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ABSTRACT

:KHQ� GHYHORSLQJ� SURGXFWV� WR� EH� PDQXIDFWXUHG�� WKH
SURGXFWV� KDYH� WR� EH� GHVLJQHG� DQG� GHVFULEHG� FRQVLGHULQJ�PHDQV
RI �PDQXIDFWXULQJ�

$[LRPDWLF�'HVLJQ�FDSWXUHV�WKH�µIXQFWLRQ�DIIHFWLQJ�IHDWXUHV´
RI � WKH� SURGXFW�� WKDW� LV�� GHVLJQ� SDUDPHWHUV�� $V� SUHVFULEHG� E\
$[LRPDWLF� 'HVLJQ� WKH� IXQFWLRQDO� UHTXLUHPHQWV� RQ� WKH
PDQXIDFWXULQJ� V\VWHP� LV� WKHQ� GHYHORSHG� LQ� WKH� SURFHVV� GRPDLQ
VR� LQGHSHQGHQFH� LV�PDLQWDLQHG� LQ� HYHU\� VWHS�� 7KLV� HQVXUHV� WKDW
WKH� PHDQV� RI � PDQXIDFWXULQJ� DUH� FDSDEOH� WR� SURGXFH� SURGXFWV
ZLWK�IXQFWLRQV�UHTXLUHG�E\�XVHUV�ZLWKRXW�WURXEOH�VKRRWLQJ� LQ�WKH
PDQXIDFWXULQJ�SKDVH�

+RZHYHU�� SDUWV�PD\� KDYH� IHDWXUHV� WKDW� DUH� VDWLVI\LQJ� QHHGV
RI �WKH�PDQXIDFWXULQJ�SURFHVV�LWVHOI �VXFK�DV�JULSSLQJ�VXUIDFHV�DQG
UHIHUHQFH�SODQHV�

7KLV� SDSHU� JLYHV� H[DPSOHV� RI � GLIIHUHQW� W\SHV� RI � LQYLVLEOH
'3V�DQG�ZD\V�RI �UHSUHVHQWLQJ�WKHVH�GXULQJ�GHVLJQ�

.H\ZRUGV��$[LRPDWLF�'HVLJQ��'HVLJQ�GRPDLQV��&RQFXUUHQW
(QJLQHHULQJ��'HVLJQ�IRU�0DQXIDFWXULQJ��3URFHVV�GRPDLQ

1 INTRODUCTION

$�WHFKQRORJ\�VKLIW�LQ�WKH�KHDY\�WUXFN�LQGXVWU\��PRYLQJ�IURP
GUXP�EUDNHV�WR�GLVF�EUDNHV��VKRZHG�WKH�QHFHVVLW\�RI �FRQVLGHULQJ
PDQXIDFWXULQJ� LVVXHV� LQ� WKH� IXQFWLRQDO� DQG� SK\VLFDO� GRPDLQ� RI
WKH�SURGXFW�GHVLJQ�

$�ULQJ�RQ�WKH�D[OH�ZDV�GHVLJQHG�IRU�KROGLQJ�WKH�GUXP�EUDNH
V\VWHP��6LQFH�WKLV�ULQJ�ZDV�WKH�VDPH�RQ�DOO�YDULDQWV�RI �D[OHV�LW�ZDV
FRQVLGHUHG� VXLWDEOH� IRU� SRVLWLRQLQJ�� UHJULSSLQJ� DQG� FODPSLQJ
GXULQJ�PDQXIDFWXULQJ��7KH�GHYHORSPHQW�RI �IL[WXUHV�DQG�JULSSHUV
LQ� VHYHUDO� FXWWLQJ�� KDQGOLQJ� DQG� PHDVXULQJ� PDFKLQHV� ZHUH
GHVLJQHG� WR� XVH� WKH� ULQJ�� %\� GRLQJ� WKDW� D� FRXSOLQJ� EHWZHHQ
SURGXFW� IXQFWLRQ� �KROG� GUXP� EUDNH�� LQ� ILQLVKHG� SURGXFW�� DQG
IXQFWLRQV�QHFHVVDU\�IRU�WKH�PDQXIDFWXULQJ��LQ�LQWHUPHGLDWH�VWDWHV
RI � SDUW� OLIH�� ZDV� FUHDWHG� E\� LQWHUQDO� SURGXFWLRQ� HQJLQHHUV� DQG
H[WHUQDO�HTXLSPHQW�GHVLJQHUV�

:KHQ� WKH� SURGXFW� GHVLJQHUV� FKRVH� WR� FKDQJH� EUDNH
WHFKQRORJ\��WKH�EUDNH�V\VWHP�ZDV�UHGHVLJQHG��&RQVHTXHQWO\�WKHUH
ZDV� QR� UHDVRQ� IRU� NHHSLQJ� WKH� ULQJ� IURP� D� SURGXFW� IXQFWLRQ
SHUVSHFWLYH�� +RZHYHU�� KXJH� SUREOHPV� RFFXUUHG� LQ� WKH
SURGXFWLRQ�� 7KH� HPHUJHQF\� VROXWLRQ� ZDV� WR� NHHS� WKH� QRZ
REVROHWH�ULQJ�RQO\�WR�IXOILOO�WKH�PDQXIDFWXULQJ�UHTXLUHPHQWV�

5HDO�SUDFWLFH�H[SHULHQFH�IURP�WKH�UHDU�D[OH�FDVH�KLJKOLJKWV�D
QHHG� RI � FDSWXULQJ� FRXSOLQJV� EHWZHHQ� SURGXFW� IXQFWLRQV� DQG
PDQXIDFWXULQJ� IXQFWLRQV��$[LRPDWLF�'HVLJQ� LV� VXSSRVHG� WR� JLYH
VWUXFWXUH� WR� LQIRUPDWLRQ� GXULQJ� GHVLJQ� ZRUN�� EXW� WKH� SURFHVV
GRPDLQ�KDV�QRW�\HW�EHHQ�SHQHWUDWHG�GHHS�HQRXJK� WR�KDQGOH� WKLV
W\SH�RI �FRXSOLQJV�>$OPVWU|P�������@��>0nUWHQVVRQ��HW�DO�� ������@�
>6RKOHQLXV���������������@��>9DOOKDJHQ�������@��7KHUHIRUH�ZH�ZDQW
WR� VKRZ�KRZ� WKLV� FDQ�EH� KDQGOHG� E\� LQWURGXFLQJ�PDQXIDFWXULQJ
UHTXLUHPHQWV�LQ�WKH�IXQFWLRQDO�GRPDLQ�RI �WKH�SURGXFW�

$� FDVH� VWXG\� ZDV� LQLWLDWHG� LQ� RUGHU� WR� H[DPLQH� WKH� ZD\V
PDQXIDFWXULQJ�LVVXHV�PD\�LPSRVH�IHDWXUHV�LQ�WKH�SK\VLFDO�GRPDLQ
RI � WKH� SURGXFW� DQG� KRZ� WKLV� FDQ� EH� UHSUHVHQWHG� LQ� WKH
IUDPHZRUN� RI �$[LRPDWLF�'HVLJQ�� 7KH� VWXGLHG� FDVH� LV� GHVFULEHG
LQ�VHFWLRQ���

2 AXIOMATIC DESIGN

$[LRPDWLF� 'HVLJQ� LV� D� PHWKRG� WKDW� SURYLGHV� WKH� GHVLJQHU
ZLWK�D�ORJLF�DSSURDFK�WR�GHVLJQ�WDVNV��7KXV��WKH�GHVLJQHU�ZLOO�JHW
D� JRRG� VWUXFWXUH� DQG� GRFXPHQWDWLRQ� DW� DOO� OHYHOV� LQ� WKH� GHVLJQ
ZRUN�UHJDUGOHVV�RI �WKH�H[WHQW�RI �WKH�WDVN��7KH�ORJLF�VWUXFWXUH�DQG
LWV�GRFXPHQWDWLRQ�KHOS� WKH�GHVLJQHU� WR� FRPH� WR�GHFLVLRQV�EDVHG
RQ� VROLG� IRXQGDWLRQ�DQG� DOVR� WR� WUDQVIHU� WKH� GHVLJQ� LQIRUPDWLRQ
WR�RWKHU�GHVLJQHUV�LQ�D�FRPSUHKHQVLEOH�ZD\�

)XUWKHUPRUH�� $[LRPDWLF� 'HVLJQ� VWDWHV� WZR� GHVLJQ� D[LRPV
WKDW� DVVLVW� WKH� GHVLJQHU� WR� PDNH� WKH� ULJKW� GHFLVLRQV� ZKHQ
FKRRVLQJ�EHWZHHQ�GLIIHUHQW�GHVLJQ�FRQFHSWV��7KH� GHVLJQ� D[LRPV
DOVR� SURYLGH� UDWLRQDO� PHDQV� IRU� HYDOXDWLQJ� WKH� TXDOLW\� RI
SURSRVHG�VROXWLRQV�DW�DOO�OHYHOV�

7KH�,QGHSHQGHQFH�$[LRP��)LUVW�$[LRP��
0DLQWDLQ�WKH�LQGHSHQGHQFH�RI �IXQFWLRQDO�UHTXLUHPHQWV�

7KH�,QIRUPDWLRQ�$[LRP��6HFRQG�$[LRP��
0LQLPL]H�WKH�LQIRUPDWLRQ�FRQWHQW�>RI �WKH�GHVLJQ@�

$[LRPDWLF� 'HVLJQ� GLYLGHV� WKH� GHVLJQ� SURFHVV� LQWR� IRXU
GRPDLQV�

7KH�ILUVW�GRPDLQ�LV�WKH�&XVWRPHU�'RPDLQ��&'���,Q�&'�WKH
FXVWRPHU�QHHGV�DUH�FROOHFWHG�

7KH� VHFRQG� GRPDLQ� LV� WKH� )XQFWLRQDO� GRPDLQ�� ,Q� WKH
IXQFWLRQDO�GRPDLQ�WKH�)XQFWLRQDO�5HTXLUHPHQWV��)5V��DUH�VWDWHG�
)5V� DUH� HVWDEOLVKHG� IURP� WKH� QHHGV� WKDW� WKH� ILQDO� SURGXFW� RU
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SURFHVV�PXVW�VDWLVI\��WKDW�LV��WKH�FXVWRPHU�QHHGV�
7KH� WKLUG� GRPDLQ� LV� WKH� 3K\VLFDO� GRPDLQ�� ,Q� WKH� SK\VLFDO

GRPDLQ� 'HVLJQ� 3DUDPHWHUV� �'3V�� DUH� VWDWHG�� (YHU\� '3� LV� D
FRQFHSW�WR�IXOILOO�RQH�)5��WKDW�LV��RQH�'3�FRUUHVSRQGV�WR�RQH�)5�

7KH� IRXUWK� GRPDLQ� LV� WKH� 3URFHVV� GRPDLQ�� ,Q� WKH� SURFHVV
GRPDLQ�3URFHVV�9DULDEOHV��39V��DUH�VWDWHG��(YHU\�39�LV�D�SURFHVV
WR�IXOILOO�WKH�FRQFHSW�LQ�D�VSHFLILF�'3��L�H��RQH�39�FRUUHVSRQGV�WR
RQH�'3�

$[LRPDWLF� GHVLJQ� DOVR� GHDOV� ZLWK� WKH� KLHUDUFKLF� QDWXUH� RI
GHVLJQV��ZKLFK�DSSHDUV� LQ�WKH�)XQFWLRQDO���3K\VLFDO�� DQG�3URFHVV
GRPDLQ�DV�WUHHV�ZLWK�LGHQWLFDO�VWUXFWXUH��7KH�IXQFWLRQDO���GHVLJQ�
DQG�SURFHVV�WUHHV�JURZV�WKURXJKRXW�GHFRPSRVLWLRQ�RI �RQH� OHYHO
DW� WKH� WLPH� LQ� HDFK� WUHH�� 7KH� GHFRPSRVLWLRQ� PXVW� EH� PDGH� E\
]LJ]DJJLQJ� EHWZHHQ� WKH� GRPDLQV�� 7KLV� FDQ� DOVR� EH� VWDWHG� DV
IROORZV�

´7KHUH� DUH� WZR� YHU\� LPSRUWDQW� IDFWV� DERXW� GHVLJQ� DQG� WKH� GHVLJQ
SURFHVV��ZKLFK�VKRXOG�EH�UHFRJQL]HG�E\�DOO�GHVLJQHUV�

)5V�DQG�'3V�KDYH�KLHUDUFKLHV��DQG� WKH\� FDQ�EH�GHFRPSRVHG��)5V�DW
WKH� LWK� OHYHO� FDQQRW�EH�GHFRPSRVHG� LQWR� WKH�QH[W� OHYHO� RI � WKH�)5�KLHUDUFK\
ZLWKRXW�ILUVW�JRLQJ�RYHU�WR�WKH�SK\VLFDO�GRPDLQ�DQG�GHYHORSLQJ�D�VROXWLRQ�WKDW
VDWLVILHV�WKH�LWK�OHYHO�)5V�ZLWK�DOO�WKH�FRUUHVSRQGLQJ�'3V��7KDW�LV��ZH�KDYH
WR� WUDYHO� EDFN� DQG� IRUWK� EHWZHHQ� WKH� IXQFWLRQDO� GRPDLQ� DQG� WKH� SK\VLFDO
GRPDLQ�LQ�GHYHORSLQJ�WKH�)5�DQG�'3�KLHUDUFKLHV�µ>6XK�������@

3 THE PINION CASE STUDY

7R� FRQILUP� WKH� K\SRWKHVHV� DERXW� IHDWXUHV� RFFXUULQJ� LQ� WKH
SK\VLFDO� GRPDLQ� ZKHQ� 39V� DUH� VHOHFWHG�� D� FDVH� VWXG\� KDV� EHHQ
SHUIRUPHG��7KH� VWXG\� LV� EDVHG� RQ� DQ� H[LVWLQJ� SLQLRQ� ORFDWHG� LQ
WKH� UHDU� D[OH� RI � WUXFNV�� VHH� )LJXUH� ��� %\� FKRRVLQJ� DQ� DOUHDG\
H[LVWLQJ� SDUW�� WKH� VROXWLRQV� WR� WKH� GHVLJQ� SUREOHP� DQG� WKH
SURFHVVHV� IRU�PDQXIDFWXULQJ�ZHUH� DOUHDG\�GHWHUPLQHG��%\�GRLQJ
WKLV�WKH�IRFXV�ZDV�RQ�WKH�PHWKRG�DQG�QRW�RQ�WKH�GHYHORSPHQW�RI
QHZ�VROXWLRQV�DQG�SURFHVVHV�

Figure 1. Location of the pinion.

3.1 THE APPROCH TO THE CASE

,Q� WKH� RULJLQDO� GHVLJQ� ZRUN�� GRQH� E\� WKH� FRPSDQ\� LQ
TXHVWLRQ��$[LRPDWLF�'HVLJQ�ZDV�QRW�XVHG��7R�EH�DEOH�WR�SHUIRUP
WKH�FDVH�VWXG\�IDFWV�IURP�RULJLQDO�GHVLJQ�ZRUN�ZHUH�FROOHFWHG�DQG
VWUXFWXUHG�DFFRUGLQJ�WR�$[LRPDWLF�'HVLJQ��7KDW�LV��)5V��'3V�DQG
39V� IRU� WKH� GHVLJQ� ZHUH� SXW� XS� DQG� WKH� ORZHU� OHYHOV� LQ� WKH
IXQFWLRQDO���GHVLJQ��DQG�SURFHVV��WUHHV�ZHUH�VHWWOHG��E\�]LJ]DJJLQJ
EHWZHHQ� WKH� WKUHH� GRPDLQV�� XVLQJ� WKH� IDFWV� IURP� WKH� RULJLQDO
GHVLJQ�

3.2 THREE DOMAIN ZIGZAGGING

0DSSLQJ�RYHU�WKH�IXQFWLRQDO���WKH�SK\VLFDO��DQG�WKH�SURFHVV�
GRPDLQ� UHVXOWV� LQ� D� FRQFXUUHQW� HQJLQHHULQJ� SURFHVV� >6RKOHQLXV
������@��7KDW� LV��ERWK�WKH�SURGXFW�GHVLJQ�DQG�WKH�SURFHVV�GHVLJQ
DUH�GHYHORSHG�DW�WKH�VDPH�WLPH��+RZHYHU��WKH�SURFHVV�GHVLJQ�ZLOO
QRW�UHVXOW�LQ�D�FRPSOHWH�SURGXFWLRQ�V\VWHP�GHVFULSWLRQ�>6RKOHQLXV
������@�� 7KH� SURFHVV� GRPDLQ� RQO\� LPSRVH� GHPDQGV� IRU� WKH
GHVLJQLQJ�RI �WKH�SURGXFWLRQ�V\VWHP��>6XK�������@

&RQVWUDLQWV� GHULYHG� IURP� WKH� GHVLJQ� RI � WKH� SURGXFWLRQ
V\VWHP�FRXOG�DOVR�EH� LGHQWLILHG��7KH\� DIIHFW� DQG�SXW�ERXQGDULHV
RQ� WKH� FKRLFH� RI � 39V� LQ� WKH� SURFHVV� GRPDLQ�� 7KLV� DOVR� KDV� DQ
HIIHFW� RQ� WKH� IXQFWLRQDO� DQG� SK\VLFDO� GRPDLQV�� 7KH� SURFHVV
GRPDLQ�ZRUNV�DV�D�EULGJH�LQ�ERWK�GLUHFWLRQV�EHWZHHQ�WKH�SURGXFW
DQG�WKH�SURGXFWLRQV\VWHP�

7KH� KLJKHVW� OHYHO� RI � GHVLJQ� HTXDWLRQ� PDWUL[� IRU� ERWK� WKH
SURGXFW�GHVLJQ�DQG� WKH�SURFHVV�GRPDLQ�� LQ� WKLV� FDVH�� DUH� VKRZQ
EHORZ�

^ ` > @ ^ `)5��7UDQVPLVVLRQ�RI�WRUTXH '3��3LQLRQ x; ���

^ ` > @ ^ `'3��3LQLRQ 39��0DQXIDFWXULQJ�FHOOV x; ���

3.3 DECOMPOSITION IN THREE DOMAINS

7KH�GHFRPSRVLWLRQ�IURP�WKH�KLJKHVW�OHYHO�LQWURGXFHG�KHUH�LV
QRW�LQWHQGHG�WR�SHUIHFWO\�GHVFULEH�WKH�ZKROH�SURGXFW�DQG�SURFHVV
GHVLJQ� VWUXFWXUHV��7R� EH� DEOH� WR� LOOXVWUDWH� WKH� UHVXOWV� UHOHYDQW� WR
WKH� UHVHDUFK��ZH� RQO\� QHHG� D� SDUW� RI � WKH� GHVLJQ� VWUXFWXUH�� 7KH
PRVW� LOOXVWUDWLQJ� )5V�� '3V� DQG� 39V� RQ� WKH� VHFRQG� OHYHO� DUH
SUHVHQWHG�EHOORZ�

,Q� WKLV� FDVH�� WKH� VHFRQG� OHYHO� LQ� WKH� IXQFWLRQDO� GRPDLQ
GHVFULEHV� WKH� IXQFWLRQV� WKDW� WKH� FXVWRPHU�ZDQWV� WKH� SURGXFW� WR
KDYH�

)5����*RRG�EDODQFH�ZKHQ�URWDWLQJ

)5����7UDQVPLW�WRUTXH�LQWR�WKH�SLQLRQ

)5����7UDQVPLW�WRUTXH�RXW�IURP�WKH�SLQLRQ

)5����+ROG�WKH�SLQLRQ�IL[HG

,Q�WKH�GHVLJQ�GRPDLQ�WKH�GHVLJQHU�WULHV�WR�PHHW�WKH�)5V�ZLWK
'3V��%\�GRLQJ�WKLV�WKH�GLIIHUHQW�SDUWV�WKDW�WKH�SLQLRQ�DUH�EXLOW�XS
E\�VWDUW�WR�WDNH�VKDSH�
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'3����&\OLQGULFDO�ERG\

'3����6SOLQHV

'3����*HDU

'3����6XUIDFHV�IRU�EHDULQJV

:KHQ� WKH� 39V� DUH� VHOHFWHG�� WKH� FRQVWUDLQWV� IURP� WKH
SURGXFWLRQ� V\VWHP� GHVLJQ� KDYH� WR� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ�
>)DJHUVWU|P��HW�DO��������@�7KHVH�FRQVWUDLQWV�PD\�DOVR�KDYH�HIIHFW
RQ�WKH�SRVVLELOLW\�WR�FKRRVH�'3V��7KLV�LV�DQ�LWHUDWLYH�SURFHVV�WKDW
ZRUNV�WKH�VDPH�ZD\�DV�EHWZHHQ�)5V�DQG�'3V�>6XK�������@

39����7XUQLQJ

39����&ROG�UROOLQJ

39����0LOOLQJ

39����*ULQGLQJ

7KH�GHVLJQ�PDWUL[�IRU�WKH�SURGXFW�DQG�WKH�GHVLJQ�PDWUL[�IRU
WKH�SURFHVV��ERWK�RQ�WKH�VHFRQG�OHYHO�LQ�WKH�GHVLJQ�KLHUDUFK\��DUH
SUHVHQWHG�EHORZ�

,W� LV� QRWDEOH� WKDW� WKH� WXUQLQJ� PXVW� EH� PDGH� EHIRUH� WKH
FROG�UROOLQJ��PLOOLQJ�DQG�JULQGLQJ�FDQ�WDNH�SODFH�
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3.4 EXAMPLES OF FEATURES IMPOSED BY PVS

$� FRXSOH� RI � H[DPSOHV� RQ� KRZ� WKH� FKRLFH� RI � 39V� LPSRVH
QHZ� IHDWXUHV� QHHGHG� IRU� WKH� SURGXFWLRQ� RI � WKH� SDUW�� ZHUH
GHWHFWHG� LQ� WKH� FDVH� VWXG\�� 7ZR� H[DPSOHV� ZHUH� VHOHFWHG� WR
LOOXVWUDWH� WZR� GLIIHUHQW� W\SHV� RI � LPSRVHG� IHDWXUHV�� VHH� VHFWLRQ
������DQG�������

3.4.1 Example of New FR, New permanent DP
7KH�ILUVW�H[DPSOH� LV� D�GHFRPSRVLWLRQ�RI �)5�����'3���� DQG

39�����2QO\� WKH� LPSRVHG� IHDWXUH� LV� LQWURGXFHG��1DWXUDOO\�� WKHUH
DUH�VHYHUDO�PRUH�IHDWXUHV�RQ�WKLV�OHYHO�EXW�WKH\�DUH�RI �QR�LQWHUHVW
LQ�WKLV�FDVH�

:KHQ� WXUQLQJ� ZDV� VHOHFWHG� DV� 39�� WKH� QHHG� IRU� FODPSLQJ
RFFXUUHG�� )5������ WKHQ� EHFDPH� D� FRQVHTXHQFH� RI � WKH� FKRVHQ
39����

)5������3R VVLEOH�WR�FODPS�LQ�I L[HG�SRVLWLRQ�ZKHQ�WXUQLQJ

7KH� WXUQLQJ�SURFHVV�ZDV� DFFRPSOLVKHG�ZLWK� D� GRJ� DQG� WZR
FHQWHUV��7KHVH�EHFDPH�FRQVWUDLQWV�IRU�WKH�VHWWOLQJ�RI �'3�������7R
PHHW� )5������� GRZHO� KROHV� ZHUH� FKRVHQ� DQG� WKHQ� EHFDPH
IHDWXUHV�RQ�WKH�SURGXFW�

'3�������'RZHO�KROH

7KH�GRZHO�KROHV�DUH�PDGH�E\�GULOOLQJ�DV�39������VKRZ�

39�������'ULOOLQJ

7KH�GHVLJQ�PDWUL[�IRU�WKH�SURGXFW�DQG�WKH�GHVLJQ�PDWUL[�IRU
WKH�SURFHVV��VKRZ�WKH�FRQQHFWLRQV�EHWZHHQ�)5�������'3������DQG
39������

^ ` > @ ^ `)5����� '3����� x; ���

^ ` > @ ^ `'3����� 39����� x; ���

3.4.2 Example of New FR, Existing DP
7KH� VHFRQG� H[DPSOH� LV� D� GHFRPSRVLWLRQ� RI � )5����� '3���

DQG� 39����� 7ZR� LPSRVHG� IHDWXUHV� DUH� LQWURGXFHG�� 1DWXUDOO\�
WKHUH� DUH� VHYHUDO�PRUH� IHDWXUHV�RQ� WKLV� OHYHO�EXW� WKH\� DUH� RI � QR
LQWHUHVW�LQ�WKLV�FDVH�

,Q� WKH� FROG� UROOLQJ� SURFHVV� WKHUH� LV� QR� QHHG� IRU� KDUGHQLQJ
VLQFH�WKH�UROOLQJ�LWVHOI �KDUGHQV�WKH�VSOLQHV�E\�GHIRUPDWLRQ��,Q�WKH
JHDU�FDVH�LW�LV�QRW�SRVVLEOH�WR�LQWHJUDWH�WKHVH�WZR�GHPDQGV�LQ�RQH
SURFHVV�� 7KLV� UHVXOWV� LQ� WKH� QHHG� RI � DQRWKHU� SURFHVV� WR� JHW� WKH
ULJKW�OHYHO�RI �KDUGQHVV�RQ�WKH�JHDU��7KLV�LV�LOOXVWUDWHG�E\�)5������
'3������DQG�39������

)5������LOOXVWUDWHV�WKH�VDPH�W\SH�RI �SUREOHP�DV�)5������GLG
LQ�WKH�WXUQLQJ�FDVH��VHH�FKDSWHU�������

)5������3RVVLEOH�WR�FODPS�LQ�IL[HG�SRVLWLRQ�ZKHQ�PLOOLQJ

)5������0DQDJH�SUHVVXUH�RQ�VXUIDFH

7KH�GLIIHUHQFH�IURP�WKH�WXUQLQJ�FDVH�LV�WKDW�QR�QHZ�IHDWXUHV
DUH� FUHDWHG� LQ� WKH� SK\VLFDO� GRPDLQ�� ,QVWHDG� DQ� DOUHDG\� H[LVWLQJ
'3� LV� XVHG�� 7KLV� FDXVHV� QR� SUREOHP� VLQFH� WKH� XVH� RI �'3����;
GXULQJ�PDQXIDFWXULQJ� DQG� WKH�XVH�RI �'3����;�GXULQJ�XVDJH� DUH
VHSDUDWHG� LQ� WLPH�� +RZHYHU�� LI � WKHUH� ZRXOG� EH� DQ\� FKDQJHV� LQ
'3����;�� LW�ZLOO� VXEVHTXHQWO\� DIIHFW� WKH� DELOLW\� WR�PHHW�)5������
7KLV�LV�WKH�VDPH�SUREOHP�WKDW�GUDZ�RXU�DWWHQWLRQ�WR�WKLV�NLQG�RI
IHDWXUHV��VHH�VHFWLRQ���

'3����;�3DUW�RI�&\OLQGULFDO�ERG\

'3������5LJKW�PDWHULDO�VWUXFWXUH

$V�D�FRQVHTXHQFH�RI �WKH�XVH�RI �'3����;� ��39����;� LV� DOVR
XVHG�KHUH�



3URGXFW�)XQFWLRQ�,QGHSHQGHQW�)HDWXUHV�LQ�$[LRPDWLF�'HVLJQ
)LUVW�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$[LRPDWLF�'HVLJQ

&DPEULGJH��0$�²�-XQH������������

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

39����;�3DUW�RI�7XUQLQJ

39������+DUGHQLQJ

7KHUH� LV� QR� FRQQHFWLRQV� LQ� WKLV� PDWUL[� EXW� ZH� NQRZ� WKDW
WKHUH� LV� D� FRQQHFWLRQ� WR� WKH� GHVLJQ� HTXDWLRQ� �����$V� D� UHVXOW� RI
WKLV�WKHUH�KDV�WR�EH�D�FRQQHFWLRQ�LQ�GHVLJQ�HTXDWLRQV�����DQG�����
7KLV�LV�VKRZQ�LQ�WKH�PRGLILHG�HTXDWLRQ���D��DQG�HTXDWLRQ�����
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4 THE GENERALIZED PROBLEM

7KH� IDFW� WKDW� D� FHUWDLQ� PDQXIDFWXULQJ� SURFHVV� �LQ� SURFHVV
GRPDLQ�� LV�VHOHFWHG� LPSOLHV�WKDW�WKH�SDUW�KDV� WR�EH� ILWWHG� IRU� WKH
SURFHVV��)RU�GHVLJQ�GHFLVLRQV�RQ�ORZHU�OHYHOV�DVSHFWV�PD\�DSSHDU
DV� FRQVWUDLQWV� LQ� WKH�SK\VLFDO�GRPDLQ�� ,W�PLJKW� DOVR� LPSRVH� QHZ
)5V� RQ� WKH� SDUW�� ,Q� VRPH� FDVHV� VXFK� )5V� PD\� EH� IXOILOOHG� E\
H[LVWLQJ� '3V�� ,Q� RWKHU� FDVHV� WKH� )5V� DUH� QRW� IXOILOOHG� E\� DQ\
DVSHFW�RI � WKH�SURGXFW��7KHQ�QHZ� WHPSRUDU\�RU�SHUPDQHQW�'3V
KDYH�WR�EH�DGGHG��7KH� IROORZLQJ� VHFWLRQV� VKRZ�KRZ� WKHVH� W\SHV
RI �VLWXDWLRQV�FDQ�EH�KDQGOHG�LQ�$[LRPDWLF�'HVLJQ�

4.1 NEW FR, NEW PERMANENT DP
:KHUH� WKH� VHOHFWHG� SURFHVV� FDXVH� FRPSOLFDWHG� VXE�)5V

GXULQJ�HTXLSPHQW�GHVLJQ�DQG�WKHVH�VXE�)5V�FDQ�EH�VLPSOLILHG�E\
DGMXVWPHQW�RI �WKH�SURGXFW�GHVLJQ��WKH�SURFHVV�LPSRVH�VXE�)5V�LQ
WKH� IXQFWLRQDO� GRPDLQ� RI � WKH� SURGXFW�� VHH� ILJXUH� ���$� QHZ�'3
IXOILOOLQJ� WKH� )5� LV� WKHQ� LQWURGXFHG�� %\� GRLQJ� WKLV� FRXSOLQJ
EHWZHHQ� µSURGXFW�)5V´� DQG� µPDQXIDFWXULQJ� )5V´� FDQ� EH
GHWHFWHG�DQG�DYRLGHG�

Figure 2. Process domain decisions give rise to new FRs
and DPs.

4.2 NEW FR, NEW TEMPORARY DP
:KHUH� WKH� VHOHFWHG� SURFHVV� FDXVH� FRPSOLFDWHG� VXE�)5V

GXULQJ�HTXLSPHQW�GHVLJQ�DQG�WKHVH�VXE�)5V�FDQ�EH�VLPSOLILHG�E\
DGMXVWPHQW�RI �WKH�SURGXFW�GHVLJQ�� WKH�SURFHVV� LPSRVHV� VXE�)5V
LQ�WKH�IXQFWLRQDO�GRPDLQ�RI �WKH�SURGXFW��,I �FRQVWUDLQWV�RU�RWKHU
)5V�SUHYHQW� D�QHZ�'3� WR�EH� LQWURGXFHG�RQH�PLJKW� LQWURGXFH� D
WHPSRUDU\�'3��$W�VRPH�VWDWH�GXULQJ�WKH�SURGXFWLRQ�SKDVH�RI �WKH
SURGXFW� OLIH� F\FOH� WKLV� WHPSRUDU\�'3� LV� UHPRYHG�� VHH� HTXDWLRQV
��WR� ���� 7KLV� LV� DQ� H[DPSOH� RI � WKH� UHDVRQLQJ� RQ� ZKDW� LV� FDOOHG
ODUJH�V\VWHPV�E\�6XK��6XK��������

#�W� �PDQXIDFWXULQJ�SKDVH

^)5V`PDQXI��SKDVH� �^)5�����)5�����)5����������)5Q` ���

^'3V`PDQXI��SKDVH� �^'3�����'3�����'3����������'3Q`�� ����

#�W� �XVDJH�SKDVH

^)5V`XVDJH�SKDVH� �^)5�����)5����������)5Q`�������� ����

^'3V`XVDJH�SKDVH� �^'3�����'3����������'3Q`������ ����

7KH� WLPH� GHSHQGHQW� )5V� DUH� DOVR� YDOLG� LQ� WKH� FDVH
PHQWLRQHG� LQ� VHFWLRQV� ���� DQG� ����� EXW� WKHUH� DUH� WKH� WLPH
LQGHSHQGHQW�'3V�QRW�QHHGHG��7KHUH�DUH�HIIHFWV�LQ�WKH�IXQFWLRQDO
GRPDLQ�RI �SURFHVV�DQG�HTXLSPHQW�GHVLJQ�DOVR�IRU�UHPRYLQJ�VXFK
WHPSRUDU\� '3V�� L�H�� YLRODWLQJ� WKH� HIIRUW� RI � PLQLPL]LQJ� WKH
QXPEHU�RI �)5V�DQG�E\�WKLV�LQWURGXFH�H[WUD�FRVWV�

4.3 NEW FR, EXISTING DP
:KHUH� WKH� VHOHFWHG� SURFHVV� FDXVHV� VLPSOH� VXE�)5V� GXULQJ

HTXLSPHQW�GHVLJQ�DV� ORQJ�DV� WKH�SURGXFW�GHVLJQ� LV�QRW� FKDQJHG�
RQH�PLJKW�FRQVLGHU�DQ�H[LVWLQJ�'3�RQ�WKH�SURGXFW�DV�XVHG�E\�WKH
SURFHVV��1R�VLWXDWLRQ�RI �FRXSOLQJ�ZLOO�RFFXU�DV�ORQJ�DV�WKDW�'3�LV
FRQVWDQW�� 6R� E\� EORFNLQJ� FKDQJHV�� SUREOHPV� DUH� DYRLGHG�� VHH
ILJXUH���
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Figure 3. Integration of DPs, blocking design changes.

4.4 EXAMPLES OF DOMAIN SPECIFIC TYPES OF PV-
FRS

7\SLFDOO\� PDFKLQLQJ� SURFHVVHV� UHTXLUH� WKH� SDUW� WR� EHLQJ
SRVVLEOH� WR� FODPS� DQG� JULS�� $VVHPEOLHV� W\SLFDOO\� UHTXLUH�PDVWHU
ORFDWLRQ�SRLQWV��,QVSHFWLRQ�PD\�UHTXLUH�LQVSHFWLRQ�SRLQWV�

5 CONCLUSIONS AND FURTHER WORK

7KH�VWXGLHG�FDVH�VKRZ�WKDW�WKHUH�DUH�IHDWXUHV�LQ�WKH�SK\VLFDO
GRPDLQ� RI � WKH� GHVLJQ� REMHFW� WKDW� DUH� QHHGHG� WR� IXOILOO
UHTXLUHPHQWV� RFFXUULQJ� DV� FRQVHTXHQFHV� IURP� WKH� VHOHFWLRQ� RI
SURFHVV�YDULDEOHV�DW�KLJKHU�OHYHOV�

7KH� SUHVHQW� $[LRPDWLF� 'HVLJQ� KDQGOHV� WKLV� W\SH� RI
SUREOHPV�� JLYHQ� WKDW� WKH� GHVLJQHUV� DUH� DFWXDOO\� GRLQJ� WKH� WKUHH
GRPDLQ�]LJ]DJJLQJ��DV�GHVFULEHG�LQ�WKLV�SDSHU�

$� FDQGLGDWH� IRU� IXUWKHU� ZRUN� DQG� GHYHORSPHQW� LV� WKH
FRQQHFWLRQ� WKDW� WKH� SURFHVV� GRPDLQ� FRQVWLWXWHV� EHWZHHQ� WKH
SURGXFW� GHVLJQ� DQG� WKH� GHVLJQ� RI � WKH� SURGXFWLRQ� V\VWHP�� 7KLV
FRQQHFWLRQ�VKRXOG�EH�FRQVLGHUHG�ELGLUHFWLRQDO�
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