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1DWXXUOLMNH#DIEUDDN#HQ#YHUVSUHLGLQJ#YDQ#3$.#LQ#JURQGZDWHU

3RO\F\FOLVFKH# DURPDWLVFKH# NRROZDWHUVWRIIHQ/#3$./# VSHOHQ# HHQ# EHODQJULMNH# URO# ELM# YHURQWUHLQLJGH
JDVIDEULHNVWHUUHLQHQ#PHW#WHHUDFKWLJH#UHVWHQ#LQ#JURQG#HQ#JURQGZDWHU1#3$.#NRPHQ#RRN#YRRU#ELM#YHU0
RQWUHLQLJLQJ#PHW#NRROGHHOWMHV/#DVVHQ2VLQWHOV#HQ#URHW1

'RRU#GH#ODJH#ZDWHURSORVEDDUKHLG#]LMQ#GH#YHURQWUHLQLJLQJHQ#ZHLQLJ#PRELHO#LQ#GH#ERGHP#HQ#KHEEHQ
HHQ# ODJH# ELREHVFKLNEDDUKHLG1#+LHUGRRU# ]LMQ# GH# KXPDQH# ULVLFR*V# UHODWLHI# JHULQJ1#2S# JHVDQHHUGH
JDVIDEULHNVWHUUHLQHQ# LV# LQ#HHQ#DDQWDO#JHYDOOHQ#HHQ# UHVWYHURQWUHLQLJLQJ#PHW#3$.#DDQZH]LJ# LQ#GH
JURQG/#ZDDUELM#YHUVSUHLGLQJ#YLD#KHW#JURQGZDWHU#ZHO#HHQ#URO#VSHHOW1

%HKHHUVHQ#YDQ#GH#JURQGZDWHUVWURPLQJ#GRRU#KHW#RSSRPSHQ#YDQ#JURQGZDWHU# LV#HHQ#GXUH#HQ#YDQ0
ZHJH#GH#YHUGURJLQJVSUREOHPDWLHN#YHHODO#RQJHZHQVWH# WHFKQLHN1#+HW# LV#GDDURP#JHZHQVW#GDW#YRRU
GH#VDQHULQJ#YDQ#GH]H#UHVWYHURQWUHLQLJLQJ#HHQ#H[WHQVLHYH#PHWKRGH#ZRUGW#RQWZLNNHOG1#+HW#VWLPXOH0
UHQ#YDQ#GH#QDWXXUOLMNH#DIEUDDN/#PHW#HHQ#PLQLPXP#DDQ#PLGGHOHQ/#OLMNW#KLHUELM#HHQ#DDQWUHNNHOLMNH#RS0
WLH1

2PGDW#HU#JHHQ#NZDQWLWDWLHYH#PHWKRGHQ#EHVFKLNEDDU#]LMQ#YRRU#GH#EHSDOLQJ#YDQ#GH#QDWXXUOLMNH#DI0
EUDDN#YDQ#3$./#ZRUGW#GLW#QLHW#PHHJHQRPHQ# LQ#GH# ULVLFREHRRUGHOLQJ1#'LW#NDQ# OHLGHQ# WRW#KHW#RYHU0
VFKDWWHQ#YDQ#GH#YHUVSUHLGLQJVULVLFR¶V1# ,Q#GH#SUDNWLMN#NDQ#YHUVSUHLGLQJ#GXV#EHSHUNWHU#]LMQ#GDQ#YLD
PRGHOOHQ#WKHRUHWLVFK#LV#EHUHNHQG1

+HW# WHUUHLQ#YDQ#GH#YRRUPDOLJH#JDVIDEULHN# WH#9HHQHQGDDO# LV#JHVHOHFWHHUG#DOV#SURHIORFDWLH1#+HW# WR0
WDOH#SURMHFW#RPYDW#6#IDVHQ1
,Q#IDVH#4#YDQ#KHW#SURMHFW#]LMQ#PHWKRGHQ#RQWZLNNHOG#HQ#WRHJHSDVW1

9RRU#KHW#DDQWRQHQ#YDQ#QDWXXUOLMNH#3$.0DIEUDDN#]LMQ#YLHU#PHWKRGHQ#JHWHVW=
41# KHW#DDQWDO#3$.0DIEUHNHQGH#RUJDQLVPHQ>
51# HQ]\P0DFWLYLWHLW>
61# DDQZH]LJKHLG#YDQ#WXVVHQSURGXFWHQ>
71# EHSDOLQJ#YDQ#GH#KHUNRPVW#YDQ#&25#PLGGHOV#45&246&0DQDO\VH1
'H#VQHOKHLG#YDQ#QDWXXUOLMNH#DIEUDDN#LV#YDVWJHVWHOG#LQ#EDWFK0#HQ#NRORP0H[SHULPHQWHQ1#'H#YHUVSUHL0
GLQJVVQHOKHLG# LV# LQGLFDWLHI#EHSDDOG#PHW#HHQ#YHUVSUHLGLQJVPRGHO/#ZDDUELM#GH# LQ# WH#YRHUHQ#VRUSWLH0
SDUDPHWHUV#H[SHULPHQWHHO#]LMQ#EHSDDOG1

0HW#GH#JHWHVWH#PHWKRGHQ#]LMQ#GXLGHOLMNH#EHZLM]HQ#YRRU#DsUREH#HQ#DQDsUREH#DIEUDDNSURFHVVHQ#JH0
YRQGHQ/#PDDU#GH]H#]LMQ#PHW#QDPH#GRRU#GH#ODJH#FRQFHQWUDWLHV#3$.#HQ#GH#KRJH#FRQFHQWUDWLHV#PL0
QHUDOH#ROLH#QLHW#HHQGXLGLJ#WH#UHODWHUHQ#DDQ#GH#QDWXXUOLMNH#DIEUDDN#YDQ#3$.1

$OV# OLPLWHUHQGH# IDFWRU#YRRU#GH#QDWXXUOLMNH#DIEUDDN#YDQ#3$.# LV# LQ#KHW# ODERUDWRULXP/#RQGHU#DsUREH
FRQGLWLHV/# QXWULsQWHQWRHYRHU# JHwGHQWLILFHHUG1# ,Q# KHW# YHURQWUHLQLJGH# JURQGZDWHU# YDQ# GH# ORFDWLH# LV
HFKWHU#YULMZHO#JHHQ#]XXUVWRI#JHPHWHQ/#]RGDW#GH# OLPLWDWLH#GRRU#QXWULsQWHQWRHYRHU#ELM#GH#QDWXXUOLMNH
DIEUDDN#+RQGHU#DQDsUREH#FRQGLWLHV,#KRRJVWZDDUVFKLMQOLMN#QLHW#RSWUHHGW1#0HW#GH#EDWFKH[SHULPHQWHQ
LV#HHQ#LQGLFDWLHYH#DIEUDDNVQHOKHLG#YRRU#3$.#YDVWJHVWHOG#YDQ#FLUFD#3/3:#WRW#3/7#PJ2NJ1GDJ1
'H#PD[LPDOH#DIEUDDNVQHOKHLG#YDQ#3$.#LQ#HHQ#VOXUU\WHVW#EHGUDDJW#FLUFD#3/403/5#PJ2NJ1GDJ#HQ#YRRU
PLQHUDOH# ROLH# FLUFD# 4830583#PJ2NJ1GDJ1#'H#PHW# NRORPSURHYHQ# +GRRUVWURPLQJ#PHW# ]XXUVWRIKRX0
GHQG#ZDWHU,#JHVLPXOHHUGH#PD[LPDOH#LQ0VLWX#DIEUDDNVQHOKHLG#OLJW#RS#EDVLV#YDQ#&250PHWLQJHQ#LQ#GH
RUGH#YDQ#JURRWWH#YDQ#FLUFD#;#PJ2NJ1GDJ/#ZDDUELM#JHHQ#RQGHUVFKHLG# LV# WH#PDNHQ# WXVVHQ#3$.#HQ
PLQHUDOH#ROLH1



9,,,

'H#GULH#PHWKRGHQ#YRRU#KHW#EHSDOHQ#YDQ#VRUSWLHSDUDPHWHUV#YRRU#WZHH#OLFKWH#3$./#QDIWDOHHQ#HQ#IH0
QDQWUHHQ/#OHYHUHQ#DOV#UHVXOWDDW=
0# VFKXGH[SHULPHQWHQ# ]LMQ# LQ#GH#KXLGLJH#RS]HW#QLHW#JHVFKLNW# YRRU# KHW# EHSDOHQ# YDQ# GH# VRUSWLH0

LVRWKHUP#YRRU#3$./#PHW#QDPH#GRRU#KHW# ODJH#RUJDQLVFKH#VWRIJHKDOWH#+3/94#(#YDQ#GURJH#VWRI,
YDQ#GH#RQGHU]RFKWH#JURQG>

0# NRORPH[SHULPHQWHQ#NXQQHQ#ZRUGHQ#JHEUXLNW#RP#VRUSWLHSDUDPHWHUV#WH#EHSDOHQ/#]RDOV#GH#VRUS0
WLHFRsIILFLsQW#.WRW/#GH#IUDFWLH#HYHQZLFKWV0DGVRUEHUHQGH#SODDWVHQ#I4#HQ#GH#VQHOKHLGVFRQVWDQWH#N
YRRU#GH#VQHOKHLG#ZDDUPHH#VRUSWLH#DDQ#GH#WLMGVDIKDQNHOLMNH#SODDWVHQ#I5#SODDWVYLQGW>

0# H[WUDFWLH0H[SHULPHQWHQ#]LMQ#PLQGHU#JHVFKLNW#YRRU#GH#ODJH#JHKDOWHQ#DDQ#3$.#]RDOV#LQ#GH#RQGHU0
]RFKWH#JURQG#DDQZH]LJ#]LMQ1

=RZHO# RS# DOV# LQ# GH# RPJHYLQJ# YDQ# GH# SURHIORFDWLH# ]LMQ# ODJH# FRQFHQWUDWLHV# ]XXUVWRI# JHPHWHQ
+?4#PJ2/,1# %LRORJLVFKH# VXOIDDWUHGXFWLH/# YHUVWHUNWH# LM]HU0UHGXFWLH# HQ#PHWKDDQYRUPLQJ# ]LMQ# VWHUNH
DDQZLM]LQJHQ#YRRU#DIEUDDN#YDQ#RUJDQLVFKH#YHURQWUHLQLJLQJHQ#YLD#DQDsUREH#SURFHVVHQ/#KRHZHO#PHW
GH#PHWKRGHQ#QLHW#HHQGXLGLJ# LV#YDVW# WH#VWHOOHQ#ZHONH# YHURQWUHLQLJLQJHQ# +3$./#%7(;#RI#PLQHUDOH
ROLH,#ZRUGHQ#DIJHEURNHQ1

8LW#GH#LQGLFDWLHYH#YHUVSUHLGLQJVEHUHNHQLQJHQ#EOLMNW#GDW#HU#VSUDNH#LV#YDQ#HHQ#]HHU#JHULQJH#YHUVSUHL0
GLQJ#YDQ#3$.#YLD#KHW#JURQGZDWHU#RS#GH#SURHIORFDWLH1

'H#WRHJHSDVWH#PHWKRGHQ#]LMQ#JHYRHOLJ#YRRU#FRQFHQWUDWLHQLYHDX#YDQ#3$./#VWRUHQGH#LQYORHGHQ#YDQ
DQGHUH#RUJDQLVFKH#YHURQWUHLQLJLQJHQ#DOV#PLQHUDOH#ROLH#HQ#GH#DIZH]LJKHLG#YDQ#]XXUVWRI1

)DVH#5#HQ#6#ZRUGHQ#YDQZHJH#GH#JHULQJH#YHUVSUHLGLQJ#HQ#GH#VWRUHQGH#LQYORHGHQ#RS#GH#SURHIORFD0
WLH#QLHW#XLWJHYRHUG1

$DQEHYHOLQJHQ#]LMQ=
0# YRRUDI#HHQ#EHSHUNWH#NDUDNWHULVHULQJ#YDQ#GH# +UHGR[,RPVWDQGLJKHGHQ# LQ#GH#RPJHYLQJ#YDQ#GH

SURHIORFDWLH#XLW#WH#YRHUHQ>
0# GH#PHWKRGHQ#WRH#WH#SDVVHQ#ELM#YRRUNHXU#RS#HHQ#ORFDWLH#PHW#ODJH#FRQFHQWUDWLHV#DQGHUH#YHURQW0

UHLQLJLQJHQ#DOV#PLQHUDOH#ROLH#HQ#%7(;>
0# WRHSDVVLQJ#YDQ#GH#PHWKRGHQ#RS# ORFDWLHV#ZDDUELM#YROGRHQGH#DDQYRHU#YDQ#]XXUVWRI#HQ#QXWULsQ0

WHQ#PRJHOLMN#LV#HQ#GH#FRQFHQWUDWLH#3$.#KRJHU#LV#GDQ#FLUFD#433#PJ2NJ1G1V1
*HVFKLNWH#ORFDWLHV#]LMQ#PRJHOLMN#FUHRVRWHHU0#HQ#DVIDOWHHUEHGULMYHQ1



,;

6800$5<

1DWXUDO#DWWHQXDWLRQ#DQG#WUDQVSRUW#RI#3$+#LQ#JURXQGZDWHU

3RO\F\FOLF# DURPDWLF# K\GURFDUERQV/# 3$+V/# DUH# FKDUDFWHULVWLF# FRPSRXQGV# IRXQG# DW# SROOXWHG# JDV0
ZRUNV#ZKHUH#WDU0UHPDLQV#DUH#SUHVHQW#LQ#WKH#VRLO#DQG#JURXQGZDWHU1#3$+V#DUH#DOVR#SUHVHQW#DW#VLWHV
WKDW#DUH#FRQWDPLQDWHG#E\#FRDO0SDUWLFOHV/#DVK#RU#FLQGHU#DQG#VRRW1

'XH#WR#WKH#K\GURSKRELF#QDWXUH#RI#3$+V/#WKHVH#SROOXWDQWV#DUH#QRW#YHU\#PRELOH# LQ#WKH#VRLO#DQG# WKH\
KDYH#D#ORZ#ELR0DYDLODELOLW\1#7KLV#PDNHV#WKH#ULVN#IRU#KXPDQV#UHODWLYHO\#VPDOO1#$IWHU#VRLO#UHPHGLDWLRQ
RI# SROOXWHG# JDVZRUNV# WKHUH# DUH# LQ# VRPH# FDVHV# VWLOO# WUDFHV# RI# 3$+V# LQ# WKH# VRLO/# DQG# KHUH# WKH
VSUHDGLQJ#RI#3$+V# WKURXJK# WKH#JURXQGZDWHU#FRXOG#EH#DQ# LPSRUWDQW# ULVN1#7KLV#VSUHDGLQJ#FDQ#EH
FRQWUROOHG#E\#SXPSLQJ#XS#DQG# WUHDWLQJ# WKH#JURXQGZDWHU/#KRZHYHU# WKLV# LV#DQ#H[SHQVLYH#SURFHGXUH
DQG# LW#FDXVHV#PDQ\#SUREOHPV#ZLWK#GURXJKW1#7KHUHIRUH/#D#VLPSOH#DQG#FKHDS# WHFKQLTXH#VKRXOG#EH
GHYHORSHG#WR#UHPRYH#WKHVH#3$+V#WUDFHV#IURP#WKH#JURXQGZDWHU1#$#SRVVLEOH#VROXWLRQ#LV#WR#VWLPXODWH
QDWXUDO#ELRGHJUDGDWLRQ#RI#3$+V#E\#D#PLQLPXP#RI#PHDQV1

7KHUH# DUH# QR# TXDQWLWDWLYH#PHWKRGV# DYDLODEOH# IRU# WKH# GHWHUPLQDWLRQ# RI# ELRGHJUDGDWLRQ# RI# 3$+V>
WKHUHIRUH#WKLV#SURFHVV#LV#QRW#LQFOXGHG#LQ#ULVN#DVVHVVPHQWV1#7KLV#FRXOG#OHDG#WR#DQ#RYHUHVWLPDWLRQ#RI
WKH#ULVN#RI#VSUHDGLQJ#RI#WKH#FRQWDPLQDQWV1#$QG#WKH#VSUHDGLQJ#ZRXOG#SURJUHVV#OHVV#UDSLGO\#WKDQ#FDO0
FXODWHG1

7KH# ORFDWLRQ#RI# WKH# IRUPHU#JDVZRUNV#SODQW# LQ#9HHQHQGDDO#ZDV#VHOHFWHG#DV#D# WHVW#VLWH1#7KH# WRWDO
SURMHFW#FRQVLVWV#RI#WKUHH#SKDVHV1#3KDVH#4#RI#WKH#SURMHFW#LQYROYHV#WKH#GHYHORSPHQW#DQG#DSSOLFDWLRQ
RI#PHWKRGV#WR#GHWHUPLQH#ZKHWKHU#LQ0VLWX#QDWXUDO#ELRGHJUDGDWLRQ#RI#3$+V#RFFXUV1

)RXU#PHWKRGV#ZHUH#WHVWHG=
41# 7KH#QXPEHU#RI#3$+V0GHJUDGLQJ#RUJDQLVPV>
51# (Q]\PH0DFWLYLW\>
61# 3UHVHQFH#RI#LQWHUPHGLDWHV#RU#PHWDEROLWHV>
71# 'HWHUPLQDWLRQ#RI#WKH#VRXUFH#RI#&25#LQ#WKH#JURXQGZDWHU#ZLWK#45&246&#LVRWRSH#DQDO\VLV1
7KH# UDWH# RI# QDWXUDO# ELRGHJUDGDWLRQ# ZDV# GHWHUPLQHG# ZLWK# EDWFK0# DQG# FROXPQ0H[SHULPHQWV1# 7KH
VSUHDGLQJ0UDWH#ZDV#FDOFXODWHG#ZLWK#D#PRGHO# IRU#ZKLFK# WKH#VRUSWLRQ0SDUDPHWHUV#ZHUH#GHWHUPLQHG
H[SHULPHQWDOO\1

7KH#PHWKRGV#JDYH#FOHDU#HYLGHQFH#IRU#WKH#RFFXUUHQFH#RI#ERWK#DHURELF#DQG#DQDHURELF#ELRGHJUDGD0
WLRQ#SURFHVVHV1#+RZHYHU/# WKH# ORZ# FRQFHQWUDWLRQ# RI#3$+V# DQG# KLJK# FRQFHQWUDWLRQ# RI#PLQHUDO# RLO
PDGH#LW#LPSRVVLEOH#WR#DWWULEXWH#WKH#UHVXOWV#VROHO\#WR#WKH#ELRGHJUDGDWLRQ#RI#3$+V1

/DERUDWRU\#H[SHULPHQWV# VKRZ# WKDW# WKH# OLPLWLQJ# IDFWRU# IRU#ELRGHJUDGDWLRQ# RI#3$+V# XQGHU# DHURELF
FRQGLWLRQV# LV# WKH# ODFN# RI# QXWULHQWV1# +RZHYHU# WKH# JURXQGZDWHU# DW# WKH# VLWH# FRQWDLQV# RQO\# WUDFH
DPRXQWV#RI#R[\JHQ/#WKHUHIRUH#WKH#ODFN#RI#QXWULHQWV#GRHV#QRW#DSSHDU#WR#EH#WKH#OLPLWLQJ#IDFWRU#DW#WKLV
VLWH1# %DWFK0H[SHULPHQWV# ZHUH# XVHG# WR# GHWHUPLQH# WKH# DSSUR[LPDWH# UDWH# RI# GHJUDGDWLRQ# IRU# WKH
3$+V=#313:0317#PJ2NJ1GD\1

7KH#PD[LPXP#VSHHG#RI#GHJUDGDWLRQ#RI#3$+V# LQ# WKH#VOXUU\0WHVW#ZDV#3140315#PJ2NJ1GD\/#ZKLOH# WKH
PD[LPXP#VSHHG#RI#GHJUDGDWLRQ#RI#PLQHUDO#RLO# LQ#WKHVH#WHVWV#ZDV#4830583#PJ2NJ1GD\1#:LWK#D#FRO0
XPQ0H[SHULPHQW# WKH# QDWXUDO# LQ0VLWX# ELRGHJUDGDWLRQ# ZDV# VLPXODWHG# DQG# WKH# PD[LPXP# SRVVLEOH
VSHHG#RI#GHJUDGDWLRQ#DW#WKH#VWLH#ZDV#GHWHUPLQHG#ZLWK#&25#PHDVXUHPHQWV=#;#PJ2NJ1GD\1#,Q#WKHVH
H[SHULPHQWV#LW#ZDV#LPSRVVLEOH#WR#GLVWLQJXLVK#EHWZHHQ#WKH#GHJUDGDWLRQ#RI#3$+V#DQG#WKDW#RI#PLQHUDO
RLO1



;

7KH#UHVXOWV#RI#WKH#WKUHH#PHWKRGV#IRU#WKH#GHWHUPLQDWLRQ#RI#WKH#VRUSWLRQSDUDPHWHUV#RI#WZR#3$+#FRQ0
ILJXUDWLRQV#+QDSKWKDOHQH#DQG#SKHQDQWKUHQH,#ZHUH=
0# 6KDNLQJ#ERWWOH#H[SHULPHQWV#ZHUH#QRW#VXLWDEOH#IRU#WKH#GHWHUPLQDWLRQ#RI#WKH#VRUSWLRQ0LVRWKHUP#IRU

3$+V1#7KLV#ZDV#PDLQO\#FDXVHG#E\#WKH#ORZ#RUJDQLF#PDWWHU#FRQWHQW#RI#WKH#VRLO#+3194(#RI#WKH#GU\
ZHLJKW,1

0# &ROXPQ0H[SHULPHQWV#FDQ#EH#XVHG#WR#GHWHUPLQH#VRUSWLRQSDUDPHWHUV#VXFK#DV#WKH#VRUSWLRQFRHI0
ILFLHQW#.WRW/#WKH#IUDFWLRQ#RI#HTXLOLEULXP#DGVRUSWLRQ#SRVLWLRQV#I4#DQG#N/#D#FRQVWDQW#WKDW#UHSUHVHQWV
WKH#VRUSWLRQ#WR#WLPH0GHSHQGHQW#VLWHV#I51

0# ([WUDFWLRQ0H[SHULPHQWV#ZHUH#OHVV#VXLWDEOH#IRU#VDPSOHV#ZLWK#ORZ#FRQFHQWUDWLRQV#RI#3$+V#+VXFK
DV#WKH#VDPSOHV#IURP#WKH#WHVW#VLWH,1

$W# WKH# WHVW#VLWH# WKH#R[\JHQ#FRQFHQWUDWLRQ# LQ# WKH#JURXQGZDWHU#ZDV#YHU\# ORZ# +?4#PJ2/,1#%LRORJLFDO
VXOSKDWH0UHGXFWLRQ/#LQFUHDVHG#LURQ0UHGXFWLRQ#DQG#PHWKDQH0IRUPDWLRQ#ZHUH#FOXHV#IRU#RFFXUUHQFH#RI
GHJUDGDWLRQ#RI#RUJDQLF#SROOXWDQWV#E\#DQDHURELF#SURFHVVHV1#+RZHYHU/# LW#ZDV#GLIILFXOW# WR#GHWHUPLQH
ZKLFK#SROOXWDQWV#ZHUH#GHJUDGHG#+3$+/#YRODWLOH#RUJDQLF#FRPSRXQGV#RU#PLQHUDO#RLO,1

)URP# WKH# WHQWDWLYH# FDOFXODWLRQV#ZLWK# D# VSUHDGLQJ0PRGHO# LW# DSSHDUV# WKDW# WKH# GLVSHUVLRQ# RI#3$+V
WKURXJK#WKH#JURXQGZDWHU#LV#YHU\#OLPLWHG#DW#WKH#WHVW#ORFDWLRQ1

7KH#DSSOLHG#PHWKRGV#DUH#DOO# VHQVLWLYH# WR# WKH# FRQFHQWUDWLRQ# OHYHOV# RI#3$+V/# DPRXQW# RI# R[\JHQ/
DPRXQW#RI#QDWXUDO#RUJDQLF#PDWWHU#DQG#LQIOXHQFHV#IURP#RWKHU#RUJDQLF#SROOXWDQWV1

3KDVH#WZR#DQG#WKUHH#RI#WKH#SURMHFW#ZLOO#QRW#EH#FRQGXFWHG#EHFDXVH#RI#WKH#ORZ#UDWH#RI#VSUHDGLQJ#DQG
WKH#LQWHUIHULQJ#IDFWRUV#DW#WKH#VLWH1

5HFRPPHQGDWLRQV=
0# $#EULHI#FKDUDFWHULVDWLRQ#RI#WKH#UHGR[0FRQGLWLRQV#RI#WKH#WHVW#VLWH#LV#UHFRPPHQGHG#EHIRUH#VWDUWLQJ

ELRGHJUDGDWLRQ#H[SHULPHQWV>
0# 7KH#WHVWHG#PHWKRGV#VKRXOG#EH#SUHIHUHQWLDOO\#DSSOLHG#DW#VLWHV#ZLWK# ORZ#FRQFHQWUDWLRQV#RI#RWKHU

RUJDQLF#SROOXWDQWV#VXFK#DV#PLQHUDO#RLO#DQG#YRODWLOH#RUJDQLF#FRPSRXQGV>
0# /RFDWLRQV#ZLWK#DEXQGDQW#R[\JHQ#DQG#QXWULHQW#VXSSO\#DV#ZHOO#DV#KLJK#3$+V#FRQFHQWUDWLRQ#+!433

PJ2NJ1GZ,#DUH#PRVW#VXLWDEOH#IRU#WKH#DSSOLFDWLRQ#RI#WKH#PHWKRGV1
0# 0RUH#VXLWDEOH#ORFDWLRQV#IRU#WKLV#W\SH#RI#H[SHULPHQW#DUH#SRVVLEO\#FUHRVRWLQJ#DQG#DVSKDOWLQJ#IDF0

WRULHV1



4
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414# ,QOHLGLQJ#HQ#SUREOHHPVWHOOLQJ

3RO\F\FOLVFKH#DURPDWLVFKH#NRROZDWHUVWRIIHQ/#NRUWZHJ#3$./#VSHOHQ#HHQ#EHODQJULMNH# URO#ELM#YHURQW0
UHLQLJGH#JDVIDEULHNVWHUUHLQHQ1#'H#DDQZH]LJKHLG#YDQ#3$.# LV#KHW#JHYROJ#YDQ# WHHUDFKWLJH#UHVWHQ# LQ
JURQG#HQ#JURQGZDWHU1
3$.#NRPHQ#RRN#YRRU#ELM#YHURQWUHLQLJLQJ#PHW#NRROGHHOWMHV/#DVVHQ2VLQWHOV#HQ#URHW1

'H]H# K\GURIREH# RUJDQLVFKH# ERGHPYHURQWUHLQLJLQJHQ# ]LMQ#PHHVWDO# DDQZH]LJ# LQ# HHQ# DDQ# GH# ER0
GHPPDWUL[#JHERQGHQ#YRUP#RI# LQ#GH#YRUP#YDQ#VWRI#HQ#JURYHUH#GHHOWMHV1#'RRU#GH# ODJH#ZDWHURSORV0
EDDUKHLG# ]LMQ# GH# YHURQWUHLQLJLQJHQ# ZHLQLJ# PRELHO# LQ# GH# ERGHP# HQ# KHEEHQ# HHQ# ODJH
ELREHVFKLNEDDUKHLG#>9RONHULQJ/#4<<9@1#+LHUGRRU#]LMQ#GH#KXPDQH#ULVLFR*V#UHODWLHI#JHULQJ1
2S#JHVDQHHUGH#JDVIDEULHNVWHUUHLQHQ# LV# LQ#HHQ#DDQWDO#JHYDOOHQ#HHQ# UHVWYHURQWUHLQLJLQJ#PHW#3$.
DDQZH]LJ#LQ#GH#JURQG/#ZDDUELM#YHUVSUHLGLQJ#YLD#KHW#JURQGZDWHU#ZHO#HHQ#URO#VSHHOW1

%HKHHUVHQ#YDQ#GH#JURQGZDWHUVWURPLQJ#GRRU#KHW#RSSRPSHQ#YDQ#JURQGZDWHU# LV#HHQ#GXUH#HQ#YDQ0
ZHJH#GH#YHUGURJLQJVSUREOHPDWLHN#YHHODO#RQJHZHQVWH# WHFKQLHN1#+HW# LV#GDDURP#JHZHQVW#GDW#KLHU0
YRRU#HHQ#H[WHQVLHYH#PHWKRGH#ZRUGW#RQWZLNNHOG1#+HW#VWLPXOHUHQ#YDQ#GH#QDWXXUOLMNH#DIEUDDN/#PHW
HHQ#PLQLPXP#DDQ#PLGGHOHQ/#OLMNW#KLHUELM#HHQ#DDQWUHNNHOLMNH#RSWLH1

9HUJHOHNHQ#PHW#YHURQWUHLQLJLQJHQ#DOV#&.:*V#HQ#%7(;# LV#HU# UHODWLHI#ZHLQLJ#EHNHQG#RYHU#GH#QD0
WXXUOLMNH#DIEUDDN#YDQ#3$.1#0LFURELRORJLVFK#RQGHU]RHN#KHHIW#DDQJHWRRQG#GDW#GH#DIEUDDN#YDQ#3$.
RQGHU#DQDsUREH#FRQGLWLHV#QLHW#RI#VOHFKWV#ODQJ]DDP#YHUORRSW#>'XUDQW#HW#DO1/#4<<8@1#,Q#GH#SUDNWLMN#]DO
GH#QDWXXUOLMNH#DIEUDDN#YDQ#3$.#YDDN#JHOLPLWHHUG#]LMQ#GRRU#HHQ#JHEUHN#DDQ#]XXUVWRI#HQ#HYHQWXHHO
GRRU#HHQ#JHEUHN#DDQ#QXWULsQWHQ# >*LQQ#HW#DO1/# 4<<8@1#'H#DsUREH#DIEUDDN# YDQ#GH#PHHVW#PRELHOH/
OLFKWHUH#3$.#+WRW#YLHU#NRROVWRIULQJHQ,#LQ#HHQ#ZDWHULJ#V\VWHHP#YHUORRSW#GRRUJDDQV#JRHG#>9RONHULQJ/
4<<9@1

2PGDW#HU#JHHQ# NZDQWLWDWLHYH#PHWKRGHQ#EHVFKLNEDDU# ]LMQ# YRRU# GH# QDWXXUOLMNH# DIEUDDN# YDQ#3$./
ZRUGW#GLW#QLHW#PHHJHQRPHQ# LQ#GH# ULVLFREHRRUGHOLQJ1#'LW# NDQ# OHLGHQ# WRW#KHW#RYHUVFKDWWHQ# YDQ#GH
YHUVSUHLGLQJVULVLFR¶V1# ,Q#GH#SUDNWLMN#NDQ#YHUVSUHLGLQJ#GXV#EHSHUNWHU#]LMQ#GDQ#YLD#PRGHOOHQ# WKHRUH0
WLVFK#LV#EHUHNHQG1

2RN# LV#HU#JHHQ#JRHGH#RQGHUERXZLQJ#YRRU#KHW#XLWZHUNHQ#YDQ#H[WHQVLHYH# LQ0VLWX#VDQHULQJVPDDWUH0
JHOHQ/#]RDOV#KHW#VWLPXOHUHQ#YDQ#QDWXXUOLMNH#DIEUDDN1#'HUJHOLMNH#PDDWUHJHOHQ#]XOOHQ#WRW#DDQ]LHQOLMNH
UHGXFWLH#YDQ#GH#VDQHULQJVNRVWHQ#NXQQHQ#OHLGHQ1

(HQ#NQHOSXQW#ELM#QDWXXUOLMNH#DIEUDDN# LV#GDW#RQYROOHGLJH#RP]HWWLQJ#YDQ#3$.#NDQ# OHLGHQ# WRW#GH#YRU0
PLQJ# YDQ# WXVVHQSURGXFWHQ#GLH#PRELHOHU#HQ# LQ# VRPPLJH#JHYDOOHQ#RRN# WR[LVFKHU# ]LMQ# GDQ# GH# XLW0
JDQJVYHUELQGLQJHQ1#+HW# LV#GDDURP#YDQ#EHODQJ#GDW#GH#ULVLFREHRRUGHOLQJ#QLHW#DOOHHQ#SODDWVYLQGW#RS
EDVLV#YDQ#FRQFHQWUDWLHV#DDQ#3$.#PDDU#RRN#RS#EDVLV#YDQ#GH#JHPHWHQ#WR[LFLWHLW1

