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6800$5<
7RGD\�VRFLHW\�XVHV�VRSKLVWLFDWHG�FLYLO�VWUXFWXUHV�DQG�FRPSOLFDWHG�PDFKLQHU\�WKH�VDIHW\�RIZKLFK�LV�UHODWHG�WR�WKH�LQWHJULW\�RI�WKH�FRPSRQHQWV�WKH�XQLWV�DUH�FRPSRVHG�RI��7\SLFDOH[DPSOHV�ZRXOG�EH�EULGJHV��FDUV��DHURSODQHV��SUHVVXUH�YHVVHOV��DQG�QXFOHDU�SRZHU�SODQWV��,WLV�LPSHUDWLYH�IRU�WKH�VDIH�XVDJH�RI�WKHVH�FRPSOLFDWHG�WHFKQLFDO�XQLWV�WKDW�PRQLWRULQJ�RI�WKHLQWHJULW\�RI�WKH�PRVW�FULWLFDO�FRPSRQHQWV�LV�GRQH�SURSHUO\�DV�D�ORVV�SUHYHQWLRQ�URXWLQH��$W�WKHVDPH�WLPH�WKLV�LQ�VHUYLFH�WHVWLQJ�HQVXUHV�D�PLQLPLVLQJ�RI�RSHUDWLRQDO�RXWLQJV�RI�WKH�XQLWV��DQGWKXV�DOVR�SD\�EDFN�IURP�WKH�LQGXVWULDO�LQYHVWPHQWV�LQ�TXHVWLRQ�
1RQ�GHVWUXFWLYH�WHVWLQJ��1'7��LV�ZLGHO\�XVHG�LQ�PDQXIDFWXULQJ�WR�HQVXUH�WKH�LQWHJULW\�RI�WKHFRPSRQHQWV�SURGXFHG��0DFKLQH�GLDJQRVWLFV�LV�XVHG�IRU�SUHYHQWLYH�PDLQWHQDQFH��IDLOXUHDQDO\VLV�DQG�IRU�WKH�SRVW�FDUH�RI�GDPDJHV��,Q�DOO�WKHVH�DUHDV�1'7�PHWKRGV�DUH�XWLOLVHG��,W�LVREYLRXV�WKDW�WR�HQVXUH�WKH�VDIH�XVH�RI�PRUH�DQG�PRUH�FRPSOLFDWHG�DQG�VRSKLVWLFDWHGPDFKLQHU\�DQG�VWUXFWXUHV�ZKHUH�WKH�VWUHQJWK�RI�PDWHULDOV�LV�XWLOLVHG�WR�LWV�XOWLPDWH�UHQGHULQJHYHU�GHFUHDVLQJ�VDIHW\�PDUJLQV��WKH�XVH�RI�WHVWLQJ�WKH�PDWHULDOV�QRQ�GHVWUXFWLYHO\�XVXDOO\�LQVLWX�RSHUDWLRQDO�PRGHV�LV�LPSHUDWLYH���7KXV�WKH�ILHOG�RI�QRQ�GHVWUXFWLYH�WHVWLQJ�SOD\V�DVLJQLILFDQW�UROH�LQ�SURGXFLQJ�TXDOLW\�SURGXFWV�DQG�WKXV�HQVXULQJ�D�UHOLDEOH�DQG�HIILFLHQWSHUIRUPDQFH�RI�FRPSRQHQWV��PHFKDQLFDO�XQLWV�DQG�LQGXVWULDO�SODQWV�
7KH�SDSHU�UHYLHZV�WKH�EDVLF�LGHD�RI�XVLQJ�QRQ�GHVWUXFWLYH�WHVWLQJ��H[SODLQV�WKH�UROH�RI�KRZQRQ�GHVWUXFWLYH�WHVWLQJ�LV�DQ�LPSRUWDQW�SDUW�RI��ORVV�SUHYHQWLRQ�FRQQHFWHG�WR�WKH�LQVXUDQFHZRUOG��+HUHE\��WKH�LPSRUWDQFH�RI�ULVN�EDVHG�LQVSHFWLRQ��LQVSHFWLRQ�TXDOLILFDWLRQ��DQG�WKHFHUWLILFDWLRQ�RI�WKH�1'7�RSHUDWRUV�WKHPVHOYHV�LV�GLVFXVVHG��$�VKRUW��KLVWRU\�RI�WKH�PDLQ�VL[�VRFDOOHG�FODVVLFDO�1'7�PHWKRGV�LV�JLYHQ��$OVR�WKHLU�SK\VLFDO�SULQFLSOHV�DQG�W\SLFDO�DSSOLFDWLRQV�RIORVV�SUHYHQWLRQ�XWLOLVLQJ�WKHVH�PHWKRGV�DUH�SUHVHQWHG��)LQDOO\��VRPH�UHFRPPHQGDWLRQV�DUHODLG�RXW�RQ�KRZ�1'7�LQVSHFWLRQV�DGGV�YDOXH�DQG�UHOLDELOLW\�WR�SODQW�RSHUDWLRQ�
.(<�:25'6� /RVV�3UHYHQWLRQ��1RQ�GHVWUXFWLYH�7HVWLQJ��5LVN�%DVHG�,QVSHFWLRQ DQG�1'7�
'(6&5,37,21��7KH�SDSHU�GLVFXVVHV�WKH�UROH�RI�1RQ�GHVWUXFWLYH�7HVWLQJ��1'7��LQHQJLQHHULQJ�LQVXUDQFH�DQG�SURYLGHV�H[DPSOHV�RI�ZKHUH�LQGXVWULDO�ORVVHV�KDYH�EHHQ�SUHYHQWHGXVLQJ�1'7�
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7+(�,'($�2)�1'7
$�KXPDQ�EHLQJ�KDV�DQ�LQFUHGLEOH�VNLOO�WR�SHUIRUP�GLDJQRVWLFV�RI�PDFKLQHV�LQFOXGLQJ�WKH�KXPDQERG\�E\�XVLQJ�WKH�IRXU�VHQVHV�ZH�KDYH���L�H��VHHLQJ��KHDULQJ��VPHOOLQJ�DQG�PHFKDQLFDO�IHHOLQJ��ZKHQ�WKH�LQIRUPDWLRQ�LV�SURFHVVHG�DQG�FRPELQHG�ZLWK�H[SHULHQFH��WKDW�LV�KLVWRULFDO�IDFWV��7KHSURFHVVLQJ�LV�H[WUHPHO\�IDVW�DQG�FRPSOH[�DQG�EULQJV�RXW�EHWWHU�UHVXOWV�WKDQ�H�J��DQ\�PRGHUQFRPSXWHU��EH�LW�D�QHXUR�EDVHG�V\VWHP��FDQ�SURGXFH�
:KHQ�RXU�VHQVHV�GR�QRW�JLYH�HQRXJK�LQIRUPDWLRQ�LQ�RUGHU�WR�PDNH�DQ�REMHFWLYH�GLDJQRVLV��ZHFDQ��SURORQJ�RXU�VHQVHV��E\�WDNLQJ�LQWR�XVH�PRUH�SK\VLFDO�SKHQRPHQD��:H�WKHQ�PDNH�WKH�LQYLVLEOH�EHFRPH�YLVLEOH���E\�EHLQJ�DEOH�WR�ORRN�DURXQG�FRUQHUV�ZLWK�HQGRVFRSHV��VHH�WKHLQVLGH�RI�D�PDWHULDO�ZLWK�[�UD\V�RU�XOWUDVRQLF�ZDYHV��RU�YLHZ�WKH�KHDW�RI�D�FRPSRQHQW�DVGLIIHUHQW�FRORXUV�DV�ZH�GR�LQ�WKHUPRJUDSK\��RU�ILQDOO\�PHDVXUH�WKH�YLEUDWLRQ�RI�D�SDUWREMHFWLYHO\�DQG�QRW�RQO\�UHDOLVLQJ�WKDW�WKH�SDUW�LV�VKDNLQJ�
,Q�VKRUW��RQH�FRXOG�FODLP�WKDW�SULPDULO\�WKH�LGHD�RI�XVLQJ�1'7�PHWKRGV�LV�WR�ILQG�GLVFRQWLQXLWLHVLQ�WKH�PDWHULDO��PRVWO\�FUDFNV�RU�WKLQQLQJ�FDXVHG�HLWKHU�E\�HURVLRQ�RU�FRUURVLRQ��,Q�RWKHUZRUGV��WKH�ILUVW�REMHFWLYH�RI�1'7�LV�WR�ORFDWH�WKH�GLVFRQWLQXLWLHV��7KHUHDIWHU�WKH�VHFRQGREMHFWLYH�LQ�WR�PHDVXUH�WKH�GLPHQVLRQV�DQG�GLUHFWLRQV�RI�WKH�GLVFRQWLQXLWLHV��:KHQ�WKLV�LVGRQH��WKH�IROORZLQJ�VWHS�LV�WR�HYDOXDWH�LI�D�IODZ�FRQIRUPV�WR�WKH�VWLSXODWHG�DFFHSWDQFH�FULWHULDRU�QRW��)RU�VWLSXODWLQJ�WKH�FULWHULD�RQH�ZRXOG�KDYH�WR�NQRZ�WKH�FULWLFDO�IODZ�VL]H�DQG�WKH�VSHHGRI�H[WHQVLRQ�RI�WKH�IODZ��7R�FDOFXODWH�WKHVH�WZR�IDFWRUV�RQH�KDV�WR�XWLOLVH�IUDFWXUH�PHFKDQLFV�$V�EDVH�IDFWV�IUDFWXUH�PHFKDQLFV�XWLOLVHV�WKH�GLPHQVLRQV�RI�WKH�IODZV�IRXQG�RXW�YLD�WKH�XVH�RI1'7�PHWKRGV��WKH�DSSOLHG�VWUHVV���DQG�WKH�IUDFWXUH�WRXJKQHVV�RI�WKH�PDWHULDO�LQ�TXHVWLRQ��WKXVSURGXFLQJ�DFFHSWDQFH�FULWHULD�IRU�GLIIHUHQW�FRPSRQHQWV�DQG�JHRPHWULHV�
3UHVHW�FULWHULD�DUH�IROORZHG�IRU�PDQXIDFWXULQJ�LQGXVWULDO�SURGXFWV�DQG�1'7�ILQGLQJV�DFFRUGLQJO\FRPSDUHG�ZLWK�WKHVH�IRU�DFFHSWDQFH��2Q�WKH�RWKHU�KDQG��ZKHQ�1'7�LV�XVHG�LQ�LQ�VHUYLFHLQVSHFWLRQV��VRPHZKDW�OHVV�VWULQJHQW�DFFHSWDQFH�FULWHULD�DUH�RIWHQ�XVHG�IRU�QRUPDO�LQVSHFWLRQSXUSRVHV��,I�WKH�FRPSRQHQWV�DUH�H[WUHPHO\�H[SHQVLYH��GDQJHURXV�IRU�WKH�SXEOLF�ZKHQGDPDJHG��RU�H[WUHPHO\�KDUG�WR�UHSDLU��OLNH�IRU�LQVWDQFH�WKH�SUHVVXUH�ERLOHU�RI�D�QXFOHDU�SODQW�RUD�PDLQ�UROOHU�RI�D�SDSHU�PLOO��PRUH�H[DFW�DFFHSWDQFH�FULWHULD�FDQ�EH�WDNHQ�LQWR�XVH��7KHVHFULWHULD�DUH�FDOOHG�ILWQHVV�IRU�SXUSRVH�FULWHULD�DQG�DUH�DSSOLHG�LQGLYLGXDOO\�IRU�WKH�FRPSRQHQWV�LQTXHVWLRQ�
$IWHU�ILQGLQJ�WKH�GLVFRQWLQXLWLHV��KHUH�PRUH�EULHIO\�FDOOHG�WKH�IODZV��DQG�DIWHU�KDYLQJ�FDOFXODWHGD�SUREDEOH�VSHHG�RI�H[WHQVLRQ�RI�WKH�IODZV��LW�HQDEOHV�XV�WR�VWLSXODWH�WKH�IUHTXHQF\�RI�WKH�LQ�VHUYLFH�LQVSHFWLRQV�WKDW�VKRXOG�EH�SHUIRUPHG�RQ�WKH�FRPSRQHQW�LQ�TXHVWLRQ��+HUHE\��WKHLQWHUYDOV�DUH�FKRVHQ�LQ�VXFK�D�ZD\�WKDW�NQRZLQJ�WKH�JURZWK�VSHHG�RI�D�IODZ��WKH�IROORZLQJ�LQ�VHUYLFH�LQVSHFWLRQ�KDV�WR�EH�PDGH�EHIRUH�D�IODZ�KDV�KDG�WKH�WLPH�WR�JURZ�WR�DQ�H[WHQVLRQZKHUH�WKHUH�LV�D�SRVVLELOLW\�RI�KDYLQJ�D�VXGGHQ�IDLOXUH�RI�WKH�FRPSRQHQW��E\�EULWWOH�IUDFWXUH�RUSODVWLF�FROODSVH��OHDGLQJ�WR�YDVW��DQG�FRQVHTXHQWO\��H[SHQVLYH�GDPDJHV�



:KHQ�GHFLGLQJ�XSRQ�DQ�LQ�VHUYLFH�SURJUDP��LW�LV�HVVHQWLDO�WKDW�WKH�SURJUDP�LV�SUR�DFWLYH�ZKLFKKHUH�PHDQV�D�SURJUDP�WKDW�LV�FRUUHFWHG�IRU�HLWKHU�VKRUWHU�RU�ORQJHU�LQVSHFWLRQ�LQWHUYDOV�DV�DUHVXOW�RI�WKH�H[SHULHQFH�JDLQHG�ZKLOH�LPSOHPHQWLQJ�WKH�SURJUDP��,Q�SUDFWLFH�WKLV�PHDQV�WKHXVH�RI�VRPH�NLQG�RI�DQ�5%0,�L�H��D�ULVN�EDVHG�PDLQWHQDQFH�DQG�LQVSHFWLRQ�SURJUDP�IRU�WKHFRPSRQHQW��XQLW�RU�SODQW�LQ�TXHVWLRQ��7KH�FRQFHSW�RI�5%0,�ZLOO�DOVR�EH�GHDOW�ZLWK�LQ�WKH�QH[WSDUW�RI�WKLV�SDSHU�

7+(�52/(�2)�1'7�,1�(1*,1((5,1*�,1685$1&(
7KH�UHDVRQ�WKDW�LQVXUDQFH�FRPSDQLHV�XWLOLVH�1'7�LV�WR�HQVXUH�WKH�FRQWLQXHG�VDIH�RSHUDWLRQ�RIHTXLSPHQW��WKHUHE\�UHGXFLQJ�WKH�ULVNV�DQG�FRQVHTXHQWO\�EULQJLQJ�ILQDQFLDO�EHQHILW�WR�ERWK�WKHLQVXUHU�DQG�WKH�LQVXUHG��$V�WKH�PDUNHW�PRVWO\�LV�VRIW��SURILWDELOLW\�LV�KDUG�WR�DFKLHYH�LQ�DQ\RWKHU�ZD\�WKDQ�WKURXJK�OHVV�PDMRU�ORVVHV��ZKHUHE\�WKH�UROH�RI�DQ�LQVXUDQFH�FRPSDQ\�LV�WRSURPRWH�WKH�XVH�RI�HIIHFWLYH�ORVV�SUHYHQWLRQ�PHDVXUHV�DQG�IRU�XQGHUZULWHUV�WR�HYDOXDWH�WKHOHYHO�RI�ORVV�SUHYHQWLRQ�DFWLYLWLHV�DQG�ORVV�SUHYHQWLRQ�FXOWXUH�D�SRVVLEOH�LQVXUDEOH�LWHP�KDV�
7KH�UROH�RI�WKH�LQVXUHU�LV�WR�HQFRXUDJH�WKH�XVH�RI�PDFKLQH�GLDJQRVWLFV�DQG�WKHUHE\�WR�DFW�DV�DFDWDO\VW�IRU�WKH�XVH�RI�FRVW�HIIHFWLYH�ORVV�SUHYHQWLRQ�PHDVXUHV��,W�LV�FOHDU�WKDW�WLPH�DQG�PRQH\UHVRXUFHV�UHVWULFW�WKH�XVH�RI�HYHU\�VLQJOH�SRVVLEOH�GLDJQRVWLF�PHWKRG�DYDLODEOH��DQG�WKDW�LVZK\�WKH�UHODWLRQ�EHWZHHQ�WKH�FOLHQW�DQG�WKH�LQVXUHU�RU�WKH�EURNHU�KDV�WR�EH D��ZLQ���ZLQ�UHODWLRQVKLS��7KH�VHUYLFH�RIIHUHG�E\�WKH�LQVXUDQFH�FRPSDQ\�RU�EURNHU�PXVW�JLYH�WKH�FOLHQW�DQDGGHG�YDOXH�DQG�WKLV�DJDLQ�FDQ�VWUHQJWKHQ�WKH�EXVLQHVV�FRQQHFWLRQ�EHWZHHQ�WKH�SDUWLHV��7KHLGHD�IRU�WKH�LQVXUHU�LV�WR�GHHSO\�HQJDJH�LQ�WKH�ORVV�SUHYHQWLRQ�PHDVXUHV�RI�WKH�FOLHQW�DQGWKURXJK�WKLV�JDLQ�ERWK�WKH�UHVSHFW�IURP�DQG�VDWLVIDFWLRQ�RI�WKH�FOLHQW�
,Q�DGGLWLRQ�WR�WKH�XVH�RI�1'7�PHWKRGV�IRU�ORVV�SUHYHQWLRQ��WKHVH�PHWKRGV�DUH�XVHGH[WHQVLYHO\�IRU�IDLOXUH�DQDO\VHV��7R�ILQG�RXW�WKH�URRW�FDXVH�RI�D�PDMRU�ORVV�LV�RQH�RI�WKH�PRVWLPSRUWDQW�SUHYHQWLYH�PHDVXUHV�DQ\�LQGXVWULDO�DV�ZHOO�DV�DQ\ LQVXUDQFH�FRPSDQ\�FDQ�WDNH��,QWKLV�VHDUFK�IRU�WKH�URRW�FDXVH�1'7�PHWKRGV�DUH�H[SORLWHG�H[WHQVLYHO\�
%HVLGHV�WKH�XVH�RI�1'7�PHWKRGV�IRU�PDFKLQH�GLDJQRVWLFV��LW�LV�LPSRUWDQW�WR�EHDU�LQ�PLQG�WKDWWKH\�DUH�XVHG�SDUDOOHO�ZLWK�D�QXPEHU�RI�RWKHU�GLDJQRVWLF�WHFKQLTXHV��ZKLFK�DOVR�PDNH�QRQ�YLVLEOH�SKHQRPHQD�YLVLEOH��7KH�IRUHPRVW�RI�WKHVH�DUH�YLEUDWLRQ�PHDVXUHPHQW�DQG���DQDO\VHV�WKHUPRJUDSK\��RLO�DQDO\VHV�DQG�D�QXPEHU�RI�UHODWLYHO\�QHZ�HOHFWULFDO�FRQGLWLRQ�PRQLWRULQJPHWKRGV�XVHG�IRU�LQVSHFWLQJ�HOHFWULFDO�PDFKLQHV�DQG�JHQHUDWRUV�GXULQJ�XVH�
7KH�GLDJQRVWLF�PHWKRGV�UHFRPPHQGHG�E\�RU�UHTXLUHG�E\�LQVXUDQFH�FRPSDQLHV�KDYH�WRFRQIRUP�WR�VSHFLILF�UHTXLUHPHQWV��)RU�PRVW�LQVSHFWLRQV�WKH�RSHUDWRUV�SHUIRUPLQJ�WKH�1'7�WHVWLQJ�KDYH�WR�EH�FHUWLILHG�E\�D�FHUWLILFDWLRQ�ERG\�QRUPDOO\�RQ�D WKLUG�SDUW\�EDVLV��0RVWLQGXVWULDO�FRXQWULHV�IROORZ�WKHLU�RZQ�RU�DQ�LQWHUQDWLRQDO�VFKHPH�IRU�FHUWLI\LQJ�RSHUDWRUV��,Q(XURSH�ZH�QRZ�XVH�D�&(1�VWDQGDUG�DQG�LQ�WKH�86$�DQ�$617�VWDQGDUG�LV�LQ�XVH��$FWLYHLQWHUQDWLRQDO�VWDQGDUGLVDWLRQ�LV�JRLQJ�RQ�WR�JHW�GLIIHUHQW�QDWLRQDO�VFKHPHV�VWDQGDUGLVHG�DQGJDLQ�PXWXDO�DFFHSWDQFH�RI�FHUWLILFDWLRQ�UHVXOWV�IURP�GLIIHUHQW�VFKHPHV��7RGD\�SUDFWLFDOO\�DOOVFKHPHV�LQ�XVH�KDYH�WKUHH�OHYHOV�RI�1'7�WHVWHUV�LQ�WKH�VL[�PDMRU�1'7�PHWKRGV�H[SODLQHGEHORZ�LQ�PRUH GHWDLO��/HYHO���LV�IRU�OHVV�GHPDQGLQJ�WHVWLQJ�XQGHU�VXSHUYLVLRQ��OHYHO���IRUSURIHVVLRQDO�WHVWHUV�ZKR�DUH�DEOH�WR�FDOLEUDWH�WKH�HTXLSPHQW�DQG�DEOH�WR�HYDOXDWH�WKH�WHVW



UHVXOWV��DQG�OHYHO���IRU�WKH�H[SHUWV�LQ�WKH�GLIIHUHQW�PHWKRGV�ZKR�DUH�DEOH�WR�ZULWH�WKH�WHVWLQJVSHFLILFDWLRQV�
)RU�DOO�1'7�WHVWLQJ�RI�FULWLFDO�PDFKLQHU\�LW�LV�LPSHUDWLYH�WKDW�WKH�FRPSDQLHV�XVH�OHYHO��FHUWLILHG�SHUVRQQHO��:KHQ�FULWLFDO�FRPSRQHQWV�DUH�WHVWHG�DQG�HVSHFLDOO\�ZKHQ�ILWQHVV�IRUSXUSRVH�FULWHULD�DUH�EHLQJ�DSSOLHG��UHTXLUHPHQWV�RQ�WKH�LQVSHFWLRQ�PHWKRG�FDQ�EH�VWLSXODWHGDQG�D�YDOLGDWLRQ�RI�WKH�LQVSHFWLRQ�PHWKRG�UHTXLUHG�WKURXJK�D�SHUIRUPDQFH�WHVW��7KHDXWKRULWLHV��OLNH�WKRVH�LQ�FKDUJH�RI��SUHVVXUH�YHVVHO�VDIHW\��RU�WKH�LQVXUHUV�FDQ�EH�WKHLQVWDQFHV�UHTXLULQJ�VXFK�D�YDOLGDWLRQ��,Q�D�YDOLGDWLRQ�D�SHUIRUPDQFH�GHPRQVWUDWLRQ�RI�D�WHVWLQJSURFHVV�KDV�WR�EH�SHUIRUPHG�DQG� WKH�VSHFLILFDWLRQ�XVHG�ZRXOG�QRUPDOO\�EH�EDFNHG�XS�E\SUHYLRXV�DFFUHGLWDWLRQ�IRU�WKH�WHVWLQJ�FRPSDQ\�
1R�1'7�PHWKRGV�JLYH�D�KXQGUHG�SHUFHQW�SUREDELOLW\�RI�ILQGLQJ�DOO�IODZV��2Q�WKH�FRQWUDU\��DOOPHWKRGV�XVHG�JLYH�LQ�SUDFWLFH�UHVXOWV�IROORZLQJ�VSHFLILF�32'��SUREDELOLW\�RI�GHWHFWLRQ�FKDUDFWHULVWLFV��6WDWLVWLFDOO\�WKHVH�KDYH�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�ZKHQ�YDOLGDWLQJ�WKHPHWKRGV��2Q�VLWH��WKH�SDUDOOHO�XVH�RI�PRUH�WKDQ�RQH�PHWKRG�JUHDWO\�HQKDQFHV�WKH�32'V�RI�WKHLQVSHFWLRQV�
'XH�WR�UHVWULFWHG�UHVRXUFHV�LQ�WLPH�DQG�PRQH\��WKH�REMHFWV�WR�EH�WHVWHG�KDYH�WR�EH�SLFNHG�DQGWKH�WHVWLQJ�SHULRGV�VHW�LQ�DGYDQFH��,Q�RWKHU�ZRUGV�DQ�LQ�VHUYLFH�WHVWLQJ�SURJUDP�KDV�WR�EHGHYLVHG��1RZDGD\V�RQH�ZLOO�HQFRXQWHU�D�ORW�RI�GLIIHUHQW�FRQFHSWV�WKDW�KDV�WR�GR�ZLWK�WKHSKLORVRSK\�XVHG�E\�D�ILUP�IRU�DFKLHYLQJ�KLJK�SURGXFWLYLW\�DQG�ORZ�UDWLRV�IRU�ZRUN�DFFLGHQWV�ORVVHV�RI�SURGXFWLRQ�XQLWV�DQG�HQYLURQPHQWDO�DFFLGHQWV��7KH�DEEUHYLDWLRQV�XVHG�DUH�H�J��
�5%,� �5LVN %DVHG�,QVSHFWLRQ��5,, �5LVN�,QIRUPHG�,QVSHFWLRQ��5%,0 �5LVN�%DVHG�,QWHJULW\�0DQDJHPHQW��5%/0 �5LVN�%DVHG�/LIH�0DQDJHPHQW��5%0 �5LVN�%DVHG�0DQDJHPHQW��5&0 �5HOLDELOLW\�&HQWHUHG�0DLQWHQDQFH��5%0, �5LVN�%DVHG�0DLQWHQDQFH�DQG�,QVSHFWLRQ�
$OO�RI�WKHVH�XWLOLVH�PRUH�RU�OHVV�DQ�ROG�UXOH�FDOOHG�WKH��3DUHWR�UXOH��DIWHU�WKH�,WDOLDQPDWKHPDWLFLDQ�DQG�HFRQRPLVW�ZKR�ILUVW�SUHVHQWHG�LW�DW�WKH�EHJLQQLQJ�RI�WKH�ODVW�FHQWXU\�$FFRUGLQJ�WR�WKLV�UXOH�RQO\������RI�WKH�PDFKLQHV�RI�D�SODQW�FDXVH������RI�DOO�WKH�GDPDJHV�:KHQ�LQ�VHUYLFH�WHVWLQJ�SURJUDPV�DUH�VHW�XS��WKLV�UXOH�LV�WDNHQ�LQWR�FRQVLGHUDWLRQ��%XW�EHIRUHHQRXJK�H[SHULHQFH�KDV�EHHQ�JDLQHG�RU�GXH�WR�WKH�ODFN�RI�ORVV�VWDWLVWLFV��RQH�ZD\�RI�GHYLVLQJ�DSURJUDP�DQG�WR�FKRRVLQJ�WKH�FRPSRQHQWV�WR�FRQFHQWUDWH�WKH�WHVWLQJ�HIIRUWV�RQ��LV�WR�HYDOXDWHWKH�FRPSRQHQWV�RU�PDFKLQHV�DFFRUGLQJ�WR�WKHLU�FULWLFDOLW\��$�W\SLFDO�H[DPSOH�RI�WKLV�ZRXOG�EHZKLFK�RI�WKH�PDFKLQHV�LQ�D�SDSHU�PLOO�RXJKW�WR�EH�LQFOXGHG�LQ�WKH�SHULRGLF�YLEUDWLRQPHDVXUHPHQW�SURJUDP�������+HUHE\�SRLQWV�DUH�VXPPHG�IRU�
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)URP�ERWK�XQGHUZULWLQJ�DQG�ULVN�PDQDJHPHQW�SRLQW�RI�YLHZ�LW�LV�LPSRUWDQW�WR�SURPRWH�WKH�XVHRI�PDFKLQH�GLDJQRVWLFV�LQ�JHQHUDO�DQG�WKH�XVH�RI�QRQ�GHVWUXFWLYH�WHVWLQJ�LQ�SDUWLFXODU��7KH�XVHRI�1'7�PHWKRGV�VWDUWV�GXULQJ�PDQXIDFWXULQJ�RI�FRPSRQHQWV�WR�PDFKLQHU\��SODQWV�RU�FLYLOVWUXFWXUHV�DQG�FRQWLQXHV�IRU�ERWK�IRU�WKH�SUHYHQWLRQ�RI�ORVVHV�DQG�IRU�IDLOXUH�DQDO\VHV��1RQH�RIWKH�1'7�PHWKRGV�JLYH�D�KXQGUHG�SHUFHQW�SUREDELOLW\�RI�GHWHFWLRQ��7KH�VPDOOHU�IODZV�RQH�LVORRNLQJ�IRU�DQG�WKH�PRUH�FRPSOLFDWHG�WKH�JHRPHWU\�RI�WKH�REMHFW�WR�EH�WHVWHG�LV��WKH�ORZHU�WKHSUREDELOLW\�RI�GHWHFWLRQ�LV��%\�XVLQJ�WZR�RU�PRUH�1'7�PHWKRGV�SDUDOOHO�GXH�WR�WKH�IDFW�WKDW�WKH\XWLOLVH�GLIIHUHQW�SK\VLFDO�SKHQRPHQD��WKH�SUREDELOLW\�RI�GHWHFWLRQ�FDQ�EH�HQKDQFHGFRQVLGHUDEO\��7KH�GLIIHUHQW�1'7�PHWKRGV�DUH�QRW�FRPSHWLQJ�ZLWK�RQH�DQRWKHU��WKH\�DUHFRPSOHPHQWV�WR�RQH�DQRWKHU�
,W�LV�LPSRUWDQW�WR�UHTXLUH�DQ�LQ�VHUYLFH�LQVSHFWLRQ�SURJUDP�RI�FULWLFDO�PDFKLQHU\�WR�EH�VHW�XSDQG�WR�EH�XSGDWHG�LQ�DQ�LQWHUDFWLYH�ZD\��:KHQ�VHWWLQJ�XS�WKH�SURJUDP��WKH�REMHFWV�RI�DPDFKLQH��D�SODQW�RU�RI�D�FLYLO�VWUXFWXUH�WR�EH�FKRVHQ��VKRXOG�EH�EDVHG�RQ�ULVN�H[SHULHQFH��,QRWKHU�ZRUGV�LW�LV�LPSRUWDQW��WR�IROORZ�D�ULVN�EDVHG�PDLQWHQDQFH�DQG�LQVSHFWLRQ��5%0,�SURJUDP��7KLV�ZLOO�DLP�DW�FKRRVLQJ�WKH�SUREOHP�DUHDV�WR�EH�WHVWHG�LQ�D�FRVW�HIIHFWLYH�ZD\��DQGWR�XVH�WKH�WLPH�DQG�PRQH\�UHVRXUFHV�DYDLODEOH�IRU�SUHYHQWLYH�WHVWLQJ�RI�FULWLFDO�PDFKLQHU\�8VLQJ�ZURQJ�1'7�PHWKRGV�RU�WRR�H[WHQVLYH�WHVWLQJ�RQO\�GLPLQLVKHV�WKH�UHVSHFW�DQGDSSUHFLDWLRQ�IRU�WKH�PHWKRGV���:KHQ�1'7�PHWKRGV�DUH�EHLQJ�DSSOLHG��LW�LV�LPSHUDWLYH�WKDW�WKHWHVWHUV�XVHG�DUH�FHUWLILHG�LQ�WKH�PHWKRG�LQ�TXHVWLRQ��,Q�SUDFWLFH�WKLV�PHDQV�OHYHO���RSHUDWRUV�)RU�YHU\�FULWLFDO�WHVWLQJ�QRW�RQO\�WKH�WHVWHUV�EXW�DOVR�WKH�LQVSHFWLRQ�SURFHGXUH�QHHG�WR�EHYDOLGDWHG�
7KH�DSSURSULDWH�XVH�RI�1'7�PHWKRGV�EULQJV�RXW�WKH�LQYLVLEOH�IODZV�RI�D�VWUXFWXUH�VWDUWLQJ�IURPWKH�PDQXIDFWXULQJ�WLOO�WKH�HQG�XVH�RI�WKH�FRPSRQHQW�LQ�TXHVWLRQ��,W�EULQJV�DGGHG�YDOXH�WR�WKHLQVXUDQFH�FRPSDQ\�RU�WKH�EURNHU�ZKR�LV���D�PHQWRU��IRU�LWV�XVH�DQG�DFWV�DV�D�FDWDO\VW�IRU�ORVVSUHYHQWLRQ�WKURXJK�FRVW�HIIHFWLYH�XVH�RI�PDFKLQHU\�GLDJQRVHV�



$SSHQGL[��
8VH�RI�1RQ�'HVWUXFWLYH�7HVWLQJ��1'7��LQ�(QJLQHHULQJ�,QVXUDQFH
+,6725<�$1'�86(�2)�0$,1�1'7�0(7+2'6
9,68$/�7(67,1*
$Q�ROG�VD\LQJ�GHILQHV�PDQ�DV��D�WRRO�PDNLQJ�DQLPDO���6LQFH�WKLV�LV�WUXH��RQH�FDQ�WUXO\�FODLPWKDW�YLVXDO�LQVSHFWLRQ�LV�MXVW�DV�ROG�DV�PDQNLQG��2I�DOO�1'7�PHWKRGV�YLVXDO�WHVWLQJ�LV�VWLOO�WKHPRVW�LPSRUWDQW�DQG�WKH�RYHUZKHOPLQJO\�PRVW�XVHG�PHWKRG��<HW��LQWHUHVWLQJO\�HQRXJK��DSDUWIURP�WKH�8.��LW�ZDV�WKH�ODVW�RI�WKH�VL[�FODVVLFDO�PHWKRGV�UHIHUUHG�WR�EHORZ�WR�EH�LQFOXGHG�LQ�WKHFHUWLILFDWLRQ�VFKHPHV�IRU�RSHUDWRUV��7KLV�DGGLWLRQ�KDV�EHHQ�PDGH�GXULQJ�WKH�ODVW�ILYH�\HDUV�WRGLIIHUHQW�LQWHUQDWLRQDOO\�RSHUDWHG�VFKHPHV�LQ�FRPSDULVRQ�ZLWK�WKH�VFKHPHV�IRU�UDGLRJUDSK\�RUXOWUDVRQLFV�WKDW�KDYH�EHHQ�RSHUDEOH�IRU�DSSUR[LPDWHO\�DOPRVW����\HDUV�QRZ�
9LVXDO�WHVWLQJ�FDQ�EH�SHUIRUPHG�ZLWKRXW�WKH�DLG�RI�LQVWUXPHQWV�EXW�RI�FRXUVH�ZLWK�WKH�DLG�RI�DJRRG�SRUWLRQ�RI�H[SHULHQFH�RI�KRZ�D�FRPSRQHQW�RU�VWUXFWXUDO�SDUW�RXJKW�WR�ORRN�OLNH�LQ�DQXQGDPDJHG�IRUP��9LVXDO�WHVWLQJ�LV�GRQH�ZLWK�D�QXPEHU�RI�DLGV�VWDUWLQJ�IURP�PLUURUV�PLFURVFRSHV��ERURVFRSHV��HQGRVFRSHV�DQG�QRZDGD\V�SUHGRPLQDQWO\�ZLWK�WKH�XVH�RI�YLGHR�HQGRVFRSHV���7KH�DLG�PHQWLRQHG�ODVW�KDV�VWRUDJH�FDSDELOLW\�DQG�ZKDW�SUHYLRXVO\�UHTXLUHG�DVHULHV�RI�SKRWRJUDSKV�IRU�VHHLQJ�FKDQJHV�LQ�IRUP�RU�VWUXFWXUH��FDQ�QRZ�EH�GRQH�E\�GLUHFWFRPSDULVRQ�RQ�WKH�VFUHHQ��+HUHE\�WUHQGV�RI�IRU�LQVWDQFH�EHQGLQJ�RU�WKLQQLQJ�RI�FRPSRQHQWVFDQ�EH�VHHQ�DQG�DOVR�PHDVXUHG�XVLQJ�D�OLJKW�IDOOLQJ�REOLTXH�RQWR�WKH�VXUIDFH�
9LVXDO�WHVWLQJ�LV�SHUIRUPHG�LQ�PDQ\�VWDJHV�RI�PDQXIDFWXULQJ�DQG�DVVHPEOLQJ�PDFKLQHU\�EXW�LVDOVR�H[WHQVLYHO\�XVHG�IRU�LQ�VHUYLFH�LQVSHFWLRQ�RI�FULWLFDO�FRPSRQHQWV��7\SLFDO�H[DPSOHV�DUHKRW�SDWK�LQVSHFWLRQV�RI�JDV�WXUELQHV�DQG�YDQH�DQG�EODGH�FRQWUROV�RI�VWHDP�WXUELQHV�RIWHQSHUIRUPHG�WKURXJK�VSHFLDOO\�PDGH�HQGRVFRSH�RSHQLQJV�
5$',2*5$3+<
,Q������:LOKHOP�&RQUDG�5|QWJHQ�GLVFRYHUHG�WKH�XQNQRZQ�UDGLDWLRQ�KH�FDOOHG�[�UDGLDWLRQ�DQGSUHVHQWHG�WR�WKH�SK\VLFLVWV�RI�WKH�ZRUOG�WKH�ILUVW�DQG�IDPRXV�UDGLRJUDSK�RI�WKH�KDQG�RI�KLV�ZLIHZLWK�WKH�ZHGGLQJ�ULQJ�FOHDUO\�YLVLEOH��7KLV�ZDV�WKH�EHJLQQLQJ�RI�[�UD\�PHGLFLQH�GLDJQRVWLFV�DQGIRU�WKLV�KH�ZDV�DZDUGHG�WKH�ILUVW�1REHO�SUL]H�LQ�������6KRUWO\�DIWHU�WKH�ILUVW�PHGLFDO�DSSOLFDWLRQ5|QWJHQ�VWDUWHG�WR�[�UD\�LQGXVWULDO�REMHFWV�OLNH�KLV�RZQ�VKRW�JXQ��7KXV��KH�ZDV�WKH�ILUVW�WRXWLOLVH�QRQ�GHVWUXFWLYH�WHVWLQJ�DQG�WR�PDNH�WKH�LQYLVLEOH�EHFRPH�YLVLEOH�
1HYHUWKHOHVV��LW�ZDV�WR�WDNH�KDOI�D�FHQWXU\�XQWLO�UDGLRJUDSK\�ZDV�WR�EH�XVHG�IRU�FRPPRQLQGXVWULDO�DSSOLFDWLRQV��7KH�ILUVW�ZDV�[�UD\LQJ�RI�ZHOGV�LQ�SLSHOLQHV�DQG�SUHVVXUH�YHVVHOV��7KLVLV�VWLOO�WRGD\�RQH�RI�WKH�PRVW�LPSRUWDQW�DUHDV�RI�DSSOLFDWLRQ��%HIRUH�WKH�ILOPV�ZHUH�GHYHORSHGE\�KDQG��DQG�WKHQ�DURXQG�����������DXWRPDWLF�GHYHORSLQJ�ZDV�WDNHQ�LQWR�XVH��,Q�SULQFLSOHUDGLRJUDSK\�KDV�VWD\HG�PXFK�WKH�VDPH�IURP�WKH�VWDUW��2Q�WKH�RWKHU�KDQG�ZH�DUH�QRZIROORZLQJ�WKH�H[DPSOH�IURP�PHGLFLQH�DQG�DUH�RQ�WKH�SRLQW�RI�VWDUWLQJ�WR�XVH�GLJLWDO�ILOPV�PDGH



XS�RI�LQWHJUDO�VHQVRUV�ZKHUHE\�WKH�GRFXPHQW�LV�DFKLHYHG�LQ�D�GLJLWDO�IRUP�DQG�FDQ�EHSURFHVVHG�LQ�D�QXPEHU�RI�ZD\V�OLNH�SURGXFLQJ�WRPRJUDSKV�RI�REMHFWV�WR�EH�WHVWHG�)XUWKHUPRUH��WKH�XVH�RI�RQ�OLQH�UDGLRVFRS\�LV�DOVR�JHWWLQJ�FRPPRQ�LQ�H�J��PDQXIDFWXULQJ�SLSHVDQG�FDVWLQJV�
0$*1(7,&�3$57,&/(�7(67,1*
0DJQHWLVP�KDG�EHHQ�NQRZQ�VLQFH�WKH�DQWLTXH�DQG�KDG�EHHQ�XWLOLVHG�LQ�WKH�0LGGOH�$JHV�IRUPDNLQJ�FRPSDVVHV��7KH�ILUVW�1'7�DSSOLFDWLRQ�RI�WKLV�ZDV�XWLOLVHG�E\�WKH�(QJOLVKPDQ�6�+�6D[E\�LQ������ZKHQ�KH�FKHFNHG�WKH�SLSHV�RI�WKH�FDQQRQV�IRU�FUDFNV�XVLQJ�D�FRPSDVV�DQG�QRH[WHUQDO�PDJQHWLVDWLRQ���7KH�H[WHUQDO�PDJQHWLVDWLRQ�EHFDPH�SRVVLEOH�DIWHU�WKH�'DQLVKVFLHQWLVW�+�&��gUVWHGW�GLVFRYHUHG�WKH�UHODWLRQ�EHWZHHQ�FXUUHQW�DQG�WKH�PDJQHWLF�ILHOG�LQ������7KH�XWLOLVDWLRQ�RI�WKLV�GLVFRYHU\�ZRXOG�WKHQ�ZDLW�IRU�DQRWKHU�FHQWXU\�XQWLO�WKH�$PHULFDQ�:�(�+RRNH�LQ������GLVFRYHUHG�DQG�SDWHQWHG�WKH�PHWKRG�RI�PDJQHWLVLQJ�REMHFWV�DQG�SURGXFLQJ�DOHDNDJH�ILHOG�WR�ZKLFK�LURQ�SRZGHU�ZRXOG�DGKHUH�DQG�GHOLQHDWH�FUDFNV�LQYLVLEOH�WR�WKH�XQDLGHGH\H��7KLV�PHWKRG�UHOLHV�RQ�VXFK�D�EDVLF�SKHQRPHQRQ�WKDW�LW�ZDV�HDV\�WR�DSSO\�DQG�KDV��EHHQZLGHO\�XVHG�HYHU�VLQFH�
7RGD\�PDJQHWLF�SDUWLFOH�WHVWLQJ�LV�XVHG�ERWK�GLUHFWO\�LQ�GD\OLJKW�EXW�DOVR�LQ�GDUNHQHGVXUURXQGLQJV�LQ�FRQQHFWLRQ�ZLWK�IOXRUHVFHQW�SDUWLFOHV�PDNLQJ�LQGLFDWLRQV�WKDW�DUH�WKHQVRPHZKDW�HDVLHU�WR�ILQG��WKXV�HQKDQFLQJ�WKH�SUREDELOLW\�RI�GHWHFWLRQ��32'��RI�WKH�PHWKRGVRPHZKDW��7\SLFDO�REMHFWV�IRU�PDJQHWLF�SDUWLFOH�WHVWLQJ�DUH�FULWLFDO�DXWRPRWLYH�SDUWV��W\SLFDOO\VWHHULQJ�DQG�EUDNLQJ�FRPSRQHQWV��&DOFXODWHG�LQ�WHVWHG�REMHFWV�WKLV�LV�SUREDEO\�WKH�PRVW�XVHG1'7�PHWKRG�GXH�WR�WKH�KXJH�QXPEHU�RI�FDUV�SURGXFHG�LQ�WKH�ZRUOG�WRGD\��)XUWKHUPRUH�PDJQHWLF�SDUWLFOH�WHVWLQJ�LV�DSSOLHG�VXFFHVVIXOO\�WR�VXFK�PDFKLQH�SDUWV�GXULQJ�LQ�VHUYLFHLQVSHFWLRQV�WKDW�RQH�FDQ�H[SHFW�VKRZLQJ�IDWLJXH�FUDFNLQJ��7KH�PHWKRG�UHYHDOV�DOVR�FUDFNVXQGHU�FRPSUHVVLRQ��ZKLFK�PDQ\�WLPHV�LV�WKH�VLWXDWLRQ�ZKHQ�PDFKLQHU\�KDV�EHHQ�VWRSSHG�IRUSHULRGLFDO�LQVSHFWLRQV�
3(1(75$17�7(67,1*
3HQHWUDQW�WHVWLQJ�ZDV�DFWXDOO\�XVHG�EHIRUH�PDJQHWLF�SDUWLFOH�WHVWLQJ�EXW�ZDV�SDWHQWHG�D�IHZGHFDGHV�ODWHU�E\�WKH�$PHULFDQ�$�9��GH�)RUHVW�LQ�������7KLV�PHWKRG�ZDV�IRUPHUO\�FDOOHG��7KH2LO�DQG�:KLWLQJ��PHWKRG�DQG�ZDV�XVHG�IRU�WHVWLQJ�KHDY\�FDVW�SDUWV�XVHG�E\�WKH�KXJHORFRPRWLYHV�LQ�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\��7KH\�DSSOLHG�XVHG�RLO�KDYLQJ�D�GDUN�SLJPHQW�L�H��FRQWDLQLQJ�GLUW��DQG�WKH�ZKLWLQJ�ZDV�VLPSO\�D�ZDWHU�EDVHG�FKDON�VOXUU\�WKDW�GULHG�RXW�WRZKLWH�ILOP�DQG�ZRUNHG�DV�WKH�GHYHORSHUV�XVHG�WRGD\��7KH�LGHD�ZDV�WKH�VDPH�DV�LQ�PDJQHWLFSDUWLFOH�WHVWLQJ��QDPHO\�WR�HQODUJH�WKH�ZLGWK�RI�WKH�LPDJH�RI�D�ILQH�FUDFN�DQG�PDNH�LW�YLVLEOH�WRWKH�XQDLGHG�H\H�
7RGD\�SHQHWUDQW�WHVWLQJ�XVHV�SUHGRPLQDQWO\�UHG�RU�IOXRUHVFHQW�SHQHWUDQWV�DQG�LV�XVHG�IRUVXUIDFH�WHVWLQJ�RI�SULPDULO\�QRQ�PDJQHWLF�PDWHULDOV��7\SLFDO�DSSOLFDWLRQV�DUH�FRPSRQHQWV�RIDLUFUDIW�JDV�WXUELQHV��VWDLQOHVV�DXVWHQLWLF�SLSHV�LQ�FKHPLFDO�DQG�QXFOHDU�SODQWV�



8/75$621,&�7(67,1*
7KH�EDVLV�IRU�XOWUDVRQLF�WHVWLQJ�RI�PDWHULDOV�ZDV�HVWDEOLVKHG�ZKHQ�WKH�$PHULFDQ�)�$�)LUHVWRQH�LQ������DFKLHYHG�D�SDWHQW�IRU�KLV�LQYHQWLRQ�FRQFHUQLQJ�D�IODZ�GHWHFWLRQ�GHYLFH�)LUHVWRQH�ZDV�WKH�ILUVW�WKHQ�LQ������WR�XVH�WKLV�PHWKRG�IRU�WKH�VRQDU���+H�XVHG�ZDWHU�DV�PHGLDIRU�VHQGLQJ�VRXQG�RI�KLJKHU�IUHTXHQF\�WKDQ�D�KXPDQ�EHLQJ�FDQ�KHDU��!���N+]��WKURXJK�WKHZDWHU�EDFN�DQG�IRUWK�WR�WKH�ERWWRP�DQG�E\�PHDVXULQJ�WKH�WLPH�HODSVHG�IRU�D�SXOVH�WR�WUDYHO��KHFRXOG�WKHQ�GHGXFH�WKH�GHSWK�RI�WKH�ZDWHU��7KH�VDPH�LGHD�FDQ�EH�XVHG�IRU�DQ\�PDWHULDO�WKDWHDVLO\�FRQYH\V�ORQJLWXGLQDO�RU�WUDQVYHUVH�ZDYHV��0RVW�FRQVWUXFWLRQ�PDWHULDOV�KDYH�WKLV�DELOLW\DQG�WKXV�WKLV�PHWKRG�FDQ�EH�XVHG�IRU�PHDVXULQJ�WKH�GLVWDQFH�WR�D�UHIOHFWRU�DQG��RU�WKH�DPRXQWRI�UHIOHFWHG�HQHUJ\�IURP�WKH�GLVFRQWLQXLW\�RI�WKH�KRPRJHQRXV�PDWHULDO��7KH�PHDVXULQJ�RI�WKHGLVWDQFH�FDQ�EH�GLUHFWO\�XWLOLVHG�IRU�WKLFNQHVV�PHDVXUHPHQW�DQG�WKH�UHODWLYH�DPRXQW�RI�HQHUJ\LQ�GLIIHUHQW�GLUHFWLRQV�FDQ�EH�XWLOLVHG�IRU�PDSSLQJ�WKH�UHIOHFWRU�L�H��WKH�YRLG�LQ�WKH�PDWHULDO���7KHPHWKRG�RI�VFLHQWLILFDOO\�DSSO\LQJ�XOWUDVRXQG�IRU�PDWHULDO�WHVWLQJ�ZDV�GHYHORSHG�LQ�*HUPDQ\�E\WKH�EURWKHUV�+��DQG�-��.UDXWNUlPHU�WR�D�KLJK�H[WHQW�VWDUWLQJ�LQ�WKH�����V�
6LQFH�WKHQ�WKH�XOWUDVRQLF�PHWKRG�KDV�JRQH�WKURXJK�VHYHUDO�SKDVHV�RI�GHYHORSPHQW�DQG�KDVPDGH�HQRUPRXV�DFKLHYHPHQWV�DQG�WKH�PHWKRG�VWLOO�KDV�JUHDW�SRWHQWLDOV�IRU�HYHQ�IXUWKHUDSSOLFDWLRQV��7KH�FODVVLF�PDWHULDOV�IRU�DSSOLFDWLRQ�ZHUH�FDVW�VWHHO�DQG�DOO�W\SHV�RI�VWHHOVH[FHSW�DXVWHQLWLF�VWHHOV�DQG�VRPH�FDVW�LURQV��GXH�WR�WKHLU�KLJK�VRXQG�DEVRUSWLRQ�DQGDQLVRWURSLF�EHKDYLRXU�
7RGD\�XOWUDVRQLF�WKLFNQHVV�WHVWLQJ�IRU�WKH�FKHFNLQJ�RI�SRVVLEOH�FRUURVLRQ�RU�HURVLRQ�WKLQQLQJ�LVDSSOLHG�IRU�LQVWDQFH�DW�HYHU\�LQVSHFWLRQ�DW�XWLOLW\�RXWDJHV��:HOGV�DUH�WHVWHG�XVLQJ�XOWUDVRQLFWHVWLQJ�DQG�DQJOH�SUREHV�WR�EH�DEOH�WR�UHDFK�GRZQ�WR�WKH�URRW�DQG�WKH�VLGHV�RI�WKH�ZHOGVLQFOXGLQJ�WKH�+$=��+HDW�DIIHFWHG�]RQH��ZKHUH�WKH�FUDFNLQJ�RU�XQIXVLQJ�GXULQJ�ZHOGLQJ�LV�PRVWOLNHO\�WR�DSSHDU��7KH�WHFKQLTXHV�RI�FKHFNLQJ�FRPSOLFDWHG�JHRPHWULHV�LV�GHPDQGLQJ�DQGUHTXLUHV�SURSHU�FHUWLILFDWLRQ�RI�WKH�RSHUDWRUV�
,Q�D�QHDU�IXWXUH�SUREHV�WKDW�VHQG�ZDYHV�LQ�GLIIHUHQW�GLUHFWLRQV���VR�FDOOHG�SKDVHG�DUUD\�SUREHV��DQG�WKH�SRVVLELOLW\�RI�UHFRUGLQJ��SURFHVVLQJ��VDYLQJ�DQG�SUHVHQWDWLRQ�RI�GLJLWDOL]HG�WHVWLQJUHVXOWV��ZLOO�HQKDQFH�WKH�32'�RI�WKH�PHWKRG�DQG�ZLOO�OHDG�WR�HDVLHU�WHVWLQJ�WHFKQLTXHV��6R�IDUWKH�XOWUDVRXQG�KDV�UHTXLUHG�D�FRQWDFW�PHGLD�HLWKHU�D�MHOO\�RU�ZDWHU�IRU�SHQHWUDWLQJ�LQWR�WKHPDWHULDO��,Q�WKH�IXWXUH�DLU�ERXQG�H[FLWDWLRQ�OLNH�ODVHU�H[FLWDWLRQ�ZLOO�HQDEOH�IRU�LQVWDQFH�WKHWHVWLQJ�RI�UDLOURDG�WUDFNV�DW�KLJK�VSHHGV�
(''<�&855(17�7(67,1*
0RVW�FUDFNV�LQLWLDWH�GXULQJ�XVH�DQG�DOVR�WR�D�KLJK�H[WHQW�LQ�WKH�PDQXIDFWXULQJ�SKDVHV�RI�DFRPSRQHQW�LQ�WKH�VXUIDFH�RI�WKH�VWUXFWXUH��7KLV�LV�WKH�UHDVRQ�ZK\�WKH�FODVVLFDO�VXUIDFH�WHVWLQJPHWKRGV�PDJQHWLF�SDUWLFOH�WHVWLQJ��07��DQG�SHQHWUDQW�WHVWLQJ��37��KDYH�EHHQ�DQG�VWLOO�DUH�VRVXFFHVVIXO�DQG�IUHTXHQWO\�DSSOLHG�PHWKRGV��7KH�SUREOHP�ZLWK�ERWK�07�DQG�37�LV�WKDW�WKHDSSOLFDWLRQ�RI�WKH�PHGLD�LV�FXPEHUVRPH�DQG� WKH�UHFRUGLQJ�RI�WKH�UHVXOWV�LV�QRW�HDV\�WRDFKLHYH��(GG\�&XUUHQW�WHVWLQJ�LV�D�QRQ�FRQWDFW�PHWKRG�ZKHUH�WKH�GRFXPHQWDWLRQ�LV�PDGH�DQGFDQ�EH�VDYHG�HOHFWULFDOO\��7KLV�PHWKRG�ZDV�EHLQJ�GHYHORSHG�SULPDULO\�LQ�WKH�8QLWHG�6WDWHV�DWWKH�EHJLQQLQJ�RI�WKH����WK�FHQWXU\��7KHUH�ZHUH�VRPH�XVHIXO�DSSOLFDWLRQV�OLNH�WKH�0DJQD�4�HTXLSPHQW�IRU�VRUWLQJ�PDWHULDOV��EXW�D�ZRUNLQJ�WKHRU\�RI�WKH�PHWKRG�ZDV�ODFNLQJ��,W�ZDV�WKHQ



WKH�*HUPDQ�)��)|UVWHU�ZKR�LQ�WKH������LHV�FODULILHG�WKH�WKHRU\�IRU�(GG\�&XUUHQW�WHVWLQJ��(7�DQG�GHYLVHG�WKH�QHFHVVDU\�IRUPXODH�
6LQFH�WKHQ��(7�KDV�EHHQ�VXFFHVVIXOO\�DSSOLHG�IRU�WKH�WHVWLQJ�RI�WXEHV�ERWK�LQ�WKH�SURGXFWLRQSKDVH�DQG�DOVR�H[WHQVLYHO\�DV�SHULRGLFDO�WHVWLQJ�XVLQJ�LQWHUQDO�SUREHV�IRU�LQ�VHUYLFH�WHVWLQJ�RIKHDW�H[FKDQJHUV��7RGD\�WKH�WHFKQLTXHV�LQFOXGH�ZHOG�WHVWLQJ�HVSHFLDOO\�XQGHUZDWHU�WHVWLQJ�0XOWLSOH�HOHPHQW�SUREHV�DUH�WR�EH�H[SHFWHG�LQ�WKH�QHDU�IXWXUH�ZLWK�ZKLFK�WKH�WHVWLQJ�FDQ�EHSHUIRUPHG�LQ�RQH�VZHHS�LQVWHDG�RI�SURELQJ�LQ�VHYHUDO�GHILQHG�GLUHFWLRQV�



$SSHQGL[��
8VH�RI�1RQ�'HVWUXFWLYH�7HVWLQJ��1'7��LQ�(QJLQHHULQJ�,QVXUDQFH
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9,68$/�7(67,1*
9LVXDO�LQVSHFWLRQ��ZLWK�RU�ZLWKRXW�WKH�XVH�RI�RSWLFDO�DLGV��LV�SHUIRUPHG�ZLWK�WKH�DLP�RI�GHWHFWLQJVXUIDFH�EUHDNLQJ�IODZV��7KHUH�DUH�D�YDULHW\�RI�RSWLFDO�DLGV�DYDLODEOH�WR�WKH�YLVXDO�LQVSHFWRUUDQJLQJ�IURP�VLPSOH�KDQG�KHOG�PDJQLILHUV�WR�VSHFLDOLVW�GHYLFHV�VXFK�DV�ILEUH�RSWLF�HQGRVFRSHVIRU�WKH�LQVSHFWLRQ�RI�UHVWULFWHG�DFFHVV�DUHDV��7KH�FDSDELOLW\�RI�YLVXDO�LQVSHFWLRQ�LV�KHDYLO\GHSHQGHQW�RQ�WKH�VXUIDFH�FRQGLWLRQ�RI�WKH�FRPSRQHQW�DQG�WKH�OHYHO�RI�OLJKWLQJ�DYDLODEOH�
/LPLWDWLRQV��)DLUO\�OLPLWHG�FDSDELOLW\�XQOHVV�VSHFLDO�RSWLFDO�DLGV�DUH�XVHG��0HWKRG�XVXDOO\�UHTXLUHVVXSSOHPHQWLQJ�ZLWK�RWKHU�PHWKRGV�WHFKQLTXHV�WR�FRQILUP�WKH�SUHVHQFH�RI�IODZV�DQG�IRU�VL]LQJ�
7\SLFDO�(TXLSPHQW�8VHG�

x (\HVx 2SWLFDO�$LGV��0DJQLILHUV��%RUHVFRSHV��)LEUHVFRSHV�x )LOP�DQG�9LGHR�&DPHUDV�IRU�5HFRUGLQJ

)LJXUH����8VH�RI�D�VWUDLJKW�HQGRVFRSH�IRU�FKHFNLQJ�SRVVLEOH�YDOYH�GDPDJH



)LJXUH����(QGRVFRS\�RI�D�VWHDP�WXUELQH�YLD�D�SUH�PDQXIDFWXUHG�HQGRVFRS\�KROH



5$',2*5$3+<
,Q�UDGLRJUDSKLF�WHVWLQJ��D�VRXUFH�RI�;�RU�JDPPD�UDGLDWLRQ�LV�XVHG�WR�SURGXFH�DQ�LPDJH�RI�WKHFRPSRQHQW�RQ�SKRWRJUDSKLF�ILOP��E\�SODFLQJ�WKH�UDGLDWLRQ�VRXUFH�RQ�RQH�VLGH�RI�WKHFRPSRQHQW�DQG�WKH�ILOP�RQ�WKH�RWKHU���)ROORZLQJ�H[SRVXUH�WR�UDGLDWLRQ��WKH�ILOP�LV�WKHQSURFHVVHG�DQG�WKHQ�YLHZHG�RQ�DQ�LOOXPLQDWHG�VFUHHQ�IRU�YLVXDO�LQWHUSUHWDWLRQ�RI�WKH�LPDJH�5DGLRJUDSK\�JLYHV�D�SHUPDQHQW�UHFRUG��WKH�H[SRVHG�ILOP���ZKLFK�LV�D�PDMRU�DGYDQWDJH�RI�WKHPHWKRG��DQG�LV�ZLGHO\�XVHG�WR�GHWHFW�YROXPHWULF�IODZV��VXUIDFH�DQG�LQWHUQDO��
;�UD\�HTXLSPHQW�UDQJHV�IURP�DERXW���N9�WR���09��WKH�KLJKHU�WKH�YROWDJH�WKH�JUHDWHU�WKHSHQHWUDWLQJ�SRZHU�RI�WKH�UDGLDWLRQ�DQG�WKH�JUHDWHU�WKH�WKLFNQHVV�RI�FRPSRQHQW�WKDW�FDQ�EHWHVWHG���*DPPD�UDGLRJUDSK\�LV�FDUULHG�RXW�XVLQJ�UDGLRDFWLYH�LVRWRSH�VRXUFHV��H�J��&REDOW����,ULGLXP�������DQG�LV�ZLGHO\�XVHG�IRU�ILHOGZRUN�EHFDXVH�RI�LWV�JUHDWHU�SRUWDELOLW\�
/LPLWDWLRQV��/LPLWHG�FDSDELOLW\�IRU�WKH�GHWHFWLRQ�RI��SODQDU��IODZV�WKDW�DUH�QRW�RULHQWHG�SDUDOOHOWR�WKH�UDGLDWLRQ�EHDP��H�J��ODFN�RI�VLGH�ZDOO�IXVLRQ��&DQQRW�GHWHUPLQH�IODZ�WKURXJK�WKLFNQHVVGLPHQVLRQ��)RU�PRVW�DSSOLFDWLRQV�LQWHUQDO�DFFHVV�LV�UHTXLUHG��DV�ZHOO�DV�H[WHUQDO���)RU�RQ�VLWHWHVWLQJ��UDGLDWLRQ�VDIHW\�LV�D�PDMRU�LVVXH�
7\SLFDO�(TXLSPHQW�8VHG�
;�UD\�8QLW�*DPPD�6RXUFH)LOP3URFHVVLQJ�8QLW9LHZLQJ�)DFLOLW\



)LJXUH�����;�UD\LQJ�RI�D�VHFWLRQ�RI�D�ZHOG�LQ�D�SUHVVXUH�YHVVHO
0$*1(7,&�3$57,&/(�7(67,1*
,Q�PDJQHWLF�SDUWLFOH�WHVWLQJ���07�RU�03,����WKH�FRPSRQHQW�LV�PDJQHWLVHG�HLWKHU�ORFDOO\�RURYHUDOO��,I�WKH�FRPSRQHQW�LV�VRXQG�WKH�PDJQHWLF�IOX[�LV�SUHGRPLQDQWO\�LQVLGH�WKH�PDWHULDO��LI�KRZHYHU��WKHUH�LV�D�VXUIDFH�EUHDNLQJ�IODZ��WKH�PDJQHWLF�ILHOG�LV�GLVWRUWHG��FDXVLQJ�ORFDO�IOX[OHDNDJH�DURXQG�WKH�IODZ��7KH�IOX[�OHDNDJH�LV�GLVSOD\HG��E\�FRYHULQJ�WKH�VXUIDFH�ZLWK�YHU\�ILQHLURQ�SDUWLFOHV��XVXDOO\�VXVSHQGHG�LQ�D�OLTXLG��7KH�SDUWLFOHV�DFFXPXODWH�DW�WKH�UHJLRQV�RI�IOX[OHDNDJH�UHYHDOLQJ�WKH�IODZ�DV�D�OLQH�RI�LURQ�SDUWLFOHV�RQ�WKH�FRPSRQHQW�VXUIDFH�
03,�LV�DSSOLFDEOH�WR�DOO�PHWDOV�WKDW�FDQ�EH�PDJQHWLVHG��:LWK�03,��LW�LV�LPSRUWDQW�WR�HQVXUH�WKDWWKH�GLUHFWLRQ�RI�WKH�PDJQHWLF�IOX[�LV�DSSURSULDWH�IRU�WKH�IODZV�H[SHFWHG��$�YDULHW\�RI�HTXLSPHQWLV�DYDLODEOH��WKH�PRVW�FRPPRQ�PHWKRG�RI�PDJQHWLVDWLRQ�EHLQJ�WKH�DSSOLFDWLRQ�RI�DQHOHFWURPDJQHW��$&�\RNH��RU�LQ�VRPH�VSHFLDO�FDVHV�D�SHUPDQHQW�PDJQHW�WR�WKH�FRPSRQHQWVXUIDFH��7KH�HTXLSPHQW�LV�PDQXDOO\�RSHUDWHG�
,Q�WKH SURGXFWLRQ�RI�VHULDO�SDUWV�OLNH�VDIHW\�SDUWV�IRU�FDUV�L�H��SUHGRPLQDQWO\�VWHHULQJ�DQGEUDNLQJ�FRPSRQHQWV��VHPLDXWRPDWLF�XQLWV�DUH�HPSOR\HG��+HUHE\�DOO�WKH�UHVW�RI�WKH�WHVWLQJVWDJHV�DUH�PDGH�DXWRPDWLFDOO\�EXW�WKH�LQVSHFWLRQ�XQGHU�XOWUDYLROHW�OLJKW�LV�DW�WKH�ILQDO�VWDJHSHUIRUPHG��PDQXDOO\
/LPLWDWLRQV� &DQ�RQO\�GHWHFW�IODZV�LQ�IHUURPDJQHWLF�PDWHULDOV��&DQ�RQO\�GHWHFW�VXUIDFH�IODZV�VRPH�VXE�VXUIDFH�FDSDELOLW\�H[LVWV�ZLWK�WKLV�PHWKRG�EXW�GHWHFWLRQ�FDQ�EH�XQUHOLDEOH���&DQQRWGHWHUPLQH�IODZ�WKURXJK�WKLFNQHVV�GLPHQVLRQ�
7\SLFDO�(TXLSPHQW�8VHG�



$&�<RNH%ODFN�0DJQHWLF�,QN:KLWH�%DFNJURXQG�3DLQW��89�/DPS�IRU�)OXRUHVFHQW�,QN�)OX[�,QGLFDWRUV

)LJXUH�����1XW�XVHG�WR�MRLQ�WKH�WRS�DQG�ERWWRP�WXUELQH�FDVLQJ�RI�D�VWHDP�WXUELQH�)OXRUHVFHQW�PDJQHWLF�SDUWLFOH�WHVWLQJ�UHYHDOV�WKHUPDO�IDWLJXH�FUDFNV�DOO�RYHU�WKHVXUIDFHV



)LJXUH����$����GHJUHH�FUDFN�LQ�D�VWXG�IRU�DQ�LFH�EUHDNHU�SURSHOOHU�GHOLQHDWHG�XVLQJIOXRUHVFHQW�PDJQHWLF�SDUWLFOH�WHVWLQJ

)LJXUH�����0DJQHWLF�SDUWLFOH�WHVWLQJ�RI�D�VWHDP�SLSH�LQ�D�SRZHU�SODQW�XVLQJ�D�\RNH�DQGZKLWH�FRQWUDVW�SDLQW�EHIRUH�DSSO\LQJ�WKH�EODFN�VXVSHQVLRQ�IURP�D�VSUD\�FDQ



3(1(75$17�7(67,1*
,Q�SHQHWUDQW�WHVWLQJ��OLTXLG�SHQHWUDQW�LV�GUDZQ�LQWR�VXUIDFH�EUHDNLQJ�IODZV�E\�FDSLOODU\�DFWLRQ�DSSOLFDWLRQ�RI�D�GHYHORSHU�GUDZV�RXW�WKH�SHQHWUDQW�LQ�WKH�IODZ SURGXFLQJ�DQ�LQGLFDWLRQ�RQ�WKHFRPSRQHQW�VXUIDFH��3HQHWUDQW�WHVWLQJ�LV�D�ORZ�FRVW�PHWKRG�WR�DSSO\�DQG�LV�YHU\�IDVW��ODUJHDUHD�FRYHUDJH���,W�LV�XVXDOO\�D�VL[�VWDJH�SURFHVV�
6XUIDFH�FOHDQLQJ$SSOLFDWLRQ�RI�SHQHWUDQW�WR�FRPSRQHQW�VXUIDFH5HPRYDO�RI�H[FHVV�SHQHWUDQW$SSOLFDWLRQ�RI�GHYHORSHU,QVSHFWLRQ�RI�FRPSRQHQW�VXUIDFH�IRU�IODZV3RVW�FOHDQLQJ
3HQHWUDQW�WHVWLQJ�FDQ�EH�DSSOLHG�WR�DQ\�QRQ�SRURXV�FOHDQ�PDWHULDO��PHWDOV�RU�QRQ�PHWDOV��EXWLV�XQVXLWDEOH�IRU�GLUW\�RU�YHU\�URXJK�FRPSRQHQW�VXUIDFHV��5HG�G\H�SHQHWUDQW�LV�WKH�PRVWFRPPRQO\�XVHG��IOXRUHVFHQW�SHQHWUDQWV�DUH�XVHG�ZKHQ�PD[LPXP�IODZ�VHQVLWLYLW\�LV�UHTXLUHG�3HQHWUDQW�WHVWLQJ�FDQ�EH�IXOO\�DXWRPDWHG��KRZHYHU��LQ�WKH�ILHOG��WKH�PHWKRG�LV�PDQXDOO\DSSOLHG�
/LPLWDWLRQV��&DQ�RQO\�GHWHFW�IODZV�RSHQ�WR�WKH�VXUIDFH��WKH�FRPSRQHQW�VXUIDFH�RQ�ZKLFK�WKHSHQHWUDQW�LV�DSSOLHG���,Q�DGGLWLRQ��WKH�IODZ�PXVW�QRW�EH�ILOOHG�ZLWK�IRUHLJQ�PDWHULDO�DV�WKLVSUHYHQWV�WKH�SHQHWUDQW�IURP�HQWHULQJ�WKH�IODZ��&DQQRW�GHWHUPLQH�IODZ�WKURXJK�WKLFNQHVVGLPHQVLRQ�
7\SLFDO�(TXLSPHQW�8VHG�
6ROYHQW�&OHDQHU5HG�G\H�3HQHWUDQW'HYHORSHU����89�/DPS�IRU�)OXRUHVFHQW�3HQHWUDQW�



)LJXUH�����3HQHWUDQW�WHVWLQJ�XVLQJ�UHG�G\H�KDV�UHYHDOHG�WZR�YHUWLFDO�SRUHV�DQG�D�FUDFNFRQQHFWLQJ�WKH�SRUHV�LQ�D�ZHOG�SUHSDUDWLRQ�RI�D�YDOYH
8/75$621,&�7(67,1*
)ODZ�GHWHFWLRQ
,Q�XOWUDVRQLF�IODZ�GHWHFWLRQ��D�EHDP�RI�KLJK�IUHTXHQF\�VRXQG��0+]�UDQJH��IURP�D�VPDOO�SUREHLV�XVHG�WR�VFDQ�WKH�FRPSRQHQW�PDWHULDO�IRU�IODZV��7KLV�PHWKRG�RI�WHVWLQJ�LV�XVHG�WR�GHWHFW�ERWKVXUIDFH�DQG�LQWHUQDO�IODZV��SODQDU�DQG�YROXPHWULF��
,Q�LWV�VLPSOHVW�IRUP��D�VPDOO�KDQG�KHOG�SUREH�FRQQHFWHG�WR�D�IODZ�GHWHFWRU��RVFLOORVFRSH��LVFRXSOHG�WR�WKH�FRPSRQHQW�VXUIDFH��%\�VFDQQLQJ�WKH�SUREH�DQG�REVHUYLQJ�WKH�UHVSRQVH�RQ�WKHIODZ�GHWHFWRU�VFUHHQ��WKH�$�VFDQ�GLVSOD\��WKH�ORFDWLRQ�RI�IODZV�FDQ�EH�GHWHUPLQHG�DQG�WKHLUVL]H�HVWLPDWHG��%\�VXLWDEOH�GHVLJQ�RI�SUREH��XOWUDVRQLF�EHDPV�FDQ�EH�LQWURGXFHG�LQWR�WKHFRPSRQHQW�PDWHULDO�DW�DOPRVW�DQ\�DQJOH��*HQHUDOO\��D�VLQJOH�SUREH�DFWV�DV�ERWK�WUDQVPLWWHUDQG�UHFHLYHU�RI�XOWUDVRXQG��DOORZLQJ�LQVSHFWLRQ�IURP�RQH�VLGH�RI�WKH�FRPSRQHQW�RQO\��WKHVLQJOH�SUREH�SXOVH�HFKR�WHFKQLTXH��
$V�ZHOO�DV�WKLV�WHFKQLTXH��WKH�PRVW�FRPPRQ��WKHUH�DUH�PDQ\�RWKHU�WHFKQLTXHV�¤�WDQGHP�WKURXJK�WUDQVPLVVLRQ�DQG�7LPH�RI�)OLJKW�'LIIUDFWLRQ�72)'��GHVFULEHG�LQ�VSHFLDOLVW�1'7WHFKQLTXHV�6HFWLRQ���������0RVW�ILQH�JUDLQ�PHWDOV�FDQ�EH�XOWUDVRQLFDOO\�WHVWHG��XS�WR�ODUJHWKLFNQHVVHV��ZLWKRXW�GLIILFXOW\��2Q�WKH�RWKHU�KDQG��ODUJH�JUDLQ�PHWDOV�VXFK�DV�DXVWHQLWLFVWDLQOHVV�VWHHOV�DUH�YHU\�GLIILFXOW�WR�LQVSHFW��3ULRU�WR�WKHLU�XVH�XOWUDVRQLF�V\VWHPV�UHTXLUHFDOLEUDWLRQ�



:LWK�WKLV�PHWKRG�RI�WHVWLQJ��VHQVLWLYLW\�WR�IODZV�FDQ�EH YHU\�KLJK��&RQVLGHUDEOH�RSHUDWRU�VNLOO�LVUHTXLUHG�WR�LQWHUSUHW�WKH�$�VFDQ�GLVSOD\V��7KH�PDMRULW\�RI�HTXLSPHQW�LV�PDQXDOO\�RSHUDWHG�KRZHYHU��IRU�FHUWDLQ�DSSOLFDWLRQV��FRPSOH[�PXOWL�SUREH�V\VWHPV�DUH�XVHG�ZLWK�FRPSXWHULVHGGDWD�DFTXLVLWLRQ�SURFHVVLQJ��GLVSOD\�DQG�DQDO\VLV�
7KLFNQHVV�*DXJLQJ
7KH�GHWHUPLQDWLRQ�RI�FRPSRQHQW�WKLFNQHVV�XVLQJ�WKLFNQHVV�JDXJHV�LV�GHVFULEHG�KHUH�DV�LW�LVWKH�PRVW�FRPPRQ�ILHOG�DSSOLFDWLRQ�RI�WKH�XOWUDVRQLF�PHWKRG�RI�WHVWLQJ�
7KLFNQHVV�JDXJLQJ�LV�D�PDQXDO�RSHUDWLRQ�ZKLFK�XVHV�D�VPDOO�XOWUDVRQLF�SUREH�FRQQHFWHG�WR�DKDQG�KHOG�JDXJH��7KH�PDLQ�XVH�RI�WKLFNQHVV�JDXJLQJ�LV�WR�GHWHUPLQH�UHPDLQLQJ�ZDOO�WKLFNQHVVSDUWLFXODUO\�LQ�FRPSRQHQW�DUHDV�ZKHUH�FRUURVLRQ�HURVLRQ�LV�VXVSHFWHG��)RU�WKH�DVVHVVPHQW�RIFRPSRQHQW�FRQGLWLRQ�¨WKLFNQHVV�VXUYH\V©��DV�WKH\�DUH�RIWHQ�UHIHUUHG�WR��DUH�FDUULHG�RXW��7KHVHDUH�XVXDOO\�SHUIRUPHG�E\�PDNLQJ�D�QXPEHU�RI�¨VSRW©�PHDVXUHPHQWV�ZLWK�WKH�WKLFNQHVV�JDXJHLQ�D�JULG�SDWWHUQ�FRYHULQJ�WKH�FRPSRQHQW�VXUIDFH�RU�WKH�ORFDO�DUHD�RI�FRQFHUQ�
*HQHUDO�5HPDUN
8OWUDVRQLF�WHVWLQJ�LV�RQH�RI�WKH�PRVW�SRZHUIXO�PHWKRGV�RI�1'7�DYDLODEOH��:LWK�WKLV�PHWKRG�GHWHFWLRQ�RI�YHU\�VPDOO�IODZV�DQG�DFFXUDWH�VL]LQJ�LV�SRVVLEOH��7KH�FDSDELOLW\�RI�WKLV�PHWKRG�WRDFFXUDWHO\�GHWHUPLQH�IODZ�VL]H��LQ�SDUWLFXODU��IODZ�KHLJKW��PDNHV�LW�DQ�LQWHJUDO�SDUW�RI�ILWQHVV�IRU�VHUYLFH�DVVHVVPHQW�
/LPLWDWLRQV� +LJK�OHYHO�RI�RSHUDWRU�VNLOO�UHTXLUHG�WR�FDOLEUDWH�RSHUDWH�HTXLSPHQW�DQG�WRLQWHUSUHW�VLJQDOV�UHVXOWV��)RU�PDQXDO�WHVWLQJ��DQG�WR�D�OHVVHU�H[WHQW�IRU�DXWRPDWHG�WHVWLQJ��SHUIRUPDQFH�FDSDELOLW\�LV�KHDYLO\�GHSHQGHQW�RQ�RSHUDWRU�VNLOO��:HOG�WKLFNQHVVHV�� | �PP�DUHGLIILFXOW�WR�WHVW��DV�DUH�FRDUVH�JUDLQHG�VWUXFWXUHV�VXFK�DV�WKRVH�SUHVHQW�LQ�FDVWLQJV�DQGDXVWHQLWLF�VWDLQOHVV�VWHHO�ZHOGV�
7\SLFDO�(TXLSPHQW�8VHG�� 8OWUDVRQLF�7KLFNQHVV�*DXJH�RU�8OWUDVRQLF�)ODZ�'HWHFWRU��RVFLOORVFRSH�W\SH��� 3UREHV�� &RXSODQW�� &DOLEUDWLRQ�%ORFNV�DQG�7HVW�3LHFHV



)LJXUH�����8OWUDVRQLF�WHVWLQJ�RI�OLJDPHQWV�EHWZHHQ�KHDW�H[FKDQJHU�WXEHV



)LJXUH�����8OWUDVRQLF�WHVWLQJ�IRU�LQFLSLHQW�FUDFNV�LQ�VWHDP�WXUELQH�ZLQJV
(''<�&855(17�7(67,1*
,Q�HGG\�FXUUHQW�WHVWLQJ��D�FRLO�FDUU\LQJ�DQ�$&�FXUUHQW�LV�SODFHG�FORVH�WR�WKH�FRPSRQHQWVXUIDFH��7KH�FXUUHQW�LQ�WKH�FRLO�JHQHUDWHV�FLUFXODWLQJ�HGG\�FXUUHQWV�LQ�WKH�FRPSRQHQW�FORVH�WRWKH�VXUIDFH�DQG�WKHVH�LQ�WXUQ�DIIHFW�WKH�FXUUHQW�LQ�WKH�FRLO�E\�PXWXDO�LQGXFWLRQ��6XUIDFH�EUHDNLQJ�IODZV�DQG�PDWHULDO�YDULDWLRQV�LQ�WKH�FRPSRQHQW�DIIHFW�WKH�VWUHQJWK�RI�WKH�HGG\FXUUHQWV��7KHUHIRUH��E\�PHDVXULQJ�WKH�UHVXOWDQW�HOHFWULFDO�FKDQJHV�LQ�WKH�H[LWLQJ�FRLO��IODZV�HWF�FDQ�EH�GHWHFWHG�
(GG\�FXUUHQW�WHVWLQJ�LV�DSSOLFDEOH�WR�DOO�HOHFWULFDOO\�FRQGXFWLQJ�PDWHULDOV��3ULRU�WR�WKHLU�XVHHGG\�FXUUHQW�V\VWHPV�UHTXLUH�FDOLEUDWLRQ��XVXDOO\�RQ�WHVW�SLHFHV��:LWK�WKLV�PHWKRG�RI�WHVWLQJ�VHQVLWLYLW\�WR�IODZV�FDQ�EH�YHU\�KLJK��7KH�HTXLSPHQW�LV�PDQXDOO\�RSHUDWHG�
/LPLWDWLRQV� +LJK�OHYHO�RI�RSHUDWRU�VNLOO�UHTXLUHG�WR�LQWHUSUHW�VLJQDOV��6SXULRXV�LQGLFDWLRQV�FDQUHVXOW�IURP��L��ORFDO�YDULDWLRQV�LQ�PDWHULDO�SHUPHDELOLW\��HVSHFLDOO\�QHDU�ZHOGV���DQG��LL��SUREHOLIW�RII��RQ�URXJK�VXUIDFHV���&DQ�RQO\�UHDOO\�GHWHFW�VXUIDFH�IODZV��VRPH�VXE�VXUIDFH�FDSDELOLW\GRHV�H[LVWV�EXW�GHWHFWLRQ�FDQ�EH�XQUHOLDEOH���/LPLWHG�FDSDELOLW\�IRU�GHWHUPLQDWLRQ�RI�IODZWKURXJK�WKLFNQHVV�GLPHQVLRQ�
7\SLFDO�(TXLSPHQW�8VHG�
(GG\�&XUUHQW�)ODZ�'HWHFWRU��PHWHU�RVFLOORVFRSH�W\SH�3UREHV&DOLEUDWLRQ�7HVW�3LHFHV



)LJXUH�����(GG\�FXUUHQW�WHVWLQJ�RI�KHDW�H[FKDQJHU�WXEHV



7KH�PDLQ�PHWKRGV�H[SODLQHG�DERYH�LQ�PRUH�GHWDLO�DUH�LQ�JHQHUDO�XVH�ERWK�LQ�PDQXIDFWXULQJDQG�LQ�VHUYLFH�WHVWLQJ��,Q�DGGLWLRQ�WR�WKHVH��WRGD\�WKHUH�DUH�D�QXPEHU�RI�1'7�DQG�1'&PHWKRGV�DYDLODEOH�ZLWK�HDVLO\�RSHUDEOH�DSSOLFDWLRQV��7KH�PDLQ�REMHFWLYH�RI�WKH�1'7�PHWKRGVLV�WR�ILQG�DQG�PHDVXUH�WKH�GLVFRQWLQXLWLHV�RI�YDULRXV�VWUXFWXUHV�ZKHUHDV�WKH�1RQ�'HVWUXFWLYH&KDUDFWHUL]DWLRQ��1'&��PHWKRGV�DUH�SULPDULO\�XVHG�IRU�HYDOXDWLQJ�WKH�FRQGLWLRQ�RI�WKH�PDWHULDODQG�WKH�VWDWH�RI�LWV�SRVVLEOH�GHJUDGDWLRQ�GXH�WR�XVH�
$V�DQ�H[DPSOH�RQH�PD\�WDNH�D�VXPPHU�UHYLVLRQ�RI�D�FRPELQHG�SRZHU�SODQW�DQG�HVWLPDWH�WKH���PRVW�XVHG�PDFKLQH�GLDJQRVWLF�PHWKRGV�WKHUH��7KHQ�RQH�IRU�LQVWDQFH�PD\�OLVW�ILYH�RWKHUGLDJQRVWLF�PHWKRGV�DQG�ILIWHHQ�1'7��PHWKRGV�RXW�RI�ZKLFK�D�FRXSOH�ZRXOG�UHSUHVHQW�1'&�PHWKRGV��7KH�PRVW�IUHTXHQWO\�XVHG�RQH�FDQ�DV�DQ�HGXFDWHG�JXHVV�EH�DV�IROORZV�
���9LVXDO�WHVWLQJ���0HFKDQLFDO�PHDVXUHPHQWV�OLNH�DOLJQPHQW���7HPSHUDWXUH�PHDVXUHPHQWV���9LEUDWLRQ�PHDVXUHPHQWV�DQG��DQDO\VHV���(QHUJ\�HIILFLHQF\�PHDVXUHPHQWV���8OWUDVRQLF�WHVWLQJ���(QGRVFRS\���0DJQHWLF�SDUWLFOH�WHVWLQJ���2LO�DQDO\VHV����7KHUPRJUDSK\����(GG\�FXUUHQW�WHVWLQJ����3HQHWUDQW�WHVWLQJ����;�UD\�UDGLRJUDSK\����,VRWRSH�UDGLRJUDSK\����/D\HU�WKLFNQHVV�PHDVXUHPHQWV����$FRXVWLF�HPLVVLRQ����+DUGQHVV�PHDVXUHPHQWV����6XUIDFH�PLFURVFRS\����6XUIDFH�UHSOLFD�PHWKRG����0)/�0DJQHWLF�)LHOG�/HDNDJH�WHVWLQJ����30,�3RVLWLYH�0DWHULDO��,GHQWLILFDWLRQ
7R�JLYH�DQ�LGHD�RI�WKH�DEXQGDQFH�RI�1'7��DQG�1'&�PHWKRGV�DYDLODEOH�WRGD\��D�OLVW�RI�VRPH���PHWKRGV�LV�SUHVHQWHG�LQ�WKH�DSSHQGL[����ZKHUHE\�PRVW�RI�WKHVH�XWLOLVH�GLIIHUHQW�SK\VLFDOSKHQRPHQD�RU�HIIHFWV�



$SSHQGL[��
8VH�RI�1RQ�'HVWUXFWLYH�7HVWLQJ��1'7��LQ�(QJLQHHULQJ�,QVXUDQFH

1'7�0(7+2'6�$1'�1'&�0(7+2'6�)25�0$&+,1(�',$*1267,&6
���9LVXDO�,QVSHFWLRQ
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