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$�0HWKRGRORJ\�DQG�
$UFKLWHFWXUH�IRU�
$XWRPDWHG�6RIWZDUH�
7HVWLQJ�
,ODQ�*URQDX��$ODQ�+DUWPDQ��$QGUHL�
.LUVKLQ��.HQQHWK�1DJLQ��6HUJH\�2OYRYVN\�

$EVWUDFW�

,Q� $XJXVW� ����� WKH� 86� 3UHVLGHQW¶V� ,QIRUPDWLRQ� 7HFKQRORJ\� $GYLVRU\�
&RPPLWWHH� �3,7$&�� VXEPLWWHG� DQ� LQWHULP� UHSRUW� >���@� HPSKDVL]LQJ� WKH�
LPSRUWDQFH�RI�VRIWZDUH�WR�WKH�VRFLHW\��$�PDMRU�WKHPH�RI�WKH�3,7$&�UHSRUW�ZDV�
WKH� ³IUDJLOLW\´� RI� RXU� VRIWZDUH� HQJLQHHULQJ� LQIUDVWUXFWXUH�� 7KLV� IUDJLOLW\�
PDQLIHVWV� LWVHOI�DV�³XQUHOLDELOLW\�� ODFN�RI�VHFXULW\��SHUIRUPDQFH� ODSVHV��HUURUV��
DQG�GLIILFXOWLHV�LQ�XSJUDGLQJ�´���

7KLV�SDSHU�UHSRUWV�RQ�D�PHWKRGRORJ\�DQG�VRIWZDUH�DUFKLWHFWXUH�WR�GHFUHDVH�WKH�
IUDJLOLW\�RI�VRIWZDUH��2XU�PHWKRGRORJ\�IRFXVHV�RQ�WKH�WHVWLQJ�DFWLYLWLHV�LQ�WKH�
VRIWZDUH� OLIHF\FOH�� :H� DGYRFDWH� D� PRGHO�EDVHG� DSSURDFK� WR� WHVWLQJ�� DQG� D�
SKLORVRSK\�RI�FRQWLQXRXV�WHVWLQJ��ZLWK�GHVLJQ�IRU�WHVWLQJ�WKURXJKRXW�DOO�SKDVHV�
RI�WKH�VRIWZDUH�OLIHF\FOH�IURP�UHTXLUHPHQWV��WR�VSHFLILFDWLRQV��FRGLQJ��WHVWLQJ��
UHOHDVH��DQG�PDLQWHQDQFH��

:H�UHSRUW�RQ�VHYHUDO�H[SHULPHQWV� WKDW�DSSOLHG�WKH�PHWKRGRORJ\�ZLWK�YDU\LQJ�
GHJUHHV�RI�VXFFHVV��:H�GLVFXVV�D�VHW�RI� WRROV��ZKLFK�LV�FRQVWUXFWHG�DFFRUGLQJ�
WR� WKH� DUFKLWHFWXUH� IRU� DXWRPDWHG� WHVWLQJ�� DQG� LQYLWH� FRQWULEXWLRQV� WR� WKLV�
WRROVHW� WKURXJK� WKH� RSHQ� DUFKLWHFWXUH� ZH� DGYRFDWH�� :H� DOVR� UHSRUW� RQ�
FRQWLQXLQJ�H[SHULPHQWV�WR�UHILQH�DQG�LPSURYH�WKH�PHWKRGRORJ\��

6RIWZDUH�(QJLQHHULQJ�DQG�7HVWLQJ�

,Q� WKH� ZDWHUIDOO� PRGHO� RI� VRIWZDUH� HQJLQHHULQJ�� VRIWZDUH� SDVVHV� WKURXJK� D�
VHTXHQFH� RI� SKDVHV� WKDW� UHSHDW� WKHPVHOYHV� DV� LW� SURFHHGV� IURP� LQLWLDO� WR�
VXEVHTXHQW�UHOHDVHV��7KHVH�SKDVHV�DUH��

x� 5HTXLUHPHQWV�DQDO\VLV�
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x� 'HVLJQ�

x� 'HYHORSPHQW�

x� 7HVWLQJ�

x� 0DLQWHQDQFH�

7KLV�DSSURDFK�WR�WHVWLQJ�±�DV�DQ�DFWLYLW\�WKDW�IROORZV�GHYHORSPHQW�±�OHDGV�WR�
WKH�GHWHFWLRQ�RI�GHIHFWV�DW�D�ODWH�VWDJH�LQ�WKH�GHYHORSPHQW�SURFHVV��ZKHUH�WKH�
FRVW� RI� UHSDLU� LV� KLJK�� .DQ� HW� DO��� >���@� UHSRUW� WKDW� GHIHFWV� IRXQG� GXULQJ�
PDLQWHQDQFH�FRVW�PRUH�WKDW�����WLPHV�DV�PXFK�WR�UHSDLU�WKDQ�WKH�VDPH�GHIHFW�
ZRXOG�KDYH�FRVW�WR�UHSDLU�ZHUH�LW�GLVFRYHUHG�GXULQJ�WKH�UHTXLUHPHQWV�DQDO\VLV��

�

$�PRUH�KROLVWLF�DSSURDFK�WR�WHVWLQJ�LV�JLYHQ�LQ�%DVKLU�DQG�*RHO�>��@�ZKHUH�WKH\�
VSHDN�RI�WHVWLQJ�DFWLYLWLHV�UXQQLQJ�FRQFXUUHQW�ZLWK�DOO�SKDVHV�RI�GHYHORSPHQW��
LQFOXGLQJ� UHTXLUHPHQWV� WHVWLQJ�� GHVLJQ� WHVWLQJ�� FRGH� UHYLHZV�� VXEV\VWHPV�
WHVWLQJ��LQWHJUDWLRQ�WHVWLQJ��DQG�DFFHSWDQFH�WHVWLQJ��

2XU�DLP�LQ�WKLV�SDSHU�LV�WR�SURYLGH�D�PHWKRGRORJ\�DQG�WRROV�IUDPHZRUN�IRU�WKH�
DXWRPDWLRQ�RI�WKH�FHQWUDO�DFWLYLWLHV�LQ�WKLV�OLIH�F\FOH�PRGHO�RI�WHVWLQJ��7KDW�LV�
WKH� DFWLYLWLHV� DVVRFLDWHG� ZLWK� GHVLJQ� WHVWLQJ�� FRGH� UHYLHZV�� VXEV\VWHPV� DQG�
LQWHJUDWLRQ�WHVWLQJ��
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5HTXLUHPHQWV
7HVWLQJ

'HVLJQ
7HVWLQJ

&RGH
5HYLHZV

6XEV\VWHP
7HVWLQJ

,QWHJUDWLRQ
7HVWLQJ

$FFHSWDQFH
7HVWLQJ

/LIH�&\FOH�7HVWLQJ

&HQWUDO�$FWLYLWLHV

�
&XUUHQW� VRIWZDUH� GHYHORSPHQW� FXOWXUH� SDUWLWLRQV� WKH� VRIWZDUH� GHYHORSPHQW�
OLIHF\FOH�EHWZHHQ�IRXU�GLVWLQFW�JURXSV�RI�SURIHVVLRQDOV��

x� 6\VWHP� DQG� UHTXLUHPHQWV� DQDO\VLV�� W\SLFDOO\� SHRSOH� ZLWK�
EXVLQHVV� SURFHVV� VNLOOV� DQG� NQRZOHGJH� RI� WKH� DSSOLFDWLRQ�
GRPDLQ��

x� 6RIWZDUH�GHVLJQ�DQG�LPSOHPHQWDWLRQ��VRIWZDUH�HQJLQHHUV�ZLWK�D�
GHWDLOHG�NQRZOHGJH�RI�VRIWZDUH�PHWKRGV�DQG�SUDFWLFHV��

x� 6RIWZDUH� WHVWLQJ� DQG�TXDOLW\�DVVXUDQFH�� W\SLFDOO\�SHRSOH� ORZHU�
LQ� WKH� VRIWZDUH� GHYHORSPHQW� SHFNLQJ� RUGHU��ZLWK� ORZHU� OHYHOV�
RI�HGXFDWLRQ��DQG�IHZHU�KLJK�OHYHO�VNLOOV��

x� 6\VWHP�PDLQWHQDQFH��WKH�ORZHVW�UDQN�RI�VRIWZDUH�SURIHVVLRQDOV��
FKDUJHG�ZLWK�ILOWHULQJ�XVHU�FRPSODLQWV��DQG�GHIHFW�UHSRUWV�EDFN�
WR�WKH�VRIWZDUH�GHYHORSPHQW�DQG�WHVWLQJ�WHDPV��

(FRQRPLF� DQDO\VLV� RI� VRIWZDUH� GHYHORSPHQW� VKRZV� WKDW� WKH� PDMRU�
H[SHQGLWXUHV�DUH� LQ� WKH�VHFRQG�DQG�IRXUWK�JURXSV��ZKHUHDV�WKH�ILUVW�DQG�WKLUG�
JURXSV�DUH�XQGHU�FDSLWDOL]HG��7KLV�ODFN�RI�DQDO\VLV�DQG�WHVWLQJ�FUHDWHV�VRIWZDUH�
SURGXFWV�WKDW�HLWKHU�QHYHU�UHDFK�SURGXFWLRQ��RU�FRQWDLQ�GLVDVWURXV�GHIHFWV�WKDW�
DUH� HQRUPRXVO\� FRVWO\� LQ� WHUPV� RI� PDLQWHQDQFH�� ORVV� RI� EXVLQHVV�� DQG� LQ�
H[WUHPH�FDVHV��ORVV�RI�OLIH��

:LGPDLHU�� 6PLGWV� DQG� +XDQJ� >���@� UHSRUW� RQ� D� FRQWUROOHG� H[SHULPHQW� LQ�
VRIWZDUH�GHYHORSPHQW�ZKHUH�WZR�JURXSV�RI�GHYHORSHUV�ZKHUH�JLYHQ�LGHQWLFDO�
VSHFLILFDWLRQV�� DQG� DVNHG� WR� GHYHORS� D� UHOLDEOH� VRIWZDUH� V\VWHP� XVLQJ� WZR�
GLIIHUHQW� GHYHORSPHQW�PHWKRGRORJLHV�ZLWK� WKH� VDPH� VFKHGXOH� DQG� EXGJHW��$�
WKLUG� SDUW\�� XVLQJ� D�PHWKRGRORJ\� VLPLODU� WR� WKDW� UHSRUWHG� LQ� WKLV� SDSHU�� WKHQ�
WHVWHG� WKH� UHVXOWLQJ� V\VWHPV�� � 1HLWKHU� RI� WKH� V\VWHPV� DFKLHYHG� WKH� VSHFLILHG�
OHYHO� RI� UHOLDELOLW\�� GXH� WR� LQVXIILFLHQW� YHULILFDWLRQ� HIIRUWV� EDVHG� RQ� D�
V\VWHPDWLF�DXWRPDWHG�WHFKQRORJ\��
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6RIWZDUH�0RGHOOLQJ�

6RIWZDUH�PRGHOOLQJ�LV�DQ�DUHD�RI�UHVHDUFK�WKDW�KDV�HQMR\HG�JUHDW�SRSXODULW\�LQ�
UHFHQW�\HDUV�WKURXJK�WKH�ZLGHVSUHDG�DGRSWLRQ�RI�REMHFW�RULHQWHG�PRGHOV�DV�DQ�
DLG� WR� VRIWZDUH�GHVLJQ� >��@��7KH�XVH�RI� VRIWZDUH�PRGHOV� IRU� WKH�JHQHUDWLRQ�RI�
WHVW�VXLWHV�KDV�DOVR�EHHQ�UHSRUWHG�LQ�ERWK�DQ�DFDGHPLF�VHWWLQJ�>���������������������@��
DQG� LQ� SUDFWLFDO� H[SHULPHQWV� >���� ���� ����� ���@�� +RZHYHU�� WKH� DGRSWLRQ� RI� D�
VSHFLILFDWLRQ�EDVHG�PRGHOOLQJ�VWUDWHJ\�IRU�JHQHUDWLQJ�WHVW�VXLWHV�KDV�\HW�WR�JDLQ�
PXFK� LQGXVWULDO�PRPHQWXP��:H�ZLOO� GLVFXVV� VRPH�RI� WKH� UHDVRQV� IRU� WKLV� LQ�
RXU�VXEVHTXHQW�VHFWLRQ�RQ�SUDFWLFDO�H[SHULPHQWV��

:H�EHOLHYH�WKDW�VRIWZDUH�PRGHOOLQJ�LV�DQ�LPSRUWDQW�PHDQV�RI�FRPPXQLFDWLRQ�
EHWZHHQ�WKH�GHYHORSHUV�RI�D�V\VWHP��WKH�VRIWZDUH�WHVWLQJ�SURIHVVLRQDOV��DQG�WKH�
XVHU� FRPPXQLW\�� 7KH� FRPSOH[LWLHV� RI� ODUJH� VRIWZDUH� V\VWHPV� FDQ� RQO\� EH�
DFFXUDWHO\�FRPPXQLFDWHG�E\�XVLQJ�DQ�DEVWUDFW�ODQJXDJH�ZLWK�SUHFLVHO\�GHILQHG�
VHPDQWLFV�� DQG�PLPLFNLQJ� WKH� VWUXFWXUHV� DQG� REMHFWV� IDPLOLDU� WR� WKH� XVHUV� RI�
WKH� V\VWHP��7KH� IRUPDO� VSHFLILFDWLRQV�PD\� QRW� EH� UHDGLO\� FRPSUHKHQVLEOH� WR�
WKH�XVHU� FRPPXQLW\�±�KRZHYHU� IRUPDOLVP� LV�QHFHVVDU\� WR� DYRLG�DPELJXLWLHV��
LQFRPSOHWHQHVV��DQG�LQFRQVLVWHQF\�LQ�FRPPXQLFDWLRQ�EHWZHHQ�PHPEHUV�RI�WKH�
GHYHORSPHQW�DQG�YDOLGDWLRQ�WHDPV��

,Q�WKH�VXEVHTXHQW�VHFWLRQV�ZH�GLVFXVV�KRZ�PRGHOOLQJ�FDQ�EH�XVHG�SUDFWLFDOO\�
WR� JLYH� LQFUHDVHG� HIILFLHQF\� DQG� HIIHFWLYHQHVV� WR� WKH� VRIWZDUH� YDOLGDWLRQ�
SURFHVV��

�
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$Q�$XWRPDWHG�6RIWZDUH�7HVWLQJ�0HWKRGRORJ\�

7HVW�
5HVXOWV

$EVWUDFW�
7HVW�6XLWH

*HQHUDWRU

0RGHO

7HVW�'ULYHU

,QWHUIDFH

�7HVW�
6FULSWV

7UDQVODWRU

([HFXWLRQ

%HKDYLRXUDO

0RGHO

0RGHO

$SSOLFDWLRQ

,QWHUIDFH

&RGH�
%XJV

6FULSWLQJ�%XJV

6SHF�%XJV

7HVWHU

7H
VWH

U

6SHFV

7HVWHU

,QWHUIDFH�%XJV

&RGH�%XJV

�7KH�PHWKRGRORJ\�FRQVLVWV�RI�VHYHUDO�SKDVHV��

��� :ULWH� D� EHKDYLRUDO� PRGHO� RI� WKH� VRIWZDUH� ZLWK� WHVWLQJ� GLUHFWLYHV��
6SHFLILFDWLRQ�GHIHFWV�DUH�GLVFRYHUHG�DW�WKLV�VWDJH��

��� :ULWH�D� WHVWLQJ� LQWHUIDFH�EHWZHHQ� WKH�PRGHO�DQG� WKH�DSSOLFDWLRQ�XQGHU�
WHVW��7KH� WHVWLQJ� LQWHUIDFH�PD\�EH�ZULWWHQ�LQ�D�ODQJXDJH�XQGHUVWRRG�E\�
DQ�H[LVWLQJ�WHVW�H[HFXWLRQ�HQJLQH�RU�E\�D�JHQHULF�WHVW�H[HFXWLRQ�HQJLQH��
,QWHUIDFH�GHIHFWV�DUH�GLVFRYHUHG�DW�WKLV�VWDJH���

��� 5HYLHZ�WKH�PRGHO�DQG�WHVWLQJ�LQWHUIDFH�ZLWK�WKH�GHYHORSPHQW�WHDP�DQG�
WHVW�WHDP��)XUWKHU�VSHFLILFDWLRQ�GHIHFWV�DUH�GLVFRYHUHG�DW�WKLV�UHYLHZ��

��� *HQHUDWH�RQH�RU�PRUH�DEVWUDFW�WHVW�VXLWHV�GHULYHG�IURP�WKH�EHKDYLRXUDO�
PRGHO�DQG�LWV�FRYHUDJH�FULWHULD�XVLQJ�WKH�IRUPDO�WHVW�JHQHUDWRU��

��� 7UDQVODWH� WKH� DEVWUDFW� WHVW� VXLWHV� WR� FRQFUHWH� WHVW� ZKHQ� WKH� WHVWLQJ�
LQWHUIDFH�LV�IRU�DQ�H[LVWLQJ�H[HFXWLRQ�HQJLQH��

��� ([HFXWH� WKH� WHVW� VXLWHV� DJDLQVW� WKH� VRIWZDUH� XQLW� XQGHU� WHVW� XVLQJ� DQ�
H[LVWLQJ� WHVW� H[HFXWLRQ� HQJLQH� RU� XVLQJ� WKH� JHQHULF� WHVW� H[HFXWLRQ�
HQJLQH��&RGLQJ�GHIHFWV�DUH�GLVFRYHUHG�DW�WKLV�SKDVH��

��� 2EVHUYH�WKH�WHVW�UHVXOWV�DQG��LI�QHFHVVDU\��DXJPHQW�RU�UHVWULFW�WKH�PRGHO�
RU�LQWHUIDFH�DQG�UHSHDW�VWHSV�������
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:ULWH�D�%HKDYLRXUDO�0RGHO�IRU�7HVW�
7KH� ILUVW� VWHS� LQ� WKH� PHWKRGRORJ\� LV� WR� ZULWH� D� EHKDYLRXUDO� PRGHO� RI� WKH�
VRIWZDUH�DSSOLFDWLRQ�XQGHU�WHVW�LQ�VRPH�IRUPDO�ODQJXDJH��7KH�PRGHO�LV�ZULWWHQ�
RQ� WKH�EDVLV�RI� WKH�VRIWZDUH�VSHFLILFDWLRQV��DQG� LQ�FRQMXQFWLRQ�ZLWK� WKH�FRGH�
DUFKLWHFWV� DQG� GHYHORSHUV�� 7KH� PRGHO� DOVR� FRQWDLQV� WHVWLQJ� GLUHFWLYHV��
LQFOXGLQJ� GHVFULSWLRQV� RI� WKH� FRYHUDJH� JRDOV� DQG� WHVW� FRQVWUDLQWV� UHTXLUHG�E\�
WKH�WHVW�VXLWH���

,Q� WKH� WRROV� XVHG� LQ� RXU� H[SHULPHQWV�� WKH� EHKDYLRXUDO� PRGHOV�� FRYHUDJH�
GLUHFWLYHV�� DQG� WHVW�FRQVWUDLQWV�PD\�DOO�EH� VWRUHG� LQ� VHSDUDWH� ILOHV� IRU�HDVH�RI�
FRQILJXUDWLRQ� PDQDJHPHQW� DQG� VHSDUDWLRQ� RI� IXQFWLRQ�� 7KXV� D� VLQJOH�
EHKDYLRXUDO� PRGHO� PD\� EH� XVHG� ZLWK� GLIIHUHQW� GLUHFWLYHV� DQG� FRQVWUDLQWV� WR�
JHQHUDWH� WHVW� VXLWHV� RI� WKH� VDPH� VRIWZDUH� IRU� GLIIHUHQW� SXUSRVHV� ±� UHJUHVVLRQ�
VXLWHV��DFFHSWDQFH�VXLWHV��RU�IXOO�IXQFWLRQDO�WHVWLQJ��

:ULWH�D�7HVWLQJ�,QWHUIDFH�
7KH�VHFRQG�VWHS�LQ�WKH�PHWKRGRORJ\�LV�WR�FUHDWH�D�WHVWLQJ�LQWHUIDFH�EHWZHHQ�WKH�
PRGHO� DQG� WKH� DSSOLFDWLRQ� XQGHU� WHVW�� 7KH� SXUSRVH� RI� WKH� LQWHUIDFH� LV� WR�
SURYLGH� WKH� FRQQHFWLRQ� EHWZHHQ� FRQFHSWV� DQG� DEVWUDFWLRQV� XVHG� LQ� WKH�
EHKDYLRXUDO� PRGHO� DQG� WKRVH� RI� WKH� VRIWZDUH� XQLW� DQG�RU� WKH� WHVW� H[HFXWLRQ�
HQJLQH��

:KHQ� WHVWHUV� XVH� DQ� H[LVWLQJ� WHVW� H[HFXWLRQ� HQJLQH�� WKH� WHVWLQJ� LQWHUIDFH� LV�
SUHSDUHG� E\� FRGLQJ� DQ� DEVWUDFW� WR� FRQFUHWH� �$�&�� WHVW� WUDQVODWLRQ� WDEOH��7KH�
$�&� WUDQVODWLRQ� DOJRULWKP� PD\� EH� ZULWWHQ� LQ� DQ\� SURJUDPPLQJ� ODQJXDJH�
�-DYD��3HUO��HWF���WR�SURGXFH�FRQFUHWH�WHVW�VFULSWV�DQG�YHULILFDWLRQ�FRGH���

$EVWUDFW�WHVW�VXLWHV�FDQ�DOVR�EH�H[HFXWHG�XVLQJ�D�JHQHULF�WHVW�GULYHU�FXVWRPL]HG�
E\�WKH�WHVWHUV��

,Q� RXU� H[SHULPHQWV�� ERWK� WKHVH� RSWLRQV�ZHUH� XVHG�� ,Q� JHQHUDO� DQ� HVWDEOLVKHG�
SURGXFW�ZLWK�D� ORQJ�GHYHORSPHQW�KLVWRU\�ZLOO�DOUHDG\�KDYH�D�FXVWRPL]HG� WHVW�
GULYHU�� DQG� WKXV� LW� LV� VXIILFLHQW� VLPSO\� WR� WUDQVODWH� WKH� DEVWUDFW� WHVWV� LQWR� WKH�
ODQJXDJH� RI� WKH� GULYHU� ±� RU� HYHQ� WR� D� FRPPHUFLDO� GULYHU� OLNH� 0HUFXU\¶V�
:LQ5XQQHU>���@��

5HYLHZ�%HKDYLRXUDO�0RGHO�DQG�7HVWLQJ�,QWHUIDFH��
$�YLWDO�SDUW�RI�RXU�SURFHVV�LV�WKH�UHYLHZ�RI�WKH�EHKDYLRXUDO�PRGHO�DQG�WHVWLQJ�
LQWHUIDFH�� 7HVWHUV�� DUFKLWHFWV�� DQG� GHYHORSHUV� RI� WKH� VRIWZDUH� FRQGXFW� WKH�
UHYLHZ�� � 7KH� PRGHO� UHYLHZ� GLVFRYHUV� LQDFFXUDFLHV�� RPLVVLRQV�� DQG�
FRQWUDGLFWLRQV� LQ� WKH� VSHFLILFDWLRQV�� 7KH� WHVWLQJ� LQWHUIDFH� UHYLHZ� GLVFRYHUV�
SUREOHPV� UHODWHG� WR� WKH� LQWHUIDFH� GHVLJQ� DQG� VSHFLILFDWLRQ�� � 7KHVH� LQWHUIDFH�
GHIHFWV� DUH� VLPLODU� WR� WKRVH� IDFHG� E\� D� FXVWRPHU� ZULWLQJ� DQ� DSSOLFDWLRQ� RU�
FRPSRQHQW�ZKLFK�LQWHUDFWV�ZLWK�WKH�VRIWZDUH�XQLW�XQGHU�WHVW����

,Q� DGGLWLRQ� WR� GLVFRYHULQJ� VSHFLILFDWLRQ� DQG� LQWHUIDFH� GHIHFWV� WKH� UHYLHZ�
SURFHVV� DOVR� GLVFRYHUV� GHIHFWV� FDXVHG� E\� LPSHUIHFW� FRPPXQLFDWLRQ� EHWZHHQ�
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PHPEHUV�RI� WKH�GHYHORSPHQW�DQG� WHVW� WHDP��&DWFKLQJ� WKHVH�EXJV�HDUO\�LQ� WKH�
SURFHVV�VDYHV�D�ORW�RI�WLPH�DQG�H[SHQVH�ODWHU�RQ��

,Q�RXU� H[SHULPHQWV�� WKHVH� UHYLHZV�ZHUH� LPSRUWDQW� LQ� ILQGLQJ�EXJV�EHIRUH� WKH�
FRVW�RI�WKHLU�FRUUHFWLRQ�EHFDPH�WRR�JUHDW��

*HQHUDWH�$EVWUDFW�7HVW�6XLWHV�
7KH� IRUPDO� WHVW� JHQHUDWLRQ� WRRO� JHQHUDWHV� DEVWUDFW� WHVW� VXLWHV� IRU� WKH�
EHKDYLRXUDO�PRGHO��7KHVH�WHVW�VXLWHV�DUH�JXDUDQWHHG�WR�FRYHU�WKH�DVSHFWV�RI�WKH�
PRGHO� VSHFLILHG� E\� WKH� WHVWHU�� ZKLOH� VDWLVI\LQJ� DOO� WKH� WHVWLQJ� FRQVWUDLQWV�
LPSRVHG���

7KH�JHQHUDWRU�XVHG�LQ�RXU�H[SHULPHQWV�UHSRUWV�DQ\�FRYHUDJH�WDVNV�WKDW�FDQQRW�
EH�FRYHUHG�E\�D�WHVW�VDWLVI\LQJ�WKH�FRQVWUDLQWV��2IWHQ�WKHVH�LQGLFDWH�EXJV�LQ�WKH�
PRGHO� RU� RYHU� FRQVWUDLQHG� WHVWLQJ� UHTXLUHPHQWV�� KRZHYHU�� WKH\� PD\� DOVR�
H[SRVH�GHIHFWV�LQ�WKH�VSHFLILFDWLRQ��

�([HFXWH�WKH�7HVW�6XLWH�
7KH�WHVW�H[HFXWLRQ�HQJLQH�FDQ�H[HFXWH�DQ�DEVWUDFW�WHVW�VXLWH�GLUHFWO\�DJDLQVW�WKH�
DSSOLFDWLRQ�XQGHU� WHVW��7KLV�SURGXFHV�D�WHVW� ORJ�WKDW��QRW�RQO\�UHFRUGV�WKH�WHVW�
H[HFXWLRQ�� EXW� DOVR� FRPSDUHV� WKH� RXWFRPH� RI� HDFK� VWHS� LQ� WKH� WHVW� ZLWK� WKH�
RXWFRPH�SUHGLFWHG�E\�WKH�PRGHO��

$OWHUQDWLYHO\��WKH�XVHU¶V�WHVW�H[HFXWLRQ�HQJLQH�VWLPXODWHV�WKH�DSSOLFDWLRQ�XQGHU�
WHVW� ZLWK� VWLPXOL� SURYLGHG� IURP� WKH� WHVW� VXLWH� JHQHUDWHG� E\� WKH� EHKDYLRXUDO�
PRGHO���

,Q� RXU� H[SHULPHQWV�� WKH� WHVW� H[HFXWLRQ� SKDVH� GLVFRYHUHG�PRVW� RI� WKH� FRGLQJ�
DQG�GHVLJQ�EXJV��

2EVHUYH�DQG�,WHUDWH�
7KH�UHVXOWV�RI�H[HFXWLQJ�WKH�WHVW�VKRXOG�EH�FRPSDUHG�ZLWK�WKH�FRYHUDJH�JRDOV�
RI� WKH� WHVW� SODQ�� ,I� QHFHVVDU\�� IXUWKHU� PRGLILFDWLRQV� VKRXOG� EH� PDGH� WR� WKH�
PRGHO�� WKH� WHVWLQJ� GLUHFWLYHV�� DQG�RU� WKH� WHVW� JHQHUDWRU¶V� UXQWLPH�SDUDPHWHUV��
)XUWKHU�DEVWUDFW�WHVW�VXLWHV�FDQ�WKHQ�EH�JHQHUDWHG�WR�LPSURYH�WKH�HIIHFWLYHQHVV�
RI�WKH�WHVW��

2XU� H[SHULPHQWV� VKRZHG� WKDW� VHYHUDO� WHVW� VXLWHV� DQG� VHYHUDO� GLVWLQFW�PRGHOV�
FRXOG�EH�XVHG�WR�WHVW�WKH�VDPH�SLHFH�RI�VRIWZDUH��HDFK�RQH�H[SRVLQJ�D�GLIIHUHQW�
VHW�RI�GHIHFWV��

�
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7KH�$UFKLWHFWXUH�RI�DQ�$XWRPDWHG�6RIWZDUH�7HVWLQJ�6\VWHP�

&RPSLOHU *HQHUDWRU

([HFXWLRQ

9LVXDOL]HU

$QDO\]HU

,QWHUPHGLDWH
)RUPDW

(QFRQGLQJ

$EVWUDFW
7HVW
6XLWH

6WUXFWXUHG�
(YHQW�
7UDFH

8VHU�
,QWHUIDFH

0RGHO
,QWHUIDFH

0RGHO

�

2XU� DUFKLWHFWXUH� LV� GHVLJQHG� IRU� RSHQ� SDUWLFLSDWLRQ� DQG� LQWHUFKDQJHDEOH�
FRPSRQHQWV� WR� EH� GHYHORSHG� DQG� LPSOHPHQWHG� DV� QHFHVVDU\�� :H� UHFRJQL]H�
WKDW� QR� RQH� PRGHOOLQJ� ODQJXDJH� ZLOO� EH� DGHTXDWH� WR� H[SUHVV� DOO� VRIWZDUH�
PRGHOV� IURP� DOO� GRPDLQV�� 6RPH� JURXSV� LQ� WKH� WHOHFRPPXQLFDWLRQV� LQGXVWU\�
XVH� 6'/� WR� PRGHO� VRIWZDUH�� RWKHUV� XVH� WKH� JUDSKLFDO� ODQJXDJH� RI� WKH�
7HVW0DVWHU� WRRO�� DQG� FDVH� VWXGLHV� KDYH� EHHQ� UHSRUWHG� XVLQJ� =�� &63�� 80/��
0XUSKL��63,1��DQG�RWKHUV��:H�PDLQWDLQ�WKDW�RXU�DUFKLWHFWXUDO�VWUXFWXUH�DOORZV�
IRU� D� GLYHUVLW\� RI� PRGHOOLQJ� ODQJXDJHV�� DQG� WKH� UHXVH� RI� H[LVWLQJ� WHVWLQJ�
IUDPHZRUNV�DQG�H[HFXWLRQ�HQJLQHV���

:H� KDYH� XVHG� D� FRPPRQ� WHVW� JHQHUDWRU� ZLWK� WZR� GLIIHUHQW� FRPSLOHUV� WR�
JHQHUDWH� WHVW� VXLWHV� IRU�PRGHOV�ZULWWHQ� LQ� ODQJXDJHV�EDVHG�RQ�ERWK�2EMHFWLYH�
9+'/>���@� DQG� 0XUSKL>��@�� :H� KDYH� DOVR� GHPRQVWUDWHG� WKH� IHDVLELOLW\� RI�
KDYLQJ� WZR� GLIIHUHQW� JHQHUDWRUV� SURGXFH� WHVW� VXLWHV� LQ� WKH� VDPH� DEVWUDFW�
IRUPDW�� WKXV� HQDEOLQJ� WKH� UHXVH� RI� WKH� WHVW� H[HFXWLRQ� HQJLQH� RQ� WHVW� VXLWHV�
SURGXFHG� E\� GLIIHUHQW� WHVW� JHQHUDWLRQ� DOJRULWKPV�� 0RUHRYHU�� ZH� DOVR� KDYH�
H[DPSOHV�RI�D�YLVXDOL]DWLRQ�WRRO�DQG�D�FRYHUDJH�DQDO\VHU�WKDW�XWLOL]H�WKH�VDPH�
DEVWUDFW�WHVW�IRUPDW��

7KH�FRPSLOHU�FRQYHUWV� WKH�PRGHO�LQWR�WKH�,)(�RU�LQWHUPHGLDWH�IRUP�HQFRGLQJ�
RI� WKH�PRGHO� DQG� LWV� WHVWLQJ� GLUHFWLYHV�� 7KLV� LV� DQ� HQFRGLQJ� RI� D� ILQLWH� VWDWH�
PDFKLQH� �)60���ZKLFK�GHVFULEHV� WKH�EHKDYLRXU�RI� WKH� V\VWHP�XQGHU� WHVW�� WKH�
FRYHUDJH� JRDOV� RI� WKH� WHVW� VXLWH�� DQG� WKH� UHVWULFWLRQV� LPSRVHG� E\� WHVWLQJ�
FRQVWUDLQWV���
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7KLV� LQWHUPHGLDWH� IRUP�±� LQ�RXU�H[SHULPHQWDO� WRROV�±�ZDV�D�&���VRXUFH�ILOH��
FRQWDLQLQJ���

��� &ODVVHV�GHVFULELQJ�WKH�VWDWH�YDULDEOHV���

��� 0HWKRGV�IRU�FRPSXWLQJ�WKH�VHW�RI�DOO�QH[W�VWDWHV�IURP�D�JLYHQ�VWDWH���

��� 0HWKRGV�IRU�JHQHUDWLQJ�DOO�VWDUW�VWDWHV��

��� 0HWKRGV�IRU�FRPSXWLQJ�WKH�WHVW�FRQVWUDLQWV��DQG��

��� 0HWKRGV�WR�DQDO\VH�WKH�VWDWHV�LQ�WHUPV�RI�WKH�FRYHUDJH�GLUHFWLYHV��

7KH� LQWHUPHGLDWH� IRUP� LV� WKHQ� FRPSLOHG� DQG� OLQNHG� WRJHWKHU� ZLWK� WKH� WHVW�
JHQHUDWRU�FRGH� �DOVR� LQ�&���� WR�SURGXFH�D�PRGHO�VSHFLILF� WHVW�JHQHUDWRU� LQ�D�
VLPLODU�PDQQHU�WR�WKH�PRGHO�FKHFNHU�SURGXFHG�E\�'LOO�HW��DO�>��@��

7KH�WHVW�JHQHUDWRU�WKHQ�SURGXFHV�DQ�$76�RU�DEVWUDFW�WHVW�VXLWH��ZKLFK�FRQVLVWV�
RI� SDWKV� WKURXJK� WKH� PRGHO� VDWLVI\LQJ� WKH� FRYHUDJH� FULWHULD�� 7KLV� IRUPDW�
FRQWDLQV�DOO�WKH�LQIRUPDWLRQ�QHFHVVDU\�WR�UXQ�WKH�WHVWV�DQG�YHULI\�WKH�UHVXOWV�DW�
HDFK�VWDJH�RI�HDFK�WHVW�FDVH��7KH�XVHU�FDQ�YDOLGDWH�WKH�PRGHO�E\�YLHZLQJ�WKLV�
VXLWH��DQG�XVH�WKLV�IRUPDW�WR�FRPPXQLFDWH�ZLWK�WKH�GHYHORSHUV�ZKHQ�D�GHIHFW�LV�
GLVFRYHUHG��

2XU� H[SHULPHQWDO� WRROV� XVHG� DQ� ;0/� IRUPDW� IRU� WKH� DEVWUDFW� WHVW� VXLWH�
FRPSULVLQJ�HOHPHQWV�WR�GHVFULEH��

��� 7KH�VHW�RI�DOO�VWDWH�YDULDEOHV�DQG�WKHLU�UDQJHV��

��� 7KH� VHW� RI� DOO� SRVVLEOH� LQSXWV� WR� WKH� VWDWH� PDFKLQH� �VWLPXOL� IRU� WKH�
VRIWZDUH�XQGHU�WHVW���

��� 7KH� VHW� RI� DOO� WHVW� FDVHV� LQ� WKH� VXLWH�� HDFK� RI� ZKLFK� FRQVLVWV� RI� D�
VHTXHQFH�RI�WUDQVLWLRQV���

��� (DFK� WUDQVLWLRQ�FRPSULVHV� DQ� LQSXW�RU� VWLPXOXV�� IROORZHG�E\� WKH�VWDWH�
HQWHUHG�E\�WKH�PRGHO�DIWHU�UHVSRQGLQJ�WR�WKH�VWLPXOXV��

7KH�H[HFXWLRQ�HQJLQH�UHDGV�WKH�DEVWUDFW�WHVW�VXLWH�DQG�WKH�WHVW�LQWHUIDFH�REMHFWV�
LQ� RUGHU� WR� H[HFXWH� WKH� WHVW� VXLWH� DJDLQVW� WKH� DSSOLFDWLRQ� EHLQJ� WHVWHG�� (DFK�
VWLPXOXV� IRU� HDFK� WUDQVLWLRQ� LV� SUHVHQWHG� WR� WKH� DSSOLFDWLRQ� XQGHU� WHVW�� 7KH�
H[HFXWLRQ� HQJLQH� WKHQ� TXHULHV� WKH� VWDWH� RI� WKH� DSSOLFDWLRQ� WR� YHULI\� WKDW� WKH�
DSSOLFDWLRQ�DQG� WKH�PRGHO�DJUHH�RQ� WKH�UHVXOWV�RI�DSSO\LQJ� WKH�VWLPXOXV��7KH�
UHVXOWV�RI� WKH�VWLPXOXV�DQG�YHULILFDWLRQ�DUH�ZULWWHQ�WR�D�VWUXFWXUHG�HYHQW�WUDFH�
�6(7�� LQ� D� VWDQGDUG� IRUP� DFFHVVLEOH� WR� DOO� H[LVWLQJ� DQG� IXWXUH� SURGXFWLYLW\�
WRROV�LQFOXGLQJ�WKH�DQDO\VHU�DQG�YLVXDOLVHU��

2XU� H[SHULPHQWDO� H[HFXWLRQ� HQJLQH� LV� D� VHW� RI� -DYD� FODVVHV�� ZKLFK� PXVW� EH�
FXVWRPL]HG�E\�WKH�WHVWHU��7KH�WHVWHU�PXVW�FRGH�D�VHW�RI�PHWKRGV���
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��� $�PHWKRG�IRU�HDFK�VWLPXOXV�WR�WKH�VRIWZDUH�XQGHU�WHVW���

��� $�PHWKRG�WR�TXHU\�WKH�YDOXHV�RI�WKH�VRIWZDUH�DUWHIDFWV�WKDW�FRUUHVSRQG�
WR�WKH�VWDWH�YDULDEOHV��DQG��

��� $� PHWKRG� WR� LQVWDQWLDWH� WKH� YHULILFDWLRQ� ORJLF�� ZKLFK� FRPSDUHV� WKH�
VWDWH� SUHGLFWHG� E\� WKH�PRGHO�ZLWK� WKH� REVHUYHG� VWDWH� RI� WKH� VRIWZDUH�
XQGHU�WHVW��

7KH� YLVXDOLVHU� LV� FDSDEOH�RI� VKRZLQJ�ERWK� WKH� VWUXFWXUHG�HYHQW� WUDFH� DQG� WKH�
DEVWUDFW� WHVW�VXLWH�LQ�D�YLVXDOO\�LQIRUPDWLYH�ZD\�WR�HQDEOH�WKH�WHVW�HQJLQHHU�WR�
FRPSUHKHQG� WKH� PDVVLYH� DPRXQWV� RI� GDWD� JHQHUDWHG� E\� DXWRPDWHG� WHVW�
JHQHUDWLRQ�DQG�H[HFXWLRQ��

,Q�RXU�H[SHULPHQWV��WKH�PDLQ�YLVXDOL]DWLRQ�WRRO�XVHG�ZDV�D�WUHH�UHSUHVHQWDWLRQ�
RI� WKH� WHVW� VXLWHV�� ZLWK� FRORXU� FRGHV� LQGLFDWLQJ� WKH� VXFFHVV� RU� IDLOXUH� RI� D�
SDUWLFXODU�WHVW�VXLWH��WHVW�FDVH��RU�WUDQVLWLRQ��0RUH�GHWDLOHG�LQIRUPDWLRQ�RQ�HDFK�
WHVW�HOHPHQW�FRXOG�EH�GLVSOD\HG�E\� WKH�XVH�RI� WKH�PRXVH��2WKHU�YLVXDOL]DWLRQ�
WRROV� JLYH� VWDWLVWLFDO� VXPPDULHV�� DQG� HQDEOH� WKH� FUHDWLRQ� RI� EDU� FKDUWV��
KLVWRJUDPV�� DQG� JUDSKV� GLVSOD\LQJ� YDULRXV� DVSHFWV� RI� WKH� WHVW� VXLWH� DQG� LWV�
H[HFXWLRQ�WUDFH��

7KH�DQDO\VHU� LV� FDSDEOH� RI� UHDGLQJ� WKH� VWUXFWXUHG�HYHQW� WUDFH� DQG� LGHQWLI\LQJ�
DUHDV�RI�WKH�PRGHO�WKDW�PD\�QRW�KDYH�EHHQ�FRYHUHG�VXIILFLHQWO\��,W�LV�LQWHQGHG�
WR� SURGXFH� LQSXW� IRU� WKH� WHVW� JHQHUDWRU� WR� SURYLGH� DGGLWLRQDO� WHVW� FDVHV��7KLV�
IHHGEDFN� WR� WKH� WHVW� JHQHUDWRU� LV� LPSRUWDQW� LQ� UHDO� VLWXDWLRQV� ZKHUH� WKH�
WUDQVODWLRQ� IURP� DEVWUDFW� WHVWV� WR� DFWXDO� WHVW� UXQV� PD\� QRW� EH� FRPSOHWHO\�
DFFXUDWH��

,Q� RXU� H[SHULPHQWV�� WKLV� IHHGEDFN�ZDV�GRQH�PDQXDOO\�� E\� LQVSHFWLQJ� WKH� WHVW�
UHVXOWV� DQG� PDNLQJ� PDQXDO� FKDQJHV� WR� WKH� EHKDYLRXUDO� PRGHOV�� FRYHUDJH�
GLUHFWLYHV� DQG� WHVW� FRQVWUDLQWV�� ,Q� IXWXUH� H[SHULPHQWV�� ZH� ZLOO� SURYLGH� DQ�
DXWRPDWHG�IHHGEDFN�WRRO��

7KH� XVHU� LQWHUIDFH� LQFOXGHV� HGLWRUV� IRU� WKH�PRGHOV� DQG� WHVW� LQWHUIDFH�REMHFWV��
DQG� D�PHDQV� RI� DFWLYDWLQJ� WKH� WRROV� DQG� YLHZLQJ� WKHLU� RXWSXW��7KLV� LQWHUIDFH�
KDV�QRW�\HW�EHHQ�ZULWWHQ��DQG�WKXV�ZDV�QRW�XVHG�LQ�WKH�H[SHULPHQWV��

([SHULPHQWDO�(YLGHQFH�

6HYHUDO�H[SHULPHQWV�XVLQJ�WKLV�PHWKRGRORJ\�DQG�VRPH�RI�WKH�WRROV��LQ�YDULRXV�
VWDJHV� RI� WKHLU� GHYHORSPHQW�� KDYH� EHHQ� FDUULHG� RXW� LQ� YDULRXV� ,%0� UHVHDUFK�
DQG� GHYHORSPHQW� ODERUDWRULHV�� 1RW� DOO� RI� WKHVH� H[SHULPHQWV� ZHUH� DQ�
XQTXDOLILHG� VXFFHVV�� KRZHYHU� ZH� EHOLHYH� WKDW� WKH� UHVXOWV� DUH� VXIILFLHQWO\�
HQFRXUDJLQJ� WR� MXVWLI\� FRQWLQXLQJ� UHILQHPHQW� RI� ERWK� WKH� WRROV� DQG�
PHWKRGRORJLHV�SUHVHQWHG�LQ�WKLV�SDSHU��
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([SHULPHQW����,QWHUQHW�7HOHSKRQ\�
7KH� DSSOLFDWLRQ� XQGHU� WHVW� LQ� WKLV� H[SHULPHQW� ZDV� DQ� H[SHULPHQWDO� ,QWHUQHW�
WHOHSKRQ\�DSSOLFDWLRQ��%RWK�WKH�GHYHORSHUV�DQG�WKH�WHVW�WHDP�ZHUH�PHPEHUV�RI�
WKH� ,%0� 5HVHDUFK� /DERUDWRU\� LQ� +DLID�� (DUO\� SURWRW\SHV� RI� WKH� WRROV� ZHUH�
XVHG�� DQG� WKH� PHWKRGRORJ\� ZDV� SDUWLDOO\� LPSOHPHQWHG�� 6HYHUDO� RWKHU�
UHVHDUFKHUV�KDYH�XVHG�WKLV�PHWKRGRORJ\�LQ�WKH�WHOHSKRQ\�VRIWZDUH�GRPDLQ�>�����
�@��

7KH�H[SHULPHQW�ZDV�MXGJHG�D�VXFFHVV��VLQFH�WKH�QXPEHU�RI�GHIHFWV�GLVFRYHUHG�
DQG� WKHLU� VHYHULW\� ZDV� TXDOLWDWLYHO\� KLJKHU� WKDQ� H[SHFWHG� JLYHQ� WKH� YHU\�
OLPLWHG�UHVRXUFHV�XVHG�LQ�WKH�WHVW��

([SHULPHQW����,QWHUQHW�$3,�
)ROORZLQJ�WKH�LQ�KRXVH�H[SHULPHQW��WKH�+DLID�5HVHDUFK�/DERUDWRU\�XQGHUWRRN�
D� VRIWZDUH�WHVWLQJ� FRQWUDFW� ZLWK� D� GHYHORSPHQW� ODERUDWRU\� LQ� WKH� 86�� 7KH�
DSSOLFDWLRQ�XQGHU�WHVW�ZDV�WKH�IRXUWK�UHOHDVH�RI�DQ�H[LVWLQJ�SURGXFW��ZKLFK�LV�
DQ�$3,�IRU�DFFHVVLQJ�OHJDF\�KRVW�DSSOLFDWLRQV�RYHU�WKH�,QWHUQHW��

7KLV�H[SHULPHQW�ZDV�MXGJHG�E\�WKH�GHYHORSHUV�DQG�WKHLU�PDQDJHPHQW�WR�EH�DQ�
XQTXDOLILHG� VXFFHVV��7KH�H[SHULPHQW�ZDV�FRPSOHWHG�RYHU�D�\HDU�DJR��DQG�QR�
IXQFWLRQ�WHVW�HVFDSHV�KDYH�EHHQ�UHSRUWHG�LQ�WKH�SDVW�\HDU��0DQ\�GHIHFWV�ZHUH�
IRXQG�ERWK�LQ�WKH�QHZ�FRGH��DQG�LQ�WKH�H[LVWLQJ�FRGH�EDVH�XVHG�LQ�WKH�WKLUG�DQG�
SULRU�UHOHDVHV�RI�WKH�SURGXFW��7KH�GHYHORSHUV�ZHUH�VR�LPSUHVVHG�E\�WKH�TXDOLW\�
RI� RXU� WHVW� WRROV� DQG� PHWKRGRORJ\� WKDW� WKH\� VSRQWDQHRXVO\� JDYH� WKHP� WKH�
DFFRODGH� ³)XQFWLRQ� 7HVWLQJ� RQ� 6WHURLGV´� IRU� FUHDWLQJ� D� µPXVFOH�ERXQG¶� WHVW�
VXLWH��

6XEVHTXHQW�WR�WKLV�H[SHULPHQW��DQG�IROORZLQJ�D�FRPSHWLWLYH�HYDOXDWLRQ�DJDLQVW�
D� FRPSHWLWRU¶V� WRRO�� WKH� ,%0� 6RIWZDUH� 7HVWLQJ� &RPPXQLW\� /HDGHUVKLS�
GHFLGHG� WR� SURPRWH� ZLGHU� XVH� RI� WKHVH� WRROV� DQG� PHWKRGRORJ\�� 7ZR� SLORW�
SURMHFWV� �UHIHUUHG� WR� EHORZ� DV�([SHULPHQWV� �� DQG� ���ZHUH� LQLWLDWHG��ZLWK� WKH�
PRGHOOLQJ� DQG� WHVWLQJ� EHLQJ� SHUIRUPHG� E\� ,%0� WHVWHUV� UDWKHU� WKDQ� UHVHDUFK�
SHUVRQQHO��

7KHVH� ILUVW�DWWHPSWV�DW� WHFKQRORJ\� WUDQVIHU� UHTXLUHG�D� ODUJH� LQYHVWPHQW� LQ� WKH�
FUHDWLRQ� RI� HGXFDWLRQDO� PDWHULDOV�� GRFXPHQWDWLRQ�� DQG� WKH� VHWWLQJ� XS� RI� D�
FRPPXQLFDWLRQV�LQIUDVWUXFWXUH�FRQQHFWLQJ�WKH�GHYHORSHUV�RI�WKH�WRROV�ZLWK�LWV�
XVHUV�� %RWK� H[SHULPHQWV� ZHUH� NLFN�VWDUWHG� ZLWK� D� IRXU�GD\� FRXUVH� LQ� WKH�
PHWKRGRORJ\� DQG� WHFKQRORJ\� EHKLQG� WKH� WRROV�� 7KH� FRXUVH� LQFOXGHG� ERWK�
OHFWXUHV� DQG�H[HUFLVHV� LQ� WKH� DUW� RI�PRGHOOLQJ�� WKH�XVH�RI� WKH�JHQHUDWLRQ� WRRO�
DQG� WKH� H[HFXWLRQ� WRROV�� $� UHWURVSHFWLYH� LQVLJKW� LQWR� WKLV� FRXUVH� LV� WKDW� WKH�
V\QWD[�RI�D�PRGHOOLQJ� ODQJXDJH��DQG�WKH�PHFKDQLFV�RI� WRRO�XVH�FDQ�EH�WDXJKW�
UHODWLYHO\� TXLFNO\�� EXW� WKDW� WKH� DUW� RI� VRIWZDUH� PRGHOOLQJ� UHTXLUHV� PRUH�
PDWXULW\�DQG�H[SHULHQFH�WKDQ�FDQ�EH�FUDPPHG�LQWR�D�FUDVK�FRXUVH��
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([SHULPHQW����)LOH�6\VWHP�)HDWXUHV�
7KLV� H[SHULPHQW� ZDV� D� UHWHVW� RI� FHUWDLQ� IHDWXUHV� RI� D� 326,;� FRPSOLDQW� ILOH�
V\VWHP� LPSOHPHQWHG� LQ� WKH� QLQWK� UHOHDVH� RI� DQ� ,%0� RSHUDWLQJ� V\VWHP�� 7KH�
UHFRUGV� IURP� WKH� SUHYLRXV� PDQXDOO\� ZULWWHQ� WHVW� RI� WKHVH� IHDWXUHV� ZHUH�
FRPSDUHG� ZLWK� WKH� UHVXOWV� RI� XVLQJ� WKLV� DXWRPDWHG� WHVW� JHQHUDWLRQ� DQG�
H[HFXWLRQ���

,Q� WKH�RULJLQDO� WHVW��HLJKWHHQ�GHIHFWV�ZHUH�IRXQG�LQ�WKH�UHOHYDQW�IHDWXUHV��7KH�
DXWRPDWLFDOO\� JHQHUDWHG� WHVW� VXLWHV� IRXQG� ILIWHHQ� RI� WKHVH� GHIHFWV� DQG� IRXQG�
WZR� QHZ� GHIHFWV� WKDW� KDG� HVFDSHG� WKH� HDUOLHU� WHVW�� 7KHVH� UHVXOWV� DUH� KLJKO\�
VLJQLILFDQW� VLQFH� WKH� SHUVRQQHO� UHVRXUFHV� LQYHVWHG� LQ� WKH� H[SHULPHQW� ±�
LQFOXGLQJ� WUDLQLQJ��PRGHO�ZULWLQJ�� WHVW� JHQHUDWLRQ� DQG� H[HFXWLRQ� ±�ZDV� ����
OHVV�WKDQ�LQ�WKH�RULJLQDO�WHVW�XVLQJ�WUDGLWLRQDO�PDQXDO�WHVW�JHQHUDWLRQ���

0RUHRYHU�� VLJQLILFDQW� FKDQJHV� ZHUH� LPSOHPHQWHG� LQ� WKH� WRROV� DQG�
PHWKRGRORJ\� IROORZLQJ� WKLV�H[SHULPHQW��PDLQO\�GXH� WR� WKH�FRPSOH[LW\�RI� WKH�
H[LVWLQJ�WHVW�FDVH�GULYHU�IRU�WKH�V\VWHP����7KH�H[LVWLQJ�WHVW�FDVH�GULYHU�SURYLGHG�
PHWKRGV� WR� LQYRNH� ILOH� V\VWHP� FRPPDQGV� EXW� LW� GLG� QRW� KDYH� WKH� QRWLRQ� RI�
VWDWH� RU� WKH� FRUUHVSRQGLQJ� YHULILFDWLRQ� ORJLF�� � 7KHUHIRUH� FRGH� WHVW� LQWHUIDFH�
PHFKDQLVPV� ZHUH� UHTXLUHG� WR� LQVWDQWLDWH� WKH� YHULILFDWLRQ� ORJLF�� ZKLFK�
FRPSDUHV� WKH� VWDWH� SUHGLFWHG� E\� WKH� PRGHO� ZLWK� WKH� REVHUYHG� VWDWH� RI� WKH�
VRIWZDUH�XQGHU�WHVW��

7KH�PDQDJHPHQW�RI� WKH� WHVWLQJ�XQLW� LQYROYHG�ZHUH�VXIILFLHQWO\� LPSUHVVHG�E\�
WKH� UHVXOWV� RI� WKLV� SLORW� WR� FRPPLW� WR� IXWXUH� XVH� RI� WKH� WRROV� LQ� VXEVHTXHQW�
UHOHDVHV� RI� WKH� SURGXFW�� DQG� WR� UHFRPPHQG� LWV� XVH� WR� RWKHU� JURXSV� LQ� WKH�
GHYHORSPHQW�ODERUDWRU\��

([SHULPHQW����,QWHUQHW�$3,�0DUN���±�$�IDLOXUH�
:H� LQLWLDWHG� D� IXUWKHU� WHVW� RI� QHZ� IHDWXUHV� RI� WKH� VRIWZDUH� SURGXFW� WHVWHG� LQ�
([SHULPHQW� ��� XVLQJ� DQ� H[SHULHQFHG� WHVWHU� WR� ZULWH� WKH� PRGHOV� DQG� WHVWLQJ�
LQWHUIDFHV��7KLV� SDUWLFXODU� H[SHULPHQW�GLG�QRW�SURGXFH�D� VXFFHVVIXO� WHVW� IRU�D�
QXPEHU�RI�UHDVRQV��7KH�PRVW�REYLRXV�IDFWRU�ZDV�WKH�ODFN�RI�UHVRXUFHV�IRU�WKH�
H[SHULPHQW��2QO\�RQH�SHUVRQ�� D�YHU\� H[SHULHQFHG� WHVWHU��ZDV� DVVLJQHG� WR� WKH�
H[SHULPHQW�� DQG� DW� VHYHUDO� VWDJHV� GXULQJ� WKH� H[SHULPHQW� WKLV� SHUVRQ� ZDV�
UHTXLUHG�WR�OHDYH�WKH�H[SHULPHQW�DQG�FRQWULEXWH�WR�PRUH�XUJHQW� WHVWLQJ�LVVXHV�
LQ� KLV� GHSDUWPHQW�� 7KLV� ODFN� RI� FRQWLQXLW\� DQG� XQGHU�UHVRXUFLQJ� OHG� WKH�
H[SHULPHQW� LQWR� D� VLWXDWLRQ� ZKHUH� WLPH� SUHVVXUHV� GLG� QRW� DOORZ� IRU� WKH�
LQWURGXFWLRQ�RI�D�QHZ�DQG�XQIDPLOLDU�WHVWLQJ�WHFKQLTXH��7KH�H[SHULHQFHG�WHVWHU�
IRXQG� HIILFLHQW�ZD\V� WR� WHVW� WKH� VRIWZDUH� XVLQJ� DG� KRF�PHWKRGV� DQG� FXVWRP�
PDGH� VFULSWV� ZLWKRXW� UHFRXUVH� WR� WKH� QRYHO� WRROV� DQG� PHWKRGRORJ\��
3DUDGR[LFDOO\�� WKH� DVVLJQPHQW� RI� DQ� H[SHULHQFHG� DQG� YDOXDEOH� WHVWHU� WR� WKLV�
H[SHULPHQW�ZDV�LWV�XOWLPDWH�GRZQIDOO��

([SHULPHQW����&DOO�&HQWUH�$3,�
$�ILIWK�H[SHULPHQW�LV�FXUUHQWO\�XQGHU�ZD\�WHVWLQJ�D�VHW�RI�$3,V�IRU�PDQDJLQJ�
FDOO�FHQWUHV��%RWK�WKH�GHYHORSPHQW�DQG�WHVWLQJ�RI�WKLV�SURGXFW�LV�VSOLW�EHWZHHQ�
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WKH� UHVHDUFK� DQG� GHYHORSPHQW� DUPV� RI� ,%0�� 7R� GDWH�� WKH� H[SHULPHQW� LV�
SURJUHVVLQJ� WR� D� VXFFHVVIXO� FRQFOXVLRQ� ZLWK� PRGHOV� EHLQJ� ZULWWHQ� DQG�
H[SORLWHG� IRU� WHVW� JHQHUDWLRQ� LQ� ERWK� VLWHV�� 7KH� GHIHFWV� EHLQJ� IRXQG� DUH�
VLJQLILFDQW��DQG�WKH�HDUO\�GLVFRYHU\�RI�VHYHUDO�GHVLJQ�IDXOWV�KDV�EHHQ�D�IHDWXUH�
RI�WKLV�HIIRUW��

&UHDWLQJ� WKH� WHVW� LQWHUIDFH�ZDV�IDU� IURP�WULYLDO�DQG�ZDV�YHU\�WLPH�FRQVXPLQJ�
EXW� LW� \LHOGHG� D� ORW� GHIHFW� GLVFRYHULHV� UHODWHG� WR� WKH�$3,� WKDW� XOWLPDWHO\� WKH�
FXVWRPHU�PLJKW�KDYH�HQFRXQWHUHG��7KH�SUREOHP�ZDV�WKDW�WKH�YHU\�FRPSOH[LW\�
WKDW� PDGH� PRGHOOLQJ� VR� GHVLUDEOH� DOVR� PHDQW� WKDW� WKH� LQWHUIDFH� ZDV� HTXDOO\�
FRPSOH[�� 7KH� LQLWLDO� GHYHORSPHQW� GRFXPHQWDWLRQ� ZDV� QRW� VXIILFLHQW� WR�
XQGHUVWDQG� WKH� $3,� XVDJH� FRPSOHWHO\�� 7KLV� PHDQW� H[SHULPHQWDWLRQ� ZDV�
QHFHVVDU\�WR�GHEXJ�WKH�LQWHUIDFH��+RZHYHU��ERWK�WKH�PRGHO�DQG�LQWHUIDFH�ZHUH�
FUHDWHG� EHIRUH� WKH� DSSOLFDWLRQ� WR� EH� WHVWHG� ZDV� VWDEOH�� � 7KLV� LV� D� QDWXUDO�
VLWXDWLRQ�ZKHQ�GRLQJ�XQLW�IXQFWLRQ� WHVWLQJ��0RUH�PDWXUH�GRFXPHQWDWLRQ�HDUO\�
LQ� WKH�GHYHORSPHQW� F\FOH�ZRXOG� VLPSOLI\� WKH� WHVW� LQWHUIDFH� FUHDWLRQ�DQG� WKXV�
HQKDQFH�SDUDOOHO�WHVW�DQG�FRGH�GHYHORSPHQW����

7KH�FRQFOXVLRQV�WKDW�ZH�GUDZ�IURP�WKHVH�H[SHULPHQWV�LV�WKDW�WKH�PHWKRGRORJ\�
DQG� WRROV�KDYH�D�JUHDW�GHDO� WR�FRQWULEXWH��EXW� WKHLU�XVH�PXVW�EH�DFFRPSDQLHG�
E\� DSSURSULDWH� HGXFDWLRQ�� UHVRXUFH� DOORFDWLRQ�� DQG�PDQDJHPHQW� LQYROYHPHQW�
LQ� WKH� GHSOR\PHQW�� )XUWKHUPRUH�� WKH� HDUO\� LQYROYHPHQW� RI� WHVWHUV� LQ� WKH�
GHYHORSPHQW�SURFHVV�LPSURYHV�WKH�TXDOLW\�RI�WKH�VRIWZDUH��EXW�SXWV�DGGLWLRQDO�
VWUDLQ� RQ� WKH� GRFXPHQWDWLRQ� SURFHVV� ±� UHTXLULQJ� HDUOLHU� DQG� PRUH� FRPSOHWH�
GRFXPHQWDWLRQ�WKDQ�FXUUHQWO\�DYDLODEOH���

7KHVH�FRQFOXVLRQV�UHJDUGLQJ�WHFKQRORJ\�WUDQVIHU�DUH�VLPLODU� WR�WKRVH�UHSRUWHG�
E\�1LVKL\DPD��,NHGD��DQG�1LZD>���@��

)XWXUH�'LUHFWLRQV�

2XU� IRFXV� IRU� WKH� IXWXUH� GHYHORSPHQW� RI� RXU� WRROV� DQG� PHWKRGRORJ\� LV� RQ�
GLVWULEXWHG� FRPSRQHQW�EDVHG� VRIWZDUH��:H� EHOLHYH� WKDW� WKH� VWUHQJWKV� RI� RXU�
WRROV�OLH�LQ�WKH�WHVWLQJ�RI�FRPSOH[�LQWHUDFWLRQV�EHWZHHQ�$3,�FDOOV�ZLWK�VKDUHG�
UHVRXUFHV� DQG� GLVWULEXWHG� H[HFXWLRQ� HQYLURQPHQWV�� 7R� WKLV� HQG� ZH� DUH�
HQULFKLQJ� WKH� PRGHOOLQJ� ODQJXDJH� WR� LQFOXGH� WKH� SRVVLELOLW\� RI� QRQ�
GHWHUPLQLVWLF�RXWFRPHV�IRU�VWLPXOL�WR�WKH�VRIWZDUH���

:H� DUH� DOVR� HQJDJHG� LQ� WKH� GHYHORSPHQW� RI� D� QHZ� REMHFW� RULHQWHG� VRIWZDUH�
PRGHOOLQJ�ODQJXDJH�DQG�WRROV�IRU�XVH�LQ�WKH�DUFKLWHFWXUH�ZLWK�D�FRQVRUWLXP�RI�
(XURSHDQ� XQLYHUVLWLHV� DQG� LQGXVWULDO� SDUWQHUV�� 7KLV� HQGHDYRXU�� FDOOHG� WKH�
$*(',6� SURMHFW� LQFOXGHV� FRQWUROOHG� H[SHULPHQWDWLRQ� ZLWK� ODUJH� GLVWULEXWHG�
VRIWZDUH� EHLQJ� WHVWHG� DW� YDULRXV� VWDJHV� RI� WKH� GHYHORSPHQW� RI� WKH� WRROV��$Q�
LPSRUWDQW� DVSHFW� RI� WKH�$*(',6�SURMHFW�ZLOO� EH� WKH�SXEOLFDWLRQ�RI� WKH�RSHQ�
LQWHUIDFHV�IRU�,()��$76��DQG�6(7�VR�WKDW�DQ\�VRIWZDUH�WHVWLQJ�JURXS�FDQ�DGG�
LWV� RZQ� SURGXFWLYLW\�� WUDQVODWLRQ�� RU� JHQHUDWLRQ� WRROV� WR� WKH� VXLWH�� ZLWKRXW�
KDYLQJ�WR�GXSOLFDWH�WKH�HIIRUW�RI�ZULWLQJ�WKH�UHPDLQLQJ�WRROV��
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5HIHUHQFHV�

��� /��$SIHOEDXP�DQG�-��'R\OH��0RGHO�EDVHG�7HVWLQJ��3URFHHGLQJV�
RI� WKH���WK�,QWHUQDWLRQDO�6RIWZDUH�4XDOLW\�:HHN��4:����0D\�
������

��� ,�� %DVKLU� DQG� $�� /�� *RHO�� 7HVWLQJ� 2EMHFW�RULHQWHG� 6RIWZDUH��
/LIH�&\FOH�6ROXWLRQV���6SULQJHU�9HUODJ�1HZ�<RUN�������

��� *�� %RRFK�� 2EMHFW� 2ULHQWHG� $QDO\VLV� DQG� 'HVLJQ� :LWK�
$SSOLFDWLRQV��%HQMDPLQ�&XPPLQJV���QG�HGLWLRQ��������

��� -�� &DOODKDQ�� )�� 6FKQHLGHU�� DQG� 6�� (DVWHUEURRN�� $XWRPDWHG�
6RIWZDUH� 7HVWLQJ� 8VLQJ� 0RGHO�FKHFNLQJ�� 3URFHHGLQJV� �����
63,1�:RUNVKRS��������

��� -��0��&ODUNH��$XWRPDWHG�7HVW�*HQHUDWLRQ�)URP�D�%HKDYLRXUDO�
0RGHO��3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�6RIWZDUH�4XDOLW\�
:HHN��4:����0D\�������

��� '��/��'LOO��$��-��'UH[OHU��$��-��+X�DQG�&��+DQ�<DQJ��3URWRFRO�
9HULILFDWLRQ� DV� D� +DUGZDUH� 'HVLJQ� $LG�� ����� ,(((�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU� 'HVLJQ�� 9/6,� LQ�
&RPSXWHUV� DQG� 3URFHVVRUV�� ,(((�&RPSXWHU� 6RFLHW\�� SS�� ����
�����KWWS���VSURXW�VWDQIRUG�HGX�GLOO�PXUSKL�KWPO��

��� $��+DUWPDQ�DQG�.��1DJLQ����7&%HDQV�6RIWZDUH�7HVW�7RRONLW��
LQ� 3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� 6RIWZDUH� 4XDOLW\�
:HHN��4:����0D\�������

��� -��+DUWPDQQ��&�� ,PREHUGRUI�� DQG�0��0HLVLQJHU�� ³80/�%DVHG�
,QWHJUDWLRQ�7HVWLQJ´�LQ�3URFHHGLQJV�RI�,667$�������

��� 5��0��+LHURQV��7HVWLQJ�)URP�D�=�6SHFLILFDWLRQ��7KH�-RXUQDO�RI�
6RIWZDUH�7HVWLQJ��9HULILFDWLRQ��DQG�5HOLDELOLW\������±����������

���� .DQ� HW�� DO�� 3DSHU� TXRWHG� LQ�6:�(QJLQHHULQJ�/HFWXUH�1RWHV� DW�
KWWS���ZZZ�FV�WHFKQLRQ�DF�LO�aFV�������/HFWXUH6OLGHV�OHFWXUHVO
LGH�KWPO�

���� 0HUFXU\�,QWHUDFWLYH�&RUSRUDWLRQ��:LQ5XQQHU�7HVW�$XWRPDWLRQ�
7RRO��KWWS���ZZZ�PHUF�LQW�FRP�SURGXFWV�ZLQUXQQHU����

���� 7�� 1LVKL\DPD�� .�� ,NHGD�� DQG� 7�� 1LZD�� 7HFKQRORJ\� 7UDQVIHU�
0DFUR�3URFHVV�$�3UDFWLFDO�*XLGH�IRU�WKH�(IIHFWLYH�,QWURGXFWLRQ�
RI� 7HFKQRORJ\�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6RIWZDUH�
(QJLQHHULQJ��,&6(��������
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���� -�� 2IIXWW� DQG� $�� $EGXUD]LN�� *HQHUDWLQJ� 7HVWV� IURP� 80/�
6SHFLILFDWLRQV��6HFRQG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�WKH�8QLILHG�
0RGHOLQJ�/DQJXDJH��80/�����������

���� $�� -�� 2IIXWW� DQG� 6�� /LX�� *HQHUDWLQJ� 7HVW� 'DWD� IURP� 62)/�
6SHFLILFDWLRQV�� WR� DSSHDU� LQ� 7KH� -RXUQDO� RI� 6\VWHPV� DQG�
6RIWZDUH� ������ FXUUHQWO\� DYDLODEOH� IURP�
KWWS���LVVH�JPX�HGX�IDFXOW\�RIXW�UVUFK�VSHF�KWPO��

���� $��3DUDGNDU��6$/7�±�$Q�,QWHJUDWHG�(QYLURQPHQW�WR�$XWRPDWH�
*HQHUDWLRQ� RI� )XQFWLRQ� 7HVWV� IRU� $3,V�� WR� DSSHDU� LQ�
3URFHHGLQJV�RI�,665(�������

���� 5��0��3RVWRQ��$XWRPDWHG�7HVWLQJ�)URP�2EMHFW�0RGHOV��$RQL[�
:KLWH�3DSHU�-XO\�������KWWS���ZZZ�DRQL[�FRP��

���� 3,7$&� �� ,QWHULP� 5HSRUW� WR� WKH� 3UHVLGHQW�� 1DWLRQDO�
&RRUGLQDWLRQ� 2IILFH� IRU� &RPSXWLQJ�� ,QIRUPDWLRQ�� DQG�
&RPPXQLFDWLRQV�� $XJXVW� ������
KWWS���ZZZ�FFLF�JRY�DF�LQWHULP��

���� 0�� 5DGHW]NL�� :�� 3XW]NH�5|PLQJ�� DQG� :�� 1HEHO�� $� 8QLILHG�
$SSURDFK� WR� 2EMHFW�2ULHQWHG� 9+'/�� -RXUQDO� RI� ,QIRUPDWLRQ�
6FLHQFH� DQG� (QJLQHHULQJ� ��� �������� SS�� ���������
KWWS���HLV�LQIRUPDWLN�XQL�ROGHQEXUJ�GH�UHVHDUFK�UHTXHVW�VKWPO��

���� -�� &�� :LGPDLHU�� &�� 6PLGWV�� DQG� ;�� +XDQJ�� 3URGXFLQJ� 0RUH�
5HOLDEOH� 6RIWZDUH�� 0DWXUH� 6RIWZDUH� (QJLQHHULQJ� 3URFHVV� YV��
6WDWH�RI�WKH�$UW� 7HFKQRORJ\�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
6RIWZDUH�(QJLQHHULQJ��,&6(��������


