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<HDU���RI��31$�'ULYHQ�5HPRWH�$FWXDWLRQ�RI�'1$�1DQRVSULQJ�6WUDLQ�6HQVRUV�
$)265�<,3�DZDUG��)$����������������<HDU�����3HULRG�RI�3HUIRUPDQFH��������������������
3,��5HEHFFD�7D\ORU��&DUQHJLH�0HOORQ�8QLYHUVLW\
<HDU���3HULRG�RI�3HUIRUPDQFH����������ş��������

����<HDUV���DLPV

7KH <HDU � H[WHQVLRQ RI WKLV SURMHFW LV HQDEOLQJ WKH H[SHULPHQWDO YDOLGDWLRQ RI WKH �' OHYHU
FRQFHSW� LQYROYLQJ WKH V\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI WKH GHYLFH DQG D GHHSHU H[SORUDWLRQ RI
WKH GHVLJQ VSDFH DYDLODEOH IRU VLPLODU VWUXFWXUHV� 7KLV \HDU RI VXSSRUW LV DOORZLQJ XV WR
LQYHVWLJDWH WKH DFWXDWLRQ RI QRYHO J31$�EDVHG QDQRıEHUV� DQG ıQDOO\ WKH LQWHJUDWLRQ RI WKH �'
OHYHU ZLWK WKH '1$ QDQRVSULQJV ZRXOG HQDEOH WKH PDMRU HQGSRLQW RI WKH LQLWLDO <,3� WKH
GHPRQVWUDWLRQ RI D FRQIRUPDWLRQ�UHSRUWLQJ ĲXRUHVFHQW QDQRVSULQJ FRQVWUXFW� 7KHVH DFWLYLWLHV
DUH FDSWXUHG LQ WKH IROORZLQJ VXEDLPV� 7R DFKLHYH WKLV JRDO� WKH �WK \HDU H[WHQVLRQ KDV WKH
IROORZLQJ IRXU VXEDLPV� ��� )LUVW GHPRQVWUDWLRQ RI QDQRVFDOH ŗ2ULFHSVŘ VHQVRU� ��� &UHDWH
GHVLJQ WRRO IRU RULFHSV E\ PDSSLQJ WKH GHVLJQ VSDFH� ��� ([SORUH DFWXDWDEOH 31$ V\VWHPV DQG
DWWDFK�RULFHSV������8VH�RULFHSV�WR�PHDVXUH�VXE��QP�RU�JUHDWHU�WKDQ��QP�VHSDUDWLRQV�

����3URJUHVV�LQ�<HDU��

7KLV DGGLWLRQDO \HDU RI VXSSRUW LV DOORZLQJ XV WR FRPSXWDWLRQDOO\ DQG H[SHULPHQWDOO\
FKDUDFWHUL]H RXU QDQRVFDOH �' OHYHU VHQVRU ZKLOH ZRUNLQJ WR LQFUHDVH WKH ZDWHU�VROXELOLW\ RI RXU
31$�QDQRıEHU�VWUXFWXUHV�

��� <HDU � 6XEDLP �� 6\QWKHVL]H� SXULI\� DQG FKDUDFWHUL]H ıUVW GHPRQVWUDWLRQV RI �2ULFHSV�
GLVSODFHPHQW VHQVRUV� DQG PHDVXUH VHQVRU )5(7 HĴFLHQF\ DV D IXQFWLRQ RI KDQGOH VHSDUDWLRQ
WR�JHQHUDWH�FDOLEUDWLRQ�FXUYHV�IRU��'�QDQROHYHUV�

%ULHĲ\� ĲXRUHVFHQW VWUDLQ PHDVXUHPHQWV WR GDWH DUH OLPLWHG WR PHDVXULQJ GLVWDQFHV IURP � WR
�QP� 6WUXFWXUDO '1$ QDQRWHFKQRORJ\ DSSURDFKHV KDYH VKRZQ WKH XWLOLW\ RI OHYHU� RU
FDOLSHU�EDVHG V\VWHPV IRU PHDVXULQJ ODUJHU DQG VPDOOHU QDQRVFDOH GLVWDQFHV� EXW VLPSOH OHYHUV
DUH XQDEOH WR VHQVLWLYHO\ PHDVXUH DUELWUDU\ GLVSODFHPHQWV IURP DUELWUDU\ VWDUWLQJ VHSDUDWLRQV�
EHFDXVH WKH VWDUW DQG HQG SRVLWLRQV PXVW EH PXOWLSOHV RI )5(7 PHDVXUDEOH GLVWDQFHV� OLNH �Q
WR �Q� )RU H[DPSOH� WR GDWH LW KDV QRW EHHQ SRVVLEOH WR PHDVXUH VPDOO GLVSODFHPHQWV RI MXVW D
FRXSOH QDQRPHWHUV IURP LQLWLDO ZLGH VHSDUDWLRQV LQ WKH WHQV RI QDQRPHWHUV UDQJH� EHFDXVH
FDOLSHU V\VWHPV OLQHDUO\ VFDOH WKH VHQVLWLYLW\ RI D JLYHQ )5(7 SDLU� $ OHYHU ZLWK D ZLGH VWDUWLQJ
VHSDUDWLRQ ��Q� LV DFFRUGLQJO\ RQO\ VHQVLWLYH WR ODUJH GLVSODFHPHQWV ��Q��Q�� 2XU '1$ RULJDPL
RULFHSV GHVLJQ ZDV FUHDWHG WR GLUHFWO\ DGGUHVV WKLV SUREOHP� HQDEOLQJ WKH KLJK VHQVLWLYLW\
PHDVXUHPHQW�RI�DUELWUDU\�VWDUW�DQG�HQG�SRVLWLRQV��)LJ� ���

�



3UHYLRXV VLPXODWLRQV RI RXU ıUVW RULFHSV GHVLJQ VKRZHG VXEVWDQWLDO DSSDUHQW GHSDUWXUH IURP
WKH H[SHFWHG EHKDYLRU DW KLJK KDQGOH VHSDUDWLRQV �a����QP�� ,Q WKLV UHJLPH� WKH ĲH[LELOLW\ RI WKH
VWUXFWXUH ORZHUV WKH HQHUJHWLF EDUULHU RI RQH RI WKH MDZV FRPSOHWHO\ XQIROGLQJ DQG WKH VWUXFWXUH
LV XQDEOH WR UHWDLQ LWV V\PPHWULF IROGHG VKDSH� 7KLV OHDGV WR D UDSLG LQFUHDVH LQ MDZ VHSDUDWLRQ�
XQWLO WKH RWKHU MDZ XQIROGV DW ZKLFK SRLQW LW UHDFKHV LWV PD[LPXP VHSDUDWLRQ �ĲDW XQIROGHG
FRQıJXUDWLRQ�� 7R DGGUHVV WKLV LVVXH� WKH �' OHYHU ZDV UHGHVLJQHG XVLQJ D QHZ ZLUHIUDPH
GHVLJQ WRRO� 0DJLF'1$ �+XDQJ HW DO� 1DWXUH 0DWHULDOV ������ ZKLFK HQDEOHV WKH FUHDWLRQ RI VWLĳ
ZLUHIUDPH�PHFKDQLVPV��ZKRVH�HGJHV�FRQVLVW�RI���KHOL[�EXQGOHV��DV�VKRZQ�LQ )LJ�����

2XU FXUUHQW RULFHSV GHVLJQ KDV WKH IROORZLQJ FULWLFDO GLPHQVLRQV� D  ���� QP� E  ���� QP� DQG
F  ���� QP� 2XU DQDO\WLFDO PRGHO RI WKH V\VWHP SUHGLFWV SHDN )5(7 ZKHQ WKH VWDUWLQJ KDQGOH
VHSDUDWLRQ� +�� HTXDOV ���� QP DQG WKH FKDQJH RI KDQGOH VHSDUDWLRQ� G+� HTXDOV ���� QP� 2XU
OHYHU LV GHVLJQHG WR RSHUDWH LQ WKH PRVW VHQVLWLYH UDQJH RI WKH )5(7 SDLUV� UHSRUWLQJ SHDN )5(7
DW ���� QP DQG PLQLPXP )5(7 DW ���� QP� 7KLV LV XQOLNH D OLQHDU�VFDOLQJ OHYHU� ZKLFK ZRXOG
QHHG WR VFDOH WKH GLVWDQFHV XS ��� WLPHV WR KDYH 3($. )5(7 DW ���� QP� +RZHYHU D
GLVSODFHPHQW RI ��
�����
���� DERXW ���� QP WR ���� QP ZRXOG EH UHTXLUHG WR KDYH PLQLPDO
)5(7� ,Q SUDFWLFH� WKHUHIRUH� D OLQHDU�VFDOLQJ OHYHU ZRXOG RSHUDWH LQ MXVW D IUDFWLRQ �LQ WKLV FDVH
DERXW KDOI� RI WKH )5(7�VHQVLWLYH UDQJH� VXEVWDQWLDOO\ UHGXFLQJ WKH VLJQDO WR QRLVH UDWLR IRU
PHDVXUHPHQWV�

7KURXJK PXOWLSOH URXQGV RI FRDUVH�JUDLQHG VLPXODWLRQ LQ R['1$ ZH WXQHG WKH GHVLJQ RI WKHVH
RULFHSV� &RDUVH�JUDLQHG PROHFXODU G\QDPLFV VLPXODWLRQV ZHUH SHUIRUPHG WR GHWHUPLQH WKH
PHDQ FRQıJXUDWLRQV DW HTXLOLEULXP ZKHQ WKH KDQGOHV ZHUH KHOG DW VSHFLıF GLVSODFHPHQWV
VLPXODWHG�SRWHQWLDO�ZHOOV�DQG�GRXEOH�VWUDQGHG�WUXVV�FRQQHFWRUV��)LJ�����

�



)OXRURSKRUH VHSDUDWLRQV ZHUH H[WUDFWHG IURP WKRVH PHDQ FRQıJXUDWLRQV DQG H[SHFWHG UHODWLYH
ĲXRUHVFHQFHV�YDOXHV�ZHUH�FDOFXODWHG��)LJ�����

:LWK FRQıGHQFH WKDW ĲXRUHVFHQFH FKDQJHV VKRXOG EH YLVLEOH DV GHYLFHV DUH DFWXDWHG� ZH
ıQDOL]HG RXU GHVLJQ DQG KDYH EXLOW WKLV VHFRQG LWHUDWLRQ� 2XU SUHOLPLQDU\ JHO VWXGLHV RI WKLV
GHYLFH LQGLFDWH VXEVWDQWLDO GHYLFH DJJUHJDWLRQ� ZKLFK LV FRPPRQ IRU ZLUHIUDPH VWUXFWXUHV�
+RZHYHU VKDUS EDQGV DUH DOVR YLVLEOH� LQGLFDWLQJ WKDW D IUDFWLRQ RI WKH RULJDPL DUH IRUPLQJ
GLVWLQFW VWUXFWXUHV� 7UXVVHG GHYLFHV IRUPHG ZLWK FRQVWUDLQHG KDQGOH VHSDUDWLRQV DOVR KDG
EDQGV DW GLĳHUHQW SRVLWLRQV� VXJJHVWLQJ WKDW WKH WUXVVHV VXFFHVVIXOO\ FKDQJHG WKH FRQıJXUDWLRQ
DQG�WKXV�UXQ�VSHHG�RI�WKH�QDQRVFDOH�RULFHSV�GHYLFHV��)LJ�����

�



��� <HDU � 6XEDLP �� 0DS WKH DQDO\WLFDO GHVLJQ VSDFH IRU '1$ RULJDPL�EDVHG �2ULFHSV�
VHQVRUV WR FUHDWH D VLPSOH WRRO WKDW IDFLOLWDWHV IXWXUH NLQHPDWLF V\QWKHVLV RI WKHVH VHQVRUV� 7KLV
WRRO ZLOO UHWXUQ VWUXFWXUH GLPHQVLRQV QHHGHG WR DWWDLQ GHVLUHG GHĲHFWLRQ�FRQYHUVLRQ
SHUIRUPDQFH�

7KH GHVLJQ RI WKHVH �' OHYHUV LV GHSHQGHQW RQ IRXU LQGHSHQGHQW YDULDEOHV �D�E�F� DQG ᵙ�� ZKLFK
PHDQV WKDW WR DWWDLQ D JLYHQ PDSSLQJ EHWZHHQ MDZ DQG JULSSHU PLQLPD DQG PD[LPD� ZH KDYH
DQ XQGHUGHWHUPLQHG V\VWHP� ZKLFK PD\ UHVXOW LQ WKHUH EHLQJ QXPHURXV SRVVLEOH GHVLJQV WKDW
ZLOO DFKLHYH WKH GHVLUHG EHKDYLRU� 7R DGGUHVV WKLV LVVXH DQG FUHDWH D GHVLJQ UHVRXUFH� ZH
PDSSHG WKH DQDO\WLFDO GHVLJQ VSDFH� LGHQWLI\LQJ DOO SRVVLEOH VROXWLRQV IRU DOO SRVVLEOH
MDZ�KDQGOH VHSDUDWLRQ FRQVWUDLQWV WKDW ZLOO HQDEOH KLJK VHQVLWLYLW\ )5(7� :H FDQ WKHQ HYDOXDWH
RXU RSWLRQV DQG VHOHFW WKH EHVW RQH IRU RXU DSSOLFDWLRQ �IRU H[DPSOH ZKLFK GHVLJQ GHYLDWHV WKH
OHDVW�IURP�WKH�DQDO\WLFDO�PRGHO�LQ�FRDUVH�JUDLQHG�VLPXODWLRQV��

2XU PDSSLQJ GHPRQVWUDWHG WKDW GHVLJQV H[LVW IRU QHDUO\ DOO GHVLUDEOH VWDUWLQJ DQG HQGLQJ
KDQGOH VHSDUDWLRQV �)LJ� ��� :H KDYH FUHDWHG D GDWDEDVH RI VROXWLRQV DQG D VRIWZDUH LQWHUIDFH
WKDW TXLFNO\ SURYLGHV WKH GHVLJQ SDUDPHWHUV RI PXOWLSOH GHVLJQV WKDW PHHW WKH GHVLUHG KDQGOH
VHSDUDWLRQV� $Q 69* RI D GLPHQVLRQHG ĲDW GHVLJQ LV DOVR JHQHUDWHG VR WKDW XVHUV FDQ SULQW WKHLU
GHVLJQV��FXW�WKHP�RXW��DQG�IROG�PRGHOV�RI�WKHLU�'1$�RULJDPL�RULFHSV�GHVLJQV�

��� <HDU � 6XEDLP �� ([SORUH DFWXDWLRQ RI 31$�EDVHG QDQRıEHUV XVLQJ VWUDQG GLVSODFHPHQW WR
GULYH WZLVW� EHQGLQJ DQG VWLĳHQLQJ� DQG GHYHORS QDQRıEHU GHFRUDWLRQ VWUDWHJ\ WR DWWDFK 2ULFHSV
WR�31$�EDVHG�QDQRVWUXFWXUHV�

,Q SUHYLRXV \HDUV ZH SHUIRUPHG YLVXDOL]DWLRQV RI K\EULG QDQRVWUXFWXUHV XVLQJ 3\WKRQ DQG 8&6)
&KLPHUD PROHFXODU YLVXDOL]DWLRQ� EXW WKLV DSSURDFK ZDV OLPLWHG WR PRGHOLQJ J31$ GXSOH[HV DV
VLPSOH F\OLQGHUV� ,Q ���� D QHZ WRRO FDOOHG R[9LHZ ZDV UHOHDVHG� DQG LW HQDEOHV D PDMRU
DGYDQFH IRU WKH GHVLJQ RI J31$ QDQRVWUXFWXUHV �3RSSOHWRQ HW DO� LQ 1XFOHLF $FLGV 5HVHDUFK
KWWSV���GRL�RUJ���������QDU�JNDD����� 2XU JURXS KDV FUHDWHG FXVWRP IXQFWLRQV WR GULYH WKH
FUHDWLRQ RI QXFOHLF DFLG VWUXFWXUHV WKDW PLPLF WKH KHOLFLW\ RI J31$�J31$ DV ZHOO DV J31$�'1$
GXSOH[HV��VHH )LJ���$��

8VLQJ WKLV WRRO ZH GHYHORSHG �DQG PRGHOHG LQ R[9LHZ� D QRYHO VWUXFWXUDO PRWLI IRU
VWUDQG�PLQLPDO ��KHOL[ QDQRıEHUV FRQVWUXFWHG IURP MXVW WKUHH ���EDVH J31$ ROLJRPHUV �VHH
)LJ� �% DQG �&�� 2XU QHZ ��KHOL[ QDQRıEHUV ZLOO EH XVHG WR VWXG\ QDQRıEHU VROXELOLW\ LQ
ZDWHU�EDVHG VROXWLRQV� ZKLFK LV HVVHQWLDO IRU HQDEOLQJ WKH LQWHUIDFLQJ RI '1$ RULFHSV VHQVRUV
ZLWK JDPPD31$ QDQRıEHUV� 3UHYLRXV DJJUHJDWLRQV RI QDQRıEHUV LQ ZDWHU�EDVHG VROXWLRQV
OLPLWHG WKHLU XVH DV GLVFUHWH QDQRVWUXFWXUHV� ZKLOH WKH VXUIDFWDQW SOXV '062 VROXWLRQV WKDW

�



SURYLGHG GLVFUHWH QDQRıEHUV DUH LQFRPSDWLEOH ZLWK PRVW '1$ QDQRVWUXFWXUHV �RQO\ WKH PRVW
VWDEOH�'1$�QDQRVWUXFWXUHV�FDQ�UHVLVW�GHQDWXUDWLRQ�LQ�D�����'062�VROXWLRQ��

��� <HDU � 6XEDLP �� 8WLOL]H 2ULFHSV WR PHDVXUH GLVSODFHPHQWV WKDW DUH VXE �QP RU JUHDWHU
WKDQ �QP� ZKLFK GHPRQVWUDWHV WKDW WKLV WRRO H[WHQGV WKH UDQJH RI GLVSODFHPHQWV PHDVXUDEOH
XVLQJ�D�PROHFXODU�UXOHU�WHFKQRORJ\�OLNH�)5(7�

:H KDYH YHULıHG VXFFHVVIXO IRUPDWLRQ RI RXU VWUXFWXUHV XVLQJ DWRPLF IRUFH PLFURVFRS\� DQG LQ
RXU QH[W VWHSV ZH ZLOO FKDUDFWHUL]H WKH )5(7 XVLQJ SURRI�RI�SULQFLSOH VWXGLHV RI SRWDVVLXP
UHVSRQVLYH J�TXDGUXSOH[HV� 7KHVH VWXGLHV ZLOO F\FOLFDOO\ DFWXDWH WKH RULFHSV WKURXJK EXIIHU
H[FKDQJH H[SHULPHQWV� 7KHVH H[SHULPHQWV ZLOO DOORZ XV WR H[DPLQH WKH UHVSRQVLYHQHVV RI
J�TXDGUXSOH[HV WR LRQ FRQFHQWUDWLRQ DQG� IURP DQ DOWHUQDWLYH SHUVSHFWLYH� GHPRQVWUDWH WKH
FDSDELOLWLHV RI RULFHSV DV D IOXRUHVFHQFH EDVHG GLVWDQFH VHQVRU WKDW LV LQ WKHRU\ QRW OLPLWHG WR
WUDGLWLRQDO�)5(7�SDLU�PHDVXUHPHQW�OLPLWDWLRQV�

)LJXUH �� 6XFFHVVIXO IRUPDWLRQ RI RULFHSV
'1$ RULJDPL QDQROHYHU VWUXFWXUHV KDV EHHQ
YHULıHG�E\�DWRPLF IRUFH�PLFURVFRS\�LPDJLQJ�

6HFWLRQ����6\QHUJLVWLF�DFWLYLWLHV

7KH 10	6 FRPPXQLW\ KDV EHHQ LQVWUXPHQWDO DV D QHWZRUN RI FROOHDJXHV DQG FROODERUDWRUV�
7KLV JURXS DQG WKH $)265 LQ JHQHUDO KDV EHHQ H[WUHPHO\ JHQHURXV DQG FUHDWLYH LQ FRQQHFWLQJ
PH�ZLWK�UHVRXUFHV�DQG�UHVHDUFKHUV�ZLWK�FRPSOHPHQWDU\�UHVHDUFK�LQWHUHVWV�DQG�FDSDELOLWLHV�

Ɣ 2XU JURXS LV DFWLYHO\ FROODERUDWLQJ ZLWK 1LFKRODV 6WHSKDQRSRXORV¶ WHDP DW WKH %LRGHVLJQ
,QVWLWXWH DW $UL]RQD 6WDWH 8QLYHUVLW\ RQ WKH DSSOLFDWLRQ RI 31$�SHSWLGHV IRU VHOI�DVVHPEO\
DSSOLFDWLRQV� 7KH 106 SURJUDP ZDV WKH YHQXH LQ ZKLFK RXU WHDPV FRQQHFWHG DQG
VWDUWHG�FROODERUDWLRQV�

Ɣ 2XU JURXS LV DOVR FROODERUDWLQJ ZLWK IHOORZ <,3 DZDUGHH� 6WDF\ &RSS IURP 8&,UYLQH� :H
DUH LQYHVWLJDWLQJ WKH DSSOLFDWLRQ RI 31$V IRU WKH VWDELOL]DWLRQ RI IOXRUHVFHQW VLOYHU

�



FOXVWHUV� 2XU ODEV KDYH DQRWKHU V\QHUJLVWLF FRQQHFWLRQ LQ WKDW RQH RI 6WDF\¶V IRUPHU
XQGHUJUDGXDWH UHVHDUFKHUV IURP KHU WLPH DW /$1/ LV QRZ D 3K�'� FDQGLGDWH LQ P\
UHVHDUFK�ODE�

Ɣ :H ZHUH UHFHQWO\ DZDUGHG D '85,3 JUDQW ZLWK &R�3, 3KLOLS /H'XF �0HFKDQLFDO
(QJLQHHULQJ� &08� HQWLWOHG ³3HSWLGH 1XFOHLF $FLG�%DVHG 1DQRVWUXFWXUHV DW %LRWLF DQG
$ELRWLF ,QWHUIDFHV´� 7R TXRWH IURP WKH '85,3 SURSRVDO ³7KLV LQVWUXPHQW ZLOO SULPDULO\ EH
XVHG WR FKDUDFWHUL]H WKH PRUSKRORJ\� PHFKDQLFV� DQG VXUIDFH FKDUJH GLVWULEXWLRQ RI
Ȗ31$�FRQWDLQLQJ QDQRVWUXFWXUHV DV SDUW RI DQ $)265 <RXQJ ,QYHVWLJDWRU 3URJUDP �<,3�
DZDUG HQWLWOHG ³31$�'ULYHQ 5HPRWH $FWXDWLRQ RI '1$ 1DQRVSULQJ 6WUDLQ 6HQVRUV�´ 7KLV
LQVWUXPHQW ZLOO EH XVHG WR SHUIRUP ODEHO�IUHH WLPH�FRXUVH YLVXDOL]DWLRQ RI G\QDPLF
VWUXFWXUDO FKDQJHV LQ QHXURQV WKDW DUH SDUW RI D V\QWKHWLF JXW�EUDLQ�D[LV DV SDUW RI &R�3,
3KLO /H'XF¶V $)265 DZDUG ³6\QWKHWLFDOO\ 7XQHG *XW䇲%UDLQ䇲$[LV &RPPXQLFDWLRQ�´ 7KH
VXSSRUWHG UHVHDUFK XQGHU WKLV JUDQW ZLOO EH GHVFULEHG LQ JUHDWHU GHWDLO EHORZ� 7D\ORU DOVR
DQWLFLSDWHV OHYHUDJLQJ WKH OLTXLG LPDJLQJ FDSDELOLWLHV RI WKLV HTXLSPHQW LQ QDVFHQW
UHVHDUFK LQ WKH IROORZLQJ WZR DUHDV� ��� &KDUDFWHUL]DWLRQ LQWR WKH PRUSKRORJ\ DQG
PHFKDQLFV RI Ȗ31$ QDQRVWUXFWXUHV LQ D UDQJH RUJDQLF VROYHQW VROXWLRQV� DQG ���
UHVHDUFK RQ QXFOHLF DFLG QDQRVWUXFWXUHV DQG VHQVRUV DQFKRUHG WR WKH GHOLFDWH VXUIDFH RI
WKH�FHOO�PHPEUDQH�DQG�JO\FRFDO\[�´

6HFWLRQ����5HOHYDQW�3XEOLFDWLRQV
7KLV \HDU RXU ODE KDV PXOWLSOH SDSHUV LQ SUHSDUDWLRQ� DQG LQ WKH XSFRPLQJ \HDU ZH H[SHFW WR
SUHSDUH�PDQXVFULSWV�ZLWK�ERWK�RI�RXU�106�FROODERUDWLRQV�

>�@ *XSWD� 0�.� 3HDUVH� $�� $UPLWDJH� %�� 7D\ORU� 5�(� 7HUPLQDO O\VLQH GHFRUDWLRQ LPSURYHV
VROXELOLW\�RI�VWUDQG�PLQLPDO�PLFURQ�VFDOH�JDPPD31$�QDQRILEHUV���LQ�SUHSDUDWLRQ�

>�@ $ULDV� '�6�� 7D\ORU� 5�(� 1DQRVFDSH '1$ OLQNDJHV IRU IOXRUHVFHQW PHDVXUHPHQW RI DUELWUDU\
GLVWDQFHV�DQG�GLVSODFHPHQWV���LQ�SUHSDUDWLRQ�

>�@ :DQJ� :�� +D\HV� 3�� 5HQ� ;�� 7D\ORU� 5�(� 6\QWKHWLF FHOO DUPRU PDGH RI '1$ RULJDPL�
�VXEPLWWHG�

>�@ *RRGZLQ�6FKRHQ� &�� 7D\ORU� 5�(� 0RGXODU� DUWLFXODWHG PRGHOV RI '1$ DQG SHSWLGH QXFOHLF
DFLGV�IRU�QDQRWHFKQRORJ\�HGXFDWLRQ��VXEPLWWHG�
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<HDU���RI��31$�'ULYHQ�5HPRWH�$FWXDWLRQ�RI�'1$�1DQRVSULQJ�6WUDLQ�6HQVRUV�
$)265�<,3�DZDUG��)$����������������<HDU�����3HULRG�RI�3HUIRUPDQFH��������������������
3,��5HEHFFD�7D\ORU��&DUQHJLH�0HOORQ�8QLYHUVLW\
<HDU���3HULRG�RI�3HUIRUPDQFH����������ş��������

����<HDUV���DLPV

7KH <HDU � H[WHQVLRQ RI WKLV SURMHFW LV HQDEOLQJ WKH H[SHULPHQWDO YDOLGDWLRQ RI WKH �' OHYHU
FRQFHSW� LQYROYLQJ WKH V\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI WKH GHYLFH DQG D GHHSHU H[SORUDWLRQ RI
WKH GHVLJQ VSDFH DYDLODEOH IRU VLPLODU VWUXFWXUHV� 7KLV \HDU RI VXSSRUW LV DOORZLQJ XV WR
LQYHVWLJDWH WKH DFWXDWLRQ RI QRYHO J31$�EDVHG QDQRıEHUV� DQG ıQDOO\ WKH LQWHJUDWLRQ RI WKH �'
OHYHU ZLWK WKH '1$ QDQRVSULQJV ZRXOG HQDEOH WKH PDMRU HQGSRLQW RI WKH LQLWLDO <,3� WKH
GHPRQVWUDWLRQ RI D FRQIRUPDWLRQ�UHSRUWLQJ ĲXRUHVFHQW QDQRVSULQJ FRQVWUXFW� 7KHVH DFWLYLWLHV
DUH FDSWXUHG LQ WKH IROORZLQJ VXEDLPV� 7R DFKLHYH WKLV JRDO� WKH �WK \HDU H[WHQVLRQ KDV WKH
IROORZLQJ IRXU VXEDLPV� ��� )LUVW GHPRQVWUDWLRQ RI QDQRVFDOH ŗ2ULFHSVŘ VHQVRU� ��� &UHDWH
GHVLJQ WRRO IRU RULFHSV E\ PDSSLQJ WKH GHVLJQ VSDFH� ��� ([SORUH DFWXDWDEOH 31$ V\VWHPV DQG
DWWDFK�RULFHSV������8VH�RULFHSV�WR�PHDVXUH�VXE��QP�RU�JUHDWHU�WKDQ��QP�VHSDUDWLRQV�

����3URJUHVV�LQ�<HDU��

7KLV DGGLWLRQDO \HDU RI VXSSRUW LV DOORZLQJ XV WR FRPSXWDWLRQDOO\ DQG H[SHULPHQWDOO\
FKDUDFWHUL]H RXU QDQRVFDOH �' OHYHU VHQVRU ZKLOH ZRUNLQJ WR LQFUHDVH WKH ZDWHU�VROXELOLW\ RI RXU
31$�QDQRıEHU�VWUXFWXUHV�

��� <HDU � 6XEDLP �� 6\QWKHVL]H� SXULI\� DQG FKDUDFWHUL]H ıUVW GHPRQVWUDWLRQV RI �2ULFHSV�
GLVSODFHPHQW VHQVRUV� DQG PHDVXUH VHQVRU )5(7 HĴFLHQF\ DV D IXQFWLRQ RI KDQGOH VHSDUDWLRQ
WR�JHQHUDWH�FDOLEUDWLRQ�FXUYHV�IRU��'�QDQROHYHUV�

%ULHĲ\� ĲXRUHVFHQW VWUDLQ PHDVXUHPHQWV WR GDWH DUH OLPLWHG WR PHDVXULQJ GLVWDQFHV IURP � WR
�QP� 6WUXFWXUDO '1$ QDQRWHFKQRORJ\ DSSURDFKHV KDYH VKRZQ WKH XWLOLW\ RI OHYHU� RU
FDOLSHU�EDVHG V\VWHPV IRU PHDVXULQJ ODUJHU DQG VPDOOHU QDQRVFDOH GLVWDQFHV� EXW VLPSOH OHYHUV
DUH XQDEOH WR VHQVLWLYHO\ PHDVXUH DUELWUDU\ GLVSODFHPHQWV IURP DUELWUDU\ VWDUWLQJ VHSDUDWLRQV�
EHFDXVH WKH VWDUW DQG HQG SRVLWLRQV PXVW EH PXOWLSOHV RI )5(7 PHDVXUDEOH GLVWDQFHV� OLNH �Q
WR �Q� )RU H[DPSOH� WR GDWH LW KDV QRW EHHQ SRVVLEOH WR PHDVXUH VPDOO GLVSODFHPHQWV RI MXVW D
FRXSOH QDQRPHWHUV IURP LQLWLDO ZLGH VHSDUDWLRQV LQ WKH WHQV RI QDQRPHWHUV UDQJH� EHFDXVH
FDOLSHU V\VWHPV OLQHDUO\ VFDOH WKH VHQVLWLYLW\ RI D JLYHQ )5(7 SDLU� $ OHYHU ZLWK D ZLGH VWDUWLQJ
VHSDUDWLRQ ��Q� LV DFFRUGLQJO\ RQO\ VHQVLWLYH WR ODUJH GLVSODFHPHQWV ��Q��Q�� 2XU '1$ RULJDPL
RULFHSV GHVLJQ ZDV FUHDWHG WR GLUHFWO\ DGGUHVV WKLV SUREOHP� HQDEOLQJ WKH KLJK VHQVLWLYLW\
PHDVXUHPHQW�RI�DUELWUDU\�VWDUW�DQG�HQG�SRVLWLRQV��)LJ� ���

�
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3UHYLRXV VLPXODWLRQV RI RXU ıUVW RULFHSV GHVLJQ VKRZHG VXEVWDQWLDO DSSDUHQW GHSDUWXUH IURP
WKH H[SHFWHG EHKDYLRU DW KLJK KDQGOH VHSDUDWLRQV �a����QP�� ,Q WKLV UHJLPH� WKH ĲH[LELOLW\ RI WKH
VWUXFWXUH ORZHUV WKH HQHUJHWLF EDUULHU RI RQH RI WKH MDZV FRPSOHWHO\ XQIROGLQJ DQG WKH VWUXFWXUH
LV XQDEOH WR UHWDLQ LWV V\PPHWULF IROGHG VKDSH� 7KLV OHDGV WR D UDSLG LQFUHDVH LQ MDZ VHSDUDWLRQ�
XQWLO WKH RWKHU MDZ XQIROGV DW ZKLFK SRLQW LW UHDFKHV LWV PD[LPXP VHSDUDWLRQ �ĲDW XQIROGHG
FRQıJXUDWLRQ�� 7R DGGUHVV WKLV LVVXH� WKH �' OHYHU ZDV UHGHVLJQHG XVLQJ D QHZ ZLUHIUDPH
GHVLJQ WRRO� 0DJLF'1$ �+XDQJ HW DO� 1DWXUH 0DWHULDOV ������ ZKLFK HQDEOHV WKH FUHDWLRQ RI VWLĳ
ZLUHIUDPH�PHFKDQLVPV��ZKRVH�HGJHV�FRQVLVW�RI���KHOL[�EXQGOHV��DV�VKRZQ�LQ )LJ�����

2XU FXUUHQW RULFHSV GHVLJQ KDV WKH IROORZLQJ FULWLFDO GLPHQVLRQV� D  ���� QP� E  ���� QP� DQG
F  ���� QP� 2XU DQDO\WLFDO PRGHO RI WKH V\VWHP SUHGLFWV SHDN )5(7 ZKHQ WKH VWDUWLQJ KDQGOH
VHSDUDWLRQ� +�� HTXDOV ���� QP DQG WKH FKDQJH RI KDQGOH VHSDUDWLRQ� G+� HTXDOV ���� QP� 2XU
OHYHU LV GHVLJQHG WR RSHUDWH LQ WKH PRVW VHQVLWLYH UDQJH RI WKH )5(7 SDLUV� UHSRUWLQJ SHDN )5(7
DW ���� QP DQG PLQLPXP )5(7 DW ���� QP� 7KLV LV XQOLNH D OLQHDU�VFDOLQJ OHYHU� ZKLFK ZRXOG
QHHG WR VFDOH WKH GLVWDQFHV XS ��� WLPHV WR KDYH 3($. )5(7 DW ���� QP� +RZHYHU D
GLVSODFHPHQW RI ��
�����
���� DERXW ���� QP WR ���� QP ZRXOG EH UHTXLUHG WR KDYH PLQLPDO
)5(7� ,Q SUDFWLFH� WKHUHIRUH� D OLQHDU�VFDOLQJ OHYHU ZRXOG RSHUDWH LQ MXVW D IUDFWLRQ �LQ WKLV FDVH
DERXW KDOI� RI WKH )5(7�VHQVLWLYH UDQJH� VXEVWDQWLDOO\ UHGXFLQJ WKH VLJQDO WR QRLVH UDWLR IRU
PHDVXUHPHQWV�

7KURXJK PXOWLSOH URXQGV RI FRDUVH�JUDLQHG VLPXODWLRQ LQ R['1$ ZH WXQHG WKH GHVLJQ RI WKHVH
RULFHSV� &RDUVH�JUDLQHG PROHFXODU G\QDPLFV VLPXODWLRQV ZHUH SHUIRUPHG WR GHWHUPLQH WKH
PHDQ FRQıJXUDWLRQV DW HTXLOLEULXP ZKHQ WKH KDQGOHV ZHUH KHOG DW VSHFLıF GLVSODFHPHQWV
VLPXODWHG�SRWHQWLDO�ZHOOV�DQG�GRXEOH�VWUDQGHG�WUXVV�FRQQHFWRUV��)LJ�����

�



)OXRURSKRUH VHSDUDWLRQV ZHUH H[WUDFWHG IURP WKRVH PHDQ FRQıJXUDWLRQV DQG H[SHFWHG UHODWLYH
ĲXRUHVFHQFHV�YDOXHV�ZHUH�FDOFXODWHG��)LJ�����

:LWK FRQıGHQFH WKDW ĲXRUHVFHQFH FKDQJHV VKRXOG EH YLVLEOH DV GHYLFHV DUH DFWXDWHG� ZH
ıQDOL]HG RXU GHVLJQ DQG KDYH EXLOW WKLV VHFRQG LWHUDWLRQ� 2XU SUHOLPLQDU\ JHO VWXGLHV RI WKLV
GHYLFH LQGLFDWH VXEVWDQWLDO GHYLFH DJJUHJDWLRQ� ZKLFK LV FRPPRQ IRU ZLUHIUDPH VWUXFWXUHV�
+RZHYHU VKDUS EDQGV DUH DOVR YLVLEOH� LQGLFDWLQJ WKDW D IUDFWLRQ RI WKH RULJDPL DUH IRUPLQJ
GLVWLQFW VWUXFWXUHV� 7UXVVHG GHYLFHV IRUPHG ZLWK FRQVWUDLQHG KDQGOH VHSDUDWLRQV DOVR KDG
EDQGV DW GLĳHUHQW SRVLWLRQV� VXJJHVWLQJ WKDW WKH WUXVVHV VXFFHVVIXOO\ FKDQJHG WKH FRQıJXUDWLRQ
DQG�WKXV�UXQ�VSHHG�RI�WKH�QDQRVFDOH�RULFHSV�GHYLFHV��)LJ�����

�



��� <HDU � 6XEDLP �� 0DS WKH DQDO\WLFDO GHVLJQ VSDFH IRU '1$ RULJDPL�EDVHG �2ULFHSV�
VHQVRUV WR FUHDWH D VLPSOH WRRO WKDW IDFLOLWDWHV IXWXUH NLQHPDWLF V\QWKHVLV RI WKHVH VHQVRUV� 7KLV
WRRO ZLOO UHWXUQ VWUXFWXUH GLPHQVLRQV QHHGHG WR DWWDLQ GHVLUHG GHĲHFWLRQ�FRQYHUVLRQ
SHUIRUPDQFH�

7KH GHVLJQ RI WKHVH �' OHYHUV LV GHSHQGHQW RQ IRXU LQGHSHQGHQW YDULDEOHV �D�E�F� DQG ᵙ�� ZKLFK
PHDQV WKDW WR DWWDLQ D JLYHQ PDSSLQJ EHWZHHQ MDZ DQG JULSSHU PLQLPD DQG PD[LPD� ZH KDYH
DQ XQGHUGHWHUPLQHG V\VWHP� ZKLFK PD\ UHVXOW LQ WKHUH EHLQJ QXPHURXV SRVVLEOH GHVLJQV WKDW
ZLOO DFKLHYH WKH GHVLUHG EHKDYLRU� 7R DGGUHVV WKLV LVVXH DQG FUHDWH D GHVLJQ UHVRXUFH� ZH
PDSSHG WKH DQDO\WLFDO GHVLJQ VSDFH� LGHQWLI\LQJ DOO SRVVLEOH VROXWLRQV IRU DOO SRVVLEOH
MDZ�KDQGOH VHSDUDWLRQ FRQVWUDLQWV WKDW ZLOO HQDEOH KLJK VHQVLWLYLW\ )5(7� :H FDQ WKHQ HYDOXDWH
RXU RSWLRQV DQG VHOHFW WKH EHVW RQH IRU RXU DSSOLFDWLRQ �IRU H[DPSOH ZKLFK GHVLJQ GHYLDWHV WKH
OHDVW�IURP�WKH�DQDO\WLFDO�PRGHO�LQ�FRDUVH�JUDLQHG�VLPXODWLRQV��

2XU PDSSLQJ GHPRQVWUDWHG WKDW GHVLJQV H[LVW IRU QHDUO\ DOO GHVLUDEOH VWDUWLQJ DQG HQGLQJ
KDQGOH VHSDUDWLRQV �)LJ� ��� :H KDYH FUHDWHG D GDWDEDVH RI VROXWLRQV DQG D VRIWZDUH LQWHUIDFH
WKDW TXLFNO\ SURYLGHV WKH GHVLJQ SDUDPHWHUV RI PXOWLSOH GHVLJQV WKDW PHHW WKH GHVLUHG KDQGOH
VHSDUDWLRQV� $Q 69* RI D GLPHQVLRQHG ĲDW GHVLJQ LV DOVR JHQHUDWHG VR WKDW XVHUV FDQ SULQW WKHLU
GHVLJQV��FXW�WKHP�RXW��DQG�IROG�PRGHOV�RI�WKHLU�'1$�RULJDPL�RULFHSV�GHVLJQV�

��� <HDU � 6XEDLP �� ([SORUH DFWXDWLRQ RI 31$�EDVHG QDQRıEHUV XVLQJ VWUDQG GLVSODFHPHQW WR
GULYH WZLVW� EHQGLQJ DQG VWLĳHQLQJ� DQG GHYHORS QDQRıEHU GHFRUDWLRQ VWUDWHJ\ WR DWWDFK 2ULFHSV
WR�31$�EDVHG�QDQRVWUXFWXUHV�

,Q SUHYLRXV \HDUV ZH SHUIRUPHG YLVXDOL]DWLRQV RI K\EULG QDQRVWUXFWXUHV XVLQJ 3\WKRQ DQG 8&6)
&KLPHUD PROHFXODU YLVXDOL]DWLRQ� EXW WKLV DSSURDFK ZDV OLPLWHG WR PRGHOLQJ J31$ GXSOH[HV DV
VLPSOH F\OLQGHUV� ,Q ���� D QHZ WRRO FDOOHG R[9LHZ ZDV UHOHDVHG� DQG LW HQDEOHV D PDMRU
DGYDQFH IRU WKH GHVLJQ RI J31$ QDQRVWUXFWXUHV �3RSSOHWRQ HW DO� LQ 1XFOHLF $FLGV 5HVHDUFK
KWWSV���GRL�RUJ���������QDU�JNDD����� 2XU JURXS KDV FUHDWHG FXVWRP IXQFWLRQV WR GULYH WKH
FUHDWLRQ RI QXFOHLF DFLG VWUXFWXUHV WKDW PLPLF WKH KHOLFLW\ RI J31$�J31$ DV ZHOO DV J31$�'1$
GXSOH[HV��VHH )LJ���$��

8VLQJ WKLV WRRO ZH GHYHORSHG �DQG PRGHOHG LQ R[9LHZ� D QRYHO VWUXFWXUDO PRWLI IRU
VWUDQG�PLQLPDO ��KHOL[ QDQRıEHUV FRQVWUXFWHG IURP MXVW WKUHH ���EDVH J31$ ROLJRPHUV �VHH
)LJ� �% DQG �&�� 2XU QHZ ��KHOL[ QDQRıEHUV ZLOO EH XVHG WR VWXG\ QDQRıEHU VROXELOLW\ LQ
ZDWHU�EDVHG VROXWLRQV� ZKLFK LV HVVHQWLDO IRU HQDEOLQJ WKH LQWHUIDFLQJ RI '1$ RULFHSV VHQVRUV
ZLWK JDPPD31$ QDQRıEHUV� 3UHYLRXV DJJUHJDWLRQV RI QDQRıEHUV LQ ZDWHU�EDVHG VROXWLRQV
OLPLWHG WKHLU XVH DV GLVFUHWH QDQRVWUXFWXUHV� ZKLOH WKH VXUIDFWDQW SOXV '062 VROXWLRQV WKDW

�



SURYLGHG GLVFUHWH QDQRıEHUV DUH LQFRPSDWLEOH ZLWK PRVW '1$ QDQRVWUXFWXUHV �RQO\ WKH PRVW
VWDEOH�'1$�QDQRVWUXFWXUHV�FDQ�UHVLVW�GHQDWXUDWLRQ�LQ�D�����'062�VROXWLRQ��

��� <HDU � 6XEDLP �� 8WLOL]H 2ULFHSV WR PHDVXUH GLVSODFHPHQWV WKDW DUH VXE �QP RU JUHDWHU
WKDQ �QP� ZKLFK GHPRQVWUDWHV WKDW WKLV WRRO H[WHQGV WKH UDQJH RI GLVSODFHPHQWV PHDVXUDEOH
XVLQJ�D�PROHFXODU�UXOHU�WHFKQRORJ\�OLNH�)5(7�

:H KDYH YHULıHG VXFFHVVIXO IRUPDWLRQ RI RXU VWUXFWXUHV XVLQJ DWRPLF IRUFH PLFURVFRS\� DQG LQ
RXU QH[W VWHSV ZH ZLOO FKDUDFWHUL]H WKH )5(7 XVLQJ SURRI�RI�SULQFLSOH VWXGLHV RI SRWDVVLXP
UHVSRQVLYH J�TXDGUXSOH[HV� 7KHVH VWXGLHV ZLOO F\FOLFDOO\ DFWXDWH WKH RULFHSV WKURXJK EXIIHU
H[FKDQJH H[SHULPHQWV� 7KHVH H[SHULPHQWV ZLOO DOORZ XV WR H[DPLQH WKH UHVSRQVLYHQHVV RI
J�TXDGUXSOH[HV WR LRQ FRQFHQWUDWLRQ DQG� IURP DQ DOWHUQDWLYH SHUVSHFWLYH� GHPRQVWUDWH WKH
FDSDELOLWLHV RI RULFHSV DV D IOXRUHVFHQFH EDVHG GLVWDQFH VHQVRU WKDW LV LQ WKHRU\ QRW OLPLWHG WR
WUDGLWLRQDO�)5(7�SDLU�PHDVXUHPHQW�OLPLWDWLRQV�

)LJXUH �� 6XFFHVVIXO IRUPDWLRQ RI RULFHSV
'1$ RULJDPL QDQROHYHU VWUXFWXUHV KDV EHHQ
YHULıHG�E\�DWRPLF IRUFH�PLFURVFRS\�LPDJLQJ�

6HFWLRQ����6\QHUJLVWLF�DFWLYLWLHV

7KH 10	6 FRPPXQLW\ KDV EHHQ LQVWUXPHQWDO DV D QHWZRUN RI FROOHDJXHV DQG FROODERUDWRUV�
7KLV JURXS DQG WKH $)265 LQ JHQHUDO KDV EHHQ H[WUHPHO\ JHQHURXV DQG FUHDWLYH LQ FRQQHFWLQJ
PH�ZLWK�UHVRXUFHV�DQG�UHVHDUFKHUV�ZLWK�FRPSOHPHQWDU\�UHVHDUFK�LQWHUHVWV�DQG�FDSDELOLWLHV�

Ɣ 2XU JURXS LV DFWLYHO\ FROODERUDWLQJ ZLWK 1LFKRODV 6WHSKDQRSRXORV¶ WHDP DW WKH %LRGHVLJQ
,QVWLWXWH DW $UL]RQD 6WDWH 8QLYHUVLW\ RQ WKH DSSOLFDWLRQ RI 31$�SHSWLGHV IRU VHOI�DVVHPEO\
DSSOLFDWLRQV� 7KH 106 SURJUDP ZDV WKH YHQXH LQ ZKLFK RXU WHDPV FRQQHFWHG DQG
VWDUWHG�FROODERUDWLRQV�

Ɣ 2XU JURXS LV DOVR FROODERUDWLQJ ZLWK IHOORZ <,3 DZDUGHH� 6WDF\ &RSS IURP 8&,UYLQH� :H
DUH LQYHVWLJDWLQJ WKH DSSOLFDWLRQ RI 31$V IRU WKH VWDELOL]DWLRQ RI IOXRUHVFHQW VLOYHU

�



FOXVWHUV� 2XU ODEV KDYH DQRWKHU V\QHUJLVWLF FRQQHFWLRQ LQ WKDW RQH RI 6WDF\¶V IRUPHU
XQGHUJUDGXDWH UHVHDUFKHUV IURP KHU WLPH DW /$1/ LV QRZ D 3K�'� FDQGLGDWH LQ P\
UHVHDUFK�ODE�

Ɣ :H ZHUH UHFHQWO\ DZDUGHG D '85,3 JUDQW ZLWK &R�3, 3KLOLS /H'XF �0HFKDQLFDO
(QJLQHHULQJ� &08� HQWLWOHG ³3HSWLGH 1XFOHLF $FLG�%DVHG 1DQRVWUXFWXUHV DW %LRWLF DQG
$ELRWLF ,QWHUIDFHV´� 7R TXRWH IURP WKH '85,3 SURSRVDO ³7KLV LQVWUXPHQW ZLOO SULPDULO\ EH
XVHG WR FKDUDFWHUL]H WKH PRUSKRORJ\� PHFKDQLFV� DQG VXUIDFH FKDUJH GLVWULEXWLRQ RI
Ȗ31$�FRQWDLQLQJ QDQRVWUXFWXUHV DV SDUW RI DQ $)265 <RXQJ ,QYHVWLJDWRU 3URJUDP �<,3�
DZDUG HQWLWOHG ³31$�'ULYHQ 5HPRWH $FWXDWLRQ RI '1$ 1DQRVSULQJ 6WUDLQ 6HQVRUV�´ 7KLV
LQVWUXPHQW ZLOO EH XVHG WR SHUIRUP ODEHO�IUHH WLPH�FRXUVH YLVXDOL]DWLRQ RI G\QDPLF
VWUXFWXUDO FKDQJHV LQ QHXURQV WKDW DUH SDUW RI D V\QWKHWLF JXW�EUDLQ�D[LV DV SDUW RI &R�3,
3KLO /H'XF¶V $)265 DZDUG ³6\QWKHWLFDOO\ 7XQHG *XW䇲%UDLQ䇲$[LV &RPPXQLFDWLRQ�´ 7KH
VXSSRUWHG UHVHDUFK XQGHU WKLV JUDQW ZLOO EH GHVFULEHG LQ JUHDWHU GHWDLO EHORZ� 7D\ORU DOVR
DQWLFLSDWHV OHYHUDJLQJ WKH OLTXLG LPDJLQJ FDSDELOLWLHV RI WKLV HTXLSPHQW LQ QDVFHQW
UHVHDUFK LQ WKH IROORZLQJ WZR DUHDV� ��� &KDUDFWHUL]DWLRQ LQWR WKH PRUSKRORJ\ DQG
PHFKDQLFV RI Ȗ31$ QDQRVWUXFWXUHV LQ D UDQJH RUJDQLF VROYHQW VROXWLRQV� DQG ���
UHVHDUFK RQ QXFOHLF DFLG QDQRVWUXFWXUHV DQG VHQVRUV DQFKRUHG WR WKH GHOLFDWH VXUIDFH RI
WKH�FHOO�PHPEUDQH�DQG�JO\FRFDO\[�´

6HFWLRQ����5HOHYDQW�3XEOLFDWLRQV
7KLV \HDU RXU ODE KDV PXOWLSOH SDSHUV LQ SUHSDUDWLRQ� DQG LQ WKH XSFRPLQJ \HDU ZH H[SHFW WR
SUHSDUH�PDQXVFULSWV�ZLWK�ERWK�RI�RXU�106�FROODERUDWLRQV�

>�@ *XSWD� 0�.� 3HDUVH� $�� $UPLWDJH� %�� 7D\ORU� 5�(� 7HUPLQDO O\VLQH GHFRUDWLRQ LPSURYHV
VROXELOLW\�RI�VWUDQG�PLQLPDO�PLFURQ�VFDOH�JDPPD31$�QDQRILEHUV���LQ�SUHSDUDWLRQ�

>�@ $ULDV� '�6�� 7D\ORU� 5�(� 1DQRVFDSH '1$ OLQNDJHV IRU IOXRUHVFHQW PHDVXUHPHQW RI DUELWUDU\
GLVWDQFHV�DQG�GLVSODFHPHQWV���LQ�SUHSDUDWLRQ�

>�@ :DQJ� :�� +D\HV� 3�� 5HQ� ;�� 7D\ORU� 5�(� 6\QWKHWLF FHOO DUPRU PDGH RI '1$ RULJDPL�
�VXEPLWWHG�

>�@ *RRGZLQ�6FKRHQ� &�� 7D\ORU� 5�(� 0RGXODU� DUWLFXODWHG PRGHOV RI '1$ DQG SHSWLGH QXFOHLF
DFLGV�IRU�QDQRWHFKQRORJ\�HGXFDWLRQ��VXEPLWWHG�
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<HDU���RI��31$�'ULYHQ�5HPRWH�$FWXDWLRQ�RI�'1$�1DQRVSULQJ�6WUDLQ�6HQVRUV�
$)265�<,3�DZDUG��)$����������������<HDU�����3HULRG�RI�3HUIRUPDQFH��������������������
3,��5HEHFFD�7D\ORU��&DUQHJLH�0HOORQ�8QLYHUVLW\
<HDU���3HULRG�RI�3HUIRUPDQFH����������ş��������

����<HDUV���DLPV

7KH <HDU � H[WHQVLRQ RI WKLV SURMHFW LV HQDEOLQJ WKH H[SHULPHQWDO YDOLGDWLRQ RI WKH �' OHYHU
FRQFHSW� LQYROYLQJ WKH V\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI WKH GHYLFH DQG D GHHSHU H[SORUDWLRQ RI
WKH GHVLJQ VSDFH DYDLODEOH IRU VLPLODU VWUXFWXUHV� 7KLV \HDU RI VXSSRUW LV DOORZLQJ XV WR
LQYHVWLJDWH WKH DFWXDWLRQ RI QRYHO J31$�EDVHG QDQRıEHUV� DQG ıQDOO\ WKH LQWHJUDWLRQ RI WKH �'
OHYHU ZLWK WKH '1$ QDQRVSULQJV ZRXOG HQDEOH WKH PDMRU HQGSRLQW RI WKH LQLWLDO <,3� WKH
GHPRQVWUDWLRQ RI D FRQIRUPDWLRQ�UHSRUWLQJ ĲXRUHVFHQW QDQRVSULQJ FRQVWUXFW� 7KHVH DFWLYLWLHV
DUH FDSWXUHG LQ WKH IROORZLQJ VXEDLPV� 7R DFKLHYH WKLV JRDO� WKH �WK \HDU H[WHQVLRQ KDV WKH
IROORZLQJ IRXU VXEDLPV� ��� )LUVW GHPRQVWUDWLRQ RI QDQRVFDOH ŗ2ULFHSVŘ VHQVRU� ��� &UHDWH
GHVLJQ WRRO IRU RULFHSV E\ PDSSLQJ WKH GHVLJQ VSDFH� ��� ([SORUH DFWXDWDEOH 31$ V\VWHPV DQG
DWWDFK�RULFHSV������8VH�RULFHSV�WR�PHDVXUH�VXE��QP�RU�JUHDWHU�WKDQ��QP�VHSDUDWLRQV�

����3URJUHVV�LQ�<HDU��

7KLV DGGLWLRQDO \HDU RI VXSSRUW LV DOORZLQJ XV WR FRPSXWDWLRQDOO\ DQG H[SHULPHQWDOO\
FKDUDFWHUL]H RXU QDQRVFDOH �' OHYHU VHQVRU ZKLOH ZRUNLQJ WR LQFUHDVH WKH ZDWHU�VROXELOLW\ RI RXU
31$�QDQRıEHU�VWUXFWXUHV�

��� <HDU � 6XEDLP �� 6\QWKHVL]H� SXULI\� DQG FKDUDFWHUL]H ıUVW GHPRQVWUDWLRQV RI �2ULFHSV�
GLVSODFHPHQW VHQVRUV� DQG PHDVXUH VHQVRU )5(7 HĴFLHQF\ DV D IXQFWLRQ RI KDQGOH VHSDUDWLRQ
WR�JHQHUDWH�FDOLEUDWLRQ�FXUYHV�IRU��'�QDQROHYHUV�

%ULHĲ\� ĲXRUHVFHQW VWUDLQ PHDVXUHPHQWV WR GDWH DUH OLPLWHG WR PHDVXULQJ GLVWDQFHV IURP � WR
�QP� 6WUXFWXUDO '1$ QDQRWHFKQRORJ\ DSSURDFKHV KDYH VKRZQ WKH XWLOLW\ RI OHYHU� RU
FDOLSHU�EDVHG V\VWHPV IRU PHDVXULQJ ODUJHU DQG VPDOOHU QDQRVFDOH GLVWDQFHV� EXW VLPSOH OHYHUV
DUH XQDEOH WR VHQVLWLYHO\ PHDVXUH DUELWUDU\ GLVSODFHPHQWV IURP DUELWUDU\ VWDUWLQJ VHSDUDWLRQV�
EHFDXVH WKH VWDUW DQG HQG SRVLWLRQV PXVW EH PXOWLSOHV RI )5(7 PHDVXUDEOH GLVWDQFHV� OLNH �Q
WR �Q� )RU H[DPSOH� WR GDWH LW KDV QRW EHHQ SRVVLEOH WR PHDVXUH VPDOO GLVSODFHPHQWV RI MXVW D
FRXSOH QDQRPHWHUV IURP LQLWLDO ZLGH VHSDUDWLRQV LQ WKH WHQV RI QDQRPHWHUV UDQJH� EHFDXVH
FDOLSHU V\VWHPV OLQHDUO\ VFDOH WKH VHQVLWLYLW\ RI D JLYHQ )5(7 SDLU� $ OHYHU ZLWK D ZLGH VWDUWLQJ
VHSDUDWLRQ ��Q� LV DFFRUGLQJO\ RQO\ VHQVLWLYH WR ODUJH GLVSODFHPHQWV ��Q��Q�� 2XU '1$ RULJDPL
RULFHSV GHVLJQ ZDV FUHDWHG WR GLUHFWO\ DGGUHVV WKLV SUREOHP� HQDEOLQJ WKH KLJK VHQVLWLYLW\
PHDVXUHPHQW�RI�DUELWUDU\�VWDUW�DQG�HQG�SRVLWLRQV��)LJ� ���

�
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3UHYLRXV VLPXODWLRQV RI RXU ıUVW RULFHSV GHVLJQ VKRZHG VXEVWDQWLDO DSSDUHQW GHSDUWXUH IURP
WKH H[SHFWHG EHKDYLRU DW KLJK KDQGOH VHSDUDWLRQV �a����QP�� ,Q WKLV UHJLPH� WKH ĲH[LELOLW\ RI WKH
VWUXFWXUH ORZHUV WKH HQHUJHWLF EDUULHU RI RQH RI WKH MDZV FRPSOHWHO\ XQIROGLQJ DQG WKH VWUXFWXUH
LV XQDEOH WR UHWDLQ LWV V\PPHWULF IROGHG VKDSH� 7KLV OHDGV WR D UDSLG LQFUHDVH LQ MDZ VHSDUDWLRQ�
XQWLO WKH RWKHU MDZ XQIROGV DW ZKLFK SRLQW LW UHDFKHV LWV PD[LPXP VHSDUDWLRQ �ĲDW XQIROGHG
FRQıJXUDWLRQ�� 7R DGGUHVV WKLV LVVXH� WKH �' OHYHU ZDV UHGHVLJQHG XVLQJ D QHZ ZLUHIUDPH
GHVLJQ WRRO� 0DJLF'1$ �+XDQJ HW DO� 1DWXUH 0DWHULDOV ������ ZKLFK HQDEOHV WKH FUHDWLRQ RI VWLĳ
ZLUHIUDPH�PHFKDQLVPV��ZKRVH�HGJHV�FRQVLVW�RI���KHOL[�EXQGOHV��DV�VKRZQ�LQ )LJ�����

2XU FXUUHQW RULFHSV GHVLJQ KDV WKH IROORZLQJ FULWLFDO GLPHQVLRQV� D  ���� QP� E  ���� QP� DQG
F  ���� QP� 2XU DQDO\WLFDO PRGHO RI WKH V\VWHP SUHGLFWV SHDN )5(7 ZKHQ WKH VWDUWLQJ KDQGOH
VHSDUDWLRQ� +�� HTXDOV ���� QP DQG WKH FKDQJH RI KDQGOH VHSDUDWLRQ� G+� HTXDOV ���� QP� 2XU
OHYHU LV GHVLJQHG WR RSHUDWH LQ WKH PRVW VHQVLWLYH UDQJH RI WKH )5(7 SDLUV� UHSRUWLQJ SHDN )5(7
DW ���� QP DQG PLQLPXP )5(7 DW ���� QP� 7KLV LV XQOLNH D OLQHDU�VFDOLQJ OHYHU� ZKLFK ZRXOG
QHHG WR VFDOH WKH GLVWDQFHV XS ��� WLPHV WR KDYH 3($. )5(7 DW ���� QP� +RZHYHU D
GLVSODFHPHQW RI ��
�����
���� DERXW ���� QP WR ���� QP ZRXOG EH UHTXLUHG WR KDYH PLQLPDO
)5(7� ,Q SUDFWLFH� WKHUHIRUH� D OLQHDU�VFDOLQJ OHYHU ZRXOG RSHUDWH LQ MXVW D IUDFWLRQ �LQ WKLV FDVH
DERXW KDOI� RI WKH )5(7�VHQVLWLYH UDQJH� VXEVWDQWLDOO\ UHGXFLQJ WKH VLJQDO WR QRLVH UDWLR IRU
PHDVXUHPHQWV�

7KURXJK PXOWLSOH URXQGV RI FRDUVH�JUDLQHG VLPXODWLRQ LQ R['1$ ZH WXQHG WKH GHVLJQ RI WKHVH
RULFHSV� &RDUVH�JUDLQHG PROHFXODU G\QDPLFV VLPXODWLRQV ZHUH SHUIRUPHG WR GHWHUPLQH WKH
PHDQ FRQıJXUDWLRQV DW HTXLOLEULXP ZKHQ WKH KDQGOHV ZHUH KHOG DW VSHFLıF GLVSODFHPHQWV
VLPXODWHG�SRWHQWLDO�ZHOOV�DQG�GRXEOH�VWUDQGHG�WUXVV�FRQQHFWRUV��)LJ�����

�
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)OXRURSKRUH VHSDUDWLRQV ZHUH H[WUDFWHG IURP WKRVH PHDQ FRQıJXUDWLRQV DQG H[SHFWHG UHODWLYH
ĲXRUHVFHQFHV�YDOXHV�ZHUH�FDOFXODWHG��)LJ�����

:LWK FRQıGHQFH WKDW ĲXRUHVFHQFH FKDQJHV VKRXOG EH YLVLEOH DV GHYLFHV DUH DFWXDWHG� ZH
ıQDOL]HG RXU GHVLJQ DQG KDYH EXLOW WKLV VHFRQG LWHUDWLRQ� 2XU SUHOLPLQDU\ JHO VWXGLHV RI WKLV
GHYLFH LQGLFDWH VXEVWDQWLDO GHYLFH DJJUHJDWLRQ� ZKLFK LV FRPPRQ IRU ZLUHIUDPH VWUXFWXUHV�
+RZHYHU VKDUS EDQGV DUH DOVR YLVLEOH� LQGLFDWLQJ WKDW D IUDFWLRQ RI WKH RULJDPL DUH IRUPLQJ
GLVWLQFW VWUXFWXUHV� 7UXVVHG GHYLFHV IRUPHG ZLWK FRQVWUDLQHG KDQGOH VHSDUDWLRQV DOVR KDG
EDQGV DW GLĳHUHQW SRVLWLRQV� VXJJHVWLQJ WKDW WKH WUXVVHV VXFFHVVIXOO\ FKDQJHG WKH FRQıJXUDWLRQ
DQG�WKXV�UXQ�VSHHG�RI�WKH�QDQRVFDOH�RULFHSV�GHYLFHV��)LJ�����

�



��� <HDU � 6XEDLP �� 0DS WKH DQDO\WLFDO GHVLJQ VSDFH IRU '1$ RULJDPL�EDVHG �2ULFHSV�
VHQVRUV WR FUHDWH D VLPSOH WRRO WKDW IDFLOLWDWHV IXWXUH NLQHPDWLF V\QWKHVLV RI WKHVH VHQVRUV� 7KLV
WRRO ZLOO UHWXUQ VWUXFWXUH GLPHQVLRQV QHHGHG WR DWWDLQ GHVLUHG GHĲHFWLRQ�FRQYHUVLRQ
SHUIRUPDQFH�

7KH GHVLJQ RI WKHVH �' OHYHUV LV GHSHQGHQW RQ IRXU LQGHSHQGHQW YDULDEOHV �D�E�F� DQG ᵙ�� ZKLFK
PHDQV WKDW WR DWWDLQ D JLYHQ PDSSLQJ EHWZHHQ MDZ DQG JULSSHU PLQLPD DQG PD[LPD� ZH KDYH
DQ XQGHUGHWHUPLQHG V\VWHP� ZKLFK PD\ UHVXOW LQ WKHUH EHLQJ QXPHURXV SRVVLEOH GHVLJQV WKDW
ZLOO DFKLHYH WKH GHVLUHG EHKDYLRU� 7R DGGUHVV WKLV LVVXH DQG FUHDWH D GHVLJQ UHVRXUFH� ZH
PDSSHG WKH DQDO\WLFDO GHVLJQ VSDFH� LGHQWLI\LQJ DOO SRVVLEOH VROXWLRQV IRU DOO SRVVLEOH
MDZ�KDQGOH VHSDUDWLRQ FRQVWUDLQWV WKDW ZLOO HQDEOH KLJK VHQVLWLYLW\ )5(7� :H FDQ WKHQ HYDOXDWH
RXU RSWLRQV DQG VHOHFW WKH EHVW RQH IRU RXU DSSOLFDWLRQ �IRU H[DPSOH ZKLFK GHVLJQ GHYLDWHV WKH
OHDVW�IURP�WKH�DQDO\WLFDO�PRGHO�LQ�FRDUVH�JUDLQHG�VLPXODWLRQV��

2XU PDSSLQJ GHPRQVWUDWHG WKDW GHVLJQV H[LVW IRU QHDUO\ DOO GHVLUDEOH VWDUWLQJ DQG HQGLQJ
KDQGOH VHSDUDWLRQV �)LJ� ��� :H KDYH FUHDWHG D GDWDEDVH RI VROXWLRQV DQG D VRIWZDUH LQWHUIDFH
WKDW TXLFNO\ SURYLGHV WKH GHVLJQ SDUDPHWHUV RI PXOWLSOH GHVLJQV WKDW PHHW WKH GHVLUHG KDQGOH
VHSDUDWLRQV� $Q 69* RI D GLPHQVLRQHG ĲDW GHVLJQ LV DOVR JHQHUDWHG VR WKDW XVHUV FDQ SULQW WKHLU
GHVLJQV��FXW�WKHP�RXW��DQG�IROG�PRGHOV�RI�WKHLU�'1$�RULJDPL�RULFHSV�GHVLJQV�

��� <HDU � 6XEDLP �� ([SORUH DFWXDWLRQ RI 31$�EDVHG QDQRıEHUV XVLQJ VWUDQG GLVSODFHPHQW WR
GULYH WZLVW� EHQGLQJ DQG VWLĳHQLQJ� DQG GHYHORS QDQRıEHU GHFRUDWLRQ VWUDWHJ\ WR DWWDFK 2ULFHSV
WR�31$�EDVHG�QDQRVWUXFWXUHV�

,Q SUHYLRXV \HDUV ZH SHUIRUPHG YLVXDOL]DWLRQV RI K\EULG QDQRVWUXFWXUHV XVLQJ 3\WKRQ DQG 8&6)
&KLPHUD PROHFXODU YLVXDOL]DWLRQ� EXW WKLV DSSURDFK ZDV OLPLWHG WR PRGHOLQJ J31$ GXSOH[HV DV
VLPSOH F\OLQGHUV� ,Q ���� D QHZ WRRO FDOOHG R[9LHZ ZDV UHOHDVHG� DQG LW HQDEOHV D PDMRU
DGYDQFH IRU WKH GHVLJQ RI J31$ QDQRVWUXFWXUHV �3RSSOHWRQ HW DO� LQ 1XFOHLF $FLGV 5HVHDUFK
KWWSV���GRL�RUJ���������QDU�JNDD����� 2XU JURXS KDV FUHDWHG FXVWRP IXQFWLRQV WR GULYH WKH
FUHDWLRQ RI QXFOHLF DFLG VWUXFWXUHV WKDW PLPLF WKH KHOLFLW\ RI J31$�J31$ DV ZHOO DV J31$�'1$
GXSOH[HV��VHH )LJ���$��

8VLQJ WKLV WRRO ZH GHYHORSHG �DQG PRGHOHG LQ R[9LHZ� D QRYHO VWUXFWXUDO PRWLI IRU
VWUDQG�PLQLPDO ��KHOL[ QDQRıEHUV FRQVWUXFWHG IURP MXVW WKUHH ���EDVH J31$ ROLJRPHUV �VHH
)LJ� �% DQG �&�� 2XU QHZ ��KHOL[ QDQRıEHUV ZLOO EH XVHG WR VWXG\ QDQRıEHU VROXELOLW\ LQ
ZDWHU�EDVHG VROXWLRQV� ZKLFK LV HVVHQWLDO IRU HQDEOLQJ WKH LQWHUIDFLQJ RI '1$ RULFHSV VHQVRUV
ZLWK JDPPD31$ QDQRıEHUV� 3UHYLRXV DJJUHJDWLRQV RI QDQRıEHUV LQ ZDWHU�EDVHG VROXWLRQV
OLPLWHG WKHLU XVH DV GLVFUHWH QDQRVWUXFWXUHV� ZKLOH WKH VXUIDFWDQW SOXV '062 VROXWLRQV WKDW

�



SURYLGHG GLVFUHWH QDQRıEHUV DUH LQFRPSDWLEOH ZLWK PRVW '1$ QDQRVWUXFWXUHV �RQO\ WKH PRVW
VWDEOH�'1$�QDQRVWUXFWXUHV�FDQ�UHVLVW�GHQDWXUDWLRQ�LQ�D�����'062�VROXWLRQ��

��� <HDU � 6XEDLP �� 8WLOL]H 2ULFHSV WR PHDVXUH GLVSODFHPHQWV WKDW DUH VXE �QP RU JUHDWHU
WKDQ �QP� ZKLFK GHPRQVWUDWHV WKDW WKLV WRRO H[WHQGV WKH UDQJH RI GLVSODFHPHQWV PHDVXUDEOH
XVLQJ�D�PROHFXODU�UXOHU�WHFKQRORJ\�OLNH�)5(7�

:H KDYH YHULıHG VXFFHVVIXO IRUPDWLRQ RI RXU VWUXFWXUHV XVLQJ DWRPLF IRUFH PLFURVFRS\� DQG LQ
RXU QH[W VWHSV ZH ZLOO FKDUDFWHUL]H WKH )5(7 XVLQJ SURRI�RI�SULQFLSOH VWXGLHV RI SRWDVVLXP
UHVSRQVLYH J�TXDGUXSOH[HV� 7KHVH VWXGLHV ZLOO F\FOLFDOO\ DFWXDWH WKH RULFHSV WKURXJK EXIIHU
H[FKDQJH H[SHULPHQWV� 7KHVH H[SHULPHQWV ZLOO DOORZ XV WR H[DPLQH WKH UHVSRQVLYHQHVV RI
J�TXDGUXSOH[HV WR LRQ FRQFHQWUDWLRQ DQG� IURP DQ DOWHUQDWLYH SHUVSHFWLYH� GHPRQVWUDWH WKH
FDSDELOLWLHV RI RULFHSV DV D IOXRUHVFHQFH EDVHG GLVWDQFH VHQVRU WKDW LV LQ WKHRU\ QRW OLPLWHG WR
WUDGLWLRQDO�)5(7�SDLU�PHDVXUHPHQW�OLPLWDWLRQV�

)LJXUH �� 6XFFHVVIXO IRUPDWLRQ RI RULFHSV
'1$ RULJDPL QDQROHYHU VWUXFWXUHV KDV EHHQ
YHULıHG�E\�DWRPLF IRUFH�PLFURVFRS\�LPDJLQJ�

6HFWLRQ����6\QHUJLVWLF�DFWLYLWLHV

7KH 10	6 FRPPXQLW\ KDV EHHQ LQVWUXPHQWDO DV D QHWZRUN RI FROOHDJXHV DQG FROODERUDWRUV�
7KLV JURXS DQG WKH $)265 LQ JHQHUDO KDV EHHQ H[WUHPHO\ JHQHURXV DQG FUHDWLYH LQ FRQQHFWLQJ
PH�ZLWK�UHVRXUFHV�DQG�UHVHDUFKHUV�ZLWK�FRPSOHPHQWDU\�UHVHDUFK�LQWHUHVWV�DQG�FDSDELOLWLHV�

Ɣ 2XU JURXS LV DFWLYHO\ FROODERUDWLQJ ZLWK 1LFKRODV 6WHSKDQRSRXORV¶ WHDP DW WKH %LRGHVLJQ
,QVWLWXWH DW $UL]RQD 6WDWH 8QLYHUVLW\ RQ WKH DSSOLFDWLRQ RI 31$�SHSWLGHV IRU VHOI�DVVHPEO\
DSSOLFDWLRQV� 7KH 106 SURJUDP ZDV WKH YHQXH LQ ZKLFK RXU WHDPV FRQQHFWHG DQG
VWDUWHG�FROODERUDWLRQV�

Ɣ 2XU JURXS LV DOVR FROODERUDWLQJ ZLWK IHOORZ <,3 DZDUGHH� 6WDF\ &RSS IURP 8&,UYLQH� :H
DUH LQYHVWLJDWLQJ WKH DSSOLFDWLRQ RI 31$V IRU WKH VWDELOL]DWLRQ RI IOXRUHVFHQW VLOYHU

�



FOXVWHUV� 2XU ODEV KDYH DQRWKHU V\QHUJLVWLF FRQQHFWLRQ LQ WKDW RQH RI 6WDF\¶V IRUPHU
XQGHUJUDGXDWH UHVHDUFKHUV IURP KHU WLPH DW /$1/ LV QRZ D 3K�'� FDQGLGDWH LQ P\
UHVHDUFK�ODE�

Ɣ :H ZHUH UHFHQWO\ DZDUGHG D '85,3 JUDQW ZLWK &R�3, 3KLOLS /H'XF �0HFKDQLFDO
(QJLQHHULQJ� &08� HQWLWOHG ³3HSWLGH 1XFOHLF $FLG�%DVHG 1DQRVWUXFWXUHV DW %LRWLF DQG
$ELRWLF ,QWHUIDFHV´� 7R TXRWH IURP WKH '85,3 SURSRVDO ³7KLV LQVWUXPHQW ZLOO SULPDULO\ EH
XVHG WR FKDUDFWHUL]H WKH PRUSKRORJ\� PHFKDQLFV� DQG VXUIDFH FKDUJH GLVWULEXWLRQ RI
Ȗ31$�FRQWDLQLQJ QDQRVWUXFWXUHV DV SDUW RI DQ $)265 <RXQJ ,QYHVWLJDWRU 3URJUDP �<,3�
DZDUG HQWLWOHG ³31$�'ULYHQ 5HPRWH $FWXDWLRQ RI '1$ 1DQRVSULQJ 6WUDLQ 6HQVRUV�´ 7KLV
LQVWUXPHQW ZLOO EH XVHG WR SHUIRUP ODEHO�IUHH WLPH�FRXUVH YLVXDOL]DWLRQ RI G\QDPLF
VWUXFWXUDO FKDQJHV LQ QHXURQV WKDW DUH SDUW RI D V\QWKHWLF JXW�EUDLQ�D[LV DV SDUW RI &R�3,
3KLO /H'XF¶V $)265 DZDUG ³6\QWKHWLFDOO\ 7XQHG *XW䇲%UDLQ䇲$[LV &RPPXQLFDWLRQ�´ 7KH
VXSSRUWHG UHVHDUFK XQGHU WKLV JUDQW ZLOO EH GHVFULEHG LQ JUHDWHU GHWDLO EHORZ� 7D\ORU DOVR
DQWLFLSDWHV OHYHUDJLQJ WKH OLTXLG LPDJLQJ FDSDELOLWLHV RI WKLV HTXLSPHQW LQ QDVFHQW
UHVHDUFK LQ WKH IROORZLQJ WZR DUHDV� ��� &KDUDFWHUL]DWLRQ LQWR WKH PRUSKRORJ\ DQG
PHFKDQLFV RI Ȗ31$ QDQRVWUXFWXUHV LQ D UDQJH RUJDQLF VROYHQW VROXWLRQV� DQG ���
UHVHDUFK RQ QXFOHLF DFLG QDQRVWUXFWXUHV DQG VHQVRUV DQFKRUHG WR WKH GHOLFDWH VXUIDFH RI
WKH�FHOO�PHPEUDQH�DQG�JO\FRFDO\[�´

6HFWLRQ����5HOHYDQW�3XEOLFDWLRQV
7KLV \HDU RXU ODE KDV PXOWLSOH SDSHUV LQ SUHSDUDWLRQ� DQG LQ WKH XSFRPLQJ \HDU ZH H[SHFW WR
SUHSDUH�PDQXVFULSWV�ZLWK�ERWK�RI�RXU�106�FROODERUDWLRQV�

>�@ *XSWD� 0�.� 3HDUVH� $�� $UPLWDJH� %�� 7D\ORU� 5�(� 7HUPLQDO O\VLQH GHFRUDWLRQ LPSURYHV
VROXELOLW\�RI�VWUDQG�PLQLPDO�PLFURQ�VFDOH�JDPPD31$�QDQRILEHUV���LQ�SUHSDUDWLRQ�

>�@ $ULDV� '�6�� 7D\ORU� 5�(� 1DQRVFDSH '1$ OLQNDJHV IRU IOXRUHVFHQW PHDVXUHPHQW RI DUELWUDU\
GLVWDQFHV�DQG�GLVSODFHPHQWV���LQ�SUHSDUDWLRQ�

>�@ :DQJ� :�� +D\HV� 3�� 5HQ� ;�� 7D\ORU� 5�(� 6\QWKHWLF FHOO DUPRU PDGH RI '1$ RULJDPL�
�VXEPLWWHG�

>�@ *RRGZLQ�6FKRHQ� &�� 7D\ORU� 5�(� 0RGXODU� DUWLFXODWHG PRGHOV RI '1$ DQG SHSWLGH QXFOHLF
DFLGV�IRU�QDQRWHFKQRORJ\�HGXFDWLRQ��VXEPLWWHG�
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<HDU���RI��31$�'ULYHQ�5HPRWH�$FWXDWLRQ�RI�'1$�1DQRVSULQJ�6WUDLQ�6HQVRUV�
$)265�<,3�DZDUG��)$����������������<HDU�����3HULRG�RI�3HUIRUPDQFH��������������������
3,��5HEHFFD�7D\ORU��&DUQHJLH�0HOORQ�8QLYHUVLW\
<HDU���3HULRG�RI�3HUIRUPDQFH����������ş��������

����<HDUV���DLPV

7KH <HDU � H[WHQVLRQ RI WKLV SURMHFW LV HQDEOLQJ WKH H[SHULPHQWDO YDOLGDWLRQ RI WKH �' OHYHU
FRQFHSW� LQYROYLQJ WKH V\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI WKH GHYLFH DQG D GHHSHU H[SORUDWLRQ RI
WKH GHVLJQ VSDFH DYDLODEOH IRU VLPLODU VWUXFWXUHV� 7KLV \HDU RI VXSSRUW LV DOORZLQJ XV WR
LQYHVWLJDWH WKH DFWXDWLRQ RI QRYHO J31$�EDVHG QDQRıEHUV� DQG ıQDOO\ WKH LQWHJUDWLRQ RI WKH �'
OHYHU ZLWK WKH '1$ QDQRVSULQJV ZRXOG HQDEOH WKH PDMRU HQGSRLQW RI WKH LQLWLDO <,3� WKH
GHPRQVWUDWLRQ RI D FRQIRUPDWLRQ�UHSRUWLQJ ĲXRUHVFHQW QDQRVSULQJ FRQVWUXFW� 7KHVH DFWLYLWLHV
DUH FDSWXUHG LQ WKH IROORZLQJ VXEDLPV� 7R DFKLHYH WKLV JRDO� WKH �WK \HDU H[WHQVLRQ KDV WKH
IROORZLQJ IRXU VXEDLPV� ��� )LUVW GHPRQVWUDWLRQ RI QDQRVFDOH ŗ2ULFHSVŘ VHQVRU� ��� &UHDWH
GHVLJQ WRRO IRU RULFHSV E\ PDSSLQJ WKH GHVLJQ VSDFH� ��� ([SORUH DFWXDWDEOH 31$ V\VWHPV DQG
DWWDFK�RULFHSV������8VH�RULFHSV�WR�PHDVXUH�VXE��QP�RU�JUHDWHU�WKDQ��QP�VHSDUDWLRQV�

����3URJUHVV�LQ�<HDU��

7KLV DGGLWLRQDO \HDU RI VXSSRUW LV DOORZLQJ XV WR FRPSXWDWLRQDOO\ DQG H[SHULPHQWDOO\
FKDUDFWHUL]H RXU QDQRVFDOH �' OHYHU VHQVRU ZKLOH ZRUNLQJ WR LQFUHDVH WKH ZDWHU�VROXELOLW\ RI RXU
31$�QDQRıEHU�VWUXFWXUHV�

��� <HDU � 6XEDLP �� 6\QWKHVL]H� SXULI\� DQG FKDUDFWHUL]H ıUVW GHPRQVWUDWLRQV RI �2ULFHSV�
GLVSODFHPHQW VHQVRUV� DQG PHDVXUH VHQVRU )5(7 HĴFLHQF\ DV D IXQFWLRQ RI KDQGOH VHSDUDWLRQ
WR�JHQHUDWH�FDOLEUDWLRQ�FXUYHV�IRU��'�QDQROHYHUV�

%ULHĲ\� ĲXRUHVFHQW VWUDLQ PHDVXUHPHQWV WR GDWH DUH OLPLWHG WR PHDVXULQJ GLVWDQFHV IURP � WR
�QP� 6WUXFWXUDO '1$ QDQRWHFKQRORJ\ DSSURDFKHV KDYH VKRZQ WKH XWLOLW\ RI OHYHU� RU
FDOLSHU�EDVHG V\VWHPV IRU PHDVXULQJ ODUJHU DQG VPDOOHU QDQRVFDOH GLVWDQFHV� EXW VLPSOH OHYHUV
DUH XQDEOH WR VHQVLWLYHO\ PHDVXUH DUELWUDU\ GLVSODFHPHQWV IURP DUELWUDU\ VWDUWLQJ VHSDUDWLRQV�
EHFDXVH WKH VWDUW DQG HQG SRVLWLRQV PXVW EH PXOWLSOHV RI )5(7 PHDVXUDEOH GLVWDQFHV� OLNH �Q
WR �Q� )RU H[DPSOH� WR GDWH LW KDV QRW EHHQ SRVVLEOH WR PHDVXUH VPDOO GLVSODFHPHQWV RI MXVW D
FRXSOH QDQRPHWHUV IURP LQLWLDO ZLGH VHSDUDWLRQV LQ WKH WHQV RI QDQRPHWHUV UDQJH� EHFDXVH
FDOLSHU V\VWHPV OLQHDUO\ VFDOH WKH VHQVLWLYLW\ RI D JLYHQ )5(7 SDLU� $ OHYHU ZLWK D ZLGH VWDUWLQJ
VHSDUDWLRQ ��Q� LV DFFRUGLQJO\ RQO\ VHQVLWLYH WR ODUJH GLVSODFHPHQWV ��Q��Q�� 2XU '1$ RULJDPL
RULFHSV GHVLJQ ZDV FUHDWHG WR GLUHFWO\ DGGUHVV WKLV SUREOHP� HQDEOLQJ WKH KLJK VHQVLWLYLW\
PHDVXUHPHQW�RI�DUELWUDU\�VWDUW�DQG�HQG�SRVLWLRQV��)LJ� ���

�
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3UHYLRXV VLPXODWLRQV RI RXU ıUVW RULFHSV GHVLJQ VKRZHG VXEVWDQWLDO DSSDUHQW GHSDUWXUH IURP
WKH H[SHFWHG EHKDYLRU DW KLJK KDQGOH VHSDUDWLRQV �a����QP�� ,Q WKLV UHJLPH� WKH ĲH[LELOLW\ RI WKH
VWUXFWXUH ORZHUV WKH HQHUJHWLF EDUULHU RI RQH RI WKH MDZV FRPSOHWHO\ XQIROGLQJ DQG WKH VWUXFWXUH
LV XQDEOH WR UHWDLQ LWV V\PPHWULF IROGHG VKDSH� 7KLV OHDGV WR D UDSLG LQFUHDVH LQ MDZ VHSDUDWLRQ�
XQWLO WKH RWKHU MDZ XQIROGV DW ZKLFK SRLQW LW UHDFKHV LWV PD[LPXP VHSDUDWLRQ �ĲDW XQIROGHG
FRQıJXUDWLRQ�� 7R DGGUHVV WKLV LVVXH� WKH �' OHYHU ZDV UHGHVLJQHG XVLQJ D QHZ ZLUHIUDPH
GHVLJQ WRRO� 0DJLF'1$ �+XDQJ HW DO� 1DWXUH 0DWHULDOV ������ ZKLFK HQDEOHV WKH FUHDWLRQ RI VWLĳ
ZLUHIUDPH�PHFKDQLVPV��ZKRVH�HGJHV�FRQVLVW�RI���KHOL[�EXQGOHV��DV�VKRZQ�LQ )LJ�����

2XU FXUUHQW RULFHSV GHVLJQ KDV WKH IROORZLQJ FULWLFDO GLPHQVLRQV� D  ���� QP� E  ���� QP� DQG
F  ���� QP� 2XU DQDO\WLFDO PRGHO RI WKH V\VWHP SUHGLFWV SHDN )5(7 ZKHQ WKH VWDUWLQJ KDQGOH
VHSDUDWLRQ� +�� HTXDOV ���� QP DQG WKH FKDQJH RI KDQGOH VHSDUDWLRQ� G+� HTXDOV ���� QP� 2XU
OHYHU LV GHVLJQHG WR RSHUDWH LQ WKH PRVW VHQVLWLYH UDQJH RI WKH )5(7 SDLUV� UHSRUWLQJ SHDN )5(7
DW ���� QP DQG PLQLPXP )5(7 DW ���� QP� 7KLV LV XQOLNH D OLQHDU�VFDOLQJ OHYHU� ZKLFK ZRXOG
QHHG WR VFDOH WKH GLVWDQFHV XS ��� WLPHV WR KDYH 3($. )5(7 DW ���� QP� +RZHYHU D
GLVSODFHPHQW RI ��
�����
���� DERXW ���� QP WR ���� QP ZRXOG EH UHTXLUHG WR KDYH PLQLPDO
)5(7� ,Q SUDFWLFH� WKHUHIRUH� D OLQHDU�VFDOLQJ OHYHU ZRXOG RSHUDWH LQ MXVW D IUDFWLRQ �LQ WKLV FDVH
DERXW KDOI� RI WKH )5(7�VHQVLWLYH UDQJH� VXEVWDQWLDOO\ UHGXFLQJ WKH VLJQDO WR QRLVH UDWLR IRU
PHDVXUHPHQWV�

7KURXJK PXOWLSOH URXQGV RI FRDUVH�JUDLQHG VLPXODWLRQ LQ R['1$ ZH WXQHG WKH GHVLJQ RI WKHVH
RULFHSV� &RDUVH�JUDLQHG PROHFXODU G\QDPLFV VLPXODWLRQV ZHUH SHUIRUPHG WR GHWHUPLQH WKH
PHDQ FRQıJXUDWLRQV DW HTXLOLEULXP ZKHQ WKH KDQGOHV ZHUH KHOG DW VSHFLıF GLVSODFHPHQWV
VLPXODWHG�SRWHQWLDO�ZHOOV�DQG�GRXEOH�VWUDQGHG�WUXVV�FRQQHFWRUV��)LJ�����

�
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)OXRURSKRUH VHSDUDWLRQV ZHUH H[WUDFWHG IURP WKRVH PHDQ FRQıJXUDWLRQV DQG H[SHFWHG UHODWLYH
ĲXRUHVFHQFHV�YDOXHV�ZHUH�FDOFXODWHG��)LJ�����

:LWK FRQıGHQFH WKDW ĲXRUHVFHQFH FKDQJHV VKRXOG EH YLVLEOH DV GHYLFHV DUH DFWXDWHG� ZH
ıQDOL]HG RXU GHVLJQ DQG KDYH EXLOW WKLV VHFRQG LWHUDWLRQ� 2XU SUHOLPLQDU\ JHO VWXGLHV RI WKLV
GHYLFH LQGLFDWH VXEVWDQWLDO GHYLFH DJJUHJDWLRQ� ZKLFK LV FRPPRQ IRU ZLUHIUDPH VWUXFWXUHV�
+RZHYHU VKDUS EDQGV DUH DOVR YLVLEOH� LQGLFDWLQJ WKDW D IUDFWLRQ RI WKH RULJDPL DUH IRUPLQJ
GLVWLQFW VWUXFWXUHV� 7UXVVHG GHYLFHV IRUPHG ZLWK FRQVWUDLQHG KDQGOH VHSDUDWLRQV DOVR KDG
EDQGV DW GLĳHUHQW SRVLWLRQV� VXJJHVWLQJ WKDW WKH WUXVVHV VXFFHVVIXOO\ FKDQJHG WKH FRQıJXUDWLRQ
DQG�WKXV�UXQ�VSHHG�RI�WKH�QDQRVFDOH�RULFHSV�GHYLFHV��)LJ�����
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��� <HDU � 6XEDLP �� 0DS WKH DQDO\WLFDO GHVLJQ VSDFH IRU '1$ RULJDPL�EDVHG �2ULFHSV�
VHQVRUV WR FUHDWH D VLPSOH WRRO WKDW IDFLOLWDWHV IXWXUH NLQHPDWLF V\QWKHVLV RI WKHVH VHQVRUV� 7KLV
WRRO ZLOO UHWXUQ VWUXFWXUH GLPHQVLRQV QHHGHG WR DWWDLQ GHVLUHG GHĲHFWLRQ�FRQYHUVLRQ
SHUIRUPDQFH�

7KH GHVLJQ RI WKHVH �' OHYHUV LV GHSHQGHQW RQ IRXU LQGHSHQGHQW YDULDEOHV �D�E�F� DQG ᵙ�� ZKLFK
PHDQV WKDW WR DWWDLQ D JLYHQ PDSSLQJ EHWZHHQ MDZ DQG JULSSHU PLQLPD DQG PD[LPD� ZH KDYH
DQ XQGHUGHWHUPLQHG V\VWHP� ZKLFK PD\ UHVXOW LQ WKHUH EHLQJ QXPHURXV SRVVLEOH GHVLJQV WKDW
ZLOO DFKLHYH WKH GHVLUHG EHKDYLRU� 7R DGGUHVV WKLV LVVXH DQG FUHDWH D GHVLJQ UHVRXUFH� ZH
PDSSHG WKH DQDO\WLFDO GHVLJQ VSDFH� LGHQWLI\LQJ DOO SRVVLEOH VROXWLRQV IRU DOO SRVVLEOH
MDZ�KDQGOH VHSDUDWLRQ FRQVWUDLQWV WKDW ZLOO HQDEOH KLJK VHQVLWLYLW\ )5(7� :H FDQ WKHQ HYDOXDWH
RXU RSWLRQV DQG VHOHFW WKH EHVW RQH IRU RXU DSSOLFDWLRQ �IRU H[DPSOH ZKLFK GHVLJQ GHYLDWHV WKH
OHDVW�IURP�WKH�DQDO\WLFDO�PRGHO�LQ�FRDUVH�JUDLQHG�VLPXODWLRQV��

2XU PDSSLQJ GHPRQVWUDWHG WKDW GHVLJQV H[LVW IRU QHDUO\ DOO GHVLUDEOH VWDUWLQJ DQG HQGLQJ
KDQGOH VHSDUDWLRQV �)LJ� ��� :H KDYH FUHDWHG D GDWDEDVH RI VROXWLRQV DQG D VRIWZDUH LQWHUIDFH
WKDW TXLFNO\ SURYLGHV WKH GHVLJQ SDUDPHWHUV RI PXOWLSOH GHVLJQV WKDW PHHW WKH GHVLUHG KDQGOH
VHSDUDWLRQV� $Q 69* RI D GLPHQVLRQHG ĲDW GHVLJQ LV DOVR JHQHUDWHG VR WKDW XVHUV FDQ SULQW WKHLU
GHVLJQV��FXW�WKHP�RXW��DQG�IROG�PRGHOV�RI�WKHLU�'1$�RULJDPL�RULFHSV�GHVLJQV�

��� <HDU � 6XEDLP �� ([SORUH DFWXDWLRQ RI 31$�EDVHG QDQRıEHUV XVLQJ VWUDQG GLVSODFHPHQW WR
GULYH WZLVW� EHQGLQJ DQG VWLĳHQLQJ� DQG GHYHORS QDQRıEHU GHFRUDWLRQ VWUDWHJ\ WR DWWDFK 2ULFHSV
WR�31$�EDVHG�QDQRVWUXFWXUHV�

,Q SUHYLRXV \HDUV ZH SHUIRUPHG YLVXDOL]DWLRQV RI K\EULG QDQRVWUXFWXUHV XVLQJ 3\WKRQ DQG 8&6)
&KLPHUD PROHFXODU YLVXDOL]DWLRQ� EXW WKLV DSSURDFK ZDV OLPLWHG WR PRGHOLQJ J31$ GXSOH[HV DV
VLPSOH F\OLQGHUV� ,Q ���� D QHZ WRRO FDOOHG R[9LHZ ZDV UHOHDVHG� DQG LW HQDEOHV D PDMRU
DGYDQFH IRU WKH GHVLJQ RI J31$ QDQRVWUXFWXUHV �3RSSOHWRQ HW DO� LQ 1XFOHLF $FLGV 5HVHDUFK
KWWSV���GRL�RUJ���������QDU�JNDD����� 2XU JURXS KDV FUHDWHG FXVWRP IXQFWLRQV WR GULYH WKH
FUHDWLRQ RI QXFOHLF DFLG VWUXFWXUHV WKDW PLPLF WKH KHOLFLW\ RI J31$�J31$ DV ZHOO DV J31$�'1$
GXSOH[HV��VHH )LJ���$��

8VLQJ WKLV WRRO ZH GHYHORSHG �DQG PRGHOHG LQ R[9LHZ� D QRYHO VWUXFWXUDO PRWLI IRU
VWUDQG�PLQLPDO ��KHOL[ QDQRıEHUV FRQVWUXFWHG IURP MXVW WKUHH ���EDVH J31$ ROLJRPHUV �VHH
)LJ� �% DQG �&�� 2XU QHZ ��KHOL[ QDQRıEHUV ZLOO EH XVHG WR VWXG\ QDQRıEHU VROXELOLW\ LQ
ZDWHU�EDVHG VROXWLRQV� ZKLFK LV HVVHQWLDO IRU HQDEOLQJ WKH LQWHUIDFLQJ RI '1$ RULFHSV VHQVRUV
ZLWK JDPPD31$ QDQRıEHUV� 3UHYLRXV DJJUHJDWLRQV RI QDQRıEHUV LQ ZDWHU�EDVHG VROXWLRQV
OLPLWHG WKHLU XVH DV GLVFUHWH QDQRVWUXFWXUHV� ZKLOH WKH VXUIDFWDQW SOXV '062 VROXWLRQV WKDW

�



SURYLGHG GLVFUHWH QDQRıEHUV DUH LQFRPSDWLEOH ZLWK PRVW '1$ QDQRVWUXFWXUHV �RQO\ WKH PRVW
VWDEOH�'1$�QDQRVWUXFWXUHV�FDQ�UHVLVW�GHQDWXUDWLRQ�LQ�D�����'062�VROXWLRQ��

��� <HDU � 6XEDLP �� 8WLOL]H 2ULFHSV WR PHDVXUH GLVSODFHPHQWV WKDW DUH VXE �QP RU JUHDWHU
WKDQ �QP� ZKLFK GHPRQVWUDWHV WKDW WKLV WRRO H[WHQGV WKH UDQJH RI GLVSODFHPHQWV PHDVXUDEOH
XVLQJ�D�PROHFXODU�UXOHU�WHFKQRORJ\�OLNH�)5(7�

:H KDYH YHULıHG VXFFHVVIXO IRUPDWLRQ RI RXU VWUXFWXUHV XVLQJ DWRPLF IRUFH PLFURVFRS\� DQG LQ
RXU QH[W VWHSV ZH ZLOO FKDUDFWHUL]H WKH )5(7 XVLQJ SURRI�RI�SULQFLSOH VWXGLHV RI SRWDVVLXP
UHVSRQVLYH J�TXDGUXSOH[HV� 7KHVH VWXGLHV ZLOO F\FOLFDOO\ DFWXDWH WKH RULFHSV WKURXJK EXIIHU
H[FKDQJH H[SHULPHQWV� 7KHVH H[SHULPHQWV ZLOO DOORZ XV WR H[DPLQH WKH UHVSRQVLYHQHVV RI
J�TXDGUXSOH[HV WR LRQ FRQFHQWUDWLRQ DQG� IURP DQ DOWHUQDWLYH SHUVSHFWLYH� GHPRQVWUDWH WKH
FDSDELOLWLHV RI RULFHSV DV D IOXRUHVFHQFH EDVHG GLVWDQFH VHQVRU WKDW LV LQ WKHRU\ QRW OLPLWHG WR
WUDGLWLRQDO�)5(7�SDLU�PHDVXUHPHQW�OLPLWDWLRQV�

)LJXUH �� 6XFFHVVIXO IRUPDWLRQ RI RULFHSV
'1$ RULJDPL QDQROHYHU VWUXFWXUHV KDV EHHQ
YHULıHG�E\�DWRPLF IRUFH�PLFURVFRS\�LPDJLQJ�

6HFWLRQ����6\QHUJLVWLF�DFWLYLWLHV

7KH 10	6 FRPPXQLW\ KDV EHHQ LQVWUXPHQWDO DV D QHWZRUN RI FROOHDJXHV DQG FROODERUDWRUV�
7KLV JURXS DQG WKH $)265 LQ JHQHUDO KDV EHHQ H[WUHPHO\ JHQHURXV DQG FUHDWLYH LQ FRQQHFWLQJ
PH�ZLWK�UHVRXUFHV�DQG�UHVHDUFKHUV�ZLWK�FRPSOHPHQWDU\�UHVHDUFK�LQWHUHVWV�DQG�FDSDELOLWLHV�

Ɣ 2XU JURXS LV DFWLYHO\ FROODERUDWLQJ ZLWK 1LFKRODV 6WHSKDQRSRXORV¶ WHDP DW WKH %LRGHVLJQ
,QVWLWXWH DW $UL]RQD 6WDWH 8QLYHUVLW\ RQ WKH DSSOLFDWLRQ RI 31$�SHSWLGHV IRU VHOI�DVVHPEO\
DSSOLFDWLRQV� 7KH 106 SURJUDP ZDV WKH YHQXH LQ ZKLFK RXU WHDPV FRQQHFWHG DQG
VWDUWHG�FROODERUDWLRQV�

Ɣ 2XU JURXS LV DOVR FROODERUDWLQJ ZLWK IHOORZ <,3 DZDUGHH� 6WDF\ &RSS IURP 8&,UYLQH� :H
DUH LQYHVWLJDWLQJ WKH DSSOLFDWLRQ RI 31$V IRU WKH VWDELOL]DWLRQ RI IOXRUHVFHQW VLOYHU

�



FOXVWHUV� 2XU ODEV KDYH DQRWKHU V\QHUJLVWLF FRQQHFWLRQ LQ WKDW RQH RI 6WDF\¶V IRUPHU
XQGHUJUDGXDWH UHVHDUFKHUV IURP KHU WLPH DW /$1/ LV QRZ D 3K�'� FDQGLGDWH LQ P\
UHVHDUFK�ODE�

Ɣ :H ZHUH UHFHQWO\ DZDUGHG D '85,3 JUDQW ZLWK &R�3, 3KLOLS /H'XF �0HFKDQLFDO
(QJLQHHULQJ� &08� HQWLWOHG ³3HSWLGH 1XFOHLF $FLG�%DVHG 1DQRVWUXFWXUHV DW %LRWLF DQG
$ELRWLF ,QWHUIDFHV´� 7R TXRWH IURP WKH '85,3 SURSRVDO ³7KLV LQVWUXPHQW ZLOO SULPDULO\ EH
XVHG WR FKDUDFWHUL]H WKH PRUSKRORJ\� PHFKDQLFV� DQG VXUIDFH FKDUJH GLVWULEXWLRQ RI
Ȗ31$�FRQWDLQLQJ QDQRVWUXFWXUHV DV SDUW RI DQ $)265 <RXQJ ,QYHVWLJDWRU 3URJUDP �<,3�
DZDUG HQWLWOHG ³31$�'ULYHQ 5HPRWH $FWXDWLRQ RI '1$ 1DQRVSULQJ 6WUDLQ 6HQVRUV�´ 7KLV
LQVWUXPHQW ZLOO EH XVHG WR SHUIRUP ODEHO�IUHH WLPH�FRXUVH YLVXDOL]DWLRQ RI G\QDPLF
VWUXFWXUDO FKDQJHV LQ QHXURQV WKDW DUH SDUW RI D V\QWKHWLF JXW�EUDLQ�D[LV DV SDUW RI &R�3,
3KLO /H'XF¶V $)265 DZDUG ³6\QWKHWLFDOO\ 7XQHG *XW䇲%UDLQ䇲$[LV &RPPXQLFDWLRQ�´ 7KH
VXSSRUWHG UHVHDUFK XQGHU WKLV JUDQW ZLOO EH GHVFULEHG LQ JUHDWHU GHWDLO EHORZ� 7D\ORU DOVR
DQWLFLSDWHV OHYHUDJLQJ WKH OLTXLG LPDJLQJ FDSDELOLWLHV RI WKLV HTXLSPHQW LQ QDVFHQW
UHVHDUFK LQ WKH IROORZLQJ WZR DUHDV� ��� &KDUDFWHUL]DWLRQ LQWR WKH PRUSKRORJ\ DQG
PHFKDQLFV RI Ȗ31$ QDQRVWUXFWXUHV LQ D UDQJH RUJDQLF VROYHQW VROXWLRQV� DQG ���
UHVHDUFK RQ QXFOHLF DFLG QDQRVWUXFWXUHV DQG VHQVRUV DQFKRUHG WR WKH GHOLFDWH VXUIDFH RI
WKH�FHOO�PHPEUDQH�DQG�JO\FRFDO\[�´

6HFWLRQ����5HOHYDQW�3XEOLFDWLRQV
7KLV \HDU RXU ODE KDV PXOWLSOH SDSHUV LQ SUHSDUDWLRQ� DQG LQ WKH XSFRPLQJ \HDU ZH H[SHFW WR
SUHSDUH�PDQXVFULSWV�ZLWK�ERWK�RI�RXU�106�FROODERUDWLRQV�

>�@ *XSWD� 0�.� 3HDUVH� $�� $UPLWDJH� %�� 7D\ORU� 5�(� 7HUPLQDO O\VLQH GHFRUDWLRQ LPSURYHV
VROXELOLW\�RI�VWUDQG�PLQLPDO�PLFURQ�VFDOH�JDPPD31$�QDQRILEHUV���LQ�SUHSDUDWLRQ�

>�@ $ULDV� '�6�� 7D\ORU� 5�(� 1DQRVFDSH '1$ OLQNDJHV IRU IOXRUHVFHQW PHDVXUHPHQW RI DUELWUDU\
GLVWDQFHV�DQG�GLVSODFHPHQWV���LQ�SUHSDUDWLRQ�

>�@ :DQJ� :�� +D\HV� 3�� 5HQ� ;�� 7D\ORU� 5�(� 6\QWKHWLF FHOO DUPRU PDGH RI '1$ RULJDPL�
�VXEPLWWHG�

>�@ *RRGZLQ�6FKRHQ� &�� 7D\ORU� 5�(� 0RGXODU� DUWLFXODWHG PRGHOV RI '1$ DQG SHSWLGH QXFOHLF
DFLGV�IRU�QDQRWHFKQRORJ\�HGXFDWLRQ��VXEPLWWHG�
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<HDU���RI��31$�'ULYHQ�5HPRWH�$FWXDWLRQ�RI�'1$�1DQRVSULQJ�6WUDLQ�6HQVRUV�
$)265�<,3�DZDUG��)$����������������<HDU�����3HULRG�RI�3HUIRUPDQFH��������������������
3,��5HEHFFD�7D\ORU��&DUQHJLH�0HOORQ�8QLYHUVLW\
<HDU���3HULRG�RI�3HUIRUPDQFH����������ş��������

����<HDUV���DLPV

7KH <HDU � H[WHQVLRQ RI WKLV SURMHFW LV HQDEOLQJ WKH H[SHULPHQWDO YDOLGDWLRQ RI WKH �' OHYHU
FRQFHSW� LQYROYLQJ WKH V\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI WKH GHYLFH DQG D GHHSHU H[SORUDWLRQ RI
WKH GHVLJQ VSDFH DYDLODEOH IRU VLPLODU VWUXFWXUHV� 7KLV \HDU RI VXSSRUW LV DOORZLQJ XV WR
LQYHVWLJDWH WKH DFWXDWLRQ RI QRYHO J31$�EDVHG QDQRıEHUV� DQG ıQDOO\ WKH LQWHJUDWLRQ RI WKH �'
OHYHU ZLWK WKH '1$ QDQRVSULQJV ZRXOG HQDEOH WKH PDMRU HQGSRLQW RI WKH LQLWLDO <,3� WKH
GHPRQVWUDWLRQ RI D FRQIRUPDWLRQ�UHSRUWLQJ ĲXRUHVFHQW QDQRVSULQJ FRQVWUXFW� 7KHVH DFWLYLWLHV
DUH FDSWXUHG LQ WKH IROORZLQJ VXEDLPV� 7R DFKLHYH WKLV JRDO� WKH �WK \HDU H[WHQVLRQ KDV WKH
IROORZLQJ IRXU VXEDLPV� ��� )LUVW GHPRQVWUDWLRQ RI QDQRVFDOH ŗ2ULFHSVŘ VHQVRU� ��� &UHDWH
GHVLJQ WRRO IRU RULFHSV E\ PDSSLQJ WKH GHVLJQ VSDFH� ��� ([SORUH DFWXDWDEOH 31$ V\VWHPV DQG
DWWDFK�RULFHSV������8VH�RULFHSV�WR�PHDVXUH�VXE��QP�RU�JUHDWHU�WKDQ��QP�VHSDUDWLRQV�

����3URJUHVV�LQ�<HDU��

7KLV DGGLWLRQDO \HDU RI VXSSRUW LV DOORZLQJ XV WR FRPSXWDWLRQDOO\ DQG H[SHULPHQWDOO\
FKDUDFWHUL]H RXU QDQRVFDOH �' OHYHU VHQVRU ZKLOH ZRUNLQJ WR LQFUHDVH WKH ZDWHU�VROXELOLW\ RI RXU
31$�QDQRıEHU�VWUXFWXUHV�

��� <HDU � 6XEDLP �� 6\QWKHVL]H� SXULI\� DQG FKDUDFWHUL]H ıUVW GHPRQVWUDWLRQV RI �2ULFHSV�
GLVSODFHPHQW VHQVRUV� DQG PHDVXUH VHQVRU )5(7 HĴFLHQF\ DV D IXQFWLRQ RI KDQGOH VHSDUDWLRQ
WR�JHQHUDWH�FDOLEUDWLRQ�FXUYHV�IRU��'�QDQROHYHUV�

%ULHĲ\� ĲXRUHVFHQW VWUDLQ PHDVXUHPHQWV WR GDWH DUH OLPLWHG WR PHDVXULQJ GLVWDQFHV IURP � WR
�QP� 6WUXFWXUDO '1$ QDQRWHFKQRORJ\ DSSURDFKHV KDYH VKRZQ WKH XWLOLW\ RI OHYHU� RU
FDOLSHU�EDVHG V\VWHPV IRU PHDVXULQJ ODUJHU DQG VPDOOHU QDQRVFDOH GLVWDQFHV� EXW VLPSOH OHYHUV
DUH XQDEOH WR VHQVLWLYHO\ PHDVXUH DUELWUDU\ GLVSODFHPHQWV IURP DUELWUDU\ VWDUWLQJ VHSDUDWLRQV�
EHFDXVH WKH VWDUW DQG HQG SRVLWLRQV PXVW EH PXOWLSOHV RI )5(7 PHDVXUDEOH GLVWDQFHV� OLNH �Q
WR �Q� )RU H[DPSOH� WR GDWH LW KDV QRW EHHQ SRVVLEOH WR PHDVXUH VPDOO GLVSODFHPHQWV RI MXVW D
FRXSOH QDQRPHWHUV IURP LQLWLDO ZLGH VHSDUDWLRQV LQ WKH WHQV RI QDQRPHWHUV UDQJH� EHFDXVH
FDOLSHU V\VWHPV OLQHDUO\ VFDOH WKH VHQVLWLYLW\ RI D JLYHQ )5(7 SDLU� $ OHYHU ZLWK D ZLGH VWDUWLQJ
VHSDUDWLRQ ��Q� LV DFFRUGLQJO\ RQO\ VHQVLWLYH WR ODUJH GLVSODFHPHQWV ��Q��Q�� 2XU '1$ RULJDPL
RULFHSV GHVLJQ ZDV FUHDWHG WR GLUHFWO\ DGGUHVV WKLV SUREOHP� HQDEOLQJ WKH KLJK VHQVLWLYLW\
PHDVXUHPHQW�RI�DUELWUDU\�VWDUW�DQG�HQG�SRVLWLRQV��)LJ� ���

�
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3UHYLRXV VLPXODWLRQV RI RXU ıUVW RULFHSV GHVLJQ VKRZHG VXEVWDQWLDO DSSDUHQW GHSDUWXUH IURP
WKH H[SHFWHG EHKDYLRU DW KLJK KDQGOH VHSDUDWLRQV �a����QP�� ,Q WKLV UHJLPH� WKH ĲH[LELOLW\ RI WKH
VWUXFWXUH ORZHUV WKH HQHUJHWLF EDUULHU RI RQH RI WKH MDZV FRPSOHWHO\ XQIROGLQJ DQG WKH VWUXFWXUH
LV XQDEOH WR UHWDLQ LWV V\PPHWULF IROGHG VKDSH� 7KLV OHDGV WR D UDSLG LQFUHDVH LQ MDZ VHSDUDWLRQ�
XQWLO WKH RWKHU MDZ XQIROGV DW ZKLFK SRLQW LW UHDFKHV LWV PD[LPXP VHSDUDWLRQ �ĲDW XQIROGHG
FRQıJXUDWLRQ�� 7R DGGUHVV WKLV LVVXH� WKH �' OHYHU ZDV UHGHVLJQHG XVLQJ D QHZ ZLUHIUDPH
GHVLJQ WRRO� 0DJLF'1$ �+XDQJ HW DO� 1DWXUH 0DWHULDOV ������ ZKLFK HQDEOHV WKH FUHDWLRQ RI VWLĳ
ZLUHIUDPH�PHFKDQLVPV��ZKRVH�HGJHV�FRQVLVW�RI���KHOL[�EXQGOHV��DV�VKRZQ�LQ )LJ�����

2XU FXUUHQW RULFHSV GHVLJQ KDV WKH IROORZLQJ FULWLFDO GLPHQVLRQV� D  ���� QP� E  ���� QP� DQG
F  ���� QP� 2XU DQDO\WLFDO PRGHO RI WKH V\VWHP SUHGLFWV SHDN )5(7 ZKHQ WKH VWDUWLQJ KDQGOH
VHSDUDWLRQ� +�� HTXDOV ���� QP DQG WKH FKDQJH RI KDQGOH VHSDUDWLRQ� G+� HTXDOV ���� QP� 2XU
OHYHU LV GHVLJQHG WR RSHUDWH LQ WKH PRVW VHQVLWLYH UDQJH RI WKH )5(7 SDLUV� UHSRUWLQJ SHDN )5(7
DW ���� QP DQG PLQLPXP )5(7 DW ���� QP� 7KLV LV XQOLNH D OLQHDU�VFDOLQJ OHYHU� ZKLFK ZRXOG
QHHG WR VFDOH WKH GLVWDQFHV XS ��� WLPHV WR KDYH 3($. )5(7 DW ���� QP� +RZHYHU D
GLVSODFHPHQW RI ��
�����
���� DERXW ���� QP WR ���� QP ZRXOG EH UHTXLUHG WR KDYH PLQLPDO
)5(7� ,Q SUDFWLFH� WKHUHIRUH� D OLQHDU�VFDOLQJ OHYHU ZRXOG RSHUDWH LQ MXVW D IUDFWLRQ �LQ WKLV FDVH
DERXW KDOI� RI WKH )5(7�VHQVLWLYH UDQJH� VXEVWDQWLDOO\ UHGXFLQJ WKH VLJQDO WR QRLVH UDWLR IRU
PHDVXUHPHQWV�

7KURXJK PXOWLSOH URXQGV RI FRDUVH�JUDLQHG VLPXODWLRQ LQ R['1$ ZH WXQHG WKH GHVLJQ RI WKHVH
RULFHSV� &RDUVH�JUDLQHG PROHFXODU G\QDPLFV VLPXODWLRQV ZHUH SHUIRUPHG WR GHWHUPLQH WKH
PHDQ FRQıJXUDWLRQV DW HTXLOLEULXP ZKHQ WKH KDQGOHV ZHUH KHOG DW VSHFLıF GLVSODFHPHQWV
VLPXODWHG�SRWHQWLDO�ZHOOV�DQG�GRXEOH�VWUDQGHG�WUXVV�FRQQHFWRUV��)LJ�����

�
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)OXRURSKRUH VHSDUDWLRQV ZHUH H[WUDFWHG IURP WKRVH PHDQ FRQıJXUDWLRQV DQG H[SHFWHG UHODWLYH
ĲXRUHVFHQFHV�YDOXHV�ZHUH�FDOFXODWHG��)LJ�����

:LWK FRQıGHQFH WKDW ĲXRUHVFHQFH FKDQJHV VKRXOG EH YLVLEOH DV GHYLFHV DUH DFWXDWHG� ZH
ıQDOL]HG RXU GHVLJQ DQG KDYH EXLOW WKLV VHFRQG LWHUDWLRQ� 2XU SUHOLPLQDU\ JHO VWXGLHV RI WKLV
GHYLFH LQGLFDWH VXEVWDQWLDO GHYLFH DJJUHJDWLRQ� ZKLFK LV FRPPRQ IRU ZLUHIUDPH VWUXFWXUHV�
+RZHYHU VKDUS EDQGV DUH DOVR YLVLEOH� LQGLFDWLQJ WKDW D IUDFWLRQ RI WKH RULJDPL DUH IRUPLQJ
GLVWLQFW VWUXFWXUHV� 7UXVVHG GHYLFHV IRUPHG ZLWK FRQVWUDLQHG KDQGOH VHSDUDWLRQV DOVR KDG
EDQGV DW GLĳHUHQW SRVLWLRQV� VXJJHVWLQJ WKDW WKH WUXVVHV VXFFHVVIXOO\ FKDQJHG WKH FRQıJXUDWLRQ
DQG�WKXV�UXQ�VSHHG�RI�WKH�QDQRVFDOH�RULFHSV�GHYLFHV��)LJ�����
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��� <HDU � 6XEDLP �� 0DS WKH DQDO\WLFDO GHVLJQ VSDFH IRU '1$ RULJDPL�EDVHG �2ULFHSV�
VHQVRUV WR FUHDWH D VLPSOH WRRO WKDW IDFLOLWDWHV IXWXUH NLQHPDWLF V\QWKHVLV RI WKHVH VHQVRUV� 7KLV
WRRO ZLOO UHWXUQ VWUXFWXUH GLPHQVLRQV QHHGHG WR DWWDLQ GHVLUHG GHĲHFWLRQ�FRQYHUVLRQ
SHUIRUPDQFH�

7KH GHVLJQ RI WKHVH �' OHYHUV LV GHSHQGHQW RQ IRXU LQGHSHQGHQW YDULDEOHV �D�E�F� DQG ᵙ�� ZKLFK
PHDQV WKDW WR DWWDLQ D JLYHQ PDSSLQJ EHWZHHQ MDZ DQG JULSSHU PLQLPD DQG PD[LPD� ZH KDYH
DQ XQGHUGHWHUPLQHG V\VWHP� ZKLFK PD\ UHVXOW LQ WKHUH EHLQJ QXPHURXV SRVVLEOH GHVLJQV WKDW
ZLOO DFKLHYH WKH GHVLUHG EHKDYLRU� 7R DGGUHVV WKLV LVVXH DQG FUHDWH D GHVLJQ UHVRXUFH� ZH
PDSSHG WKH DQDO\WLFDO GHVLJQ VSDFH� LGHQWLI\LQJ DOO SRVVLEOH VROXWLRQV IRU DOO SRVVLEOH
MDZ�KDQGOH VHSDUDWLRQ FRQVWUDLQWV WKDW ZLOO HQDEOH KLJK VHQVLWLYLW\ )5(7� :H FDQ WKHQ HYDOXDWH
RXU RSWLRQV DQG VHOHFW WKH EHVW RQH IRU RXU DSSOLFDWLRQ �IRU H[DPSOH ZKLFK GHVLJQ GHYLDWHV WKH
OHDVW�IURP�WKH�DQDO\WLFDO�PRGHO�LQ�FRDUVH�JUDLQHG�VLPXODWLRQV��

2XU PDSSLQJ GHPRQVWUDWHG WKDW GHVLJQV H[LVW IRU QHDUO\ DOO GHVLUDEOH VWDUWLQJ DQG HQGLQJ
KDQGOH VHSDUDWLRQV �)LJ� ��� :H KDYH FUHDWHG D GDWDEDVH RI VROXWLRQV DQG D VRIWZDUH LQWHUIDFH
WKDW TXLFNO\ SURYLGHV WKH GHVLJQ SDUDPHWHUV RI PXOWLSOH GHVLJQV WKDW PHHW WKH GHVLUHG KDQGOH
VHSDUDWLRQV� $Q 69* RI D GLPHQVLRQHG ĲDW GHVLJQ LV DOVR JHQHUDWHG VR WKDW XVHUV FDQ SULQW WKHLU
GHVLJQV��FXW�WKHP�RXW��DQG�IROG�PRGHOV�RI�WKHLU�'1$�RULJDPL�RULFHSV�GHVLJQV�

��� <HDU � 6XEDLP �� ([SORUH DFWXDWLRQ RI 31$�EDVHG QDQRıEHUV XVLQJ VWUDQG GLVSODFHPHQW WR
GULYH WZLVW� EHQGLQJ DQG VWLĳHQLQJ� DQG GHYHORS QDQRıEHU GHFRUDWLRQ VWUDWHJ\ WR DWWDFK 2ULFHSV
WR�31$�EDVHG�QDQRVWUXFWXUHV�

,Q SUHYLRXV \HDUV ZH SHUIRUPHG YLVXDOL]DWLRQV RI K\EULG QDQRVWUXFWXUHV XVLQJ 3\WKRQ DQG 8&6)
&KLPHUD PROHFXODU YLVXDOL]DWLRQ� EXW WKLV DSSURDFK ZDV OLPLWHG WR PRGHOLQJ J31$ GXSOH[HV DV
VLPSOH F\OLQGHUV� ,Q ���� D QHZ WRRO FDOOHG R[9LHZ ZDV UHOHDVHG� DQG LW HQDEOHV D PDMRU
DGYDQFH IRU WKH GHVLJQ RI J31$ QDQRVWUXFWXUHV �3RSSOHWRQ HW DO� LQ 1XFOHLF $FLGV 5HVHDUFK
KWWSV���GRL�RUJ���������QDU�JNDD����� 2XU JURXS KDV FUHDWHG FXVWRP IXQFWLRQV WR GULYH WKH
FUHDWLRQ RI QXFOHLF DFLG VWUXFWXUHV WKDW PLPLF WKH KHOLFLW\ RI J31$�J31$ DV ZHOO DV J31$�'1$
GXSOH[HV��VHH )LJ���$��

8VLQJ WKLV WRRO ZH GHYHORSHG �DQG PRGHOHG LQ R[9LHZ� D QRYHO VWUXFWXUDO PRWLI IRU
VWUDQG�PLQLPDO ��KHOL[ QDQRıEHUV FRQVWUXFWHG IURP MXVW WKUHH ���EDVH J31$ ROLJRPHUV �VHH
)LJ� �% DQG �&�� 2XU QHZ ��KHOL[ QDQRıEHUV ZLOO EH XVHG WR VWXG\ QDQRıEHU VROXELOLW\ LQ
ZDWHU�EDVHG VROXWLRQV� ZKLFK LV HVVHQWLDO IRU HQDEOLQJ WKH LQWHUIDFLQJ RI '1$ RULFHSV VHQVRUV
ZLWK JDPPD31$ QDQRıEHUV� 3UHYLRXV DJJUHJDWLRQV RI QDQRıEHUV LQ ZDWHU�EDVHG VROXWLRQV
OLPLWHG WKHLU XVH DV GLVFUHWH QDQRVWUXFWXUHV� ZKLOH WKH VXUIDFWDQW SOXV '062 VROXWLRQV WKDW
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SURYLGHG GLVFUHWH QDQRıEHUV DUH LQFRPSDWLEOH ZLWK PRVW '1$ QDQRVWUXFWXUHV �RQO\ WKH PRVW
VWDEOH�'1$�QDQRVWUXFWXUHV�FDQ�UHVLVW�GHQDWXUDWLRQ�LQ�D�����'062�VROXWLRQ��

��� <HDU � 6XEDLP �� 8WLOL]H 2ULFHSV WR PHDVXUH GLVSODFHPHQWV WKDW DUH VXE �QP RU JUHDWHU
WKDQ �QP� ZKLFK GHPRQVWUDWHV WKDW WKLV WRRO H[WHQGV WKH UDQJH RI GLVSODFHPHQWV PHDVXUDEOH
XVLQJ�D�PROHFXODU�UXOHU�WHFKQRORJ\�OLNH�)5(7�

:H KDYH YHULıHG VXFFHVVIXO IRUPDWLRQ RI RXU VWUXFWXUHV XVLQJ DWRPLF IRUFH PLFURVFRS\� DQG LQ
RXU QH[W VWHSV ZH ZLOO FKDUDFWHUL]H WKH )5(7 XVLQJ SURRI�RI�SULQFLSOH VWXGLHV RI SRWDVVLXP
UHVSRQVLYH J�TXDGUXSOH[HV� 7KHVH VWXGLHV ZLOO F\FOLFDOO\ DFWXDWH WKH RULFHSV WKURXJK EXIIHU
H[FKDQJH H[SHULPHQWV� 7KHVH H[SHULPHQWV ZLOO DOORZ XV WR H[DPLQH WKH UHVSRQVLYHQHVV RI
J�TXDGUXSOH[HV WR LRQ FRQFHQWUDWLRQ DQG� IURP DQ DOWHUQDWLYH SHUVSHFWLYH� GHPRQVWUDWH WKH
FDSDELOLWLHV RI RULFHSV DV D IOXRUHVFHQFH EDVHG GLVWDQFH VHQVRU WKDW LV LQ WKHRU\ QRW OLPLWHG WR
WUDGLWLRQDO�)5(7�SDLU�PHDVXUHPHQW�OLPLWDWLRQV�

)LJXUH �� 6XFFHVVIXO IRUPDWLRQ RI RULFHSV
'1$ RULJDPL QDQROHYHU VWUXFWXUHV KDV EHHQ
YHULıHG�E\�DWRPLF IRUFH�PLFURVFRS\�LPDJLQJ�

6HFWLRQ����6\QHUJLVWLF�DFWLYLWLHV

7KH 10	6 FRPPXQLW\ KDV EHHQ LQVWUXPHQWDO DV D QHWZRUN RI FROOHDJXHV DQG FROODERUDWRUV�
7KLV JURXS DQG WKH $)265 LQ JHQHUDO KDV EHHQ H[WUHPHO\ JHQHURXV DQG FUHDWLYH LQ FRQQHFWLQJ
PH�ZLWK�UHVRXUFHV�DQG�UHVHDUFKHUV�ZLWK�FRPSOHPHQWDU\�UHVHDUFK�LQWHUHVWV�DQG�FDSDELOLWLHV�

Ɣ 2XU JURXS LV DFWLYHO\ FROODERUDWLQJ ZLWK 1LFKRODV 6WHSKDQRSRXORV¶ WHDP DW WKH %LRGHVLJQ
,QVWLWXWH DW $UL]RQD 6WDWH 8QLYHUVLW\ RQ WKH DSSOLFDWLRQ RI 31$�SHSWLGHV IRU VHOI�DVVHPEO\
DSSOLFDWLRQV� 7KH 106 SURJUDP ZDV WKH YHQXH LQ ZKLFK RXU WHDPV FRQQHFWHG DQG
VWDUWHG�FROODERUDWLRQV�

Ɣ 2XU JURXS LV DOVR FROODERUDWLQJ ZLWK IHOORZ <,3 DZDUGHH� 6WDF\ &RSS IURP 8&,UYLQH� :H
DUH LQYHVWLJDWLQJ WKH DSSOLFDWLRQ RI 31$V IRU WKH VWDELOL]DWLRQ RI IOXRUHVFHQW VLOYHU

�



FOXVWHUV� 2XU ODEV KDYH DQRWKHU V\QHUJLVWLF FRQQHFWLRQ LQ WKDW RQH RI 6WDF\¶V IRUPHU
XQGHUJUDGXDWH UHVHDUFKHUV IURP KHU WLPH DW /$1/ LV QRZ D 3K�'� FDQGLGDWH LQ P\
UHVHDUFK�ODE�

Ɣ :H ZHUH UHFHQWO\ DZDUGHG D '85,3 JUDQW ZLWK &R�3, 3KLOLS /H'XF �0HFKDQLFDO
(QJLQHHULQJ� &08� HQWLWOHG ³3HSWLGH 1XFOHLF $FLG�%DVHG 1DQRVWUXFWXUHV DW %LRWLF DQG
$ELRWLF ,QWHUIDFHV´� 7R TXRWH IURP WKH '85,3 SURSRVDO ³7KLV LQVWUXPHQW ZLOO SULPDULO\ EH
XVHG WR FKDUDFWHUL]H WKH PRUSKRORJ\� PHFKDQLFV� DQG VXUIDFH FKDUJH GLVWULEXWLRQ RI
Ȗ31$�FRQWDLQLQJ QDQRVWUXFWXUHV DV SDUW RI DQ $)265 <RXQJ ,QYHVWLJDWRU 3URJUDP �<,3�
DZDUG HQWLWOHG ³31$�'ULYHQ 5HPRWH $FWXDWLRQ RI '1$ 1DQRVSULQJ 6WUDLQ 6HQVRUV�´ 7KLV
LQVWUXPHQW ZLOO EH XVHG WR SHUIRUP ODEHO�IUHH WLPH�FRXUVH YLVXDOL]DWLRQ RI G\QDPLF
VWUXFWXUDO FKDQJHV LQ QHXURQV WKDW DUH SDUW RI D V\QWKHWLF JXW�EUDLQ�D[LV DV SDUW RI &R�3,
3KLO /H'XF¶V $)265 DZDUG ³6\QWKHWLFDOO\ 7XQHG *XW䇲%UDLQ䇲$[LV &RPPXQLFDWLRQ�´ 7KH
VXSSRUWHG UHVHDUFK XQGHU WKLV JUDQW ZLOO EH GHVFULEHG LQ JUHDWHU GHWDLO EHORZ� 7D\ORU DOVR
DQWLFLSDWHV OHYHUDJLQJ WKH OLTXLG LPDJLQJ FDSDELOLWLHV RI WKLV HTXLSPHQW LQ QDVFHQW
UHVHDUFK LQ WKH IROORZLQJ WZR DUHDV� ��� &KDUDFWHUL]DWLRQ LQWR WKH PRUSKRORJ\ DQG
PHFKDQLFV RI Ȗ31$ QDQRVWUXFWXUHV LQ D UDQJH RUJDQLF VROYHQW VROXWLRQV� DQG ���
UHVHDUFK RQ QXFOHLF DFLG QDQRVWUXFWXUHV DQG VHQVRUV DQFKRUHG WR WKH GHOLFDWH VXUIDFH RI
WKH�FHOO�PHPEUDQH�DQG�JO\FRFDO\[�´

6HFWLRQ����5HOHYDQW�3XEOLFDWLRQV
7KLV \HDU RXU ODE KDV PXOWLSOH SDSHUV LQ SUHSDUDWLRQ� DQG LQ WKH XSFRPLQJ \HDU ZH H[SHFW WR
SUHSDUH�PDQXVFULSWV�ZLWK�ERWK�RI�RXU�106�FROODERUDWLRQV�

>�@ *XSWD� 0�.� 3HDUVH� $�� $UPLWDJH� %�� 7D\ORU� 5�(� 7HUPLQDO O\VLQH GHFRUDWLRQ LPSURYHV
VROXELOLW\�RI�VWUDQG�PLQLPDO�PLFURQ�VFDOH�JDPPD31$�QDQRILEHUV���LQ�SUHSDUDWLRQ�

>�@ $ULDV� '�6�� 7D\ORU� 5�(� 1DQRVFDSH '1$ OLQNDJHV IRU IOXRUHVFHQW PHDVXUHPHQW RI DUELWUDU\
GLVWDQFHV�DQG�GLVSODFHPHQWV���LQ�SUHSDUDWLRQ�

>�@ :DQJ� :�� +D\HV� 3�� 5HQ� ;�� 7D\ORU� 5�(� 6\QWKHWLF FHOO DUPRU PDGH RI '1$ RULJDPL�
�VXEPLWWHG�

>�@ *RRGZLQ�6FKRHQ� &�� 7D\ORU� 5�(� 0RGXODU� DUWLFXODWHG PRGHOV RI '1$ DQG SHSWLGH QXFOHLF
DFLGV�IRU�QDQRWHFKQRORJ\�HGXFDWLRQ��VXEPLWWHG�
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<HDU���RI��31$�'ULYHQ�5HPRWH�$FWXDWLRQ�RI�'1$�1DQRVSULQJ�6WUDLQ�6HQVRUV�
$)265�<,3�DZDUG��)$����������������<HDU�����3HULRG�RI�3HUIRUPDQFH��������������������
3,��5HEHFFD�7D\ORU��&DUQHJLH�0HOORQ�8QLYHUVLW\
<HDU���3HULRG�RI�3HUIRUPDQFH����������ş��������

����<HDUV���DLPV

7KH <HDU � H[WHQVLRQ RI WKLV SURMHFW LV HQDEOLQJ WKH H[SHULPHQWDO YDOLGDWLRQ RI WKH �' OHYHU
FRQFHSW� LQYROYLQJ WKH V\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI WKH GHYLFH DQG D GHHSHU H[SORUDWLRQ RI
WKH GHVLJQ VSDFH DYDLODEOH IRU VLPLODU VWUXFWXUHV� 7KLV \HDU RI VXSSRUW LV DOORZLQJ XV WR
LQYHVWLJDWH WKH DFWXDWLRQ RI QRYHO J31$�EDVHG QDQRıEHUV� DQG ıQDOO\ WKH LQWHJUDWLRQ RI WKH �'
OHYHU ZLWK WKH '1$ QDQRVSULQJV ZRXOG HQDEOH WKH PDMRU HQGSRLQW RI WKH LQLWLDO <,3� WKH
GHPRQVWUDWLRQ RI D FRQIRUPDWLRQ�UHSRUWLQJ ĲXRUHVFHQW QDQRVSULQJ FRQVWUXFW� 7KHVH DFWLYLWLHV
DUH FDSWXUHG LQ WKH IROORZLQJ VXEDLPV� 7R DFKLHYH WKLV JRDO� WKH �WK \HDU H[WHQVLRQ KDV WKH
IROORZLQJ IRXU VXEDLPV� ��� )LUVW GHPRQVWUDWLRQ RI QDQRVFDOH ŗ2ULFHSVŘ VHQVRU� ��� &UHDWH
GHVLJQ WRRO IRU RULFHSV E\ PDSSLQJ WKH GHVLJQ VSDFH� ��� ([SORUH DFWXDWDEOH 31$ V\VWHPV DQG
DWWDFK�RULFHSV������8VH�RULFHSV�WR�PHDVXUH�VXE��QP�RU�JUHDWHU�WKDQ��QP�VHSDUDWLRQV�

����3URJUHVV�LQ�<HDU��

7KLV DGGLWLRQDO \HDU RI VXSSRUW LV DOORZLQJ XV WR FRPSXWDWLRQDOO\ DQG H[SHULPHQWDOO\
FKDUDFWHUL]H RXU QDQRVFDOH �' OHYHU VHQVRU ZKLOH ZRUNLQJ WR LQFUHDVH WKH ZDWHU�VROXELOLW\ RI RXU
31$�QDQRıEHU�VWUXFWXUHV�

��� <HDU � 6XEDLP �� 6\QWKHVL]H� SXULI\� DQG FKDUDFWHUL]H ıUVW GHPRQVWUDWLRQV RI �2ULFHSV�
GLVSODFHPHQW VHQVRUV� DQG PHDVXUH VHQVRU )5(7 HĴFLHQF\ DV D IXQFWLRQ RI KDQGOH VHSDUDWLRQ
WR�JHQHUDWH�FDOLEUDWLRQ�FXUYHV�IRU��'�QDQROHYHUV�

%ULHĲ\� ĲXRUHVFHQW VWUDLQ PHDVXUHPHQWV WR GDWH DUH OLPLWHG WR PHDVXULQJ GLVWDQFHV IURP � WR
�QP� 6WUXFWXUDO '1$ QDQRWHFKQRORJ\ DSSURDFKHV KDYH VKRZQ WKH XWLOLW\ RI OHYHU� RU
FDOLSHU�EDVHG V\VWHPV IRU PHDVXULQJ ODUJHU DQG VPDOOHU QDQRVFDOH GLVWDQFHV� EXW VLPSOH OHYHUV
DUH XQDEOH WR VHQVLWLYHO\ PHDVXUH DUELWUDU\ GLVSODFHPHQWV IURP DUELWUDU\ VWDUWLQJ VHSDUDWLRQV�
EHFDXVH WKH VWDUW DQG HQG SRVLWLRQV PXVW EH PXOWLSOHV RI )5(7 PHDVXUDEOH GLVWDQFHV� OLNH �Q
WR �Q� )RU H[DPSOH� WR GDWH LW KDV QRW EHHQ SRVVLEOH WR PHDVXUH VPDOO GLVSODFHPHQWV RI MXVW D
FRXSOH QDQRPHWHUV IURP LQLWLDO ZLGH VHSDUDWLRQV LQ WKH WHQV RI QDQRPHWHUV UDQJH� EHFDXVH
FDOLSHU V\VWHPV OLQHDUO\ VFDOH WKH VHQVLWLYLW\ RI D JLYHQ )5(7 SDLU� $ OHYHU ZLWK D ZLGH VWDUWLQJ
VHSDUDWLRQ ��Q� LV DFFRUGLQJO\ RQO\ VHQVLWLYH WR ODUJH GLVSODFHPHQWV ��Q��Q�� 2XU '1$ RULJDPL
RULFHSV GHVLJQ ZDV FUHDWHG WR GLUHFWO\ DGGUHVV WKLV SUREOHP� HQDEOLQJ WKH KLJK VHQVLWLYLW\
PHDVXUHPHQW�RI�DUELWUDU\�VWDUW�DQG�HQG�SRVLWLRQV��)LJ� ���
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3UHYLRXV VLPXODWLRQV RI RXU ıUVW RULFHSV GHVLJQ VKRZHG VXEVWDQWLDO DSSDUHQW GHSDUWXUH IURP
WKH H[SHFWHG EHKDYLRU DW KLJK KDQGOH VHSDUDWLRQV �a����QP�� ,Q WKLV UHJLPH� WKH ĲH[LELOLW\ RI WKH
VWUXFWXUH ORZHUV WKH HQHUJHWLF EDUULHU RI RQH RI WKH MDZV FRPSOHWHO\ XQIROGLQJ DQG WKH VWUXFWXUH
LV XQDEOH WR UHWDLQ LWV V\PPHWULF IROGHG VKDSH� 7KLV OHDGV WR D UDSLG LQFUHDVH LQ MDZ VHSDUDWLRQ�
XQWLO WKH RWKHU MDZ XQIROGV DW ZKLFK SRLQW LW UHDFKHV LWV PD[LPXP VHSDUDWLRQ �ĲDW XQIROGHG
FRQıJXUDWLRQ�� 7R DGGUHVV WKLV LVVXH� WKH �' OHYHU ZDV UHGHVLJQHG XVLQJ D QHZ ZLUHIUDPH
GHVLJQ WRRO� 0DJLF'1$ �+XDQJ HW DO� 1DWXUH 0DWHULDOV ������ ZKLFK HQDEOHV WKH FUHDWLRQ RI VWLĳ
ZLUHIUDPH�PHFKDQLVPV��ZKRVH�HGJHV�FRQVLVW�RI���KHOL[�EXQGOHV��DV�VKRZQ�LQ )LJ�����

2XU FXUUHQW RULFHSV GHVLJQ KDV WKH IROORZLQJ FULWLFDO GLPHQVLRQV� D  ���� QP� E  ���� QP� DQG
F  ���� QP� 2XU DQDO\WLFDO PRGHO RI WKH V\VWHP SUHGLFWV SHDN )5(7 ZKHQ WKH VWDUWLQJ KDQGOH
VHSDUDWLRQ� +�� HTXDOV ���� QP DQG WKH FKDQJH RI KDQGOH VHSDUDWLRQ� G+� HTXDOV ���� QP� 2XU
OHYHU LV GHVLJQHG WR RSHUDWH LQ WKH PRVW VHQVLWLYH UDQJH RI WKH )5(7 SDLUV� UHSRUWLQJ SHDN )5(7
DW ���� QP DQG PLQLPXP )5(7 DW ���� QP� 7KLV LV XQOLNH D OLQHDU�VFDOLQJ OHYHU� ZKLFK ZRXOG
QHHG WR VFDOH WKH GLVWDQFHV XS ��� WLPHV WR KDYH 3($. )5(7 DW ���� QP� +RZHYHU D
GLVSODFHPHQW RI ��
�����
���� DERXW ���� QP WR ���� QP ZRXOG EH UHTXLUHG WR KDYH PLQLPDO
)5(7� ,Q SUDFWLFH� WKHUHIRUH� D OLQHDU�VFDOLQJ OHYHU ZRXOG RSHUDWH LQ MXVW D IUDFWLRQ �LQ WKLV FDVH
DERXW KDOI� RI WKH )5(7�VHQVLWLYH UDQJH� VXEVWDQWLDOO\ UHGXFLQJ WKH VLJQDO WR QRLVH UDWLR IRU
PHDVXUHPHQWV�

7KURXJK PXOWLSOH URXQGV RI FRDUVH�JUDLQHG VLPXODWLRQ LQ R['1$ ZH WXQHG WKH GHVLJQ RI WKHVH
RULFHSV� &RDUVH�JUDLQHG PROHFXODU G\QDPLFV VLPXODWLRQV ZHUH SHUIRUPHG WR GHWHUPLQH WKH
PHDQ FRQıJXUDWLRQV DW HTXLOLEULXP ZKHQ WKH KDQGOHV ZHUH KHOG DW VSHFLıF GLVSODFHPHQWV
VLPXODWHG�SRWHQWLDO�ZHOOV�DQG�GRXEOH�VWUDQGHG�WUXVV�FRQQHFWRUV��)LJ�����
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)OXRURSKRUH VHSDUDWLRQV ZHUH H[WUDFWHG IURP WKRVH PHDQ FRQıJXUDWLRQV DQG H[SHFWHG UHODWLYH
ĲXRUHVFHQFHV�YDOXHV�ZHUH�FDOFXODWHG��)LJ�����

:LWK FRQıGHQFH WKDW ĲXRUHVFHQFH FKDQJHV VKRXOG EH YLVLEOH DV GHYLFHV DUH DFWXDWHG� ZH
ıQDOL]HG RXU GHVLJQ DQG KDYH EXLOW WKLV VHFRQG LWHUDWLRQ� 2XU SUHOLPLQDU\ JHO VWXGLHV RI WKLV
GHYLFH LQGLFDWH VXEVWDQWLDO GHYLFH DJJUHJDWLRQ� ZKLFK LV FRPPRQ IRU ZLUHIUDPH VWUXFWXUHV�
+RZHYHU VKDUS EDQGV DUH DOVR YLVLEOH� LQGLFDWLQJ WKDW D IUDFWLRQ RI WKH RULJDPL DUH IRUPLQJ
GLVWLQFW VWUXFWXUHV� 7UXVVHG GHYLFHV IRUPHG ZLWK FRQVWUDLQHG KDQGOH VHSDUDWLRQV DOVR KDG
EDQGV DW GLĳHUHQW SRVLWLRQV� VXJJHVWLQJ WKDW WKH WUXVVHV VXFFHVVIXOO\ FKDQJHG WKH FRQıJXUDWLRQ
DQG�WKXV�UXQ�VSHHG�RI�WKH�QDQRVFDOH�RULFHSV�GHYLFHV��)LJ�����
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��� <HDU � 6XEDLP �� 0DS WKH DQDO\WLFDO GHVLJQ VSDFH IRU '1$ RULJDPL�EDVHG �2ULFHSV�
VHQVRUV WR FUHDWH D VLPSOH WRRO WKDW IDFLOLWDWHV IXWXUH NLQHPDWLF V\QWKHVLV RI WKHVH VHQVRUV� 7KLV
WRRO ZLOO UHWXUQ VWUXFWXUH GLPHQVLRQV QHHGHG WR DWWDLQ GHVLUHG GHĲHFWLRQ�FRQYHUVLRQ
SHUIRUPDQFH�

7KH GHVLJQ RI WKHVH �' OHYHUV LV GHSHQGHQW RQ IRXU LQGHSHQGHQW YDULDEOHV �D�E�F� DQG ᵙ�� ZKLFK
PHDQV WKDW WR DWWDLQ D JLYHQ PDSSLQJ EHWZHHQ MDZ DQG JULSSHU PLQLPD DQG PD[LPD� ZH KDYH
DQ XQGHUGHWHUPLQHG V\VWHP� ZKLFK PD\ UHVXOW LQ WKHUH EHLQJ QXPHURXV SRVVLEOH GHVLJQV WKDW
ZLOO DFKLHYH WKH GHVLUHG EHKDYLRU� 7R DGGUHVV WKLV LVVXH DQG FUHDWH D GHVLJQ UHVRXUFH� ZH
PDSSHG WKH DQDO\WLFDO GHVLJQ VSDFH� LGHQWLI\LQJ DOO SRVVLEOH VROXWLRQV IRU DOO SRVVLEOH
MDZ�KDQGOH VHSDUDWLRQ FRQVWUDLQWV WKDW ZLOO HQDEOH KLJK VHQVLWLYLW\ )5(7� :H FDQ WKHQ HYDOXDWH
RXU RSWLRQV DQG VHOHFW WKH EHVW RQH IRU RXU DSSOLFDWLRQ �IRU H[DPSOH ZKLFK GHVLJQ GHYLDWHV WKH
OHDVW�IURP�WKH�DQDO\WLFDO�PRGHO�LQ�FRDUVH�JUDLQHG�VLPXODWLRQV��

2XU PDSSLQJ GHPRQVWUDWHG WKDW GHVLJQV H[LVW IRU QHDUO\ DOO GHVLUDEOH VWDUWLQJ DQG HQGLQJ
KDQGOH VHSDUDWLRQV �)LJ� ��� :H KDYH FUHDWHG D GDWDEDVH RI VROXWLRQV DQG D VRIWZDUH LQWHUIDFH
WKDW TXLFNO\ SURYLGHV WKH GHVLJQ SDUDPHWHUV RI PXOWLSOH GHVLJQV WKDW PHHW WKH GHVLUHG KDQGOH
VHSDUDWLRQV� $Q 69* RI D GLPHQVLRQHG ĲDW GHVLJQ LV DOVR JHQHUDWHG VR WKDW XVHUV FDQ SULQW WKHLU
GHVLJQV��FXW�WKHP�RXW��DQG�IROG�PRGHOV�RI�WKHLU�'1$�RULJDPL�RULFHSV�GHVLJQV�

��� <HDU � 6XEDLP �� ([SORUH DFWXDWLRQ RI 31$�EDVHG QDQRıEHUV XVLQJ VWUDQG GLVSODFHPHQW WR
GULYH WZLVW� EHQGLQJ DQG VWLĳHQLQJ� DQG GHYHORS QDQRıEHU GHFRUDWLRQ VWUDWHJ\ WR DWWDFK 2ULFHSV
WR�31$�EDVHG�QDQRVWUXFWXUHV�

,Q SUHYLRXV \HDUV ZH SHUIRUPHG YLVXDOL]DWLRQV RI K\EULG QDQRVWUXFWXUHV XVLQJ 3\WKRQ DQG 8&6)
&KLPHUD PROHFXODU YLVXDOL]DWLRQ� EXW WKLV DSSURDFK ZDV OLPLWHG WR PRGHOLQJ J31$ GXSOH[HV DV
VLPSOH F\OLQGHUV� ,Q ���� D QHZ WRRO FDOOHG R[9LHZ ZDV UHOHDVHG� DQG LW HQDEOHV D PDMRU
DGYDQFH IRU WKH GHVLJQ RI J31$ QDQRVWUXFWXUHV �3RSSOHWRQ HW DO� LQ 1XFOHLF $FLGV 5HVHDUFK
KWWSV���GRL�RUJ���������QDU�JNDD����� 2XU JURXS KDV FUHDWHG FXVWRP IXQFWLRQV WR GULYH WKH
FUHDWLRQ RI QXFOHLF DFLG VWUXFWXUHV WKDW PLPLF WKH KHOLFLW\ RI J31$�J31$ DV ZHOO DV J31$�'1$
GXSOH[HV��VHH )LJ���$��

8VLQJ WKLV WRRO ZH GHYHORSHG �DQG PRGHOHG LQ R[9LHZ� D QRYHO VWUXFWXUDO PRWLI IRU
VWUDQG�PLQLPDO ��KHOL[ QDQRıEHUV FRQVWUXFWHG IURP MXVW WKUHH ���EDVH J31$ ROLJRPHUV �VHH
)LJ� �% DQG �&�� 2XU QHZ ��KHOL[ QDQRıEHUV ZLOO EH XVHG WR VWXG\ QDQRıEHU VROXELOLW\ LQ
ZDWHU�EDVHG VROXWLRQV� ZKLFK LV HVVHQWLDO IRU HQDEOLQJ WKH LQWHUIDFLQJ RI '1$ RULFHSV VHQVRUV
ZLWK JDPPD31$ QDQRıEHUV� 3UHYLRXV DJJUHJDWLRQV RI QDQRıEHUV LQ ZDWHU�EDVHG VROXWLRQV
OLPLWHG WKHLU XVH DV GLVFUHWH QDQRVWUXFWXUHV� ZKLOH WKH VXUIDFWDQW SOXV '062 VROXWLRQV WKDW
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SURYLGHG GLVFUHWH QDQRıEHUV DUH LQFRPSDWLEOH ZLWK PRVW '1$ QDQRVWUXFWXUHV �RQO\ WKH PRVW
VWDEOH�'1$�QDQRVWUXFWXUHV�FDQ�UHVLVW�GHQDWXUDWLRQ�LQ�D�����'062�VROXWLRQ��

��� <HDU � 6XEDLP �� 8WLOL]H 2ULFHSV WR PHDVXUH GLVSODFHPHQWV WKDW DUH VXE �QP RU JUHDWHU
WKDQ �QP� ZKLFK GHPRQVWUDWHV WKDW WKLV WRRO H[WHQGV WKH UDQJH RI GLVSODFHPHQWV PHDVXUDEOH
XVLQJ�D�PROHFXODU�UXOHU�WHFKQRORJ\�OLNH�)5(7�

:H KDYH YHULıHG VXFFHVVIXO IRUPDWLRQ RI RXU VWUXFWXUHV XVLQJ DWRPLF IRUFH PLFURVFRS\� DQG LQ
RXU QH[W VWHSV ZH ZLOO FKDUDFWHUL]H WKH )5(7 XVLQJ SURRI�RI�SULQFLSOH VWXGLHV RI SRWDVVLXP
UHVSRQVLYH J�TXDGUXSOH[HV� 7KHVH VWXGLHV ZLOO F\FOLFDOO\ DFWXDWH WKH RULFHSV WKURXJK EXIIHU
H[FKDQJH H[SHULPHQWV� 7KHVH H[SHULPHQWV ZLOO DOORZ XV WR H[DPLQH WKH UHVSRQVLYHQHVV RI
J�TXDGUXSOH[HV WR LRQ FRQFHQWUDWLRQ DQG� IURP DQ DOWHUQDWLYH SHUVSHFWLYH� GHPRQVWUDWH WKH
FDSDELOLWLHV RI RULFHSV DV D IOXRUHVFHQFH EDVHG GLVWDQFH VHQVRU WKDW LV LQ WKHRU\ QRW OLPLWHG WR
WUDGLWLRQDO�)5(7�SDLU�PHDVXUHPHQW�OLPLWDWLRQV�

)LJXUH �� 6XFFHVVIXO IRUPDWLRQ RI RULFHSV
'1$ RULJDPL QDQROHYHU VWUXFWXUHV KDV EHHQ
YHULıHG�E\�DWRPLF IRUFH�PLFURVFRS\�LPDJLQJ�

6HFWLRQ����6\QHUJLVWLF�DFWLYLWLHV

7KH 10	6 FRPPXQLW\ KDV EHHQ LQVWUXPHQWDO DV D QHWZRUN RI FROOHDJXHV DQG FROODERUDWRUV�
7KLV JURXS DQG WKH $)265 LQ JHQHUDO KDV EHHQ H[WUHPHO\ JHQHURXV DQG FUHDWLYH LQ FRQQHFWLQJ
PH�ZLWK�UHVRXUFHV�DQG�UHVHDUFKHUV�ZLWK�FRPSOHPHQWDU\�UHVHDUFK�LQWHUHVWV�DQG�FDSDELOLWLHV�

Ɣ 2XU JURXS LV DFWLYHO\ FROODERUDWLQJ ZLWK 1LFKRODV 6WHSKDQRSRXORV¶ WHDP DW WKH %LRGHVLJQ
,QVWLWXWH DW $UL]RQD 6WDWH 8QLYHUVLW\ RQ WKH DSSOLFDWLRQ RI 31$�SHSWLGHV IRU VHOI�DVVHPEO\
DSSOLFDWLRQV� 7KH 106 SURJUDP ZDV WKH YHQXH LQ ZKLFK RXU WHDPV FRQQHFWHG DQG
VWDUWHG�FROODERUDWLRQV�

Ɣ 2XU JURXS LV DOVR FROODERUDWLQJ ZLWK IHOORZ <,3 DZDUGHH� 6WDF\ &RSS IURP 8&,UYLQH� :H
DUH LQYHVWLJDWLQJ WKH DSSOLFDWLRQ RI 31$V IRU WKH VWDELOL]DWLRQ RI IOXRUHVFHQW VLOYHU
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FOXVWHUV� 2XU ODEV KDYH DQRWKHU V\QHUJLVWLF FRQQHFWLRQ LQ WKDW RQH RI 6WDF\¶V IRUPHU
XQGHUJUDGXDWH UHVHDUFKHUV IURP KHU WLPH DW /$1/ LV QRZ D 3K�'� FDQGLGDWH LQ P\
UHVHDUFK�ODE�

Ɣ :H ZHUH UHFHQWO\ DZDUGHG D '85,3 JUDQW ZLWK &R�3, 3KLOLS /H'XF �0HFKDQLFDO
(QJLQHHULQJ� &08� HQWLWOHG ³3HSWLGH 1XFOHLF $FLG�%DVHG 1DQRVWUXFWXUHV DW %LRWLF DQG
$ELRWLF ,QWHUIDFHV´� 7R TXRWH IURP WKH '85,3 SURSRVDO ³7KLV LQVWUXPHQW ZLOO SULPDULO\ EH
XVHG WR FKDUDFWHUL]H WKH PRUSKRORJ\� PHFKDQLFV� DQG VXUIDFH FKDUJH GLVWULEXWLRQ RI
Ȗ31$�FRQWDLQLQJ QDQRVWUXFWXUHV DV SDUW RI DQ $)265 <RXQJ ,QYHVWLJDWRU 3URJUDP �<,3�
DZDUG HQWLWOHG ³31$�'ULYHQ 5HPRWH $FWXDWLRQ RI '1$ 1DQRVSULQJ 6WUDLQ 6HQVRUV�´ 7KLV
LQVWUXPHQW ZLOO EH XVHG WR SHUIRUP ODEHO�IUHH WLPH�FRXUVH YLVXDOL]DWLRQ RI G\QDPLF
VWUXFWXUDO FKDQJHV LQ QHXURQV WKDW DUH SDUW RI D V\QWKHWLF JXW�EUDLQ�D[LV DV SDUW RI &R�3,
3KLO /H'XF¶V $)265 DZDUG ³6\QWKHWLFDOO\ 7XQHG *XW䇲%UDLQ䇲$[LV &RPPXQLFDWLRQ�´ 7KH
VXSSRUWHG UHVHDUFK XQGHU WKLV JUDQW ZLOO EH GHVFULEHG LQ JUHDWHU GHWDLO EHORZ� 7D\ORU DOVR
DQWLFLSDWHV OHYHUDJLQJ WKH OLTXLG LPDJLQJ FDSDELOLWLHV RI WKLV HTXLSPHQW LQ QDVFHQW
UHVHDUFK LQ WKH IROORZLQJ WZR DUHDV� ��� &KDUDFWHUL]DWLRQ LQWR WKH PRUSKRORJ\ DQG
PHFKDQLFV RI Ȗ31$ QDQRVWUXFWXUHV LQ D UDQJH RUJDQLF VROYHQW VROXWLRQV� DQG ���
UHVHDUFK RQ QXFOHLF DFLG QDQRVWUXFWXUHV DQG VHQVRUV DQFKRUHG WR WKH GHOLFDWH VXUIDFH RI
WKH�FHOO�PHPEUDQH�DQG�JO\FRFDO\[�´

6HFWLRQ����5HOHYDQW�3XEOLFDWLRQV
7KLV \HDU RXU ODE KDV PXOWLSOH SDSHUV LQ SUHSDUDWLRQ� DQG LQ WKH XSFRPLQJ \HDU ZH H[SHFW WR
SUHSDUH�PDQXVFULSWV�ZLWK�ERWK�RI�RXU�106�FROODERUDWLRQV�

>�@ *XSWD� 0�.� 3HDUVH� $�� $UPLWDJH� %�� 7D\ORU� 5�(� 7HUPLQDO O\VLQH GHFRUDWLRQ LPSURYHV
VROXELOLW\�RI�VWUDQG�PLQLPDO�PLFURQ�VFDOH�JDPPD31$�QDQRILEHUV���LQ�SUHSDUDWLRQ�

>�@ $ULDV� '�6�� 7D\ORU� 5�(� 1DQRVFDSH '1$ OLQNDJHV IRU IOXRUHVFHQW PHDVXUHPHQW RI DUELWUDU\
GLVWDQFHV�DQG�GLVSODFHPHQWV���LQ�SUHSDUDWLRQ�

>�@ :DQJ� :�� +D\HV� 3�� 5HQ� ;�� 7D\ORU� 5�(� 6\QWKHWLF FHOO DUPRU PDGH RI '1$ RULJDPL�
�VXEPLWWHG�

>�@ *RRGZLQ�6FKRHQ� &�� 7D\ORU� 5�(� 0RGXODU� DUWLFXODWHG PRGHOV RI '1$ DQG SHSWLGH QXFOHLF
DFLGV�IRU�QDQRWHFKQRORJ\�HGXFDWLRQ��VXEPLWWHG�
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<HDU���RI��31$�'ULYHQ�5HPRWH�$FWXDWLRQ�RI�'1$�1DQRVSULQJ�6WUDLQ�6HQVRUV�
$)265�<,3�DZDUG��)$����������������<HDU�����3HULRG�RI�3HUIRUPDQFH��������������������
3,��5HEHFFD�7D\ORU��&DUQHJLH�0HOORQ�8QLYHUVLW\
<HDU���3HULRG�RI�3HUIRUPDQFH����������ş��������

����<HDUV���DLPV

7KH <HDU � H[WHQVLRQ RI WKLV SURMHFW LV HQDEOLQJ WKH H[SHULPHQWDO YDOLGDWLRQ RI WKH �' OHYHU
FRQFHSW� LQYROYLQJ WKH V\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI WKH GHYLFH DQG D GHHSHU H[SORUDWLRQ RI
WKH GHVLJQ VSDFH DYDLODEOH IRU VLPLODU VWUXFWXUHV� 7KLV \HDU RI VXSSRUW LV DOORZLQJ XV WR
LQYHVWLJDWH WKH DFWXDWLRQ RI QRYHO J31$�EDVHG QDQRıEHUV� DQG ıQDOO\ WKH LQWHJUDWLRQ RI WKH �'
OHYHU ZLWK WKH '1$ QDQRVSULQJV ZRXOG HQDEOH WKH PDMRU HQGSRLQW RI WKH LQLWLDO <,3� WKH
GHPRQVWUDWLRQ RI D FRQIRUPDWLRQ�UHSRUWLQJ ĲXRUHVFHQW QDQRVSULQJ FRQVWUXFW� 7KHVH DFWLYLWLHV
DUH FDSWXUHG LQ WKH IROORZLQJ VXEDLPV� 7R DFKLHYH WKLV JRDO� WKH �WK \HDU H[WHQVLRQ KDV WKH
IROORZLQJ IRXU VXEDLPV� ��� )LUVW GHPRQVWUDWLRQ RI QDQRVFDOH ŗ2ULFHSVŘ VHQVRU� ��� &UHDWH
GHVLJQ WRRO IRU RULFHSV E\ PDSSLQJ WKH GHVLJQ VSDFH� ��� ([SORUH DFWXDWDEOH 31$ V\VWHPV DQG
DWWDFK�RULFHSV������8VH�RULFHSV�WR�PHDVXUH�VXE��QP�RU�JUHDWHU�WKDQ��QP�VHSDUDWLRQV�

����3URJUHVV�LQ�<HDU��

7KLV DGGLWLRQDO \HDU RI VXSSRUW LV DOORZLQJ XV WR FRPSXWDWLRQDOO\ DQG H[SHULPHQWDOO\
FKDUDFWHUL]H RXU QDQRVFDOH �' OHYHU VHQVRU ZKLOH ZRUNLQJ WR LQFUHDVH WKH ZDWHU�VROXELOLW\ RI RXU
31$�QDQRıEHU�VWUXFWXUHV�

��� <HDU � 6XEDLP �� 6\QWKHVL]H� SXULI\� DQG FKDUDFWHUL]H ıUVW GHPRQVWUDWLRQV RI �2ULFHSV�
GLVSODFHPHQW VHQVRUV� DQG PHDVXUH VHQVRU )5(7 HĴFLHQF\ DV D IXQFWLRQ RI KDQGOH VHSDUDWLRQ
WR�JHQHUDWH�FDOLEUDWLRQ�FXUYHV�IRU��'�QDQROHYHUV�

%ULHĲ\� ĲXRUHVFHQW VWUDLQ PHDVXUHPHQWV WR GDWH DUH OLPLWHG WR PHDVXULQJ GLVWDQFHV IURP � WR
�QP� 6WUXFWXUDO '1$ QDQRWHFKQRORJ\ DSSURDFKHV KDYH VKRZQ WKH XWLOLW\ RI OHYHU� RU
FDOLSHU�EDVHG V\VWHPV IRU PHDVXULQJ ODUJHU DQG VPDOOHU QDQRVFDOH GLVWDQFHV� EXW VLPSOH OHYHUV
DUH XQDEOH WR VHQVLWLYHO\ PHDVXUH DUELWUDU\ GLVSODFHPHQWV IURP DUELWUDU\ VWDUWLQJ VHSDUDWLRQV�
EHFDXVH WKH VWDUW DQG HQG SRVLWLRQV PXVW EH PXOWLSOHV RI )5(7 PHDVXUDEOH GLVWDQFHV� OLNH �Q
WR �Q� )RU H[DPSOH� WR GDWH LW KDV QRW EHHQ SRVVLEOH WR PHDVXUH VPDOO GLVSODFHPHQWV RI MXVW D
FRXSOH QDQRPHWHUV IURP LQLWLDO ZLGH VHSDUDWLRQV LQ WKH WHQV RI QDQRPHWHUV UDQJH� EHFDXVH
FDOLSHU V\VWHPV OLQHDUO\ VFDOH WKH VHQVLWLYLW\ RI D JLYHQ )5(7 SDLU� $ OHYHU ZLWK D ZLGH VWDUWLQJ
VHSDUDWLRQ ��Q� LV DFFRUGLQJO\ RQO\ VHQVLWLYH WR ODUJH GLVSODFHPHQWV ��Q��Q�� 2XU '1$ RULJDPL
RULFHSV GHVLJQ ZDV FUHDWHG WR GLUHFWO\ DGGUHVV WKLV SUREOHP� HQDEOLQJ WKH KLJK VHQVLWLYLW\
PHDVXUHPHQW�RI�DUELWUDU\�VWDUW�DQG�HQG�SRVLWLRQV��)LJ� ���
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3UHYLRXV VLPXODWLRQV RI RXU ıUVW RULFHSV GHVLJQ VKRZHG VXEVWDQWLDO DSSDUHQW GHSDUWXUH IURP
WKH H[SHFWHG EHKDYLRU DW KLJK KDQGOH VHSDUDWLRQV �a����QP�� ,Q WKLV UHJLPH� WKH ĲH[LELOLW\ RI WKH
VWUXFWXUH ORZHUV WKH HQHUJHWLF EDUULHU RI RQH RI WKH MDZV FRPSOHWHO\ XQIROGLQJ DQG WKH VWUXFWXUH
LV XQDEOH WR UHWDLQ LWV V\PPHWULF IROGHG VKDSH� 7KLV OHDGV WR D UDSLG LQFUHDVH LQ MDZ VHSDUDWLRQ�
XQWLO WKH RWKHU MDZ XQIROGV DW ZKLFK SRLQW LW UHDFKHV LWV PD[LPXP VHSDUDWLRQ �ĲDW XQIROGHG
FRQıJXUDWLRQ�� 7R DGGUHVV WKLV LVVXH� WKH �' OHYHU ZDV UHGHVLJQHG XVLQJ D QHZ ZLUHIUDPH
GHVLJQ WRRO� 0DJLF'1$ �+XDQJ HW DO� 1DWXUH 0DWHULDOV ������ ZKLFK HQDEOHV WKH FUHDWLRQ RI VWLĳ
ZLUHIUDPH�PHFKDQLVPV��ZKRVH�HGJHV�FRQVLVW�RI���KHOL[�EXQGOHV��DV�VKRZQ�LQ )LJ�����

2XU FXUUHQW RULFHSV GHVLJQ KDV WKH IROORZLQJ FULWLFDO GLPHQVLRQV� D  ���� QP� E  ���� QP� DQG
F  ���� QP� 2XU DQDO\WLFDO PRGHO RI WKH V\VWHP SUHGLFWV SHDN )5(7 ZKHQ WKH VWDUWLQJ KDQGOH
VHSDUDWLRQ� +�� HTXDOV ���� QP DQG WKH FKDQJH RI KDQGOH VHSDUDWLRQ� G+� HTXDOV ���� QP� 2XU
OHYHU LV GHVLJQHG WR RSHUDWH LQ WKH PRVW VHQVLWLYH UDQJH RI WKH )5(7 SDLUV� UHSRUWLQJ SHDN )5(7
DW ���� QP DQG PLQLPXP )5(7 DW ���� QP� 7KLV LV XQOLNH D OLQHDU�VFDOLQJ OHYHU� ZKLFK ZRXOG
QHHG WR VFDOH WKH GLVWDQFHV XS ��� WLPHV WR KDYH 3($. )5(7 DW ���� QP� +RZHYHU D
GLVSODFHPHQW RI ��
�����
���� DERXW ���� QP WR ���� QP ZRXOG EH UHTXLUHG WR KDYH PLQLPDO
)5(7� ,Q SUDFWLFH� WKHUHIRUH� D OLQHDU�VFDOLQJ OHYHU ZRXOG RSHUDWH LQ MXVW D IUDFWLRQ �LQ WKLV FDVH
DERXW KDOI� RI WKH )5(7�VHQVLWLYH UDQJH� VXEVWDQWLDOO\ UHGXFLQJ WKH VLJQDO WR QRLVH UDWLR IRU
PHDVXUHPHQWV�

7KURXJK PXOWLSOH URXQGV RI FRDUVH�JUDLQHG VLPXODWLRQ LQ R['1$ ZH WXQHG WKH GHVLJQ RI WKHVH
RULFHSV� &RDUVH�JUDLQHG PROHFXODU G\QDPLFV VLPXODWLRQV ZHUH SHUIRUPHG WR GHWHUPLQH WKH
PHDQ FRQıJXUDWLRQV DW HTXLOLEULXP ZKHQ WKH KDQGOHV ZHUH KHOG DW VSHFLıF GLVSODFHPHQWV
VLPXODWHG�SRWHQWLDO�ZHOOV�DQG�GRXEOH�VWUDQGHG�WUXVV�FRQQHFWRUV��)LJ�����
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)OXRURSKRUH VHSDUDWLRQV ZHUH H[WUDFWHG IURP WKRVH PHDQ FRQıJXUDWLRQV DQG H[SHFWHG UHODWLYH
ĲXRUHVFHQFHV�YDOXHV�ZHUH�FDOFXODWHG��)LJ�����

:LWK FRQıGHQFH WKDW ĲXRUHVFHQFH FKDQJHV VKRXOG EH YLVLEOH DV GHYLFHV DUH DFWXDWHG� ZH
ıQDOL]HG RXU GHVLJQ DQG KDYH EXLOW WKLV VHFRQG LWHUDWLRQ� 2XU SUHOLPLQDU\ JHO VWXGLHV RI WKLV
GHYLFH LQGLFDWH VXEVWDQWLDO GHYLFH DJJUHJDWLRQ� ZKLFK LV FRPPRQ IRU ZLUHIUDPH VWUXFWXUHV�
+RZHYHU VKDUS EDQGV DUH DOVR YLVLEOH� LQGLFDWLQJ WKDW D IUDFWLRQ RI WKH RULJDPL DUH IRUPLQJ
GLVWLQFW VWUXFWXUHV� 7UXVVHG GHYLFHV IRUPHG ZLWK FRQVWUDLQHG KDQGOH VHSDUDWLRQV DOVR KDG
EDQGV DW GLĳHUHQW SRVLWLRQV� VXJJHVWLQJ WKDW WKH WUXVVHV VXFFHVVIXOO\ FKDQJHG WKH FRQıJXUDWLRQ
DQG�WKXV�UXQ�VSHHG�RI�WKH�QDQRVFDOH�RULFHSV�GHYLFHV��)LJ�����
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��� <HDU � 6XEDLP �� 0DS WKH DQDO\WLFDO GHVLJQ VSDFH IRU '1$ RULJDPL�EDVHG �2ULFHSV�
VHQVRUV WR FUHDWH D VLPSOH WRRO WKDW IDFLOLWDWHV IXWXUH NLQHPDWLF V\QWKHVLV RI WKHVH VHQVRUV� 7KLV
WRRO ZLOO UHWXUQ VWUXFWXUH GLPHQVLRQV QHHGHG WR DWWDLQ GHVLUHG GHĲHFWLRQ�FRQYHUVLRQ
SHUIRUPDQFH�

7KH GHVLJQ RI WKHVH �' OHYHUV LV GHSHQGHQW RQ IRXU LQGHSHQGHQW YDULDEOHV �D�E�F� DQG ᵙ�� ZKLFK
PHDQV WKDW WR DWWDLQ D JLYHQ PDSSLQJ EHWZHHQ MDZ DQG JULSSHU PLQLPD DQG PD[LPD� ZH KDYH
DQ XQGHUGHWHUPLQHG V\VWHP� ZKLFK PD\ UHVXOW LQ WKHUH EHLQJ QXPHURXV SRVVLEOH GHVLJQV WKDW
ZLOO DFKLHYH WKH GHVLUHG EHKDYLRU� 7R DGGUHVV WKLV LVVXH DQG FUHDWH D GHVLJQ UHVRXUFH� ZH
PDSSHG WKH DQDO\WLFDO GHVLJQ VSDFH� LGHQWLI\LQJ DOO SRVVLEOH VROXWLRQV IRU DOO SRVVLEOH
MDZ�KDQGOH VHSDUDWLRQ FRQVWUDLQWV WKDW ZLOO HQDEOH KLJK VHQVLWLYLW\ )5(7� :H FDQ WKHQ HYDOXDWH
RXU RSWLRQV DQG VHOHFW WKH EHVW RQH IRU RXU DSSOLFDWLRQ �IRU H[DPSOH ZKLFK GHVLJQ GHYLDWHV WKH
OHDVW�IURP�WKH�DQDO\WLFDO�PRGHO�LQ�FRDUVH�JUDLQHG�VLPXODWLRQV��

2XU PDSSLQJ GHPRQVWUDWHG WKDW GHVLJQV H[LVW IRU QHDUO\ DOO GHVLUDEOH VWDUWLQJ DQG HQGLQJ
KDQGOH VHSDUDWLRQV �)LJ� ��� :H KDYH FUHDWHG D GDWDEDVH RI VROXWLRQV DQG D VRIWZDUH LQWHUIDFH
WKDW TXLFNO\ SURYLGHV WKH GHVLJQ SDUDPHWHUV RI PXOWLSOH GHVLJQV WKDW PHHW WKH GHVLUHG KDQGOH
VHSDUDWLRQV� $Q 69* RI D GLPHQVLRQHG ĲDW GHVLJQ LV DOVR JHQHUDWHG VR WKDW XVHUV FDQ SULQW WKHLU
GHVLJQV��FXW�WKHP�RXW��DQG�IROG�PRGHOV�RI�WKHLU�'1$�RULJDPL�RULFHSV�GHVLJQV�

��� <HDU � 6XEDLP �� ([SORUH DFWXDWLRQ RI 31$�EDVHG QDQRıEHUV XVLQJ VWUDQG GLVSODFHPHQW WR
GULYH WZLVW� EHQGLQJ DQG VWLĳHQLQJ� DQG GHYHORS QDQRıEHU GHFRUDWLRQ VWUDWHJ\ WR DWWDFK 2ULFHSV
WR�31$�EDVHG�QDQRVWUXFWXUHV�

,Q SUHYLRXV \HDUV ZH SHUIRUPHG YLVXDOL]DWLRQV RI K\EULG QDQRVWUXFWXUHV XVLQJ 3\WKRQ DQG 8&6)
&KLPHUD PROHFXODU YLVXDOL]DWLRQ� EXW WKLV DSSURDFK ZDV OLPLWHG WR PRGHOLQJ J31$ GXSOH[HV DV
VLPSOH F\OLQGHUV� ,Q ���� D QHZ WRRO FDOOHG R[9LHZ ZDV UHOHDVHG� DQG LW HQDEOHV D PDMRU
DGYDQFH IRU WKH GHVLJQ RI J31$ QDQRVWUXFWXUHV �3RSSOHWRQ HW DO� LQ 1XFOHLF $FLGV 5HVHDUFK
KWWSV���GRL�RUJ���������QDU�JNDD����� 2XU JURXS KDV FUHDWHG FXVWRP IXQFWLRQV WR GULYH WKH
FUHDWLRQ RI QXFOHLF DFLG VWUXFWXUHV WKDW PLPLF WKH KHOLFLW\ RI J31$�J31$ DV ZHOO DV J31$�'1$
GXSOH[HV��VHH )LJ���$��

8VLQJ WKLV WRRO ZH GHYHORSHG �DQG PRGHOHG LQ R[9LHZ� D QRYHO VWUXFWXUDO PRWLI IRU
VWUDQG�PLQLPDO ��KHOL[ QDQRıEHUV FRQVWUXFWHG IURP MXVW WKUHH ���EDVH J31$ ROLJRPHUV �VHH
)LJ� �% DQG �&�� 2XU QHZ ��KHOL[ QDQRıEHUV ZLOO EH XVHG WR VWXG\ QDQRıEHU VROXELOLW\ LQ
ZDWHU�EDVHG VROXWLRQV� ZKLFK LV HVVHQWLDO IRU HQDEOLQJ WKH LQWHUIDFLQJ RI '1$ RULFHSV VHQVRUV
ZLWK JDPPD31$ QDQRıEHUV� 3UHYLRXV DJJUHJDWLRQV RI QDQRıEHUV LQ ZDWHU�EDVHG VROXWLRQV
OLPLWHG WKHLU XVH DV GLVFUHWH QDQRVWUXFWXUHV� ZKLOH WKH VXUIDFWDQW SOXV '062 VROXWLRQV WKDW

�
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SURYLGHG GLVFUHWH QDQRıEHUV DUH LQFRPSDWLEOH ZLWK PRVW '1$ QDQRVWUXFWXUHV �RQO\ WKH PRVW
VWDEOH�'1$�QDQRVWUXFWXUHV�FDQ�UHVLVW�GHQDWXUDWLRQ�LQ�D�����'062�VROXWLRQ��

��� <HDU � 6XEDLP �� 8WLOL]H 2ULFHSV WR PHDVXUH GLVSODFHPHQWV WKDW DUH VXE �QP RU JUHDWHU
WKDQ �QP� ZKLFK GHPRQVWUDWHV WKDW WKLV WRRO H[WHQGV WKH UDQJH RI GLVSODFHPHQWV PHDVXUDEOH
XVLQJ�D�PROHFXODU�UXOHU�WHFKQRORJ\�OLNH�)5(7�

:H KDYH YHULıHG VXFFHVVIXO IRUPDWLRQ RI RXU VWUXFWXUHV XVLQJ DWRPLF IRUFH PLFURVFRS\� DQG LQ
RXU QH[W VWHSV ZH ZLOO FKDUDFWHUL]H WKH )5(7 XVLQJ SURRI�RI�SULQFLSOH VWXGLHV RI SRWDVVLXP
UHVSRQVLYH J�TXDGUXSOH[HV� 7KHVH VWXGLHV ZLOO F\FOLFDOO\ DFWXDWH WKH RULFHSV WKURXJK EXIIHU
H[FKDQJH H[SHULPHQWV� 7KHVH H[SHULPHQWV ZLOO DOORZ XV WR H[DPLQH WKH UHVSRQVLYHQHVV RI
J�TXDGUXSOH[HV WR LRQ FRQFHQWUDWLRQ DQG� IURP DQ DOWHUQDWLYH SHUVSHFWLYH� GHPRQVWUDWH WKH
FDSDELOLWLHV RI RULFHSV DV D IOXRUHVFHQFH EDVHG GLVWDQFH VHQVRU WKDW LV LQ WKHRU\ QRW OLPLWHG WR
WUDGLWLRQDO�)5(7�SDLU�PHDVXUHPHQW�OLPLWDWLRQV�

)LJXUH �� 6XFFHVVIXO IRUPDWLRQ RI RULFHSV
'1$ RULJDPL QDQROHYHU VWUXFWXUHV KDV EHHQ
YHULıHG�E\�DWRPLF IRUFH�PLFURVFRS\�LPDJLQJ�

6HFWLRQ����6\QHUJLVWLF�DFWLYLWLHV

7KH 10	6 FRPPXQLW\ KDV EHHQ LQVWUXPHQWDO DV D QHWZRUN RI FROOHDJXHV DQG FROODERUDWRUV�
7KLV JURXS DQG WKH $)265 LQ JHQHUDO KDV EHHQ H[WUHPHO\ JHQHURXV DQG FUHDWLYH LQ FRQQHFWLQJ
PH�ZLWK�UHVRXUFHV�DQG�UHVHDUFKHUV�ZLWK�FRPSOHPHQWDU\�UHVHDUFK�LQWHUHVWV�DQG�FDSDELOLWLHV�

Ɣ 2XU JURXS LV DFWLYHO\ FROODERUDWLQJ ZLWK 1LFKRODV 6WHSKDQRSRXORV¶ WHDP DW WKH %LRGHVLJQ
,QVWLWXWH DW $UL]RQD 6WDWH 8QLYHUVLW\ RQ WKH DSSOLFDWLRQ RI 31$�SHSWLGHV IRU VHOI�DVVHPEO\
DSSOLFDWLRQV� 7KH 106 SURJUDP ZDV WKH YHQXH LQ ZKLFK RXU WHDPV FRQQHFWHG DQG
VWDUWHG�FROODERUDWLRQV�

Ɣ 2XU JURXS LV DOVR FROODERUDWLQJ ZLWK IHOORZ <,3 DZDUGHH� 6WDF\ &RSS IURP 8&,UYLQH� :H
DUH LQYHVWLJDWLQJ WKH DSSOLFDWLRQ RI 31$V IRU WKH VWDELOL]DWLRQ RI IOXRUHVFHQW VLOYHU
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FOXVWHUV� 2XU ODEV KDYH DQRWKHU V\QHUJLVWLF FRQQHFWLRQ LQ WKDW RQH RI 6WDF\¶V IRUPHU
XQGHUJUDGXDWH UHVHDUFKHUV IURP KHU WLPH DW /$1/ LV QRZ D 3K�'� FDQGLGDWH LQ P\
UHVHDUFK�ODE�

Ɣ :H ZHUH UHFHQWO\ DZDUGHG D '85,3 JUDQW ZLWK &R�3, 3KLOLS /H'XF �0HFKDQLFDO
(QJLQHHULQJ� &08� HQWLWOHG ³3HSWLGH 1XFOHLF $FLG�%DVHG 1DQRVWUXFWXUHV DW %LRWLF DQG
$ELRWLF ,QWHUIDFHV´� 7R TXRWH IURP WKH '85,3 SURSRVDO ³7KLV LQVWUXPHQW ZLOO SULPDULO\ EH
XVHG WR FKDUDFWHUL]H WKH PRUSKRORJ\� PHFKDQLFV� DQG VXUIDFH FKDUJH GLVWULEXWLRQ RI
Ȗ31$�FRQWDLQLQJ QDQRVWUXFWXUHV DV SDUW RI DQ $)265 <RXQJ ,QYHVWLJDWRU 3URJUDP �<,3�
DZDUG HQWLWOHG ³31$�'ULYHQ 5HPRWH $FWXDWLRQ RI '1$ 1DQRVSULQJ 6WUDLQ 6HQVRUV�´ 7KLV
LQVWUXPHQW ZLOO EH XVHG WR SHUIRUP ODEHO�IUHH WLPH�FRXUVH YLVXDOL]DWLRQ RI G\QDPLF
VWUXFWXUDO FKDQJHV LQ QHXURQV WKDW DUH SDUW RI D V\QWKHWLF JXW�EUDLQ�D[LV DV SDUW RI &R�3,
3KLO /H'XF¶V $)265 DZDUG ³6\QWKHWLFDOO\ 7XQHG *XW䇲%UDLQ䇲$[LV &RPPXQLFDWLRQ�´ 7KH
VXSSRUWHG UHVHDUFK XQGHU WKLV JUDQW ZLOO EH GHVFULEHG LQ JUHDWHU GHWDLO EHORZ� 7D\ORU DOVR
DQWLFLSDWHV OHYHUDJLQJ WKH OLTXLG LPDJLQJ FDSDELOLWLHV RI WKLV HTXLSPHQW LQ QDVFHQW
UHVHDUFK LQ WKH IROORZLQJ WZR DUHDV� ��� &KDUDFWHUL]DWLRQ LQWR WKH PRUSKRORJ\ DQG
PHFKDQLFV RI Ȗ31$ QDQRVWUXFWXUHV LQ D UDQJH RUJDQLF VROYHQW VROXWLRQV� DQG ���
UHVHDUFK RQ QXFOHLF DFLG QDQRVWUXFWXUHV DQG VHQVRUV DQFKRUHG WR WKH GHOLFDWH VXUIDFH RI
WKH�FHOO�PHPEUDQH�DQG�JO\FRFDO\[�´

6HFWLRQ����5HOHYDQW�3XEOLFDWLRQV
7KLV \HDU RXU ODE KDV PXOWLSOH SDSHUV LQ SUHSDUDWLRQ� DQG LQ WKH XSFRPLQJ \HDU ZH H[SHFW WR
SUHSDUH�PDQXVFULSWV�ZLWK�ERWK�RI�RXU�106�FROODERUDWLRQV�

>�@ *XSWD� 0�.� 3HDUVH� $�� $UPLWDJH� %�� 7D\ORU� 5�(� 7HUPLQDO O\VLQH GHFRUDWLRQ LPSURYHV
VROXELOLW\�RI�VWUDQG�PLQLPDO�PLFURQ�VFDOH�JDPPD31$�QDQRILEHUV���LQ�SUHSDUDWLRQ�

>�@ $ULDV� '�6�� 7D\ORU� 5�(� 1DQRVFDSH '1$ OLQNDJHV IRU IOXRUHVFHQW PHDVXUHPHQW RI DUELWUDU\
GLVWDQFHV�DQG�GLVSODFHPHQWV���LQ�SUHSDUDWLRQ�

>�@ :DQJ� :�� +D\HV� 3�� 5HQ� ;�� 7D\ORU� 5�(� 6\QWKHWLF FHOO DUPRU PDGH RI '1$ RULJDPL�
�VXEPLWWHG�

>�@ *RRGZLQ�6FKRHQ� &�� 7D\ORU� 5�(� 0RGXODU� DUWLFXODWHG PRGHOV RI '1$ DQG SHSWLGH QXFOHLF
DFLGV�IRU�QDQRWHFKQRORJ\�HGXFDWLRQ��VXEPLWWHG�

�

DISTRIBUTION A: Distribution approved for public release.


