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#

$PDo# =# 3RVWRSHUDWLI# DGH]\RQ# ROXúXPXQXQ# |QOHQPHVLQGH# IODYRQRLG# NXOODQÕPÕQÕQ#
HWNLVLQLQ#DUDúWÕUÕOPDVÕ#
0DWHU\DO#YH#0HWRG#=#:LVWDU0$OELQR#FLQVL#75#UDWWD#FHUUDKL#P�GDKDOH# LOH#WHN#WDUDIOÕ#
XWHULQ# KRUQ# YH# SDUL\HWDO# SHULWRQ# GHIHNWL# ROXúWXUXOGX1# 6ÕoDQODU# UDVWJHOH# �o# JUXED#
D\UÕOGÕ1# %LULQFL# JUXED# VWDQGDUW# FHUUDKL# JLULúLPL# WDNLEHQ# LQWUDSHULWRQDO# IODYRQRLG#
+'DIORQ0ø3># 8#PJ2PO# DNWLI#PDGGHGHQ# 8#PO,# X\JXODQÕUNHQ# GL÷HU# LNL# JUXED# VHUXP##
IL]\RORMLN#X\JXODQGÕ1#%X# LNL#JUXSGDQ#ELULQH#47#J�Q#V�UH\OH#RUDO#IODYRQRLG#+'DIORQ02>#
83PJ2NJ/#J�QGH#LNL#NH],#WHGDYLVL#YHULOGL1#6RQ#JUXS#LVH#NRQWURO#JUXEXQX#ROXúWXUGX1#øNL#
KDIWD# VRQUD# DGH]\RQ# VNRUODUÕQÕ# WHVELW# HWPHN# DPDFÕ\OD# W�P# UDWODU# UHODSDURWRPL\H#
DOÕQGÕ1#øVWDWLVWLN#GH÷HUOHQGLUPHGH#.UXVNDO0:DOOLV#YH##0DQQ#:KLWQH\#8#WHVW#NXOODQÕOGÕ1#
6RQXoODU# =# # 'DIORQ0ø3# JUXEXQGD# RUWDODPD# DGH]\RQ# VNRUX# YH# DGH]\RQ# GLUHQFL#
NRQWURO# JUXEXQD# J|UH# DQODPOÕ# GHUHFHGH# G�ú�N# EXOXQGX# +6ÕUDVÕ\OD# S?# 3134# YH# S?#
31338,1#2UDO# IODYRQRLG# WHGDYLVL#X\JXODQDQ#JUXS# LOH#NRQWURO#JUXEX#DUDVÕQGD#DGH]\RQ#
VNRUODUÕ#DUDVÕQGD#DQODPOÕ#IDUNOÕOÕN#WHVELW#HGLOPHGL#+S!3138,1#
7DUWÕúPD# =#dDOÕúPD# VRQXoODUÕPÕ]D#J|UH# FHUUDKL# VRQXQGD#X\JXODQDQ# LQWUDSHULWRQDO#
IODYRQRLG#WHGDYLVL#DGH]\RQ#ROXúXPXQX#D]DOWPDNWD#HWNLOL#ELU#\|QWHPGLU1#
#
$QDKWDU#NHOLPHOHU#=#$GH]\RQ/#GDIORQ#833/#XWHUXV#

#
#
3UHYHQWLRQ#RI#DGKHVLRQ#IRUPDWLRQ#ZLWK#LQWUDSHULWRQHDO#DGPLQLVWUDWLRQ#RI#
SXULILHG#PLFURQL]HG#IODYRQRLG#+GDIORQ#833#PJ,#
#
2EMHFWLYH# =# 7R# LQYHVWLJDWH# WKH# HIIHFW# RI# 'DIORQ# 833# PJ# LQ# WKH# SUHYHQWLRQ# RI#
SRVWRSHUDWLYH#DGKHVLRQV1#
'HVLJQ#=#)RUW\0WZR#UDWV#XQGHUZHQW#XQLODWHUDO#VXUJLFDO#LQMXU\#WR#WKH#XWHULQH#KRUQ#DQG#
WKH#SDULHWDO#SHULWRQHXP1#7KH#UDWV#ZHUH#UDQGRPO\#DVVLJQHG#WR#UHFHLYH#QR#WUHDWPHQW#
+FRQWURO,/#RUDO0'DIORQ#833#PJ#+'DIORQ02,/#RU#LQWUDSHULWRQHDO0'DIORQ#833#PJ#+'DIORQ0
,3,1# 7R# HYDOXDWH# WKH# HIIHFWLYHQHVV# RI# IODYRQRLG# VROXWLRQ/# 8# P/# ZDV# LQMHFWHG#
LQWUDSHULWRQHDOO\# WR# WKH# WKLUG#JURXS#EHIRUH#DEGRPLQDO#FORVXUH1#6DOLQH#VROXWLRQ#ZDV#
LQVWLOOHG# LQWUDSHULWRQHDOO\# WR# WKH#RWKHU#JURXSV#DW# WKH#HQG#RI# ODSDURWRP\1#7KH#GUXJ#
ZDV#JLYHQ#RUDOO\# LQ#VXVSHQVLRQ#WR#WKH#UDWV#RI#'DIORQ02#JURXS1#)RXUWHHQ#GD\V#DIWHU#
VXUJHU\/# D# VHFRQG# ODSDURWRP\# ZDV# SHUIRUPHG# DQG# WKH# DGKHVLRQ# VFRUH# ZDV#
GHWHUPLQHG1#7KH#GDWD#ZHUH#DQDO\VHG#E\#0DQQ#:KLWQH\#8#WHVW1#
5HVXOWV#=#7KH#WHQDFLW\#RI#DGKHVLRQV#DQG#WKH#PHDQ#DGKHVLRQ#VFRUH#RI#WKH#'DIORQ0,3#
JURXS# ZHUH# VLJQLILFDQWO\# ORZHU# WKDQ# WKH# FRQWURO# JURXS# +# S?31338# DQG# S?3134/#
UHVSHFWLYHO\,1# +RZHYHU/# WKHUH# ZDV# QR# VLJQLILFDQW# GLIIHUHQFH# LQ# DGKHVLRQ# VFRUHV#
EHWZHHQ#FRQWURO#DQG#'DIORQ02#JURXSV#+#S!3138,1#
&RQFOXVLRQ# =# 7KLV# VWXG\# VXJJHVWV# WKDW# VROXWLRQ# RI# IODYRQRLG# +'DIORQ# 833# PJ,#
DGPLQLVWHUHG#LQWUDSHULWRQHDOO\#UHGXFHG#DGKHVLRQ#GHYHORSPHQW##LQ#WKLV#UDW#PRGHO1#
#
.H\#ZRUGV#=#$GKHVLRQV/#GDIORQ#833#PJ/#XWHUXV#
#
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#

$GH]\RQ# ROXúXPX# DEGRPLQDO# FHUUDKLQLQ# HQ
|QHPOL# NRPSOLNDV\RQODUÕQGDQ# ELULGLU1# 3HOYLN
E|OJHGH# NDUúÕPÕ]D# oÕNDQ# DGH]\RQODUÕQ# HQ# VÕN
VHEHSOHUL# FHUUDKL# X\JXODPDODU/# HQIHNVL\RQ# YH
HQGRPHWULR]LVGLU41#3ULPHU#FHUUDKL\L#WDNLEHQ#oHúLWOL
]DPDQODUGD# X\JXODQDQ# LNLQFL# EDNÕú
ODSDURVNRSLOHULQGH#DGH]\RQ#J|U�OPH# LQVLGDQVÕ#(
880433# ELOGLULOPLúWLU4/51# $GH]\RQ# ROXúXPX
VRQXFXQGD# JHOLúHQ# LQIHUWLOLWH/# NURQLN# SHOYLN# D÷UÕ/
YH# LQFH# EDUVDN# REVWU�NVL\RQX# JLEL
NRPSOLNDV\RQODU#QHGHQL\OH#DGH]\RQ#ROXúXPXQXQ
|QOHQPHVLQH#\|QHOLN#LOJL#JLGHUHN#DUWPDNWDGÕU6/7/81#
#
$GH]\RQ# ROXúXPXQGD# HQ# HWNLOL# IDNW|UOHU# GRNX
WUDYPDVÕ/# LVNHPL/# \DEDQFÕ# FLVLP# YH# HQIHNVL\RQ
JHOLúLPLGLU91# $GH]\RQ# ROXúXPXQXQ# HQJHOOHQPHVL
YH\D# D]DOWÕOPDVÕ# DPDFÕ\OD# DQWL0LQIODPDWXDU/
ILEULQROLWLN/# DQWLNRDJXODQ# HWNLOL# LODoODU# YH# IL]LN
EDUL\HU# ROXúWXUXFX# PDGGHOHU# JLEL# oRN# oHúLWOL
\|QWHPOHU# GHQHQPLúWLU4/:/;1# 'RNX# KDVDUÕ
VRQXFXQGD# RUWD\D# oÕNDQ# LQIODPDV\RQ# DGH]\RQ
ROXúXPXQD#JLGHQ#V�UHFL#EDúODWPDNWDGÕU1#7UDYPD
VRQXFXQGD# RUWD\D# oÕNDQ# LQIODPDWXDU# FHYDEÕ
EDVNÕODPDN# LoLQ# oHúLWOL# # DQWL0LQIODPDWXDU# DMDQODU
|QHULOPLúWLU<0451#
#
'DIORQ# 833# +6# 89;5,# YHQ|]# SDWRORMLOHUGH# DQWL0
LQIODPDWXDU# HWNLVL# QHGHQL\OH# \D\JÕQ# NXOODQÕPÕ
RODQ#VDIODúWÕUÕOPÕú#PLNURQL]H#IODYDQRLGGLU1#øNL#D\UÕ
ELRIODYRQRLGGHQ#+(#<3#GLRVPLQ/#(43#KHSHULGLQ,
ROXúDQ# 'DIORQ# 833¶# �Q# DQWL0LQIODPDWXDU# HWNLVLQL
RUWD\D#NR\PD#DPDFÕ\OD#oHúLWOL# LQ#YLYR#YH# LQ#YLWUR
oDOÕúPDODU# \DSÕOPÕúWÕU46/471# 'DIORQ# 833¶�Q
SURVWDJODQGLQ/# YD]RDNWLI# DPLQ# YH# NRPSOHPDQ
VLVWHPOHULQL# HWNLOHGL÷L# JLEL# O|NRVLW# 0# HQGRWHO
HWNLOHúLPLQL# D]DOWDUDN# YDVN�OHU# JHoLUJHQOLNWH
GH÷LúLNOL÷H#QHGHQ#ROGX÷X#ELOLQPHNWHGLU460491#
#
6WDQGDUW#ELU#GHQH\VHO#DGH]\RQ#PRGHOL#NXOODQÕODQ
EX# oDOÕúPDQÕQ# \DSÕOPDVÕQGDNL# DPDo# /# GRNX
WUDYPDVÕ# VRQXFXQGD# DGH]\RQ# ROXúXPXQD# JLGHQ
\ROGD#LON#EDVDPDN#RODQ#LQIODPDV\RQ#ROXúXPXQXQ
'DIORQ# 833# NXOODQÕPÕ# LOH# D]DOWÕOPDVÕ# # YH# EXQXQ
VRQXFXQGD# DGH]\RQ# ROXúXPXQXQ# |QOHQPHVLGLU1
4<9304<<;# \ÕOODUÕQÕ# NDSVD\DQ# 0HG0OLQH
LQFHOHPHPL]H# J|UH# EX# oDOÕúPD# DGH]\RQ
DUDúWÕUPDODUÕQGD# DQWL0LQIODPDWXDU# LODo# RODUDN
'DIORQ#833#NXOODQÕODQ#LON#oDOÕúPDGÕU#1##
#
0$7(5<$/#9(#0(72'#
#
dDOÕúPDPÕ]GD#5330633#JUDP#D÷ÕUOÕ÷ÕQGD#75#DGHW
HULúNLQ###:LVWDU####1RUYHJLFXV####FLQVL#######VÕoDQODU#

NXOODQÕOGÕ1#7�P#KD\YDQODU#RSHUDV\RQGDQ#45#VDDW
|QFH# Do# EÕUDNÕOGÕ1# 3RVWRSHUDWLI# �o�QF�# VDDWWHQ
LWLEDUHQ#QRUPDO#GL\HW#YH#VX#LOH#EHVOHQGL1#
#
2SHUDV\RQ#|QFHVL#DQHVWH]L# [\OD]LQH# +43#PJ2NJ,
YH# NHWDPLQH# +73# PJ2NJ,# NDUÕúÕPÕQÕQ
LQWUDPXVNXOHU# X\JXODPDVÕ# LOH# VD÷ODQGÕ1# &HUUDKL
X\JXODQDFDN# E|OJH# WUDúODQGÕNWDQ# VRQUD# SRYLGRQ
L\RG#VROXV\RQX#LOH#E|OJH#WHPL]OL÷L#VD÷ODQGÕ1#3XGUD
EXODúPDVÕQÕ# HQJHOOHPHN# DPDFÕ\OD# RSHUDV\RQ
HOGLYHQOHUL# VDOLQ# VROXV\RQX# LOH# \ÕNDQGÕNWDQ# VRQUD
PHGLDQ# 9# FP1OLN# VWDQGDUW# NHVL# LOH# EDWÕQD# JLULOGL1
7�P# VÕoDQODUGD#RUWD#KDWWD#\DNÕQ# #|Q#DEGRPLQDO
\�]H\GH# 4# FP5# OLN# SHULWRQ# oÕNDUWÕODUDN# SHULWRQ
GHIHNWL# ROXúWXUXOGX1# 'HIHNWLQ# ROXúWXUXOGX÷X
WDUDIGDNL# XWHULQ# KRUQGD# 4# FP# X]XQOX÷XQGD
VWDQGDUW# NHVL# X\JXODQGÕ1# 'HIHNWOHUGHQ# DNWLI
NDQDPD#ROPDPDVÕ#LoLQ#6#GDNLND#V�UH\OH#GHIHNWOHU
�]HULQH# WDPSRQ# \DSÕODUDN# HWNLQ# KHPRVWD]
VD÷ODQGÕ1# 'HIHNWOHULQ# \DNÕQODúWÕUÕOPDVÕ# DPDFÕ\OD
913# 3UROHQH# +(WKLFRQ,# V�W�U# KDULFLQGH# KLo# ELU
KD\YDQGD# EDWÕQ# LoLQGH# LODYH# V�W�U# PDWHU\DOL
NXOODQÕOPDGÕ1#
#
2SHUDV\RQ# VRQUDVÕ# VÕoDQODU# UDVWJHOH# �o# JUXED
D\UÕOGÕ=# 47#KD\YDQD#�UHWLFL# ILUPDGDQ#HOGH#HGLOHQ
VDI# DNWLI# PDGGHQLQ# +# 6# 89;5,# VXGD# o|]�QP�ú
VROXV\RQXQGDQ# +8# PJ2PO# DNWLI# PDGGH,# 8# PO
SHULWRQ# LoHULVLQH# EÕUDNÕOGÕ1# 'L÷HU# VÕoDQODUD# LVH
EDWÕQ# LoLQH# Hú# PLNWDUGD# VHUXP# IL]\RORMLN
X\JXODQGÕ1# 7�P# VÕoDQODUGD# EDWÕQ# LNL# NDW# KDOLQGH
523#YLFU\O#+HWKLFRQ,#LOH#NDSDWÕOGÕ1#6HUXP#IL]\RORMLN
X\JXODQDQ# KD\YDQODUÕQ# UDVWJHOH# D\UÕODQ# 47
WDQHVLQH#JDYDM# \ROX\OD# LNL#KDIWD#ER\XQFD#J�QGH
LNL#NH]#ROPDN#�]HUH#83#PJ2NJ#'DIORQ#833#YHULOGL1
.RQWURO# JUXEXQX# ROXúWXUDQ# GL÷HU# 47# UDWWD# LVH
SRVWRSHUDWLI# G|QHPGH# KHUKDQJL# ELU# X\JXODPD
\DSÕOPDGÕ1#<DUD#\HUL#HQIHNVL\RQX#JHOLúHQ#�o#VÕoDQ
LOH#GHQH\# VÕUDVÕQGD#|OHQ# LNL# VÕoDQ#GH÷HUOHQGLUPH
GÕúÕ#EÕUDNÕOGÕ1#.RQWURO#JUXEXQGD#ELU# VÕoDQGD#\DUD
\HUL# HQIHNVL\RQX# JHOLúLUNHQ# GL÷HU# ELU# VÕoDQ
GHQH\LQ# LON# J�QOHULQGH# |OG�1# 'L÷HU
NRPSOLNDV\RQODU# RUDO# 'DIORQ# JUXEXQGD# RUWD\D
oÕNWÕ1#
#
+HU# �o# JUXS# 47# J�Q# VRQUD# \�NVHN# GR]# HWHU
DQHVWH]LVL# LOH# |OG�U�OG�# YH# UHODSDURWRPL\H
DOÕQDUDN#DGH]\RQ#ROXúXPX#YH#ROXúDQ#DGH]\RQXQ
QLWHOLNOHUL# # DoÕVÕQGDQ# GH÷HUOHQGLULOPH\H# WDEL
WXWXOGX1# $GH]\RQ# VNRUX/# ROXúWXUXODQ# GHIHNWLQ
DGH]\RQ#ROXúXPXQD#NDWÕODQ#\�]GHVL/#GHUHFHVL#YH
úLGGHWL#DoÕVÕQGDQ#GH÷HUOHQGLULOGL1#$\UÕFD# LVWDWLVWLN
GH÷HUOHQGLUPH#HVQDVÕQGD#KHU#KD\YDQ#LoLQ#WRSODP



$GH]\RQ#ROXúXPXQXQ#|QOHQPHVLQGH#LQWUDSHULWRQDO#IODYRQRLG#+GDIORQ#833#PJ,##WHGDYLVLQLQ#URO�#

7XUJXW#g]DO#7ÕS#0HUNH]L#'HUJLVL#9+4,=4<<<############################6#####################

#

#

VNRU# KHVDSODQGÕ1# 2OXúDQ# DGH]\RQODU# oDOÕúPD
JUXSODUÕQÕ# ELOPH\HQ# ELU# J|]OHPFL# WDUDIÕQGDQ
JHOLúWLULOPLú# /LQVN\# VNDODVÕQD# J|UH
GH÷HUOHQGLULOGL4:1# %X# VNDOD\D# J|UH# PDNVLPXP
WRSODP#VNRU#<#ROPDNWDGÕU1#
#
$GH]\RQ# VNRUODUÕ# DúD÷ÕGDNL# úHNLOGH
GHUHFHOHQGLULOGL1# .DWÕOÕP# \�]GHVL># 3#  # $GH]\RQ
\RN>#4 #$GH]\RQ#GHIHNWLQ#(#4058¶LQL/#5# #(#580
:8¶LQL/#6# #(#:90433¶�Q�#NDSVDPDNWDGÕU1#ùLGGHWL
DGH]\RQXQ# GDPDUODQPD# YH# NDOÕQOÕ÷ÕQD# J|UH
GH÷HUOHQGLULOGL># 3#  # $GH]\RQ# \RN/# 4 # )LOPL# YH
GDPDU# LoHUPH\HQ# DGH]\RQ/# 5# #2UWD# GHUHFHGH
NDOÕQOÕNGD/# LQFH# GDPDUOÕ# DGH]\RQ/# 6#  # <R÷XQ/
NDOÕQ# # YH# EHOLUJLQ# GDPDUODQPÕú# DGH]\RQ1
$GH]\RQXQ# GHUHFHVL# LVH# GD\DQÕNOÕOÕ÷ÕQD# J|UH
NOLQLN# RODUDN# DúD÷ÕGDNL# úHNLOGH# GH÷HUOHQGLULOGL># 3
 # $GH]\RQ# \RN/# 4# # $GH]\RQ# KDILI# WUDNVL\RQOD
D\UÕODELOLU/# 5 # 2UWD# GHUHFHGH# WUDNVL\RQOD
D\UÕODELOLU/# 6#  # .HVNLQ# GLVHNVL\RQ# YH\D# úLGGHWOL
WUDNVL\RQOD#D\UÕODELOLU1#øVWDWLVWLNL#GH÷HUOHQGLUPHGH
.UXVNDO0:DOOLV#9DU\DQV#DQDOL]L#YH#0DQQ0:KLWQH\
8#WHVWL#NXOODQÕOGÕ1#
#
%8/*8/$5##
#
.RQWURO#JUXEXQGD#SHULWRQ#GHIHNWL#LOH#LQVL]H#HGLOHQ
XWHULQ#KRUQ#DUDVÕQGD#úLGGHWOL#DGH]\RQODU#ROXúWX÷X
J|]OHQGL1# .RQWURO# JUXEXQGD# RUWDODPD# WRSODP
DGH]\RQ# VNRUX# 918;# �# 318;# RODUDN# KHVDSODQGÕ1
%X# VRQXo# VHoLOHQ#PRGHOLQ#DGH]\RQ#ROXúPDVÕQGD
HWNLOL#YH#GHQHQHQ#LODFÕQ#SR]LWLI#YH#QHJDWLI#\|QGHNL
NDWNÕVÕQÕ# J|VWHUPHN# LoLQ# VRQ# GHUHFH# X\JXQ# ELU
PRGHO#ROGX÷XQX#J|VWHUPHNWHGLU1#
#
øQWUDSHULWRQDO# 'DIORQ# 833# NXOODQÕODQ# VÕoDQODUGD
ROXúDQ#DGH]\RQ#EDQWODUÕ#GDKD#]D\ÕI#YH#DGH]\ROL]LV
DoÕVÕQGDQ# GDKD# GLUHQoVL]# ROPDNWDGÕU# +S?31338,1
2UWDODPD# WRSODP# DGH]\RQ# VNRUODUÕ
NDUúÕODúWÕUÕOGÕ÷ÕQGD# LQWUDSHULWRQDO# 'DIORQ# 833
NXOODQÕPÕQÕQ/# VHUXP# IL]\RORMLN# NXOODQÕODQ# NRQWURO
JUXEXQD#J|UH#DGH]\RQ#JHOLúLPLQL#EHOLUJLQ#úHNLOGH
|QOHGL÷L# DQODúÕOPDNWDGÕU# +S?# 3134,1# .DWÕOÕP
\�]GHOHUL# YH# YDVN�ODULWH# DoÕVÕQGDQ# JUXSODU
DUDVÕQGD#|QHPOL#IDUNOÕOÕN#L]OHQPHGL#+#7DEOR#4#,1#
#
2UDO# \ROOD# VLVWHPLN# 'DIORQ# 833# X\JXODQDQ
VÕoDQODUGD# WHN# WHN# W�P# DGH]\RQ# VNRUODUÕ# YH
WRSODP#RUWDODPD#DGH]\RQ#VNRUX#NRQWURO#JUXEXQD
J|UH# GDKD# D]# EXOXQPDVÕQD# UD÷PHQ# LVWDWLVWLNL
DQODPOÕOÕN#WHVELW#HGLOPHGL#+S!3138,#+#7DEOR#4,1#

#
#
#
#
#
#
#
#
7$57,ù0$#
#
&HUUDKL# X\JXODPDODU# VÕUDVÕQGD# ROXúDQ# SHULWRQ
KDVDUÕ#QHGHQL\OH#JHOLúHQ#DGH]\RQODU#SRVWRSHUDWLI
PRUELGLWH# YH# PRUWDOLWH\L# DUWWÕUÕFÕ# URO
R\QDPDNWDGÕUODU1# øQIHUWLOLWH/# EDUVDN
REVWU�NVL\RQX# YH# NURQLN# SHOYLN# D÷UÕ# JLEL
NRPSOLNDV\RQODUD# \RO# DoPDVÕ# QHGHQL\OH
SRVWRSHUDWLI# DGH]\RQ# ROXúXPX# W�P# FHUUDKODUÕQ
LOJL# RGD÷Õ# ROPDNWDGÕU1# $GH]\RQ# ROXúXPXQGDQ
NDoÕQPDN# DPDFÕ\OD# |QHULOHQ# SHULWRQ# KDVDUÕQÕ# HQ
D]D# LQGLUPH/# LQIODPDV\RQ# \DQÕWÕQÕQ# D]DOWÕOPDVÕ/
NRDJXODV\RQ# LQKLELV\RQX/# ILEULQROL]LQ
GHVWHNOHQPHVL# YH# DGH]\RQ# JHOLúPHVL#PXKWHPHO
\�]H\OHULQ# ELUELULQGHQ# X]DNODúWÕUÕOPDVÕ# JLEL
|QOHPOHUH# UD÷PHQ#SRVWRSHUDWLI#DGH]\RQ#JHOLúLPL
KDOD# KDVWD# YH# FHUUDK# LoLQ# |QHPOL# ELU# SUREOHP
ROXúWXUPDNWDGÕU4/4;1#
#
$GH]\RQ# JHOLúLPLQL# HQJHOOH\LFL# VWUDWHMLOHUL
JHUoHNOHúWLUHELOPHN# LoLQ# DGH]\RQ# JHOLúLP
PHNDQL]PDODUÕQÕQ# WDP# RODUDN# ELOLQPHVL
JHUHNPHNWHGLU1# $GH]\RQ# ROXúXPX# WHPHOGH
RUJDQL]PDQÕQ# ELU# LQIODPDV\RQ# \DQÕWÕGÕU1
2OXúWXUXODQ# SHULWRQ# KDVDUÕ# VRQXFXQGD
SURVWDJODQGLQOHU# JLEL# DNWLYH# HGLFL# IDNW|UOHU/
NHPRWDNWLN# DMDQODU/# SHUPHDELOLWH# IDNW|UOHUL# YH
GRNX# WURPERSODVWLQL# LoHUHQ# LQIODPDV\RQ# FHYDEÕ
DGH]\RQ# JHOLúLPLQH# \RO# DoPDNWDGÕU1# %X
LQIODPDV\RQ#\DQÕWÕ#QHGHQL\OH##WUDYPD#E|OJHVLQGH
ILEULQGHQ# ]HQJLQ# VHU|]# VÕYÕ# ELULNLPL# ROPDNWDGÕU1
øQIODPDV\RQXQ# SHULWRQDO# SOD]PLQRMHQ# DNWLIOH\LFL
DNWLYLWHVLQL# D]DOWÕFÕ# HWNLVL# QHGHQL\OH# ILEUREODVW
oR÷DOPDVÕ/# NROODMHQ# o|NPHVL# YH# ORNDO
QHRDQMLRJHQH]# VRQXFXQGD# NDOÕFÕ# ILEU|]
DGH]\RQODU#JHOLúPHNWHGLU4/8/4<1#
#
%X# oDOÕúPDGD# SHULWRQ# \DQ# GXYDU0XWHULQ# KRUQ
GHIHNWL# PRGHOLQLQ# VHoLOPHVLQLQ# QHGHQL# EX
PRGHOLQ# JHQHOOLNOH# DGH]\RQ#PRGHOOHULQGH# WHUFLK
HGLOPHVL#YH#DGH]\RQ#JHOLúWLULFL#HWNLVLQLQ#(#:;0<9
RODUDN# ELOGLULOPHVLGLU9/531# dDOÕúPDPÕ]GD# WHGDYL
HGLOPH\HQ# JUXSGD# RUWDODPD# WRSODP# DGH]\RQ
VNRUXQXQ#918;#ROPDVÕ#/#VHoLOHQ#GHQH\VHO#PRGHOLQ
DGH]\RQ#ROXúWXUPDGD#X\JXQ#YH#\HWHUOL#ELU#PRGHO##

