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)RUHZRUG

7KLV�(XURSHDQ�6WDQGDUG�KDV�EHHQ�SUHSDUHG�E\�7HFKQLFDO�&RPPLWWHH�&(1�7&������7H[WLOHV�DQG�WH[WLOH�SURGXFWV��
WKH�VHFUHWDULDW�RI�ZKLFK�LV�KHOG�E\�%6,�

7KLV�(XURSHDQ�6WDQGDUG�VKDOO�EH�JLYHQ�WKH�VWDWXV�RI�D�QDWLRQDO�VWDQGDUG��HLWKHU�E\�SXEOLFDWLRQ�RI�DQ�LGHQWLFDO�WH[W�RU
E\�HQGRUVHPHQW��DW�WKH�ODWHVW�E\�-DQXDU\�������DQG�FRQIOLFWLQJ�QDWLRQDO�VWDQGDUGV�VKDOO�EH�ZLWKGUDZQ�DW�WKH�ODWHVW
E\�-DQXDU\������

,W�LV�UHODWHG�WR�,62������7H[WLOH�ILEUHV�±�6RPH�PHWKRGV�RI�VDPSOLQJ�IRU�WHVWLQJ

$FFRUGLQJ�WR�WKH�&(1�&(1(/(&�,QWHUQDO�5HJXODWLRQV��WKH�QDWLRQDO�VWDQGDUGV�RUJDQL]DWLRQV�RI�WKH�IROORZLQJ
FRXQWULHV�DUH�ERXQG�WR�LPSOHPHQW�WKLV�(XURSHDQ�6WDQGDUG��$XVWULD��%HOJLXP��&]HFK�5HSXEOLF��'HQPDUN��)LQODQG�
)UDQFH��*HUPDQ\��*UHHFH��,FHODQG��,UHODQG��,WDO\��/X[HPERXUJ��1HWKHUODQGV��1RUZD\��3RUWXJDO��6SDLQ��6ZHGHQ�
6ZLW]HUODQG�DQG�WKH�8QLWHG�.LQJGRP�

,QWURGXFWLRQ

1R�VLQJOH�WHFKQLTXH�RI�VDPSOLQJ�FDQ�EH�GHYLVHG�WKDW�ZLOO�VHUYH�LQ�DOO�FLUFXPVWDQFHV��6DPSOLQJ�IURP�D�EDOH�RI
FRWWRQ��IRU�H[DPSOH��SUHVHQWV�SUREOHPV�TXLWH�GLIIHUHQW�IURP�WKRVH�HQFRXQWHUHG�LQ�VDPSOLQJ�IURP�D�FRQVLJQPHQW�RI
\DUQ�SDFNDJHV��ZKLOH�VDPSOLQJ�IURP�D�FDUG�ZHE�LV�DJDLQ�GLIIHUHQW�IURP�HLWKHU�

7KH�VDPSOHV�DUH�JHQHUDOO\�WDNHQ�DV�WKH�VKLSSLQJ�XQLWV�PDNLQJ�XS�D�ORW��VXFK�DV�EDOHV�RI�ILEUH��FDVHV�RI�\DUQ��UROOV
RI�IDEULF��RU�FDUWRQV�RI�JDUPHQWV�RU�RWKHU�ILQLVKHG�SURGXFWV��$GHTXDWH�VDPSOLQJ�IRU�DFFHSWDQFH�WHVWLQJ�UHTXLUHV
WDNLQJ�LQWR�DFFRXQW�QRW�RQO\�WKH�YDULDELOLW\�EHWZHHQ�WKH�ODERUDWRU\�VDPSOHV�EXW�DOVR�WKH�YDULDELOLW\�EHWZHHQ�WKH
ODERUDWRU\�WHVW�VDPSOHV�DQG�EHWZHHQ�WKH�WHVW�VSHFLPHQV�

7KH�REMHFWLYH�RI�VDPSOLQJ�PD\�YDU\�ZLWK�WKH�SXUSRVH�IRU�ZKLFK�WKH�WHVW�PHWKRG�LV�XVHG��7KH�REMHFWLYH�RI�VDPSOLQJ
IRU�DFFHSWDQFH�WHVWLQJ�LV�WR�REWDLQ�PDWHULDO�ZKLFK�ZLOO�HVWLPDWH�ZLWKRXW�ELDV�D�SURSHUW\�RI�WKH�ORW�EHLQJ�HYDOXDWHG
DQG�ZKLFK�DOORZV�PDNLQJ�D�GHFLVLRQ�RQ�ZKHWKHU�WR�DFFHSW�RU�UHMHFW�D�ORW�ZLWK�UHDVRQDEOH�SURGXFHUV�DQG�FRQVXPHUV
ULVNV�ZKHQ�WKH�DFFHSWDEOH�TXDOLW\�OHYHO�DQG�WKH�OLPLWLQJ�TXDOLW\�OHYHO�DUH�DW�UHDOLVWLF�OHYHOV��7KHUH�DUH�QRUPDOO\�PDQ\
ZD\V�WR�HVWLPDWH�WKH�SURSHUW\�RI�LQWHUHVW�WR�D�VSHFLILHG�GHJUHH�RI�SUHFLVLRQ��7KH�PRVW�HFRQRPLFDO�ZD\�WR�GR�VR�ZLOO
GHSHQG�RQ�WKH�UHODWLYH�VL]H�RI�WKH�VRXUFHV�RI�YDULDELOLW\�DVVRFLDWHG�ZLWK�VDPSOLQJ�WKH�ODERUDWRU\�VDPSOHV�

$�VHOHFWLRQ�RI�PHWKRGV�LV�WKHUHIRUH�SUHVHQWHG��LOOXVWUDWLQJ�WHFKQLTXHV�WKDW�KDYH�EHHQ�IRXQG�DFFHSWDEOH�LQ�PHHWLQJ
WKH�FRPPRQHU�W\SHV�RI�SUREOHP�HQFRXQWHUHG�LQ�VDPSOLQJ�IRU�WKH�DVVHVVPHQW�RI�ILEUH��\DUQ�RU�IDEULF�TXDOLW\�
0HWKRGV�SHFXOLDU�WR�WKH�UHTXLUHPHQWV�RI�UHVHDUFK�DUH�QRW�LQFOXGHG��QRU�DUH�VXFK�VSHFLDO�WHFKQLTXHV�DV�KDYH�WR�EH
XVHG��IRU�H[DPSOH��LQ�VDPSOLQJ�RI�ZRRO�IURP�WKH�IOHHFH��RU�FRWWRQ�IURP�WKH�VHHG�



3DJH��
(1�����������

��%6,��������

��6FRSH

7KLV�(XURSHDQ�6WDQGDUG�VSHFLILHV�VHYHUDO�PHWKRGV�IRU�SUHSDULQJ�ODERUDWRU\�VDPSOHV�RI�ILEUHV��\DUQV�RU�IDEULFV�DQG
SUHVHQWV�D�OLPLWHG�WUHDWPHQW�RI�WKH�SUREOHP�RI�GUDZLQJ�VSHFLPHQV�IRU�WHVWLQJ�

7KH�SULQFLSOH�RI�HDFK�PHWKRG�LV�JLYHQ�DW�WKH�EHJLQQLQJ�RI�WKH�FODXVH�GHDOLQJ�ZLWK�WKH�PHWKRG�

,W�LV�QRW�SRVVLEOH�IRU�WKH�FRYHUDJH�RI�HDFK�LQGLYLGXDO�SURFHGXUH�WR�EH�IXOO\�FRPSUHKHQVLYH��LQ�PDQ\�LQVWDQFHV��WKH
VHOHFWLRQ�RI�WHVW�VDPSOHV�RU�WHVW�VSHFLPHQV�LV�QHFHVVDULO\�FRYHUHG�E\�WKH�DSSURSULDWH�PHWKRG�RI�WHVW�

7KH�VHOHFWLRQ�RI�OHQJWK�ELDVHG�VDPSOHV�LV�QRW�ZLWKLQ�WKH�VFRSH�RI�WKLV�VWDQGDUG��QRU�DUH�SDUWLFXODU�SURFHGXUHV�IRU
GHWHUPLQDWLRQ�RI�FRPPHUFLDO�ZHLJKWV�RU�PRLVWXUH�FRQWHQW�

$QQH[�$�DQG�WKH�WDEOHV�DUH�JLYHQ�LQ�WKLV�VWDQGDUG�IRU�JHQHUDO�JXLGDQFH�LQ�GHWHUPLQLQJ�WKH�VL]H�RI�WKH�WHVW�VDPSOH
WR�EH�WDNHQ�LQ�RUGHU�WKDW�WKH�GHWHUPLQHG�VDPSOH�PHDQ�KDV�JLYHQ�FRQILGHQFH�OLPLWV�

��'HILQLWLRQV

)RU�WKH�SXUSRVHV�RI�WKLV�VWDQGDUG�WKH�IROORZLQJ�GHILQLWLRQV�DSSO\�

����ODERUDWRU\�VDPSOH��6DPSOH�LQWHQGHG�WR�EH�UHSUHVHQWDWLYH�RI�D�ODUJH�EXON�RI�PDWHULDO��LQ�WKH�VWDWH�LQ�ZKLFK�LW�LV
VHQW�WR�WKH�ODERUDWRU\��$�FRQYHQLHQW�VL]H�RI�VDPSOH�IRU�PDQ\�W\SHV�RI�WHVW�LQYROYLQJ�RQO\�VPDOO�WHVW�VSHFLPHQV�LV
DERXW����J�WR����J��D�ODUJHU�DPRXQW�ZLOO�EH�UHTXLUHG�IRU�WHVWV�LQYROYLQJ�UHODWLYHO\�ODUJH�WHVW�VSHFLPHQV�

����ODERUDWRU\�WHVW�VDPSOH��7KDW�SRUWLRQ�RI�ILEUHV��\DUQ�RU�IDEULFV�WDNHQ�IURP�WKH�ODERUDWRU\�VDPSOH�LQ�VXFK�D�ZD\
DV�WR�HQVXUH�LWV�UHSUHVHQWDWLYH�FKDUDFWHU�DQG�WR�SURYLGH�D�TXDQWLW\�VPDOO�HQRXJK�WR�EH�HDVLO\�FRQYHUWLEOH�LQWR�WHVW
VSHFLPHQV�

����WHVW�VSHFLPHQ��7KDW�SDUW�RI�WKH�ODERUDWRU\�VDPSOH��\DUQV��ILEUHV��IDEULFV��HWF���ZKLFK�LV�WHVWHG�DW�RQH�WLPH�

����QXPHULFDO�VDPSOH��6DPSOH�LQ�ZKLFK�DOO�LQGLYLGXDOV��ILEUHV��\DUQV�RU�IDEULFV��LQ�WKH�SRSXODWLRQ�KDYH�DQ�HTXDO
FKDQFH�RI�EHLQJ�UHSUHVHQWHG�

����OHQJWK�ELDVHG�VDPSOH��6DPSOH�LQ�ZKLFK�WKH�FKDQFH�RI�DQ\�ILEUH�RI�WKH�SRSXODWLRQ�EHLQJ�UHSUHVHQWHG�LV
SURSRUWLRQDO�WR�WKH�OHQJWK�RI�WKDW�ILEUH�

����LQGLYLGXDO��$Q\�VLQJOH�VSHFLPHQ�RI�ILEUH�RU�\DUQ�RU�IDEULF�WKDW�FRXOG�EH�WDNHQ�IRU�WKH�SXUSRVH�RI�PHDVXUHPHQW�

����SRSXODWLRQ��7KH�DJJUHJUDWH�RI�LQGLYLGXDOV�WKDW�LW�LV�GHVLUHG�WR�FKDUDFWHUL]H�LQ�RQH�RU�PRUH�SDUWLFXODUV��IRU
H[DPSOH��ILEUHV�FRQWDLQHG�LQ�D�EDOH�RI�FRWWRQ��DOO�WKH�FRQVWLWXHQW�ILEUHV�LQ�D�VHW�RI�\DUQ�FRSV��

����]RQLQJ��:KHQ�WKH�SRSXODWLRQ�WR�EH�VDPSOHG�LV�NQRZQ�WR�YDU\�IURP�SDUW�WR�SDUW�ZLWK�UHVSHFW�WR�WKH�SURSHUW\�WR
EH�LQYHVWLJDWHG��WKH�LQGLYLGXDOV�RU�JURXSV�RI�LQGLYLGXDOV�LQ�WKH�SRSXODWLRQ�DUH�WDNHQ�DW�UDQGRP�IURP�ZLWKLQ�WKH
GLIIHUHQW�SDUWV�RU�]RQHV��FKRVHQ�VR�WKDW�DOO�YDULDWLRQV�RI�WKH�SURSHUW\�DUH�UHSUHVHQWHG�LQ�GXH�SURSRUWLRQ��7KLV
RSHUDWLRQ�LV�NQRZQ�DV�]RQLQJ�

��6DPSOLQJ�RI�ILEUHV

����6DPSOLQJ�PHWKRGV�IRU�FRWWRQ�ILEUHV

������*HQHUDO

7KLV�FODXVH�JLYHV�PHWKRGV�IRU�WKH�SUHSDUDWLRQ�RI�QXPHULFDO�ODERUDWRU\�VDPSOHV�

7KH�PHWKRGV�GHVFULEHG�LQ�������WR�������DUH�DSSOLFDEOH�WR�EXONV�RI�FRWWRQ�ILEUHV�LQ�YDULRXV�IRUPV�
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������6DPSOLQJ�IURP�D�VPDOO�EXON�RI�UDZ�RU�EOHQGHG�FRWWRQ

,I�WKH�EXON�FRQVLVWV�RI�OHVV�WKDQ���NJ�RI�ORRVH�UDZ�FRWWRQ��VSUHDG�LW�RXW�LQ�DQ�HYHQ�OD\HU��8QOHVV�RWKHUZLVH�VWDWHG�
REWDLQ�WKH�ODERUDWRU\�VDPSOH�E\�VHOHFWLQJ�DW�UDQGRP�D�PLQLPXP�RI�����WXIWV��HDFK�RI������J�WR������J�

,I�WKH�EXON�LV�JUHDWHU�WKDQ���NJ��GLYLGH�LW�LQWR�D�QXPEHU�RI�HTXDO�SRUWLRQV��DQG�WDNH�DQ�HTXDO�QXPEHU�RI�WXIWV��RI
�����J�WR������J�HDFK��IURP�HDFK�SRUWLRQ�VXFK�WKDW�WKH�WRWDO�QXPEHU�IURP�DOO�SRUWLRQV�H[FHHGV�����

������6DPSOLQJ�IURP�D�EXON�FRQVLVWLQJ�RI�D�EDOH�RI�FRWWRQ

��������*HQHUDO

7KHUH�LV�YDULDWLRQ�LQ�PRVW�ILEUH�SURSHUWLHV�EHWZHHQ�DQG�ZLWKLQ�OD\HUV�RI�WKH�VDPH�EDOH�RI�FRWWRQ��7KH�YDOXHV�RI
FRHIILFLHQWV�RI�ZLWKLQ��DQG�EHWZHHQ�OD\HU�YDULDWLRQ�DQG�RI�WKH�UDWLR�RI�WKHVH�FRHIILFLHQWV�RI�YDULDWLRQ�YDU\�DFFRUGLQJ
WR�WKH�ILEUH�FKDUDFWHULVWLFV�XQGHU�FRQVLGHUDWLRQ��DQG�DOVR�ZLWK�WKH�W\SH�RI�FRWWRQ�

��������3URFHGXUH

,I�WKH�EDOH�LV�RSHQ��D�VXLWDEOH�ODERUDWRU\�VDPSOH�PD\�EH�REWDLQHG�E\�VHOHFWLQJ����WXIWV�DW�UDQGRP�WKURXJKRXW�HDFK
RI����HTXDOO\�VSDFHG�OD\HUV�

,I�WKH�EDOH�KDV�QRW�EHHQ�RSHQHG��WKH�DERYH�SURFHGXUH�FDQQRW�EH�IROORZHG��,Q�WKLV�FDVH��WKH�IROORZLQJ�SURFHGXUH
PD\�EH�IHDVLEOH�

([WUDFW�WKH�UHTXLUHG�QXPEHU�RI�WXIWV�E\�UHPRYLQJ�FRWWRQ�IURP�RQH�RU�PRUH�RI�WKH�HGJHV�WKDW�DUH�SHUSHQGLFXODU�WR
WKH�OD\HUV�LQ�WKH�EDOH��VR�WKDW�WKH�VDPSOH�LQFOXGHV�PDWHULDO�IURP�PDQ\�OD\HUV��,Q�WDNLQJ�WKH�WXIWV��UHMHFW�DQ\�VRLOHG
FRWWRQ�IURP�WKH�RXWVLGH�RI�WKH�EDOH��WKH�SURFHGXUH�PD\�EH�IDFLOLWDWHG�E\�FXWWLQJ�RQH�RI�WKH�HQG�EDQGV�URXQG�WKH
EDOH��

127(���$�OHVV�VDWLVIDFWRU\�VDPSOH�LV�\LHOGHG�E\�VHOHFWLQJ�WXIWV�IURP�YDULRXV�SODFHV�RYHU�WKH�XSSHU�DQG�ORZHU
VLGHV�RI�D�EDOH�

$OWKRXJK�WKLV�FRWWRQ�LV�HDVLO\�DFFHVVLEOH��DQ\�ODERUDWRU\�VDPSOH�REWDLQHG�LQ�WKLV�PDQQHU�ZLOO�UHSUHVHQW�DW�WKH�PRVW
WZR�OD\HUV��RQH�RQ�HDFK�VLGH�RI�WKH�EDOH�

������6DPSOLQJ�IURP�D�EXON�FRQVLVWLQJ�RI�VHYHUDO�EDOHV�RI�FRWWRQ

��������*HQHUDO

7KH�GHWDLOHG�PHWKRG�RI�VDPSOLQJ�GHSHQGV�RQ�WKH�W\SH�RI�WHVW�WR�EH�FDUULHG�RXW��WKH�QXPEHU�RI�EDOHV��DQG�WKH�OLNHO\
YDULDWLRQ�EHWZHHQ�WKH�EDOHV�

��������3URFHGXUH

7KH�IROORZLQJ�SURFHGXUH�VKDOO�EH�XVHG�XQOHVV�WKH�VSHFLILFDWLRQ�VWDWHV�RWKHUZLVH�

����������:KHQ�WKH�QXPEHU�RI�EDOHV�LV�JUHDWHU�WKDQ����DQG�WKH�UHDO�YDULDWLRQ�LQ�WKH�EXON�LV�QRW�DSSUHFLDEO\�JUHDWHU
WKDQ�WKH�SUHFLVLRQ�UHTXLUHG�LQ�WKH�WHVW�UHVXOW��PDNH�D�UDQGRP�FKRLFH�RI������RI�WKH�EDOHV��RU����EDOHV�LI������RI�WKH
EXON�LV�OHVV�WKDQ����EDOHV���WKHQ�IURP�WKH�VHOHFWHG�EDOHV�WDNH�D�PLQLPXP�RI�����WXIWV��WDNLQJ�DQ�HTXDO�QXPEHU�RI
WXIWV�IURP�HDFK�OD\HU�RI�HDFK�EDOH�

����������6DPSOLQJ�ZLWKRXW�RSHQLQJ�EDOHV

)RU�PRVW�FRPPHUFLDO�SXUSRVHV��ZKHQ�VHOHFWLQJ�D�VDPSOH�IURP�D�EDOH�RI�FRWWRQ�LW�LV�LPSUDFWLFDEOH�WR�REWDLQ�D
UHSUHVHQWDWLYH�VDPSOH�E\�RSHQLQJ�D�EDOH�DQG�IROORZLQJ�WKH�SURFHGXUH�GHVFULEHG�LQ�������DERYH��6DPSOHV�SUHSDUHG
E\�VHOHFWLQJ�FRWWRQ�IURP�RQH�RU�WZR�OD\HUV�LQ�D�EDOH�DUH�DFFHSWDEOH�IRU�PDQ\�SXUSRVHV�IRU�TXDOLW\�FODVVLILFDWLRQ��DQG
IRU�VRPH�IRUPV�RI�WHVWLQJ��IRU�H[DPSOH��GHWHUPLQDWLRQ�RI�PLFURQDLUH�YDOXH��ZKHQ�SDVW�H[SHULHQFH�LQGLFDWHV�WKDW�WKH
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IHDWXUH�XQGHU�FRQVLGHUDWLRQ�YDULHV�DSSUHFLDEO\�PRUH�IURP�EDOH�WR�EDOH�LQ�D�FRPPHUFLDO�ORW�WKDQ�EHWZHHQ�OD\HUV�LQ
WKH�VDPH�EDOH��8QGHU�VXFK�FLUFXPVWDQFHV��LW�LV�UHFRPPHQGHG�WKDW�D�VDPSOH�EH�SUHSDUHG�LQ�WKH�IRUP�RI�WZR�FOXPSV
RI�FRWWRQ��VLPLODU�LQ�VXUIDFH�DUHD�DQG�PDVV��WDNHQ�IURP�RSSRVLWH�RXWHU�OD\HUV�RI�WKH�EDOH�DQG�ZLWK�WKH�GLVWDQFH�WR
WKH�HGJHV�RI�WKH�EDOH�D�PLQLPXP�RI�����PP��7KH�IDFH�RI�WKH�VDPSOH�VKDOO�EH�QRW�OHVV�WKDQ�����PP�������PP�DQG
WKH�WRWDO�PDVV�QRW�OHVV�WKDQ�����J��$�VDPSOH�FRQVLVWLQJ�RI�D�FOXPS��RI�WKH�VDPH�VXUIDFH�DUHD�DQG�WRWDO�PDVV��FXW
IURP�RQH�RXWHU�OD\HU�RQO\��LV�OHVV�UHSUHVHQWDWLYH�DQG�IXOILOV�WKH�UHTXLUHPHQWV�RI�WKLV�6WDQGDUG�RQO\�LI�PXWXDOO\
DJUHHG�E\�WKH�SDUWLHV�FRQFHUQHG�

������3UHSDUDWLRQ�RI�ODERUDWRU\�WHVW�VDPSOHV

��������*HQHUDO

,Q�FHUWDLQ�FDVHV��LW�PD\�EH�QHFHVVDU\�WR�KDYH�D�ODERUDWRU\�WHVW�VDPSOH��SUHSDUHG�IURP�WKH�ODERUDWRU\�VDPSOH�

7KHVH�ODERUDWRU\�WHVW�VDPSOHV�VKDOO�EH�SUHSDUHG�E\�D�PHWKRG�ZKLFK�WDNHV�LQWR�FRQVLGHUDWLRQ�WKH�WHVW�WR�EH
SHUIRUPHG�DQG�WKH�GHJUHH�RI�DFFXUDF\�GHVLUHG�

,Q�JHQHUDO��ILEUH�EOHQGLQJ�E\�D�PHFKDQLFDO�EOHQGHU�LV�SUHIHUDEOH��SDUWLFXODUO\�ZKHQ�WKH�WHVW�VSHFLPHQ�LV�VPDOO�LQ
VL]H��DV�LV�WKH�FDVH�LQ�WKH�IODW�EXQGOH�VWUHQJWK�WHVW��+RZHYHU��LQ�VRPH�FDVHV��VDPSOHV�SUHSDUHG�E\�KDQG�DUH
DGHTXDWH�

:KHQ�WKH�ODERUDWRU\�VDPSOH�FRQVLVWV�RI�WXIWV�WDNHQ�E\�FXWWLQJ�LQWR�WKH�EDOHV��FXW�ILEUHV�VKDOO�QRW�EH�LQFOXGHG�LQ�WKH
ODERUDWRU\�WHVW�VDPSOH�

��������0HFKDQLFDO�EOHQGLQJ��SUHIHUUHG�PHWKRG�

7KH�PHFKDQLFDO�EOHQGHU�LV�GHVLJQHG�WR�XVH�D�FHUWDLQ�PDVV�RI�ILEUHV��IRU�H[DPSOH�XS�WR����J�

6SUHDG�RXW�WKH�ODERUDWRU\�VDPSOH�VR�WKDW�SLQFKHV�FDQ�EH�WDNHQ�IURP�LW�DW�DQ\�SRLQW��7DNH�VPDOO�SLQFKHV�RI�ILEUH
IURP�DW�OHDVW����GLIIHUHQW�HYHQO\�VSDFHG�SRLQWV�LQ�WKH�ODERUDWRU\�VDPSOH�

3HUIRUP�D�OLJKW�GUDIWLQJ�DFWLRQ�RQ�WKH�SLQFKHV�EHIRUH�IHHGLQJ�WKHP�LQWR�WKH�PHFKDQLFDO�EOHQGHU��VR�DV�WR�IRUP�DV
XQLIRUP�D�VKHHW�RI�ILEUH�DV�SRVVLEOH��%OHQG�WKH�ILEUHV�XVLQJ�WKH�EOHQGHU�VR�DV�WR�SURGXFH�D�SUDFWLFDOO\
KRPRJHQHRXV�VDPSOH��WDNLQJ�FDUH�QRW�WR�GDPDJH�WKH�ILEUHV�

��������0DQXDO�PHWKRGV

'LIIHUHQW�PHWKRGV�KDYH�EHHQ�GHVLJQHG�IRU�GLIIHUHQW�PHWKRGV�RI�WHVW��IRU�H[DPSOH��FXW�VTXDULQJ���PDNLQJ�KDQG
VOLYHUV�DQG�PDNLQJ�VPDOO�VDPSOHV�IRU�VXFFHVVLYH�KDOYLQJ�DQG�FRPELQLQJ��,Q�VRPH�FDVHV��LW�LV�SUHIHUDEOH�WR�SUHSDUH
WHVW�VSHFLPHQV�GLUHFWO\�IURP�WKH�ODERUDWRU\�VDPSOH�

����6DPSOLQJ�PHWKRG�IRU�PDQ�PDGH�VWDSOH�ILEUHV

������*HQHUDO

7KLV�PHWKRG�JLYHV�D�QXPHULFDO�VDPSOH��,W�LV�VXLWDEOH�IRU�PRVW�W\SHV�RI�PDQ�PDGH�ILEUHV�LQ�EDOH�IRUP��8QXVXDO
FRQVLJQPHQWV�RI�VWDSOH�ILEUH�DQG�VXSSOLHV�RI�VWDSOH�SURGXFHG�IURP�ILODPHQW�ZDVWH�PD\�UHTXLUH�D�PRGLILHG�VDPSOLQJ
SURFHGXUH�

������1XPEHU�RI�EDOHV�WR�EH�VDPSOHG

,I�WKH�FRQVLJQPHQW�FRPSULVHV�QRW�PRUH�WKDQ���EDOHV��VDPSOH�DOO�WKH�EDOHV��,I�WKH�FRQVLJQPHQW�FRPSULVHV�PRUH�WKDQ
��EXW�QRW�PRUH�WKDQ����EDOHV��WDNH���EDOHV�DW�UDQGRP��,I�WKHUH�DUH�PRUH�WKDQ����EDOHV�LQ�WKH�FRQVLJQPHQW��WDNH���
EDOHV�DW�UDQGRP�

������3UHSDUDWLRQ�RI�ILQDO�VDPSOH�UHSUHVHQWDWLYH�RI�WKH�FRQVLJQPHQW

)URP�HDFK�EDOH�WR�EH�VDPSOHG�WDNH�IRXU�KDQGIXOV�HDFK�RI�DERXW����J��WDNLQJ�WZR�RI�WKHP�IURP�GLIIHUHQW�SODFHV�LQ
WKH�RXWVLGH�]RQH�DQG�WZR�IURP�GLIIHUHQW�SODFHV�LQ�WKH�LQVLGH�]RQH��.HHS�WKH�IRXU�KDQGIXOV�VHSDUDWH��$�EDOH�LV
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FRQVLGHUHG�WR�FRQVLVW�RI�DQ�RXWVLGH�]RQH�DQG�DQ�LQVLGH�]RQH��WKH�GLPHQVLRQV�RI�WKH�LQVLGH�]RQH�EHLQJ�HTXDO�WR
�����RI�WKH�FRUUHVSRQGLQJ�GLPHQVLRQV�RI�WKH�ZKROH�EDOH��VR�IRUPLQJ�DERXW�KDOI�WKH�WRWDO�YROXPH�

)URP�HDFK�RI�WKH�KDQGIXOV��WDNH�D�WXIW�RI�DERXW�����PJ�DQG�GLYLGH�LW�LQWR�IRXU�SDUWV��HDFK�RI�DERXW����PJ��/D\�RXW
VHSDUDWHO\�WKH����UHVXOWLQJ�WXIWV��DOO�GHULYHG�IURP�WKH�VDPH�EDOH��:LWK�HDFK�RI�WKHVH�WXIWV�FRPELQH�RQH�RI�WKH�RWKHU
VDPSOHG�EDOHV��,Q�WKLV�ZD\�SUHSDUH����WXIWV��HDFK�RI�ZKLFK�LQFOXGHV�DERXW����PJ�RI�ILEUHV�IURP�HDFK�EDOH�WKDW�KDV
EHHQ�VDPSOHG��3UHSDUH�WKH�ILQDO�UHSUHVHQWDWLYH�VDPSOH�IURP�WKHVH����WXIWV�E\�UHSHDWHG�GRXEOLQJ�DQG�KDOYLQJ�DV
IROORZV�

3ODFH�WKH�ILUVW�DQG�VHFRQG�WXIWV�WRJHWKHU�DQG�PL[�WKHP�WKRURXJKO\�E\�UHSHDWHG�GUDZLQJ�DQG�GRXEOLQJ��6SOLW�WKH
UHVXOWLQJ�WXIW�LQWR�WZR�HTXDO�WXIWV��UHWDLQ�RQH�WXIW�DQG�GLVFDUG�WKH�RWKHU��,Q�WKH�VDPH�ZD\�FRPELQH�DQG�PL[�WKH�RWKHU
SDLUV�RI�WXIWV����DQG������DQG������DQG����HWF����HDFK�WLPH�UHWDLQLQJ�RQO\�RQH�KDOI�RI�WKH�PL[HG�WXIW��7KHQ�FRPELQH
DQG�PL[�WKH�WZR�WXIWV�GHULYHG�IURP���DQG������DQG����VSOLW�WKH�PL[HG�WXIW�DQG�UHWDLQ�KDOI�RI�LW��&RQWLQXH�WKLV�PL[LQJ�RI
SDLUV�DQG�KDOYLQJ�XQWLO�RQH�WXIW�LV�OHIW�IRUPLQJ�D�UHSUHVHQWDWLYH�VDPSOH��7DNH�FDUH�WKDW�WKH�GUDZLQJ�LV�GRQH�YHU\
JHQWO\�VR�DV�QRW�WR�VWUHWFK�RU�EUHDN�DQ\�ILEUHV��:KHQ�GLYLGLQJ�D�WXIW�LQ�RUGHU�WR�GLVFDUG�RQH�KDOI��LW�LV�HVVHQWLDO�WR
VSOLW�LW�LQ�WKH�PLGGOH�DQG�WR�VHSDUDWH�WKH�SDUWV�ODWHUDOO\��GR�QRW�SXOO�WKHP�DSDUW�E\�WKHLU�HQGV�

������6DPSOLQJ�ZLWKRXW�RSHQLQJ�EDOHV

8VH�WKLV�VDPSOLQJ�SURFHGXUH�LQ�FDVHV�ZKHQ�LW�LV�QRW�SRVVLEOH�WR�REWDLQ�D�UHSUHVHQWDWLYH�VDPSOH�E\�RSHQLQJ�D�EDOH
DQG�IROORZLQJ�WKH�SURFHGXUH�GHVFULEHG�LQ�������DERYH��6DPSOHV�SUHSDUHG�E\�VHOHFWLQJ�ILEUHV�IURP�RQH�RU�WZR�OD\HUV
LQ�D�EDOH�DUH�DFFHSWDEOH�IRU�PDQ\�SXUSRVHV�RI�TXDOLW\�FODVVLILFDWLRQ��DQG�IRU�VRPH�IRUPV�RI�WHVWLQJ�ZKHQ�SDVW
H[SHULHQFH�LQGLFDWHV�WKDW�WKH�IHDWXUH�XQGHU�FRQVLGHUDWLRQ�YDULHV�DSSUHFLDEO\�PRUH�IURP�EDOH�WR�EDOH�LQ�D
FRPPHUFLDO�ORW�WKDQ�EHWZHHQ�OD\HUV�LQ�WKH�VDPH�EDOH��8QGHU�VXFK�FLUFXPVWDQFHV��LW�LV�UHFRPPHQGHG�WKDW�D�VDPSOH
EH�SUHSDUHG�LQ�WKH�IRUP�RI�WZR�FOXPSV�RI�ILEUHV��VLPLODU�LQ�VXUIDFH�DUHD�DQG�PDVV��WDNHQ�IURP�RSSRVLWH�RXWHU�OD\HUV
RI�WKH�EDOH��7KH�GLVWDQFH�WR�WKH�HGJHV�RI�WKH�EDOH�VKDOO�EH�D�PLQLPXP�RI�����PP��7KH�IDFH�RI�WKH�VDPSOH�VKDOO�EH
QRW�OHVV�WKDQ�����PP�������PP�DQG�WKH�WRWDO�PDVV�QRW�OHVV�WKDQ�����J��$�VDPSOH�FRQVLVWLQJ�RI�D�FOXPS��RI�WKH
VDPH�VXUIDFH�DUHD�DQG�WRWDO�PDVV�RI�����J��FXW�IURP�RQH�RXWHU�OD\HU�RQO\��LV�OHVV�UHSUHVHQWDWLYH�DQG�ZLOO�EH
GHHPHG�WR�IXOILO�WKH�UHTXLUHPHQWV�RI�WKLV�VWDQGDUG�RQO\�LI�PXWXDOO\�DJUHHG�E\�WKH�SDUWLHV�FRQFHUQHG�

������6DPSOLQJ�PHWKRG�IRU�PDQ�PDGH�ILEUH�WRZV

,I�WKH�FRQVLJQPHQW�FRPSULVHV�QRW�PRUH�WKDQ���FDVHV��VDPSOH�DOO�WKH�FDVHV��,I�WKH�FRQVLJQPHQW�FRPSULVHV�PRUH
WKDQ���EXW�QRW�PRUH�WKDQ����FDVHV��WDNH���FDVHV�DW�UDQGRP��,I�WKHUH�DUH�PRUH�WKDQ����FDVHV�LQ�WKH�FRQVLJQPHQW�
WDNH����FDVHV�DW�UDQGRP��)URP�HDFK�FDVH�WR�EH�VDPSOHG�WDNH��DIWHU�RSHQLQJ�WKH�FDVH��IURP�WKH�HQG�RI�WKH�WRZ�DW
PLQLPXP���P�E\�FXWWLQJ�DQG�GLVFDUG�WKLV�OHQJWK�

7DNH�RQH�VDPSOH�IURP�HDFK�FDVH�DQG�UHSHDW��LI�QHFHVVDU\���WR�JLYH����VDPSOHV�LQ�WRWDO���7KH�OHQJWK�RI�WKH�VDPSOH
VKDOO�EH�DW�OHDVW���P��6HDO�WKH�HQGV�RI�WKH�WRZ�VDPSOHV�ZLWK�DQ�DGKHVLYH�WDSH��7DNH�FDUH�WR�UHWDLQ�WKH�IODW�VWUXFWXUH
RI�WKH�WRZ�VDPSOHV�DQG�OD\�WKHP��IRU�WUDQVSRUWLQJ�SXUSRVHV��LQ�D�FDVH�LQ�VWUDLJKW�IRUP�

����6DPSOLQJ�PHWKRGV�IRU�ZRRO�ILEUHV

������*HQHUDO

0HWKRGV�DUH�JLYHQ�IRU�WKH�SUHSDUDWLRQ�RI�QXPHULFDO�ODERUDWRU\�VDPSOHV��SDUWLFXODUO\�IRU�WKH�PHDVXUHPHQW�RI�ILEUH
OHQJWK�

7KH�PHWKRG�JLYHQ�LQ�������LV�DSSOLFDEOH�WR�ZRRO�ILEUHV��7KH�PHWKRGV�JLYHQ�LQ�����DQG�����DUH�DSSOLFDEOH�WR�DOO�ILEUHV
SURFHVVHG�RQ�WKH�ZRROOHQ�RU�ZRUVWHG�V\VWHPV�

������6DPSOLQJ�PHWKRG�IRU�ORRVH�ILEUHV���0HWKRG�RI�]RQLQJ

��������*HQHUDO

7ZR�W\SLFDO�FDVHV�DUH�GHVFULEHG�DQG�PRVW�VDPSOHV�RI�LQWHUPHGLDWH�VL]H�FDQ�EH�GHDOW�ZLWK�E\�VPDOO�PRGLILFDWLRQV�WR
RQH�RI�WKH�SURFHGXUHV�JLYHQ�



3DJH��
(1�����������

��%6,��������

��������6DPSOLQJ�IURP�D�EXON�FRQVLVWLQJ�RI�D�EDJ�RU�EDOH�RI�JUHDV\�ZRRO

$�W\SLFDO�EDJ�RI�ZRRO�FDQ�ZHLJK�DERXW�����NJ�DQG�FDQ�FRPSULVH�D�ODUJH�QXPEHU�RI�IOHHFHV�RU�SDUWV�RI�IOHHFHV�

7KH�WRWDO�YDULDELOLW\�LQ�ILEUH�OHQJWK�PD\�EH�FRQVLGHUHG�LQ�WKH�IROORZLQJ�WZR�SDUWV�

D��WKH�YDULDELOLW\�ZLWKLQ�D�IOHHFH�RU�SDUW�IOHHFH��7KLV�ZLOO�EH�WHUPHG�ZLWKLQ�]RQH�YDULDWLRQ�

E��WKH�YDULDELOLW\�EHWZHHQ�IOHHFHV�RU�SDUW�IOHHFHV��7KLV�ZLOO�EH�WHUPHG�EHWZHHQ�]RQH�YDULDWLRQ�

,W�FDQQRW�EH�DVVXPHG�LQ�JHQHUDO�WKDW�WKH�VDFNIXO�RI�ZRRO�LV�KRPRJHQHRXV�DQG�LW�LV�WKXV�QHFHVVDU\�WR�VRUW�WKURXJK
WKH�ZKROH�EXON�WR�REWDLQ�D�UHSUHVHQWDWLYH�VDPSOH��&RQVHTXHQWO\�LW�PD\�EH�FRQYHQLHQW�WR�FDUU\�RXW�WKH�IROORZLQJ
VDPSOLQJ�SURFHGXUH�ZKLOVW�WUDQVIHUULQJ�WKH�ZRRO�WR�D�KRSSHU��ELQ��RU�ODWWLFH�IRU�WKH�QH[W�VWDJH�RI�SURFHVVLQJ�

����������&KRLFH�RI�QXPEHU�RI�]RQHV

7KH�VWDQGDUG�GHYLDWLRQ�s�RI�1�ILEUHV�LV�JLYHQ�E\

Q

9

1

9 ]5 +=s

ZKHUH
9U LV�WKH�UHVLGXDO�YDULDQFH�ZLWKLQ�]RQHV�
9] LV�WKH�YDULDQFH�EHWZHHQ�]RQHV�
Q LV�WKH�QXPEHU�RI�]RQHV�
1 LV�WKH�WRWDO�QXPEHU�RI�ILEUHV�PHDVXUHG�
7KHQ�WKH�DYHUDJH�QXPEHU�RI�PHDVXUHG�ILEUHV�SHU�]RQH��ZKLFK�LQ�JHQHUDO�LV�QRW�D�ZKROH�QXPEHU��LV

1

Q

,Q�PHDVXULQJ�PHDQ�ILEUH�OHQJWK��LI�WKH�YDOXHV�RI�9U�DQG�9]�W\SLFDO�RI�WKH�W\SH�RI�ZRRO�WR�EH�WHVWHG�DUH�NQRZQ��WDEOH��
RI�DQQH[�$�PD\�EH�FRQVXOWHG�WR�REWDLQ�WKH�DSSUR[LPDWH�YDOXHV�RI�Q�DQG�1�WKDW�ZLOO�\LHOG�D�PHDQ�OHQJWK�KDYLQJ�D
VWDQGDUG�HUURU�RI�WKH�YDOXH�UHTXLUHG�IRU�WKH�LPPHGLDWH�SXUSRVH��,I�YDOXHV�RI�9U�DQG�9]�DUH�QRW�NQRZQ��XVH�WKH
XQGHUOLQHG�YDOXHV�RI�Q�DQG�1�IURP�WKH�VDPH�WDEOH�ZKLFK�FRUUHVSRQG�WR�YDOXHV�RI�9U�DQG�9]�IRXQG�WR�EH�W\SLFDO�RI
PDQ\�W\SHV�RI�ZRRO�

,Q�GHFLGLQJ�1�DQG�Q��LW�VKRXOG�EH�UHPHPEHUHG�WKDW�WKH�WLPH�WDNHQ�WR�PHDVXUH�D�ILEUH�RQFH�]RQLQJ�KDV�EHHQ
FRPSOHWHG�LV�YHU\�PXFK�OHVV�WKDW�WKH�WLPH�WDNHQ�WR�VRUW�D�]RQH�

����������6HOHFWLRQ�RI�]RQHV

7KH�SURFHGXUH�WR�EH�GHVFULEHG�XWLOL]HV�WKH�VLPSOHVW�DSSDUDWXV��0HFKDQLFDO�KDQGOLQJ�HTXLSPHQW��IRU�H[DPSOH
FRQYH\RU�EHOWV��PD\�SRVVLEO\�EH�XVHG�WR�VSHHG�LW�XS�

:KHQ�WKH�QXPEHU�RI�]RQHV�DQG�WKH�WRWDO�QXPEHU�RI�ILEUHV�KDYH�EHHQ�GHFLGHG�RQ��REWDLQ�D�ER[�RU�PHDVXUH�WKDW�FDQ
KROG�DERXW�����NJ�RI�ILEUH��,I�WKH�WRWDO�PDVV�RI�WKH�EXON�LV�4�ER[IXOV��FDOFXODWH�WKH�TXRWLHQW��4�Q��WR�WKH�QHDUHVW
ZKROH�QXPEHU��/HW�WKLV�QXPEHU�EH�3�

1RWH��7KH�PDVV�RI�WKH�EXON�LQ�WKLV�FDVH�LV�4�������NJ

6HOHFW�WKH�UHTXLUHG�]RQHV�IRU�VDPSOLQJ�DV�IROORZV��)LOO�WKH�ER[�UHSHDWHGO\�ZLWK�ILEUHV�DQG�HPSW\�LW�XQWLO�WKH�EXON�WR
EH�VDPSOHG�KDV�EHHQ�WUDQVIHUUHG��UHVHUYLQJ�WKH�ILUVW�ER[IXO�DQG�HDFK�IROORZLQJ�ER[IXO�WKDW�LV�D�PXOWLSOH�RI�WKH�YDOXH
RI�3��DQG�NHHSLQJ�WKHVH�ER[IXOV�LQ�WKH�RUGHU�LQ�ZKLFK�WKH\�ZHUH�GUDZQ�IURP�WKH�EXON��7KH�FRQWHQWV�RI�HDFK�ER[IXO
UHVHUYHG�FRQVWLWXWHV�D�]RQH�
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����������6DPSOLQJ�WKH�]RQHV

'LYLGH�HDFK�ER[IXO�LQ�WXUQ�LQWR�KDOYHV�E\�KDQG�DQG�GLVFDUG�WKH�OHIW�KDOI��'LYLGH�WKH�ULJKW�KDOI�LQWR�WZR�KDOYHV�DQG
GLVFDUG�WKH�OHIW�KDOI��&RQWLQXH�WKLV�SURFHVV�RI�UHGXFWLRQ�XQWLO��DV�MXGJHG�E\�H\H��DSSUR[LPDWHO\�WKH�QXPEHU�RI�ILEUHV
UHTXLUHG�SHU�]RQH��1�Q��KDV�EHHQ�REWDLQHG��VHH�$�����7UDQVIHU�WKHVH�ILEUHV�WR�D�YHOYHW�ERDUG�DQG�FRYHU�WKHP�ZLWK�D
VPDOO�WUDQVSDUHQW�SODWH��5HSHDW�WKLV�SURFHVV�IRU�HDFK�VHOHFWHG�]RQH�RU�ER[��7KH�ILQDO�UHSUHVHQWDWLYH�VDPSOH
FRQVLVWV�RI�WKH�QXPEHU��Q��RI�JURXSV�RI�ILEUH�RQ�WKH�YHOYHW�ERDUG�DQG��WR�DYRLG�ELDV��LW�LV�HVVHQWLDO�WKDW�DOO�WKH�ILEUHV
LQ�HDFK�JURXS�EH�PHDVXUHG�

��������6DPSOLQJ�IURP�D�EXON�FRQVLVWLQJ�RI�VHYHUDO�NLORJUDPV�RI�ORRVH�ZRRO�ILEUHV

7KLV�SURFHGXUH�LV�VXLWDEOH�IRU�VDPSOHV�RI�ZRRO�RI�PDVV�XS�WR�D�IHZ�NLORJUDPV�

/D\�RXW�WKH�ORFNV�RI�ZRRO�RU�JURXSV�RI�ILEUHV�FRQVWLWXWLQJ�WKH�VDPSOH�VLGH�E\�VLGH�DQG�SDUDOOHO�RQ�D�WDEOH�VR�WKDW��DV
IDU�DV�SRVVLEOH��HTXDO�QXPEHUV�RI�ILEUHV�RFFXS\�WKH�VDPH�WRWDO�OHQJWK�RI�WKH�WDEOH��7KLV�FDQ�EH�GRQH�E\�VSOLWWLQJ�WKH
ODUJHU�JURXSV�LQWR�VPDOOHU�XQLWV�

)URP�WDEOH�$����ILQG�WKH�WRWDO�QXPEHU�RI�ILEUHV�UHTXLUHG��1��DQG�QXPEHU�RI�]RQHV�UHTXLUHG��Q�

7DNH�D�JURXS�RI�ILEUHV�IURP�HDFK�RI�Q�GLIIHUHQW�SRLQWV�DSSUR[LPDWHO\�HTXDOO\�VSDFHG�DORQJ�WKH�WRWDO�OHQJWK�RI�WKH
WDEOH�

5HGXFH�HDFK�VHOHFWHG�JURXS�E\�UHSHDWHG�KDOYLQJ��DV�GHVFULEHG�LQ�����������XQWLO�WKH�QXPEHU�RI�ILEUHV�UHTXLUHG�LQ
HDFK�]RQH�LV�REWDLQHG�

��6DPSOLQJ�RI�ILEUHV�IURP�SURFHVVHG�PDWHULDOV��\DUQV�DQG�IDEULFV

����6DPSOLQJ�ILEUHV�IURP�VOLYHU�RU�URYLQJ

������*HQHUDO

,I�WKH�EXON�FRQVLVWV�RI�PDQ\�FDQV�RU�SDFNDJHV�HDFK�SUHSDUHG�DQG�SURFHVVHG�LQ�WKH�VDPH�PDQQHU��REWDLQ�D
ODERUDWRU\�VDPSOH�VXIILFLHQWO\�DFFXUDWH�IRU�PRVW�SXUSRVHV�E\�WDNLQJ�HTXDO�OHQJWKV�IURP�D�PLQLPXP�RI�IRXU�FDQV�RU
SDFNDJHV��FKRVHQ�IURP�GLIIHUHQW�SDUWV�RI�WKH�EXON��,I�WKH�QXPEHU�RI�FDQV�RU�SDFNDJHV�LV�VPDOOHU�WKDQ�IRXU��WDNH
HTXDO�OHQJWKV�IURP�HDFK�

������&XW�VTXDUH�PHWKRG���3URFHGXUH

)URP�WKH�VDPSOH�XQGHU�WHVW�WDNH�DW�UDQGRP�D�OHQJWK�RI�VOLYHU�RU�URYLQJ�RI�DW�OHDVW�WKUHH�WLPHV�WKH�OHQJWK�RI�WKH
ORQJHVW�FRQVWLWXHQW�ILEUH�RI�WKH�VOLYHU��8QWZLVW�URYLQJ�E\�KDQG��/D\�WKH�VOLYHU�RU�URYLQJ�VSUHDG�RXW�RQ�D�YHOYHW�ERDUG
DQG�FRYHU�LW�ZLWK�D�WUDQVSDUHQW�JODVV�SODWH�VHH�ILJXUH�����7KHQ�FXW�WKH�SURWUXGLQJ�ILEUHV�RQ�WKH�IURQW�HGJH�RI�WKH
SODWH��0RYH�WKH�SODWH�DERXW���PP�DQG�GLVFDUG�WKH�ILEUHV�WKDW�SURMHFW�LQ�IURQW�RI�WKH�SODWH�ZLWK�D�SDLU�RI�IRUFHSV�
WDNLQJ�QRW�PRUH�WKDQ����ILEUHV�DW�D�WLPH�ZLWK�WKH�IRUFHSV��5HSHDW�WKLV�SURFHGXUH�WZR�WLPHV��7KLV�SURFHGXUH�LV
WHUPHG�VTXDULQJ��0RYH�WKH�SODWH�RQFH�PRUH���PP�DQG�WDNH�WKH�ILEUHV�IRU�WKH�VDPSOH�ZLWK�WKH�IRUFHSV��7KH�QXPEHU
RI�ILEUHV�WR�EH�WDNHQ�GHSHQGV�RQ�WKH�WHVWLQJ�PHWKRG�WR�EH�DSSOLHG�
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��*ODVV�SODWH
��9HOYHW�ERDUG
��&XW�DW�HGJH�RI�JODVV�SODWH
��/HQJWK�ORQJHU�WKDQ�WKH�ORQJHVW�ILEUH

)LJXUH���&XW�VTXDUH�PHWKRG

������6DPSOLQJ�PHWKRG�IRU�VOLYHUV���5DQGRP�GUDZ�PHWKRG

��������*HQHUDO

7KLV�PHWKRG�LV�VXLWDEOH�IRU�ILEUHV�SURFHVVHG�RQ�WKH�ZRROOHQ�RU�ZRUVWHG�V\VWHPV��WZLVWOHVV�VOLYHU�VXFK�DV�FDUG�VOLYHU
DQG�WRS��DQG�DOVR�IRU�DQ\�VOLYHU�WKDW�FDQ�EH�XQWZLVWHG�HDVLO\�SULRU�WR�VDPSOLQJ�

7KLV�PHWKRG�JLYHV�D�SURFHGXUH�IRU�SUHSDULQJ�WKH�ILEUHV�E\�KDQG��DXWRPDWLF�PHDQV�RI�SUHSDULQJ�WKH�VSHFLPHQ�
VLPLODU�WR�WKH�PDQXDO�PHWKRG��DUH�QRW�GHVFULEHG�

��������$SSDUDWXV

$�JULS��VXLWDEOH�IRU�WDNLQJ�D�GUDZ�RI�ILEUHV�IURP�D�VOLYHU��LV�UHTXLUHG�IRU�WKLV�PHWKRG��7KLV�FDQ�EH�PDGH�IURP�D�W\SH
RI�OHWWHU�FOLS�DERXW�����PP�ZLGH��7KH�VWUDLJKW�HGJH�RI�WKH�FOLS�LV��LI�QHFHVVDU\��JURXQG�WR�EH�SDUDOOHO�WR�WKH�EHQW
HGJH��$�WKLQ�VWULS�RI�OHDWKHU�LV�WKHQ�FHPHQWHG�LQ�WKH�JURRYH�RI�WKH�EHQW�HGJH�VR�WKDW�WKH�FOLS�VR�PRGLILHG�ZLOO�KROG�D
VLQJOH�ZRRO�ILEUH�ILUPO\�DW�DOO�SRLQWV�DORQJ�LWV�HGJH�

��������3URFHGXUH

)LUPO\�KROG�WKH�VOLYHU�WR�EH�VDPSOHG�LQ�WKH�ULJKW�KDQG�QHDU�D�IUHH�HQG�DQG�WKHQ�JULS�LW�DW�D�GLVWDQFH�RI�DERXW
����PP�ZLWK�WKH�OHIW�KDQG��*HQWO\�SDUW�WKH�VOLYHU�E\�VHSDUDWLQJ�ERWK�KDQGV�DQG�GLVFDUG�WKH�VKRUWHU�SLHFH��3ODFH�WKH
UHPDLQLQJ�SLHFH�DORQJ�WKH�FHQWUHV�RI�WKH�WZR�YHOYHW�ERDUGV�SODFHG�HGJH�WR�HGJH�ZLWK�WKH�SDUWHG�HQG�QHDU�WKH�IURQW
RI�WKH�ILUVW�ERDUG��DV�VKRZQ�LQ�ILJXUH����3ODFH�D�ZHLJKWHG�JODVV�RU�WUDQVSDUHQW�SODVWLFV�SODWH�RQ�WKH�VOLYHU�QHDU�WKH
EDFN�HGJH�RI�WKH�VHFRQG�ERDUG�WR�SUHYHQW�WKH�VOLYHU�IURP�PRYLQJ��$OWHUQDWLYHO\��XVH�RQH�ODUJH�ERDUG�

8VH�WKH�JULS�ZLWK�OHDWKHU�OLQHG�MDZV�WR�UHPRYH�DQG�GLVFDUG�D���PP�IULQJH�RI�ILEUHV��7KLV�GLVWDQFH��ZKLFK�LV�WKH
OHQJWK�RI�ILEUH�LQ�WKH�JULS��PD\�EH�JDXJHG�DW�ILUVW�E\�PDUNLQJ�D�QXPEHU�RI�SDUDOOHO�OLQHV�RQ�D�SLHFH�RI�SDSHU�DQG
SODFLQJ�WKHP�XQGHU�WKH�SDUWHG�HQG��$IWHU�D�OLWWOH�SUDFWLFH�LW�LV�TXLWH�VDIH�WR�HVWLPDWH�WKH�GLVWDQFH�E\�H\H�

5HSHDW�WKH�SURFHGXUH��UHPRYLQJ�DQG�GLVFDUGLQJ�VXFFHVVLYH���PP�IULQJHV�IRU�D�GLVWDQFH�DERXW�HTXDO�WR�WKDW�RI�WKH
ORQJHVW�ILEUH�LQ�WKH�VOLYHU�
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1RWH���)RU�D����mP�WRS�WKLV�GLVWDQFH�LV�JHQHUDOO\�DERXW�����PP�

7KH�VOLYHU�HQG�KDV�QRZ�EHHQ�SUHSDUHG�DQG�DQ\�VXFFHHGLQJ�GUDZ�RI�ILEUH�HQGV�ZLOO�EH�D�UHSUHVHQWDWLYH�VDPSOH�

&KRRVH�D�GUDZ�DW�UDQGRP�IURP����VXFFHVVLYH�GUDZV��,I�UHTXLUHG��D�VHFRQG�GUDZ�PD\�EH�FKRVHQ�LQ�WKH�VDPH�ZD\
IURP�WKH�VDPH�SUHSDUHG�HQG��7KHQ�WUDQVIHU�WKH�VHOHFWHG�GUDZ�RI�ILEUHV�WR�D�VPDOO�YHOYHW�ERDUG�DQG�FRYHU�LW�ZLWK�D
VPDOO�WUDQVSDUHQW�SODWH��0HDVXUH�DOO�WKH�ILEUHV�DFFRUGLQJ�WR�WKH�VSHFLILHG�PHWKRG�

,W�LV�SHUPLVVLEOH�WR�UHGXFH�WKH�VL]H�RI�WKH�ODVW����GUDZV�E\�WDNLQJ�WKHP�IURP�D���PP�IULQJH�LI�RQO\�D�PRGHUDWH�VL]HG
VDPSOH�LV�UHTXLUHG�

1RWH��7KH�QXPEHU�RI�ILEUHV�LQ�D���PP�GUDZ�ZLOO�YDU\�DFFRUGLQJ�WR�WKH�ILEUH�OHQJWK�DQG�GLDPHWHU��EXW�IRU�D
���PP�WRS�LW�ZLOO�EH�EHWZHHQ�����DQG�����

.H\
��:HLJKWHG�JODVV�SODWH
��9HOYHW�ERDUGV
��3DUWHG�HQG

)LJXUH���6DPSOLQJ�PHWKRG�IRU�VOLYHUV���5DQGRP�GUDZ�PHWKRG

��������1XPEHU�RI�ILEUHV�LQ�WKH�FURVV�VHFWLRQ�RI�D�VOLYHU

,W�LV�VRPHWLPHV�XVHIXO�LQ�VDPSOLQJ�WR�KDYH�VRPH�NQRZOHGJH�RI�WKH�DYHUDJH�QXPEHU�RI�ILEUH�WLSV�SHU�XQLW�OHQJWK��WKH
ILEUH�HQG�GHQVLW\��

&DOFXODWH�WKHVH�TXDQWLWLHV�IURP�WKH�OLQHDU�GHQVLW\�RI�WKH�VOLYHU�DQG�WKH�DYHUDJH�ILEUH�OHQJWK�DQG�URRW�PHDQ�VTXDUH
GLDPHWHU��7KH�IROORZLQJ�DSSUR[LPDWH�IRUPXODH�DSSO\�WR�ZRRO�ILEUHV�

$YHUDJH�QXPEHU�RI�ILEUHV�LQ�FURVV�VHFWLRQ�LV

����r�������Gð

DQG�DYHUDJH�QXPEHU�RI�ILEUHV��RU�ILEUH�WLSV��SHU�PLOOLPHWUH�RI�VOLYHU�LV
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�����r�������Gð���/
ZKHUH
r LV�WKH�OLQHDU�GHQVLW\�RI�VOLYHU��LQ�NLORWH[�
G LV�WKH�URRW�PHDQ�VTXDUH�ILEUH�GLDPHWHU��LQ�PLFURPHWHUV�
/ LV�WKH�DYHUDJH�ILEUH�OHQJWK��LQ�FHQWLPHWUHV�

����6DPSOLQJ�ILEUHV�IURP�\DUQ

������*HQHUDO

,Q�WHVWLQJ�SDFNDJHV�RI�\DUQ�IURP�D�FRQVLJQPHQW��VHOHFW�IRXU�SDFNDJHV�IURP�GLIIHUHQW�SDUWV�RI�WKH�EXON��LI�WKH�EXON
FRQVLVWV�RI�IHZHU�WKDQ�IRXU�SDFNDJHV��VHOHFW�DOO�RI�WKHP�

������6DPSOLQJ�IURP�D�EXON�FRQVLVWLQJ�RI�\DUQV���&XW�VTXDUH�PHWKRG

��������*HQHUDO

7KLV�PHWKRG�LV�VXLWDEOH�IRU�\DUQV�FRPSRVHG�RI�DQ\�ILEUHV�LI�WKH�\DUQ�FDQ�EH�RSHQHG�E\�XQWZLVWLQJ�WR�VHSDUDWH�WKH
ILEUHV��,Q�JHQHUDO�LW�LV�VXLWDEOH�IRU�DOO�ULQJ�VSXQ�\DUQV��)RU�\DUQV�ZKLFK�DUH�SURFHVVHG�XVLQJ�RWKHU�WHFKQLTXHV��IRU
H[DPSOH�URWRU�\DUQV��DLUMHW�\DUQV��LW�KDV�WR�EH�SURYHG�WKDW�WKH�ILEUHV�FDQ�EH�VHSDUDWHG�ZLWKRXW�EHLQJ�GDPDJLQJ�

��������3URFHGXUH

)URP�WKH�VDPSOH�XQGHU�WHVW�WDNH�DW�UDQGRP�D�OHQJWK�RI�\DUQ�HTXDO�WR�DW�OHDVW�WKUHH�WLPHV�WKH�OHQJWK�RI�WKH�ORQJHVW
FRQVWLWXHQW�ILEUH�RI�WKH�\DUQ��8QWZLVW�WKH�\DUQ�E\�KDQG��OD\�LW�GRZQ�FHQWUDOO\�RQ�D�VPDOO�YHOYHW�ERDUG�DQG�FRYHU�LW
ZLWK�D�VPDOO�WUDQVSDUHQW�SODWH��7KHQ�FXW�WKH�\DUQ�DERXW���PP�IURP�WKH�IURQW�HGJH�RI�WKH�SODWH��VHH�ILJXUH����
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.H\
��9HOYHW�ERDUGV
��*ODVV�SODWH
��DSSUR[���PP

)LJXUH���6DPSOLQJ�IURP�D�EXON�FRQVLVWLQJ�RI�\DUQV���&XW�VTXDUH�PHWKRG
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5HPRYH�WKH�ILEUHV�WKDW�SURMHFW�LQ�IURQW�RI�WKH�SODWH�RQH�E\�RQH��ZLWK�D�SDLU�RI�IRUFHSV��ULJKW�EDFN�WR�WKH�HGJH�RI�WKH
SODWH��7KLV�SURFHGXUH�LV�WHUPHG�VTXDULQJ��0RYH�WKH�SODWH�EDFN�D�IHZ�PLOOLPHWUHV��H[SRVLQJ�D�EDQG�RI�ILEUH�HQGV�
UHPRYH�WKHVH�RQH�E\�RQH�DQG�PHDVXUH�WKHP�LQ�DFFRUGDQFH�ZLWK�WKH�VSHFLILHG�PHWKRG��&RQWLQXH�WKLV�SURFHVV�XQWLO
D�WRWDO�RI�DW�OHDVW����ILEUHV�KDV�EHHQ�WDNHQ�

,Q�DOO�FDVHV��KRZHYHU��RQFH�WKH�SODWH�KDV�EHHQ�PRYHG�EDFN��UHPRYH�DOO�WKH�DYDLODEOH�ILEUHV�ZKRVH�HQGV�SURMHFW�
7KHQ�GLVFDUG�WKH�OHQJWK�RI�\DUQ��WDNH�DQRWKHU�IURP�WKH�VDPSOH�DQG�VTXDUH�LW��DQG�PHDVXUH�DW�OHDVW����ILEUHV�IURP
LW��2EWDLQ�WKH�UHTXLUHG�QXPEHU�RI�ILEUHV�E\�UHSHDWLQJ�WKH�SURFHGXUH�RQ�IUHVK�OHQJWKV�RI�\DUQ��FKRVHQ�DW�UDQGRP
IURP�WKH�EXON�DYDLODEOH�

����6DPSOLQJ�ILEUHV�IURP�IDEULF

)RU�ZRYHQ�IDEULFV�VHOHFW�D�PLQLPXP�RI�IRXU�\DUQV�IRU�WHVWLQJ��6HOHFW�ZDUS�\DUQV�DW�DSSUR[LPDWHO\�HTXDO�LQWHUYDOV
DFURVV�WKH�ZLGWK��DQG�LI�SRVVLEOH�VHOHFW�ZHIW�\DUQV�IURP�GLIIHUHQW�SODFHV�DORQJ�WKH�IDEULF�VR�DV�WR�LQFOXGH�\DUQ�IURP
GLIIHUHQW�FRSV�

)RU�NQLWWHG�IDEULFV��VHOHFW�D�PLQLPXP�RI�IRXU�\DUQV�IURP�FRQVHFXWLYH�FRXUVHV��VR�DV�WR�LQFOXGH�\DUQ�IURP�GLIIHUHQW
SDFNDJHV�

��6DPSOLQJ�RI�\DUQV

����*HQHUDO

7KH�REMHFWLYH�RI�VDPSOLQJ�PD\�GHSHQG�RQ�WKH�SXUSRVH�IRU�ZKLFK�WKH�WHVWLQJ�LV�EHLQJ�FDUULHG�RXW��7KH�PHWKRG�RI
VDPSOLQJ�GHSHQGV�RQ�WKH�SURSHUWLHV�EHLQJ�PHDVXUHG�DQG�WKHLU�H[SHFWHG�YDULDELOLW\�

7KH�PHWKRG�GHVFULEHV�SURFHGXUHV�IRU�SRSXODWLRQV�FRQVLVWLQJ�RI�FRQVLJQPHQWV��ORWV��FDVHV��D�VLQJOH�FDVH�RU�D
QXPEHU�RI�LQGLYLGXDO�SDFNDJHV�

7KH�VDPSOLQJ�LV�DSSOLFDEOH�IRU�VLQJOH�\DUQV��VSXQ�\DUQV�RU�ILODPHQW�\DUQV��SOLHG�\DUQV��FDEOHG�\DUQV�DQG�FRUGV�
PDGH�RI�DQ\�ILEUHV��IRU�PL[WXUHV�RI�ILEUHV��XQVXSSRUWHG�RU�VXSSRUWHG�RQ�DQ\�SDFNDJH�IRUP��LQFOXGLQJ�EHDPV��,W�LV
DSSOLFDEOH�IRU�VDPSOLQJ�RI�\DUQV�IURP�IDEULFV�

����3URFHGXUH�IRU�VKLSPHQWV��FRQVLJQPHQWV�DQG�ORWV

)URP�WKH�FDVHV�LQ�D�ORW�RU�VKLSPHQW�VHSDUDWH�D�FHUWDLQ�QXPEHU�RI�FDVHV�WR�IRUP�D�ORW�VDPSOH��)RU�WKH�ORW�VDPSOH�
WDNH�IRU�DFFHSWDQFH�WHVWLQJ�FDVHV�ZKLFK�KDYH�EHHQ�GHVLJQDWHG�E\�GUDZLQJ�D�QXPEHU�RI�FDVHV�IURP�D�FRQWDLQHU
DIWHU�PL[LQJ�WKHP�WKRURXJKO\�RU�E\�XVLQJ�D�WDEOH�RI�UDQGRP�QXPEHUV��7DNH�WKH�QXPEHU�RI�FDVHV�VSHFLILHG�LQ
WDEOH���
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7DEOH����1XPEHU�RI�FDVHV�DQG�SDFNDJHV

