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ABSTRACT

6HYHUDO�IRUPDO�VRIWZDUH�GHVLJQ�PHWKRGRORJLHV�KDYH�HYROYHG
LQ�WKH�SDVW�IHZ�\HDUV�WR�JXLGH�DQG�GRFXPHQW�WKH�GHYHORSPHQW�RI
REMHFW�RULHQWHG� VRIWZDUH�� � 207� �2EMHFW� 0RGHOLQJ� 7HFKQLTXH�
DQG�80/� �8QLYHUVDO�0RGHOLQJ� /DQJXDJH�� DUH� WZR� RI � WKH�PRVW
ZLGHO\�XVHG�QRWDWLRQV�IRU�JUDSKLFDOO\�GRFXPHQWLQJ�WKH�GHVLJQ�RI
VRIWZDUH� REMHFWV�� � :KLOH� WKHVH� PHWKRGRORJLHV� FDQ� FRQYH\
VLJQLILFDQW� VRIWZDUH� GHVLJQ� GHWDLO�� WKH\� GR� QRW� SURYLGH� D
PHFKDQLVP� IRU� GRFXPHQWLQJ� WKH� IXQFWLRQDO� UHTXLUHPHQWV� WKDW
GULYH� WKH� VRIWZDUH� GHYHORSPHQW� SURFHVV�� � ,Q� DGGLWLRQ�� REMHFW�
RULHQWHG�GHVLJQ�GRHV�QRW�PDLQWDLQ�WUDFHDELOLW\�EHWZHHQ�IXQFWLRQDO
UHTXLUHPHQWV�DQG�WKH�GHVLJQ�RI �VRIWZDUH�REMHFWV�

,Q�WKH�SDVW�WZR�GHFDGHV��$[LRPDWLF�'HVLJQ�KDV�HPHUJHG�DV�D
SRZHUIXO� WRRO� IRU� FDSWXULQJ� WKH� IXQFWLRQDO� UHTXLUHPHQWV� DQG
GHVLJQ� SDUDPHWHUV� IRU� D� V\VWHP�� � 'XH� LQ� SDUW� WR� LWV� RULJLQV� LQ
PHFKDQLFDO� HQJLQHHULQJ�� $[LRPDWLF�'HVLJQ� KDV� QRW� EHHQ� ZLGHO\
H[SORLWHG� LQ� WKH� VRIWZDUH� HQJLQHHULQJ� ILHOG�� � ,Q� WKLV� SDSHU� ZH
VKRZ� KRZ� REMHFW�RULHQWHG� VRIWZDUH� GHVLJQ� FDQ� EH� HQKDQFHG� E\
LQFOXGLQJ� $[LRPDWLF� 'HVLJQ� LQ� WKH� IRUPDO� GHVLJQ� RI � REMHFW�
RULHQWHG� VRIWZDUH� V\VWHPV�� �:H� ZLOO� VKRZ� WKH� UHVXOWV� RI � UHFHQW
ZRUN� ZKLFK� LQWHJUDWHV� WKH� $[LRPDWLF� 'HVLJQ� HTXDWLRQV� ZLWK
207� GHVLJQ� GRFXPHQWDWLRQ�� HQKDQFLQJ� WKH� YDOXH� RI � WKH
VRIWZDUH� GHVLJQ� SURFHVV�� � $� FRPSDULVRQ� ZLOO� EH� PDGH� EHWZHHQ
WKH�GHVLJQ� SDUDPHWHUV� SURGXFHG� WKURXJK�$[LRPDWLF�'HVLJQ� DQG
WKH� FODVVHV� DQG� REMHFWV� WKDW� UHVXOW� IURP� WKH� XVH� RI � WKH� 207
PHWKRGRORJ\�

.H\ZRUGV�� 207�� VRIWZDUH� GHVLJQ�� REMHFW�RULHQWHG� GHVLJQ�
$[LRPDWLF�'HVLJQ

1 INTRODUCTION

7KH� H[SORVLYH� JURZWK� LQ� FRPSXWHU� SURFHVVLQJ� FDSDELOLWLHV
GXULQJ� WKH� ODVW� GHFDGH� KDV� OHG� WR� DQ� HTXDOO\� UDSLG� H[SDQVLRQ� LQ
WKH�VL]H�DQG�FRPSOH[LW\�RI �FRPSXWHU�SURJUDPV�� �7R�PDQDJH�WKLV
FRPSOH[LW\�� FRPSXWHU� VFLHQWLVWV�KDYH�GHYHORSHG�D�QHZ�SDUDGLJP
NQRZQ�DV�REMHFW�RULHQWHG�SURJUDPPLQJ��ZKLFK�GHFRPSRVHV�ODUJH
SURJUDPV� LQWR� DQ� LQWHUDFWLQJ� FROOHFWLRQ� RI � PRGXODU� VRIWZDUH
FRPSRQHQWV�� � %\� HQFDSVXODWLQJ� PXFK� RI � WKH� VRIWZDUH� ZLWKLQ
SULYDWH�IXQFWLRQV� DQG�SURYLGLQJ� VLPSOH�SXEOLF� LQWHUIDFHV��REMHFWV
VHHN�WR�UHGXFH�WKH�DSSDUHQW�VRIWZDUH�FRPSOH[LW\�ZKLOH�LPSURYLQJ
UREXVWQHVV�DQG�UHGXFLQJ�PDLQWHQDQFH�FRVWV���1RW�VXUSULVLQJO\��WKH

GHVLJQ� UXOHV� IRU� REMHFW�RULHQWHG� VRIWZDUH� FRUUHVSRQG� FORVHO\� WR
WKH�UXOHV�IRU�HIILFLHQW�'HVLJQ�IRU�0DQXIDFWXUH��')0���GHYHORS�D
PRGXODU� GHVLJQ�� XVH� VWDQGDUG� FRPSRQHQWV�� DQG� GHVLJQ� SDUWV� IRU
UHXVH�

7KH� VXFFHVV� RI � REMHFW�RULHQWHG� SURJUDPPLQJ� KDV� OHG� WR� D
SUROLIHUDWLRQ� RI � REMHFW�RULHQWHG� GHVLJQ� PHWKRGRORJLHV� DQG
QRWDWLRQV�VXFK�DV�6FKODHU�0HOORU��207��80/��%RRFK��8VH�&DVHV�
)XVLRQ� DQG� &DWDO\VLV� >�@�� � 7KHVH� PHWKRGRORJLHV� LQFUHDVLQJO\
HPSKDVL]H� WKH� YDOXH� RI � IRUPDO� VRIWZDUH� GHVLJQ� VWUDWHJLHV�
QDUURZLQJ�WKH�GLVSDULW\�EHWZHHQ�XVH�RI �IRUPDO�GHVLJQ�DSSURDFKHV
LQ� VRIWZDUH� DQG�PRUH� WUDGLWLRQDO� HQJLQHHULQJ� GLVFLSOLQHV� VXFK� DV
PHFKDQLFV��HOHFWURQLFV�DQG�RSWLFV�

'HVSLWH� WKLV�PDWXUDWLRQ� RI � WKH� VRIWZDUH� GHVLJQ� SURFHVV�� DQ
LPSRUWDQW�DVSHFW�KDV�EHHQ�ODUJHO\�QHJOHFWHG���6SDUVH�DWWHQWLRQ�KDV
EHHQ�SDLG�WR�IRUPDOL]LQJ�DQ�DSSURDFK�WR�RSWLPL]LQJ�WKH�GHVLJQ�RI
VRIWZDUH� REMHFWV� DQG� PLQLPL]LQJ� FRXSOLQJ� EHWZHHQ� WKHP�
&XUUHQW� WH[WERRNV� IRFXV� RQ� JUDSKLFDO� GHVLJQ� QRWDWLRQV�� FRGLQJ
VWDQGDUGV� DQG� LPSOHPHQWDWLRQ� LVVXHV�EXW�SURYLGH�RQO\� DQHFGRWDO
RU� KHXULVWLF� JXLGDQFH� LQ� SDUWLWLRQLQJ� VRIWZDUH� IXQFWLRQDOLW\� RU
PDSSLQJ� IXQFWLRQDO� UHTXLUHPHQWV� WR� REMHFW� GHVLJQV�� � ,Q� IDFW�� DOO
EXW� RQH�PHWKRGRORJ\� �8VH� &DVHV�� GHYHORSHG� E\� ,YDU� -DFREVHQ�
LJQRUHV�WKH�LVVXH�RI �VRIWZDUH�IXQFWLRQDO�UHTXLUHPHQWV�DOWRJHWKHU�
3HUKDSV� PRUH� LPSRUWDQWO\�� OLWWOH� HPSKDVLV� KDV� EHHQ� SODFHG� RQ
GHVLJQLQJ� VRIWZDUH� REMHFWV� IURP� D� V\VWHPV� HQJLQHHULQJ
SHUVSHFWLYH��WKDW�LV��DFKLHYLQJ�DQ�RYHUDOO�GHVLJQ�WKDW�RSWLPL]HV�WKH
SHUIRUPDQFH� RI � WKH� V\VWHP� UDWKHU� WKDQ� WKH� SHUIRUPDQFH� RI
LQGLYLGXDO�REMHFWV�

6LQFH� LWV� LQFHSWLRQ� LQ� WKH� ODWH�����·V��$[LRPDWLF�'HVLJQ�KDV
SURYLGHG� D� SRZHUIXO� VHW� RI � JXLGHOLQHV� WR� DLG� LQ� GHYHORSLQJ
RSWLPDO�GHVLJQV�RI �SK\VLFDO�KDUGZDUH�� �2ULJLQDOO\� DSSOLHG� WR� WKH
GHVLJQ�RI �PHFKDQLFDO�DVVHPEOLHV��DZDUHQHVV�RI �$[LRPDWLF�'HVLJQ
KDV� H[SDQGHG� WR� LQFOXGH� RWKHU� GLVFLSOLQHV� VXFK� DV� V\VWHPV
HQJLQHHULQJ�DQG�PDQXIDFWXULQJ�>�@��,Q�WKH�SDVW�GHFDGH��VLJQLILFDQW
LQWHUHVW� KDV� HPHUJHG� LQ� DSSO\LQJ� WKH� SULQFLSOHV� RI � $[LRPDWLF
'HVLJQ�WR�VRIWZDUH�DV�ZHOO�>���@�

$[LRPDWLF� 'HVLJQ� FRPSOHPHQWV� PRGHUQ� REMHFW�RULHQWHG
VRIWZDUH�PHWKRGRORJLHV�LQ�VHYHUDO�ZD\V�
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x ,W� SURYLGHV� WUDFHDELOLW\� EHWZHHQ� D� V\VWHP·V� IXQFWLRQDO
UHTXLUHPHQWV� DQG� WKH� FRQVHTXHQW� GHVLJQ� RI � HDFK
REMHFW·V�IXQFWLRQDOLW\

x ,W� HVWDEOLVKHV� PHWULFV� IRU� RSWLPL]LQJ� WKH� SXEOLF
LQWHUIDFHV�EHWZHHQ�REMHFWV� IURP� WKH�SHUVSHFWLYH�RI � WKH
RYHUDOO�V\VWHP

x ,W� HQFRXUDJHV� D� UHFXUVLYH� GHVLJQ� SURFHVV� LQ� ZKLFK
REMHFWV� DUH� KLHUDUFKLFDOO\� GHFRPSRVHG� LQWR� VPDOOHU
REMHFWV��ZLWK� HDFK� OHYHO� RI � WKH� KLHUDUFK\�PDSSLQJ� WR� D
VXEV\VWHP

6XEVHTXHQW� VHFWLRQV� RI � WKLV� SDSHU� ZLOO� GHVFULEH� WKHVH
FRQWULEXWLRQV�RI �$[LRPDWLF�'HVLJQ�WR�WKH�IRUPDO�REMHFW�RULHQWHG
GHVLJQ�RI �ODUJH�VRIWZDUH�V\VWHPV�

2 BACKGROUND

6LOLFRQ�9DOOH\�*URXS·V�/LWKRJUDSK\�GLYLVLRQ��69*/��GHVLJQV
DQG�PDQXIDFWXUHV�VWDWH�RI �WKH�DUW�OLWKRJUDSKLF�LQVWUXPHQWV�ZKLFK
DUH� XVHG� LQ� SURGXFLQJ� PHPRU\� FKLSV�� LQWHJUDWHG� FLUFXLWV� DQG
PLFURSURFHVVRUV�� � 69*/·V� LQVWUXPHQWV� VSDQ� PDQ\� HQJLQHHULQJ
GLVFLSOLQHV�LQFOXGLQJ�RSWLFV��PHFKDQLFV��HOHFWURQLFV�DQG�FKHPLVWU\�
7KH� FRPSOH[LW\� RI � VXFK� KDUGZDUH� FUHDWHV� D� FRUUHVSRQGLQJO\
FRPSOH[�PDWUL[�RI �VRIWZDUH�UHTXLUHPHQWV�WR�FRQWURO�DQG�PDQDJH
WKH�RSHUDWLRQ�RI �WKH�LQVWUXPHQW�

,Q� ������ 69*/� HPEDUNHG� RQ� DQ� HIIRUW� WR� DSSO\� REMHFW�
RULHQWHG� VRIWZDUH� SULQFLSOHV� WR� WKH� GHVLJQ� DQG� FRGLQJ� RI � D� WRRO
FRQWURO�V\VWHP�� �7KLV�ZDV�SDUW�RI �D�'$53$�VSRQVRUHG� LQLWLDWLYH
WR� GHYHORS� DQ� DGYDQFHG� VRIWZDUH� FRQWURO� V\VWHP� WKDW� FRXOG� EH
H[WHQGHG� WR� D� YDULHW\� RI � OLWKRJUDSK\� WRRO� SODWIRUPV�� � 7KH� WRS�
OHYHO� UHTXLUHPHQWV� RI � WKLV� V\VWHP� LQFOXGHG� SURFHVV� UHFLSH
PDQDJHPHQW�� FRQWURO� RI � SURFHVVLQJ� RSHUDWLRQV�� LQWHUIDFHV� WR
H[WHUQDO� XVHUV� DQG� IDFWRU\� KRVW� FRPSXWHUV�� DQG� KDUGZDUH
GLDJQRVWLFV� VXFK� DV� VHOI�VFKHGXOHG� SUHYHQWLYH� PDLQWHQDQFH� DQG
KHDOWK� FKHFNV�� � 7R� PDQDJH� WKLV� FRPSOH[LW\�� 69*/� WXUQHG� WR
REMHFW�RULHQWHG�GHVLJQ�WR�GHILQH�WKH�DUFKLWHFWXUH�RI �WKH�VRIWZDUH
FRQWURO�V\VWHP�

3 TRADITIONAL OBJECT-ORIENTED DESIGN
APPROACH

7KH� WUDGLWLRQDO� VHTXHQFH� LQ� REMHFW�RULHQWHG� GHVLJQ� LV� WR
GHVLJQ� VRIWZDUH� REMHFWV� LWHUDWLYHO\� IURP� WKH� WRS� GRZQ�� VWDUWLQJ
ZLWK�WKH�PDMRU�VXEV\VWHPV�DQG�VXFFHVVLYHO\�GHVLJQLQJ�VPDOOHU�DQG
PRUH�VSHFLDOL]HG�REMHFWV�WKDW�UHSUHVHQW�LQFUHDVLQJO\�ILQH�OHYHOV�RI
GHWDLO���7KH�JHQHUDO�VHTXHQFH�RI �VWHSV�LV�

x ,GHQWLI\�GRPDLQ�REMHFWV�DW�WKLV�OHYHO

x $VVLJQ�IXQFWLRQDOLW\�WR�HDFK�REMHFW

x 'HILQH�WKH�SXEOLF�LQWHUIDFH�WR�HDFK�REMHFW

x 'RFXPHQW� WKLV� OHYHO� RI � WKH� GHVLJQ� XVLQJ� D� JUDSKLFDO
QRWDWLRQ�VXFK�DV�207

x &RGH�DQG�WHVW�HDFK�REMHFW�LQGLYLGXDOO\

x ,QWHJUDWH�WKH�REMHFWV�DQG�WHVW�WKHP�DV�D�VXEV\VWHP

207� JUDSKLFDO� QRWDWLRQV� SURYLGH� D� ULFK� UHSUHVHQWDWLRQ� RI
HDFK� REMHFW·V� IXQFWLRQDOLW\� DQG� LQWHUIDFHV� XVLQJ� GLDJUDPV� NQRZQ
DV� REMHFW� PRGHOV�� � 2WKHU� W\SHV� RI � 207� PRGHOV� FRQWULEXWH

DGGLWLRQDO� LQIRUPDWLRQ��G\QDPLF�PRGHOV�GRFXPHQW� WKH� VHTXHQFH
RI � LQWHUDFWLRQV� EHWZHHQ� REMHFWV�� WKHLU� WLPH�GHSHQGHQW� EHKDYLRU
DQG�FRQWURO�IORZ��ZKLOH�IXQFWLRQDO�PRGHOV� FDSWXUH� WKH�GHVLJQ�RI
WKH� REMHFWV·� DOJRULWKPV�� GDWD� IORZV�� EHKDYLRUDO� VWDWHV� DQG� VWDWH
WUDQVLWLRQV�� � 7KH� SRSXODULW\� RI � REMHFW�RULHQWHG� GHVLJQ� VWHPV� LQ
SDUW� IURP� WKH� HIIHFWLYHQHVV� RI � WKHVH� JUDSKLFDO� PRGHOV� LQ
FRPPXQLFDWLQJ� WKH� VRIWZDUH�GHVLJQ� WR�PDQDJHUV�� HQJLQHHUV�� DQG
RWKHU� VWDNHKROGHUV� ZKR� DUH� XQIDPLOLDU� ZLWK� WKH� RIWHQ�FRPSOH[
V\QWD[� RI � PRGHUQ� SURJUDPPLQJ� ODQJXDJHV�� � %\� GHVLJQ�� WKHVH
REMHFW�RULHQWHG�GHVLJQ�PRGHOV�DUH�ODQJXDJH�LQGHSHQGHQW��KHOSLQJ
WR� VHSDUDWH� WKH� VRIWZDUH� GHVLJQ� SURFHVV� IURP� WKH� XOWLPDWH
LPSOHPHQWDWLRQ�RI �WKH�GHVLJQ�LQ�FRGH���7KLV�DSSURDFK�LV�LGHQWLFDO
WR� WKH� JUDSKLFDO� QDWXUH� RI � $[LRPDWLF� 'HVLJQ�� ZKLFK� VHHNV� WR
FODULI\� DQG� GRFXPHQW� WKH� IXQFWLRQDO� GHVLJQ� RI � KDUGZDUH
FRPSRQHQWV�

$Q� LPSRUWDQW� DVSHFW�RI � D� VRIWZDUH�REMHFW·V� GHVLJQ� LV� WKDW� LW
UHSUHVHQWV� D� FRQFHSWXDOO\� FRPSOHWH� SDFNDJH� RI � IXQFWLRQDOLW\�
8QOLNH�WUDGLWLRQDO�SURFHGXUDO�FRPSXWHU�SURJUDPV��ZKLFK�SURYLGH
IHZ� PHFKDQLVPV� IRU� JURXSLQJ� IXQFWLRQDOLW\�� REMHFW�RULHQWHG
SURJUDPV�RUJDQL]H�ORJLFDOO\�UHODWHG�IXQFWLRQV�LQWR�REMHFWV���*RRG
REMHFW�GHVLJQ�GLFWDWHV� WKDW� VWURQJO\� FRXSOHG� IXQFWLRQV� VKRXOG�EH
LQFRUSRUDWHG� WRJHWKHU� LQWR� DQ� REMHFW�� DQG� HDFK� REMHFW� VKRXOG
KDYH� PLQLPDO� IXQFWLRQDO� FRXSOLQJ� WR� RWKHU� REMHFWV�� � %HFDXVH
REMHFWV� FDQ� LQWHUDFW� RQO\� WKURXJK� H[SOLFLWO\� GHILQHG� IXQFWLRQDO
LQWHUIDFHV�� WKH� VWURQJO\� FRXSOHG� IXQFWLRQV� LQ� RQH� REMHFW� FDQ� EH
HVVHQWLDOO\�KLGGHQ� IURP�RWKHU� REMHFWV� LQ� WKH� V\VWHP�� �$[LRPDWLF
'HVLJQ� IROORZV� D� VLPLODU� FRQYHQWLRQ�� JURXSLQJ� FRXSOHG
IXQFWLRQDOLW\��L�H��GHSHQGHQW�)5V��RU�)XQFWLRQDO�5HTXLUHPHQWV��DW
WKH�VDPH�OHYHO�LQ�WKH�GHVLJQ�KLHUDUFK\�VR�WKDW�KLJKHU�OHYHOV�RI �WKH
KLHUDUFK\� FDQ� UHPDLQ� XQFRXSOHG� >��@�� � $V� ZLWK� REMHFW�RULHQWHG
GHVLJQV�� WKLV�UHGXFHV� WKH� DSSDUHQW� FRPSOH[LW\�RI � WKH�GHVLJQ�� � ,Q
HVVHQFH�� VRIWZDUH� REMHFWV� FRPELQH� GHSHQGHQW� '3V� LQWR
LQGHSHQGHQW� SDFNDJHV� WKDW� VDWLVI\� IXQFWLRQDO� KLHUDUFKLHV�� � )URP
DQ�$[LRPDWLF�'HVLJQ�SHUVSHFWLYH��D�VRIWZDUH�REMHFW� LV� HVVHQWLDOO\
D�SDFNDJH�RI �GHSHQGHQW�'3V�

$QRWKHU� VWURQJ� VLPLODULW\� EHWZHHQ� $[LRPDWLF� 'HVLJQ� DQG
REMHFW�RULHQWHG� GHVLJQ� LV� WKHLU� XVH� RI � D� KLHUDUFK\� WR� UHSUHVHQW
LQFUHDVLQJO\�GHWDLOHG� OHYHOV�RI � WKH� GHVLJQ�� � %RWK� DSSURDFKHV� XVH
KLHUDUFKLFDO�UHSUHVHQWDWLRQV�WR�UHFXUVLYHO\�GHFRPSRVH�WKH�V\VWHP
LQWR� LQFUHDVLQJO\� ILQH�JUDLQHG� VXEV\VWHPV�� � )LJXUH� �� VKRZV� D
W\SLFDO� GHFRPSRVLWLRQ� KLHUDUFK\� RI � REMHFWV� XVLQJ� 207� REMHFW
PRGHO�QRWDWLRQ���7KH�GLDPRQG�V\PERO�UHSUHVHQWV�GHFRPSRVLWLRQ�
WKDW� LV�� HDFK� REMHFW� GLUHFWO\� FRQQHFWHG� WR� WKH� GLDPRQG� LV
FRPSRVHG�RI �WKH�REMHFWV� OLQNHG�WR�WKH�GLDPRQG�E\� OLQHV�� �207
UHIHUV�WR�WKLV�UHODWLRQVKLS�DV�RZQHUVKLS�RU�DJJUHJDWLRQ�� �)LJXUH��
LQGLFDWHV�WKDW� OLWKRJUDSK\�WRRO�VRIWZDUH� LV�FRPSRVHG�RI �PDFKLQH
PHFKDQLVP� REMHFWV�� ZKLFK� LQ� WXUQ� DUH� FRPSRVHG� RI � RWKHU
PDFKLQH�PHFKDQLVP�REMHFWV�
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Figure 1: OMT Representation of hierarchical objects.

7KLV� VLPLODU� XVH� RI � D� KLHUDUFK\� GRHV� QRW� HQG� WKHUH�� � ,Q
$[LRPDWLF� 'HVLJQ�� D� V\VWHP·V� )5V� DQG� '3V� DUH� UHSUHVHQWHG� DV
GHFRPSRVLWLRQ� KLHUDUFKLHV� >��@�� � 7KH�$[LRPDWLF�'HVLJQ� SURFHVV
HQFRXUDJHV� XV� WR� DOWHUQDWH� EHWZHHQ� WKH� IXQFWLRQDO� DQG� SK\VLFDO
GRPDLQV� DV�ZH�PRYH� GRZQ� WKH� KLHUDUFK\�� � 7KLV� FRUUHVSRQGV� WR
WKH� REMHFW�RULHQWHG� GHVLJQ� FRQYHQWLRQ� RI � GHVLJQLQJ� VRIWZDUH
REMHFWV�KLHUDUFKLFDOO\�� IURP� WKH�RXWVLGH� LQ�� WKXV�� WKH� DJJUHJDWLRQ
RI � REMHFWV� UHSUHVHQWV� D� KLHUDUFKLFDO� GHFRPSRVLWLRQ� RI � GHVLJQ
SDUDPHWHUV�

4 ENHANCING OBJECT ORIENTED DESIGN

'HVSLWH� WKHVH� VLPLODULWLHV�� REMHFW�RULHQWHG� GHVLJQ� ODFNV� D
IXQGDPHQWDO�IHDWXUH��D�IRUPDO�SURFHVV�IRU�RSWLPL]LQJ�WKH�TXDOLW\
RI � WKH� GHVLJQ�� � 2EMHFW� PHWKRGRORJLHV� VXFK� DV� 207� GR� QRW
GLUHFWO\� DGGUHVV� IXQFWLRQDO� LQGHSHQGHQFH� DQG� LQIRUPDWLRQ
PLQLPL]DWLRQ�� ZKLFK� DUH� WKH� IXQGDPHQWDO� D[LRPV� RI � $[LRPDWLF
'HVLJQ�� � 1HYHUWKHOHVV�� WKHVH� D[LRPV� FDQ� EH� DGDSWHG� WR� WKH
VRIWZDUH� GHVLJQ� SURFHVV� LQ� D� VWUDLJKWIRUZDUG� ZD\�� � 7KH� JRDO� RI
WKH� ILUVW� D[LRP� LV� WR� GHFRXSOH� WKH�'3V� RI � D� GHVLJQ� LQ� RUGHU� WR
PD[LPL]H� PRGXODULW\�� LQ� REMHFW�RULHQWHG� GHVLJQ� WKLV� HTXDWHV� WR
PLQLPL]LQJ� FRXSOLQJ� EHWZHHQ� FODVVHV�� � 7KH� VHFRQG� D[LRP
HQFRXUDJHV� XV� WR� PLQLPL]H� WKH� LQIRUPDWLRQ� FRQWHQW� RI � RXU
GHVLJQ�� � :KDW� GRHV� WKLV� PHDQ� LQ� WKH� FRQWH[W� RI � D� VRIWZDUH
GHVLJQ"��7KH�DQVZHU�LV�FOHDU�ZKHQ�ZH�FRQVLGHU�WKH�RULJLQDO�LQWHQW
RI �WKLV�D[LRP���,Q�WKH�SK\VLFDO�ZRUOG��WKH�ODUJHVW�SRVW�GHVLJQ�FRVW
RI � KDUGZDUH� LV� WKH� H[SHQVH� RI � WKH� PDQXIDFWXULQJ� SURFHVV�
0LQLPL]LQJ� WKH� LQIRUPDWLRQ� FRQWHQW� RI � D� PHFKDQLFDO� GHVLJQ
UHVXOWV� LQ� UHGXFHG� PDQXIDFWXULQJ� FRVW�� � ,Q� WKH� VRIWZDUH� ZRUOG�
KRZHYHU�� WKH� JUHDWHVW� SRVW�GHVLJQ� FRVW� LV� PDLQWHQDQFH� ²� WKDW� LV�
PRGLI\LQJ�WKH�VRIWZDUH�WR�PHHW�QHZ�RU�FKDQJLQJ�UHTXLUHPHQWV�RU
WR� FRUUHFW� SURJUDPPLQJ� IODZV�� � 2EMHFW�RULHQWHG� GHVLJQ� KDV
GHPRQVWUDWHG� WKDW� UHGXFHG� PDLQWHQDQFH� LV� DFKLHYHG� E\
PLQLPL]LQJ�WKH�DSSDUHQW�FRPSOH[LW\�RI �WKH�VRIWZDUH�GHVLJQ�²�WKDW
LV�� E\� PLQLPL]LQJ� WKH� SXEOLF� GDWD� DQG� SXEOLF� IXQFWLRQV� LQ� HDFK
FODVV� DQG� XVLQJ� SULYDWH� GDWD� DQG� SULYDWH� IXQFWLRQV� ZKHUHYHU
SRVVLEOH�� � 7KLV� SULQFLSOH� LV� NQRZQ� DV� LQIRUPDWLRQ� KLGLQJ�� � ,Q� WKH
FRQWH[W� RI � VRIWZDUH� GHVLJQ�� WKHQ�� WKH� VHFRQG� D[LRP� LV� WR
PLQLPL]H� WKH� SXEOLF� LQWHUIDFH� �L�H�� SXEOLF� IXQFWLRQV� DQG� SXEOLF
GDWD��RI �HDFK�REMHFW�

:H� FDQ� QRZ� SURSRVH� D� UHYLVHG� VHTXHQFH� RI � VWHSV� WR� WKH
REMHFW�RULHQWHG�GHVLJQ�SURFHVV�

x 8VH� $[LRPDWLF� 'HVLJQ� WR� LGHQWLI\� DQ� RSWLPDOO\
LQGHSHQGHQW� VHW� RI � VRIWZDUH� )5V� UHSUHVHQWLQJ� D
VXEV\VWHP

x )RU� HDFK� WRS�OHYHO� )5� LQ� WKLV� VXEV\VWHP�� GHVLJQ� DQ
REMHFW�ZKLFK�VDWLVILHV�LW

x 'HVLJQ�SULYDWH�GDWD� DQG�PHWKRGV�ZKLFK� LPSOHPHQW� WKH
)5

x 'HVLJQ�SXEOLF�PHWKRGV�WKDW�SUHVHQW�D�PLQLPDO�LQWHUIDFH
WR�RWKHU�REMHFWV

x 'RFXPHQW�WKLV� OHYHO�RI �WKH�GHVLJQ�XVLQJ�WKH�$[LRPDWLF
'HVLJQ�HTXDWLRQ��PDSSLQJ�)5V�WR�VRIWZDUH�REMHFWV

x &RGH�DQG�WHVW�HDFK�REMHFW�LQGLYLGXDOO\

x ,QWHJUDWH�WKH�REMHFWV�DQG�WHVW�WKHP�DV�D�VXEV\VWHP

x ,WHUDWH���GHFRPSRVH�WKH�)5�KLHUDUFK\�DV�QHFHVVDU\

7KLV� VHTXHQFH� HQKDQFHV� WKH� VWHSV� GHVFULEHG� SUHYLRXVO\� LQ
VHFWLRQ���LQ�VHYHUDO�NH\�ZD\V���%\�GHILQLQJ�)5V�WKDW�DUH�RSWLPDOO\
LQGHSHQGHQW�� ZH� FDQ� WKHQ� GHVLJQ� VRIWZDUH� FODVVHV� WKDW� HDFK
VDWLVI\�RQH�DQG�RQO\�RQH�WRS�OHYHO�)5�� �7KLV�JXDUDQWHHV�WKDW�RXU
VRIWZDUH�REMHFWV�DUH�PRGXODU�DQG�KDYH�PLQLPDO�FRXSOLQJ�WR�RWKHU
REMHFWV�� � %\� GRFXPHQWLQJ� WKH� FRUUHVSRQGLQJ� $[LRPDWLF� 'HVLJQ
HTXDWLRQ� IRU� WKLV� OHYHO� RI � WKH� GHVLJQ� KLHUDUFK\�� ZH� SURGXFH� D
UHTXLUHPHQWV� WUDFHDELOLW\� PDWUL[� WKDW� DLGV� PDLQWHQDQFH� E\
LGHQWLI\LQJ�ZKLFK� REMHFWV� VDWLVI\� HDFK� UHTXLUHPHQW�� � 7KH� GHVLJQ
HTXDWLRQ�DOVR�DVVXUHV�WKDW�DOO�)5V�DUH�DGGUHVVHG�E\�WKH�GHVLJQ�

)XQGDPHQWDOO\�� WKLV� VHTXHQFH� LV� LGHQWLFDO� WR� WKH� VWDQGDUG
$[LRPDWLF� 'HVLJQ� ´]LJ]DJJLQJµ� SURFHVV� RI � KLHUDUFKLFDOO\
LGHQWLI\LQJ�KDUGZDUH�)5V�DQG�GHVLJQLQJ�FRUUHVSRQGLQJ�'3V�� � ,Q
ERWK� WKH� KDUGZDUH� DQG� VRIWZDUH� GRPDLQV�� ZH� PRYH� EDFN� DQG
IRUWK�EHWZHHQ�WKH�)5�KLHUDUFK\�DQG�'3�KLHUDUFK\�DV�ZH�LWHUDWH�WR
ORZHU�DQG�ORZHU�OHYHOV���+RZHYHU��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH
UHVXOWDQW�KLHUDUFK\�RI � VRIWZDUH�)5V�GRHV�QRW� DOZD\V� FRUUHVSRQG
GLUHFWO\�WR�WKH�KLHUDUFK\�RI �KDUGZDUH�)5V�� �1HYHUWKHOHVV�� LW� LV�DQ
HVWDEOLVKHG� FRQYHQWLRQ� WR� GHVLJQ� VRIWZDUH� REMHFWV� WKDW
FRUUHVSRQG� WR� REMHFWV� LQ� WKH� KDUGZDUH� GRPDLQ�� LQ� SDUW� EHFDXVH
WKLV� LPSURYHV� WKH� DELOLW\� RI � RWKHU� HQJLQHHUV� WR� XQGHUVWDQG� WKH
VRIWZDUH� DUFKLWHFWXUH�� � 5HFHQW� ZRUN� KDV� EHHQ� GRQH� WR� DSSO\
$[LRPDWLF� 'HVLJQ� IURP� D� V\VWHPV� HQJLQHHULQJ� SHUVSHFWLYH�
FRPELQLQJ� WKH� )5� GHILQLWLRQ� SURFHVV� IRU� ERWK� KDUGZDUH� DQG
VRIWZDUH�LQWR�D�KLHUDUFK\�RI �VXEV\VWHPV>�����@�

5  AN EXAMPLE DECOMPOSITION

7R�GHPRQVWUDWH�WKH�SURFHVV�GLVFXVVHG�DERYH��ZH�ZLOO�SUHVHQW
D�GHFRPSRVLWLRQ�RI �RQH� VPDOO�SDUW�RI � D� OLWKRJUDSK\� WRRO�NQRZQ
DV� D� ZDIHU� SUHDOLJQHU�� � +HUH� LV� DQ� H[FHUSW� RI � WKH� )5� DQG
FRUUHVSRQGLQJ�'3�DW�WKLV�OHYHO�RI �WKH�KLHUDUFK\�>��@�

)5������'HWHUPLQH�DQG�FRUUHFW�WKH�ZDIHU�URWDWLRQDO�SRVLWLRQ
DQG�FHQWHULQJ�RIIVHWV�SULRU�WR�OLWKRJUDSKLF�SURFHVVLQJ

'3������'HVLJQ�D�:DIHU�3UHDOLJQHU�GHYLFH�ZKLFK�SHUIRUPV�D
FRDUVH�DOLJQPHQW�RI �WKH�ZDIHU�WR�SXW�LW�LQWR�WKH�SURSHU�URWDWLRQDO
SRVLWLRQ�IRU� WKH�ZDIHU� VWDJH�� � ,Q� DGGLWLRQ� WR� D�ZDIHU� URWDWRU�� WKH
SUHDOLJQHU� FRQVLVWV� RI � DQ� RSWLFDO� VHQVRU�ZKLFK� LV� XVHG� WR� GHWHFW
WKH�ORFDWLRQ�RI �WKH�QRWFK�LQ�WKH�ZDIHU��DQG�VHUYHV�DV�D�VRXUFH�RI
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LQIRUPDWLRQ�RQ�WKH�ZDIHU·V�RIIVHW� IURP�FHQWHU��EDVHG�RQ� LWV� VSLQ
FKDUDFWHULVWLFV�

$W� WKLV� OHYHO�� WKH� KDUGZDUH� VROXWLRQ� LV� WR� GHVLJQ� D� ZDIHU
SUHDOLJQHU� DVVHPEO\�� � )ROORZLQJ� RXU� REMHFW�RULHQWHG� GHVLJQ
VHTXHQFH�� ZH� ZRXOG� GHVLJQ� D� FRUUHVSRQGLQJ� :DIHU� 3UHDOLJQHU
VRIWZDUH� FODVV� ZKRVH� VROH� UHVSRQVLELOLW\� LV� WR� HQFDSVXODWH� WKH
VRIWZDUH� QHFHVVDU\� WR� FRQWURO� WKH� SUHDOLJQHU� KDUGZDUH� DVVHPEO\
DQG� GHWHUPLQH� WKH� QRWFK� ORFDWLRQ�� � 1RWH� WKDW� WKH� $[LRPDWLF
'HVLJQ� MXVWLILFDWLRQ� IRU� WKLV� GHFLVLRQ� LV� LGHQWLFDO� IRU� ERWK
KDUGZDUH�DQG�VRIWZDUH�

+DUGZDUH� SHUVSHFWLYH�� 7KH� :DIHU� 3UHDOLJQHU� KDUGZDUH
DVVHPEO\� VDWLVILHV� RQH� DQG� RQO\� RQH� )5�� WR� RULHQW� WKH� ZDIHU·V
URWDWLRQDO�SRVLWLRQ�SULRU� WR� OLWKRJUDSKLF� SURFHVVLQJ�� � 6XEVHTXHQW
FKDQJHV� WR� WKH� GHVLJQ� RI � WKLV� KDUGZDUH� VKRXOG� KDYH� PLQLPDO
LPSDFW�RQ�WKH�GHVLJQ�RI �RWKHU�KDUGZDUH�FRPSRQHQWV�

6RIWZDUH� SHUVSHFWLYH�� 7KH� :DIHU� 3UHDOLJQHU� VRIWZDUH
REMHFW� VDWLVILHV� RQH� DQG� RQO\� RQH� )5�� WR� FRQWURO� WKH� ZDIHU
SUHDOLJQHU� KDUGZDUH� DQG� GHWHUPLQH� WKH� ORFDWLRQ� RI � WKH� ZDIHU
QRWFK���6XEVHTXHQW�FKDQJHV�WR�WKH�GHVLJQ�RI �WKLV�VRIWZDUH�REMHFW
VKRXOG� KDYH� PLQLPDO� LPSDFW� RQ� WKH� GHVLJQ� RI � RWKHU� VRIWZDUH
FRPSRQHQWV�

0RYLQJ� GRZQ� D� OHYHO�� ZH� FDQ� GHFRPSRVH� )5���� LQWR� ILYH
VRIWZDUH�VXEUHTXLUHPHQWV�

)5��������5RWDWH�WKH�ZDIHU�LQ�RUGHU�WR�ILQG�WKH�QRWFK�DQG�WR
VXEVHTXHQWO\�RULHQW�WKH�ZDIHU

)5�������� 0DLQWDLQ� WKH� ODWHUDO� SRVLWLRQ� RI � WKH� ZDIHU� ZKLOH
URWDWLQJ�VR�WKDW�QR�ORVV�RI �[�\�SRVLWLRQ�LQIRUPDWLRQ�RFFXUV

)5��������'HWHFW�WKH�SRVLWLRQ�RI �WKH�ZDIHU�HGJH�DV�WKH�ZDIHU
LV�URWDWHG

)5�������� &DOFXODWH� WKH� QRWFK� ORFDWLRQ� IURP� WKH� GHWHFWHG
HGJH�LQIRUPDWLRQ

)5��������&DOLEUDWH�WKH�ZDIHU�SUHDOLJQHU�KDUGZDUH

)ROORZLQJ�RXU�D[LRPDWLF�VRIWZDUH�GHVLJQ�VWUDWHJ\�� WKHVH�)5V
OHDG�XV�WR�GHILQH�ILYH�FRUUHVSRQGLQJ�VRIWZDUH�FODVVHV�

'3��������:DIHU�3UHDOLJQHU�5RWDWRU�²�FRQWUROV�WKH�URWDWLRQ�RI
WKH�ZDIHU�WXUQWDEOH

'3�������� 3QHXPDWLF�:DIHU�+ROGHU� ²� FRQWUROV� D� SQHXPDWLF
�YDFXXP��YDOYH�WKDW�FODPSV�WKH�ZDIHU�WR�WKH�WXUQWDEOH��SUHYHQWLQJ
ODWHUDO� VOLGLQJ� RI � WKH� ZDIHU� GXULQJ� URWDWLRQ�� � $OVR� FRQWDLQV� D
YDFXXP� VHQVRU� ZKLFK� FRQILUPV� WKDW� WKH� ZDIHU� LV� DGHTXDWHO\
UHWDLQHG

'3�������� :DIHU� (GJH� 'HWHFWRU� ²� DFTXLUHV� GDWD� IURP� WKH
RSWLFDO� VHQVRU��ZKLFK� LV� D� OLQHDU� DUUD\�RI �RSWLFDO� GHWHFWRUV�� � 7KH
UDZ� VHQVRU� GDWD� LV� SURFHVVHG� E\� WKH� GHWHFWRU� REMHFW� DQG
WUDQVIRUPHG�LQWR�IRUP�WKDW�UHSUHVHQWV�WKH�SRVLWLRQ�RI � WKH�ZDIHU
HGJH�DV�D�IXQFWLRQ�RI ��URWDWLRQDO�SRVLWLRQ

'3�������� :DIHU� *HRPHWU\� $QDO\]HU� ²� DOJRULWKPLFDOO\
SURFHVVHV� WKH� ZDIHU� HGJH� GDWD� IURP� WKH� GHWHFWRU� REMHFW� DQG
GHWHUPLQHV�WKH�DQJXODU�ORFDWLRQ�RI �WKH�ZDIHU�QRWFK

'3��������:DIHU�3UHDOLJQHU�&DOLEUDWRU�²�XVHV� WKH�RWKHU� IRXU
REMHFWV�WR�URWDWH�DQG�DFTXLUH�GDWD�IURP�D�VSHFLDO�FDOLEUDWLRQ�GLVN�
WKHQ� GHWHUPLQHV� SK\VLFDO� SDUDPHWHUV� VXFK� DV� VSDFLQJ� RI � WKH
RSWLFDO� VHQVRU� VR� WKDW� WKH� DQDO\]HU� FDQ� VXEVHTXHQWO\� UHSRUW� WKH
QRWFK�ORFDWLRQ�LQ�FDOLEUDWHG�XQLWV

7DEOH���VKRZV�WKHVH�)5V�DQG�'3V� LQ�FRQGHQVHG� IRUP�� �:H
FDQ�VHH�WKDW�WKH�VRIWZDUH�'3V�PLPLF�DQG�DUH� FORVHO\� FRXSOHG� WR
WKHLU�FRUUHVSRQGLQJ�KDUGZDUH�'3V���)RU�H[DPSOH��LI �WKH�KDUGZDUH
HQJLQHHU� FKRRVHV� WR� VDWLVI\� )5������� E\� GHVLJQLQJ� D� SQHXPDWLF
FODPS� WKDW� KROGV� WKH� ZDIHU� E\� DSSO\LQJ� D� YDFXXP� WR� LWV� EDFN
VXUIDFH��WKH�FRUUHVSRQGLQJ�VRIWZDUH�REMHFW�LV�WKHQ�UHVSRQVLEOH�IRU
FRQWUROOLQJ� WKH� YDFXXP� YDOYH� DQG� VHQVLQJ� WKH� YDFXXP� SUHVVXUH�
$OWHUQDWLYHO\�� WKH� KDUGZDUH� HQJLQHHU� PLJKW� FKRRVH� WR� XVH� D
PHFKDQLFDO� HGJH�JULSSLQJ� GHYLFH�� ZKLFK� ZRXOG� UHTXLUH� D� WRWDOO\
GLIIHUHQW� VRIWZDUH� REMHFW�� � +LVWRULFDOO\�� ZH� KDYH� IRXQG� WKDW
KDUGZDUH�GHVLJQ�RIWHQ�SUHFHGHV�WKH�GHVLJQ�RI �VRIWZDUH��UHVXOWLQJ
LQ� D� GRPDLQ�VHTXHQWLDO� GHVLJQ� SURFHVV�� � :KLOH� WKLV� PD\� EH
DSSURSULDWH� LQ� VRPH� FLUFXPVWDQFHV�� ZH� EHOLHYH� WKDW� D� VXSHULRU
DSSURDFK� LV� WR� SHUIRUP� $[LRPDWLF� 'HVLJQ� IURP� D� V\VWHPV
SHUVSHFWLYH��DGGUHVVLQJ�WKH�)5V�RI �ERWK�KDUGZDUH�DQG�VRIWZDUH�DW
HDFK� OHYHO�� � 7KLV� KROLVWLF� SURFHVV� FDQ� SURGXFH� D� PRUH� RSWLPDO
GHVLJQ�� VLQFH� FR�GHSHQGHQFLHV� DQG� WUDGHRIIV� EHWZHHQ� KDUGZDUH
DQG�VRIWZDUH�FDQ�EH�UHFRJQL]HG�HDUOLHU�LQ�WKH�GHVLJQ�SURFHVV�>��@�

Table 1: FRs and DPs for the wafer prealigner
software.

)XQFWLRQDO�5HTXLUHPHQWV
�)5V�

'HVLJQ�3DUDPHWHUV
�'3V�

����� &RQWURO�SUHDOLJQHU�URWDWRQ :DIHU�SUHDOLJQHU
URWDWRU

����� 0DLQWDLQ�ODWHUDO�SRVLWLRQ 3QHXPDWLF�ZDIHU�KROGHU
����� 'HWHFW�ZDIHU�HGJH�SRVLWLRQV :DIHU�HGJH�GHWHFWRU
����� &DOFXODWH�QRWFK�ORFDWLRQ :DIHU�JHRPHWU\

DQDO\]HU
����� &DOLEUDWH�SUHDOLJQHU�KDUGZDUH :DIHU�SUHDOLJQHU

FDOLEUDWRU

7KH� IROORZLQJ� HTXDWLRQ� GLVSOD\V� WKH� FRUUHVSRQGLQJ� GHVLJQ
PDWUL[� IRU� WKH� ZDIHU� SUHDOLJQHU� VRIWZDUH�� � 7KH� RII�GLDJRQDO
HOHPHQWV� LQ� WKH� ILUVW� IRXU� URZV� DQG� FROXPQV� RI � WKH� FRXSOLQJ
PDWUL[�DUH�]HUR�� LQGLFDWLQJ�WKDW�QR�FRXSOLQJ�H[LVWV�EHWZHHQ�WKHVH
)5V� DQG� '3V�� � 7KH� ODVW� URZ� RI � WKH� PDWUL[� LV� QRQ�]HUR� LQ� DOO
SRVLWLRQV�� UHIOHFWLQJ� WKH� IDFW� WKDW� FDOLEUDWLRQ� RI � WKH� SUHDOLJQHU
KDUGZDUH� UHTXLUHV� XVH� RI � DOO� ILYH� VRIWZDUH� REMHFWV�� � $OWKRXJK� D
FDOLEUDWLRQ� SURFHGXUH� QRUPDOO\� SUHFHGHV� RWKHU� RSHUDWLRQV�� ZH
KDYH�SRVLWLRQHG�FDOLEUDWLRQ�LQ�WKH�ODVW�URZ�WR�VKRZ�WKDW�WKH�GHVLJQ
HTXDWLRQ�UHSUHVHQWV�D�GHFRXSOHG�GHVLJQ�
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DP.2.1.5

DP.2.1.4

DP.2.1.3

DP.2.1.2

DP.2.1.1

FR.2.1.5

FR.2.1.4

FR.2.1.3

FR.2.1.2

FR.2.1.1

XXXXX

OXOOO

OOXOO

OOOXO

OOOOX

-XVW� DV� WKH� ILYH� ORZHU�OHYHO� )5V� DUH� DQ� $[LRPDWLF� 'HVLJQ
GHFRPSRVLWLRQ� RI � )5������ WKH� ILYH� ORZHU�OHYHO� VRIWZDUH� FODVVHV
�URWDWRU�� KROGHU�� GHWHFWRU�� DQDO\]HU� DQG� FDOLEUDWRU�� UHSUHVHQW� D
GHFRPSRVLWLRQ� RI � WKH� :DIHU� 3UHDOLJQHU� FODVV�� L�H�� WKH\� HDFK
UHSUHVHQW� D� VSHFLILF�� PRGXODU� SRUWLRQ� RI � WKH� ZDIHU� SUHDOLJQHU
REMHFW·V�IXQFWLRQDO�UHVSRQVLELOLW\���6LQFH�WKH\�DUH�FRQWDLQHG�ZLWKLQ
DQG� DFFHVVHG� RQO\� E\� WKH� ZDIHU� SUHDOLJQHU� REMHFW�� WKH\� FDQ� EH
KLGGHQ� IURP� WKH� UHVW� RI � WKH� OLWKRJUDSK\� WRRO� FRQWURO� VRIWZDUH�
VLPSOLI\LQJ� WKH� DSSDUHQW� FRPSOH[LW\�RI � WKH�RYHUDOO� VRIWZDUH�� � ,Q
WKLV� ZD\�� D� JRRG� REMHFW�RULHQWHG� VRIWZDUH� GHVLJQ� LPSURYHV
PDLQWDLQDELOLW\�� � 6LQFH� HDFK� REMHFW� UHSUHVHQWV� DQ� HQFDSVXODWHG
ERG\� RI � IXQFWLRQDOLW\�� WKH� VRIWZDUH� REMHFWV� FDQ� EH� UHXVHG� RQ
RWKHU�SURMHFWV��UHGXFLQJ�IXWXUH�VRIWZDUH�GHYHORSPHQW�FRVWV�

7KH� GHVLJQ� RI � WKHVH� FODVVHV� DV� ZHOO� DV� WKHLU� LQWHUIDFHV� DQG
FRXSOLQJ� EHWZHHQ� FODVVHV� KDV� EHHQ� GRFXPHQWHG� XVLQJ� 207
QRWDWLRQ�� � $� IXOO\� IXQFWLRQDO� SURWRW\SH� RI � WKH� GHVLJQ� KDV� EHHQ
FRGHG� LQ� WKH� 6PDOOWDON� SURJUDPPLQJ� ODQJXDJH� DQG� KDV� EHHQ
GHPRQVWUDWHG� WR� WKH� SURMHFW� VSRQVRUV�� � $Q� $[LRPDWLF� 'HVLJQ
GHFRPSRVLWLRQ� RI � WKH� OLWKRJUDSK\� WRRO� FRQWURO� V\VWHP� ZDV
JHQHUDWHG�DV�SDUW�RI � WKLV�SURMHFW� DQG� LV�QRZ�FRQWULEXWLQJ� WR� WKH
GHVLJQ�RI �VXEVHTXHQW�SURMHFWV�

6 SUMMARY AND CONCLUSIONS

2EMHFW�RULHQWHG� VRIWZDUH� GHVLJQ� SURYLGHV� D� SRZHUIXO
LPSURYHPHQW� RYHU� WUDGLWLRQDO� VRIWZDUH� GHYHORSPHQW
PHWKRGRORJLHV� E\� RUJDQL]LQJ� DQG� HQFDSVXODWLQJ� GDWD� DQG
IXQFWLRQDOLW\�LQWR�PRGXODU��UHXVDEOH�SDFNDJHV���$[LRPDWLF�'HVLJQ
FRPSOHPHQWV� REMHFW�RULHQWHG� GHVLJQ� E\� SURYLGLQJ� D
VWUDLJKWIRUZDUG��UHSHDWDEOH�SURFHVV�IRU�GHILQLQJ�WKH�IXQFWLRQDOLW\
RI �HDFK� VRIWZDUH�REMHFW�� �7KH� UHVXOW� LV� DQ�REMHFW�GHVLJQ�SURFHVV
WKDW�LV�PRUH�SURYDEO\�FRUUHFW�DQG�OHVV�GHSHQGHQW�RQ�WKH�FUHDWLYH
MXGJPHQW�RI �WKH�GHYHORSHU�

:H�KDYH� VKRZQ� WKDW� WKH� IXQGDPHQWDO� D[LRPV� RI �$[LRPDWLF
'HVLJQ�FDQ�EH� LQWHUSUHWHG�ZLWKLQ� WKH� FRQWH[W�RI �REMHFW�RULHQWHG
VRIWZDUH� GHVLJQ�� OHDGLQJ� WR� D� UHFXUVLYH� GHVLJQ� SURFHVV� LQ� ZKLFK
REMHFWV� DUH�KLHUDUFKLFDOO\� GHFRPSRVHG� LQWR� VPDOOHU� REMHFWV��ZLWK
HDFK� OHYHO� RI � WKH� KLHUDUFK\� PDSSLQJ� WR� D� VHW� RI � LQGHSHQGHQW
IXQFWLRQDO�UHTXLUHPHQWV�� � �'RFXPHQWLQJ� DQ�REMHFW�GHVLJQ� LQ� WKH
IRUP�RI �DQ�$[LRPDWLF�'HVLJQ�HTXDWLRQ�TXDQWLILHV�WKH�TXDOLW\�RI
WKH� GHVLJQ� DQG� GRFXPHQWV� WUDFHDELOLW\� WR� WKH� RULJLQDO� IXQFWLRQDO
UHTXLUHPHQWV�

:KLOH� D� JRRG� REMHFW�RULHQWHG� GHVLJQ� FRQVLVWV� RI � VRIWZDUH
FODVVHV� WKDW� DUH� PLQLPDOO\� FRXSOHG� WR� HDFK� RWKHU�� WKH� VRIWZDUH
FODVVHV� UHSUHVHQWLQJ� KDUGZDUH� DUH� VWURQJO\� WLHG� WR� WKH� KDUGZDUH
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