7DEOR#41#5DW#SHULWRQ#GHIHNWL#PRGHOLQGH#IODYRQRLG#
NXOODQÕPÕQÕQ#DGH]\RQ#ROXúXPXQD#HWNLVL#



$ODWDú#YH#DUN#

7########################7XUJXW#g]DO#7ÕS#0HUNH]L#'HUJLVL#9+4,=4<<<#####################

#

#

ROGX÷XQX#J|VWHUPHNWHGLU1#
#
9HQ|]# \HWPH]OLNOHUGH# VÕNOÕNOD# NXOODQÕODQ# 'DIORQ
833# DQWL0LQIODPDWXDU# HWNLVLQL# oRN# IDUNOÕ
PHNDQL]PDODUOD# JHUoHNOHúWLUPHNWHGLU1# %X
PHNDQL]PDODUGDQ# ELUL/# LQIODPDV\RQ# HVQDVÕQGD
GDPDU# JHoLUJHQOL÷LQGH# DUWÕúD# QHGHQ# RODQ
EUDGLNLQLQ/# KLVWDPLQ/# O|NRWULHQ# +/7%7,# JLEL
PDGGHOHULQ# HWNLVLQL# D]DOWDUDN# PLNURGRODúÕPGDQ
PDNURPROHN�OOHULQ# NDoÕúÕQÕ# HQJHOOHPH
úHNOLQGHGLU461# .ODVLN# DQWL0LQIODPDWXDU# LODoODU# JLEL
DUDúLGRQLN# DVLW# PHNDQL]PDVÕQÕ# HWNLOH\HUHN
SURVWDJODQGLQ# VDOÕQÕPÕQÕ# D]DOWDQ# 'DIORQ# 833¶�Q/
LVNHPL0UHSHUI�]\RQ# PRGHOL# X\JXODQDQ# KD\YDQ
oDOÕúPDODUÕQGD# NRPSOHPDQ# YH# WURPERVLW
DNWLYDV\RQXQX# LQKLEH#HGLFL#|]HOOL÷H#VDKLS#ROGX÷X
J|VWHULOPLúWLU48/491# /|NRVLW# DNWLYDV\RQX/# \DQL
O|NRVLWOHULQ# HQGRWHO# GXYDUÕQD# \DSÕúDUDN# GDPDU
GÕúÕQD#NDoÕúÕ# LQIODPDV\RQ#HVQDVÕQGD#ROXúDQ#GRNX
KDVDUÕQÕQ# HQ# |QHPOL# QHGHQLQL# ROXúWXUPDNWDGÕU1
'DIORQ# 833# NXOODQÕPQGD# VDELW# O|NRVLW# VD\ÕVÕQÕQ
D]DOGÕ÷Õ# YH# HQGRWHO# LOH# LOHWLúLPH# JLUHQ# O|NRVLW
VD\ÕVÕQGD# LQIODPDV\RQD# VHNRQGHU# J|]OHQHQ
DUWÕúÕQ# HQJHOOHQGL÷L# EHOLUWLOPLúWLU47/491# $\UÕFD
'DIORQ# 833# NXOODQÕPÕQGD# Q|WURILOOHUGHQ# VDOÕQDQ
VHUEHVW# UDGLNDO# ROXúXPXQXQ# D]DOGÕ÷Õ
ELOGLULOPLúWLU541##
#
$QWL0LQIODPDWXDU# HWNLVLQL# oHúLWOL# PHNDQL]PDODUOD
J|VWHUHQ# 'DIORQ# 833¶�Q# DGH]\RQ# HQJHOOH\LFL
HWNLVLQL# LQFHOHGL÷LPL]# GHQH\VHO# PRGHOGH# LODFÕQ
LQWUDSHULWRQDO# NXOODQÕPÕQÕQ# DGH]\RQ# ROXúXPXQX
EHOLUJLQ# GHUHFHGH# HQJHOOHGL÷L# J|U�OG�1# $GH]\RQ
ROXúXPXQXQ# |QOHQPHVLQGH# NRUWLNRVWHURLGOHU
EDúWD# ROPDN# �]HUH# LEXSURIHQ/# WROPHWLQ/
R[\SKHQEXWD]RQH# JLEL# oHúLWOL# DQWL0LQIODPDWXDU
PDGGHOHU# NXOODQÕOPÕúWÕU1# $QFDN# DQWL0LQIODPDWXDU
LODoODUÕQ# DGH]\RQ# ROXúXPXQX# |QOHPHGH# EDúDUÕOÕ
ROGX÷XQX#ELOGLUHQ#oDOÕúPDODU#NDGDU#DNVLQL#EHOLUWHQ
oDOÕúPDODUGD#YDUGÕU4/44/551##
#
dDOÕúPD# EXOJXODUÕPÕ]GD# LQWUDSHULWRQDO# # 'DIORQ
833# NXOODQÕPÕQÕQ# DGH]\RQ# ROXúXPXQX# EHOLUJLQ
úHNLOGH# |QOHPHVLQH# UD÷PHQ/# LODFÕQ# RUDO
NXOODQÕPÕQÕQ# DGH]\RQ# ROXúXPXQX# D]DOWÕFÕ# \|QGH
EHOLUJLQ# ELU# HWNLVL# VDSWDQPDGÕ1# %X# GXUXPXQ
NDQÕPÕ]FD# LNL#PXKWHPHO# VHEHEL#RODELOLU1#%LULQFLVL/
VLVWHPLN# X\JXODQDQ# LODoODUÕQ# JHQHOOLNOH
GHYDVN�ODUL]H#YH#KLSRNVLN#RODQ#FHUUDKL#E|OJHOHUH
XODúDPDPDVÕGÕU1#øNLQFL#RODVÕOÕN#LVH/#FHUUDKL#WUDYPD
VRQXFX#JHOLúHQ#LQIODPDV\RQ#\DQÕWÕQÕQ#�o#VDDW#JLEL
NÕVD# V�UHGH# ROXúPDVÕ# YH# EX# V�UHQLQ# VLVWHPLN
\ROOD# X\JXODQDQ# ELU# LODFÕQ# WUDYPD# E|OJHVLQGH

