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7KH#REMHFWLYH#RI#WKH#9/6,#&LUFXLWV#DQG#7HFKQRORJ\#&RPPLWWHH# LV#WR# LGHQWLI\#QHZ2KRW#DUHDV#RI
LQWHUHVW# WR# WKH#(OHFWURQ#'HYLFH#DQG#6ROLG06WDWH#&LUFXLWV#FRPPXQLWLHV1# #%DVHG#RQ# WKH#QDWXUH#RI# WKH
DUHDV/#ZH#ZLOO#UHFRPPHQG#DQ\#RU#DOO#RI#WKH#IROORZLQJ1

41# ,QLWLDWH# WRSLFDO#ZRUNVKRSV#RI#FXUUHQW# LQWHUHVW# +DWWDFKHG# WR# H[LVWLQJ# FRQIHUHQFHV#RU# VWDUW#QHZ
RQHV,

51#6SHFLDO#,VVXHV#IRU#PDMRU#SXEOLFDWLRQV#+H1J1#70(',

61#3DQHO#VHVVLRQ#WRSLFV#IRU#PDMRU#FRQIHUHQFHV

71#6SHFLDO#6HVVLRQV#IRU#PDMRU#FRQIHUHQFHV

$V# D# UHVXOW# RI# RXU# ILUVW# IDFH0WR0IDFH#PHHWLQJ# RQ#'HF1# 8/# 4<<;/# WKHUH# LV# D# FRQVHQVXV# WKDW# WKLV
FRPPLWWHH#ZRXOG#EH#PRVW#HIIHFWLYH#RQ#LWHPV#4#DQG#5#DERYH1#7KHUHIRUH/#WKLV#\HDU/#ZH#ZLOO#FRQFHQWUDWH
RQ# LWHPV#4#)#5>#EXW# LI#ZH#KDYH#JRRG# LGHDV# IRU#6#)#7/#ZH#ZLOO#KHOS#HVWDEOLVK# WKH#FRQQHFWLRQ#WR# WKH
FRQIHUHQFHV1

7KLV# FRPPLWWHH# FRQWLQXHV# WR# RSHUDWH# HQWLUHO\# E\# HPDLO1# 7ZR# ZRUNVKRSV# ZHU# VXFFHVVIXOO\
RUJDQL]HG#E\#RXU#FRPPLWWHH#PHPEHUV#LQ#)HEUXDU\/#4<<</#DQG#LQ#2FWREHU/#4<<<1#2QH#7UDQV1#(OHFWURQ
'HYLFHV#VSHFLDO#LVVXH#LV#DFFHSWHG#DV#D#UHVXOW#RI#RXU#FRPPLWWHH·V#SURSRVDO1#$QRWKHU#70('#VSHFLDO#LVVXH
SURSRVDO#LV#LQ#WKH#ZRUNV1#$#ZRUNVKRS#RQ#PHPRU\#WHFKQRORJLHV#LV#EHLQJ#FRQFHLYHG1

0(0%(56+,3

,Q#WKH#'HF1#8/#4<<;/#PHHWLQJ/#HYHU\RQH#H[SUHVVHG#D#GHVLUH#WR#KDYH#PHPEHUV#FRPH#IURP#(XURSH#DQG
-DSDQ#LQ#DGGLWLRQ#WR#WKH#1RUWK#$PHULFDQ#DQG#$VLDQ#PHPEHUV#LQ#WKH#ILUVW#\HDU1#:H#DUH#WKDQNIXO#WKDW
$WVXVKL#+RUL#+0DWVXVKLWD,#DQG#:HUQHU#:HEHU#+6LHPHQV,#KDYH#DJUHHG#WR#MRLQ#XV1

:H# H[SHFW# WR# OLPLW# WKH#PHPEHUVKLS# RI# WKH# FRPPLWWHH# WR# WKUHH# \HDUV# VR# WKDW# QHZ# LGHDV# FDQ# EH
LQFRUSRUDWHG1#-RKQ#/RZHOO#H[SHFWV#WR#UHVLJQ#IURP#WKH#FRPPLWWHH#QH[W#\HDU#GXH#WR#RWKHU#HQJDJHPHQW1
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$OO#RWKHU#SUHVHQW#FRPPLWWHH#PHPEHUV#DUH# LQYLWHG# WR#VHUYH#DQRWKHU#\HDU1# ,Q# 5334/#ERWK# WKH#SUHVHQW
&KDLU#DQG#DOO#WKH#PHPEHUV#+H[FHSW#WKH#WZR#QHZ#PHPEHUV#DGGHG#LQ#4<<<,#ZLOO#OHDYH#WKLV#FRPPLWWHH1#,Q
5333/#ZH#DUH#ORRNLQJ#WR#DGG#HQRXJK#PHPEHUV#IRU#WKH#FRPPLWWHH#WR#IXQFWLRQ#LQ#53341

:25.6+23 #25*$1,=$7,21

41 ,(((#62/,'#67$7(#&,5&8,76#7(&+12/2*<#:25.6+23#21#5)#3$66,9(#&20321(176
+-DFN#/DX,

7KLV#ZRUNVKRS#ZDV#TXLWH# D# VXFFHVV/#ZLWK#RYHU# :8# UHJLVWHUHG# DWWHQGHHV# +ILOOHG# WR# FDSDFLW\,1#7KH
WDONV# UDQJHG# IURP#PHDVXUHPHQW/# &$'/# LQWHJUDWLRQ/# WR#PLFURPHFKDQLFDO# VWUXFWXUHV1#7KHUH# ZHUH# D
QXPEHU# RI# JRRG# LQWHUDFWLRQV# GXULQJ# WKH# ZRUNVKRS1# $OWKRXJK# WKHUH# ZHUH# QRW# D# ORW# RI# DGYDQFH
DGYHUWLVHPHQW/#WKH#DWWHQGDQFH#ZDV#JRRG/#DQ#LQGLFDWLRQ#RI#WKH#WLPHOLQHVV#RI#WKH#WRSLF#DQG#WKH#TXDOLW\
RI#WKH#VSHDNHUV1#7KH#IDFW#WKDW#LW#LV#KHOG#LQ#FRQMXQFWLRQ#ZLWK#D#ODUJH#FRQIHUHQFH#FOHDUO\#KHOSHG#LQ#PDQ\
DVSHFWV1#7KH#DJHQGD#RI#WKH#ZRUNVKRS#LV#OLVWHG#EHORZ=

• 'LVFUHWH#3DVVLYH#&RPSRQHQWV# IRU#5)0,&#$SSOLFDWLRQV# ²#$Q# ,QWURGXFWLRQ# +/XNDV# /H\WHQ/
3KLOLSV,

• 0RGHOLQJ#RI#5)#,QGXFWRUV#+6LPRQ#:RQJ/#6WDQIRUG,

• ,QWHJUDWLRQ#RI#5)#,QGXFWRUV#+-RDFKLP#%XUJKDUW]/#'HOIW#8QLYHUVLW\,

• 5)#DQG#+LJK06SHHG#&LUFXLW#'HVLJQ#XVLQJ#2Q0&KLS#,QGXFWRUV#DQG#7UDQVIRUPHUV#+-RKQ#/RQJ/
7RURQWR,

• ,QWURGXFWLRQ#WR#+LJK#)UHTXHQF\#(OHFWURPDJQHWLF#$QDO\VLV#+-LP#5DXWLR/#6RQQHW,

• ,QWHJUDWHG#9DUDFWRUV#IRU#5),&·V#+-DFN#/DX/#+.867,

• 0LFURPHFKDQLFDO#5HVRQDWRUV#IRU#0LQLDWXUL]HG#/RZ03RZHU#&RPPXQLFDWLRQV#+&ODUN#1JX\HQ/
81#0LFKLJDQ,

51 633#00#0$18)$&785,1*#78725,$/#:25.6+23
+-RKQ#/RZHOO,

,Q#FRQMXQFWLRQ#ZLWK#WKH#,(((#,QWHUQDWLRQDO#6\PSRVLXP#RQ#6HPLFRQGXFWRU#0DQXIDFWXULQJ#+2FW1
44046/#4<<</#6DQWD#&ODUD,/#D#RQH#GD\# +2FW1# 43/#4<<</#QRRQ#²# 9#SP,# WXWRULDO#ZRUNVKRS#RQ# 633#PP
PDQXIDFWXULQJ#ZDV# KHOG# DW# WKH# 6DQWD# &ODUD#0DUULRWW1# 7KLV#ZRUNVKRS# LV# VSRQVRUHG# MRLQWO\# E\# WKH
(OHFWURQ#'HYLFHV#+('6,#7HFKQLFDO#&RPPLWWHHV#RQ#9/6,#&LUFXLWV#)#7HFKQRORJ\#DQG#6HPLFRQGXFWRU
0DQXIDFWXULQJ1#$ERXW#533#DWWHQGHG#D#VWDQGLQJ0URRP#RQO\#ZRUNVKRS1#,W#ZDV#D#VXFFHVV#E\#DOO#DFFRXQWV1
7KH#,660#LV#FRQVLGHULQJ#DQRWKHU#VXFK#ZRUNVKRS#LQ#5#\HDUV#ZKHQ#WKH#,660#UHWXUQV#WR#WKH#8161

7KH#VFRSH#RI#WKLV#ZRUNVKRS#LV#WR#SUHVHQW#DQG#GLVFXVV#PDQ\#RI#WKH#PDMRU#LVVXHV#IDFLQJ#WKH#('6
FRPPXQLW\#DV#LW#WUDQVLWLRQV#LQWR#633PP#ZDIHU#PDQXIDFWXULQJ#DQG#WKH#8/6,#GHYLFH#UHDOP#ZLWKLQ#WKH
QH[W#IHZ#\HDUV1#$V#ZH#PRYH#LQWR#WKH#633#PP#UHDOP/#ZH#ZLOO#IDFH#VHYHUDO#QHZ#WUHQGV#WKDW#ZLOO#LPSDFW
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RXU#HQWLUH# LQGXVWU\#VXFK#DV#WKH#PHUJLQJ#RI#5)'#IDFLOLWLHV#ZLWK#PDQXIDFWXULQJ/#WKH# LQFUHDVHG#UROH#RI
HTXLSPHQW#YHQGRUV#LQ#SURFHVV#LQWHJUDWLRQ#DV#ZHOO#DV#QHZ#HTXLSPHQW#GHVLJQ/#PDMRU#LQFUHDVHV#LQ#FRVWV
RI#PDWHULDOV#DQG#HTXLSPHQW/#WKH#QHHG#IRU#QHZ#PHWKRGV#RI#GHYLFH#PHWURORJ\/#WKH#HPHUJHQFH#RI#QHZ
GHYLFH#DUFKLWHFWXUHV/#DQG#QHZ#GHIHFW#GHWHFWLRQ/#GHIHFW#UHGXFWLRQ/#DQG#\LHOG#HQKDQFHPHQW#WHFKQLTXHV1

7KH# IRUPDW#RI# WKH#ZRUNVKRS# LQFOXGHV# WZR#NH\QRWHV# WDONV#E\# ,633,# DQG#6/(7# UHSUHVHQWDWLYHV/
LQYLWHG# WXWRULDO# OHFWXUHV#RQ# FULWLFDO# WRSLFV# DQG#SDQHO#GLVFXVVLRQ1#7KH#SURJUDP# FDQ#EH# IRXQG# LQ# WKH
85/=#KWWS=22ZZZ1LVVP1FRP2ZRUNVKRS(53DJHQGD1KWPO1

7KH#ZRUNVKRS# LQYLWHV#SDUWLFLSDQWV#IRU#WKLV#ZRUNVKRS#IURP#HTXLSPHQW#VXSSOLHUV/#VHPLFRQGXFWRU
PDQXIDFWXUHUV# LQFOXGLQJ# WKH#5)'#DQG#PDQXIDFWXULQJ#VHFWRUV/#VLOLFRQ#VXSSOLHUV/#PHWURORJ\#DQG# WHVW
HTXLSPHQW# YHQGRUV/# DQG# WKH# XQLYHUVLW\# UHVHDUFK# FRPPXQLW\# ZKR# DUH# LQYROYHG# ZLWK# WKH# DUHD# RI
633PP#PDQXIDFWXULQJ#DQG#WKH#DGYDQFHG#GHYLFH#FRQFHSWV#WKH\#ZLOO#HPEUDFH1

:RUNVKRS#&KDLUV=

• 5DMHQGUD#6LQJK/#+ROFRPEH#'HSDUWPHQW#RI#(OHFWULFDO# DQG#&RPSXWHU#(QJLQHHULQJ/&OHPVRQ
8QLYHUVLW\#+(0PDLO=#UDM1VLQJK#FHV1FOHPVRQ1HGX,

• -RKQ#/RZHOO/#2UDFOH#&RUS1#+(PDLO=#MNORZHOO#XV1RUDFOH1FRP,

• .DPDO#5DMNDQDQ/#./$07HQFRU#&RUSRUDWLRQ#+(PDLO=#NDPDO1UDMNDQDQ#NOD0WHQFRU1FRP,

7KH#IXOO#UHSRUW#RQ#WKH#ZRUNVKRS#ZLOO#EH#SUHVHQWHG#E\#$UOHQH#6DQWRV#DW#WKH#'HFHPEHU#4<<<#$G&RP
PHHWLQJ1

61 :25.6+23#21#(0(5*,1*#0(025<#$1'#6725$*(#7(&+12/2*,(6
+:HUQHU#:HEHU/#3KLOLS#:RQJ,

7KLV#ZRUNVKRS# LV# LQ#WKH#SURSRVDO#VWDJH#DQG#ZH#DUH#VWLOO# ORRNLQJ#IRU#WKH#VXLWDEOH#RUJDQL]HUV1#7KH
FRQFHSW#RI#WKH#ZRUNVKRS#LV#WR#EULQJ#WRJHWKHU#UHVHDUFKHUV#DQG#GHYHORSHUV#WR#H[FKDQJH#LQIRUPDWLRQ#RQ
QHZ# DQG# HPHUJLQJ#PHPRU\# WHFKQRORJLHV1#7HFKQRORJLHV# VXFK# DV#)H5$0/#0DJ5$0/# TXDQWXP# GRW
PHPRU\/#VLQJOH0HOHFWURQ#PHPRU\/#PXOWL0OHYHO#)/$6+#DQG#'5$0/#HWF1#DUH#H[DPSOHV1

0DQ\#%QHZ%#VWRUDJH#LGHDV#VWDUW#ZLWK#D#PDWHULDOV#DQG#GHYLFH#LQQRYDWLRQ1#%XW#LQ#RUGHU#WR#PDNH#WKDW
D#UHDO#WHFKQRORJ\/#WKH#DUFKLWHFWXUH#LVVXHV#QHHG#WR#EH#DGGUHVVHG#DOVR1#)RU#H[DPSOH/#WKH#0DJ5$0##DQG
05$0# KDV# D# GLIIHUHQW# DUFKLWHFWXUH/# DQG# TXDQWXP# GRW# PHPRULHV# KDV# LQWHUHVWLQJ# WUDGHRII*V# LQ
UHDG2ZULWH#VSHHG#DQG#UHWHQWLRQ2HQGXUDQFH1#7KH#SXUSRVH#RI#WKH#ZRUNVKRS#LV#WR#EULQJ#WRJHWKHU#SHRSOH
ZLWK#H[SHULHQFH#LQ#WKHVH#HPHUJLQJ#VWRUDJH#SULQFLSOHV#DQG#GLVFXVV#GHYLFH2DUFKLWHFWXUH#LVVXHV1#7KHUH#DUH
VHYHUDO#SRVVLEOH#YHQXHV/#DPRQJ#WKHP#WKH#PRVW#SDLQOHVV#ZRXOG#EH#WR#DWWDFK#WKH#ZRUNVKRS#WR#H[LVWLQJ
ODUJH#FRQIHUHQFHV#VXFK#DV#WKH#6\PS1#9/6,#7HFKQRORJ\#+-XQH/#5333,/#DQG#WKH#,66&&#+)HE/#5333,1

6WDQ#6FKXVWHU#RI#WKH#6ROLG#6WDWH#&LUFXLWV#&RXQFLO#KDV#DOUHDG\#DJUHHG#WR#DOORZ#WKLV#ZRUNVKRS#WR#EH
DWWDFKHG#WR#WKH#,66&&#LQ#53331#$W#WKLV#SRLQW/#ZH#DUH#LQ#QHHG#RI#DQ#RUJDQL]HU#IRU#WKH#FRQIHUHQFH1#$Q\
VXJJHVWLRQV#RI#RUJDQL]HUV#ZLOO#EH#ZHOFRPH1
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,((( #75$16$&7,21 #2) #(/(&7521 #'(9,&(6 #63(&,$/ #,668(6

7ZR#VSHFLDO0LVVXH#WRSLFV#ZHUH#SURSRVHG#WR#WKH#(GLWRU0LQ0FKLHI#RI#WKH#,(((#7UDQVDFWLRQ#RI#(OHFWURQ
'HYLFHV1#7KH#SURSRVDO#RQ#7&$'#DQG#&RPSXWDWLRQDO#(OHFWURQLFV#KDV#DOUHDG\#EHHQ#DFFHSWHG#DQG#WKH
DQQRXQFHPHQW# RI# WKH# VSHFLDO# LVVXH# KDV# DSSHDUHG# LQ# WKH# -XQH# LVVXH# RI# WKH# ,(((# 7UDQVDFWLRQ# RI
(OHFWURQ#'HYLFHV#+GHDGOLQH#IRU#SDSHU#VXEPLVVLRQ=#1RYHPEHU/#4<<</#SXEOLFDWLRQ#GDWH=#2FWREHU/#5333,1
7KH#SURSRVDO#RQ# ,QWHUFRQQHFW# 6\VWHPV#ZDV# IRUZDUGHG# WR# WKH#(GLWRU0LQ0FKLHI# DQG# LV#QRZ#RQ0KROG
VLQFH#70('#VSHFLDO#LVVXHV#KDV#DOUHDG\#EHHQ#ERRNHG#WKURXJK#53341

41 63(&,$/#,668(#21#&20387$7,21$/#(/(&7521,&6=#1(:#&+$//(1*(6#$1'#',5(&7,216
+3KLOLS#:RQJ,

7KLV# LVVXH# ZLOO# SURYLGH# D# IRUXP# IRU# QHZ# DSSURDFKHV# LQ# FRPSXWDWLRQDO# HOHFWURQLFV# DQG# WKHLU
DSSOLFDWLRQ#WR#FULWLFDO#FKDOOHQJHV# LQ#VHPLFRQGXFWRU#WHFKQRORJ\1#$UHDV#RI# LQWHUHVW# LQFOXGH#EXW#DUH#QRW
UHVWULFWHG# WR=# WHFKQRORJ\# FRPSXWHU# DLGHG# GHVLJQ# +7&$',# DQG# LVVXHV# IRU# QH[W0GHFDGH# 7&$'/# WKH
GHYLFH#SK\VLFV#RI#HOHFWURQLF#DQG#RSWRHOHFWURQLF#GHYLFHV/#WKH#UROH#RI#TXDQWXP#VFDOH#HIIHFWV#LQ#GHYLFHV/
WKH#WUHDWPHQW#RI#UHOLDELOLW\/#FRQWDFWV/#DQG#WXQQHOLQJ#FXUUHQWV#E\#VLPXODWLRQV/#DQG#H[SORUDWLRQ#RI#QRYHO
GHYLFHV# DQG# GHYLFH# DUFKLWHFWXUHV# E\# VLPXODWLRQ1# 3DSHUV# RQ# VRIWZDUH# DSSURDFKHV# DQG# QXPHULFDO
PHWKRGV# WKDW#DUH#UHOHYDQW# WR# WKHVH# LVVXHV#DQG#DFFHVVLEOH# WR#QRQ0VSHFLDOLVWV#DUH#DOVR# VROLFLWHG1#*XHVW
(GLWRUV=# 0DUN# /XQGVWURP# +3XUGXH# 8QLYHUVLW\,/# %RE# 'XWWRQ# +6WDQIRUG# 8QLYHUVLW\,/# .DUO# +HVV
+8QLYHUVLW\#RI#,OOLQRLV,/#'DYLG#)HUU\#+8QLYHUVLW\#RI#$UL]RQD,1

51 63(&,$/#21#,17(5&211(&7#6<67(06
+$WVXVKL#+RUL/#(ULF#0DLU,

6LQFH# LQWHUFRQQHFW#GHOD\#EHFRPHV#D#PDLQ# IDFWRU#RI#/6,#SHUIRUPDQFH#GXH# WR# WKH# VFDOLQJ#RI# WKH
GHYLFH#GLPHQVLRQV/#LW#LV#LPSRUWDQW#WR#FRQVLGHU#ZKROH#/6,#SHUIRUPDQFH#IRU#VFKHPLQJ#WKH#LQWHUFRQQHFW
GHVLJQ#VWUDWHJ\1##2Q#WKH#RWKHU#KDQG/#QHZ#PDWHULDOV#VXFK#DV#ORZ#UHVLVWDQFH#+&X,#DQG#ORZ0N#GLHOHFWULFV
KDYH# EHHQ# GHYHORSHG# WR# RYHUFRPH# WKH# OLPLW# RI# WKH# /6,# VFDOLQJ#PHULW1# #7KH# LQWHUFRQQHFW# V\VWHPV
LQFOXGH#PDWHULDOV#+ORZ#UHVLVWDQFH/#ORZ0N#GLHOHFWULFV,/#KLHUDUFKDO#VWUXFWXUH/#DQG#FLUFXLW#SHUIRUPDQFH#VXFK
DV#JDWH#GHOD\#DQG#FURVVWDON1##,Q#WKLV#VSHFLDO#LVVXH/#IROORZLQJ#LWHPV#ZLOO#EH#GLVFXVVHG1

• /RZ#UHVLVWDQFH#DQG#ORZ0N#PDWHULDOV#DQG#WKHLU#LPSDFW#RQ#/6,#SHUIRUPDQFH

• 'HVLJQ#VWUDWHJ\#RI#LQWHUFRQQHFW#VXFK#DV#KLHUDUFKDO#VWUXFWXUH#DQG#QRYHO#VWUXFWXUH1

• 1RYHO#VLPXODWLRQ#PHWKRG#WR#SUHGLFW#SHUIRUPDQFH#VXFK#DV#GHOD\#WLPH#DQG#FURVVWDON1

• )DEULFDWLRQ#DQG#WHFKQRORJ\#LQWHJUDWLRQ

7KLV#FRPPLWWHH#VXSSOLHG#D#OLVW#RI#SRWHQWLDO#JXHVW#HGLWRUV#DQG#WKHLU#ELRJUDSKLHV#WR#WKH#70('#HGLWRU0LQ0
FKLHI#IRU#WKH#HGLWRU·V#FRQVLGHUDWLRQ1

$57,&/( #,1 #7+( #(/(&7521 #'(9,&(6 #62&,(7< #1(:6/(77(5

$#VKRUW#DUWLFOH#GHVFULELQJ# WKH#REMHFWLYHV#DQG#DFWLYLWLHV#RI# WKLV#FRPPLWWHH#ZDV#ZULWWHQ#E\#3KLOLS
:RQJ#DQG#SXEOLVKHG#LQ#WKH#2FWREHU#LVVXH#RI#WKH#(OHFWURQ#'HYLFHV#6RFLHW\#1HZVOHWWHU1
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5(9,(: #)25 #7+( #,((( #35(66

.ZRN#1J/# ('6# /LDLVRQ# WR# WKH# ,(((# 3UHVV/# UHTXHVWHG# RXU# FRPPLWWHH# WR# UHYLHZ# WZR# ERRN
SURSRVDOV#WR#WKH#,(((#3UHVV1#%RWK#SURSRVDOV#DUH#ZLWKLQ#RXU#FRPPLWWHH·V#WHFKQLFDO#DUHD1#:H#SROOHG
WKH#PHPEHUV# DQG#SURYLGH# UHYLHZV# DQG# VXJJHVWHG#SRVVLEOH# UHYLHZHUV# WR# WKH# ,(((#3UHVV1#7KH# WZR
ERRN#SURSRVDOV#ZHUH=

• %)ODVK#PHPRU\#WHFKQRORJLHV%/#E\#-RH#(1#%UHZHU#DQG#0DQ]XU#*LOO1

• %&026#7HFKQRORJ\#'HILQLWLRQ#DQG#%HQFKPDUNLQJ%#E\#$OIUHG#+HVHQHU