1XPEHU�RI�FDVHV�LQ�ORW 1XPEHU�RI�FDVHV�LQ�ORW
VDPSOH

0LQLPXP�QXPEHU�RI
SDFNDJHV�RI�HDFK�FDVH

0LQLPXP�QXPEHU�RI
SDFNDJHV�LQ�WKH�ODERUDWRU\
VDPSOH

� � �� ��

��WR��� � � ��

���WR��� � � ��

���WR��� � � ��

PRUH�WKDQ��� � � ��

7DNH�DV�QHDUO\�DV�SRVVLEOH�WKH�VDPH�QXPEHU�RI�SDFNDJHV�SHU�FDVH��'HWHUPLQH�UDQGRPO\�ZKLFK�FDVHV��LI�DQ\��DUH
WR�KDYH�D�GLIIHUHQW�QXPEHU�RI�SDFNDJHV�WDNHQ�IURP�WKHP��6HOHFW�SDFNDJHV�IURP�HDFK�FDVH�DW�UDQGRP�VR�WKDW�HDFK
SDFNDJH�LQ�WKH�FDVH�KDV�DQ�HTXDO�FKDQFH�RI�EHLQJ�VHOHFWHG�

����/HQJWK�RI�\DUQV�RQ�WKH�SDFNDJH

(DFK�SDFNDJH�VKDOO�KDYH�D�PLQLPXP�OHQJWK�RI�\DUQ�DV�VSHFLILHG�LQ�WDEOH���

7DEOH���0LQLPXP�\DUQ�OHQJWK

/LQHDU�GHQVLW\�RI�\DUQ 0LQLPXP�\DUQ�OHQJWK
WH[ P
OHVV�WKDQ��� �����
IURP����WR���� �����
PRUH�WKDQ���� ���

,I�WKH�PLQLPXP�\DUQ�OHQJWK�LV�VKRUWHU�WKDQ�VSHFLILHG�LQ�WDEOH����WKHQ�WDNH�PRUH�SDFNDJHV�IURP�WKH�VDPH�FDVH�XQWLO
WKH�PLQLPXP�\DUQ�OHQJWK�VSHFLILHG�LQ�WDEOH���LV�REWDLQHG��7KHVH�SDFNDJHV�WKHQ�IXOO\�PHHW�WKH�UHTXLUHPHQWV�RI�WKH
ODERUDWRU\�VDPSOH�

����6DPSOLQJ�RI�\DUQV�IURP�EHDPV

)RU�WKH�ORW�VDPSOH�IRU�WHVWLQJ�\DUQV�IURP�EHDPV�WDNH�RQH�EHDP�IURP�D�EHDP�VHW�ZKLFK�KDV�EHHQ�GHVLJQDWHG�HLWKHU
E\�GUDZLQJ�QXPEHUV�IURP�D�FRQWDLQHU�DIWHU�PL[LQJ�WKHP�WKRURXJKO\�RU�E\�XVLQJ�D�WDEOH�RI�UDQGRP�QXPEHUV�

:KHQ�VDPSOLQJ�\DUQ�IURP�EHDPV��UHHO�VDPSOH�VNHLQV��RU�UHHO�WHVW�VNHLQV�GLUHFWO\�IURP�WKH�EHDPV�XVLQJ�PLQLPDO
WHQVLRQ�WR�SUHYHQW�VWUHWFKLQJ�RI�\DUQV��3ODFH�WKH�UHHO�DW�D�FRQYHQLHQW�GLVWDQFH�IURP�WKH�EHDP�WR�GUDZ�WKH�\DUQ�IURP
WKH�EHDP�DW�OHVV�WKDQ�D�����DQJOH��)DVWHQ�WKH�UHTXLUHG�EHDP�LQ�RUGHU�WR�VORZO\�XQZLQG�WKH�\DUQ�ZKLOH�D�VHFRQG
RSHUDWRU�WXUQV�WKH�UHHO�IDVW�HQRXJK�WR�WDNH�XS�WKH�\DUQ�DV�LW�FRPHV�IURP�WKH�EHDP��7DNH�DW�OHDVW���P�ZDUS�OHQJWK�

7KH�QXPEHU�RI�UHTXLUHG�HQGV�GHSHQGV�RQ�WKH�WHVW�PHWKRG�WR�EH�DSSOLHG�

����3URFHGXUH�GXULQJ�VDPSOLQJ�DQG�WKH�QXPEHU�RI�VSHFLPHQV

%HIRUH�VDPSOLQJ�GLVFDUG�SDFNDJHV�RU�EHDPV�ZKLFK�KDYH�EHHQ�GDPDJHG�RU�ZHWWHG�RU�ZKLFK�DSSHDU�WR�EH�LQ�DQ
LUUHJXODU�VWDWH�RQ�YLVXDO�LQVSHFWLRQ��7KH�LQWHUHVWHG�SDUWLHV�VKDOO�DJUHH�ZKHWKHU�LUUHJXODU�SDFNDJHV�DUH�WHVWHG�DQG
WKH�SURFHGXUH�WR�EH�XVHG�

7KH�QXPEHU�RI�WHVW�VSHFLPHQV�SHU�SDFNDJH�LQ�WKH�ODERUDWRU\�VDPSOHV�VKDOO�EH�DV�VSHFLILHG�DFFRUGLQJ�WR�WKH
DSSOLFDEOH�WHVW�PHWKRG��,I�WKH�\DUQ�OHQJWK�SHU�SDFNDJH�IRU�WKH�DSSOLHG�WHVW�PHWKRG�LV�QRW�DSSURSULDWH�HQRXJK��PRUH
SDFNDJHV�VKDOO�EH�WDNHQ�IURP�WKH�ORW�VDPSOH�

����6DPSOLQJ�RI�\DUQV�IURP�IDEULFV

,I�WKH�WHVW�VSHFLPHQV�KDYH�WR�EH�H[WUDFWHG�IURP�IDEULFV��WKHQ�WKH�IDEULF�VDPSOH�VKDOO�EH�ODUJH�HQRXJK�WR�IXUQLVK�D
VXIILFLHQW�QXPEHU�DQG�OHQJWK�RI�WHVW�VSHFLPHQV��7KH�WHVW�VSHFLPHQV�VKDOO�EH�WDNHQ�LQ�VXFK�D�ZD\�WKDW�WKH
SURSHUWLHV�LQ�WKH�\DUQ�ZLOO�QRW�EH�FKDQJHG�GXULQJ�VDPSOLQJ��,Q�ZRYHQ�IDEULFV��ZDUS�WHVW�VSHFLPHQV�VKDOO�EH�WDNHQ
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IURP�GLIIHUHQW�HQGV�DQG�ZHIW�VSHFLPHQV�VKDOO�EH�WDNHQ�DW�UDQGRP�IURP�VHYHUDO�VHFWLRQV�RI�WKH�VDPSOH�WR�EH�DV
UHSUHVHQWDWLYH�DV�SRVVLEOH�IRU�WKH�\DUQ��:LWK�UHJDUG�WR�NQLWWHG�IDEULFV��VSHFLPHQV�VKDOO�UHSUHVHQW�DV�PDQ\�GLIIHUHQW
\DUQ�SDFNDJHV�DV�SRVVLEOH�

��6DPSOLQJ�RI�IDEULFV

����*HQHUDO

7KHRUHWLFDOO\�FRUUHFW�PHWKRGV�RI�VDPSOLQJ�IURP�OHQJWKV�RU�UROOV�RI�IDEULF�UHTXLUH�WKDW�ODERUDWRU\�VDPSOHV�EH�WDNHQ�DW
LQWHUYDOV�DORQJ�WKH�OHQJWK�RI�WKH�IDEULF�

,Q�SUDFWLFH��UROOV�RI�IDEULF�FDQ�EH�YHU\�ORQJ��DQG�WKHUH�DUH�HFRQRPLF�DQG�SUDFWLFDO�KDQGOLQJ�GLIILFXOWLHV�LQ�DSSO\LQJ
VXFK�PHWKRGV�

,Q�PRVW�FDVHV�IDEULFV�FDQQRW�EH�FXW��H[FHSW�DW�WKH�HQGV�RI�WKH�IDEULF�SLHFH��DQG�WKHUHIRUH�VDPSOLQJ�FDQQRW�EH
FDUULHG�RXW�DFURVV�WKH�ZKROH�SRSXODWLRQ��7KH�UHFRPPHQGHG�SURFHGXUH�LV�GHVFULEHG�LQ�����

,I�D�SDUWLFXODU�IDEULF�SURSHUW\�LV�NQRZQ�WR�YDU\�DORQJ�WKH�OHQJWK�RI�WKH�UROO��WKHQ�WHVWV�FDUULHG�RXW�RQO\�DW�WKH�HQGV�RI
WKH�UROO�ZLOO�QRW�EH�UHSUHVHQWDWLYH�RI�WKH�ZKROH�OHQJWK�RI�WKH�IDEULF��,Q�WKLV�FDVH�D�VWDWHPHQW�WR�WKLV�HIIHFW�VKDOO�EH
LQFOXGHG�LQ�WKH�WHVW�UHSRUW��DQG�LI�WKH�UHVXOWV�DUH�WR�EH�XVHG�DV�D�EDVLV�IRU�TXDOLW\�VWDQGDUGV��WKHQ�WKLV�VKDOO�EH
DJUHHG�EHWZHHQ�WKH�LQWHUHVWHG�SDUWLHV�

,Q�VSHFLDO�FDVHV��IRU�H[DPSOH�ZKHUH�IDXOWV�RU�FKDQJHV�LQ�D�SURSHUW\�DORQJ�WKH�OHQJWK�RI�WKH�IDEULF�DUH�WR�EH
H[DPLQHG��VDPSOHV�PD\�QHHG�WR�EH�WDNHQ�DW�LQWHUYDOV�DORQJ�WKH�ZKROH�OHQJWK�RI�WKH�UROO��,Q�WKLV�FDVH��WKH�QXPEHU
DQG�DUUDQJHPHQW�RI�VDPSOHV�GHSHQGV�RQ�WKH�VSHFLILF�UHTXLUHPHQW�DQG�VKDOO�EH�DJUHHG�EHWZHHQ�WKH�SDUWLHV�

����3URFHGXUH�IRU�VKLSPHQWV��FRQVLJQPHQWV�DQG�ORWV

7KH�QXPEHU�RI�FDVHV��FRQWDLQHUV��HWF���DQG�WKH�QXPEHU�RI�UROOV�VKDOO�EH�DV�VSHFLILHG�LQ�WDEOH���

7DEOH����6DPSOLQJ�SURFHGXUH�IRU�VKLSPHQWV��FRQVLJQPHQWV�DQG�ORWV

6XSSOLHG�LQ�P�RU�NJ
7RWDO�OHQJWK
LQ�WKH�ORW

7RWDO�PDVV
LQ�WKH�ORW

1XPEHU�RI�FDVHV�
FRQWDLQHUV�HWF�

1XPEHU�RI�UROOV

P NJ
OHVV�WKDQ������ OHVV�WKDQ���� DW�OHDVW�� �
OHVV�WKDQ������ OHVV�WKDQ������ � �
PRUH�WKDQ
�����

PRUH�WKDQ
����� � �

DQG�IRU�HDFK�VXEVHTXHQW�������P�RU�������NJ�����
PRUH

,I�WKHUH�DUH�OHVV�WKDQ�WKUHH�FDVHV�LQ�WKH�ORW��WKHQ�WDNH�DW�OHDVW�WKUHH�UROOV�IURP�WKH�FDVHV�HYHQ�LI�WKLV�PHDQV�WZR�RU
WKUHH�UROOV�IURP�RQH�FDVH�

,I�WKH�ORW�FRQWDLQV�RQO\�UROOV��WDNH�D�QXPEHU�RI�UROOV�DV�VSHFLILHG�LQ�WDEOH���GHSHQGLQJ�RQ�WKH�WRWDO�OHQJWK�RU�WRWDO
PDVV�

����3URFHGXUH�IRU�VDPSOLQJ

7DNH�WKH�VDPSOHV�IURP�WKH�VHOHFWHG�UROOV�E\�FXWWLQJ��QRW�WHDULQJ��DW�D�GLVWDQFH�RI���P�IURP�WKH�HQG�RI�WKH�UROO�

,I�WKH�UROOV�KDYH�SUHYLRXVO\�EHHQ�VHSDUDWHG�IURP�ODUJHU�UROOV�E\�FXWWLQJ��WKH�VDPSOHV�FDQ�EH�WDNHQ�GLUHFWO\�IURP�WKH
FXW�HQGV�RI�WKH�UROO�

7KH�VL]H�RI�WKH�VDPSOH�WDNHQ�VKDOO�EH�VXIILFLHQW�WR�FDUU\�RXW�WKH�UHTXLUHG�WHVWV��$Q\�YLVLEOH�LUUHJXODULWLHV��GDPDJH�RU
FRORXU�GLIIHUHQFHV�VKDOO�EH�DYRLGHG�
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��7HVW�UHSRUW

7KH�WHVW�UHSRUW�VKDOO�LQFOXGH�WKH�IROORZLQJ�LQIRUPDWLRQ��

D� WKH�QXPEHU�DQG�\HDU�RI�SXEOLFDWLRQ�RI�WKLV�(XURSHDQ�6WDQGDUG�

E� D�GHVFULSWLRQ�RI�WKH�VDPSOH�

F� GHWDLOV�RI�WKH�SURFHGXUH�XVHG�IRU�VDPSOLQJ�
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$QQH[�$��,QIRUPDWLYH�
'HWHUPLQDWLRQ�RI�QXPEHU�RI�WHVWV�IRU�ILEUHV

7KH�QXPEHU�RI�LQGLYLGXDOV�WR�EH�WHVWHG�ZLOO�GHSHQG�RQ�WKH�YDULDELOLW\�RI�WKH�PDWHULDO�DQG�WKH�DFFXUDF\�UHTXLUHG��,Q
UDQGRP�VDPSOLQJ�WKH�PHDQ�RI�H�J��WKH�EUHDNLQJ�ORDG�RI�WKH�WHVW�VSHFLPHQV�ZLOO��DERXW����WLPHV�RXW�RI�����EH�ZLWKLQ

�� �
�

Q

&

RI�WKH�SRSXODWLRQ�PHDQ�

ZKHUH

&�LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ��LQ�SHU�FHQW��IRU�WKH�SURSHUW\�FRQVLGHUHG�

Q�LV�WKH�QXPEHU�RI�WHVW�VSHFLPHQV�

7KH�YDOXHV�RI����&�»�Q���DUH�WKH�FRQILGHQFH�OLPLWV�RI�HUURU�

2IWHQ�WKH�YDOXH�RI�WKH�FRHIILFLHQW�RI�YDULDWLRQ�LV�NQRZQ�DSSUR[LPDWHO\�DQG�WKH�QXPEHU�RI�ILEUHV�QHFHVVDU\�WR
DFKLHYH�JLYHQ�FRQILGHQFH�OLPLWV�RI�HUURU�FDQ�WKHQ�EH�FDOFXODWHG���6RPH�RI�WKHVH�YDOXHV��ZKLFK�DUH�NQRZQ��DUH�JLYHQ
LQ�WDEOH�$����7DEOH�$���FDQ�WKHQ�EH�XVHG�WR�ILQG�WKH�QXPEHU�RI�ILEUHV�UHTXLUHG�WR�WHVW�IRU�DQ\�GHVLUHG�FRQILGHQFH
OLPLWV�RI�HUURU�RI�WKH�PHDQ�

(;$03/(��7KH�PHDQ�VWUHQJWK�RI�WKH�ILEUHV�IURP�D�ZRRO�WRS�LV�UHTXLUHG�WR�FRQILGHQFH�OLPLWV�RI�HUURU�RI������)URP
WDEOH�$���WKH�FRHIILFLHQW�RI�YDULDWLRQ�LV�VHHQ�WR�EH�����DQG�WDEOH�$���VKRZV�WKDW�DERXW�����ILEUHV�ZLOO�EH�QHHGHG�IRU
����FRQILGHQFH�OLPLWV�RI�HUURU���7KH�WRS�ZDV�VDPSOHG�E\�WKH�FXW�VTXDUH�PHWKRG��ZKLFK�\LHOGHG�����ILEUHV��DOO�RI
ZKLFK�ZHUH�WHVWHG�IRU�VWUHQJWK��

)RU�D�KHWHURJHQHRXV�SRSXODWLRQ��WKH�YDULDELOLW\�RI�WKH�VDPSOH�PHDQ�LV�GXH�SDUWO\�WR�WKH�EHWZHHQ�]RQH�YDULDWLRQ�DQG
SDUWO\�WR�WKH�ZLWKLQ�]RQH�YDULDWLRQ��DQG�WKH�DERYH�VLPSOH�IRUPXOD�FDQQRW�WKHQ�EH�XVHG��,I�WKH�EHWZHHQ�]RQH
YDULDWLRQ�LV�UHODWLYHO\�ODUJH��LW�LV�EHVW�WR�WDNH�PDQ\�]RQHV�DQG�PHDVXUH�RQO\�D�IHZ�ILEUHV�IURP�HDFK���,I�WKH�FRQYHUVH
LV�WUXH��WKH�SRSXODWLRQ�FDQ��RI�FRXUVH��EH�WUHDWHG�DV�KRPRJHQHRXV�

:KHQHYHU�UDQGRP�VDPSOLQJ�LV�VSHFLILHG��WKH�XVH�RI�WDEOHV�RI�UDQGRP�QXPEHUV�LV�UHFRPPHQGHG�
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7$%/(�$�����6WDQGDUG�HUURU�RI�PHDQ�ILEUH�OHQJWK�LQ�FHQWLPHWUHV

9DULDQFH��FP�� 1� ���� 1� ���� 1� ������
%HWZHHQ
]RQHV

:LWKLQ
]RQHV

Q� Q� Q� 

9] 9U �� ��� ��� �� ��� ��� �� ��� ���
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 1� �WRWDO�QXPEHU�RI�ILEUHV
 Q� �QXPEHU�RI�]RQHV



3DJH���
(1�����������

��%6,��������

7$%/(�$�����6RPH�DSSUR[LPDWH�SHUFHQWDJH�YDOXHV�RI�FRHIILFLHQWV�RI�YDULDWLRQ�RI�SURSHUWLHV�RI�LQGLYLGXDO
ILEUHV

�)LJXUHV�DUH�IRU�D�QXPHULFDO�VDPSOH�XQOHVV�RWKHUZLVH�VWDWHG�DQG�DUH�QHFHVVDULO\�DSSUR[LPDWH�DQG�PD\�YDU\
DSSUHFLDEO\�IURP�EXON�WR�EXON�

6RXUFH�RI�ILEUHV
/HQJWK

�

'LDPHWHU

�

%UHDNLQJ�ORDG

�

%UHDNLQJ
H[WHQVLRQ
�

/LQHDU
GHQVLW\
�

&RWWRQ �� �� �� �� ��
:RRO��VRUWHG�DQG�VFRXUHG ���WR��� ���WR��� �� �� �
:RRO�FDUG�VOLYHU �� ���WR��� �� �� �
:RRO�WRS �� ���WR��� �� �� �
:RROOHQ�VOXEELQJ��\DUQ �� �� � � �
9LVFRVH�VWDSOH�ILEUH � � �� �� ��
&HOOXORVH�DFHWDWH�VWDSOH�ILEUH � � �� �� ��

�'HQRWHV�OHQJWK�ELDVHG�VDPSOH

127(��)RU�ZRRO��WKH�FRHIILFLHQWV�RI�YDULDWLRQ�IRU�EUHDNLQJ�ORDG�DQG�EUHDNLQJ�H[WHQVLRQ�JLYHQ�LQ�WKLV�WDEOH�DUH�QRW�D
VLJQLILFDQW�IDFWRU���,Q�IDFW��H[SHULHQFH�EHWZHHQ�ODERUDWRULHV�LQ�GLIIHUHQW�FRXQWULHV�KDV�VKRZQ�WKDW�G\QDPLF
PHDVXUHPHQWV�RQ�ZRRO�ILEUHV��EUHDNLQJ�ORDG�DQG�EUHDNLQJ�H[WHQVLRQ��GR�QRW�DOZD\V�JLYH�UHSURGXFLEOH�UHVXOWV�
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7$%/(�$�����1XPEHU�RI�ILEUHV�UHTXLUHG�IRU�YDULRXV�FRQILGHQFH�OLPLWV�RI�WKH�PHDQ

&RHIILFLHQW�RI &RQILGHQFH�OLPLWV�DV�SHUFHQWDJH�RI�WKH�PHDQ
YDULDWLRQ�� � � � � �� �� ��
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�'HQRWHV�PRUH�WKDQ��������ILEUHV�

�9DOXHV�IRU�QXPEHU�RI�ILEUHV�JLYHQ�LQ�WKH�ERG\�RI�WKH�WDEOH�DUH�FDOFXODWHG�IURP�WKH�DSSUR[LPDWH�YDOXHV�RI

�
�

�Ë
Í
Ì

Û
Ý
Ü

SHUFHQWDJH�FRHIILFLHQW�RI�YDULDWLRQ
SHUFHQWDJH�RI�FRQILGHQFH�OLPLWV

DQG�DSSO\�WR�WKH���������LQ�����SUREDELOLW\�OHYHO�
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BSI Ð British Standards Institution

BSI is the independent national body responsible for preparing British Standards. It
presents the UK view on standards in Europe and at the international level. It is
incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of British Standards
should make sure that they possess the latest amendments or editions.

It is the constant aim of BSI to improve the quality of our products and services. We
would be grateful if anyone finding an inaccuracy or ambiguity while using this
British Standard would inform the Secretary of the technical committee responsible,
the identity of which can be found on the inside front cover. Tel: 020 8996 9000.
Fax: 020 8996 7400.

BSI offers members an individual updating service called PLUS which ensures that
subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services. Tel: 020 8996 9001. Fax: 020 8996 7001.

In response to orders for international standards, it is BSI policy to supply the BSI
implementation of those that have been published as British Standards, unless
otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and international
standards through its Library and its Technical Help to Exporters Service. Various
BSI electronic information services are also available which give details on all its
products and services. Contact the Information Centre. Tel: 020 8996 7111.
Fax: 020 8996 7048.

Subscribing members of BSI are kept up to date with standards developments and
receive substantial discounts on the purchase price of standards. For details of
these and other benefits contact Membership Administration. Tel: 020 8996 7002.
Fax: 020 8996 7001.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of
the publications of the international standardization bodies. Except as permitted
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced,
stored in a retrieval system or transmitted in any form or by any means ± electronic,
photocopying, recording or otherwise ± without prior written permission from BSI.

This does not preclude the free use, in the course of implementing the standard, of
necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
agreement. Details and advice can be obtained from the Copyright Manager.
Tel: 020 8996 7070.


