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5HSRUW# RI#WKH#&RPPLWWHH#IRU# WKH#5HYLHZ# RI# WKH#1DWLRQDO
&ROG#)XVLRQ #,QVWLWXWH
7KH#&RPPLWWHH#FRQGXFWHG#D#UHYLHZ#RI#WKH#1DWLRQDO#&ROG#)XVLRQ
,QVWLWXWH# RQ#:HGQHVGD\/# 1RYHPEHU# :/# 4<<3# DW # WKH# ,QVWLWXWH
/DERUDWRULHV# LQ# 6DOW# /DNH# &LW\1# # 7KRXJK# ZH# PHW#ZLWK # WKH
SDUWLFLSDQWV#LQ#WKH#1&),#SURJUDPV#IRU#EXW#RQH#GD\/#WKDW#GD\#ZDV
LQWHQVLYH#0#EHJLQQLQJ#DW#EUHDNIDVW#ZLWK#'U1#:LOO#DW#9=78#D1P1#DQG
FRQWLQXLQJ#XQWLO#8=63#S1P1#0#DQG#ZH#IHOW#ZH#ZHUH#ZHOO#HQRXJK
LQIRUPHG#WR#DOORZ#D#XVHIXO#UHYLHZ#RI#WKRVH#SURJUDPV1

+RZHYHU/#WKHUH#ZDV#LQVXIILFLHQW#WLPH#IRU#WKH#H[HFXWLYH#VHVVLRQV
UHTXLUHG# IRU# WKDW# FRQFLOLDWLRQ# RI# WKH# YLHZV# RI# WKH# FRPPLWWHH
PHPEHUV# QHFHVVDU\#IRU# WKH#SUHSDUDWLRQ#RI #D#VLQJOH/#FRKHUHQW/
UHSRUW1# #+HQFH#WKH# FRPPLWWHH#UHSRUW# FRQVLVWV#RI# IRXU# VHSDUDWH
VXEPLVVLRQV#E\#WKH#LQGLYLGXDO#PHPEHUV1##:H#EHOLHYH#WKDW#OLWWOH/
LI# DQ\WKLQJ/# ZDV# ORVW# LQ# WKH# GHFLVLRQ# WR# HVFKHZ#D#PDQLIHVWO\
FROOHFWLYH# UHSRUW# VLQFH/# DV# D# FRQVHTXHQFH# RI # WKH# GLIIHUHQW
FRPSHWHQFLHV#RI#WKH#FRPPLWWHH#PHPEHUV/#WKH#IRXU#UHSRUWV#ODUJHO\
DGGUHVV# GLIIHUHQW# DVSHFWV# RI# WKH# ,QVWLWXWH1# # 6WDWHG# VRPHZKDW
QDUURZO\# DQG# VLPSOLVWLFDOO\/# WKRVH# VSHFLDO# FRPSHWHQFLHV# DUH/
$GDLU#0#QXFOHDU#SK\VLFV/#%UXFNHQVWHLQ#0#HOHFWURFKHPLVWU\/#+HSOHU
0#FKHPLFDO#HQJLQHHULQJ#DQG#FDORULPHWU\/#DQG#6WHLQ#0PHWDOOXUJ\
DQG#PDWHULDOV# VFLHQFH1# #7KH # IRXU# UHSRUWV# WKHQ# UHIOHFW# VSHFLDO
HPSKDVHV# RQ# WKRVH# DUHDV# ZKHUH# PHPEHUV# ZHUH# HVSHFLDOO\
FRPSHWHQW1

:H#QRWH#WKDW#WKH#FRPPLWWHH#ZDV#QRW#FKDUJHG#ZLWK#WKH#HYDOXDWLRQ
RI# WKH# SUREDELOLW\# WKDW# FROG# IXVLRQ# LV# UHDO# DQG# WKHQ# KDV# QRW
DGGUHVVHG# WKH# TXHVWLRQ# RI # WKH# ZLVGRP# RI# HVWDEOLVKLQJ# WKH
,QVWLWXWH1##,QGHHG/#DOO#FRPPLWWHH#PHPEHUV #SURFHHGHG#RQ#WKH#EDVLV
WKDW#WKH#SULPDU\#TXHVWLRQV#DGGUHVVHG#E\#WKH#,QVWLWXWH#0#,V#WKHUH
FROG# IXVLRQ"# # $QG# FDQ# LW# EH# KDUQHVVHG# SURGXFWLYHO\"# 0# DUH
UHDVRQDEOH#TXHVWLRQV1##&RQYHUVHO\/#QR#FRPPLWWHH#PHPEHU#KROGV
WKDW#FROG#IXVLRQ#KDV#EHHQ#ILUPO\#HVWDEOLVKHG#E\#WKH#1&),#RU#E\
RWKHUV1

7KH#IRXU#LQGLYLGXDO#UHSRUWV#ZHUH#FLUFXODWHG#DPRQJ#WKH#PHPEHUV
DQG# DUH# HQGRUVHG# E\# WKH#ZKROH# FRPPLWWHH1# # +RZHYHU/# WKLV
HQGRUVHPHQW# LV# WR# EH# UHDG# DV# JHQHUDO/# DQG# QRW# SDUWLFXODU1
$OWKRXJK#WKH#RSLQLRQV#RI#WKH#FRPPLWWHH#PHPEHUV#WR#QRW#VHHP#WR
GLIIHU#VWULNLQJO\/#WKH#IRXU#UHSRUWV



UHPDLQ#DV# WKH# FRQFOXVLRQV#RI #WKH#PHPEHUV #ZKR# KDYH# SUHSDUHG
WKHP#DQG#QRW#QHFHVVDULO\#RI#WKH#FRPPLWWHH#DV#D#ZKROH1

'U1#5REHUW#.1#$GDLU#>3K\VLFV/#<DOH@
'U1#6WDQOH\#%UXFNHQVWHLQ#>&KHP1/#6W#8#RI #1</#%XIIDOR@
'U1#/RUHQ#*1#+HSOHU#>&KHP1/#8 1#RI #$OEHUWD/#&DQDGD@
'U1#'DOH#)1#6WHLQ#>3UHVLGHQW/#0LFKLJDQ#7HFK#81@

(',725*6#&200(176

7KH#DERYH#FRPPLWWHH#LQWURGXFWLRQ#KDV#EHHQ#UHSULQWHG #LQ#IXOO#DV
SUHVHQWHG#WR#1&),1##7KH#IRUPDO#IRXU#UHSRUWV #DUH#TXRWHG#LQ#SDUW
DQG#VXPPDUL]HG#ZLWK#HGLWRULDO#FRPPHQWV#LQ#WKH#IROORZLQJ#SDJHV 1
7KLV#SUHVHQWDWLRQ#LV#IROORZHG#E\#D#UHVSRQVH#WR#WKH#UHSRUWV#E\#'U1
)ULW]#:LOO/#'LUHFWRU#RI#WKH#1&),1

,W#PXVW#EH#QRWHG#WKDW#FHUWDLQ#PDWHULDOV#SUHVHQWHG#WR#WKH#UHYLHZHUV
ZHUH#GRQH #XQGHU #VLJQHG# QRQ0GLVFORVXUH# DJUHHPHQWV# VLJQHG#E\
HDFK#PHPEHU#RI#WKH#UHYLHZLQJ#WHDP1##7KH#YDOXH#RI #HQVXULQJ#WKDW
SDWHQWV# DUH# SURSHUO\# ILOHG# DQG #WKDW# FHUWDLQ# LQIRUPDWLRQ# QRW# EH
SXEOLFO\#GLVFORVHG#LV#D#GHFLVLRQ#PDGH#E\#DWWRUQH\V#SURWHFWLQJ#WKH
SRWHQWLDO#YDOXH#RI#WKH#FROG#IXVLRQ#GLVFRYHU\#WR#WKH#8QLYHUVLW\#RI
8WDK#DQG#WR#WKH#LQYHQWRUV1##'UV1#3RQV #DQG #)OHLVFKPDQQ#KDYH#EHHQ
VHYHUHO\#FULWLFL]HG#IRU#WKHLU#UHWLFHQFH#WR#SURYLGH#LQIRUPDWLRQ#DQG
GDWD# WR# IHOORZ#VFLHQWLVWV1# #3OHDVH#QRWH# WKDW# WKLV#ZLWKKROGLQJ# RI
LQIRUPDWLRQ#IURP#WKH#SXEOLF#LV#QRW#WKH#FKRLFH#RI#WKH#VFLHQWLVWV#EXW
LV#QHFHVVDU\#EHFDXVH#RI #FHUWDLQ#SHFXOLDULWLHV#RI#LQWHUQDWLRQDO#SDWHQW
ODZ1##)RU#PRUH#RQ#WKLV#VXEMHFW#VHH#WKH#UHYLHZ#RI#-HUU\#%LVKRS*V
UHSRUW#LQ#WKH#:DOO#6WUHHW#-RXUQDO#ZKLFK#DSSHDUV#HOVHZKHUH#LQ#WKLV
LVVXH1

52%(57#.1#$'$,5*6#5(9,(:

5HYLHZ#RI #WKH#1DWLRQDO#&ROG#)XVLRQ#,QVWLWXWH#E\#5REHUW#.1#$GDLU /
<DOH#8QLYHUVLW\/#'HFHPEHU#4/#4<<31

$%675$&7

,# UHSRUW# KHUH# DV# D# PHPEHU# RI# D# FRPPLWWHH# DVNHG# WR# UHYLHZ
RSHUDWLRQV#RI#WKH#1&),1

7DNLQJ#WKH#HIIHFWLYH#,QVWLWXWH#ELUWKGDWH#DV#-XO\#4/#4<;</#WKH#UHYLHZ
RI# WKH# ,QVWLWXWH# WRRN# SODFH# 49# PRQWKV# DIWHU# WKH# ,QVWLWXWH
FRPPHQFHG# RSHUDWLRQ1# # 7KH# RULJLQDO# SURJUDP# RI# WKH# ,QVWLWXWH
DSSHDUV#WR#KDYH#EHHQ#EDVHG#WRR#VWURQJO\#RQ#WKH#DVVXPSWLRQ #WKDW
FROG# IXVLRQ#ZDV# D# GHPRQVWUDWHG# IDFW# DQG# WKDW# WKH# WDVN# RI# WKH
,QVWLWXWH#ZDV# WR#EHWWHU# GHILQH# WKH#RSHUDWLQJ# SDUDPHWHUV#DQG #WR
EHJLQ# V\VWHP# HQJLQHHULQJ1# #$IWHU#'U1#)ULW]#:LOO# DVVXPHG# WKH
SRVLWLRQ# RI#'LUHFWRU# RI#WKH# ,QVWLWXWH#)HE1#4/#4<<3/# WKH#,QVWLWXWH
SURJUDPV# ZHUH# FRUUHFWO\# UHGLUHFWHG# WRZDUGV# HVWDEOLVKLQJ# WKH
H[LVWHQFH# RI# WKH# FROG# IXVLRQ# 00# ZLWK# D# GHHPSKDVLV# RI# WKH
HQJLQHHULQJ1# # 3URI1# :LOO# XQGHUVWDQGV# WKDW# WKH# UHDOLW\# RI# WKH
SKHQRPHQRQ#

RI#FROG#IXVLRQ#KDV#QRW#EHHQ#HVWDEOLVKHG#DQG#WKH#ILUVW#SULRULW\#RI
WKH# ,QVWLWXWH# LV# WR# SURYLGH# DQ # DGHTXDWH# GHPRQVWUDWLRQ# RI# WKH
UHDOLW\#RI#WKH#SKHQRPHQRQ#00#LI#FROG#IXVLRQ#LV/#LQ#IDFW/#UHDO1

7KH#,QVWLWXWH#SURJUDPV#FDQ#EH#GLYLGHG/#VRPHZKDW#DUELWUDULO\/#LQWR
WZR#SDUWV1##7KHUH#DUH#WHFKQLFDO#SURJUDPV#GLUHFWHG#WRZDUGV#WKH
GHYHORSPHQW#RI#FKHPLFDO#DQG#PHWDOOXUJLFDO#WHFKQLTXHV#WKDW#PLJKW
HOXFLGDWH# DQG# HQKDQFH# IXVLRQ/# DQG# WR# WKH# GHYHORSPHQW# RI
LPSURYHG#PHDVXUHPHQWV#SURFHGXUHV#WR#EHWWHU#GHWHFW#FROG#IXVLRQ1
$QG#WKHUH#DUH# VHDUFK# SURJUDPV# GHVLJQHG# VSHFLILFDOO\#WR# ILQG
HYLGHQFH#IRU#FROG#IXVLRQ1##7KH #WHFKQLFDO#SURJUDPV#DSSHDU#WR#EH
ZHOO# GHVLJQHG# DQG# FRQGXFWHG# ZLWK# YLJRU# DQG# LQWHOOLJHQFH1
$OWKRXJK#DV #PDQ\# DV# 9# UHVXOWV# +DFFRUGLQJ# WR#'U1#:LOO*V# ILIWK
TXDUWHUO\#UHSRUW,#RI#WKH#VHDUFK#SURJUDPV#KDYH#EHHQ#LQWHUSUHWHG #DV
LQGLFDWLQJ#FROG#IXVLRQ#HIIHFWV/#QRQH#DUH# DW#DOO#GHILQLWLYH1# #7KH
1&),# SURJUDPV# KDYH# QRW# HVWDEOLVKHG# WKH# H[LVWHQFH# RI# FROG
IXVLRQ1

,Q# GLVFXVVLQJ# WKH# VHDUFK# SURJUDP# IXUWKHU/# LW# LV# LPSRUWDQW# WR
FRQVLGHU#WKH#UHODWLRQ#RI#WKHVH#SURJUDPV#WR#FRQYHQWLRQDO#LGHDV#RI
WKH#VWUXFWXUH#RI#PDWHULDOV#DQG#WR#WKH#QXFOHDU#SK\VLFV#RI #WKH#'.'
UHDFWLRQ1##7KH#1&),#ZDV#IRUPHG/#SUHVXPDEO\/#ZLWK#WKH#JRDO#RI
IXUWKHU# LQYHVWLJDWLQJ/#DQG#H[SORLWLQJ/#H[SHULPHQWDO#UHVXOWV#WKDW
KDG#EHHQ#LQWHUSUHWHG#DV#LQGLFDWLQJ#+4,#WKDW#GHXWHURQV#VWRUHG#LQ
SDOODGLXP#RIWHQ #LQWHUDFWHG#ZLWK#HDFK#RWKHU#LQ#H[RWKHUPLF#IXVLRQ
UHDFWLRQV#RI#WKH#IRUP#'#.#'#00!#;;#ZKHUH#;;#DUH#WKH#QXFOHDU
ILQDO#VWDWHV#RI#WKH#UHDFWLRQ1##)RU#WKH#PRVW#SDUW/#WKH#LQWHUSUHWDWLRQV
DOVR# UHTXLUHG# +5,# WKDW# WKH# UHDFWLRQ# SURGXFWV# ;;/# ZHUH# QRW
DSSUR[LPDWHO\#HTXDO#DPRXQWV#RI#6+H#.#Q#DQG#7#.#S/#QRUPDOO\
VHHQ#LQ#'#.#'#IXVLRQ1##1HLWKHU#+4,#WKH#KLJK#SUREDELOLW\#RI #WKH#'
.#' #LQWHUDFWLRQ#UHTXLUHG#WR#H[SODLQ#WKH#H[SHULPHQWDO#UHVXOWV#QRU
+5,#WKH#ODFN#RI#QRUPDO#IXVLRQ#SURGXFWV#FRXOG#EH#H[SHFWHG#XQGHU
FRQYHQWLRQDO#WKHRULHV#RI#FRQGHQVHG#PDWWHU#RU#QXFOHDU#SK\VLFV1
0RUHRYHU/#DWWHPSWV #WR#UHSOLFDWH#PDQ\#RI #WKH#H[SHULPHQWDO#UHVXOWV
IDLOHG# DQG#WKH#FRQFOXVLRQ#WKDW#VLJQLILFDQW# IXVLRQ# RI#GHXWHURQV
RFFXUUHG#LQ# SDOODGLXP# 0#ZLWK# FRQYHQWLRQDO#RU #XQFRQYHQWLRQDO
GHFD\# SURGXFWV# 0# KDG# QRW# EHHQ# JHQHUDOO\# DFFHSWHG# E\# WKH
VFLHQWLILF#FRPPXQLW\1

2I# WKH# VHYHUDO#1&),#SURJUDPV/#RQO\# WKH#%HUJHVRQ0%DUURZHV
SURMHFW# DSSHDUV# WR# UHTXLUH# RQO\# VSHFLDO# FRQGLWLRQ# +4,1# # 7KLV
H[SHULPHQW#LV#D#ZHOO0GHILQHG#DQG #ZHOO0GHVLJQHG#LQ#DFFRUG#ZLWK
QRUPDO#VFLHQWLILF#SURFHGXUHV1##$Q\#UHVXOWV#ZLOO#EH#VFLHQWLILFDOO\
LQWHUHVWLQJ/#SRVLWLYH#UHVXOWV#ZLOO#EH#WDNHQ# YHU\/#YHU\#VHULRXVO\1
>6HH#1RYHPEHU#4<<3#LVVXH#RI #))# IRU# D#UHYLHZ#RI #WKH#VSHFLDO
H[SHULPHQWV#E\#%HUJHVRQ0%DUURZHV1##(G1@

7KH#RWKHU#SURJUDPV#VHHPHG#WR#UHTXLUH#WZR#VXUSULVHV#+4,#DQG#+5,
DQG/#FRQVHTXHQWO\/#KDG #OHVV#ZHOO# GHILQHG# H[SHULPHQWDO# JRDOV1
6RPH#ZHUH#LQWHUHVWLQJ/#QRQH#0#\HW#0#KDG#VLJQLILFDQW #UHVXOWV1##)RU
WKH#PRVW# SDUW/# WKHVH# H[SHULPHQWV# XVLQJ#LPSURYHG #WHFKQLTXHV/
SODXVLEOH#DQG#



)(%58$5<#4<<4 )86,21#)$&76 6

ZHOO0GHVLJQHG# WHFKQLFDOO\/#DUH# EHLQJ#UHILQHG# DQG# FRQGXFWHG#LQ
V\VWHPDWLF#ZD\V#WKDW#VKRZ#SURPLVH#RI #UHGXFLQJ#WKH#YXOQHUDELOLW\
WR# PLVWDNHV# RI# VR# PXFK# SUHYLRXV# ZRUN# DQG# LQFUHDVLQJ# WKH
SUREDELOLW\# WKDW# D# SRVLWLYH# UHVXOW# FDQ# HLWKHU# EH# UHSOLFDWHG
FRQYLQFLQJO\#RU#WRVVHG#DVLGH#DV #QRW#YDOLGDWHG1##+RZHYHU/#LW#LV#WKH
QDWXUH# RI# VXFK# SURJUDPV# WKDW# D# VHUHQGLSLWRXV # GLVFRYHU\# RI
UHSURGXFLEOH# SRVLWLYH# UHVXOWV# LV# SRVVLEOH# DW # DQ\# WLPH/# EXW# WKH
H[KDXVWLRQ#RI#DYHQXHV#RI#SRVVLEOH#GLVFRYHU\#LV#IDU#RII1##*LYHQ#WKH
PLVVLRQ#RI #WKH#,QVWLWXWH#0#ZKLFK#LQFOXGHV#WKH#DVVXPSWLRQ #WKDW#WKH
TXLWH# DEHUUDQW#FROG# IXVLRQ# LQWHUSUHWDWLRQ# RI# SUHYLRXV# UHSRUWV#LV
SODXVLEOH#0#P\#LPSUHVVLRQ#LV#WKDW#WKH#,QVWLWXWH#LV#ZHOO#GLUHFWHG#DQG
WKH#SURJUDPV#DUH#FRQGXFWHG#ZLWK #HQHUJ\#DQG #LQWHOOLJHQFH#E\#DEOH
VFLHQWLVWV1

'U1#6WDQOH\#3RQV#GLVFXVVHG#WKH#SURJUHVV#RI#WKH#3RQV0)OHLVFKPDQQ
FDORULPHWU\# H[SHULPHQWV1# #7KH\# KDYH# LQWHUSUHWHG#VRPH#RI #WKHLU
UHVXOWV#DV#LQGLFDWLQJ#WKH#SURGXFWLRQ#RI#H[FHVV#HQHUJ\#0#WKRXJK#ZLWK
QR# LQGLFDWLRQ# RI# IXVLRQ# SURGXFWV1# # ,PSRUWDQW# GHWDLOV# RI # WKHLU
SURFHGXUHV#ZHUH# QRW#PDGH#DYDLODEOH1# #$V# SUHVHQWHG/# WKH#3RQV0
)OHLVFKPDQQ#UHVXOWV#KDG#QR#FRQQHFWLRQ#ZLWK#IXVLRQ1##8QWLO#WKHLU
SURJUDPV#DUH#RSHQO\#GHVFULEHG/#DQG#LQGHSHQGHQW#FRQILUPDWLRQ#LV
SRVVLEOH/#WKRVH#SURJUDPV#FDQQRW#EH#MXGJHG#VFLHQWLILFDOO\1

)RU# WKH# PRVW# SDUW/# WKH# OHYHO# RI# FRRSHUDWLRQ# DQG # VFLHQWLILF
FRPPXQLW\# DPRQJ# WKH# DVVRFLDWHV# RI# WKH# ,QVWLWXWH# VHHPV# TXLWH
JRRG1##7KH #UHODWLRQV#RI#)OHLVFKPDQQ03RQV#HIIRUW#WR#WKDW#RI#WKH#UHVW
RI#WKH#,QVWLWXWH#DSSHDU#WR#EH#OHVV#WKDQ#LGHDO#0#EXW#VHHP#ZRUNDEOH1

$87+25*6#6800$5<#$1'#&21&/86,216

>7KH#IROORZLQJ#LV#GLUHFWO\#TXRWHG#IURP#$GDLU *V#ILQDO#FRPPHQWV1@

7KH# RULJLQDO# PRWLYDWLRQ# IRU#PRGHUQ# FROG# IXVLRQ# H[SHULPHQWV
VHHPV# WR# KDYH# EHHQ# ZHOO0GHILQHG# VFLHQWLILFDOO\1# # 3RQV# DQG
)OHLVFKPDQQ# FRQVLGHUHG# WKDW# WKH\# KDG# UHDVRQV# WR#EHOLHYH# WKDW
XQGHU#DSSURSULDWH#FRQGLWLRQV#GHXWHULXP#KHOG#LQ#D#SDOODGLXP#ODWWLFH
ZRXOG#XQGHUJR#DQ#HIIHFWLYH#SUHVVXUH#VXIILFLHQW#WR#GULYH#WKH#QXFOHL
FORVH#HQRXJK#WRJHWKHU#WR#SURGXFH#' #.#'#IXVLRQ#DW#D#VLJQLILFDQW
UDWH1# # 7KH\# SUHVXPHG# WKDW# WKH #' # .#'# UHDFWLRQ# LQGXFHG# LQ# WKH
SDOODGLXP#ZRXOG#SURFHHG#ZLWK# EUDQFKLQJ# UDWLRV/#DQG#ZLWK# WKH
HQHUJHWLFV#NQRZQ#IURP#RWKHU#ORZ#HQHUJ\#H[SHULPHQWV1##+HQFH/#WKH
H[SHULPHQWV#WKDW#FRQGXFWHG#KDG#ZHOO#GHILQHG#H[SHFWDWLRQV1##7KH
H[SHFWHG# +RU# KRSHG,# WR#VHH#IXVLRQ#WKURXJK# WKH#' #.#'# UHDFWLRQ
ZKHUH#HQHUJ\/#QHXWURQV/#DQG#WULWLXP#ZRXOG#EH#SURGXFHG#LQ#ZHOO0
GHILQHG# SURSRUWLRQV1# # >)OHLVFKPDQQ/# 3RQV/# DQG# +DZNLQV# LQ
%(OHFWURFKHPLFDOO\# LQGXFHG# QXFOHDU# IXVLRQ# RI # GHXWHULXP1%# -1
(OHFWURDQDO1#&KHP1/#594/#SS#634063;/#DQG#HUUDWXP/#596/#S4;:
+4<;<,/#VSHFLILFDOO\#QRWHG#WKH#H[SHULPHQWDO#HYLGHQFH#WKDW#FODVVLFDO
IXVLRQ#UHDFWLRQV#GLG#QRW#H[SODLQ#WKH#H[FHVV#KHDW#REVHUYHG1@

7KRXJK# WKHVH# VFLHQWLILFDOO\# FRKHUHQW# H[SHFWDWLRQV# ZHUH# QRW
UHDOL]HG/# WKHLU# H[SHULPHQWV# ZHUH# LQWHUSUHWHG# E\# WKHP# DV
LQGLFDWLQJ#ODUJH#HQHUJ\#SURGXFWLRQ#0#ZLWKRXW#PXFK#RU#DQ\#IXVLRQ
SURGXFWV1# # $V# WKH\# VDZ # LW/# WKH# PDJQLWXGH# RI # WKH# HQHUJ\
SURGXFWLRQ#ZDV# JUHDWHU# WKDQ# FRXOG#UHDVRQDEO\#H[SHFWHG# IURP
FKHPLFDO#VRXUFHV#0#ZKLFK#WKH\#NQHZ#ZHOO#0KHQFH#WKH\#DWWULEXWHG
WKH#HQHUJ\#WKH\#EHOLHYHG#WKH\#KDG#VHHQ#WR#QXFOHDU#SKHQRPHQD#0
ZKLFK#WKH\#GLG#QRW#NQRZ#DW#DOO#ZHOO1

7KH# RULJLQDO # H[SHULPHQWDO# GHVLJQ# RI# )OHLVFKPDQQ# DQG#3RQV
VHHPV#WKHQ#WR#KDYH#EHHQ#GULYHQ#E\#WKHLU#YLHZ#WKDW#FRQYHQWLRQDO
GHVFULSWLRQV#RI#WKH#SURSHUWLHV#RI#GHXWHULXP#KHOG#LQ#D#ODWWLFH#ZHUH
QRW#TXLWH#FRUUHFW1##%XW#WKH\#IRXQG#QR#SKHQRPHQD#WKDW#ILW#WKRVH
RULJLQDO# H[SHFWDWLRQV1# # +RZHYHU/# WKH\# LQWHUSUHW#WKH# UHVXOWV#RI
VRPH#RI#WKHLU#PHDVXUHPHQWV#DV#LQGLFDWLQJ#WKDW#H[FHVV#HQHUJ\#ZDV
SURGXFHG#0#LQ#WKH#DEVHQFH#RI#DQ\#VLJQLILFDQW #JHQHUDWLRQ#RI #IXVLRQ
E\SURGXFWV1# #7R# LQWHUSUHW# WKLV # LQWHUHVWLQJ# REVHUYDWLRQV/# WKH\
FRQFOXGHG# WKDW# WKHLU# FRQMHFWXUH# WKDW# SURSHUWLHV # RI# WKH# ODWWLFH
VKDUSO\#LQFUHDVHG#SUREDELOLWLHV#RI#WKH#'#.#'#UHDFWLRQ#ZDV#FRUUHFW
EXW/# IXUWKHU/#WKDW#'#.#'# QXFOHDU# SK\VLFV#ZDV#PRGLILHG#E\# WKH
ODWWLFH/#D#IDU/#IDU/#PRUH#UDGLFDO#K\SRWKHVLV1##$QG#WKDW#LGLRV\QFUDWLF
K\SRWKHVLV/#WDLORUHG#WR#ILW#WKHLU#LQWHUSUHWDWLRQ#RI#WKHLU#UHVXOWV/#ZDV
RQO\# GHILQHG# QHJDWLYHO\# DQG# KHQFH# ZDV # GLIILFXOW# WR# WHVW1
0RUHRYHU/# E\# HOLPLQDWLQJ# WKH# UHTXLUHPHQW# RI # D#ZHOO0GHILQHG
VWUXFWXUHG#VLJQDO /#WKH#QHZ#K\SRWKHVLV/#GHILQHG#RQO\#QHJDWLYHO\/
RSHQHG#WKH#GRRU#WR#D#YDULHW\#RI#VLJQDOV/#H1J1#XQFRUUHODWHG#H[FHVV
KHDW/#QHXWURQV/# WULWLXP/# RU# KHOLXP>#DQG# DQ # HDV\# FRQIXVLRQ# RI
PLVWDNHV#ZLWK#UHDO#VLJQDOV1

6LQFH#WKH#RULJLQ #RI#WKH#1&),#DUH#WR#EH#IRXQG#LQ#WKH#)OHLVFKPDQQ
3RQV# LGLRV\QFUDWLF# LQWHUSUHWDWLRQ# RI# WKHLU# UHVXOWV/# LW# LV# QRW
VXUSULVLQJ# WKDW# WKH# 1&),# LQKHULWHG# WKH# SUREOHPV# ZLWK # WKDW
LQWHUSUHWDWLRQ1##&RQVHTXHQWO\/#PRVW#RI#WKH#1&),#SURJUDPV#+WKH
%HUJHVRQ0%DUURZHV# H[SHULPHQWV# H[FHSWHG,# GR# QRW# WHVW# DQ\
VSHFLILF#PRGHO #RI# FROG#IXVLRQ# RU#UHTXLUH#D#VSHFLILF# VWUXFWXUHG
VLJQDO1# #$GGLQJ# WKH# DFFHSWHG# ODFN# RI# UHSURGXFLELOLW\#WKDW#KDV
SODJXHG# WKLV# NLQG# RI# LQTXLU\/# WKH# 1&),# SURJUDPV# DUH# TXLWH
YXOQHUDEOH#WR#PLVWDNHV1##++HUH#ZH#GLIIHUHQWLDWH#EHWZHHQ#PLVWDNHV
DQG#HUURU>#PLVWDNHV#DUH#XQERXQGHG1,

$OPRVW#DOO#RI#WKH#PHPEHUV #DQG#DVVRFLDWHV#RI #WKH#1&),#VHHPHG
WR# SURSHUO\#EHOLHYH# LQ# WKH#UHDOLW\#RI #FROG#IXVLRQ1# #3URSHUO\#RU
LPSURSHUO\/# WKH# JUHDW# PDMRULW\# RI # WKH# RXWVLGH# VFLHQWLILF
FRPPXQLW\# GRHV# QRW1# # 7KLV# FOHDYDJH# KDV# FRQVHTXHQFHV# LQ
FUHDWLQJ#D#OHYHO#RI #VLHJH#DWPRVSKHUH#DW#WKH#1&),#WKDW#PD\#UHVXOW
LQ#VFLHQFH#WKDW#LV#OHVV#FULWLFDO#WKDQ#LW#PLJKW#EH1##,#IHOW#WKDW#YHU\
PDUJLQDO# SRVLWLYH# UHVXOWV#ZHUH# WDNHQ# IDU# WRR# VHULRXVO\# E\# D
FRPPXQLW\#0#DQG#D#'LUHFWRU#0#ZKR#ZDQW#YHU\#PXFK#WR#SURYH#WKHLU
IDLWK#MXVWLILHG1##,#DP#FRQFHUQHG#WKDW#WKHVH#PDUJLQDO#UHVXOWV#PLJKW
QRW#EH#UHYLHZHG#DV#FULWLFDOO\#DV#WKH\#RXJKW#WR#EH1##,GHDOO\/#MRLQW
SDUWLFLSDWLRQ#EHWZHHQ#1&),#SHUVRQQHO# DQG#RXWVLGH/#VNHSWLFDO/
JURXSV#VKRXOG#EH#HQFRXUDJHG1##
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,W#LV#GLVWXUELQJ#WKDW#WKH#KLVWRU\#RI#FROG#IXVLRQ#KDV#EHHQ#VKRZQ#WRR
PDQ\#LQVWDQFHV#RI #FRQYHUWV#ILQGLQJ#SRVLWLYH#UHVXOWV#DQG#VNHSWLFV/
PDNLQJ# ZKDW# DUH# QRPLQDOO\# WKH# VDPH # PHDVXUHPHQW/# ILQGLQJ
QHJDWLYH#UHVXOWV1

,Q#KLV#ODVW#+ILIWK,#TXDUWHUO\#UHSRUW/#'U1#:LOO#UHIHUV#WR#DSSUR[LPDWHO\
9#UHVXOWV#RI#1&),#SURJUDPV#WKDW#KDYH#EHHQ#LQWHUSUHWHG#DV#HYLGHQFH
RI# WKH# JHQHUDWLRQ# RI# FROG# IXVLRQ 1# # (DFK# RI# WKHVH# UHVXOWV# LV
LGLRV\QFUDWLF/#QRQH#RI#WKH#UHVXOWV#ILWV#VLPSOH#H[SHFWDWLRQV#RI#FROG
IXVLRQ1

7KHVH#TXDVL0SRVLWLYH#UHVXOWV#VHHP#WR#KDYH#EHHQ#ODUJHO\#KHOG#ZLWKLQ
WKH# FRQILQHV # RI # WKH# ,QVWLWXWH/# LQ# DFFRUG# ZLWK# WKH# UHVSRQVLEOH
WUDGLWLRQV#RI#VFLHQFH#DQG#LQ#DFFRUG#ZLWK #WKH#SRVLWLRQ#RI#VFLHQWLILF
UHVSRQVLELOLW\#WDNHQ#E\#WKH#1&),#VWDII#DQG#LWV#'LUHFWRU/#'U1#:LOO 1
+RZHYHU/# WKLV# UHVSRQVLELOLW\# UHIOHFWV# D#UHDOLW\# DFFHSWHG# E\# WKH
1&),/#DW #WKLV#WLPH=##1RQH#RI#WKH#,QVWLWXWH#SURJUDPV #KDV#VXFFHHGHG
LQ#HVWDEOLVKLQJ#WKH#H[LVWHQFH#RI#FROG#IXVLRQ1

2Q# D#PRUH# SRVLWLYH#QRWH/#'U1#:LOO #DQG /# IRU# WKH#PRVW# SDUW/# WKH
,QVWLWXWH#VWDII#DQG#DVVRFLDWHV/#KDYH# VKRZQ#WKDW#WKH\#XQGHUVWDQG
WKDW# WKH#UHVXOWV#WKH\# KDYH#DFKLHYHG#XS# WR#WKLV# WLPH#IDOO#VKRUW#RI
SURYLQJ#WKH#UHDOLW\#RI#FROG#IXVLRQ1##0RUHRYHU/#WKH#SUHVHQW#1&),
SURJUDP#LV#GLUHFWHG#WRZDUGV#GLUHFWLRQV#WKDW#FRXOG#UHVXOWV#LQ#VXFK
SURRI#0#LI/#LQGHHG/#FROG#IXVLRQ#LV#UHDO1##,#MXGJH#WKDW#DQ#DSSURSULDWH
SRUWLRQ#RI#WKH#,QVWLWXWH#HIIRUW#LV#GLUHFWHG#WRZDUGV#LPSURYHPHQWV #LQ
WHFKQLTXHV#WKDW#VKRXOG#DOORZ#PRUH#GHILQLWLYH#PHDVXUHPHQWV#WR#EH
PDGH#0#RI#KHDW#DQG#RI#QXFOHDU#SURGXFWV1##([SHULPHQWV#XVLQJ#WKHVH
LPSURYHG#WHFKQLTXHV/#SODXVLEOH#DQG#ZHOO0GHVLJQHG#WHFKQLFDOO\/#DUH
EHLQJ# UHILQHG# DQG# FRQGXFWHG# LQ# V\VWHPDWLF# ZD\V# WKDW# VKRZ
SURPLVH# RI# UHGXFLQJ# WKH#YXOQHUDELOLW\# WR#PLVWDNHV#RI #VR#PXFK
SUHYLRXV#ZRUN#DQG#LQFUHDVLQJ#WKH#SUREDELOLW\#WKDW#D#SRVLWLYH#UHVXOW
FDQ# HLWKHU# EH# UHSOLFDWHG# FRQYLQFLQJO\# RU# WRVVHG# DVLGH# DV# QRW
YDOLGDWHG1# # +RZHYHU/# LW# LV# WKH# QDWXUH# RI# VXFK# SURJUDPV# WKDW# D
VHUHQGLSLWRXV# GLVFRYHU\# RI # UHSURGXFLEOH# SRVLWLYH# UHVXOWV# LV
SRVVLEOH#DW#DQ\#WLPH /#EXW#WKH#H[KDXVWLRQ#RI#DYHQXHV#RI#SRVVLEOH
GLVFRYHU\#LV#IDU#RII1

%\# DQG# ODUJH/# WKH# 1&),# DVVRFLDWHV# VHHPHG# WR# KDYH# IRUPHG# D
VFLHQWLILF#FRPPXQLW\#ZKHUH#WKH#FRRSHUDWLRQ#RI#PHPEHUV #RI #WKDW
FRPPXQLW\#DGYDQFHV#WKH#LQWHUHVW#RI#DOO1##:KLOH/# UHJUHWWDEO\/#WKH
)OHLVFKPDQQ03RQV# SURJUDPV# VHHP# WR# EH# DW# EHVW# RQO\# RQ# WKH
SHULSKHU\#RI#WKDW#FRPPXQLW\/#WKHUH#LV#VWLOO#VXEVWDQWLDO#FRRSHUDWLRQ
EHWZHHQ#WKH#)OHLVFKPDQQ03RQV #WHDP#DQG#RWKHUV#DVVRFLDWHG#ZLWK
WKH#1&),#HIIRUW1##7R#VRPH#H[WHQW/#WKH#HYLGHQW#GLYLVLRQ#VHSDUDWLQJ
WKH#)OHLVFKPDQQ03RQV # HIIRUW# IURP# RWKHUV# VHHPV# WR# VWHP# IURP
SDWHQW#FRQFHUQV#DQG#OHJDOLWLHV#FRQQHFWHG#ZLWK#WKRVH#FRQFHUQV/#WR
VRPH#H[WHQW#SHUVRQDO#DEUDVLRQV#PD\#FRPH#LQWR#SOD\1#

(',725*6#&200(176

7KH#DERYH#DEVWUDFW#FRQWDLQV#PRUH#SKLORVRSK\#RQ#FROG#IXVLRQ#WKDQ
DQ# DEVWUDFW# RI #$GDLU *V# FRPPHQWV1# # +LV# DGGLWLRQDO# 53# SDJHV
FRQWDLQ#FRQVLGHUDEOH#FRPPHQWV1##$GDLU#VWDWHV/#%111,#KDYH#ZRUNHG
LQ# WKH# DUHDV# RI# FODVVLFDO # QXFOHDU# SK\VLFV#ZKLFK# LQFOXGHV# WKH
SK\VLFV#RI#IXVLRQ#SURFHVVHV/#DQG#DP#SUREDEO\#PRUH#IDPLOLDU#ZLWK
WKLV#ILHOG#RI #NQRZOHGJH#WKDQ#WKH#RWKHU#PHPEHUV#RI#WKH#JURXS1%
$GDLU# DFFHSWV# KLV# FROOHDJXHV*# UHSRUWV# RQ# WKH# TXDOLW\# RI# WKH
FKHPLVWU\/#FDORULPHWU\/#DQG#PDWHULDO#VFLHQFH#ZLWK#TXDOLILFDWLRQ1

$GDLU#FRPSODLQV#WKDW#VRPH#GDWD#ZDV#NHSW#VHFUHW#EXW#DGGV/#%111,
GLG# QRW# ILQG# WKDW# WKH#PDWHULDO#ZLWKKHOG# 111#PXFK# DIIHFWHG#P\
VSHFLILF# FULWLFLVP# RI# WKDW# SURJUDP# LQDVPXFK# DV# WKDW#PDWHULDO
DSSHDUHG# WR# FRQFHUQ# WHFKQLFDO# DUHDV# RXWVLGH # RI# P\# DUHDV# RI
FRPSHWHQFH1%

$GDLU#FRPPHQWV#WKDW#UHVHDUFK#ZRUN#VRPHWLPHV #GLG#QRW#DSSHDU#WR
KDYH# FOHDU# JRDOV# EDVHG# RQ#PRGHOV# RI# WKH# HIIHFW# WR# EH#WHVWHG1
$GDLU#VWDWHV/#%6RPH#RI#WKDW#GLIIXVHQHVV #RI#JRDO#DSSHDUHG#WR#VWHP
IURP#D#ODFN# RI# XQGHUVWDQGLQJ# RI# QXFOHDU#SK\VLFV# WKDW# LQ# WXUQ
VHHPHG#WR#UHVXOW#LQ#D#WRR0FDVXDO#GLVUHJDUG #RI#YHU\#ZHOO#IRXQGHG
SURSHUWLHV#RI #WKH#IXVLRQ#UHDFWLRQV1%##$GDLU#WKHQ#SUHVHQWV#DQ#HLJKW0
SDJH# WXWRULDO# RQ#WKH# %0HWKRGV#RI #&ROG#)XVLRQ#3URFHVVHV%# LQ
ZKLFK#KH#FLWHV#WKH#&ROG#)XVLRQ#5HVHDUFK#5HSRUW#RI#WKH#(QHUJ\
$GYLVRU\#%RDUG#RI#WKH#'R(1

$GDLU# LQ# KLV# WXWRULDO# GLVFXVVLRQ# HQWLUHO\# LJQRUHV# DQ\# RI # WKH
H[WHQVLYH#H[SHULPHQWDO#OLWHUDWXUH #WKDW#KDV#IRXQG#VXUSULVHV#LQ#WKH
WULWLXP2QHXWURQ#EUDQFKLQJ#UDWLRV1##+LV#FRPPHQWV#RQ#FROG#IXVLRQ
WKHRU\#HQGV#ZLWK#WKH#IROORZLQJ/#%,Q #VKRUW/#QR#ORJLFDOO\#FRKHUHQW/
UHDVRQDEO\#FRPSOHWH/#H[SODQDWLRQ#RI#FROG#IXVLRQ#KDV#\HW#EHHQ
DGYDQFHG#DQG#PDQ\#IHHO#WKDW#QR#H[SODQDWLRQ#LV#SRVVLEOH1##$#YHU\
IHZ#FDQGLGDWH#WKHRULHV#RI#FROG#IXVLRQ#KDYH#EHHQ#VXJJHVWHG#EXW
PXFK# ZRUN# PXVW# EH# GRQH# RQ# WKHVH# LGHDV# EHIRUH# WKH\# DUH
VXIILFLHQWO\#ZHOO# GHILQHG# WR# EH# FRQVLGHUHG# VHULRXVO\1%# #7KHVH
FRPPHQWV# ZHUH#PDGH# DIWHU#$GDLU # KDG# EHHQ# H[SRVHG# WR# WKH
WKHRUHWLFDO#ZRUN#RI #'U1#3UHSDUDWD#ZKLFK#LV#EDVHG#RQ#FRQYHQWLRQDO
SK\VLFV# DQG# LV# FRQVLGHUHG# WR# VKRZ# FRQVLGHUDEOH# SURPLVH# IRU
H[SODLQLQJ#H[SHULPHQWDOO\#REVHUYHG#IDFWV1

$GDLU#UHIOHFWV#RQ#D#VXPPDU\#RI#VXFFHVVHV#LQ#FROG#IXVLRQ#IURP#<5
JURXSV#LQ#43#FRXQWULHV#+DV#SUHVHQWHG#E\#'U1#:LOO,#DQG#GLVPLVVHV
DOO#RI#WKHP#ZLWK#WKH#FRPPHQW/#%+RZHYHU/#QRQH#RI#WKH#<5#SRVLWLYH
UHVXOWV#RYHU#WKH#ZRUOG#LV#GHILQLWLYH#DQG#FRRN0ERRN#UHSURGXFLEOH1%
7KH#ODFN# RI#UHSURGXFLELOLW\#KDV#ORQJ#EHHQ# WKH# NH\#SUREOHP#RI
FROG#IXVLRQ#WR#EH#UHVROYHG1##(OVHZKHUH#LQ#WKLV#LVVXH/#ZH#UHSRUW#RQ
FRPPHQWV#PDGH#E\#'U1#-RKQ#%RFNULV#+7H[DV #$)0,#ZKHUHLQ#KH
FLWHV#WKDW#.HYLQ#:ROI/#7KRPDV #&OD\WRU/#0LFKDHO#0F.XEUH/#DQG
*OHQ#6FKRHVVRZ# KDYH# DOO# GHPRQVWUDWHG# UHSHDWDELOLW\# LQ# FROG
IXVLRQ#H[SHULPHQWV#RI#YDULRXV#NLQGV1##7R#WKLV #OLVW#PXVW#EH#DGGHG
WKH#QHZHU#FODLPV#E\#3RQV#DQG#)OHLVFKPDQQ#WKDW#WKH\#KDYH#IRXQG
WKH#%WULJJHU%#IRU#REWDLQLQJ#H[FHVV#KHDW#UHSHDWDELOLW\1
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$GDLU# FRPPHQWV# RQ# 'U1# &HG]\QVND*V# ZRUN# RQ# WULWLXP
PHDVXUHPHQWV/# %,Q# JHQHUDO/# LW# VHHPHG# WKDW# WKH# WHFKQLTXH#ZDV
YXOQHUDEOH#WR#VHULRXV#HUURUV 1%# #'U1#:LOO# +VHH# EHORZ,#FRPPHQWV
SURSHUO\#RQ#$GDLU*V#ODFN#RI #XQGHUVWDQGLQJ#RI #'U1#&HG]\QVND*V
ZRUN1

$GDLU#PDNHV# D#PRVW# LQWHUHVWLQJ# REVHUYDWLRQ# LQ# WKH # IROORZLQJ
FRPPHQWV/#%:KLOH#WKH#H[LVWHQFH #RI# DQ\#VLJQLILFDQW#FROG#IXVLRQ
PXVW#EH#D#TXDOLWDWLYH#VXUSULVH/#FRQVLGHULQJ#WKH#HQRUPRXV#UDQJH#RI
SRVVLEOH#EDUULHU#WXQQHOLQJ#WUDQVPLVVLRQV/#D#WUDQVPLVVLRQ#MXVW#ODUJH
HQRXJK# WR# EDUHO\#VHH/#EXW#QRW#VR#ODUJH# DV#WR#VHH# FOHDUO\/#ZRXOG
VHHP#WR#EH#D#NLQG#RI #H[WUD#VXUSULVH#0#DQG#D#QDVW\#WULFN#RI#1DWXUH1%
:H# VKDUH#ZLWK# $GDLU# RXU#PDUYHO# DW# EHLQJ# DEOH# WR# UHGXFH# WKH
SUREDELOLW\#RI #GHXWHULXP#IXVLRQ#E\#DERXW#:3#RUGHUV#RI#PDJQLWXGH
DQG# WKHQ# KDYH# JUHDW#GLIILFXOW\#WR# DFKLHYH# RQH# IXUWKHU#RUGHU# RI
PDJQLWXGH1# # +RZHYHU/# /LHEHUW# DQG# /LDZ*V# LQYHQWLRQ# XVLQJ# D
PROWHQ0VDOW#HOHFWURFKHPLFDO#FHOO#DSSHDUV#WR#SURPLVH#DQRWKHU#4#RU
5#RUGHUV#RI#PDJQLWXGH#LQ#PHDVXUDEOH#H[FHVV#KHDW1

5HSRUW# RI# 6WDQOH\# %UXFNHQVWHLQ/# 0HPEHU# 1DWLRQDO# &ROG
)XVLRQ# ,QVWLWXWH# ([WHUQDO# 5HYLHZ# &RPPLWWHH# 5HYLHZ# RI
1RYHPEHU#:/#4<<31

$87+25*6#6800$5<

7KH#LQWHJULW\#RI#WKH#1&),#VFLHQWLVWV#DQG#WKH#OHDGHUVKLS#LQYROYHG
LQ# WKLV#SURJUDP#LV#H[HPSODU\1# #7KHLU#GHVLUH# IRU#D#GLVSDVVLRQDWH
UHYLHZ# ZDV# FOHDU# DQG# WKH# 5HYLHZ# &RPPLWWHH# UHFHLYHG# WKH
FRPSOHWH# FRRSHUDWLRQ# RI# DOO# VFLHQWLILF/# WHFKQLFDO# DQG
DGPLQLVWUDWLYH#SHUVRQQHO#DVVRFLDWHG#ZLWK#1&),1

7KH# HOHFWURFKHPLFDO# HIIRUWV # DW# 1&),# DUH#ZHOO0FRQFHLYHG# DQG
FDUULHG# RXW1# # 7KH\# DGGUHVV# LVVXHV# FHQWUDO# WR# LQYHVWLJDWLQJ# WKH
HOHFWURFKHPLFDO# SKHQRPHQD# RFFXUULQJ# LQ# FHOOV# XVHG# LQ# %FROG
IXVLRQ%#H[SHULPHQWV1

7KH# GHYHORSPHQW# RI # D# %FORVHG# V\VWHP%# WULWLXP# DQDO\VLV
PHWKRGRORJ\#LV#VLJQLILFDQW#DQG#VKRXOG#SURYH#WR#EH#RI#FRQVLGHUDEOH
YDOXH#LQ#D#YDULHW\#RI#%FROG#IXVLRQ%#H[SHULPHQWV1

'U1#6WDQHO\#3RQV#UHSRUWHG#WKDW#D#VROXWLRQ#WR#WKH#SUREOHP#RI#WKH
H[SHULPHQWDO# LUUHSURGXFLELOLW\#RI# %H[FHVV#KHDW%#SURGXFWLRQ# KDV
EHHQ#IRXQG1##+H#KDV#RIIHUHG#WR#GHPRQVWUDWH#KLV#VROXWLRQ#DQG#WR
WUDLQ#RWKHUV#WR#GXSOLFDWH#KLV#UHVXOWV1##+LV#RIIHU#VKRXOG #EH#DFFHSWHG
LPPHGLDWHO\/#VLQFH#WKH#RULJLQ #RI #WKH#H[FHVV#KHDW#FDQQRW#EH#VWXGLHG
ZLWKRXW#UHSURGXFLEOH#FRQGLWLRQV1# #,QGHSHQGHQW#FRQILUPDWLRQ# RI
'U1#3RQV*#DVVHUWLRQV#FRQFHUQLQJ#UHSURGXFLEOH#SURGXFWLRQ#RI#H[FHVV
KHDW/#ZKLOH#QRW#SURYLQJ#WKH#H[LVWHQFH#RI #%FROG#IXVLRQ%/#ZRXOG#EH
H[FLWLQJ1

2WKHU#%FROG#IXVLRQ%#H[SHULPHQWV/#ERWK#HOHFWURFKHPLFDO#DQG#QRQ0
HOHFWURFKHPLFDO/# DUH# SURGXFLQJ# LQWHUHVWLQJ# UHVXOWV# UHODWHG# WR
GHWHFWLRQ# RI# SDUWLFOHV# SURGXFHG# E\# FRQYHQWLRQDO# DQG
QRQFRQYHQWLRQDO#IXVLRQ#SURFHVVHV1##7KH#ZRUN#DW#WKH#1&),#KDV
UHDFKHG#D#FULWLFDO#VWDJH#DQG#DQ#XQDPELJXRXV #DQVZHU#WR#WKH#%FROG
IXVLRQ%#TXHVWLRQ#VKRXOG #EH#SRVVLEOH#LQ#WKH#QH[W#\HDU1

(',725*6#&200(176

'U1#%UXFNHQVWHLQ#VXJJHVWV# WKDW# %DOO# IXWXUH# H[SHULPHQWV# E\# DOO
JURXSV#VKRXOG#LQYROYH#PDWHULDOV#IURP#WKH#VDPH#VRXUFHV#KDYLQJ
WKH#VDPH#KLVWRU\/#WR#WKH#H[WHQW#WKDW#WKLV#LV#SRVVLEOH1%##

'U1# %UXFNHQVWHLQ# FLWHV# 'U1# .1# &HG]\QVND*V# HW# DO1# ZRUN# RQ
GHYHORSLQJ#D#UHOLDEOH#PHWKRG#RI#WULWLXP#DQDO\VLV#DV#EHLQJ#D#NH\
WR# WKH# FRQILUPDWLRQ# RI# WULWLXP# SURGXFWLRQ# LQ# FROG# IXVLRQ
H[SHULPHQWV1##+H#VWDWHV/#%111LW#DSSHDUV#WKDW#D#SUHFLVH#DQG#DFFXUDWH
VFLQWLOODWLRQ#FRXQWLQJ#WHFKQLTXH#KDV#EHHQ#GHYHORSHG1%##

'U1#3RQV#WROG#WKH#UHYLHZ#FRPPLWWHH#WKDW#KH#FDQ#QRZ#UHSURGXFH
DQ#H[FHVV#KHDW#HYHQW#DIWHU#DERXW#<#WR#43#GD\V#RI#HOHFWURO\VLV#DQG
WKDW#VXFK#KHDW#HYHQWV#ZHUH#ODUJH#HQRXJK#WR#UHPRYH#DQ\#GRXEWV
DERXW#WKH#SURGXFWLRQ#RI#H[FHVV#KHDW1

5HYLHZ#RI#WKH#1DWLRQDO#&ROG#)XVLRQ#,QVWLWXWH
%\# /RUHQ# *1# +HSOHU/# 3URI# RI# &KHPLVWU\# DQG# &KHPLFDO
(QJLQHHULQJ/#8QLY#RI #$OEHUWD/#(GPRQWRQ/#&DQDGD1

$87+25*6#,1752'8&7,21

7KH# IRFXV# RI#P\# UHSRUW# LV# RQ# WKH# %H[FHVV# KHDW%# UHSRUWHG# E\
)OHLVFKPDQQ# DQG# 3RQV# DQG# RWKHUV/# DQG# GLVSXWHG# E\# RWKHUV1
%([FHVV#KHDW%#PHDQV#KHDW#SURGXFHG#LQ#H[FHVV#RI#KHDW#WKDW#FDQ#EH
DFFRXQWHG#IRU#LQ#WHUPV#RI #VXFK#NQRZQ#SURFHVVHV#DV #SDVVDJH#RI
HOHFWULF#FXUUHQW#WKURXJK#WKH#FHOO1

,W#LV#P\#RSLQLRQ#WKDW#3RQV#DQG #)OHLVFKPDQQ#DQG#WKHLU#FROOHDJXHV
KDYH#ZRUNHG#GLOLJHQWO\#DQG#VNLOOIXOO\#RQ#D#GLIILFXOW#SUREOHP/#LQ
VSLWH#RI#WKHLU#LQLWLDO#LQH[SHULHQFH#ZLWK#FDORULPHWU\1##7KH\#KDYH
SURYLGHG#VWURQJ#HYLGHQFH#+QRW#SURRI,#LQ#IDYRU#RI#WKH#SURGXFWLRQ
RI#%H[FHVV#KHDW%1##5HFHQW#LPSURYHPHQWV#LQ#FHOO#RSHUDWLRQ#PDNH
LW# SUDFWLFDO#WR# FDUU\# RXW# EHWWHU#PHDVXUHPHQWV#WKDW#ZLOO#OHDG #WR
SURRI#WKDW#%H[FHVV#KHDW%#LV#RU#LV#QRW#D#UHDOLW\1##,#KDYH#VXJJHVWHG
RQH# VSHFLILF# DSSURDFK# +DOUHDG\# VWDUWHG# DW# 1&),,# WR# VXFK
FDORULPHWULF#PHDVXUHPHQWV1

3URGXFWLRQ#RI#%H[FHVV#KHDW%#DV#GHILQHG#KHUH#LV#D#QHFHVVDU\#IRU#WKH
UHDOLW\#RI#FROG#IXVLRQ/#EXW#GRHV#QRW#E\#LWVHOI#SURYH#WKH#UHDOLW\#RI
FROG#IXVLRQ1##,W#LV#SRVVLEOH#WKDW#%H[FHVV#KHDW%#LV#UHDO/#EXW#LV#QRW
GXH# WR# FROG# IXVLRQ/# EHFDXVH# WKHUH# PLJKW# EH# VRPH# QHZ# RU
RYHUORRNHG#FKHPLFDO#RU#QRQ0QXFOHDU##
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SK\VLFDO#SURFHVV#LQ#WKH#FHOOV1##7KLV#NLQG#RI#QRQ0QXFOHDU#SURFHVV
PLJKW#EH#VFLHQWLILFDOO\#RU#WHFKQRORJLFDOO\#LPSRUWDQW1

,W#LV#KRSHG#WKDW#FDORULPHWULF#LQYHVWLJDWLRQV#ZLOO#EH#FRQWLQXHG#DW
1&),/# ZLWK# DSSURSULDWH# FROODERUDWLRQ# DPRQJ# UHVHDUFKHUV# LQ
HOHFWURFKHPLVWU\/#HQJLQHHULQJ/#DQG#QXFOHDU#SK\VLFV1

$87+25*6#6800$5<

3RQV#DQG#)OHLVFKPDQQ#DUH#ZHOO0NQRZQ#HOHFWURFKHPLVWV/#ZLWK #OLWWOH
RU#QR# SUHYLRXV# H[SHULHQFH#ZLWK#FDORULPHWHUV1# # ,Q#VSLWH#RI #WKHLU
LQH[SHULHQFH#LQ#WKLV#ILHOG/#LW#LV#WKHLU#UHYLHZHU*V#RSLQLRQ#WKDW#WKH\
KDYH#PDGH#UHDVRQDEOH#FKRLFHV#DERXW#KRZ#WR#SURFHHG#ZLWK#WKHLU
FDORULPHWULF#PHDVXUHPHQWV1##,W#LV#P\#IXUWKHU#RSLQLRQ##WKDW#WKH\#DQG
WKHLU#KHOSHUV #KDYH#ZRUNHG#GLOLJHQWO\#DQG #FRPSHWHQWO\#LQ#WDFNOLQJ
D#GLIILFXOW#SUREOHP1##$OWKRXJK#LW#LV#SRVVLEOH#WKDW#WKHLU#FODLPV#RI
H[FHVV#KHDW#SURGXFWLRQ#DUH#PLVWDNHQ/#LW#LV#QHLWKHU#DFFXUDWH#QRU#IDLU
WR#VD\#WKDW#WKH\#KDYH#GRQH#EDG#FDORULPHWU\1

$V#PHQWLRQHG# SUHYLRXVO\# LQ#WKLV# UHYLHZ/# LW# DSSHDUV#WKDW#UHFHQW
LPSURYHPHQWV#LQ#FHOO#RSHUDWLRQ#ZLOO#SHUPLW#UHVHDUFKHUV#DW#1&),
DQG#HOVHZKHUH#WR#PDNH#EHWWHU#FDORULPHWULF#PHDVXUHPHQWV#DV#VRRQ
DV# SDWHQW# FRQVLGHUDWLRQV# FHDVH# WR# LQWHUIHUH# ZLWK# WUDQVIHU# RI
LQIRUPDWLRQ#WR#RWKHU#UHVHDUFKHUV1

3URGXFWLRQ#RI #H[FHVV#KHDW#+DV#GHILQHG#LQ#WKLV#ZRUN,#GRHV#QRW#SURYH
WKH#UHDOLW\#RI#QXFOHDU#IXVLRQ#EHFDXVH#WKLV#KHDW#SURGXFWLRQ#PLJKW#EH
GXH# WR# YDULRXV# FKHPLFDO# RU# SK\VLFDO# HIIHFWV # WKDW# KDYH# EHHQ
RYHUORRNHG# RU# WKDW# KDYHQ*W# \HW# EHHQ# GLVFRYHUHG1# #$# FRPSOHWH
GHPRQVWUDWLRQ#RI#WKH#UHDOLW\#RI#FROG#IXVLRQ#RI#GHXWHULXP#GHSHQGV
RQ#WKH#SURGXFWLRQ#RI#H[FHVV#KHDW#DQG#RQ#GHWHFWLRQ#RI#DSSURSULDWH
DPRXQWV#RI# SURGXFWV#RI# WKH#SURSRVHG# IXVLRQ1# # ,I#WKH#QHZ#FHOOV
SURGXFH#PRUH#H[FHVV#KHDW#WKDQ#ZDV#SURGXFHG#E\#HDUOLHU#FHOOV#DQG
LI#FROG#IXVLRQ#UHDOO\#RFFXUV/#LW#IROORZV#WKDW#WKH#DPRXQW#RI#IXVLRQ
SURGXFWV# LQ# WKHVH# QHZ# FHOOV# LV# ODUJHU# DQG# WKHUHIRUH# HDVLHU# WR
PHDVXUH#ZLWK#WKH#QHHGHG#DFFXUDF\1##7KLV#FRQQHFWLRQ#EHWZHHQ#WKH
DPRXQW# RI# H[FHVV# KHDW# SURGXFHG# DQG# WKH# DPRXQW# RI# IXVLRQ
SURGXFWV# OHDGV# WR# WKH# UHTXLUHPHQW# WKDW# UHOLDEOH# FDORULPHWULF
PHDVXUHPHQWV# DQG# UHOLDEOH# IXVLRQ# SURGXFW# PHDVXUHPHQWV# DUH
%27+#QHHGHG1##5HVHDUFKHUV#DW#1&),#UHFRJQL]H#WKLV#GXDO#QHHG1
,W# LV# WR# EH# KRSHG# WKDW# WKHUH#ZLOO# EH# DSSURSULDWH# FRRSHUDWLRQ
EHWZHHQ#WKH#YDULRXV#JURXSV#ZLWKLQ#WKH#,QVWLWXWH1

(',725*6#&200(176

'U1#+HSOHU#FRPPHQWV/#%&DORULPHWULF#PHDVXUHPHQWV#DW#WKH#1&),
KDYH#QRW#\HW#HVWDEOLVKHG#GHILQLWHO\#WKDW#H[FHVV#KHDW#LV#SURGXFHG#RU
LV#QRW#SURGXFHG1%##+HSOHU#DOVR#VWDWHV/#%111LW#GRHV#DSSHDU#FOHDU#WKDW
UHVHDUFKHUV#DW#WKH#1&),#KDYH#HPEDUNHG#RQ#D#UHDVRQDEOH#SURJUDP
RI#FDORULPHWULF#PHDVXUHPHQWV111%##

5LOH\#DQG# FROOHDJXHV# LQ#WKH# HQJLQHHULQJ#JURXS# DW#1&),#KDYH
ZRUNHG#RQ#DSSOLFDWLRQ #RI #IORZ#FDORULPHWU\#WR#LQYHVWLJDWH#VHYHQ
FHOOV#WKDW#KDYH#EHHQ#FKDUJHG#IRU#53#WR#436#GD\V1##,Q#RQH#FDVH#WKH\
UHSRUWHG#H[FHVV#KHDW#RI#4:(/#ZKLFK#LV#FRQVLGHUDEO\#ODUJHU#WKDQ
WKHLU#HTXLSPHQW#RU #SURFHVV#HUURUV#DUH#GHHPHG#WR#EH1

+HSOHU# VXJJHVWV# WKDW# WKHUPLVWRUV# VKRXOG# EH# XVHG# LQVWHDG# RI
WKHUPRFRXSOHV# EHFDXVH# WKH\# DUH# PRUH# VHQVLWLYH# WR# VPDOO
WHPSHUDWXUH#FKDQJHV1# #+HSOHU#DOVR#UHSRUWV #WKDW#3URI1#3RQV#KDV
DJUHHG#WR# WHOO#KRZ# WKH# QHZO\0IRXQG#VXSHULRU#FHOO# RSHUDWLRQ#LV
REWDLQHG#DV#VRRQ#DV#WKH#SDWHQW#EDUULHU#LV#RYHUFRPH#+ZKLFK#VKRXOG
EH#VRRQ,1##7KLV#QHZ#SURFHGXUH #GHYHORSHG#E\#3RQV#FDQ#VKRZ#D
VXEVWDQWLDO# GHYHORSPHQW# RI# KHDW# LQ# OHVV# WKDQ# WHQ# GD\V# RI
RSHUDWLRQ1##'U1#+HSOHU#VWURQJ#UHFRPPHQGV#WKDW#IORZ#FDORULPHWU\
+DV#GHYHORSHG#E\#5LOH\#HW#DO1#RI#WKH#1&),,#EH#DSSOLHG#WR#D#IHZ#RI
WKH#QHZ#FHOOV1

1DWLRQDO#&ROG#)XVLRQ#,QVWLWXWH#6LWH#9LVLW
%\#'DOH#)1#6WHLQ

$87+25*6#6800$5<

,W# ZDV# YHU\# HYLGHQW# WKDW# WKH# OHDGHUVKLS# RI# WKH# 1&),# ZDV
FRPPLWWHG#WR#XQELDVHG#UHYLHZ#RI#WKH#,QVWLWXWH1##7KH#SUHVHQWDWLRQV
PDGH#JDYH# WKLV# UHYLHZHU# D# JUHDW# GHDO# RI# FRQILGHQFH# WKDW# WKH
,QVWLWXWH#KDV# D# YDULHW\# RI# SHRSOH#RI #DELOLW\/#FRPPLWPHQW/#DQG
LQWHJULW\1# # 7KH\#ZHUH# YHU\# NQRZOHGJHDEOH# LQ# WKHLU# DUHDV# RI
UHVSRQVLELOLW\/#WKH\#ZHUH#RSHQ#WR#FULWLFLVP#DQG#VXJJHVWLRQV/#WKH\
ZHUH#SURSHUO\#VNHSWLFDO#DQG#TXHVWLRQLQJ#RI #WKHLU#UHVXOWV1# #7KH
FRQVWDQW#VFUXWLQ\#RI#WKHLU#DFWLRQV#DQG#H[SHULPHQWV#LV#D#GLIILFXOW
HQYLURQPHQW#LQ#ZKLFK#WR#GR#UHVHDUFK#DW#WKH#FXWWLQJ#HGJH#RI#D#ILHOG
ZLWK#WKH#PDQ\#IDLOXUHV#DQG#IUXVWUDWLRQV#WKDW#DUH#VLPSO\#WKH#ORW#RI
VFLHQWLVWV# DQG# HQJLQHHUV# HQJDJHG# LQ# IRUHIURQW# UHVHDUFK1
([SHFWDWLRQV#KDG#EHHQ#UDLVHG #WR#VXFK#D#KLJK#OHYHO#WKDW#LW#ZRXOG
KDYH#EHHQ#QHDUO\#LPSRVVLEOH#WR#PHHW#WKHP1##7KH#1&),#VKRXOG
QRZ# FRROO\#DQG# SXUSRVHIXOO\#PRYH#WR#GHWHUPLQH#LI# WKH#UHFHQW
UHVXOWV#RI#'U1#3RQV#DUH#ZKDW#WKH\#DSSHDU#WR#EH/#DQG#LI#WKH\#WXUQ
RXW#WR#EH#YDOLG/#WKHQ#WR#PRYH#LQ#D#IRFXVHG#IDVKLRQ#WR#H[SDQG#DQG
LPSURYH#WKH#SURFHVV1##,I#WKH\#WXUQ#RXW#WR#EH#LQYDOLG#WKHQ#LW#ZRXOG
VHHP# DSSURSULDWH#WKDW#WKH#IXWXUH# RI#1&),#EH# HYDOXDWHG#E\# WKH
DSSURSULDWH#8QLYHUVLW\#RI#8WDK#DQG #VWDWH#RIILFLDOV#WR#GHWHUPLQH
LWV#IXWXUH1

(',725*6#&200(176

$V#D# SDUW# RI#WKH #PHWDOOXUJ\# UHYLHZ/# 'U1#6WHLQ #VWDWHV/# %111LW# LV
LPSRUWDQW#WKDW#WKH#PDWHULDO#KDV#EHHQ#ZHOO#FKDUDFWHUL]HG#+FKHPLFDO
FRPSRVLWLRQ/#PLFUR0VWUXFWXUH/#HWF1,#LI#WKH#FROG#IXVLRQ#SKHQRPHQD
LV#WR#EHFRPH#UHSHDWDEOH#DQG#FRQWUROODEOH1##7KH#PHWDOOXUJ\#HIIRUW
ZLWKLQ#1&),#DSSHDUV#WR#EH#DSSURSULDWH#DQG#ZHOO#GRQH1%
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7KH#GLIILFXOW\#WKDW#KDV#EHHQ#IRXQG#LQ#ZRUNLQJ#ZLWK#FROG#IXVLRQ#LV
HPSKDVL]HG# E\# WKH# IROORZLQJ# VWDWHPHQW# E\#'U1# 6WHLQ/# %(DUO\
H[SHULPHQWV#LQ#WKH#PHWDOOXUJ\#JURXS#JDYH#UHVXOWV#WKDW#LQGLFDWHG#D
ODUJH#DPRXQW#RI#KHDW#ZDV#EHLQJ#JHQHUDWHG#LQ#WKH#HOHFWURFKHPLFDO
FHOOV1##(QFRXUDJHG#E\#WKHVH#UHVXOWV#QHZ#FHOOV#ZHUH#GHVLJQHG#ZLWK
LPSURYHG# IHDWXUHV# WR# FDUHIXOO\# PRQLWRU# WKH# H[SHULPHQWV 1
6LQFH#WKH#FHOOV#KDYH#EHHQ#FKDQJHG/#QR#REVHUYDWLRQV #RI #H[FHVV#KHDW
KDYH# EHHQ#PDGH#LQ#VRPH# 87#FHOOV%1# #7KLV#LV# SHUKDSV# WKH#PRVW
IUXVWUDWLQJ#+DQG#FRVWO\,#E\SURGXFW#RI #FROG#IXVLRQ#H[SHULPHQWDWLRQ/
WKH#LQDELOLW\#WR#UHFUHDWH#HDUO\#VXFFHVVHV1##,W#DSSHDUV#WKDW#ZLWK#PRUH
FDUH# WKHUH# DUH# VSDUVHU# UHVXOWV 1# #2I# FRXUVH/# WKLV# LV# WKH# W\SH# RI
H[SHULHQFH#WKDW#KDV#OHDG#WR#WKH#GHQLDO#DQG2RU#WKH#DEDQGRQPHQW#RI
FROG#IXVLRQ#H[SHULPHQWV#DW#PDQ\#UHVHDUFK#IDFLOLWLHV1##)RUWXQDWHO\/
WKH# SUREOHP# RI# UHSURGXFLELOLW\# KDV# EHHQ# VROYHG#DQG#ZLOO# VRRQ
EHFRPH#SXEOLF#NQRZOHGJH1#+6HH#SDJH#46/#FROXPQ#51,

'U1#6WHLQ#HPSKDVL]HG#WKH#QHHG#WR#GR#PRUH#ZRUN#RQ#PHWKRGV#WR
HQVXUH#WKDW#FDWKRGH#'23G#UDWLRV#ZHUH#VXIILFLHQWO\#KLJK#00#DV#LW#KDV
EHHQ#LQGLFDWHG#WKDW#D#'23G#RI#QHDU#413#LV#UHTXLUHG1##+6HH #QRWH#IURP
'U1#5REHUW#%XVK#SDJH#570581,

'U1#6WHLQ#UHSRUWV/#%111LW#ZRXOG#VHHP#DSSURSULDWH#WR#IRFXV#PRVW#RI
WKH# DWWHQWLRQ#RI # WKH#PHWDOOXUJ\# JURXS#RQ# WKH# H[DPLQDWLRQ# DQG
HYDOXDWLRQ# RI# HOHFWURGHV# WKDW# KDYH# EHHQ# UHSRUWHG# WR# JHQHUDWH
H[FHVV#KHDW1##8QWLO#WKH#FKDUDFWHULVWLFV#RI#WKHVH #HOHFWURGHV#DUH#ZHOO
GRFXPHQWHG#DQG#WKH#LPSRUWDQW#FKDUDFWHULVWLFV#LGHQWLILHG#LW#LV#RI
RQO\# OLPLWHG# YDOXH#WR# H[SORUH# IRU#QHZ#PDWHULDOV#WKDW#PLJKW# EH
XVHIXO#LQ#FROG#IXVLRQ#H[SHULPHQWV1##&OHDUO\#WKH#1&),#KDV#D#JLIWHG
JURXS#RI#PHWDOOXUJLVWV111%

7KH# PRVW# LPSRUWDQW# LVVXHV/# DFFRUGLQJ# WR# 'U1# 6WHLQ# DUH# WKH
IROORZLQJ=

%41# #7KH# UHSURGXFLELOLW\# RI# FROG# IXVLRQ# UHVXOWV/#HVSHFLDOO\# WKH
UHSRUWHG#ODUJH#DPRXQWV#RI#H[FHVV#KHDW1

%51# # 7KH# HYDOXDWLRQ# RI# HOHFWURGHV# WKDW# KDYH# EHHQ# UHSRUWHG# WR
JHQHUDWH# H[FHVV# KHDW# WR# GHWHUPLQH# LI# D# SURGXFW# RI # D# QXFOHDU
UHDFWLRQ#H[LVWV #LQ#WKH#HOHFWURGH#RU#LI#WKHUH#DUH#VLJQV#RI #VRPH#RWKHU
SURFHVV#WKDW#PLJKW#DSSHDU #WR#JLYH#H[FHVV#KHDW1%

,Q#IXUWKHU#FRPPHQWV#RQ#WKH#SUREOHPV#RI#UHSURGXFLELOLW\/#'U1#6WHLQ
QRWH/#%,I#DQ#LQGHSHQGHQW#SHUVRQ#FDQ#UHSURGXFH#WKH#UHVXOWV#WKDW#'U 1
3RQV#VKRZHG#XV#DQG #LI#WKH#DQDO\VLV#RI#WKH#GDWD#LV#FRQVLVWHQW#ZLWK
'U1#3RQV*# LQWHUSUHWDWLRQ# WKHQ#D#PDMRU#PLOHVWRQH# LQ# FROG#IXVLRQ
UHVHDUFK#KDV#EHHQ#DFKLHYHG1%

,Q# JHQHUDO/# WKH# 1&),# VFLHQWLILF# UHYLHZ# WHDP# SHUIRUPHG# DQ
H[FHOOHQW#VHUYLFH1##$#FDUHIXO#UHDGLQJ #RI#WKHVH#UHSRUWV#DVVXUHV#RQH
WKDW# WKH# QHZ# DQG# SX]]OLQJ#WHFKQRORJ\#RI #FROG# IXVLRQ# LV#EHLQJ
FDUHIXOO\#VWXGLHG#DW#WKH#1&),1#

7KH#1DWLRQDO#&ROG#)XVLRQ #,QVWLWXWH*V#5HVSRQVH#WR#WKH#5HYLHZ
3DQHO*V#5HSRUW
%\#'U1#)ULW]#* 1#:LOO /#'LUHFWRU/#1&),#+-DQXDU\#;/#4<<4,

7KH#,QVWLWXWH#DSSUHFLDWHV#WKH#HIIRUWV#RI#WKH#IRXU#UHYLHZHUV#ZKR
FRQGXFWHG# WKLV# WHFKQLFDO#UHYLHZ/#DV#ZHOO#DV# WKH# YHU\#SRVLWLYH
HYDOXDWLRQ# WKH\# RIIHUHG# RI# PRVW# RI# WKH# ,QVWLWXWH*V# WHFKQLFDO
SURJUDPV#DQG#LWV #UHVHDUFK#VWUDWHJ\1##7KH#UHFRPPHQGDWLRQV#RI#WKH
UHYLHZHUV#DUH#ZHOO0WDNHQ#DQG #ZLOO#EH#XVHG#WR#IXUWKHU#LPSURYH#DQG
IRFXV#RXU#UHVHDUFK#HIIRUWV1

:KLOH#YDULRXV#PDQLIHVWDWLRQV# RI#%FROG# IXVLRQ%# UHDFWLRQV#KDYH
EHHQ#REVHUYHG#E\#PDQ\#JURXSV#ZRUOGZLGH/#LW#LV#DJUHHG#WKDW#WKH
VFLHQWLILF#UHDOLW\#RI#%FROG#IXVLRQ%#KDV#QRW#EHHQ#ILUPO\#HVWDEOLVKHG
HLWKHU# DW# WKH# ,QVWLWXWH# RU# HOVHZKHUH1# # 7KLV#ZRXOG# UHTXLUH# WKH
UHSURGXFLEOH#GHPRQVWUDWLRQ #WKDW#WKH#PDJQLWXGH#RI #WKH#H[FHVV#KHDW
REVHUYHG# LV# IXOO\# UHFRQFLODEOH# ZLWK # WKH# DPRXQW# RI # QXFOHDU
UHDFWLRQ#SURGXFWV1

+RZHYHU/# WKHUH# LV# VWURQJ# DQG# JURZLQJ# HYLGHQFH# IRU# WKH
RFFXUUHQFH#RI#QXFOHDU#UHDFWLRQV#DW#RU#DERXW#URRP#WHPSHUDWXUH/#LQ
GHXWHULXP0ORDGHG#SDOODGLXP#DQG#WLWDQLXP1##7KH#REVHUYDWLRQV #LQ
VHYHUDO#UHVHDUFK#JURXSV#DURXQG#WKH#ZRUOG#RI#WKH#IROORZLQJ=

D1##QHXWURQ#HPLVVLRQV#ZLWK#517#0(9#HQHUJ\/#VRPHWLPHV
LQ#LQWHQVH#EXUVWV#RI #XS#WR#VHYHUDO#KXQGUHG#QHXWURQV#LQ#D#4243/333
VHFRQG#WLPH#SHULRG/

E1##WULWLXP#JHQHUDWLRQ#DW#OHYHOV#RQH#PLOOLRQ#WR#RQH#ELOOLRQ
WLPHV#ODUJHU#WKDQ#WKH#QHXWURQ#OHYHOV/

F1##FKDUJHG#SDUWLFOH#HPLVVLRQV/#DQG
G1##FKDUDFWHULVWLF#;0UD\#HPLVVLRQV1

7KHVH#REVHUYDWLRQV#GHI\#FRQYHQWLRQDO#SK\VLFV #WKHRU\#DQG#DSSHDU
WR#LQGLFDWH#XQXVXDO#QXFOHDU#UHDFWLRQV/#SRVVLEO\#%FROG#IXVLRQ1%

7KHUH#DOVR#LV#JRRG#HYLGHQFH#IRU#WKH#JHQHUDWLRQ #RI#%H[FHVV%#KHDW
LQ#%FROG0IXVLRQ%#H[SHULPHQWV/#FRQGXFWHG#E\#VHYHUDO#YHU\#UHOLDEOH
UHVHDUFK#JURXSV1##$W#WKLV#SRLQW/#WKH#UHODWLRQVKLS #EHWZHHQ#QXFOHDU
UHDFWLRQV#DQG# H[FHVV#KHDW#LV# QRW#FOHDU #VLQFH#WKH#ODWWHU# LV#PDQ\
RUGHUV# RI#PDJQLWXGH#ODUJHU#WKDQ# FDQ# EH# DFFRXQWHG# IRU# E\#WKH
REVHUYHG#QXFOHDU#UHDFWLRQ#SURGXFWV1

7KH# JHQHUDO# UHVHDUFK# VWUDWHJ\# RI # WKH# 1&),# LV# WR# PRQLWRU
VLPXOWDQHRXVO\# DV#PDQ\# QXFOHDU# E\SURGXFWV# DV# SRVVLEOH/#DQG/
ZKHUHYHU#SRVVLEOH/#DOVR#H[FHVV#KHDW1

7KH#QRUPDO#FRXUVH#RI#VFLHQFH#UHTXLUHV#WKHVH#REYLRXVO\#FRPSOH[
LVVXHV#WR#EH#LQYHVWLJDWHG#XQWLO#WKH\#DUH#XQGHUVWRRG#UDWKHU#WKDQ#EH
UHMHFWHG/#RQO\#EHFDXVH#WKH\#DUH#QRW#H[SODLQDEOH#E\#FRQYHQWLRQDO
QXFOHDU#SK\VLFV#WKHRU\1##$IWHU#DOO/#WKH#ODWWHU#DSSOLHV#WR#JDVHRXV
SODVPDV# DQG# VKRXOG # QRW/# D# SULRUL/# EH# DVVXPHG# WR# DSSO\# WR
FRQGHQVHG#PDWWHU/#VXFK#DV #SDOODGLXP1
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6SHFLILF#UHVSRQVHV#WR #WKH#UHYLHZHU*V#FRPPHQWV#DUH#DV#IROORZV=

7KH#YLHZV#H[SUHVVHG#DERYH#GLIIHU#IURP#WKRVH#RI#3URIHVVRU#$GDLU 1
+LV#QRWLRQ#RI#LQWHOOHFWXDO#LQFRKHUHQFH#LQ#PDQ\#RI #WKH#,QVWLWXWH *V
SURJUDPV/#VXSSRVHGO\#UHVXOWLQJ#IURP#WKH#ODFN#RI #DSSO\LQJ#PRGHOV/
LV# QRW# VKDUHG1# # 3URIHVVRU# $GDLU *V# FDWHJRUL]LQJ# RI# WKH# 1&),
SURJUDPV#LQWR#IRXU#FODVVHV#ZLWK#GHFUHDVLQJ#PHULW#DSSHDUV#IODZHG
IRU#WKH#IROORZLQJ#UHDVRQV=

41# # WKLV# DSSURDFK# SUHVXPHV# WKDW# WKH# UHVXOW# RI # DQ
H[SHULPHQW#LV#NQRZQ#EHIRUH#LW#LV#FRQGXFWHG/#DQG#

51##LW#XVHV#FRQYHQWLRQDO#WKHRU\/#GHYHORSHG#IRU#JDVHRXV
SODVPDV/#DQG#DSSOLHV#LW#WR#FRQGHQVHG#PDWWHU/#ZKHUH#LW#LV#XQOLNHO\
WR#DSSO\1

3URIHVVRU#3UHSDUDWD/#D#NQRZQ#TXDQWXP#PHFKDQLFV#WKHRULVW#IURP
WKH#8QLYHUVLW\#LQ#0LODQ/#,WDO\/#ZDV#LQYLWHG#WR#VSHQG#D#VDEEDWLFDO#DW
WKH#,QVWLWXWH1# #+H# VKDUHG# KLV#WKRXJKWV#RQ#QHZ# QXFOHDU# WKHRULHV/
DSSOLFDEOH#WR#FRQGHQVHG #PDWWHU/#DQG#SURYLGHG#JXLGDQFH #WR# RXU
H[SHULPHQWDO#SURJUDPV#EDVHG#RQ#QHZ#WKHRUHWLFDO#PRGHOV1

3DUHQWKHWLFDOO\/# WKH# ,QVWLWXWH*V# SK\VLFV# SURJUDP# LV/#FRQWUDU\# WR
3URIHVVRU#$GDLU*V#VXJJHVWLRQ/#VWDIIHG#E\#RQH#QXFOHDU#SK\VLFLVWV
DQG#WZR#KLJK #HQHUJ\#SDUWLFOH#SK\VLFLVWV1##$OVR/#DOO#UHYLHZHUV#ZHUH
PDGH#DZDUH#RI#WKH#QHHG#WR#VLJQ#D#FRQILGHQWLDOLW\#DJUHHPHQW#LQ#WKH
OHWWHU#LQYLWLQJ#WKHP#WR#SDUWLFLSDWH#LQ#WKH#UHYLHZ1

3URIHVVRU#$GDLU*V# FULWLFLVP/# WKDW# WKH#1&), *V# QHZO\# GHYHORSHG
WULWLXP#DQDO\VLV#SURFHGXUH#LV#YXOQHUDEOH#WR#VHULRXV#HUURUV/#DSSHDUV
WR# EH# EDVHG# XSRQ# D#PLVXQGHUVWDQGLQJ1# # ,W# LV# WKH# RSHQ0V\VWHP
SURFHGXUH/#XVHG#E\#RWKHUV/# WKDW# LV# VXEMHFW#WR# WKDW# FULWLFLVP/#QRW
1&),*V#QHZO\# GHYHORSHG#FORVHG0V\VWHP# SURFHGXUH1# #7KH# ODWWHU
UHFHLYHV#KLJK#PDUNV#LQ#3URIHVVRU#%UXFNHQVWHLQ *V#HYDOXDWLRQ1

/DVWO\/#3URIHVVRU#$GDLU #H[SUHVVHV#FRQFHUQ#WKDW#LPSRUWDQW#GHWDLOV
RI#WKH#3RQV0)OHLVFKPDQQ#ZRUN#ZHUH#QRW#PDGH#DYDLODEOH#DQG#WKDW
WKHLU#SURJUDP#FDQQRW#EH#MXGJHG#VFLHQWLILFDOO\#XQWLO#WKHLU#UHVXOWV#DUH
GHVFULEHG#RSHQO\1# #7KLV#FRQFHUQ#LV# VKDUHG# E\#WKH#,QVWLWXWH1# #$V
H[SUHVVHG#LQ#WKH#UHYLHZV#RI#3URIHVVRUV#6WHLQ#DQG#%UXFNHQVWHLQ/
'U1#3RQV#DJUHHG#WR#KDYH#RWKHU#UHVHDUFKHUV#FDUU\#RXW#H[SHULPHQWV
LQ#KLV#ODERUDWRU\/#LQGHSHQGHQWO\#YHULI\LQJ#WKH#JHQHUDWLRQ#RI#H[FHVV
KHDW1##7KLV#GHPRQVWUDWLRQ#SURFHVV#ZLOO#EH#VWDUWHG#LPPHGLDWHO\1

3URIHVVRU#%UXFNHQVWHLQ#LV#YHU\#FRPSOLPHQWDU\#RI#WKH#GHXWHULXP
JDV#SKDVH#H[SHULPHQWV/#WKH#GHYHORSPHQW#RI#YDULRXV#WHFKQLTXHV#WR
PHDVXUH# WKH# GHXWHULXP0WR0SDOODGLXP# UDWLR/# WKH# QHZ# WULWLXP
DQDO\VLV# SURFHGXUH# GHYHORSHG# DW# WKH# 1&),/# DQG# WKH# QRYHO
GHXWHULXP# SXPS# DSSURDFK# WR# FROG# IXVLRQ# VWXGLHV1# # 3URIHVVRU
%UXFNHQVWHLQ#VXJJHVW#XVLQJ#WKH#VDPH#VRXUFH#RI #PDWHULDOV#ZKHUHYHU
SRVVLEOH#DQG#WR#FRPH#

WR#DJUHHPHQW#ZLWK #-RKQVRQ00DWWKH\/#LQ#SDUWLFXODU#ZLWK#UHJDUG#WR
UHOD[LQJ#WKH#FRQGLWLRQV#IRU#DQDO\]LQJ#WKH#SDOODGLXP#IXUQLVKHG#E\
WKHP1##7KHVH#DQG #RWKHU#VXJJHVWLRQV#DUH#ZHOO0WDNHQ#DQG#ZLOO#EH
DFWHG#XSRQ1

3URIHVVRU#+HSOHU#VXJJHVWV#WKH#IROORZLQJ=

41##WKH#DSSOLFDWLRQ#RI#IORZ#FDORULPHWU\/#DV#RWKHUZLVH#DSSOLHG#RQ
PDQ\# RFFDVLRQV# DW# WKH#1&),/# WR# SDOODGLXP# HOHFWURGHV#RI #'U1
)OHLVFKPDQQ#DQG#3RQV/#DQG

51# #H[WHQVLYH# DSSOLFDWLRQ#RI #WKH#.DOPDQ#)LOWHU# IRU# WKH#RQ0OLQH
GHWHUPLQDWLRQ#RI#H[FHVV#KHDW1##

3ODQV# DUH# DOUHDG\# LQ# SODFH# WR# FDUU\# RXW# WKH# VHFRQG# RI# WKHVH
VXJJHVWLRQV1##7KHUH#DUH#FXUUHQWO\#QR#SODQV#WR#DFW#RQ#WKH#ILUVW1

3URIHVVRU#6WHLQ#VXJJHVWV#PRUH#ZRUN#RQ#SURFHGXUHV#WR#DFKLHYH
ODUJH#GHXWHULXP0WR0SDOODGLXP#UDWLRV#DV#RQH#RI #WKH#PRUH#LPSRUWDQW
REMHFWLYHV# RI#1&),#ZRUN1# #7KLV#ZLOO#EH# GRQH1# #$# GHFLVLRQ# WR
GHHPSKDVL]H#VKRFN0ORDGLQJ#H[SHULPHQWV#KDV#DOUHDG\#EHHQ#PDGH/
LQ# DJUHHPHQW# ZLWK# 3URIHVVRU# 6WHLQV*V# VXJJHVWLRQ1# # $OVR# LQ
DJUHHPHQW#ZLWK#KLV#UHFRPPHQGDWLRQV/#WKH#PHWDOOXUJ\#JURXS#ZLOO
IRFXV#WKHLU#DWWHQWLRQ#RQ#H[DPLQLQJ#HOHFWURGHV#SULRU#WR#DQG#DIWHU
HOHFWURFKHPLFDO# DQG# JDV# SKDVH# H[SHULPHQWV1# # ,Q# DGGLWLRQ# WR
IXUWKHULQJ#WKH# XQGHUVWDQGLQJ# RI# WKHVH#LPSRUWDQW#PHWDOOXUJLFDO
IDFWRUV/# WKH#1&),#SODQV#WR#GR#FHUWDLQ#NH\#H[SHULPHQWV#RQ#QHZ
PDWHULDOV>#WKH #LGHQWLILFDWLRQ#RI#PDWHULDOV#RWKHU #WKDQ#SDOODGLXP
WKDW#ZRXOG# VKRZ# FROG# IXVLRQ# SKHQRPHQD#ZRXOG# FRQVWLWXWH# D
EUHDNWKURXJK/#DQG#WKH#1&),#VKRXOG#SDUWLFLSDWH#LQ#WKH#VHDUFK#IRU
VXFK#QHZ#PDWHULDOV1

3URIHVVRU#6WHLQ#UHJDUGV#LW#DV#YHU\#LPSRUWDQW#WR#GHVLJQ#FHOOV#WKDW
ZLOO# UHSURGXFLEO\# JHQHUDWH# H[FHVV# HQHUJ\# DQG# WR#LGHQWLI\# WKH
SRVVLEOH#PHFKDQLVP1# #7KH# ,QVWLWXWH#LV#LQ#FRPSOHWH# DJUHHPHQW1
7KH#1&),#UHJDUGV#FRQWLQXHG#DQG #PRUH#VRSKLVWLFDWHG#ZRUN#RQ#WKH
GHWHFWLRQ# RI# QXFOHDU#SDUWLFOHV# DV# H[FHHGLQJO\# LPSRUWDQW1# #1RW
RQO\#LV#WKLV#ZRUN#KRSHG# WR#FRQWULEXWH# WR# WKH# XQGHUVWDQGLQJ#RI
FROG#IXVLRQ#PHFKDQLVPV/#EXW#LW#LV#DEVROXWHO\#HVVHQWLDO#WR#DWWDLQLQJ
WKH# XOWLPDWH# JRDO# RI# UHFRQFLOLQJ# WKH# DPRXQW# RI# H[FHVV# KHDW
REVHUYHG#ZLWK#WKH#TXDQWLW\#RI#QXFOHDU#UHDFWLRQ#SURGXFWV#IRUPHG1

/DVWO\/#3URIHVVRU #6WHLQ#XUJHV#WKDW#WKH#1&),#VKRXOG#QRZ#%FRROO\
DQG#SXUSRVHIXOO\#PRYH#WR#GHWHUPLQH#LI#WKH#UHFHQW#UHVXOWV#RI#'U1
3RQV#DUH#ZKDW#WKH\#DSSHDU#WR#EH1%##7KH#1&),#DQG#WKH#8QLYHUVLW\
DUH#LQGHHG#PRYLQJ#DJJUHVVLYHO\#LQ#WKLV#GLUHFWLRQ1
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-HUU\# %LVKRS# +6WDII# 5HSRUWHU,/# %&ROG# )XVLRQ# 9HUGLFW# 0D\# %H
'HOLYHUHG#6RRQ%/#:DOO#6WUHHW#-RXUQDO/#)HEUXDU\#:/#4<<4/#SDJH#%41

(',725*6#&200(176

-HUU\#%LVKRS#UHSRUWV#WKDW#D#VKRZGRZQ#RQ#FROG#IXVLRQ#LV#LQ#WKH#RIILQJ1
$SSDUHQWO\#3RQV#DQG#)OHLVFKPDQQ*V#ODZ\HUV#KDYH#DSSOLHG#IRU#SDWHQWV
WKDW#RSHQV#WKH#ZD\#IRU#WKHVH#VFLHQWLVWV#WR#GLVFORVH#D #UHFHQW#GLVFRYHU\
WKDW#ZLOO# DOORZ# WKH# XVHU#WR# UHSURGXFH# FROG# IXVLRQ#KHDW# HYHQWV# RQ
GHPDQG1# # 6LPLODU# LQIRUPDWLRQ# DQG#SURPLVHV# WR#VKDUH# WKHLU#QHZO\
GHYHORSHG#ILQGLQJV#ZHUH#UHSRUWHG #WR#WKH#IRXU#VFLHQWLVWV #LQ#WKH#UHFHQW
VFLHQWLILF#UHYLHZ#RI#1&),1#+6HH#SDJH#4#RI#WKLV#LVVXH,1

'U1#)OHLVFKPDQQ#UHSRUWHG#WKDW #WZR#SDSHUV# DUH#EHLQJ#SUHSDUHG#IRU
SXEOLFDWLRQV#DQG#WKDW#WKHVH #SDSHUV#DUH#YHU\#LPSRUWDQW1##7KHUHIRUH/#E\
WKH#HQG#RI#0DUFK/#WKH#IDWH#RI#FROG#IXVLRQ#PD\#EH#GHFLGHG/#UHSRUWV
-HUU\#%LVKRS1

$V#UHSRUWHG#LQ#WKH#UHYLHZ#RI#'U1#%RFNULV*V#SDSHU#UHFHQWO\#SXEOLVKHG
LQ#WKH#1HZ#6FLHQWLVW/#DQG#UHYLHZHG#XQGHU#%1HZV#IURP#$EURDG%#SDJH
46/#RWKHU#VFLHQWLVWV#KDYH#IRXQG#WKH#DQVZHU#WR#UHSOLFDWLRQ1##,Q#DGGLWLRQ
WR#3RQV#)#)OHLVFKPDQQ>#6FKRHVVRZ>#0F.XEUH>#DQG#&OD\WRU#DV#FLWHG
E\#%RFNULV/#ZH#EHOLHYH# WKDW#WKH#ZRUN# GRQH#E\#<DQJ#HW# DO1# DW# WKH
0DWHULDOV#6FLHQFH#&HQWHU/#1DWLRQDO #7VLQJ#+XD#8QLYHUVLW\/#+VLQFKX/
7DLZDQ#LV#DQRWKHU#LPSRUWDQW#ILQGLQJ#LQ#VROYLQJ #WKH#SUREOHP#RI#FROG
IXVLRQ#UHSOLFDWLRQ1##)XVLRQ#)DFWV/#-DQ#4<<4#SDJH#7#VHOHFWHG #WKH#ZRUN
E\#<DQJ#HW#DO1#DV#RQH#RI#WKH#WRS#WHQ#IXVLRQ#UHVXOWV#RI#4<<31

%<8#&21)(5(1&(#83'$7(6

'UV1#6WHYHQ#-RQHV #RI#%<8#DQG#+RZDUG#0HQORYH#RI#/RV#$ODPRV
KDYH# QRZ#EHJXQ#H[SHULPHQWV#ZLWK#'U1#<RML#7RWVXND#RI#WKH#81#RI
7RN\R#XVLQJ#WKH#.DPLRND/#-DSDQ#GHWHFWRU#IDFLOLW\#>,1#$PDWR/#%&ROG
)XVLRQ# 6WLOO#+DVQ*W#*LYHQ#8S# WKH#*KRVW/%# 6FLHQFH#1HZV# 46<+6,/
-DQXDU\#4</#4<<4/#S#6:@1##$V#LQGLFDWHG#E\#'U1#7RWVXND#DW#WKH#%<8
FRQIHUHQFH#LQ#2FWREHU#DQG#E\#'U1# -RQHV#LQ#WKH#FXUUHQW#DUWLFOH/#WKH
.DPLRND#IDFLOLW\*V#VHQVLWLYLW\#IRU#QHXWURQV#LV#506#RUGHUV #RI#PDJQLWXGH
PRUH#VHQVLWLYH#WKDQ #SUHYLRXVO\#XVHG#GHWHFWRUV/#DQG#LW#LV #WKXV#KRSHG
ZLOO#DGG#JUHDWO\#WR#FRQILGHQFH#LQ#SDVW#H[SHULPHQWDO#UHVXOWV1

7KH# SDSHU# SUHVHQWHG# E\#'U1# 5DELQRZLW]# RI#(35,# DQDO\]LQJ# WKH
%HXKOHU# HW# DO1# +%URRNKDYHQ,# DQG# )DOODYLHU# HW# DO1# FOXVWHU# LPSDFW
H[SHULPHQWV#>VHH #)XVLRQ#)DFWV#1RYHPEHU#DQG#'HFHPEHU#4<<3@#LV
QRZ#DYDLODEOH#DV##3XUGXH #81##SUHSULQW#317*0<304;=#01#5DELQRZLW]
+(OHFWULF#3RZHU#5HVHDUFK#,QVWLWXWH,/#<1(1#.LP/#51$1#5LFH#DQG#*16 1
&KXOLFN#+3XUGXH#8,/#%&OXVWHU0,PSDFW#)XVLRQ=#%ULGJH#%HWZHHQ#+RW
DQG#&ROG#)XVLRQ"%1#+&RXUWHV\#RI#'U1#5DELQRZLW],##

$#ORZ0HQHUJ\#UHVRQDQFH#LV#GLVFXVVHG#DV#RQH#FDXVH#RI#WKH#UHPDLQLQJ
RUGHUV0RI0PDJQLWXGH #GLVFUHSDQF\#EHWZHHQ#REVHUYHG#DQG#FDOFXODWHG
IXVLRQ#UDWHV#LQ#WKH#ORZHVW0HQHUJ\#+43#H92GHXWHURQ,#UHJLRQ1

$##1DYDO#5HVHDUFK#/DERUDWRU\#SDSHU#E\#'UV1#6151#DQG#71$1#&KXEEV/
%'LVWULEXWHG#%RVRQLF#6WDWHV#DQG#&RQGHQVHG#0DWWHU#)XVLRQ/%#4<<3/
LV#DYDLODEOH#DV#15/005099331

0,&+,*$1#0#'8$/#&$/25,0(75<#0(7+2'
&RXUWHV\#RI#'U1#6DPXHO#)DLOH

)UHGHULFN# 71# :DJQHU/# 7KRPDV# (1# 0R\ODQ# +*HQHUDO# 0RWRUV
5HVHDUFK#/DERUDWRULHV,/#0LFKDHO#(1# #+D\GHQ/#8OULNH#1DUJHU#DQG
-DPHV# /1#%RRWK# +81# RI# %ULWLVK#&ROXPELD,/# %$#&RPSDULVRQ# RI
&DORULPHWULF#0HWKRGV#$SSOLHG#WR#WKH#(OHFWURO\VLV#RI#+HDY\#:DWHU
RQ#3DOODGLXP#&DWKRGHV/%#- 1##(OHFWURDQDO1#&KHP1#5<8/#4<<3/#SS#6<60
7351

$%675$&7

7KH#WKHUPDO#SRZHU#RXWSXW#RI#D #JDOYDQRVWDWLF#'52#HOHFWURO\VLV #FHOO
ZDV#GHWHUPLQHG#VLPXOWDQHRXVO\ #E\#WZR#PHWKRGV1##7KH#ILUVW/#ZDWHU0
IORZ#FDORULPHWU\/#JDYH#UHVXOWV#ULJRURXVO\#LQGHSHQGHQW#RI#WKH#QDWXUH
RI#WKH#KHDW#VRXUFH1##7KH#VHFRQG /#DQ#LVRSHULEROLF#PHWKRG#LQYROYLQJ
PHDVXUHPHQW# RI# WHPSHUDWXUHV#ZLWKLQ# WKH# HOHFWURO\VLV#FHOOV/#JDYH
UHVXOWV#LQ#DJUHHPHQW#ZLWK#WKH#ILUVW#ZKHQ#DOO#IDFWRUV#ZHUH#DFFRXQWHG
IRU1# # +RZHYHU/# QHJOHFW# RI# D# GURS# LQ# HIIHFWLYH# FHOO# LPSHGDQFH
DFFRPSDQ\LQJ#RSHUDWLRQ#RI#DQ#LQ0FHOO#FDOLEUDWLRQ#KHDWHU/#RU#QHJOHFW
RI#HIIHFWV#RI#WKH#GURSSLQJ#HOHFWURO\WH#OHYHO/#FDQ#SURGXFH#VSXULRXV
LQGLFDWLRQV#RI#H[FHVV#KHDW1##7KLV#ZRUN#GHPRQVWUDWHV#WKH#QHHG#IRU
H[WUHPH#FDUH#LQ#DSSOLFDWLRQ#RI#LVRSHULEROLF#PHWKRGV#WR#HOHFWURO\WLF
FHOOV1

(',725*6#&200(176

$OWKRXJK#QHJDWLYH/#WKLV#H[SHULPHQW#LV #SHUKDSV#XQLTXH#LQ#WKDW#WZR
FDORULPHWULF#PHWKRGV# EDVHG# RQ# GLIIHUHQW# SULQFLSOHV#ZHUH # XVHG
VLPXOWDQHRXVO\#RQ#WKH#VDPH#HOHFWURFKHPLFDO#FHOO1##$V#VWDWHG#LQ#WKH
SDSHU/#%7KH#ILUVW#PHWKRG/#KHUH#FDOOHG#WKH#,/:)&#PHWKRGRORJ\#>81
1DUJHU# HW# DO1/# 5HY1# 6FL1# ,QVW1# 94/# 4<<3/# S# 4837@/#PHDVXUHG# WKH
WKHUPDO#RXWSXW#RI#WKH#FHOO#DV#WKH#WHPSHUDWXUH#GLIIHUHQFH #EHWZHHQ#WKH
LQOHW#DQG#RXWOHW#ZDWHU#IORZV#RI#WKH#,/:)&#FDYLW\#>LQ#ZKLFK#WKH#FHOO
ZDV#PRXQWHG@/#PXOWLSOLHG# E\#WKH#PDVV#ZDWHU#IORZ#UDWH/# WKH# KHDW
FDSDFLW\#RI#ZDWHU/#DQG#DQ#H[SHULPHQWDO#FDOLEUDWLRQ#FRQVWDQW#+41378
�#31334,#ZKLFK#WRRN #LQWR#DFFRXQW#WKH#FD1#8(#RI#KHDW#ZKLFK#OHIW#WKH
FDYLW\# YLD# URXWHV# RWKHU# WKDQ# WKH# IORZLQJ# ZDWHU1# # 7KH# VHFRQG/
LVRSHULEROLF#+L1H1/#KHDW#WUDQVIHUUHG#WR#LVRWKHUPDO #
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VXUURXQGLQJV,/#PHWKRG#PHDVXUHG#WKH#WKHUPDO#RXWSXW#SRZHU#YLD#WKH
WHPSHUDWXUH#ZLWKLQ #WKH#HOHFWURO\VLV #FHOO#XQGHU#RSHUDWLQJ #FRQGLWLRQV
UHODWLYH# WR# WKDW# XQGHU# ]HUR0SRZHU# FRQGLWLRQV1# # 7KH# WHPSHUDWXUH
GLIIHUHQFH# ZDV# PXOWLSOLHG# E\# D # FHOO# WKHUPDO# FRQVWDQW# NDSSD
GHWHUPLQHG#IURP#WKH#WHPSHUDWXUH#ULVH#LQGXFHG#E\#LQWURGXFWLRQ#RI#D
FRQWUROOHG#DPRXQW #RI#KHDW#ZLWK#D#FDOLEUDWLRQ#KHDWHU1##7KLV#PHWKRG
WUHDWV#WKH#FHOO#ZDOOV/#DVVRFLDWHG#ERXQGDU\#OD\HUV /#DQG#DOO#RWKHU#WKHUPDO
SDWKV# WR#WKH#IORZLQJ#ZDWHU# DV#D#FDOLEUDWHG# WKHUPDO# UHVLVWDQFH># WKH
NDSSD#+LQ#:2.,#UHIHUUHG#WR#KHUH#LV#WKH#WKHUPDO#FRQGXFWDQFH#DFURVV
WKH#FDOLEUDWHG#GLVWDQFH1%

,W#ZDV#DOVR# QRWHG#WKDW # %VLQFH#D# VLQJOH#JODVV#ZDOO#ZDV# XVHG#LQ# WKLV
ZRUN/#FRQYHFWLYH2FRQGXFWLYH#KHDW#WUDQVIHU#GRPLQDWHG>#DQG#D#OLQHDU
UHODWLRQ#EHWZHHQ#FHOO#WHPSHUDWXUH#DQG#FHOO#SRZHU#++HQU\*V#/DZ,#ZDV
REWDLQHG1#0RUH#FRPSOH[#EHKDYLRU#ZRXOG#EH#H[SHFWHG#IRU#WKH#PRUH
WKHUPDOO\#UHVLVWLYH#GHZDU#FHOOV#XVHG#LQ#RWKHU #ZRUN1%##8VH#RI#VXFK#D
VLQJOH0ZDOOHG#FHOO/#KRZHYHU/#ZDV#DFNQRZOHGJHG#WR#KDYH#UHVXOWHG#LQ
XS#WR #83(#YDULDWLRQV#LQ #WKH#WKHUPDO#%FRQVWDQW%#NDSSD #ZLWK#WLPH1

7\SLFDO#SRZHU#OHYHOV#FDOFXODWHG#IURP#ZDWHU#IORZ#PHDVXUHPHQWV#IRU
RSHQ# DQG# FORVHG# FHOOV#ZDV# 43316# �# 317(#RI# WKDW# H[SHFWHG# IURP
HOHFWURO\VLV#ZLWKRXW#UHFRPELQDWLRQ/#IRU#DQ#H[FHVV#RI#3135#�#3136#:/
DQG# 43314# � # 315(1# # 7KH# XQFRUUHFWHG# YDOXH# IRU# WKH# RSHQ # FHOO
LVRSHULEROLF#FDORULPHWU\/#KRZHYHU/#ZDV#473(1##$#FRUUHFWHG#YDOXH#RI
437#�#5(#ZDV#REWDLQHG#DIWHU#WDNLQJ#LQWR#DFFRXQW#GULIWV#LQ #WKH#EDVHOLQH
FHOO#WHPSHUDWXUH#DQG#HOHFWURO\VLV#SRZHU #ZLWK#WLPH#GXH#WR#FKDQJLQJ
HOHFWURO\WH#OHYHOV/#DQG#FKDQJHV#LQ#WKH#FHOO#UHVSRQVH#GXULQJ#RSHUDWLRQ
RI#WKH#FDOLEUDWLRQ#KHDWHU1

6SHFLILFDOO\/#GHFUHDVLQJ#HOHFWURO\WH #OHYHOV#UHVXOWHG#LQ#D#GURS#LQ#FHOO
YROWDJH# IURP# <189# WR# ;193# 9# DV# WKH# HOHFWURO\WH# EHFDPH# PRUH
FRQFHQWUDWHG>#WKLV#ZDV#SDUWLDOO\#FRXQWHUEDODQFHG#E\#D#FKDQJH#LQ#WKH
KHDW#WUDQVIHU#FKDUDFWHULVWLFV/#VXFK#WKDW#HLWKHU#WHPSHUDWXUH#LQFUHDVHV
RU#GHFUHDVHV#LQ #WKH#FHOO#UHVXOWHG#GHSHQGLQJ#RQ#ZKHWKHU#WKH#FHOO#ZDV
LPPHUVHG# LQ # D# EDWK# RU# IORZ0WKURXJK# FDORULPHWHU1# # 6XFK# YDU\LQJ
FRQGLWLRQV#ZLWKLQ#WKH#FHOO#ZHUH#QRWHG#WR#EH#FKDUDFWHULVWLF#RI#VPDOO
FHOOV#RSHUDWHG #DW#KLJK#FXUUHQW#GHQVLWLHV 1# #7KH#HIIHFW#RI# LQFUHDVHG
WHPSHUDWXUHV#GXH#WR#RSHUDWLRQ#RI#WKH#KHDWHU#PD\#KDYH#EHHQ#HLWKHU#WR
IDFLOLWDWH#WKH#HOHFWURGH#NLQHWLFV#RU#WR#GHFUHDVH#-RXOH#KHDWLQJ#WKURXJK
DQ#REVHUYHG#FKDQJH#LQ#WKH#EXEEOLQJ#SDWWHUQ1

7KLV# H[SHULPHQW# SURYLGHV# D# FOHDU# GHPRQVWUDWLRQ# WKDW# GLIIHUHQW
FDORULPHWU\#PHWKRGV#DUH#VHQVLWLYH#WR#TXLWH#GLIIHUHQW#W\SHV#RI#HUURUV1
7KXV/#GHPRQVWUDWLRQ#RI#FRPSDUDEOH#OHYHOV#RI#H[FHVV#SRZHU#E\#WZR
VXFK# GLIIHUHQW# PHWKRGV# LQ# IXWXUH# H[SHULPHQWV# +HVSHFLDOO\
VLPXOWDQHRXVO\,# FRXOG# LQ# RXU# RSLQLRQ# EH# DQ# HVSHFLDOO\# YDOXDEOH
FRQILGHQFH0EXLOGLQJ#WRRO1

1$9$/#:($3216#&(17(5#0#(;&(66#+($7
&RXUWHV\#RI#'U1#6DPXHO#)DLOH#)#'U1#0LOLFD #3HWHN1

01+1#0LOHV /#.1+1#3DUN#DQG#'1(1#6WLOZHOO#+1DYDO#:HDSRQV#&HQWHU/
&KLQD#/DNH#&$,/#%(OHFWURFKHPLFDO##&DORULPHWULF#(YLGHQFH#IRU#&ROG
)XVLRQ#LQ#WKH#3DOODGLXP0'HXWHULXP#6\VWHP/%#- 1#(OHFWURDQDO1#&KHP1
5<9/#4<<3/#SS1#57405871

$%675$&7

6HYHUDO#GLIIHUHQW#W\SHV#RI#FDORULPHWULF#FHOO#GHVLJQV#ZHUH#XVHG#WR
PHDVXUH#H[FHVV#HQWKDOS\#GXULQJ#WKH#HOHFWURO\VLV#RI#/L2'#.#'52
XVLQJ#SDOODGLXP# FDWKRGHV1# #&RQWURO# H[SHULPHQWV#ZHUH#UXQ#XVLQJ
OLJKW#ZDWHU#LQ#SODFH#RI#'52#RU#XVLQJ#SODWLQXP#FDWKRGHV#LQ#SODFH#RI
SDOODGLXP1# # 3UHYLRXV# H[SHULPHQWV# XVLQJ# # WKLQ# SDOODGLXP# ZLUH
+G 3147FP/#$ 5197#FP5,#JDYH#QR#VLJQLILFDQW #GLIIHUHQFHV#EHWZHHQ
WKH#3G2'52#FHOOV#DQG#WKH#FRQWUROV1##7KH#XVH#RI#WKLFNHU#EXW#VKRUWHU
SDOODGLXP#URGV#+<<19(/#G 31968#FP/#$ 5197#FP5,#ZLWK #FXUUHQWV#RI
433#P$2FP5#UHVXOWHG#LQ#HYLGHQFH #IRU#H[FHVV#HQWKDOS\#LQ#ILYH#RI#VL[
3G2'52#FHOOV1##7KHVH#H[FHVV#HQWKDOSLHV#DUH#VLJQLILFDQW#DW#WKH#<<1<8(
FRQILGHQFH#OHYHO1##7KH#H[FHVV#UDWH#RI#KHDWLQJ#DYHUDJHG#316<#:2FP6

RYHU#D#<0GD\#SHULRG#LQ #RQH#H[SHULPHQW1#7KH#WRWDO#H[FHVV#HQWKDOSLHV
REVHUYHG#DUH#GLIILFXOW#WR#H[SODLQ#E\#FKHPLFDO#UHDFWLRQV1##3RVVLEOH
FDORULPHWULF# HUURU# VRXUFHV# DOVR# IDLOHG# WR# SURYLGH# VDWLVIDFWRU\
H[SODQDWLRQV#IRU#WKH#H[FHVV#HQWKDOSLHV1##7KHUH #ZHUH#QR#VLJQLILFDQW
H[FHVV#HQWKDOSLHV#LQ#DQ\#3G2+52#FHOOV1##7KHVH#H[SHULPHQWV#LQGLFDWH
WKDW#D#WLJKWO\0FRLOHG#DQRGH#VXUURXQGLQJ #WKH#SDOODGLXP#FDWKRGH#LV
LPSRUWDQW#IRU#REWDLQLQJ#H[FHVV#KHDW#LQ #D#FROG#IXVLRQ#H[SHULPHQW1

(',725*6#&200(176

7KH#ZRUN# GHVFULEHG# LQ # WKLV# SDSHU# UHSUHVHQWV# D# FRQWLQXDWLRQ# RI
UHVHDUFK#ZKLFK#KDV#SUHYLRXVO\#EHHQ #SUHVHQWHG#>01+1#0LOHV /#.1+1
3DUN#DQG#'1(1#6WLOZHOO/#3URFHHGLQJV#RI #WKH#)LUVW#$QQXDO#&RQIHUHQFH
RQ#&ROG#)XVLRQ/#S1#65;>#'1(1#6WLOZHOO/#.1+1#3DUN#DQG#01+1#0LOHV/
-1#)XVLRQ#(QHUJ\#</#4<<3/#S1#666>#01+1#0LOHV #DQG#5 1(1#0LOHV/#-1
(OHFWURDQDO1#&KHP1#5<8/#4<<3/#S1#73<@1

,Q# WKH# SUHVHQW# H[SHULPHQW /# H[FHVV# KHDW# OHYHOV# RI# 53063(#ZHUH
REVHUYHG# DIWHU# VOLJKWO\# PRUH# WKDQ# D# ZHHN# RI# HOHFWURO\VLV# DQG
PDLQWDLQHG#IRU#XS#WR#VOLJKWO\#PRUH#WKDQ#D #ZHHN#LQ #FHOOV#XVLQJ#FORVHO\
ZRXQG#VSLUDO#3W#DQRGHV#DQG#-RKQVRQ00DWWKH\#3G1##7KH#DYHUDJH#316<
:2FP6#H[FHVV#LQ#RQH#VXFK#HSLVRGH#UHSRUWHG#FRUUHVSRQGV#WR#3147#:1
$IWHU#HOHFWURO\VLV#ZDV#VWRSSHG#DQG#UHVWDUWHG/#H[FHVV#KHDW#ZDV#ORZHU1
6RPH# HIIHFWV# RI# WKHUPLVWRU # SRVLWLRQLQJ# DQG# RI# SHULRGLF# '52
DGGLWLRQV#ZHUH#QRWHG/#EXW#ZHUH#FRQVLGHUDEO\#VPDOOHU#WKDQ#WKH#H[FHVV
KHDW1# #$OVR/#'52# OHYHOV# LQGLFDWHG# QHJOLJLEOH#UHFRPELQDWLRQ/# DQG
RWKHU# H[SHULPHQWV# LQYROYLQJ# WKH# VDPH# DSSDUDWXV# GHPRQVWUDWHG
H[FHOOHQW#KHDW#EDODQFH#DQG#DJUHHPHQW#ZLWK#1HZWRQ*V#ODZ#RI#FRROLQJ1
1R#WULWLXP#HQULFKPHQW#ZDV#IRXQG1
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1$9$/#:($3216#&(17(5# 0#1(87521#$&7,9$7,21
0(7+2'

&RXUWHV\#RI#'U1#6DPXHO#)DLOH

01+1#0LOHV#DQG#51(1#0LOHV/#%7KHRUHWLFDO#1HXWURQ#)OX[#/HYHOV/#'RVH
5DWHV/#DQG#0HWDO# )RLO#$FWLYDWLRQ# LQ#(OHFWURFKHPLFDO#&ROG#)XVLRQ
([SHULPHQWV/%#- 1#(OHFWURDQDO1#&KHP1#5<8/#4<<3/#SS#73<07471

(',725*6#&200(176

7KLV#SDSHU#GLVFXVVHV#WKH#SRWHQWLDO#XVH#RI#QHXWURQ#DFWLYDWLRQ#WR#YHULI\
QHXWURQ#HPLVVLRQ#PHDVXUHG#GLUHFWO\#XVLQJ#QHXWURQ#FRXQWHUV1##0HWDOV
EHVW0VXLWHG# IRU# DEVRUELQJ# WKHUPDOL]HG# QHXWURQV# DQG# HPLWWLQJ
GHWHFWDEOH# JDPPD# UD\V# RI# VSHFLILF# HQHUJLHV# DUH# LQGLFDWHG# WR# EH
LQGLXP#DQG#JROG1##6DPSOH#FDOFXODWLRQV#DVVXPLQJ#D#WKHUPDO#QHXWURQ
IOX[#RI#42FP52VHFRQG#JDYH#SUHGLFWHG#PD[LPXP#JDPPD#DFWLYLWLHV#RI
616# GLVLQWHJUDWLRQV2VHFRQG # SHU # FP6# RI# ,Q # DQG# 81;
GLVLQWHJUDWLRQV2VHFRQG#SHU#FP6#RI#$X/#DOWKRXJK#YDOXHV#ZLOO#WDNH#VRPH
GD\V#WR#DSSURDFK #WKHVH#YDOXHV1

0RQWH# &DUOR# FDOFXODWLRQV# IRU# WKH# HOHFWURFKHPLFDO# FHOO# LQ# WKH
SUHFHGLQJ#DUWLFOH/#DVVXPLQJ#D #QHXWURQ#HQHUJ\#GLVWULEXWLRQ#JLYLQJ#DQ
DYHUDJH# HQHUJ\# RI# 5# 0H9/# LQGLFDWHG # WKDW# DQ# HPLVVLRQ# UDWH# RI
DSSUR[LPDWHO\#518#[#437#QHXWURQV2VHF#ZRXOG#EH#UHTXLUHG#WR #JLYH#WKLV
WKHUPDO# QHXWURQ# IOX[# DW# WKH# VXUIDFH# RI# WKH# FHOO# +L1H1# WKURXJK# D
WKLFNQHVV#RI#'52#LQIHUUHG#IURP#D#GLDJUDP#WR#EH#DSSUR[LPDWHO\#5#FP,1
,W#ZDV#QRWHG#WKDW#SODFHPHQW#RI#WKH#IRLO#QH[W#WR#WKH#HOHFWURGH#ZRXOG#EH
OHVV#HIIHFWLYH#EHFDXVH#WKH#QHXWURQV#ZRXOG#QRW#KDYH#WR#EH#WKHUPDOL]HG
E\#WKH#HOHFWURO\WH1##3ODFHPHQW#WRR#IDU#IURP#WKH#HOHFWURGH/#RQ#WKH#RWKHU
KDQG/#ZRXOG# DOVR# EH#OHVV#HIIHFWLYH#EHFDXVH#WKH#IOX[#SHU#XQLW#DUHD
GURSV#SURSRUWLRQDO#WR#WKH#VTXDUH#RI#WKH#GLVWDQFH1

6XFK#XVH#RI#QHXWURQ#DFWLYDWLRQ#RI#$X#DQG#,Q#KDV#LQ#IDFW#EHHQ#XVHG#WR
FRQILUP#KLJK#FXPXODWLYH#QHXWURQ#HPLVVLRQ#LQ#LRQ#ERPEDUGPHQW#DQG
SODVPD#IRFXV#H[SHULPHQWV#GHVFULEHG#E\#'UV1#0F.HH#DQG#6ULQLYDVDQ
DW#WKH#%<8# FRQIHUHQFH# >UHSRUWHG#LQ# WKH#1RYHPEHU# 4<<3#)XVLRQ
)DFWV@1

7(;$6#0#&2/'#)86,21#%87#12#)5$8'
&RXUWHV\#RI#'U1#6DPXHO#)DLOH

5REHUW# 3RRO# +6FLHQFH# :ULWHU,/# %&ROG# )XVLRQ# DW# 7H[DV# $)0=
3UREOHPV/#EXW#1R#)UDXG%/#6FLHQFH1#9RO#583/#SJ#483:0;/#47#'HF#4<<31

$%675$&7

$#UHYLHZ#KDV#IDXOWHG#WKH#ZD\#UHVHDUFK#ZDV#FRQGXFWHG#DQG#UHSRUWHG
EXW#IRXQG#QR#HYLGHQFH#WR#MXVWLI\#IXUWKHU#LQYHVWLJDWLRQ1

(',725*6#&200(176

,Q#WKH#-XO\#4<<3#)XVLRQ#)DFWV/#SDJH#6/#ZH#UHSRUWHG#RQ #D #GHIDPDWRU\
DUWLFOH#ZULWWHQ#E\#*DU\#7DXEHV#+D#VFLHQFH#ZULWHU,#DQG#SXEOLVKHG#LQ
6FLHQFH# LQ# WKH# -XQH# 48/# 4<<3# LVVXH1# #:H# ODWHU# KHDUG# WKDW# WKLV
SXEOLFDWLRQ#RI#WKH#$PHULFDQ#$VVRFLDWLRQ#IRU#WKH#$GYDQFHPHQW#RI
6FLHQFH#UHIXVHG#WR# SXEOLVK# DQ# DQVZHU# WR#7DXEHV#ZULWWHQ# E\#ILYH
3K1'V1# #:H# DUH# SOHDVHG# WKDW# 6FLHQFH# KDV# SXEOLVKHG# WKLV# DUWLFOH
UHSRUWLQJ#RQ# D# IRXU0PRQWK0ORQJ#LQWHUQDO#UHYLHZ#RI#WKH#VFLHQWLILF
UHVHDUFK#DW#7H[DV#$)01##1R#IUDXG#ZDV#IRXQG1##7KH#RULJLQDO#DUWLFOH
E\#7DXEHV#ZDV#D#GHOLEHUDWH#DWWHPSW#WR#FDVW#VHULRXV#GRXEW#RQ #FROG
IXVLRQ#E\#DWWDFNLQJ#WKH#SURGXFWLRQ#RI#WULWLXP1##,JQRUHG#ZDV#WKH#IDFW
WKDW#PDQ\# RWKHU#UHVHDUFKHUV#KDG#DOVR#UHSRUWHG# WKH#SURGXFWLRQ #RI
WULWLXP1##6R#PXFK#IRU#WKH#XQELDVHG#VFLHQWLILF #SUHVV1

+,6725,&$/#0#,62723,&#())(&76#,1#0(7$/6
&RXUWHV\#RI#'U1#6DPXHO#)DLOH

51+1#:LVZDOO#DQG#-1-1#5HLOO\/#%,QYHUVH#+\GURJHQ#(IIHFWV#LQ#6RPH
0HWDO#+\GULGH#6\VWHPV/%#,QRUJDQLF#&KHPLVWU\#44/#4<:5/#SS#49<40
49<91

