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Abstract
7KH�)DLOXUH�0RGH�DQG�(IIHFW�$QDO\VLV��)0($��LV�RQH�ZD\�WR�SUHYHQWDWLYHO\� LGHQWLI\�IDLOXUHV��
,Q�LW��IDLOXUHV�DQG�WKHLU�ULVNV�WR�WKH�FXVWRPHU�DUH�DQDO\VHG�DQG�YDOXDWHG�LQ�RUGHU�WR�GH¿QH�PLW-
LJDWLRQ�VWUDWHJLHV� IRU�PLQLPL]DWLRQ�RU�DYRLGDQFH��'HSHQGLQJ�RQ� WKLV�SXUSRVH��D�GLYLVLRQ� LQWR�
IXQFWLRQDO��GHVLJQ�DQG�SURFHVV�)0($�LV�PHQWLRQHG�LQ�OLWHUDWXUH��,I�WKH�)0($�LV�XVHG�DV�HDUO\�DV�
SRVVLEOH�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��WKH�XVDEOH�OHYHO�RI�LQIRUPDWLRQ�LV�YHU\�ORZ��,W�
JURZV�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV�DQG�LV�XQGHUVWRRG�DV�DOO�DYDLODEOH�LQIRUPDWLRQ��
ZLWK�GLIIHUHQW�GHJUHHV�RI�FRQFUHWLVDWLRQV��DFFRUGLQJ�WR�DQ�LQVWDQW�LQ�WLPH��,W�FDQ�EH�VXJJHVWHG�
WKDW�WKH�DYDLODEOH�OHYHO�RI�LQIRUPDWLRQ�LQÀXHQFHV�WKH�)0($�UHVXOWV�DV�ZHOO�DV�WKH�SRLQW�RI�WLPH�
WR�SHUIRUP��,Q�RUGHU�WR�LGHQWLI\�DQ�LGHDO�SRLQW�RI�WLPH��D�WKUHH�VWHS�PHWKRGRORJ\�LV�FRQVLGHUHG�

)LUVW��WKH�OHYHO�RI�LQIRUPDWLRQ�LV�V\VWHPDWL]HG�E\�XVLQJ�SURGXFW�DQG�SURFHVV�PRGHOV��6XEVH-
TXHQWO\��WKH�TXDOLW\�RI�LQIRUPDWLRQ�LV�PHDVXUHG�ZLWK�WKH�KHOS�RI�DQ�,QIRUPDWLRQ�4XDOLW\�IUDPH-
ZRUN��7KLV�IUDPHZRUN�FRQWDLQV�WKH�IRXU�WDUJHW�FDWHJRULHV�$FFHVVLELOLW\��5HSUHVHQWDWLRQDO��,QWULQ-
VLF�DQG�&RQWH[WXDO��ZKHUHE\�HDFK�FDWHJRU\�FDQ�EH�GHVFULEHG�E\�GLIIHUHQW�GLPHQVLRQV��8VLQJ�
WKLV��WKH�DYDLODEOH�OHYHO�DQG�TXDOLW\�RI�LQIRUPDWLRQ�WR�DQ�LQVWDQW�LQ�WLPH�GXULQJ�WKH�SURGXFW�GHYHO-
RSPHQW�SURFHVV�FDQ�EH�GHWHUPLQHG�

6HFRQG�� VSHFL¿F� UHTXLUHPHQWV� RQ� LQIRUPDWLRQ� WR� SHUIRUP�D� IXQFWLRQDO�� GHVLJQ� RU� D� SURFHVV�
)0($�DUH�GH¿QHG�DQG�HYDOXDWHG�E\�XVLQJ�WKH�,4�)UDPHZRUN�WRR��6R�IRU�HYHU\�W\SH�RI�)0($�D�
QHHGHG�OHYHO�RQ�TXDOLW\�RI�LQIRUPDWLRQ�LV�VSHFL¿HG�

7KLUG��WKH�DYDLODEOH�DQG�QHHGHG�TXDOLW\�RI�LQIRUPDWLRQ�WR�SHUIRUP�D�)0($�LV�FRPSDUHG��%DVHG�
RQ�WKDW��IRU�HDFK�W\SH�RI�)0($�WKH�PRVW�DSSURSULDWH�SHULRG�RI�WLPH�GXULQJ�WKH�SURGXFW�GHYHO-
RSPHQW�SURFHVV�FDQ�EH�HVWLPDWHG��ZKHUHE\�D�FRQWULEXWLRQ�IRU�D�UREXVW�GHVLJQ�RI�SURGXFWV�LV�
made.
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1. Introduction
)DLOXUH�0RGH�DQG�(IIHFWV�$QDO\VLV��)0($��LV�D�ZD\�RI�GHWHFWLQJ�DQG�DQDO\VLQJ�IDLOXUHV�WKDW�
RFFXU�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��)DLOXUHV�DQG�WKHLU�ULVNV�WR�WKH�FXVWRPHU�DUH�
LGHQWL¿HG�DQG�YDOXHG�LQ�RUGHU�WR�GH¿QH�PLWLJDWLRQ�VWUDWHJLHV�WKDW�PLQLPL]H�RU�SUHYHQW�IDLOXUHV�
�6FKlSSL�HW��DO����������)DLOXUHV�DUH�GHYLDWLRQV�EHWZHHQ�WKH�DFWXDO�VWDWXV�DQG�WKH�GHVLUHG�VWD-
WXV�RI�D�SURGXFW�SURSHUW\��,Q�SUDFWLVH��WKHUH�LV�D�JDS�EHWZHHQ�WKH�HPHUJHQFH�DQG�WKH�GLVFRYHU-
LQJ�RI�D�IDLOXUH��)LJXUH����

      Figure 1. Emerge and discovering of 
IDLOXUHV�>3IHLIHU�����@��

)LJXUH����&RVWV�SHU�IDLOXUH
>3IHLIHU�����@

7KH�SRLQW�RI�GHWHFWLRQ�RI�D� IDLOXUH� LV� LPSRUWDQW�EHFDXVH� WKH�FRVWV�RI� IDLOXUH�JURZ�E\�DQ�DS-
SUR[LPDWH�IDFWRU�RI�WHQ�DV�WKH�SURGXFW�GHYHORSPHQW�SURFHVV�SURFHHGV��)LJXUH�����7KH�HDUOLHU�
D�IDLOXUH�LV�LGHQWL¿HG�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��WKH�ORZHU�WKH�UHVXOWLQJ�FRVWV�RI�
UHFWLI\LQJ�LW��'HWHFWLRQ�VKRXOG�IRFXV�RQ�GLVFRYHULQJ�IDLOXUHV�UDWKHU�WKDQ�DYRLGLQJ�WKHP��:LWKLQ�
WKH�TXDOLW\�PDQDJHPHQW�IUDPHZRUN�WKHUH�LV�VLJQL¿FDQW�HFRQRPLF�SRWHQWLDO�LQ�DYRLGLQJ�IDLOXUHV�
�*|EEHUW��������

,I�WKH�)0($�LV�XVHG�DV�HDUO\�DV�SRVVLEOH��WKH�XVDEOH�OHYHO�RI�LQIRUPDWLRQ�LV�YHU\�ORZ��7KH�OHYHO�
RI�LQIRUPDWLRQ�JURZV�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV�DQG�LV�XQGHUVWRRG�DV�DOO�DYDLO-
DEOH�LQIRUPDWLRQ��ZLWK�YDU\LQJ�GHJUHHV�RI�FRQFUHWLVDWLRQ��DFFRUGLQJ�WR�D�FHUWDLQ�LQVWDQW�LQ�WLPH��
7KH�JURZLQJ�OHYHO�RI�LQIRUPDWLRQ�KDV�DQ�LQÀXHQFH�RQ�WKH�EHQH¿W�RI�WKH�)0($��,I�D�ORZ�OHYHO�RI�
LQIRUPDWLRQ�LV�XVHG��WKH�EHQH¿W�RI�WKH�UHVXOWV�LV�ORZ�WRR��,W�LV�EHWWHU�WR�SHUIRUP�DQ�)0($�ODWHU�
LQ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��7KH�OLWHUDWXUH�FRQWDLQV�YDU\LQJ�UHFRPPHQGDWLRQV�RQ�WKH�
EHVW�WLPH�WR�SHUIRUP�DQ�)0($�

7KH�IRFXV�RI�WKH�FXUUHQW�UHVHDUFK�RQ�WKLV�DSSURDFK�LV�RQ�LGHQWLI\LQJ�WKH�LGHDO�WLPH�WR�SHUIRUP�
DQ�)0($�E\�DQDO\VLQJ�WKH�GHSHQGHQFLHV�EHWZHHQ�WKH�OHYHO�RI�LQIRUPDWLRQ�GXULQJ�WKH�SURGXFW�
GHYHORSPHQW�SURFHVV��WKH�TXDOLW\�RI�LQIRUPDWLRQ�DQG�WKH�H[LVWLQJ�)0($�W\SHV�

2. Using the FMEA during the product development process
7KH�)0($�LV�D�V\VWHPDWLF�PHWKRGRORJ\�WR�DQDO\]H�D�V\VWHP�LQ�RUGHU�WR�LGHQWLI\�IDLOXUH�PRGHV�
DQG�WKHLU�FDXVHV�DQG�HIIHFWV�RQ�WKH�UHVW�RI� WKH�V\VWHP��VXFK�DV�RQ�WKH�FXVWRPHU�� ,W�FDQ�EH�
DSSOLHG�DW�DQ\�WLPH�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV�DQG�FRQWDLQV�¿YH�ZRUNLQJ�VWHSV���
)LUVW��ZLWK� WKH�KHOS�RI�D� IDLOXUH�PRGH�DQDO\VLV��HYHU\�SRWHQWLDO� IDLOXUH�RI�D�SURGXFW� WKDW�PD\�
RFFXU�LV�LGHQWL¿HG��(IIHFWV�RQ�WKH�SODQQHG�XVDJH�SURFHVV�IRU�ZKLFK�WKH�LQYHVWLJDWHG�SURGXFW�LV�
QHHGHG�DUH�DVVLJQHG�IRU�HDFK�IDLOXUH��&DXVHV�RI�HDFK�IDLOXUH�DUH�LGHQWL¿HG��(YHU\�FRPELQDWLRQ�
RI�IDLOXUH��FDXVH�DQG�HIIHFW�LV�HYDOXDWHG�ZLWK�WKH�KHOS�RI�D�5LVN�3ULRULW\�1XPEHU��531���7KH�
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531�FDQ�EH�FDOFXODWHG�XVLQJ�WKH�SUREDELOLW\��VHYHULW\�DQG�GHWHFWLRQ�RI�D�IDLOXUH��)LQDOO\��PLWL-
JDWLRQ�VWUDWHJLHV�DUH�GH¿QHG�LQ�RUGHU�WR�DYRLG�RU�ORZHU�VHYHULW\�DQG�GHWHFWLRQ�RI�D�IDLOXUH��',1�
(1�������������

'HSHQGLQJ�RQ�WKH�SURJUHVV�RI�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��GLIIHUHQW�W\SHV�RI�)0($�DUH�
XVHG��$�)XQFWLRQDO�)0($�LGHQWL¿HV�IXQFWLRQDO�IDLOXUHV�LQ�HDUO\�GHVLJQ�SKDVHV�LQ�RUGHU�WR�LGHQWLI\�
GHVLJQ�ZHDNQHVVHV��:LWK�D�UHGXFHG�QXPEHU�RI�YDULDQWV�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SUR-
FHVV��D�'HVLJQ�)0($�LV�DSSOLHG��,Q�WKLV�FRQWH[W��VWUXFWXUDO�IDXOWV�DUH�LGHQWL¿HG�IRU�HYHU\�SURG-
XFW� FRPSRQHQW�� �*|EEHUW�=�UO�� �������$�3URFHVV�)0($�DQDO\VHV� SURGXFWLRQ� DQG�DVVHPEO\�
SURFHVVHV�RI�FRPSRQHQWV�WR�GHWHFW�SURFHVV�FDXVHG�IDXOWV��7KHUHIRUH��D�FRPSUHKHQVLYH�OHYHO�
RI�SURGXFW�SURSHUWLHV� LV�QHFHVVDU\� �+HULQJ�7ULHPHO��%ODQN���������7KH� WKUHH� W\SHV�RI�)0($�
DUH�LQWHUGHSHQGHQW��IRU�H[DPSOH��UHVXOWV�RI�D�)XQFWLRQDO�)0($�DUH�XVHG�WR�SHUIRUP�D�'HVLJQ�
)0($��7KH�3URFHVV�)0($�XVHV�WKH�UHVXOWV�RI�D�'HVLJQ�)0($���

3. Method for identifying an ideal time to perform an FMEA
7KLV�SDSHU�GHPRQVWUDWHV�D�ZD\�WR�LGHQWLI\�DQ�LGHDO�WLPH�WR�SHUIRUP�DQ�)0($�GXULQJ�WKH�SURGXFW�
GHYHORSPHQW�SURFHVV��ZKHUH�WKH�FRQÀLFWLQJ�SDUDPHWHUV�µFRVWV�SHU�IDLOXUH¶�DQG�µOHYHO�RI�LQIRUPD-
WLRQ¶�DUH�DQDO\VHG��)LJXUH�����

)LUVW�� LW� LV�QHFHVVDU\�WR�V\VWHPDWL]H�WKH�OHYHO�RI� LQIRUPDWLRQ�DW�D�FHUWDLQ� LQVWDQW�RI�WLPH��7KH�
V\VWHPDWL]HG� OHYHO�RI� LQIRUPDWLRQ� LV�HYDOXDWHG�XVLQJ� WKH� ,QIRUPDWLRQ�4XDOLW\�)UDPHZRUN��,4�
)UDPHZRUN���7KH�IUDPHZRUN�FRQWDLQV�GLPHQVLRQV�ZKRVH�WUHQGV�FKDQJH�GXULQJ�WKH�SURGXFW�GH-
YHORSPHQW�SURFHVV��UHQGHULQJ�WKH�TXDOLW\�RI�LQIRUPDWLRQ�DVVLJQDEOH��6HFRQG��UHTXLUHPHQWV�IRU�
SHUIRUPLQJ�D�)XQFWLRQDO��'HVLJQ�RU�D�3URFHVV�)0($�DUH�LGHQWL¿HG��:LWK�WKLV�KHOS��D�FRPSDU-
LVRQ�EHWZHHQ�WKH�TXDOLW\�RI�LQIRUPDWLRQ�DW�DQ�LQVWDQW�LQ�WLPH�DQG�WKH�QHHGHG�OHYHO�DQG�TXDOLW\�
RI�LQIRUPDWLRQ�WR�SHUIRUP�D�)0($�LV�FRQGXFWHG��7KLV�PDNHV�LW�SRVVLEOH�WR�DOORFDWH�WKH�)0($�
W\SHV�WR�WKH�VWHSV�RI�SURGXFW�GHYHORSPHQW�RI�9',������$�UHFRPPHQGDWLRQ�RQ�ZKLFK�W\SH�KDV�
WR�EH�XVHG�DFFRUGLQJ�WR�GLIIHUHQW�SRLQWV�LQ�WLPH�LV�JLYHQ��

7KH�PLQLPXP�OHYHO�RI�TXDOLW\�RI� LQIRUPDWLRQ�QHFHVVDU\�WR�SHUIRUP�WKH�FKRVHQ�)0($�W\SH�LV�
DOVR�GLVFXVVHG��7UHQGV�RI�WKH�GLPHQVLRQV��VXFK�DV�WKH�FRVWV�SHU�IDLOXUH��DUH�RSWLPL]HG��OLPLWLQJ�
WKH�SRVVLEOH�UDQJH�RI�SHUIRUPLQJ�WKH�)0($�W\SH��(DFK�RI�WKH�ZRUNLQJ�VWHSV�LV�GHVFULEHG�LQ�WKH�
IROORZLQJ�VHFWLRQV�

Figure 3. Approach presented in this paper
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3.1 Systemizing information levels
3URGXFW�DQG�SURFHVV�PRGHOV�DUH�XVHG�WR�V\VWHPLVH�LQIRUPDWLRQ�OHYHOV�LQ�WKH�SURGXFW�GHYHORS-
PHQW�SURFHVV��3URGXFW�PRGHOV�UHSUHVHQW�DQ�HDUO\�VWDJH�RI�WKH�SODQQHG�SURGXFW�ZLWK�D�FHUWDLQ�
SXUSRVH��%LUNKRIHU�.OREHUGDQ]���������SURFHVV�PRGHOV�GHVFULEH�D� WLPH�GHSHQGDQW� WUDQVIRU-
PDWLRQ�RI�DQ� LQLWLDO�VWDWH�RI�DQ�RSHUDQG� LQWR�D�FKDQJHG�¿QDO�VWDWH� �.OREHUGDQ]���������7KLV�
SDSHU� GHVFULEHV� WKH� DGDSWDWLRQ� RI�+HLGHPDQQ¶V� SURFHVV�PRGHO� RI�+HLGHPDQQ�� VKLIWLQJ� WKH�
IRFXV�RQWR�WKH�)0($��+HLGHPDQQ���������,W�JLYHV�LQIRUPDWLRQ�DERXW�WKH�XVDJH�SURFHVV�DQG�WKH�
SURGXFW�LWVHOI��VXFK�DV�GLVWXUEDQFHV�RI�SURGXFW�DQG�SURFHVV��$�IXQGDPHQWDO�DVSHFW�RI�WKLV�PRG-
HO�LV�WKH�GLIIHUHQWLDWLRQ�EHWZHHQ�WKH�XVDJH�SURFHVV�RI�WKH�FXVWRPHU�DQG�WKH�SURGXFW�SURGXFHG�
E\�WKH�FRPSDQ\��.OREHUGDQ]��������VR�WKH�SURGXFW�LWVHOI�LQWHUDFWV�ZLWK�WKH�XVDJH�SURFHVV�LQ�
RUGHU�WR�SHUIRUP�LW��

)LJXUH����6\VWHPL]DWLRQ�RI�OHYHO�RI�LQIRUPDWLRQ�>+HLGHPDQQ�����@��>9',�����@

7KH� S\UDPLG� RI� SURGXFW� PRGHOV� LV� XVHG� WR� LOOXVWUDWH� WKH� SURJUHVV� RI� SURGXFW� GHYHORSPHQW 
�6DXHU���������,W�FRQVLVWV�RI�IRXU�OHYHOV��IXQFWLRQ��HIIHFW��DFWLYH�SULQFLSOH�DQG�SDUW�PRGHO��(DFK�
PRGHO�FDQ�EH�DOORFDWHG�WR�WKH�9',�������ZKLFK�PHDQV�WKDW�WKH�S\UDPLG�FDQ�EH�XVHG�DW�DQ\�WLPH�
GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��7KH�IXQFWLRQ�PRGHO�GLYLGHV�WKH�WDVN�LQWR�VXE�IXQF-
WLRQV� LQ�RUGHU�WR�GHVFULEH�WKHP�REMHFWLYHO\��(DFK�VXE�IXQFWLRQ� LV�FRQFUHWLVHG�XVLQJ�SK\VLFDO��
FKHPLFDO�RU�ELRORJLFDO�HIIHFWV��%LUNKRIHU�.OREHUGDQ]���������7KH�SULQFLSOH�DFWLYH�PRGHO�FRP-
ELQHV�WKHVH�HIIHFWV�ZLWK�PDWHULDO�DQG�JHRPHWULFDO�SDUDPHWHUV��JLYLQJ�D�JHQHUDO�VROXWLRQ�WR�WKH�
WDVN��%LUNKRIHU�.OREHUGDQ]���������$OO�LQIRUPDWLRQ�LQ�WKH�DFWLYH�SULQFLSOH�PRGHO�LV�VSHFL¿HG�XQWLO�
WKH�¿QDO�GHVLJQ�RI�WKH�SURGXFW�LV�DFKLHYHG��

:LWK�WKH�FRPELQHG�XVH�RI�WKH�+HLGHPDQQ�SURFHVV�PRGHO�DQG�WKH�S\UDPLG�RI�SURGXFW�PRGHOV��
DOO�LQIRUPDWLRQ�QHFHVVDU\�WR�SHUIRUP�D�)0($�FDQ�EH�V\VWHPDWLVHG�WR�DQ�LQVWDQW�RI�WLPH��)LJXUH�
����

3.2 Using the IQ Framework to measure the quality of information
$IWHU�V\VWHPL]LQJ�WKH�OHYHO�RI�LQIRUPDWLRQ��FULWHULD�DUH�QHFHVVDU\�WR�PHDVXUH�WKH�TXDOLW\�RI�LQ-
IRUPDWLRQ��0LHONH�HW�DO��GHYHORSHG�D�KLHUDUFKLFDO�IUDPHZRUN�WR�XQGHUVWDQG�ZKDW�WKH�TXDOLW\�RI�
LQIRUPDWLRQ�PHDQV�WR�WKH�FXVWRPHU��0LHONH�HW�DO����������7KLV�IUDPHZRUN�FRQWDLQV�IRXU�FDWHJR-
ULHV�ZLWK����GLPHQVLRQV��EDVHG�RQ�WKH�VXUYH\�RI�:DQJ�6WURQJ��)LJXUH�����(DFK�FDWHJRU\�KDV�D�
VSHFL¿F�FRQWH[W���

7KH�FDWHJRU\�$FFHVVLELOLW\�DQDO\VHV�KRZ� WKH�V\VWHP�GHDOV�ZLWK� LQIRUPDWLRQ�� ,Q� WKLV� FDVH�� LW�
UHIHUV�WR�WKH�ZRUNLQJ�VWHSV�RI�WKH�)0($��7KH�ZRUNLQJ�VWHSV�DUH�VSHFL¿HG�LQ�D�QRUP�VR�WKHLU�LQ-
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ÀXHQFH�RQ�WKH�TXDOLW\�RI�LQIRUPDWLRQ�GRHV�QRW�FKDQJH�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��
7KLV�LV�ZK\�WKH�FDWHJRU\�$FFHVVLELOLW\�ZLOO�QRW�EH�LQYHVWLJDWHG�KHUH��7KH�FDWHJRU\�5HSUHVHQWD-
WLRQDO�LV�DOVR�QRW�UHOHYDQW�WR�WKLV�SDSHU�DV�W�DQDO\VHV�WKH�ZD\�LQIRUPDWLRQ�LV�SUHVHQWHG��ZKLFK�LV�
GH¿QHG�LQ�)0($�ZRUNVKHHWV��WKH�HIIHFW�RI�WKLV�FDWHJRU\�GRHV�QRW�FKDQJH�HLWKHU�

)LJXUH����,4�)UDPHZRUN�>0LHONH�HW�DO������@

7KH�FDWHJRULHV�,QWULQVLF�DQG�&RQWH[WXDO�GHDO�ZLWK�WKH�FRQWHQW�DQG�EHQH¿W�RI�LQIRUPDWLRQ��DQG�
DUH�WKH�EDVH�RI�WKLV�SDSHU��7R�PHDVXUH�WKH�TXDOLW\�RI�LQIRUPDWLRQ��WKH�GLPHQVLRQV�KDYH�WR�EH�
DSSOLHG�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��:LWK�WKH�KHOS�RI�WKH�FDWHJRULHV�,QWULQVLF�DQG�
&RQWH[WXDO��WKH�V\VWHPL]HG�OHYHO�RI�LQIRUPDWLRQ�LV�HYDOXDWHG�DQG�WKH�TXDOLW\�RI�LQIRUPDWLRQ�DW�
an instant in time can be estimated.

3.3 Analysis of level and quality of information 
7KH�FKDQJLQJ�OHYHO�DQG�TXDOLW\�RI�LQIRUPDWLRQ�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV�LV�LQ-
YHVWLJDWHG�XVLQJ�+HLGHPDQQ¶V�SURFHVV�PRGHO��7KH�PRGHO�LV�DSSOLHG�IRXU�WLPHV��DV�GHVFULEHG�LQ�
)LJXUH����VR�WKDW�HYHU\�ZRUNLQJ�VWHS�RI�WKH�9',������LV�FRQVLGHUHG��7KH�TXDOLW\�RI�LQIRUPDWLRQ�
LV�WKHQ�HYDOXDWHG�XVLQJ�WKH�GLPHQVLRQV�2EMHFWLYLW\��$FFXUDF\��&RPSOHWHQHVV and 9DOXH�DGGHG�
RI�WKH�,4�)UDPHZRUN��)LJXUH������

The dimension 2EMHFWLYLW\�VKRZV�D�OHYHO�RI�LQIRUPDWLRQ�GRZQZDUG�WUHQG�ZLWK�LQFUHDVLQJ�FRQ-
FUHWLVDWLRQ��7KLV�LV�GHPRQVWUDWHG�E\�WKH�GHFLVLRQV�WKDW�KDYH�WR�EH�PDGH�GXULQJ�WKH�GHYHORS-
PHQW�SURFHVV��7KH� IXQFWLRQ�PRGHO�GHVFULEHV�SDUWLDO� IXQFWLRQV� LQ�D� VROXWLRQ�QHXWUDO�PDQQHU��
ZKHUH�WKH�HIIHFW�PRGHO�FRQFUHWL]HV�WKHP�E\�DVVLJQLQJ�GLIIHUHQW�HIIHFWV��)RU�H[DPSOH��LW�LV�SRV-
VLEOH�WR�GHVFULEH�WKH�SDUWLDO�IXQFWLRQ�WUDQVIRUPLQJ�DQ�HQHUJ\�XVLQJ�D�K\GUDXOLF�RU�PHFKDQLFDO�
SULQFLSOH�VR�WKDW�WKHUH�DUH�VHYHUDO�ZD\V�WR�FRQFUHWL]H�LW��,W�GHSHQGV�RQ�WKH�GHYHORSHU¶V�YLHZ�RI�
WKH�SUREOHP�ZKLFK�HIIHFW�¿WV�EHVW��ZKLFK�LV�ZK\�WKH�GLPHQVLRQ�2EMHFWLYLW\�VKRZV�D�GRZQZDUG�
WUHQG��HVSHFLDOO\�EHWZHHQ�WKH�VHFRQG�DQG�WKLUG�ZRUNLQJ�VWHSV�RI�WKH�9',�������7KH�GLPHQVLRQ�
$FFXUDF\�DOVR�GHFOLQHV��:LWK�D�JURZLQJ�SRVVLELOLW\�RI�VROXWLRQV��WKH�SRVVLELOLW\�RI�JHQHUDWLQJ�D�
PRGHO�JURZV�WRR��VR�WKHUH�LV�D�ULVN�RI�PDNLQJ�PLVWDNHV��%HFDXVH�RI�WKH�GHSHQGHQFLHV�EHWZHHQ�
WKH�SURGXFW�PRGHOV��WKHUH�LV�JURZLQJ�VHQVLWLYLW\�DORQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��7KH�
HDUOLHU�D�PLVWDNH�RU�DQ�LQDFFXUDF\�LV�PDGH��WKH�PRUH�VHULRXV�WKH�FRQVHTXHQFHV��7KLV�H[SODLQV�
the downwards trend.

The dimension &RPSOHWHQHVV�VKRZV�D�FRQWLQXRXVO\�GRZQZDUGV�WUHQG�EHFDXVH�RI�WKH�JURZ-
LQJ�SRVVLELOLW\�RI�JHQHUDWLQJ�D�PRGHO��7KHUH� LV�D�ULVN�RI� IRUJHWWLQJ�DQ�HVVHQWLDO�HIIHFW��ZKLFK�
DIIHFWV�WKH�FRPSOHWHQHVV�RI�WKH�IROORZLQJ�PRGHOV��7KH�JURZLQJ�FRPSOH[LW\�LQFUHDVHV�WKH�ULVN�
RI�PLVVLQJ�HVVHQWLDO�LQIRUPDWLRQ��%RWK�UHDVRQV�HQVXUHV�D�GRZQZDUGV�WUHQG�LQ�WKH�GLPHQVLRQ�
&RPSOHWHQHVV. 
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)LJXUH����OHYHO�RI�LQIRUPDWLRQ�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV

The dimension 9DOXH�DGGHG�JURZV�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��ZKLFK�LV�VXEVWDQ-
WLDWHG�E\�WKH�LQFUHDVLQJ�FRQFUHWLRQ�RI�WKH�PRGHOV��$FFRUGLQJ�WR�WKH�)0($��ZLWK�FRQFUHWH�LQIRU-
PDWLRQ�D�FDXVH�RI�DQ�LGHQWL¿HG�IDLOXUH�DQG�WKH�FRQVHTXHQFHV�WR�WKH�FRVWXPHU�DUH�PXFK�HDVLHU�
WR�LGHQWLI\�EHFDXVH�RI�WKH�JURZLQJ�UHIHUHQFH�WR�WKH�¿QDO�SURGXFW��7KH�NQRZQ�GLVWXUEDQFHV�DOVR�
LQFUHDVH��ZKLFK�VXSSRUWV�WKH�DQDO\VLV�RI�D�IDLOXUH��

3.3 Requirements of FMEA types
$�)XQFWLRQDO�)0($�LV�SHUIRUPHG�DV�VRRQ�DV�VXI¿FLHQW�LQIRUPDWLRQ�LV�DYDLODEOH�WR�FRQVWUXFW�D�
IXQFWLRQDO�PRGHO��DV�PHQWLRQHG�LQ�WKH�S\UDPLG�RI�WKH�SURGXFW�PRGHOV��7KH�IROORZLQJ�LQIRUPD-
WLRQ��DV�D�PLQLPXP��LV�UHTXLUHG��1$6$��������
 
�� $�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�LWHP�XQGHU�GHYHORSPHQW�EURNHQ�GRZQ�WR�WKH�VXEV\VWHP�

DQG�FRPSRQHQW�OHYHO�
�� $� GHVFULSWLRQ� RI� HDFK� IXQFWLRQ� GHSLFWHG� LQ� WKH� IXQFWLRQDO� EORFN� GLDJUDP�� LQFOXGLQJ� UH-

TXLUHG�LQSXWV�DQG�RXWSXWV�IRU�HDFK�EORFN�
�� 7KH�PDQQHU�LQ�ZKLFK�HDFK�RI�WKH�UHTXLUHG�RXWSXWV�FDQ�IDLO�
�� 7KH� LPSDFW�RU�HIIHFW�RI� ORVV�RI�HDFK� IXQFWLRQDO�RXWSXW�GHSLFWHG� LQ� WKH� IXQFWLRQDO�EORFN�

GLDJUDP�RI�WKH�LQVWUXPHQW��
�� 7KH�FRPSHQVDWLQJ�SURYLVLRQV�GHVLJQHG�LQWR�WKH�LWHP�WR�PLWLJDWH�WKH�HIIHFWV�RI�D�IXQFWLRQDO�

RXWSXW�IDLOXUH�
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$�'HVLJQ�)0($�LV�SHUIRUPHG�ZKHQ�VXI¿FLHQWO\�GHWDLOHG�GHVLJQ�LQIRUPDWLRQ�LV�DYDLODEOH�WR�LGHQ-
WLI\�DOO�WKH�FRQVWLWXHQW�SLHFHV�DQG�SDUWV�RI�WKH�GHVLJQ�LWHP��,Q�DGGLWLRQ�WR�WKH�LQIRUPDWLRQ�QHFHV-
VDU\�WR�SHUIRUP�D�)XQFWLRQDO�)0($��LQIRUPDWLRQ�DERXW�VFKHPDWLFV�DQG�SULQFLSOHV�RI�RSHUDWLRQ�
IRU�WKH�GHVLJQ�LV�UHTXLUHG��1$6$���������
,Q�RUGHU�WR�SHUIRUP�D�3URFHVV�)0($��SURFHVV�LQSXWV��WDVNV�DQG�H[SHFWHG�RXWFRPHV�KDYH�WR�
EH�GHYHORSHG�VXI¿FLHQWO\��7KH�IROORZLQJ�LQIRUPDWLRQ��DV�D�PLQLPXP��LV�UHTXLUHG��1$6$��������

�� $�GHWDLOHG�VWHS�E\�VWHS�SURFHGXUH�DQG�ÀRZ�FKDUW�IRU�WKH�SURFHVV�
�� $�GHVFULSWLRQ�RI�SXUSRVH�RI�HDFK�VWHS� LQ� WKH�SURFHGXUH�� LQFOXGLQJ�UHTXLUHG� LQSXWV�DQG�

RXWSXWV��
�� 7KH�PDQQHU�LQ�ZKLFK�HDFK�RI�WKH�UHTXLUHG�VWHSV�FDQ�IDLO�
�� 7KH�LPSDFW�RU�HIIHFW�RI�IDLOXUH�WR�DFKLHYH�HDFK�RXWSXW�GHVFULEHG�LQ�WKH�SURFHGXUH�RQ�WKH�

LWHP�RU�IXQFWLRQ�EHLQJ�VXEMHFWHG�WR�WKH�SURFHVV�
�� 7KH�FRPSHQVDWLQJ�SURYLVLRQV�GHVLJQHG�LQWR�WKH�SURFHVV�WR�PLWLJDWH�WKH�HIIHFWV�RI�D�SUR-

FHVV�VWHS�IDLOXUH�

3.4 Comparison of level and quality of information with requirements of FMEA
:LWK�WKH�KHOS�RI�WKH�LGHQWL¿HG�OHYHO�RI�LQIRUPDWLRQ�DQG�GHSHQGLQJ�RQ�WKH�SURJUHVV�RI�SURGXFW�
GHYHORSPHQW��WKH�WKUHH�W\SHV�RI�)0($�FDQ�EH�DOORFDWHG�WR�D�VWDJH�ZLWKLQ�WKH�SURGXFW�GHYHORS-
PHQW�SURFHVV��)LJXUH�����

$�)XQFWLRQDO�)0($�QHHGV�D�IXQFWLRQDO�EORFN�GLDJUDP��LQFOXGLQJ�VXEV\VWHPV��VXFK�DV�LQSXWV�
DQG�RXWSXWV� WKDW�DUH�JLYHQ�E\�SDUWLDO� IXQFWLRQV�DQG� WKHLU�GHSHQGHQFLHV��7KH� IXQFWLRQV�KDYH�
WR�EH�GHVFULEHG�LQ�RUGHU�WR�SHUIRUP�D�)XQFWLRQDO�)0($��7KLV�LQIRUPDWLRQ�LV�DOVR�JLYHQ�E\�WKH�
WUDQVIRUPDWLRQ�RI�HQHUJLHV�DQG�VLJQDOV��VR�WKH�)XQFWLRQDO�)0($�FDQ�EH�DOORFDWHG�WR�WKH�¿UVW�
WKUHH�ZRUNLQJ�VWHSV�RI�9',������

,Q�RUGHU�WR�SHUIRUP�D�'HVLJQ�)0($��LQIRUPDWLRQ�DERXW�VFKHPDWLFV�DQG�SULQFLSOHV�RI�RSHUDWLRQ�
IRU�WKH�GHVLJQ�LV�UHTXLUHG��7KH�OLVWHG�HIIHFWV��VXFK�DV�WKH�HOHPHQWV�RI�WKH�SULQFLSOH�DFWLYH�PRGHO��
FRQWDLQ�WKLV�LQIRUPDWLRQ�VR�SHUIRUPLQJ�D�'HVLJQ�)0($�LV�XVHIXO�GXULQJ�WKH�ZRUNLQJ�VWHSV�WKUHH�
WR�VL[��

7KH�RYHUODSSLQJ�DUHD�EHWZHHQ�)XQFWLRQDO�DQG�'HVLJQ�)0($�UHIHUV�WR�WKH�UHTXLUHPHQW�WKDW�WKH�
LPSDFW�RU�HIIHFW�RI�ORVV�RI�HDFK�IXQFWLRQ�KDV�WR�EH�NQRZQ��,W�LV�XVHIXO�WR�SHUIRUP�D�)XQFWLRQDO�
)0($��E\�FRQVLGHULQJ�WKH�FKRVHQ�HIIHFWV��LQ�RUGHU�WR�DQDO\VH�WKH�LPSDFW�RU�HIIHFW�RI�ORVV�RI�
D�IXQFWLRQ�WR�GH¿QH�PLWLJDWLRQ�VWUDWHJLHV��)RU�H[DPSOH��ZKHQ�D�SDUWLDO�IXQFWLRQ�GHVFULEHV�DQ�
HQHUJ\�WUDQVIRUPDWLRQ��LW�LV�JRRG�WR�NQRZ�KRZ�WKH�IXQFWLRQ�LV�FDSWXUHG�LQ�WKH�HIIHFW�PRGHO��,I�
WKH�HIIHFW�SULQFLSOH�RI�WKH�OHYHU�LV�XVHG��LW�FDQ�EH�DVVXPHG�WKDW�WKH�FXVWRPHU�ZLOO�QRW�EH�HQGDQ-
JHUHG�E\�ÀXLGV��5LVN�IURP�ÀXLGV�FRXOG�KDYH�RFFXUUHG�LI�WKH�SDUWLDO�IXQFWLRQ�LV�FRQFUHWL]HG�E\�D�
K\GUDXOLF�HIIHFW��7KLV�LV�ZK\�RYHUODSSLQJ�SHUIRUPDQFH�RI�WKH�)0($V�LV�XVHIXO�KHUH�

Figure 7. Allocation of the FMEA types to the product development process
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,Q�RUGHU�WR�SHUIRUP�D�3URFHVV�)0($��WKH�SURGXFWLRQ�SURFHVV�KDV�WR�EH�NQRZQ��VR�LW�LV�XVHIXO�WR�
SHUIRUP�WKLV�W\SH�RI�)0($�DW�ZRUNLQJ�VWHS�VHYHQ�

$IWHU�DOORFDWLRQ�RI�WKH�)0($V�WR�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��D�PLQLPXP�OHYHO�RI�TXDOLW\�
RI�LQIRUPDWLRQ�KDV�WR�EH�GH¿QHG��)LJXUH�����)LUVW��WKH�LGHQWL¿HG�WUHQGV�RI�WKH�GLPHQVLRQV�WKDW�
UHSUHVHQW�WKH�TXDOLW\�RI�LQIRUPDWLRQ�GXULQJ�WKH�VWHSV�RI�SURGXFW�GHYHORSPHQW�DUH�SXW�WRJHWKHU�
ZLWK�WKH�DOORFDWHG�)0($�W\SHV��

&RPSHQVDWLRQ�SURYLVLRQV�KDYH�WR�EH�GH¿QHG�IRU�HDFK�)0($�W\SH��7R�LGHQWLI\�WKH�W\SH��D�PLQ-
LPXP�TXDOLW\�RI�LQIRUPDWLRQ�LV�QHFHVVDU\��)RU�H[DPSOH��LI�D�)XQFWLRQDO�)0($�LV�SHUIRUPHG�DV�
HDUO\�DV�SRVVLEOH��WKH�9DOXH�DGGHG�SDUW�RI�WKH�LQIRUPDWLRQ�LV�YHU\�ORZ��,QIRUPDWLRQ�LV�9DOXH�DGG-
HG�LI�LWV�XVH�IXO¿OV�D�PRQHWDU\�REMHFWLYH��$FFRUGLQJ�WR�WKH�)0($��LW�LV�DFKLHYHG�LI�WKH�LQIRUPDWLRQ�
FRXOG�LQGLFDWH�IDLOXUHV��IRU�H[DPSOH��,I�LW�LV�SHUIRUPHG�DW�VWHS�RQH�GXULQJ�WKH�SURGXFW�GHYHORS-
PHQW�SURFHVV��RQO\�LQIRUPDWLRQ�DERXW�FODULI\LQJ�WKH�WDVN�LV�DYDLODEOH��9DOXH�DGGHG�LV�YHU\�ORZ�
ZKHUH�DQ�DQDO\VLV�RI�FRPSHQVDWLRQ�SURYLVLRQV�LV�QRW�SRVVLEOH��VR�D�PLQLPXP�9DOXH�DGGHG�LV�
QHFHVVDU\��)RU�WKH�GLPHQVLRQ�2EMHFWLYLW\��D�FRQWUDU\�DUJXPHQW�LV�FRQGXFLYH��7KH�2EMHFWLYLW\�
RI�LQIRUPDWLRQ�GHFOLQHV�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV�EHFDXVH�WKH�PRGHOOLQJ�RI�DQ�
HIIHFW�RU�D�SULQFLSOH�DFWLYH�PRGHO�DOZD\V�GHSHQGV�RQ�WKH�SRLQW�RI�YLHZ�RI�WKH�SURGXFW�GHYHORSHU��
7KLV� LPSOLHV�WKDW�RFFXUULQJ�IDLOXUHV�FDQQRW�EH�GHWHFWHG��VR�D�PLQLPXP�OHYHO�RI�2EMHFWLYLW\� LV�
QHFHVVDU\�

:LWK�WKLV�KHOS��D�PLQLPXP�OHYHO�RI�TXDOLW\�RI�LQIRUPDWLRQ�FDQ�EH�GH¿QHG�IRU�HDFK�FRQVLGHUHG�
GLPHQVLRQ��ZKLFK�LV�LOOXVWUDWHG�E\�WKH�GDVKHG�OLQHV�LQ�)LJXUH����7KH�SRVVLEOH�UDQJH�QHHGHG�WR�
SHUIRUP�DQ�)0($�FDQ�EH�LGHQWL¿HG�IRU�HDFK�)0($�W\SH��ZKLFK�LV�GHPRQVWUDWHG�E\�WKH�VWULSHG�
DUHD��,I�WKH�UHVW�RI�WKH�GLPHQVLRQV�DUH�DOVR�FRQVLGHUHG�LQ�WKH�RSWLPL]DWLRQ�SURFHVV��WKH�SRVVLEOH�
UDQJH�IRU�SHUIRUPLQJ�D�)0($�EHFRPHV�VPDOOHU�XQWO�WKH�LGHDO�SRLQW�LQ�WLPH�LV�UHDOLVHG�
&RVWV�SHU�IDLOXUH�FDQ�DOVR�EH�LQWHJUDWHG�LQWR�WKH�RSWLPL]DWLRQ�SURFHVV�E\�¿OOLQJ�LQ�WKH�FRVW�FXUYH�
LQ�)LJXUH���DQG�PLQLPL]LQJ�WKHP��DV�GHVFULEHG�DERYH���

)LJXUH���2SWLPL]DWLRQ�SURFHVV�WR�GHWHFW�DQ�LGHDO�WLPH�WR�SHUIRUP�DQ�)0($�

4. Evaluation of the approach
$�SQHXPDWLF�F\OLQGHU�LV�XVHG�WR�HYDOXDWH�WKH�DSSURDFK��ZKLFK�KDV�WR�IXO¿OO�WKH�XVH�SURFHVV�OLIW�
D�ORDG��)LUVW��WKH�OHYHO�RI�LQIRUPDWLRQ�LV�LOOXVWUDWHG�XVLQJ�FRPSOHWHG�SURGXFW�PRGHOV��)LJXUH�����
7KH�IXQFWLRQ�PRGHO�FRQWDLQV�IRXU�SDUWLDO�IXQFWLRQV��ZKHUH�HQHUJ\�LV�FRQGXFWHG�WKUHH�WLPHV�DQG�
transformed once. The effects %HUQRXOOL¶V�ODZ��HTXDWLRQ�RI�FRQWLQXLW\ and VWDJQDWLRQ�SUHVVXUH�
UHDOL]HV�WKH�FRQFUHWL]DWLRQ��IRU�H[DPSOH��IRU�WKH�¿UVW�SDUWLDO�IXQFWLRQ��,Q�WKLV�FRQWH[W��LW�LV�SRV-
VLEOH�WKDW�WKH�HIIHFW�VWDJQDWLRQ�SUHVVXUH�LV�LQFRUUHFWO\�DOORFDWHG��7KH�DOORFDWLRQ�RI�VWDJQDWLRQ�
SUHVVXUH�DVVXPHV�WKDW�WKH�DLU�SUHVVXUH�LV�LQMHFWHG�LQWR�SDUWLDO�IXQFWLRQ�RQH��EXW�LW�LV�SRVVLEOH�
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WKDW�DQ�DOORFDWLRQ�WR�SDUWLDO�IXQFWLRQ�WKUHH�LV�SUHIHUDEOH��7KHUH�LV�DPELJXLW\�ZKHUH�WKH�DLU�SUHV-
VXUH� LV� LQMHFWHG� LQWR� WKH�SURGXFW��%HFDXVH�RI� WKH�ULVLQJ�SRVVLELOLW\�RI�FRQFUHWL]LQJ� WKH�SDUWLDO�
IXQFWLRQV��LW�FRXOG�EH�WKDW�WKH�HIIHFW�&RXORPE�IULFWLRQ�LV�PLVVLQJ��%RWK�VKRZ�WKDW�WKH�GLPHQVLRQV�
2EMHFWLYLW\ and $FFXUDF\ decline. 

$FFRUGLQJ�WR�WKH�GLPHQVLRQ�9DOXH�$GGHG�WKH�LQIRUPDWLRQ�FRQFUHWL]HV�WKH�UHIHUHQFH�WR�WKH�¿QDO�
SURGXFW��HVSHFLDOO\�DW�ZRUNLQJ�VWHS�IRXU��7KH�PRUH�HIIHFWV�FDQ�EH�DOORFDWHG�WR�WKH�IXQFWLRQV��WKH�
EHWWHU�DQG�PRUH�FRPSOHWH�DUH�WKH�SULQFLSOH�DFWLYH�DQG�SDUW�PRGHOV��:LWK�WKH�KHOS��WKH�FDXVH�RU�
HIIHFW�RQ�WKH�FXVWRPHU�RI�D�IDLOXUH�FDQ�EH�DQDO\VHG�PRUH�FRPSUHKHQVLYHO\��VR�WKH�GLPHQVLRQ�
9DOXH�DGGHG�JURZV�GXULQJ�WKH�SURFHVV�RI�PRGHOOLQJ��$V�VKRZQ�LQ�WKH�H[DPSOH��PRGHOOLQJ�LV�D�
SURFHVV�LQ�ZKLFK�LQIRUPDWLRQ�JHQHUDWLRQ�LV�GHOD\HG��ZKLFK�LV�ZK\�WKH�GLPHQVLRQV�FKDQJH�DV�
ZHOO��$FFRUGLQJ�WR�WKH�)0($�SURFHGXUH��D�PLQLPXP�TXDOLW\�RI�LQIRUPDWLRQ�LV�QHFHVVDU\�WR�IXO¿O�
WKH�LGHQWL¿HG�UHFRPPHQGDWLRQV��)RU�H[DPSOH��WR�SHUIRUP�D�)XQFWLRQDO�)0($��D�PLQLPXP�OHYHO�
of 9DOXH�DGGHG� LV�QHFHVVDU\��7KLV� LV�DFFRPSOLVKHG� LI�DOO�SDUWLDO� IXQFWLRQV�DUH�NQRZQ��VR� WKH�
PLQLPXP�OHYHO�LV�VHW�DW�WKH�HQG�RI�ZRUNLQJ�VWHS�WZR��,Q�WKH�GLPHQVLRQ�2EMHFWLYLW\��WKH�HDUOLHU�D�
)XQFWLRQDO�)0($�LV�SHUIRUPHG�WKH�ORZHU�WKH�SRVVLELOLW\�RI�DOORFDWLQJ�LQFRUUHFW�HIIHFWV��

)LJXUH����&RPSOHWHG�SURGXFW�PRGHO�RI�D�SQHXPDWLF�F\OLQGHU



88 89

5. Results
7KLV�SDSHU�VKRZHG�DQ�DSSURDFK�IRU�V\VWHPLVLQJ�OHYHOV�RI�LQIRUPDWLRQ��VXFK�DV�WKH�TXDOLW\�RI�
LQIRUPDWLRQ�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��ZLWK�WKH�KHOS�RI�+HLGHPDQQ¶V�SURFHVV�
PRGHO��7UHQGV�RI�GLIIHUHQW�GLPHQVLRQV�ZHUH�FRQVLGHUHG��7KH�OHYHO�DQG�TXDOLW\�RI�LQIRUPDWLRQ�
ZDV�FRPSDUHG�ZLWK�WKH�SHUIRUPDQFH�UHTXLUHPHQWV�RI�DQ�)0($��:LWK�WKLV��LW�ZDV�SRVVLEOH�WR�DO-
ORFDWH�WKH�)0($�W\SHV�WR�WKH�SURGXFW�GHYHORSPHQW�SURFHVV�WR�GHWHUPLQH�WKH�PLQLPXP�TXDOLW\�
RI�LQIRUPDWLRQ�UHTXLUHG�IRU�HDFK�W\SH��%\�GH¿QLQJ�WKH�PLQLPXP�LQIRUPDWLRQ�TXDOLW\�WKH�SRVVLEOH�
UDQJH�IRU�HDFK�W\SH�LV�OLPLWHG�DQG�FDQ�EH�RSWLPL]HG�WR�DQ�LGHDO�SRLQW�LQ�WLPH�WR�SHUIRUP�HDFK�
)0($�W\SH��)LJXUH�����

6. Conclusions 
7KH�UHVXOWV�GHPRQVWUDWH�GHSHQGHQFLHV�EHWZHHQ�WKH�OHYHO�RI�LQIRUPDWLRQ��WKH�TXDOLW\�RI�LQIRUPD-
WLRQ�XVLQJ�WKH�,4�)UDPHZRUN�DQG�WKH�UHTXLUHPHQWV�RI�WKH�)0($��7KH�GHSHQGHQFLHV�DUH�XVHG�
WR�LGHQWLI\�WUHQGV�RI�WKH�GLPHQVLRQV�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��ZKLFK�DUH�XVHG�
WR�RSWLPL]H�WKH�SRLQW�LQ�WLPH�WR�SHUIRUP�DQ�)0($�

7KLV�LV�DQ�LPSRUWDQW�FRQWULEXWLRQ�WR�PDNLQJ�SURGXFWV�PRUH�UREXVW�EHFDXVH�IDLOXUHV�DUH�DQDO-
\VHG�DW�WKH�ULJKW�WLPH�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV��'HVLJQHUV�KDYH�WR�WKLQN�DERXW�
WKH�DYDLODEOH�OHYHO�DQG�TXDOLW\�RI�LQIRUPDWLRQ�XVHG�WR�SHUIRUP�DQ�)0($��VR�WKH�SURGXFW�LWVHOI�LV�
DQDO\VHG�EHIRUH�WKH�)0($�VWDUWV�

7KH�DSSURDFK�FDQ�EH�XVHG�IRU�HYHU\�W\SH�RI�SURGXFW�ZKHUH�LW�LV�SRVVLEOH�WKDW�WKH�WUHQGV�RI�WKH�
GLPHQVLRQV�GR�QRW�JURZ�RU�GHFOLQH�FRQWLQXRXVO\��,Q�WKLV�FRQWH[W��PRUH�WKDQ�RQH�LGHDO�SRLQW�LQ�
WLPH�IRU�SHUIRUPLQJ�DQ�)0($�LV�SRVVLEOH��

,Q�WKH�IXWXUH��WKLV�DSSURDFK�VKRXOG�EH�DGDSWHG�LQWR�SUD[LV�WR�HYDOXDWH�LW��7KH�LGHQWL¿HG�WUHQG�LQ�
LQIRUPDWLRQ�TXDOLW\�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SURFHVV�KDV�WR�EH�TXDQWL¿HG�EHFDXVH�WKH�
RSWLPL]DWLRQ�SURFHVV�LV�EDVHG�RQ�LW��)RU�H[DPSOH��LI�D�VFDOH�LV�GH¿QHG�DW�WKH�OHYHO�RI�LQIRUPDWLRQ�
RI�D�GLPHQVLRQ�WKH�RSWLPL]DWLRQ�SURFHVV�FDQ�EH�LPSURYHG�
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