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(QHUJ\�(IILFLHQF\�/DEHOOLQJ�6\VWHP�IRU�,QGXVWULDO�0RWRUV

7��3LUDWKDSDQ����7KDUDQJD�:LFNUDPDUDWKQD��
(OHFWULFDO�6XSHULQWHQGHQW����(OHFWULFDO�(QJLQHHU����&H\ORQ�(OHFWULFLW\�%RDUG

$EVWUDFW��
7KLV� SDSHU� SUHVHQWV� DQ� HQHUJ\� HIILFLHQF\� ODEHOOLQJ�
V\VWHP�IRU�LQGXVWULDO�PRWRUV�XVHG�LQ�6UL�/DQND�� ,Q�
GXVWULDO�VHFWRU�LQ�6UL�/DQND�FRQVXPHV�������*:K�RI�
HOHFWULFLW\��L�H������RXW�RI��������*:K�RI�WRWDO�HOHF�
WULFLW\� FRQVXPSWLRQ� �������� ,QGXFWLRQ� PRWRUV� DF�
FRXQW� IRU� D�KLJK�VKDUH�RI� HQHUJ\�XVHG� LQ� LQGXVWU\�
7KH�HQHUJ\�HIILFLHQF\�ODEHOOLQJ�V\VWHP�SURSRVHG�ZLOO�
HQDEOH�LPSURYHG�HIILFLHQF\�RI� LQGXVWULDO�PRWRUV�E\�
UHGXFLQJ�HQHUJ\�ORVVHV���

7KH� DXWRPDWLF� HIILFLHQF\� WHVWLQJ�SURJUDP� LV�GHYHO�
RSHG� XVLQJ� WKH� /DE9LHZ� GHYHORSPHQW� SODWIRUP�
EDVHG� RQ� ,(&� ���������� VWDQGDUG�� 6XEVHTXHQWO\�� D�
WHVW�EHQFK�GHVLJQ�ZDV�DOVR�GHYHORSHG��,W�ZLOO�EH�KHOS�
IXO�LQ�SXUFKDVLQJ�PRWRUV�IURP�WKH�LQWHUQDWLRQDO�PDU�
NHW DQG�WKHUHE\�PRWRU�GULYHQ�V\VWHPV�ZLOO�DFKLHYH�
WKH�QH[W�OHYHO�RI�HIILFLHQF\�LQ�WKH�LQGXVWULDO�VHFWRU��,W�
DOVR�KHOSV� WR� FURVV� FKHFN� WKH� HIILFLHQF\� OHYHO� RI� UH�
SDLUHG�RU�UHZRXQG�PRWRUV���$Q�HFRQRPLF�FDOFXODWLRQ�
PRGHO��WDULII�EDVHG��LV�GHYHORSHG�WR�DQDO\VH�WKH�HFR�
QRPLF�EHQHILWV�RI�KLJKHU�HIILFLHQF\�OHYHOV��7KLV�HFR�
QRPLF�FDOFXODWLRQ�PRGHO�DVVLVWV�LQ�GHFLVLRQ�PDNLQJ�
RI�UHSODFHPHQW�RI�D�PRWRU�RU�DQ�XSJUDGH�RI�D�V\VWHP��

,QWURGXFWLRQ
(OHFWULF�PRWRUV�DFFRXQW�IRU�DERXW�����RI�WKH�LQGXV�
WULDO�HOHFWULFLW\�FRQVXPSWLRQ�DQG�DERXW�����RI�ILQDO�
HQHUJ\�XVH�LQ�LQGXVWU\�ZRUOGZLGH�>��@��

(OHFWULF�PRWRU�LV�WKH�PDLQ�VRXUFH�WR�SURYLGH�PHFKDQ�
LFDO� HQHUJ\� LQ� LQGXVWU\��0RWRU� VL]HV� YDU\� EHWZHHQ�
OHVV�WKDQ���N:�WR�VHYHUDO�0:�LQ�ODUJH�LQGXVWULDO�PR�
WRUV�� ,Q� UHFHQW� \HDUV��PDQ\� VWXGLHV� KDYH� LGHQWLILHG�
WKDW�WKHUH�LV�D�FRQVLGHUDEOH�HQHUJ\�HIILFLHQF\�SRWHQ�
WLDO�ZLWK�VKRUW�SD\EDFN�SHULRGV�DQG�KLJK�FRVW�HIIHF�
WLYHQHVV�LQ�HOHFWULF�PRWRUV�DQG�PRWRU�V\VWHPV�XVHG�
LQ�LQGXVWULHV��

(OHFWULF�PRWRUV�DUH�WKH�PRVW�SUHYDOHQW�HQHUJ\�LQWHQ�
VLYH�PDFKLQHV�XVHG�LQ�LQGXVWULHV�LQ�6UL�/DQND��7KHVH�
PRWRUV� KDYH� ORQJ� \HDUV� RI� VHUYLFH�� PRUH� WKDQ� ���
\HDUV�LQ�VRPH�IDFWRULHV��DQG�DUH�PRVWO\�UHIXUELVKHG��
DQG�UHSDLUHG�DQG�RU�UHZRXQG�VHYHUDO�WLPHV��$V�D�UH�
VXOW� RI� VXFK� UHIXUELVKPHQWV�� HIILFLHQF\� LV�JHQHUDOO\�
UHGXFHG��7KH�ORZ�HIILFLHQF\�RI�HOHFWULF�PRWRUV�DIIHFWV�
WKH�HOHFWULF�SRZHU�VXSSO\�LQIUDVWUXFWXUH�E\�XQQHFHV�
VDULO\�GHPDQGLQJ�KLJKHU�FDSDFLW\��FDXVLQJ�RYHUORDG�
LQJ�� RXWDJHV� DQG� YROWDJH� GURSV� LQ� WKH� XWLOLW\� QHW�
ZRUN�� )XUWKHU�� WKH� LQFUHDVH� RI� WKH� HOHFWULFLW\� FRQ�
VXPSWLRQ�DIIHFWV�WKH�HOHFWULFLW\�FRVWV��(OHFWULFLW\�������

XWLOLWLHV� &H\ORQ� (OHFWULFLW\� %RDUG� �&(%��/DQND����
(OHFWULFLW\�&RPSDQ\��/(&2��WRR�SD\�IRU�WKH�ZDVWHG�
HQHUJ\��ZKLFK�ILQDOO\�DIIHFWV�WKH�VXVWDLQDELOLW\�RI�WKH�
HQYLURQPHQW��

5HDVRQV�IRU� ORZHU�HQHUJ\�HIILFLHQF\�RI�HOHFWULF�PR�
WRUV� DUH� GHVLJQ� OLPLWDWLRQV�� SRRU� TXDOLW\� RI� SRZHU�
VXSSO\�� LQDGHTXDWH� PDLQWHQDQFH� DQG� UHSDLU� SUDF�
WLFHV��DQG� WKH�PLVPDWFK�EHWZHHQ�PRWRU�DQG�PRWRU�
ORDGV��

0RWRU�PDQXIDFWXULQJ�VWDQGDUGV�VXFK�DV�1(0$�DQG�
,(&��DQG�PRWRU�WHVW�VWDQGDUGV�VXFK�DV�,(&���������
���,(((����%�DQG�&6$�����ZHUH�VWXGLHG��6XFK�LQWHU�
QDWLRQDOO\�UHFRJQL]HG�VWDQGDUGV�HQFRXUDJH�XVHUV�WR�
EX\� HQHUJ\� HIILFLHQW�PRWRUV� DQG� HQFRXUDJH�PDQX�
IDFWXUHV�WR�SURGXFH�HOHFWULF�PRWRUV�FRPSO\LQJ�ZLWK�
WKH�VWDQGDUGV��7KH�GHYHORSPHQW�RI�PRWRU� ODEHOOLQJ�
SURJUDPV��PRWRU�HIILFLHQF\�VWDQGDUGV�DQG�PRWRU�HI�
ILFLHQF\� WHVWLQJ� SURWRFROV� GLIIHUHQW� DURXQG� WKH�
ZRUOG��6RPH�H[DPSOHV�DUH��%UD]LO��1%5��������,QGLD��
,6� ������ &KLQD��*%�7�&� ������ DQG�$XVWUDOLD�1HZ�
=HDODQG�� $6� 1=6� �������� $OO� WKHVH� VWDQGDUGV� DUH�
VLPLODU� WR� ,(((����%�DQG� ,(&����������>��@��&RXQ�
WULHV�ZLWKRXW�GRPHVWLF�PRWRU�PDQXIDFWXULQJ�IDFLOL�
WLHV� LPSRUW�PRWRUV�DQG�XVH�GLIIHUHQW� WHVWLQJ�SURFH�
GXUHV�RQ�LPSRUWHG�PRWRUV��5HFHQWO\�LQWURGXFHG�,(&�
���������������� KDG� EHHQ� LGHQWLILHG� DV� WKH� EHVW� WR�
KDUPRQL]H� HIILFLHQF\� FODVVHV� RI� HOHFWULF� PRWRUV� DOO�
RYHU� WKH� ZRUOG�� $W� WKH� VDPH� WLPH�� ZLWK� WKH� ,(&�
��������������� VWDQGDUG�� D� QHZ� SURFHGXUH� IRU� WKH�
PHDVXUHPHQW� RI� PRWRU� HIILFLHQF\� KDV� EHHQ� LQWUR�
GXFHG�WR�UHSODFH�GLIIHUHQW�VWDQGDUGV�XVHG�E\�GLIIHU�
HQW�QDWLRQV�LQ�WKH�ZRUOG��$W�SUHVHQW��PDQ\�FRXQWULHV�
KDYH� FRPPHQFHG� IROORZLQJ� WKLV� ,(&� VWDQGDUG� DQG�
KDYH�VHW� WKH�0LQLPXP�(QHUJ\�3HUIRUPDQFH�6WDQG�
DUGV� �0(36�� >��@�RQ� WKHLU� RZQ�RU� IROORZ� WKH�(XUR�
SHDQ�8QLRQ�0(36�>��@��

6UL�/DQND�GRHV�QRW�KDYH�D�ODEHOOLQJ�VFKHPH�WR�LGHQ�
WLI\�HIILFLHQF\�RI�LQGXVWULDO�PRWRUV���7KH�SXUSRVH�RI�
GHYHORSLQJ� VXFK� D� ODEHOOLQJ� V\VWHP� IRU� LQGXVWULDO�
PRWRUV�LV�WR�JXLGH�WKH�XVHUV�WR�SXUFKDVH�HQHUJ\�HIIL�
FLHQW� LQGXVWULDO�PRWRUV�EDVHG�RQ� HFRQRPLF� IDFWRUV���
)XUWKHU�� LW�KHOSV�LQ�GHFLGLQJ�WKH�UHSODFHPHQW�RU�UH�
XVH�RI�UHSDLUHG�RU�UHZRXQG�PRWRUV��
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'HYHORSPHQW�RI�(QHUJ\�(IILFLHQF\�7HVWLQJ�6\VWHP�
EDVHG�RQ�,(&�VWDQGDUG��,(&����������������
7KUHH�SKDVH�LQGXFWLRQ�PRWRUV�XVHG�DV�WKH�PDLQ�HOHF�
WULFDO�PDFKLQHU\�SOD\�D�YLWDO�UROH�LQ�LQGXVWULHV��6LQ�
JOH�SKDVH�LQGXFWLRQ�PRWRUV�DUH�XVHG�LQ�ERWK�LQGXV�
WULDO�DQG�QRQ�LQGXVWULDO�DSSOLFDWLRQV��&DJH�URWRU�LQ�
GXFWLRQ�PRWRUV�DUH�WKH�PRVW�FRPPRQO\�XVHG�W\SH�RI�
PRWRUV�LQ�LQGXVWULHV��:RXQG�URWRU�PRWRUV�DUH�XVHG�
IRU�VSHFLDO�SXUSRVHV����

'HWHUPLQDWLRQ�RI�(IILFLHQF\�IURP�'LUHFW�0HDVXUH�
PHQW�
7RUTXH� PHDVXUHPHQW� WHVW� �LQSXW�RXWSXW� PHDVXUH�
PHQW�PHWKRG��
�(IILFLHQF\ߟ��� ൌ

௉మ

௉భ

ZKHUH� ଵܲ�LV�WKH�LQSXW�HOHFWULFDO�SRZHU�DQG� ଶܲ�LV�WKH�
RXWSXW�PHFKDQLFDO�SRZHU��

'HWHUPLQDWLRQ� RI� (IILFLHQF\� IURP� LQGLUHFW� PHDV�
XUHPHQW�
6XPPDWLRQ�RI�VHSDUDWH�ORVVHV�

(IILFLHQF\ߟ��� ൌ
௉భష௉೅

௉భ

ZKHUH� ଵܲ�LV�WKH�LQSXW�HOHFWULFDO�SRZHU�DQG� ்ܲ �LV�WKH�
VXPPDWLRQ�RI�WRWDO�ORVVHV��

்ܲ ൌ ݐ݊ܽݐݏ݊݋ܿ ݏݏ݋݈ ሺ ௄ܲሻ ൅ ݎ݋ݐܽݐݏ ݃݊݅݀݊݅ݓ ݏݏ݋݈ ሺ ௌܲሻ
൅ ݎ݋ݐ݋ݎ� ݃݊݅݀݊݅ݓ ሺݏݏ݋݈ ௥ܲሻ
൅ ݈ܽ݊݋݅ݐ݅݀݀ܽ� ݀ܽ݋݈ ሺݏݏ݋݈ ௅ܲ௅ሻ

7KH�DGGLWLRQDO�ORDG�ORVV�LV�FDOFXODWHG�IURP�UHVLGXDO�
ORVVHVሺ ௅ܲ௥ሻ

7KH�GLUHFW�RU�LQGLUHFW�HIILFLHQF\�PHDVXUHPHQW�PHWK�
RGV�ZHUH�DGRSWHG��DQG�WKH�PHWKRGV�RI�WHVWLQJ�WKH�HI�
ILFLHQF\� RI� WKUHH�SKDVH� DQG� VLQJOH�SKDVH� LQGXFWLRQ�
PRWRUV�KDYH�EHHQ�SURSRVHG�DV�SHU�WKH�,(&���������
��� GHVFULEHG� LQ�7DEOH� ��� %DVHG� RQ� ,(&� ����������� D�
VRIWZDUH�SURJUDP�ZDV�GHYHORSHG�IRU�HIILFLHQF\�WHVW�
LQJ�RI�WKUHH�SKDVH�FDJH�URWRU�LQGXFWLRQ�PRWRUV�XS�WR�
��0:�DQG�VLQJOH�SKDVH�LQGXFWLRQ�PRWRUV�RI�DQ\�FD�
SDFLW\��

7DEOH���� 3UHIHUUHG�0HWKRGV�RI�(IILFLHQF\�
7HVWLQJ

0HWKRG 'HVFULSWLRQ�
5HTXLUHG�
7HVWV�

$SSOLFD�
WLRQ�

,QSXW�
RXWSXW�
PHWKRG�

7RUTXH� 0HDV�
XUHPHQW�

'\QDPRPH�
WHU�WHVW�

$OO� VLQJOH�
SKDVH� PD�
FKLQHV�

6XP�
PDWLRQ�
RI�
ORVVHV��
5HVLG�
XDO�
ORVVHV�

6WUD\�ORDG�
ORVVHV�IURP�UH�
VLGXDO�ORVV�

5DWHG� ORDG�
WHVW� ZLWK�
WRUTXH��
/RDG� FXUYH�
WHVW� ZLWK�
WRUTXH�
1R�ORDG�WHVW�

7KUHH�
SKDVH� PD�
FKLQHV�
ZLWK� UDWHG�
RXWSXW� XS�
WR���0:�

(IILFLHQF\�7HVWLQJ�RI�DOO�6LQJOH�SKDVH�0RWRUV�
7KH�SUHIHUUHG�HIILFLHQF\�WHVW�PHWKRG�RI�VLQJOH�SKDVH�
PRWRUV�LV�WKH�LQSXW�RXWSXW�PHWKRG��)RU�WKLV�PHWKRG��
WKH�G\QDPRPHWHU�WHVW�LV�SHUIRUPHG��,Q�D�G\QDPRP�
HWHU�WHVW��WKH�WHVW�PRWRU�LV�FRXSOHG�WR�D�G\QDPRPH�
WHU��7KH�G\QDPRPHWHU�LV�FDOLEUDWHG��DQG�WKH�PRWRU�LV�
RSHUDWHG� DW� UDWHG� ORDG� DQG� WKH� UHTXLUHG� HOHFWULFDO�
DQG�PHFKDQLFDO�PHDVXUHPHQWV�DUH�UHFRUGHG��0RWRU�
HIILFLHQF\�LV�FDOFXODWHG�IURP�WKHVH�YDOXHV�>�@��

(IILFLHQF\� 7HVWLQJ� RI� 7KUHH�SKDVH� 0RWRUV� �IRU�
UDWHG�RXWSXW�XS�WR���0:��
7KH�SUHIHUUHG�HIILFLHQF\�WHVW�PHWKRG�LV�WKH�VXPPD�
WLRQ�RI�VHSDUDWH�ORVVHV��$GGLWLRQDO�ORDG�ORVV�LV�GHWHU�
PLQHG� E\� UHVLGXDO� ORVV�� &DOFXODWLRQ� RI� FRQVWDQW�
ORVVHV�GHSHQGV�RQ�WKH�RXWSXW�RI�WKH�QR�ORDG�WHVW��

7KLV�PHWKRG�GHWHUPLQHV�WKH�HIILFLHQF\�E\�WKH�VXP�
PDWLRQ�RI�VHSDUDWH�ORVVHV��ZKLFK�DUH�LURQ�ORVV��ZLQG�
DJH�	�IULFWLRQ�ORVVHV��VWDWRU�	�URWRU�FRSSHU�ORVVHV�DQG�
DGGLWLRQDO�ORDG�ORVVHV��7KHVH�WHVWV�DUH�LQWHUFRQQHFWHG�
WR�HDFK�RWKHU�DQG� WKH� WHVW�SHUVRQQHO�VKRXOG� IROORZ�
WKH�LQVWUXFWLRQV�LQ�WKH�VWDQGDUGV��

7KH� UHTXLUHG� WHVWV� LQ� RUGHU� DUH� WKH� FROG� UHVLVWDQFH�
PHDVXUHPHQW�� UDWHG� ORDG� WHVW�� DQG� ORDG� FXUYH� WHVW��
IROORZHG�E\�WKH�QR�ORDG�WHVW��

&RQVWDQW� ORVVHV� GHSHQG� RQ� QR�ORDG� WHVW� RXWSXWV��
ZKLOH� WKH� YDULDEOH� ORVVHV� �VWDWRU� 	� URWRU� ZLQGLQJ�
ORVVHV��GHSHQG�RQ�ORDG�FXUYH�WHVW�RXWSXWV��5HVLGXDO�
ORVVHV�GHSHQG�RQ�DOO�WHVW�RXWSXWV�>�@��

(IILFLHQF\�7HVWLQJ�6RIWZDUH�'HYHORSPHQW
7KH�/DE9LHZ�V\VWHP�GHVLJQ� VRIWZDUH�ZDV�VHOHFWHG�
WR�GHYHORS�WKH�PRWRU�HIILFLHQF\�WHVWLQJ�DSSOLFDWLRQ���
7KLV�LV�RQH�RI�WKH�PRVW�VXLWDEOH�GHVLJQ�VRIWZDUH�SODW�
IRUPV�IRU�VLPXODWLQJ�WKH�WHVW�DQG�YDOLGDWLQJ�WKH�V\V�
WHP��)LJXUH� ��VKRZV� WKH�/DE�9LHZ�LQWHUIDFH�GHYHO�
RSHG��

)LJXUH�����/DE9LHZ�,QWHUIDFH�

7KHUH�DUH�WZR�PDLQ�ZRUNLQJ�HQYLURQPHQWV�LQ�/DE�
9LHZ��)URQW�3DQHO�ZLQGRZ�DQG�WKH�%ORFN�'LDJUDP�
ZLQGRZ��7KH�)URQW�3DQHO�LV�XVHG�WR�FUHDWH�XVHU� LQ�
WHUIDFH� IXQFWLRQV� VXFK� DV�XVHU� LQWHUIDFH� FRQWUROV� RU�
LQGLFDWRUV��7KH�%ORFN�'LDJUDP�LV�XVHG�WR�EXLOG�FRGH�
XVLQJ�9,6�DQG�VWUXFWXUHV�WR�FRQWURO�WKH�)URQW�3DQHO�
FRQWUROV�� $IWHU� EXLOGLQJ� WKH� LQWHUIDFH� LQ� WKH� )URQW�
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3DQHO��WKH�FRGHV�DUH�DGGHG�XVLQJ�JUDSKLFDO�UHSUHVHQ�
WDWLRQV� RI� IXQFWLRQV� WR� FRQWURO� WKH� )URQW� 3DQHO� RE�
MHFWV�� 7KH� %ORFN� 'LDJUDP� FRQWDLQV� WKLV� JUDSKLFDO�
VRXUFH�FRGH��7KH�)URQW�3DQHO�REMHFW� DSSHDUV� LQ� WKH�
%ORFN�'LDJUDP��:LULQJ�WRROV�DUH�XVHG�WR�FUHDWH�WKH�
ORJLF�IORZ�EHWZHHQ�WKH�REMHFWV�RQ�WKH�%ORFN�'LDJUDP��
)LJXUH���VKRZV�WKH�/DE9LHZ�%ORFN�'LDJUDP��

)LJXUH�����/DE9LHZ�%ORFN�'LDJUDP

'DWD�DFTXLVLWLRQ�VHFWLRQ�RI�/DE9LHZ�LQYROYHV�JDWK�
HULQJ�VLJQDOV�IURP�PHDVXUHPHQW�VRXUFHV�DQG�GLJLWDO�
L]LQJ� WKH� VLJQDOV� IRU� VWRUDJH�� DQDO\VLV� DQG�GLVSOD\��
7KH�GDWD�DFTXLVLWLRQ�KDUGZDUH�DFWV�DV�WKH�LQWHUIDFH�
EHWZHHQ� FRPSXWHU� DQG� WKH� RWKHU� PHDVXUHPHQW�
VRXUFHV���

/DE9LHZ�QHHGV� WR� UHDG� DQG� VDYH� WKH� LQSXW� VLJQDOV�
IURP�VHQVRUV�WKURXJK�WKH�GDWD�DFTXLVLWLRQ�KDUGZDUH��
7KHQ�WKH�VDYHG�GDWD�LV�XVHG�IRU�FDOFXODWLRQV��)LJXUH�
��VKRZV�WKH�VHQVRU�VLJQDO�UHDGLQJ�IXQFWLRQ��

)LJXUH�����6HQVRU�6LJQDO�5HDGLQJ�)XQFWLRQ�

,Q�/DE9LHZ�VRIWZDUH��RQFH�WKH�WHVWLQJ�SHUIRUPDQFH�
LV� FRPSOHWHG�� DOO� WKH� WHVW� UHVXOWV� DUH� VDYHG� LQ� D�
VSUHDGVKHHW��7KRVH�VDYHG�UHVXOWV�DUH�UHFDOOHG�IRU�FDO�
FXODWLRQV� IURP� WKH� VSUHDGVKHHW�� 5HVXOWV� DUH� GLV�
SOD\HG�RQ� WKH�)URQW�3DQHO�DIWHU�DOO�FDOFXODWLRQV�DUH�
FRPSOHWHG�� )LJXUH��� VKRZV� WKH�/DE9LHZ� HIILFLHQF\�
GLVSOD\�LQWHUIDFH��

)LJXUH�����/DE9LHZ�(IILFLHQF\�'LVSOD\�,QWHUIDFH�

7HVW�%HQFK�0RGHO�3URSRVDO
7KH�HIILFLHQF\�WHVW�EHQFK�ZDV�GHYHORSHG�XVLQJ�D�VLP�
SOH�GHVLJQ�IRU�HDV\�SHUIRUPDQFH��UHFHLSW�RI�DFFXUDWH�
PHDVXUHPHQWV� DQG� WR�GHOLYHU� DFFXUDWH� UHVXOWV�� 7KH�
SURSRVHG� WHVW� EHQFK�GHVLJQV� DUH� JLYHQ� LQ� )LJXUH� ��
DQG�)LJXUH����7KLV�GHVLJQ�ZDV�GHYHORSHG�EDVHG�RQ�
WKH�UHTXLUHPHQWV�RI�,(&�����������WHVWLQJ�PHWKRG��

)LJXUH�����3URSRVHG�'HVLJQ�RI�7HVW�%HQFK�
�7KUHH�SKDVH�,QGXFWLRQ�0RWRU��

���FXUUHQW�	�YROWDJH�VHQVRUV�����DXWR�WUDQVIRUPHU�RU�YDULDF��
���ZLQGLQJ�UHVLVWDQFH�PHDVXUHPHQW�VHQVRU�����WHPSHUDWXUH�
VHQVRUV�����VSHHG�	�WRUTXH�VHQVRUV�����GDWD�DFTXLVLWLRQ�GH�
YLFH

6LQJOH�SKDVH�VXSSO\�IURP�QDWLRQDO�
JULG

/DE�
9LHZ

�

� '\QDPRPHWHU

6LQJOH�SKDVH�PRWRU

0HDVXUHPHQW�
GLVSOD\
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)LJXUH�����3URSRVHG�'HVLJQ�RI�7HVW�%HQFK��6LQJOH�
SKDVH�,QGXFWLRQ�0RWRU��

���FXUUHQW�VHQVRU�����YROWDJH�VHQVRU�����VSHHG�VHQVRU�
7KH� VHQVRUV�RI�SURSRVHG� WHVW�EHQFK�PXVW�PHHW� WKH�
,(&�GHILQHG�DFFXUDF\�OHYHO�DV�JLYHQ�LQ�WKH�7DEOH�������

7DEOH�����3URSRVHG�6HQVRUV�IRU�7HVW�%HQFK�

4XDQWLW\
,(&�5H�

TXLUHG�$F�
FXUDF\

6XJJHVWHG�
,QVWUXPHQW

,QVWUXPHQW�
$FFXUDF\

3RZHU

&ODVV� ���� 	�
RYHUDOO� XQ�
FHUWDLQW\� RI�
����� RI�
UHDGLQJ� DW�
SRZHU� IDF�
WRU�����

<RNRJDZD�
:7����

�� ������ RI�
UHDGLQJ�DW����
+]

9ROWDJH

&ODVV� ���� 	�
RYHUDOO� XQ�
FHUWDLQW\� RI�
����� RI�
UHDGLQJ� DW�
SRZHU� IDF�
WRU����

<RNRJDZD�
:7����

�� ������ RI�
UHDGLQJ

&XUUHQW

&ODVV ���� 	�
RYHUDOO� XQ�
FHUWDLQW\� RI�
����� RI�
UHDGLQJ� DW�
SRZHU� IDF�
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