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7KLV 3K' SRVLWLRQ LV LQ WKH FRQWH[W RI WKH &RV:RW SURMHFW �³&RQVWUDLQHG 6HPDQWLF :HE RI 7KLQJV´�� D� � � � � � � � � � � � � � � � �
SURMHFW IXQGHG E\ WKH )UHQFK 1DWLRQDO 5HVHDUFK $JHQF\� &R6:R7 ZLOO FRQVLGHU VHPDQWLF ZHE� � � � � � � � � � � � �
WHFKQRORJLHV IRU WKH :HE RI WKLQJV �:R7�� 7KH REMHFWLYHV DUH WR SURSRVH D GLVWULEXWHG :R7�HQDEOHG� � � � � � � � � � � � � � �
VRIWZDUH DUFKLWHFWXUH HPEHGGHG RQ FRQVWUDLQHG GHYLFHV ZLWK WZR PDLQ FKDUDFWHULVWLFV� �� LW ZLOO XVH� � � � � � � � � � � � � �
RQWRORJLHV WR GHFODUDWLYHO\ VSHFLI\ WKH DSSOLFDWLRQ ORJLF RI GHYLFHV DQG WKH VHPDQWLFV RI WKH H[FKDQJHG� � � � � � � � � � � � � � �
PHVVDJHV� �� LW ZLOO DGG UHDVRQLQJ IXQFWLRQDOLWLHV WR GHYLFHV� VR DV WR GLVWULEXWH SURFHVVLQJ WDVNV DPRQJ� � � � � � � � � � � � � � � �
WKHP� 'RLQJ VR� WKH GHYHORSPHQW RI DSSOLFDWLRQV LQFOXGLQJ GHYLFHV RI WKH :R7 ZLOO EH KLJKO\ VLPSOLILHG�� � � � � � � � � � � � � � � �
RXU SODWIRUP ZLOO HQDEOH WKH GHYHORSPHQW DQG H[HFXWLRQ RI LQWHOOLJHQW DQG GHFHQWUDOLVHG VPDUW :R7� � � � � � � � � � � � � �
DSSOLFDWLRQV�GHVSLWH�WKH�KHWHURJHQHLW\�RI�GHYLFHV��
7KH PDLQ REMHFWLYHV RI WKLV 3K' LV WR SURYLGH FRQWULEXWLRQV WR GLVWULEXWHG DQG HPEHGGHG UHDVRQLQJ RQ WKH� � � � � � � � � � � � � � � � �
:HE�RI�7KLQJV��
�
5HVHDUFK�/DE�
�
7KH�3K'�VWXGHQW�ZLOO�EH�D�PHPEHU�RI�WKH�/,5,6�/DERUDWRU\�LQ�/\RQ��)UDQFH���
7KH 3K' VXSHUYLVRU LV 3U )UHGHULTXH /DIRUHVW� WKH VWXGHQW ZLOO EH FR�VXSHUYLVHG ZLWK .DPDO 6LQJK IURP� � � � � � � � � � � � � � � �
/DE��+XEHUW�&XULHQ���
�
7KH /,5,6 /DE� ��KWWSV���OLULV�FQUV�IU��� LV D MRLQW UHVHDUFK XQLW RI &156 �805 ������ ,16$ /\RQ�� � � � � � � � � � � � � � �
8QLYHUVLWp &ODXGH %HUQDUG /\RQ �� 8QLYHUVLWp /XPLqUH /\RQ � DQG (FROH &HQWUDOH GH /\RQ� ,WV PDLQ� � � � � � � � � � � � � � � �
VFLHQWLILF UHVHDUFK DUHD LV FRPSXWHU VFLHQFH DQG� PRUH JHQHUDOO\� LQIRUPDWLRQ WHFKQRORJLHV� 0RUH� � � � � � � � � � � �
SUHFLVHO\� WKH 3K' VWXGHQW ZLOO EHORQJ WR WKH 7:($. WHDP RI /,5,6� ZLWK VSHFLDOLVDWLRQ LQ :HE DQG� � � � � � � � � � � � � � � � �
6HPDQWLF�:HE�WHFKQRORJLHV��LQ�SDUWLFXODU�:R7�NQRZOHGJH�UHSUHVHQWDWLRQ�DQG�GLVWULEXWHG�UHDVRQLQJ���
� �
/DE� +XEHUW &XULHQ ��KWWSV���ODERUDWRLUHKXEHUWFXULHQ�XQLY�VW�HWLHQQH�IU�HQ�LQGH[�KWPO�� LV D MRLQW UHVHDUFK� � � � � � � �
XQLW RI &156 �805 ������ 8QLYHUVLWp -HDQ 0RQQHW LQ 6DLQW�(WLHQQH� DQG WKH ,QVWLWXW G¶2SWLTXH *UDGXDWH� � � � � � � � � � � � � � �



6FKRRO� ZRUNLQJ RQ WRSLFV UHODWHG WR RSWLFV� SKRWRQLFV DQG PLFURZDYH� FRPSXWHU VFLHQFH� WHOHFRP DQG� � � � � � � � � � � � � �
LPDJH� 7KH PHPEHUV IURP /D+& LQYROYHG LQ WKH &R6:R7 SURMHFW LQFOXGH UHVHDUFKHUV RI LWV WHDP QDPHG� � � � � � � � � � � � � � � �
DV .QRZOHGJH 5HSUHVHQWDWLRQ DQG 5HDVRQLQJ WHDP� 7KH\ DUH VSHFLDOLVHG LQ VHPDQWLF GDWD VWUHDPV� � � � � � � � � � � � �
SURFHVVLQJ��HIILFLHQW�UHDVRQLQJ�DQG�ZHE�RI�WKLQJV��
�
2EMHFWLYHV�DQG�H[SHFWHG�FRQWULEXWLRQV�RI�WKH�3K'�
�
7KH REMHFWLYH RI WKH 3K' WKHVLV LV WR GHVLJQ DQ HIILFLHQW LQFUHPHQWDO HPEHGGHG DQG GLVWULEXWHG UHDVRQHU� � � � � � � � � � � � � � � �
IRU WKH :HE RI 7KLQJV �:R7�� 7KH LGHD LV WKDW WKH UHDVRQHU VKRXOG EH DEOH WR ZRUN RQ FRQVWUDLQHG DQG� � � � � � � � � � � � � � � � � � � �
DXWRQRPRXV GHYLFHV� 7KH WDUJHW DUFKLWHFWXUH LV EDVHG RQ HGJH PDLQ FRPSRQHQWV� LQFOXGLQJ VHQVRUV DQG� � � � � � � � � � � � � �
DFWXDWRUV�DV�ZHOO�DV�JDWHZD\V�RI�YDULRXV�FRPSXWLQJ�FDSDELOLWLHV���
7KHUH DUH VRPH H[LVWLQJ ZRUNV RQ UHDVRQHUV VXFK DV >����@� +RZHYHU� WKH\ DUH QRW VXLWDEOH IRU :R7 DQG� � � � � � � � � � � � � � � � � �
GLYHUVHO\ FRQVWUDLQHG REMHFWV� $V DOO GHYLFHV DUH QRW FDSDEOH RI SHUIRUPLQJ DOO UHDVRQLQJ WDVNV �VRPH� � � � � � � � � � � � � � �
FDQQRW HYHQ VWRUH HQRXJK GDWD�� WKH JRDO ZLOO EH WR GHVLJQ D GLVWULEXWHG UHDVRQHU VXLWDEOH IRU D VHW RI� � � � � � � � � � � � � � � � � � �
FRQVWUDLQHG REMHFWV� :H WDUJHW D SDUDGLJP RI HGJH LQWHOOLJHQFH ZKHUH LQFUHPHQWDO UHDVRQLQJ FRQFHUQV� � � � � � � � � � � � �
ERWK VHQVRU GDWD VWUHDPV DQG FRQWH[WXDO GDWD� $V LW LV SUREDEOH WKDW DOO FRQVWUDLQHG REMHFWV ZLOO QRW EH DEOH� � � � � � � � � � � � � � � � � � �
WR H[HFXWH DOO UHDVRQLQJ WDVNV� GLVWULEXWLQJ WKHVH WDVNV RYHU D QHWZRUN RI :R7 QRGHV ZLOO DOVR EH� � � � � � � � � � � � � � � � �
QHFHVVDU\�>���@��
�
3URJUDP�
�
0� � 0�� WKH 3K' VWXGHQW LV H[SHFWHG WR VWXG\ WKH VWDWH RI WKH DUW WR FKHFN WKH H[LVWLQJ ZRUN RQ HPEHGGHG� � � � � � � � � � � � � � � � � � � � � �
UHDVRQLQJ�DQG�GLVWULEXWHG�UHDVRQLQJ���
�
0� � 0��� HPEHGGHG UHDVRQLQJ RQ :R7� 7KH REMHFWLYH LV WR GHVLJQ DQG GHYHORS DQ HIILFLHQW LQFUHPHQWDO� � � � � � � � � � � � � � � � �
LQIHUHQFH SURFHVVRU WKDW FDQ EH H[HFXWHG RQ FRQVWUDLQHG DQG DXWRQRPRXV GHYLFHV� ZKLOH FRQIRUPLQJ WR WKH� � � � � � � � � � � � � � �
VWDQGDUGV RI WKH :HE DQG WKH 6HPDQWLF :HE� 7KH GLYHUVLW\ RI REMHFWV PD\ OHDG WR SURILOH�UHODWHG� � � � � � � � � � � � � � � �
UHDVRQLQJ�FRPSHWHQFHV��
�
0�� � 0��� GLVWULEXWHG UHDVRQLQJ LQ WKH HGJH� 7KH REMHFWLYH LV WR GHILQH D PHWKRG IRU WKH GLVWULEXWLRQ RI� � � � � � � � � � � � � � � � � � �
UHDVRQLQJ DPRQJ WKH HGJH DQG GHYLFHV� ZKHUH HDFK GHYLFH FROODERUDWLYHO\ SHUIRUPV D SDUW RI WKH� � � � � � � � � � � � � � �
UHDVRQLQJ�WDVNV��
�
0�� � 0��� ,Q WKH ODVW \HDU RI WKH 3K' WKHVLV� WKH VWXGHQW ZLOO IRFXV RQ H[SHULPHQWDWLRQV DQG ILHOG� � � � � � � � � � � � � � � � � � �
H[SHULPHQWV IRU WKH &R6:R7 SURMHFW DQG HYDOXDWLRQ RI WKH ZRUN SURSRVHG LQ WKH WKHVLV� 7KLV WLPH ZLOO� � � � � � � � � � � � � � � � �
DOVR�EH�GHGLFDWHG�WR�ZULWH�WKH�WKHVLV�PDQXVFULSW�DQG�GHIHQG�WKH�3K'��
�
$W HDFK VWHS RI WKLV SURJUDP� FROODERUDWLRQ ZLWK WKH &R6:R7 SURMHFW FRQVRUWLXP ZLOO EULQJ XVH FDVHV DQG� � � � � � � � � � � � � � � � �
HYDOXDWLRQ PDWHULDO� DV ZHOO DV RWKHU VXSSRUW OLNH WKH VRIWZDUH SODWIRUP IRU FRPPXQLFDWLRQ EHWZHHQ� � � � � � � � � � � � � �
GHYLFHV��LQWHURSHUDELOLW\�NQRZOHGJH�JUDSKV�RU�XVH�FDVHV��3XEOLFDWLRQV�DUH�DOVR�H[SHFWHG�DW�HDFK�VWHS��
�
�
�



&DQGLGDWH�3URILOH�
�
0��LQ�FRPSXWHU�VFLHQFH��
6NLOOV�LQ�VHPDQWLF�ZHE�NQRZOHGJH�UHSUHVHQWDWLRQ�DQG�UHDVRQLQJ�DUH�UHTXLUHG��
3URILFLHQF\�LQ�WKH�(QJOLVK�ODQJXDJH�IRU�VSHDNLQJ��ZULWLQJ�DQG�UHDGLQJ�DUH�QHFHVVDU\��
([SHULHQFH�LQ�WKH�5XVW�SURJUDPPLQJ�ODQJXDJH�LV�D�SOXV��
�
)UHQFK�ODQJXDJH�VNLOOV�DUH�QRW�D�SUHUHTXLVLWH��)RU�QRQ�)UHQFK�VSHDNHUV��)UHQFK�OHVVRQV�ZLOO�EH�SURYLGHG�
IRU�IUHH�E\�,16$�/\RQ��)UHQFK�DV�D�)RUHLJQ�/DQJXDJH���
'HSHQGLQJ�RQ�WKH�FDQGLGDWH�QDWLYH�ODQJXDJH��)UHQFK�RU�(QJOLVK�ZLOO�EH�WKH�ZRUNLQJ�ODQJXDJH��
�
6DODU\����DURXQG�����¼�QHW�SHU�PRQWK�GXULQJ���\HDUV�
�
([SHFWHG�VWDUWLQJ�GDWH���2FWREUH������
�
3ODFH�RI�ZRUN��
�
/,5,6��,16$�/\RQ�
��DYHQXH�&DSHOOH��������9LOOHXUEDQQH���)UDQFH�
,16$�/\RQ���KWWSV���ZZZ�LQVD�O\RQ�IU�HQ����LV�WKH�ODUJHVW�HQJLQHHULQJ�VFKRRO�LQ�)UDQFH��,W�LV�D�UHQRZQHG�
VFKRRO�ZLWK�D�YHU\�G\QDPLF�VWXGHQW�FRPPXQLW\��
�
7R�DSSO\��
�
&DQGLGDWHV�VKRXOG�VHQG�WKH�IROORZLQJ��

Ɣ $�PRWLYDWLRQ�OHWWHU�
Ɣ $�&9�
Ɣ $OO�GRFXPHQWV�DWWHVWLQJ�WKH�UHTXLUHG�VNLOOV�DQG�NQRZOHGJH�
Ɣ $FDGHPLF�UHFRUGV�DQG�WUDQVFULSWV�RI�0DVWHU�
Ɣ &RQWDFW�LQIRUPDWLRQ�RI���SURIHVVRUV�ZKR�FDQ�SURYLGH�UHFRPPHQGDWLRQ�RQ�WKH�FDQGLGDWH�

�
7KH�DSSOLFDWLRQV�VKRXOG�EH�VHQW�WR�IUHGHULTXH�ODIRUHVW#OLULV�FQUV�IU�
�
$SSOLFDWLRQ�'HDGOLQH�������������
�
5HIHUHQFHV�
�
>�@�1HQRY��<���3LUR��5���0RWLN��%���+RUURFNV��,���:X��=���	�%DQHUMHH��-��5')R[��$�KLJKO\�VFDODEOH�5')�
VWRUH��,Q�,6:&��������������
>�@�7HUGMLPL��0���0pGLQL��/���0ULVVD��0��+\/$5��+\EULG�/RFDWLRQ�$JQRVWLF�5HDVRQLQJ��,Q�(6:&�'HYV�
:RUNVKRS�������
>�@�7HUGMLPL��0���0pGLQL��/���0ULVVD��0��+\/$5���,PSURYLQJ�+\EULG�/RFDWLRQ�$JQRVWLF�5HDVRQLQJ�ZLWK�
,QFUHPHQWDO�5XOH�EDVHG�8SGDWH��,Q�:::�������FRPSDQLRQ�YROXPH��



>�@�7HUGMLPL��0���0pGLQL��/���0ULVVD��0��:HE�5HDVRQLQJ�XVLQJ�)DFW�7DJJLQJ��,Q�:::�������FRPSDQLRQ�
YROXPH�
>�@�&KHYDOLHU��-���6XEHUFD]H��-���*UDYLHU��&���/DIRUHVW��)��6OLGHU��DQ�(IILFLHQW�,QFUHPHQWDO�5HDVRQHU��,Q�
6,*02'�������
>�@�&KHYDOLHU��-���6XEHUFD]H��-���*UDYLHU��&���/DIRUHVW��)��,QFUHPHQWDO�DQG�'LUHFWHG�5XOH�%DVHG�,QIHUHQFH�
RQ�5')6��,Q�'(;$�������
>�@�-DFRSR�8UEDQL�DQG�&HULHO�-DFREV��������$GDSWLYH�/RZ�OHYHO�6WRUDJH�RI�9HU\�/DUJH�.QRZOHGJH�
*UDSKV��,Q�3URFHHGLQJV�RI�7KH�:HE�&RQIHUHQFH�������:::�¶�����$VVRFLDWLRQ�IRU�&RPSXWLQJ�
0DFKLQHU\��1HZ�<RUN��1<��86$������±������'2,��KWWSV���GRL�RUJ�������������������������
>�@�6H\GRX[��1���'ULUD��.���+HUQDQGH]��1���	�0RQWHLO��7��('5��$�*HQHULF�$SSURDFK�IRU�WKH�'\QDPLF�
'LVWULEXWLRQ�RI�5XOH�%DVHG�5HDVRQLQJ�LQ�D�&ORXG�)RJ�FRQWLQXXP��,Q�6HPDQWLF�:HE�-RXUQDO��������
KWWS���VHPDQWLF�ZHE�MRXUQDO�QHW�V\VWHP�ILOHV�VZM�����SGI�
>�@�6X��;���/L��3���5LHNNL��-���/LX��;���.LOMDQGHU��-���6RLQLQHQ��-��3�������	�/L��<���������0DUFK���'LVWULEXWLRQ�
RI�VHPDQWLF�UHDVRQLQJ�RQ�WKH�HGJH�RI�LQWHUQHW�RI�WKLQJV��,Q������,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
3HUYDVLYH�&RPSXWLQJ�DQG�&RPPXQLFDWLRQV��3HU&RP���SS��������,(((��
>��@�0DDUDOD��$��,���6X��;���	�5LHNNL��-����������6HPDQWLF�UHDVRQLQJ�IRU�FRQWH[W�DZDUH�,QWHUQHW�RI�7KLQJV�
DSSOLFDWLRQV��,(((�,QWHUQHW�RI�7KLQJV�-RXUQDO�����������������
>��@�5HQ��;���	�&XUp��2��6WULGHU��$�K\EULG�DGDSWLYH�GLVWULEXWHG�5')�VWUHDP�SURFHVVLQJ�HQJLQH��,Q�
,QWHUQDWLRQDO�6HPDQWLF�:HE�&RQIHUHQFH��SS������������6SULQJHU��&KDP���������
>��@�6X��;���*LOPDQ��(���:HW]��3���5LHNNL��-���=XR��<���	�/HSSlQHQ��7���������-XQH���6WUHDP�UHDVRQLQJ�IRU�
WKH�,QWHUQHW�RI�7KLQJV��&KDOOHQJHV�DQG�JDS�DQDO\VLV��,Q�3URFHHGLQJV�RI�WKH��WK�,QW��&RQI��RQ�:HE�
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