
$SSHDUHG�LQ�WKH�SURFHHGLQJV�RI�(X6S5,*������

�

&RUUHFWQHVV�LV�QRW�HQRXJK�
/RXLVH�3U\RU�

����+DQRYHU�6WUHHW��(GLQEXUJK��(+���'-�
ZZZ�ORXLVHSU\RU�FRP�

�
$%675$&7�
7KH�XVXDO�DLP�RI�VSUHDGVKHHW�DXGLW�LV�WR�YHULI\�FRUUHFWQHVV��7KHUH�DUH�WZR�SUREOHPV�ZLWK�WKLV��ILUVW��
LW�LV�RIWHQ�GLIILFXOW�WR�WHOO�ZKHWKHU�WKH�VSUHDGVKHHWV�LQ�TXHVWLRQ�DUH�FRUUHFW��DQG�VHFRQG��HYHQ�LI�WKH\�
DUH��WKH\�PD\�VWLOO�JLYH�WKH�ZURQJ�UHVXOWV��7KHVH�SUREOHPV�DUH�H[SODLQHG�LQ�WKLV�SDSHU��ZKLFK�SUH�
VHQWV�WKH�NH\�FULWHULD�IRU�MXGJLQJ�D�VSUHDGVKHHW�DQG�GLVFXVVHV�KRZ�WKRVH�FULWHULD�FDQ�EH�DFKLHYHG��

�� ,1752'8&7,21�
0DQ\�SHRSOH�DUH��TXLWH�ULJKWO\��ZRUULHG�WKDW� WKHLU�VSUHDGVKHHWV�DUH�SURGXFLQJ� WKH�ZURQJ�
QXPEHUV��5HVXOWV�VXPPDULVHG�E\�3DQNR�>����@�LQGLFDWH�WKDW�DERXW�����WR�����RI�VSUHDG�
VKHHWV�FRQWDLQ�VLJQLILFDQW�HUURUV��7KHVH�UHVXOWV�DUH�KDUG�WR�LQWHUSUHW��DV�WKH�GHILQLWLRQV�RI��
³VLJQLILFDQW�HUURU´�YDU\��DQG�WKH�VDPSOHV�PD\�EH�ELDVHG��HLWKHU�WRZDUGV�VSUHDGVKHHWV�WKDW�
DUH�WKRXJKW�OLNHO\�WR�FRQWDLQ�HUURUV��RU�WRZDUGV�WKRVH�WKDW�DUH�FRQVLGHUHG�SDUWLFXODUO\�XVH�
IXO�WR�WKHLU�XVHUV��DQG�WKDW�PLJKW�WKHUHIRUH�KDYH�EHHQ�VXEMHFW�WR�PRUH�LQWHQVH�VFUXWLQ\���
/RRNLQJ�DW�WKH�SHUFHQWDJH�RI�LQGLYLGXDO�FHOOV�ZLWK�HUURUV�OHDGV�WR�URXJKO\�VLPLODU�FRQFOX�
VLRQV�� )LHOG� DXGLWV� �DJDLQ� IURP� 3DQNR�� VKRZ� FHOO� HUURU� UDWHV� IURP� ������ XS� WR� ������
ODERUDWRU\�VWXGLHV�LQGLFDWH�UDWHV�YDU\LQJ�IURP������WR������$JDLQ��WKHVH�UHVXOWV�DUH�GLIIL�
FXOW� WR� LQWHUSUHW�� DUH� WKH\� SHUFHQWDJHV� RI� DOO� FHOOV�� FHOOV� FRQWDLQLQJ� IRUPXODH�� RU� XQLTXH�
IRUPXODH"��,I�D�IRUPXOD�LV�FRSLHG�GRZQ�D�URZ�RU�FROXPQ��LW�PD\�FRXQW�DV�PDQ\�IRUPXOD�
FHOOV��EXW�RQO\�RQH�XQLTXH�IRUPXOD����
7DEOH���OLVWV�D�W\SLFDO�VDPSOH�RI�WKH�VSUHDGVKHHWV�WKDW�,�KDYH�UHYLHZHG�UHFHQWO\��WKH\�KDYH�
EHWZHHQ�������DQG���������IRUPXOD�FHOOV��DQG�EHWZHHQ����DQG�����XQLTXH�IRUPXODH��,I�D�
SURSRUWLRQ�S�RI�XQLTXH�IRUPXODH�KDV�HUURUV��WKHQ�D�VSUHDGVKHHW�ZLWK�Q�XQLTXH�IRUPXODH�KDV�
D�SUREDELOLW\�RI� ( )� � �S− − �RI�FRQWDLQLQJ�DW�OHDVW�RQH�HUURU��7KH�WDEOH�VKRZV�WKH�UHVXOWV�IRU�
S�  � ���� ,I�ZH� LJQRUH�66���ZKLFK� UHOLHG�PDLQO\� RQ�PDFUR� H[HFXWLRQ� IRU� LWV� FDOFXODWLRQ�
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�WKXV�LQWURGXFLQJ�DQRWKHU�VHW�RI�SUREOHPV���WKH�UDQJH�RI�HUURU�SUREDELOLWLHV�LV�����WR������
7KHVH�UDWHV�DUH�FRQVLVWHQW�ZLWK�WKH�HUURU�UDWHV�IURP�WKH�ILHOG�DXGLWV���
,W�ZDV�GLIILFXOW�WR�WHVW�WKH�SUHGLFWLRQV�LQ�7DEOH���E\�GHWHUPLQLQJ�ZKHWKHU�WKH�VSUHDGVKHHWV�
GLG�DFWXDOO\�FRQWDLQ�HUURUV��,Q�RUGHU�IRU�WKLV�WR�EH�SRVVLEOH�WKH�VSUHDGVKHHWV�PXVW�EH�ERWK�
VSHFLILHG�DQG�DXGLWDEOH��0RVW�VSUHDGVKHHWV�DUH�QHLWKHU��DV�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ��
0RUHRYHU��DV�GLVFXVVHG�LQ�VHFWLRQ����D�VSUHDGVKHHW�WKDW�LV�WHFKQLFDOO\�FRUUHFW�PD\�VWLOO�SUR�
GXFH� WKH� ZURQJ� QXPEHUV�� 3RVVLEOH� FDXVHV� LQFOXGH� SRRU� XVDELOLW\�� PDLQWDLQDELOLW\�� DQG�
SHUIRUPDQFH��FKDUDFWHULVWLFV�WKDW�DUH�RIWHQ�FRQVLGHUHG�WR�EH�RSWLRQDO�H[WUDV��DIIHFWLQJ�SUR�
GXFWLYLW\�EXW�QRW�UHDOO\�FHQWUDO�WR�VSUHDGVKHHW�TXDOLW\��:H¶OO�GLVFXVV�ZK\�WKLV�DWWLWXGH� LV�
PLVJXLGHG��
�� &255(&71(66�
0RVW�RI�WKH�VSUHDGVKHHWV�WKDW�,�UHYLHZ��DQG�D�KLJK�SURSRUWLRQ�RI�DOO�VSUHDGVKHHWV��FDQ�EH�
YLHZHG�DV�ILQDQFLDO�PRGHOV��$V�VXFK��WKHUH�DUH�WZR�OHYHOV�WR�WKHLU�FRUUHFWQHVV��ZKHWKHU�WKH�
FRUUHFW�PRGHO�LV�EHLQJ�XVHG��DQG�ZKHWKHU�WKH�PRGHO�LV�LPSOHPHQWHG�FRUUHFWO\���
,Q�DGGLWLRQ��PDQ\�VSUHDGVKHHWV�XVH�UDWHV��IDFWRUV�DQG�RWKHU�GDWD�LPSRUWHG�IURP�HOVHZKHUH��
7KLV�LV�HVSHFLDOO\�IUHTXHQW�LQ�OLIH�LQVXUDQFH��EXW�LV�FRPPRQ�LQ�RWKHU�LQGXVWULHV�WRR���
7KLV�VHFWLRQ�FRQVLGHUV�WKH�LVVXHV�RI�VSHFLILFDWLRQ�DQG�DXGLWDELOLW\�DQG�KRZ�WKH\�DIIHFW�WKH�
RYHUDOO�FRUUHFWQHVV�RI�D�VSUHDGVKHHW��,Q�PRVW�FDVHV��LW�LV�QRW�HQRXJK�IRU�D�VSUHDGVKHHW�WR�EH�
FRUUHFW��LW�PXVW�EH�VHHQ�WR�EH�FRUUHFW�WRR��
����6SHFLILFDWLRQ�
,W� LV� LPSRVVLEOH� WR� WHOO� ZKHWKHU� D� VSUHDGVKHHW� LV� GRLQJ� WKH� ULJKW� WKLQJ�� LQ� RWKHU� ZRUGV�
ZKHWKHU�LW�LV�FRUUHFW��XQOHVV�\RX�NQRZ�H[DFWO\�ZKDW�LW�LV�PHDQW�WR�EH�GRLQJ��<RX�QHHG�D�
VSHFLILFDWLRQ��\RX�FDQ�WKHQ�FKHFN�ZKHWKHU�WKH�VSHFLILFDWLRQ�KDV�EHHQ�LPSOHPHQWHG�SURS�
HUO\��DQG�ZKHWKHU�WKH�VSHFLILFDWLRQ�LV�LWVHOI�FRUUHFW��%RWK�WKHVH�FKHFNV�DUH�QHHGHG��
9HU\�IHZ��LI�DQ\��VSUHDGVKHHWV�DUH�DGHTXDWHO\�VSHFLILHG��*HQHUDOO\��WKH�PRVW�\RX�FDQ�KRSH�
IRU�LQ�WKH�ZD\�RI�D�VSHFLILFDWLRQ�LV�RQH�DORQJ�WKH�OLQHV�RI�³&DOFXODWH�WKH�UDWHV�DFFRUGLQJ�WR�
WKH�LQSXWV�´�ZLWKRXW�D�KLQW�RI�ZKDW�IRUPXODH�VKRXOG�EH�XVHG��$OWKRXJK�D�YDJXH�VSHFLILFD�
WLRQ�LV�HQRXJK�WR�VHWWOH�VRPH�LVVXHV��WKHUH�DUH�RIWHQ�D�QXPEHU�RI�HTXDOO\�SODXVLEOH�ZD\V�RI�
PRGHOOLQJ� WKH�EXVLQHVV� LQ�TXHVWLRQ��:LWKRXW�D�GHWDLOHG�VSHFLILFDWLRQ� LW� LV� LPSRVVLEOH� IRU�
DQ\�UHYLHZHU�WR�WHOO�ZKHWKHU�WKH�PHWKRG�DFWXDOO\�XVHG�LV�WKH�RQH�WKDW�ZDV�LQWHQGHG��
3HUKDSV� WKH�ZRUVW� H[DPSOH� RI� D�PLVVLQJ� VSHFLILFDWLRQ� WKDW� ,� KDYH� UHFHQWO\� HQFRXQWHUHG�
ZDV� LQ� DQ� LQGXVWU\�ZKHUH� FDSLWDO� DOORZDQFHV� DUH� H[WUHPHO\� VLJQLILFDQW��2QH� RI� WKH� NH\�
LVVXHV� LQ� WKH� UHYLHZ�ZDV�ZKHWKHU� WKH\�ZHUH�EHLQJ�KDQGOHG�SURSHUO\� LQ� WKH�VSUHDGVKHHW��
7KH�WURXEOH�ZDV�WKDW�QRERG\�ZDV�SUHSDUHG�WR�VD\�KRZ�WKH\�VKRXOG�EH�EHLQJ�KDQGOHG��DQG�
LW�WXUQHG�RXW�WKDW�QRERG\�KDG�WROG�WKH�GHYHORSHU�RI�WKH�VSUHDGVKHHW�HLWKHU��+RZHYHU��WKH\�
KDG�EHHQ�JLYHQ�DQRWKHU�VSUHDGVKHHW�DQG� WROG� WR�KDQGOH� WKHP�LQ� WKH�VDPH�ZD\��8QIRUWX�
QDWHO\�WKH�VSUHDGVKHHW�VXSSOLHG�ZDV�WRWDOO\�XQGRFXPHQWHG��PRUHRYHU�� LW�HPHUJHG�GXULQJ�
GLVFXVVLRQV�WKDW�LW�KDG�EHHQ�REWDLQHG�XQGHU�GXELRXV�FLUFXPVWDQFHV�IURP�D�FRPSHWLWRU��
7KH�ODFN�RI�D�VSHFLILFDWLRQ�LV��DOPRVW�FHUWDLQO\��D�OHDGLQJ�FDXVH�RI�HUURUV��VLPSO\�FODULI\�
LQJ�ZKDW� WKH�VSUHDGVKHHW� LV�PHDQW� WR�GR�FDQ�RIWHQ�DVVLVW� LQ�PDNLQJ�VXUH� WKDW� LW�DFWXDOO\�
GRHV� LW��+RZHYHU�� DOWKRXJK�D� VSHFLILFDWLRQ� LV�QHFHVVDU\� LW� LV� FHUWDLQO\�QRW� VXIILFLHQW��$V�



$SSHDUHG�LQ�WKH�SURFHHGLQJV�RI�(X6S5,*������

�

%XWOHU�SRLQWHG�RXW��HYHQ�LQ�D�GRPDLQ�VXFK�DV�LQGLUHFW�WD[DWLRQ��ZLWK�JHQHUDOO\�ZHOO�GRFX�
PHQWHG�FDOFXODWLRQ�UXOHV��HUURUV�DUH�IUHTXHQW�>%XWOHU�����@��
����$XGLWDELOLW\�
7KH�DQVZHUV�SURGXFHG�E\�PRGHOV�GHSHQG�RQ� WKH� LQSXWV�� LI� WKH\�FDQQRW�EH�FKHFNHG� LW� LV�
LPSRVVLEOH� WR� VD\� ZKHWKHU� WKH� DQVZHUV� DUH� FRUUHFW�� 0DQ\� PRGHOV� DUH� LPSOHPHQWHG�
WKURXJK�D�VHULHV�RI�OLQNHG�VSUHDGVKHHWV��DQG�LW� LV�LPSRVVLEOH�WR�WHOO�ZKHWKHU�RQH�RI�WKHVH�
VSUHDGVKHHWV�LV�FRUUHFW�ZLWKRXW�EHLQJ�DEOH�WR�FKHFN�WKH�GDWD�LPSRUWHG�IURP�WKH�RWKHUV��7KH�
WHUP� ³OLQNHG´� LV� XVHG� LQ� LWV� EURDGHVW� VHQVH� KHUH�� WR� FRYHU� DQ\� VLWXDWLRQ� LQ� ZKLFK� RQH�
VSUHDGVKHHW�XVHV�UHVXOWV�SURGXFHG�E\�DQRWKHU��6RPHWLPHV�DXWRPDWLF�OLQNV�DUH�XVHG��RIWHQ�
GDWD� LV� VLPSO\�FRSLHG�DQG�SDVWHG�E\�KDQG��RU��HYHQ�ZRUVH�� W\SHG� LQ� IURP�KDUG�FRS\�� ,Q�
PDQ\�FDVHV�LW�LV�LPSRVVLEOH�WR�FKHFN�ZKHWKHU�WKH�FRUUHFW�QXPEHUV�KDYH�EHHQ�XVHG���
$V�DQ�H[DPSOH�RI�KRZ�EDG�WKLV�FDQ�EH��D�VSUHDGVKHHW�WKDW�,�UHYLHZHG�UHFHQWO\�XVHG�UDWHV�
FDOFXODWHG�LQ�DQRWKHU�VSUHDGVKHHW��7KH�VWDQGDUG�SURFHGXUH�ZDV�WR�RSHQ�WKH�RWKHU�VSUHDG�
VKHHW��FKDQJH�WKH�SDUDPHWHUV�VR�WKDW�WKH\�ZHUH�FRQVLVWHQW�ZLWK�WKH�PRGHO�WKDW�ZDV�EHLQJ�
XVHG�� FRS\�DQG�SDVWH� WKH� UHVXOWV� LQWR� WKH� VSUHDGVKHHW�XQGHU� UHYLHZ�� DQG�FORVH� WKH�RWKHU�
VSUHDGVKHHW��RIWHQ�ZLWKRXW�VDYLQJ�LW��7KHUH�ZDV�WKXV�QR�UHFRUG�DW�DOO�RI�WKH�DVVXPSWLRQV�
WKDW� KDG� EHHQ� XVHG� WR� FDOFXODWH� WKH� LPSRUWHG� GDWD�� DQG� LW� ZDV� LPSRVVLEOH� WR� GHWHUPLQH�
ZKHWKHU�WKH\�ZHUH�FRQVLVWHQW�ZLWK�WKH�UHVW�RI�WKH�PRGHO��
�� 27+(5�&5,7(5,$�
(YHQ�ZKHQ�D�VSUHDGVKHHW�LV�WHFKQLFDOO\�FRUUHFW��LQ�WKDW�LW�XVHV�WKH�ULJKW�IRUPXODH��LW�PD\�
VWLOO�SURGXFH�WKH�ZURQJ�QXPEHUV��7KLV�LV�EHFDXVH�D�VSUHDGVKHHW�QHYHU�H[LVWV�LQ�LVRODWLRQ��LW�
LV�DOZD\V�SDUW�RI� D� ODUJHU� V\VWHP�� FRQVLVWLQJ�RI�DW� OHDVW� WKH� VSUHDGVKHHW� DQG�D�XVHU�� DQG�
SRVVLEO\� RWKHU� FRPSRQHQWV� DV�ZHOO��7KH� LQWHUDFWLRQV�EHWZHHQ� WKH� XVHU�� WKH� VSUHDGVKHHW��
DQG�WKH�RWKHU�FRPSRQHQWV�DUH�D�YLWDO�SDUW�RI�WKH�RSHUDWLRQ�RI�WKH�V\VWHP�DV�D�ZKROH��
����8VDELOLW\�
3UREDEO\�WKH�PRVW�FRPPRQ�FDXVH�RI�ZURQJ�UHVXOWV�IURP�D�WHFKQLFDOO\�FRUUHFW�VSUHDGVKHHW��
LV�SRRU�XVDELOLW\��ZKLFK�FDQ�DIIHFW�WKH�UHVXOWV�LQ�WKH�IROORZLQJ�ZD\V��

•� 3RRU�OD\RXW�RU�PLVOHDGLQJ�ODEHOV�FDQ�PDNH�WKH�XVHU�PLVUHDG�RU�PLVLQWHUSUHW�WKH�UH�
VXOWV��,Q�WKH�HQG��LW¶V�QRW�WKH�UHVXOWV�WKDW�DSSHDU�LQ�WKH�VSUHDGVKHHW�WKDW�PDWWHU��EXW�
WKRVH�WKDW�DUH�XVHG��

•� ,Q�VRPH�VSUHDGVKHHWV�LW�LV�QHDUO\�LPSRVVLEOH�IRU�WKH�XVHU�WR�VSHFLI\�WKH�FRUUHFW�LQ�
SXW� SDUDPHWHUV�� )RU� H[DPSOH�� LQ� WKH� VSUHDGVKHHW� VKRZQ� LQ� )LJXUH� �� \RX�PLJKW�
WKLQN�WKDW�LQ�RUGHU�WR�KDYH�133�ILQDQFLQJ�\RX�VKRXOG�VLPSO\�VHW�WKH�IODJ�WR�]HUR��
,Q�IDFW��\RX�DOVR�KDYH�WR�FKDQJH�D�QXPEHU�RI�RWKHU�SDUDPHWHUV��7KH�XVHUV�RI�WKLV�

)LJXUH������'LIILFXOW�LQSXW�SDUDPHWHUV�
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VSUHDGVKHHW�FRQILUPHG�WKH\�GLG�VRPHWLPHV�IRUJHW�WR�FKDQJH�DOO�WKH�QHFHVVDU\�SD�
UDPHWHUV��DQG�WKDW�WKLV�KDG�OHG�WR�SUREOHPV�LQ�WKH�SDVW���

•� $Q\�VSUHDGVKHHW�WKDW�XVHV�PDQXDO�SURFHGXUHV�LQ�WKH�FRXUVH�RI�FDOFXODWLQJ�WKH�UH�
VXOWV�PD\�SURGXFH�HUURUV�ZKHQ�XVHUV�IRUJHW�WR�SHUIRUP�WKH�SURFHGXUHV��RU�PDNH�
PLVWDNHV�DV�WKH\�GR�VR��$�FRPPRQ�VRXUFH�RI�SUREOHPV�LQ�WKLV�FDWHJRU\�LV�PDFURV�
WKDW�DUH�XVHG�WR�SHUIRUP�FDOFXODWLRQV��,W�LV�RIWHQ�YHU\�HDV\�IRU�WKH�XVHU�WR�FKDQJH�
WKH�LQSXW�SDUDPHWHUV�EXW�QRW�WR�UXQ�WKH�PDFUR��WKH�VSUHDGVKHHW�LV�WKHQ�LQ�DQ�LQFRQ�
VLVWHQW� VWDWH��$QRWKHU�VRXUFH�RI�SUREOHPV� LV�SDVWLQJ�YDOXHV� LQWR� WKH�VSUHDGVKHHW��
5HFHQWO\�7UDQVDOWD�&RUSRUDWLRQ� UHSRUWHG�D� ORVV�RI����P�GXH� WR� DQ�HUURU�RI� WKLV�
W\SH�>&XOOHQ�����@��

•� 2QH� RI� WKH� FODVVLF� SUREOHPV� ZLWK� VSUHDGVKHHWV� LV� WKDW� XVHUV� VLPSO\� RYHUW\SH�
IRUPXODH�ZLWK�QXPEHUV�ZLWKRXW�UHDOLVLQJ�ZKDW�WKH\�DUH�GRLQJ��

����0DLQWDLQDELOLW\�
6SUHDGVKHHWV�UDUHO\�VWD\�WKH�VDPH��WKDW¶V�RIWHQ�RQH�RI�WKH�UHDVRQV�IRU�XVLQJ�WKH�WHFKQRORJ\�
LQ�WKH�ILUVW�SODFH��8VHUV�PD\�QHHG�WR�DGG�IXQFWLRQDOLW\�RU�WR�XSGDWH�WKH�IRUPXODH�WKDW�DUH�
XVHG��,W¶V�LPSRUWDQW�WKDW�WKH\�FDQ�GR�VR�TXLFNO\�DQG�HDVLO\�ZLWKRXW�DGGLQJ�QHZ�HUURUV��8Q�
IRUWXQDWHO\��PDQ\�VSUHDGVKHHWV�DUH�EXLOW�LQ�VXFK�D�ZD\�WKDW�HYHQ�LI�WKH\�DUH�FRUUHFW�WR�VWDUW�
ZLWK��WKH\�DUH�XQOLNHO\�WR�VWD\�WKDW�ZD\�IRU�ORQJ��3RVVLEOH�SUREOHPV�LQFOXGH��

•� +DUG� FRGHG� FRQVWDQWV�� ,W� LV� YHU\� FRPPRQ� WR� VHH� WKH� VDPH� QXPEHUV�� VXFK� DV� D�
PD[LPXP� DJH� RI� ���� XVHG� LQ�PDQ\� GLIIHUHQW� IRUPXODH�� &KDQJLQJ� WKH� DJH� WKHQ�
PHDQV�ORRNLQJ�WKURXJK�HYHU\�VLQJOH�IRUPXOD�WR�VHH�LI�LW�FRQWDLQV�DQ\�QXPEHUV�WKDW�
FRXOG�GHULYH�IURP������

•� /RQJ� RU� FRPSOH[� IRUPXODH�� HVSHFLDOO\� WKRVH� FRQWDLQLQJ� PDQ\� QHVWHG� ,)� VWDWH�
PHQWV��DUH�GLIILFXOW�WR�XQGHUVWDQG�DQG�FKDQJH��7KH�IRUPXOD�VKRZQ�LQ�)LJXUH���KDV�
VHYHQ�FRQGLWLRQDO�EUDQFKHV���

•� 8QGRFXPHQWHG�9%$� FRGH��2QH� VSUHDGVKHHW� WKDW� ,� UHFHQWO\� UHYLHZHG� KDG� �����
OLQHV�RI�XQGRFXPHQWHG��XQLQGHQWHG�FRGH��7KH�FKDQFHV�RI�LWV�EHLQJ�FRUUHFW�LQ�WKH�
ILUVW�SODFH�ZHUH�VOLP��RI�VWD\LQJ�FRUUHFW�DIWHU�DQ\�FKDQJHV��YDQLVKLQJO\�VPDOO��

,QWHUHVWLQJO\�HQRXJK��IRU�VSUHDGVKHHWV�PDLQWDLQDELOLW\�LV�FORVHO\�UHODWHG�WR�XVDELOLW\��WKLV�
LV�QRW�WKH�FDVH�LQ�PDQ\�SURJUDPPLQJ�SDUDGLJPV���7KLV�FRPSOLFDWHV�WKH�VLWXDWLRQ�DV�LW� LV�
VRPHWLPHV�GLIILFXOW�WR�DFKLHYH�JRRG�XVDELOLW\�IRU�DOO�WKH�GLIIHUHQW�W\SHV�RI�XVHU�DW�WKH�VDPH�
WLPH��+RZHYHU�� WKHUH� DUH�PDQ\� WHFKQLTXHV� WKDW�PDNH� OLIH� HDVLHU� IRU� DOO� XVHUV�� LQFOXGLQJ�
PRVW�RI�WKRVH�UHFRPPHQGHG�LQ�>5DIIHQVSHUJHU�����@��
����3HUIRUPDQFH�
3HUIRUPDQFH�� OLNH�XVDELOLW\�� LV�RIWHQ�FRQVLGHUHG� WR�EH�SULPDULO\� D�SURGXFWLYLW\� LVVXH��2I�
FRXUVH�LW�GRHV�KDYH�VLJQLILFDQW�SURGXFWLYLW\�LPSOLFDWLRQV��EXW�SRRU�SHUIRUPDQFH�FDQ�DOVR�
OHDG�WR�HUURQHRXV�UHVXOWV��

)LJXUH�����$�FRPSOH[�IRUPXOD�
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•� 6ORZ�UHFDOFXODWLRQ�WLPHV�RU�PDFUR�H[HFXWLRQ�WLPHV�FDQ�PHDQ�WKDW�HYHQ�OHVV�WHVW�
LQJ� LV� SHUIRUPHG� WKDQ� ZRXOG� RWKHUZLVH� EH� WKH� FDVH�� 5DWKHU� GHSUHVVLQJO\�� WKLV�
UDUHO\�KDV�DQ\�HIIHFW�DV�QR�WHVWLQJ�LV�SHUIRUPHG�DQ\ZD\��GHVSLWH�WKH�EXVLQHVV�FULWL�
FDO�QDWXUH�RI�PRVW�VSUHDGVKHHWV��

•� 6ORZ�FDOFXODWLRQ�RI� HLWKHU� VRUW�FDQ�DOVR�PHDQ� WKDW� WKH� VROXWLRQ� VSDFH� LV�QRW� H[�
SORUHG� HIIHFWLYHO\�� 0DQ\� UHVXOWV� WXUQ� RXW� WR� EH� H[WUHPHO\� VHQVLWLYH� WR� VPDOO�
GLIIHUHQFHV� LQ� LQSXW� SDUDPHWHUV�� DQG� LW� LV� RIWHQ� LPSRUWDQW� WR� WU\�PDQ\� GLIIHUHQW�
VHWV�RI�LQSXW�SDUDPHWHUV�WR�VHH�KRZ�VWDEOH�WKH�UHVXOWV�DUH��

•� 6ORZ�UHFDOFXODWLRQ�WLPHV�FDQ�HQFRXUDJH�WKH�XVH�RI�WKH�PDQXDO�UHFDOFXODWLRQ�VHW�
WLQJ�LQ�([FHO��7KLV�LV�HVSHFLDOO\�GDQJHURXV�DV�LW�DIIHFWV�DOO�RSHQ�ZRUNERRNV��QRW�
RQO\� WKH� RQH� WKDW� LQVSLUHG� LWV� XVH�� DQG� LW� LV� YHU\� HDV\� WR� IRUJHW� WR� UHFDOFXODWH�
PDQXDOO\��7KH�VSUHDGVKHHW�LV�WKHQ�LQ�DQ�LQFRQVLVWHQW�VWDWH��DV�WKH�UHVXOWV�GR�QRW�UH�
IOHFW�WKH�LQSXWV��

,W� LV� VXUSULVLQJ�KRZ�RIWHQ�VLPSOH� LPSURYHPHQWV�FDQ�PDNH� ODUJH�GLIIHUHQFHV� WR�SHUIRUP�
DQFH��)RU�H[DPSOH��UHFHQW�UHYLHZV�KDYH�UHVXOWHG�LQ�LPSURYLQJ�PDFUR�H[HFXWLRQ�IURP�����
VHFRQGV�WR����VHFRQGV�VLPSO\�E\�UHDGLQJ�IURP�DQG�ZULWLQJ�WR�DUUD\V�LQVWHDG�RI�RQH�FHOO�DW�
D�WLPH��DQG�UHFDOFXODWLRQ�IURP������VHFRQGV�WR�����VHFRQGV�E\�FXWWLQJ�GRZQ�RQ�WKH�XVH�RI�
9/22.83��
�� 352%/(06�$1'�62/87,216�
$OWKRXJK�VSUHDGVKHHWV�DUH�JHQHUDOO\�GHVLJQHG�DQG�LPSOHPHQWHG�E\�SHRSOH�ZLWK�QR�WUDLQ�
LQJ�LQ�VRIWZDUH�HQJLQHHULQJ�WKH\�DUH��RI�FRXUVH��MXVW�DQRWKHU�W\SH�RI�VRIWZDUH�V\VWHP��7KH�
ZLGHVSUHDG�XVH�DQG�EXVLQHVV�FULWLFDOLW\�RI�VSUHDGVKHHWV�DUH�QRW�PDWFKHG�E\�D�FRUUHVSRQG�
LQJ�DZDUHQHVV�RI�KRZ�WKH�XVH�RI�VLPSOH�VRIWZDUH�HQJLQHHULQJ�WHFKQLTXHV�FDQ�PLQLPLVH�WKH�
VLJQLILFDQW�ULVNV�DWWDFKHG�WR�WKHLU�XVH�>3U\RU�����E@���
7\SLFDOO\�� SHRSOH� WHQG� WR� RYHUHVWLPDWH� WKH� FRVWV� RI� ³GRLQJ� WKLQJV� SURSHUO\´� DQG�XQGHU�
HVWLPDWH�WKH�EHQHILWV��)RU�H[DPSOH��DQ�DFWXDU\�UHFHQWO\�WROG�PH�³,Q�D����ZRUOG��ZH�FDQ¶W�
DIIRUG� WR� WHVW� RXU� VSUHDGVKHHWV� SURSHUO\´� ���� UHIHUV� WR� WKH� OHYHO� RI� H[SHQVHV� IRU� VWDNH�
KROGHU�SHQVLRQV��� ,� KDYH�DOVR�EHHQ� WROG� WKDW�GRFXPHQWDWLRQ� WDNHV� WRR� ORQJ�� DQG� WKDW� LW¶V�
LPSRVVLEOH�WR�NHHS�WUDFN�RI�GLIIHUHQW�YHUVLRQV�RI�WKH�VDPH�VSUHDGVKHHW��
,Q�DGGLWLRQ��PDQ\�SHRSOH�DUH�XQDZDUH�RI�WKH�PDQ\�XVHIXO�IDFLOLWLHV�WKDW�([FHO�SURYLGHV��,Q�
RQH� WHDP� ,�ZRUNHG�ZLWK�� QRERG\�KDG�SUHYLRXVO\� HQFRXQWHUHG� HLWKHU� WKH� GDWD� YDOLGDWLRQ�
IXQFWLRQ�RU�FRQGLWLRQDO�IRUPDWWLQJ��$GYDQFHG�WHFKQLTXHV�VXFK�DV�G\QDPLF�UDQJHV�RU�DUUD\�
IRUPXODH�ZHUH�TXLWH�RXW�RI� WKH�TXHVWLRQ�� ,Q�PDQ\�FDVHV�VSUHDGVKHHW�GHYHORSPHQW� LV�QRW�
VHHQ�DV�D�VNLOO�WKDW�LV�YDOXDEOH�WR�WKH�HPSOR\HU��$OWKRXJK�LW�LV�FRPPRQ�IRU�SHRSOH�WR�VSHQG�
DV�PXFK�DV�����RU�����RI�WKHLU�WLPH�ZRUNLQJ�ZLWK�VSUHDGVKHHWV��GHYHORSPHQW�VNLOOV�GR�
QRW�IRUP�SDUW�RI�WKHLU�DSSUDLVDOV��
7KHUH�DUH�WKUHH�VWHSV�WR�DGGUHVVLQJ�WKH�SUREOHPV��)LUVW��SHRSOH�PXVW�NQRZ�WKDW�WKH�SURE�
OHPV� H[LVW�� %RWK� VSUHDGVKHHW� GHYHORSHUV� DQG� WKRVH� ZKR� XVH� WKH� UHVXOWV� WKH\� SURGXFH��
LQFOXGLQJ� VHQLRU�PDQDJHPHQW�� VKRXOG�EH�DZDUH�RI� WKH� ULVNV� WKDW� VSUHDGVKHHWV�SRVH�� DQG�
WKDW�WKRVH�ULVNV�QHHG�WR�EH�FRQWUROOHG��7KH�DFKLHYHPHQW�RI�WKLV�VWHS�LV�KHOSHG��LQ�WKH�ILQDQ�
FLDO� VHUYLFHV� LQGXVWU\� DW� OHDVW�� E\� WKH� HPSKDVLV� WKDW� WKH� )LQDQFLDO� 6HUYLFHV� $XWKRULW\�
SODFHV�RQ�WKH�PDQDJHPHQW�RI�ULVN�� LQFOXGLQJ�RSHUDWLRQDO�ULVN��DQG�WKH�LPSRUWDQFH�RI�LQ�
YROYLQJ�VHQLRU�PDQDJHPHQW��
6HFRQG��SHRSOH�PXVW�NQRZ�ZKDW�WKH\�FDQ�GR�WR�FRQWURO�WKH�ULVN��7UDLQLQJ�LV�DQ�LPSRUWDQW�
FRPSRQHQW�RI�WKLV�VWHS��0XFK�RI�VSUHDGVKHHW�WUDLQLQJ�LV�FRQFHUQHG�VROHO\�ZLWK�WKH�WHFK�
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QLTXHV�WKDW�DUH�DYDLODEOH��QRW�ZLWK�KRZ�DQG�ZKHQ�WKH\�VKRXOG�EH�XVHG��,Q�WKH�ZRUNVKRSV�
WKDW�,�OHDG��WKH�HPSKDVLV�LV�RQ�WKH�FULWHULD�IRU�JRRG�VSUHDGVKHHWV��DQG�KRZ�WKH�WHFKQLTXHV�
WKDW�ZH�GLVFXVV�FDQ�EH�XVHG�WR�DFKLHYH�WKRVH�FULWHULD���
7KLUG��SHRSOH�PXVW�DFWXDOO\�WDNH�WKH�UHTXLUHG�DFWLRQV��7KLV�PHDQV�KDYLQJ�HIIHFWLYH�SURF�
HVVHV�DQG�VWDQGDUGV�WKDW��IDU�IURP�EHLQJ�EXUGHQVRPH�WR�WKH�SHRSOH�WKDW�LPSOHPHQW�WKHP��
DUH�SHUFHLYHG�WR�SURYLGH�ERWK�VKRUW�DQG�ORQJ�WHUP�EHQHILWV��,W�DOVR�PHDQV�KDYLQJ�WRROV�WR�
VXSSRUW� WKRVH� VWDQGDUGV� DQG� SURFHVVHV�� VXFK� DV�;/6LRU�� DQ� ([FHO� DGG�LQ� WKDW� SURYLGHV�
DXWRPDWHG�WHVWLQJ�DQG�GRFXPHQWDWLRQ�IDFLOLWLHV��VHH�KWWS���ZZZ�[OVLRU�FRP���
�� &21&/86,216�
,W�LV�ZHOO�NQRZQ�WKDW�VSUHDGVKHHWV�KDYH�YHU\�KLJK�HUURU�UDWHV��+RZHYHU��LW�LV�RIWHQ�GLIILFXOW�
WR� GHWHUPLQH� WKHLU� FRUUHFWQHVV� RU� RWKHUZLVH� DV� WKH\� DUH� QHLWKHU� VSHFLILHG� QRU� DXGLWDEOH��
7KLV�SDSHU�DUJXHV�WKDW�VSHFLILFDWLRQ�DQG�DXGLWDELOLW\�DUH�WZR�LPSRUWDQW�FULWHULD�E\�ZKLFK�
WR�MXGJH�VSUHDGVKHHWV��DORQJ�ZLWK�FRUUHFWQHVV��XVDELOLW\��PDLQWDLQDELOLW\�DQG�SHUIRUPDQFH��
&RUUHFWQHVV�DORQH�LV�QRW�HQRXJK�WR�HQVXUH�WKH�ULJKW�UHVXOWV��8QVXUSULVLQJO\��WKHVH�FULWHULD�
DUH�DPRQJ�WKH�IDFWRUV�JHQHUDOO\�DFFHSWHG�DV�LQGLFDWLQJ�VRIWZDUH�TXDOLW\�>3UHVVPDQ�	�,QFH�
����@���
$FKLHYLQJ�WKH�FULWHULD�UHTXLUHV�NQRZOHGJH�RI�WKHP�DQG�WKH�ULVNV�DVVRFLDWHG�ZLWK�IDLOLQJ�WR�
DFKLHYH� WKHP�� DZDUHQHVV� RI� DFWLRQV� WKDW� FDQ� EH� WDNHQ� WR� DFKLHYH� WKHP� DQG� FRQWURO� WKH�
ULVNV��DQG�WKH�XVH�RI�SURFHVVHV��VWDQGDUGV�DQG�WRROV�WKDW�VXSSRUW�WKH�SHUIRUPDQFH�RI�WKRVH�
DFWLRQV��
5()(5(1&(6�
%XWOHU��5D\PRQG����������,V�WKLV�6SUHDGVKHHW�D�7D[�(YDGHU"�+RZ�+��0��&XVWRPV�	�([FLVH�7HVW�6SUHDGVKHHW�
$SSOLFDWLRQV���3URFHHGLQJV�RI�WKH�7KLUW\�7KLUG�+DZDLL�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6\VWHP�6FLHQFHV��

&XOOHQ�� 'UHZ� �������� ³([FHO� VQDIX� FRVWV� ILUP� ���P´�� KWWS���ZZZ�WKHUHJLVWHU�FR�XN�FRQWHQW����������KWPO�
���������������

3DQNR��5D\���������6SUHDGVKHHW�5HVHDUFK�:HEVLWH��KWWS���SDQNR�FED�KDZDLL�HGX�VVU������������������

3UHVVPDQ��5RJHU�6�DQG�,QFH��'DUUHO��(XURSHDQ�$GDSWDWLRQ��)LIWK�(GLWLRQ����������6RIWZDUH�(QJLQHHULQJ��$�
3UDFWLWLRQHU¶V�$SSURDFK��0F*UDZ�+LOO���

3U\RU�� /RXLVH� �����D��� 6RIWZDUH�� D� ULVN\� EXVLQHVV�� 7KH� $FWXDU\�� $SULO� ������ KWWS���ZZZ�WKH�
DFWXDU\�RUJ�XN�PRQWKVLVVXHVBIUDPHV�DUWLFOHV���B��B���DVS�����������������

3U\RU�� /RXLVH� �����E���0DQDJLQJ� WKH� RSHUDWLRQDO� ULVNV� RI� XVHU� GHYHORSHG� VRIWZDUH�� 3URFHHGLQJV� RI� *,52�
������KWWS���ZZZ�ORXLVHSU\RU�FRP�DUWLFOHV�MVS���������������

5DIIHQVSHUJHU�� -RKQ� �������� ³1HZ� *XLGHOLQHV� IRU� 6SUHDGVKHHWV´�� 3URFHHGLQJV� RI� WKH� (X6S5,*� �����
6\PSRVLXP��KWWS���ZZZ�PDQJ�FDQWHUEXU\�DF�Q]�SHRSOH�MIUDIIHQ�VSUHDGVKHHWV�����������������


