H[DPSOHV�WKDW�JLYH�D�IODYRU�IRU
WKH� W\SHV� RI � SUHGLFDWHV� WKDW� FDQ� EH� H[SUHVVHG� RYHU� GHVLJQ� LQVWDQFHV� ZLWK� WKH� $UPDQL
SUHGLFDWH�ODQJXDJH�

�������������������������������������������������
9 The reserved keyword self refers to the design element instance (component, connector, port, role, or system) in
which the constraint is scoped.
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������� 6FRSLQJ�UXOHV

([WHQGLQJ�ILUVW�RUGHU�SUHGLFDWH�ORJLF�ZLWK�D�VHW�RI �DUFKLWHFWXUDO�SULPLWLYHV�LV�RQO\�D�ILUVW�VWHS
WRZDUGV� LQWHJUDWLQJ� WKH� FRQVWUDLQW� ODQJXDJH� ZLWK� WKH� UHVW� RI � WKH� $UPDQL� GHVLJQ� ODQJXDJH�
$QRWKHU� NH\� LVVXH� LV� HVWDEOLVKLQJ� WKH� VFRSLQJ� DQG� YLVLELOLW\� UXOHV� IRU� WKH� FRQVWUDLQWV�
'HYHORSLQJ�DQ�DSSURSULDWH�VHW�RI �VFRSLQJ�UXOHV�LV�FKDOOHQJLQJ�EHFDXVH�WKH\�PXVW�VDWLVI\�WKH
ODQJXDJH·V�FRQIOLFWLQJ�QHHGV�IRU�PRGXODULW\��H[SUHVVLYH�FDSDELOLW\��DQG�VXFFLQFWQHVV�

7KH�LPSRUWDQFH�RI �VXFFLQFWQHVV�DQG�H[SUHVVLYHQHVV�LQ�ODQJXDJH�GHVLJQ�DUH�REYLRXV��6XFFLQFW
H[SUHVVLRQV�DUH�JHQHUDOO\�HDVLHU�WR�ZULWH��UHDG��DQG�FKHFN�IRU�HUURUV�WKDQ�YHUERVH�H[SUHVVLRQV�
/LNHZLVH��LI �WKH�ODQJXDJH�PDNHV�LW�GLIILFXOW�WR�H[SUHVV�WKH�GHVLUHG�FRQVWUDLQWV�WKHQ�LW�LV�OLNHO\
WR�EH�DQ�LPSHGLPHQW�WR�JRRG�GHVLJQ�UDWKHU�WKDQ�DQ�DLG��$�FOHDQ�LQWHJUDWLRQ�RI �WKH�FRQVWUDLQW
ODQJXDJH�ZLWK�WKH�UHVW�RI �WKH�$UPDQL�ODQJXDJH�VKRXOG��WKHUHIRUH��PDNH�LW�VWUDLJKWIRUZDUG�IRU
DQ� DUFKLWHFW� WR� H[SUHVV� KLV� RU� KHU� GHVLUHG� GHVLJQ� FRQVWUDLQWV� DQG� WR� GR� VR� LQ� DQ� HOHJDQW�
FRQFLVH�ZD\�

7KH�UDWLRQDOH�IRU�VXSSRUWLQJ�PRGXODULW\� LQ�FRQVWUDLQW�H[SUHVVLRQV� LV�D�ELW�PRUH�VXEWOH��7KH
PRGXODULW\�RI �FRQVWUDLQW�H[SUHVVLRQV��KRZHYHU��SOD\V�D�FULWLFDO� UROH� LQ�$UPDQL·V� LQFUHPHQWDO
PRGLILFDWLRQ� FDSDELOLWLHV�� .HHSLQJ� FRQVWUDLQW� VSHFLILFDWLRQV� VHOI�FRQWDLQHG� PDNHV� LW� PXFK
HDVLHU�WR�PRYH�FRQVWUDLQWV�DURXQG�LQ�D�GHVLJQ��WR�VKULQN�RU�H[SDQG�WKH�VFRSH�RI �DSSOLFDELOLW\
RI � WKH� FRQVWUDLQW�� DQG� WR� FRPSRVH� DUELWUDU\� FRQVWUDLQWV� ZLWKLQ� D� GHVLJQ�� )URP� DQ
HQYLURQPHQW�PRGLILFDWLRQ� SHUVSHFWLYH� WKH� DGGLWLRQ� WR� RU� UHPRYDO� RI � FRQVWUDLQWV� IURP� D
GHVLJQ�LV�JUHDWO\�HDVHG�LI �WKRVH�FRQVWUDLQWV�DUH�SDFNDJHG�DV�PRGXODU��LQGHSHQGHQW�HQWLWLHV��$V
VHFWLRQ� ���� ZLOO� LOOXVWUDWH�� WKLV� LVVXH� EHFRPHV� LQFUHDVLQJO\� LPSRUWDQW� ZKHQ� FRQVWUDLQW
SUHGLFDWHV� DUH� XVHG� LQ� W\SH� DQG� GHVLJQ� UXOH� VSHFLILFDWLRQV� UDWKHU� WKDQ� VLPSOH� LQVWDQFH
VSHFLILFDWLRQV�

$UPDQL� DFKLHYHV� WKHVH�JRDOV�E\�SURYLGLQJ� D� IHZ� VLPSOH� VFRSLQJ� UXOHV� WKDW� DUH�EURDGO\� DQG
XQLIRUPO\�DSSOLFDEOH��$Q�$UPDQL�GHVLJQ�FDQ�EH�UHSUHVHQWHG�DV�D�WUHH��(DFK�QRGH�RI �WKH�WUHH
KDV� SUHFLVHO\� RQH� SDUHQW� DQG� ]HUR� RU� PRUH� FKLOGUHQ�� )RU� H[DPSOH�� D� FRPSRQHQW�&� KDV� D
SDUHQW�WKDW�LV�D�V\VWHP��FDOO�LW�6��DQG�D�VHW�RI �FKLOGUHQ�WKDW�LQFOXGH�DOO�RI �&·V�SRUWV��SURSHUWLHV�
DQG�UHSUHVHQWDWLRQV��(DFK�RI �&·V�FKLOGUHQ�DOVR�KDV�]HUR�RU�PRUH�FKLOGUHQ����,W�LV�LPSRUWDQW�WR
QRWH�WKDW� WKH�DUFV�RI � WKLV� WUHH� UHSUHVHQW�SDUHQW�FKLOG� UHODWLRQVKLSV�EHWZHHQ�HOHPHQWV� UDWKHU
WKDQ�V\VWHP�FRQQHFWLYLW\��7KLV�WUHH�VWUXFWXUH�LV�RUWKRJRQDO�WR�WKH�FRQQHFWLYLW\�JUDSK�$UPDQL
XVHV� WR� UHSUHVHQW� V\VWHP� WRSRORJ\�� 7KLV� XQGHUO\LQJ� WUHH� UHSUHVHQWDWLRQ� FDQ� EH� XVHG� WR
GHVFULEH�DUELWUDU\�V\VWHP�FRQQHFWLYLW\�JUDSKV�

7KH�ILUVW�RI � WKHVH� UXOHV�VWDWHV� WKDW�FRQVWUDLQWV�FDQ�EH� VSHFLILHG� LQ� WKH� VFRSH�RI �DQ\�GHVLJQ
HOHPHQW� RU� GHVLJQ� HOHPHQW� W\SH� GHFODUDWLRQ� �UHPHPEHU� WKDW� D� GHVLJQ� HOHPHQW� LV� D� V\VWHP�
FRPSRQHQW��FRQQHFWRU��SRUW��RU�UROH���RU�LQ�WKH�VFRSH�RI �WKH�JOREDO�GHVLJQ��ZKLFK�LV�GHILQHG
DV�DOO� WKLQJV�RXWVLGH�RI � WKH� VFRSH�RI �DQ\�RWKHU�GHFODUDWLRQ���$V�D� UHVXOW�� DOO� FRQVWUDLQWV�DUH
GHILQHG�LQ�DQ�XQDPELJXRXV�VFRSH�

7KH�VHFRQG�UXOH�GHILQHV�QDPH�YLVLELOLW\�DQG�UHVROXWLRQ��$�FRQVWUDLQW�SUHGLFDWH�FDQ�RQO\�UHIHU
WR� HQWLWLHV� WKDW� DUH� GHVFHQGDQWV� RI � WKH� FRQVWUDLQW� SUHGLFDWH·V� VFRSH�� ,Q� WKH� H[DPSOH� RI
&RPSRQHQW�&� MXVW�JLYHQ�� D�FRQVWUDLQW�GHILQHG� LQ� WKH�VFRSH�RI �&�FRXOG�UHIHU� WR�DQ\�RI � WKH

�������������������������������������������������
10 A more formal semantic specification of Armani’s structure is provided in [Mon98]
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SRUWV��SURSHUWLHV��RU�UHSUHVHQWDWLRQV�RI �&�RU�DQ\�RI �&·V�GHVFHQGHQWV�LQ�WKH�VWUXFWXUH�JUDSK�
7KLV� FRQVWUDLQW� FRXOG�QRW��KRZHYHU�� UHIHU� WR� DQ\�RWKHU� HQWLWLHV�GHILQHG�ZLWKLQ�6\VWHP�6�RU
DQ\�RI �&·V�VLEOLQJV�

7KH�VFRSLQJ�UXOHV�VXSSRUW�VXFFLQFWQHVV�DQG�H[SUHVVLYLW\�E\�DOORZLQJ�GHVLJQHUV�D�JUHDW�GHDO�RI
IOH[LELOLW\�LQ�VHOHFWLQJ�DQ�DSSURSULDWH�VFRSH�LQ�ZKLFK�WR�GHFODUH�HDFK�FRQVWUDLQW��,Q�JHQHUDO��DV
FRQVWUDLQWV� DUH�GHFODUHG� DW�KLJKHU�QRGHV� LQ� WKH� WUHH� WKH\� FDQ� EH�GHILQHG� IRU� D�PRUH�EURDG
DQG�RU�VSHFLILF�VHOHFWLRQ�RI �GHVLJQ�HOHPHQWV��&RQYHUVHO\��DV�D�FRQVWUDLQW�LV�PRYHG�GRZQ�WKH
WUHH� LWV� VFRSH� LV� UHILQHG� DQG� LW� LV� DEOH� WR� UHIHU� WR� DQG� FRPSDUH� IHZHU� HQWLWLHV�� EXW� WKH
H[SUHVVLRQ�RI � WKDW�FRQVWUDLQW�FDQ�EH�PDGH�PRUH� FRQFLVH�� IRFXVHG�� DQG�FRQWH[W�VSHFLILF�� ,Q
JHQHUDO��WKH�UXOH�RI �WKXPE�WKDW�KDV�DULVHQ�IURP�XVLQJ�$UPDQL�WR�GHILQH�FRQVWUDLQWV�RQ�GHVLJQ
LQVWDQFHV�LV�WKDW�FRQVWUDLQWV�VKRXOG�EH�SXVKHG�DV�IDU�XS�WKH�VWUXFWXUH�WUHH�DV�QHHGHG�WR�EULQJ
DOO�RI �WKH�QHFHVVDU\�HQWLWLHV�UHIHUUHG�WR�E\�WKH�FRQVWUDLQW�LQWR�VFRSH��DQG�QR�KLJKHU��)ROORZLQJ
WKLV� UXOH� RI � WKXPE� OHDGV� WR� PRGXODU�� FRQWH[W�IUHH�� DQG� UHXVDEOH� GHVLJQ� FRQVWUDLQW
VSHFLILFDWLRQV�WKDW�DUH�UHODWLYHO\�UREXVW�WR�V\VWHP�UHFRQILJXUDWLRQ�

������� :UDS�XS

$UPDQL·V� SUHGLFDWH� ODQJXDJH� DOORZV� GHVLJQHUV� WR� DQQRWDWH� DUFKLWHFWXUDO� VSHFLILFDWLRQV� ZLWK
GHVLJQ� FRQVWUDLQWV�� 7KLV� SUHGLFDWH� ODQJXDJH� DOVR� IRUPV� WKH� IRXQGDWLRQ� IRU� $UPDQL·V� W\SH
V\VWHP� DQG� GHVLJQ� UXOH� VSHFLILFDWLRQ� FDSDELOLW\�� 6HFWLRQ� ���� ZLOO� GLVFXVV� WKLV� UROH� RI � WKH
SUHGLFDWH� ODQJXDJH� LQ�JUHDWHU�GHWDLO� DORQJ�ZLWK� LQWHUHVWLQJ�GHVLJQ� LVVXHV� WKDW� LW� UDLVHV� LQ� WKH
FRQWH[W�RI �FDSWXULQJ�DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�

����� ,QYDULDQWV�YV��KHXULVWLFV

7KH� FRQVWUDLQW� ODQJXDJH� MXVW� GHVFULEHG� SURYLGHV� D� ZD\� IRU� DUFKLWHFWV� WR� SUHFLVHO\� VSHFLI\
GHVLJQ�FRQVWUDLQWV�DV�SUHGLFDWHV�RYHU�D�GHVLJQ�RU�SDUW�RI �D�GHVLJQ��$OO�RI �WKH�FRQVWUDLQWV�WKDW
DQ�DUFKLWHFW�PLJKW�ZDQW�WR�H[SUHVV�DERXW�D�GHVLJQ�DUH�QRW��KRZHYHU��HTXDOO\�LPSRUWDQW��6RPH
FRQVWUDLQWV� VKRXOG� QHYHU� EH� YLRODWHG�� 7KH\� VSHFLI\� D� V\VWHP·V� NH\� GHVLJQ� SULQFLSOHV� DQG
DVVXPSWLRQV�� YLRODWLQJ� WKHP�PD\� UHQGHU� WKH� V\VWHP� XQXVDEOH��2WKHU� FRQVWUDLQWV�� KRZHYHU�
FDQ� EH� YLHZHG�PRUH� DV� VXJJHVWLRQV� DERXW� KRZ� RU� ZKHWKHU� DVSHFWV� RI � WKH� V\VWHP� FDQ� EH
FKDQJHG��9LRODWLQJ�WKHVH�FRQVWUDLQWV�ZLOO�QRW�QHFHVVDULO\�SUHYHQW�WKH�EDVLF�RSHUDWLRQ�RI � WKH
V\VWHP��WKRXJK�LW�PD\�KDYH�RWKHU�QHJDWLYH�FRQVHTXHQFHV�

,W�LV��WKHUHIRUH��LPSRUWDQW�WKDW�WKH�$UPDQL�ODQJXDJH�DOORZ�DUFKLWHFWV�WR�VSHFLI\�QRW�RQO\�ZKDW
LW� LV� WKDW� D� GHVLJQ� FRQVWUDLQW� LV� FRQVWUDLQLQJ�� EXW� DOVR� WKH� ULJRU�ZLWK�ZKLFK� WKDW� FRQVWUDLQW
PXVW� EH� HQIRUFHG�� 7R� DGGUHVV� WKLV� QHHG�� $UPDQL� SURYLGHV� RUWKRJRQDO� FRQVWUXFWV� IRU
VSHFLI\LQJ� ���� WKH� FRQVWUDLQW� LWVHOI�� DQG� ���� WKH� FRQVWUDLQW·V� HQIRUFHPHQW� VHPDQWLFV�� 7KH
FRQVWUDLQW� LWVHOI � LV� H[SUHVVHG� DV� D� SUHGLFDWH� H[SUHVVLRQ�� 7KH� FRQVWUDLQW·V� HQIRUFHPHQW
VHPDQWLFV�DUH�WKHQ�GHILQHG�E\�GHFODULQJ�ZKHWKHU�WKH�FRQVWUDLQW�LV�D�GHVLJQ�LQYDULDQW�RU�D�GHVLJQ
KHXULVWLF�� $� GHVLJQ� UXOH�� DV� GHILQHG� E\� $UPDQL�� FRQVLVWV� RI � D� FRQVWUDLQW� H[SUHVVLRQ� DQG� D
GHFODUDWLRQ�WKDW�WKH�FRQVWUDLQW�LV�DQ�LQYDULDQW�RU�D�KHXULVWLF�

'HVLJQ�LQYDULDQWV��DV� WKHLU�QDPH�VXJJHVWV��VSHFLI\�FRQVWUXFWV� WKDW�PXVW�EH�PDLQWDLQHG�DW�DOO
WLPHV�� 7KHVH� RIWHQ� UHSUHVHQW� WKH� EDVLF� DVVXPSWLRQV� WKDW� D� V\VWHP·V� FRQVWLWXHQW� HOHPHQWV
PDNH�DERXW�WKHLU�HQYLURQPHQW�DQG�KRZ�WKH\�DUH�DEOH�WR�LQWHUDFW�ZLWK�RWKHU�GHVLJQ�HOHPHQWV
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LQ�WKH�V\VWHP��'HVLJQ�KHXULVWLFV��RQ�WKH�RWKHU�KDQG��VSHFLI\�UXOHV�RI �WKXPE�XVHG�LQ�GHVLJQLQJ
WKH� V\VWHP�� 7KH\� FDQ� DOVR� EH� XVHG� WR� JXLGH� WKH�PRGLILFDWLRQ� RI � D� V\VWHP� DIWHU� LW·V� LQLWLDO
GHYHORSPHQW�E\�FODULI\LQJ�DQG�IODJJLQJ�GHVLJQ�GHFLVLRQV�

7KH�HQIRUFHPHQW�VHPDQWLFV�RI �D�FRQVWUDLQW�DUH�QRW�VLPSO\�WRROLQJ� LVVXHV��5DWKHU��WKHUH� LV�D
IXQGDPHQWDO� VHPDQWLF� GLVWLQFWLRQ� EHWZHHQ� D� GHVLJQ� LQYDULDQW� DQG� D� GHVLJQ� KHXULVWLF�� 7KH
GHWDLOV�RI � WKLV�GLVWLQFWLRQ�DUH� FDSWXUHG�E\� WKH�GHVLJQ� ODQJXDJH·V� W\SH�V\VWHP��ZKLFK�ZLOO�EH
GHVFULEHG�PRUH�IXOO\� LQ�VHFWLRQ������ ,QIRUPDOO\�� WKRXJK�� LQYDULDQW�YLRODWLRQV�DUH�W\SH�HUURUV�
$Q�DUFKLWHFWXUDO�VSHFLILFDWLRQ�WKDW�KDV�RQH�RU�PRUH�GHVLJQ�LQYDULDQW�H[SUHVVLRQV�WKDW�HYDOXDWH
WR� IDOVH� LV� QRW� W\SH�FRUUHFW��7KH�GHVLJQ� FRQWDLQV� D� IXQGDPHQWDO� HUURU��$� VSHFLILFDWLRQ�ZLWK
RQH�RU�PRUH�KHXULVWLFV�WKDW�HYDOXDWH�WR�IDOVH��RQ�WKH�RWKHU�KDQG��PD\�VWLOO�EH�W\SH�FRUUHFW�EXW
LW�ZLOO�JHQHUDWH�D�ZDUQLQJ�IURP�$UPDQL·V�W\SH�DQG�FRQVWUDLQW�FKHFNHU�

([DPSOH� ���� LOOXVWUDWHV� WKH� XVH� RI � LQYDULDQWV� DQG� KHXULVWLFV� IRU� UHSUHVHQWLQJ� GHVLJQ
FRQVWUDLQWV�� ,Q� WKLV� H[DPSOH��0HVVDJH3DWK� LV� D� FRQQHFWRU� WKDW� TXHXHV� WKH�PHVVDJHV� LW� UHDGV
IURP� LWV� VRXUFH� UROH� DQG�ZULWHV� WKHP� WR� LWV� VLQN� UROH� LQ� WKH� RUGHU� WKH\�ZHUH� UHFHLYHG� DW� WKH
VRXUFH� UROH��7KLV� VLPSOLILHG�YHUVLRQ�RI � WKH�FRQQHFWRU�KDV� WZR�SURSHUWLHV�²� WKH� VL]H�RI � WKH
FRQQHFWRU·V�TXHXH�EXIIHU� �LQ�E\WHV�� DQG� LWV� H[SHFWHG� WKURXJKSXW� �LQ�PHVVDJHV�SHU� VHFRQG��
7KH�FRQQHFWRU�VSHFLILFDWLRQ�DOVR�GHILQHV�WZR�FRQVWUDLQWV�²�RQH�LQYDULDQW�DQG�RQH�KHXULVWLF�²
WKDW�GHILQH�WKH�UDQJH�RI �DFFHSWDEOH�YDOXHV�IRU�WKHVH�SURSHUWLHV�

%\� VSHFLI\LQJ� ERWK� DQ� H[SOLFLW� SUHVHQW� YDOXH� DQG� D� OHJDO� UDQJH� RI � SRWHQWLDO� YDOXHV� IRU� WKH
EXIIHU� VL]H� DQG� H[SHFWHG� WKURXJKSXW� SURSHUWLHV�� WKH� DUFKLWHFW� KDV� GHVFULEHG� QRW� RQO\� D
VQDSVKRW� RI � WKH� LQLWLDO� V\VWHP� GHVLJQ� �YLD� WKH� SURSHUWLHV��� EXW� DOVR� WKH� ZD\V� LQ� ZKLFK� WKH
FRQQHFWRU�FDQ�EH�PRGLILHG�DQG�VWLOO�ILW�ZLWKLQ�WKH�RYHUDOO�V\VWHP�GHVLJQ��YLD�WKH�FRQVWUDLQWV��
7KH� LQYDULDQW� FRQVWUDLQW� SURYLGHV� VWULFW� OLPLWV� RQ� WKH� DFFHSWDEOH� VL]HV� RI � WKH� FRQQHFWRU·V
TXHXH%XIIHU�� 7KH� KHXULVWLF� WKDW� GHILQHV� D� UHODWLRQVKLS� EHWZHHQ� WKH� H[SHFWHG7KURXJKSXW� DQG
TXHXH%XIIHU6L]H�SURSHUWLHV��RQ� WKH�RWKHU�KDQG�� LV�SURYLGHG� DV�D� JXLGHOLQH� UDWKHU� WKDQ�D� VWULFW
ODZ�

System  constraintExample = {
…
Connector  MessagePath = {

Roles  { source; sink; }
Property  queueBufferSize : int = 1024;
Property  expectedThroughput : float =  512;
Invariant  (queueBufferSize >= 512) and  (queueBufferSize <= 4096);
Heuristic  expectedThroughput <= (queueBufferSize / 2);

};
…

};

([DPSOH������0HVVDJH3DWK�FRQQHFWRU�ZLWK�LQYDULDQWV�DQG�KHXULVWLFV

)LJXUH������H[WHQGV�D�SRUWLRQ�RI �WKH�VLPSOH�%1)�JLYHQ�LQ�)LJXUH�����ZLWK�SURGXFWLRQV�WKDW
GHVFULEH�KRZ�GHVLJQ�UXOHV�DUH�DGGHG�WR�WKH�GHVLJQ�ODQJXDJH�
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����� 6XPPDU\�RI �DUFKLWHFWXUDO�VWUXFWXUH�GLVFXVVLRQ

7KH� $UPDQL� GHVLJQ� ODQJXDJH� GHVFULEHG� WKXV� IDU� VDWLVILHV� WKH� ILUVW� RI � WKH� UHTXLUHPHQWV
RXWOLQHG�LQ�6HFWLRQ������6SHFLILFDOO\��WKH�ODQJXDJH�FDQ�GHVFULEH�WKH�DUFKLWHFWXUDO�VWUXFWXUH�RI �D
VRIWZDUH� V\VWHP�� WKH� WRSRORJ\� DQG� SURSHUWLHV� RI � WKDW� VWUXFWXUH�� DQG� WKH� FRQVWUDLQWV� WKDW
ERXQG� WKH�ZD\V� LQ�ZKLFK� WKH� VWUXFWXUH� FDQ� HYROYH��$GGLWLRQDOO\�� LW� SURYLGHV� FRQVWUXFWV� IRU
KLHUDUFKLFDOO\�GHFRPSRVLQJ�DUFKLWHFWXUDO�GHVLJQV�

��� &DSWXULQJ�GHVLJQ�H[SHUWLVH�ZLWK�SUHGLFDWH�EDVHG�W\SHV

7KH� VHFRQG� ODQJXDJH� UHTXLUHPHQW� SUHVHQWHG� LQ� 6HFWLRQ� ���� DUJXHV� WKDW�� LQ� DGGLWLRQ� WR
FDSWXULQJ� LQGLYLGXDO�V\VWHP�GHVLJQV��$UPDQL�DOVR�QHHGV�WR�EH�DEOH� WR�FDSWXUH��SDFNDJH��DQG
UHXVH�DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�LQGHSHQGHQW�RI �VSHFLILF�LQVWDQFHV�RI �V\VWHP�GHVLJQV�

&RQFHSWXDOO\��$UPDQL�GLYLGHV�DEVWUDFW�GHVLJQ�H[SHUWLVH�LQWR�WZR�FDWHJRULHV�−�GHFODUDWLYH�GHVLJQ
H[SHUWLVH� DQG� RSHUDWLRQDO� GHVLJQ� H[SHUWLVH�� ,QIRUPDOO\�� GHFODUDWLYH� GHVLJQ� H[SHUWLVH� GHVFULEHV
WKH� ZD\� WKDW� D� GHVLJQ� VKRXOG� �RU� PXVW�� EH�� 7KDW� LV�� GHFODUDWLYH� GHVLJQ� H[SHUWLVH� LV� EHVW
FDWHJRUL]HG�DV� WKRVH�ELWV�RI �GHVLJQ�ZLVGRP�WKDW�FDQ�EH�DUWLFXODWHG�ZLWK�D�QDWXUDO� ODQJXDJH
VWDWHPHQW�VXFK�DV�´7KLV�GHVLJQ�PXVW�«µ�RU�´$�IRR�W\SH�FRPSRQHQW�LV�D�FRPSRQHQW�WKDW�«µ�
2SHUDWLRQDO� GHVLJQ� H[SHUWLVH�� RQ� WKH� RWKHU� KDQG�� FRQVLVWV� RI � GHVLJQ� HYDOXDWLRQV� DQG
RSHUDWLRQV� WKDW� DUH�EHVW� H[SUHVVHG� DOJRULWKPLFDOO\��7KDW� LV�� WKH\� HQFDSVXODWH� DOJRULWKPV� IRU
HYDOXDWLQJ� RU�PRGLI\LQJ� D� GHVLJQ�� UDWKHU� WKDQ� GHFODUDWLRQV� DERXW� WKH� GHVLJQ� LWVHOI��$�PRUH
VXFFLQFW�GLVWLQFWLRQ�EHWZHHQ� WKHVH� WZR� W\SHV�RI �GHVLJQ�H[SHUWLVH� LV� WKDW�RSHUDWLRQDO�GHVLJQ
H[SHUWLVH�FDQ�GHVFULEH�DFWLRQV� IRU�PRGLI\LQJ�D�GHVLJQ�EXW�GHFODUDWLYH�GHVLJQ�H[SHUWLVH�GRHV
QRW��E\�GHILQLWLRQ��GHVFULEH�VWHSV�IRU�PRGLI\LQJ�D�GHVLJQ���

7KH�$UPDQL� GHVLJQ� ODQJXDJH� GLUHFWO\� VXSSRUWV� WKH� H[SUHVVLRQ� DQG� FKHFNLQJ� RI � GHFODUDWLYH
H[SHUWLVH�ZLWK�SUHGLFDWH�EDVHG�W\SHV��6SHFLILFDOO\��$UPDQL·V� W\SH�V\VWHP�FDSWXUHV�GHFODUDWLYH
GHVLJQ�H[SHUWLVH�LQ�WKH�IRUP�RI �GHVLJQ�YRFDEXODU\��GHVLJQ�UXOHV��DQG�DUFKLWHFWXUDO�VW\OHV��%HFDXVH�WKH
$UPDQL�GHVLJQ� ODQJXDJH� LV� GHFODUDWLYH� UDWKHU� WKDQ� DOJRULWKPLF� LQ�QDWXUH�� KRZHYHU�� LW� LV� QRW
ZHOO� VXLWHG� WR� FDSWXULQJ� RSHUDWLRQDO� GHVLJQ� H[SHUWLVH�� 7R� DGGUHVV� WKLV� OLPLWDWLRQ�� $UPDQL
SURYLGHV� DQ� LQWHJUDWLRQ� IUDPHZRUN� IRU� OLQNLQJ� H[WHUQDO� GHVLJQ� WRROV� LQWR� WKH� $UPDQL
HQYLURQPHQW�� 7KLV� LQWHJUDWLRQ� IUDPHZRUN� SURYLGHV� D� FRPSOHPHQWDU\� PHFKDQLVP� IRU
FDSWXULQJ�RSHUDWLRQDO�GHVLJQ�H[SHUWLVH�ZLWK� LQGHSHQGHQW� WRROV��$V� ,�GHVFULEH� LQ�&KDSWHU� ��
WKLV� DSSURDFK� KDV� SURYHQ� HIIHFWLYH� IRU� FDSWXULQJ� DQG� HQFDSVXODWLQJ� RSHUDWLRQDO� GHVLJQ
H[SHUWLVH�LQ�WKH�$UPDQL�HQYLURQPHQW�

,Q�WKLV�VHFWLRQ�,�SUHVHQW�$UPDQL·V� W\SH�V\VWHP�DQG�GHVFULEH�KRZ� LW� FDQ�EH�XVHG�WR�FDSWXUH
GHFODUDWLYH�GHVLJQ�H[SHUWLVH�� ,�DOVR�GLVFXVV�VRPH�RI � WKH�NH\�GHVLJQ�GHFLVLRQV� WKDW�PDNH� WKH
DSSURDFK� ZRUN� HIIHFWLYHO\� DQG� WKH� LPSOLFDWLRQV� RI � WKHVH� GHFLVLRQV� IRU� FDSWXULQJ� VRIWZDUH
DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH�� ,� GHIHU� D� GHWDLOHG� GLVFXVVLRQ� RI � KRZ� RSHUDWLRQDO� GHVLJQ
H[SHUWLVH�LV�FDSWXUHG�DQG�XVHG�LQ�WKH�$UPDQL�HQYLURQPHQW�XQWLO�&KDSWHU���

�������������������������������������������������
11 For a detailed discussion on the issues related to separating and making use of both operational and declarative
expertise in the related area of programming environments, see Kaiser's thesis [Kai85].
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����� &DSWXULQJ�GHVLJQ�H[SHUWLVH�ZLWK�DUFKLWHFWXUDO�W\SHV

$UPDQL� XVHV� D� SUHGLFDWH�EDVHG� W\SH� V\VWHP� WR� FDSWXUH� GHFODUDWLYH� DUFKLWHFWXUH� GHVLJQ
H[SHUWLVH��$V�ZH�ZLOO�VHH�WKURXJKRXW�WKH�UHVW�RI �VHFWLRQ������WKLV�DSSURDFK�SURYLGHV�D�QXPEHU
RI � VLJQLILFDQW� EHQHILWV� IRU� ERWK� WKH� DUFKLWHFWV� XVLQJ� $UPDQL� WR� FDSWXUH� DEVWUDFW� GHVLJQ
H[SHUWLVH� DQG� HQYLURQPHQW� GHYHORSHUV� ZKR� QHHG� WDNH� DGYDQWDJH� RI � WKLV� H[SHUWLVH�� 7KHVH
EHQHILWV�LQFOXGH�IOH[LELOLW\��DQDO\WLF�SRZHU��DQG�FRPSRVDELOLW\�

5HSUHVHQWLQJ� GHVLJQ� YRFDEXODU\� ZLWK� SUHGLFDWH� W\SHV� DOORZV� DUFKLWHFWV� WKH� IOH[LELOLW\� RI
DVVRFLDWLQJ�FRPSOH[�VWUXFWXUH�DQG�FRQVWUDLQWV�ZLWK�DEVWUDFW�YRFDEXODU\�HOHPHQWV��5DWKHU�WKDQ
SURYLGLQJ�RQO\�D�PHFKDQLVP�IRU�GHVFULELQJ�VWUXFWXUH�RU�SURSHUWLHV�DV�PDQ\�RWKHU�$'/V�GR�
$UPDQL
V� SUHGLFDWH�EDVHG� W\SH� V\VWHP� DOORZV� DUFKLWHFWV� WR� FDSWXUH� DUELWUDULO\� FRPSOH[
DEVWUDFW�GHVLJQ� VSHFLILFDWLRQV� LQ�PRGXODU�� UHXVDEOH��XQLWV��$V�ZH�ZLOO� VHH�� WKH�QDWXUH�RI � WKH
W\SH� V\VWHP� DOORZV� DUFKLWHFWV� WR� XVH�PDQ\� GLIIHUHQW� DSSURDFKHV� WR� GLYLGLQJ� DQG� FDSWXULQJ
YDULRXV� DVSHFWV� RI � GHVLJQ� H[SHUWLVH�� %\� SURYLGLQJ� PDQ\� GLIIHUHQW� ZD\V� WR� VWUXFWXUH� DQG
FDSWXUH� WKHLU� H[SHUWLVH�� $UPDQL� DOORZV� GHVLJQHUV� WR� ILQG� RU� FUHDWH� D� ZD\� WR� FDSWXUH� DQG
VWUXFWXUH�WKHLU�H[SHUWLVH�VR�WKDW�LW�PHHWV�WKHLU�VSHFLILF�QHHGV�

$� VHFRQG� EHQHILW� LV� WKDW� PRYLQJ� WKHVH� VRSKLVWLFDWHG� VSHFLILFDWLRQV� LQWR� WKH� W\SH� V\VWHP
DOORZV� WKHP� WR�EH� FKHFNHG�GLUHFWO\�E\� WKH� W\SHFKHFNHU��ZKLFK� HOLPLQDWHV� WKH�QHHG� WR�ZULWH

$UFKLWHFWXUDO�(OHPHQWV

…

EntityDecl ::= ComponentDecl
| Connector-Decl
| Port-Decl
| Role-Decl
| Property-Decl
| Rep-Decl
| Attachments-Decl

ComponentDecl ::= Component  Name = { (PortDecl | GenericDecl)* } ;

GenericDecl ::=  PropertyDecl | RepDecl | DesignRuleDecl;

…

’HVLJQ�5XOH�3URGXFWLRQV

DesignRuleDecl ::= ( Design  )? ( Invariant  | Heuristic  )
DesignRuleExpression ";"

DesignRuleExpression ::= <predicate expression, defined in Appendix A>

)LJXUH�������3DUWLDO�%1)�IRU�VLPSOH�VWUXFWXUDO�LQVWDQFH�ODQJXDJH
H[WHQGHG�ZLWK�GHVLJQ�UXOH�SURGXFWLRQV�
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LQGHSHQGHQW�DQDO\VLV� WRROV� IRU�PDQ\�NLQGV�RI �DQDO\VHV��7KH�YDOXH�RI � WKLV�FDSDELOLW\� VKRXOG
QRW� EH� XQGHUHVWLPDWHG�� 3URYLGLQJ� D� VRSKLVWLFDWHG� GHFODUDWLYH� ODQJXDJH� DOORZV� GHVLJQHUV� WR
VSHFLI\� WKHLU� DQDO\VHV�EDVHG�RQ�GHFODUHG�SURSHUWLHV� DQG� DVVHUWHG�JRDOV��5DWKHU� WKDQ�ZULWLQJ
LQGLYLGXDO�WRROV�WR�YHULI\�WKDW�WKHVH�GHVLUHG�DVSHFWV�RI �D�GHVLJQ�LQVWDQFH�KROG��WKH\�FDQ�VLPSO\
GHFODUH�WKDW�WKH\�PXVW�KROG�DQG�WKH�$UPDQL�W\SHFKHFNHU�SURYLGHV�WKH�YHULILFDWLRQ�FDSDELOLW\�

)LQDOO\��SUHGLFDWH�EDVHG�W\SHV�SURYLGH�D�VLPSOH�DQG�LQWXLWLYH�IRUPDOLVP�IRU�FRPSRVLWLRQ��$W�D
VHPDQWLF� OHYHO�� HDFK� W\SH� VSHFLILFDWLRQ� GHILQHV� D� SUHGLFDWH�� 7KH� VHPDQWLF� RSHUDWLRQ� IRU
FRPELQLQJ� W\SHV� LV� VLPSO\�D�PDWWHU�RI � FUHDWLQJ� D�FRQMXQWLRQ�RI � WKH� ORJLFDO� H[SUHVVLRQ� WKDW
HDFK�RI �WKRVH�W\SHV�UHSUHVHQWV��7KLV�IRUP�RI �FRPSRVLWLRQ�ZRUNV�ZHOO�IRU�GHFODULQJ�VXEW\SHV�
IRU�GHFODULQJ�WKDW�DQ�LQVWDQFH�VDWLVILHV�PXOWLSOH�W\SHV��DQG�IRU�H[WHQGLQJ�D�W\SHG�LQVWDQFH�ZLWK
DGGLWLRQDO� FRQVWUDLQWV� �ZKLFK� KDV� WKH� HIIHFW� RI � FUHDWLQJ� D� QHZ� DQRQ\PRXV� W\SH��� 7KH
PRGXODULW\� WKDW� WKH� HOHPHQW� W\SH� FRQVWUXFW� SURYLGHV� ZRUNV� SDUWLFXODUO\� ZHOO� ZLWK� WKH
FRPSRVLWLRQDOLW\�RI �WKH�IRUPDOLVP�IRU�FDSWXULQJ�DEVWUDFW��UHXVDEOH�GHVLJQ�H[SHUWLVH�

7KH�$UPDQL�GHVLJQ�ODQJXDJH�GHVFULEHG�WR�WKLV�SRLQW�FDQ�EH�UHDGLO\�H[WHQGHG�WR�SURYLGH�WKHVH
EHQHILWV� ZLWK� D� IHZ� VWUDLJKWIRUZDUG� DGGLWLRQV�� ,Q� WKH� IROORZLQJ� VHFWLRQV� ,� GHVFULEH� WKH
H[WHQVLRQV� PDGH� WR� WKH� LQVWDQFH� ODQJXDJH� WR� VXSSRUW� WKH� FDSWXUH� RI � GHVLJQ� HOHPHQW� W\SHV
�FRPSRQHQW�� FRQQHFWRU�� SRUW� DQG� UROH� W\SHV�� DQG� SURSHUW\� W\SHV� �SULPLWLYH�� FRPSRXQG�� DQG
DOLDVHG�SURSHUW\�W\SHV��

$V� DQ� DVLGH�� DQ� LPSRUWDQW� SRLQW� WR� QRWH� DERXW� $UPDQL
V� W\SH� V\VWHP� LV� WKDW� LWV� SULPDU\
SXUSRVH�LV�WR�SURYLGH�D�IRUP�RI �FKHFNDEOH�UHGXQGDQF\�WKDW�DVVXUHV�WKH�GHVLJQ�FRQVWUDLQWV�IRU
D� JLYHQ� W\SH� RI � GHVLJQ� YRFDEXODU\� DUH� VDWLVILHG� ZKHUH� WKDW� YRFDEXODU\� LV� XVHG�� 7KH� W\SH
V\VWHP�SURYLGHV�D�PHFKDQLVP�IRU�HQVXULQJ�WKDW�WKH�V\VWHP·V�IXQGDPHQWDO�GHVLJQ�FRQVWUDLQWV
DUH�QRW�YLRODWHG�DV�D�GHVLJQ�HYROYHV�RYHU� WLPH� �H�J�� WKURXJK�V\VWHP�PDLQWHQDQFH��XSJUDGHV�
HWF���� 7KLV� UROH� LV� VLJQLILFDQWO\� GLIIHUHQW� WKDQ� WKH� UROH� W\SH� V\VWHPV� W\SLFDOO\� SOD\� LQ
SURJUDPPLQJ� ODQJXDJHV�� 3URJUDPPLQJ� ODQJXDJH� W\SH� V\VWHPV� DUH� JHQHUDOO\� GHVLJQHG� WR
SURYLGH�VWDWLFDOO\�FKHFNDEOH�JXDUDQWHHV�RI �UXQ�WLPH�SURJUDP�EHKDYLRU� �H�J��� WR� LQVXUH�WKDW�D
IXQFWLRQ�ZLOO�QRW�DWWHPSW�WR�DGG�D�IORDWLQJ�SRLQW�YDOXH�WR�DQ�DUUD\�RI �VWULQJV���7KH�IDFW�WKDW
WKHUH�LV�QR�UXQ�WLPH�UHDOL]DWLRQ�RI �DQ�$UPDQL�DUFKLWHFWXUDO�VSHFLILFDWLRQ�VLJQLILFDQWO\�FKDQJHV
WKH�SXUSRVH�RI �WKH�W\SH�V\VWHP�

����� ’HFODULQJ�D�GHVLJQ�HOHPHQW�W\SH

,Q�RUGHU� WR�FDSWXUH�DEVWUDFW�GHVLJQ�YRFDEXODU\�� WKHUH�DUH�WZR�FODVVHV�RI �FRQVWUDLQWV� WKDW�DQ
HOHPHQW�W\SH�VSHFLILFDWLRQ�PXVW�EH�FDSDEOH�RI �VSHFLI\LQJ��)LUVW��LW�QHHGV�WR�EH�DEOH�WR�VSHFLI\
WKH�VWUXFWXUH�DQG�SURSHUWLHV� WKDW�DOO� LQVWDQFHV�RI � WKDW� W\SH�PXVW�SRVVHVV��5HTXLULQJ� WKDW� DOO
LQVWDQFHV� RI � D� FHUWDLQ� W\SH� FRQWDLQ� VSHFLILF� VWUXFWXUH� DQG� SURSHUWLHV� DOORZV� GHVLJQHUV� WR
GHILQH� WKH� DVSHFWV�RI � WKDW� YRFDEXODU\� HOHPHQW� WKDW� UHPDLQ� FRQVWDQW� DFURVV� DOO� LQVWDQFHV�RI
WKH�W\SH�

,Q�DGGLWLRQ�WR�VSHFLI\LQJ�WKHVH�FRQVWDQWV��D�GHVLJQHU�VKRXOG�DOVR�EH�DEOH�WR�SUHFLVHO\�GHVFULEH
UDQJHV�RI �YDULDELOLW\�IRU�LQVWDQFHV�RI �WKH�W\SH��7R�LOOXVWUDWH�WKH�GLVWLQFWLRQ�EHWZHHQ�WKHVH�WZR
W\SHV� RI � FRQVWUDLQWV�� FRQVLGHU� WKH� VSHFLILFDWLRQ� RI � WKH� FOLHQW� W\SH� LQ� ([DPSOH� ������ 7KLV
VSHFLILFDWLRQ� VWDWHV� WKDW� DOWKRXJK� DOO� LQVWDQFHV� WKDW� FRQIRUP� WR� WKH� W\SH� FOLHQW�PXVW� KDYH� D
SURSHUW\� FDOOHG� UHTXHVW�UDWH�� WKH� YDOXH� RI � WKDW� SURSHUW\� FDQ� UDQJH� IURP��� WR������7KHVH� DUH
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YHU\�GLIIHUHQW�W\SHV�RI �FRQVWUDLQW�VSHFLILFDWLRQV��7KLV�YDULDELOLW\�UHSUHVHQWV�WKH�VHFRQG�FODVV
RI � FRQVWUDLQW� WKDW� $UPDQL� YRFDEXODU\� VSHFLILFDWLRQV� QHHG� WR� FDSWXUH�� 7R� FDSWXUH� WKHVH
ERXQGV� RQ� LQVWDQFH� YDULDELOLW\�� DUFKLWHFWV� FDQ� DVVRFLDWH� LQYDULDQWV� DQG� KHXULVWLFV� ZLWK� W\SH
VSHFLILFDWLRQV��MXVW�DV�WKH\�FDQ�ZLWK�LQVWDQFH�VSHFLILFDWLRQV��,QYDULDQWV�VSHFLILHG�LQ�DQ�HOHPHQW
W\SH�VSHFLILFDWLRQ�PXVW�KROG�IRU�DOO�LQVWDQFHV�GHFODULQJ�WKDW�W\SH�

7R�DGGUHVV�WKH�QHHG�WR�H[SUHVV�WKHVH�FRQVWUDLQWV��DQ�$UPDQL�HOHPHQW�W\SH�VSHFLILFDWLRQ�WKXV
GHILQHV�WKH�PLQLPDO�VHW�RI �VWUXFWXUH�DQG�SURSHUW\�ILHOGV�WKDW�HOHPHQWV�RI �D�JLYHQ�W\SH�KDYH�
DORQJ�ZLWK�D�VHW�RI �LQYDULDQWV�WKDW�PXVW�KROG�IRU�DOO�LQVWDQFHV�WKDW�VDWLVI\�WKH�W\SH�

,Q� WKLV� VHFWLRQ� ,� LOOXVWUDWH� KRZ� WKH�$UPDQL� ODQJXDJH� XVHV� LWV� W\SH� V\VWHP� WR� FDSWXUH� WKHVH
DEVWUDFW�GHVLJQ�YRFDEXODU\�GHVFULSWLRQV�DQG�FRQVWUDLQWV��,�GR�VR�E\�GHVFULELQJ�WKH�V\QWD[�DQG
VHPDQWLFV� RI � FRPSRQHQW�� FRQQHFWRU��SRUW�DQG� UROH� W\SHV� �FROOHFWLYHO\� UHIHUUHG� WR� DV� GHVLJQ� HOHPHQW
W\SHV�RU�MXVW�HOHPHQW�W\SHV���$UPDQL�V\VWHP�W\SHV��UHIHUUHG�WR�DV�DUFKLWHFWXUDO�VW\OHV��RU�VLPSO\�VW\OHV��
DUH� GLVFXVVHG� LQ� VHFWLRQ� ������� 6W\OHV� H[WHQG� WKH� FDSDELOLWLHV� RI � WKH� GHVLJQ� HOHPHQW� W\SHV
GHVFULEHG�LQ�WKLV�VHFWLRQ�

7KH�LQIRUPDO�V\QWD[�IRU�GHFODULQJ�D�GHVLJQ�HOHPHQW�W\SH�LV� ��

<Category> Type  <TypeName> = {
<Sequence of: required structure and values

| properties
| explicit invariants
| explicit heuristics >

}

,Q�WKH�LQIRUPDO�V\QWD[�JLYHQ�DERYH���&DWHJRU\!�FDQ�EH�DQ\�RI �WKH�OLWHUDOV�&RPSRQHQW��&RQQHFWRU�
3RUW��RU�5ROH��DQG��7\SH1DPH!�VSHFLILHV�D�YDOLG� LGHQWLILHU��7KH�ERG\�RI� WKH� W\SH�GHFODUDWLRQ
FRQVLVWV�RI �D�VHTXHQFH�RI �FRQVWUDLQWV�E\�ZKLFK�LQVWDQFHV�RI �WKLV�W\SH�PXVW�DELGH��,QIRUPDOO\�
WKH�PHDQLQJ� RI � WKH� IRXU� NLQGV� RI � FRQVWUDLQW� GHFODUDWLRQV� WKDW� FDQ� EH�PDGH�ZLWKLQ� D� W\SH
GHFODUDWLRQ�DUH�GHVFULEHG�EHORZ�

• 5HTXLUHG�6WUXFWXUH��7KH�VWUXFWXUDO�GHFODUDWLRQV� LQ�D� W\SH�GHVFULSWLRQ�7�GHILQH� WKH
VXEVWUXFWXUH� WKDW� DQ� HOHPHQW� H� RI � W\SH�7� �ZULWWHQ� H� ��7��PXVW�KDYH�� ,QIRUPDOO\�� IRU
HYHU\� SRUW�� UROH�� RU� UHSUHVHQWDWLRQ� GHILQHG� LQ� 7�� DQ� LQVWDQFH� H� �� 7� PXVW� KDYH� D
FRUUHVSRQGLQJ�SRUW��UROH��RU�UHSUHVHQWDWLRQ��7KH�SRUW��UROH��RU�UHSUHVHQWDWLRQ�GHILQHG
LQ�WKH�LQVWDQFH�PXVW�EH�GHILQHG�ZLWK�DW�OHDVW�DV�PXFK�GHWDLO�DV�LWV�FRUUHVSRQGLQJ�SRUW�
UROH��RU�UHSUHVHQWDWLRQ� LQ�WKH� W\SH�GHFODUDWLRQ��$�PRUH�GHWDLOHG�VSHFLILFDWLRQ�RI � WKH
VHPDQWLFV�RI �UHTXLUHG�VWUXFWXUH�VWDWHPHQWV�LV�JLYHQ�LQ�WDEOH������

• 5HTXLUHG�3URSHUWLHV��$�SURSHUW\�S
L
�GHFODUHG�LQ�D�W\SH�GHFODUDWLRQ�7�VSHFLILHV�WKDW�DQ

HOHPHQW� H� ��7�PXVW� GHILQH� WKH� SURSHUW\� S
,
�� )XUWKHU�� LI � S

,
� LV� GHFODUHG� WR� KDYH� D� W\SH

DQG�RU�D�YDOXH�LQ�7��S
,
�GHFODUHG�LQ�H���7�PXVW�DOVR�KDYH�WKH�VDPH�W\SH�DQG�RU�YDOXH�

$V� ZLWK� UHTXLUHG� VWUXFWXUH�� D� PRUH� GHWDLOHG� VSHFLILFDWLRQ� RI � WKH� VHPDQWLFV� RI
SURSHUW\�GHFODUDWLRQV�LV�JLYHQ�LQ�WDEOH������

�������������������������������������������������
12 Complete syntactic specifications for Armani's type language are available in Appendix A's language BNF. The
syntactic examples given throughout this section are informal abstract syntax specifications designed to show how
the constructs can be specified and used.
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• ([SOLFLW�,QYDULDQWV��,Q�DGGLWLRQ�WR�WKH�UHTXLUHG�VWUXFWXUH�DQG�SURSHUWLHV�RI �D�W\SH�
DGGLWLRQDO� LQYDULDQW�FRQVWUDLQWV�FDQ�EH�VSHFLILHG�XVLQJ�$UPDQL
V�FRQVWUDLQW� ODQJXDJH�
$Q�HOHPHQW�H���7�PXVW�VDWLVI\�DOO�RI �WKH�LQYDULDQW�FRQVWUDLQWV�GHILQHG�LQ�7�LQ�RUGHU�WR
VDWLVI\�7
V�SUHGLFDWH��DQG�WKXV�VDWLVI\�W\SH�7��

• ([SOLFLW� +HXULVWLFV� XVH� WKH� VDPH� SUHGLFDWH� VSHFLILFDWLRQ� ODQJXDJH� DV� H[SOLFLW
LQYDULDQWV�� 8QOLNH� LQYDULDQWV�� WKRXJK�� KHXULVWLFV� DUH� QRW� FRQVLGHUHG� LQ� GHWHUPLQLQJ
ZKHWKHU�DQ�HOHPHQW�H�VDWLVILHV�D�W\SH�7��9LRODWLRQV�RI �W\SH�KHXULVWLFV�FDQ�EH�IODJJHG
GXULQJ�FRQVWUDLQW�DQDO\VLV�RU�DQDO\]HG�E\�H[WHUQDO�WRROV��LI �GHVLUHG��EXW�WKH�KHXULVWLFV
WKHPVHOYHV� DUH� QRW� SDUW� RI � D� W\SH
V� SUHGLFDWH�� 7KH� KHXULVWLFV� FRQVWUXFW� SURYLGHV
DUFKLWHFWV�DQG�GHVLJQHUV�ZLWK�D�ZD\�WR�FDSWXUH�GHVLJQ��UXOHV�RI �WKXPE��WKDW�DUH�OHVV
VWULFW�WKDQ�LQYDULDQWV�

$Q�HOHPHQW� H� ��7� VDWLVILHV� W\SH�7
V�SUHGLFDWH� LI � H� FRQWDLQV� DOO�RI � WKH� UHTXLUHG� VWUXFWXUH� DQG
SURSHUWLHV�VSHFLILHG�LQ�7��DQG�H�VDWLVILHV�DOO�RI �WKH�LQYDULDQW�SUHGLFDWHV�GHILQHG�LQ�7���

7\SH�QDPHV�DUH�OH[LFDOO\�VFRSHG��7\SHV�PD\�EH�GHFODUHG�ZLWKLQ�WKH�JOREDO�GHVLJQ�QDPHVSDFH
RU�ZLWKLQ�D�VW\OH�VSHFLILFDWLRQ��7\SHV�ZLWK�JOREDO�VFRSH�DUH�YLVLEOH�ZLWKLQ�DOO�V\VWHPV�RU�VW\OHV
GHFODUHG�LQ�WKDW�JOREDO�VFRSH�DQG�W\SHV�GHILQHG�ZLWKLQ�D�VW\OH�VSHFLILFDWLRQ�DUH�YLVLEOH�WR�DOO
RWKHU�GHFODUDWLRQV� LQ� WKH� VW\OH�� DOO� RI � WKDW� VW\OH·V� VXEVW\OHV�� DQG� DOO� V\VWHP� WKDW� FODLP� WR� EH
EXLOW�LQ�WKDW�VW\OH�

7KH� IROORZLQJ� H[DPSOH� VKRZV� D� W\SH� VSHFLILFDWLRQ� WKDW� GHFODUHV� FRQVWUDLQWV� WKDW� PXVW� EH
VDWLVILHG�E\�DOO�LQVWDQFHV�RI �WKH�W\SH�LQ�WKH�IRUP�RI �UHTXLUHG�PLQLPDO�VWUXFWXUH�DQG�SUHGLFDWHV
WKDW�PXVW�EH�PDLQWDLQHG��.H\ZRUGV�DUH�LQGLFDWHG�ZLWK�EROGIDFH�W\SH��FRPPHQWV�ZLWK�OLJKHU
WH[W�

7KH�&OLHQW�W\SH�VSHFLILFDWLRQ�LQ�H[DPSOH������LPSRVHV�WKH�IROORZLQJ�VWUXFWXUDO�DQG�LQYDULDQW
FRQVWUDLQWV�RQ�FRPSRQHQW�LQVWDQFH�&���&OLHQW�

6WUXFWXUDO�FRQVWUDLQWV�

• $�&OLHQW� LQVWDQFH�PXVW�KDYH�D�SRUW�FDOOHG�UHTXHVW��ZLWK�D�SURSHUW\�FDOOHG�SURWRFRO��7KH
SURWRFRO�SURSHUW\�PXVW�EH�RI �W\SH�&63URWRFRO7�DQG�KDYH�D�YDOXH�RI �USF�FOLHQW�

• $�&OLHQW� LQVWDQFH�PXVW� KDYH� D� SURSHUW\� FDOOHG� UHTXHVW�UDWH� RI � W\SH� IORDW�� 7KH� GHIDXOW
YDOXH�RI �����FDQ�EH�RYHUULGHQ�ZLWK�DQ�H[WHQGHG�ZLWK�^«`�FODXVH��EXW�WKH� LQLWLDO�YDOXH
IRU�WKLV�SURSHUW\�RQ�DOO�&OLHQW�LQVWDQFHV�FUHDWHG�ZLWK�WKH�QHZ�RSHUDWRU�ZLOO�EH�����

,QYDULDQW�FRQVWUDLQWV�

• $OO�SRUWV�RI �D�FOLHQW�PXVW�KDYH�D�SURSHUW\�QDPHG� SURWRFRO��ZKLFK�KDV�D�YDOXH�RI �USF�
FOLHQW�� 7KLV� LV� QRW� UHGXQGDQW� ZLWK� WKH� VSHFLILFDWLRQ� RI � WKH� UHTXHVW� SRUW� EHFDXVH� D
GHVLJQHU�LQVWDQWLDWLQJ�DQ�LQVWDQFH�RI �WKLV�W\SH�FDQ�DGG�DGGLWLRQDO�SRUWV��7KLV�LQYDULDQW
LQVXUHV� WKDW� DOO� RI � WKHVH� DGGLWLRQDO� SRUWV� KDYH� D� SURWRFRO�SURSHUW\�ZLWK� D� YDOXH� RI
USF�FOLHQW�

• 7KHUH�PD\�EH�QR�PRUH�WKDQ���SRUWV�RQ�D�&OLHQW�LQVWDQFH�

�������������������������������������������������
13 Readers interested in a more detailed and rigorous specification of the syntax and semantics of Armani's type
system are encouraged to see the full language specification provided in [Mon98].
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• 7KH�UHTXHVW�UDWH�SURSHUW\�RI �D�&OLHQW�FRPSRQHQW�PXVW�KDYH�D�YDOXH�JUHDWHU�WKDQ���

7KH�KHXULVWLF�FRQVWUDLQW�WKDW�WKH�UHTXHVW�UDWH�SURSHUW\�RI �DQ�LQVWDQFH�RI �D�&OLHQW�FRPSRQHQW
KDYH�D�YDOXH�OHVV�WKDQ�����LV�QRW�FRQVLGHUHG�LQ�GHWHUPLQLQJ�ZKHWKHU�WKDW�LQVWDQFH�VDWLVILHV�WKH
&OLHQW�W\SH��WKRXJK�W\SHFKHFNLQJ�WRROV�WKDW�HYDOXDWH�LQVWDQFHV�RI �WKH�FOLHQW�W\SH�VKRXOG�UDLVH�D
ZDUQLQJ�WKDW�WKH�KHXULVWLF�KDV�EHHQ�YLRODWHG�LI �WKH�LQVWDQFH
V�UHTXHVW�UDWH�SURSHUW\�KDV�D�YDOXH
RI �����RU�JUHDWHU�

Component Type Client = {

  // Declare the minimal structure that must exist. In this case, it says that an instance
  // of this type must have a port called request, and that port must have the protocol
  // rpc-client.
  Port Request = { Property  protocol : CSProtocolT = rpc-client };

  // The next declaration says that a client must have a property of type "float" called
  // "request-rate."  It also provides a default value for that property, which can be
  // changed when an instance of this type is created.
  Property  request-rate : float  << default = 0.0 >>;

  // Now specify the invariants that all elements that claim to satisfy this type must possess.

  // all ports must support the rpc-client protocol. This rule applies to all additional reports
  // that an instance of the type might add to the client.

  Invariant forall  p in self.Ports • p.protocol = rpc-client;

  // there may be no more than 5 ports on a client
  Invariant   size(self.Ports) <= 5;

  // The request rate must be a non-negative value
  Invariant  request-rate >= 0;
   
  // Specify a heuristic indicating the request rate should not exceed 100
  Heuristic  request-rate < 100;
}

([DPSOH�������'HFODULQJ�FRPSRQHQW�W\SH�&OLHQW

,QIRUPDO�(OHPHQW�W\SH�6HPDQWLFV

$�W\SH�VSHFLILFDWLRQ�GHILQHV�WKH�PLQLPDO�VHW�RI �VWUXFWXUH�DQG�SURSHUW\�ILHOGV�WKDW�HOHPHQWV�RI
D�JLYHQ�W\SH�KDYH��DORQJ�ZLWK�D�VHW�RI �LQYDULDQWV�WKDW�PXVW�KROG�IRU�DOO� LQVWDQFHV�WKDW�VDWLVI\
WKH�W\SH��(YHU\�W\SH�7�FDQ�EH�FRQYHUWHG�WR�D�ERROHDQ�IXQFWLRQ�)

W
�WKDW�WDNHV�D�VLQJOH�HOHPHQW

(� DV� DQ� DUJXPHQW�� ,I � WKH� IXQFWLRQ�)
W
�(�� HYDOXDWHV� WR� WUXH� IRU� HOHPHQW�(�� WKHQ� HOHPHQW�(

VDWLVILHV� W\SH� 7� �ZULWWHQ� 7�(�� LQ� WDEOH� ������� (DFK� W\SH
V� SUHGLFDWH� IXQFWLRQ� GHWHUPLQHV
ZKHWKHU�LQVWDQFH�(�VDWLVILHV�WKH�VWUXFWXUDO�UHTXLUHPHQWV�DQG�LQYDULDQWV�RI �W\SH�7��7DEOH�����
GHVFULEHV�WKH�LQIRUPDO�VHPDQWLFV�RI �VWUXFWXUDO�GHFODUDWLRQV�LQ�DQ�HOHPHQW�W\SH�VSHFLILFDWLRQ�
>0RQ��@�SURYLGHV�D�PRUH�GHWDLOHG�GLVFXVVLRQ�RI �WKH�VHPDQWLFV�RI �$UPDQL
V�W\SH�V\VWHP�



��

����� &UHDWLQJ�D�VLPSOH�LQVWDQFH�RI �D�W\SHG�DUFKLWHFWXUDO�HOHPHQW

'HVLJQ� HOHPHQW� W\SH� VSHFLILFDWLRQV� FDSWXUH� UHXVDEOH� GHVLJQ� YRFDEXODU\��0RYLQJ� WKH� GHVLJQ
H[SHUWLVH�WKDW�WKHVH�W\SH�VSHFLILFDWLRQV�FDSWXUH�IURP�WKH�DEVWUDFW�UHDOP�RI �UHXVDEOH�SUHGLFDWH
VSHFLILFDWLRQV�WR�FRQFUHWH� LQVWDQFHV� LQ�D�GHVLJQ�UHTXLUHV�RQO\�WKDW�D�GHVLJQHU� LQVWDQWLDWHV�DQ
LQVWDQFH� RI � WKH� W\SH�� 7KH� IROORZLQJ� V\QWD[� VSHFLILFDWLRQ� DQG� H[DPSOHV� LOOXVWUDWH� WKLV
LQVWDQWLDWLRQ�SURFHVV�

,QVWDQFHV� RI � WKH� IRXU� EDVLF� DUFKLWHFWXUDO� HOHPHQWV� ²� FRPSRQHQWV�� FRQQHFWRUV�� SRUWV�� DQG
UROHV��FDQ�EH�FUHDWHG�ZLWK�WKH�IROORZLQJ��LQIRUPDO��V\QWD[�

<Category>  <InstanceName>  [ : <TypeName> ]  =  <Value> ;

where
  <value> ::= ( { <sequence of property and structure specs.> } | new <TypeName> )
  ( extended with  <value> )*

6SHFLI\LQJ�DQ�H[SOLFLW�W\SH�IRU�DQ�LQVWDQFH�LV�RSWLRQDO��,I �QR�W\SH�LV�H[SOLFLWO\�GHFODUHG�IRU�DQ
LQGLYLGXDO� LQVWDQFH�� WKHQ� WKH� W\SH� RI � WKDW� LQVWDQFH� GHIDXOWV� WR� �&DWHJRU\!�� &RQVLGHU� WKH
IROORZLQJ�H[DPSOH�RI �D�FRPSRQHQW�GHFODUHG�ZLWKRXW�DQ�H[SOLFLW�W\SH�GHFODUDWLRQ�

Component  C = { Port  input; } ;

,Q�WKLV�LQVWDQFH���WKH�YDOXH�RI ��FRPSRQHQW�&�LV��^�3RUW�LQSXW�`�ZKLFK�VDWLVILHV�WKH�FRQVWUDLQWV
RI �WKH�&RPSRQHQW�W\SH��VR�WKLV�LQVWDQFH�GHFODUDWLRQ�LV�YDOLG�

:KHQ�DQ�LQVWDQFH�LV�H[SOLFLWO\�W\SHG��DV�LQ�WKH�IROORZLQJ�H[DPSOH��WKH�YDOXH�RQ�WKH�ULJKW�KDQG
VLGH�RI �WKH�´ µ�WRNHQ�PXVW�VDWLVI\�WKH�SUHGLFDWH�GHILQHG�E\�WKH�GHFODUHG�W\SH��&RQVLGHU�WKH
IROORZLQJ�H[DPSOH�

Component  C : Client = new Client;

,Q�WKLV�H[DPSOH��D�FRPSRQHQW�&� LV�GHFODUHG�WR�VDWLVI\�W\SH�&OLHQW��7KH�YDOXH�RI �&�LV�GHILQHG
XVLQJ�WKH�$UPDQL�QHZ�RSHUDWRU��7KH�H[SUHVVLRQ�QHZ��7\SH1DPH! FUHDWHV�D�YDOXH�H[SUHV�
VLRQ� FRQVLVWLQJ� RI � WKH�PLQLPDO� VWUXFWXUH� GHFODUHG� LQ� WKH� GHFODUDWLRQ� RI ��7\SH1DPH!�ZLWK
GHIDXOW�YDOXHV�DSSOLHG�WR�SURSHUWLHV�DV�VSHFLILHG�LQ�WKH�W\SH�VSHFLILFDWLRQ��3URSHUWLHV�ZLWK�QR
GHIDXOW� YDOXH� SURYLGHG� LQ� WKH� W\SH� GHFODUDWLRQ� KDYH� XQGHILQHG� YDOXHV� LQ� WKH� LQVWDQFH
JHQHUDWHG�
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’HFODUDWLRQ�7\SH ([DPSOH 0HDQLQJ

6WUXFWXUDO�HOHPHQW�&�ZLWK�QR�W\SH
RU�YDOXH�GHFODUDWLRQ

Port C; )RUDOO�HOHPHQWV�(�V�W��(�GHFODUHV
W\SH�7��ZULWWHQ�(�7���7�(��LPSOLHV
(�KDV�WKH�HOHPHQW�QDPHG�&�DV�D
FKLOG�

6WUXFWXUDO�HOHPHQW�&�ZLWK�D�W\SH
EXW�QR�YDOXH�GHFODUDWLRQ

Port C : t’; )RUDOO�HOHPHQWV�(�V�W��(�7��7�(�
LPSOLHV�(�KDV�WKH�HOHPHQW�QDPHG�&
DV�D�FKLOG��DQG�WKDW�&�VDWLVILHV�W·
�W·�&��

6WUXFWXUDO�HOHPHQW�&�ZLWK�D�W\SH
DQG�D�YDOXH�GHFODUDWLRQ

Port C : t’ = {

  Property j:t’’ =

    bar};

)RUDOO�HOHPHQWV�(�V�W��(�7��7�(�
LPSOLHV�(�KDV�WKH�HOHPHQW�QDPHG�&
DV�D�FKLOG��DQG�W·�&��DQG�&�KDV�WKH
SURSHUW\�M�W··�ZLWK�D�YDOXH�RI�EDU�

3URSHUW\�QDPHG�3�ZLWK�QR�W\SH�RU
YDOXH�JLYHQ

Property P; )RUDOO�HOHPHQWV�(�VW�(�7��7�(�
LPSOLHV�(�KDV�WKH�SURSHUW\�3�RI�W\SH
´3URSHUW\�µ

3URSHUW\�QDPHG�3�ZLWK�D�W\SH�W·
VSHFLILHG��EXW�QR�YDOXH�JLYHQ

Property P : t’; )RUDOO�HOHPHQWV�(�VW�(�7��7�(�
LPSOLHV�(�KDV�WKH�SURSHUW\�3�RI�W\SH
W·��3·V�YDOXH�LV�XQFRQVWUDLQHG
EH\RQG�WKH�UHTXLUHPHQW�WKDW�WKH
YDOXH�RI�3�VDWLVI\�W\SH�W·�

3URSHUW\�QDPHG�3�ZLWK�D�W\SH�W·
VSHFLILHG�DQG�D�GHIDXOW�YDOXH�Y
JLYHQ�

Property P : t’

   <<default=v>>;

)RUDOO�HOHPHQWV�(�VW�(�7��7�(�
LPSOLHV�(�KDV�WKH�SURSHUW\�3�RI�W\SH
W·��3·V�YDOXH�GHIDXOWV�WR�Y�ZKHQ�D
QHZ�LQVWDQFH�RI�W\SH�7�LV�FUHDWHG
EXW�WKH���GHIDXOW� �Y!!�FODXVH�LV
VLPSO\�D�FRQYHQLHQFH�WKDW�WKH�W\SH
KDV�QR�REOLJDWLRQ�WR�PDLQWDLQ��7KH
�������!!�QRWDWLRQ�VSHFLILHV�WKDW
´GHIDXOW� �Yµ�LV�D�PHWD�SURSHUW\�

3URSHUW\�QDPHG�3�ZLWK�D�W\SH�W·
VSHFLILHG�DQG�D�YDOXH�Y�DVVLJQHG
GLUHFWO\�WR�WKH�SURSHUW\

Property P:t’ = v; )RUDOO�HOHPHQWV�(�VW�(�7��7�(�
LPSOLHV�(�KDV�WKH�SURSHUW\�3�RI�W\SH
W·�DQG�3·V�YDOXH�PXVW�EH�Y��7KLV
VWDWHPHQW�GHFODUHV�D�FRQVWDQW
YDOXHG�SURSHUW\�IRU�WKH�W\SH�

7DEOH������6WUXFWXUDO�6SHFLILFDWLRQ�6HPDQWLFV
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8VLQJ� WKH�&OLHQW� W\SH�GHILQHG� LQ� H[DPSOH������� WKH�SUHYLRXV�H[DPSOH�FUHDWHV�D� FRPSRQHQW
ZLWK�WKH�IROORZLQJ�FDQRQLFDO�VWUXFWXUH�

Component  C : Client = {
Port  Request = { Property protocol : CSProtocolT = rpc-client }
Property  request-rate : float  = 0.0;

}

7KLV�GHIDXOW�&OLHQW� FRPSRQHQW� VDWLVILHV� WKH� LQYDULDQWV� DQG�KHXULVWLFV�GHFODUHG� LQ� WKH�&OLHQW
W\SH�GHILQLWLRQ�

,W�LV�SRVVLEOH�WR�DVVRFLDWH�QRQ�GHIDXOW�YDOXHV�ZLWK�DQ�HOHPHQW�FUHDWHG�IURP�D�JLYHQ�W\SH�XVLQJ
WKH� H[WHQGHG� ZLWK��YDOXH!� FRQVWUXFW�� 7KH� IROORZLQJ� H[DPSOH� LOOXVWUDWHV� D� FOLHQW� ZLWK� DQ
DGGLWLRQDO�SRUW�DQG�DQ�DGGLWLRQDO�SURSHUW\�

Component  C' : Client = new Client extended with {
Port  ExtraPort = { Property  protocol : CSProtocolT = rpc-client;

Property  primary-port = true };
Property  request-rate : float = 5.0;

}

7KLV�GHFODUDWLRQ�ZRXOG�UHVXOW�LQ�WKH�FUHDWLRQ�RI �D�QHZ�FRPSRQHQW�&·��ZLWK�WKH�IROORZLQJ
VWUXFWXUH�

Component  C’ : Client = {
Port  Request = { Property  protocol : CSProtocolT = rpc-client } ;
Port  ExtraPort = { Property  protocol : CSProtocolT = rpc-client};

  Property  primary-port = true;};
Property  request-rate : float = 5.0;

}

,Q�WKLV�H[DPSOH��WKH�GHIDXOW�FRQVWUXFWRU�LV�H[WHQGHG�ZLWK�QHZ�SURSHUW\�YDOXHV�WKDW�HLWKHU�DGG
QHZ�VWUXFWXUH�DQG�YDOXHV�RU�RYHUULGH�WKH�GHIDXOW�VWUXFWXUH�DQG�YDOXH�RI �WKH�W\SH��7KH�YDOXH
WKDW�LV�DVVLJQHG�WR�&·�LQ�WKLV�FDVH�LV�WKH�XQLILFDWLRQ�RI �WKH�VWUXFWXUH�GHFODUHG�ZLWK�WKH�H[WHQGHG
ZLWK�^����`�FODXVH�DQG�WKH�VWUXFWXUH�WKDW�LV�FUHDWHG�ZLWK�WKH�QHZ��7\SH1DPH!�FRQVWUXFWRU�

7KH�EDVLF�XQLILFDWLRQ�DOJRULWKP�LV�TXLWH�VLPSOH��$Q�LQVWDQFH�RI �WKH�WDUJHW�GHVLJQ�HOHPHQW� LV
FUHDWHG�� 7KH� VWUXFWXUH� DQG� SURSHUWLHV� GHILQHG� LQ� WKH� GHFODUHG� W\SH� DQG� DOO� RI � WKDW� W\SH·V
VXSHUW\SHV� DUH� FRSLHG� LQWR� WKH� LQVWDQFH�� (DFK� HQWLW\� �SURSHUW\�� VWUXFWXUH�� RU� GHVLJQ� UXOH�
IURP�WKH�H[WHQGHG�ZLWK�^«`�FODXVH�LV�WKHQ�FRSLHG�LQWR�WKH�LQVWDQFH��)RU�HDFK�WHUP�FRSLHG��LI
WKHUH� LV�QR�VWUXFWXUH�RU�SURSHUW\�DOUHDG\� LQ�WKH� LQVWDQFH�ZLWK�WKH�VDPH�QDPH�WKHQ�WKH�QHZ
WHUP�LV�FRSLHG�GLUHFWO\�ZLWKRXW�DQ\�SUREOHP��,I �WKHUH� LV��KRZHYHU��DQ�HQWLW\�ZLWK�WKDW�QDPH
DOUHDG\�LQ�WKH�LQVWDQFH�WKHQ�WKH�DOJRULWKP�FKHFNV�LI �WKH�QHZ�W\SH��YDOXH��DQG�VXEVWUXFWXUH�RI
WKH�HQWLW\�EHLQJ�FRSLHG�LV�FRQVLVWHQW�ZLWK�WKH�VWUXFWXUH�RU�SURSHUW\�WKDW�DOUHDG\�H[LVWV�LQ�WKH
LQVWDQFH�� ,I � WKH\� DUH� FRQVLVWHQW�� RU� LI � WKH� QHZ�HQWLW\� DGGV� DGGLWLRQDO� LQIRUPDWLRQ� WKHQ� WKH
QHZ� QHZ� LQIRUPDWLRQ� LV� DGGHG� DQG� WKH� QH[W� HQWLW\� WR� DGG� WR� WKH� LQVWDQFH� LV� VHOHFWHG� DQG
WHVWHG��,I �WKH�HQWLW\�WR�DGG�LV�QRW�FRQVLVWHQW�ZLWK�WKH�HQWLW\�DOUHDG\�LQ�WKH�LQVWDQFH��KRZHYHU�
�VXFK�DV� LI �WKH�H[WHQGHG�ZLWK�FODXVH�DWWHPSWHG�WR�UHGHILQH�WKH�W\SH�RI �D�SURSHUW\�� WKHQ�DQ
LQVWDQWLDWLRQ�HUURU�RFFXUV�DQG�WKH�XQLILFDWLRQ�DOJRULWKP�DERUWV�XQVXFFHVVIXOO\��7KH�FRPSOHWH
DOJRULWKP�IRU�XQLI\LQJ�VXEVWUXFWXUH�RI �DQ�HOHPHQW�XVLQJ�WKH� H[WHQGHG�ZLWK�^«`�FRQVWUXFW� LV
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JLYHQ� LQ� >0RQ��@� DORQJ�ZLWK� D� GHWDLOHG� VSHFLILFDWLRQ� RI � WKH� VHPDQWLFV� RI � WKH� H[WHQGHG�ZLWK
FRQVWUXFW�

7\SHV�DQG�LQVWDQFHV

$V�WKLV�GLVFXVVLRQ�LQGLFDWHV��RQH�RI �WKH�PRUH�XQXVXDO�DVSHFWV�RI �$UPDQL
V�W\SH�V\VWHP�LV�WKDW
LW�EOXUV�WKH�GLVWLQFWLRQ�EHWZHHQ�W\SHV�DQG�LQVWDQFHV��7KH�V\QWDFWLF�GHFODUDWLRQ�RI �DQ�HOHPHQW
W\SH� LV� YHU\� VLPLODU� WR� WKH� V\QWDFWLF� GHFODUDWLRQ� RI � DQ� HOHPHQW� LQVWDQFH�� 7KHLU� VHPDQWLF
UHSUHVHQWDWLRQV�DUH�YHU\�VLPLODU�DV�ZHOO�

$Q� LPSOLFDWLRQ�RI � WKLV� DSSURDFK� LV� WKDW� DUFKLWHFWV�XVLQJ� WKH� ODQJXDJH�KDYH� D� JUHDW� GHDO� RI
IOH[LELOLW\� LQ� GHFLGLQJ� KRZ� WR� GLYLGH� WKH� VSHFLILFDWLRQ� RI � H[SHUWLVH� EHWZHHQ� W\SHV� DQG
LQVWDQFHV�� 7KH\� FDQ� VSHFLI\� DOO� RI � WKH� GHVLJQ� GHWDLOV� LQ� WKH� HOHPHQW� LQVWDQFHV� WKHPVHOYHV�
XVLQJ�RQO\�PLQLPDO�W\SH�VSHFLILFDWLRQV�RU�WKH\�FDQ�FUHDWH�DQ�DEVWUDFW�W\SH�IRU�HDFK�LQGLYLGXDO
HOHPHQW� LQ� WKH� GHVLJQ� DQG� GHFODUH� D� VLQJOH� LQVWDQFH� RI � HDFK� W\SH�� $OWHUQDWLYHO\�� WKH\� FDQ
DEVWUDFW�FRPPRQ�DVSHFWV�RI �GHVLJQ�HOHPHQWV�LQWR�D�YDULHW\�RI �W\SHV�DQG�WKHQ�PL[�DQG�PDWFK
WKRVH� W\SHV� DPRQJVW� KLV� GHVLJQ� HOHPHQW� LQVWDQFHV� WR� PDNH� LW� H[SOLFLW� WKDW� HOHPHQWV� ZLWK
FRPPRQ�DVSHFWV�VKDUH�D�FRPPRQ�UHSUHVHQWDWLRQ�IRU�WKRVH�DVSHFWV�

,Q� D� JLYHQ� GHVLJQ� VLWXDWLRQ�� DQ\� RI � WKHVH� DOWHUQDWLYHV� PLJKW� EH� DSSURSULDWH�� $UPDQL
V
IOH[LELOLW\�DOORZV�DQ�DUFKLWHFW�WR�WDNH�DGYDQWDJH�RI �DOO�WKUHH�RI �WKHVH�DSSURDFKHV��RU�WR�FUHDWH
D� K\EULG� DSSURDFK� WKDW� XVHV� VRPH� FRPELQDWLRQ� WKH� WKUHH�� %HFDXVH� W\SH� DQG� LQVWDQFH
GHFODUDWLRQV�DUH�VR�VLPLODU��LW�LV�YHU\�HDV\�WR�PRYH�D�GHVLJQ�FRQFHSW�IURP�DQ�LQVWDQFH�LQWR�D
W\SH��RU�YLFH�YHUVD��$V�D�UHVXOW��DQ�DUFKLWHFW�FDQ�TXLFNO\�H[SHULPHQW�ZLWK�D�YDULHW\�RI �GHVLJQ
RSWLRQV�EHIRUH�VHWWOLQJ�RQ�D�VSHFLILF� DSSURDFK��%HFDXVH�WKH�FRVW�RI �PRGLILFDWLRQ� LV� VR� ORZ�
KRZHYHU��RQFH�DQ�DSSURDFK�KDV�EHHQ�VHOHFWHG��WKH�FRVW�RI �UHYLVLWLQJ�RU�FKDQJLQJ�WKH�GHFLVLRQ
WR�XVH�WKDW�DSSURDFK�LV�DOVR�UHODWLYHO\�ORZ�

����� ’HVLJQ�HOHPHQW�VXEW\SHV

7KH� $UPDQL� GHVLJQ� ODQJXDJH
V� ILIWK� UHTXLUHPHQW� FDOOV� IRU� WKH� ODQJXDJH� WR� VXSSRUW
LQFUHPHQWDO�FDSWXUH�RI �DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH��2QH�RI �WKH�NH\�ZD\V�WKDW�WKH�ODQJXDJH
VXSSRUWV�WKLV�UHTXLUHPHQW�LV�ZLWK�LWV�IOH[LEOH�VXEW\SLQJ�GLVFLSOLQH��'HVLJQ�HOHPHQW�W\SHV�FDQ
EH�UHDGLO\�H[WHQGHG�ZLWK�DGGLWLRQDO�VWUXFWXUH��SURSHUWLHV��DQG�FRQVWUDLQWV�WR�IRUP�QHZ�W\SHV�
7KHVH�QHZ�W\SHV�HQFDSVXODWH�H[LVWLQJ�GHVLJQ�H[SHUWLVH�DQG�H[WHQG�LW�ZLWK�DGGLWLRQDO�H[SHUWLVH�

,Q�RUGHU�WR�PDLQWDLQ�WKH�FRPSRVDELOLW\�DQG�PRGXODULW\�LW�UHTXLUHV��$UPDQL�VXSSRUWV�D�VWULFW
IRUP�RI �VXEW\SLQJ�WKDW�HQVXUHV�VXEVWLWXWDELOLW\�EHWZHHQ�VXEW\SHV�DQG�VXSHUW\SHV��7KDW�LV��LI

W\SH�7·�LV�D�VXEW\SH�RI �W\SH�7��ZULWWHQ�7·�≤�7���WKHQ�DQ\�HOHPHQW�WKDW�VDWLVILHV�7·�PD\�EH�XVHG
ZKHUHYHU� DQ� HOHPHQW� RI � W\SH� 7� LV� UHTXLUHG�� 7KH� IROORZLQJ� LQIRUPDO� V\QWD[� GHVFULEHV
$UPDQL
V�VXEW\SLQJ�FRQVWUXFW�

<Category> Type  <SubTypeName> extends  <SuperTypeName>+ with  {
<Sequence of: required structure and values

| properties
| explicit invariants
| explicit heuristics >

}
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7KH� VHPDQWLFV� RI � WKLV� FRQVWUXFW� DUH� VWUDLJKWIRUZDUG�� 7KH� QHZ� �VXE�W\SH� �6XE7\SH1DPH!
FRQVLVWV� RI � WKH� XQLILFDWLRQ� RI � WKH� VWUXFWXUDO� UHTXLUHPHQWV� RI � DOO� VXSHUW\SHV� ZLWK� WKH� QHZ
VWUXFWXUDO�GHFODUDWLRQV�� DQG� WKH� FRQMXQFWLRQ�RI � WKH� LQYDULDQW� DQG�KHXULVWLF�SUHGLFDWHV�RI � DOO
VXSHUW\SHV� ZLWK� WKH� QHZ� LQYDULDQW� DQG� KHXULVWLF� GHFODUDWLRQV�� $V� WKH� V\QWD[� VSHFLILFDWLRQ
LQGLFDWHV��D�W\SH�FDQ�KDYH�DQ�DUELWUDU\�QXPEHU�RI �VXSHUW\SHV��$OO�LQVWDQFHV�RI �WKH�VXEW\SH�DUH
DOVR�LQVWDQFHV�RI �DOO�RI �WKH�VXSHUW\SHV�DQG�VDWLVI\�WKH�FRQVWUDLQWV�RI �ERWK�WKH�VXSHUW\SHV�DQG
WKH�FRQVWUDLQWV�OLVWHG�LQ�WKH�H[WHQGV�����ZLWK�^���`�FODXVH�

&RQVLGHU�WKH�IROORZLQJ�H[DPSOH�

Component Type  BlockingClient extends  Client with  {
Port  BlockingRequest = {Property  protocol = rpc-client};
Property  blocking : boolean = true;
Property  timeout-sec : float << default = 30.0 >>;

Invariant timeout-sec < 60.0;
}

$Q� LQVWDQFH� RI � D� %ORFNLQJ&OLHQW� W\SH� FRPSRQHQW� KDV� DOO� RI � WKH� VWUXFWXUH� DQG� UXOHV� WR
PDLQWDLQ�WKDW�D�&OLHQW�W\SH�FRPSRQHQW�ZRXOG�KDYH��,W�DOVR�KDV�WKH�DGGLWLRQDO�SURSHUWLHV�DQG
UXOHV� JLYHQ� LQ� WKLV� VSHFLILFDWLRQ�� 8VLQJ� WKH� &OLHQW� W\SH� GHILQLWLRQ� IURP� H[DPSOH� ������ WKH
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VWUXFWXUH�RI �YDOXHV�WKDW�FDQ�EH�DSSOLHG�WR�WKH�QDPHG�SURSHUW\��$�SURSHUW\�W\SH�GHFODUDWLRQ
FDQ�GHILQH�DQ�DWRPLF�W\SH��DQ�HQXPHUDWHG�W\SH��D�FRPSRXQG�W\SH��VHW��VHTXHQFH�RU�UHFRUG��
RU�DOLDV�DQ�H[LVWLQJ�W\SH�GHILQLWLRQ�

7KH� GHFODUDWLRQ� RI � D� W\SH� FDQ�� EXW� QHHG� QRW�� EH� VHSDUDWHG� IURP� WKH� XVH� RI � WKDW� W\SH� LQ
VSHFLILF�SURSHUWLHV��([SOLFLWO\�QDPHG�W\SHV�DUH�GHFODUHG�ZLWK�WKH�IROORZLQJ��LQIRUPDO��V\QWD[�

Property Type  <TypeName> = <TypeStructure>;

�7\SH1DPH!� LV� DQ� LGHQWLILHU� WKDW� LV� DVVRFLDWHG� ZLWK� �7\SH6WUXFWXUH!�� 6HPDQWLFDOO\�
�7\SH6WUXFWXUH!�VSHFLILHV�D�SUHGLFDWH�WKDW�GHILQHV�WKH�VHW�RI �YDOLG�YDOXHV�IRU�WKH�W\SH�DQG�LQ
GRLQJ�VR�GHILQHV�WKH�VWUXFWXUH�WKDW�YDOXHV�RI �WKH�W\SH�PXVW�SRVVHV�

7\SHG�SURSHUW\� LQVWDQFHV� WKDW� XVH�SUHYLRXVO\� GHILQHG� SURSHUW\� W\SHV� DUH�GHFODUHG�ZLWK� WKH
IROORZLQJ�V\QWD[�

Property  <PropertyName>  : <TypeName>  = <PropertyValue>;

7KH�SURSHUW\�QDPHG��3URSHUW\1DPH!� LV�DVVRFLDWHG�ZLWK�WKH�HOHPHQW� LQ�ZKRVH�VFRSH� LW� LV
GHFODUHG�� 7KH� W\SH� RI � �3URSHUW\1DPH!� LV� H[SOLFLWO\� VSHFLILHG� ZLWK� WKH� ´�� �7\SHQDPH!µ
QRWDWLRQ�

$OO� SURSHUW\� LQVWDQFHV� LQ� $UPDQL� PXVW� EH� W\SHG�� $OWKRXJK� LW� LV� FRQYHQLHQW� WR� UHXVH
SUHYLRXVO\� GHILQHG� SURSHUW\� W\SHV� RU� EXLOW�LQ� DWRPLF� W\SHV�� LW� LV� QRW� QHFHVVDU\� WR� GR� VR��$
SURSHUW\� LQVWDQFH� FDQ� GHFODUH� DQ� DQRQ\PRXV� FRPSRXQG� W\SH�� DV� WKH� IROORZLQJ� H[DPSOH
LOOXVWUDWHV�

Component  foo = {
Property  rate : Record  [ speed : int; units : string ] =

[ speed : int = 100; units : string = “kb/s” ];
};

,Q� WKLV� H[DPSOH� SURSHUW\� IRR�UDWH� KDV� GHFODUHG� D� QHZ� DQRQ\PRXV� W\SH� ²� D� UHFRUG�ZLWK� WKH
ILHOGV� VSHHG� �RI � W\SH� LQW�� DQG�XQLWV� �RI � W\SH� VWULQJ���7KLV�QHZ� W\SH� LV�QRW�YLVLEOH� WR� DQ\�RWKHU
SURSHUW\�RU�HOHPHQW��KHQFH�WKH�WHUP�DQRQ\PRXV��EXW�LW�VSHFLILHV�WKH�VWUXFWXUH�WKDW�WKH�YDOXH
RI �WKH�SURSHUW\�PXVW�SRVVHVV��6HPDQWLFDOO\��DQ�DQRQ\PRXV�W\SH�GHFODUDWLRQ�LQ�WKH�FRQWH[W�RI
D�SURSHUW\�LQVWDQFH�VSHFLILHV�D�SUHGLFDWH�WKDW�WKH�YDOXH�RI �WKDW�SURSHUW\�LQVWDQFH�PXVW�VDWLVI\�

3URSHUW\�7\SH�6HPDQWLFV

$�SURSHUW\�W\SH�� OLNH�D�GHVLJQ�HOHPHQW�W\SH��VSHFLILHV�D�SUHGLFDWH�WKDW�GHILQHV�D�VHW�RI �YDOLG
YDOXHV�IRU�LQVWDQFHV�RI �WKDW�W\SH��$Q�LQVWDQFH�RI �D�SURSHUW\�LV�W\SH�FRUUHFW�LI �LWV�YDOXH�LV�DQ
HOHPHQW�RI �WKH�VHW�GHVFULEHG�E\�LWV�W\SH��7KH�UDQJH�RI �W\SH�SUHGLFDWHV�WKDW�FDQ�EH�GHILQHG�IRU
SURSHUW\�W\SHV�LV�PRUH�OLPLWHG�WKDQ�WKRVH�WKDW�FDQ�EH�GHILQHG�IRU�HOHPHQW�W\SHV��6SHFLILFDOO\�
LQ�WKH�YHUVLRQ�RI �WKH�$UPDQL�ODQJXDJH�FRPSOHWHG�WR�GHPRQVWUDWH�WKLV�WKHVLV�D�SURSHUW\�W\SH
GHILQHV�RQO\� VWUXFWXUDO� SUHGLFDWHV�� ,W� LV� QRW� SRVVLEOH� WR� DVVRFLDWH� DUELWUDU\� LQYDULDQWV�ZLWK� D
SURSHUW\�W\SH�DQG�WKH�ODQJXDJH�SURYLGHV�QR�VXSSRUW�IRU�SURSHUW\�VXEW\SHV��7KLV�OLPLWDWLRQ�LV
PDGH� LQ� WKH� LQWHUHVW� RI � NHHSLQJ� WKH� SURSHUW\� W\SH� V\VWHP� UHODWLYHO\� VLPSOH��([WHQGLQJ� WKH
SURSHUW\� W\SH� ODQJXDJH� WR� LQFOXGH� VXSSRUW� IRU� DUELWUDU\� LQYDULDQWV� VKRXOG�� KRZHYHU�� EH
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UHDVRQDEO\� VWUDLJKWIRUZDUG�� $� PRUH� GHWDLOHG� VHPDQWLF� VSHFLILFDWLRQ� RI � $UPDQL
V� SURSHUW\
W\SH�FRQVWUXFWV�LV�SURYLGHG�LQ�>0RQ��@�

����� $UFKLWHFWXUDO�6W\OHV

7\SHV�DQG�GHVLJQ�UXOHV�SURYLGH�PHFKDQLVPV�IRU�FDSWXULQJ�DQG�HQFDSVXODWLQJ�GHVLJQ�H[SHUWLVH
LQ�WKH�IRUP�RI �GHVLJQ�YRFDEXODU\�DQG�FRQVWUDLQWV��$OWKRXJK�LQGLYLGXDO�W\SHV�DQG�GHVLJQ�UXOHV
FDQ�EH�XVHIXO�E\�WKHPVHOYHV��H[SHUWLVH�RI �WKLV�VRUW�WHQGV�WR�EH�PRUH�XVHIXO�ZKHQ�SDFNDJHG�DV
SDUW�RI �D�FRKHUHQW�FROOHFWLRQ�RI �UHODWHG�YRFDEXODU\�DQG�FRQVWUDLQWV��)RU�H[DPSOH��GHILQLQJ�D
YRFDEXODU\�HOHPHQW�FDOOHG�D�VHUYHU� LV�QRW�QHDUO\�DV�XVHIXO�DV�GHILQLQJ�D�IXOO�VHW�RI �YRFDEXODU\
DQG�GHVLJQ�UXOHV�IRU�FUHDWLQJ�FOLHQW�VHUYHU�V\VWHPV��$UPDQL·V�VW\OH�FRQVWUXFW�SURYLGHV�WKH�DELOLW\
WR�DJJUHJDWH�DQG�SDFNDJH�UHODWHG�YRFDEXODU\�DQG�FRQVWUDLQWV�

$Q�DUFKLWHFWXUDO� VW\OH� LV� IXQGDPHQWDOO\�D�V\VWHP�W\SH�²� LW�GHILQHV�D�SUHGLFDWH�DJDLQVW�ZKLFK
V\VWHP�LQVWDQFHV�FDQ�EH�HYDOXDWHG��,Q�DGGLWLRQ�WR�WKHLU�UROH�DV�V\VWHP�W\SHV��KRZHYHU��VW\OHV
DOVR� GHILQH� QDPHVSDFHV� IRU� VSHFLI\LQJ� YRFDEXODU\� W\SH� GHFODUDWLRQV� DQG� GHVLJQ� DQDO\VHV��$
VW\OH�VSHFLILFDWLRQ�WKXV�GHILQHV�D�VHW�RI �YRFDEXODU\�W\SH�GHILQLWLRQV��D�VHW�RI �GHVLJQ�UXOHV��D
VHW�RI �GHVLJQ�DQDO\VHV����DQG�D�VHW�RI �PLQLPDO�UHTXLUHG�VWUXFWXUH�WKDW�DOO�V\VWHPV�EXLOW�LQ�WKDW
VW\OH�PXVW�SURYLGH��$Q\�RU�DOO�RI �WKHVH�VHWV�PD\�EH�HPSW\��6W\OHV�REH\�DOO�RI �WKH� UXOHV�DQG
VHPDQWLFV�RI �W\SHV�SUHVHQWHG�WKXV�IDU��ZLWK�VRPH�DGGLWLRQDO�V\QWD[�DQG�VHPDQWLFV�WR�VXSSRUW
WKH�VW\OH·V�XVH�DV�D�QDPHVSDFH�

7KH�LQIRUPDO�V\QWD[�IRU�GHILQLQJ�D�VW\OH�LV�

Style  <style-name> = { <style-element>* } ;

   Or

Style  <style-name> extends  <super-style-name>+ with  { <style-element>* } ;

   where:

<style-element> ::= <Sequence of: required structure and values
| required properties
| explicit invariants
| explicit heuristics
| design analyses
| type definitions >

7KH� V\QWD[� DQG� VHPDQWLFV� IRU� GHFODULQJ� LQGLYLGXDO� W\SH� VSHFLILFDWLRQV�� GHVLJQ� UXOHV�� DQG
GHVLJQ� DQDO\VHV� ZHUH� GHVFULEHG� HDUOLHU� LQ� WKH� FKDSWHU�� $� VW\OH� LV� D� QDPHG� FROOHFWLRQ� �RU� D
SDFNDJH�� RI � VXFK� FRQVWUXFWV�� ,Q� LWV� UROH� DV� D� V\VWHP� W\SH�� D� VW\OH� FRQVWUDLQV� WKH� GHVLJQ� RI
V\VWHPV� GHILQHG� LQ� WKDW� VW\OH� E\�PDNLQJ� GHVLJQ� YRFDEXODU\� DYDLODEOH� IRU� XVH� LQ� WKH� V\VWHP
LQVWDQFH��GHILQLQJ�WKH�UHTXLUHG�VWUXFWXUH�DQG�GHVLJQ�UXOHV� �LQYDULDQWV�DQG�KHXULVWLFV�� WKDW�DOO
V\VWHPV�EXLOW� LQ�WKDW�VW\OH�PXVW�SURYLGH�DQG�REH\��([DPSOH������ LOOXVWUDWHV�WKHVH�FRQVWUXFWV
ZLWK�D�VLPSOH�VW\OH�VSHFLILFDWLRQ�

�������������������������������������������������
14 A design analysis is a named, parameterized predicate that design rules can invoke to perform common
evaluations.
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Style  naiveClientServerStyle = {

 // define the style's vocabulary, port and role interfaces first
Port  Type  naiveClientPortT = {...};
Port  Type  naiveServerPortT = {...};
Role  Type  clientSideRoleT = {...};
Role  Type  serverSideRoleT = {...};

// define the generic client vocabulary element
Component  Type  naiveClientT = {

Port  sendRequest : naiveClientPortT;
};

// define the generic server vocabulary element
Component  Type  naiveServerT = {

Port  receiveRequest : naiveServerPortT;
Property  multiThreaded : boolean  << default  : boolean  = false ; >>;
Property  max-concurrent-requests : int;

};

// define the generic binary client-server connector
Connector  Type csConnT = {

Role  clientSide : clientSideRoleT;
Role  serverSide : serverSideRoleT;
Property  blocking : boolean  << default  : boolean  = true >>;
Invariant  size(self.roles) == 2; // all csConnT's are binary connectors

};

// limit the vocabulary types used in this style to  naiveClientT's, naiveServerT's and csConnT connectors.
invariant  forall  comp : component  in self .components |

(declaresType(comp, naiveClientT) AND satisfiesType(comp, naiveClientT))
OR (declaresType(comp, naiveServerT) AND satisfiesType(comp, naiveServerT));

invariant  forall  conn : connector  in self.connectors |
declaresType(conn, csConnT) AND satisfiesType(conn, csConnT);

// specify topological attachment constraints:
invariant  forall  c1 : component  in self.components |

forall  c2 : component  in self .components | connected(c1,c2) ->
 (declaresType(c1,naiveClientT) AND declaresType(c2,naiveServerT))
OR (declaresType (c1,naiveServerT) AND declaresType(c2,naiveClientT));

// make sure that all of the attachments are valid...
invariant  forall  a : attachment  in self .attachments |

(declaresType(a.port, naiveClientPortT) -> declaresType(a.role, clientSideRoleT))
AND (declaresType(a.port, naiveServerPortT) -> declaresType(a.role, serverSideRoleT));

};

)LJXUH��������1DwYH�FOLHQW�VHUYHU�VW\OH�VSHFLILFDWLRQ�H[DPSOH�LOOXVWUDWHV�VW\OH�VWUXFWXUH
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6\VWHP�LQVWDQFHV�PD\�PDNH�XVH�RI �WKH�GHVLJQ�YRFDEXODU\�DQG�DQDO\VHV�SDFNDJHG�LQ�D�VW\OH�E\
GHFODULQJ� WKDW� WKH� V\VWHP� VDWLVILHV� D� VW\OH�� 7KH� V\QWD[� IRU� GHFODULQJ� WKDW� D� V\VWHP� LQVWDQFH
VDWLVILHV�D�VW\OH�LV�DQDORJRXV�WR�GHFODULQJ�WKDW�D�GHVLJQ�HOHPHQW�VDWLVILHV�DQ�HOHPHQW�W\SH�

System  <SystemName> : <StyleName> = { <system-decl-body> } ;

:KHQ�D�V\VWHP�LQVWDQFH�GHFODUHV�WKDW�LW�LV�GHVLJQHG�LQ�D�VSHFLILF�VW\OH�WKH�QDPHV�RI �DOO�RI �WKH
W\SHV�DQG�GHVLJQ�DQDO\VHV�GHFODUHG�LQ�WKDW�VW\OH�DUH�YLVLEOH�ZLWKLQ�WKH�V\VWHP�LQVWDQFH��)XUWKHU�
DOO�RI �WKH�GHVLJQ�UXOHV�FRQWDLQHG�LQ�WKH�VW\OH�GHILQLWLRQ�PXVW�KROG�RYHU�WKH�V\VWHP�LQVWDQFH�
7KDW�LV��WKH�GHVLJQ�UXOHV�LQ�WKH�VW\OH�GHILQLWLRQ�WDNH�HIIHFW�LQ�WKH�VFRSH�RI �WKH�V\VWHP�LQVWDQFH�
ELQGLQJ�WKH�FRQFUHWH�HOHPHQWV�LQ�WKH�V\VWHP�LQVWDQFH�WR�WKH�DSSURSULDWH�DEVWUDFW�GHVLJQ�UXOHV
RI �WKH�VW\OH��'HFODULQJ�WKDW�D�V\VWHP�LV�GHVLJQHG�LQ�D�VSHFLILF�VW\OH� LQGLFDWHV�WKDW� WKH�GHVLJQ
UXOHV�GHFODUHG�LQ�WKDW�VW\OH�PXVW�EH�PDLQWDLQHG�LQ�WKH�V\VWHP�LQVWDQFH��)DLOXUH�WR�VDWLVI\�WKHVH
FRQVWUDLQWV�FRQVWLWXWHV�D�W\SH�HUURU�

7KH�VHW�RI �W\SH�VSHFLILFDWLRQV�JLYHQ� LQ�D�VW\OH�GHFODUDWLRQ�SURYLGH�YRFDEXODU\�HOHPHQWV� WKDW
FDQ�EH�XVHG�ZLWKLQ�V\VWHP�VSHFLILFDWLRQV�LQ�WKDW�VW\OH��7KH�V\VWHP�GHILQLWLRQ�LV�QRW��KRZHYHU�
OLPLWHG� WR� XVLQJ� RQO\� WKH� W\SHV� SURYLGHG� E\� WKH� VW\OH� XQOHVV� WKHUH� LV� D� GHVLJQ� UXOH� WKDW
H[SOLFLWO\�OLPLWV�WKH�W\SHV�RI �YRFDEXODU\�WKDW�FDQ�EH�XVHG��'HVLJQ�HOHPHQWV�ZLWKLQ�WKH�V\VWHP
LQVWDQFH� WKDW� FODLP� WR� VDWLVI\� D� W\SH� GHILQHG� LQ� WKH� VW\OH� PXVW�� KRZHYHU�� VDWLVI\� WKH� W\SH
SUHGLFDWH�JLYHQ�LQ�WKH�VW\OH�GHILQLWLRQ�

,QVWDQWLDWLQJ�VW\OH�LQVWDQFHV

7KH� QHZ� RSHUDWRU� GHILQHG� HDUOLHU� LQ� WKLV� FKDSWHU� IRU� FUHDWLQJ�PLQLPDO� LQVWDQFHV� RI � VLPSOH
HOHPHQW� W\SHV� FDQ� DOVR� EH� XVHG� ZLWK� VW\OHV� WR� FUHDWH� V\VWHPV� ZLWK� WKH� PLQLPDO� UHTXLUHG
VWUXFWXUH� WR� VDWLVI\� WKH� VW\OH� VSHFLILFDWLRQ�� $V� ZLWK� VLPSOH� HOHPHQW� W\SHV�� WKH� H[WHQGHG�ZLWK
FRQVWUXFW�FDQ�EH�XVHG� WR�H[WHQG� WKH�PLQLPDO�VWUXFWXUH�SURYLGHG�E\�QHZ� DQG�FXVWRPL]H� WKH
FUHDWHG�V\VWHP��7KH�EDVLF�V\QWD[�IRU�FUHDWLQJ�D�QHZ�PLQLPDO�LQVWDQFH�RI �D�VW\OH�IROORZV�

System  <sys-name> : <style-name> = new <style-name> [ extended with {…} ] ;

7KH�VHPDQWLFV�IRU�XVLQJ�WKH�QHZ�RSHUDWRU�ZLWK�V\VWHPV�DUH�DQDODJRXV�WR�WKH�VHPDQWLFV�IRU
XVLQJ�QHZ�ZLWK�VLPSOH�HOHPHQW�W\SHV�

6XEVW\OHV

%HFDXVH�WKH�VW\OH�FRQVWUXFW�LV�EDVHG�RQ�$UPDQL
V�HOHPHQW�W\SH�FRQVWUXFWV��WKH�W\SH�V\VWHP
V
QRWLRQ�RI �VXEW\SLQJ�H[WHQGV�WR�VW\OHV�DV�ZHOO��8VLQJ�WKLV�VXEW\SLQJ�QRWLRQ��D�VW\OH�FDQ�H[WHQG
DQ�H[LVWLQJ�VW\OH�WR�PDNH�XVH�RI �WKH�W\SHV�DQG�GHVLJQ�UXOHV�GHILQHG�LQ�WKH�H[LVWLQJ�VW\OH��7KH
H[LVWLQJ�VW\OH�EHFRPHV�WKH�VXSHUVW\OH��DQG�WKH�QHZO\�GHILQHG�VW\OH�LV�WKH�VXEVW\OH��7KH�IROORZLQJ
H[DPSOH�LOOXVWUDWHV�VXFK�DQ�H[WHQVLRQ�

Style  super = { ... };

Style  sub extends  super with
Component type new-component = { ... };
Invariant forall x in self.components • foo(x));

};
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,Q�WKLV�H[DPSOH�D�QHZ�VW\OH�FDOOHG�VXE�H[WHQGV�DQ�H[LVWLQJ�VW\OH�FDOOHG�VXSHU��6XE�FRQVLVWV�RI
WKH�XQLRQ�RI �WKH�W\SHV��GHVLJQ�UXOHV��GHVLJQ�DQDO\VHV��DQG�VWUXFWXUH�GHILQHG�LQ�ERWK�VXSHU�DQG
VXE�� $� VXEVW\OH� PD\� QRW� UHGHILQH� W\SHV� RU� GHVLJQ� UXOHV� QDPHG� LQ� WKH� VXSHUVW\OH�� ,W� PD\�
KRZHYHU�� FUHDWH� QHZ� W\SHV� WKDW� H[WHQG� WKH� W\SHV� GHILQHG� LQ� D� VXSHUVW\OH�� %HFDXVH� WKH
VXEVW\OLQJ�RSHUDWLRQ�RQO\�DOORZV�DGGLWLRQDO�W\SHV��GHVLJQ�UXOHV��DQG�VWUXFWXUH�WR�EH�DGGHG�WR�D
VW\OH��DQ\�V\VWHP�WKDW�VDWLVILHV�WKH�FRQVWUDLQWV�RI �VXE�ZLOO�DOVR�VDWLVI\�WKH�FRQVWUDLQWV�RI �VXSHU�

����� 0XOWLSOH�W\SHV

,PSOLFLW� LQ�WKH�GLVFXVVLRQ�RI �WKH�SUHYLRXV�WKUHH�VHFWLRQV�LV�WKH�IDFW�WKDW�$UPDQL�VXSSRUWV�D
W\SLQJ�GLVFLSOLQH� LQ�ZKLFK�LQVWDQFHV�FDQ�GHFODUH�DQG�VDWLVI\�PXOWLSOH�W\SHV�DQG�VXEW\SHV�FDQ
GHFODUH�PXOWLSOH�VXSHUW\SHV��7KLV�FDSDELOW\�DOORZV�GHVLJQHUV�WR�H[SOLFLWO\�GHFODUH�WKDW�D�VLQJOH
GHVLJQ�HOHPHQW�SOD\V�PXOWLSOH�UROHV��RU�WKDW�D�VLQJOH�HOHPHQW�KDV�WKH�DVSHFWV�DQG�SURSHUWLHV�RI
PXOWLSOH� W\SHV� RI � GHVLJQ� HOHPHQWV��$V� D� UHVXOW�� LW� LV� SRVVLEOH� WR� DEVWUDFW� VSHFLILF�� FRPPRQ
DVSHFWV� RI � GHVLJQ� HOHPHQWV� LQWR� DQ� DSSURSULDWH� FROOHFWLRQ� RI � W\SHV� DQG� FRPSRVH� WKRVH
DVSHFWV� LQWR� LQVWDQFHV�ZLWK�WKH�GHVLUHG�SURSHUWLHV�E\�VLPSO\�VHOHFWLQJ�DQ�DSSURSULDWH�VHW�RI
W\SHV�IRU�WKH�JLYHQ�LQVWDQFH��7KH�LQVWDQFH�LQKHULWV�DOO�RI �WKH�DVSHFWV�FDSWXUHG�LQ�HDFK�RI �WKH
W\SHV�LW�GHFODUHV�WKDW�LW�VDWLVILHV�

)RU� H[DPSOH�� WKUHH� RUWKRJRQDO� DUFKLWHFWXUDO� DVSHFWV� RI � FRPSRQHQWV�PLJKW� EH� FDSWXUHG� LQ
WKUHH� LQGHSHQGHQW�FRPSRQHQW�W\SHV�FDOOHG� VXSSRUWV�WUDQVDFWLRQV��PXOWL�WKUHDGHG��DQG�SHUVLVWV�GDWD�
(DFK�RI � WKHVH�FRPSRQHQW� W\SHV�GHILQHV� MXVW� WKH�SURSHUWLHV�DQG�VWUXFWXUH�RI �D� FRPSRQHQW
WKDW�DUH�UHTXLUHG�IRU�WKH�DVSHFWV�WKDW�WKH�W\SH�FDSWXUHV��7R�PDNH�D�QHZ�LQVWDQFH�RI �D�GDWDEDVH
FRPSRQHQW� WKDW� KDV� DOO� RI � WKHVH� SURSHUWLHV� DQ� DUFKLWHFW� FRXOG� VLPSO\� XVH� WKH� IROORZLQJ
GHFODUDWLRQ�

Component superDB : supports-transactions, multi-threaded, persists-data = …;

7KH�DUFKLWHFW�ZRXOG�� RI � FRXUVH��SUREDEO\� DOVR�ZDQW� WR� H[WHQG� WKH� LQVWDQFH�ZLWK� DGGLWLRQDO
LQIRUPDWLRQ� VSHFLILF� WR� WKDW� LQVWDQFH�� 7KLV� FDSDELOLW\� LV� VXSSRUWHG� ZLWK� WKH� H[WHQGHG� ZLWK
FRQVWUXFW�

7KLV� WHFKQLTXH� FDQ� DOVR�EH�XVHG� WR� FUHDWH�QHZ� VXEW\SHV� WKDW� UHXVH� DOO�RI � WKH� VSHFLILFDWLRQ
GHWDLOV�RI � WKHLU� VXSHUW\SHV��7KH�SUHYLRXV� H[DPSOH� FDQ�EH� UHDGLO\�PRGLILHG� WR�GHILQH� D�QHZ
W\SH�RI �GDWDEDVH�FRPSRQHQW�UDWKHU�WKDQ�DQ�LQVWDQFH��DV�WKH�IROORZLQJ�GHFODUDWLRQ�LOOXVWUDWHV�

Component Type superDBT extends  supports-transactions,
 multi-threaded,
 persists-data with  {…};

7KH� DELOLW\� WR� GHFODUH� PXOWLSOH� W\SHV� IRU� LQVWDQFHV� DQG� PXOWLSOH� VXSHUW\SHV� IRU� W\SH
GHFODUDWLRQV�ZLWK�VXFK�HDVH�FRPHV�GLUHFWO\�IURP�WKH�SUHGLFDWH�IRXQGDWLRQ�RI �$UPDQL·V�W\SH
V\VWHP��3UHGLFDWHV�DUH�KLJKO\�PRGXODU�DQG�UHDGLO\�FRPSRVHG�WKURXJK�FRQMXQFWLRQ��/LNHZLVH�
WKLV�FDSDELOLW\�H[WHQGV�WR�DOO�W\SHV�RI �DUFKLWHFWXUDO�HOHPHQW�W\SHV��HYHQ�VW\OHV�

7KLV� FDSDELOLW\� KDV� SURYHQ� WR� EH� SDUWLFXODUO\� XVHIXO�� 7KH� FDVH� VWXGLHV� LQ� &KDSWHU� �� DQG� �
LOOXVWUDWH�WKDW�PRVW�RI �DUFKLWHFWV�ZKR�KDYH�WDNHQ�DGYDQWDJH�RI �WKLV�FDSDELOLW\�KDYH�IRXQG�LW�WR
EH�SRZHUIXO��IOH[LEOH��DQG�LQWXLWLYH�
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6XSSRUWLQJ� WKLV� WULYLDO� FRPSRVLWLRQ� RI � W\SHV� LQWURGXFHV� WKH� RSSRUWXQLW\� IRU� WZR� NLQGV� RI
FRQIOLFWV� ²� QDPLQJ� FRQIOLFWV� DQG� FRQFHSWXDO� PLVPDWFK� FRQIOLFWV�� 1DPLQJ� FRQIOLFWV� DUH
UHODWLYHO\� HDV\� WR� GHDO� ZLWK�� 7KH� XVH� RI � DQ� DPELJXRXV� QDPH� ZLWKLQ� D� W\SH� RU� LQVWDQFH
VSHFLILFDWLRQ�LV�VLPSO\�DQ�HUURU��$�ODQJXDJH�XVHU�FDQ�DYRLGHG�QDPLQJ�FRQIOLFWV�E\�TXDOLI\LQJ
UHIHUHQFHV�WR�QDPHV�WKDW�DUH�VKDUHG�E\�PXOWLSOH�VXSHUW\SHV��RU�GHFODUHG�LQ�PXOWLSOH�W\SHV�WKDW
WKH�HOHPHQW� LQVWDQWLDWHV���)RU�H[DPSOH�� WKH� IROORZLQJ�SDLU�RI � VW\OH�GHFODUDWLRQV�ERWK�GHILQH
WKH� FOLHQW� W\SH��:KHQ� WKH� VDPSOH� V\VWHP� LQVWDQWLDWHV� D� FOLHQW�W\SHG� FRPSRQHQW� LW� QHHGV� WR
XQDPELJXRXVO\�VSHFLI\�ZKLFK�RI �WKH�FOLHQW�W\SH�GHFODUDWLRQV�LW�LV�LQVWDQWLWLQJ�

Style  generic-cs = { ... Component Type  client = {...} ... };
Style  special-cs = { ... Component Type  client = {...} ... };

System  sample : generic-cs, special-cs = {
  Component  generic-client : generic-cs.client = {...};
  Component  special-client : special-cs.client = {...};
}

4XDOLILFDWLRQ�ZLWK�D�W\SH�QDPH�LV�UHTXLUHG�RQO\�ZKHUH�WKH�ODFN�RI �D�TXDOLI\LQJ�LGHQWLILHU�OHDGV
WR�DPELJXLW\�

7KH�VHFRQG�W\SH�RI �FRQIOLFW�WKDW�FDQ�RFFXU�ZKHQ�XVLQJ�PXOWLSOH�VW\OHV�ZLWKLQ�D�VLQJOH�V\VWHP
DUH� FRQFHSWXDO� PLVPDWFKHV�� 7KHVH� FRQIOLFWV� RFFXU� EHFDXVH� WKH� VW\OHV� EHLQJ� XVHG� DUH
IXQGDPHQWDOO\�LQFRPSDWLEOH�ZLWK�HDFK�RWKHU��$Q�H[DPSOH�RI �VXFK�D�FRQIOLFW�LV�D�V\VWHP�WKDW
PHUJHV�D�SLSH�ILOWHU� VW\OH��ZKLFK� UHTXLUHV� WKDW� DOO� FRPSRQHQWV�DUH� ILOWHUV� DQG�DOO� FRQQHFWRUV
DUH�SLSHV��ZLWK�D�FOLHQW�VHUYHU�VW\OH�WKDW�UHTXLUHV�DOO�FRPSRQHQWV�WR�EH�FOLHQWV�RU�VHUYHUV�DQG
DOO�FRQQHFWRUV�WR�EH�+773�VWUHDPV��8QOHVV�WKH�UHTXLUHG�W\SHV�DUH��DFFLGHQWDOO\��FRPSDWLEOH
ZLWK�HDFK�RWKHU��H�J��LQVWDQFHV�RI �)LOWHUV�VDWLVI\�WKH�FRQVWUDLQWV�RI �&OLHQW��QRQ�HPSW\�V\VWHP
LQVWDQFHV�FDQ�QRW�EH�FUHDWHG�WKDW�VDWLVI\�WKH�FRQVWUDLQWV�RI �ERWK�VW\OHV�

,W� LV� XS� WR� $UPDQL� XVHUV� WR� GHWHFW� DQG� DYRLG� VXFK� FRQFHSWXDO� FRQIOLFWV�� )XQGDPHQWDO
FRQFHSWXDO�FRQIOLFWV�ZLOO�JHQHUDOO\�EH�UHDGLO\�DSSDUHQW�WR�WKH�XVHU�EHFDXVH�KH�RU�VKH�LV�XQDEOH
WR�LQVWDQWLDWH�WKH�VWUXFWXUH�RU�SURSHUWLHV�WKDW�GHVLUHG�ZLWKRXW�FUHDWLQJ�W\SH�HUURUV��,Q�JHQHUDO�
WKH�DELOLW\�WR�GHWHFW�GHHS�FRQFHSWXDO�PLVPDWFKHV�DOVR�UHTXLUHV�D�GHJUHH�RI �WDVWH��MXGJHPHQW�
DQG�H[SHULHQFH�RQ�WKH�SDUW�RI �WKH�DUFKLWHFW�XVLQJ�WKH�WRRO��8VLQJ�PXOWLSOH�VW\OHV� LQ�D�VLQJOH
V\VWHP� LQVWDQFH� H[SDQGV� WKH� YRFDEXODU\� DYDLODEOH� IRU� XVH� LQ� WKDW� V\VWHP� EXW� JHQHUDOO\
FRQVWUDLQV�WKH�GHVLJQ�RI �WKH�V\VWHP�IXUWKHU�E\�LQWURGXFLQJ�DGGLWLRQDO�GHVLJQ�FRQVWUDLQWV��$V
WKH�SUHYLRXV�H[DPSOH� LQGLFDWHV�� LW� LV�SRVVLEOH�WR�RYHUO\�FRQVWUDLQ�D�GHVLJQ�E\�XVLQJ�PXOWLSOH
VW\OHV�� 7RROV� FDQ� EH� GHYHORSHG� WR� GHWHFW� REYLRXV� VW\OH� LQFRPSDWLELOLWLHV� EXW� WKH\� ZLOO� QRW
HOLPLQDWH�WKH�QHHG�WR�EH�FDUHIXO�ZKHQ�XVLQJ�PXOWLSOH�VW\OHV�IRU�D�VLQJOH�V\VWHP�LQVWDQFH�

����� )RUPDO�W\SH�V\VWHP�VHPDQWLFV

7KURXJKRXW�WKLV�FKDSWHU·V�SUHVHQWDWLRQ�RI �$UPDQL·V�W\SH�V\VWHP�,�KDYH�UHSHDWHGO\�GHIHUUHG�D
GHWDLOHG� GLVFXVVLRQ� RI � WKH� W\SH� V\VWHP·V� IRUPDO� VHPDQWLFV�� 5DWKHU� WKDQ� UHSHDW� WKH� OHQJWK\
SUHVHQWDWLRQ� RI � WKH� ODQJXDJH·V� VHPDQWLFV� WKDW� FDQ� EH� IRXQG� LQ� >0RQ��@�� LQ� WKLV� VHFWLRQ� ,
SURYLGH� D� KLJK�OHYHO� RYHUYLHZ� RI � WKH� DSSURDFK� WDNHQ� WR� IRUPDOL]H� WKH� W\SH� V\VWHP·V
VHPDQWLFV�
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$UPDQL·V� SUHGLFDWH�EDVHG� W\SH� V\VWHPV� FDQ� EH� UHSUHVHQWHG� GHQRWDWLRQDOO\�ZLWK� D� VHW�EDVHG
IRUPDOLVP��8VLQJ�WKLV�IRUPDOLVP��DOO�HQWLWLHV�LQ�WKH�V\QWDFWLF�GRPDLQ�DUH�PDSSHG�WR�HOHPHQWV
DQG�VHWV�LQ�WKH�VHPDQWLF�GRPDLQ��7\SHFKHFNLQJ�LV�UHGXFHG�WR�D�WHVW�IRU�VHW�PHPEHUVKLS��7KH
W\SHFKHFNLQJ�UXOHV�XVHG�DUH�VRXQG�LI �WKH\�JXDUDQWHH�WKDW�DOO�HQWLWLHV�H�WKDW�FODLP�WR�VDWLVI\�D
W\SH�7� LQ� WKH� V\QWDFWLF�ZRUOG� FRUUHVSRQG� WR� DQ� HOHPHQW� LQ� WKH� VHPDQWLF� GRPDLQ� WKDW� LV� D
PHPEHU� RI � WKH� VHW� GHILQHG� E\� 7� LQ� WKH� VHPDQWLF� GRPDLQ�� 0RUH� IRUPDOO\�� WKH� IROORZLQJ

HTXDWLRQ� PXVW� KROG�� ZKHUH�0� GHILQHV� WKH� PHDQLQJ� IXQFWLRQ� WKDW� PDSV� HQWLWLHV� IURP� WKH

V\QWDFWLF�GRPDLQ�WR�WKH�VHPDQWLF�GRPDLQ�

H���7��⇒��0��H��∈�0��7�

)RUWXQDWHO\��$UPDQL�LV�QRW�WKH�ILUVW�ODQJXDJH�WR�PDNH�XVH�RI �D�IOH[LEOH�SUHGLFDWH�EDVHG�W\SH
V\VWHP��$V�D�UHVXOW��GHILQLQJ�WKH�IRUPDO�VHPDQWLFV�IRU�VXFK�D�W\SH�V\VWHP�LV�EDVLFDOO\�D�VROYHG
SUREOHP��6SHFLILFDOO\��396�>26��@�SURYLGHV�D�GHWDLOHG�IRUPDO�VHPDQWLFV�IRU� WKHLU�SUHGLFDWH�
EDVHG�W\SH�ODQJXDJH��$OWKRXJK�396�LV�VLJQLILFDQWO\�PRUH�FRPSOH[�DQG�SRZHUIXO�WKDQ�$UPDQL
�DV�GLVFXVVHG�LQ�VHFWLRQ���������ZH�ZHUH�DEOH�WR�VOLJKWO\�H[WHQG�WKH�VHPDQWLFV�IRU�D�VXEVHW�RI
WKH� IXOO� 396� ODQJXDJH� WR� FDSWXUH�$UPDQL·V� W\SH� VHPDQWLFV�� 7KH� LPSRUWDQW� DVSHFWV� RI � WKLV
H[WHQVLRQ� LQFOXGHG� DGGLQJ� VXSSRUW� IRU� UHFRUG� W\SHV� WR� WKH� 396� IRUPDO� VSHFLILFDWLRQ� DQG



��

$V� WKLV� OLVW� LOOXVWUDWHV�� WKH� $UPDQL� GHVLJQ� ODQJXDJH� SURYLGHV� HQRXJK� FRQVWUXFWV� WR� VSHFLI\
DUFKLWHFWXUDO�VWUXFWXUH��SURSHUWLHV��FRQQHFWLYLW\��DQG�GHVLJQ�UXOHV�LQ�D�YDULHW\�RI �GLIIHUHQW�ZD\V
ZLWKRXW�SURYLGLQJ�DQ�RYHUZKHOPLQJ�DQG�VHPDQWLFDOO\�LQWUDFWDEOH�DUUD\�RI �FRQVWUXFWV��$OO�RI
WKLV�H[SUHVVLYH�FDSDELOLW\�HPSKDVL]HV�VWDWLF�VWUXFWXUH�DQG�WKH�DELOLW\�WR�YHULI\�WKDW�SURSHUWLHV
RI �WKDW�VWUXFWXUH�KROG�

7KH� ODQJXDJH
V� H[SUHVVLYHQHVV� UHTXLUHPHQW� LV� JLYHQ� LQ� WHUPV� RI � KRZ� WKH� ODQJXDJH
V
FRQVWUXFWV�PDWFK�WKH�H[SUHVVLYH�QHHGV�RI �VRIWZDUH�DUFKLWHFWV��'HWHUPLQLQJ�ZKHWKHU�WKLV�LV�DQ
DSSURSULDWH� RU� RYHUO\� OLPLWHG� VHW� RI � H[SUHVVLYH� FDSDELOLWLHV� LV� GLIILFXOW� ZLWKRXW� GUDZLQJ� RQ
H[SHULHQFH� XVLQJ� WKH� ODQJXDJH� WR� GHVLJQ� VRIWZDUH� V\VWHPV� DQG� FDSWXUH� DUFKLWHFWXUDO� GHVLJQ
H[SHUWLVH��3OHDVH� VHH� WKH� FDVH� VWXGLHV� LQ�FKDSWHUV��� DQG��� IRU� D�GHWDLOHG�GLVFXVVLRQ�RI �KRZ
WKHVH�H[SHULPHQWV� LQGLFDWH�WKDW�$UPDQL
V�GHVLJQ�ODQJXDJH� LV�FDSDEOH�H[SUHVVLQJ�GHVLJQV�DQG
GHVLJQ�H[SHUWLVH�IRU�D�EURDG�UDQJH�RI �DUFKLWHFWXUDO�VW\OHV��7KHVH�FDVH�VWXGLHV�DOVR�LQGLFDWH�WKDW
WKH�ODQJXDJH�SURYLGHV�VXIILFLHQW�GHSWK�RI �H[SUHVVLRQ�WR�FDSWXUH�LQWHUHVWLQJ�FRQFHSWV�ZLWKLQ
WKH�VW\OHV�

$UPDQL
V� EURDG� DUUD\� RI � FRQVWUXFWV� IRU� FDSWXULQJ� GHVLJQV� DQG� GHVLJQ� H[SHUWLVH�� FRPELQHG
ZLWK� WKH� FDVH� VWXG\� H[SHULHQFHV� XVLQJ� WKH� ODQJXDJH� DUJXH� WKDW� WKH� ODQJXDJH� VDWLVILHV� LWV
H[SUHVVLYHQHVV�UHTXLUHPHQW�

����� $QDO\]DELOLW\

$UPDQL·V�GHVLJQ�ODQJXDJH�PXVW�VXSSRUW�WKH�HYDOXDWLRQ�DQG�DQDO\VLV�RI �DUFKLWHFWXUDO�GHVFULSWLRQV�

6XSSRUW�IRU�WKH�DQDO\VLV�RI �DUFKLWHFWXUDO�VSHFLILFDWLRQV�OLHV�DW�WKH�FRUH�RI �WKH�$UPDQL�GHVLJQ
ODQJXDJH�� $V� D� UHVXOW�� $UPDQL
V� GHVLJQ� ODQJXDJH� UHDGLO\� VDWLVILHV� WKLV� UHTXLUHPHQW�� 7KH
ODQJXDJH� VXSSRUWV� WZR�EDVLF�NLQGV�RI � DQDO\VLV��)LUVW�� LW�KDV� D� �EXLOW�LQ�� DQDO\WLFDO� FDSDELOLW\
SURYLGHG� E\� WKH� ODQJXDJH
V� W\SHFKHFNLQJ� V\VWHP�� 6HFRQG�� LW� KDV� WKH� DELOLW\� WR� DQQRWDWH
DUFKLWHFWXUDO�VSHFLILFDWLRQV�ZLWK�SURSHUWLHV�WKDW�FDQ�EH�DQDO\]HG�E\�H[WHUQDO�WRROV�

$UPDQL
V�W\SHFKHFNLQJ�SURFHVV�SURYLGHV�WKH�ODQJXDJH
V�SULPDU\��EXLOW�LQ��DQDO\WLFDO�FDSDELOLW\�
7KH�W\SHFKHFNLQJ�SURFHVV�GHWHUPLQHV�ZKHWKHU�DQ�LQVWDQFH�RI �DQ�DUFKLWHFWXUDO�VSHFLILFDWLRQ��D�
VDWLVILHV�DOO�RI � LWV� W\SH�GHFODUDWLRQV��DQG��E��VDWLVILHV�DOO�RI � LWV� LQVWDQFH�VSHFLILF�GHVLJQ�UXOHV�
%HFDXVH�$UPDQL
V� W\SH� V\VWHP� DQG� GHVLJQ� FRQVWUDLQW� ODQJXDJH� DOORZV� DUFKLWHFWV� WR� VSHFLI\
FRPSOH[� SUHGLFDWH� FRQVWUDLQWV� DQG� W\SHV�� WKH� W\SHFKHFNLQJ� SURFHVV� SURYLGHV� VRSKLVWLFDWHG
DQDO\WLFDO�FDSDELOLWLHV�ZKHQ�XVHG�SURSHUO\�

%HFDXVH�DOO�GHVLJQ�UXOHV�WKDW�FDQ�EH�H[SUHVVHG�LQ�WKH�$UPDQL�GHVLJQ�ODQJXDJH�FDQ�EH�YHULILHG
ZLWK�$UPDQL
V�W\SHFKHFNHU��LW�LV�SRVVLEOH�WR�HYDOXDWH�DUELWUDULO\�FRPSOH[�GHVLJQ�UXOHV�ZLWKRXW
KDYLQJ�WR�PDNH�XVH�RI �DQ\�DQDO\VLV�WRROV�RWKHU�WKDQ�WKH�$UPDQL�W\SHFKHFNHU��$V�,�GLVFXVVHG
LQ�GHWDLO� LQ� VHFWLRQ������RQH�RI � WKH�SULPDU\� LVVXHV� LQ�VHOHFWLQJ�DQ�XQGHUO\LQJ�IRUPDOLVP�IRU
FDSWXULQJ� GHVLJQ� FRQVWUDLQWV� DQG� FUHDWLQJ� D� ODQJXDJH� IRU� H[SUHVVLQJ� WKRVH� FRQVWUDLQWV� ZDV
GHFLGDELOLW\��,�KDG�WR�OLPLW�WKH�W\SH�EDVHG�DQDO\]DELOLW\�RI �WKH�ODQJXDJH�LQ�WZR�LPSRUWDQW�ZD\V
WR�LQVXUH�WKDW�WKH�SURFHVV�RI �W\SHFKHFNLQJ�GHVLJQ�VSHFLILFDWLRQV�UHPDLQHG�GHFLGDEOH��7KH�ILUVW
FRQVWUDLQW�LV�WKDW�TXDQWLILFDWLRQV�RYHU�LQILQLWH�VHWV�DUH�QRW�VXSSRUWHG��7KH�VHFRQG�FRQVWUDLQW
LV� WKDW� WKH� W\SHFKHFNHU� GRHV� QRW� SURYLGH� DQ\� PHWD�HYDOXDWLRQ� FDSDELOLW\� IRU� LQIHUULQJ� RU
SURYLQJ� SURSHUWLHV� DERXW� W\SH� DQG� VW\OH� VSHFLILFDWLRQV� WKHPVHOYHV�� $UPDQL
V� W\SH� DQDO\VLV
LQIUDVWUXFWXUH�FDQQRW��IRU�H[DPSOH��GHWHUPLQH�ZKHWKHU�LW�LV�SRVVLEOH�WR�FUHDWH�D�YDOLG�LQVWDQFH
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RI � D� JLYHQ� W\SH� 7�� 1HLWKHU� RI � WKHVH� FRQVWUDLQWV� SURYHG� WR� EH� SDUWLFXODUO\� SUREOHPDWLF� LQ
SUDFWLFH�

$OWKRXJK� YHU\� SRZHUIXO��$UPDQL
V� W\SHFKHFNLQJ� FDSDELOLW\�QHLWKHU� HQDEOHV�QRU� SURYLGHV� DOO
GHVLUDEOH� IRUPV� RI � DUFKLWHFWXUDO� DQDO\VLV�� 5HFRJQL]LQJ� WKDW� RQO\� D� FRUH� DQDO\WLFDO� FDSDELOLW\
VKRXOG�EH�EXLOW�GLUHFWO\�LQWR�WKH�ODQJXDJH�LQIUDVWUXFWXUH��DUFKLWHFWXUDO�GHVLJQV�VSHFLILHG�LQ�WKH
$UPDQL� GHVLJQ� ODQJXDJH� FDQ� EH� DUELWUDULO\� DQQRWDWHG� ZLWK� SURSHUWLHV� WR� EH� DQDO\]HG� DQG
HYDOXDWHG� E\� H[WHUQDO� GHVLJQ� WRROV�� 7KH� GHWHUPLQDWLRQ�� IRU� H[DPSOH�� RI � PDQ\� HPHUJHQW
V\VWHP�SURSHUWLHV� DUH� FDOFXODWHG�ZLWK� H[WHUQDO� WRROV��7KLV� DSSURDFK� DOORZV� WKH� ODQJXDJH� WR
VXSSRUW�DUELWUDU\�IRUPV�RI �DQDO\VLV�ZKLOH�OLPLWLQJ�WKH�QXPEHU�RI �GRPDLQ�VSHFLILF�FRQVWUXFWV
WKDW� LW� QHHGV� WR� VXSSRUW� QDWLYHO\�� ,� GLVFXVV� KRZ� $UPDQL
V� HQYLURQPHQW� LQIUDVWUXFWXUH
VXSSRUWV�WKH�LQWHJUDWLRQ�RI �H[WHUQDO�DQDO\VLV�WRROV�LQ�GHWDLO�LQ�&KDSWHU���DQG�WKH�FDVH�VWXGLHV
SUHVHQWHG�LQ�FKDSWHUV�����LOOXVWUDWH�WKH�IHDVDELOLW\�DQG�XWLOLW\�RI �WKLV�DSSURDFK�

����� ,QFUHPHQWDOLW\

7KH� ODQJXDJH� PXVW� VXSSRUW� LQFUHPHQWDO� FDSWXUH� RI � DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH� DQG� LQFUHPHQWDO
PRGLILFDWLRQV�WR�DUFKLWHFWXUDO�VSHFLILFDWLRQV�

7KH�$UPDQL�GHVLJQ�ODQJXDJH�SURYLGHV�D�QXPEHU�RI �FRQVWUXFWV�DQG�FDSDELOLWLHV�WKDW�DOORZ�LW
WR�PHHW�WKLV�UHTXLUHPHQW��)LUVW��DOO�RI �$UPDQL
V�FRUH�FRQVWUXFWV�DUH�H[SOLFLWO\�GHVLJQHG�WR�EH
LQFUHPHQWDOO\�FRPSRVDEOH��$V�D�UHVXOW��LQFUHPHQWDOO\�DGGLQJ�QHZ�SURSHUWLHV��VWUXFWXUH��GHVLJQ
UXOHV��W\SH�GHFODUDWLRQV��HWF��WR�GHVLJQ�HOHPHQWV�DQG�GHVLJQ�HOHPHQW�W\SHV�LV�D�VWUDLJKWIRUZDUG
RSHUDWLRQ�� /LNHZLVH�� LQFUHPHQWDOO\� DGGLQJ� WKH� H[SHUWLVH� DQG� VWUXFWXUH� FRQWDLQHG� LQ� D� W\SH
VSHFLILFDWLRQ�WR�D�VXEW\SH�RU�DQ�LQVWDQFH�RI �D�GHVLJQ�HOHPHQW�LV�WULYLDO��$V�GHVFULEHG�HDUOLHU�LQ
WKLV�FKDSWHU��DOO�WKDW�LV�UHTXLUHG�LV�VLPSO\�GHFODULQJ�WKDW�WKH�VXEW\SH�RU�LQVWDQFH�LQKHULWV�IURP
WKH�VXSHUW\SH�

6HFRQG�� $UPDQL
V� PRGXODU� ODQJXDJH� FRQVWUXFWV� XQGHUOLH� DQG� HQDEOH� WKLV� FRPSRVDELOLW\�
5HTXLULQJ�WKDW�DOO�GHVLJQ�HOHPHQW�DQG�GHVLJQ�H[SHUWLVH�VSHFLILFDWLRQV�EH�SDFNDJHG�LQ�VWDQGDUG�
GLVFUHWH� XQLWV�PDNHV� LW� SRVVLEOH� WR�SURYLGH� D� VWDQGDUG� VHW� RI � LQFUHPHQWDO� LQWHJUDWLRQ� UXOHV�
7KHVH�UXOHV�GHILQH�D�IUDPHZRUN�IRU� LQFUHPHQWDOO\�DGGLQJ�RU�UHPRYLQJ�VWUXFWXUH��SURSHUWLHV�
DQG� GHVLJQ� UXOHV� IURP� GHVLJQ� HOHPHQW� W\SHV� DQG� LQVWDQFHV�� 7KHVH� UXOHV� DOVR� VXSSRUW� WKH
LQFUHPHQWDO�PRGLILFDWLRQ� RI � WKH� SURSHUWLHV�� VXEVWUXFWXUH�� DQG� GHVLJQ� UXOHV� WKHPVHOYHV�� %\
SURYLGLQJ� VWDQGDUG� FRQWDLQHUV� �GHVLJQ� UXOHV�� FRPSRQHQWV�� HWF���� IRU� WKH� VSHFLILFDWLRQ� RI
GHVLJQV� DQG� GHVLJQ� H[SHUWLVH�� LW� LV� HDV\� IRU� ERWK� PDFKLQHV� DQG� SHRSOH� WR� XQGHUVWDQG� WKH
PHDQLQJ�RI �FRPSRVLQJ�WKHVH�HQWLWLHV�

7KLUG�� $UPDQL
V� VXEW\SLQJ� GLVFLSOLQH� HQFRXUDJHV� GHVLJQHUV� WR� LQFUHPHQWDOO\� H[WHQG� WKHLU
GHVLJQ� YRFDEXODU\� DQG� VW\OHV� DV� QHHGHG�� 7\SHV� FDQ� EH� WULYLDOO\� H[WHQGHG� ZLWK� DGGLWLRQDO
LQIRUPDWLRQ� E\� FUHDWLQJ� D� VXEW\SH� WKDW� GHILQHV� RQO\� WKH� LQFUHPHQWDO� DGGLWLRQV� WKDW� WKH
VXEW\SH�PDNHV� WR� WKH� VXSHUW\SH�� 6XEW\SLQJ� LV� D� VWDQGDUG�� ZHOO�XQGHUVWRRG�PHFKDQLVP� IRU
LQFUHPHQWDO� H[WHQVLRQ�� ,W� ZRUNV� SDUWLFXODUO\� ZHOO�� KRZHYHU�� ZLWK� $UPDQL
V� ULFK� SUHGLFDWH
ODQJXDJH� WR� VXSSRUW� WKH� LQFUHPHQWDO� FUHDWLRQ�RI �GHVLJQ� HOHPHQW� W\SHV� WKDW� FDSWXUH� H[DFWO\
WKH�H[SHUWLVH�QHHGHG�WR�PHHW�D�SDUWLFXODU�GHVLJQ�JRDO�

$V� ,� GLVFXVV� LQ� &KDSWHU� ��� KDYLQJ� D� PRGXODU� DQG� LQFUHPHQWDO� ODQJXDJH� IRU� FDSWXULQJ
DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH� SURYLGHV� D� VXSHUE� IRXQGDWLRQ� IRU� EXLOGLQJ� DQ� LQFUHPHQWDOO\
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FRQILJXUDEOH�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW��,WV�XWLOLW\�H[WHQGV��KRZHYHU��EH\RQG
LWV�UROH�LQ�FXVWRPL]LQJ�WKH�$UPDQL�GHVLJQ�HQYLURQPHQW��7KH�DELOLW\�WR�FROOHFW�GHVLJQ�H[SHUWLVH
LQ� VPDOO�� PRGXODU�� DQG� FRPSRVDEOH� SDFNHWV� VLPSOLILHV� WKH� FRQFHSWXDO� HIIRUW� UHTXLUHG� WR
FDSWXUH�DQG�H[SUHVV�WKH�GHVLJQ�H[SHUWLVH�LWVHOI��)XUWKHUPRUH��LW�DOORZV�GHVLJQHUV�WR�VHOHFW�WKH
H[SHUWLVH� WKDW� WKH\�QHHG�IRU�D�VSHFLILF�SURMHFW�DQG� WR�TXLFNO\�DGDSW� WKH�EDVLF�FRQFHSWV� WKDW
WKH\�KDYH�WR�ZRUN�ZLWK�

��� $UFKLWHFWXUDO�VSHFLILFDWLRQV�DQG�LPSOHPHQWDWLRQ�FRGH

7KH� $UPDQL� GHVLJQ� ODQJXDJH� LV� IXQGDPHQWDOO\� D� GHFODUDWLYH� ODQJXDJH� IRU� GHVFULELQJ� WKH
DEVWUDFW� DUFKLWHFWXUDO� VWUXFWXUH� DQG� SURSHUWLHV� RI � VRIWZDUH� V\VWHP� GHVLJQV�� DV� ZHOO� DV
FRQVWUDLQWV� RQ� WKH� HYROXWLRQ� RI � WKRVH� GHVLJQV�� %HFDXVH� LW� LV� QRW� LQWHQGHG� WR� EH� XVHG� DV� D
SURJUDPPLQJ�ODQJXDJH��LW�GRHV�QRW�SURYLGH�FRQVWUXFWV�IRU�GHVFULELQJ�SURJUDP�OHYHO�EHKDYLRU
RU�WKH�DOJRULWKPV�XVHG�WR�LPSOHPHQW�FRPSRQHQW�DQG�FRQQHFWRU�IXQFWLRQDOLW\��%\�GHVLJQ��LW�LV
QRW�SRVVLEOH�WR�FRPSLOH�DQ�DUELWUDU\�$UPDQL�VSHFLILFDWLRQ�LQWR�DQ�H[HFXWDEOH�V\VWHP�

$OWKRXJK� DW� ILUVW� JODQFH� WKLV� GLVFRQQHFW� EHWZHHQ� DUFKLWHFWXUDO� GHVLJQ� DQG� SURJUDP
LPSOHPHQWDWLRQ�PLJKW�DSSHDU�SUREOHPDWLF��LW�SURYLGHV�DW�OHDVW�WZR�VLJQLILFDQW�EHQHILWV��)LUVW�
LW�DOORZV�DUFKLWHFWV� WR�IRFXV�RQ�ODUJH�VFDOH�TXHVWLRQV�DERXW�KRZ�D�V\VWHP·V�FRPSRQHQWV�DUH
JRLQJ�WR�ZRUN�WRJHWKHU�DQG�UHDVRQ�DERXW�WKH�V\VWHP�ZLGH�SURSHUWLHV�WKDW�ZLOO�HPHUJH�IURP
WKH�FRPSRVLWLRQ�RI �WKH�V\VWHP·V�FRPSRQHQWV�DQG�FRQQHFWRUV��:RUNLQJ�LQGHSHQGHQW�RI �WKH
LPSOHPHQWDWLRQ� FRGH� HQFRXUDJHV� DUFKLWHFWV� WR� JHW� WKH� KLJK�OHYHO�� DEVWUDFW� GHVLJQ� FRUUHFW
EHIRUH�ZRUU\LQJ�DERXW�WKH�LPSOHPHQWDWLRQ�GHWDLOV��6HFRQG��D�JUHDW�GHDO�RI �GHVLJQ�GRQH�DW�WKH
DUFKLWHFWXUDO� OHYHO� RI � DEVWUDFWLRQ� LV� FRQFHUQHG� ZLWK� FRPSRVLQJ� HQWLWLHV� IRU� ZKLFK� WKH
DUFKLWHFW�KDV�QR�DFFHVV� WR�VRXUFH�FRGH��7KH�FRPSRQHQWV�DQG�FRQQHFWRUV�ZLWK�ZKLFK�KH�RU
VKH�PXVW�ZRUN�KDYH�EHHQ�SXUFKDVHG�IURP�WKLUG�SDUW\�VXSSOLHUV�ZKR�SURYLGH�DQ�LQWHUIDFH�DQG
VRPH� IRUP� RI � GHVFULSWLRQ� RI � WKH� FRPSRQHQW� RU� FRQQHFWRU·V� EHKDYLRUDO� DQG� D�IXQFWLRQDO
SURSHUWLHV��EXW�QR�VRXUFH�FRGH��,Q�WKHVH�FDVHV��PDSSLQJ�WR�WKH�VRXUFH�FRGH�WKDW�LPSOHPHQWV
WKH� FRPSRQHQWV� LV� EDVLFDOO\� D� QRQ�LVVXH�� DV� WKH� DUFKLWHFW� KDV� QR� DFFHVV� WR� WKH� FRGH�� 7KH
LPSRUWDQW� DUFKLWHFWXUDO� LVVXHV� DUH� GHWHUPLQLQJ� WKH� LQWHUIDFHV� WKDW� WKH� FRPSRQHQW� RU
FRQQHFWRU�SURYLGHV�� LW·V�SURSHUWLHV��WKH�UXOHV�WKDW�PXVW�EH�IROORZHG�WR�VXFFHVVIXOO\� LQWHJUDWH
WKH�HQWLW\�LQWR�D�V\VWHP�VSHFLILFDWLRQ��DQG�HYDOXDWLQJ�KRZ�LW�ZLOO�ZRUN�LQ�D�SURSRVHG�V\VWHP
GHVLJQ�

$Q� LPSRUWDQW� LPSOLFDWLRQ�RI � WKLV� DSSURDFK� LV� WKDW� WKH� ODQJXDJH�KDV�D� YHU\�GLIIHUHQW� IODYRU
WKDQ�D�SURJUDPPLQJ�ODQJXDJH��6SHFLILFDOO\��WKH�$UPDQL�GHVLJQ�ODQJXDJH�KDV�QR�FRQFHSW�RI �DQ
H[HFXWLQJ� SURJUDP�� QRU� GRHV� LW� SURYLGH� FRQVWUXFWV� IRU� LWHUDWLRQ� RU� EUDQFKLQJ��$Q�$UPDQL
GHVFULSWLRQ�LV�VLPSO\�D�VSHFLILFDWLRQ�RI �D�VRIWZDUH�V\VWHP�GHVLJQ�RU�DEVWUDFW�GHVLJQ�H[SHUWLVH�

$OWKRXJK�$UPDQL� LV�QRW� LWVHOI �D�SURJUDPPLQJ� ODQJXDJH�� LW� LV�SRVVLEOH� WR�DVVRFLDWH�SURJUDP
FRGH� ZLWK� DQ� DUFKLWHFWXUDO� VSHFLILFDWLRQ�� 6SHFLILFDOO\�� VRXUFH� FRGH� DQG� DEVWUDFW� EHKDYLRUDO
VSHFLILFDWLRQV� WKDW� FRXOG� EH� XVHG� WR� JHQHUDWH� VRXFH� FRGH� FDQ� EH� DVVRFLDWHG� ZLWK� GHVLJQ
HOHPHQWV� �RU�GHVLJQ�HOHPHQW� W\SHV�� WKURXJK�$UPDQL·V�SURSHUW\�FRQVWUXFW��6SHFLILFDOO\�� FRGH
DQG�VSHFLILFDWLRQV�FDQ�HLWKHU�EH�VWRUHG�GLUHFWO\�DV�WKH�YDOXH�RI �D�SURSHUW\�RU�WKH�SURSHUWLHV
FDQ� VWRUH� UHIHUHQFHV� WR� WKH� FRGH� YLD� D�85/�RU� ILOH� QDPH��7KLV� KDV� SURYHQ� XVHIXO� LQ� FDVHV
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ZKHUH� WKH� DUFKLWHFW� ZRUNLQJ� ZLWK� $UPDQL� HLWKHU� KDV� WKH� VRXUFH� FRGH� IRU� D� FRPSRQHQW
FRQQHFWRU�DYDLODEOH��RU�ZLOO�HYHQWXDOO\�QHHG�WR�LPSOHPHQW�WKDW�FRGH�

$OWKRXJK� $UPDQL� GRHV� QRW� SURYLGH� EXLOW�LQ� PHFKDQLVPV� IRU� ULJRURXVO\� DQG� SURYDEO\
PDSSLQJ�DUFKLWHFWXUDO�VSHFLILFDWLRQV�WR�LPSOHPHQWDWLRQ�FRGH��GHYHORSLQJ�ZD\V�WR�GR�VR�LV�DQ
LPSRUWDQW�GLUHFWLRQ�IRU�IXWXUH�ZRUN��5HFHQW�ZRUN�RQ�WKLV�WRSLF�E\�0RULFRQL�HW�DO�>045��@
SURYLGHV�D�JRRG�VWDUW�EXW� LW�VROYHV�RQO\�SDUW�RI �WKH�SUREOHP��8QL&RQ·V�ZRUN�RQ�JHQHUDWLQJ
LPSOHPHQWDWLRQ� FRGH� IRU� FRPPRQ� FRQQHFWLRQ� PHFKDQLVPV� >6KDZ���@� SURYLGHV� DQRWKHU
SURPLVLQJ� DQG� OHVV� IRUPDO� DSSURDFK� WR� DXWRPDWLQJ� WKH� SURFHVV� RI � JHQHUDWLQJ
LPSOHPHQWDWLRQ�FRGH�IURP�DUFKLWHFWXUDO�VSHFLILFDWLRQV�

��� 6XPPDU\

7KH�$UPDQL�GHVLJQ�ODQJXDJH�GHVFULEHG�LQ�WKLV�FKDSWHU�PHHWV� LWV�UHTXLUHPHQWV��,W�SURYLGHV�D
ODQJXDJH� DQG� IUDPHZRUN� IRU� FDSWXULQJ� VRIWZDUH� DUFKLWHFWXUH� GHVLJQV� DQG� GHVLJQ� H[SHUWLVH�
7KH� ODQJXDJH� DOVR� VXSSRUWV� WKH� GHFODUDWLYH� DQG� LQFUHPHQWDOO\� PRGLILDEOH� VSHFLILFDWLRQ� RI
LQVWDQFHV� RI � DUFKLWHFWXUDO� GHVLJQV�� $V� D� UHVXOW�� WKH� $UPDQL� GHVLJQ� ODQJXDJH� SURYLGHV� DQ
LQIUDVWUXFWXUH�WKDW�GHPRQVWUDWHV�WKH�ILUVW�KDOI �RI �WKH�WKHVLV�FODLP�WKDW�LW�LV�SRVVLEOH�WR�FDSWXUH�D
VLJQLILFDQW�DQG�XVHIXO�FROOHFWLRQ�RI �VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH�ZLWK�D�ODQJXDJH�DQG�PHFKDQLVPV�IRU
H[SUHVVLQJ� GHVLJQ� YRFDEXODU\�� GHVLJQ� UXOHV�� DQG� DUFKLWHFWXUDO� VW\OHV�� 7KH� FDVH� VWXGLHV� GHVFULEHG� LQ
FKDSWHUV���DQG���EXLOG�RQ�WKLV�LQWURGXFWLRQ�WR�WKH�ODQJXDJH�DQG�LOOXVWUDWH�ZD\V�LQ�ZKLFK�WKH
ODQJXDJH�KDV�EHHQ�XVHG�WR�FDSWXUH�DUFKLWHFWXUDO�VW\OHV��V\VWHP�GHVFULSWLRQV��DQG�RWKHU�IRUPV
RI �DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�





���

&KDSWHU�� 

7KH�$UPDQL�’HVLJQ�(QYLURQPHQW

7KH�SUHYLRXV�FKDSWHU�GHPRQVWUDWHG�WKH�ILUVW�KDOI �RI � WKLV�GLVVHUWDWLRQ
V� WKHVLV��LW� LV�SRVVLEOH� WR
FDSWXUH� D� VLJQLILFDQW� DQG� XVHIXO� FROOHFWLRQ� RI � VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH� ZLWK� D� ODQJXDJH� DQG
PHFKDQLVPV�IRU�H[SUHVVLQJ�GHVLJQ�YRFDEXODU\��GHVLJQ�UXOHV��DQG�DUFKLWHFWXUDO�VW\OHV��7KLV�FKDSWHU�LOOXVWUDWHV
KRZ�$UPDQL�DGGUHVVHV�WKH�VHFRQG�KDOI �RI �WKH�WKHVLV��WKLV�FDSWXUHG�GHVLJQ�H[SHUWLVH�FDQ�EH�XVHG�WR
LQFUHPHQWDOO\�FXVWRPL]H�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�

,� GHPRQVWUDWH� WKLV� FODLP�E\�GHYHORSLQJ� D� UDSLGO\� FRQILJXUDEOH� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ
HQYLURQPHQW� WKDW� FDQ� EH� LQFUHPHQWDOO\� FXVWRPL]HG� ZLWK� GHVLJQ� H[SHUWLVH� VSHFLILFDWLRQV
FDSWXUHG�LQ�WKH�$UPDQL�GHVLJQ�ODQJXDJH��,Q�WKLV�FKDSWHU�,�OD\�RXW�WKH�UHTXLUHPHQWV�IRU�VXFK
DQ�HQYLURQPHQW��,� WKHQ�GHVFULEH�WKH�DUFKLWHFWXUH�RI � WKH�FRQILJXUDEOH�$UPDQL�HQYLURQPHQW�
VKRZ�KRZ�LW�VXSSRUWV� LQFUHPHQWDO�FXVWRPL]DWLRQ��DQG�GLVFXVV�VRPH�NH\� LVVXHV�VXUURXQGLQJ
WKLV� DSSURDFK�� )LQDOO\�� ,� DUJXH� WKDW� WKH� $UPDQL� HQYLURQPHQW·V� DUFKLWHFWXUH� VDWLVILHV� WKHVH
UHTXLUHPHQWV�

��� ’HVLJQ�HQYLURQPHQW�UHTXLUHPHQWV

7KH�$UPDQL�GHVLJQ�HQYLURQPHQW·V�SULPDU\�UHTXLUHPHQW�LV�WKDW�DQ�HQYLURQPHQW�GHYHORSHU�EH
DEOH�WR�UDSLGO\�UHFRQILJXUH�LW�ZLWK�GHVLJQ�H[SHUWLVH�FDSWXUHG�LQ�WKH�$UPDQL�ODQJXDJH��7KLV�LV
WKH�RQO\�UHTXLUHPHQW�WKDW�QHHGV�WR�EH�PHW�LQ�RUGHU�WR�GHPRQVWUDWH�WKDW�WKH�VHFRQG�FODLP�RI
WKH� WKHVLV� KROGV�� ,Q� DGGLWLRQ� WR� VXSSRUW� IRU� LQFUHPHQWDO� UHFRQILJXUDWLRQ�� IRXU� VXEVLGLDU\
UHTXLUHPHQWV�PXVW� DOVR�EH�PHW� LI � WKH� HQYLURQPHQW� LV� WR�EH�EURDGO\�XVHIXO� DQG� VXIILFLHQWO\
SRZHUIXO� ²� OHYHUDJH�� HIILFLHQF\�� VXSSRUW� IRU� H[WHUQDO� WRRO� LQWHJUDWLRQ�� DQG� XVHU�LQWHUIDFH
FRQILJXUDELOLW\��7DNHQ�DV�D�ZKROH��WKHVH�ILYH�UHTXLUHPHQWV�DSSHDU�WR�EH�DSSOLFDEOH�QRW�RQO\�WR
WKH�SDUWLFXODU� FDVH�RI � WKH�$UPDQL�GHVLJQ�HQYLURQPHQW��EXW� DOVR� WR� D�ZLGH� FODVV�RI � VLPLODU�
KLJKO\�FRQILJXUDEOH�V\VWHPV�

5HTXLUHPHQW����,QFUHPHQWDO�UHFRQILJXUDWLRQ��,W�PXVW�EH�SRVVLEOH�WR�LQFUHPHQWDOO\�FXVWRPL]H�WKH
$UPDQL� GHVLJQ� HQYLURQPHQW� WR� WDNH� DGYDQWDJH� RI � DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH� FDSWXUHG� LQ� WKH�$UPDQL
GHVLJQ�ODQJXDJH�

7KLV� LV� WKH� $UPDQL� GHVLJQ� HQYLURQPHQW·V� IXQGDPHQWDO� UHTXLUHPHQW�� $UFKLWHFWXUDO� GHVLJQ
H[SHUWLVH�H[SUHVVHG� LQ� WKH�$UPDQL�GHVLJQ� ODQJXDJH� LV�YDOXDEOH�E\� LWVHOI �DV�D�VHW�RI �KXPDQ�
UHDGDEOH� GHVLJQ� JXLGHOLQHV�� 7KLV� H[SHUWLVH� EHFRPHV� PXFK� PRUH� YDOXDEOH�� KRZHYHU�� ZKHQ
$UPDQL·V�WRROV�SURFHVV�LW�DQG�JXLGH�GHVLJQHUV�LQ�FUHDWLQJ�DQG�DQDO\]LQJ�VRIWZDUH�DUFKLWHFWXUHV�
7KH�FRUH�FDSDELOLW\�$UPDQL�QHHGV�WR�SURYLGH� LV�WKH�DELOLW\�WR�G\QDPLFDOO\�DGG��UHPRYH��DQG
PRGLI\�DQ�HQYLURQPHQW·V�GHVLJQ�H[SHUWLVH��XSGDWLQJ�WKH�HQYLURQPHQW�DSSURSULDWHO\�WR�UHIOHFW
WKH�FKDQJHV�
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2QH�RI �WKH�FKDOOHQJHV�LQWURGXFHG�E\�WKLV�UHTXLUHPHQW� LV�VHOHFWLQJ�WKH�D[HV�DORQJ�ZKLFK�WKH
HQYLURQPHQW� FDQ� EH� UHFRQILJXUHG�� $V� WKH� SUHYLRXV� FKDSWHU� GLVFXVVHG�� WKH� $UPDQL� GHVLJQ
ODQJXDJH�SURYLGHV�D�EDVLF�VHW�RI �GHVLJQ�HOHPHQWV�WKDW�WKH�JHQHULF�$UPDQL�HQYLURQPHQW�XVHV
DV� D� EDVHOLQH� GHVLJQ� YRFDEXODU\�� 7KH� ODQJXDJH� DOVR� SURYLGHV� D� YDULHW\� RI � FRQVWUXFWV� IRU
LQWURGXFLQJ� QHZ� YRFDEXODU\�� GHVLJQ� UXOHV�� DQG� GHVLJQ� DQDO\VHV�� /LQJXLVWLFDOO\�� WKLV
FXVWRPL]DWLRQ�FDQ�EH�GRQH�LQFUHPHQWDOO\�DQG�DW�YDULRXV�JUDQXODULWLHV��$Q�DUFKLWHFW�FDQ�DGDSW
RU�H[WHQG�GHVLJQ�H[SHUWLVH�DW�WKH�OHYHO�RI �VW\OHV��GHVLJQ�HOHPHQW�DQG�SURSHUW\�W\SHV��V\VWHPV�
RU�LQGLYLGXDO�HOHPHQW�LQVWDQFHV��7KH�$UPDQL�GHVLJQ�HQYLURQPHQW�QHHGV�WR�VXSSRUW�DOO�RI �WKH
D[HV� DQG� JUDQXODULWLHV� RI � FRQILJXUDWLRQ� WKDW� WKH� $UPDQL� GHVLJQ� ODQJXDJH� VXSSRUWV�� ,Q
DGGLWLRQ�� DV� UHTXLUHPHQWV� IRXU� DQG� ILYH� GHVFULEH�� LW� DOVR� QHHGV� WR� VXSSRUW� WKH� LQFOXVLRQ�RU
UHPRYDO�RI �H[WHUQDO�WRROV�DQG�WKH�LQFUHPHQWDO�UHFRQILJXUDWLRQ�RI �LWV�XVHU�LQWHUIDFH�

5HTXLUHPHQW� ��� /HYHUDJH��7KH�$UPDQL�GHVLJQ�HQYLURQPHQW�PXVW�SURYLGH�DUFKLWHFWV�ZLWK� VLJQLILFDQW
OHYHUDJH�IRU�FUHDWLQJ��HYDOXDWLQJ��DQG�PDQLSXODWLQJ�GHVLJQV�DQG�GHVLJQ�H[SHUWLVH�

2QH�RI �WKH�SULPDU\�EHQHILWV�RI �D�JRRG�WRRO�LV�WKDW�LW�H[WHQGV�DQG�PDJQLILHV�WKH�WRRO�XVHU·V
FDSDELOLWLHV��7KDW� LV�� WKH�WRRO�SURYLGHV� LWV�XVHU�ZLWK�OHYHUDJH��7R�JLYH�DUFKLWHFWV�WKLV� OHYHUDJH
IRU� WKHLU� GHVLJQ� DQG� DQDO\VLV� FDSDELOLWLHV�� $UPDQL� PXVW� SURYLGH� D� FROOHFWLRQ� RI � WRROV� IRU
SURFHVVLQJ�� PDQLSXODWLQJ�� DQG� DQDO\]LQJ� GHVLJQV� H[SUHVVHG� LQ� WKH� ODQJXDJH�� 6SHFLILFDOO\�� LW
PXVW�SURYLGH�DW�OHDVW�WKH�IROORZLQJ�WRROV�

• $�SDUVHU�WR�UHDG�WH[WXDO�GHVLJQ�H[SHUWLVH��VW\OH��DQG�V\VWHP�GHVFULSWLRQV�H[SUHVVHG�LQ
WKH�$UPDQL�GHVLJQ�ODQJXDJH�

• 7\SH� DQG� FRQVWUDLQW� FKHFNLQJ� WRROV� WR� HQVXUH� WKDW� GHVLJQV� VDWLVI\� WKHLU� W\SH
FRQVWUDLQWV�DQG�GHVLJQ�UXOHV�

• $Q�HUURU�UHSRUWLQJ�V\VWHP�WR�DOHUW�WKH�DUFKLWHFW�RI �SUREOHPV�RU�LVVXHV�ZLWK�GHVLJQV�

,Q�DGGLWLRQ� WR� WKHVH�FRUH� WRROV�� WKH�$UPDQL�HQYLURQPHQW�DOVR�QHHGV� WR�SURYLGH�D�JUDSKLFDO
XVHU�LQWHUIDFH�IRU�FUHDWLQJ��GLVSOD\LQJ��GRFXPHQWLQJ��DQG�RWKHUZLVH�PDQLSXODWLQJ�DUFKLWHFWXUDO
VSHFLILFDWLRQV�

5HTXLUHPHQW����(IILFLHQF\��7KH�$UPDQL�GHVLJQ�HQYLURQPHQW�PXVW�ZRUN�HIILFLHQWO\�HQRXJK�WR�VXSSRUW
WKH�LQWHUDFWLYH�FUHDWLRQ��XSGDWLQJ��DQG�HYDOXDWLRQ�RI �DUFKLWHFWXUDO�GHVLJQV�DQG�GHVLJQ�H[SHUWLVH�

,Q� DGGLWLRQ� WR� EHLQJ� FRQILJXUDEOH�� WKH� $UPDQL� GHVLJQ� HQYLURQPHQW� QHHGV� WR� SURYLGH
VXIILFLHQWO\�IDVW�UHVSRQVH�WLPHV�IRU�LQWHUDFWLYH�XVH�RQ�GHVLJQV�FRQWDLQLQJ�XS�WR�RQH�WKRXVDQG
GHVLJQ� HOHPHQWV� �FRPSRQHQWV�� FRQQHFWRUV�� HWF���� 1RWH� WKDW� WKLV� HIILFLHQF\� UHTXLUHPHQW� LV
H[SUHVVHG� FRPSOHWHO\� LQ� WHUPV� RI � WKH� H[SHULHQFH� RI � DQ� DUFKLWHFW� ZRUNLQJ� RQ� DUFKLWHFWXUDO
VSHFLILFDWLRQV��(QVXULQJ�HIILFLHQF\�IRU�IDVWHU�UHVSRQVH�WLPHV�RU� ODUJHU�GHVLJQV� LV�EH\RQG�WKH
VFRSH�RU�QHHGV�RI �WKLV�WRRO��2QFH�D�GHVLJQ�UHDFKHV�PRUH�WKDQ�RQH�WKRXVDQG�GHVLJQ�HOHPHQWV
LW�JHQHUDOO\�LQFOXGHV�PXFK�PRUH�GHWDLO�WKDQ�LV�UHTXLUHG�DW�WKH�DUFKLWHFWXUDO�OHYHO�RI �GHVLJQ�

5HTXLUHPHQW� ��� ([WHUQDO� WRRO� LQWHJUDWLRQ�� 7KH� $UPDQL� GHVLJQ� HQYLURQPHQW� PXVW� DOORZ
´H[WHUQDOµ�WRROV�WR�DFFHVV��PDQLSXODWH��DQG�HYDOXDWH�$UPDQL�GHVLJQ�UHSUHVHQWDWLRQV�

7KH�GHVLJQ�HQYLURQPHQW�UHOLHV�RQ�LWV�GHVLJQ�ODQJXDJH�WR�FDSWXUH�GHFODUDWLYH�GHVLJQ�H[SHUWLVH�
7KH�HQYLURQPHQW�DOVR��KRZHYHU��QHHGV�WR�EH�DEOH�WR�FDSWXUH�GHVLJQ�DQDO\VHV�DQG�RSHUDWLRQV
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WKDW�DUH�EHVW�H[SUHVVHG�DOJRULWKPLFDOO\��$V�GHVFULEHG�LQ�WKH�SUHYLRXV�FKDSWHU��WKLV�FDWHJRU\�RI
GHVLJQ�H[SHUWLVH�LV�FDOOHG�RSHUDWLRQDO�GHVLJQ�H[SHUWLVH�

2SHUDWLRQDO�GHVLJQ�H[SHUWLVH� LV� IUHTXHQWO\� HQFDSVXODWHG� LQ� OHJDF\�GHVLJQ� DQG�DQDO\VLV� WRROV�
:KHQ� QR� PHFKDQLVP� H[LVWV� WKDW� HQFDSVXODWHV� WKH� GHVLUHG� RSHUDWLRQDO� GHVLJQ� H[SHUWLVH�
KRZHYHU�� LW� LV� IUHTXHQWO\�XVHIXO� WR� FUHDWH�QHZ� WRROV� WR� FDSWXUH� LW��)RU� WKH�SXUSRVHV�RI � WKLV
GLVVHUWDWLRQ�� ,� GHILQH� H[WHUQDO� WRROV� DV� WRROV� WKDW� RSHUDWH� RQ� $UPDQL� GHVLJQ� UHSUHVHQWDWLRQV
ZLWKRXW� EHLQJ� SDUW� RI � WKH� FRUH� $UPDQL� LQIUDVWUXFWXUH�� %RWK� OHJDF\� WRROV� DQG� IUHVKO\�EXLOW
SRLQW�VROXWLRQV�DUH�FRQVLGHUHG�H[WHUQDO�WRROV�

7R� VXSSRUW� WKH� FDSWXUH� DQG� XVH� RI � RSHUDWLRQDO� GHVLJQ� H[SHUWLVH�� WKH�$UPDQL� HQYLURQPHQW
PXVW�DOORZ�H[WHUQDO�WRROV�WR�DFFHVV��PDQLSXODWH��DQG�HYDOXDWH�$UPDQL�GHVLJQ�UHSUHVHQWDWLRQV�

5HTXLUHPHQW����8VHU�LQWHUIDFH�FRQILJXUDELOLW\��7KH�$UPDQL�GHVLJQ�HQYLURQPHQW·V�XVHU�LQWHUIDFH
PXVW�VXSSRUW�XVHU�GHILQHG�JUDSKLFDO�GHSLFWLRQV�RI �GHVLJQV�DQG�GHVLJQ�HOHPHQWV�

$OWKRXJK�WKH�$UPDQL�GHVLJQ�ODQJXDJH�SURYLGHV�D�SUHFLVH�DQG�IOH[LEOH�QRWDWLRQ�IRU�GHVFULELQJ
VRIWZDUH�DUFKLWHFWXUHV�DQG�DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH��PDQ\�DUFKLWHFWV�SUHIHU�WR�ZRUN�ZLWK
JUDSKLFDO� QRWDWLRQV�� 7R� DGGUHVV� WKLV� QHHG�� $UPDQL� PXVW� SURYLGH� D� XVHU� LQWHUIDFH� WKDW
DUFKLWHFWV�FDQ�XVH�WR�FUHDWH�DQG�PDQLSXODWH�DUFKLWHFWXUDO�VSHFLILFDWLRQV�JUDSKLFDOO\�

7KH�JUDSKLFDO�QRWDWLRQV� WKDW� DUFKLWHFWV�XVH� WR� UHSUHVHQW� WKHLU�GHVLJQV�FDQ�YDU\� VLJQLILFDQWO\
EHWZHHQ�GLIIHUHQW�VW\OHV�DQG�HYHQ�EHWZHHQ�GLIIHUHQW�LQGLYLGXDOV��,W�LV�WKHUHIRUH�LPSRUWDQW�WKDW
WKH�HQYLURQPHQW·V�XVHU� LQWHUIDFH�EH� FXVWRPL]DEOH� DQG� UHFRQILJXUDEOH� VR� WKDW� DUFKLWHFWV� FDQ
PDWFK� WKH� YLVXDO� GHSLFWLRQV� WKH\�ZRXOG� OLNH� WR� XVH� IRU� WKHLU� GHVLJQ�YRFDEXODU\� DQG� V\VWHP
VSHFLILFDWLRQV� ZLWK� WKH� XQGHUO\LQJ� VHPDQWLF� UHSUHVHQWDWLRQV�� ,W� LV� DOVR� LPSRUWDQW� WKDW� WKH
DUFKLWHFW� EH� DEOH� WR� YLHZ� HLWKHU� WKH� JUDSKLFDO� UHSUHVHQWDWLRQ� RI � D� GHVLJQ� RU� LWV� XQGHUO\LQJ
WH[WXDO�$UPDQL�UHSUHVHQWDWLRQ��7DNLQJ�WKLV�UHTXLUHPHQW�RQH�VWHS�IXUWKHU��DUFKLWHFWV�VKRXOG�EH
DEOH�WR�VHOHFW�ZKHWKHU�WKH\�ZRXOG� OLNH�WR�XVH�D� WH[W�EDVHG� LQWHUIDFH�RU�D�JUDSKLFDO� LQWHUIDFH
ZLWK�$UPDQL�

3DUW�RI � WKH�FKDOOHQJH� LQ�VDWLVI\LQJ� WKLV� UHTXLUHPHQW� LV�GHWHUPLQLQJ�ZKLFK�SDUWV�RI � WKH�XVHU
LQWHUIDFH� VKRXOG� EH� IL[HG� DQG� ZKLFK� VKRXOG� EH� YDULDEOH�� 7KH� RWKHU� DVSHFW� LV� WKH� QHHG� WR
SURYLGH� ZD\V� WR� JUDFHIXOO\� LQWHJUDWH� H[WHUQDO� WRROV·� XVHU� LQWHUIDFHV� ZLWK� WKH� FRUH� $UPDQL
HQYLURQPHQW
V�XVHU�LQWHUIDFH�

��� 7KH�$UPDQL�GHVLJQ�HQYLURQPHQW�DUFKLWHFWXUH

,Q�WKLV�VHFWLRQ�,�LQWURGXFH�WKH�$UPDQL�GHVLJQ�HQYLURQPHQW·V�DUFKLWHFWXUH��)LUVW��,�GHVFULEH�WKH
FRUH� VKDUHG� LQIUDVWUXFWXUH� WKDW� LV� FRPPRQ� WR� DOO� GHVLJQ� HQYLURQPHQWV�� ,� WKHQ� SUHVHQW
H[WHQVLRQV� WR� WKLV� DUFKLWHFWXUH� WKDW� VXSSRUW� WKH� LQWHJUDWLRQ� RI � H[WHUQDO� WRROV� LQWR� WKH
HQYLURQPHQW�� )LQDOO\�� ,� GLVFXVV� KRZ� WKH� DUFKLWHFWXUH� RI � WKLV� HQYLURQPHQW� VXSSRUWV� XVHU
LQWHUIDFH�FXVWRPL]DWLRQ�
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����� &RUH�VKDUHG�HQYLURQPHQW�LQIUDVWUXFWXUH

$OO� $UPDQL� GHVLJQ� HQYLURQPHQWV� VKDUH� D� VHW� RI � FRPPRQ� LQIUDVWUXFWXUH�� 7KLV� FRUH
LQIUDVWUXFWXUH�GHILQHV�WKH�EDVLF��JHQHULF�$UPDQL�GHVLJQ�HQYLURQPHQW�IURP�ZKLFK�DOO�FXVWRP
$UPDQL�HQYLURQPHQWV�DUH�GHULYHG��7KH�KHDUW�RI �WKLV�FRPPRQ�LQIUDVWUXFWXUH�LV�D�FRPSRQHQW
FDOOHG� WKH� DUFKLWHFWXUH�GHVLJQ�UHSUHVHQWDWLRQ�� RU� $'5�� 7KH�$'5� VWRUHV� REMHFW�EDVHG�� SURJUDP�
PDWLFDOO\�PDQLSXODEOH��UHSUHVHQWDWLRQV�RI �$UPDQL�GHVLJQV�DQG�GHVLJQ�H[SHUWLVH�

,Q�DGGLWLRQ�WR�WKH�$'5��$UPDQL�SURYLGHV�D�VHW�RI �EDVLF� WRROV�IRU�PDQLSXODWLQJ��SHUVLVWLQJ�
DQG�HYDOXDWLQJ�$UPDQL�GHVLJQV�DQG�GHVLJQ�H[SHUWLVH��7KH�IROORZLQJ�ILYH�WRROV�URXQG�RXW�WKH
EDVHOLQH�VKDUHG�LQIUDVWUXFWXUH�

• $�SDUVHU�WKDW�UHDGV�WH[WXDO�GHVLJQ�H[SHUWLVH��VW\OH��DQG�V\VWHP�GHVFULSWLRQV�H[SUHVVHG
LQ� WKH� $UPDQL� GHVLJQ� ODQJXDJH� DQG� FRQYHUWV� WKHP� LQWR� DQ� REMHFW�EDVHG
UHSUHVHQWDWLRQ�LQ�WKH�$'5�

• $Q� XQSDUVHU� WKDW� H[SRUWV� $UPDQL� GHVLJQ� VSHFLILFDWLRQV� IURP� WKHLU� REMHFW�EDVHG
UHSUHVHQWDWLRQV�LQ�WKH�$'5�WR�WH[W�

• $� W\SH� PDQDJHU� WKDW� YHULILHV� GHVLJQV� DUH� W\SH�FRUUHFW� DQG� WKDW� WKH\� VDWLVI\� WKHLU
GHVLJQ�UXOHV�

• $Q� DQDO\VLV� HQJLQH� WKDW� HYDOXDWHV� GHVLJQ� DQDO\VLV� H[SUHVVLRQV� LQ� WKH� FRQWH[W� RI
VSHFLILF�GHVLJQV�RU�GHVLJQ�HOHPHQWV�

• $Q�HUURU�UHSRUWLQJ�V\VWHP�WKDW�DOHUWV�HQYLURQPHQW�XVHUV�RI �GHVLJQ�SUREOHPV�
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7KH� GLDJUDP� LQ� ILJXUH� ���� GHSLFWV� $UPDQL
V� EDVLF� DUFKLWHFWXUH�� $V� WKH� ILJXUH� LQGLFDWHV�� DOO
WRROV�LQ�D�EDVHOLQH�$UPDQL�HQYLURQPHQW�VKDUH�D�FRPPRQ�DUFKLWHFWXUH�GHVLJQ�UHSUHVHQWDWLRQ
FRPSRQHQW�� 7KLV� VHW� RI � FRUH� WRROV� VXSSRUWV� WKH� DELOLW\� WR� FDSWXUH� DQG� DQDO\]H� ERWK
DUFKLWHFWXUDO�VSHFLILFDWLRQV�DQG�DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�H[SUHVVHG�LQ�WKH�$UPDQL�GHVLJQ
ODQJXDJH�� ,W� DOVR� SURYLGHV� WKH� DELOLW\� WR� HYDOXDWH� LQGLYLGXDO� GHVLJQV� WR� YHULI\� WKDW� WKH\
FRQIRUP�WR�WKHLU�VW\OHV�DQG�GHVLJQ�UXOHV�DQG�WR�UHSRUW�DQ\�DQRPDOLHV�GLVFRYHUHG�LQ�HYDOXDWLQJ
WKH�GHVLJQ�

7KLV�EDVHOLQH�LQIUDVWUXFWXUH�LV�FOHDUO\�PLVVLQJ�VRPH�LPSRUWDQW�FRPSRQHQWV�DQG�IXQFWLRQDOLW\�
7KH�PRVW� REYLRXV� PLVVLQJ� FRPSRQHQW� LV� D� XVHU�LQWHUIDFH�� (YHQ� ZLWKRXW� D� XVHU� LQWHUIDFH�
KRZHYHU�� WKLV� FROOHFWLRQ� RI � FRPSRQHQWV� FDQ� EH� FRPSLOHG� DQG� H[HFXWHG�� ,Q� LWV� PLQLPDO
FRQILJXUDWLRQ�� WKH� HQYLURQPHQW� VLPSO\� UHDGV� DQG� SDUVHV� $UPDQL� GHVLJQ� VSHFLILFDWLRQV�
HYDOXDWHV�WKH�GHVLJQV�IRU�W\SH�FRUUHFWQHVV��DQG�LVVXHV�D�UHSRUW�RQ�DQ\�HUURUV�WKDW� LW�ILQGV� LQ
WKH�FRXUVH�RI �W\SHFKHFNLQJ��$OO�RI �WKLV�LV�GRQH�E\�LQYRNLQJ�WKH�WRROV�WKURXJK�WKH�RSHUDWLQJ
V\VWHP·V�FRPPDQG�VKHOO��2XWSXW�LV�VLPSO\�VWUHDPHG�WR�WKH�VWDQGDUG�RXWSXW�GHYLFH�

7KLV� EDVHOLQH� HQYLURQPHQW� HQFDSVXODWHV� $UPDQL·V� FRUH� LQFUHPHQWDO� FRQILJXUDELOLW\
FDSDELOLWLHV��$UFKLWHFWV�DQG�VW\OH�GHYHORSHUV�FDQ�FXVWRPL]H�WKH�H[SHUWLVH�FDSWXUHG�E\�WKH�EDVLF
GHVLJQ� HQYLURQPHQW� E\� ORDGLQJ� GHVLJQ� YRFDEXODU\�� UXOHV�� DQDO\VHV�� DQG� VW\OH� VSHFLILFDWLRQV
FDSWXUHG�ZLWK�WKH�$UPDQL�GHVLJQ�ODQJXDJH�LQWR�WKH�HQYLURQPHQW��,Q�ORDGLQJ�WKLV�H[SHUWLVH��DQ
HQYLURQPHQW� GHVLJQHU� �RU� DUFKLWHFW��PRGLILHV� WKH� YRFDEXODU\� DQG� VHPDQWLFV� RI � GHVLJQ� WKDW
WKH�HQYLURQPHQW�VXSSRUWV��DV�ZHOO�DV�WKH�VHW�RI �GHVLJQ�H[SHUWLVH�DYDLODEOH�LQ�WKH�$'5��7KH

)LJXUH������$UFKLWHFWXUH�RI �WKH�$UPDQL�GHVLJQ�HQYLURQPHQW·V�FRUH�VKDUHG�LQIUDVWUXFWXUH

&RUH�’HVLJQ�5HS

$UFKLWHFWXUH�'HVLJQ�5HSUHVHQWDWLRQ

%XLOG
’HVLJQ

([SRUW
’HVLJQ

’HVLJQ�3DUVHU
$UPDQL�3DUVHU

’HVLJQ�8QSDUVHU
$UPDQL�8QSDUVHU

7\SH�0JU�
5HTXHVW

’HVLJQ
4XHU\

$QDO\VLV
5HTXHVW

’HVLJQ
4XHU\

5HSRUW
(UURU

$QDO\VLV�(QJLQH
$UPDQL�7RRO

(UURU�5HSRUWHU
$UPDQL�7RRO

7\SH�0DQDJHU
$UPDQL�7RRO
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7\SH�0DQDJHU� DQG�$QDO\VLV�(QJLQH� FRPSRQHQWV� XVH� WKLV� H[SHUWLVH� LQ� HYDOXDWLQJ� DUFKLWHFWXUH
VSHFLILFDWLRQV�

,Q� WKH� QH[W� VHFWLRQ� ,� ZLOO� GLVFXVV� KRZ� WKLV� EDVLF� LQIUDVWUXFWXUH� FDQ� EH� H[WHQGHG� ZLWK
DGGLWLRQDO�FRPSRQHQWV�DQG�WRROV�

����� ([WHQGLQJ�WKH�HQYLURQPHQW�ZLWK�H[WHUQDO�WRROV

7KH�DELOLW\�WR�ORDG�WKH�FRUH�GHVLJQ�UHSUHVHQWDWLRQ�ZLWK�GHVLJQ�H[SHUWLVH�LV�D�ILUVW�VWHS�WRZDUGV
UDSLG�DQG�LQFUHPHQWDO�HQYLURQPHQW�FXVWRPL]DWLRQ��7KLV�FDSDELOLW\�DOORZV�D�GHVLJQHU�WR�PDNH
ERWK�FRDUVH�JUDLQHG�DQG� ILQH�JUDLQHG�PRGLILFDWLRQV� WR� WKH�GHVLJQ�H[SHUWLVH�HQFDSVXODWHG� LQ
KLV�RU�KHU�HQYLURQPHQW��7KH�GHFODUDWLYH�GHVLJQ�H[SHUWLVH�FDSWXUHG�LQ�WKH�VW\OHV��GHVLJQV��GHVLJQ
UXOHV�� DQG� GHVLJQ� DQDO\VHV� WKDW� FDQ� EH� ORDGHG� LQWR� WKH� EDVH� HQYLURQPHQW� HQFRPSDVVHV� DQ
LPSRUWDQW�DQG�VLJQLILFDQW�FODVV�RI �GHVLJQ�H[SHUWLVH��$UFKLWHFWV�DOVR��KRZHYHU��QHHG�WR�EH�DEOH
WR� WDNH� DGYDQWDJH� RI � RSHUDWLRQDO� GHVLJQ� H[SHUWLVH�� RU� H[SHUWLVH� WKDW� LV� EHVW� FDSWXUHG
DOJRULWKPLFDOO\��F�I��6HFWLRQ������

2SHUDWLRQDO�GHVLJQ�H[SHUWLVH� LV�FDSWXUHG� LQ�DQ�$UPDQL�HQYLURQPHQW�E\�DGGLQJ� WRROV� WR� WKH
HQYLURQPHQW�WKDW�SHUIRUP�WKH�GHVLUHG�RSHUDWLRQV��7KHVH� WRROV�� UHIHUUHG�WR�DV� H[WHUQDO� WRROV�
IDOO� LQWR� WZR� EURDG� FDWHJRULHV� ²� OHJDF\� WRROV� WKDW� ZHUH� EXLOW� LQGHSHQGHQW� RI � WKH� $UPDQL
HQYLURQPHQW� EXW� QHHG� WR� LQWHURSHUDWH�ZLWK� WKH� HQYLURQPHQW�� DQG�$UPDQL�VSHFLILF� WRROV� WKDW
ZHUH�EXLOW�H[SOLFLWO\�DV�DGGLWLRQV�WR�WKH�$UPDQL�HQYLURQPHQW�

$UPDQL� SURYLGHV� WKUHH� W\SHV� RI � FRQQHFWRUV� IRU� LQWHJUDWLQJ� H[WHUQDO� WRROV� ZLWK� LWV� GHVLJQ
HQYLURQPHQW�� HDFK� RI � ZKLFK� HQFDSVXODWH� D� VLJQLILFDQWO\� GLIIHUHQW� DSSURDFK�� $OO� RI � WKHVH
FRQQHFWRUV� FDQ� EH� XVHG� WR� LQWHJUDWH� HLWKHU� OHJDF\� RU� $UPDQL�VSHFLILF� WRROV�� WKRXJK� WKHLU
DSSOLFDELOLW\� IRU� HDFK� YDULHV�ZLGHO\�� )LJXUH� ���� EXLOGV� RQ� )LJXUH� ����� LOOXVWUDWLQJ� KRZ� WKHVH
FRQQHFWRUV�FDQ�EH�XVHG�WR�LQWHJUDWH�WKUHH�GLIIHUHQW�H[WHUQDO�WRROV�ZLWK�WKH�EDVHOLQH�$UPDQL
GHVLJQ�HQYLURQPHQW�
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7KH� WKUHH� VSHFLILF� H[WHUQDO� WRRO� LQWHJUDWLRQ� FRQQHFWRUV� SURYLGHG� IRU� LQWHJUDWLQJ� H[WHUQDO
WRROV�ZLWK�$UPDQL�DUH�

• $FPH��7KH�$FPH�WRRO�LQWHJUDWLRQ�FRQQHFWRU�VWUHDPV�WH[WXDO�$FPH�GHVLJQ�UHSUHVHQ�
WDWLRQV�EHWZHHQ� WKH�$UPDQL� HQYLURQPHQW� DQG�DQ�H[WHUQDO� WRRO��$FPH��GHVFULEHG� LQ
GHWDLO� LQ� VHFWLRQ� ������� LV� DQ� LQWHUFKDQJH� VWDQGDUG� IRU� DUFKLWHFWXUH� GHVLJQ� VSHFL�
ILFDWLRQV��$V�DQ�HPHUJLQJ�LQWHUFKDQJH�VWDQGDUG��WKH�$FPH�EDVHG�FRQQHFWRU�SURYLGHV
D� ORZ�FRVW� LQWHJUDWLRQ�PHFKDQLVP� IRU� D�ZLGH� VHOHFWLRQ� RI � DUFKLWHFWXUDO� GHVLJQ� DQG
DQDO\VLV�WRROV�

:KHQ�WUDQVIHUULQJ�D�GHVLJQ�IURP�WKH�$UPDQL�HQYLURQPHQW� WR�WKH�H[WHUQDO� WRRO�� WKH
FRQQHFWRU�FRQYHUWV�DQ�$UPDQL�GHVLJQ�REMHFW�LQWR�D�WH[WXDO�$FPH�GHVFULSWLRQ�RI �WKH
GHVLJQ�� DQG� VWUHDPV� WKDW� WH[WXDO� GHVFULSWLRQ� WR� WKH� DWWDFKHG� H[WHUQDO� WRRO�� ,W� LV� WKH

)LJXUH������ 7KUHH�FRQQHFWLRQ�PHFKDQLVPV�IRU�H[WHQGLQJ�WKH�$UPDQL�FRUH�VKDUHG
LQIUDVWUXFWXUH�ZLWK�H[WHUQDO�WRROV��&RQQHFWRU�����VWUHDPV�$FPH�EHWZHHQ
WKH�$UPDQL��&RUH�'HVLJQ�5HS�DQG�DQ�$FPH�$ZDUH�WRRO��FRQQHFWRU����
XVHV�D�&20�EDVHG�LQWHUIDFH�WR�FRQQHFW�D�OHJDF\�WRRO�WR�WKH�FRUH
LQIUDVWUXFWXUH��DQG�FRQQHFWRU�����XVHV�GLUHFW�-DYD�PHWKRG�LQYRFDWLRQ�WR
OLQN�LQWHUDFW�DQ�´H[WHUQDOµ�WRRO�WKDW�LV�ORDGHG�GLUHFWO\�LQWR�WKH�&RUH�'HVLJQ
5HS·V�SURFHVV�ZLWK�WKH�&RUH�'HVLJQ�5HS�

%XLOG
’HVLJQ

([SRUW
’HVLJQ

’HVLJQ�3DUVHU
$UPDQL�3DUVHU

’HVLJQ
8QSDUVHU

$UPDQL 8QSDUVHU

7\SH
0DQDJHU

$QDO\VLV�(QJLQH
$UPDQL�7RRO

(UURU�5HSRUWHU
$UPDQL�7RRO

&RUH�’HVLJQ�5HS

$UFKLWHFWXUH�'HVLJQ�5HSUHVHQWDWLRQ
-DYD
$3,

·&XVWRPµ
&20�$3,

,Q�3URFHVV
·([WHUQDOµ�7RRO
$UPDQL�7RRO

&20�$ZDUH
/HJDF\�7RRO
$UPDQL�7RRO

$FPH�$ZDUH
/HJDF\�7RRO
$FPH�7RRO

����-DYD�0HWKRG
,QYRFDWLRQ

������&20�0HWKRG
,QYRFDWLRQ

����3DUVLQJ

$FPH�6WUHDP

2XW�RI�SURFHVV�WRROV&RUH�’HVLJQ�5HS

7\SH�0JU�
5HTXHVW

’HVLJQ
4XHU\

’HVLJQ
4XHU\

5HSRUW
(UURU

$QDO\VLV
5HTXHVW
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DWWDFKHG� WRRO·V� UHVSRQVLELOLW\� WR� LQWHUSUHW� WKH� $FPH� VSHFLILFDWLRQ� DQG� SHUIRUP� LWV
DQDO\VLV�RU�RSHUDWLRQ�RQ�WKDW�$FPH�GHVFULSWLRQ�

:KHQ�D�GHVLJQ� LV�SDVVHG� LQ� WKH�RWKHU�GLUHFWLRQ�� IURP�WKH�H[WHUQDO� WRRO� WR�$UPDQL·V
DUFKLWHFWXUH�GHVLJQ�UHSUHVHQWDWLRQ�FRPSRQHQW��WKLV�SURFHVV�LV�UHYHUVHG��7KH�H[WHUQDO
WRRO�ZULWHV�D�VWUHDP�RI �$FPH�WH[W�WR�WKH�FRQQHFWRU��7KH�FRQQHFWRU�WKHQ�SDUVHV�WKLV
VWUHDP�� WUDQVODWHV� LW� WR�$UPDQL�� DQG�EXLOGV� DQ� DSSURSULDWH�$UPDQL� GHVLJQ�REMHFW� LQ
WKH�HQYLURQPHQW·V�$'5�

7KLV� DSSURDFK� SURYLGHV� D� ORRVH� LQWHJUDWLRQ� EHWZHHQ� WKH� HQYLURQPHQW� DQG� WKH
H[WHUQDO�WRRO��7KLV�FRQQHFWRU�LV�PRVW�HIIHFWLYH�ZKHQ�WKH�LQWHJUDWHG�WRRO�UHTXLUHV�RQO\
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FDQ� IUHTXHQWO\� EH� ZUDSSHG� E\� D� WKLQ� VKHOO� WKDW� H[SRVHV� D� &20� LQWHUIDFH� WR� WKH
RXWVLGH�ZRUOG�DQG�LQWHUDFWV�ZLWK�WKH�WRRO�XVLQJ�WKH�VWDQGDUG�XQGHUVWRRG�E\�WKDW�WRRO�
/LNHZLVH�� EHFDXVH� &20� FDQ� EH� XVHG� ZLWKLQ� RU� DFURVV� SURFHVV� ERXQGDULHV�� WKLV
LQWHJUDWLRQ�ZRUNV� IRU� WRROV� WKDW� UXQ�ERWK�ZLWKLQ� WKH�$'5·V�SURFHVV�ERXQGDU\� DQG
IRU�WRROV�WKDW�H[HFXWH�RXWVLGH�RI �WKH�$'5·V�SURFHVV�ERXQGDU\�

• ’LUHFW� $3,� DFFHVV� WR� WKH� $’5�� 7KH� WKLUG� W\SH� RI � FRQQHFWLRQ� DYDLODEOH� IRU
LQWHJUDWLQJ� H[WHUQDO� WRROV�ZLWK� WKH�$UPDQL� GHVLJQ� HQYLURQPHQW� DOORZV� WKH� H[WHUQDO
WRRO� WR� GLUHFWO\� LQYRNH� -DYD�PHWKRGV� WKURXJK� WKH� HQYLURQPHQW·V� FRUH� $UFKLWHFWXUH
'HVLJQ�5HSUHVHQWDWLRQ�$3,��:LWK�WKLV�DSSURDFK��WKH�H[WHUQDO� WRRO� LV� ORDGHG�GLUHFWO\
LQWR�WKH�$'5·V�-DYD�SURFHVV��FUHDWLQJ�DQ�´LQ�SURFHVV�H[WHUQDO�WRROµ�WKDW�LV�JLYHQ�IXOO
DFFHVV�WR�WKH�$UFKLWHFWXUH�'HVLJQ�5HSUHVHQWDWLRQ·V�$3,��$Q�LQ�SURFHVV�WRRO�KDV�WKH
VDPH� VWDWXV� DV� WKH�7\SH�0DQDJHU��$QDO\VLV�(QJLQH�� RU�(UURU�5HSRUWHU� WRROV� LQ� WKH
EDVHOLQH�$UPDQL�HQYLURQPHQW�

7KH�'LUHFW�$3,� DFFHVV� WR� WKH�$'5� DSSURDFK�KDV� WZR� LPSRUWDQW� OLPLWDWLRQV�� )LUVW�
WKH�WRRO�PXVW�EH�ZULWWHQ�LQ�-DYD�WR�LQWHJUDWH�SURSHUO\�ZLWK�WKH�$'5��6HFRQG��WKH�WRRO
PXVW�EH�KLJKO\�WUXVWHG�EHFDXVH�LW�ZLOO�KDYH�IXOO�DFFHVV�WR�WKH�LQWHUQDOV�RI �WKH�$UPDQL
HQYLURQPHQW��$V�D�UHVXOW�RI �WKHVH�FRQVWUDLQWV��WKLV�DSSURDFK�LV�PRVW�DSSURSULDWH�IRU
WRROV� WKDW� DUH� GHYHORSHG� GLUHFWO\� E\� WKH� HQYLURQPHQW� GHYHORSHU� H[SOLFLWO\� IRU� WKH
SXUSRVH�RI �RSHUDWLQJ�RYHU�$UPDQL�GHVLJQV�VWRUHG�LQ�WKH�$'5�

����� &XVWRPL]HG�XVHU�LQWHUIDFHV

7KH� SUHYLRXV� WZR� VHFWLRQV� GHVFULEHG� KRZ� WKH� DUFKLWHFWXUH� RI � WKH� $UPDQL� HQYLURQPHQW
DOORZV� FXVWRP� HQYLURQPHQW� GHVLJQHUV� WR� FRQILJXUH� DQ� HQYLURQPHQW� DQG� LQWHJUDWH� H[WHUQDO
WRROV��$OWKRXJK�WKHVH�FXVWRPL]DWLRQV�IRUP�WKH�IRXQGDWLRQ�IRU�$UPDQL·V�FRQILJXUDELOLW\��LW� LV
DOVR�FULWLFDO�WKDW�$UPDQL·V�XVHU�LQWHUIDFH��8,��EH�KLJKO\�FRQILJXUDEOH�WR�FRQYH\�WKH�XQGHUO\LQJ
VHPDQWLF�PRGLILFDWLRQV�WR�DUFKLWHFWV�XVLQJ�WKH�WRRO�

7R�DFKLHYH� WKLV� FRQILJXUDELOLW\�� WKH�$UPDQL� HQYLURQPHQW�SURYLGHV� WKH� DELOLW\� WR�PDNH�ERWK
FRDUVH�JUDLQHG�DQG�ILQH�JUDLQHG�PRGLILFDWLRQV�WR�$UPDQL·V�XVHU�LQWHUIDFH��7KH�FRDUVH�JUDLQHG
DGDSWDELOLW\� GHULYHV� IURP� WKH� GHVLJQ� GHFLVLRQ� WR� LPSOHPHQW� $UPDQL·V� XVHU� LQWHUIDFH� DV� D
VWDQGDUG�H[WHUQDO�WRRO�WKDW�KDV�QR�VSHFLDO�SULYLOHJHV�RU�VWDWXV�LQ�WKH�HQYLURQPHQW��$V�D�UHVXOW�
HQYLURQPHQW�GHYHORSHUV�FDQ�FRPSOHWHO\�UHSODFH�WKH�HQYLURQPHQW·V�XVHU� LQWHUIDFH��$OWKRXJK
WKLV� DSSHDUV� WR� EH� D� 'UDFRQLDQ� DSSURDFK� WR� FXVWRPL]LQJ� WKH� 8,�� LW� DOORZV� HQYLURQPHQW
GHVLJQHUV� WR� LQWHJUDWH� WKH� FRUH� $UPDQL� LQIUDVWUXFWXUH� ZLWK� RWKHU� WRROV� WKDW� VXSSO\� �DQG
UHTXLUH��WKHLU�RZQ�XVHU�LQWHUIDFHV��/LNHZLVH��LW�DOORZV�HQYLURQPHQW�GHYHORSHUV�WR�H[SHULPHQW
ZLWK� UDGLFDOO\� GLIIHUHQW� XVHU�LQWHUDFWLRQ� WHFKQLTXHV� RQ� WRS� RI � WKH� VDPH� EDVLF� HQYLURQPHQW
LQIUDVWUXFWXUH�

2QH�RI � WKH� LPSOLFDWLRQV� RI � WKLV� DSSURDFK� WR� XVHU�LQWHUIDFH� FXVWRPL]DWLRQ� LV� WKDW� WKH� FRUH
$UPDQL�LQIUDVWUXFWXUH�ELQGV�YHU\�IHZ�GHVLJQ�GHFLVLRQV�UHJDUGLQJ�KRZ�ILQH�JUDLQHG�FRQILJXU�
DWLRQ�VKRXOG�EH�VXSSRUWHG�LQ�D�XVHU�LQWHUIDFH��)LQH�JUDLQHG�FRQILJXUDWLRQ�LQFOXGHV�VXFK�LVVXHV
DV� DVVRFLDWLQJ� LFRQV� ZLWK� VSHFLILF� W\SHV� RI � YRFDEXODU\� HOHPHQWV�� WHFKQLTXHV� IRU� HGLWLQJ
SURSHUW\� YDOXHV�� HWF��(DFK� LQVWDQFH�RI � DQ�$UPDQL� XVHU�LQWHUIDFH� LV� IUHH� WR�SURYLGH� LWV� RZQ
VXSSRUW�IRU�VXFK�FXVWRPL]DWLRQ��,Q�WKH�UHPDLQGHU�RI � WKLV�VHFWLRQ�,�ZLOO�GLVFXVV�KRZ�,�XVHG
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YDULDWLRQV�RI �WKH�H[WHUQDO�WRRO�FRQQHFWRU�W\SHV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�WR�LQWHJUDWH
WKUHH� GLIIHUHQW� XVHU� LQWHUIDFHV� ZLWK� WKH� FRUH� $UPDQL� LQIUDVWUXFWXUH�� ,� ZLOO� DOVR� GLVFXVV� WKH
ILQH�JUDLQHG�XVHU�LQWHUIDFH� FXVWRPL]DWLRQ� FDSDELOLWLHV� WKDW� HDFK�RI � WKHVH� LQWHUIDFHV� SURYLGH�
)LJXUH� ���� LOOXVWUDWHV� WKH� DUFKLWHFWXUDO� DSSURDFKHV� WDNHQ� WR� LQWHJUDWH� HDFK� RI � WKHVH� XVHU
LQWHUIDFHV�ZLWK�WKH�FRUH�$UPDQL�HQYLURQPHQW�LQIUDVWUXFWXUH�

&RPPDQG�/LQH�,QWHUSUHWHU

7KH� LQLWLDO� $UPDQL� XVHU� LQWHUIDFH� ZDV� D� WH[WXDO�� WW\�EDVHG�� FRPPDQG�OLQH� LQWHUSUHWHU� WKDW
DOORZHG� DQ� DUFKLWHFW� WR� ORDG�� YLHZ��PRGLI\�� H[SRUW�� DQG� W\SHFKHFN� WH[WXDO� VSHFLILFDWLRQV� RI
$UPDQL�GHVLJQV�DQG�GHVLJQ�H[SHUWLVH��%HFDXVH�WKH� LQWHUSUHWHU�ZDV�ZULWWHQ�LQ�-DYD�� WKH�PRVW
VWUDLJKWIRUZDUG�LQWHJUDWLRQ�PHWKRG�DYDLODEOH�ZDV�WR�VLPSO\�ORDG�WKH�LQWHUSUHWHU�LQWR�$UPDQL·V
$'5� SURFHVV� DQG� FRQQHFW� LW� WR� WKH� $'5·V� $3,� ZLWK� D� GLUHFW� -DYD� PHWKRG� LQYRFDWLRQ
FRQQHFWRU��7KLV�LQWHJUDWLRQ�DSSURDFK�SURYHG�ERWK�VLPSOH�DQG�HIIHFWLYH��)LJXUH����D�LOOXVWUDWHV
WKH�DUFKLWHFWXUDO�DSSURDFK�WDNHQ�WR�DGG�WKH�FRPPDQG�OLQH�LQWHUSUHWHU�XVHU�LQWHUIDFH�

7KH� $UPDQL� FRPPDQG�OLQH� LQWHUSUHWHU� SURYLGHG� RQO\� PLQLPDO� ILQH�JUDLQHG� FXVWRPL]DWLRQ
FDSDELOLWLHV��*HQHUDWLQJ�WKH� LQWHUSUHWHU�ZLWK�D�SDUVHU�JHQHUDWRU�>-&&��@�SURYLGHG�WKH�DELOLW\
WR�HDVLO\�DGG�QHZ�FRPPDQGV�WR�WKH�LQWHUSUHWHU��7R�H[WHQG�WKH�LQWHUSUHWHU·V�FRPPDQG�VHW��DQ
HQYLURQPHQW�GHYHORSHU�VLPSO\�KDG�WR�DGG�D�QHZ�SURGXFWLRQ�WR�WKH�LQWHUSUHWHU·V�VSHFLILFDWLRQ
DORQJ� ZLWK� VRPH� -DYD� FRGH� WR� H[HFXWH� ZKHQ� WKH� FRPPDQG� ZDV� LQYRNHG�� $OWKRXJK� WKLV
SURFHVV� UHTXLUHG� WKH� HQYLURQPHQW� GHYHORSHU� WR� PRGLI\� WKH� LQWHUSUHWHU
V� VRXUFH� FRGH�� WKH
FRGH�ZDV�VWUXFWXUHG�LQ�VXFK�D�ZD\�WKDW�WKHVH�DGGLWLRQV�ZHUH�VWUDLJKWIRUZDUG�DQG�PRGXODU�

2YHUDOO�� DOWKRXJK� LW� ZDV� UDWKHU� IHDWXUH�SRRU� DQG� VRPHZKDW� ODFNLQJ� LQ� YLVXDO� DSSHDO�� WKH
$UPDQL�HQYLURQPHQW�DQG�FRPPDQG�LQWHUSUHWHU�IURQW�HQG��FRXSOHG�ZLWK�D�JRRG�WH[W�HGLWRU�
SURYHG�WR�EH�D�UHPDUNDEO\�HIIHFWLYH�GHVLJQ�WRRO�

$FPH6WXGLR

7KH� VHFRQG� XVHU� LQWHUIDFH� WKDW� ,� LQWHJUDWHG� ZLWK� WKH� $UPDQL� FRUH� LQIUDVWUXFWXUH� ZDV� WKH
$FPH6WXGLR�GHVLJQ�HQYLURQPHQW��$FPH6WXGLR�>.RP��@�SURYLGHV�YLVXDOL]DWLRQ��JUDSK�OD\RXW�
DQG� VLPSOH� GHVLJQ� DQDO\VLV� FDSDELOLWLHV� IRU� GHVLJQV� GHILQHG� LQ� WKH� $FPH� GHVLJQ� ODQJXDJH
>*:0��@�� ,QWHJUDWLQJ�$FPH6WXGLR�ZLWK�$UPDQL�SURYHG� WR� EH� DQ� HIIHFWLYH�ZD\� WR� TXLFNO\
SXW�D�JUDSKLFDO�XVHU�LQWHUIDFH�RQ�WRS�RI �WKH�$UPDQL�FRUH�LQIUDVWUXFWXUH��,W�DOVR�DGGHG�XVHIXO
IXQFWLRQDOLW\� WR� WKH� $FPH6WXGLR� E\� SURYLGLQJ� LW� ZLWK� D� SRZHUIXO� GHVLJQ� UXOH� FKHFNLQJ
PHFKDQLVP�

)LJXUH� ���E� GHSLFWV� WKH� DUFKLWHFWXUH�RI � WKH� FRUH�$UPDQL� LQIUDVWUXFWXUH� LQWHJUDWHG�ZLWK� WKH
$FPH6WXGLR�� $V� WKLV� ILJXUH� LQGLFDWHV�� ,� XVHG� DQ� $FPH� WRRO� LQWHJUDWLRQ� FRQQHFWRU� WR� OLQN
$FPH6WXGLR� WR� WKH� $UPDQL� LQIUDVWUXFWXUH�� 8VLQJ� WKLV� LQWHJUDWLRQ� DSSURDFK�� $FPH6WXGLR
ZULWHV� WH[WXDO� $FPH� GHVFULSWLRQV� RI � LWV� GHVLJQV�� W\SHV�� DQG� VW\OHV� WR� WKLV� FRQQHFWRU�� 7KH
$UPDQL� LQIUDVWUXFWXUH�UHDGV�WKHVH�VSHFLILFDWLRQV��WUDQVODWHV�WKHP�WR�$UPDQL��HYDOXDWHV�WKHP
IRU� W\SH� FRQVLVWHQF\�� DQG� UHWXUQV� WKH� UHVXOWV� RI � LWV� DQDO\VHV� EDFN� WR� WKH�$FPH6WXGLR� DV� D
VWUHDP�RI �$FPH�WH[W�
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)LJXUH����� 7KUHH�DUFKLWHFWXUDO�RSWLRQV�IRU�LQWHJUDWLQJ�D�XVHU�LQWHUIDFH�ZLWK�WKH�$UPDQL
FRUH�GHVLJQ�HQYLURQPHQW�LQIUDVWUXFWXUH

&RUH�’HVLJQ�5HS�3URFHVV

&RUH�’HVLJQ�5HS

$UFKLWHFWXUH�'HVLJQ�5HSUHVHQWDWLRQ

)XOO
-DYD
$3,

««

«« «

&RPPDQG
,QWHUSUHWHU
$UPDQL�7RRO

-DYD
0HWKRG

,QYRFDWLRQ

77<
,�2

)LJXUH����D� ,QWHJUDWLQJ�D�FRPPDQG�LQWHUSUHWHU�XVHU�LQWHUIDFH�ZLWK�D�GLUHFW�-DYD
PHWKRG�LQYRFDWLRQ�FRQQHFWRU

&RUH�’HVLJQ�5HS�3URFHVV

&RUH�’HVLJQ�5HS

$UFKLWHFWXUH�'HVLJQ�5HSUHVHQWDWLRQ

)XOO
-DYD
$3,

««

«« «

$FPH6WXGLR
*8,

$UPDQL�7RRO

$FPH

7H[W

6WUHDP

)LJXUH����E� 8VLQJ�D�VWUHDPHG�$FPH�7H[W�FRQQHFWRU�WR�LQWHJUDWH�WKH�$FPH6WXGLR
*8,�ZLWK�WKH�$UPDQL�FRUH�GHVLJQ�HQYLURQPHQW�LQIUDVWUXFWXUH�

)LJXUH����F� ,QWHJUDWLQJ�WKH�9LVLR�EDVHG��ILQH�JUDLQHG�FRQILJXUDEOH�$UPDQL�LQWHUIDFH
ZLWK�WKH�*8,�)DFWRU\�FRQQHFWRU�DQG�FRQILJXUDEOH�HGLWLQJ�ZRUNVKRSV�

&RUH�’HVLJQ�5HS�3URFHVV

&RUH�’HVLJQ�5HS

$UFKLWHFWXUH�'HVLJQ�5HS�

9LVLR�
$UPDQL

,QWI

««

«« «

9LVLR�6\VWHP
:RUNVKRS
$UPDQL�7RRO

,QWHUDFWLRQ
7HPSODWHV

UHDGV

*8,
)DFWRU\
&RQQ�

3.1.1.1.1 
3.1.1.1.2 

(OHPHQW
:RUNVKRSV
$UPDQL�7RRO

(GLW
(OHPHQW��

9LVLR�
$UPDQL

&20�,QWI
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$FPH6WXGLR� SURYLGHV� ILQH�JUDLQHG� XVHU� LQWHUIDFH� DQG� GHVLJQ� YLVXDOL]DWLRQ� FXVWRPL]DWLRQ�
$FPH6WXGLR·V� YLVXDOL]DWLRQ� FDSDELOLWLHV� DUH�� KRZHYHU�� JHDUHG� WRZDUGV� $FPH�EDVHG� GHVLJQV
UDWKHU�WKDQ�$UPDQL�EDVHG�GHVLJQV��$V�D�UHVXOW��$UPDQL�GHVLJQ�UXOH�DQG�DQDO\VLV�FRQVWUXFWV�DUH
HQFRGHG� LQ� $FPH6WXGLR� GHVLJQV� DV� SURSHUWLHV� WKDW� WKH� $FPH�WR�$UPDQL� WUDQVODWLRQ� VWHS
FRQYHUWV�LQWR�WKHLU�DSSURSULDWH�$UPDQL�FRQVWUXFWV��$FPH�GRHV�QRW�JLYH�WKHVH�FRQVWUXFWV�WKH
ILUVW� FODVV� VWDWXV� WKDW� $UPDQL� GRHV�� DQG� WKH� $FPH6WXGLR� XVHU� LQWHUIDFH� UHIOHFWV� WKLV
GLVFUHSDQF\�

2YHUDOO��WKLV�DSSURDFK�RIIHUHG�D�TXLFN�ZD\�WR�SURYLGH�D�JUDSKLFDO�HGLWRU�IRU�$UPDQL�GHVLJQV�

9LVLR�EDVHG�*8,

7KH�WKLUG�XVHU� LQWHUIDFH�WKDW�,� LQWHJUDWHG�ZLWK�WKH�$UPDQL�FRUH� LQIUDVWUXFWXUH�ZDV�GHVLJQHG
WR�EH� WKH� ´VWDQGDUGµ�$UPDQL� JUDSKLFDO� XVHU� LQWHUIDFH� �*8,���7KLV� LQWHUIDFH� XVHV� WKH�9LVLR
GUDZLQJ� SDFNDJH� >9LVLR��@� DV� WKH� SULPDU\� XVHU� LQWHUIDFH� IRU� HGLWLQJ� DQG� YLVXDOL]DWLRQ�� ,Q
DGGLWLRQ� WR� WKH� 9LVLR�EDVHG� GHVLJQ� HGLWRU�� WKLV� LQWHUIDFH� LQFOXGHV� D� QXPEHU� RI � -DYD�EDVHG
*8,� HOHPHQWV� IRU� HGLWLQJ� LQGLYLGXDO� GHVLJQ� HQWLWLHV� VXFK� DV� FRPSRQHQWV�� FRQQHFWRUV�
SURSHUWLHV��DQG�GHVLJQ�UXOHV�

)LJXUH����F�LOOXVWUDWHV�WKH�DUFKLWHFWXUDO�DGDSWDWLRQV�,�PDGH�WR�WKH�FRUH�$UPDQL�LQIUDVWUXFWXUH
WR�LQWHJUDWH�WKLV�*8,�ZLWK�$UPDQL��$V�WKH�ILJXUH�LQGLFDWHV��FRPSRQHQWV�WKDW�SURYLGH�D�XVHU
LQWHUIDFH�IRU�HGLWLQJ�$UPDQL�VHPDQWLF�HOHPHQWV�DUH�FDOOHG�ZRUNVKRSV��9LVLR�SURYLGHV�WKH�V\VWHP
ZRUNVKRS� IRU� HGLWLQJ� V\VWHP� GLDJUDPV� DQG� WKH� -DYD�EDVHG� *8,� FRPSRQHQWV� SURYLGH� WKH
ZRUNVKRSV�IRU�HGLWLQJ�LQGLYLGXDO�GHVLJQ�HQWLWLHV�

%HFDXVH�WKH�YDULRXV�HOHPHQWV�RI �WKLV�XVHU�LQWHUIDFH�DUH�LPSOHPHQWHG�ZLWK�GLIIHUHQW�ODQJXDJHV
DQG� WHFKQRORJLHV�� LQWHJUDWLQJ� WKHP� ZLWK� HDFK� RWKHU� DQG� ZLWK� WKH� UHVW� RI � WKH� $UPDQL
HQYLURQPHQW� LQIUDVWUXFWXUH� SURYHG� WR� EH� D� FKDOOHQJH�� 7KH� RYHUDOO� GHVLJQ� RI � WKH� $UPDQL
LQIUDVWUXFWXUH�� KRZHYHU�� DOORZHG�PH� WR� DGGUHVV� WKLV� FKDOOHQJH� E\� FUHDWLQJ� D� FRQQHFWRU� WKDW
PDQDJHG� DOO� RI � WKH� LQWHUDFWLRQV� EHWZHHQ� 9LVLR�� WKH� -DYD�EDVHG� ZRUNVKRSV�� DQG� $UPDQL·V
$'5��7KLV� FRQQHFWRU�� FDOOHG� WKH�*8,� IDFWRU\� FRQQHFWRU� UHILQHV� WKH� WRRO� LQWHJUDWLRQ� DSSURDFK
GHVFULEHG� IRU� WKH� 7RRO�VSHFLILF� GHVLJQ� UHS�$3,� FRQQHFWRU� LQ� VHFWLRQ� ������� ,W� XVHV� WKH� DEVWUDFW
IDFWRU\� SDWWHUQ� GHVFULEHG� LQ� >*DP���@� WR� OD]LO\� FUHDWH� DQG� LQYRNH�ZRUNVKRSV� IRU� YLHZLQJ
DQG�HGLWLQJ�GHVLJQ�HQWLWLHV�

7KH� *8,� IDFWRU\� FRQQHFWRU� NHHSV� WUDFN� RI � ZKLFK� YLVXDO� HQWLW\� FRUUHVSRQGV� WR� ZKLFK
VHPDQWLF�HQWLW\��DQG�YLFH�YHUVD��,W�LV�WKH�UHVSRQVLELOLW\�RI �WKH�IDFWRU\�FRQQHFWRU�WR�HVWDEOLVK�D
GLUHFW� FRQQHFWLRQ� EHWZHHQ� WKH� HGLWRU� DQG� WKH� HQWLW\� EHLQJ� HGLWHG��:KHQ� WKH�*8,� IDFWRU\
FRQQHFWRU�UHFHLYHV�D�UHTXHVW�WR�HGLW�D�VHPDQWLF�HQWLW\��WKH�FRQQHFWRU�ILQGV�RU�LQVWDQWLDWHV�DQ
DSSURSULDWH� ZRUNVKRS�¬DVNV� WKDW� ZRUNVKRS� WR� GLVSOD\� LWVHOI � DQG� HGLW� WKH� UHTXHVWHG� HQWLW\�
'HSHQGLQJ� RQ� WKH� LPSOHPHQWDWLRQ� RI � WKH� ZRUNVKRS�� WKLV� VWHS� LV� GRQH� E\� KDQGLQJ� WKH
DSSURSULDWH�ZRUNVKRS�D�-DYD�RU�D�&20�LQWHUIDFH�WR�WKH�XQGHUO\LQJ�VHPDQWLF�HQWLW\��2QFH�WKLV
LQWHUIDFH�KDV�EHHQ�SURSHUO\�KDQGHG�RII��WKH�*8,�IDFWRU\�FRQQHFWRU�VWHSV�RXW�RI �WKH�ZD\�DQG
OHWV�WKH�ZRUNVKRS�GLUHFWO\�DFFHVV�WKH�XQGHUO\LQJ�VHPDQWLF�REMHFW�WKURXJK�WKLV�LQWHUIDFH��$V�D
UHVXOW�� DIWHU� VHWWLQJ� XS� WKH� LQLWLDO� FRQQHFWLRQ� EHWZHHQ� D� VHPDQWLF� HQWLW\� DQG� LWV� HGLWLQJ
ZRUNVKRS�� WKH� QXPEHU� RI � LQGLUHFWLRQV� WKDW� WKH� ZRUNVKRS� UHTXLUHV� WR� DFFHVV� RU� XSGDWH
VHPDQWLF� LQIRUPDWLRQ� LV�PLQLPDO�� 7KLV� DSSURDFK� DGGV� DQ� DGGLWLRQDO� VWDUW�XS� FRVW� WKH� ILUVW
WLPH�DQ�HQWLW\�LV�HGLWHG�RU�D�ZRUNVKRS�LV�RSHQHG��EXW�WKH�FRQQHFWLRQ�HVWDEOLVKHG�EHWZHHQ�WKH
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ZRUNVKRS�DQG�HGLWHG� HQWLW\� LV�SHUVLVWHQW� WKURXJK�D�VHVVLRQ�VR� WKH�UHVSRQVH� WLPH�IRU� IXWXUH
HGLWLQJ�RI �WKDW�HQWLW\�LV�QHDUO\�LQVWDQWDQHRXV�

7KLV� LQWHJUDWLRQ� WHFKQLTXH� KDV� IRXU� GHVLUDEOH� FKDUDFWHULVWLFV��7KH� ILUVW� LV� WKDW� WKH� VHPDQWLF
HQWLWLHV� VWRUHG� LQ� $UPDQL·V� $'5� DUH� QRW� ERXQG� WR� DQ\� IRUP� RI � XVHU�LQWHUIDFH� HGLWLQJ
HOHPHQW�XQWLO�UXQ�WLPH��7KLV�ODWH�ELQGLQJ�RI �HGLWRU�VHOHFWLRQ�FOHDQO\�VHSDUDWHV�VHPDQWLF�IURP
YLVXDOL]DWLRQ� FRQFHUQV� DQG� UHPRYHV� XVHU� LQWHUIDFH� LVVXHV� IURP� WKH� LPSOHPHQWDWLRQ� RI � WKH
XQGHUO\LQJ�VHPDQWLF�UHSUHVHQWDWLRQ�RI �DUFKLWHFWXUDO�HQWLWLHV�

7KH�VHFRQG�GHVLUDEOH�FKDUDFWHULVWLF�RI �WKLV�LQWHJUDWLRQ�DSSURDFK�LV�WKDW��WR�WKH�HQYLURQPHQW
HQG�XVHU�� WKHUH� DSSHDUV� WR� EH� D� YHU\� WLJKW� LQWHJUDWLRQ� EHWZHHQ� $UPDQL·V� *8,�� XQGHUO\LQJ
VHPDQWLF�UHSUHVHQWDWLRQ��$'5���DQG�GHVLJQ�FKHFNLQJ�WRROV��7KH�HQYLURQPHQW�SURYLGHV�YHU\
JRRG� LQWHUDFWLYH� UHVSRQVH� DQG� QHDU�LQVWDQWDQHRXV� IHHGEDFN� WR� XVHU� PDQLSXODWLRQV�� 7KH
LQWHJUDWLRQ�DSSHDUV�WR�WKH�XVHU�WR�EH�PXFK�WLJKWHU�WKDQ�WKH�LQWHJUDWLRQ�RI �$FPH6WXGLR�DQG
WKH�$UPDQL�GHVLJQ�FKHFNLQJ�WRROV��$OWKRXJK�WKH�DSSHDUDQFH�WR�WKH�HQG�XVHU� LV�RQH�RI �WLJKW
LQWHJUDWLRQ�� WKH� GHSHQGHQFLHV� EHWZHHQ� WKH� LQGLYLGXDO� FRPSRQHQWV� RI � WKH� $UPDQL� FRUH
LQIUDVWUXFWXUH� DQG� *8,� DUH� PLQLPDO�� DOORZLQJ� WKHP� WR� EH� PDLQWDLQHG� DQG� HYROYHG
LQGHSHQGHQW�RI �HDFK�RWKHU�

7KH� WKLUG� GHVLUDEOH� FKDUDFWHULVWLF� LV� WKDW� LW� VXSSRUWV� D� ´PHGLXP�JUDLQHGµ� IRUP� RI � XVHU�
LQWHUIDFH�FXVWRPL]DWLRQ��5DWKHU�WKDQ�FRPSOHWHO\�UHSODFLQJ�WKH�XVHU�LQWHUIDFH��DQ�HQYLURQPHQW
GHYHORSHU�FDQ�H[WHQG�WKH�H[LVWLQJ�*8,�E\�FUHDWLQJ�QHZ�ZRUNVKRSV�IRU�HGLWLQJ�VSHFLILF�W\SHV
RI �GHVLJQ�HOHPHQWV��+H�FDQ�LQVXUH�WKDW�WKH�QHZ�ZRUNVKRS�ZLOO�EH�VHOHFWHG�WR�HGLW�WKH�GHVLUHG
W\SHV� RI � GHVLJQ� HQWLWLHV� E\� VLPSO\� UHFRQILJXULQJ� WKH� GLVSDWFK� WDEOH� LQ� WKH� *8,� IDFWRU\
FRQQHFWRU�� 7KLV� W\SH� RI � FRQILJXUDWLRQ� UHTXLUHV� PRUH� ZRUN� WKDQ� WKH� ILQH�JUDLQHG
FXVWRPL]DWLRQ�FDSDELOLWLHV�SURYLGHG�E\�9LVLR��EXW�VLJQLILFDQWO\�OHVV�ZRUN�WKDQ�EXLOGLQJ�D�QHZ
XVHU�LQWHUIDFH�IURP�VFUDWFK�

)LQDOO\��XVLQJ�D�FRQILJXUDEOH�FRPPHUFLDO�GUDZLQJ�SDFNDJH�VXFK�DV�9LVLR�IRU�D�XVHU�LQWHUIDFH
WR�WKH�$UPDQL�FRUH�LQIUDVWUXFWXUH�SURYLGHV�WKH�HQYLURQPHQW·V�HQG�XVHUV�ZLWK�D�YDVW�DUUD\�RI
ILQH�JUDLQHG�FXVWRPL]DWLRQ�FDSDELOLWLHV��,Q�VHFWLRQ�������,�GLVFXVV�LQ�GHWDLO�KRZ�,�ZDV�DEOH�WR
WDNH�DGYDQWDJH�RI �9LVLR�WR�SURYLGH�WKLV�ILQH�JUDLQHG�XVHU�LQWHUIDFH�FXVWRPL]DWLRQ�FDSDELOLW\�

��� ’HVLJQ�HQYLURQPHQW�GLVFXVVLRQ�DQG�HYDOXDWLRQ

,�QRZ�UHYLVLW�HDFK�RI �WKH�UHTXLUHPHQWV�ODLG�RXW�LQ�WKH�EHJLQQLQJ�RI �WKH�FKDSWHU�

����� ,QFUHPHQWDO�UHFRQILJXUDWLRQ

5HTXLUHPHQW�� ,W� PXVW� EH� SRVVLEOH� WR� LQFUHPHQWDOO\� FXVWRPL]H� WKH�$UPDQL� GHVLJQ� HQYLURQPHQW� WR� WDNH
DGYDQWDJH�RI �DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�FDSWXUHG�LQ�WKH�$UPDQL�GHVLJQ�ODQJXDJH�

$UPDQL·V� FRUH� HQYLURQPHQW� LQIUDVWUXFWXUH� LV� H[SOLFLWO\� GHVLJQHG� WR� VXSSRUW� LQFUHPHQWDO
DGDSWDWLRQ��7KH�HQYLURQPHQW�SURYLGHV�D�VWDQGDUG�EDVHOLQH�LQIUDVWUXFWXUH�WKDW�OHYHUDJHV�DOO�RI
WKH�$UPDQL� GHVLJQ� ODQJXDJH·V�EXLOW�LQ� FRQVWUXFWV� DQG� FRQFHSWV� �H�J�� GHVFULSWLRQV�RI �GHVLJQ
HOHPHQW� W\SHV� DQG� LQVWDQFHV�� LQYDULDQW� DQG� DQDO\VLV� VSHFLILFDWLRQV�� HWF���� $Q� DUFKLWHFW� RU
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HQYLURQPHQW� GHVLJQHU� FDQ� H[WHQG� WKHVH� EDVLF� FRQVWUXFWV� E\� ORDGLQJ� DGGLWLRQDO� GHVLJQ
H[SHUWLVH�LQWR�WKH�HQYLURQPHQW�

7KH�DELOLW\�WR�ORDG�DUELWUDU\�$UPDQL�GHVLJQ�ODQJXDJH�VSHFLILFDWLRQV�LQWR�WKH�FRUH�DUFKLWHFWXUH
GHVLJQ�UHSUHVHQWDWLRQ�SURYLGHV�WKH�HQYLURQPHQW�GHYHORSHUV�DQG�DUFKLWHFWV�ZRUNLQJ�ZLWK�WKH
$UPDQL� HQYLURQPHQW� D� YHU\� ILQH�JUDLQHG� FXVWRPL]DWLRQ� FDSDELOLW\�� ,QGLYLGXDO� GHVLJQ� UXOHV�
YRFDEXODU\�LWHPV��DQG�DQDO\VHV�FDQ�EH�ORDGHG��UHPRYHG��RU�PRGLILHG�´RQ�WKH�IO\µ��7KH�GHVLJQ
ODQJXDJH·V� VW\OH�FRQVWUXFW�DOVR�DOORZV�HQYLURQPHQW�GHYHORSHUV� WR�XVH� WKH�VDPH�WHFKQLTXH� WR
PDNH�FRDUVH�JUDLQHG�PRGLILFDWLRQV�WR�WKH�HQYLURQPHQW·V�ERG\�RI �GHVLJQ�H[SHUWLVH�E\�ORDGLQJ
�RU�UHPRYLQJ��ODUJH�FROOHFWLRQV�RI �UHODWHG�H[SHUWLVH�LQ�D�VLQJOH�RSHUDWLRQ��$W�D�VHPDQWLF�OHYHO�
IRU� H[DPSOH�� DQ� HQYLURQPHQW� FDQ� EH� WULYLDOO\� VZLWFKHG� IURP� VXSSRUWLQJ� GHVLJQ� GRQH� LQ� D
GDWDIORZ� VW\OH� WR� VXSSRUWLQJ�GHVLJQ�GRQH� LQ� DQ� LQWHUDFWLQJ�SURFHVVHV� VW\OH�E\� UHPRYLQJ� WKH� ILUVW
VW\OH�IURP�WKH�HQYLURQPHQW�DQG�ORDGLQJ�WKH�VHFRQG�VW\OH�LQWR�WKH�HQYLURQPHQW�

7KH� DELOLW\� WR� LQFUHPHQWDOO\� UHFRQILJXUH� WKH�GHVLJQ� H[SHUWLVH�XVHG�E\� WKH� HQYLURQPHQW� LV� D
IXQGDPHQWDO�$UPDQL�IHDWXUH�WKDW�LV��E\�LWVHOI��VXIILFLHQW�WR�PLQLPDOO\�DGGUHVV�WKH�LQFUHPHQWDO
UHFRQILJXUDWLRQ� UHTXLUHPHQW�� $UPDQL� DOVR� SURYLGHV� WZR� DGGLWLRQDO� LQFUHPHQWDO� UHFRQILJX�
UDELOLW\� FDSDELOLWLHV� WKDW� KDYH� SURYHQ� YHU\� XVHIXO� IRU� FXVWRP� HQYLURQPHQW� GHYHORSHUV�� 7KH
ILUVW�RI �WKHVH�LV�WKH�DELOLW\�WR�HDVLO\�OLQN�H[WHUQDO�WRROV�LQWR�WKH�HQYLURQPHQW�VR�WKDW�LW�FDQ�WDNH
DGYDQWDJH� RI � GHVLJQ� H[SHUWLVH� QRW� UHDGLO\� FDSWXUHG� LQ� WKH� $UPDQL� GHVLJQ� ODQJXDJH�� 7KH
VHFRQG� LV� WKH� DELOLW\� WR� FXVWRPL]H� WKH� XVHU� LQWHUIDFH� WR� UHIOHFW� WKH� FKDQJHV� LQ� WKH
HQYLURQPHQW·V� XQGHUO\LQJ� GHVLJQ� H[SHUWLVH�� RU� HYHQ� WKH� WDVWHV� RI � LQGLYLGXDO� GHVLJQHUV�
6HFWLRQV�������DQG�������GLVFXVV��UHVSHFWLYHO\��KRZ�HDFK�RI �WKHVH�FDSDELOLWLHV�DGGUHVV�$UPDQL
UHTXLUHPHQWV�

����� /HYHUDJH

5HTXLUHPHQW�� 7KH� $UPDQL� GHVLJQ� HQYLURQPHQW� PXVW� SURYLGH� DUFKLWHFWV� ZLWK� VLJQLILFDQW� OHYHUDJH� IRU
FUHDWLQJ��HYDOXDWLQJ��DQG�PDQLSXODWLQJ�GHVLJQV�DQG�GHVLJQ�H[SHUWLVH�

$OWKRXJK� P\� IXQGDPHQWDO� WKHVLV� FODLP� LV� VLPSO\� WKDW� ,� FDQ� FDSWXUH� DUFKLWHFWXUDO� GHVLJQ
H[SHUWLVH� ZLWK� WKH� $UPDQL� GHVLJQ� ODQJXDJH� DQG� WKDW� ,� FDQ� XVH� WKDW� H[SHUWLVH� WR� FRQILJXUH
FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��WR�EH�XVHIXO��WKHVH�FXVWRP�HQYLURQPHQWV
PXVW� SURYLGH� WKH� DUFKLWHFWV� XVLQJ� WKHP� ZLWK� GHVLJQ� OHYHUDJH�� 7KH� $UPDQL� GHVLJQ
HQYLURQPHQW�� LQ�ERWK� LWV� EDVHOLQH� DQG� FXVWRP� IRUPV�� SURYLGHV� DUFKLWHFWV�ZLWK� DW� OHDVW� IRXU
NLQGV�RI �OHYHUDJH�

�� (YDOXDWLQJ� $UPDQL� GHVLJQ� ODQJXDJH� VSHFLILFDWLRQV�� 7KH� $UPDQL� HQYLURQPHQW
SURYLGHV� D� VHW� RI � WRROV� WKDW� DOORZ� DQ� DUFKLWHFW� WR� WDNH� DGYDQWDJH� RI � UHXVDEOH� GHVLJQ
YRFDEXODU\��GHVLJQ�UXOHV��DQG�VW\OHV�ZKHQ�VSHFLI\LQJ�DUFKLWHFWXUDO�GHVLJQV��7KH�ODQJXDJH
SURFHVVLQJ� DQG� RWKHU� HQYLURQPHQW� LQIUDVWUXFWXUH� WRROV� FDQ� FKHFN� WKDW� DUFKLWHFWXUDO
VSHFLILFDWLRQV� DUH� W\SH�FRUUHFW� DQG� WKDW� WKH\� VDWLVI\� DOO� RI � WKH� GHVLJQ� UXOHV� XVHG� WR
FUHDWH� WKH� V\VWHP�� 7KLV� EDVLF� LQIUDVWUXFWXUH� DOVR� SURYLGHV� DUFKLWHFWV� WKH� DELOLW\� WR
DQDO\]H�$UPDQL�GHVLJQV�ZLWK�DQDO\VHV�ZULWWHQ�GLUHFWO\� LQ�WKH�$UPDQL�GHVLJQ� ODQJXDJH�
7KHVH�DQDO\VHV��ZKLFK�FDQ�JHQHUDOO\�EH�ZULWWHQ�YHU\�VXFFLQFWO\��KHOS�DUFKLWHFWV�GLVFRYHU
ZKHWKHU�WKHLU�GHVLJQV�SRVVHVV�VSHFLILF�HPHUJHQW��V\VWHP�ZLGH�SURSHUWLHV�
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�� *UDSKLFDOO\� FUHDWLQJ�� GLVSOD\LQJ�� DQG� PDQLSXODWLQJ� GHVLJQV�� 7KH� JUDSKLFDO� XVHU
LQWHUIDFHV� SURYLGHG� ZLWK� WKH� $UPDQL� HQYLURQPHQW� DOORZ� GHVLJQHUV� WR� GHSLFW� WKHLU
DUFKLWHFWXUDO� GHVLJQV� JUDSKLFDOO\��$OWKRXJK� WKH� EHQHILWV� RI � XVLQJ� JUDSKLFDO� GHSLFWLRQV
UDWKHU�WKDQ�WH[WXDO�GHVFULSWLRQV�KDYH�QRW�EHHQ�GHILQLWLYHO\�SURYHQ��WKH�XVH�RI �JUDSKLFDO
QRWDWLRQV�IRU�VSHFLI\LQJ�DUFKLWHFWXUDO�GHVLJQV�DQG�GHVLJQ�SDWWHUQV�VHHPV�WR�PDWFK�WKH
LQIRUPDO�ZD\V� WKDW� DUFKLWHFWV� LQWHUDFW� DQG� GLVFXVV� GHVLJQV� WR� VROYH� GHVLJQ� FKDOOHQJHV�
7KDW� LV�� WKH� $UPDQL� *8,V� VXSSRUW� WKH� DELOLW\� WR� GUDZ� WKH� XELTXLWRXV� ER[�DQG�OLQH
GLDJUDPV� IUHTXHQWO\� IRXQG� RQ� ZKLWHERDUGV� DQG� LQ� DUFKLWHFWXUH� GHVLJQ� GRFXPHQWV�
$VVRFLDWLQJ� IXOO�$UPDQL�VSHFLILFDWLRQV�ZLWK� WKH�ER[HV�DQG� WKH� OLQHV�DGGV�D� VLJQLILFDQW
VHPDQWLF� ULFKQHVV� WR� WKH� GLDJUDPV�� 'HSLFWLQJ� DUFKLWHFWXUDO� GLDJUDPV� JUDSKLFDOO\� DOVR
SURYLGHV� VXFFLQFW�GHVLJQ�GRFXPHQWDWLRQ� WKDW� FRPSOHPHQWV� WKH�GHWDLOHG� VSHFLILFDWLRQV
DYDLODEOH�LQ�D�WH[WXDO�UHSUHVHQWDWLRQ�

�� &DSWXULQJ� DQG� H[SORLWLQJ� VW\OH�VSHFLILF�� V\VWHP�VSHFLILF�� DQG� GRPDLQ�VSHFLILF
H[SHUWLVH�� 7KH� FRPSOHWH� $UPDQL� V\VWHP� FRPELQHV� WKH� $UPDQL� GHVLJQ� ODQJXDJH·V
DELOLW\� WR� FDSWXUH� GHVLJQ� H[SHUWLVH�ZLWK� WKH�$UPDQL� HQYLURQPHQW·V� DELOLW\� WR� XVH� WKDW
H[SHUWLVH� ERWK� DQDO\WLFDOO\� DQG� FRQVWUXFWLYHO\�� 7KLV� H[SHUWLVH� FDQ� EH� XVHG� WR� HYDOXDWH
LQGLYLGXDO� GHVLJQV� IRU� LQWHUQDO� FRQVLVWHQF\�� W\SH�FRUUHFWQHVV�� FRQIRUPDQFH� WR� VW\OLVWLF
JXLGHOLQHV�� DQG� VDWLVIDFWLRQ� RI � FODLPV� DERXW� WKH� SURSHUWLHV� RI � WKH� V\VWHP�� &DSWXUHG
GHVLJQ�H[SHUWLVH�FDQ�DOVR�EH�XVHG�FRQVWUXFWLYHO\�E\�GHVLJQHUV�ZKR�ZRUN�ZLWK�D�SDOHWWH
RI �SUHYLRXVO\�GHILQHG�GHVLJQ�HOHPHQWV�DQG�GHVLJQ� UXOHV� WKDW� DUH� FXVWRPL]HG� IRU� WKHLU
VSHFLILF� GHVLJQ� GRPDLQ�� 7KHVH� FROOHFWLRQV� RI � GHVLJQ� H[SHUWLVH� KHOS� DUFKLWHFWV� E\
SURYLGLQJ� FRQVLVWHQW� FROOHFWLRQV�RI � FRPSRQHQWV� DQG� FRQQHFWRUV� WKDW� DUH�GHVLJQHG� WR
ZRUN� WRJHWKHU�� DORQJ� ZLWK� JXLGDQFH� RQ� KRZ� WKH\� FDQ� EH� VXFFHVVIXOO\� FRPSRVHG�
)XUWKHU��WKH�LQFUHPHQWDO�QDWXUH�RI �WKH�ODQJXDJH�DQG�WKH�HQYLURQPHQW�DOORZV�D�GHVLJQHU
WR�DGG�WKH�DGGLWLRQDO�GHVLJQ�H[SHUWLVH�DQG�QRWDWLRQV�WKDW�KH�GLVFRYHUV�DQG�GHYHORSV�LQ
WKH� FRXUVH� RI � DUFKLWHFWLQJ� KLV� V\VWHPV�� 7KHVH� DGGLWLRQDO� YRFDEXODU\� HOHPHQWV� DQG
GHVLJQ�UXOHV�FDQ�WKHQ�EH�UHXVHG�RQ�IXWXUH�SURMHFWV�

�� ,QWHJUDWLQJ�D� VXLWH�RI �GHVLJQ� WRROV��7KH�$UPDQL�HQYLURQPHQW�FDQ�EH�H[WHQGHG�E\
LQWHJUDWLQJ� �RU� EXLOGLQJ�� H[WHUQDO� WRROV�� 7KLV� FDSDELOLW\� DOORZV� XVHUV� RI � WKH� $UPDQL
HQYLURQPHQW�WR�WDNH�DGYDQWDJH�RI �D�XQLYHUVH�RI �H[WHUQDO�GHVLJQ�DQG�DQDO\VLV�WRROV��7KH
$UPDQL� HQYLURQPHQW·V� IOH[LEOH� LQWHJUDWLRQ� LQIUDVWUXFWXUH� DQG�$FPH�FRPSOLDQFH�PDNH
LW� UHODWLYHO\� HDV\� WR� DJJUHJDWH� DQG� WDNH� DGYDQWDJH� RI � D� ZLGH� YDULHW\� RI � GHVLJQ� WRROV
ZLWKLQ�D�VLQJOH��FXVWRP�$UPDQL�GHVLJQ�HQYLURQPHQW�

%\�SURYLGLQJ�DUFKLWHFWV�ZLWK�WKHVH�IRXU�DUHDV�RI � OHYHUDJH��WKH�$UPDQL�HQYLURQPHQW�VDWLVILHV
LW·V�UHTXLUHPHQW�WR�SURYLGH�DUFKLWHFWV�ZLWK�GHVLJQ�OHYHUDJH�

����� (IILFLHQF\

5HTXLUHPHQW��7KH�$UPDQL�GHVLJQ� HQYLURQPHQW�PXVW�ZRUN� HIILFLHQWO\� HQRXJK� WR� VXSSRUW� WKH� LQWHUDFWLYH
FUHDWLRQ��XSGDWLQJ��DQG�HYDOXDWLRQ�RI �DUFKLWHFWXUDO�GHVLJQV�DQG�GHVLJQ�H[SHUWLVH�

6\VWHP� DUFKLWHFWV� IUHTXHQWO\� KDYH� WR� JLYH� XS� V\VWHP� SHUIRUPDQFH� DQG� HIILFLHQF\� WR� JHW
JHQHUDOLW\�DQG�H[WHQVLELOLW\��7KH�DGGLWLRQDO�OD\HUV�RI �DEVWUDFWLRQ�WKDW�D�KLJKO\�JHQHUDOL]HG�DQG
IOH[LEO\� H[WHQVLEOH� V\VWHP� UHTXLUH� DUH� XVXDOO\� LQHIILFLHQW� DQG� UHVXOW� LQ� SRRUHU� SHUIRUPDQFH
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WKDQ�D�FXVWRP�EXLOW��KLJKO\� IRFXVHG� VROXWLRQ�ZRXOG�SURYLGH��8QGHUVWDQGLQJ� WKLV� WUDGHRII�� ,
H[SHFWHG�WKDW�,�ZRXOG�KDYH�VLJQLILFDQW�GLIILFXOW\�PDNLQJ�$UPDQL�HIILFLHQW�HQRXJK�WR�SURYLGH
XVHIXO�LQWHUDFWLYH�IHHGEDFN�WR�GHVLJQHUV�ZRUNLQJ�ZLWK�$UPDQL�EDVHG�HQYLURQPHQWV�

6SHFLILFDOO\�� WKHUH�ZHUH� WZR� DVSHFWV�RI � WKH�$UPDQL� V\VWHP� WKDW� ,� DQWLFLSDWHG�ZHUH� OLNHO\� WR
FDXVH� VLJQLILFDQW� SHUIRUPDQFH� SUREOHPV��7KH� ILUVW�ZDV�$UPDQL·V� DELOLW\� WR� YHULI\� WKH� W\SH�
FRUUHFWQHVV� RI � GHVLJQV� DQG� FKHFN� WKDW� WKH� GHVLJQV� VDWLVI\� WKHLU� GHVLJQ� UXOHV�� $IWHU
H[SHULPHQWLQJ�ZLWK�ERWK�LQFUHPHQWDO�DQG�EDWFK�DOJRULWKPV�IRU�W\SHFKHFNLQJ�DQG�HYDOXDWLQJ
GHVLJQ� UXOHV�� KRZHYHU�� ,� GHWHUPLQHG� WKDW� WKLV� FRQFHUQ� ZDV� XQIRXQGHG�� )RU� WKH� VL]H� RI
GHVLJQV� WKDW�$UPDQL� QHHGV� WR� EH� DEOH� WR� KDQGOH� �GHVLJQV�ZLWK� XS� WR� RQH� WKRXVDQG� GHVLJQ
HOHPHQWV���WKH�VLPSOH�EDWFK�DOJRULWKP�WKDW�,�XVHG�IRU�W\SHFKHFNLQJ�UXQV�TXLFNO\�HQRXJK�RQ
FXUUHQW�PDFKLQHV���WR�VXSSRUW�LQWHUDFWLYH�XVH�

,W�LV�SRVVLEOH�WR�ZULWH�SDWKRORJLFDOO\�FRPSOH[�GHVLJQ�UXOHV�DQG�DQDO\VHV�WKDW�FDXVH�$UPDQL·V
VLPSOH�W\SH�FKHFNLQJ�DOJRULWKP�WR�ZRUN�YHU\�VORZO\��MXVW�DV�LW� LV�SRVVLEOH�WR�ZULWH�LQHIILFLHQW
SURJUDPV�XVLQJ�DQ\�RI �D�ZLGH�YDULHW\�RI �SURJUDPPLQJ�ODQJXDJHV��([SHULHQFH�IURP�WKH�FDVH
VWXGLHV� LQ� &KDSWHU� �� DQG� &KDSWHU� ��� KRZHYHU�� LQGLFDWHV� WKDW� XVLQJ� WKHVH� SDWKRORJLFDO
DSSURDFKHV� LV� UDUHO\� QHFHVVDU\� DQG�ZKHQ� WKH\� GR� DULVH� WKH\� FDQ� JHQHUDOO\� EH� UHFDVW� PXFK
PRUH�HIILFLHQWO\�E\�UHWKLQNLQJ�WKH�SUREOHP�DQG�RU�VROXWLRQ��,Q�VLWXDWLRQV�ZKHUH�XVLQJ�VXFK�D
SDWKRORJLFDO� FDVH� DSSHDUV� WR� EH� XQDYRLGDEOH�� GHVLJQHUV� KDYH� WKH� RSWLRQ� RI � UHZULWLQJ� WKHLU
DQDO\VHV�RU�GHVLJQ� UXOHV�GLUHFWO\� LQ� -DYD� IRU� HIILFLHQF\��7KHVH� -DYD�EDVHG� UXOHV� DQG� DQDO\VHV
FDQ�WKHQ�EH�OLQNHG�LQWR�WKH�$UPDQL�HQYLURQPHQW�DQG�DFFHVVHG�IURP�$UPDQL�VSHFLILFDWLRQV�DV
´H[WHUQDOµ�GHVLJQ�DQDO\VHV��7DNLQJ�WKLV�VWHS�SURYHG�WR�EH�QHFHVVDU\�LQ�RQO\�RQH�RI �WKH�WZHOYH
FDVH�VWXGLHV�FRQGXFWHG�²�WKH�VWXG\�GHVFULEHG�LQ�VHFWLRQ�������

7KH�VHFRQG�DVSHFW�RI �WKH�GHVLJQ�WKDW�,�DQWLFLSDWHG�ZDV�OLNHO\�WR�FDXVH�SHUIRUPDQFH�SUREOHPV
ZDV�WKH�VHSDUDWLRQ�PDGH�EHWZHHQ�WKH�XQGHUO\LQJ�GHVLJQ�UHSUHVHQWDWLRQ�FRPSRQHQW�DQG�WKH
XVHU� LQWHUIDFH��&RPPRQ�ZLVGRP�KROGV� WKDW� D�JUDSKLFDO� XVHU� LQWHUIDFH� �*8,�� WKDW� LV� WLJKWO\
LQWHJUDWHG�ZLWK� LWV� XQGHUO\LQJ� GDWD� DQG� DQDO\VLV� FDSDELOLWLHV�ZLOO� SURYLGH�PXFK� EHWWHU� XVHU�
LQWHUDFWLRQ� SHUIRUPDQFH� WKDQ� D� FRPSDUDEOH� V\VWHP� ZLWK� D� ORRVHO\� LQWHJUDWHG� *8,�� 7KH
GHJUHH�WR�ZKLFK�WKLV�HPHUJHG�DV�DQ� LVVXH�YDULHG�ZLWK�WKH�WKUHH�GLIIHUHQW�XVHU� LQWHUIDFHV�ZH
SXW�RQ�$UPDQL�

)RU� WKH� WH[WXDO� FRPPDQG�OLQH� LQWHUSUHWHU� WKLV�GLG�QRW� WXUQ�RXW� WR�EH� DQ� LVVXH�EHFDXVH� WKH
$UPDQL�EDFN�HQG�ZDV�JHQHUDOO\�DEOH�WR�SURGXFH�LWV�RXWSXW�DW�OHDVW�DV�TXLFNO\�DV�WKH�RSHUDWLQJ
V\VWHP·V� L�R� VXEV\VWHP� FRXOG� GLVSOD\� LW� WR� WKH� XVHU�� :KHQ� XVLQJ� DQ� $FPH� FRQQHFWRU� WR
LQWHJUDWH�WKH�$FPH6WXGLR�IURQW�HQG�ZLWK�WKH�$UPDQL�LQIUDVWUXFWXUH��KRZHYHU��WKH�FRQQHFWLRQ
SURYHG�WRR�VORZ�WR�VXSSRUW�LQWHUDFWLYH�LQWHURSHUDWLRQ�EHWZHHQ�WKH�$FPH6WXGLR�*8,�DQG�WKH
$UPDQL�EDFN�HQG��7R�DGGUHVV�WKLV�LVVXH��DOO�$UPDQL�DQDO\VLV�RSHUDWLRQV�WKDW�WKH�$FPH6WXGLR
XVHU�LQWHUIDFH�H[SRVHG�WR�WKH�XVHU�ZHUH�SUHVHQWHG�DV�EDWFK�FRPPDQGV�WKDW�FRXOG�EH�UXQ�LQ
WKH� EDFNJURXQG� ZLWKRXW� GHJUDGLQJ� LQWHUDFWLYH� HQYLURQPHQW� SHUIRUPDQFH�� 7KLV� WHFKQLTXH
SURYHG�DQ�HIIHFWLYH�ZD\�WR�XVH�D�ORRVH�DQG�ORZ�EDQGZLGWK�FRQQHFWLRQ�EHWZHHQ�WKH�WZR�WRROV
ZKLOH�KLGLQJ�PXFK�RI �WKH�ORRVH�VHSDUDWLRQ�IURP�WKH�HQYLURQPHQW·V�XVHUV�

�������������������������������������������������
15 The “current machine” used as a testbed in this case is a 200Mhz Intel Pentium CPU with 64MB or RAM running
Windows NT 4.0. By the time this dissertation was completed in 1999, though still usable, this machine
configuration was somewhat dated and past its prime, yet Armani still ran sufficiently fast to support interactive use.
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7KH�PRVW� VLJQLILFDQW� XVHU�LQWHUIDFH� HIILFLHQF\� FRQFHUQ�� KRZHYHU�� ZDV� WKDW� WKH� 9LVLR�EDVHG
XVHU� LQWHUIDFH� ZRXOG� SURYLGH� DFFHSWDEOH� SHUIRUPDQFH� DQG� LQWHUDFWLYH� IHHGEDFN� WR� WKH
HQYLURQPHQW·V�XVHUV��7KLV� UHTXLUHPHQW�ZDV�SDUWLFXODUO\� LPSRUWDQW� IRU� WKH�9LVLR�EDVHG�*8,
EHFDXVH�RI � LWV� UROH�DV�$UPDQL·V�SULPDU\�XVHU� LQWHUIDFH��)RUWXQDWHO\�� WKH�*8,�IDFWRU\�FRQQHFWRU
WKDW�,�FUHDWHG�IRU�WKLV�SXUSRVH�SURYLGHG�VXIILFLHQW�SHUIRUPDQFH��,Q�WKLV�LQWHJUDWLRQ�VFKHPH�
WKH�*8,�FRPSRQHQWV� VWRUH��XSGDWH�� DQG� UHQGHU�DOO�RI � WKH�YLVXDOL]DWLRQ� LQIRUPDWLRQ� ORFDOO\�
&RUUHVSRQGLQJO\�� WKH� FRUH� DUFKLWHFWXUH� GHVLJQ� UHSUHVHQWDWLRQ� VWRUHV� DQG� KDQGOHV� DOO� RI � WKH
VHPDQWLF� LQIRUPDWLRQ� H[FOXVLYHO\�� 7KLV� DSSURDFK� DGGV� DQ� DGGLWLRQDO� VWDUW�XS� FRVW� WKH� ILUVW
WLPH�DQ�HQWLW\�LV�HGLWHG�RU�D�ZRUNVKRS�LV�RSHQHG��EXW�WKH�FRQQHFWLRQ�HVWDEOLVKHG�EHWZHHQ�WKH
ZRUNVKRS�DQG�HGLWHG� HQWLW\� LV�SHUVLVWHQW� WKURXJK�D�VHVVLRQ�VR� WKH�UHVSRQVH� WLPH�IRU� IXWXUH
HGLWLQJ�RI �WKDW�HQWLW\�LV�QHDUO\�LQVWDQWDQHRXV�

2YHUDOO�� WKLV� DSSURDFK� KDV� SURYHQ� WR� EH� DQ� HIIHFWLYH�ZD\� WR� SURYLGH� WKH� ORRVH� LQWHJUDWLRQ
EHWZHHQ�D�XVHU�LQWHUIDFH�DQG�LWV�EDFN�HQG�WKDW�LV�GHVLUDEOH�IRU�PDLQWDLQDELOLW\�DQG�VHSDUDWLRQ
RI �FRQFHUQV��,W�KDV�PDQDJHG�WR�GR�VR�ZLWKRXW�VDFULILFLQJ�WKH�SHUIRUPDQFH�WKDW�LV�QHFHVVDU\
LQ�D�XVHU�FHQWHUHG�GHVLJQ�HQYLURQPHQW�

����� ,QWHJUDWLQJ�H[WHUQDO�WRROV

5HTXLUHPHQW��7KH�$UPDQL�GHVLJQ�HQYLURQPHQW�PXVW�DOORZ�´H[WHUQDOµ� WRROV� WR�DFFHVV��PDQLSXODWH��DQG
HYDOXDWH�$UPDQL�GHVLJQ�UHSUHVHQWDWLRQV�

,PSOHPHQWLQJ� WKH� H[WHUQDO� WRRO� LQWHJUDWLRQ� FRQQHFWRU� GHVFULEHG� LQ� 6HFWLRQ� ������ UHTXLUHG
WKDW�,�DGGUHVV�D�QXPEHU�RI �LPSRUWDQW�LVVXHV��7KH�ILUVW�RI �WKHVH�LVVXHV�LV�WKDW�$UPDQL�QHHGV
WR�SURYLGH�D�SODWIRUP�IRU�TXLFNO\�EXLOGLQJ�QHZ�$UPDQL�VSHFLILF� WRROV� WKDW�RSHUDWH�GLUHFWO\�RQ
$UPDQL�GHVLJQ� UHSUHVHQWDWLRQV��$W� WKH� VDPH� WLPH��KRZHYHU��$UPDQL� DOVR�QHHGV� WR� VXSSRUW
WKH� LQWHJUDWLRQ�RI �D�ZLGH�YDULHW\�RI � OHJDF\� WRROV� WKDW�ZHUH�QRW�RULJLQDOO\�GHVLJQHG� WR�ZRUN
ZLWK�$UPDQL� RU� LWV� LQWHJUDWLRQ� SURWRFROV�� 7KHVH� WZR� VXE�UHTXLUHPHQWV� LQWURGXFH� D� GHVLJQ
WHQVLRQ�DQG�JHQHUDOO\�DUJXH�IRU�GLIIHUHQW�DSSURDFKHV�WR�H[WHUQDO�WRRO�LQWHJUDWLRQ�

7KH�QHHG�WR�SURYLGH�D�SODWIRUP�IRU�TXLFNO\�GHYHORSLQJ�WRROV� WKDW�RSHUDWH�RQ�D�FRUH�GHVLJQ
UHSUHVHQWDWLRQ�DUJXHV� IRU�SURYLGLQJ�D� OLPLWHG�FROOHFWLRQ�RI �VWDQGDUG��ZHOO�GHILQHG��ZD\V� IRU
WKH� WRROV� WR� LQWHUDFW� ZLWK� WKH� GHVLJQ� UHSUHVHQWDWLRQ�� 3URYLGLQJ� D� VWDQGDUG� WKDW� ELQGV� WRRO
LQWHUDFWLRQ�GHVLJQ�GHFLVLRQV�´FRUUHFWO\µ�IRU�DOO�WRROV�UHGXFHV�WKH�ZRUN�WKDW�WRRO�EXLOGHUV�QHHG
WR� GR� WR� FUHDWH� DQG� LQWHJUDWH� WKHLU� WRROV� ZLWK� WKH� HQYLURQPHQW�� $UPDQL� VXSSRUWV� WKLV
DSSURDFK� E\� SURYLGLQJ� D� VWDQGDUG� WHFKQLTXH� IRU�ZULWLQJ� H[WHUQDO� WRROV� LQ� -DYD� WKDW� FDQ� EH
ORDGHG� GLUHFWO\� LQWR� WKH� DUFKLWHFWXUH� GHVLJQ� UHSUHVHQWDWLRQ� �$'5�� FRPSRQHQW·V� SURFHVV�
$UPDQL� DOVR� SURYLGHV� D� VWDQGDUG� E\� ZKLFK� WKHVH� WRROV� FDQ� UHJLVWHU� WKHLU� SUHVHQFH� DQG� E\
ZKLFK�WKH\�FDQ�EH�LQYRNHG�WR�SHUIRUP�WKHLU�DQDO\VHV��$OWKRXJK�$UPDQL�H[SOLFLWO\�GHILQHV�WKH
LQWHJUDWLRQ�SURWRFROV�WKDW�WKHVH�WRROV�XVH�WR�LQWHUDFW�ZLWK�WKH�GHVLJQ�HQYLURQPHQW��WKH�WRROV
FDQ�DOVR�DFFHVV�WKH�FRPSOHWH�DUFKLWHFWXUH�GHVLJQ�UHSUHVHQWDWLRQ�$3,�LI �WKH\�QHHG�WR��$FFHVV
WR�WKLV�$3,�LV�SURYLGHG�E\�WKH�VWDQGDUG�LQWHJUDWLRQ�SURWRFRO�

7R�IXUWKHU�HDVH�WKH�FUHDWLRQ�RI �QHZ�H[WHUQDO�WRROV��WKH�$UPDQL�WRRONLW�SURYLGHV�D�VLJQLILFDQW
FROOHFWLRQ�RI �VNHOHWDO�WRROV�WKDW�SHUIRUP�D�EURDG�YDULHW\�RI �FRPPRQ�RSHUDWLRQV��([DPSOHV�RI
WKH�WDVNV�SHUIRUPHG�E\�WKHVH�VNHOHWDO�WRROV�LQFOXGH�YLVLWLQJ�HDFK�FRPSRQHQW�RU�FRQQHFWRU�LQ
D�GHVLJQ��DQG�SRVVLEO\�SHUIRUPLQJ�D�WRRO�VSHFLILF�RSHUDWLRQ�DW�HDFK�HOHPHQW�YLVLWHG���TXHU\LQJ
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D�GHVLJQ�IRU�DOO�HOHPHQWV�WKDW�KDYH�D�VSHFLILF�SURSHUW\�RU�SURSHUW\�YDOXH��DQG�UHWULHYLQJ�D�OLVW
RI � DOO� RI � WKH� W\SHV� WKDW� DUH� YLVLEOH� IURP� D� JLYHQ� VFRSH�� 7RRO� GHYHORSHUV� FDQ� H[WHQG� WKHVH
VNHOHWDO� WRROV� WR� LPSOHPHQW� WKHLU� VSHFLILF� RSHUDWLRQV�� 3URYLGLQJ� SUH�LQWHJUDWHG� LPSOHPHQ�
WDWLRQV� IRU� WKHVH� VWDQGDUG� WRRO� RSHUDWLRQV� IUHHV� WRRO� GHYHORSHUV� IURP� UHEXLOGLQJ� VWDQGDUG
LQIUDVWUXFWXUH�DQG�DOORZV�WKHP�WR�IRFXV�RQ�WKH�VSHFLILF�IXQFWLRQDOLW\�WKDW�WKH\�ZDQW�WR�DGG�WR
WKHLU�FXVWRP�WRROV�

7KH� WHQVLRQ�VXUURXQGLQJ� WKH�GHFLVLRQ� WR�SURYLGH� VWDQGDUG� WRRO� LQWHJUDWLRQ�SURWRFROV�DULVHV
IURP�WKH�QHHG�WR�DOVR�VXSSRUW�WKH�LQWHJUDWLRQ�RI �OHJDF\�WRROV��/HJDF\�WRROV��E\�GHILQLWLRQ��GR
QRW�IROORZ�WKH�$UPDQL�HQYLURQPHQW�LQWHJUDWLRQ�VWDQGDUGV��5HFRJQL]LQJ�WKLV�DV�DQ�LPSRUWDQW
LVVXH�� ,� GHVLJQHG� PXOWLSOH� LQWHJUDWLRQ� PHFKDQLVPV� IRU� LQWHJUDWLQJ� H[WHUQDO� WRROV� ZLWK� WKH
$UPDQL�HQYLURQPHQW��7KHVH�LQWHJUDWLRQ�PHFKDQLVPV�DUH�HQFDSVXODWHG�LQ�WKH�WKUHH�W\SHV�RI
H[WHUQDO�WRRO�FRQQHFWRUV�GHVFULEHG� LQ�VHFWLRQ��������(DFK�RI �WKHVH�FRQQHFWRU�W\SHV�SURYLGH
IOH[LEOH�LQWHUPHGLDU\�FRQQHFWRUV�WKDW�FDQ�EH�DGDSWHG�DV�QHHGHG�WR�VXSSRUW�WKH�LQWHJUDWLRQ�RI
OHJDF\�WRROV��7KH�$FPH�FRQQHFWRU�SURYLGHV�D�TXLFN�LQWHJUDWLRQ�VWDQGDUG�IRU�RWKHU�WRROV�WKDW
VXSSRUW� WKH� $FPH� LQWHUFKDQJH� VWDQGDUG� >*:0��@�� 7KH� WRRO�VSHFLILF� GHVLJQ� UHS� $3,
FRQQHFWRU�SURYLGHV� D� FXVWRP�HQYLURQPHQW�GHYHORSHU�ZLWK� D�SODFH� WR� HPEHG� WKH� LQWHUIDFH�
EULGJLQJ�ORJLF�UHTXLUHG�WR�LQWHJUDWH�WKH�OHJDF\�WRRO�ZLWK�WKH�$UPDQL�$'5�

%\� SURYLGLQJ� WKHVH� WKUHH� FRQQHFWRU� W\SHV� DQG� LQWHJUDWLRQ� VWDQGDUGV�� WKH� $UPDQL
HQYLURQPHQW�VXSSRUWV�WKH�UDSLG�GHYHORSPHQW�RI �FXVWRP�HQYLURQPHQW�VSHFLILF�DQDO\VLV�WRROV
ZLWKRXW�SUHFOXGLQJ�WKH�LQWHJUDWLRQ�RI �OHJDF\�WRROV�ZLWK�WKH�UHVW�RI �WKH�HQYLURQPHQW�

,Q�DGGLWLRQ�WR�VXSSRUWLQJ�WKH�LQWHJUDWLRQ�DQG�GHYHORSPHQW�RI �PXOWLSOH�FDWHJRULHV�RI �H[WHUQDO
WRROV��WKHVH�WKUHH�W\SHV�RI �H[WHUQDO�WRRO�FRQQHFWRUV�DOVR�DGGUHVV�WKH�HQYLURQPHQW·V�QHHG�WR
SURJUHVVLYHO\� UHYHDO� WKH� FRPSOH[LW\� RI � WKH� $UPDQL� HQYLURQPHQW·V� LPSOHPHQWDWLRQ�� ,W� LV
SRVVLEOH� IRU� HQYLURQPHQW� GHVLJQHUV� WR� FUHDWH� VRSKLVWLFDWHG� FXVWRP� HQYLURQPHQWV� E\� GRLQJ
QRWKLQJ�PRUH�WKDQ�ORDGLQJ�GHVLJQ�H[SHUWLVH�FDSWXUHG�ZLWK�WKH�$UPDQL�GHVLJQ�ODQJXDJH�LQWR
WKH� JHQHULF� $UPDQL� HQYLURQPHQW�� 7KLV� FXVWRPL]DWLRQ� SURFHVV� UHTXLUHV� HIIHFWLYHO\� QR
XQGHUVWDQGLQJ�RI �WKH�LPSOHPHQWDWLRQ�GHWDLOV�RI �WKH�$UPDQL�HQYLURQPHQW�

2QFH� DQ� HQYLURQPHQW� GHYHORSHU� GHFLGHV� WR� VWDUW� LQWHJUDWLQJ� H[WHUQDO� WRROV�� KRZHYHU�� VKH
QHHGV�WR�FRPPLW�WR�OHDUQLQJ�VRPHWKLQJ�DERXW�WKH�HQYLURQPHQW·V�LPSOHPHQWDWLRQ��7KH�WKUHH
H[WHUQDO� WRRO� FRQQHFWRU� W\SHV� UHYHDO� WR� WKH�GHYHORSHU� SURJUHVVLYHO\�PRUH� GHWDLOV� DERXW� WKH
HQYLURQPHQWV� LPSOHPHQWDWLRQ� RQ� DQ� DV�QHHGHG� EDVLV�� 7KH�$FPH� FRQQHFWRU�� IRU� H[DPSOH�
UHTXLUHV� DOPRVW� QR� NQRZOHGJH� RI � WKH� XQGHUO\LQJ� HQYLURQPHQW� LPSOHPHQWDWLRQ�� ,W� UHTXLUHV
RQO\� WKH� PDVWHU\� RI � DQ� H[WUHPHO\� VPDOO� $3,� �SULPDULO\� WKH� PHWKRGV� UHDG'HVLJQ�«�� DQG
WUDQVODWH7R$UPDQL�«����8VLQJ� WKH�$'5·V� IXOO� -DYD�$3,� WR�ZULWH� WRROV� WKDW�ZLOO� EH� ORDGHG
GLUHFWO\� LQWR� WKH� $'5·V� SURFHVV� UHTXLUHV� D� VLJQLILFDQWO\� JUHDWHU� XQGHUVWDQGLQJ� RI � WKH
HQYLURQPHQW·V�LPSOHPHQWDWLRQ�GHWDLOV��7KH�IXOO�$3,�FDQ��KRZHYHU��JHQHUDOO\�EH�OHDUQHG�RQ�DQ
DV�QHHGHG�EDVLV�DQG�VSHFLILF�WRROV�ZLOO�JHQHUDOO\�UHTXLUH�WKH�PDVWHU\�RI �RQO\�D�UHODWLYHO\�VPDOO
SHUFHQWDJH�RI �WKH�IXOO�$3,��7KH�GHSWK�RI �XQGHUVWDQGLQJ�RI �LPSOHPHQWDWLRQ�GHWDLOV�UHTXLUHG
WR� UHXVH� D� SUHYLRXVO\� GHILQHG� WRRO�VSHFLILF�GHVLJQ�UHS�$3,� FRQQHFWRU� IDOOV� VRPHZKHUH� EHWZHHQ
WKHVH� WZR� H[WUHPHV�� ,PSOHPHQWLQJ� D� QHZ� WRRO�VSHFLILF� GHVLJQ� UHS� $3,� FRQQHFWRU�� KRZHYHU�
UHTXLUHV�D�UHODWLYHO\�GHHS�XQGHUVWDQGLQJ�RI �WKH�$UPDQL�HQYLURQPHQW·V�LPSOHPHQWDWLRQ�GHWDLOV�

$� ILQDO� LVVXH� WKDW� ,� IDFHG� LQ� FUHDWLQJ� DQ� DSSURSULDWH� VHW� RI � PHFKDQLVPV� IRU� LQWHJUDWLQJ
H[WHUQDO�WRROV�ZLWK�$UPDQL�ZDV�WKH�QHHG�WR�GLVWLQJXLVK�EHWZHHQ�WRROV�WKDW�FDQ�SURGXFH�VLGH�
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HIIHFWV� DQG� WKRVH� WKDW� FDQ
W�� 7KLV� GLVWLQFWLRQ� LV� LPSRUWDQW� IURP� WKH� SHUVSHFWLYH� RI � DQ
DUFKLWHFW�XVLQJ�WKH�$UPDQL�GHVLJQ�HQYLURQPHQW�EHFDXVH�VKH�QHHGV�WR�NQRZ�ZKHWKHU�PDNLQJ
D�UHTXHVW�RI �WKH�HQYLURQPHQW�RU�RQH�RI �LWV�WRROV�ZLOO�VLPSO\�SURYLGH�D�UHSRUW�RQ�VRPH�DVSHFW
RI �WKH�GHVLJQ��RU�ZKHWKHU� LW�FRXOG�DFWXDOO\�FKDQJH�WKH�GHVLJQ� LWVHOI��$�VHFRQGDU\�GULYHU� IRU
WKLV�LVVXH�LV�WKH�DELOLW\�WR�KRRN�H[WHUQDO�WRROV�LQWR�$UPDQL·V�W\SHFKHFNLQJ�SURFHVV�WR�HYDOXDWH
FRPSOH[�GHVLJQ�DQDO\VHV��$OO�WRROV�LQWHJUDWHG�ZLWK�WKH�W\SHFKHFNLQJ�SURFHVV�WKLV�ZD\�DUH�ILUHG
LPSOLFLWO\�GXULQJ�W\SHFKHFNLQJ��%HFDXVH�WKH�W\SHFKHFNHU�GRHV�QRW�GHILQH�WKH�RUGHU� LQ�ZKLFK
WKHVH�WRROV�DUH�UXQ�RU�KRZ�PDQ\�WLPHV�WKH\�ZLOO�EH�UXQ��LW�LV�FULWLFDO�WKDW�RQO\�VLGH�HIIHFW�IUHH
WRROV�DUH�LQYRNHG�E\�WKH�W\SHFKHFNHU�

7R�DGGUHVV�WKLV�LVVXH��,�SURYLGH�$UPDQL�GHVLJQ�ODQJXDJH�FRQVWUXFWV�WKDW�WRRO�EXLOGHUV�FDQ�XVH
WR�GLVWLQJXLVK�EHWZHHQ�RSHUDWLRQV�RQ�GHVLJQ�VSHFLILFDWLRQV��ZKLFK�FDQ�PRGLI\�WKH�GHVLJQ�DV�D
VLGH�HIIHFW��DQG�GHVLJQ�DQDO\VHV� WKDW�FDQ�QRW�KDYH�DQ\�VLGH�HIIHFWV�� ,W� LV� WKH�UHVSRQVLELOLW\�RI
WKH� WRRO� ZULWHU� WR� SURSHUO\� FODVVLI\� KHU� WRROV� XVLQJ� WKLV� WD[RQRP\�� 7RROV� WKDW� SHUIRUP
RSHUDWLRQV�RQ�GHVLJQV�PXVW�EH�H[SOLFLWO\�LQYRNHG�E\�WKH�XVHU��RU�D�SUR[\�IRU�WKH�XVHU���6LGH
HIIHFW�IUHH�DQDO\VLV�WRROV��RQ�WKH�RWKHU�KDQG��PD\�EH�LQYRNHG�HLWKHU�LPSOLFLWO\�RU�H[SOLFLWO\�

����� &RQILJXUDEOH�XVHU�LQWHUIDFHV

5HTXLUHPHQW�� 7KH� $UPDQL� GHVLJQ� HQYLURQPHQW·V� XVHU� LQWHUIDFH� PXVW� VXSSRUW� XVHU�GHILQHG� JUDSKLFDO
GHSLFWLRQV�RI �GHVLJQV�DQG�GHVLJQ�HOHPHQWV�

$V�VHFWLRQ�������GHVFULEHG��WKH�H[SOLFLW�GHFLVLRQ�WR�EXLOG�$UPDQL·V�XVHU�LQWHUIDFHV�DV�ORRVHO\
LQWHJUDWHG�H[WHUQDO�WRROV�SURYLGHV�WKH�HQYLURQPHQW�ZLWK�D�JUHDW�GHDO�RI �FRDUVH�JUDLQHG�XVHU�
LQWHUIDFH�FXVWRPL]DWLRQ��7KH�IDFW�WKDW�$UPDQL�VXSSRUWV�WKUHH�GLVWLQFW�XVHU�LQWHUIDFHV�WKDW�DOO
XVH� WKH� VDPH� FRUH� LQIUDVWUXFWXUH� HIIHFWLYHO\� GHPRQVWUDWHV� WKDW� $UPDQL� VDWLVILHV� WKLV
UHTXLUHPHQW�ZLWK�UHVSHFW�WR�FRDUVH�JUDLQHG�FRQILJXUDELOLW\�

7R� VXSSRUW� HIIHFWLYH�� OLJKWZHLJKW�� DQG� LQFUHPHQWDO� FXVWRPL]DWLRQ� RI � DUFKLWHFWXUDO� GHVLJQ
HQYLURQPHQWV��KRZHYHU��HQYLURQPHQW�GHYHORSHUV�DOVR�QHHG�D�OLJKWZHLJKW�VHW�RI �PHFKDQLVPV
IRU�FXVWRPL]LQJ�DQ�H[LVWLQJ�XVHU�LQWHUIDFH�UDWKHU�WKDQ�FRPSOHWHO\�UHSODFLQJ�LW��7R�DGGUHVV�WKLV
QHHG�� WKH� 9LVLR�EDVHG� $UPDQL� XVHU� LQWHUIDFH� SURYLGHV� WKH� DELOLW\� WR� PDNH� ILQH�JUDLQHG
PRGLILFDWLRQV�WR�WKH�JUDSKLFDO�GHSLFWLRQV�RI �GHVLJQV�DQG�GHVLJQ�HOHPHQWV�

'HVLJQLQJ� D� XVHU�LQWHUIDFH� LQIUDVWUXFWXUH� WKDW� SURYLGHV� WKLV� OLJKWZHLJKW�� ILQH�JUDLQHG�
LQFUHPHQWDO�FXVWRPL]DWLRQ�FDSDELOLW\�UHTXLUHG�PH�WR�DGGUHVV�D�QXPEHU�RI �LPSRUWDQW�GHVLJQ
LVVXHV��7KH� IDFW� WKDW� WKH�9LVLR� GUDZLQJ� SDFNDJH� >9LVLR��@� LV� LPSOHPHQWHG� DV� D� FRPSRQHQW
WKDW� FDQ� EH� XVHG� DV� D� FRPSOHWH� IURQW�HQG� WR� RWKHU� WRROV�� VXFK� DV� WKH� FRUH� $UPDQL
LQIUDVWUXFWXUH�� DGGUHVVHG�PDQ\�RI � WKH�EDVLF�YLVXDO� FRQILJXUDWLRQ� LVVXHV��)RU� H[DPSOH��9LVLR
SURYLGHV� IOH[LEOH�FXVWRPL]DWLRQ�FDSDELOLWLHV� IRU�PRGLI\LQJ� WKH�SDOHWWH�RI �YLVXDO� HQWLWLHV� WKDW
FDQ�EH�XVHG� LQ� D� GUDZLQJ��7KHVH� HQWLWLHV� FDQ�EH�PDQLSXODWHG�SURJUDPPDWLFDOO\� DQG�E\� WKH
HQG�XVHU��$V�D� UHVXOW�� WKH� LVVXHV�WKDW�,� IDFHG� LQ�PDNLQJ�9LVLR�DQ�HIIHFWLYH� IURQW�HQG�IRU� WKH
$UPDQL�GHVLJQ�HQYLURQPHQW�SURYHG�WR�EH�PRUH�VXEWOH�WKDQ�WKRVH�UHODWHG�WR�DFWXDOO\�GUDZLQJ
D�GHVLJQ·V�JUDSKLFDO�LFRQV�

2QH�RI �WKH�SULPDU\�LVVXHV�,�KDG�WR�DGGUHVV�LQ�PDNLQJ�WKH�LQWHUIDFH�KLJKO\�FXVWRPL]DEOH�ZDV
GHWHUPLQLQJ�ZKHUH�WKH�VHPDQWLFV�IRU�WKH�GHVLJQ�HOHPHQWV� OLYHG��$OWKRXJK�QRW�QHFHVVDU\�IRU
DOO� H[WHUQDO� WRROV�� WKH� 9LVLR� LQWHUIDFH� VWRUHV� QHJOLJLEOH� VHPDQWLF� LQIRUPDWLRQ� DERXW� WKH
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DUFKLWHFWXUDO�HQWLWLHV� WKDW� LWV�GLDJUDPV�PRGHO��$OO�RI � WKH�VHPDQWLF�VWUXFWXUH�IRU�GHVLJQV�DQG
GHVLJQ� H[SHUWLVH� LV� VWRUHG� LQ�$UPDQL·V� FRUH� DUFKLWHFWXUH� GHVLJQ� UHSUHVHQWDWLRQ� FRPSRQHQW�
$UPDQL�V\VWHPV�DUH�GHSLFWHG�LQ�9LVLR�DV�GUDZLQJV�DQG�WKH�V\VWHP·V�FRPSRQHQWV��FRQQHFWRUV�
SRUWV�� DQG� UROHV� DUH� UHSUHVHQWHG� E\� WKH� VKDSHV� WKDW�PDNH� XS� WKH� GUDZLQJ�� $� VW\OH·V� GHVLJQ
YRFDEXODU\�HOHPHQWV�DUH�VWRUHG�RQ�SDOHWWHV�IURP�ZKLFK�DQ�DUFKLWHFW�XVLQJ�WKH�HQYLURQPHQW�FDQ
VHOHFW�FRPSRQHQWV�DQG�FRQQHFWRUV�WR�DGG�WR�WKH�V\VWHP�

7R� NHHS� D� FOHDQ� VHSDUDWLRQ� EHWZHHQ� WKH� YLVXDO� GHSLFWLRQ� RI � WKH� GHVLJQ� HOHPHQWV� DQG� WKH
XQGHUO\LQJ�VHPDQWLFV�RI �WKRVH�HOHPHQWV��WKH�YLVXDO�HOHPHQWV�FRQWDLQ�RQO\�D�UHIHUHQFH�WR�WKH
DSSURSULDWH�XQGHUO\LQJ�VHPDQWLF�REMHFW� WKDW� LV� VWRUHG� LQ� WKH�HQYLURQPHQW·V�$'5��/LNHZLVH�
WKH�VHPDQWLF�REMHFWV� VWRUHG� LQ� WKH�$'5�NHHS�D� UHIHUHQFH� WR� WKHLU�DSSURSULDWH�YLVXDOL]DWLRQ
VKDSHV��,W�LV�WKH�UHVSRQVLELOLW\�RI �WKH�*8,�IDFWRU\�FRQQHFWRU�WKDW�ELQGV�9LVLR�WR�WKH�$'5�WR
PDLQWDLQ�WKHVH�UHIHUHQFHV�DSSURSULDWHO\�

7KH� GHVLJQ� YRFDEXODU\� VKDSHV� VWRUHG� RQ� WKH� HGLWLQJ� SDOHWWH� XVH� D� GLIIHUHQW� WHFKQLTXH� IRU
LQWHUDFWLQJ�ZLWK� WKH� XQGHUO\LQJ�$'5��7KH� VKDSHV� VWRUHG� RQ� WKH� SDOHWWHV� GR� QRW� UHSUHVHQW
DFWXDO�LQVWDQFHV� LQ�D�GHVLJQ��UDWKHU�WKH\�DUH�WHPSODWHV�WKDW�VWRUH�WH[WXDO�$UPDQL�H[SUHVVLRQV
WKDW�GHVFULEH�KRZ�WR�FUHDWH�D�QHZ�LQVWDQFHV�RI �D�WKDW�FRPSRQHQW�RU�FRQQHFWRU��7KH�VKDSHV
VWRUHG�RQ�WKH�SDOHWWH�DUH�DVVRFLDWHG�ZLWK�WHPSODWHV�UDWKHU�WKDQ�W\SHV�EHFDXVH�LW�DOORZV�JUHDWHU
IOH[LELOLW\�LQ�PL[LQJ�DQG�PDWFKLQJ�W\SHV�WR�FUHDWH�QHZ�FRPSRQHQWV��,W�LV��IRU�H[DPSOH��HDV\�WR
FUHDWH� D� WUDQVDFWLRQDO� GDWDEDVH� FRPSRQHQW� WHPSODWH� WKDW� ZLOO� LQVWDQWLDWH� D� FRPSRQHQW� WKDW
VDWLVILHV�ERWK�WKH�GDWDEDVH�W\SH�DQG�WKH�WUDQVDFWLRQDO�W\SH�ZLWKRXW�KDYLQJ�WR�GHILQH�D�QHZ�W\SH
DW�WKH�VHPDQWLF�OHYHO��:KHQ�RQH�RI �WKHVH�VKDSHV�LV�FRSLHG�IURP�WKH�SDOHWWH�WR�D�GUDZLQJ��WKH
$UPDQL� WHPSODWH� LV� VHQW� WR� WKH�$'5��ZKHUH� LW� LV�SURFHVVHG�� DQ� DSSURSULDWH� FRPSRQHQW�RU
FRQQHFWRU� LV� DGGHG� WR� WKH� SDUHQW� V\VWHP��9LVLR� DGGV� DQ� DSSURSULDWH� VKDSH� WR� WKH� V\VWHP·V
GUDZLQJ��DQG�WKH�*8,�)DFWRU\�FRQQHFWRU�PDLQWDLQV�WKH�DSSURSULDWH�UHIHUHQFHV�EHWZHHQ�WKH
YLVXDO�VKDSH�DQG�WKH�XQGHUO\LQJ�VHPDQWLF�REMHFW�

2YHUDOO�� WKLV� DSSURDFK� KDV� SURYHQ� H[WUHPHO\� IOH[LEOH� IRU� SHUIRUPLQJ� ILQH�JUDLQHG� G\QDPLF
DGDSWDWLRQV� RI � GHVLJQ� HQYLURQPHQWV�� 7KH� SULPDU\� GRZQVLGH� WR� WKLV� DSSURDFK� LV� WKDW� LW
UHTXLUHV� WKH� HQYLURQPHQW�GHYHORSHU� WR�GR�VOLJKWO\�PRUH�ZRUN� WR�DGG�VRPH�IRUPV�RI �XVHU�
LQWHUDFWLRQ�FDSDELOLW\�WKDW�UHTXLUH�D�WLJKW�LQWHJUDWLRQ�EHWZHHQ�D�GHVLJQ·V�XQGHUO\LQJ�VHPDQWLF
UHSUHVHQWDWLRQ� DQG� LWV� YLVXDO� GHSLFWLRQ�� ([SHULHQFH� ZLWK� WKH� FDVH� VWXGLHV� GHVFULEHG� LQ
&KDSWHUV���DQG����KRZHYHU��GLG�QRW�LQGLFDWH�WKDW�WKLV�OLPLWDWLRQ�ZDV�SDUWLFXODUO\�SUREOHPDWLF�

$QRWKHU�LPSRUWDQW�LVVXH�WKDW�WKLV�GHVLJQ�UDLVHV� LV�KRZ�WR�LQWHJUDWH�RWKHU�H[WHUQDO�WRROV�WKDW
SURYLGH� WKHLU�RZQ�XVHU� LQWHUIDFH�ZLWK� WKH�9LVLR�EDVHG�$UPDQL� HQYLURQPHQW�DQG�*8,��7KH
EDVLF�SUREOHP�LV�WKDW�LI �PXOWLSOH�WRROV�H[SHFW�WR�EH�WKH�SULPDU\�LQWHUDFWLRQ�PHFKDQLVP�ZLWK
WKH�XQGHUO\LQJ�UHSUHVHQWDWLRQ�WKH\�FDQ�LQWHUIHUH�ZLWK�HDFK�RWKHU�>*$2��@��2QFH�DJDLQ��WKH
DELOLW\�WR�SURYLGH�D�ZLGH�UDQJH�RI � LQWHJUDWLRQ�WHFKQLTXHV�DGGUHVVHV�WKLV� LVVXH��,Q�JHQHUDO�� LI
RWKHU�WRROV�SURYLGH�XVHU� LQWHUIDFHV�WKDW�GHPDQG�EH�WKH�SULPDU\�GULYHU�IRU� LQWHUDFWLRQV�ZLWK
$UPDQL·V� XQGHUO\LQJ� $'5�� WKHVH� WRROV� DUH� EHVW� LQWHJUDWHG� DV� WRROV� UXQQLQJ� LQ� FRPSOHWHO\
GLIIHUHQW�SURFHVVHV�WKDW�FRPPXQLFDWH�ZLWK�WKH�ORZ�EDQGZLGWK�$FPH�FRQQHFWRU��,Q�WKLV�ZD\�
WKH� 8,·V� FDQ� OLYH� LQ� VHSDUDWH� SURFHVVHV� DQG� WKH\� FDQ� HDFK� JHQHUDOO\� EH� DGMXVWHG� WR
FRPPXQLFDWH�RQO\�ZKHQ�DSSURSULDWH��([WHUQDO� WRROV��RQ�WKH�RWKHU�KDQG�� WKDW�SURYLGH�XVHU�
LQWHUIDFHV� WKDW� GR� QRW� QHHG� WR� EH� WKH� RQO\� RQH� UXQQLQJ� LQ� WKHLU� SURFHVV� FDQ� JHQHUDOO\� EH
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OLQNHG� LQWR� WKH� HQYLURQPHQW�PXFK�PRUH� WLJKWO\� XVLQJ� HLWKHU� RI � WKH� RWKHU� WZR� FRQQHFWLRQ
WHFKQLTXHV�

,Q� DGGLWLRQ� WR� LQWHURSHUDELOLW\� LVVXHV�� LQWHJUDWLQJ� DUELWUDU\� WRROV� LQ� D� VLQJOH� HQYLURQPHQW
LQWURGXFHV�VLJQLILFDQW�LVVXHV�UHJDUGLQJ�FRQFXUUHQW�DFFHVV�WR�WKH�VKDUHG�GHVLJQ�UHSUHVHQWDWLRQ�
7R�NHHS� WKH� VFRSH�RI � WKLV� UHVHDUFK� WUDFWDEOH� IRU� D� VLQJOH�GLVVHUWDWLRQ�� ,�GLG�QRW� LPSOHPHQW
VLJQLILFDQW�FRQFXUUHQF\�FRQWUROV�LQ�WKH�HQYLURQPHQW��$OWKRXJK�DQ�LQGXVWULDO�VWUHQJWK�GHVLJQ
HQYLURQPHQW� ZRXOG� QHHG� WR� VXSSRUW� VXFK� FDSDELOLWLHV� �VRPH� RI � ZKLFK� DUH� GHVFULEHG� LQ
>*$2��@��� WKH� $UPDQL� SURWRW\SH� VLPSO\� IODJV� WKLV� DV� DQ� LVVXH� WKDW� DUFKLWHFWV� XVLQJ� WKH
HQYLURQPHQW� QHHG� WR� EH� DZDUH� RI�� ,Q� SUDFWLFH�� WKH� FXVWRP� HQYLURQPHQWV� ZH� XVHG� PDGH
UHODWLYHO\� OLWWOH� XVH� RI � LPSOLFLW� WRRO� LQYRFDWLRQ�� $V� D� UHVXOW�� LW� ZDV� VWUDLJKWIRUZDUG� IRU
DUFKLWHFWV�XVLQJ�$UPDQL�WR�SUHYHQW�FRQFXUUHQF\�SUREOHPV�E\�LQYRNLQJ�RQO\�D�VLQJOH�WRRO�DW�D
WLPH�

��� 6XPPDU\

7KH� $UPDQL� GHVLJQ� HQYLURQPHQW� GHVFULEHG� LQ� WKLV� FKDSWHU� PHHWV� LWV� IXQGDPHQWDO
UHTXLUHPHQWV� DQG�GHPRQVWUDWHV�� E\� LWV� H[LVWHQFH�� WKH� VHFRQG�KDOI �RI � WKLV� WKHVLV·� FODLP� WKDW
GHVLJQ� H[SHUWLVH� FDSWXUHG� ZLWK� WKH� $UPDQL� GHVLJQ� ODQJXDJH� FDQ� EH� XVHG� WR� LQFUHPHQWDOO\
FXVWRPL]H�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�





���

&KDSWHU�� 

7DVN�$QDO\VLV

,Q�WKH�WKHVLV�VWDWHPHQW�,�FODLP�WKDW�LW�LV�SRVVLEOH�WR�FDSWXUH�D�VLJQLILFDQW�DQG�XVHIXO�FROOHFWLRQ
RI �VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH�ZLWK�D�FRQFHSWXDO�IUDPHZRUN�RI �GHVLJQ�UXOHV�DQG
DUFKLWHFWXUDO� VW\OHV�� DQG� IXUWKHU�� WKDW� WKLV� FDSWXUHG� GHVLJQ� H[SHUWLVH� FDQ� EH� XVHG� WR
LQFUHPHQWDOO\� FXVWRPL]H� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV��7KH� GLVFXVVLRQ�RI � WKH
$UPDQL� ODQJXDJH� DQG� HQYLURQPHQW� LQ� FKDSWHUV� �� DQG� �� GHPRQVWUDWH� WKH� IHDVLELOLW\� RI � WKLV
FODLP�²�WKDW�LW�LV�SRVVLEOH�WR�GR�VR�DW�DOO��,Q�WKH�QH[W�WKUHH�FKDSWHUV�,�GHVFULEH�D�GHWDLOHG�WDVN
DQDO\VLV�DQG�D�VHW�RI �H[SHULPHQWV�IRU�HYDOXDWLQJ�WKH�XWLOLW\�RI �WKH�ODQJXDJH��WRROV��DQG�RYHUDOO
DSSURDFK��7R�GR�VR��,�HYDOXDWH�WKHP�IRU�WKH�IROORZLQJ�WKUHH�SURSHUWLHV�

• ,QFUHPHQWDOLW\�� $� VRIWZDUH� DUFKLWHFW� XVLQJ� $UPDQL� VKRXOG� EH� DEOH� WR� LQFUHPHQWDOO\
DGDSW�KLV�RU�KHU�$UPDQL�EDVHG�WRROV�WR�PDNH�XVH�RI �DYDLODEOH�GHVLJQ�H[SHUWLVH��)XUWKHU�
WKH� LQFUHPHQWDO� DGDSWDWLRQ� RI � DQ� H[LVWLQJ� �SRVVLEO\� JHQHULF�� HQYLURQPHQW� VKRXOG� EH
TXLFNHU�DQG�HDVLHU�WKDQ�EXLOGLQJ�D�QHZ�HQYLURQPHQW�IURP�VFUDWFK�

• 3RZHU��7KH�$UPDQL� ODQJXDJH� DQG�HQYLURQPHQW� VKRXOG�EH�DEOH� WR� FDSWXUH�XVHIXO��QRQ�
WULYLDO�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH�

• %UHDGWK�� 7KH� PHFKDQLVPV� SURYLGHG� E\� $UPDQL� VKRXOG� EH� FDSDEOH� RI � FDSWXULQJ� D
VXIILFLHQWO\� EURDG� UDQJH� RI � VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH�� &RXSOHG� ZLWK� WKH
$UPDQL� LQIUDVWUXFWXUH�� WKLV� H[SHUWLVH� VKRXOG� EH� FDSDEOH� RI � SURGXFLQJ� GHVLJQ
HQYLURQPHQWV�IRU�D�ZLGH�YDULHW\�RI �GHVLJQ�GRPDLQV�DQG�DUFKLWHFWXUDO�VW\OHV�

,�EHJLQ�WKH�YDOLGDWLRQ�RI �WKLV�WKHVLV�DQG�WKH�XWLOLW\�RI �$UPDQL�ZLWK�D�GHWDLOHG�DQDO\VLV�RI �WKH
WDVNV� UHTXLUHG� WR� FDSWXUH� GHVLJQ� H[SHUWLVH�� EXLOG�� DQG� LQFUHPHQWDOO\� DGDSW� D� FXVWRPL]HG
VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW�� 7KH� DQDO\VLV� HYDOXDWHV� ERWK� WKH� WUDGLWLRQDO
´JURXQG�XSµ�DSSURDFK� DQG� WKH�$UPDQL� DSSURDFK� DQG�SURYLGHV� D� FRPSDULVRQ�RI � WKH� WDVNV
DQG�HIIRUW�UHTXLUHG�WR�SURGXFH�VXFK�DQ�HQYLURQPHQW�XVLQJ�HDFK�RI �WKH�WZR�PHWKRGV��6HFWLRQ
����RI �WKLV�FKDSWHU�GHVFULEHV�WKH�UHVXOWV�RI �WKLV�DQDO\VLV��7KH�SXUSRVH�RI �WKLV�WDVN�DQDO\VLV�LV
WR� DUJXH� WKDW�� LQ� WKHRU\��$UPDQL� IXQGDPHQWDOO\� VLPSOLILHV� RU� HOLPLQDWHV�PDQ\�RI � WKH�PRVW
WLPH� FRQVXPLQJ� DQG� GLIILFXOW� WDVNV� DQ� HQYLURQPHQW� GHVLJQHU� PXVW� XQGHUWDNH� ZLWK� WKH
WUDGLWLRQDO�´JURXQG�XSµ�DSSURDFK�WR�FUHDWLQJ�D�FXVWRP�GHVLJQ�HQYLURQPHQW�

7R�HPSLULFDOO\�YDOLGDWH�WKH�DQDO\VLV�UHVXOWV�,�FRQGXFWHG�H[SHULPHQWV�LQ�WKH�IRUP�RI �WZR�VHWV
RI � FDVH� VWXGLHV�� ,Q� WKH� ILUVW� VHW� RI � FDVH� VWXGLHV� ,� XVHG� WKH� $UPDQL� V\VWHP� WR� FRQVWUXFW� D
GLYHUVH�FROOHFWLRQ�RI �FXVWRPL]HG�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��7R�GHPRQVWUDWH
WKH�EUHDGWK�RI �H[SHUWLVH� WKDW�$UPDQL�FDQ�FDSWXUH�� WKH�VW\OHV�VHOHFWHG�IRU�WKHVH�FDVH�VWXGLHV
VSDQ� WKH� VL[� ´WRSOHYHOµ� FDWHJRULHV� RI � WKH� WD[RQRP\� RI � DUFKLWHFWXUDO� VW\OHV� SUHVHQWHG� LQ
>6&��@�� $OWKRXJK� QRW� DQ� H[KDXVWLYH� WD[RQRP\�� LW� FDSWXUHV� PRVW� RI � WKH� FRPPRQO\� XVHG
DUFKLWHFWXUDO� VW\OHV�� 7KH� VWUXFWXUH� DQG� DSSURDFK� RI � WKH� H[SHULPHQWV� DOVR� GHPRQVWUDWH� WKH
LQFUHPHQWDO� QDWXUH� RI � WKH� ODQJXDJH� DQG� WRROV�� ,Q� WKHVH� FDVH� VWXGLHV� ,� TXDQWLI\� WKH� HIIRUW
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UHTXLUHG� WR� FRQFHSWXDOL]H� DQG� FRQVWUXFW� HDFK� RI � WKH� FDVH� VWXG\� HQYLURQPHQWV�� $� GHWDLOHG
GHVFULSWLRQ�RI �WKLV�H[SHULPHQW�DQG�LWV�UHVXOWV�DUH�SURYLGHG�LQ�&KDSWHU���

7KH�VHFRQG�VHW�RI �FDVH�VWXGLHV��GHVFULEHG�LQ�&KDSWHU����GHPRQVWUDWHV�WKDW�SHRSOH�RWKHU�WKDQ
WKH� DXWKRU� FDQ� XVH�$UPDQL� WR� SURGXFH� XVHIXO� DQG� LQWHUHVWLQJ� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ
HQYLURQPHQWV��,Q�WKHVH�FDVH�VWXGLHV�SUDFWLFLQJ�VRIWZDUH�GHVLJQHUV�XVHG�WKH�$UPDQL�V\VWHP�WR
PRGHO�RQH�RU�PRUH�DUFKLWHFWXUDO�VW\OHV�DQG�XVHG�WKH�$UPDQL�LQIUDVWUXFWXUH�WR�FUHDWH�FXVWRP
VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW� DQG� WRROV� IRU� WKRVH� VW\OHV�� $OWKRXJK� QRW� DV
VWUXFWXUHG�DV�WKH�FDVH�VWXGLHV�GHVFULEHG�LQ�&KDSWHU����WKH\�VHUYH�WR�YDOLGDWH�WKH�XWLOLW\�RI �WKH
RYHUDOO�$UPDQL�DSSURDFK�

7KH� H[SHULPHQWV� LQ� ERWK� VHWV� RI � FDVH� VWXGLHV� ZHUH� GHVLJQHG� RQO\� WR� HYDOXDWH� $UPDQL
V
HIIHFWLYHQHVV�DV�D�WRRO�IRU�UDSLGO\�FUHDWLQJ�FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�
7KH\� ZHUH� QRW� GHVLJQHG� WR� HYDOXDWH� WKH� TXDOLW\� RU� HIIHFWLYHQHVV� RI � WKH� HQYLURQPHQWV
SURGXFHG�� 'HYHORSLQJ� D� VHW� RI � H[SHULPHQWV� DQG� PHWULFV� IRU� REMHFWLYHO\� PHDVXULQJ
DPRUSKRXV�FRQFHSWV�VXFK�DV�TXDOLW\�DQG�HIIHFWLYHQHVV�IRU�VXFK�D�EURDG�YDULHW\�RI �GLIIHUHQW
HQYLURQPHQWV�VLPSO\�SURYHG�WRR�FKDOOHQJLQJ�WR�EH�UHDVRQDEO\�FRPSOHWHG�LQ�WKH�VFRSH�RI �WKLV
GLVVHUWDWLRQ�

��� 7DVN�DQDO\VLV

7KLV�VHFWLRQ�GHVFULEHV�DQ�DQDO\VLV�RI �WKH�WDVNV�UHTXLUHG�WR�GHVLJQ�DQG�FRQVWUXFW�D�FXVWRPL]HG
VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW�XVLQJ�ERWK�WKH�´WUDGLWLRQDO�DSSURDFKµ�RI �EXLOGLQJ
WKH� HQYLURQPHQW� JURXQG�XS�� SRVVLEO\� XVLQJ� H[LVWLQJ� FRPPHUFLDO� RII�WKH�VKHOI � �&276�
FRPSRQHQWV��DQG�WKH�$UPDQL�DSSURDFK�LQ�ZKLFK�D�FRQILJXUDEOH�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ
HQYLURQPHQW� LV� LQFUHPHQWDOO\� FXVWRPL]HG� XVLQJ� D� GHFODUDWLYH� DUFKLWHFWXUH� GHVFULSWLRQ
ODQJXDJH�

(DFK� RI � WKH� WDVNV� GHVFULEHG� LQ� WKLV� DQDO\VLV� LV� JLYHQ� D� WLPH� HVWLPDWH� WKDW� LQFOXGHV� EHVW�
DYHUDJH�� DQG�ZRUVW� FDVH� WLPHV� IRU� HDFK� VWDJH�� DORQJ�ZLWK� D� VHW� RI � FKDUDFWHULVWLFV� WKDW� KHOS
FODVVLI\� WKH� W\SHV� RI � SURMHFWV� WKDW� IDOO� LQWR� HDFK� RI � WKHVH� FDWHJRULHV�� 7KH� HIIRUW� QXPEHUV
DVVLJQHG�LQ�WKHVH�WDVN�DQDO\VHV�DUH�URXJK�HVWLPDWHV�EDVHG�RQ�SHUVRQDO�H[SHULHQFH�ZLWK�WHDPV
EXLOGLQJ�VLPLODU�WRROV�� LQIRUPDO�HVWLPDWHV�IURP�RWKHU�SHRSOH�ZKR�KDYH�EXLOW�VXFK�WRROV��DQG
WKH� IDFW� WKDW� FRPSDUDEOH� FRPPHUFLDO� DQG� UHVHDUFK� WRRO� GHYHORSPHQW� SURMHFWV� JHQHUDOO\
UHTXLUH�PXOWLSOH�SHRSOH�ZRUNLQJ�IRU�RQH�RU�PRUH�\HDUV�

7KHVH�HVWLPDWHV�FDQ��RI �FRXUVH��YDU\�ZLGHO\�GHSHQGLQJ�RQ�WKH�VFRSH�RI �WKH�SURMHFW�DQG�WKH
SRZHU� DQG� SROLVK� GHVLUHG� LQ� WKH� HQYLURQPHQW� SURGXFHG�� 7KH� HVWLPDWHV� VKRXOG�� KRZHYHU�
SURYLGH� D� URXJK� LGHD� RI � WKH� OLNHO\� WLPH� WKDW� HDFK� RI � WKH� WDVNV� ZLOO� WDNH� XQGHU� YDULRXV
FRQGLWLRQV��2YHUDOO�� WKH�VSHFLILF� WLPH�HVWLPDWHV� IRU� WKH� LQGLYLGXDO� WDVNV�DUH�VLJQLILFDQWO\� OHVV
LPSRUWDQW�WKDQ�WKH�VSHFLILF�WDVNV�DQG�VXEWDVNV�UHTXLUHG�E\�HDFK�DSSURDFK��DQG�WKH�XQLWV�PRVW
OLNHO\�XVHG�WR�PHDVXUH�WKHVH�WDVNV��L�H���KRXUV��GD\V��PRQWKV��RU�\HDUV��

$Q�DGGLWLRQDO�FRQFHUQ�DGGUHVVHG�E\�WKH�WDVN�DQDO\VLV�LV�WKDW�WKH�UHTXLUHPHQWV�RI �D�SURWRW\SH
$UPDQL� HQYLURQPHQW� DUH� OHVV� GHPDQGLQJ� WKDQ� WKH� UHTXLUHPHQWV� RI� D� FRPPHUFLDO� VRIWZDUH
DUFKLWHFWXUH�GHVLJQ�WRRO�VXFK�DV�2EMHF7LPH�>6*:��@��&RPPHUFLDO�VRIWZDUH�SDFNDJHV�PXVW�
IRU� H[DPSOH�� EH� EXLOW� VLJQLILFDQWO\� PRUH� UREXVW� DQG� IHDWXUH�ULFK� WKDQ� WKH� $UPDQL
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HQYLURQPHQWV� FUHDWHG� LQ� WKLV� GLVVHUWDWLRQ
V� FDVH� VWXGLHV��7R� DGGUHVV� WKLV� GLVFUHSDQF\� LQ� WKH
WDVN� DQDO\VLV� ,� KDYH� DWWHPSWHG� WR� LQFOXGH� RQO\� WKRVH� WDVNV� UHTXLUHG� WR� EXLOG� FRPSDUDEO\
UREXVW� DQG� IHDWXUH�ULFK� WRROV�� ,� KDYH� VSHFLILFDOO\� H[FOXGHG�� IRU� H[DPSOH�� WKH� OHQJWK\� WHVWLQJ
SURFHVVHV�UHTXLUHG�EHIRUH�UHOHDVLQJ�FRPPHUFLDO�WRROV�

����� 7KH�WUDGLWLRQDO�DSSURDFK

7KH�FXUUHQW�VWDWH�RI�WKH�SUDFWLFH�LQ�FRQVWUXFWLQJ�D�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW
LV�WR�GHVLJQ�DQG�EXLOG�WKH�HQYLURQPHQW�IURP�WKH�JURXQG�XS��7KURXJKRXW�WKH�UHVW�RI �WKH�WDVN
DQDO\VLV��WKLV�DSSURDFK�ZLOO�EH�UHIHUUHG�WR�DV�WKH�WUDGLWLRQDO�DSSURDFK��$Q�HQYLURQPHQW�GHVLJQHU
XVLQJ�WKLV�WUDGLWLRQDO�DSSURDFK�QHHGV�WR�SHUIRUP�DW�OHDVW�IRXU�FULWLFDO�WDVNV�²�GRPDLQ�DQDO\VLV�
VFKHPD� FDSWXUH�� LPSOHPHQWDWLRQ�� DQG�PDLQWHQDQFH�HYROXWLRQ��7KLV� VHFWLRQ� GHVFULEHV� WKHVH
IRXU�IXQGDPHQWDO� WDVNV�DQG�VRPH�RI �WKH�VXEWDVNV� UHTXLUHG�WR�FRPSOHWH� WKHP��(DFK�WDVN� LV
JLYHQ� D� WLPH� HVWLPDWH� �LQ� SDUHQWKHVHV�� IRU� EHVW�� DYHUDJH�� DQG� ZRUVW� FDVH� VFHQDULRV�
&KDUDFWHULVWLFV� DUH� JLYHQ� IRU� HDFK� RI � WKH� VFHQDULRV� WR� LOOXVWUDWH� DQG� FODVVLI\� ZKLFK� RI � WKH
VFHQDULRV�D�JLYHQ�SURMHFW�LV�OLNHO\�WR�IDOO�XQGHU�

7KH�WUDGLWLRQDO�DSSURDFK�LQYROYHV��DW�OHDVW��WKH�IROORZLQJ�WDVNV�

7DVN� ��� $QDO\]H� WKH� DUFKLWHFWXUDO� GHVLJQ� GRPDLQ�� ,Q� WKLV� VWDJH� WKH� HQYLURQPHQW� GHVLJQHU
DQDO\]HV� WKH� GHVLJQ� GRPDLQ� IRU� ZKLFK� WKH� GHVLJQ� HQYLURQPHQW� LV� WR� EH� EXLOW�� 7KH
HQYLURQPHQW�EXLOGHU�QHHGV�WR�DVFHUWDLQ�WKH�LPSRUWDQW�DVSHFWV�RI �WKH�GRPDLQ�VXFK�DV�LWV
VWDQGDUG�GHVLJQ�YRFDEXODU\��WKH�GHVLJQ�UXOHV�XVHG�LQ�FUHDWLQJ�V\VWHPV�LQ�WKLV�GRPDLQ��DQG
LGLRPV�DQG�DQDO\VHV�WKDW�KDYH�EHHQ�XVHG�VXFFHVVIXOO\�RQ�VLPLODU�V\VWHPV�EXLOW�SUHYLRXVO\�
,Q�RUGHU�WR�FDSWXUH�DQG�H[SUHVV�WKLV�GRPDLQ�DQDO\VLV��WKH�GHVLJQHU�QHHGV�WR�HLWKHU�VHOHFW
DQ� DSSURSULDWH� H[LVWLQJ� QRWDWLRQ� RU� FUHDWH� D� QHZ� QRWDWLRQ� WKDW� GLUHFWO\� UHIOHFWV� WKH
FRQFHSWV�EHLQJ�FDSWXUHG�

%HVW�FDVH�VFHQDULR��a��ZHHN��

:HOO� XQGHUVWRRG�GRPDLQ�� HQYLURQPHQW� DQDO\VW� YHU\� IDPLOLDU�ZLWK�GRPDLQ�� UHODWLYHO\
KRPRJHQRXV� GHVLJQ� HOHPHQWV�� H[LVWLQJ� GHVLJQ� UXOHV� DQG� DQDO\VHV�ZHOO� GRFXPHQWHG�
HQYLURQPHQW�WDUJHW�XVHUV�HQWKXVLDVWLF�DERXW�QHZ�WRROV��(DV\�LQWHJUDWLRQ�ZLWK�H[LVWLQJ
DQDO\VLV�DQG�V\QWKHVLV�WRROV�

$YHUDJH�FDVH�VFHQDULR��a��PRQWKV��

&RPSOH[� KHWHURJHQHRXV� GRPDLQ�� EXW� UHDVRQDEO\� ZHOO� XQGHUVWRRG�� 0DQ\� H[LVWLQJ
GHVLJQ�UXOHV�DQG�KHXULVWLFV��EXW� WKH\�DUH�QRW�ZHOO�GRFXPHQWHG��DQDO\VW� IDPLOLDU�ZLWK
GRPDLQ� EXW� QRW� QHFHVVDULO\� GRPDLQ� H[SHUW�� HQYLURQPHQW� WDUJHW�XVHUV� DPELYDOHQW
WRZDUGV�QHZ�WRROV��([LVWLQJ�DQDO\VLV�DQG�V\QWKHVLV�WRROV�SUHVHQW�PRGHUDWH�LQWHJUDWLRQ
FKDOOHQJHV�

:RUVW�FDVH�VFHQDULR��a��\HDU�RU�WLPH�WR�SURMHFW�FDQFHOODWLRQ��

&RPSOH[��SRRUO\�XQGHUVWRRG��KHWHURJHQHRXV�GRPDLQ��)HZ�H[LVWLQJ��HIIHFWLYH��GHVLJQ
UXOHV� DQG� KHXULVWLFV�� DOPRVW� QRQH� RI � ZKLFK� DUH� GRFXPHQWHG�� (QYLURQPHQW
GHVLJQHU�EXLOGHU� QRW� YHU\� IDPLOLDU� ZLWK� DQDO\VLV� GRPDLQ�� (QYLURQPHQW� WDUJHW�XVHUV
DFWLYHO\�KRVWLOH�WRZDUGV�QHZ�WRROV��$QDO\VLV�DQG�V\QWKHVLV�WRROV�HLWKHU�QRQ�H[LVWHQW��RU
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DYDLODEOH� EXW� UXQQLQJ� RQO\� RQ� REVROHWH� KDUGZDUH� �UHTXLULQJ� VLJQLILFDQW� SRUWLQJ� RU
FRPSOH[�WRRO�UHGHVLJQ��

7DVN� ��� )LQG� RU� FUHDWH� D� ODQJXDJH� DQG� VFKHPD� IRU� FDSWXULQJ� DQG� H[SUHVVLQJ� WKH� GHVLJQ
YRFDEXODU\��UXOHV��DQG�DQDO\VHV��FROOHFWLYHO\�FDOOHG�WKH�GHVLJQ�H[SHUWLVH��WR�EH�XVHG�LQ�WKH
HQYLURQPHQW��7KLV�VFKHPD�ZLOO�EH�XVHG�ERWK�WR�GRFXPHQW�WKH�DUFKLWHFWXUDO�VW\OH�WKDW�WKLV
HQYLURQPHQW�LV�EHLQJ�GHILQHG�WR�VXSSRUW��DV�ZHOO�DV�SURYLGH�D�EOXHSULQW�IRU�LPSOHPHQWLQJ
WKH�HQYLURQPHQW�DQG�DVVRFLDWHG�WRROV�

%HVW�FDVH�VFHQDULR��a��GD\V��

(QYLURQPHQW� GHVLJQHU� FDQ� XVH� H[LVWLQJ� ODQJXDJH� DQG�RU� VFKHPD� ZLWK� ZKLFK� KH� LV
DOUHDG\� DQ� H[SHUW� DQG� WKH� VHOHFWHG� QRWDWLRQ� SURYLGHV� D� JRRG� PDWFK� WR� GHVLJQ
H[SHUWLVH� WR� EH� FDSWXUHG�� 7KH� SHUVRQ� SHUIRUPLQJ� WKH�PRGHOLQJ� LV� DOVR� WKH� SHUVRQ
ZKR� SHUIRUPHG� WKH� GRPDLQ� DQDO\VLV�� RU� KDV� DW� OHDVW� EHHQ� DQ� LQWHJUDO� SDUW� RI � WKH
DQDO\VLV

$YHUDJH�FDVH�VFHQDULR��a��ZHHNV��

([LVWLQJ� QRWDWLRQ� FDQ� EH� XVHG� WR� H[SUHVV� GHVLJQ� H[SHUWLVH� VFKHPD�� EXW� PDWFK
EHWZHHQ� QRWDWLRQ� DQG� H[SHUWLVH� WR� EH� H[SUHVVHG� LV� WHQXRXV� DQG� UHTXLUHV� HLWKHU
VLJQLILFDQW� HIIRUW� WR� DGDSW� WKH� GHVLJQ� H[SHUWLVH� WR� WKH� DYDLODEOH� QRWDWLRQ�� RU� WKH
QRWDWLRQ� LWVHOI � PXVW� EH� H[WHQGHG�� (QYLURQPHQW� GHVLJQHU� LV� IDPLOLDU� ZLWK� WKH
ODQJXDJH�VFKHPD�EXW�QRW�DQ�H[SHUW�DW�XVLQJ�LW�

:RUVW��FDVH�VFHQDULR��a��PRQWKV�RU�WLPH�WR�SURMHFW�FDQFHOODWLRQ��

8QDEOH� RU� XQZLOOLQJ� WR� XVH� DQ\� H[LVWLQJ� VFKHPDV� RU� GHVLJQ� QRWDWLRQV�� 'HFLGH� WR
LQYHQW� D� QHZ�QRWDWLRQ� IURP� VFUDWFK� LQ�ZKLFK� WKH� GHVLJQ� VFKHPD�ZLOO� EH� GHVFULEHG�
'HVLJQHU�V�� LQYHQWLQJ� QRWDWLRQ� DQG� VFKHPD� DUH� LQH[SHULHQFHG� DW� FUHDWLQJ� VXFK
QRWDWLRQV�DQG�VFKHPD�

7DVN����'HVLJQ��LPSOHPHQW��WHVW��DQG�GHSOR\�WKH�FXVWRP�GHVLJQ�HQYLURQPHQW��7KH�FRVW�DQG
GXUDWLRQ� RI � WKLV� SKDVH� FOHDUO\� KDV� WUHPHQGRXV� YDULDELOLW\�� GHSHQGLQJ� RQ� WKH� SRZHU�
FDSDELOLWLHV�� DQG� SROLVK� GHPDQGHG� RI � WKH� FRPSOHWHG� HQYLURQPHQW�� DORQJ� ZLWK� WKH
DYDLODELOLW\� RI � DSSURSULDWH� UHXVDEOH� &276� FRPSRQHQWV�� 7KLV� WDVN� EDVLFDOO\� LQFOXGHV� DOO
GHYHORSPHQW� FRVWV� DQG� HIIRUW� IURP� WKH� SRLQW� ZKHUH� WKH� GHVLUHG� GHVLJQ� H[SHUWLVH� DQG
WRROV�KDYH�EHHQ�VSHFLILHG�WR�WKH�SRLQW�ZKHUH�WKH�HQYLURQPHQW�LV�GHSOR\HG�DQG�VRIWZDUH
DUFKLWHFWV�DUH�XVLQJ�LW�WR�GHVLJQ�V\VWHPV�

7KH� VSHFLILF� VWHSV� UHTXLUHG� WR� FRPSOHWH� WKLV� WDVN� YDU\� JUHDWO\� GHSHQGLQJ� RQ� WKH
UHTXLUHPHQWV�RI �WKH�HQYLURQPHQW��WKH�TXDOLW\�RI �WKH�ZRUN�GRQH�LQ�WDVNV�RQH�DQG�WZR��WKH
DYDLODELOLW\�RI �DSSURSULDWH�UHXVDEOH�FRPSRQHQWV��DQG�WKH�H[SHULHQFH�RI �WKH�GHYHORSHUV��,Q
PRVW�FDVHV��KRZHYHU��DW�OHDVW�WKH�IROORZLQJ�VWHSV�QHHG�WR�EH�WDNHQ�WR�FRPSOHWH�WKLV�WDVN�

D� 'HILQH�WKH�UHTXLUHPHQWV�IRU�WKH�HQYLURQPHQW�DQG�WRROV�EDVHG�RQ�WKH�GRPDLQ
DQDO\VLV�DQG�H[SHUWLVH�FDSWXUH�FRPSOHWHG�LQ�WDVNV�RQH�DQG�WZR�

E� 6SHFLI\�WKH�DUFKLWHFWXUH�DQG�WRRO�LQWHJUDWLRQ�IUDPHZRUN�IRU�WKH�HQYLURQPHQW�
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F� )LJXUH�RXW�KRZ�WR�UHSUHVHQW�WKH�FDSWXUHG�DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�LQ�WKH
HQYLURQPHQW�DQG�LWV�WRROV��6WHSV��E��DQG��F��ZLOO�SUREDEO\�QHHG�WR�EH�LWHUDWHG
PXOWLSOH�WLPHV�

G� ,PSOHPHQW�DQG�LQWHJUDWH�WKH�HQYLURQPHQW�DQG�WRROV��7KLV�PD\�EH�SULPDULO\�DQ
H[HUFLVH�LQ�ILQGLQJ�DQG�DGDSWLQJ�D�VHW�RI�UHXVDEOH�FRPSRQHQWV�RU��DOWHUQDWLYHO\�
WKLV�PD\�LQYROYH�EXLOGLQJ�PRVW�RI�WKH�HQYLURQPHQW·V�SLHFHV�IURP�WKH�JURXQG�XS�
$V�GLVFXVVHG�LQ�&KDSWHU����WKLV�VWHS�ZLOO�JHQHUDOO\�UHTXLUH�WKH�LPSOHPHQWDWLRQ�RI
DW�OHDVW�D�GHVLJQ�UHSUHVHQWDWLRQ�GDWDEDVH��D�JUDSKLFDO�XVHU�LQWHUIDFH��DQG�D�WRRO
LQWHJUDWLRQ�IUDPHZRUN��)UHTXHQWO\��PDQ\�RWKHU�SLHFHV�ZLOO�DOVR�KDYH�WR�EH
LPSOHPHQWHG�WR�VXSSRUW�WKH�WKUHH�SULPDU\�HOHPHQWV�

H� 7HVW�DQG�GHEXJ�WKH�HQYLURQPHQW��,WHUDWH�ZLWK�VWHS��G��DV�QHHGHG�
I� 'RFXPHQW�DQG�GHSOR\�WR�XVHUV�

7KH� SUHFLVH� GXUDWLRQ� DQG� UHODWLYH� LPSRUWDQFH� RI � HDFK� RI � WKHVH� VWHSV� ZLOO� YDU\� IURP
SURMHFW�WR�SURMHFW��EXW�WKH\�DOO�UHTXLUH�VLJQLILFDQW�WLPH��HIIRUW��DQG�H[SHUWLVH�WR�FRPSOHWH
VXFFHVVIXOO\�

%HVW�FDVH�VFHQDULR��a��PRQWK�IRU���GHYHORSHU��

6PDOO�HQYLURQPHQW��&276�FRPSRQHQWV�DYDLODEOH�DQG�XVHG�IRU�PRVW�PDMRU�SDUWV�RI
WKH� V\VWHP��&276�SLHFHV� LQWHJUDWH� VPRRWKO\��0RVW� DQDO\VLV� DQG� V\QWKHVLV� WRROV� DUH
DOUHDG\� EXLOW� DQG� QHHG� RQO\� EH� LQWHJUDWHG� ZLWK� QHZ� HQYLURQPHQW�� LQWHJUDWLRQ� LV
VPRRWK�� 'HJUHH� RI � SROLVK� DQG� FXVWRPL]DWLRQ� H[SHFWHG� LV� UHODWLYHO\� ORZ�� ([SHUW
GHYHORSHU�ZKR�KDV�EXLOW�WKLV�NLQG�RI �HQYLURQPHQW�EHIRUH�DQG�LV�UHDVRQDEO\�IDPLOLDU
ZLWK�DOO�DSSOLFDEOH�&276�SLHFHV�

$YHUDJH�FDVH�VFHQDULR����PRQWKV�IRU�����GHYHORSHUV��

3ROLVKHG�� UREXVW� HQYLURQPHQW� UHTXLUHG�� VRPH� &276� FRPSRQHQWV� DYDLODEOH�� EXW
VLJQLILFDQW� SRUWLRQV� RI � WKH� HQYLURQPHQW� KDYH� WR� EH� EXLOW� E\� KDQG�� VRPH� &276
FRPSRQHQWV� SUHVHQW� VLJQLILFDQW� LQWHJUDWLRQ� GLIILFXOWLHV�� 6LJQLILFDQW� SRUWLRQ� RI � WRROV
QHHG� WR�EH�EXLOW�E\�KDQG�RU�XQGHUJR�GLIILFXOW�SRUWLQJ��([SHULHQFHG�GHYHORSHUV��EXW
QRW�H[SHUWV�DW�EXLOGLQJ�GHVLJQ�HQYLURQPHQWV�

:RUVW��FDVH�VFHQDULR��!��\HDU�IRU�������RU�PRUH��GHYHORSHUV���RU�WLPH�WR�SURMHFW�FDQFHOODWLRQ��

3ROLVKHG�� UREXVW� HQYLURQPHQW� UHTXLUHG�� $JJUHVVLYH� UHTXLUHPHQWV�� )HZ� &276
FRPSRQHQWV� XVHG� �RU� HYHQ� DYDLODEOH���0DQ\�RU�PRVW� RI � WKH� WRROV� QHHG� WR� EH� EXLOW
IURP� VFUDWFK�� ´1RW�LQYHQWHG�KHUHµ� SHUYDGHV� GHYHORSPHQW� ZRUN�� UHVXOWLQJ� LQ
XQQHFHVVDU\�´JURXQG�XSµ�GHYHORSPHQW��'HYHORSHUV�LQH[SHULHQFHG�DQG�RU�XQIDPLOLDU
ZLWK�WKH�GHYHORSPHQW�GRPDLQ��3RRU�DQDO\VLV�SUHFHGLQJ�GHYHORSPHQW�

7DVN����0DLQWDLQ��XSGDWH��DQG�PRGLI\�WKH�GHSOR\HG�GHVLJQ�HQYLURQPHQW�WR�FDSWXUH�DQG�DGG
DGGLWLRQDO� GHVLJQ� H[SHUWLVH�� DGG� DGGLWLRQDO� WRROV� DQG� DQDO\VLV� FDSDELOLWLHV�� RU� HYROYH� WKH
VFKHPD�WR�DGDSW�WR�D�FKDQJLQJ�XQGHUVWDQGLQJ�RI �WKH�GHVLJQ�GRPDLQ�

%HVW�FDVH�VFHQDULR��a��GD\�WR���ZHHN�IRU���GHYHORSHU��

6LPSOH�FKDQJH�UHTXHVW�WKDW�GRHVQ·W�GLVUXSW�DQ\�IXQGDPHQWDO�GHVLJQ�GHFLVLRQV��RULJLQDO
GHYHORSHU� LV�PDLQWDLQLQJ� FRGH� DQG�SURYLGLQJ� XSGDWHV�� DXWRPDWHG� UHJUHVVLRQ� WHVWLQJ
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DOORZV�UHDVRQDEOH�DVVXUDQFH�WKDW�FKDQJHV�KDYHQ·W� LQWURGXFHG�VHULRXV�QHZ�EXJV�ZLWK
PLQLPDO�WLPH�UHTXLUHG�E\�GHYHORSHU�

$YHUDJH�FDVH�VFHQDULR����WR���PRQWKV�IRU�����GHYHORSHUV��

1RQ�WULYLDO�FKDQJH�WKDW�UHTXLUHV�UHWKLQNLQJ�RI �WKH�RULJLQDO�VFKHPD�RU�GHVLJQ�FRQFHSWV�
6FKHPD�DQG�GHVLJQ�H[SHUWLVH�DUH�KDUG�FRGHG�LQWR�GHVLJQ�HQYLURQPHQW�DQG�GLVWULEXWHG
WKURXJKRXW� WKH� LPSOHPHQWDWLRQ� VR� PRGLI\LQJ� WKHP� UHTXLUHV� VLJQLILFDQW� V\VWHP
DUFKHRORJ\�� 2ULJLQDO� GHYHORSHUV� DUH� QR� ORQJHU� PDLQWDLQLQJ� WKH� FRGH�� /LWWOH� RU� QR
UHJUHVVLRQ�WHVWLQJ� LQIUDVWUXFWXUH�WR�YHULI\�WKDW�FKDQJHV�ZRQ·W�GLVWXUE�WKH�UHVW�RI � WKH
V\VWHP�

:RUVW��FDVH�VFHQDULR��!�RU�!!���PRQWKV�IRU���RU�PRUH�GHYHORSHUV��RU�WLPH�WR�SURMHFW�FDQFHOODWLRQ��

&KDQJH� UHTXLUHV�FRPSOHWH� UHWKLQNLQJ�RI �GHVLJQ�H[SHUWLVH� VFKHPD��GHVLJQ� UXOHV�� DQG
YRFDEXODU\�� DOO� RI �ZKLFK� LV� SRRUO\� KDUG�FRGHG� LQWR� WKH� V\VWHP� LPSOHPHQWDWLRQ� DQG
GLVWULEXWHG� WKURXJKRXW� WKH� FRGH�� 2ULJLQDO� HQYLURQPHQW� GHYHORSHUV� KDYH� OHIW� WKH
RUJDQL]DWLRQ��2ULJLQDO�GHVLJQ�LV�SRRUO\�GRFXPHQWHG��&KDQJH�PD\�UHTXLUH�FDSDELOLWLHV
WKDW� D� &276� FRPSRQHQW� FDQ·W� SURYLGH�� QHFHVVLWDWLQJ� H[SHQVLYH� ZRUN�DURXQG� RU
UHSODFHPHQW�

7DVN���ZLOO�EH�UHSHDWHG�DV�QHHGHG�ZKHQHYHU�XSGDWHV�RU�PRGLILFDWLRQV�WR�WKH�V\VWHP�DUH
UHTXLUHG�

$SSUR[LPDWH�7LPH�5HTXLUHG��LQ�(QJLQHHU�’D\V��:HHNV�
0RQWKV��RU�<HDUV�

7DVN

%HVW�&DVH $YHUDJH�&DVH :RUVW�&DVH

����'RPDLQ�$QDO\VLV ��ZHHN ��PRQWKV ���\HDUV

����6FKHPD�&DSWXUH ��GD\V ��ZHHNV ���PRQWKV

����'HVLJQ�
LPSOHPHQW��WHVW�DQG
GHSOR\�HQYLURQPHQW

��PRQWK ��\HDU ���\HDUV

&XPXODWLYH�WLPH�WR
LQLWLDO�GHSOR\PHQW

a�����\HDUV
�����PRQWKV�

a������\HDUV a���\HDUV
�LI �QRW�FDQFHOOHG�

����7LPH�UHTXLUHG�IRU
HQYLURQPHQW�XSGDWHV
DQG�PRGLILFDWLRQV�

����GD\V ����PRQWKV !�RU�!!���PRQWKV

7DEOH������� %UHDNGRZQ�RI �DSSUR[LPDWH�HQJLQHHU�\HDUV�UHTXLUHG�WR�VSHFLI\��GHVLJQ�
EXLOG��DQG�GHSOR\�D�FXVWRPL]HG�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW
XVLQJ�WUDGLWLRQDO�JURXQG�XS�DSSURDFK�

����� 7KH�$UPDQL�DSSURDFK

$W�D�YHU\�DEVWUDFW�OHYHO��WKH�IRXU�WRS�OHYHO�WDVNV�WKDW�DQ�HQYLURQPHQW�GHVLJQHU�PXVW�XQGHUWDNH
WR�EXLOG�D�FXVWRPL]HG�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW�ZLWK�$UPDQL�DUH�WKH�VDPH�DV
WKH�WRS�OHYHO�WDVNV�UHTXLUHG�XVLQJ�WKH�WUDGLWLRQDO�DSSURDFK��7KH�VSHFLILF�VXE�WDVNV�UHTXLUHG�WR
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FRPSOHWH�HDFK�RI �WKHVH�WRS�OHYHO�WDVNV��KRZHYHU��FDQ�YDU\�GUDPDWLFDOO\�EHWZHHQ�WKH�$UPDQL
DSSURDFK�DQG�WKH�WUDGLWLRQDO�DSSURDFK�

7KLV� VHFWLRQ� SUHVHQWV� DQ� DQDO\VLV� RI � WKH� IRXU� WRS�OHYHO� WDVNV� UHTXLUHG� WR� FUHDWH� D� FXVWRP
$UPDQL�GHVLJQ�HQYLURQPHQW�DORQJ�ZLWK�D�GLVFXVVLRQ�RI �WKH�NH\�VXEWDVNV�UHTXLUHG�IRU�HDFK�RI
WKH� WRS�OHYHO� WDVNV�� $V� LQ� WKH� SUHYLRXV� VHFWLRQ�� HDFK� WDVN� LV� JLYHQ� D� WLPH� HVWLPDWH� �LQ
SDUHQWKHVHV��IRU�EHVW��DYHUDJH��DQG�ZRUVW�FDVH�VFHQDULRV��&KDUDFWHULVWLFV�DUH�JLYHQ�IRU�HDFK�RI
WKH�VFHQDULRV�WR�KHOS�LOOXVWUDWH�DQG�FODVVLI\�ZKLFK�RI �WKH�VFHQDULRV�D�JLYHQ�SURMHFW�LV�OLNHO\�WR
IDOO�XQGHU�

7DVN� ��� $QDO\]H� WKH� DUFKLWHFWXUDO� GHVLJQ� GRPDLQ� WR� FDSWXUH� GHVLJQ� H[SHUWLVH� ²� GHVLJQ
YRFDEXODU\�� FRQVWUDLQWV�� KHXULVWLFV�� DQG� DQDO\VHV� ²� IRU� WKH� WDUJHW� GRPDLQ�� $V� LQ� WKH
WUDGLWLRQDO� DSSURDFK�� WKH� HQYLURQPHQW� EXLOGHU� QHHGV� WR� GLVFRYHU� DQG�RU� DUWLFXODWH� WKH
LPSRUWDQW�DVSHFWV�RI �WKH�GRPDLQ�VXFK�DV� LWV�GHVLJQ�YRFDEXODU\��WKH�GHVLJQ�UXOHV�XVHG�LQ
FUHDWLQJ� V\VWHPV� LQ� WKLV� GRPDLQ�� DQG� LGLRPV� DQG� DQDO\VHV� WKDW� KDYH� SUHYLRXVO\� SURYHQ
KHOSIXO�� 7KH� WLPHV� DQG� WDVNV� UHTXLUHG� WR� GR� WKLV� LQ� $UPDQL� DUH� FRPSDUDEOH� WR� WKRVH
UHTXLUHG�ZLWK� WKH� WUDGLWLRQDO� DSSURDFK��$UPDQL� GRHV� QRW� HOLPLQDWH� WKH� QHHG� WR� GHHSO\
XQGHUVWDQG�D�GHVLJQ�GRPDLQ�EHIRUH�FRQVWUXFWLQJ�DXWRPDWHG�GHVLJQ�WRROV�IRU�WKDW�GRPDLQ�
$UPDQL�FDQ��KRZHYHU��SURYLGH�VRPH�DVVLVWDQFH�ZLWK�WKLV�WDVN�E\�SURYLGLQJ�D�IUDPHZRUN
IRU�GRLQJ�WKH�GRPDLQ�DQDO\VLV�DQG�D�FROOHFWLRQ�RI �H[WHQVLEOH��JHQHULF�DQDO\VHV�

%HVW�FDVH�VFHQDULR��a��ZHHN�

:HOO� XQGHUVWRRG�GRPDLQ�� HQYLURQPHQW� DQDO\VW� YHU\� IDPLOLDU�ZLWK�GRPDLQ�� UHODWLYHO\
KRPRJHQRXV�GHVLJQ� HOHPHQWV��([LVWLQJ�GHVLJQ� UXOHV� DQG�DQDO\VHV�ZHOO�GRFXPHQWHG�
HQYLURQPHQW�WDUJHW�XVHUV�HQWKXVLDVWLF�DERXW�QHZ�WRROV��(DV\�LQWHJUDWLRQ�ZLWK�H[LVWLQJ
DQDO\VLV�DQG�V\QWKHVLV�WRROV��$QDO\VW�H[SHULHQFHG�ZLWK�XVLQJ�$UPDQL�

$YHUDJH�FDVH�VFHQDULR��a��PRQWK��

&RPSOH[� KHWHURJHQHRXV� GRPDLQ�� EXW� UHDVRQDEO\� ZHOO� XQGHUVWRRG�� 0DQ\� H[LVWLQJ
GHVLJQ�UXOHV�DQG�KHXULVWLFV��EXW� WKH\�DUH�QRW�ZHOO�GRFXPHQWHG��DQDO\VW� IDPLOLDU�ZLWK
GRPDLQ� EXW� QRW� QHFHVVDULO\� GRPDLQ� H[SHUW�� DQDO\VW� IDPLOLDU� ZLWK� $UPDQL�
(QYLURQPHQW� WDUJHW�XVHUV� DPELYDOHQW� WRZDUGV� QHZ� WRROV�� ([LVWLQJ� DQDO\VLV� DQG
V\QWKHVLV�WRROV�SUHVHQW�PRGHUDWH�LQWHJUDWLRQ�FKDOOHQJHV�

:RUVW��FDVH�VFHQDULR��a��\HDU�RU�WLPH�WR�SURMHFW�FDQFHOODWLRQ��

&RPSOH[��SRRUO\�XQGHUVWRRG��KHWHURJHQHRXV�GRPDLQ��)HZ�H[LVWLQJ��HIIHFWLYH��GHVLJQ
UXOHV� DQG� KHXULVWLFV�� DOPRVW� QRQH� RI � ZKLFK� DUH� GRFXPHQWHG�� (QYLURQPHQW
GHVLJQHU�EXLOGHU� QRW� YHU\� IDPLOLDU� ZLWK� DQDO\VLV� GRPDLQ�� (QYLURQPHQW� WDUJHW�XVHUV
DFWLYHO\�KRVWLOH�WRZDUGV�QHZ�WRROV��$QDO\VLV�DQG�V\QWKHVLV�WRROV�HLWKHU�QRQ�H[LVWHQW��RU
DYDLODEOH� EXW� UXQQLQJ� RQO\� RQ� REVROHWH� KDUGZDUH� �UHTXLULQJ� VLJQLILFDQW� SRUWLQJ� RU
FRPSOH[�WRRO�UHGHVLJQ���1RYLFH�DQDO\VW�

7DVN� ���$UWLFXODWH� WKH� FDSWXUHG� GHVLJQ� H[SHUWLVH� IURP� WKH� GRPDLQ� DQDO\VLV� LQ� WKH�$UPDQL
GHVLJQ�ODQJXDJH��7KLV�WDVN�FDQ�JHQHUDOO\�EH�GRQH�PXFK�IDVWHU�ZLWK�$UPDQL�WKDQ�ZLWK�WKH
WUDGLWLRQDO�DSSURDFK�EHFDXVH�����PXFK�RI �WKH�VFKHPD�UHTXLUHG�IRU�FDSWXULQJ�DUFKLWHFWXUDO
GHVLJQ� H[SHUWLVH� LV� DOUHDG\� HQFRGHG� LQ� WKH�$UPDQL� ODQJXDJH�� HOLPLQDWLQJ� WKH� WUDGLWLRQDO
DSSURDFK·V� VXEWDVN� RI � FUHDWLQJ� VXFK� D� VFKHPD�� ���� WKH� $UPDQL� ODQJXDJH� LV� H[SOLFLWO\
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GHVLJQHG� IRU� FDSWXULQJ� WKLV� W\SH� RI � DUFKLWHFWXUDO� GHVLJQ� H[SHUWLVH�� DQG� ���� WKH� GRPDLQ
DQDO\VLV� ZDV� SHUIRUPHG� ZLWK� WKLV� ODQJXDJH� DOUHDG\� VHOHFWHG� DV� D� WDUJHW�� UHGXFLQJ� WKH
OLNHOLKRRG�RI �PLVPDWFK��VDPH�DV�EHVW�FDVH�LQ�WUDGLWLRQDO�DSSURDFK��

%HVW�FDVH�VFHQDULR��a����GD\V��

6PDOO� GRPDLQ�� H[SHULHQFHG� $UPDQL� PRGHOHU�� DOO� YRFDEXODU\� DQG� GHVLJQ� UXOHV
H[SUHVVHG�GLUHFWO\� LQ�$UPDQL��QR�PLVPDWFKHV�EHWZHHQ� H[SHUWLVH� WR� H[SUHVV�DQG� WKH
$UPDQL�ODQJXDJH�XVHG�WR�H[SUHVV�LW�

$YHUDJH�FDVH�VFHQDULR��a����GD\V��

0RUH�FRPSOH[�GRPDLQ��UHODWLYHO\�IHZ�GHVLJQ�UXOHV�DQG�DQDO\VHV�QHHG�WR�EH�ZULWWHQ�DV
H[WHUQDO� WRROV� DQG� OLQNHG� LQWR� WKH� HQYLURQPHQW�� 'RPDLQ� PRGHOHU� LV� IDPLOLDU� ZLWK
$UPDQL�� UXOHV�� 0LQLPDO� PLVPDWFK� EHWZHHQ� H[SHUWLVH� WR� H[SUHVV� DQG� $UPDQL
ODQJXDJH�VFKHPD�

:RUVW��FDVH�VFHQDULR��a������ZHHNV�RU�WLPH�WR�SURMHFW�FDQFHOODWLRQ��

/DUJH��KHWHURJHQHRXV�GRPDLQ��PDQ\�GHVLJQ�UXOHV�DQG�DQDO\VHV�QHHG�WR�EH�ZULWWHQ�DV
H[WHUQDO� WRROV� DQG� OLQNHG� LQWR� WKH� HQYLURQPHQW��� QRYLFH� PRGHOHU�� VLJQLILFDQW
PLVPDWFK�EHWZHHQ�$UPDQL�ODQJXDJH�DQG�H[SHUWLVH�WKDW�QHHGV�WR�EH�H[SUHVVHG�

7DVN����'HVLJQ��LPSOHPHQW��WHVW��DQG�GHSOR\�WKH�FXVWRP�GHVLJQ�HQYLURQPHQW��7KH�GLIILFXOW\
DQG�WLPH�UHTXLUHG�WR�FRPSOHWH�WKLV�WDVN�FDQ�YDU\�ZLGHO\�GHSHQGLQJ�RQ�WKH�VRSKLVWLFDWLRQ
DQG�SROLVK�H[SHFWHG�RI �WKH�ILQDO�HQYLURQPHQW��,Q�JHQHUDO��KRZHYHU��SHUIRUPLQJ�WKLV�WDVN
ZLWK� WKH�$UPDQL� V\VWHP�SURYLGHV� D� GUDPDWLF� VDYLQJV� LQ� WLPH�� HIIRUW�� DQG� FRVW�RYHU� WKH
WUDGLWLRQDO�DSSURDFK�EHFDXVH�WKH�LQIUDVWUXFWXUH�QHHGHG�IRU�VXFK�DQ�HQYLURQPHQW�GRHV�QRW
QHHG�WR�EH�EXLOW�IURP�WKH�JURXQG�XS��)XUWKHU��D�VLJQLILFDQW�DPRXQW�RI �WKH�FXVWRPL]DWLRQ
LV�SHUIRUPHG�E\�VLPSO\� ORDGLQJ�WKH�GHVLJQ�H[SHUWLVH�FDSWXUHG�LQ�WDVN���GLUHFWO\� LQWR�WKH
JHQHULF�HQYLURQPHQW�LQIUDVWUXFWXUH��7KH�VSHFLILF�VXE�WDVNV�UHTXLUHG�WR�FRPSOHWH�WKLV�WDVN
ZLWK�WKH�$UPDQL�V\VWHP�DUH�

J� /RDG�WKH�GHVLJQ�YRFDEXODU\��GHVLJQ�UXOHV��KHXULVWLFV��DQG�DQDO\VHV�FDSWXUHG�LQ
WDVNV���DQG���LQWR�WKH�JHQHULF�$UPDQL�GHVLJQ�HQYLURQPHQW��7KLV�VWHS�PDNHV�DOO�RI
WKHVH�GHVLJQ�HOHPHQWV�DYDLODEOH�IRU�XVH�DV�GHVLJQ�EXLOGLQJ�EORFNV�LQ�WKH�FXVWRP
HQYLURQPHQW�

K� &RQILJXUH�WKH�XVHU�LQWHUIDFH�WR�PDS�LFRQV�WR�WKHLU�XQGHUO\LQJ�VHPDQWLF
UHSUHVHQWDWLRQV��2SWLRQDOO\��FXVWRPL]HG�HGLWLQJ�GLDORJ�ER[HV�FDQ�EH�FUHDWHG�IRU
HGLWLQJ�VSHFLILF�W\SHV�RI�YRFDEXODU\�HOHPHQWV�

L� :ULWH�DQG�RU�OLQN�LQ�DQ\�H[WHUQDO�GHVLJQ�WRROV��DQDO\VLV�RU�V\QWKHVLV��WR�EH�XVHG
ZLWK�WKH�HQYLURQPHQW�

M� 7HVW�WKH�HQYLURQPHQW��0DQ\�FRQVLVWHQF\�FKHFNV�DUH�SURYLGHG�E\�WKH�$UPDQL
LQIUDVWUXFWXUH�WR�PLQLPL]H�WKH�GLIILFXOW\�RI�WHVWLQJ�WKH�HQYLURQPHQW�

N� 'HSOR\�WR�XVHUV

$V�ZLWK�WKH�WUDGLWLRQDO�DSSURDFK
V�WKLUG�VWHS�� WKH�WLPH��HIIRUW��DQG�H[SHUWLVH�UHTXLUHG�WR
FRPSOHWH�WKLV�VWHS�YDULHV�ZLGHO\�GHSHQGLQJ�RQ�WKH�ULFKQHVV�RI �WKH�WRROV�WKDW�QHHG�WR�EH
ZULWWHQ�DQG�WKH�SROLVK�DQG�FXVWRPL]DWLRQ�GHVLUHG�LQ�WKH�XVHU�LQWHUIDFH�



���

%HVW�FDVH�VFHQDULR��a��GD\�IRU���GHYHORSHU��

6PDOO�� KRPRJHQHRXV� GHVLJQ� GRPDLQ�� VPDOO� QXPEHU� RI � DQDO\VHV� GHILQHG� GLUHFWO\� LQ
$UPDQL�RU�SHUIRUPHG�E\�H[LVWLQJ�WRROV�WKDW�DUH�HDVLO\�OLQNHG�LQ��H[SHULHQFHG�$UPDQL
GHYHORSHUV��OLWWOH�FXVWRPL]DWLRQ�UHTXLUHG�LQ�WKH�XVHU�LQWHUIDFH�

$YHUDJH�FDVH�VFHQDULR������ZHHNV�IRU���GHYHORSHU��

+HWHURJHQHRXV� VW\OH�� QRQ�WULYLDO� FXVWRPL]DWLRQ� DQG� SROLVK� UHTXLUHG� LQ� WKH� XVHU
LQWHUIDFH�� 6RPH� GHVLJQ� WRROV� QHHG� WR� EH� ZULWWHQ� IURP� VFUDWFK�� RWKHUV� QHHG� WR� EH
OLQNHG�LQ��GHYHORSHUV�KDYH�IDPLOLDULW\�ZLWK�$UPDQL�EXW�DUH�QRW�H[SHUWV�

:RUVW��FDVH�VFHQDULR������PRQWKV�IRU���GHYHORSHUV��RU�WLPH�WR�SURMHFW�FDQFHOODWLRQ��

/DUJH�� KHWHURJHQHRXV� VW\OH�� KHDYLO\� FXVWRPL]HG� DQG� VRSKLVWLFDWHG� XVHU� LQWHUIDFH�
PDQ\�WRROV�QHHG�WR�EH�ZULWWHQ�IURP�VFUDWFK��1RYLFH�$UPDQL�GHYHORSHU�V���SRRU�LQLWLDO
GRPDLQ�DQDO\VLV�

7DVN����0DLQWDLQ��XSGDWH��DQG�PRGLI\�WKH�GHSOR\HG�GHVLJQ�HQYLURQPHQW�WR�FDSWXUH�DQG�DGG
DGGLWLRQDO�GHVLJQ�H[SHUWLVH��DGG�WRROLQJ�DQG�DQDO\VLV�FDSDELOLWLHV��RU�HYROYH�WKH�VFKHPD�WR
DGDSW�WR�D�FKDQJLQJ�XQGHUVWDQGLQJ�RI �WKH�GHVLJQ�GRPDLQ��$ORQJ�ZLWK�VWHS����WKLV� LV�WKH
VWHS� WKDW� SURYLGHV� D� KXJH� VDYLQJV� RYHU� WKH� WUDGLWLRQDO� DSSURDFK�� ,Q� $UPDQL�� PDQ\
PRGLILFDWLRQV� DQG� FXVWRPL]DWLRQV� FDQ� EH� SHUIRUPHG� E\� WKH� HQG�XVHU� DV� KLV� RU� KHU
XQGHUVWDQGLQJ� RI � WKH� GRPDLQ� DQG� GHVLJQ� LVVXHV� HYROYHV�� 6SHFLILFDOO\�� DGGLWLRQDO� GHVLJQ
H[SHUWLVH�LQ�WKH�IRUP�RI �YRFDEXODU\��GHVLJQ�UXOHV��KHXULVWLFV��DQG�DQDO\VHV�FDQ�EH�DGGHG�WR
WKH� HQYLURQPHQW� E\� WKH� HQG�XVHU�� RQ�WKH�IO\�� GLUHFWO\� WKURXJK� WKH� GHVLJQ� HQYLURQPHQW
LWVHOI�� )XUWKHU�� WKLV� DGGLWLRQDO� GHVLJQ� H[SHUWLVH� FDQ� EH� SDFNDJHG� DQG� SURYLGHG� WR� RWKHU
HQYLURQPHQW� XVHUV� LI � GHVLUHG�� 7RROV� FDQ� DOVR� EH� G\QDPLFDOO\� DQG� LQFUHPHQWDOO\� OLQNHG
LQWR� WKH� HQYLURQPHQW��7KXV� WKH� HQYLURQPHQW
V� RULJLQDO� GHYHORSHU�V�� FDQ� EH� FRPSOHWHO\
UHPRYHG� IURP� WKH� ORRS� IRU� PDQ\� UHTXLUHG� PRGLILFDWLRQV� WR� WKH� HQYLURQPHQW�
GUDPDWLFDOO\�UHGXFLQJ�WKH�WLPH�WR�WXUQ�D�SURSRVHG�FKDQJH�LQWR�DQ�HQYLURQPHQW�FDSDELOLW\�

%HVW�FDVH�VFHQDULR��a���PLQXWHV�IRU�HQG�XVHU��

8VHU� ZDQWV� WR� DGG� RU� PRGLI\� D� GHVLJQ� UXOH�� YRFDEXODU\� HOHPHQW�� RU� DQDO\VLV�� 7KH
FKDQJH�FDQ�EH�PDGH�E\�VLPSO\�HGLWLQJ�WKH�DSSURSULDWH�VFKHPD�HOHPHQW��DIWHU�ZKLFK
$UPDQL�UHFRQILJXUHV�LWVHOI �ZLWK�WKH�QHZ�RU�XSGDWHG�GHVLJQ�H[SHUWLVH�

$YHUDJH�FDVH�VFHQDULR����KRXU�WR���GD\�IRU�HQG�XVHU��

8VHU� ZDQWV� WR� PDNH� D� VLJQLILFDQW� PRGLILFDWLRQ� WR� WKH� GRPDLQ� VFKHPD�� UHTXLULQJ
FKDQJHV� WR� RU� DGGLWLRQV� RI �PXOWLSOH� GHVLJQ� YRFDEXODU\� HOHPHQWV�� UXOHV�� DQDO\VHV�� RU
OLQNHG�LQ�WRROV��3HUKDSV�D�UHODWLYHO\�VWUDLJKWIRUZDUG�GHVLJQ�WRRO�QHHGV�WR�EH�OLQNHG�LQ
RU�ZULWWHQ�

:RUVW��FDVH�VFHQDULR����RU�PRUH�ZHHNV�IRU���RU�PRUH�HQYLURQPHQW�GHYHORSHUV��

&KDQJH� UHTXLUHV�FRPSOHWH� UHWKLQNLQJ�RI �GHVLJQ�H[SHUWLVH� VFKHPD��GHVLJQ� UXOHV�� DQG
YRFDEXODU\��DQG�RU�VLJQLILFDQW�PRGLILFDWLRQ�WR�WKH�XVHU�LQWHUIDFH�DQG�OLQNHG�LQ�GHVLJQ
WRROV�� 2ULJLQDO� HQYLURQPHQW� GHYHORSHUV� PD\� KDYH� OHIW� WKH� RUJDQL]DWLRQ�� 2ULJLQDO
GHVLJQ� LV� SRRUO\� GRFXPHQWHG�� &KDQJH� PD\� UHTXLUH� FDSDELOLWLHV� WKDW� D� &276
FRPSRQHQW�FDQ·W�SURYLGH��QHFHVVLWDWLQJ�H[SHQVLYH�ZRUN�DURXQG�RU�UHSODFHPHQW�



���

7KLV�ILQDO�VWHS�ZLOO�EH�JHQHUDOO\�EH�UHSHDWHG�PDQ\�WLPHV�WKURXJKRXW�D�GHVLJQ�HQYLURQPHQW·V
OLIHF\FOH�DV�XSGDWHV�RU�PRGLILFDWLRQV�WR�WKH�V\VWHP�DUH�UHTXLUHG�

7DEOH�����VXPPDUL]HV�WKH�UHVXOWV�RI �WKH�$UPDQL�WDVN�DQDO\VLV��7DEOH�����FRPSDUHV�WKH�UHVXOWV
RI �WKH�$UPDQL�WDVN�DQDO\VLV�WR�WKH�UHVXOWV�RI �WKH�WUDGLWLRQDO�DSSURDFK·V�WDVN�DQDO\VLV�

$SSUR[LPDWH�7LPH�5HTXLUHG��LQ�(QJLQHHU�’D\V��:HHNV�
0RQWKV��RU�<HDUV�

7DVN

%HVW�&DVH $YHUDJH�&DVH :RUVW�&DVH

����'RPDLQ�$QDO\VLV ��ZHHN ��PRQWK ���\HDUV

����6FKHPD�&DSWXUH ����GD\V ����GD\V �����ZHHNV

����'HVLJQ�
LPSOHPHQW��WHVW�DQG
GHSOR\�HQYLURQPHQW

��GD\ ����ZHHNV ����PRQWKV

&XPXODWLYH�WLPH�WR
LQLWLDO�GHSOR\PHQW

a��GD\V a�����PRQWKV a�����\HDUV
�LI �QRW�FDQFHOOHG�

����7LPH�UHTXLUHG�IRU
HQYLURQPHQW�XSGDWHV
DQG�PRGLILFDWLRQV�

���PLQXWHV ������KRXUV ��RU�PRUH�ZHHNV

7DEOH����� %UHDNGRZQ�RI �DSSUR[LPDWH�HQJLQHHU�\HDUV�UHTXLUHG�WR�VSHFLI\��GHVLJQ�
EXLOG��DQG�GHSOR\�D�FXVWRPL]HG�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW
XVLQJ�WKH�$UPDQL�DSSURDFK�

$SSUR[LPDWH�7LPH�5HTXLUHG��LQ�(QJLQHHU�’D\V��:HHNV�
0RQWKV��RU�<HDUV�

%HVW�&DVH $YHUDJH�&DVH :RUVW�&DVH

7DVN

7UDGLWLRQDO $UPDQL 7UDGLWLRQDO $UPDQL 7UDGLWLRQDO $UPDQL

����'RPDLQ�$QDO\VLV ��ZHHN ��ZHHN ��PRQWKV ��PRQWK ���\HDUV ���\HDUV

����6FKHPD�&DSWXUH
��GD\V ����GD\V ��ZHHNV ����GD\V

��
PRQWKV

����
ZHHNV

����'HVLJQ�
LPSOHPHQW��WHVW�DQG
GHSOR\�HQYLURQPHQW

��PRQWK ��GD\ ��\HDU
���
ZHHNV

���\HDUV
���

PRQWKV

&XPXODWLYH�WLPH�WR
LQLWLDO�GHSOR\PHQW

a���
PRQWKV

a��GD\V a�����
\HDUV

a����
PRQWKV

a��
\HDUV

�LI �QRW

FDQFHOOHG�

a����
\HDUV

�LI �QRW

FDQFHOOHG�

����7LPH�UHTXLUHG�IRU
HQYLURQPHQW�XSGDWHV
DQG�PRGLILFDWLRQV�

����GD\V
��

PLQXWHV
���

PRQWKV
�����
KRXUV

!�RU�!!
��PRQWKV

��RU
PRUH
ZHHNV

7DEOH����� &RPSDULVRQ�RI �DSSUR[LPDWH�HQJLQHHULQJ�WLPH�UHTXLUHG�WR�VSHFLI\��GHVLJQ�
EXLOG��DQG�GHSOR\�D�FXVWRPL]HG�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW
XVLQJ�WKH�WUDGLWLRQDO�JURXQG�XS�DSSURDFK�YV��WKH�$UPDQL�DSSURDFK�



���

��� 6XPPDU\�RI �WDVN�DQDO\VLV�DQG�FRPSDULVRQ�RI �UHVXOWV

$VVXPLQJ� WKDW� WKH� FDVH� VWXGLHV� SUHVHQWHG� LQ� WKH� IROORZLQJ� FKDSWHUV� XSKROG� WKHVH� WDVN
HVWLPDWHV�� WKLV� DQDO\VLV� VWURQJO\� DUJXHV� WKDW� $UPDQL� HOLPLQDWHV�PDQ\� RI � WKH� GLIILFXOW�� WLPH
FRQVXPLQJ� WDVNV� UHTXLUHG� E\� WKH� WUDGLWLRQDO� JURXQG�XS� DSSURDFK� WR� GHYHORSLQJ� FXVWRP
VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��$OWKRXJK�WKH�VSHFLILF�QXPEHUV�XVHG�WR�HVWLPDWH
WKH�GXUDWLRQ�RI � HDFK�RI � WKHVH� WDVNV�DUH�RQO\� URXJK�HVWLPDWHV�� WKH� H[DFW� WLPH�HVWLPDWHG� IRU
HDFK�WDVN�LV�QRW�FULWLFDO��7KH�TXDOLWDWLYH�FRPSDULVRQ�EHWZHHQ�WKH�WZR�DSSURDFKHV�LV�VXIILFLHQW
WR�VXSSRUW�WKH�PDLQ�SRLQWV�RI �WKH�DUJXPHQW�

7KH� SULPDU\� LQVLJKW� WR� EH� JDLQHG� IURP� WKLV� DQDO\VLV� FRPHV� IURP� WKH� HQXPHUDWLRQ� RI � WKH
VSHFLILF�VXEWDVNV�UHTXLUHG�WR�FRPSOHWH�WKH�WRS�OHYHO�WDVNV�XVLQJ�HDFK�RI �WKH�WZR�DSSURDFKHV�
7KLV�GHWDLOHG�ORRN�DW�WKH�VSHFLILF�WDVNV�LOOXVWUDWHV�WKDW�$UPDQL�SURYLGHV�WKH�JUHDWHVW�OHYHUDJH
LQ�WKH�LPSOHPHQWDWLRQ�VWDJH�RI �HQYLURQPHQW�FUHDWLRQ��$UPDQL�DOVR�TXDOLWDWLYHO\�FKDQJHV�WKH
ZD\� LQ� ZKLFK� H[SHUWLVH� LV� FDSWXUHG� �LQ� WKH� VHFRQG� VWDJH��� DQG� WKH� ZD\� LQ� ZKLFK� DQ
HQYLURQPHQW�FDQ�EH�XSGDWHG��,Q�HDFK�RI �WKHVH�VWDJHV��$UPDQL�QRW�RQO\�UHGXFHV�WKH�QXPEHU
DQG�GLIILFXOW\�RI � WKH� WDVNV� UHTXLUHG�WR�FRPSOHWH� WKH�VWDJH�� LW�FKDQJHV�ZKR�FDQ�FRPSOHWH� WKH
WDVNV�� 6SHFLILFDOO\�� $UPDQL� HPSRZHUV� LWV� HQG�XVHUV� WR� EXLOG� DQG� FXVWRPL]H� WKHLU� GHVLJQ
HQYLURQPHQWV�LQ�D�ZD\�WKDW�LV�YHU\�UDUHO\�IRXQG�LQ�GHVLJQ�HQYLURQPHQWV�EXLOW�ZLWK�WUDGLWLRQDO
DSSURDFKHV�

7KHUH�DUH�DW�OHDVW�WZR�LPSOLFDWLRQV�WKDW�IROORZ�IURP�WKLV�DQDO\VLV��)LUVW��E\�HLWKHU�HOLPLQDWLQJ
RU�GUDVWLFDOO\� UHGXFLQJ�PDQ\�RI � WKH�PRVW� WLPH�FRQVXPLQJ� WDVNV� UHTXLUHG�E\� WKH� WUDGLWLRQDO
DSSURDFK��GHILQLQJ�D�VFKHPD�IRU�FDSWXULQJ�GHVLJQ�H[SHUWLVH��GHVLJQLQJ�DQG�LPSOHPHQWLQJ�WKH
HQYLURQPHQW� DQG� WRROV��� $UPDQL� DOORZV� HQYLURQPHQW� GHVLJQHUV� WR� FUHDWH� DQG� HYROYH� WKHLU
GHVLJQ�HQYLURQPHQWV�PXFK�PRUH�TXLFNO\�WKDQ�WKH\�FDQ�E\�EXLOGLQJ�IURP�WKH�JURXQG�XS�

6HFRQG��$UPDQL�PRYHV�WKH�ERWWOHQHFN�IRU�SURGXFLQJ�DQ�HQYLURQPHQW�IURP�LPSOHPHQWDWLRQ
�WKH� GRPLQDQW� WLPHVLQN� XVLQJ� WKH� WUDGLWLRQDO� DSSURDFK��� WR� GRPDLQ� DQDO\VLV� �WKH� GRPLQDQW
WLPHVLQN�XVLQJ�WKH�$UPDQL�DSSURDFK���7KLV�LV��LQ�LWVHOI��DQ�H[WUHPHO\�YDOXDEOH�EHQHILW��$UPDQL
DOORZV�HQYLURQPHQW�GHYHORSHUV� WR� IRFXV�WKHLU�HIIRUW�DQG�VNLOOV�RQ�ILJXULQJ�RXW�ZKDW�GRPDLQ
H[SHUWLVH�DQG�DQDO\WLFDO�FDSDELOLWLHV�WKH\�ZDQW�WKH�WRROV�WR�VXSSRUW��UDWKHU�WKDQ�KRZ�WKH\�ZLOO
LPSOHPHQW�VXSSRUW�IRU�WKH�H[SHUWLVH�WKDW�WKH\�FDSWXUH���$V�D�UHVXOW��WKH\�FDQ�VSHQG�PRUH�RI
WKHLU� WLPH� ILJXULQJ� RXW� ZKDW� WKHLU� WRROV� VKRXOG� GR� DQG� OHVV� RI � WKHLU� WLPH� GHVLJQLQJ� DQG
LPSOHPHQWLQJ�WKH�WRROV�





���

&KDSWHU�� 

6WUXFWXUHG�&DVH�6WXGLHV

7KH� SUHYLRXV� FKDSWHU� DUJXHG� WKDW�� DW� D� FRQFHSWXDO� OHYHO�� FUHDWLQJ� D� FXVWRP� VRIWZDUH
DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW� XVLQJ� $UPDQL� HOLPLQDWHV� PDQ\� RI � WKH� GLIILFXOW� DQG� WLPH
FRQVXPLQJ�WDVNV�VXFK�D�SURMHFW�WUDGLWLRQDOO\�UHTXLUHV��7KLV�FKDSWHU�GHVFULEHV�D�VHULHV�RI �FDVH
VWXGLHV�XQGHUWDNHQ�WR�GHWHUPLQH�ZKHWKHU�WKH�DVVXPSWLRQV�PDGH�LQ�WKH�FRQFHSWXDO�DQDO\VLV�RI
WKH�SUHYLRXV�FKDSWHU�FRXOG�EH�UHDOL]HG�LQ�SUDFWLFH�

$V� ZLWK� WKH� WDVN� DQDO\VLV�� WKHVH� FDVH� VWXGLHV� VHHN� ILUVW� WR� GHPRQVWUDWH� WKDW� WKH� $UPDQL
DSSURDFK� FDQ� EH� XVHG� WR� FDSWXUH� GHVLJQ� H[SHUWLVH� DW� DOO�� DQG� VHFRQG�� WR� GHPRQVWUDWH� WKDW
H[SHUWLVH� VR� FDSWXUHG� FDQ� EH� XVHG� WR� LQFUHPHQWDOO\� FRQILJXUH� DQG� FXVWRPL]H� WKH� $UPDQL
GHVLJQ�HQYLURQPHQW��'HPRQVWUDWLQJ�WKHVH�WZR�FDSDELOLWLHV�SURYLGHV�D�EDVLF�YDOLGDWLRQ�RI �WKH
WKHVLV�WKDW�LW�LV�SRVVLEOH�WR�FDSWXUH�D�VLJQLILFDQW�DQG�XVHIXO�FROOHFWLRQ�RI �VRIWZDUH�DUFKLWHFWXUH
GHVLJQ�H[SHUWLVH�ZLWK� D� FRQFHSWXDO� IUDPHZRUN�RI �GHVLJQ� UXOHV� DQG�DUFKLWHFWXUDO� VW\OHV� DQG�
IXUWKHU��WKDW�WKLV�FDSWXUHG�GHVLJQ�H[SHUWLVH�FDQ�EH�XVHG�WR�LQFUHPHQWDOO\�FXVWRPL]H�VRIWZDUH
DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�

7KLV� WKHVLV��KRZHYHU��FODLPV�RQO\� WKDW� LW� LV�SRVVLEOH� WR� LQFUHPHQWDOO\�FDSWXUH�GHVLJQ�H[SHUWLVH
DQG�FRQILJXUH�FXVWRP�GHVLJQ�HQYLURQPHQWV�ZLWK�WKH�$UPDQL�DSSURDFK��$UJXLQJ�IRU�WKH�YDOXH
RI � WKH� RYHUDOO� $UPDQL� DSSURDFK� DOVR� UHTXLUHV� D� GHPRQVWUDWLRQ� WKDW� $UPDQL� LV� FDSDEOH� RI
FDSWXULQJ�D�EURDG�YDULHW\�RI �GHVLJQ�H[SHUWLVH�DQG�WKDW�WKLV�H[SHUWLVH�LV�SRZHUIXO��QRQ�WULYLDO�
DQG�FDSWXUHG�LQ�VXFK�D�ZD\�WKDW�LW
V�XVHIXO�LQ�SUDFWLFH�

7R�PDNH�WKLV�DUJXPHQW�,�XVHG�WKH�$UPDQL�V\VWHP�WR�FRQVWUXFW�FXVWRP�GHVLJQ�HQYLURQPHQWV
IRU� HLJKW� GLIIHUHQW� DUFKLWHFWXUDO� VW\OHV�� 7KH� VHOHFWHG� VW\OHV� DQG� WKH� FDSDELOLWLHV� RI � WKH
HQYLURQPHQWV� SURGXFHG� VXSSRUW� WKH� FODLP� WKDW� WKH� WHFKQLTXH� SURYLGHV� VXIILFLHQW� EUHDGWK�
SRZHU��DQG� LQFUHPHQWDOLW\��7KHVH�FDVH�VWXGLHV�ERWK�DUJXH� IRU� WKH�YDOLGLW\�RI � WKH� WKHVLV� DQG
GHPRQVWUDWH�WKH�XWLOLW\�RI �WKH�$UPDQL�DSSURDFK�

��� ([SHULPHQWDO�VWUXFWXUH

7KH�EDVLF�VWUXFWXUH�XVHG�IRU�WKLV�H[SHULPHQW�ZDV�WR�SHUIRUP�D�VHULHV�RI �FDVH�VWXGLHV�LQ�ZKLFK
,� FRQVWUXFWHG� FXVWRP� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV� IRU� HLJKW� GLIIHUHQW� DUFKL�
WHFWXUDO�VW\OHV��UHIHUUHG�WR�DV� WHVW�VW\OHV���,Q�HDFK�FDVH�VWXG\��,�PHDVXUHG�WKH�WLPH�UHTXLUHG�WR
VSHFLI\�WKH�VW\OH·V�GHVLJQ�H[SHUWLVH�DQG�WKH�WLPH�UHTXLUHG�WR�FRQILJXUH�D�GHVLJQ�HQYLURQPHQW
ZLWK� WKDW� H[SHUWLVH� �WDVNV� WZR� DQG� WKUHH� IURP� WKH� SUHYLRXV� FKDSWHU·V� WDVN� DQDO\VLV��� ,Q
DGGLWLRQ� WR� WKH� WLPH� UHTXLUHG�� ,� PHDVXUHG� WKH� QXPEHU� RI � YRFDEXODU\� W\SHV� GHILQHG�� WKH
QXPEHU�RI �GHVLJQ�UXOHV�GHILQHG��WRWDO�OLQHV�RI �FRGH�ZULWWHQ�RU�PRGLILHG��DQG�WKH�QXPEHU�RI
YLVXDO�VKDSHV�GHILQHG��7KH�QXPEHU�RI �HQWLWLHV�GHILQHG�VHUYHV�DV�D�SUR[\�IRU�WKH�VL]H�RI �WKH
RYHUDOO�VW\OH�VSHFLILFDWLRQ�HIIRUW�
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7KURXJK� FDUHIXO� VHOHFWLRQ� RI � WKH� WHVW� VW\OHV� WKHVH� H[SHULPHQWV� GHPRQVWUDWH� WKH� EUHDGWK�
SRZHU�� DQG� LQFUHPHQWDOLW\� RI � WKH� $UPDQL� DSSURDFK�� 7KH� IROORZLQJ� FULWHULD� ZHUH� XVHG� WR
VHOHFW�WKH�WHVW�VW\OHV�

$YDLODELOLW\� RI � D� SXEOLVKHG� VW\OH� GHVFULSWLRQ��(DFK�RI � WKH� WHVW� VW\OHV� VSHFLILHG� LQ� WKHVH
FDVH� VWXGLHV� LV� EDVHG� RQ� RQH� RU� PRUH� SXEOLVKHG� GHVFULSWLRQV� RI � WKDW� VW\OH�� 7KHVH
SXEOLVKHG� VW\OH� GHVFULSWLRQV� SURYLGH� LQIRUPDO� VSHFLILFDWLRQV� RI � WKH� VW\OHV·� GHVLJQ
H[SHUWLVH��YRFDEXODU\��GHVLJQ�UXOHV��DQG�DQDO\VHV���7KH�ULJRU�ZLWK�ZKLFK�WKH�SXEOLFDWLRQV
GHILQH� WKH� VW\OHV�� DV�ZHOO� DV� WKH�PDWFK�EHWZHHQ� WKH�$UPDQL� FRQFHSWXDO� IUDPHZRUN� DQG
WKH�IRUPDW�XVHG�IRU�H[SUHVVLQJ�WKH�VW\OH·V�H[SHUWLVH�YDULHG�ZLGHO\�IURP�VW\OH�GHVFULSWLRQ
WR�VW\OH�GHVFULSWLRQ��$OO�VW\OHV�VHOHFWHG�KDG�WR�KDYH�D�ULFK�HQRXJK�LQIRUPDO�GHVFULSWLRQ�RI
WKH� VW\OH� WKDW� WKH� H[SHUWLVH� LW� FRQWDLQHG� FRXOG� EH� XVHG� DV� WKH� EDVLV� IRU� FUHDWLQJ� D
FRPSHOOLQJ�GHVLJQ�HQYLURQPHQW�

8VLQJ� SXEOLVKHG� VRXUFHV� DV� WKH� EDVLV� IRU� WKH� VW\OHV� SURYLGH� WKUHH� NH\� EHQHILWV�� )LUVW�
VWDUWLQJ�ZLWK�SXEOLVKHG�VRXUFHV�SURYLGHV�D�GHJUHH�RI �H[WHUQDO�YDOLGDWLRQ�RI �WKH�XWLOLW\�RI
WKH� VW\OHV� WKHPVHOYHV�� 7KH� GHVLJQ� H[SHUWLVH� HPERGLHG� E\� WKHVH� DUFKLWHFWXUDO� VW\OHV� KDV
SURYHQ�XVHIXO�HQRXJK�WR�VRPHERG\�WKDW�LW�ZDV�ZRUWK�FDSWXULQJ�DQG�SXEOLVKLQJ�

6HFRQG��XVLQJ�SXEOLVKHG�VRXUFHV�DV�D� IRXQGDWLRQ� OHYHUDJHV�RWKHU�SHRSOH·V�H[SHUWLVH��%\
DWWHPSWLQJ� WR� FDSWXUH� H[SHUWLVH� WKDW� KDG�EHHQ� SUHYLRXVO\� SXEOLVKHG�� ,� GLG� QRW� QHHG� WR
EHFRPH�D�H[SHUW� LQ�HDFK�RI � WKH�GRPDLQV� IRU�ZKLFK�,�EXLOW�D�FDVH�VWXG\�HQYLURQPHQW�� ,
QHHGHG�RQO\�WR�IXOO\�XQGHUVWDQG�WKH�SXEOLVKHG�VSHFLILFDWLRQ��/LNHZLVH��,�GLG�QRW�QHHG�WR
ILQG�DQ�H[SHUW� LQ�HDFK�RI � WKHVH�GRPDLQV�ZKR�ZDV�ZLOOLQJ�WR� OHDUQ�WKH�$UPDQL�WRRO�DQG
SDUWLFLSDWH� LQ� WKLV� H[SHULPHQW��)LQGLQJ�PXOWLSOH� VXFK� H[SHUWV�ZDV� LPSUDFWLFDO� JLYHQ� WKH
EXGJHW��WLPH��DQG�VFRSH�FRQVWUDLQWV�RI �WKH�GLVVHUWDWLRQ�UHVHDUFK�

7KLUG��E\�XVLQJ�SXEOLVKHG�GHVFULSWLRQV�RI �WKH�WDUJHW�VW\OHV�DV�D�GRPDLQ�DQDO\VLV��WKH�WLPH
DQG�HIIRUW� UHTXLUHG� IRU� WKH�GRPDLQ�DQDO\VLV� WDVN�FDQ�EH�IDFWRUHG�RXW�RI � WKH�FDVH� VWXG\
H[SHULPHQWV��$V�WKH�SUHYLRXV�FKDSWHU·V�WDVN�DQDO\VLV�LQGLFDWHV��$UPDQL�SURYLGHV�PLQLPDO
OHYHUDJH� IRU� FRPSOHWLQJ� WKH� GRPDLQ� DQDO\VLV� VWHS�� $UPDQL� GRHV� QRW� PLWLJDWH� WKH
HQYLURQPHQW� GHVLJQHU·V� QHHG� WR� GHHSO\� XQGHUVWDQG� WKH� GRPDLQ� LQ� ZKLFK� KH� RU� VKH� LV
ZRUNLQJ�� ,Q� WKHVH� H[SHULPHQWV� WKH� GRPDLQ� DQDO\VLV� SKDVH� FRQVLVWHG� RI � ILQGLQJ
DSSURSULDWH�SXEOLVKHG�UHIHUHQFHV��UHDGLQJ�DQG�XQGHUVWDQGLQJ�WKHP�GHHSO\��DQG��LI �QHHGHG�
GLVFXVVLQJ� WKH� SXEOLVKHG� VW\OH� VSHFLILFDWLRQ�ZLWK� ORFDO� H[SHUWV�� $V� D� UHVXOW�� WKH�PHWULFV
FDSWXUHG� LQ� WKHVH� H[SHULPHQWV� UHIOHFW� WKH� WLPH� DQG� HIIRUW� UHTXLUHG� WR� FUHDWH� D� FXVWRP
GHVLJQ�HQYLURQPHQW�DIWHU�WKH�GRPDLQ�DQDO\VLV�KDV�EHHQ�FRPSOHWHG�

%UHDGWK��6HOHFWLQJ�DQ�DSSURSULDWHO\�EURDG�YDULHW\�RI �DUFKLWHFWXUDO�VW\OHV�IRU�WKH�FDVH�VWXGLHV
LV�FULWLFDO�IRU�DUJXLQJ�WKH�JHQHUDOLW\�RI �WKH�$UPDQL�DSSURDFK��7KH�GLVFLSOLQH�RI �VRIWZDUH
DUFKLWHFWXUH� LV� IDLUO\� \RXQJ�� $V� D� UHVXOW�� WKH� ILHOG� DV� D�ZKROH� KDV� QRW� \HW� HVWDEOLVKHG� D
FRPSOHWH� FDWDORJ� RI � DOO� RI � WKH� LQWHUHVWLQJ� RU� FRPPRQO\� XVHG� DUFKLWHFWXUDO� VW\OHV�� 7KH
6KDZ�&OHPHQWV�DUFKLWHFWXUDO�VW\OH�WD[RQRP\�>6&��@��KRZHYHU��RXWOLQHV�DQ�LQLWLDO�SURSRVDO
IRU�ZKDW�VXFK�D�FDWDORJ�PLJKW�ORRN�OLNH��,�XVHG�WKLV�WD[RQRP\�DV�D�EDVLV�IRU�VHOHFWLQJ�WHVW
VW\OHV� EHFDXVH� LW� SURYLGHV� D� FOHDQ� DQG� EURDG� RYHUYLHZ� RI � PDQ\� IUHTXHQWO\� XVHG
DUFKLWHFWXUDO� VW\OHV�� 7KH� WD[RQRP\� GHILQHV� VL[� ´WRSOHYHOµ� FDWHJRULHV� RI � DUFKLWHFWXUDO
VW\OHV¬²¬GDWD� IORZ�� FDOO�DQG�UHWXUQ�� LQWHUDFWLQJ� SURFHVVHV�� GDWD�FHQWHUHG� UHSRVLWRULHV�� KLHUDUFKLFDO�� DQG
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GDWD�VKDULQJ��7KH�DXWKRUV�DXJPHQW�WKLV�WRSOHYHO�FODVVLILFDWLRQ�ZLWK�PRUH�GHWDLOHG�H[DPSOHV
RI � DUFKLWHFWXUDO� VW\OHV� WKDW� ILW� LQWR� HDFK�RI � WKHVH� FDWHJRULHV�� 6KDZ� DQG�&OHPHQWV� FODLP
WKDW��WKRXJK�QRW�H[KDXVWLYH��WKHVH�WRSOHYHO�FDWHJRULHV�FRYHU�D�VLJQLILFDQW�SRUWLRQ�RI � WKH
FRPPRQO\�XVHG�DUFKLWHFWXUDO�VW\OHV�

7R�GHPRQVWUDWH�WKH�EUHDGWK�RI �DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�WKDW�$UPDQL�LV�FDSDEOH�RI
FDSWXULQJ� WKHQ�� DW� OHDVW� RQH� WHVW� VW\OH� ZDV� FKRVHQ� IURP� HDFK� RI � WKH� VL[� WRSOHYHO
DUFKLWHFWXUDO� FDWHJRULHV� GHVFULEHG� LQ� WKH� WD[RQRP\�� ,Q� HYDOXDWLQJ� SRWHQWLDO� WHVW� VW\OHV
IURP�HDFK�RI �WKHVH�FDWHJRULHV�,�DOVR�PDGH�DQ�HIIRUW�WR�LQVXUH�WKDW��ZKHQ�HYDOXDWHG�DV�D
ZKROH�� WKH� VHW� RI � DUFKLWHFWXUDO� VW\OHV� ,� VHOHFWHG� IURP� HDFK� RI � WKH� WRSOHYHO� FDWHJRULHV
DGGUHVVHG� D� EURDG� UDQJH� RI � DUFKLWHFWXUDO� LVVXHV� DQG� FDSWXUHG� D� EURDG� UDQJH� RI
DUFKLWHFWXUDO� DWWULEXWHV�� $V� D� UHVXOW�� WKH� HLJKW� FDVH� VWXGLHV� GHVFULEHG� LQ� WKLV� FKDSWHU
GHPRQVWUDWH� WKDW� $UPDQL� LV� FDSDEOH� RI � FDSWXULQJ� DQG� OHYHUDJLQJ� D� ZLGH� YDULHW\� RI
DUFKLWHFWXUDO�GHVLJQ�H[SHUWLVH�

3RZHU��7KH�SRZHU�RI �WKH�HQYLURQPHQWV�SURGXFHG�LQ�WKHVH�FDVH�VWXGLHV�YDULHG�VLJQLILFDQWO\�
)RU� LQFOXVLRQ� LQ� WKHVH� H[SHULPHQWV�� KRZHYHU�� D� SXEOLVKHG� VW\OH� GHVFULSWLRQ� KDG� WR
GHVFULEH��RU�DW�OHDVW�SRLQW�WKH�ZD\�WRZDUGV��VRPH�FRPSHOOLQJ�DQDO\WLFDO�RU�GHVLJQ�JXLGDQFH
FDSDELOLWLHV�� 7R� VKRZ� WKH� GHSWK� RI � WKH� DQDO\WLFDO� SRZHU� WKDW� FDQ� EH� LQFOXGHG� LQ� DQ
$UPDQL� HQYLURQPHQW�� WZR�RI � WKH� VW\OHV� �WKH�&OLHQW�6HUYHU� VW\OHV��ZHUH�DXJPHQWHG�ZLWK
VLJQLILFDQW� H[WHUQDO� DQDO\VLV� WRROV�� 7KLV� H[SHULPHQWDO� DSSURDFK� GHPRQVWUDWHV� WKDW� DQ
$UPDQL�HQYLURQPHQW�FDQ�TXLFNO\�DQG�HDVLO\�FDSWXUH�PDQ\�IRUPV�RI �GHVLJQ�H[SHUWLVH��,W
DOVR� GHPRQVWUDWHV� WKDW� VLJQLILFDQW�� FRPSOH[�� PRGHOLQJ� DQG� DQDO\VLV� WRROV� FDQ� EH
LQWHJUDWHG� ZLWK� D� FXVWRPL]HG� $UPDQL� HQYLURQPHQW� WR� FDSWXUH� DQG� H[SORLW� GHVLJQ
H[SHUWLVH�WKDW�LV�QRW�UHDGLO\�FDSWXUHG�GLUHFWO\�LQ�WKH�$UPDQL�GHVLJQ�ODQJXDJH�

,QFUHPHQWDOLW\��7KHVH�H[SHULPHQWV�GHPRQVWUDWH�WKH�LQFUHPHQWDOLW\�RI �WKH�$UPDQL�DSSURDFK
RQ�WZR�OHYHOV��$W�D�FRDUVH� OHYHO�� WKH�EDVLF�SURFHVV�RI �FUHDWLQJ�D�FXVWRP�HQYLURQPHQW� LV
VLPSO\� WKH� LQFUHPHQWDO� DGDSWDWLRQ� RI � D� JHQHULF�$UPDQL� HQYLURQPHQW� E\� ORDGLQJ� VW\OHV
DQG� RWKHU� FDSWXUHG� GHVLJQ� H[SHUWLVH� LQWR� WKH� HQYLURQPHQW�� ,Q� WKLV� ZD\�� DOO� RI � WKH� WHVW
VW\OHV�VHOHFWHG�GHPRQVWUDWH�WKH�LQFUHPHQWDO�QDWXUH�RI �WKH�$UPDQL�DSSURDFK��$W�D�PRUH
ILQH� JUDLQHG� OHYHO�� WZR� RI � WKH� HLJKW� WHVW� VW\OHV� ZHUH� VHOHFWHG� EHFDXVH� WKH\� DUH� QDWXUDO
H[WHQVLRQV� DQG� VSHFLDOL]DWLRQV� RI � RWKHU��PRUH� JHQHULF�� WHVW� VW\OHV�� 7KHVH� VW\OH� VSHFLDOL�
]DWLRQV� ZHUH� FUHDWHG� E\� PDNLQJ� LQFUHPHQWDO� DGDSWDWLRQV� WR� H[LVWLQJ� VW\OHV� VR� WKDW� WKH
LQLWLDO�VW\OH·V�HQYLURQPHQW�FRXOG�FDSWXUH�DGGLWLRQDO�GHVLJQ�H[SHUWLVH�

8VLQJ�WKHVH�FULWHULD��,�VHOHFWHG�HLJKW�DUFKLWHFWXUDO�VW\OHV�WR�XVH�DV�WHVW�FDVHV��)RU�HDFK�RI �WKHVH
VW\OHV�,�EXLOW�D�FXVWRP�$UPDQL�EDVHG�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW�DQG�WUDFNHG
WKH� WLPH�� HIIRUW�� DQG� WDVNV� UHTXLUHG� WR� FUHDWH� LW�� 6SHFLILFDOO\�� ,� PHDVXUHG� WKH� WLPH� VSHQW
FUHDWLQJ� WKH� VW\OH� DQG� HQYLURQPHQW� �EURNHQ� GRZQ� LQWR� WLPH� WR� FDSWXUH� DEVWUDFW� GHVLJQ
H[SHUWLVH� DQG� WLPH� WR� FXVWRPL]H� WKH� YLVXDOL]DWLRQ� DQG� WRROLQJ� RI � WKH� HQYLURQPHQW��� WKH
QXPEHU�RI �QHZ�YRFDEXODU\�HQWLWLHV�GHILQHG��WKH�QXPEHU�RI �GHVLJQ�UXOHV�GHILQHG��WRWDO� OLQHV
RI � FRGH� ZULWWHQ�� DQG� WKH� QXPEHU� RI � FXVWRP� VKDSHV� GHILQHG� IRU� XVH� LQ� WKH� FXVWRPL]HG
JUDSKLFDO�XVHU�LQWHUIDFH�

$W�ILUVW�JODQFH��WKH�IDFW�WKDW�WKH�FUHDWRU�RI �WKH�$UPDQL�WRRO�LV�DOVR�WKH�SHUVRQ�SHUIRUPLQJ�WKH
FDVH�VWXGLHV�PD\�FDVW�GRXEW�RQ�WKH�YDOLGLW\�RI � WKH�VWXGLHV��7KLV�ZDV��KRZHYHU��D�UHDVRQDEOH
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DSSURDFK�IRU�WKLV�SKDVH�RI �WKH�YDOLGDWLRQ��+DYLQJ�RQH�SHUVRQ�ZKR�ZDV�DOUHDG\�H[SHUW�ZLWK
WKH�$UPDQL� V\VWHP�SHUIRUP�DOO�RI � WKH� LQLWLDO� FDVH� VWXGLHV� IDFWRUV� LVVXHV�RI � OHDUQLQJ� FXUYHV
DQG� GLIIHUHQFHV� LQ� DELOLW\� EHWZHHQ� LQGLYLGXDO� HQYLURQPHQW� GHYHORSHUV� RXW� RI � WKH� H[SHUL�
PHQWDO�UHVXOWV�

7KH� FDVH� VWXGLHV� GHVFULEHG� LQ� WKLV� FKDSWHU� DUH� RQO\� SDUW� RI � WKH� RYHUDOO� WKHVLV� YDOLGDWLRQ�
&KDSWHU���GHVFULEHV�D�VHW�RI �´H[WHUQDOµ�FDVH�VWXGLHV�LQ�ZKLFK�SHRSOH�DQG�RUJDQL]DWLRQV�QRW
DVVRFLDWHG�ZLWK� WKH�$UPDQL�SURMHFW�XVHG�$UPDQL� WR�FUHDWH� WKHLU�RZQ�VRIWZDUH�GHVLJQ� WRROV
DQG�HQYLURQPHQWV��7KH�H[WHUQDO�FDVH�VWXGLHV�DGGUHVV�WKH�LVVXH�RI �ZKHWKHU�SHRSOH�RWKHU�WKDQ
P\VHOI �FDQ�HIIHFWLYHO\�XVH�WKH�$UPDQL�WRROV�DQG�WHFKQLTXHV�

7KHVH�H[SHULPHQWV�DUH�SULPDULO\� LQWHQGHG�WR�GHPRQVWUDWH�WKDW�WKH�RYHUDOO�$UPDQL�DSSURDFK
LV�IHDVLEOH��$�VHFRQGDU\�JRDO�LV�WR�GHPRQVWUDWH�WKDW�WKH�HQYLURQPHQWV�SURGXFHG�FDQ�FDSWXUH
XVHIXO� GHVLJQ� H[SHUWLVH� IRU� D� EURDG� YDULHW\� RI � DUFKLWHFWXUDO� VW\OHV�� 7KXV� WKH� YDULDEOH� EHLQJ
WHVWHG�LQ�WKHVH�H[SHULPHQWV�LV�WKH�UDQJH�DQG�GHSWK�RI �GHVLJQ�H[SHUWLVH�WKDW�FDQ�EH�FDSWXUHG
DQG� H[SORLWHG� ZLWK�$UPDQL�� UDWKHU� WKDQ� WKH� VNLOO� RI � WKH� HQYLURQPHQW� GHYHORSHU� XVLQJ� WKH
WRROV�

��� ’LVFXVVLRQ�RI �FDVH�VWXGLHV

7KLV�VHFWLRQ�SUHVHQWV�D�GHWDLOHG�GLVFXVVLRQ�RI �HLJKW�FDVH�VWXGLHV�WKDW�,�FRQGXFWHG��,�SUHVHQW
WKH� FDVH� VWXGLHV� DFFRUGLQJ� WR� KRZ� WKH\� ILW� LQWR� WKH� VL[� WRSOHYHO� VW\OH� FDWHJRULHV� GHILQHG� LQ
>6&��@��,�GHILQHG�DW�OHDVW�RQH�$UPDQL�VW\OH�DQG�HQYLURQPHQW�IRU�HDFK�RI �WKHVH�VL[�FDWHJRULHV�
)RU�WZR�RI �WKH�FDWHJRULHV�,�FUHDWHG�D�EDVH�VW\OH�DQG�WKHQ�H[WHQGHG�WKH�EDVH�VW\OH�WR�VXSSRUW
DGGLWLRQDO�FDSDELOLWLHV�ZLWK�D�PRUH�VSHFLILF�VW\OH�

(DFK�FDVH�VWXG\�EHJLQV�ZLWK�DQ�RYHUYLHZ�RI �WKH�VW\OH�LW�FDSWXUHV�²�LWV�LQWHUHVWLQJ�DVSHFWV��WKH
LVVXHV�IDFLQJ�GHVLJQHUV�ZRUNLQJ�LQ�WKDW�VW\OH��LWV�NH\�GHVLJQ�YRFDEXODU\�DQG�GHVLJQ�UXOHV��DQG�D
FLWDWLRQ�RI �WKH�VRXUFHV�IURP�ZKLFK�WKH�VW\OH�GHILQLWLRQ�ZDV�H[WUDFWHG��7KLV� LV�IROORZHG�E\�D
GLVFXVVLRQ�RI � LQWHUHVWLQJ� LVVXHV�UDLVHG� LQ�WKH�SURFHVV�RI �FXVWRPL]LQJ�WKH�$UPDQL�V\VWHP�WR
ZRUN�ZLWK� WKH� VW\OH� LQ� TXHVWLRQ��(DFK�RI � WKH� FDVH� VWXGLHV� LQFOXGHV� D� ILJXUH�ZLWK� D� VFUHHQ�
GXPS�IURP�WKH�FXVWRP�HQYLURQPHQW�DQG�DQ�RYHUYLHZ�RI �VRPH�RI � WKH� LPSRUWDQW� VWDWLVWLFV
IRU�WKH�FDVH�VWXG\�DQG�HQYLURQPHQW�

����� &DVH�VWXG\����D�GDWD�IORZ�VW\OH

)RU� WKH� ILUVW� VWUXFWXUHG� FDVH� VWXG\�� ,� FUHDWHG� D� FXVWRP� HQYLURQPHQW� IRU� WKH� EDWFK�VHTXHQWLDO
DUFKLWHFWXUDO�VW\OH��7KLV�VW\OH��ZKLFK�LV�SRSXODU�IRU�PDLQIUDPH�EDVHG�GDWD�SURFHVVLQJ�DSSOLFD�
WLRQV��FDSWXUHV�D�FRPPRQ�DSSURDFK�WR�EXLOGLQJ�VRIWZDUH�V\VWHPV�WKDW�UHSHDWHGO\�SHUIRUP�D
VHULHV�RI �RSHUDWLRQV�RYHU�ODUJH�VHTXHQFHV�RI �GDWD�UHFRUGV��,�EDVHG�WKLV�VW\OH�VSHFLILFDWLRQ�RQ
WKH�GLVFXVVLRQ�RI ��6HTXHQWLDO�3URFHVVLQJ�3URJUDP�'HVLJQ��LQ�/DUU\�%HVW·V�ERRN�$SSOLFDWLRQ
$UFKLWHFWXUH��0RGHUQ�/DUJH�6FDOH� ,QIRUPDWLRQ�3URFHVVLQJ� >%H��@�� $OWKRXJK� %HVW·V� SUHVHQWDWLRQ� RI
WKLV�VW\OH� LV�VRPHZKDW� LQIRUPDO��,�IRXQG�LW�VWUDLJKWIRUZDUG�WR�DGG�WKH�IRUPDOLW\�UHTXLUHG�E\
$UPDQL� WR�KLV� VW\OH� VSHFLILFDWLRQ�ZKLOH� UHWDLQLQJ� WKH� VW\OH·V�EDVLF� FRQFHSWV��YRFDEXODU\�� DQG
GHVLJQ�UXOHV�
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6\VWHPZLGH�LVVXHV

&RQFHSWXDOO\�� V\VWHPV� EXLOW� LQ� WKH� EDWFK� VHTXHQWLDO� VW\OH� FRQVLVW� RI � D� VHW� RI � GDWD�SURFHVVLQJ
RSHUDWLRQ�FRPSRQHQWV�WKDW�SHUIRUP�RQH�RU�PRUH�RSHUDWLRQV�RQ�D�VHULHV�RI �GDWD�UHFRUGV��D�VHW
RI �LQSXW�VRXUFH�DQG�RXWSXW�VLQN�FRPSRQHQWV�WKDW�KDQGOH�V\VWHP�LQSXW�DQG�RXWSXW��DQG�D�VHW�RI
GDWD�VWUHDP�FRQQHFWRUV�WKDW�GHILQH�DQG�PDQDJH�WKH�IORZ�RI �GDWD�WKURXJK�WKH�V\VWHP�

7KLV� VWUXFWXUDO� EUHDNGRZQ� SURYLGHV� D� FOHDQ�ZD\� IRU� WKH� DUFKLWHFW� WR� GLYLGH� WKH� IXQFWLRQDO
SURFHVVLQJ� QHHGV� RI � D� EDWFK� VHTXHQWLDO� V\VWHP� DPRQJVW� WKH� GDWD� SURFHVVLQJ� RSHUDWLRQ
FRPSRQHQWV��,W�DOVR�FOHDUO\�LGHQWLILHV�WKH�GDWDIORZ�SDWKV�WKURXJK�WKH�V\VWHP��7KHVH�DUH�WZR
RI �WKH� LPSRUWDQW�V\VWHP�ZLGH� LVVXHV�WKDW�DQ�DUFKLWHFW�ZRUNLQJ� LQ� WKH�EDWFK�VHTXHQWLDO� VW\OH
PXVW�PDQDJH��)XUWKHU�VW\OH�ZLGH�GHVLJQ� LVVXHV� LQFOXGH��SURFHVVLQJ�SHUIRUPDQFH� �ERWK� WRWDO
V\VWHP� WKURXJKSXW� DQG�SURFHVVLQJ� ODWHQF\��� GHVLJQ�PRGLILDELOLW\� �KRZ�GLIILFXOW� LV� LW� WR� DGG�
UHPRYH�� RU� FKDQJH� WKH� IXQFWLRQDO� FDSDELOLWLHV� RI � WKH� V\VWHP�� RU� UHSODFH� DQ� H[LVWLQJ
FRPSRQHQW� ZLWK� D� FRPSRQHQW� ZLWK� GLIIHUHQW� QRQ�IXQFWLRQDO� SURSHUWLHV��� GDWD� IRUPDW
FRPSDWLELOLW\� �EHWZHHQ� FRPSRQHQWV��� FRQQHFWRU� LQWHUDFWLRQ� SURWRFROV�� DQG� HUURU� KDQGOLQJ
DQG�UHFRYHU\�

7KH�GHVLJQ�LQIRUPDWLRQ�WKDW�DUFKLWHFWV�DQG�WRROV�QHHG�WR�UHDVRQ�DERXW�WKHVH�LVVXHV�LV�VWRUHG
LQ� WKH� SURSHUWLHV� DQG� GHVLJQ� UXOHV� RI � WKH� VW\OH·V� YRFDEXODU\� HOHPHQWV� ²� FRPSRQHQW�
FRQQHFWRU��SRUW��DQG�UROH�W\SHV��:LWK�WKLV�DSSURDFK��GHVLJQ�GHWDLOV�DUH�VWRUHG�ORFDOO\�ZLWK�WKH
GHVLJQ�HOHPHQWV�WKDW�PDNH�XS�D�V\VWHP��7KH�HPHUJHQW�SURSHUWLHV�RI �WKH�V\VWHP�DUH�FDSWXUHG
E\� WKH� GHVLJQ� UXOHV� DQG� DQDO\VHV� WKDW� HYDOXDWH� WKH� SURSHUWLHV� RI � WKH� V\VWHP·V� FRQVWLWXHQW
HOHPHQWV�WR�DGGUHVV�WKH�V\VWHP�ZLGH�LVVXHV�MXVW�RXWOLQHG�

&RPSRQHQW�LVVXHV

2QH� RI � WKH� HDUO\� WDVNV� DQ� DUFKLWHFW�PXVW� SHUIRUP� LQ� GHVLJQLQJ� V\VWHPV� LQ� WKLV� VW\OH� LV� WR
GHILQH�D�IXQFWLRQDO�GHFRPSRVLWLRQ�RI �WKH�SURFHVVLQJ�WR�EH�GRQH��7KLV�GHFRPSRVLWLRQ�GLYLGHV
WKH�RYHUDOO�V\VWHP�SURFHVVLQJ�LQWR�D�VHTXHQFH�RI �GLVFUHWH�IXQFWLRQV��7KHVH�IXQFWLRQV�DUH�WKHQ
PDSSHG�WR�D�VHW�RI �GDWD�SURFHVVLQJ�RSHUDWLRQ�FRPSRQHQWV�WKDW�H[HFXWH�WKH�UHTXHVWHG�IXQFWLRQV�
$UFKLWHFWV� FDQ� VSHFLI\� DQG� HYDOXDWH� LQGLYLGXDO� GDWD� SURFHVVLQJ� RSHUDWLRQ� FRPSRQHQWV� IRU�
IXQFWLRQDOLW\� SURYLGHG�� SHUVLVWHQFH� RI � VWDWH� EHWZHHQ� UHFRUGV�� SURFHVVLQJ� ODWHQF\� DQG
WKURXJKSXW�� HUURU� KDQGOLQJ� SROLFLHV�� DQG� GDWD� YDOLGDWLRQ� SROLFLHV�� $OO� RI � WKHVH� DVSHFWV� RI
LQGLYLGXDO� FRPSRQHQWV� DUH� UHSUHVHQWHG� ZLWK� SURSHUW\� DQQRWDWLRQV� RQ� WKH� GDWD� SURFHVVLQJ
RSHUDWLRQ�FRPSRQHQW�W\SH�VSHFLILFDWLRQ�

&RQQHFWRU�LVVXHV

$IWHU� WKH� EDVLF� IXQFWLRQDO� GHFRPSRVLWLRQ� KDV� EHHQ� SHUIRUPHG� DQG� WKH� IXQFWLRQDO
UHVSRQVLELOLWLHV� KDYH� EHHQ� DVVLJQHG� WR� FRPSRQHQWV�� LW� LV� QHFHVVDU\� WR� FRQQHFW� WKRVH
FRPSRQHQWV�E\�IHHGLQJ�WKH�RXWSXW�RI �HDFK�GDWD�SURFHVVLQJ�RSHUDWLRQ�LQWR�WKH�LQSXW�RI �RQH
RU� PRUH� VXEVHTXHQW� SURFHVVLQJ� RSHUDWLRQV�� $OWHUQDWLYHO\�� LI � WKH� SURFHVVLQJ� KDV� EHHQ
FRPSOHWHG�WKHQ�WKH�RXWSXW�QHHGV�WR�EH�ZULWWHQ�WR�WKH�DSSURSULDWH�VWRUDJH�RU�RXWSXW�GHYLFH�

7KH�EDVLF� FRQQHFWRU�XVHG� LQ� WKLV� VW\OH� LV� WKH�GDWD�VWUHDP��$OO�GDWD� VWUHDP�FRQQHFWRUV� LQVXUH
WKDW�GDWD�LV�GHOLYHUHG�IURP�DQ�XSVWUHDP�FRPSRQHQW�WR�D�GRZQVWUHDP�FRPSRQHQW�XQPRGLILHG
DQG�LQ�WKH�RUGHU�WKDW�LW�ZDV�UHFHLYHG�IURP�WKH�XSVWUHDP�FRPSRQHQW��'DWD�DYDLODELOLW\�LV�WKH
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SULPDU\� FRQWURO� VLJQDO� XVHG� E\� GDWD� VWUHDP� FRQQHFWRUV� WR� VLJQDO� D� WUDQVIHU� RI � FRQWURO
EHWZHHQ�FRPSRQHQWV�

'DWD� VWUHDP�FRQQHFWRUV�QHHG� WR�EH�DEOH� WR�KDQGOH� ODUJH�YROXPHV�RI �GDWD� IORZLQJ�EHWZHHQ
FRPSRQHQWV�WKDW�FDQ�KDYH�KLJKO\�YDULDEOH�SURFHVVLQJ�UDWHV��$V�D�UHVXOW��WKH\�PXVW�EH�DEOH�WR
EXIIHU� ODUJH� DPRXQWV� RI � GDWD� DQG� DGDSW� WR� GLIIHUHQFHV� LQ� SURFHVVLQJ� VSHHG� EHWZHHQ� WKH
GLIIHUHQW�FRPSRQHQWV��7KUHH�IXUWKHU�LVVXHV�WKDW�FRQQHFWRUV�QHHG�WR�DGGUHVV�LQ�WKLV�VW\OH�DUH
����ZKHWKHU�WKH�FRPSRQHQWV�DWWDFKHG�WR�WKH�FRQQHFWRU�ZLOO�EH�SXVKLQJ�RU�SXOOLQJ�WKHLU�GDWD�
����KRZ� WKH�FRQQHFWRUV�DYRLG�RU� UHDFW� WR�EXIIHU�RYHUIORZV�� DQG� ����ZKDW�SROLF\� LV�XVHG� IRU
DJJUHJDWLQJ� RU� UHSOLFDWLQJ� GDWD� VWUHDPV� ZLWK� PXOWLSOH� LQSXW� VRXUFHV� RU� RXWSXW� VLQNV�
1XPHURXV�VXEW\SHV�RI �WKH�GDWD�VWUHDP�FRQQHFWRU�W\SH��ZKLFK�DGGUHVV�WKHVH�LVVXHV�LQ�YDULRXV
ZD\V��DUH�SURYLGHG�DV�EDVLF�V\VWHP�EXLOGLQJ�EORFNV�

$OO�WKUHH�RI �WKHVH�LVVXHV�DUH�FDSWXUHG�LQ�WKH�SURSHUWLHV�RI �WKH�FRQQHFWRU�W\SHV�GHILQHG�E\�WKH
VW\OH�� 7KH� VW\OH� GHILQHV� VSHFLILF� SURSHUW\� W\SHV� IRU� GHVFULELQJ� SXVK�SXOO� EHKDYLRU�� EXIIHU�
RYHUIORZ�EHKDYLRU�� DQG�GDWD�UHSOLFDWLRQ�EHKDYLRU�� ,W� DOVR�GHILQHV� D� VHW� RI � GHVLJQ� UXOHV� WKDW
HQVXUH� WKDW� FRQQHFWRUV� DQG� WKH� FRPSRQHQWV� WR� ZKLFK� WKH\� DUH� DWWDFKHG� DJUHH� RQ� WKHVH

%DWFK�6HTXHQWLDO�6W\OH

&DWHJRU\��'DWD�)ORZ

6HPDQWLFV�6WDWLVWLFV

3ULPDU\�FRPSRQHQW�W\SHV�

��'DWD�3URFHVVLQJ�2S

��'DWD�,QSXW�6RXUFH

��'DWD�2XWSXW�6LQN�«

3ULPDU\�FRQQHFWRU�W\SHV�

��'DWD�6WUHDP

��)DQ�2XW�'DWD�6WUHDP

��5HQGHYRXV�'DWD�6WUHDP�«

6DPSOH�GHVLJQ�UXOH�

��$OO�FRQQHFWRUV�PXVW�EH

'DWD�6WUHDPV

7RWDO�W\SHV�GHILQHG����

’HVLJQ�DQDO\VHV�GHILQHG���

7LPH�WR�GHILQH������KRXUV

/LQHV�RI �$UPDQL�FRGH����

(QYLURQPHQW�6WDWLVWLFV

7RWDO�VKDSHV�GHILQHG����

&XVWRPL]DWLRQ�WLPH���õ�KUV�

)LJXUH������2YHUYLHZ�RI �WKH�%DWFK�6HTXHQWLDO�6W\OH�DQG�HQYLURQPHQW
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SURWRFROV�DQG�EHKDYLRUV��$V�D�UHVXOW��DUFKLWHFWV�ZRUNLQJ�LQ�WKLV�VW\OH�FDQ�H[SORUH�WKHLU�RSWLRQV
ZLWK�UHVSHFW� WR� WKHVH� LVVXHV�E\�DGMXVWLQJ� WKH�YDOXHV�RI � WKHVH�SURSHUWLHV�RQ� WKHLU� FRQQHFWRU
DQG�FRPSRQHQW�LQVWDQFHV�DQG�WHVWLQJ�ZKHWKHU�WKHLU�SURSRVDOV�VDWLVI\�WKH�VW\OH·V�GHVLJQ�UXOHV�

’LVFXVVLRQ�DQG�HYDOXDWLRQ

$V�)LJXUH����� LQGLFDWHV��WKH�SURFHVV�RI �GHILQLQJ�WKLV�DUFKLWHFWXUDO�VW\OH�DQG�FXVWRPL]LQJ�WKH
JHQHULF�$UPDQL�HQYLURQPHQW�WR�VXSSRUW�LW�ZDV�TXLFN�DQG�VWUDLJKWIRUZDUG��UHTXLULQJ�RQO\�����
KRXUV� RI � WRWDO� GHYHORSPHQW� WLPH�� $V� PHQWLRQHG� HDUOLHU�� WKLV� WLPH�PHDVXUHPHQW� GRHV� QRW
LQFOXGH� WKH� GRPDLQ� DQDO\VLV� HIIRUW� �SULPDULO\� UHDGLQJ� DQG� XQGHUVWDQGLQJ� %HVW·V� ERRN�� WKDW
SUHFHGHG�WKH�VW\OH�VSHFLILFDWLRQ�DQG�HQYLURQPHQW�GHYHORSPHQW�

$V� WKH� SUHYLRXV� VHFWLRQV� GHVFULEH�� ,� ZDV� DEOH� WR� FDSWXUH� DQG� UHSUHVHQW� D� ZLGH� YDULHW\� RI
GHVLJQ�RSWLRQV�IRU�WKLV�VW\OH�XVLQJ�RQO\�$UPDQL·V�SURSHUW\��GHVLJQ�UXOH��DQG�W\SH�FRQVWUXFWV�
7KH� DELOLW\� WR� GHILQH� HQXPHUDWHG� SURSHUW\� W\SHV� SURYHG� YHU\� XVHIXO� EHFDXVH�PDQ\� RI � WKH
SURSHUWLHV�WKDW�,�QHHGHG�WR�FDSWXUH�ZHUH�HDVLO\�UHSUHVHQWHG�ZLWK�D�GLVFUHWH�DQG�IL[HG�VHW�RI
SRVVLEOH�YDOXHV��)XUWKHUPRUH��LW�ZDV�VWUDLJKWIRUZDUG�WR�LGHQWLI\�ZKLFK�FRPELQDWLRQV�RI �WKHVH
YDOXHV�DFURVV�FRPSRQHQWV�DQG�FRQQHFWRUV�ZHUH�YDOLG�DQG�ZKLFK�ZHUH� LQYDOLG�� DQG� WR�ZULWH
FRUUHVSRQGLQJ� GHVLJQ� UXOHV� WR� LQVXUH� YDOLG� FRPELQDWLRQV�� )RU� H[DPSOH�� HQXPHUDWHG
SURSHUWLHV�FDSWXUH�ZKHWKHU�GDWD�LV�SXVKHG�RU�SXOOHG�DFURVV�SRUW�UROH�SDLUV�DQG�ZKHWKHU�WKDW
SXVKLQJ�RU�SXOOLQJ�LV�DFWLYH�RU�SDVVLYH��/LNHZLVH��HQXPHUDWHG�SURSHUWLHV�DUH�XVHG�WR�GHILQH�WKH
WKUHH� EDVLF� ZD\V� WKDW� D� FRQQHFWRU� FDQ� KDQGOH� EXIIHU� RYHUIORZ� ²� E\� EORFNLQJ�� GURSSLQJ
UHFHLYHG�UHFRUGV��RU�FUDVKLQJ�

$QRWKHU� ILQGLQJ� IURP� WKLV� FDVH� VWXG\� ZDV� WKDW� WKH� $UPDQL� GHVLJQ� ODQJXDJH� SURYHG
UHPDUNDEO\� HIIHFWLYH� DW� FDSWXULQJ� WKH� QRQ�IXQFWLRQDO� SURSHUWLHV� RI � DQ� LQWHUHVWLQJ� VHW� RI
FRQQHFWRUV�� 7KH� FRQQHFWRUV� LQ� WKLV� VW\OH� GULYH� FRQWURO� IORZ� ZLWK� GDWD� IORZ�� ZKLFK� LV� WKH
RSSRVLWH� RI � WUDGLWLRQDO� SURFHGXUDO� FRQQHFWLRQV�� )XUWKHU�� WKH\� SURYLGH� WKH� DELOLW\� WR� SXW
PXOWLSOH� SURGXFHUV� RU� PXOWLSOH� FRQVXPHUV� RQ� D� VLQJOH� FRQQHFWLRQ�� $OWKRXJK� ,� GLG� QRW
SURYLGH�D�IRUPDO�EHKDYLRUDO�SURWRFRO�VSHFLILFDWLRQ�IRU�WKH�FRQQHFWRUV��,�ZDV�DEOH�WR�FDSWXUH�D
ZLGH�YDULHW\�RI �QRQIXQFWLRQDO�SURSHUWLHV�UHODWHG�WR�WKH�FRQQHFWRUV��,�ZDV�DOVR�DEOH�WR�FDSWXUH
DQG�HQIRUFH�D�IHZ�NH\�DVSHFWV�RI �WKH�FRQQHFWRU·V�FRPPXQLFDWLRQ�SURWRFRO�XVLQJ�HQXPHUDWHG
SURSHUWLHV� DQG� GHVLJQ� UXOHV�� 7KHVH� DVSHFWV� LQFOXGHG� HQVXULQJ� DSSURSULDWH� SXVK�SXOO� DQG
DFWLYH�SDVVLYH�FRPELQDWLRQV�EHWZHHQ�SRUWV�DQG�WKH�UROHV�WR�ZKLFK�WKH\�ZHUH�DWWDFKHG��EXIIHU
RYHUIORZ�SROLF\��EXIIHU�VKDULQJ�SROLF\��WUDQVIHUUHG�UHFRUG�IRUPDW��DQG�WKH�PRGHO�IRU�KDQGOLQJ
PXOWLSOH�VRXUFH�UROHV�WKDW�IHHG�LQWR�D�VLQJOH�VLQN��URXQG�URELQ��UHQGH]YRXV��RU�RSSRUWXQLVWLF��

7KH� PRVW� HQFRXUDJLQJ� UHVXOW� IURP� WKLV� FDVH� VWXG\� LV� WKDW� LW� SURYHG� VWUDLJKWIRUZDUG� WR
UHSUHVHQW�DOO�RI � WKHVH� WKLQJV�GLUHFWO\� LQ� WKH�$UPDQL�GHVLJQ� ODQJXDJH�� ,�GLG�QRW�QHHG� WR�XVH
H[WHUQDO� DQDO\VLV� WRROV�� ODQJXDJH� H[WHQVLRQV�� QRU� RWKHU� HPEHGGHG� ODQJXDJHV� ZLWKLQ� P\
$UPDQL� VW\OH� VSHFLILFDWLRQ�� 1RU� GLG� ,� UXQ� LQWR� DQ\� VLJQLILFDQW� OLPLWDWLRQV� ZLWK� WKH� GHVLJQ
ODQJXDJH� LWVHOI�� 7KLV� ILQGLQJ� LV� HQFRXUDJLQJ� EHFDXVH� GHVLJQHUV� ZRUNLQJ� LQ� WKLV� VW\OH� FDQ
DGGUHVV�QRQ�WULYLDO��XVHIXO��DQG�EURDG�GHVLJQ�LVVXHV�

����� &DVH�VWXG\����D�KLHUDUFKLFDO�VW\OH

,Q�WKH�VHFRQG�VWUXFWXUHG�FDVH�VWXG\��,�FUHDWHG�D�VW\OH�WKDW�FDSWXUHV�WKH�SRSXODU�DUFKLWHFWXUDO
DEVWUDFWLRQ� RI � OD\HUV�� 7KLV� VW\OH�� LPDJLQDWLYHO\� FDOOHG� WKH� OD\HUHG� VW\OH�� LV� DQ� H[DPSOH� RI � D
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KLHUDUFKLFDO� VW\OH� LQ� WKH� 6KDZ�&OHPHQWV� WD[RQRP\�� ,� EDVHG� WKLV� VW\OH� RQ� WKH� KLJK�OHYHO�;�
:LQGRZV� DUFKLWHFWXUDO� VSHFLILFDWLRQ� SXEOLVKHG� LQ� >+)%��@�� $OWKRXJK� LW� LV� XVHG� TXLWH
HIIHFWLYHO\�LQ�WKH�GHVLJQ�RI �WKH�;�:LQGRZV�V\VWHP��WKH�OD\HU�DEVWUDFWLRQ�LV�DOVR�YHU\�JHQHUDO
DQG�EURDGO\�DSSOLFDEOH��7R�WDNH�DGYDQWDJH�RI �WKH�VW\OH·V�JHQHUDOLW\�,�WHDVHG�WKH�IXQGDPHQWDO
´OD\HUQHVVµ�RXW�RI �WKH�;�:LQGRZV�VSHFLILFDWLRQ�DQG�XVHG�LW�WR�FUHDWH�D�JHQHULF�OD\HUHG�VW\OH�

6W\OH�RYHUYLHZ

$V� )LJXUH� ���� GHWDLOV�� WKH� OD\HUHG� VW\OH� LV� VLPSOH� DQG� VWUDLJKWIRUZDUG�� ,W� KDV� RQH� SULPDU\
FRPSRQHQW�W\SH�²�WKH�OD\HU�²�DQG�RQH�SULPDU\�FRQQHFWRU�W\SH�²�WKH�LQWHU�OD\HU�UHTXHVW��$OO�OD\HU
FRPSRQHQWV�KDYH�SURSHUWLHV�WKDW�LQGLFDWH�WKHLU�OHYHO�LQ�WKH�OD\HU�KLHUDUFK\��ZKHWKHU�WKH\�FDQ
KDQGOH�DV\QFKURQRXV�UHTXHVWV��DQG�ZKHWKHU�WKH\�DUH�PXOWL�WKUHDGHG��/D\HUV�DOVR�KDYH�D�VHW�RI
SRUWV�WKDW�UHFHLYH�UHTXHVWV�IURP�FRPSRQHQWV�KLJKHU�LQ�WKH�OD\HU�KLHUDUFK\�DQG�D�VHW�RI �SRUWV
WKDW�VHQG�UHTXHVWV�WR�FRPSRQHQWV�ORZHU�LQ�WKH�OD\HU�KLHUDUFK\��,QWHU�OD\HU�UHTXHVWV�DUH�ELQDU\
FRQQHFWRUV� WKDW� VHQG� UHTXHVWV� IURP� D� KLJKHU�OHYHO� OD\HU� WR� D� ORZHU�OHYHO� OD\HU� DQG� UHWXUQ
UHVSRQVHV� LQ� WKH�RWKHU�GLUHFWLRQ��7KH\� FDQ�EH� V\QFKURQRXV�RU�DV\QFKURQRXV�� DQG� WKH\� FDQ

/D\HUHG�6W\OH

&DWHJRU\��+LHUDUFKLFDO

6HPDQWLFV�6WDWLVWLFV

3ULPDU\�FRPSRQHQW�W\SH�

��/D\HU�&RPSRQHQW

3ULPDU\�FRQQHFWRU�W\SH�

��,QWHU�OD\HU�5HTXHVW

6DPSOH�GHVLJQ�UXOHV�

��V\QFKURQLFLW\�DQG�SURWRFROV

RI �DWWDFKHG�SRUWV�DQG�UROHV

PXVW�PDWFK

��UHTXHVWV�FDQ�RQO\�EH�VHQW�WR

´ORZHUµ�OHYHO�OD\HUV�

7RWDO�W\SHV�GHILQHG����

6W\OH�ZLGH�GHVLJQ�UXOHV

GHILQHG���

7LPH�WR�GHILQH�������KRXUV

/LQHV�RI �$UPDQL�FRGH�����

(QYLURQPHQW�6WDWLVWLFV

7RWDO�VKDSHV�GHILQHG���

&XVWRPL]DWLRQ�WLPH����KRXUV

)LJXUH������2YHUYLHZ�RI �WKH�/D\HUHG�VW\OH�DQG�HQYLURQPHQW
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VXSSRUW�PDQ\�GLIIHUHQW�UHTXHVW�SURWRFROV��7KH�XQLYHUVH�RI �VSHFLILF�SURWRFROV�DFFHSWHG�E\�WKH
FRQQHFWRUV�FDQ�EH�H[WHQGHG�DV�QHHGHG�E\�WKH�VW\OH·V�XVHUV�

7KH�OD\HUHG�VW\OH�GHILQHV�D�UHODWLYHO\�VPDOO�QXPEHU�RI �GHVLJQ�UXOHV�WKDW�VHUYH�WKUHH�SULPDU\
SXUSRVHV��)LUVW��WKH\�LQVXUH�WKDW�HDFK�OD\HU�FRPSRQHQW�UHSUHVHQWV�DQ�DEVWUDFWLRQ�ERXQGDU\�LQ
WKH�RYHUDOO�GHVLJQ��$�OD\HU�FRPSRQHQW�FDQ�HQFDSVXODWH�PXOWLSOH�VXEV\VWHPV�WKDW�SHUIRUP�WKH
DFWXDO� IXQFWLRQDOLW\� SURYLGHG� E\� WKH� OD\HU�� 7KH� IXQFWLRQDOLW\� SURYLGHG� E\� HDFK� RI � WKHVH
VXEV\VWHPV� FDQ� RQO\� EH� DFFHVVHG� RXWVLGH� RI � WKH� OD\HU�� KRZHYHU�� WKURXJK� WKH� OD\HU·V� SRUW
LQWHUIDFHV�� 2WKHU� OD\HUV� DUH� XQDEOH� WR� LQWHUDFW� GLUHFWO\� ZLWK� WKH� VXEV\VWHPV� HQFDSVXODWHG
ZLWKLQ� D� OD\HU�� 7KHVH� GHVLJQ� UXOHV� HQFRXUDJH� DUFKLWHFWV� WR� SDFNDJH� WKHLU� FDSDELOLWLHV� LQ
FRPPRQ� JURXSV� ZKRVH� LPSOHPHQWDWLRQV� FDQ� EH� UHDGLO\� UHSODFHG� RU� PRGLILHG� ZLWKRXW
VHYHUHO\�GLVUXSWLQJ�WKH�RYHUDOO�V\VWHP·V�DUFKLWHFWXUH��/LNHZLVH�� LI �D�GHVLJQHU�VLPSO\�ZDQWV�WR
EXQGOH� D� JURXS� RI � FRPSRQHQWV� WKDW� IRUP� D� ORJLFDO� OD\HU� LQ� WKH� GHVLJQ�� KH� FDQ� GR� VR� E\
EXQGOLQJ�WKH�FRPSRQHQWV�LQ�D�UHSUHVHQWDWLRQ�RI �WKH�OD\HU�FRPSRQHQW�DQG�PDNLQJ�VXUH�WKDW
WKH�DSSURSULDWH�ELQGLQJV�DUH�PDGH�EHWZHHQ�WKH�OD\HU·V�SRUWV�DQG�WKH�UHSUHVHQWDWLRQ·V�SRUWV�

7KH�VHFRQG�SXUSRVH�RI �WKH�GHVLJQ�UXOHV� LV�WR�FRQVWUDLQ�WKH�WRSRORJ\�RI � OD\HUHG�V\VWHPV�WR
LQVXUH�WKDW�UHTXHVWV�PD\�RQO\�EH�VHQW�IURP�OD\HUV�DW�D�KLJKHU�OHYHO�RI �WKH�KLHUDUFK\�WR�OD\HUV
DW�D�ORZHU�OHYHO�RI �WKH�KLHUDUFK\��7KLV�UXOH� LQVXUHV�WKDW�DOO�UHTXHVWV�ZLOO�HYHQWXDOO\�´ERWWRP�
RXWµ� DQG� EH� KDQGOHG�� ,W� DOVR� HOLPLQDWHV� FLUFXODU� GHSHQGHQFLHV� EHWZHHQ� OD\HUV�� 7KH� WKLUG
SXUSRVH�RI �WKH�GHVLJQ�UXOHV�LV�WR�PDNH�VXUH�WKDW�WKH�LQWHUDFWLQJ�OD\HUV�DJUHH�RQ�WKHLU�SURWRFRO
RI �LQWHUDFWLRQ��7KLV�LQFOXGHV�GHILQLQJ�VWDQGDUGV�IRU�PHVVDJH��UHTXHVW��DQG�UHVSRQVH�VWUXFWXUH
DQG�LQVXULQJ�DJUHHPHQW�RQ�V\QFKURQLFLW\�DQG�KDQGVKDNLQJ�LVVXHV�

’LVFXVVLRQ�DQG�HYDOXDWLRQ

7KH� VSHFLILF� VW\OH� DQG� FXVWRP� HQYLURQPHQW� WKDW� ,� FUHDWHG� LQ� WKLV� FDVH� VWXG\� LV� XVHIXO� IRU
EURDGO\� VWUXFWXULQJ� DQG� GHFRPSRVLQJ� VRIWZDUH� V\VWHPV�� 6SHFLILFDOO\�� LW� SURYLGHV� D� ZD\� WR
FDUHIXOO\� GHOLQHDWH� ZKHUH� V\VWHP� FDSDELOLWLHV� DUH� SURYLGHG�� KRZ� WKRVH� FDSDELOLWLHV� FDQ� EH
DFFHVVHG�E\�WKH�UHVW�RI �WKH�V\VWHP��DQG�KRZ�WKH\�FDQ�EH�FRPSRVHG��'XH�WR�LWV�JHQHULF�QDWXUH�
WKRXJK��WKH�OD\HUHG�VW\OH�GRHV�QRW��RQ�LWV�RZQ��SURYLGH�DUFKLWHFWV�ZLWK�D�WUHPHQGRXV�DPRXQW
RI �GHVLJQ�OHYHUDJH�

2QH�RI �WKH�NH\�REVHUYDWLRQV�IURP�WKLV�FDVH�VWXG\�LV�WKDW�WKH�UHDO�SRZHU�RI �WKH�OD\HUHG�VW\OH
HPHUJHV�ZKHQ� LW� LV�FRPELQHG�ZLWK�RWKHU�VW\OHV� WKDW�QHHG� WR�VXSSRUW�D� OD\HULQJ�DEVWUDFWLRQ�
0DQ\�V\VWHPV�FDQ�EH�YLHZHG�DV�EHLQJ�FUHDWHG�LQ�ERWK�D�OD\HUHG�VW\OH�DQG��DQRWKHU�VW\OH��,W�LV
XVHIXO��IRU�H[DPSOH��WR�WKLQN�RI �DQ�Q�WLHU�FOLHQW�VHUYHU�V\VWHP�DV�EHLQJ�ERWK�D�GDWD�UHSRVLWRU\
FHQWULF� V\VWHP�DQG�D� OD\HUHG� V\VWHP�ZLWK� HDFK� WLHU� UHSUHVHQWHG�E\� D� ORJLFDO� OD\HU��$UPDQL·V
VXSSRUW�IRU�VXEW\SLQJ�RI �VW\OH�VSHFLILFDWLRQV�PDNHV�WKLV� W\SH�RI �FRPSRVLWLRQ�ERWK�IHDVLEOH
DQG� VWUDLJKWIRUZDUG�� 7KH� OD\HUHG� FOLHQW�VHUYHU� VW\OH� MXVW� GHVFULEHG�� IRU� H[DPSOH�� FRXOG� EH
GHILQHG�LQ�$UPDQL�E\�VLPSO\�GHFODULQJ�D�QHZ�VW\OH�FDOOHG�OD\HUHG�FOLHQW�VHUYHU�WKDW�LV�D�VXEW\SH�RI
ERWK�WKH� OD\HUHG�VW\OH�DQG�WKH�FOLHQW�VHUYHU�VW\OH��7KH�QHZ�VW\OH�GHFODUDWLRQ�FDQ�EH�GHILQHG�ZLWK
WKH�VLQJOH�OLQH�

Style  layered-client-server extends  layered, client-server;

ZKLFK�ZRXOG�UHVXOW�LQ�WKH�FUHDWLRQ�RI �D�QHZ�VW\OH�WKDW�LQFOXGHV�WKH�W\SHV��SURSHUWLHV��GHVLJQ
UXOHV��DQG�GHIDXOW�VWUXFWXUH�RI �ERWK�WKH�OD\HUHG�DQG�FOLHQW�VHUYHU�VXSHU�VW\OHV��%\�PDNLQJ�WKH
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OD\HUHG�VW\OH�LQ�WKLV�FDVH�VWXG\�YHU\�JHQHULF�,�ZDV�DEOH�WR�ERWK�SURYLGH�VWUXFWXUH�WR�V\VWHPV
WKDW� DUH� SULPDULO\� EXLOW� DV� OD\HUV� DQG� DOVR� SURYLGH� DQ� RUWKRJRQDO� RUJDQL]LQJ� SULQFLSOH� IRU
V\VWHPV�EXLOW�LQ�RWKHU�VW\OHV�WKDW�PDNH�XVH�RI �WKH�OD\HU�FRQFHSW�EXW�GR�QRW�UHO\�RQ�LW�DV�WKHLU
IXQGDPHQWDO�EXLOGLQJ�EORFN�

$WWHPSWLQJ�WR�GHILQH�WKH� OD\HUHG�VW\OH�VR�WKDW� LW�ZRXOG�EH�XVHIXO�ERWK�DV�D�SRZHUIXO�VWDQG�
DORQH� VW\OH� DV� ZHOO� DV� D� ´VXSSOHPHQWDU\µ� VW\OH� WKDW� FRXOG� EH� FRPELQHG� ZLWK� RWKHU� VW\OHV
LQWURGXFHV�ZKDW� DSSHDUV� WR� EH� D� IXQGDPHQWDO� WHQVLRQ�� &UHDWLQJ� D� KLJKO\� FRPSRVDEOH� VW\OH
UHTXLUHV� WKH�VW\OH�GHVLJQHU� WR� LQWURGXFH�RQO\�D�PLQLPDO�VHW�RI � W\SHV��SURSHUWLHV��DQG�GHVLJQ
UXOHV��HDFK�RI �ZKLFK�DUH�JHDUHG�VSHFLILFDOO\� WRZDUGV�FDSWXULQJ�WKH�GHVLJQ�DVSHFWV� WKDW� IRUP
WKH� EDVLV� IRU� WKH� FRPSRVDEOH� VW\OH�� ,Q� JHQHUDO�� WKH� PRUH� PLQLPDO� DQG� IRFXVHG� WKH� VW\OH
VSHFLILFDWLRQ��WKH�HDVLHU�LW�LV�WR�FRPSRVH�LW�ZLWK�RWKHU�VW\OHV��$W�WKH�VDPH�WLPH��KRZHYHU��WKH
PRUH� ULFK�� GHWDLOHG�� DQG� IXOO\� VSHFLILHG� WKH� VW\OH�� WKH� PRUH� OHYHUDJH� WKDW� VW\OH� �DQG� LWV
DVVRFLDWHG�HQYLURQPHQW��FDQ�SURYLGH�WR�WKH�DUFKLWHFWV�ZKR�XVH�LW�

,Q� RUGHU� WR� H[SORUH� WKH� LVVXHV� VXUURXQGLQJ� WKLV� GHVLJQ� WHQVLRQ�� ,� FUHDWHG� D� FRXSOH� RI
YDULDWLRQV�RQ�WKH�VHPDQWLF�VSHFLILFDWLRQ�RI �WKH�OD\HUHG�VW\OH��)RU�WKH�ILUVW�YDULDWLRQ�,�GHILQHG�D
UHODWLYHO\� ULFK� DQG� IXOO�IHDWXUHG� VW\OH� VSHFLILFDWLRQ� IRU� WKH� OD\HUHG� VW\OH� DQG� EXLOW� D� FXVWRP
$UPDQL� HQYLURQPHQW� WR� VXSSRUW� WKH� VW\OH�� ,Q� WKLV� YHUVLRQ�� WKH� RQO\� YRFDEXODU\� FRQVWUXFWV
DYDLODEOH� DW� WKH� WRS� OHYHO� RI � V\VWHP� GHVLJQ� DUH� OD\HU� FRPSRQHQWV� DQG� LQWHU�OD\HU� UHTXHVW
FRQQHFWRUV��7R�IXUWKHU�FRQVWUDLQ�WKH�GHVLJQ�VSDFH��WKH�LQWHUDFWLRQ�SURWRFROV�VXSSRUWHG�E\�WKH
OD\HUV� DQG� LQWHU�OD\HU� UHTXHVWV� LQ� WKLV� VW\OH� DUH� H[SOLFLWO\� HQXPHUDWHG� DQG� IXOO\� VSHFLILHG�
$UFKLWHFWV� DUH� IUHH� WR� DGG� UHSUHVHQWDWLRQV� WR� WKH� OD\HU� FRPSRQHQWV� WKDW� GHILQH� VXEV\VWHPV
EXLOW� LQ�RWKHU�VW\OHV��EXW�WKH\�FDQ�QRW�PL[�DUELWUDU\�W\SHV�RI �FRPSRQHQWV� LQWR�WKH�WRS�OHYHO
V\VWHP�DEVWUDFWLRQ�

7KLV� ILUVW�YHUVLRQ�RI � WKH� OD\HUHG�VW\OH�SURYLGHG�D� FRQVWUDLQHG�GHVLJQ�VSDFH�DQG�D� VXIILFLHQW
VHOHFWLRQ�RI �YRFDEXODU\�WR�ZRUN�DV�WKH�EDVLV�IRU�D�OD\HUHG�VW\OH�$UPDQL�GHVLJQ�HQYLURQPHQW�
7KLV� YHUVLRQ� ZDV� QRW�� KRZHYHU�� SDUWLFXODUO\� HIIHFWLYH� DV� D� JHQHULF� UHSUHVHQWDWLRQ� RI
´OD\HUQHVVµ� WKDW� FRXOG� EH� FRPELQHG� DQG� FRPSRVHG� ZLWK� RWKHU� VW\OHV�� 7R� DGGUHVV� WKLV
OLPLWDWLRQ�� ,� FUHDWHG� D� VHFRQG� YDULDWLRQ� RQ� WKH� OD\HUHG� VW\OH� WKDW� ZDV� VLJQLILFDQWO\� PRUH
DEVWUDFW� DQG� OHVV� FRQVWUDLQHG� WKDQ� WKH� RULJLQDO� OD\HUHG� VW\OH�� ,Q� WKLV� YHUVLRQ� RI � WKH� VW\OH�� ,
GHILQHG�YHU\� DEVWUDFW� DQG�JHQHULF�GHVLJQ�YRFDEXODU\� W\SHV� IRU� OD\HU�FRPSRQHQWV� DQG� LQWHU�
OD\HU�FRQQHFWRUV�� DORQJ�ZLWK�D�PXFK� OHVV� ULJRURXV�VHW�RI �GHVLJQ�UXOHV� WR�JRYHUQ�YDOLG� OD\HU
WRSRORJLHV�� 7KHVH� YRFDEXODU\� HOHPHQWV� KDG� VLJQLILFDQWO\� OHVV� VHPDQWLF� VWUXFWXUH� WKDQ� WKHLU
FRUUHVSRQGLQJ� W\SHV� LQ� WKH� RULJLQDO� VW\OH�� ,Q� UHWXUQ� IRU� JLYLQJ� XS� WKHLU� VHPDQWLF� ULFKQHVV�
KRZHYHU�� WKH\�EHFDPH�PXFK�VLPSOHU�DQG�PRUH�UHDGLO\�FRPSRVHG�ZLWK� WKH�FRPSRQHQW�DQG
FRQQHFWRU�W\SHV�RI �RWKHU�VW\OHV�WKURXJK�$UPDQL·V�VXEW\SLQJ�FRQVWUXFWV�

6WDUWLQJ�IURP�WKH�RULJLQDO�OD\HUHG�VW\OH�VSHFLILFDWLRQ��,�ZDV�DEOH�WR�H[SHULPHQW�ZLWK�D�QXPEHU
RI �GHVLJQ�DOWHUQDWLYHV�DQG�FUHDWH�WKH�UHYLVHG�DQG�PRUH�JHQHULF�OD\HUHG�VW\OH�ZLWK�RQO\�DERXW
RQH� KRXU� RI � HIIRUW�� 7KH� $UPDQL� ODQJXDJH·V� PRGXODULW\� DQG� LQFUHPHQWDOLW\� SURYHG
LQVWUXPHQWDO� LQ� SHUIRUPLQJ� WKLV� VW\OH� PRGLILFDWLRQ� VR� TXLFNO\�� ,� GLG� QRW� FUHDWH� D� QHZ
HQYLURQPHQW� IRU� WKH� VHFRQG�YDULDWLRQ�RQ� WKH� OD\HUHG�VW\OH�EHFDXVH��RQ� LWV�RZQ�� WKH� UHYLVHG
VW\OH�SURYLGHG�VLJQLILFDQWO\�OHVV�OHYHUDJH�WKDQ�WKH�RULJLQDO�OD\HUHG�VW\OH��5DWKHU�WKDQ�IRUP�WKH
EDVLV�IRU� LWV�RZQ�FXVWRP�GHVLJQ�HQYLURQPHQW��WKH�VHFRQG�OD\HUHG�VW\OH�YDULDWLRQ�LV�GHVLJQHG
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WR�EH�XVHG�DV�D�VXSHUW\SH�DQG�´PL[LQµ�IRU�RWKHU�VW\OHV�WKDW�QHHG�WR�FDSWXUH�VRPH�DVSHFWV�RI
´OD\HUQHVVµ�LQ�WKHLU�V\VWHPV�

2YHUDOO��WKLV�FDVH�VWXG\�SURYLGHG�WKUHH�LQWHUHVWLQJ�UHVXOWV��)LUVW��LW�GHPRQVWUDWHG�WKDW�$UPDQL
FDQ� EH� XVHG� HIIHFWLYHO\� WR� FUHDWH� GHVLJQ� HQYLURQPHQWV� IRU� D� EDVLF� DUFKLWHFWXUDO� VW\OH� ZLWK
EURDG� DSSOLFDELOLW\�� 6HFRQG�� LW� LOOXVWUDWHG� WKH� WUDGHRII � WKDW� VW\OH� GHVLJQHUV�QHHG� WR� FRQVLGHU
EHWZHHQ�FUHDWLQJ�SRZHUIXO�VW\OHV�DQG�HQYLURQPHQWV�IRU�EDVLF�VW\OHV�DQG�FUHDWLQJ�YHU\�DEVWUDFW
EDVLF�VW\OHV�WKDW�FDQ�EH�UHDGLO\�FRPSRVHG�ZLWK�RWKHU�VW\OHV��)LQDOO\��LW�SURYLGHG�XVHIXO�LQVLJKW
LQWR�KRZ�D�JHQHULF�VHW�RI �GHVLJQ�SULQFLSOHV�FDQ�EH�DEVWUDFWHG�IURP�D�YHU\�VSHFLILF�DQG�KLJKO\
FRQVWUDLQHG�VW\OH�GHILQLWLRQ�

����� &DVH�VWXG\����DQ�LQWHUDFWLQJ�SURFHVVHV�VW\OH

,Q�WKH�WKLUG�VWUXFWXUHG�FDVH�VWXG\��,�FUHDWHG�DQ�$UPDQL�VW\OH�DQG�FXVWRP�HQYLURQPHQW�IRU�WKH
&�� DUFKLWHFWXUDO� VW\OH�� 7KH� &�� VW\OH�� GHVFULEHG� LQ� GHWDLO� LQ� >7D\���@�� LV� DQ� H[DPSOH� RI � DQ
LQWHUDFWLQJ� SURFHVVHV� VW\OH� LQ� WKH� 6KDZ�&OHPHQWV� WD[RQRP\�� ,W� SURYLGHV� D� IUDPHZRUN� IRU
EXLOGLQJ�V\VWHPV�LQ�ZKLFK� ORRVHO\�FRXSOHG�SURFHVVHV�FRPPXQLFDWH�E\�VHQGLQJ�UHTXHVWV�DQG
QRWLILFDWLRQV�WR�RWKHU�FRPSRQHQWV�WKURXJK�PHVVDJH�EXV�FRQQHFWRUV�� >7D\���@�SURYLGHV�WKH
IROORZLQJ�RYHUYLHZ�RI �WKH�&��VW\OH�

´>7KH�&��VW\OH@�LV�GHVLJQHG�WR�VXSSRUW�WKH�SDUWLFXODU�QHHGV�RI �DSSOLFDWLRQV�WKDW�KDYH
D�JUDSKLFDO�XVHU�LQWHUIDFH�DVSHFW��EXW�WKH�VW\OH�FOHDUO\�KDV�WKH�SRWHQWLDO�IRU�VXSSRUWLQJ
RWKHU� W\SHV� RI � DSSOLFDWLRQV��«� >7KH� &�� VW\OH@� VXSSRUWV� D� SDUDGLJP� LQ� ZKLFK� 8,
FRPSRQHQWV�� VXFK� DV� GLDORJV�� VWUXFWXUHG� JUDSKLFV� PRGHOV� RI � YDULRXV� OHYHOV� RI
DEVWUDFWLRQ��DQG�FRQVWUDLQW�PDQDJHUV��FDQ�PRUH�UHDGLO\�EH�UHXVHG��$�YDULHW\�RI �RWKHU
JRDOV� DUH�SRWHQWLDOO\� VXSSRUWHG� DV�ZHOO��7KHVH�JRDOV� LQFOXGH� WKH� DELOLW\� WR� FRPSRVH
V\VWHPV�LQ�ZKLFK��FRPSRQHQWV�PD\�EH�ZULWWHQ�LQ�GLIIHUHQW�SURJUDPPLQJ� ODQJXDJHV�
FRPSRQHQWV� PD\� EH� UXQQLQJ� FRQFXUUHQWO\� LQ� D� GLVWULEXWHG�� KHWHURJHQHRXV
HQYLURQPHQW�ZLWKRXW�VKDUHG�DGGUHVV�VSDFHV��DUFKLWHFWXUHV�PD\�EH�FKDQJHG�DW�UXQWLPH�
PXOWLSOH�XVHUV�PD\�EH�LQWHUDFWLQJ�ZLWK�WKH�V\VWHP��PXOWLSOH�WRRONLWV�PD\�EH�HPSOR\HG�
PXOWLSOH� GLDORJV�PD\� EH� DFWLYH� DQG� GHVFULEHG� LQ� GLIIHUHQW� IRUPDOLVPV�� DQG�PXOWLSOH
PHGLD�W\SHV�PD\�EH�LQYROYHG«

7KH� QHZ� VW\OH� FDQ� EH� LQIRUPDOO\� VXPPDUL]HG� DV� D� QHWZRUN� RI � FRQFXUUHQW
FRPSRQHQWV�KRRNHG�WRJHWKHU�E\�PHVVDJH�URXWLQJ�GHYLFHV��&HQWUDO�WR�WKH�DUFKLWHFWXUDO
VW\OH�LV�D�SULQFLSOH�RI �OLPLWHG�YLVLELOLW\��D�FRPSRQHQW�ZLWKLQ�WKH�KLHUDUFK\�FDQ�RQO\�EH
DZDUH� RI � FRPSRQHQWV� ¶DERYH·� LW� DQG� FRPSOHWHO\� XQDZDUH� RI � FRPSRQHQWV� ZKLFK
UHVLGH�¶EHQHDWK·�LW�µ

$V� ILJXUH� ���� LQGLFDWHV�� ,� FDSWXUHG� WKH�&�� VW\OH� LQ�$UPDQL�ZLWK� WZR� NH\� FRPSRQHQW� W\SHV
�&�¬&RPSRQHQW�DQG�&��*8,�&RPSRQHQW���WKUHH�FRQQHFWRU�W\SHV�WKDW�GHILQH�GLIIHUHQW�NLQGV�RI
PHVVDJH� EXVHV�� WZHQW\�HLJKW� VXSSRUWLQJ� SURSHUW\�� HOHPHQW�� SRUW� DQG� UROH� W\SHV�� DQG� VHYHQ
GHVLJQ�DQDO\VHV��$IWHU�FDSWXULQJ�WKH�VHPDQWLFV�RI �WKH�VW\OH�ZLWK�WKH�$UPDQL�GHVLJQ�ODQJXDJH�
,�FXVWRPL]HG�WKH�$UPDQL�HQYLURQPHQW�WR�VXSSRUW�WKH�GHVLJQ�YLVXDOL]DWLRQV�FRPPRQO\�XVHG
IRU�VSHFLI\LQJ�V\VWHPV�LQ�WKH�&��VW\OH��&DSWXULQJ�WKH�NH\�VHPDQWLF�SURSHUWLHV�RI �WKH�&��VW\OH
LQ� DQ�$UPDQL� VW\OH� VSHFLILFDWLRQ� DQG� FXVWRPL]LQJ� WKH�$UPDQL� HQYLURQPHQW� WR� VXSSRUW� WKH
VW\OH�SURYHG�WR�EH�D�TXLFN�DQG�VWUDLJKWIRUZDUG�WDVN��UHTXLULQJ�D�WRWDO�RI �RQO\�HLJKW�KRXUV�RI
HIIRUW�
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’LVFXVVLRQ�DQG�HYDOXDWLRQ

7KH� &�� VW\OH� LV� SDUWLFXODUO\� LQWHUHVWLQJ� DV� DQ� $UPDQL� FDVH� VWXG\� EHFDXVH� WKH� &�� VW\OH
GHYHORSHUV� KDYH� DOVR� FRQVWUXFWHG� D� FRPSUHKHQVLYH� HQYLURQPHQW� IRU� GHVLJQLQJ� DQG
LPSOHPHQWLQJ�&��V\VWHPV��7KLV�HQYLURQPHQW�� FDOOHG�$UJR� �SLFWXUHG� LQ� ILJXUH������ >5+5��@�
SURYLGHV� JUHDWHU� IXQFWLRQDOLW\� WKDQ� WKH� FRPSDUDEOH� $UPDQL� HQYLURQPHQW�� 6SHFLILFDOO\�� LW
SURYLGHV�FRGH�JHQHUDWLRQ�FDSDELOLWLHV��D�VRIWZDUH�GHYHORSPHQW�SURFHVV�PDQDJHPHQW�WRRO��DQG
D� UXQWLPH�HQYLURQPHQW��$UPDQL� LV�QRW�GHVLJQHG� WR� VXSSRUW� WKHVH� FDSDELOLWLHV�� VR� ,�GLG�QRW
LQFOXGH� WKHP� LQ� WKH� $UPDQL�EDVHG� &�� HQYLURQPHQW�� %HFDXVH� ERWK� $UPDQL� DQG� $UJR� DUH
FDSDEOH�RI �XVLQJ�WKH�$FPH�LQWHUFKDQJH�ODQJXDJH�>*:0��@��KRZHYHU��LW�ZRXOG�EH�UHODWLYHO\
VWUDLJKWIRUZDUG� WR� LQWHJUDWH�$UJR·V�RWKHU� WRROV�ZLWK�$UPDQL�� ,�GLG�QRW� DFWXDOO\�GR�VXFK�DQ
LQWHJUDWLRQ�IRU�WKLV�FDVH�VWXG\�EXW�VHFWLRQ�������GHVFULEHV�DQ�H[WHUQDO�FDVH�VWXG\�LQ�ZKLFK�D
PHPEHU� RI � WKH� $UJR� GHYHORSPHQW� WHDP� LQWHJUDWHG� $UPDQL� ZLWK� DQ� $UJR�EDVHG� WRRO� KH
GHYHORSHG�

&��6W\OH

&DWHJRU\�

,QWHUDFWLQJ�3URFHVVHV

6HPDQWLFV�6WDWLVWLFV

3ULPDU\�FRPSRQHQW�W\SHV�

��&��&RPSRQHQW

��&��*8,�&RPSRQHQW�«

3ULPDU\�FRQQHFWRU�W\SHV�

��0HVVDJH�%XV

��1RWLILFDWLRQ�)LOWHULQJ�%XV

��3ULRULWL]HG�)LOWHULQJ�%XV�«

6DPSOH�GHVLJQ�UXOH�

��$OO�FRQQHFWRUV�PXVW�EH

PHVVDJH�RU�ILOWHULQJ�EXVHV

7RWDO�W\SHV�GHILQHG����

’HVLJQ�DQDO\VHV�GHILQHG���

7LPH�WR�GHILQH����KRXUV

/LQHV�RI �$UPDQL�FRGH�����

(QYLURQPHQW�6WDWLVWLFV

7RWDO�VKDSHV�GHILQHG���

&XVWRPL]DWLRQ�WLPH����KRXUV

)LJXUH������2YHUYLHZ�RI �WKH�&��VW\OH�DQG�HQYLURQPHQW
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$OWKRXJK�WKH�$UJR�HQYLURQPHQW�SURYLGHV�VLJQLILFDQWO\�PRUH�IXQFWLRQDOLW\�WKDQ�WKH�$UPDQL�
EDVHG� &�� HQYLURQPHQW�� FUHDWLQJ� WKH� $UPDQL� YHUVLRQ� UHTXLUHG� GUDPDWLFDOO\� OHVV� WLPH� DQG
HIIRUW� WKDQ� FUHDWLQJ�$UJR��$V� )LJXUH� ���� RXWOLQHV�� WKH� SURFHVV� RI � GHILQLQJ� WKH�&�� VW\OH� LQ
$UPDQL�DQG�FXVWRPL]LQJ� WKH�$UPDQL�HQYLURQPHQW� WR�VXSSRUW� WKH�VW\OH� WRRN�PH�RQO\�HLJKW
KRXUV��DJDLQ��WKLV�GRHV�QRW�FRXQW�WLPH�VSHQW�RQ�GRPDLQ�DQDO\VLV���)RU�FRPSDULVRQ��EXLOGLQJ
WKH�$UJR�HQYLURQPHQW�KDV�EHHQ�DQ�RQJRLQJ�HIIRUW�XQGHUWDNHQ�E\�PXOWLSOH�SHRSOH�RYHU� WKH
SDVW�ILYH�RU�VL[�\HDUV��%XLOGLQJ�DOO�RI �WKH�DGGLWLRQDO�FDSDELOLWLHV�$UJR�SURYLGHV��VXFK�DV�FRGH
JHQHUDWLRQ� DQG� SURFHVV� PDQDJHPHQW�� LQWR� WKH� $UPDQL� HQYLURQPHQW� ZRXOG� FOHDUO\� UHTXLUH
VLJQLILFDQW�DGGLWLRQDO�HIIRUW��(YHQ�VR��,�ZDV�DEOH�WR�GXSOLFDWH�D�VLJQLILFDQW�SRUWLRQ�RI �$UJR·V
IXQFWLRQDOLW\� �SHUKDSV� �������� LQ� WKH� $UPDQL�EDVHG� &�� HQYLURQPHQW� ZLWK� D� QHJOLJLEOH
SHUFHQWDJH� ������ RI � WKH� GHYHORSPHQW� HIIRUW� WKDW� ZHQW� LQWR� $UJR�� )XUWKHU�� WKH� EDVLF
$UPDQL�EDVHG�&��HQYLURQPHQW�FDQ�EH�VLJQLILFDQWO\�OHYHUDJHG�LQ�FUHDWLQJ�RU�LQWHJUDWLQJ�VXFK�D
VHW�RI �FRPSOHPHQWDU\�WRROV�

7KH�$UJR�HQYLURQPHQW�DOVR�SURYLGHV�DQ� LQWHUHVWLQJ�FRPSDULVRQ�ZLWK�WKH�$UPDQL�EDVHG�&�
HQYLURQPHQW�EHFDXVH��OLNH�$UPDQL��$UJR�DWWHPSWV�WR�FDSWXUH�GHVLJQ�H[SHUWLVH�LQ�D�PRGXODU�
FRPSRVDEOH�ZD\��$UJR�XVHV�GHVLJQ�FULWLFV��ZKLFK�DUH�LPSOHPHQWHG�DV�-DYD�REMHFWV�WKDW�REVHUYH�D
V\VWHP� GHVLJQ� DQG� WKH� RSHUDWLRQV� WKDW� DUH� EHLQJ� SHUIRUPHG� RQ� WKH� GHVLJQ�� 7KHVH� FULWLFV

)LJXUH������6FUHHQVKRW�IURP�WKH�$UJR�GHVLJQ�HQYLURQPHQW�IRU�WKH�&��VW\OH
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QRWLI\�WKH�XVHU�ZLWK�VXJJHVWLRQV�ZKHQ�KLV�RU�KHU�GHVLJQ�VWUD\V�IURP�WKH�JRDOV�HPERGLHG� LQ
WKH� FULWLF��%HFDXVH� WKHVH� FULWLFV� DUH� FRGHG� LQ� -DYD� DQG� OLQNHG�GLUHFWO\� LQWR� WKH� HQYLURQPHQW
WKH\� DUH� QRW� UHDGLO\� PRGLILDEOH� E\� WKH� DUFKLWHFW� XVLQJ� WKH� HQYLURQPHQW�� $V� D� UHVXOW�� LW� LV
VLJQLILFDQWO\�PRUH�GLIILFXOW� IRU� HQG�XVHUV� WR� HYROYH� DQG�PRGLI\� WKHLU�GHVLJQ� FULWLFV� LQ�$UJR
WKDQ�LW�LV�WR�PDNH�FRPSDUDEOH�PRGLILFDWLRQV�WR�GHVLJQ�UXOHV�ZLWK�$UPDQL�

2QH� RI � WKH� JRDOV� RI � WKLV� FDVH� VWXG\� ZDV� WR� GHWHUPLQH� KRZ� ZHOO� ,� FRXOG� GXSOLFDWH� WKH
FDSDELOLWLHV�SURYLGHG�E\�$UJR·V�FULWLFV�XVLQJ�$UPDQL·V� W\SH�V\VWHP��SURSHUW\�FRQVWUXFW�� DQG
GHVLJQ� UXOHV�� 7R� H[SORUH� WKH� DQVZHU� WR� WKLV� TXHVWLRQ� ,� IRXQG� KLJK�OHYHO� VSHFLILFDWLRQV� IRU
HLJKW�$UJR�&��GHVLJQ�FULWLFV� LQ�>5+5��@�DQG�DWWHPSWHG�WR�H[SUHVV� WKH�H[SHUWLVH� WKDW� WKHVH
FULWLFV�HQFDSVXODWHG�LQ�WKH�$UPDQL�&��VW\OH�VSHFLILFDWLRQ�XVLQJ�RQO\�$UPDQL·V�GHVLJQ�ODQJXDJH�
6L[� RI � WKHVH� HLJKW� GHVLJQ� FULWLFV� SURYHG� WR� EH� UHDGLO\� FDSWXUHG� LQ� $UPDQL�� 7KHVH� FULWLFV
FKHFNHG�IRU��LQWHUIDFH�PLVPDWFKHV��FRQQHFWLRQV�WKDW�E\SDVVHG�WKH�PHVVDJH�EXVHV��RYHUXVH�RI
PHPRU\� UHVRXUFHV�� SRRU� XWLOL]DWLRQ� RI � UHXVDEOH� FRPSRQHQWV�� WRR� PDQ\� FRPSRQHQWV� DW� D
VLQJOH� OHYHO�RI �DEVWUDFWLRQ��DQG�WKH�XVH�RI �FRPSRQHQWV�WKDW�ZRXOG�QRW�ZRUN�ZLWK�WKH�FRGH
JHQHUDWLRQ�WRRO�

7KH� FULWLFV� WKDW� UHDGLO\� WUDQVODWHG� WR� $UPDQL� FRXOG� DOO� EH� FDVW� DV� ERROHDQ� TXHVWLRQV
DQVZHUDEOH�E\�D�VLPSOH�VWDWLF�DQDO\VLV�RI �D�V\VWHP·V�SURSHUWLHV��7ZR�RI �WKH�FULWLFV��KRZHYHU�
GLG�QRW�PHHW� WKLV�FULWHULRQ��7KH�ILUVW�RI � WKHVH�SURYLGHG�FRPSRQHQW�VHOHFWLRQ�JXLGDQFH�DQG
WKH�VHFRQG�IODJJHG�V\VWHP�FRQILJXUDWLRQV�WKDW�ZHUH� OLNHO\�WR�SURYH�GLIILFXOW�WR�WHVW��,Q�ERWK
FDVHV��WKH�FULWLFV�PDGH�XVH�RI �VLJQLILFDQW�H[WHUQDO�NQRZOHGJH��NQRZOHGJH�QRW�FDSWXUHG�LQ�WKH
V\VWHP�VSHFLILFDWLRQ�EHLQJ�DQDO\]HG��DQG�HQFDSVXODWHG�WKHLU�H[SHUWLVH�DV�DQ�DOJRULWKP�WR�EH
UXQ�RYHU� DQ� DUFKLWHFWXUDO� VSHFLILFDWLRQ� WKDW� GLG�QRW� UHDGLO\� WUDQVODWH� WR� D� VLPSOH�GHFODUDWLYH
VWDWHPHQW�� 7KHVH� FULWLFV� ZRXOG� EH� EHWWHU� FDSWXUHG� DV� H[WHUQDO� WRROV� WR� EH� OLQNHG� LQWR� DQ
$UPDQL�HQYLURQPHQW�WKDQ�DV�FROOHFWLRQV�RI �W\SHV�DQG�GHFODUDWLYH�GHVLJQ�UXOHV�

$V�D�UHVXOW��WKH�FULWLFV�H[SHULPHQWV�GHPRQVWUDWHG�WKDW�,�FDQ�XVH�$UPDQL�WR�UHFUHDWH�DOO�RI �WKH
FULWLTXLQJ� FDSDELOLWLHV� IRXQG� LQ� WKH�$UJR�EDVHG� &�� HQYLURQPHQW�� )XUWKHU�� VL[� RI � WKH� HLJKW
FULWLFV� ZHUH� VXFFLQFWO\� FDSWXUHG� GLUHFWO\� LQ� WKH� $UPDQL� GHVLJQ� ODQJXDJH� DQG� WKXV� UHDGLO\
DGGHG�E\�DQ�HQG�XVHU�ZRUNLQJ�ZLWK�WKH�FXVWRPL]HG�$UPDQL�EDVHG�&��HQYLURQPHQW�

����� &DVH�VWXG\����WZR�GDWD�FHQWULF�UHSRVLWRU\�VW\OHV

)RU� WKH� IRXUWK� FDVH� VWXG\�� ,� FDSWXUHG� D�SDLU�RI �YDULDWLRQV�RQ� WKH� FOLHQW�VHUYHU� DUFKLWHFWXUDO
VW\OH��7KHVH�VW\OHV�ZHUH�EDVHG�ORRVHO\�RQ�WKH�GHVFULSWLRQV�RI �FOLHQW�VHUYHU�V\VWHPV�LQ�>%HU��@
DQG� >2+(��@��7KH�FOLHQW�VHUYHU� VW\OH� LV�ZLGHO\� XVHG� LQ�PRGHUQ�GDWDEDVH� DQG�PDQDJHPHQW
LQIRUPDWLRQ�V\VWHPV��9DULDWLRQV�RQ�WKH�WKUHH�WLHU�FOLHQW�VHUYHU�VW\OH�DUH�DOVR�FXUUHQWO\�SRSXODU
IRU�EXLOGLQJ�ZRUOG�ZLGH�ZHE�DQG� LQWUDQHW�EDVHG� V\VWHPV��$OWKRXJK� LW� FRXOG�EH�DUJXHG� WKDW
WKHVH�VW\OHV�ILW�LQWR�DQ\�RI �D�QXPEHU�RI �GLIIHUHQW�FDWHJRULHV�LQ�WKH�6KDZ�&OHPHQWV�WD[RQRP\�
WKH\�VHHP�WR�ILW�PRVW�FOHDQO\� LQ�WKH�GDWD�FHQWULF�UHSRVLWRU\�FDWHJRU\��6\VWHPV�EXLOW� LQ� WKLV�VW\OH
JHQHUDOO\� IRFXV�RQ�RQH�RU�PRUH�GDWDVWRUHV� �FDOOHG� VHUYHUV�� WKDW� FOLHQW� FRPSRQHQWV�FDQ� DFFHVV
DQG�XSGDWH�

$V�WKH�HQVXLQJ�GLVFXVVLRQ�ZLOO�LOOXVWUDWH��WKLV�FDVH�VWXG\�KDV��DW�OHDVW��WZR�LQWHUHVWLQJ�DVSHFWV�
)LUVW�� LW�GHPRQVWUDWHV�ERWK�KRZ�D�JHQHULF�$UPDQL�VW\OH�FDQ�FDSWXUH�D�EDVLF�GHVLJQ�FRQFHSW
�VXFK�DV�´FOLHQW�VHUYHUQHVVµ��DQG�DOVR�KRZ�WKDW�VW\OH�FDQ�EH�HQULFKHG�DQG�H[WHQGHG�WR�FDSWXUH
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D�PXFK�PRUH�FRPSOH[��VSHFLILF��DQG�SRZHUIXO�VW\OH��6HFRQG��DV�D�IROORZ�RQ�WR�WKH�FDVH�VWXG\�
D�FROOHDJXH�LQWHJUDWHG�D�SRZHUIXO�SHUIRUPDQFH�DQDO\VLV�WRRO�ZLWK�WKH�$UPDQL�VW\OH��SURYLGLQJ
DQ�LQLWLDO�SURRI �RI �FRQFHSW�IRU�$UPDQL·V�WRRO�LQWHJUDWLRQ�FDSDELOLWLHV�

7KH�1DwYH�&OLHQW�6HUYHU�VW\OH

7KH�ILUVW�VW\OH� WKDW�,�FUHDWHG�IRU�WKLV�FDVH�VWXG\�ZDV�WKH�QDwYH�FOLHQW�VHUYHU� VW\OH��$V� ILJXUH����
LQGLFDWHV�� WKLV� VW\OH� SURYLGHV� WZR� FRPSRQHQW� W\SHV� ²� FOLHQWV� DQG� VHUYHUV�� 6HUYHU� FRPSRQHQWV
JHQHUDOO\�VXSSO\�D�V\VWHP·V�SHUVLVWHQW�GDWD�VWRUDJH�DQG�KHDY\�SURFHVVLQJ�FDSDELOLWLHV��'HVLJQ
LVVXHV�FDSWXUHG�DV�SURSHUWLHV� LQ�DOO�VHUYHU�FRPSRQHQWV�LQFOXGH�WKH�VHUYLFHV�SURYLGHG�E\�WKH
VHUYHU�� ZKHWKHU� WKH� VHUYHU� LV� PXOWL�WKUHDGHG�� DQG� WKH� PD[LPXP� QXPEHU� RI � FRQFXUUHQW
UHTXHVWV�WKDW�WKH�VHUYHU�FDQ�KDQGOH�

&OLHQW� FRPSRQHQWV� DFFHVV� WKH� GDWD� VWRUHG� LQ�� DQG� WKH� VHUYLFHV� SURYLGHG� E\�� VHUYHU
FRPSRQHQWV�� &OLHQWV� WKDW� SURYLGH� D� XVHU�LQWHUIDFH� DUH� UHSUHVHQWHG� E\� WKH� VSHFLDO� FOLHQW
VXEW\SH� JXL�FOLHQW��*HQHULF� FOLHQW�FRPSRQHQWV�FDQ�DOVR�SURYLGH�D�XVHU� LQWHUIDFH�EXW� WKH\� DUH
QRW� UHTXLUHG� WR�GR� VR��&RPSXWDWLRQDO� WRROV�ZKRVH�SULPDU\�SXUSRVH� LV� WR�PDNH�XVH�RI � WKH
GDWD� RU� VHUYLFHV� SURYLGHG� E\� WKH� VHUYHU� DUH� JHQHUDOO\� PRGHOHG� ZLWK� WKH� JHQHULF� FOLHQW

1DwYH�&OLHQW�6HUYHU�6W\OH

&DWHJRU\�

'DWD�&HQWULF�5HSRVLWRU\

6HPDQWLFV�6WDWLVWLFV

3ULPDU\�FRPSRQHQW�W\SHV�

��1DwYH�&OLHQW

��1DwYH�6HUYHU

3ULPDU\�FRQQHFWRU�W\SH�

��&OLHQW�5HTXHVW

6DPSOH�GHVLJQ�UXOH�

��1R�SHHU�SHHU�FRQQHFWLRQV�

FOLHQWV�PD\�RQO\�EH�FRQQHF�

WHG�WR�VHUYHUV�DQG�VHUYHUV

PD\�RQO\�EH�FRQQHFWHG�WR

FOLHQWV

7RWDO�W\SHV�GHILQHG���

6W\OH�ZLGH�GHVLJQ�UXOHV���

7LPH�WR�GHILQH������KRXUV

/LQHV�RI �$UPDQL�FRGH����

(QYLURQPHQW�6WDWLVWLFV

7RWDO�VKDSHV�GHILQHG���

&XVWRPL]DWLRQ�WLPH�������KUV

)LJXUH������2YHUYLHZ�RI �WKH�1DwYH�&OLHQW�6HUYHU�VW\OH�DQG�HQYLURQPHQW
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FRPSRQHQW�W\SH��7KH�GHVLJQ�LVVXHV�WKDW�DOO�FOLHQW�DQG�JXL�FOLHQW�FRPSRQHQWV�FDSWXUH�LQFOXGH
VSHFLI\LQJ�WKH�UHTXHVWV�WKDW�WKH�FOLHQW�QHHGV�IXOILOOHG��ZKHWKHU�WKH�FOLHQW�EORFNV�ZDLWLQJ�IRU�D
UHVSRQVH�WR�D�UHTXHVW��DQG�ZKHWKHU�WKH�FOLHQW�SURYLGHV�D�XVHU�LQWHUIDFH�

'XH�WR�WKH�VLPSOH�FRPPXQLFDWLRQV�PRGHO�XQGHUO\LQJ�WKH�QDwYH�FOLHQW�VHUYHU�VW\OH��,�QHHGHG
WR�GHILQH�RQO\�D�VLQJOH�W\SH�RI �FRQQHFWRU�IRU�WKH�VW\OH��7KLV�FRQQHFWRU�W\SH��FDOOHG�FOLHQW�UHTXHVW�
PRGHOV�D�FRQGXLW�WKURXJK�ZKLFK�PHVVDJHV�IURP�D�VLQJOH�FOLHQW�DUH�VHQW�WR�D�VLQJOH�VHUYHU��DQG
UHVSRQVHV� IURP� WKDW� VHUYHU� DUH� UHWXUQHG� WR� WKH� UHTXHVWLQJ� FOLHQW� FRPSRQHQW�� 7KHVH
FRQQHFWRUV� KDYH� RQO\� WZR� UROHV�� RQH� IRU� WKH� FOLHQW�VLGH� DQG� RQH� IRU� WKH� VHUYHU� VLGH�� 7KH
FOLHQW�UHTXHVW� W\SH� FDQ� EH� XVHG� WR� PRGHO� ERWK� V\QFKURQRXV� DQG� DV\QFKURQRXV
FRPPXQLFDWLRQ�EHWZHHQ�WKH�FOLHQW�DQG�VHUYHU��GHSHQGLQJ�RQ�WKH�YDOXHV�DVVLJQHG�WR�YDULRXV
SURSHUWLHV�LQ�WKH�FOLHQW�UHTXHVW�W\SH�GHFODUDWLRQ��7KHVH�FRQQHFWRUV�GR�QRW�GHILQH�WKH�VSHFLILF
W\SHV� RI � YDOLG� UHTXHVWV� WKDW� FDQ� EH� VHQW� IURP� FOLHQW� WR� VHUYHU�� ,QVWHDG�� WKH\� DUH� D� QHXWUDO
FRQGXLW�WKURXJK�ZKLFK�DOO�UHTXHVWV�PD\�SDVV��$V�ZH�VKDOO�VHH�ZLWK�WKH�WKUHH�WLHU�H[WHQVLRQ�WR
WKLV�VW\OH��WKLV�DSSURDFK�OHDYHV�VW\OH�GHYHORSHUV�WKH�RSWLRQ�RI �FUHDWLQJ�QHZ�VXEW\SHV�RI �WKH
FOLHQW�UHTXHVW�FRQQHFWRU�W\SH�WKDW�KDQGOH�RQO\�VSHFLILF�FODVVHV�RI �FOLHQW�UHTXHVWV�

7KHVH�W\SH�GHFODUDWLRQV�DUH�VXSSOHPHQWHG�E\�WKUHH�VLPSOH�GHVLJQ�UXOHV�WKDW�JXLGH�DUFKLWHFWV
LQ� FUHDWLQJ� ZHOO�IRUPHG� GHVLJQV�� ,Q� WKH� QDwYH� FOLHQW�VHUYHU� VW\OH�� FOLHQWV� DUH� DOORZHG� WR
FRPPXQLFDWH�RQO\�ZLWK�VHUYHUV�DQG�VHUYHUV�DUH�DOORZHG�WR�FRPPXQLFDWH�RQO\�ZLWK�FOLHQWV��$
VLPSOH� GHVLJQ� UXOH� HQIRUFHV� WKLV� WRSRORJLFDO� FRQVWUDLQW�� /LNHZLVH�� D� SDLU� RI � GHVLJQ� UXOHV
VSHFLI\� WKDW�DOO�FRPSRQHQWV� LQ�D�QDwYH�FOLHQW�VHUYHU�GHVLJQ�PXVW�EH�HLWKHU�FOLHQWV�RU�VHUYHU�
W\SHG�FRPSRQHQWV�DQG�DOO�FRQQHFWRUV�PXVW�EH�FOLHQW�UHTXHVW�FRQQHFWRUV��$OWKRXJK�WKH�QDwYH
FOLHQW�VHUYHU� VW\OH� LV� TXLWH� JHQHULF� DQG� VLPSOH�� LW� SURYLGHV� D� XVHIXO� VHW� RI � SULPLWLYHV� IRU
GHVLJQLQJ�EDVLF�FOLHQW�VHUYHU�V\VWHPV�

7KH�7KUHH�7LHU�&OLHQW�6HUYHU�VW\OH

&KDSWHU� �·V� LQWURGXFWRU\� RYHUYLHZ� RI � WKH� $UPDQL� DSSURDFK� GHVFULEHV� VRPH� RI � WKH
OLPLWDWLRQV�RI �WKH�QDwYH�FOLHQW�VHUYHU�VW\OH�DQG� LQWURGXFHG�WKH� WKUHH�WLHU�FOLHQW�VHUYHU�VW\OH�DV�DQ
HYROXWLRQ�RI � WKH�QDwYH� FOLHQW�VHUYHU� VW\OH��$V� WDEOH� ����GHVFULEHG� LQ� FKDSWHU� ��� WKH� SULPDU\
VW\OLVWLF� OLPLWDWLRQ� DGGUHVVHG�E\� WKH� WKUHH�WLHU� VW\OH� LV� WKH�QHHG� WR� VHSDUDWH� WKH� DSSOLFDWLRQ�
VSHFLILF� SURFHVVLQJ� UHTXLUHG� E\� D� V\VWHP� IURP� LWV� GDWD� VWRUDJH� DQG� XVHU�LQWHUDFWLRQ
FRPSRQHQWV��7R�DGGUHVV�WKLV�LVVXH��,�FUHDWHG�D�VXEVW\OH�RI �WKH�QDwYH�FOLHQW�VHUYHU�VW\OH�FDOOHG
WKH� WKUHH�WLHU� FOLHQW�VHUYHU� VW\OH�� 7KLV� VXEVW\OH� GHILQHV� WKUHH� QHZ� FRPSRQHQW� W\SHV�� RQH� QHZ
FRQQHFWRU�W\SH��DQG�RQH�DGGLWLRQDO�VW\OH�ZLGH�GHVLJQ�UXOH�WR�JXLGH�DUFKLWHFWV�LQ�SURSHU�XVDJH
RI �WKH�QHZ�W\SHV�

7KH�QHZ�FRPSRQHQW�W\SHV�GHILQHG�LQ�WKH�WKUHH�WLHU�VW\OH�DOO�H[WHQG�FRPSRQHQW�W\SHV�GHILQHG
LQ�WKH�QDwYH�FOLHQW�VHUYHU�VW\OH��7ZR�RI �WKHVH�FRPSRQHQW�W\SHV�²�GDWD�YLHZV�DQG�GDWDVWRUHV�²�DUH
KLJKO\� VSHFLDOL]HG� YHUVLRQV�� UHVSHFWLYHO\�� RI � WKH� JXL� FOLHQW� DQG� VHUYHU� FRPSRQHQW� W\SHV
GHILQHG�LQ�WKH�QDwYH�FOLHQW�VHUYHU�VW\OH��7KH�VROH�SXUSRVH�RI �WKH�GDWD�YLHZ�FRPSRQHQW�W\SH�LV
WR�SURYLGH�D�XVHU�LQWHUIDFH�WR�WKH�V\VWHP��'DWD�YLHZ�FOLHQWV�DUH�H[SOLFLWO\�QRW�SHUPLWWHG�WR�GR
DQ\�DSSOLFDWLRQ�SURFHVVLQJ��7KH\�DUH�DOVR�WKH�RQO\�FRPSRQHQWV�WKDW�DUH�VXSSRVHG�WR�SURYLGH
DQ� LQWHUIDFH� WR� WKH� XVHU�� %HFDXVH� RI � WKHLU� OLPLWHG� IXQFWLRQDOLW\�� GDWD� YLHZ� FOLHQWV� DUH
VRPHWLPHV�UHIHUUHG�WR�DV�YHU\�WKLQ�FOLHQWV��7KH�VROH�SXUSRVH�RI �WKH�GDWDVWRUH�FRPSRQHQW�W\SH
LV�WR�SURYLGH�SHUVLVWHQW�GDWD�VWRUDJH��/LNH�GDWD�YLHZV��GDWDVWRUH�FRPSRQHQWV�DUH�QRW�DOORZHG
WR�SHUIRUP�DQ\�DSSOLFDWLRQ�SURFHVVLQJ��$OO�DSSOLFDWLRQ�VSHFLILF�SURFHVVLQJ�IXQFWLRQDOLW\�PXVW
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EH�GRQH�E\�DSSOLFDWLRQ�VHUYHUV��ZKLFK�DUH�WKH�WKLUG�QHZ�W\SH�RI �FRPSRQHQW��$SSOLFDWLRQ�VHUYHUV
DUH� VXEW\SHV� RI � ERWK� WKH� FOLHQW� DQG� VHUYHU� W\SHV� GHILQHG� LQ� WKH� QDwYH� FOLHQW�VHUYHU� VW\OH
EHFDXVH�WKH\�VLPXOWDQHRXVO\�DFW�DV�VHUYHUV� IRU� WKH�GDWD�YLHZ�FRPSRQHQWV�DQG�DV�FOLHQWV�RI
WKH�GDWDVWRUH�FRPSRQHQWV�

,Q�DGGLWLRQ�WR�WKH�WKUHH�QHZ�FRPSRQHQW�W\SHV��WKH�WKUHH�WLHU�VW\OH�UHTXLUHG�WKH�LQWURGXFWLRQ
RI � WKH� QHZ� GDWDVWRUH� UHTXHVW� FRQQHFWRU� W\SH�� 'DWDVWRUH� UHTXHVW� FRQQHFWRUV� OLQN� DSSOLFDWLRQ
VHUYHUV� WR� GDWDVWRUHV� ZLWK� D� GDWDEDVH� TXHU\�DQG�XSGDWH� SURWRFRO� DQG�RU� ODQJXDJH�� 7KH
JHQHULF� FOLHQW� UHTXHVW� FRQQHFWRUV� GHILQHG� LQ� WKH� QDwYH� FOLHQW�VHUYHU� VXSHUW\SH� SURYHG
DSSURSULDWH�IRU�FRQWLQXHG�XVH�DV�FRPPXQLFDWLRQ�FKDQQHOV�EHWZHHQ�GDWD�YLHZ�DQG�DSSOLFDWLRQ
VHUYHU�FRPSRQHQWV�

6SHFLDOL]LQJ�WKH�QDwYH�FOLHQW�VHUYHU�VW\OH�WR�ZRUN�DV�D�WKUHH�WLHU�VW\OH�UHTXLUHG�WKH�DGGLWLRQ�RI
RQO\� RQH� VLJQLILFDQW� VW\OH�ZLGH� GHVLJQ� UXOH�� 7KLV� UXOH� UHILQHG� WKH� VXSHUVW\OH·V� FRQQHFWLRQ
UHVWULFWLRQV�WKDW�DOORZHG�RQO\�FOLHQWV� WR�EH�FRQQHFWHG�WR�VHUYHUV�DQG�YLFH�YHUVD��6SHFLILFDOO\�
WKH� QHZ� UXOH� UHTXLUHV� WKDW� DOO� FRQQHFWLRQV� EHWZHHQ� DSSOLFDWLRQ� VHUYHUV� DQG� GDWDVWRUHV� EH
PDGH�ZLWK�GDWDVWRUH� UHTXHVW� FRQQHFWRUV��$GGLQJ� WKLV�GHVLJQ� UXOH� DQG� VLPSO\� HQIRUFLQJ� WKH

��7LHU�&OLHQW�6HUYHU�6W\OH

&DWHJRU\�

'DWD�&HQWULF�5HSRVLWRU\

6HPDQWLFV�6WDWLVWLFV

3ULPDU\�FRPSRQHQW�W\SHV�

��'DWD�9LHZ�&OLHQW

��$SSOLFDWLRQ�/RJLF�6HUYHU

��'DWDVWRUH�6HUYHU

3ULPDU\�FRQQHFWRU�W\SHV�

��$SSOLFDWLRQ�5HTXHVW

��'DWDVWRUH�4XHU\

6DPSOH�GHVLJQ�UXOH�

��1R�GLUHFW�'DWD�9LHZ�WR

'DWDVWRUH�FRQQHFWLRQV

1HZ�W\SHV�GHILQHG���

$GGLWLRQDO�GHVLJQ�UXOHV���

7LPH�WR�GHILQH������KRXUV

/LQHV�RI �$UPDQL�FRGH����

(QYLURQPHQW�6WDWLVWLFV

1HZ�VKDSHV�GHILQHG����

&XVWRPL]DWLRQ�WLPH����KRXUV

)LJXUH������2YHUYLHZ�RI �WKH�7KUHH�7LHU�H[WHQVLRQ�WR�WKH�1DwYH�&OLHQW�6HUYHU�VW\OH�DQG�HQYLURQPHQW
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VXSHUVW\OH·V� GHVLJQ� UXOHV� SURYHG� WR� EH� VXIILFLHQW� WR� FDSWXUH� WKH� IXQGDPHQWDO� WRSRORJLFDO
FRQVWUDLQWV�RI �WKH�WKUHH�WLHU�VW\OH�

7KH� LQWURGXFWLRQ� RI � WKHVH� QHZ� W\SHV� DQG� GHVLJQ� UXOH� SURYLGHV� WKH� WKUHH�WLHU� VW\OH� ZLWK� D
VWDQGDUG� ZD\� WR� PRGXODUL]H� DQG� SDUWLWLRQ� IXQFWLRQDOLW\� DQG� UHVSRQVLELOLWLHV� WKURXJKRXW� D
GLVWULEXWHG� FOLHQW�VHUYHU� V\VWHP��0RGLILFDWLRQV�PDGH� WR� WKH� DSSOLFDWLRQ�VSHFLILF� SURFHVVLQJ
FDSDELOLWLHV� RI � D� WKUHH�WLHU� FOLHQW�VHUYHU� V\VWHP� FDQ� EH� LVRODWHG� DQG� XSGDWHG� ZLWKRXW
GLVWXUELQJ�WKH�V\VWHP·V�XVHU�LQWHUIDFH�RU�LW·V�FRUH�GDWD�VWRUDJH�FRPSRQHQWV��/LNHZLVH��WKH�GDWD
VWRUDJH�RU�XVHU�LQWHUIDFH�WHFKQRORJ\�FDQ�EH�XSGDWHG�RU�UHSODFHG�ZLWKRXW�GLVWXUELQJ�WKH�FRUH
DSSOLFDWLRQ�ORJLF�

,Q�DGGLWLRQ�WR�WKH�FRQWUROOHG�SRUWLRQ�RI �WKLV�FDVH�VWXG\�WKDW�,�FRQGXFWHG��D�FROOHDJXH�RI �PLQH
LQWHJUDWHG� KHU� SHUIRUPDQFH� DQDO\VLV� WRRO� >6*��@� ZLWK� WKH� WKUHH�WLHU� VW\OH� HQYLURQPHQW�
%HFDXVH�,�GLG�QRW�GR�WKLV�SRUWLRQ�RI �WKH�H[SHULPHQW�DQG�WKH�SHUVRQ�ZKR�GLG�WKH�ZRUN�GLG
QRW�WUDFN�KHU�HIIRUW�SUHFLVHO\��,�GLG�QRW�LQFOXGH�WKH�WLPH�DQG�HIIRUW�UHTXLUHG�WR�LQWHJUDWH�WKLV
WRRO� LQ� WKH� PHDVXUHPHQWV� ,� WRRN� IRU� WKHVH� FDVH� VWXGLHV�� 7KH� SURFHVV� RI � LQWHJUDWLQJ� WKH
SHUIRUPDQFH�DQDO\VLV� WRRO� UHTXLUHG��KRZHYHU��RQO\�D�FRXSOH�RI �GD\V�RI �HIIRUW��7KH� LQWHJUD�
WLRQ� RI � WKLV� WRRO� LQWR� WKH� $UPDQL� HQYLURQPHQW� VLJQLILFDQWO\� HQKDQFHG� WKH� XWLOLW\� RI � WKH
FRPSOHWHG� HQYLURQPHQW�E\�SURYLGLQJ� D�TXHXLQJ�QHWZRUN�EDVHG� VWDWLF�SHUIRUPDQFH� DQDO\VLV
RI �V\VWHP�WKURXJKSXW�DQG�ODWHQFLHV�

7KH� SURFHVV� RI � LQWHJUDWLQJ� WKLV� OHJDF\� WRRO� LQWR� WKH� $UPDQL� HQYLURQPHQW� ZDV� UHODWLYHO\
VWUDLJKWIRUZDUG��$W�WKH�$UPDQL�VHPDQWLF� OHYHO��WKH�GHYHORSHU�KDG�WR�UHTXLUH�WKDW�DOO� UHTXHVW
FRQQHFWLRQV�ZHUH�DV\QFKURQRXV�DQG�DGG�VRPH�DGGLWLRQDO�SURSHUWLHV�WR�WKH�FRPSRQHQW�DQG
FRQQHFWRU� W\SHV�GHILQHG� IRU� WKH� VW\OH��7KHVH�SURSHUWLHV�KHOG� LQIRUPDWLRQ� DERXW� WKH� UDWH� DW
ZKLFK� WKH� LQGLYLGXDO� FRPSRQHQWV� ZRXOG� JHQHUDWH� UHTXHVWV�� KRZ� ORQJ� D� VHUYHU� WRRN� WR
UHVSRQG�WR�D� UHTXHVW�� WKH�EXIIHU� VL]H�DQG�GHOLYHU\�GHOD\�RI � HDFK�FRQQHFWRU��DQG� WKH� UDWH�DW
ZKLFK� UHTXHVWV�ZHUH� LQWURGXFHG� LQWR� WKH� V\VWHP�DV� D�ZKROH��$Q�DUFKLWHFW�XVLQJ� WKLV� WRRO� LV
UHTXLUHG� WR�SURYLGH� WKHVH�YDOXHV� IRU� WKH� LQGLYLGXDO� FRQQHFWRUV��7KH� DQDO\VLV� WRRO� WKHQ�XVHV
WKH� YDOXHV� IRU� HDFK� RI � WKH� LQGLYLGXDO� GHVLJQ� HOHPHQWV� DQG� FRPSXWHV� SURFHVVLQJ� UDWH�
WKURXJKSXW��DQG�ODWHQF\�YDOXHV�IRU�HDFK�HOHPHQW�LQ�WKH�V\VWHP�ZKHQ�LW�LV�UXQQLQJ�LQ�D�VWHDG\
VWDWH�� 7KLV� DQDO\VLV� FDQ� LGHQWLI\� SRWHQWLDO� SHUIRUPDQFH� SUREOHPV�� ERWWOHQHFNV�� DQG� RYHUDOO
V\VWHP�RYHUORDG�

2QFH�WKH�$UPDQL�VW\OH�KDG�EHHQ�XSGDWHG�WR�SURYLGH�WKH� LQIRUPDWLRQ�WKDW�WKLV�DQDO\VLV�WRRO
QHHGHG�LW�WRRN�DERXW�D�GD\�WR�LQWHJUDWH�WKH�WRRO�ZLWK�WKH�UHVW�RI �WKH�HQYLURQPHQW�DQG�KDYH�LW
SURYLGLQJ�XVHIXO�DQDO\VHV��7KLV�ZDV�D�WLJKW�LQWHJUDWLRQ�EHWZHHQ�WKH�WRRO�DQG�WKH�HQYLURQPHQW�
ZLWK� WKH� DQDO\VLV� WRRO� ZRUNLQJ� GLUHFWO\� RQ� WKH� $UPDQL� GHVLJQ� UHSUHVHQWDWLRQ�� 7R� IXUWKHU
WLJKWHQ� WKH� LQWHJUDWLRQ� EHWZHHQ� WKH� $UPDQL� HQYLURQPHQW� DQG� WKLV� WRRO�� WKH� LQWHJUDWRU
GHVLJQHG� DQG� FRGHG� D� VHW� RI � GLDORJ� ER[HV� IRU� GHDOLQJ� VSHFLILFDOO\� ZLWK� WKH� SHUIRUPDQFH�
DQDO\VLV� UHODWHG�SURSHUWLHV��$OWKRXJK� WKLV� LQIRUPDWLRQ�ZDV�SUHYLRXVO\� DYDLODEOH� LQ�$UPDQL·V
JHQHULF�HOHPHQW�ZRUNVKRSV�� WKH�FXVWRP�GLDORJ�ER[HV�SURYLGHG�D�PRUH�VSHFLILF�YLHZ�RI �WKH
SHUIRUPDQFH� DWWULEXWHV�RI �ERWK� WKH� LQGLYLGXDO� GHVLJQ� HOHPHQWV� DQG� WKH� V\VWHP�DV� D�ZKROH�
&UHDWLQJ�WKHVH�GLDORJ�ER[HV�WRRN�OHVV�WKDQ�RQH�ZHHN�RI �HIIRUW�



���

’LVFXVVLRQ�DQG�HYDOXDWLRQ

3HUKDSV� WKH�PRVW� HQFRXUDJLQJ� ILQGLQJ� IURP� WKLV� SDLU� RI � FDVH� VWXGLHV� ZDV� KRZ� HDVLO\� DQG
HIIHFWLYHO\�,�ZDV�DEOH�WR�H[WHQG�D�YHU\�JHQHULF�VW\OH��WKH�QDwYH�FOLHQW�VHUYHU�VW\OH��WR�FUHDWH�D
PXFK� PRUH� IRFXVHG� DQG� FRQVWUDLQHG� VXEVW\OH� �WKH� WKUHH�WLHU� VW\OH��� 7KH� WKUHH�WLHU� VW\OH
VSHFLILFDWLRQ� UHTXLUHG� PLQLPDO� QHZ� $UPDQL� FRGH� WR� FDSWXUH� WKH� DGGLWLRQDO� YRFDEXODU\�
FRQVWUDLQWV��DQG�VHPDQWLFV�RI �WKH�VXEVW\OH��7KH�UHVXOWLQJ�VXEVW\OH��KRZHYHU��SURYLGHG�D�ZHOO�
GHILQHG� DQG� TXLWH� VSHFLILF� IUDPHZRUN� IRU� EXLOGLQJ� WKUHH�WLHU� FOLHQW�VHUYHU� V\VWHPV�� 7KLV
IUDPHZRUN�� WKH� VWUXFWXUDO� YRFDEXODU\�� DQG� WKH� VWDQGDUG�FRPSRVLWLRQ�SDWWHUQV�RI � WKH� WKUHH�
WLHU�VW\OH�SURYLGH�DUFKLWHFWV�ZLWK�VLJQLILFDQW�GHVLJQ�JXLGDQFH�DQG�D�OHYHUDJH�LQ�FUHDWLQJ�WKUHH�
WLHU�V\VWHPV�

7KH�LQIRUPDO�H[SHULPHQW� LQ� LQWHJUDWLQJ�DQ�H[WHUQDO�GHVLJQ�WRRO�GHPRQVWUDWHG�WKDW�DOWKRXJK
QRW� DV� HDV\� DV�ZULWLQJ� D�GHVLJQ� DQDO\VLV�GLUHFWO\� LQ� WKH�$UPDQL�GHVLJQ� ODQJXDJH�� LQWHJUDWLQJ
H[WHUQDO� DQDO\VLV� WRROV� LV� IHDVLEOH� DQG� UHODWLYHO\� WLPH�HIIHFWLYH�� ,QWHJUDWLQJ� WKH� SHUIRUPDQFH
DQDO\VLV�WRRO�ZLWK�WKH�WKUHH�WLHU�VW\OH�HQYLURQPHQW�SURYLGHG�D�SRZHUIXO�DQDO\WLFDO�FDSDELOLW\�WR
WKH�FXVWRP�$UPDQL�HQYLURQPHQW�ZLWK�UHODWLYHO\�ORZ�HIIRUW�

����� &DVH�VWXG\����WZR�FDOO�DQG�UHWXUQ�VW\OHV

,Q�WKH�ILIWK�FDVH�VWXG\�� ,�FUHDWHG�D�SDLU�RI �DUFKLWHFWXUDO�VW\OHV�DQG�HQYLURQPHQWV�WR�VXSSRUW
WKH�GULYHU�VXESURJUDP� VW\OH�GHVFULEHG� LQ� >%H��@��7KHVH� VW\OHV�DUH�YDULDQWV�RI � WKH�JHQHULF�&DOO�
DQG�5HWXUQ�VW\OHV�GHVFULEHG�LQ�WKH�>6&��@�ER[RORJ\�SDSHU��$V�ZLWK�WKH�EDWFK�VHTXHQWLDO�VW\OH
GHVFULEHG� LQ� WKH� ILUVW� FDVH� VWXG\�� %HVW·V� GHVFULSWLRQ� RI � WKH� GULYHU�VXESURJUDP� DQG� LW·V� GE�
GULYHU�VXESURJUDP�VXEVW\OH�LV�WRR�LQIRUPDO�WR�WUDQVODWH�GLUHFWO\�LQWR�$UPDQL��7R�FDSWXUH�WKH
VW\OHV·�HVVHQWLDO�FRQFHSWV�DQG�FRQVWUXFWV��,�WKHUHIRUH�KDG�WR�DGG�VRPH�DGGLWLRQDO�IRUPDOLW\�WR
WKH�VW\OH�VSHFLILFDWLRQ��$V�LQ�SUHYLRXV�FDVH�VWXGLHV��DGGLQJ�WKH�UHTXLUHG�IRUPDOLW\�SURYHG�WR
EH�VWUDLJKWIRUZDUG��$GGLQJ� WKLV� DGGLWLRQDO� ULJRU� UHTXLUHG� WKDW� ,� H[SOLFLWO\� VSHFLI\�QXPHURXV
GHVLJQ� GHFLVLRQV� WKDW� ZHUH� LPSOLFLW� LQ� WKH� VW\OH·V� LQIRUPDO� VSHFLILFDWLRQ�� 5DWKHU� WKDQ
GLPLQLVKLQJ� WKH� YDOXH� RI � WKHVH� VW\OH� GHILQLWLRQV�� H[SRVLQJ� WKHVH� LPSOLFLW� GHVLJQ� GHFLVLRQV
VLJQLILFDQWO\�FODULILHG�WKH�DUFKLWHFWXUDO�VSHFLILFDWLRQ�RI �WKH�VW\OHV�

7KH�’ULYHU�6XESURJUDP�VW\OH

7KH� ILUVW� VW\OH� WKDW� ,� FUHDWHG� LQ� WKLV� FDVH� VWXG\� ZDV� WKH� GULYHU�VXESURJUDP� VW\OH�� RXWOLQHG� LQ
)LJXUH������7KH�NH\�REVHUYDWLRQ�XQGHUO\LQJ�WKH�GULYHU�VXESURJUDP�VW\OH�LV�WKDW�WKH�LQIUDVWUXF�
WXUH�XVHG�LQ�PDQ\�ODUJH�GDWD�SURFHVVLQJ�DSSOLFDWLRQV�LV�EDVLFDOO\�WKH�VDPH��WKRXJK�WKH�VSHFLILF
WDVNV� XQGHUWDNHQ� DW� HDFK� SURFHVVLQJ� VWHS� YDU\� IURP� DSSOLFDWLRQ� WR� DSSOLFDWLRQ�� 7KLV� LV
EDVLFDOO\�WKH�VDPH�REVHUYDWLRQ�WKDW�XQGHUOLHV�WKH�EDWFK�VHTXHQWLDO�VW\OH�GHVFULEHG� LQ�VHFWLRQ
�������7KH�SULPDU\�GLIIHUHQFH�EHWZHHQ�WKH�EDWFK�VHTXHQWLDO�DQG�GULYHU�VXESURJUDP�VW\OHV�OLHV
LQ�ZKHWKHU�WKH\�DUH�GDWD�GULYHQ��EDWFK�VHTXHQWLDO��RU�FRQWURO�GULYHQ��GULYHU�VXESURJUDP���DQG
ZKHWKHU�WKH�SURFHVVLQJ�HPSKDVL]HV�PRGLILFDWLRQV�WR�D�VWUHDP�RI �GDWD��EDWFK�VHTXHQWLDO���RU
WUDQVDFWLRQV�WKDW�PLJKW�QHHG�WR�DFFHVV�RQH�RU�PRUH�GDWDEDVHV��GULYHU�VXESURJUDP��

7KH�ILUVW�VWHS�IRU�EXLOGLQJ�V\VWHPV�LQ�WKLV�VW\OH�LV�WR�SHUIRUP�D�IXQFWLRQDO�GHFRPSRVLWLRQ�RI
WKH� V\VWHP·V� SURFHVVLQJ� WDVNV�� 7KLV� GHFRPSRVLWLRQ� GLYLGHV� WKH� SURFHVVLQJ� LQWR� D� VHW� RI
GLVFUHWH�IXQFWLRQV��7KHVH�IXQFWLRQV�DUH�WKHQ�PDSSHG�WR�D�VHW�RI �VXESURJUDP�FRPSRQHQWV�WKDW
H[HFXWH�WKH�UHTXHVWHG�IXQFWLRQV��(YHU\�V\VWHP�DOVR�KDV�D�H[DFWO\�RQH�SULPDU\�GULYHU�FRPSR�
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QHQW� WKDW� WULJJHUV� WKH� H[HFXWLRQ� RI � HDFK� RI � WKH� VXESURJUDPV��8QOLNH� WKH� EDWFK� VHTXHQWLDO
VW\OH�� LQ� ZKLFK� RQH� VSHFLILF� VHTXHQFH� RI � RSHUDWLRQV� DUH� SHUIRUPHG� RQ� DOO� UHFRUGV�� LQ� WKH
GULYHU�VXESURJUDP�VW\OH�WKH�GULYHU�FDQ�G\QDPLFDOO\�VHOHFW�ZKLFK�RSHUDWLRQ�VXESURJUDP�ZLOO
EH�SHUIRUPHG�DW�HDFK�VWHS�RI �WKH�SURFHVVLQJ�

7KH�GULYHU� FRPSRQHQW� VHQGV� LWV� UHTXHVWV� WR� HDFK�RI � LWV� VXESURJUDPV�RYHU� SURFHVVLQJ� UHTXHVW
FRQQHFWRUV��7KHVH�FRQQHFWRUV�WUDQVSRUW�UHTXHVWV�IURP�D�VLQJOH�GULYHU�WR�D�VLQJOH�VXESURJUDP�
$OO�FRQQHFWRUV�LQ�WKLV�VW\OH�DUH�SURFHVVLQJ�UHTXHVWV��RU�VXEW\SHV�RI �SURFHVVLQJ�UHTXHVWV���7KH
NH\�FRQQHFWRU�UHODWHG�GHVLJQ� LVVXHV� WKDW� DULVH�ZKHQ�ZRUNLQJ� LQ� WKLV� VW\OH� LQFOXGH�VSHFLI\LQJ
WKH�UHTXHVW�RU�UHTXHVWV�WKDW�ZLOO�EH�VHQW�WKURXJK�WKH�FRQQHFWRU��DQG�VSHFLI\LQJ�ZKHWKHU�WKH
UHTXHVWV� ZLOO� EH� VHQW� V\QFKURQRXVO\�� DV\QFKURQRXVO\�� ORFDOO\�� RU� UHPRWHO\�� 7KH� $UPDQL
SURFHVVLQJ� UHTXHVW� FRQQHFWRU� W\SH�PDNHV�GHVLJQHUV�DGGUHVV� WKHVH� LVVXHV�E\� UHTXLULQJ� WKDW� WKH\
VSHFLI\� WKH� UHTXHVWV� WKDW� HDFK� LQVWDQFH� RI � WKLV� FRQQHFWRU� W\SH� ZLOO� FRQYH\�� 7KH� VW\OH� DOVR
GHILQHV�PXOWLSOH�VXEW\SHV�RI �WKH�SURFHVVLQJ�UHTXHVW�FRQQHFWRU�W\SH�WKDW�FDSWXUH�V\QFKURQRXV�
DV\QFKURQRXV��ORFDO��DQG�UHPRWH�YDULDWLRQV�RQ�WKH�EDVH�W\SH�

’ULYHU�6XESURJUDP�6W\OH

&DWHJRU\��&DOO�DQG�5HWXUQ

6HPDQWLFV�6WDWLVWLFV

3ULPDU\�FRPSRQHQW�W\SHV�

��'ULYHU

��6XESURJUDP

��6XEGULYHU

3ULPDU\�FRQQHFWRU�W\SH�

��3URFHVVLQJ�5HTXHVW

6DPSOH�GHVLJQ�UXOH�

��$�V\VWHP�KDV�H[DFWO\�RQH

WRSOHYHO�'ULYHU�FRPSRQHQW�

EXW�PD\�KDYH�PXOWLSOH

6XEGULYHU�FRPSRQHQWV�

1HZ�W\SHV�GHILQHG����

6W\OH�ZLGH�GHVLJQ�UXOHV���

7LPH�WR�GHILQH������KRXUV

/LQHV�RI �$UPDQL�FRGH����

(QYLURQPHQW�6WDWLVWLFV

1HZ�VKDSHV�GHILQHG���

&XVWRPL]DWLRQ�WLPH����KRXUV

)LJXUH������2YHUYLHZ�RI �WKH�'ULYHU�6XESURJUDP�VW\OH�DQG�HQYLURQPHQW
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$OWKRXJK�WKHUH�FDQ�EH�RQO\�RQH�SULPDU\�GULYHU�FRPSRQHQW� LQ�D�GULYHU�VXESURJUDP�V\VWHP�
WKH�VW\OH�DOORZV�D�V\VWHP�WR�KDYH�PXOWLSOH�VXEGULYHU�FRPSRQHQWV��$�VXEGULYHU�FRPSRQHQW�LV�D
QRQ�OHDI�� QRQ�URRW� QRGH� LQ� WKH� V\VWHP·V� VWUXFWXUH� JUDSK�� )URP� WKH� SHUVSHFWLYH� RI � WKH
�VXE�GULYHU�VHQGLQJ�LW�D�UHTXHVW��D�VXEGULYHU�FRPSRQHQW�DSSHDUV�WR�EH�D�VXESURJUDP��)URP
WKH�SHUVSHFWLYH�RI �WKH�VXESURJUDPV�WKDW�LW� LQYRNHV�� LW�DSSHDUV�WR�EH�D�GULYHU��7KH�VXEGULYHU
FRPSRQHQW� W\SH� VXEW\SHV� ERWK� WKH� GULYHU� DQG� VXESURJUDP� FRPSRQHQW� W\SHV� WR� SURYLGH
WKHVH� IDFDGHV�� ,W� FDQ� EH� WKRXJKW� RI � DV� DQ� DEVWUDFW� IXQFWLRQDO� XQLW� WKDW� GULYHV� RWKHU
VXESURJUDPV�WR�FRPSXWH�LWV�IXQFWLRQ�

*LYHQ�WKLV�SDOHWWH�RI �GHVLJQ�UXOHV��FRPSRQHQW�DQG�FRQQHFWRU�W\SHV��DUFKLWHFWV�ZRUNLQJ�ZLWK
WKLV� VW\OH� DUH� DEOH� WR� DGGUHVV� WKH� NH\� V\VWHPZLGH� LVVXHV� WKH\� IDFH� ZKHQ� EXLOGLQJ� GULYHU�
VXESURJUDP�V\VWHPV��7KHVH�LVVXHV�LQFOXGH��HVWDEOLVKLQJ�KRZ�IXQFWLRQDOLW\�DQG�UHVSRQVLELOLW\
DUH� GLYLGHG� EHWZHHQ� GLIIHUHQW� FRPSRQHQWV�� HVWDEOLVKLQJ� DSSURSULDWH� PRGXODULW\� DQG
DEVWUDFWLRQ�ERXQGDULHV�WR�PLQLPL]H�WKH�HIIHFWV�RI �DQWLFLSDWHG�V\VWHP�HYROXWLRQ�SDWKV��UHXVH
RI �V\VWHP� LQIUDVWUXFWXUH� DFURVV�VLPLODU� V\VWHPV�� DQG� WKH� DELOLW\� WR�FOHDQO\� VHSDUDWH�EXVLQHVV
SROLFLHV�IURP�V\VWHP�LPSOHPHQWDWLRQ��7KH�$UPDQL�VSHFLILFDWLRQ�IRU�WKLV�VW\OH�SURYLGHV�ERWK�D
IUDPHZRUN�IRU�DGGUHVVLQJ�WKHVH� LVVXHV�DQG�D�EDVLF�UHXVDEOH�GHVLJQ�IRU�EXLOGLQJ�WKLV�W\SH�RI
V\VWHP�

7KH�’%�’ULYHU�6XESURJUDP�VW\OH

7KH� GULYHU�VXESURJUDP� VW\OH� SURYLGHV� D� VWDQGDUG� LQIUDVWUXFWXUH� IRU� D� VLJQLILFDQW� FODVV� RI
LQIRUPDWLRQ� SURFHVVLQJ� DSSOLFDWLRQV�� 7KH� VW\OH� GRHV� QRW�� KRZHYHU�� SURYLGH� DQ\� EXLOW�LQ
VWUXFWXUH�IRU�LQWHUDFWLQJ�ZLWK�GDWDEDVHV�RU�KDQGOLQJ�WUDQVDFWLRQV�WKDW�SHUVLVW�DFURVV�PXOWLSOH
UHTXHVWV� WR� D� GULYHU·V� VXESURJUDPV�� 7R� DGGUHVV� WKLV� OLPLWDWLRQ�� ,� XVHG� $UPDQL·V� VXEVW\OH
FRQVWUXFW�WR�FUHDWH�D�QHZ�DUFKLWHFWXUDO�VW\OH�FDOOHG�WKH�GE�GULYHU�VXESURJUDP�VW\OH�WKDW�H[SOLFLWO\
VXSSRUWV� WKH� VSHFLILFDWLRQ� RI � GDWDEDVH� DQG� WUDQVDFWLRQ� PDQDJHPHQW� FRPSRQHQWV� DQG
FRQQHFWRUV�

$V�)LJXUH�����LQGLFDWHV��WKH�GE�GULYHU�VXESURJUDP�VW\OH�GHILQHV�WKUHH�QHZ�FRPSRQHQW�W\SHV
DQG�WZR�QHZ�FRQQHFWRU� W\SHV�WR�VXSSRUW�GDWDEDVH�DFFHVV�DQG�FRPSOH[�WUDQVDFWLRQV��$OO�RI
WKHVH�W\SHV�DUH�SURYLGHG�LQ�DGGLWLRQ�WR�WKH�YRFDEXODU\�HOHPHQWV��W\SHV��GHILQHG�LQ�WKH�GULYHU�
VXESURJUDP� VXSHUVW\OH� �ZKLFK� DUH� DOVR� DYDLODEOH�ZKHQ�ZRUNLQJ� LQ� WKH� VXEVW\OH��� 7KH� WKUHH
QHZ�FRPSRQHQW�W\SHV�GHILQHG�LQ�WKH�VW\OH�DUH�WKH�GDWDEDVH��GE�DFFHVV�VXESURJUDP��DQG�WUDQVDFWLRQ
PDQDJHU� � W\SHV��$V� WKHLU� QDPH� VXJJHVWV�� GDWDEDVH� FRPSRQHQWV� SHUVLVWHQWO\� VWRUH� GDWD� WKDW� LV
VKDUHG� E\� PXOWLSOH� VXESURJUDPV� �DQG� HYHQ� PXOWLSOH� V\VWHPV��� 'E� DFFHVV� VXESURJUDP
FRPSRQHQWV�DUH�VXEW\SHV�RI �VXESURJUDP�WKDW�VXSSRUW�GDWDEDVH�TXHULHV�DQG�XSGDWHV�

7KH� WUDQVDFWLRQ� PDQDJHU� FRPSRQHQW� W\SH� LV� WKH� PRVW� DUFKLWHFWXUDOO\� LQWHUHVWLQJ� RI � WKH
DGGLWLRQDO� FRPSRQHQW� W\SHV�� (YHU\� GE�GULYHU�VXESURJUDP� EDVHG� V\VWHP� KDV� D� VLQJOH
WUDQVDFWLRQ� PDQDJHU� FRPSRQHQW� WKDW� PDQDJHV� DFFHVV� WR� WKH� GDWDEDVHV�� 7KH� WUDQVDFWLRQ
PDQDJHU� UHFHLYHV� UHTXHVWV� WR� EHJLQ�� FRPPLW�� DQG� DERUW� WUDQVDFWLRQV� IURP� WKH� V\VWHP·V
SULPDU\�GULYHU�� ,W� WKHQ� OLPLWV� DQG�DOORZV� WKH�GE�DFFHVV�VXESURJUDPV� WR�DFFHVV� WKH� V\VWHP·V
GDWDEDVHV� DSSURSULDWHO\��+DYLQJ� D� VLQJOH� WUDQVDFWLRQ�PDQDJHU� WKDW� FRQWUROV� DFFHVV� WR� DOO� RI
WKH�GDWDEDVHV�DOORZV�WKH�GULYHU�WR�LQYRNH�PXOWLSOH�VXESURJUDPV�ZLWKLQ�WKH�FRQWH[W�RI �D�VLQJOH
WUDQVDFWLRQ��,Q�PDQ\�VLWXDWLRQV�WKLV�DSSURDFK�VLJQLILFDQWO\�VLPSOLILHV�WKH�SURJUDPPLQJ�PRGHO
IRU�FUHDWLQJ�GULYHUV�WR�VROYH�VSHFLILF�EXVLQHVV�SUREOHPV�
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7KH� VW\OH� DOVR� LQWURGXFHV� WZR� QHZ� FRQQHFWRU� W\SHV�� ERWK� RI � ZKLFK� DUH� VXEW\SHV� RI � WKH
SURFHVVLQJ� UHTXHVW� FRQQHFWRU� W\SH��'E�TXHU\�XSGDWH� FRQQHFWRUV� DOORZ�GE�DFFHVV�VXESURJUDPV� WR
DFFHVV�GDWDEDVH� FRPSRQHQWV��$V� WKHLU�QDPH� VXJJHVWV�� WKH\� VXSSRUW� UHTXHVWV� WR�ERWK�TXHU\
DQG�XSGDWH�WKH�GDWDEDVH��$OWKRXJK�WKHVH�FRQQHFWRUV�SURYLGH�WKH�DELOLW\�WR�UHTXHVW�DFFHVV�WR�D
GDWDEDVH�� WKH� UHTXHVWV� ZLOO� RQO\� EH� KRQRUHG� LI � WKH� WUDQVDFWLRQ� PDQDJHU� KDV� JLYHQ� WKH
UHTXHVWLQJ�FRPSRQHQW�SHUPLVVLRQ�WR�DFFHVV�WKH�GDWDEDVH��7KH�VHFRQG�QHZ�FRQQHFWRU�W\SH�LV
WKH� WUDQVDFWLRQ�UHTXHVW�� $� V\VWHP·V� GULYHU� FRPSRQHQW� LQWHUDFWV� ZLWK� WKH� WUDQVDFWLRQ�PDQDJHU
WKURXJK� D� WUDQVDFWLRQ� UHTXHVW� FRQQHFWRU�� 7KH� WUDQVDFWLRQ� PDQDJHU� DOVR� XVHV� WUDQVDFWLRQ
UHTXHVW�FRQQHFWRUV�WR�LQWHUDFW�ZLWK�D�V\VWHP·V�GDWDEDVHV�

7KH� DGGLWLRQDO� YRFDEXODU\� DQG� GHVLJQ� UXOHV� LQWURGXFHG� LQ� WKLV� VW\OH� SURYHG� HIIHFWLYH� DW
KHOSLQJ�DUFKLWHFWV�FDOO�RXW�DQG�H[SOLFLWO\�PDNH�WKH�NH\�V\VWHP�OHYHO�GHVLJQ�GHFLVLRQV�WKH\�IDFH
ZKHQ�ZRUNLQJ�LQ�WKLV�VW\OH��7KH�LQIUDVWUXFWXUH�FDUULHG�RYHU�IURP�WKH�EDVLF�GULYHU�VXESURJUDP
VW\OH� KHOSV� WKH� DUFKLWHFW� DGGUHVV� WKH� LVVXHV� WKDW� WKH� VXEVW\OH� VKDUHV� ZLWK� WKH� VXSHU� VW\OH
�GHWHUPLQLQJ� WKH� IXQFWLRQDO� EUHDNGRZQ� DQG� SURFHVVLQJ� UHTXLUHPHQWV� IRU� D� V\VWHP·V
LQGLYLGXDO�VXESURJUDPV��VHSDUDWLQJ�EXVLQHVV�ORJLF�IURP�LQIUDVWUXFWXUH��HWF����7KH�GE�VSHFLILF
VXEVW\OH�DOVR�KHOSV�DQ�DUFKLWHFW�DGGUHVV�LVVXHV�UHODWLQJ�WR�WKH�GDWDEDVH�VWUXFWXUH�RI �D�V\VWHP�

’%�’ULYHU�6XESURJUDP�6W\OH

&DWHJRU\��&DOO�DQG�5HWXUQ

6HPDQWLFV�6WDWLVWLFV

([WHQGHG�FRPSRQHQW�W\SHV�

��7UDQVDFWLRQ�0DQDJHU

��'DWDEDVH

��'%�$FFHVV�6XE3URJUDP

([WHQGHG�FRQQHFWRU�W\SHV�

��'%�4XHU\�8SGDWH

��7UDQVDFWLRQ�5HTXHVW

6DPSOH�GHVLJQ�UXOH�

��$�V\VWHP�KDV�H[DFWO\�RQH

7UDQVDFWLRQ�0DQDJHU�WKDW

PXVW�EH�FRQQHFWHG�WR�DOO

GDWDEDVHV�

1HZ�W\SHV�GHILQHG����

$GGLWLRQDO�GHVLJQ�UXOHV���

7LPH�WR�GHILQH������KRXUV

/LQHV�RI �$UPDQL�FRGH����

(QYLURQPHQW�6WDWLVWLFV

1HZ�VKDSHV�GHILQHG����

&XVWRPL]DWLRQ�WLPH����KRXUV

)LJXUH������2YHUYLHZ�RI �WKH�'DWDEDVH�H[WHQVLRQ�WR�WKH�'ULYHU�6XESURJUDP�VW\OH�DQG�HQYLURQPHQW



���

WKH� WUDQVDFWLRQ� PRGHOV� WKDW� WKH� GDWDEDVHV� �DQG� HQWLUH� V\VWHP�� ZLOO� VXSSRUW�� WKH� GDWDEDVH
TXHU\�SURWRFROV�VXSSRUWHG�E\�WKH�LQGLYLGXDO�GDWDEDVHV�DQG�UHTXLUHG�E\�WKH�VXESURJUDPV�WKDW
DFFHVV� WKHP�� WUDQVDFWLRQ� DERUWLRQ� DQG� HUURU� UHFRYHU\� VFKHPHV�� DQG� PRGHOLQJ� RI � V\VWHP
SHUIRUPDQFH��$V�WKLV�OHQJWK�OLVW�LOOXVWUDWHV��WKH�H[WHQVLRQV�WKDW�WKH�VXEVW\OH�DGGV�WR�WKH�EDVH
VW\OH�SURYLGH�VLJQLILFDQW�DQDO\WLFDO�DQG�PRGHOLQJ�SRZHU�

’LVFXVVLRQ�DQG�HYDOXDWLRQ

2YHUDOO�� WKLV� SURYHG� WR� EH� DQ� LQIRUPDWLYH� DQG� FRPSHOOLQJ� FDVH� VWXG\� ZLWK� �DW� OHDVW�� IRXU
LQWHUHVWLQJ�ILQGLQJV��)LUVW��,�ZDV�DEOH�WR�XVH�$UPDQL�WR�FDSWXUH�D�SDLU�RI �SURYHQ�VW\OHV�WKDW�DUH
FRPPRQO\�XVHG�IRU�GHYHORSLQJ�ODUJH�LQIRUPDWLRQ�SURFHVVLQJ�V\VWHPV��6HFRQG��,�ZDV�DEOH�WR
WDNH� D� IDLUO\� JHQHULF� $UPDQL� EDVH� VW\OH� VSHFLILFDWLRQ� DQG� QDWXUDOO\� H[WHQG� LW� WR� FDSWXUH
VLJQLILFDQW�DGGLWLRQDO�GHVLJQ�H[SHUWLVH� LQ�D�VXEVW\OH��7KLUG��,�ZDV�RQFH�DJDLQ�DEOH�WR�FDSWXUH
VLJQLILFDQW�GHVLJQ�H[SHUWLVH�ZLWK�UHODWLYHO\�VPDOO�$UPDQL�VSHFLILFDWLRQV�

)LQDOO\�� WKHVH� VW\OHV� �HVSHFLDOO\� WKH� GE�GULYHU�VXESURJUDP� VW\OH�� SURYLGH� YHU\� GHWDLOHG
JXLGHOLQHV�RQ�KRZ�WR�VWUXFWXUH�V\VWHPV��7KH�VW\OHV�SURYLGH�QRW�RQO\�YRFDEXODU\�DQG�GHVLJQ
UXOHV��EXW�DOVR�D�SDUWLDOO\� LQVWDQWLDWHG�VNHOHWDO�V\VWHP�VWUXFWXUH�WR�XVH�DV�D�VWDUWLQJ�SRLQW�IRU
EXLOGLQJ�V\VWHPV��$Q�DUFKLWHFW�GHVLJQLQJ�D�V\VWHP�ZLWK�WKHVH�VW\OHV�VWDUWV�ZLWK�D�VNHOHWDO�EXW
H[WHQVLEOH�V\VWHP�VWUXFWXUH�DOUHDG\� LQ�SODFH��7KH�DUFKLWHFW�H[WHQGV�WKH�VNHOHWDO� VSHFLILFDWLRQ
E\�SURYLGLQJ�DGGLWLRQDO�GHWDLOV�DERXW�HDFK�RI �WKH�FRUH�FRPSRQHQWV�DQG�FRQQHFWRUV��+H�FDQ
DOVR�DGG�DQ\�DGGLWLRQDO�GHVLJQ�HOHPHQWV�UHTXLUHG�E\�WKH�V\VWHP��$V�D�UHVXOW��WKH�IDFW�WKDW�WKH
VW\OH�ELQGV�PDQ\�RI � WKH�GHVLJQ�GHFLVLRQV� DQ� DUFKLWHFW� IDFHV� LQ�GHVLJQLQJ� D� V\VWHP� LQVWDQFH
SURYLGHV�D�JUHDW�GHDO�RI �GHVLJQ�OHYHUDJH�DW�D�UHODWLYHO\�ORZ�FRVW�

����� &DVH�VWXG\����D�GDWD�VKDULQJ�VW\OH

$�WUDGLWLRQDO�WHVW�RI �WKH�H[SUHVVLYH�SRZHU�RI �D�SURJUDPPLQJ�ODQJXDJH�LV�WR�EXLOG�D�FRPSLOHU
ERWK�IRU�DQG� LQ�WKDW� ODQJXDJH��$IWHU�FUHDWLQJ�D�VPDOO��ERRWVWUDSSLQJ�FRPSLOHU� LQ�D�GLIIHUHQW
ODQJXDJH��WKLV�DOORZV�DOO�GHYHORSPHQW�RI �WKH�QHZ�ODQJXDJH�SURFHVVLQJ�WRROV�WR�EH�GRQH�LQ�WKH
QHZ�ODQJXDJH�LWVHOI��)RU�WKH�ILQDO�VWUXFWXUHG�FDVH�VWXG\��,�FRQGXFWHG�D�VLPLODUO\�UHFXUVLYH�WHVW
ZLWK�$UPDQL��7KH�$UPDQL�ODQJXDJH�LV�D�GHVLJQ�ODQJXDJH�UDWKHU�WKDQ�D�SURJUDPPLQJ�ODQJXDJH�
VR�LW� LV�QRW�DSSURSULDWH�IRU�DFWXDOO\� LPSOHPHQWLQJ�D�FRQILJXUDEOH�GHVLJQ�HQYLURQPHQW��,�GLG�
KRZHYHU��XVH�LW�WR�FUHDWH�DQ�DUFKLWHFWXUDO�VW\OH�WKDW�FDSWXUHV�WKH�YRFDEXODU\��GHVLJQ�UXOHV��DQG
UHIHUHQFH� DUFKLWHFWXUH� IRU� GHVLJQLQJ� FXVWRP� $UPDQL� HQYLURQPHQWV�� 7KLV� VW\OH�� FDOOHG� WKH
$UPDQL�HQYLURQPHQW�VW\OH��LV�DQ�LQVWDQFH�RI �D�GDWD�VKDULQJ�VW\OH��ZKLFK�LV�WKH�VL[WK�DQG�ILQDO�WRS�
OHYHO� FDWHJRU\� RI � WKH� 6KDZ�&OHPHQWV� VW\OH� WD[RQRP\�� 7KLV� GLVVHUWDWLRQ� VHUYHV� DV� WKH
SXEOLVKHG�VSHFLILFDWLRQ�IRU�WKH�$UPDQL�HQYLURQPHQW�VW\OH�

6W\OH�RYHUYLHZ

7KH� $UPDQL� HQYLURQPHQW� VW\OH� FDSWXUHV� DQG� GHILQHV� WKH� FRUH� DUFKLWHFWXUDO� FRQFHSWV� DQG
VWUXFWXUH�XVHG� LQ�FUHDWLQJ� WKH�JHQHULF�$UPDQL�HQYLURQPHQW�� WKH�FRQVWUXFWV�XVHG� WR�FDSWXUH
YDULDELOLW\� DPRQJVW� GLIIHUHQW� VW\OHV�� DQG� WKH�PHFKDQLVPV� XVHG� WR� LQWHJUDWH� H[WHUQDO� GHVLJQ
WRROV�ZLWK�DQ�$UPDQL�EDVHG�HQYLURQPHQW��)LJXUH�����RXWOLQHV�VRPH�RI �WKH�NH\�HOHPHQWV�RI
WKH� VW\OH� DQG� WKH� VWDQGDUG�� GHIDXOW� VWUXFWXUH� LW� SURYLGHV�� %HFDXVH� &KDSWHU� �� GHVFULEHV� WKH
GHVLJQ�RI �WKH�$UPDQL�HQYLURQPHQW�LQ�JUHDW�GHWDLO��,�ZLOO�UHYLHZ�RQO\�LWV�IXQGDPHQWDO�GHVLJQ
SRLQWV�KHUH�
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$OO� V\VWHP� LQVWDQFHV� GHILQHG� LQ� WKH� $UPDQL� HQYLURQPHQW� VW\OH� PXVW� KDYH� H[DFWO\� RQH
DUFKLWHFWXUH�GHVLJQ� UHSUHVHQWDWLRQ� �$'5�� FRPSRQHQW��7KLV� FRUH� FRPSRQHQW� VWRUHV� WKH� DUFKLWHF�
WXUDO� GHVLJQ� UHSUHVHQWDWLRQV� WKDW� WKH� HQYLURQPHQW·V� WRROV� VKDUH�� PDQLSXODWH�� DQG� HYDOXDWH�
7KH�$'5�VWRUHV�WKH�VKDUHG�GDWD�WKDW�OLHV�DW�WKH�KHDUW�RI �WKH�GDWD�VKDULQJ�VW\OH��,Q�DGGLWLRQ�WR
WKH�$UFKLWHFWXUH�'HVLJQ�5HSUHVHQWDWLRQ�FRPSRQHQW��DOO�GHVLJQ�HQYLURQPHQW�V\VWHPV�QHHG�WR
KDYH�H[DFWO\�RQH�$UPDQL�SDUVHU�FRPSRQHQW�DQG�RQH�$UPDQL�XQSDUVHU�FRPSRQHQW��7KH�$UPDQL
SDUVHU� FRQYHUWV� WH[WXDO�$UPDQL� UHSUHVHQWDWLRQV� LQWR� REMHFW�RULHQWHG� GHVLJQ� UHSUHVHQWDWLRQV
VWRUHG�LQ�WKH�$'5��7KH�$UPDQL�XQSDUVHU�UHYHUVHV�WKLV�SURFHVV��FRQYHUWLQJ�D�GHVLJQ�VWRUHG�LQ
WKH�$'5� LQWR� D� WH[WXDO�$UPDQL� GHVFULSWLRQ�� 7KHVH� WH[WXDO�$UPDQL� VSHFLILFDWLRQV� DUH� XVHG
ERWK� IRU� SHUVLVWHQW� VWRUDJH� RI � $UPDQL� GHVLJQV� DQG� DOVR� DV� D� PHFKDQLVP� IRU� ORRVHO\
LQWHJUDWLQJ�GHVLJQ�WRROV�WKURXJK�WKH�LQWHUFKDQJH�RI �$UPDQL�GHVLJQ�GHVFULSWLRQV�

7KH�IRXUWK�FRPSRQHQW�WKDW�DOO�$UPDQL�GHVLJQ�HQYLURQPHQW�V\VWHPV�QHHG�WR�LQFOXGH�LV�D�W\SH
PDQDJHU� WKDW� SHUIRUPV� ERWK� W\SH�FKHFNLQJ� DQG� FRQVWUDLQW�PDQDJHPHQW� IRU� WKH� $'5�� 7KH
$UPDQL�7\SH�0DQDJHU� LV�DQ� LQVWDQFH�RI � WKH�$UPDQL� WRRO�FRPSRQHQW� W\SH��$OO� HQWLWLHV� LQ�DQ
HQYLURQPHQW� LQVWDQFH� WKDW� FDQ� HYDOXDWH�� PDQLSXODWH�� GLVSOD\�� RU� JHQHUDOO\� RSHUDWH� RQ� DQ
$UFKLWHFWXUH� 'HVLJQ� 5HSUHVHQWDWLRQ� DUH� PRGHOHG� DV� $UPDQL� 7RROV�� 7KUHH� RI � WKH� IRXU

$UPDQL�(QYLURQPHQW�6W\OH

&DWHJRU\��6KDUHG�'DWD

6HPDQWLFV�6WDWLVWLFV

3ULPDU\�FRPSRQHQW�W\SHV�

��$UFK��'HVLJQ�5HSUHVHQWDWLRQ

��$UPDQL�3DUVHU

��$UPDQL�8QSDUVHU

��$UPDQL�7RRO

3ULPDU\�FRQQHFWRU�W\SH�

��$UPDQL�7H[W�6WUHDP

��'LUHFW�'HVLJQ�5HS�$FFHVV

��'HVLJQ�5HS�7RRO�,QWHUIDFH

6DPSOH�GHVLJQ�UXOH�

��([DFWO\�RQH�$UFK��'HVLJQ

5HSUHVHQWDWLRQ�FRPSRQHQW

SHU�V\VWHP

1HZ�W\SHV�GHILQHG����

$GGLWLRQDO�GHVLJQ�UXOHV���

7LPH�WR�GHILQH������KRXUV

/LQHV�RI �$UPDQL�FRGH�����

)LJXUH������2YHUYLHZ�RI �WKH�$UPDQL�(QYLURQPHQW�6W\OH

’HIDXOW�6W\OH�6WUXFWXUH

&RUH�’HVLJQ�5HS

$UFKLWHFWXUH�'HVLJQ�5HSUHVHQWDWLRQ

7\SH�0DQDJHU

$UPDQL�7RRO

,PSRUW
’HVLJQ

([SRUW
’HVLJQ

7\SH�0JU�
5HTXHVW

’HVLJQ
4XHU\

’HVLJQ�3DUVHU

$UPDQL�3DUVHU

’HVLJQ�8QSDUVHU

$UPDQL�8QSDUVHU
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SULPDU\�FRPSRQHQW�W\SHV�XVHG�LQ�WKH�$UPDQL�HQYLURQPHQW�VW\OH��$'5��$UPDQL�3DUVHU��DQG
$UPDQL� 8QSDUVHU�� PXVW� EH� LQVWDQWLDWHG� H[DFWO\� RQH� WLPH� LQ� HDFK� GHVLJQ�� (QYLURQPHQWV
JHQHUDOO\�KDYH�PXOWLSOH� LQVWDQFHV��KRZHYHU��RI � WKH�$UPDQL�7RRO� W\SH��7KH�VWDQGDUG�ZD\� WR
FXVWRPL]H�DQG�H[WHQG�WKH�JHQHULF�$UPDQL�GHVLJQ�HQYLURQPHQW�ZLWK�DGGLWLRQDO�FDSDELOLWLHV�LV
WR�DGG�$UPDQL�7RRO�FRPSRQHQWV�WR�WKH�V\VWHP��,Q�DGGLWLRQ�WR�WKH�$FPH�7\SH�0DQDJHU��WZR
DGGLWLRQDO�H[DPSOHV�RI �$UPDQL�7RRO� LQVWDQFHV�LQFOXGH�WKH�VWDQGDUG�JUDSKLFDO�XVHU� LQWHUIDFH
WKDW� VKLSV� ZLWK� WKH� $UPDQL� V\VWHP� DQG� WKH� SHUIRUPDQFH� DQDO\VLV� WRRO� ZH� DGGHG� WR� WKH
$UPDQL�V\VWHP�LQ�WKH�WKUHH�WLHU�FOLHQW�VHUYHU�VW\OH�FDVH�VWXG\�GHVFULEHG�LQ�VHFWLRQ�������

7KH� NH\� FRPSRQHQW� W\SHV� XVHG� LQ� WKLV� VW\OH� DUH� IDLUO\� VWUDLJKWIRUZDUG�� 0XFK� RI � WKH
FRPSOH[LW\�RI �LQWHJUDWLQJ�D�ZLGH�YDULHW\�RI �WRROV�WR�FRQFXUUHQWO\�DFFHVV�DQG�XSGDWH�D�VKDUHG
GDWD� UHSRVLWRU\� �WKH� $'5��� KRZHYHU�� LV� HQFDSVXODWHG� LQ� WKLV� VW\OH·V� FRQQHFWRUV�� 7KH� WKUHH
SULPDU\� FRQQHFWRU� W\SHV�GHILQHG� LQ� WKLV� VW\OH� DUH� WKH�$UPDQL� WH[W� VWUHDP�� WKH�GLUHFW� GHVLJQ� UHS
DFFHVV��DQG�WKH�GHVLJQ�UHS�WRRO�LQWHUIDFH��7KH�$UPDQL�WH[W�VWUHDP�FRQQHFWRU�VLPSO\�VWUHDPV�WH[WXDO
$UPDQL�GHVLJQ�GHVFULSWLRQV�IURP�RQH�FRPSRQHQW�WR�DQRWKHU��7KHVH�FRQQHFWRUV�DUH�W\SLFDOO\
XVHG�E\� WKH� V\VWHP·V�SDUVHU�DQG�XQSDUVHU� WR� VDYH�DQG� UHDG�$UPDQL�GHVFULSWLRQV� WR� WKH� ILOH
V\VWHP��RU� WR�WUDQVIHU�GHVLJQ�GHVFULSWLRQV�EHWZHHQ�$UPDQL�7RROV�DQG�WKH�$'5��7KH�GLUHFW
GHVLJQ� UHS�DFFHVV� FRQQHFWRU�SURYLGHV�DQ�$3,� WKDW�$UPDQL�7RROV�XVH� WR�GLUHFWO\� DFFHVV� WKH
$'5�

7KH�WKLUG�FRQQHFWRU�W\SH�� WKH�GHVLJQ�UHS�WRRO� LQWHUIDFH�� LV� WKH�PRVW� LQWHUHVWLQJ�DQG�FRPSOH[�RI
WKH�SULPDU\� FRQQHFWRU� W\SHV��7KHVH� FRQQHFWRUV�KDYH� WZR�SULPDU\� XVHV��7KH� ILUVW� XVH� LV� WR
SURYLGH�$UPDQL�7RROV�ZLWK�D�OLPLWHG��EXW�SRWHQWLDOO\�PRUH�VHPDQWLFDOO\�ULFK��LQWHUIDFH�WR�WKH
$'5�� 7KH� VHFRQG� XVH� LV� WR� KDQGOH� WKH� LQWHUDFWLRQ� PLVPDWFK� WKDW� DULVHV� ZKHQ� WRRO
FRPSRQHQWV�ZHUH� GHVLJQHG� WR� XVH� D� GLIIHUHQW� LQWHUDFWLRQ�PHFKDQLVP� WKDQ� WKH�$3,� WR� WKH
$'5��7KH�FRQQHFWRU�WKDW�OLQNV�$UPDQL·V�VWDQGDUG�9LVLR�EDVHG�JUDSKLFDO�XVHU�LQWHUIDFH�WR�WKH
$'5�LV�WKH�FDQRQLFDO�XVDJH�H[DPSOH�IRU�WKLV�W\SH�RI �FRQQHFWRU��'HVLJQ�UHS�WRRO� LQWHUIDFHV
LPSOHPHQW�D�YHU\�WKLQ�LQWHUIDFH�WR�WKH�VKDUHG�GHVLJQ�UHSUHVHQWDWLRQ�WKDW�SURYLGHV�WKH�9LVLR�
EDVHG� *8,� ZLWK� D� UHODWLYHO\� VPDOO� FROOHFWLRQ� RI � PHWKRGV� LW� FDQ� LQYRNH� RQ� WKH� GHVLJQ
UHSUHVHQWDWLRQ�� $OO� RI � WKHVH� PHWKRGV� DUH� GLUHFWO\� UHODWHG� WR� WKH� YLVXDOL]DWLRQ� DQG
PDQLSXODWLRQ� RI � GHVLJQ� HOHPHQWV�� 7KH� 9LVLR�EDVHG� *8,� XVHV� D� &20�EDVHG� LQWHJUDWLRQ
PHFKDQLVP� >%R[��@� UDWKHU� WKDQ� WKH� -DYD�EDVHG�$3,� SURYLGHG�E\� WKH�$'5��7R�EULGJH� WKLV
PHFKDQLVP�PLVPDWFK��WKH�FRQQHFWRU�SURYLGHV�RQH�UROH�ZLWK�D�&20�LQWHUIDFH�DQG�RQH�UROH
ZLWK� D� -DYD� LQWHUIDFH�� 7KH� LQWHUQDOV� RI � WKH� FRQQHFWRU� WKHQ� SURYLGH� WKH� DSSURSULDWH
WUDQVODWLRQV�IURP�&20�UHTXHVWV�WR�-DYD�UHTXHVWV�DQG�YLFH�YHUVD�

’LVFXVVLRQ�DQG�HYDOXDWLRQ

7KLV�FDVH� VWXG\�SURYHG� WR�KDYH� WKUHH�NH\� LQWHUHVWLQJ�DVSHFWV��7KH� ILUVW�RI � WKHVH� LV� WKDW� WKH
VW\OH�GHILQHV�PXOWLSOH�ULFK�DQG�LQWHUHVWLQJ�FRQQHFWRUV��7KHVH�FRQQHFWRUV��HVSHFLDOO\�WKH�GHVLJQ
UHS� WRRO� LQWHUIDFH� FRQQHFWRU�� DGGUHVV� VRPH� VLJQLILFDQW� FRPSRQHQW� PLVPDWFK� SUREOHPV� DQG
SURYLGH� XVHIXO� WUDQVIRUPDWLRQV� EHWZHHQ� UHTXHVW� IRUPDWV� DQG� VHPDQWLFV�� 7KH� DELOLW\� WR
FDSWXUH� VSHFLILF� $3,·V� LQ� D� VHW� RI � UROH� W\SHV� DQG� WKHQ� DGG� WKRVH� UROHV� WR� FRQQHFWRUV� LQ
PXOWLSOH�FRPELQDWLRQV�DOORZHG�PH�WR�VHSDUDWH�WKH�$3,�OHYHO�LQWHUDFWLRQ�IURP�WKH�VHPDQWLFV
WKDW� WKH� FRQQHFWRU� LWVHOI � FDSWXUHG��7KLV� FRQQHFWRU� W\SH� SURYHG� YHU\� HIIHFWLYH� DW� FDSWXULQJ
VWDQGDUG��DEVWUDFW�LQWHUDFWLRQV�EHWZHHQ�WKH�FRPSRQHQWV�WKDW�FRXOG�EH�LQVWDQWLDWHG�DV�QHHGHG
WR�FRQQHFW�FRPSRQHQWV�WKDW�XVHG�GLVSDUDWH�SURWRFROV��VXFK�DV�-DYD�YV��&20��
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7KH�VHFRQG�LQWHUHVWLQJ�DVSHFW�RI �WKLV�FDVH�VWXG\�ZDV�WKDW��RXW�RI �WKH�HLJKW�VW\OHV�FUHDWHG�IRU
WKHVH�VWUXFWXUHG�H[SHULPHQWV�� WKLV�VW\OH� LV� WKH�PRVW�VSHFLDOL]HG�DQG�IRFXVHG��,W�DOVR�KDV� WKH
PRVW� GHWDLOHG� VHPDQWLF� VSHFLILFDWLRQ�� 7KH� VW\OH� LV� QRW� LQWHQGHG� WR� EH� EURDGO\� RU� JHQHUDOO\
DSSOLFDEOH�� ,W� SURYLGHV� D� IUDPHZRUN� IRU� GHVLJQLQJ� DQG� GHYHORSLQJ� D� YHU\� VSHFLILF� VHW� RI
V\VWHPV�WKDW�VKDUH�D�ORW�RI �FRPPRQ�LQIUDVWUXFWXUH��D�VWDQGDUG�VHW�RI �FRPSRQHQW�LQWHUDFWLRQ
PHFKDQLVPV��DQG�D�FRPPRQ�FRUH�GDWD�UHSUHVHQWDWLRQ��,Q�H[FKDQJH�IRU�FKRRVLQJ�WR�ZRUN�LQ
WKLV�FRQVWUDLQHG�VW\OH��DUFKLWHFWV�DQG�HQYLURQPHQW�GHVLJQHUV�IUHH�WKHPVHOYHV�IURP�KDYLQJ�WR
UHVHDUFK� DQG�PDNH� D� ZLGH� YDULHW\� RI � EDVLF� GHVLJQ� GHFLVLRQV�� 7KHVH� GHFLVLRQV� KDYH� DOUHDG\
EHHQ�PDGH� LQ�D�VWDQGDUG�DQG�SURYHQ�ZD\��$V�D�UHVXOW�� WKH�GHVLJQHUV�FDQ�IRFXV�WKHLU�HIIRUWV
DQG� HQHUJ\� RQ� DGGLQJ� WKH� VSHFLILF� FXVWRPL]DWLRQV� WKH\� QHHG� WR� WKH� SDUWLDOO\� LQVWDQWLDWHG
IUDPHZRUN�

7KH�WKLUG�LQWHUHVWLQJ�DVSHFW�RI �WKLV�FDVH�VWXG\�LV�WKDW�PDQ\�RI �WKH�W\SHV�GHILQHG�LQ�WKH�VW\OH
FRUUHVSRQG� WR� FRQFUHWH�� LPSOHPHQWHG� FRPSRQHQWV��7KH� FRQILJXUDEOH�$UPDQL� HQYLURQPHQW
GHVFULEHG� LQ� WKLV� GLVVHUWDWLRQ�� IRU� H[DPSOH�� SURYLGHV� LPSOHPHQWDWLRQV� IRU� WKH� DUFKLWHFWXUH
GHVLJQ� UHSUHVHQWDWLRQ�� $UPDQL� SDUVHU�� DQG� $UPDQL� XQSDUVHU� FRPSRQHQWV�� ,W� DOVR� SURYLGHV
LPSOHPHQWDWLRQV�IRU�WKH�$UPDQL�WH[W�VWUHDP�DQG�GLUHFW�GHVLJQ�UHS�DFFHVV�FRQQHFWRUV��DV�ZHOO
DV�D�QXPEHU�RI �LQVWDQFHV�RI �WKH�GHVLJQ�UHS�WRRO�LQWHUIDFH�FRQQHFWRU��/LNHZLVH��WKH�&20�DQG
-DYD� $3,� SRUW� DQG� UROH� GHILQLWLRQV� PRGHO� FRQFUHWH�� H[LVWLQJ�� LPSOHPHQWDWLRQ� $3,V�� 7KH
DSSOLFDWLRQ�RI �$UPDQL� W\SHV�WR�GHVFULEH�FRQFUHWH�� LPSOHPHQWHG��FRPSRQHQWV�GHPRQVWUDWHV
WKDW�WKH�RYHUDOO�$UPDQL�DSSURDFK�LV�XVHIXO�QRW�RQO\�IRU�EOXH�VN\�DEVWUDFW�PRGHOLQJ��EXW�DOVR
DV�D� WHFKQLTXH�IRU�FRPSRVLQJ�V\VWHPV�RXW�RI �H[LVWLQJ��SURYHQ�V\VWHPV��$OWKRXJK�,�GLG�QRW
FUHDWH� DQ\� VLJQLILFDQW� JHQHUDWLRQ� WRROV� WR� XVH� ZLWK� WKLV� V\VWHP� EH\RQG� WKH� $UPDQL
HQYLURQPHQW� LWVHOI��WKH�KLJKO\�IRFXVHG��VHPDQWLFDOO\�ULFK�QDWXUH�RI �WKH�VW\OH��FRPELQHG�ZLWK
WKH�H[LVWHQFH�RI �FRQFUHWH�FRPSRQHQW�DQG�FRQQHFWRU� LPSOHPHQWDWLRQV�DUJXHV�WKDW� LW�VKRXOG
EH�VWUDLJKWIRUZDUG�WR�GR�VR�

��� ([SHULPHQWDO�UHVXOWV�

7KHVH� FDVH� VWXGLHV� GHPRQVWUDWH� WKDW� $UPDQL� LV� FDSDEOH� RI � FDSWXULQJ� D� EURDG� UDQJH� RI
LQWHUHVWLQJ� DQG� SRZHUIXO� GHVLJQ� H[SHUWLVH�� ,Q� DGGLWLRQ�� WKH� TXDQWLWDWLYH� UHVXOWV� RI � WKH� FDVH
VWXGLHV�SURYLGH�FRPSHOOLQJ�HYLGHQFH�WKDW�$UPDQL�GUDPDWLFDOO\� UHGXFHV�WKH�WLPH��HIIRUW��DQG
WKXV�FRVW��RI �SURGXFLQJ�FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�

7DEOH� ����� SURYLGHV� D� GHWDLOHG� DFFRXQWLQJ� RI � WKH� WLPH� DQG� HIIRUW� H[SHQGHG� SURGXFLQJ
FXVWRP�GHVLJQ�HQYLURQPHQWV�IRU�WKHVH�FDVH�VWXGLHV��7KH�URZV�RI �WKH�WDEOH�FDSWXUH�WKH�IRXU
IXQGDPHQWDO� WDVNV� UHTXLUHG� WR� FUHDWH� D� FXVWRP� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW
�IURP�WKH�WDVN�DQDO\VLV� LQ�&KDSWHU�����7KH�FROXPQV�UHSUHVHQW�WKH�VL[�WRSOHYHO�FDWHJRULHV�RI
DUFKLWHFWXUDO� VW\OH� WKDW� WKH� FDVH� VWXGLHV� FDSWXUHG��(QWULHV� LQ� WKH� WDEOH� VSHFLI\� WKH� REVHUYHG
WLPH� WR� FRPSOHWH� HDFK� WDVN� IRU� HDFK� RI � WKH� FDVH� VWXGLHV�� $V� LQGLFDWHG� HDUOLHU�� WKH� GRPDLQ
DQDO\VLV� WDVN�ZDV� IDFWRUHG� RXW� RI � WKH� FDVH� VWXGLHV�� /LNHZLVH�� RQO\� WZR� RI � WKH� FDVH� VWXGLHV
�GDWD�FHQWULF�UHSRVLWRU\�DQG� FDOO�DQG�UHWXUQ�� LQFOXGHG�VLJQLILFDQW�HYROXWLRQDU\�PRGLILFDWLRQV�WR�DQ
H[LVWLQJ� FXVWRPL]HG� GHVLJQ� HQYLURQPHQW�� $V� D� UHVXOW�� WKH� WLPH� UHTXLUHG� IRU� HYROXWLRQDU\
PDLQWHQDQFH�ZDV�RQO\�UHFRUGHG�IRU�WKHVH�WZR�FDVH�VWXGLHV�



���

7KH�EURDG� UHVXOW� WKDW� WDEOH������ LOOXVWUDWHV� LV� WKDW� LQ�HDFK�RI � WKH�FDVH�VWXGLHV� ,�ZDV�DEOH� WR
VSHFLI\� DQG� LPSOHPHQW� D� VW\OH�VSHFLILF� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW� ZLWK� QR
PRUH� WKDQ� RQH� IXOO� GD\·V� GHYHORSPHQW� HIIRUW�� &RPSDUHG� WR� WKH� WLPH� UHTXLUHG� XVLQJ� WKH
WUDGLWLRQDO� JURXQG�XS� DSSURDFK�� ZKLFK� JHQHUDOO\� UHTXLUHV� PRQWKV� RU� \HDUV� WR� SURGXFH
FRPSDUDEOH�FXVWRP�WRROV��WKH�$UPDQL�DSSURDFK�SURYLGHV�VLJQLILFDQW�VDYLQJV�

7KH�TXDQWLWDWLYH�REVHUYDWLRQV�IURP�WKHVH�FDVH�VWXGLHV�FRUURERUDWH�WKH�HVWLPDWHV�RI �WKH�WLPH
UHTXLUHG�WR�FUHDWH�VXFK�D�VHW�RI �HQYLURQPHQWV�XVLQJ�$UPDQL��7DEOH������FRPSDUHV�WKH�HIIRUW
REVHUYHG�XVLQJ�$UPDQL�WR�FRQVWUXFW�WKH�FDVH�VWXG\�HQYLURQPHQWV�WR�WKH�HIIRUW�SUHGLFWHG�E\
WKH�SUHYLRXV�FKDSWHU·V�WDVN�DQDO\VLV�IRU�ERWK�DQ�$UPDQL�EDVHG�DSSURDFK�DQG�WKH�WUDGLWLRQDO
DSSURDFK��,Q�DQ�DWWHPSW�WR�PDNH�DV�IDLU�D�FRPSDULVRQ�DV�SRVVLEOH�EHWZHHQ�WKH�WDVN�DQDO\VLV·
HVWLPDWHV�DQG� WKH�PHDVXUHG�HIIRUW� WR�GHYHORS� WKH� FDVH� VWXG\� HQYLURQPHQWV� ,� DVVXPHG� WKDW
HDFK� RI � WKH� FDVH� VWXGLHV� IDOO� LQWR� WKH� ´EHVW�FDVHµ� VFHQDULRV� GHVFULEHG� LQ� &KDSWHU� �·V� WDVN
DQDO\VLV� IUDPHZRUN�� 7KLV� DVVXPSWLRQ� LV� VXSSRUWHG� E\� WKH� IDFWV� WKDW� ,� DP� H[SHUW� DW� XVLQJ
$UPDQL�� WKDW� WKH� VW\OHV� IRU� ZKLFK� ,� ZDV� FUHDWLQJ� HQYLURQPHQWV� ZHUH� DOO� UHDVRQDEO\� ZHOO
GHILQHG�� DQG� WKDW� QRQH� RI � WKH� HQYLURQPHQWV� FUHDWHG� UHTXLUHG� VLJQLILFDQW� LQWHJUDWLRQ� ZLWK
OHJDF\�DQDO\VLV�WRROV�
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����'RPDLQ
DQDO\VLV

1RW��WHVWHG 1RW��WHVWHG 1RW��WHVWHG 1RW��WHVWHG 1RW��WHVWHG 1RW��WHVWHG

����6FKHPD
FDSWXUH

����KRXUV ����KRXUV �����KRXUV ����KRXUV ����KRXUV ����KRXUV

����(QYLURQPHQW
LPSOHPHQWDWLRQ

����KRXUV �����KRXUV ����KRXUV �����KRXUV 1RW�WHVWHG ����KRXUV

����(YROXWLRQDU\
PDLQWHQDQFH

����KRXUV ����KRXUV 1RW��WHVWHG 1RW��WHVWHG 1RW��WHVWHG 1RW��WHVWHG

7DEOH������ &DVH�VWXG\�HQYLURQPHQW�GHYHORSPHQW�HIIRUW�ORJ��(DFK�FHOO�LQGLFDWHV�WKH�WLPH
UHTXLUHG�WR�FRPSOHWH�WKDW�VWDJH�RI �WKH�FDVH�VWXG\�



���

7LPH�5HTXLUHG��LQ�(QJLQHHU�’D\V��:HHNV��0RQWKV��RU�<HDUV�(QYLURQPHQW
’HYHORSPHQW�7DVN $UPDQL

FDVH�VWXGLHV
�REVHUYHG�WLPHV�

$UPDQL�WDVN
DQDO\VLV

�SURMHFWLRQV�

7UDGLWLRQDO�DSSURDFK
�WDVN�DQDO\VLV
�SURMHFWLRQV�

����'RPDLQ�$QDO\VLV 1RW�WHVWHG ��ZHHN ��ZHHN

����6FKHPD�&DSWXUH 0HDQ������KRXUV
5DQJH������WR�����KUV

����GD\V ��GD\V

����(QYLURQPHQW
LPSOHPHQWDWLRQ

0HDQ������KRXUV
5DQJH�������WR������KUV

��GD\ ��PRQWK

����(YROXWLRQDU\
PDLQWHQDQFH

0HDQ�������KRXUV
5DQJH������WR�����KUV

���PLQXWHV ����GD\V

7DEOH������ &RPSDULVRQ�RI �REVHUYHG�HQYLURQPHQW�FUHDWLRQ�WLPH�XVLQJ�$UPDQL�ZLWK�WKH
WLPHV�SURMHFWHG�E\�WKH�WDVN�DQDO\VLV�LQ�&KDSWHU����$OO�SURMHFWLRQV�DUH�IRU�´EHVW�
FDVHµ�VFHQDULRV�GHVFULEHG�LQ�&KDSWHU��·V�WDVN�DQDO\VHV�

7KH� FDVH� VWXG\� REVHUYDWLRQV� UHSRUWHG� LQ� WDEOH� ����� DUJXH� VWURQJO\� IRU� WKH� YDOXH� RI � WKH
$UPDQL� DSSURDFK�DQG� WKH� YDOLGLW\�RI � WKH� WDVN� DQDO\VLV� FRQFOXVLRQV��7KH� WLPHV�SURMHFWHG� LQ
WKH� WDVN� DQDO\VHV� DUH�YHU\� URXJK� HVWLPDWHV� WKDW� DUH� OLNHO\� WR�KDYH�KLJK�YDULDQFH� LQ�SUDFWLFH�
7KH� REVHUYHG� WLPHV� IRU� FDSWXULQJ� D� VW\OH·V� VFKHPD�� KRZHYHU�� ZHUH� DOO� DW� RU� EHORZ� WKH
HVWLPDWHG� ´EHVW�FDVHµ� WLPH� IURP� WKH� WDVN� DQDO\VLV�� 7KH� H[SHULPHQWDO� QXPEHUV� IRU� WKH
HQYLURQPHQW� LPSOHPHQWDWLRQ� WDVN� LQ� WKH� FDVH� VWXG\� DUJXH� HYHQ� PRUH� VWURQJO\� IRU� WKH
HIIHFWLYHQHVV�RI � WKH�$UPDQL�DSSURDFK�DQG� WKH�YDOLGLW\�RI � WKH� WDVN�DQDO\VLV� �DW� OHDVW� IRU� WKH
´EHVW�FDVHµ�YHUVLRQ�RI �WKH�$UPDQL�WDVN�DQDO\VLV���7KH�REVHUYHG�HQYLURQPHQW�LPSOHPHQWDWLRQ
WLPHV�ZHUH� DOO� VLJQLILFDQWO\� ORZHU� WKDQ� WKH� HVWLPDWHG� EHVW� FDVH�� UHTXLULQJ� RQO\� ���� KRXUV� RQ
DYHUDJH�SHU�VW\OL]HG�HQYLURQPHQW�

7KH� WLPHV�REVHUYHG� IRU� WKH� HYROXWLRQDU\�PDLQWHQDQFH� WDVN� LQ� WKH� FDVH� VWXGLHV�ZHUH�KLJKHU
WKDQ�WKH�SURMHFWHG�HIIRUW�UHTXLUHG�LQ�WKH�´EHVW�FDVHµ�VFHQDULR�ZLWK�$UPDQL��EXW�VWLOO�D�PDMRU
LPSURYHPHQW� RYHU� WKH� SURMHFWHG� WLPH� UHTXLUHG� XVLQJ� WKH� WUDGLWLRQDO� DSSURDFK�� $� TXLFN
LQYHVWLJDWLRQ� LQWR� WKH�FDVH�VWXGLHV� UHYHDOV��KRZHYHU�� WKDW� WKH� HYROXWLRQDU\�PDLQWHQDQFH� WDVN
ZDV�RQO\�PHDVXUHG�IRU�WZR�FDVH�VWXGLHV��SURYLGLQJ�D�OLPLWHG�VDPSOH��)XUWKHU��WKH�HYROXWLRQDU\
WDVNV� XQGHUWDNHQ� LQ� WKHVH� FDVH� VWXGLHV� H[WHQGHG� VLJQLILFDQWO\� EH\RQG� WKH� GHVFULSWLRQ� DQG
HVWLPDWLQJ�EDVLV�XVHG�LQ�WKH�WDVN�DQDO\VLV��6SHFLILFDOO\��WKH�WDVN�DQDO\VLV�DVVXPHG�WKH�QHHG�WR
PDNH�D�VPDOO�LQFUHPHQWDO�FKDQJH�DQG�SURMHFWHG�WKDW�DQ�H[SHULHQFHG�$UPDQL�XVHU�FRXOG�PDNH
VXFK�D�FKDQJH�LQ�DV�OLWWOH�DV����PLQXWHV��7KH�HYROXWLRQDU\�PRGLILFDWLRQV�DFWXDOO\�XQGHUWDNHQ
LQ� WKHVH� FDVH� VWXGLHV�� KRZHYHU�� LQYROYHG� PXFK� PRUH� VLJQLILFDQW� VW\OH� DQG� HQYLURQPHQW
PRGLILFDWLRQV��(DFK�RI �WKHVH�PRGLILFDWLRQV�HIIHFWLYHO\�GHILQHG�D�QHZ�DUFKLWHFWXUDO�VW\OH�WKDW
ZDV� VLJQLILFDQWO\� PRUH� ULFK� WKDQ� WKH� RULJLQDO� VW\OH�� LQ� RQH� FDVH� PRUH� WKDQ� GRXEOLQJ� WKH
YRFDEXODU\� HOHPHQWV� GHILQHG� LQ� WKH� LQLWLDO� HQYLURQPHQW��$Q� DOWHUQDWLYH�ZD\� WR� DFFRXQW� IRU
WKHVH� FDVH� VWXG\� WDVNV� LV� WR� ORRN� DW� WKHP� DV� D� VHULHV� RI � VPDOOHU� LQFUHPHQWDO� HYROXWLRQDU\
FKDQJHV� WR� DQ� HQYLURQPHQW� UDWKHU� WKDQ� D� VLQJOH� DWRPLF�PRGLILFDWLRQ��8VLQJ� WKLV� DSSURDFK�
WKH� WLPH� DQG� HIIRUW� UHTXLUHG� IRU� WKH� HYROXWLRQDU\� PRGLILFDWLRQ� WDVN� LV� LQ� OLQH� ZLWK� WKH
SURMHFWLRQV�RI �WKH�WDVN�DQDO\VLV�DV�ZHOO�DV�D�VLJQLILFDQW�LPSURYHPHQW�RYHU�WKH�WLPH�UHTXLUHG�WR
SHUIRUP�WKLV�WDVN�XVLQJ�WKH�WUDGLWLRQDO�DSSURDFK�



���

&KDSWHU�� 

([WHUQDO�&DVH�6WXGLHV

7KH� H[SHULPHQWV� SUHVHQWHG� LQ� WKH� SUHYLRXV� FKDSWHU� GHPRQVWUDWH� WKDW� LW� LV� SRVVLEOH� WR
LQFUHPHQWDOO\� EXLOG� GHVLJQ� HQYLURQPHQWV� IRU� D� EURDG� YDULHW\� RI � DUFKLWHFWXUDO� VW\OHV� XVLQJ
$UPDQL�� )XUWKHU�� WKH\� GHPRQVWUDWH� WKDW� WKHVH� UDSLGO\�SURGXFHG� HQYLURQPHQWV� FDQ� HQFDS�
VXODWH�VLJQLILFDQW�GHVLJQ�H[SHUWLVH�DQG�DQDO\WLFDO�FDSDELOLWLHV�

7KLV� FKDSWHU� EXLOGV� RQ� WKHVH� ILQGLQJV�ZLWK� D� VHW� RI � FDVH� VWXGLHV� LQ�ZKLFK� VRIWZDUH� GHVLJQ
HQYLURQPHQW�GHYHORSHUV�ZKR�ZHUH�QRW�DIILOLDWHG�ZLWK�PH�RU�P\�UHVHDUFK�JURXS�XVHG�$UPDQL�
RU� D� SRUWLRQ� RI � $UPDQL�� WR� EXLOG� WKHLU� RZQ� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� WRROV� DQG
HQYLURQPHQWV�� 7KHVH� FDVH� VWXGLHV�� UHIHUUHG� WR� DV� H[WHUQDO� FDVH� VWXGLHV�� LOOXVWUDWH� KRZ
LQGHSHQGHQW�GRPDLQ�H[SHUWV�KDYH�XVHG�$UPDQL�WR�VROYH�WKHLU�GHVLJQ�DQG�WRROLQJ�SUREOHPV�
,Q�GRLQJ�VR�WKH\�GHPRQVWUDWH�WKDW�$UPDQL�FDQ�EH�XVHG�HIIHFWLYHO\�E\�D�YDULHW\�RI �SHRSOH�DQG
SURYLGH�LQVLJKW�LQWR�$UPDQL·V�VWUHQJWKV�DQG�ZHDNQHVVHV�

��� ([SHULPHQWDO�VWUXFWXUH

,Q�DQ�XQFRQVWUDLQHG�ZRUOG�� LW�ZRXOG�EH�GHVLUDEOH� WR�H[WHQG� WKH�YDOLGDWLRQ�SUHVHQWHG� LQ� WKH
SUHYLRXV�FKDSWHU�ZLWK�D�VHW�RI �FRQWUROOHG�H[SHULPHQWV�LQ�ZKLFK�UHDO�VRIWZDUH�DUFKLWHFWV�XVHG
$UPDQL� WR� FRQVWUXFW� SURGXFWLRQ�TXDOLW\� LQGXVWULDO� GHVLJQ� HQYLURQPHQWV� IRU� WKHLU� VSHFLILF
GHVLJQ� GRPDLQV�� 7KHVH� H[SHULPHQWV� ZRXOG� EH� LQVWUXPHQWHG� DQG� FRQWUROOHG� VR� WKDW� WKH\
\LHOGHG�TXDQWLWDWLYH� UHVXOWV� WKDW� FRXOG�EH� FRPSDUHG� WR� WKH�K\SRWKHVL]HG�YDOXHV�RI � WKH� WDVN
DQDO\VLV�

*LYHQ�WKH�VFRSH��EXGJHW��DQG�GXUDWLRQ�RI �WKLV�WKHVLV�UHVHDUFK��KRZHYHU��VXFK�D�VWXG\�ZDV�QRW
IHDVLEOH��$V�D�UHVXOW��,�WRRN�D�PRUH�TXDOLWDWLYH�DSSURDFK�ZLWK�WKHVH�FDVH�VWXGLHV��6SHFLILFDOO\��,
SURYLGHG� SUDFWLFLQJ� VRIWZDUH� DUFKLWHFWV� DQG� VRIWZDUH� DUFKLWHFWXUH� UHVHDUFKHUV� ZLWK� WKH
$UPDQL� WRROVHW� DQG� HQYLURQPHQW� LQIUDVWUXFWXUH� DQG� REVHUYHG� KRZ� WKH\� XVHG� WKH� WRROV� WR
PRGHO� WKHLU� VRIWZDUH� V\VWHPV�� EXLOG� FXVWRP� GHVLJQ� HQYLURQPHQWV�� DQG� VROYH� WKH� VRIWZDUH
GHVLJQ� SUREOHPV� WKDW� WKH\� IDFHG��$W� WKH� FRQFOXVLRQ� RI � HDFK� RI � WKHVH� FDVH� VWXGLHV� ,� GLG� D
SRVW�PRUWHP�DQDO\VLV�RI � WKH� FDVH� VWXG\� DQG� WKH� DUWLIDFWV� WKH�SDUWLFLSDQWV�KDG�GHYHORSHG�� ,
DOVR�KHOG�D�ZUDS�XS�GLVFXVVLRQ�ZLWK�WKH�SDUWLFLSDQWV�WR�GLVFXVV�WKHLU�RYHUDOO�H[SHULHQFH�ZLWK
WKH�$UPDQL�DSSURDFK�DQG�WR�VROLFLW�FRPPHQWV�DQG�VXJJHVWLRQV�IRU�LPSURYHPHQWV��$V�ZH�ZLOO
VHH�� WKH� RSHQ�HQGHG� QDWXUH� RI � WKHVH� FDVH� VWXGLHV� SURYHG� WR� EH� HIIHFWLYH� DW� KLJKOLJKWLQJ
$UPDQL·V�FDSDELOLWLHV��VWUHQJWKV��DQG�ZHDNQHVVHV�

7KH�SXUSRVH�RI �WKHVH�FDVH�VWXGLHV�ZDV�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV��SRZHU��DQG�JHQHUDOLW\�RI
WKH� $UPDQL� V\VWHP� DQG� WKH� DSSURDFK� LW� HPERGLHV� WR� UDSLGO\� GHYHORSLQJ� FXVWRP� VRIWZDUH
DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��2EMHFWLYHO\�GHWHUPLQLQJ� WKH�XWLOLW\��SROLVK�� DQG�SRZHU�RI
WKH�WRROV�SURGXFHG�ZLWK�WKH�$UPDQL�V\VWHP�LQ�HDFK�RI �WKH�FDVH�VWXGLHV�ZDV��KRZHYHU��H[SOLFLWO\



���

EH\RQG�WKH�VFRSH�RI �WKLV�WKHVLV�UHVHDUFK��7R�WKLV�HQG��WKH�FDVH�VWXGLHV�DWWHPSWHG�WR�DQVZHU
WKH�IROORZLQJ�WKUHH�TXHVWLRQV�

�� :HUH�WKH�SRVLWLYH�UHVXOWV�RI �WKH�FDVH�VWXGLHV�GHVFULEHG�LQ�&KDSWHU���GXH�VROHO\�WR�WKH�IDFW
WKDW� WKH� SHUVRQ� FRQGXFWLQJ� WKH� FDVH� VWXGLHV� ZDV� DOVR� WKH� SULPDU\� GHYHORSHU� RI � WKH
$UPDQL� GHVLJQ� ODQJXDJH� DQG� GHVLJQ� HQYLURQPHQW"� ,V� LW� SRVVLEOH� IRU� RWKHU� VRIWZDUH
DUFKLWHFWV�DQG�WRRO�GHYHORSHUV�WR�HIIHFWLYHO\�XVH�$UPDQL"

�� 'LG�$UPDQL·V�UHSUHVHQWDWLRQ�RI �DUFKLWHFWXUDO�GHVLJQV�DQG�GHVLJQ�H[SHUWLVH�DOORZ�WKH�FDVH
VWXG\� SDUWLFLSDQWV� WR� FDSWXUH� WKH� LPSRUWDQW� GHVLJQ� YRFDEXODU\�� UXOHV�� DQG� DQDO\VHV� IRU
WKHLU�VSHFLILF�GRPDLQ�RI �H[SHUWLVH"��:KDW�GLG�WKH\�ILQG�VWUDLJKWIRUZDUG�WR�UHSUHVHQW�DQG
ZKDW�GLG�WKH\�ILQG�GLIILFXOW�WR�UHSUHVHQW"

�� :KDW�DVSHFWV�RU�IHDWXUHV�RI �WKH�$UPDQL�HQYLURQPHQW�GLG�WKH�FDVH�VWXG\�SDUWLFLSDQWV�ILQG
XVHIXO"�:KDW�GLG�WKH\�ILQG�XQQHFHVVDU\�RU�FRXQWHUSURGXFWLYH"

7R�HQVXUH�WKDW�WKH�FDVH�VWXGLHV�FRXOG�SURYLGH�XVHIXO�DQVZHUV�WR�WKHVH�TXHVWLRQV�,�UHTXLUHG�DOO
RI � WKH� FDVH� VWXGLHV� WR� VDWLVI\� IRXU� FULWHULD�� )LUVW�� HDFK� VWXG\� KDG� WR� KDYH� RQH� RU� PRUH
SUDFWLFLQJ�VRIWZDUH�DUFKLWHFWV�RU�WRRO�EXLOGHUV��RWKHU�WKDQ�P\VHOI��ZKR�ZDQWHG�WR�XVH�$UPDQL
WR�VROYH�D�UHDO�DQG�VSHFLILF�DUFKLWHFWXUDO�GHVLJQ�RU�WRROLQJ�SUREOHP��7DUJHW�SUREOHPV�LQFOXGHG
VSHFLI\LQJ� WKH� DUFKLWHFWXUH� IRU� D� VLJQLILFDQW� VRIWZDUH� V\VWHP�RU� IDPLO\� RI � V\VWHPV�� FUHDWLQJ
QHZ� DUFKLWHFWXUDO� GHVLJQ� WRROV�� DQG� H[WHQGLQJ� H[LVWLQJ� GHVLJQ� WRROV�� 6HFRQG�� WR� SURYLGH� DQ
DFFXUDWH� DSSUR[LPDWLRQ� RI � WKH� PRWLYDWLRQV� XQGHUO\LQJ� ´UHDOµ� VRIWZDUH� GHVLJQ� DQG
GHYHORSPHQW�SURMHFWV��FDVH�VWXG\�SDUWLFLSDQWV�KDG�WR�KDYH�D�VHOILVK�LQWHUHVW�LQ�WKH�VXFFHVV�RI
WKHLU� SURMHFW�� 7KLUG�� WKH� SRRO� RI � FDVH� VWXGLHV� VHOHFWHG� KDG� WR� VSDQ� D� YDULHW\� RI � GHVLJQ
GRPDLQV�DQG�SUREOHP��)LQDOO\��WKH�RUJDQL]DWLRQ�RU�SHUVRQ�SDUWLFLSDWLQJ�LQ�WKH�FDVH�VWXG\�KDG
WR� EH� ZLOOLQJ� WR� ZRUN� ZLWK� UHVHDUFK� SURWRW\SH� WRROV� DQG� WR� PDNH� WKH� UHVXOWV� RI � WKHLU
H[SHULHQFH�XVLQJ�$UPDQL�DYDLODEOH�IRU�SXEOLFDWLRQ�LQ�WKLV�GLVVHUWDWLRQ�

7KHVH� FULWHULD� LQVXUHG� WKDW� WKH� H[WHUQDO� FDVH� VWXGLHV� DGGUHVVHG� WKLV� FKDSWHU·V� WKUHH� NH\
TXHVWLRQV��+DYLQJ�DUFKLWHFWV�DQG�WRRO�GHYHORSHUV�RWKHU�WKDQ�P\VHOI �XVH�$UPDQL�WR�VROYH�WKHLU
RZQ�GHVLJQ�DQG�WRROLQJ�SUREOHPV�LQVXUHG�WKDW�WKH�FDVH�VWXGLHV�DGGUHVVHG�WKH�ILUVW�TXHVWLRQ�
+DYLQJ�WKH�FDVH�VWXG\�SDUWLFLSDQWV�XVH�$UPDQL�WR�VROYH�SUREOHPV�LQ�WKHLU�DUHDV�RI �H[SHUWLVH
DGGUHVVHG�WKH�VHFRQG�TXHVWLRQ��)LQDOO\��UHTXLULQJ�WKH�FDVH�VWXG\�SDUWLFLSDQWV�WR�KDYH�D�VHOILVK
LQWHUHVW� LQ�WKH�VXFFHVV�RI �WKHLU�SURMHFW�PRWLYDWHG�WKHP�WR�GHHSO\�H[SORUH�DQG�WHVW�$UPDQL·V
FDSDELOLWLHV�DQG�H[SRVH�LWV�ZHDNQHVVHV��DGGUHVVLQJ�WKH�WKLUG�TXHVWLRQ�

7KH� $UPDQL� SURMHFW� ZDV� VXIILFLHQWO\� ZHOO� SXEOLFL]HG� WR� LQWHUHVW� QXPHURXV� SHRSOH� DQG
RUJDQL]DWLRQV� LQ�XVLQJ� WKH� WRRO� DQG�SDUWLFLSDWLQJ� LQ� WKH� FDVH� VWXGLHV��)RXU�RI � WKHVH� JURXSV
VDWLVILHG�WKH�FDVH�VWXG\�VHOHFWLRQ�FULWHULD�DQG�IRUPHG�WKH�EDVLV�IRU�WKH�FDVH�VWXGLHV�GHVFULEHG
LQ� WKLV� FKDSWHU�� 7KH� IRXU� FDVH� VWXGLHV� VHOHFWHG� LQFOXGHG� ���� PRGHOLQJ� WKH� 'HSDUWPHQW� RI
'HIHQVH·V�*OREDO�7UDQVSRUWDWLRQ�1HWZRUN�DQG�EXLOGLQJ�WRROV�WR�DVVLVW�WKH�V\VWHP·V�GHVLJQHUV�
����EXLOGLQJ�D�VHW�RI �VW\OHV�DQG�DQ�DQDO\WLFDO� WRRO�VXLWH�IRU�DUFKLWHFWXUHV�WKDW�FDQ�EH� UHOLDEO\
DQG�VDIHO\�PRGLILHG�DW�UXQWLPH������FUHDWLQJ�D�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW�IRU
DQDO\]LQJ�D�V\VWHP·V�VHFXULW\�DQG�IDXOW�WROHUDQFH�SURSHUWLHV��DQG�����LQWHJUDWLQJ�$UPDQL�ZLWK
DQ� DUFKLWHFWXUH� UHFRQILJXUDWLRQ� WRRO� WR� KDQGOH� DUFKLWHFWXUDO� FRQVWUDLQW� VSHFLILFDWLRQ� DQG
PDQDJHPHQW�
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$OWKRXJK� WKH� GHWDLOV� RI � WKH� H[SHULPHQWDO� SURFHVV� XQGHUWDNHQ� IRU� WKH� FDVH� VWXGLHV� YDULHG
VLJQLILFDQWO\�IURP�VWXG\�WR�VWXG\��DOO�RI �WKH�VWXGLHV�IROORZHG�WKH�VDPH�EDVLF�VWHSV�

6WHS� ��� ,�ZRUNHG�ZLWK� WKH� WDUJHW�RUJDQL]DWLRQ� WR� LGHQWLI\� D�GHVLJQ�RU� WRROLQJ�SUREOHP� WKDW
WKHLU�RUJDQL]DWLRQ�IDFHG�DQG�K\SRWKHVL]HG�KRZ�$UPDQL�FRXOG�DGGUHVV�LW��,I �$UPDQL�GLG
QRW�DSSHDU�WR�EH�D�JRRG�PDWFK�IRU�WKHLU�SUREOHP��RU�RWKHU�LVVXHV�VXFK�DV�DQ�LQDELOLW\�WR
GLVFORVH� H[SHULPHQWDO� UHVXOWV�PDGH� WKH� FDVH� VWXG\� DSSHDU� XQDWWUDFWLYH� WKHQ�ZH� VWRSSHG
KHUH�

6WHS� ��� $IWHU� GHFLGLQJ� WKDW� WKH� FDVH� VWXG\� ZDV� OLNHO\� WR� EH� SURPLVLQJ� IRU� ERWK� SDUWLHV�� ,
KHOSHG�WKH�FDVH�VWXG\�SDUWLFLSDQWV�LQVWDOO�$UPDQL�DW�WKHLU�VLWH�DQG�WRJHWKHU�ZH�FKDUWHG�D
FRXUVH�IRU�KRZ�WKH\�ZHUH�JRLQJ�WR�XVH�$UPDQL�WR�DGGUHVV�WKHLU�VSHFLILF�VRIWZDUH�GHVLJQ
SUREOHPV��2QFH�WKH\�DFTXLUHG�D�JHQHUDO�XQGHUVWDQGLQJ�RI �KRZ�$UPDQL�ZRUNHG��,�WULHG�WR
UHPRYH�P\VHOI �IURP�WKH�GHYHORSPHQW�SURFHVV�LQ�RUGHU�WR�OHW�WKH�XVHUV�H[SORUH�WKH�WRRO
DQG�LWV�FDSDELOLWLHV�RQ�WKHLU�RZQ�

6WHS����,Q�HDFK�RI �WKH�FDVH�VWXGLHV��WKH�$UPDQL�XVHUV�HYHQWXDOO\�UDQ�LQWR�FHUWDLQ�URDGEORFNV
DQG� VRXJKW�P\� DGYLFH� RQ� KRZ� WR� SURFHHG�� ,� WRRN� D� FRQVXOWLQJ� UROH� DW� WKLV� SRLQW� DQG
KHOSHG�WKHP�GHWHUPLQH�KRZ�WKH\�FRXOG�EHVW�WDNH�DGYDQWDJH�RI �$UPDQL·V�FDSDELOLWLHV� WR
RYHUFRPH�WKHLU� LPPHGLDWH�SUREOHP��*HQHUDOO\�� WKLV�VLPSO\� UHTXLUHG�D� IUHVK�SHUVSHFWLYH�
EXW� VRPHWLPHV� WKLV� SURFHVV� XQFRYHUHG� EXJV� LQ� WKH� GHVLJQ� DQG� LPSOHPHQWDWLRQ� RI � WKH
$UPDQL�GHVLJQ�ODQJXDJH�DQG�HQYLURQPHQW��,�UHFRUGHG�WKH�SUREOHPV�DQG�LVVXHV�UDLVHG�DQG�
ZKHQ�ZH�GLVFRYHUHG�D�VLJQLILFDQW�EXJ�LQ�$UPDQL��,�WULHG�WR�IL[�LW�DQG�UHWXUQ�D�IUHVK�UHOHDVH
RI � $UPDQL� DV� VRRQ� DV� SRVVLEOH�� 7KLV� SURYHG� WR� EH� D� YDOXDEOH� PHFKDQLVP� IRU� UDSLGO\
LPSURYLQJ� WKH� $UPDQL� ODQJXDJH� DQG� HQYLURQPHQW�� ,Q� PRVW� RI � WKH� FDVH� VWXGLHV�� ZH
UHSHDWHG�WKLV�VWHS�QXPHURXV�WLPHV�XQWLO�DQ�HIIHFWLYH�DQG�ZRUNLQJ�WRRO��HQYLURQPHQW��RU
GHVLJQ�HPHUJHG�

6WHS� ��� 2QFH� WKH� ILQLVKHG� WRRO�� HQYLURQPHQW�� RU� GHVLJQ� HPHUJHG� IURP� WKH� FDVH� VWXG\�� ,
FRQGXFWHG�DQ�LQIRUPDO�SRVW�PRUWHP�HYDOXDWLRQ�RI �WKH�SURMHFW��7KLV�HYDOXDWLRQ�H[DPLQHG
$UPDQL·V�UROH�LQ�WKH�VXFFHVV�RU�IDLOXUH�RI �WKH�SURMHFW��WKH�FDSDELOLWLHV�WKDW�WKH�SDUWLFLSDQWV
ZHUH� DEOH� WR� SURGXFH� LQ� WKH� FDVH� VWXG\�� WKH� VWUHQJWKV� DQG� ZHDNQHVVHV� RI � WKH� $UPDQL
DSSURDFK��DQG�SRVVLEOH�LPSURYHPHQWV�WR�WKH�$UPDQL�V\VWHP�

)RU�HDFK�RI �WKHVH�VWHSV��,�ZRUNHG�DV�D�SDVVLYH�REVHUYHU�DWWHPSWLQJ�WR�DQVZHU�WKH�TXHVWLRQV
ODLG�RXW�DW�WKH�EHJLQQLQJ�RI �WKLV�FKDSWHU��,Q�VRPH�RI �WKH�VWXGLHV��VXFK�DV�WKH�HIIRUW�WR�PRGHO
WKH� *OREDO� 7UDQVSRUWDWLRQ� 1HWZRUN�� ,� DOVR� WRRN� DQ� DFWLYH� UROH� LQ� KHOSLQJ� WKH� VWXG\
SDUWLFLSDQWV�XVH�$UPDQL�HIIHFWLYHO\��,Q�RWKHU�VWXGLHV��VXFK�DV�WKH�HIIRUW�WR� LQWHJUDWH�$UPDQL
ZLWK�DQ�DUFKLWHFWXUH�UHFRQILJXUDWLRQ�WRRO��,�SURYLGHG�DOPRVW�QR�JXLGDQFH�EH\RQG�VRPH�LQLWLDO
DVVLVWDQFH�LQ�LQVWDOOLQJ�WKH�$UPDQL�GLVWULEXWLRQ�

��� &DVH�VWXG\�GHWDLOV

+DYLQJ�ODLG�RXW�WKHLU�VWUXFWXUH�DQG�JRDOV�LQ�WKH�SUHYLRXV�VHFWLRQ��WKLV�VHFWLRQ�GLVFXVVHV�HDFK
FDVH�VWXG\�LQ�GHWDLO�
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����� &DVH�VWXG\����0RGHOLQJ�WKH�*OREDO�7UDQVSRUWDWLRQ�1HWZRUN

,Q�WKH�ILUVW�FDVH�VWXG\��WZR�FRPSXWHU�VFLHQWLVWV�IURP�/RFNKHHG�0DUWLQ�XVHG�$UPDQL�WR�PRGHO
WKH� DUFKLWHFWXUH� RI � WKH� 8�6�� 'HSDUWPHQW� RI � 'HIHQVH·V� *OREDO� 7UDQVSRUWDWLRQ� 1HWZRUN
�*71��� 7KH� *OREDO� 7UDQVSRUWDWLRQ� 1HWZRUN�� FXUUHQWO\� XQGHU� GHYHORSPHQW� E\� /RFNKHHG
0DUWLQ� DQG� RWKHUV�� SURYLGHV� PLOLWDU\� ORJLVWLFV� SODQQHUV� WKH� FDSDELOLW\� WR� PDQDJH� WKH
PRYHPHQW�RI � WURRSV�� FDUJR��SDWLHQWV��PDWHULHO�� DQG�YHKLFOHV� WKURXJKRXW� WKH�HQWLUH�'HIHQVH
7UDQVSRUWDWLRQ�6\VWHP��'76���*71�WUDFNV�DQG�VFKHGXOHV�LWHPV�PRYLQJ�WKURXJK�WKH�V\VWHP�
DV�ZHOO�DV�SURYLGLQJ�DQDO\VLV�FDSDELOLWLHV�WR�KHOS�ORJLVWLFV�SODQQHUV�RSWLPL]H�V\VWHP�IORZ�DQG
UHVRXUFH�XWLOL]DWLRQ�>/0��@�

)URP�D�YHU\�KLJK�OHYHO�SHUVSHFWLYH��WKH�EDVHOLQH�DUFKLWHFWXUH�IRU�WKH�*71�V\VWHP�FRQVLVWHG
RI �D�VHW�RI �UHODWLRQDO�GDWDEDVHV�WKDW�NHHS�WUDFN�RI �DOO�DVVHWV�LQ�WKH�'76��YDULRXV�DQDO\VLV�DQG
VFKHGXOLQJ� WRROV� WKDW�RSHUDWH� RYHU� WKHVH�GDWDEDVHV�� D� VHW� RI � FOLHQW� DSSOLFDWLRQ� FRPSRQHQWV
WKDW�SURYLGH�D�XVHU�LQWHUIDFH�WR�WKH�V\VWHP��D�FROOHFWLRQ�RI �GDWD�IHHGV�EULQJLQJ�GDWD�LQWR�WKH
V\VWHP�� DQG� D� SURSULHWDU\� PLGGOHZDUH� FRPPXQLFDWLRQV� LQIUDVWUXFWXUH� WKDW� OLQNV� WKHVH
FRPSRQHQWV�WRJHWKHU��1HHGOHVV�WR�VD\��*71�LV�D�ODUJH��FRPSOH[��V\VWHP�

/RFNKHHG�0DUWLQ�� DV� WKH� SULPH� FRQWUDFWRU� IRU� WKH� GHVLJQ� DQG� GHYHORSPHQW� RI �*71��ZDV
LQWHUHVWHG� LQ� H[SORULQJ�KRZ� DUFKLWHFWXUH�GHVLJQ� WRROV� VXFK� DV�$UPDQL� FRXOG� DVVLVW� WKHP� LQ
WKHLU�HIIRUWV�WR�GHVLJQ��EXLOG��DQG�GHSOR\�ODUJH��FRPSOH[��DQG�KHWHURJHQHRXV�VRIWZDUH�V\VWHPV�
:KHQ�ZH�EHJDQ�WKLV�FDVH�VWXG\��D�SURWRW\SH�RI �WKH�*71�V\VWHP�KDG�DOUHDG\�EHHQ�GHYHORSHG
DQG�ILHOGHG��7KLV�H[SHULHQFH�H[SRVHG�VRPH�GHVLJQ�SUREOHPV�DQG�OLPLWDWLRQV�ZLWK�WKH�RULJLQDO
GHVLJQ� WKDW� QHHGHG� WR� EH� DGGUHVVHG� EHIRUH� WKH� ILQDO� V\VWHP� ZDV� GHSOR\HG� ZRUOGZLGH��:H
GHFLGHG� WR�XVH�$UPDQL� WR�DQDO\]H�SURSRVHG� DUFKLWHFWXUDO�PRGLILFDWLRQV� WKDW�ZRXOG� DGGUHVV
WKH�GHVLJQ� LVVXHV� UDLVHG�E\�H[SHULHQFH�ZLWK� WKH� LQLWLDO�SURWRW\SH�� ,Q� WKH� LQWHUHVW�RI �NHHSLQJ
UHVHDUFK�SURMHFWV�RII �RI �WKH�FULWLFDO�SDWK�IRU�*71·V�GHYHORSPHQW��KRZHYHU��ZH�DJUHHG�WKDW
WKH� $UPDQL� PRGHOLQJ� ZDV� EHVW� GRQH� DV� D� VXSSOHPHQWDU\� GHVLJQ� H[HUFLVH� UDWKHU� WKDQ� WKH
SURMHFW·V�SULPDU\�V\VWHP�GHVLJQ�HIIRUW�

7R� IRFXV� WKH� VFRSH� DQG� JRDOV� RI � WKH� FDVH� VWXG\�� ZH� GHFLGHG� WR� DWWDFN� WZR� VSHFLILF
DUFKLWHFWXUDO�SUREOHP�WKDW�WKH�*71�WHDP�IDFHG��)LUVW��WKH�*71�GHVLJQHUV�ZDQWHG�WR�H[SORUH
WKH�LPSOLFDWLRQV�RI �PRYLQJ�IURP�D�SURSULHWDU\�PLGGOHZDUH�FRPPXQLFDWLRQV�LQIUDVWUXFWXUH�WR
D� &25%$�EDVHG� GLVWULEXWHG� REMHFW� LQIUDVWUXFWXUH���� 6HFRQG�� WKH\� ZDQWHG� WR� H[SORUH� WKH
IHDVLELOLW\�RI �PLJUDWLQJ�WKH�FOLHQW�DSSOLFDWLRQV�WR�-DYD�EDVHG�DSSOHWV�WKDW�FRXOG�EH�UXQ�LQ�ZHE
EURZVHUV�� 7R� IXUWKHU� UHILQH� WKH� VFRSH� RI � WKH� H[SHULPHQWV�� ZH� GHFLGHG� WR� OLPLW� WKH� LQLWLDO
LQYHVWLJDWLRQ�WR�GHWHUPLQLQJ�KRZ�WKHVH�FKDQJHV�ZRXOG�DIIHFW� WKH�SHUIRUPDQFH�DQG�VHFXULW\
DVSHFWV�RI �WKH�RYHUDOO�*71�V\VWHP�

7KH� VFRSH� RI � WKH� *71� SURMHFW� LV� TXLWH� ODUJH� DQG� WKH� V\VWHP� LV� H[SHFWHG� WR� HYROYH� DQG
UHPDLQ� RSHUDWLRQDO� IRU� PDQ\� \HDUV��:H� WKHUHIRUH� GHFLGHG� WKDW� LW� ZRXOG� EH� ZRUWKZKLOH� WR
FUHDWH�D�FXVWRP�VW\OH�DQG�VHW�RI �PRGHOLQJ�WRROV�WKDW�FDQ�EH�UHXVHG�DV�WKH�V\VWHP�HYROYHV��7R
WKLV�HQG��WKH�VSHFLILF�WDVNV�RI �WKLV�FDVH�VWXG\�LQYROYHG�GHILQLQJ�DQ�DUFKLWHFWXUDO�VW\OH��EXLOGLQJ
FXVWRP�DQDO\VLV�WRROV�WR�HYDOXDWH�GHVLJQ�DOWHUQDWLYHV��DQG�XVLQJ�WKH�$UPDQL�LQIUDVWUXFWXUH�DV

�������������������������������������������������
16 CORBA (Common Object Request Broker Architecture) is a standard framework for implementing distributed
objects. The full CORBA specification can be found at the Object Management Group’s website, www.omg.org. An
introduction to CORBA for the lay-dummy can be found in [SO98].
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DQ� LQWHJUDWLRQ� IUDPHZRUN� WR� OHYHUDJH�GHVLJQ� WRROV� FUHDWHG� LQGHSHQGHQW�RI �$UPDQL��)LQDOO\�
DIWHU�WKH�GHVLJQ�HQYLURQPHQW�DQG�VW\OH�KDG�EHHQ�FUHDWHG��WKH�/RFNKHHG�0DUWLQ�VFLHQWLVWV�XVHG
WKH� UHVXOWLQJ� HQYLURQPHQW� WR�PRGHO� DQG� HYDOXDWH� DOWHUQDWLYHV�GHVLJQV� IRU� WKH�*71�V\VWHP
DUFKLWHFWXUH��$�EULHI �RYHUYLHZ�DQG�HYDOXDWLRQ�RI �WKLV�FDVH�VWXG\�ZULWWHQ�E\�WKH�SDUWLFLSDQWV�LV
DYDLODEOH�LQ�>.&��@�

&UHDWLQJ�WKH�*71�VW\OH

$IWHU� LQVWDOOLQJ� $UPDQL�� WKH� /RFNKHHG� 0DUWLQ� WHDP� GHYHORSHG� D� VW\OH� WR� FDSWXUH� WKH
YRFDEXODU\�DQG�GHVLJQ�UXOHV�XVHG�LQ�WKH�*71�V\VWHP��%HFDXVH�WKH\�KDG�SUHYLRXVO\�PRGHOHG
WKH�H[LVWLQJ�*71�V\VWHP�GHVLJQ�ZLWK�WKH�$HVRS�GHVLJQ�HQYLURQPHQW���WKH\�GHFLGHG�DJDLQVW
UHFUHDWLQJ� WKH� RULJLQDO� *71� GHVLJQ� LQ� $UPDQL�� 5DWKHU�� WKH\� GHFLGHG� WR� FRPSDUH� WKH
SHUIRUPDQFH�DQG�VHFXULW\�SURSHUWLHV�RI � WKH�QHZ�GHVLJQ�WR�WKRVH�FDOFXODWHG�ZLWK�$HVRS�IRU
WKH�RULJLQDO�GHVLJQ�

*71� LV� D� KLJKO\� KHWHURJHQHRXV� V\VWHP� GHVLJQHG� WR� XVH� D� YDULHW\� RI � FRPSRQHQW� DQG
FRQQHFWRU� WHFKQRORJLHV�� 7KH� DUFKLWHFWV� FDSWXUHG� WKH� GLYHUVH� W\SHV� RI � GHVLJQ� HOHPHQWV� DQG
GHVLJQ�UXOHV�IRU�FRPSRVLQJ� WKHP�ZLWK�WKH�$UPDQL�GHVLJQ� ODQJXDJH��7KHVH�GHVLJQ�HOHPHQWV
LQFOXGHG�*71·V� FRUH�GDWDEDVH��ZKLFK�ZRXOG�EH� FDUULHG�RYHU� IURP� WKH�SUHYLRXV�GHVLJQ�� LWV
QHZ�&25%$�EDVHG�GLVWULEXWHG� REMHFW�PLGGOHZDUH� LQIUDVWUXFWXUH�� DQG� WKH� -DYD� DSSOHWV� WKDW
ZHUH� WR� VHUYH� DV� WKH� FOLHQWV� LQ� WKH� QHZ�*71� V\VWHP� DUFKLWHFWXUH�� 7R� FDSWXUH� WKLV� GHVLJQ
H[SHUWLVH�� WKH� /RFNKHHG� 0DUWLQ� WHDP� FUHDWHG� D� VLQJOH� $UPDQL� VW\OH� WKDW� FDSWXUHG� WKH
GHVFULSWLRQ� RI � DOO� RI � WKHVH� NH\� YRFDEXODU\� HOHPHQWV�� 7DEOH� ���� GHVFULEHV� WKH� VL[� FRUH
FRPSRQHQW�W\SHV�DQG�WKUHH�FRUH�FRQQHFWRU�W\SHV�GHILQHG�LQ�WKH�$UPDQL�EDVHG�*71�VW\OH�

�������������������������������������������������
17 For further information on the Aesop system please see section 3.1.1 in the related work chapter of this
dissertation, or [GAO95].

/RFNKHHG�0DUWLQ�*71�$UFKLWHFWXUDO�6W\OH�2YHUYLHZ

&RPSRQHQW�7\SHV�

� 'DWDEDVH6HUYHU²�PDQDJHV�DQG�SURYLGHV�V\VWHP�GDWD
� %URZVHU�²�FOLHQW�WKDW�SURYLGHV�WKH�V\VWHP
V�XVHU�LQWHUIDFH
� :HE6HUYHU�²� LQWHUPHGLDU\�WKDW�URXWHV�DSSOHWV�DQG�+70/�SDJHV�IURP�WKH

'DWDEDVH6HUYHUV�WR�WKH�%URZVHUV�
� &RUED&RPSRQHQW�²� JHQHULF�EDVH�W\SH�IURP�ZKLFK�DOO�&RUED�FRPSOLDQW�W\SHV�DUH

VXEW\SHG�
� &RUED-DYD$SS�²�-DYD�EDVHG�DSSOHW�WKDW�LQWHUDFWV�ZLWK�&RUED&RPSRQHQWV�
� &RUED6HFXULW\�²�*71
V�EDVLF�VHFXULW\�PDQDJHU�W\SH�VSHFLILFDWLRQ�

&RQQHFWRU�7\SHV�

� ,,23�²�PHGLDWHV�WKH�LQWHUDFWLRQ�EHWZHHQ�D�SDLU�RI �&RUED&RPSRQHQWV�
� -'%&�²�DOORZV�ZHE�VHUYHUV�DQG�&RUED6HFXULW\�FRPSRQHQWV�WR�DFFHVV�'DWDEDVH6HUYHUV�
� +773�²�WUDQVIHUV�UHTXHVWV�EHWZHHQ�%URZVHU�DQG�:HE6HUYHU�FRPSRQHQWV�

7DEOH�����&RUH�FRPSRQHQW�DQG�FRQQHFWRU�W\SHV�GHILQHG�LQ�WKH�UHYLVHG�*71�VW\OH�
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$UFKLWHFWXUDO�DQDO\VHV

6SHFLI\LQJ�WKH�*71�VW\OH�LQ�$UPDQL�SURYLGHG�D�EDVLV�IRU�PRGHOLQJ�DQG�DQDO\]LQJ�WKH�*71
V\VWHP�� 7R� H[WHQG� WKH� XWLOLW\� RI � WKLV� PRGHO�� WKH� /RFNKHHG� 0DUWLQ� VFLHQWLVWV� OLQNHG� D
SHUIRUPDQFH�DQDO\VLV�WRRO�LQWR�WKH�*71�FXVWRPL]HG�$UPDQL�HQYLURQPHQW�WR�DQDO\]H�FHUWDLQ
SHUIRUPDQFH� FKDUDFWHULVWLFV� RI � WKH� *71� V\VWHP�� 7KLV� WRRO�� GHVFULEHG� LQ� >6*��@�� XVHV
TXHXLQJ�QHWZRUNV�WR�HYDOXDWH�WKH�IORZ�RI �PHVVDJHV�DQG�UHTXHVWV�WKURXJK�D�V\VWHP�

7R�VXSSRUW�WKH�SHUIRUPDQFH�DQDO\VLV�WRRO��WKH�FRPSRQHQW�DQG�FRQQHFWRU�W\SHV�LQ�WKH�*71
VW\OH� ZHUH� DQQRWDWHG� ZLWK� D� IHZ� DGGLWLRQDO� SURSHUWLHV�� VXFK� DV� WKH� ODWHQF\� H[SHFWHG� LQ
FRQQHFWRU� W\SHV� DQG� WKH� UHTXHVW� UHVSRQVH� WLPH� H[SHFWHG� IRU� FRPSRQHQWV�� 8VLQJ� WKLV
DSSURDFK�� DQ� DUFKLWHFW� VSHFLILHV� WKH� SHUIRUPDQFH� FKDUDFWHULVWLFV� RI � D� V\VWHP·V� LQGLYLGXDO
FRPSRQHQWV� DQG� FRQQHFWRUV�ZRUNLQJ� LQ� LVRODWLRQ�� 7KHVH� YDOXHV� FDQ� EH� REWDLQHG� HLWKHU� E\
LQVWUXPHQWLQJ�DQG�PHDVXULQJ�WKH�HOHPHQW�LQ�TXHVWLRQ��LI �WKH�FRQFUHWH�LPSOHPHQWDWLRQ�RI �WKH
GHVLJQ� HOHPHQW� LV� EXLOW� DQG� DYDLODEOH� IRU� WHVWLQJ�� E\� SURYLGLQJ� HVWLPDWHV� RI � H[SHFWHG
SHUIRUPDQFH��RU�E\�VHWWLQJ�SHUIRUPDQFH�UHTXLUHPHQWV�IRU�D�GHVLJQ�HOHPHQW�WKDW�LV�\HW�WR�EH

’HVLJQ�UXOH�VSHFLILFDWLRQ�LQ�$UPDQL ’LVFXVVLRQ

7RSRORJ\�
   Invariant Forall c1 : component in self.components |
          Forall c2 : component in self.components |
            Forall conn : connector in self.connectors |
                (attached(c1,conn) and attached(c2, conn)) ->
                    ( validCORBAconnection(c1, c2, conn)
                      OR validDBconnection(c1, c2, conn) );

6SHFLILHV�YDOLG�FRPELQDWLRQV�RI �FRQQHFWHG
�FRPSRQHQW��FRQQHFWRU��FRPSRQHQW�
WULSOHV��7KH�DQDO\VHV�validCORBAconnection�DQG
validDBconnection��GHILQHG�HOVHZKHUH�E\�WKH
VW\OH��HVWDEOLVK�ZKLFK�FRPSRQHQWV�FDQ�WDON
WR�HDFK�RWKHU�DQG�YLD�ZKLFK�FRQQHFWRU
W\SHV���$ORQJ�ZLWK�WZR�RWKHU�UHODWHG
LQYDULDQWV��WKLV�LQYDULDQW�HQVXUHV�YDOLG
V\VWHP�WRSRORJLHV�

6HFXULW\�FRQVWUDLQW�
Invariant Forall c1 : component in self.components |

          DeclaresType(c1, WebServer) ->
             Exists c2 : CORBASecurity in self.components |
                Connected(c1, c2);

(QVXUH�WKDW�DOO�:HE6HUYHU�FRPSRQHQWV�DUH
DWWDFKHG�WR�RQH�RU�PRUH�&25%$6HFXULW\
FRPSRQHQWV�WR�VXSSRUW�DXWKHQWLFDWLRQ�
DXWKRUL]DWLRQ��DQG�DXGLWLQJ�V\VWHP�ZLGH�

6\VWHP�SHUIRUPDQFH�ORDG�EDODQFLQJ�

Heuristic Forall comp in self.Components |
      comp.componentUtilization <= 0.5;

+HXULVWLF�WR�LQGLFDWH�WKDW�QR�FRPSRQHQWV�LQ
WKH�V\VWHP�VKRXOG�EH�XWLOL]HG�PRUH�WKDQ
�����LQ�WKH�DYHUDJH�FDVH���7KH�YDOXH�RI �WKH
FRPSRQHQW8WLOL]DWLRQ�SURSHUW\�RI �HDFK
FRPSRQHQW�LV�FDOFXODWHG�E\�WKH�H[WHUQDO
TXHXLQJ�QHWZRUN�EDVHG�SHUIRUPDQFH
DQDO\VLV�WRRO�

2YHUDOO�V\VWHP�SHUIRUPDQFH�

Heuristic self.responseTime <= 10.0;

+HXULVWLF�WKDW�VXJJHVWV�WKH�RYHUDOO�V\VWHP
UHVSRQVH�WLPH�VKRXOG�EH�OHVV�WKDQ�����
VHFRQGV�

7DEOH������6HOHFWHG�GHVLJQ�UXOHV�IURP�WKH�*71�DUFKLWHFWXUDO�VW\OH
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EXLOW�� 7KH� SHUIRUPDQFH� DQDO\VLV� WRRO� WKHQ� XVHV� WKH� LQGLYLGXDO� FRPSRQHQW� DQG� FRQQHFWRU·V
SHUIRUPDQFH� LQIRUPDWLRQ� WR� FRPSXWH� WKH� WKURXJKSXW�� ODWHQFLHV�� DQG� SRWHQWLDO� ERWWOHQHFNV
IRU�WKH�HQWLUH�V\VWHP�DV�D�ZKROH�

7KH� /RFNKHHG� WHDP� VXFFHVVIXOO\� XVHG� WKH� SHUIRUPDQFH� DQDO\VLV� WRRO� WR� FRPSDUH� WKH
SHUIRUPDQFH�SURSHUWLHV�RI � WKH�ROG�GHVLJQ� WR� WKH�SHUIRUPDQFH�SURSHUWLHV�RI � WKH� SURSRVHG
&25%$�EDVHG� UHYLVLRQV�� 7KH\� DOVR� FRPSDUHG� WKH� SHUIRUPDQFH� SURSHUWLHV� RI � YDULRXV
DUFKLWHFWXUDO�GHVLJQ�DOWHUQDWLYHV�IRU�WKH�UHYLVHG�*71�DUFKLWHFWXUH��7KLV�DQDO\VLV�KHOSHG�WKHP
UXOH� RXW� VRPH� RI � WKHLU� SURSRVHG� DUFKLWHFWXUH� PRGLILFDWLRQV� DQG� ILQH� WXQH� WKH� PRUH
SURPLVLQJ�GHVLJQ�SURSRVDOV��VHH�>.&��@��

(VWLPDWLQJ�DQG�HYDOXDWLQJ�WKH�SHUIRUPDQFH�RI �D�UHYLVHG�*71�V\VWHP�DUFKLWHFWXUH�ZDV�RQO\
SDUW�RI �WKH�JRDO�RI �WKH�FDVH�VWXG\��6\VWHP�VHFXULW\��DXWKRUL]DWLRQ��DXWKHQWLFDWLRQ��DXGLW�WUDLO�
HWF��� LQ�D�GHIHQVH� V\VWHP�VXFK�DV�*71� LV�D� FULWLFDO� FRQFHUQ� IRU� WKH� V\VWHP·V�GHVLJQHUV� DQG
XVHUV��0RYLQJ�IURP�WKH�SURSULHWDU\�PLGGOHZDUH�LQIUDVWUXFWXUH�RI �WKH�SUHYLRXV�GHVLJQ�WR�WKH
VWDQGDUG�&25%$�EDVHG�PLGGOHZDUH�LQIUDVWUXFWXUH�RI �WKH�SURSRVHG�GHVLJQ�ZDV�RQO\�SRVVLEOH
LI �GRLQJ�VR�GLG�QRW�YLRODWH�WKH�V\VWHP·V�VHFXULW\�LQWHJULW\�

7KH�/RFNKHHG�0DUWLQ�V\VWHP�PRGHOHUV�GLG�QRW�KDYH�D�WRRO�DYDLODEOH�WR�TXDQWLWDWLYHO\�DQDO\]H
V\VWHP�VHFXULW\�DV�WKH\�KDG�GRQH�ZLWK�WKH�SHUIRUPDQFH�DQDO\VLV��$V�D�UHVXOW��WKH\�ZHUH�IRUFHG
WR�WDNH�D�GLIIHUHQW�DSSURDFK�WR�XVLQJ�$UPDQL�WR�UHDVRQ�DERXW�VHFXULW\� LVVXHV� LQ�WKHLU�*71
GHVLJQV��7KH�DSSURDFK�WKH\�FKRVH�ZDV�WR�HQFRGH�ZHOO�NQRZQ�DUFKLWHFWXUDO�SDWWHUQV�DQG�EHVW
SUDFWLFHV� IRU�EXLOGLQJ� VHFXUH� V\VWHPV� LQ� WKH�*71�VW\OH·V�YRFDEXODU\�DQG�GHVLJQ� UXOHV��7KLV
DOORZHG� WKH� DUFKLWHFWV� WR� GHPRQVWUDWH� WKDW� WKH\� ZHUH� XVLQJ� D� ZHOO� NQRZQ� DQG� SURYHQ
DSSURDFK�WR�FUHDWLQJ�VHFXUH�V\VWHPV��DV�ZHOO�DV�SURYLGLQJ�YLVLELOLW\�LQWR�WKH�VSHFLILF�ZD\V�WKDW
*71�DUFKLWHFWXUHV�DGGUHVVHG�WKHLU�VHFXULW\�UHTXLUHPHQWV�

7KH�VSHFLILF�DUFKLWHFWXUDO�SDWWHUQ�XVHG�WR�LQVXUH�VHFXULW\�LQ�WKH�UHYLVHG�*71�V\VWHP�GHVLJQ
SURSRVDOV� UHTXLUHG� RQH� RU� PRUH� &25%$6HFXULW\� FRPSRQHQWV� WR� PHGLDWH� WKH� LQWHUDFWLRQV
EHWZHHQ�WKH�*71�V\VWHP·V�NH\�FRPSRQHQWV��1RW�VXUSULVLQJO\��UHTXLULQJ�WKH�&25%$6HFXULW\
FRPSRQHQW� WR� WDNH� VXFK� DQ� DFWLYH� UROH� LQ� DOO� WUDQVDFWLRQV� LQWURGXFHG� D� QXPEHU� RI
SHUIRUPDQFH� LVVXHV�� 7KH� TXDQWLWDWLYH� SHUIRUPDQFH� DQDO\VLV� WRRO� LQWHJUDWHG�ZLWK� WKH�*71�
VSHFLILF� HQYLURQPHQW� KHOSHG� WR� DGGUHVV� WKLV� SUREOHP� E\� DOORZLQJ� WKH� *71� DUFKLWHFWV� WR
TXLFNO\� H[SHULPHQW�ZLWK� WKH� SHUIRUPDQFH� DQG� VHFXULW\� WUDGHRIIV� RI �PXOWLSOH� GHVLJQV�� 7KLV
FRPELQDWLRQ�RI �TXDQWLWDWLYH�GHVLJQ�DQDO\VLV�WRROV��GHVLJQ�SDWWHUQV��DQG�EHVW�SUDFWLFHV�DOORZHG
WKH� /RFNKHHG� 0DUWLQ� WHDP� WR� EXLOG� DQ� HIIHFWLYH� DQG� XVHIXO� FXVWRP� DUFKLWHFWXUDO� GHVLJQ
HQYLURQPHQW�

(YDOXDWLRQ

%\�XVLQJ�$UPDQL�WR�PRGHO�D�FRPSOH[��KHWHURJHQHRXV�VW\OH�ZLWK�UHDO� LQGXVWULDO�DSSOLFDELOLW\�
WKLV� FDVH� VWXG\� SURYLGHG� D� XVHIXO� YDOLGDWLRQ� RI � WKH� RYHUDOO� $UPDQL� DSSURDFK�� 7KH� VWXG\
SURYLGHG� WKUHH� VSHFLILF� HQFRXUDJLQJ� ILQGLQJV�� )LUVW�� DIWHU� D� IHZ� LWHUDWLRQV� WKH� /RFNKHHG
0DUWLQ� VFLHQWLVWV�ZHUH� DEOH� WR� FRQFLVHO\� VSHFLI\�ERWK� WKH�*71�VW\OH� DQG� WKH�*71� V\VWHP
DUFKLWHFWXUH��6HFRQG��$UPDQL� DQG� LW·V�$FPH�VXEV\VWHP�SURYHG�DQ�HIIHFWLYH� IUDPHZRUN� DQG
LQIUDVWUXFWXUH� IRU� LQWHJUDWLQJ� DUFKLWHFWXUDO� GHVLJQ� WRROV�� 7KLUG�� WKH� HQYLURQPHQW� GHVLJQHUV
ZHUH�DEOH�WR�XVH�WKH�GHVLJQ�H[SHUWLVH�WKDW�WKH\�FDSWXUHG�ZLWK�WKH�$UPDQL�GHVLJQ�ODQJXDJH�DQG
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WKURXJK� WKH� OLQNHG�LQ� WRROV� WR�SHUIRUP�XVHIXO� DQDO\VHV�RI � WKH�*71�V\VWHP·V�SHUIRUPDQFH
DQG�VHFXULW\�

$OWKRXJK� WKH� FDVH� VWXG\� ZDV� DQ� RYHUDOO� VXFFHVV�� LW� LOOXPLQDWHG� WZR� FKDOOHQJHV� IDFLQJ� WKH
$UPDQL�DSSURDFK��7KH�ILUVW�RI �WKHVH� LVVXHV� LV�WKDW�DOWKRXJK�$UPDQL�FDQ�SURYLGH�VLJQLILFDQW
OHYHUDJH�ZKHQ�XVHG�SURSHUO\�LW�GRHV�QRW�UHOLHYH�LWV�XVHUV�RI �WKH�QHHG�WR�EH�VNLOOHG�PRGHOHUV
DQG� DUFKLWHFWV��7KLV� LV� HVSHFLDOO\� WUXH�RI � WKRVH�XVLQJ�$UPDQL� WR� VSHFLI\� DUFKLWHFWXUDO� VW\OHV
DQG� FUHDWH� FXVWRP� GHVLJQ� HQYLURQPHQWV�� UDWKHU� WKDQ� VLPSO\� XVLQJ� D� FXVWRP� $UPDQL
HQYLURQPHQW� FUHDWHG� E\� VRPHERG\� HOVH�� 7KH� /RFNKHHG� 0DUWLQ� VFLHQWLVWV� KDG� WR� LWHUDWH
WKURXJK�PXOWLSOH�GHVLJQ�DOWHUQDWLYH�EHIRUH�ILQGLQJ�DQ�HIIHFWLYH�ZD\�WR�UHSUHVHQW�*71·V�FRUH
YRFDEXODU\� DQG� GHVLJQ� UXOHV�� $OWKRXJK� WKH� VWUXFWXUH� $UPDQL� SURYLGHV� DSSHDUHG� WR� DVVLVW
WKHP� LQ� WKLV�SURFHVV�� LW� VWLOO� UHTXLUHG�VLJQLILFDQW� LQWHOOHFWXDO�HIIRUW� WR�GHHSO\�XQGHUVWDQG� WKH
LPSRUWDQW�LVVXHV�LQ�WKH�*71�GHVLJQ�

7KH�VHFRQG� LVVXH�ZDV�UDLVHG�E\�RQH�RI � WKH�/RFNKHHG�0DUWLQ�VFLHQWLVWV�SDUWLFLSDWLQJ� LQ� WKLV
FDVH�VWXG\��+H�IRXQG�WKH�GHFODUDWLYH�QDWXUH�RI �$UPDQL·V�GHVLJQ�ODQJXDJH�FKDOOHQJLQJ�WR�WDNH
DGYDQWDJH� RI � DQG� XVH� WR� LWV� IXOO� SRWHQWLDO�� 6SHFLILFDOO\�� KH� IRXQG� LW� GLIILFXOW� WR� PDNH� WKH
FRQFHSWXDO�OHDS�IURP�VSHFLI\LQJ�KRZ�D�FRPSRQHQW�VKRXOG�SHUIRUP�LWV�WDVN��DV�D�SURJUDPPHU
GRHV�� WR� VLPSO\� GHFODULQJ� WKH� GHVLUHG� VWUXFWXUH�� YRFDEXODU\�� DQG� GHVLJQ� UXOHV� RI � DQ
DUFKLWHFWXUDO� GHVLJQ� RU� VW\OH�� 7KLV� VWUXJJOH� ZDV� PRVW� DSSDUHQW� LQ� WKH� GLIILFXOW\� KH� KDG� LQ
VSHFLI\LQJ� WKH� GHVLJQ� UXOHV� WKDW� GHILQHG� WRSRORJLFDO� DQG� LQWHUIDFH� FRQVWUDLQWV�� ,Q� WKH� LQLWLDO
LWHUDWLRQ�KH�FUHDWHG�XQQHFHVVDULO\�FRPSOH[�DQDO\VHV�WR�YHULI\� LQWHUIDFH�PDWFKHV��:LWK�D�OLWWOH
JXLGDQFH�IURP�PH��KRZHYHU��KH�ZDV�DEOH�WR�UHSKUDVH�WKHVH�DQDO\VHV�E\�VLPSO\�SODFLQJ�D�IHZ
VKRUW� GHVLJQ� UXOHV� �RQ� WKH� RUGHU� RI � ���� OLQHV� RI � FRGH� HDFK�� LQWR� WKH� DSSURSULDWH� W\SH
GHILQLWLRQV��(YHQWXDOO\��KH�DFTXLUHG�DQ�DSSUHFLDWLRQ�IRU�WKH�VLPSOLFLW\�RI �WKLV�DSSURDFK��EXW
JHWWLQJ�WR�WKLV�SRLQW�UHTXLUHG�D�QRQWULYLDO�DPRXQW�RI �WUDLQLQJ�

(SLORJXH

7KH�/RFNKHHG�0DUWLQ� DUFKLWHFWV� VHHPHG� WR� EH� VDWLVILHG�ZLWK� WKH�PRGHOLQJ� WRROV� WKDW� WKH\
EXLOW�RQ� WRS�RI �$UPDQL�DQG�IHOW� WKDW� WKH� WRROV�HQGHG�XS�SURYLGLQJ� WKHP�ZLWK�VRPH�XVHIXO
DQDO\WLFDO�OHYHUDJH��,W�LV��KRZHYHU��XQFOHDU�KRZ�PXFK�HIIHFW�WKHLU�DUFKLWHFWXUDO�DQDO\VLV�KDG�RQ
WKH�HYHQWXDO�HYROXWLRQ�RI �WKH�*71�DUFKLWHFWXUH��,W�GRHV�QRW�DSSHDU�WKDW�WKH�WRROV�WKH\�EXLOW
KDYH�PDGH�WKH�WUDQVLWLRQ�IURP�DQ� LQWHUHVWLQJ�UHVHDUFK�SURMHFW� WR�GDLO\�XVH�ZLWKLQ�/RFNKHHG
0DUWLQ�� 7KHLU� H[SHULHQFH� ZLWK� $UPDQL� DQG� LWV� DVVRFLDWHG� SHUIRUPDQFH� DQDO\VLV� WRRO� ZHUH�
KRZHYHU��DSSDUHQWO\�VXFFHVVIXO�HQRXJK�WKDW�WKH�WRROV�ZHUH�LQFOXGHG�LQ�DQ�LQWHUQDO�/RFNKHHG
0DUWLQ� IROORZ�RQ�SURMHFW� WR� FRQWLQXH� SXUVXLQJ� WKH� XVH� RI � DUFKLWHFWXUH� GHVLJQ� DQG� DQDO\VLV
WRROV�

����� &DVH�VWXG\����%XLOGLQJ�DQ�DQDO\WLF�WRRO�VXLWH

,Q� WKH� VHFRQG� FDVH� VWXG\�� D� FRPSXWHU� VFLHQWLVW� DW� WKH�6RIWZDUH�(QJLQHHULQJ� ,QVWLWXWH� �6(,�
DQG� D� JUDGXDWH� VWXGHQW� LQ� (OHFWULFDO� DQG� &RPSXWHU� (QJLQHHULQJ� DW� &DUQHJLH� 0HOORQ
8QLYHUVLW\�XVHG�$UPDQL�WR�GHILQH�DQ�DUFKLWHFWXUDO�VW\OH�FDOOHG�0HWD6�DQG�WR�FUHDWH�D�WRRO�VXLWH
IRU� DQDO\]LQJ� V\VWHP� GHVLJQV� GRQH� LQ� WKH� 0HWD6� VW\OH�� 7KH� QHZ� VW\OH� XVHG� WKH� 6LPSOH[
DUFKLWHFWXUDO� VW\OH� >:6����6KD��@�DQG�+RQH\ZHOO·V�0HWD+� DUFKLWHFWXUH�GHVFULSWLRQ� ODQJXDJH
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>9HV��@� IRU� LWV� FRQFHSWXDO� IRXQGDWLRQ�� $V� WKH� SURMHFW� JUHZ�� WKH� GHYHORSHUV� DOVR� H[WHQGHG
VRPH�RI �WKHVH�DQDO\WLF�WRROV�WR�ZRUN�ZLWK�RWKHU��PRUH�JHQHUDO��DUFKLWHFWXUDO�VW\OHV�

7KH�0HWD6�DUFKLWHFWXUDO�VW\OH

7KH�0HWD6�DUFKLWHFWXUDO�VW\OH�VXSSRUWV�WKH�VDIH��RQOLQH�XSJUDGH�RI �VRIWZDUH�FRPSRQHQWV� LQ
PLVVLRQ�FULWLFDO�� UHDO�WLPH� V\VWHPV��7KH�NH\� WHFKQLFDO� FRQFHSW� VXSSRUWLQJ�0HWD6·V� VDIH� UXQ�
WLPH� XSJUDGH� FDSDELOLW\� LV� WKH� XVH� RI �$QDO\WLFDOO\�5HGXQGDQW�&RPSRQHQWV�� RU� $5&V�� $Q�$5&
FRQVLVWV� RI � IRXU� VXEFRPSRQHQWV�� 7KUHH� RI � WKHVH� VXEFRPSRQHQWV�� FDOOHG� YDULDQWV�� SURYLGH
UHGXQGDQW� LPSOHPHQWDWLRQV�RI � WKH�FRPSRQHQW
V�IXQFWLRQDOLW\�ZLWK�GLIIHUHQW�QRQ�IXQFWLRQDO
SURSHUWLHV�� 7KH� IRXUWK� VXEFRPSRQHQW�� FDOOHG� WKH�'HFLVLRQ8QLW��PRQLWRUV� WKH� RXWSXW� RI � WKH
YDULDQWV�DQG�VHOHFWV�WKH�UHVXOWV�RI �RQH�RI �WKHP�IRU�SURSDJDWLRQ�WR�WKH�SDUHQW�$5&
V�RXWSXW
LQWHUIDFHV��)LJXUH�����SURYLGHV�D�JUDSKLFDO�GHSLFWLRQ�RI � D�JHQHULF�$5&
V� VXEVWUXFWXUH��7KLV
GLDJUDP�LV�EDVHG�RQ�WKH�JUDSKLFDO�GHSLFWLRQV�WKH�FDVH�VWXG\�SDUWLFLSDQWV�XVHG�WR�GHVFULEH�WKH
0HWD6�VW\OH·V�$5&·V�

$5&V�FDQ�KDYH�XS�WR�WKUHH�YDULDQW�VXEFRPSRQHQWV�²�DQ�H[SHULPHQWDO�YDULDQW�WKDW�UHSUHVHQWV
WKH�OHDVW�SURYHQ�YHUVLRQ�RI �WKH�FRPSRQHQW��D�EDVHOLQH�YDULDQW�WKDW�UHSUHVHQWV�D�PRUH�SURYHQ
EXW�QRW�QHFHVVDULO\�EXOOHWSURRI �YHUVLRQ��DQG�D�VDIHW\�YDULDQW�WKDW�UHSUHVHQWV�WKH�PRVW�UHOLDEOH
YHUVLRQ�RI �WKH�FRPSRQHQW�DYDLODEOH��7KHVH�WKUHH�YDULDQWV��DORQJ�ZLWK�WKH�'HFLVLRQ8QLW��ZRUN
WRJHWKHU� WR� HQVXUH� WKDW� WKH� VDIHW\� RI � WKH� RYHUDOO� V\VWHP� LV� QRW� FRPSURPLVHG� E\� DQ\
XQGLVFRYHUHG�EXJV�WKDW�D�V\VWHP�XSJUDGH�PLJKW�KDYH�LQWURGXFHG�

$OWKRXJK� DQ�$5&�PD\� FRQWDLQ�PXOWLSOH� YDULDQWV�� SUHFLVHO\� RQH� RI � HDFK�$5&
V� YDULDQWV� LV
SUHIHUUHG�DW�DQ\�JLYHQ�PRPHQW��$V�ORQJ�DV�WKH�SUHIHUUHG�YDULDQW
V�UHVXOWV�DUH�ZLWKLQ�WKH�UDQJH
RI �DFFHSWDEOH�RXWSXW�YDOXHV�LWV�UHVXOWV�DUH�SURSDJDWHG�WR�WKH�$5&
V�RXWSXW�SRUW�RU�SRUWV��,I�

)LJXUH�����6LPSOH�0HWD6�DUFKLWHFWXUH�LOOXVWUDWLQJ�JHQHULF�$5&�UHSUHVHQWDWLRQ

ARC1 ARC2 ARC3

ARC2 Representation

Input Port Out put Port
Decision

Unit

Experimental  Variant

Baseline  Variant

Safety  Variant



���

KRZHYHU��WKH�SUHIHUUHG�YDULDQW
V�UHVXOWV�VWUD\�RXWVLGH�WKH�UDQJH�RI �DFFHSWDEOH�YDOXHV�WKHQ�WKH
$5&
V� 'HFLVLRQ8QLW� VXEFRPSRQHQW� FDQ� RYHU�UXOH� WKH� SUHIHUUHG� YDULDQW� DQG� VZLWFK� WR� DQ
DOWHUQDWLYH�YDULDQW��$W�WKLV�SRLQW��WKH�DOWHUQDWLYH�YDULDQW�VHOHFWHG�EHFRPHV�WKH�QHZ�SUHIHUUHG
YDULDQW�� %HFDXVH� WKH� 0HWD6� VW\OH� LV� LQWHQGHG� IRU� UHDO�WLPH�� PLVVLRQ�FULWLFDO� V\VWHPV� WKLV
VZLWFKLQJ�KDV�WR�EH�SHUIRUPHG�ZKLOH�WKH�V\VWHP�LV�UXQQLQJ�DQG�ZLWKRXW�YLRODWLQJ�DQ\�RI �WKH
V\VWHP·V� UHDO�WLPH� UHTXLUHPHQWV�� 0HWD6·� DELOLW\� WR� VDIHO\� XSJUDGH� VRIWZDUH� FRPSRQHQWV
FRPHV�GLUHFWO\�IURP�WKH�LQWHUDFWLRQV�RI �WKHVH�IRXU�$5&�VXEFRPSRQHQWV�DQG�WKHLU�DELOLW\�WR
GR�WKLV�UHDO�WLPH�FRPSRQHQW�VZLWFKLQJ�

$V�VXJJHVWHG�E\�ILJXUH������WKH�FDVH�VWXG\�SDUWLFLSDQWV�FKRVH�WR�PRGHO�$5&V�LQ�$UPDQL�E\
FUHDWLQJ�DQ�$5&�FRPSRQHQW�W\SH��7KH�$5&�FRPSRQHQW�W\SH�FRQWDLQV�D�UHSUHVHQWDWLRQ�ZLWK
WKH�WKUHH�YDULDQWV��D�'HFLVLRQ8QLW�FRPSRQHQW��D�VHW�RI �FRQQHFWRUV�WR�OLQN�WKH�YDULDQWV�WR�WKH
'HFLVLRQ8QLW��DQG�DSSURSULDWH�ELQGLQJV�EHWZHHQ�WKH�SRUWV�RI �WKH�RXWHU�$5&�DQG�LW
V� LQQHU
YDULDQWV�DQG�'HFLVLRQ8QLWV��:KLFK�YDULDQW�LV�SUHIHUUHG�LV�VSHFLILHG�E\�D�SURSHUW\�SODFHG�RQ�WKH
'HFLVLRQ8QLW�VXEFRPSRQHQW�

7KH�0HWD6�WRRONLW

$IWHU� FDSWXULQJ� WKH� 0HWD6� DUFKLWHFWXUDO� VW\OH� LQ� DQ� $UPDQL� VSHFLILFDWLRQ�� WKH� FDVH� VWXG\
SDUWLFLSDQWV�EXLOW� D� VHW� RI � WRROV� IRU� DQDO\]LQJ�0HWD6� V\VWHP�GHVLJQV��7KLV� WRRONLW� SURYLGHG
DQDO\VHV� IRU� LQVXULQJ� GDWD� IRUPDW� FRQVLVWHQF\� WKURXJKRXW� D� 0HWD6� V\VWHP�� DQDO\]LQJ� WKH
LPSDFW� RI � GHVLJQ� PRGLILFDWLRQV�� DQG�PDLQWDLQLQJ� FRQILJXUDWLRQ� FRQVLVWHQF\� FRQVWUDLQWV�� $
EULHI �RYHUYLHZ�RI �HDFK�RI �WKHVH�DQDO\WLFDO�FDSDELOLWLHV�IROORZV�

,QVXULQJ� GDWD� IRUPDW� FRQVLVWHQF\�� 7KH�0HWD6� VW\OH� SURYLGHV� D� FROOHFWLRQ� RI � SURSHUWLHV�
GHVLJQ�UXOHV�DQG�DQDO\VHV�IRU�PDLQWDLQLQJ�FRQVLVWHQW�GDWD�IRUPDWV�DFURVV�DOO�RI �D�V\VWHP·V
FRQQHFWHG�FRPSRQHQWV��7KHVH�SURSHUWLHV��GHVLJQ�UXOHV�DQG�DQDO\VHV�SURYLGH�D�PHFKDQLVP
E\� ZKLFK� DUFKLWHFWV� FDQ� VSHFLI\� WKH� SUHFRQGLWLRQV�� SRVWFRQGLWLRQV�� DQG� REOLJDWLRQV� WKDW
SRUWV�DQG�UROHV�SODFH�RQ�WKH�GDWD�IORZLQJ�WKURXJK�WKHP��7KLV�FDSDELOLW\�ZDV�LPSOHPHQWHG
HQWLUHO\� ZLWK� QDWLYH� $UPDQL� FRQVWUXFWV�� $V� D� UHVXOW�� WKH� VW\OH� GHYHORSHUV� ZHUH� DEOH� WR
OHYHUDJH�$UPDQL·V� W\SH� DQG�FRQVWUDLQW�PDQDJHPHQW� V\VWHP�DQG�SURYLGH� WKLV�YHULILFDWLRQ
FDSDELOLW\�ZLWK�PLQLPDO�HIIRUW�

,PSDFW� DQDO\VLV�� 7KH� HIIHFWV� RI � PRGLI\LQJ� RQH� DVSHFW� RI � D� VRIWZDUH� V\VWHP� IUHTXHQWO\
ULSSOH� WKURXJKRXW� WKH� UHVW�RI � WKH� V\VWHP� LQ�XQH[SHFWHG�ZD\V��7R�DGGUHVV� WKLV� LVVXH�� WKH
0HWD6� WRRO� EXLOGHUV� GHYHORSHG� D� WRRO� WR� WUDFN� GHSHQGHQFLHV� WKURXJKRXW� D� V\VWHP� DQG
DQDO\]H�WKH�LPSDFW�RI �PRGLILFDWLRQV�WR�WKH�V\VWHP��.QRZQ�GHSHQGHQFLHV�DUH�VSHFLILHG�E\
DQQRWDWLQJ�D�0HWD6�V\VWHP�GHVFULSWLRQ�ZLWK�GHSHQGHQF\�SURSHUWLHV��7KH�VW\OH� DQG� WRROV
VXSSRUW�YDULRXV�W\SHV�RI �GHSHQGHQFLHV��VXFK�DV�GDWDIORZ�GHSHQGHQFLHV��H�J��SUHFRQGLWLRQV�
SRVWFRQGLWLRQV��DQG�REOLJDWLRQV���LPSOHPHQWDWLRQ�GHSHQGHQFLHV��WLPLQJ�GHSHQGHQFLHV��HWF�
7KH� LPSDFW� DQDO\VLV� WRRO� LV� FDSDEOH� RI � H[WUDSRODWLQJ� IURP� H[SOLFLWO\� VSHFLILHG
GHSHQGHQFLHV� DQG� LQIHUULQJ� LPSOLFLW� GHSHQGHQFLHV� WR� HYDOXDWH� WKH� HIIHFWV� RI � SURSRVHG
FKDQJHV�

7KH� FDVH� VWXG\� SDUWLFLSDQWV� LPSOHPHQWHG� WKH� LPSDFW� DQDO\VLV� WRRO� DV� D� FROOHFWLRQ� RI
SURSHUWLHV�� GHVLJQ� UXOHV�� DQG� GHVLJQ� DQDO\VHV� ZULWWHQ� LQ� $UPDQL�� DXJPHQWHG� ZLWK� DQ
DQDO\VLV�WRRO�ZULWWHQ�LQ�-DYD�DQG�OLQNHG�LQWR�WKHLU�WRRO�VXLWH�WKURXJK�$UPDQL·V�H[WHUQDO�GHVLJQ
DQDO\VLV� FRQVWUXFW��7KH�GHFLVLRQ� WR� VXSSOHPHQW� WKH�QDWLYH�$UPDQL�ZLWK�DQ� H[WHUQDO� -DYD�
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EDVHG�WRRO�ZDV�PDGH�EDVHG�RQ�HIILFLHQF\�FRQFHUQV��:KHQ�WKH\�LPSOHPHQWHG�D�VLPSOLILHG
YHUVLRQ�RI �WKLV�DQDO\VLV�XVLQJ�RQO\�QDWLYH�$UPDQL�DQDO\VLV�IXQFWLRQV�WKH\�IRXQG�WKDW�WKHLU
LPSOHPHQWDWLRQ� VXIIHUHG� IURP� FRPELQDWRULDO� H[SORVLRQ� SUREOHPV�� 7KH� JHQHUDO
TXDQWLILFDWLRQ� DOJRULWKPV� XVHG� E\� WKH� $UPDQL� V\VWHP� VLPSO\� FRQVLGHUHG� WRR� PDQ\
DOWHUQDWLYHV�DV� WKH�V\VWHPV�JUHZ� ODUJH��7R� LQFUHDVH�WKH�HIILFLHQF\�RI �WKH�DQDO\VLV� WKH\�UH�
LPSOHPHQWHG� LW� GLUHFWO\� LQ� -DYD� XVLQJ� WKH� $UPDQL/LE·V� $3,�� ([SOLFLWO\� VSHFLI\LQJ� WKH
DQDO\VLV� DOJRULWKP� LQ� -DYD� LQFUHDVHG� WKH� HIILFLHQF\� RI � WKH� DQDO\VLV� E\� DOORZLQJ� WKH� WRRO
EXLOGHUV� WR�XVH�GRPDLQ�VSHFLILF�NQRZOHGJH� WR�FDUHIXOO\�SUXQH� WKH� LPSDFW�DQDO\VLV� VHDUFK
WUHH��$V�D�UHVXOW��WKH\�ZHUH�DEOH�WR�VLJQLILFDQWO\�UHGXFH�WKH�QXPEHU�RI �SRVVLELOLWLHV�WKDW�WKH
DQDO\VLV�KDG�WR�FRQVLGHU�

7KH�$UPDQL� GHVLJQ� ODQJXDJH·V� GHFODUDWLYH� QDWXUH� DOORZV� DQ� DUFKLWHFW� WR� VSHFLI\� ZKDW� DQ
DQDO\VLV� VKRXOG� FDOFXODWH� EXW� LW� GRHV� QRW� VXSSRUW� WKH� DELOLW\� WR� FDUHIXOO\� WXQH� KRZ� WKDW
DQDO\VLV� SHUIRUPV� WKH� FDOFXODWLRQ�� 7KLV� H[SHULHQFH� ZLWK� WKH� 0HWD6� LPSDFW� DQDO\VLV
LOOXVWUDWHV�VRPH�RI �WKH�LQKHUHQW�OLPLWDWLRQV�RI �D�SXUHO\�GHFODUDWLYH�ODQJXDJH�DQG�ZK\�LW�LV
LPSRUWDQW� WR�EH� DEOH� WR� DXJPHQW� VXFK� D� ODQJXDJH�ZLWK� DOJRULWKPLF� VSHFLILFDWLRQV�� ,�ZLOO
GLVFXVV� WKH� LPSOLFDWLRQV� RI � WKLV� DSSURDFK� RQ� V\VWHP� SHUIRUPDQFH� DQG� DQDO\VLV
GHYHORSPHQW�HIIRUW�LQ�JUHDWHU�GHWDLO�LQ�&KDSWHU���

0DLQWDLQLQJ� FRQILJXUDWLRQ� FRQVLVWHQF\� FRQVWUDLQWV�� 7KH� WKLUG� NH\� DQDO\WLFDO� FDSDELOLW\
SURYLGHG� E\� WKH�0HWD6� WRRO� VXLWH� LV� WKH� DELOLW\� WR� GLVFRYHU� DQG�PDLQWDLQ� FRQILJXUDWLRQ
FRQVLVWHQF\�FRQVWUDLQWV��,Q�D�0HWD6�DUFKLWHFWXUH��D�FRQILJXUDWLRQ�LV�GHILQHG�DV�D�V\VWHP�DQG�D
VSHFLILFDWLRQ�RI �ZKLFK�YDULDQWV�DUH�SUHIHUUHG�IRU�HDFK�$5&��$�VLQJOH�V\VWHP�DUFKLWHFWXUH
FDQ�WKHUHIRUH�KDYH�PDQ\�GLIIHUHQW�FRQILJXUDWLRQV��VRPH�RI �ZKLFK�ZLOO� OLNHO\�EH�YDOLG�DQG
VRPH�RI �ZKLFK�ZLOO� OLNHO\�EH� LQYDOLG��)XUWKHUPRUH�� D� V\VWHP·V� FRQILJXUDWLRQ� FDQ� FKDQJH
ZKLOH�WKH�V\VWHP�LV�H[HFXWLQJ�LI �RQH�RI �WKH�$5&V�FKDQJHV�LWV�SUHIHUUHG�YDULDQW�

%HFDXVH�VRPH�V\VWHP�FRQILJXUDWLRQV�PD\�EH� LQYDOLG�� LW� LV� LPSRUWDQW� WR�EH�DEOH� WR�GHWHFW
LQYDOLG� FRQILJXUDWLRQV� DQG� SUHYHQW� WKH� V\VWHP� IURP� DWWHPSWLQJ� WR� WUDQVLWLRQ� LQWR� WKHP�
7KH�0HWD6� UXQ�WLPH� HQYLURQPHQW� LV� GHVLJQHG� WR� GHWHFW� HUURUV� LQ� LQGLYLGXDO� $5&V� DQG
FKDQJH�WKH�SUHIHUUHG�YDULDQW�IRU�WKDW�FRPSRQHQW�DFFRUGLQJO\��0XFK�RI �0HWD6·�SRZHU�DQG
XWLOLW\�FRPHV�IURP�WKLV�REVHUYH�DQG�UHSDLU�DSSURDFK��7KLV�DSSURDFK�GRHV��KRZHYHU��KDYH
LWV� OLPLWDWLRQV��)RU� H[DPSOH�� LW� LV� SRVVLEOH� WKDW� WKH� YDULDQW� VHOHFWHG� WR� UHSODFH� WKH� IDLOLQJ
YDULDQW�ZLOO�LWVHOI �FDXVH�WKH�V\VWHP�WR�JR�WR�DQ�LQYDOLG�FRQILJXUDWLRQ�

7R�DGGUHVV�WKLV�SUREOHP��WKH�0HWD6�UXQ�WLPH�LQIUDVWUXFWXUH�QHHGV�WR�EH�DEOH�WR�YHULI\�WKDW
LW� LV� QRW� WU\LQJ� WR� PRYH� WKH� V\VWHP� WR� DQ� LQYDOLG� FRQILJXUDWLRQ�� 7KLV� FKHFN� FDQ� EH
SHUIRUPHG�DW�UXQ�WLPH��MXVW�EHIRUH�WKH�$5&�VZLWFKHV�LWV�SUHIHUUHG�YDULDQW��%HFDXVH�0HWD6
LV� GHVLJQHG� IRU� UHDO�WLPH�PLVVLRQ� FULWLFDO� V\VWHPV�� WKRXJK�� WKLV� FKHFN�PXVW� EH� YHU\� IDVW�
3HUIRUPLQJ� DQ� RQ�OLQH� FKDQJH� LPSDFW� DQDO\VLV� DQG� YHULI\LQJ� WKDW� DOO� DUFKLWHFWXUDO
FRQVWUDLQWV�DUH�VDWLVILHG�LV�LPSUDFWLFDO�IRU�DUELWUDULO\�FRPSOH[�DUFKLWHFWXUHV��$OWKRXJK�WKHVH
DQDO\VHV�DUH�UHODWLYHO\�TXLFN�WR�SHUIRUP�DW�GHVLJQ�WLPH��$UPDQL�FDQ�QRW�JXDUDQWHH�WKDW�WKH\
ZLOO�EH�FRPSOHWHG�LQ�D�IL[HG�QXPEHU�RI �PLOOLVHFRQGV��DV�WKH�0HWD6�UXQWLPH�LQIUDVWUXFWXUH
UHTXLUHV�� 7KH�0HWD6� WRRO� VXLWH� DYRLGV� WKLV� SUREOHP� E\� SHUIRUPLQJ� D� VWDWLF� GHVLJQ�WLPH
DQDO\VLV�RQ�V\VWHP�VSHFLILFDWLRQV� WR�GHWHUPLQH�ZKLFK�FRQILJXUDWLRQV�DUH�YDOLG�DQG�ZKLFK
DUH� LQYDOLG�� 7KH� UHVXOWV� RI � WKLV� DQDO\VLV� DUH� EH� FDFKHG� E\� WKH� UXQQLQJ� V\VWHP� VR� WKDW
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YHULI\LQJ�WKH�YDOLGLW\�RI �D�SURSRVHG�FRQILJXUDWLRQ�FKDQJH� LV�D�IDVW��VLPSOH�� FDFKH�ORRNXS
RSHUDWLRQ�

7KH�0HWD6� WRRO� VXLWH�GHYHORSHUV� LPSOHPHQWHG�VXFK�D�FRQILJXUDWLRQ� FRQVLVWHQF\� DQDO\VLV
WRRO��7KLV�WRRO�WHVWV�DOO�SRVVLEOH�V\VWHP�FRQILJXUDWLRQV�WR�GHWHUPLQH�ZKLFK�RQHV�VDWLVI\�LWV
GHVLJQ� UXOHV� DQG� GDWD�IRUPDW� FRQVLVWHQF\� FKHFNV�� 8QOLNH� WKH� RWKHU� WZR� DQDO\WLFDO
FDSDELOLWLHV�EXLOW�IRU�WKH�0HWD6�WRRO�VXLWH��WKH�FRQVLVWHQF\�DQDO\VLV�ZDV�LPSOHPHQWHG�DV�DQ
LQGHSHQGHQW�WRRO�WKDW�RSHUDWHV�RQ�$UPDQL�GHVLJQ�UHSUHVHQWDWLRQV�WKURXJK�WKH�$UPDQL/LE
$3,��2QFH�WKH�DQDO\VLV�LV�FRPSOHWH��WKH�WRRO�DQQRWDWHV�WKH�$UPDQL�V\VWHP�ZLWK�D�SURSHUW\
GHVFULELQJ� WKH� V\VWHP·V� YDOLG� FRQILJXUDWLRQV�� 7R� RSHUDWH� HIILFLHQWO\�� WKLV� WRRO�� OLNH� WKH
LPSDFW� DQDO\VLV�� KDG� WR� EH� DEOH� WR� SUXQH� WKH� FRQILJXUDWLRQ� HYDOXDWLRQ� VHDUFK� WUHH��$V� D
UHVXOW�� LW�ZDV�EHVW�LPSOHPHQWHG�DV�DQ�H[WHUQDO�WRRO�UDWKHU�WKDQ�D�GHVLJQ�DQDO\VLV�FDSWXUHG
ZLWK�WKH�$UPDQL�SUHGLFDWH�ODQJXDJH�

,Q�LPSOHPHQWLQJ�WKHVH�WKUHH�DQDO\WLFDO�FDSDELOLWLHV��WKH�WRRO�GHYHORSHUV�UHDOL]HG�WKDW�RQO\�WKH
FRQILJXUDWLRQ� FRQVWUDLQW� PDQDJHPHQW� DQDO\VLV� ZDV� VSHFLILF� WR� WKH� 0HWD6� VW\OH�� 7KH� GDWD
IRUPDW� FRQVLVWHQF\� DQG� LPSDFW� DQDO\VLV� FDSDELOLWLHV� ZHUH� UHODWLYHO\� JHQHULF� DQG� FRXOG� EH
DSSOLHG�WR�V\VWHPV�EXLOW�LQ�RWKHU�VW\OHV��SURYLGHG�WKDW�WKH\�KDG�VRPH�RI �WKH�FKDUDFWHULVWLFV�RI
WKH�0HWD6�VW\OH��VXFK�DV�GDWDIORZ�EDVHG�FRQQHFWRUV��%DVHG�RQ�WKLV�UHDOL]DWLRQ��WKH\�FKRVH�WR
XVH�D�WZR�WLHUHG�DSSURDFK�WR�LPSOHPHQWLQJ�WKH�DQDO\VHV��6SHFLILFDOO\��WKH\�GLYLGHG�WKH�0HWD6
VW\OH�LQWR�WZR�VHSDUDWH�VW\OHV�²�D�EDVH�VW\OH�WKDW�FRQWDLQHG�WKH�JHQHULF�GHVLJQ�DQDO\VHV�LPSOH�
PHQWLQJ� WKH�GDWD� IRUPDW�FRQVLVWHQF\� DQG� LPSDFW�DQDO\VHV�� DQG� D� VXEVW\OH� �WKH�0HWD6� VW\OH�
WKDW�GHILQHG�WKH�0HWD6�VSHFLILF�YRFDEXODU\�DQG�WKH�LQWHUIDFHV�WR�WKH�FRQILJXUDWLRQ�FRQVWUDLQW
DQDO\VLV��7KHLU�H[SHULHQFH�ZLWK�WKLV�DSSURDFK�DUJXHV�IDYRUDEO\�IRU�$UPDQL·V�WLJKW�LQWHJUDWLRQ
RI � WKH� VW\OH� FRQVWUXFW�ZLWK� LWV� W\SH� V\VWHP��%\�XVLQJ� VXEW\SLQJ�ZLWK� WKH� VW\OH� VSHFLILFDWLRQ
WKH\� ZHUH� DEOH� WR� FUHDWH� D� UHXVDEOH� FROOHFWLRQ� RI � JHQHULF� GHVLJQ� DQDO\VHV� ZLWKRXW� DQ\
GHWULPHQWDO�DIIHFW�RQ�WKH�0HWD6�VSHFLILF�VW\OH�RU�WKH�WRRO�VXLWH·V�FDSDELOLWLHV�

(YDOXDWLRQ

2YHUDOO��WKLV�FDVH�VWXG\�PDNHV�D�VWURQJ�DUJXPHQW�IRU�WKH�FODLP�WKDW�SHRSOH�RWKHU�WKDQ�P\VHOI
FDQ� XVH�$UPDQL� WR� FDSWXUH� SRZHUIXO� GHVLJQ� H[SHUWLVH�� 7KH�0HWD6� WRRO� GHYHORSHUV� SXVKHG
KHDYLO\� RQ� WKH� OLPLWV� RI � ZKDW� WKH� $UPDQL� ODQJXDJH�� W\SH� V\VWHP�� DQG� EXLOW�LQ� DQDO\VLV
FDSDELOLWLHV� FRXOG� UHSUHVHQW� DQG� FKHFN�� 7KH� XVH� RI �$UPDQL·V� UHSUHVHQWDWLRQ� FRQVWUXFW�� IRU
H[DPSOH��WR�FDSWXUH�PXOWLSOH�YDULDQWV�RI �DQ�$5&·V�ORZHU�OHYHO�GHVLJQ�ZDV�DQ�LQQRYDWLYH�XVH
RI � WKH� ODQJXDJH� IRU� FDSWXULQJ� D� IXQGDPHQWDO� DUFKLWHFWXUDO� FRQFHSW�� 7KH� GHYHORSHUV� DOVR
SXVKHG�RQ�WKH�XVH�RI �H[WHUQDO�GHVLJQ�DQDO\VHV�WR�H[WHQG�WKH�ODQJXDJH·V�DQDO\WLFDO�FDSDELOLWLHV��$V
D�UHVXOW��WKH\�ZHUH�DEOH�WR�FUHDWH�DQ�DUFKLWHFWXUDO�VW\OH��WKH�0HWD6�VW\OH��DQG�WRRO�VXLWH�FDSDEOH
RI �SHUIRUPLQJ�FRPSHOOLQJ��QRQ�WULYLDO� DQDO\VHV�RQ�GHVLJQV�GRQH� LQ� WKDW�VW\OH��)XUWKHUPRUH�
WKH�UHVXOWV�RI �WKHVH�VWDWLF��GHVLJQ�WLPH�DQDO\VHV�FRXOG�EH�FDUULHG�RYHU�WR�WKH�0HWD6�UXQ�WLPH
HQYLURQPHQW�WR�JXLGH�0HWD6·�UHDO�WLPH�G\QDPLF�UHFRQILJXUDWLRQ�DQG�IDXOW�UHFRYHU\�

7KHLU�H[SHULHQFH� LPSOHPHQWLQJ�WKHVH�DQDO\VHV� LQGLFDWHV�WKDW�WKH�$UPDQL�DSSURDFK�SURYLGHV
WKH�DELOLW\� WR�VXFFLQFWO\� H[SUHVV�FRPSOH[�DQDO\VHV�ZLWK�$UPDQL·V�GHFODUDWLYH� ODQJXDJH�ZKLOH
VWLOO�DOORZLQJ�D�WRRO�GHYHORSHU�WR�ZULWH�PRUH�HIILFLHQW�IRUPV�RI �WKRVH�DQDO\VHV�LI �DQG�ZKHUH
UHTXLUHG��7KH�GHYHORSHUV�ZHUH�DEOH�WR�FDSWXUH�DOO�RI �WKH�H[SHUWLVH�DQG�DQDO\VHV�WKH\�QHHGHG
GLUHFWO\� LQ� WKH�$UPDQL� GHVLJQ� ODQJXDJH�� 7R� DGGUHVV� HIILFLHQF\� FRQFHUQV�� KRZHYHU�� WKH\� UH�
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LPSOHPHQWHG� WZR�RI � WKHVH�DQDO\VHV�GLUHFWO\� LQ� -DYD�DQG�SURYLGHG� LQWHUIDFHV� WR� WKH�DQDO\VHV
WKURXJK�$UPDQL·V�H[WHUQDO�GHVLJQ�DQDO\VLV�FRQVWUXFW�

$V�LQ�WKH�*71�FDVH�VWXG\��WKLV�H[SHULPHQW�UHYHDOHG�WKDW�WRRO�GHYHORSHUV�YDU\�ZLGHO\�LQ�WKHLU
VNLOO�ZLWK�XVLQJ�GHFODUDWLYH�ODQJXDJHV��2QFH�DJDLQ��RQH�RI �WKH�SDUWLFLSDQWV�LQ�WKLV�VWXG\�KDG�D
GLIILFXOW�WLPH�PDNLQJ�WKH�OHDS�IURP�VSHFLI\LQJ�KRZ�D�GHVLJQ�UXOH�VKRXOG�EH�HQIRUFHG�WR�VLPSO\
VSHFLI\LQJ�ZKDW�WKH�GHVLJQ�UXOH�ZDV�VR�WKDW�WKH�$UPDQL�FRQVWUDLQW�PDQDJHU�FRXOG�HQIRUFH�LW�
,QWHUHVWLQJO\�� WKH� RWKHU� SULPDU\� SDUWLFLSDQW� LQ� WKH� VWXG\� LPPHGLDWHO\� SLFNHG� XS� RQ� WKH
EHQHILWV�RI �WKH�GHFODUDWLYH�DSSURDFK�DQG�XVHG�LW�WR�JUHDW�HIIHFW��ZULWLQJ�D�UHPDUNDEOH�QXPEHU
RI � VPDOO�� XVHIXO� GHVLJQ� UXOHV� DQG� DQDO\VHV� YHU\� TXLFNO\�� 7KH� IXOO� LPSOLFDWLRQV� RI � WKLV� FDVH
VWXG\�ZLWK�UHVSHFW�WR�WKH�YDOXH�RI �WKH�GHFODUDWLYH�DSSURDFK�WR�GHVLJQ�VSHFLILFDWLRQ�DUH�XQFOHDU�
7KUHH�OHVVRQV�GR��KRZHYHU��VHHP�FOHDU��7KH�ILUVW�LV�WKDW�WKH�OHDUQLQJ�FXUYH�IRU�XVLQJ�$UPDQL
HIIHFWLYHO\�YDULHV�VLJQLILFDQWO\�EHWZHHQ�LQGLYLGXDOV��7KH�VHFRQG�LV�WKDW�WKH�GHFODUDWLYH�PRGHO�LV
QRW� DQ� LPPHGLDWH� DQG� LQWXLWLYH� PDWFK� WR� WKH� ZD\� WKDW� DOO� VRIWZDUH� GHVLJQHUV� PRGHO� WKHLU
VRIWZDUH��7KH� WKLUG� LV� WKDW� WKH�GHFODUDWLYH�DSSURDFK�FDQ�EH�YHU\�HIIHFWLYH�RQFH�DQ�DUFKLWHFW
EHFRPHV� IDPLOLDU� ZLWK� LW� DQG� DGMXVWV� KLV� RU� KHU� GHVLJQ� WHFKQLTXH� WR� WDNH� DGYDQWDJH� RI � LWV
VWUHQJWKV�

$� ILQDO� REVHUYDWLRQ� IURP� WKLV� FDVH� VWXG\� LV� WKDW� LW� WRRN� VLJQLILFDQWO\� ORQJHU� WKDQ� WKH� RWKHU
VWXGLHV�� 7KH� GHYHORSPHQW� GHVFULEHG� KHUH� WRRN� D� WHDP� RI � WZR� SHRSOH� ZRUNLQJ� SDUW�WLPH
DERXW�ILYH�PRQWKV�WR�FRPSOHWH��7KHUH�ZHUH�D�QXPEHU�RI �UHDVRQV�IRU�WKH�H[WHQGHG�GXUDWLRQ
RI � WKLV� VWXG\��)LUVW�� WKH� SDUWLFLSDQWV�ZHUH�QRW� VXUH�ZKDW� WKH\�ZDQWHG� WR� DFFRPSOLVK� DW� WKH
EHJLQQLQJ� RI � WKH� VWXG\�� 7KH\� XVHG� WKH� WRRONLW� DV� D� SODWIRUP� IRU� H[SHULPHQWLQJ� ZLWK
QXPHURXV�SRVVLELOLWLHV��6HFRQG��WKH\�ZHUH�QRW�VXUH�KRZ�WKH\�ZRXOG�JR�DERXW�DFFRPSOLVKLQJ
LW�� $JDLQ�� WKH� $UPDQL� LQIUDVWUXFWXUH� SURYLGHG� WKHP�ZLWK� D� WHVWEHG� IRU� H[SORULQJ� GLIIHUHQW
DSSURDFKHV��)LQDOO\��WKH�WLPHOLQH�IRU�WKHLU�SURMHFW�H[WHQGHG�IRU�D�IXOO�\HDU��VR�WKH\�ZHUH�PRUH
FRQFHUQHG� ZLWK� IXOO\� H[SORULQJ� DOWHUQDWLYH� DQDO\WLFDO� RSWLRQV� WKDQ� WKH\� ZHUH� ZLWK� VLPSO\
EXLOGLQJ�D� WRRO� VXLWH� TXLFNO\��7KH�SURFHVV�RI �GHYHORSLQJ� WKH�0HWD6�VW\OH� DQG� LWV� DVVRFLDWHG
WRRO�VXLWH�ZDV�WKHUHIRUH�KLJKO\� LWHUDWLYH�DQG�H[SHULPHQWDO��$UPDQL·V� OLJKWZHLJKW� LQFUHPHQWDO
GHVLJQ� PRGHO� SURYHG� WR� EH� YHU\� HIIHFWLYH� IRU� UDSLG� H[SHULPHQWDWLRQ� DQG� SURWRW\SLQJ� RI
GHVLJQ�DQG�WRROLQJ�LGHDV��SURYLGLQJ�D�JRRG�PDWFK�IRU�WKH�QHHGV�RI �WKH�0HWD6�WRRO�GHYHORSHUV�

(SLORJXH

$W�WKH�WLPH�RI �WKLV�ZULWLQJ��WKH�SDUWLFLSDQWV�RI �WKLV�FDVH�VWXG\�DUH�VWLOO�DFWLYHO\�H[WHQGLQJ�WKHLU
WRRO� VXLWH� DQG� H[SORULQJ� ZD\V� LQ� ZKLFK� WKH\� FDQ� XVH� WKH� WRROV�� 7KH\� KDG�� KRZHYHU�
VXFFHVVIXOO\�XVHG�WKHLU�WRROV�WR�PRGHO�DQG�DQDO\]H�WZR�DUFKLWHFWXUDO�V\VWHPV��7KH�ILUVW�V\VWHP
ZDV�D�UHVHDUFK�FRQWURO�V\VWHP�SURMHFW�GHVLJQHG�WR�FRQWURO�WZR�FDUWV�ZLWK�LQYHUWHG�SHQGXOXPV
WKDW� WKH� FRQWUROOHU� KDG� WR� SUHYHQW� IURP� IDOOLQJ�� 7KH� VHFRQG� V\VWHP�ZDV� D� SRUWLRQ� RI � WKH
DYLRQLFV�V\VWHP�IURP�DQ�)����ILJKWHU�MHW��,Q�HDFK�FDVH��WKH�WRROV�WKDW�WKH\�FUHDWHG�ZHUH�DEOH
WR�DQDO\]H� WKH�V\VWHPV�IRU� UHOLDELOLW\�DQG�IDXOW� WROHUDQFH�SURSHUWLHV��DV�ZHOO�DV�HYDOXDWH� UXQ�
WLPH�FRQILJXUDWLRQV� WR� LQVXUH� WKDW� WKH� V\VWHP�GLG�QRW�DWWHPSW� WR� UHFRQILJXUH� LWVHOI � LQWR� DQ
LQYDOLG� FRQILJXUDWLRQ�ZKLOH� LW�ZDV� UXQQLQJ��%RWK�RI � WKHVH�SURMHFWV�ZHUH�GHPRQVWUDWHG� DW� D
'HIHQVH�$GYDQFHG�5HVHDUFK�3URMHFWV�$JHQF\��'$53$��FRQIHUHQFH�LQ�WKH�VXPPHU�RI ������

7KH�FDVH�VWXG\�SDUWLFLSDQWV�DUH�VWLOO�XVLQJ�$UPDQL�WR�H[SHULPHQW�ZLWK�YDULRXV�DQDO\VHV��7KH
WRROV�ZLOO�EH�XVHG�DV� WKH�EDVLV� IRU�RQH�RI � WKH�SDUWLFLSDQW·V�GRFWRUDO� WKHVLV��2QFH� WKH\�KDYH



���

FRPSOHWHG�WKHLU�H[SHULPHQWV�WKH\�LQWHQG�WR�SDFNDJH�DQG�GLVWULEXWH�WKH�WRROV�IRU�JHQHUDO�XVH
E\�WKH�VRIWZDUH�GHYHORSPHQW�FRPPXQLW\�

����� &DVH�VWXG\����6HFXULW\�DQG�IDXOW�WROHUDQFH�HYDOXDWLRQ�ZLWK�’HVLJQ([SHUW

,Q� WKH� WKLUG� H[WHUQDO� FDVH� VWXG\�� D� WHDP� RI � FRPSXWHU� VFLHQWLVWV� IURP� .H\� 6RIWZDUH
&RUSRUDWLRQ�>.H\��@�XVHG�WKH�$UPDQL�LQIUDVWUXFWXUH�WR�EXLOG�D�VRIWZDUH�GHVLJQ�HQYLURQPHQW�
7KLV�HQYLURQPHQW��FDOOHG�'HVLJQ([SHUW�>:0.��@��SURYLGHV�DQ�LQWHJUDWHG�VXLWH�RI �WRROV�IRU
JUDSKLFDOO\� HGLWLQJ� DUFKLWHFWXUDO� V\VWHP� GHVLJQV� DQG� DQDO\]LQJ� WKHLU� IDXOW�WROHUDQFH� DQG
VHFXULW\�SURSHUWLHV�

8QOLNH�WKH�SUHYLRXV�FDVH�VWXGLHV�� WKH�.H\�6RIWZDUH�WRRO�EXLOGHUV�GLG�QRW�WDNH�DGYDQWDJH�RI
WKH�FRPSOHWH�$UPDQL�V\VWHP�WR�EXLOG�WKHLU�FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW�
5DWKHU�� WKH\�XVHG�$UPDQL·V�GHVLJQ� UHSUHVHQWDWLRQ�DQG�DQDO\VLV�FDSDELOLWLHV� DV�DQ� LQWHJUDWLRQ
IUDPHZRUN� WR� WLH� WRJHWKHU� WKUHH� H[LVWLQJ� GHVLJQ� WRROV� WKH\� KDG� LQ� YDULRXV� VWDJHV� RI
GHYHORSPHQW�� 7KH�.H\� 6RIWZDUH� WHDP� FKRVH� WKLV� DSSURDFK� EHFDXVH� WKH\� QHHGHG� D�ZD\� WR
LQWHJUDWH� WKHLU� H[LVWLQJ� DQDO\VLV� WRROV� WR� IRUP� D� FRPPRQ� GHVLJQ� DQG� DQDO\VLV� HQYLURQPHQW
ZLWKRXW� KDYLQJ� WR� UHEXLOG� WKH� WRROV� IURP� VFUDWFK�� 7KHVH� GHVLJQ� WRROV� LQFOXGHG� D� IDXOW�
WROHUDQFH� DQDO\VLV� WRRO� �FDOOHG� )7$��� D� VHFXULW\� DQDO\VLV� WRRO� �FDOOHG� 6$��� DQG� D� JUDSKLFDO
DUFKLWHFWXUH� GHVLJQ� HGLWRU� �FDOOHG�*$'(��� 7KH�$UPDQL� GHVLJQ� UHSUHVHQWDWLRQ� DQG� DQDO\VLV
LQIUDVWUXFWXUH�SURYLGHG�D�FRPPRQ�GHVLJQ�UHSUHVHQWDWLRQ�RQ�ZKLFK�WKHVH�WRROV�FRXOG�RSHUDWH
DQG�WKURXJK�ZKLFK�WKH\�FRXOG�VKDUH�WKH�UHVXOWV�RI �WKHLU�DQDO\VHV�

$QRWKHU�GLIIHUHQFH�EHWZHHQ�WKLV�FDVH�VWXG\�DQG�WKH�WZR�GLVFXVVHG�SUHYLRXVO\�LV�WKDW�,�WRRN�D
YHU\�KDQGV�RII �DSSURDFK�RQ�WKLV�SURMHFW��$OWKRXJK�,�SURYLGHG�VRPH�LQLWLDO�JXLGDQFH�LQ�XVLQJ
$UPDQL�WR�KHOS�JHW�WKHLU�SURMHFW�XQGHUZD\��PRVW�RI �P\�LQWHUDFWLRQV�ZLWK�WKH�.H\�6RIWZDUH
WHDP�DIWHU�WKH�LQLWLDO�VWDUWXS�SKDVH�VLPSO\�LQYROYHG�IL[LQJ�$UPDQL�EXJV�WKH\�XQFRYHUHG��7KH
IDFW� WKDW� WKLV�SURMHFW�ZDV� VXFFHVVIXO�ZLWK�YHU\� OLWWOH�JXLGDQFH� IURP�PH�DUJXHV� IRU�P\�FODLP
WKDW�SHRSOH�RWKHU�WKDQ�WKH�PH�FDQ�XVH�$UPDQL�WR�VROYH�UHDO�SUREOHPV�

7R�SURYLGH�D�FRPPRQ�GHVLJQ�UHSUHVHQWDWLRQ�IRU�WKH�YDULRXV�DQDO\VLV�DQG�GLVSOD\�WRROV�RI �WKH
'HVLJQ([SHUW� HQYLURQPHQW�� WKH�.H\�6RIWZDUH� WHDP�FUHDWHG� DQ�$UPDQL� VW\OH� WKDW� FDSWXUHG
WKH�FRUH� VHPDQWLF� VWUXFWXUHV�XVHG�E\� WKH�HQYLURQPHQW� DQG� LWV� FRQVWLWXHQW� WRROV��)LJXUH����
RXWOLQHV�WKH�FRUH�HOHPHQWV�DQG�SURSHUWLHV�FDSWXUHG�LQ�WKH�'HVLJQ([SHUW�VW\OH��$V�WKH�ILJXUH
LQGLFDWHV�� WKH� 'HVLJQ([SHUW� VW\OH� VWUHWFKHV� $UPDQL·V� RULJLQDO� LQWHQWLRQ� RI � KDQGOLQJ� RQO\
VRIWZDUH�DUFKLWHFWXUHV�E\�GHILQLQJ�W\SHV�WR�UHSUHVHQW�KDUGZDUH�FRPSRQHQWV�DQG�FRQQHFWRUV�

7KH�DQDO\VLV�WRROV�LQWHJUDWHG�LQWR�WKH�'HVLJQ([SHUW�WRRO�VXLWH�UHTXLUH�D�V\VWHP�GHVLJQHUV�WR
VSHFLI\�D�PDSSLQJ�IURP�D�V\VWHP·V�6RIWZDUH�3URFHVVHV�WR�LWV�+DUGZDUH�3URFHVVRUV��%HFDXVH�$UPDQL
GRHV�QRW�SURYLGH�EXLOW�LQ�VXSSRUW� IRU�VSHFLI\LQJ�WKLV�NLQG�RI �PDSSLQJ�� WKH� WRRO�GHYHORSHUV
XVHG�$UPDQL·V�SURSHUW\�FRQVWUXFW�WR�FDSWXUH�WKH�PDSSLQJ��7KH�'HVLJQ([SHUW�HQYLURQPHQW·V
H[WHUQDO�DQDO\VLV�WRROV�ZHUH�WKHQ�DEOH�WR�UHDG�DQG�HYDOXDWH�WKHVH�V\VWHP�ZLGH�SURSHUWLHV�DQG
SHUIRUP�WKHLU�DQDO\VLV�

7KLV�FRUH�'HVLJQ([SHUW�VW\OH�VHUYHG�DV�DQ�LQWHJUDWLRQ�VWDQGDUG�IRU�WKUHH�DUFKLWHFWXUDO�GHVLJQ
DQG�DQDO\VLV�WRROV��7KH�ILUVW�RI �WKHVH�WRROV��)7$��HYDOXDWHV�WKH�IDXOW�WROHUDQFH�SURSHUWLHV�RI
V\VWHP� GHVLJQV�� )7$� ILUVW� GRHV� D� 0RQWH�&DUOR� VLPXODWLRQ� WKDW� H[SRVHV� WKH� HIIHFWV� RI
LQGLYLGXDO� FRPSRQHQW� IDLOXUHV� DQG� WKH� SUREDELOLWLHV� WKDW� WKHVH� LQGLYLGXDO� IDLOXUHV� ZLOO
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SURSDJDWH�DQG�FDXVH�V\VWHPLF� IDLOXUH��7KH�UHVXOWV�RI � WKHVH�VLPXODWLRQV�DUH�XVHG�WR�HVWLPDWH
V\VWHP�DYDLODELOLW\��0HDQ�7LPH�7R�)DLOXUH� �077)���0HDQ�7LPH�%HWZHHQ�)DLOXUHV� �07%)��
DQG�0HDQ�7LPH�7R�5HSDLU� �0775���$IWHU� FRPSOHWLQJ� RQH� RU�PRUH� RI � WKHVH� VLPXODWLRQV�
)7$�SURYLGHV�D�FULWLTXH�RI �WKH�V\VWHP·V�RYHUDOO�IDXOW�WROHUDQFH�DQG�PDNHV�UHFRPPHQGDWLRQV
RQ�ZD\V� LQ�ZKLFK� WKH�UHOLDELOLW\�RI � WKH�V\VWHP�FDQ�EH� LPSURYHG�� ,I �QHFHVVDU\�� WKH�WRRO�DOVR
VXJJHVWV�DGGLWLRQDO�VLPXODWLRQV�WKDW�VKRXOG�EH�UXQ�WR�LPSURYH�WKH�DFFXUDF\�RI �WKH�HVWLPDWHV�

7KH� VHFRQG� DQDO\VLV� WRRO� LQWHJUDWHG� ZLWK� WKH� 'HVLJQ([SHUW� HQYLURQPHQW� LV� WKH� 6HFXULW\
$VVLVWDQW� �6$�� WRRO�� 6$� XVHV� DQ� H[SHUW�V\VWHP� WR� FULWLTXH� V\VWHP� GHVLJQV�� H[SRVH� VHFXULW\
IODZV�� DQG�KLJKOLJKW�SODFHV�ZKHUH� WKH� VHFXULW\� UHTXLUHPHQWV�RI � D� V\VWHP� DUH�XQOLNHO\� WR� EH
PHW�E\�D�SURSRVHG�GHVLJQ��/LNH�WKH�)7$�WRRO��6$�SURYLGHV�DUFKLWHFWV�ZLWK�XVHIXO�DQDO\WLFDO
FDSDELOLWLHV�DQG�RSHUDWHV�GLUHFWO\�RQ�$UPDQL�GHVLJQ�UHSUHVHQWDWLRQV�

7KH� WKLUG� WRRO� WKDW� 'HVLJQ([SHUW� SURYLGHV� RQ� WRS� RI � WKH� $UPDQL� LQIUDVWUXFWXUH� LV� DQ
DUFKLWHFWXUDO�YLVXDOL]DWLRQ�DQG�HGLWLQJ�WRRO��FDOOHG�*$'(��WKDW�DOORZV�GHVLJQHUV�WR�JUDSKLFDOO\
FRQVWUXFW� DQG� HGLW� V\VWHP� GHVLJQV��*$'(� LV� WLJKWO\� LQWHJUDWHG�ZLWK� WKH�$UPDQL� VHPDQWLF
UHSUHVHQWDWLRQ�� DV� ZHOO� DV� WKH� )7$� DQG� 6$� WRROV�� $V� D� UHVXOW� LW� VXSSRUWV� DQLPDWHG� YLVXDO�
L]DWLRQV� RI � WKH� )7$·V�0RQWH�&DUOR� VLPXODWLRQ� DV� ZHOO� DV� WKH� UHVXOWV� RI � WKH� 6$·V� VHFXULW\
DQDO\VHV�

(YDOXDWLRQ

7KH� 'HVLJQ([SHUW� WHDP·V� QHHG� WR� FDSWXUH� WKH� PDSSLQJ� EHWZHHQ� VRIWZDUH� DQG� KDUGZDUH
DUFKLWHFWXUHV� LOOXVWUDWHG� WKH� OLPLWDWLRQV� RI � HQFRGLQJ� LPSRUWDQW� VHPDQWLF� FRQFHSWV� LQ
SURSHUWLHV�UDWKHU�WKDQ�DV�ILUVW�FODVV�$UPDQL�ODQJXDJH�FRQVWUXFWV��6SHFLILFDOO\��XVLQJ�SURSHUWLHV
WR�HQFRGH�WKH�PDSSLQJ�IURP�VRIWZDUH�HQWLWLHV�WR�WKH�KDUGZDUH�HQWLWLHV�RQ�ZKLFK�WKH\�H[HFXWH

’HVLJQ([SHUW�$UFKLWHFWXUDO�6W\OH�2YHUYLHZ

&RPSRQHQW�7\SHV�

� +DUGZDUH�3URFHVVRU�²�PRGHOV�SK\VLFDO�SURFHVVRUV�LQ�D�MRLQW�KDUGZDUH�VRIWZDUH�V\VWHP
� 6RIWZDUH�3URFHVV�²�PRGHOV�D�SURFHVV�UXQQLQJ�RQ�D�+DUGZDUH�3URFHVVRU

&RQQHFWRU�7\SHV�

� 1HWZRUN�&RPPXQLFDWLRQ�&KDQQHO�²�PRGHOV�SK\VLFDO�QHWZRUNV�RI �+DUGZDUH�3URFHVVRUV
� 0HVVDJH�3DVVLQJ�&KDQQHO�²�PRGHOV�PHVVDJH�SDVVLQJ�FKDQQHOV�EHWZHHQ�6RIWZDUH�3URFHVVHV

3URSHUWLHV�

� )DLOXUH��UHSDLU��DQG�UHSOLFDWLRQ�UDWHV�DUH�SURYLGHG�IRU�DOO�FRPSRQHQWV��FRQQHFWRUV��DQG
V\VWHPV

� 1XPEHU�RI �IDLOXUHV�WROHUDWHG�IRU�HDFK�UHSOLFDWHG�HQVHPEOH�RI �FRPSRQHQWV�DQG
FRQQHFWRUV

� )DLOXUH�PRGHO�DVVXPHG�IRU�HDFK�FRPSRQHQW��FUDVK�RU�E\]DQWLQH�
� 6HFXULW\�SROLFLHV�DQG�UHTXLUHPHQWV�IRU�HDFK�FRPSRQHQW��FRQQHFWRU��DQG�V\VWHP
� 0DSSLQJ�RI �VRIWZDUH�FRPSRQHQWV�WR�KDUGZDUH�FRPSRQHQWV��FDSWXUHG�YLD�SURSHUWLHV�

)LJXUH�����6XPPDU\�RI �'HVLJQ([SHUW�DUFKLWHFWXUDO�VW\OH�>:0.��@�
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ZRUNV� VPRRWKO\� ZKHQ� DQ� HQYLURQPHQW·V� DQDO\WLFDO� FDSDELOLWLHV� DUH� HQFRGHG� SULPDULO\� LQ
H[WHUQDO�DQDO\VLV�WRROV��,I��RQ�WKH�RWKHU�KDQG��WKH�WRRO�GHYHORSHUV�KDG�ZULWWHQ�WKHLU�DQDO\VHV
GLUHFWO\� LQ� WKH� $UPDQL� GHVLJQ� ODQJXDJH�� WKHQ� VSHFLI\LQJ� WKH� GHVLJQ� UXOHV� WR� PDQDJH� DQG
FRQVWUDLQW�WKHVH�PDSSLQJV�FRXOG�KDYH�EHFRPH�XQZLHOG\�DV�WKH�QXPEHU�RI �FRPSRQHQWV�DQG
FRQQHFWRUV�LQ�D�V\VWHP�JUHZ�ODUJH�

,Q�WKLV�FDVH�VWXG\��KRZHYHU�� WKH� LPSRUWDQW�DQDO\WLFDO�FDSDELOLWLHV�SURYLGHG�E\�'HVLJQ([SHUW
FDPH� IURP� LWV� DQDO\VLV� WRROV� UDWKHU� WKDQ� LWV� EXLOW�LQ�GHVLJQ� UXOHV��$V� D� UHVXOW�� WKH�SURSHUW\�
EDVHG�PDSSLQJ�SURYHG�DQ�DSSURSULDWH�FKRLFH�IRU�WKLV�FDVH�VWXG\��7KH�FDVH�VWXG\�GLG��KRZHYHU�
H[SRVH� VRPH� VLJQLILFDQW� OLPLWDWLRQV� ZLWK� WKLV� JHQHUDO� DSSURDFK� WR� GHILQLQJ� PDSSLQJV�
([SHULHQFH�ZLWK� WKLV� FDVH� VWXG\� DQG�� WR� D� OHVVHU� GHJUHH��ZLWK� WKH� FDVH� VWXGLHV�GHVFULEHG� LQ
&KDSWHU���� LQGLFDWHV� WKDW� D� ILUVW�FODVV�PDSSLQJ�FRQVWUXFW�ZRXOG�EH�D�XVHIXO� DGGLWLRQ� WR� WKH
$UPDQL�GHVLJQ�ODQJXDJH��7R�DGGUHVV�WKLV�QHHG��D�JURXS�RI �UHVHDUFKHUV�DW�&DUQHJLH�0HOORQ�DUH
FXUUHQWO\�H[SORULQJ�ZD\V�WR�DGG�D�QDWLYH�PDSSLQJ�FRQVWUXFW�WR�WKH�$UPDQL�ODQJXDJH��)RU�WKH
SXUSRVHV�RI �WKLV�GLVVHUWDWLRQ��KRZHYHU��WKLV�HIIRUW�VKRXOG�EH�FRQVLGHUHG�´IXWXUH�ZRUN�µ

2YHUDOO��WKLV�FDVH�VWXG\�VXFFHVVIXOO\�LOOXVWUDWHG�$UPDQL·V�XWLOLW\�DV�D�SODWIRUP�IRU�FUHDWLQJ�DQG
LQWHJUDWLQJ� DUFKLWHFWXUDO� GHVLJQ� DQG� DQDO\VLV� WRROV�� 7KH� 'HVLJQ([SHUW� GHYHORSHUV� IRXQG� LW
VWUDLJKWIRUZDUG� WR� FDSWXUH� DQG� UHSUHVHQW� WKH� DUFKLWHFWXUDO� IHDWXUHV�� FKDUDFWHULVWLFV�� DQG
SURSHUWLHV� UHTXLUHG� E\� WKHLU� DQDO\VLV� WRROV� ZLWK� DQ� $UPDQL� VW\OH�� +DYLQJ� FDSWXUHG� WKLV
H[SHUWLVH��WKH�'HVLJQ([SHUW�WHDP�ZDV�DEOH�WR�LQWHJUDWH�WKHLU�DQDO\VLV�WRROV�ZLWK�WKH�$UPDQL
LQIUDVWUXFWXUH�WR�FUHDWH�D�SRZHUIXO�GHVLJQ�HQYLURQPHQW�WKDW�VXSSRUWV�WZR�LPSRUWDQW�W\SHV�RI
GHVLJQ� DQDO\VHV� ²� IDXOW�WROHUDQFH� DQG� VHFXULW\� ²� DQG� D� YDULHW\� RI � LQWHUHVWLQJ� GHVLJQ
YLVXDOL]DWLRQ� FDSDELOLWLHV�� )XUWKHU�� DOWKRXJK� WKH� EXON� RI � WKH� ZRUN� GRQH� LQ� WKLV� FDVH� VWXG\
LQYROYHG� EXLOGLQJ� FXVWRP� GHVLJQ� WRROV� RQ� WRS� RI � $UPDQL�� WKH� $UPDQL� GHVLJQ� ODQJXDJH
SURYHG�VXIILFLHQW�IRU��DQG�HIIHFWLYH�DW��FDSWXULQJ�WKH�LPSRUWDQW�VHPDQWLF�FRQFHSWV�QHHGHG�WR
VXSSRUW�WKH�H[WHUQDO�DQDO\VLV�WRROV�

(SLORJXH

7KH�'HVLJQ([SHUW� WRRO�ZDV�KDQGHG�RII � IURP� LWV�GHYHORSHUV�DW�.H\�6RIWZDUH� WR� WKH�5RPH
$LU� )RUFH� 5HVHDUFK� /DEV�� $� JURXS� ZLWKLQ� /RFNKHHG� 0DUWLQ·V� UHVHDUFK� RUJDQL]DWLRQ� DOVR
DFTXLUHG� WKH� WRRO� DQG� LQWHJUDWHG� LW� LQWR� D� SURWRW\SH� VXLWH� RI � $FPH�EDVHG� DUFKLWHFWXUDO
VSHFLILFDWLRQ�DQG�DQDO\VLV�WRROV��,W�LV�XQFOHDU�KRZ�H[WHQVLYHO\�WKH�WRRO�LV�FXUUHQWO\�XVHG�LQVLGH
5RPH�/DEV�RU�/RFNKHHG�0DUWLQ��7KH�WRRO�EXLOGHUV�DW�.H\6RIW��KRZHYHU��UHSRUWHG�WKDW�WKH\
ZHUH�DEOH�WR�XVH�$UPDQL�VXFFHVVIXOO\�IRU�PRGHOLQJ�WKH�IDXOW�WROHUDQFH�DQG�UHOLDELOLW\�H[SHUWLVH
WKDW� WKH\� QHHGHG� WR� FDSWXUH� IRU� WKH� SURMHFW��7KH\� DOVR� UHSRUWHG� WKDW�$UPDQL·V� VLPSOH� DQG
VWUDLJKWIRUZDUG� GHVLJQ� DQG� LPSOHPHQWDWLRQ� DOORZHG� WKHP� WR� TXLFNO\� SURWRW\SH� DQG� EXLOG
WKHLU�WRROV�

����� &DVH�VWXG\����’\QDPLF��UXQ�WLPH��DUFKLWHFWXUDO�UHFRQILJXUDWLRQ

,Q�WKH�SUHYLRXV�FDVH�VWXGLHV� WKH�SDUWLFLSDQWV�IROORZHG�WKH�JHQHUDO�DSSURDFK�RXWOLQHG�LQ�WKLV
GLVVHUWDWLRQ� WR� FUHDWH� D� FXVWRP� $UPDQL� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW�� ,Q� WKLV
IRXUWK� DQG� ILQDO� FDVH� VWXG\�� ,� GHVFULEH� KRZ� D� VRIWZDUH� DUFKLWHFWXUH� UHVHDUFKHU� DW� 7KH
8QLYHUVLW\� RI � &DOLIRUQLD� DW� ,UYLQH� �8&,��� WRRN� D� GLIIHUHQW� DSSURDFK� WR� LQFUHPHQWDOO\
FXVWRPL]LQJ� D� VHW� RI � GHVLJQ� WRROV� ZLWK� $UPDQL�� 5DWKHU� WKDQ� XVLQJ� WKH� HQWLUH� $UPDQL
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LQIUDVWUXFWXUH�DV�D�EDVLV�IRU�FUHDWLQJ�D�FXVWRP�GHVLJQ�WRRO��KH�OLQNHG�MXVW�WKH�$UPDQL�SDUVLQJ�
GHVLJQ� UHSUHVHQWDWLRQ�� DQG� FRQVWUDLQW� PDQDJHPHQW� VXEV\VWHPV� LQWR� KLV� RZQ� GHVLJQ
HQYLURQPHQW� DQG� WRROVHW�� ,Q� GRLQJ� VR�� KH� GHPRQVWUDWHG� WKDW� WKH� $UPDQL� LQIUDVWUXFWXUH� LV
VXIILFLHQWO\� PRGXODU� DQG� GHFRPSRVDEOH� WKDW� VHOHFWHG� SLHFHV� RI � LW� FDQ� EH� UHXVHG� WR� EXLOG
GHVLJQ�WRROV�WKDW�H[WHQG�EH\RQG�WKH�RULJLQDO�VFRSH�RI �$UPDQL�

7KH� HQYLURQPHQW� GHYHORSHG� DW� 8&,� DQG� XVHG� DV� D� EDVLV� IRU� WKLV� FDVH� VWXG\� LV� FDOOHG
$UFK6WXGLR� >207��@�� $UFK6WXGLR� SURYLGHV� D� GHVLJQ� HQYLURQPHQW� IRU� UHSUHVHQWLQJ� DQG
GLVSOD\LQJ� DUFKLWHFWXUDO� GHVLJQV� �WKURXJK� LWV� $UJR� VXEV\VWHP� >5+5��@�� DV� ZHOO� DV� D
FRPSRQHQW� FDOOHG� WKH� $UFKLWHFWXUH� (YROXWLRQ� 0DQDJHU� �$(0�� WKDW� FRQWUROV� WKH� G\QDPLF
UHFRQILJXUDWLRQ� RI � V\VWHP� DUFKLWHFWXUHV�� 6RIWZDUH� DUFKLWHFWV� FDQ� XVH� $UFK6WXGLR� WR� GHVLJQ
VRIWZDUH�V\VWHP�DUFKLWHFWXUHV�DQG�WR�G\QDPLFDOO\�PRGLI\�WKH�DUFKLWHFWXUH�RI �UXQQLQJ�V\VWHPV
FUHDWHG�ZLWK�WKH�HQYLURQPHQW�

3ULRU� WR� WKLV� FDVH� VWXG\�� $UFK6WXGLR� ZDV� GHVLJQHG� H[FOXVLYHO\� IRU� XVH� ZLWK� WKH� &�
DUFKLWHFWXUDO�VW\OH�>7D\���@��DOVR�GHYHORSHG�DW�8&,��5HFRJQL]LQJ�WKH�QHHG�IRU�D�PRUH�JHQHUDO
DUFKLWHFWXUDO� PRGLILFDWLRQ� WRRO�� ZH� GHFLGHG� WR� H[SORUH� ZKHWKHU� $UPDQL� ZRXOG� EH� DQ
DSSURSULDWH�SODWIRUP�IRU�EXLOGLQJ�D�VLPLODU�EXW�PRUH�JHQHULF�WRRO�IRU�G\QDPLF�DUFKLWHFWXUDO
UHFRQILJXUDWLRQ�RI �VRIWZDUH�V\VWHPV��,W�TXLFNO\�EHFDPH�DSSDUHQW�WKDW�D�FRPSOHWH�UHEXLOG�ZLWK
$UPDQL�ZDV�XQQHFHVVDU\��$OWKRXJK�$UPDQL·V�IOH[LEOH�*8,�DQG�XVHU�LQWHUIDFH�ZHUH�DSSHDOLQJ�
WKH�UHDO� OHYHUDJH� WKDW�$UPDQL�FRXOG�SURYLGH�ZRXOG�FRPH�IURP�WKH�UHXVH�RI � LWV�GHVLJQ� UHS�
UHVHQWDWLRQ� DQG� YHULILFDWLRQ� LQIUDVWUXFWXUH�� ,W� ZDV� DOVR� DSSDUHQW� WKDW� $UPDQL·V� DELOLW\� WR
UHSUHVHQW�D�EURDG�YDULHW\�RI �DUFKLWHFWXUDO�VW\OHV�DQG�SHUIRUP�JHQHULF�DUFKLWHFWXUDO�FRQVWUDLQW
PDQDJHPHQW�ZRXOG�EH�D�YDOXDEOH�DGGLWLRQ�WR�$UFK6WXGLR��7KHUHIRUH��ZH�GHFLGHG�WR�LQWHJUDWH
$UPDQL·V� SDUVLQJ�� GHVLJQ� UHSUHVHQWDWLRQ�� DQG� FRQVWUDLQW� PDQDJHPHQW� VXEV\VWHPV� ZLWK
$UFK6WXGLR�

%HFDXVH� ERWK� $UFK6KHOO� DQG� $UPDQL� DUH� IXOO\� FRPSOLDQW� ZLWK� WKH� $FPH� DUFKLWHFWXUH
LQWHUFKDQJH�VWDQGDUG� >*0:��@�� LQWHJUDWLQJ� WKHP�ZDV�TXLFN�� VWUDLJKWIRUZDUG�� DQG� UHODWLYHO\
HDV\��&RQFHSWXDOO\��DV�)LJXUH����� LQGLFDWHV��WKH� LQWHJUDWLRQ�UHTXLUHG�RQO\�WKH�DGGLWLRQ�RI �WKH
$UPDQL� LQIUDVWUXFWXUH� �SDUVLQJ�� GHVLJQ� UHSUHVHQWDWLRQ�� DQG� FRQVWUDLQW� PDQDJHPHQW
FRPSRQHQWV�� WR� WKH�$UFK6WXGLR� HQYLURQPHQW�� WKH� LQWURGXFWLRQ� RI � DQ�$FPH� FRQQHFWRU� WR
FRQQHFW� $UPDQL� WR� $UFK6WXGLR·V� $(0� FRPSRQHQW�� DQG� WKH� GHILQLWLRQ� RI � D� EDVLF� DQG
H[WHQVLEOH�$UPDQL� VW\OH� IRU� UHSUHVHQWLQJ�$UFK6WXGLR�GHVLJQV��7KH�$FPH�FRQQHFWRU�XVHG� LV
VLPSO\� D� VWUHDP� WKDW� FDUULHV� WH[WXDO� $FPH� GHVFULSWLRQV� RI � WKH� SURSRVHG� DUFKLWHFWXUDO
PRGLILFDWLRQV� IURP� WKH� $(0� WR� $UPDQL�� $UPDQL� FRQYHUWV� WKH� $FPH� GHVFULSWLRQV� LQWR
$UPDQL�DUFKLWHFWXUDO�VSHFLILFDWLRQV�DQG�HYDOXDWHV�WKH�SURSRVHG�PRGLILFDWLRQV�WR�VHH�LI � WKH\
DUH�FRQVLVWHQW�ZLWK�WKH�V\VWHP·V�GHFODUHG�DUFKLWHFWXUDO�VW\OH�V��DQG�LQVWDQFH�OHYHO�GHVLJQ�UXOHV�
$IWHU� WKLV� HYDOXDWLRQ� LV� FRPSOHWH� $UPDQL� UHWXUQV� HLWKHU� D� VXFFHVV� PHVVDJH� RU� DQ� HUURU
PHVVDJHV� LQGLFDWLQJ�ZKHUH�DQG�ZK\�WKH�SURSRVHG�PRGLILFDWLRQV�YLRODWH� WKH�GHVLJQ�UXOHV�RI
WKH�V\VWHP�RU�LWV�VW\OHV�

7KLV� LQWHJUDWLRQ� DOORZHG� WKH� FRPELQHG� $UFK6WXGLR�$UPDQL� HQYLURQPHQW� WR� YHULI\� WKDW
SURSRVHG� PRGLILFDWLRQV� WR� WKH� UXQQLQJ� V\VWHP� GLG� QRW� YLRODWH� WKH� FRQVWUDLQWV� RI � WKDW
V\VWHP·V�DUFKLWHFWXUDO�VW\OH�RU�VW\OHV��%\�SHUIRUPLQJ�WKLV�FKHFN�DIWHU�D�XVHU�RU�D�WRRO�UHTXHVWHG
DQ� DUFKLWHFWXUDO� FKDQJH� EXW� EHIRUH� WKH� FKDQJH� ZDV� DFWXDOO\� LPSOHPHQWHG� LQ� WKH� UXQQLQJ
V\VWHP��WKH�XSGDWHG�HQYLURQPHQW�ZDV�DEOH�WR�FDWFK�DUFKLWHFWXUDO�PLVPDWFK�SUREOHPV�EHIRUH
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WKH\� FRUUXSWHG� WKH� UXQQLQJ� V\VWHP�� $UPDQL·V� IOH[LEOH� DQG� LQFUHPHQWDO� ODQJXDJH� IRU
H[SUHVVLQJ�GHVLJQ�UXOHV�DOVR�VLJQLILFDQW�H[SDQGHG�WKH�VFRSH�DQG�YDULHW\�RI �GHVLJQ�FRQVWUDLQWV
DQ�DUFKLWHFW�FRXOG�H[SUHVV�LQ�KLV�RU�KHU�$UFK6WXGLR�EDVHG�GHVLJQ�VSHFLILFDWLRQ�

(YDOXDWLRQ

7KLV�FDVH�VWXG\�ZDV�D�UHVRXQGLQJ�VXFFHVV��$GGLQJ�WKH�$UPDQL�FRUH�GHVLJQ�UHSUHVHQWDWLRQ�DQG
FRQVWUDLQW�PDQDJHPHQW�LQIUDVWUXFWXUH�WR�$UFK6WXGLR�VXEVWDQWLDOO\� LPSURYHG�WKH�$UFK6WXGLR
HQYLURQPHQW��SURYLGLQJ�VLJQLILFDQW�DGGLWLRQDO� IXQFWLRQDOLW\� DQG�SRZHU� LQ� H[FKDQJH� IRU�RQO\
PLQLPDO� HIIRUW� RQ� WKH� SDUW� RI � WKH� WRRO� GHYHORSHU�� )XUWKHU�� WKH� LQWHJUDWLRQ� RI � $UPDQL·V
FRQVWUDLQW� PDQDJHPHQW� V\VWHP� LQWR� $UFK6WXGLR� ZDV� GRQH� H[WUHPHO\� TXLFNO\�� WKH� HQWLUH
SURFHVV�UHTXLULQJ�OHVV�WKDQ�RQH�ZHHN·V�HIIRUW�

7KH�WDVN�RI �H[SUHVVLQJ�$UFK6WXGLR·V�FRUH�FRQFHSWV� LQ�DQ�$UPDQL�VW\OH�ZDV�VWUDLJKWIRUZDUG
DQG�TXLFNO\�KDQGOHG��UHTXLULQJ�RQO\�DERXW�WZR�GD\V�ZRUWK�RI �ZRUN��7KH�HDVH�ZLWK�ZKLFK�WKH
FRUH� FRQFHSWV� HPERGLHG� LQ� $UPDQL� PHVKHG� ZLWK� $UFK6WXGLR� ZDV� YHU\� HQFRXUDJLQJ�
GHPRQVWUDWLQJ�WKH�IOH[LELOLW\�DQG�SRZHU�RI �$UPDQL·V�EDVLF�PRGHO�IRU�UHSUHVHQWLQJ�VRIWZDUH
DUFKLWHFWXUHV��DUFKLWHFWXUDO�VW\OHV��DQG�GHVLJQ�UXOHV�

,Q� DGGLWLRQ� WR� LOOXVWUDWLQJ� WKH� IOH[LELOLW\� RI � $UPDQL·V� FRUH� FRQVWUXFWV�� WKLV� FDVH� VWXG\
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7KH� $FPH� DUFKLWHFWXUDO� LQWHUFKDQJH� IRUPDW� ZDV� RQH� RI � WKH� NH\� DVSHFWV� WKDW� PDGH� WKLV
LQWHJUDWLRQ� VR� HDV\��%\�SURYLGLQJ� D� FRPPRQ� UHSUHVHQWDWLRQ� IRU� DUFKLWHFWXUDO� VSHFLILFDWLRQV�
DORQJ�ZLWK�D�ZD\�WR�HPEHG�HDFK�WRRO·V�VSHFLILFDWLRQ�GHWDLOV� LQ�WKLV�FRPPRQ�UHSUHVHQWDWLRQ�
$FPH�PDNHV�LW�VWUDLJKWIRUZDUG�WR�ORRVHO\�FRXSOH�DUFKLWHFWXUDO�GHVLJQ�WRROV��)RU�WKH�SXUSRVHV
RI � WKLV� FDVH� VWXG\�� D� ORRVH� FRXSOLQJ� EHWZHHQ� WKH� WRROV�ZDV� VXIILFLHQW� WR� FUHDWH� WKH� GHVLUHG
IXQFWLRQDOLW\�LQ�WKH�FRPELQHG�HQYLURQPHQW�

(SLORJXH

7KH� WRRO� FUHDWHG� LQ� WKLV� FDVH� VWXG\�SURYHG� WR�EH�YHU\� HIIHFWLYH� IRU�GHILQLQJ� DQG�PDQDJLQJ
FRQVWUDLQWV�RQ� WKH� UXQ�WLPH� HYROXWLRQ�RI � VRIWZDUH� DUFKLWHFWXUHV��7KH� WRRO�ZDV� VXFFHVVIXOO\
GHPRQVWUDWHG�DW�D�ODUJH�'$53$�VSRQVRUHG�FRQIHUHQFH� LQ�-XO\��������$OWKRXJK�LW� LV�XQFOHDU
KRZ�RU�LI �WKH�WRRO�EXLOW�LQ�WKLV�FDVH�VWXG\�ZLOO�EH�XVHG�RXWVLGH�RI �D�UHVHDUFK�HQYLURQPHQW��LW�LV
VXIILFLHQW\O�SRZHUIXO�DQG�XVHIXO�WR�EH�D�NH\�HOHPHQW�RI �WKH�V\VWHP�WKDW�WKH�8&,�UHVHDUFKHU
EXLOW�WR�GHPRQVWUDWH�KLV�GRFWRUDO�WKHVLV�

��� 6XPPDU\�DQG�GLVFXVVLRQ

$W�WKH�EHJLQQLQJ�RI �WKLV�FKDSWHU�,�ODLG�RXW�WKUHH�TXHVWLRQV�WKDW�,�KRSHG�WR�DQVZHU�ZLWK�WKHVH
H[WHUQDO� FDVH� VWXGLHV�� ,Q� WKLV� VHFWLRQ� ,� HYDOXDWH� WKH� RYHUDOO� UHVXOWV� RI � WKH� FDVH� VWXGLHV� DQG
GLVFXVV�WKH�DQVZHUV�WKH\�SURYLGHG�WR�WKHVH�TXHVWLRQV��7KH�ILUVW�TXHVWLRQ�ZDV�

�� :HUH�WKH�SRVLWLYH�UHVXOWV�RI �WKH�FDVH�VWXGLHV�GHVFULEHG�LQ�&KDSWHU���GXH�VROHO\�WR�WKH�IDFW�WKDW�WKH
SHUVRQ�FRQGXFWLQJ�WKH�FDVH�VWXGLHV�ZDV�DOVR�WKH�SULPDU\�GHYHORSHU�RI �WKH�$UPDQL�GHVLJQ�ODQJXDJH
DQG�GHVLJQ�HQYLURQPHQW"�,V�LW�SRVVLEOH�IRU�RWKHU�VRIWZDUH�DUFKLWHFWV�DQG�WRRO�GHYHORSHUV�WR�HIIHFWLYHO\
XVH�$UPDQL"

7KH�IDFW�WKDW�WKH�SDUWLFLSDQWV� LQ�WKHVH�FDVH�VWXGLHV�XVHG�$UPDQL�WR�FUHDWH�D�ZLGH�YDULHW\�RI
LQWHUHVWLQJ�DQG�XVHIXO�GHVLJQ�DQG�DQDO\VLV�WRROV�FOHDUO\�LQGLFDWH�WKDW� LW� LV�SRVVLEOH�IRU�SHRSOH
RWKHU�WKDQ�PH�WR�HIIHFWLYHO\�XVH�WKH�$UPDQL�GHVLJQ� ODQJXDJH�DQG�HQYLURQPHQW��$OWKRXJK�,
SURYLGHG�WKH�FDVH�VWXG\�SDUWLFLSDQWV�ZLWK�YDU\LQJ�GHJUHHV�RI �DVVLVWDQFH�WR�JHW� WKHP�VWDUWHG
ZLWK�$UPDQL� DQG� WHDFK� WKHP� KRZ� WR� XVH� WKH� WRRO�� LQ� HDFK� VWXG\� WKH� SDUWLFLSDQWV� GLG� WKH
FULWLFDO� PRGHOLQJ�� GHVLJQ�� DQG� WRROEXLOGLQJ� ZRUN�� 7KH� FDVH� VWXGLHV� ZHUH� DOO� D� UHVRXQGLQJ
VXFFHVV�ZLWK�UHVSHFW�WR�WKLV�TXHVWLRQ�

+DYLQJ�HVWDEOLVKHG� WKDW� LW� LV�SRVVLEOH� IRU�SHRSOH�RWKHU� WKDQ�PH� WR�XVH�$UPDQL�� WKH� VHFRQG
TXHVWLRQ�H[SORUHV�KRZ�ZHOO�$UPDQL�PHHWV�WKH�QHHGV�RI �FXVWRP�GHVLJQ�HQYLURQPHQW�EXLOGHUV�

�� 'LG�$UPDQL·V� UHSUHVHQWDWLRQ� RI � DUFKLWHFWXUDO� GHVLJQV� DQG� GHVLJQ� H[SHUWLVH� DOORZ� WKH� FDVH� VWXG\
SDUWLFLSDQWV� WR� FDSWXUH� WKH� LPSRUWDQW� GHVLJQ� YRFDEXODU\�� UXOHV�� DQG� DQDO\VHV� IRU� WKHLU� VSHFLILF
GRPDLQ� RI � H[SHUWLVH"� �:KDW� GLG� WKH\� ILQG� VWUDLJKWIRUZDUG� WR� UHSUHVHQW� DQG�ZKDW� GLG� WKH\� ILQG
GLIILFXOW�WR�UHSUHVHQW"

7KH�UHVXOWV�RI �WKH�FDVH�VWXGLHV�SURYLGHG�D�YHU\�SRVLWLYH�DQVZHU�WR�WKLV�TXHVWLRQ��2QH�RI �WKH
EDVLF�ILQGLQJV�IURP�WKH�VWXGLHV�ZDV�WKDW�$UPDQL·V�FRUH�FRQFHSWV�DUH�VXUSULVLQJO\�IOH[LEOH�DQG
SRZHUIXO�� 3DUWLFLSDQWV� LQ� WKH� FDVH� VWXGLHV� FDSWXUHG� D� EURDG� YDULHW\� RI � GHVLJQ� YRFDEXODU\�
GHVLJQ�UXOHV��DQDO\VHV��DQG�DUFKLWHFWXUDO�VW\OHV�ZLWK�$UPDQL��7KH�QDWXUH�RI �WKH�H[SHUWLVH��IRU
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H[DPSOH�� FDSWXUHG� LQ� WKH� *71� FDVH� VWXG\� ZDV� VLJQLILFDQWO\� GLIIHUHQW� IURP� WKH� H[SHUWLVH
FDSWXUHG�WR�VXSSRUW�$UFK6WXGLR·V�G\QDPLF�DUFKLWHFWXUDO�UHFRQILJXUDWLRQ�VW\OH�

/LNHZLVH��WKH�WRROV�DQG�HQYLURQPHQWV�FUHDWHG�LQ�WKH�FDVH�VWXGLHV�HQFDSVXODWHG�D�ZLGH�YDULHW\
RI � DQDO\WLFDO� FDSDELOLWLHV��7KH� IDFW� WKDW� HDFK�RI � WKH� HQYLURQPHQWV�RU� WRROV� FUHDWHG� LQ� WKHVH
FDVH� VWXGLHV� VROYHG� D� UHDO� SUREOHP� IDFHG� E\� VRIWZDUH� DUFKLWHFWV� IXUWKHU� VWUHQJWKHQV� WKH
DUJXPHQW� WKDW� WKH� VWXG\� SDUWLFLSDQWV� FDSWXUHG� UHDO�� XVHIXO�� DQG� QRQ�WULYLDO� H[SHUWLVH� ZLWK
$UPDQL�

2QH�XQIRUWXQDWH�ILQGLQJ�ZDV�WKDW�WKHUH�ZDV�D�ZLGH�YDULDQFH�LQ�WKH�HDVH�ZLWK�ZKLFK�LQGLYLGXDO
WRRO�DQG�HQYLURQPHQW�GHYHORSHUV�ZHUH�DEOH�WR�XVH�$UPDQL·V�GHFODUDWLYH�GHVLJQ�ODQJXDJH��2I
WKH�VHYHQ�SULPDU\�SDUWLFLSDQWV� LQ�WKHVH�FDVH�VWXGLHV��RWKHU�WKDQ�P\VHOI��� WZR�SHRSOH�SLFNHG
XS�WKH�SRZHU�RI �WKH�GHFODUDWLYH�DSSURDFK�ULJKW�DZD\�DQG�ZHUH�DEOH�WR�XVH�LW�WR�JUHDW�HIIHFW�
7ZR� RWKHU� SHRSOH� KDG� D� VLJQLILFDQW� GLIILFXOW\� PDNLQJ� WKH� MXPS� IURP� VSHFLI\LQJ� KRZ� WR
PDLQWDLQ� D� GHVLJQ� UXOH�� DV� WKH\� ZRXOG� LQ� DQ� LPSHUDWLYH� SURJUDPPLQJ� ODQJXDJH�� WR� VLPSO\
VSHFLI\LQJ�ZKDW�WKH�GHVLJQ�UXOHV�ZHUH�WKDW�WKH\�ZRXOG�OLNH�PDLQWDLQHG��7KH�H[SHULHQFH�RI �WKH
UHPDLQLQJ�WKUHH�SDUWLFLSDQWV�IHOO�VRPHZKHUH�LQ�EHWZHHQ�WKHVH�WZR�H[WUHPHV��$V�D�UHVXOW��WKH
SULPDU\�ILQGLQJ�DERXW�ZKDW�ZDV�GLIILFXOW�WR�UHSUHVHQW�ZLWK�$UPDQL�ZDV�QRW�DQ�LVVXH�RI �ZKDW
LW�ZDV�WKDW�WKH�SDUWLFLSDQWV�ZHUH�WU\LQJ�WR�UHSUHVHQW�VR�PXFK�DV�ZKR�LW�ZDV�XVLQJ�WKH�WRRO�WR
UHSUHVHQW�LW�

7KHUHIRUH�� WKH� EDVLF� DQVZHU� WR� WKH� VHFRQG� TXHVWLRQ� ZDV� WKDW� WKH� FDVH� VWXG\� SDUWLFLSDQWV
JHQHUDOO\�IRXQG�LW�SRVVLEOH�WR�XVH�WKH�$UPDQL�GHVLJQ�ODQJXDJH�WR�UHSUHVHQW�D�EURDG�YDULHW\�RI
GHVLJQ�H[SHUWLVH��7KH�WKLUG�TXHVWLRQ�IROORZHG�XS�RQ�WKLV�UHVXOW�E\�DVNLQJ�

�� :KDW�DVSHFWV�RU�IHDWXUHV�RI �WKH�$UPDQL�HQYLURQPHQW�GLG�WKH�FDVH�VWXG\�SDUWLFLSDQWV�ILQG�XVHIXO"
:KDW�GLG�WKH\�ILQG�XQQHFHVVDU\�RU�FRXQWHUSURGXFWLYH"

7KH�PRVW� LQWHUHVWLQJ� ILQGLQJ� UHODWHG� WR� WKLV�TXHVWLRQ� LV� WKDW� LQ� WKHVH� FDVH� VWXGLHV�$UPDQL·V
FRQILJXUDEOH� JUDSKLF� HQYLURQPHQW� GLG� QRW� SURYH� WR� EH� D� FULWLFDO� IHDWXUH�� 5DWKHU�� WKH� FDVH
VWXG\� SDUWLFLSDQWV� IRXQG� WKDW� $UPDQL·V� VHPDQWLF� GHVLJQ� UHSUHVHQWDWLRQ�� FRQFHSWXDO
IUDPHZRUN��DQG�WRRO�LQWHJUDWLRQ�FDSDELOLWLHV�ZHUH�PRUH�LPSRUWDQW�WKDQ�LWV�*8,��7KLV�ILQGLQJ
ZDV� VRPHZKDW� VXUSULVLQJ� EHFDXVH� P\� LQLWLDO� LQYHVWLJDWLRQ� LQWR� $UPDQL·V� UHTXLUHPHQWV�
UHYHDOHG�WKDW�WKH�QHHG�IRU�D�FRQILJXUDEOH�*8,�ZDV�KLJK�RQ�WKH�OLVW�RI �SRWHQWLDO�$UPDQL�XVHUV·
QHHGV�

7KHUH�DUH�DW�OHDVW�IRXU�H[SODQDWLRQV�IRU�WKLV�ILQGLQJ��7KH�ILUVW�H[SODQDWLRQ�LV�WKDW�WKH�H[WHUQDO
FDVH�VWXGLHV�ZH�XQGHUWRRN�ZHUH�QRW�UHSUHVHQWDWLYH�RI �WKH�JHQHUDO�WDUJHW�DXGLHQFH�IRU�$UPDQL�
7KH�IDFW�WKDW�ZH�RQO\�FRQGXFWHG�IRXU�FDVH�VWXGLHV��DQG�WKDW�WKH�SDUWLFLSDQWV�LQ�WKUHH�RI �WKHVH
FDVH�VWXGLHV�DOUHDG\�KDG�H[LVWLQJ�JUDSKLFDO�GHVLJQ�HGLWLQJ�WRROV�WKDW�WKH\�ZDQWHG�WR�LQWHJUDWH
ZLWK� $UPDQL� DUJXHV� IRU� WKLV� H[SODQDWLRQ�� 7KH� VHFRQG� H[SODQDWLRQ� LV� WKDW� $UPDQL·V� FRUH
VHPDQWLF� DQG� WRRO� LQWHJUDWLRQ� LQIUDVWUXFWXUH� ZDV� PXFK� PRUH� UREXVW� WKDQ� LWV� FRQILJXUDEOH
*8,��HVSHFLDOO\�IRU�WKH�HDUOLHU�FDVH�VWXGLHV��'HYHORSHUV·�WHQGHQF\�WR�TXLFNO\�GLVFDUG�VRIWZDUH
FRPSRQHQWV�WKDW�WKH\�SHUFHLYH�DV�EXJJ\�DUJXHV�IRU�WKLV�H[SODQDWLRQ��7KH�WKLUG�H[SODQDWLRQ�LV
WKDW� D� FRQILJXUDEOH� *8,� SURYLGHV� D� VQD]]\� GHPRQVWUDWLRQ� IRU� $UPDQL�� EXW� WKDW� WKH� UHDO
OHYHUDJH�$UPDQL�SURYLGHV� LWV�XVHUV�FRPHV�IURP�LWV�UROH�DV�DQ�LQWHJUDWLRQ�IUDPHZRUN�DQG�LWV
DELOLW\� WR� FDSWXUH��PRGHO�� DQG� HQIRUFH� GHVLJQ� H[SHUWLVH�� ([SHULHQFH�ZRUNLQJ�ZLWK� WKH� FDVH
VWXG\�SDUWLFLSDQWV�DUJXHV�IRU�WKLV�WKLUG�H[SODQDWLRQ��7KH�IRXUWK�H[SODQDWLRQ�LV�WKDW�WKH�WRROV
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WKDW� WKH� FDVH� VWXG\� SDUWLFLSDQWV� ZHUH� LQWHJUDWLQJ� ZLWK� $UPDQL� SURYLGHG� WKHLU� RZQ� XVHU
LQWHUIDFHV�DQG� WKH\�QHHGHG�RQO\�$UPDQL
V� UHSUHVHQWDWLRQ�DQG�DQDO\VLV�FDSDELOLWLHV��7KLV�ZDV
WKH�FDVH�ZLWK�WKH�&��DQG�'HVLJQ([SHUW�FDVH�VWXGLHV��EXW�QRW�ZLWK�WKH�RWKHU�WZR�FDVH�VWXGLHV�
2YHUDOO��WKH�HYLGHQFH�GRHV�QRW�VWURQJO\�VXSSRUW�DQ\�RI �WKHVH�H[SODQDWLRQV�H[FOXVLYHO\��5DWKHU�
,�VXVSHFW�WKDW�WKLV�ILQGLQJ�LV�EHVW�H[SODLQHG�E\�D�FRPELQDWLRQ�RI �DOO�IRXU�RI �WKHP�

$QRWKHU� VXUSULVLQJ� ILQGLQJ� IURP� WKH� FDVH� VWXGLHV�ZDV� WKH� SDUWLFLSDQWV·�ZLOOLQJQHVV� WR� GURS
EHORZ�WKH�OHYHO�RI �WKH�$UPDQL�GHVLJQ�ODQJXDJH�DQG�H[WHQG�$UPDQL·V�EXLOW�LQ�GHVLJQ�DQDO\VHV
ZLWK� FRPSOH[� DQDO\WLFDO� IXQFWLRQV� ZULWWHQ� LQ� -DYD�� ,� KDG� H[SHFWHG� WKDW� PRVW� RI � WKH
SDUWLFLSDQWV�ZRXOG�ZDQW�WR�ZRUN�GLUHFWO\�LQ�WKH�KLJK�OHYHO�GHFODUDWLYH�$UPDQL�GHVLJQ�ODQJXDJH
LI �DW�DOO�SRVVLEOH�DQG�RQO\�ZULWH�QHZ�ORZ�OHYHO�DQDO\VHV�LI �DEVROXWHO\�QHFHVVDU\��:KDW�,�IRXQG
LQVWHDG�ZDV� WKDW� DERXW� KDOI � RI � WKH� VWXG\� SDUWLFLSDQWV� SUHIHUUHG� WR� FDSWXUH� RQO\� WKH� EDVLF
YRFDEXODU\� VSHFLILFDWLRQV� DQG� GHVLJQ� UXOHV� LQ� WKH� $UPDQL� GHVLJQ� ODQJXDJH� DQG� WKHQ� ZULWH
WKHLU�FRPSOH[�-DYD�EDVHG�DQDO\WLFDO�WRROV�WR�DFFHVV�WKH�$UPDQL�GHVLJQ�UHSUHVHQWDWLRQ�YLD�WKH
$UPDQL/LE·V�$3,�

7KH�VDPSOH�VL]H� LV�WRR�VPDOO�WR�GUDZ�JHQHUDO�FRQFOXVLRQV�DERXW�KRZ�WRRO�DQG�HQYLURQPHQW
GHYHORSHUV�ZLOO� GLYLGH� WKHLU� GHYHORSPHQW� HIIRUWV� EHWZHHQ� WKH�$UPDQL� GHVLJQ� ODQJXDJH� DQG
WKH�$UPDQL/LE�$3,� IURP� WKHVH� ILQGLQJV�� ,W� GRHV�� KRZHYHU�� DUJXH�� WKDW�$UPDQL·V� FOHDQ� DQG
FRKHUHQW�$3,� IRU� H[WHUQDO� WRROV� LV� DQ� LPSRUWDQW� IHDWXUH�RI � WKH�RYHUDOO�$UPDQL� V\VWHP� WKDW
HQYLURQPHQW�DQG�WRRO�GHYHORSHUV�DUH�OLNHO\�WR�XVH�IUHTXHQWO\�

2YHUDOO��WKH�FDVH�VWXGLHV�VXFFHVVIXOO\�GHPRQVWUDWHG�WKH�XWLOLW\�DQG�SRZHU�RI �$UPDQL��DV�ZHOO
DV�LWV�DSSOLFDELOLW\�WR�D�ZLGH�YDULHW\�RI �DUFKLWHFWXUDO�VW\OHV�DQG�WDVNV�
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&KDSWHU�� 

’LVFXVVLRQ�DQG�(YDOXDWLRQ

7KH� FDVH� VWXGLHV� SUHVHQWHG� LQ� WKH� SUHYLRXV� WKUHH� FKDSWHUV� GHPRQVWUDWH� WKDW� WKH� $UPDQL
SURMHFW�ZDV�EURDGO\� VXFFHVVIXO� LQ�PHHWLQJ� LWV� JRDOV��$UPDQL� DOORZV� VRIWZDUH� DUFKLWHFWV� DQG
DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW� EXLOGHUV� WR� LQFUHPHQWDOO\� FDSWXUH� GHVLJQ� H[SHUWLVH� DQG� WR
OHYHUDJH�WKDW�H[SHUWLVH�LQ�WKHLU�WRROV�DQG�HQYLURQPHQWV��,Q�WKLV�FKDSWHU��,�UHYLVLW�VRPH�RI �WKH
NH\�GHVLJQ�GHFLVLRQV� ,�PDGH� LQ�FUHDWLQJ�$UPDQL�� ,� ILUVW�SUHVHQW�DQG�GLVFXVV�D�VHW�RI �GHVLJQ
GHFLVLRQV� WKDW� SURYHG� WR� EH� KLJKO\� HIIHFWLYH�� ,� WKHQ� GLVFXVV� VRPH� GHFLVLRQV� WKDW� LQLWLDOO\
VHHPHG�SURPLVLQJ�EXW�SURGXFHG�PL[HG�UHVXOWV�ZKHQ�LPSOHPHQWHG�

��� ’HVLJQ�GHFLVLRQV�WKDW�SURYHG�WR�EH�KLJKO\�HIIHFWLYH

6HFWLRQV� ������ WR� ������ GHVFULEH� IRXU� NH\� GHVLJQ� GHFLVLRQV� ,�PDGH� LQ� FUHDWLQJ�$UPDQL� WKDW
SURYHG� WR� EH� KLJKO\� HIIHFWLYH�� 7KH� DSSOLFDELOLW\� RI � WKHVH� GHFLVLRQV� IRU� RWKHU� VRIWZDUH
GHYHORSPHQW� SURMHFWV� YDULHV� EURDGO\�� 7KH� GLVFXVVLRQ� RI � HDFK� RI � WKHVH� GHFLVLRQV�� KRZHYHU�
RIIHUV�LQVLJKWV�LQWR�ZD\V�WR�VXFFHVVIXOO\�EXLOG�FRQILJXUDEOH�VRIWZDUH�V\VWHPV�

����� 6XSSRUWLQJ�D�UDSLG�DQG�LWHUDWLYH�HQYLURQPHQW�GHYHORSPHQW�SURFHVV

)RUW\� ILYH� \HDUV� RI � VRIWZDUH� GHYHORSPHQW� KLVWRU\� KDV� LOOXVWUDWHG� WKDW� LW� LV� YHU\� GLIILFXOW� WR
FRUUHFWO\� HVWDEOLVK� DOO� RI � D� V\VWHP
V� UHTXLUHPHQWV�EHIRUH� WKH� V\VWHP� LV� EXLOW�� /LNHZLVH�� LW� LV
QHDUO\� LPSRVVLEOH� WR�DQWLFLSDWH�DOO�RI � WKH� LPSOLFDWLRQV�RI � LQGLYLGXDO�GHVLJQ�GHFLVLRQV�EHIRUH
WKH� V\VWHP� KDV� EHHQ� EXLOW�� LQWHJUDWHG� LQWR� LWV� HQYLURQPHQW�� DQG� GHSOR\HG�� 2QH� RI � WKH
VWDQGDUG�ZD\V�RI �DGGUHVVLQJ�WKLV�LVVXH�LV�WR�EXLOG�VRIWZDUH�LWHUDWLYHO\��XVLQJ�HDFK�LWHUDWLRQ�DV�D
OHDUQLQJ�H[SHULHQFH�WKDW�KHOSV�FODULI\�WKH�UHTXLUHPHQWV�DQG�WKH�GHVLJQ�RI �WKH�QH[W�UHOHDVH�RI
WKH�VRIWZDUH��6RIWZDUH�GHVLJQ�DQG�GHYHORSPHQW�HQYLURQPHQWV�IDFH�WKHVH�SUREOHPV� MXVW� OLNH
DQ\�RWKHU�ODUJH�VRIWZDUH�GHYHORSPHQW�SURMHFW�

7R�DGGUHVV�WKLV�LVVXH��RQH�RI �WKH�SUHPLVHV�XQGHUO\LQJ�WKH�$UPDQL�SURMHFW�ZDV�WKDW�WKH�DELOLW\
WR� UDSLGO\� LWHUDWH� DQG� H[SHULPHQW� ZLWK� PXOWLSOH� GHVLJQ� DOWHUQDWLYHV� SURYLGHV� HQYLURQPHQW
GHYHORSHUV� DQG� DUFKLWHFWV� ZLWK� VLJQLILFDQW� OHYHUDJH�� $UPDQL� HQYLURQPHQW� GHVLJQHUV� FDQ
UDSLGO\� DQG� LWHUDWLYHO\� H[SHULPHQW� ZLWK� QXPHURXV� DOWHUQDWLYHV� IRU� WKH� GHVLJQ� HQYLURQPHQW
LWVHOI��([SHULPHQWDWLRQ� DW� WKLV� VWDJH� LQFOXGHV� GHWHUPLQLQJ� WKH� DSSURSULDWH� GHVLJQ� UXOHV� DQG
YRFDEXODU\�WR�VXSSRUW�LQ�D�FXVWRP�HQYLURQPHQW��VHOHFWLQJ�YLVXDOL]DWLRQV�IRU�GHVLJQ�HOHPHQWV�
DQG�GHWHUPLQLQJ� WKH�DQDO\WLFDO� FDSDELOLWLHV� WKDW� WKH� HQYLURQPHQW�QHHGV� WR�SURYLGH��%HFDXVH
WKHVH�GHVLJQ�GHFLVLRQV�DUH� ORRVHO\�ERXQG�LQ�WKH�HQYLURQPHQW�WKH\�FDQ�EH�TXLFNO\�UHYLVHG�RU
DXJPHQWHG� DV� H[SHULHQFH� LV� JDLQHG� XVLQJ� WKH� HQYLURQPHQWV�� $UPDQL� SXVKHV� LWHUDWLYH
HYROXWLRQ� IXUWKHU� WKDQ� PRVW� V\VWHPV� E\� DOORZLQJ� QRW� RQO\� WKH� RULJLQDO� HQYLURQPHQW
GHYHORSHUV� WR� XSJUDGH� DQG� HYROYH� WKH� V\VWHP�� EXW� E\� DOVR� DOORZLQJ� DUFKLWHFWV� XVLQJ� WKH
HQYLURQPHQW�WR�DGDSW�LW�WKHPVHOYHV�WR�PHHW�WKHLU�QHHGV��7KLV�UDSLG�XSGDWH�FDSDELOLW\�DOORZV
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JRRG�GHVLJQ�LGHDV��DQDO\VHV��DQG�WRROV�WR�EH�SURWRW\SHG�DQG�TXLFNO\�DGGHG�WR�DQ�HQYLURQPHQW�
,W� DOVR� DOORZV� HQYLURQPHQW� GHVLJQHUV� WR� UHYLVLW� DQG� TXLFNO\� UHSDLU� GHVLJQ� GHFLVLRQV� WKDW
SURYHG�OHVV�HIIHFWLYH�WKDQ�KRSHG�

7KH� DGYDQWDJHV� RI � WKLV� UDSLGO\� LWHUDWLYH� DSSURDFK� VSLOO� RYHU� IURP� WKH� HQYLURQPHQW� GHVLJQ
WDVN�LQWR�WKH�SURFHVV�RI �XVLQJ�D�FXVWRPL]HG�HQYLURQPHQW�WR�GHVLJQ�RWKHU�V\VWHPV��$UFKLWHFWV
XVLQJ� $UPDQL� FDQ� UDSLGO\� LWHUDWH� WKURXJK�� DQG� H[SHULPHQW� ZLWK�� D� ZLGH� YDULHW\� RI � GHVLJQ
DOWHUQDWLYHV� EHIRUH� ELQGLQJ� GHVLJQ� GHFLVLRQV� IRU� WKH� V\VWHPV� WKH\� DUH� SURGXFLQJ� ZLWK� WKH
HQYLURQPHQW��6XSSRUWLQJ�UDSLG�LWHUDWLRQ�DQG�H[SHULPHQWDWLRQ�RI �GHVLJQ�DOWHUQDWLYHV�UHGXFHV
WKH�ULVN�DVVRFLDWHG�ZLWK�HDUO\�GHVLJQ�GHFLVLRQV�E\�DOORZLQJ�D�GHVLJQHU�WR�TXLFNO\�H[SHULPHQW
ZLWK�DQG�WHVW�PXOWLSOH�DOWHUQDWLYHV�EHIRUH�ILUPO\�ELQGLQJ�D�GHVLJQ�GHFLVLRQ�

7KH� WUDGLWLRQDO� DOWHUQDWLYH� WR� XVLQJ� UDSLG�� LQFUHPHQWDO� HYROXWLRQ� DQG� FRQILJXUDWLRQ� RI
VRIWZDUH�V\VWHPV�LV�WR�WKLQN�YHU\�FDUHIXOO\�WKURXJK�DOO�RI �WKH�V\VWHP
V�UHTXLUHPHQWV�DQG�WKH
LPSOLFDWLRQV� RI � YDULRXV� GHVLJQ� GHFLVLRQV�� $UPDQL
V� VXSSRUW� IRU� UDSLG� LWHUDWLRQ� DQG
H[SHULPHQWDWLRQ� GRHV� QRW�PLWLJDWH� WKH� QHHG� WR� GHHSO\� XQGHUVWDQG� D� V\VWHP
V� UHTXLUHPHQWV
DQG�WKH�LPSOLFDWLRQV�RI �GHVLJQ�GHFLVLRQV��,W�GRHV��KRZHYHU��KHOS�GHVLJQHUV�XQGHUVWDQG�WKHVH
LVVXHV� EHWWHU� E\� DOORZLQJ� WKHP� WR� H[SHULPHQW� ZLWK� DOWHUQDWLYHV�� ,W� DOVR� UHGXFHV� WKH� ULVN
DVVRFLDWHG�ZLWK�PDNLQJ�WKHVH�HDUO\�GHFLVLRQV�EHFDXVH�WKH\�FDQ�EH�PRUH�HDVLO\�UHFWLILHG�ODWHU�LI
WKH\�SURYH�WR�EH�SRRU�GHFLVLRQV�

$OO� RI � WKH� H[SHULHQFH� DQG� H[SHULPHQWV� ZLWK� $UPDQL� DUJXH� VWURQJO\� IRU� WKH� YDOXH� RI � WKLV
UDSLGO\�LWHUDWLYH�DSSURDFK��%UHDNLQJ�IURP�WKH�WUDGLWLRQDO�DSSURDFK�LQ�WKLV�ZD\�WXUQHG�RXW�WR
EH�RQH�RI � WKH�EHVW�GHFLVLRQV�RI � WKH� HQWLUH�SURMHFW��$OWKRXJK� LW� LV�XQOLNHO\� WKDW�DOO� VRIWZDUH
WRRO� GHYHORSPHQW� SURMHFWV� ZRXOG� EHQHILW� IURP� WKH� H[WUHPH� IOH[LELOLW\� DQG� ODWH� ELQGLQJ� RI
GHVLJQ�GHFLVLRQV�WKDW�$UPDQL�SURYLGHV��WKH�DSSURDFK�LV�ZLGHO\�DSSOLFDEOH�DQG�OLNHO\�WR�EH�RI
JUHDW�EHQHILW�WR�PDQ\�GLIIHUHQW�WRRO�GHYHORSPHQW�SURMHFWV�

6XSSRUWLQJ�DQ� LQFUHPHQWDO�DQG�H[SHULPHQWDO�DSSURDFK�WR�GHYHORSLQJ�FXVWRP�HQYLURQPHQWV
VHHPV� WR� VLJQLILFDQWO\� KHOS� HQYLURQPHQW� GHYHORSHUV� EXLOG� HQYLURQPHQWV� TXLFNO\�� DQG
H[SHULPHQW�ZLWK�PXOWLSOH� DOWHUQDWLYHV�EHIRUH�ELQGLQJ�GHVLJQ� DQG� LPSOHPHQWDWLRQ�GHFLVLRQV�
$V�,�GLVFXVV�LQ�VHFWLRQ��������KRZHYHU��WKH�GHFLVLRQ�WR�DOVR�SXW�WKLV�LQFUHPHQWDO�FRQILJXUDWLRQ
SRZHU� LQWR� WKH� KDQGV� RI � WKH� HQYLURQPHQWV
� HQG�XVHUV� LQWURGXFHG� VRPH� VLJQLILFDQW
FRQILJXUDWLRQ�DQG�FRPSDWDELOLW\�LVVXHV�

����� 6HOHFWLQJ�ILUVW�RUGHU�SUHGLFDWH�ORJLF�DV�WKH�IRUPDOLVP�IRU�GHVLJQ�UXOHV

6HOHFWLQJ�ILUVW�RUGHU�SUHGLFDWH� ORJLF��)23/��DV�WKH�IRUPDO�IRXQGDWLRQ�IRU�H[SUHVVLQJ�GHVLJQ
UXOHV� DQG� GHVLJQ� DQDO\VHV� LQ� $UPDQL
V� GHVLJQ� ODQJXDJH� SURYHG� WR� EH� DQ� H[FHOOHQW� GHVLJQ
GHFLVLRQ� IRU� �DW� OHDVW�� WKUHH� UHDVRQV�� )LUVW�� H[SHULHQFH�ZLWK�$UPDQL� DQG� RWKHU� GHVLJQ� WRROV
LQGLFDWHV� WKDW� )23/� LV�ZHOO� XQGHUVWRRG� E\� WKH� DUFKLWHFWV� DQG� HQYLURQPHQW� GHVLJQHUV�ZKR
PDNH�XS�$UPDQL
V�WDUJHW�DXGLHQFH��,W�DOVR�DSSHDUV�WR�EH�D�JRRG�PDWFK�ZLWK�WKHLU� LQWXLWLRQV
IRU�H[SUHVVLQJ�GHVLJQ�UXOHV��)XUWKHU��WKH�FDVH�VWXGLHV�GHVFULEHG�LQ�&KDSWHUV���DQG���LOOXVWUDWH
WKDW�GHVLJQ�UXOHV� UHODWLQJ� WR� V\VWHP�VWUXFWXUH�� WRSRORJ\�� DQG�SURSHUWLHV� DUH� UHDGLO\� FDSWXUHG
ZLWK�SUHGLFDWHV��$OWKRXJK�D�VPDOO�SRUWLRQ� WKH� WRRO�EXLOGHUV� LQ� WKHVH�FDVH� VWXGLHV�KDG�VRPH
GLIILFXOW\�DGDSWLQJ� WR� WKH�GHFODUDWLYH�QDWXUH�RI � WKH�$UPDQL�GHVLJQ� ODQJXDJH��QRQH�RI � WKHP
KDG�DQ\�VLJQLILFDQW�SUREOHP�XVLQJ�SUHGLFDWHV�WR�H[SUHVV�LQGLYLGXDO�GHVLJQ�UXOHV��
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6HFRQG��HYDOXDWLQJ�ZKHWKHU�D�)23/�H[SUHVVLRQ�KROGV�RYHU�D�VHW�RI �DVVHUWLRQV��JLYHQ�LQ�WKH
IRUP�RI � D� V\VWHP� VSHFLILFDWLRQ�� LV� DOJRULWKPLFDOO\� VWUDLJKWIRUZDUG�� /LNHZLVH�� WKH� VXEVHW� RI
)23/� XVHG� LQ� $UPDQL� LQVXUHV� WKDW� FKHFNLQJ� ZKHWKHU� D� V\VWHP
V� GHVLJQ� UXOHV� KROG� LV� D
GHFLGDEOH�TXHVWLRQ��$V�GLVFXVVHG�SUHYLRXVO\��WKH�ODQJXDJH�LQVXUHV�GHFLGDELOLW\�E\�GLVDOORZLQJ
TXDQWLILFDWLRQ�RYHU�LQILQLWH�VHWV��7KLV�OLPLWDWLRQ��GLVFXVVHG�LQ�VHFWLRQ��������KDV�QRW�SURYHQ�WR
EH�SUREOHPDWLF�LQ�SUDFWLFH�

7KLUG��)23/�SUHGLFDWHV�DUH�UHDGLO\�VSHFLILHG�LQGHSHQGHQW�RI �WKH�HQYLURQPHQW�LQ�ZKLFK�WKH\
DUH� HYHQWXDOO\� HYDOXDWHG��$V� D� UHVXOW�� XVLQJ�)23/�DV� WKH�XQGHUO\LQJ�GHVLJQ� UXOH� IRUPDOLVP
PDGH�LW�SRVVLEOH�WR�DFKLHYH�WKH�PRGXODULW\��FRPSRVDELOLW\��DQG�HQFDSVXODWLRQ�RI �GHVLJQ�UXOHV
UHTXLUHG�E\�WKH�$UPDQL�GHVLJQ�ODQJXDJH�

$OWHUQDWLYHV�FRQVLGHUHG

$OWKRXJK�)23/�FOHDUO\�KDG�PDQ\�GHVLUDEOH�SURSHUWLHV��,�DOVR�FRQVLGHUHG�D�QXPEHU�RI �RWKHU
IRUPDOLVPV�DV�D�EDVLV�IRU�WKH�$UPDQL�FRQVWUDLQW� ODQJXDJH��7KH�DOWHUQDWLYHV� LQFOXGHG�KLJKHU�
RUGHU� ORJLFV�� WHPSRUDO� ORJLFV�� DQG� PRGHO�FKHFNLQJ� IRUPDOLVPV�� $OO� RI � WKHVH� DOWHUQDWLYH
FDQGLGDWH� IRUPDOLVPV�� KRZHYHU�� KDG� VLJQLILFDQW� OLPLWDWLRQV�� 6ROYLQJ� WKH� XQGHFLGDELOLW\
SUREOHP�IRU�KLJKHU�RUGHU� ORJLFV��IRU�H[DPSOH��SURYHG�WR�EH�PRUH�FRPSOH[�WKDQ�VROYLQJ�WKH
SUREOHP� IRU� ILUVW�RUGHU� SUHGLFDWH� ORJLF�� %HFDXVH� WKH� KLJKHU�RUGHU� ORJLFV� GLG� QRW� SUHVHQW� D
VXIILFLHQWO\�FRPSHOOLQJ� LQFUHDVH� LQ�H[SUHVVLYHQHVV�WR�ZDUUDQW�WKH�DGGLWLRQDO�FRPSOH[LW\� WKH\
ZHUH�UHPRYHG�IURP�FRQVLGHUDWLRQ�

7KH� $UPDQL� FRQVWUDLQW� ODQJXDJH·V� QHHG� WR� VSHFLI\� ERXQGHG� UDQJHV� RI � YDOLG� GHVLJQ
PRGLILFDWLRQV� OHG� WR� WKH� FRQVLGHUDWLRQ� RI � YDULRXV� WHPSRUDO� ORJLFV�� 6XUSULVLQJO\�� $UPDQL·V
HPSKDVLV� RQ� VWDWLF� VWUXFWXUH� GLG� QRW� SURYH� WR� EH� DQ� HIIHFWLYH� PDWFK� IRU� WKH� QDWXUDO
H[SUHVVLYHQHVV� RI � WHPSRUDO� ORJLFV�� 7KH� H[SUHVVLYH� SRZHU� JDLQHG� E\� XVLQJ� WHPSRUDO� ORJLF
UDWKHU�WKDQ�)23/�ZDV�QRW�VXIILFLHQW�WR�ZDUUDQW�WKH�DGGLWLRQDO�FRPSOH[LW\�LW�LQWURGXFHG�LQWR
WKH�ODQJXDJH�VHPDQWLFV�DQG�WKH�DXWRPDWHG�FKHFNLQJ�WRROV�

,� DOVR� FRQVLGHUHG� YDULRXV� PRGHO�FKHFNLQJ� IRUPDOLVPV� VXFK� DV� 609� >0F0��@� EXW� WKHLU
HPSKDVLV�RQ�VWDWHV�DQG�VWDWH� WUDQVLWLRQV�GLG�QRW�SURYLGH�D�SDUWLFXODUO\�QDWXUDO�PDWFK�WR�WKH
VWUXFWXUDO�FRQVWUDLQWV�WKDW�$UPDQL�KDG�WR�EH�DEOH�WR�H[SUHVV��/LNHZLVH��WKHLU�DELOLW\�WR�H[SORUH
HQRUPRXV� VWDWH� VSDFHV� ORRNLQJ� IRU� DQ\�SRVVLEOH� FRQVWUDLQW� YLRODWLRQ�ZDV�QRW�QHFHVVDU\� IRU
WKH�W\SHV�RI �FKHFNLQJ�WKDW�$UPDQL�GRHV��$UPDQL�FRQVWUDLQWV�DUH�VLPSO\�D�IRUP�RI �FKHFNDEOH
UHGXQGDQF\�IRU�YHULI\LQJ�WKH�FRQVLVWHQF\�RI �D�VWDWLF�GHVLJQ�VSHFLILFDWLRQ��,W�LV�QRW�QHFHVVDU\
WR� GHPRQVWUDWH� WKDW� DQ�$UPDQL� GHVFULSWLRQ� FDQ� QHYHU� YLRODWH� LWV� FRQVWUDLQWV� EHFDXVH� LW� LV� D
VWDWLF� VSHFLILFDWLRQ�� 7KH� FULWLFDO� FKHFN� LV� WKDW� D� VSHFLILF� GHVLJQ� LQVWDQFH� GRHV� QRW� FXUUHQWO\
YLRODWH�LWV�FRQVWUDLQWV��7KLV�GLVWLQFWLRQ�LV�D�VXEWOH�EXW�LPSRUWDQW�

,Q� OLJKW�RI � WKH�EHQHILWV�RI � ILUVW�RUGHU�SUHGLFDWH� ORJLF� DQG� WKH� OLPLWDWLRQV�RI � WKH� DOWHUQDWLYH
IRUPDOLVPV� H[SORUHG�� VHOHFWLQJ� )23/� DV� WKH� IRUPDOLVP� XQGHUO\LQJ� $UPDQL
V� GHVLJQ� UXOHV
SURYHG�WR�EH�D�JRRG�GHVLJQ�GHFLVLRQ�

����� $SSURSULDWHO\�VFRSHG�GHVLJQ�UXOH�FKHFNLQJ�FDSDELOLWLHV

8VLQJ� D� SUHGLFDWH�EDVHG� IRUPDOLVP� IRU� FDSWXULQJ� GHVLJQ� UXOHV� RSHQV� XS� WKH� SRVVLELOLW\� RI
VXSSRUWLQJ� D� ZLGH� VSHFWUXP� RI � GLIIHUHQW� NLQGV� RI � GHVLJQ� FKHFNLQJ�� 6ROXWLRQV� DW� WKH
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LPSRYHULVKHG�HQG�RI �WKH�VSHFWUXP�GR�OLWWOH�PRUH�WKDQ�FKHFN�LQGLYLGXDO�GHVLJQ�VSHFLILFDWLRQV
IRU� V\QWDFWLF� ZHOO�IRUPHGQHVV�� $QDO\VHV� DW� WKH� RWKHU� HQG� RI � WKH� VSHFWUXP� VXSSRUW� SURRIV
DERXW�W\SHV��VW\OHV��DQG�WKH�FRPSRVLWLRQ�RI �GHVLJQ�HOHPHQWV��7KH�YHULILFDWLRQ�WHFKQLTXHV�WKDW
OLYH�DORQJ�WKLV�VSHFWUXP�FDQ�SURYLGH�FRPSXWDWLRQDO�YDOLGDWLRQ�WRROV��PHFKDQLVPV�WR�VXSSRUW
KXPDQ�UHDVRQLQJ��RU�ERWK�

,Q� JHQHUDO�� DV� D� WRRO� EXLOGHU� PRYHV� DORQJ� WKLV� VSHFWUXP� IURP� SURYLGLQJ� YHU\� VLPSOH
WHFKQLTXHV�WR�VXSSRUWLQJ�VRSKLVWLFDWHG�SURRIV�� WKH�SRZHU�RI � WKH�DQDO\VHV� LQFUHDVHV�DV�GRHV
WKH�YDOXH�RI �WKH�DQDO\WLFDO�UHVXOWV��8QIRUWXQDWHO\��WKHUH�DUH�DOVR�D�QXPEHU�RI �WUDGH�RIIV�WKDW
VKH�PXVW�PDNH� LQ� RUGHU� WR� JHW� WKH�PRUH� VRSKLVWLFDWHG� DQDO\WLFDO� UHVXOWV�� 7KHVH� WUDGH�RIIV
LQFOXGH�� JUHDWHU� GLIILFXOW\� FUHDWLQJ� WKH� DQDO\WLFDO� WRROV�� D�PRUH� IRFXVHG� VFRSH� RI � SUREOHPV
WKDW� WKH� WHFKQLTXHV� DGGUHVVHV�� D�GHFUHDVH� LQ� WKH� VSHHG�ZLWK�ZKLFK� UHVXOWV� FDQ�EH� UHWXUQHG�
DQG�GHFLGDELOLW\�SUREOHPV�

6HOHFWLQJ�DQ�DSSURSULDWH�SRLQW�RQ� WKLV�VSHFWUXP�IRU�$UPDQL
V�EXLOW�LQ�DQDO\WLFDO� FDSDELOLWLHV
SURYHG�WR�EH�D�FUXFLDO�GHVLJQ�GHFLVLRQ��0\�JRDO�ZDV�WR�SURYLGH�DV�SRZHUIXO�D�VHW�RI �GHVLJQ
UXOH�FKHFNLQJ�FDSDELOLWLHV�DV�SRVVLEOH�ZKLOH�VWLOO�EHLQJ�DEOH�WR�PHHW�WKH�UHTXLUHPHQWV�ODLG�RXW
IRU�WKH�GHVLJQ�ODQJXDJH�DQG�FRQILJXUDEOH�HQYLURQPHQW��7KH�NH\�UHTXLUHPHQWV�WKDW�VHHPHG�WR
EH�HQGDQJHUHG�E\�PDNLQJ�WKH�GHVLJQ�UXOH�FKHFNLQJ�WRR�SRZHUIXO�ZHUH�WKH�DELOLW\�WR�JXDUDQWHH
IDVW��LQWHUDFWLYH��HQYLURQPHQW�SHUIRUPDQFH�DQG�HQVXULQJ�GHFLGDELOLW\�RI �GHVLJQ�UXOH�FKHFNLQJ
�ZKLFK�ZDV�DOVR�D�SUHUHTXLVLWH�IRU�D�JRRG�LQWHUDFWLYH�HQYLURQPHQW��

)RUWXQDWHO\��,�ZDV�DEOH�WR�FUHDWH�D�VHW�RI �GHVLJQ�FKHFNLQJ�FDSDELOLWLHV�WKDW�SURYLGHG�GHVLJQHUV
ZLWK� VLJQLILFDQW� DQDO\WLFDO� SRZHU� \HW� VWLOO� PHW� $UPDQL
V� NH\� UHTXLUHPHQWV�� 7KLV� DSSURDFK
VXSSRUWV� DXWRPDWHG� W\SH� FKHFNLQJ� WHFKQLTXHV� WR� YHULI\� WKDW� D� VSHFLILF� GHVLJQ� LQVWDQFH
VDWLVILHV� LWV� GHVLJQ� UXOHV� DQG� DOO� RI � WKH� GHVLJQ� UXOHV� VWRUHG� LQ� LWV� W\SHV� DQG� VW\OHV�� ,Q� WKH
IROORZLQJ�$UPDQL�VSHFLILFDWLRQ��IRU�H[DPSOH��WKH�$UPDQL�WRROVHW�FDQ�DXWRPDWLFDOO\�GHWHUPLQH
WKDW�FRPSRQHQW�$�VDWLVILHV�W\SH�7�DQG�WKDW�FRPSRQHQW�%�GRHV�QRW�VDWLVI\�W\SH�7�

Component Type  T = { Property X : int; }
System  S = {

Component  A : T = { Property X : int = 7; };
Component B : T= { Property Y : int = 7; };

};

$V�ZH�KDYH� VHHQ� WKURXJKRXW� WKH�GLVVHUWDWLRQ�� WKH�DELOLW\� WR�GHWHUPLQH�ZKHWKHU�DQ� LQVWDQFH
VDWLVILHV�LWV�GHVLJQ�UXOHV�SURYLGHV�GHVLJQHUV�ZLWK�VLJQLILFDQW�DQDO\WLFDO�FDSDELOLW\��$�ORJLFDO�QH[W
VWHS��WKHQ��LV�WR�DVN�ZKHWKHU�D�W\SH�RU�D�VW\OH�LV�LQWHUQDOO\�FRQVLVWHQW��,Q�$UPDQL��WKH�TXHVWLRQ
RI �ZKHWKHU� D� W\SH� LV� LQWHUQDOO\� FRQVLVWHQW� FDQ�EH� UHGXFHG� WR� WKH�TXHVWLRQ�RI �ZKHWKHU� LW� LV
SRVVLEOH�IRU�DQ\� LQVWDQFH�WR�VDWLVI\�WKH�FRQVWUDLQWV�RI �WKH�W\SH��7KH�IROORZLQJ�$UPDQL�FRGH
VQLSSHW�LOOXVWUDWHV�D�W\SH�VSHFLILFDWLRQ�WKDW�LV�LQWHUQDOO\�LQFRQVLVWHQW��,W�LV�REYLRXVO\�QRW�SRVVLEOH
IRU�DQ�LQVWDQFH�RI �W\SH�7�WR�KDYH�D�SURSHUW\�[�WKDW�LV�ERWK�OHVV�WKDQ�����DQG�JUHDWHU�WKDQ����
DW�WKH�VDPH�WLPH�
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Component Type  T =
property  x : int ;
invariant  x > 100;
invariant  x < 100;

};

8QOLNH�GHWHUPLQLQJ�ZKHWKHU�DQ�LQVWDQFH�VDWLVILHV�D�W\SH��GHWHUPLQLQJ�WKDW�DQ�DUELWUDU\�W\SH�LV
LQFRQVLVWHQW� SURYHV� WR� EH� YHU\� GLIILFXOW��$V� WKH� SUHYLRXV� H[DPSOH� LOOXVWUDWHV�� KRZHYHU�� LW� LV
IUHTXHQWO\�UHODWLYHO\�VWUDLJKWIRUZDUG�IRU�D�KXPDQ�WR�PDNH�VXFK�D�GHWHUPLQDWLRQ��7KHUHIRUH�
$UPDQL�SURYLGHV�DQ�LQWHOOHFWXDO�IUDPHZRUN�WKDW�D�GHVLJQHU�RU�DUFKLWHFW�FDQ�XVH�WR�YHULI\�WKDW
WKH� W\SHV� DQG� VW\OHV� VSHFLILHG� DUH� LQWHUQDOO\� FRQVLVWHQW�� 7KLV� IUDPHZRUN� FRQVLVWV� RI � WKH
GHILQHG� VHPDQWLFV� IRU� WKH� ODQJXDJH� DQG� WKH� UXOHV�RI �SUHGLFDWH� ORJLF��2QH�RI �$UPDQL
V� NH\
GHVLJQ�SULQFLSOHV� LV� WR� KDYH� WKH� FRPSXWHU� SHUIRUP� WKH� WDVNV� DW�ZKLFK�PDFKLQHV� DUH� EHWWHU
WKDQ� SHRSOH� DQG� WR� KDYH� WKH� DUFKLWHFW� SHUIRUP� WKH� WDVNV� WKDW� KXPDQV� GR� EHWWHU� WKDQ
PDFKLQHV��)ROORZLQJ�WKLV�SULQFLSOH��$UPDQL�GRHV�QRW�VXSSRUW�DXWRPDWHG�FKHFNLQJ�RI �LQWHUQDO
W\SH�DQG�VW\OH�VSHFLILFDWLRQV�FRQVLVWHQF\�

$V� GHVLJQV�� VW\OHV�� DQG� W\SHV� EHFRPH� FRPSOH[� DQG� WKH\� DUH� DUELWUDULO\� FRPSRVHG� LW� FDQ
EHFRPH�GLIILFXOW�WR�GHWHUPLQH�ZKHWKHU�D�W\SH�LV� LQWHUQDOO\�FRQVLVWHQW��7KHUH� LV�FOHDUO\�VRPH
EHQHILW� WR� EHLQJ� DEOH� WR� DXWRPDWH� WKH� GHWHFWLRQ� RI � VXFK� LQFRQVLVWHQFLHV�� 0DQ\� RI � WKHVH
LQFRQVLVWHQFLHV� FDQ� EH� GHWHFWHG� XVLQJ� WKHRUHP� SURYLQJ� WHFKQLTXHV�� 7KH� 396� WKHRUHP�
SURYLQJ�V\VWHP�>26��@��IRU�H[DPSOH��GHWHFWV�LQFRQVLVWHQFLHV�RI �WKLV�VRUW�

8QIRUWXQDWHO\��DOWKRXJK�WKLV�WHFKQLTXH�FDQ�EH�XVHG�WR�ILQG�LQFRQVLVWHQFLHV�LQ�W\SH�DQG�GHVLJQ
VSHFLILFDWLRQV��EHFDXVH�LW�FDQ�UXQ�DUELWUDULO\�ORQJ�WR�SURYH�LWV�WKHRUHPV�DQG�UHTXLUHV�VSRUDGLF
LQSXW� IURP� WKH� XVHU�� LW� LV� QRW� SDUWLFXODUO\� HIIHFWLYH� DV� D� VXEVWUDWH� IRU� LQWHUDFWLYH� GHVLJQ
HQYLURQPHQWV�RU� IXOO\� DXWRPDWHG� DQDO\VLV� WRROV��$UPDQL� WUDGHV�RII � WKH� DELOLW\� WR�SURYH� WKH
LQWHUQDO� W\SH� FRQVLVWHQF\� IRU� WKH� DELOLW\� WR� GHILQLWLYHO\� �DQG� TXLFNO\�� GHWHUPLQH� ZKHWKHU� D
JLYHQ�LQVWDQFH�RI �D�GHVLJQ�VSHFLILHV�LWV�W\SH�FRQVWUDLQWV�

7KH�VWDQGDORQH�$UPDQL�V\VWHP�SURYLGHV�PRVW�RI �WKH�FKHFNLQJ�FDSDELOLW\�RI �396��EXW�LW�GRHV
QRW� VXSSRUW� WKHRUHP� SURYLQJ�� ,QWHJUDWLQJ� 396� ZLWK� $UPDQL� ZRXOG� DOORZ� WKH� $UPDQL
HQYLURQPHQW� WR� VXSSRUW� ERWK� DQ� LQWHUDFWLYH� HQYLURQPHQW� IRU� UDSLGO\� HYDOXDWLQJ� GHVLJQ
LQVWDQFHV� DQG� WKH� DELOLW\� WR� SHUIRUP� PRUH� VRSKLVWLFDWHG� DQDO\VHV� RI � W\SH� DQG� VW\OH
FRQVLVWHQF\�� 6XFK� DQ� LQWHJUDWLRQ� LV� EH\RQG� WKH� VFRSH� RI � WKLV� GLVVHUWDWLRQ�� EXW� D� SURPLVLQJ
GLUHFWLRQ�IRU�IXWXUH�ZRUN�

����� 6WUDLJKWIRUZDUG�W\SH�DQG�FRQVWUDLQW�FKHFNLQJ�DOJRULWKPV

,Q� LPSOHPHQWLQJ� $UPDQL·V� W\SHFKHFNLQJ� DQG� FRQVWUDLQW� PDQDJHPHQW� V\VWHPV�� ZKHUHYHU
SRVVLEOH� ,� RSWHG� IRU� VLPSOLFLW\� DQG� H[WHQVLELOLW\� RI � LPSOHPHQWDWLRQ� UDWKHU� WKDQ� UXQ�WLPH
SHUIRUPDQFH��7KLV�SURYHG�WR�EH�D�JRRG�GHVLJQ�GHFLVLRQ�

2QH� RI � WKH� DVVXPSWLRQV� WKDW� ,� PDGH� IRU� SHUIRUPDQFH� HYDOXDWLRQ� ZDV� WKDW� DUFKLWHFWXUDO
VSHFLILFDWLRQV� ZLOO� JHQHUDOO\� EH� UHODWLYHO\� VPDOO� ²� RQ� WKH� RUGHU� RI � WHQV� RU� KXQGUHGV� RI
FRPSRQHQWV� DQG� FRQQHFWRUV�� ,� IRXQG� WKDW� VWUDLJKWIRUZDUG� W\SH�FKHFNLQJ� DQG� GHVLJQ� UXOH�
FKHFNLQJ� DOJRULWKPV� ZHUH� VXIILFLHQW� IRU� GHVLJQV� RI � WKLV� VL]H�� ,Q� IDFW�� WKH� DOJRULWKPV� ,
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LPSOHPHQWHG�WR�GR�WKH�FKHFNLQJ�SURYHG�VXIILFLHQWO\�IDVW�RQ�GHVLJQV�ZLWK�XS�WR�RQH�WKRXVDQG
FRPSRQHQWV� DQG� FRQQHFWRUV�� (YDOXDWLQJ� GHVLJQV� ZLWK� OHVV� WKDQ� RQH� KXQGUHG� FRPSRQHQWV
DQG�FRQQHFWRUV�IRU�W\SH�DQG�FRQVWUDLQW�VDWLVIDFWLRQ�JHQHUDOO\�DSSHDU�DOPRVW�LQVWDQWDQHRXV�WR
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WKHP��$OWKRXJK� WKLV� LV� IHUWLOH� JURXQG� IRU� IXWXUH�ZRUN�� VROYLQJ� WKLV� SUREOHP� LV� EH\RQG� WKH
VFRSH�RI �WKLV�WKHVLV�

$Q� LPSRUWDQW� VWHS� WKDW� ,� WRRN� WR� DGGUHVV� WKH�QHHG� IRU� WXQLQJ� WKH� HYDOXDWLRQ� HIILFLHQF\�RI
VHOHFWHG�GHVLJQ�UXOHV�ZDV�WR�SURYLGH�DQ�LQWHUIDFH�WKDW�WRRO�GHYHORSHUV�DQG�VW\OH�GHVLJQHUV�FDQ
XVH�WR�LPSOHPHQW�WKHLU�GHVLJQ�UXOHV�DQG�DQDO\VHV�GLUHFWO\�LQ�-DYD��%\�SURYLGLQJ�WKLV�LQWHUIDFH�
WRRO�GHYHORSHUV�FDQ�DGMXVW�ZKHUH�DQG�KRZ�WKHLU�GHVLJQ�UXOHV�DUH�HYDOXDWHG�DQG�LPSOHPHQW�WKH
HYDOXDWLRQ�PHFKDQLVPV�ZLWK�DQ�LPSHUDWLYH�DOJRULWKP�LQVWHDG�RI �D�GHFODUDWLYH�VWDWHPHQW��7KH
WRRO�EXLOGHUV� LQ�WKH�FDVH�VWXG\� MXVW�GHVFULEHG��DQG�GHVFULEHG� LQ�GHWDLO� LQ�VHFWLRQ��������XVHG
WKLV�DSSURDFK�WR�PRYH�KLV�DQDO\VLV�LQWR�-DYD��%\�GRLQJ�VR�KH�ZDV�DEOH�WR�GUDPDWLFDOO\�SUXQH
WKH�VHDUFK�WUHH�DQG�LPSURYH�HYDOXDWLRQ�SHUIRUPDQFH�

,Q� WKLV� FDVH� VWXG\�� DV� ZHOO� DV� LQ� RWKHUV�� KRZHYHU�� WKLV� VWHS� ZDV� UDUHO\� UHTXLUHG� SXUHO\� IRU
SHUIRUPDQFH�UHDVRQV��$V�GLVFXVVHG� LQ�FKDSWHUV���DQG���� WKH�$UPDQL�GHVLJQ� ODQJXDJH� LV�QRW
ZHOO� VXLWHG� IRU� H[SUHVVLQJ� DOO� W\SHV� RI � GHVLJQ� DQDO\VHV�� ,Q� WKLV� LQVWDQFH�� WKH� DQDO\VHV� ZHUH
PRYHG�IURP�$UPDQL�WR�-DYD�EHFDXVH�WKH�VW\OH�GHVLJQHU�IRXQG�LW�HDVLHU�WR�H[SUHVV�WKH�DQDO\VHV
LPSHUDWLYHO\�UDWKHU�WKDQ�GHFODUDWLYHO\��3HUIRUPDQFH�ZDV�D�VHFRQGDU\�LVVXH��WKRXJK�LQ�WKLV�FDVH
PRYLQJ� WR� D� -DYD�EDVHG� DQDO\VLV� WKDW� FRXOG� SUXQH� LWV� VHDUFK� WUHH� LPSURYHG� SHUIRUPDQFH
GUDPDWLFDOO\��&RPELQLQJ�D�FOHDQ��GHFODUDWLYH� ODQJXDJH�IRU�H[SUHVVLQJ�PRVW�GHVLJQ�UXOHV�ZLWK
WKH� DELOLW\� WR� HVFDSH� WR� DQ� LPSHUDWLYH� ODQJXDJH� ZKHUH� QHFHVVDU\� IRU� SHUIRUPDQFH� RU
H[SUHVVLYHQHVV� FRQFHUQV� DOORZV�$UPDQL� WR�SURYLGH� DSSURSULDWH�SHUIRUPDQFH� FKDUDFWHULVWLFV
IRU�D�ZLGH�YDULHW\�RI �GHVLJQV�DQG�DQDO\VHV�

��� ’HVLJQ�GHFLVLRQV�WKDW�\LHOGHG�PL[HG�UHVXOWV

8QIRUWXQDWHO\��QRW�DOO�RI �WKH�GHVLJQ�GHFLVLRQV�,�PDGH�IRU�$UPDQL�SURYHG�WR�EH�DV�HIIHFWLYH�LQ
SUDFWLFH� DV� ,� KDG� LQWHQGHG��7KH� UHVXOWV� RI � WZR� VSHFLILF� GHFLVLRQV�SURYHG� WR�EH� SDUWLFXODUO\
VXSULVLQJ��7KH�ILUVW�RI �WKHVH�ZDV�WKH�GHFLVLRQ�WR�XVH�D�FRPSOHWHO\�GHFODUDWLYH�GHVLJQ�ODQJXDJH
DQG� WKH� VHFRQG� RI � WKHVH� ZDV� WKH� GHFLVLRQ� WR� EXLOG� H[WUHPH� UXQ�WLPH� IOH[LELOLW\� LQWR� WKH
HQYLURQPHQW��,Q�WKH�IROORZLQJ�WZR�VXEVHFWLRQV�,�GLVFXVV�HDFK�RI �WKHVH�GHVLJQ�GHFLVLRQV�DQG
WKHLU�LPSOLFDWLRQV�LQ�JUHDWHU�GHWDLO�

����� 8VLQJ�D�FRPSOHWHO\�GHFODUDWLYH�GHVLJQ�ODQJXDJH

7KH�$UPDQL�GHVLJQ�ODQJXDJH�LV�IXQGDPHQWDOO\�GHFODUDWLYH��$Q�$UPDQL�VSHFLILFDWLRQ�SURYLGHV
D� EOXHSULQW� IURP�ZKLFK� D� V\VWHP� FDQ� EH� EXLOW� DQG� D� GHVFULSWLRQ� RI � WKH� SURSHUWLHV� RI � WKH
V\VWHP� WR� EH� FRQVWUXFWHG�� ,W� GRHV� QRW� SURYLGH� DQ� RSHUDWLRQDO� GHVFULSWLRQ� RI � WKH� VWHSV
UHTXLUHG�WR�EXLOG�WKH�V\VWHP��1RU�GRHV�DQ�$UPDQL�VSHFLILFDWLRQ�GHVFULEH�WKH�PHFKDQLVP�WR
XVH�WR�YHULI\�WKDW�WKH�FRQVWUDLQWV�LPSRVHG�RQ�WKH�GHVLJQ�DUH�PHW��%RWK�RI �WKHVH�WDVNV�DUH�OHIW
WR�WKH�ODQJXDJH�SURFHVVLQJ�WRROV�WKDW�RSHUDWH�RQ�$UPDQL�GHVFULSWLRQV�

8VLQJ�D�GHFODUDWLYH� ODQJXDJH�IUHHV�DQ�DUFKLWHFW�RU�HQYLURQPHQW�GHYHORSHU�IURP�WKH�QHHG� WR
VSHFLI\�KRZ�WR�HQIRUFH�KLV�GHVLJQ�UXOHV��+H�VLPSO\�QHHGV�WR�GHFODUH�ZKDW�WKH�GHVLJQ�UXOHV�DUH
DQG� WKH� HQYLURQPHQW�ZLOO� HQIRUFH� WKHP� IRU�KLP�� ,Q� JHQHUDO�� WKH� VL]H� RI �GHFODUDWLYH� GHVLJQ
UXOH�VSHFLILFDWLRQV�LV�VLJQLILFDQWO\�VPDOOHU�WKDQ�WKH�DPRXQW�RI �FRGH�UHTXLUHG�WR�GHVFULEH�WKH
PHFKDQLVP� IRU� FKHFNLQJ� WKRVH� VSHFLILFDWLRQV� LQ� DQ� LPSHUDWLYH� ODQJXDJH�� /LNHZLVH�� WKH
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GHFODUDWLYH� QDWXUH� RI � WKH� ODQJXDJH� HQFRXUDJHV�� LI � QRW� LQVXUHV�� PRGXODULW\� DQG� SULQFLSOHG
FRPSRVLWLRQ�RI �GHVLJQ�HOHPHQWV��,QWHJUDWLQJ�RSHUDWLRQDO�VSHFLILFDWLRQV�RI �GHVLJQ�YRFDEXODU\
DQG�GHVLJQ�UXOHV�WKDW�ZHUH�QRW�RULJLQDOO\�GHVLJQHG�WR�ZRUN�WRJHWKHU�WHQGV�WR�EH�PXFK�PRUH
GLIILFXOW� DQG� FRPSOLFDWHG� WKDQ� WKH� UHODWLYHO\� VWUDLJKWIRUZDUG� FRPSRVLWLRQ� RI � GHFODUDWLYH
VSHFLILFDWLRQV�>.DL��@�

:LWK�DOO�RI �WKHVH�SRWHQWLDO�EHQHILWV��LW�VHHPHG�WKDW�D�GHFODUDWLYH�GHVLJQ�VSHFLILFDWLRQ�ODQJXDJH
ZRXOG� SURYLGH� GHVLJQHUV�ZLWK� D� JUHDW� GHDO� RI � OHYHUDJH� IRU�PLQLPDO� FRVW�� ,Q� WUDLQLQJ� RWKHU
SHRSOH� WR� XVH� WKH� $UPDQL� ODQJXDJH�� KRZHYHU�� ,� GLVFRYHUHG� WKDW� WKLV� DSSURDFK� KDV� D
VLJQLILFDQW� GUDZEDFN�� 6SHFLILFDOO\�� ,� IRXQG� WKDW� VRPH� GHVLJQHUV� ZKR� DUH� SULPDULO\
SURJUDPPHUV�E\�WUDLQLQJ�DQG�H[SHULHQFH�IRXQG�LW�GLIILFXOW�WR�PDNH�WKH�FRQFHSWXDO�OHDS�IURP
VSHFLI\LQJ�KRZ�WR�FRQVWUXFW�D�GHVLJQ�DQG�ZKDW�WKDW�GHVLJQ�VKRXOG�GR�WR�VLPSO\�VSHFLI\LQJ�ZKDW
WKH�GHVLJQ�VKRXOG�EH��$OWKRXJK�,�VXVSHFW�WKLV�GLIILFXOW\�LV�LQWHUWZLQHG�ZLWK�WKH�GLIILFXOW\�WKDW
FDVH�VWXG\�SDUWLFLSDQWV�KDG�LQ�PDNLQJ�WKH�WUDQVLWLRQ�IURP�WKLQNLQJ�DW�WKH�SURJUDPPLQJ�OHYHO
WR� WKLQNLQJ� DW� WKH� DUFKLWHFWXUH� OHYHO�� ,� GRQ·W� KDYH� DQ\� VWURQJ� HYLGHQFH� RWKHU� WKDQ�P\� FDVH
VWXG\�REVHUYDWLRQV�WR�VXSSRUW�WKLV�K\SRWKHVLV�

7KURXJKRXW� WKH� FDVH� VWXGLHV�� DSSUR[LPDWHO\� KDOI � RI � WKH� SDUWLFLSDQWV� IRXQG� WKH� GHFODUDWLYH
ODQJXDJH�SRZHUIXO��HDV\�� DQG�QDWXUDO� WR�XVH��$SSUR[LPDWHO\�RQH�TXDUWHU�RI � WKH�SDUWLFLSDQWV
VWUXJJOHG�ZLWK�WKH�GHFODUDWLYH�QDWXUH�RI �WKH�ODQJXDJH�LQLWLDOO\�EXW�HYHQWXDOO\�GLVFRYHUHG�KRZ
WR� XVH� LW� HIIHFWLYHO\�� 7KH� PRVW� GLVDSSRLQWLQJ� ILQGLQJ� ZDV� WKDW� WKH� ILQDO� TXDUWHU� RI � WKH
SDUWLFLSDQWV� ZHUH� QHYHU� UHDOO\� DEOH� WR� XVH� WKH� GHFODUDWLYH� ODQJXDJH� HIIHFWLYHO\�� (YHQ� DIWHU
DFTXLULQJ� VLJQLILFDQW� H[SHULHQFH� ZLWK� $UPDQL� WKH\� KDG� HQRXJK� GLIILFXOW\� H[SUHVVLQJ� WKHLU
LGHDV�ZLWK� WKH�GHFODUDWLYH� ODQJXDJH�WKDW� WKH\�ZURWH�PRVW�RI � WKHLU�GHVLJQ�UXOHV�DQG�DQDO\VHV
GLUHFWO\�LQ�-DYD�DQG�LPSRUWHG�WKHP�LQWR�WKH�HQYLURQPHQW�DV�H[WHUQDO�DQDO\VHV��,Q�DOPRVW�DOO�RI
WKHVH�FDVHV�� ,�ZDV�DEOH� WR�KHOS�WKHP�ZULWH�DSSURSULDWH�GHFODUDWLYH�VWDWHPHQWV� WKDW�SURYLGHG
WKHLU� GHVLUHG� FDSDELOLW\� DIWHU� WKH\� KDG� FRPSOHWHG� WKHLU� H[SHULPHQWV�� 7KLV� UHYLVLRQ� H[HUFLVH
GHPRQVWUDWHG�WKDW�WKH�SUREOHP�ZDV�QRW�$UPDQL·V�LQDELOLW\�WR�FDSWXUH�WKLV�NLQG�RI �H[SHUWLVH
GHFODUDWLYHO\�� 5DWKHU�� WKH� SUREOHP� ZDV� WKDW� WKH� $UPDQL� ODQJXDJH� GLG� QRW� SURYLGH� D� JRRG
PDWFK� ZLWK� WKHVH� GHVLJQHU·V� PHQWDO� FRQFHSWV� IRU� KRZ� WKH� H[SHUWLVH� WKDW� WKH\� ZDQWHG� WR
H[SUHVV�VKRXOG�EH�FDSWXUHG�

$OWKRXJK� WKH� QXPEHU� RI � FDVH� VWXGLHV� ZDV� WRR� VPDOO� �DSSUR[LPDWHO\� HLJKW� HQYLURQPHQW
GHYHORSHUV� DQG� DUFKLWHFWV� SDUWLFLSDWHG�� WR�EH� FRQFOXVLYH�� WKLV� ILQGLQJ� UDLVHV� D� FRQFHUQ�ZLWK
WKH�$UPDQL�DSSURDFK��7KH�GHFODUDWLYH�QDWXUH�RI �$UPDQL�SURYLGHV�D�ORW�RI �OHYHUDJH�IRU�WKRVH
WR�ZKRP�WKLQNLQJ�DUFKLWHFWXUDOO\�DQG�GHFODUDWLYHO\�FRPHV�QDWXUDOO\��(QYLURQPHQW�GHYHORSHUV�
KRZHYHU��ZKR�KDYH�WURXEOH�PDNLQJ�WKH� MXPS�WR�D�GHFODUDWLYH�DUFKLWHFWXUDO�PRGHO�ZLOO� OLNHO\
KDYH� WURXEOH� WDNLQJ� IXOO� DGYDQWDJH� RI � $UPDQL·V� SRWHQWLDO� EHQHILWV�� $UPDQL·V� VXSSRUW� IRU
ZULWLQJ�H[WHUQDO�DQDO\VHV�DQG�GHVLJQ�UXOHV�GLUHFWO\�LQ�-DYD�DGGUHVVHV�WKLV�LVVXH�SDUWLDOO\��*LYHQ
DQ� RSSRUWXQLW\� WR� UHGHVLJQ� D� VHFRQG� JHQHUDWLRQ� RI � WKH� $UPDQL� V\VWHP�� ,� ZRXOG� VWURQJO\
FRQVLGHU�DGGLQJ�DOJRULWKPLF�H[WHQVLRQV�WR�WKH�$UPDQL�GHVLJQ�ODQJXDJH�

����� %XLOGLQJ�H[WUHPH�IOH[LELOLW\�DQG�UHFRQILJXUDELOLW\�LQWR�WKH�HQYLURQPHQW

2QH� RI � WKH� RULJLQDO� K\SRWKHVHV� XQGHUO\LQJ� $UPDQL� ZDV� WKH� LGHD� WKDW� SURYLGLQJ� VRIWZDUH
DUFKLWHFWV�ZLWK�WKH�DELOLW\�WR�DUELWUDULO\�UHFRQILJXUH�WKHLU�WRROV�DQG�HQYLURQPHQWV�ZRXOG�DOORZ
WKHP�WR�FORVHO\�PDWFK�WKHLU�WRROV·�VHPDQWLF�DQG�YLVXDO�GHVLJQ�UHSUHVHQWDWLRQV�WR�WKH�UHSUHVHQ�
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WDWLRQV�WKH\�XVHG�LQIRUPDOO\�DQG�LQGHSHQGHQW�RI �WKH�WRROV��'ULYLQJ�WKLV�LGHD�ZDV�WKH�IXUWKHU
K\SRWKHVLV�WKDW�DOORZLQJ�WKH�DUFKLWHFWV�DQG�GHVLJQHUV�ZKR�DFWLYHO\�XVH�WKHVH�WRROV�WR�GR�WKH
FXVWRPL]DWLRQV�WKHPVHOYHV�ZRXOG�XQOHDVK�WKHLU�FUHDWLYLW\�DQG�DOORZ�WKHP�WR�EXLOG�SRZHUIXO�
WDVN�VSHFLILF�WRROV�ZLWKRXW�KDYLQJ�WR�EH�H[SHUW�WRROEXLOGHUV��,Q�WKH�FRXUVH�RI �FRQGXFWLQJ�WKLV
UHVHDUFK� ,� FUHDWHG� D� FRQILJXUDEOH� HQYLURQPHQW� LQIUDVWUXFWXUH�ZLWK�ZKLFK� WKHVH� K\SRWKHVHV
FRXOG�EH� H[SORUHG��7KH�JRDO�RI � WKLV� UHVHDUFK�ZDV�QRW��KRZHYHU�� WR� ULJRURXVO\� WHVW�ZKHWKHU
WKHVH�K\SRWKHVHV�KHOG�

$V� WKH� SUHYLRXV� FKDSWHUV� KDYH� LOOXVWUDWHG�� $UPDQL� GRHV� LQGHHG� SURYLGH� LWV� HQG�XVHUV� ZLWK
WUHPHQGRXV�IOH[LELOLW\�DQG�FRQILJXUDWLRQ�FDSDELOLW\��([SHULHQFH�XVLQJ�WKH�WRRO�DOVR�VHHPV�WR
FRQILUP� WKH� K\SRWKHVLV� WKDW� LW� DOORZV� DUFKLWHFWV� WR� LQFUHPHQWDOO\� FXVWRPL]H� WKHLU
HQYLURQPHQWV�LQ�SRZHUIXO�DQG�XVHIXO�ZD\V�ZLWKRXW�KDYLQJ�WR�EH�H[SHUW�WRROEXLOGHUV��:KHWKHU
WKLV� FDSDELOLW\��ZKHQ�GHSOR\HG� RQ� D� ODUJH� VFDOH��ZLOO� UHVXOW� LQ� D� JURXQGVZHOO� RI � FRPSHOOLQJ
FXVWRP� GHVLJQ� WRROV� UHPDLQV� DQ� RSHQ� TXHVWLRQ�� 7KH� FDVH� VWXGLHV�� KRZHYHU�� SRLQW� WR� WKH
SRVVLELOLW\�RI �WKLV�RXWFRPH�

$OWKRXJK�H[SHULHQFH�EXLOGLQJ�DQG�XVLQJ�$UPDQL�SURYLGHV�D�FRPSHOOLQJ�DUJXPHQW�WKDW�WKHVH
K\SRWKHVHV�KROG�� WKLV�H[SHULHQFH�XQIRUWXQDWHO\�DOVR� LOOXPLQDWHV� WZR�GUDZEDFNV� WR�$UPDQL·V
H[WUHPH�UHFRQILJXUDELOLW\��7KH�ILUVW�GUDZEDFN�LV�WKDW�DOWKRXJK�LW�LV�HDV\�WR�PRGLI\�DQ�$UPDQL
HQYLURQPHQW��LW�LV�VWLOO�GLIILFXOW�WR�FUHDWH�JUHDW�FXVWRPL]DWLRQV��7KH�SURFHVV�RI �FXVWRPL]LQJ�DQ
$UPDQL�HQYLURQPHQW� LV�VLPSOH�DQG�VWUDLJKWIRUZDUG��WKH�FKDQJHV�FDQ�EH�PDGH� LQ�YHU\�VPDOO
LQFUHPHQWV�� DQG� WKH� VWUXFWXUH� RI � WKH� ODQJXDJH� DQG� HQYLURQPHQW� SURYLGH� GHVLJQHUV� ZLWK
VLJQLILFDQW�JXLGDQFH�LQ�PDNLQJ�DSSURSULDWH�FXVWRPL]DWLRQV��'HILQLQJ�RU�VHOHFWLQJ�DSSURSULDWH
H[SHUWLVH�WR�ORDG�LQWR�WKH�HQYLURQPHQW��KRZHYHU��VWLOO�UHTXLUHV�VLJQLILFDQW�WDVWH�DQG�MXGJHPHQW
RQ� WKH� SDUW� RI � WKH� SHUVRQ� FXVWRPL]LQJ� WKH� HQYLURQPHQW�� %RWK� YLVXDO� DQG� VHPDQWLF
FXVWRPL]DWLRQV�IDFH�WKLV�GLIILFXOW\�

$UPDQL·V�VW\OH�FRQVWUXFW�JRHV�D�ORQJ�ZD\�WRZDUGV�PLWLJDWLQJ�WKH�VHULRXVQHVV�RI �WKLV�SUREOHP
E\�SURYLGLQJ�D�PHFKDQLVP� IRU�DJJUHJDWLQJ� FRKHUHQW�FROOHFWLRQV�RI � UHODWHG�GHVLJQ�H[SHUWLVH
DQG�YLVXDOL]DWLRQV��2QH�HDV\�JXLGHOLQH�WKDW�DQ�DUFKLWHFW�FDQ�XVH�WR�DGGUHVV�WKLV�SUREOHP�LV�WR
FXVWRPL]H� WKH� HQYLURQPHQW� RQO\� DW� WKH� JUDQXODULW\� RI � FRPSOHWH� VW\OHV�� %\� XVLQJ� RQO\
FRPSOHWH� VW\OH� VSHFLILFDWLRQV� FUHDWHG� E\� H[SHUWV� LQ� WKRVH� GRPDLQV� WKH� OLNHOLKRRG� WKDW� WKH
H[SHUWLVH�FDSWXUHG�E\�WKH�VW\OH�ZLOO�ZRUN�WRJHWKHU�LQ�D�VHQVLEOH�ZD\�LV�JUHDWO\�LQFUHDVHG��$V�DQ
DUFKLWHFW�EHFRPHV�PRUH�FRQILGHQW�LQ�KHU�DELOLW\�WR�DUWLFXODWH�GHVLJQ�H[SHUWLVH�LQ�WKH�$UPDQL
GHVLJQ� ODQJXDJH��VKH�FDQ�EHJLQ�WR�H[SHULPHQW�ZLWK�FUHDWLQJ�QHZ�VW\OHV� WKDW�HQFDSVXODWH�KHU
H[SHUWLVH�DQG�DUH�DSSOLFDEOH�WR�KHU�GHVLJQ�GRPDLQV�

7KH� VHFRQG� GUDZEDFN� LQWURGXFHG� E\� $UPDQL·V� H[WUHPH� FRQILJXUDELOLW\� LV� WKDW� WKHUH� LV
VLJQLILFDQW�YDOXH� LQ� VWDQGDUGL]DWLRQ�DPRQJVW� D� JURXS�RI � VRIWZDUH�GHVLJQHUV� DQG�GHYHORSHUV
RQ�WKH�WRROV��DQG�WKH�FRQILJXUDWLRQV�RI �WKRVH�WRROV���WKH�YRFDEXODU\��DQG�WKH�GHVLJQ�UXOHV�WKDW
WKH\� FKRRVH� WR� GHVLJQ� DQG� EXLOG� WKHLU� V\VWHP�� 8VHG� SURSHUO\�� $UPDQL� HQFRXUDJHV� VXFK� D
JURXS� WR� GHYHORS� WKHLU� RZQ� VKDUHG� VHW� RI � VWDQGDUG� GHVLJQ� H[SHUWLVH� ZLWK� D� VLQJOH� DJUHHG
XSRQ�VHPDQWLF�GHILQLWLRQ�DQG�VHW�RI �YLVXDO�GHSLFWLRQV��8VHG�LPSURSHUO\��WKLV�FDSDELOLW\�UHVXOWV
LQ�FKDRV�ZLWK�DOO�PHPEHUV�RI �WKH�GHYHORSPHQW�WHDP�FXVWRPL]LQJ�WKHLU�LQGLYLGXDO�WRROV�XQWLO
WKH\� KDYH� VLJQLILFDQWO\� GLIIHUHQW� FRQILJXUDWLRQV�� XWLOL]H� OLWWOH� RU� QR� VKDUHG� YRFDEXODU\� RU
GHVLJQ�UXOHV��DQG�SURYLGH�GLIIHUHQW�JUDSKLFDO�GHSLFWLRQV�RI �GHVLJQ�HOHPHQWV��7KLV�UHVXOW�LV�QRW



���

QHFHVVDULO\� XQGHVLUDEOH� LQ� DOO� GHVLJQ� DQG� GHYHORSPHQW� VLWXDWLRQV�� ,Q� PDQ\� RUJDQL]DWLRQV�
KRZHYHU��WKLV�FKDRWLF�DSSURDFK�LV�XQOLNHO\�WR�OHDG�WR�WKH�WLPHO\�GHOLYHU\�RI �JUHDW�VRIWZDUH�

,Q� RUGHU� IRU� $UPDQL� WR� EH� HIIHFWLYHO\� GHSOR\HG� LQ� D� ZLGH� UDQJH� RI � VRIWZDUH� GHVLJQ� DQG
GHYHORSPHQW� RUJDQL]DWLRQV�� LW� LV� LPSRUWDQW� WKDW� WKH� RUJDQL]DWLRQ� VHW� XS� JXLGHOLQHV� DQG
SURFHGXUHV�IRU�PDQDJLQJ�FKDQJHV�DQG�FXVWRPL]DWLRQV�WR�WKH�$UPDQL�HQYLURQPHQWV�XVHG�E\
LWV� DUFKLWHFWV�� 'HWDLOV� RI � WKH� VWULFWQHVV� DQG� VSHFLILFLW\� RI � WKHVH� JXLGHOLQHV� FDQ� YDU\
VLJQLILFDQWO\� GHSHQGLQJ� RQ� WKH� GHYHORSPHQW� RUJDQL]DWLRQ·V� SURFHVVHV�� 'HILQLQJ� WKHVH
JXLGHOLQHV�LV�RXWVLGH�RI �WKH�VFRSH�LI �WKLV�GLVVHUWDWLRQ��EXW�LW�FHUWDLQO\�SURYLGHV�DQ�DYHQXH�IRU
XVHIXO�IXWXUH�UHVHDUFK�

$UPDQL·V�UDGLFDO�IOH[LELOLW\�DQG�UHFRQILJXUDELOLW\�SURYLGHV�DUFKLWHFWV�ZLWK�WKH�RSSRUWXQLW\�WR
EXLOG� KLJKO\� FXVWRPL]HG� GHVLJQ� WRROV� WKDW� VROYH� WKHLU� VSHFLILF� GHVLJQ� SUREOHPV� DQG� FORVHO\
PDWFK� WKHLU� FRQFHSWXDO�PRGHOV�� 7DNLQJ� IXOO� DGYDQWDJH� RI � WKLV� FDSDELOLW\�� KRZHYHU�� UHTXLUHV
WKRVH�XVLQJ�WKH�WRRO�WR�DOVR�EH�YLJLODQW�RI �WKH�DSSURDFK·V�SRWHQWLDO�SLWIDOOV�
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&KDSWHU��� 

&RQFOXVLRQV�DQG�)XWXUH�:RUN

���� 6XPPDU\

,Q�WKLV�GLVVHUWDWLRQ��,�KDYH�GHPRQVWUDWHG�P\�WKHVLV�FODLP�WKDW�

,W� LV� SRVVLEOH� WR� FDSWXUH� D� VLJQLILFDQW� DQG� XVHIXO� FROOHFWLRQ� RI � VRIWZDUH� DUFKLWHFWXUH� GHVLJQ
H[SHUWLVH�ZLWK�D� ODQJXDJH�DQG�PHFKDQLVPV� IRU�H[SUHVVLQJ�GHVLJQ�YRFDEXODU\��GHVLJQ�UXOHV��DQG
DUFKLWHFWXUDO� VW\OHV�� )XUWKHU�� WKLV� FDSWXUHG� GHVLJQ� H[SHUWLVH� FDQ� EH� XVHG� WR� LQFUHPHQWDOO\
FXVWRPL]H�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�

7R�GHPRQVWUDWH� WKLV� FODLP� ,�EXLOW� VXFK� D� ODQJXDJH�DQG� LQFUHPHQWDOO\� FRQILJXUDEOH� VRIWZDUH
DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW�� ,Q� WKH� ILUVW� FKDSWHU� ,� DUJXHG� WKH� QHHG� IRU� UDSLGO\
FXVWRPL]DEOH� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV� DQG� SUHVHQWHG� P\� SODQ� IRU
SURYLGLQJ�WKHP��,� LOOXVWUDWHG�KRZ�VXFK�DQ�HQYLURQPHQW�FDQ�EH�FRQVWUXFWHG�DQG�FXVWRPL]HG
LQ�&KDSWHU���� ,� UHYLHZHG�UHOHYDQW� UHODWHG�ZRUN�DQG�FRQFOXGHG� WKDW� DOO�SUHYLRXV�DWWHPSWV�DW
DGGUHVVLQJ� WKLV� SUREOHP� HLWKHU� IDLOHG� WR� IXOO\� SURYLGH� WKH� UHTXLUHG� FDSDELOLWLHV� RU� VROYHG� D
VRPHZKDW�GLIIHUHQW�SUREOHP��GHVFULEHG�LQ�&KDSWHU�����,Q�&KDSWHU���,�GHVFULEHG�WKH�$UPDQL
GHVLJQ�ODQJXDJH�DQG�LOOXVWUDWHG�KRZ�LW
V�FRQVWUXFWV�IRU�H[SUHVVLQJ�V\VWHP�GHVFULSWLRQV��GHVLJQ
YRFDEXODU\�� GHVLJQ� UXOHV�� DQG� DUFKLWHFWXUDO� VW\OHV� FDQ� EH� XVHG� WR� FDSWXUH� ERWK� DUFKLWHFWXUDO
VSHFLILFDWLRQV�DQG�GHVLJQ�H[SHUWLVH��+DYLQJ�VSHFLILHG�D�ODQJXDJH�WKDW�DGGUHVVHV�WKH�ILUVW�KDOI
RI � WKH� WKHVLV�� ,� FUHDWHG� WKH� $UPDQL� FRQILJXUDEOH� GHVLJQ� HQYLURQPHQW� DQG� GHVFULEHG� LQ
&KDSWHU� �� KRZ� LWV� DUFKLWHFWXUH� DOORZV� LW� WR� EH� UDSLGO\� UHFRQILJXUHG� ZLWK� GHVLJQ� H[SHUWLVH
VSHFLILFDWLRQV� FDSWXUHG� LQ� WKH�$UPDQL� GHVLJQ� ODQJXDJH��&KDSWHU� �� DOVR� LOOXVWUDWHV�$UPDQL
V
IOH[LELOLW\�IRU� LQWHJUDWLQJ�H[WHUQDO�WRROV��ZKLFK�FDQ�DOVR�FRQWDLQ�VLJQLILFDQW�GHVLJQ�H[SHUWLVH�
DQG�LWV�XVHIXOQHVV�DV�D�SODWIRUP�IRU�EXLOGLQJ�QHZ�FXVWRP�GHVLJQ�WRROV��7RJHWKHU��FKDSWHUV��
DQG���GHPRQVWUDWH�WKDW� LW� LV�IHDVLEOH�WR�XVH�WKHVH�WHFKQLTXHV�DQG�PHFKDQLVPV�IRU�FDSWXULQJ
GHVLJQ�H[SHUWLVH�DQG�UDSLGO\�GHYHORSLQJ�FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV�

7R� YDOLGDWH� WKH� RYHUDOO� DSSURDFK� DQG� VXSSRUW� WKH� WKHVLV� FODLP� ,� FRQGXFWHG� D� VHW� RI � FDVH
VWXGLHV��&KDSWHUV�������DQG����GHVFULEHG�WKHVH�H[SHULPHQWV�DQG� WKHLU�UHVXOWV�� ,Q�&KDSWHU���,
SURYLGHG�D�GHWDLOHG�DQDO\VLV�DQG�FRPSDULVRQ�RI �WKH�WDVNV�UHTXLUHG�WR�FUHDWH�D�FXVWRP�GHVLJQ
HQYLURQPHQW�XVLQJ�$UPDQL�YV�� WKH� WDVNV� UHTXLUHG�WR�EXLOG�D�FRPSDUDEOH�HQYLURQPHQW� IURP
WKH�JURXQG�XS�XVLQJ�FXUUHQW�PHWKRGV�DQG�WRROV��7KH�UHVXOWV�RI �WKLV�DQDO\VLV�DUJXH�WKDW�LI �WKH
WLPH� DQG� HIIRUW� HVWLPDWHV� XVHG� LQ� &KDSWHU� �� KROG� XS� WR� H[SHULPHQWDO� YHULILFDWLRQ� WKHQ
$UPDQL�SURYLGHV�D�VLJQLILFDQW�DGYDQWDJH�RYHU�WKH�VWDWXV�TXR��7R�YDOLGDWH�WKH�DQDO\WLFDO�UHVXOWV�
,�FRQGXFWHG�HLJKW�FDVH�VWXGLHV��GHVFULEHG�LQ�&KDSWHU����2QH�RI �WKH�NH\�UHVXOWV�RI �WKHVH�FDVH
VWXGLHV� ZDV� WKDW� ,� KDG� EHHQ� RYHUO\� FRQVHUYDWLYH� LQ� P\� SUHYLRXV� HVWLPDWHV�� $UPDQL
V
SHUIRUPDQFH� SURYHG� WR� EH� HYHQ� EHWWHU� WKDQ� WKH� DQDO\VLV� KDG� SUHGLFWHG�� ,Q� DGGLWLRQ� WR
YHULI\LQJ� WKH� WDVN�DQDO\VLV�� WKH�FDVH� VWXGLHV� LQ�&KDSWHU���GHPRQVWUDWHG� WKH�EUHDGWK��SRZHU�
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DQG�LQFUHPHQWDOLW\�RI �WKH�$UPDQL�DSSURDFK��7KH�IDFW�WKDW�,�FRQGXFWHG�DOO�RI �WKH�FDVH�VWXGLHV
GHVFULEHG�LQ�&KDSWHU���E\�P\VHOI �UDLVHV�WKH�LVVXH�RI �ZKHWKHU�WKH�UHVXOWV�RI �WKRVH�FDVH�VWXGLHV
ZHUH�RYHUO\� VNHZHG�E\� WKH� IDFW� WKDW� ,� ERWK�EXLOW� WKH� WRRO� DQG� WHVWHG� LW� E\�EXLOGLQJ� VDPSOH
FXVWRP� HQYLURQPHQWV�� 7R� DGGUHVV� WKLV� LVVXH�� ,� FRQGXFWHG� IRXU� DGGLWLRQDO� FDVH� VWXGLHV� LQ
ZKLFK�RWKHU�VRIWZDUH�DUFKLWHFWV��UHVHDUFKHUV��DQG�WRRO�EXLOGHUV�XVHG�$UPDQL�WR�FUHDWH�FXVWRP
GHVLJQ�HQYLURQPHQWV�DQG�WRROV� WKDW�VROYHG�VSHFLILF�GHVLJQ�SUREOHPV�WKH\�IDFHG��7KHVH�FDVH
VWXGLHV�DOVR�H[WHQGHG�WKH�SUHYLRXV�FKDSWHU
V�GHPRQVWUDWLRQ�RI �$UPDQL
V�SRZHU��EUHDGWK��DQG
LQFUHPHQWDOLW\��&KDSWHU���VXPPDUL]HV�WKH�UHVXOWV�RI �WKHVH�FDVH�VWXGLHV�

$IWHU�SUHVHQWLQJ�D�GHWDLOHG�GHVFULSWLRQ�RI �KRZ�$UPDQL�VDWLVILHV�WKH�WKHVLV�FODLP��DORQJ�ZLWK
DQ� DQDO\VLV� DQG� FDVH� VWXGLHV� WR� YDOLGDWH� WKH� FODLP�� ,� SURYLGHG� D� FULWLFDO� HYDOXDWLRQ� RI
LQWHUHVWLQJ� LVVXHV� VXUURXQGLQJ� WKH� $UPDQL� SURMHFW� LQ� &KDSWHU� ��� )LQDOO\�� LQ� WKLV� FKDSWHU� ,
GLVFXVV�WKH�WKHVLV·�FRQWULEXWLRQV�DQG�GHVFULEH�RSSRUWXQLWLHV�IRU�IXWXUH�UHVHDUFK�WKDW�WKLV�ZRUN
KDV�XQFRYHUHG�

������ &RQWULEXWLRQV

+DYLQJ�H[SORUHG�D�QHZ�DSSURDFK�WR�UDSLGO\�GHYHORSLQJ�FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ
HQYLURQPHQWV�� OHW� XV� UHYLVLW� WKH� FRQWULEXWLRQV� WKDW� WKLV� UHVHDUFK� PDNHV� WR� WKH� ILHOG� RI
&RPSXWHU�6FLHQFH��7KH�UHVHDUFK�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�SURYLGHV�

• $� WHFKQLTXH� IRU� GUDPDWLFDOO\� UHGXFLQJ� WKH� WLPH�� FRVW�� DQG� GLIILFXOW\� RI � EXLOGLQJ� D
VLJQLILFDQW� FODVV� RI � FXVWRPL]HG� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV�� 7KLV
GLVVHUWDWLRQ
V� URDGPDS�GHVFULELQJ�KRZ� WR�XVH� WKLV� WHFKQLTXH�SURYLGHV� VLJQLILFDQW� YDOXH�
LQGHSHQGHQW�RI � WKH�$UPDQL� LPSOHPHQWDWLRQ�� WR� D� YDULHW\�RI � DXGLHQFHV��7KLV� WHFKQLTXH
EHQHILWV� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW� EXLOGHUV� E\� GHPRQVWUDWLQJ� KRZ� D
YDULHW\� RI � GHVLJQ� WRROV� FDQ� EH� EXLOW� WKURXJK� SULQFLSOHG�� LQFUHPHQWDO� DGDSWDWLRQV� WR� D
FRPPRQ� VKDUHG� LQIUDVWUXFWXUH�� ,W� EHQHILWV� VRIWZDUH� GHYHORSPHQW� RUJDQL]DWLRQV� E\
SURYLGLQJ� DFFHVV� WR� KLJKO\� FXVWRPL]HG� WRROV� DW� D� PXFK� ORZHU� FRVW� WKDQ� FXUUHQW
GHYHORSPHQW� WHFKQLTXHV� DOORZ�� ,W� EHQHILWV� SUDFWLFLQJ� VRIWZDUH� DUFKLWHFWV� E\� SURYLGLQJ
WKHP�ZLWK� WRROV� WKDW� FORVHO\�PDWFK� WKHLU� GHVLJQ�GRPDLQ��)LQDOO\�� LW� EHQHILWV� UHVHDUFKHUV
VWXG\LQJ� VRIWZDUH� GHYHORSPHQW� WRROV� E\� SURYLGLQJ� D� JHQHUDO� FXVWRPL]DWLRQ� WHFKQLTXH
WKDW�FDQ�OLNHO\�EH�H[WHQGHG�WR�RWKHU�GHVLJQ�DQG�SUREOHP�GRPDLQV�

• $�GHVLJQ�ODQJXDJH��7KH�GLVVHUWDWLRQ�GHVFULEHV�D�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�ODQJXDJH
WKDW� LV� FDSDEOH� RI � LQFUHPHQWDOO\� FDSWXULQJ� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH� ZLWK
PRGXODU�� UHXVDEOH�� ILUVW�FODVV� ODQJXDJH� FRQVWUXFWV�� 7KH� GHVLJQ� ODQJXDJH� LV� DOVR� D� IXOO�
IOHGJHG�DUFKLWHFWXUH�GHVFULSWLRQ�ODQJXDJH��$'/��FDSDEOH�RI �GHVFULELQJ�WKH�VWUXFWXUH�RI
VRIWZDUH� DUFKLWHFWXUHV� DQG� WKH� FRQVWUDLQWV� DQG� JXLGHOLQHV� XQGHU� ZKLFK� WKRVH� V\VWHPV
ZHUH�GHVLJQHG�DQG�PD\�EH�HYROYHG�

7KH� GHVLJQ� ODQJXDJH� FRQWULEXWHV� WR� WKH� VRIWZDUH� DUFKLWHFWXUH� UHVHDUFK� FRPPXQLW\� E\
GHPRQVWUDWLQJ�WKDW�D�ILUVW�RUGHU�SUHGLFDWH�ORJLF�EDVHG�FRQVWUDLQW�ODQJXDJH�FDQ�EH�XVHG�WR
GHILQH�LQWHUHVWLQJ�DQG�XVHIXO�GHVLJQ�UXOHV�WR�JXLGH�VRIWZDUH�GHVLJQ�DQG�HYROXWLRQ��)XUWKHU�
WKH� ODQJXDJH� DUWLFXODWHV� DQG� HQFRGHV� DQ� H[WHQVLEOH� IUDPHZRUN� IRU� FDSWXULQJ� VRIWZDUH
DUFKLWHFWXUH�GHVLJQ�H[SHUWLVH��,Q�DGGLWLRQ�WR�LWV�EHQHILW�WR�UHVHDUFKHUV��WKH�GHVLJQ�ODQJXDJH
DOVR� EHQHILWV� VRIWZDUH� GHYHORSPHQW� RUJDQL]DWLRQV� E\� SURYLGLQJ� D� ZD\� WR� FDSWXUH� DQG
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UHXVH� WKH� RUJDQL]DWLRQDO� GHVLJQ� H[SHUWLVH� WKH\� GHYHORS� LQ� EXLOGLQJ� VRIWZDUH� V\VWHPV�
)LQDOO\�� LW� EHQHILWV� VRIWZDUH� DUFKLWHFWV� E\� SURYLGLQJ� DQ� H[SOLFLW� WHFKQLTXH� IRU� FDSWXULQJ
DQG�H[SUHVVLQJ�DUFKLWHFWXUDO�GHVLJQ�FRQVWUDLQWV�LQ�VRIWZDUH�DUFKLWHFWXUH�VSHFLILFDWLRQV�

• $� UHIHUHQFH� DUFKLWHFWXUH�� 7KH� GLVVHUWDWLRQ� GHVFULEHV� D� UHIHUHQFH� DUFKLWHFWXUH�� RU
DUFKLWHFWXUDO� VW\OH�� IRU� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV� WKDW� VXSSRUW� LQFUH�
PHQWDO�FXVWRPL]DWLRQ�� ,W�GHVFULEHV� WKH�DUFKLWHFWXUH�RI � WKH�$UPDQL�GHVLJQ�HQYLURQPHQW�
GHVFULEHV� WKH�PHFKDQLVPV� WKDW� WKH� HQYLURQPHQW
V� DUFKLWHFWXUH�SURYLGHV� IRU� LQFUHPHQWDO
DGDSWDWLRQ�� DQG�GLVFXVVHV� VRPH� IXQGDPHQWDO� WUDGHRIIV� IDFLQJ� DUFKLWHFWV�ZRUNLQJ� LQ� WKLV
VW\OH�� 7KLV� DUFKLWHFWXUH� LV� SURYHQ�� DSSOLFDEOH�� DQG� DSSURSULDWH� IRU� FUHDWLQJ� VRIWZDUH
DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQWV� EH\RQG� WKH� $UPDQL� HQYLURQPHQW� GHVFULEHG� LQ� WKLV
GLVVHUWDWLRQ��7KLV�FRQWULEXWLRQ�LV�SDUWLFXODUO\�XVHIXO�IRU�VRIWZDUH�WRRO�EXLOGHUV�ZKR�QHHG
DGDSWDEOH��PRGXODU�DUFKLWHFWXUHV�WR�XVH�IRU�GHVLJQ�WRROV�DQG�HQYLURQPHQWV�

• $� VHW� RI � FDVH� VWXGLHV��$� VHW� RI � GHWDLOHG� H[DPSOHV� DQG� FDVH� VWXGLHV� DUH� SUHVHQWHG� WR
LOOXVWUDWH�KRZ�WKH�WHFKQLTXH�� ODQJXDJH��DQG�LQWHJUDWLRQ�IUDPHZRUN�MXVW�GHVFULEHG�FDQ�EH
XVHG� WR� HIIHFWLYHO\� FDSWXUH� VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� H[SHUWLVH� DQG� UDSLGO\� GHYHORS
FXVWRP�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��7KH�FDVH�VWXGLHV�EHQHILW�SHRSOH�XVLQJ
$UPDQL� WR�GHVLJQ�VRIWZDUH�DUFKLWHFWXUHV�DQG�EXLOG� FXVWRP�VRIWZDUH� DUFKLWHFWXUH�GHVLJQ
HQYLURQPHQWV��7KH\�SURYLGH�D�IUDPHZRUN�IRU�FRQGXFWLQJ�YDOLGDWLRQV�RI �VLPLODU�UHVHDUFK
LQ� VRIWZDUH� GHVLJQ� DQG� GHYHORSPHQW� WRROV�� )LQDOO\�� WKH\� DUH� XVHIXO� IRU� UHVHDUFKHUV
LQWHUHVWHG�LQ�IXUWKHU�H[SORUDWLRQ�RI �WKH�LGHDV�SUHVHQWHG�LQ�WKH�GLVVHUWDWLRQ�

���� )XWXUH�ZRUN�

7KH�SURFHVV�RI �GHVLJQLQJ��EXLOGLQJ��DQG�XVLQJ�$UPDQL� LQWURGXFHV�RSSRUWXQLWLHV�IRU�IXUWKHU
UHVHDUFK��,Q�WKLV�VHFWLRQ�,�GLVFXVV�WKH�PRVW�SURPLVLQJ�RI �WKHVH�

������ *HQHUDOL]LQJ�IOH[LEOH�FRQILJXUDWLRQ�VWUDWHJLHV

$UPDQL� SURYLGHV� D� SRLQW� VROXWLRQ� WR� WKH� JHQHUDO� SUREOHP� RI � VHSDUDWLQJ� WKH� VWDQGDUG
LQIUDVWUXFWXUH� VKDUHG�E\� DOO�PHPEHUV� RI � D� IDPLO\� RI � V\VWHPV� IURP� WKH� YDULDEOH� DVSHFWV� RI
WKRVH�V\VWHPV��6SHFLILFDOO\�� LW�DOORZV�VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQW�GHYHORSHUV�WR
LQFUHPHQWDOO\�FRQILJXUH�WKHLU�GHVLJQ�HQYLURQPHQWV��7KH�SULQFLSOHV�HPERGLHG�LQ�WKH�$UPDQL
DSSURDFK� DUH�� KRZHYHU�� DOPRVW� FHUWDLQO\� DSSOLFDEOH� WR� RWKHU� GHVLJQ� GRPDLQV�� $OWKRXJK
GHYHORSLQJ� D� JHQHUDO� VROXWLRQ� IRU� FRQILJXULQJ� DUELWUDU\� IDPLOLHV� RI � V\VWHPV� LV� EH\RQG� WKH
VFRSH� RI � WKLV� WKHVLV�� WKH� UHVHDUFK� VXJJHVWV� WKUHH� JHQHUDO� SULQFLSOHV� IRU� UHSOLFDWLQJ� WKLV
DSSURDFK�LQ�RWKHU�GRPDLQV�

7KH�ILUVW�RI �WKHVH�SULQFLSOHV�LV�WKDW�HVWDEOLVKLQJ�WKH�FRUH�FRQFHSWV�DQG�XQGHUO\LQJ�IRUPDOLVP
DV�DQ�LQLWLDO�VWHS�PDNHV�WKH�FUHDWLRQ�RI �WKH�FRQILJXUDEOH�WRROV�PXFK�HDVLHU��7KH�KDUGHVW�WDVN
LQ�GHYHORSLQJ�$UPDQL�ZDV�GHILQLQJ� WKH�$UPDQL�GHVLJQ� ODQJXDJH�� LWV� FRUH� FRQFHSWV�� DQG� LWV
H[WHQVLELOLW\� VHPDQWLFV�� 2QFH� ,� KDG� GHYHORSHG� WKH� ODQJXDJH� DQG� DQ� LQIUDVWUXFWXUH� IRU
SURFHVVLQJ� WKH� ODQJXDJH� LW� SURYHG� VWUDLJKWIRUZDUG� WR� LPSOHPHQW� WKH� FRQILJXUDEOH� HQYLURQ�
PHQW� RQ� WRS� RI � WKH� ODQJXDJH� LQIUDVWUXFWXUH�� 7KH� NH\� FRQILJXUDEOH� DVSHFWV� RI � WKH� $UPDQL
HQYLURQPHQW�ZHUH�EXLOW�GLUHFWO\�LQWR�WKH�ODQJXDJH�VR�,�VLPSO\�KDG�WR�PDNH�WKH�HQYLURQPHQW



���

H[SRVH�WKHVH�FRQILJXUDWLRQ�FDSDELOLWLHV�WR�WKH�HQG�XVHU��7KH�DSSOLFDELOLW\�RI �WKLV�DSSURDFK�WR
RWKHU�GRPDLQV�LV�DQ�RSHQ�TXHVWLRQ�DQG�IHUWLOH�JURXQG�IRU�IXUWKHU�UHVHDUFK�

7KH�VHFRQG�FRUH�SULQFLSOH�LV�WKDW�WKH�LQIUDVWUXFWXUH�WKDW�VHUYHV�DV�WKH�EDVLV�IRU�WKH�IDPLO\�RI
FXVWRP�VRIWZDUH� V\VWHPV�QHHGV� WR�SURYLGH�D�XVHIXO� VHW�RI � FDSDELOLWLHV�� ,I � WKH�GRPDLQ�GRHV
QRW�KDYH�D�VWDQGDUG�VHW�RI �V\VWHP�FDSDELOLWLHV�FRPPRQ�WR�DOO�V\VWHPV�LQ�WKH�GRPDLQ��WKHQ�WKH
GRPDLQ� LV� SUREDEO\� QRW� D� JRRG� FDQGLGDWH� IRU� XVLQJ� WKLV� DSSURDFK�� 7KH� PLQLPDO�
XQFRQILJXUHG�$UPDQL�GHVLJQ� HQYLURQPHQW�� IRU� H[DPSOH�� LV� D� IXOO\� IXQFWLRQLQJ�GHVLJQ� HQYL�
URQPHQW�� ,W� VXSSRUWV� WKH� UHSUHVHQWDWLRQ�RI � V\VWHP�GHVLJQV�� JUDSKLFDO�GHVLJQ�GHSLFWLRQ� DQG
PDQLSXODWLRQ��GHVLJQ�UXOH�FKHFNLQJ��DQG�WKH��LQWHJUDWLRQ�RI �H[WHUQDO�WRROV��)XUWKHU�UHVHDUFK�LV
QHHGHG�WR�GHYHORS�JXLGHOLQHV�IRU�GHWHUPLQLQJ�D�GRPDLQ·V�NH\�FRPPRQ�LQIUDVWUXFWXUH�SLHFHV�

7KH� WKLUG� FRUH� SULQFLSOH� LV� WKDW� LW� LV� LPSRUWDQW� WR� SURYLGH� PXOWLSOH�� FRPSOHPHQWDU\�
PHFKDQLVPV�IRU�FRQILJXULQJ�WKH�FRUH�LQIUDVWUXFWXUH��$UPDQL�SURYLGHV�D�FRUH�VHW�RI �WRROV�DQG
FRQVWUXFWV� FRPPRQ� WR� DOO� $UPDQL� HQYLURQPHQWV�� D� ODQJXDJH� IRU� FRQILJXULQJ� WKH� GHVLJQ
H[SHUWLVH� VWRUHG� LQ� WKH� HQYLURQPHQW�� DQG� PHFKDQLVPV� IRU� LQWHJUDWLQJ� H[WHUQDO� WRROV� DQG
EXLOGLQJ� QHZ� WRROV� WKDW� FRXOGQ·W� EH� UHSUHVHQWHG�ZLWK� WKH� FRQILJXUDWLRQ� ODQJXDJH��(DFK� RI
WKHVH�PHFKDQLVPV�FDQ�EH�XVHG� WR�FRQILJXUH�DQG�FUHDWH�FXVWRP�GHVLJQ�HQYLURQPHQWV�� ,I �DQ
HQYLURQPHQW�GHYHORSHU�FDQ·W�DWWDLQ�WKH�GHVLUHG�FRQILJXUDWLRQ�XVLQJ�RQH�RI �WKHVH�WHFKQLTXHV�
KH� FDQ� DOPRVW� DOZD\V� DFKLHYH� WKH� FRQILJXUDWLRQ� XVLQJ� RQH� RI � WKH� RWKHU� WHFKQLTXHV�� 7KHVH
WKUHH� WHFKQLTXHV� SURYHG� DSSURSULDWH� DQG� XVHIXO� IRU� WKH� GRPDLQ� RI � FXVWRP� VRIWZDUH
DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��,W�LV�QRW�FOHDU��KRZHYHU��WKDW�WKH\�DUH�RSWLPDO�FRQILJXUDWLRQ
WHFKQLTXHV� IRU� DOO� SRVVLEOH� GRPDLQV�� 'HYHORSLQJ� DGGLWLRQDO� FRQILJXUDWLRQ� WHFKQLTXHV� DQG
SURYLGLQJ� JXLGDQFH� IRU� PDSSLQJ� GRPDLQ� FKDUDFWHULVWLFV� WR� FRQILJXUDWLRQ� WHFKQLTXHV� ERWK
SURYLGH�FRPSHOOLQJ�RSSRUWXQLWLHV�IRU�IXWXUH�UHVHDUFK�

,W�DSSHDUV�WKDW�YDULDWLRQV�RQ�WKH�$UPDQL�DSSURDFK�FDQ�EH�DSSOLHG�ZLWK�VLJQLILFDQW�EHQHILW�WR
PDQ\�GLIIHUHQW�VRIWZDUH�GHYHORSPHQW�GRPDLQV��([DFWO\�ZKLFK�DVSHFWV�RI �WKH�DSSURDFK�QHHG
WR�EH�PRGLILHG�IRU�GLIIHUHQW�GRPDLQV�DQG�ZKLFK�FDQ�EH�UHXVHG�GLUHFWO\�LV�DQ�RSHQ�TXHVWLRQ�
$ORQJ�WKH�VDPH� OLQHV�� LW� LV�QRW�FOHDU�ZKHWKHU�$UPDQL·V�XVH�RI �D�ULFK�GHFODUDWLYH� ODQJXDJH�DV
WKH� EDVLV� IRU� WKH� EXON� RI � WKH� FRQILJXUDWLRQ� LQIRUPDWLRQ� LV� ZLGHO\� DSSOLFDEOH� EH\RQG� WKH
GRPDLQ�RI �VRIWZDUH�DUFKLWHFWXUH�GHVLJQ�HQYLURQPHQWV��6LJQLILFDQW�IXWXUH�UHVHDUFK�LV�QHHGHG
WR�DGGUHVV�WKHVH�TXHVWLRQV��,GHDOO\��WKHVH�H[SHULPHQWV�ZLOO�DWWHPSW�WR�DSSO\�WKH�EURDG�$UPDQL
DSSURDFK� WR� FUHDWLQJ� FRQILJXUDEOH� LQIUDVWUXFWXUHV� LQ� RWKHU� GRPDLQV� DQG� UHSRUW� RQ� WKH
HIIHFWLYHQHVV�RI �WKH�WHFKQLTXH�

������ ,QWHJUDWLQJ�WKH�$UPDQL�WRROVHW�ZLWK�IXOO�VRIWZDUH�OLIHF\FOH�SURFHVVHV

7R�OLPLW�WKH�VFRSH�RI �WKLV�UHVHDUFK��,�GLG�QRW�GLUHFWO\�H[SORUH�$UPDQL·V�UROHV�LQ�IXOO�VRIWZDUH
OLIHF\FOH� SURFHVVHV�� /LNHZLVH�� P\� UHVHDUFK� GRHV� QRW� SURYLGH� DQ\� GHILQLWLYH� DQVZHUV� RQ
ZKHWKHU�RU�KRZ� WKH�$UPDQL�DSSURDFK� FKDQJHV��RU� VKRXOG� FKDQJH�� WKHVH�SURFHVVHV��0DWXUH
VRIWZDUH� GHYHORSPHQW� RUJDQL]DWLRQV�� KRZHYHU�� ZLOO� RQO\� EH� DEOH� WR� WDNH� IXOO� DGYDQWDJH� RI
$UPDQL� LI � WKH\� FDQ� LQWHJUDWH� WKH� WRRO� LQWR� WKHLU� VRIWZDUH� GHYHORSPHQW�� GHSOR\PHQW�� DQG
PDLQWHQDQFH� SURFHVVHV�� $V� D� UHVXOW�� GHWHUPLQLQJ� KRZ� WKH�$UPDQL� GHVLJQ� DSSURDFK� FDQ� EH
LQWHJUDWHG�ZLWK�SRSXODU�GHYHORSPHQW�SURFHVVHV��DV�ZHOO�DV�GLVFRYHULQJ�QHZ�SURFHVVHV�HQDEOHG
E\�$UPDQL·V�IOH[LELOLW\�DQG�SRZHU��DUH�ERWK�SURPLVLQJ�GLUHFWLRQV�IRU�IXWXUH�ZRUN�
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7KHUH�DUH�IRXU�VSHFLILF�UHVHDUFK�WRSLFV�ZLWKLQ�WKLV�JHQHUDO�DUHD�WKDW�DUH� OLNHO\�WR�EH�IUXLWIXO�
7KH�ILUVW�RI �WKHVH�LV�GHYHORSLQJ�WHFKQLTXHV�IRU�UHODWLQJ�V\VWHP�UHTXLUHPHQWV�WR�DUFKLWHFWXUHV�
3URYLGLQJ�WKH�DELOLW\�WR�GLUHFWO\�WUDFN�KRZ�DQ�DUFKLWHFWXUH�DGGUHVVHV�D�V\VWHP·V�UHTXLUHPHQWV
LV� D� NH\� FDSDELOLW\�� WKRXJK� ILJXULQJ� RXW� KRZ� WR� GR� VR� HIIHFWLYHO\� ZLOO� UHTXLUH� D� QRQ�WULYLDO
UHVHDUFK� HIIRUW��$UPDQL·V� FRQVWUXFWV� IRU� VSHFLI\LQJ� VRIWZDUH� DUFKLWHFWXUHV� DQG� GHVLJQ� UXOHV
SRWHQWLDOO\� SURYLGH� D� XVHIXO� SODWIRUP� IRU� PDSSLQJ� VXFK� D� UHODWLRQVKLS�� )XUWKHU�� $UPDQL·V
DELOLW\� WR� UDSLGO\� H[SHULPHQW� ZLWK� GLIIHUHQW� HQYLURQPHQW� FDSDELOLWLHV� DQG� V\VWHP� GHVLJQ
RSWLRQV� SRWHQWLDOO\� LQWURGXFHV� DQ� RSSRUWXQLW\� WR� FUHDWH� D� WLJKW� IHHGEDFN� ORRS�EHWZHHQ� WKH
UHTXLUHPHQWV� JDWKHULQJ� WDVN� DQG� WKH� V\VWHP� DUFKLWHFWLQJ� WDVN�� 7KH� SURFHVV� RI � GHVLJQLQJ� D
V\VWHP�WR�PHHW�D�VHW�RI �UHTXLUHPHQWV�IUHTXHQWO\�VKHGV�OLJKW�RQ�WKH�UHTXLUHPHQWV�WKHPVHOYHV�
$Q� DGGLWLRQDO� DYHQXH� IRU� IXUWKHU� UHVHDUFK� LV� WKH� GHYHORSPHQW� RI � SURFHVVHV� WKDW� FDQ� WDNH
DGYDQWDJH�RI �WKLV�SRWHQWLDO�WLJKW�IHHGEDFN�ORRS�

7KH� VHFRQG� UHVHDUFK� WRSLF� LV� HVWDEOLVKLQJ�PRUH� HIIHFWLYH� WHFKQLTXHV� IRU�PDSSLQJ� DUFKLWHF�
WXUHV�WR�LPSOHPHQWDWLRQ�FRGH��,GHDOO\��WKLV�PDSSLQJ�SURFHVV�ZLOO�DOORZ�V\VWHP�GHVLJQHUV�DQG
GHYHORSHUV� WR� JHQHUDWH� VLJQLILFDQW� V\VWHP� LPSOHPHQWDWLRQ� FRGH� LQ� WKH� SURFHVV�� $OWKRXJK
DUFKLWHFWXUDO�VSHFLILFDWLRQV�DUH�YDOXDEOH�DQG�LPSRUWDQW�DV�EOXHSULQWV�IRU�KRZ�D�V\VWHP�VKRXOG
EH� EXLOW�� XVLQJ� D� PDQXDO� SURFHVV� WR� JR� IURP� DQ� DUFKLWHFWXUDO� VSHFLILFDWLRQ� WR� WKH� V\VWHP
LPSOHPHQWDWLRQ� SUHVHQWV� �DW� OHDVW�� WZR� SUREOHPV�� 7KH� ILUVW� SUREOHP� LV� DUFKLWHFWXUDO� GULIW�
%HFDXVH�WKH�DUFKLWHFWXUDO�VSHFLILFDWLRQ�LV�MXVW�D�EOXHSULQW��LW�LV�SRVVLEOH�DQG�HYHQ�SUREDEOH�WKDW
WKH� FRPSOHWHG� V\VWHP� ZLOO� QRW� LPSOHPHQW� WKH� DUFKLWHFWXUDO� VSHFLILFDWLRQ� SHUIHFWO\�� 7KLV
SUREOHP� EHFRPHV� PRUH� DFXWH� DV� D� V\VWHP� HYROYHV� WKURXJKRXW� LWV� OLIHWLPH� DQG� WKH
DUFKLWHFWXUDO�GRFXPHQWV�IDLO�WR�NHHS�SDFH��7KH�ELJJHU�DQG�PRUH�FRPSOH[�WKH�SURMHFW�LV��WKH
PRUH� OLNHO\� WKLV� LV� WR� EH� WUXH�� 7KH� VHFRQG� SUREOHP� LV� WKDW� LPSOHPHQWDWLRQ� VWLOO� UHTXLUHV� D
WUHPHQGRXV�DPRXQW�RI �HIIRUW�UHODWLYH�WR�WKH�DUFKLWHFWXUDO�VSHFLILFDWLRQ�

2QH� REYLRXV� WHFKQLTXH� WKDW� FRXOG� DGGUHVV� ERWK� RI � WKHVH� LVVXHV� LV� SURYLGLQJ� WRROV� IRU
JHQHUDWLQJ� D� VLJQLILFDQW� ERG\� RI � LPSOHPHQWDWLRQ� FRGH� IURP� WKH� DUFKLWHFWXUDO� VSHFLILFDWLRQ�
*HQHUDWLQJ�HYHQ�VNHOHWDO�FRGH�FRQVWUXFWV�FRXOG�ERWK�VLJQLILFDQWO\�VSHHG�LPSOHPHQWDWLRQ�WLPH
DQG� LPSURYH� WKH�PDWFK�EHWZHHQ� DUFKLWHFWXUDO� VSHFLILFDWLRQV� DQG� WKH� FRGH� WKDW� LPSOHPHQWV
WKRVH�VSHFLILFDWLRQV��2QH�SURPLVLQJ�DSSURDFK�WR�PDNLQJ�VXFK�JHQHUDWLRQ�IHDVLEOH� LV� WR� OLQN
WRROV�WKDW�NQRZ�KRZ�WR�SURGXFH�FRGH�IRU�FRPPRQ�FRPSRQHQWV�DQG�FRQQHFWRUV�JLYHQ�D�VHW
RI �SDUDPHWHUV�E\�DQ�DUFKLWHFW��7KH�8QL&RQ�SURMHFW� >6KDZ���@�WDNHV� WKLV�DSSURDFK�ZLWK� LWV
H[SHUWV�FRQFHSW��8QL&RQ�H[SHUWV�GHVFULEH�KRZ�DQ�DUFKLWHFWXUDO�FRQVWUXFW�VKRXOG�EH�UHDOL]HG�LQ
LPSOHPHQWDWLRQ� FRGH�� $OWKRXJK� EH\RQG� WKH� VFRSH� RI � WKLV� GLVVHUWDWLRQ�� GHYHORSLQJ� D
WHFKQLTXH�WR�FRXSOH�8QL&RQ
V�H[SHUWV�ZLWK�$UPDQL
V�GHVLJQ�UXOHV�LV�D�SURPLVLQJ�DYHQXH�IRU
DGGLQJ�FRGH�JHQHUDWLRQ�FDSDELOLWLHV�WR�$UPDQL�

7KH�WKLUG�UHVHDUFK�WRSLF�H[SORUHV�ZKHWKHU�$UPDQL��DQG�RWKHU�WRROV�WKDW�HPXODWH�LWV�H[WUHPH
IOH[LELOLW\��LQWURGXFHV�RSSRUWXQLWLHV�WR�XVH�VRIWZDUH�SURFHVVHV�WKDW�DUH�UDGLFDOO\�GLIIHUHQW�IURP
WKRVH�SRSXODU�WRGD\��$UPDQL�DOORZV�D�GHVLJQHU�WR�TXLFNO\�FKDQJH�QRW�RQO\�WKH�GHVLJQ�RI �WKH
V\VWHP� WKDW� KH� LV� EXLOGLQJ�� EXW� DOVR� WKH� WRROV� WKDW� KH� LV� XVLQJ� WR� EXLOG� WKDW� V\VWHP�� 7KH
UHVHDUFK�,�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�GRHV�QRW�VROYH�WKH�SUREOHP�RI �KRZ�EHVW�WR�KDUQHVV
WKLV�FDSDELOLW\�WR�EXLOG�VRIWZDUH�EHWWHU��IDVWHU��DQG�FKHDSHU��7KH�DELOLW\�WR�DGDSW�\RXU�WRROV�WR
VROYH� WKH� SUREOHP� DW� KDQG� LQVWHDG� RI � DGDSWLQJ� \RXU� SUREOHP� WR� ILW� WKH� WRROV� DYDLODEOH�
KRZHYHU�� FDQ� IXQGDPHQWDOO\� FKDQJH� WKH� G\QDPLFV� RI � VRIWZDUH� GHYHORSPHQW� SURFHVVHV�
6SHFLILFDOO\��DVVXPSWLRQV�DERXW�ZKDW�NLQGV�RI �WDVNV�DQG�FDSDELOLWLHV�DUH�H[SHQVLYH�DQG�ZKLFK
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DUH�FKHDS�PD\�QHHG�WR�EH�UH�HYDOXDWHG��6XFK�D�UH�HYDOXDWLRQ�FDQ�OHDG�WR�XVHIXO�LQVLJKWV� LQWR
DOWHUQDWLYH� SURFHVVHV� DQG� WHFKQLTXHV�� 7KH� RSSRUWXQLWLHV� IRU� LQQRYDWLYH� VRIWZDUH� SURFHVVHV
EHFRPH� HYHQ� JUHDWHU� DV� DGGLWLRQDO� VRIWZDUH�GHYHORSPHQW� WRROV� WDNH�$UPDQL·V� OHDG� DQG� DUH
PDGH�KLJKO\�FRQILJXUDEOH�IRU�FXVWRPL]DWLRQ�E\�WKHLU�HQG�XVHUV��3URYLGLQJ�WKH�$UPDQL�WRROVHW
WR� D� ODUJHU� DXGLHQFH� RI � SUDFWLFLQJ� DUFKLWHFWV� DQG� REVHUYLQJ� KRZ� WKH\� DGDSW� WKHLU� GHVLJQ
SURFHVV�DV�D�UHVXOW�RI �XVLQJ�WKH�WRROV�LV�D�SURPLVLQJ�QH[W�VWHS�IRU�H[SORULQJ�WKLV�WRSLF�

7KH� IRXUWK� RSSRUWXQLW\� IRU� IXWXUH� SURFHVV�UHODWHG� UHVHDUFK� OLHV� LQ� GHYLVLQJ� WHFKQLTXHV� DQG
SURWRFROV�IRU�PDQDJLQJ�DUFKLWHFWV�ZRUNLQJ�ZLWK�$UPDQL��7KH�IUHHGRP�WKDW�$UPDQL�SURYLGHV
GHVLJQHUV�LQ�FRQILJXULQJ�WKHLU�GHVLJQ�WRROV�DQG�HQYLURQPHQWV�PD\�RU�PD\�QRW�EH�GHVLUDEOH�DW
WKH� RUJDQL]DWLRQDO� OHYHO�� 5HTXLULQJ� WKDW� DOO� GHVLJQHUV� DQG� GHYHORSHUV� XVH� D� VWDQGDUG� VHW� RI
WRROV� DQG� WHFKQLTXHV�� IRU� LQVWDQFH�� LV� RIWHQ� D� JRRG� ZD\� WR� LQVXUH� WKDW� GHVLJQHUV� FDQ
FRPPXQLFDWH�DQG�UHDGLO\�VKDUH�GHVLJQV�DQG�VSHFLILFDWLRQV�

$W�WKH�VDPH�WLPH��DOORZLQJ�DOO�GHVLJQHUV�WR�FXVWRPL]H�WKHLU�GHVLJQ�WRROV�ZLWK�WKHLU�RZQ�GHVLJQ
YRFDEXODU\�� GHVLJQ� H[SHUWLVH�� DQG� YLVXDOL]DWLRQ� PHFKDQLVPV� RIIHUV� WKH� SRWHQWLDO� IRU� FKDRV�
$UPDQL·V� DELOLW\� WR� TXLFNO\� GLVWULEXWH� H[SHUWLVH� DQG� HQYLURQPHQW� VSHFLILFDWLRQV� EHWZHHQ
GHVLJQHUV��KRZHYHU��DOVR�DOORZV�GHVLJQHUV� WR�TXLFNO\�H[SHULPHQW�ZLWK�GLIIHUHQW�HQYLURQPHQW
FRQILJXUDWLRQV�DQG�VKDUH�GLVFRYHULHV�ZLWK� WKHLU� FROODERUDWRUV��7KH�RSSRUWXQLW\� IRU�FKDRV� LV
SUHVHQW��EXW�WKH�RSSRUWXQLW\�IRU�UDSLG�DQG�RUJDQLF�HYROXWLRQ�RI �GHVLJQ�WHFKQLTXHV�DQG�WRROV
LV� DOVR�SUHVHQW��7KH� JRDO� LV� WR� DFKLHYH� WKLV� UDSLG�RUJDQLF� HYROXWLRQ�ZLWKRXW� VXIIHULQJ� IURP
H[FHVVLYH� FKDRV��'HYHORSLQJ� WHFKQLTXHV�� SURWRFROV�� DQG�PHFKDQLVPV� IRU� WXQLQJ� DQG�PDLQ�
WDLQLQJ� WKH� GHVLUHG� OHYHO� RI � IOX[� LQ� HQYLURQPHQW� FRQILJXUDWLRQV� LV� DQ� LPSRUWDQW� DUHD� IRU
IROORZ�RQ�UHVHDUFK��2QH�SURPLVLQJ�GLUHFWLRQ� LV�WR�DWWHPSW�WR� LQFRUSRUDWH�D�VWDQGDUG�DFFHVV
FRQWURO� SROLF\� DQG�RU� PRGHO� ZLWK� $UPDQL� WR� GHILQH� WKH� VSHFLILF� SHUPLVVLRQV� WKDW� HDFK
PHPEHU�RI �DQ�DUFKLWHFWXUH�WHDP�KDV�

������ %XLOGLQJ�HIIHFWLYH�GHVLJQ�WRROV

,Q� WKH� ILUVW� FKDSWHU� RI � WKLV� GLVVHUWDWLRQ� ,� DUJXHG� WKDW� GHVLJQ� WRROV� DUH� HIIHFWLYH�ZKHQ� WKH\
FDSWXUH� WKH� IXQGDPHQWDO�GHVLJQ� H[SHUWLVH�RI � D� VSHFLILF�GHVLJQ�GRPDLQ��$UPDQL�EXLOGV�RQ� WKLV
DVVXPSWLRQ� E\� SURYLGLQJ� D� ODQJXDJH� IRU� FDSWXULQJ� GHVLJQ� H[SHUWLVH� DQG� D� FRQILJXUDEOH
VRIWZDUH� DUFKLWHFWXUH� GHVLJQ� HQYLURQPHQW� WKDW� FDQ� EH� LQFUHPHQWDOO\� FXVWRPL]HG� ZLWK� WKLV
FDSWXUHG� H[SHUWLVH�� 7KH� FDVH� VWXGLHV� SUHVHQWHG� LQ� FKDSWHUV� ��� ��� DQG� �� H[SORUH� DQG
GHPRQVWUDWH�$UPDQL
V� DELOLW\� WR� FDSWXUH� VXFK�GHVLJQ� H[SHUWLVH� DQG� WR� XVH� WKDW� H[SHUWLVH� LQ
FUHDWLQJ� FXVWRP� $UPDQL� HQYLURQPHQWV�� 7KH� FDVH� VWXGLHV� GR� QRW�� KRZHYHU�� HYDOXDWH� WKH
HIIHFWLYHQHVV� RI � WKHVH� FXVWRP� HQYLURQPHQWV� IRU� GHVLJQLQJ� VRIWZDUH� DUFKLWHFWXUHV� LQ� DQ
LQGXVWULDO�VHWWLQJ�

$OWKRXJK� FRQGXFWLQJ� VXFK� D� VHW� RI � H[SHULPHQWV�ZDV� EH\RQG� WKH� VFRSH� RI � WKLV� WKHVLV�� WKLV
LVVXH� SRLQWV� WR� DQ� LPSRUWDQW� DYHQXH� IRU� IXWXUH� ZRUN�� 6SHFLILFDOO\�� $UPDQL� UHOLHV� RQ� WKH
HQYLURQPHQW�GHYHORSHUV�DQG�DUFKLWHFWV�ZKR�XVH�LW�WR�FRQILJXUH�WKH�JHQHULF�HQYLURQPHQW�ZLWK
XVHIXO�GHVLJQ�H[SHUWLVH��'HYHORSLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI �KRZ�DQG�ZKHUH�GLIIHUHQW�NLQGV
RI � H[SHUWLVH� SURYLGH� DUFKLWHFWV� ZLWK� OHYHUDJH� VKRXOG� LPSURYH� WKH� TXDOLW\� RI � FXVWRPL]HG
$UPDQL� HQYLURQPHQWV�� $ORQJ� WKH� VDPH� OLQHV�� SURYLGLQJ� D� VHW� RI � JXLGHOLQHV� IRU� HIIHFWLYHO\
XVLQJ�$UPDQL�FDQ�KHOS�QHZ�HQYLURQPHQW�GHYHORSHUV�EHFRPH�SURILFLHQW�ZLWK�WKH�WRRO�PRUH
TXLFNO\�
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$UPDQL� FDQ� EH� HDVLO\� UHFRQILJXUHG�� H[WHUQDO� WRROV� FDQ� EH� UHDGLO\� LQWHJUDWHG� ZLWK� WKH
HQYLURQPHQW�� DQG� LWV� H[WHQVLEOH� LQIUDVWUXFWXUH� FDQ� EH� XVHG� WR� UDSLGO\� GHYHORS� DQG� GHSOR\
H[SHULPHQWDO�GHVLJQ�WRROV��$V�D� UHVXOW�� LW�SURYLGHV�DQ�H[FHOOHQW�SODWIRUP�IRU�H[SORULQJ�ZKDW
PDNHV�GHVLJQ�WRROV�HIIHFWLYH�DQG�H[SHULPHQWLQJ�ZLWK�D�ZLGH�YDULHW\�RI �DOWHUQDWLYH�WRROV�DQG
GHVLJQ�H[SHUWLVH�

������ &RPSRVDEOH�FRQQHFWRUV

7KH�DYDLODELOLW\�RI �SUH�EXLOW�FRQQHFWRU� W\SHV�DQG�FRQQHFWLRQ� LQIUDVWUXFWXUH� LV�RIWHQ�D�PRUH
LPSRUWDQW� GHVLJQ� GHFLVLRQ� GULYHU� WKDQ� WKH� DYDLODELOLW\� RI � SUH�EXLOW� FRPSRQHQWV�� %XLOGLQJ
FRPSOH[�FRQQHFWRUV�FDQ�EH�YHU\�GLIILFXOW��RU�LPSRVVLEOH��ZLWKRXW�DFFHVV�WR�XQGHUO\LQJ�V\VWHP
VHUYLFHV��,W�LV��IRU�H[DPSOH��GLIILFXOW�WR�XVH�D�VKDUHG�PHPRU\�FRQQHFWLRQ�EHWZHHQ�SURFHVVHV�LI
WKH�XQGHUO\LQJ�RSHUDWLQJ�V\VWHP�GRHVQ·W�VXSSRUW�LQWHU�SURFHVV�VKDUHG�PHPRU\�EORFNV�

'\QDPLF�FRPSRVDELOLW\�RI � FRQQHFWRU�FKDUDFWHULVWLFV� DQG�JHQHUDWLRQ�RI � FXVWRP�FRQQHFWRUV
FRXOG�VLJQLILFDQWO\�DOOHYLDWH�WKLV�SUREOHP��,W�LV�LPSRUWDQW�WKDW�WKLV�FRPSRVDELOLW\�EH�SURYLGHG
DW�PRUH�WKDQ�WKH�IRUPDO�OHYHO��WKRXJK�WKDW·V�D�JRRG�VWDUW���7KH�PRGHO�DQG�WHFKQRORJ\�PXVW
DOVR� VXSSRUW� WKH� FUHDWLRQ� RI � DQ� H[HFXWDEOH�� UXQ�WLPH� FRQQHFWLRQ� LQIUDVWUXFWXUH� IURP� WKH
IRUPDO�VSHFLILFDWLRQV��8QL&RQ�>6KDZ���@�SURYLGHV�D�JRRG�LQLWLDO�FXW�DW�FRQQHFWRU�JHQHUDWLRQ�
EXW�LW�GRHV�QRW�VXSSRUW�WKH�FUHDWLRQ�RI �QHZ�FRQQHFWLRQ�PHFKDQLVPV�WKURXJK�FRPSRVLWLRQ�

7KURXJKRXW� WKH� SURFHVV� RI � GHVLJQLQJ� WKH� $UPDQL� HQYLURQPHQW·V� DUFKLWHFWXUH�� ILQGLQJ� DQ
DSSURSULDWH� VHW� RI � UHXVDEOH� FRPSRQHQWV� SURYHG� OHVV� GLIILFXOW� WKDQ� DVVHPEOLQJ� D� VHW� RI
FRQQHFWLRQ� PHFKDQLVPV� WKDW� ZRUNHG� SURSHUO\� ZLWK� WKH� VHOHFWHG� FRPSRQHQWV�� :LWKRXW
DSSURSULDWH�FRQQHFWLRQ�PHFKDQLVPV��KRZHYHU�� ,�ZDV�XQDEOH� WR� WDNH�DGYDQWDJH�RI �PDQ\�RI
WKHVH� UHXVDEOH� FRPSRQHQWV�� ,W� ZDV� IUHTXHQWO\� HDVLHU� WR� GXSOLFDWH� WKH� FRPSRQHQW
V
IXQFWLRQDOLW\�WKDQ�LW�ZRXOG�KDYH�EHHQ�WR�LQWHJUDWH�WKHP�XVLQJ�H[LVWLQJ�FRQQHFWRU�WHFKQRORJLHV�
,Q�RWKHU�FDVHV��WKH�SHUIRUPDQFH�RI �WKH�LQWHJUDWHG�FRPSRQHQWV�ZDV�VLPSO\�WRR�XQUHOLDEOH�WR
EH�XVDEOH�LQ�WKH�SURGXFWLRQ�V\VWHP��,Q�WKHVH�FDVHV��WKH�FRQQHFWLRQ�PHFKDQLVPV�ZHUH�´EODFN
ER[HVµ�WKDW�IUHTXHQWO\�DQG�P\VWHULRXVO\�IDLOHG�WR�ZRUN��'HEXJJLQJ�WKHVH�IDLOXUHV�ZDV�DOPRVW
LPSRVVLEOH� EHFDXVH� WKH� FRQQHFWLRQ� PHFKDQLVPV� ZHUH� SURSULHWDU\� DQG� H[SRVHG� YHU\� IHZ
GHWDLOV� WR� WKH� GHYHORSHU�� 3URYLGLQJ� WRROV� DQG� WHFKQLTXHV� IRU� JHQHUDWLQJ� FRQQHFWRUV� ZLWK
UHOLDEOH�� FRPSRVDEOH�� IXQFWLRQDOLW\�DQG�SURSHUWLHV�ZRXOG�JR�D� ORQJ�ZD\� WRZDUGV� DGGUHVVLQJ
WKHVH�FKDOOHQJHV�

������ ’LVWULEXWLRQ�DQG�LQVWDOODWLRQ�RI �FRPSRQHQW�EDVHG�V\VWHPV

2QH�RI �WKH�XQGHUO\LQJ�H[SHULPHQWV�LQ�GHVLJQLQJ�WKH�$UPDQL�HQYLURQPHQW�LQIUDVWUXFWXUH�ZDV
WR� H[SORLW� WKH� FXUUHQW� VWDWH�RI�WKH�SUDFWLFH� LQ� EXLOGLQJ� FRPSRQHQW�EDVHG� V\VWHPV�� $ORQJ
WKHVH� OLQHV�� ,� VHOHFWHG� WKH�0LFURVRIW� -DYD�90�DV� WKH� UXQ�WLPH�HQYLURQPHQW� IRU� WKH�$UPDQL
LQIUDVWUXFWXUH�� 9LVLR� DV� WKH� EDVLV� IRU� EXLOGLQJ� WKH�$UPDQL�*8,�� DQG�$FWLYH;� >&KD��@� DQG
-DYD%HDQV� >+DP��@� WHFKQRORJLHV� WR� FRQQHFW� WKH� FRPSRQHQWV� DQG� ZUDS� H[WHUQDO� WRROV�� ,
QHHGHG�WR�GLVWULEXWH�DERXW�D�KDOI �GR]HQ�FRPSRQHQWV�ZLWK�WKH�IXOO�$UPDQL�VROXWLRQ��)RU�HYHQ
ZLWK�WKLV�VPDOO�JURXS�RI �FRPSRQHQWV��KRZHYHU��LW�SURYHG�HIIHFWLYHO\�LPSRVVLEOH�WR�FUHDWH�DQ
DXWRPDWHG�LQVWDOODWLRQ�VFULSW�WKDW�FRXOG�UHOLDEO\�LQVWDOO�DQG�LQWHJUDWH�DOO�RI �WKH�FRPSRQHQWV�
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0\�GLIILFXOWLHV�LQ�SXWWLQJ�WRJHWKHU�WKH�$UPDQL�GLVWULEXWLRQ�KDG�ERWK�D�OHJDO�FRPSRQHQW�DQG�D
WHFKQLFDO� FRPSRQHQW�� $W� WKH� KHDUW� RI � WKH� OHJDO� GLIILFXOWLHV� ZDV� WKH� IDFW� WKDW� QRQH� RI � WKH
FRPSRQHQW�YHQGRUV�,�VHOHFWHG�DOORZHG�PH�WR�GLVWULEXWH�WKHLU�FRPSRQHQWV�ZLWK�WKH�$UPDQL
UHOHDVH��7KH\�ZDQWHG�WR�PDLQWDLQ�IXOO�FRQWURO�RYHU�ZKR�UHFHLYHG�WKHVH�FRPSRQHQWV�DQG�KRZ
WKH\�ZHUH� OLFHQVHG�� )URP� D� EXVLQHVV� SHUVSHFWLYH�� WKLV� LV� QRW� DQ� XQUHDVRQDEOH� SRVLWLRQ��$Q
LPSRUWDQW� LPSOLFDWLRQ� RI � WKLV� DSSURDFK�� KRZHYHU�� LV� WKDW� DQ\ERG\� ZKR� ZDQWHG� WR� LQVWDOO
$UPDQL�DW�WKHLU�ORFDO�VLWH�KDG�WR�ILUVW�YLVLW�PXOWLSOH�SODFHV�WR�SXUFKDVH��GRZQORDG��DQG�LQVWDOO
KDOI �D�GR]HQ�GLIIHUHQW�FRPSRQHQWV�IURP�PXOWLSOH�ORFDWLRQV�EHIRUH�WKH\�FRXOG�HYHQ�DWWHPSW
WR� LQVWDOO� WKH� $UPDQL� V\VWHP�� 3URYLGLQJ� DQ� DXWRPDWHG� VFULSW� WR� GR� WKH� SXUFKDVLQJ�
GRZQORDGLQJ��DQG�LQVWDOODWLRQ�UHTXLUHG�IRU�WKHVH�SDFNDJHV�ZDV�HIIHFWLYHO\�LPSRVVLEOH�

,�VXVSHFW�WKDW�LI �,�KDG�EHHQ�D�ODUJH�FRUSRUDWLRQ�VHOOLQJ�KXQGUHGV�RI �WKRXVDQGV�RI �FRSLHV�RI
WKLV� VRIWZDUH�� ,�SUREDEO\� FRXOG�KDYH�QHJRWLDWHG� OLFHQVLQJ� DQG�GLVWULEXWLRQ� DJUHHPHQWV�ZLWK
HDFK�RI �WKHVH�YHQGRUV�WKDW�ZRXOG�KDYH�DOORZHG�PH�WR�GLVWULEXWH�WKHLU�FRPSRQHQWV��SHUKDSV
IRU�D�IHH��$V�D�ORQH�JUDGXDWH�VWXGHQW�WU\LQJ�WR�PDNH�D�UHVHDUFK�SURWRW\SH�IUHHO\�DYDLODEOH�RYHU
WKH� LQWHUQHW�� KRZHYHU�� ,� KDG� QHLWKHU� WKH� WLPH�� UHVRXUFHV�� QRU� FORXW� WR� PDNH� WKLV� VROXWLRQ
IHDVLEOH�� 7KH� QHHG� WR� FRQGXFW� WKHVH� ODZ\HU�LQWHQVLYH� QHJRWLDWLRQV� VHYHUHO\� OLPLWV� WKH
VFDODELOLW\�RI �FXUUHQW�FRPSRQHQW�EDVHG�V\VWHP�WHFKQRORJLHV�

$OWKRXJK�WKH�OHJDO�GLIILFXOWLHV�ZLWK�GLVWULEXWLQJ�WKH�IXOO�$UPDQL�V\VWHP�SURYHG�GDXQWLQJ��WKH
WHFKQLFDO�GLIILFXOWLHV�SURYHG�HYHQ�PRUH�FKDOOHQJLQJ��(DFK�RI �WKH�FRPSRQHQW�YHQGRUV�UDSLGO\
SXW�RXW�QHZ�YHUVLRQV�RI �WKHLU�FRPSRQHQWV��RIWHQ�LQWURGXFLQJ�LQFRPSDWLELOLWLHV�LQ�WKH�SURFHVV�
8QIRUWXQDWHO\��ZKHQ�YHQGRUV�LQWURGXFH�D�QHZ�YHUVLRQ�RI �D�FRPSRQHQW�WKH\�IUHTXHQWO\�VWRS
VXSSRUWLQJ�ROGHU�YHUVLRQV�RI � LW��RU��HYHQ�ZRUVH�� WKH\�VWRS�GLVWULEXWLQJ� WKH�ROGHU�YHUVLRQV�DW
DOO����$V�D�UHVXOW�RI �WKLV�UDSLG�XSJUDGH�F\FOH��LW�LV�HIIHFWLYHO\�LPSRVVLEOH�WR�NHHS�XS�ZLWK�DOO�RI
WKH�SRVVLEOH�FRPELQDWLRQV�RI �GLIIHUHQW�YHUVLRQV�RI � WKH�VDPH�FRPSRQHQWV� WKDW� D�FXVWRPHU�ZKR
GRZQORDGV�DQG�DWWHPSWV�WR�LQVWDOO�$UPDQL�LV�OLNHO\�WR�HQFRXQWHU�

$OORZLQJ� V\VWHP� GHYHORSHUV� WR� GLVWULEXWH� WKHVH� FRPSRQHQWV� GLUHFWO\� ZLWK� WKHLU� V\VWHP
LQVWDOODWLRQ�SDFNDJH�ZRXOG�KHOS�WR�DGGUHVV�WKLV�FRPSDWLELOLW\�LVVXH��EHFDXVH�LW�ZRXOG�DOORZ�WKH
LQVWDOOHU�WR�KDYH�D�FRQVLVWHQW�VHW�RI �FRPSRQHQWV�WR�LQVWDOO��7KLV�VROXWLRQ�VROYHV�VRPH�RI �WKH
GLVWULEXWLRQ�SUREOHPV��EXW� LW� LV� VWLOO�QRW�SHUIHFW�� ,I � WKH�V\VWHP� WR�EH� LQVWDOOHG�XVHV�D�ZLGHO\
DYDLODEOH�FRPSRQHQW�WKDW�LV�VKDUHG�E\�PXOWLSOH�DSSOLFDWLRQV��LQVWDOOLQJ�D�QHZ�YHUVLRQ�RI �WKDW
FRPSRQHQW�RQ�WKH�WDUJHW�PDFKLQH�PD\�GLVUXSW�SUHYLRXVO\�LQVWDOOHG�DSSOLFDWLRQV��0LFURVRIW·V
&20�WHFKQRORJ\�>%R[��@�KDV�PDGH�VLJQLILFDQW�SURJUHVV�LQ�DGGUHVVLQJ�WKH�PXOWLSOH�YHUVLRQV
SUREOHP�� 7DNLQJ� DGYDQWDJH� RI � WKLV� VROXWLRQ�� KRZHYHU�� UHTXLUHV� D� GHYHORSHU� WR� FRPSOHWHO\
EX\�LQ�WR�D�ODUJH�FROOHFWLRQ�RI �SURSULHWDU\�0LFURVRIW�VWDQGDUGV�

0\�H[SHULHQFH�GLVWULEXWLQJ�WKH�$UPDQL�V\VWHP�LQGLFDWHV�WKDW�WKH�FXUUHQW�VWDWH�RI �WKH�SUDFWLFH
IRU�GLVWULEXWLQJ�FRPSRQHQW�EDVHG�V\VWHPV�ZLWK�FRPSRQHQWV�IURP�PXOWLSOH�YHQGRUV�GRHV�QRW
VFDOH�WR�V\VWHPV�ZLWK�VL[�GLVWULEXWDEOH�FRPSRQHQWV��)DLOXUH� WR�ZRUN�IRU�D�V\VWHP�WKLV�VPDOO
LQGLFDWHV�WKDW�FXUUHQW�GLVWULEXWLRQ�DQG�LQVWDOODWLRQ�VROXWLRQV�DUH�KLJKO\�XQOLNHO\�WR�HIIHFWLYHO\
VFDOH�WR�VXSSRUW�WKH�GLVWULEXWLRQ�RI �ODUJH��KHWHURJHQHRXV��FRPSRQHQW�EDVHG�VRIWZDUH�V\VWHPV�

�������������������������������������������������
18 Fortunately, in the only case I encountered where the vendor completely stopped distributing the older version of
their component (on which Armani was dependent), I was allowed to distribute the old component with the Armani
distribution.  If I had not been so fortunate, I would have had to make significant, costly upgrades to Armani just to
keep it available.
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,QWHUHVWLQJO\�� WKLV�SUREOHP� LV�QRW� OLPLWHG� WR� ODUJH��FRPSOH[�� VRIWZDUH�V\VWHPV��7KH�VWDWH�RI�
WKH�SUDFWLFH�WHFKQLTXHV�DQG�LQIUDVWUXFWXUH�IRU�GLVWULEXWLQJ�FRPSRQHQW�EDVHG�V\VWHPV�DUH�DOVR
SUREOHPDWLF�IRU�VPDOO��LQH[SHQVLYH�VRIWZDUH�V\VWHPV�SURGXFHG�E\�GHYHORSPHQW�RUJDQL]DWLRQV
WKDW�ODFN�WKH�UHVRXUFHV�WR�QHJRWLDWH�ZLWK�ODUJH�FRPSRQHQW�YHQGRUV�

'HYHORSLQJ�FRQILJXUDWLRQ�PDQDJHPHQW�DQG�GLVWULEXWLRQ�V\VWHPV�WKDW�DGGUHVV�ERWK�WHFKQLFDO
DQG�OHJDO�LVVXHV�LV�D�FULWLFDO�DUHD�IRU�IXWXUH�UHVHDUFK��:LWKRXW�GUDPDWLF�LPSURYHPHQWV�LQ�WKLV
DUHD�� WKH� RSWLPLVWLF� SURMHFWLRQV� RI � FRPSRQHQW�EDVHG� VRIWZDUH� HYDQJHOLVWV� DUH� XQOLNHO\� WR
FRPH� WR� IUXLWLRQ� DQG� VRIWZDUH� GHYHORSPHQW� RUJDQL]DWLRQV� DUH� XQOLNHO\� WR� EH� DEOH� WR� WDNH
VLJQLILFDQW�DGYDQWDJH�RI �FRPSRQHQW�EDVHG�WHFKQRORJLHV�

������ 6HOHFWLQJ�DSSURSULDWH�VW\OHV�DQG�GHVLJQ�H[SHUWLVH

$UPDQL�SURYLGHV� VRIWZDUH�DUFKLWHFWV� DQG�GHVLJQ� HQYLURQPHQW�EXLOGHUV�ZLWK�D� JUHDW�GHDO�RI
IOH[LELOLW\�IRU�H[SUHVVLQJ��FDSWXULQJ��DQG�UHXVLQJ�GHVLJQ�H[SHUWLVH�DQG�DUFKLWHFWXUDO�VW\OHV��,W�LV
QRW��KRZHYHU��SDUWLFXODUO\�HIIHFWLYH�DW�JXLGLQJ�DUFKLWHFWV�IDFHG�ZLWK�D�VSHFLILF�GHVLJQ�SUREOHP
LQ�VHOHFWLQJ� DSSURSULDWH�DUFKLWHFWXUDO� VW\OHV�RU�FROOHFWLRQV�RI �GHVLJQ�H[SHUWLVH��7KLV�SURFHVV
VWLOO�UHTXLUHV�VLJQLILFDQW�WDVWH�DQG�MXGJHPHQW�RQ�WKH�SDUW�RI �WKH�DUFKLWHFW�

5HVHDUFKHUV� ZRUNLQJ� LQ� RWKHU� VSHFLDOWLHV� KDYH� PDGH� SURJUHVV� RQ� WKH� JHQHUDO� SUREOHP� RI
PDSSLQJ�FRPPRQ�GHVLJQ�SUREOHPV�WR�XQGHUVWRRG�VROXWLRQV��WR�FLWH�WKUHH�H[DPSOHV��VHH�WKH
ZRUN� LQ� WKH�GHVLJQ�SDWWHUQV� FRPPXQLW\� VXFK�DV� >*DP���@��/DQH
V� WKHVLV�RQ�XVHU�LQWHUIDFH
GHYHORSPHQW� >/DQ��@�� DQG� .UXHJJHU·V� ZRUN� RQ� VHOHFWLQJ� REMHFW�RULHQWHG� GDWDEDVH� GHVLJQV
>.UX��@��� 7KHUH� KDV�� KRZHYHU�� EHHQ� OLWWOH� SURJUHVV� RQ� WKLV� SUREOHP� LQ� WKH� VRIWZDUH
DUFKLWHFWXUH�UHVHDUFK�FRPPXQLW\��$OWKRXJK�VROYLQJ�WKLV�SUREOHP�LV�RXWVLGH�RI �WKH�VFRSH�RI
WKLV�WKHVLV��H[SHULHQFH�ZLWK�$UPDQL�XQGHUVFRUHV�LWV�LPSRUWDQFH�DV�DQ�DUHD�IRU�IXWXUH�ZRUN�

���� &RQFOXVLRQ

,Q� WKLV�GLVVHUWDWLRQ� ,�KDYH�GHPRQVWUDWHG� WKDW� LW� LV�SRVVLEOH� WR� FDSWXUH� VRIWZDUH�DUFKLWHFWXUH
GHVLJQ�H[SHUWLVH�LQ�VPDOO��UHXVDEOH��DQG�LQFUHPHQWDOO\�FRPSRVDEOH�XQLWV��,·YH�DOVR�VKRZQ�WKDW
LW� LV�SRVVLEOH� WR�EXLOG� D� FRQILJXUDEOH� VRIWZDUH� DUFKLWHFWXUH�GHVLJQ� HQYLURQPHQW� WKDW� FDQ�EH
LQFUHPHQWDOO\�FXVWRPL]HG�WR�VXSSRUW�D�ZLGH�YDULHW\�RI �DUFKLWHFWXUDO�VW\OHV�E\�VLPSO\�ORDGLQJ
WKHVH�GHVLJQ�H[SHUWLVH�XQLWV�LQWR�WKH�HQYLURQPHQW�

7KH�FDVH�VWXGLHV�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�LOOXVWUDWH�VHOHFWHG�ZD\V�WKDW�WKLV�WHFKQLTXH�DQG
WHFKQRORJ\�FDQ�EH�XVHG�WR�LQH[SHQVLYHO\�DQG�TXLFNO\�SURYLGH�VRIWZDUH�DUFKLWHFWV�ZLWK�KLJKO\
FXVWRPL]HG� WRROV�� 7KH� WUXH� SRZHU� RI � $UPDQL�� KRZHYHU�� UHPDLQV� WR� EH� GLVFRYHUHG� E\� WKH
DUFKLWHFWV�DQG�HQYLURQPHQW�GHYHORSHUV�ZKR�ZLOO�XVH�LW�WR�KDUQHVV�DQG�OHYHUDJH�WKHLU�FUHDWLYH
VNLOOV�DQG�WR�FUHDWH�JUHDW�VRIWZDUH�

7KH�PDUN�RI �D�JUHDW�WRRO��LW�KDV�EHHQ�VDLG��LV�LWV�XVH�LQ�ZD\V�WKDW�LWV�FUHDWRU�QHYHU�LPDJLQHG�
+RSHIXOO\�WKRVH�ZKR�XVH�$UPDQL�ZLOO�XVH�LW�QRW�RQO\�DV�,·YH�GHVFULEHG�LQ�WKLV�GLVVHUWDWLRQ�EXW
DOVR�DV�D�VSULQJERDUG�IRU�FUHDWLQJ�SRZHUIXO�QHZ�GHVLJQ�WRROV�DQG�WHFKQLTXHV�
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&KDSWHU��� 

%LEOLRJUDSK\

>$$*��@ *UHJRU\� $ERZG�� 5REHUW� $OOHQ�� DQG� 'DYLG� *DUODQ�� )RUPDOL]LQJ� 6W\OH� WR
8QGHUVWDQG�'HVFULSWLRQV�RI �6RIWZDUH�$UFKLWHFWXUH��$&0�7UDQVDFWLRQV�RQ
6RIWZDUH�(QJLQHHULQJ�DQG�0HWKRGRORJ\���������������2FWREHU������

>$OH���@ &KULVWRSKHU�$OH[DQGHU�HW�DO��$�3DWWHUQ�/DQJXDJH��2[IRUG�8QLYHUVLW\�3UHVV�
�����

>$OO���@ )RUPDO� 0RGHOLQJ� DQG� $QDO\VLV� RI � WKH� +/$� &RPSRQHQW� ,QWHJUDWLRQ
6WDQGDUG��5REHUW�-��$OOHQ��'DYLG�*DUODQ��DQG�-DPHV�,YHUV��3URFHHGLQJV�RI � WKH
6L[WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�WKH�)RXQGDWLRQV�RI �6RIWZDUH�(QJLQHHULQJ��)6(����
1RYHPEHU�������

>$77��@ %HVW� &XUUHQW� 3UDFWLFHV�� 6RIWZDUH� $UFKLWHFWXUH� 9DOLGDWLRQ�� $7	7� &RUS��
�����

>$XWRGHVN@ $XWR'HVN�&RUSRUDWLRQ�ZHEVLWH��ZZZ�DXWRGHVN�FRP�

>%HU��@ $OH[�%HUVRQ��&OLHQW�6HUYHU�$UFKLWHFWXUH��0F*UDZ�+LOO��1HZ�<RUN�������

>%H��@ /DXUHQFH�-��%HVW��0RGHUQ�/DUJH�6FDOH�,QIRUPDWLRQ�3URFHVVLQJ��-RKQ�:LOH\
	�6RQV��,QF���1HZ�<RUN�������

>�%XV���@ )UDQN� %XVFKPDQQ�� 5HJLQH� 0HXQLHU� �&RQWULEXWRU��� +DQV� 5RKQHUW
�&RQWULEXWRU���3HWHU�6RPPHUODG��3DWWHUQ�2ULHQWHG�6RIWZDUH�$UFKLWHFWXUH� �
$�6\VWHP�RI �3DWWHUQV��-RKQ�:LOH\�DQG�6RQV�������

>%RR��@ *UDG\� %RRFK�� 2EMHFW�2ULHQWHG� $QDO\VLV� DQG� 'HVLJQ� :LWK� $SSOLFDWLRQV�
$GGLVRQ�:HVOH\��,6%1�������������������

>%R[��@ 'RQ� %R[�� (VVHQWLDO� &20�� $GGLVRQ�:HVOH\� 3XE� &R�� ,6%1�� �����������
�����

>%5-��@ *UDG\�%RRFK�� -LP�5XPEDXJK�� DQG� ,YDU� -DFREVRQ��7KH�8QLILHG�0RGHOLQJ
/DQJXDJH�8VHU�*XLGH��$GGLVRQ�:HVOH\��,6%1�������������������

>%UR��@ )UHG�%URRNV��7KH�0\WKLFDO�0DQ�0RQWK��(VVD\V�RQ�6RIWZDUH�(QJLQHHULQJ�
��WK�$QQLYHUVDU\�HGLWLRQ��$GGLVRQ�:HVOH\��,6%1��������������-XO\������

>&DGHQFH@ &DGHQFH�&RUSRUDWLRQ�ZHEVLWH��ZZZ�FDGHQFH�FRP�
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>&KD��@ 'DYLG�&KDSSHOO��8QGHUVWDQGLQJ�$FWLYH;�DQG�2OH��0LFURVRIW�3UHVV�� ,6%1�
�����������������

>&RUHO@ &RUHO�&RUSRUDWLRQ�ZHEVLWH��ZZZ�FRUHO�FRP�

>''��@ +XJK�'DUZHQ�DQG�&KULV�-��'DWH��$�*XLGH�WR�WKH�64/�6WDQGDUG���$�8VHU
V
*XLGH�WR�WKH�6WDQGDUG�'DWDEDVH�/DQJXDJH�64/��$GGLVRQ�:HVOH\�3XE�&R�
,6%1��������������$SULO������

>(QG��@ +HUEHUW� %�� (QGHUWRQ�� $� 0DWKHPDWLFDO� ,QWURGXFWLRQ� WR� /RJLF�� $FDGHPLF
3UHVV�������

>)HQ���@ 6WHYHQ� )HQYHV� HW� DO�� &RQFXUUHQW� &RPSXWHU�,QWHJUDWHG� %XLOGLQJ� 'HVLJQ�
3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV��1�-��������

>)LV��@ *HUKDUG� )LVFKHU�� $� &ULWLF� )RU� /LVS�� 8QLYHUVLW\� RI � &RORUDGR� 7HFKQLFDO
5HSRUW�&6�&8���������-XQH������

>)LV���@ *HUKDUG� )LVFKHU� DQG� $QGUHDV� &�� /HPNH�� &RQVWUXFWLRQ� DQG�'HVLJQ� .LWV�
+XPDQ� 3UREOHP�'RPDLQ� &RPPXQLFDWLRQ�� 8QLYHUVLW\� RI � &RORUDGR
7HFKQLFDO�5HSRUW�&6�&8���������-XQH������

>)RU��@ &KDUOHV�/��)RUJ\�� ´236��8VHU·V�0DQXDOµ��7HFKQLFDO�5HSRUW�&08�&6����
�����&DUQHJLH�0HOORQ�8QLYHUVLW\��6FKRRO�RI �&RPSXWHU�6FLHQFH��3LWWVEXUJK�
3$������

>*DP���@ (ULFK�*DPPD��5LFKDUG�+HOP��5DOSK� -RKQVRQ��DQG�-RKQ�9OLVVLGHV��'HVLJQ
3DWWHUQV�� (OHPHQWV� RI � 5HXVDEOH� 2EMHFW�2ULHQWHG� 6RIWZDUH�� $GGLVRQ�
:HVOH\�3XE�&R��,6%1�������������������

>*$2��@ 'DYLG� *DUODQ�� 5REHUW� $OOHQ�� DQG� -RKQ� 2FNHUEORRP�� ([SORLWLQJ� 6W\OH� LQ
$UFKLWHFWXUDO� 'HVLJQ� (QYLURQPHQWV�� ,Q� 3URFHHGLQJV� RI � 6,*62)7� ¶���
)RXQGDWLRQV�RI �6RIWZDUH�(QJLQHHULQJ��$&0�3UHVV��'HFHPEHU������

>*$2��@ 'DYLG� *DUODQ�� 5REHUW� $OOHQ�� DQG� -RKQ� 2FNHUEORRP�� $UFKLWHFWXUDO
0LVPDWFK�� RU�� :K\� LW
V� KDUG� WR� EXLOG� V\VWHPV� RXW� RI � H[LVWLQJ� SDUWV�� LQ
3URFHHGLQJV�RI �WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6RIWZDUH�(QJLQHHULQJ��$SULO������

>*DU��@ 'DYLG�*DUODQ��HGLWRU��3URFHHGLQJV�RI �WKH�)LUVW�,QWHUQDWLRQDO�:RUNVKRS�RQ
$UFKLWHFWXUHV�IRU�6RIWZDUH�6\VWHPV��$SULO�������

>*LD��@� -RVHSK� &�� *LDUUDWDQR�� &/,36� 8VHUV� *XLGH�� $YDLODEOH� IURP� WKH� 6RIWZDUH
7HFKQRORJ\�%UDQFK�RI �WKH�1$6$�-RKQVRQ�6SDFH�&HQWHU�������� �$YDLODEOH
DW�� KWWS���ZZZ�FV�FPX�HGX�DIV�FV�SURMHFW�DL�UHSRVLWRU\�DL�DUHDV�H[SHUW�
V\VWHPV�FOLSV���KWPO�

>*0:��@ 'DYLG� *DUODQ�� 5REHUW� 0RQURH�� DQG� 'DYH� :LOH�� $FPH�� $Q� $UFKLWHFWXUH
'HVFULSWLRQ� ,QWHUFKDQJH� /DQJXDJH�� 3URFHHGLQJV� RI � &$6&21� 
���
1RYHPEHU������
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>+DE���@ 1LFR� +DEHUPDQQ� HW� DO�� 7KH� 6HFRQG� &RPSHQGLXP� RI � *DQGDOI
'RFXPHQWDWLRQ�� 'HSDUWPHQW� RI � &RPSXWHU� 6FLHQFH�� &DUQHJLH� 0HOORQ
8QLYHUVLW\��0D\������

>+DP��@ *UDKDP�+DPLOWRQ��HGLWRU���-DYD�%HDQV�YHUVLRQ������VSHFLILFDWLRQ��DYDLODEOH
IURP�KWWS���ZZZ�MDYDVRIW�FRP�EHDQV��-XO\������

>+)%��@ 'DQ�+HOOHU��3DXOD�0��)HUJXVRQ��DQG�'DYLG�%UHQQDQ��0RWLI �3URJUDPPLQJ
0DQXDO� �7KH� 'HILQLWLYH� *XLGH� WR� WKH� ;� :LQGRZ� 6\VWHP�� 9ROXPH� �$��
2
5HLOO\�	�$VVRFLDWHV��,6%1�������������������

>-&&��@ -DYD&&�ZHE�VLWH��KWWS���ZZZ�VXQ�FRP�VXQWHVW�SURGXFWV�-DYD&&���

>-DF��@ ,YDU�-DFREVRQ��2EMHFW�2ULHQWHG�6RIWZDUH�(QJLQHHULQJ���$�8VH�&DVH�'ULYHQ
$SSURDFK��$GGLVRQ�:HVOH\��,6%1�������������������

>.&��@ 3DXO� .RJXW� DQG� 5LFKDUG� &UHSV�� &25%$�$ZDUH� (QYLURQPHQWV�� ,QWHUQDO
/RFNKHHG� 0DUWLQ� UHSRUW�� DYDLODEOH� E\� SHUVRQDO� UHTXHVW� WR
SDXO�NRJXW#OPFR�FRP�

>.DL��@ *DLO� (�� .DLVHU�� 6HPDQWLFV� IRU� 6WUXFWXUH� (GLWLQJ� (QYLURQPHQWV�� 'RFWRUDO
'LVVHUWDWLRQ��&DUQHJLH�0HOORQ�8QLYHUVLW\�������

>.H\��@ .H\�6RIWZDUH�&RUSRUDWLRQ�ZHEVLWH��ZZZ�NH\VRIW�FRP�

>.RP��@ $QGUHZ�.RPSDQHN��$FPH6WXGLR�ZHE�VLWH�
KWWS���ZZZ�FV�FPX�HGX�aDFPH�$FPH6WXGLR�$FPH6WXGLR�KWPO

>.UX��@ &KDUOHV�.UXHJHU��0RGHOLQJ�DQG�6LPXODWLQJ�D�6RIWZDUH�$UFKLWHFWXUH�'HVLJQ
6SDFH��3K�'��7KHVLV�� &DUQHJLH�0HOORQ�8QLYHUVLW\�7HFKQLFDO�5HSRUW�&08�
&6���������'HFHPEHU������

>/DQ��@ 7KRPDV�/DQH��8VHU�,QWHUIDFH�6RIWZDUH�6WUXFWXUHV��3K�'��7KHVLV��&DUQHJLH
0HOORQ�8QLYHUVLW\�7HFKQLFDO�5HSRUW�&08�&6���������0D\������

>/DZ��@ 6KDUL�/DZUHQFH�3IOHHJHU��6RIWZDUH�(QJLQHHULQJ��7KH�3URGXFWLRQ�RI �4XDOLW\
6RIWZDUH��0DFPLOODQ�3XEOLVKLQJ�&R��1HZ�<RUN�������

>/0��@ /RFNKHHG� 0DUWLQ� &RUSRUDWLRQ�� (YROXWLRQ� 3ODQ� IRU� WKH� *OREDO� 7UDQV�
SRUWDWLRQ�1HWZRUN��'HOLYHU\� ����� 3XEOLFDWLRQ�867&3� ��������� /RFNKHHG
0DUWLQ�&RUSRUDWLRQ��0DUFK������

>0F0��@ .��/��0F0LOODQ��6\PEROLF�0RGHO�&KHFNLQJ��.OXZHU�$FDGHPLF�3XEOLVKHUV�
�����

>0*��@ 0HWWDOD��(�� DQG�*UDKDP��0���7KH�'RPDLQ�6SHFLILF�6RIWZDUH�$UFKLWHFWXUH
3URJUDP��6SHFLDO�5HSRUW��&DUQHJLH�0HOORQ�8QLYHUVLW\�6RIWZDUH�(QJLQHHULQJ
,QVWLWXWH�&08�6(,����65���������
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>0LQ��@ 1DIWDO\�0LQVN\�� /DZ�*RYHUQHG� 6\VWHPV�� 7KH� ,((� 6RIWZDUH� (QJLQHHULQJ
-RXUQDO��6HSWHPEHU�������

>0LQ����@ 1DIWDO\� 0LQVN\�� /DZ�*RYHUQHG� 5HJXODULWLHV� LQ� 2EMHFW� 6\VWHPV�� SDUW� ��
3ULQFLSOHV��7KHRU\� DQG�3UDFWLFH�RI �2EMHFW�6\VWHPV� �723$6��� -RKQ�:LOH\�
9RO��,,��1R����������

>0LQ����@ 1DIWDO\� 0LQVN\�� ,QGHSHQGHQW� 2Q�OLQH� 0RQLWRULQJ� RI � (YROYLQJ� 6\VWHPV�
3URFHHGLQJV�RI �WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6RIWZDUH�(QJLQHHULQJ��SDJHV�����
�����0DUFK������

>0RQ���@ 5REHUW�7��0RQURH��$QGUHZ�.RPSDQHN��5DOSK�0HOWRQ��DQG�'DYLG�*DUODQ�
´$UFKLWHFWXUDO� 6W\OHV�� 'HVLJQ� 3DWWHUQV�� DQG� 2EMHFWVµ�� ,(((� 6RIWZDUH�
-DQXDU\������

>045��@ 0DUN� 0RULFRQL�� ;LDROHL� 4LDQ�� DQG� 5�$�� 5LHPHQVFKQHLGHU�� � $� IRUPDO
DSSURDFK� WR� FRUUHFW� UHILQHPHQW� RI � VRIWZDUH� DUFKLWHFWXUHV�� �� 7HFKQLFDO
UHSRUW��65,�,QWHUQDWLRQDO��&RPSXWHU�6FLHQFH�/DERUDWRU\� ��65,�&6/�������
$SULO������

>207��@ 3H\PDQ�2UHL]\��1HQDG�0HGYLGRYLF�� DQG�5LFKDUG�1��7D\ORU��$UFKLWHFWXUH�
%DVHG� 5XQWLPH� 6RIWZDUH� (YROXWLRQ�� 3URFHHGLQJV� RI � WKH� ����� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�6RIWZDUH�(QJLQHHULQJ��,&6(�·�����.\RWR��-DSDQ��$SULO�������������

>2+(��@� 5REHUW�2UIDOL��'DQ�+DUNH\��&RQWULEXWRU���DQG�-HUL�(GZDUGV��&RQWULEXWRU��
7KH� (VVHQWLDO� &OLHQW�6HUYHU� 6XUYLYDO� *XLGH�� -RKQ� :LOH\� 	� 6RQV�� ,6%1�
�����������������

>26��@ 6DP� 2ZUH� DQG� 1DWDUDMDQ� 6KDQNDU�� 7KH� )RUPDO� 6HPDQWLFV� RI � 396�
7HFKQLFDO� 5HSRUW� &6/������� 65,� ,QWHUQDWLRQDO��0HQOR� 3DUN�� &$�� �$XJXVW
�����

>3HU��@ 'HZD\QH� (�� 3HUU\�� 7KH� ,QVFDSH� (QYLURQPHQW�� 3URFHHGLQJV� RI � WKH� (OHYHQWK
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6RIWZDUH�(QJLQHHULQJ��3LWWVEXUJK�3$��0D\������

>3IO��@ 6KDUL�/DZUHQFH�3IOHHJHU��6RIWZDUH�(QJLQHHULQJ��7KH�3URGXFWLRQ�RI �4XDOLW\
6RIWZDUH��0DFPLOODQ�3XEOLVKLQJ�&R��1HZ�<RUN�������

>3:��@ 'HZD\QH� (�� 3HUU\� DQG� $OH[DQGHU� :ROI�� )RXQGDWLRQV� IRU� WKH� 6WXG\� RI
6RIWZDUH�$UFKLWHFWXUH��$&0�6RIWZDUH�(QJLQHHULQJ�1RWHV�� �������2FWREHU
������SS��������

>4XD��@ 7HUU\�4XDWUDQL��9LVXDO�0RGHOLQJ�:LWK�5DWLRQDO�5RVH� DQG�8PO��$GGLVRQ�
:HVOH\��,6%1��������������-DQXDU\������

>5DWLRQDO@ 5DWLRQDO�&RUSRUDWLRQ�ZHEVLWH��ZZZ�UDWLRQDO�FRP�

>5HF��@ (EHUKDUGW�5HFKWLQ�� 6\VWHPV�$UFKLWHFWLQJ��&UHDWLQJ� DQG�%XLOGLQJ�&RPSOH[
6\VWHPV��3UHQWLFH�+DOO�������
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>57��@ 7KRPDV� :�� 5HSV� DQG� 7LP� 7HLWHOEDXP�� 7KH� 6\QWKHVL]HU� *HQHUDWRU�� $
6\VWHP�IRU�&RQVWUXFWLQJ�/DQJXDJH�%DVHG�(GLWRUV��6SULQJHU�9HUODJ�������

>5+5��@ -DVRQ� (�� 5REELQV�� 'DYLG� 0�� +LOEHUW�� DQG� 'DYLG� )�� 5HGPLOHV��� 6RIWZDUH
$UFKLWHFWXUH� &ULWLFV� LQ� $UJR�� 3URF�� RI � 7KH� ����� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ
,QWHOOLJHQW�8VHU�,QWHUIDFHV��,8,
�����-DQXDU\������

>5LY���@ -RVH�*HUPDQ�5LYHUD��$OHMDQGUR�$QGUHV�'DQ\O\V]\Q��&KDUOHV�%��:HLQVWRFN�
/XL� 5�� 6KD�� 0LFKDHO� -�� *DJOLDUGL�� $Q� $UFKLWHFWXUDO� 'HVFULSWLRQ� RI � WKH
6LPSOH[� $UFKLWHFWXUH�� &08� 6RIWZDUH� (QJLQHHULQJ� ,QVWLWXWH� 7HFKQLFDO
5HSRUW�&08�6(,����75�����������

>50��@ (EHUKDUGW�5HFKWLQ�DQG�0DUN�0DLHU��7KH�$UW�RI �6\VWHPV�$UFKLWHFWLQJ��&5&
3UHVV��%RFD�5DWRQ��)/�������

>5RE���@ -DVRQ� (�� 5REELQV�� 1HQDG� 0HGYLGRYLF�� 'DYLG� )�� 5HGPLOHV�� 'DYLG� 6�
5RVHQEOXP�,QWHJUDWLQJ� $UFKLWHFWXUH� 'HVFULSWLRQ� /DQJXDJHV� ZLWK� D
6WDQGDUG� 'HVLJQ� 0HWKRG�� 3URFHHGLQJV� RI � WKH� ��WK� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�6RIWZDUH�(QJLQHHULQJ�������

>5XP���@ -DPHV�5XPEDXJK��0LFKDHO�%ODKD��:LOOLDP�3UHPHUODQL��)UHGHULFN�(GG\��%LOO
/RUHQVHQ�� 2EMHFW�2ULHQWHG� 0RGHOLQJ� DQG� 'HVLJQ�� 3UHQWLFH� +DOO�� ,6%1�
�����������������

>6KDZ���@ 0DU\� 6KDZ�� 5REHUW� 'HOLQH�� 'DQLHO� .OHLQ�� 7KHRGRUH� 5RVV�� 'DYLG� <RXQJ�
DQG�*UHJRU\�=HOHVQLN��$EVWUDFWLRQV�IRU�6RIWZDUH�$UFKLWHFWXUH�DQG�7RROV�WR
6XSSRUW�7KHP��,(((�7UDQVDFWLRQV��RQ�6RIWZDUH�(QJLQHHULQJ��$SULO������

>6&��@ 0DU\� 6KDZ� DQG� 3DXO� &OHPHQWV�� $� )LHOG�*XLGH� WR� %R[RORJ\�� 3UHOLPLQDU\
&ODVVLILFDWLRQ�RI �$UFKLWHFWXUDO�6W\OHV�IRU�6RIWZDUH�6\VWHPV��3URFHHGLQJV�RI
&2036$&���� �VW� ,QWWHUQDWLRQDO� &RPSXWHU� 6RIWZDUH� DQG� $SSOLFDWLRQV
&RQIHUHQFH��$XJXVW������

>6*��@ 0DU\� 6KDZ� DQG�'DYLG�*DUODQ�� 6RIWZDUH�$UFKLWHFWXUH�� 3HUVSHFWLYHV� RQ� DQ
(PHUJLQJ�'LVFLSOLQH��3UHQWLFH�+DOO�������

>6*��@ %ULGJHW� 6SLW]QDJHO� DQG� 'DYLG� *DUODQ�� $UFKLWHFWXUH�%DVHG� 3HUIRUPDQFH
$QDO\VLV��3URFHHGLQJV�RI �WKH������&RQIHUHQFH�RQ�6RIWZDUH�(QJLQHHULQJ�DQG�.QRZOHGJH
(QJLQHHULQJ��-XQH������

>6*:��@ %UDQ� 6HOLF�� *DUWK� *XOOHNVRQ�� 3DXO� 7�� :DUG�� 5HDO�7LPH� 2EMHFW�2ULHQWHG
0RGHOLQJ��-RKQ�:LOH\�	�6RQV��1HZ�<RUN�������

>6KD��@ /�� 6KD�� 5�� 5DMNXPDU�� DQG�0��*DJOLDUGL�� (YROYLQJ�'HSHQGDEOH� 5HDO� 7LPH
6\VWHPV��3URFHHGLQJV�RI �WKH������,(((�$HURVSDFH�$SSOLFDWLRQV�&RQIHUHQFH��$VSHQ�
&2��)HEUXDU\�������������1HZ�<RUN��1<��,(((�&RPSXWHU�6RFLHW\�3UHVV�
�����
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>62��@ -RKQ� 6FKHWWLQR� DQG� /L]� 2·+DUD�� &25%$� IRU� 'XPPLHV�� ,'*� %RRNV
:RUOGZLGH��,6%1��������������2FWREHU������

>69.��@ 'DYLG� %�� 6WHZDUW�� 5LFKDUG� $�� 9ROSH�� DQG� 3UDGHHS�.��.KRVOD��'HVLJQ� RI
'\QDPLFDOO\�5HFRQILJXUDEOH�5HDO�WLPH� 6RIWZDUH�8VLQJ�3RUW�%DVH�2EMHFWV�
7HFKQLFDO�5HSRUW�&08�5,�75��������&DUQHJLH�0HOORQ�8QLYHUVLW\�5RERWLFV
,QVWLWXWH��-XO\������

>7D\���@ 5LFKDUG�1�� 7D\ORU�� 1HQDG�0HGYLGRYLF�� .HQQHWK�0�� $QGHUVRQ�� (�� -DPHV
:KLWHKHDG�� -U��� -DVRQ� (�� 5REELQV�� .DUL� $�� 1LHV�� 3H\PDQ� 2UHL]\�� DQG
'HERUDK� /�� 'XEURZ�� $� &RPSRQHQW�� DQG� 0HVVDJH�%DVHG� $UFKLWHFWXUDO
6W\OH� IRU� *8,� 6RIWZDUH�� ,(((� 7UDQVDFWLRQV� RQ� 6RIWZDUH� (QJLQHHULQJ�� SDJHV
���������-XQH������

>9HV��@ 6WHYH� 9HVWDO�� 0HWD+� 5HIHUHQFH� 0DQXDO�� +RQH\ZHOO� 7HFKQRORJ\� &HQWHU�
0LQQHDSROLV�01�������

>9LVLR��@ 9LVLR�&RUSRUDWLRQ�KRPH�SDJH��ZZZ�YLVLR�FRP�

>:0.��@ )UDQNOLQ� :HEEHU�� -RVHSK� 5�� 0F(QHUQH\�� DQG� .HYLQ� .ZLDW�� 7KH
'HVLJQ([SHUW�$SSURDFK�WR�'HYHORSLQJ�)DXOW�7ROHUDQW�DQG�6HFXUH�6\VWHPV�
3URFHHGLQJV� RI � WKH� ,66$7� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5HOLDELOLW\� DQG� 4XDOLW\� LQ
'HVLJQ�������

>:6��@ &KDUOHV�:HLQVWRFN�DQG�/XL�6KD��6LPSOH[�RYHUYLHZ�ZHEVLWH�
KWWS���ZZZ�VHL�FPX�HGX�DFWLYLWLHV�VWU�GHVFULSWLRQV�VLPSOH[BERG\�KWPO

><&��@� (GZDUG� <RXUGRQ� DQG� /DUU\� /�� &RQVWDQWLQH�� 6WUXFWXUHG� GHVLJQ� �
IXQGDPHQWDOV� RI � D� GLVFLSOLQH� RI � FRPSXWHU� SURJUDP� DQG� V\VWHPV� GHVLJQ�
3UHQWLFH�+DOO�������
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$SSHQGL[�$

$UPDQL�’HVLJQ�/DQJXDJH�%1)

%1)�0HWD�6\QWD[

Keywords are specified with bold text.  Keywords are case-insensitive

Non-Terminals are specified with italics

 (…) Parentheses group tokens and productions

[…] Indicates an optional production

(…)? Indicates a sequence of zero or one elements (synonymous with [])

(…)+ Sequence of one or more elements

(…)* Sequence of zero or more elements

| Seperates alternative choices

$UPDQL�*UDPPDU

ArmaniDesign ::= ( TypeDeclaration
   | FamilyDeclaration
   |  DesignAnalysisDeclaration )*
[ SystemDeclaration ]
<EOF>

Design Element Types:

FamilyDeclaration ::=  Family  Identifier [ "(" ")" ] "=" FamilyBody [ ";" ]

FamilyBody ::=  "{" ( TypeDeclaration )* "}"

TypeDeclaration ::= ElementTypeDeclaration | PropertyTypeDeclaration

ElementTypeDeclaration ::= ComponentTypeDeclaration
 | ConnectorTypeDeclaration
 | PortTypeDeclaration
 | RoleTypeDeclaration

ComponentTypeDeclaration ::=  Component Type  Identifier "="
 parse_ComponentDescription  [ ";" ]
 |
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   Component Type  Identifier Extends
    Identifier ( "," Identifier )*
     With  parse_ComponentDescription [ ";" ]

ConnectorTypeDeclaration ::= Connector Type  Identifier "="
 parse_ConnectorDescription [ ";" ]
|
  Connector Type  Identifier Extends
  Identifier ( "," Identifier )*
  With  parse_ConnectorDescription [ ";" ]

PortTypeDeclaration ::= Port Type Identifier "=" parse_PortDescription [ ";" ]
| Port Type  Identifier Extends Identifier ( "," Identifier )*
  With  parse_PortDescription [ ";" ]

RoleTypeDeclaration ::= Role Type Identifier "=" parse_RoleDescription [ ";" ]
| Role Type Identifier Extends Identifier ( "," Identifier )*
  with  parse_RoleDescription [ ";" ]

lookup_ComponentTypeByName ::= Identifier

lookup_ConnectorTypeByName ::= Identifier

lookup_PortTypeByName ::= Identifier

lookup_RoleTypeByName ::= Identifier

lookup_PropertyTypeByName ::= Identifier

Design Elements:

SystemDeclaration ::= System Identifier ( ":" Identifier )? "=" systemBody [ ";" ]

SystemBody ::= ( New lookup_ComponentTypeByName  |
  "{"
   ( ComponentDeclaration | ComponentsBlock
     |  ConnectorDeclaration | ConnectorsBlock
     | PortDeclaration | PortsBlock | RoleDeclaration
     | RolesBlock | PropertyDeclaration | PropertiesBlock
     | AttachmentsDeclaration | RepresentationDeclaration
     | DesignRule
  )*
  "}"
)
[ Extended With  SystemBody ]

ComponentDeclaration ::= Component Identifier
[ ":" lookup_ComponentTypeByName ]
( "=" parse_ComponentDescription ";" | ";" )

ComponentsBlock ::= Components  "{"
( Identifier
    [ ":" lookup_ComponentTypeByName ]
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    ( "=" parse_ComponentDescription ";" | ";" )
)*
"}" [ ";" ]

parse_ComponentDescription ::=  ( New lookup_ComponentTypeByName
      |
      "{"  ( PortDeclaration | PortsBlock
  | PropertyDeclaration
              | PropertiesBlock
  | RepresentationDeclaration
  | DesignRule )*
      "}"
       )
      [ Extended With  parse_ComponentDescription ]

ConnectorDeclaration ::= Connector Identifier
[ ":" lookup_ConnectorTypeByName ]
( "=" parse_ConnectorDescription ";" | ";" )

ConnectorsBlock ::= Connectors  "{"
( Identifier
    [ ":" lookup_ConnectorTypeByName ]
    ( "=" parse_ConnectorDescription ";" | ";" ) )*
"}" [ ";" ]

parse_ConnectorDescription  ::=   ( New lookup_ConnectorTypeByName
     |
      "{" ( RoleDeclaration
  | RolesBlock

 | PropertyDeclaration
              | PropertiesBlock

 | RepresentationDeclaration
 | DesignRule )*

      "}"
     )
    [ Extended With  parse_ConnectorDescription ]

PortDeclaration ::= Port Identifier
[ ":" lookup_PortTypeByName ]
( "=" parse_PortDescription ";" | ";" )

PortsBlock ::= Ports  "{"
( Identifier
    [ ":" lookup_PortTypeByName ]
    ( "=" parse_PortDescription ";" | ";" ) )*
 "}" [ ";" ]

parse_PortDescription ::= ( New lookup_PortTypeByName
  |
   "{" ( PropertyDeclaration | PropertiesBlock
          | RepresentationDeclaration | DesignRule )*
   "}"
 )
[ Extended With  parse_PortDescription ]
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RoleDeclaration ::= Role Identifier
[ ":" lookup_RoleTypeByName ]
( "=" parse_RoleDescription ";" | ";" )

RolesBlock ::= Roles  "{"
( Identifier
    [ ":" lookup_RoleTypeByName ]
    ( "=" parse_RoleDescription ";" | ";" ) )*
 "}" [ ";" ]

parse_RoleDescription ::= ( New lookup_RoleTypeByName
  | "{" ( PropertyDeclaration | PropertiesBlock |
            RepresentationDeclaration | DesignRule )*
     "}"  )
[ Extended with  parse_RoleDescription ]

AttachmentsDeclaration ::= [ Identifier "=" ]
Attachments  "{"
( Identifier "." Identifier to Identifier "." Identifier
[ "{" ( PropertyDeclaration | PropertiesBlock )* "}" ]
";" )*
"}" ";"

Properties:

PropertyDeclaration ::= Property  parse_PropertyDescription ";"

PropertiesBlock ::= Properties  "{"
  [ parse_PropertyDescription
    ( ";" parse_PropertyDescription | ";" )*
  ]
 "}" [ ";" ]

parse_PropertyDescription ::= [ Property  ] Identifier
":" PropertyTypeDescription
[ "=" PropertyValueDeclaration ]
[   "<<" parse_PropertyDescription
     ( ";" parse_PropertyDescription | ";" )*
    ">>"
  |
    "<<" ">>"
]

PropertyTypeDeclaration ::= Property Type Identifier
(  ";"
 |
   "=" ( Int  ";" | Long  ";" | Double  ";" | Float  ";"
 |String  ";" | Boolean  ";" | Any  ";"
 |Enum  [ "{" Identifier ( "," Identifier )* "}" ]  ";"
 |Set [ "{" "}" ] ";"
 |Set "{" PropertyTypeDescription "}" ";"
 |Sequence  [ "<" ">" ] ";"
 |Sequence  "<" PropertyTypeDescription ">" ";"
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 |Record  "[" parse_RecordFieldDescription
    ( ";" parse_RecordFieldDescription | ";" )* "]" ";"
 |Record  [ "[" "]" ] ";"
 |Identifier ";"
         )
 )

PropertyTypeDescription ::= Int | Long | Float | Double  | String
| Boolean | Any
| Set [ "{" [ PropertyTypeDescription ] "}" ]
| Sequence  [ "<" [ PropertyTypeDescription ] ">" ]
| Record  "[" parse_RecordFieldDescription
 ( ";" parse_RecordFieldDescription | ";" )* "]"
| Record  [ "[" "]" ]
| Enum  [ "{" Identifier ( "," Identifier )* "}" ]
| Enum  [ "{" "}" ]
| Identifier

 parse_RecordFieldDescription ::= Identifier  ( "," Identifier  )*
 [ ":" PropertyTypeDescription ]

PropertyValueDeclaration ::= Integer_Literal | Floating_Point_Literal |
String_Literal | False  | True  | AcmeSetValue |
AcmeSequenceValue | AcmeRecordValue | Identifier

AcmeSetValue ::=    "{" "}"
| "{" PropertyValueDeclaration
        ( "," PropertyValueDeclaration )* "}"

AcmeSequenceValue ::= "<" ">"|
"<" PropertyValueDeclaration
        ( "," PropertyValueDeclaration )* ">"

AcmeRecordValue ::= "[" RecordFieldValue ( ";" RecordFieldValue | ";" )* "]"

RecordFieldValue ::= Identifier  ":" PropertyTypeDescription  "="
PropertyValueDeclaration

Representations and Bindings:

RepresentationDeclaration ::= Representation  "{"
SystemDeclaration
[ BindingsMapDeclaration ]
"}" [ ";" ]

BindingsMapDeclaration ::= Bindings  "=" "{" ( BindingDeclaration )* "}" [ ";" ]

BindingDeclaration ::= [ Identifier "." ] Identifier to
[ Identifier "." ] Identifier
[ "{" ( PropertyDeclaration | PropertiesBlock )* "}" ] ";"
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Design Rules and Analyses:

DesignRule ::= ( Design  )? ( Invariant  | Heuristic  )
DesignRuleExpression ";"

DesignRuleExpression ::= QuantifiedExpression | BooleanExpression

QuantifiedExpression ::= ( forall  | exists ) Identifier ":"
lookup_arbitraryTypeByName in
SetExpression "|" DesignRuleExpression

BooleanExpression ::= OrExpression ( and  OrExpression )*

OrExpression ::= ImpliesExpression ( or  ImpliesExpression )*

ImpliesExpression ::= IffExpression ( "->" IffExpression )*

IffExpression ::= EqualityExpression ( "<->" EqualityExpression )*

EqualityExpression ::= RelationalExpression ( "==" RelationalExpression
| "!=" RelationalExpression )*

RelationalExpression ::= AdditiveExpression
( "<" AdditiveExpression | ">" AdditiveExpression
 | "<=" AdditiveExpression | "=>" AdditiveExpression )*

AdditiveExpression ::= MultiplicativeExpression
( "+" MultiplicativeExpression
  | "-" MultiplicativeExpression )*

MultiplicativeExpression ::= UnaryExpression
( "*" UnaryExpression
   | "/"  UnaryExpression
   | "%" UnaryExpression )*

UnaryExpression ::= "!" UnaryExpression
| "-" UnaryExpression
| PrimitiveExpression

PrimitiveExpression ::= "(" DesignRuleExpression ")"
| LiteralConstant | DesignAnalysisCall | Id

Id ::= Identifier ( "." Identifier )*

DesignAnalysisCall ::= Id "(" ActualParams ")"

LiteralConstant ::= IntegerLiteral | FloatingPointLiteral | StringLiteral
| true  | false

ActualParams ::= ( ActualParam ( "," ActualParam )* )?

FormalParams ::= ( FormalParam ( "," FormalParam )* )?

ActualParam ::= LiteralConstant | DesignAnalysisCall | Id
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FormalParam ::= Identifier ( "," Identifier )* ":"
(Identifier | Component  | Connector  | Port  | Role
 | Int  | Float  | String  | Boolean  )

SetExpression ::= ( SetReference | SetFunction | LiteralSet
  | SetConstructor )

SetReference ::= Identifier ( ( "." Identifier ) | ( "." Components )
  | ( "." Connectors ) | ( "." Ports ) | ( "." Roles )
  | ( "." Representations ) | ( "." Properties ) )+

SetFunction ::= ( Union  | Intersection  | Setdiff  )
"(" SetExpression "," SetExpression ")"

LiteralSet ::= ( "{" "}"  |
"{" ( LiteralConstant | Id ) ( "," ( LiteralConstant | Id ) )* "}")

SetConstructor ::= "{" Select  Identifier ":" lookup_arbitraryTypeByName in
SetExpression "|" DesignRuleExpression "}"


