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)HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU L 3ULQWHG RI 5HF\FOHG 3DSHU

2IILFH RI 6FLHQFH DQG 7HFKQRORJ\

7KH 'HSDUWPHQW RI (QHUJ\©V �'2(�

(QYLURQPHQWDO 0DQDJHPHQW �(0�

2IILFH RI 6FLHQFH DQG 7HFKQRORJ\

�267� PDQDJHV DQ DJJUHVVLYH

QDWLRQDO SURJUDP IRU DSSOLHG

U H V H D U F K � G H Y H O R S P H Q W �

GHPRQVWUDWLRQ� WHVWLQJ� DQG

HYDOXDWLRQ �5''7	(�� 7KLV

SURJUDP GHYHORSV KLJK�SD\RII

WHFKQRORJLHV WR FOHDQ XS WKH

LQYHQWRU\ RI '2( QXFOHDU

FRPSRQHQW PDQXIDFWXULQJ VLWHV DQG

WR PDQDJH '2(�JHQHUDWHG ZDVWH

IDVWHU� VDIHU� DQG FKHDSHU WKDQ

FXUUHQWO\ DYDLODEOH HQYLURQPHQWDO

FOHDQXS WHFKQRORJLHV� 7KH SULPDU\

JRDO LV WR SURWHFW KXPDQ KHDOWK DQG

SUHYHQW IXUWKHU FRQWDPLQDWLRQ�

7KH 5''7	( VSRQVRUHG E\ 267 LV

GHVLJQHG WR PDNH QHZ� LQQRYDWLYH�

DQG PRUH FRVW HIIHFWLYH WHFKQRORJLHV

DYDLODEOH IRU WUDQVIHU WR '2(

HQYLURQPHQWDO UHVWRUDWLRQ DQG ZDVWH

PDQDJHPHQW HQG�XVHUV� (0 KDV

GLYLGHG LWV WHFKQRORJ\ GHYHORSPHQW

SURJUDP LQWR )RFXV $UHDV� ZKLFK

UHSUHVHQW LWV KLJKHVW SULRULW\

SUREOHP DUHDV�

7KH )RFXV $UHDV DUH�

� 0L[HG :DVWH

� 7DQNV

� 6XEVXUIDFH &RQWDPLQDQWV

� ' H D F W L Y D W L R Q D Q G

'HFRPPLVVLRQLQJ

� 3OXWRQLXP 6WDELOL]DWLRQ DQG

'LVSRVLWLRQ

7HFKQRORJ\ GHYHORSPHQW SURMHFWV

HQFRPSDVV WKH UDQJH RI SUREOHPV

DGGUHVVHG E\ WKH (0��� SURJUDP�

7KLV LQFOXGHV� PL[HG ZDVWH

FKDUDFWHUL]DWLRQ DQG WUHDWPHQW� VRLOV

DQG JURXQGZDWHU UHPHGLDWLRQ�

O D Q G I L O O V W DE L O L ] D W L R Q D QG

UHPHGLDWLRQ� UHPHGLDWLRQ RI KLJK

OHYHO ZDVWH WDQNV� GHDFWLYDWLRQ DQG

GHFRPPLVVLRQLQJ RI EXLOGLQJV�

FKDUDFWHUL]DWLRQ DQG PRQLWRUV�

FKHPLFDO DQG SK\VLFDO VHSDUDWLRQ RI

F R Q W DP L Q D Q W V � S O X W R Q L X P

VWDELOL]DWLRQ� DQG URERWLFV� ,Q

DGGLWLRQ� IXWXUH DFWLYLWLHV ZLOO

LQFOXGH WKH DUHDV RI VSHFLDO QXFOHDU

IXHOV� HPLVVLRQV DQG ORQJ�WHUP

PRQ L WRU LQJ� DQG SRO OX W LRQ

SUHYHQWLRQ�

2QH RI 267©V VWUDWHJLHV LV WR HQVXUH

WKDW SULYDWH LQGXVWU\� RWKHU )HGHUDO

DJHQFLHV� XQLYHUVLWLHV� DQG '2(

1DWLRQDO /DERUDWRULHV DUH PDMRU

SDUWLFLSDQWV LQ GHYHORSLQJ DQG

GHSOR\LQJ QHZ DQG HPHUJLQJ

WHFKQRORJLHV� 7KLV LV DFFRPSOLVKHG

WKURXJK IXQGLQJ VHW DVLGH IRU

EXLOGLQJ SXEOLF DQG SULYDWH�VHFWRU

SDUWQHUVKLSV WKURXJK WKH ,QGXVWU\

3URJUDP� 7R HQKDQFH RSSRUWXQLWLHV

IRU WHFKQRORJ\ FRPPHUFLDOL]DWLRQ�

267 VHHNV SDUWQHUVKLSV ZLWK

SULYDWH�VHFWRU FRPSDQLHV GXULQJ WKH

WHFKQRORJ\ GHYHORSPHQW DQG

GHPRQVWUDWLRQ SKDVHV� ,QGXVWU\

SDUWQHUV ZLOO IDFLOLWDWH LPSOHPHQWLQJ

WKHVH HPHUJLQJ WHFKQRORJLHV WR

VROYH WKH QDWLRQ©V HQYLURQPHQWDO

SUREOHPV�

7RROV HPSOR\HG WR VHOHFW DQG

LPSOHPHQW 5''7	( SURMHFWV

LQFOXGH� 3URJUDP 5HVHDUFK DQG

'HYHORSPHQW $QQRXQFHPHQWV

�35'$V�� 5HVHDUFK 2SSRUWXQLW\

$QQRXQFHPHQWV �52$V�� 5HTXHVWV

IRU 3URSRVDOV �5)3V�� )LQDQFLDO

$VVLVWDQFH $ZDUGV� &RRSHUDWLYH

5HVHDUFK DQG 'HYHORSPHQW

$J U H HPHQ W V �&5$'$V� �

,QWHUDJHQF\ $JUHHPHQWV� DQG '2(

1DWLRQDO /DERUDWRU\ 7HFKQLFDO 7DVN

3ODQV �773V�� 2I WKHVH YDULRXV

WRROV� WKH 35'$V� 52$V� 5)3V DQG

)LQDQFLDO $VVLVWDQFH $ZDUGV DUH

DGPLQLVWHUHG IRU 267 WKURXJK WKH

)HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU

�)(7&��

)HGHUDO (QHUJ\ 7HFKQRORJ\

&HQWHU

)(7&� ZLWK VLWHV LQ 0RUJDQWRZQ�

:HVW 9LUJLQLD DQG 3LWWVEXUJK�

3HQQV\OYDQLD� LV D )RVVLO (QHUJ\

SURJUDP LPSOHPHQWDWLRQ RIILFH WKDW

DOVR VXSSRUWV WKH 2IILFHV RI

(QYLURQPHQWDO 0DQDJHPHQW� DQG

(QHUJ\ (IILFLHQF\� )(7&� XVLQJ WKH

IXOO 5	' UHVRXUFH EDVH RI WKH

FRXQWU\ �LQGXVWU\� XQLYHUVLWLHV�

QDWLRQDO ODERUDWRULHV� DQG RWKHU

UHVHDUFK HQWLWLHV�� FDUULHV RXW D

IXQFWLRQ ZLWK D QDWLRQDO VFRSH
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)HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU LL 3ULQWHG RI 5HF\FOHG 3DSHU

DQDORJRXV WR WKRVH RI WKH FRPELQHG

'2( ILHOG RIILFHV DQG 1DWLRQDO

/DERUDWRULHV�

)(7& LV D JRYHUQPHQW�RZQHG DQG

RSHUDWHG HQWLW\ ZLWK )HGHUDO

SHUVRQQHO KDYLQJ IXOO GHOHJDWHG

SURFXUHPHQW DXWKRULW\ WR HQWHU LQWR

FRQWUDFWV DQG DVVLVWDQFH DJUHHPHQWV

RQ EHKDOI RI '2(� LQFOXGLQJ WKH

QHJRWLDWLRQ RI SDWHQW DQG GDWD ULJKWV

ZKLFK DUH LPSRUWDQW HOHPHQWV LQ

PDQ\ RI WKH FRVW�VKDUHG 5	'

DJUHHPHQWV WKDW DUH WKH KHDUW RI WKH

)RVVLO (QHUJ\ 3URJUDP�

7R IDFLOLWDWH HIIHFWLYH 5''7	(� WKH

267 SURMHFWV PDQDJHG E\ )(7& DUH

FRQGXFWHG E\ LQGXVWULDO HQWLWLHV WKDW

FDQ FRPPHUFLDOL]H QHZ SURGXFWV�

7KH LQGXVWULDO SDUWQHUV XVH

JRYHUQPHQW IXQGLQJ WR FRQGXFW

5''7	(� HQDEOLQJ WKHP WR DFKLHYH

HDUOLHU PDUNHW HQWU\ WKDQ ZRXOG EH

SRVVLEOH XQGHU FRPSDQ\�IXQGHG

RQO\ GHYHORSPHQW�

2I WKH SURMHFWV VHOHFWHG XQGHU

35'$V DQG 52$V� D VXEVWDQWLDO

SRUWLRQ KDYH JRQH WR VPDOO EXVLQHVV

WHFKQRORJ\ GHYHORSHUV�

,QGXVWU\DQG8QLYHUVLW\3URJUDPV

7KH PLVVLRQ RI WKH ,QGXVWU\ DQG

8QLYHUVLW\ 3URJUDPV LV WR LQYROYH

WKH SULYDWH�VHFWRU >QRQ�'HSDUWPHQW

RI (QHUJ\ �'2(� 0DQDJHPHQW 	

2SHUDWLQJ@ HQWLWLHV VXFK DV FROOHJHV�

XQ LYH U V L W L H V � QRW� IR U �S UR I L W

LQVWLWXWLRQV� DQG LQGXVWU\� LQ

GHYHORSLQJ� GHPRQVWUDWLQJ� DQG

L P S O H P H Q W L Q J L P S U R Y H G

WHFKQRORJLHV WKDW DGGUHVV WKH QHHGV

RI WKH '2( (QYLURQPHQWDO

0DQDJHPHQW )RFXV $UHDV� WKURXJK

J R Y H U Q P H Q W F R Q W U D F W L Q J

PHFKDQLVPV DQG FRPSHWLWLYH

SURFXUHPHQW�

7KH JRDO LV WR SURYLGH WHFKQRORJLFDO

VROXWLRQV WKDW UHGXFH FRVWV

DVVRFLDWHG ZLWK FOHDQXS DFWLYLWLHV�

UHGXFH KHDOWK DQG VDIHW\ ULVNV� DQG

HQDEOH LQWUDFWDEOH SUREOHPV WR EH

VROYHG� 7R DFKLHYH WKHVH JRDOV� 7KH

,QGXVWU\ 3URJUDP LPSOHPHQWV

FRPSHWLWLYHO\ SURFXUHG FRQWUDFWV�

& 7R HQVXUH WKDW SULYDWH VHFWRU

FRPSDQLHV� LQFOXGLQJ VPDOO

EXVLQHVVHV� DUH DEOH WR FRPSHWH

ZLWKLQ WKH '2( PDUNHW DQG

GHSOR\ LQQRYDWLYH� FRVW�HIIHFWLYH

VROXWLRQV DQG FRQFXUUHQWO\

VXSSRUW WKH DGYDQFHPHQW RI 8�6�

LQGXVWULDO FRPSHWLWLYHQHVV

& 7R GHYHORS FRQILGHQFH LQ WKH

XVHU FRPPXQLW\ DW WKH '2( VLWHV

VR WKDW WKH VLWHV DUH ZLOOLQJ WR

L P S O H P H Q W L Q Q R Y D W L Y H

WHFKQRORJ\ DQG VR WKDW WKH

SULYDWH VHFWRU FRQWUDFWRU FDQ ELG

RQ IXWXUH '2( ZRUN

)(7& SDUWQHUV ZLWK SULYDWH VHFWRU

FRPSDQLHV WR DVVLVW WKHP LQ

GHYHORSLQJ WKHLU WHFKQRORJLHV

WKURXJK IXOO VFDOH GHPRQVWUDWLRQ DW

'2( VLWHV� )(7& DOVR SDUWLFLSDWHV

LQ GHSOR\PHQW LQLWLDWLRQ DV QHHGHG�

,Q WKLV SURFHVV )(7& ZRUNV FORVHO\

ZLWK WKH FRQWUDFWRUV� '2(

+HDGTXDUWHUV SURJUDP SHUVRQQHO�

'2( WHFKQLFDO PDQDJHUV DQG VLWH

SHUVRQQHO �LQFOXGLQJ UHJXODWRUV DQG

WKH SXEOLF� WR HQVXUH WKDW HQG XVHU

UHTXLUHPHQWV DUH PHW� 7KLV

SDUWQHULQJ SURFHVV DQG WKH SKDVHG

QDWXUH RI WKH FRQWUDFWV KDV UHVXOWHG

LQ HIIHFWLYH PDQDJHPHQW RI WKH

SURMHFWV� ZKHUH SURMHFWV ZHUH

WHUPLQDWHG RU UHGLUHFWHG DV WKH

WHFKQRORJ\ PDWXUHG DQG PRYHG

WRZDUG FRPPHUFLDO DSSOLFDWLRQ� 2I

WKH �� WRWDO ,QGXVWU\ 3URJUDP

SURMHFWV� �� KDYH EHHQ FRPSOHWHG

DQG �� DUH RQJRLQJ� )RU WKH

FRPSOHWHG SURMHFWV� ��� ZHUH

WHUPLQDWHG LQ WKH HDUO\ VWDJHV RI

GHYHORSPHQW SULRU WR PRUH FRVWO\

GHYHORSPHQW HIIRUWV DQG ILHOG

WHVWLQJ�

7KHVH SDUWQHUVKLSV ZLOO UHDS

VLJQLILFDQW EHQHILWV WR WKH '2(©V

FOHDQXS HIIRUWV� SURYLGHG WKDW WKH

'2( VLWHV PDLQWDLQ DQ RSHQ PDUNHW

WR WKH SULYDWH VHFWRU� 6LJQLILFDQW

EHQHILWV ZLOO EH UHDOL]HG E\ FRVW

VDYLQJV WKURXJK ZLGHVSUHDG XVH RI

WHFKQRORJLHV DQG VHUYLFHV SURYLGHG

E\ SULYDWH VHFWRU FRPSDQLHV LQ

U H V S R Q V H W R FRPSH W L W L Y H

SURFXUHPHQWV LVVXHG E\ WKH '2(

VLWHV� 7KH (0$FFHOHUDWHG &OHDQXS�
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)HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU LLL 3ULQWHG RI 5HF\FOHG 3DSHU

3DWKV WR &ORVXUH 3ODQ UHTXLUHV D

VXSSO\ RI WHFKQRORJ\ V\VWHPV IURP

SULYDWH VHFWRU FRPSDQLHV� 6WUDWHJLHV

W K D W H Q W D L O F R P S H W L W L Y H

SURFXUHPHQWV EDVHG RQ HQG�VWDWH

SHUIRUPDQFH VSHFL I LFDW LRQV�

W H F K Q R O R J \ G H S O R \ P H Q W �

SULYDWL]DWLRQ� RXWVRXUFLQJ DQG

PRUWJDJH UHGXFWLRQ UHTXLUH D

FRPSHWLWLYH VXSSOLHU EDVH WR PHHW

(0 QHHGV� 7KH ,QGXVWU\ DQG

8QLYHUVLW\ 3URJUDPV SURYLGH DQ

HIIHFWLYH PHFKDQLVP WKDW LQGXVWU\

FDQ XVH WR ILOO WKH LQIRUPDWLRQ JDSV

QHHGHG WR FRQILGHQWO\ ELG RQ

FRPSHWLWLYH SURFXUHPHQWV IURP WKH

'2( VLWHV�

7KH ,QGXVWU\ 3URJUDP SODQV WR LVVXH

PXOWLSOH 3URJUDP 5HVHDUFK DQG

'HYHORSPHQW $QQRXQFHPHQWV WR

DGGUHVV WKH WHFKQRORJ\ QHHGV

HVWDEOLVKHG E\ WKH )RFXV $UHDV� WKLV

ZRXOG DOVR LQFOXGH UHTXLUHPHQWV RI

WKH FURVVFXWWLQJ SURJUDPV� ,W LV

DQWLFLSDWHG WKDW WKHVH SURFXUHPHQWV

ZLOO UHVXOW LQ PXOWLSOH FRQWUDFW

DZDUGV� 5)3V ZLOO DOVR EH LQLWLDWHG

LI VXIILFLHQW LQIRUPDWLRQ FDQ EH

GHYHORSHG E\ WKH )RFXV $UHDV RQ

WKHLU VSHFLILF UHTXLUHPHQWV� 7KLV

PXVW EH GRQH RQ D FDVH�E\�FDVH

EDVLV IRU WKH YDULRXV SUREOHP DUHDV�

DQG FDQ HIIHFW IXWXUH GHSOR\PHQW

DFWLYLWLHV�

$ 7HFKQRORJ\ 'HYHORSPHQW 'DWD

6KHHW �7''6� LV SUHSDUHG IRU HDFK

SURMHFW ZLWKLQ WKH ,QGXVWU\ 3URJUDP

DQG DOVR RWKHU (0 5''7	(

SURMHFWV DW )(7&� 7KHVH 7''6V

FRQWDLQ LQIRUPDWLRQ RQ WKH SUREOHP

WKH WHFKQRORJ\ LV DGGUHVVLQJ� WKH

VROXWLRQ DQG EHQHILW WKDW LW SURYLGHV�

D GHVFULSWLRQ RI WKH WHFKQRORJ\�

SURMHFW FRQWDFWV� DQG LI FRPSOHWHG� D

UHVXOWV VHFWLRQ�

7KH 7''6V DUH FRQWDLQHG LQ WKLV

GRFXPHQW DQG FDQ DOVR EH IRXQG RQ

WKH )(7& +RPH 3DJH� DORQJ ZLWK

RWKHU LPSRUWDQW LQIRUPDWLRQ� DW WKH

I R O ORZ L QJ , Q W H U Q H W 85/ �

K W WS � � �ZZZ � I H W F � GRH �JRY �

SXEOLFDWLRQV�IDFWVKHHWV�HZP�LQGH[�

KWPO�

)RU PRUH LQIRUPDWLRQ RQ (0 DFWLYLWLHV VXSSRUWHG E\ WKH )HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU� SOHDVH FRQWDFW�

5REHUW &� %HGLFN )OR\G :� &URXVH

(QYLURQPHQWDO 0DQDJHPHQW 3URGXFW 0DQDJHU (QYLURQPHQWDO DQG :DVWH 0DQDJHPHQW 'LYLVLRQ 'LUHFWRU

)HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU )HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU

3KRQH� ����� �������� 3KRQH� ����� ��������

(�PDLO� UEHGLF#IHWF�GRH�JRY (�PDLO� IFURXV#IHWF�GRH�JRY
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)HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU LY 3ULQWHG RI 5HF\FOHG 3DSHU

�7KLV SDJH OHIW EODQN LQWHQWLRQDOO\�
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&RQWUDFWRU 3URMHFW 7LWOH 3DJH

6HSWHPEHU ����

)HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU Y 3ULQWHG RI 5HF\FOHG 3DSHU

0,;(' :$67( )2&86 $5($

$&7,9( 352-(&76

�0 &RUSRUDWLRQ 6SHFLDOL]HG 6HSDUDWLRQ 8WLOL]LQJ �0 0HPEUDQH 7HFKQRORJ\ � � � � � � � � �

$'$ 7HFKQRORJLHV� ,QF� 5HFRYHU\ RI 0HUFXU\ IURP &RQWDPLQDWHG 3ULPDU\ DQG � � � � � � � � � � � � �

6HFRQGDU\ /LTXLG :DVWHV

%LR�,PDJLQJ 5HVHDUFK� ,QF� :DVWH ,QVSHFWLRQ 7RPRJUDSK\ �:,7� � � � � � � � � � � � � � � � � � � � � � � � � � �

%LR�,PDJLQJ 5HVHDUFK� ,QF� 1RQ�'HVWUXFWLYH ([DPLQDWLRQ DQG $VVD\ RI � � � � � � � � � � � � � � � � � � � � �

'UXPV &RQWDLQLQJ 7UDQVXUDQLF :DVWH

'HOSKL 5HVHDUFK� ,QF� 'HYHORSPHQW 6WXGLHV IRU D 1RYHO :HW 2[LGDWLRQ 3URFHVV � � � � � � � � � � �

0HPEUDQH 7HFKQRORJ\ 	 0HPEUDQH 6\VWHP IRU 5HFRYHU\ RI 9RODWLOH � � � � � � � � � � � � � � � � � � � ��

5HVHDUFK� ,QF� 2UJDQLF &RPSRXQGV IURP 5HPHGLDWLRQ 2II�*DVHV

0HWFDOI 	 (GG\� ,QF� 0HUFXU\ 5HPRYDO IURP '2( 6ROLG 0L[HG :DVWH � � � � � � � � � � � � � � � ��

8VLQJ WKH *(0(360 7HFKQRORJ\

6HQVRU 5HVHDUFK DQG 6XUIDFH $FRXVWLF :DYH 0HUFXU\ 9DSRU 6HQVRU � � � � � � � � � � � � � � � � � ��

'HYHORSPHQW &RUSRUDWLRQ

7KHUPRFKHP� ,QF� 6WHDP 5HIRUPLQJ RI /RZ�/HYHO 0L[HG :DVWH � � � � � � � � � � � � � � � � � � ��

9RUWHF &RUSRUDWLRQ ,QQRYDWLYH )RVVLO )XHO )LUHG 9LWULILFDWLRQ � � � � � � � � � � � � � � � � � � � � � � ��

7HFKQRORJ\ IRU 6RLO 5HPHGLDWLRQ

&203/(7(' 352-(&76

$HURMHW *HQHUDO &RUSRUDWLRQ 3ODWHOHW�&RROHG 3ODVPD $UF 7RUFK � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

(LFKURP ,QGXVWULHV� ,QF� 1RYHO 6LOLFD�%DVHG ,RQ�([FKDQJH 5HVLQ � � � � � � � � � � � � � � � � � � � � � � ��

(LFKURP ,QGXVWULHV� ,QF� 6HSDUDWLRQ� &RQFHQWUDWLRQ DQG ,PPRELOL]DWLRQ RI 7F DQG � � � � � � � � � � ��

,RGLQH IURP $ONDOLQH 6XSHUQDWH :DVWH

/DVHU 'LDJQRVWLFV //& $ &RQWLQXRXV (PLVVLRQ 0RQLWRU IRU 7R[LF � � � � � � � � � � � � � � � � � � � � ��

0HWDOV LQ WKH 2II�*DVHV RI 7KHUPDO 7UHDWPHQW )DFLOLWLHV

/RFNKHHG 0DUWLQ ,QWHOOLJHQW 0RELOH 6HQVRU 6\VWHP �,066� )RU $XWRQRPRXV � � � � � � � ��

0RQLWRULQJ 	 ,QVSHFWLRQ

/RFNKHHG 0DUWLQ $XWRPDWHG %DVHOLQH &KDQJH 'HWHFWLRQ �$%&'� � � � � � � � � � � � � � � � � ��

0HUFXU\ 5HFRYHU\ 6HUYLFHV 5HPRYDO DQG 5HFRYHU\ RI 0HUFXU\ IURP 0L[HG � � � � � � � � � � � � � � � � ��

:DVWHV
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&RQWUDFWRU 3URMHFW 7LWOH 3DJH

6HSWHPEHU ����

)HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU YL 3ULQWHG RI 5HF\FOHG 3DSHU

0LUDJH 6\VWHPV� ,QF� 0L[HG :DVWH 7UHDWPHQW 8VLQJ WKH &KHP&KDU 7KHUPRO\WLF � � � � � � � � ��

'HWR[LILFDWLRQ 7HFKQLTXH

0ROWHQ 0HWDOV 7HFKQRORJ\� ,QF� &DWDO\WLF ([WUDFWLRQ 3URFHVVLQJ RI &RQWDPLQDWHG � � � � � � � � � � � � � � � � ��

6FUDS 0HWDO

5XVW )HGHUDO 6HUYLFHV� ,QF� 9$&
75$; � 0RELOH 9DFXXP�7KHUPDO 7UHDWPHQW � � � � � � � � � � � � � ��

6\VWHP

5XVW )HGHUDO 6HUYLFHV� ,QF� 1LWUDWH WR $PPRQLD DQG &HUDPLF �1$&� %HQFK 6FDOH � � � � � � � � � � � � ��

6WDELOL]DWLRQ 6WXGLHV

6RXWK &DUROLQD 8QLYHUVLWLHV $Q ,QWHOOLJHQW ,QVSHFWLRQ DQG 6XUYH\ 5RERW � � � � � � � � � � � � � � � � � � � � ��

5HVHDUFK DQG (GXFDWLRQ

)RXQGDWLRQ

:$675(1� ,QF� (YDOXDWLRQ RI (OHFWURGLDO\VLV � ,RQ ([FKDQJH IRU WKH � � � � � � � � � � � � � ��

6HSDUDWLRQ RI 'LVVROYHG 6DOWV

7$1.6 )2&86 $5($

$&7,9( 352-(&76

(,& /DERUDWRULHV� ,QF� )LHOG 5DPDQ 6SHFWURJUDSK IRU (QYLURQPHQWDO � � � � � � � � � � � � � � � � � � ��

$QDO\VLV

/65 7HFKQRORJLHV� ,QF� /LTXLG 0HPEUDQH 6\VWHP IRU 5HPRYDO DQG � � � � � � � � � � � � � � � � � � � � ��

&RQFHQWUDWLRQ RI 7UDQVXUDQLF (OHPHQWV

2FHDQHHULQJ 6SDFH 6\VWHPV� ,QF� 5RERWLF (QG (IIHFWRU IRU ,QVSHFWLRQ RI 6WRUDJH � � � � � � � � � � � � � � � � � ��

7DQNV

6FLHQFH	(QJLQHHULQJ $XWRPDWHG 0RQLWRULQJ 6\VWHP IRU )OXLG /HYHO DQG � � � � � � � � � � � � � � ��

$VVRFLDWHV� ,QF� 'HQVLW\ LQ +LJK�/HYHO :DVWH 7DQNV

8QLYHUVLW\ RI 7HQQHVVHH 'XDO�3RLQW ,PSHGDQFH &RQWURO IRU 7HOHURERWLFV � � � � � � � � � � � � � � � � ��

&203/(7(' 352-(&76

1RUWKURS *UXPPDQ 67& $Q $GYDQFHG� 2SHQ�3DWK $WPRVSKHULF 3ROOXWLRQ � � � � � � � � � � � � � � � ��

0RQLWRU IRU /DUJH $UHDV
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$SSOLHG 5HVHDUFK $VVRFLDWHV 0HDVXULQJ )XHO &RQWDPLQDWLRQ 8VLQJ +LJK 6SHHG *& � � � � � � � � � � � � ��

DQG &RQH 3HQHWUDWLRQ 7HFKQLTXHV

$SSOLHG 5HVHDUFK $VVRFLDWHV 7RPRJUDSKLF 6LWH &KDUDFWHUL]DWLRQ 8VLQJ &37� � � � � � � � � � � � � � � � � ��

(57 DQG *35

%LRSUD[LV ,QF� ,Q�6LWX *URXQG :DWHU 023�8370 3URFHVV � � � � � � � � � � � � � � � � � � � � ��

(,& /DERUDWRULHV� ,QF� ,QWHUQDO 5HIOHFWLRQ 6HQVRU IRU WKH &RQH 3HQHWURPHWHU � � � � � � � � � � � � ��

0F'HUPRWW 7HFKQRORJ\� ,QF� �07,� 'HYHORSPHQW RI D /RQJ�7HUP� 3RVW�&ORVXUH � � � � � � � � � � � � � � � � � � � ��

5DGLDWLRQ 0RQLWRU

1HZ 0H[LFR ,QVWLWXWH RI 6XUIDFH�$OWHUHG =HRO\WHV DV D 3HUPHDEOH %DUULHU � � � � � � � � � � � � � � � � ��

0LQLQJ 	 7HFKQRORJ\

6FLHQFH 	 (QJLQHHULQJ %DURPHWULF 3XPSLQJ ZLWK D 7ZLVW � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

$VVRFLDWHV� ,QF�

6FLHQFH 	 (QJLQHHULQJ )LEHU 2SWLF�&RQH 3HQHWURPHWHU 6\VWHP IRU � � � � � � � � � � � � � � � � � � � � ��

$VVRFLDWHV� ,QF� 6XEVXUIDFH +HDY\ 0HWDOV 'HWHFWLRQ

6FLHQFH 	 (QJLQHHULQJ ,Q 6LWX 3HUPHDELOLW\ 0HDVXUHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � ��

$VVRFLDWHV� ,QF� ZLWK 'LUHFW 3XVK 7HFKQLTXHV

6FLHQFH 	 (QJLQHHULQJ 6XEVXUIDFH %DUULHU 9DOLGDWLRQ ZLWK WKH 6($WUDFH70 � � � � � � � � � � � � � � ��

$VVRFLDWHV� ,QF� 0RQLWRULQJ 6\VWHP

6RXWK &DUROLQD (QHUJ\ 0XQLFLSDO 6ROLG :DVWH 3URJUDP � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

5HVHDUFK 	 'HYHORSPHQW &HQWHU

6RXWK &DUROLQD 8QLYHUVLWLHV 0HDVXUHPHQW RI 5DGLRQXFOLGHV 8VLQJ ,RQ � � � � � � � � � � � � � � � � � � � � � ��

5HVHDUFK DQG (GXFDWLRQ &KURPDWRJUDSK\ DQG )ORZ�&HOO 6FLQWLOODWLRQ

)RXQGDWLRQ &RXQWLQJ

6SLQ7HN 6\VWHPV� ,QF� 5DGLRQXFOLGH 5HPRYDO 	 &RQFHQWUDWLRQ IURP :DVWH � � � � � � � � � � � � � ��

6WUHDPV XVLQJ 6SLQWHN ,,

7KHUPR 3RZHU &RUS� �7HFRJHQ 'HYHORSPHQW RI DQ 2Q�/LQH� 5HDO�7LPH $OSKD 5DGLDWLRQ � � � � � � � � � ��

'LYLVLRQ� 0HDVXULQJ ,QVWUXPHQW IRU /LTXLG 6WUHDPV

8QLYHUVLW\ RI 9HUPRQW $OFRKRO )OXVKLQJ IRU 5HPRYLQJ '1$3/V IURP &OD\ � � � � � � � � � � � � � ��

DQG 6DQG /D\HUHG $TXLIHU 6\VWHPV
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$PHUDVLD �(OHFWURQLF 6HQVRU )LHOG 3RUWDEOH 'HWHFWLRQ RI 92&V 8VLQJ D 6$:�*& � � � � � � � � � � � � � ��

7HFKQRORJ\� 6\VWHP

$5&7(&+� ,QF� 'HYHORSPHQW RI +XPDVRUE�&670 IRU 5HPRYDO RI � � � � � � � � � � � � � � � ��

0HWDOV DQG 2UJDQLF &RQWDPLQDQWV IURP *URXQGZDWHU

+XPLF $FLG IRU 5HPRYDO RI 0HWDOV DQG 2UJDQLFV

$WRPLF (QHUJ\ RI &DQDGD� /WG� 6RLO 7UHDWPHQW WR 5HPRYH 8UDQLXP DQG 5HODWHG � � � � � � � � � � � � � � � � ��

0L[HG 5DGLRDFWLYH +HDY\ 0HWDO &RQWDPLQDWLRQ

&ROHPDQ 5HVHDUFK &RUSRUDWLRQ *HRSK\VLFDO 'DWD )XVLRQ IRU 6XEVXUIDFH ,PDJLQJ � � � � � � � � � � � � � � � ��

(QJLQHHULQJ &RPSXWHU 5RDG 7UDQVSRUWDEOH $QDO\WLFDO /DERUDWRU\ �57$/� � � � � � � � � � � � � � � ��

2SWHFQRPLFV

(QYLURQPHQWDO 5HVHDUFK ,PDJLQJ 'DWD $QDO\VLV IRU +D]DUGRXV :DVWH $SSOLFDWLRQV � � � � � � � � � ��

,QVWLWXWH RI 0LFKLJDQ

*HQHUDO (OHFWULF &RUSRUDWH 5 	 ' 2UJDQLF 6SRQJHV IRU &RVW (IIHFWLYH &92& � � � � � � � � � � � � � � � � � � � ���

&HQWHU $EDWHPHQW

*HRSKH[� /WG� *HRSKH[ $LUERUQH 8QPDQQHG 6XUYH\ 6\VWHP � � � � � � � � � � � � � � � � � ���

�*$866�

+DOOLEXUWRQ 186 (QYLURQPHQWDO 6RLO 6DZ70 'HPRQVWUDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

&RUSRUDWLRQ

,QWHUD� ,QF� ,Q�6LWX 'HFRQWDPLQDWLRQ RI $TXLIHUV E\ 6XUIDFWDQW � � � � � � � � � � � � � ���

6ROXELOL]DWLRQ RI '1$3/V

.	0 (QJLQHHULQJ 	 &LUFXODWLQJ $LU %DUULHU �&$%� 6\VWHP � � � � � � � � � � � � � � � � � � � � � � � ���

&RQVXOWLQJ &RUS�

0F'HUPRWW 7HFKQRORJ\� ,QF� �07,� ,Q 6LWX 7ULWLXP %HWD 'HWHFWRU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

0LFURVHQVRU 6\VWHPV 0LQLDWXUH *& IRU ,Q�6LWX 0RQLWRULQJ RI 9RODWLOH � � � � � � � � � � � � � � � ���

2UJDQLF &RPSRXQGV :LWKLQ D &RQH 3HQHWURPHWHU

0LUDJH 6\VWHPV� ,QF� 7KUHH 'LPHQVLRQDO 6XE�6XUIDFH ,PDJLQJ 6\QWKHWLF � � � � � � � � � � � � � ���

$SHUWXUH 5DGDU

0RQVDQWR &RPSDQ\ 'HYHORSPHQW RI DQ ,QWHJUDWHG ,Q�6LWX 5HPHGLDWLRQ � � � � � � � � � � � � � ���

7HFKQRORJ\

3K\VLFDO 2SWLFV &RUSRUDWLRQ ,QWHJUDWHG 2SWLFV &KHPLFDO 6HQVRU IRU 6LPXOWDQHRXV � � � � � � � � � � � � ���

'HWHFWLRQ 	 4XDQWLILFDWLRQ RI 0XOWLSOH ,RQV

6WHYHQV ,QVWLWXWH RI 6WDELOL]DWLRQ DQG 5HXVH RI +HDY\ 0HWDO � � � � � � � � � � � � � � � � � � � � � � ���

7HFKQRORJ\ &RQWDPLQDWHG 6RLO E\ 0HDQV RI 4XLFNOLPH�6XOIDWH
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)HGHUDO (QHUJ\ 7HFKQRORJ\ &HQWHU L[ 3ULQWHG RI 5HF\FOHG 3DSHU

7UDQVGXFHU 5HVHDUFK� ,QF� )LHOG�8VDEOH 3RUWDEOH $QDO\]HU IRU &KORULQDWHG � � � � � � � � � � � � � � � � ���

2UJDQLF &RPSRXQGV

8QLYHUVLW\ RI $UL]RQD +LJK�5HVROXWLRQ 6XEVXUIDFH ,PDJLQJ 	 1HXUDO � � � � � � � � � � � � � � � ���

1HWZRUN 5HFRJQLWLRQ

87'� ,QF� ,QQRYDWLYH 'LUHFWLRQDO DQG 3RVLWLRQ 6SHFLILF � � � � � � � � � � � � � � � � � � ���

6DPSOLQJ 7HFKQLTXH

87'� ,QF� $ 6WHHUDEOH 'LVWDQFH (QKDQFHG 3HQHWURPHWHU � � � � � � � � � � � � � � � � � ���

'HOLYHU\ 6\VWHP

:HLVV $VVRFLDWHV $FRXVWLFDOO\ (QKDQFHG 5HPHGLDWLRQ RI � � � � � � � � � � � � � � � � � � � � � � ���

&RQWDPLQDWHG 6RLO DQG *URXQGZDWHU

'($&7,9$7,21 $1' '(&200,66,21,1* )2&86 $5($

$&7,9( 352-(&76

$50 $XWRPDWLRQ 0RGXODU 0DQLSXODWRU IRU 5RERWLFV $SSOLFDWLRQV � � � � � � � � � � � � � � � ���

$UUH\ ,QGXVWULHV &RUSRUDWLRQ� ,QWHJUDWHG '	' 'HFLVLRQ $QDO\VLV 7RRO � � � � � � � � � � � � � � � � � � � � � ���

)HG7HFK� ,QF�

&DUQHJLH 0HOORQ 8QLYHUVLW\ $VEHVWRV 3LSH�,QVXODWLRQ 5HPRYDO 6\VWHP � � � � � � � � � � � � � � � � � � � � ���

&ROHPDQ 5HVHDUFK &RUSRUDWLRQ &RKHUHQW /DVHU 9LVLRQ 6\VWHP �&/96� � � � � � � � � � � � � � � � � � � � � � � ���

&ROHPDQ 5HVHDUFK &RUSRUDWLRQ 7KUHH 'LPHQVLRQDO ,QWHJUDWHG &KDUDFWHUL]DWLRQ DQG � � � � � � � � � � � � � ���

$UFKLYLQJ 6\VWHP ��'�,&$6�

'HSDUWPHQW RI $UP\� 86$&( 8�6� $UP\ &RUSV RI (QJLQHHUV 6XSSRUW WR WKH � � � � � � � � � � � � � � � � � ���

+XQWLQJWRQ 'LVWULFW '	' )RFXV $UHD

)� $VVRFLDWHV /DVHU $EODWLRQ RI &RQWDPLQDQWV IURP &RQFUHWH DQG � � � � � � � � � � � � � ���

0HWDO 6XUIDFHV

0DQXIDFWXULQJ 6FLHQFHV $GYDQFHG 7HFKQRORJLHV IRU 'HFRQWDPLQDWLRQ DQG � � � � � � � � � � � � � � ���

&RUSRUDWLRQ &RQYHUVLRQ RI 6FUDS 0HWDO

0HPEUDQH 7HFKQRORJ\ 	 3URWHFWLYH &ORWKLQJ %DVHG RQ 3HUPVHOHFWLYH � � � � � � � � � � � � � � � � � � ���

5HVHDUFK� ,QF� 0HPEUDQH DQG &DUERQ $GVRUSWLRQ

2FHDQHHULQJ 6SDFH 6\VWHPV� ,QF� $GYDQFHG :RUNHU 3URWHFWLRQ 6\VWHP �$:36� � � � � � � � � � � � � � � � � ���

8QLYHUVLW\ RI 7HQQHVVHH 5RERW 7DVN 6SDFH $QDO\]HU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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&DUQHJLH 0HOORQ 8QLYHUVLW\ 0RELOH :RUNV\VWHP IRU 'HFRQWDPLQDWLRQ 	 � � � � � � � � � � � � � � � � � � ���

'HFRPPLVVLRQLQJ 2SHUDWLRQV

&DUQHJLH 0HOORQ 8QLYHUVLW\ 2SHUDWRU ,QWHUIDFH IRU 5RERWLF $SSOLFDWLRQV � � � � � � � � � � � � � � � � � � ���

'RZ (QYLURQPHQWDO� ,QF� 'HFRQWDPLQDWLRQ DQG 5HF\FOH RI &RQFUHWH � � � � � � � � � � � � � � � � � � � ���

((7� ,QF� 5HPRYDO RI &RQWDPLQDQWV IURP (TXLSPHQW DQG � � � � � � � � � � � � � � � � ���

'HEULV DQG :DVWH 0LQLPL]DWLRQ 8VLQJ 7(&+;75$&7�

)RVWHU 0LOOHU 7HFKQRORJ\� ,QF� 'LDJQRVWLFV $QG 'DWD )XVLRQ RI 5RERWLF 6HQVRUV � � � � � � � � � � � � � � ���

*HQHUDO (OHFWULF &RUSRUDWH 5 	 ' 5DSLG 6XUIDFH 6DPSOLQJ DQG $UFKLYH 5HFRUG � � � � � � � � � � � � � � � � � � ���

&HQWHU �566$5� 6\VWHP

,627521� &RUSRUDWLRQ (OHFWURNLQHWLF 'HFRQWDPLQDWLRQ RI &RQFUHWH � � � � � � � � � � � � � � � � � � ���

.$, 7HFKQRORJLHV (OHFWURPDJQHWLF 0L[HG�:DVWH 3URFHVVLQJ 6\VWHP � � � � � � � � � � � � � � ���

IRU $VEHVWRV 'HFRQWDPLQDWLRQ

/RFNKHHG 0DUWLQ 0XOWLVHQVRU ,QVSHFWLRQ 	 &KDUDFWHUL]DWLRQ 5RERW IRU � � � � � � � � � � � ���

6PDOO 3LSHV �0,&5263,�

0F'HUPRWW 7HFKQRORJ\� ,QF� �07,� 'HFRQWDPLQDWLRQ RI 3URFHVV (TXLSPHQW 8VLQJ � � � � � � � � � � � � � � � � ���

5HF\FODEOH &KHODWLQJ 6ROYHQW

0HFKDQLFDO 7HFKQRORJ\� ,QF� ,QWHUDFWLYH &RPSXWHU�(QKDQFHG 5HPRWH 9LHZLQJ � � � � � � � � � � � � � � ���

6\VWHP �,&(596�

1HX7HN +LJK�6HQVLWLYLW\ 0RQLWRU IRU 5DGLRQXFOLGHV � � � � � � � � � � � � � � � � � � � ���

1RUWKURS *UXPPDQ 67& 7UHDWDELOLW\ 6WXG\ 8VLQJ 3URPSW *DPPD 1HXWURQ � � � � � � � � � � � � � � ���

$FWLYDWLRQ $QDO\VLV �3*1$$� 7HFKQRORJ\

2FHDQHHULQJ 7HFKQRORJLHV� ,QF� 5HPRWH 2SHUDWHG 9HKLFOH 'U\ ,FH 3HOOHW � � � � � � � � � � � � � � � � � � � � � ���

'HFRQWDPLQDWLRQ 6\VWHP

3K\VLFDO 6FLHQFHV� ,QF� 3RUWDEOH 6HQVRU IRU +D]DUGRXV :DVWH � � � � � � � � � � � � � � � � � � � � � � � ���

5HG]RQH 5RERWLFV� ,QF� +RXGLQL� 5HFRQILJXUDEOH ,Q�7DQN 5RERW � � � � � � � � � � � � � � � � � � � � � ���

6FLHQFH 	 (QJLQHHULQJ &KDUDFWHUL]DWLRQ RI 5DGLRDFWLYH &RQWDPLQDWLRQ � � � � � � � � � � � � � � � � ���

$VVRFLDWHV� ,QF� ,QVLGH 3LSHV ZLWK WKH 3LSH ([SORUHU70 6\VWHP

65, ,QWHUQDWLRQDO 1RYHO 0DVV 6SHFWURPHWULF ,QVWUXPHQW IRU *DVHRXV DQG � � � � � � � � � � ���

3DUWLFXODWH &KDUDFWHUL]DWLRQ

7H[WURQ 'HIHQVH 6\VWHPV� ,QF� &RQFUHWH 'HFRQWDPLQDWLRQ E\ (OHFWUR�+\GUDXOLF � � � � � � � � � � � � � � � ���

6FDEEOLQJ �(+6�
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