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(XUR67$5�����

$SSOLFDWLRQ�)LHOGV�IRU�(YROXWLRQDU\�7HVWLQJ

-RDFKLP�:HJHQHU��+DUPHQ�6WKDPHU��DQG�$QGUp�%DUHVHO
'DLPOHU&KU\VOHU�$*��5HVHDUFK�DQG�7HFKQRORJ\��$OW�0RDELW���D��'�������%HUOLQ��*HUPDQ\

-RDFKLP�:HJHQHU#'DLPOHU&KU\VOHU�FRP
+DUPHQ�6WKDPHU#'DLPOHU&KU\VOHU�FRP
$QGUH�%DUHVHO#'DLPOHU&KU\VOHU�FRP

$EVWUDFW
'\QDPLF� WHVWLQJ� LV� WKH� PRVW� LPSRUWDQW� DQDO\WLF� TXDOLW\� PHDVXUH� ZLWKLQ� WKH� GHYHORSPHQW� RI
VRIWZDUH�EDVHG� V\VWHPV�� )UHTXHQWO\�� �������� RI� WKH� WRWDO� GHYHORSPHQW� H[SHQVHV� JR� WR� WKH
WHVWLQJ�RI� WKHVH�V\VWHPV��7HVW�FDVH�GHVLJQ� LV� WKH�GHFLVLYH� WHVW�DFWLYLW\� IRU� WHVW�TXDOLW\�� VLQFH� LW
GHWHUPLQHV�W\SH�DQG�VFRSH�RI�WKH�WHVW��)RU�PRVW�WHVW�REMHFWLYHV��WHVW�FDVH�GHVLJQ� LV�GLIILFXOW� WR
DXWRPDWH�� 7KHUHIRUH�� LW� KDV� WR� EH� SHUIRUPHG� PDQXDOO\�� ZKLFK� LQ� WXUQ� LQFUHDVHV� FRVWV� DQG
H[SHQVHV�IRU�WKH�WHVW��)XUWKHUPRUH��WKH�TXDOLW\�RI�WKH�GHWHUPLQHG�WHVW�FDVH�LV�VWURQJO\�LQIOXHQFHG
E\�WKH�SHUIRUPDQFH�RI�WKH�WHVWHU�
$�SURPLVLQJ�DSSURDFK� WR� DXWRPDWH� WHVW� FDVH�GHVLJQ� IRU� YDULRXV� WHVW� REMHFWLYHV� LV� (YROXWLRQDU\
7HVW�� (YROXWLRQDU\� WHVWLQJ� UHIHUV� WR� WKH� XVH� RI� PHWD�KHXULVWLF� VHDUFK� WHFKQLTXHV� IRU� WHVW� GDWD
JHQHUDWLRQ�� :KHQHYHU� D� WHVW� REMHFWLYH� PD\� EH� H[SUHVVHG� QXPHULFDOO\�� WKH� GHSOR\PHQW� RI
HYROXWLRQDU\� WHVWLQJ� IRU� WKH� DXWRPDWLRQ� RI� WHVW� FDVH� GHVLJQ� LV� SRVVLEOH�� 7KH� DSSURSULDWH
IRUPDOLVDWLRQ�RI�WKH�WHVW�REMHFWLYH�LV�WKH�NH\�WR�VXFFHVV��7KLV�SDSHU�LQWHQGV�WR�JLYH�DQ�RYHUYLHZ�RI
WKH�SURFHVVLQJ�RI�GLIIHUHQW� WHVW�REMHFWLYHV� LQ�RUGHU� WR�DFKLHYH� WKHLU�DXWRPDWLRQ�E\�HYROXWLRQDU\
WHVWLQJ�

� ,QWURGXFWLRQ

2I�DOO� WHVWLQJ�DFWLYLWLHV�� WHVW�FDVH�GHVLJQ�KDV�PRVW� LQIOXHQFH�RQ� WKH�RYHUDOO� WHVW�TXDOLW\�VLQFH� LW
GHILQHV� W\SH� DQG� VFRSH� RI� WKH� WHVW�� )RU� WKLV� UHDVRQ�� D� YDULHW\� RI� GLIIHUHQW� WHVW�PHWKRGV� ZHUH
GHYHORSHG� LQ� WKH� ODVW� FHQWXU\�� LQWHQGHG� WR� VXSSRUW� V\VWHPDWLF� WHVW� FDVH� GHWHUPLQDWLRQ�� 7KH
SURFHGXUHV�PD\�EH�GLYLGHG�LQWR�IXQFWLRQDO��VWUXFWXUDO��VWDWLVWLFDO��DQG�GLYHUVLI\LQJ�SURFHGXUHV��$OO
SURFHGXUHV� FOHDUO\� HPSKDVLVH� WKH� WHVWLQJ� RI� ORJLFDO� SURJUDP� EHKDYLRXU�� $W� SUHVHQW�
FRPSUHKHQVLYH� WHVW� DXWRPDWLRQ� LV� RQO\� SRVVLEOH� IRU� VWDWLVWLFDO� WHVW� PHWKRGV�� VLQFH� IRUPDO
VSHFLILFDWLRQ� WHFKQLTXHV� KDYH� QRW� \HW� JDLQHG� ZLGHVSUHDG� DFFHSWDQFH� ZLWKLQ� LQGXVWU\�� )RU� WKH
DXWRPDWLRQ� RI� VWDWLVWLFDO� WHVWLQJ�� WKH� DYDLODELOLW\� RI� DQ� RSHUDWLRQDO� SURILOH� DQG� D� WHVW� RUDFOH� LV
SUHUHTXLVLWH�� 7KHVH� SUHFRQGLWLRQV� DUH� QRW� DYDLODEOH� IRU� WKH� YDVW� PDMRULW\� RI� WKH� V\VWHPV�
7KHUHIRUH�� IRU� PRVW� WHVW� REMHFWLYHV�� WHVW� FDVH� GHVLJQ� LV� GLIILFXOW� WR� DXWRPDWH� DQG� KDV� WR� EH
SHUIRUPHG�PDQXDOO\�
• IRU� IXQFWLRQDO� WHVWLQJ�� WKH�JHQHUDWLRQ�RI� WHVW�FDVHV� LV�XVXDOO\� LPSRVVLEOH�EHFDXVH�QR� IRUPDO

VSHFLILFDWLRQV�DUH�DSSOLHG�LQ�LQGXVWULDO�SUDFWLFH�
• VWUXFWXUDO� DQG� PXWDWLRQ� WHVWLQJ� DUH� GLIILFXOW� WR� DXWRPDWH� GXH� WR� WKH� OLPLWV� RI� V\PEROLF

H[HFXWLRQ��DQG
• IRU� WHVWLQJ� QRQ�IXQFWLRQDO� FRQVWUDLQWV� OLNH� WHPSRUDO� EHKDYLRXU�� VDIHW\� DQG� UREXVWQHVV� RI

V\VWHPV�QR�VSHFLDOL]HG�PHWKRGV�DQG�WRROV�H[LVW�
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7R�LQFUHDVH�WKH�HIIHFWLYHQHVV�DQG�HIILFLHQF\�RI�WKH�WHVW�DQG�WKXV�UHGXFH�WKH�RYHUDOO�GHYHORSPHQW
FRVWV� IRU� VRIWZDUH�EDVHG� V\VWHPV�� ZH� UHTXLUH� D� WHVW� WKDW� LV� V\VWHPDWLF� DQG� H[WHQVLYHO\
DXWRPDWDEOH��:KLOH� IXQFWLRQDO� WHVW� FDVH�GHVLJQ�FDQ�EH�DXWRPDWHG� WR� D� ODUJH� H[WHQW� XVLQJ� QHZ
WRROV� VXFK� DV� WKH� &7(� ;/� >/HKPDQQ� DQG�:HJHQHU�� ����@�� HYROXWLRQDU\� WHVWLQJ� LV� D� SURPLVLQJ
DSSURDFK� IRU� IXOO\� DXWRPDWLQJ� WHVW� FDVH� GHVLJQ� IRU� WKH� RWKHU� DVSHFWV� PHQWLRQHG� DERYH�� 7KH
(YROXWLRQDU\�7HVW�FDQ�EH�XVHG�WR�JHQHUDWH�WHVW�FDVHV�IRU�VWUXFWXUDO�WHVWLQJ��DQG�LW�IDFLOLWDWHV�WKH
DXWRPDWLRQ�RI�WHVWLQJ�QRQ�IXQFWLRQDO�FRQVWUDLQWV�

)RU�HYROXWLRQDU\�WHVWLQJ��WKH�WHVW�FDVH�GHVLJQ�KDV�WR�EH�WUDQVIRUPHG�LQWR�DQ�RSWLPLVDWLRQ�SUREOHP
WKDW�LQ�WXUQ�LV�VROYHG�ZLWK�PHWD�KHXULVWLF�VHDUFK�WHFKQLTXHV��VXFK�DV�HYROXWLRQDU\�DOJRULWKPV�RU
VLPXODWHG�DQQHDOLQJ��7KH�LQSXW�GRPDLQ�RI�WKH�V\VWHP�XQGHU�WHVW�UHSUHVHQWV�WKH�VHDUFK�VSDFH�LQ
ZKLFK�WHVW�GDWD�IXOILOOLQJ�WKH�WHVW�REMHFWLYHV�XQGHU�FRQVLGHUDWLRQ�LV�VHDUFKHG�IRU��7KH�(YROXWLRQDU\
7HVW�LV�DSSOLFDEOH�LQ�JHQHUDO�EHFDXVH�LW�DGDSWV�LWVHOI�WR�WKH�V\VWHP�XQGHU�WHVW��(IIHFWLYHQHVV�DQG
HIILFLHQF\� RI� WKH� WHVW� SURFHVV� FDQ� EH� FOHDUO\� LPSURYHG� E\� (YROXWLRQDU\� 7HVWV�� 7KLV� KDV� EHHQ
VXFFHVVIXOO\� SURYHG� LQ� VHYHUDO� FDVH� VWXGLHV�� (YROXWLRQDU\� 7HVWV� WKXV� FRQWULEXWH� WR� TXDOLW\
LPSURYHPHQW�DV�ZHOO�DV�WR�WKH�UHGXFWLRQ�RI�GHYHORSPHQW�FRVWV�
7KH� ILUVW� FKDSWHU� LQWURGXFHV� WKH� EDVLF� SULQFLSOHV� RI� WKH� (YROXWLRQDU\� 7HVW�� 7KH� VHFRQG� FKDSWHU
GLVFXVVHV� LWV�XVH�IRU�VWUXFWXUDO� WHVWLQJ��7KH�IROORZLQJ�FKDSWHU�GHVFULEHV�WKH�XVH�RI�HYROXWLRQDU\
WHVWLQJ� IRU� WKH� H[DPLQDWLRQ� RI� QRQ�IXQFWLRQDO� FRQVWUDLQWV�� QDPHO\� WHPSRUDO� EHKDYLRXU� WHVWLQJ�
VDIHW\� WHVWLQJ�� DQG� UREXVWQHVV� WHVWLQJ�� 7KH� SDSHU� FRQFOXGHV� ZLWK� D� VXPPDU\� RI� WKH� PRVW
LPSRUWDQW�UHVXOWV�DQG�DQ�RXWORRN�RQ�IXWXUH�ZRUN�

� (YROXWLRQDU\�7HVWLQJ
(YROXWLRQDU\�WHVWLQJ�LV�FKDUDFWHULVHG�E\�WKH�XVH�RI�PHWD�KHXULVWLF�VHDUFK�PHWKRGV�IRU�WHVW�FDVH
JHQHUDWLRQ��7R�DFKLHYH�WKLV��WKH�FRQVLGHUHG�WHVW�DLP�LV�WUDQVIRUPHG�LQWR�DQ�RSWLPLVDWLRQ�SUREOHP�
7KH�LQSXW�GRPDLQ�RI�WKH�WHVW�REMHFW�IRUPV�WKH�VHDUFK�VSDFH�LQ�ZKLFK�RQH�VHDUFKHV�IRU�WHVW�GDWD
WKDW�IXOILOV�WKH�UHVSHFWLYH�WHVW�DLP��'XH�WR�WKH�QRQ�OLQHDULW\�RI�VRIWZDUH��LI�VWDWHPHQWV��ORRSV�HWF��
WKH�FRQYHUVLRQ�RI�WHVW�SUREOHPV�WR�RSWLPLVDWLRQ�WDVNV�PRVWO\�UHVXOWV�LQ�FRPSOH[��GLVFRQWLQXRXV�
DQG�QRQ�OLQHDU�VHDUFK�VSDFHV��1HLJKERXUKRRG�VHDUFK�PHWKRGV�OLNH�KLOO�FOLPELQJ�DUH�QRW�VXLWDEOH
LQ� VXFK� FDVHV�� 7KHUHIRUH�� PHWD�KHXULVWLF� VHDUFK� PHWKRGV� DUH� HPSOR\HG�� H�J�� HYROXWLRQDU\
DOJRULWKPV��VLPXODWHG�DQQHDOLQJ��RU�WDERR�VHDUFK��,Q�RXU�ZRUN��HYROXWLRQDU\�DOJRULWKPV�DUH�XVHG
WR�JHQHUDWH� WHVW�GDWD�EHFDXVH� WKHLU� UREXVWQHVV�DQG�VXLWDELOLW\� IRU� WKH� VROXWLRQ� RI�GLIIHUHQW� WHVW
WDVNV�KDV�DOUHDG\�EHHQ�SURYHQ� LQ�SUHYLRXV�ZRUN�� H�J�� >-RQHV�HW� DO��� ����@�DQG� >:HJHQHU�HW� DO��
����@�

��� $�%ULHI�,QWURGXFWLRQ�WR�(YROXWLRQDU\�$OJRULWKPV
(YROXWLRQDU\�DOJRULWKPV�UHSUHVHQW�D�FODVV�RI�DGDSWLYH�VHDUFK�WHFKQLTXHV�DQG�SURFHGXUHV�EDVHG
RQ� WKH� SURFHVVHV� RI� QDWXUDO� JHQHWLFV� DQG� 'DUZLQ·V� WKHRU\� RI� ELRORJLFDO� HYROXWLRQ�� 7KH\� DUH
FKDUDFWHULVHG�E\�DQ�LWHUDWLYH�SURFHGXUH�DQG�ZRUN�LQ�SDUDOOHO�RQ�D�QXPEHU�RI�SRWHQWLDO�VROXWLRQV�²
WKH� SRSXODWLRQ� RI� LQGLYLGXDOV�� 3HUPLVVLEOH� VROXWLRQ� YDOXHV� IRU� WKH� YDULDEOHV� RI� WKH� RSWLPLVDWLRQ
SUREOHP�DUH�HQFRGHG�LQ�HDFK�LQGLYLGXDO�
7KH� IXQGDPHQWDO� FRQFHSW� RI� HYROXWLRQDU\� DOJRULWKPV� LV� WR� HYROYH� VXFFHVVLYH� JHQHUDWLRQV� RI
LQFUHDVLQJO\� EHWWHU� FRPELQDWLRQV� RI� WKRVH� SDUDPHWHUV� WKDW� VLJQLILFDQWO\� DIIHFW� WKH� RYHUDOO
SHUIRUPDQFH�RI�D�GHVLJQ��6WDUWLQJ�ZLWK�D�VHOHFWLRQ�RI�JRRG�LQGLYLGXDOV��WKH�HYROXWLRQDU\�DOJRULWKP
DWWHPSWV� WR� DFKLHYH� WKH� RSWLPXP� VROXWLRQ� E\� UDQGRP� H[FKDQJH� RI� LQIRUPDWLRQ� EHWZHHQ
LQFUHDVLQJO\�ILW�VDPSOHV��UHFRPELQDWLRQ��DQG�LQWURGXFWLRQ�RI�D�SUREDELOLW\�RI�LQGHSHQGHQW�UDQGRP
FKDQJH� �PXWDWLRQ��� 7KH� DGDSWDWLRQ� RI� WKH� HYROXWLRQDU\� DOJRULWKP� LV� DFKLHYHG� E\� VHOHFWLRQ� DQG
UHLQVHUWLRQ�SURFHGXUHV�ZKLFK�DUH�EDVHG�RQ�WKH� LQGLYLGXDOV·� ILWQHVV�YDOXHV��6HOHFWLRQ�SURFHGXUHV
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FRQWURO�ZKLFK�LQGLYLGXDOV�DUH�VHOHFWHG�IRU�UHSURGXFWLRQ��7KH�UHLQVHUWLRQ�VWUDWHJ\�GHWHUPLQHV�KRZ
PDQ\�DQG�ZKLFK�LQGLYLGXDOV�DUH�WDNHQ�IURP�WKH�SDUHQW�DQG�WKH�RIIVSULQJ�SRSXODWLRQ� WR� IRUP�WKH
QH[W�JHQHUDWLRQ�
7KH�ILWQHVV�YDOXH�LV�D�QXPHULFDO�YDOXH�WKDW�H[SUHVVHV�WKH�SHUIRUPDQFH�RI�DQ�LQGLYLGXDO�ZLWK�UHJDUG
WR� WKH�FXUUHQW�RSWLPXP��VR� WKDW�GLIIHUHQW� LQGLYLGXDOV�FDQ�EH�FRPSDUHG��7KH�QRWLRQ�RI� ILWQHVV� LV
IXQGDPHQWDO�WR�WKH�DSSOLFDWLRQ�RI�HYROXWLRQDU\�DOJRULWKPV��WKH�GHJUHH�RI�VXFFHVV� LQ�XVLQJ�WKHP
GHSHQGV�FULWLFDOO\�RQ�WKH�GHILQLWLRQ�RI�D�ILWQHVV�IXQFWLRQ�WKDW�FKDQJHV�QHLWKHU�WRR�UDSLGO\�QRU�WRR
VORZO\�ZLWK�WKH�GHVLJQ�SDUDPHWHUV��7KH�ILWQHVV�IXQFWLRQ�PXVW�JXDUDQWHH�WKDW� LQGLYLGXDOV�FDQ�EH
GLIIHUHQWLDWHG�DFFRUGLQJ�WR�WKHLU�VXLWDELOLW\�IRU�VROYLQJ�WKH�RSWLPLVDWLRQ�SUREOHP�
)LJ����SURYLGHV�DQ�RYHUYLHZ�RI�D�W\SLFDO�SURFHGXUH�IRU�HYROXWLRQDU\�DOJRULWKPV��)LUVW��D�SRSXODWLRQ
RI�JXHVVHV�RQ� WKH�VROXWLRQ�RI�D�SUREOHP� LV� LQLWLDOLVHG��XVXDOO\�DW� UDQGRP��(DFK� LQGLYLGXDO�ZLWKLQ
WKH� SRSXODWLRQ� LV� HYDOXDWHG� E\� FDOFXODWLQJ� LWV� ILWQHVV�� 7KLV� ZLOO� XVXDOO\� UHVXOW� LQ� D� VSUHDG� RI
VROXWLRQV� UDQJLQJ� LQ� ILWQHVV� IURP�YHU\�SRRU� WR�JRRG��7KH� UHPDLQGHU�RI� WKH�DOJRULWKP� LV� LWHUDWHG
XQWLO�WKH�RSWLPXP�LV�DFKLHYHG��RU�DQRWKHU�VWRSSLQJ�FRQGLWLRQ� LV� IXOILOOHG��3DLUV�RI� LQGLYLGXDOV�DUH
VHOHFWHG� IURP� WKH�SRSXODWLRQ�DFFRUGLQJ� WR� WKH�SUH�GHILQHG�VHOHFWLRQ� VWUDWHJ\�� DQG�FRPELQHG� LQ
VRPH�ZD\�WR�SURGXFH�D�QHZ�JXHVV�DQDORJRXVO\�WR�ELRORJLFDO�UHSURGXFWLRQ��$GGLWLRQDOO\��PXWDWLRQ
LV� DSSOLHG�� 7KH� QHZ� LQGLYLGXDOV� DUH� HYDOXDWHG� IRU� WKHLU� ILWQHVV�� DQG� VXUYLYRUV� LQWR� WKH� QH[W
JHQHUDWLRQ� DUH� FKRVHQ� IURP� SDUHQWV� DQG� RIIVSULQJ�� RIWHQ� DFFRUGLQJ� WR� ILWQHVV�� ,W� LV� LPSRUWDQW�
KRZHYHU�� WR�PDLQWDLQ� GLYHUVLW\� LQ� WKH� SRSXODWLRQ� WR� SUHYHQW� SUHPDWXUH� FRQYHUJHQFH� WR� D� VXE�
RSWLPDO�VROXWLRQ�

Initialization

Evaluation

Selection

Recombination

Optimization
criteria met? Result

Mutation

Reinsertion

Evaluation

)LJXUH����(YROXWLRQDU\�$OJRULWKPV

��� $SSOLFDWLRQ�WR�6RIWZDUH�7HVWLQJ
,Q�RUGHU� WR�DXWRPDWH�VRIWZDUH� WHVWV�ZLWK� WKH�DLG�RI�HYROXWLRQDU\�DOJRULWKPV�� WKH� WHVW� DLP�PXVW
LWVHOI�EH�WUDQVIRUPHG�LQWR�DQ�RSWLPLVDWLRQ�WDVN��)RU�WKLV��D�QXPHULF�UHSUHVHQWDWLRQ�RI�WKH�WHVW�DLP
LV�QHFHVVDU\��IURP�ZKLFK�D�VXLWDEOH�ILWQHVV�IXQFWLRQ�IRU�WKH�HYDOXDWLRQ�RI�WKH�JHQHUDWHG�WHVW�GDWD
FDQ�EH�GHULYHG�� (DFK� JHQHUDWHG� LQGLYLGXDO� UHSUHVHQWV� D� WHVW� GDWXP� IRU� WKH� V\VWHP� XQGHU� WHVW�
'HSHQGLQJ� RQ� ZKLFK� WHVW� DLP� LV� SXUVXHG�� GLIIHUHQW� ILWQHVV� IXQFWLRQV� HPHUJH� IRU� WHVW� GDWD
HYDOXDWLRQ��,I�DQ�DSSURSULDWH�ILWQHVV�IXQFWLRQ�FDQ�EH�GHILQHG��WKHQ�WKH�(YROXWLRQDU\�7HVW�SURFHHGV
DV�IROORZV�
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7KH�LQLWLDO�SRSXODWLRQ�LV�XVXDOO\�JHQHUDWHG�DW�UDQGRP��,Q�SULQFLSOH��LI�WHVW�GDWD�KDV�EHHQ�REWDLQHG
E\�D�SUHYLRXV�V\VWHPDWLF�WHVW��WKLV�FRXOG�DOVR�EH�XVHG�DV�LQLWLDO�SRSXODWLRQ�>:HJHQHU�HW�DO�������@�
7KH�(YROXWLRQDU\�7HVW�FRXOG�WKXV�EHQHILW�IURP�WKH�WHVWHU
V�NQRZOHGJH�RI�WKH�V\VWHP�XQGHU�WHVW�
(DFK�LQGLYLGXDO�RI�WKH�SRSXODWLRQ�UHSUHVHQWV�D�WHVW�GDWXP�ZLWK�ZKLFK�WKH�WHVW�REMHFW�LV�H[HFXWHG�
)RU� HDFK� WHVW� GDWXP� WKH� H[HFXWLRQ� LV� PRQLWRUHG� DQG� WKH� ILWQHVV� YDOXH� LV� GHWHUPLQHG� IRU� WKH
FRUUHVSRQGLQJ�LQGLYLGXDO��1H[W��SRSXODWLRQ�PHPEHUV�DUH�VHOHFWHG�ZLWK�UHJDUG�WR�WKHLU�ILWQHVV�DQG
VXEMHFWHG�WR�FRPELQDWLRQ�DQG�PXWDWLRQ�SURFHVVHV�WR�JHQHUDWH�QHZ�RIIVSULQJ�� ,W� LV� LPSRUWDQW� WR
HQVXUH�WKDW�WKH�WHVW�GDWD�JHQHUDWHG�LV�LQ�WKH�LQSXW�GRPDLQ�RI�WKH�WHVW�REMHFW��2IIVSULQJ�LQGLYLGXDOV
DUH� WKHQ� DOVR� HYDOXDWHG� E\� H[HFXWLQJ� WKH� FRUUHVSRQGLQJ� WHVW� GDWD�� &RPELQLQJ� RIIVSULQJ� DQG
SDUHQW�LQGLYLGXDOV��DFFRUGLQJ�WR�VXUYLYDO�SURFHGXUHV��IRUPV�D�QHZ�SRSXODWLRQ��)URP�KHUH�RQ��WKH
SURFHVV�UHSHDWV�LWVHOI��VWDUWLQJ�ZLWK�VHOHFWLRQ��XQWLO�WKH�WHVW�REMHFWLYH�LV�IXOILOOHG�RU�DQRWKHU�JLYHQ
VWRSSLQJ�FRQGLWLRQ�LV�UHDFKHG��VHH�)LJ�����

6XUYLYDO

0XWDWLRQ

6HOHFWLRQ

5HFRPELQDWLRQ

)LWQHVV�HYDOXDWLRQ

Individuals

Test data

Monitoring
Data Fitness values

Test
execution

,QLWLDO�SRSXODWLRQ

7HVW�UHVXOWV
)LJXUH����(YROXWLRQDU\�7HVW

� 7HVW�&DVH�*HQHUDWLRQ�IRU�6WUXFWXUDO�7HVWLQJ
6WUXFWXUDO� WHVWLQJ� LV� ZLGHVSUHDG� LQ� LQGXVWULDO� SUDFWLFH� DQG� VWLSXODWHG� LQ� PDQ\� VRIWZDUH�
GHYHORSPHQW� VWDQGDUGV�� &RPPRQ� H[DPSOHV� DUH� VWDWHPHQW�� EUDQFK�� DQG� FRQGLWLRQ� WHVWLQJ�� 7KH
DLP�RI�DSSO\LQJ�HYROXWLRQDU\� WHVWLQJ� WR�VWUXFWXUDO� WHVWLQJ� LV� WKH�JHQHUDWLRQ�RI�D�TXDQWLW\�RI� WHVW
GDWD��OHDGLQJ�WR�WKH�KLJKHVW�SRVVLEOH�FRYHUDJH�RI�WKH�VHOHFWHG�VWUXFWXUDO�WHVW�FULWHULRQ�
6WUXFWXUDO� WHVWLQJ�PHWKRGV�FDQ�EH�GLYLGHG� LQWR�IRXU�PDLQ�FDWHJRULHV��GHSHQGLQJ�RQ�WKH�FRQWURO�
IORZ�JUDSK�DQG�WKH�UHTXLUHG�SXUSRVH�RI�WKH�WHVW�
• QRGH�RULHQWHG�PHWKRGV�
• SDWK�RULHQWHG�PHWKRGV�
• QRGH�SDWK�RULHQWHG�PHWKRGV��DQG
• QRGH�QRGH�RULHQWHG�PHWKRGV�
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1RGH�RULHQWHG� PHWKRGV� UHTXLUH� WKH� H[HFXWLRQ� RI� VSHFLILF� QRGHV� LQ� WKH� FRQWURO�IORZ� JUDSK�
6WDWHPHQW�WHVWLQJ�DQG�FRQGLWLRQ�WHVWLQJ�DUH�WKH�EHVW�NQRZQ�PHWKRGV�WKDW�IDOO�LQWR�WKLV�FDWHJRU\�
3DWK�RULHQWHG�PHWKRGV�UHTXLUH�WKH�H[HFXWLRQ�RI�FHUWDLQ�SDWKV�LQ�WKH�FRQWURO�IORZ�JUDSK��H�J��SDWK
WHVWLQJ��1RGH�SDWK�RULHQWHG�PHWKRGV� UHTXLUH� WKH�DFKLHYHPHQW�RI�D�VSHFLILF�QRGH�DQG� IURP� WKLV
QRGH� WKH� H[HFXWLRQ� RI� D� VSHFLILF� SDWK� WKURXJK� WKH� FRQWURO�IORZ� JUDSK�� 7KH� EUDQFK� WHVW� LV� WKH
VLPSOHVW�H[DPSOH�IRU�QRGH�SDWK�RULHQWHG�PHWKRGV��/&6$-��OLQHDU�FRGH�VHTXHQFH�DQG�MXPS��DQG
DOO�GHIXVH�FKDLQV�DOVR�EHORQJ� WR� WKH�JURXS�RI�QRGH�SDWK�RULHQWHG�PHWKRGV��1RGH�QRGH�RULHQWHG
PHWKRGV� UHTXLUH� WKH� H[HFXWLRQ� RI� VHYHUDO� QRGHV� RI� WKH� FRQWURO�IORZ� JUDSK� LQ� D� SUH�GHWHUPLQHG
VHTXHQFH�ZLWKRXW�VSHFLI\LQJ�D�FRQFUHWH�SDWK��0RVW�GDWD�IORZ�RULHQWHG�PHWKRGV�OLNH�DOO�GHIV�DQG
DOO�XVHV�ILW�LQWR�WKLV�FDWHJRU\�
,Q�RUGHU�WR�DSSO\�HYROXWLRQDU\�WHVWLQJ�WR�WKH�DXWRPDWLRQ�RI�VWUXFWXUDO�WHVWLQJ��WKH�WHVW�LV�VSOLW�XS
LQWR�SDUWLDO�DLPV��7KH�LGHQWLILFDWLRQ�RI�WKH�SDUWLDO�DLPV�LV�EDVHG�RQ�WKH�FRQWURO�IORZ�JUDSK�RI�WKH
SURJUDP�XQGHU�WHVW��(DFK�SDUWLDO�DLP�UHSUHVHQWV�D�SURJUDP�VWUXFWXUH�WKDW�QHHGV�WR�EH�H[HFXWHG
WR�DFKLHYH� IXOO� FRYHUDJH�� H�J�� D� VWDWHPHQW�� D�EUDQFK��RU� D�FRQGLWLRQ�ZLWK� LWV� ORJLFDO� YDOXHV�� )RU
HDFK� SDUWLDO� DLP� DQ� LQGLYLGXDO� ILWQHVV� IXQFWLRQ� LV� IRUPXODWHG� DQG� D� VHSDUDWH� RSWLPLVDWLRQ� LV
SHUIRUPHG�WR�VHDUFK�IRU�D�WHVW�GDWXP�H[HFXWLQJ�WKH�SDUWLDO�DLP��7KH�VHW�RI�WHVW�GDWD�IRXQG�IRU�WKH
SDUWLDO�DLPV�WKHQ�VHUYHV�DV�WKH�WHVW�GDWD�VHW�IRU�WKH�FRYHUDJH�RI�WKH�VWUXFWXUH�WHVW�FULWHULRQ�

��� )LWQHVV�)XQFWLRQV
7KH� ILWQHVV� IXQFWLRQ� GHILQLWLRQV� IRU� WKH� SDUWLDO� DLPV� GLIIHU� IRU� WKH� IRXU� FDWHJRULHV� RI� VWUXFWXUDO
WHVWLQJ�PHWKRGV�
)RU� QRGH�RULHQWHG� PHWKRGV�� WKH� ILWQHVV� IXQFWLRQV� RI� WKH� SDUWLDO� DLPV� DUH� PDGH� XS� RI� WZR
FRPSRQHQWV�� WKH� GLVWDQFH�DQG� WKH� DSSUR[LPDWLRQ� OHYHO�� 7KH� GLVWDQFH� VSHFLILHV� IRU� D� EUDQFKLQJ
QRGH� KRZ� IDU� DZD\� DQ� LQGLYLGXDO� LV� IURP� H[HFXWLQJ� WKH� EUDQFKLQJ� FRQGLWLRQV� LQ� WKH� GHVLUHG
PDQQHU��VHH�>6WKDPHU������@�� >-RQHV�HW�DO�������@��DQG�>7UDFH\�HW�DO�������@���)RU�H[DPSOH�� LI�D
EUDQFKLQJ�FRQGLWLRQ�[  \�QHHGV�WR�EH�HYDOXDWHG�DV�7UXH��WKHQ�WKH�ILWQHVV�IXQFWLRQ�PD\�EH�GHILQHG
DV�_[�\_��SURYLGHG�WKDW�WKH�ILWQHVV�YDOXHV�DUH�PLQLPLVHG�GXULQJ�WKH�RSWLPLVDWLRQ��RU�DV�KDPPLQJ
GLVWDQFH�� 7KH� DSSUR[LPDWLRQ� OHYHO� VXSSOLHV� D� ILJXUH� IRU� DQ� LQGLYLGXDO� WKDW� JLYHV� WKH� QXPEHU� RI
EUDQFKLQJ� QRGHV� O\LQJ� EHWZHHQ� WKH� QRGHV� FRYHUHG� E\� WKH� LQGLYLGXDO� DQG� WKH� WDUJHW� QRGH
�>:HJHQHU�HW�DO�������@��DQG�>%DUHVHO������@���)RU�FRQGLWLRQ�WHVWV�WKH�ILWQHVV�HYDOXDWLRQ�QHHGV�WR
EH� VOLJKWO\� H[WHQGHG�� 7KH� HYDOXDWLRQ� RI� WKH� DWRPLF� SUHGLFDWHV� LQ� WKH� WDUJHW� QRGHV� KDV� WR� EH
LQFOXGHG��7KH�HYDOXDWLRQ�RI�WKH�DWRPLF�SUHGLFDWHV�WDNHV�SODFH�LQ�WKH�VDPH�ZD\�DV�IRU�WKH�GLVWDQFH
FDOFXODWLRQV� LQ� WKH� EUDQFKLQJ� FRQGLWLRQV�� )RU� FRPSRXQG� SUHGLFDWHV� WKH� VLQJOH� GLVWDQFHV� DUH
DGGHG�DQG�QRUPDOLVHG�
(VWDEOLVKLQJ� WKH� ILWQHVV� IXQFWLRQ� IRU� SDWK�RULHQWHG� WHVWLQJ� PHWKRGV� LV� PXFK� VLPSOHU� WKDQ� IRU
QRGH�RULHQWHG�PHWKRGV�EHFDXVH�WKH�H[HFXWLRQ�RI�D�FHUWDLQ�SDWK�WKURXJK�WKH�FRQWURO�IORZ�JUDSK
IRUPV� WKH� SDUWLDO� DLP� IRU� WKH� (YROXWLRQDU\� 7HVW�� 7KH� SURJUDP� SDWK� FRYHUHG� E\� DQ� LQGLYLGXDO� LV
FRPSDUHG�ZLWK�WKH�SURJUDP�SDWK�VSHFLILHG�DV�D�SDUWLDO�DLP��7KHUHE\��WKH�PRUH�QRGHV�PDWFK��WKH
KLJKHU� LV� WKH� ILWQHVV� DQ� LQGLYLGXDO� FDQ� REWDLQ�� 7KH� ILWQHVV� HYDOXDWLRQ� LV� VXSSOHPHQWHG� E\� WKH
FDOFXODWLRQ�RI�WKH�GLVWDQFHV�WR�WKH�WDUJHW�SDWK�LQ�WKH�EUDQFKLQJ�QRGHV�LQ�ZKLFK�WKH�SURJUDP�SDWK
FRYHUHG�E\�WKH�LQGLYLGXDO�GHYLDWHV�IURP�WKH�WDUJHW�SDWK�
7KH�SDUWLDO�DLPV�IRU�QRGH�SDWK�RULHQWHG�VWUXFWXUDO�FULWHULD�FRPSULVH�WZR�UHTXLUHPHQWV�WKDW�QHHG
WR�EH�LQFOXGHG�LQ�WKH�HYDOXDWLRQ�RI�WKH�JHQHUDWHG�LQGLYLGXDOV��7KH�DWWDLQPHQW�RI�D�VSHFLILF�QRGH�LV
UHTXLUHG�RQ� WKH�RQH�KDQG��DQG�RQ� WKH�RWKHU�KDQG�D�SDWK� WKDW�EHJLQV�ZLWK� WKLV�QRGH�KDV� WR�EH
FRYHUHG�� $FFRUGLQJO\�� WKH� ILWQHVV� HYDOXDWLRQ� RI� WKH� LQGLYLGXDOV� KDV� WR� UHSUHVHQW� ERWK� WKHVH
FRPSRQHQWV��7KH� ILWQHVV� IXQFWLRQ�FDQ�EH�EDVHG�RQ� WKH� ILWQHVV� IXQFWLRQV� IRU�QRGH�RULHQWHG�DQG
SDWK�RULHQWHG�PHWKRGV��)LWQHVV�FDOFXODWLRQV�IRU�LQGLYLGXDOV�ZKR�GR�QRW�UHDFK�WKH�WDUJHW�QRGH�DUH
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FDUULHG�RXW�LQ�WKH�VDPH�PDQQHU�DV�IRU�WKH�QRGH�RULHQWHG�PHWKRGV��)RU�LQGLYLGXDOV�ZKR�UHDFK�WKH
WDUJHW�QRGH�WKH�PHQWLRQHG�ILWQHVV�FDOFXODWLRQV�IRU�SDWK�RULHQWHG�PHWKRGV�DUH�DGGLWLRQDOO\�DSSOLHG
LQ�RUGHU�WR�JXLGH�WKH�VHDUFK�LQWR�WKH�GLUHFWLRQ�RI�WKH�GHVLUHG�SDWK�
)LWQHVV� FDOFXODWLRQV� IRU� QRGH�QRGH�RULHQWHG� PHWKRGV� DOVR� WDNH� SODFH� LQ� WZR� VWDJHV�� $IWHU� WKH
H[HFXWLRQ� RI� WKH� ILUVW� WDUJHW� QRGH�� WKH� VHFRQG� WDUJHW� QRGH� KDV� WR� EH� FRYHUHG�� ZLWKRXW� D� SDWK
VSHFLILHG� WKURXJK� WKH� FRQWURO�IORZ� JUDSK�� 7KH� DSSUR[LPDWLRQ� RI� DQ� LQGLYLGXDO� WR� WKH� ILUVW� WDUJHW
QRGH� FDQ� EH� HYDOXDWHG� LQ� WKH� VDPH�PDQQHU� DV� IRU� QRGH�RULHQWHG�PHWKRGV�� )RU� DOO� LQGLYLGXDOV
H[HFXWLQJ� WKH� ILUVW� WDUJHW� QRGH� DQ� DSSUR[LPDWLRQ� WR� WKH� VHFRQG� QRGH� LV� DGGHG�� 7KLV� LV� DOVR
FDOFXODWHG�XVLQJ�WKH�ILWQHVV�IXQFWLRQ�IRU�QRGH�RULHQWHG�PHWKRGV�
$�GHWDLOHG�GHILQLWLRQ�RI�WKH�ILWQHVV�IXQFWLRQV�FDQ�EH�IRXQG�LQ�>:HJHQHU�HW�DO�������@�DQG�>%DUHVHO�
����@��(QKDQFHPHQWV�WR�DSSO\�HYROXWLRQDU\�VWUXFWXUDO�WHVWLQJ�WR�PXWDWLRQ�WHVWLQJ�DUH�GHVFULEHG
LQ�>%RWWDFL������@�DQG�>7UDFH\�HW�DO�������@�

��� 7HVW�5HVXOWV

7KH�(YROXWLRQDU\� 7HVW�KDV�DOUHDG\�EHHQ�DSSOLHG� LQ� YDULRXV� WHVWV�RI� UHDO�ZRUOG� H[DPSOHV� IRU� WKH
DXWRPDWLF�JHQHUDWLRQ�RI� WHVW�GDWD�ZLWK�H[FHOOHQW� UHVXOWV�²� IRU�DOO� WHVW�REMHFWV��FRPSOHWH�EUDQFK
FRYHUDJH�ZDV�DFKLHYHG��DQG�IRU�PRVW�WHVW�REMHFWV�HYROXWLRQDU\�WHVWLQJ�SHUIRUPHG�QRWDEO\�EHWWHU
WKDQ�UDQGRP�WHVWLQJ��(YROXWLRQDU\�WHVWLQJ�DFKLHYHG�KLJKHU�EUDQFK�FRYHUDJH�WKDQ�UDQGRP�WHVWLQJ�
DQG�DOVR�QHHGHG�PXFK�IHZHU�WHVW�GDWD�WR�EH�JHQHUDWHG��7DEOH����

7DEOH���VKRZV�D�VHOHFWLRQ�RI�H[DPLQHG�WHVW�REMHFWV�IURP�GLIIHUHQW�DSSOLFDWLRQ�ILHOGV�ZLWK�YDU\LQJ
FRPSOH[LW\��&RPSOH[LW\�PHWULFV�XVHG�DUH�WKH�QXPEHU�RI�FRGH�OLQHV��/2&���WKH�QXPEHU�RI�SURJUDP
EUDQFKHV� �1%�� FRUUHVSRQGLQJ� WR� WKH� QXPEHU� RI� SDUWLDO� DLPV� IRU� WKH� WHVW�� WKH� F\FORPDWLF
FRPSOH[LW\��&&���WKH�PD[LPXP�QHVWLQJ�OHYHO��1/���DQG�0\HU·V�LQWHUYDO��0,���)XUWKHUPRUH��WKH�WDEOH
VKRZV�WKH�GHJUHH�RI�EUDQFK�FRYHUDJH��&29��UHDFKHG�IRU�HDFK�WHVW�REMHFW�E\�UDQGRP�WHVWLQJ��57�
DQG�HYROXWLRQDU\�WHVWLQJ��(7���DQG�WKH�QXPEHU�RI� WHVW�GDWD�VHWV�JHQHUDWHG� �*7'�� LQ� WKRXVDQGV��
7KH� EUDQFK� FRYHUDJH� UHDFKHG� YDULHV� EHWZHHQ� ��� �� DQG� ���� �� IRU� UDQGRP� WHVWLQJ�� ZKHUHDV
HYROXWLRQDU\�WHVWLQJ�DFKLHYHV�IXOO�FRYHUDJH�IRU�DOO�H[DPSOHV��7KH�1HWIORZ���IXQFWLRQ�FRQWDLQV�RQH
LQIHDVLEOH�SURJUDP�EUDQFK��7KHUHIRUH��WKH�KLJKHVW�SRVVLEOH�FRYHUDJH�LV�DURXQG�����

)RU�WKH�PRUH�FRPSOH[�WHVW�REMHFWV��WKH�WLPH�IRU�WKH�HYROXWLRQDU\�WHVWV�YDULHG�EHWZHHQ�����DQG
����VHFRQGV��7KLV�UHVXOWV�LQ�D�PHDQ�SURFHVVLQJ�WLPH�RI���WR���VHFRQGV�SHU�SDUWLDO�DLP�

57 (77HVW�REMHFW /2& 1% && 1/ 0,
&29 *7' &29 *7'

$WRI�� �� �� �� � �� �� ���� ��� ��
,VBOLQHBFRYHUHGBE\BUHFWDQJOH�� �� �� � � � ��� � ��� �
,VBSRLQWBORFDWHGBLQBUHFWDQJOH�� � � � � � ��� � ��� �
6HDUFKBILHOG�� ��� �� �� � �� �� ��� ��� ��
1HWIORZ�� ��� ��� �� � �� �� ���� �� ��
&RPSOH[B)ORZ�� �� �� �� � �� �� ��� ��� ��
&ODVVLI\B7ULDQJOH�� �� �� �� � � �� ��� ��� ��

7DEOH����&RPSOH[LW\�0HDVXUHV�DQG�%UDQFK�&RYHUDJH�5HDFKHG�IRU�'LIIHUHQW�7HVW�2EMHFWV
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� 7HVW�&DVH�*HQHUDWLRQ�IRU�([DPLQDWLRQ�RI�1RQ�)XQFWLRQDO�&RQVWUDLQWV
)RU�D�VHULHV�RI�V\VWHPV��WKH�FRUUHFW�RSHUDWLQJ�GHSHQGV�QRW�RQO\�RQ�WKH�ORJLFDO�SURFHVVLQJ�UHVXOWV
EXW� DOVR� RQ� DGKHULQJ� WR� VSHFLILHG� QRQ�IXQFWLRQDO� SURSHUWLHV�� 5HDO�WLPH� V\VWHPV� DQG� LQWHUDFWLYH
V\VWHPV��IRU� LQVWDQFH��KDYH�WR�UHDFW�ZLWKLQ�D�FHUWDLQ�WLPH�UDQJH��)RU�VDIHW\�UHOHYDQW�V\VWHPV�� LW
KDV� WR�EH�HQVXUHG� WKDW� GHILQHG� VDIHW\� FRQVWUDLQWV� DUH� YLRODWHG� XQGHU� QR� FLUFXPVWDQFHV� E\� WKH
V\VWHP��$OPRVW�DOO�GHYHORSHG�V\VWHPV�KDYH�WR�EH�UREXVW�DJDLQVW�XQH[SHFWHG�LQSXWV�

��� 7HVWLQJ�7HPSRUDO�%HKDYLRXU
0RVW� HPEHGGHG� V\VWHPV�DQG�PRVW� LQWHUDFWLYH� V\VWHPV� DUH� VXEMHFW� WR� WHPSRUDO� UHTXLUHPHQWV�
7KLV� LV� GXH� WR� UHDVRQV� RI� RSHUDWLRQDO� FRPIRUW�� H�J�� VKRUW� UHDFWLRQ� WLPHV� RI� WKH� V\VWHP� WR� XVHU
FRPPDQGV�� RU� GXH� WR� UHTXLUHPHQWV� RI� WHFKQLFDO� SURFHVVHV� WKDW� DUH� FRQWUROOHG� E\� WKH� V\VWHP�
7KHUHIRUH�� WKH� GHYHORSHG� V\VWHPV� KDYH� WR� EH� WKRURXJKO\� WHVWHG� QRW� RQO\� ZLWK� UHJDUG� WR� WKHLU
IXQFWLRQDO�EHKDYLRXU��EXW�DOVR�LQ�RUGHU�WR�GHWHFW�H[LVWLQJ�GHILFLHQFLHV�LQ�WHPSRUDO�EHKDYLRXU�
([LVWLQJ� WHVW�PHWKRGV�DUH�XQVXLWDEOH� IRU� WKH�H[DPLQDWLRQ�RI� WHPSRUDO� FRUUHFWQHVV��(YHQ� IRU� DQ
H[SHULHQFHG�WHVWHU� LW� LV�YLUWXDOO\� LPSRVVLEOH�WR�ILQG�WKH�PRVW� LPSRUWDQW� LQSXW�VLWXDWLRQV�UHOHYDQW
IRU� D� WKRURXJK� H[DPLQDWLRQ� RI� WHPSRUDO� EHKDYLRXU� E\� DQDO\VLQJ� DQG� WHVWLQJ� FRPSOH[� V\VWHPV
PDQXDOO\�� +RZHYHU�� HYROXWLRQDU\� WHVWLQJ� KDV� DOUHDG\� SURYHG� WR� EH� D� SURPLVLQJ� DSSURDFK� IRU
WHVWLQJ�WKH�WHPSRUDO�EHKDYLRXU�RI�UHDO�WLPH�DQG�HPEHGGHG�V\VWHPV��H�J��>0XHOOHU�DQG�:HJHQHU�
����@��>3XVFKQHU�DQG�1RVVDO������@��>:HJHQHU�DQG�*URFKWPDQQ������@�DQG�>*URVV�HW�DO�������@�
:KHQ� WHVWLQJ� WKH� WHPSRUDO� EHKDYLRXU� RI� V\VWHPV� WKH� REMHFWLYH� LV� WR� FKHFN� ZKHWKHU� LQSXW
VLWXDWLRQV�H[LVW�IRU�ZKLFK�WKH�V\VWHP�YLRODWHV�LWV�VSHFLILHG�WLPLQJ�FRQVWUDLQWV��8VXDOO\��D�YLRODWLRQ
RFFXUV�EHFDXVH�RXWSXWV�DUH�SURGXFHG�WRR�HDUO\�RU�WKHLU�FRPSXWDWLRQ�WDNHV�WRR�ORQJ��7KH�WDVN�RI
WKH�WHVWHU�DQG��WKHUHIRUH��RI�WKH�(YROXWLRQDU\�7HVW�LV�WR�ILQG�LQSXW�VLWXDWLRQV�ZLWK�HVSHFLDOO\�ORQJ
RU�VKRUW�H[HFXWLRQ�WLPHV�LQ�RUGHU�WR�FKHFN�ZKHWKHU�D�WHPSRUDO�HUURU�FDQ�EH�SURGXFHG�
:KHQ�XVLQJ�HYROXWLRQDU\�WHVWLQJ�IRU�GHWHUPLQLQJ�WKH�VKRUWHVW�DQG�ORQJHVW�H[HFXWLRQ�WLPHV�RI�WHVW
REMHFWV�� WKH� H[HFXWLRQ� WLPH� LV� PHDVXUHG� IRU� HYHU\� WHVW� GDWXP�� 7KH� ILWQHVV� HYDOXDWLRQ� RI� WKH
JHQHUDWHG�LQGLYLGXDOV�LV�EDVHG�RQ�WKH�H[HFXWLRQ�WLPHV�PHDVXUHG�IRU�WKH�FRUUHVSRQGLQJ�WHVW�GDWD�
,I�RQH�VHDUFKHV�IRU�ORQJ�H[HFXWLRQ�WLPHV��LQGLYLGXDOV�ZLWK�ORQJ�H[HFXWLRQ�WLPHV�REWDLQ�KLJK�ILWQHVV
YDOXHV��&RQYHUVHO\��ZKHQ�VHDUFKLQJ� IRU� VKRUW� H[HFXWLRQ� WLPHV�� LQGLYLGXDOV�ZLWK� VKRUW� H[HFXWLRQ
WLPHV� REWDLQ� KLJK� ILWQHVV� YDOXHV�� ,QGLYLGXDOV� ZLWK� ORQJ� RU� VKRUW� H[HFXWLRQ� WLPHV� DUH� VHOHFWHG
GHSHQGLQJ�RQ�WKH�WHVW�REMHFWLYH�DQG�FRPELQHG� LQ�RUGHU�WR�REWDLQ� WHVW�GDWD�ZLWK�HYHQ� ORQJHU�RU
VKRUWHU�H[HFXWLRQ�WLPHV��7KH�WHVW�LV�WHUPLQDWHG�LI�DQ�HUURU�LQ�WKH�WHPSRUDO�EHKDYLRXU�LV�GHWHFWHG
RU� D� VSHFLILHG� WHUPLQDWLRQ� FULWHULRQ� KDV� EHHQ� UHDFKHG�� ,I� D� YLRODWLRQ� RI� WKH� V\VWHP·V
SUHGHWHUPLQHG�WHPSRUDO�OLPLWV�KDV�EHHQ�GHWHFWHG��WKH�WHVW�ZDV�VXFFHVVIXO�DQG�WKH�V\VWHP�KDV�WR
EH�FRUUHFWHG��(YROXWLRQDU\�WHVWLQJ�HQDEOHV�D�IXOO\�DXWRPDWHG�VHDUFK�IRU�H[WUHPH�H[HFXWLRQ�WLPHV�
7KH�WHVW�HVSHFLDOO\�EHQHILWV�IURP�WKH�IDFW�WKDW�WHVW�HYDOXDWLRQ�FRQFHUQLQJ�WHPSRUDO�EHKDYLRXU� LV
XVXDOO\�WULYLDO��&RQWUDU\�WR�ORJLFDO�EHKDYLRXU��WKH�VDPH�WLPLQJ�FRQVWUDLQWV�DSSO\�WR�ODUJH�QXPEHUV
RI�LQSXW�VLWXDWLRQV�

3.1.1 Test Results

3UHYLRXV�ZRUN�KDV�VKRZQ�WKDW�HYROXWLRQDU\� WHVWLQJ�DOZD\V�DFKLHYHG�EHWWHU� UHVXOWV� WKDQ�UDQGRP
WHVWLQJ�ZKHQ�WHVWLQJ�WHPSRUDO�EHKDYLRXU��H�J��>:HJHQHU�DQG�*URFKWPDQQ������@��)RU�HPEHGGHG
UHDO�WLPH� V\VWHPV� WKH� FRPSDULVRQ� ZLWK� VWDWLF� DQDO\VHV� KDV� DOVR� FRQILUPHG� WKDW� WKH� H[WUHPH
H[HFXWLRQ� WLPHV� GHWHUPLQHG� E\� WKH� (YROXWLRQDU\� 7HVW� UHSUHVHQW� UHDOLVWLF� HVWLPDWLRQV� RI� WKH
ORQJHVW� DQG� VKRUWHVW� H[HFXWLRQ� WLPHV� >0XHOOHU� DQG� :HJHQHU�� ����@�� &RPSDUHG� WR� V\VWHPDWLF
WHVWV��WKH�(YROXWLRQDU\�7HVW�KDV�DOVR�DWWDLQHG�FRQYLQFLQJ�UHVXOWV��VHH�>:HJHQHU�HW�DO�������@���7KH
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IROORZLQJ�UHVXOWV�ZHUH�DFKLHYHG�GXULQJ�WKH�ILUVW�DSSOLFDWLRQ�RI�HYROXWLRQDU\�WHVWLQJ�IRU�WKH�WHVWLQJ
RI�D�QHZ�HQJLQH�FRQWURO�V\VWHP�IRU�VL[��DQG�HLJKW�F\OLQGHU�EORFNV�
7KH�HQJLQH�FRQWURO�V\VWHP�FRQWDLQV�VHYHUDO�WDVNV�WKDW�KDYH�WR�IXOILO�WLPLQJ�FRQVWUDLQWV��(DFK�WDVN
LV�D� WHVW�REMHFW�DQG�KDV�EHHQ�WHVWHG� IRU� LWV�ZRUVW�FDVH�H[HFXWLRQ� WLPH�E\� WKH�GHYHORSHUV�XVLQJ
V\VWHPDWLF�WHVWLQJ��7KH�WHVW�FDVHV�IRU�WHVWLQJ�WKH�WHPSRUDO�EHKDYLRXU��GHILQHG�E\�WKH�GHYHORSHUV�
DUH�EDVHG�RQ�WKH�IXQFWLRQDO�VSHFLILFDWLRQ�RI� WKH�V\VWHP�DV�ZHOO�DV�RQ�WKH� LQWHUQDO�VWUXFWXUHV�RI
WKH�WDVNV��)RU�HDFK�WDVN�WKH�GHYHORSHU�WHVWV�DFKLHYHG�IXOO�EUDQFK�FRYHUDJH��(YROXWLRQDU\�WHVWLQJ
ZDV�XVHG�WR�YHULI\�WKHVH�UHVXOWV��7KH�WHVWV�ZHUH�SHUIRUPHG�RQ�WKH�WDUJHW�SURFHVVRU�ODWHU�XVHG�LQ
WKH� YHKLFOHV�� 7KH� H[HFXWLRQ� WLPHV� KDYH� EHHQ� GHWHUPLQHG� XVLQJ� KDUGZDUH� WLPHUV� RI� WKH� WDUJHW
HQYLURQPHQW�
7KH�UHVXOWV�IRU�VL[�RI�WKH�WDVNV��0��WR�0���DUH�VKRZQ�LQ�)LJXUH����7KH�ILJXUH�VKRZV�WKH�ORQJHVW
H[HFXWLRQ�WLPHV�GHWHUPLQHG�E\�WKH�GHYHORSHUV�ZLWK�V\VWHPDWLF�WHVWLQJ��'7��LQ�FRPSDULVRQ�WR�WKH
UHVXOWV� DFKLHYHG� E\� HYROXWLRQDU\� WHVWLQJ� �(7��� $GGLWLRQDOO\�� WKH� UHVXOWV� IRU� UDQGRP� WHVWLQJ� DUH
VKRZQ��57���7KH�UHVXOWV�RI�WKH�GHYHORSHU�WHVWV�DUH�VHW�WR�EH��������7KH�H[HFXWLRQ�WLPHV�DFKLHYHG�
PHDVXUHG�LQ�µV��DUH�VKRZQ�GLUHFWO\�LQ�WKH�EDUV��7KH�VL]H�RI�WKH�WDVNV�YDULHG�IURP����/2&��OLQHV�RI
FRGH��WR�����/2&��WKH�QXPEHU�RI�LQSXW�SDUDPHWHUV�IURP���WR����
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)LJXUH����5HVXOWV�IRU�WKH�(QJLQH�&RQWURO�6\VWHP�7DVNV
7KH�FRPSDULVRQ�RI�WKH�UHVXOWV�VKRZV�WKDW�HYROXWLRQDU\�WHVWLQJ�IRXQG�WKH�ORQJHVW�H[HFXWLRQ�WLPHV
IRU�DOO�WKH�JLYHQ�WDVNV�DPRQJ�WKHVH�WKUHH�WHVWLQJ�PHWKRGV��7KH�GHYHORSHU�WHVWV�QHYHU�UHDFKHG�WKH
ORQJHVW�H[HFXWLRQ� WLPH�� ,Q� WKUHH�FDVHV� WKH� UHVXOWV� RI� WKH� GHYHORSHU� WHVWV� DUH� HYHQ�ZRUVH� WKDQ
WKRVH� RI� UDQGRP� WHVWLQJ�� )RU� WKH� RWKHU� WKUHH� WDVNV� WKH� UHVXOWV� DUH� EHWWHU� WKDQ� WKRVH� RI� WKH
UDQGRP�WHVW��7KH�H[FHOOHQW�SHUIRUPDQFH�RI�WKH�(YROXWLRQDU\�7HVW�LQ�FRPSDULVRQ�WR�WKH�GHYHORSHU
WHVWV� VKRZV� WKH� HIIHFWLYHQHVV� RI� WKH� (YROXWLRQDU\� 7HVW�� 7KH� UHVXOWV� DUH� HVSHFLDOO\� DVWRQLVKLQJ�
EHFDXVH� HYROXWLRQDU\� WHVWLQJ� WUHDWV� WKH� VRIWZDUH� DV� EODFN� ER[HV� ZKHUHDV� WKH� GHYHORSHUV� DUH
IDPLOLDU�ZLWK�IXQFWLRQ�DQG�VWUXFWXUH�RI�WKHLU�V\VWHP��$Q�H[SODQDWLRQ�PLJKW�EH�WKH�XVH�RI�V\VWHP
FDOOV� RI� ZKLFK� WKH� HIIHFWV� RQ� WKH� WHPSRUDO� EHKDYLRXU� FDQ� RQO\� EH� UDWHG� ZLWK� GLIILFXOW\� E\� WKH
GHYHORSHUV�

��� 6DIHW\�7HVWLQJ
2XU�ZRUN�RQ�WKH�DSSOLFDWLRQ�RI�HYROXWLRQDU\�WHVWLQJ�IRU�WHVWLQJ�VDIHW\�SURSHUWLHV�LV�MXVW�EHJLQQLQJ�
,W� IROORZV� WKH�ZRUN�RI� 7UDFH\�HW�DO�� >����@��:LWKLQ� WKH�FRQWH[W�RI� VDIHW\�DQDO\VHV� IRU� VRIWZDUH�



�

EDVHG� V\VWHPV� �H�J�� IDXOW�WUHH� DQDO\VLV�� DQG� VRIWZDUH�KD]DUG� DQDO\VLV�� LQGLVSHQVDEOH� VDIHW\
UHTXLUHPHQWV�IRU�WKH�V\VWHP�FRPSRQHQWV�DUH�GHULYHG�IURP�VXFK�V\VWHP�EHKDYLRXU�WKDW�KDV�WR�EH
DEVROXWHO\�DYRLGHG�� ,I�D�YLRODWLRQ�RI� WKH�VSHFLILHG�VDIHW\� UHTXLUHPHQWV� LV�SRVVLEOH� WKH�V\VWHP� LV
QRW�VDIH��&RQVHTXHQWO\��WKH�DLP�RI�WKH�WHVW�LV�WR�ILQG�LQSXW�VLWXDWLRQV�WKDW�OHDG�WR�D�YLRODWLRQ�RI�WKH
VDIHW\�UHTXLUHPHQWV��,I�VXFK�DQ�LQSXW�VLWXDWLRQ�FDQ�EH�IRXQG�WKH�V\VWHP�LV�QRW�VDIH�DQG�KDV�WR�EH
FRUUHFWHG�
7KH�ILWQHVV�HYDOXDWLRQ�ZKHQ�DSSO\LQJ�WKH�(YROXWLRQDU\�7HVW�WR�VDIHW\�WHVWV�LV�VLPLODU�WR�WKH�ILWQHVV
HYDOXDWLRQ� RI� VWUXFWXUDO� WHVWLQJ�� +RZHYHU�� WKH� ILWQHVV� IXQFWLRQ� LV� QRW� EDVHG� RQ� WKH� EUDQFK
SUHGLFDWHV�RI�WKH�SURJUDP��EXW�RQ�WKH�SUH��DQG�SRVW�FRQGLWLRQV�WKDW�KDYH�EHHQ�VSHFLILHG�IRU�WKH
VLQJOH� FRPSRQHQWV� �H�J�� >7UDFH\� HW� DO��� ����@��� )RU� H[DPSOH�� LI� DQ� RXWSXW� VLJQDO� VSHHG� RI� D
FRPSRQHQW� LV�QRW�DOORZHG�WR�EHFRPH�QHJDWLYH�� WKH� ILWQHVV�YDOXHV�RI� WKH� LQGLYLGXDOV�FDQ�EH�VHW
DFFRUGLQJ�WR�HYHU\�SURGXFHG�RXWSXW�YDOXH�IRU�VSHHG�� ,QGLYLGXDOV�ZKR�JHQHUDWH�D�VPDOO�YDOXH�IRU
VSHHG� REWDLQ� D� KLJKHU� ILWQHVV� YDOXH� WKDQ� LQGLYLGXDOV� SURGXFLQJ� KLJK� YDOXHV� IRU� VSHHG�� ,I� WKH
(YROXWLRQDU\�7HVW�LV�DEOH�WR�ILQG�DQ�LQGLYLGXDO�ZKR�REWDLQV�D�QHJDWLYH�YDOXH�IRU�VSHHG��LW�LV�SURRI�RI
D�YLRODWLRQ�RI�WKH�VDIHW\�UHTXLUHPHQWV�

,Q� RUGHU� WR� DFKLHYH� D� FRPSOHWH� DXWRPDWLRQ� RI� VDIHW\� WHVWLQJ�� ZH� DUH� FXUUHQWO\� ZRUNLQJ� RQ� DQ
LQWHJUDWLRQ�RI�WKH�(YROXWLRQDU\�7HVW�ZLWK�7LPH�3DUWLWLRQ�7HVWLQJ�>/HKPDQQ������@�IRU�WKH�V\VWHP
DQG�LQWHJUDWLRQ�WHVW�RI�HPEHGGHG�V\VWHPV�

��� 5REXVWQHVV�7HVWLQJ

:RUNV� UHIHUULQJ� WR� WKH�DXWRPDWLRQ�RI� UREXVWQHVV� WHVWV�ZLWK�HYROXWLRQDU\�DOJRULWKPV�FRPH� IURP
%RGHQ�DQG�0DUWLQR�>����@��DQG�6FKXOW]�HW�DO��>����@�
%RGHQ� DQG� 0DUWLQR� FRQFHQWUDWH� WKHLU� WHVWV� RQ� WKH� HUURU� WUHDWPHQW� URXWLQHV� RI� DQ� RSHUDWLQJ
V\VWHP�$3,��7KH�ILWQHVV�IXQFWLRQ�DWWHPSWV�WR�DVVHVV�VHTXHQFHV�RI�RSHUDWLQJ�V\VWHP�FDOOV�
6FKXOW]�HW�DO��WHVW�HUURU�WROHUDQFH�PHFKDQLVPV�RI�DQ�DXWRQRPRXV�YHKLFOH��)RU�WKLV��6FKXOW]�HW��DO�
VHDUFK� IRU� HUURU� VFHQDULRV�� ZKLFK� HLWKHU� OHDG� WR� D� IDLOXUH� RI� WKH� DXWRQRPRXV� FRQWUROOHU� ZLWK
DOUHDG\� D� VPDOO� DPRXQW� RI� HUURUV�� RU�� ZKLFK� OHDG� GHVSLWH� D� ODUJH� DPRXQW� RI� HUURUV� WR� WKH
VXFFHVVIXO�FRPSOHWLRQ�RI�WKH�PLVVLRQ��7KH�ILWQHVV�IXQFWLRQ�FRQVLVWV�RI����IDXOWBDFWLYLW\�
�VFRUH��
ZLWK� IDXOWBDFWLYLW\� UHIHUULQJ� WR� WKH� DPRXQW� RI� RFFXUULQJ� HUURUV�� DQG� VFRUH� DVVHVVLQJ� WKH
SHUIRUPDQFH�RI�WKH�FRQWUROOHU��$�KLJK�YDOXH�IRU�VFRUH�UHSUHVHQWV�D�JRRG�FRQWUROOHU�SHUIRUPDQFH�
ZKHUHDV�ORZ�YDOXHV�LPSO\�WKH�IDLOXUH�RI�WKH�FRQWUROOHU��,I�WKH�ILWQHVV�IXQFWLRQ�LV�EHLQJ�PLQLPLVHG�
VFHQDULRV�ZLOO�EH�REWDLQHG�GLVSOD\LQJ�D�JRRG�FRQWUROOHU�SHUIRUPDQFH�GHVSLWH�PDQ\�HUURUV�� ,I� WKH
ILWQHVV�IXQFWLRQ� LV�EHLQJ�PD[LPLVHG��VFHQDULRV�HYROYH� OHDGLQJ� WR�D�PDOIXQFWLRQ�RI� WKH�FRQWUROOHU
ZLWK�D�ORZ�DPRXQW�RI�HUURUV��%RWK�%RGHQ�DQG�0DUWLQR��DQG�6FKXOW]�UHSRUW�RQ�SRVLWLYH�WHVW�UHVXOWV
ZKLFK�KDYH�OHDG�WR�DQ�LPSURYHPHQW�RI�WKH�UHVSHFWLYH�SURGXFWV�

� 6XPPDU\�DQG�)XWXUH�:RUN
7KH� WKRURXJK� WHVW� RI� VRIWZDUH�EDVHG� V\VWHPV� FRXOG� LQFOXGH� D� QXPEHU� RI� GHPDQGLQJ� WHVWLQJ
WDVNV�� 7KH� WHVW� FDVH� GHVLJQ� IRU� YDULRXV� WHVW� REMHFWLYHV� LV� GLIILFXOW� WR� PDVWHU� RQ� WKH� EDVLV� RI
FRQYHQWLRQDO�IXQFWLRQ�RULHQWHG�DQG�VWUXFWXUH�RULHQWHG�WHVWLQJ�PHWKRGV��0RUHRYHU��DXWRPDWLRQ�RI
WHVW�FDVH�GHVLJQ�LV�SUREOHPDWLF��8VXDOO\��WHVW�FDVHV�KDYH�WR�EH�GHILQHG�PDQXDOO\�
(YROXWLRQDU\� 7HVWLQJ� LV� D� SURPLVLQJ� DSSURDFK� IRU� IXOO\� DXWRPDWH� FRPSOH[� WHVWLQJ� WDVNV�� $V
GHVFULEHG� LQ�WKLV�SDSHU�� LW�HQDEOHV�WKH�FRPSOHWH�DXWRPDWLRQ� IRU�VWUXFWXUDO� WHVW�FDVH�GHVLJQ�� IRU
WHVWLQJ� WHPSRUDO� EHKDYLRXU� ZLWK� UHJDUG� WR� LWV� H[FHHGLQJ� RU� IDOOLQJ� EHORZ� WKH� VSHFLILHG� WLPLQJ
FRQVWUDLQWV��DQG�IRU�WKH�WHVWLQJ�RI�VDIHW\�SURSHUWLHV�DQG�SURJUDP�UREXVWQHVV��(YROXWLRQDU\�WHVWLQJ
KDV�DOUHDG\�SURGXFHG�YHU\�JRRG�UHVXOWV�LQ�DOO�WKHVH�DSSOLFDWLRQ�ILHOGV��(IIHFWLYHQHVV�DQG�HIILFLHQF\



��

RI� WKH� WHVW� SURFHVV� FDQ� EH� FOHDUO\� LPSURYHG� E\� (YROXWLRQDU\� 7HVWV�� (YROXWLRQDU\� 7HVWV� WKXV
FRQWULEXWH�WR�TXDOLW\�LPSURYHPHQW�DQG�WR�UHGXFWLRQ�RI�GHYHORSPHQW�FRVWV�
'XH�WR�WKH�IXOO�DXWRPDWLRQ�RI�WKH�(YROXWLRQDU\�7HVWLQJ��WKH�V\VWHP�LV�WHVWHG�ZLWK�D�ODUJH�QXPEHU
RI� GLIIHUHQW� LQSXW� VLWXDWLRQV�� ,Q� PRVW� FDVHV�� PRUH� WKDQ� VHYHUDO� WKRXVDQG� WHVW� GDWD� VHWV� DUH
JHQHUDWHG� DQG� H[HFXWHG� ZLWKLQ� RQO\� D� IHZ� PLQXWHV�� 7KH� SUHUHTXLVLWHV� IRU� WKH� DSSOLFDWLRQ� RI
(YROXWLRQDU\�7HVWV�DUH�H[WUHPHO\�IHZ��2QO\�DQ�LQWHUIDFH�VSHFLILFDWLRQ�RI�WKH�V\VWHP�XQGHU�WHVW�LV
QHHGHG�WR�JXDUDQWHH�WKH�JHQHUDWLRQ�RI�YDOLG�LQSXW�YDOXHV��)RU�VWUXFWXUDO�WHVWLQJ�WKH�VRXUFH�FRGH
RI�WKH�WHVW�REMHFW�LV�DOVR�UHTXLUHG�
&XUUHQW�ZRUN�RQ�HYROXWLRQDU\�VWUXFWXUDO�WHVWV�FRQFHQWUDWHV�RQ�WKH�DVVHVVPHQW�RI�WKH�WHVWDELOLW\
RI� SURJUDPV� RQ� WKH� EDVLV� RI� VWDWLFDOO\� GHWHUPLQDEOH� VRIWZDUH� PHWULFV�� %\� XVLQJ� DSSURSULDWH
LQIRUPDWLRQ�LW�LV�SRVVLEOH�WR�VHOHFW�WKH�EHVW�VXLWDEOH�HYROXWLRQDU\�DOJRULWKPV�IRU�WKH�WHVW��DQG�DOVR
WR�DSSO\�SURJUDP�WUDQVIRUPDWLRQV�WKDW�LPSURYH�WKH�WHVWDELOLW\�
,Q� DGGLWLRQ� ZH� DUH� ORRNLQJ� DW� LQYHVWLJDWLQJ� WKH� DSSOLFDWLRQ� RI� HYROXWLRQDU\� VWUXFWXUDO� WHVWV� IRU
WHVWLQJ�WKH�WHPSRUDO�EHKDYLRXU�RI�V\VWHPV��7KH� LGHD� LV�WR�SUH�GHWHUPLQH�SURJUDP�SDWKV�DV� WHVW
DLP�IRU�WKH�HYROXWLRQDU\�VWUXFWXUDO�WHVW�ZKLFK�KDYH�EHHQ�LGHQWLILHG�DV�ZRUVW�FDVH�H[HFXWLRQ�WLPH
SDWKV�E\�PHDQV�RI�VWDWLF�DQDO\VHV� �H�J�� >0XHOOHU������@�� >3XVFKQHU�DQG�9UFKRWLFN\������@��� ,I�D
WHVW�GDWXP�FDQ�EH�IRXQG�WKDW�H[HFXWHV�WKH�SDWK�ZH�FDQ�EH�VXUH�WKDW�WKLV�LV�WKH�ORQJHVW�H[HFXWLRQ
WLPH�SRVVLEOH�WR�REWDLQ��'XH�WR�SHVVLPLVWLF�DVVXPSWLRQV� LQ�VWDWLF�DQDO\VHV�WKH�SDWK�ZLOO�XVXDOO\
QRW� EH� H[HFXWDEOH�� +RZHYHU�� WKH� SUH�GHILQLWLRQ� RI� WKHVH� SDWKV� FDQ� OHDG� WR� D� YHU\� LQWHUHVWLQJ
FRQFHQWUDWLRQ�RQ�SDWKV�ZLWK�ORQJ�H[HFXWLRQ�WLPHV�

� 5HIHUHQFHV

%DUHVHO�� $��� $XWRPDWLVLHUXQJ� YRQ� 6WUXNWXUWHVWV� PLW� HYROXWLRQlUHQ� $OJRULWKPHQ� �$XWRPDWLRQ� RI
6WUXFWXUDO� 7HVWLQJ� XVLQJ� (YROXWLRQDU\� $OJRULWKPV��� 'LSORPD� 7KHVLV�� +XPEROGW� 8QLYHUVLW\�� %HUOLQ�
*HUPDQ\�������

%RGHQ��(��DQG�0DUWLQR��*���7HVWLQJ�6RIWZDUH�8VLQJ�2UGHU�EDVHG�*HQHWLF�$OJRULWKPV��3URFHHGLQJV�RI
WKH��VW�&RQIHUHQFH�RQ�*HQHWLF�3URJUDPPLQJ��6WDQIRUG�8QLYHUVLW\��86$��������SS������������

%RWWDFL�� /��� $� *HQHWLF� $OJRULWKP� )LWQHVV� )XQFWLRQ� IRU� 0XWDWLRQ� 7HVWLQJ�� :RUNVKRS� RQ� 6RIWZDUH
(QJLQHHULQJ� XVLQJ� 0HWDKHXULVWLF� ,QQRYDWLYH� $OJRULWKPV� �6(0,1$/�� LQ� 3URF�� ��UG� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�6RIWZDUH�(QJLQHHULQJ��,&6(���7RURQWR��&DQDGD��0D\�������SS��������

*URVV�� +��*��� -RQHV�� %�� DQG� (\UHV�� '��� 6WUXFWXUDO� SHUIRUPDQFH� PHDVXUH� RI� (YROXWLRQDU\� 7HVWLQJ
DSSOLHG� WR�ZRUVW�FDVH� WLPLQJ�RI� UHDO�WLPH�V\VWHPV�� ,((�3URF��6RIWZ���9RO�������1R�����$SULO������
SS�����²����

-RQHV��%��)���(\UHV��'��(��DQG�6WKDPHU��+��+���$�6WUDWHJ\�IRU�XVLQJ�*HQHWLF�$OJRULWKPV�WR�$XWRPDWH
%UDQFK�DQG�)DXOW�EDVHG�7HVWLQJ��7KH�&RPSXWHU�-RXUQDO��9RO������1R����������

/HKPDQQ�� (��� 7LPH� 3DUWLWLRQ� 7HVWLQJ�� $� 0HWKRG� IRU� 7HVWLQJ� '\QDPLF� )XQFWLRQDO� %HKDYLRXU�
3URFHHGLQJV�RI�7(67������/RQGRQ��*UHDW�%ULWDLQ��0D\������

/HKPDQQ�� (��� :HJHQHU�� -��� 7HVW� &DVH� 'HVLJQ� E\�0HDQV� RI� WKH� &7(� ;/�� 3URFHHGLQJV� RI� WKH� �WK
(XURSHDQ� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6RIWZDUH� 7HVWLQJ�� $QDO\VLV� 	� 5HYLHZ� �(XUR67$5� ������
.RSHQKDJHQ��'HQPDUN��'HFHPEHU������

0XHOOHU��)���*HQHUDOL]LQJ�7LPLQJ�3UHGLFWLRQV�WR�6HW�$VVRFLDWLYH�&DFKHV��3URF��(XUR0LFUR�:RUNVKRS
RQ�5HDO�7LPH�6\VWHPV��-XQ�������SS��������
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0XHOOHU�� )��� :HJHQHU�� -��� $� &RPSDULVRQ� RI� 6WDWLF� $QDO\VLV� DQG� (YROXWLRQDU\� 7HVWLQJ� IRU� WKH
9HULILFDWLRQ� RI� 7LPLQJ� &RQVWUDLQWV�� 3URFHHGLQJV� RI� WKH� �WK� ,(((� 5HDO�7LPH� 7HFKQRORJ\� DQG
$SSOLFDWLRQV�6\PSRVLXP��'HQYHU��86$��-XQH������

3XVFKQHU�� 3�� DQG�1RVVDO�� 5��� 7HVWLQJ� WKH� 5HVXOWV� RI� 6WDWLF� :RUVW�&DVH� ([HFXWLRQ�7LPH� $QDO\VLV�
3URF����WK�5HDO�7LPH�6\VWHPV�6\PSRVLXP��������SS������������

3XVFKQHU�� 3�� DQG� 9UFKRWLFN\�� $��� 3UREOHPV� LQ� 6WDWLF� :RUVW�&DVH� ([HFXWLRQ� 7LPH� $QDO\VLV�
3URFHHGLQJV� RI� WKH� �WK� ,7*�*,�&RQIHUHQFH� 0HDVXUHPHQW�� 0RGHOLQJ� DQG� (YDOXDWLRQ� RI
&RPSXWDWLRQDO�DQG�&RPPXQLFDWLRQ�6\VWHPV��������SS����������

6FKXOW]��$��&���*UHIHQVWHWWH�� -�� -��DQG�'H� -RQJ��.��$���7HVW�DQG�(YDOXDWLRQ�E\�*HQHWLF�$OJRULWKPV�
,(((�([SHUW�������������SS����²����

6WKDPHU��+��+���7KH�$XWRPDWLF�*HQHUDWLRQ�RI�6RIWZDUH�7HVW�'DWD�8VLQJ�*HQHWLF�$OJRULWKPV��3K'
7KHVLV��8QLYHUVLW\�RI�*ODPRUJDQ��3RQW\SULG��:DOHV��*UHDW�%ULWDLQ�������

7UDFH\��1���&ODUN��-���0DQGHU��.��DQG�0F'HUPLG��-���$Q�$XWRPDWHG�)UDPHZRUN�IRU�6WUXFWXUDO�7HVW�
'DWD�*HQHUDWLRQ��3URFHHGLQJV�RI� WKH���WK� ,(((�&RQIHUHQFH�RQ�$XWRPDWHG�6RIWZDUH�(QJLQHHULQJ�
+DZDLL��86$������

7UDFH\�� 1��� &ODUN�� -��� 0F'HUPLG�� -�� DQG� 0DQGHU�� .��� $� 6HDUFK� %DVHG� $XWRPDWHG� 7HVW�'DWD
*HQHUDWLRQ� )UDPHZRUN� IRU�+LJK�,QWHJULW\� 6\VWHPV�� -RXUQDO� RI� 6RIWZDUH�3UDFWLFH� DQG� ([SHULHQFH�
-DQXDU\������

:HJHQHU�� -��� *URFKWPDQQ�� 0��� 9HULI\LQJ� 7LPLQJ� &RQVWUDLQWV� RI� 5HDO�7LPH� 6\VWHPV� E\� PHDQV� RI
(YROXWLRQDU\�7HVWLQJ��5HDO�7LPH��6\VWHPV��YRO������QR�����.OXZHU�$FDGHPLF�3XEOLVKHUV��������SS�
����������

:HJHQHU�� -��� %DUHVHO�� $��� 6WKDPHU�� +��� (YROXWLRQDU\� 7HVW� (QYLURQPHQW� IRU� $XWRPDWLF� 6WUXFWXUDO
7HVWLQJ��7R�DSSHDU� LQ�WKH�6SHFLDO� ,VVXH�RI� ,QIRUPDWLRQ�DQG�6RIWZDUH�7HFKQRORJ\�GHYRWHG�WR� WKH
$SSOLFDWLRQ�RI�0HWDKHXULVWLF�$OJRULWKPV�WR�3UREOHPV�LQ�6RIWZDUH�(QJLQHHULQJ�������

:HJHQHU�� -���3RKOKHLP��+���6WKDPHU��+���7HVWLQJ� WKH�7HPSRUDO�%HKDYLRU�RI�5HDO�7LPH�7DVNV�XVLQJ
([WHQGHG� (YROXWLRQDU\� $OJRULWKPV�� 3URFHHGLQJV� RI� WKH� �WK� (XURSHDQ� &RQIHUHQFH� RQ� 6RIWZDUH
7HVWLQJ��$QDO\VLV�DQG�5HYLHZ��(XUR67$5�
�������%DUFHORQD��6SDLQ��1RYHPEHU������


