
GUV1#+1#-RQNHU#+9ULMH#8QLYHUVLWHLW#$PVWHUGDP,
GU1#LU1#)1#9RONHULQJ#+7DXZ#EY/#'HYHQWHU,

VHSWHPEHU#5334

*RXGD/#6.%

6WLFKWLQJ#.HQQLVRQWZLNNHOLQJ#.HQQLVRYHUGUDFKW#%RGHP
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.HQQLVGRFXPHQW
,VRWRSHQ#DQDO\VH#ELM#RQGHU]RHN#QDDU

ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ



$XWHXUVUHFKWHQ
$OOH# UHFKWHQ# YRRUEHKRXGHQ1#1LHWV#XLW#GH]H# RSJDYH#PDJ#ZRUGHQ# YHUYHHOYRXGLJG/# RSJHVODJHQ# LQ
HHQ#JHDXWRPDWLVHHUG#JHJHYHQVEHVWDQG#RI#RSHQEDDU#JHPDDNW/# LQ#HQLJH#YRUP#RI#RS#HQLJH#ZLM]H/
KHW]LM#HOHNWURQLVFK/#PHFKDQLVFK/#GRRU# IRWRNRSLHsQ/#RSQDPHQ#RI#RS#HQLJH#DQGHUH#PDQLHU/#]RQGHU
YRRUDIJDDQGH#VFKULIWHOLMNH#WRHVWHPPLQJ#YDQ#6.%1
+HW#LV#WRHJHVWDDQ#RYHUHHQNRPVWLJ#DUWLNHO#48D#$XWHXUVZHW#4<45#JHJHYHQV#XLW#GH]H#XLWJDYH#WH#FLWH0
UHQ# LQ#DUWLNHOHQ/#VFULSWLHV#HQ#ERHNHQ#PLWV#GH#EURQ#RS#GXLGHOLMNH#ZLM]H#ZRUGW#YHUPHOG/#DOVPHGH#GH
DDQGXLGLQJ#YDQ#GH#PDNHU/#LQGLHQ#GH]H#LQ#GH#EURQ#YRRUNRPW/#%�%#.HQQLVGRFXPHQW#,VRWRSHQ#DQDO\0
VH#ELM#RQGHU]RHN#QDDU#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ%/#VHSWHPEHU#5334/#6.%/#*RXGD1%

$DQVSUDNHOLMNKHLG
6.%#HQ#GHJHQHQ#GLH#DDQ#GH]H#SXEOLFDWLH#KHEEHQ#PHHJHZHUNW/#KHEEHQ#HHQ#]R#JURRW#PRJHOLMNH
]RUJYXOGLJKHLG#EHWUDFKW#ELM#KHW#VDPHQVWHOOHQ# YDQ#GH]H#XLWJDYH1#1RFKWDQV#PRHW#GH#PRJHOLMNKHLG
QLHW#ZRUGHQ#XLWJHVORWHQ#GDW#HU# WRFK# IRXWHQ#HQ#RQYROOHGLJKHGHQ# LQ#GH]H#XLWJDYH#YRRUNRPHQ1# ,HGHU
JHEUXLN#YDQ#GH]H#XLWJDYH#HQ#JHJHYHQV#GDDUXLW# LV#JHKHHO#YRRU#HLJHQ# ULVLFR#YDQ#GH#JHEUXLNHU#HQ
6.%#VOXLW/#PHGH# WHQ#EHKRHYH#YDQ#DO#GHJHQHQ#GLH#DDQ#GH]H#XLWJDYH#KHEEHQ#PHHJHZHUNW/# LHGHUH
DDQVSUDNHOLMNKHLG#XLW#YRRU#VFKDGH#GLH#PRFKW#YRRUWYORHLHQ#XLW#KHW#JHEUXLN#YDQ#GH]H#XLWJDYH#HQ#GH
GDDULQ#RSJHQRPHQ#JHJHYHQV/# WHQ]LM#GH#VFKDGH#PRFKW#YRRUWYORHLHQ#XLW#RS]HW#RI#JURYH#VFKXOG#]LM0
GHQV#6.%#HQ2RI#GHJHQHQ#GLH#DDQ#GH]H#XLWJDYH#KHEEHQ#PHHJHZHUNW1



,

7LWHO#UDSSRUW 6.%#UDSSRUWQXPPHU
.HQQLVGRFXPHQW#,VRWRSHQ#DQDO\VH#ELM#RQGHU]RHN#QDDU 690539
ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ

3URMHFW#UDSSRUWQXPPHU
690539

$XWHXU+V, $DQWDO#EODG]LMGHQ
GUV1#+1#-RQNHU 5DSSRUW= :7
GU1LU1#)1#9RONHULQJ %LMODJHQ= 58

8LWYRHUHQGH#RUJDQLVDWLH+V,#+&RQVRUWLXP,
7DXZ#EY/#'HYHQWHU#+GU1#LU1#)1#9RONHULQJ/#38:309<<:<8,
9ULMH#8QLYHUVLWHLW#$PVWHUGDP#+GUV1#-1#*URHQ/#3530777:663,
5LMNVXQLYHUVLWHLW#*URQLQJHQ#+SURI1#GU1#+1$1-1#0HLMHU/#38306:67:93,
8QLYHUVLW\#RI#7RURQWR
8QLYHUVLWlW#%HUQ

8LWJHYHU
6.%/#*RXGD

6DPHQYDWWLQJ
9ULMZHO#DOOH#HOHPHQWHQ#RS#DDUGH#EHVWDDQ#XLW#PHHUGHUH#LVRWRSHQ#+DWRPHQ#YDQ#KHW]HOIGH#HOHPHQW#PHW#HHQ#YHU0
VFKLOOHQG#DWRRPJHZLFKW,1#'H#NDUDNWHULVWLHNH#LVRWRSHQVLJQDWXXU#YDQ#YHHO#YHURQWUHLQLJLQJHQ#HQ#GH#YHUDQGHULQ0
JHQ# LQ# LVRWRSHQVDPHQVWHOOLQJ# GLH# RSWUHGHQ# WLMGHQV# VSHFLILHNH# ERGHPSURFHVVHQ# NXQQHQ# XQLHNH# LQIRUPDWLH
JHYHQ#RYHU#GH#RRUVSURQJ#YDQ#YHURQWUHLQLJLQJHQ#HQ#RYHU#KXQ#ORW#LQ#GH#ERGHP1#1LHXZH#H[WHQVLHYH#VDQHULQJV0
RI#EHKHHUVYDULDQWHQ/#]RDOV#ELMYRRUEHHOG#QDWXXUOLMNH#DIEUDDN#HQ#UHDFWLHYH#]RQHV/#YHUHLVHQ#HHQ#YHUKRRJG# LQ0
]LFKW#LQ#ERGHPSURFHVVHQ1#'RRU#GH# LQYRHULQJ#YDQ#KHW#QLHXZH#ERGHPEHOHLG#]DO#KHW#EHJULMSHQ#HQ#YRRUVSHOOHQ
YDQ#+QDWXXUOLMNH,#ERGHPSURFHVVHQ#HHQ#JURWHUH#URO#LQ#KHW#ERGHPRQGHU]RHN#JDDQ#VSHOHQ1#,VRWRSHQ#DQDO\VH#LV
HHQ#YHHOEHORYHQGH#PHWKRGH#RP#HHQ#GHHO#YDQ#GH#KLHUYRRU#EHQRGLJGH#LQIRUPDWLH#WH#YHUNULMJHQ1

+HW#GRHO# YDQ#GLW# NHQQLVGRFXPHQW# LV#KHW#RQWVOXLWHQ# YDQ#GH#EHVWDDQGH# NHQQLV# RS# KHW# JHELHG# YDQ# LVRWRSHQ
DQDO\VH#HQ#GH]H#NHQQLV#WRHJDQNHOLMN#PDNHQ#YRRU#GHJHQHQ#GLH#LQ#KXQ#DOOHGDDJVH#ZHUN]DDPKHGHQ#WH#PDNHQ
KHEEHQ#PHW#RQGHU]RHN#QDDU#ERGHPYHURQWUHLQLJLQJHQ/#]RDOV#PLOLHXDGYLVHXUV/#DPEWHQDUHQ#YDQ#KHW#EHYRHJG
JH]DJ/#PLOLHXPHGHZHUNHUV#YDQ#EHGULMYHQ/#HWF1

7UHIZRRUGHQ
*HFRQWUROHHUGH#WHUPHQ= 9ULMH#WUHIZRRUGHQ=

7LWHO#SURMHFW 3URMHFWOHLGLQJ
.HQQLVGRFXPHQW#,VRWRSHQ#DQDO\VH#ELM#RQGHU]RHN#QDDU 7DXZ#EY/#'HYHQWHU
ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ +GU1#LU1#)1#9RONHULQJ/#WHO1#38:309<<:<8,

'LW#UDSSRUW#LV#YHUNULMJEDDU#ELM=
6.%/#3RVWEXV#753/#5;33#$.##*RXGD
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,,,

9225:225'

%HJLQ#4<<<#ZHUG#GRRU#HHQ#FRQVRUWLXP#EHVWDDQGH#XLW#GH#9DNJURHS#+\GURORJLH#YDQ#GH#9ULMH#8QLYHU0
VLWHLW#$PVWHUGDP#HQ#KHW#&HQWUXP#YRRU#,VRWRSHQ2QGHU]RHN#YDQ#GH#5LMNVXQLYHUVLWHLW#*URQLQJHQ#ELM
GH#6.%#HHQ#YRRUVWHO#LQJHGLHQG#YRRU#HHQ#RQGHU]RHNVSURMHFW#QDDU#%GH#PRJHOLMNKHGHQ#YDQ#QDWXXUOLM0
NH#LVRWRSHQ#HQ#WUDFHUV#YRRU#GH#HYDOXDWLH#YDQ#LQ#VLWX#ELRUHPHGLDWLH%1#+RHZHO#GLW#YRRUVWHO#LQKRXGHOLMN
SRVLWLHI#ZHUG#EHRRUGHHOG/#LV#KHW#QLHW#JHKRQRUHHUG#RPGDW#GH#6.%0SURMHFWHQ#HHQ#EUHHG#FRQVRUWLXP
YHUHLVHQ1#1DDU#DDQOHLGLQJ#YDQ#GLW# LQJHGLHQGH#YRRUVWHO#HQ#HLJHQ#SRVLWLHYH#HUYDULQJHQ#PHW#GH# WRH0
SDVVLQJ#YDQ# LVRWRSHQ#DQDO\VH#KHHIW#7DXZ#YHUYROJHQV#KHW# LQLWLDWLHI#JHQRPHQ# WRW#KHW# LQGLHQHQ#YDQ
HHQ#QLHXZ#SURMHFWYRRUVWHO#JHWLWHOG#%7RHSDVVLQJ#YDQ# LVRWRSHQ#DQDO\VH#ELM#RQGHU]RHN#QDDU#ERGHP0
YHURQWUHLQLJLQJHQ%1#+LHULQ#ZDV# QDDVW# IXQGDPHQWHHO# RQGHU]RHN# RRN# HHQ# SUDNWLMNJHULFKW# JHGHHOWH
RSJHQRPHQ#HQ#ZDV#KHW#FRQVRUWLXP#XLWJHEUHLG#PHW# WZHH#DQGHUH#NHQQLVLQVWHOOLQJHQ/# WH#ZHWHQ#GH
8QLYHUVLWHLWHQ#YDQ#7RURQWR#HQ#%HUQ/#DOVPHGH#HHQ#DDQWDO#HLQGJHEUXLNHUV/#QDPHOLMN#'RZ#%HQHOX[#QY
HQ#GH#3URYLQFLHV#'UHQWKH/#*HOGHUODQG#HQ#1RRUG0%UDEDQW1#,Q#PDDUW#5333#LV#GLW#SURMHFWYRRUVWHO#GHIL0
QLWLHI#GRRU#GH#6.%#JRHGJHNHXUG/#]RGDW#KHW#JHOLMNQDPLJH#SURMHFW#SHU#4#DSULO#5333#YDQ#VWDUW# LV#JH0
JDDQ1

$OV#HHUVWH# UHVXOWDDW#YDQ#KHW#ERYHQJHQRHPGH#SURMHFW# OLJW#KHW# %.HQQLVGRFXPHQW# ,VRWRSHQ#DQDO\VH
ELM#RQGHU]RHN#QDDU#ERGHPYHURQWUHLQLJLQJHQ%#YRRU#X1#'LW#GRFXPHQW#JHHIW#HHQ#RYHU]LFKW#YDQ#KXLGLJH
VWDQG#YDQ#]DNHQ#YDQ#GH#NHQQLV#YDQ#HQ#GH#HUYDULQJ#PHW#LVRWRSHQ#DQDO\VH#YRRU#RQGHU]RHN#QDDU#ER0
GHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ1#+HW#XLWYRHUHQG#FRQVRUWLXP#KRRSW#GDW#GLW# NHQQLVGRFXPHQW
GHUPDWH#YHUKHOGHUHQG#LV#GDW#KHW#YHHO#JHUDDGSOHHJG#]DO#ZRUGHQ#HQ#PHGH#]DO#OHLGHQ#WRW#HHQ#VWLPXOH0
ULQJ#YDQ#GH#WRHSDVVLQJ#YDQ#LVRWRSHQ#DQDO\VH#LQ#GH#SUDNWLMN1

VHSWHPEHU#5334
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6$0(19$77,1* 9,,
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6$0(19$77,1*

.HQQLVGRFXPHQW#,VRWRSHQ#DQDO\VH#ELM#RQGHU]RHN#QDDU
ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ

,QOHLGLQJ
9ULMZHO#DOOH#HOHPHQWHQ#RS#DDUGH#EHVWDDQ#XLW#PHHUGHUH# LVRWRSHQ# +DWRPHQ# YDQ#KHW]HOIGH#HOHPHQW
PHW# HHQ# YHUVFKLOOHQG# DWRRPJHZLFKW,1# 'H# NDUDNWHULVWLHNH# LVRWRSHQVLJQDWXXU# YDQ# YHHO# YHURQW0
UHLQLJLQJHQ#HQ#GH#YHUDQGHULQJHQ#LQ#LVRWRSHQVDPHQVWHOOLQJ#GLH#RSWUHGHQ#WLMGHQV#VSHFLILHNH#ERGHP0
SURFHVVHQ#NXQQHQ#XQLHNH#LQIRUPDWLH#JHYHQ#RYHU#GH#RRUVSURQJ#YDQ#YHURQWUHLQLJLQJHQ#HQ#RYHU#KXQ
ORW#LQ#GH#ERGHP1#1LHXZH#H[WHQVLHYH#VDQHULQJV0#RI#EHKHHUVYDULDQWHQ/#]RDOV#ELMYRRUEHHOG#QDWXXUOLMNH
DIEUDDN#HQ#UHDFWLHYH#]RQHV/#YHUHLVHQ#HHQ#YHUKRRJG#LQ]LFKW#LQ#ERGHPSURFHVVHQ1#'RRU#GH#LQYRHULQJ
YDQ#KHW#QLHXZH#ERGHPEHOHLG#]DO#KHW#EHJULMSHQ#HQ#YRRUVSHOOHQ#YDQ# +QDWXXUOLMNH,#ERGHPSURFHVVHQ
HHQ#JURWHUH#URO#LQ#KHW#ERGHPRQGHU]RHN#JDDQ#VSHOHQ1#,VRWRSHQ#DQDO\VH# LV#HHQ#YHHOEHORYHQGH#PH0
WKRGH#RP#HHQ#GHHO#YDQ#GH#KLHUYRRU#EHQRGLJGH#LQIRUPDWLH#WH#YHUNULMJHQ1

+HW#GRHO#YDQ#GLW#NHQQLVGRFXPHQW# LV#KHW#RQWVOXLWHQ#YDQ#GH#EHVWDDQGH#NHQQLV#RS#KHW#JHELHG#YDQ
LVRWRSHQ#DQDO\VH#HQ#GH]H#NHQQLV# WRHJDQNHOLMN#PDNHQ#YRRU#GHJHQHQ#GLH# LQ#KXQ#DOOHGDDJVH#ZHUN0
]DDPKHGHQ# WH#PDNHQ# KHEEHQ#PHW# RQGHU]RHN# QDDU# ERGHPYHURQWUHLQLJLQJHQ/# ]RDOV#PLOLHXDGYL0
VHXUV/# DPEWHQDUHQ# YDQ# KHW# EHYRHJG# JH]DJ/# PLOLHXPHGHZHUNHUV# YDQ# EHGULMYHQ/# HWF1# 7HU
YHUGXLGHOLMNLQJ#]LMQ#RS#YHHO#SODDWVHQ#LOOXVWUDWLHYH#YRRUEHHOGHQ#YDQ#WRHSDVVLQJ#YDQ#LVRWRSHQ#DQDO\VH
LQ#GH#SUDNWLMN#RSJHQRPHQ1

7KHRULH
,VRWRSHQ#]LMQ#HOHPHQWHQ#PHW#HHQ#]HOIGH#DWRRPQXPPHU/#PDDU#HHQ#DIZLMNHQG#DWRRPJHZLFKW/#YHU0
RRU]DDNW#GRRU#HHQ#YHUVFKLOOHQG#DDQWDO#QHXWURQHQ#LQ#GH#NHUQ1#=R#NRPHQ#HU#YDQ#NRROVWRI#GULH# LVRWR0
SHQ#YRRU=#45&/#46&#HQ#47&1#5DGLRDFWLHYH#LVRWRSHQ/#]RDOV#47&/#KHEEHQ#HHQ#LQVWDELHOH#NHUQ1#'RRUGDW
KHW#UDGLRDFWLHYH#YHUYDO#YDQ#GH]H#NHUQ#PHW#HHQ#NHQPHUNHQGH/#YDVWH#KDOIZDDUGHWLMG#SODDWVYLQGW/#]LMQ
UDGLRDFWLHYH# LVRWRSHQ#]HHU#JRHG#JHVFKLNW#RP#GH#RXGHUGRP#YDQ#PDWHULDOHQ#]RDOV#JURQGZDWHU#RI
HHQ#YHURQWUHLQLJLQJ#YDVW# WH#VWHOOHQ1#6WDELHOH# LVRWRSHQ/#]RDOV# 45&#HQ# 46&/#]LMQ#QLHW#RQGHUKHYLJ#DDQ
UDGLRDFWLHI#YHUYDO1#9ULMZHO#DOOH#UHOHYDQWH#HOHPHQWHQ#EHVWDDQ#XLW#PHHUGHUH#VWDELHOH#LVRWRSHQ#HQ#RP0
GDW#GH]H#LVRWRSHQ#]LFK#LQ#JHULQJH/#PDDU#VLJQLILFDQWH#PDWH#DIZLMNHQG#JHGUDJHQ#ELM#GLYHUVH#I\VLVFKH/
FKHPLVFKH#HQ#ELRORJLVFKH#SURFHVVHQ#NXQQHQ#VWDELHOH# LVRWRSHQ#JHEUXLNW#ZRUGHQ#RP#GH#JHVFKLH0
GHQLV#HQ#KHW#ORW#YDQ#PDWHULDOHQ#WH#EHSDOHQ1

7RHSDVVLQJHQ
%LQQHQ# KHW# RQGHU]RHN# QDDU# ERGHP0# HQ# JURQGZDWHUYHURQWUHLQLJLQJHQ# NXQQHQ# YLHU# WRHSDVVLQJV0
JHELHGHQ#YDQ#LVRWRSHQ#DQDO\VH#ZRUGHQ#JHGHILQLHHUG=
0# NDUDNWHULVHUHQ#YDQ#JURQGZDWHUVWURPLQJ#HQ#VWRIWUDQVSRUW>
0# JHRFKHPLVFKH#NDUDNWHULVHULQJ>
0# NDUDNWHULVHUHQ#YDQ#YHURQWUHLQLJLQJHQ>
0# DDQWRQHQ#YDQ#+QDWXXUOLMNH,#DIEUDDN#YDQ#YHURQWUHLQLJLQJHQ1

+HW#NDUDNWHULVHUHQ#YDQ#JURQGZDWHUVWURPLQJ#HQ#VWRIWUDQVSRUW# LV#HHQ#YULM#EHNHQGH# WRHSDVVLQJ#YDQ
LVRWRSHQ#DQDO\VH#HQ#RPYDW#RQGHU#DQGHUH#KHW#GDWHUHQ#YDQ#JURQGZDWHU#YLD#UDGLRDFWLHYH#LVRWRSHQ#HQ
KHW#EHSDOHQ#YDQ#GH#KHUNRPVW#YDQ#JURQGZDWHU#YLD#DQDO\VH# YDQ# VWDELHOH# LVRWRSHQ# YDQ#ZDWHU1#'H
PHHVW#NDQVULMNH#WRHSDVVLQJHQ#YRRU#RQGHU]RHN#QDDU#ERGHPYHURQWUHLQLJLQJHQ#]LMQ=
0# KHW#FDOLEUHUHQ2YDOLGHUHQ#YDQ#JURQGZDWHUPRGHOOHQ#GRRU#GDWHULQJ#YDQ#JURQGZDWHUPRQVWHUV>
0# EHSDOLQJ#YDQ#KHUNRPVW#HQ#PHQJLQJ#YDQ#JURQGZDWHU>
0# KHW#EHSDOHQ#YDQ#GH#NZHWVEDDUKHLG#YDQ#HHQ#ZDWHUYRHUHQG#SDNNHW#YRRU#YHURQWUHLQLJLQJ1



9,,,

9HHO#JHRFKHPLVFKH#SURFHVVHQ/#]RDOV#UHGR[UHDFWLHV/#SUHFLSLWDWLH/#FRPSOH[HULQJ/#HWF1/#EHwQYORHGHQ
GH#VWDELHOH# LVRWRSHQVDPHQVWHOOLQJ#YDQ#GH#YHUELQGLQJHQ#GLH#HUELM#EHWURNNHQ#]LMQ1# ,VRWRSHQ#DQDO\VH
NDQ#GDDUGRRU#XQLHNH#DDQYXOOHQGH# LQIRUPDWLH#JHYHQ#RYHU#KHW#RSWUHGHQ#YDQ#GH]H#SURFHVVHQ# LQ#GH
ERGHP1#.DQVULMNH#WRHSDVVLQJHQ#YDQ#LVRWRSHQ#DQDO\VH#LQ#GLW#ZHUNYHOG#]LMQ#ELMYRRUEHHOG=
0# KHW#LGHQWLILFHUHQ#HQ#NZDQWLILFHUHQ#YDQ#UHGR[SURFHVVHQ#DOV#GHQLWULILFDWLH#HQ#VXOIDDWUHGXFWLH>
0# KHW#DFKWHUKDOHQ#YDQ#GH#KHUNRPVW#YDQ#DIEUDDNSURGXFWHQ#DOV#PHWKDDQ#HQ#NRROGLR[LGH1

+HW#NDUDNWHULVHUHQ#YDQ#YHURQWUHLQLJLQJHQ#LV#JHEDVHHUG#RS#GH#VSHFLILHNH#LVRWRSHQVLJQDWXXU#YDQ#GH
YHURQWUHLQLJLQJHQ1#+HW#NDQ#KLHUELM#]RZHO#JDDQ#RP#UDGLRDFWLHYH#LVRWRSHQ#RP#RQGHUVFKHLG#WH#PDNHQ
WXVVHQ#QDWXXUOLMNH#HQ#DQWURSRJHQH#VWRIIHQ#DOV#RP#VWDELHOH# LVRWRSHQ#RP#YHUVFKLOOHQGH#YHURQWUHLQL0
JLQJVEURQQHQ#DDQ# WH# WRQHQ#RI#RP#HHQ#JURQGZDWHUYHURQWUHLQLJLQJ# WH# UHODWHUHQ#DDQ#HHQ#EHSDDOGH
EURQ1#9DQ#GH#WRHSDVVLQJHQ#GLH#EHKDQGHOG#ZRUGHQ#]LMQ#GH#RQGHUVWDDQGH#PHW#QDPH#NDQVULMN=
0# KHW#NDUDNWHULVHUHQ#YDQ#ORRGYHURQWUHLQLJLQJHQ>
0# KHW#NDUDNWHULVHUHQ#YDQ#3$.0YHURQWUHLQLJLQJHQ>
0# KHW#NDUDNWHULVHUHQ#YDQ#QLWUDDW#LQ#JURQGZDWHU>
0# KHW#RQGHUVFKHLGHQ#YDQ#QDWXXUOLMNH#HQ#DQWURSRJHQH#DURPDWLVFKH#YHUELQGLQJHQ1

+HW#DDQWRQHQ#YDQ# +QDWXXUOLMNH,#DIEUDDN#YDQ#YHURQWUHLQLJLQJHQ#NDQ#JH]LHQ#ZRUGHQ#DOV#HHQ#RQGHU0
GHHO#YDQ#GH#JHRFKHPLVFKH#NDUDNWHULVHULQJ/#PDDU#ZRUGW#YDQZHJH#KHW#EHODQJ#HUYDQ#YRRU#RQGHU]RHN
QDDU#ERGHPYHURQWUHLQLJLQJHQ#DSDUW#EHKDQGHOG1#+HW#RSWUHGHQ#YDQ# IUDFWLRQHULQJ# +YHUDQGHULQJ#YDQ
LVRWRSHQVDPHQVWHOOLQJ,# LV# DIKDQNHOLMN# YDQ# GH# YHURQWUHLQLJLQJ# HQ# YDQ# KHW# EHWUHIIHQGH# DIEUDDN0
SURFHV1#:DQQHHU#HU#JHHQ# IUDFWLRQHULQJ#RSWUHHGW#NDQ#HHQ#NDUDNWHULVWLHNH# LVRWRSHQVLJQDWXXU# LQ#DI0
EUDDNSURGXFWHQ#EHKRXGHQ#EOLMYHQ#HQ# NDQ# LVRWRSHQ#DQDO\VH#DDQ#GH]H#SURGXFWHQ#EHZLMV# YRRU#DI0
EUDDN#OHYHUHQ1#:DQQHHU#HU#ZHO#IUDFWLRQHULQJ#RSWUHHGW#NDQ#GH#YHUDQGHULQJ#LQ#LVRWRSHQVDPHQVWHOOLQJ
YDQ#HHQ#YHURQWUHLQLJLQJ#JHEUXLNW#ZRUGHQ#RP#DDQ#WH#WRQHQ#GDW#GH]H#DDQ#ELRGHJUDGDWLH#RQGHUKHYLJ
LV1# 7HFKQLVFKH# RQWZLNNHOLQJHQ# ]RUJHQ# HUYRRU# GDW#PHW# QDPH# GH]H# ODDWVWH#PHWKRGH#PRPHQWHHO
VWHUN# LQ#GH#EHODQJVWHOOLQJ# VWDDW1#9RRU#GH# YROJHQGH#JHYDOOHQ# OLMNW# LVRWRSHQ#DQDO\VH#JXQVWLJH#SHU0
VSHFWLHYHQ#WH#ELHGHQ=
0# KHW#DDQWRQHQ#YDQ#DQDsUREH#DIEUDDN#YDQ#DURPDWLVFKH#YHUELQGLQJHQ#+%7(;,#HQ#92&O#YLD#FRP0

SRQHQWVSHFLILHNH#LVRWRSHQ#DQDO\VH>
0# KHW#DDQWRQHQ#YDQ#GHQLWULILFDWLH#+RP]HWWLQJ#YDQ#QLWUDDW,>
0# KHW#DDQWRQHQ#YDQ# LUUHYHUVLEHOH#FRYDOHQWH#ELQGLQJ#YDQ#YHURQWUHLQLJLQJHQ#DOV#717/#SHVWLFLGHQ/

HWF1>
0# NDUDNWHULVHULQJ#YDQ#QDWXXUOLMNH#DIEUDDNSURFHVVHQ#YRRU#F\DQLGH1

2QWVOXLWLQJ#YDQ#GH#LQIRUPDWLH
2P#GH#LQIRUPDWLH#LQ#GLW#GRFXPHQW#JRHG#WH#RQWVOXLWHQ# LV#RS#GH#YROJHQGH#EODG]LMGH#HHQ#VOHXWHOWDEHO
WRHJHYRHJG1# ,Q#GH]H# WDEHO#]LMQ/#SHU#KRRIGVWXN#YDQ#KHW#GRFXPHQW/#GH#YHUVFKLOOHQGH# WRHSDVVLQJHQ
YDQ#LVRWRSHQ#DQDO\VH#ZHHUJHJHYHQ#PHW#GH#GDDUELM#KRUHQGH#LVRWRSHQ#DQDO\VHV#DDQ#GH#YHUVFKLOOHQ0
GH#FRPSRQHQWHQ1#'H# WDEHO#EHYDW#HHQ#NOHXUFRGHULQJ/#GLH#GH#PDWH#YDQ#JHVFKLNWKHLG#YDQ#HHQ#EH0
SDDOGH# WRHSDVVLQJ#YDQ# LVRWRSHQ#DQDO\VH#ZHHUJHHIW1#9RRU#GH#FRPSRQHQWVSHFLILHNH# WRHSDVVLQJHQ
+KRRIGVWXN#8,#LV#WHYHQV#HHQ#YHUZLM]LQJ#QDDU#KHW#EHWUHIIHQGH#SDJLQDQXPPHU#JHJHYHQ1



,;

7DEHO#641 6OHXWHOWDEHO#WRHSDVEDDUKHLG#LVRWRSHQ#DQDO\VH1

+RRIGVWXN#6=#.DUDNWHULVHUHQ#*URQGZDWHUVWURPLQJ
'DWHULQJ#MRQJ#JURQGZDWHU 6++52/#6+26+H+52/#;8.U

'DWHULQJ#RXG#JURQGZDWHU 47&72&07,&
%HSDOHQ#NZHWVEDDUKHLG#DTXLIHU 6++52/#6+26+H+52/#;8.U

%HSDOLQJ#ORNDOH#VWURPLQJVSDWURQHQ 6++52/#6+26+H+52
+HUNRPVW#HQ#PHQJLQJ#JURQGZDWHU 5++52/#4;2+52#+46&7,&,

+RRIGVWXN#7=#+\GURJHRFKHPLVFKH#NDUDNWHULVHULQJ
.DUDNWHULVHUHQ#NRROVWRIEURQ 47&72&/#47&62&/#47&YHURQWUHLJLQJHQ/#47&PHWKDDQ/#47&7,&
$DQWRQHQ#ELRGHJUDGDWLH#YDQ#RUJDQLVFKH#YHUELQGLQJHQ
DOJHPHHQ

46&72&/#46&62&/#46&YHURQWUHLJLQJHQ/#46&PHWKDDQ/#46&7,&/
46&FDOFLHW

$DQWRQHQ#ELRGHJUDGDWLH#RQGHU#VSHFLILHNH#UHGR[0
FRQGLWLHV

481QLWUDDW/#4;2QLWUDDW/#481VWLNVWRIJDV#676VXOIDDW//#4;2VXOIDDW//
676S\ULHW#46&PHWKDDQ/#5+PHWKDDQ

,-]HUUHGXFWLH 89)H

2QWJDVVLQJ2YHUYOXFKWLJLQJ 46&PHWKDDQ/481DPPRQLXP/481VWLNVWRIJDV
0HWKDDQR[LGDWLH 5+PHWKDDQ/#46&PHWKDDQ
3\ULHW#R[LGDWLH 676VXOIDDW//#4;2VXOIDDW/#4;2+52/#676S\ULHW
1LWULILFDWLH 481DPPRQLXP/#481VWLNVWRIJDV/#4;2+52/#481QLWUDDW/#4;2QLWUDDW
3UHFLSLWDWLH 46&7,&

+RRIGVWXN#8=#9HURQWUHLQLJLQJVVSHFLILHNH#WRHSDVVLQJHQ
.RROZDWHUVWRIIHQ =ZDUH#PHWDOHQ 2YHULJH

9HURQWUHLQLJLQJ

%7(;+1
,

3$.

&
.:

V

0
LQHUDOH#ROLH

1
0KRXGHQGH#NRRO0
Z
DWHUVWRIIHQ

/RRG

2
YHULJH#]Z

DUH
P
HWDOHQ

1
LWUDDW

&
\DQLGH

7RHSDVVLQJ S17< S186 S187 S18: S18: S18; S18; S194 S196

.DUDNWHULVHUHQ# YHURQW0
UHLQLJLQJ

46& 5+ 46& 46& 6:&O 5+ 46&#+676, 46&#481 5393E253:3E
99=Q297=Q
HWF1

481#4;2 46&#481

$sUREH
ELRGHJUDGDWLH

46& 5+ 46& 46&1 6:&O 5+ 46& 46& Q1Y1W1 Q1Y1W1 Q1Y1W1 46&#481

$QDsUREH
ELRGHJUDGDWLH

46& 5+ 46& 46& 6:&O 5+ 46& 46& Q1Y1W1 Q1Y1W1 481#4;2 46&#481

9HUYOXFKWLJLQJ 46& 5+ 46& 46& 6:&O 5+ 46& 46& Q1Y1W1 Q1Y1W1 Q1Y1W1 46&#481

1
DW
XX
UOL
MN
H#
DI
QD
P
H

JHERQGHQ#UHVLGX/
SUHFLSLWDWLH Q1Y1W1 46& Q1Y1W1 Q1Y1W1 46&#481 5393E253:3E

99=Q297=Q
HWF1 Q1Y1W1 46&#481

LVRWRRS #LVRWRSHQ#DQDO\VH#]HHU#JHVFKLNWH#RI#HQLJH
#PHWKRGH LVRWRRS #LVRWRSHQ#DQDO\VH#PRJHOLMN/#PDDU#QLHW#YRRU#GH

#KDQG#OLJJHQG

LVRWRRS #LVRWRSHQ#DQDO\VH#JHVFKLNWH#PHWKRGH LVRWRRS #PHWKRGH#LQ#RQWZLNNHOLQJ



;
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+22)'678.#4

,1/(,',1*

9ULMZHO#DOOH#HOHPHQWHQ#RS#DDUGH#EHVWDDQ#XLW#PHHUGHUH# LVRWRSHQ# +DWRPHQ# YDQ#KHW]HOIGH#HOHPHQW
PHW#HHQ#YHUVFKLOOHQG#DWRRPJHZLFKW,1#'H#NDUDNWHULVWLHNH# %QDWXXUOLMNH%# LVRWRSHQVLJQDWXXU#YDQ#YHHO
YHURQWUHLQLJLQJHQ#HQ#GH# YHUDQGHULQJHQ# LQ# LVRWRSHQVDPHQVWHOOLQJ#GLH#RSWUHGHQ# WLMGHQV# VSHFLILHNH
ERGHPSURFHVVHQ/#]RDOV#ELRORJLVFKH#DIEUDDN/#NXQQHQ#XQLHNH# LQIRUPDWLH#JHYHQ#RYHU#GH#RRUVSURQJ
YDQ#YHURQWUHLQLJLQJHQ#HQ#RYHU#KXQ#ORW#LQ#GH#ERGHP1

1LHXZH#H[WHQVLHYH#VDQHULQJV0#RI#EHKHHUVYDULDQWHQ/#]RDOV#ELMYRRUEHHOG#QDWXXUOLMNH#DIEUDDN#HQ# UH0
DFWLHYH#]RQHV#YHUHLVHQ#HHQ#YHUKRRJG# LQ]LFKW# LQ#GH#I\VLVFKH#FKHPLVFKH#HQ#ELRORJLVFKH#SURFHVVHQ
GLH#RSWUHGHQ#LQ#GH#ERGHP1#2RN#YRRU#HHQ#JRHGH# LQYXOOLQJ#YDQ#GH#EHOHLGVEHJULSSHQ#%VWDELHOH#HLQG0
VLWXDWLH%#HQ#%VWDWLRQDULWHLW#YDQ#GH#SOXLP%#LV#GLW#HHQ#YHUHLVWH1#7UDGLWLRQHOH#DQDO\VHPHWKRGHQ#NXQQHQ
GH#JHZHQVWH# LQIRUPDWLH#GLH#YRRU#GH]H# LQ]LFKWHQ#QRGLJ#]LMQ#VOHFKWV# WHQ#GHOH# OHYHUHQ/#]RGDW#HU#HHQ
VWHUNH#EHKRHIWH#EHVWDDW#DDQ#QLHXZH#NDUDNWHULVHULQJVPHWKRGHQ1#,VRWRSHQ#DQDO\VH#LV#]R*Q#%QLHXZH%
PHWKRGH# GLH# KDUG# RS# ZHJ# LV# HHQ# JHDFFHSWHHUGH# PHWKRGH# ELM# RQGHU]RHN# QDDU# ERGHP0
YHURQWUHLQLJLQJHQ#WH#ZRUGHQ#HQ#NDQ#JHEUXLNW#ZRUGHQ#YRRU=
0# KHW#NDUDNWHULVHUHQ#YDQ#JURQGZDWHUVWURPLQJ>
0# JHRFKHPLVFKH#NDUDNWHULVHULQJ>
0# KHW#NDUDNWHULVHUHQ#YDQ#YHURQWUHLQLJLQJHQ>
0# KHW#DDQWRQHQ#YDQ#+QDWXXUOLMNH,#DIEUDDNSURFHVVHQ1

414# +HW#NHQQLVGRFXPHQW

+HW#GRHO#YDQ#GLW#NHQQLVGRFXPHQW# LV#KHW#RQWVOXLWHQ#YDQ#GH#EHVWDDQGH#NHQQLV#RS#KHW#JHELHG#YDQ
LVRWRSHQ#DQDO\VH# YRRU#RQGHU]RHN#QDDU#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ#HQ#GH]H# NHQQLV
WRHJDQNHOLMN#PDNHQ#YRRU#GHJHQHQ#GLH# LQ#KXQ#DOOHGDDJVH#ZHUN]DDPKHGHQ# WH#PDNHQ#KHEEHQ#PHW
RQGHU]RHN# QDDU# ERGHPYHURQWUHLQLJLQJHQ/# ]RDOV#PLOLHX0DGYLVHXUV/# DPEWHQDUHQ# YDQ# KHW# EHYRHJG
JH]DJ/#PLOLHXPHGHZHUNHUV#YDQ#EHGULMYHQ/#HWF1#+HW#GRFXPHQW# LV#RSJHVWHOG# LQ#KHW# NDGHU# YDQ#KHW
SURMHFW# %7RHSDVVLQJ# YDQ# LVRWRSHQ# DQDO\VH# ELM# RQGHU]RHN# QDDU# ERGHPYHURQWUHLQLJLQJHQ%/# XLWJH0
YRHUG#GRRU#HHQ#FRQVRUWLXP#EHVWDDQGH#XLW#7DXZ#EY/#GH#9ULMH#8QLYHUVLWHLW#$PVWHUGDP/#'H#5LMNVXQL0
YHUVLWHLW#*URQLQJHQ/#GH#8QLYHUVLWHLW#YDQ#%HUQ#HQ#GH#8QLYHUVLWHLW#YDQ#7RURQWR1#$OV#ILQDQFLHUV#]LMQ#GH
6WLFKWLQJ#.HQQLVRQWZLNNHOLQJ#HQ#.HQQLVRYHUGUDFKW#%RGHP#+6.%,/#'RZ#%HQHOX[#19#HQ#GH#SURYLQ0
FLHV#*HOGHUODQG/#1RRUG0%UDEDQW#HQ#'UHQWKH#ELM#GLW#SURMHFW#EHWURNNHQ1

'H#JHJHYHQV#LQ#KHW#GRFXPHQW#]LMQ#DINRPVWLJ#YDQ#GULH#YHUVFKLOOHQGH#EURQQHQ1#'H#WKHRULH#HQ# LQIRU0
PDWLH#RYHU#EHVWDDQGH# WRHSDVVLQJHQ#]LMQ#YHHODO#DINRPVWLJ#YDQ#HHQ#DDQWDO#VWDQGDDUGZHUNHQ#RYHU
LVRWRSHQ#DQDO\VH1#*HJHYHQV#RYHU#QLHXZH# WRHSDVVLQJHQ#HQ#YHUZDFKWH#RQWZLNNHOLQJHQ#]LMQ#DINRP0
VWLJ# YDQ# DUWLNHOHQ# LQ#ZHWHQVFKDSSHOLMNH# WLMGVFKULIWHQ# HQ# YDQ# FRQWDFWHQ#PHW# VSHFLDOLVWHQ# RS# YHU0
VFKLOOHQGH#WRHSDVVLQJVJHELHGHQ#YDQ# LVRWRSHQ#DQDO\VH1#(HQ#DDQWDO#YDQ#KHQ# LV#EHQDGHUG#YRRU#HHQ
YULM#XLWYRHULJ#LQWHUYLHZ#+ELMODJH#'#JHHIW#HHQ#NRUW#YHUVODJ#KLHUYDQ,/#DQGHUHQ#]LMQ#QDDU#DDQOHLGLQJ#YDQ
SXEOLFDWLHV#EHQDGHUG#PHW#FRQFUHWH#YUDJHQ1

'H#RS]HW#YDQ#KHW#GRFXPHQW#LV#]R#JHNR]HQ#GDW#GH#JHEUXLNHU/#]RQGHU#WH#EHVFKLNNHQ#RYHU#VSHFLDOLV0
WLVFKH#NHQQLV#YDQ# LVRWRSHQ#DQDO\VH/#GH#PRJHOLMNKHGHQ#HQ# OLPLWDWLHV#HUYDQ#NDQ#RYHU]LHQ1#7HU# LOOX0
VWUDWLH#]LMQ#GDDURP#RS#YHHO#SODDWVHQ# LQ#KHW#GRFXPHQW#NRUWH# WRHSDVVLQJVYRRUEHHOGHQ#RSJHQRPHQ1
'H#JHEUXLNHU#PRHW#PHW#EHKXOS#YDQ#GLW#NHQQLVGRFXPHQW#HQ#GH#YHUZLM]LQJHQ#HULQ#NXQQHQ#EHVOLVVHQ
RI#KHW#ELM#]LMQ#RI#KDDU#SUREOHHP#ZHQVHOLMN# LV#JHEUXLN# WH#PDNHQ#YDQ#GH]H#QLHXZH#NDUDNWHULVHULQJV0
PHWKRGH1#9RRU#HHQ#JRHGH#LQWHUSUHWDWLH#YDQ#GH#UHVXOWDWHQ#LV#HHQ#JHGHJHQ#NHQQLV#YDQ#GH#DFKWHUOLJ0
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1DWXXUOLMNH#$IEUDDN

JHQGH#WKHRULH#HFKWHU#HVVHQWLHHO/#]RGDW#KHW#ELM#GDDGZHUNHOLMNH#WRHSDVVLQJ#YDQ# LVRWRSHQ#DQDO\VH# LQ
GH#SUDNWLMN#UDDG]DDP#LV#HHQ#VSHFLDOLVW#LQ#WH#VFKDNHOHQ1

415# /HHVZLM]HU

+RRIGVWXN#5#JHHIW#HHQ#NRUWH#EHVFKULMYLQJ#YDQ#GH#EHQRGLJGH#WKHRULH#URQGRP#LVRWRSHQ#HQ#EHKDQGHOW
HHQ#DDQWDO#EHJULSSHQ#HQ#SURFHVVHQ#GLH#YHHOYXOGLJ#JHEUXLNW#]XOOHQ#ZRUGHQ# LQ#GH#GDDURS#YROJHQGH
KRRIGVWXNNHQ1

,Q# GH# KRRIGVWXNNHQ# 6/# 7# HQ# 8#ZRUGW# KHW# JHEUXLN# YDQ# LVRWRSHQ# ELM# RQGHU]RHN# QDDU# ERGHP0# HQ
JURQGZDWHUYHURQWUHLQLJLQJHQ# EHKDQGHOG1#+LHUELM#ZHHUVSLHJHOW# GH# KRRIGVWXN0LQGHOLQJ# GH# YHUVFKLO0
OHQGH#DVSHFWHQ#YDQ#HHQ#GHUJHOLMN#ERGHP0#HQ#JURQGZDWHURQGHU]RHN1#'LW# LV#JHV\PEROLVHHUG# LQ# IL0
JXXU#41

)LJ1#41 'H#RS]HW#YDQ#KHW#NHQQLVGRFXPHQW1

,Q#KRRIGVWXN#6#ZRUGW#EHVSURNHQ#KRH# LVRWRSHQ#DOV#KXOSPLGGHO#NXQQHQ#GLHQHQ#ELM#KHW# LGHQWLILFHUHQ
HQ#NZDQWLILFHUHQ#YDQ#JURQGZDWHUVWURPLQJVSURFHVVHQ1#'LW# ]LMQ#GH# I\VLVFKH#SURFHVVHQ#GLH# ]RUJHQ
YRRU#GH#YHUVSUHLGLQJ#YDQ#GH#YHURQWUHLQLJLQJ# LQ#ERGHP0#HQ#JURQGZDWHU1#7HYHQV#]RUJHQ#GH]H#SUR0
FHVVHQ#YRRU#YHUGXQQLQJ#GRRU#PHQJLQJ1

,Q#KRRIGVWXN#7#ZRUGW#EHVFKUHYHQ#KRH# LVRWRSHQ#DQDO\VH#JHEUXLNW#NDQ#ZRUGHQ#RP#K\GURJHRFKHPL0
VFKH# SURFHVVHQ# WH# LGHQWLILFHUHQ# HQ# WH# NZDQWLILFHUHQ1# +\GURJHRFKHPLVFKH# SURFHVVHQ# ]LMQ# GH
+ELR,FKHPLVFKH#SURFHVVHQ#LQ#KHW#ZDWHU#HQ#VHGLPHQW#GLH#EHSDOHQ#KRH#JRHG#HQ#KRH#VQHO#YHURQWUHL0
QLJLQJHQ#ZRUGHQ#DIJHEURNHQ1#7HYHQV#EHSDOHQ#GH]H#SURFHVVHQ#KRH#KHW#ERGHP0#HQ#JURQGZDWHU0
V\VWHHP#YHUDQGHUW#DOV#JHYROJ#YDQ#GH#DIEUDDN1#'H#WHUP#1DWXUDO#$WWHQXDWLRQ#RI#1DWXXUOLMNH#$IQDPH
+1$,#ZRUGW#JHEUXLNW#RP#GH#FRPELQDWLH#YDQ#JHRK\GURORJLVFKH#HQ#K\GURELRJHRFKHPLVFKH#SURFHV0
VHQ# WH#RPVFKULMYHQ#GLH# ]RUJHQ# YRRU#HHQ# FRQFHQWUDWLH#DIQDPH# YDQ#GH# YHURQWUHLQLJLQJ# LQ#GH# YHU0
VSUHLGLQJVULFKWLQJ1

,Q#KRRIGVWXN#8#ZRUGW#EHKDQGHOG#KRH# LVRWRSHQ#DQDO\VH# LQJH]HW#NDQ#ZRUGHQ#ELM#KHW#NDUDNWHULVHUHQ
YDQ#YHURQWUHLQLJLQJHQ#HQ#KHW#PRQLWRUHQ#YDQ#GH#YHUDQGHULQJHQ#DOV#JHYROJ#YDQ#1$#DDQ#GH#YHURQW0

+RRIGVWXN#6=
+HW#JHEUXLN#YDQ#LVRWRSHQ
ELM#GH#NDUDNWHULVHULQJ#YDQ
JURQGZDWHUVWURPLQJ

+RRIGVWXN#7=
+HW#JHEUXLN#YDQ#LVRWRSHQ#ELM
GH#K\GURJHRFKHPLVFKH

NDUDNWHULVDWLH

+RRIGVWXN#8=
+HW#PRQLWRUHQ#YDQ#YHUDQGHULQJHQ

DDQ#GH#YHURQWUHLQLJLQJHQ#]HOI#G1P1Y1#LVRWR0
SHQ#DQDO\VH

+
HW#ORW#YDQ#GH
YHURQWUHLQLJLQJHQ
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UHLQLJLQJ#]HOI1#,Q#GLW#KRRIGVWXN#]LMQ#GH#YHUVFKLOOHQGH#YHURQWUHLQLJLQJHQ#LQJHGHHOG#LQ#+DUELWUDLUH,#VWRI0
JURHSHQ1#'H#FRPELQDWLH#YDQ#GH]H#VWRIJURHSHQ#PHW#GH#GULH#RQGHU]RHNVDVSHFWHQ#JHHIW#HHQ#JRHG
LQ]LFKW#RYHU#KHW#ORW#YDQ#YHURQWUHLQLJLQJHQ#LQ#HHQ#ERGHP0#HQ#JURQGZDWHUV\VWHHP1

+HW#DIVOXLWHQGH#KRRIGVWXN#9#JHHIW#HHQ#FRQFOXGHUHQGH#VDPHQYDWWLQJ#RYHU#KHW#JHEUXLN#YDQ#LVRWRSHQ
DQDO\VH#ELM#GH#YHUVFKLOOHQGH#DVSHFWHQ#YDQ#KHW#ERGHP0#HQ#JURQGZDWHURQGHU]RHN#RS#YHURQWUHLQLJGH
ORFDWLHV1# ,Q#GLW#KRRIGVWXN#ZRUGW# WHYHQV#HHQ#RYHU]LFKW#YDQ#GH#YHUZDFKWH# WRHNRPVWLJH#RQWZLNNHOLQ0
JHQ#RS#KHW#JHELHG#YDQ#LVRWRSHQ#DQDO\VH#HQ#GH#GDDUELM#KRUHQGH#WRHSDVVLQJHQ#JHJHYHQ1

'H#ELMODJHQ#YRUPHQ#KHW# ODDWVWH#GHHO#YDQ#KHW#GRFXPHQW#HQ#JHYHQ#DOJHPHQH#SUDNWLVFKH# LQIRUPDWLH
RYHU# LVRWRSHQ# DQDO\VH/# ]RDOV# DQDO\VH# PHWKRGHQ/# PRQVWHUQDPH0HLVHQ/# XLWYRHUHQGH# ODERUDWRULD/
NRVWHQ/#HWF1

416# 'H#SODDWV#YDQ#LVRWRSHQ#DQDO\VH#LQ#KHW#ERGHPRQGHU]RHN

=RDOV#UHHGV#JHQRHPG# LV# LVRWRSHQ#DQDO\VH#HHQ#YHHOEHORYHQGH#PHWKRGH#PHW#YHOH#QXWWLJH# WRHSDV0
VLQJHQ#LQ#KHW#RQGHU]RHN#QDDU#ERGHPYHURQWUHLQLJLQJHQ1#%LM#KHW#VWDQGDDUGPDWLJH#RQGHU]RHN/#JHULFKW
RS#KHW# LQ#EHHOG#EUHQJHQ#YDQ#GH#HUQVW#HQ#RPYDQJ#YDQ#HHQ#YHURQWUHLQLJLQJ# +9HUNHQQHQG#2QGHU0
]RHN/#1DGHU#2QGHU]RHN,#]DO# LVRWRSHQ#DQDO\VH#HFKWHU#QRUPDDO#JHVSURNHQ#QLHW#ZRUGHQ# WRHJHSDVW1
2RN#LQ#GH#HHUVWH#IDVH#YDQ#RQGHU]RHN#QDDU#ELRORJLVFKH/#I\VLVFKH#HQ#FKHPLVFKH#SURFHVVHQ#GLH#HHQ
URO#VSHOHQ#ELM#ERGHPYHURQWUHLQLJLQJHQ#OLJW#LVRWRSHQ#DQDO\VH#QLHW#GLUHFW#YRRU#GH#KDQG1

,Q#ZDW#YRRU#JHYDOOHQ# LV# LVRWRSHQ#RQGHU]RHN#GDQ#ZHO#WRHSDVEDDU"#(HQ#DOJHPHHQ#DQWZRRUG#KLHURS
NDQ#]LMQ#LQ#FRPSOH[HUH#VLWXDWLHV#RI#LQ#VLWXDWLHV#ZDDULQ#DDQYXOOHQGH#NDUDNWHULVHULQJ#JHZHQVW#LV1#(HQ
JRHG# YRRUEHHOG# KLHUYRRU# LV# KHW# RQGHU]RHN# QDDU# GH# VWDWLRQDULWHLW# YDQ# HHQ# YHURQWUHLQLJLQJVSOXLP1
=R*Q#RQGHU]RHN#NDQ#UXZZHJ#LQ#WZHH#IDVHQ#ZRUGHQ#RQGHUYHUGHHOG=
4,# KHW#GRHQ#YDQ#HHQ#YRRUVSHOOLQJ#YDQ#GH#SOXLP0RQWZLNNHOLQJ/#JHEDVHHUG#RS#K\GURORJLVFKH#JHJH0

YHQV#HQ#GH#HLJHQVFKDSSHQ#YDQ#ERGHP#HQ#YHURQWUHLQLJLQJHQ>
5,# GH#JURQGZDWHUPRQLWRULQJ/#PHW#DOV#GRHO#KHW#WRHWVHQ#YDQ#GH#YHUZDFKWLQJ#HQ#KHW#QDJDDQ#LQ#KRH0

YHUUH#GH#JHVWHOGH#GRHOHQ#ZRUGHQ#JHKDDOG1

,VRWRSHQ#DQDO\VH#NDQ#KLHUELM#RS#GULH#PDQLHUHQ#YDQ#QXW#]LMQ=
D,# GH#EHWURXZEDDUKHLG#YDQ#GH#XLWNRPVWHQ#YDQ#JURQGZDWHUPRGHOOHQ#NDQ#XLWVWHNHQG#ZRUGHQ#JH0

WRHWVW#GRRU#GDWHULQJ#YDQ#JURQGZDWHUPRQVWHUV>
E,# PHQJLQJ#YDQ#JURQGZDWHU#NDQ#ZRUGHQ#EHSDDOG#PHW#EHKXOS#YDQ#FRQVHUYDWLHYH# +QLHW0UHDFWLHYH,

LVRWRSHQ1
F,# GH#YDULDWLH#GLH# LQ#GH#SUDNWLMN#ELM#GH#PRQLWRULQJ#JHYRQGHQ#ZRUGW#ZDQQHHU#HU#DOOHHQ#YHURQWUHLQL0

JLQJVFRQFHQWUDWLHV#ZRUGHQ#JHPHWHQ/#NDQ#ZRUGHQ#RQGHUYDQJHQ#GRRU#RRN#FRPSRQHQWVSHFLILH0
NH#LVRWRSHQ#DQDO\VHV#WH#JHEUXLNHQ>#GH]H#JHYHQ#HHQ#LQGLFDWLH#YDQ#GH#PDWH#YDQ#DIEUDDN#HQ#]LMQ
GDDUGRRU#YHHO#PLQGHU#RQGHUKHYLJ#DDQ#YDULDWLH1

'DDUQDDVW#]LMQ#HU#XLWHUDDUG#RRN#QRJ#DQGHUH#VLWXDWLHV#ZDDULQ#LVRWRSHQ#DQDO\VH#WRHSDVEDDU#LV/#]RDOV=
0# RQGHU]RHN#QDDU#GH#KHUNRPVW#RI#JHVFKLHGHQLV#YDQ#HHQ#YHURQWUHLQLJLQJ/#ELMYRRUEHHOG=

0# KHW#GDWHUHQ#YDQ#HHQ#YHURQWUHLQLJLQJ>
0# KHW#DFKWHUKDOHQ#YDQ#GH#EURQ#YDQ#HHQ#JURQGZDWHUYHURQWUHLQLJLQJ>
0# RQGHUVFKHLG#PDNHQ#WXVVHQ#QDWXXUOLMNH#HQ#DQWURSRJHQH#%YHURQWUHLQLJLQJHQ%>

0# RQGHU]RHN#QDDU#GH#ZHUNLQJ#YDQ#LQ0VLWX#ERGHPUHLQLJLQJVWHFKQLHNHQ/#ELMYRRUEHHOG=
0# DDQWRQHQ#YDQ#JHVWLPXOHHUGH#+ELRORJLVFKH,#DIEUDDN>
0# RQGHUVFKHLG#PDNHQ#WXVVHQ#YHUVFKLOOHQGH#SURFHVVHQ#GLH#YHUDQWZRRUGHOLMN#NXQQHQ#]LMQ#YRRU

YHUGZLMQLQJ#YDQ#YHURQWUHLQLJLQJHQ#+YHUGDPSLQJ/#VRUSWLH/#ELRGHJUDGDWLH/#HWF1,1
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+22)'678.#5

7+(25,(

514# ,VRWRSHQ#HQ#KXQ#YRRUNRPHQ

+HW#ZRRUG# LVRWRRS# LV#DINRPVWLJ#XLW#KHW#*ULHNV#HQ#EHWHNHQW# %JHOLMNH#SODDWV%#RP#DDQ# WH#JHYHQ#GDW
LVRWRSHQ#HHQ#JHOLMNH#SODDWV# LQQHPHQ# LQ#KHW#SHULRGLHN#V\VWHHP#GHU#HOHPHQWHQ1#'H#NHUQ#YDQ#HHQ
DWRRP#LV#RSJHERXZG#XLW#SURWRQHQ#HQ#QHXWURQHQ1#+HW#DDQWDO#SURWRQHQ#EHSDDOW#WRW#ZHON#HOHPHQW#HHQ
DWRRP#EHKRRUW#HQ#GXV#ZDW#GH#SODDWV#LV#LQ#KHW#SHULRGLHN#V\VWHHP/#KHW#DDQWDO#QHXWURQHQ#EHSDDOW#KHW
LVRWRRS#YDQ#GDW#HOHPHQW1#,VRWRSHQ#]LMQ#GXV#DWRPHQ#YDQ#KHW]HOIGH#HOHPHQW#PHW#YHUVFKLOOHQGH#DDQ0
WDOOHQ#QHXWURQHQ1#=R#KHHIW#KHW#]XXUVWRI#DWRRP#SHU#GHILQLWLH#DFKW#SURWRQHQ#HQ#NDQ#KHW#DFKW/#QHJHQ#RI
WLHQ#QHXWURQHQ#KHEEHQ/#]RGDW#HU#GULH#LVRWRSHQ#YDQ#]XXUVWRI#YRRUNRPHQ1

$WRPHQ#YDQ#HHQ#HOHPHQW#ZRUGHQ# LQ#KHW#SHULRGLHN#V\VWHHP#EHVFKUHYHQ#GRRU#KRRIGOHWWHUV1#0HW#DO0
OHHQ#GH#KRRIGOHWWHUV#YDQ#KHW#SHULRGLHN#V\VWHHP# LV#KHW#QLHW#PRJHOLMN#YHUVFKLOOHQGH# LVRWRSHQ# WH#EH0
VFKULMYHQ1#2P#GLW#WRFK#WH#NXQQHQ#GRHQ/#ZRUGW#JHEUXLN#JHPDDNW#YDQ#GH#YHUVFKLOOHQ#LQ#PDVVD#WXVVHQ
GH#NHUQHQ#YDQ#GH# LVRWRSHQ1#'H#PDVVD#YDQ#GH#NHUQ#ZRUGW#EHSDDOG#GRRU#KHW#DDQWDO#QHXWURQHQ#HQ
SURWRQHQ1#1HXWURQHQ#HQ#SURWRQHQ#]LMQ#QDJHQRHJ#HYHQ#]ZDDU#+KHW#JHZLFKW#YDQ#HHQ#QHXWURQ2SURWRQ
ZRUGW#XLWJHGUXNW# LQ#DPX/# 4#DPX# # 419938988# -# 4305:NJ,/#RSJHWHOG#JHYHQ# ]H#GH#PDVVD# YDQ# KHW
DWRRP1#=R#ZHJHQ#GH#]XXUVWRI#DWRPHQ#PHW#DFKW#QHJHQ#HQ#WLHQ#QHXWURQHQ#UHVSHFWLHYHOLMN#49/#4:#HQ
4;#DPX1#2P#GH#YHUVFKLOOHQGH#]XXUVWRI#DWRPHQ# WH#EHVFKULMYHQ#ZRUGHQ#GH#PDVVD*V#YDQ# LVRWRSHQ
OLQNV#ERYHQ#GH#KRRIGOHWWHU#JHQRWHHUG=#492/#4:2#HQ#4;21

,Q#GH#QDWXXU#NRPHQ#VOHFKWV#HHQ#EHSHUNW#DDQWDO#FRPELQDWLHV#YDQ#SURWRQHQ#HQ#QHXWURQHQ#YRRU>#GH]H
]LMQ#ZHHUJHYHQ#LQ#ILJXXU#51

)LJ1#51 7HNHQLQJ# YDQ# GH# =# WHJHQ# GH# 1# WRW# = 83/# ZDDULQ# GH# VPDOOH# VWURRN# YDQ# VWDELHOH
QXFOHwGHQ#WH#]LHQ#LV#>&ODUN#)#)ULW]/#4<<:@1



9

1LHW#HONH#LVRWRRS#YDQ#HHQ#HOHPHQW#NRPW#HYHQYHHO#YRRU1#9RRU#VWDELHOH#LVRWRSHQ#JHOGW#GDW#KHW#YRRU0
NRPHQ# HYHQUHGLJ# LV# DDQ# GH# JHYRUPGH# KRHYHHOKHLG# WLMGHQV# KHW# RQWVWDDQ# YDQ# RQV# ]RQQHVWHOVHO1
9RRU#LQVWDELHOH#+UDGLRDFWLHYH,#LVRWRSHQ#ZRUGW#KHW#YRRUNRPHQ#YDQ#GH#LVRWRRS#EHSDDOG#GRRU#GH#VWD0
ELOLWHLW#YDQ#GH#NHUQ>#GH]H#LVRWRSHQ#EHJLQQHQ#WH#YHUYDOOHQ#QD#YRUPLQJ1#6RPPLJH#YHUYDOOHQ#]R#VQHO/
GDW#]H#QDXZHOLMNV#YRRUNRPHQ/#DQGHUH#YHUYDOOHQ#YHHO#ODQJ]DPHU#HQ#]LMQ#KLHUGRRU# LQ#PHHWEDUH#FRQ0
FHQWUDWLHV#DDQZH]LJ1#%RYHQGLHQ#YLQGHQ#HU#YDQGDDJ#GH#GDJ#RS#DDUGH#]RZHO#QDWXXUOLMNH#DOV#DQWUR0
SRJHQH#NHUQUHDFWLHV#SODDWV/#ZDDUELM#YRRUWGXUHQG#LQVWDELHOH#LVRWRSHQ#JHYRUPG#ZRUGHQ1

515# 5DGLRDFWLHYH#LVRWRSHQ

1DDVW#GH#VWDELHOH#LVRWRSHQ#NRPHQ#HU#LQ#KHW#PLOLHX#RRN#LVRWRSHQ#PHW#HHQ# LQVWDELHOH#NHUQ#YRRU1#'H
LQVWDELHOH#NHUQHQ#]XOOHQ#XLWHLQGHOLMN#YHUYDOOHQ# LQ#HHQ#VWDELHOH#GRFKWHUNHUQ/#ZDDUELM#HHQ#YRUP#YDQ
UDGLRDFWLHYH#VWUDOLQJ#YULMNRPW1# ,QVWDELHOH# LVRWRSHQ#ZRUGHQ#GDDURP#RRN#ZHO# UDGLRDFWLHYH# LVRWRSHQ
JHQRHPG1#'H#VQHOKHLG#ZDDUPHH# UDGLRDFWLHYH# LVRWRSHQ#YHUYDOOHQ/#ZRUGW#XLWJHGUXNW#PHW#GH#]RJH0
QDDPGH#KDOYHULQJVWLMG=#GH# WLMG#EHQRGLJG#RP#KHW#DDQWDO# UDGLRDFWLHYH# LVRWRSHQ#YDQ#HHQ#HOHPHQW# WH
KDOYHUHQ1# 'H# KDOYHULQJVWLMG# LV# RQDIKDQNHOLMN# YDQ# GH# KHHUVHQGH# FRQGLWLHV1# 'H# YRRU# ERGHP0# HQ
JURQGZDWHUYHURQWUHLQLJLQJ#EHODQJULMNH#LVRWRSHQ#VWDDQ#ZHHUJHYHQ#LQ#WDEHO#41

7DEHO#41 'H#EUXLNEDUH#UDGLRDFWLHYH#LVRWRSHQ#LQ#ERGHPRQGHU]RHN1

,VRWRRS +DOYHULQJVWLMG
+MDUHQ,

9HUYDOZLM]H %URQQHQ 9DDN#JHPHWHQ
IDVHQ

6+ 45176 E00VWUDOLQJ NRVPRJHHQ/#QXFOHDLUH#WHVWHQ +52/#&+52
47& 8:63 E00VWUDOLQJ

NRVPRJHHQ/#QXFOHDLUH#WHVWHQ/
NHUQUHDFWRUHQ

',&/#'2&/#&25/
&D&26/#&+52

69&O 634333 E00VWUDOLQJ NRVPRJHHQ/ &O0
;8.U 431:5 E00VWUDOLQJ NHUQUHDFWRUHQ .U

5DGLRDFWLHYH#LVRWRSHQ#ZRUGHQ#LQ#KHW#DOJHPHHQ#JHUDSSRUWHHUG#DOV#DEVROXWH#FRQFHQWUDWLHV#RI#UDWLR*V1
=R#ZRUGW#WULWLXP#JHUDSSRUWHHUG# LQ#DEVROXWH#FRQFHQWUDWLHV#JHQDDPG#7ULWLXP#XQLWV#+78,/#ZDDULQ#ppQ
78#RYHUHHQNRPW#PHW#ppQ# WULWLXP#DWRRP#RS#434;#ZDWHUVWRIDWRPHQ1#+HW# 47&#JHKDOWH#ZRUGW#JHUHOD0
WHHUG#DDQ#GH#KDQG#YDQ#HHQ#LQWHUQDWLRQDOH#VWDQGDDUG/#EHWHU#EHNHQG#DOV#*PRGHUQ#NRROVWRI*#HQ#ZRUGW
W\SLVFK#XLWJHGUXNW#DOV#SURFHQW#YDQ#PRGHUQ#NRROVWRI#+SP&,1#5DGLRDFWLHYH#LVRWRSHQ#ZRUGHQ#RRN#ZHO
JHUDSSRUWHHUG#DOV#DFWLYLWHLWHQ1#$FWLYLWHLW#LV#GH#PDDW#YRRU#GH#VWUDOLQJ#+EqWD/#DOID#RI#JDPPD#VWUDOLQJ,/
GLH#HHQ#PRQVWHU#SHU# WLMGVHHQKHLG#XLW]HQG1#(HQ#NLOR#ZDWHU#PHW#HHQ# WULWLXP#FRQFHQWUDWLH#YDQ#4#78
EHYDW#919;9#-#43:#WULWLXP#DWRPHQ#HQ#KHHIW#HHQ#DFWLYLWHLW#YDQ#3144;4#%T#+614<6#S&L,1

516# 6WDELHOH#LVRWRSHQ

9DQ#GH#VWDELHOH# LVRWRSHQ]LMQ#YRRUDO#GH# LVRWRSHQ#YDQ#EHODQJ/GLH#YDOOHQ#RQGHU#GH#FDWHJRULH#YDQ#GH
]RJHQDDPGH#PLOLHX0LVRWRSHQ1#'LW#]LMQ#GH# LVRWRSHQ#YDQ#HOHPHQWHQ#GLH#YDQ#QDWXUH# LQ#DDQ]LHQOLMNH
KRHYHHOKHGHQ#ZRUGHQ#JHYRQGHQ#LQ#RQV#PLOLHX#+WDEHO#5,1#+HW#YRRUNRPHQ#YDQ#GH#YHUVFKLOOHQGH#PLOL0
HX0LVRWRSHQ# LV#RRN# LQ#GH]H# WDEHO#ZHHUJHJHYHQ1#'H]H#PLOLHX0LVRWRSHQ#]LMQ#YHHO#YRRUNRPHQGH#HOH0
PHQWHQ#YDQ#GH#K\GURORJLVFKH/#JHRORJLVFKH#HQ#ELRORJLVFKH#V\VWHPHQ#HQ#NXQQHQ#GDDURP# LQ#GH]H
V\VWHPHQ#GLHQHQ#DOV#QDWXXUOLMNH# WUDFHU# LQ#ZDWHU0/#NRROVWRI0#HQ#QXWULsQWF\FOL1#'H# VWDELHOH# LVRWRSHQ
YDQ#GH#]ZDUH#PHWDOHQ#EHKRUHQ#QLHW# WRW#GH]H#FDWHJRULH/#PDDU#NXQQHQ#ZHO#HHQ# URO#VSHOHQ#ELM#ER0
GHPRQGHU]RHN#+]LH#819,1

'H#VWDELHOH#LVRWRSHQVDPHQVWHOOLQJ#YDQ#GH#HOHPHQWHQ#ZRUGHQ#QRUPDOLWHU#XLWJHGUXNW#DOV#GH#G0#ZDDU0
GH# W1R1Y1#HHQ#VWDQGDDUG#PHW#HHQ#EHNHQGH# LVRWRSHQVDPHQVWHOOLQJ1#2PGDW#GH#DIZLMNLQJ#GRRUJDDQV
]HHU#NOHLQ#LV#ZRUGW#GH]H#PHHVWDO#XLWJHGUXNW#DOV#SURPLOODJH#+Å,1#G0:DDUGHQ#ZRUGHQ#EHUHNHQG#DOV=



:

G +5[25V04,/#ZDDULQ#5# # UDWLR#YDQ#GH#]ZDUH# LVRWRRS#HQ#GH# OLFKWH# LVRWRRS/#5[# #GH# UDWLR# YDQ#KHW
PRQVWHU#HQ#5V# #GH#UDWLR#YDQ#GH#EHNHQGH#VWDQGDDUG1#=R#JHOGW#YRRU#]XXUVWRI=

¸
¸
¹

·
¨
¨
©

§
ð G 3

1+11*

1+11*
1

TGHGTGPEG
383:

UCORNG
383:

3:

'H]H#IRUPXOH#JHHIW#GXV#KHW#YHUVFKLO#LQ#LVRWRSHQJHKDOWH#WXVVHQ#KHW#PRQVWHU#HQ#GH#UHIHUHQWLH#VWDQ0
GDDUG1#:DQQHHU#HHQ#G0ZDDUGH#YDQ#KHW#PRQVWHU#SRVLWLHI#LV/#EHWHNHQW#GLW#GDW#GH#UDWLR#YDQ#KHW#PRQ0
VWHU#JURWHU# LV#GDQ#GLH#YDQ#GH# UHIHUHQWLH#VWDQGDDUG1#+HW#PRQVWHU#EHYDW#GDQ#PHHU#]ZDUH# LVRWRSHQ
SHU#DDQWDO# OLFKWH# LVRWRSHQ#GDQ#GH#UHIHUHQWLH#VWDQGDDUG1#+HW#PRQVWHU# LV#YHUULMNW#PHW#GH#]ZDUH# LVR0
WRRS#W1R1Y1#GH#UHIHUHQWLH#VWDQGDDUG1#2PGDW#GH#YHUVFKLOOHQ#LQ#GH#4;22492# LQ#GH#QDWXXU#NOHLQ#]LMQ/#]DO
GH#G0ZDDUGH#GRRUJDDQV#NOHLQ#]LMQ1#'DDURP#ZRUGHQ#G*V#PHHVWDO#LQ#Å#XLWJHGUXNW1#2P#GLW#WH#EHZHUN0
VWHOOLJHQ#ZRUGW#GH#G#ZDDUGH#YHUPHQLJYXOGLJG#PHW#43331

'H# LVRWRSHQVDPHQVWHOOLQJ#YDQ#HHQ#PRQVWHU#ZRUGW#DOWLMG#JHPHWHQ# LQ#YHUJHOLMNLQJ#PHW#HHQ#UHIHUHQ0
WLHPDWHULDDO1#2P# UHVXOWDWHQ#YDQ# LVRWRSHQ#PHWLQJHQ#RYHU#GH#JHKHOH#ZHUHOG#PHW#HONDDU# WH#NXQQHQ
YHUJHOLMNHQ# HQ# RP# GH# NZDOLWHLW# YDQ# GH]H#PHWLQJHQ# WH# JDUDQGHUHQ/# ]LMQ# LQWHUQDWLRQDDO# DIVSUDNHQ
JHPDDNW#RYHU#]RJHQDDPGH#FDOLEUDWLHPDWHULDOHQ1#+HW#FDOLEUDWLHPDWHULDDO#YRRU#NRROVWRI# LVRWRSHQ# LV
ELMYRRUEHHOG#HHQ#NDON#XLW#GH#3HH'HH#IRUPDWLH#+3HH'HH#%HOHPQLHW#RI#3'%,1#9DQ#GH]H#NDON#LV#GH#G
RS#3#JHVWHOG# +]LH# WDEHO#5#YRRU#VWDQGDDUG#FDOLEUDWLHPDWHULDOHQ,1#'H]H#FDOLEUDWLHPDWHULDOHQ#ZRUGHQ
EHZDDUG#LQ#:HQHQ/#YDQGDDU#GH#QDDP#9+LHQQD,#3'%1

7DEHO#51 5HOHYDQWH#HOHPHQWHQ#HQ#KXQ#VWDELHOH#LVRWRSHQ1

0HHVW#YRRUNRPHQGH
LVRWRRS

$QGHUH#VWDELHOH
LVRWRSHQ

6WDQGDDUG 9DDN#JHPHWHQ#IDVHQ
(OHPHQW

LVRWRRS # ( LVRWRRS #(

ZDWHUVWRI#++, 4+ <<1<<;8 5+ 313348 9602: +52/#&+52/#&+7//#+5/#2+0/#PLQHUDOHQ

NRROVWRI#+&, 45& <;1;< 46& 4144 93'% &25/#&D&26/#',&/#&+7/#RUJDQLVFK#PDWHU

VWLNVWRI#+1, 471 <<196 481 316: $LU#15 15/#1+7/#0/#1260/#10RUJDQLVFK#PDWHU

]XXUVWRI#+2, 492 <<1:8<
4:2
4;2

3136:
31537 9602: +52/# &+52/# &25/# 62750/# 1260/# &D&26/

VLOLFDWHQ/#2+0PLQHUDOHQ

]ZDYHO#+6, 656 <813

666
676
696

31:9
7155
3147

&'7 6XOIDWHQ/#VXOILGHQ/#+56/
60RUJDQLVFKH#PDWHU

FKORRU#+&O, 68&O :8186 6:&O 5717: 602& =RXW#ZDWHU/#JHVWHHQWHQ/#HYDSRULHWHQ/
RSORVPLGGHOHQ

517# (LJHQVFKDSSHQ#YDQ#LVRWRSHQ

&KHPLVFKH# VWRIIHQ# EHVWDDQ# XLW#PROHFXOHQ# GLH# YHUVFKLOOHQGH# LVRWRSHQ# NXQQHQ# EHYDWWHQ1#:DWHU
PROHFXOHQ#++52,#NXQQHQ#ELMYRRUEHHOG#492#RI#4;2#DOV#]XXUVWRIDWRRP#EHYDWWHQ1#+LHUGRRU#YHUVFKLOOHQ
GH#PDVVD*V#YDQ#GH#ZDWHUPROHFXOHQ#RQGHUOLQJ1#+HW#JHZLFKW#YDQ#+54;2#LV#53#DPX#HQ#GDW#YDQ#+5492
LV4;#DPX1#'LW#YHUVFKLO#LQ#JHZLFKW#KHHIW#WZHH#JHYROJHQ#>0RRN/#5333@=
41# =ZDDUGHUH# LVRWRSHQ#PROHFXOHQ# ++54;2# LQ#JHYDO#YDQ#ZDWHU,#KHEEHQ#HHQ# ODJHUH#PRELOLWHLW1#'H

NLQHWLVFKH#HQHUJLH#YDQ#HHQ#PROHFXXO#ZRUGW#ORXWHU#EHSDDOG#GRRU#GH#WHPSHUDWXXU>#GDDURP#KHE0
EHQ#PROHFXOHQ#PHW#HHQ#KRJHUH#PDVVD#++54;2,#HHQ#ODJHUH#VQHOKHLG#GDQ#GH#PROHFXOHQ#PHW#HHQ
ODJHUH#PDVVD#++54;2,1#3UDNWLVFKH#JHYROJHQ#KLHUYDQ#]LMQ=
0# ]ZDDUGHUH#PROHFXOHQ#KHEEHQ#HHQ#ODJHUH#GLIIXVLHVQHOKHLG>
0# GH#ERWVLQJVIUHTXHQWLH#PHW#DQGHUH#PROHFXOHQ# +GH#SULPDLUH#FRQGLWLH#YRRU#HHQ#FKHPLVFKH

UHDFWLH,# LV#NOHLQHU#YRRU#]ZDDUGHUH#PROHFXOHQ>#GDDURP# UHDJHUHQ# OLFKWHUH#PROHFXOHQ#RYHU
KHW#DOJHPHHQ#VQHOOHU1



;

51# =ZDDUGHUH#PROHFXOHQ#KHEEHQ#KRJHUH#ELQGLQJVHQHUJLHsQ1#2P#GH]H#ELQGLQJVHQHUJLHsQ#WH#YHU0
EUHNHQ#LV#PHHU#HQHUJLH#QRGLJ#+]LH#ILJXXU#6#YRRU#PHHU#XLWOHJ,1

+HW#JHYROJ#YDQ#KHW# IHLW#GDW#]ZDDUGHUH#PROHFXOHQ#HHQ# ODJHUH#PRELOLWHLW#HQ#HHQ#KRJHUH#ELQGLQJV0
HQHUJLH#KHEEHQ#LV#GDW#PROHFXOHQ#PHW#]ZDDUGHUH# LVRWRSHQ#+RYHU#KHW#DOJHPHHQ,#ODQJ]DPHU#UHDJH0
UHQ1#:DQQHHU#ZDWHU#GXV# YHUGDPSW/# ]XOOHQ# GH# OLFKWH#ZDWHUPROHFXOHQ# VQHOOHU# YHUGDPSHQ# GDQ# GH
]ZDUH#PROHFXOHQ1#+HW#DFKWHUEOLMYHQGH#ZDWHU#ZRUGW#YHUULMNW#DDQ#GH#]ZDDUGHUH#PROHFXOHQ1#*HFRQ0
FOXGHHUG#NDQ#ZRUGHQ#GDW#GH#NOHLQH#PDVVDYHUVFKLOOHQ# WXVVHQ# LVRWRSHQ# LQYORHG#KHEEHQ#RS#GH# I\VL0
VFKH#HQ#FKHPLVFKH#HLJHQVFKDSSHQ#YDQ#GH#PROHFXOHQ/#ZDDULQ#GH#LVRWRSHQ#]LWWHQ#+ELMY#492#RI#4;2#LQ
KHW#ZDWHUPROHFXXO,1

$FKWHUJURQGLQIRUPDWLH=#LVRWRSHQ#HQ#ELQGLQJVHQHUJLH#>0RRN/#5333@1

'H#FKHPLVFKH#ELQGLQJ#WXVVHQ#WZHH#PROHFXOHQ#+ELMYRRUEHHOG#WXVVHQ#+#HQ#2#DWRPHQ# LQ#HHQ#ZDWHU0
PROHFXXO#++52,/#NDQ#ZRUGHQ#ZHHUJHJHYHQ#GRRU#HHQ#HHQYRXGLJ#PRGHO1#'H#WZHH#DWRPHQ#RHIHQHQ
WZHH# WHJHQJHVWHOGH#NUDFKWHQ#RS#HONDDU#XLW1#'H#HQH#NUDFKW# LV#DIVWRWHQG#HQ#QHHPW#VQHO#DI#PHW#GH
WRHQHPHQGH#DIVWDQG#+U,#WXVVHQ#GH#GHHOWMHV#+a42U46,1#'H#DQGHUH# LV#DDQWUHNNHQG#HQ#QHHPW#VQHO# WRH
PHW#WRHQHPHQGH#DIVWDQG#WXVVHQ#GH#GHHOWMHV#+a42U09,1#+HW#QHWWR#UHVXOWDDW#YDQ#GH]H#WZHH#NUDFKWHQ#LV
GDW#GH#WZHH#GHHOWMHV#]LFK#RS#HHQ#EHSDDOGH#DIVWDQG#YDQ#HONDDU#EHYLQGHQ1#,Q#GH#ILJXXU#KLHURQGHU# LV
GH#QHWWR# UHVXOWHUHQGH#SRWHQWLsOH#HQHUJLH#ZHHUJHJHYHQ1#$OV#ppQ#GHHOWMH#RS#GH#RRUVSURQJ#YDQ#KHW
FR|UGLQDDW#V\VWHHP#+\ 3/#[ 3,#JHVLWXHHUG#LV/#GDQ#EHYLQGW#KHW#WZHHGH#GHHOWMH#]LFK#LQ#GH#HQHUJLH#SXW1
2QWVQDSSLQJ#XLW#GH#SXW#LV#DOOHHQ#PRJHOLMN#DOV#KHW#DWRRP#JHQRHJ#HQHUJLH#NULMJW#RP#GH#QHWWR0NUDFKW
RS# WH#KHIIHQ1#'LH#KRHYHHOKHLG#HQHUJLH#ZRUGW#GH#ELQGLQJVHQHUJLH#YDQ#KHW#GHHOWMH#JHQRHPG># LQ#GH
ILJXXU#LV#GLW#ZHHUJHJHYHQ#DOV#GH#%GLVVRFLDWLRQ#HQHUJ\%1#'H#HQHUJLH#YDQ#HHQ#GHHOWMH#ELM#HHQ#EHSDDO0
GH# WHPSHUDWXXU# LV# DIKDQNHOLMN# YDQ# ]LMQ#PDVVD=# KRH# ]ZDDUGHU# KRH#PHHU# HQHUJLH1#'H# ]ZDDUGHUH
LVRWRRS#LV#GXV#GLHSHU#LQ#GH#SXW#JHVLWXHHUG#GDQ#GH#OLFKWHUH1#'H#OLFKWHUH#LVRWRRS#NDQ#GDDUGRRU#PDN0
NHOLMNHU#RQWVQDSSHQ#XLW#GH#SXW# +GH#FKHPLVFKH#YHUELQGLQJ# WXVVHQ#GH# WZHH#GHHOWMHV#YHUEUHNHQ,1#%LM
KHW#VPHOWHQ#YDQ# LMV#YHUEUHNHQ#GH# OLFKWHU#ZDWHUPROHFXOHQ#++5492,#VQHOOHU#GH#YHUELQGLQJHQ#YDQ#KHW
NULVWDO# URRVWHU#GDQ#GH#]ZDDUGHUH#+54;2#PROHFXOHQ1#+HW#DFKWHUEOLMYHQGH# LMV#ZRUGW#GDDURP#YHUULMNW
PHW#ZDWHUPROHFXOHQ/#GLH#GH#4;2#LVRWRRS#EHYDWWHQ1

)LJ1#61 $FKWHUJURQGLQIRUPDWLH=#,VRWRSHQ#HQ#ELQGLQJVHQHUJLH1

(QHUJLH#SXW

2RUVSURQJ
&RRUGLQDDW
V\VWHHP



<

518# ,VRWRSHQIUDFWLRQHULQJ#HQ#5D\OHLJK#GLVWLOODWLH

+HW#YHUVFKLO#LQ#UHDFWLHVQHOKHLG#YDQ#PROHFXOHQ#PHW#OLFKWHUH#HQ#]ZDDUGHUH#LVRWRSHQ#]RUJW#HUYRRU#GDW
GH# LVRWRSHQVDPHQVWHOOLQJ#YDQ#GH#XLWJDQJVVWRI#YHUDQGHUW1#1HHP#ELMYRRUEHHOG#GH#ELRORJLVFKH#R[L0
GDWLH#YDQ#PHWKDDQ#YROJHQV=

&+7#.#5#25#Æ#&25#.#5+52
0HWKDDQ# EHVWDDW# XLW#PROHFXOHQ#PHW# 46&0LVRWRSHQ# HQ# 45&0LVRWRSHQ1# 'H#PROHFXOHQ#PHW# GH# 46&0
LVRWRSHQ# UHDJHUHQ# ODQJ]DPHU#GDQ#GH#PROHFXOHQ#PHW#GH# 45&0LVRWRSHQ/#ZDDUGRRU#HU#SHU# WLMGVHHQ0
KHLG#PHHU# 45&0PHWKDDQ# GDQ# 46&0PHWKDDQ# ZRUGW# RPJH]HW1# +HW# DFKWHUEOLMYHQGH#PHWKDDQ# EHYDW
GDDUGRRU#QDDUPDWH#GH# UHDFWLH#YRUGHUW# UHODWLHI#VWHHGV#PHHU# 46&0LVRWRSHQ# +KHW# WRWDDO#DDQWDO#PROH0
FXOHQ#QHHPW#QDWXXUOLMN#DI#GRRU#GH#DIEUDDN,1#+HW#HIIHFW#LV#GDW#GH#LVRWRSHQVDPHQVWHOOLQJ#YDQ#GH#RRU0
VSURQNHOLMNH# FKHPLVFKH# VWRI# +PHWKDDQ,# YHUDQGHUW1# 'LW# HIIHFW# ZRUGW# KHW# IUDFWLRQHULQJVHIIHFW
JHQRHPG1#)UDFWLRQHULQJ# LV#JHGHILQLHHUG#DOV# %GH#YHUDQGHULQJ#YDQ#GH# UHODWLHYH#YHUKRXGLQJ#YDQ#GH
YHUVFKLOOHQGH#LVRWRSHQ#LQ#GH#PROHFXOHQ#YDQ#HHQ#VWRI#DOV#JHYROJ#YDQ#KHW#RSWUHGHQ#YDQ#SURFHVVHQ#RI
LQVWHOOHQ#YDQ#HHQ#HYHQZLFKW%1#'H#PDWH#YDQ#IUDFWLRQHULQJ#ZRUGW#PHHVWDO#XLWJHGUXNW#PHW#GH# IUDFWLR0
QHULQJVIDFWRU1#'H]H# IDFWRU# LV#GH# UDWLR#YDQ#GH# LVRWRSHQVDPHQVWHOOLQJ# YDQ#GH#RRUVSURQNHOLMNH# VWRI
+RQDDQJHWDVW#PHWKDDQ,#HQ#GH#RYHUEOLMYHQGH#VWRI#+DFKWHUEOLMYHQGH#PHWKDDQ,=

QGRYHUEOLMYH

OLMNRRUVSURQNH

QGRYHUEOLMYH

OLMNRRUVSURQNH

4333
4333

5
5

wò

wò
  D

'H#IUDFWLRQHULQJVIDFWRU#YRRU#NRROVWRI#+&,#YDQ#PHWKDDQ#LV#GXV=

OGVJCCPPFQXGTDNKLXG

OGVJCCPNKLMQQTURTQPMG

OGVJCCPPFQXGTDNKLXG

OGVJCCPNKLMQQTURTQPMG
OGVJCCP

+1*

+1*

wò

wò
  D
4333
4333

4546

4546
46

%%

%%
%

'H#IUDFWLRQHULQJVIDFWRU#ZRUGW#RRN#ZHO#ZHHUJHYHQ#PHW#GH#OHWWHU#H/#ZDDUYRRU#JHOGW#H# #D#04=
HRRUVSURQNHOLMN#0RYHUEOLMYHQG #+5RRUVSURQNHOLMN25DFKWHUEOLMYHQG,#04,# #DRRUVSURQNHOLMN0RYHUEOLMYHQG#0#4

'H]H#QRWDWLH#LV#LQ#KHW#OHYHQ#JHURHSHQ/#RPGDW#GH#LVRWRSHQ#HIIHFWHQ#NOHLQ#]LMQ=#D# #a#41#,Q#GH#OLWHUD0
WXXU#ZRUGW#GH#H#LQ#SODDWV#YDQ#IUDFWLRQHULQJVIDFWRU#RRN#ZHO#HHQV#YHUULMNLQJVIDFWRU#JHQRHPG1#'LW#RP0
GDW#PHW# GH# YHUULMNLQJVIDFWRU# JHPDNNHOLMN# DDQJHJHYHQ# NDQ#ZRUGHQ/# KRHYHHO# KHW# RRUVSURQNHOLMNH
PDWHULDDO# LV#YHUULMNW#RI#YHUDUPG#DDQ#GH#]ZDUH# LVRWRRS1#$OV#H#JURWHU# LV#GDQ#QXO# LV#KHW#RYHUEOLMYHQGH
PDWHULDDO#YHUULMNW#DDQ#GH#]ZDUH#LVRWRRS#+]RDOV#ELM#PHWKDDQ#KHW#JHYDO#LV,1#$OV#H#NOHLQHU#LV#GDQ#QXO#LV
KHW#RYHUEOLMYHQGH#PDWHULDDO#YHUDUPG#DDQ#GH#]ZDDUGHUH#LVRWRRS1

1DDVW#GH#IUDFWLRQHULQJVIDFWRU#]LMQ#HU#QRJ#DQGHUH#JURRWKHGHQ#LQ#JHEUXLN1#(pQ#GDDUYDQ#LV#KHW#YHU0
VFKLO#LQ#G0ZDDUGHQ#WXVVHQ#KHW#RRUVSURQNHOLMNH#PDWHULDDO#HQ#RYHUEOLMYHQGH#PDWHULDDO1#'H]H#SDUD0
PHWHU#ZRUGW#GH#LVRWRSHQVFKHLGLQJ/#'/#JHQRHPG1#9RRU#ERYHQVWDDQG#YRRUEHHOG#JHOGW=

'RRUVSURQNHOLMN#PHWKDDQ0RYHUEOLMYHQG#PHWKDDQ## ##GRRUVSURQNHOLMN#PHWKDDQ#ð#GRYHUEOLMYHQG#PHWKDDQ

'H#'0JURRWKHLG# LV#HHQ#RQKDQGLJH#JURRWKHLG#GLH#HLJHQOLMN#RQQRGLJ# LV1#+HW#JHEUXLN#YDQ#GH]H#JURRW0
KHLG#NDQ#GDDURP#KHW#EHVW#YHUPHGHQ#ZRUGHQ1

2P#LVRWRSHQGDWD#LQ#GH#SUDNWLMN#JRHG#WH#LQWHUSUHWHUHQ#LV#KHW#QRRG]DNHOLMN# LVRWRSHQVDPHQVWHOOLQJHQ
WH#NXQQHQ#YHUNODUHQ#DOV#IXQFWLH#YDQ#GH#YRRUWJDQJ#YDQ#SURFHVVHQ#HQ#QLHW#VOHFKWV#RS#EDVLV#YDQ#WZHH
GLVFUHWH#SXQWHQ# LQ#GH#WLMG1#,Q#JHYDO#YDQ#GH#R[LGDWLH#YDQ#PHWKDDQ# LV#KHW#ZHQVHOLMN#GDW#GH#YHUDQGH0
ULQJ#YDQ#KHW#RRUVSURQNHOLMNH#PHWKDDQ#FRQWLQXH#LQ#GH#WLMG#NDQ#ZRUGHQ#EHVFKUHYHQ#HQ#QLHW#VOHFKWV#RS
ppQ#WLMGVWLS1#9RRU#HHQ#JURRW#DDQWDO#UHDFWLHV2SURFHVVHQ#NDQ#GH#YRRUWJDQJ#EHVFKUHYHQ#ZRUGHQ#PHW
GH#]RJHQDDPGH#5D\OHLJK#YHUJHOLMNLQJ1#'H#5D\OHLJK#YHUJHOLMNLQJ#LV#HHQ#H[SRQHQWLsOH#UHODWLH#GLH#EH0
VFKULMIW#KRH#YHUGHOLQJ#YDQ#GH#LVRWRSHQ#WXVVHQ#WZHH#UHVHUYRLUV#YHUORRSW#ZDQQHHU#ppQ#UHVHUYRLU#+KHW
PRHGHUUHVHUYRLU,#DIQHHPW# LQ#JURRWWH#HQ#ppQ# UHVHUYRLU# +KHW# GRFKWHUUHVHUYRLU,# WRHQHHPW# GRRU# KHW
YHUORSHQ#YDQ#HHQ#SURFHV#>.HQGDOO#)#0F'RQQHOO#4<<;/#0RRN#5333@1#,Q#JHYDO#YDQ#PHWKDDQ#R[LGDWLH
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LV#PHWKDDQ# KHW#PRHGHUUHVHUYRLU# HQ#&25# KHW# GRFKWHUUHVHUYRLU1#'H# DOJHPHQH# IRUPXOH# YDQ# GH]H
YHUJHOLMNLQJ#YRRU#KHW#PRHGHUUHVHUYRLU#LV=
# +3*

2 H44 ðD� 

+LHULQ# LV#GH# LVRWRSHQ#UDWLR#YDQ#KHW#PRHGHUUHVHUYRLU#+5,#HHQ# IXQFWLH#YDQ#GH#RRUVSURQNHOLMNH# LVRWR0
SHQUDWLR#53/#GH#RYHUEOLMYHQGH#IUDFWLH#+I,#HQ#GH#IUDFWLRQHULQJVIDFWRU#.#YDQ#KHW#SURFHV1#'H#DOJHPHQH
IRUPXOH#YRRU#KHW#GRFKWHU#UHVHUYRLU#LV=

õ ô
+H*3

H3
44 2 ð

ð
� 

D

9RRU#PHWKDDQR[LGDWLH#ZRUGW#GH#LVRWRSHQ#UDWLR#YDQ#KHW#RYHUEOLMYHQGH#PHWKDDQ#EHVFKUHYHQ#GRRU=
,4+

OLMNRRUVSURQNHQGRYHUEOLMYH I55 ðDó 

PHW#5RYHUEOLMYHQG# #LVRWRSHQ#UDWLR#YDQ#KHW#RYHUEOLMYHQGH#PHWKDDQ/#5RRUVSRQNHOLMN# LVRWRSHQ#UDWLR#YDQ#KHW
RRUVSURQNHOLMNH#PHWKDDQ/#I# #IUDFWLH#RPJH]HW#PHWKDDQ#HQ#.# #IUDFWLRQHULQJVIDFWRU1#'H#LVRWRSHQUD0
WLR#YDQ#KHW#JHYRUPGH#NRROVWRIGLR[LGH#ZRUGW#JHJHYHQ#GRRU=

õ ô
+I,4
I455 PHWKDDQOLMNRRUVSURQNHR[LGHNRROVWRIGL ð

ð
� 

D

PHW#5NRROVWRIGLR[LGH# # LVRWRSHQ# UDWLR# YDQ# NRROVWRIGLR[LGH/#5RRUVSURQNHOLMNPHWKDDQ# # LVRWRSHQUDWLR# YDQ# KHW
RRUVSURQNHOLMNH#PHWKDDQ/# I#  # IUDFWLH# RPJH]HW#PHWKDDQ# HQ# D#  # IUDFWLRQHULQJVIDFWRU1# ,Q# ILJXXU# 7
ZRUGW#YHUDQGHULQJ#YDQ#GH#LVRWRSHQ#VDPHQVWHOOLQJ#YDQ#EHLGH#UHVHUYRLUV#JHJHYHQ1#'H#ERYHQVWH# OLMQ
JHHIW#GH# LVRWRSHQVDPHQVWHOOLQJ#+LQ#GHOWD#ZDDUGHQ,#YDQ#KHW#PRHGHUUHVHUYRLU#ZHHU#HQ#GH#RQGHUVWH
OLMQ#JHHIW#GH#LVRWRSHQVDPHQVWHOOLQJ#YDQ#KHW#GRFKWHUUHVHUYRLU#DOV#IXQFWLH#YDQ#I#ELM#HHQ#YHUULMNLQJIDF0
WRU#+H,#YDQ#043Å#+D# #31<<,1

)LJ1#71 'H#YHUULMNLQJ#YDQ#KHW#]ZDUH# LVRWRRS# LQ#KHW#PRHGHUUHVHUYRLU#HQ#GH#YHUDQGHULQJ#YDQ#GH
LVRWRSHQ#VDPHQVWHOOLQJ#YDQ#KHW#GRFKWHUUHVHUYRLU#YROJHQV#GH#5D\OHLJK#YHUJHOLMNLQJ1

053

043

3

43

53

63

73

83

331531731931;4

RYHUEOLMYHQGH#IUDFWLH#I#+0,#

GH
OWD
0Z
DD
UG
H#
+Å
,

PRHGHUUHVHUYRLU

GRFKWHUUHVHUYRLU

/3# #3
.## #31<<
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519# )UDFWLRQHUHQGH#SURFHVVHQ

(U#]LMQ#YHHO#SURFHVVHQ#GLH#IUDFWLRQHUHQ=#]RZHO#I\VLVFKH/#FKHPLVFKH#DOV#ELRORJLVFKH#UHDFWLHV#NXQQHQ
IUDFWLRQHULQJ#WH#ZHHJ#EUHQJHQ1#'H#JURRWWH#YDQ#GH#IUDFWLRQHULQJ#LV#PHW#QDPH#DIKDQNHOLMN#YDQ#KHW#IHLW
RI#HHQ#SURFHV#HHQ#HYHQZLFKWVUHDFWLH#RI#HHQ#NLQHWLVFKH#UHDFWLH#LV1#.LQHWLVFKH#UHDFWLHV#KHEEHQ#RYHU
KHW# DOJHPHHQ# HHQ# JURWHUH# IUDFWLRQHULQJVIDFWRU# GDQ# HYHQZLFKWVUHDFWLHV1# +HW# RSORVVHQ# YDQ# NDON
+&D&26,#LV#HHQ#YRRUEHHOG#YDQ#HHQ#HYHQZLFKWVUHDFWLH=

,DT++&25,DT+&D,O+2+,J+&2,V+&D&2 6
5

556
ðò ò�òò

'H#GXEEHOH#SLMO#LQ#GH#UHDFWLH#JHHIW#DDQ#GDW#KHW#HHQ#HYHQZLFKWVSURFHV#LV=#HU#ORVW#NDON#RS#HQ#HU#VODDW
RRN#ZHHU#NDON#QHHU1# ,Q#KHW#JHYDO#GDW#HU#QHWWR#NDON#RSORVW/#YHUORRSW#GH# UHDFWLH#QDDU# UHFKWV#VQHOOHU
GDQ#GH#UHDFWLH#QDDU#OLQNV1#=RZHO#ELM#GH#UHDFWLH#QDDU#OLQNV#DOV#QDDU#UHFKWV#UHDJHUHQ#GH#45&0DWRPHQ
VQHOOHU#GDQ#GH#46&0DWRPHQ1#'RRUGDW#GH#UHDFWLH#QDDU#UHFKWV#VQHOOHU#LV/#ZRUGW#KHW#ELFDUERQDDW#++&20

6,#QHWWR#LHWV#YHUDUPG#DDQ#46&0DWRPHQ1#(U#WUHHGW#GXV#IUDFWLRQHULQJ#RS/#PDDU#GH]H#LV#EHSHUNW#GRRUGDW
GH#WHJHQJHVWHOGH#UHDFWLHV#HONDDUV#LVRWRSHQHIIHFW#WHJHQZHUNHQ1#(HQ#YRRUEHHOG#YDQ#HHQ#NLQHWLVFKH
UHDFWLH#LV#GH#HHUGHU#EHKDQGHOGH#ELRORJLVFKH#R[LGDWLH#YDQ#PHWKDDQ#YROJHQV=

&+7#.#5#25#Æ#&25#.#5+52#
'H#UHDFWLH#JDDW#ELM#HHQ#NLQHWLVFKH#UHDFWLH#VOHFKWV#QDDU#ppQ#NDQW/#JHV\PEROLVHHUG#PHW#HHQ#HQNHOH
SLMO1#2RN#KLHU#UHDJHUHQ#GH#45&#PROHFXOHQ#VQHOOHU/#ZDDUGRRU#KHW#NRROVWRIGLR[LGH#+&25,#VWHUN#ZRUGW
YHUDUPG#DDQ#46&1#(U#LV#HFKWHU#JHHQ#WHUXJJDDQGH#UHDFWLH#GLH#GLW#IUDFWLRQHULQJVHIIHFW#WHQ#GHOH#WH#QLHW
NDQ#GRHQ#]RGDW#GH#IUDFWLRQHULQJ#YHURRU]DDNW#GRRU#PHWKDDQ#R[LGDWLH#+NLQHWLVFKH#UHDFWLH,#YHHO#JURWHU
LV#GDQ#KHW#RSORVVHQ#YDQ#NDON#+HYHQZLFKWVUHDFWLH,1

+HW#LV#GXV#YDQ#EHODQJ#WH#ZHWHQ#RI#HHQ#SURFHV#HHQ#NLQHWLVFKH#UHDFWLH#RI#HHQ#HYHQZLFKWVUHDFWLH# LV1
'H]H# LQIRUPDWLH#NDQ#XLW#HON#VWDQGDDUG#JHRFKHPLVFK# WHNVWERHN#ZRUGHQ#JHKDDOG# +ELMY1# >$SSHOR#HQ
3RVWPD/#4<<9@,1#7HYHQV#NXQQHQ#GH#LVRWRSHQ#WHNVWERHNHQ#YDQ#&ODUN#HQ#)ULW]#>4<<:@#HQ#.HQGDOO#HQ
0F'RQQHOO#>4<<;@#XLWNRPVW#ELHGHQ1#,Q#GLW#GRFXPHQW#]DO#YHUPHOG#ZRUGHQ#RI#HHQ#UHDFWLH#HHQ#NLQHWL0
VFKH#RI#HYHQZLFKWVUHDFWLH# LV1#,Q#KHW#NDGHU#YDQ#QDWXXUOLMNH#DIEUDDN#+1$,# LV#KHW#EHODQJULMN# WH#ZHWHQ
GDW#ELRORJLVFKH#JHNDWDO\VHHUGH#DIEUDDN#YDQ#YHURQWUHLQLJLQJHQ#+UHGR[#UHDFWLHV,#DOWLMG#NLQHWLVFKH#UH0
DFWLHV#]LMQ1

1DDVW#KHW# IHLW#GDW#GH#JURRWWH#YDQ#GH# IUDFWLRQHULQJ#DIKDQJW#RI#HHQ# UHDFWLH#HHQ#NLQHWLVFKH#RI#HYHQ0
ZLFKWVUHDFWLH#LV/#]LMQ#HU#HHQ#DDQWDO#DOJHPHQH#IDFWRUHQ#GLH#EHSDOHQG#]LMQ#YRRU#GH#JURRWWH1#'H]H#]LMQ
LQ#YROJRUGH#YDQ#EHODQJULMNKHLG=
0# GH#UHDFWLHVQHOKHLG#YDQ#KHW#SURFHV=#KRH#VQHOOHU#HHQ#SURFHV#YHUORRSW/#KRH#NOHLQHU#GH# IUDFWLRQH0

ULQJ>
0# GH#WHPSHUDWXXU/#ZHONH#PHHVWDO#LQ#UHODWLH#WRW#GH#UHDFWLH#VQHOKHLG#VWDDW=#KRH#KRJHU#GH#WHPSHUD0

WXXU#KRH#KRJHU#GH#UHDFWLHVQHOKHLG#HQ#KRH#NOHLQHU#GH#IUDFWLRQHULQJ>
0# ELM#ELRORJLVFKH#UHDFWLHV=#GH#VRRUW#PLFURELsOH#VSHFLHV#HQ#GH#GDDUDDQ#JHNRSSHOGH#DDQZH]LJKHLG

YDQ#HHQ#EHSDDOG#HQ]\PV\VWHHP>
0# KHW#UHODWLHYH#YHUVFKLO#LQ#JHZLFKW#WXVVHQ#LVRWRSHQ#YDQ#HHQ#HOHPHQW1#'H#IUDFWLRQHULQJ#YDQ#4+25+

LV#ELMYRRUEHHOG#YHHO#JURWHU#GDQ#YDQ#45&246&1#5HGHQ#KLHUYRRU# LV#KHW#YHUVFKLO# LQ#JHZLFKW# WXVVHQ
GH#LVRWRSHQ>#YRRU#ZDWHUVWRI#433(#HQ#YRRU#NRROVWRI#VOHFKWV#;(>

0# GH#UHODWLHYH#JHZLFKWVELMGUDJH#YDQ#HHQ#LVRWRRS#DDQ#HHQ#PROHFXXO=#PDDNW#KHW#LVRWRRS#HHQ#UHOD0
WLHI#JURRW#GHHO#YDQ#KHW#JHZLFKW#YDQ#KHW# WRWDOH#PROHFXXO#XLW/#GDQ#ZRUGW#KHW#YHUVFKLO# LQ#JHZLFKW
WXVVHQ#GH#LVRWRSHQ#RRN#UHODWLHI#EHODQJULMN1#=R#LV#GH#IUDFWLRQHULQJ#YDQ#NRROVWRI#LQ#PHWKDDQ#YHOH
PDOHQ#JURWHU#GDQ#GH#IUDFWLRQHULQJ#YDQ#NRROVWRI#LQ#WROXHHQ>

0# GH#JURRWWH#YDQ#KHW#PROHFXXO1#+HW#DDQWDO#YHUELQGLQJHQ#YDQ#KHW#LVRWRRS#SHU#PROHFXXO#EHSDDOW#GH
NDQV/#GDW#HU#IUDFWLRQHULQJ#ZRUGW#JHYRQGHQ1#,Q#HHQ#&063#PROHFXXO#+LQ#ELMY1#ROLH,#PHW#ppQ#]ZDYHO
PROHFXXO/#LV#GH#NDQV#HUJ#NOHLQ/#GDW#ELM#GH#DIEUDDN#YDQ#KHW#PROHFXXO#GH#]ZDYHOYHUELQGLQJ#VHOHF0
WLHI#YHUEURNHQ#ZRUGW1#'H#NDQV/#GDW#HU# IUDFWLRQHULQJ#RSWUHHGW#RS#EDVLV#YDQ#KHW#JHZLFKWYHUVFKLO
WXVVHQ#656#HQ#676#LV#KLHUGRRU#QLKLO1
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+22)'678.#6

.$5$.7(5,6(5,1*#9$1#*521':$7(567520,1*#(1#672)75$163257

614# 7RHSDVVLQJVJHELHGHQ#HQ#RQGHU]RHNVSULQFLSHV

61414# ,QOHLGLQJ
2P#KHW#ORW#YDQ#YHURQWUHLQLJLQJHQ#LQ#GH#ERGHP#WH#NXQQHQ#YRRUVSHOOHQ/#LV#KHW#QRRG]DNHOLMN#]RZHO#GH
WUDQVSRUWSURFHVVHQ#DOV#GH#FKHPLVFKH#SURFHVVHQ#YDQ#KHW#V\VWHHP#WH#NHQQHQ1#'H#WUDQVSRUWSURFHV0
VHQ#]LMQ#YHUDQWZRRUGHOLMN#YRRU#GH#EHZHJLQJ#YDQ#ZDWHU#HQ#GH#GDDULQ#RSJHORVWH#VWRIIHQ#+YHURQWUHLQL0
JLQJ,# GRRU# KHW# V\VWHHP1# ,Q# HHQ# JURQGZDWHUV\VWHHP# ]LMQ# GULH# SURFHVVHQ# YHUDQWZRRUGHOLMN# YRRU
VWRIWUDQVSRUW/# WH#ZHWHQ=#JURQGZDWHUVWURPLQJ/#GLVSHUVLH#HQ#GLIIXVLH1#*URQGZDWHUVWURPLQJ# LV# YHUUH0
ZHJ#KHW#EHODQJULMNVWH#WUDQVSRUWPHFKDQLVPH# LQ#GH#PHHVWH#V\VWHPHQ1#'LIIXVLH#HQ#GLVSHUVLH#VSHOHQ
HHQ#RQGHUJHVFKLNWH#URO#W1R1Y1#VWURPLQJ/#PDDU#EHSDOHQ#ZHO#GH#PDWH#YDQ#PHQJLQJ#YDQ#YHUVFKLOOHQGH
VWURRPEDQHQ1

,Q#GLW#GRFXPHQW#ZRUGW#KHW# LGHQWLILFHUHQ#HQ# NZDQWLILFHUHQ# YDQ#GH]H# WUDQVSRUW#SURFHVVHQ#PHW# KHW
GRHO#GH#YHUVSUHLGLQJ#YDQ#YHURQWUHLQLJLQJHQ#WH#YRRUVSHOOHQ#NDUDNWHULVHULQJ#YDQ#JURQGZDWHUVWURPLQJ
HQ#VWRIWUDQVSRUW1#'LW#NDQ#EHWUHNNLQJ#KHEEHQ#RS=# +D,#KHUNRPVW#HQ#PHQJLQJ#YDQ#YHUVFKLOOHQGH#ZD0
WHUW\SHV/#+E,#RXGHUGRP#HQ#VWURRPVQHOKHLG#HQ#+F,#GLIIXVLH#YDQ#RSJHORVWH#VWRIIHQ1

,Q# GH# YROJHQGH# SDUDJUDIHQ# ]DO# GH# QDGUXN# OLJJHQ# RS# KHW# JHEUXLN# YDQ# LVRWRSHQ# RS# NOHLQVFKDOLJH
VWURPLQJVV\VWHPHQ# GLH# UHOHYDQW# ]LMQ# YRRU# RQGHU]RHNHQ# RS# ORFDWLHV# PHW# JURQGZDWHU0
YHURQWUHLQLJLQJHQ# +YXLOVWRUWHQ# HQ# LQGXVWULHWHUUHLQHQ,1# 9RRU# GHUJHOLMNH# NOHLQVFKDOLJH# VWURPLQJV0
V\VWHPHQ#NXQQHQ# LVRWRSHQ#HHQ#EHODQJULMNH#DDQYXOOLQJ#JHYHQ#RS#GH# WUDGLWLRQHOH#K\GUDXOLVFKH#PH0
WKRGHQ=#DQDO\WLVFKH#RI#QXPHULHNH#PRGHOOHQ1#'H]H#PRGHOOHQ#]LMQ#YDDN#QLHW#EHWURXZEDDU/#RPGDW#RS
GLH#NOHLQH#VFKDDO#+8#WRW#83#P#GLHSWH#HQ#HHQ#RSSHUYODNWH#YDQ#HQNHOH#KHFWDUHV,#GH#SHUPHDELOLWHLWV0
YHUGHOLQJ#YDQ#GH#RQGHUJURQG#YDDN#VOHFKW#EHNHQG#LV1#9HUGHUH#GHWDLOOHULQJ#YDQ#GH#RQGHUJURQG#GRRU
ERULQJHQ/#VOXJWHVWV/#SRPSSURHYHQ#HQ#JHRI\VLVFK#RQGHU]RHN#WHQ#EHKRHYH#YDQ#GH#PRGHOOHQ# LV#PR0
JHOLMN/#PDDU# OHLGW#WRW#KRJH#NRVWHQ1#2RN#]LMQ#HU#]HHU#QDXZNHXULJH#HQ#IUHTXHQWH#ZDDUQHPLQJHQ#YDQ
GH#VWLMJKRRJWHQ#QRGLJ#YDQZHJH#GH#JHULQJH#JUDGLsQW#HQ#KHW#VHL]RHQVHIIHFW1

'H# WHNVW# YDQ# GLW# KRRIGVWXN# LV# YRRUQDPHOLMN# JHEDVHHUG# RS# KHW# WHNVWERHN# YDQ#&RRN# )#+HUF]HJ
>5333@#HQ#HHQ#DDQWDO#ZHWHQVFKDSSHOLMNH#DUWLNHOHQ1#'H#PHHU# WUDGLWLRQHOH#K\GURORJLVFKH# WRHSDVVLQ0
JHQ#YDQ#LVRWRSHQ#ZRUGHQ#KLHU#QLHW#EHKDQGHOG1#'DDUYRRU#ZRUGW#YHUZH]HQ#QDDU#GH#WHNVWERHNHQ#YDQ
&ODUN#)#)ULW]#>4<<:@#HQ#.HQGDOO#)#0F'RQQHOO#>4<<;@1

61415# +HUNRPVW#HQ#PHQJLQJ#YDQ#ZDWHUW\SHQ
+HW#JURQGZDWHUVWURPLQJVV\VWHHP#URQG#YHUYXLOGH#ORFDWLHV#EHVWDDW#XLW#HHQ#VWHOVHO#YDQ#VWURRPEDQHQ
PHW#HHQ#HLJHQ# LQILOWUDWLHJHELHG1#+HW#ZDWHU# LQ#KHW# LQILOWUDWLHJHELHG#YDQ#GH# ORFDWLH#NDQ#YHUVFKLOOHQ# LQ
LVRWRSHQ0#RI#FKHPLVFKH#VDPHQVWHOOLQJ#YDQ#KHW#GLHSHUH#JURQGZDWHU/#GDW#HHQ#YHUGHU#ZHJ#JHOHJHQ
LQILOWUDWLHJHELHG#KHHIW1#$DQ#GH#KDQG#YDQ#EHSDDOGH#LVRWRSHQ#HQ#FKHPLVFKH#SDUDPHWHUV#NDQ#GH#KHU0
NRPVW#YDQ#KHW#JURQGZDWHU#URQG#GH#ORFDWLH#ZRUGHQ#EHSDDOG1#'H#VSHFLILHNH#VDPHQVWHOOLQJ#LV#DIKDQ0
NHOLMN# YDQ# GH# FKHPLVFKH# HQ# LVRWRSHQVDPHQVWHOOLQJ# YDQ# KHW# ZDWHU# ]HOI# HQ# YDQ# GH# VWRIIHQ# GLH
RSORVVHQ#WLMGHQV#GH#LQILOWUDWLH#YDQ#KHW#ZDWHU1#2QGHU#GH# ODDWVWH#FDWHJRULH#YDOOHQ#RRN#GH#VWRIIHQ#YDQ
GH#YHUYXLOGH# ORFDWLH1#/DQJV#GH#VWURRPEDQHQ#NDQ#HFKWHU#PHQJLQJ#RSWUHGHQ#GRRU#GLVSHUVLH/#]RGDW
GH#RULJLQHOH#VDPHQVWHOOLQJ#QLHW#PHHU#WH#KHUNHQQHQ#LV1#0HQ#NDQ#GDQ#QRJ#ZHO#GH#PHQJLQJ#RI#GH#ELM0
GUDJH#YDQ#GH#YHUVFKLOOHQGH#ZDWHUW\SHQ#EHSDOHQ#DDQ#GH#KDQG#YDQ# LVRWRSHQ#RI#FKHPLVFKH#VDPHQ0
VWHOOLQJ#YDQ#KHW#YHURQWUHLQLJGH#ZDWHU#HQ#KHW#GLHSHUH#JURQGZDWHU1#'H#VWRIIHQ#PRHWHQ#]LFK#GDQ#ZHO
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FRQVHUYDWLHI#JHGUDJHQ#+JHHQ#UHDFWLH#RI#DIEUDDN,1#9RRUEHHOGHQ#]LMQ#GH#VWDELHOH#ZDWHU# LVRWRSHQ#4;2
HQ#5+/#&O0#HQ#%U01#2QGHU#VSHFLDOH#RPVWDQGLJKHGHQ#NXQQHQ#QRUPDOLWHU#QLHW0FRQVHUYDWLHYH#VWRIIHQ/
]RDOV#:;6U/#6+/#47&/#VXOIDDW#HQ#QLWUDDW#]LFK#FRQVHUYDWLHI#JHGUDJHQ1# ,Q#GLH#JHYDOOHQ#NXQQHQ#]H#RRN
ZRUGHQ#JHEUXLNW#RP#PHQJLQJ#WH#EHSDOHQ1

9RRU#YHUYXLOGH#ORFDWLHV#LV#KHW#YDVWVWHOOHQ#YDQ#GH#PHQJLQJ#YDQ#EHODQJ#RP#GH#FRQFHQWUDWLH0DIQDPH
YDQ#HHQ#YHURQWUHLQLJLQJ#GRRU#+QDWXXUOLMNH,#DIEUDDN#WH#RQGHUVFKHLGHQ#YDQ#GH#DIQDPH#GRRU#PHQJLQJ1
%HVFKLNW#PHQ#RYHU#HHQ#DDQWDO#DQDO\VHV#YDQ#KHW#JURQGZDWHU/#GDQ#NDQ#HHQ#PHQJOLMQ#ZRUGHQ#RSJH0
VWHOG#YDQ# WZHH#SDUDPHWHUV# +ILJXXU# 8,#RP#GH#XLWJDQJVZDDUGHQ# WH#EHSDOHQ# YDQ#GH#ZDWHUW\SHQ#RI
EURQQHQ#+%HQG#PHPEHUV%,1#0HQ#NDQ#GDQ#RRN#RQGHU]RHNHQ#RI#HU#PHHU#GDQ#WZHH#EURQQHQ#DDQZH]LJ
]LMQ# +JHHQ# OLQHDLU#YHUEDQG,1# ,V#HU#VSUDNH#YDQ# WZHH#EURQQHQ#GDQ#KHHIW#PHQ#ppQ#RQGHUVFKHLGHQGH
SDUDPHWHU#QRGLJ#RP#GH#SHUFHQWXHOH#ELMGUDJHQ#DDQ#KHW#PHQJZDWHU#WH#EHSDOHQ>#]LMQ#HU#GULH#EURQQHQ/
GDQ#]LMQ#HU#WZHH#SDUDPHWHUV#QRGLJ#RP#GH#PHQJYHUKRXGLQJ#WH#EHSDOHQ/#HWF1

)LJ1#81 'H#4;2#HQ#5+#PHQJOLMQ#YDQ#RXG#]HHZDWHU#PHW# MRQJ# UHFKDUJH#ZDWHU#XLW#+HW#*RRL1#=HH0
ZDWHU#KHHIW#HHQ#G4;2#HQ#G5+#YDQ#3Å1#+HW#UHFKDUJH#ZDWHU#KHHIW#HHQ#G4;2#YDQ#ð<Å#HQ
HHQ#G5+#YDQ#096Å1#1DJHQRHJ#DOOH#SXQWHQ#YDOOHQ#RS#GH#PHQJOLMQ/#ZDW#EHWHNHQW#GDW#KHW
ZDWHU#HHQ#PHQJVHO#LV#YDQ#GH]H#WZHH#HQGPHPEHUV#>3RVW1/#SHUV1#FRPP1/#5334@1#'DWD#DI0
NRPVWLJ#YDQ#KHW#&,21

61416# 2XGHUGRP#HQ#WUDQVSRUWVQHOKHLG
,VRWRSHQ#NXQQHQ#RRN#ZRUGHQ#JHEUXLNW#RP#KHW#ZDWHU#HQ2RI#GH#GDDULQ#RSJHORVWH# VWRI#DEVROXXW# WH
GDWHUHQ1#'DWHUHQ#ZLO#]HJJHQ#GH# WLMG#EHSDOHQ#VLQGV#KHW# WLMGVWLS#YDQ# LQILOWUDWLH#YDQ# UHJHQ0#RI#RSSHU0
YODNWHZDWHU#RS#HHQ#EHSDDOGH#ORFDWLH1#$DQ#GH#KDQG#YDQ#GH#OHHIWLMG#YDQ#JURQGZDWHU#NDQ#GH#VWURRP0
VQHOKHLG# HQ# YHUVSUHLGLQJVVQHOKHLG# ZRUGHQ# YDVWJHVWHOG1# 'H]H# VQHOKHLG# LV# GH# ]RJHQDDPGH
ILOWHUVQHOKHLG# +SRULHVWURRPVQHOKHLG,#HQ#YHUVFKLOW#YDQ#GH#'DUF\#VWURRPVQHOKHLG1#'H# ODDWVWH# LV#HHQ
YROXPHVWURRP/# WHUZLMO#GH# ILOWHUVQHOKHLG#GH#ZHUNHOLMNH#VWURRPVQHOKHLG# LV1#'H# ILOWHUVQHOKHLG# LV#JHOLMN
DDQ#GH#'DUF\#VWURRPVQHOKHLG#JHGHHOG#GRRU#GH#SRURVLWHLW1#'H]H#LVRWRSHQWRHSDVVLQJ#LV#HHQ#EHODQJ0
ULMNH#DDQYXOOLQJ#RS#GH#WUDGLWLRQHOH#K\GUDXOLVFKH#+PRGHO,EHUHNHQLQJHQ#ZDDUXLW#GH#VWURRPVQHOKHGHQ
HQ#GH#YHUEOLMIWLMGHQ#YDQ#JURQGZDWHU#ZRUGHQ#EHUHNHQG1
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'H]H# PRGHOOHQ# HQ# EHUHNHQLQJHQ# ]LMQ# JHEDVHHUG# RS# PHWLQJHQ# HQ# VFKDWWLQJHQ# YDQ# JURQG0
ZDWHUVWDQGHQ#HQ#SHUPHDELOLWHLWHQ1#'LH#PHHWGLFKWKHLG# LV#YDDN#RQYROGRHQGH#RP#GH#VQHOKHGHQ#HQ
ULFKWLQJHQ#YDQ#KHW#YDDN#JHFRPSOLFHHUGH#NOHLQVFKDOLJH#VWURPLQJVV\VWHHP#URQG#HHQ#YHUYXLOGH#ORFD0
WLH#WH#EHSDOHQ1#+LHUPHH#LV#QLHW#JH]HJG#GDW#LVRWRSHQRQGHU]RHN#PRGHOEHUHNHQLQJHQ#RYHUERGLJ#PD0
NHQ1# ,VRWRSHQSDUDPHWHUV#YRUPHQ#ZHO#HHQ#RQPLVEDDU# LMNLQJV0#HQ#YHULILFDWLHPLGGHO#YRRU#PRGHOOHQ/
WHQHLQGH#EHWURXZEDUH#SURJQRVHV#RYHU#GH#RQWZLNNHOLQJ#YDQ#GH#YXLOSOXLP#PRJHOLMN#WH#PDNHQ1

0HW#VRPPLJH# UDGLRDFWLHYH# LVRWRSHQ#RI#FRPELQDWLHV#YDQ# UDGLRDFWLHYH# LVRWRSHQ#HQ#KXQ#YHUYDOSUR0
GXFW# LV#DEVROXWH#GDWHULQJ#PRJHOLMN1#0HHVWDO#EHWUHIW#GLW#EHSDDOGH# LVRWRSHQ#GLH# LQ#GH#DWPRVIHHU#HHQ
FRQVWDQWH#GDQ#ZHO#HHQ# LQ#GH# WLMG#EHNHQGH#FRQFHQWUDWLH#NHQQHQ1#=RGUD#GH]H# LVRWRSHQ#KHW#JURQG0
ZDWHU#EHUHLNHQ#WUHHGW#JHHQ#DDQYXOOLQJ#YDQ#UDGLRDFWLYLWHLW#PHHU#RS#HQ#EHJLQW#GH#%YHUYDONORN%# WH# OR0
SHQ1# 9RRU# RQGHU]RHN# QDDU# GH# YHUVSUHLGLQJ# YDQ# JURQGZDWHU# YHURQWUHLQLJG# DDQ# RI# GLFKWELM# KHW
RSSHUYODN#JDDW#KHW#PHHVWDO#RP#UHODWLHI#MRQJ#JURQGZDWHU#+?#83#MDDU,1#0HW#QDPH#UDGLRDFWLHYH# LVRWR0
SHQ#PHW# NRUWH# KDOIZDDUGHWLMGHQ# ]LMQ# GDDUELM# LQWHUHVVDQW1#$QGHUH# LVRWRSHQ/#PDDU# RRN# FKHPLVFKH
SDUDPHWHUV/#PDUNHUHQ#DOOHHQ#HHQ#JHEHXUWHQLV#XLW#HHQ#EHSDDOGH#SHULRGH#LQ#KHW#YHUOHGHQ1#0HW#GH]H
]RJHQDDPGH#%HYHQW#PDUNHUV%#NDQ#PHQ#GH#UHODWLHYH#RI#JOREDOH#RXGHUGRP#YDQ#JURQGZDWHU#EHSDOHQ1
0HQ#NDQ#ELMYRRUEHHOG#VWHOOHQ#GDW#JURQGZDWHU#XLW#HHQ#EHSDDOGH#SHULRGH#VWDPW#RI#RXGHU# LV#GDQ#HHQ
EHSDDOGH#OHHIWLMG1

(HQ#QDGHHO#YDQ#KHW#JHEUXLN#YDQ#LVRWRSHQ#RP#WH#GDWHUHQ#LV#GDW#GH#LVRWRSHQ#GLH#YRRU#GH# OHHIWLMGEH0
SDOLQJ#ZRUGHQ#JHEUXLNW/#]LFK#QLHW#DOWLMG#FRQVHUYDWLHI#JHGUDJHQ#YDQZHJH#QHHUVODJ/#RQWJDVVLQJ/#DE0
VRUSWLH#RI#ELMPHQJLQJ#GRRU#ERGHPUHDFWLHV1#,QGLHQ#HFKWHU#LQ]LFKW#EHVWDDW#LQ#GH#K\GURJHRFKHPLVFKH
SURFHVVHQ/#NDQ#GDDUYRRU#LQ#YHHO#JHYDOOHQ#ZRUGHQ#JHFRUULJHHUG1

61417# 'LIIXVLH
2QGHU#RPVWDQGLJKHGHQ#ZDDUELM#GH#JURQGZDWHUVWURPLQJ#DIZH]LJ#RI#]HHU#JHULQJ# LV#NDQ#GLIIXVLH#YDQ
RSJHORVWH# VWRIIHQ# KHW# EHODQJULMNVWH# WUDQVSRUWPHFKDQLVPH#ZRUGHQ1#'LH# RPVWDQGLJKHGHQ#ZRUGHQ
YDDN#JHYRQGHQ#LQ#NOHLODJHQ#PHW#HHQ#KRJH#K\GUDXOLVFKH#ZHHUVWDQG1#,VRWRSHQ#NXQQHQ#HHQ#EHODQJ0
ULMNH#SDUDPHWHU#]LMQ#RP#GLIIXVLHI#HQ#DGYHFWLHI# WUDQVSRUW# WH#RQGHUVFKHLGHQ/#RPGDW# WLMGHQV#GLIIXVLH
IUDFWLRQHULQJ#RSWUHHGW1#,Q#GH#GLIIXQGHUHQGH#ZRON#]XOOHQ#GH#OLFKWHUH#LVRWRSHQ#]LFK#VQHOOHU#YHUSODDWVHQ
HQ#]DO#GH#LVRWRSHQYHUKRXGLQJ#DIQHPHQ#WHQ#RS]LFKWH#YDQ#GH#EURQ1#$OV#ERYHQGLHQ#GH#EURQ#HHQ#EH0
SHUNWH#KRHYHHOKHLG#YDQ#KHW#HOHPHQW#EH]LW/#]DO#GDDU#GH# LVRWRSHQYHUKRXGLQJ#VWLMJHQ1#+HW#DDQWRQHQ
YDQ#GLIIXVLH#PHW#EHKXOS#YDQ#LVRWRSHQ#LV#UHOHYDQW#LQ#RQGHU]RHN#QDDU#+D,#GH#YHUVSUHLGLQJ#YDQ#RQGLHS
YHURQWUHLQLJG#JURQGZDWHU#DIJHVFKHUPG#GRRU#HHQ#QDWXXUOLMNH#NOHLODDJ#RI#NXQVWPDWLJH#DDQJHEUDFKWH
EHQWRQLHW/#+E,# LQWUXVLH#YDQ#EUDNZDWHU# LQ#NXVWJHELHGHQ#RI# +F,#YHUVSUHLGLQJ#YDQ#NHUQDIYDO#GDW#RSJH0
VODJHQ#ZRUGW#LQ#]RXWNRHSHOV#RI#GLHSH#NOHLODJHQ1

615# ,VRWRSHQ#WHU#EHSDOLQJ#YDQ#KHUNRPVW#HQ#PHQJLQJ

61514# 6WDELHOH#HQ#QLHW0UHDFWLHYH#SDUDPHWHUV

=XXUVWRI04;#HQ#'HXWHULXP
'H#UHIHUHQWLH#YRRU#GH#VWDELHOH# LVRWRSHQYHUKRXGLQJHQ#4;22492#HQ#5+24+# LV#9LHQQD#6WDQGDUG#0HDQ
2FHDQ#:DWHU#+9602:,/#]RGDW#]HHZDWHU#GHUKDOYH#G4;2#HQ#G5+#ZDDUGHQ#YDQ#3#Å#KHHIW1#1HHUVODJ/
GH#EURQ#YDQ#KHW#JURQGZDWHU/#YHUWRRQW#HHQ#JURWH#YDULDWLH#LQ#WLMG#HQ#UXLPWH#YDQ#G4;2#HQ#G5+#ZDDUGHQ1
'H#UXLPWHOLMNH#YDULDWLH#KHHIW#HHQ#JOREDDO#HQ#UHJLRQDDO#SDWURRQ/#GDW#KHW#JHYROJ#LV#YDQ#GH#JURRWVFKD0
OLJH#FLUFXODWLH#YDQ#ZDWHUGDPS#XLW#KHW#EURQJHELHG#YDQ#GH#WURSLVFKH#RFHDQHQ#QDDU#NRXGHUH#VWUHNHQ
+]LH#ILJXXU#9,1
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)LJ1#91 5D\OHLJK0GHVWLOODWLH# YDQ# 4;2# YRRU# QHHUVODJ# ELM# GDOHQGH# WHPSHUDWXXU# >&ODUN# HQ# )ULW]
4<<:@1

7LMGHQV#GH#FLUFXODWLH#QHHPW#GH#ZDWHUGDPS#DI#GRRU#XLWUHJHQLQJ# +LVREDULVFKH#DINRHOLQJ,/#ZDDUGRRU
GH#G4;2#HQ#G5+#ZDDUGHQ#YDQ#GH#DFKWHUEOLMYHQGH#ZDWHUGDPS#VWHHGV#QHJDWLHYHU#ZRUGHQ1#,Q#IHLWH# LV
GLW#SDWURRQ#VWHUN#JHUHODWHHUG#DDQ#GH#KHHUVHQGH#WHPSHUDWXXU1#'DW#JHOGW#RRN#YRRU#GH#YDULDWLH# LQ#GH
WLMG=#HU# LV#HHQ#VHL]RHQVDIKDQNHOLMNH#YDULDWLH/#PDDU#RRN#HHQ# ODQJMDULJH#YDULDWLH#GLH#GH#NOLPDDWVYHU0
DQGHULQJHQ# YROJW1#9RRU# HHQ# XLWYRHULJHU# EHKDQGHOLQJ# YDQ# LVRWRSHQSURFHVVHQ# HQ# SDWURQHQ# LQ# GH
QHHUVODJ#ZRUGW#YHUZH]HQ#QDDU#'DQVJDDUG# >4<97@/#5R]DQVNL#HW#DO1# >4<<5/#4<<;@#HQ#0RRN# >5333@1
2QGDQNV#DOOH#VSDWLsOH#HQ# WHPSRUHOH#YDULDWLH#EOLMNHQ#GH#G4;2#HQ#G5+#ZDDUGHQ# LQ#GH#QHHUVODJ#HHQ
YDVWH#UHODWLH#WH#YHUWRQHQ#YROJHQV#GH#]RJHQDDPGH#*OREDO#0HWHRULF#:DWHU#/LQH#+*0:/,1#)LJXXU#:
WRRQW#GH#ORNDOH#PHWHRULVFKH#ZDWHUOLMQ#YDQ#*URQLQJHQ/#GLH#LHWV#DIZLMNW#YDQ#GH#*0:/1

)LJ1#:1 /RNDOH#PHWHRULVFKH#ZDWHUOLMQ#PRQLWRULQJVVWDWLRQ#*URQLQJHQ#4<9704<<91
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0HHVWDO#KHEEHQ#JURQGZDWHU#HQ#RSSHUYODNWHZDWHU#GH]HOIGH# LVRWRSHQVLJQDWXXU#DOV#KHW#QHHUVODJZD0
WHU1#3URFHVVHQ#DOV#YHUGDPSLQJ#HQ#JHRFKHPLVFKH# UHDFWLHV#NXQQHQ#VRPV# LVRWRSLVFKH#YHUDQGHULQ0
JHQ#WHZHHJEUHQJHQ/#]RGDW#G4;2#HQ#G5+#ZDDUGHQ#LQ#JHwQILOWUHHUG#JURQGZDWHU#DIZLMNHQ#YDQ#GH#0:/1

'H# UXLPWHOLMNH# LVRWRSLVFKH# YDULDWLH# YDQ# QHHUVODJ# LV# YDDN# QLHW# RQGHUVFKHLGHQG# JHQRHJ# RP# MRQJ
JURQGZDWHU/#JHwQILOWUHHUG#RS#YHURQWUHLQLJGH# ORFDWLHV/# WH#RQGHUVFKHLGHQ#YDQ#GLHSHU#JURQGZDWHU#GDW
HOGHUV# LV#JHwQILOWUHHUG1#$OOHHQ#ELM#JURWH#KRRJWHYHUVFKLOOHQ#YDQ#GH# LQILOWUDWLHJHELHGHQ#NDQ#GLW#HHQ#URO
VSHOHQ1#,Q#1HGHUODQG#LV#HU#ZHO#GH#ELM]RQGHUH#RPVWDQGLJKHLG#GDW#JURQGZDWHU#YDDN#LV#EHwQYORHG#GRRU
5LMQZDWHU#+]LH#ILJXXU#;,1#9DQXLW#YHHO#SROGHU0#HQ#ERH]HPZDWHUHQ/#YLQGW#LQILOWUDWLH#YDQ#LQJHODWHQ#5LMQ0
ZDWHU#SODDWV#QDDU#GH#RQGHUJURQG1#'LW#5LMQZDWHU#KHHIW#YDQZHJH#]LMQ#RRUVSURQJJHELHG# LQ#GH#$OSHQ
UHODWLHI# ODJH#G4;2#HQ#G5+#ZDDUGHQ#YHUJHOHNHQ#ELM#GH#QHHUVODJ# LQ#1HGHUODQG1# 4;2#HQ# 5+# LVRWRSHQ
NXQQHQ#RRN#RQGHUVFKHLGHQG#]LMQ# LQGLHQ#KHW#GLHSH#JURQGZDWHU#RXG#3OHLVWRFHHQ#JURQGZDWHU#EHYDW/
GDW#VLJQLILFDQW#YHUODDJG#LV#LQ#G4;2#HQ#G5+#W1R1Y1#UHFHQW#JHwQILOWUHHUG#JURQGZDWHU1#,Q#HQNHOH#JHYDOOHQ
NDQ#ZDWHU#ORNDDO#]LMQ#EHwQYORHG#GRRU#YHUGDPSLQJ#+PHUHQ#HQ#SODVVHQ,#]RGDW#JURQGZDWHU#XLW#GLH# LQ0
ILOWUDWLHJHELHGHQ#LVRWRSLVFK#NDQ#ZRUGHQ#KHUNHQG1#(HQ#EHODQJULMNH#WRHSDVVLQJ#YDQ#4;2#HQ#5+#LVRWR0
SHQ# LQ#NXVWYODNWHV#]RDOV#:HVW01HGHUODQG# LV#KHW#EHSDOHQ#YDQ#GH#KHUNRPVW#YDQ#EUDN#JURQGZDWHU1
'H#KHUNRPVW#YDQ#FKORULGH/#KHW#PHHVW#NHQPHUNHQGH#]RXW/#LV#QLHW#DOWLMG#GXLGHOLMN1#+HW#NDQ#DINRPVWLJ
]LMQ#YDQ#HHQ#YHUYXLOLQJVEURQ/#VWHHQ]RXW#RI#PDULHQ#JURQGZDWHU1#3ORWV#YDQ#FKORULGH#FRQFHQWUDWLHV#HQ
G4;2#ZDDUGHQ#NXQQHQ#XLWVOXLWVHO#JHYHQ#RYHU#GH#RRUVSURQJ1#+HW#RQGHUVWDDQGH#YRRUEHHOG#JHHIW#HHQ
LOOXVWUDWLH#YDQ#KHW#JHEUXLN#YDQ#4;2#HQ#5+1#ELM#KHW#EHSDOHQ#YDQ#GH#ELMGUDJH#YDQ#YHUVFKLOOHQGH#LQILOWUD0
WLHJHELHGHQ#RS#GH#DIYRHU#YDQ#HHQ#DTXLIHU1#8LW#GLW#YRRUEHHOG#NRPW#JRHG#QDDU#YRUHQ/#GDW#KHW#EHSDOHQ
YDQ#GH#KHUNRPVW#YDQ#JURQGZDWHU#HHQ#QXWWLJH#DDQYXOOLQJ#NDQ#]LMQ#ELM#JHYDOOHQ#ZDDULQ#GH#JURQGZD0
WHUVWURPLQJ#RQGXLGHOLMN#LV#RI#ZDDULQ#RQYHUZDFKWH#WUDQVSRUWIHQRPHQHQ#ZRUGHQ#ZDDUJHQRPHQ1



4;

)LJ1#;1 'H#LVRWRSHQVDPHQVWHOOLQJ#YDQ#UHJHQZDWHU#+ERYHQ,#HQ#KHW#ZDWHU#LQ#5LMQ#HQ#0DDV#+RQGHU,
>0RRN#5333@1

+RHZHO# KHW# DQDO\VHUHQ# YDQ# GH# VWDELHOH# LVWRSHQVDPHQVWHOOLQJ# RP# KHUNRPVW# HQ# PHQJLQJ# YDQ
JURQGZDWHU#RS#ppQ#YHURQWUHLQLJGH#ORFDWLH#WH#EHSDOHQ# LQ#GH#SUDNWLMN#QLHW#YDDN#YRRU#]DO#NRPHQ/#NDQ
KHW#LQ#VLWXDWLHV#PHW#HHQ#FRPSOH[H#JURQGZDWHUVWURPLQJ#XLWNRPVW#EUHQJHQ#]RDOV#EOLMNW#XLW#KHW#RQGHU0
VWDDQG#YRRUEHHOG#+ILJXXU#<,1



4<

9RRUEHHOG#=# DQDO\VH#YDQ#5+#HQ#4;2#YRRU#KHW#EHSDOHQ#GH#KHUNRPVW#YDQ#JURQGZDWHU#RS#HHQ
YRRUPDOLJ#JDVIDEULHNVWHUUHLQ1

+HW# RQGHU]RHN# QDDU# GH# YHURQWUHLQLJLQJ# YDQ# HHQ# YRRUPDOLJH# JDVIDEULHNVWHUUHLQ#ZHUG# EHPRHLOLMNW
GRRU#GH#FRPSOH[H#JURQGZDWHUVWURPLQJ/#YHURRU]DDNW#GRRU#GH#OLJJLQJ#DDQ#GH#RHYHU#YDQ#GH#1HFNDU1
2QGHU]RHN#QDDU#GH#VWDELHOH# LVRWRSHQVDPHQVWHOOLQJ#+5+/#4;2,#YDQ#KHW#JURQGZDWHU#PDDNWH#KHW#PR0
JHOLMN#GH#KHUNRPVW#YDQ#KHW#JURQGZDWHU#RS#YHUVFKLOOHQGH#GHOHQ#YDQ#KHW#WHUUHLQ#WH#DFKWHUKDOHQ1#9LHU
ZDWHUW\SHQ#ZHUGHQ#JHwGHQWLILFHHUG=
ð# TXDUWHUQDLU#JURQGZDWHU#+G5+#HQ#G4;2#KRRJ/#ZHLQLJ#VHL]RHQVLQYORHG,>
ð# UHFHQW#JHwQILOWUHHUGH#QHHUVODJ#+G5+#HQ#G4;2#KRRJ/#VWHUNH#VHL]RHQVLQYORHG,>
ð# JHwQILOWUHHUG#ULYLHUZDWHU#+G5+#HQ#G4;2#YULM#ODDJ/#DDQZH]LJH#VHL]RHQVLQYORHG,>
ð# RXG#PLQHUDDO#ZDWHU#+G5+#HQ#G4;2#ODDJ/#JHHQ#VHL]RHQVLQYORHG,1
'H#JURQGZDWHUVWURPLQJ# LQ#GH#DTXLIHU#ZDV# YRRUQDPHOLMN#SDUDOOHO#DDQ#GH# ULYLHU#JHULFKW/#PHW# LQ#GH
ZLQWHU#HQ#YRRUMDDU#HHQ#VWHUNH#LQYORHG#YDQ#LQILOWUHUHQGH#ULYLHUZDWHU1#2S#ppQ#SODDWV#ZHUG#HU#HHQ#VWHU0
NH#PHQJLQJ#PHW#RXG#PLQHUDDO#ZDWHU#XLW#GH#RQGHUOLJJHQGH#DTXLIHU#JHYRQGHQ1#2S#KHW#GHHO#YDQ#KHW
WHUUHLQ#GDW#JUHQVW#DDQ#GH#UDQG#YDQ#KHW#1HFNDU0GDO#ZHUG#GXLGHOLMN#LQYORHG#YDQ#UHFHQWH#QHHUVODJ#JH0
YRQGHQ1#'H]H#NDUDNWHULVHULQJ#YDQ#GH#JURQGZDWHUVWURPLQJ#JDI#HHQ#GXLGHOLMN#LQ]LFKW#LQ#GH#PRJHOLMNH
YHUVSUHLGLQJ#YDQ#GH#YHURQWUHLQLJLQJ#+$QJORKHU#HW#DO/#5333,1

)LJ1#<1 $QDO\VH#YDQ#5+#HQ#4;2#YRRU#KHW#EHSDOHQ#GH#KHUNRPVW#YDQ#JURQGZDWHU#RS#HHQ#YRRUPDOLJ
JDVIDEULHNVWHUUHLQ1

RUJDQLF
SROOXWDQWV

RUJDQLF
SROOXWDQWV

LQILOWUDWLQJ#JURXQGZDWHU
IURP#VWHHS#KLOOV

EDQN#LQILOWUDWH

GLUHFWLRQ#RI
#JURXQGZDWHU#IORZ

LQILOWUDWLQJ#PLQHUDO
ZDWHU

IRUPHU#PLOO
FKDQQHO

VW
HH
S#
KL
OOV
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616# ,VRWRSHQ#WHU#EHSDOLQJ#YDQ#RXGHUGRP#HQ#VWURRPVQHOKHLG

61614# 5DGLRDFWLHYH#LVRWRSHQ#YRRU#DEVROXWH#GDWHULQJ
,Q#GH#RQGHUVWDDQGH#SDUDJUDIHQ#ZRUGHQ#HHUVW#GH#GDWHULQJVWHFKQLHNHQ#EHKDQGHOG# YDQ# 6+26+H#HQ
;8.U2VWDELHO.U1#'H]H#]LMQ#KHW#PHHVW#JHsLJHQG#YRRU#RQGHU]RHN#QDDU#YHUYXLOGH#ORFDWLHV#DDQJH]LHQ#PHW
GH]H# WHFKQLHNHQ# MRQJ#JURQGZDWHU# +WRW#433# MDDU,#DEVROXXW#PHW#JURWH#QDXZNHXULJKHLG#NDQ#ZRUGHQ
JHGDWHHUG1

7ULWLXP0+HOLXP
7ULWLXP#+6+,#LV#HHQ#UDGLRDFWLHI#LVRWRRS#PHW#HHQ#KDOIZDDUGH#WLMG#YDQ#45/76#MDDU1#7ULWLXP#RQWVWDDW#YDQ
QDWXUH#LQ#GH#DWPRVIHHU>#DOV#JHYROJ#KLHUYDQ#LV#KHW#WULWLXPJHKDOWH#LQ#GH#DWPRVIHHU#QRUPDOLWHU#WXVVHQ
GH#609#78#YRRU#(XURSD#HQ#1RRUG0$PHULND#HQ#WXVVHQ#GH#406#78#YRRU#$XVWUDOLs# >$OOLVRQ#DQG#+XJ0
KHV/#4<::@1#'RRU#QXFOHDLUH# WHVWHQ# LQ#4<98# OLJJHQ#KHGHQGDDJVH# WULWLXP#ZDDUGHQ# +8053#78,#KRJHU
GDQ#GH#SUH0ERP#ZDDUGHQ1#'RRU# UDGLRDFWLHI#YHUYDO#GDOHQ#GH# WULWLXP#ZDDUGHQ#VQHO#ZHHU# WRW#RS#KHW
QLYHDX#YDQ#YRRU#GH#ERP0LQYORHG1#:DQQHHU#WULWLXP#YHUYDOW#RQWVWDDW#HU#+HOLXP06#+6+H,1#'H#VQHOKHLG
YDQ#KHW#RQWVWDDQ#YDQ#KHW#GRFKWHUSURGXFW#++H,# LV#JHFRUUHOHHUG#DDQ#KHW#YHUGZLMQHQ#YDQ#KHW#RXGHU0
SURGXFW# +WULWLXP,/#KLHUGRRU#NDQ#GH# OHHIWLMG# W#YDQ#KHW#JURQGZDWHU# LQ# MDUHQ#HHQYRXGLJ#ZRUGHQ#EHUH0
NHQG#YROJHQV=

¸
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:DDULQ#6+W#GH#WULWLXPFRQFHQWUDWLH#LV#HQ#6+HW#GH#KHOLXPFRQFHQWUDWLH1#'H#NORN#EHJLQW#WH#ORSHQ#RS#KHW
PRPHQW#GDW#KHW#ZDWHU#+PHW#GDDULQ#RSJHORVWH#+#HQ#+H,#GH#ZDWHUVSLHJHO#KHHIW#EHUHLNW#HQ#FRPSOHHW
LV#DIJHVORWHQ#YDQ#HHQ#JDVIDVH#LQ#GH#RQYHU]DGLJGH#]RQH1#9RRU#GH]H#WLMG#NDQ#KHW#JHYRUPGH#KHOLXP
XLWZLVVHOHQ#PHW#GH#JDVIDVH# LQ#GH#RQYHU]DGLJGH#]RQH1#'H# WULWLXP0KHOLXP#PHWKRGH# LV#GXV#QLHW#JH0
VFKLNW#RP#YHUEOLMIWLMGHQ#LQ#GH#RQYHU]DGLJGH#]RQH#WH#EHSDOHQ1

'RRUGDW#GH#OHHIWLMG#LV#JHEDVHHUG#RS#GH#UDWLR#YDQ#KHOLXP#HQ#WULWLXP#LV#GH#PHWKRGH#RQDIKDQNHOLMN#YDQ
GH#LQSXWIXQFWLH#YDQ#WULWLXP1#:HO#LV#KHW#QRRG]DNHOLMN#DQGHUH#KHOLXPEURQQHQ#WXVVHQ#KHW#LQILOWUDWLHSXQW
HQ#KHW#RSNZHOOLQJVSXQW# WH# LGHQWLILFHUHQ/# ]RGDW#KLHUYRRU#JHFRUULJHHUG# NDQ#ZRUGHQ1#0HW# QDPH# GH
FRUUHFWLH#YRRU#([FHVV#DLU#LV#EHODQJULMN1#'LW#LV#LQ#HHQ#RYHUPDDW#DDQ#KHOLXP#W1R1Y1#GH#KRHYHHOKHLG#GLH
PD[LPDDO#NDQ#RSORVVHQ#RQGHU#HYHQZLFKWVRPVWDQGLJKHGHQ1#%LM#HYHQZLFKWVRPVWDQGLJKHGHQ#ZRUGW
GH#KRHYHHOKHLG#KHOLXP#EHSDDOG#GRRU#GH#RSORVEDDUKHLG#ELM#HHQ#EHSDDOGH#WHPSHUDWXXU1#:DQQHHU#GH
LQILOWUDWLHWHPSHUDWXXU#EHNHQG# LV/#NDQ#EHUHNHQG#ZRUGHQ#KRHYHHO#KHOLXP#HU#YDQ#RULJLQH# LQ#]LW1#:DQ0
QHHU# WLMGHQV# LQILOWUDWLH# OXFKWEXEEHOV#ZRUGHQ# LQJHYDQJHQ#JHOGW#KHW#HYHQZLFKW#QLHW#PHHU#HQ#NDQ#HU
PHHU#KHOLXP# LQ#]LWWHQ#GDQ#YROJHQV#KHW#HYHQZLFKW1#'LW#EHwQYORHGW#GH#GDWHULQJ#RPGDW#GH# OHHIWLMGHQ
]LMQ#JHEDVHHUG#RS#GH#UDWLR#YDQ#KHW#PRHGHU0#HQ#GRFKWHUSURGXFW1#'H#FRUUHFWLHPHWKRGHQ#]LMQ#HFKWHU
UHODWLHI#HHQYRXGLJ#XLW#WH#YRHUHQ#+]LH#&RRN#HQ#+HUF]HJ#>5333@#YRRU#PHHU#GHWDLOV#KLHURYHU,1

'H#WULWLXP0KHOLXP#PHWKRGH#LV#RQQDXZNHXULJ#ELM#]HHU#ODJH#VWURRPVQHOKHGHQ#GRRUGDW#WULWLXP#HQ#KHOL0
XP#YHUVFKLOOHQGH#GLIIXVLHFRsIILFLsQWHQ#KHEEHQ1#'H#PHWKRGH# LV# WHYHQV#RQQDXZNHXULJ/#ZDQQHHU#HU
YHHO#PHQJLQJ#RSWUHHGW#+JURWH#GLVSHUVLYLWHLWHQ,1#%LM#JURQGZDWHU#VWURRPVQHOKHGHQ#JURWHU#GDQ#4#PHWHU
SHU# MDDU#HQ#GH#YHUWLFDOH#GLVSHUVLHOHQJWH#NOHLQHU# LV#GDQ#4#PHWHU#]DO#KHW#HIIHFW# WH#YHUZDDUOR]HQ#]LMQ
>&RRN/# 4<<:@1# 9RRU# HHQ# NZDQWLWDWLHI# UHODDV# RYHU# KHW# HIIHFW# YDQ# GLIIXVLH# HQ# GLVSHUVLH# RS# WULWL0
XP2KHOLXP#OHHIWLMGHQ/#ZRUGW#YHUZH]HQ#QDDU#6RORPRQ#)#6XGHQN\#>4<<4@1#2YHU#KHW#DOJHPHHQ#LV#KHW
PRJHOLMN#PHW#GH]H#PHWKRGH#JURQGZDWHUOHHIWLMGHQ#WRW#RS#405#MDDU#QDXZNHXULJ#WH#VFKDWWHQ/#]LH#ILJXXU
431
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9RRUEHHOG= KHW#JHEUXLN#YDQ#WULWLXP0KHOLXP#ELM#HHQ#VWURRPEDDQ#DQDO\VH1

,Q#GH#ILJXXU#KLHURQGHU#LV#HHQ#GZDUVGRRUVQHGH#JHJHYHQ#YDQ#HHQ#YHURQWUHLQLJLQJ#LQ#HHQ#]DQG0JULQG
DTXLIHU1#9DQ#]HV#RS#YHUVFKLOOHQGH#GLHSWHV#JHSODDWVWH# ILOWHUV#]LMQ#ZDWHUPRQVWHUV#JHQRPHQ#GLH#JH0
DQDO\VHHUG#]LMQ#RS#WULWLXP0KHOLXP1#0HW#GH#WULWLXP0KHOLXP#FRQFHQWUDWLHV#]LMQ#YHUYROJHQV#GH#OHHIWLMGHQ
YDQ#GH#ZDWHUPRQVWHUV#EHSDDOG1#'H]H# OHHIWLMGHQ#]LMQ#ZHHUJHYHQ# LQ#GH#GZDUVGRRUVQHGH1#.LMNHQ#ZH
QDDU#GH#OHHIWLMG#YDQ#GH#NHUQ#YDQ#GH#SOXLP/#GDQ#]LHQ#ZH#HHQ#OHHIWLMG#YDQ#RQJHYHHU#8#MDDU#YRRU#)6:
67:/#49#MDDU#YRRU#)6:#744/#5;#MDDU#YRRU#)6:#683#HQ#69#MDDU#YRRU#)6:#7691#'H#DIVWDQG#WXVVHQ
)6:#67:#HQ#)6:#744#LV#RQJHYHHU#4583#PHWHU/#GH#DIVWDQG#WXVVHQ#)6:#744#WRW#)6:#683#LV#4833
PHWHU#HQ#GH#DIVWDQG# WXVVHQ#)6:# 683#HQ#)6:# 769# LV# 4<33#PHWHU1#'H#JHPLGGHOGH#KRUL]RQWDOH
VWURRPVQHOKHLG# LV# UHVSHFWLHYHOLMN# +4583P2+4908MDDU,,# 447# P2M/# +4833P2+5;049,,# 458P2M# HQ
+4<332+6905;,,#48;#P2M1#2S#GH]HOIGH#ZLM]H# LV#GH#JHPLGGHOGH#YHUWLFDOH#VQHOKHLG# WH#EHUHNHQHQ1#2P
HHQ#GHUJHOLMN#JHGHWDLOOHHUG#VWURPLQJVEHHOG#WH#NULMJHQ#PHW#HHQ#JURQGZDWHUPRGHO#]LMQ#]HHU#YHHO#JH0
JHYHQV#RYHU#KHW#VWLMJKRRJWHYHUORRS#HQ#GH#GRRUODWHQGKHLGVYHUGHOLQJ#QRGLJ/#WHUZLMO#VOHFKWV#HHQ#NOHLQ
DDQWDO# WULWLXP0KHOLXP#PHWLQJHQ#GLW#EHHOG#ZHWHQ# WH#NDUDNWHULVHUHQ1#*HPRGLILFHHUG#QDDU#6KDSLUR#HW
DO1/#>4<<<@1

#

)LJ1#431 +HW#JHEUXLN#YDQ#WULWLXP0KHOLXP#ELM#HHQ#VWURRPEDDQ#DQDO\VH1

.U\SWRQ0;8
;8.U#LV#GH#UDGLRDFWLHYH#LVRWRRS#YDQ#KHW#HGHOJDV#NU\SWRQ1#+HW#LVRWRRS#KHHIW#HHQ#KDOIZDDUGH#WLMG#YDQ
431:9#MDUHQ1#5DGLRDFWLHI#NU\SWRQ#NRPW#YDQ#QDWXUH#LQ#]HHU#ODJH#JHKDOWHQ#YRRU#LQ#GH#WURSRVIHHU1#9DQ0
DI#4<88#LV#KHW#NU\SWRQ#JHKDOWH#JHOHLGHOLMN#DDQ#WRHJHQRPHQ/#GRRUGDW#ELM#KHW#QD0YHUZHUNHQ#YDQ#YHU0
EUXLNWH# QXFOHDLUH# *EUDQGVWRI*# NU\SWRQ0;8# YULMNRPW1# 'H]H# JHOHLGHOLMNH# VWLMJLQJ# LV# ]HHU# JRHG
JHGRFXPHQWHHUG/#ZDDUGRRU#NU\SWRQ#ppQ#YDQ#GH#EHVW#EHNHQGH# LQSXWIXQFWLHV#KHHIW1#'H#JURQGZDWHU
LQSXW#NDQ#QHW#]RDOV#GH#RYHULJH#HGHOJDVVHQ#ZRUGHQ#EHSDDOG#PHW#GH#LQSXW#IXQFWLH#YDQ#GH#DWPRVIHHU
HQ#GH#RSORVEDDUKHLG#ELM#HHQ#EHSDDOGH#LQILOWUDWLH#WHPSHUDWXXU1#'LW#LV#ELM#NU\SWRQ#HFKWHU#QLHW#QRRG]D0
NHOLMN/#RPGDW#NU\SWRQ0;8#ZRUGW#JHPHWHQ#DOV#UDWLR#WHQ#RS]LFKWH#YDQ#VWDELHOH#NU\SWRQ1#%HLGH#YRUPHQ
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YDQ# NU\SWRQ# KHEEHQ# QDJHQRHJ# GH]HOIGH# I\VLVFKH# HLJHQVFKDSSHQ# HQ#ZRUGHQ# RS# GH]HOIGH#ZLM]H
GRRU# I\VLVFKH#SURFHVVHQ#EHwQYORHG1#'H# UDWLR#ZRUGW#GXV#QLHW#YHUDQGHUG#GRRU# I\VLVFKH#SURFHVVHQ/
]RDOV#KHW#RSORVVHQ#YDQ#HHQ#JDV1#'H#PHWKRGH#LV#GXV#RQDIKDQNHOLMN#YDQ#GH#DDQYXOOLQJVWHPSHUDWXXU1
2RN#YRRU#([FHVV#DLU#KRHIW#PHQ#QLHW#WH#FRUULJHUHQ/#GH#OHHIWLMG#ZRUGW#QDPHOLMN#QLHW#XLWJHGUXNW#DOV#UDWLR
YDQ#KHW#PRHGHU0#HQ#GRFKWHUSURGXFW/#PDDU#DOV#UDWLR#YDQ#UDGLRDFWLHI#NU\SWRQ#HQ#VWDELHOH#NU\SWRQ/#GH0
]H# UDWLR# NDQ#QLHW#ZRUGHQ# YHUDQGHUG#GRRU# I\VLVFKH#SURFHVVHQ1# ,Q# WHJHQVWHOOLQJ# WRW# WULWLXP2KHOLXP/
ZDDU# GH# UDWLR# GLUHFW# LQ# HHQ# OHHIWLMG# LV# RP# WH# ]HWWHQ#PRHWHQ# GH# NU\SWRQ# UDWLR*V# JHYRQGHQ# LQ# KHW
JURQGZDWHU/# WHUXJ#ZRUGHQ# JHUHNHQG# QDDU# GH# LQSXW# FRQFHQWUDWLH# YDQ# HHQ# EHSDDOG# MDDU1#0HHVWDO
ZRUGW#GLW#JHGDDQ#GRRU#GH#LQSXWFRQFHQWUDWLH#YDQ#HON#MDDU#+LQSXW#MDDU,#RP#WH#]HWWHQ#QDDU#HHQ#FRQFHQ0
WUDWLH#RS#KHW#WLMGVWLS#YDQ#GH#PHWLQJ1#'LW#ZRUGW#JHGDDQ#GRRU#PLGGHO#YDQ#HHQ#YDULDQW#YDQ#GH#UDGLRDF0
WLHI#YHUYDO#IRUPXOH=

õ ô 3
VWDELHO

3
;8VWDELHO;8 .U2H.U.U.U2 Oð� 

:DDULQ#;8.U2VWDELHO.U#GH#UDWLR#LV#WXVVHQ#UDGLRDFWLHI#HQ#VWDELHO#NU\SWRQ#RS#KHW#WLMGVWLS#YDQ#PHWLQJ/#;8.UR
GH#EHNHQGH#LQSXW#FRQFHQWUDWLH#YDQ#UDGLRDFWLHI#NU\SWRQ#YDQ#HHQ#EHSDDOG# MDDU# LV#HQ#VWDELHO.U3#GH#EH0
NHQGH#LQSXW#FRQFHQWUDWLH#YDQ#KHW#VWDELHOH#NU\SWRQ#YDQ#HHQ#EHSDDOG#MDDU#LV#+FRQVWDQW#LQ#GH#WLMG,1#'H
<#LV#GH#KDOYHULQJVWLMG#YDQ#NU\SWRQ1#9RRU#W#ZRUGW#KHW#DDQWDO#MDUHQ#WXVVHQ#KHW#PRPHQW#YDQ#PHWHQ#HQ
LQSXWMDDU#LQJHYXOG1#(ON#LQSXWMDDU#KHHIW#GXV#HHQ#VSHFLILHNH#;8.U2VWDELHO.U/#GLH#LQ#GH#WLMG#YHUDQGHUW#GRRU
UDGLRDFWLHI#YHUYDO1#'H]H#ZDDUGHQ#ZRUGHQ#XLWJH]HW# LQ#HHQ#JUDILHN1#'RRU#GH#ZDDUGHQ#YDQ#PHWLQJHQ
WH#SORWWHQ#LQ#GH#JUDILHN/#ZRUGW#KHW#LQSXWVLJQDDO#PHW#ELMEHKRUHQG#MDDUWDO#JHYRQGHQ#YRRU#HON#PRQVWHU1
'H#GHWHFWLHOLPLHW# YDQ# LV# 3138%T#P06/#ZDW# FRUUHVSRQGHHUW#PHW#JURQGZDWHU#GDW# LQ# 4<96# LV#JHwQILO0
WUHHUG#>6PHWKLH#HW#DO1/#4<<5@1

.U\SWRQ# LV#HHQ#HGHOJDVLV#HQ#GXV#FKHPLVFK# LQHUW1#+LHUGRRU#KHEEHQ#VRUSWLH#HQ#PLFURELsOH#DIEUDDN
JHHQ#LQYORHG#RS#GH#FRQFHQWUDWLH#HQ#NXQQHQ#]H#RRN#JHHQ#LQYORHG#XLWRHIHQ#RS#GH#GDWHULQJ1#2RN#RQW0
JDVVLQJ# +LQ#ELMY1#PHWKDQRJHQH#]RQHV,#KHHIW#JHHQ# LQYORHG#RS#GH#GDWHULQJ1#2QWJDVVLQJ# LV#HHQ# I\0
VLVFK#SURFHV/#KHW#YHUDQGHUW#GH#UDWLR#WXVVHQ#VWDELHO#HQ#UDGLRDFWLHI#NU\SWRQ#QLHW#+GH#OHHIWLMG#LV#LPPHUV
JHEDVHHUG# RS# KHW# YHUYDO# YDQ# GH# UDWLR# ]LH# ERYHQVWDDQGH# IRUPXOH,1#'LVSHUVLH# HQ# GLIIXVLH# LQ# HHQ
DTXLIHU#KHEEHQ#GH#QHLJLQJ#GH#NU\SWRQ#FRQFHQWUDWLHV#LQ#RXGHU#ZDWHU#+ZDWHU#ZDDU#QDXZHOLMNV#RI#JHHQ
NU\SWRQ#LQ#KRRUW#WH#]LWWHQ,#XLW#WH#VPHUHQ#+GH#NU\SWRQ#PROHFXOHQ#EHZHJHQ#VQHOOHU#GDQ#GH#ZDWHUPROH0
FXOHQ,1#+LHUGRRU# ]LMQ#GH#JHYRQGHQ# OHHIWLMGHQ# LQ#KHW#RXGH#ZDWHU#RQGHUVFKDWWLQJHQ1#9RRU# DTXLIHUV
PHW#GLVSHUVLYLWHLWHQ#NOHLQHU#RI#JHOLMN#DDQ#3/8#PHWHU#+GLW#LV#YDDN#KHW#JHYDO#RS#GH#VFKDDO#ZDDU#YHURQW0
UHLQLJLQJHQ#]LFK#DIVSHOHQ,/#]DO#GH#IRXW#PLQGHU#GDQ#4#MDDU#]LMQ#YRRU#JURQGZDWHU#GDW#QD#4<:3#JHwQILO0
WUHHUG# LV# >(NZXU]HO#HW#DO1/# 4<<7@1#+HW#JHEUXLN# YDQ# ;8.U# YHURQGHUVWHOW#GDW#KHW#ERGHPJDV#PHWHHQ
ERYHQ#GH#ZDWHUVSLHJHO# LQ#HYHQZLFKW# LV#PHW#GH#DWPRVIHHU1#$OV#GLW#QLHW#KHW#JHYDO# LV/#GDQ# NXQQHQ
JURQGZDWHUOHHIWLMGHQ#ZRUGHQ#RYHUVFKDW1#+LHU#PRHW#UHNHQLQJ#PHH#ZRUGHQ#JHKRXGHQ#ELM#]HHU#GLNNH
RQYHU]DGLJGH#]RQHV1#'H#IRXW#LV#]R#JRHG#DOV#YHUZDDUORRVEDDU#DOV#GH#RQYHU]DGLJGH#]RQH#GXQQHU#LV
GDQ#8#PHWHU/#PDDU#QHHPW#WRH#YDQ#4/8#WRW#PHHU#GDQ#53# MDDU/#ZDQQHHU#GH#RQYHU]DGLJGH#]RQH# WRH0
QHHPW#YDQ#43#WRW#73#PHWHU#>&RRN#)#6RORPRQ/#4<<:@1#,Q#1HGHUODQG#]DO#GLW#ODDWVWH#YHHODO#JHHQ#SUR0
EOHHP#]LMQ1#9RRU#HHQ#YRRUEHHOG#PHW#;8.U#DOV#*DJH#PDUNHU*#]LH#ILJXXU#441
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9RRUEHHOG=# GDWHULQJ#PHW#;8.U#DOV#*DJH#PDUNHU*1

'H#%RUGHQ# DTXLIHU# LV# HHQ# IUHDWLVFK# ]DQG# DTXLIHU/#ZDDULQ# HHQ# YXLOVWRUW# LV# JHORNDOLVHHUG1#9DQ# GH
DTXLIHU#EHVWDDW#HHQ#]HHU#JHGHWDLOOHHUG#JURQGZDWHU#VWURPLQJVPRGHO#HQ#VWRIWUDQVSRUW#PRGHO/#JHED0
VHHUG#RS#YHHO#YHOGPHWLQJHQ# +JHGHWDLOOHHUG#VWLMJKRRJWH# UHHNVHQ/#JHGHWDLOOHHUGH#NHQQLV#RYHU#GRRU0
ODWHQGKHLGVYHUGHOLQJ#YDQ#GH#DTXLIHU,1# ,Q#GH]H#DTXLIHU# LV# LQ#4<<4#HHQ#GULHWDO#SHLOEXL]HQ#JHVODJHQ
PHW#WRWDDO#YLMI#ILOWHUV#+OLQNV,1#9DQ#GH]H#ILOWHUV#]LMQ#ZDWHUPRQVWHUV#JHQRPHQ/#GLH#YHUYROJHQV#JHDQDO\0
VHHUG#]LMQ#RS#GH#NU\SWRQDFWLYLWHLW1#'H]H#NU\SWRQDFWLYLWHLWHQ#]LMQ#YHUYROJHQV#RPJH]HW#QDDU#OHHIWLMGHQ
+UHFKWV,1#'H#JHYRQGHQ# OHHIWLMGHQ#NZDPHQ#XLWVWHNHQG#RYHUHHQ#PHW#GH# LQ#GH#PRGHOOHQ#EHUHNHQGH
OHHIWLMGHQ1#,Q#YHUKRXGLQJ#WRW#GH# WLMG#GLH#QRGLJ#ZDV#YRRU#KHW#PDNHQ#YDQ#KHW#PRGHO/#ZDV#KHW#]HWWHQ
YDQ#GH#SHLOEXL]HQ#HQ#GH#DQDO\VH#HHQ#VHFRQGH#RS#HHQ#XXU1#2RN#GH#QDXZNHXULJKHLG# LV#HQRUP/#GH
IRXWPDUJH#YDQ#GH#NU\SWRQ#OHHIWLMGHQ#LV#�4#MDDU1#/LQNV#LV#JRHG#WH#]LHQ#GDW#JURWH#YDULDWLH#LQ#GLVSHUVLH0
OHQJWHQ#LQ#GH]H#DTXLIHU#ZHLQLJ# LQYORHG#KHHIW#RS#GH#YHUGHOLQJ#YDQ#GH#DFWLYLWHLWHQ1#'LW#NRPW#GRRUGDW
LQ#VWRIWUDQVSRUWPRGHOOHQ#GH#VQHOKHLG#YDQ#GH#GLVSHUVLH#+DQDORJLH#PHW#GLIIXVLH,#DIKDQNHOLMN#LV#YDQ#GH
FRQFHQWUDWLH#JUDGLsQW1#'H#FRQFHQWUDWLH#JUDGLsQWHQ#YDQ#HGHOJDVVHQ#]LMQ#]HHU# ODDJ/#ZDDUGRRU#GLV0
SHUVLH# QDXZHOLMNV# YRRU# H[WUD# YHUSODDWVLQJ# ]RUJW# LQ# VWRIWUDQVSRUWPRGHOOHQ1# *HPRGLILFHHUG# QDDU
6PHWKLH#HW#DO1/#>4<<5@1

#

)LJ1#441 'DWHULQJ#PHW#;8.U#DOV#*DJH#PDUNHU*1

+LHURQGHU#YROJHQ#HHQ#YLHUWDO#WHFKQLHNHQ#ZDDUPHH#UHODWLHI#RXG#JURQGZDWHU#+!#433#MDDU,#NDQ#ZRUGHQ
JHGDWHHUG1#'H]H#]LMQ#GXV#PLQGHU#JHVFKLNW#RP#RQGLHSH#VWURPLQJVV\WHPHQ#URQG#YHUYXLOGH# ORFDWLHV
WH#NDUDNWHULVHUHQ#'H#HHUVWH#WZHH/#656L#HQ#6<$U/#]LMQ#QRJ#H[SHULPHQWHHO/#PDDU# LQ#GH#WRHNRPVW#PLV0
VFKLHQ#LQWHUHVVDQW#YDQZHJH#GH#ODJH#RQGHUJUHQV#YRRU#KHW#GDWHUHQ1#'H#47&#PHWKRGHQ#ZRUGW#DO#YHOH
MDUHQ#WRHJHSDVW#LQ#UHJLRQDOH#K\GURJHRORJLVFKH#VWXGLHV1
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6LOLFLXP065
656L#KHHIW#HHQ#KDOIZDDUGH#WLMG#YDQ#473#MDDU#HQ#ZRUGW#NRVPRJHHQ#JHYRUPG1#'H#FRQFHQWUDWLH# LQ#GH
DWPRVIHHU#LV#FRQVWDQW1#$FWLYLWHLWHQ#YDQ#UHJHQZDWHU#YDULsUHQ#WXVVHQ#GH#5053#%T#SHU#NXELHNH#PHWHU1
+HW#NDQ#JHEUXLNW#ZRUGHQ#YRRU#KHW#GDWHUHQ#YDQ#JURQGZDWHU#PHW# OHHIWLMGHQ# WXVVHQ#GH#8304333# MDDU
HQ# KHHIW# DOV# YRRUGHHO# GDW# KHW# LQ# JURQGZDWHU# QLHW# DOV# JDV/#PDDU# DOV# RSJHORVWH# VWRI# YRRUNRPW=
+76L27+DT,1#+HW#YROJW#GDDURP#]HHU#QDXZNHXULJ#GH#VWURRPEDDQ#YDQ#ZDWHU1#2QWJDVVLQJ/#GLVSHUVLH
HQ#GLIIXVLH#RHIHQHQ#ZHLQLJ# LQYORHG#XLW#RS#GH#EDDQ#YDQ#VLOLFLXP1#8LW#RQGHU]RHN#YDQ#)U|KOLFK#HW#DO1/
>4<:;@#EOLMNW#GDW# LQ#GH#RQYHU]DGLJGH#]RQH#VLOLFLXP#GRRU#SODQWHQ#ZRUGW#RSJHQRPHQ1#:DQQHHU#KHW
VLOLFLXP#KHW#JURQGZDWHU#KHHIW#EHUHLNW#]LMQ#HU#JHHQ#EURQQHQ#RI#SXWWHQ#PHHU#YRRU#VLOLFLXP#HQ#LV#VLOLFL0
XP#HHQ#FRQVHUYDWLHYH#LQHUWH#WUDFHU#+PLQHUDDO#YHUZHULQJ#LV#ZHOLVZDDU#HHQ#EURQ#YRRU#VLOLFLXP/#PDDU
GLW# LV#HHQ#KHHO# ODQJ]DDP#SURFHV#ZDDUGRRU#GH# VLOLFLXP# LQSXW# YHUZDDUORRVEDDU# LV,1#9RRU#GH# YHOG0
VWUDWHJLH#EHWHNHQW#GLW/#GDW#HU#HHQ#ILOWHU#YODN#RQGHU#GH#JURQGZDWHUVSLHJHO#PRHW#ZRUGHQ#JH]HW#RP#GH
LQLWLsOH#ZDDUGH#YDQ#656L#WH#EHSDOHQ1#'H#PHWKRGH#LV#RS#GLW#PRPHQW#LQ#HHQ#WHVWIDVH#EHODQG#ZDDU#JH0
NHNHQ#ZRUGW#QDDU#KHW#JHEUXLN#LQ#YHUVFKLOOHQGH#YHOG#VLWXDWLHV#>0RUJHQVWHUQ#DQG#'LWFKEXUQ/#4<<:@1