HWNLQ# NRQVDQWUDV\RQD# XODúPDVÕ# LoLQ# JHUHNHQ
V�UHGHQ#oRN#GDKD#D]#ROPDVÕGÕU1#%X#QHGHQOHUGHQ
GROD\Õ# FHUUDKL# LúOHPGHQ# |QFH# EDúODQDQ# YH# X]XQ
V�UHOL# X\JXODQDFDN# RUDO# 'DIORQ# 833# WHGDYLVLQLQ
DGH]\RQ# ROXúXPXQX# HQJHOOH\LFL# HWNLVLQLQ
oDOÕúPDPÕ]GD#HOGH#HWWL÷LPL]#VRQXoWDQ#GDKD#J�oO�
ROPDVÕ#PXKWHPHOGLU1#
#
dDOÕúPD#EXOJXODUÕPÕ]D#J|UH# LQWUDSHULWRQDO#'DIORQ
833# NXOODQÕPÕ# DGH]\RQ# ROXúXPXQX# D]DOWPDNWD
oRN# HWNLOL# ELU# \|QWHPGLU1# øODFÕQ# FHUUDKL# VRQUDVÕ
RUDO# \ROOD# VLVWHPLN# NXOODQÕPÕQÕQ# DGH]\RQ
ROXúXPXQX# HQJHOOHPHGH# \DUDUOÕ# ELU# HWNLVL# WHVSLW
HGLOPHPLúWLU1# $QFDN# FHUUDKL# X\JXODPD# |QFHVL
EDúODQDQ# YH# X]XQ# V�UHOL# GHYDP# HWWLULOHFHN# RUDO
'DIORQ# 833# WHGDYLVLQLQ# DGH]\RQ# ROXúXPXQX
HQJHOOH\LFL#HWNLVLQLQ#DUDúWÕUÕOPDVÕ#JHUHNPHNWHGLU1#
#

#
#
.$<1$./$5#
#
41# *XWPDQQ#-/#3HQ]LDV#$6/#'LDPRQG#031#$GKHVLRQV# LQ#UHSURGXFWLYH#VXUJHU\1

,Q=#:DOODFK# ((/# =DFXU# +$/# HG+V,1# 5HSURGXFWLYH# 0HGLFLQH# DQG# 6XUJHU\1
6W1/RXLV/#0LVVRXUL=#0RVE\#4<<8>#9;40<61#

51# 2SHUDWLYH#/DSDURVFRS\#6WXG\#*URXS1#3RVWRSHUDWLYH#DGKHVLRQ#GHYHORSPHQW
DIWHU#RSHUDWLYH# ODSDURVFRS\=#HYDOXDWLRQ#DW#HDUO\# VHFRQG0ORRN#SURFHGXUHV1
)HUWLO#6WHULO#4<<4>#88=#:33071#

61# 6WRXW#$//#6WHHJH#-)/#'RGVRQ#:&/#+XJKHV#&/1#5HODWLRQVKLS#RI#ODSDURVFRSLF
ILQGLQJV#WR#VHOI0UHSRUW#RI#SHOYLF#SDLQ1#$P#-#2EVWHW#*\QHFRO#4<<4>#478=#:60
<1#

71# 7ULPERV0.HPSHU#7&0/#7ULPERV#-%/#YDQ#+DOO#(91#$GKHVLRQ#IRUPDWLRQ#DIWHU
WXEDO#VXUJHU\=#UHVXOWV#RI#WKH#HLJKW0GD\# ODSDURVFRS\# LQ#4;;#SDWLHQWV1#)HUWLO
6WHULO#4<;8>#76=#6<907331#

81# %HFNHU# -0/# 'D\WRQ# 70/# )D]LR# 9:/# %HFN# '(/# HW# DO13UHYHQWLRQ# RI
SRVWRSHUDWLYH# DEGRPLQDO# DGKHVLRQV# E\# D# VRGLXP# K\DOXURQDWH0EDVHG
ELRUHVRUEDEOH# PHPEUDQH=# $# SURVSHFWLYH/# UDQGRPLVHG/# GRXEOH0EOLQG
PXOWLFHQWHU#VWXG\1#-#$P#&ROO#6XUJ#4<<9>#4;6=#5<:06391#

91# ùDKLQ#</#6D÷ODP#$1#6\QHUJLVWLF#HIIHFWV#RI#FDUER[\PHWK\OFHOOXORVH#DQG# ORZ
PROHFXODU#ZHLJKW#KHSDULQ#LQ#UHGXFLQJ#DGKHVLRQ#IRUPDWLRQ#LQ#WKH#UDW#XWHULQH
KRUQ#PRGHO1#$FWD#2EVWHW#*\QHFRO#6FDQG#4<<7>#:6=#:3061#

:1# $ODWDú#(/#*�QDO#g1#5DWODUGD#ROXúWXUXODQ#SHULWRQ#GHIHNWL#PRGHOLQGH#JHOLúHQ
DGH]\RQODUÕQ# K\DOXURQDW0NDUERNVLPHWLOVHOO�OR]# LoHULNOL# PHPEUDQ# NXOODQÕPÕ
LOH#D]DOWÕOPDVÕ1#7�UN#)HUWLOLWH#GHUJLVL#4<<<>#:#+EDVÕPGD,1#

;1# :KDZHOO#6$/#9LSRQG#01/#6FRWW0&RRPEHV#'0/#7KRPSVRQ#-11#3ODVPLQRJHQ
DFWLYDWRU#LQKLELWRU#5#UHGXFHV#SHULWRQHDO#ILEULQRO\WLF#DFWLYLW\#LQ#LQIODPPDWLRQ1
%U#-#6XUJ#4<<6>#;3=#43:0<1#

<1# /H*UDQG#(./#5RGJHUV#.(/#*ÕUJÕV#:/#6WUXFN#./#HW#DO1#(IILFDF\#RI# WROPHWLQ
VRGLXP#IRU#DGKHVLRQ#SUHYHQWLRQ#LQ#UDEELW#DQG#UDW#PRGHOV1#-#6XUJ#5HV#4<<7>
89=#9:0:41#

431# $ODWDú# (1# 3RVWRSHUDWLI# DGH]\RQ# ROXúXPXQXQ# |QOHQPHVLQGH# RFWUHRWLGH
NXOODQÕPÕQÕQ#URO�1#-LQHNRORML#YH#2EVWHWULN#GHUJLVL#4<<<>#45=577091#

441# %DWHPDQ# %*/# 1XQOH\# :&/# .LWFKLQ# -'1# 3UHYHQWLRQ# RI# SRVWRSHUDWLYH
SHULWRQHDO#DGKHVLRQV#ZLWK#LEXSURIHQ1#)HUWLO#6WHULO#4<;5>#6;=#43:0;1#

451# GL=HUHJD#*61#&RQWHPSRUDU\# DGKHVLRQ# SUHYHQWLRQ1# )HUWLO# 6WHULO# 4<<7># 94=
54<0681#

461# %RXVNHOD# (/# 'RQ\R# .$/# 9HUEHXUHQ# 7-1# (IIHFWV# RI# 'DIORQ# 833# PJ# RQ
LQFUHDVHG#PLFURYDVFXODU#SHUPHDELOLW\# LQ#QRUPDO#KDPVWHUV1# ,QW# -#0LFURFLUF
&OLQ#([S#4<<8>#48=#55091#

471# )ULHVHQHFNHU#%/#7VDL#$*/#$OOHJUD#&/# ,QWDJOLHWWD#01#2UDO#DGPLQLVWUDWLRQ#RI
SXULILHG#PLFURQL]HG# IODYRQRLG# IUDFWLRQ# VXSSUHVVHV# OHXNRF\WH# DGKHVLRQ# LQ
LVFKHPLD0UHSHUIXVLRQ#LQMXU\=#LQ#YLYR#REVHUYDWLRQV#LQ#WKH#KDPVWHU#VNLQ#IROG1
,QW#-#0LFURFLUF#&OLQ#([S#4<<7>#47=#83081#

481# -HDQ#71#0HGLDWRUV# LQYROYHG# LQ# LQIODPPDWLRQ=#HIIHFWV#RI#'DIORQ#833#PJ#RQ
WKHLU#UHOHDVH1#$QJLRORJ\#4<<7>#78=#8870<1#

491# )ULHVHQHFNHU# %/# 7VDL# $*/# ,QWDJOLHWWD#01# &HOOXODU# EDVLV# RI# LQIODPPDWLRQ# /
HGHPD#DQG#WKH#DFWLYLYW\#RI#'DIORQ#8331#,QW#-#0LFURFLUF#&OLQ#([S#4<<8>#48=
4:0541#

4:1# /LQVN\#&%/#'LDPRQG#03/#&XQQLQJKDP#7/#&RQVWDQWLQH#%/#HW#DO1#$GKHVLRQ
UHGXFWLRQ#LQ#D#UDEELW#XWHULQH#KRUQ#PRGHO#XVLQJ#DQ#DEVRUEDEOH#EDUULHU/#7&0
:1#-#5HSURG#0HG#4<;:>#65=#4:0531#

4;1# 5RGJHUV#./#&RKQ#'/#+RWRYHO\#$/#3LQHV#(/#HW#DO1#(YDOXDWLRQ#RI#SRO\HWK\OHQH
JO\FRO2SRO\ODFWLF# DFLG# ILOPV# LQ# WKH# SUHYHQWLRQ# RI# DGKHVLRQV# LQ# WKH# UDEELW
DGKHVLRQ# IRUPDWLRQ# DQG# UHIRUPDWLRQ# VLGHZDOO#PRGHOV1# )HUWLO# 6WHULO# 4<<;>
9<=#7360;1#



$GH]\RQ#ROXúXPXQXQ#|QOHQPHVLQGH#LQWUDSHULWRQDO#IODYRQRLG#+GDIORQ#833#PJ,##WHGDYLVLQLQ#URO�#

7XUJXW#g]DO#7ÕS#0HUNH]L#'HUJLVL#9+4,=4<<<############################8#####################

#

#

4<1# %DNNXP# ($/# YDQ%OLWWHUVZLMN# &$/# 'DOPHLMHU# 5$-/7ULPERV# -%1# $
VHPLTXDQWLWDWLYH# UDW# PRGHO# IRU# LQWUDSHULWRQHDO# SRVW0RSHUDWLYH# DGKHVLRQ
IRUPDWLRQ1#*\QHFRO#2EVWHW#,QYHVW#4<<7>#6:=#<<04381#

531# 5LFH#90/#6KDQWL#$/#0RJKLVVL#.6/#/HDFK#5(1#$# FRPSDUDWLYH#HYDOXDWLRQ#RI
SROR[DPHU# 73:# DQG# R[LGL]HG# UHJHQHUDWHG# FHOOXORVH# +,QWHUFHHG# 7&:,# WR
UHGXFH#SRVWRSHUDWLYH#DGKHVLRQ# IRUPDWLRQ# LQ# WKH# UDW#XWHULQH#KRUQ#PRGHO1
)HUWLO#6WHULO#4<<6>#8<=#<34091#

#

#

541# &\SULDQL#%/#/LPDVVHW#%/#&DUULH#0//#/H'RXFHQ#&/#HW#DO1#$QWLR[LGDQW#DFWLYLW\
RI# PLFURQLVHG# GLRVPLQ# RQ# R[\JHQ# VSHFLHV# IURP# VWLPXODWHG# QHXWURSKLOV1
%LRFKHP#3KDUPDFRO#4<<6>#78=#4864081#

551# +ROW]#*1# )DLOXUH# RI# D# QRQVWHURLG# DQWL0LQIODPPDWRU\# DJHQW# +LEXSURIHQ,# WR
LQKLELW#SHULWRQHDO#DGKHVLRQ# UHIRUPDWLRQ#DIWHU# O\VLV1#)HUWLO#6WHULO# 4<;5># 6:=
8;5061#

#


