
��������-LDQWDR�3DQ

7KH�'LPHQVLRQDOLW\�RI�)DLOXUHV�±�$�)DXOW�0RGHO�IRU
&KDUDFWHUL]LQJ�6RIWZDUH�5REXVWQHVV

-LDQWDR�3DQ
(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ�'HSDUWPHQW

&DUQHJLH�0HOORQ�8QLYHUVLW\
3LWWVEXUJK��3$��������86$

MSDQ#FPX�HGX

$EVWUDFW
6RIWZDUH� UREXVWQHVV� LV� D� PDMRU� FRQFHUQ� LQ� XVLQJ� &RP�
PHUFLDO� 2II�7KH�6KHOI� �&276�� VRIWZDUH� FRPSRQHQWV� LQ
PLVVLRQ�FULWLFDO� DSSOLFDWLRQV�� ([FHSWLRQDO� LQSXWV� DUH� D
PDMRU�FDXVH�RI�UREXVWQHVV�SUREOHPV��EXW� LW� FDQ�EH�GLIIL�
FXOW�WR�SURSHUO\�JXDUG�DJDLQVW�WKHP��,Q�WKLV�SDSHU�ZH�LQ�
WURGXFH� WKH� 'LPHQVLRQDOLW\�0RGHO� ±� D� PRGHO� IRU� FKDU�
DFWHUL]LQJ� WKH� WULJJHUV� IRU� VRIWZDUH� UREXVWQHVV� IDLOXUHV�
7KH�PRGHO� LV� EDVHG� RQ� SLQ�SRLQWLQJ� KRZ�PDQ\� IXQFWLRQ
FDOO�SDUDPHWHUV�DUH�UHVSRQVLEOH� IRU�D� IDLOXUH��7KH� VWXG\
UHYHDOV� WKDW� DSSUR[LPDWHO\� ���� RI� UREXVWQHVV� IDLOXUHV
IRXQG� LQ�RSHUDWLQJ� V\VWHPV�ZH� KDYH� WHVWHG� DUH� DWWULEXW�
DEOH�WR���GLPHQVLRQDO�YDOXHV��QDPHO\��IDLOXUHV�FDXVHG�E\
H[FHSWLRQDO� YDOXHV� IRU� D� VLQJOH� SDUDPHWHU�� 7KLV� UHVXOW
VXJJHVWV� WKDW� VFUHHQLQJ� EDVHG� RQ� D� ��GLPHQVLRQDO� DV�
VXPSWLRQ� PLJKW� EH� XVHIXO� LQ� KDUGHQLQJ� &276� VRIWZDUH
PRGXOHV�DJDLQVW� UREXVWQHVV� IDLOXUHV� WULJJHUHG�E\�H[FHS�
WLRQDO�LQSXW�YDOXHV�

���,QWURGXFWLRQ

:ULWLQJ�UREXVW� VRIWZDUH� >�@� LV� FRVWO\��7KH�SUREOHP� LV
DJJUDYDWHG� E\� LQFUHDVLQJO\� VHYHUH� FRQVWUDLQWV� VXFK� DV
WLJKW�EXGJHW��UDSLG�WLPH�WR�PDUNHW�DQG�VKRUW�SURGXFW� OLIH
F\FOH��8VLQJ�&RPPHUFLDO�2II�7KH�6KHOI��&276��VRIWZDUH
PRGXOHV�RU� OHJDF\� VRIWZDUH� FRPSRQHQWV� WR� DVVHPEOH� DS�
SOLFDWLRQV�PLJKW�EH�D�JRRG�ZD\�WR�FXW�FRVW��EXW�WKH�&276
DQG�OHJDF\�PRGXOHV�PD\�QRW�KDYH�EHHQ�ZULWWHQ�WR�KDQGOH
H[FHSWLRQDO� FRQGLWLRQV� ZHOO�� 8VXDOO\� &276� VRIWZDUH� LV
GHVLJQHG�WR�IXQFWLRQ� FRUUHFWO\�ZLWK�QRUPDO� LQSXWV�XQGHU
QRUPDO�VLWXDWLRQV��EXW�PD\�FUDVK��KDQJ��RU� H[KLELW� RWKHU
QRQ�UREXVW� EHKDYLRUV�XQGHU� H[FHSWLRQDO� LQSXWV� RU� LQ� DE�
QRUPDO� H[HFXWLRQ� HQYLURQPHQWV�� ,I� VXFK� VRIWZDUH� PRG�
XOHV� DUH� XVHG� LQ�PLVVLRQ�FULWLFDO� RU� VDIHW\�FULWLFDO� DSSOL�
FDWLRQV�� WKH\� PD\� FDXVH� ORVVHV� RU� HYHQ� HQWLUH� PLVVLRQ
IDLOXUH�� VXFK� DV� KDSSHQHG� ZLWK� $ULDQH� )OLJKW� ���� >�@�
7KLV� FUHDWHV� D�GLOHPPD��ZKLOH�RQ�RQH� KDQG�ZH�ZDQW� WR
XVH� &276� VRIWZDUH�PRGXOHV� EHFDXVH� RI� FRVW� LVVXHV�� RQ

WKH� RWKHU� KDQG� QRQ�UREXVWQHVV� RI� WKH� &276� VRIWZDUH
PRGXOHV�PLJKW�SXW�PLVVLRQ�VXFFHVV�DW�ULVN�

,I�FDQGLGDWH�VRIWZDUH�PRGXOHV�FDQ�EH�WHVWHG��DQDO\]HG
DQG� KDUGHQHG� DXWRPDWLFDOO\� WR� LPSURYH� UREXVWQHVV�� WKDW
PLJKW�SURPRWH� WKH�XVH�RI�&276�DQG� OHJDF\� VRIWZDUH� LQ
DQ�HYHQ�EURDGHU�UDQJH�RI�DSSOLFDWLRQV�LQFOXGLQJ�PLVVLRQ�
FULWLFDO�DQG�VDIHW\�FULWLFDO�DUHDV��6XFK�D�FDSDELOLW\�PLJKW
DOVR�PDNH� LW� FKHDSHU� DQG�PRUH� HIILFLHQW� WR� LPSURYH� WKH
UREXVWQHVV� RI� QHZO\�ZULWWHQ� VRIWZDUH� FRPSRQHQWV�� � %XW�
WKHUH� DUH� QR� H[LVWLQJ� FKDUDFWHUL]DWLRQV� RI� WKH� W\SHV� RI
YDOXHV�WKDW�PXVW�EH�KDUGHQHG�DJDLQVW�IRU�WKLV�DSSURDFK�WR
ZRUN�

7KLV� SDSHU� LQWURGXFHV� D� IDXOW� PRGHO�� FDOOHG� WKH� 'L�
PHQVLRQDOLW\� 0RGHO�� WR� FKDUDFWHUL]H� $SSOLFDWLRQ� 3UR�
JUDPPLQJ�,QWHUIDFH��$3,��OHYHO�VRIWZDUH�UREXVWQHVV�IDLO�
XUHV��8VLQJ�WHVW�UHVXOWV�JDWKHUHG�E\�D�FRPELQDWRULDO� WHVW�
LQJ� PHWKRG�� WKLV� PRGHO� KHOSHG� H[SODLQ� WKH� SDWWHUQV
IRUPHG�E\�SDUDPHWHU�V��FRQWULEXWLQJ�WR�REVHUYHG�IDLOXUHV�
3UHOLPLQDU\�UHVXOWV�LQ�WKH�326,;�>�@�$3,�IRXQG�WKDW����
RI�WKH�UREXVWQHVV�IDLOXUHV�LGHQWLILHG�ZHUH�FDXVHG�E\�D�VLQ�
JOH�SDUDPHWHU�

6HFWLRQ� �� GLVFXVVHV� WKH� %DOOLVWD� WHVWLQJ� PHWKRG� IRU
GDWD�JDWKHULQJ��6HFWLRQ��� LQWURGXFHV� WKH�'LPHQVLRQDOLW\
0RGHO�� ZKLOH� 6HFWLRQ� �� JLYHV� WKH� SUHOLPLQDU\� UHVXOWV
EDVHG�RQ�DQDO\]LQJ�WKH�WHVW�GDWD�JDWKHUHG�IURP����326,;
$3,� LPSOHPHQWDWLRQV� LQ�81,;� RSHUDWLQJ� V\VWHPV�� &RQ�
FOXVLRQV�FDQ�EH�IRXQG�LQ�6HFWLRQ���

���7HVWLQJ�PHWKRGRORJ\

7KLV�ZRUN�LV�EXLOW�XSRQ�WKH�SULRU�ZRUN�RI�WKH�%DOOLVWD
SURMHFW� >�@�� � 7KH� %DOOLVWD� SURMHFW� KDV� LPSOHPHQWHG� DQ
$3,�OHYHO� DXWRPDWHG� WHVWLQJ� WRRO� IRU� &276� VRIWZDUH
PRGXOHV��7KH�WHVW�FDVHV�DUH�VSHFLILHG�SHU�GDWD� W\SH��ZLWK
LGHQWLFDO� WHVW� FDVHV� DSSOLHG� WR� HYHU\� IXQFWLRQ� WKDW� WDNHV
DQ\�SDUWLFXODU�VHW�RI�GDWD�W\SHV�

$�FRPELQDWRULDO�WHVWLQJ�PHWKRG�LV�XVHG�WR�JHQHUDWH�WKH
WHVW�FDVHV�IRU�HDFK�PRGXOH��)RU�H[DPSOH�� WKH�V\VWHP�FDOO
UHDG��� DFFHSWV� WKUHH� SDUDPHWHUV�� IG� ILOHBGHV�� FKDU
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EXIIHU��LQW�VL]H��DQG�HDFK�RI�WKHVH�WKUHH�SDUDPHWHUV
KDV�D�VHW�RI�WHVWV�DVVRFLDWHG�ZLWK�LW��'XULQJ�WHVWLQJ��D�WHVW
KDUQHVV�JHQHUDWHV�DOO�WKH�SRVVLEOH�FRPELQDWLRQV�RI�SUHGH�
ILQHG� WHVW� FDVHV�� GUDZLQJ� XSRQ� WHVWV� IRU� HDFK� SDUDPHWHU
GDWD� W\SH�� (DFK� FRPELQDWLRQ� LV� WHVWHG� LQGLYLGXDOO\�� DQG
UREXVWQHVV� IDLOXUH� UHVXOWV� �SDVV�� FUDVK�� RU� KDQJ�� DUH
ORJJHG�LQWR�D�ILOH�

���7KH�'LPHQVLRQDOLW\�0RGHO

,Q� WKLV�VHFWLRQ�ZH�WDNH�VWHSV� WR� LQWURGXFH�WKH�'LPHQ�
VLRQDOLW\�0RGHO��:H�LQWURGXFH�WZR�LPSRUWDQW�GHILQLWLRQV
WKDW�VXPPDUL]H�WKH�'LPHQVLRQDOLW\�0RGHO�
�� 3DUDPHWHU� GLPHQVLRQDOLW\�� &RQVLGHU� D� VRIWZDUH

PRGXOH� I�� WDNLQJ� D� OLVW� RI� DUJXPHQWV� �[��� [��
������ 7KH� SDUDPHWHU� GLPHQVLRQDOLW\� LV� GHILQHG� DV
WKH�QXPEHU�RI�DUJXPHQWV�WDNHQ�E\�WKH�VRIWZDUH�PRG�
XOH�

7KH� GHILQLWLRQ� VWHPV� IURP� WKH� GLPHQVLRQDOLW\� RI� WKH
IXQFWLRQ� ZKHQ� GUDZLQJ� WKH� SDWWHUQ� RI� WHVW� UHVSRQVH� LQ
VSDFH��)RU�H[DPSOH��I�[��� KDV� D�SDUDPHWHU�GLPHQVLRQ�
DOLW\� RI� ��� EXW� J�[��� [��� LV� ��GLPHQVLRQDO�� )XQFWLRQ
UHDG�ILOHBGHV�� EXIIHU�� E\WHV�� WDNHV� WKUHH� SD�
UDPHWHUV��VR�LWV�SDUDPHWHU�GLPHQVLRQDOLW\�LV�WKUHH�
�� 5REXVWQHVV�IDLOXUH�GLPHQVLRQDOLW\��*LYHQ�D�SDUWLFXODU

VHW�RI�SDUDPHWHU�YDOXHV� WKDW�FDXVH�D� UREXVWQHVV� IDLO�
XUH��WKH�QXPEHU�RI�WKH�SDUDPHWHUV�WKDW�DFWXDOO\�FRQ�
WULEXWHV� WR� WKH� IDLOXUH� LV� GHILQHG� DV� WKH� UREXVWQHVV
IDLOXUH� GLPHQVLRQDOLW\�� )RU� H[DPSOH�� VXSSRVH� WKDW
I�[���[���[���IDLOV�ZKHQ�[� 18//��UHJDUGOHVV�RI
WKH�YDOXHV�RI�[��DQG�[���QRUPDO�RU�H[FHSWLRQDO���,Q
WKLV�FDVH�WKH�18//�YDOXH�RI�SDUDPHWHU�[��LV�WKH�RQO\
FRQWULEXWLQJ�IDFWRU�WR�WKH�IDLOXUHV��6R�DOO�WKH�IDLOXUHV
ZKHUH� [� 18//� ZRXOG� EH� ��GLPHQVLRQDO� IDLO�
XUHV�

,W� LV� REYLRXV� WKDW� WKH� IDLOXUH� GLPHQVLRQDOLW\� FDQ
QRW�H[FHHG�WKH�SDUDPHWHU�GLPHQVLRQDOLW\��,Q�WKH�H[�
DPSOH�RI�UHDG�ILOHBGHV��EXIIHU��E\WHV���DQ
LQYDOLG� ILOHBGHV� PD\� WULJJHU� ��GLPHQVLRQDO� IDLO�
XUHV��LI�WKH�IXQFWLRQ�GRHV�QRW�FKHFN�WR�SUHYHQW�LQYD�
OLG� ILOHBGHV� YDOXHV�� ,W� LV� DOVR� SRVVLEOH� WKDW� LI
E\WHV� �WR� UHDG�� LV� JUHDWHU� WKDQ� EXIIHU
�OHQJWK��� ZH� FDQ� H[SHFW� ��GLPHQVLRQDO� IDLOXUHV�
VLQFH�ERWK�RI�WKH�SDUDPHWHU�YDOXHV�FRQWULEXWH� WR� WKH
IDLOXUHV��1RWH�WKDW�LW�LV�SRVVLEOH�IRU�D�VSHFLILF�IDLOXUH
WR� EHORQJ� WR� ERWK� D� KLJK�� DQG� ORZ�GLPHQVLRQDOLW\
IDLOXUH�VHW�� ,Q�VXFK�FDVHV��ZH�FDQ�FRXQW� WKDW� IDLOXUH
DV� KDYLQJ� WKH� ORZHVW� SRVVLEOH� GLPHQVLRQDOLW\�� ,Q
RWKHU�ZRUGV��IRU�RXU�PHDVXUHPHQWV�WKH�ORZHU�GLPHQ�
VLRQDOLW\�FKDUDFWHULVWLF�SUHYDLOV�

�����������������������������������������������

�7KHUH�LV�D�VSHFLDO�FDVH�WKDW�D�IXQFWLRQ�DFFHSWV�QR�SDUDPHWHUV�DW�DOO��ZKLFK
LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU�

)DLOXUH� GLPHQVLRQDOLW\� LQIRUPDWLRQ� LV� FUXFLDO� IRU
ZULWLQJ�HIILFLHQW�SURWHFWLRQ�FRGH��$IWHU�WHVWLQJ�D�IXQFWLRQ�
D� OLVW�RI�UREXVWQHVV�IDLOXUHV� LV�JHQHUDWHG��PDQ\�RI�ZKLFK
PD\� EH� WKH� UHVXOW� RI� VHYHUDO� ORZ�GLPHQVLRQDOLW\� IDLOXUH
YDOXHV� OHIW�XQJXDUGHG��8VLQJ� WKH�'LPHQVLRQDOLW\�0RGHO�
ZH�PD\�FDWHJRUL]H�WKH�IDLOXUHV�LQWR�GLIIHUHQW�JURXSV��)RU
H[DPSOH�� D�18//�ILOH�SRLQWHU�� ZKHQ� QRW� FKHFNHG�
FDQ�OHDG�WR�PDQ\���GLPHQVLRQDO�IDLOXUHV��:H�FDQ�FKRRVH
WR�ZULWH�FRGH�WR�FKHFN�IRU���GLPHQVLRQDO�YDOXHV� OLNH� WKLV
ILUVW� WR� LPSURYH�UXQ�WLPH�HIILFLHQF\�� RU� HYHQ� MXVW�KDUGHQ
��GLPHQVLRQDO�IDLOXUHV�LI�UHVRXUFHV�RU�FDSDELOLWLHV�DUH�WRR
OLPLWHG�WR�DGGUHVV�PXOWL�GLPHQVLRQDO�IDLOXUH�PRGHV�

���/RZ�GLPHQVLRQDOLW\�LV�FRPPRQ

$OWKRXJK�SHUKDSV�QRW�DUWLFXODWHG�DV�VXFK�� WKH� LGHD�RI
GLPHQVLRQDOLW\�KDV�H[LVWHG�IRU�D�ORQJ�WLPH��,Q�WKH�WHVWLQJ
GRPDLQ��H�J���>�@���IDLOXUHV�FDXVHG�E\�LQWHUDFWLRQV�RI�PXO�
WLSOH�SDUDPHWHUV�DUH�DVVXPHG�WR�EH�UDUH��VR�WKDW�WHVW�FDVH
JHQHUDWLRQ�LV�RSWLPL]HG�WR�FRYHU���RU���SDUDPHWHUV��7KH
SUHYDOHQFH�RI� ORZ�GLPHQVLRQDOLW\� LV� DVVXPHG� WR� EH� WUXH�
DFFRUGLQJ� WR� SURJUDPPHU� H[SHULHQFH�� 7KH� TXHVWLRQ� RI
ZKHWKHU� WKDW� DVVXPSWLRQ� LV� MXVWLILHG� UHPDLQV� RSHQ� XQWLO
QRZ��PDLQO\�EHFDXVH�WKHUH�DUH�QRW�HQRXJK�GDWD�VWXGLHV�

:LWK� WKH�KHOS�RI� WKH�%DOOLVWD� UREXVWQHVV� WHVWLQJ� VHUY�
LFH��ZH� KDYH� JDWKHUHG� ����PLOOLRQ� GDWD� SRLQWV� IURP� WKH
WHVWLQJ� RI� ��� 326,;� FRPSOLDQW� RSHUDWLQJ� V\VWHPV� IURP
���YHQGRUV��7KH�RYHUDOO� IDLOXUH�UDWH�RI�DQ�RSHUDWLQJ�V\V�
WHP�LV� WKH� DYHUDJH�RI� DOO� WKH�326,;� IXQFWLRQV� WHVWHG�RQ
WKDW�RSHUDWLQJ�V\VWHP��7KH�UHVXOWV�DUH�QRUPDOL]HG�E\�WKH
QXPEHU�RI�WHVWV�ZLWKLQ�HDFK�IXQFWLRQ��DQG�WKHQ�DYHUDJHG
DFURVV�DOO� WKH�IXQFWLRQV� WHVWHG��7KHVH� UHVXOWV� �SRWHQWLDOO\
ZHLJKWHG�E\� H[HFXWLRQ�SURILOH�� FDQ�EH� LQWHUSUHWHG�DV� WKH

Figure 1.  Impact of 1-Dimensional Failures
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UHODWLYH� OLNHOLKRRG� RI� HQFRXQWHULQJ� D� UREXVWQHVV� IDLOXUH
ZKHQ� SDVVLQJ� DQ� H[FHSWLRQDO� GDWD� YDOXH� WR� 326,;�$3,
IXQFWLRQV� RQ� WKDW� SODWIRUP�� ,Q� )LJXUH� ��� WKH� UREXVWQHVV
IDLOXUH� UDWH� UDQJHV� EHWZHHQ� ������ IRU� ,%0� $,;� DQG
������� IRU�41;������� 7KH� YDULDWLRQ� LV� VXEVWDQWLDO�� DO�
WKRXJK�WKH\�DUH�DOO� LPSOHPHQWDWLRQV�RI� WKH� VDPH� LQ�
WHUIDFH� VSHFLILFDWLRQ�� )RU� VRPH� DSSOLFDWLRQV�� WKRVH
OHYHOV�RI�UREXVWQHVV�PLJKW�QRW� EH� DFFHSWDEOH�� ,Q� FHU�
WDLQ� FDVHV�� LW� PLJKW� WKHUHIRUH� EH� GHVLUDEOH� WR� DXWR�
PDWLFDOO\� KDUGHQ� WKRVH� 326,;� FDOOV� DJDLQVW� UREXVW�
QHVV�IDLOXUHV��LI�WKH\�DUH�WR�EH�XVHG�LQ�PLVVLRQ�FULWLFDO
DQG�VDIHW\�FULWLFDO� VLWXDWLRQV��ZKLFK� LV� RXU� IXWXUH� UH�
VHDUFK�JRDO�

,Q�RXU�H[SHULPHQW��ZH�IRFXVHG�RQ�WKH�³OLNHOLKRRG´
WKDW� D� UREXVWQHVV� IDLOXUH� LV���GLPHQVLRQDO�� ,Q�)LJXUH
��� WKH� OLJKW� SRUWLRQ� RI� WKH� EDUV� LQGLFDWHV� WKLV� OLNHOL�
KRRG�� ,Q� RWKHU� ZRUGV�� LI� ZH� KDYH� VXFFHVVIXOO\� SUR�
WHFWHG�DJDLQVW���GLPHQVLRQDO�IDLOXUHV��DOO�WKH�VFRUHV�RI
WKH�RSHUDWLQJ� V\VWHP�ZLOO� EH� VLJQLILFDQWO\� LPSURYHG�
IURP��������IDLOXUH�UDWH�RQ�DYHUDJH�GRZQ�WR�PHUHO\
�������FXWWLQJ�GRZQ�WKH�IDLOXUHV�WR�����RI�WKH�RULJL�
QDO�IDLOXUH�UDWH�LI�ZH�VLPSO\�FKHFN�IRU���GLPHQVLRQDO
UREXVWQHVV�IDLOXUHV�

)LJXUH���JLYHV�DQRWKHU�YLHZ�RI� WKH�VDPH�LQIRUPDWLRQ�
VWUHWFKLQJ� WKH� V\VWHP� IDLOXUH� UDWH� WR� ����� VFDOH�� 7KH
JUDSK�LQGLFDWHV�WKDW�DOWKRXJK�WKH�YDULDWLRQ�RI� WKH�IDLOXUH
UDWH�LV�VLJQLILFDQW� IURP�RQH�RSHUDWLQJ�V\VWHP�WR�DQRWKHU�
WKH� UHODWLYH�SRUWLRQ�RI� IDLOXUHV� WKDW� DUH���GLPHQVLRQDO� LV
DSSUR[LPDWHO\� D� FRQVWDQW�� 6SHFLILFDOO\�� RQ� DYHUDJH
������� RI� WKH� V\VWHP� IDLOXUH� UDWH� LV� DWWULEXWHG� WR� ��
GLPHQVLRQDO�IDLOXUHV��ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI�������
7KLV� SURYLGHV� HYLGHQFH� WKDW� ��GLPHQVLRQDO� IDLOXUHV�� WKH
VLPSOHVW�IRUP�RI�UREXVWQHVV�IDLOXUHV� LQ� WKH�'LPHQVLRQDO�
LW\�0RGHO�DQG�SUHVXPDEO\� WKH� HDVLHVW� WR�SURWHFW� DJDLQVW�
DUH�XQLIRUPO\�SUHYDOHQW� DFURVV� DOO� WKH�RSHUDWLQJ� V\VWHPV
ZH�KDYH�WHVWHG�

���&RQFOXVLRQV

,Q�WKLV�SDSHU�ZH�KDYH�SUHVHQWHG�WKH�'LPHQVLRQDOLW\�RI
)DLOXUHV�� D� QHZ� � PRGHO� IRU� FKDUDFWHUL]LQJ� VRIWZDUH
UREVWQHVV�IDLOXUHV��:H�GLVFXVVHG�KRZ�WKH�PRGHO�LV�UHODWHG
WR� FRPELQDWRULDO� WHVWLQJ�� DQG� VKRZHG� WKDW� RQH�
GLPHQVLRQDO�IDLOXUHV�DUH�SUHYDOHQW�DFURVV�D�ZLGH�UDQJH�RI
326,;�RSHUDWLQJ�V\VWHP�LPSOHPHQWDWLRQV�

%DVHG� RQ� WKHVH� UHVXOWV�� ZH� VSHFXODWH� WKDW� UREXVWQHVV
KDUGHQLQJ� FDQ� EH� GRQH� ZLWK� WKH� KHOS� RI� WKH
'LPHQVLRQDOLW\�0RGHO�� �7KH�GLPHQVLRQDOLW\� LQIRUPDWLRQ
FDQ�EH�DXWRPDWLFDOO\�GLVWLOOHG�JLYHQ�FRPELQDWRULDO�WHVWLQJ
UHVXOWV��7KH�FRUUHFW�VHTXHQFH�RI�DQDO\]LQJ�DQG�SURWHFWLQJ
DJDLQVW� UREXVWQHVV� IDLOXUHV� VKRXOG� VWDUW� ZLWK� ORZ
GLPHQVLRQDOLW\�IDLOXUHV��LQ�RUGHU�WR�EH�FRVW�HIIHFWLYH�

7KH�'LPHQVLRQDOLW\�0RGHO� LV� LQWHQGHG� WR�EH�JHQHUDO�
VR� WKDW� LW�FDQ�EH�H[WHQGHG�WR�FKDUDFWHUL]H�RWKHU�NLQGV�RI
VRIWZDUH� GHIHFWV�� RU� RWKHU� FKDUDFWHULVWLFV� LQ� D� SDUDPHWHU
VSDFH�� � � ([WHQGLQJ� LWV� DSSOLFDELOLW\� LV� DQ� DUHD� RI� IXWXUH
ZRUN�

Figure 2.  Percentage of Failure Rate Due to
1-Dimensional Failures
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7KLV� UHVHDUFK� ZDV� VSRQVRUHG� E\� '$53$� FRQWUDFW
'$%7������&������ �WKH� %DOOLVWD� SURMHFW�� DQG� 215
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