$UJRQ06<
6<$U#ZRUGW#GRRU#NRVPLVFKH#VWUDOLQJ#JHYRUPG# LQ#GH#DWPRVIHHU#HQ#NRPW#GH#ZDWHUF\FOXV#ELQQHQ#DOV
HHQ#IUDFWLH#YDQ#KHW#RSJHORVWH#DUJRQ#LQ#KHW#JURQGZDWHU1#$UJRQ06<#KHHIW#HHQ#KDOIZDDUGH#WLMG#YDQ#59<
MDDU1#0HW#DUJRQ#NDQ#ZDWHU#JHGDWHHUG#ZRUGHQ#GDW#HHQ#OHHIWLMG#KHHIW#YDQ#43306333#MDDU1#'LW#EHWHNHQW
GDW#GH]H#WUDFHU#YRRUDO#YDQ#EHODQJ# LV#YRRU#RQGHU]RHN#QDDU#VWURPLQJVV\VWHPHQ#YDQ#UHJLRQDOH#RP0
YDQJ1#,Q#NOHLQVFKDOLJH#VWURPLQJVV\VWHPHQ#URQG#YHUYXLOGH#ORFDWLHV#LV#KHW#JURQGZDWHU#YDDN#YHHO#MRQ0
JHU1#'H#PRGHUQH#DWPRVIHULVFKH#DFWLYLWHLW#LV#FRQVWDQW#RS#419:#-#4305#%T#SHU#P6#OXFKW#>/RRVOL/#4<<6@1
'LW#EHWHNHQW#GDW#GH#DFWLYLWHLW#YDQ#JURQGZDWHU#41:;#-#4309#%T# LV#SHU#FP06#RSJHORVW#DUJRQ1#'H#KRH0
YHHOKHLG#RSJHORVW#DUJRQ# WLMGHQV#QHHUVODJ# LQILOWUDWLH#NDQ#JRHG#JHVFKDW#ZRUGHQ# +]LH# >&RRN#)#+HUF0
]HJ/#5333@,1#'H#$UJRQ#PHWKRGH#LV#YDQGDDJ#GH#GDJ#QRJ#QLHW#SUDNWLVFK#WRHSDVEDDU#GRRU#KHW#HQRUPH
PRQVWHUYROXPH# +5333# OLWHU,1#'LW#NDQ# LQ#GH#QDELMH# WRHNRPVW#HFKWHU#YHUDQGHUHQ/#ZDQQHHU#GH# ODVHU
VSHFWURPHWULVFKH#PHWKRGHQ#ZRUGHQ#YHUEHWHUG1#+HW#PRQVWHUYROXPH#NDQ#GDQ# WHUXJORSHQ#QDDU# 83
OLWHU1

.RROVWRI047
'LW#UDGLRDFWLHYH#LVRWRRS#YHUYDOW#PHW#HHQ#KDOIZDDUGH#WLMG#YDQ#8:63#MDDU1#'H#47&#DFWLYLWHLW#YDQ#&25#LQ
GH#DWPRVIHHU#HQ#JHUHVSLUHHUG#ERGHP0&25#EOLMYHQ#FRQVWDQW/#GRRUGDW#GH#YRUPLQJ#YDQ#47&#GRRU#DW0
PRVIHULVFKH# VWUDOLQJ# LQ# HYHQZLFKW# LV#PHW# KHW# UDGLRDFWLHI# YHUYDO1#*HPHWHQ# 47&0JHKDOWHQ# NXQQHQ
JURQGZDWHU#GDWHUHQ#PHW#HHQ# OHHIWLMG# WXVVHQ#GH#833#HQ#831333# MDDU1#'H]H#PHWKRGH# LV#GXV#YRRUDO
YDQ# WRHSDVVLQJ# RS# UHJLRQDOH# VWURPLQJVV\VWHPHQ# HQ# QDXZHOLMNV# JHVFKLNW# YRRU# ORFDOH# V\VWHPHQ
URQG# YHUYXLOGH# ORFDWLHV1#9RRU# UHJLRQDDO# RQGHU]RHN# LV# GH#&047#PHWKRGH# ppQ# YDQ# GH#PHHVW# JH0
EUXLNWH# GDWHULQJVPHWKRGHQ1# +HW# YRRUGHHO# KLHUYDQ# LV# GDW# DQDO\VH# HQ# EHPRQVWHULQJVWHFKQLHNHQ
VWDQGDDUGPDWLJ#]LMQ1#(HQ#QDGHHO#YDQ#GH#&047#PHWKRGH#LV#GDW#NRROVWRI#HHQ#]HHU#UHDFWLHI#HOHPHQW#LV1
,Q#GH#ERGHP#]LMQ#PHHUGHUH#&25#EURQQHQ#HQ#SXWWHQ/#KHW# LQLWLsOH#DWPRVIHULVFKH#&25#ZRUGW#KLHUGRRU
YHUGXQG#RI#DDQJHULMNW/#KHWJHHQ#GH#&047#OHHIWLMG#EHwQYORHGW1#=R#QHHPW#GRRU#YHUGXQQLQJ#GH#DFWLYLWHLW
YDQ#HHQ#PRQVWHU#DI#HQ#ZRUGW#HHQ#WH#ODJH#OHHIWLMG#EHUHNHQG1#'H#PHWKRGH#LV#KLHUGRRU#QLHW#HUJ#QDXZ0
NHXULJ1#'H#QDXZNHXULJKHLG#NDQ#YHUJURRW#ZRUGHQ#GRRU# WH#FRUULJHUHQ#YRRU#GH# LQYORHG#YDQ#GH#YHU0
VFKLOOHQGH#&25#EURQQHQ1#'LW#YHUHLVW#HFKWHU#QLHW#DOOHHQ#H[WUD#YHOGSDUDPHWHUV/#PDDU#RRN#KHW#JHEUXLN
YDQ#JHRFKHPLVFKH#FRPSXWHUPRGHOOHQ1#'H#RP]HWWLQJ#YDQ#&047#DFWLYLWHLWHQ#LQ#OHHIWLMGHQ#LV#KLHUGRRU
HHQ#VSHFLDOLVWLVFKH#DDQJHOHJHQKHLG1

61615# 2YHULJH#LVRWRSHQ#HQ#FKHPLVFKH#SDUDPHWHUV#DOV#%HYHQW#PDUNHUV%
5DGLRDFWLHYH# LVRWRSHQ#HQ#DQGHUH#FKHPLVFKH#SDUDPHWHUV#NXQQHQ#ZRUGHQ#JHEUXLNW#YRRU#GDWHULQJ/
LQGLHQ#GH# LQSXWIXQFWLH#YDQ#GH#SDUDPHWHU#HHQ#JHEHXUWHQLV#%HYHQW%#PDUNHHUW1#'H# LQSXWIXQFWLH# LV#GH
FRQFHQWUDWLH#UHHNV# LQ#GH#WLMG/#]RDOV#JHPHWHQ# LQ#GH#QHHUVODJ#RI#DWPRVIHHU1#,Q#ILJXXU#45#YDOW# WH#]LHQ
GDW#GH]H#WUDFHUV#HHQ#SLHN#LQ#GH#WLMG#YHUWRQHQ1#9HUWRQHQ#WUDFHUV#JHHQ#SLHN/#GDQ#NXQQHQ#]H#WRFK#JH0
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EUXLNW#ZRUGHQ#RP#DEVROXXW# WH#GDWHUHQ/#DDQJH]LHQ#GDQ#HONH#FRQFHQWUDWLH#FRUUHVSRQGHHUW#PHW#ppQ
OHHIWLMG1

)LJ1#451 -DDUOLMNVH#JHPLGGHOGH#FRQFHQWUDWLHV#YDQ#GH#DWPRVIHHU#YDQ#HHQ#DDQWDO#WUDFHUV#>&RRN#)
+HUF]HJ#5333@1

7ULWLXP
7ULWLXP#RQWVWDDW# LQ#GH#DWPRVIHHU#RQGHU# LQYORHG#YDQ#NRVPLVFKH#VWUDOLQJ1#$OV#JHYROJ#KLHUYDQ#EHYDW
KHGHQGDDJV#UHJHQZDWHU#FD1#5053#78#+7ULWLXP#8QLWV,1#,Q#GH#MDUHQ#*830*93#VWHHJ#KHW#WULWLXPJHKDOWH#LQ
GH#DWPRVIHHU#]HHU#VQHO#DOV#JHYROJ#YDQ#DWPRVIHULVFKH#QXFOHDLUH# WHVWHQ#HQ#ZHUG#HHQ#SLHNZDDUGH
EHUHLNW#YDQ#!4533#78# LQ#4<961#7ULWLXP#DQDO\VH# LV#HHQ#VWDQGDDUG# WHFKQLHN/#YHOH# ODERUDWRULD# LQ#GH
ZHUHOG#NXQQHQ#KHW#UHODWLHI#JRHGNRRS#PHWHQ1#7HYHQV#LV#HU#YHHO#OLWHUDWXXU#DDQZH]LJ#RYHU#KHW#JHEUXLN
YDQ#WULWLXP#DOV#HYHQW#WUDFHU#LQ#JURQGZDWHU#VWXGLHV#+]LH#>&RRN#)#+HUF]HJ/#5333@,1#'H#SLHN#YDQ#4<96
LV#QRJ#QDXZHOLMNV#WH#]LHQ#GRRU#GH#NRUWH#KDOIZDDUGH#WLMG#YDQ#WULWLXP1#$OV#GDWHULQJVPHWKRGH#ZRUGW#WUL0
WLXP0DQDO\VH#KLHUGRRU#VWHHGV#PLQGHU#EUXLNEDDU/#DDQJH]LHQ#GH#YHUVFKLOOHQ# WXVVHQ#GH# WRS0#HQ# ODJH
ZDDUGHQ#YHUYDJHQ#GRRU#KHW#UDGLRDFWLHI#YHUYDO1#7ULWLXP#LV#DOV#HYHQW#PDUNHU#DOOHHQ#QRJ#WH#JHEUXLNHQ
LQGLHQ#HU#HHQ#]HHU#GLFKW#PHHWQHW#ZRUGW#JHEUXLNW1#9RRU#HHQ#YRRUEHHOG#YDQ#WULWLXP#DOV#HYHQW#PDUNHU
]LH#ILJXXU#461

9RRUEHHOG=#+HW#JHEUXLN#YDQ#WULWLXP#DOV#HYHQW#PDUNHU1

5REHUWVRQ#HQ#&KHUU\# >4<;<@#EHSDDOGHQ# LQ#HHQ# IUHDWLVFK#RQGLHS#]DQG#DTXLIHU#KHW# WULWLXP#JHKDOWH/
JHEUXLNPDNHQG#YDQ#HHQ#VHULH#SHLOEXL]HQ#+$,1#(ONH#SHLOEXLV#EHYDWWH#WXVVHQ#:#HQ#56#ILOWHUV#RS#GLHS0
WHV#GLH#YDULHHUGH#WXVVHQ#GH#3/6#HQ#;/:#PHWHU1#,Q#4<;9#ZHUGHQ#RS#YHUVFKLOOHQGH#ORFDWLHV#GH#KRRJVWH
WULWLXP#JHKDOWHV#+GH#ERP#SLHNHQ,#JHYRQGHQ#RS#YHUVFKLOOHQGH#GLHSWHV1#'H#GLHSWHV/#ZDDURS#GH#ERP
SLHNHQ#ZHUGHQ#JHYRQGHQ/#YDULHHUGHQ#YDQ#6#WRW#;/:#PHWHU#+&,1#'H]H#YDULDWLH#GXLGGH#RS#ORNDOH#YDUL0
DWLHV# LQ#GH#YHUWLFDOH#VWURRPVQHOKHLG#YHURRU]DDNW#GRRU#YHUVFKLOOHQ# LQ#DDQYXOOLQJ# +%,1#2S#VRPPLJH
SODDWVHQ#LQILOWUHHUGH#PHHU#UHJHQZDWHU#GDQ#RS#DQGHUH#SODDWVWHQ/#ZDDUGRRU#GH#YHUWLFDOH#JURQGZDWHU0
VWURPLQJ#RS#VRPPLJH#SODDWVHQ#JURWHU#ZDV#GDQ#RS#DQGHUH1#:DQQHHU#GH#VWURPLQJ# LQ#GH]H#DTXLIHU
SXXU#YHUWLFDDO#ZDV#JHZHHVW/#GDQ#ZDV#GH]H#YHUWLFDOH#VWURRPVQHOKHLG#RS#HONH#SODDWV#PDNNHOLMN# WH
EHUHNHQHQ#JHZHHVW1#9RRU#HONH#SHLOEXLV#]RX#GH#DIVWDQG#YDQ#GH#KRRJVWH#ZDDUGH# +GH#SLHN,# WRW#KHW
PDDLYHOG#PRHWHQ#ZRUGHQ#EHSDDOG1#'H]H#DIVWDQG#]RX#PRHWHQ#ZRUGHQ#JHGHHOG#GRRU#GH#YHUVWUHNHQ
WLMG1#'H#YHUVWUHNHQ# WLMG# LV#GH# WLMG#YDQ#PHWLQJ# +4<;<,#PLQXV#GH# WLMG#YDQ#GH#ERPSLHN# +4<96/#GXV#49
MDDU1# ,Q#GLW#JHYDO#]RXGHQ#GH#YHUWLFDOH#SRULsQVWURRPVQHOKHLG#YDULsUHQ#YDQ# 3/4;:8#P2M#HQ# 3/876:8
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PHWHU#SHU# MDDU1#%LM#HHQ#SRURVLWHLW#YDQ#3/66#]RX#GLW#HHQ#DDQYXOOLQJVQHOKHLG#EHWHNHQHQ#YDQ#UHVSHF0
WLHYHOLMN#33958#HQ#34;458#PHWHU#SHU#MDDU#+GH]H#PHWKRGH#ZRUGW#PHW#QDPH#JHEUXLNW#LQ#GH#RQYHU]D0
GLJGH# ]RQH/#ZDDU# VWURPLQJ# YRRUQDPHOLMN# YHUWLFDDO# LV/# HQ#ZDDU# GH# ERPSLHN# VOHFKWV# GH# GLHSWH# LQ
EHZHHJW/#+]LH#RQGHUVWDDQG#ILJXXU,1

$DQJH]LHQ#GH#VWURPLQJ#LQ#GH]H#DTXLIHU#QLHW#JHKHHO#YHUWLFDDO#LV#+IUHDWLVFK#DTXLIHU#PHW#HHQ#KRUL]RQ0
WDOH# VWURPLQJVFRPSRQHQW,/# PRHVW# HU# HHQ# HHQYRXGLJ# WZHH0GLPHQVLRQDDO# QXPHULHN# VWURRP0# HQ
WUDQVSRUWPRGHO#ZRUGHQ#JHPDDNW1# ,Q#GLW#PRGHO#JHEUXLNWH#]H#GH# WULWLXP#FRQFHQWUDWLH# WLMG# UHHNV#YDQ
GH#2WWDZD#QHHUVODJ#DOV#LQSXW1#'RRU#GH#VWLMJKRRJWHQ#HQ#WULWLXPJHKDOWHQ#WH#NDOLEUHUHQ#DDQ#GH#JHPH0
WHQ#ZDDUGHQ#LQ#KHW#YHOG/#NRQGHQ#]H#GH#DDQYXOOLQJVQHOKHLG#QRJ#SUHFLH]HU#EHSDOHQ1#1DDVW#GH#UXLP0
WHOLMNH#YDULDWLH# LQ0#HQ#GH#JURRWWH#YDQ#GH#DDQYXOOLQJVQHOKHLG# +KHUNRPVW#YDQ#KHW#ZDWHU,#NRQGHQ#]H
WHYHQ#GH#GLVSHUVLH#NDUDNWHULVWLHNHQ#YDQ#GH#DTXLIHU#EHSDOHQ#+UXLPWHOLMNH#YDULDWLH#LQ#GRRUODWHQGKHGHQ
HQ#GLVSHUVLYLWHLWHQ,1#0HW#GH]H#GLVSHULVH#NDUDNWHULVWLHNHQ#NDQ#PHQJLQJ#RS#GH]H#VFKDDO#ZRUGHQ#JH0
NZDQWLILFHHUG1

)LJ1#4617ULWLXP#DOV#HYHQW#PDUNHU1

&KRULGH069
&KORULGH069#LV#HHQ#UDGLRDFWLHI#LVRWRRS#YDQ#FKORULGH#PHW#HHQ#KDOIZDDUGH#WLMG#YDQ#634333�7333#MDDU1
+HW#RQVWDDW# LQ#GH#DWPRVIHHU#DOV#JHYROJ# YDQ# NRVPLVFKH# VWUDOLQJ1#'RRU#GH#QXFOHDLUH# WHVWHQ# LV#HU
HQRUP#YHHO#&O069#YULM#JHNRPHQ# LQ#GH#DWPRVIHHU#PHW#HHQ#SLHN#URQG#4<861#+HW#JHEUXLN#YDQ#69&O# LQ
JURQGZDWHU#VWXGLHV# LV# LQ#GH# ODDWVWH#53# MDDU#HQRUP# WRHJHQRPHQ#GRRU#GH#YHUEHWHUGH#PHHWDSSDUD0
WXXU1#&O069# ]RX# LGHDDO# ]LMQ# YRRU#GH#RQYHU]DGLJH# ]RQH/#RPGDW#KHW#HHQ#DQLRQ# LV# HQ# QLHW# YOXFKWLJ1
9OXFKWLJH#YHUELQGLQJHQ#NXQQHQ# LQ#GH#JDVIDVH#JDDQ/#ZDDUGRRU#KXQ#YHUGHOLQJ# LQ#GH#RQYHU]DGLJGH



5:

]RQH#QLHW#UHSUHVHQWDWLHI#LV#YRRU#KHW#WUDQVSRUW#YDQ#ZDWHU#+HQ#GH#KLHULQ#RSJHORVWH#YHUELQGLQJHQ,#+)101
)LOOLSV#LQ#>&RRN#)#+HUF]HJ/#5333@,1#+HODDV#ZHUNW#GH#DDQZH]LJKHLG#YDQ#YHJHWDWLH#VWRUHQG=#YHJHWDWLH
QHHPW#VWHUN#FKORRU#RS#HQ#JHHIW#GH]H#YHUYROJHQV#PDDU#ZHHU# ODQJ]DDP#DI#GRRU#GHFRPSRVLWLH#YDQ
DIJHVWRUYHQ#ZRUWHOV1#+LHUGRRU#ZRUGW#GH#&O0SLHN#YDVWJHKRXGHQ#LQ#GH#ZRUWHO]RQH1#'H#&O069#PHWKRGH
LV#GXV#DOOHHQ#WH#JHEUXLNHQ#LQ#JHELHGHQ#]RQGHU#YHJHWDWLH#RI#PHW#HHQ#JUDVYHJHWDWLH1#+HW#YLQGHQ#YDQ
HHQ# ERPSLHN# LQ# JHELHGHQ# PHW# YHJHWDWLH# GXLGW# RS# GH# DDQZH]LJKHLG# YDQ# SUHIHUHQWH# LQILOWUDWLH
VWURRPEDQHQ1#'LW#NDQ#YDQ#HQRUPH#ZDDUGH#]LMQ#ELM#RQGHU]RHNHQ#YDQ# WUDQVSRUWVQHOKHGHQ#YDQ#QX0
FOHDLUH#YHURQWUHLQLJLQJHQ1

&KORRU069#LV#RRN#WH#JHEUXLNHQ#LQ#GH#YHU]DGLJGH#]RQH#RP#VWURRPVQHOKHGHQ#WH#EHUHNHQHQ1#0LOWRQ#HW
DO1/#>4<<9@#WRRQGHQ#DDQ#GDW#GH#&O069#SLHN/#RQGDQNV#GH#UHWDUGDWLH#LQ#RQYHU]DGLJGH#]RQH/#PHHVWDO#LV
WHUXJ#WH#YLQGHQ#LQ#KHW#JURQGZDWHU1#'H#FKORULGH#SLHN#LV#LQ#WHJHQVWHOOLQJ#WRW#GH#WULWLXP#SLHN#QRJ#JRHG
WH#]LHQ#+GH#KDOIZDDUGH#WLMG#LV#HUJ#JURRW,1#71R1Y1#YDQ#DQGHUH#KDQGLJH#GDWHULQJVWHFKQLHNHQ/#]RDOV#WULWL0
XP0KHOLXP#HQ#FKORRIOXRUNRROZDWHUVWRIIHQ#+&).*V,/# LV#FKORULGH#QLHW#YOXFKWLJ/#ZDDUGRRU#KHW#JHVFKLNW
LV#YRRU#VLWXDWLHV#ZDDU#ZDWHU#LQ#FRQWDFW#VWDDW#PHW#HHQ#EHKRRUOLMNH#JDVIDVH#+ELMY1#RQGHU#PHWKDQRJHQH
RPVWDQGLJKHGHQ,1#&KORRU# LV#ERYHQGLHQ#FKHPLVFK#QLHW#DFWLHI/#ZDW#KHP#XLWHUPDWH#JHVFKLNW#PDDNW
YRRU#VWXGLHV#QDDU#GLIIXVLH#HQ#GLVSHUVLHVQHOKHGHQ1#'H#UHGHQ#GDW#FKORULGH069#QRJ#QLHW#YHHO#JHEUXLNW
LV/#LV#YRRUDO#WH#GDQNHQ#DDQ#GH#JURWHUH#EHNHQGKHLG#YDQ#GH#RYHULJH#GDWHULQJVWHFKQLHNHQ1

2YHULJH#WUDFHUV
1DDVW#+UDGLRDFWLHYH,# LVRWRSHQ#]LMQ#HU#RRN#QRJ#DQGHUH#VWRIIHQ#GLH#JHEUXLNW#NXQQHQ#ZRUGHQ#RP#GH
OHHIWLMG#YDQ#JURQGZDWHU# WH#EHSDOHQ1#2PGDW#GH# WRHSDVVLQJ#KLHUYDQ#JRHG#YHUJHOLMNEDDU# LV#PHW#GLH
YDQ#LVRWRSHQ#ZRUGHQ#GH]H#KLHU#NRUW#EHKDQGHOG1

'H#EHNHQGVWH#WUDFHUV#]LMQ#&).*V#HQ#6)91#'LW#]LMQ#VWDELHOH/#ZHLQLJ#UHDFWLHYH#WUDFHUV#ZDDUYDQ#RS#HHQ
EHSDDOG# WLMGVWLS#GH#DWPRVIHULVFKH# FRQFHQWUDWLH# VWHUN# LV# WRHJHQRPHQ1#'H# LQSXWIXQFWLHV# YDQ# GH]H
WUDFHUV#LQ#KHW#JURQGZDWHU#]LMQ#YULM#JRHG#EHNHQG/#]RGDW#KHW#PRJHOLMN#LV#DDQ#GH#KDQG#YDQ#GH#FRQFHQ0
WUDWLHV#YDQ#GH]H#VWRIIHQ#HHQ#XLWVSUDDN#WH#GRHQ#RYHU#GH#OHHIWLMG#YDQ#KHW#ZDWHU1#,Q#HHQ#DDQWDO#JHYDO0
OHQ# ]LMQ# GH]H# WUDFHUV# HHQYRXGLJHU# WRH# WH# SDVVHQ# GDQ# LVRWRSHQ1# 9RRU# HHQ# JHGHWDLOOHHUGH
XLWHHQ]HWWLQJ#RYHU#WRHSDVVLQJ#YDQ#GH]H#WUDFHUV#ZRUGW#YHUZH]HQ#QDDU#&RRN#)#+HUF]HJ#>5333@1

617# ,VRWRSHQ#WHU#EHSDOLQJ#YDQ#GLIIXVLHVQHOKHLG

'H#PHHVW#JHEUXLNWH#LVRWRSHQ#YRRU#RQGHU]RHN#QDDU#GLIIXVLH#]LMQ#5+/#4;2#HQ#6:&O#LVRWRSHQ1#9RRU#GLI0
IXVLHRQGHU]RHN#ZRUGHQ#PHHVWDO# HHQ# DDQWDO#ZDWHUPRQVWHUV# RQGHU]RFKW# JHQRPHQ# LQ# GH# GLIIXVLH0
ULFKWLQJ1#'H#ZDWHUPRQVWHUV#ZRUGHQ#YHUNUHJHQ#GRRU#NOHLPRQVWHUV#XLW# WH#SHUVHQ#RI#GRRU#GLIIXVLH# LQ
HYHQZLFKW#WH# ODWHQ#NRPHQ#PHW#HHQ#ZDWHUFHO1#0HW#EHKXOS#YDQ#HHQ#DQDO\WLVFK#RI#QXPHULHN#GLIIXVLH0
PRGHO#ZRUGW#JHWUDFKW#KHW#JHPHWHQ#YHUORRS#LQ#LVRWRSHQYHUKRXGLQJHQ#QD#WH#ERRWVHQ#HQ#GH#HIIHFWLH0
YH# GLIIXVLHFRsIILFLsQW# WH# EHSDOHQ# >*URHQ# HW# DO1/# 5333>#'HVDXOQLHUV# HW# DO1/# 4<;4>#%HHNPDQ# 4<<4>
(JJHQNDPS#HW#DO1/#4<<7/#:DQJ#HW#DO1/#4<85/#HQ#<HFKLHOL#DQG#5RQHQ/#4<<9@1

'H#5+#HQ#4;2#DQDO\VHV#]LMQ#VWDQGDDUGWHFKQLHNHQ1#9RRUNRPHQ#HQ# WRHSDVVLQJHQ#YDQ#KHW# 6:&O# LVR0
WRRS#HQ#GH#DQDO\VHWHFKQLHN#ZRUGHQ#EHVFKUHYHQ#LQ#(JJHQNDPS#>4<<7@1
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+22)'678.#7

+<'52*(2&+(0,6&+(#.$5$.7(5,6(5,1*

714# ,QOHLGLQJ

,Q#KHW#YRRUJDDQGH#KRRIGVWXN#LV#DDQJHWRRQG#GDW#LVRWRSHQ#DQDO\VH#HHQ#QXWWLJH#PHWKRGH#NDQ#]LMQ#ELM
KHW#NDUDNWHULVHUHQ#YDQ#JURQGZDWHUVWURPLQJ1#'LW#KRRIGVWXN#EHKDQGHOW#KHW#JHEUXLN#YDQ# LVRWRSHQ#ELM
KHW# LGHQWLILFHUHQ#HQ#NZDQWLILFHUHQ#YDQ#GH#SURFHVVHQ#GLH#YHUDQWZRRUGHOLMN#]LMQ#YRRU#RP]HWWLQJ#HQ
YDVWOHJJLQJ#YDQ#YHURQWUHLQLJLQJHQ#LQ#ERGHP#HQ#JURQGZDWHU>#GLW#ZRUGW#RRN#ZHO#K\GURJHRFKHPLVFKH
NDUDNWHULVHULQJ#JHQRHPG1

%LM#HHQ#K\GURJHRFKHPLVFKH#NDUDNWHULVHULQJ#]LMQ#PHW#QDPH#GH#UHGR[SURFHVVHQ#YDQ#EHODQJ1#5HGR[0
UHDFWLHV#]LMQ#UHDFWLHV#ZDDUELM#HOHNWURQHQ#YDQ#HHQ#HOHNWURQGRQRU#+EY1#HHQ#YHURQWUHLQLJLQJ,#QDDU#HHQ
HOHNWURQHQDFFHSWRU#+]XXUVWRI/#QLWUDDW/#HWF,#ZRUGHQ#JHWUDQVSRUWHHUG1#+LHUELM#ZRUGW#GH#YHURQWUHLQLJLQJ
DIJHEURNHQ1#(HQ#YRRUEHHOG#LV#GH#DsUREH#DIEUDDN#YDQ#EHQ]HHQ#YROJHQV=

5#&9+9#.48#25##Æ#45#&25##.#9#+52
9RRU#GH]H# UHDFWLH#JHOGW#GDW#EHQ]HHQ#HOHNWURQHQ#GRQHHUW#DDQ#]XXUVWRI1#'H#FRPSRQHQWHQ#GLH#EH0
WURNNHQ#]LMQ#ELM#UHGR[UHDFWLHV#ZRUGHQ#UHGR[VSHFLHV#JHQRHPG1#'H#WRH0#HQ#DIQDPH#YDQ#GH#FRQFHQ0
WUDWLHV# YDQ# UHVSHFWLHYHOLMN#&25# HQ#25# ODQJV# HHQ# VWURRPEDDQ# LV# LQGLFDWLHI# YRRU# GH# DIEUDDN# YDQ
EHQ]HHQ1#'H#FRQFHQWUDWLHV#YDQ#&25#HQ#25#YRRUDIJDDQGH#DDQ#GH# UHGR[UHDFWLH#ZRUGW# LQ#GLW#GRFX0
PHQW#KHW#RRUVSURQNHOLMNH#UHGR[VSHFLHV#UHVHUYRLU#JHQRHPG1#'H#FRQGLWLHV#ZDDURQGHU#GH#UHGR[SUR0
FHVVHQ# DIVSHOHQ/# ]RDOV# GH# JHEUXLNWH# HOHNWURQHQGRQRUHQ# HQ# DFFHSWRUHQ/# GH# KRHYHHOKHGHQ
UHGR[VSHFLHV/#]XXUJUDDG#+S+,#HQ#KHW#UHGR[#SRWHQWLDDO/#ZRUGHQ#UHGR[FRQGLWLHV#JHQRHPG1

'H#UHGR[FRQGLWLH#LV#HHQ#EHODQJULMNH#UDQGYRRUZDDUGH#YRRU#ELRGHJUDGDWLHSURFHVVHQ#HQ#KHHIW#HIIHFW
RS=
0# GH#PRJHOLMNKHLG# WRW# DIEUDDN1# %HSDDOGH# YHUELQGLQJHQ# NXQQHQ# DOOHHQ# RQGHU# EHSDDOGH# UHGR[0

FRQGLWLHV#DIJHEURNHQ#ZRUGHQ1#=R#NDQ#WHWUDFKORRUHWKHHQ#+3(5,#ELMYRRUEHHOG#DOOHHQ#ZRUGHQ#DI0
JHEURNHQ#RQGHU#DQDsUREH#RPVWDQGLJKHGHQ>

0# GH#DIEUDDNVQHOKHLG1#'H]H#LV#DIKDQNHOLMN#YDQ#GH#UHGR[FRQGLWLHV1#'H#DIEUDDN#YDQ#WROXHHQ# LV#ELM0
YRRUEHHOG#VQHOOHU#RQGHU#DsUREH#GDQ#RQGHU#DQDsUREH#RPVWDQGLJKHGHQ>

0# GH#DIEUDDNFDSDFLWHLW1#+RH#ODQJ#HHQ#UHGR[SURFHV#GRRU#NDQ#JDDQ#LV#DIKDQNHOLMN#YDQ#GH#KRHYHHO0
KHLG#HOHNWURQHQGRQRUHQ#HQ#DFFHSWRUHQ1

'H#LGHQWLILFDWLH#YDQ#UHGR[SURFHVVHQ#GRRU#KHW#PHWHQ#YDQ#GH#FRQFHQWUDWLHV#YDQ#GH#UHGR[VSHFLHV# LV
YDDN#JHFRPSOLFHHUG#GRRUGDW#GH# LQWURGXFWLH#YDQ#GH#UHGR[VSHFLHV#KHW#JHRFKHPLVFK#HYHQZLFKW#YDQ
KHW#JURQGZDWHU#YHUVWRRUW1#+LHUGRRU#]XOOHQ#JHRFKHPLVFKH#UHDFWLHV#YHUORSHQ#WRW#HU#HHQ#QLHXZ#HYHQ0
ZLFKW#LV#EHUHLNW1#2QGHU#JHRFKHPLVFKH#UHDFWLHV#ZRUGW#R1D1#YHUVWDDQ=#KHW#RSORVVHQ#HQ#QHHUVODDQ#YDQ
PLQHUDOHQ/#NDWLRQXLWZLVVHOLQJ/#]XXU2EDVH# UHDFWLHV/#DEVRUSWLH/#HWF1#'H#JHRFKHPLVFKH# UHDFWLHV#YHU0
DQGHUHQ#RS#KXQ#EHXUW#GH#JURRWWH#HQ#VDPHQVWHOOLQJ#YDQ#KHW#UHGR[VSHFLHV#UHVHUYRLU1#'RRU#GH# LQWUR0
GXFWLH#YDQ#&25#HQ#)H5.#GRRU#GH#DIEUDDN#YDQ#EHQ]HHQ#RQGHU# LM]HU# UHGXFHUHQGH#RPVWDQGLJKHGHQ/
NDQ#KHW#ZDWHU#ELMY1#RYHUYHU]DGLJG#UDNHQ#YRRU#VLGHULHW#+HHQ#LM]HUPLQHUDDO,1#&25#]DO#KLHUGRRU#HHQ#UH0
DFWLH#DDQJDDQ#PHW#RSJHORVW#WZHHZDDUGLJ#LM]HU#)H5.#HQ#HHQ#VLGHULHWQHHUVODJ#YRUPHQ#YROJHQV=

&25#.#)H5.#.+52#ÅÆ#)H&26+V,#+VLGHULHW,#.#5+.

*HRFKHPLVFKH#UHDFWLHV#]LMQ# LQ#GLW#JHYDO#GXV#KHW#JHYROJ#YDQ#KHW#RSWUHGHQ#YDQ# UHGR[UHDFWLHV1#5H0
GR[0# HQ# JHRFKHPLVFKH# UHDFWLHV#ZRUGHQ# GDDURP# RRN#ZHO# SULPDLUH0# HQ# VHFXQGDLUH# UHDFWLHV# JH0
QRHPG1#'RRUGDW#GH#NLQHWLHN#YDQ#KHW#UHGR[SURFHV#GHHOV#DIKDQNHOLMN# LV#YDQ#GH#FRQFHQWUDWLH#YDQ#GH
UHGR[VSHFLHV/#EHwQYORHGW#GH#VHFXQGDLUH#YHUDQGHULQJ#YDQ#KHW# UHGR[VSHFLHV# UHVHUYRLU#RRN#KHW# UH0
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GR[SURFHV1#(U# LV#GXV#HHQ# WHUXJNRSSHOLQJ1#'H#PHHVWH# UHGR[SURFHVVHQ# ]LMQ#ELRORJLVFK# YDQ# DDUG1
0LFUR0RUJDQLVPHQ#+PHHVWDO#EDFWHULsQ,#JHEUXLNHQ#GH#HQHUJLH#GLH#YULMNRPW#ELM#HHQ#UHGR[UHDFWLH#YRRU
KXQ#JURHL>#GH# UHGR[UHDFWLH# LV#KLHUGRRU#RQRPNHHUEDDU1#+HW#JHYROJ#KLHUYDQ# LV#GDW# UHGR[SURFHVVHQ
FRQWLQXH# UHGR[VSHFLHV# EOLMYHQ# WRHYRHJHQ# DDQ# KHW# V\VWHHP1#+LHUGRRU# EOLMYHQ# RRN# GH# VHFXQGDLUH
JHRFKHPLVFKH#SURFHVVHQ#RSWUHGHQ1#'H#JURRWWH#HQ#VDPHQVWHOOLQJ#YDQ#KHW#UHGR[VSHFLHV#UHVHUYRLU#LV
FRQWLQXH#DDQ#YHUDQGHULQJ#RQGHUKHYLJ#ZDQQHHU#KHW#ZDWHU#YDQDI#KHW# LQILOWUDWLHSXQW#QDDU#KHW#XLWWUH0
GLQJVSXQW#VWURRPW1#'LW#LV#ZHHUJHJHYHQ#LQ#ILJXXU#471

3ULPDLUH#YHUDQGHULQJ#GRRU
#ELRORJLVFKH#NLQHWLVFKH#UHDFWLHV

VWHUNH##IUDFWLRQHULQJ

6HFXQGDLUH#YHUDQGHULQJ#GRRU
JHRFKHPLVFKH#HYHQZLFKWVUHDFWLHV

EHSHUNWH##IUDFWLRQHULQJ

2RUVURQNHOLMN
#UHGR[VSHFLHV
#UHVHUYRLU

SULPDLU
#UHGR[VSHFLHV
#UHVHUYRLU

)LJ1#471 'H#YHUDQGHULQJ#YDQ#KHW#UHGR[#VSHFLHV#UHVHUYRLU#DOV#JHYROJ#YDQ#SULPDLUH#HQ#VHFXQGDLUH
UHDFWLHV1

:DQQHHU#GH#ELMGUDJH#YDQ#KHW#UHGR[SURFHV#DDQ#KHW#UHGR[VSHFLHV#UHVHUYRLU#DDQ]LHQOLMN#LV#HQ#GH#ELM0
GUDJH#YDQ#KHW#UHGR[SURFHV#GRPLQHHUW#RYHU#GH#ELMGUDJH#YDQ#GH#JHRFKHPLVFKH#SURFHVVHQ/#GDQ# LV
GH#WRH0#HQ#DIQDPH#YDQ#GH#FRQFHQWUDWLH#YDQ#GH#UHGR[#VSHFLHV#JRHG#WH#JHEUXLNHQ#DOV#LQGLFDWRU#YDQ
KHW#UHGR[SURFHV1#(U#]LMQ#HFKWHU#YHHO#VLWXDWLHV/#ZDDU#ppQ#RI#EHLGH#YDQ#GH]H#WZHH#UDQGYRRUZDDUGHQ
QLHW#YDQ#WRHSDVVLQJ#]LMQ#>PRQGHOLQJH#PHGHGHOLQJ#*ULIILRHQ/#5333@=
0# 'H#ELMGUDJH#NDQ#UHODWLHI#NOHLQ#]LMQ# W1R1Y1#KHW#QDWXXUOLMNH#UHVHUYRLU#DDQ#UHGR[VSHFLHV#GRRUGDW#GH

UHGR[VSHFLHV#YDQ#QDWXUH# LQ#KRJH#FRQFHQWUDWLHV#YRRUNRPHQ# LQ#KHW#JURQGZDWHU#HQ#GH# UHGR[UH0
DFWLH#GRRU# ODJH#FRQFHQWUDWLHV#YDQ#GH#HOHNWURQHQDFFHSWRUHQ#HQ#GRQRUHQ# UHODWLHI#ZHLQLJ#H[WUD
UHGR[VSHFLHV#NXQQHQ#LQWURGXFHUHQ>

0# 'H#ELMGUDJH#YDQ#KHW#UHGR[SURFHV#GRPLQHHUW#QLHW#RYHU#GDW#YDQ#GH#JHRFKHPLVFKH#UHDFWLH#GRRU0
GDW#GH#VHFXQGDLUH#UHDFWLHV#GH#GRRU#KHW#UHGR[SURFHV#JHwQWURGXFHHUGH#UHGR[VSHFLHV#]HHU#VWHUN
XLW#KHW#V\VWHHP#YHUZLMGHUHQ>

,Q#GH]H#JHYDOOHQ#NDQ#KHW#PHWHQ#YDQ# IUDFWLRQHULQJ#YDQ#GH# UHGR[VSHFLHV#XLWNRPVW#ELHGHQ1#%LRORJL0
VFKH#UHGR[UHDFWLHV#]LMQ#NLQHWLVFKH#UHDFWLHV#GLH#HHQ#VWHUN#IUDFWLRQHUHQG#HIIHFW#KHEEHQ#RS#KHW#UHGR[0
VSHFLHV#UHVHUYRLU#+]LH#KRRIGVWXN#5,1#*HRFKHPLVFKH#UHDFWLHV#]LMQ#GDDUHQWHJHQ#RYHU#KHW#DOJHPHHQ
HYHQZLFKWVUHDFWLHV#HQ#IUDFWLRQHUHQ#GDDUGRRU#YHHO#PLQGHU1#+HW#YHUVFKLO#LQ#IUDFWLRQHULQJ#LV#+YDDN,#]R
JURRW/#GDW#]HOIV#ELM#HHQ#UHODWLHI#NOHLQH#ELMGUDJH#YDQ#KHW#UHGR[SURFHV#DDQ#KHW#UHGR[UHVHUYRLU#GH# LVR0
WRSHQVDPHQVWHOOLQJ# YDQ#KHW# UHVHUYRLU# VLJQLILFDQW#ZRUGW# YHUDQGHUG1#+LHUGRRU# NDQ# GH# YHUDQGHULQJ
YDQ#GH# LVRWRSHQVDPHQVWHOOLQJ#YDQ#GH# UHGR[VSHFLHV# ODQJV#HHQ# VWURRPEDDQ#JHEUXLNW#ZRUGHQ#RP
KHW#UHGR[SURFHV#WH#LGHQWLILFHUHQ1#'H]H#IUDFWLRQHULQJ#JHHIW#KHW#PHWHQ#YDQ#GH#LVRWRSHQVLJQDWXXU#YDQ
GH#UHGR[VSHFLHV#HHQ#DDQWDO#YRRUGHOHQ#ERYHQ#KHW#PHWHQ#YDQ#FRQFHQWUDWLHV=
0# 'H# IUDFWLRQHULQJ# QHHPW# H[SRQHQWLHHO# WRH# QDDUPDWH# KHW# SURFHV# YRUGHUW1# +LHUGRRU# ZRUGW# KHW

JURRWVWH#IUDFWLRQHULQJVHIIHFW#JHYRQGHQ/#ZDQQHHU#GH#FRQFHQWUDWLHV#YDQ#GH#UHGR[#VSHFLHV#]HHU
ODDJ#]LMQ#JHZRUGHQ1#+LHUGRRU#NDQ#GH# LVRWRSHQVLJQDWXXU# LHWV#]HJJHQ#RYHU#KHW#VWDGLXP#YDQ#DI0
EUDDN1#9RRU#ELMYRRUEHHOG#GH#EHQ]HHQ#DIEUDDN#RQGHU#VXOIDDWUHGXFHUHQGH#RPVWDQGLJKHGHQ#NULMJW
VXOIDDW#HHQ#]HHU#SRVLWLHYH#G676#ZDDUGH/#ZDQQHHU#HU#PHHU#GDQ#:3(#YDQ#KHW#VXOIDDW#LV#JHEUXLNW
ELM#GH#DIEUDDN#YDQ#EHQ]HHQ1

0# 'H# LVRWRSHQVLJQDWXXU#ZRUGW#QLHW#YHUDQGHUG#GRRU#YHUGXQQLQJ/#KLHUGRRU# LV#KHW#RRN#ELM#]HHU# ODJH
FRQFHQWUDWLHV#YDQ#GH#UHGR[VSHFLHV#PRJHOLMN#UHGR[SURFHVVHQ# WH# LGHQWLILFHUHQ1#'LW#NDQ#EHODQJ0



64

ULMN# ]LMQ#ZDQQHHU#GH# UHGR[VSHFLHV# YHUZLMGHUG#ZRUGHQ#GRRU# HHQ# VHFXQGDLUH# UHDFWLH# +ELMY1# KHW
QHHUVODDQ#YDQ#LM]HUVXOILGHV#LQ#]RQHV#ZDDU#+56#RQWVWDDW#GRRU#VXOIDDW#UHGXFWLH,1

0# 'H#LVRWRSHQVLJQDWXXU#YDQ#GH#HOHNWURQHQDFFHSWRU#JHHIW#LQIRUPDWLH#RYHU#GH#EURQ#YDQ#GH#HOHNWUR0
QHQDFFHSWRU#HQ#GRQRU1#'LW#NDQ#YDQ#EHODQJ#]LMQ/#ZDQQHHU#PHQ#ZLO#ZHWHQ#ZDDU#YDQGDDQ#HQ# LQ
ZHONH#KRHYHHOKHLG#HHQ#EHSDDOGH#HOHNWURQHQDFFHSWRU#KHW#V\VWHHP#ELQQHQNRPW1# ,Q#JHYDO#YDQ
VXOIDDWUHGXFWLH#NDQ#PHQ#DDQ#GH# LVRWRSHQVLJQDWXXU#YDQ#VXOIDDW#HQ#+56#]LHQ#RI#KHW#JHYRUPGH
+56#DINRPVWLJ#YDQ#KHW#VXOIDDW#HQ#QLHW#DO#YDQ#QDWXUH#LQ#KHW#ZDWHU#YRRUNRPW1

0# 'H#LVRWRSHQVLJQDWXXU#NDQ#XLWVOXLWVHO#JHYHQ#RYHU#GH#DIEUDDNURXWH1#:DQQHHU#HU#PHHUGHUH#HOHN0
WURQHQ#DFFHSWRUHQ#DDQZH]LJ# ]LMQ/#GLH# WKHRUHWLVFK# DOOHPDDO# JHEUXLNW# NXQQHQ#ZRUGHQ/# NDQ# GH
LVRWRSHQVLJQDWXXU#YDQ#GH#UHGR[VSHFLHV#RQWKXOOHQ#ZHONH#ZHUNHOLMN#RSWUHHGW1

+RHZHO#GH#LVRWRSHQ#DQDO\VH#YDDN#VXSHULHXU# LV#DDQ#GH#PHWKRGH#YDQ#KHW#PHWHQ#YDQ#FRQFHQWUDWLHV
ZDQQHHU#KHW#RP#KHW#LGHQWLILFHUHQ#YDQ#UHGR[SURFHVVHQ#JDDW/#LV#KHW#QLHW#PRJHOLMN#GRRUPLGGHO#YDQ#GH
LVRWRSHQVLJQDWXXU#LHWV#WH#]HJJHQ#RYHU#GH#SRWHQWLH#YDQ#GH#DIEUDDN1#+HW#EOLMIW#QRRG]DNHOLMN#WH#ZHWHQ
KRHYHHO#HOHNWURQHQDFFHSWRUHQ#HQ#0GRQRUHQ#+GH#FRQFHQWUDWLHV$,#HU#]LMQ#RP#WH#YRRUVSHOOHQ#KRH#ODQJ
GH#DIEUDDN#GRRU#NDQ#JDDQ1

'H#JURRWWH#YDQ#GH# IUDFWLRQHULQJ# LV#ELM#NLQHWLVFKH#SURFHVVHQ#JHNRSSHOG#DDQ#GH#VQHOKHLG# +NLQHWLHN,
YDQ#KHW#SURFHV1#+HW#IUDFWLRQHULQJVHIIHFW#EHYDW#GDDURP#LQ#WKHRULH#LQIRUPDWLH#RYHU#GH#NLQHWLHN#YDQ#GH
DIEUDDN1#,Q#GH#SUDNWLMN#LV#KHW#HFKWHU#QRJ#QLHW#PRJHOLMN#LQIRUPDWLH#RYHU#GH#NLQHWLHN#XLW#KHW#IUDFWLRQH0
ULQJVHIIHFW#WH#H[WUDKHUHQ1#(U#]LMQ#QRJ#WH#YHHO#RQ]HNHUKHGHQ#RS#ZHWHQVFKDSSHOLMN#JHELHG># WRHNRP0
VWLJ#RQGHU]RHN#PDDNW#GLW#ZHOOLFKW#ZHO#PRJHOLMN1

715# 5HGR[SURFHVVHQ#HQ#UHGR[]RQHULQJ

5HGR[UHDFWLHV#NXQQHQ#SODDWVYLQGHQ#GRRUGDW# UHGR[NRSSHOV# LQVWDELHO#HQ#GXV# UHDFWLHI#]LMQ1#(HQ# UH0
GR[NRSSHO# LV#GH#FRPELQDWLH#YDQ#HHQ#EHSDDOGH#HOHNWURQHQGRQRU#HQ#HHQ#HOHNWURQHQDFFHSWRU1#(HQ
HOHNWURQHQGRQRU#KHHIW#GH#QHLJLQJ#HOHNWURQ+HQ,#DI#WH#VWDDQ#HQ#HHQ#HOHNWURQHQDFFHSWRU#KHHIW#GH#QHL0
JLQJ#HOHNWURQHQ#RS#WH#QHPHQ>#GLW#ZRUGW#XLWJHGUXNW# LQ#HHQ#HOHNWULVFK#SRWHQWLDDO#YDQ#GH#HOHNWURQHQ0
GRQRU#RI#0DFFHSWRU1#'H]H#SRWHQWLDDO#LV#WH#YHUJHOLMNHQ#PHW#KHW#HQHUJLHQLYHDX#YDQ#GH#UHGR[VSHFLHV1
(ONH#FRPELQDWLH#YDQ#HHQ#HOHNWURQHQDFFHSWRU#HQ#0GRQRU#FUHsHUW#KLHUGRRU#HHQ#SRWHQWLDDOYHUVFKLO1#'LW
SRWHQWLDDOYHUVFKLO#ZRUGW#GH#UHGR[SRWHQWLDDO#+(K,#JHQRHPG#HQ#LV#HHQ#PDDW#YRRU#GH#HQHUJLH#GLH#YULM0
NRPW#ZDQQHHU#KHW#HOHNWURQ#ZRUGW#YHUSODDWVW#YDQ#KHW#KRJH#SRWHQWLDDO#YDQ#GH#HOHNWURQHQGRQRU#QDDU
KHW# ODJH# SRWHQWLDDO# YDQ# GH# HOHNWURQHQDFFHSWRU1#2QGHU# DsUREH# FRQGLWLHV# JHOGW# KHW# UHGR[NRSSHO
252+521#'H#KDOIUHDFWLH#GLH#KLHUELM#KRRUW#LV=

25#.#7#+.#.#7H0#Æ#5#+52
'H#+.#HQ#H0#LQ#GH]H#UHDFWLH#ZRUGHQ#JHOHYHUG#GRRU#GH#HOHNWURQHQGRQRU1#'LW#NDQ#QDWXXUOLMN#RUJDQLVFK
PDWHULDDO#]LMQ/#PDDU#RRN#HHQ#YHURQWUHLQLJLQJ1#'H#HQHUJLH#GLH#ELM#GH]H#UHDFWLH#YULMNRPW#NDQ#ZRUGHQ
EHVFKUHYHQ#PHW#GH#*LEEV#YULMH#HQHUJLH#+'*,>#HHQ#PDDW#YRRU#GH#UHDFWLYLWHLW#YDQ#KHW#V\VWHHP1#(HQ
UHDFWLH#LV#HQHUJHWLVFK#JXQVWLJ#ZDQQHHU#GH#'*#QHJDWLHI#LV1

,Q#WDEHO#6#LV#GH#YULMNRPHQGH#HQHUJLH#JHJHYHQ#ELM#VWDQGDDUGRPVWDQGLJKHGHQ#+'*3,#YRRU#GH#UHDFWLH
PHW# LQ#ZDWHU#RSJHORVW#RUJDQLVFK#NRROVWRI#HQ#YHUVFKLOOHQGH#HOHNWURQHQ#DFFHSWRUHQ/# WH#ZHWHQ#]XXU0
VWRI/#QLWUDDW/#PDQJDDQR[LGHQ/#LM]HUR[LGHQ/#VXOIDDW#HQ#NRROVWRIGLR[LGH1
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7DEHO#61 'H#YROJRUGH#YDQ#SULQFLSLsOH# UHGR[# UHDFWLHV#YRRU#HHQ#QHXWUDOH#]XXUJUDDG# +S+# #:,#YRO0
JHQV#KXQ#UHGR[SRWHQWLDDO#+(K,#LQ#9ROWV#+9,1

1DDP#UHDFWLH 5HDFWLH (OHNWURQHQDFFHSWRU '*3

+NFDO2HTXLY,
UHVSLUDWLH &+52#.#25#Æ#&25#.+52 =XXUVWRI#+25, 05<1<
GHQLWULILFDWLH &+52#.#728#126

0#.728+.#Æ#52815#.#&25#.#:#+52 1LWUDDW#+126
0, 05;1;

PDQJDDQUHGXFWLH &+52#.#50Q25#.#7+.#Æ#&25#.#50Q5.#.#6#+52
0DQJDDQR[LGHQ#+YDVW
PLQHUDDO/#0Q25,

05419

LM]HUUHGXFWLH &+52#.#7)H+2+,6#.#;+.#Æ#&25#.#7)H5.#.#44+52 ,-]HUR[LGHQ#+YDVW
PLQHUDDO/#)H+2+,6,

04<19

VXOIDDW#UHGXFWLH &+52#.#ò#627
50#Æ#ò#+56#.#+&26

0 6XOIDDW#+627
50, 081<

PHWKDQRJHQHVH 5&+52#Æ#&25##.#&+7
.RROVWRIGLR[LGH
+&25,

0819

,Q#WDEHO#6#LV#WH#]LHQ#GDW#DOOH#UHDFWLHV#NXQQHQ#YHUORSHQ=#HU#NRPW#ELM#HONH#UHDFWLH#HQHUJLH#YULM#+QHJDWLH0
YH#*LEEV#YULMH#HQHUJLH,1#'LW#]RX#EHWHNHQHQ#GDW#DOOH#UHDFWLHV#WHJHOLMNHUWLMG#]RXGHQ#NXQQHQ#RSWUHGHQ1
,Q#KHW#YHOG#ZRUGW#HFKWHU#ZDDUJHQRPHQ#GDW#HHUVW#GH#UHDFWLH#SODDWVYLQGW#GLH#KHW#PHHVWH#HQHUJLH#RS0
OHYHUW1#'XV#ZRUGW#]XXUVWRI#DOV#HHUVWH#YHUEUXLNW/#JHYROJG#GRRU#QLWUDDW/#PDQJDDQR[LGHV/# LM]HUR[LGHV
HQ#VXOIDDW1#'H# ODDWVWH#VWDS# LV#GH#YRUPLQJ#YDQ#PHWKDDQ1#+HW#JHYROJ#YDQ#GLW#VHTXHQWLsOH#YHUEUXLN
YDQ#GH#HOHNWURQHQDFFHSWRUHQ#LV#GDW/#ZDQQHHU#HU#YDQXLW#HHQ#EURQ#FRQVWDQW#RUJDQLVFK#NRROVWRI#LQ#KHW
JURQGZDWHU#NRPW/#HHQ#]RJHQDDPGH#UHGR[]RQHULQJ#RQWVWDDW#9ODN#DFKWHU#GH#EURQ#]LMQ#DOOH#DFFHSWR0
UHQ#VQHO#YHUEUXLNW#RS#NRROVWRIGLR[LGH#QD/#ZDDUGRRU#PHWKDQRJHQHVH#RSWUHHGW1# ,HWV#YHUGHU#VWURRP0
DIZDDUWV# YDQ# GH# EURQ# LV# HU# QRJ#ZDW# VXOIDDW# DDQZH]LJ1#+LHU# GRPLQHHUW# VXOIDDW# UHGXFWLH1#+LHUQD
RQWVWDDQ#DFKWHUHHQYROJHQV#HHQ# LM]HUUHGXFHUHQGH/#PDQJDDQUHGXFHUHQGH/#GHQLWULILFHUHQGH#HQ#Ds0
UREH#]RQH1#=XXUVWRI/#QLWUDDW/#VXOIDDW#HQ#NRROVWRIGLR[LGH#ZRUGHQ#YDQ#ERYHQDI#PHW#KHW# UHJHQZDWHU
DDQJHYRHUG/# LM]HU#HQ#PDQJDDQ#R[LGHQ#]LMQ#YDVWH#PLQHUDOHQ/#GLH#RS#GH#NRUUHOV#YDQ#KHW#VHGLPHQW
DDQZH]LJ#]LMQ1#$IZLMNLQJHQ#YDQ#ERYHQVWDDQGH#]RQHULQJHQ#NXQQHQ# LQ#KHW# YHOG#ZRUGHQ#JHYRQGHQ
GRRUGDW#GH#FRQFHQWUDWLHV#YDQ#GH#UHGR[VSHFLHV#HQ#GH#S+#LQ#KHW#YHOG#VWHUN#NXQQHQ#DIZLMNHQ#YDQ#GH
VWDQGDDUGRPVWDQGLJKHGHQ1#+LHUGRRU#NDQ#RRN#GH#HQHUJLHRSEUHQJVW#YDQ#GH#UHDFWLHV#GXVGDQLJ#YHU0
DQGHUHQ/#GDW#GH#YROJRUGH#LQ#GH#WDEHO#QLHW#PHHU#NORSW1

716# .RROVWRI

71614# .RROVWRIEURQQHQ#HQ#KXQ#46&#HQ#47&#ZDDUGHQ
,Q#KHW#ERGHP0#HQ#JURQGZDWHUV\VWHHP#NRPHQ#PHHUGHUH#YRUPHQ#YDQ#NRROVWRI#YRRU/#]RDOV#QDWXXUOLM0
NH#RUJDQLVFKH#YHUELQGLQJHQ/#RUJDQLVFKH#YHURQWUHLQLJLQJHQ/#PHWKDDQ/#ERGHP0&25#HQ#FDUERQDWHQ1
'H]H#YRUPHQ#KHEEHQ#YHUVFKLOOHQGH# 46&0#HQ# 47&0JHKDOWHQ1#'H#PHHVWH#NRROVWRIEURQQHQ#]LMQ#JHUH0
GXFHHUGH#YHUELQGLQJHQ/#ZDDUGRRU#KHW#XLWVWHNHQGH#HOHNWURQHQGRQRUHQ#]LMQ1

1DWXXUOLMNH#RUJDQLVFKH#YHUELQGLQJHQ
,Q# JURQGZDWHU# NRPW# YDQ# QDWXUH# RUJDQLVFKH# NRROVWRIYHUELQGLQJHQ# YRRU1# 'H]H# ]LMQ# JHUHGXFHHUG/
ZDDUGRRU#]H#NXQQHQ#GLHQHQ#DOV#HOHNWURQGRQRUHQ#ELM#UHGR[UHDFWLHV1#+1DWXXUOLMNH,#JHUHGXFHHUGH#RU0
JDQLVFKH# YHUELQGLQJHQ# RSJHORVW# LQ# JURQGZDWHU# ZRUGHQ# +1DWXUDO,# GLVVROYHG# RUJDQLF# FDUERQ# JH0
QRHPG#+'2&,1#'2&#NDQ#RS#WZHH#PDQLHUHQ#LQ#KHW#JURQGZDWHU#ZRUGHQ#JHEUDFKW1#'H#HHUVWH#LV#GRRU
KHW#RSORVVHQ#YDQ#QDWXXUOLMNH#PHVW#RI#GH# UHVWHQ#YDQ#DIJHVWRUYHQ#SODQWHQPDWHULDDO/#GLH#QLHW# LQ#GH
ERGHP#XLWHHQ#JHYDOOHQ#]LMQ# LQ#&25#HQ#ZDWHU1#'LW#PDWHULDDO#EHVWDDW#XLW# YHUVFKHLGHQH#RUJDQLVFKH
PROHFXOHQ#PHW#HHQ#KHWHURJHQH#VWUXFWXXU/#GLH#KXPXV#HQ# IXOYLQH]XUHQ#ZRUGHQ#JHQRHPG# >&ODUN#HQ
)ULW]/#4<<:@1#'H#WZHHGH#PDQLHU#LV#GRRU#KHW#YHUZHUHQ#YDQ#+QDWXXUOLMN,#VHGLPHQWDLU#RUJDQLVFK#PDWH0
ULDDO#+62&,1#62&#EHVWDDW#XLW#RUJDQLVFKH#YHUELQGLQJHQ/#GLH#WLMGHQV#GH#DI]HWWLQJ#YDQ#GH#ERGHP#+VH0
GLPHQWDWLH,#]LMQ#DIJH]HW1#(HQ#YHHO#YRRUNRPHQG#YRRUEHHOG# LV#YHHQ1# ,Q#KHW#DOJHPHHQ# ORVVHQ#GH]H
YHUELQGLQJHQ#QLHW#RS#LQ#KHW#ZDWHU1#%DFWHULsQ#NXQQHQ#62&#GRRU#PLGGHO#YDQ#UHGR[UHDFWLHV#RP]HWWHQ
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LQ#'2&/#GDW#LQ#KHW#JURQGZDWHU#WHUHFKWNRPW#>%XFNDX#HW#DO1/#5333@1#62&#LV#GXV#YDDN#HHQ#VHFXQGDLUH
EURQ#YRRU#'2&1#'2&#HQ#62&#KHEEHQ#G46&0ZDDUGHQ#YDQ#FD1#056#WRW#059Å1#'H#H[DFWH#ZDDUGH# LV
DIKDQNHOLMN#YDQ#KHW#SODQWHQPDWHULDDO#+]LH#>&ODUN#HQ#)ULW]/#4<<:@#YRRU#GHWDLOV,#HQ#GH#YRUPLQJ#YDQ#KHW
PDWHULDDO1#'H#47&0DFWLYLWHLW#YDQ#'2&#HQ#62&#LV#DIKDQNHOLMN#YDQ#GH#OHHIWLMG#YDQ#GH]H#YHUELQGLQJHQ1
$OV#]H# MRQJHU#GDQ#831333# MDDU#]LMQ#EHYDWWHQ#]H#47&#HQ# LV#GH#47&0DFWLYLWHLW#HHQ#DDQWDO#SP&/#DOV#]H
RXGHU#]LMQ#GDQ#831333#MDDU#EHYDWWHQ#]H#JHHQ#47&#PHHU1
,Q#1HGHUODQG#LV#47&#GDWHULQJ#PRJHOLMN#YRRU#DI]HWWLQJHQ#YDQ#+RORFHQH#HQ#GH#ERYHQVWH#3OHLVWRFHQH
+:HLFKVOLHQ,# IRUPDWLHV/#ELMY1# IRUPDWLHV#YDQ#.RRWZLMN/#6LQEJUDYHQ/#%HWXZH# IRUPDWLH/#:HVODQG# IRU0
PDWLH#HQ#GH#ERYHQVWH#GHOHQ#YDQ#GH#IRUPDWLHV#YDQ#7ZHQWH#HQ#.UHIWHQKH\H1

$QWURSRJHQH#RUJDQLVFKH#YHUELQGLQJHQ=#YHURQWUHLQLJLQJHQ
*HUHGXFHHUGH# YHURQWUHLQLJLQJHQ# NXQQHQ# QHW# DOV# '2&# GLHQHQ# DOV# HOHNWURQHQGRQRUHQ# LQ# UHGR[0
UHDFWLHV/#ZDDUELM#]H#JHR[LGHHUG#ZRUGHQ#HQ#DIJHEURNHQ1#6WHUN#JHR[LGHHUGH#YHURQWUHLQLJLQJHQ/#]RDOV
ELMY1#HHQ#DDQWDO#JHFKORUHHUGH#YHUELQGLQJHQ/#NXQQHQ#RQGHU#DQDsUREH#FRQGLWLHV#GLHQHQ#DOV#HOHNWUR0
QHQDFFHSWRU1#9HURQWUHLQLJLQJHQ#ZRUGHQ#YHHODO#RQGHUYHUGHHOG#LQ#VXEJURHSHQ/#JHEDVHHUG#RS#VWRIHL0
JHQVFKDSSHQ1#'H]H#RSGHOLQJ#]DO#LQ#KRRIGVWXN#YLMI#JHEUXLNW#ZRUGHQ/#ZDDU#GH#LVRWRSHQVDPHQVWHOOLQJ
YDQ#HONH#VWRIJURHS#DSDUW#ZRUGW#EHKDQGHOG1#2PGDW#GH#PHHVWH#YHURQWUHLQLJLQJHQ#ZRUGHQ#JHPDDNW
YDQ#DDUGROLH#LV#GH#G46&#YDQ#YHURQWUHLQLJLQJHQ#GDDURP#QDJHQRHJ#JHOLMN#DDQ#DDUGROLH#+KHW#PRHGHU0
PDWHULDDO,=# FD1# 053#HQ# 067Å#PHW#KHW# ]ZDDUWHSXQW# URQG#GH# 05:Å# >&ODUN# )#)ULW]/# 4<<:@1#'H# 47&0
DFWLYLWHLW#YDQ#YHURQWUHLQLJLQJHQ#LV#QXO/#RPGDW#DDUGROLH#RXGHU#LV#GDQ#831333#MDDU1

0HWKDDQ
0HWKDDQ#+&+7,#LQ#JURQGZDWHU#NDQ#DINRPVWLJ#]LMQ#YDQ#WZHH#EURQQHQ1#0HWKDDQ#NDQ#WHQ#HHUVWH#GLHS
LQ#GH#DDUGH#RQGHU#KRJH#GUXN#HQ#WHPSHUDWXXU#JHYRUPG#ZRUGHQ#DOV#WKHUPRJHHQ#JDV#RP#YHUYROJHQV
QDDU#GH#RSSHUYODN#WH#GLIIXQGHUHQ1#7HQ# WZHHGH#NDQ#PHWKDDQ#JHYRUPG#ZRUGHQ#DOV#UHDFWLH#SURGXFW
YDQ#KHW#PLFURELsOH#UHGR[#SURFHV#PHWKDQRJHQHVH#+PHWKDDQ#LV#HHQ#LQGLFDWRU#YRRU#PHWKDQRJHQHVH,1
7KHUPRJHHQ#JDV#NDQ#RS#EDVLV#YDQ#G46&#HQ#G5+#YDQ#KHW#PHWKDDQ#ZRUGHQ#RQGHUVFKHLGHQ#YDQ#ELR0
JHHQ#JDV#+]LH#ILJXXU#48,1#+RHZHO#KHW#LQ#1HGHUODQG#RQZDDUVFKLMQOLMN#LV#GDW#PHWKDDQ#YDQ#WKHUPRJH0
QH# RULJLQH# LV/# NDQ# KHW# RQGHUVFKHLG# WXVVHQ# WKHUPRJHHQ# HQ# ELRJHHQ# JDV# KDQGLJ# ]LMQ# ELM# RXGH
JDVIDEULHNHQ#HQ#RI#JDVZLQQLQJHQ1#7KHUPRJHHQ#PHWKDDQ#LV#QDPHOLMN#HHQ#FRPSRQHQW#YDQ#DDUGJDV/
GDW#GRRU#RQJHOXNNHQ#LQ#KHW#JURQGZDWHU#WHUHFKW#NDQ#]LMQ#JHNRPHQ1#0HWKDQRJHQHVH#LV#GH#YHU]DPHO0
QDDP#YRRU#GH#ELRFKHPLVFKH#UHGR[#SURFHVVHQ/#ZDDUELM#PHWKDDQ#JHYRUPG#ZRUGW1

7KHUPRJHHQ#PHWKDDQ#EHYDW#JHHQ#47&0DFWLYLWHLW1#0LFURELHHO#JDV#NDQ#47&#EHYDWWHQ/# LQGLHQ#GH#RUJD0
QLVFKH#NRROVWRIEURQ# MRQJHU# LV#GDQ#831333# MDDU1#0HWKDDQ#JHYRUPG#ELM#GH#DIEUDDN#YDQ#YHURQWUHLQL0
JLQJHQ#EHYDW#GXV#JHHQ#47&1#0HWKDDQ#JHYRUPG#XLW#QDWXXUOLMN#RUJDQLVFK#NRROVWRI#+'2&,#NDQ#ZHO#47&
EHYDWWHQ/#LQGLHQ#KHW#RSJHORVWH#RUJDQLVFKH#NRROVWRI#+'2&,#MRQJHU#LV#GDQ#831333#MDDU1
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)LJ1#481 2QGHUVFKHLGHQ#YDQ#YHUVFKLOOHQGH#PHWKDDQEURQQHQ#YLD# 5+#HQ# 46&>#PHHWSXQWHQ#JHYHQ
GDWD#VWRUWSODDWV#%DQLVYHOG1

%RGHP0&25
+HW# LQ#GH#RQYHU]DGLJGH#]RQH#DDQZH]LJH#JDVYRUPLJH#&25# LV#YRRUQDPHOLMN#DINRPVWLJ#YDQ#SODQWHQ0
PDWHULDDO1#'H# LVRWRSLVFKH#ZDDUGH#YDQ#GLW#ERGHP0&25# LV#GDDURP#DIKDQNHOLMN#YDQ#GH#G46&#ZDDUGH
YDQ#KHW#SODQWHQPDWHULDDO/#GDW# LQ#GH#HHUVWH#SODDWV#EHSDDOG#ZRUGW#GRRU#GH#G46&#YDQ#DWPRVIHULVFK
NRROVWRIGLR[LGH#GDW#GH#SODQW#JHEUXLNW#KHHIW#RP#ZHHIVHOV#RS#WH#ERXZHQ1#'H#G46&#YDQ#GH#DWPRVIHHU
YHUWRRQW# VOHFKWV# NOHLQH# YDULDWLHV/#ZDDUGRRU# GH]H# DOV# FRQVWDQW# EHVFKRXZG# NDQ#ZRUGHQ#PHW# HHQ
JHPLGGHOGH#ZDDUGH#YDQ# 0:Å# >&ODUN#)#)ULW]/#4<<:@1#7HQ# WZHHGH#ZRUGW#GH# LVRWRSHQVDPHQVWHOOLQJ
YDQ#SODQWHQPDWHULDDO#EHSDDOG#GRRU#GH#&250RSQDPHURXWH#YDQ#GH#SODQW1#(U#]LMQ#WZHH#YHUVFKLOOHQGH
HQ]\PHQ#ELM#KHW#RSQHPHQ#YDQ#&25#XLW#GH#DWPRVIHHU1#'H]H# YHUVFKLOOHQGH#HQ]\PHQ# IUDFWLRQHUHQ
QLHW#DOOHPDDO#HYHQ#VWHUN/#ZDDUGRRU#KHW#SODQWHQ#ZHHIVHO# LQ#YHUVFKLOOHQGH#PDWH#ZRUGW#YHUDUPG#DDQ
46&#W1R1Y1#DWPRVIHULVFK#&251#(U#]LMQ#GULH#KRRIGJURHSHQ#WH#ZHWHQ#&7/#&6#HQ#&$0#SODQWHQ1# ,Q#1H0
GHUODQG#]LMQ#GH#PHHVWH#SODQWHQ#&7#SODQWHQ1#0DwV# LV#KLHURS#HHQ#XLW]RQGHULQJ#HQ# LV#HHQ#&6#SODQW1
&$0#SODQWHQ#NRPHQ#QLHW#YRRU#LQ#1HGHUODQG1

'RRU# GH# YHUVFKLOOHQGH# IUDFWLRQHULQJVIDFWRUHQ# KHEEHQ# ERGHPV# PHW# HHQ# YHJHWDWLHGHN# YDQ# &60
SODQWHQ#HHQ#ERGHP0&25#PHW#HHQ#G46&#YDQ#JHPLGGHOG#YDQ#05:18#+057#WRW#063,/#>9RJHO#HW#DO1/#4<<6@/
ERGHPV#PHW#HHQ#YHJHWDWLHGHN#YDQ#&70SODQWHQ#HHQ#ERGHP0&25#PHW#HHQ#G46&#YDQ#JHPLGGHOG#04518
+043#WRW#049,/#>9RJHO#HW#DO1/#4<<6@#HQ#ERGHPV#PHW#HHQ#YHJHWDWLHGHN#YDQ#&$00SODQWHQ#HHQ#ERGHP0
&25#PHW#HHQ# G46&# YDQ#JHPLGGHOG# 048Å# +043# WRW# 063,1#'H#XLWHLQGHOLMNH# G46&# YDQ#KHW#ERGHPJDV
ZRUGW#QRJ#LHWV#YHUDQGHUG#GRRU#RQWJDVVLQJ#YDQ#&25#QDDU#GH#DWPRVIHHU1#'LW#SURFHV#YHUULMNW#KHW#ER0
GHP0&25#PHW# 717Å# +D 413377,1#%RGHP0&25# YDQ# HHQ# ERGHP#PHW#&60YHJHWDWLH# KHHIW# KLHUGRRU
JHPLGGHOG#HHQ#G46&#ZDDUGH#YDQ#056141#%RGHP#&25#EHYDW#47&/#KHW#VWDDW#LQ#FRQWDFW#PHW#GH#DWPRV0
IHHU1#'H#47&0DFWLYLWHLW#LV#JHOLMN#DDQ#GH#DWPRVIHULVFKH#ZDDUGH#+�453#SP&,1

&DUERQDWHQ
&DUERQDWHQ#]LMQ#YDVWH#PLQHUDOHQ/#GLH#EHVWDDQ#XLW#ppQ#RI#PHHUGHUH#PHWDDO#NDWLRQHQ#HQ#HHQ#FDUER0
QDDW#+&2650,#DQLRQ+HQ,1#'H]H#PLQHUDOHQ#EHYLQGHQ#]LFK#WXVVHQ#RI#RS#GH#NRUUHOV#YDQ#KHW#VHGLPHQW1
&DOFLHW# +&D&26,# LV#HHQ#YRRUEHHOG#YDQ#FDUERQDDW/#GDW#YDDN# WXVVHQ#GH#]DQGNRUUHOV#YDQ#KHW#VHGL0
PHQW#YRRUNRPW# LQ#GH#YRUP#YDQ#VFKHOSIUDJPHQWHQ# +NDON,1#6LGHULHW# +)H&26,# LV#HHQ# LM]HUFDUERQDDW
GDW#YDDN#DOV#DI]HWWLQJ#RS#GH#NRUUHOV#YRRUNRPW1
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+HW#&DOFLHW/#KHW#FDUERQDDW#GDW# LQ#GH#PHHVWH#V\VWHPHQ#KHW#PHHVW#YRRUNRPW/#KHHIW#G46&#ZDDUGHQ
YDQ#.5Å#WRW#05Å1#'H#G46&#YDQ#VLGHULHW# LV#RQEHNHQG1#&DUERQDWHQ# LQ#VHGLPHQWHQ#]LMQ#YHHODO#RXGHU
GDQ# 831333# MDDU#HQ#EHYDWWHQ#RYHU#KHW#DOJHPHHQ#JHHQ# 47&# +GH# 47&0DFWLYLWHLW# LV#QXO,1#&DUERQDWHQ
MRQJHU#GDQ#831333#MDDU#LQ#ELMYRRUEHHOG#+RORFHQH#HQ#+GHHOV,#3OHLVWRFHQH#SDNNHWWHQ#NXQQHQ#ZHO#47&
EHYDWWHQ1

71615# 5HDFWLHV#HQ#IUDFWLRQHULQJ
'H# YHUVFKLOOHQGH# NRROVWRIEURQQHQ# ]LMQ# EHWURNNHQ# ELM# YHUVFKLOOHQGH# SURFHVVHQ# LQ# KHW# ERGHP0# HQ
JURQGZDWHU# V\VWHHP1# 'RRU# GH]H# UHDFWLHV# ZRUGW# GH# LVRWRSHQVDPHQVWHOOLQJ# YDQ# GHVEHWUHIIHQGH
NRROVWRIEURQ#YHUDQGHUG1#(ONH# UHDFWLH#EUHQJW#HHQ#EHSDDOGH# IUDFWLRQHULQJ# WH#ZHHJ#ELM#GH# NRROVWRI0
EURQ1#+LHUGRRU#LV#KHW#PRJHOLMN#DDQ#GH#KDQG#YDQ#GH#YHUDQGHULQJ#YDQ#GH# LVRWRSHQVDPHQVWHOOLQJ#GH
YHUVFKLOOHQGH#SURFHVVHQ/#GLH#GH#GHVEHWUHIIHQGH#NRROVWRIEURQ#RQGHUJDDW#WH#LGHQWLILFHUHQ1#1DWXXUOLMN
JDDW#KHW#GDDUELM#YRRUDO#RP#KHW#LGHQWLILFHUHQ#YDQ#UHGR[UHDFWLHV/#ZDDUELM#NRROVWRIEURQQHQ#EHWURNNHQ
]LMQ1

'H#DIEUDDN#YDQ#QDWXXUOLMN#RUJDQLVFK#PDWHULDDO
:DQQHHU#QDWXXUOLMN#RUJDQLVFK#PDWHULDDO#PHW#KHW#JURQGZDWHU#ZRUGW#JHWUDQVSRUWHHUG/#NXQQHQ#GH]H
JHUHGXFHHUGH#YHUELQGLQJHQ#ZRUGHQ#DIJHEURNHQ#GRRU#EDFWHULsQ1#'H#DIEUDDN#YDQ#'2&# LV#HHQ# UH0
GR[UHDFWLH#ZDDUELM#'2&#DOV#HOHNWURQHQGRQRU#GLHQW#HQ#+XLWHLQGHOLMN,#ZRUGW#JHR[LGHHUG# WRW#ZDWHU#HQ
NRROVWRIGLR[LGH=

1*%111%* 55
54

5 5 ò�ò ,, ?=

-4=#&+52#LV#KLHUELM#GH#DOJHPHQH#IRUPXOH#YRRU#JHUHGXFHHUGH#NRROVWRIYHUELQGLQJHQ1
-5=#YRRU#GH#R[LGDWLH#]LMQ#WZHH#20DWRPHQ#QRGLJ#YDQ#HHQ#ZLOOHNHXULJH#R[LGDWRU1

'H#HOHNWURQHQDFFHSWRU#VWDDW#QLHW#ZHHUJHJHYHQ/#DDQJH]LHQ#GH]H#NDQ#ZRUGHQ#YHUYXOG#GRRU#GLYHUVH
HOHNWURQHQDFFHSWRUHQ/#]RDOV#QLWUDDW/#PDQJDDQR[LGHQ/#HWF1#%LM#GH#R[LGDWLH#YDQ#GH#QDWXXUOLMNH#RUJD0
QLVFKH# NRROVWRIYHUELQGLQJHQ# ]RX# WKHRUHWLVFK# IUDFWLRQHULQJ# NXQQHQ#RS# WUHGHQ/#KHW# LV# LPPHUV# HHQ
NLQHWLVFKH#UHDFWLH1#'2&#EHVWDDW#XLW#HHQ#JURWH#YHUVFKHLGHQKHLG#YDQ#RUJDQLVFKH#PROHFXOHQ/#GLH#DO0
OHQ#YHUVFKLOOHQ#LQ#JURRWWH#HQ#FKHPLVFKH#ERXZ1#,HGHU#PROHFXXO#EHYDW#HHQ#EHSDDOG#DDQWDO#45&#HQ#46&
YHUELQGLQJHQ1#'H# OLFKWHUH#45&#YHUELQGLQJHQ#ZRUGHQ#VQHOOHU#YHUEURNHQ#GDQ#GH#]ZDDUGHUH# 46&#YHU0
ELQGLQJHQ1#+LHUGRRU#]RX#KHW#RYHUEOLMYHQGH#'2&#YHUULMNW#NXQQHQ#ZRUGHQ#PHW#PROHFXOHQ#PHW#UHODWLHI
YHHO#46&#YHUELQGLQJHQ1#+HW#JHYROJ#]RX#]LMQ#GDW#QDDUPDWH#'2&#DIJHEURNHQ#ZRUGW#GH#G46&#ZDDUGH
YDQ#KHW#'2&#VWHHGV#SRVLWLHYHU#ZRUGW1#'LW#SULQFLSH#LV#ZHHUJHYHQ#LQ#ILJXXU#491#(U#LV#HFKWHU#JHHQ#OLWH0
UDWXXU#EHNHQG/#ZDDULQ#GH]H# WUHQG#EHVFKUHYHQ#ZRUGW1#%LM#HHQ#YXLOVWRUW# LQ#%UDEDQW# OLMNW#GH]H# WUHQG
HFKWHU#ZHO#WH#ZRUGHQ#ZDDUJHQRPHQ/#KRHZHO#GH#LQWHUSUHWDWLH#QRJ#QLHW#YROOHGLJ#LV#>%1#YDQ#%UHXNHOHQ/
5334/# SHUVRRQOLMNH# FRPPXQLFDWLH@1#'H# IUDFWLRQHULQJ# YDQ#'2&# LV#ZDDUVFKLMQOLMN# EHSHUNW# GRRUGDW
'2&#PROHFXOHQ#UHODWLHI#JURRW#HQ#FRPSOH[#]LMQ#+]LH#SDUDJUDDI#519,1#'H#FRQFHQWUDWLH#YDQ#RUJDQLVFKH
YHUELQGLQJHQ#ZRUGW#QLHW#DOOHHQ#GRRU# UHGR[SURFHVVHQ#EHSDDOG1#6RUSWLH/#HHQ#JHRFKHPLVFKH#HYHQ0
ZLFKWVUHDFWLH/#]RUJW#YRRU#HHQ#YHUGHOLQJ#YDQ#GH#'2&0PROHFXOHQ#RYHU#GH#YDVWH# +VHGLPHQW,#HQ#ZD0
WHUIDVH1#+LHUGRRU#ZRUGW#KHW#WUDQVSRUW#YDQ#'2&#YHUWUDDJG#W1R1Y1#KHW#WUDQVSRUW#YDQ#ZDWHU#+UHWDUGDWLH,1
+HW# LV#RQEHNHQG#RI#VRUSWLH#YRRU# IUDFWLRQHULQJ#]RUJW/#PDDU#ZDDUVFKLMQOLMN# LV#GLW#QLHW#KHW#JHYDO1#%LM
YHUJHOLMNEDUH#DQWURSRJHQH#RUJDQLVFKH#YHUELQGLQJHQ#LV#QDPHOLMN#JHEOHNHQ/#GDW#VRUSWLH#JHHQ#IUDFWLR0
QHUHQG#HIIHFW#KHHIW#>6ODWHU#HW#DO1/#5333@1#+HW#DDQWRQHQ#YDQ#GH#DIEUDDN#YDQ#'2&#LV#EHODQJULMN/#RP0
GDW#YHHO#YHURQWUHLQLJLQJHQ#FR0PHWDERRO#ZRUGHQ#DIJHEURNHQ1#'LW#ZLO#]HJJHQ#GDW#WLMGHQV#GH#DIEUDDN
YDQ#'2&#EDFWHULsQ#RRN#GH#YHURQWUHLQLJLQJ#DIEUHNHQ#]RQGHU#KLHU#HQHUJLH#XLW# WH#KDOHQ1#'H#DIEUDDN
YDQ#'2&#LV#RRN#EHODQJULMN#ELM#GH#DIEUDDN#YDQ#JHKDORJHQHHUGH#YHUELQGLQJHQ#GLH#DOV#HOHNWURQHQDF0
FHSWRU#NXQQHQ#GLHQHQ#ELM#GH#DIEUDDN#YDQ#'2&#+UHGXFWLHYH#GHKDORJHQHULQJ,1
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KPHKNVTCVKGRWPV

)LJ1#491 ++\SRWKHWLVFKH,# 9HUDQGHULQJ# YDQ# G46&# ZDDUGHQ# YDQ# JHUHGXFHHUGH# NRROVWRIYHUELQ0
GLQJHQ#ODQJV#HHQ#VWURRPEDDQ1#'H#G0ZDDUGHQ#]LMQ#JHVFKDW1

'H#DIEUDDN#YDQ#RUJDQLVFKH#YHURQWUHLQLJLQJHQ
9HURQWUHLQLJLQJHQ/#GLH#GRRU#KHW#JURQGZDWHU#JHWUDQVSRUWHHUG#ZRUGHQ/#NXQQHQ#QHW#]RDOV#QDWXXUOLMNH
RUJDQLVFKH#PDWHULDDO#GRRU#EDFWHULsQ#DIJHEURNHQ#ZRUGHQ#GRRU#PLGGHO#YDQ#UHGR[UHDFWLHV1#'H#WUHQG
GLH#JHYRQGHQ#ZRUGW#ELM#'2&# LV#GXV#RRN# WH#YHUZDFKWHQ#ELM#YHURQWUHLQLJLQJHQ1# ,Q# WHJHQVWHOOLQJ# WRW
QDWXXUOLMN#RUJDQLVFK#NRROVWRI/#NXQQHQ#ZH#GH#PHHVWH#YHURQWUHLQLJLQJHQ#LQGLYLGXHHO#PHWHQ1#+LHUGRRU
NXQQHQ#ZH#RRN#GH#IUDFWLRQHULQJ#YDQ#HHQ#VSHFLILHNH#YHURQWUHLQLJLQJ#EHSDOHQ>#GLW#ZRUGW#FRPSRQHQW0
VSHFLILHNH#LVRWRSHQ#DQDO\VH#JHQRHPG1#'H#IUDFWLRQHULQJ#YDQ#YHURQWUHLQLJLQJHQ#ZRUGW#LQ#KRRIGVWXN#8
EHKDQGHOG1

9RUPLQJ#HQ#DIEUDDN#YDQ#PHWKDDQ
2QGHU#VWULNW#DQDsUREH#FRQGLWLHV#NDQ#ELM#GH#DIEUDDN#YDQ#JHUHGXFHHUG#RUJDQLVFK#PDWHULDDO#PHWKDDQ
RQWVWDDQ>#GLW#SURFHV#ZRUGW#PHWKDQRJHQHVH#JHQRHPG1#(U#]LMQ#WZHH#YHUVFKLOOHQGH#YRUPHQ#YDQ#PH0
WKDQRJHQHVH=# DFHWDDWIHUPHQWDWLH# HQ# &250UHGXFWLH1# ,Q# EHLGH# JHYDOOHQ# JDDW# KHW# RP# HHQ# UHDFWLH
ZDDUELM#PHWKDQRJHQH#EDFWHULsQ#]RUJHQ#YRRU#GH#RP]HWWLQJ# YDQ#HHQ#HLQGSURGXFW# YDQ#GH#DIEUDDN
YDQ#RUJDQLVFK#PDWHULDDO#GRRU#IHUPHQWDWLHYH#EDFWHULsQ1

%LM#GH#DFHWDDWIHUPHQWDWLH#ZRUGW#KHW#HLQGSURGXFW#DFHWDDW#RPJH]HW# LQ#PHWKDDQ#HQ#NRROGLR[LGH#YRO0
JHQV=

&+6&22+#Æ#&+7#.#&25
,Q#KHW#JHYDO#YDQ#&250UHGXFWLH#ZRUGW#KHW#HLQGSURGXFW#ZDWHUVWRI#RPJH]HW/#ZDDUELM#&25#DOV#HOHNWUR0
QHQDFFHSWRU#ZRUGW#JHEUXLNW#YROJHQV#GH#UHDFWLH=

&25#.#7#+5##Æ#5#+52##.#&+7
2QGHU# QDWXXUOLMNH# RPVWDQGLJKHGHQ# LV# RQJHYHHU# :3(# YDQ# KHW# PHWKDDQ# JHYRUPG# YLD# DFHWDDW0
IHUPHQWDWLH# >+RUQLEURRN#HW#DO1/# 5333@1#1LHXZ#RQGHU]RHN#KHHIW#DDQJHWRRQG# GDW# GH# DDQZH]LJKHLG
YDQ#PDNNHOLMN#DIEUHHNEDDU#VXEVWUDDW#EHSDDOW#ZHON#PHFKDQLVPH#GRPLQHHUW1#,Q#VLWXDWLHV/#ZDDU#YHHO
JRHG# DIEUHHNEDDU# VXEVWUDDW# ]RDOV# KXPXV]XUHQ/# YRRUNRPW# GRPLQHHUW# DFHWDDWIHUPHQWDWLH1#:DDU
ZHLQLJ#PDNNHOLMN# DIEUHHNEDDU# VXEVWUDDW# ]RDOV# %7(;/# YRRUNRPW# GRPLQHHUW# &250UHGXFWLH# >+RUQL0
EURRN#HW#DO1/#5333@1#'H#YHUKRXGLQJ#WXVVHQ#GH# WZHH#PHFKDQLVPHQ#NDQ#GXV#HHQ# LQGLFDWLH#]LMQ#YRRU
GH#DIEUHHNEDDUKHLG#YDQ#KHW#JHEUXLNWH#VXEVWUDDW1

%LM#]RZHO#&250UHGXFWLH#DOV#DFHWDDWIHUPHQWDWLH# WUHHGW#HHQ#]HHU#VWHUNH# IUDFWLRQHULQJ#YDQ#]RZHO# 5+
DOV#46&#RS/#ZDDUELM#KHW#PHWKDDQ#VWHUN#ZRUGW#YHUDUPG#W1R1Y1#KHW#PRHGHUPDWHULDDO#+]LH#WDEHO#7#YRRU
IUDFWLRQHULQJVIDFWRUHQ,1#2P#RQGHUVFKHLG#WH#NXQQHQ#PDNHQ#WXVVHQ#EHLGH#SURFHVVHQ#PRHW#]RZHO#GH
G46&#DOV#GH#G5+#ZRUGHQ#JHPHWHQ#>5HYHV]#HW#DO1/#4<<8@/#+]LH#RRN#ILJXXU#49,1#'RRU#KHW#RSVWHOOHQ#YDQ
LVRWRSLVFKH#PDVVDEDODQVHQ# NDQ# GH# UHODWLHYH# ELMGUDJH# YDQ# EHLGH# SURFHVVHQ# DDQ# GH# WRWDOH#PH0
WKDDQSURGXFWLH#ZRUGHQ#EHSDDOG1

+HW#LV#UDDG]DDP#QDDVW#GH#GHXWHULXP0#HQ#NRROVWRI046#PHWLQJHQ#YDQ#PHWKDDQ#RRN#KHW#GHXWHULXPJH0
KDOWH#YDQ#KHW#ZDWHU#WH#EHSDOHQ#+G5++52,1#1DNDL#HW#DO1/#>4<:7@#YRQGHQ#YRRU#GH#&250UHGXFWLH#URXWH#GH
YROJHQGH#UHODWLH=#G5+&+7# #G5++520493#r#431#9RRU#DFHWDDWIHUPHQWDWLH#LV#GH#YROJHQGH#UHODWLH#JHYRQ0
GHQ=#5+&+7# #3158G5++5206541#%LM#&25#UHGXFWLH#NRPW#GXV#DO#KHW#GHXWHULXP#YDQ#KHW#ZDWHU/#WHUZLMO#ELM
DFHWDDW# IHUPHQWDWLH#VOHFKWV#HHQ#NZDUW#YDQ#KHW#GHXWHULXP#YDQ#KHW#ZDWHU#NRPW#HQ#GH# UHVW#YDQ#GH
PHWK\OJURHS1#2RN#GH]H#UHODWLH# LV#WH#JHEUXLNHQ#RP#RQGHUVFKHLG#WH#PDNHQ#WXVVHQ#GH#WZHH#UHDFWLH0
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PHFKDQLVPHQ1#+HW#LV#RRN#UDDG]DDP#GH#G46&#YDQ#KHW#JHYRUPGH#&25#+',&,#WH#PHWHQ1#%LM#PHWKDQR0
JHQHVH#ZRUGW#7,&#QDPHOLMN#YHUULMNW#DDQ#GH#]ZDDUGHUH# 46&# LVRWRRS1#/DQJV#HHQ#VWURRPEDDQ#ZRUGW
KHW#DFKWHUEOLMYHQGH#7,&#VWHHGV#SRVLWLHYHU#>+DFNOH\#HW#DO1/#4<<9@1

1DDVW#PHWKDQRJHQHVH#]LMQ#HU#QRJ#HHQ#DDQWDO#SURFHVVHQ#GLH#GH# LVRWRSHQVDPHQVWHOOLQJ#YDQ#PH0
WKDDQ#NXQQHQ#EHwQYORHGHQ=#PHWKDDQR[LGDWLH/#RSORVVHQ#YDQ#PHWKDDQ#LQ#ZDWHU/#PROHFXODLUH#GLIIXVLH
GRRU#OXFKW/#PROHFXODLUH#GLIIXVLH#GRRU#ZDWHU#HQ#PROHFXODLUH#GLIIXVLH#RYHU#HHQ#ZDWHU0OXFKW#RSSHUYODN1
7DEHO#7#JHHIW#GH#IUDFWLRQHULQJVIDFWRUHQ#YRRU#]RZHO#GHXWHULXP#DOV#NRROVWRI046#YDQ#GH]H#SURFHVVHQ/
JHEDVHHUG#RS#KHW#ZHUN#YDQ#%HUJDPDVFKL#>4<<:@#HQ#+RUQLEURRN#HW#DO1/#>5333@1#%LM#DO#GH]H#UHDFWLHV
LV#GH# UHDFWLH#YDQ#KHW#PHWKDDQ#EHVWDDQGH#XLW#GH# OLFKWHUH# LVRWRSHQ#VQHOOHU/#ZDDUGRRU#KHW#RYHUEOLM0
YHQGH2DFKWHUEOLMYHQGH#PHWKDDQ#ZRUGW#YHUULMNW#PHW#GH#]ZDDUGHUH#LVRWRSHQ1#'H#G46&#HQ#GH#G5+#YDQ
PHWKDDQ#ZRUGHQ#KLHUGRRU#VWHHGV#SRVLWLHYHU1#(HQ#RSPHUNLQJ#KLHUELM# LV#GDW# WKHUPRG\QDPLVFK#QLHW
PRJHOLMN#LV#WHJHOLMNHUWLMG#RS#ppQ#SODDWV#PHWKDDQ#R[LGDWLH#HQ#PHWKDQRJHQHVH#WH#KHEEHQ1#'H]H#SUR0
FHVVHQ#]LMQ# UXLPWHOLMN#VWULNW#JHVFKHLGHQ#GRRU#GH# UHGR[]RQHULQJ1#=XXUVWRI#EHQRGLJG#YRRU#PHWKDDQ
R[LGDWLH#+&+7#.#525#Æ#&25#.#5+52,#LV#QLHW#PHHU#DDQZH]LJ#LQ#GH#PHWKDQRJHQH#]RQH1

7DEHO#71 )UDFWLRQHULQJVIDFWRUHQ#YRRU#SURFHVVHQ#GLH#LQYORHG#XLW#NXQQHQ#RHIHQHQ#RS#GH#PHWKDDQ0
FRQFHQWUDWLH1

3URFHV D46& D5+
0HWKDDQSURGXFWLH#YLD#DFHWDDWIHUPHQWDWLH 4137#0#4139 416804178
0HWKDDQSURGXFWLH#YLD#&250UHGXFWLH 41358#0#413:< 414;04156
0HWKDDQ#R[LGDWLH#+EDFWHULHHO, 4133604136: 41357041658
2SORVVHQ#YDQ#PHWKDDQ#LQ#ZDWHU 4133364043339: 1LHW#EHNHQG
0ROHFXODLUH#GLIIXVLH#LQ#OXFKW 41353 41353
0ROHFXODLUH#GLIIXVLH#LQ#ZDWHU 41363 1LHW#EHNHQG
0ROHFXODLUH#GLIIXVLH#RYHU#OXFKW2ZDWHU#RSSHUYODN 4133380413346 1LHW#EHNHQG

&DUERQDDW#UHDFWLHV
:DQQHHU#UHJHQZDWHU#GRRU#GH#RQYHU]DGLJGH#]RQH#QDDU#GH#JURQGZDWHUVSLHJHO#LQILOWUHHUW/#ZRUGW#&250
JDV#LQ#GH#ERGHPKROWHQ#RSJHQRPHQ#GRRU#KHW#LQILOWUHUHQGH#UHJHQZDWHU1#+RHYHHO#&25#HU#XLWHLQGHOLMN
ZRUGW#RSJHQRPHQ#LV#DIKDQNHOLMN#YDQ#GH#JDVGUXN#YDQ#KHW#&25#HQ#GH#WHPSHUDWXXU1#&25#GDW#RSORVW#LQ
KHW# LQILOWUHUHQGH# UHJHQZDWHU# LV#HHQ#]HHU# UHDFWLHYH#FRPSRQHQW1#+HW#RSJHORVWH#&25#VSHFLHHUW#]LFK
YRRU#HHQ#GHHO#LQ#+&260#+ELFDUERQDDW,#HQ#&2650#+FDUERQDDW,#YROJHQV#GH#HYHQZLFKWVUHDFWLHV=#&25#.
+52#l#+5&26##l#+.#.#+&260#l#5+.#.#&26501#'H#KRHYHHOKHLG#NRROVWRIGLR[LGH#RSJHORVW# LQ#ZDWHU
+&25# +DT,,/#ELFDUERQDDW#HQ#FDUERQDDW#ZRUGHQ#JH]DPHQOLMN#7,&# +WRWDO# LQRUJDQLF#FDUERQ,#JHQRHPG1
'H#YHUGHOLQJ#YDQ#GH#7,&#RYHU#GH#GULH#YHUVFKLOOHQGH#VSHFLHV#LV#S+0DIKDQNHOLMN#+]LH#ILJXXU#4:#OLQNV,1
'H# LVRWRSHQVDPHQVWHOOLQJ#YDQ#GH#YHUVFKLOOHQGH#7,&#VSHFLHV# LV#QLHW#JHOLMN1#'RRU#FRQVWDQWH#XLWZLV0
VHOLQJ#YDQ#GH# VSHFLHV#RYHU#GH# YHUVFKLOOHQGH#HYHQZLFKWHQ/# WUHHGW#HU#HYHQZLFKWVIUDFWLRQHULQJ#RS/
ZDDUELM#EHSDDOGH#VSHFLHV#YHUULMNW#GDQ#ZHO#YHUDUPG#ZRUGHQ#DDQ#GH#]ZDDUGHUH#LVRWRRS1#'H#G46&#HQ
GH#YHUULMNLQJVIDFWRUHQ#]LMQ#ZHHUJHJHYHQ#LQ#ILJXXU#4:#UHFKWV1#,Q#KHW#YHOG#ZRUGW#YDDN#GH#46&#YDQ#7,&
JHPHWHQ1#'H#ZDDUGH#KLHUYDQ#ZRUGW#EHSDDOG#GRRU#GH#ELMGUDJH#YDQ#HON#YDQ#GH#VSHFLHV1#'H#ELMGUDJH
LV#GXV#DIKDQNHOLMN#YDQ#GH#YHUKRXGLQJ# LQ#FRQFHQWUDWLHV#YDQ#GH#YHUVFKLOOHQGH#VSHFLHV/#GLH#RS#]LMQ
EHXUW#EHSDDOG#ZRUGW#GRRU#GH#S+1#(HQ#RSPHUNLQJ# LV#GDW#KHW#7,&#V\VWHHP#GRRU#PLGGHO#YDQ#HYHQ0
ZLFKWVUHDFWLHV# LQ#YHUELQGLQJ#VWDDW#PHW#FDUERQDWHQ1#&DOFLHW#+HHQ#FDUERQDDW,#VWDDW#ELMYRRUEHHOG#YLD
GH#YROJHQGH#HYHQZLFKWUHDFWLHV#LQ#FRQWDFW#PHW#KHW#7,&#V\VWHHP=

#&25#.#+52#l#+5&26##l#+..#+&260l#5+.#.#&2650#l#&2650#.#&D5.##l#&D&26+V,
+HW#IUDFWLRQHULQJVHIIHFW#WXVVHQ#FDOFLHW#HQ#KHW#7,&#V\VWHHP#LV#ZHHUJHJHYHQ#LQ#ILJXXU#4:#+UHFKWV,1
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:DQQHHU#KHW#UHJHQZDWHU#GH#ZDWHUVSLHJHO#EHUHLNW#HQ#JURQGZDWHU#ZRUGW/#EHYDW#KHW#ZDWHU#HHQ#FRQ0
VWDQWH#KRHYHHOKHLG#RSJHORVW#7,&#PHW#HHQ#VSHFLILHN#G46&#ZDDUGH/#GLH#JHOLMN#LV#DDQ#GH#G46&#YDQ#KHW
ERGHP#&251#'RRUGDW#GH# YDULDWLH# LQ#KRHYHHOKHLG#RSJHORVW#&25#HQ#GH# G46&0ZDDUGH#RYHU#GH# YHU0
VFKLOOHQGH#UHJHQEXLHQ#HUJ#NOHLQ#LV/#LV#GH#G46&#YDQ#KHW#7,&#RS#KHW#LQILOWUDWLHSXQW#QDJHQRHJ#FRQVWDQW
LQ#GH#WLMG1#:DQQHHU#HU#ODQJV#GH#VWURRPEDDQ#YDQDI#KHW#LQILOWUDWLHSXQW#JHHQ#S+#YHUDQGHULQJHQ#]LMQ#HQ
HU#JHHQ#NRROVWRIGLR[LGH#ZRUGW#WRHJHYRHJG#PHW#HHQ#DQGHUH#G46&#ZDDUGH/#]DO#GH#G46&#YDQ#KHW#7,&
QLHW#YHUDQGHUHQ1#,Q#HHQ#JURQGZDWHU#V\VWHHP#LV#HHQ#GHUJHOLMN#VFHQDULR#PHHU#HHQ#XLW]RQGHULQJ#GDQ
UHJHO1#$OOHUOHL#SURFHVVHQ#YHUDQGHUHQ#FRQWLQXH#GH#S+#HQ#YRHJHQ#&25# WRH#PHW#HHQ#YHUVFKLOOHQGH
G46&#ZDDUGH1

'H]H#SURFHVVHQ#]LMQ=
0# +HW#RSORVVHQ#RI#QHHUVODDQ#YDQ#NDON>
0# 2[LGDWLH# +DIEUDDN,# YDQ# RUJDQLVFK# PDWHULDDO# RQGHU# DsUREH/# GHQLWULILFHUHQGH/# PDQJDDQ0

UHGXFHUHQGH/#LM]HUUHGXFHUHQGH/#VXOIDDWUHGXFHUHQGH#RPVWDQGLJKHGHQ>
0# 2[LGDWLH#+DIEUDDN,#YDQ#RUJDQLVFK#PDWHULDDO#YLD#PHWKDQRJHQHVH>
0# 'H#QHHUVODJ#YDQ#VLGHULHW>
0# 'H#R[LGDWLH#YDQ#PHWKDDQ1

)LJ1#4:1 'H#YHUGHOLQJ#YDQ#GH#7,&#VSHFLHV#DOV#IXQFWLH#YDQ#GH#S+#+OLQNV,#HQ#GH#YHUULMNLQJVIDFWRUHQ
WXVVHQ#GH#YHUVFKLOOHQGH#7,&#VSHFLHV#+#0 .04,#+UHFKWV,1

+HW#RSORVVHQ#RI#QHHUVODDQ#YDQ#NDON
:DQQHHU#GH#S+#GDDOW#RI#ZDQQHHU#HU#&25#YULMNRPW#ELM#FKHPLVFKH# UHDFWLHV#NXQQHQ#NDONPLQHUDOHQ/
GLH#YDQ#QDWXUH#YRRUNRPHQ#LQ#KHW#VHGLPHQW#+ELMY1#VFKHOSIUDJPHQWHQ,#RSORVVHQ=

&D&26+V,#+NDONPLQHUDDO,#.#&25#.#+52#Æ#&D5.#.#5#+&250

'H#G46&#YDQ#GH#PHHVWH#NDONVRRUWHQ# OLJW#WXVVHQ#05#HQ#.5Å1#:DQQHHU#NDON#RSORVW/#RQWVWDDW#HU#7,&
PHW#QDJHQRHJ#GH]HOIGH#G46&#DOV#GH#NDON1#'LW#YHUULMNWH#7,&#PHQJW#PHW#GH# UHHGV#DDQZH]LJH#7,&1
2PGDW#GH#RRUVSURQNHOLMNH#7,&#PHHVWDO#HHQ#QHJDWLHYH#G46&#ZDDUGH#KHHIW# +a# 0#56Å,/#NDQ#KHW#RS0
ORVVHQ#YDQ#NDON#GH#G46&#YDQ#KHW#7,&#VWHUN#YHUKRJHQ1

:DQQHHU#GH#S+#VWLMJW#RI#HU#&25#ZRUGW#JHEUXLNW#ELM#DQGHUH#UHDFWLHV#NDQ#7,&#UHDJHUHQ#PHW#FDOFLXP
HQ#NXQQHQ#HU#NDON#PLQHUDOHQ#QHHUVODDQ=

&D5.#.#5+&260#Æ#&D&26#.#+52#.#&25
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:DQQHHU#NDON#QHHUVODDW/#WUHHGW#HU#IUDFWLRQHULQJ#RS/#ZDDUELM#KHW#DFKWHUEOLMYHQGH#7,&#ZRUGW#YHUDUPW
DDQ#GH#OLFKWHUH#LVRWRRS1#'H]H#YHUDUPLQJ# LV#HFKWHU#QLHW#DO#WH#JURRW/#KHW#JHYRUPGH#NDON#KHHIW#QDJH0
QRHJ#GH#ZDDUGH#YDQ#KHW#7,&/#ZDDUXLW#KHW#JHYRUPG#LV#+RS#.0#4Å#QD/#]LH#ILJXXU#4:#UHFKWV,1

&250SURGXFWLH#ELM#GH#R[LGDWLH#YDQ#RUJDQLVFK#PDWHULDDO
%LM#GH#R[LGDWLH# YDQ# NRROVWRIYHUELQGLQJHQ#RQGHU# DsUREH/# GHQLWULILFHUHQGH/# LM]HUUHGXFHUHQGH/#PDQ0
JDDQUHGXFHUHQGH#HQ#VXOIDDWUHGXFHUHQGH#RPVWDQGLJKHGHQ#NRPW#XLWHLQGHOLMN#&25#YULM1#'LW#JHwQWUR0
GXFHHUGH#&25# ]DO# UHODWLHI# YHUDUPG# ]LMQ# DDQ# 46&# HQ# HHQ# VWHUN# QHJDWLHYH# G46&#ZDDUGH# KHEEHQ/
GRRUGDW# GH# NRROVWRIDWRPHQ# DINRPVWLJ# ]LMQ# YDQ# GH# LVRWRSLVFK# OLFKWHUH# RUJDQLVFKH# YHUELQGLQJHQ
+G46&#a05:Å,1#+HW#JHYRUPGH#&25# ORVW#RS# LQ#JURQGZDWHU/#ZDDUELM#KHW#VSHFLHHUW# LQ#GH#RYHULJH#7,&
VSHFLHV1#'LW#UHODWLHI#YHUDUPGH#7,&#PHQJW#PHW#KHW#UHHGV#DDQZH]LJH#7,&1#+LHUGRRU#ZRUGW#GH# LVRWR0
SHQVLJQDWXXU#YDQ#7,&#VWURRPDIZDDUWV#VWHHGV#QHJDWLHYHU/#QDDUPDWH#HU#PHHU#&25#YULMNRPW#ELM# UH0
GR[SURFHVVHQ1# +RH# JURRW# GLW# HIIHFW# LV/# LV# DIKDQNHOLMN# YDQ# KRHYHHOKHLG# &25/# GLH# YULMNRPW# SHU
WLMGVHHQKHLG#HQ#KHW#YHUVFKLO# LQ#G46&#YDQ#KHW#RRUVSURQNHOLMNH#7,&#HQ#GDW#JHYRUPG#GRRU#KHW# UHGR[0
SURFHV1#'H#YHUODJLQJ#]DO#LQ#GH#RUGH#YDQ#HQNHOH#SURPLOOHQ#OLJJHQ1

%LM# GH# R[LGDWLH# YDQ# NRROVWRIYHUELQGLQJHQ# RQGHU#PHWKDQRJHQH# RPVWDQGLJKHGHQ# ZRUGW# &25# JH0
YRUPG1#'LW#&25#LV#VWHUN#YHUULMNW#DDQ#46&1#'H#G46&#ZDDUGH#NDQ#YDULsUHQ#WXVVHQ#GH#.530#.73#Å#+JH0
EDVHHUG# RS# $UDYHQD# HW# DO1/# >4<<8@/# 5HYHV]# HW# DO1/# >4<<8@,1# 'LW# YHUULMNWH# &25# ORVW# RS# LQ# ZDWHU/
ZDDUGRRU#UHODWLHI#YHUULMNW#7,&#RQWVWDDW1#:DQQHHU#GLW#7,&#PHQJW#PHW#KHW#UHHGV#DDQZH]LJH#7,&/#]DO
GH#G46&#YDQ#KHW# WRWDOH#7,&#SRVLWLHYHU#ZRUGHQ1#'LW#HIIHFW#NDQ#EHKRRUOLMN#JURRW#]LMQ/#RPGDW#GH#G46&
YDQ#KHW#7,&+a.49073Å,#HQRUP#YHUVFKLOW#YDQ#GH#G46&#RRUVSURQNHOLMNH#7,&#+a#049#WRW#056Å,1#2PGDW
KHW#HIIHFW#RRN#QRJ#HHQV# WHJHQJHVWHOG# LV#DDQ#KHW#HIIHFW/#YHURRU]DDNW#GRRU#R[LGDWLH#YDQ#RUJDQLVFK
PDWHULDDO#ELM#DQGHUH#UHGR[#RPVWDQGLJKHGHQ/#LV#GH#YHUULMNLQJ#XLWHUPDWH#JHVFKLNW#RP#PHWKDQRJHQH0
VH#DDQ#WH#WRQHQ1

+HW#QHHUVODDQ#YDQ#VLGHULHW
,Q#GH#LM]HUUHGXFHUHQGH#]RQH#ZRUGW#WZHHZDDUGLJ#LM]HU#HQ#&25#JHYRUPG1#:DQQHHU#GH#FRQFHQWUDWLHV
]R#KRRJ#RSORSHQ/#GDW#KHW#YHU]DGLJLQJVSURGXFW#YDQ#VLGHULHW#+)H&26,#ZRUGW#RYHUVFKUHGHQ#]DO#VLGH0
ULHW#QHHUVODDQ#YROJHQV#GH#UHDFWLH=

&2650#.#)H5.#Æ#)H&26
'HUJHOLMNH#PLQHUDDOQHHUVODJHQ#]RUJHQ#YRRU# IUDFWLRQHULQJ1#2S#GLW#PRPHQW#]LMQ# IUDFWLRQHULQJVIDFWR0
UHQ#YDQ#GH]H#SURFHVVHQ#RQEHNHQG1#1HHUVODJUHDFWLHV#]XOOHQ#RYHU#KHW#DOJHPHHQ/#QHW#DOV#GH#QHHU0
VODJ#YDQ#FDOFLHW/#YRRU#UHODWLHI#NOHLQH#IUDFWLRQHULQJ#]RUJHQ#+FD1#.4#Å,1

&25#SURGXFWLH#ELM#GH#R[LGDWLH#YDQ#PHWKDDQ
,Q#GH#DsUREH#]RQH#NDQ#PHWKDDQ/#GDW#YDQXLW#GH#PHWKDQRJHQH#]RQH#JHWUDQVSRUWHHUG#LV#QDDU#GH#Ds0
UREH#]RQH/#JHR[LGHHUG#ZRUGHQ#QDDU#&25#YROJHQV=

&+7#.#25#Æ#&25#.#+52
%LM#GLW#SURFHV#WUHHGW#IUDFWLRQHULQJ#RS/#ZDDUELM#KHW#JHYRUPGH#&25#ZRUGW#YHUDUPG#DDQ#46&1#0HWKDDQ
KHHIW#ERYHQGLHQ# ]HHU# ODJH# 46&0ZDDUGHQ# YDULsUHQG# YDQ# 093# WRW# 0443#Å/#ZDDUGRRU#KHW#JHYRUPGH
&25#HHQ#H[WUHHP# ODJH#G46&0ZDDUGH#KHHIW1#:DQQHHU#GLW#&25#RSORVW# LQ#ZDWHU#RQWVWDDW#HU#7,&#PHW
HHQ#]HHU#QHJDWLHYH#G46&0ZDDUGH1#:DQQHHU#KHW#YHUULMNWH#&25#PHQJW#PHW#KHW#RRUVSURQNHOLMNH#7,&
ZRUGW#KHW#WRWDOH#7,&#YHUDUPG#DDQ#46&1

(HQ#QDGHHO#YDQ#KHW#PHWHQ#YDQ#GH#46&#ZDDUGH#YDQ#KHW#7,&#LV#GDW#KHW#LQ#VRPPLJH#JHYDOOHQ#RQPR0
JHOLMN#LV#DDQ#WH#WRQHQ#ZDW#GH#ELMGUDJH#YDQ#GH#YHUVFKLOOHQGH#EURQQHQ#LV1#'LW#JHOGW#]HNHU#ZDQQHHU#GH
G46&#YDQ# WZHH#EURQQHQ#QDJHQRHJ#JHOLMN# LV1#'LW#NDQ#ELMYRRUEHHOG#JHEHXUHQ#ZDQQHHU#QDWXXUOLMN#HQ
DQWURSRJHHQ#PDWHULDDO#QDDVW#HONDDU#YRRUNRPW1#%HLGH#YHUELQGLQJHQ#KHEEHQ#HHQ#G46&#YDQ#�#058Å1
+HW#LV#GDQ#RQPRJHOLMN#DDQ#GH#KDQG#YDQ#GH#G46&#DDQ#WH#WRQHQ#ZHONH#YHUELQGLQJ#ZRUGW#DIJHEURNHQ1
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+HW#PHWHQ# YDQ#GH# 47&0DFWLYLWHLW# NDQ# GDQ# XLWNRPVW# ELHGHQ# >&RQUDG/# 4<<:/#.LUWODQG# HW# DO1/# 5333@1
9HURQWUHLQLJLQJHQ#EHYDWWHQ#JHHQ#47&/#GRRUGDW#GH]H#XLW#]HHU#RXGH#DDUGROLH#]LMQ#JHPDDNW1#&25#JH0
YRUPG#XLW#GH#DIEUDDN#XLW#GH#QDWXXUOLMNH#JHUHGXFHHUGH#YHUELQGLQJHQ#EHYDW#+PHHVWDO,#ZHO#47&/#GRRU0
GDW# YDQ# UHFHQW# SODQWHQPDWHULDDO# DINRPVWLJ# LV1# +HW# JHOLMNWLMGLJ#PHWHQ# YDQ# GH# G46&# DOV# GH# 47&0
DFWLYLWHLW#OHYHUW#LQ#KHW#DOJHPHHQ#YHHO#QXWWLJH#LQIRUPDWLH#RYHU#GH#&25#EURQ1

717# =XXUVWRI

71714# =XXUVWRIEURQQHQ
9HUXLW#GH#EHODQJULMNVW#EURQ#YDQ#]XXUVWRI# LQ#GH#ERGHP# LV#PROHFXODLU#DWPRVIHULVFK#]XXUVWRI1#+HW# LV
PRJHOLMN#GH#UDWLR*V1#4;22492#HQ#4:22492#WH#PHWHQ#YDQ#PROHFXODLU#]XXUVWRI1#,Q#GH#SUDNWLMN#ZRUGW#YRRU0
QDPHOLMN#GH#HHUVWH# UDWLR#JHPHWHQ1#$WPRVIHULVFK# ]XXUVWRI#KHHIW#RS#JOREDOH# VFKDDO#HHQ# G4;2# YDQ
.5618Å#>$JJDUZDO/#4<<:@1#7LMGHQV#UHJHQEXLHQ#ORVW#HHQ#GHHO#YDQ#GLW#DWPRVIHULVFK#]XXUVWRI#RS#LQ#KHW
LQILOWUHUHQGH#UHJHQZDWHU1#*URQGZDWHU#EHYDW#GDDURP#YDQ#RULJLQH#HHQ#EHSDDOGH#KRHYHHOKHLG#RSJH0
ORVW#]XXUVWRI1#'H]H#KRHYHHOKHLG#KDQJW#DI#YDQ#GH# WHPSHUDWXXU#HQ#GH#VDOLQLWHLW#YDQ#KHW#ZDWHU1#+HW
RSORVVHQ# YDQ# ]XXUVWRI# JDDW# JHSDDUG#PHW# HHQ# NOHLQH# IUDFWLRQHULQJ# YDQ# 31:Å# >$JJDUZDO/# 4<<:@1
*URQGZDWHU#KHHIW#GDDURP#JHPLGGHOG#HHQ#G4;2#YDQ#551;Å#'H#WHFKQLHN#RP#GH#LVRWRSHQVDPHQVWHO0
OLQJ#YDQ#RSJHORVW#]XXUVWRI# WH#PHWHQ/#ZRUGW#SDV# UHFHQW# WRHJHSDVW1#+HW#PHWHQ# LV#HHQ#PRHLOLMNH#HQ
WLMGURYHQGH#]DDN1#7RFK#]DO#QDDUPDWH#GH#DQDO\VH#URXWLQH#ZRUGW/#JURWH#YHUEHWHULQJ#LQ#RSWUHGHQ#LQ#KHW
XLWYRHUHQ#YDQ#GH#DQDO\VH#>PRQGHOLQJH#PHGHGHOLQJ#,1#&ODUN/#5333@1

71715# 5HDFWLHV#HQ#IUDFWLRQHULQJ1
0ROHFXODLU#]XXUVWRI# LV#YRRU#EDFWHULsQ#HQHUJHWLVFK#KHW#PHHVW#JXQVWLJ#RP# WH#JHEUXLNHQ#DOV#HOHNWURQ
DFFHSWRU1#'H#]XXUVWRIDWRPHQ# LQ#PROHFXODLU#]XXUVWRI#HQ#ZDWHU#ZLVVHOHQ#]HHU# ODQJ]DDP#XLW/#ZDDU0
GRRU#IUDFWLRQHULQJ#YDQ#KHW#RSJHORVWH#25#EHZDDUG#EOLMIW#LQ#GH#RYHUEOLMYHQGH#IUDFWLH#>PRQGHOLQJH#PH0
GHGHOLQJ# ,1#&ODUN/# 5333@1# ,Q#ZHLQLJ# RQGHU]RHNHQ# LV# JHEUXLN# JHPDDNW# YDQ# GH]H# WHFKQLHN1#2S# GLW
PRPHQW#LV#GH#WRHSDVVLQJ#PHW#QDPH#LQ#JHEUXLN#ELM#RQGHU]RHNHQ#QDDU#UHVSLUDWLH#HQ#IRWRV\QWKHVH#LQ
PHUHQ1#5HVSLUDWLH# LV#KHW#SURFHV/#ZDDUELM#RUJDQLVPHQ#RUJDQLVFK#NRROVWRI#HQ#]XXUVWRI#RP]HWWHQ# LQ
ZDWHU#HQ#NRROVWRIGLR[LGH1#)RWRV\QWKHVH#LV#KHW#RPJHNHHUGH#SURFHV/#ZDDUELM#NRROVWRIGLR[LGH#HQ#ZD0
WHU#PHW#EHKXOS#YDQ#]RQOLFKW#ZRUGW#RPJH]HW# LQ#RUJDQLVFK#NRROVWRI#HQ# ]XXUVWRI1#/X]#HW#DO1/# >4<<<@
YRQGHQ#LQ#KXQ#RQGHU]RHN#YRRU#EHLGH#SURFHVVHQ#JURWH#IUDFWLRQHULQJVHIIHFWHQ1#%HLGH#SURFHVVHQ#JH0
EUXLNHQ#KHW#OLFKWH#249#LVRWRRS#VQHOOHU#GDQ#GH#]ZDDUGHUH#LVRWRSHQ1#%LM#UHVSLUDWLH#ZRUGW#KLHUGRRU#KHW
RYHUEOLMYHQGH#]XXUVWRI#YHUULMNW1#%LM# IRWRV\QWKHVH# LV#KHW# LQLWLsOH#]XXUVWRI# MXLVW#]HHU#YHUDUPG#DDQ#GH
]ZDUH#LVRWRSHQ1#1DDUPDWH#KHW#SURFHV#YRUGHUW#QHHPW#KHW#JHYRUPGH#]XXUVWRI#VWHHGV#PHHU#GH#LVRWR0
SLVFKH#ZDDUGH#DDQ#YDQ#ZDWHU/#ZDDUXLW#KHW#JHYRUPG#LV1

(U# LV#ppQ# OLWHUDWXXUVWXGLH#EHNHQG#RYHU#GH# IUDFWLRQHULQJ#YDQ#PROHFXODLU#]XXUVWRI#YDQ#ELRGHJUDGDWLH
LQ#ZDWHU#>$JJDUZDO#HW#DO1/#4<<:@1#,Q#GH]H#VWXGLH#ZHUG#DDQ#HHQ#DIJHVORWHQ#YDW/#JHYXOG#PHW#HHQ#YHU0
]DGLJG#VHGLPHQW/#GLHVHO#EUDQGVWRI# WRHJHYRHJG1#9HUYROJHQV#ZHUG#JHGXUHQGH#64#GDJHQ#GH#GLHVHO
DIQDPH#JHYROJG/#DOVPHGH#GH#DIQDPH#YDQ#GH#]XXUVWRI#FRQFHQWUDWLH#HQ#G4;2#YHUDQGHULQJ#YDQ#KHW
]XXUVWRI1#1DDUPDWH#KHW#]XXUVWRI#ZHUG#YHUEUXLNW/#QDP#GH#G4;2#YDQ#KHW#RSJHORVWH#]XXUVWRI# WRH#YDQ
.531<# WRW#.7<14Å#ELM#HHQ#DIQDPH#YDQ#RSJHORVW#]XXUVWRI#YDQ#:418(#+I 315;8,1#'LW#]RX#HHQ#.#YDQ
31<::#RSOHYHUHQ1#'LW# LV# LQ# JRHGH# RYHUHHQVWHPPLQJ#PHW# DQGHUH# VWXGLHV/#ZDDULQ# HHQ# UDQJH# YDQ
31<:;031<;5#ZHUG#JHYRQGHQ#YRRU#DsUREH#ERGHPEDFWHULsQ# LQ#GH#RQYHU]DGLJGH#]RQH# >$JJDUZDO#HW
DO1/#4<<:@1#'H#IUDFWLRQHULQJVHIIHFWHQ#]RXGHQ#ZHO#HHQV#QLHW#ZDDUQHHPEDDU#NXQQHQ#]LMQ#]RQGHU#GLFKW
PRQLWRULQJVQHWZHUN# >PRQGHOLQJH#PHGHGHOLQJ# ,1#&ODUN/#5333@=#NRROVWRI#R[LGDWLH#RQGHU#DsUREH#RP0
VWDQGLJKHGHQ#NDQ#]HHU#VQHO#]LMQ/#ZDDUGRRU#KHW#]XXUVWRI#ELQQHQ#NRUWH#DIVWDQG#]DO#]LMQ#YHUEUXLNW1#2P
KHW#HIIHFW#ZDDU# WH#QHPHQ#]RX#HHQ#EHPRQVWHULQJVQHWZHUN#HHQ#KRJH# UXLPWHOLMNH#GLFKWKHLG#PRHWHQ
KHEEHQ1
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718# 1LWUDDW

71814# 1LWUDDWEURQQHQ
9DQ#QLWUDDW#NDQ#GH#4;22492#HQ#4812471#ZRUGHQ#EHSDDOG1#,Q#GH#SUDNWLMN# LV#GLW#YRRU#EHLGH#HOHPHQWHQ
YHHOYXOGLJ#JHGDDQ1#'H#DQDO\VH#LV#HHQ#VWDQGDDUG#DQDO\VH#JHZRUGHQ1#1LWUDDW#LQ#JURQGZDWHU#NDQ#DI0
NRPVWLJ#]LMQ#YDQ#PHHUGHUH#VWLNVWRIEURQQHQ#>0RRN#HW#DO1/#5333@=

41# .XQVWPHVW>
51# QDWXXUOLMNH#PHVW>
61# VWLNVWRIKRXGHQGH#RUJDQLVFKH#PROHFXOHQ#JHERQGHQ#DDQ#GH#ERGHP#+ELMY#KXPXV]XUHQ,>
71# QLWUDDW#LQ#UHJHQZDWHU>
81# QLWULILFDWLH#YDQ#$PPRQLXP#+1+6,1
+HW#VWLNVWRI# LQ#GH]H#YHUELQGLQJHQ#ZRUGW#YLD#PHHUGHUH#FKHPLVFKH# UHDFWLHV#RPJH]HW# LQ#QLWUDDW# +]LH
>0RRN#HW#DO1/#5333#HQ#.HQGDOO#)#0F'RQQHO/#4<<;@#YRRU#DI]RQGHUOLMNH#SURFHVVHQ#HQ#IUDFWLRQHULQJV0
IDFWRUHQ,1# +HW# QLWUDDW# YDQ# GH# YHUVFKLOOHQGH# EURQQHQ# KHHIW# HHQ# VSHFLILHNH# G481# HQ# G4;21# 9RRU
NXQVWPHVW/#QDWXXUOLMNH#PHVW#HQ#10KRXGHQGH#RUJDQLVFKH#ERGHPYHUELQGLQJHQ#]LMQ#GH#G481#HQ#G4;2
YDQ#KHW#QLWUDDW/#GDW#XLW#GH]H#YHUVFKLOOHQGH#EURQQHQ#RQWVWDDW/#ZHHUJHJHYHQ#LQ#ILJXXU#4;1#'H#G481#HQ
G4;2#YDQ#QLWUDDW# LQ# UHJHQZDWHU# LV#QLHW#ZHHUJHJHYHQ/#RPGDW#KHW#EXLWHQ#KHW#EHUHLN#YDQ#GH#JUDILHN
YDOW1#'H#G481#YDQ#QLWUDDW# LQ#UHJHQZDWHU#YDULHHUW#YDQ#045#WRW#.5Å#HQ#GH#G4;2#YDULHHUW#YDQ#.83# WRW
.93Å1#1LWUDDW#GDW#RQWVWDDQ# LV#GRRU#QLWULILFDWLH# +KHW#RP]HWWHQ#YDQ#DPPRQLXP#QDDU#QLWUDDW,/# LV#QLHW
ZHHUJHJHYHQ#LQ#GH#JUDILHN#RPGDW#DPPRQLXP#]HOI#RRN#YRRU#NDQ#NRPHQ#LQ#ERYHQVWDDQGH#EURQQHQ1
(ONH#DPPRQLXPEURQ#KHHIW#]LMQ#HLJHQ#G481/#ZDDUGRRU#HU#GRRU#QLWULILFDWLH#QLWUDDW#NDQ#RQWVWDDQ#PHW
]HHU#XLWHHQORSHQGH#G481#ZDDUGHQ#+YRRU#LVRWRSHQ#HIIHFWHQ#P1E1W1#DPPRQLXP#ZRUGW#YHUZH]HQ#QDDU
0RRN/#>5333@#HQ#.HQGDOO#)#0F'RQQHO/#>4<<;@,1#+LHU#NRPW#QRJ#ELM#GDW#QLWULILFDWLH#HHQ#VWHUN#IUDFWLRQH0
UHQG#HIIHFW#KHHIW#+GH#.#YDULHHUW#WXVVHQ#GH#31<:9031<<3/#ZDDUGRRU#KHW#JHYRUPGH#QLWUDDW#VWHUN#ZRUGW
YHUDUPG#DDQ#4811#,Q#ILJXXU#4;#LV#KHW#HIIHFW#YDQ#QLWULILFDWLH#JHJHYHQ#YRRU#NXQVWPHVW/#GDW#RRUVSURQ0
NHOLMN#XLW#QLWUDDW#HQ#DPPRQLXP#EHVWRQG1#'RRU#QLWULILFDWLH#ZRUGW#KHW#DPPRQLXP#RPJH]HW# LQ#QLWUDDW1
'LW#]RUJW#YRRU#PHQJLQJ#YDQ#RRUVSURQNHOLMNH#QLWUDDW#HQ#KHW#QLWUDDW#GRRU#QLWULILFDWLH1#+LHUGRRU#QHHPW
GH#G481#YDQ#KHW#WRWDOH#QLWUDDW#DI1#'H#24;#YDQ#KHW#WRWDOH#QLWUDDW#QHHPW# WHYHQV#DI1#'LW#NRPW#GRRUGDW
GH#]XXUVWRI#DWRPHQ#YDQ#KHW#RRUVSURQNHOLMNH#QLWUDDW#LQ#NXQVWPHVW#+DQWURSRJHHQ,#DOWLMG#YDQ#DWPRVIH0
ULVFK#]XXUVWRI#DINRPVWLJ#]LMQ1#$WPRVIHULVFK#]XXUVWRI#KHHIW#HHQ#4;20ZDDUGH#KHHIW#YDQ#.5618Å1#+HW
QLWUDDW#ZDW#RQWVWDDW#ELM#QLWULILFDWLH#+QDWXXUOLMN,#YHUNULMJW#]LMQ#]XXUVWRI#DWRPHQ#YRRU#HHQ#GHUGH#YDQ#RS0
JHORVW#]XXUVWRI#+.5618Å,#HQ#YRRU# WZHH#GHUGH#YDQ#ZDWHU#+08# WRW#063Å,1#'H#G4;2#YDQ#KHW# WRWDOH#QL0
WUDDW#QHHPW#GRRU#GH#PHQJLQJ#PHW#KHW#YHUDUPGH#QLWUDDW#VWHUN#DI1#'H]H# UHODWLH# LV#RYHULJHQV#JHOGLJ
YRRU#DO#KHW#QDWXXUOLMNH#QLWUDDW/#GDW#RQWVWDDW#LQ#JURQGZDWHU1#'H#G4;2#LV#GDDURP#+LQ#FRPELQDWLH#PHW#GH
481,# XLWHUPDWH# JHVFKLNW# RP# QDWXXUOLMN# HQ# DQWURSRJHHQ# QLWUDDW# WH# RQGHUVFKHLGHQ/# XLW]RQGHULQJHQ
GDDUJHODWHQ#>$PEHUJHU#)#6FKPLGW/#4<;:@1

71815# 1LWUDDW#DIEUDDN#+GHQLWULILFDWLH,#HQ#IUDFWLRQHULQJ
%LM#GH#DIEUDDN#YDQ#RUJDQLVFK#PDWHULDDO#NDQ#QLWUDDW#DOV#HOHNWURQHQDFFHSWRU#ZRUGHQ#JHEUXLNW/#KLHUELM
ZRUGW# QLWUDDW# RPJH]HW# LQ# VWLNVWRIJDV1#'LW# SURFHV#ZRUGW# GHQLWULILFDWLH# JHQRHPG# HQ# GH# KDOIUHDFWLH
YHUORRSW#YROJHQV=
# 5#1260#.#45#+.#.#43#H0#Æ#15#.#9#+52
1DDUPDWH#PHHU#QLWUDDW#GRRU#GHQLWULILFDWLH#YHUEUXLNW#ZRUGW/#ZRUGW#KHW#RYHUEOLMYHQGH#QLWUDDW# YHUULMNW
PHW#GH# ]ZDDUGHUH# LVRWRSHQ1#9DQDI#KHW# LQILOWUDWLHSXQW# YDQ# HHQ# VWURRPEDDQ# ]XOOHQ# GH# G#ZDDUGHQ
VWURRPDIZDDUWV#VWHHGV#SRVLWLHYHU#ZRUGHQ1#,Q#GH#OLWHUDWXXU#ZRUGW#HHQ#YHUULMNLQJ#YDQ#GH#G4810#HQ#GH
G4;2#ZDDUGH#JHUDSSRUWHHUG#YDQ#UHVSHFWLHYHOLMN#.63#Å#HQ#.;18#Å#RS#KHW#HLQG#YDQ#GH#VWURRPEDDQ
>%RWWFKHU#HW#DO1/#4<<3/#0HQJLV#HW#DO1/#4<<</#$UDYHQD#HW#DO1/#4<<9/#&H\#HW#DO1/#4<<;/#&H\#HW#DO1/#4<<<@
W1R1Y1#GH#ZDDUGH#RS#KHW# LQILOWUDWLHSXQW1#'H# IUDFWLRQHULQJVIDFWRU# +.,#YRRU# 481#YDULHHUW#YDQ#31<;8# WRW
31<98#HQ#GH#IUDFWLRQHULQJVIDFWRU#YRRU#4;2#YDQ#31<<3# WRW#31<<71#:DQQHHU#GH#G481#HQ#GH#G4;2#YDQ
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RSHHQYROJHQGH#PHHWSXQWHQ# RS# GH# VWURRPEDDQ/#ZDDU# GHQLWULILFDWLH# SODDWVYLQGW/# WHJHQ# HONDDU# XLW
ZRUGHQ#JH]HW#LQ#HHQ#JUDILHN/#GDQ#YRUPHQ#GH]H#SXQWHQ#HHQ#UHFKWH# OLMQ1#'H#KHOOLQJ#YDQ#GH# OLMQ#YDUL0
HHUW#LQ#GH#OLWHUDWXXU#WXVVHQ#GH#417#HQ#514#+]LH#ILJXXU#4;,1#'H]H#VWHUNH# OLQHDLUH#FRUUHODWLH#WXVVHQ#GH
G481#HQ#GH#G4;2#ZDDUGHQ#LV#VWHUN#LQGLFDWLHI#YRRU#KHW#RSWUHGHQ#YDQ#GHQLWULILFDWLH1

)LJ1#4;1 'H#VWHUN#OLQHDLUH#FRUUHODWLH#WXVVHQ#G481#HQ#G4;1#GRRU#GHQLWULILFDWLH1#*HPRGLILFHHUG#QDDU
&ODUN#)#)ULW]#>4<<:@1

7KHRUHWLVFK#LV#KHW#RRN#PRJHOLMN#GHQLWULILFDWLH#DDQ#WH#WRQHQ#GRRU#KHW#PHWHQ#YDQ#GH# LVRWRSLVFKH#VD0
PHQVWHOOLQJ#YDQ#KHW#JHYRUPGH#VWLNVWRI#JDV1#'LW#JDV#]DO#HQRUP#YHUDUPG#]LMQ#DDQ#4811#,QGLHQ#GH#SUR0
GXFWLH# ]R# JURRW# ]DO# ]LMQ/# GDW# KHW# HHQ# DDQ]LHQOLMN# GHHO# JDDW# XLW#PDNHQ# YDQ# KHW# UHHGV# RSJHORVW
DWPRVIHULVFKH#VWLNVWRI#+G481,#LQ#KHW#ZDWHU/#]DO#GH#G481#QHJDWLHYHU#ZRUGHQ1#'H#XLWHLQGHOLMNH#G481#YDQ
KHW#VWLNVWRI#JDV#ZRUGW#EHSDDOG#GRRU#GH#YROXPHWULVFKH#YHUKRXGLQJ#YDQ#KHW#RRUVSURQNHOLMNH#JDV#HQ
KHW#GRRU#GHQLWULILFDWLH#JHYRUPGH#JDV1#+HW# LV#PRJHOLMN#GH# LVRWRSLVFKH#VDPHQVWHOOLQJ#YDQ#KHW#VWLN0
VWRIJDV# WH#PHWHQ1#(HQ#GHUJHOLMN#RQGHU]RHN# LV#QRRLW#HHUGHU#XLWJHYRHUG/#PDDU#GH# WHFKQLHN#]DO#ELQ0
QHQNRUW# ZRUGHQ# WRHJHSDVW# RS# GH# YXLOVWRUW# YDQ# %DQLVYHOG# >%1# YDQ# %UHXNHOHQ/# SHUVRRQOLMNH
FRPPXQLFDWLH@1

719# 0DQJDDQR[LGHV

71914# %URQQHQ
0DQJDDQR[LGHV# +0Q25,#ZRUGHQ# WLMGHQV#GH#VHGLPHQWDWLH#YDQ#GH#NOHL#HQ#]DQG# ODJHQ#JHYRUPG1#(U
]LMQ#HHQ#DDQWDO#PDQJDDQR[LGHV1#$OOHPDDO#]LMQ#]H#RSJHERXZG#XLW#ppQ#RI#WZHH#PDQJDDQ#PROHFXOHQ
HQ#HHQ#DDQWDO#]XXUVWRI#PROHFXOHQ1#7KHRUHWLVFK#]RX#HU#JHPHWHQ#NXQQHQ#ZRUGHQ#DDQ#GH# 4;22492
UDWLR#HQ#GH# 870Q2880Q# UDWLR1#$DQ#EHLGH# UDWLR*V# LV#HFKWHU#QRJ#QLHW# JHPHWHQ1# ,Q# GH# SUDNWLMN# LV# KHW
ZDDUVFKLMQOLMN#DOOHHQ#PRJHOLMN#GH# 4;22492# UDWLR# WH#PHWHQ#HQ#QLHW#GH870Q2880Q# UDWLR/# YDQZHJH#GH
ODJH#FRQFHQWUDWLH#YDQ#KHW#870Q#LVRWRRS#+?#3314(,#W1R1Y1#KHW#880Q#LVRWRRS#+!<<1<<(,1

71915# 5HDFWLHV#+PDQJDDQUHGXFWLH,#HQ#IUDFWLRQHULQJ
0DQJDDQR[LGHV#NXQQHQ#GRRU#EDFWHULsQ#JHEUXLNW#ZRUGHQ#DOV#HOHNWURQHQ#DFFHSWRU1#'H#UHGR[#UHDFWLH
YDQ#RUJDQLVFK#NRROVWRI#PHW#PDQJDDQ#R[LGHV#NDQ#ZRUGHQ#ZHHUJHJHYHQ#DOV=

0Q25#.#7#+.#.#5#H0#Æ#0Q5.#.#5#+52
+RHZHO#PDQJDDQ#UHGXFWLH#HHQ#QLHW#YHHO#YRRUNRPHQG#SURFHV#]DO#]LMQ#GRRU#GH#YDQ#QDWXUH#ODJH#KRH0
YHHOKHGHQ#PDQJDDQR[LGHV/#NDQ#GLW#SURFHV#PHW#QDPH#YRRU#LQ#DOOXYLDOH#HQ#JODFLDOH#VHGLPHQWHQ#YDQ
EHODQJ#]LMQ1#,Q#GLW#VRRUW#VHGLPHQWHQ#NRPHQ#YHHO#PDQJDDQR[LGHV#YRRU#>%UDGOH\/#5333@1#,Q#KHW#DOJH0
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PHHQ#LV#HU#]HHU#ZHLQLJ#EHNHQG#RYHU#ELRGHJUDGDWLH#RQGHU#PDQJDDQ#UHGXFHUHQGH#RPVWDQGLJKHGHQ1
(U#LV#JHHQ#LQIRUPDWLH#RI#IUDFWLRQHULQJ#GRRU#PDQJDDQUHGXFWLH1

71:# ,-]HUR[LGHV

71:14# %URQQHQ
,-]HU+K\GUR,R[LGHV# +)H2+6,#ZRUGHQ#JHYRUPG# WLMGHQV#VHGLPHQWDWLH#YDQ#GH#NOHL0#HQ#]DQGODJHQ1# ,-0
]HUR[LGHV#EHVWDDQ#XLW#ppQ#RI#WZHH#GULHZDDUGLJH#LM]HUPROHFXOHQ#HQ#HHQ#DDQWDO#]XXUVWRI#PROHFXOHQ1
'H#YHUVFKHLGHQKHLG#LV#JURRW#HQ#QLHW#HONH#LM]HUR[LGH#LV#HYHQ#PDNNHOLMN#WH#UHGXFHUHQ#>/RYOH\/#5333@1
7KHRUHWLVFK#]RX#HU#JHPHWHQ#NXQQHQ#ZRUGHQ#DDQ#4;22492#UDWLR#HQ#DOOH#FRPELQDWLHV#YDQ#GH#YLHU# LM0
]HU# LVRWRSHQ=# 87)H+81;7(,/#89)H+<41:9(,/#8:)H# +5145(,#HQ# 8;)H+315;Å,1#(U#]LMQ#JHHQ#SXEOLFDWLHV
EHNHQG#ZDDULQ#GH#G4;2#YDQ#LM]HUR[LGHV#LV#JHPHWHQ1#:HO#LV#HU#LQ#PHHUGHUH#VWXGLHV#JHPHWHQ#DDQ#GH
LM]HUUDWLR*V/#PHW#QDPH#GH#87)H289)H#UDWLR#>$QEDU#HW#DO1/#5333/#%HDUG#)#-RKQVRQ/#4<<<#HQ#%HDUG#HW
DO1/#4<<<@1#2PGDW#ELM#GH#87)H289)H#UDWLR#KHW#87)H#+GH#OLFKWH#LVRWRRS,#GH#]HOG]DPH# LVRWRRS# LV/#WHUZLMO
ELM#DQGHUH#DWRPHQ#+&/+/6/2,#MXLVW#GH#]ZDUH#LVRWRRS#GH#]HOG]DPH#LVRWRRS#LV/#ZRUGW#GH#LQYHUVH#UDWLR
JHEUXLNW=
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> @
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2
2

u¸
¸
¹

·
¨
¨
©

§
ð 

UHIHUHQFH

VDPSOH
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'H#G89)H#ZDDUGHQ#YDQ#LM]HUR[LGHQ#OLJJHQ#WXVVHQ#GH#0318#HQ#318Å#>%HDUG#)#-RKQVRQ/#4<<<@1

71:15# ,-]HUUHGXFWLH#HQ#IUDFWLRQHULQJ
,-]HUR[LGHV#NXQQHQ#GRRU#EDFWHULsQ#JHEUXLNW#ZRUGHQ#DOV#HOHNWURQHQDFFHSWRU#ELM#GH#R[LGDWLH#YDQ#RU0
JDQLVFK#PDWHULDDO1#'H#R[LGDWLH#YDQ#QDWXXUOLMN#RUJDQLVFK#NRROVWRI#RQGHU# LM]HUUHGXFHUHQGH#RPVWDQ0
GLJKHGHQ#NDQ#ZHHUJHJHYHQ#ZRUGHQ#DOV=

7)H+2+,6#.#&+52#.#;+.Æ#&25#.#7#)H5.#.#44+52
2S#KHW#HHUVWH#JH]LFKW#OLMNW#KHW#RQZDDUVFKLMQOLMN#GDW#HU#IUDFWLRQHULQJ#RSWUHHGW#RPGDW=
41# ,-]HUUHGXFWLH#HHQ#RSSHUYODNWHSURFHV# LV1#%DFWHULsQ# NXQQHQ#QLHW# VHOHFWHUHQ#ELM# RSSHUYODNWH0

SURFHVVHQ=#]H#NXQQHQ#VOHFKW#KHW#LM]HUR[LGH#PROHFXXO#JHEUXLNHQ/#GDW#DDQ#GH#RSSHUYODNWH#YDQ
KHW#PLQHUDDO#]LW/#RQJHDFKW#RI#GLW#HHQ# LVRWRSLVFK# OLFKW#RI#]ZDDU#PROHFXXO# LV# >PRQGHOLQJH#PH0
GHGHOLQJ#&ODUN@1

51# +HW#UHODWLHYH#YHUVFKLO#LQ#DWRRPJHZLFKW#WXVVHQ#GH#)H#LVRWRSHQ#NOHLQ#LV1
7RFK#LV#HU#DDQJHWRRQG#GDW#HU#IUDFWLRQHULQJ#RSWUHHGW#ELM#ELRORJLVFKH#LM]HUUHGXFWLH1#,Q#HHQ#ODERUDWRUL0
XPVWXGLH#ZHUGHQ#GH#LM]HUR[LGHQ#UHODWLHI#YHUDUPG#PHW#GH#OLFKWH#LVRWRSHQ#+87)H,/#WHUZLMO#KHW#JHYRUP0
GH#)H5 #MXLVW#ZRUGW#YHUULMNW#DDQ#GH#OLFKWHUH#LVRWRRS#>%HDUG#HW#DO1/#4<<<@1#%LM#HHQ#RP]HWWLQJ#YDQ#;3(
ZHUGHQ#GH#DFKWHUEOLMYHQGH# LM]HUR[LGHQ#RQJHYHHU#506Å#YHUDUPG#DDQ# 87)H1#'H# IUDFWLRQHULQJVIDFWRU
YRRU#GH#YHUDUPLQJ#YDQ#GH# LM]HUR[LGHQ# LV#413346# +OHW#RS#GH]H# IUDFWLRQHULQJVIDFWRU# LV#XLWJHGUXNW# LQ
89)H/#GXV#KHW#DFKWHUEOLMYHQGH# LM]HUR[LGH#ZRUGW#YHUULMNW#DDQ#GH#]ZDDUGHUH# LVRWRRS,1#$QEDU# WRRQGH
DDQ#GDW#GH]H#IUDFWLRQHULQJ#WH#YHUNODUHQ#YDOW#GRRU#GH#YHHOYRXGLJH#FKHPLVFKH#VSHFLDWLH#YHUDQGHULQ0
JHQ#YDQ#GH# LM]HU#DWRPHQ/#ZDQQHHU#EDFWHULsQ#]H#WUDQVSRUWHUHQ#RYHU#PHHUGHUH#PHPEUDQHQ# >$QEDU
HW#DO1/#5333@1#'H]HOIGH#FKHPLVFKH#VSHFLDWLH#YHUDQGHULQJHQ#YDQ#KHW#)H0DWRRP#NXQQHQ#RRN#YRRU#HHQ
IUDFWLRQHULQJ#]RUJHQ#ELM#QLHW0ELRORJLVFKH#HYHQZLFKWV#UHDFWLHV/#]RDOV=# LRQ#H[FKDQJH/# LRQ#DGVRUSWLRQ/
RI#SUHFLSLWDWLH#YDQ#RQRSORVEDUH#LM]HU#PLQHUDOHQ1#'H]H#IUDFWLRQHULQJ#]DO#HFKWHU#NOHLQHU#]LMQ#GDQ#LM]HU0
UHGXFWLH#HQ#ZRUGW#JHVFKDW#RS#PD[LPDDO#4Å#>$QEDU#HW#DO1/#5333@1#9RRUDO#KHW#QHHUVODDQ#YDQ#LM]HUPL0
QHUDOHQ# ]RX# EHODQJULMN# NXQQHQ# ]LMQ/# RPGDW# LQ# DQDsUREH# LM]HUUHGXFHUHQGH# RPJHYLQJHQ/
WZHHZDDUGLJ# LM]HU#+)H5.,# LQ#KRJH#FRQFHQWUDWLHV#NDQ#YRRUNRPHQ1#)H5.#NDQ#QHHUVODDQ#PHW#ELFDUER0
QDDW# +HHQ#GHHO#YDQ#KHW#7,&0JHKDOWH,/#ZDDUELM#VLGHULHW#JHYRUPG#ZRUGW1#+HW# WZHHZDDUGLJ# LM]HU#NDQ
RRN#QHHUVODDQ#LQ#GH#DDQZH]LJKHLG#YDQ#VXOILGH/#ZDDUELM#LM]HUVXOILGHQ#JHYRUPG#ZRUGHQ1#(HQ#RSPHU0
NLQJ#GLH#JHPDDNW#PRHW#ZRUGHQ# LV#GDW#GH#IUDFWLRQHULQJ#KHW#EHVW#WH#]LHQ# LV#ELM#GH#UHDFWDQW#+GH# LM]HU0
R[LGHQ#RS#KHW# VHGLPHQW,#HQ# VOHFKWV# LQ#PLQGHUH#PDWH# ELM# KHW# UHDFWLH# SURGXFW# +KHW# WZHHZDDUGLJH
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LM]HU,1#9RRU#GH#SUDNWLMN#EHWHNHQW#GLW#GDW#RP#GH#IUDFWLRQHULQJ#RSWLPDDO#WH#]LHQ#KHW#QRRG]DNHOLMN#LV#DQ0
DsUREH#JURQGPRQVWHUV#WH#QHPHQ1

,-]HUR[LGHV#]LMQ/# LQ#WHJHQVWHOOLQJ#WRW#ZDW#YDDN#JHGDFKW#ZRUGW/# LQ#YHHO#ERGHP#HQ#JURQGZDWHU#V\VWH0
PHQ#EHODQJULMNH#HOHNWURQHQDFFHSWRUHQ1#'H]H#PLVYDWWLQJ#ZRUGW#YDDN#JHPDDNW#GRRUGDW#PHQ#DIJDDW
RS#GH#WRWDOH#KRHYHHOKHLG# LM]HU#R[LGHV1#'H]H# LV# LQGHUGDDG# LQ#GH#PHHVWH#JHYDOOHQ# ODDJ=#VOHFKWV#HQ0
NHOH#PLOOLJUDPPHQ#SHU#NLOR#VHGLPHQW1#:RUGHQ#GH]H#KRHYHHOKHGHQ#HFKWHU#RPJHUHNHQG# LQ#PPRO
UHGXFHHUEDDU#LM]HU/#GDQ#]LMQ#GH#FRQFHQWUDWLHV#DDQ]LHQOLMN#KRJHU#GDQ#GH#FRQFHQWUDWLHV#YDQ#GH#DQGH0
UH#HOHNWURQHQ#DFFHSWRUHQ1#+LHU#NRPW#QRJ#ELM/#GDW#LM]HUUHGXFWLH#ELM#S+#90:#+JHPLGGHOGH#S+#LQ#JURQG0
ZDWHUV\VWHPHQ,# WKHUPRG\QDPLVFK# JH]LHQ# YHHO# JXQVWLJHU# LV# YRRU# EDFWHULsQ# GDQ# VXOIDDWUHGXFWLH1
,-]HUUHGXFWLH# LV#GXV# LQ#YHHO#JHYDOOHQ#GH#EHODQJULMNVWH#HOHNWURQHQDFFHSWRU# LQ#DQDsUREH#ERGHP0#HQ
JURQGZDWHU#V\VWHPHQ1

71;# 6XOIDDW

71;14# %URQQHQ
6XOIDDW#LQ#JURQGZDWHU#NDQ#DINRPVWLJ#]LMQ#YDQ#GH#DWPRVIHHU#LQ#GH#YRUP#YDQ#UHJHQ#RI#GURJH#GHSRVL0
WLH1#'H#ZDDUGHQ#YDQ#YHUVFKLOOHQGH#DWPRVIHULVFKH#EURQQHQ#]LMQ#ZHHUJHJHYHQ#LQ#WDEHO#81#%LM#KHW#WRH0
NHQQHQ# YDQ# GH# 4;20ZDDUGHQ# LV# HU# YDQXLW# JHJDDQ# GDW# GH# DWPRVIHULVFKH# VXOIDDW0LQSXW# QLHW#ZRUGW
EHwQYORHG#GRRU# ERGHPSURFHVVHQ# LQ# GH# RQYHU]DGLJGH# ]RQH1# ,Q# GH#PHHVWH# JHYDOOHQ# JDDW# GLW# RS1
7RFK#]LMQ#HU#JHYDOOHQ#EHNHQG#ZDDU#ERGHPSURFHVVHQ#LQ#GH#RQYHU]DGLJGH#]RQH#KHW#VXOIDDW#DDQ]LHQ0
OLMN#YHUDUPGHQ#DDQ#GH#]ZDDUGHUH# LVRWRRS1#'LW#ZHUG#YHURRU]DDNW/#GRRUGDW#VXOIDDW#]HHU#VWHUN#ZHUG
JHUHF\FOHG/#PHW#XLWZLVVHOLQJ#YDQ#]XXUVWRI#DWRPHQ#YDQ#KHW#VXOIDDW#PHW#GLH#YDQ#GH#ZDWHUPROHFXOHQ1
'H#G4;2#YDQ#ZDWHU#LV#DOWLMG#QHJDWLHI1#'H#G4;2#YDQ#KHW#XLWHLQGHOLMNH#VXOIDDW#LQ#KHW#JURQGZDWHU#RQGHU
GH]H#ERGHPV#NDQ#43053#Å# ODJHU#]LMQ#GDQ#GH#ZDDUGH# LQ#GH#WDEHO#DIKDQNHOLMN#YDQ#GH#G4;2#YDQ#KHW
ERGHPZDWHU#+ELMY1#>0D\HU#HW#DO1/#4<<8D@1

7DEHO#81 $WPRVIHULVFKH#VXOIDDWEURQQHQ1

1DWXXUOLMNH#DWPRVIHULVFKH#EURQQHQ
%URQ 2RUVSURQNHOLMNH

YRUP#VXOIDDW#EURQ
G676#YDQ#VXOIDDW
LQ#JURQGZDWHU

G4;2#YDQ#VXOIDDW#LQ
JURQGZDWHU

6HDVSUD\ 627 .54 3#WRW#.43
$IVWHUYHQ#SODQNWRQ '06 .48 3#WRW#.43
8LWVWRRW#YXONDQHQ +56/#'06 .8#WRW#.43 3#WRW#.43
0RHUDVVHQ +56 043#WRW#03 3#WRW#.43

$QWURSRJHQH#DWPRVIHULVFKH#EURQQHQ
,QGXVWULsOH#SURFHVVHQ 627 06#WRW#.< .73
9HUEUDQGLQJ#IRVVLHOH
EUDQGVWRI 625 06#WRW#.< .:#WRW#.4:#+KRJH#7,

053#+ODJH#7,
*HPLGGHOGH#DWPRVIHUL0
VFKH#GHSRVLWLH#&HQWUDDO
(XURSD

QYW 06#WRW#.< .43#WRW#.45

1DDVW#GH#DWPRVIHULVFKH#EURQQHQ/#NDQ#VXOIDDW# LQ#JURQGZDWHU#RRN#DINRPVWLJ#]LMQ#YDQ#PLQHUDOHQ# LQ
KHW#JHVWHHQWH#ZDDUGRRU#KHW#JURQGZDWHU#VWURRPW1#(U#]LMQ#WZHH#VRRUWHQ#PLQHUDOHQ=
41# 0LQHUDOHQ#GLH#VXOIDDW#EHYDWWHQ/#]RDOV#ELMYRRUEHHOG#JLSV#+&D627,1#=LM#NXQQHQ#GH#VXOIDDWFRQFHQ0

WUDWLH#YDQ#KHW#JURQGZDWHU#YHUDQGHUHQ#GRRU#RS#WH#ORVVHQ#RI#QHHU#WH#VODDQ1
51# 0LQHUDOHQ#GLH#VXOILGHQ#EHYDWWHQ/#]RDOV#ELMYRRUEHHOG#S\ULHW#+)H65,1#'H]H#VXOILGHQ#PRHWHQ#HHUVW

JHR[LGHHUG#ZRUGHQ#QDDU#VXOIDDW#+ELMY1#S\ULHW#R[LGDWLH,/#YRRUGDW#]H#HHQ#ELMGUDJH#NXQQHQ#OHYHUHQ
DDQ#GH#VXOIDDW#FRQFHQWUDWLH#YDQ#KHW#JURQGZDWHU1#'H#R[LGDWLH#YDQ#VXOILGHQ#JDDW#JHSDDUG#PHW
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HHQ#NOHLQH#YHUULMNLQJ#YDQ#KHW#DFKWHUEOLMYHQGH#VXOILGH#YDQ#508Å#+.# 41335041338,1#+HW#JHYRUP0
GH#VXOIDDW#KHHIW#GXV#HHQ#QHJDWLHYHUH#G676#GDQ#GH#VXOILGHQ/#ZDDUXLW#KHW#JHYRUPG# LV1#'H#G4;2
YDQ#VXOIDDW#XLW#VXOILGHQ#LV#RYHU#KHW#DOJHPHHQ#EHKRRUOLMN#QHJDWLHI/#RPGDW#GH#]XXUVWRI#PROHFXOHQ
YDQ#KHW#VXOIDDW#YRRU#99(#YDQ#GH#ZDWHUPROHFXOHQ#NRPHQ#>9DQ#(YHUGLQJHQ#DQG#.URXVH/#4<;8@1
'H#G4;2#YDQ#ZDWHU# LV#DOWLMG#NOHLQHU#GDQ#3Å1#9RRU#PHHU# LQIRUPDWLH#RYHU#KHW#EHUHNHQHQ#YDQ#GH
H[DFWH#G4;2#YDQ#VXOIDDW#GRRU#S\ULHW#R[LGDWLH#ZRUGW#YHUZH]HQ#QDDU#SDJLQD#475#YDQ#&ODUN#)#)ULW]
>4<<:@1

,Q#1HGHUODQG#JDDW#KHW#PHW#QDPH#RP#VXOILGHQ#+ELMY1#S\ULHW,#LQ#VHGLPHQWDLUH#DI]HWWLQJHQ#+]DQG/#NOHL,1
+HW#DDQWRQHQ#YDQ#VXOILGH# +S\ULHW,#R[LGDWLH#NDQ#VRPV#EHODQJULMN#]LMQ1#=R#KHEEHQ#%XWOHU#HQ#+D\HV/
>5333@#DDQJHWRRQG#GDW#JHFKORUHHUGH#YHUELQGLQJHQ#ELRORJLVFK#NXQQHQ#ZRUGHQ#DIJHEURNHQ#GRRU#S\0
ULHW#R[LGDWLH/#KLHUELM#GLHQW#S\ULHW#DOV#HOHNWURQGRQRU#HQ#GH#JHFKORUHHUGH# YHUELQGLQJ#DOV#HOHNWURQHQ
DFFHSWRU1# ,Q#VSHFLDOH#JHYDOOHQ#NDQ#S\ULHW#R[LGDWLH#GXV#RRN# LQGLFDWLHI#]LMQ#YRRU#ELRGHJUDGDWLH#YDQ
JHFKORUHHUGH#YHUELQGLQJHQ1#,Q#WDEHO#9#]LMQ#GH#G676#HQ#G4;2#ZDDUGHQ#YDQ#KHW#VXOIDDW#RQWVWDDQ#XLW#GH
YHUVFKLOOHQGH#VHGLPHQWDLUH#VXOIDDW#EURQQHQ#ZHHUJHJHYHQ1

7DEHO#91 6XOIDDW#XLW#VHGLPHQWDLUH#]ZDYHOEURQQHQ1

6XOIDDW#KRXGHQGH#DI]HWWLQJHQ
$I]HWWLQJ G676#YDQ#XLWHLQGHOLMN#VXO0

IDDW
G4;2#YDQ#XLWHLQGHOLMN
VXOIDDW

0DULHQH#HYDSRULHWHQ#+QHHUVODJ, .43#WRW#.68 .:#WRW#.53
*7HUUHVWULDO*#HYDSRULHWHQ#+LQGDPSLQJ, 045#WRW#.43 043#WRW#.7

6XILGH#KRXGHQGH#DI]HWWLQJHQ
6XOILGHQ#LQ#ILMQNRUUHOLJH#VHGLPHQWHQ
+S\ULHW#LQ#]DQG/#NOHL,

063#WRW#3
+EXON#URQG#04:/#>0RRN#HW#DO/
5334@,

063#WRW#.8
+]LH#S1#476#YDQ#>&ODUN#)
)ULW]1#4<<:@,

$OV#ODDWVWH#VXOIDDWEURQQHQ#NXQQHQ#ORNDOH#DQWURSRJHQH#EURQQHQ#ZRUGHQ#JHQRHPG1#7HQ#HHUVWH#NDQ
NXQVWPHVW# LQ#GH#YRUP#YDQ#+1+,7627#JHQRHPG#ZRUGHQ1#+HW#VXOIDDW#YDQ#GH#NXQVWPHVW#ZRUGW#YHHO
PLQGHU#JRHG#RSJHQRPHQ#GRRU#SODQWHQ/#GDQ#KHW#DPPRQLXP#+1+7,/#ZDDUGRRU#PHW#QDPH#KHW#VXOIDDW
KHW#JURQGZDWHU#EHUHLNW1#'H#G676#YDQ#NXQVWPHVW# OLJW# WXVVHQ#GH#.43# WRW#.48Å#YRRU#NXQVWPHVW#GDW
JHPDDNW#LV#GRRU#*JDV#UHILQLQJ*#HQ#URQG#GH#3Å/#ZDQQHHU#KHW#JHPDDNW#LV#GRRU#YHUEUDQGLQJ#YDQ#VXOIL0
GH#HUWV#+RUH#URDVWLQJ,1#7HQ#WZHHGH#NDQ#VXOIDDW#JHQRHPG#ZRUGHQ#GDW#LQ#KHW#PLOLHX#WHUHFKW# LV#JHNR0
PHQ#GRRU#RQJHOXNNHQ#ELM#IDEULHNHQ#GLH#VXOIDDW#DOV#FKHPLFDOLsQ#JHEUXLNHQ1#'LW#*&KHPLVFKH*#VXOIDDW
NDQ#]HHU#XLWHHQORSHQGH#ZDDUGHQ#KHEEHQ1

71;15# 6XOIDDWUHGXFWLH#HQ#IUDFWLRQHULQJ
%DFWHULsQ#NXQQHQ#ELM#GH#DDQZH]LJKHLG#YDQ#JHVFKLNW#RUJDQLVFK#PDWHULDDO#JHEUXLN#PDNHQ#YDQ#VXO0
IDDW#DOV#HOHNWURQHQDFFHSWRU#YROJHQV#GH#KDOIUHDFWLH=

62750#.#43#+.#.#;#H0#Æ#+56#.#7#+52
%LM#YRRUWVFKULMGHQGH# UHDFWLH#DFFXPXOHHUW# 676# LQ#KHW#RYHUEOLMYHQGH#VXOIDDW1# ,Q#GH#VWURPLQJVULFKWLQJ
ZRUGW#GH# G676# LQ# HHQ# VWURRPEDDQ# VWHHGV# SRVLWLHYHU# >.X/# 4<<<>#6WUHEHO/# 4<<3>#5LJKWPDUH# HW# DO1
4<:7>#0XUSK\#HW#DO1/#4<<;>#$VPXVVHQ#HW#DO1/#4<<;>#/DQGPH\HU#HW#DO1/#4<<;>#$UDYHQD#HW#DO1/#4<<;@1
+HW]HOIGH#JDDW#RS#YRRU#4;2=#QDDUPDWH#GH#VXOIDDW#UHGXFWLH#YRUGHUW/#ZRUGW#KHW#RYHUEOLMYHQGH#VXOIDDW
YHUULMNW#PHW# 4;21#'H]H#YHUULMNLQJ#QDGHUW#HFKWHU#HHQ#FRQVWDQWH#ZDDUGH/#ZDDUVFKLMQOLMN#GRRUGDW#KHW
WXVVHQSURGXFW#VXOILHW#+626,#]XXUVWRIDWRPHQ#XLWZLVVHOW#PHW#KHW#JURQGZDWHU#>&ODUN#)#)ULW]/#4<<:@1#'H
G4;2#ZDDUGH#YDQ#VXOIDDW#QDGHUW#GDDUGRRU#HHQ#FRQVWDQWH#ZDDUGH/#GLH#QDXZ#FRUUHVSRQGHHUW#PHW#KHW
WKHUPRG\QDPLVFK#HYHQZLFKW#YRRU# 4;2# WXVVHQ#VXOIDDW#HQ#ZDWHU1# ,Q# ILJXXU#4<# LV#KHW#HIIHFW#YDQ#VXO0
IDDWUHGXFWLH#RS#GH#LVRWRSHQVDPHQVWHOOLQJ#YDQ#VXOIDDW#ZHHUJHJHYHQ1#,Q#GH]H#ILJXXU#LV#JRHG#WH#]LHQ
GDW#KHW#RYHUEOLMYHQGH# VXOIDDW# YHUULMNW#ZRUGW#PHW# 676#HQ#PHW# 4;21# ,Q# ODWHUH# IDVHQ# YDQ# KHW# SURFHV
ZRUGW#KHW#RYHUEOLMYHQGH#VXOIDDW#QRJ#VOHFKWV#YHUULMNW#DDQ#676/#PDDU#QDXZHOLMNV#PHHU#DDQ#4;21#$QGH0
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UH#DXWHXUV#]LMQ#RYHULJHQV#YDQ#PHQLQJ#GDW#GRRU#GH#UHODWLHI# ODJH#WHPSHUDWXUHQ#HU#QDXZHOLMNV#XLWZLV0
VHOLQJ#LV#WXVVHQ#+56#HQ#VXOIDDW#HQ#GDW#RRN#GH#G4;2#FRQWLQXH#EOLMIW#IUDFWLRQHUHQ#DOV#JHYROJ#YDQ#VXO0
IDDWUHGXFWLH#>0RRN/#5334@1

)LJ1#4<1 'H#WUHQG#YDQ#G676#HQ#G4;2#DOV#JHYROJ#YDQ#VXOIDDW#UHGXFWLH#>&ODUN#HQ#)ULW]/#4<<:@1

'H#XLWHLQGHOLMNH#G6760#HQ#GH#G4;2#ZDDUGHQ#YDQ#KHW#RYHUEOLMYHQGH#VXOIDDW#]LMQ#DIKDQNHOLMN#YDQ#GULH
IDFWRUHQ1
41# 'H#EHJLQZDDUGH#YDQ#KHW#VXOIDDW1#=RDOV#XLW#GH#WDEHOOHQ#EOLMNW#LV#KHW#PRJHOLMN#RP#DDQ#GH#KDQG#YDQ
GH# LVRWRSHQ#VDPHQVWHOOLQJ#GH#RRUVSURQJ#YDQ#KHW#VXOIDDW# WH#EHSDOHQ1#+HW# LV#EHODQJULMN#DOOH#PR0
JHOLMNH#VXOIDDWEURQQHQ# WH# LGHQWLILFHUHQ1#6PHMNDO#)#-HWHO# >4<<3@#NRQGHQ#RS#EDVLV#YDQ#GH# LVRWR0
SHQVDPHQVWHOOLQJ#YDQ#GH#VXOIDDWEURQQHQ=#VXOIDDW#YDQ#JHR[LGHHUG#S\ULHW#+G676a048Å#HQ#G4;2a0
:Å,/# VXOIDDW# YDQ# GH# DWPRVIHHU# +G676a.40.:Å# HQ# G4;2a05Å,# HQ# VXOIDDW# DINRPVWLJ# YDQ# HHQ
HQHUJLHRSZHNNLQJVEHGULMI#+G676a.43Å#HQ#G4;2a.48Å,#EHUHNHQHQ#ZDW#GH#ELMGUDJH#YDQ#GH#YHU0
VFKLOOHQGH#EURQQHQ#ZDV1

51# 'H# IUDFWLRQHULQJVIDFWRU# HQ# VQHOKHLG# YDQ# RP]HWWLQJ1# *HEOHNHQ# LV# GDW# YHUVFKLOOHQGH# EDFWHULH0
VRRUWHQ#]RUJHQ#YRRU#YHUVFKLOOHQGH# IUDFWLRQHULQJVIDFWRUHQ1#2RN#GH#DIEUDDNURXWH# LV#YDQ#EHODQJ1
%LM# UHDFWLHV#ZDDUELM#VXOILHW#DOV# WXVVHQSURGXFW#ZHUG#JHYRQGHQ/#ZDV#GH# IUDFWLRQHULQJ#DDQ]LHQOLMN
JURWHU#GDQ# ELM# UHDFWLHV#ZDDUELM# VXOIDDW# LQ# ppQ# VWDS#ZHUG# RPJH]HW# QDDU# VXOILGH1#'H# IUDFWLRQH0
ULQJVIDFWRU#ELM#RP]HWWLQJ#YDQ#VXOIDDW#YLD#VXOILHW#QDDU#+56# LV#41373/# WHUZLMO#ELM#GLUHFWH#RP]HWWLQJ
YDQ#VXOIDDW#QDDU#+56#VOHFKWV#HHQ# IUDFWLRQHULQJVIDFWRU#YDQ#41358# >&ODUN#)#)ULW]/#4<<:@1#2RN#GH
VQHOKHLG#YDQ#GH#VXOIDDWUHGXFWLH#LV#YDQ#EHODQJ=#KRH#JURWHU#GH#VQHOKHLG/#KRH#JURWHU#GH#IUDFWLRQH0
ULQJ1#'RRU#GH#JURWH#YHUVFKHLGHQKHLG#YDQ#GH]H# UHGR[FRQGLWLHV#HQ#EDFWHULHVRRUWHQ#YHUWRQHQ#GH
ELRORJLVFKH# IUDFWLRQHULQJVIDFWRUHQ#HHQ#JURWH#VSUHLGLQJ=#GH#RQGHUJUHQV# OLJW#ELM#41343/# WHUZLMO#GH
ERYHQJUHQV#ELM#41393#>.URXVH#)#0D\HU/#5333@1

61# 5D\OHLJK#GLVWLOODWLH#HIIHFWHQ#HQ#PHQJLQJ1#6XOIDDW#LQ#JURQGZDWHU#VWDDW#LQ#1HGHUODQG#LQ#GH#PHHVWH
JHYDOOHQ#QLHW# LQ#FRQWDFW#PHW#VXOIDDWPLQHUDOHQ1#,Q#]XONH#JHYDOOHQ#ZRUGHQ#GH#HHUGHU#EHVFKUHYHQ
DV\PSWRWLVFKH#YHUULMNLQJ#YRRU#VXOIDDWUHGXFWLH#JHYRQGHQ1#:DQQHHU#HU#ZHO#FRQWDFW#LV#PHW#VXOIDDW
PLQHUDOHQ/#]DO#KHW#LVRWRSLVFKH#HIIHFW#YHURRU]DDNW#GRRU#VXOIDDWUHGXFWLH#JHPDVNHHUG#ZRUGHQ#GRRU
KHW#RSORVVHQ#YDQ#KHW#VXOIDDW#PLQHUDDO1#&ODUN#HW#DO1/#>4<<9@#ODDW#LQ#]LMQ#RQGHU]RHN#QDDU#VXOIDDWUH0
GXFWLH# LQ#HHQ#DTXLIHU# LQ#2PDQ#]LHQ#GDW#KHW#RSORVVHQ#YDQ#JLSV/#GDW#YDQ#QDWXUH#HHQ# ODJH#G676
KHHIW/#KHW#HIIHFW#YDQ#GH#VXOIDDWUHGXFWLH#QDJHQRHJ#WH#QLHW#GRHW1
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+22)'678.#8

9(52175(,1,*,1*663(&,),(.(#72(3$66,1*(1

814# ,QOHLGLQJ

,Q#KRRIGVWXN#7# LV#EHVSURNHQ#KRH#GH# +UHGR[,FRPSRQHQWHQ# LQ#HHQ#ERGHPV\VWHHP#YHUDQGHUHQ#DOV
JHYROJ#YDQ#GH#DIEUDDN#YDQ#YHURQWUHLQLJLQJHQ#HQ#KRH#GH]H#YHUDQGHULQJHQ#]LMQ#WH# LGHQWLILFHUHQ#PHW
EHKXOS#YDQ# LVRWRSHQ#DQDO\VHV1#'LW#KRRIGVWXN#EHKDQGHOW#GH# WRHSDVVLQJ#YDQ# LVRWRSHQ#DQDO\VH#DDQ
GH#YHURQWUHLQLJLQJHQ#]HOI1

2P#VWUXFWXXU#LQ#GH#JHJHYHQV#WH#EUHQJHQ#LV#JHNR]HQ#YRRU#GH# LQGHOLQJ#]RDOV# LQ#WDEHO#:1#'H#YHURQW0
UHLQLJLQJHQ#]LMQ#LQJHGHHOG#QDDU#ppQ#YDQ#GH#GULH#KRRIGJURHSHQ=#NRROZDWHUVWRIIHQ/#]ZDUH#PHWDOHQ#HQ
RYHULJH#YHURQWUHLQLJLQJHQ/#ZDDUELM#GH#KRRIGJURHSHQ#ZHHU#YHUGHU#]LMQ#XLWJHVSOLWVW1# ,Q#GH#HHUVWH#NR0
ORP#]LMQ#GH# WZHH#KRRIGWRHSDVVLQJHQ#JHJHYHQ=# +4,#KHW#NDUDNWHULVHUHQ#YDQ#HHQ#YHURQWUHLQLJLQJ#HQ
+5,#KHW#DDQWRQHQ#YDQ#1DWXXUOLMNH#$IQDPH#+1$,1#'RRU#HHQ#EHWUHIIHQGH#NRORP#HQ#ULM# WH#FRPELQHUHQ
ZRUGW#HHQ#YDN#JHYRQGHQ#PHW#GH# LVRWRSHQ#YDQ#HHQ#EHSDDOG#HOHPHQW1#'H#NOHXUFRGHULQJ#JHHIW#GH
PDWH#YDQ#JHVFKLNWKHLG#YDQ# LVRWRSH#DQDO\VH#DDQ1#3HU#YHURQWUHLQLJLQJVW\SH# LV#HHQ#YHUZLM]LQJ#QDDU
KHW#SDJLQDQXPPHU#RSJHQRPHQ

7DEHO#:1 6OHXWHOWDEHO#YHURQWUHLQLJLQJVVSHFLILHNH#WRHSDVVLQJHQ#LVRWRSHQ#DQDO\VH1

.RROZDWHUVWRIIHQ =ZDUH#PHWDOHQ 2YHULJH#######9HURQWUHLQLJLQJ

%7(;+1
,

3$.

&
.:

V

0
LQHUDOH#ROLH

1
0KRXGHQGH
NRROZ

DWHUVWRIIHQ

/RRG

2
YHULJH#]Z

DUH
P
HWDOHQ

1
LWUDDW

&
\DQLGH

7RHSDVVLQJ S17< S186 S187 S18: S18: S18; S18; S194 S196

.DUDNWHULVHUHQ#YHU0
RQWUHLQLJLQJ

46& 5+ 46& 46& 6:&O 5+ 46&#+676, 46&#481 5393E253:3E
99=Q297=Q
HWF1

481#4;2 46&#481

$sUREH#ELRGHJUD0
GDWLH

46& 5+ 46& 46&1 6:&O 5+ 46& 46& Q1Y1W1 Q1Y1W1 Q1Y1W1 46&#481

$QDsUREH#ELRGH0
JUDGDWLH

46& 5+ 46& 46& 6:&O 5+ 46& 46& Q1Y1W1 Q1Y1W1 481#4;2 46&#481

9HUYOXFKWLJLQJ 46& 5+ 46& 46& 6:&O 5+ 46& 46& Q1Y1W1 Q1Y1W1 Q1Y1W1 46&#481

1
DW
XX
UOL
MN
H#
DI
QD
P
H

JHERQGHQ#UHVLGX/
SUHFLSLWDWLH Q1Y1W1 46& Q1Y1W1 Q1Y1W1 46&#481 5393E253:3E

99=Q297=Q
HWF1 Q1Y1W1 46&#481

LVRWRRS #LVRWRSHQ#DQDO\VH#]HHU#JHVFKLNWH#RI#HQLJH
#PHWKRGH LVRWRRS #LVRWRSHQ#DQDO\VH#PRJHOLMN/#PDDU#QLHW#YRRU#GH

#KDQG#OLJJHQG

LVRWRRS #LVRWRSHQ#DQDO\VH#JHVFKLNWH#PHWKRGH LVRWRRS #PHWKRGH#LQ#RQWZLNNHOLQJ
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81414# .DUDNWHULVHUHQ#YDQ#YHURQWUHLQLJLQJHQ
(U#]LMQ#YHUVFKLOOHQGH#WRHSDVVLQJHQ#ZDDUELM#KHW#NDUDNWHULVHUHQ#YDQ#YHURQWUHLQLJLQJHQ#YDQ#EHODQJ#LV/
]RDOV#ELMYRRUEHHOG=
0# RQGHUVFKHLGHQ#YDQ#YHUVFKLOOHQGH#YHURQWUHLQLJLQJVEURQQHQ>
0# RQGHUVFKHLG#PDNHQ#WXVVHQ#QDWXXUOLMNH#EURQQHQ#HQ#DQWURSRJHQH#EURQQHQ>
0# UHODWHUHQ#YDQ#HHQ#JURQGZDWHUYHURQWUHLQLJLQJ#DDQ#HHQ#EHSDDOGH#EURQ>
0# GDWHUHQ#YDQ#HHQ#YHURQWUHLQLJLQJ1
9HHODO#ZRUGW#GH#NDUDNWHULVHULQJ#XLWJHYRHUG#LQ#KHW#NDGHU#YDQ#HHQ#RQGHU]RHN#QDDU#GH#RRU]DDN#HQ2RI
GH#YHURRU]DNHU#YDQ#GH#YHURQWUHLQLJLQJ#HQ#]LMQ#HU# MXULGLVFKH#FRQVHTXHQWLHV#DDQ#GLW#RQGHU]RHN#YHU0
ERQGHQ1#,Q#]XONH#JHYDOOHQ#GLHQW#GH#EHZLMVODVW#]R#VWHUN#PRJHOLMN#WH#]LMQ1#,VRWRSHQ#DQDO\VH#NDQ#GRRU
GH#XQLHNH#PRJHOLMNKHGHQ#HUYDQ#LQ#HHQ#DDQWDO#JHYDOOHQ#HHQ#QXWWLJ#LQVWUXPHQW#]LMQ#ELM#KHW#NDUDNWHUL0
VHUHQ# YDQ# YHURQWUHLQLJLQJHQ1#+LHUYRRU#PRHW#ZHO#DDQ#HHQ# WZHHWDO# UDQGYRRUZDDUGHQ#ZRUGHQ# YRO0
GDDQ=
41# +HW#YHUVFKLO# LQ# LVRWRSLVFKH# VDPHQVWHOOLQJ# YDQ# YHURQWUHLQLJLQJHQ#PHW#HHQ# YHUVFKLOOHQGH#RRU0

VSURQJ#PRHW#PHHWEDDU#HQ#VLJQLILFDQW#]LMQ>
51# 'H# LVRWRSHQVLJQDWXXU#PRHW#EHKRXGHQ#EOLMYHQ#RI#QLHW#VLJQLILFDQW#ZRUGHQ#YHUDQGHUG#GRRU#SUR0

FHVVHQ#LQ#GH#ERGHP1

+HW#EHKRXG#YDQ#LVRWRSHQVLJQDWXXU#LV#PHW#QDPH#DIKDQNHOLMN#YDQ#KHW#W\SH#YHURQWUHLQLJLQJ>#GLW#ZRUGW
GDQ#RRN#YHUGHURS# LQ#GLW#KRRIGVWXN#SHU# YHURQWUHLQLJLQJ#EHKDQGHOG1#'H#HHUVWH# UDQGYRRUZDDUGH# LV
RRN#DIKDQNHOLMN#YDQ#GH#RRUVSURQJ#HQ#KHW#RQWVWDDQ#YDQ#GH#YHURQWUHLQLJLQJ#HQ#]DO#SHU#JHYDO#EHRRU0
GHHOG#PRHWHQ#ZRUGHQ1#=R#JHHIW#HHQ#ppQPDOLJH# OHNNDJH#HHQ#YHHO#JURWHUH#NDQV#RS#HHQ#VLJQLILFDQW
DIZLMNHQGH#LVRWRSHQVLJQDWXXU#YDQ#GH#EURQ#GDQ#HHQ#YHURQWUHLQLJLQJ#GLH#LV#RQWVWDDQ#GRRU#ODQJGXULJH
NOHLQH# OHNNDJHV/#RPGDW#HU# LQ#GDW# ODDWVWH#JHYDO#JURWH#NDQV# LV#RS# LVRWRSLVFKH#YDULDWLHV# LQ#GH#JURQG0
VWRI1

81415# $DQWRQHQ#YDQ#+QDWXXUOLMNH,#DIQDPH
1DWXUDO#$WWHQXDWLRQ#RI#1DWXXUOLMNH#$IQDPH#+1$,#RPYDW#GH#SURFHVVHQ#GLH#]RUJHQ#YRRU#KHW#DIQHPHQ
YDQ#FRQFHQWUDWLHV#ODQJV#HHQ#VWURRPEDDQ/#WH#ZHWHQ#YHUGXQQLQJ/#YHUYOXFKWLJLQJ/#VRUSWLH/#SUHFLSLWDWLH/
LUUHYHUVLEHOH#ELQGLQJ#DDQ#KHW#VHGLPHQW#HQ#ELRGHJUDGDWLH1#,Q#WHJHQVWHOOLQJ#WRW#NDUDNWHULVHULQJ#YDQ#GH
YHURQWUHLQLJLQJ# LV#KHW#YRRU#KHW#DDQWRQHQ#YDQ#1$# MXLVW#ZHO#QRRG]DNHOLMN#GDW# IUDFWLRQHULQJ#RSWUHHGW
HQ#WHYHQV#GDW#GH#IUDFWLRQHULQJ#YHURRU]DDNW#GRRU#GH#YHUVFKLOOHQGH#SURFHVVHQ# WH#RQGHUVFKHLGHQ# LV1
,QGLHQ#PHQ#ELMYRRUEHHOG#ELRGHJUDGDWLH#ZLO#DDQWRQHQ/#GDQ#PRHW#GDW#SURFHV#LQ#LHGHU#JHYDO#GH#LVRWR0
SLVFKH#VDPHQVWHOOLQJ#YDQ#GH#YHURQWUHLQLJLQJ#DQGHUV#EHwQYORHGHQ#GDQ#GH#RYHULJH#ERGHPSURFHV0
VHQ1# (HQ# DQGHUH# UDQGYRRUZDDUGH# LV# GDW# GH# ELQGLQJ# YDQ# KHW# LVRWRRS# ZDDUDDQ# JHPHWHQ# ZRUGW
GXVGDQLJ#VWHUN#LV#GDW#KHW#QLHW#FRQWLQX#ZRUGW#XLWJHZLVVHOG1#=R#KHHIW#ELMYRRUEHHOG#KHW#PHWHQ#YDQ#5+
YDQ#DPPRQLXP#JHHQ#QXW#RPGDW#GH]H#FRQWLQXH#XLWZLVVHOW#PHW#GH#+0DWRPHQ#YDQ#KHW#JURQGZDWHU/
ZDDULQ#KHW# LV#RSJHORVW1#+LHURQGHU#ZRUGW#SHU#1$0SURFHV#NRUW#KHW#RSWUHGHQ#YDQ# IUDFWLRQHUHQGH#HI0
IHFWHQ#EHVFKUHYHQ=
0# 2SORVVHQ#YDQXLW#SXXU#SURGXFW/# WUDQVSRUW#PHW#JURQGZDWHU#HQ#YHUGXQQLQJ#KHEEHQ#JHHQ#VLJQLIL0

FDQW#IUDFWLRQHUHQG#HIIHFW>
0# 9HUYOXFKWLJLQJ#NDQ#VWHUN# IUDFWLRQHUHQG#ZHUNHQ/#KRHZHO#KHW#HIIHFW#QLHW#DOWLMG#JHOLMN# LV1#0HHVWDO

]XOOHQ#GH# OLFKWHUH# LVRWRSHQ#VQHOOHU# LQ#GH#JDVIDVH#NRPHQ/#PDDU#ELM#YHUYOXFKWLJLQJ#YDQ#RUJDQL0
VFKH#YHUELQGLQJHQ#LV#JHEOHNHQ#GDW#46&#VQHOOHU#YHUYOXFKWLJW#GDQ#45&>

0# 6RUSWLH# DOV# JHYROJ# YDQ# K\GURIREH# LQWHUDFWLHV# OLMNW# JHHQ# VLJQLILFDQW# HIIHFW# RS# GH# LVRWRSHQ0
VDPHQVWHOOLQJ#WH#KHEEHQ>

0# 3UHFLSLWDWLH#YDQ#JHODGHQ#YHUELQGLQJHQ#KHHIW#GRRUJDDQV#HHQ#VWHUN#IUDFWLRQHUHQG#HIIHFW>
0# &RYDOHQWH#+LUUHYHUVLEHOH,#ELQGLQJ#NDQ#IUDFWLRQHUHQG#ZHUNHQ>
0# %LRGHJUDGDWLH#NDQ/#DIKDQNHOLMN#YDQ#KHW# W\SH#DIEUDDNSURFHV/# VWHUN# IUDFWLRQHUHQG#ZHUNHQ>#RRN

KLHU#JHOGW#GRRUJDDQV#GDW#GH#OLFKWVWH#LVRWRRS#KHW#VQHOVW#ZRUGW#DIJHEURNHQ1
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2I#HHQ#SURFHV#XLWHLQGHOLMN# IUDFWLRQHHUW#HQ#KRH#JURRW#GH]H# IUDFWLRQHULQJ# LV/# LV#DIKDQNHOLMN#YDQ#HHQ
DDQWDO#IDFWRUHQ#+]LH#SDUDJUDDI#517,1#1DGHUH#VSHFLILFDWLHV#KLHURYHU#YROJHQ#ELM#GH#EHKDQGHOLQJ#YDQ#GH
VSHFLILHNH#VWRIIHQ#KLHURQGHU1

'RRU#GH#RQWZLNNHOLQJHQ#RS#KHW#JHELHG#YDQ#FRPSRQHQWVSHFLILHNH# LVRWRSHQ#DQDO\VHPHWKRGHQ# LV#HU
PHW# QDPH# YHHO# DDQGDFKW# RQWVWDDQ# YRRU# GH# IUDFWLRQHULQJ# GLH# RSWUHHGW# ELM# ELRORJLVFKH# DIEUDDN0
SURFHVVHQ1#9RRU#GH]H#PHWKRGH#YRRU#KHW#DDQWRQHQ#YDQ#+QDWXXUOLMNH,#DIEUDDN#]LMQ#GH#YROJHQGH#SUDN0
WLVFKH#UDQGYRRUZDDUGHQ#YDQ#WRHSDVVLQJ=
0# 'H#EURQ#YDQ#GH#YHURQWUHLQLJLQJ#PRHW#JRHG#EHNHQG#HQ#KRPRJHHQ#YDQ#VDPHQVWHOOLQJ#]LMQ#+GXV

ELMY1#QLHW#RQWVWDDQ#GRRU#ODQJGXULJH#OHNNDJH#YDQ#SURGXFWHQ#PHW#HHQ#YDULsUHQGH#VDPHQVWHOOLQJ,>
0# 'H#UHODWLH#WXVVHQ#EURQ#HQ#SOXLP#PRHW#RQRPVWRWHOLMN#YDVWVWDDQ>
0# (U#PRHWHQ#JHVFKLNWH#PRQVWHUV#EHVFKLNEDDU#]LMQ>#]RZHO#XLW#GH#EURQ#DOV#XLW#]RQHV#YDQ#GH#SOXLP

ZDDU#VLJQLILFDQWH#DIEUDDN#LV#RSJHWUHGHQ#+PHW#QDPH#L1Y1P1#KRJH#GHWHFWLHOLPLHWHQ,1

815# $URPDWLVFKH#NRROZDWHUVWRIIHQ

81514# %7(;
'H# %7(;0FRPSRQHQWHQ# +EHQ]HHQ/# WROXHHQ/# HWK\OEHQ]HHQ# HQ# [\OHQHQ,# YRUPHQ# HHQ# EHODQJULMNH
FKHPLVFKH#JURQGVWRI#HQ#NRPHQ#YRRU# LQ#EUDQGVWRIIHQ1#'H#DURPDWLVFKH# ULQJHQ#]LMQ#RSJHERXZG#XLW
NRROVWRI0#HQ#ZDWHUVWRIDWRPHQ#HQ#YDQ#EHLGH#HOHPHQWHQ#NDQ#GH#LVRWRSHQUDWLR#ZRUGHQ#JHPHWHQ1#7RW
QX# WRH# LV#HU#RP# WHFKQLVFKH#UHGHQHQ#YRRUQDPHOLMN#JHPHWHQ#DDQ#GH#NRROVWRILVRWRSHQ>#FRPSRQHQW0
VSHFLILHNH#ZDWHUVWRI#DQDO\VH# LV#SDV#]HHU# UHFHQWHOLMN#RQWZLNNHOG# >%1#6KHUZRRG0/ROODU/#PRQGHOLQJH
FRPPXQLFDWLH@1#$DUGROLH#LV#GH#SULPDLUH#JURQGVWRI#YDQ#%7(;1#'H#G46&#ZDDUGH#YDQ#DDUGROLH#YDULHHUW
YDQ#053Å#HQ#063Å#93'%/#ZDDUPHH#GH#LVRWRSLVFKH#UDQJH#YDQ#NRROVWRI#LQ#%7(;#LV#YDVWJHOHJG1#'H
G5+0UDQJH#YDQ#%7(;# LV#QRJ#JURWHQGHHOV#RQEHNHQG>#HHUVWH#DQDO\VHV#DDQ# WROXHHQ#JHYHQ#ZDDUGHQ
YDQ#0433#�#8Å1#$QDO\VHV#XLW#GH#EURQ]RQH#YDQ#HHQ#JURQGZDWHUYHURQWUHLQJLQJ#JHYHQ#ZDDUGHQ#YDQ#0
6;#WRW#.74Å#YRRU#EHQ]HHQ#HQ#YDQ#0:3#WRW#05;Å#YRRU#HWK\OEHQ]HHQ#+]LH#WDEHO#;,1

7DEHO#;1 2YHU]LFKWVWDEHO#LVRWRSLVFKH#ZDDUGHQ#YDQ#%7(;#LQ#Å#93'%1

7RHSDVVLQJ %HQ]HHQ 7ROXHHQ (WK\OEHQ]HHQ ;\OHQHQ
.DUDNWHULVHULQJ#YHURQWUHLQLJLQJ

5+#UDQJH 06;#WRW#.74Å URQG#0433Å 0:3#WRW#05;Å RQEHNHQG
46&#UDQJH 0561:#WRW#05<17Å 0551<#WRW#05<Å 059#WRW#05;Å 059#WRW#05<Å
46&#YDULDWLH#SHU#EURQ 406Å 40618Å RQEHNHQG RQEHNHQG

1DWXXUOLMNH#$IQDPH
$sUREH
ELRGHJUDGDWLH

.514Å .4#0#43Å
D# #31<<:7

.7#0#;15Å RQEHNHQG

$QDsUREH
ELRGHJUDGDWLH

.316#0#5Å .5#0#:15Å/
D# #31<<;6031<<;8

RQEHNHQG .418#0#43Å
D# #31<<;<

9HUYOXFKWLJLQJ 0314:( 03153( RQEHNHQG RQEHNHQG

.DUDNWHULVHULQJ
'H#G46&#ZDDUGH#YDQ#%7(;0YHUELQGLQJHQ#ZRUGW#EHSDDOG#GRRU#GH#ZDDUGH#YDQ#GH#JURQGVWRI#HQ#KHW
IDEULFDJHSURFHV1#'RRU#ZLVVHOLQJHQ#KLHULQ#KHHIW#GH# G46&# YDQ#%7(;# HHQ# VSUHLGLQJ# YDQ# FLUFD# 4# j
418Å#URQG#GLW#JHPLGGHOGH1#'HUKDOYH#PRHW#ELM#HHQ#OHNNDJH#RRN#UHNHQLQJ#KRXGHQ#PHW#HHQ#VSUHLGLQJ
YDQ#4#j#418#Å#LQ#HHQ#EURQ1#>.HOOH\#HW#DO1/#4<<:/#'HPSVWHU#HW#DO1/#4<<:/#+DUULQJWRQ#HW#DO1/#4<<<@1#'H
RYHUDOO0UDQJH#YDQ#GH#G46&#YDQ#%7(;# OLJW# WXVVHQ#GH# 0561:# WRW# 05<17Å/#KHWJHHQ#GH# LQ#DDUGROLH#JH0
YRQGHQ#UDQJHV#ZHHUVSLHJHOW#+]LH#SDUDJUDDI#817,1
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2S#EDVLV#YDQ#GH#G46&#ZDDUGH# LV#KHW# WKHRUHWLVFK#PRJHOLMN#RQGHUVFKHLG# WH#PDNHQ# WXVVHQ#%7(;0
YHURQWUHLQLJLQJHQ#XLW#YHUVFKLOOHQGH#EURQQHQ1#0HW#KHW#RRJ#RS#GH# WH#YHUZDFKWHQ#VSUHLGLQJ#PRHW#HU
ZHO#HHQ#YHUVFKLO#YDQ#HQNHOH#SURPLOOHQ#WXVVHQ#GH#EURQQHQ#]LMQ1#(HQ#DDQYXOOHQG#SUREOHHP#LV#GDW#GH
VLJQLILFDWLH# YDQ# GH# DQDO\VHV# RRN# FD1# HHQ# SURPLOOH# LV1#9RRU# HHQ# JHRSWLPDOLVHHUGH#*&2,506# EH0
GUDDJW# GH# DQDO\WLVFKH# IRXW# 318Å/#PDDU# GH# SUDNWLMN# OHHUW# GDW# 4Å# UHDOLVWLVFKHU# LV# >-161# 6LQQLJKH
'DPVWp/#PRQGHOLQJ# FRPPXQLFDWLH@1#%7(;# LV#ERYHQGLHQ# LQ# GH#PHHVWH# JHYDOOHQ# RQGHUKHYLJ# DDQ
ELRGHJUDGDWLH#ZDW# GH# LVRWRSLVFKH#ZDDUGH# NDQ# YHUDQGHUHQ1#9RRU# KHW# NDUDNWHULVHUHQ# YDQ#%7(;0
YHUELQGLQJHQ# OLMNW# 46&0DQDO\VH#GXV#PDWLJ#JHVFKLNW/# WHQ]LM#PHQ#EHUHLG# LV#YHHO#PRQVWHUV# WH#QHPHQ
>+1$1-1#0HLMHU/#PRQGHOLQJH#FRPPXQLFDWLH@1#'RRU#5+0#HQ#46&0DQDO\VH#WH#FRPELQHUHQ#NDQ#YRRU#IUDF0
WLRQHULQJ#GRRU#ELRGHJUDGDWLH#ZRUGHQ#JHFRUULJHHUG/#KHWJHHQ#GH#WRHSDVEDDUKHLG#YDQ# LVRWRSHQ#DQD0
O\VH#YRRU#NDUDNWHULVHULQJ#YHUKRRJW1#+LHUPHH# LV#HFKWHU#QRJ#JHHQ#SUDNWLVFKH#HUYDULQJ1#6DPHQJHYDW
LV# LVRWRSHQ#DQDO\VH#YRRU#NDUDNWHULVHULQJ#YDQ#%7(;0YHURQWUHLQLJLQJHQ#RS#GLW#PRPHQW#PDWLJ# WRW#UH0
GHOLMN#JHVFKLNW1

$DQWRQHQ#YDQ#1DWXXUOLMNH#$IQDPH
&RPSRQHQWVSHFLILHNH# LVRWRSHQ#DQDO\VH# +&6,$,#YDQ# 46&# LQ#%7(;0FRPSRQHQWHQ#VWDDW#PRPHQWHHO
VWHUN# LQ#GH#EHODQJVWHOOLQJ#DOV#PHWKRGH#RP#PHW#QDPH#DQDsUREH#ELRGHJUDGDWLH#DDQ# WH# WRQHQ1#5H0
FHQW#RQGHU]RHN#KHHIW#DDQJHWRRQG#GDW#ELRGHJUDGDWLH# +]RZHO#DsURRE#DOV#DQDsURRE,#HHQ# IUDFWLRQH0
UHQG#HIIHFW#KHHIW#RS#NRROVWRI# LQ#%7(;/#]RGDW#KHW# 46&0JHKDOWH#YDQ#GH#%7(;0FRPSRQHQWHQ#EHZLMV
YRRU#KHW#RSWUHGHQ#YDQ#DIEUDDN#NDQ# OHYHUHQ1#2S#GH]H#PDQLHU# LV#KHW#GXV#PRJHOLMN#RQGHUVFKHLG# WH
PDNHQ#WXVVHQ#ELRORJLVFKH#DIEUDDN#HQ#DQGHUH#SURFHVVHQ/#]RDOV#VRUSWLH#HQ#YHUGXQQLQJ1#2S#GLW#PR0
PHQW#ZRUGW#HU#GRRU#HHQ#DDQWDO#ODERUDWRULD#JHZHUNW#DDQ#GH#RQWZLNNHOLQJ#YDQ#FRPSRQHQWVSHFLILHNH
GHXWHULXP#DQDO\VH1#2PGDW#KHW# OLFKWH# 5+#VWHUNHU# IUDFWLRQHHUW#GDQ# 46&# LV#GH]H#PHWKRGH#SRWHQWLHHO
HHQ#QRJ#EHWHU#PLGGHO#RP#GH#DIEUDDN#YDQ#DURPDWLVFKH#FRPSRQHQWHQ#DDQ# WH# WRQHQ# >:DUG#HW#DO1/
5333@1#'RRU#&6,$#YDQ#5+#HQ#46&#WH#FRPELQHUHQ# LV#KHW#PRJHOLMN#HHQ#]RJHQDDPG#GXEEHO0LVRWRSHQ
SORW#WH#FRQVWUXHUHQ#ZDDUELM#RRN#RQGHUVFKHLG#JHPDDNW#NDQ#ZRUGHQ#WXVVHQ#DIEUDDN#HQ#DQGHUH#RRU0
]DNHQ#YRRU#YHUVFKLOOHQ#LQ#LVRWRSHQVDPHQVWHOOLQJ/#]RDOV#YDULDWLH#LQ#HHQ#EURQ1

7ROXHHQ#LV#GH#%7(;0FRPSRQHQW#GLH#RQGHU#DQDsUREH#FRQGLWLHV#KHW#EHVW#DIEUHHNEDDU#LV#HQ#KLHUDDQ
LV#GDQ#RRN#KHW#PHHVWH# LVRWRSHQ#RQGHU]RHN#YHUULFKW1#9RRU#46&#ZRUGHQ#DsURRE#YHUULMNLQJHQ#JHYRQ0
GHQ#YDQ#3043Å#HQ#DQDsURRE#YDQ#50:15Å1#(U#LV#QRJ#JHHQ#YHUNODULQJ#YRRU#GH]H#JURWH#VSUHLGLQJ#JH0
YRQGHQ1#:HO# LV#DDQJHWRRQG#GDW#RQGHU#YHUVFKLOOHQGH#UHGR[FRQGLWLHV#DQGHUH# IUDFWLRQHULQJVIDFWRUHQ
ZRUGHQ#JHYRQGHQ1#+HW#LV#HFKWHU#QRJ#QLHW#PRJHOLMN#DDQ#GH#KDQG#YDQ#UHGR[FRQGLWLHV#HHQ#YRRUVSHO0
OLQJ#WH#GRHQ#RYHU#GH#IUDFWLRQHULQJ#>0HFNHQVWRFN#HW#DO1/#4<<<@1#'H#HHUVWH#H[SHULPHQWHQ#ZDDUELM#DDQ
5+#YDQ# WROXHHQ# LV#JHPHWHQ# ODWHQ#]LHQ#GDW#GLW#SRWHQWLHHO#HHQ#QRJ#NUDFKWLJHU#PHWKRGH# LV#GDQ# 46&0
DQDO\VH1#%LM#<8(#DIEUDDN#YDQ#WROXHHQ#ZHUG#HHQ#IUDFWLRQHULQJ#YDQ#PHHU#GDQ#93Å#JHYRQGHQ#>:DUG
HW#DO1#5333@1

2YHU#GH#IUDFWLRQHULQJ#ELM#GH#DIEUDDN#YDQ#HWK\OEHQ]HHQ#]LMQ#JHHQ#JHJHYHQV#JHYRQGHQ/#PDDU#RS#ED0
VLV# YDQ# GH# VWUXFWXXUIRUPXOH# YDQ# HWK\OEHQ]HHQ# NDQ# HHQ#PHW# WROXHHQ# YHUJHOLMNEDUH# IUDFWLRQHULQJ
ZRUGHQ#YHUZDFKW1

2RN#YRRU#GH#[\OHQHQ#NDQ#&6,$#ZRUGHQ#WRHJHSDVW#RP#ELRGHJUDGDWLH#DDQ#WH#WRQHQ#>5LFKQRZ#HW#DO1/
4<<</#:LONHV#HW#DO1/#5333@1#2QGHU#VXOIDDWUHGXFHUHQGH#FRQGLWLHV#ZHUG#ELM#<<(#DIEUDDN#HHQ#YHUULM0
NLQJ# JHYRQGHQ# YDQ# 70;15Å#93'%1#'H# RRU]DDN# YRRU# GH]H# UHODWLHI# JURWH# IUDFWLRQHULQJ# OLJW#ZDDU0
VFKLMQOLMN# LQ# KHW# IHLW# GDW# ELM# DIEUDDN# YDQ# GH# [\OHQHQ# PHHVWDO# HHUVW# HHQ# PHWK\OJURHS# ZRUGHQ
DDQJHYDOOHQ/#KHWJHHQ#LV#JHEOHNHQ#HHQ#YULM#VWHUN#IUDFWLRQHUHQGH#UHDFWLH#WH#]LMQ1
9RRU#EHQ]HHQ#LV#&6,$#LV#ppQ#YDQ#GH#ZHLQLJH#SRWHQWLHHO#EUXLNEDUH#PHWKRGHQ#RP#GH#DIEUDDN#HUYDQ
LQ#HHQ#%7(;0PHQJVHO#DDQ#WH#WRQHQ1#2PGDW#GH#DQDsUREH#DIEUDDN#YDQ#EHQ]HHQ#HHQ#FRQWURYHUVLHHO
SXQW#LV#EHVWDDW#HU#JURWH#EHODQJVWHOOLQJ#YRRU#&6,$#YDQ#EHQ]HHQ1#2S#GLW#RQGHUZHUS#]DO#GDDURP#LHWV
GLHSHU#ZRUGHQ#LQJHJDDQ#GDQ#ELM#GH#DQGHUH#%7(;0FRPSRQHQWHQ1#(U#LV#VOHFKWV#LQ#HHQ#EHSHUNW#DDQ0
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WDO#VWXGLHV#EHNHQG#ZDDULQ#GH#G46&#UDWLR#YDQ#EHQ]HHQ# LV#JHEUXLNW#RP#ELRGHJUDGDWLH#DDQ# WH# WRQHQ1
2QGHU#DsUREH#FRQGLWLHV# LV# LQ# ODERUDWRULXP0H[SHULPHQWHQ#HHQ# IUDFWLRQHULQJ#YDQ#FD1#5Å#JHYRQGHQ
ELM#;30<3(#DIEUDDN1#,Q#KHW#YHOG#ZHUGHQ#YHUJHOLMNEDUH#UHVXOWDWHQ#JHYRQGHQ#>6WHKPHLHU#HW#DO1/#4<<<@1
2YHU#GH#IUDFWLRQHULQJ#RQGHU#DQDsUREH#FRQGLWLHV#]LMQ#ZHLQLJ#ZHWHQVFKDSSHOLMN#RQGHUERXZGH#JHJH0
YHQV#EHVFKLNEDDU1#,QLWLsOH#YHOGVWXGLHV#>12%,6#5333@#OLMNHQ#HURS#WH#ZLM]HQ#GDW#HU#HHQ#FRUUHODWLH#EH0
VWDDW#WXVVHQ#KHW#RSWUHGHQ#YDQ#DQDsUREH#DIEUDDN#YDQ#EHQ]HHQ#HQ#KHW#RSWUHGHQ#YDQ#HHQ#EHSHUNWH
IUDFWLRQHULQJ# +41805Å#93'%,1#8LW# WKHRUHWLVFK#RRJSXQW#NDQ#ZRUGHQ#YHUZDFKW#GDW#GH# IUDFWLRQHULQJ
GLH#RSWUHHGW#ELM#EHQ]HHQ#JHULQJHU#]DO#]LMQ#GDQ#ELM#GH#JHVXEVWLWXHHUGH#DURPDWHQ#KHW#JHYDO# LV1#'LW
ZRUGW#EHYHVWLJG#GRRU#JHYRQGHQ# IUDFWLRQHULQJ# YDQ# 419Å#ELM#GH# YHUGZLMQLQJ# YDQ#QDIWDOHHQ# LQ#HHQ
YHOGVWXGLH/#ZDDUYRRU# WKHRUHWLVFK# HHQ#PHW# EHQ]HHQ# YHUJHOLMNEDUH# IUDFWLRQHULQJ# NDQ#ZRUGHQ# YHU0
ZDFKW1

6DPHQYDWWHQG# OLMNW# FRPSRQHQWVSHFLILHNH# NRROVWRILVRWRSHQ# DQDO\VH# HHQ# UHGHOLMN# JHVFKLNW# LQVWUX0
PHQW# RP# ELRGHJUDGDWLH# DDQ# YDQ#%7(;# DDQ# WH# WRQHQ/#ZDDUELM# GH# LQ# SDUDJUDDI# 81414# JHQRHPGH
UDQGYRRUZDDUGHQ#GH#WRHSDVEDDUKHLG#HQLJV]LQV#EHSHUNHQ1#&RPSRQHQWVSHFLILHNH#GHXWHULXP#DQDO\0
VH# LV#HHQ#PHWKRGH#GLH#QRJ# LQ#RQWZLNNHOLQJ# LV#HQ#VOHFKWV#]HHU#EHSHUNW# LV# WRHJHSDVW1#'H#HHUVWH#UH0
VXOWDWHQ# ODWHQ#]LHQ#GDW#GHXWHULXP#DDQPHUNHOLMN#VWHUNHU# IUDFWLRQHHUW#GDQ#46&#HQ#GDDURP#HHQ#EHWHU
LVRWRRS#LV#RP#DIEUDDN#DDQ#WH#WRQHQ1#'RRU#5+#HQ#46&0DQDO\VH#WH#FRPELQHUHQ#NDQ#RRN#HHQ#NDNUDNWH0
ULVHULQJ#YDQ#GH#EURQ#ZRUGHQ#YHUNUHJHQ/#ZDDUGRRU#GH# LQWHUSUHWDWLH#RYHU#KHW#RSWUHGHQ#YDQ#DIEUDDN
YHHO#HHQGXLGLJHU#ZRUGW1

9RRUEHHOG=# 46&#IUDFWLRQHULQJ#ELM#GH#DQDsUREH#DIEUDDN#YDQ#WROXHHQ#LQ#HHQ#NRORP1

,Q#HHQ# NRORP0H[SHULPHQW#PHW# WROXHHQ#RQGHU# VXOIDDW0UHGXFHUHQGH# FRQGLWLHV#ZHUG#RYHU#GH# OHQJWH
YDQ#GH#NRORP#+4:#FP,#HHQ#DIEUDDN#YDQ#FD1#;8(#JHYRQGHQ#+YDQ#683#=P#QDDU#83#=P,1#+HW#RYHU0
JHEOHYHQ#WROXHHQ#ZDV#VLJQLILFDQW#YHUULMNW#DDQ#46&#W1R1Y#GH#XLWJDQJVVWRI#+'# #FD1#6Å#93'%,1#,Q#HHQ
VWHULHO#FRQWUROH0H[SHULPHQW#ZHUG#JHHQ#DIEUDDN#YDQ# WROXHHQ#JHYRQGHQ#HQ# WUDG#JHHQ#VLIJQLQILFDQWH
IUDFWLRQHULQJ#RS#>0HFNHQVWRFN#HW#DO1/#4<<<@/#]LH#ILJXXU#531

)LJ1#531 9HUGZLMQLQJ#HQ#46&0IUDFWLRQHULQJ#YDQ#WROXHHQ#LQ#HHQ#DQDsURRE#NRORP0H[SHULPHQW1
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9RRUEHHOG=#46&#IUDFWLRQHULQJ#ELM#DIEUDDN#YDQ#DURPDWHQ#LQ#KHW#YHOG1

%LM#RQGHU]RHN#QDDU#GH#DIEUDDN#YDQ#DURPDWHQ# LQ#HHQ#DQDsUREH#DTXLIHU#]LMQ#FRPSRQHQWVSHFLILHNH
NRROVWRILVRWRSHQ#XLWJHYRHUG#DDQ# WROXHHQ/#R0[\OHHQ/#QDIWDOHHQ/# LQGDDQ/# LQGHHQ#HQ#DFHQDIWHHQ/#DI0
NRPVWLJ#YDQ#PRQVWHUV#RYHU#GH#OHQJWH#YDQ#GH#SOXLP#+<33#P,1#9RRU#DOOH#VWRIIHQ#ZHUG#HHQ#GXLGHOLMNH
DIQDPH#YDQ#GH#FRQFHQWUDWLH#JHYRQGHQ#PHW#HHQ#WRHQHPHQGH#DIVWDQG#WRW#GH#EURQ>#PDDU#DOOHHQ#YRRU
WROXHHQ/#R0[\OHHQ#HQ#QDIWDOHHQ#ZHUG#HHQ#VLJQLILFDQWH# IUDFWLRQHULQJ#ZDDUJHQRPHQ1#*HFRQFOXGHHUG
ZHUG#GDW#GH]H# VWRIIHQ# ELRORJLVFK#ZRUGHQ# DIJHEURNHQ># XLW# EHUHNHQLQJHQ# NRQ# YRRU# WROXHHQ# HQ# R0
[\OHHQ#ZRUGHQ#EHSDDOG#GDW#GH#DIQDPH#YDQ#GH#FRQFHQWUDWLHV#JURWHQGHHOV#ZRUGW#YHURRU]DDNW#GRRU
DIEUDDN#>5LFKQRZ#HW#DO1/#4<<<@/#]LH#ILJXXU#541

)LJ1#541 9HUGZLMQLQJ#HQ# 46&0IUDFWLRQHULQJ# YDQ# WROXHHQ# +GLFKWH# V\PEROHQ,# HQ# DFHQDIWHHQ# +RSHQ
V\PEROHQ,#LQ#HHQ#YHOGVWXGLH1

81515# 2YHULJH#PRQR0DURPDWLVFKH#YHURQWUHLQLJLQJHQ

)HQROHQ#HQ#FUHVROHQ
'H]H#JHK\GUR[\OHHUGH#DURPDWLVFKH#YHUELQGLQJHQ#]LMQ#RS#JURWH#VFKDDO#DOV#YHURQWUHLQLJLQJ#LQ#GH#ER0
GHP#JHNRPHQ1#=H#NXQQHQ#HFKWHU#RRN#YDQ#QDWXUH# LQ#KHW#PLOLHX#RQWVWDDQ#ELM#GH#DIEUDDN#YDQ#RUJD0
QLVFK# VWRI1# =R# NDQ# YHHQULMNH# JURQG# WRW# 5330733# PJ2NJ# GV# DDQ# IHQROHQ# HQ# FUHVROHQ# EHYDWWHQ1
.RROVWRI047# DQDO\VH# LV# HHQ# JHVFKLNWH#PHWKRGH# RP# RQGHUVFKHLG# WH#PDNHQ# WXVVHQ# DQWURSRJHQH
DURPDWHQ#HQ#DURPDWHQ#GLH#]LMQ#JHYRUPG#ELM#RP]HWWLQJHQ#YDQ# UHODWLHI# UHFHQW#RUJDQLVFK#PDWHULDDO
+WRW#PD[LPDDO#831333#MDDU,1

%LM#GH#DsUREH#DIEUDDN#YDQ#IHQRO#LV#HHQ#VLJQLILFDQWH#IUDFWLRQHULQJ#JHYRQGHQ#>+DOO#HW#DO1/4<<<@/#]RGDW
&6,$#LQ#SULQFLSH#EUXLNEDDU#OLMNW#WH#]LMQ#YRRU#KHW#DDQWRQHQ#YDQ#GH#DIEUDDN#YDQ#FUHVROHQ#HQ#IHQROHQ1
*H]LHQ#GH#JRHGH#DIEUHHNEDDUKHLG#YDQ#GH]H#YHUELQGLQJHQ#RQGHU#DOOH# UHGR[FRQGLWLHV# ]DO#GH# WRH0
SDVVLQJ#YDQ#&6,$#LQ#GH#SUDNWLMN#ZDDUVFKLMQOLMN#RYHUERGLJ#]LMQ1

6W\UHHQ
6W\UHHQ#KHHIW#HHQ#YRRUQDPHOLMN#DQWURSRJHQH#DFKWHUJURQG#HQ# LV#YHHO#RS]LFKWHQ#JRHG#YHUJHOLMNEDDU
PHW#GH#JHVXEVWLWXHHUGH#%7(;0FRPSRQHQWHQ#+WROXHHQ/#[\OHQHQ,1#%LM#GH#DsUREH#DIEUDDN#YDQ#VW\UHHQ
LV#KHW#RSWUHGHQ#YDQ#NRROVWRI#IUDFWLRQHULQJ#PLGGHOV#&6,$#DDQJHWRRQG# >6WHKPHLHU#HW#DO1/#4<<<@/#]R0
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GDW# VW\UHHQ#RRN# LQ#GLW#RS]LFKW# YHUJHOLMNEDDU#PHW# GH# JHVXEVWLWXHHUGH#%7(;0FRPSRQHQWHQ# OLMNW# WH
]LMQ1

81516# 3RO\F\FOLVFKH#DURPDWLVFKH#NRROZDWHUVWRIIHQ

3RO\\FOLVFKH# DURPDWLVFKH# NRROZDWHUVWRIIHQ# +3$.*V,# ]LMQ# YHUELQGLQJHQ# GLH# VDPHQJHVWHOG# ]LMQ# XLW
WZHH#RI#PHHU#JHIXVHHUGH#DURPDWLVFKH#ULQJHQ1#'LUHFWH#EURQQHQ#YDQ#3$.*V#]LMQ#R1D1# OHNNDJHV#YDQ
ROLH# HQ# JDVIDEULHNHQ1#2RN# ELM# YHUEUDQGLQJ# YDQ# VWRIIHQ# +YHUEUDQGLQJVPRWRUHQ/# ERVEUDQGHQ/# YXLO0
YHUZHUNLQJ/# HWF1,# NRPHQ# 3$.*V# YULM1# 7KHRUHWLVFK# LV# KHW#PRJHOLMN# RP# ]RZHO# GH# UDWLR# 4+25+# DOV
45&246&# WH#PHWHQ># LQ#GH#SUDNWLMN# LV# WRW#QX# WRH#VOHFKWV#JHPHWHQ#DDQ#NRROVWRI1#'H#G46&#ZDDUGH#YDQ
3$.*V#DINRPVWLJ#YDQ#PLQHUDOH#ROLH#OLJJHQ#GRRUJDDQV#WXVVHQ#GH#055#HQ#059Å1#,Q#HHQ#VSHFLDDO#JHYDO
YDQ#HHQ#3$.0YHURQWUHLQLJLQJ#RQWVWDDQ#ELM#GH#SURGXFWLH#YDQ#HWKHHQ#XLW#DDUGJDV#]LMQ#H[WUHHP# ODJH
46&0JHKDOWHV# YDQ# 063# WRW# 095Å# JHYRQGHQ# >0F5DH# HW# DO1/# 5333@1#&RPSRQHQWVSHFLILHNH# LVRWRSHQ
DQDO\VHV#YDQ#3$.*V#]LMQ#PRHLOLMN#XLWYRHUEDDU>#GH#QDXZNHXULJKHLG#YDQ#GH#DQDO\VH#ZRUGW#EHSDDOG
GRRU#GH#UHVROXWLH#YDQ#GH#FR0HOXWLQJ#FRPSRQHQWHQ#HQ#KRH#JRHG#HU#YRRU#GH#DFKWHUJURQG#ZDDUGH#NDQ
ZRUGHQ#JHFRUULJHHUG1#'H#IRXW#]DO#LQ#KHW#DOJHPHHQ#WXVVHQ#GH#3140414Å#OLJJHQ1

.DUDNWHULVHULQJ
'H#EUXLNEDDUKHLG#YDQ#G46&#RP#GH#RRUVSURQJ#YDQ#3$.*V#YDVW#WH#VWHOOHQ# LV#KRRJ1#'H#VLJQDWXXU#YDQ
GH#EURQQHQ#EOLMIW#YHHODO#EHKRXGHQ/#GRRUGDW#SURFHVVHQ#]RDOV#HYDSRUDWLH#HQ#IRWRO\WLVFKH#GH#FRPSR0
VLWLH#GH# G46&# FRPSRVLWLH#QLHW# VLJQLILFDQW# YHUDQGHUHQ1#2RN#ELRORJLVFKH#DIEUDDN#KHHIW# VOHFKWV#HHQ
EHSHUNWH# LQYORHG#RS#GH# LVRWRSHQVDPHQVWHOOLQJ1#%RYHQGLHQ#]LMQ#GH#YHUVFKLOOHQ# WXVVHQ#GH#EURQQHQ
RYHU#KHW#DOJHPHHQ#VLJQLILFDQW1#,Q#FRPELQDWLH#PHW#DQGHUH#NDUDNWHULVHULQJVWHFKQLHNHQ#LV#KHW#PRJH0
OLMN#YHUVFKLOOHQGH#EURQQHQ#YDQ#HHQ#3$.0YHURQWUHLQLJLQJ# WH#RQGHUVFKHLGHQ# >2*0DOOH\#HW#DO1/# 4<<7/
4<<8/#4<<9/#4<<9D/#0F5DH#HW#DO1/#5333@1

3$.*V#NRPHQ#RRN#YDQ#QDWXUH#LQ#VLJQLILFDQWH#KRHYHHOKHGHQ#LQ#GH#ERGHP#YRRU#+ELMY1#DOV#JHYROJ#YDQ
ERVEUDQGHQ,#HQ#47&0DQDO\VH#LV#GDDURP#HHQ#JHVFKLNWH#PHWKRGH#RP#RQGHUVFKHLG#WH#PDNHQ#WXVVHQ
DQWURSRJHQH#3$.*V#HQ#3$.*V#GLH#UHODWLHI#UHFHQW#+WRW#PD[LPDDO#831333#M1,#RS#QDWXXUOLMNH#ZLM]H#LQ#GH
ERGHP#]LMQ#JHNRPHQ1

9RRUEHHOG=#NDUDNWHULVHULQJ#3$.*V#LQ#KDYHQVHGLPHQW
$DQ# GH# KDQG# YDQ# GH# VDPHQVWHOOLQJ# YDQ# GH# 3$.0YHURQWUHLQLJLQJ# HQ# GH# UHVXOWDWHQ# YDQ# FRPSR0
QHQWVSHFLILHNH#46&0DQDO\VH#YDQ#60#70#HQ#80ULQJ#3$.#ZDV#KHW#PRJHOLMN#GH#KHUNRPVW#YDQ#HHQ#PHQJ0
VHO#YDQ#3$.*V#LQ#KDYHQVHGLPHQWHQ#DDQ#GH#RRVWNXVW#YDQ#GH#9HUHQLJGH#6WDWHQ#WH#DFKWHUKDOHQ1#9DQ
GH#YLHU#RQGHU]RFKWH#YHURQWUHLQLJLQJHQ#EOHHN#HU#ppQ#YRRUQDPHOLMN# WH#EHVWDDQ#XLW#3$.*V#DINRPVWLJ
XLW# ROLH# HQ# ppQ# YRRUQDPHOLMN# XLW#3$.*V# DINRPVWLJ# YDQ# YHUEUDQGLQJVSURFHVVHQ1#'H# DQGHUH# WZHH
3$.0YHURQWUHLQLJLQJHQ#ZDUHQ#DINRPVWLJ#YDQ#HHQ#FRPELQDWLH#YDQ#EHLGH#EURQQHQ#>2*0DOOH\/#4<<9D/
4<<9E@1

$DQWRQHQ#YDQ#QDWXXUOLMN#DIQDPH
'H#EUXLNEDDUKHLG#YDQ#G46&#RP#1$#YDQ#3$.*V#DDQ#WH#WRQHQ#LV#ZDDUVFKLMQOLMN#EHSHUNW1#9RRU#DsUREH
DIEUDDN#YDQ#QDIWDOHHQ/#GH#OLFKWVWH#3$./#YRQGHQ#2*0DOOH\#HW#DO1/#>4<<7@#JHHQ#VLJQLILFDQWH#IUDFWLRQH0
ULQJ1#5LFKQRZ#HW#DO1/#>4<<<@#YRQGHQ#YRRU#DQDsUREH#DIEUDDN#YDQ#QDIWDOHHQ#ZHO#HHQ#PHHWEDUH#IUDFWL0
RQHULQJ#+419Å,/#]RGDW#YRRU#GH]H#3$.#DQDsUREH#DIEUDDN#WKHRUHWLVFK#ZHO#NDQ#ZRUGHQ#DDQJHWRRQG
YLD#LVRWRSHQ#DQDO\VH1

+HW#LV#RQZDDUVFKLMQOLMN#GDW#HU#ELM#GH#DIEUDDN#YDQ#]ZDDUGHUH#3$.#HHQ#VLJQLILFDQWH#YHUDQGHULQJ#YDQ
G46&#RSWUHHGW1#%LM#GH#DsUREH#DIEUDDN#YDQ#IOXRUDQWKHHQ#ZHUG#ELMY1#JHHQ#46&0IUDFWLRQHULQJ#JHYRQGHQ
>7UXVW#HW#DO1/#4<<8@1#(HQ#YHUNODULQJ#YRRU#GH#DEVHQWLH#YDQ# IUDFWLRQHULQJ# LV#KHW#EXIIHULQJVHIIHFW1#'H
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NDQV#GDW#HHQ#ELQGLQJ#YDQ#HHQ#PROHFXXO#HHQ#46&#ELQGLQJ# LV/#ZRUGW#NOHLQHU#QDDUPDWH#KHW#PROHFXXO
JURWHU#ZRUGW1#+LHUPHH#QHHPW#GH#NDQV#GDW#GH]H#ELQGLQJ#VHOHFWLHI#ZRUGW#YHUEURNHQ#DI1

816# *HFKORUHHUGH#NRROZDWHUVWRIIHQ

81614# *HFKORUHHUGH#DOLIDWLVFKH#NRROZDWHUVWRIIHQ
'H#JHFKORUHHUGH#DOLIDWLVFKH#NRROZDWHUVWRIIHQ#+&.:*V,#]LMQ#OLFKWH#NRROZDWHUVWRIIHQ#PHW#ppQ#RI#PHHU
FKORRUDWRPHQ1#&.:*V#]LMQ#RSJHERXZG#XLW#+/#&#HQ#&O0DWRPHQ1#+LHUGRRU#LV#KHW#PRJHOLMN#GH#LVRWRSHQ
UDWLR#YDQ#4+25+/#45&246&#HQ#68&O26:&O#WH#PHWHQ1#,Q#GH#SUDNWLMN#LV#GLW#RRN#JHGDDQ1

'H#FKORRUHWKHQHQ#WHWUDFKORRUHWKHHQ#+3(5,#HQ#WULFKORRUHWKHHQ#+75,,#KHEEHQ#HHQ#YRRUQDPHOLMN#DQ0
WURSRJHQH#DFKWHUJURQG#HQ#]LMQ#RS#JURWH#VFKDDO# LQ#GH#ERGHP# WHUHFKWJHNRPHQ1#1DDVW#GH]H# WZHH
VWRIIHQ#NRPHQ#RRN#GLFKORRUHWKHHQ#+'&(,#HQ#YLQ\OFKORULGH#+9&,#YHHO#YRRU1#'LW#]LMQ#UHVWSURGXFWHQ#ELM
GH#IDEULFDJH/#PDDU#]H#NXQQHQ#RRN#JHYRUPG#ZRUGHQ#ELM#GH#ELRORJLVFKH#DIEUDDN#YDQ#3(5#HQ#75,1
$QGHUH# &.:*V# ZDDUYDQ# GH# LVRWRSHQVDPHQVWHOOLQJ# LV# EHSDDOG# ]LMQ# WULFKORRUHWKDDQ# +7&$,/# WH0
WUDFKORRUPHWKDDQ#HQ#GLFKORRUPHWKDDQ1#3(5#HQ#75,#NXQQHQ#QD#SURGXFWLH#HHQ#G46&#ZDDUGH#YDQ#07;
WRW#0;Å#KHEEHQ#HQ#HHQ#G5+#YDQ#0533#WRW#.863Å1#'H#G46&#ZDDUGH#ZHHUVSLHJHOW#GH#JHEUXLNWH#ZDDU0
GH#LQ#GH#JURQGVWRIIHQ#HWKHHQ#HQ#HWK\Q1#2RN#GH#G5+#LV#HHQ#IXQFWLH#YDQ#GH#JURQGVWRIIHQ#HQ#KHW#SUR0
GXFWLHSURFHV#>(UWO#HW#DO1/#4<<;@1#'H#G6:&O#ZDDUGH#YDQ#7&(#YDULHHUW#WXVVHQ#GH#0518#HQ#.7Å#602&>
GLH#YDQ#7&$#WXVVHQ#GH#06#WRW#.318Å#>%HQHWHDX#HW#DO1/#4<<<@#HQ#GLH#YDQ#'&0#YDQ#3#WRW#.5Å#>+X0
DQJ#HW#DO1/#4<<<@1#%RYHQJHQRHPGH#ZDDUGHQ#NXQQHQ#SHU# IDEULNDQW# LQ#GH# ORRS#YDQ#GH# WLMG#YHUVFKLO0
OHQ/#PHW#GH# NOHLQVWH# YDULDWLH# YRRU# GH# G6:&O1#'LW# LV#ZDDUVFKLMQOLMN# DIKDQNHOLMN# YDQ# GH#ZLVVHOLQJ# LQ
JURQGVWRIIHQ1#'H#YDULDWLH# LQ#GH#JURQGVWRI#+&/#YRRU#GH#FKORRUDWRPHQ# LV#ZDDUVFKLMQOLMN#KHW#NOHLQVW/
GH#YDULDWLH#LQ#HWK\Q#HQ#HWKHHQ#YRRU#NRROVWRI#KHW#JURRWVW#+PHWKDDQ#YRRU#'&0,1

.DUDNWHULVHULQJ
'RRU#GH#YULM#JURWH#YHUVFKLOOHQ#LQ#LVRWRSHQVDPHQVWHOOLQJ#YDQ#GH#YHUVFKLOOHQGH#SURGXFHQWHQ#LV#LVRWR0
SHQ#DQDO\VH#LQ#SULQFLSH#HHQ#JRHGH#PHWKRGH#YRRU#KHW#NDUDNWHULVHUHQ#YDQ#&.:*V1#'H#VWHUNH#IUDFWL0
RQHULQJ#GLH#RSWUHHGW#ELM#YHUYOXFKWLJLQJ#HQ#ELRGHJUDGDWLH#YDQ#&.:*V#EHSHUNW#GH#WRHSDVVLQJ#HFKWHU
DDQ]LHQOLMN1#.DUDNWHULVHULQJ#YDQ#EURQ]RQHV#ZDDU#QRJ#YULMZHO#JHHQ#DIEUDDN#KHHIW#SODDWVJHYRQGHQ#LV
ZHO#YULM#HHQYRXGLJ#PRJHOLMN/#ZDDUELM#XLWHUDDUG#JHOGW#GDW#GH#RRUVSURQNHOLMNH#YHURQWUHLQLJLQJ#KRPR0
JHHQ#YDQ#LVRWRSHQVDPHQVWHOOLQJ#PRHW#]LMQ#JHZHHVW1#'LW# ODDWVWH#NDQ#PHW#QDPH#HHQ#SUREOHHP#YRU0
PHQ#ELM# ODQJGXULJH#NOHLQH# OHNNDJHV/#]RDOV#GLH#ELM#FKHPLVFKH#ZDVVHULMHQ#YDDN#]LMQ#YRRUJHNRPHQ1
:DQQHHU#HU#NDQV# LV#RS#HHQ#VLJQLILFDQWH#PDWH#YDQ# +ELRORJLVFKH,#DIEUDDN#RI#YHUYOXFKWLJLQJ#]DO#KHW
ZDDUVFKLMQOLMN#QRRG]DNHOLMN# ]LMQ#JHFRPELQHHUGH#DQDO\VH# YDQ# WZHH# LVRWRSHQ# WH# JHEUXLNHQ/# RPGDW
KLHUGRRU#FRUUHFWLH#YRRU#IUDFWLRQHULQJ#GRRU#1$0SURFHVVHQ#PRJHOLMN#LV1

=R#KHHIW#%HQDWHDX#>4<<<@#GRRU#PLGGHO#YDQ#46&#HQ#5+#DQDO\VH#RQGHUVFKHLG#NXQQHQ#PDNHQ#WXVVHQ
DQWURSRJHHQ#'&(#HQ#9&#HQ#'&(#HQ#9&#JHYRUPG#LQ#KHW#YHOG#GRRU#DIEUDDN#YDQ#3(5#HQ#75,1#'&(
HQ#9&# LQ#KHW#YHOG#]XOOHQ# W1R1Y1#GH# IDEULHNVPDWLJH#YRUPHQ#VWHUN#YHUULMNW#]LMQ#DDQ#]RZHO#46&#DOV#5+1
0HW#QDPH#GH#YHUULMNLQJ#DDQ#5+#LV#NDUDNWHULVWLHN1

6DPHQJHYDW# LV# LVRWRSHQ# DQDO\VH# UHGHOLMN# JRHG# JHVFKLNW# YRRU# KHW# NDUDNWHULVHUHQ# YDQ# &.:0
YHURQWUHLQLJLQJHQ/#PDDU#YRUPHQ#IUDFWLRQHULQJ#WLMGHQV#DIEUDDN#HQ#GH#KRPRJHQLWHLW#YDQ#GH#EURQ#EH0
ODQJULMNH#EHSHUNHQGH#UDQGYRRUZDDUGHQ1

+HW#DDQWRQHQ#YDQ#QDWXXUOLMNH#DIQDPH
%LM#&.:*V#LV#GH#LVRWRSHQ#DQDO\VH#YDQ#46&/#6:&O#HQ#5+#WH#JHEUXLNHQ#YRRU#KHW#DDQWRQHQ#YDQ#1$#+]LH
ELMY1#>%ORRP#HW#DO1/#5333/#+XDQJ#HW#DO1/#4<<</#+HUDW\#HW#DO1/#4<<</#%HQHWHDX#HW#DO1/#4<<</#(UWO#HW#DO1/
4<<;/#6WXUFKLR#HW#DO1/#4<<;/#5333/#+XQNHOHU#HW#DO1/#4<<</#+XQNHOHU#)#$UDYHQD/#5333@,1#9DQ#GH#1$0
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SURFHVVHQ#]LMQ# LVRWRSLVFKH#HIIHFWHQ#EHNHQG#YRRU#YHUYOXFKWLJLQJ/#FKHPLVFKH#UHGXFWLH#HQ#ELRGHJUD0
GDWLH1

%LRGHJUDGDWLH#HQ#FKHPLVFKH#UHGXFWLH#YHUULMNHQ#GH#UHVWHUHQGH#JHFKORUHHUGH#YHUELQGLQJHQ#DDQ#]R0
ZHO#46&/#6:&O#DOV#5+1#9HUYOXFKWLJLQJ#YHUULMNW#KHW#DFKWHUEOLMYHQGH#UHVLGX#DDQ#5+#HQ#6:&O/#PDDU#YHUDUPW
KHW#PHHVWDO#DDQ#46&1#+XDQJ#HW#DO1/#>4<<<@#WRRQGH#DDQ#GDW#RS#GH]H#PDQLHU#YHUYOXFKWLJLQJ#YDQ#ELR0
GHJUDGDWLH#NDQ#ZRUGHQ#RQGHUVFKHLGHQ# +]LH# WDEHO# <# YRRU#GDWD# YRRU# ]RZHO#ELRGHJUDGDWLH#DOV# YHU0
YOXFKWLJLQJ,1

7DEHO#<1 2YHU]LFKWVWDEHO#LVRWRSLVFKH#ZDDUGHQ#YDQ#JHFKORUHHUGH#DOLIDWLVFKH#NRROZDWHUVWRIIHQ1

.DUDNWHULVHUHQ#YHURQWUHLQLJLQJ
G46& G5+ G6:&O

9DULDWLH#SHU#EURQ RQEHNHQG RQEHNHQG RQEHNHQG
9DULDWLH#LQ#WRWDDO#&.: 07;#WRW#0;Å 0533#WRW#863Å 0518#WRW#.7Å

1DWXXUOLMNH#DIQDPH
&R0PHWDEROLVPH RQEHNHQG RQEHNHQG RQEHNHQG

$sURRE

5HVSLUDWLH '&0=#D#  #31<8:9
'&(=#D#  #31<9;031<:6

RQEHNHQG '&0=#D  #31<<95

&R0PHWDEROLVPH 2QEHNHQG RQEHNHQG RQEHNHQG

'HKDORJHQHULQJ
+FKORRUHWKHQHQ,

3(5=#'#  #.5Å/
75,=##D#  #31<;9031<<95
'&(=#D  #31<;7<031<;8<
9&=##D#  #31<:67031<:;8

75,=#'  #.753Å 75,=#'#  #.41805Å

%LRGHJUDGDWLH $QDsURRE

5HVSLUDWLH 2QEHNHQG RQEHNHQG RQEHNHQG
&KHPLVFKH#UHGXFWLH 3(5=#D#  #31<:7:

75,=#D#  #31<;7031<<47
'&(=#D  #31<;89

KRRJ RQEHNHQG

9HUYOXFKWLJLQJ 3(5=#D#  #41338:
75,=#D#  #413364
'&(=D#  #31<<<;
7&$=#D#  #413378
7(75$=#D#  #413349
'&0=#D#  #413398

RQEHNHQG 3(5=#D  #31<<;<
75,=#D#  #31<<;5
'&(=D#  #31<<;7
7&$=#D#  #31<<;6
7(75$=#D  #31<<<4
'&0=#D#  #31<<;8

+RHZHO#GH#IUDFWLRQHULQJVHIIHFWHQ#RYHU#KHW#DOJHPHHQ#GH]HOIGH#WUHQG#ODWHQ#]LHQ#YRRU#GH#YHUVFKLOOHQ0
GH#JHFKORUHHUGH#YHUELQGLQJHQ#LV#ELM#ELRGHJUDGDWLH#YRRUDO#KHW#YHUVFKLO#LQ#PROHFXXOJHZLFKW#EHSDOHQG
YRRU#GH#XLWHLQGHOLMNH#JURRWWH#YDQ#GH# IUDFWLRQHULQJ1#=R# IUDFWLRQHHUW#'&0# LQ#KHW#DOJHPHHQ# VWHUNHU
GDQ#3(5#GRRU#]LMQ#YHHO#ODJHUH#PROHFXXOJHZLFKW1#2RN#GH#DIEUDDNURXWH#LV#YDQ#EHODQJ1#*HFKORUHHUGH
YHUELQGLQJHQ# NXQQHQ# YLD# YHUVFKLOOHQGH# DIEUDDNURXWHV# DIJHEURNHQ#ZRUGHQ# GLH#ZDDUVFKLMQOLMN# HON
HHQ#NDUDNWHULVWLHNH# IUDFWLRQHULQJ#YHURRU]DNHQ1#=RZHO# UHGXFWLHYH#GHFKORUHULQJ#DOV#R[LGDWLHYH#RP0
]HWWLQJ#YDQ#&.:*V#LV#HHQ#VWHUN#IUDFWLRQHUHQG#SURFHV/#ZDDUELM#KHW#HU#RS# OLMNW#GDW#GH#R[LGDWLHYH#RP0
]HWWLQJ#GH#JURRWVWH#IUDFWLRQHULQJ#YHURRU]DDNW1#7HQVORWWH#OLMNW#KHW#RRN#YDQ#EHODQJ#ZHON#RUJDQLVPH#GH
UHDFWLH# NDWDO\VHHUW# RPGDW# IUDFWLRQHULQJVIDFWRUHQ# GLH# LQ# KHW# ODERUDWRULXP#ZRUGHQ# JHYRQGHQ# YRRU
HHQ#EHSDDOGH#UHDFWLH#DDQ]LHQOLMN#NXQQHQ#DIZLMNHQ#DIKDQNHOLMN#YDQ#GH#JHEUXLNWH#EDFWHULsOH#SRSXODWLH
+]LH#RRN#WDEHO#<,1

$O#PHW#DO#LV#LVRWRSHQ#DQDO\VH#YRRU#&.:*V#HHQ#JRHG#JHVFKLNW#PLGGHO#RP#1$0SURFHVVHQ#DDQ#WH#WR0
QHQ1#+HW#LV#PRJHOLMN#RQGHUVFKHLG#WH#PDNHQ#WXVVHQ#GH#EHODQJULMNVWH# LQ#GH#ERGHP#RSWUHGHQGH#SUR0
FHVVHQ#HQ#HU# WUHHGW#]HHU#VLJQLILFDQWH# IUDFWLRQHULQJ#RS1#9RRU# UHGXFWLHYH#GHFKORUHULQJ#]DO# LVRWRSHQ
DQDO\VH# QLHW# VQHO# VWDQGDDUGPDWLJ#ZRUGHQ# LQJH]HW# RPGDW# KHW# RSWUHGHQ# YDQ# DIEUDDN# LQ# KHW# YHOG



89

PHHVWDO#NDQ#ZRUGHQ#DDQJHWRRQG#YLD#+WLMGHOLMNH,#RSKRSLQJ#YDQ#ODJHU#JHFKORUHHUGH#WXVVHQSURGXFWHQ1
2[LGDWLHYH#RP]HWWLQJ#WUHHGW#DOOHHQ#RS#ELM#ODDJJHFKORUHHUGH#YHUELQGLQJHQ#DOV#'&(/#9&#HQ#'&0#HQ
LV#QLHW#HHQYRXGLJ#LQ#KHW#YHOG#DDQ#WH#WRQHQ/#]RGDW#GH#WRHSDVEDDUKHLG#YDQ#LVRWRSHQ#DQDO\VH#KLHU#KR0
JHU#LV1

9RRUEHHOG=# 46&0IUDFWLRQHULQJ#ELM#UHGXFWLHYH#GHFKORUHULQJ#YDQ#75,#HQ#ELM#DsUREH#R[LGDWLH#YDQ
FLV0GLFKORRUHWKHHQ#LQ#ODERUDWRULXP0H[SHULPHQWHQ1

,Q#WZHH#YHUVFKLOOHQGH#VWXGLHV#LV#GH#46&0IUDFWLRQHULQJ#WLMGHQV#UHGXFWLHYH#GHFKORUHULQJ#YDQ#75,#HQ#GH
R[LGDWLHYH#RP]HWWLQJ#YDQ#'&(#GRRU#UHLQFXOWXUHV#RQGHU]RFKW1#,Q#EHLGH#JHYDOOHQ#ZHUG#HHQ#]HHU#VLJ0
QLILFDQWH# IUDFWLRQHULQJ#JHYRQGHQ1#9RRU#75,#QDP#GH#G46&#JHGXUHQGH#KHW#H[SHULPHQW# WRH#YDQ# 0317
QDDU#04815/#PHW#HHQ#ELMEHKRUHQGH#IUDFWLRQHULQJVIDFWRU#D# #31<<5<1#'H#R[LGDWLHYH#PLQHUDOLVDWLH#YDQ
'&(#OHLGGH#WRW#HHQ#QRJ#VWHUNHUH#IUDFWLRQHULQJ#YDQ#GH#UHVWHUHQGH#IUDFWLH#VXEVWUDDW#+D# #31<9<,1#)L0
JXXU#55#JHHIW#GH#UHVXOWDWHQ#YDQ#EHLGH#H[SHULPHQWHQ#JUDILVFK#ZHHU# >6KHUZRRG0/ROODU#HW#DO1/#4<<</
+XQNHOHU#HW#DO1/#5333@1

)LJ1#551# )UDFWLRQHULQJ#ELM#ELRORJLVFKH#RP]HWWLQJ#YDQ#75,#HQ#'&(1

9RRUEHHOG#=# 46&0IUDFWLRQHULQJ#YDQ#75,#LQ#HHQ#YHOGVWXGLH1

%LM#HHQ#YHOGVWXGLH#QDDU#GH#UHGXFWLHYH#GHFKORUHULQJ#YDQ#75,# LV#YDQ#48#JURQGZDWHUPRQVWHUV#QDDVW
GH#FRQFHQWUDWLH#DDQ#&.:*V#RRN#GH#VWDELHOH#NRROVWRIVDPHQVWHOOLQJ#YDQ#KHW#DDQZH]LJH#75,#HQ#GH
DIEUDDNSURGXFWHQ#'&(#HQ#9&#EHSDDOG1#75,#LQ#YHUVFKLOOHQGH#EURQ]RQHV#KDG#HHQ#G46&0ZDDUGH#YD0
ULsUHQG#YDQ# 058# WRW# 05:Å1# ,Q#PRQLWRULQJVILOWHUV#VWURRPDIZDDUWV#YDQ#GH#EURQJHELHGHQ#ZHUGHQ#GH0
FKORUHULQJVSURGXFWHQ#DDQJHWURIIHQ#HQ#ZHUGHQ#VLJQLILFDQW# ODJHUH#G46&0ZDDUGHQ#JHPHWHQ# +04;# WRW# 0
56Å,/#KHWJHHQ#DOV#GHILQLWLHI#EHZLMV#YRRU#KHW#RSWUHGHQ#YDQ#DIEUDDN# LV#RSJHYDW1#8LW#GH# LVRWRSHQVD0
PHQVWHOOLQJHQ#NRQGHQ#LQGLFDWLHYH#DIEUDDNSHUFHQWDJHV#ZRUGHQ#EHUHNHQG1#>6ODWHU#HW#DO1/#5333@1
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81615# 2YHULJH#FKORRUNRROZDWHUVWRIIHQ
2YHU# GH# LVRWRSHQVDPHQVWHOOLQJ# HQ# KHW# RSWUHGHQ# YDQ# IUDFWLRQHUHQGH# HIIHFWHQ# YDQ# GH# RYHULJH
FKORRUNRROZDWHUVWRIIHQ# LV# QRJ#ZHLQLJ# EHNHQG1# 9DQ# HHQ# DDQWDO# FRPPHUFLHHO# EHVFKLNEDUH# 3&%0
PHQJVHOV# LV# GH# VWDELHOH# LVRWRSHQVDPHQVWHOOLQJ# RQGHU]RFKW# >-DUPDQ# HW# DO1/# 4<<;/#5HGG\# HW# DO1/
5333@1#&RPSRQHQWVSHFLILHNH#NRROVWRILVRWRSHQ#DQDO\VH#KHHIW#DDQJHWRRQG#GDW#HU#HHQ#YULM#JURWH#YDUL0
DWLH# LQ#46&0JHKDOWHV#EHVWDDW#WXVVHQ#GH#YHUVFKLOOHQGH#PHQJVHOV#+04;1:Å# WRW#05;17Å#93'%,/#]RGDW
KHW# LQ# SULQFLSH#PRJHOLMN# LV#3&%0YHURQWUHLQLJLQJHQ# WH# NDUDNWHULVHUHQ# DDQ# GH# KDQG# YDQ# KXQ# 46&0
VLJQDWXXU1#'H#YHUVFKLOOHQ#LQ#6:&O0JHKDOWHV#]LMQ#YHHO#NOHLQHU#HQ#]LMQ#GDDUGRRU#PLQGHU#EUXLNEDDU#YRRU
NDUDNWHULVHULQJ1#2YHU#HYHQWXHOH#IUDFWLRQHULQJ#ELM#GH#ELRGHJUDGDWLH#YDQ#GH]H#YHUELQGLQJHQ#]LMQ#JHHQ
JHJHYHQV#JHYRQGHQ/#PDDU#JH]LHQ#GH#KRJH#PROHFXXOJHZLFKWHQ#YDQ#GH#3&%*V#ZRUGW#KLHUYRRU#HHQ
JHULQJ#IUDFWLRQHULQJVHIIHFW#YHUZDFKW1

817# 0LQHUDOH#ROLH

0LQHUDOH#ROLH#LV#HHQ#PHQJVHO#YDQ#YHUVFKLOOHQGH#FRPSRQHQWHQ/#ZDDURQGHU#GH#DURPDWLVFKH#YHUELQ0
GLQJHQ#GLH#UHHGV#KLHUYRRU#]LMQ#EHVFKUHYHQ1#'H#LVRWRSLVFKH#VDPHQVWHOOLQJ#YDQ#GH#ROLH#LV#DIKDQNHOLMN
YDQ# GH# UHODWLHYH# ELMGUDJH# YDQ# GH# YHUVFKLOOHQGH# NRROZDWHUVWRIIHQ1#7KHRUHWLVFK# NDQ# HHQ# GHUJHOLMN
PHQJVHO#]HHU#YHHO#PHHWEDUH# LVRWRSHQ#EHYDWWHQ1#'H]H#]LMQ#HFKWHU#QLHW#DOWLMG#PHHWEDDU/#RPGDW#]H
UHODWLHI#JH]LHQ# LQ# WH#NOHLQH#KRHYHHOKHGHQ#YRRUNRPHQ#HQ#GH#JURWH#KRHYHHOKHLG#DDQ#FRPSRQHQWHQ
VFKHLGLQJ#PRHLOLMN#PDDNW1#+LHUGRRU#ZRUGHQ# VOHFKWV# 46&# HQ# +VSRUDGLVFK,# 676# JHPHWHQ1#'H# G46&
ZDDUGH#YDQ#PLQHUDOH#ROLH#NDQ#VWHUN#YDULsUHQ1#*HVFKDW#]LMQ#ZDDUGHQ#WXVVHQ#GH#053#WRW#073Å1

.DUDNWHULVHULQJ
'RRU#GH#JURWH#YDULDWLH#DDQ#FRPSRQHQWHQ#HQ#GH# LVRWRSHQVLJQDWXXU# LV# 46&0DQDO\VH# YRRU#PLQHUDOH
ROLH#QLHW#JRHG#EUXLNEDDU#DOV#HQLJH#NDUDNWHULVHULQJVPHWKRGH1#&RPSRQHQWVSHFLILHNH#46&0DQDO\VH# LQ
FRPELQDWLH#PHW#6760DQDO\VH#RI#PHW#HHQ#DQGHUH#PHWKRGH# LV#ZHO# WH#JHEUXLNHQ#RP#PLQHUDOH#ROLH# WH
NDUDNWHULVHUHQ#>%HFNHU#)#+LUQHV/4<<;@1

1DWXXUOLMNH#$IEUDDN
'H#LVRWRSHQVLJQDWXXU#YDQ#PLQHUDOH#ROLH#]HOI#LV#VOHFKWV#EHSHUNW#EUXLNEDDU#RP#1$#DDQ#WH#WRQHQ1#:HO
LV#KHW#PRJHOLMN#ELRGHJUDGDWLH#DDQ# WH# WRQHQ#GRRU#KHW#PHWHQ#YDQ#GH#YHUDQGHULQJ#YDQ#GH# LVRWRSHQ0
VDPHQVWHOOLQJ#YDQ#KHW#UHDFWLHSURGXFW#7,&1#'H#G46#ZDDUGHQ#YDQ#7,&#DINRPVWLJ#YDQ#DIEUDDN#YDQ#PL0
QHUDOH# ROLH# LV# VWHUN# YHUDUPG# WHQ# RS]LFKWH# YDQ# QDWXXUOLMN# 7,&# +]LH# KRRIGVWXN# 7,1# .HURVLQH# KHHIW
ELMYRRUEHHOG#HHQ#G46&#YDQ#059Å#HQ#DIEUDDN#GDDUYDQ#JHHIW#&25#PHW#HHQ#G46&#ZDDUGH#YDQ# 063Å
>$JJDUZDO#HW#DO1/#4<<:@1#&25#JHSURGXFHHUG#GRRU#DQGHUH#EURQQHQ#KHHIW#HHQ#KRJHUH#+PLQGHU#QHJD0
WLHYH,# LVRWRSHQ# UDWLR1#9RRUEHHOGHQ#YDQ#G46&#ZDDUGHQ#YDQ#DQGHUH#EURQQHQ#]LMQ=# 04717# WRW# 04:1:Å
YRRU#&70SODQWHQ#+-DFNVRQ#HW#DO1#4<<:,/#05719Å#YRRU#&60SODQWHQPDWHULDDO#>/DQGPH\HU#HW#DO1/#4<<9@/
0414Å#YRRU#FDUERQDDWRSORVVLQJ#HQ#.6;Å#YRRU#PHWKDDQ#>%ROOLJHU#HW#DO1/#4<<<@1#2YHU#KHW#DOJHPHHQ
OHLGW#DIEUDDN#YDQ#PLQHUDOH#ROLH#WRW#HHQ#YHUODJLQJ#YDQ#GH#G46&0ZDDUGH#YDQ#7,&#LQ#KHW#JURQGZDWHU1

1LHW#DOOH#FRPSRQHQWHQ#YDQ#PLQHUDOH#ROLH#EUHNHQ#HYHQ#VWHUN#DI1#+LHUGRRU#LV#GH#YHUDQGHULQJ#YDQ#GH
G46&#ZDDUGH#YDQ#7,&#RRN#QLHW#WRH#WH#VFKULMYHQ#DDQ#GH#DIEUDDN#YDQ#ppQ#EHSDDOGH#FRPSRQHQW1#2P
GLW#SUREOHHP#WH#RQGHUYDQJHQ#NDQ#PHQ#GH#YHUVFKLOOHQGH#FRPSRQHQWHQ#XLWGUXNNHQ#DOV#KRSDDQUDWLR1
+RSDDQ#]HOI#LV#QLHW#DIEUHHNEDDU/#ZDDUGRRU#GLUHFW#JH]LHQ#NDQ#ZRUGHQ#ZHONH#FRPSRQHQWHQ#DIEUHNHQ
HQ#ZHONH#QLHW#>-DFNVRQ#HW#DO1/#4<<:@1#9RRU#JHJHYHQV#RYHU#KHW#EHZLM]HQ#YDQ#GH#KHUNRPVW#YDQ#7,&
ZRUGW#YHUZH]HQ#QDDU#KRRIGVWXN#71
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818# 10KRXGHQGH#NRROZDWHUVWRIIHQ

%LM#GH#NRROZDWHUVWRIIHQ#PHW#VWLNVWRIKRXGHQGH#YHUELQGLQJHQ#NDQ#QDDVW# 46&#HQ# 5+#RRN#RQGHU]RHN
ZRUGHQ#JHGDDQ#QDDU#4811#(U# LV#HFKWHU#QRJ#ZHLQLJ#EHNHQG#RYHU#IUDFWLRQHULQJVHIIHFWHQ#PHW#EHWUHN0
NLQJ# WRW#VWLNVWRI1#'H# 481# LVRWRRS# OLMNW#VQHOOHU# LUUHYHUVLEHO#JHERQGHQ# WH#ZRUGHQ#GDQ# 471/#ZDW# YRRU
IUDFWLRQHULQJ#]RUJW1#'LW#]DO#EOLMNHQ#XLW#GH#YROJHQGH#VWXNNHQ#RYHU#717/#GH#HQLJH#10KRXGHQGH#NRRO0
ZDWHUVWRI#ZDDUYDQ#4810#HQ#46&0PHWLQJHQ#EHNHQG#]LMQ1#+HW#SULQFLSH#JDDW#HFKWHU#RS#YRRU#PHHUGHUH
VRRUWHQ#YDQ#GLW#W\SH#YHUELQGLQJHQ/#]RDOV#ELMYRRUEHHOG#SHVWLFLGHQ1#+RHZHO#KLHURYHU#JHHQ#JHJHYHQV
]LMQ#JHYRQGHQ/#OLMNW#LVRWRSHQ#DQDO\VH#YRRU#GH]H#YHUELQGLQJHQ#HHQ#JRHGH#PHWKRGH#RP#GH#YRUPLQJ
YDQ#JHERQGHQ#UHVLGX#DDQ#WH#WRQHQ1

81814# 717
717#LV#GH#DINRUWLQJ#YDQ#5/7/90WULQLWURWROXHHQ1#717#LV#HHQ#EHODQJULMN#EHVWDQGGHHO#YDQ#H[SORVLHYHQ1
717# EHVWDDW# XLW# NRROVWRI0/# ZDWHUVWRI0/# VWLNVWRI0# HQ# ]XXUVWRI# DWRPHQ1# 'H# ZDWHUVWRI0# HQ# ]XXUVWRI0
DWRPHQ# ]LMQ#ZDDUVFKLMQOLMN# XLWZLVVHOEDDU#PHW# GLH# YDQ#ZDWHU# HQ# GXV# QLHW# JHVFKLNW# YRRU# LVRWRSHQ
DQDO\VH1#+HW#LV#ZHO#PRJHOLMN#GH#LVRWRSLVFKH#UDWLR#WH#EHSDOHQ#YDQ#VWLNVWRI#HQ#NRROVWRI#DWRPHQ1

.DUDNWHULVHULQJ
0L\DUHV#HW#DO1/#>4<<<@#KHEEHQ#YDQ#717#YDQ#YLMI#IDEULNDQWHQ#GH#LVRWRSHQVDPHQVWHOOLQJ#EHSDDOG1#+HW
EOLMNW#GDW#GH#G46&#SHU#IDEULNDQW#VOHFKWV#ZHLQLJ#YHUVFKLOGH/#056Å#WRW#05615Å/#GH#G481#YHUWRRQGH#HHQ
JURWHUH#YDULDWLH#YDQ# 0816;#HQ#<197Å1#:DDUVFKLMQOLMN#]LMQ#GH]H#YDULDWLHV#KHW#JHYROJ#YDQ#SURGXFWLH0
WHFKQLHNHQ#HQ#JHEUXLNWH#JURQGVWRIIHQ1#'H#YHUVFKLOOHQ#]LMQ#VLJQLILFDQW#JHQRHJ#RP#RQGHUVFKHLG# WH
NXQQHQ#PDNHQ# LQ#KHUNRPVW1#0L\DUHV#KHHIW#ELMYRRUEHHOG#DDQJHWRRQG#GDW#717# LQ#KHW#JURQGZDWHU
YDQ#HHQ#ODDJ#JHOHJHQ#WHUUDV#DINRPVWLJ#ZDV#YDQ#HHQ#KRJHU#JHOHJHQ#WHUUDV/#GRRUGDW#GH#LVRWRSLVFKH
ZDDUGHQ#YDQ#KHW#717#RS#EHLGH#SOHNNHQ#LGHQWLHN#ZDUHQ1

$DQWRQHQ#YDQ#+QDWXXUOLMNH,#DIQDPH
2RN#YRRU#717#LV#LVRWRSHQ#DQDO\VH#WRHSDVEDDU#ELM#KHW#DDQWRQHQ#YDQ#1$1#,Q#ERGHPV\VWHPHQ#ZRUGW
717# JHUHGXFHHUG# QDDU# YHUVFKLOOHQGH# DPLQR0GLQLWURWROXHQHQ# HQ# YHUYROJHQV# QDDU# GLDPLQR0
QLWURWROXHHQ1#'H]H#PRQR0#HQ#GL0DPLQR#FRPSRQHQWHQ#YRUPHQ#FRYDOHQWH#YHUELQGLQJHQ#PHW#QDWXXU0
OLMN#RUJDQLVFK#PDWHULDDO#HQ#ZRUGHQ#]RGRHQGH#JHKXPLILFHHUG1# ,Q# IHLWH#ZRUGW#717# LUUHYHUVLEHO#JH0
ERQGHQ#DDQ#KHW#VHGLPHQW#HQ#QLHW#YROOHGLJ#DIJHEURNHQ1#%LM#KHW#RQGHU]RHN#YDQ#0L\DUHV#ZHUG# LQ#GH
YHUVSUHLGLQJVULFKWLQJ# YDQ# GH# SOXLP# JURQGZDWHUPRQVWHUV# JHQRPHQ# HQ# JHDQDO\VHHUG# RS# G46&# HQ
G4811#'H#717#FRQFHQWUDWLH# LQ#GH#NHUQ#ZDV#8443#=J2O#HQ#QDP#DI# WRW#875#=J2O#RS#GH# UDQG#YDQ#GH
SOXLP1#'H#G46&#YHUDQGHUGH#QLHW#VLJQLILFDQW# ODQJV#GH#VWURRPEDDQ1#(U#ZHUG#ZHO#HHQ#YHUULMNLQJ# LQ#GH
G481# JHPHWHQ# YRRU# 7171#+HW# YHUVFKLO# LQ# GH# G481#ZDDUGH# EHGURHJ# RQJHYHHU# .8Å1#'H]H# GDWD
VWHPPHQ#RYHUHHQ#PHW#KHW#YHUZDFKWH#SDWURRQ1#'H#RP]HWWLQJ#YDQ#717#PHW# 471# LVRWRSHQ# LV#DDQ0
]LHQOLMN# VQHOOHU# GDQ# GH# RP]HWWLQJ# YDQ# 717#PHW# 481# LVRWRSHQ1#+LHUGRRU# RQWVWDDW# HU# VQHOOHU# 4710
DPLQR0GLQLWURWROXHQHQ/#KHWJHHQ# LUUHYHUVLEHO#ZRUGW#JHERQGHQ#DDQ#KXPXV]XUHQ1#+LHUGRRU#ZRUGW#KHW
7170UHVLGX#YHUULMNW#PHW#4811#9DQZHJH#GLW#SURFHV#ELHGW#KHW#PHWHQ#YDQ#GH#G481#DDQ#717#YHHO#PR0
JHOLMNKHGHQ#RP#1$#DDQ#WH#WRQHQ1#9RRU#46&#OLMNHQ#GH#PRJHOLMNKHGHQ#EHSHUNW#>0L\DUHV#HW#DO1/#4<<<@1

819# =ZDUH#PHWDOHQ

81914# ,QOHLGLQJ
0HW#XLW]RQGHULQJ#YDQ#DUVHHQ#HQ#NREDOW#ZDDUYDQ#RS#DDUGH#VOHFKWV#ppQ#VWDELHOH# LVRWRRS#YRRUNRPW/
EHVWDDQ#GH#RYHULJH#DOV#YHURQWUHLQLJLQJ# LQ#DDQPHUNLQJ#NRPHQGH#]ZDUH#PHWDOHQ#XLW#PHHUGHUH#VWD0
ELHOH#LVRWRSHQ#+]LH#WDEHO#43,1
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7DEHO#431 =ZDUH#PHWDOHQ#HQ#KXQ#VWDELHOH#LVRWRSHQ1

0HWDDO 0HHVW#YRRUNRPHQGH
LVRWRRS +(,

$QGHUH#VWDELHOH
,VRWRSHQ +(,

FKURRP 85&U ;6/;
83&U
86&U
87&U

7/6
</8
5/7

QLNNHO 8;1L 9; 931L 59
NREDOW 8<&R 433 0 #0
NRSHU 96&X 9< 98&X 64

]LQN 97=Q 7<
99=Q
9:=Q
9;=Q

5;
7
4<

DUVHHQ :8$V 433 #0 #0

VHOHQLXP ;36H 7</;

:76H
:96H
::6H
:;6H
;56H

3/<
</3
:/9
56/8
</5

PRO\EGHHQ <;0R 56/;

<50R
<70R
<80R
<90R
<:0R
4330R

48/;
<
48/:
49/8
</8
</9

FDGPLXP 447&G 5;/<

443&G
444&G
445&G
446&G
449&G

45/7
45/;
57/4
45/:
:/9

EDULXP 46;%D :5
468%D
469%D
46:%D

9/9
:/;
44/6

NZLN 535+J 5</;

4<;+J
4<<+J
533+J
534+J
537+J

43
49/;
56/4
46/5
9/<

ORRG 53;3E 85/6
5373E-
5393E
53:3E

4/8
56/9
55/9

-# 5373E#LV#HHQ#UDGLRDFWLHYH#LVRWRRS#PHW#HHQ#KDOIZDDUGHWLMG#YDQ
417-434<#MDDU#HQ#NDQ#LQ#GH#SUDNWLMN#DOV#VWDELHO#ZRUGHQ#EHVFKRXZG1

'RRU#KHW#KRJH#PROHFXXOJHZLFKW#YDQ#GH#]ZDUH#PHWDOHQ#KHHIW#GH#DDQZH]LJKHLG#YDQ#HQNHOH#QHXWUR0
QHQ#PHHU#RI#PLQGHU#HHQ#DDQ]LHQOLMN#JHULQJHUH# LQYORHG#RS#KHW#JHGUDJ#YDQ#GH# LVRWRSHQ#GDQ#ELM#GH
OLFKWH#HOHPHQWHQ#KHW#JHYDO# LV1#+LHUGRRU# LV#GH# IUDFWLRQHULQJ#GLH#RSWUHHGW#ELM#GH#PHHVWH#ELRORJLVFKH
HQ# I\VLVFK0FKHPLVFKH#SURFHVVHQ#ELM#]ZDUH#PHWDOHQ#EHSHUNW/#]RGDW#RRN#GH#QDWXXUOLMNH#YDULDWLH# LQ
LVRWRSHQVDPHQVWHOOLQJ#ELM#GH#]ZDUH#PHWDOHQ#JHULQJ#LV1#(HQ#XLW]RQGHULQJ#KLHURS#LV#ORRG1#'LW#PHWDDO
NRPW#DOV#JHYROJ#YDQ#UDGLRDFWLHYH#SURFHVVHQ#GLH#]LMQ#RSJHWUHGHQ#ELM#GH#YRUPLQJ#YDQ#GH#DDUGH#VWHUN
JHIUDFWLRQHHUG#YRRU/#GDW#ZLO#]HJJHQ#GDW#YHUVFKLOOHQGH# ORRGKRXGHQGH#PDWHULDOHQ#+HUWVHQ,#YHUVFKLO0
OHQGH# LVRWRSHQ#VDPHQVWHOOLQJHQ#KHEEHQ1#'H#YHUKRXGLQJ# WXVVHQ# 5393E#HQ# 53:3E#ZRUGW#KHW#PHHVW
DOV#NDUDNWHULVWLHN#NHQPHUN#JHEUXLNW#+]LH#WDEHO#44,1
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7DEHO#441 ,VRWRSHQVDPHQVWHOOLQJ#+5393E253:3E,#JHVHOHFWHHUGH#ORRGKRXGHQGH#PDWHULDOHQ1

%URQ ##5393E253:3E#UDWLR#+0,
$FKWHUJURQGZDDUGH#VHGLPHQW#=ZHGHQ #4186#�#313;
$FKWHUJURQGZDDUGH#VHGLPHQW#=XLG0)UDQNULMN #4154#�#3135
%ULWV#ORRGKRXGHQG#VWHHQNRRO #414;
(XURSHHV#ORRGKRXGHQG#HUWV#WRW#0LGGHOHHXZHQ #414:#�#3135
%ULWV#ORRGKRXGHQG#HUWV #414:
3UHFDPEULDQ#%URNHQ#+LOO#HUWV#+EURQ#ORRG#LQ#(XURSHVH#EHQ]LQH, #4137

=RDOV#HHUGHU#JHQRHPG#]LMQ#GH#YHUVFKLOOHQ#LQ#LVRWRSHQVDPHQVWHOOLQJ#YDQ#GH#RYHULJH#PHWDOHQ#LQ#YHU0
VFKLOOHQGH#EURQQHQ#YHHO#JHULQJHU#GDQ#GLH#YDQ#ORRG1#7RW#YRRU#NRUW#ZDV#KHW#QLHW#PRJHOLMN#QDXZNHXULJ
JHQRHJ#WH#PHWHQ#RP#GH]H#YHUVFKLOOHQ#WH#EHSDOHQ1#'RRU#QLHXZH#WHFKQLVFKH#RQWZLNNHOLQJHQ#RS#KHW
JHELHG#YDQ#LVRWRSHQ#DQDO\VH#LV#GH#SUDNWLVFKH#GHWHFWLHOLPLHW#YRRU#GH#EHSDOLQJ#YDQ#VWDELHOH#LVRWRSHQ
YDQ#+]ZDUH,#PHWDOHQ#VWHUN#YHUODDJG/#]RGDW#KHW#VLQGV#NRUW#RRN#YRRU#PHWDOHQ#PRJHOLMN# LV#NOHLQH#DI0
ZLMNLQJHQ# LQ# LVRWRSHQVDPHQVWHOOLQJ# WH#PHWHQ1#'LW#RSHQW# LQ#SULQFLSH#GH#PRJHOLMNKHLG#RP# LVRWRSHQ
DQDO\VH#RRN#WRH#WH#SDVVHQ#DOV#NDUDNWHULVHULQJVPHWKRGH#YRRU#DQGHUH#PHWDOHQ#GDQ#ORRG1

3UDNWLVFKH#DVSHFWHQ#YDQ#DQDO\VH#YDQ#PHWDDOLVRWRSHQ#]LMQ#WH#YLQGHQ#%LMODJH#$1:1

81915# 7RHSDVVLQJHQ#YDQ#LVRWRSHQ#DQDO\VH
.DUDNWHULVHULQJ#YHURQWUHLQLJLQJ
'H#WRHSDVVLQJ#YDQ#LVRWRSHQ#DQDO\VH#YRRU#GH#NDUDNWHULVHULQJ#YDQ#]ZDUH#PHWDOHQ#YHURQWUHLQLJLQJHQ
LV# WRW#QX# WRH#YULMZHO#DOOHHQ#EHVFKUHYHQ#YRRU# ORRG# >$QEDU#HW#DO1/#5333/#%LQGOHU#HW#DO1/# 4<<</#%ODLV/
4<<9/#%UDQQYDOO#HW#DO1/4<<</#&URXGDFH#)#&XQG\/#4<<8/#'XQODS#HW#DO1/# 5333/#*REHLO#HW#DO1/# 4<<8/
/RWWHUPRVHU/#4<<;/#5LWVRQ#HW#DO1/#4<<</#6KRW\N#HW#DO1/#4<<;/#9HURQ#HW#DO1/#4<<<@1#'RRU#GH#YHUVFKLOOHQ
LQ#LVRWRSHQVDPHQVWHOOLQJ#YDQ#ORRG#LQ#YHUVFKLOOHQGH#ORRG0EURQQHQ#+]LH#WDEHO#44,#LV#KHW#PRJHOLMN#YHU0
VFKLOOHQGH#EURQQHQ#YDQ# ORRGYHURQWUHLQLJLQJ# WH#DFKWHUKDOHQ1#'H#EHODQJULMNVWH#GLIIXVH#EURQQHQ#YDQ
ORRG#LQ#GH#ERGHP#]LMQ=
0# XLWORJLQJ#YDQXLW#QDWXXUOLMNH#ORRGKRXGHQGH#HUWVHQ>
0# GHSRVLWLH#DOV#JHYROJ#YDQ#PHWDOOXUJLVFKH#SURFHVVHQ#+YHUZHUNLQJ#YDQ#ORRG/#]LOYHU/#JRXG,>
0# GHSRVLWLH#YDQ#DOV#JHYROJ#YDQ#YHUEUDQGLQJ#YDQ#ORRGKRXGHQGH#EHQ]LQH>
0# GHSRVLWLH#YDQ#DOV#JHYROJ#YDQ#YHUEUDQGLQJ#YDQ#ORRGKRXGHQG#VWHHQNRRO1
'DDUQDDVW#NXQQHQ#HU#XLWHUDDUG#QRJ#ORNDOH#SXQWEURQQHQ#YRRUNRPHQ1#'H#LVRWRSHQVDPHQVWHOOLQJ#YDQ
KHW# ORRG#XLW#DO#GH]H#EURQQHQ# LV#YHHODO#EHNHQG#RI# WH#DFKWHUKDOHQ/#]RGDW# LQ#FRPELQDWLH#PHW#DQGHUH
JHJHYHQV#+ELMY1#FRQFHQWUDWLHV#YDQ# ORRG#HQ#DQGHUH#PHWDOHQ,#GH# UHODWLHYH#ELMGUDJH#YDQ#GH]H#EURQ0
QHQ#WH#EHSDOHQ#LV1#,VRWRSHQ#DQDO\VH#NDQ#RS#GLH#PDQLHU#ELMYRRUEHHOG#JHEUXLNW#ZRUGHQ#RP#RSKHOGH0
ULQJ# WH# EUHQJHQ# LQ# GH# YDDN# JHYRHUGH# GLVFXVVLH# RYHU# QDWXXUOLMNH# DFKWHUJURQGFRQFHQWUDWLHV# YDQ
]ZDUH#PHWDOHQ1

(U#]LMQ#VOHFKWV#WZHH#SXEOLFDWLHV# LQ#ZHWHQVFKDSSHOLMN# WLMGVFKULIWHQ#RYHU#NDUDNWHULVHULQJ#YDQ#HHQ#DQ0
GHU#]ZDDU#PHWDDO#GDQ#ORRG#JHYRQGHQ1#+HW#HHUVWH#DUWLNHO#JDDW#RYHU#RUJDQR0WLQ#YHUELQGLQJHQ/#ZDDUELM
+R1D1#YLD# LVRWRSHQ#DQDO\VH,# LV#JHYRQGHQ#GDW#GH#PHWK\OHULQJ#YDQ#DQRUJDQLVFK# WLQ#GH#EHODQJULMNVWH
EURQ#YDQ#GH]H#YHUELQGLQJHQ#LV#>$PRXURX[#HW#DO1/#5333@1#'H#WZHHGH#SXEOLFDWLH#EHVFKULMIW#KHW#JHEUXLN
YDQ#VWDELHOH# LVRWRSHQ#DQDO\VH#YDQ#VHOHQLXP#YRRU#KHW#NDUDNWHULVHUHQ#YDQ#VHGLPHQWPRQVWHUV1#$DQ
GH#KDQG#YDQ#GH#:96H2;36H#UDWLR#NRQ#ZRUGHQ#YDVWJHVWHOG#GDW#KHW#VHOHQLXP#QLHW# LQ#KHW#VHGLPHQW# LV
JHNRPHQ#YLD#UHGXFWLH#YDQ#RSJHORVW#VHOHQLXP#>-RKQVRQ#HW#DO1/#5333@1
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9RRUEHHOG=# NDUDNWHULVHULQJ#YDQ#ORRGYHURQWUHLQLJLQJHQ1

41# 2P#GH#KHUNRPVW#YDQ#ORRG#LQ#VHGLPHQWHQ#XLW#KHW#RRVWHQ#YDQ#&DQDGD#WH#DFKWHUKDOHQ# LV#GH# LVR0
WRSHQ#DQDO\VH#WRHJHSDVW1#'RRUGDW#ORRG#XLW#LQGXVWULsOH#HPLVVLHV#LQ#GH#96#HHQ#DQGHUH#LVRWRSHQ0
VDPHQVWHOOLQJ# KHHIW# GDQ# ORRG# XLW# HPLVVLHV# XLW#&DQDGD/# NRQ#ZRUGHQ# DDQJHWRRQG# GDW# LQ# KHW
]XLGRRVWHQ#YDQ#&DQDGD# WRW#83(#YDQ#KHW# ORRG#DINRPVWLJ#ZDV#YDQ#HPLVVLHV#XLW#GH#9HUHQLJGH
6WDWHQ#>%ODLV#4<<9@1

51# 'H#LVRWRSHQVDPHQVWHOOLQJ#YDQ#KHW#ORRG#LQ#VHGLPHQW#YDQ#GH#EDDL#YDQ#6DQ#)UDQFLVFR#JHHIW#HHQ
GXLGHOLMN# EHHOG# YDQ# GH# YHURQWUHLQLJLQJVJHVFKLHGHQLV1#9RRU# 4;83#ZDV# GH# JRXGZLQQLQJ# LQ# GH
6LHUUD#1HYDGD#GH#EHODQJULMNVWH#EURQ#YDQ#ORRG1#$DQ#KHW#HLQG#YDQ#GH#QHJHQWLHQGH#HHXZ#]RUJHQ
LQGXVWULsOH#DFWLYLWHLWHQ#YRRU#YHUKRRJGH#FRQFHQWUDWLHV1#1D#GH#HHXZZLVVHOLQJ#QHPHQ#GH#ORRGJH0
KDOWHV#YHUGHU#WRH#HQ#GH#5393E253:3E#UDWLR#DI/#KHWJHHQ#ZHHV#RS#ORRG#DINRPVWLJ#YDQ#HHQ#SODDWVH0
OLMNH# ORRGVPHOWHULM1# 'H# ORRGJHKDOWHV# YDQ# UHFHQW# VHGLPHQW# +QD# 4<;3,# ]LMQ# ODDJ# HQ# GH
LVRWRSHQVDPHQVWHOOLQJ#YDQ#KHW#ORRG#WRRQW#DDQ#GDW#KHW#YULMNRPHQ#YDQ#ORRG#XLW#RXGHUH#VHGLPHQ0
WHQ#HHQ#EHODQJULMNHUH#EURQ#YDQ# ORRG# LV#GDQ#GH#KXLGLJH#DWPRVIHULVFKH#GHSRVLWLH#>'XQODS#HW#DO1/
5333>#5LWVRQ#HW#DO1/#4<<<@1

%HSDOHQ#QDWXXUOLMNH#YDVWOHJJLQJ
2YHU#GH#IUDFWLRQHULQJ#YDQ#]ZDUH#PHWDOHQ#ELM#VRUSWLH#HQ#SUHFLSLWDWLH0UHDFWLHV#LV#QRJ#]HHU#ZHLQLJ#EH0
NHQG#RPGDW# WRW#YRRU#NRUW#GH#DQDO\VH0DSSDUDWXXU#QLHW#JHYRHOLJ#JHQRHJ#ZDV1#0HW#GH#RQWZLNNHOLQJ
0&0,&3006#LV#KLHU#YHUDQGHULQJ#LQ#JHNRPHQ1#=R#LV#YRRU#LM]HU#UHFHQWHOLMN#YDVWJHVWHOG#GDW#FRPSOH[H0
ULQJ#NDQ#OHLGHQ#WRW#IUDFWLRQHULQJ#GLH#LQ#GH]HOIGH#RUGH#YDQ#JURRWWH#OLJW#DOV#GH#IUDFWLRQHULQJ#ELM#PLFUR0
ELRORJLVFKH# LM]HU0RP]HWWLQJHQ# >$QEDU#HW#DO1/#5333@1#'DDUQDDVW#ZRUGW#HU#RS#GLW#PRPHQW#RQGHU]RHN
XLWJHYRHUG#QDDU#KHW#DDQWRQHQ#YDQ#GH# UHGXFWLH#YDQ#FKURRP#YLD#VWDELHOH# LVRWRSHQ# >-RKQVRQ/#SHU0
VRRQOLMNH#FRPPXQLFDWLH@1#+HW#LV#ZDDUVFKLMQOLMN#GDW#RRN#ELM#SUHFLSLWLDWLH0UHDFWLHV#YDQ#DQGHUH#PHWDOHQ
IUDFWLRQHULQJ#RSWUHHGW>#KHW#LV#HFKWHU#PRPHQWHHO#QRJ#RQEHNHQG#RI#GH]H#IUDFWLRQHULQJ#JURRW#JHQRHJ
LV#RP#UHOHYDQWH#LQIRUPDWLH#RS#WH#NXQQHQ#OHYHUHQ#RYHU#KHW#RSWUHGHQ#YDQ#+QDWXXUOLMNH,#YDVWOHJJLQJV0
SURFHVVHQ1

81:# 2YHULJH#YHURQWUHLQLJLQJHQ

,Q#GH]H#SDUDJUDDI#ZRUGHQ#GH# VWRIIHQ# EHKDQGHOG# GLH# QLHW# RQGHU# HHQ# HHUGHU# JHIRUPXOHHUGH# VWRI0
JURHS#YDOOHQ1#2S#GLW#PRPHQW#YDOOHQ#DOOHHQ#QLWUDDW#+DOV#HXWURILsUHQGH#VWRI,#HQ#F\DQLGH#RQGHU#GH#FD0
WHJRULH#RYHULJH#YHURQWUHLQLJLQJHQ1#'H#OLMVW#]DO#PRJHOLMN#LQ#GH#WRHNRPVW#DDQYXOOLQJ#EHKRHYHQ1

81:14# 1LWUDDW
1LWUDDW#LV#RSJHERXZG#XLW#]XXUVWRI#HQ#VWLNVWRI1#9DQ#EHLGH#DWRPHQ#NDQ#GH#LVRWRSLVFKH#VDPHQVWHOOLQJ
ZRUGHQ#EHSDDOG1#%URQQHQ#YDQ#QLWUDDW#]LMQ#RQGHU#DQGHUH#VHSWLF#WDQNV/# OHNNHQGH#ULROHQ/#NXQVWPHVW/
QDWXXUOLMNH#PHVW#HQ#QLWUDDW#XLW#GH#QHHUVODJ1#'DDUQDDVW#NDQ#QLWUDDW#JHYRUPG#GRRU#QLWULILFDWLH/#ZDDUELM
QLWUDDW#RQGHU#DsUREH#FRQGLWLHV#ZRUGW#JHYRUPG#XLW#DPPRQLXP#+XLW#ELMY1#NXQVWPHVW,1#%LM#GH]H#UHDFWLH
WUHHGW# IUDFWLRQHULQJ#RS#ZDDUELM#KHW#QLWUDDW# W1R1Y1#KHW#DPPRQLXP#YHUDUPG#ZRUGW#DDQ#GH#]ZDDUGHUH
LVRWRRS1

.DUDNWHULVHULQJ
1LWUDDWEURQQHQ#KHEEHQ#HHQ#VSHFLILHNH#G481#HQ#G4;2#VLJQDWXXU1#2S#EDVLV#KLHUYDQ# LV#KHW#PRJHOLMN
RQGHUVFKHLG#WH#PDNHQ#WXVVHQ#GH#YHUVFKLOOHQGH#EURQQHQ#+]LH#ILJXXU#56,1
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)LJ1#561 'H# LVRWRSHQVDPHQVWHOOLQJ#YDQ#YHUVFKHLGHQH#EURQQHQ#YDQ#QLWUDDW#HQ#KHW#HIIHFW#YDQ#GH0
QLWULILFDWLH#KLHURS1#*HPRGLILFHHUG#QDDU#&ODUN#)#)ULW]/#>4<<:@1

$DQWRQHQ#YDQ#+QDWXXUOLMNH,#DIQDPH
'H# LVRWRSHQ#DQDO\VH#YDQ#481#HQ#4;2#NXQQHQ#JHEUXLNW#ZRUGHQ#RP#1$#SURFHVVHQ#P1E1W1#QLWUDDW# WH
LGHQWLILFHUHQ#HQ#WH#NZDQWLILFHUHQ1#1LWUDDW#LV#HHQ#VWRI#GLH#DOOHHQ#GRRU#ELRGHJUDGDWLH#ZRUGW#EHwQYORHG>
VRUSWLH/#YHUGDPSLQJ#HQ#LUUHYHUVLEHOH#ELQGLQJ#YHUDQGHUHQ#GH#LVRWRSHQVDPHQVWHOOLQJ#YDQ#QLWUDDW#QLHW
VLJQLILFDQW1#:HO#ZRUGW#GH# LVRWRSHQVDPHQVWHOOLQJ# YDQ#QLWUDDW#GRRU#DVVLPLODWLH# YDQ#SODQWHQ# YHUDQ0
GHUG1#'LW#SURFHV#LV#HFKWHU#YDDN#UXLPWHOLMN#WH#RQGHUVFKHLGHQ#YDQ#ELRGHJUDGDWLH1

'H# LVRWRSHQ#DQDO\VH# LV#GDDUPHH#XLWHUPDWH#JHVFKLNW#RP#GH#GHQLWULILFDWLH#DDQ# WH# WRQHQ1#%LM#GLW#SUR0
FHV#ZRUGW#QLWUDDW#JHEUXLNW#DOV#HOHNWURQ#DFFHSWRU#HQ#YLD#QLWULHW#HQ#152#RPJH]HW#LQ#151#%LM#GHQLWULILFD0
WLH#ZRUGW# KHW# RYHUEOLMYHQGH# QLWUDDW# YHUULMNW#PHW# GH# ]ZDDUGHUH# LVRWRSHQ1# %LM# <3(# RP]HWWLQJ# YDQ
QLWUDDW#NDQ#GH#G481#YDQ#KHW#RYHUEOLMYHQGH#QLWUDDW#]LMQ#WRHJHQRPHQ#PHW#PHHU#GDQ#58Å#HQ#GH#G4;2
PHW#PHHU#GDQ#48Å#+]LH#ILJXXU#56,1#%LM#KHW#DDQWRQHQ#YDQ#GHQLWULILFDWLH#VSHOHQ#ZHO#HHQ#WZHHWDO#SUR0
EOHPHQ=
41# 'H#YDULDELOLWHLW#YDQ#KHW# ODQGJHEUXLN# LV#PHHVWDO#JURRW/#ZDDUGRRU#KHW# VSHFLILHNH#QLWUDDWJHKDOWH

IOXFWXHHUW1#+LHUGRRU#LV#QLHW#DOWLMG#HHQ#ppQGXLGLJH#DIQDPH#WH#]LHQ>
51# 'H#YDULDELOLWHLW#YDQ#GH# LQLWLsOH# LVRWRRS#UDWLR# LQ#QLWUDDW# LV#PHHVWDO#DDQ]LHQOLMN#GRRU#GH#DDQZH]LJ0

KHLG#YDQ#PHHUGHUH#EURQQHQ1#+LHUGRRU#NXQQHQ#IRXWHQ#LQ#GH#EHUHNHQGH#IQR6#ZDDUGH#RQWVWDDQ1
'H]H#WZHH#SUREOHPHQ#NXQQHQ#OLMGHQ#WRW#PDVNHULQJ#YDQ#GH#VSHFLILHNH#IUDFWLRQHULQJ#GRRU#GHQLWULILFD0
WLH#HQ#EHPRHLOLMNHQ#KLHUPHH#GH# LQWHUSUHWDWLH1# >%|WWFKHU#HW#DO1/#4<<3@1#'H# 4;22492# UDWLR# LQ#QLWUDDW# LV
EHWHU#JHVFKLNW#YRRU#KHW#LGHQWLILFHUHQ#YDQ#GHQLWULILFDWLH#GDQ#GH#4712481#>/HWROOH/#4<;3>#+XEQHU#4<;9@

,Q#WDEHO#45#ZRUGHQ#HHQ#DDQWDO#YHUULMNLQJVIDFWRUHQ#HQ#JHJHYHQ/#GH#JURWH#YDULDWLH#LQ#GH]H#WDEHO#LV#WH
YHUNODUHQ#GRRU#GH#JURWH#YHUVFKHLGHQKHLG#YDQ#VSHFLILHNH#FRQGLWLHV#YRRU#HON#V\VWHHP1#,Q#GH#WDEHO#LV
WHYHQV#GH#KHOOLQJ#YDQ#GH#OLMQ#YDQ#GH# OLQHDLUH#FRUUHODWLH#WXVVHQ#GH#G4;2#HQ#GH#G481#JHJHYHQ/#]RDOV
RRN#LQ#ILJXXU#56#WH#]LHQ#LV1
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7DEHO#451 G4;2#HQ#G4810ZDDUGHQ#QLWUDDW#+GLYHUVH#VWXGLHV,1

6WXGLH G4;2 G481 +HOOLQJVKRHN
481=4;2

0HQJLV#HW#DO1/#>4<<<@ 04;16Å 05:19 418=4
$UDYHQD# HQ# 5REHUWVRQ/
>4<<;@

048Å 063Å 5=4

9RJHO#HW#DO1/#>4<;4@ Q1J1 0461<#WRW#063Å Q1J1
%RWFKHU#HW#DO1/#>4<<3@ 0;13Å 0481<Å 514=4

81:15# &\DQLGH
&\DQLGH#+DOV#+&1/#.&1#RI#1D&1,#ZRUGW#YHHO#JHEUXLNW# LQ#GH#PLMQERXZ/# LQ#GH#IRWRYHUZHUNHQGH# LQ0
GXVWULH#HQ# LQ#GH#HOHFWURSODWLQJ# LQGXVWULH1#9RRUPDOLJH#JDVIDEULHNVWHUUHLQHQ#]LMQ#YULMZHO#DOWLMG#YHURQW0
UHLQLJG# PHW# F\DQLGH# GDW# LV# YULMJHNRPHQ# ELM# GH# SURGXFWLH# YDQ# DDUGJDV# XLW# VWHHQNRRO1# 1DDVW
DQWURSRJHQH#EURQQHQ#ZRUGW#F\DQLGH#RRN# LQ#KHW#PLOLHX#JHEUDFKW#GRRU#EDFWHULsQ#HQ#VFKLPPHOV#HQ
GRRU#DIEUDDN#YDQ#F\DQRJHQH#JO\FRVLGHQ#RI# OLSLGH0SURGXFHUHQGH#SODQWHQ1#2PGDW#KHW#ZDWHUVWRI#XLW
F\DQLGH#FRQVWDQW#XLWZLVVHOW#PHW#KHW#ZDWHUVWRI#XLW#ZDWHU/#JHYHQ#DOOHHQ#GH# LVRWRSLVFKH# UDWLR*V# YDQ
NRROVWRI#HQ#VWLNVWRI#QXWWLJH#LQIRUPDWLH1

.DUDNWHULVHULQJ
'H#LVRWRSLVFKH#VDPHQVWHOOLQJ#YDQ#F\DQLGH#UHIOHFWHHUW#GH#ZDDUGH#YDQ#VWLNVWRI#HQ#NRROVWRI#EURQQHQ/
UHVSHFWLHYHOLMN#VWLNVWRIJDV#LQ#OXFKW#YRRU#VWLNVWRI#DWRPHQ#HQ#DDUGJDV#YRRU#NRROVWRIDWRPHQ1#'H#G481
YDQ#JHSURGXFHHUG#F\DQLGH#YDULHHUW# WXVVHQ#GH# 07#HQ# 9Å1#'H#G46&#ZDDUGH# YDULHHUW# YDQ# 053# WRW# 0
98Å1#'RRU#GH#QDXZH# UDQJH#YRRU#VWLNVWRI#HQ# UHODWLHI#JURWH# UDQJH#YDQ#NRROVWRI# LV#KHW# WKHRUHWLVFK
PRJHOLMN#RQGHUVFKHLG#WH#PDNHQ#WXVVHQ#F\DQLGH#YDQ#YHUVFKLOOHQGH#EURQQHQ1#'LW#LV#HFKWHU#QRJ#QRRLW
JHGDDQ1#%RYHQGLHQ#LV#KHW#QRRG]DNHOLMN#YRRU#GH#+DDQ]LHQOLMN,#IUDFWLRQHULQJVHIIHFWHQ#YDQ#GH#1$#SUR0
FHVVHQ#WH#FRUULJHUHQ1

$DQWRQHQ#+QDWXXUOLMNH,#DIQDPH
(U# LV#ZHLQLJ#EHNHQG#RYHU# IUDFWLRQHULQJ#YDQ#F\DQLGH#GRRU#1$#SURFHVVHQ1#(U# LV#ZHO#RQGHU]RHN#JH0
GDDQ#QDDU#KHW#HIIHFW#YDQ#RQWJDVVLQJ#HQ#SUHFLSLWDWLH# WLMGHQV#GH#H[WUDFWLH#YDQ#JRXG#XLW#HUWV#P1E1Y1
F\DQLGH0RSORVVLQJHQ1#+LHUELM#ZHUG#RQGHU]RFKW#RI#VWDELHOH# LVRWRSHQ#NRQGHQ#ZRUGHQ#JHEUXLNW#ELM#GH
LGHQWLILFDWLH#YDQ#SURFHVVHQ/#GLH#GH#F\DQLGHFRQFHQWUDWLH#EHwQYORHGHQ#LQ#GH#YHUVFKLOOHQGH#IDVHV#YDQ
KHW#H[WUDFWLHSURFHV1#(U#EOHHN#YHUVFKLO#LQ#GH#LVRWRSHQ#FRPSRVLWLH#WH#]LMQ#YRRU#HQ#QD#KHW#H[WUDFWLHSUR0
FHV1#G481#HQ#G46&#ZDUHQ#QHJDWLHYHU#JHZRUGHQ1#8LW#ODERUDWRULXPH[SHULPHQWHQ#EOHHN#GDW#RQWJDVVLQJ
YDQ#F\DQLGH#HHQ#VWHUN#IUDFWLRQHUHQG#HIIHFW#KHHIW=#GH#G481#VWHHJ#9Å#ELM#VOHFKWV#53(#RQWJDVVLQJ1#'LW
OHYHUW# HHQ# IUDFWLRQHULQJVIDFWRU# YDQ# 31<:<# RS1#+HW# HIIHFW# RS# GH# G46&# LV# RQEHNHQG1# ,UUHYHUVLEHOH
YDVWOHJJLQJ#DOV#JHYROJ#YDQ#GH#QHHUVODJ#YDQ#F\DQRPHWDOOLVFKH#FRPSOH[HQ# OLMNW#HYHQHHQV#YRRU#HHQ
EHODQJULMNH#IUDFWLRQHULQJ#YDQ#GH#F\DQLGH#WH#]RUJHQ1#'H#G481#QDP#DI#PHW#07#WRW#09Å#ELM#HHQ#DIQDPH
LQ#FRQFHQWUDWLH#YDQ#PHHU#GDQ#<8(#+IUDFWLRQHULQJVIDFWRU#YDQ#41334;,1#'H#G46&#QDP#RRN#DI/#GH]H
UHVXOWDWHQ#]LMQ#HFKWHU#QLHW#JHSXEOLFHHUG1

,VRWRSHQ#DQDO\VH#DDQ#F\DQLGH#RP#ELRGHJUDGDWLH#DDQ#WH#WRQHQ#LV#QRJ#QLHW#XLWJHYRHUG1#,Q#HHQ#DDQWDO
JHYDOOHQ#ZHUG#ZHO#GH#YHUDQGHULQJ#YDQ#GH#DIEUDDNSURGXFWHQ#JHYROJG1#%LM#HHQ#VWXGLH#PHW#481#JHOD0
EHOG#F\DQLGH/#ZHUG#GH# LVRWRSHQ#DQDO\VH#XLWJHYRHUG#RS#DPPRQLD/#ppQ# YDQ#GH#DIEUDDNSURGXFWHQ
YDQ# F\DQLGH1#8LW#GH#GDWD#EOHHN#GDW# VWLNVWRI#ZHUG# YDVWJHOHJG#GRRU#EDFWHULsQ/# GRRUGDW# GH# 47&# HQ
48148#+LQ#&25#HQ#1+6,#YHUKRXGLQJ#YHUDQGHUGH# LQ#GH# WLMG# >6WUREHO/#4<9:@1# ,Q#HHQ#DQGHU#RQGHU]RHN
]LMQ#GH# LVRWRSLVFKH#YHUDQGHULQJHQ#YDQ#GH#DIEUDDNSURGXFWHQ#7,&#HQ#QLWUDDW#JHPHWHQ# >-RKQVRQ#HW
DO1/#4<<;@1#8LW#GLW#RQGHU]RHN/#EOHHN#GDW#GH#JHYRUPGH#SURGXFWHQ#DINRPVWLJ#ZDUHQ#YDQ#KHW#JHEUXLNWH
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F\DQLGH1#1DDU#YHUZDFKWLQJ#]DO#F\DQLGH#]HOI#RRN#IUDFWLRQHUHQ#GRRU#ELRGHJUDGDWLH#>&1#-RKQVRQ/#SHU0
VRRQOLMNH#FRPPXQLFDWLH@>#YHUGHU#RQGHU]RHN#]DO#GLW#PRHWHQ#XLWZLM]HQ1

6DPHQYDWWHQG#NDQ#JH]HJG#ZRUGHQ#GDW#DDQ#GH#KDQG#YDQ#GH#LVRWRSHQ#DQDO\VH#YDQ#G481#HQ#G46&#KHW
JRHG#PRJHOLMN# OLMNW#RP#GH#1$0SURFHVVHQ# YDQ# F\DQLGH# WH# LGHQWLILFHUHQ1#'LW# JHOGW# ]HNHU/#ZDQQHHU
PHQ#RRN#GH#DIEUDDNSURGXFWHQ#+7,&/#QLWUDDW#HQ#DPPRQLXP,#LVRWRSLVFK#DQDO\VHHUW1
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+22)'678.#9

&21&/86,(6#(1#92258,7=,&+7(1

1LHXZH#H[WHQVLHYH#VDQHULQJV0#RI#EHKHHUVYDULDQWHQ/#]RDOV#ELMYRRUEHHOG#QDWXXUOLMNH#DIEUDDN#HQ# UH0
DFWLHYH#]RQHV/#YHUHLVHQ#HHQ#YHUEHWHUG#LQ]LFKW#LQ#GH#I\VLVFKH#FKHPLVFKH#HQ#ELRORJLVFKH#SURFHVVHQ
GLH#RSWUHGHQ#LQ#GH#ERGHP1#7UDGLWLRQHOH#DQDO\VHPHWKRGHQ#NXQQHQ#GH#JHZHQVWH#LQIRUPDWLH#GLH#YRRU
GH]H# LQ]LFKWHQ#QRGLJ#]LMQ#VOHFKWV# WHQ#GHOH# OHYHUHQ/#ZDDUGRRU#HU#HHQ#VWHUNH#EHKRHIWH#EHVWDDW#DDQ
QLHXZH#NDUDNWHULVHULQJVPHWKRGHQ1

,VRWRSHQ#DQDO\VH# LV#]R*Q# %QLHXZH%#PHWKRGH#GLH#KDUG#RS#ZHJ# LV#HHQ#JHDFFHSWHHUGH# NDUDNWHULVH0
ULQJVPHWKRGH#ELM#RQGHU]RHN#QDDU#ERGHPYHURQWUHLQLJLQJHQ# WH#ZRUGHQ1#+HW#JDDW#KLHUELM#]RZHO#RP
HUNHQGH# PHWKRGHV# ELQQHQ# KHW# NODVVLHNH# ERGHPNXQGLJ# RQGHU]RHN/# ]RDOV# NDUDNWHULVHULQJ# YDQ
JURQGZDWHUVWURPLQJ#PHW#EHKXOS#YDQ#VWDELHOH#LVRWRSHQ#HQ#GDWHULQJ#YDQ#JURQGZDWHU#PHW#UDGLRDFWLH0
YH#LVRWRSHQ/#DOV#RP#EHVWDDQGH#HQ#QLHXZH#PHWKRGHV#YRRU#KHW#NDUDNWHULVHUHQ#YDQ#YHURQWUHLQLJLQJHQ
HQ#KHW#DDQWRQHQ#YDQ#ELRGHJUDGDWLH1#'H#JURWH#EHODQJVWHOOLQJ#YRRU# LVRWRSHQ#DQDO\VH#XLW#]LFK#R1D1# LQ
HHQ#VSHFWDFXODLUH#VWLMJLQJ# LQ#KHW#DDQWDO#ZHWHQVFKDSSHOLMNH#SXEOLFDWLHV#RS#GLW#JHELHG1#'H#YHUWDOLQJ
YDQ#GH#ZHWHQVFKDSSHOLMNH#NHQQLV#QDDU#GH# LQ#GH#SUDNWLMN# WRHSDVEDUH#PHWKRGHV# LV#UHODWLHI#HHQYRX0
GLJ/#KRHZHO#HHQ#JHGHJHQ#NHQQLV#YDQ#GH#DFKWHUOLJJHQGH# WKHRULH#HVVHQWLHHO# LV#ELM#GH# LQWHUSUHWDWLH
YDQ#GH#UHVXOWDWHQ1

'H#WRHSDVVLQJ#YDQ#EHVWDDQGH# LVRWRSHQ#DQDO\VHV#ELM#RQGHU]RHN#QDDU#ERGHPYHURQWUHLQLJLQJHQ# OLMNW
WRW#QX#WRH#YRRUDO#DFKWHUZHJH#JHEOHYHQ#GRRU#GH#EHSHUNWH#NHQQLV#YDQ#GH#PRJHOLMNKHGHQ#HUYDQ1#2Q0
EHNHQG#PDDNW#RQEHPLQG# OLMNW#KLHU#KHW#FUHGR1#7RFK#ELHGHQ#EHVWDDQGH# LVRWRSHQ#DQDO\VHV# LQ# YHHO
JHYDOOHQ#GH#PRJHOLMNKHLG#FUXFLDOH#LQIRUPDWLH#WH#OHYHUHQ#RYHU#I\VLVFKH#HQ#JHRFKHPLVFKH#SURFHVVHQ
GLH#HHQ#URO#VSHOHQ#ELM#ERGHPYHURQWUHLQLJLQJHQ1

%LM#GH#WRHSDVVLQJ#YDQ#GH#QLHXZH#NDUDNWHULVHULQJVPHWKRGHV#VSHOHQ#GH# WHFKQLVFKH#RQWZLNNHOLQJHQ
RS#KHW#JHELHG#YDQ#LVRWRSHQ#DQDO\VH#HHQ#EHODQJULMNH#URO#+]LH#ELMODJH#%#YRRU#HHQ#EHVFKULMYLQJ#YDQ#GH
EHODQJULMNVWH# DQDO\VHWHFKQLHNHQ,1# 9RRU# GH# OLFKWH# %PLOLHX0LVRWRSHQ%# ZRUGHQ# GH# GHWHFWLHOLPLHWHQ
VWHHGV#ODJHU#HQ#GRRU#WRHSDVVLQJ#YDQ#FRPSRQHQWVSHFLILHNH# LVRWRSHQ#DQDO\VHV#YLD#FRQWLQXRXV#IORZ
WHFKQLHNHQ# NXQQHQ# LVRWRSHQVLJQDWXUHQ# YDQ# LQGLYLGXHOH# FRPSRQHQWHQ# LQ#PHQJVHOV# ZRUGHQ# EH0
SDDOG1#+HW#PHWHQ#YDQ#PHWDDO0LVRWRSHQ# LV#VWHUN#YHUHHQYRXGLJG#HQ#YHUEHWHUG#GRRU# WRHSDVVLQJ#YDQ
0&0,&3006/#ZDDUGRRU# LVRWRSHQ#DQDO\VH# WRHSDVEDDU#ZRUGW#YRRU#YULMZHO#DOOH#]ZDUH#PHWDOHQ1#2RN
ODVHU#VSHFWURPHWULH#LV#HHQ#PHWKRGH# LQ#RQWZLNNHOLQJ1#'H]H#PHHWPHWKRGH#KHHIW#HHQ#]HHU#KRRJ#RQ0
GHUVFKHLGHQG# YHUPRJHQ# HQ# YUDDJW#ZHLQLJ#PRQVWHUYRRUEHUHLGLQJ1# /DVHUV# VSHFWURPHWULH# LV# UHHGV
WRHSDVEDDU#YRRU#ZDWHU#HQ#LV#RRN#JHVFKLNW#YRRU#PROHFXOHQ#DOV#&25/#&+7/#1+7/#152/#2RN#YRRU#JUR0
WHUH#PROHFXOHQ/#]RDOV#ELMY1#EHQ]HHQ#NDQ# ODVHU#VSHFWURPHWULH#JHVFKLNW#]LMQ/#KRHZHO#GH#PRHLOLMNKHLG
YDQ#GH#DQDO\VH#WRHQHHPW#PHW#WRHQHPHQGH#PROHFXXOJURRWWH1#$O#GH]H#RQWZLNNHOLQJHQ#YHUEUHGHQ#GH
WRHSDVEDDUKHLG#YDQ#LVRWRSHQ#DQDO\VH#DDQ]LHQOLMN1

+HW# LV# GH# YHUZDFKWLQJ# GDW# GH# DDQNRPHQGH# MDUHQ# PHW# QDPH# GH# WRHSDVVLQJ# YDQ# FRPSRQHQW0
VSHFLILHNH# LVRWRSHQ#DQDO\VH#HQ# LVRWRSHQ#DQDO\VH#YLD# ODVHU#VSHFWURPHWULH#HHQ#JURWH#YOXFKW#]DO#QH0
PHQ/#ZDDUGRRU#VWHHGV#PHHU#LQVWLWXWHQ#GH]H#DQDO\VHV#RS#VHPL0FRPPHUFLsOH#EDVLV#]XOOHQ#XLWYRHUHQ
HQ# GH# DQDO\VHNRVWHQ# DDQ]LHQOLMN# ]XOOHQ# GDOHQ1# 'H]H# WHQGHQV# LV# UHHGV# ]LFKWEDDU# YRRU# FRPSR0
QHQWVSHFLILHNH#NRROVWRILVRWRSHQ#DQDO\VH1#'DDUQDDVW#LV#VLQGV#NRUW#RRN#FRPSRQHQWVSHFLILHNH#DQDO\0
VH# YDQ#ZDWHUVWRILVRWRSHQ#PRJHOLMN/#KHWJHHQ#XLWVWHNHQGH#SHUVSHFWLHYHQ#ELHGW# YRRU# KHW# DDQWRQHQ
YDQ#DIEUDDN#RPGDW#GH#IUDFWLRQHULQJ#ELM#ELRGHJUDGDWLH#YRRU#KHW#OLFKWH#ZDWHUVWRI#DDQ]LHQOLMN#JURWHU# LV
GDQ#YRRU#NRROVWRI1#2RN#YRRU#DQGHUH#LVRWRSHQ#+PHW#QDPH#471/#4;2,#ELHGW#GH#PRJHOLMNKHLG#RP#FRP0
SRQHQWVSHFLILHN#WH#PHWHQ#JRHGH#SHUVSHFWLHYHQ1
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+LHURQGHU#HHQ#NRUW#RYHU]LFKW#YDQ#GH#PHHVW#NDQVULMNH#EHVFKLNEDUH#WRHSDVVLQJHQ#HQ#YDQ#WRHSDVVLQ0
JHQ#ZDDUYDQ#LQ#GH#QDELMH#WRHNRPVW#]HHU#YHHO#YHUZDFKW#NDQ#ZRUGHQ1

5HHGV#EHVFKLNEDUH#NDQVULMNH#WRHSDVVLQJHQ=

9# 'DWHULQJ# YDQ# %MRQJ%# JURQGZDWHU# GRRU#PLGGHO# YDQ# 6+26+H0DQDO\VH=# HHQ# HHQYRXGLJH/# YULMZHO
XQLHNH#PHWKRGH#RP#JURQGZDWHUWUDQVSRUWPRGHOOHQ#WH#FDOLEUHUHQ2YDOLGHUHQ1

9# %HSDOHQ#KHUNRPVW#HQ#PHQJLQJ#YDQ#JURQGZDWHU#YLD#6+/#5+#HQ#4;2#YDQ#ZDWHU=#RSKHOGHUHQ#FRP0
SOH[H#JHRK\GURORJLH1

9# .DUDNWHULVHULQJ# YDQ# QLWUDDW# YLD# 481# HQ# 4;2=# OHYHUW# GXLGHOLMNH# LQIRUPDWLH# RYHU# KHUNRPVW# HQ
WUDQVIRUPDWLH#YDQ#QLWUDDW#LQ#JURQGZDWHU1

9# .DUDNWHULVHULQJ#YDQ#HOHNWURQHQDFFHSWRUHQ/#ELMYRRUEHHOG#VXOIDDW#YLD#676#HQ#4;2=#JHHIW#HHQGXLGL0
JH#LQIRUPDWLH#RYHU#KHUNRPVW/#DDQYXOOLQJ#HQ#YHUEUXLN#ELM#ELRGHJUDGDWLH#YDQ#YHURQWUHLQLJLQJHQ1

9# .DUDNWHULVHULQJ# YDQ#DIEUDDNSURGXFWHQ/# ]RDOV#ELMYRRUEHHOG#PHWKDDQ# YLD# 5+/# 46&# HQ# 47&=# YHU0
VFKDIW#ppQGXLGLJ#LQ]LFKW#LQ#ZHONH#YHUELQGLQJHQ#+YHURQWUHLQLJLQJHQ,#ZRUGHQ#DIJHEURNHQ#HQ#GRRU
ZHON#DIEUDDNPHFKDQLVPH1

7RHNRPVWLJH#NDQVULMNH#WRHSDVVLQJHQ

9# $DQWRQHQ#YDQ#DIEUDDN#YDQ#DURPDWLVFKH#HQ#JHFKORUHHUGH# NRROZDWHUVWRIIHQ#GRRU# FRPSRQHQW0
VSHFLILHNH#DQDO\VH#YDQ#5+#HQ#46&#DDQ#GH#YHURQWUHLQLJLQJHQ1

9# $DQWRQHQ# YDQ#1$# YDQ# F\DQLGH=# YHUGDPSLQJ# HQ# SUHFLSLWDWLH# YDQ# F\DQLGH# ]LMQ# IUDFWLRQHUHQGH
SURFHVVHQ1#2RN# ELRGHJUDGDWLH# HQ# FRPSOH[HULQJ# ]XOOHQ# ZDDUVFKLMQOLMN# IUDFWLRQHUHQG# ZHUNHQ1
*HFRPELQHHUGH#46&0#HQ#4810DQDO\VH#OLMNW#JHVFKLNW#RP#1$#YDQ#F\DQLGH#WH#NDUDNWHULVHUHQ1

9# 'DWHUHQ# *MRQJ*#JURQGZDWHU#PHW# 8.U/# 656L#HQ# 6<$U# LQ#VLWXDWLHV#ZDDU#VWHUNH#RQWJDVVLQJ#YDQ#KHW
JURQGZDWHU#RSWUHHGW#GRRU#DIEUDDN#YHURQWUHLQLJLQJHQ1
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/,7(5$7885

$JJDUZDO#31.1/#)XOOHU#01(1/#*XUJDV#0101/#0DQQLQJ#-1)1/#'LOORQ#01$1#+4<<:,#8VH#RI#VWDEOH#R[\JHQ
DQG#FDUERQ# LVRWRSHV# IRU#PRQLWRULQJ# WKH#SDWKZD\V#DQG# UDWHV#RI# LQWULVLF#DQG#HQKDQFHG# LQ#VLWX
ELRGHJUDGDWLRQ1#(QYLURQPHQWDO#6FLHQFH#DQG#7HFKQRORJ\#64=#8<308<91

$JJDUZDO#31.1/#+LQFKHH#51(1#+4<<:,#0RQLWRULQJ#,Q#VLWX#%LRGHJUDGDWLRQ#RI#+\GURFDUERQV#%\#8VLQJ
6WDEOH#&DUERQ#,VRWRSHV1#(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\#58+9,=#44:;044;31

$OOLVRQ#*1%1/#+XJKHV#01:1# +4<::,#7KH#KLVWRU\#RI# WULWLXP# IDOORXW# LQ#VRXWKHUQ#$XVWUDOLD#DV# LQIHUUHG
IURP#UDQLQIDOO#DQG#ZLQH#VDPSOHV1#(DUWK1#3ODQHW16FL1#/HWW1#69/#66706731

$PEHUJHU#$1/#DQG#6FKPLGW#+0/1/# 4<;:1#1DWXUOLFKH# LVRWRSHQJHKDOWH# YRQ#QLWUDW#DOV# LQGLFDWRUHQ# I�U
GHVVHQ#KHUNXQIW1#*HRFKLPLFD#HW#&RVPRFKLPLFD#$FWD/#84=#59<<05:381

$PRXURX[# '1# 7HVVLHU# (1# 'RQDUG# 21)1;1# +5333,# 9RODWLOL]DWLRQ# RI# RUJDQRWLQ# FRPSRXQGV# IURP
HVWXDULQH#DQG#FRDVWDO#HQYLURQPHQWV1#(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\1#67+9,=<;;0<<81

$QEDU#$'1#5RH# -(1#%DUOLQJ# -1#1HDOVRQ#.+1# +5333,#1RQELRORJLFDO# IUDFWLRQDWLRQ# RI# LURQ# LVRWRSHV1
6FLHQFH1#5;;+8796,=459045;1

$QJORKHU#6/#9HQQHPDQQ#7/#6DWLU#0# +5333,#6WDEOH# LVRWRSH# LQYHVWLJDWLRQV# ++/#&/#2,# RI# VRLO# DQG
JURXQGZDWHU# FRQWDPLQDWLRQ# DW# D# IRUPHU# LQGXVWULDO# VLWH1# 3URFHHHGLQJV# RI# WKH# 6HYHQWK
,QWHUQDWLRQDO# )=.2712# &RQIHUHQFH# RQ# FRQWDPLQDWHG# 6RLO/# S1# 555055<1# 7KRPDV# 7HOIRUG
3XEOLVKLQJ/#/RQGRQ/#8.1

$SSHOR#&1$1-1/#3RVWPD#'1#+4<<9,#*HRFKHPLVWU\/#JURXQGZDWHU/#DQG#SROOXWLRQ1#6WK#HGLWLRQ#%DONHPD/
5RWWHUGDP/#WKH#1HWKHUODQGV1

$UDYHQD#51#5REHUWVRQ#:1'1#+4<<;,#8VH#RI#0XOWLSOH# ,VRWRSH#7UDFHUV# WR#(YDOXDWH#'HQLWULILFDWLRQ# LQ
*URXQG#:DWHU# 0#6WXG\#RI#1LWUDWH#)URP#D#/DUJH0)OX[#6HSWLF#6\VWHP#3OXPH1#*URXQG#:DWHU
69+9,=#<:80<;51

$UDYHQD#51/#(YDQV#01/1/#&KHUU\#-1$1/# +4<<9,#6WDEOH# LVRWRSHV#RI#R[\JHQ#DQG#QLWURJHQ# LQ# VRXUFH
LQGHQWLILFDWLRQ#RI#QLWUDWH#IURP#VHSWLF#V\VWHPV1#*URXQG#:DWHU#64=4;304;91

$UDYHQD# 51/# :DVVHQDDU# /1,1/# 3OXPPHU# /111# +4<<8,# (VWLPDWLQJ# &047# JURXQGZDWHU# DJHV# LQ# D
PHWKDQRJHQLF#DTXLIHU1#:DWHU#5HVRXUFHV#5HVHDUFK1#64+<,=#563:0564:1

$VPXVVHQ#*1/#6WUDXFK#*1# +4<<;,#6XOIDWH# UHGXFWLRQ# LQ# D# ODNH# DQG# WKH# JURXQGZDWHU# RI# D# IRUPHU
OLJQLWH#PLQLQJ#DUHD#VWXGLHG#E\#VWDEOH#VXOIXU#DQG#FDUERQ#LVRWRSHV1#:DWHU#$LU#DQG#6RLO#3ROOXWLRQ1
43;+607,=#5:405;71

%HDUG#%1/1/#-RKQVRQ#&101#+4<<<,#+LJK#SUHFLVLRQ#LURQ#LVRWRSH#PHDVXUHPHQW#RI#WHUUHVWLDO#DQG# OXQDU
PDWHULDOV1#*HRFKLPLFD#HW#&RVPRFKLPLFD#$FWD#96+44245,=4896049931

%HDUG# %1/1/# -RKQVRQ# &101/# &R[# /1/# 6XQ# +1/# 1HDOVRQ# .1+1/# $TXLODU# &1+4<<<,# ,URQ# LVRWRSH
ELRVLJQDWXUHV1#6FLHQFH#9RO#5;8#SDJ1#4;;<04;<51

%HFNHU#61/#+LUQHU#$191# +4<<;,#&KDUDFWHULVDWLRQ#RI#FUXGH#RLOV#E\#FDUERQ#DQG#VXOSKXU# LVRWRSH# UDWLR
PHDVXUHPHQWV#DV#D# WRRO# IRU#SROOXWLRQ# FRQWURO1# ,VRWRSHV# LQ#(QYLURQPHQWDO# )#+HDOWK#6WXGLHV1
67+6,=5880597/#4<<;1

%HHNPDQ/# +1(1# +4<<4,# ,RQ# FKURPDWRJUDSK\# RI# IUHVK0# DQG# VHDZDWHU# LQWUXVLRQ=# PXOWLFRPSRQHQW
GLVSHUVLYH#DQG#GLIIXVLYH#WUDQVSRUW# LQ#JURXQGZDWHU1#3K'#7KHVLV1#$PVWHUGDP#9ULMH#8QLYHUVLWHLW1
7KH#1HWKHUODQGV1

%HQHWHDX#.101/#$UDYHQD#5/#)UDSH#61.1# +4<<<,# ,VRWRSLF#FKDUDFWHUL]DWLRQ#RI#FKORULQDWHG#VROYHQWV0
ODERUDWRU\#DQG#ILHOG#UHVXOWV1#2UJDQLF#*HRFKHPLVWU\1#63+;$,=#:6<0:861

%HUJDPDVFKL#31#+4<<:,#6HDVRQDO#YDULDWLRQV#RI#VWDEOH#K\GURJHQ#DQG#FDUERQ# LVRWRSH#UDWLR*V# LQ#PH0
WKDQH#IURP#D#&KLQHVH#ULFH#SDGG\1#-1#*HRSK\V1#5HV10$WPRV#435+'54,=586;60586<61

%LQGOHU#51#%UDQQYDOO#0/1#5HQEHUJ# ,1#(PWHU\G#21#*ULS#+1# +4<<<,#1DWXUDO# OHDG# FRQFHQWUDWLRQV# LQ
SULVWLQH# ERUHDO# IRUHVW# VRLOV# DQG# SDVW# SROOXWLRQ# WUHQGV=#$# UHIHUHQFH# IRU# FULWLFDO# ORDG#PRGHOV1
(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\1#66+4<,=66950669:1

%ODLV#-01#+4<<9,#8VLQJ#LVRWRSLF#WUDFHUV#LQ#ODNH#VHGLPHQWV#WR#DVVHVV#DWPRVSKHULF#WUDQVSRUW#RI#OHDG
LQ#HDVWHUQ#&DQDGD1#:DWHU/#$LU/#)#6RLO#3ROOXWLRQ#<5+607,=65<06751
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%ORRP#<1#$UDYHQD#51#+XQNHOHU#'1#(GZDUGV#(1# )UDSH#6.1# +5333,#&DUERQ# LVRWRSH# IUDFWLRQDWLRQ
GXULQJ#PLFURELDO#GHFKORULQDWLRQ#RI# WULFKORURHWKHQH/#FLV04/50GLFKORURHWKHQH/#DQG#YLQ\O#FKORULGH=
,PSOLFDWLRQV# IRU# DVVHVVPHQW# RI# QDWXUDO# DWWHQXDWLRQ1# (QYLURQPHQWDO# 6FLHQFH# )# 7HFKQRORJ\1
67+46,=5:9;05::51

%ROOLJHU#&1/#+RKHQHU#31/#+XQNHOHU#'1/#+DEHUOL#.1/# =H\HU# -1# +4<<<,# ,QWULQVLF# ELRUHPHGLDWLRQ# RI# D
SHWUROHXP# K\GURFDUERQ0# FRQWDPLQDWHG# DTXLIHU# DQG# DVVHVVPHQW# RI#PLQHUDOL]DWLRQ# EDVHG# RQ
VWDEOH#FDUERQ#LVRWRSHV1#%LRGHJUDGDWLRQ#43+6,=#534054:1

%RWWFKHU#-1/#6WUHEHO#21/#9RHUNHOLXV#61/#6FKPLGW#+1/1#+4<<3,#8VLQJ# LVRWRSH# IUDFWLRQDWLRQ#RI#QLWUDWH0
QLWURJHQ#DQG#QLWUDWH0R[\JHQ# IRU#HYDOXDWLRQ#RI#PLFURELDO#GHQLWULILFDWLRQ# LQ#D# VDQG\#DTXLIHU1# -1
+\GURO1#447=#74607571

%UDQQYDOO#0/1#%LQGOHU#51#5HQEHUJ# ,1#(PWHU\G#21#%DUWQLFNL# -1#%LOOVWURP#.1# +4<<<,#7KH#0HGLHYDO
PHWDO# LQGXVWU\#ZDV# WKH#FUDGOH#RI#PRGHUQ# ODUJH#VFDOH#DWPRVSKHULF# OHDG#SROOXWLRQ# LQ#QRUWKHUQ
(XURSH1#(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\1#66+57,=76<4076<81

%UDGOH\/#3101#+5333,#0LFURELDO#GHJUDGDWLRQ#RI#FKORURHWKHQHV#LQ#JURXQGZDWHUV\VWHPV1#+\GURJHROR0
J\#-RXUQDO#;+4,=#43704441

%UHXNHOHQ#YDQ#%1#+5333,#XQSXEOLVKHG#GDWD1
%XFNDX# *1/# $UWLQJHU# 51/# *H\HU# 61/# :ROI# 01/# )ULW]# 31/# .LP# -1# ,1# +5333,# *URXQGZDWHU# LQ0VLWX

JHQHUDWLRQ#RI#DTXDWLF#KXPLF#DQG# IXOYLF#DFLGV#DQG# WKH#PLQHUDOL]DWLRQ#RI#VHGLPHQWDU\#RUJDQLF
FDUERQ1#$SSOLHG#*HRFKHPLVWU\1#48+9,=;4<0;651

%XWOHU#(1&1#DQG#+D\HV#.1)1#+5333,1#.LQHWLFV#RI#WUDQVIRUPDWLRQ#RI#KDORJHQDWHG#DOLSKDWLF#FRPSRXQGV
E\#LURQ#VXOILGH1#(QYLURQPHQWDO#6FLHQFH#DQG#7HFKQRORJ\1#67+6,=#755075<1

&H\#(1(1/#5XGROSK#'1#/1/#$UDYHQD#51/#3DUNLQ#*1#:1#+4<<<,#5ROH#RI#WKH#ULSDULDQ#]RQH#LQ#FRQWUROOLQJ
WKH# GLVWULEXWLRQ# DQG# IDWH# RI# DJULFXOWXUDO# QLWURJHQ# QHDU# D# VPDOO# VWUHDP# LQ# VRXWKHUQ#2QWDULR1
-RXUQDO#RI#&RQWDPLQDQW#+\GURORJ\1#6:+405,=#7809:1

&H\#(1(1/#5XGROSK#'1#/1/#3DUNLQ#*1#:1/#$UDYHQD#51#+4<<;,#4XDQWLI\LQJ#JURXQGZDWHU#GLVFKDUJH#WR#D
VPDOO#SHUHQQLDO#VWUHDP#LQ#VRXWKHUQ#2QWDULR/#&DQDGD1#-RXUQDO#RI#+\GURORJ\1#543+407,=#5406:1

&ODUN#,1'1/#%DMMDOL#:171/#3KLSSV#*1&K1#+4<<9,#&RQVWUDLQLQJ#47&#DJHV# LQ#VXOSKDWH#UHGXFLQJ#JURXQG0
ZDWHUV=# WZR# FDVH# VWXGLHV# IURP# DULG# UHJLRQV1# ,Q=# ,VRWRSHV# LQ#:DWHU#5HVRXUFH#0DQDJHPHQW/
,$($#6\PSRVLXP#669/#0DUFK#4<<8/#9LHQQD=#760891

&ODUN#,1'1#+5333,#SHUVRRQOLMNH#FRPPXQLFDWLH1
&ODUN# ,1'1/#)ULW]#31#+4<<:,#(QYLURQPHQWDO# ,VRWRSHV# LQ#+\GURJHRORJ\/#/HZLV#3XEOLVKHUV/#1HZ

<RUN1
&RQUDG# 01# (1/# 'DOH\# 31)1/# )LVFKHU# 01/1/# %XFKDQDQ# %1%1/# /HLJKWRQ# 71/# .DVJDULDQ# 01# +4<<:,

&RPELQHG# &047# DQG# GHOWD# &046# PRQLWRULQJ# RI# LQ# VLWX# ELRGHJUDGDWLRQ# RI# SHWUROHXP
K\GURFDUERQV1#(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\#64+8,=#47960479<1

&RRN#31*1/#+HUF]HJ/#/1# +HGV1,# +# 5333,#(QYLURQPHQWDO#7UDFHUV# LQ#6XEVXUIDFH#+\GURORJ\1#.OXZHU
$FDGHPLF#3UHVV1

&RRN# 31*1# 6RORPRQ# '.1# +4<<:,# 5HFHQW# DGYDQFHV# LQ# GDWLQJ# \RXQJ# JURXQGZDWHU# 0
FKORURIOXRURFDUERQV/#+062+H06#DQG#.U0;81#-RXUQDO#RI#+\GURORJ\#4<4+407,=57805981

&URXGDFH#,:1#&XQG\#$%1#+4<<8,#+HDY\#PHWDO#DQG#K\GURFDUERQ#SROOXWLRQ#LQ#UHFHQW#VHGLPHQWV#IURP
6RXWKDPSWRQ#ZDWHU/#6RXWKHUQ#(QJODQG# 0#D#JHRFKHPLFDO#DQG# LVRWRSLF# VWXG\1#(QYLURQPHQWDO
6FLHQFH#)#7HFKQRORJ\1#5<+8,=45;;045<91

'DQVJDDUG/#:1#+4<97,1#6WDEOH#LVRWRSHV#LQ#SUHFLSLWDWLRQ1#7HOOXV/#49+7,/#769079;1
'HPSVWHU# +161/# 6KHUZRRG0/ROODU# 61/# )HHQVWUD# 61# +4<<:,# 7UDFLQJ# RUJDQLF# FRQWDPLQDQWV# LQ

JURXQGZDWHU=#$#QHZ#PHWKRGRORJ\#XVLQJ#FRPSRXQG0VSHFLILF# LVRWRSLF#DQDO\VLV1#(QYLURQPHQWDO
6FLHQFH#)#7HFKQRORJ\#64+44,=#64<6064<:1

'HVDXOQLHUV/#'1#(1/#&KHUU\/#-1#$1/#)#)ULW]/#31#+4<;4,1#2ULJLQ/#DJH/#DQG#PRYHPHQW#RI#SRUH#ZDWHUV# LQ
DUJLOODFHRXV#4XDWHUQDU\#GHSRVLWV#DW#IRXU#VLWHV#LQ#VRXWKZHVWHUQ#2QWDULR1#-RXUQDO#RI#+\GURORJ\/
83/#564058:1
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'XQODS#&(1#%RXVH#51#)OHJDO#$51# +5333,#3DVW# OHDGHG#JDVROLQH#HPLVVLRQV#DV#D#QRQSRLQW#VRXUFH
WUDFHU# LQ# ULSDULDQ# V\VWHPV=# $# VWXG\# RI# ULYHU# LQSXWV# WR# 6DQ# )UDQFLVFR# %D\1# (QYLURQPHQWDO
6FLHQFH#)#7HFKQRORJ\1#67+:,=4544045481

(JJHQNDPS/#+1#*1#01/#0LGGHOEXUJ/#-1#-1/#)#.UHXOHQ/#51#+4<<7,1#3UHIHUHQWLDO#GLIIXVLRQ#RI#68&O#UHODWLYH
WR#6:&O#LQ#VHGLPHQWV#RI#.DX#%D\/#+DOPDKHUD/#,QGRQHVLD1#&KHPLFDO#*HRORJ\/#449/#64:06581

(JJHQNDPS/# +1*101# +4<<7,# 7KH# JHRFKHPLVWU\# RI# FKORULQH# LVRWRSHV1# 3K'# 7KHVLV/# *HRORJLFD
8OWUDLHFWLQD/#0HGHGHOLQJHQ# YDQ# GH# )DFXOWHLW#$DUGZHWHQVFKDSSHQ/#1R# 449/#8QLYHUVLWHLW# YDQ
8WUHFKW1#7KH#1HWKHUODQGV1

(NZXU]HO# %1/# 6FKORVVHU# S1/# 6PLWKLH# -U1/# :101/# 3OXPPHU/# /111/# %XVHQEHUJ# (1/# 0LFKHO/# 51/1/
:HSSHULQJ#51/#6WXWH/#01# +4<<7,#'DWLQJ#RI#VKDOORZ#JURXQGZDWHU=#FRPSDULVRQ#RI# WKH# WUDQVLHQW
WUDFHUV/#6+26+H/#FKORURIORXUFDUERQV#DQG#;8.U1#:DWHU1#5HVRXU15HV1/#63=#49<604:3;1

(UWO#61/#6HLEHO#)1/#(LFKLQJHU#/1/#)ULPPHO#)1+1/#.HWWUXS#$1#+4<<;,#7KH#&0462&045#DQG#+052+04#UDWLRV
RI# WULFKORURHWKHQH/# WHWUDFKORURHWKHQH# DQG# WKHLU#PHWDEROLWHV1# ,VRWRSHV# LQ#(QYLURQPHQWDO# DQG
+HDOWK#6WXGLHV#67+6,=#57805861

)U|KOLFK# .1/# .DWHU# 51# +4<:;,# 656L# YHUOXVWH# EHL# JUXQGZDVVHUGDWLHUXQJ# PLW# QDW�UOLFKHP# 656L1
=HLWVFKULIW#I�U#$QJHZDQWH#*HRORJLH#57/#7607<1

*REHLO#&1# -RKQVRQ#:.1#0DFGRQDOG#5:1#:RQJ#&61# +4<<8,#6RXUFHV# DQG# EXUGHQ# RI# OHDG# LQ#6W
/DZUHQFH# HVWXDU\# VHGLPHQWV# 0# LVRWRSLF# HYLGHQFH1# (QYLURQPHQWDO# 6FLHQFH# )# 7HFKQRORJ\1
5<+4,=4<605341

*ULIILRHQ#-#+5333,#SHUVRRQOLMNH#FRPPXQLFDWLH1
*URHQ/#-1/#-1#9HOVWUD#)#$1*1&1$1#0HHVWHUV#+5333,1#6DOLQL]DWLRQ#SURFHVVHV#LQ#SDOHRZDWHUV#LQ#FRDVWDO

VHGLPHQWV#RI#6XULQDPH=# HYLGHQFH# IURP# 6:&O# DQDO\VLV# DQG# GLIIXVLRQ#PRGHOOLQJ1# -1#+\GURORJ\
567=#40531

+DFNOH\#.1#&1/# /LX#&1/1/#&ROHPDQ#'1'1# +4<<9,#(QYLURQPHQWDO# LVRWRSH# FKDUDFWHULVWLFV# RI# ODQGILOO
OHDFKDWHV#DQG#JDVVHV1#*URXQG#:DWHU#67=#;5:0;691

+DOO# -1$1/#5101#.DOLQ/#01-1# /DUNLQ/#&1&151#$OOHQ/#'1%1#+DUSHU# +4<<<,#9DULDWLRQ# LQ# VWDEOH# FDUERQ
LVRWRSH# IUDFWLRQDWLRQ# GXULQJ# DHURELF# GHJUDGDWLRQ# RI# SKHQRO# DQG# EHQ]RDWH# E\# FRQWDPLQDQW
GHJUDGLQJ#EDFWHULD1#2UJDQLF#*HRFKHPLVWU\#63=;340;441

+DUULQJWRQ/#5151/# 3RXOVRQ# 6151/#'UHYHU# -1,1/# &ROEHUJ# 31-161/# .HOO\# (1)1# +4<<<,# &DUERQ# LVRWRSH
V\VWHPDWLFV# RI# PRQRDURPDWLF# K\GURFDUERQV=# YDSRUL]DWLRQ# DQG# DGVRUSWLRQ# H[SHULPHQWV1
2UJDQLF#*HRFKHPLVWU\#63+;$,=#:980::81

+HUDW\# /1-1/# )XOOHU#01(1/# +XDQJ# /1/# $EUDMDQR# 71# 6WXUFKLR# 11&1# +4<<<,# ,VRWRSLF# IUDFWLRQDWLRQ# RI
FDUERQ# DQG# FKORULQH# E\#PLFURELDO# GHJUDGDWLRQ# RI# GLFKORURPHWKDQH1# 2UJDQLF# *HRFKHPLVWU\
63+;$,=#:<60:<<1

+RUQLEURRN# (1# 51# &1/# /RQJVWDIIH# )1# -1/# )\IH#:1# 61# +5333,# (YROXWLRQ# RI# VWDEOH# FDUERQ# LVRWRSH
FRPSRVLWLRQV# IRU#PHWKDQH#DQG# FDUERQ#GLR[LGH# LQ# IUHVKZDWHU#ZHWODQGV#DQG# RWKHU# DQHDURELF
HQYLURQPHQWV1#*HRFKLPLFD#HW#&RVPRFKLPLFD#$FWD1#97+9,=#43460435:1

+XDQJ#/1/#6WXUFKLR#11&1/#$EUDMDQR#71/#+HUDW\#/1-1/#+ROW#%1'1#+4<<<,#&DUERQ#DQG#FKORULQH# LVRWRSH
IUDFWLRQDWLRQ# RI# FKORULQDWHG# DOLSKDWLF# K\GURFDUERQV# E\# HYDSRUDWLRQ1# 2UJDQLF# *HRFKHPLVWU\
63+;$,=#:::0:;81

+XEQHU#+1#+4<;9,#,VRWRSH#HIIHFWV#RI#QLWURJHQ#LQ#WKH#VRLO#DQG#ELRVSKHUH1#,Q=#31#)ULW]#DQG#-1&K#)RQWHV
+HGV,/#+DQGERRN#RI#(QYLURQPHQWDO# ,VRWRSH#*HRFKHPLVWU\/#9RO1#51#(OVHYLHU/#$PVWHUGDP/#SS1
69407581

+XQNHOHU#'1#$UDYHQD#51#+5333,#(YLGHQFH#RI#VXEVWDQWLDO#FDUERQ#LVRWRSH#IUDFWLRQDWLRQ#DPRQJ
VXEVWUDWH/# LQRUJDQLF# FDUERQ/# DQG# ELRPDVV# GXULQJ# DHURELF# PLQHUDOL]DWLRQ# RI# 4/50
GLFKORURHWKDQH#E\#;DQWKREDFWHU#DXWRWURSKLFXV1#$SSOLHG#)#(QYLURQPHQWDO#0LFURELRORJ\1
99+44,=7;:307;:91

+XQNHOHU# '1/# $UDYHQD# 51/# %XWOHU# %1-1# +4<<<,# 0RQLWRULQJ# PLFURELDO# GHFKORULQDWLRQ# RI
WHWUDFKORURHWKHQH# +3&(,# LQ# JURXQGZDWHU# XVLQJ# FRPSRXQG0VSHFLILF# VWDEOH# FDUERQ# LVRWRSH
UDWLRV=#0LFURFRVP#DQG#ILHOG#VWXGLHV1#(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\#66+49,=5:6605:6;1
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-DFNVRQ#$1#DQG#3DUGXH#-1#+4<<:,#6HDVRQDO#YDULDELOLW\#RI#FUXGH#RLO#UHVSLUDWLRQ#SRWHQWLDO# LQ#VDOW#DQG
IUHVK#PDUVKHV1#-RXUQDO#RI#(QYLURQPHQWDO#4XDOLW\#59+7,=#4473044791

-DUPDQ# :01# +LONHUW# $1# %DFRQ# &(1# &ROOLVWHU# -:1# %DOOVFKPLWHU# .1# 5LVHEURXJK# 5:1# +4<<;,
&RPSRXQG0VSHFLILF# FDUERQ# LVRWRSLF# DQDO\VLV# RI# $URFORUV/# &ORSKHQV/# .DQHFORUV/# DQG
3KHQRFORUV#(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\1#65+9,=;660;691

-RKQVRQ#&1$1#+5333,#3HUVRRQOLMNH#FRPPXQLFDWLH1
-RKQVRQ#&1$1/#*ULPHV#'1-1/#5\H#5121#+4<<;,#$FFRXQWLQJ#IRU#F\DQLGH#DQG#LWV#GHJUDGDWLRQ#SURGXFWV

DW#WKUHH#1HYDGD#JROG#PLQHV=#&RQVWUDLQWV#IURP#VWDEOH#&0#DQG#10LVRWRSHV1#8161#'HSDUWPHQW#RI
WKH#LQWHULRU1#8161#*HRORJLFDO#6XUYH\1#'HQYHU/#&RORUDGR1

-RKQVRQ#7101#%XOOHQ#71'1#=DZLVODQVNL#3171#+5333,#6HOHQLXP#VWDEOH# LVRWRSH#UDWLRV#DV# LQGLFDWRUV#RI
VRXUFHV# DQG# F\FOLQJ# RI# VHOHQLXP=#5HVXOWV# IURP# WKH# QRUWKHUQ# UHDFK# RI#6DQ# )UDQFLVFR#%D\1
(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\1#67+44,=53:8053:<1

.HOOH\#&1$1/#+DPPHU#%171/#&RIILQ#51%1#+4<<:,#&RQFHQWUDWLRQV#DQG#VWDEOH# LVRWRSH#YDOXHV#RI#%7(;
LQ#JDVROLQH0#FRQWDPLQDWHG#JURXQGZDWHU1#(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\# 64+<,=# 579<0
57:51

.HQGDOO#&1/#0F'RQQHOO#-1-1# +HGV,# +4<<;,# ,VRWRSH# WUDFHUV# LQ#FDWFKPHQW#K\GURORJ\1#(OVHYLHU/
$PVWHUGDP1

.LUWODQG#%1&1/#$HOLRQ#&101#+5333,#3HWUROHXP#PDVV#UHPRYDO#IURP# ORZ#SHUPHDELOLW\#VHGLPHQW#XVLQJ
DLU# VSDUJLQJ2VRLO# YDSRU# H[WUDFWLRQ=# LPSDFW# RI# FRQWLQXRXV# RU# SXOVHG# RSHUDWLRQ1# -RXUQDO# RI
&RQWDPLQDQW#+\GURORJ\1#74+607,=#69:06;61

.URXVH#+1#51#DQG#0D\HU#%1#+5333,#6XOIXU#DQG#R[\JHQ#LVRWRSHV#LQ#VXOIDWH1#,Q=#&RRN#31*1/#+HUF]HJ/
/1# +HGV1,/#(QYLURQPHQWDO#7UDFHUV# LQ#6XEVXUIDFH#+\GURORJ\1# SS1# 4<805641#.OXZHU#$FDGHPLF
3UHVV1

.X# +4<<<,# &RXSOLQJ# EHWZHHQ# VXOIXU# UHF\FOLQJ# DQG# V\QGHSRVLWLRQDO# FDUERQDWH# GLVVROXWLRQ=
HYLQGHQFH# IURP#R[\JHQ#DQG# VXOIXU# LVRWRSH# FRPSRVLWLRQ#RI#SRUH#ZDWHU# VXOIDWH/# VRXWK# IORULGD
SODWIRUP#8161$1#*HRFKLPLFD#HW#&RVPRFKLPLFD#+96,4:=585<058791

/DQGPH\HU#-1#(1/#&KDSHOOH/#)1#+1/#3HWNHZLFK/#01#'1/#%UDGOH\/#31#01#+4<<;,#$VVHVVPHQW#RI#QDWXUDO
DWWHQXDWLRQ#RI#DURPDWLF#K\GURFDUERQV#LQ#JURXQGZDWHU#QHDU#D#IRUPHU#PDQXIDFWXUHG0JDV#SODQW/
6RXWK#&DUROLQD/#86$#1#(QYLURQPHQWDO#*HRORJ\#+67,7=#5:<05<51

/DQGPH\HU# -1(1# 9UREOHVN\# '1$1/# &KDSHOOH# )1+1# +4<<9,# 6WDEOH# FDUERQ# LVRWRSH# HYLGHQFH# RI
ELRGHJUDGDWLRQ#]RQDWLRQ#LQ#D#VKDOORZ#MHW0IXHO#FRQWDPLQDWHG#DTXLIHU1#(QYLURQPHQWDO#6FLHQFH#)
7HFKQRORJ\#63+7,=#44530445;1

/HWROOH#51#+4<;3,#1LWURJHQ048#LQ#WKH#QDWXUDO#HQYLURQPHQW1#,Q=#31#)ULW]#DQG#-1&K1#)RQWHV#+HGV,1
+DQGERRN# RI# (QYLURQPHQWDO# ,VRWRSH#*HRFKHPLVWU\/# 9RO# 41# (OVHYLHU/# $PVWHUGDP/# SS
73:07661

/RRVOL#+1+1+4<;6,#$#GDWLQJ#PHWKRG#ZLWK#DUJRQ06<1#(DUWK#3ODQHW1#6FL1#/HWW1#:/#9:0:41
/RWWHUPRVHU# %*1# +4<<;,# +HDY\#PHWDO# SROOXWLRQ# RI# FRDVWDO# ULYHU# VHGLPHQWV/# QRUWK0HDVWHUQ# 1HZ

6RXWK#:DOHV/#$XVWUDOLD=# OHDG# LVRWRSH#DQG#FKHPLFDO#HYLGHQFH1#(QYLURQPHQWDO#*HRORJ\1#69+40
5,=44;04591

/RYOH\#'151#+5333,#(QYLURQPHQWDO#PLFUREH0PHWDO#LQWHUDFWLRQV1#$60#SUHVV/#:DVKLQJWRQ/#'1&1
/X]#%1/#%DUNDQ#(1/#%HQGHU#01/1/#7KLHPHQV#01+1/#%RHULQJ#.1$1#+4<<<,#7ULSOH0LVRWRSH#FRPSRVLWLRQ

RI#DWPRVSKHULF#R[\JHQ#DV#D#WUDFHU#RI#ELRVSKHUH#SURGXFWLYLW\1#1DWXUH1#733+9:77,=#87:08831
0D\HU#%1/#)HJHU#.1+1/#*LHVHPDQ#$1#DQG#-DHJHU#+10-1/+4<<8,#,QWHUSUHWDWLRQ#RI#VXOIXU#F\FOLQJ# LQ#WZR

FDWFKPHQWV# LQ# WKH# %ODFN# IRUHVW# +*HUPDQ\,# XVLQJ# VWDEOH# VXOIXU# DQG# R[\JHQ# LVRWRSH# GDWD1
%LRJHRFKHP1#63/#6408;1

0F5DH#&1/#6QDSH#&1(1/#6XQ#&10*1/#)DEEUL#'1/#7DUWDUL#'1/#7URPELQL/#&1/#)DOOLFN#$1(1#+5333,#8VH#RI
FRPSRXQGV0VSHFLILF# VWDEOH# LVRWRSH# DQDO\VLV# WR# VRXUFH# DQWKURSRJQLF# QDWXUDO# JDV0GHULYHG
SRO\F\FOLF# DURPDWLF# K\GURFDUERQV# LQ# D# ODJRRQ# VHGLPHQW1# (QYLURQPHQWDO# 6FLHQFH# )
7HFKQRORJ\1#67+55,=79;7079;91
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0HFNHQVWRFN# 5181/# 0RUDVFK# %1/# :DUKPDQQ# 51/# 6FKLQN# %1/# $QQZHLOHU# (1/# 0LFKDHOLV# :1/
5LFKQRZ#+1+1#+4<<<,#&0462&045#LVRWRSH#IUDFWLRQDWLRQ#RI#DURPDWLF#K\GURFDUERQV#GXULQJ
PLFURELDO#GHJUDGDWLRQ1#(QYLURQPHQWDO#0LFURELRORJ\#4+8,=#73<07471

0HQJLV#01/# 6FKLII# 61/1/#+DUULV#01/# (QJOLVK#01&1/# $UDYHQD#51/# (OJRRG#51-1/#0DFOHDQ# $1# +4<<<,
0XOWLSOH#JHRFKHPLFDO#DQG# LVRWRSLF#DSSURDFKHV# IRU#DVVHVVLQJ#JURXQG#ZDWHU#1260#HOLPLQDWLRQ
LQ#D#ULSDULDQ#]RQH1#*URXQG#:DWHU1#6:+6,=#77;078:1

0LOWRQ#*101/#.UDPHUV#61-/#.RW]HU#71*1/#0LOWRQ# -1&1'1/#$QGUHZV#+151/#&KDQW# /1$1/#&RUQHWW#51-1/
'DYLHV#:1*1/#*UHLQHU#%1)1/# ,PDKRUL#<1/#.RVORZVN\#9171/#0F.D\#-1:# +4<<:,# 69&O0#DSRWHQWLDO
SDOHRGDWLQJ#WRRO1#1XFO1#,QVWUXP1#0HWK1#3K\V1#5HV1#456=6:406::1

0L\DUHV# 31+1/# 5H\QROGV# &101/# 3HQQLQJWRQ# -1&1# +4<<<,# 8VLQJ# VWDEOH# LVRWRSHV# RI# FDUERQ# DQG
QLWURJHQ#DV#LQ0VLWX#WUDFHUV#IRU#PRQLWRULQJ#WKH#QDWXUDO#DWWHQXWDWLRQ#RI#H[SORVLYHV1#6SHFLDO#UHSRUW
<<04;# /# 86# $UP\# (QJLQHHU# UHVHDUFK# DQG# GHYHORSPHQW# FHQWHU1# $YDLODEOH# IURP# 17,6/
6SULQJILHOG#9LUJLQLD#55491

0RRN#:1*1# +5333,# 81(6&22,$($# VHULHV# RQ# (QYLURQPHQWDO# ,VRWRSHV# LQ# WKH# +\GURORJLFDO
&\FOH#3ULQFLSOHV#DQG#$SSOLFDWLRQV1#9RO1#,=#LQWURGXFWLRQ=#WKHRU\/#PHWKRGV/#UHYLHZ>#9RO1#,,=
$WPRVIHULF# :DWHU/# 9RO1# ,,,=# 6XUIDFH# :DWHU/# 9RO1# ,9=# *URXQGZDWHU=# 6DWXUDWHG# DQG
8QVDWXUDWHG#=RQH/#9RO1#9=#0DQ*V#,PSDFW#RQ#*URXQGZDWHU#V\VWHPV/#9RO1#9,=#0RGHOOLQJ1

0RUJHQVWHUQ# 81# DQG# 'LWFKEXUQ# 5*1# +4<<:,# 656L# DV# QDWXUDO# WUDFHU=# PHDVXUHPHQW# DQG# JOREDO
GLVWULEXWLRQ1# 3UHVHQWHG# WR# WKH# ,QWHUQDWLRQDO# &RQIHUHQFH# RQ# LVRWRSHV# LQ# WKH# VRODU# V\VWHP/
$KPHGDEDG/#,QGLD/#1RYHPEHU1

0XUSK\#(101/#6FKUDPNH#-1$1# +4<<;,#(VWLPDWLRQ#RI#PLFURELDO# UHVSLUDWLRQ# UDWHV# LQ#JURXQGZDWHU#E\
JHRFKHPLFDO#PRGHOOLQJ#FRQVWUDLQHG#ZLWK#VWDEOH#LVRWRSHV1#*HRFKLPLFD#(W#&RVPRFKLPLFD#$FWD
95#+54055,=66<8067391

1DNDL#01/#<RVKLGD#<1/#1DGR#11# +4<:7,1# ,VRWRSLF# VWXGLHV# RQ# RLO# DQG# QDWXUDO# JDV# ILHOGV# LQ# MDSDQ1
&KLN\\DND\D+JHRFKHPLVWU\,#:2;+4,=#;:0<;1

12%,60<8040762<936<# +5334,#$QDsUREH#DIEUDDN#YDQ#%7(;#RS# ORFDWLHV#6ORFKWHUHQ#HQ#6FKRRQH0
EHHN#43:#2#3,7#SURMHFW# %3XVK0SXOO%=#SXVK0SXOO#H[SHULPHQWHQ/#PRGHOOHULQJ/# UDGLRDFWLHYH# LVRWR0
SHQIUDFWLRQHULQJ#HQ#EDWFKH[SHULPHQWHQ1#(LQGUDSSRUW/#&85212%,6/#*RXGD1

2*0DOOH\#9131/#$EUDMDQR#-U1/#+HOORX#-1#+4<<7,#'HWHUPLQDWLRQ#RI#WKH#46&245&#UDWLRV#LQ#LQGLYLGXDO#3$+
IURP# HQYLURQPHQWDO# VDPSOHV=# FDQ# 3$+# VRXUFHV# EH# DSSRUWLRQHG"# 2UJDQLF# *HRFKHPLVWU\
54+92:,#;3<0;551

2*0DOOH\# 9131/# %XUNH#51$1/# 6FKORW]KDHU#:161# +4<<8,# 'HWHUPLQDWLRQ# RI# WKH# &0462&045# 5DWLR# RI
,QGLYLGXDO# +\GURFDUERQV# 3URGXFHG# )URP# WKH# 3\URO\VLV# RI# %LRPDVV# 0DWHULDOV# 8VLQJ# *&0
062&2,5061#$EVWUDFWV#RI#3DSHUV#RI#WKH#$PHULFDQ#&KHPLFDO#6RFLHW\1#543=#8<0*(2&1

2*0DOOH\#9131/#6WDUN#$1/#$EUDMDQR#71$1/#+HOORX#-1/#:LQVRU#/1# +4<<9D,#7UDFLQJ#SRO\F\FOLF#DURPDWLF
K\GURFDUERQV# LQ# WKH#HQYLURQPHQW#XVLQJ#&0462&045# UDWLRV1#3RO\F\FOLF#$URPDWLF#&RPSRXQGV1
<+407,=#<604331

2*0DOOH\#9131/#7HRILOR#$1/#$EUDMDQR#-51/#+HOORX#-1#+4<<9E,#6WDEOH#FDUERQ#LVRWRSLF#DSSRUWLRQPHQW#RI
LQGXYLGXDO# SO\F\FOLF# DURPDWLF# K\GURFDUERQV# LQ# 6W1# -RKQ*V# +DUERXU/# 1HZIRXQGODQG1
(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\1#63+5,=#967096<1

5HGG\#&01#+HUDW\#/-1#+ROW#%'1#6WXUFKLR#1&1#(JOLQWRQ#7,1#'UHQ]HN#1-1#;X#/1#/DNH#-/1#0DUX\D#.$1
+5333,#6WDEOH#FKORULQH#LVRWRSLF#FRPSRVLWLRQV#RI#DURFORUV#DQG#DURFORU0FRQWDPLQDWHG#VHGLPHQWV1
(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\1#67+46,=5;9905;:31

5HYHV]#.1/#&RSOHQ#71%1/#%DHGHFNHU#01-1/#*O\QQ#31'1/#+XOW#01# +4<<8,#0HWKDQH# SURGXFWLRQ# DQG
FRPSVXPSWLRQ#PRQLWRUHG#E\#VWDEOH#+#DQG#&# LVRWRSH# UDWLRV#DW#D#FUXGH#RLO#VSLOO#VLWH/#%HPLGML/
0LQQHVRWD1#$SOOLHG#*HRFKHPLVWU\1#43+8,=#83808491

5LFKQRZ#+1+1/#0HFNHQVWRFN#5181#+4<<<,#,VRWRSHQ0JHRFKHPLVFKHV#.RQ]HSW#]XU# ,Q0VLWX0(UIDVVXQJ
GHV#%LRORJLVFKH#$EEDXV#LQ#NRQWDPLQLHUWHQ#*UXQGZDVVHU1#7HUUD7HFK#8=6;0741

5LJKWPDUH/#&171/#3HDUVRQ/#)1-1/# -U1/#%DFN/#:1/#5\H/#5121/#+DQVKDZ/#%1%# +4<:7,#'LVWULEXWLRQ# RI
VXOIXU#LVRWRSHV#RI#VXOIDWHV#LQ#JURXQG#ZDWHUV#IURP#WKH#SULQFLSOH#DUWHVLDQ#DTXLIHU#RI#)ORULGD#DQG
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WKH# (GZDUGV# DTXLIHU# RI# 7H[DV/# 86$1# 8LW=# ,VRWRSH# 7HFKQLTXHV# LQ# *URXQGZDWHU# +\GURORJ\1
,QWHUQDWLRQDO#$WRPLF#(QHUJ\#$JHQF\/#9LHQQD#51#9RO#,,1#4<4053:1

5LWVRQ#31,1#%RXVH#5101#)OHJDO#$151#/XRPD#6111# +4<<<,#6WDEOH# OHDG# LVRWRSLF#DQDO\VHV#RI#KLVWRULF
DQG#FRQWHPSRUDU\#OHDG#FRQWDPLQDWLRQ#RI#6DQ#)UDQFLVFR#%D\#HVWXDU\1#0DULQH#&KHPLVWU\1#97+40
5,=:40;61

5REHUWVRQ#:1'1#DQG#&KHUU\#-1$1# +4<;<,#7ULWLXP#DV#DQ# LQGLFDWRU#RI# UHFKDUJH#DQG#GLVSHUVLRQ# LQ#D
JURXQGZDWHU#V\VWHP#LQ#FHQWUDO#2QWDULR1#:DWHU#5HVRXUFHV#5HVHDUFK#5;+4,#/5;805<:1

5R]DQVNL#.1/#$UDJXDV0$UDJXDV# /1/#*RQILDQWLQL#51# +4<<5,1#5HODWLRQ# EHWZHHQ# ORQJ0WHUP# WUHQGV# RI
R[\JHQ04;#LVRWRSH#FRPSRVLWLRQ#RI#SUHFLSLWDWLRQ#DQG#FOLPDWH1#6FLHQFH#58;=<;40<;81

5R]DQVNL#.1/#-RKQVHQ#61-1/#6FKRWWHUHU#81/#7KRPSVRQ#/1#*1#+4<<;,#5HFRQVWUXFWLRQ#RI#SDVW#FOLPDWHV
IURP# VWDEOH# LVRWRSH# UHFRUGV# RI# SDODHR0SUHFLSLWDWLRQ# SUHVHUYHG# LQ# FRQWLQHQWDO# DUFKLYHV1
+\GURORJLFDO#6FLHQFHV#-RXUQDO#75+8,=#:580:771

6KDSLUR#6'1#/H%ODQF#'1#6FKORVVHU#31#/XGLQ#$1#+4<<<,#&KDUDFWHUL]LQJ#D#VHZDJH#SOXPH#XVLQJ# WKH
+060+H06#GDWLQJ#WHFKQLTXH1#*URXQG#:DWHU1#6:+9,=;940;:;1

6KHUZRRG0/ROODU#%11/#6ODWHU#*1)1/#$KDG#-1/#6OHHS#%1/#6SLYDFN#-1/#%UHQQDQ#01/#0DFNHQ]LH#31#+4<<<,
&RQWUDVWLQJ# FDUERQ# LVRWRSH# IUDFWLRQDWLRQ# GXULQJ# ELRGHJUDGDWLRQ# RI# WULFKORURHWK\OHQH# DQG
WROXHQH=#,PSOLFDWLRQV#IRU#LQWULQVLF#ELRUHPHGLDWLRQ1#2UJDQLF#*HRFKHPLVWU\#63+;$,=#;460;531

6KRW\N#:1#:HLVV#'1#$SSOHE\#3*1#&KHEXUNLQ#$.1#)UHL#51#*ORRU#01#.UDPHUV#-'1#5HHVH#61#9DQ#GHU
.QDDS#:21# +4<<;,#+LVWRU\#RI#DWPRVSKHULF# OHDG#GHSRVLWLRQ#VLQFH#45/6:3#&047#\U#%3# IURP#D
SHDW#ERJ/#-XUD#0RXQWDLQV/#6ZLW]HUODQG1#6FLHQFH1#5;4+86;6,=4968049731

6ODWHU/#*1)1/#6KHUZRRG0/ROODU#%1/#(GZDUGV#(1/#6OHHS#%1/#:LWW#01/#.OHFND#*101/#+HUNQHVV#0151
6SLYDFN# -1/1# +5333,# &DUERQ# LVRWRSH# IUDFWLRQDWLRQ# RI# FKORULQDWUHG# HWKHQV# GXULQJ
ELRGHJUDGDWLRQ=# ILHOG# DSSOLFDWLRQV1# ,Q=#:LFNUDPDQD\DNH#*1%1/#*DYDVNDU# $151/# .HOOH\#01(1
+HGV1,# 5HPHGLDWLRQ# RI# FKORULQDWHG# DQG# UHFDOFLWUDQW# FRPSRXQGV=# 1DWXUDO# DWWHQXDWLRQ
FRQVLGHUDWLRQV#DQG#FDVH#VWXGLHV1#%DWWHOOH#3UHVV/#&ROXPEXV/#86$1

6PHMNDO/#91#DQG#-HWHO#-1/#4<<31#,VRWRSLF#DQG#JHRFKHPLFDO#LQGLFDWLRQV#RI#D#GUDLQOHVV#VXOIDWH#ODNH#LQ
WKH# 3HUPRFDUERQLIHURXV# RI# WKH# .UNRQRVH0SLHGPRQW# EDVLQ1# 9HVWQLN# 8VWUHGQLKR1# 8VWDYD
JHRORJLFNHKR/#98=66<06851

6PHWKLH/#:101/#6RORPRQ/#'1.1/#6FKLII/#61/1#DQG#PDWKLHX/#*1*1#+4<<5,#7UDFLQJ#JURXQGZDWHUIORZ#LQ
WKH#%RUGHQ#DTXLIHU#XVLQJ#NU\SWRQ0;81#-1+\GURO1/#463=#5:<05<:1

6RORPRQ#'1.1/#6XGHQN\#(1$1# +4<<4,#7ULWLXP#DQG#KHOLXP06# LVRWRSH# UDWLRV# IRU#GLUHFW#HVWLPDWLRQ#RI
VSDWLDO#YDULDWLRQV#LQ#JURXQGZDWHU#UHFKDUJH1#:DWHU1#5HVRXU1#5HV1#5;+6,/#:740:881

6WHKPHLHU#/1*1/#)UDQFLV#0101/#-DFN#7151/#'LHJRU#(1/#:LQVRU#/1/#$EUDMDQR#71$1#+4<<<,#)LHOG#DQG#LQ
YLWUR# HYLGHQFH# IRU# LQ0VLWX# ELRUHPHGLDWLRQ# XVLQJ# FRPSRXQG0VSHFLILF# &0462&045# UDWLR
PRQLWRULQJ1%#2UJDQLF#*HRFKHPLVWU\#63+;$,=#;540;661

6WUHEHO#21/#%RWWFKHU#-1/#)ULW]/#31#+4<<3,#8VH#RI#,VRWRSH#)UDFWLRQDWLRQ#RI#6XOIDWH06XOIXU#DQG#6XOIDWH0
2[\JHQ#WR#$VVHVV#%DFWHULDO#'HVXOIXUL]DWLRQ#LQ#D#6DQG\#$TXLIHU1#454+407,=#48804:5

6WUREHO#*1$1#+4<9:,#&\DQLGH#XWLOL]DWLRQ#LQ#VRLO1#6RLO#6FLHQFH1#436+7,=#5<<06351
6WXUFKLR#11&1/#&ODXVHQ#-1/1/#+HUDW\#/1-1/#+XDQJ#/1/#+ROW#%1'1/#$EUDMDQR#71$1#+4<<;,1#&KORULQH

LVRWRSH# LQYHVWLJDWLRQ#RI#QDWXUDO#DWWHQXDWLRQ#RI# WULFKORURHWKHQH# LQ#DQ#DHURELF#DTXLIHU1%
(QYLURQPHQWDO#6FLHQFH#)#7HFKQRORJ\#65+53,=#636:063751

6WXUFKLR# 11&1/# +HUDW\# /1/# +ROW# %1'1/# +XDQJ# //# $EUDMDQR# 7/# 6PLWK# *# +5333,# 6WDEOH# LVRWRSH
GLDJQRVWLFV# RI# FKORULQDWHG# VROYHQW# EHKDYLRU# LQ# FRQWDPLQDWHG# DTXLIHUV1# ,Q=#:LFNUDPDQD\DNH
*1%1/# *DYDVNDU# $151/# .HOOH\# 01(1/# 1HKULQJ# .1:1# +HGV1,# 5HPHGLDWLRQ# RI# FKORULQDWHG# DQG
UHFDOFLWUDQW# FRPSRXQGV=# 5LVN/# UHJXODWRU\# DQG# PRQLWRULQJ# FRQVLGHUDWLRQV1# %DWWHOOH# 3UHVV/
&ROXPEXV/#86$1

7UXVW#%1$1/#0XHOOHU#-1*1/#&RIILQ#51%1/#&LIXHQWHV#/1$1#+4<<8,#7KH#ELRGHJUDGDWLRQ#RI#IOXRUDQWKHQH#DV
PRQLWRUHG#XVLQJ# VWDEOH# FDUERQ# LVRWRSHV1# ,Q=#+LQFKHH#51(1/#'RXJODV#*161/#2QJ#61.1# +HGV,/
0RQLWRULQJ# DQG# 9HULILFDWLRQ# RI# %LRUHPHGLDWLRQ/# 7KLUG# ,QWHUQDWLRQDO# ,Q# 6LWX# DQG# 2Q06LWH
ELRUHFODPDWLRQ#6\PSRVLXP/#YRO1#6+8,1#%DWWOHOOH#3UHVV/#&ROXPEXV#2KLR/#SS1566056<1



:6

9DQ#(YHUGLQJHQ/#5121#DQG#.URXVVH/#+151# +4<;8,# ,VRWRSH# FRPSRVLWLRQ# RI# VXOIDWHV# JHQHUDWHG# E\
EDFWHULDO#DQG#DELRORJLFDO#R[LGDWLRQ1#1DWXUH#648=#6<806<91

9HURQ#$1#)ODPHQW#31#%HUWKR#0/1#$OOHPDQ# /1#)OHJDO#51#+DPHOLQ#%1# +4<<<,# ,VRWRSLF# HYLGHQFH# RI
SROOXWDQW#OHDG#VRXUFHV#LQ#1RUWKZHVWHUQ#)UDQFH1#$WPRVSKHULF#(QYLURQPHQW1#66+53,=66::066;;1

9RJHO# -1&1# +4<<6,# 9DULDELOLW\# RI# FDUERQ# LVRWRSH# IUDFWLRQDWLRQ# GXULQJ# SKRWRV\QWKHVLV1# ,Q=# -151
(KOHULQJHU/# $1)1# +DOO# DQG#*1'1# )DUTXKDU# +(GV1,# 6WDEOH# ,VRWRSHV# DQG# 3ODQW# &DUERQ# ZDWHU
UHODWLRQV/#$FDGHPLF#SUHVV/#6DQ#'LHJR/#&$=5<06;1

9RJHO#-1&1/#7DOPD#$161/#+HDWRQ#71+1(1#+4<;4,#*DVHRXV#QLWURJHQ#DV#HYLGHQFH#IRU#GHQLWULILFDWLRQ# LQ
JURXQGZDWHU1#-RXUQDO#RI#+\GURORJ\1#64+9,=#<670<7:1

:DQJ#-1+1/#5REHUWVRQ#&191/#(GHOPDQ# ,161# +4<85,#6HOI0GLIIXVLRQ#RI# OLTXLG#ZDWHU1#0HDVXUHPHQW#RI
WKH#VHOI0GLIIXVLRQ#RI#OLTXLG#ZDWHU#ZLWK#+5/#+6#DQG#24;#DV#7UDFHUV1

:DUG#-$/#$KDG#-0(/#/DFUDPSH0&RXORPEH#*/#6ODWHU#*)/#(GZDUGV#($/#6KHUZRRG0/ROODU#%#+5333,
+\GURJHQ# ,VRWRSH#)UDFWLRQDWLRQ#GXULQJ#0HWKDQRJHQLF#'HJUDGDWLRQ#RI#7ROXHQH=#3RWHQWLDO# IRU
'LUHFW# 9HULILFDWLRQ# RI# %LRUHPHGLDWLRQ1# (QYLURQPHQWDO# 6FLHQFH# )# 7HFKQRORJ\# 67+54,=78::0
78;41

:LONHV# +1/# %RUHKDP# &1/# +DUPV#*1/# =HQJOHU# .1/# 5DEXV# 51# +5333,# $QDHURELF# GHJUDGDWLRQ# DQG
FDUERQ# LVRWRSLF# IUDFWLRQDWLRQ# RI# DON\OEHQ]HQHV# LQ# FUXGH# RLO# E\# VXOSKDWH0UHGXFLQJ# EDFWHULD1
2UJDQLF#*HRFKHPLVWU\#64+4,=#43404481

<HFKLHOL#</#5RQHQ#'# +4<<9,1#6HOI0GLIIXVLRQ# RI#ZDWHU# LQ# D# QDWXUDO# K\SHUVDOLQH# +'HDG# VHD# EULQH,1
*HRSK\VLFDO#UHVHDUFK#OHWWHUV#56+;,=#;780;7;1

9HWJHGUXNWH#UHIHUHQWLHV#JHOGHQ#DOV#DDQEHYROHQ#OLWHUDWXXU1



:7



%,-/$*(#$

35$.7,6&+(#,1)250$7,(#29(5#,62723(1#$1$/<6(#3(5#(/(0(17

,VRWRSHQ#DQDO\VH#LV#HHQ#YDN#DSDUW#HQ#YUDDJW#YHHO#VSHFLDOLVWLVFKH#NHQQLV#HQ#FDOLEUDWLH#HQ#RQGHUKRXG
YDQ#DSSDUDWXXU1#'H#DQDO\VHV#NXQQHQ#PHHVWDO#DOOHHQ#ZRUGHQ#XLWJHYRHUG#ELM#XQLYHUVLWHLWHQ#RI#RQGHU0
]RHNVLQVWLWXWHQ#GLH# LQ#HHQ#DDQWDO#JHYDOOHQ#DOV#HHQ#VRRUW#%VHUYLFH%#DDQ#GH#PDDWVFKDSSLM#GH#DQDO\0
VHV# RRN# RS# VHPL0FRPPHUFLsOH# EDVLV# XLWYRHUHQ1# 'DDUQDDVW# EHJLQW# RRN# KHW# DDQWDO# FRPPHUFLsOH
EHGULMYHQ#GDW# LVRWRSHQ#DQDO\VH#VWDQGDDUGPDWLJ#XLWYRHUW# WRH# WH#QHPHQ1#$OV#YXLVWUHJHO#NDQ#JHVWHOG
ZRUGHQ#GDW#JHVSHFLDOLVHHUGH#LVRWRSHQ#ODERUDWRULD#GLH#JURWH#KRHYHHOKHGHQ#PRQVWHUV#YHUZHUNHQ#GH
EHVWH#DQDO\VHUHVXOWDWHQ#]XOOHQ#OHYHUHQ1

'H#SUDNWLVFKH#LQIRUPDWLH#LQ#GH]H#ELMODJH#LV#JURWHQGHHOV#DINRPVWLJ#YDQ#HHQ#EHSHUNW#DDQWDO#ODERUDWR0
ULD#GLH#RS#+VHPL0,FRPPHUFLsOH#EDVLV#LVRWRSHQ#DQDO\VHV#XLWYRHUHQ#+G1Z1]1#WRHJDQNHOLMN#YRRU#EXLWHQ0
VWDDQGHUV,1# 0HWKRGHV/# GHWHFWLHOLPLHWHQ/# QDXZNHXULJKHGHQ/# PRQVWHUJURRWWHV/# GRRUORRSWLMGHQ# HQ
SULM]HQ#]LMQ#LQGLFDWLHI#HQ#WLMGVJHERQGHQ#HQ#NXQQHQ#SHU#ODERUDWRULXP#DIZLMNHQ1
=R# LV# GH# EHSDOLQJ# YDQ# VWDELHOH# LVRWRSHQUDWLR*V# YLD# %HOHPHQWDO# DQDO\VLV%# JRHGNRSHU# HQ# PLQGHU
QDXZNHXULJ#GDQ#GH#EHSDOLQJ# YLD#GH# %GXDO# LQOHW%0PHWKRGH# +]LH#ELMODJH#%,1# ,Q#HHQ#DDQWDO#JHYDOOHQ
NXQQHQ#GRRUORRSWLMGHQ#ZRUGHQ#JHUHGXFHHUG#GRRU#DQDO\VH# WHJHQ#KRJHUH# WDULHYHQ1#%LM#JHOLMNWLMGLJH
XLWYRHULQJ#YDQ#YHHO#YRRUNRPHQGH#FRPELQDWLHV#YDQ# LVRWRSHQ#DQDO\VH/#]RDOV#ELMYRRUEHHOG#5+24;2# LQ
ZDWHU#HQ#46&24;2#LQ#FDUERQDDW/#JHOGHQ#YDDN#NRUWLQJHQ1

'H# WDEHO#KLHURQGHU#JHHIW#HHQ#RYHU]LFKW#YDQ#GH# UHOHYDQWH#DQDO\VHV#YDQ#GH# OLFKWH# LVRWRSHQ# LQ#YHU0
VFKLOOHQGH# YHUELQGLQJHQ1#'H# NOHXUFRGHULQJ# JHHIW# HHQ# LQGLFDWLH# YDQ# GH# VWDWXV# HQ# NRVWHQ# YDQ# GH
DQDO\VH1#=RDOV#ERYHQ#JHQRHPG#NXQQHQ#GH#DQDO\VHNRVWHQ#EHKRRUOLMN#DIZLMNHQ1#(HQ#ODJH#SULMV#EHWH0
NHQW#JOREDDO#?# IO1#483/0>#HHQ#JHPLGGHOGH#SULMV# OLJW# WXVVHQ#GH# IO1#483/0#HQ#733/0#HQ#HHQ#KRJH#SULMV
EHWHNHQW#!#IO1#7331

5+ 46&LVRWRRS
YHUELQGLQJ V- F-

6+/
6+26+H V- F-

47& 481 4;2 676 6:&O

+JURQG,ZDWHU ; ; ;
',&27,& ; ; ;
'2&272& ; ; ; ;
PHWKDDQ ; ; ;
QLWUDDW ; ;
DPPRQLXP ;
VXOIDDW ; ;
%7(; ; ; ; ;
&.: ; ; ; ; ;
PLQHUDOH#ROLH ; ; ; ; ;
10KRXGHQGH#RUJDQL0
VFKH#YHUELQGLQJHQ

; ; ; ; ;

-=#V# #VWDQGDDUG/#F# #FRPSRQHQWVSHFLILHN

; VWDQGDDUGPDWLJ/#ODJH#SULMV ; RQEHNHQG#RI#QLHW#FRPPHUFLHHO#EHVFKLNEDDU

; VWDQGDDUGPDWLJ/#JHPLGGHOGH#SULMV ; LQ#RQWZLNNHOLQJ

; VWDQGDDUGPDWLJ/#KRJH#SULMV



$14 :DWHUVWRI

:DWHUVWRI#EHVWDDW#XLW#5#VWDELHOH#LVRWRSHQ=#4+#+SURWLXP,#HQ#5+#+GHXWHULXP,1#'DDUQDDVW#LV#HU#HHQ#QD0
WXXUOLMN#YRRUNRPHQGH#UDGLRDFWLHYH#ZDWHUVWRILVRWRRS=#6+#+WULWLXP,1

$1414 'HXWHULXP#+5+,

'HXWHULXP#ZRUGW#EHSDDOG#YLD#,506>#DOOH#ZDWHUVWRI#LQ#KHW#PRQVWHU#ZRUGW#HHUVW#JHUHGXFHHUG#WRW#ZD0
WHUVWRIJDV/#ZDDUYDQ#YHUYROJHQV#GH#YHUKRXGLQJ#5+24+#ZRUGW#EHSDDOG1#+HW#GHXWHULXPJHKDOWH#ZRUGW
JHUHODWHHUG#DDQ#GH#VWDQGDDUG#9602:#+9LHQQD#6WDQGDUG#0HDQ#2FHDQ#:DWHU,#HQ#ZRUGW#XLWJHGUXNW
DOV#G5+#W1R1Y1#9602:#+Å,1

'H#PHHVWH#VWDELHOH# LVRWRSHQ# ODERUDWRULD#NXQQHQ#GHXWHULXPJHKDOWHQ# LQ#ZDWHU#EHSDOHQ># LQ#1HGHU0
ODQG#YRHUW#KHW#&,2#GH]H#DQDO\VH#URXWLQHPDWLJ#XLW1#'H#NRVWHQ#EHGUDJHQ#FD#IO1#830433/0#SHU#DQDO\VH1
'H#QDXZNHXULJKHLG#YDQ#GH#DQDO\VH#LV#EHWHU#GDQ#5Å#9602:1

'HXWHULXP#DQDO\VH# LQ#DQGHUH#PROHFXOHQ#GDQ#ZDWHU#ZRUGW#PLQGHU#YDDN#XLWJHYRHUG#HQ# LV#GDQ#RRN
GXXUGHU1#+HW#(QYLURQPHQWDO#,VRWRSH#/DERUDWRU\#YDQ#GH#8QLYHUVLWHLW#YDQ#:DWHUORR#LQ#&DQDGD#YRHUW
RS#FRPPHUFLsOH#EDVLV#5+0DQDO\VHV#YDQ#PHWKDDQ#+&DQ'#93,#HQ#YDQ#]XLYHUH#RUJDQLVFKH#YHUELQGLQ0
JHQ#+&DQ'#458,#XLW#PHW#HHQ#QDXZNHXULJKHLG#YDQ#6Å#9602:1#&RPSRQHQWVSHFLILHNH#GHXWHULXP
DQDO\VH#YDQ#RUJDQLVFKH#YHUELQGLQJHQ#ZRUGW#RS#GLW#PRPHQW#RQWZLNNHOG/#R1D1#DDQ#KHW#6WDEOH#,VRWRSH
/DERUDWRU\#YDQ#GH#8QLYHUVLW\#RI#7RURQWR1

6WDQGDDUGPDWLJH#GHXWHULXP#DQDO\VH#VWHOW#JHHQ#VSHFLILHNH#HLVHQ#DDQ#GH#PRQVWHUQDPH1#9RRU#GHX0
WHULXPDQDO\VH# LQ#ZDWHU# LV#PLQGHU#GDQ#43#PO#JURQGZDWHU#QRGLJ1#9RRU#EHSDOLQJ#YDQ#KHW#GHXWHULXP
YDQ#RUJDQLVFKH#YHUELQGLQJHQ#LV#FD1#533#PJ#YDQ#GH]H#YHUELQGLQJ#QRGLJ1

$1415 7ULWLXP

+HW#WULWLXPJHKDOWH#ZRUGW#XLWJHGUXNW#LQ#7ULWLXP#8QLWV#+78,>#4#78#NRPW#RYHUHHQ#PHW#4#WULWLXP#DWRRP
RS#434;#ZDWHUVWRI#DWRPHQ1#7ULWLXP#DQDO\VH#YRRU#JHRORJLVFK#RQGHU]RHN#JHEHXUW#YULMZHO#DOOHHQ#DDQ
JURQGZDWHU1#(U#]LMQ#YLHU#VRRUWHQ#WULWLXP#DQDO\VHV=#GLUHFWH#DQDO\VH/#YHUULMNWH#DQDO\VH#HQ#XOWUD#ORZ#OH0
YHO#DQDO\VH#]LMQ#JHEDVHHUG#RS#KHW#PHWHQ#YDQ#GH#UDGLRDFWLYLWHLW#DINRPVWLJ#YDQ#KHW#�0YHUYDO>#GH#6+H
LQJURHL0DQDO\VH#LV#JHEDVHHUG#RS#KHW#PHWHQ#YDQ#KHW#GRFKWHUSURGXNW#6+H1

'LUHFWH#WULWLXP#DQDO\VH#JHEHXUW#YLD# OLTXLG#VFLQWLOODWLRQ#FRXQWLQJ#HQ#KHHIW#HHQ#GHWHFWLHOLPLHW#YDQ#430
53#78#HQ#NRVW#FD1#IO1#483/0#WRW#533/01#'H]H#DQDO\VH#LV#WHJHQZRRUGLJ#VOHFKWV#EHSHUNW#WRHSDVEDDU1

%LM#GH#YHUULMNWH#WULWLXP#DQDO\VH#YLQGW#HHQ#YHUULMNLQJ#PLGGHOV#HOHNWURO\VH#SODDWV>#GH]H#PHWKRGH#KHHIW
HHQ#GHWHFWLHOLPLHW#YDQ#FD#31;#78#HQ#NRVW#FD1# IO1#733/0# WRW#833/01#'LW# W\SH#DQDO\VH#ZRUGW#GRRU#YHU0
VFKHLGHQH#ODERUDWRULD#LQ#GH#ZHUHOG#XLWJHYRHUG>1

8OWUD#ORZ#OHYHO#WULWLXP#JHEHXUW#SURSRUWLRQHOH#JDVWHOOLQJ#YDQ#DDQ#HWKHHQ#RI#SURSDDQ#JHDGGHHUG#ZD0
WHUVWRI>#GH#GHWHFWLHOLPLHW#LV#314#78#HQ#GH#DQDO\VH#NRVW#FD#IO1#933/0#WRW#:33/0#2PGDW#GH#DDQZH]LJKHLG
YDQ#UDGLRDFWLHI#UDGRQ#+5555Q/#KDOIZDDUGHWLMG#6/;#G,#VWRUHQG#ZHUNW/# LV#KHW#QRGLJ#GH#5Q0VWUDOLQJ#NZLMW
WH#UDNHQ/#KHWJHHQ#NDQ#JHEHXUHQ#GRRU#VWULSSHQ#RI#GRRU#HHQ#LQFXEDWLHWLMG#YDQ#43#GDJHQ#DDQ#WH#KRX0
GHQ1#LQ#1HGHUODQG#YRHUW#KHW#&,2#GH]H#DQDO\VHV#URXWLQHPDWLJ#XLW1#'H#GRRUORRSWLMG#LV#FD#9#ZHNHQ1

%LM#KHW#YHUYDO#YDQ# WULWLXP#RQWVWDDW#KHW#VWDELHOH# 6+H>#GLW# LV#GH#EDVLV#YRRU#GH# 6+H0LQJURHL#PHWKRGH1
2P#YROGRHQGH#YHUYDO#WH#KHEEHQ#ZRUGW#HHQ#DIJHVORWHQ#PRQVWHU#YHUVFKHLGHQH#PDDQGHQ#EHZDDUG/
ZDDUQD#GH#6+H0FRQFHQWUDWLH#ZRUGW#JHPHWHQ>#KLHUXLW#NDQ#GDQ#GH# WULWLXPFRQFHQWUDWLH#ZRUGHQ#EHUH0



NHQG1#'H#DQDO\VH#KHHIW#HHQ#GHWHFWLHOLPLHW#YDQ#314#78/#KHHIW#XLWHUDDUG#HHQ#GRRUORRSWLMG#YDQ#YHU0
VFKHLGHQH#PDDQGHQ#HQ#NRVW#FD1#IO1#:33/0#WRW#;33/01

0RQVWHUQDPH# YRRU# WULWLXP#DQDO\VH# YHUJW#ZHLQLJ# VSHFLILHNH# ]RUJ# HQ# NDQ# JURWHQGHHOV# YROJHQV# GH
QRUPDOH#SURFHGXUH#YRRU#JURQGZDWHU#JHEHXUHQ1#2SVODJ#LQ#JRHG#DIJHVORWHQ/#YROOHGLJ#DIJHYXOGH#JOD0
]HQ# IOHVVHQ1#&RQVHUYHULQJ# LV#QLHW#QRGLJ#HQ#KHW#PRQVWHU# LV# ODQJH# WLMG#KRXGEDDU1#1RUPDDO# LV#83#PO
ZDWHU#YROGRHQGH#YRRU#WULWLXP#DQDO\VH>#ELM#ODJH#GHWHFWLHOLPLHWHQ#LV#FD1#833#PO#QRGLJ1

$1416 7ULWLXP2KHOLXP

*HFRPELQHHUGH# 6+26+H#DQDO\VH#NDQ#JHEUXLNW#ZRUGHQ#YRRU#HHQ#QDXZNHXULJH#GDWHULQJ#YDQ# %MRQJ%
JURQGZDWHU1#'H]H#JHFRPELQHHUGH#DQDO\VH# LV#HHQ#EHSDOLQJ#GLH# VOHFKWV#GRRU#HHQ#EHSHUNW# DDQWDO
ODERUDWRULD# LQ# GH#ZHUHOG#ZRUGW# EHKHHUVW1#'H# DQDO\VH# NRVW# FD# IO1# <33/0# WRW# 41833/0# HQ# GXXUW# ODQJ
GRRUGDW#HHQ#ZDFKWSHULRGH#QRRG]DNHOLMN#LV1

0RQVWHUQDPH#YRRU#6+26+H#DQDO\VH#LV#XLWHUVW#NULWLVFK#LQ#YHUEDQG#PHW#GH#YOXFKWLJKHLG#YDQ#KHOLXP#HQ
NDQ#GDDURP#KHW#EHVW# LQ#RYHUOHJ#PHW#KHW#DQDO\VHUHQG# ODERUDWRULXP#ZRUGHQ#XLWJHYRHUG1#'H#PRQ0
VWHUQDPH#ZRUGW#XLWJHYRHUG#P1E1Y1#HHQ#JDVGLFKW#DIVOXLWEDUH#NRSHUHQ#EDLOHU1#'H]H#ZRUGW#RS#GH#JH0
ZHQVWH#GLHSWH# LQ#KHW#JURQGZDWHU#JHEUDFKW/#JHRSHQG#HQ#QD#YXOOHQ#ZHHU#DIJHVORWHQ#RP#RQWJDVVLQJ
YDQ#KHOLXP#WH#YRRUNRPHQ1#%HODQJULMN#LV#WHYHQV#GDW#GH#ILOWHUOHQJWH#]R#NRUW#PRJHOLMN#PRHW#]LMQ1

$15 .RROVWRI

.RROVWRI#EHVWDDW#XLW#WZHH#VWDELHOH#LVRWRSHQ#+45&#HQ#46&,#HQ#ppQ#UDGLRDFWLHYH# LVRWRRS#+47&,1#46&#HQ
47&#ZRUGHQ#YHHO#JHDQDO\VHHUG#LQ#GLYHUVH#PDWULFHV1

$1514 .RROVWRI046

'H#NRROVWRI046# LVRWRRS#YRUPW#RQJHYHHU# 4/4(#YDQ#KHW#QDWXXUOLMN#NRROVWRI#HQ#ZRUGW#XLWJHGUXNW#DOV
G46&#W1R1Y1#93'%#+9LHQQD#3HH'HH#%HOHPQLHW,1#%LM#46&0DQDO\VH#NDQ#RQGHUVFKHLG#ZRUGHQ#JHPDDNW
WXVVHQ#VWDQGDDUGPDWLJH#DQDO\VH#HQ#FRPSRQHQWVSHFLILHNH#DQDO\VH1

%LM#VWDQGDDUGPDWLJH#46&#DQDO\VH#ZRUGW#DOOH#DDQZH]LJH#NRROVWRI#JHR[LGHHUG#WRW#&251#+LHUYDQ#ZRUGW
YHUYROJHQV#PHW# ,506#GH# LVRWRSHQVDPHQVWHOOLQJ#EHSDDOG1#'H]H# %RYHUDOO%#G46&0DQDO\VH#NDQ#ELM#GL0
YHUVH#LQVWHOOLQJHQ#GLH#LQ#KHW#EH]LW#]LMQ#YDQ#HHQ#,506#ZRUGHQ#XLWJHYRHUG#+LQ#1HGHUODQG#ELM#KHW#&,2,1
$QDO\VH#YDQ#46&#YDQ#',&#HQ#'2&# LQ#JURQGZDWHU#NRVW#FD#IO1#433/0#WRW#533/0>#46&0DQDO\VH#YDQ#SXUH
RUJDQLVFKH#YHUELQGLQJHQ#NRVW#FD#IO1#;3/0#WRW#483/01#'H#QDXZNHXULJKHLG#YDQ#GH#DQDO\VH#LV#EHWHU#GDQ
314Å#93'%1

'H#VWDQGDDUGPDWLJH#DQDO\VH#NDQ#VSHFLILHNHU#ZRUGHQ#JHPDDNW#GRRU#YRRUDIJDDQG#DDQ#GH#DQDO\VH
HHQ# HHQYRXGLJH# VFKHLGLQJVPHWKRGH# WRH# WH# SDVVHQ# +ELMY1# 46&# LQ# PHWKDDQ/# VFKHLGLQJ# KXPXV0
]XXU2KXPLQH/#YOXFKWLJ2QLHW#YOXFKWLJ/#HWF,1#+HW#LV#YDQ#EHODQJ#WH#]RUJHQ#GDW#KLHUELM#JHHQ#RQJHZHQVWH
IUDFWLRQHULQJ#RSWUHHGW/#]RGDW#KHW#GRRUJDDQV#DDQ# WH#EHYHOHQ# LV#GH]H#VFKHLGLQJ#XLW# WH# ODWHQ#YRHUHQ
GRRU#KHW# ODERUDWRULXP#GDW#GH# LVRWRSHQ#DQDO\VH#XLWYRHUW1#'H# NRVWHQ# YDQ# 46&0DQDO\VH# LQ#PHWKDDQ
YDULsUHQ#YDQ#IO1#533/0#WRW#733/0>#GH]H#PHWKRGH#ZRUGW#PRPHQWHHO#ELM#KHW#&,2#RQWZLNNHOG

%LM#GH#FRPSRQHQWVSHFLILHNH#46&#DQDO\VH#YLQGW#HU#HHUVW#HHQ#+JDV,FKURPDWRJUDILVFKH#VFKHLGLQJ#YDQ
GH# YHUVFKLOOHQGH# FRPSRQHQWHQ# SODDWV1#'H# JHVFKHLGHQ# FRPSRQHQWHQ#ZRUGHQ# GDQ# LQ0OLQH# JHR[L0
GHHUG#WRW#&25/#ZDDUYDQ#YHUYROJHQV#GH#G46&#ZRUGW#EHSDDOG#PHW#HHQ#PDVVDVSHFWURPHWHU1#'H#SUH0



FLH]H# VFKHLGLQJVPHWKRGH# LV# DIKDQNHOLMN# YDQ# GH# WH#PHWHQ# FRPSRQHQWHQ/# ]RGDW# HU# HLJHQOLMN# QLHW
VSUDNH#LV#YDQ#ppQ#DQDO\VHPHWKRGH1
0# &RPSRQHQWVSHFLILHNH# 46&# DQDO\VH# YDQ# EY#%7(;# HQ#&.:V# JHEHXUW#P1E1Y1#*&0&0,506# HQ

ZRUGW#PRPHQWHHO#VOHFKWV#GRRU#HQNHOH# ODERUDWRULD# LQ#GH#ZHUHOG#FRPPHUFLHHO#XLWJHYRHUG# +QRJ
QLHW#LQ#1HGHUODQG,/#]RDOV#GH#XQLYHUVLWHLWHQ#YDQ#7RURQWR#HQ#:DWHUORR#XLW#&DQDGD#HQ#KHW#$UJRQ0
QH#1DWLRQDO#/DERUDWRU\#XLW#GH#961#'H#NRVWHQ#YDQ#GH#DQDO\VH#]LMQ#DIKDQNHOLMN#YDQ#KHW#DDQWDO
PRQVWHUV/#GH#GHWHFWLHOLPLHW#+PRPHQWHHO#430433#�J2/#DOV#RQGHUJUHQV,#HQ#GH#JHZHQVWH#OHYHUWLMG
HQ#OLJJHQ#WXVVHQ#IO1#633/0#HQ#:33/01#'H#VWDQGDDUGDIZLMNLQJ#LV#FD#318Å#93'%1

0# 6SHFLILHNH# NRROVWRILVRWRSHQ# DQDO\VH# YDQ# DDUGROLHSURGXFWHQ# NDQ# LQ#1HGHUODQG#ZRUGHQ# XLWJH0
YRHUG#ELM#KHW#1HGHUODQGV#,QVWLWXXW#YRRU#2QGHU]RHN#GHU#=HH#+1,2=,#WH#7H[HO1#6WDQGDDUG#JHEHXUW
GLW#LQ#FRPELQDWLH#PHW#EHSDOLQJ#YDQ#DQGHUH#]JQ1#ELRPDUNHUV1#'H#NRVWHQ#YDQ#HHQ#GHUJHOLMNH#ND0
UDNWHULVHULQJ#]LMQ#KRRJ1

*URQGZDWHUPRQVWHUV# YRRU# 46&0DQDO\VH# NXQQHQ# RS# GH# JHEUXLNHOLMNH# PDQLHU# JHQRPHQ# ZRUGHQ/
ZDDUELM#FRQVHUYHULQJ#HVVHQWLHHO#LV#RP#ELRORJLVFKH#RP]HWWLQJHQ#WH#YRRUNRPHQ/#ELMY1#YLD#WRHYRHJHQ
+J&O#RI#D]LGH1#%LM#PRQVWHUV#YDQ#GLHS#JURQGZDWHU#PRHW#RQWJDVVLQJ#DOV#JHYROJ#YDQ#GUXNYHUVFKLOOHQ
ZRUGHQ#YRRUNRPHQ1#%LM#DQDsURRE#JURQGZDWHU#JHOGW#GLW# LQ#VWHUNHUH#PDWH# L1Y1P1#PRJHOLMN#RQWZLMNHQ
YDQ#PHWKDDQ1#9RRU#RYHUDOO#G46&0DQDO\VH#LV#FD1#5#PO#&25#+313;4#PPRO#&25# #31355#PPRO#&,#QRGLJ/
ZDDUYRRU#GRRUJDDQV#833#PO#JURQGZDWHU#YROGRHQGH#LV1#9RRU#FRPSRQHQWVSHFLILHNH#LVRWRSHQ#DQDO\0
VH# LV#GH#PRQVWHUKRHYHHOKHLG#DIKDQNHOLMN#YDQ#GH#FRQFHQWUDWLH#YDQ#GH#JHZHQVWH#FRPSRQHQW/#RYHU
KHW#DOJHPHHQ#LV#4#OLWHU#YROGRHQGH1#9RRU#JURQG#HQ#DQGHUH#PDWHULDOHQ#JHOGHQ#JHHQ#VSHFLDOH#YHUHLV0
WHQ#YRRU#GH#PRQVWHUV1

$1515 .RROVWRI047

'H#47&0JHKDOWH#ZRUGW#XLWJHGUXNW# LQ#(# W1R1Y1#%PRGHUQ#NRROVWRI%#HHQ# LQWHUQDWLRQDOH#VWDQGDDUG1#GH]H
LV# LQ# 4<83# JHNR]HQ# DOV#PDDW# YRRU# GH# QDWXXUOLMNH# 47&0DFWLYLWHLW# LQ# GH# DWPRVIHHU1#'RRU#PHQVHOLMN
KDQGHOHQ#LV#GH#DWPRVIHULVFKH#47&0DFWLYLWHLW#GH#ODDWVWH#MDUHQ#VWHUN#WRHJHQRPHQ=#KHW#KXLGLJH#DWPRV0
IHULVFKH# 47&0DFWLYLWHLW# LV#FD1# 453#SP&# +SHUFHQWDJH#PRGHUQ#FDUERQ,1#'H#QDWXXUOLMNH#JHKDOWHV#DDQ
47&#]LMQ#]HHU# ODDJ# +FD1#4#PROHFXOH# 47&#SHU#4345#PROHFXOHQ# 45&,#HQ#DQDO\VH#HUYDQ# LV#NRVWEDDU#HQ
ZRUGW#VOHFKWV#GRRU#JHVSHFLDOLVHHUGH# ODERUDWRULD#XLWJHYRHUG# +LQ#1HGHUODQG#ELM#GH#8QLYHUVLWHLW# YDQ
8WUHFKW#HQ#ELM#KHW#&,2,1#9RRU#KHW#YHUULFKWHQ#YDQ#]JQ1#IUDFWLRQHULQJVFRUUHFWLH#ELM#GDWHULQJ#YDQ#PDWH0
ULDOHQ#P1E1Y1# 47&#GLHQW#RRN# 46&# WH#ZRUGHQ#EHSDDOG/# ]RGDW#GH]H#EHSDOLQJ# YULMZHO#DOWLMG# VWDQGDDUG
PHH#ZRUGW#YHUULFKW1

(U#]LMQ#WZHH#SULQFLSLHHO#YHUVFKLOOHQGH#DQDO\VHPHWKRGHQ#YRRU#47&1#'H#HHUVWH#+HQ#RXGVWH,#PHWKRGH
LV#JHEDVHHUG#RS#KHW#PHWHQ#YDQ#UDGLRDFWLHI#YHUYDO1#9RRU#GH#DQDO\VH# LV#YHHO#NRROVWRI#QRGLJ#+FD1#;3
PPRO#&#RI#4#J#&,/#KHWJHHQ#YRRU#EHSDDOGH#PRQVWHUV#SUREOHPDWLVFK#NDQ#]LMQ1#'H# UDGLRDFWLYLWHLWV0
PHWLQJHQ#ZRUGHQ#YHUULFKW#DDQ#&250JDV#P1E1Y1#HHQ#SURSRUWLRQHOH#JDVWHOEXLV#+3&*,#RI#DDQ#EHQ]HHQ
P1E1Y1#HHQ#YORHLVWRI#VFLQWLOODWLH#WHOOHU#+/6&,1#3&*#LV#JHYRHOLJHU#HQ#QDXZNHXULJHU/#PDDU#DOOHHQ#YRRU
/6&# LV#FRPPHUFLsOH#DSSDUDWXXU#EHVFKLNEDDU1#9RRU#DQDO\VH#YDQ#FDUERQDDW# LQ#JURQGZDWHU# LV/#DI0
KDQNHOLMN#YDQ#GH#FRQFHQWUDWLH/#FD1#63093# OLWHU#JURQGZDWHU#QRGLJ1#2PGDW# WUDQVSRUW#YDQ#]XONH#JURWH
PRQVWHUV#RQSUDNWLVFK#LV#ZRUGW#KHW#FDUERQDDW#PHHVWDO#QHHUJHVODJHQ#P1E1Y1#%D&O5#RI#6U&O5#HQ#ZRUGW
GLW#QHHUVODJ#YRRU#DQDO\VH#RSJHVWXXUG1#'H#SULMV#YDQ#GH]H#DQDO\VH#OLJW/#DIKDQNHOLMN#YDQ#KHW#ODERUDWR0
ULXP/#RS#IO1#833/0#WRW#;33/0#HQ#GH#GRRUORRSWLMG#LV#FD#WZHH#PDDQGHQ1#'H#PHHWQDXZNHXULJKHLG#LV#EHWHU
GDQ#318(1#%LM#KHW#JHEUXLN#YDQ#47&0JHODEHOGH#YHUELQGLQJHQ#NDQ#GH#DQDO\VH#SODDWVYLQGHQ#GRRU#KHW
PHWHQ# YDQ# UDGLRDFWLYLWHLW#PHW# HHQ# HHQYRXGLJH# VFLQWLOODWLH# WHOOHU# GLH# YHHO# ODERUDWRULD# WRW# KXQ# EH0
VFKLNNLQJ#KHEEHQ1

(HQ# DOWHUQDWLHI# YRRU# GH# ERYHQVWDDQGH# PHWKRGH# LV# 47&0DQDO\VH# P1E1Y1# DFFHOHUDWRU# PDVVD0
VSHFWURPHWULH# +$06,1#+LHUYRRU# LV#VOHFKWV#314#PPRO#NRROVWRI# +415#PJ#&,#QRGLJ/#KHWJHHQ#EHWHNHQW



GDW#YRRU# 47&0DQDO\VH#YDQ#FDUERQDDW#4# OLWHU#JURQGZDWHU#PHHVWDO#YROGRHQGH# LV1#1DGHOHQ#YDQ#GH]H
DQDO\VHPHWKRGH# ]LMQ#GH# ODQJH#ZDFKWOLMVWHQ#HQ#GH#KRJH#SULMV# HUYDQ# +FD# IO1# 4333/0# WRW# 4833/0,#'H
QDXZNHXULJKHLG# LV# FD# 318(1#2PGDW# LQGLYLGXHOH# ODERUDWRULD# YRRU# GH#$06# 47&0DQDO\VH# YDDN# HHQ
ZDFKWOLMVW#YDQ#HQNHOH#PDDQGHQ#KHEEHQ/#NDQ#KHW#SUDNWLVFK#]LMQ#GH]H#DQDO\VHV#XLW# WH# ODWHQ#YRHUHQ
YLD#%HWD#$QDO\WLF/#HHQ#$PHULNDDQV#EHGULMI#GDW#ELM#HHQ#DDQWDO#YRRUDDQVWDDQGH# LVRWRSHQODERUDWRULD
+R1D1#KHW#&,2,#DQDO\VHFDSDFLWHLW# UHVHUYHHUW#HQ#GDDUGRRU#HHQ# OHYHUWLMG# YDQ# 63#ZHUNGDJHQ# +NRUWHU
NDQ#WHJHQ#PHHUSULMV,#NDQ#JDUDQGHUHQ1

0RQVWHUQDPH#YRRU#47&0DQDO\VH#YDQ#JURQGZDWHU#NDQ#YROJHQV#VWDQGDDUGPHWKRGH#JHEHXUHQ/#ZDDUELM
RQWJDVVLQJ#GRRU#GUXNYHUVFKLOOHQ#PRHW#ZRUGHQ#YRRUNRPHQ1# ,QGLHQ#KHW#ZDWHU# ODQJHU#GDQ#ppQ#GDJ
ZRUGW#RSJHVODJHQ#LV#FRQVHUYHULQJ#P1E1Y1#D]LGH#RI#+J&O#QRRG]DNHOLMN1#'H#KRHYHHOKHLG#PRQVWHU#HQ
GH#YHUGHUH#EHKDQGHOLQJ#LV#DIKDQNHOLMN#YDQ#KHW#JHNR]HQ#W\SH#DQDO\VH#+]LH#ERYHQ,1

$16 6WLNVWRI

9DQ#VWLNVWRI#EHVWDDQ#WZHH#VWDELHOH#LVRWRSHQ=#GH#QRUPDOH# LVRWRRS#471#HQ#481>#GH]H# ODDWVWH# LVRWRRS
YRUPW#FD1#316:(#YDQ#QDWXXUOLMN#VWLNVWRI1#+HW# 4810JHKDOWH#ZRUGW#XLWJHGUXNW#DOV#G481# W1R1Y1#DWPRVIH0
ULVFK#VWLNVWRI#+GH#LVRWRSHQVDPHQVWHOOLQJ#YDQ#VWLNVWRI#LV#RYHU#GH#JHKHOH#DWPRVIHHU#FRQVWDQW,1

4810DQDO\VH#JHEHXUW#P1E1Y1#,506#ZDDUELM#GH#DDQZH]LJH#VWLNVWRI/#PHHVWDO#YLD#HHQ#DDQWDO#FRPSOH[H
VWDSSHQ/#ZRUGW#RPJH]HW# LQ#151#'H#DQDO\VH#YDQ#481# LQ#QLWUDDW/#DPPRQLXP#HQ#RUJDQLVFK#PDWHULDDO
JHEHXUW# VWDQGDDUGPDWLJ#ELM#GLYHUVH# LVRWRSHQODERUDWRULD/# ELMY1# ELM# GH# XQLYHUVLWHLWHQ# YDQ#:DWHUORR/
%RVWRQ#HQ#4XHHQV1#'H#NRVWHQ#YDQ#GH#DQDO\VHV#YDULsUHQ#YDQ#IO1#483/0#WRW#IO1#683/0#HQ#GH#QDXZNHX0
ULJKHLG#LV#FD1#315Å

$DQ#GH#PRQVWHUQDPH# YDQ# +JURQG,ZDWHUPRQVWHUV#ZRUGHQ#JHHQ# VSHFLDOH#HLVHQ#JHVWHOG1#9RRU# GH
DQDO\VH#YDQ#481#LV#DIKDQNHOLMN#YDQ#KHW#ODERUDWRULXP#HQ#GH#GHWHFWLHOLPLHW#FD1#31407#PJ#1#QRGLJ1#'H
PRQVWHUJURRWWH#PRHW# KLHURS# ZRUGHQ# DIJHVWHPG1#0RQVWHUV#PRHWHQ# ZRUGHQ# JHFRQVHUYHHUG#PHW
ELMY1# VWHUN# ]XXU# +JHHQ#+126,/#+J&O#RI# FKORURIRUP1#2RN#QDWULXP0D]LGH# LV#RQJHVFKLNW# DOV# FRQVHU0
YHHUPLGGHO1

$17 =XXUVWRI

1DDVW#GH#PHHVW#YRRUNRPHQGH#]XXUVWRI# LVRWRRS#492#NRPHQ#RRN#GH# LVRWRSHQ#4:2#+3136:(,#HQ#4;2
+315(,#YRRU1# 4:20DQDO\VH#ZRUGW#]HOGHQ# WRHJHSDVW># 4;20DQDO\VH# LQ#ZDWHU#ZRUGW#YHHO#JHEUXLNW#YRRU
K\GURORJLVFKH# NDUDNWHULVHULQJ1# 4;20JHKDOWHV# ZRUGHQ# XLWJHGUXNW# DOV# G4;2# W1R1Y1# GH# VWDQGDDUG
9602:#+9LHQQD#6WDQGDUG#0HDQ#2FHDQ#:DWHU/#GXV#GH]HOIGH#DOV#YRRU#GHXWHULXP,1

$QDO\VH#YDQ# 4;2# LQ#ZDWHU#JHEHXUW#G1P1Y1# ,506#DDQ#&250JDV1#'H4;20LVRWRSHQVLJQDWXXU# YDQ#KHW
ZDWHU#ZRUGW#GDDUELM#HHUVW#RYHUJHEUDFKW#RS#&25#GRRU#KHW#ZDWHU#LQ#LVRWRSLVFK#HYHQZLFKW#WH#EUHQJHQ
PHW#&25#PHW#HHQ#EHNHQGH# LVRWRSHQVLJQDWXXU1#'H#DQDO\VH#ZRUGW#VWDQGDDUGPDWLJ#GRRU#YHHO# LVRWR0
SHQODERUDWRULD# XLWJHYRHUG/# LQ#1HGHUODQG# ELM# KHW#&,21#'H# NRVWHQ# YDQ# HHQ# DQDO\VH# YDULsUHQ# YDQ
IO1#93/0#WRW#483/01#4;2#ZRUGW#YDDN#JHOLMNWLMGLJ#PHW#5+#EHSDDOG>#LQ#GDW#JHYDO#]LMQ#GH#NRVWHQ#GRRUJDDQV
ODJHU1#'H#QDXZNHXULJKHLG#YDQ#GH#EHSDOLQJ#LV#EHWHU#GDQ#315Å1

0RQVWHUQDPH#YRRU#KHW#EHSDOHQ#YDQ#GH#G4;2#YDQ#ZDWHU#NDQ#YROJHQV#GH#VWDQGDDUGPHWKRGH#YRRU
JURQGZDWHU#JHEHXUHQ# +QRUPDDO#JHVSURNHQ#JHFRPELQHHUG#PHW#G5+,1#+HW#PLQLPXP# YROXPH# LV# 43
PO/#DDQ# WH#UDGHQ# LV#HFKWHU#433#PO# LQ#DIVOXLWEDUH#JOD]HQ#RI#GHVQRRGV#NXQVWVWRI# ++'3(/#/3(/#33,
IOHVVHQ1



$QDO\VH#YDQ#]XXUVWRI#LVRWRSHQ#LQ#DQGHUH#PROHFXOHQ#GDQ#ZDWHU#+ELMY1#FDUERQDDW/#QLWUDDW/#VXOIDDW,#JH0
EHXUW#LQ#1HGHUODQG#QLHW#VWDQGDDUGPDWLJ1#/DERUDWRULD#LQ#GH#96#HQ#&DQDGD#ELHGHQ#GH]H#VHUYLFH#ZHO
RS#+VHPL0,FRPPHUFLsOH#EDVLV#DDQ/#EY#GH#XQLYHUVLWHLWHQ#YDQ#%RVWRQ#HQ#:DWHUORR1#'H#SULM]HQ#KLHU0
YDQ#OLJJHQ#WXVVHQ#GH#IO1#483/0#HQ#IO1#683/0#SHU#DQDO\VH1#+LHUYRRU#LV#FD#83#PJ#PDWHULDDO#QRGLJ#HQ#GH
QDXZNHXULJKHLG#LV#EHWHU#GDQ#318#Å#9602:1

$18 =ZDYHO

9DQ#]ZDYHO#EHVWDDQ#YLHU#YHUVFKLOOHQGH#VWDELHOH# LVRWRSHQ# 656# +<8(,/# 666# +1:9(,/# 686# +7155(,#HQ
696# +3147(,1#6WDQGDDUGPDWLJ#ZRUGW#DOOHHQ# 676#EHSDDOG1#+HW# 670JHKDOWH#ZRUGW#XLWJHGUXNW#DOV#G676
W1R1Y1#GH#VWDQGDDUG#&'7#+&DxRQ#'LDEOR#PHWHRULWH,1

$QDO\VH#YDQ#676#JHEHXUW#PHW#,5061#$IKDQNHOLMN#YDQ#GH# WH#DQDO\VHUHQ#VWRI#ZRUGW#HHQ#YRRUEHKDQ0
GHOLQJ#XLWJHYRHUG#RP#DOOH#]ZDYHO#RP#WH#]HWWHQ#WRW#625#RI#6)9/#ZDDUYDQ#YHUYROJHQV#KHW#6760JHKDOWH
ZRUGW#EHSDDOG1#'H#DQDO\VH#RS#EDVLV#YDQ#6.)9#JHHIW#GRRUJDDQV#EHWURXZEDDUGHU# UHVXOWDWHQ1#'H
DQDO\VH#NRVW#FD#IO1#483/0#WRW#683/0#HQ#GH#QDXZNHXULJKHLG#OLJW#URQG#GH#315Å1

9RRU#GH#6760DQDO\VH#YDQ#VXOIDDW/#GH#VWRI#ZDDURS#6760DQDO\VH#KHW#PHHVW#ZRUGW#XLWJHYRHUG/#LV#FD#53
PJ#VXOIDDW#QRGLJ1#%LM#PRQVWHUV#PHW#HHQ#ODJH#VXOIDDWFRQFHQWUDWLH#NDQ#LQ#KHW#YHOG#HHQ#QHHUVODJ#ZRU0
GHQ#JHPDDNW#GRRU#WRHYRHJLQJ#YDQ#%D&O5#+WR[LVFK,1#+HW#%D627#QHHUVODJ#NDQ#GDQ#WHU#DQDO\VH#ZRU0
GHQ#DDQJHERGHQ1#:DQQHHU#KHW#ZDWHU#QDDVW#VXOIDDW#RRN#VXOILGH#EHYDW#GLHQW#KHW#VXOILGH#GLUHFW#QD
EHPRQVWHULQJ#WH#ZRUGHQ#YHUZLMGHUG#GRRU#QHHU#WH#VODDQ#YLD#WRHYRHJLQJ#YDQ#&G$F#+WR[LVFK,#RI#=Q$F
HQ#YHUYROJHQV#WH#GHFDQWHUHQ1#+HW#VXOILGH0QHHUVODJ#NDQ#GHVJHZHQVW#RRN#JHEUXLNW#ZRUGHQ#YRRU#6760
DQDO\VH1

$19 &KORRU

9DQ#FKORRU#NRPHQ#WZHH#VWDELHOH#LVRWRSHQ/#68&O#+:818(,#HQ#6:&O#+5718(,/#HQ#ppQ#UDGLRDFWLHYH# LVR0
WRRS/#69&O/#YRRU1

$1914 &KORRU06:

%HSDOLQJ# YDQ# 6:&O#JHEHXUW#PHW# ,506/#ZDDUELM#DO#KHW# FKORRU#ZRUGW# RPJH]HW# QDDU#PHWK\OFKORULGH
+&+6&O,1#'H#DQDO\VH#ZRUGW# LQ#1HGHUODQG#QLHW#VWDQGDDUGPDWLJ#XLWJHYRHUG/# ODERUDWRULD# LQ#GH#96#HQ
&DQDGD# OHYHUHQ#GH]H#VHUYLFH#ZHO1#+HW#6:&O#JHKDOWH#ZRUGW#XLWJHGUXNW#DOV#G6:&O# W1R1Y1#GH#VWDQGDDUG
602&#+6WDQGDUG#0HDQ#2FHDQ#&KORULGH,#HQ#GH#QDXZNHXULJKHLG#LV#EHWHU#GDQ#317Å1

$QDO\VH#YDQ#6:&O#LQ#FKORULGH#NRVW#FD#IO1#633/0#WRW#733/0>#DQDO\VH#YDQ#6:&O#LQ#RUJDQLVFKH#YHUELQGLQJHQ
YHUJW#HHQ#FRPSOH[H#YRRUEHKDQGHOLQJ#HQ#NRVW#FD1#IO1#;33/0#SHU#PRQVWHU1#'H#QDXZNHXULJKHLG#LV#EHWHU
GDQ#317Å#602&1

9RRU#GH#EHSDOLQJ# LV#PLQLPDDO#8#PJ#FKORRU#QRGLJ/#YHUGHU#ZRUGHQ#JHHQ#VSHFLDOH#PRQVWHUQDPH#HL0
VHQ#JHVWHOG1

$1915 &KORRU069

+HW#UDGLRDFWLHYH#69&O#KHHIW#HHQ#KDOIZDDUGHWLMG#YDQ#6134-438#MDUHQ#NRPW#YDQ#QDWXUH#LQ#]HHU#ODJH#JH0
KDOWHV#YRRU1#'H#DQDO\VH#HUYDQ#LQ#FKORULGH#JHEHXUW#GDQ#RRN#P1E1Y1#$061#'RRUJDDQV#ZRUGW#KHW#FKOR0
ULGH# JHVFKHLGHQ# YDQ# VWRUHQGH# FRPSRQHQWHQ# GRRU# KHW# QHHU# WH# VODDQ# DOV#$J5&O51#'H# DQDO\VH# LV



NRVWEDDU#+WRW#IO1#41333/0,#HQ#ZRUGW# LQ#1HGHUODQG#QLHW#VWDQGDDUGPDWLJ#XLWJHYRHUG1#9RRU#GH#EHSDOLQJ
LV#58#PJ#FKORULGH#QRGLJ>#HU#JHOGHQ#JHHQ#VSHFLDOH#PRQVWHUQDPH#HLVHQ1

$1: 0HWDOHQ

(U#]LMQ#WZHH#JHVFKLNWH#PHWKRGHQ#YRRU#KHW#PHWHQ#YDQ#PHWDDO# LVRWRSHQ=#%7KHUPDOO\# ,QGXFHG#0DVV
6SHFWURPHWU\%#+7,06,#HQ#,QGXFWLYHO\#&RXSOHG#3ODVPD#0DVV#6SHFWURPHWU\#+,&3006,1#0HW#7,06# LV
KHW#PRJHOLMN#QDXZNHXULJ#LVRWRSHQ#WH#PHWHQ#ELM#ODJH#FRQFHQWUDWLHV/#PDDU#GH#PHWKRGH#KHHIW#DOV#QD0
GHHO#GDW#KHW#QLHW#YRRU#DOOH#PHWDOHQ#WRHSDVEDDU# LV/#GH#DQDO\VH# ODQJ#GXXUW#HQ#GDW#GH#ELM#GH#DQDO\VH
RSWUHGHQGH# IUDFWLRQHULQJ# DOOHHQ# NDQ#ZRUGHQ# JHFRUULJHHUG# GRRU# WRHYRHJLQJ# YDQ# HHQ# DIZLMNHQGH
LVRWRRS#YDQ#KHW#WH#DQDO\VHUHQ#PHWDDO#]HOI/#ZDDUGRRU#GH#PRQVWHUYRRUEHUHLGLQJ#RPVODFKWLJ# LV1#,&30
06#LV#JHVFKLNW#YRRU#DOOH#HOHPHQWHQ#HQ#RPGDW#HHQ#YHUJHOLMNEDDU#PHWDDO#DOV#VWDQGDDUG#NDQ#ZRUGHQ
JHEUXLNW#+ELMY1#NRSHU#ELM#GH#DQDO\VH#YDQ#]LQN#HQ#YLFH#YHUVD,#LV#GH#PRQVWHUYRRUEHUHLGLQJ#HHQYRXGLJ1
7RW#HQNHOH#MDUHQ#JHOHGHQ#ZDV#,&3006#QLHW#JHYRHOLJ#JHQRHJ#YRRU#KHW#PHWHQ#YDQ#NOHLQH#YHUVFKLOOHQ
LQ# LVRWRSHQVDPHQVWHOOLQJ># WHJHQZRRUGLJ# LV#GLW#HFKWHU#VWHUN#YHUEHWHUG#GRRU#JHEUXLN# WH#PDNHQ#YDQ
PXOWLFROOHFWRU#GHWHFWLH#+0&0,&3006,1#$QDO\VH#YDQ#PHWDDO# LVRWRSHQ#ZRUGW#YRRU#SUDNWLVFKH# WRHSDV0
VLQJHQ#GDQ#RRN#YRRUQDPHOLMN#XLWJHYRHUG#PHW#,&30061

,Q#1HGHUODQG#YLQGW#DQDO\VH#YDQ#PHWDDO# LVRWRSHQ#SODDWV#ELM#GH#DIGHOLQJ#6XE0$WRPDLUH#&KHPLH#YDQ
GH#8QLYHUVLWHLW#8WUHFKW#+,&3006,#HQ#GH#DIGHOLQJ#0DVVDVSHFWURPHWULH#YDQ#GH#9ULMH#8QLYHUVLWHLW#$P0
VWHUGDP#+7,06,1#(U#LV#VOHFKWV#HHQ#EHSHUNW#DDQWDO#ODERUDWRULD#LQ#GH#ZHUHOG#GLH# LQ#KHW#EH]LW#]LMQ#YDQ
GH#YHUHLVWH#DSSDUDWXXU#YRRU#0&0,&30061#+LHURQGHU#HHQ#+RQYROOHGLJH,#OLMVW#PHW#HHQ#DDQWDO# ODERUD0
WRULD#GLH#DFWLHI#]LMQ#RS#GLW#JHELHG=

0# *UXSSH#,VRWRSHQ*HRORJLH/#8QLYHUVLWlW#%HUQ>
0# ,&3006#/DERUDWRU\/#8QLYHUVLW\#RI#5RFKHVWHU/#86>
0# *HRFKHPLVWU\#ODERUDWRU\/#8QLYHUVLW\#RI#4XHHQVODQG/#86>
0# 'HSW1#RI#7HUUHVWULDO#0DJQHWLVP/#&DUQHJLH#LQVWLWXWLRQ/#86>
0# 8QLYHUVLW\#RI#0LFKLJDQ/#861

+HW#LV#QLHW#EHNHQG#LQ#KRHYHUUH#GH]H#ODERUDWRULD#GH#DQDO\VHV#RRN#RS#+VHPL0,FRPPHUFLsOH#EDVLV#XLW0
YRHUHQ#HQ#ZDW#GH#HYHQWXHOH#SULMV#YDQ#HHQ#GHUJHOLMNH#DQDO\VH#]DO#]LMQ1#'H#9ULMH#8QLYHUVLWHLW#$PVWHU0
GDP#YHUZDFKW#ELQQHQNRUW#EHVFKLNNLQJ#WH#NULMJHQ#RYHU#HHQ#0&0,&30061

(U#ZRUGHQ#YRRU# LVRWRSHQ#DQDO\VHV#DDQ#PHWDOHQ#ZHLQLJ#VSHFLILHNH#HLVHQ#DDQ#PRQVWHUV#HQ#PRQ0
VWHUQDPH#JHVWHOG>#RYHU#KHW#DOJHPHHQ#JHOGHQ#GH]HOIGH#HLVHQ#DOV#YRRU#QRUPDOH#PHWDDO0DQDO\VHV1

$1; 2YHULJH#HOHPHQWHQ

1DDVW#GH#ERYHQJHQRHPGH#HOHPHQWHQ#]LMQ#HU#QRJ#HHQ#DDQWDO# UDGLRDFWLHYH# LVRWRSHQ#GLH#DOV# WUDFHU
ELM#GH#NDUDNWHULVHULQJ#YDQ#JURQGZDWHUVWURPLQJ# WRHSDVEDDU#]LMQ1#'H# WDEHOOHQ#KLHURQGHU#JHYHQ#HHQ
EHNQRSW#RYHU]LFKW#YDQ#GH#SUDNWLVFKH#JHJHYHQV#RYHU#GH]H#LVRWRSHQ1
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1E=#EHNHQG1
41# DQDO\WLVFKH#PRHLOLMNKHLG/#..#LV#]HHU#PRHLOLMN#00#PDNNHOLMN
51# PRHLOLMNKHLG#EHPRQVWHULQJ/#..#LV#]HHU#PRHLOLMN/#00#PDNNHOLMN
61# VFKDDO#ELM#FKHPLVFK#DFWLHI=#../#0QLHW#UHDFWLHI
71# VFKDDO#ELM#ODVW#YDQ#I\VLVFKH#SURFHVVHQ=#..#/#00ZHLQLJ#ODVW
81# +HW#SULQFLSH=#$#LV#DJH#PDUNHU/#,#LV#LQWHUQDO#FORFN#WUDFHU



%,-/$*(#%

$1$/<6(#7(&+1,(.(1

,VRWRSHQ# KHEEHQ# DOV#PHHVW# NHQPHUNHQGH# YHUVFKLO# KXQ#PDVVD># GLW#PDDNW# YRUPHQ# YDQ#PDVVD0
VSHFWURPHWULH# RP# LVRWRRS0YHUKRXGLQJHQ# WH#PHWHQ# YRRU# GH# KDQG# OLJJHQG1# (FKWHU/# YRRU# VWDELHOH
LVRWRSHQ#]LMQ#RRN#WZHH#DQGHUH#PHWKRGHQ#LQ#]ZDQJ/#GLH#JHEUXLN#PDNHQ#YDQ#GH#EHwQYORHGLQJ#YDQ#GH
JHULQJH#YHUVFKLOOHQ#LQ#HQHUJLHQLYHDXV#GLH#GRRU#GH#YHUVFKLOOHQGH# LVRWRSHQ# LQ#HHQ#PROHFXXO#ZRUGHQ
WHZHHJJHEUDFKW1#'H#EHNHQGVWH#YDQ#GH]H#WZHH#LV#NHUQVSLQUHVRQDQWLH#+105,1#'H]H#PHWKRGH#ZRUGW
YRRUDO#YRRU# 5+#YHHO# WRHJHSDVW/#HFKWHU#YRRUDO# LQ#YRHGLQJVPLGGHOHQ0VWXGLHV#HQ#ZRUGW#KLHU#QLHW#EH0
KDQGHOG1#'H#DQGHUH# LV# ODVHU#VSHFWURPHWULH>#GH]H# WHFKQLHN#YHUNHHUW#QRJ# LQ#KHW# UHVHDUFK0VWDGLXP/
PDDU#ELHGW#]HHU#JRHGH#SHUVSHFWLHYHQ#YRRU#GH#WRHNRPVW1

%141 6WDELHOH#LVRWRSHQ

9RRU#KHW#PHWHQ#YDQ#GH#VWDELHOH# LVRWRSHQ# LV#GH#GHWHFWLHOLPLHW#JHHQ#SUREOHHP=#RRN#GH#PHHVW#]HOG0
]DPH#VWDELHOH# LVRWRSHQ# +ELMY1#GHXWHULXP#PHW# 31348(,# NRPHQ# WRFK#QRJ# UXLPVFKRRWV# YRRU/# ]RGDW
KLHU#DOWLMG#PLQ#RI#PHHU# %JHZRQH%#PDVVDVSHFWURPHWULH#NDQ#ZRUGHQ# WRHJHSDVW1#9RRU#GH# OLFKWH#HOH0
PHQWHQ#ZRUGW#]JQ1# ,VRWRSH#5DWLR#0DVVD#6SHFWURPHWULH# +,506,#JHEUXLNW1#9RRU#GH#]ZDDUGHUH#HOH0
PHQWHQ# LV# 7KHUPDOO\# ,QGXFHG# 0DVV# 6SHFWURPHWU\# +7,06,# RI# ,QGXFWLYHO\# &RXSOHG# 0DVV
6SHFWURPHWU\#+,&3006,#LQ#JHEUXLN1

,VRWRSH#5DWLR#0DVV#6SHFWURPHWU\#+,506,
+LHUELM#YLQGW# LRQLVDWLH#YLQGW#SODDWV#PHW#HHQ#JDQJEDUH#%JORHLGUDDG0LRQLVDWRU%1#'H]H#WHFKQLHN# LV# WRH0
SDVEDDU#YRRU#GH#PHHVWH# %OLFKWH%#JDVVHQ/#]RGDW#GH]H#PHWKRGH#NDQ#ZRUGHQ#JHEUXLNW#YRRU#GH#VWD0
ELHOH#LVRWRSHQ=#5+/#46&/#481/#4;2/#676#HQ#6:&O1#,506#LV#WHJHQZRRUGLJ#WH#YLQGHQ#LQ#WZHH#XLWYRHULQJHQ=
GH#YDFX�P#%GXDO# LQOHW%#PHWKRGH/#ZDDULQ#HHQ#]XLYHU#PRQVWHU#JDV#YRRUWGXUHQG#DIZLVVHOHQG#JHPH0
WHQ#ZRUGW#PHW#HHQ#VWDQGDDUGJDV#YDQ#GH]HOIGH#VDPHQVWHOOLQJ1#'H]H#PHWKRGH#LV#GH#QDXZNHXULJVWH
GLH#YRRUKDQGHQ# LV/#PDDU#GH#PRQVWHUSUHSDUDWLH# LV#YDDN#EHZHUNHOLMN#HQ#YDDN#RRN#QDXZNHXULJKHLG0
OLPLWHUHQG1

(HQ#DOWHUQDWLHYH#YRUP#YDQ#,506/#GLH#GH#ODDWVWH#MDUHQ#VWHUN#LQ#RSPDUV#LV/#LV#JHEDVHHUG#RS#HHQ#IORZ
V\VWHHP=#KHW#RS# LVRWRSHQ# WH#DQDO\VHUHQ#JDV#ZRUGW# LQ#HHQ#KHOLXP0VWURRP#GH#PDVVD0VSHFWURPHWHU
LQJHYRHUG/#ZDDU# KHW# JHwRQLVHHUG# HQ#PDVVD0VHOHFWLHI# JHGHWHFWHHUG#ZRUGW1#'H]H#PHWKRGH#ZRUGW
PHHVWDO#PHW# %&RQWLQXRXV#)ORZ%# ,506#DDQJHGXLG1#+HW#JURWH#YRRUGHHO#YDQ#GH]H#PHWKRGH# LV/#GDW
DOOH# UHHGV# XLW# GH# DQDO\WLVFKH# FKHPLH# EHNHQGH# VHOHFWLHPHWKRGHQ/# JHEDVHHUG# RS# JDVFKURPDWR0
JUDILH/#RS#GH]H#ZLM]H#JHFRPELQHHUG#NXQQHQ#ZRUGHQ#PHW# ,5061#+LHUGRRU#ZRUGW#KHW#PRJHOLMN#GH
PRQVWHUSUHSDUDWLH#DXWRPDWLVFK#+HQ#]HHU#VHOHFWLHI,#XLW#WH#YRHUHQ/#]RGDW#FRPSRQHQWVSHFLILHNH#LVRWR0
SHQDQDO\VH#PRJHOLMN#ZRUGW1#1DGHHO#YDQ#GH#PHWKRGH#LV#GH#JHULQJHUH#QDXZNHXULJKHLG#W1R1Y1#GH#GXDO
LQOHW0PHWKRGH1

+HW#DDQWDO#PDQLHUHQ#YDQ#PRQVWHUSUHSDUDWLH#YRRUDIJDDQG#DDQ#&)0,506#LV#DO#]HHU#JURRW/#HQ#QHHPW
QRJ#GDJHOLMNV#WRH1#$OV#GH#EHODQJULMNVWH#QRHPHQ#ZH=#(OHPHQWDO#$QDO\LV#+%EXON%#YHUEUDQGLQJ#YDQ#KHW
PRQVWHU,/#*DV&KURPDWRJUDSK0&RPEXVWLRQ# +*&#VHSDUDWLH#YDQ#GH#EHVWDQGGHOHQ#YDQ#KHW#PRQVWHU
JHYROJG#GRRU#RSHHQYROJHQGH#YHUEUDQGLQJ#YDQ#GH#FRPSRQHQWHQ,#HQ#3\URO\VH/#JHYROJG#GRRU#DQDO\0
VH#YDQ#GH#ZDWHUVWRI0LVRWRSHQ#LQ#+5#HQ#GLH#YDQ#NRROVWRI#HQ#]XXUVWRI#LQ#&21



7KHUPDOO\#,QGXFHG#0DVV#6SHFWURPHWU\#+7,06,
%LM#GH]H#DQDO\VH#PHWKRGH#YRRU#]ZDUH#LVRWRSHQ#ZRUGHQ#GH#PROHFXOHQ#JHwRQLVHHUG#GRRU#VWHUNH#YHU0
KLWWLQJ1#'H#RQWVWDQH#LRQHQ#ZRUGHQ#YHUYROJHQV#JHVFKHLGHQ#HQ#JHDQDO\VHHUG#P1E1Y1#PDVVDVSHFWUR0
PHWULH1#1DGHHO#YDQ#GH]H#PHWKRGH# LV#GDW#GH# IUDFWLRQHULQJ#GLH#RSWUHHGW# WLMGHQV#GH#DQDO\VH#VOHFKWV
NDQ#ZRUGHQ#JHFRUULJHHUG#GRRU#WRHYRHJLQJ#YDQ#LQWHUQH#VWDQGDDUG#YDQ#HHQ#DQGHUH# LVRWRRS#YDQ#KHW
WH#DQDO\VHUHQ#PHWDDO1#'LW#PDDNW#GH#DQDO\VH#FRPSOH[/#NRVWEDDU#HQ#VOHFKWV# YRRU#HHQ#DDQWDO#HOH0
PHQWHQ#WRHSDVEDDU#+HU#GLHQHQ#PLQVWHQV#GULH#VWDELHOH#LVRWRSHQ#YDQ#KHW#HOHPHQW#WH#EHVWDDQ,1#9RRU0
GHHO#YDQ#GH#PHWKRGH#LV#HFKWHU#GH#KRJH#JHYRHOLJKHLG1

,QGXFWLYHO\#&RXSOHG#0DVV#6SHFWURPHWU\#+,&3006,
,&3006# LV#HHQ#PHWKRGH#GLH# LQ#SULQFLSH# WRHSDVEDDU# LV# YRRU#DOOH#HOHPHQWHQ/#PDDU# LQ#GH#SUDNWLMN
YRRUDO#YRRU#GH#]ZDUH#HOHPHQWHQ#ZRUGW#JHEUXLNW1#,RQLVDWLH#YLQGW#SODDWV#GRRU#LQGXFWLH1#+HW#SUREOHHP
ELM#GH]H#PHWKRGH#YDQ#LVRWRSHQ#DQDO\VH#LV#GH#YULM#ODJH#JHYRHOLJKHLG1#5HFHQWH#RQWZLNNHOLQJHQ#]RDOV
PXOWLFROOHFWRU#GHWHFWLH#PDNHQ# ,&3006# WRW#HHQ#JHVFKLNWH/#JHYRHOLJH#DQDO\VHPHWKRGH#YRRU#]ZDUH
LVRWRSHQ1

/DVHU#6SHFWURPHWLH
(HQ#SULQFLSLHHO#YROOHGLJ#DQGHUH#PHWKRGH#YRRU#KHW#PHWHQ#YDQ# LVRWRSHQVDPHQVWHOOLQJ# LV#JHEDVHHUG
RS#GH#RSWLVFKH# VSHFWURPHWULH1#0ROHFXOHQ# YDQ#HHQ# VWRI#PHW# YHUVFKLOOHQGH# LVRWRSHQVDPHQVWHOOLQJ
+ELMY1#ZDWHU#PHW#DOOHHQ# OLFKWH# LVRWRSHQ#HQ#ZDWHU#PHW#HHQ#GHXWHULXP0DWRRP,#DEVRUEHUHQ# OLFKW#YDQ
YHUVFKLOOHQGH# IUHTXHQWLHV#RS#YHUVFKLOOHQGH#ZLM]H1#9DQ#GLW#SULQFLSH#NDQ#PHQ# WHJHQZRRUGLJ#P1E1Y1
ODVHUV#YULM#HHQYRXGLJ#JHEUXLN#PDNHQ1#+LHUYRRU#LV#YRRUDO#KHW#]JQ#PLGGHQ0LQIUDURRG#IUHTXHQWLHJHELHG
JRHG#EUXLNEDDU#YRRU#PROHFXOHQ#PHW#;0+#ELQGLQJHQ#+PHW#;# #&/#2#RI#1,1#+HW#RQGHUVFKHLGHQG#YHU0
PRJHQ# LV#P1E1Y1#GH#KXLGLJH# ODVHUEURQQHQ#YULMZHO#RQJHOLPLWHHUG1#:HO# LV#GH#ELM#KHW# LVRWRSHQZHUN# WH
EHKDOHQ/#]HHU#KRJH/#UHODWLHYH#QDXZNHXULJKHLG#HHQ#SUREOHHP/#ZDDU#GH#PHHU# LQ#IXQGDPHQWHOH#PR0
OHFXXOVWUXFWXXU# JHwQWHUHVVHHUGH# VSHFWURVFRSLVWHQ# +I\VLFL# HQ# FKHPLFLH,#PLQGHU# LQ# JHwQWHUHVVHHUG
]LMQ1#2S#GLW#JHELHG# LV#GH#PHWKRGH#GDQ#RRN#QRJ#QLHW#YROZDVVHQ#JHZRUGHQ1#+HW#&,2#KHHIW/#PLQ#RI
PHHU#DOV#HHUVWH#JURHS#LQ#GH#ZHUHOG/#RS#GLW#JHELHG#WRHJHSDVW#RQGHU]RHN#JHGDDQ/#HQ#LQPLGGHOV#HHQ
EUXLNEDUH#PHWKRGH#YRRU#KHW#PHWHQ#YDQ#ZDWHU0LVRWRSHQ#RQWZLNNHOG#>.HUVWHO#HW#DO1/#4<<<@1

'H#PHHWPHWKRGH#NDQ#LQ#SULQFLSH#]RQGHU#JURWH#SUREOHPHQ#RRN#JHVFKLNW#JHPDDNW#ZRUGHQ#YRRU#DQ0
GHUH#PROHFXOHQ/#]RDOV#&25/#&+7/#1+7/#152/#HWF1#2RN#JURWHUH#PROHFXOHQ#+EHQ]HHQ$,#YHUVFKLOOHQ#LQ
KXQ#VSHFWUDDO#JHGUDJ#QLHW#SULQFLSLHHO# +KRHZHO#GH#]DDN#GDQ#ZHO#JHFRPSOLFHHUGHU#ZRUGW#GRRU#KHW
JURWH#DDQWDO#PRJHOLMNH#PDQLHUHQ/#ZDDURS#HHQ#LVRWRRS#NDQ#ZRUGHQ#LQJHERXZG,1#'H#NRPHQGH#MDUHQ
]XOOHQ#KRRJVWZDDUVFKLMQOLMN#RS#GLW#JHELHG# LQWHUHVVDQWH#RQWZLNNHOLQJHQ# ODWHQ#]LHQ/#GLH# LVRWRSHQPH0
WLQJHQ#HHQYRXGLJHU#+G1Z1]1#PHW#PLQGHU#PRQVWHU0SUHSDUDWLH,#HQ#ZHOOLFKW#JRHGNRSHU#NXQQHQ#PDNHQ1

%15 5DGLRDFWLHYH#LVRWRSHQ

5DGLRDFWLYLWHLWVPHWLQJHQ
%LM# GH]H# DQDO\VH# YDQ# UDGLRDFWLHYH# LVRWRSHQ#PRHW# KHW#PRQVWHU# LQ# HHQ# JHVFKLNWH# YRUP# JHEUDFKW
ZRUGHQ#YRRU#GH#PHWLQJ1#%LM#JHEUXLN#YDQ#SURSRUWLRQHOH#WHOEXL]HQ#+3URSRUWLRQDO#*DV#&RXWLQJ#RI#3&*,
LV#KHW#WH#PHWHQ#PRQVWHU#WHJHOLMNHUWLMG#KHW#WHOJDV/#G1Z1]1#GH#YXOOLQJ#YDQ#GH#SURSRUWLRQHOH#WHOEXLV#GLH
HHQ#HOHFWURQHQ0ODZLQH#ODDW#RQWVWDDQ1#9RRU#47&#LV#&25#GH#YRRU#GH#KDQG#OLJJHQGH#NHX]H/#YRRU#6+#LV
KHW#PHHVWDO#HWKHHQ1#9RRU#QDWXXUOLMNH#PRQVWHUV#PRHW#KHW#WULWLXP0JHKDOWH#HHUVW#+PHW#HHQ#IDFWRU#8#WRW
43,#ZRUGHQ#RSJHVFKURHIG#RP#HHQ#EHWURXZEDUH#PHWLQJ# WH#YHUNULMJHQ1#'LW#JHEHXUW#RS#HHQ# URXWLQH0
PDWLJH#ZLM]H#P1E1Y1#HOHNWURO\VH#YDQ#KHW#ZDWHU1

%LM#YORHLVWRI#VFLQWLOODWLH# WHOOLQJ# +/LTXLG#6FLQWLOODWLRQ#&RXQWLQJ#RI#/6&,/#HHQ#YHHO#HHQYRXGLJHU/#PDDU
PLQGHU#JHYRHOLJH#WHFKQLHN/#LV#GH#YRRU#47&#PHHVW#JHEUXLNWH#VWRI#EHQ]HHQ1



$FFHOHUDWRU#0DVV#6SHFWURPHWU\#+$06,
'RRU#JHEUXLN#YDQ#XLW#GH#NHUQI\VLFD#DINRPVWLJH#]JQ1#7DQGHP0YHUVQHOOHUV#LV#KHW#PRJHOLMN#JHZRUGHQ
XOWUDJHYRHOLJH#PDVVDVSHFWURPHWULH# WH#EHGULMYHQ/#]RGDQLJ#GDW#GH#GHWHFWLHOLPLHW#YROGRHQGH# ODDJ# LV
YRRU#KHW#PHWHQ#YDQ#GH#QDWXXUOLMNH#UDGLRDFWLHYH#LVRWRSHQ/#]RDOV#47&#HQ#69&O1#'H#ZHUNLQJ#EHUXVW#RS
GH#FRPELQDWLH#YDQ#GULH#HIIHFWHQ=#VWDUW#YDQ#KHW# LRQLVDWLHSURFHV#PHW#QHJDWLHYH# LRQHQ/# ODGLQJVXLWZLV0
VHOLQJVUHDFWLH#ELM#KRJH#HQHUJLH/#HQ# WHQ#VORWWH# LQGLYLGXHOH# LRQHQGHWHFWLH# LV#PRJHOLMN#GRRU#GH# ]HHU
KRJH#HQHUJLH#YDQ#GH#LRQHQ1





%,-/$*(#&

,62723(1#/$%25$725,$

'H#RQGHUVWDDQGH#WDEHO#JHHIW#HHQ#RYHU]LFKW#YDQ#GH#1HGHUODQGVH# ODERUDWRULD#GLH#]LFK#EH]LJKRXGHQ
PHW# LVRWRSHQ#DQDO\VH1#+HW#&,2/#GH#DIGHOLQJ#6XE0$WRPDLUH#)\VLFD#YDQ#GH#8QLYHUVLWHLW#YDQ#8WUHFKW
HQ#KHW#1,2=#YRHUHQ#GH#DQDO\VHV# VWDQGDDUGPDWLJ#RS# VHPL0FRPPHUFLsOH#EDVLV#XLW/#G1Z1]1#GDW#GH
DQDO\VH0IDFLOLWHLWHQ#RRN#ZRUGHQ#JHEUXLNW#YRRU#DQDO\VHV#YRRU#EXLWHQVWDDQGHUV

/DERUDWRULXP $SSDUDWXXU $QDO\VHV

5LMNVXQLYHUVLWHLW#*URQLQJHQ/#&HQWUXP#YRRU
,VWRSHQ2QGHU]RHN#+&,2,

,506/#$06/#3*&/
ODVHU#VSHFWURPHWHU

5+/#6+/#46&/#47&/#481/#4:2/#4;2

8QLYHUVWHLW#8WUHFKW/#6XE0DWRPDLUH#)\VLFD $06 47&246&/#6:&O
8QLYHUVWHLW#8WUHFKW/#3HWURORJLH ,&3006 PHWDOHQ
9ULMH#8QLYHUVLWHLW#$PVWHUGDP/#0DVVDVSHF0
WURPHWULH

,506/#7,06 46&/#4;2/#PHWDOHQ

1HGHUODQGV#,VWLWXXW#YRRU#2QGHU]RHN#GHU#=HH
+1,2=,

,506/#*&0&0,506 46&/#RRN#FRPSRQHQW0VSHFLILHN#+ROLH,

71209RHGLQJ *&0&0,506 46&#FRPSRQHQWVSHFLILHN#+DURPDWHQ",

8LWHUDDUG#]LMQ#HU#RRN#EXLWHQ#1HGHUODQG# ODERUDWRULD#GLH#JHVSHFLDOLVHHUG#]LMQ# LQ# LVRWRSHQ#DQDO\VHV/
ZDDUYDQ#HU#PHW#QDPH#LQ#1RRUG0$PHULND#YHHO#RRN#RS#VHPL0FRPPHUFLsOH#EDVLV#ZHUNHQ1#+HW#YRHUW#WH
YHU#KLHU#HHQ#XLWJHEUHLGH# OLMVW#PHW# ODERUDWRULD#HQ#DQDO\VHFDSDFLWHLWHQ# WH#SUHVHQWHUHQ1#2S# LQWHUQHW
]LMQ#HHQ#WZHHWDO#QXWWLJH#VLWHV#WH#YLQGHQ#GLH#HHQ#RSVRPPLQJ#JHYHQ#YDQ#LVRWRSHQ#ODERUDWRULD=
0# ,62*(2&+(0#+KWWS=22JHRORJ\1XYP1HGX2JHRZZZ2LVRJHRFKHP1KWPO1,
0# &KHDWKDPV#,QVWUXPHQWDWLRQ#3DJHV

+KWWS=22ZZZ1JHRFKHPLVWU\1V\U1HGX2FKHDWKDP2,QVWU3DJHV1KWPO,

+LHURQGHU#HHQ#NRUWH/#VXEMHFWLHYH#OLMVW#PHW#ODERUDWRULD#GLH#LQ#EH]LW#]LMQ#YDQ#VSHFLILHNH#DSSDUDWXXU#RI
ZDDUYDQ#EHNHQG#LV#GDW#DQDO\VHV#VWDQGDDUGPDWLJ#+VHPL0,FRPPHUFLHHO#ZRUGHQ#XLWJHYRHUG1

/DERUDWRULXP $QDO\VHV

%HWD#$QDO\WLF#,QF/#86$ 5+/#6+/#46&/#47&/#4;2
&6,52#,VRWRSH#$QDO\VLV#6HYLFH/#$X OLFKWH#VWDELHOH#LVRWRSHQ#WRW#4;2/#47&
'HSW1#RI#7HUUHVWULDO#0DJQHWLVP/#&DUQHJLH#LQVWLWXWLRQ/#86$ PHWDOHQ#YLD#0&0,&3006
(QYLURQPHQWDO#,VRWRSH#/DERUDWRU\/
8QLYHUVLW\#RI#:DWHUORR/#&D

DOOH#OLFKWH#VWDELHOH#LVRWRSHQ#LQ#GLY1#PDWULFHV#+46&
RRN#FRPSRQHQWVSHFLILHN,/#5+/#47&

*HRFKHPLVWU\#ODERUDWRU\/#8QLYHUVLW\#RI#4XHHQVODQG/#86$ PHWDOHQ#YLD#0&0,&3006
*UXSSH#,VRWRSHQ*HRORJLH/#8QLYHUVLWlW#%HUQ/#&+ PHWDOHQ#YLD#0&0,&3006
+\GUR0,VRWRS#/DE/#8QLYHUVLWHLW#YDQ#0�QFKHQ OLFKWH#LVRWRSHQ#LQ#GLYHUVH#PDWULFHV/#6+/#6+26+H
,&3006#/DERUDWRU\/#8QLYHUVLW\#RI#5RFKHVWHU/#86$ PHWDOHQ#YLD#0&0,&3006
,VR0DQDO\WLFDO#/WG/#8. OLFKWH#VWDELHOH#LVRWRSHQ#LQ#GLYHUVH#PDWULFHV
6WDEOH#,VRWRSH#/DERUDWRU\/#%RVWRQ#8QLYHUVLW\/#86$ 5+/#6+/#46&/#47&/#4;2
6WDEOH#,VRWRSH#/DERUDWRU\/#8QLYHUVLW\#RI#7RURQWR/#&D 46&#FRPSRQHQWVSHFLILHN
4XHHQV#,VRWRSH#ODERUDWRU\/#4XHHQV#8QLYHUVLW\/#&D DOOH#OLFKWH#VWDELHOH#LVRWRSHQ





%,-/$*(#'

6$0(19$77,1*#,17(59,(:6

2P#HHQ#RYHU]LFKW#WH#NULMJHQ#YDQ#GH#VWDQG#YDQ#]DNHQ#]LMQ#LQWHUYLHZV#JHKRXGHQ#PHW#HHQ#DDQWDO#1H0
GHUODQGVH#HQ#EXLWHQODQGVH#H[SHUWV#RS#KHW#JHELHG#YDQ#LVRWRSHQ#DQDO\VH1#1DDVW#HHQ#DDQWDO#DOJHPH0
QH#YUDJHQ#]LMQ#HU#RRN#YUDJHQ#JHVWHOG#RS#KHW#VSHFLILHNH#YDNJHELHG#YDQ#GH#JHwQWHUYLHZGHQ1#,Q#GH]H
ELMODJH#ZRUGHQ#LQ#GH#PHHVWH#JHYDOOHQ#DOOHHQ#GH#DOJHPHQH#SXQWHQ#ZHHUJHJHYHQ>#UHOHYDQWH#VSHFLD0
OLVWLVFKH#LQIRUPDWLH#LV#YHUZHUNW#LQ#GH#KRRIGWHNVW#YDQ#KHW#ZHUNGRFXPHQW1#8LW]RQGHULQJ#KLHURS#LV#KHW
LQWHUYLHZ#PHW#%1#6KHUZRRG0/ROODU/#GDW#YDQZHJH#KDDU#VSHFLILHNH#NHQQLV#RS#KHW#JHELHG#YDQ#FRPSR0
QHQWVSHFLILHNH#LVRWRSHQ#DQDO\VH#YRRUQDPHOLMN#RS#GH]H#WHFKQLHN#LV#JHULFKW1

'H#JHwQWHUYLHZGHQ#]LMQ
0# 31#)ULW]#+8PZHOW)RUVFKXQJV=HQWUXP#/HLS]LJ0+DOOH,
0# -1#*ULIILRHQ#+1HGHUODQGV#,QVWLWXXW#YRRU#7RHJHSDVWH#*HRORJLH0712,
0# -1#61#6LQQLQJKH#'DPVWp#HQ#61#6FKRXWHQ#+1HGHUODQGV#,QVWLWXXW#YRRU#2QGHU]RHN#GHU#=HH,
0# 31#6WXLI]DQG#+.LZD#19,
0# ,1'1#&ODUN#+8QLYHUVLW\#RI#2WWDZD,
0# :1*1#0RRN#+5LMNVXQLYHUVLWHLW#*URQLQJHQ,
0# +1$1-1#0HLMHU#+5LMNVXQLYHUVLWHLW#*URQLQJHQ,
0# -1'1#.UDPHUV#+8QLYHUVLWlW#%HUQ,
0# %1#6KHUZRRG0/ROODU#+8QLYHUVLW\#RI#7RURQWR,



'14 ,QWHUYLHZ#PHW#31#)ULW]#+8)=#/HLS]LJ0+DOOH,

41# (UYDULQJHQ#PHW#LVRWRSHQRQGHU]RHN/#K\GURJHRORJLVFKH#WRHSDVVLQJHQ#LQ#KHW#ELM]RQGHU1

3DOHRFOLPDWRORJLH/#HQ#GDQ#YRRUQDPHOLMN# LQ#KHW# WLMGYDN#+RORFHHQ1#9HHO#JHPHWHQ#DDQ# 5+#YRRU# NOL0
PDDWUHFRQVWUXFWLH1#'DDUQDDVW#PHW# LVRWRSHQ#K\GURORJLH# LQ#$PHULND/#YRRUDO#RS#KHW#JHELHG#YDQ#QX0
FOHDLUH#GHSRVLWLH1#9DQ#GH#VWDELHOH#LVRWRSHQ#YRRUDO#69&O/#5+#HQ#46&#YRRU#JHRFKHPLVFKH#SURFHVVHQ

51# 7RHJHYRHJGH#ZDDUGH#YRRU#KHW#WRHSDVVHQ#YDQ#LVRWRSHQ#DQDO\VH#ELM#ERGHPRQGHU]RHN# LQ
KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ# LQ#KHW#ELM0
]RQGHU1

,VRWRSHQ#NXQQHQ#HLJHQOLMN#LQ#DOOH#YDNJHELHGHQ#GLH#HU#PDDU#WH#YHU]LQQHQ#]LMQ#JHEXLNW#ZRUGHQ1

61# 'H#EHODQJULMNVWH#EHSHUNLQJHQ# DDQ#KHW#JHEUXLN# YDQ# LVRWRSHQ# DQDO\VH# ELM# ERGHPRQGHU0
]RHN#LQ#KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJ#LQ#KHW
ELM]RQGHU1

+HW# YRRUQDDPVWH#QDGHHO# YDQ#KHW#JHEUXLN# YDQ# LVRWRSHQ# LV#GH#KRJH#SULMV# YDQ#GH#DQDO\VHV1#9RRU
QLHXZH#WHFKQLHNHQ#LV#QLHW#]R]HHU#GH#PHWLQJ/#PDDU#PHHU#GH#VFKHLGLQJ#YRRUDI#KHW#SUREOHHP1#9HUGHU
]LMQ#HU#DQDO\WLVFK#VRPV#QRJ#ZDW#PRHLOLMNKHGHQ/#]RDOV#ELMYRRUEHHOG#HHQ# WH# ODJH# FRQFHQWUDWLH# YDQ
VWRIIHQ#RP#QRJ#PHWLQJHQ#XLW#WH#YRHUHQ1#,Q#SULQFLSH#PRHW#PHQ#YRRU#JRHGH# LQWHUSUHWDWLH#DOWLMG#QDDVW
GH# LVRWRSHQ#PHWLQJHQ#FKHPLVFKH#PHWLQJHQ#XLW#YRHUHQ1#'H]H# WZHH#PRHWHQ#HLJHQOLMN#DOWLMG#JHFRP0
ELQHHUG#ZRUGHQ/#]HNHU#YRRU#&#ELMYRRUEHHOG#RPGDW#GH#&0F\FOHV#]HHU#FRPSOH[#LV1#8LW]RQGHULQJ#KLHU0
RS#LV#PLVVFKLHQ#&O2%#ZDDUYRRU#GLW#QLHW#DOWLMG#QRGLJ#LV1

71# 'H#PHHVW#YHHOEHORYHQGH#RQWZLNNHOLQJHQ#RS#KHW#JHELHG#YDQ# LVRWRSHQ#DQDO\VH#YRRU#ER0
GHPRQGHU]RHN1

(U#]LMQ#YRRUDO#QRJ#YHHO#PRJHOLMNKHGHQ#RS#KHW#JHELHG#YDQ#ELRGHJUDGDWLH1#'DDUQDDVW#LV#RRN#QRJ#YHHO
RQWZLNNHOLQJ#PRJHOLMN#YRRU# +JHRFKHPLVFKH,#SURFHV#DQDO\VH1#3URIHVVRU#)ULW]# ]LHW# ]HOI# YRRUDO# YHHO
PRJHOLMNKHGHQ#LQ#GH#%RRU0WHFKQLHN/#GH]H#PRHW#HFKWHU#QRJ#YHUGHU#RQWZLNNHOG#ZRUGHQ#YRRUGDW#GH]H
JRHG#WRHSDVEDDU# LV# LQ#RQGHU]RHN1#2RN#PRHW#PHHU#DDQGDFKW#EHVWHHG#ZRUGHQ#DDQ#&O#DQDO\VH1#'LW
LVRWRRS#LV#HHQ#EHHWMH#RQGHUJHVFKRYHQ#WHQ#RS]LFKWH#YDQ#ELMYRRUEHHOG#&#HQ#+#WHUZLMO#GLW#LVRWRRS#WRFK
QXWWLJ# NDQ# ]LMQ1#(U#EHYLQGHQ# ]LFK#HFKWHU#QRJ#SUREOHPHQ#RS#DQDO\WLVFK#JHELHG# HQ# RRN# GH# VFKHL0
GLQJVWHFKQLHNHQ#]LMQ#QRJ#QLHW#RSWLPDDO1



'15 ,QWHUYLHZ#PHW#-1#*ULIILRHQ#+1,7*0712,

41# (UYDULQJHQ#PHW#LVRWRSHQRQGHU]RHN/#K\GURJHRORJLVFKH#WRHSDVVLQJHQ#LQ#KHW#ELM]RQGHU1

*HRFKHPLVFKH#NDUDNWHULVHULQJ#P1E1Y1#46&>#5+#HQ#4;2#YRRU#KHW#NDUDNWHULVHUHQ#YDQ#RSSHUYODNWHZD0
WHU#HQ#ULYLHUZDWHU1#'DDUQDDVW#ZHUN#PHW#UDGLRJHODEHOGH# LVRWRSHQ#DOV# WUDFHU1#(U#ZHUG#JHPHWHQ#DDQ
6+/#&D/# 47&#HQ#&O1#ELM#RQGHU]RHN#QDDU#VRUSWLH#YDQ#FDOFLXP#DDQ#GH#VHGLPHQWHQ1#+\GURFKHPLVFKH
VWXGLHV#JHGDDQ#LQ#1HGHUODQG=#6+#DOV#DDQ2XLW#VFKDNHODDU#RP#WH#NLMNHQ#RI#ZDWHU#YDQ#YRRU2QD#4<83#LV/
4;2#RP#RQGHUVFKHLG#LQ#GH#FHQWUDOH#VOHQN#WH#PDNHQ#WXVVHQ#UHFHQW#HQ#JODFLDDO#ZDWHU#HQ#46&#RP#GH
NRROVWRI#FKHPLH#URQG#WH#NULMJHQ1

51# 7RHJHYRHJGH#ZDDUGH#YRRU#KHW#WRHSDVVHQ#YDQ#LVRWRSHQ#DQDO\VH#ELM#ERGHPRQGHU]RHN# LQ
KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ# LQ#KHW#ELM0
]RQGHU1

'H#KHHU#*ULIILRHQ#]LHW#]HNHU# WRHJHYRHJGH#ZDDUGH# YDQ# LVRWRSHQ#ELM#RQGHU]RHN1#'H#EHODQJULMNVWH
LQIRUPDWLH#EURQ#GLH#XLW#LVRWRSHQ#VRPV#WH#YHUNULMJHQ#LV/#LV#RP#GH#EURQIXQFWLH#KHUOHLGHQ/#GLW#LV#DQGHUV
VRPV#HUJ#PRHLOLMN1#'LW#SULQFLSH#LV#YRRU#3E#LVRWRSHQ#HQ#YRRU#&#LVRWRSHQ#+YRRU#EHQ]HHQ#ELMYRRUEHHOG,
WH#JHEUXLNHQ1#9RRUZDDUGH#LV#ZHO#GDW#GH#VLJQDWXXU#XQLHN#PRHW#]LMQ1

61# 'H#EHODQJULMNVWH#EHSHUNLQJHQ# DDQ#KHW#JHEUXLN# YDQ# LVRWRSHQ# DQDO\VH# ELM# ERGHPRQGHU0
]RHN#LQ#KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJ#LQ#KHW
ELM]RQGHU1

(HQ#EHODQJULMNH#EHSHUNLQJ#NDQ#]LMQ#GDW#GH#EURQ#QLHW#GXLGHOLMN#LV/#GLW#NDQ#]HNHU#KHW#JHYDO#]LMQ#ELM#RU0
JDQLVFKH#YHURQWUHLQLJLQJHQ1#%LM#GH#ZLQSODDWV#YDQ#ROLH#HQ#JDV#]DO#GH#VLJQDWXXU#YDDN#YULMZHO#XQLHN
]LMQ/#PDDU#ELMYRRUEHHOG#HHQ#ROLH#RYHUVODJSODDWV#]LMQ#HU#YHUVFKLOOHQGH#EURQQHQ1#+LHUGRRU#LV#KHW#YDDN
PRHLOLMN#RP#GDQ#GH#YHUVFKLOOHQGH#EURQQHQ#RS#]R*Q#RYHUVODJ#WH#DFKWHUKDOHQ1#'XV#ELM#HHQ#KHWHURJHHQ
PLOLHX# LV#KHW#PRHLOLMN#RP#GH#EURQQHQ# WH#DFKWHUKDOHQ1#(HQ#DQGHU#SUREOHHP# LV#GHHOV#GH#GHWHFWLHOL0
PLHW/#GLW#NDQ#YRRUDO#YRRU#EHQ]HHQ#HHQ#SUREOHHP#]LMQ#RPGDW#MH#QRJ#QLHW#]R#ODDJ#NDQ#PHWHQ1

9HUGHU#PRHWHQ#GH#YHUDQGHULQJHQ#GLH#RSWUHGHQ#GXVGDQLJ#]LMQ#GDW#MH#VLJQLILFDQW#LHWV#NDQ#PHWHQ1#$OV
MH#EHQ]HHQ#JHKDOWH#ELMYRRUEHHOG# YULM# ODDJ# LV#GDQ#KRHIW#GH#DIEUDDN# YDQ#EHQ]HHQ#JHHQ# LPSDFW# WH
KHEEHQ#RS#GH#G46&#ZDDUGH1#'H#KRHYHHOKHLG#&25#GLH#GRRU#GH#ERGHP#ZRUGW#JHSURGXFHHUG#NDQ#]R
KRRJ#]LMQ/#GDW#GH#YHUDQGHUGH#LVRWRSHQ#ZDDUGH#YDQ#GH#&25#JHSURGXFHHUG#GRRU#DIEUDDN#ZHJYDOW# LQ
KHW#JHKHHO1#+LHUGRRU#]DO#MH#GDQ#JHHQ#YHUDQGHULQJ#LQ#MH#&25#LVRWRSHQ#UDWLR#PHWHQ1

71# 'H#PHHVW#YHHOEHORYHQGH#RQWZLNNHOLQJHQ#RS#KHW#JHELHG#YDQ# LVRWRSHQ#DQDO\VH#YRRU#ER0
GHPRQGHU]RHN1

(HQ#YDQ#GH#PHHVW#YHHOEHORYHQGH# WHFKQLHNHQ# LV#GH#FRPSRQHQWVSHFLILHNH# ,506# +GLH#RRN#ELM#KHW
HLJHQ#RQGHU]RHN#ZRUGW#JHEUXLNW,1#'H]H#WHFKQLHN#VWDDW#LQ#GH#DDQGDFKW#ELM#GH#RUJDQLVFK#JHRFKHPLH/
LQ#8WUHFKW#ZRUGW#GH]H# WHFKQLHN#ELMYRRUEHHOG#JHEUXLNW#YRRU#SDOHRUHFRQVWUXFWLH1#9HUGHU#]LMQ#HU#RRN
RQWZLNNHOLQJHQ#RS#KHW#JHELHG#YDQ#]ZDUH#PHWDOHQ1#3E#ZDV#DO#YULM# VQHO#PHHWEDDU/#QX# ]LMQ#HU#RRN
RQWZLNNHOLQJHQ#YRRU#)H#HQ#=Q#ELMYRRUEHHOG1



'16 ,QWHUYLHZ#PHW#-1#61#6LQQLQJKH#'DKPVWH#HQ#61#6FKRXWHQ#+1,2=,

41# (UYDULQJHQ#PHW#LVRWRSHQRQGHU]RHN/#K\GURJHRORJLVFKH#WRHSDVVLQJHQ#LQ#KHW#ELM]RQGHU1

,Q#4<<7# LV#KHW#1,2=#EHJRQQHQ#PHW#KHW#PHWHQ#YDQ# LVRWRSHQ#YRRU#FRPSRQHQW#VSHFLILHNH#VWRIIHQ1
1,2=# LV#JHVSHFLDOLVHHUG# LQ#RUJDQLVFKH#FRPSRQHQWHQ# LQ#PDULHQH#VHGLPHQWHQ#HQ# LQ#QDWXXUOLMNH#RU0
JDQLVFKH#YHUELQGLQJHQ# LQ#DOJHQ/#EDFWHULsQ/#HWF1#'DDUQDDVW#RQGHU]RHN#QDDU#PHWKDDQ#R[LGDWLH/#KHW
RP]HWWLQJVSURFHV#LQ#VHGLPHQWHQ1#$DQ#GH#KDQG#YDQ#GH#&#LVRWRSHQ#LV#WH#EHSDOHQ#ZHONH#RUJDQLVPHQ
YRRU#GH#RP]HWWLQJ#]RUJHQ1#9ROJHQG#MDDU#ZRUGW#KHW#PRJHOLMN#RP#KHW#GHXWHULXP#DDQ#&+7#WH#PHWHQ

%LM#KHW#1,2=#ZRUGW#46&#JHPHWHQ#DDQ#GH#YROJHQGH#VRRUW#VWRIIHQ#+QLHW#HHQ#FRPSOHWH#OLMVW,
0Q0DONDQHQ/#DOLIDWLVFKH#NRROZDWHUVWRIIHQ/#DURPDWLVFKH#NRROZDWHUVWRIIHQ/#DOFRKROLVFKH#HQ#YHW]XUHQ/
VXLNHUV/#DPLQR]XUHQ/#NRUWH#]XUHQ/#3+$*V#+ERWHU]XUHQ#HQ#GHUJHOLMNH,1

51# 'H#EHODQJULMNVWH#EHSHUNLQJHQ# DDQ#KHW#JHEUXLN# YDQ# LVRWRSHQ# DQDO\VH# ELM# ERGHPRQGHU0
]RHN#LQ#KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJ#LQ#KHW
ELM]RQGHU1

&RPSRQHQWVSHFLILHNH# LVRWRSHQ#DQDO\VH#NHQW#HHQ#EHKRRUOLMN#DDQWDO#DQDO\VHWHFKQLVFKH#SUREOHPHQ/
]RDOV=
0# 9RRUGDW#PHQ#JRHGH#UHVXOWDWHQ#PHW#HHQ#,506#NDQ#NULMJHQ#LV#KHW#YDQ#EHODQJ#GDW#PHQ#HUYDULQJ

PHW#KHW#ZHUNHQ#PHW#HHQ# ,506#NULMJW1#'H#PRHLOLMNKHLG# OLJW# LQ#KHW# IHLW#GDW# MH#RS#Å#QDXZNHXULJ
PRHW#PHWHQ1#-H#VWUHHIW#DOWLMG#QDDU#EDVHOLQH#JHVFKHLGHQ#WHFKQLHNHQ1#2YHU#KHW#DOJHPHHQ#GRH#MH
HHQ#SDDU#URXWLQH#]DNHQ#YRRU#GDW#MH#EHJLQW#WH#PHWHQ1#$OOHUHHUVW#YRHU#MH#HHQ#*&#XLW#RP#WH#NLMNHQ
RI#HU#JRHGH#VFKHLGLQJ#YDQ#GH#VWRIIHQ#WH#YHUNULMJHQ#LV1#'DDUQD#PRHW#HU#RRN#HHQ#*&#,06#XLWJH0
YRHUG#ZRUGHQ#RP#WH#NLMNHQ#RI#HU#GXLGHOLMN#WH#RQGHUVFKHLGHQ#SLHNHQ#]LMQ#HQ#HU#PRHW#RS]XLYHULQJ
YDQ#KHW#PRQVWHU#JHEHXUHQ1#2RN#PRHW#HU#HHQ#FRQFHQWUDWLHEHSDOLQJ#JHEHXUHQ#RPGDW#HU#PDDU
HHQ#UDQJH#YDQ#HHQ#IDFWRU#WLHQ#LV#YRRU#JRHGH#QDXZNHXULJH#PHWLQJHQ1#0RFKW#KHW#]R#]LMQ#GDW#GH]H
UDQJH#JURWHU# LV#PRHWHQ#HU#DSDUWH# UXQV#ZRUGHQ#XLWJHYRHUG#YRRU#GH#JURWH#HQ#NOHLQH#SLHNHQ#ZLO
PHQ#JRHGH#UHVXOWDWHQ#EHKDOHQ1

0# $OV#PHQ#HHQPDDO#NDQ#JDDQ#PHWHQ#NXQQHQ#KLHU#RRN#YHUVFKHLGHQGH#SUREOHPHQ#RSWUHGHQ1#$O0
OHUHHUVW#YRRUGDW#PHQ#JDDW#PHWHQ#DDQ#GH#PRQVWHUV#PRHW#GH#,506#JHLMNW#ZRUGHQ/#GLW#ZRUGW#ELM
KHW#1,2=#JHGDDQ#GRRU#HONH#GDJ#WH#EHJLQQHQ#PHW#VWDQGDDUG#UXQV#PHW#VWRIIHQ#ZDDUYDQ#GH# LVR0
WRSHQVDPHQVWHOOLQJ#H[WHUQ# LV#EHSDDOG1#1DDVW#GH]H#EHJLQ# LMNLQJ#ZRUGW#RRN#JHSUREHHUG#]RYHHO
PRJHOLMN#LMNVWRIIHQ#PHW#HONH#UXQ#PHH#WH#VWXUHQ#RP#HHQ#JRHGH#UHIHUHQWLH#YRRU#GH#DQGHUH#VWRIIHQ
WH#KHEEHQ#HQ#DOV#FRQWUROH#YRRU#GH# MXLVWH#ZDDUGHQ1#9RRUGDW#PHQ#GH#G#ZDDUGH#XLW#GH#FRPSXWHU
NDQ# ODWHQ#UROOHQ#PRHW#KHW#DFKWHUJURQG#VLJQDDO#ZHJJHKDDOG#ZRUGHQ1#'LW#JHEHXUW#DDQ#GH#KDQG
YDQ# VRIWZDUH# +ZDW# LQ# HHQ#PXOWL0WDVNLQJ# GRV# LV# JHVFKUHYHQ# HQ# VOHFKW#ZHUNW/# HFKWHU# KHW# SUR0
JUDPPD#ZHUNW#QRJ#QLHW#QDDU#EHKRUHQ#LQ#:LQGRZV#17,#GLH#YRRU#MH#XLWUHNHQW#ZDW#GH#DFKWHUJURQG
ZDDUGH# LV1#3UREOHHP# KLHUELM# LV# GDW# GH# FRPSXWHU# GLW# QLHW# DOWLMG# MXLVW# GRHW/#PDDU#PHQ# NDQ# GH
ZDDUGH#RRN#PHW#GH#KDQG#FRUULJHUHQ1#3UREOHHP#KLHUELM#LV#GDW#GLW#DOWLMG#VXEMHFWLHI#LV/#ZDDUGRRU#HU
HUJ#YHHO#HUYDULQJ#LV#YHUHLVW#YRRU#KHW#MXLVW#FRUULJHUHQ/#LQ#KHW#HQH#JHYDO#PRHW#MH#GH#FRPSXWHU#KHW
ODWHQ#GRHQ#HQ# LQ#KHW#DQGHUH#JHYDO#PRHW# MH#PHW#GH#KDQG#FRUULJHUHQ1#9RRUDO#NOHLQH#SLHNMHV#]LMQ
HUJ#JHYRHOLJ# YRRU# FRUUHFWLH/#QD#HHQ#GHPRQVWUDWLH#EOHHN#GDW#HU#JHPDNNHOLMN# 43Å# YHUVFKLO# LQ
ZDDUGHQ#NDQ#RSWUHGHQ#]RQGHU#RSYDOOHQGH#YHUDQGHULQJ#DDQ#GH#EDVHOLQH1

0# (HQ#DQGHU#JURRW#SUREOHHP# LV# FR0HOXWLH/#GLW# LV# KHW# EHwQYORHGHQ# YDQ# WZHH# SLHNHQ#PHW# HONDDU1
0HHVWDO#ZRUGW#JHSUREHHUG#GLW#SUREOHHP#RS#WH#ORVVHQ#GRRU#HHQ#DQGHUH#VWDWLRQDLUH#IDVH#YRRU#*&
WH#SUREHUHQ1#$QGHUH#PRJHOLMNKHGHQ#]LMQ#HHQ#]HHIWHFKQLHN#RI#HHQ#DQGHUH#YRRUEHZHUNLQJ#YDQ
KHW#PRQVWHU1#2YHU#KHW#DOJHPHHQ#WUHGHQ#PHW#FRPSOH[H#KHWHURJHQH#PRQVWHUV#FR0HOXWLH#RS/#ZDW
RRN#JHOLMN#EHWHNHQW#GDW#GH#UHVXOWDWHQ#YDQ#GLW#VRRUW#PRQVWHUV#GLVFXWDEHO#]LMQ1



61# 'H#PHHVW#YHHOEHORYHQGH#RQWZLNNHOLQJHQ#RS#KHW#JHELHG#YDQ# LVRWRSHQ#DQDO\VH#YRRU#ER0
GHPRQGHU]RHN1

(U#]LMQ#QRJ#YHUVFKHLGHQGH#YHOGHQ#ZDDU#ZLQVW#RS#WH#KDOHQ# LV/#YRRUDO#ELM#FRPSRQHQW#VSHFLILHNH#PH0
WLQJHQ1#*URWH#ZLQVW# LV#YRRUDO# WH#EHKDOHQ#ELM#RSWLPDOLVHULQJ#YDQ#GH#VFKHLGLQJ#YDQ#GH#YHUVFKLOOHQGH
SURGXFWHQ1#9HUGHU#NDQ#QRJ#GH#QDXZNHXULJKHLG#YDQ#GH#DSSDUDWHQ#YHUEHWHUW#ZRUGHQ/#PDDU#GLW#LV#YULM
PRHLOLMN1#0RPHQWHHO# KHEEHQ# GH# EHVWH# DSSDUDWHQ# 7330833#PROHFXOHQ# QRGLJ# YRRU# 4#PHWLQJ1#'LW
KRXGW#DXWRPDWLVFK#LQ#GDW#GH#SLHN#YULM#NOHLQ#ZRUGW/#ZDDUGRRU#HU#GXV#ZHHU#SUREOHPHQ#RQWVWDDQ#ELM#GH
DFKWHUJURQGZDDUGH# FRUUHFWLH1# (U# LV#ZHLQLJ# YUDDJ# QDDU# QDXZNHXULJHUH# DSSDUDWHQ/#ZDDUGRRU# KHW
YRRU#GH#SURGXFHQWHQ#QLHW#HUJ#DDQWUHNNHOLMN#LV#]HHU#YHHO#JHOG#LQ#QLHXZH#RQWZLNNHOLQJHQ#WH#VWHNHQ1

1DDVW#GH#JHEUXLNHOLMNH#PHWLQJ#DDQ#&#LVRWRSHQ#LV#KHW#PRJHOLMN#RP#DDQ#5+#WH#PHWHQ1



'17 ,QWHUYLHZ#PHW#31#6WXLI]DQG#+.LZD#19,

41# (UYDULQJHQ#PHW#LVRWRSHQRQGHU]RHN/#K\GURJHRORJLVFKH#WRHSDVVLQJHQ#LQ#KHW#ELM]RQGHU1

4;2#HQ#5+#YRRU#UHJLRQDOH#JHRK\GURORJLH>#6+#YRRU#GDWHULQJ#YDQ#JURQGZDWHU1#46&247&#YRRU#GDWHULQJV0
GRHOHLQGHQ#YRRU#RXGHU#JURQGZDWHU1

51# 7RHJHYRHJGH#ZDDUGH#YRRU#KHW#WRHSDVVHQ#YDQ#LVRWRSHQ#DQDO\VH#ELM#ERGHPRQGHU]RHN# LQ
KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ# LQ#KHW#ELM0
]RQGHU1

(U#]LMQ#]HNHU# WRHSDVVLQJHQ#YRRU1#9RRUDO#YRRU# WUDFHU/#KHUNRPVW#HQ#RXGHUGRP#VWXGLHV1#2RN#ELM#RQ0
GHU]RHN#QDDU#SURFHVVHQ#NXQQHQ#LVRWRSHQ#]HHU#KDQGLJ#]LMQ/#YRRUDO#GRRU#IUDFWLRQHUHQGH#SURFHVVHQ1
(HQ#YRRUEHHOG#LV#KHW#DDQWRQHQ#YDQ#PHWKDQRJHQHVH#DDQ#GH#KDQG#YDQ#46&#ELMYRRUEHHOG1#,VRWRSHQ#LV
HHQ#]HHU#KDQGLJH#WRRO#YRRU#KHW#]RHNHQ2LGHQWLILFHUHQ#YDQ#GH#VWXUHQGH#SURFHVVHQ1

61# 'H#EHODQJULMNVWH#EHSHUNLQJHQ# DDQ#KHW#JHEUXLN# YDQ# LVRWRSHQ# DQDO\VH# ELM# ERGHPRQGHU0
]RHN#LQ#KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJ#LQ#KHW
ELM]RQGHU1

,Q#GDWD#]LW#DOWLMG#HHQ#EHSDDOGH#VWURRLEUHHGWH#YDQ#GH#ZDDUGHQ1#(HQ#SUREOHHP# LV#GDW#KHW#FRQWUDVW
WXVVHQ#YHUVFKLOOHQGH#ZDWHUHQ# WH#NOHLQ1#%LMYRRUEHHOG#0DDV# W1R1Y1#JHELHGVHLJHQ#JURQGZDWHU# LQ#1H0
GHUODQG/#KHHIW#]R*Q#SUREOHHP#ZDDUGRRU#KHW#QLHW#PRJHOLMN#LV#RP#NHLKDUGH#FRQFOXVLHV#WH#WUHNNHQ#XLW#MH
GDWD1#2I#GH#QDWXXUOLMNH#YDULDWLH#LV#WH#JURRW#ZDW#WRW#GH]HOIGH#SUREOHPHQ#OHLGW1

(HQ#DQGHU#QDGHHO# LV#GDW# LVRWRSHQ#DQDO\VH#YULM#NRVWEDDU# LV1#$OV# MH#GDQ# LVRWRSHQRQGHU]RHN# WRHSDVW
PRHW#GDW#ZHO#JRHGH#UHVXOWDWHQ#RSOHYHUHQ/#GXV#YDQ#WHYRUHQ#JRHG#DIZHJHQ#RI#HU#JHHQ#JRHGNRSHUH
DOWHUQDWLHYHQ#]LMQ1#$OV# LVRWRSHQ#GH#HQLJH#PRJHOLMNKHLG# LV#YRRU#JRHGH#UHVXOWDWHQ#]DO#GH#NODQW#YDDN
ZHO#EHUHLG#]LMQ#RP#LHWV#PHHU#WH#EHWDOHQ1

71# 'H#PHHVW#YHHOEHORYHQGH#RQWZLNNHOLQJHQ#RS#KHW#JHELHG#YDQ# LVRWRSHQ#DQDO\VH#YRRU#ER0
GHPRQGHU]RHN1

'H#QLHXZH#RQWZLNNHOLQJHQ#RS#KHW#JHELHG#YDQ#FRPSRQHQWVSHFLILHNH#LVRWRSHQ#DQDO\VH/#NXQQHQ#YHHO
EHORYHQG#]LMQ1#0DDU#KHW#PRHW#WRFK#YRRUDO#PHHU#JHSURPRRW#ZRUGHQ1#3RWHQWLsOH#RSGUDFKWJHYHUV#]LMQ
HU#QRJ#QLHW#JRHG#EHNHQG#PHH1#(U#]DO#ZDW#PHHU#UXFKWEDDUKHLG#DDQ#JHJHYHQ#PRHWHQ#ZRUGHQ#HQ#RRN
PHH#JHZHUNW#PRHWHQ#ZRUGHQ# LQ#GH#1HGHUODQGVH#VLWXDWLH1#0RJHOLMNKHGHQ#YRRU#ZDW#PHHU#SURPRWLH
LV#ELMYRRUEHHOG#HHQ#DUWLNHO#WH#SODDWVHQ#LQ#EODGHQ#]RDOV#+52#HQ#6WURPLQJHQ#ELMYRRUEHHOG1



'18 ,QWHUYLHZ#PHW#,1'1#&ODUN#+8QLYHUVLW\#RI#2WWDZD,

41# %ULHI#GHVFULSWLRQ#RI#H[SHULHQFHV#ZLWK# LVRWRSLF# UHVHDUFK/#VSHFLILFDOO\# LQ# WKH# ILHOG#RI#K\0
GUR2JHRORJLFDO#DSSOLFDWLRQV1

([SHULHQFHV#IRFXV#RQ#WKH#XVH#RI#PRVW#HQYLURQPHQWDO#LVRWRSHV/#SDUWLFXODUO\#4;225+#LQ#ZDWHU/#46&# LQ
FDUERQDWH/#RUJDQLF#FDUERQ#DQG#JDVHV/#676#LQ#VXOSKDWH#DQG#VXOSKLGH/#SOXV#ê+#DQG#ìé&/#IRU#WKH#XVH#RI
WUDFLQJ# JURXQGZDWHU# RULJLQ/# WUDFLQJ# VROXWHV# DQG# JHRFKHPLFDO# SURFHVVHV# DQG# GHWHUPLQLQJ#PHDQ
JURXQGZDWHU#UHVLGHQFH#WLPHV#LQ#WKH#VXEVXUIDFH1#$UHDV#RI#LQWHUHVW#UDQJH#IURP#DULG#UHJLRQV#LQFOXGLQJ
WKH#0LGGOH#(DVW#WR#WKH#$UFWLF#UHJLRQV#RI#QRUWKHUQ#&DQDGD1

51# $GGLWLRQDO#YDOXH#RI#LVRWRSH#DQO\VLV#WR#VRLO#UHVHDUFK#LQ#JHQHUDO#DQG#IRU#VRLO0#DQG#JURXQG0
ZDWHU#UHVHDUFK#LQ#SDUWLFXODU1

,VRWRSH#DQDO\VHV#SURYLGH#D#GLIIHUHQW#SHUVSHFWLYH# WR#JHRFKHPLFDO#DQG#SK\VLFDO#VWXGLHV#RI#VRLO#DQG
JURXQGZDWHU1#,VRWRSHV#PXVW#EH#XVHG#LQ#FRQMXQFWLRQ#ZLWK#WKHVH#RWKHU#WRROV/#DQG#QRW#DORQH1#7KH#DG0
YDQWDJH#WKDW#WKH#LVRWRSH#SHUVSHFWLYH#EULQJV#LV#WKDW#LQ#JHRFKHPLVWU\/#FDUERQ/#IRU#H[DPSOH/#LV#FDUERQ
DQG#ZH#FDQ#RQO\#PHDVXUH# LWV#FRQFHQWUDWLRQ#DQG# IRUP# +VXFK#DV#+&260#RU#&+7,1#7KH# LVRWRSHV#RI
FDUERQ#DOORZ#XV# WR#GHWHUPLQH# WKH#RULJLQ#RI# WKH#FDUERQ# WKDW#ZH#PHDVXUH/#VXFK#DV#RUJDQLF#RU# LQRU0
JDQLF# +PDULQH# OLPHVWRQH,/# DQG# SURFHVVHV# WKDW# WKH# FDUERQ#PD\# KDYH# H[SHULHQFHG/# +R[LGDWLRQ# RI
PHWKDQH# WR#FRQWULEXWH#&25# WR#JURXQGZDWHU,1#+RZHYHU/#ZLWKRXW#DOVR#H[DPLQLQJ# WKH#JHRFKHPLFDO
SURFHVVHV#VXFK#DV#FDOFLWH#VDWXUDWLRQ/#&25#GHJDVVLQJ/#HWF/#ZH#FDQ#PLVLQWHUSUHW#WKH#LVRWRSLF#YDOXHV1

61# 7KH#PRVW# LPSRUWDQW# UHVWULFWLRQV# WR# WKH#XVH#RI# LVRWRSLF#DQDO\VHV# IRU#VRLO# UHVHDUFK#DQG
VSHFLILFDOO\#IRU#WKH#VRLO0DQG#JURXQGZDWHU#SROOXWLRQ1

1R# UHVWULFWLRQV/#SURYLGLQJ# WKDW# LVRWRSLF#PHDVXUHPHQWV#DUH#PDGH#DQG# LQWHUSUHWHG# LQ# OLJKW#RI#JRRG
JHRFKHPLFDO#GDWD#DQG#ZLWK#DQ#XQGHUVWDQGLQJ# RI# WKH# SK\VLFDO# VHWWLQJ1#)RU# H[DPSOH/# LW#ZRXOG# EH
PLVOHDGLQJ#WR#EH#GLVFXVVLQJ#D#SURFHVV#VXFK#DV#VXOSKDWH#UHGXFWLRQ#LQ#D#VRLO#EDVHG#RQ#HQULFKHG#676
YDOXHV#LQ#VXOSKDWH/#LI#WKH#ZDWHUV#DUH#VKDOORZ#ZLWK#KLJK#GLVVROYHG#R[\JHQ1#%H#FDUHIXO#QRW#WR#LQWHUSUHW
D#FRPSOLFDWHG#JHRFKHPLFDO#HQYLURQPHQW#RQ#WKH#EDVHV#RI#RQO\#D#IHZ#LVRWRSLF#PHDVXUHPHQWV1#&DUH
PXVW#EH#WDNHQ#LQ#VDPSOLQJ#WR#TXDQWLI\#WKH#VWDWLVWLFDO#QRLVH#LQ#D#V\VWHP/#DQG#WR#GHWHUPLQH#WHPSRUDO
WUHQGV1#)RU#H[DPSOH/#LW#ZRXOG#EH#PLVOHDGLQJ#WR#WDNH#RQH#RU#WZR#VDPSOHV#RI#VKDOORZ#JURXQGZDWHUV
RU#VXUIDFH#ZDWHUV#DQG#PDNH#FRPPHQWV#RQ#WKH#RULJLQ#RI#WKH#ZDWHU#ZLWKRXW#NQRZLQJ#KRZ#WKH#YDOXHV
PLJKW#FKDQJH#VHDVRQDOO\1

71# 7KH#PRVW#SURPLVLQJ#GHYHORSPHQWV#LQ#WKH#ILHOG#RI#LVRWRSLF#DQDO\VHV#IRU#VRLO#DQG#JURXQG0
ZDWHU#UHVHDUFK1

7KH#GHYHORSPHQW#RI#FRQWLQXRXV# IORZ#PDVV#VSHFWURPHWU\#DQG# WKH#YDULRXV#QHZ# LQWHUIDFHV# WKDW#DUH
QRZ#DYDLODEOH#EULQJ#D#ZKROH#QHZ#GLPHQVLRQ#WR#VRLO#DQG#JURXQGZDWHU#UHVHDUFK1#0RUH#IXOO\#DXWRPD0
WHG#V\VWHPV#DUH#QRZ#DYDLODEOH#ZLWK#KLJK#DQDO\WLFDO#WKURXJKSXW/#DQG#ORZ#VDPSOH0VL]H#UHTXLUHPHQWV1
,QWHUIDFHV#VXFK#DV#FRPEXVWLRQ#0#JDV#FKURPDWRJUDSKV#DUH#QRZ#FDSDEOH#RI#FRPSRXQG0VSHFLILF# LVR0
WRSH#DQDO\VHV1#7KLV#DOORZV#VDPSOHV#WR#EH#VHSDUDWHG# LQWR#YDULRXV#IUDFWLRQV/#VXFK#DV#3&(/#7&(# WR
EH#VHSDUDWHG#DQG#DQDO\VHG# LVRWRSLFDOO\# WR#REVHUYH#ELRGHJUDGDWLRQ1#(OHPHQWDO#DQDO\VHUV# FDQ#EH
DGGHG# WKDW#DOORZ#FRPSOLFDWHG#VRLO#RU#ELRORJLFDO#VDPSOHV# WR#EH#FRPEXVWHG#DQG# WKH#15/#&25#DQG
625#JDVHV#WR#EH#VHSDUDWHG#DQG#DQDO\VHG1#/DVHUV#DQG#PLFUR0PLOOV#FDQ#DOVR#EH#DGGHG#WR#WKH#IURQW
HQG# WR#SURGXFH#YHU\#VPDOO#VDPSOHV#RI#PDWHULDOV# WR#REVHUYH# LVRWRSLF#KHWHURJHQHLW\/#PHDVXUH#FH0
PHQWV/#HWF1



'19 ,QWHUYLHZ#PHW#:1*1#0RRN

41# (UYDULQJHQ#PHW#LVRWRSHQRQGHU]RHN/#K\GURJHRORJLVFKH#WRHSDVVLQJHQ#LQ#KHW#ELM]RQGHU1

8LWJHEUHLGH#HUYDULQJ#PHW#WRSHDVLQJ#YDQ# LVRWRSHQ#DQDO\VH# LQ#GH#JHKHOH#ZDWHUF\FXV#+5+/#6+/#4;2/
46&/# 47&,1#%HWURNNHQ# ELM# KHW# LQVWHOOHQ# YDQ# VWDQGDDUGHQ# ELM# GH# ,$($1# ,QPLGGHOV# JHSHQVLRQHHUG
PDDU#QRJ#VWHHGV#DFWLHI/#R1D1#YLD#HHQ#ERHNHQUHHNV#YDQ#81(6&2#RYHU#LVRWRSHQ1

51# 7RHJHYRHJGH#ZDDUGH#YRRU#KHW#WRHSDVVHQ#YDQ#LVRWRSHQ#DQDO\VH#ELM#ERGHPRQGHU]RHN# LQ
KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ# LQ#KHW#ELM0
]RQGHU1

,Q#KHW#DOJHPHHQ#HHQ#KHHO#VWHUN#WRHJHYRHJGH#ZDDUGH#YDQ# LVRWRSHQ#ELM#ERGHPRQGHU]RHN1#2RN#EH0
YHVWLJLQJQ#XLW#HLJHQ#HUYDULQJ/#KLM#KHHIW#YHHO#WRHJHSDVW#RQGHU]RHN#JHGDDQ1#6+# LV#]HHU#JHVFKLNW#ELM0
YRRUEHHOG#RP#ERGHPSURILHOHQ#RS# WH#VWHOOHQ/#HQ# LQILOWUDWLHVQHOKHLG# WH#PHWHQ1#2RN#NDQ#PHQ#HUDDQ
]LHQ# RI# HU# NZHO# RSWUHHGW/# LQ# RXG#ZDWHU# ]LW# JHHQ# WULWLXP#PHHU1#9HUGHU# ]LMQ# HU# WRHSDVVLQJHQ# YRRU
JURQGZDWHU#HQ#RSSHUYODNWH#ZDWHU#PHW#4;2#HQ#5+/#YRRU#YHUGDPSLQJ1#9RRUDO#ELM#RSSHUYODNWH#ZDWHU
QDWXXUOLMN/#PDDU#RRN#ELM#JURQGZDWHU#YRRUGDW#GLW#JHwQILOWUHHUG# LV1#'DDUQDDVW#ZRUGW#QDWXXUOLMN#RRN#6+
HQ#47&#YHHO#JHEUXLNW#ELM#GLW#VRRUW#WRHSDVVLQJHQ1#0HW#YHURQWUHLQLJLQJHQ#]HOI#JHHQ#HUYDULQJ/#KLM#KHHIW
HU#ZHO#YDQ#JHKRRUG#RS#,$($#ELMHHQNRPVWHQ/#PDDU#QRRLW#]HOI#DDQ#JHPHWHQ1

61# %HODQJULMNVWH#EHSHUNLQJHQ#DDQ#KHW#JHEUXLN#YDQ#LVRWRSHQ#DQDO\VH#ELM#ERGHPRQGHU]RHN#LQ
KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJ#LQ#KHW#ELM]RQ0
GHU1

'H#SULMV/#LVRWRSHQ#DQDO\VH#LV#NRVWEDDU1#'DDUQDDVW#HU#HQNHOH#SXQWHQ#DIKDQNHOLMN#YDQ#KHW#LVRWRRS1
'DWHULQJ#PHW#47&# LV# LQJHZLNNHOG#RPGDW#HU#KLHU#HHQ#KHOH#FKHPLH#DDQ#YDVW#]LW/#]RGDW# MH#QLHW#]HNHU
ZHHW#ZDDU#MH#NRROVWRI#YDQGDDQ#NRPW1#+RHZHO#HU#DOOHUOHL#PRGHOOHQ#]LMQ#HQ#MH#NXQW#NLMNHQ#QDDU#MH#VWD0
ELHOH#&#LVRWRSHQ#NXQ#MH#ZHO#YHUZDFKWLQJHQ#VFKHSSHQ/#PDDU#433(#]HNHU#ZHHW#MH#KHW#QRRLW1#-H#NXQW
GH#VWURPLQJVULFKWLQJ#PHW#47&#DDQJHYHQ/#GH#VWURPLQJVVQHOKHLG#ZRUGW#DO#PRHLOLMNHU#HQ#GH#H[DFWH
DEVROXWH#RXGHUGRP#YDQ#HHQ#HQNHO#PRQVWHU#LV#QLHW#PHHU#GDQ#HHQ#JURYH#EHQDGHULQJ1
#%LM#]XXUVWRI# LVRWRSHQ# LV#KHW#YDDN#KHW#SUREOHHP#GDW# MH#GH# LQSXW#QLHW#JRHG#NHQW1#-H#PRHW#KLHUGRRU
JHGXUHQGH#HHQ#ODQJH#WLMG#PRQVWHUV#YHU]DPHOHQ1
#+HW#SUREOHHP#ELM#PHWHQ#DDQ#YHURQWUHLQLJLQJHQ#LV#GDW#MH#WH#PDNHQ#KHEW#PHW#ELRFKHPLVFKH#SURFHV0
VHQ1#%LM#GLW#VRRUW#NLQHWLVFKH# IUDFWLRQHULQJ#ZHHW# MH#QRRLW#SUHFLHV#KRHYHHO#KHW# IUDFWLRQHHUW1#%LMYRRU0
EHHOG#PHWKDDQ#LQ#JURQGZDWHU/#GLW#ZRUGW#JHYRUPG#GRRU#ELRORJLVFKH#SURFHVVHQ1#-H#NDQ#ZHO#HQ#UDQJH
DDQJHYHQ#+083Å# WRW#0:3Å,#PDDU#GH#JURRWWH#HUYDQ# LV#ELMYRRUEHHOG#DIKDQNHOLMN#YDQ#GH#RPVWDQGLJ0
KHGHQ1

71# 'H#PHHVW#YHHOEHORYHQGH#RQWZLNNHOLQJHQ#RS#KHW#JHELHG#YDQ# LVRWRSHQ#DQDO\VH#YRRU#ER0
GHPRQGHU]RHN1

'H#KHHU#0RRN#LV#HU#YDVW#YDQ#RYHUWXLJG#GDW#HU#RQWZLNNHOLQJHQ#]LMQ#RS#KHW#JHELHG#YDQ#LVRWRSHQ>#GRRU
]LMQ#EHSHUNWH#EHWURNNHQKHLG#ELM#GH#KXLGLJH#SUDNWLMN#YDQ# LVRWRSHQ#DQDO\VH# LV#KLM#HFKWHU#QLHW#RS#GH
KRRJWH#YDQ#GH#PHHVW#UHFHQWH#RQWZLNNHOLQJHQ1#0HWLQJHQ#DDQ#KHW#LM]HU#LVRWRRS#OLMNHQ#KHP#]HHU#LQWH0
UHVVDQW1



'1: ,QWHUYLHZ#PHW#+1$1-1#0HLMHU#+&,2058*,

41# (UYDULQJHQ#PHW#LVRWRSHQRQGHU]RHN/#K\GURJHRORJLVFKH#WRHSDVVLQJHQ#LQ#KHW#ELM]RQGHU1

'H#VSHFLDOLVDWLH#YDQ#KHW#&,2# LV#KHW#RQWZLNNHOHQ#YDQ#QLHXZH#WHFKQLHNHQ#PHW#HHQ# I\VLVFKH#DFKWHU0
JURQG1#+HW# LV#YRRUQDPHOLMN#YDQ#EHODQJ#KRJH#QDXZNHXULJKHLG# WH#EHUHLNHQ#PHW#GH#ZDW# VLPSHOHUH
LVRWRSHQ#++/#&/#2,1#2S#KHW#JHELHG#YDQ#RUJDQLVFKH#FKHPLH#OLJW#QLHW#HFKW#GH#LQWHUHVVH/#GLW#EHWUHIW#GDQ
YRRUDO# GH# YRRUEHKDQGHOLQJ2VFKHLGLQJ# YDQ# GH# LVRWRSHQPRQVWHUV1# $DQ# ERGHPV#ZRUGW# HFKWHU#ZHO
JHPHWHQ#YRRUDO#PHW#47&/#DOV#GH#FKHPLH# WRFK# WH#RUJDQLVFK#ZRUGW#NDQ#HU#VDPHQZHUNLQJ#ZRUGHQ
LQJHVWHOG#PHW#:DJHQLQJHQ# RI# $PVWHUGDP1# (U#ZRUGW# RRN# JHPHWHQ# DDQ#ZDWHU1#+LHUELM# JDDW# KHW
YRRUDO#RP#LQVWHOOHQ#YDQ#VWDQGDDUGHQ1#7LMGHQV#GLW#SURMHFW#ZRUGW#ZHO#HHQ#PHWKDDQ#OLMQ#RSJH]HW#LQ#KHW
ODE/#RPGDW#]H#GLW#ZHO#JUDDJ#ZLOOHQ#NXQQHQ#PHWHQ1

51# 7RHJHYRHJGH#ZDDUGH#YRRU#KHW#WRHSDVVHQ#YDQ#LVRWRSHQ#DQDO\VH#ELM#ERGHPRQGHU]RHN# LQ
KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ# LQ#KHW#ELM0
]RQGHU1

7H#ZHLQLJ#HUYDULQJ1

61# 'H#EHODQJULMNVWH#EHSHUNLQJHQ# DDQ#KHW#JHEUXLN# YDQ# LVRWRSHQ# DQDO\VH# ELM# ERGHPRQGHU0
]RHN#LQ#KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJ#LQ#KHW
ELM]RQGHU1

'RRU#GH#KHWHURJHQLWHLW#LQ#GH#ERGHP#LV#KHW#YDQ#JURRW#EHODQJ#RP#HHQ#JURRW#DDQWDO#DQDO\VHV#WH#ODWHQ
XLWYRHUHQ/#GXV#HHQ#JURWH#EHPRQVWHULQJIUHTXHQWLH1#'RRUGDW#GH#ERGHP#]R#KHWHURJHHQ# LV/# LV#HU#HHQ
NDQV#GDW# MH#HHQ#QLHW0UHSUHQVDWDWLHI#VWXN#ERGHP#EHPRQVWHUW#ZDDUGRRU# MH#HHQ#VOHFKWHUH#FRUUHODWLH
NULMJW1#'RRU#YHHO#PRQVWHUV# WH#QHPHQ#NDQ#GLW#ZRUGHQ#XLWJHYODNW#ZDDUGRRU# MH# WUHQGV#JDDW#]LHQ1#'LW
EHWHNHQW#GDW#MH#QLHW#PDJ#EH]XLQLJHQ#RS#DQDO\VHV#HQ#GXV#UHNHQLQJ#PRHW#KRXGHQ#PHW#GH#EHJURWLQJ
RS#HHQ#VLJQLILFDQW#GHHO#GDW#MH#DDQ#GH#DQDO\VHV#NZLMW#EHQW1#,Q#GH#ZDW#%]DFKWHUH%#EqWDZHWHQVFKDSSHQ
QHHPW#PHQ#WH#YDDN#JHQRHJ#PHW#HHQ#GDWD0VHW#PHW#VOHFKWH#FRUUHODWLH1

71# 'H#PHHVW#YHHOEHORYHQGH#RQWZLNNHOLQJHQ#RS#KHW#JHELHG#YDQ# LVRWRSHQ#DQDO\VH#YRRU#ER0
GHPRQGHU]RHN1

'H#PHHVWH#YRUGHULQJHQ#]LMQ#YROJHQV#GH#KHHU#0HLMHU#QRJ#WH#PDNHQ#LQ#GH#VFKHLGLQJVWHFKQLHNHQ#GLH
DDQ#GH#*&2,506#YDVWKDQJHQ# YRRU#GH# VSHFLILHNH# FRPSRQHQWHQ1#3UREOHPHQ#KLHUPHH# ]LMQ#GDW#HU
JHHQ#JRHGH# LMNPHWKRGHV#]LMQ#YRRU#GH#DSDUWH#VWRIIHQ1#+LHUGRRU# LV#KHW#PRHLOLMN# WH#]HJJHQ#ZDW#HHQ
EHSDDOGH#LVRWRSHQYHUKRXGLQJ#EHWHNHQW1



'1; ,QWHUYLHZ#PHW#-1'1#.UDPHUV#+8QLYHUVLWlW#%HUQ,

41# (UYDULQJHQ#PHW#LVRWRSHQRQGHU]RHN/#K\GURJHRORJLVFKH#WRHSDVVLQJHQ#LQ#KHW#ELM]RQGHU1

'H#KHHU#.UDPHUV#LV#<#MDDU#DFWLHI#LQ#%HUQ1#+LM#KHHIW#RS#KHW#JHELHG#YDQ#GH#K\GURORJLH#YRRUDO#PHW#6U
JHZHUNW1#6WURQWLXP#LV#HHQ#LGHDOH#WUDFHU/#GH#DQDO\VH#HUYDQ#LV#UHGHOLMN#VLPSHO/#LQ#WHJHQVWHOOLQJ#WRW#KHW
UDGLRDFWLHYH#<36U#ZDDUYDQ#GH#DQDO\VH#]HHU#PRHLOLMN# LV1#6U#NDQ#JHEUXLNW#ZRUGHQ#YRRU#GH#QDWXXUOLMN
KHUNRPVW/#VWURRPEDQHQ/#HQ#KHW#KHUNHQQHQ#YDQ#RI#DO#GDQ#QLHW#JHELHGVYUHHPG2#JHELHGVHLJHQ# IRU0
PDWLHZDWHU/#HWF1#2RN#KHHIW#KLM#JHZHUNW#DDQ#GH#DWPRVIHULVFKH#GHSRVLWLH#YDQ# ORRG1#'DDUQDDVW#KHHIW
KLM#RS#KHW#JHELHG#YDQ#GH#K\GURJHRORJLH#JHZHUNW#DDQ#YUDJHQ#RI#JURQGZDWHU#ZRUGW#YHUQLHXZG#HQ#RS
KHW#JHELHG#YDQ#GH#JHRORJLH#JHNHNHQ#QDDU#LPSHUPHDELOLWHLW#YDQ#DTXLIHUV#YRRU#GH#RSVODJ#YDQ#UDGLR0
DFWLHI#DIYDO1

51# 7RHJHYRHJGH#ZDDUGH#YRRU#KHW#WRHSDVVHQ#YDQ#LVRWRSHQ#DQDO\VH#ELM#ERGHPRQGHU]RHN# LQ
KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJHQ# LQ#KHW#ELM0
]RQGHU1

,VRWRSHQ#NXQQHQ#]HNHU#HHQ#PHHUZDDUGH# OHYHUHQ#RS#GH]H#JHELHGHQ1#:DW#QDWXXUOLMNH#VWDELHOH# LVR0
WRSHQ#EHWUHIW=# ORRG# LV#JHVFKLNW#YRRU# LGHQWLILFDWLH#YDQ#EURQQHQ#HQ#GH#KHUNRPVW# YDQ# YHUVFKLOOHQGH
EURQQHQ# +DWPRVIHULVFKH#GHSRVLWLH/#QDWXXUOLMN# ORRG#HWF1,1#9HUGHU#NXQQHQ#GH#PLQHUDOHQ#=Q1/#&X#HQ
0R#PRJHOLMNHUZLMV#RRN#YRRU#GLW#VRRUW#GRHOHLQGHQ#ZRUGHQ#JHEUXLNW1#9RRU#KHW#EHVWXGHUHQ#YDQ#SUR0
FHVVHQ#LQ#GH#ERGHP#NDQ#ELMYRRUEHHOG#)H#HQ#6#LVRWRSHQ#ZRUGHQ#JHEUXLNW/#GLW#ELHGW#YHHO#SHUVSHFWLHI1
'DDUQDDVW#NXQQHQ#DOOHUOHL#UDGLRDFWLHYH#LVRWRSHQ#ZRUGHQ#JHEUXLNW#YRRU#GH#GDWHULQJ#YDQ#JURQGZDWHU/
]RDOV#80VHULH#PRJHOLMNHUZLM]H# +567256;#8# YRRUDO,1#2RN# ]LMQ# LVRWRSHQ# LGHDOH# WUDFHUV/# RPGDW# DOOH
UDQGYRRUZDDUGHQ#EHNHQG#]LMQ1

61# 'H#EHODQJULMNVWH#EHSHUNLQJHQ# DDQ#KHW#JHEUXLN# YDQ# LVRWRSHQ# DQDO\VH# ELM# ERGHPRQGHU0
]RHN#LQ#KHW#DOJHPHHQ#HQ#RS#KHW#JHELHG#YDQ#ERGHP0#HQ#JURQGZDWHUYHURQWUHLQLJLQJ#LQ#KHW
ELM]RQGHU1

(HQ#EHODQJULMNH#EHSHUNLQJ#YDQ#KHW#JHEUXLN#YDQ#LVRWRSHQ#LV#LHGHU#JHYDO#GH#KRJH#SULMV#YDQ#GH#DQDO\0
VH#NRVWHQ1#'LW#ZRUGW#YHUVWHUNW#GRRUGDW#YDQ#WHYRUHQ#QLHW#DOWLMG#GXLGHOLMN#LV#KRHYHHO#PRQVWHUV#PRHWHQ
ZRUGHQ#JHQRPHQ1#'H#EHPRQVWHULQJVVWUDWHJLH#LV#YDDN#DQWLFLSHUHQ#RS#HHUGHUH#YRQGVWHQ1#9DDN#EOLMNW
GDW#HHQ#QDWXXUOLMN#V\VWHHP#HHQ#JURWH#YDULsWHLW#DDQ#VLJQDWXUHQ#YHUWRRQW#GRRU#GH#YHOH# IUDFWLRQHULQ0
JHQ1#2P#KLHULQ#WUHQGV#WH#RQGHUVFKHLGHQ#LV#HHQ#KRJH#EHPRQVWHULQJV0JUDDG#QRGLJ1#,VRWRSHQ#ZRUGHQ
YDDN# JHEUXLNW# DOV# FRQWUROH# RS# KHW# *QDWXXUOLMNH*# H[SHULPHQW1# (HQ# QDGHHO# LV# GDW# YRRUDO# ELM# HHQ0
GLPHQVLRQDOH#YDULDWLHV#]RDOV#ELM#=Q/#&X#HU#QLHW#DOWLMG#GLUHFW#HHQ#YDULDWLH#ZDDUJHQRPHQ#ZRUG1#+LHU0
GRRU#LV#KHW#QLHW#GLUHFW#GXLGHOLMN#RI#GH]H#YDULDWLH#HHQ#DSDUWH#EURQ2#RRUVSURQJ#RI#HHQ#SURFHV#DDQGXLGW1
0XOWL0HOHPHQW#VWXGLHV#HQ#]RHNHQ#QDDU#FRUUHODWLHV# WXVVHQ# +D,#YDULDWLHV# LQ#YHUVFKLOOHQGH#HOHPHQWHQ
HQ#+E,#LVRWRSHQYHUKRXGLQJHQ#HQ#FRQFHQWUDWLHV#NXQQHQ#PLVVFKLHQ#KHOSHQ#ELM#GLW#SUREOHHP1

71# 'H#PHHVW#YHHOEHORYHQGH#RQWZLNNHOLQJHQ#RS#KHW#JHELHG#YDQ# LVRWRSHQ#DQDO\VH#YRRU#ERGHPRQ0
GHU]RHN1

2S#KHW#JHELHG#YDQ#YHURQWUHLQLJLQJHQ#]LHW#GH#KHHU#.UDPHUV#YRRUDO#ELM#GH#EURQEHSDOLQJ#JURWH#PRJH0
OLMNKHGHQ1#2RN#RS#KHW#JHELHG#YDQ#UHGR[SURFHVVHQ#]LMQ#HU#RQWZLNNHOLQJHQ1#)H#LVRWRSLH#HQ#PLVVFKLHQ
0R#LVRWRSLH#YRRU#GH]H1#(FKWHU#EHLGH#PHHWWHFKQLHNHQ#VWDDQ#DOOHEHL#DEVROXXW#LQ#GH#NLQGHUVFKRHQHQ
PDDU#HIIHFWHQ#]LMQ#DO#ZDDUJHQRPHQ1#'LW#ELHGW#GXV#JURWH#PRJHOLMNKHGHQ1#'DDUQDDVW#]LMQ#HU#RQWZLN0
NHOLQJHQ#YRRU#GH#80VHULH#+Y1D1#5678256;8/#PLVVFKLHQ#5637K25678,#YRRU#ERGHPRXGHUGRP#HQ#RRN
UHGR[#FRQGLWLHV1



'1< ,QWHUYLHZ#PHW#%1#6KHUZRRG0/ROODU#+8QLYHUVLW\#RI#7RURQWR,

41# 'HPRQVWUDWLQJ#ELRGHJUDGDWLRQ#LV#UHODWLYHO\#HDV\/#EXW#TXDQWLI\LQJ#LW#LV#YHU\#KDUG1#'R#\RX
WKLQN#WKDW#LVRWRSHV#FDQ#SURYLGH#D#WRRO#IRU#TXDQWLI\LQJ#ELRGHJUDGDWLRQ"

(U# LV#HHQ#VWXN#RYHU#GLW#RQGHUZHUS# LQ# UHYLVLH1#8LW#KHW#VWXN#NRPW# LQ# LHGHU#JHYDO#QDDU#YRUHQ#GDW#KHW
PRJHOLMN# LV#UHODWLHI# WH#NZDQWLILFHUHQ#PDDU#QLHW#DEVROXXW1#'LW#NRPW#RPGDW#HU#HHQ#DDQWDO#DDQQDPHV
PRHWHQ#ZRUGHQ#JHPDDNW#YRRU#NZDQWLILFDWLH1#'H#JURHS#YDQ#/ROODU#KRXGW#]LFK#EH]LJ#PHW#GLW#RQGHU0
ZHUS#PHW#&$+#HQ#GH#5LFKQRZ#JURHS#PHW#%7(;1

51# :KLFK#LVRWRSHV#+&/+/#&O/#HWF,#ZRXOG#\RX#PHDVXUH#IRU#WKH#IROORZLQJ#FRPSRXQG#FODVVHV#WR
JLYH#LQIRUPDWLRQ#DERXW#GHJUDGDWLRQ=#&$+/#%7(;/#3$+/#RWKHU#FRQWDPLQDWLRQV1#:KDW#NLQG
RI#SUREOHPV#FDQ#DULVH#ZLWK#WKH#DQDO\VHV2#LQWHUSUHWDWLRQ#RI#WKHVH#FRPSRXQGV"

9RRU#&$+#LV#KHW#HLJHQOLMN#DOOHHQ#QRGLJ#RP#GH#&#LVRWRSHQ#WH#PHWHQ#RPGDW#GH#IUDFWLRQHULQJ#KLHUYDQ
RYHU#KHW#DOJHPHHQ#JURRW#JHQRHJ# LV#RP#KLHU#FRQFOXVLHV#DDQ#WH#YHUELQGHQ1#'H#DQGHUH# LVRWRRS#PH0
WLQJHQ#]LMQ#QLHW#HFKW#QRRG]DNHOLMN1

9RRU#%7(;#NDQ#PHQ#DDQ#&#HQ#+#PHWHQ1#2YHU#HQNHOH#ZHNHQ#NRPW#HU#HHQ#DUWLNHO#XLW#YDQ#:DUG#PHW
/ROODU#%6#DOV#FR0DXWHXU#RYHU#PHWLQJHQ#YDQ#+#DDQ#EHQ]HHQ#LQ#(6)71

3$+=#]RDOV#EHNHQG#LV#HU#YRRU#3$.*V#ZHLQLJ#IUDFWLRQHULQJ1#+HW#]DO#YRRU#DIEUDDN#GXV#ZHLQLJ#QXW#KHE0
EHQ#RP#KLHUYRRU#DDQ#GH#LVRWRSHQ#WH#PHWHQ1

61# %HQ]HQH/# [\OHQHV# DQG# WROXHQH#KDYH# VLPLODU#PDVVHV/# \HW# WKH# IUDFWLRQDWLRQV# RI# WROXHQH
DQG#[\OHQHV#DUH#KLJKHU#+DERXW#9Å,#WKDQ#WKDW#RI#EHQ]HQH#+DERXW#5Å,1#:KDW#LV#WKH#UHDVRQ
IRU#WKLV"

46&#KHHIW#JURWH#PRJHOLMNKHGHQ#PDDU#KHW# LV#QRJ#QLHW#SUHFLHV#EHNHQG#KRH#HQ#ZHONH# IDFWRUHQ#GH
IUDFWLRQHULQJ#YDQ#46&#SUHFLHV#EHwQYORHGHQ1#+HW#LV#JHZRRQ#QRJ#QLHW#EHNHQG#RS#GLW#PRPHQW#ZDW#GH
FRQWUROHUHQGH#IDFWRU# LV#YRRU#GH# ODJH#IUDFWLRQHULQJHQ# LQ#KHW#YHOG1#(U# LV#PHHU#RQGHU]RHN#QRGLJ#QDDU
KHW#JHEUXLN#YDQ#LVRWRSHQ#ELM#YHURQWUHLQLJLQJHQ1#'H#HQLJH#]HNHUH#FRQFOXVLH#GLH#WRW#QX#WRH#NDQ#ZRU0
GHQ#JHJHYHQ#LV#GDW#HU#HHQ#YHUVFKLO#LV#WXVVHQ#SXUH#FXOWXUHQ#HQ#JHPHQJGH#FXOWXUHQ1#(HQ#SXUH#FXOWX0
UH#KHHIW#HHQ#JURWH#YDULDELOLWHLW>#VRPPLJH#ODWHQ#JHHQ#IUDFWLRQHULQJ#]LHQ#DQGHUH#ZHO1#(ON#DUWLNHO#WRW#QX
WRH#PHW#HHQ#JHPHQJGH#FXOWXUH#RI#PHWLQJHQ# LQ#KHW#YHOG# +LV#HLJHQOLMN#RRN#HHQ#JHPHQJGH#FXOWXUH,
KHHIW#DOOHHQ# ODJH#IUDFWLRQHULQJ#+YDQ#URQG#GH#5Å,#ODWHQ#]LHQ1#+2SPHUNLQJ#DXWHXUV=#5LFKQRZ#HQ#/*
6WHKPHLHU#KHEEHQ#DDQJHWRRQG#GDW#LQ#KHW#YHOG#ZHO#JURWH#IUDFWLRQHULQJ#NDQ#RSWUHGHQ=#90;Å1,

0HQ#PRHW#YRRU]LFKWLJ#]LMQ#PHW#KHW#JHEUXLN#YDQ#46&#HQ#GH#FRQFOXVLHV#GLH#PHQ#HUXLW#ZLO# WUHNNHQ1
:DUG#HW#DO1#]XOOHQ#ZDDUVFKLMQOLMN#KHW#JHEUXLN#YDQ#5+#JDDQ#LQWURGXFHUHQ1

71# 7KH#IUDFWLRQDWLRQ#IDFWRUV#RI#WROXHQH#GRQ*W#VKRZ#FRQVLVWHQW#YDOXHV#IRU#46&/#WKH#QXPEHUV
DUH#YDU\LQJ1#,W#LV#VXJJHVWHG#WKDW#WKH#GHJUHH#RI#HQULFKPHQW#RI#46&#GHSHQGV#RQ#WKH#W\SH#RI
EDFWHULD# LQYROYHG1#%LRFKHPLFDO#GHJUDGDWLRQ# URXWHV/#VWUXFWXUH#RI# WKH#FRPSRXQG# UHGR[0
FRQGLWLRQV#DQG#SRVVLEO\#WKH#DPRXQW#RI#QXWULHQWV#+DGGLWLRQDO#FDUERQ#DQG#QLWURJHQ#VRXU0
FHV#IRU#H[DPSOH,1#&DQ#\RX#DJUHH#ZLWK#WKLV"

=LH#61



81# ,Q#PHWKDQRJHQLF#]RQHV# LQ#DQ#DTXLIHU#WKH#46&245&#DQG#5+24+#UDWLRV*V#RI#PHWKDQH#VKRZ
ODUJH#YDULDWLRQV# +HYHQ# WKRXJK# LW*V#SRVVLEOH# WR#GLVWLQJXLVK#EHWZHHQ#&250UHGXFWLRQ#DQG
DFHWDWH#IHUPHQWDWLRQ,1#&DQ#\RX#H[SODLQ#WKHVH#YDULDWLRQV"

(U# LV#HHQ#YHUVFKLO# LQ#PHFKDQLVPHQ# WXVVHQ#GH# WZHH#VRRUWHQ#DIEUDDNURXWHV1#'LW#VWDDW#XLWJHOHJG# LQ
HHQ#DUWLNHO#YDQ#0#:KLWWDNHU/#>4<;9@1#'LW#LV#HHQ#H[SHUW#RS#GLW#JHELHG1

91# &KORULQDWHG#FRPSRXQGV#OLNH#3&(#DQG#7&(#GHJUDGH#WR#9&1#$OWKRXJK#WKHUH#LV#D#ORZ#FRQ0
FHQWUDWLRQ#RI#9&#LQ#WKH#RULJLQDO#VRXUFH#WKH#FRQFHQWUDWLRQ#RI#9&#ZLOO#LQFUHDVH#VXEVWDQWL0
DOO\# LI#3&(#RU#7&(# LV#GHJUDGHG1#:KDW# LV# WKH#DGGLWLRQDO#YDOXH#RI# LVRWRSLF# DQDO\VHV# IRU
WKHVH#FRPSRXQGV#LI#\RX#FDQ#VLPSO\#PHDVXUH#WKH#9&#FRQFHQWUDWLRQ"

'LW#NDQ#ZDDU#]LMQ/#PDDU#DOV#HU#HHQ#PL[#LV#YDQ#HHQ#EURQ#PHW#9&#HQ#3&(#HQ#7&(#GDQ#ELHGHQ#DOOHHQ
LVRWRSHQ#QRJ#XLWNRPVW1#%RYHQGLHQ#NDQ#GH#FRQFHQWUDWLH#9&#VQHO# WRHQHPHQ#HQ#GDDUQD#ZHHU#KHHO
VQHO#DIQHPHQ#GRRU#DIEUDDN#QDDU#HWKHHQ1#2RN#LQ#]R*Q#JHYDO#KHE#MH#LVRWRSHQ#QRGLJ1

:1# ,Q#EDWFK#H[SHULPHQWV#LW#LV#SRVVLEOH#WR#GHWHUPLQH#WKH#IUDFWLRQDWLRQ#IDFWRU#ZLWK#JUHDW#SUH0
FLVLRQ1#7KH#SUREOHP#LV#WKH#H[WUDSRODWLRQ#WR#WKH#ILHOG1#:RXOG#\RX#XVH#EDWFK#H[SHULPHQWV
DQG#GR#\RX#WKLQN#WKDW#RQH#FDQ#WUDQVODWH#WKH#UHVXOWV#RI#EDWFK#H[SHULPHQWV#WR#WKH#ILHOG#VL0
WXDWLRQ"

(U#]LMQ#YHUVFKLOOHQGH#YHUNODULQJHQ#YRRU#GLW#IHQRPHHQ1#'LW#]LMQ#YDDN#GH#IDFWRUHQ#ZDDURYHU#PHQ#DDQ0
QDPHV#PDDNW#ELM#RQGHU]RHN1#$EVRUSWLH#LV#JHHQ#EHODQJULMNH#IDFWRU#YRRU#GH#IUDFWLRQHULQJ#HFKWHU#ZHO
YRRU#PDVVDEDODQVHQ1#(U#NRPW#ELQQHQNRUW#HHQ#DUWLNHO#XLW#YDQ#6ODWHU#RYHU#GH#DQDO\WLVFKH# FKHPLH
YDQ# LVRWRSLVFKH#HIIHFWHQ#GRRU#DEVRUSWLH1#0HQ#KHHIW#DOWLMG#DOOH# LQIRUPDWLH#QRGLJ#RP#HHQ#FRPSOHHW
SODDWMH#WH#NULMJHQ#HQ#GDDUXLW#MXLVWH#FRQFOXVLHV#WH#WUHNNHQ1

;1# 7KHUH#DUH#VHYHUDO#WHFKQLTXHV#WR#GHWHUPLQH2LGHQWLI\#QDWXUDO#GHJUDGDWLRQ/#DV#OLVWHG#EHORZ1
&DQ#\RX#EULHIO\#GHVULEH#WKH#YDOXH#RI#HDFK#PHWKRGH1#,I#\RX#VKRXOG#GR#UHVHDUFK#RQ#QDWXUDO
GHJUDGDWLRQ#DQG#\RX#FRXOG#SLFN#627#PHWKRGV#ZKLFK#RI#WKHP#ZRXOG#\RX#XVH"#$UH# WKHUH
RWKHU#PHWKRGV#ZKLFK#\RX#ZRXOG#SUHIHU"
ð# 0HDVXULQJ#PHWDEROLF#E\0SURGXFWV
ð# 0HDVXULQJ#FKHPLFDO#GDWD#+LQFOXGLQJ#UHGR[0VSHFLHV,
ð# 0DNLQJ#RI#D#K\GURJHRORJLFDO#PRGHO
ð# 0HDVXULQJ#WKH#FRQFHQWUDWLRQV#RI#WKH#FRPSRXQG#LWVHOI
ð# 0HDVXULQJ#WKH#LVRWRSH#UDWLR#RI#WKH#FRPSRXQG
ð# 0HDVXULQJ#WKH#LVRWRSH#UDWLR#RI#GH#HOHFWURQ#DFFHSWRUV#',&2'2&
ð# 'HWHUPLQLQJ#JURZWK#PLFURELDO#PDVV1
ð# 3UHIRUPLQJ#EDWFK#H[SHULPHQWV#ZLWK#VHGLPHQW2ZDWHU#RI#WKH#ILHOG#VLWH

,Q#SULQFLSH#]LMQ#]H#DOOHPDDO#HVVHQWLHHO#RP#XLW#WH#YRHUHQ1#'H#HHUVWH#YLMI#]LMQ# LQ# LHGHU#JHYDO#DEVROXXW
QRRG]DNHOLMN/#PDDU#HLJHQOLMN#]LMQ#GH# ODDWVWH#GULH#RRN#QRGLJ1#0RJHOLMN#NDQ#PHQ#KHW#PHWHQ#YDQ#GH
',&#HQ#'2&#ZHJODWHQ#RPGDW#HU#YDDN#]HHU#YHHO#NRROVWRI#EURQQHQ#]LMQ#ZDDUGRRU#HU#HHQ#LQJHZLNNHOG
EHHOG#RQVWDDW1#0HQ#NDQ#SDV#YRRU]LFKWLJH#FRQFOXVLHV#WUHNNHQ#RYHU#ELRORJLVFKH#DIEUDDN#DOV#DOOH#PH0
WKRGHV#LQ#GH]HOIGH#ULFKWLQJ#ZLM]HQ#HQ#QLHW#HHUGHU1



/,7(5$7885#%,-/$*(1

%LMODJH#%=

.HUVWHO#(1517K1/#YDQ#7ULJW#51/#'DP#11/#5HXVV#-1/#0HLMHU#+1$1-1#+4<<<,#6LPXOWDQHRXV#GHWHUPLQDWLRQ
RI#WKH#5+24+/#4:22492#DQG#4;22492#LVRWRSH#DEXQGDQFH#UDWLRV#LQ#ZDWHU#E\#PHDQV#RI# ODVHU#VSHF0
WURPHWU\1#$QDO\WLFDO#&KHPLVWU\#+:4,=85<:086361

%LMODJH#'=

:KLWWDNHU#01-1/#)DEHU#(1/#DQG#6FKRHOO#01#+4<;9,#%LRJHQLF#PHWKDQH#IRUPDWLRQ#LQ#PDULQH#DQG#IUHVK0
ZDWHU#HQYLURQPHQWV0LVRWRSH#HYLGHQFH1#*HRFKLPLFD1#(W#&RVPRFKLPLFD#$FWD#83=#9<60:3<1


