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6WLOO*V# 'LVHDVH# +6',# ZDV# ILUVW# GHVFULEHG# E\#
*HRUJH# )UHGHULF#6WLOO# LQ# 4;<:1#&ODVVLFDO#6'# LV#
DQ#DFXWH#V\VWHPLF# LQIODPPDWRU\#GLVRUGHU# WKDW#
KDV# WUDGLWLRQDOO\# EHHQ# FRQVLGHUHG# DV# WKH#
MXYHQLOH# IRUP# RI# UKHXPDWRLG# DUWKULWLV1# ,Q# WKH#
V\VWHPLF# IRUP# RI# WKH# GLVHDVH#ZLWK# UDVK# DQG#
KLJK# IHYHU/# YDULDEOH# DUWLFXODU# PDQLIHVWDWLRQV#
RFFXU1#$#PLOG#QRQ0VSHFLILF#LQIODPPDWLRQ#LV#DOVR#
REVHUYHG#LQ#WKH#LQYROYHG##MRLQWV14##
#
6'# LV# D# UDUH# V\QGURPH# RI# XQNQRZQ# RULJLQ#
FRQVLVWLQJ# RI# UHFXUUHQW# IHYHU/# XUWLFDULDO# UDVK/#
DUWKUDOJLDV# RU# DUWKULWLGHV/# O\PSKDGHQRSDWK\#
DQG# VSOHQRPHJDO\1# 7KHUH# LV# QR# SDWKRJQR0
PRQLF# V\PSWRP# RU# VSHFLILF# ODERUDWRU\#
DEQRUPDOLW\1# ,QFUHDVHG# HU\WKURF\WH#
VHGLPHQWDWLRQ# UDWH# +(65,/# QHJDWLYH# DXWR0
DQWLERGLHV/# OHXNRF\WRVLV/# OLYHU#G\VIXQFWLRQ#DQG#
K\SHUIHUULWLQHPLD# DUH# PDMRU# ODERUDWRU\#
ILQGLQJV14/5# $# YHU\# KLJK# OHYHO# RI# IHUULWLQ# LV##
IUHTXHQWO\#REVHUYHG#DQG#FRXOG#EH#D#PDUNHU#RI#
WKH# GLVHDVH1# )HUULWLQ# LV# D#PDMRU# LURQ# VWRUDJH#
SURWHLQ#WKDW#KDV#D#GLDJQRVWLF#YDOXH#IRU##DFXWH#
6'# DQG# D# NH\# IDFWRU# LQ# IROORZ0XS16# 6HUXP#
IHUULWLQ# # OHYHO# LQ# 6'# ZDV# # UHSRUWHG# # WR# EH#
KLJKHU# WKDQ# RQH# FRXOG# H[SHFW# # IRU# D# VLPSOH##
LQIODPPDWRU\#VWDWH/#HVSHFLDOO\# LQ#DGXOW# #RQVHW#
6'17#
#
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#
$#480\HDU0ROG#JLUO#ZDV#DGPLWWHG#WR#WKH#KRVSLWDO#
EHFDXVH# RI# ZRUVHQLQJ# MRLQW# SDLQ# DQG# D# ORZ0#
JUDGH# LQWHUPLWWHQW#IHYHU1#7KH#SDWLHQW#ZDV# LQ#D#
VWDEOH# VWDWH# RI# KHDOWK# XQWLO# RQH# \HDU# HDUOLHU/#
ZKHQ# VKH# ZDV# DGPLWWHG# WR# DQRWKHU# KRVSLWDO#
GXH# WR#VHYHUH#SDLQ/#HU\WKHPD#DQG#VZHOOLQJ# LQ#
MRLQWV#QDPHO\# WKH# NQHH/#GLDUWKURLGLDO# MRLQWV#RI#
VSLQH/#ZULVW/#HOERZ/#PHWRFDUSRSKDODQJLDOV#DQG#
VDFURLOLDFV1# 6KH# ZDV# FRPSODLQLQJ# RI# IDWLJXH/##
PLOG# DQRUH[LD/# ZHLJKW# ORVV/# DQG# # SURJUHVVLYH#
HDUO\#PRUQLQJ# VWLIIQHVV1# 6KH# GLG# QRW# LPSURYH#
RQ# QRQ0VWHURLGDO# DQWL0LQIODPPDWRU\# GUXJ#
WUHDWPHQW1# 3K\VLFDO# H[DPLQDWLRQ# UHYHDOHG#
JURZWK# IDLOXUH1#7KHUH#ZDV# D# JHQHUDOL]HG# UDVK##
DQG# ORFDO#SDLQ## LQ#DOO#RI#WKH##MRLQWV1#7KHUH#ZDV#
D# PRELOH# 4[4# FP# VL]HG# O\PSKDGHQRSDWK\# LQ#
WKH# ULJKW# D[LOODU\# UHJLRQ1# $# ILQH0QHHGOH#
DVSLUDWLRQ# ELRSV\# ZDV# SHUIRUPHG# DQG#
F\WRORJLFDO# H[DPLQDWLRQ# UHYHDOHG# UHDFWLYH#
O\PSKRF\WLF# K\SHUSODVLD1# 8OWUDVRQRJUDSK\# RI#

DEGRPHQ# UHYHDOHG# KHSDWRVSOHQRPHJDO\1#
2SKWDOPRORJLFDO# H[DPLQDWLRQ# ZDV# ZLWKLQ#
QRUPDO# OLPLWV1# 6HUXP# IHUULWLQ# OHYHO# ZDV# 8773#
QJ2PO# +1=480533# QJ2PO,1# 6HUXP#
LPPXQRJOREXOLQ# OHYHOV# ZHUH# HYDOXDWHG# DV#
QRUPDO1# $OO# ODERUDWRU\# ILQGLQJV# DUH# SUHVHQWHG#
LQ#7DEOH# 41#7KH#SDWLHQW#ZDV#GLDJQRVHG#DV#6'#
XSRQ# FOLQLFDO# DQG# ODERUDWRU\# ILQGLQJV1#
3UHGQLVRORQH# 4# PJ2NJ# ZDV# VWDUWHG1# 6KH#
LPSURYHG# JUDGXDOO\1# 6HUXP# IHUULWLQ# DQG# &53#
OHYHOV# ZHUH# IRXQG# WR# EH# GHFUHDVHG# LQ# WZR#
ZHHNV1#6KH#ZDV#GLVFKDUJHG# IURP# WKH#KRVSLWDO#
DQG# # LV# #GRLQJ#ZHOO#ZLWK# # WKH#GLVHDVH# DW# RQH#
\HDU#RI#IROORZ0XS1#

#
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#
'LDJQRVLV# RI# 6'# LV# GLIILFXOW# EHFDXVH# RI# WKH#
JUHDW#GLYHUVLW\#RI# FOLQLFDO#DQG#ELRORJLFDO# VLJQV1#
&KLOGUHQ# ZLWK# 6'# DUH# PRVW# OLNHO\# WR# EH#
DGPLWWHG# WR# KRVSLWDO# ZLWK# IHYHU# RI# XQNQRZQ#

7DEOH#41#/DERUDWRU\#ILQGLQJV#RQ#DGPLVVLRQ1#
#
+HPDWRFULW#+(,=## 59#
+HPRJORELQ#+J2GO,=## <16#
:KLWH0FHOO#FRXQW#+3HU#PP6,=## ;833#
3ODWHOHW#FRXQW#+3HU##PP6,=# 73<333#
6HUXP#LURQ#OHYHO#+µµµµJU2GO,=### 5;##
$VSDUWDW#$PLQRWUDQVIHUDVH#+82/,=## 76;#
$OEXPLQ2*OREXOLQ#+J2/,=# 61;271:#
/DFWDWH#'HK\GURJHQDVH+82/,=## 76;###
$ONDOLQH#3KRVSKDWDVH#+82/,#=# 448#
,URQ#ELQGLQJ#FDSDFLW\#+µµµµPRO2GO,=## 583####
)HUULWLQ#+QJ2PO,=# 87;3#
(65#+PP2K,#=# 44;#
&0UHDFWLYH#SURWHLQ#+PJ2GO,#=# 57#
$QWL#QXFOHDU#DQWLERG\=# 1HJDWLYH#
&RPSOHPHQW06#+PJ2GO,=# 4:4#
&RPSOHPHQW07#+PJ2GO,#=# 74#
&HUXORSODVPLQ=## 1RUPDO#
$QWL0GV#'1$=## 1HJDWLYH#
%UXFHOOD#DJJ1#7HVW=# 1HJDWLYH#
5KHXPDWRLG#IDFWRU#=# 1HJDWLYH#
,PPXQRJOREXOLQ#$##+PJ2JO,=## 6<3#
,PPXQRJOREXOLQ#0#+PJ2JO,=# 46:#
,PPXQRJOREXOLQ#*##+PJ2JO,=# 4673#
&KHVW##[05D\=## 1RUPDO#
3HOYLF#[05D\#=## 1RUPDO#
(&*=# 1RUPDO#
$EGRPLQDO#86*=# +HSDWRVSOHQRPHJDO\#
3HOYLF#86*#=## 1RUPDO#
7RUD[#&7=## 1RUPDO#
+\SRSK\VHDO#&7=# 1RUPDO#
$GUHQDO#&7=## 1RUPDO#
(FKRFDUGLRJUDSK\=## 0LWUDO#UHJXUJLWDWLRQ#
8ULQH#DQDO\VLV=## 1RUPDO#
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RULJLQ#WR#EH#DVVHVVHG#IRU#VSLNLQJ#WHPSHUDWXUHV/#
ZKLFK#PLJKW#DQWHGDWH#WKH#RQVHW#RI#DUWKULWLV#E\#
VHYHUDO#ZHHNV1#7KH#PLJUDWRU\/#PDFXORSDSXODU/#
VDOPRQ0FRORUHG# UDVK# WKDW# FRLQFLGHV#ZLWK# IHYHU#
VSLNHV# FDQ# SHUVLVW# ORQJ# DIWHU# DOWKRXJK# RWKHU#
V\PSWRPV# KDYH# DEDWHG1# $FWLYDWLRQ# RI# WKH#
UHWLFXOR0HQGRWKHOLDO# V\VWHP# ZLWK# O\PSKDGHQR0
SDWK\# FDQ#EH# VHHQ# DV# D# UHDFWLYH#K\SHUSODVLD1##
-RLQW#PDQLIHVWDWLRQV# DW#RQVHW# YDU\# IURP#QRQH#
WR# VHYHUH# SRO\DUWLFXODU# DUWKULWLV1# 1LQHW\0ILYH#
SHUFHQW# RI# SDWLHQWV# GHYHORS# DUWKULWLV# E\# WKH#
HQG#RI#WKH#ILUVW#\HDU#RI#GLVHDVH18#,Q#53#SHUFHQW#
RI#WKH#DFXWH#FDVHV/#KLJK#OHYHO#RI#VHUXP#IHUULWLQ#
LV#DVVRFLDWHG#ZLWK#D#KHPRSKDJRF\WLF#V\QGURPH##
ZKLFK##UHVSRQGV##ZHOO##WR###LPPXQRVXSSUHVVLYH#
WUHDWPHQW19# 6HUXP# IHUULWLQ# OHYHO# LV# # KHOSIXO# LQ#
PRQLWRULQJ# GLVHDVH# DFWLYLW\# DQG# JXLGLQJ##
GHFLVLRQV#DERXW#WUHDWPHQW1#'HWHFWLRQ#RI#IHUULWLQ#
OHYHOV# H[FHHGLQJ# 6333# QJ2PO# VKRXOG# OHDG# WR#
WKH# FRQVLGHUDWLRQ# RI# 6'# ZKHQ# WKHUH# LV# DQ#
DFXWH# IHEULOH# LOOQHVV1:# )HUULWLQ# OHYHO# KHOSV# WR#
GLVFULPLQDWH# 6'# IURP# DUWKULWLV# RI# RWKHU#
V\VWHPLF#GLVHDVHV1#,Q#SDWLHQWV#ZLWK#DFWLYH#6'/#
VHUXP# IHUULWLQ# OHYHO# ZDV# KLJKHU# WKDQ# WKDW# LQ#
SDWLHQWV# ZLWK# LQDFWLYH# 6'# DQG# RWKHU#
GLVHDVHV1;/</43# $GGLWLRQDOO\/# WKH# JO\FRIRUP# RI#
LVRIHUULWLQV#DQG#WKH#SHUFHQWDJH#RI#JO\FRV\ODWLRQ##
RIIHUV# DQ# DGGLWLRQDO# WRRO# IRU# WKH# GLDJQRVLV# RI#
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#
,Q#FRQFOXVLRQ/#ZH#UHSRUW#D#FDVH#RI#6'#LQ#ZKRP#
VHUXP# IHUULWLQ# OHYHO# ZDV# FRUUHODWHG# ZLWK# WKH#
DFWLYH# GLVHDVH1# $OWKRXJK# KLJK# VHUXP# IHUULWLQ#
OHYHO#LV#QRW#D#SDWKRJQRPRQLF#ILQGLQJ#IRU#6'/#LW#
LV# DQ# LPSRUWDQW# ODERUDWRU\# WHVW# IRU# GLDJQRVLV#
DQG# IROORZ0XS1# # 6HUXP# IHUULWLQ# OHYHO# LV# D#
EHQHILFLDO#ILQGLQJ#LQ#GLVFULPLQDWLRQ#RI#6'1###
#
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71# 9DQ#5HHWK#&/# /H#0RHO#*/# /DVQH#<1#6HUXP# IHUULWLQ# DQG# LVRIHUULWLQV# DUH#
WRROV# IRU# GLDJQRVLV# RI# DFWLYH# DGXOW# 6WLOO*V# GLVHDVH1# -# 5KHXPDWRO/#
4<<7>54=;<3081#

81# 6FKDOOHU# -*/# :HGJZRRG# 51# -XYHQLOH# 5KHXPDWRLG# $UWKULWLV1# 1HOVRQ#
7H[WERRN#RI#3HGLDWULFV>#%HKUPDQ#5(/9DXJKDQ#9&#+HGV1,=##:1%16DXQGHUV#
&RPSDQ\/#4<;:>#43=#8480561#

91# 1HYH# 3/# 'HFDX[# *1# 6WLOO*V# # GLVHDVH# LQ# DGXOWV1# 5HY# 0HG# %UX[/#
4<<4>45=6<<07341#

:1# 6KZDUW]0(\ZLOO#0/#+HLOLJ#%/#%DXHU#+1#(YDOXDWLRQ#RI#VHUXP# IHUULWLQ#DV#D#
PDUNHU#IRU#DGXOW#6WLOO*V#GLVHDVH#DFWLYLW\1#$QQ#5KHXP#'LV/#4<<5>83=#9;60
81#
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:1#

<1# 6FKLOOHU# '/#0LWWHUPD\HU# +1# +\SHUIHUULWHQHPLD# # DV# D#PDUNHU# RI# # 6WLOO*V#
GLVHDVH#+OHWWHU,1#&OLQ#,QIHFW#'LV/#4<<;>59=867081#

431# $NULGLWLV#1/#*LDQQDNDNLV# ,/#*LRXJOLV# 71# )HUULWLQ# OHYHOV# DQG# UHVSRQVH# WR#
WUHDWPHQW# # LQ# SDWLHQWV# ZLWK# DGXOW# 6WLOO¶V# GLVHDVH1# -# 5KHXPDWRO/#
4<<9>56=534051

#

#
#
#
#