$%675$&7

6HYHUDO# LQVWDQFHV# ZHUH# IRXQG# RI# PHWDO# K\GULGHV# LQ# ZKLFK
UHSODFHPHQW#RI#K\GURJHQ#E\#GHXWHULXP#RU#WULWLXP##UHVXOWHG#LQ#D#PRUH
VWDEOH# FRPSRXQG1# 7KH# H[SHULPHQWDO# HYLGHQFH# FRQVLVWV# LQ
PHDVXUHPHQWV#RI#WKH#GLVVRFLDWLRQ #SUHVVXUHV#RI#SXUH#LVRWRSLF #VSHFLHV/
DQG#RI#WKH#HTXLOLEULXP#GLVWULEXWLRQ#RI#K\GURJHQ#LVRWRSHV#EHWZHHQ
JDV# DQG# VROLG# SKDVHV# LQ # V\VWHPV# RI# PL[HG # LVRWRSLF# FRQWHQW1
([DPSOHV#DUH#9+5/#1E+5/#+9/1E,+5/#DQG#/D1L 8+91##2Q#WKH#RWKHU
KDQG/#WHUQDU\#K\GULGHV#IRUPHG#E\# WKH#LQWHUPHWDOOLFV# #0J51L#DQG
7L)H#H[KLELW#DQ#LVRWRSLF #HIIHFW#ZKLFK#LV#LQ#WKH#RSSRVLWH/#DQG#PRUH
XVXDO/#GLUHFWLRQ1

(',725*6#&200(176

,Q#DGGLWLRQ#WR#WKH#H[SHULPHQWDO#GDWD#SUHVHQWHG/#WKH#SDSHU#LV#YDOXDEOH
LQ# WKDW# LW# JLYHV# H[WHQVLYH# FLWDWLRQV# UHJDUGLQJ# VLPLODU# GDWD# IRU
QXPHURXV# RWKHU#PHWDO# K\GULGHV# QRW# OLVWHG# LQ# WKH# DEVWUDFW 1# #7KH
VLJQLILFDQFH#RI#WKLV#W\SH#RI#GDWD#LV#WKDW#WKH#WZR0IROG#PDVV#GLIIHUHQFH
EHWZHHQ#K\GURJHQ#DQG#GHXWHULXP#FDQ#OHDG#WR#QRWDEOH#GLIIHUHQFHV#LQ
WKHLU#XSWDNH#E\#PHWDOV 1##$V#LPSOLHG #LQ #WKH#SDSHU/#DWWDLQPHQW #RI#D
SDUWLFXODU# HTXLOLEULXP# ORDGLQJ#ZRXOG# EH# DW# OHDVW# VOLJKWO\#PRUH
GLIILFXOW# IRU# GHXWHULXP# WKDQ# K\GURJHQ# LQ# PRVW# VXFK# PHWDOV/
LQFOXGLQJ#3G/#EXW#WKH#RSSRVLWH#LV#WUXH#LQ#D#IHZ#FDVHV1##7KLV#ZRXOG#RI
FRXUVH#EH#D#KHOSIXO#FKDUDFWHULVWLF#LQ#FROG#IXVLRQ1

)RU# H[DPSOH/# LQ#WKH#9#JDV0ORDGLQJ#H[SHULPHQW/# WKH# JDV#SUHVVXUH
UHTXLUHG#WR#DWWDLQ#D #FRPSRVLWLRQ#RI#JUHDWHU#WKDQ#DSSUR[LPDWHO\#9'4/
DQG#WKXV#EHJLQ#WR #IRUP#WKH#9'5#SKDVH/#ZDV#DSSUR[LPDWHO\#40425
DWPRVSKHUHV1##,Q#FRQWUDVW/#WKH#+5#SUHVVXUH#QHHGHG #WR#EHJLQ#IRUPLQJ
9+5#ZDV#708#DWPRVSKHUHV/#WKUHH#WLPHV#JUHDWHU1##7KH#DXWKRUV#QRWH
WKDW#VXFK#VWDELOLW\#GLIIHUHQFHV #DUH# WHPSHUDWXUH0GHSHQGHQW># LQ#WKH
FDVH#RI#FRPPHUFLDO#9/#LW#ZDV#FDOFXODWHG#WKDW#WKH#GLIIHUHQFH#ZRXOG
UHYHUVH#DERYH#DSSUR[LPDWHO\#46:#&1##+7KH#SURMHFWHG#FURVVRYHU#SRLQW
IRU#SXUHU#9#ZDV#QRW#LQGLFDWHG1,



45 )86,21#)$&76 )(%58$5<#4<<4

,Q# DGGLWLRQ/#VHYHUDO# RWKHU#SRLQWV#ZHUH#QRWHG# LQ#WKH# SDSHU1# #)LUVW/
FKDQJHV#ZHUH#DOVR#REVHUYHG#GXULQJ#WKHVH#H[SHULPHQWV#LQ#WKH#SRVLWLRQV
RI# SKDVH#ERXQGDULHV1# #)RU#H[DPSOH/#ZKLOH#D#9+5#SKDVH#EHJDQ# WR
DSSHDU#ZKHQ#WKH#DYHUDJH#ORDGLQJ#UHDFKHG#9+31<8/#9'5#GLG#QRW#DSSHDU
XQWLO# D# FRPSRVLWLRQ# RI# 9'4141# # 6HFRQG/# LW# ZDV# IRXQG# WKDW# WKH
LPSXULWLHV#LQ #WKH#FRPPHUFLDO#JUDGH#9#XVHG#ZHUH#VWLOO#VXIILFLHQW#WR
PRUH#WKDQ#GRXEOH#WKH #SUHVVXUHV#UHTXLUHG /#EXW#DOVR#LQFUHDVHG#WKH#VSHHG
ZLWK# ZKLFK# HTXLOLEULXP#ZDV# DWWDLQHG1# # 7KLUG/# WULWLXP2GHXWHULXP
VHSDUDWLRQ# IDFWRUV#LQ#9#DW#ORZ#WHPSHUDWXUH#ZHUH#IRXQG#WR#DOVR#EH
RSSRVLWH# WR# WKRVH# LQ# PRVW# RWKHU# PHWDOV# DQG# TXLWH# WHPSHUDWXUH0
GHSHQGHQW1

,Q#DGGLWLRQ#WR#VWDELOLW\#GLIIHUHQFHV/#LW#LV#LPSRUWDQW#WR#QRWH#WKDW#NLQHWLF
GLIIHUHQFHV# EHWZHHQ# +# DQG# '# PD\# DOVR# DIIHFW# WKH# GHJUHH# RI
K\GULGLQJ2GHXWHULGLQJ# DWWDLQHG# SULRU# WR# HTXLOLEUDWLRQ/# VLQFH# ERWK
GLIIXVLRQ#UDWHV#DQG#UHDFWLRQ#UDWHV#PD\#YDU\#EHWZHHQ#LVRWRSHV1##+,Q#3G/
GHXWHULXP#GLIIXVLRQ#LV#PRUH#UDSLG#WKDQ#K\GURJHQ1,

&1##1(:6#)520#$%52$'

(1*/$1'#0#:+$7#+$33(1('#72#&2/'#)86,21"
&RXUWHV\#RI#'U1#6DPXHO#)DLOH

%:+$7(9(5#+$33(1('#72#&2/'#)86,21"%/#1HZ#6FLHQWLVW/
4<#-DQXDU\#4<<4/#SS#79II1

%,1752'8&7,21=# # 7KH# FROG# IXVLRQ# VDJD# LV# RQH# RI# WKH#PRVW
H[WUDRUGLQDU\#HSLVRGHV# LQ# WKH# KLVWRU\# RI#VFLHQWLILF# UHVHDUFK1# #7KH
VXGGHQ# DQQRXQFHPHQW# RI#D# SRWHQWLDO# VRXUFH# RI#YLUWXDOO\# OLPLWOHVV
HQHUJ\# WXUQHG# LWV# LQYHQWRUV# LQWR#PHGLD# VWDUV1# 1# 1# 1# 1HZ# 6FLHQWLVW
SUHVHQWV#WZR#RSSRVLQJ#YLHZV#RI#ZKDW#FROG#IXVLRQ#ZDV/#RU#LV/#DOO#DERXW=
RQH#IURP#D#QXFOHDU#SK\VLFLVW/#DQG#ZHOO0NQRZQ#VFLHQFH#ZULWHU/#ZKR
LQVLVWV#LW#LV#WLPH#WR#EULQJ#GRZQ#WKH#FXUWDLQ#RQ#D#IDNH #SKHQRPHQRQ>#WKH
RWKHU#IURP#DQ#HPLQHQW#FKHPLVW#>'U1#-12*01#%RFNULV/#7H[DV#$)0@
ZKR#GRHV#UHVHDUFK#RQ#FROG#IXVLRQ#DQG#EHOLHYHV#LW #LV#ZRUWK#SXUVXLQJ1%

&2/'#)86,21#1(9(5#:$6

)UDQN#&ORVH#+5XWKHUIRUG#$SSOHWRQ#/DERUDWRU\,/#%&ROG#IXVLRQ#,=#WKH
GLVFRYHU\#WKDW#QHYHU#ZDV%/#1HZ#6FLHQWLVW/#4<#-DQXDU\#4<<4/#SJ#790831
>$W#ODVW/#WKH#EXEEOH#RI#FROG#IXVLRQ #KDV#EXUVW/#OHDYLQJ#EHKLQG#D#VWLFN\
VWRU\#RI#LQWULJXH/#IDOVH#IDFWV#DQG#ZURQJ#LQIHUHQFHV1@

&2/'#)86,21#67,//#,6

-RKQ#%RFNULV#+7H[DV#$)0,/#%&ROG#IXVLRQ#,,=##WKH#VWRU\#FRQWLQXHV%/
1HZ#6FLHQWLVW/#4<#-DQXDU\#4<<4/#SJ#830861
>0DQ\# VFLHQWLVWV # WKLQN# WKDW# IXVLRQ# FDUULHG# RXW# LQ# D# WHVW# WXEH# LV
QRQVHQVH1#%XW#D#JRRG#ORRN#DW#UHFHQW#UHVXOWV#UHYHDOV#WKDW#WKH#UHDFWLRQ
LV#UHDO1@

(',725*6#&200(176

:H#DSSODXG#1HZ#6FLHQWLVW#IRU#SXEOLVKLQJ#WKLV#SDLU#RI#DUWLFOHV1##7KH
WZR#DUWLFOHV#DUH#D#VWXG\#LQ#FRQWUDVWV1##7KH#DUWLFOH#E\#)UDQN#&ORVH#LV
FRXFKHG#LQ#HPRWLRQDO#WHUPV/#DQG#FRQWDLQV#PDQ\#VWDWHPHQWV#WKDW#DUH
NQRZQ#WR#XV#WR#EH#XQWUXH#RU/#DW#EHVW/#DUH#GLVWRUWHG1##7KH#DUWLFOH#E\
'U1# %RFNULV# LV# XQHPRWLRQDO /# FDUHIXOO\# UHDVRQHG/# FRQWDLQV
H[SHULPHQWDO#GDWD#IRU#H[DPSOHV /#DQG#LV #UHVWUDLQHG#LQ#WHUPV#RI#WKH
UHFLWDWLRQ#RI#WKH#SURV#DQG#FRQV#RI#FROG#IXVLRQ1##,W#DSSHDUV#WKDW#RQH
DUWLFOH#KDV #DQ#D[H#WR#JULQG#DQG#WKH#RWKHU#LV#D #GRFXPHQW#ZULWWHQ#E\#D
UHDVRQLQJ#VFLHQWLVW1

$Q#H[DPSOH#RI#)UDQN#&ORVH*V#ZULWLQJ=##%,Q#D #VLQJOH#ZHHN#LQ#$SULO/
DQHFGRWDO#FODLPV#E\#VPDOO#WHDPV#RI#RQH#RU#WZR#UHVHDUFKHUV#RI#KDYLQJ
DFKLHYHG#FROG#IXVLRQ #IORRGHG#WKH#PHGLD1##7KLV#ZDV#GHVSLWH#WKH#IDFW
WKDW#PDMRU#UHVHDUFK#ODERUDWRULHV/#ZKLFK#KDG#ODUJH#WHDPV#RI#VFLHQWLVWV
ZLWK#ZLGH# UDQJLQJ# H[SHUWLVH# DQG# IDU# VXSHULRU# HTXLSPHQW /#ZHUH
VHHLQJ#QRWKLQJ#DQG#VD\LQJ#QRWKLQJ1%##7KH#IDFWV#+VHH#)XVLRQ#)DFWV/
9RO#4/#1R#6/#6HSW#4<;<,=##7252;<#+XQJDU\#DQQRXQFHV#GHWHFWLRQ#RI
QHXWURQV># 7282;<# %URRNKDYHQ # WHQWDWLYHO\# FRQILUPV# FROG# IXVLRQ
+0F%UHHQ#KDV#SRVLWLYH#UHVXOWV/#:HLVPDQQ#KDV#QHJDWLYH#UHVXOWV#DQG
JHWV#IXQGHG#ODWHU#E\#'R(,>#72432;<#+DOO#DW#7H[DV#$)0#JHWV#H[FHVV
KHDW>#72452;<# H[FHVV#KHDW#IRXQG#LQ# ,QGLUD#*DQGKL#&HQWUH/# ,QGLD>
72452;<#0RVFRZ# 8# UHSOLFDWHV# &)># 72462;<# +DJHOVWHLQ# +0,7,
DQQRXQFHV#WKHRU\>#72472;<#8#RI#:DVK#JHWV#WULWLXP>#724;2;<#,WDO\*V
1DWLRQDO#$JHQF\#DQQRXQFH#HYLGHQFH#RI#&)>#72542;<#+XJJLQV# DW
6WDQIRUG/# JURXS# LQ # &]HFKRVORYDNLD/# DQG# ,QGLD# DQQRXQFH# &)
VXFFHVVHV>#725;2;<#WZR#PRUH#QDWLRQDO#ODEV#UHSRUW#VXFFHVVHV#EXW#ZLOO
QRW#SXEOLVK#DV#\HW>#725<2;<#/DQGDX/#&DVH#:HVWHUQ#UHSRUWV#VXFFHVV1
/DWHU/#ZH#OHDUQHG#WKDW#ZLWKLQ#WKUHH#ZHHNV #RI#30)#DQQRXQFHPHQW#WHQ
JURXSV#LQ#,QGLD#DFKLHYHG#VRPH#VXFFHVVHV#LQ#FROG#IXVLRQ1

7KH#PRVW#WHOOLQJ#SRLQW#PDGH#E\#)UDQN#&ORVH#LV#WKH#IROORZLQJ=##%7KH
IXQGLQJ#RI#ELOOLRQV#RI#GROODUV#RI#UHVHDUFK#LQWR#KRW#IXVLRQ#ZDV #LQ
WKH#EDODQFH>#LI#WKH#FODLPV#RI#FROG#IXVLRQ#WXUQHG#RXW#WR#EH#WUXH/
WKH#'2( #ZRXOG#KDYH#WR#UHDOORFDWH#IXQGLQJ%1##/DWHU#&ORVH#VWDWHV/
%%\#WKH#HQG#RI#WKH#\HDU#>4<;<@#WKH#H[SHUWV#FRQFOXGHG#WKDW#WKHUH#ZDV
QR# HYLGHQFH# IRU# IXVLRQ/#KDG# LGHQWLILHG# IODZV# LQ# VHYHUDO#SRVLWLYH
H[SHULPHQWV# DQG# DGYLVHG# DJDLQVW# DQ\# VSHFLDO# IXQGLQJ# RI# WKH
UHVHDUFK1%

7KH#PRVW#REYLRXV#GLVWRUWLRQ#RI#IDFW#E\#)UDQN#&ORVH#LV#WKH#IROORZLQJ=
%7KH#UHVHDUFK#JURXSV #IRU#FROG#IXVLRQ#WHQG#WR#EH#VPDOO#DQG#WHQG#WR#EH
UHODWLYHO\#DPDWHXU#FRPSDUHG#ZLWK#WKH#IXOO0WLPH/#ODUJH0VFDOH#WHDPV
RI#ODERUDWRU\#VFLHQWLVWV#ZKR#KDYH/#DOPRVW#XQLYHUVDOO\/#VHHQ#QRWKLQJ1%
7KHVH#DPDWHXUV#LQFOXGH#'UV1#+XJJLQV/#%RFNULV/#/DQGDX/#6ULQLYDVDQ/
3UHSDUDWD/#$SSOHE\ /#0F%UHHQ/#1RQLQVNL/#DQG#PDQ\#RWKHUV#ZKR#DUH
ZRUOG0IDPRXV#DQG2RU#IURP#LQVWLWXWLRQV #DV#SUHVWLJLRXV#DV#/RV#$ODPRV
RU#5XWKHUIRUG#$SSOHWRQ1
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7KH#EHVW#VXPPDU\#RI#WKH#DUWLFOH#E\#'U1#%RFNULV#DUH#WKH#SOXVHV#DQG
PLQXVHV#DV#SUHVHQWHG=#

7KH#SOXVHV=

41##$ERXW #433#ODERUDWRULHV#KDYH#UHSRUWHG#DQRPDORXV#HIIHFWV#VLPLODU
WR#WKRVH#FODLPHG#LQ#0DUFK#4<;<#E\#)OHLVFKPDQQ#DQG#3RQV1

51# #0DLQO\# RI# WKRVH#ZKR# KDYH# WULHG # DQG# IDLOHG# WR# UHSOLFDWH# WKH
SKHQRPHQD# KDYH# QRW# DFFRXQWHG# IRU# WKH# IDFW# WKDW# SURORQJHG
HOHFWURO\VLV# LV# QHFHVVDU\/# DQG# WKDW# HYHQ#WKHQ #WKH# SKHQRPHQD#DUH
EXUVW0 OLNH1

61# # 7KH# -DSDQHVH# KDYH# PDGH# FROG# IXVLRQ# RQH# RI# WKHLU # QDWLRQDO
SULRULWLHV1#>6R/#WRR/#,QGLD1#(G1@

71# #7KH#WKHRUHWLFDO#VLGH# LV#QRW#VR#GDUN#DV#LW#VHHPV=# VRPH#WKHRULVWV
EHOLHYH#WKH\#FDQ#VHH#D#PHFKDQLVP#IRU#FROG#IXVLRQ#DQG#RQH#RI#WKHP#LV
-XOLDQ#6FKZLQJHU/#1REHO#/DXUHDWH1

81##7KH#IDPRXV#LUUHSURGXFLELOLW\#LV#QRW#XQLYHUVDO1##$#IHZ#H[DPSOH#RI
UHSURGXFLEOH# KHDW/# QHXWURQ# DQG# WULWLXP# PHDVXUHPHQWV# DUH# QRZ
DYDLODEOH1

91# # ,Q# DFFRXQWLQJ# IRU# WKH# ODFN# RI# EDODQFH# EHWZHHQ# WKH# QXFOHDU
SDUWLFOHV#DQG#WKH#KHDW/#ZH#PXVW#UHPHPEHU#WKDW#LW#LV#GLIILFXOW#WR#ILQG
VRPH#RI#WKH#SDUWLFOHV1##)RU#H[DPSOH/#LI#WKH#SKHQRPHQD#RFFXU#DW#RU
QHDU#WKH#VXUIDFH/#PRVW#RI#WKH #KHOLXP7#ZLOO#HVFDSH#ZLWK#WKH#GHXWHULXP
DQG#WKHQ#WKH#DQDO\VLV#RI/#VD\/#437#KHOLXP#DWRPV#SHU#VHFRQG#PL[HG
ZLWK#434<#GHXWHULXP#PROHFXOHV#ZLOO#EH#D #FRQVLGHUDEOH #FKDOOHQJH1##%XW
VL[#ODERUDWRULHV#KDYH#IRXQG#KHOLXP#LQVLGH #HOHFWURGHV1

7KH#PLQXVHV=##

41# #0RUH# WKDQ# 433# ODERUDWRULHV# KDYH# IDLOHG# WR# UHSURGXFH# WKH
SKHQRPHQD1

51# # 0RVW# QXFOHDU# SK\VLFLVWV# +XVLQJ# WKH# WKHRU\# RI# GLOXWH# KLJK
WHPSHUDWXUH#SODVPDV,#VHH#WKH#UHSRUWHG#SKHQRPHQD#DV#%LPSRVVLEOH%1

61##7KH#QXFOHDU#SDUWLFOHV#ZKLFK#DUH#UHSRUWHG#LQ#EXUVWV#GR#QRW#WLH#XS
QXPHULFDOO\#ZLWK#WKH#KHDW#RXWSXW#+GLVFUHSDQF\#433#WR#4333#WLPHV,1

71# # 8QWLO# WKH# DQRPDORXV # HIIHFWV# FDQ# EH # WXQHG# LQ# DW# ZLOO# XVLQJ
LQVWUXFWLRQ#WKDW#FDQ#EH#IROORZHG#E\#RWKHU#UHVHDUFKHUV/#FROG#IXVLRQ#LV
QRW#SDUW#RI#HVWDEOLVKHG#VFLHQFH1

5(352'8&,%,/,7<

7KH#PRVW#LQWHUHVWLQJ#SDUW#RI#'U1#%RFNULV*#SDSHU#LV#WKH#IROORZLQJ=
%5HSURGXFLELOLW\#LV#WKH#NH\#WR#VFLHQWLILF#UHVSHFWDELOLW\1##6FLHQWLVWV #GR
QRW#DFFHSW#D#SKHQRPHQRQ#XQOHVV#WKH\#FDQ#GHPRQVWUDWH#LW#DW#ZLOO1##,W
LV#JRRG#WR#EH#DEOH#WR#UHSRUW/#WKHQ/#WKDW#SHRSOH#DUH#EHJLQQLQJ#WR#FODLP
WKDW# WKH\# FDQ# UHSURGXFH# UHVXOWV# LQ# FROG # IXVLRQ 1# #:ROI# LQ# RXU
ODERUDWRULHV#>7H[DV#$)0@#FDQ#REWDLQ #WKH#HPLVVLRQ#RI#QHXWURQV#IURP
D#EDQN#RI#HOHFWURGHV#PRUH#RU#OHVV#RQ#FDOO1##7KRPDV#&OD\WRU/#ZKR
ZRUNV#DW#/RV#$ODPRV/#FDQ#PDNH#WULWLXP#UHSURGXFLEO\#IURP#D#430
OD\HU# VDQGZLFK# RI# SDOODGLXP/# VDWXUDWHG# ZLWK# GHXWHULXP/# DQG
DOWHUQDWLQJ#ZLWK#OD\HUV#RI#VLOLFRQ1##$W#6WDQIRUG#5HVHDUFK#,QVWLWXWH
>QRZ#65,/# ,QWHUQDWLRQDO@/#0LFKDHO#0F.XEUH# DQG#KLV# FROOHDJXHV
KDYH#IRXQG#WZR#HOHFWURGHV#IURP#ZKLFK#WKH\#FDQ#SURGXFH#H[FHVV#KHDW
LQ#WKHLU#FHOOV#DW#ZLOO1##*OHQ#6FKRHVVRZ#DW#WKH#8QLYHUVLW\#RI#)ORULGD
FODLPV#KH#DOVR#FDQ#GR#LW #DW#ZLOO1%##$#JURXS#DW#D#7DLZDQ#8QLYHUVLW\
DFKLHYHG#VL[#RXW#RI#WKH#ILUVW#VL[#FHOOV#WKDW#SURGXFHG#ERWK#H[FHVV#KHDW
DQG#WULWLXP1##

%RFNULV# HQGV # ZLWK# WKLV# FRJHQW# VWDWHPHQW=# # %111# ,W# VHHPV# QRZ
HVWDEOLVKHG# WKDW#QXFOHDU#SDUWLFOHV#DUH/#XQGHU#VRPH# FLUFXPVWDQFH/
SURGXFHG#LQ#EXUVWV#DW#HOHFWURGHV#LQ#WKH#FROG1##$V#WR#WKH#KHDW/#WKHUH#LV
QR#SURRI# WKDW#LW #RULJLQDWHV#LQ# D# QXFOHDU# SURFHVV/# WKRXJK#ZKHQ#LW
FRLQFLGHV#ZLWK# QXFOHDU# HPLVVLRQV/# LW# LV# GLIILFXOW# WR #WKLQN# WKDW# LW
GRHVQ*W1# # 1R#PDWWHU#ZKDW# WKH# VFLHQFH# MRXUQDOV# DQG#ZKDW#PDQ\
SK\VLFLVWV#VD\/#VRPHWKLQJ#LV #JRLQJ#RQ1%

-$3$1#0#0($685,1*#,167$17$1(286 #/2$',1*
+FRXUWHV\#RI#'U1#6DPXHO#)DLOH,

/DUV#*UDVMR#DQG#0DVDKDUL#6HR#++RNNDLGR#8/#-DSDQ,/#%0HDVXUHPHQW
RI#$EVRUSWLRQ#RI#+\GURJHQ#DQG#'HXWHULXP#LQWR#3DOODGLXP#'XULQJ
(OHFWURO\VLV# E\# D#4XDUW]#&U\VWDO#0LFUREDODQFH/%# -1#(OHFWURDQDO1
&KHP1#5<9/#4<<3/#SS#566056<1

1REXVKLJH#<DPDPRWR/#7DNHR#2KVDND/# 7DNDVKL#7HUDVKLPD# DQG
1RERUX#2\DPD#+7RN\R#8#RI#$JULFXOWXUH#DQG#7HFKQRORJ\,/#%,Q#6LWX
(OHFWURFKHPLFDO#4XDUW]#&U\VWDO#0LFUREDODQFH# 6WXGLHV#RI#:DWHU
(OHFWURO\VLV#DW#D#3DOODGLXP#&DWKRGH#LQ#$FLGLF#$TXHRXV #0HGLD/%#-1
(OHFWURDQDO1#&KHP1#5<9/#4<<3/#SS#79607:41

(',725*6#&200(176

%RWK#RI#WKHVH#QHZ#SDSHUV#GLVFXVV#LQ0VLWX#PHDVXUHPHQWV#RI#+#RU#'
ORDGLQJ#RI#3G#HOHFWURSODWHG#RQWR#D#TXDUW]#FU\VWDO1##$#VLPLODU#SDSHU/
*171#&KHHN#DQG#:1(1#2**UDG\/#- 1#(OHFWURDQDO 1#&KHP1#5::/#4<<3/
S# 674/# ZDV# VXPPDUL]HG# E\# 'U1# &KHHN# DW# WKH# )LUVW# $QQXDO
&RQIHUHQFH#RQ #&ROG#)XVLRQ1##7KLV#WHFKQLTXH #DOORZV#WKH#HOHFWURGH
PDVV/#DQG#WKHUHIRUH#ORDGLQJ/#WR#EH#FRQWLQXRXVO\#PRQLWRUHG#GXULQJ
DQ#H[SHULPHQW#E\#PHDVXULQJ#WKH#UHVXOWLQJ#FKDQJH#LQ#WKH#UHVRQDQW
IUHTXHQF\#RI#WKH#FU\VWDO1##
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8QIRUWXQDWHO\/#WKH#SDSHUV#QRWH #WKDW#RWKHU#IDFWRUV#VXFK#DV#WKH#VWUHVV
VWDWH# RI# WKH# 3G# PD\# DOWHU# WKH# XVXDO# OLQHDU# PDVV0IUHTXHQF\
UHODWLRQVKLS1##,Q#DGGLWLRQ/#WKH#WHFKQLTXH #XVHV#WKLQ#ILOPV#RU#IRLOV/#DQG
WKXV#OLPLWV#ERWK#WKH#VL]H#DQG#JHRPHWU\#RI#WKH#3G1#)LQDOO\/#DV#QRWHG#LQ
WKH# OLWHUDWXUH# >H 1J1# -HDQ# +RUNDQV/# %)LOP# 7KLFNQHVV# (IIHFWV# RQ
+\GURJHQ#6RUSWLRQ#DW#3DOODGLXP#(OHFWURGHV/%#-1#(OHFWURDQDO1#&KHP1
439/#4<;3/#SS#578057<@/#K\GURJHQ#VRUSWLRQ#DW#WKLQ#ILOP#HYDSRUDWHG
3G#HOHFWURGHV#LV#TXLWH#GLIIHUHQW#IURP#WKDW#DW#EXON#3G/#XQOHVV#DQQHDOHG>
ZKLOH#KLJKHU#ORDGLQJV#PD\#EH#DFKLHYDEOH/#VPDOO#JUDLQ#VL]H#OHDGV#WR
ODUJH#QXPEHUV#RI#JUDLQ #ERXQGDULHV#ZKLFK#LPSHGH#K\GURJHQ#GLIIXVLRQ1

-$3$1#0#7+(25<
&RXUWHV\#RI#'U1#6DPXHO#)DLOH

6HWVXR#,FKLPDUX/#6KXML#2JDWD#DQG#$LLFKLUR#1DNDQR#+8#RI#7RN\R,/
%5DWHV#RI#1XFOHDU#)XVLRQ#LQ#0HWDO#+\GULGHV /%#-1#3K\VLFDO#6RFLHW\
-DSDQ#8</#4<<3/#SS#6<3706<48

$%675$&7

+\GURJHQ#QXFOHL#LQ#PHWDO#K\GULGHV#KDYH#D#GXDO#FKDUDFWHU#RI#TXDQWXP
VROLGV#WUDSSHG#EHWZHHQ #WKH#PHWDO0ODWWLFH#VLWHV#DQG#RI#VHPLFODVVLFDO
LWLQHUDQW# SDUWLFOHV# GLIIXVLYH# EHWZHHQ# WKHP1# # )LUVW0SULQFLSOH
FDOFXODWLRQV# DUH# SUHVHQWHG# IRU# WKH#S\FQRQXFOHDU# UHDFWLRQ#UDWHV# LQ
ELQDU\0LRQLF#PL[WXUH#VROLGV#DQG#IRU#WKH#WKHUPRQXFOHDU#UHDFWLRQ#UDWHV
HQKDQFHG#E\#TXDQWXP#DQG#FODVVLFDO#PDQ\0ERG\#HIIHFWV#LQ#LWLQHUDQW
K\GURJHQ1# #7KH#ODWWHU #HIIHFWV##DUH#HOXFLGDWHG#WKURXJK#DQ#HODERUDWH
0RQWH#&DUOR#VLPXODWLRQ#VWXG\#IRU#VKRUW0UDQJH#FRUUHODWLRQV#EHWZHHQ
LWLQHUDQW#K\GURJHQ/#LQWHUDFWLQJ#YLD#HOHFWURQ0VFUHHQHG#UHSXOVLYH#IRUFHV /
LQ# SHULRGLF# DQG# DSHULRGLF# +GXH#WR #GHIHFWV,# ODWWLFH#ILHOGV# RI#PHWDO
K\GULGHV1# #:H#ILQG# WKDW# WKH#VFUHHQLQJ#SRWHQWLDOV#DQG#WKH#UHVXOWDQW
IXVLRQ#UDWHV#GHSHQG#H[WUHPHO\#VHQVLWLYHO\#RQ#PLFURVFRSLF #GHWDLOV#LQ
WKH# ODWWLFH#ILHOGV/# FRUURERUDWLQJ# TXDOLWDWLYHO\#WKH#YDULHG# UHVXOWV# LQ
UHFHQW#%FROG#IXVLRQ%#H[SHULPHQWV1

(',725*6#&200(176

([WHQVLYH#FDOFXODWLRQV#IRU#3G+#DQG#7L+5#VXJJHVWHG#WKDW#PHDVXUDEOH
GHXWHULXP# IXVLRQ# UDWHV# FRXOG# EH# SRVVLEOH# LQ# VXFK# FU\VWDOV# XQGHU
VXIILFLHQWO\# QRQHTXLOLEULXP#FRQGLWLRQV/# VXFK#WKDW# K\GURJHQ#DWRPV
VSHQG#OHVV#RI#WKHLU #WLPH#LQ#WKH#SUHIHUUHG# ODWWLFH#VLWHV1# #:KLOH#VXFK
FDOFXODWHG#UDWHV#FDQ #EH#YHU\#VHQVLWLYH#WR#ODWWLFH#GHIHFWV/#WKH#HIIHFW#LQ
3G#DQG#7L#LV#FDOFXODWHG#WR#EH#RSSRVLWH/#ZLWK#GHIHFWV#HQKDQFLQJ#WKH
IXVLRQ#UDWH#LQ#7L#EXW#GHFUHDVLQJ#LW#LQ#3G1

5866,$#0#&2/'#)86,21#5($&7,21
&RXUWHV\#RI#'U1#6DPXHO#)DLOH

91%1#%UXGDQLQ/#9101#%\VWULWVN\/#91*1#(JRURY/#61*1#6WHWVHQNR#)
,1$1#<XWODQGRY#+-W#,QVW#IRU#1XFOHDU#5HV/#0RVFRZ,/#%6HDUFK#IRU#WKH
FROG#IXVLRQ#G+G/7+H,#LQ#HOHFWURO\VLV#RI#'52%/#3K\VLFV#/HWWHUV#$/#9RO
484#1R#</#SJ#8760879/#43#UHI1

$%675$&7

$#VHDUFK IRU#KLJK0HQHUJ\#DOSKD0SDUWLFOHV#IURP#WKH#UHDFWLRQ#G#.#G#.
3G# _7L_#00! #7+H#.#3G*#_7L*_#KDV#EHHQ#FDUULHG#RXW#XVLQJ#WUDFN#GHWHFWRUV
&U06<#DQG#VLOLFRQ#VXUIDFH#EDUULHU#GHWHFWRUV1##7KH#XSSHU#OLPLW#RI#WKH
LQYHVWLJDWHG#SDUWLDO#UHDFWLRQ#UDWH#KDV#EHHQ#HVWLPDWHG#SHU#GHXWHURQ
SDLU#WR#EH#OHVV#WKDQ#RU#HTXDO#WR#;#[#4305:#SHU#VHF1

(',725*6#&200(176

7KLV#SDSHU#VHHNV#DQG#IDLOV#WR#ILQG#VSHFLILF#DOSKD #SDUWLFOHV#KDYLQJ#D
VSHFLILHG#HQHUJ\#UDQJH#WKDW#PD\#EH#WKH#UHVXOW#RI#D#GHXWHURQ#UHDFWLRQ1
7KH#SDSHU#IDLOV#WR#GHVFULEH#WKH#QDWXUH#RI#WKH#H[SHULPHQW#VR#WKDW#WKH
H[SHULHQFHG# UHDGHU# FRXOG# GHWHUPLQH# LI# WKH# H[SHULPHQWHUV# FRXOG
H[SHFW# WR# DFKLHYH# D# FROG#IXVLRQ #UHDFWLRQ 1# #1R# H[FHVV# KHDW#ZDV
PHDVXUHG/# WKHUHIRUH/# QR# QXFOHDU# UHDFWLRQ# E\0SURGXFWV#ZRXOG# EH
H[SHFWHG1##7KHUHIRUH/#WKH#SDSHU#KDV#OLWWOH#VFLHQWLILF#YDOXH 1

86650#)5$&72)86,21
&RXUWHV\#RI#'U1#6DPXHO#)DLOH

%191#'HUMDJXLQ/#91$1# .OXHY/#$1*1# /LSVRQ# DQG#<X131# 7RSRURY
+8665#$FDGHP\#RI# 6FLHQFHV,/# %([FLWDWLRQ#RI#1XFOHDU#5HDFWLRQ
8QGHU#0HFKDQLFDO#(IIHFW#+,PSDFW,#RQ #'HXWHUDWHG#6ROLGV/%#3K\VLFD
%#49:/#4<<3/#SS#4;<04<6

$%675$&7

8VLQJ# WKH# DQDO\VLV# GDWD# RQ# WKH# FKDUDFWHULVWLFV# RI# UDGLDWLRQ
DFFRPSDQ\LQJ#IDLOXUH#RI#VROLGV#DV#WKH#EDVLV/#D#VXSSRVLWLRQ#LV#PDGH
RI#WKH##IHDVLELOLW\#RI#GG0UHDFWLRQV#WDNLQJ#SODFH#GXULQJ#IUDFWXUH #RI
GHXWHUDWHG# GLHOHFWULFV1# 7KH# H[SHULPHQWV# FDUULHG # RXW# SURYH# WKH
IHDVLELOLW\#RI#JHQHUDWLRQ#RI#QHXWURQV#DW#WKH#PRPHQW #RI#IUDFWXUH#RI
'52#/L'#FU\VWDOV/#LQGLFDWLQJ#WKH#H[FLWDWLRQ#RI#QXFOHDU#UHDFWLRQ1

(',725*6#&200(176

7KH# SUHVHQW# SDSHU # LV# WKH# ODWHVW# RQ# D # VHULHV # RI
IUDFWRHPLVVLRQ2IUDFWRIXVLRQ#H[SHULPHQWV#ZKLFK#SUHFHGHV#WKH#0DUFK
4<;<#)OHLVFKPDQQ03RQV#DQG#-RQHV#SDSHUV1#)RU#LQVWDQFH/#D#SUHYLRXV
SDSHU#E\#'HUMDJXLQ#HW#DO#DSSHDUHG#LQ#1DWXUH#674#+4<;<,/#S1#7<51

,Q#WKH#SUHVHQW#SDSHU/#QHXWURQ#HPLVVLRQ#RI#3167#�#3143#FRXQWV #SHU
VKRW#DERYH#EDFNJURXQG#ZDV#GHWHFWHG#LQ#D#VHULHV#RI#:8#WHVWV#LQ#ZKLFK
/L'#FU\VWDOV#ZHUH#IUDFWXUHG#E\#WKH#LPSDFW#RI#D #SURMHFWLOH1##1R#VXFK
HPLVVLRQ#ZDV#REVHUYHG#IRU#K\GURJHQ#FRQWURO#H[SHULPHQWV1##(PLVVLRQ
GXULQJ#IUDFWXUH #RI#'52# LFH# JDYH# 3149# �# 3138# FRXQWV2VKRW#DERYH
EDFNJURXQG1# # (IILFLHQF\# RI# WKH# %)6# FRXQWHU# ZDV# 4(/# DQG
EDFNJURXQG#ZDV#DSSUR[LPDWHO\#3158#FRXQWV2VKRW1# #(PLVVLRQ#ZDV
VXJJHVWHG#WR#EH#GXH#WR#IXVLRQ#RI#GHXWHURQV#DFFHOHUDWHG#E\#HOHFWULFDO
ILHOGV#DVVRFLDWHG#ZLWK#FUDFNLQJ1
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'1##6+257#$57,&/(6

+($7#(1*,1(6#32:(5('#%<#&2/'#)86,21
%\#'U1#+DUROG#$VSGHQ/#'HSDUWPHQW#RI#(OHFWULFDO#(QJLQHHULQJ/#81#RI
6RXWKDPSWRQ/#(QJODQG

,W# KDV# EHHQ#VXJJHVWHG#>4@# WKDW#WKH#H[FHVV#KHDW#JHQHUDWHG#E\# FROG
IXVLRQ#FDQQRW#EH#KDUQHVVHG#HIILFLHQWO\#RZLQJ#WR#WKH#OLPLWDWLRQ#VHW#E\
WKH#&DUQRW#HIILFLHQF\#IDFWRU1##,I#WKH#WHPSHUDWXUH#RI#IXVLRQ#IXHO#FHOOV
LV#OLPLWHG#WR#WKDW#RI#ZDWHU#RU#HYHQ#WKDW#RI#WKH#PROWHQ#VDOWV#XVHG#LQ#WKH
UHFHQW#+DZDLLDQ#H[SHULPHQWV#>5@/#WKHQ#WKH#FRQYHUVLRQ#RI#WKDW #H[FHVV
KHDW# LQWR# HOHFWULFLW\# XVLQJ# WKH# FRQYHQWLRQDO# KHDW# HQJLQH# PLJKW
VHHPLQJO\#KDYH#WR#EH#IDU#OHVV#HIILFLHQW#WKDQ#WKDW#DYDLODEOH#E\#EXUQLQJ
IRVVLO#IXHO1

,W#LV/#WKHUHIRUH/#PRVW#LPSRUWDQW#IRU#WKRVH#ZKR#KRSH#WR #LQYHVW#LQ#WKLV
QHZ#WHFKQRORJ\# WR#UHDOL]H#WKDW#FROG#IXVLRQ#RSHQV#XS#D#ZKROH#QHZ
KRUL]RQ#RI#SRVVLELOLW\#RQ#WKH#SRZHU #JHQHUDWLRQ#IURQW/#RZLQJ#WR#DVSHFWV
WKDW#FDQ#EH#LJQRUHG#LI#ZH#WKLQN#WRR#PXFK#LQ#WHUPV#RI#FRQYHQWLRQDO
KHDW0WR0HOHFWULFLW\# HQHUJ\# FRQYHUVLRQ# WHFKQRORJ\1# # 7KH# HVVHQWLDO
GLIIHUHQFH#EHWZHHQ#WKH#FROG#IXVLRQ#KHDW#VRXUFH#DQG#WKH#IRVVLO #IXHO
KHDW# VRXUFH# LV# WKDW#WKHUH# LV/# LGHDOO\/# DV#IDU# DV# WKH# KHDW#SURGXFLQJ
SURFHVV#LV#FRQFHUQHG/#QR#H[KDXVW#JDV#FDUU\LQJ#DZD\#WKH#UHMHFWHG#KHDW1
#7KLV#LV# H[WUHPHO\#LPSRUWDQW #EHFDXVH# LW#PHDQV#WKDW#ZKDWHYHU
KHDW# HQHUJ\# LV # SURGXFHG# IURP# WKH# QXFOHDU# UHDFWLRQ# FDQ# EH
FRQYHUWHG# WR# HOHFWULFLW\#ZLWK#D#WKHUPDO#HIILFLHQF\ #FORVH#WR#433
SHUFHQW#DQG#LV#QR#ZD\ #OLPLWHG#E\#WKH#&DUQRW#IDFWRU1

7KH# RSHUDWLQJ# WHPSHUDWXUH# DV#GHWHUPLQHG #E\# RSWLPDO #IXVLRQ #FHOO
GHVLJQ#FULWHULD#JRYHUQV /#QRW#VR#PXFK#WKH#HIILFLHQF\#RI#WKH#V\VWHP/#EXW
UDWKHU#WKH#FDSLWDO#H[SHQVH#LQYROYHG1

)86,21#9(5686#62/$5

7R#XQGHUVWDQG#WKH#DFKLHYHPHQW#RI#KLJK#WKHUPDO#HIILFLHQF\/#LPDJLQH
WKDW#RQH#XVHV#WKRVH#PROWHQ#VDOWV#DV#WKH#FROG#IXVLRQ#KHDW#FDUULHU#WR #KHDW
D#WKHUPDOO\0UDGLDWLQJ#EODFNERG\#VXUIDFH#WR#D #WHPSHUDWXUH#RI/#VD\/#733
&1##$W#WKLV#WHPSHUDWXUH#WKH#6WHIDQ0%ROW]PDQQ#UDGLDWLRQ#FRQVWDQW#WHOOV
XV#WKDW #44196#.:#RI#KHDW#SRZHU#LV #UDGLDWHG#IURP#D#VTXDUH#PHWHU#RI
VXUIDFH1# #1RZ/# WKHUH#DUH# VRODU0SRZHU# HQWKXVLDVWV#ZKR# FRQVLGHU# LW
IHDVLEOH#WR#XVH#KHDY\#SDUDEROLF#PLUURUV #WR #WUDFN#WKH#VRODU#UDGLDWLRQ
DQG#FRQWHQG#ZLWK#WKH#RGG#FORXG\#GD\#DQG#WKH#F\FOH#RI#GD\#DQG#QLJKW/
VROHO\#ZLWK#WKH#REMHFW#RI#IRFXVLQJ#WKDW#UDGLDWLRQ #RQ#D#FRSSHU#SLSH#DW
WKH#OLQHDU#IRFXV #RI#VXFK#D#PLUURU#LQ#RUGHU#WR #SURYLGH#KHDW#LQSXW#WR#D
6WLUOLQJ0W\SH#KHDW#HQJLQH1##7KLV#VRODU#SURFHVV#LV#OLPLWHG#E\#WKH#&DUQRW
HIILFLHQF\#EHFDXVH #WKH#KHDW#UHMHFWHG# E\#WKH#HQJLQH#LV# H[SHOOHG# WR
DPELHQW#DWPRVSKHUH1##:LWK#VXFK#D#VRODU0HQHUJ\#FROOHFWLQJ#V\VWHP/
RQH#FDQ#DW#PLGGD\#KRSH#WR#FDSWXUH#4#N:#RI#VRODU#KHDW#UDGLDWLRQ#SHU
VTXDUH#PHWHU #RI# WKH#FROOHFWRU#PLUURU#DQG/#ZLWK#DSSURSULDWH#GHVLJQ
VNLOO/# FRQYHUW# DERXW# 53# SHUFHQW# RI# WKLV# KHDW#LQWR#RXWSXW# HOHFWULFDO
SRZHU1

,Q#FRQWUDVW/#ZLWK#WKH#FROG#IXVLRQ#UDGLDQW#KHDW#VRXUFH/#WKH#PLUURUV#DUH
QRW#DIIHFWHG#E\#WKH#570KRXU #F\FOH#QRU#WKH#ZHDWKHU#QRU#WKH#ODWLWXGH/
QRU#GR#WKH\#QHHG#WR #EH#KHDY\#VWUXFWXUHV#ZKLFK#PRYH#WR#WUDFN#WKH#VXQ1
7KH#PLUURUV # FDQ# EH# HQFORVHG# LQ# GXVW0IUHH# FHOO# VWUXFWXUHV# DQG# EH
FRQVWUXFWHG#RI#LQH[SHQVLYH#OLJKW0ZHLJKW #WKLQ0ILOP#PDWHULDOV1##0RUH
LPSRUWDQW/#LI#WKH#UDGLDWLQJ#VXUIDFH#LV #DW#733#&#DQG#WKH#PLUURU#IRFXVHV
WKH#UDGLDQW#KHDW#RQ#D#WKLQ#FRSSHU#SLSH#ZLWK#D#UHVXOWLQJ#WHPSHUDWXUH#RI/
VD\/#933#& /#WKH#KHDW#UHMHFWHG#E\#WKH#HQJLQH#FDQ#EH#VKHG#DW#D#OLWWOH

DERYH#733#&/#WKH#DPELHQW#WHPSHUDWXUH#LQVLGH#WKH#VWUXFWXUH/#VR#DV#WR
EH#UHF\FOHG#E\#KHDW#FRQGXFWLRQ#WR#WKH#UDGLDWLQJ#VXUIDFH1##,Q#DGGLWLRQ
WKHUH#ZRXOG#EH#D#WHQ0IROG#LQWHQVLILFDWLRQ #RI#VRXUFH#UDGLDWLRQ#SRZHU
+44196#N:#SHU#VT #PHWHU #FRPSDUHG#WR#VRODU#4N:#SHU#VT #PHWHU,#DV
FRPSDUHG#ZLWK#WKH#VRODU#HQHUJ\#VRXUFH 1

1($5#433#3(5&(17#()),&,(1&<

7KH#KHDW#FRQYHUWHG#LQWR#HOHFWULFLW\#E\#WKH#HQJLQH#LV#VRXUFHG#LQ #WKH
KHDW#SURGXFHG#E\#WKH#PROWHQ#VDOWV#FROG#IXVLRQ#FHOO#DQG/#DVVXPLQJ
WKDW#WKH#ZKROH#FHOO#V\VWHP#LV#WRWDOO\#HQFORVHG/#XVHV #D#FORVHG#KRW#DLU
HQJLQH# F\FOH# DQG#LV #LQ#D #ZHOO0LQVXODWHG# WKHUPDO# KRXVLQJ/#ZH#FDQ
H[SHFW#WKH#IXVLRQ#KHDW#WR#EH#FRQYHUWHG#LQWR#XVHIXO#SRZHU #ZLWK#QHDUO\
433#SHUFHQW#WKHUPDO#HIILFLHQF\1##

7KH# WKHRUHWLFDO#&DUQRW# HIILFLHQF\#ZKLFK# LV# 551<(/# PHDQLQJ# DQ
DFWXDO#HQJLQH#HIILFLHQF\#RI/#VD\/#4:(/#PHUHO\#LPSOLHV#WKDW#WKH#KHDW
SURGXFHG# IURP#FROG# IXVLRQ#KDV#WR#PDNH/#RQ#DYHUDJH/# VL[# SDVVHV
DURXQG#WKH#UDGLDWLRQ#DQG#UHIOHFWLRQ0IRFXVLQJ#ORRS/#EHIRUH#EHLQJ#VKHG
DV# HOHFWULFDO#RXWSXW#SRZHU 1# #,Q#RWKHU #ZRUGV/# WKH# HOHFWULFDO#SRZHU
RXWSXW#ZLOO#SUREDEO\#EH#RI#WKH#RUGHU#RI#418#N:#SHU#VTXDUH#PHWHU #RI
PLUURU#VXUIDFH/#DYDLODEOH#RQ #D#570KRXU#EDVLV1

7KH#SRZHU0WR0YROXPH#UDWLR#RI#WKLV#V\VWHP#PD\#QRW#LPSUHVV#WKRVH
ZKR#GHVLJQ#IRVVLO#IXHO#SRZHU #JHQHUDWLQJ#IDFLOLWLHV#RU#FRQYHQWLRQDO
QXFOHDU0IXHOOHG#SRZHU#JHQHUDWRUV#XVLQJ#VWHDP#WXUELQHV#EHFDXVH#WKH
VWUXFWXUHV#IRU#WKH#PLUURU0FRQFHQWUDWRU#FROG# IXVLRQ#V\VWHP#ZRXOG
QHHG# WR# EH# HQRUPRXV# IRU# D# 4/333# 0HJDZDWW # LQVWDOODWLRQ1
&RQFHLYDEO\/#D#VWUXFWXUH#58#PHWHUV#KLJK#E\#433#PHWHUV#VTXDUH#FRXOG
SURGXFH#4/333#0HJDZDWWV1##6LQFH#WKH#EXLOGLQJ#ZRXOG#EH#OLWWOH#RWKHU
WKDQ#D# FHOO#VWUXFWXUH#RI#FRSSHU#SLSHV/#PHWDO0ILOP#UHIOHFWRUV1# #)ODW
EODFN#ERG\#UDGLDWLQJ#VXUIDFHV/#ZLWK#WKH#DGGLWLRQ#RI#VRPH#IXVLRQ#FHOOV
DQG#KHDW#HQJLQH#XQLWV/#FRXOG#EH#FRVW0HIILFLHQW1##7KH#UHZDUG#LV#WKDW
YHU\#KLJK#WKHUPDO#HIILFLHQF\#ZLWK#QR#SROOXWLQJ#H[KDXVW#JDV#FRXOG#EH
DFKLHYHG1

)8785(#127 #0$55('#%<#/2:#7(03(5$785(6

7KH#IXWXUH#RI#FROG#IXVLRQ #FDQQRW/#WKHUHIRUH/#EH#GHFULHG#RQ#WKH#EDVLV
RI#DQ#RSHUDWLQJ#WHPSHUDWXUH#ORZHU#WKDQ#WKDW#REWDLQDEOH#E\#EXUQLQJ
IRVVLO#IXHO1##2QFH#WKH#KHDW#JHQHUDWHG#E\#FROG#IXVLRQ#FRPHV#ILUPO\
XQGHU# FRQWURO# WKHQ# WKH# WHFKQRORJ\# RI# FRQYHUWLQJ# WKDW# KHDW# LQWR
HOHFWULFLW\#ZLOO#EH#DW#KDQG1

5HDGHUV#ZLOO#XQGHUVWDQG#WKDW#ZKDW#KDV#EHHQ#VXJJHVWHG#DERYH #LV #WKDW
WKH#LQSXW#KHDW#VKRXOG#EH#DW#WKH#FROG#RSHUDWLQJ#WHPSHUDWXUH#RI#WKH
HQJLQH/#ZKLOVW#WKH#PLUURU#IRFXVLQJ#LV#XVHG#ZLWKLQ#WKH#VWUXFWXUH#WR
FRQFHQWUDWH# LWV# UDGLDWLRQ # WR# SURGXFH# D# KLJKHU# KRW# RSHUDWLQJ
WHPSHUDWXUH#RI#WKH#HQJLQH1##6RPH#PD\#GHEDWH#WKH#IHDVLELOLW\#RI#WKLV
SURSRVDO/#MXVW#DV#WKH\#GHEDWH#WKH#IHDVLELOLW\#RI#FROG#IXVLRQ1##<HW#LW#LV
NQRZQ#WKDW#VRODU#UDGLDWLRQ#FDQ#EH#IRFXVHG#LQ#RXU#(DUWK #ODERUDWRULHV
WR#DQ#LQWHQVLW\#H[FHHGLQJ#WKDW#DW#WKH#VRODU#VXUIDFH1##$OVR/#ZH#QHHG#WR
EH#PLQGIXO#RI#WKH#IDFW#WKDW#WKH#VHFRQG#ODZ#RI#WKHUPRG\QDPLFV#KDV
UHFHQWO\# FRPH# XQGHU# FULWLFDO# VFUXWLQ\# >6@/# HYHQ# LQ# WKH# MRXUQDO
1DWXUH/#ZKLFK#KDV#QRW#EHHQ#DW#DOO#HQWKXVLDVWLF#DERXW#WKH#SURVSHFW#RI
FROG#VROLG0VWDWH#IXVLRQ 1
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$87+25*6#$''('#127(

5HDGHUV# PD\# EH# LQWHUHVWHG# LQ# DQ# LVVXH# RI# WKH# SHULRGLFDO
6SHFXODWLRQV#LQ#6FLHQFH#DQG#7HFKQRORJ\#GXH#WR#EH#SXEOLVKHG#LQ
'HFHPEHU#4<<3#+,VVXH #1R1#7/#9ROXPH#46,1##7KLV#LVVXH#LV#ZKROO\
GHYRWHG#WR#QHZ#HQHUJ\#FRQFHSWV#DQG#LQFOXGHV#DQ#DUWLFOH#E\#WKLV
DXWKRU#GHYHORSLQJ#WKH#DERYH#WKHPH1##,W#DOVR#LQFOXGHV#DQ#DUWLFOH#E\
D#6FRWWLVK#LQYHQWRU/#(GLQEXUJK#VFLHQWLVW#-1#61#6WUDFKDQ/#GHVFULELQJ
WKH#GLVFRYHU\#RI# D# WKHUPRHOHFWULF# WHFKQLTXH#XVLQJ# EDVH#PHWDOV /
DOXPLQXP#DQG #QLFNHO/#UDWKHU#WKDQ#VHPLFRQGXFWRUV/#ZKLFK#RSHUDWHV
DV#D#VROLG0VWDWH#GHYLFH# FRQYHUWLQJ#KHDW#RI#ZDWHU#DW# DWPRVSKHULF
SUHVVXUH#LQWR #HOHFWULFLW\#ZLWK #DQ#HIILFLHQF\#RI#:3#SHUFHQW#RI#WKH
&DUQRW#HIILFLHQF\1##7KLV#LV#WKH#GHYHORSPHQW#KLQWHG#DW#LQ#WKH#1DWXUH
UHIHUHQFH#>6@1##:KHQ#IXOO\#GHYHORSHG#LQWR#D#FRPPHUFLDO#SURGXFW/
WKLV# WKHUPRHOHFWULF# FRQYHUWHU#VKRXOG #EH# HPLQHQWO\#VXLWDEOH#IRU
LQFRUSRUDWLRQ#LQ#FROG#IXVLRQ#SRZHU#V\VWHPV1#%HFDXVH#WKH#GHYLFH
LV# VROLG#VWDWH#DQG#QHHGV#QR#URXWLQH#PDLQWHQDQFH#LWV#ZLGHVSUHDG
DSSOLFDWLRQ#LV#H[SHFWHG1##,PSRUWDQW#DOVR#LV#WKH#IDFW#WKDW#SURWRW\SH
GHYHORSPHQW#VKRZV#WKDW#LW# FDQ# EH#IDEULFDWHG#LQ#PLQLDWXUH# VWULS
IRUP#RI #PLOOLPHWHU#VHFWLRQ1##7KLV#VL]H#FDQ#JUHDWO\#IDFLOLWDWH#GHVLJQV
ZLWK#YHU\#KLJK#SDUDEROLF#PLUURU#DUHD#SHU#XQLW#YROXPH#RI#VWUXFWXUH1
7KHVH#WKHUPRHOHFWULF#VWULSV#ZRXOG#DOORZ#HOHFWURQLF#FRPSRQHQWV
DQG#ZLUHV #WR#UHSODFH#WKH#KHDW#HQJLQHV#DQG#WKHLU#DWWHQGDQW#FRSSHU
SLSHZRUN#LQ#WKH#DERYH#GHVLJQ#SURSRVDO/#PHDQLQJ#WKDW#SLSHZRUN
ZRXOG#RQO\# EH#QHHGHG# WR# LQSXW#WKH# KHDW#JHQHUDWHG# E\# WKH#FROG
IXVLRQ#FHOOV1

5()(5(1&(6

>4@# '1# &UDYHQV/# %&RPPHUFLDO# VLJQLILFDQFH# RI# IXVHG# VDOW
HOHFWURO\WHV%/#)XVLRQ#)DFWV1#9RO#5#1R#5/#SS#55056/#$XJXVW#4<<31

>5@# %1<1# /LDZ/# HW# DO1/# %([FHVV # KHDW# XVLQJ# PROWHQ0VDOW
HOHFWURFKHPLFDO#FHOO%/#)XVLRQ#)DFWV/#9RO#5#1R#7/#SS#4044/#2FWREHU
4<<31

>6@#+1#$VSGHQ/#%&RUUHVSRQGHQFH#FRQFHUQLQJ#0D[ZHOO*V#GHPRQ%/
1DWXUH/#67:/#S#58/#+4<<3,1

(',725*6#&200(176

'U1#$VSGHQ#XVHV#WKH#6WHIDQ0%ROW]PDQQ#IRUPXOD#WR#FRPSXWH#WKH
DYDLODEOH#HQHUJ\#IURP#D#EODFN#ERG\#DW#733#&#WR#REWDLQ#D#YDOXH#RI
44196#.:# SHU# VT#PHWHU1# #$VSGHQ#UHFDOOV# WKH# IDFW# WKDW# D# VRODU
IXUQDFH# FDQ# DFKLHYH# WHPSHUDWXUHV # PXFK# KLJKHU# WKDQ# WKH
WHPSHUDWXUH#DWWULEXWHG#WR#WKH#VXUIDFH#RI #WKH#VXQ1##+H#H[WUDSRODWHV
WKDW#D#SURSHUO\0GHVLJQHG#SDUDEROLF#UHIOHFWRU#FRXOG#PDJQLI\#WKH#733
&#KHDW#VRXUFH#WR#D#933#&#WHPSHUDWXUH#E\#IRFXVVLQJ#RQWR#DQ#REMHFW
DW#WKH#IRFDO#SRLQW#RI#WKH#SDUDEROLF#PLUURU1##
+HUH#DW#))/#ZH#KDYH#KDG #D#VSHFXODWLYH#GLVFXVVLRQ#DERXW#WKH#QHHG
IRU#D#WHPSHUDWXUH#DPSOLILHU#WKDW#ZRXOG#EH#DQDORJRXV#WR#D#YROWDJH
RU#FXUUHQW#DPSOLILHU#LQ#HOHFWURQLFV1##:H#IRXQG#WKH#IROORZLQJ=##7KH
6WHIDQ0%ROW]PDQQ#IRUPXOD#LV#RQO\#FRUUHFW#IRU#UDGLDWLRQ#WKURXJK#D
YDFXXP1##:H#KDYH#FRQVLGHUHG#WKH#IROORZLQJ#WKRXJKW#H[SHULPHQW=

7DNH#D#SHUIHFWO\#PLUURUHG#VXUIDFH#RQ#D#SDUDEROLF #PLUURU>#SRLQW#LW
WRZDUG# D#KHDW#VRXUFH>#SODFH# D# WKHUPRPHWHU# DW#WKH# IRFDO#SRLQW 1

4XHVWLRQ=# #&DQ# WKH # WKHUPRPHWHU# DFKLHYH# D# WHPSHUDWXUH
KLJKHU#WKDQ#WKH#VRXUFH#LQ#DQ\#NLQG#RI#D#QRQ0YDFXXP#HDUWK
HQYLURQPHQW"##7KH#DQVZHU#LV#QRW#REYLRXV1##,I#ZH#XQGHUVWDQG
$VSGHQ*V# VWDWHPHQW# LQ# UHI# >6@/# WKHQ# WKH # WKHUPRPHWHU#ZRXOG
PHDVXUH#D#KLJKHU#WHPSHUDWXUH1##+RZHYHU/#ZH#GLG#ILQG#WKDW#WKH
FRPSXWDWLRQ#RI#KHDW#IORZ#ZDV#FRPSOH[1##:RUN#E\#-RVHI#6WHIDQ
+4;:<,/#/XGZLJ#%ROW]PDQQ#+4;;7,/#/RUG#5D\OHLJK#+F4;<3*V,/#OHG
WR# WKH# GHYHORSPHQW# +4<33,# E\#3ODQFN# RI# D# UDGLDWLRQ# ODZ# DV
IROORZV=

7KH#GLVWULEXWLRQ#RI #UDGLDQW #HQHUJ\#G:#LQ#WHUPV#RI #ZDYHOHQJWK
FKDQJH#G/#FDQ#EH#H[SUHVVHG#DV =

;#SL#F#K#/08#G/
G:# #0000000000000000000000000000/

HKF#2#/N7#0#4

ZKHUH#K#LV#3ODQFN*V#FRQVWDQW/#N#LV#WKH#%ROW]PDQQ
FRQVWDQW/#F#LV#WKH#VSHHG#RI#OLJKW/#DQG #7#WKH#DEVROXWH#WHPSHUDWXUH1



)(%58$5<#4<<4 )86,21#)$&76 4:

$#VHFRQG#WKRXJKW#H[SHULPHQW# LV#WKH#IROORZLQJ=# #$VVXPH#WKDW# D
SHUIHFW#SDUDEROLF#PLUURU/#LQ#D#ODUJH#SHUIHFW#'HZDU#ERWWOH#HYDFXDWHG
WR#D#SHUIHFW#YDFXXP/# LV#SURSHUO\#GLUHFWHG#DW#D#UDGLDWLQJ#ERG\#RI
WHPSHUDWXUH#7#DQG #WKDW#D#WKHUPRPHWHU#LV#SODFHG#DW#WKH#IRFDO#SRLQW
RI#WKH#SDUDEROLF#PLUURU#DOO#RI#ZKLFK#DUH#DW#WHPSHUDWXUH#7#DV#WKH
LQLWLDO#FRQGLWLRQV1##4XHVWLRQ=#:RXOG#WKH#WKHUPRPHWHU#LQGLFDWH
D#WHPSHUDWXUH#KLJKHU#WKDQ#7"###7KH #DQVZHU#DSSHDUV#WR#EH#WKDW
LI#WKH#WKHUPRPHWHU#ZHUH#DW#D#WHPSHUDWXUH#KLJKHU#WKDQ#7#WKHQ/#KHDW
ZRXOG#IORZ#IURP#WKH#WKHUPRPHWHU#WR#WKH#UDGLDWRU#+KHDW#IORZV#LQ
ERWK# GLUHFWLRQV# DQG#LV# DVVXPHG# WR#IORZ#PRUH# UDSLGO\# IURP#WKH
KLJKHU#WR#WKH#ORZHU#WHPSHUDWXUH,/#WKXV#UDLVLQJ#WKH#WHPSHUDWXUH#RI
WKH# UDGLDWLQJ# ERG\1# # 7KH# UDGLDWRU# WKHQ# EHLQJ# DW# D# KLJKHU
WHPSHUDWXUH#ZRXOG#WKHQ#UDLVH#WKH#WHPSHUDWXUH#RI#WKH#WKHUPRPHWHU1
7KLV#F\FOH#RI#UHVXOWV#ZRXOG#EH#FRQWUDU\#WR#NQRZQ#SK\VLFV1##7KH
DQVZHU# DSSHDUV# WR# EH# WKDW# WKH# WKHUPRPHWHU# FDQQRW# LQGLFDWH# D
WHPSHUDWXUH# KLJKHU# WKDQ#71# # >7KLV# JHGDQNHQ# H[SHULPHQW# DOVR
VXJJHVWV#WKDW#WKH#VWDWHPHQW#PDGH#LQ#WKH#1DWXUH#DUWLFOH /#%,QVWHDG#LW
LV# VXIILFLHQW# WR# SODFH#D#FRQYH[#PLUURU#ORFDWHG# LQ# FDYLW\#$# DQG
SRVLWLRQHG# DZD\# IURP# EXW# IDFLQJ# WKH# KROH1# 111%# LV# QRW# D# WUXH
VWDWHPHQW#EHFDXVH#LW#LJQRUHV#WKH#WUDQVIHU#RI#HQHUJ\#IURP#WKH#IRFDO
SRLQW#EDFN#WR#WKH#PLUURU#DQG#WR#WKH#FDYLW\#$@1

+RZ/#WKHQ/#FDQ#D#VRODU#IXUQDFH#DWWDLQ#D#WHPSHUDWXUH#WKDQ#ZH#GHHP
WR#EH#KLJKHU#WKDQ#WKH#WHPSHUDWXUH#RI#WKH#VXQ"##7KH#DQVZHU#PXVW#EH
WKDW# VRPH# ZDYHOHQJWKV# HPLWWHG# E\# WKH# VXQ# KDYH# D# QRPLQDO
WHPSHUDWXUH#WKDW#LV#LQ#H[FHVV#RI#WKH#DYHUDJH#WHPSHUDWXUH#WKDW#ZH
DWWULEXWH#WR#WKH#VXQ*V#VXUIDFH1##,Q#WKH#VRODU #IXUQDFH/# LW#PD\#EH#WKH
FRQFHQWUDWLRQ#RI #HQHUJ\#DW#WKHVH#ZDYHOHQJWKV#WKDW#SURYLGH#WKH#KLJK
WHPSHUDWXUHV#REVHUYHG 1

+RZHYHU/#$VSGHQ#KDV#SUHVHQWHG#XV#ZLWK #D#FKDOOHQJLQJ#DUWLFOH#DQG
KDV/#LQGHHG/#VKRZQ#XV#WKDW#WKH#&DUQRW#HIILFLHQF\#WKDW#ZH#QRUPDOO\
DVVRFLDWH#ZLWK# XSSHU# OLPLWV# RQ# WKHUPDO0PHFKDQLFDO# FRQYHUVLRQ
PD\# QRW# DSSO\# LQ# D# SURSHUO\0GHVLJQHG# WKHUPDO0HOHFWULFDO
FRQYHUVLRQ#V\VWHP#ZKHUH#D#PROWHQ#VDOW#IXVLRQ#FHOO#LV#WKH#VRXUFH#RI
WKHUPDO#HQHUJ\1#

5HDGHUV/#:H#LQYLWH#\RX#WR#FRPPHQW#RQ#WKH#DERYH #UHPDUNV #E\#+DO
)R[/# RU# E\# WKH# DUWLFOH# E\#'U1#$VSGHQ1# #'U1#$VSGHQ# KDV# EHHQ
SURYLGHG#ZLWK#WKH#DERYH#FRPPHQWV#DQG#UHSOLHV#WKDW#KH#LV#ZLOOLQJ
WR#GHIHQG#KLV#ZULWLQJ1##6R#VKRRW #DZD\#DW#HLWKHU#RQH#RU#ERWK#RI#XV1
(G1

=(52032,17#(1(5*<#$1'#3266,%/(#$33/,&$7,21
72#&2/'#)86,211
%\#'U1#6DPXHO#31#)DLOH

7KH#,QVWLWXWH#IRU#$GYDQFHG#6WXGLHV#RI#$XVWLQ/#7H[DV#KDV#UHFHQWO\
EHHQ#JLYHQ#ZLGH#SXEOLFLW\#LQ#WKHLU#VHDUFK#IRU#QHZ#HQHUJ\#VRXUFHV
DQG#QHZ#HOHFWURQLF#GHYLFHV1##$Q#DUWLFOH#LQ#WKH#)HEUXDU\#4<<4#LVVXH
RI#201,#E\#2ZHQ#'DYLHV#WLWOHG#%9RODWLOH#9DFXXP%#UHSRUWV#WKDW

WKH#]HUR0SRLQW0YDFXXP#HQHUJ\#LQ#WKH#IRUP#RI#WKH#&DVLPLU#IRUFH
PD\#DOORZ#FOXVWHUV#RI #HOHFWURQV#WR#IRUP#FRQGHQVHG#FKDUJHV#WKDW
FRXOG#EH#LPSRUWDQW#LQ#HQHUJ\#DQG#HOHFWURQLFV#UHVHDUFK1

,Q#D#GLVFXVVLRQ#ZLWK#+DO#3XWKRII#RI#WKH#,QVWLWXWH#PDQ\#GHWDLOV
ZHUH#VXSSOLHG#FRQFHUQLQJ#WKH#SURMHFW#WKDW#'U1#3XWKRII#DQG#.HQ
6KRXOGHUV# DUH# GHYHORSLQJ1# # ([SHULPHQWDO # ILQGLQJV# DUH# WKDW
FOXVWHUV#RU#HOHFWURQ#EHDGV#DUH#IRUPHG#ZKHQ#D#WLS#RI #PDWHULDO#LV
YDSRUL]HG# LQ# DQ# HOHFWULF# DUF# LQ# D# YDFXXP#ZLWK# D# YROWDJH# RI
W\SLFDOO\#43#.H91##7KHVH#HOHFWURQ#EHDGV#W\SLFDOO\#FRQVLVWLQJ#RI
43<#WR#4344#HOHFWURQV#DUH#IRUPHG#LQ#DQG#VHSDUDWH#IURP#WKH#SRVLWLYH
LRQV# SURGXFHG# E\#WKH# HOHFWULF# DUF1# #7KHVH# HOHFWURQ# EHDGV# DUH
VHSDUDWHG#E\#IXQQHOLQJ#WKURXJK#D#SLQKROH#LQ#D#PHWDO#GLVN1##7KH
EHDGV#FDQ#EH#DFFHOHUDWHG#WR#D#EHDG#VSHHG#DERXW#4243WK#WKH#VSHHG
RI# OLJKW# DQG# FDXVHG#WR# LPSLQJH# RQ# D# WDUJHW#PHWDO# SODWH1# #7KH
UHVXOWV#LV#D#PLFURQ0ZLGH#SLW#RU#ERPE#FUDWHU#LQ#WKH#PHWDO#WDUJHW1

7KH#VKDSH#RI#WKH#HOHFWURQ#EHDGV#DUH#DSSDUHQWO\#D#IXQFWLRQ#RI#WKH
HOHFWULF#ILHOGV#XVHG#LQ#WKHLU#SURGXFWLRQ1##6RPH#%EHDGV%#DSSDUHQWO\
KDYH#WKH#IRUP#RI#D#QHFNODFH#SDWWHUQ#DERXW#58#PLFURQV#ZLGH1##,I
WKHVH#HOHFWURQ#EHDGV#DUH#DOORZHG#WR#LPSDFW#OD\HUV#RI #FHUDPLF#+4#0
5#PLFURQV# WKLFN,# D# KROH# LV# IRUPHG# WKURXJK# WKH# SODWHV1# #7KLV
DQRPDORXV# HIIHFW# LV# QRWLFHG# HYHQ#ZKHQ# XVLQJ #PDQ\# FHUDPLF
SODWHV# ZLWK# H[SHULPHQWDO# KROHV# EHLQJ# H[WHQGLQJ# WKURXJK# ;33
PLFURQV#RI #FHUDPLF1##

,I#WKH#FHUDPLF#PDWHULDO#LV#EHLQJ#GHVWUR\HG#H[SORVLYHO\/#DOWKRXJK
XQOLNHO\/#WKLV#FRXOG#H[SODLQ#WKH#REVHUYHG#UHVXOWV1##,I#WKH#FHUDPLF
ZHUH#PHOWHG# WKH#DPRXQW# RI #HQHUJ\#LQ# WKH# HOHFWURQ# EHDG#PD\
SRVVLEO\#EH#HQRXJK#WR# H[SODLQ# WKH#UHVXOWV1# #7KH# WKLUG#SRVVLEOH
FDVH# LQYROYHV# YDSRUL]DWLRQ#ZKHUH# WKH# HQHUJ\#DYDLODEOH# XQGHU
FRQYHQWLRQDO#FLUFXPVWDQFHV#ZRXOG#QRW#EH# HQRXJK1# #7KHUH# DUH
VRPH#LQGLFDWLRQV#IRU#ERWK#PHOWLQJ#DQG#YDSRUL]DWLRQ1

$QRWKHU#DQRPDORXV#HIIHFW#FRQFHUQV#WKH#OLIHWLPH#RI#WKH#HOHFWURQ
EHDGV1# # ,Q # D# FKDPEHU# WKH# PD[LPXP# # OLIHWLPH# LV# DERXW# 73
QDQRVHFRQGV1##7KLV#PD[LPXP#OLIHWLPH#LV#RQO\#REWDLQHG#E\#XVLQJ
D#VPDOO#DPRXQW#RI#LRQL]HG#[HQRQ#JDV#LQ#WKH#FKDPEHU1##,Q#FRQWUDVW
WKHUH# LV# D# PXFK# ORQJHU# OLIHWLPH# LI# WKH# FRQGHQVHG# FKDUJH# LV
FKDQQHOHG#DORQJ#D#FHUDPLF#JURRYH1##

6RPH# FROG# IXVLRQ# UHVHDUFKHUV# EHOLHYH# WKDW# VXFK# FRQGHQVHG
HOHFWURQ#FKDUJHV#FRXOG#EH#WKH#VRXUFH# RI#%SDUWLFOHV%#WKDW#FRXOG
SURYLGH# WKH# QHFHVVDU\# %PDVV%# WR# DFFRXQW# IRU# WKH# LQFUHDVHG
SUREDELOLW\#RI#%WXQQHOLQJ%#WKURXJK#WKH#&RXORPE#EDUULHU#DQG#WKXV
SURGXFH#IXVLRQ#RI #GHXWHULXP#LRQV1##6XFK#HOHFWURQ#FOXVWHUV#FRXOG
IRUP#IURP#GHQGULWH#WLSV#RQ#WKH#VXUIDFH#XQGHU#KLJK #SRWHQWLDO #RU
IRUP# LQ# DUFV# GXULQJ# LQWHUQDO# VXE0VXUIDFH# IUDFWXULQJ# RI# WKH
SDOODGLXP# DV# LW#LV# EHLQJ# H[SDQGHG# E\# WKH# GHXWHULXP# ORDGLQJ1
6XFK#IUDFWXUHV#KDYH#EHHQ#VKRZQ# WR# EH#DEOH #WR# GHYHORS#D# IHZ
WKRXVDQG#HOHFWURQ#YROWV1
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7KH#LVVXH#DV#WR#ZKHWKHU#VXFK#HOHFWURQ#EHDGV#FRXOG#FDWDO\]H#FROG
IXVLRQ#LQ#D#PDQQHU#DQDORJRXV#WR#WKH#VFUHHQLQJ#HIIHFWV#RI#PXRQV#LV/
DV#\HW/#XQUHVROYHG1##7KH#HOHFWURQV#LQ#D#FOXVWHU#PD\#EH#IDLUO\#GLOXWH
ZLWK#D#ILUVW#DSSUR[LPDWLRQ#RI #WKH#FRQFHQWUDWLRQ#RI#HOHFWURQV #EHLQJ
RQO\#4357#SHU#FXELF#FHQWLPHWHU1##,I#H[SHULPHQWDO#HYLGHQFH#LV#IRXQG
IRU# D# ODUJHU# QXPEHU# RI # HOHFWURQ# FOXVWHUV# WKHQ# WKH# UHVXOWV#PD\
EHFRPH#D#UHDVRQDEOH#H[SODQDWLRQ#IRU#VRPH#RI#WKH#REVHUYHG#FROG
IXVLRQ# DFWLYLW\1# # )XUWKHU# VWXGLHV# ZRXOG# KDYH# WR# EH# GRQH# WR
GHWHUPLQH#LI#VXFK#HOHFWURQ0EHDG#SURPRWHG#IXVLRQ#FRXOG#SURGXFH
SURFHVVHV# WKDW#ZLOO#SURYLGH#IXUWKHU#FOXVWHUV# DQG#WKXV# SURYLGH# D
VHOI0SURSDJDWLQJ#SURFHVV1

7KHUH# DUH# D# IHZ# LPSRUWDQW# FRQWULEXWLRQV# WR# WKH# OLWHUDWXUH# WKDW
VKRXOG# EH#VWXGLHG#E\#WKRVH#FROG#IXVLRQ#UHVHDUFKHUV# RU#WKHRULVWV
ZKR#DUH#LQWHUHVWHG#LQ#WKLV#VLJQLILFDQW#QHZ#SKHQRPHQD1##,W#PXVW#EH
DSSUHFLDWHG#WKDW#WKH#IRUPDWLRQ#RI #VWDEOH#FOXVWHUV#RI #HOHFWURQV#GRHV
LQGLFDWH#WKDW#VRPH#SK\VLFDO#SURFHVVHV#FDQ#RYHUFRPH#WKH#UHSXOVLYH
EDUULHU# RI# HOHFWURQ# FKDUJHV# WR# FDXVH# WKH# HOHFWURQV# WR# EH# KHOG
WRJHWKHU#LQ#EHDGV#E\#VKRUWHU0OHQJWK#VWURQJHU#IRUFHV1##7KH#OLWHUDWXUH
WKDW#KDV#EHHQ#LGHQWLILHG#LV#WKH#IROORZLQJ=

+1#(1#3XWKRII/#%6RXUFH#RI#9DFXXP#(OHFWURPDJQHWLF#=HUR03RLQW
(QHUJ\%/# 3K\VLFDO#5HYLHZ# $/# 9RO# 73/# 1R# </# SS# 7;8:07;95/
1RYHPEHU#</#4<;</#58#UHIHUHQFHV1

+1#(1#3XWKRII/#%7KH#(QHUJHWLF#9DFXXP=##,PSOLFDWLRQV#IRU#(QHUJ\
5HVHDUFK%/#6SHFXODWLRQV#LQ#6FLHQFH#DQG#7HFKQRORJ\/#9RO#46/#1R1
6/#SS#57:058:/#66#UHIHUHQFHV1

51# :1# =LRONRZVNL# )# 01.1# 7LSSHWW/# %&ROOHFWLYH# (IIHFWV# 111%/
3K\VLFDO#5HYLHZ#$/#WR#EH#SULQWHG#LQ#WKH#0DUFK#4<<4#LVVXH1

*1$1#0HV\DWV#)#'1,1#3URVNXURYVN\/#3XOVH#(OHFWULFDO#'LVFKDUJH#LQ
9DFXXP/#F# 4<;</#6RYLHW# ERRN# SXEOLVKHG# E\#6SULQJHU09HUODJ1
>7KLV#ERRN#GHVFULEHV#WKH#HOHFWURQ#FOXVWHU#SKHQRPHQD1@

+DUROG#3XWKRII/#%(YHU\WKLQJ#IRU#QRWKLQJ%/#1HZ#6FLHQWLVW/#SS#850
88/#5;#-XO\#4<<31##>$#QRQ0PDWKHPDWLFDO#GLVFXVVLRQ#RI #VRPH#QHZ
SK\VLFV1@

+1# (1# 3XWKRII/# %*UDYLW\# DV# D# ]HUR0SRLQW0IOXFWXDWLRQ# IRUFH%/
3K\VLFDO#5HYLHZ#$/#9RO#6</#1R#8/#SS#566605675/#66#UHIHUHQFHV 1
>$%675$&7=# 6DNKDURY# KDV# SURSRVHG# D# VXJJHVWLYH#PRGHO# LQ
ZKLFK#JUDYLW\#LV#QRW#D#VHSDUDWHO\#H[LVWLQJ#IXQGDPHQWDO#IRUFH/#EXW
UDWKHU#DQ #LQGXFHG#HIIHFW#DVVRFLDWHG#ZLWK#]HUR0SRLQW#IOXFWXDWLRQV
+=3(*V,#RI#WKH#YDFXXP/#LQ#PXFK#WKH#VDPH#PDQQHU#DV#WKH#YDQ#GHU
:DDOV# DQG#&DVLPLU# IRUFHV1# # ,Q# WKH# VSLULW# RI # WKLV# SURSRVDO#ZH
GHYHORS#D#SRLQW0SDUWLFOH#=3)#LQWHUDFWLRQ#PRGHO#WKDW#DFFRUGV#ZLWK
DQG#IXOILOOV #WKLV#K\SRWKHVLV1##,Q#WKH#PRGHO#JUDYLWDWLRQDO#PDVV#DQG
LWV#DVVRFLDWHG #JUDYLWDWLRQDO#HIIHFWV #DUH#VKRZQ#WR#GHULYH#LQ#D#IXOO\
VHOI0FRQVLVWHQW#ZD\#IURP#HOHFWURPDJQHWLF0=3)0LQGXFHG#SDUWLFOH
PRWLRQV#+=LWWHUEHZHJXQJ,1##%HFDXVH#RI #LWV#HOHFWURPDJQHWLF0=3)
XQGHUSLQQLQJ/#JUDYLWDWLRQDO# WKHRU\# LQ# WKLV# IRUP# FRQVWLWXWHV# DQ
%DOUHDG\#XQLILHG%#WKHRU\1@

+1# (1# 3XWKRII/# %*URXQG# VWDWH# RI # K\GURJHQ# DV# D# ]HUR0SRLQW0
IOXFWXDWLRQ0GHWHUPLQHG#VWDWH%/#3K\VLFDO#5HYLHZ #'/#9RO#68/#1R#43/

SS# 65990659</# 48# 0D\# 4<;:/# 53# UHIHUHQFHV1# # >7KLV# SDSHU
GLVFXVVHV# WKH# LQWHUDFWLRQ# RI# FKDUJHG#KDUPRQLF#RVFLOODWRU #ZLWK
]HUR0SRLQW#EDFNJURXQG1@

/DIIHUW\# +*HQHUDO#(OHFWULF,/#9DFXXP#$UFV/#F4<;3/#QR# IXUWKHU
LGHQWLILFDWLRQ#DYDLODEOH#DW#WKLV#WLPH 1

3DWHQWV=##3DWHQWV #KDYH#EHHQ#ILOHG#E\#3XWKRII#DQG#6KRXOGHUV#DQG
DUH#H[SHFWHG#WR#EH#LVVXHG#E\#0D\#4<<41

'U1#+DO#3XWKRII#ZRUNV# DW#WKH#,QVWLWXWH# IRU#$GYDQFHG#6WXGLHV/
4634#&DSLWDO#RI #7H[DV#+LJKZD\/#6XLWH#$0565/#$XVWLQ/#7H[DV
:;:791#

(',725*6#&200(176

7KH#K\SRWKHVL]HG#HIIHFW#RI#WKH#&DVLPLU#IRUFH#RQ#SDUWLFOHV#VXFK
DV#HOHFWURQV#+%OHSWRQV%,#LV#SURSRVHG#WR#EH#VLPLODU#WR#WKDW#RI #WKH
VWURQJ#QXFOHDU#IRUFH #RQ#SDUWLFOHV#VXFK#DV#QHXWURQV#DQG#SURWRQV
+%KDGURQV%,/#DOORZLQJ#VWDEOH#FRQGHQVDWLRQV#+DQDORJRXV#WR#QXFOHL,
WR#H[LVW#LQ#VSLWH#RI #HOHFWULFDO#UHSXOVLRQ1##2QFH#WKH#&DVLPLU#IRUFH/
ZKLFK# LQFUHDVHV# H[WUHPHO\# UDSLGO\# DW# VKRUW# GLVWDQFHV
+SURSRUWLRQDO# WR# WKH# IRXUWK# SRZHU# RI# WKH# GLVWDQFH,/# EHFRPHV
GRPLQDQW# RYHU# WKH# &RXORPE# UHSXOVLRQ# +ZKLFK# LV# RQO\
SURSRUWLRQDO#WR#WKH#VHFRQG #SRZHU#RI#WKH#GLVWDQFH,/#WKH#HOHFWURQ
EHDG#VKRXOG#FROODSVH1

7KH#OLPLWV#WR#VXFK#D#FROODSVH#DUH#QRW#LPPHGLDWHO\#REYLRXV/#VLQFH
HOHFWURQV# DUH# FRPPRQO\# WUHDWHG# DV# SRLQW # SDUWLFOHV# ZLWKRXW
VWUXFWXUH# RU# GLPHQVLRQV# +XQOLNH # QHXWURQV# DQG# SURWRQV,1
+RZHYHU/#GHJHQHUDF\#+DQ#LQDELOLW\#RI#WZR#SDUWLFOHV#ZLWK #WKH#VDPH
VHW#RI #TXDQWXP#QXPEHUV,#WR#RFFXS\#WKH#VDPH#VSDFH,#PD\#OLPLW
WKH#FROODSVH1##7KH#H[LVWHQFH#RI#D#OLPLW#ZRXOG#EH#FRQVLVWHQW#ZLWK
WKH#DSSDUHQW#PD[LPXP#QXPEHU#RI #HOHFWURQV#SHU#EHDG#ZKLFK#ZDV
UHSRUWHG/#LQ#WKH#VDPH#ZD\#WKDW#WKH#KHDYLHVW#NQRZQ#QXFOHL#+VXFK
DV#56;8,#DUH#QRW#VWDEOH#DQG#VSRQWDQHRXVO\#ILVVLRQ1

$# FOXVWHU# RI # VD\# 4343# HOHFWURQV# ZLWK# QXFOHDU# RU# VXEQXFOHDU
GLPHQVLRQV#DQG#D#PDVV#RI#FORVH#WR#43:#DPX#+DWRPLF#PDVV#XQLWV/
DSSUR[LPDWHO\#WKH#ZHLJKW#RI#SURWRQ#RU#K\GURJHQ#DWRP,#ZRXOG#RI
FRXUVH#EH#DQ#H[FHSWLRQDOO\#JRRG# FDWDO\VW#IRU#IXVLRQ#UHDFWLRQV=
HYHQ#WKH#VXEDWRPLF#SDUWLFOHV#NQRZQ#DV#PXRQV/#ZLWK#53:# WLPHV
WKH#PDVV# RI#WKH# HOHFWURQ#PDVV# +DSSUR[LPDWHO\# 4243# DPX,#FDQ
FDWDO\]H#RYHU#4343#IXVLRQV#SHU#VHFRQG/#ZLWKRXW#WKH#DWRPV#QHHGLQJ
WR#KDYH#VLJQLILFDQW #NLQHWLF#HQHUJLHV#DV#LQ#WKHUPRQXFOHDU#IXVLRQ1
6XFK#DQ#HOHFWURQ#FOXVWHU#FRXOG#FRQFHLYDEO\#FDWDO\]H#HYHQ#IXVLRQ
UHDFWLRQV# LQYROYLQJ # IDU# KHDYLHU# HOHPHQWV# WKDQ# K\GURJHQ># DOO
HOHPHQWV#OLJKWHU#WKDQ#LURQ#FRXOG#UHOHDVH#HQHUJ\#ZKHQ#IXVHG1##,Q
DGGLWLRQ/#KRZHYHU/#D#VXUSULVLQJ# QXPEHU#RI#WKH# RWKHU#SX]]OLQJ
DVSHFWV# RI#FROG#IXVLRQ#FRXOG#DOVR#IROORZ#GLUHFWO\# IURP#VXFK#D
PHFKDQLVP1
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(YHQ#LQ#WKH#G#.#G#IXVLRQ#UHDFWLRQ/#XQXVXDOO\#ODUJH#FKDQJHV#LQ#WKH
EUDQFKLQJ#UDWLR #FRXOG#EH#HQYLVLRQHG1#)RU#H[DPSOH/#WKH#G#.#G#00!
S#.#W#EUDQFK#FRXOG#EH#PXFK#PRUH#VWURQJO\#IDYRUHG#RYHU#WKH#G#.#G
00!#Q#.#6+H#EUDQFK# EHFDXVH# WKH#RULHQWDWLRQ#RI# WKH# GHXWHURQV#DV
WKH\#DUH#DFFHOHUDWHG#WRJHWKHU#E\# WKH#HOHFWULF#ILHOG#RI#WKH#FOXVWHU
ZRXOG# EH# IDU# VWURQJHU#WKDQ# LQ#WKH# FRQYHQWLRQDO#2SSHQKHLPHU0
3KLOLSV#HIIHFW1##2WKHU#QXFOHDU#UHDFWLRQ#EUDQFKHV#VXFK#DV#G#.#G#00!
7+H# FRXOG# DOVR# WDNH# SODFH# ZLWKRXW# EHLQJ# FRQVWUDLQHG# E\
FRQVHUYDWLRQ#ODZV#WR#EH#DFFRPSDQLHG#E\#JDPPD#UDGLDWLRQ1##$V
SUHYLRXVO\# REVHUYHG# E\# %RFNULV# ZLWK# FKDUJHG# GHQGULWHV/# WKH
RULHQWDWLRQ#RI#WZR#GHXWHURQV#LQ#WKH#YLFLQLW\#RI#D#KLJKO\#FKDUJHG
HOHFWURQ#EHDG#FRXOG#FDXVH#WKH#GHXWHURQV#WR#EH#RULHQWHG#VR#WKDW#WKH
WULWLXP#RU #WKH#7+H#EUDQFK#ZRXOG#SUHYDLO1

,Q# DGGLWLRQ/#VHFRQGDU\# UHDFWLRQV# FRXOG#EH# VWURQJO\# VXSSUHVVHG
EHFDXVH#DQ\#FKDUJHG#SDUWLFOHV#+QXFOHL,#SURGXFHG/#EHLQJ#SRVLWLYHO\
FKDUJHG/#ZRXOG#EH#H[WUHPHO\#VWURQJO\#DWWUDFWHG#WR#WKH#FOXVWHU#E\
LWV#HOHFWULFDO#FKDUJH1##+(YHQ#7+H#QXFOHL#SURGXFHG#ZLWK#57#0H9 #RI
NLQHWLF#HQHUJ\#FRXOG#EH#H[SHFWHG#WR#EH#UHWDLQHG#E\#D#VXIILFLHQWO\
KLJK#HOHFWULFDO#ILHOG1,##7KXV/#IRU#LQVWDQFH/#WULWLXP#FRXOG#EH#IRUPHG
ZLWKRXW#WKH#DFFRPSDQLPHQW#RI #4700H9#QHXWURQV#ZKLFK#ZRXOG
RUGLQDULO\# UHVXOW#IURP# VHFRQGDU\#FROOLVLRQV# RI# WKH# WULWRQV#ZLWK
RWKHU# GHXWHULXPV1# # 6HFRQGDU\#;0UD\V /#RUGLQDULO\# SURGXFHG# E\
LQWHUDFWLRQV#RI #DQ\#VXIILFLHQWO\#HQHUJHWLF#FKDUJHG#SDUWLFOHV#ZLWK
PHWDO# DWRPV/#FRXOG# DOVR# EH#HOLPLQDWHG1# #+HDWLQJ# RI# WKH#ODWWLFH
ZRXOG#VWLOO#EH#H[SHFWHG1##7KH#SUHYLRXVO\#UHSRUWHG#ORFDOL]HG#SLWWLQJ
RI#DFWLYH #HOHFWURGHV#FRXOG#DOVR#UHVXOW1

'LIILFXOW\# LQ# REWDLQLQJ# D# FROG# IXVLRQ# HIIHFW# ZRXOG# QRW# EH
VXUSULVLQJ#LQ#WKDW#YHU\#VSHFLILF#FRQGLWLRQV#FRXOG#EH#QHFHVVDU\#LQ
RUGHU#WR#FUHDWH #HYHQ#RQH#EHDG#LQ#WKH#ILUVW#SODFH1##)RU#H[DPSOH/#KLJK
ORDGLQJ# OHDGLQJ# WR# # EULWWOHQHVV/#FRPELQHG #ZLWK# QRQHTXLOLEULXP
SKHQRPHQD#+VXFK#DV#K\VWHUHVLV#HIIHFWV#GXULQJ#HOHFWURO\VLV#RI#3G
GHXWHULGH/#RU#SKDVH#WUDQVLWLRQV#GXULQJ#WHPSHUDWXUH#FKDQJHV#LQ#7L
GHXWHULGH,/#PD\#EH#QHFHVVDU\#WR#JHQHUDWH#EHDGV#GXULQJ#FUDFNLQJ1
$Q#H[WUHPHO\#ORFDOL]HG#DUHD#LQ#ZKLFK#IXVLRQ#WDNHV#SODFH#ZRXOG
DOVR#EH#DV#H[SHFWHG1

7KH# EXUVW0OLNH#QDWXUH# +DQG#WKH# VXJJHVWLRQ#WKDW#VRPH# DFWLYH#3G
VDPSOHV#FRQWLQXH#WR#JLYH#WKH#EHVW#UHVXOWV#HYHQ#LI#UHPHOWHG,#FRXOG
DOVR#EH#FRQVLVWHQW#ZLWK#WKH#IDFW#WKDW#WKH#QXFOHL#SURGXFHG#LQ#WKH
IXVLRQV/#HYHQ#+H# SURGXFHG#ZLWK# D# NLQHWLF# HQHUJ\# RI# 57#0H9 /
FRXOG#H[SHULHQFH#VXFK#D#VWURQJ#HOHFWULFDO#DWWUDFWLRQ#WR# WKH# EHDG
WKDW# WKH\#ZRXOG# UHPDLQ# ERXQG# WR# LW# DQG# HYHQWXDOO\# SK\VLFDOO\
VKLHOG#LW1# # +$JDLQ/#D#VLPLODU#SUREOHP# RFFXUV#LQ#PXRQ0FDWDO\]HG
IXVLRQ/#ZKHQ#ELQGLQJ#RI #KHOLXP#WR#WKH#PXRQ#QHXWUDOL]HV#LWV#FKDUJH1
,Q#WKH# SUHVHQW# FDVH/#KRZHYHU/# WKH#PDMRU#LPSHGLPHQW#ZRXOG# EH
H[SHFWHG#WR#EH#SK\VLFDO1,

2QH#ILQDO#LPSOLFDWLRQ#RI #WKLV#PHFKDQLVP#LV#WKDW#LVRODWLRQ#RI#WKH
FOXVWHUV#ZRXOG#DOORZ#WKHP#WR#EH#XVHG#WR#FDWDO\]H#IXVLRQ#DQ\ZKHUH1
,QGHHG/#ZKLOH#SDUWLFXODU#FRQGLWLRQV#LQ#PHWDO#GHXWHULGHV#PD\#DVVLVW
LQ#FOXVWHU#FUHDWLRQ/#WKHVH#ZRXOG#SUREDEO\#QRW#EH#WKH#VDPH#DV#WKRVH
ZKLFK# \LHOG# WKH# JUHDWHVW# IXVLRQ# UDWHV# RU # WKH# EHVW# HQJLQHHULQJ
DGYDQWDJHV1

$W#WKH#6DQWD#)H#:RUNVKRS#RQ#&ROG#)XVLRQ#3KHQRPHQD#+0D\#560
58/#4<;<,/#D#SRVWHU#ZDV#H[KLELWHG#ZLWK #DQ #HQODUJHG#SKRWRJUDSK
RI#D#SDOODGLXP#HOHFWURGH#KDYLQJ#VPDOO#KROHV1##&RXOG#DQ#HOHFWURQ
EHDG# DFFHOHUDWHG# E\#IXVLRQ# HQHUJ\# KDYH# EHHQ# UHVSRQVLEOH# IRU
%GULOOLQJ%#WKHVH#KROHV#IURP#WKH#LQVLGH#RI#WKH#3G#FDWKRGH"

35,0(5=#+(/,80#$1'#,62723,&#&+$1*(6
E\#0LFKDHO#'HKQ/#$VVRFLDWH#(GLWRU

+(/,80

7ZR#VWDEOH#LVRWRSHV#RI #KHOLXP#H[LVW/#6+H#DQG#7+H1##7KH #IRUPHU#LV
IRUPHG#GLUHFWO\#LQ#DSSUR[LPDWHO\#KDOI#RI#FRQYHQWLRQDO#G0G#IXVLRQ
UHDFWLRQV/#G#.#G#00!#Q#.#6+H/#DQG#LV#DOVR#HYHQWXDOO\#IRUPHG#E\
GHFD\#RI#WKH#WULWLXP#+KDOIOLIH# #4516#\HDUV,#IRUPHG#LQ#WKH#RWKHU
PDLQ#UHDFWLRQ/#G#.#G#00!#W#.#S1##,Q#DGGLWLRQ/#DSSUR[LPDWHO\#4#LQ
43:#FRQYHQWLRQDO#G0G#UHDFWLRQV#IRUPV#7+H1

,W#ZDV# LQLWLDOO\# VXVSHFWHG/# WKHUHIRUH/# WKDW# KDOI# RI# DOO# G0G# FROG
IXVLRQ# UHDFWLRQV#ZRXOG# IRUP# 6+H1# # 6LJQLILFDQW# H[SHULPHQWDO
HYLGHQFH#KDV#VLQFH#VXJJHVWHG/#KRZHYHU/#WKDW#WKH#G#.#G#00!#Q#.#6+H
UHDFWLRQ#LV#UHODWLYHO\#LQIUHTXHQW 1##,Q#DGGLWLRQ/#WKH#JHQHUDO#LQDELOLW\
WR#PHDVXUH# HQRXJK# WULWLXP# WR# DFFRXQW#IRU# WKH#PHDVXUHG#KHDW
JHQHUDWLRQ#KDV#UDLVHG#WKH#TXHVWLRQ#RI#ZKHWKHU#D#IDU#JUHDWHU#7+H
IRUPDWLRQ#FRXOG#EH#RFFXUULQJ/#HLWKHU# IURP# G0G#IXVLRQ#RU#VRPH
RWKHU#UHDFWLRQ1##+4344#G0G#IXVLRQV#WR#IRUP#7+H#ZRXOG#UHOHDVH#4
ZDWW#RI #KHDW1,##7KXV/#D#QXPEHU#RI #HIIRUWV#WR#PHDVXUH#KHOLXP#KDYH
ORRNHG#IRU#ERWK#6+H#DQG#7+H#XVLQJ#PDVV#VSHFWURPHWU\1

%DFNJURXQG# KHOLXP# OHYHOV# UHVXOW# IURP# ERWK# WKH# 7+H# DQG# 6+H
FRQWHQWV#RI#DLU #WUDSSHG#LQ#VDPSOHV#DQG#DLU#OHDNLQJ#LQWR#WKH#PDVV
VSHFWURPHWHU1##+,QGHHG/#KHOLXP#OHDNDJH#LV#IDU#PRUH#GLIILFXOW#WR
SUHYHQW# WKDQ# OHDNDJH#RI #25# DQG#151,# #:KLOH# WKH# DYHUDJH# 7+H
FRQWHQW# RI# DLU# LV# DSSUR[LPDWHO\# 8#SSP# DQG# WKDW# RI#6+H#LV# IDU
ORZHU/#UHVXOWLQJ #LQ# 6+H#GHWHFWLRQ# OLPLWV#ZKLFK#PD\#EH#VHYHUDO
RUGHUV# RI# PDJQLWXGH# PRUH# VHQVLWLYH1# # ++RZHYHU/# WKH# UDWLR
EHWZHHQ#WKHVH#LVRWRSHV#PD\#YDU\#FRQVLGHUDEO\#LQ#RWKHU#VRXUFHV1,

,W#VKRXOG#DOVR#EH#QRWHG#WKDW#+H#OHYHOV#LQ#WKH#VXUIDFH#58#PLFURQV
RI#DW#OHDVW#RQH#EDWFK#RI#DV0UHFHLYHG#3G#URGV#ZDV#IRXQG#WR#EH#8043
RUGHUV# RI#PDJQLWXGH#KLJKHU# WKDQ# WKH# KHOLXP# FRQWHQW# DW# GHSWK
+?4345# PROHV2FP6,/# OHDGLQJ# WR# EDFNJURXQG# OHYHOV# RUGHUV# RI
PDJQLWXGH# KLJKHU# WKDQ# LI # WKLV# OD\HU# KDG# EHHQ# UHPRYHG# E\
HOHFWURSROLVKLQJ#>4@1
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+HOLXP#OHYHOV#PD\#EH#UHSRUWHG#DV#HLWKHU#PROHV#RU#DWRPV#SHU#JUDP
RU#FXELF#FHQWLPHWHU1##2QH#PROH#FRQWDLQV#9#[#4356#DWRPV/#DQG#RQH
FP6# RI#3G# FRUUHVSRQGV# WR# 45#JUDPV1# #7KH# VHQVLWLYLW\#RI #PDVV
VSHFWURPHWU\# LV# UHODWLYHO\# ORZ# FRPSDUHG# ZLWK# RWKHU# PHWKRGV/
W\SLFDOO\#ZLWK# GHWHFWLRQ#OLPLWV# RQ# WKH#RUGHU# RI# 4344045# DWRPV2J1
7KXV/#SRVLWLYH#UHVXOWV#PD\# UHTXLUH# SDOODGLXP# VDPSOHV#KDYLQJ# D
KLVWRU\#RI#VLJQLILFDQW#WRWDO#KHDW#SURGXFWLRQ1

6RPH# LQLWLDO# H[SHULPHQWV/# LQFOXGLQJ# WKDW# RI# 3RQV# DQG
)OHLVFKPDQQ/#FRQFHQWUDWHG#RQ#WKH#PHDVXUHPHQW#RI#KHOLXP#LQ#WKH
'5# JDV# JLYHQ# RII# GXULQJ# HOHFWURO\VLV /#RQ# WKH# DVVXPSWLRQ# WKDW
KHOLXP# SURGXFHG# E\# D# VXUIDFH# IXVLRQ# UHDFWLRQ# ZRXOG# HVFDSH 1
9DULRXV#DXWKRUV #KDYH#VLQFH# SRLQWHG# RXW/#KRZHYHU/# WKDW#KHOLXP
IRUPHG#ZLWKLQ#PHWDOV#ZRXOG#W\SLFDOO\#EH#UHWDLQHG#XQWLO#WKH#PHWDO
ZDV#KHDWHG#WR# YHU\#KLJK #WHPSHUDWXUHV# +EHWZHHQ#933.#&#LQ#WKH
SUHVHQFH# RI # FUDFNV# DQG# 463304933# &# IRU# LVRODWHG# DWRPV# DQG
EXEEOHV/# ZLWK# WKH# UHODWLYH# SURSRUWLRQV# GHSHQGLQJ# VWURQJO\# RQ
PHWDOOXUJLFDO#IDFWRUV,#>H1J1#4@1##2WKHU #VWXGLHV#KDYH#VKRZQ#D#VLPLODU
EHKDYLRU#LQ#PHWDO#K\GULGH#>5@1

$V#D#UHVXOW/#UHFHQW#H[SHULPHQWV#KDYH#W\SLFDOO\#LQYROYHG#RXWJDVVLQJ
RI#K\GURJHQ#DQG#GHXWHULXP#IURP#HOHFWURGHV#+WR#UHPRYH#'5#ZKLFK
LQWHUIHUHV# ZLWK# KHOLXP# GHWHFWLRQ,/# IROORZHG# E\# YHU\0KLJK0
WHPSHUDWXUH# WUHDWPHQW# RU# PHOWLQJ# RI# 3G# HOHFWURGHV# IURP
HOHFWURO\VLV# H[SHULPHQWV# >5/# 6/# 7@1# #7R# GDWH/# WKH#PRVW# QRWDEOH
VXFFHVV#KDV#EHHQ#UHSRUWHG#LQ#DQ #LQGHSHQGHQW#DQDO\VLV#RI#WKH#3G
HOHFWURGH# IURP# WKH# PROWHQ# VDOW# H[SHULPHQW# RI# 'UV1# /LDZ# DQG
/LHEHUW#RI#WKH#81#RI#+DZDLL#>8@1##(YHQ#LQ#WKLV#FDVH/#KRZHYHU/#7+H
OHYHOV#IRXQG#>9@#ZHUH#RUGHUV#RI #PDJQLWXGH#EHORZ#WKH#OHYHO#ZKLFK
FRXOG#DFFRXQW#IRU#WKH#SUHYLRXVO\#PHDVXUHG#KHDW#SURGXFWLRQ#RI#8
0-1

$OWKRXJK# ,# KDYH# QRW# VHHQ# WKLV# VXJJHVWLRQ# LQ# SULQW/# LW# VHHPV
SRVVLEOH#WKDW#VLJQLILFDQWO\#PRUH#KHOLXP#RXWJDVVLQJ#FRXOG#LQ#IDFW
UHVXOW#GXULQJ#RQJRLQJ#SODVWLF#GHIRUPDWLRQ/#LQ#WKH#VDPH#ZD\#WKDW
WKLV#PHFKDQLVP#FDQ#HQKDQFH#WULWLXP#PLJUDWLRQ#>:@/#EXW#HYHQ#WKLV
PHFKDQLVP#VHHPV#XQDEOH#WR#UHOHDVH#WKH# KHOLXP#ZLWK#HVSHFLDOO\
KLJK# HIILFLHQF\1# #6LPLODUO\/# ,#ZRXOG# SUHVXPH#WKDW#HYHQ#KHOLXP
SURGXFWLRQ# E\# D# VXUIDFH#PHFKDQLVP#LQ#ZKLFK#WKH# SURGXFWV#DUH
JLYHQ#RQO\#YHU\#ORZ#NLQHWLF#HQHUJLHV#+VR#WKDW#WKRVH#HPLWWHG#LQZDUG
DUH#QRW#LPSODQWHG#GHHSHU#LQWR#WKH#VDPSOH,#ZRXOG#VWLOO#FDXVH#VRPH
KHOLXP#WR#UHPDLQ#LQ#WKH#VDPSOH1

,62723,&#&+$1*(6

6RPH#WKHRULHV#KDYH#VXJJHVWHG#WKH#SRVVLELOLW\#WKDW#RWKHU#HOHPHQWV
VXFK# DV#/L# RU#3G# DUH# LQYROYHG# LQ# D# FROG# IXVLRQ# UHDFWLRQ# +IRU
H[DPSOH/#G.9/L#IXVLRQ#RU#FDWDO\WLF#WUDQVIHU#RI#D#QHXWURQ#IURP#G#WR
3G,1# #)RU#VXFK#D#SRVVLELOLW\# WR# EH#WHVWDEOH#E\#LVRWRSLF#DQDO\VHV
+PDVV#VSHFWURPHWU\,/#VLJQLILFDQW#WRWDO#KHDW#SURGXFWLRQ#ZRXOG#DJDLQ
EH#QHFHVVDU\1#>;@##7R#GDWH/#WKHUH#KDYH#EHHQ#RQO\#UDUH#UHSRUWV#RI
SRVVLEOH#LVRWRSLF#FKDQJHV/#VXFK#DV#D#UHSRUW#RI #GHSOHWLRQ#RI#4383G
DQG#43;3G/#DORQJ#ZLWK#DQ#HQULFKPHQW#RI #4393G/#DW#WKH#VXUIDFH#RI#DQ
HOHFWURGH#><@/#DOWKRXJK#HYHQ#WKLV#KDV#DOVR#EHHQ#VXJJHVWHG#WR#KDYH
EHHQ#GXH#WR#LQVWUXPHQWDO#HUURU1

,Q#WKH#FDVH#RI#9/L/# LW#VKRXOG#EH#VWUHVVHG#WKDW#WKH#9/L#FRQWHQW#RI
FRPPHUFLDO# /L# UHDJHQWV# YDULHV# VHYHUDO# IROG# ><@1# # 7KXV/
PHDVXUHPHQWV# RI# DOWHUHG# 9/L2:/L# UDWLRV# DIWHU# FROG# IXVLRQ
H[SHULPHQWV#ZRXOG#QRW#EH#VLJQLILFDQW#XQOHVV#WKH#LQLWLDO#UDWLR#ZHUH
DFFXUDWHO\#HVWDEOLVKHG1

5()(5(1&(6

>4@# -RKQ# 51# 0RUUH\# HW# DO1/# %0HDVXUHPHQWV# RI# +HOLXP# LQ
(OHFWURO\]HG#3DOODGLXP/%#)XVLRQ#7HFKQRORJ\#4;/#4<<3/#SS#98<0
99;1

>5@#*1&1#$EHOO# HW#DO1/# %+HOLXP#5HOHDVH#IURP#$JHG #3DOODGLXP
7ULWLGH/%#3K\V1#5HY1#%#74/#4<<3/#SS#4553045561

>6@#1161#/HZLV#HW #DO1/#%6HDUFKHV#IRU#/RZ07HPSHUDWXUH#1XFOHDU
)XVLRQ#RI#'HXWHULXP#LQ#3DOODGLXP/%#1DWXUH#673/#4<;</#SS#8580
8631

>7@#-HDQ03LHUUH#%ODVHU#HW #DO1/#%([SHULPHQWDO#,QYHVWLJDWLRQ#RI#&ROG
)XVLRQ#3KHQRPHQD#LQ#3DOODGLXP/%#&KLPLD#76/#4<;</#SS#595059;1

>8@# %1< 1# /LDZ# HW# DO1/# %(OHYDWHG# 7HPSHUDWXUH# ([FHVV# +HDW
3URGXFWLRQ#8VLQJ#0ROWHQ06DOW# (OHFWURFKHPLFDO#7HFKQLTXHV/%
3URFHHGLQJV#RI#WKH#6SHFLDO#6\PSRVLXP#RQ#&ROG#)XVLRQ /#:RUOG
+\GURJHQ#(QHUJ\#&RQIHUHQFH# &;/#+RQROXOX#+,/# -XO\# 5505:/
4<<31

>9@#1DWKDQ #+RIIPDQ/#UHSRUWHG#DW#$QRPDORXV#1XFOHDU#(IIHFWV#LQ
'HXWHULXP26ROLG# 6\VWHPV# &RQIHUHQFH/# %ULJKDP# <RXQJ
8QLYHUVLW\/#2FWREHU#55057/#4<<31

>:@#5REHUW#$1#+XJJLQV/#%)XQGDPHQWDO#&RQVLGHUDWLRQV#5HODWLQJ
WR#WKH#(OHFWURFKHPLFDO#,QVHUWLRQ#RI#+\GURJHQ#DQG#3DOODGLXP#LQWR
0L[HG#&RQGXFWRUV /%#3URFHHGLQJV#RI#WKH#6SHFLDO#6\PSRVLXP#RQ
&ROG#)XVLRQ/#:RUOG#+\GURJHQ#(QHUJ\#&RQIHUHQFH#&;/#+RQROXOX
+,/#-XO\#5505:/#4<<31

>;@# 31# )URGO # HW# DO1/# %3RVVLEOH# 3DUWLFLSDWLRQ# RI # /LWKLXP# LQ
)OHLVFKPDQQ03RQV #5HDFWLRQ#LV#7HVWDEOH/%#=1#1DWXUIRUVFK1#$#78/
4<<3/#SS#:8:0:8;1

><@#'1#5ROLVRQ# HW#DO 1/# %$QRPDOLHV# LQ# WKH#6XUIDFH#$QDO\VLV#RI
'HXWHUDWHG#3DOODGLXP#0HWDOV/%#3URF1)LUVW#$QQXDO#&RQIHUHQFH#RQ
&ROG#)XVLRQ/#0DUFK#5;064/#4<<31
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Ûò Þ×ÞÔ×ÑÙÎßÐØÇ ËÐÜßÌÛ

Þ×ÞÔ×ÑÙÎßÐØÇ ËÐÜßÌÛæ ÌØÛÑÎÇ

Ì¸» º±´´±©·²¹ ½·¬¿¬·±²­ ®»°®»­»²¬ »¿®´§ ¬¸»±®§ °¿°»®­ ©¸·½¸ ©»®»
²±¬ ®»ª·»©»¼ ¿¬ ¬¸» ¬·³»ò

Ó¿®µ Ç¿ò ß¦¾»´ øÌ»´ ßª·ª Ë÷ô þÐ±­­·¾·´·¬§ ±º Ý±´¼ Ú«­·±²ôþ Í±´·¼
Í¬¿¬» Ý±³³ò éêô ïççðô °° ïîéóïîçò Ì¸·­ ²±¬» ­«¹¹»­¬­
¸§°±¬¸»¬·½¿´ ½±²¼·¬·±²­ ·² ³»¬¿´­ ±¬¸»® ¬¸¿² Ð¼ ±® Ì· «²¼»® ©¸·½¸
­·¹²·º·½¿²¬ º«­·±² ®¿¬»­ ½±«´¼ ±½½«® ©·¬¸·² ¬¸» Ô»¹»¬¬óÞ¿§³
´·³·¬¿¬·±²­ò Ê»®§ ¸·¹¸ ¿²¼ ±²¹±·²¹ ´±¿¼·²¹ô ²¿®®±© »´»½¬®±²
¾¿²¼­ ¿²¼ ¸·¹¸ó»²»®¹§ ³»¬¿­¬¿¾´» ­¬¿¬»­ ¿®» ®»¯«·®»¼ò

Ìò Þ®»­­¿²· ø×ÒÚÒô Ì±®·²±ô ×¬¿´§÷ô Ûò Ü»´Ù·«¼·½» ¿²¼ Ùò
Ð®»°¿®¿¬¿ ø×ÒÚÒô Ó·´¿²±ô ×¬¿´§÷ô þÚ·®­¬ Í¬»°­ Ì±©¿®¼ ¿²
Ë²¼»®­¬¿²¼·²¹ ±º ùÝ±´¼ù Ò«½´»¿® Ú«­·±²ôþ Ò«±ª± Ý·³»²¬± ß ïðïô
ïçèçô °° èìëóèìçò Ì¸·­ ²±¬» ®»°®»­»²¬­ ¬¸» º·®­¬ °«¾´·½¿¬·±² ±º
Ü®ò Ð®»°¿®¿¬¿ù­ ¬¸»±®§ò

Êò Ý¿°»µô þÌ«²²»´·²¹ Ûºº·½·»²½§ ¿²¼ ¬¸» Ð®±¾´»³ ±º Ý±´¼
Ú«­·±²ôþ Ý¦»½¸ Öò Ð¸§­ò Þ íçô ïçèçô °° éçíóéçëò Ì¸·­ °¿°»®
½¿´½«´¿¬»­ »²±®³±«­ ·²½®»¿­»­ ·² ¬«²²»´·²¹¿¬ »Ê »²»®¹·»­ ·²¼«½»¼
¾§ ¬¸» °®»­»²½» ±º ¬¸» »¨½·¬»¼ ­¬¿¬»­å ¬¸» ¬«²²»´·²¹ ³»½¸¿²·­³ ·­
±²» ·²ª±´ª·²¹ ·²¬»®¿½¬·±² ©·¬¸ ¬¸» ´¿¬¬·½»ô ¿²¼ ¬¸«­ ¼±»­ ²±¬
±°»®¿¬» ·² ½±²ª»²¬·±²¿´ º«­·±²ò Ð®»ª·±«­ °¿°»®­ ¾§ Ý¿°»µ ¿®»
½·¬»¼æ Ý¦»½¸ Öò Ð¸§­ò Þ íêô ïçèêô ° ïðçëå Öò Ð¸§­ò Ý îðô ïçèéô °
îçðïå ¿²¼ Öò Ð¸§­ò øÚ®¿²½»÷ ëðô ïçèçô ° èèéò

Íò Ú»²¹ øËÝÔß÷ô þÛ²¸¿²½»³»²¬ ±º Ý±´¼ Ú«­·±² Î¿¬» ¾§ Û´»½¬®±²
Ð±´¿®·¦¿¬·±² ·² Ð¿´´¿¼·«³ Ü»«¬»®·«³ Í±´·¼ôþ Í±´·¼ Í¬¿¬» Ý±³³ò
éîô ïçèçô °° îðëóîðçò Ì¸·­ °¿°»® ·²¼·½¿¬»­ ¬¸¿¬ ¿ ¸·¹¸ ¼·»´»½¬®·½
½±²­¬¿²¬ ®»­«´¬·²¹ º®±³ ·²½®»¿­»¼ ­»³·½±²¼«½¬±® ½¸¿®¿½¬»® ±º Ð¼
¼»«¬»®·¼» ¿¬ ¸·¹¸ ´±¿¼·²¹ ½¿² ¹®»¿¬´§ ·²½®»¿­» ¬«²²»´·²¹ ¾§
¼»½®»¿­·²¹ ¬¸» »ºº»½¬·ª» ©·¼¬¸ ±º ¬¸» Ý±«´±³¾ ¾¿®®·»®ô ¿´¬¸±«¹¸
²±¬ ­«ºº·½·»²¬´§ ¬± ¾» ¬¸» ­±´» ³»½¸¿²·­³ò

ßòÞò Ø¿­­¿³ øË ±º Ó¿®§´¿²¼÷ ¿²¼ ßò Òò Ü¸¿®¿³­· øÑ´¼
Ü±³·²·±² Ëô Ê·®¹·²·¿÷ô þÜ»«¬»®·«³ Ó±´»½«´» ·² ¬¸» Ð®»­»²½» ±º
Û´»½¬®±²·½ Ý¸¿®¹» Ý±²½»²¬®¿¬·±²­æ ×³°´·½¿¬·±²­ º±® Ý±´¼ Ú«­·±²ôþ
Ð¸§­ò Î»ªò ß ìðô ïçèçô °° êêèçóêêçïò Ì¸·­ °¿°»® ­«¹¹»­¬­ ¬¸¿¬
«° ¬± ­»ª»®¿´óº±´¼ ®»¼«½¬·±²­ ·² ¬¸» ¾±²¼ ´»²¹¬¸ ±º ¿ Üî ³±´»½«´»
º±®³·²¹ ·² ²±²»¯«·´·¾®·«³ °±­·¬·±²­ ¿­¬®·¼» ¿ ­«ºº·½·»²¬´§ ´¿®¹»
´±½¿´·¦»¼ »´»½¬®±²·½ ½¸¿®¹» ½±²½»²¬®¿¬·±² ±º ¸·¹¸óÆ ³»¬¿´­ ­«½¸
¿­ Ð¼ò

ÊòÊò Õ±³¿®±ª øÓ±­½±© Í¬¿¬» Ëô ËÍÍÎ÷ô Ñò Ó»´­¸»·³»® ¿²¼ ßò
Ð±°±ª¿ øÐ¸·´´·°­óËò Ó¿®¾«®¹ô Ù»®³¿²§÷ô þÜ±»­ Ý±´¼ Ú«­·±²
Û¨·­¬ ¿²¼ ·­ ·¬ Ó»¿­«®¿¾´»áôþ Æò Ò¿¬«®»ò ß ìëô ïççðô °° éëçóéêïò
Ì¸» ³±¼»´ ¼»­½®·¾»¼ ·² ¬¸·­ ²±¬» ½¿´½«´¿¬»­ ¬¸» »¨·­¬»²½» ±º ¿
®»­±²¿²¬ ·²¬»®¿½¬·±² ¾»¬©»»² ³±ª·²¹ ¼»«¬»®±²­ ·² ¿ ³»¬¿´ ´¿¬¬·½»ô
©·¬¸ ¬¸» ®»­±²¿²½» »²»®¹§ ¼»°»²¼·²¹ ±² °®±°»®¬·»­ ­«½¸ ¿­ ¬¸»
»´»½¬®±² ¼»²­·¬§ ¿²¼ ´¿¬¬·½» ¼·³»²­·±²­ò Ì¸» ³¿¹²·¬«¼» ±º ¬¸»
»ºº»½¬ ·­ ·²¼·½¿¬»¼ ¬± ¾» ª»®§ ´¿®¹» ø½±³°¿®¿¾´» ¬± ¬¸¿¬ ·² ³«±²ó
½¿¬¿´§¦»¼ º«­·±²÷ò

Õò Ô¿²¹¿²µ»ô ØòÖò ß­­»²¾¿«³ ¿²¼ Ýò Î±´º­ øËò Ó«²­¬»®ô
Ù»®³¿²§÷ô þÍ½®»»²·²¹ Ý±®®»½¬·±²­ ·² Ý±´¼ Ü»«¬»®·«³ Ú«­·±²
Î¿¬»­ôþÆò Ð¸§­ò ß íííô ïçèçô °° íïéóíïèò Ì¸·­ °¿°»® ½¿´½«´¿¬»­
·²½®»¿­»¼ º«­·±² ®¿¬»­ º±® Üî ·² ³»¬¿´­ ±º ëóïì ±®¼»®­ ±º
³¿¹²·¬«¼» ¼«» ¬± ­½®»»²·²¹ »ºº»½¬­ô ¿­ ©»´´ ¿­ ­»ª»®¿´ ±®¼»®­ ±º
³¿¹²·¬«¼» ©¸»² ¬¸» ³±´»½«´»­ ¿®» ·² »¨½·¬»¼ ª·¾®¿¬·±²¿´ ­¬¿¬»­ò
Ì¸»­» »ºº»½¬­ ¿´±²» ¿®» ²±¬ô ¸±©»ª»®ô ­«ºº·½·»²¬ ¬± ¿½½±«²¬ º±®
³»¿­«®»¼ º«­·±² ®¿¬»­ò

ÙòØò Ô·²ô ÎòÝò Õ¿·²¬¸´¿ô ÒòÖòÝò Ð¿½µ¸¿³ ¿²¼ ÖòÑùÓò Þ±½µ®·­
øÌ»¨¿­ ßúÓ÷ô þÛ´»½¬®±½¸»³·½¿´ Ú«­·±²æ ß Ó»½¸¿²·­³
Í°»½«´¿¬·±²ôþ Öò Û´»½¬®±¿²¿´ò Ý¸»³ò îèðô ïççðô °° îðéóîïïò
Ì¸·­ ²±¬» ¼·­½«­­»­ ¬¸» °±­­·¾´» ®±´» ±º ¼»«¬»®±² ¿½½»´»®¿¬·±² ¾§
¸·¹¸ »´»½¬®·½¿´ º·»´¼­ ¿­­±½·¿¬»¼ ©·¬¸ ¼»²¼®·¬» º±®³¿¬·±² ¼«®·²¹
°®±´±²¹»¼ »´»½¬®±´§­·­ò Í·³·´¿® °®»­»²¬¿¬·±²­ ½¿² ¾» º±«²¼ ·²
­»ª»®¿´ ±º Ü®ò Þ±½µ®·­ù ´¿¬»® °¿°»®­ ¿²¼ ½±²º»®»²½» °®»­»²¬¿¬·±²­ò

ÍòÇò Ô± ø×²­¬·¬«¬» º±® Þ±­±² Í¬«¼·»­ô Ð¿­¿¼»²¿ Ýß÷ô
þÛ²¸¿²½»³»²¬ ±º Ò«½´»¿® Ú«­·±² ·² ¿ Í¬®±²¹´§ Ý±«°´»¼ Ý±´¼
Ð´¿­³¿ôþ Ó±¼ò Ð¸§­ò Ô»¬¬ò Þ íô ïçèçô °° ïîðéóïîïïò Ì¸·­ ²±¬»
°®»­»²¬­ ¿² »¿®´§ ½¿´½«´¿¬·±² ±º ¬¸» ´¿®¹» »²¸¿²½»³»²¬­ ·²
¬«²²»´·²¹ ®¿¬»­ °±­­·¾´» ¼«» ¬± ­½®»»²·²¹ ¿¬ ­«ºº·½·»²¬´§ ¸·¹¸
´±¿¼·²¹ò

ÖòÔò Î«­­»´´ Ö®ô þÐ´¿«­·¾·´·¬§ ß®¹«³»²¬ º±® ¿ Í«¹¹»­¬»¼
Ó»½¸¿²·­³ º±® Ý±´¼ Ú«­·±²ôþ ß²²ò Ò«½´ò Û²»®¹§ ïéô ïççðô °°
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