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Preface

7KH� ILUVW�17&,5�:RUNVKRS�� KHOG� LQ�7RN\R��$XJXVW� ��¤6HSWHPEHU� ��������� LV� WKH� ILUVW� HYDOXDWLRQ

ZRUNVKRS�GHVLJQHG�WR�HQKDQFH�UHVHDUFK�LQ�-DSDQHVH�WH[W�UHWULHYDO��3DUWLFLSDWLQJ�JURXSV�HQUROOHG�IRU

WKH�:RUNVKRS� E\�2FWREHU� ���� ������)URP�1RYHPEHU���� ������ WKH� ¦7HVW�&ROOHFWLRQ� �� �17&,5����

3UHOLPLQDU\� YHUVLRQ§�� ZKLFK� FRQWDLQV� PRUH� WKDQ� �������� GRFXPHQWV�� ZDV� GLVWULEXWHG� WR� HDFK

SDUWLFLSDWLQJ� JURXS��7KH� GRFXPHQWV� DUH� VXPPDULHV�RI� FRQIHUHQFH� SDSHUV� SUHVHQWHG� DW� DFDGHPLF� RU

SURIHVVLRQDO�FRQIHUHQFHV�KRVWHG�E\����-DSDQHVH�DFDGHPLF�VRFLHWLHV��DQG�PRUH�WKDQ�KDOI�DUH�(QJOLVK�

-DSDQHVH� SDLUHG�� 8VLQJ� WKLV� &ROOHFWLRQ�� HDFK� SDUWLFLSDWLQJ� JURXS� KDV� FRQGXFWHG� YDULRXV� UHVHDUFK

VWXGLHV��LQFOXGLQJ�WKH�FRPPRQ�WDVNV�VHW�E\�WKH�:RUNVKRS�RUJDQL]HUV��5HVHDUFK�XVLQJ�WKH�&ROOHFWLRQ

ZLOO�EH�UHSRUWHG�DQG�GLVFXVVHG�DW�WKH�:RUNVKRS�

7KH�17&,5�:RUNVKRS�LV�FR�VSRQVRUHG�E\�WKH�1DWLRQDO�&HQWHU�IRU�6FLHQFH�,QIRUPDWLRQ�6\VWHPV

�1$&6,6�� DQG� WKH� -DSDQ� 6RFLHW\� IRU� WKH� 3URPRWLRQ� RI� 6FLHQFH� DV� SDUW� RI� WKH� ¦5HVHDUFK� IRU� WKH

)XWXUH§�3URJUDP��-636�5)7)��3��������7KH�JRDOV�DUH�DV�IROORZV�

���� WR�HQFRXUDJH�UHVHDUFK�LQ�LQIRUPDWLRQ�UHWULHYDO��FURVV�OLQJXDO�LQIRUPDWLRQ�UHWULHYDO�DQG�UHODWHG

DUHDV�E\�SURYLGLQJ�D�ODUJH�VFDOH�-DSDQHVH�WHVW�FROOHFWLRQ�DQG�D�FRPPRQ�HYDOXDWLRQ�VHWWLQJ�WKDW

DOORZV�FURVV�V\VWHP�FRPSDULVRQV

���� WR�SURYLGH�D�IRUXP�IRU�UHVHDUFK�JURXSV�LQWHUHVWHG�LQ�FRPSDULQJ�UHVXOWV�DQG�H[FKDQJLQJ�LGHDV

DQG�RSLQLRQV�LQ�DQ�LQIRUPDO�DWPRVSKHUH

���� WR�LPSURYH�WKH�TXDOLW\�RI�WKH�7HVW�&ROOHFWLRQV�EDVHG�RQ�IHHGEDFN�IURP�SDUWLFLSDQWV

���� WR� LQYHVWLJDWH� PHWKRGV� IRU� FRQVWUXFWLQJ� D� ODUJH�VFDOH� WHVW� FROOHFWLRQ� DQG� FRUSXV� LQFOXGLQJ

-DSDQHVH�WH[W�DQG�HYDOXDWLRQ�PHWKRGV�

:LWK�WKH�SURVSHULW\�RI�WKH�,QWHUQHW��WKH�LPSRUWDQFH�RI�UHVHDUFK�LQ�,QIRUPDWLRQ�5HWULHYDO��,5��DQG

UHODWHG� WHFKQRORJLHV� LV� LQFUHDVLQJ� WUHPHQGRXVO\��5HVHDUFK� DQG� GHYHORSPHQW� RI� ,5� V\VWHPV� DOZD\V

UHTXLUH�VROLG�HYLGHQFH�EDVHG�RQ�UHWULHYDO�WHVWLQJ�WR�VKRZ�WKH�VXSHULRULW\�RI�WKH�SURSRVHG�V\VWHP�RYHU

SUHYLRXV�RQHV��$�WHVW�FROOHFWLRQ�LV�D�GDWD�VHW�XVHG�IRU�VXFK�UHWULHYDO�WHVWLQJ�

7KH�LPSRUWDQFH�RI�ODUJH�VFDOH�VWDQGDUG�WHVW�FROOHFWLRQV�LQ�,5�UHVHDUFK�KDV�EHHQ�ZLGHO\�UHFRJQL]HG�

)XQGDPHQWDO�,5�SURFHGXUHV�OLNH�VWRSSLQJ��VWHPPLQJ�DQG�TXHU\�DQDO\VLV�DUH�ODQJXDJH�GHSHQGHQW��,Q

SDUWLFXODU�� LQGH[LQJ� WH[WV� ZULWWHQ� LQ� -DSDQHVH� RU� RWKHU� (DVW� $VLDQ� ODQJXDJHV� VXFK� DV� &KLQHVH� RU

.RUHDQ��DUH�TXLWH�GLIIHUHQW�IURP�WKRVH�LQ�(QJOLVK��)UHQFK�RU�RWKHU�(XURSHDQ�ODQJXDJHV�VLQFH�WKHUH�DUH

QR�H[SOLFLW�ERXQGDULHV��L�H���QR�VSDFHV��EHWZHHQ�ZRUGV�LQ�D�VHQWHQFH��)RU�-DSDQHVH��WKH�RQO\�VWDQGDUG

WHVW�FROOHFWLRQ��%0,5�-���KDV�EHHQ�XVHG�E\�PRUH� WKDQ����JURXSV�DQG�KDV�FRQWULEXWHG�JUHDWO\� WR� ,5

UHVHDUFK�LQ�-DSDQ��+RZHYHU��WKHUH�DUH�VWLOO�DFXWH�QHHGV�IRU�HQKDQFHPHQW�RI�WKH�WHVW�FROOHFWLRQ�LQ�ERWK

YDULHWLHV� RI� WH[W� W\SHV� DQG� VFDOH�� 7KH� QHHG� IRU� FURVV�OLQJXDO� UHWULHYDO� LV� DOVR� DFXWH� LQ� WKH� ,QWHUQHW

HQYLURQPHQW��,Q�RUGHU�WR�UHVSRQG�WR�WKHVH�QHHGV��ZH�DLP�WR�FRQVWUXFW�D�ODUJH�VFDOH�WHVW�FROOHFWLRQ�WKDW

ZLOO�DOVR�EH�XVDEOH�IRU�FURVV�OLQJXDO��UHWULHYDO�DQG�WKH�DSSOLFDWLRQ�RI�1/3�WR�,5��6R�IDU��,5�UHVHDUFK�LQ

-DSDQ�KDV� IRFXVHG�YHU\�PXFK�RQ� VHJPHQWDWLRQ� UDWKHU� WKDQ�RQ� WKH� UHWULHYDO�PRGHOV� WKHPVHOYHV��:H

KRSH�WKDW�WKLV�:RUNVKRS�ZLOO�SURYLGH�DQ�RSSRUWXQLW\�WR�JR�IXUWKHU�LQWR�UHVHDUFK�RQ�PRGHOV�DV�ZHOO�DV

VHJPHQWDWLRQ��:H�KDYH�RUJDQL]HG�WKLV�:RUNVKRS�DV�D�IRUXP�IRU�UHVHDUFK�JURXSV�LQWHUHVWHG�LQ�FURVV�

V\VWHP�FRPSDULVRQV�DQG�H[FKDQJLQJ�LGHDV�DQG�RSLQLRQV�

7KLUW\�RQH� JURXSV�� LQFOXGLQJ� SDUWLFLSDQWV� IURP� VL[� FRXQWULHV�� KDYH� HQUROOHG�� $PRQJ� WKHP�� ��

JURXSV�HQUROOHG�LQ�,5�WDVNV��WZHQW\�WKUHH�LQ�WKH�$G�+RF�7DVN�DQG����LQ�WKH�&URVV�/LQJXDO�7DVN���DQG

QLQH�LQ�WKH�7HUP�5HFRJQLWLRQ�7DVN��7HQ�DUH�IURP�FRPSDQLHV�DQG����DUH�IURP�XQLYHUVLWLHV�RU�QDWLRQDO

UHVHDUFK� LQVWLWXWHV��5HVXOWV�ZHUH� VXEPLWWHG� E\� WKH� IROORZLQJ� JURXSV� DQG�ZH� JUHDWO\� DSSUHFLDWH� WKH

HIIRUWV�DQG�HQHUJ\�RI�HDFK�JURXS�WRZDUGV�UHVHDUFK�XVLQJ�WKH�&ROOHFWLRQ�

)XML�;HUR[�&R���/WG���)XML�;HUR[�,7'&�

)XMLWVX�/DERUDWRULHV�/WG���)8-,768�21(�

&HQWUDO�5HVHDUFK�/DERUDWRU\��+LWDFKL��/WG�

-8676<67(0�&RUSRUDWLRQ



ii

'HSDUWPHQW� RI� ,QIRUPDWLRQ� 6FLHQFH�� .DQDJDZD� 8QLYHUVLW\� �+\SHU� %UDLQ� .QRZOHGJH

,QIUDVWUXFWXUH�*URXS�

.DQDJDZD�8QLYHUVLW\��*RWR�/DE��

.RUHD�$GYDQFHG�,QVWLWXWH�RI�6FLHQFH�DQG�7HFKQRORJ\��.$,67�.257(50�

0DQFKHVWHU�0HWURSROLWDQ�8QLYHUVLW\

0XOWLPHGLD�6\VWHPV�5HVHDUFK�/DERUDWRU\��0DWVXVKLWD�(OHFWULF�,QGXVWULDO�&R���/WG�

&RPPXQLFDWLRQV�5HVHDUFK�/DERUDWRU\��0LQLVWU\�RI�3RVWV�DQG�7HOHFRPPXQLFDWLRQV

1$&6,6��7KH�6WUXFWXUHG�,QGH[�7HDP�

1DWXUDO�/DQJXDJH�3URFHVVLQJ�/DERUDWRU\��1DWLRQDO�7DLZDQ�8QLYHUVLW\

+XPDQ�0HGLD�5HV��/DEV���1(&�&RUS

1(&�&	&�0(',$�5(6($5&+�/$%25$725,(6

177�&RPPXQLFDWLRQ�6FLHQFH�/DERUDWRULHV��$,5&6�

50,7�&RPSXWHU�6FLHQFH�	�&6,52�0DWKV�DQG�,QIRUPDWLRQ�6FLHQFH

7RN\R�8QLYHUVLW\�RI�7HFKQRORJ\��.DPHGD�/DERUDWRU\�

7RVKLED�5	'�&HQWHU

7R\RKDVKL�8QLYHUVLW\�RI�7HFKQRORJ\��6RIWZDUH�6\VWHP�/DERUDWRU\�

8QLYHUVLW\�RI�&DOLIRUQLD�%HUNHOH\��8&�%HUNHOH\�7H[W�5HWULHYDO�5HVHDUFK�*URXS�

8QLYHUVLW\�RI�/LEUDU\�DQG�,QIRUPDWLRQ�6FLHQFH

8QLYHUVLW\�RI�0DU\ODQG

'HSDUWPHQW�RI� ,QIRUPDWLRQ�6FLHQFH�	� ,QWHOOLJHQW�6\VWHPV��8QLYHUVLW\�RI�7RNXVKLPD� �$RH

/DERUDWRU\�

*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��8QLYHUVLW\�RI�7RN\R

,QIRUPDWLRQ� 7HFKQRORJ\� &HQWHU�� 7KH� 8QLYHUVLW\� RI� 7RN\R� DQG� <RNRKDPD� 1DWLRQDO

8QLYHUVLW\��1DNDJDZD�/DE��

8QLYHUVLW\�RI�7VXNXED

6FKRRO�RI�6FLHQFH�DQG�(QJLQHHULQJ��:DVHGD�8QLYHUVLW\��6KLUDL�/DE��

:H� DUH� H[WUHPHO\� JUDWHIXO� WR� WKH� ��� DFDGHPLF� VRFLHWLHV� �KWWS���ZZZ�UG�QDFVLV�DF�MS�aQWFDGP�

WKDQNV��HQ�KWPO�� IRU� WKHLU� XQGHUVWDQGLQJ� RI� WKH� 3URMHFW� DQG� IRU� SURYLGLQJ� SHUPLVVLRQ� WR� XVH

GRFXPHQW�GDWD� IRU� WKH�7HVW�&ROOHFWLRQ��DQG� WR� WKH� ,QIRUPDWLRQ�3URFHVVLQJ�6RFLHW\�RI� -DSDQ�DQG� LWV

6SHFLDO� ,QWHUHVW� *URXS� RQ� ,QIRORJ\� IRU� WKHLU� FR�RSHUDWLRQ� DQG� SURYLGLQJ� YDULRXV� RSSRUWXQLWLHV� RI

SUHVHQWDWLRQ� RQ� WKH�17&,5�3URMHFW��:H�ZRXOG� OLNH� WR� WKDQN�'U�'RQQD�+DUPDQ� �1,67��86$���'U

0XQ�.HZ� /HRQJ� �.5'/�� 6LQJDSRUH��� 'U� 6XQJ� +\XQ� 0\DHQJ� �1DWLRQDO� &KXQJQDP� 8QLYHUVLW\�

.RUHD��� 0U� <DVXVKL� 2JDZD� �5LFRK�� -DSDQ��� 3URI� 6WHSKDQ� (�� 5REHUWVRQ� �0LFURVRIW�� 8.��� 0U

7VX\RVKL� .LWDQL� �177� 'DWD�� -DSDQ��� 'U� (OOHQ� 9RRUKHHV� �1,67�� 86$�� DQG� 'U� 5RVV� :LONLQVRQ

�&6,52� DQG� 50,7�� $XVWUDOLD�� IRU� WKHLU� VXEVWDQWLDO� DGYLFH� DQG� KHOSIXO� FRPPHQWV� RQ� WKH� 17&,5

3URMHFW��6SHFLDO�WKDQNV�JR�WR�'UV�(OOHQ�9RRUKHHV�DQG�'RQQD�+DUPDQ��1,67��86$��IRU�SHUPLWWLQJ�WKH

XVH�RI�75(&©V�HYDOXDWLRQ�SURJUDP�DQG�VFULSWV�WR�FKHFN�VHDUFK�UHVXOW�ILOHV�

$QDO\VWV�RI� ,5� UHOHYDQFH� DVVHVVPHQWV� DQG� WKRVH�ZKR�XQGHUWRRN� WKH�KDQG�WDJJLQJ�RI� WKH� FRUSXV

KDYH�DOO�ZRUNHG�YHU\�KDUG��:LWKRXW�WKHLU�FRQWULEXWLRQ��WKH�:RUNVKRS�FRXOG�QRW�KDYH�EHFRPH�D�UHDOLW\�

)LQDOO\��KDUG�ZRUN�E\�D�GHGLFDWHG�JURXS�LV�QHFHVVDU\�IRU�WKH�VXFFHVV�RI�DQ\�SURMHFW��7KH�KDUG�ZRUN�RI

PDQ\�SHRSOH�LQ�1$&6,6�DQG�HOVHZKHUH�PXVW�EH�DFNQRZOHGJHG��:H�KDYH�EHHQ�DEOH�WR� OLVW�VRPH�RI

WKHVH�SHRSOH�RQ�WKH�¦:RUNVKRS�2UJDQL]DWLRQ§�SDJH�

:H�ORRN�IRUZDUG�WR�WKH�:RUNVKRS�DQG�GR�KRSH�WKDW�\RX�ZLOO�HQMR\�WKH�:RUNVKRS�

1RULNR�.DQGR

$XJXVW�����


