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ABSTRACT

0DQ\�RI �WRGD\·V�PDQXIDFWXULQJ�V\VWHPV�KDYH�HYROYHG�DG�KRF�DQG
WKHLU�SHUIRUPDQFHV�UHO\�RQ�VNLOOIXO�VKRS�IORRU�SHUVRQQHO��$�VWXG\
RI � WKH� LPSOHPHQWDWLRQ� SKDVH� RI � D� PDQXIDFWXULQJ� IDFLOLW\
UHHQJLQHHULQJ� SURMHFW�� UHYHDOHG� WKDW� WKHUH� LV� D� JUHDW� QHHG� IRU� D
PRUH�V\VWHPDWLF�GHYHORSPHQW�SURFHVV��7KH�SUREOHPV�IDFHG�WRGD\
DUH��DPRQJ�RWKHUV�� WKH� ODFN�RI �D�KROLVWLF�YLHZ�RI �WKH�V\VWHP��WKH
DYDLODELOLW\� RI � LQIRUPDWLRQ�� DQG� WKDW� NQRZOHGJH� IURP� SUHYLRXV
SURMHFWV�LV�QRW�UHXVHG��$FFRUGLQJ�WR�OLWHUDWXUH��WKHVH�SUREOHPV�DUH
VKDUHG�ZLWK�PDQ\�RWKHU�FRPSDQLHV�

$[LRPDWLF� 'HVLJQ� �$'�� KDV� LQ� SUHYLRXV� FDVHV� SURYHQ� XVHIXO
ZKHQ� GHVLJQLQJ� PDQXIDFWXULQJ� V\VWHPV�� &RQFHSWV� VXFK� DV� WKH
WRS�GRZQ� GHVLJQ�� WKH� FRQWURO� RI � FRXSOLQJV� EHWZHHQ� GHVLJQ
SDUDPHWHUV� �'3V�� DQG� WKH� GLIIHUHQWLDWLRQ� EHWZHHQ� )5V
�)XQFWLRQDO�5HTXLUHPHQWV��DQG�'3V�DUH�EHQHILFLDO��+RZHYHU�� WKH
$'� WKHRU\� GRHV� QRW� GHVFULEH� WKH� GHYHORSPHQW� SURFHVV� DQG
OLIHF\FOH� DVSHFWV� RI � WKH� PDQXIDFWXULQJ� V\VWHP�� 1RU� GRHV� WKH
RULJLQDO� $'� WKHRU\� KDQGOH� DOO� DVSHFWV� RI � WKH� V\VWHP� QHHGHG� WR
PDNH� LW� IXQFWLRQ�� 7KHUHIRUH�� $'� KDV� WR� EH� SXW� LQWR� D� ODUJHU
IUDPHZRUN�� 7KHUH� DUH� VHYHUDO� VXFK� DUFKLWHFWXUHV� RU
PHWKRGRORJLHV� SURSRVHG� IRU� PDQXIDFWXULQJ� V\VWHPV
GHYHORSPHQW��2QH�RI � WKH�PRVW� UHFHQW� LV�*(5$0� �*HQHUDOLVHG
(QWHUSULVH�5HIHUHQFH�$UFKLWHFWXUH� DQG�0HWKRGRORJ\��� *(5$0
RIIHUV� D� YHU\� JHQHUDO� IUDPHZRUN� ZKHUH� GLIIHUHQW� PHWKRGV� DQG
WRROV�FDQ�EH�SOXJJHG�LQ�

,Q�WKLV�SDSHU�D�SURSRVDO�IRU�KRZ�$[LRPDWLF�'HVLJQ��$'��FDQ�EH
XVHG� DV� D� PRGHOLQJ� ODQJXDJH� LQ� WKH� *(5$0� IUDPHZRUN� LV
SUHVHQWHG�� 7KH� PDQXIDFWXULQJ� V\VWHP� VKRXOG� EH� PRGHOHG� LQ
WHUPV�RI �)5V�DQG�'3V�DQG�WKHVH�PRGHOV�VKRXOG�EH�XVHG�WKURXJK
RXW�WKH�V\VWHP·V�OLIH�F\FOH��)RU�H[DPSOH�ZKHQ�D�V\VWHP�LV�JRLQJ�WR
EH� UHHQJLQHHUHG� LQ� RUGHU� WR� PDQXIDFWXUH� D� QHZ� SURGXFW�� WKH
IUDPHZRUN�FDQ�EH�XVHG� WR� DVVHV�ZKLFK�SDUWV� RI � WKH� V\VWHP� WKDW
FDQ�EH�UHXVHG�

.H\ZRUGV��D[LRPDWLF�GHVLJQ��*(5$0��PDQXIDFWXULQJ��V\VWHPV

1 INTRODUCTION

,Q� RUGHU� WR� VWD\� FRPSHWLWLYH� RQ� WKH�PDUNHWSODFH��PDQXIDFWXULQJ
FRPSDQLHV� KDYH� WR� FRQWLQXRXVO\� VKRUWHQ� WKHLU� WLPH�WR�PDUNHW�
LPSURYH� TXDOLW\�� DQG� FXW� WKH� FRVW�� 7KXV�� IRUFLQJ� WKH
PDQXIDFWXULQJ� ILUPV� WR� GHYHORS� WKHLU� V\VWHPV� IDVWHU� DQG� PRUH
DFFXUDWH�

0DQ\�RI �WRGD\·V�PDQXIDFWXULQJ�V\VWHPV�KDYH�HYROYHG�DG�KRF��DQG
WKHLU�SHUIRUPDQFHV�UHO\�RQ�VNLOOIXO�VKRS�IORRU�SHUVRQQHO��$�VWXG\
RI � WKH� LPSOHPHQWDWLRQ� SKDVH� RI � D� PDQXIDFWXULQJ� IDFLOLW\
UHHQJLQHHULQJ�SURMHFW��UHYHDOHG�WKH�IROORZLQJ�SUREOHPV�

y .QRZOHGJH� IURP� SUHYLRXV� SURMHFWV� LV� QRW� VDWLVIDFWRULO\
UHXVHG�� 7KH� UHXVH� RI � NQRZOHGJH� IURP� SUHYLRXV� SURMHFW� LV
GHSHQGHQW� RQ� WKH� SHRSOH� WKDW� KDG� EHHQ� LQYROYHG�� ,I � WKRVH
SHRSOH� TXLW� WKH� NQRZOHGJH� LV� ORVW�� 7KHUH� LV� QR� V\VWHPDWLF
PHWKRG�WR�IDFLOLWDWH�VXFK�UHXVH�

y 7KH�DYDLODELOLW\�RI � LQIRUPDWLRQ��5RXWLQHV� DQG�ZRUNIORZ� DUH
QRW� HVWDEOLVKHG� LQ� RUGHU� WR� IDFLOLWDWH� LQIRUPDWLRQ� WUDQVIHU
DFURVV�RUJDQL]DWLRQDO�ERXQGDULHV�

y /DFN� RI � D� KROLVWLF� YLHZ� RI � WKH� V\VWHP�� 3HRSOH� DUH� VXE�
RSWLPL]LQJ� WKHLU� RZQ� DUHDV� DQG� WKH� LQYHVWPHQWV� DUH� QRW
FDUULHG�RXW�LQ�RUGHU�WR�DFKLHYH�WKH�EHVW�V\VWHP�SHUIRUPDQFH
LQ�WKH�ORQJ�UXQ��L�H��WKH�QHHGV�IRU�WKH�GD\�KDYH�WR�EH�PHW�

y 8QDZDUHQHVV� RI� ZKLFK� IXQFWLRQDO� UHTXLUHPHQWV� WKH� V\VWHP
KDV�WR�IXOILOO�

7KH�SUREOHPV�RI �LQIRUPDWLRQ�DYDLODELOLW\�DQG�FRRSHUDWLRQ�DFURVV
RUJDQL]DWLRQDO� ERXQGDULHV� KDYH� EHHQ� WUHDWHG� LQ� WKH
&216(1686� SURMHFW� DQG� UHVXOWV� KDYH� EHHQ� SUHVHQWHG� E\
1HOVRQ�HW�DO��������DQG�6DPXHOVRQ�HW�DO��������

7KH�DERYH�PHQWLRQHG�SUREOHPV�WRJHWKHU�ZLWK�WKH�GHPDQG� IRU� D
IDVWHU�DQG�PRUH�HIIHFWLYH�GHYHORSPHQW�SURFHVV��VWUHVVHV�WKH�QHHG
IRU� D� V\VWHPDWLF� PHWKRGRORJ\� IRU� PDQXIDFWXULQJ� V\VWHPV
GHYHORSPHQW�� 7KH� PHWKRGRORJ\� PXVW� EH� VXLWDEOH� IRU� XVH� LQ
LQGXVWULDO�SURMHFWV�E\�HQJLQHHUV��\HW�EDVHG�RQ�VFLHQWLILF�SULQFLSOHV
DQG�HVWDEOLVKHG� WKHRULHV��7KLV�SDSHU�ZLOO� IRFXV� RQ� UHHQJLQHHULQJ
SURMHFWV�RI �H[LVWLQJ�PDQXIDFWXULQJ�V\VWHPV��VLQFH�WKDW�LV�WKH�PRVW
FRPPRQ�VLWXDWLRQ��*UHHQILHOG�SURMHFWV��ZKHUH�WKH�PDQXIDFWXULQJ
V\VWHP� FDQ� EH� GHVLJQHG� IURP� WKH� EHJLQQLQJ� DUH� UDUH�� DW� OHDVW� LQ
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WKH�GLVFUHWH�SDUWV�PDQXIDFWXULQJ�LQGXVWU\��)RU�H[DPSOH��RQH�ODUJH
6ZHGLVK�PDQXIDFWXULQJ� FRPSDQ\� KDYH� WKH� DPELWLRQ� WR� SHUIRUP
´PDQXIDFWXULQJ�SURFHVV�EDVHG�SURGXFW�GHYHORSPHQWµ�²�PHDQLQJ
WKDW� WKH� SURGXFW� GHYHORSPHQW� WHDP� KDYH� WR� DGDSW� WR� WKH
PDQXIDFWXULQJ� V\VWHPV� LQ� WKH� H[LVWLQJ� IDFWRULHV�� %HFDXVH� RI � WKH
KLJK�LQYHVWPHQWV�LQ�PDQXIDFWXULQJ�HTXLSPHQW��WKH�PDQXIDFWXULQJ
V\VWHPV� FDQ� QRW� EH� FKDQJHG� IRU� HYHU\� QHZ� SURGXFW� ZKHQ� WKH
WLPH�EHWZHHQ�LQWURGXFWLRQV�GHFUHDVHV�

7KLV� SDSHU� RXWOLQHV� KRZ� D� IUDPHZRUN� XVLQJ� D[LRPDWLF� GHVLJQ
�$'�� IRU�PDQXIDFWXULQJ� V\VWHPV�GHYHORSPHQW� FDQ� EH� FRPELQHG
ZLWK� DQ� HQWHUSULVH� LQWHJUDWLRQ� DUFKLWHFWXUH��*(5$0��$[LRPDWLF
GHVLJQ� KDV� SURYHQ� XVHIXO�� ZKHQ� GHYHORSLQJ� PDQXIDFWXULQJ
V\VWHPV�� LQ� SUHYLRXV� FDVHV� �$OPVWU|P�� ������� &RQFHSWV� VXFK� DV
WKH� WRS�GRZQ� GHVLJQ�� WKH� FRQWURO� RI � FRXSOLQJV� EHWZHHQ� GHVLJQ
SDUDPHWHUV� �'3V�� DQG� WKH� GLIIHUHQWLDWLRQ� EHWZHHQ� )5V
�)XQFWLRQDO� 5HTXLUHPHQWV�� DQG� '3V� KDYH� EHHQ� EHQHILFLDO�
+RZHYHU�WKH�$'�WKHRU\�GRHV�QRW�IXOO\�GHVFULEH�WKH�GHYHORSPHQW
SURFHVV� DQG� OLIHF\FOH� DVSHFWV� RI � WKH� PDQXIDFWXULQJ� V\VWHP�� 7R
DFKLHYH� WKLV�� $'� FDQ� EH� FRPELQHG� ZLWK� HQWHUSULVH� LQWHJUDWLRQ
DUFKLWHFWXUH�

,Q� WKH� IROORZLQJ� VHFWLRQ�� WKH� WKHRUHWLFDO� EDFNJURXQG� RQ
HQWHUSULVH� LQWHJUDWLRQ� DQG�*(5$0�ZLOO� EH� HVWDEOLVKHG�� 7KDW� LV
IROORZHG� E\� D� GLVFXVVLRQ� RQ� WKH� XVH� RI � $'� LQ� WKH� DUHD� RI
PDQXIDFWXULQJ� V\VWHPV� GHYHORSPHQW� LQ� JHQHUDO� DQG� WKH
IUDPHZRUN� VXJJHVWHG� E\� <LHQ� ������� LQ� SDUWLFXODU�� 7KH� QH[W
VHFWLRQ� GHVFULEHV� KRZ� WKH� H[SDQGHG� $'� WKHRU\� ZLOO� ZRUN� LQ
FRQMXQFWLRQ�ZLWK�*(5$0� LQ� WKH� GLIIHUHQW� OLIH� F\FOH� SKDVHV� RI
WKH�V\VWHP��7KH�SDSHU� LV�FRQFOXGHG�ZLWK�D�GLVFXVVLRQ�RQ�FHUWDLQ
LPSRUWDQW�DVSHFWV�RI �WKH�IUDPHZRUN�

2 GERAM AND ENTERPRISE INTEGRATION

7KH� QHHG� IRU� HQWHUSULVH� LQWHJUDWLRQ� LV� REYLRXV� FRQFHUQLQJ� WKH
WUHQGV�WRZDUG�JOREDO�FRPSHWLWLRQ�DQG�FRRSHUDWLRQ��([DPSOHV�RI
HQWHUSULVH� LQWHJUDWLRQ� DUFKLWHFWXUHV� DQG� PHWKRGRORJLHV� DUH
&,026$�� *5$,�� DQG� 3(5$� �VHH� 9HUQDGDW� ������� IRU� D
FRPSUHKHQVLYH� RYHUYLHZ��� +RZHYHU�� WKH� SUDFWLFDO� XVH� RI�� IRU
H[DPSOH��&,026$�KDV� EHHQ� YHU\� OLPLWHG�� 7KH�PDLQ� UHDVRQ� IRU
WKLV�LV�WKDW�&,026$�LV�D�YHU\�WKHRUHWLFDO�GHVLJQ�DQG�WKDW�LW�KDV�D
UDWKHU� OLPLWHG� IRFXV� WRZDUGV� &,0� �6FKHHU�� ������� 7KH� IDFW� WKDW
VHYHUDO� DUFKLWHFWXUHV� KDYH� EHHQ� GHYHORSHG� LQGHSHQGHQW� RI � HDFK
RWKHU�KDV�DOVR�KDG�WKH�HIIHFW�WKDW�FRPSDQLHV�DUH�UHOXFWDQW�WR�SLFN
RQH��VLQFH�WKH\�GRQ·W�NQRZ�ZKLFK�LV�WKH�EHVW�

�7KH� SXUSRVH� RI � *(5$0� �*HQHUDO� (QWHUSULVH� 5HIHUHQFH
$UFKLWHFWXUH�DQG�0HWKRGRORJ\��LV�WR�VHUYH�DV�D�UHIHUHQFH�IRU�WKH
ZKROH� FRPPXQLW\� FRQFHUQHG� ZLWK� WKH� DUHD� RI � HQWHUSULVH
LQWHJUDWLRQ� �9HUQDGDW�� ������� *(5$0� GRHV� QRW� LQFRUSRUDWH� D
PHWKRGRORJ\�� PRGHOLQJ� ODQJXDJH� RU� HQWHUSULVH� HQJLQHHULQJ� WRRO
EXW� HQFRXUDJH� WKH� XVHU� RI � WKH� DUFKLWHFWXUH� WR� ´SOXJ�LQµ� WKHLU
PHWKRGV�� PRGHOV� DQG� WRROV� DV� ORQJ� DV� WKH\� DUH� FRQVLVWHQW� ZLWK
*(5$0�� 7KH� EDVLF� FRPSRQHQWV� RI � *(5$0� DUH� VKRZQ� LQ
)LJXUH���
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Figure 1 GERAM framework components

*(5$�LQFRUSRUDWHV�D�QXPEHU�RI �FRQFHSWV��7KH\�DUH�
�� +XPDQ�RULHQWHG�FRQFHSWV
�� 7HFKQRORJ\�RULHQWHG�FRQFHSWV
�� �3URFHVV�RULHQWHG�FRQFHSWV

+XPDQ� RULHQWHG� FRQFHSWV� VWUHVV� WKH� LPSRUWDQFH� RI � KXPDQ
IDFWRUV�LQ�DOO�DFWLYLWLHV��.QRZOHGJH��UROHV�DQG�UHVSRQVLELOLWLHV�PXVW
EH�PDQDJHG�

7HFKQRORJ\� RULHQWHG� FRQFHSWV� GHVFULEHV� UHTXLUHPHQWV� IRU
�LQIRUPDWLRQ���WHFKQRORJ\�WKDW�LV�XVHG�IRU�HQWHUSULVH�HQJLQHHULQJ
DQG�RSHUDWLRQ�

3URFHVV�RULHQWHG�FRQFHSWV�GHILQHG� LQ�*(5$�DUH�WKH� OLIH�F\FOH
DQG�WKH� OLIH�F\FOH�SKDVHV��VHH�WKH� OLVW�EHORZ��� OLIH�KLVWRU\� �)LJXUH
����FODVVLILFDWLRQ�RI �GLIIHUHQW�W\SHV�RI �DFWLYLWLHV��DQG�WKH�GLIIHUHQW
YLHZV�RI �DQ�DFWLYLW\�RU�D�V\VWHP��HQWLW\���VHH�)LJXUH����7KH�*(5$
OLIH�F\FOH�SKDVHV�ZLOO�EH�XVHG�IRU�WKH�GLVFXVVLRQ�LQ�VHFWLRQ���

x ,GHQWLILFDWLRQ�RI �D�V\VWHP�DQG�LWV�ERXQGDULHV�

x &RQFHSW� LV� WKH� GHILQLWLRQ� RI � PLVVLRQ�� YLVLRQ�� VWUDWHJLHV�
EXVLQHVV�SODQV�DQG�VR�IRUWK�

x 5HTXLUHPHQW� SKDVH� LQYROYHV� DFWLYLWLHV� QHHGHG� WR� PDNH� D
GHVFULSWLRQ�RI �WKH�RSHUDWLRQDO�UHTXLUHPHQWV�RI �WKH�V\VWHP�

x 'HVLJQ�SKDVH�LQFOXGHV�DOO�DFWLYLWLHV�UHTXLUHG�WR�IXOILO�D�V\VWHP
VR�WKDW� LW�FDQ�EH�SK\VLFDOO\� UHDOL]HG��7KLV�SKDVH� LV�GLYLGHG� LQ
3UHOLPLQDU\�GHVLJQ�DQG�'HWDLOHG�GHVLJQ�

x ,PSOHPHQWDWLRQ� RI � WKH� V\VWHP�� L�H�� DFWLYLWLHV� UHTXLUHG� IRU
EXLOGLQJ�DQG�WHVWLQJ�WKH�V\VWHP�

x 2SHUDWLRQ���DFWLYLWLHV�QHHGHG�WR�SURGXFH�SURGXFWV�

x 'HFRPPLVVLRQ���DFWLYLWLHV�WKDW�DUH�QHHGHG�ZKHQ�WKH�V\VWHP
KDV�UHDFKHG�WKH�HQG�RI �LWV�XVHIXO�WLPH�LQ�RSHUDWLRQ�

0RVW�PDQXIDFWXULQJ� FRPSDQLHV� KDYH� GLYLGHG� WKHLU� GHYHORSPHQW
SURFHVV� LQWR� D� QXPEHU� RI � SKDVHV�� 7KHVH� SKDVHV� DUH� RIWHQ
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VHSDUDWHG� E\� JDWHV�� 7R� SURFHHG� WR� WKH� QH[W� SKDVH� WKH� SURMHFW
OHDGHU� PXVW� VKRZ� WKDW� FHUWDLQ� FRQGLWLRQV� DUH� PHW�� 7KH� *(5$
SKDVHV� DUH� LQWHQGHG� WR� VWDQGDUGL]H� WKH� WHUPLQRORJ\� LQ� RUGHU� WR
IDFLOLWDWH�HQWHUSULVH�LQWHJUDWLRQ�
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Figure 2 System life history (IFIP-IFAC Task Force, 1998)
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Figure 3. The Model Content Views of the General
Enterprise Reference Architecture (GERA) (IFIP-IFAC

Task Force, 1998).

3 A FRAMEWORK FOR MANUFACTURING
SYSTEMS DEVELOPMENT

7KHUH�KDYH�EHHQ�D�IHZ�VXJJHVWLRQV�IRU�H[SDQVLRQ�RI �WKH�RULJLQDO
$'� WKHRU\� �DV� GHILQHG� E\� 6XK� �������� LQ� WKH� DUHD� RI
PDQXIDFWXULQJ�V\VWHPV�GHYHORSPHQW��$PRQJ�WKHVH�DUH�9DOOKDJHQ
�������� 9DOOKDJHQ� DGGHG� VHYHUDO� GRPDLQV�� RQH� SDLU� RI � SURFHVV
UHTXLUHPHQWV�DQG�SURFHVV�YDULDEOHV�IRU�HDFK�UHOHYDQW�DVSHFW�RI �D
PDQXIDFWXULQJ� V\VWHP�� 9DOOKDJHQ·V� LQWHQWLRQ� ZDV� WR� FUHDWH� D
IUDPHZRUN� IRU� FRQFXUUHQW� HQJLQHHULQJ�� WKXV� HPSKDVL]LQJ� WKH
LPSRUWDQFH� RI � LQWHJUDWLQJ� IRUPDO� HQJLQHHULQJ� PHWKRGV� VXFK� DV
')$� DQG� )0($� LQ� WKH� GHYHORSPHQW� SURFHVV�� +RZHYHU�
9DOOKDJHQ·V� IUDPHZRUN� GLG� RQO\� LQFRUSRUDWH� WKRVH� IXQFWLRQDO
UHTXLUHPHQWV� RQ� WKH� PDQXIDFWXULQJ� V\VWHP� WKDW� VWHP� IURP� WKH
GHVLJQ� SDUDPHWHUV� RI � WKH� SURGXFW�� 0RUHRYHU�� WKH� GLYLVLRQ� LQ� D

QXPEHU� RI � VXE� GRPDLQV� RI � WKH� PDQXIDFWXULQJ� GRPDLQ� �ZRUOG�
ZDV�K\SRWKHWLFDO� DQG� VRPHZKDW�SUDJPDWLF��7KHUH� VHHPV� WR�EH� D
SRVVLELOLW\�WR�XVH�D�PRUH�JHQHUDO�� WKHRUHWLFDOO\�EDVHG��GLYLVLRQ�RI
VXE�GRPDLQV�

<LHQ��������KDQGOHV�WKHVH�GUDZEDFNV��E\�DGGLQJ�D�VHSDUDWH� WUDFN
IRU�WKH�GHYHORSPHQW�RI �DOO�VXSSRUWLQJ�IXQFWLRQV�WKDW�DUH�QHHGHG
IRU� WKH� HQWHUSULVH� WR� ZRUN�� EHVLGHV� WKRVH� IXQFWLRQV� WKDW� DUH
LPSRVHG�E\�WKH�SURGXFW��<LHQ�KDV�DOVR�DGGHG�D�QHZ�GRPDLQ�� WKH
6\VWHP�GRPDLQ��)LJXUH����

Enterprise

Customer
Domain

Functional
Domain

Physical
Domain

Process
Domain

System
Domain

Product

Figure 4 Yien´s five domain framework (Yien, 1998)

7KH� FXVWRPHU� GRPDLQ� LV� WKH� OHDVW� IRUPDO� GRPDLQ�� 7KH
PRWLYDWLRQ�IRU�KDYLQJ�WKLV�GRPDLQ�LV�WKDW�LW�LV�LPSRUWDQW�WR�FROOHFW
FXVWRPHU� UHTXLUHPHQW� DV� V\VWHPDWLFDOO\� DV� SRVVLEOH�� )RU� D
PDQXIDFWXULQJ� V\VWHP�� WKHUH� DUH� ERWK� H[WHUQDO� DQG� LQWHUQDO
FXVWRPHUV��([WHUQDO�FXVWRPHUV�DUH�SHRSOH� WKDW�EX\� WKH�SURGXFWV
DQG� RWKHUV� DIIHFWHG� E\� WKH� V\VWHP� DFWLYLWLHV�� IRU� H[DPSOH
HQYLURQPHQWDO� DXWKRULW\�� ,QWHUQDO� FXVWRPHUV� DUH� WKH� ZRUNHUV� LQ
WKH�PDQXIDFWXULQJ�IDFLOLW\��VWRFNKROGHUV��PDQDJHPHQW�HWF�

7KH� IXQFWLRQDO�GRPDLQ� LV� WKH�PRVW� LPSRUWDQW� GRPDLQ� VLQFH� LW
IRUFHV� WKH� HQJLQHHU� WR� VWDWH� D� IXQFWLRQDO� UHTXLUHPHQW� �)5��
LQGHSHQGHQW�RI �WKH�SK\VLFDO�PDQLIHVWDWLRQ��&XVWRPHU�QHHGV�PD\
EH�WUDQVODWHG�LQWR�IXQFWLRQDO�UHTXLUHPHQWV�WKURXJK�PHWKRGV�VXFK
DV�4)'��%DVFDUDQ�DQG�7HOOH]���������<LHQ�GLYLGHV�WKH�IXQFWLRQDO
GRPDLQ� LQWR� SURGXFW� UHTXLUHPHQWV� DQG� HQWHUSULVH� UHTXLUHPHQW�
(QWHUSULVH� UHTXLUHPHQWV� DUH� LQGHSHQGHQW� RI � WKH� SURGXFW� H�J�
KXPDQ�UHVRXUFHV�DQG�LQIRUPDWLRQ�V\VWHP�

7KH� SK\VLFDO� GRPDLQ� LV� ZKHUH� SURGXFW� UHTXLUHPHQWV� DUH
IRUPHG� LQ� GHVLJQ� SDUDPHWHUV� �'3��� 7KLV� GRPDLQ� LV� XQQHFHVVDU\
IRU� WKH� GHVLJQ� RI � HQWHUSULVH� DVSHFWV� VLQFH� HQWHUSULVH� IXQFWLRQDO
UHTXLUHPHQWV�FDQ�EH�GLUHFWO\�WUDQVODWHG�LQWR�SURFHVV�YDULDEOHV�

7KH�3URFHVV�GRPDLQ� IRUPV�SURFHVVHV�WKDW� FRQVLVW�RI � DFWLYLWLHV�
)RU� SURGXFWV�� WKLV� PHDQV� PDQXIDFWXULQJ� SURFHVVHV� DQG�� IRU� WKH
HQWHUSULVH�� LW� LV� EXVLQHVV� SURFHVVHV�� +RZHYHU�� IRU� H[DPSOH�
DVVHPEO\�DVSHFWV�DUH�QRW�WDNHQ� LQWR�DFFRXQW�� LQ�VSLWH�RI � WKH� IDFW
WKDW�WKH�DVVHPEO\�DFWLYLWLHV�DUH�LPSRVHG�E\�WKH�GHVLJQ�SDUDPHWHUV�

,Q� WKH� V\VWHP� GRPDLQ� WKH� SURFHVV� YDULDEOHV� DUH� PDSSHG� WR
LQIRUPDWLRQ�� UHVRXUFH� DQG� RUJDQL]DWLRQ� YLHZV�� L�H�� D� �� WR� �
PDSSLQJ��)LJXUH�����7KLV�GLYLVLRQ�LV�DGRSWHG�IURP�&,026$�DQG
LV�FRQVLVWHQW�ZLWK�*(5$� �)LJXUH����� ,'()�� LV�XVHG� WR�PDS� WKH
SURFHVV�YDULDEOHV�WR�V\VWHP�YDULDEOHV�



8WLOL]LQJ�$[LRPDWLF�'HVLJQ�LQ�D�0DQXIDFWXULQJ�6\VWHP�'HYHORSPHQW�)UDPHZRUN
)LUVW�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$[LRPDWLF�'HVLJQ

&DPEULGJH��0$�²�-XQH������������

&RS\ULJKW��������E\�WKH�,QVWLWXWH�IRU�$[LRPDWLF�'HVLJQ ���

Information

Resource

Organization

System domainProcess domain

execute/authorize

create/maintain

control
create/update

implement

create/upgrade

Figure 5 Relationships and interactions between process
and system domain (Yien, 1998)

7KH� PRVW� LPSRUWDQW� LGHD� LQ� <LHQ·V� IUDPHZRUN�� LV� WKDW� IRU� D
PDQXIDFWXULQJ� V\VWHP� WKHUH� DUH� UHTXLUHPHQWV�� WKDW� VWHP� ERWK
IURP� SURGXFW� GHVLJQ� SDUDPHWHUV� DQG� IURP� RWKHU� UHTXLUHPHQWV
WKDW� DUH� QRW� SURGXFW� VSHFLILF�� L�H�� VXSSRUW� IXQFWLRQV�� 7KHVH
UHTXLUHPHQWV� DUH� IRU� H[DPSOH� PDLQWHQDQFH� IXQFWLRQV�� PDWHULDO
KDQGOLQJ� V\VWHPV� DQG� LQIRUPDWLRQ� V\VWHPV�� $Q� H[DPSOH� RI
DSSOLFDWLRQ�RI �WKH�IUDPHZRUN�LV�SUHVHQWHG�LQ�VHFWLRQ�����

7R�PDNH�WKH�IUDPHZRUN�XVHIXO� LQ� DQ� LQGXVWULDO�SURMHFW�� LW�KDV� WR
EH�LPSOHPHQWHG�LQ�VRIWZDUH��7KLV�VRIWZDUH�VKRXOG�SUHIHUDEO\�EH�D
VWDQGDUG� SURGXFW�� 7KH� LQIRUPDWLRQ� VKRXOG� EH� VWRUHG� LQ� HDVLO\
DFFHVVLEOH� GDWDEDVHV� WKDW� DUH� VWUXFWXUHG� DFFRUGLQJ� WR� WKH
IUDPHZRUN�� 7KH� GDWDEDVH� FDQ� WKHQ� EH� XVHG� LQ� DOO� GHYHORSPHQW
SKDVHV�DV�VKRZQ�LQ�WKH�QH[W�VHFWLRQ�

4 AXIOMATIC DESIGN IN THE LIFE-CYCLE OF A
MANUFACTURING SYSTEM

%DVHG�RQ�WKH�H[SHULHQFHV�IURP�WKH�DERYH�PHQWLRQHG�FDVH�VWXGLHV
LQ� WKH� &216(1686� SURMHFW�� WKLV� VHFWLRQ� ZLOO� GHVFULEH� KRZ
<LHQ·V� IUDPHZRUN� FDQ� EH� XVHG� LQ� LQGXVWU\�� LQ� WKH� GLIIHUHQW� OLIH
F\FOH�SKDVHV��)LJXUH����RI �D�PDQXIDFWXULQJ�V\VWHP�

4.1 IDENTIFICATION AND CONCEPT PHASE

,Q�WKH�HDUO\�SKDVHV�RI �D�UHHQJLQHHULQJ�SURMHFW�WKH�PRGHOV�LQ�WHUP
RI � WKH� IUDPHZRUN� FDQ� EH� XVHG� WR� LGHQWLI\� ZKLFK� SDUWV� RI � WKH
V\VWHP� WKDW� DUH�QHHGHG� WR�EH� UHHQJLQHHUHG�DQG�ZKLFK�SDUWV� WKDW
VWLOO�IXOILOO�WKH�IXQFWLRQDO�UHTXLUHPHQWV�

,Q� D� SURMHFW� ZLWK� WKH� PLVVLRQ� WR� GHVLJQ� D� QHZ� PDQXIDFWXULQJ
V\VWHP��WKH�KLJKHVW�OHYHO�IXQFWLRQDO�UHTXLUHPHQWV�ZLOO�EH�VWDWHG�LQ
WKLV�SKDVH��7KHVH�UHTXLUHPHQWV�FRXOG�EH�JHQHULF�DQG�ZHOO�NQRZQ
VXFK�DV�SURILW�UHTXLUHPHQWV�DQG�UHJXODWLRQV��&RFKUDQ��������DQG
6XK� HW� DO� ������� KDYH� GLVFXVVHG� WKHVH� KLJKHVW� OHYHO� IXQFWLRQDO
UHTXLUHPHQWV�DQG�WKHLU�SURSDJDWLRQ�GRZQ�LQ�WKH�KLHUDUFKLHV�

4.2 REQUIREMENT PHASE

$FFRUGLQJ�WR�,),3�,)$&�7DVN�)RUFH��������DOO� UHTXLUHPHQWV� IRU
D� SURMHFW� ZLOO� EH� VWDWHG� LQ� WKLV� SKDVH�� +RZHYHU�� WKDW� LGHD� LV� LQ
FRQWUDGLFWLRQ�ZLWK�RQH�RI �WKH�IXQGDPHQWDO�LGHDV�LQ�WKH�D[LRPDWLF
GHVLJQ� WKHRU\�� 6LQFH� D[LRPDWLF� GHVLJQ� VWDWHV� WKDW� IXQFWLRQDO

UHTXLUHPHQWV�RQ�D�ORZHU�OHYHO�LQ�WKH�GHVLJQ�KLHUDUFK\�FDQ�QRW�EH
GHWHUPLQHG�XQWLO�WKH�GHVLJQ�SDUDPHWHUV�RQ�WKH�SUHVHQW�OHYHO�KDYH
EHHQ�GHILQHG�

$�EHWWHU�ZD\�WR�XVH�WKH�IUDPHZRUN� LQ�WKLV�SKDVH� LV� WR�GHILQH�WKH
SKDVH� WR� LQYROYH� WKH� DFWLYLWLHV� QHHGHG� WR� GHWHUPLQH� WKH
UHTXLUHPHQW� VSHFLILFDWLRQ�� L�H�� IXUWKHU� GHFRPSRVLWLRQ� RI � WKH
KLJKHVW�IXQFWLRQDO�UHTXLUHPHQWV�DQG�GHVLJQ�SDUDPHWHUV�GRZQ�WR�D
OHYHO� WKDW� LV� VXLWDEOH� IRU� DQ� LQWHUQDO� SURMHFW� RUJDQL]DWLRQ� RU� D
VXEFRQWUDFWRU�

4.3 PRELIMINARY DESIGN PHASE

,W� LV� LQ� WKH� SUHOLPLQDU\� GHVLJQ� SKDVH� WKDW� WKH� IUDPHZRUN� KDV� LWV
REYLRXV� XVH�� ,Q� WKLV� SKDVH� WKH� FRQFHSW� IRU� WKH� PDQXIDFWXULQJ
V\VWHP�LV�RXWOLQHG��<LHQ�KDV�GHOLPLWHG�KLV�IUDPHZRUN�WR�EH�YDOLG
RQO\�IRU�WKH�SUHOLPLQDU\��RU�FRQFHSWXDO��GHVLJQ�SKDVH�

4.4 DETAILED DESIGN PHASE

7KH� FRQFHSW� JHQHUDWHG� LQ� WKH� SUHOLPLQDU\� GHVLJQ� SKDVH� ZLOO� EH
IXUWKHU� GHFRPSRVHG� LQ� WKH� GHWDLOHG� GHVLJQ� SKDVH�� � 6LQFH� WKH
HPERGLPHQW� DQG� FRQILJXUDWLRQ� RI � WKH� GHVLJQ� PD\� UHVXOW� LQ� D
QHHG� IRU� D� FKDQJHG� FRQFHSW�� LW� LV� PRVW� OLNHO\� WKDW� WKH� FRQFHSW
IURP�WKH�SUHYLRXV�SKDVH�ZLOO�EH�PRGLILHG�

4.5 IMPLEMENTATION PHASE

:KHQ�LPSOHPHQWLQJ�D�V\VWHP�LW�LV�YHU\�LPSRUWDQW�WR�KDYH�FRQWURO
RI � FRXSOLQJV� EHWZHHQ� UHTXLUHPHQWV� DQG� GLIIHUHQW� V\VWHP
YDULDEOHV�� :KHQ� VRPHWKLQJ� JRHV� ZURQJ� LQ� WKH� WHVW� VHULHV�� WKDW
LQIRUPDWLRQ� KDV� WR� EH� VSUHDG� WR� DOO� LQWHUHVWHG� SDUWLHV
�VWDNHKROGHUV��� $� IUDPHZRUN� EDVHG� RQ� $'� FDQ� DFKLHYH� WKH
QHFHVVDU\� LQIRUPDWLRQ� WUDQVIHU� EHWZHHQ� VWDNHKROGHUV�� 7R� PDNH
WKLV� ZRUN� WKH� V\VWHP� GRPDLQ� KDV� WR� EH� PRGHOHG� DV� SURFHVV
PRGHOV��ZLWK�IRU�H[DPSOH�,'()��DV�D�PRGHOLQJ�ODQJXDJH�

4.6 OPERATION PHASE

'XULQJ� WKH� RSHUDWLRQ� RI � WKH� PDQXIDFWXULQJ� V\VWHP� WKH
IUDPHZRUN� FDQ� EH� XVHG� LQ� RUGHU� WR� WUDFN� GHSHQGHQFLHV� LQ� WKH
V\VWHP��:KHQ�D�PDQXIDFWXULQJ�IDFLOLW\�LV�FRPSOH[�DQG�ODUJH�LW�FDQ
EH�GLIILFXOW�IRU�WKH�SHUVRQQHO� WR�JHW� WKH�XQGHUVWDQGLQJ�RI �ZKLFK
SDUW� DIIHFWV� DQRWKHU�� $Q� H[DPSOH� RI � WKLV� SKHQRPHQD� ZDV� D
VLWXDWLRQ�ZKHUH�D�QXPEHU�RI �ZHOGLQJ�QXWV��SODFHG�E\�URERWV��KDG
GULIWHG�VOLJKWO\�IURP�WKH�QRPLQDO�SRVLWLRQ�DQG�SHRSOH�LQ�WKH�ERG\
SODQW� FRXOGQ·W� WHOO�ZKLFK� SDUWV� RI � WKH� DVVHPEO\� SODQW� WKDW� FRXOG
KDYH�EHHQ�DIIHFWHG�E\�WKLV�

4.7 DECOMMISSION PHASE

(YHQ�ZKHQ�WKH�SK\VLFDO�V\VWHP�KDV�UHDFKHG�WKH�HQG�RI �LWV�XVHIXO
OLIH�� WKH� GRFXPHQWDWLRQ� LQ� WKH� IUDPHZRUN� ZLOO� DFW� DV� D� VXSSRUW
GXULQJ�WKH�GLVDVVHPEO\�RI �WKH�PDQXIDFWXULQJ�V\VWHP�

4.8 EXAMPLE

7KH�IROORZLQJ�H[DPSOH�ZLOO� LOOXVWUDWH�KRZ�<LHQ·V� IUDPHZRUN�FDQ
EH� XVHG� LQ� D� UHHQJLQHHULQJ� SURMHFW�� LQ� WKH� SUHOLPLQDU\� GHVLJQ
SKDVH�� 7KH� H[DPSOH� LV� WDNHQ� IURP� D� UHDO� VLWXDWLRQ� LQ� WKH
DXWRPRWLYH� LQGXVWU\�� EXW� WKH� XVH� RI � WKH� IUDPHZRUN� LV� PHUHO\
K\SRWKHWLFDO�

7KH� PLVVLRQ� LV� WR� SURGXFH� D� VPDOO� VWHHO� EHDP� ZLWK� D� FRPSOH[
JHRPHWU\�� 7KH� IXQFWLRQDO� UHTXLUHPHQWV� IRU� WKH� SURGXFW�� WKH
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FRUUHVSRQGLQJ� GHVLJQ� SDUDPHWHUV�� DQG� SURFHVVHV� DUH� RXWOLQHG� LQ
7DEOH����7KH�SURGXFW�LV�D�W\SLFDO�H[DPSOH�RI �KRZ�PDQ\�IXQFWLRQV
DUH� EXLOW� LQWR� WKH� VDPH� SDUW�� LQ� D� FDU� ERG\�� 7KH� UHTXLUHPHQW
´UHGXFH� YLEUDWLRQVµ� �)5��� ZDV� LQWURGXFHG� RQ� D� ODWHU� VWDJH
EHFDXVH� RI � YLEUDWLRQV� WKDW� ZDV� QRWLFHG� GXULQJ� WHVW� RI � WKH
SURWRW\SH��,Q�RUGHU�WR�KDQGOH�WKLV�UHTXLUHPHQW��D�SDLU�RI �EUDFNHWV
ZDV�DGGHG�WR�WKH�GHVLJQ��7KHVH�EUDFNHWV�KDG�WR�EH�ZHOGHG�WR�WKH
SUHVVHG� SDUW�� 7KH� ZHOGLQJ� SURFHVV�PDGH� LW� LPSRVVLEOH� WR� XVH� D
QRQ�FRUURVLYH�PDWHULDO��DQG�WKHUHIRUH�WKH�SDUW�KDG�WR�EH�SDLQWHG
LQ�RUGHU� WR� JHW� WKH� FRUURVLRQ� UHVLVWDQFH�� 7KH� UHVXOWLQJ� GHVLJQ� LV
WKHUHIRUH�KLJKO\�FRXSOHG��DV�LOOXVWUDWHG�LQ�WKH�IXQFWLRQ�PHDQ�WUHH
LQ�)LJXUH���

�$GGLWLRQDO� IXQFWLRQDO� UHTXLUHPHQWV� WKDW� VWHP� DQG� WKHLU
FRUUHVSRQGLQJ� SURFHVVHV� DUH� SUHVHQWHG� LQ� 7DEOH� ��� 6\VWHP
YDULDEOHV� DUH� VKRZQ� LQ� 7DEOH� ��� 7KH� PDSSLQJ� IURP� '3V� WR
SURFHVVHV� DQG� IXUWKHU� RQ� WR� V\VWHP� YDULDEOHV� FDQ� DOVR� EH
LOOXVWUDWHG� LQ� IXQFWLRQ� �� PHDQV� WUHHV�� 7KDW� PDSSLQJ� ZLOO� UHYHDO
IXUWKHU�FRXSOLQJV�LQ�WKH�GHVLJQ�RI �WKH�PDQXIDFWXULQJ�V\VWHP�

Table 1 Product requirements
)XQFWLRQDO�UHT� 'HVLJQ�SDUDPHWHU 3URFHVV

)5� 6XSSRUW
EHDULQJ

'3� %HDP�PDLQ
JHRPHWU\

35� 3UHVVLQJ

)5� (QKDQFH
ERG\�VWLIIQHVV

'3� )ODQJHV 35� 3DLQWLQJ

)5� 1RQ
FRUURVLYH

'3� 6XUIDFH
WUHDWPHQW

35� :HOGLQJ

)5� 5HGXFH
YLEUDWLRQV

'3� %UDFNHWV

'3� 6WHDO�TXDOLW\

FR1 FR2 FR3 FR4

DP1 DP2 DP5DP4DP3

Figure 6 Function/ means tree

Table 2 Enterprise requirements
)XQFWLRQDO�UHT� 3URFHVV

)5� 0HHW�VSHFLILHG
TXDOLW\

35� 4XDOLW\�FRQWURO

)5� 7UDQVSRUW
PDWHULDO

35� 7UDQVSRUWDWLRQ
SURFHVV

Table 3 System domain
6\VWHP��,QIR�� 6\VWHP��5HV�� 6\VWHP��2UJ��

6,� 3UHVV�SURFHVV
GDWD

65� 3UHVV
�PHFKDQLFDO�

62� 3UHVV
RSHUDWRU

6,� *HRPHWU\
GDWD

65� 7RRO 62� 6XE
FRQWUDFWRU

6,� 3DLQWLQJ�GDWD 65� 3DLQWLQJ
IDFLOLW\

62� 3DLQWLQJ
IDFLOLW\
RSHUDWRU

6,� :HOGLQJ�GDWD 65� :HOGLQJ
VWDWLRQ

62� :HOGLQJ
RSHUDWRU

6,� 4XDOLW\
VWDQGDUGV

65� 4XDOLW\
FRQWURO
HTXLSPHQW

62� 2SHUDWRUV

6,� 3URGXFWLRQ
VFKHGXOH

65� 7UDQVSRUW
HTXLSPHQW

62� 7UDQVSRUW
SHUVRQQHO

5 DISCUSSION

,Q� SUHYLRXV� VWXGLHV� �$OPVWU|P�� ������ WKH� IROORZLQJ� IHDWXUHV� RI
$'�KDYH�EHHQ�FRQVLGHUHG�IRU�IXUWKHU�LQYHVWLJDWLRQ�

x 6HSDUDWLRQ�LQ�GLIIHUHQW�GRPDLQV

x ,QWHJUDWLRQ�LQ�WKH�GHVLJQ�SURFHVV

x &RXSOLQJV

x 'HVLJQ�KLVWRU\

,Q� WKLV� DUWLFOH� DOO� RI � WKH� DERYH� LVVXHV� KDYH� EHHQ� DGGUHVVHG� DQG
WKHUHIRUH�LW�LV�UHOHYDQW�WR�GLVFXVV�WKHP�DJDLQ�

5.1 SEPARATION IN DIFFERENT DOMAINS

,Q� WKLV�SDSHU�<LHQ·V� ILYH�GRPDLQ� IUDPHZRUN�KDV�EHHQ� GLVFXVVHG�
+RZHYHU�� LW� LV� QRW� UHDOLVWLF� WR� EHOLHYH� WKDW� WKH� HQJLQHHUV�ZLOO� EH
DEOH�WR�XVH�VXFK�DQ�H[WHQVLYH�DQG�DEVWUDFW�IUDPHZRUN�LQ�WKH�QHDU
IXWXUH�� 7KH� HQJLQHHUV� QHHG� PHWKRGRORJLFDO� VXSSRUW�� ,Q� ODUJH
FRPSDQLHV� LW� LV� SRVVLEOH� WR� KDYH� SHRSOH� ZKRVH� PDLQ� WDVN� LV� WR
VXSSRUW�WKH�HQJLQHHUV�ZLWK�VWUXFWXUHG�PHWKRGV��EXW� IRU� VPDOO�RU
PHGLXP� VL]HG� FRPSDQLHV� WKDW� LV� QRW� HFRQRPLFDOO\� MXVWLILHG�� )RU
WKHVH� FRPSDQLHV�� WKH� IUDPHZRUN� DQG� VHSDUDWLRQ� LQ� GLIIHUHQW
GRPDLQV�PLJKW�VHUYH�DV�VRPHWKLQJ�WR�VXSSRUW�WKH�WKLQNLQJ�DQG�WR
OLIW� GLVFXVVLRQV� LQ� FHUWDLQ� VLWXDWLRQV�� ,Q� WKH� ORQJ� UXQ�� WKH
IUDPHZRUN�ZLOO�KDYH� WR�EH� LQFOXGHG� LQWR� WKHLU� URXWLQHV� DQG� WKXV
PDNLQJ�LW�D�SDUW�RI �WKH�GHYHORSPHQW�SURFHVV�

7KH� GRPDLQV� DUH� RQO\� ORRVHO\� FRXSOHG� WR� WKH� SKDVH�� ZKLFK� WKH
GHYHORSPHQW� LV� LQ��+RZHYHU�� FHUWDLQ� GRPDLQV� DUH�PRUH� XVHG� LQ
FHUWDLQ�SKDVHV�DV�VKRZQ�LQ�WKH�SUHYLRXV�VHFWLRQ��)RU�H[DPSOH�WKH
FXVWRPHU�GRPDLQ�LV�RQO\�PHDQLQJIXO�WR�XVH�LQ�WKH�HDUO\�SKDVHV�

5.2 INTEGRATION IN THE DESIGN PROCESS

7KH�OLIH�F\FOH�SKDVHV� LQ�*(5$0�UHSUHVHQW�D�JHQHUDOL]HG�GHVLJQ
SURFHVV�� ,Q� WKH� SUHYLRXV� VHFWLRQ� �VHFWLRQ� ���� LW� ZDV� VKRZQ� KRZ
$'�FDQ�EH�XVHG�LQ�WKLV�SURFHVV��)XUWKHU�HIIRUWV�PXVW�EH�PDGH�WR
PDNH�WKH�IUDPHZRUN�D�QDWXUDO�SDUW�RI �WKH�PDQXIDFWXULQJ�V\VWHPV
GHYHORSPHQW�SURFHVV�

5.3 COUPLINGS

7KH� FRQVHTXHQFHV� RI � KDYLQJ� D� FRXSOHG� RU� GHFRXSOHG
PDQXIDFWXULQJ� V\VWHP� KDYH� WR� EH� IXUWKHU� H[SORUHG�� $OO
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PDQXIDFWXULQJ� V\VWHPV� ZKHUH� RSHUDWLRQV� KDYH� WR� EH� GRQH� LQ
VHTXHQFH�DUH�GHFRXSOHG��:KDW�DUH�WKH� LPSOLFDWLRQV�RI �D�FRXSOHG
SURGXFW�GHVLJQ��IRU�WKH�PDQXIDFWXULQJ� V\VWHP"�)RU� H[DPSOH�� WKH
LQWHJUDWHG� DXWRPRELOH� ERG\� GHVLJQ� LV� KLJKO\� FRXSOHG�� ZKLFK
UHVXOWV�LQ�PDQ\�LWHUDWLRQV�LQ�WKH�GHYHORSPHQW�SURMHFW��&KDQJHV�LQ
WKH�SURGXFW�GHVLJQ�KDYH� LPPHGLDWH� HIIHFW�RQ� WKH�PDQXIDFWXULQJ
V\VWHP�ZKHQ�WKH\�DUH�GHYHORSHG�VLPXOWDQHRXVO\��,I �$'�LV�XVHG�LQ
D�FRQFXUUHQW�HQJLQHHULQJ�HQYLURQPHQW�LQ�WKH�HDUO\�SKDVHV�RI �WKH
SURMHFW�WKH�QXPEHU�RI �FRXSOLQJV�ZLOO�EH�PLQLPL]HG�DQG�WKHUHIRUH
DOVR� WKH� QXPEHU� RI � LWHUDWLRQV�� 7KLV� DSSURDFK� FRXOG� KDYH� WKH
SRWHQWLDO� WR� GUDPDWLFDOO\� VKRUWHQ� WKH� WLPH� IRU� UHHQJLQHHULQJ
SURMHFWV�LQ�LQGXVWU\�

:KHQ� UHHQJLQHHULQJ� D� PDQXIDFWXULQJ� V\VWHP�� LW� LV� QHFHVVDU\� WR
KDYH�FRQWURO�RI � WKH� FRXSOLQJV� LQ�RUGHU� WR�GHWHUPLQH�ZKLFK� SDUW
RI � WKH� V\VWHP� WKDW� LV� JRLQJ� WR� EH� DIIHFWHG� E\� WKH� FKDQJH�� 7KH
FKDQJHV� FDQ� EH� ERWK� LQ� WKH� )5V�� L�H�� QHZ� SURGXFW� LQWURGXFWLRQ�
DQG�LQ�WKH�39V��L�H��DQ�LPSURYHG�SURFHVV�

5.4 DESIGN HISTORY

$V�SRLQWHG�RXW�E\�IRU�H[DPSOH�0nUWHQVVRQ�DQG�7DWH��������� LW� LV
LPSRUWDQW� WR� NHHS� WUDFN� RI � WKH� GHVLJQ� KLVWRU\� RI � WKH
PDQXIDFWXULQJ� V\VWHP��7KH� GHVLJQ� UDWLRQDOH� DQG� WKH� V\VWHP� OLIH
KLVWRU\� VKRXOG� EH� UHFRUGHG� DQG� GRFXPHQWHG� LQ� GDWDEDVHV�
7RJHWKHU�ZLWK�WKH�VHOHFWHG�'3V��WKHUH�VKRXOG�DOVR�EH�WKH�UHMHFWHG
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PRUH�RU�OHVV�JHQHUDO�

6 CONCLUSIONS

$� PRUH� V\VWHPDWLF� SURFHGXUH� LV� QHHGHG� ZKHQ� GHYHORSLQJ
PDQXIDFWXULQJ� V\VWHPV� LQ� DOO� OLIHF\FOH� SKDVHV�� 7KLV� FDQ� EH
DFKLHYHG� WKURXJK� D� FRPELQDWLRQ� RI � <LHQ�V� ILYH� GRPDLQ
IUDPHZRUN� DQG� *(5$0�� +RZHYHU�� PRVW� RI � WRGD\·V
PDQXIDFWXULQJ� ILUPV� DUH� QRW� PDWXUH� HQRXJK� WR� DSSO\� VXFK
FRPSOH[� WKHRUHWLFDO� PHWKRGV�� WKXV� QHHGLQJ� VXSSRUW� LQ� WKH
DSSOLFDWLRQ�RI �WKH�IUDPHZRUN�
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