415# 'H#KRRIGGRHOVWHOOLQJ

'H#KRRIGGRHOVWHOOLQJ#YDQ#KHW#SURMHFW# LV#KHW#RQWZLNNHOHQ#HQ# WRHSDVVHQ#YDQ#HHQ#PHWKRGLHN#ZDDU0
PHH#QDWXXUOLMNH#DIEUDDN#NDQ#ZRUGHQ#EHWURNNHQ#ELM#GH#EHSDOLQJ#YDQ#GH# YHUVSUHLGLQJVULVLFR¶V# YDQ
3$.1#2PGDW#QDWXXUOLMNH#DIEUDDN#KHW#YHUPLQGHUHQ#YDQ#KHW#ULVLFR#DOV#GRHO#KHHIW#HQ#QLHW#GH#UHLQLJLQJ
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YDQ#JURQG#HQ#JURQGZDWHU#]DO#KHW#RQGHU]RHN#]LFK#ULFKWHQ#RS#GH# ODJHUH#3$.# +WRW#YLHU# ULQJHQ,#GDDU
GH]H#KHW#PHHVW#PRELHO#]LMQ1#'H#UHVXOWDWHQ#NXQQHQ#ZRUGHQ#JHs[WUDSROHHUG#QDDU#3$.#PHW#HHQ#KR0
JHU#PROHFXXOJHZLFKW1

(HQ#WZHHGH#GRHOVWHOOLQJ#LV#KHW#RQWZLNNHOHQ#HQ#WRHSDVVHQ#YDQ#HHQ#H[WHQVLHYH#ELRORJLVFKH#PHWKRGH
RP#GH#YHUVSUHLGLQJVULVLFR*V#YDQ#3$.#RS# ODQJH# WHUPLMQ#EHKHHUVEDDU# WH#KRXGHQ1#+LHUELM#ZRUGW#DDQ
GH#LQSDVVLQJ#YDQ#GH#PHWKRGH#LQ#GH#XUJHQWLHV\VWHPDWLHN#ELM]RQGHUH#DDQGDFKW#JHJHYHQ1

416# 6DQHULQJVFRQFHSW

1DWXXUOLMNH#DIEUDDN#NDQ#LQ#KHW#YHOG#RSWUHGHQ#ZDQQHHU#DDQ#HHQ#DDQWDO#YRRUZDDUGHQ/#]RDOV#EHVFKLN0
EDDUKHLG#YDQ#YROGRHQGH#3$./#3$.0DIEUHNHQGH#RUJDQLVPHQ/#]XXUVWRI#HQ#QXWULsQWHQ#LV#YROGDDQ1
$OV#GH#RPVWDQGLJKHGHQ#YRRU#3$.#DIEUDDN#JXQVWLJ#OLMNHQ#WH#]LMQ/#]DO#ZRUGHQ#DDQJHWRRQG#GDW#3$.0
DIEUDDN#RRN#GDDGZHUNHOLMN# LV#RSJHWUHGHQ1#0HW# EHKXOS# YDQ# ODERUDWRULXPWHVWHQ# ]DO# GH# UXLPWHOLMNH
YDULDWLH#LQ#GH#DFWXHOH#DIEUDDNFDSDFLWHLW#HQ#GH#PD[LPXP#DIEUDDNFDSDFLWHLW#ZRUGHQ#YDVWJHVWHOG1
1DWXXUOLMNH#DIEUDDN# LV#KHW# UHVXOWDDW#YDQ#SURFHVVHQ#GLH#]HHU# ODQJ]DDP#YHUORSHQ1#+LHUGRRU# LV#HHQ
VLPXODWLH#YDQ#GH]H#SURFHVVHQ#LQ#KHW#YHOG#ZHLQLJ#]LQYRO1#:HO#LV#KHW#PRJHOLMN#LQ#KHW#ODERUDWRULXP#GH
PD[LPXP#DIEUDDNFDSDFLWHLW# WH#EHSDOHQ1# ,Q#GLW#SURMHFW#]DO#GH#YHUVSUHLGLQJ#YDQ#GH#GLYHUVH#3$.# LQ
KHW#YHOG#PHW#HHQ#UHNHQNXQGLJ#PRGHO#ZRUGHQ#EHUHNHQG1#+HW#PRGHO#]DO#ZRUGHQ#JHYRHG#PHW#YHOG0
PHWLQJHQ/#OLWHUDWXXUJHJHYHQV#HQ#LQ#KHW#ODERUDWRULXP#EHSDDOGH#VRUSWLH0#HQ#DIEUDDNSDUDPHWHUV1
'H#URO#YDQ#QDWXXUOLMNH#DIEUDDN#ELM#GH#YHUVSUHLGLQJ#ZRUGW#EHSDDOG#GRRU#RUGHJURRWWHV#YDQ#DIEUDDN#HQ
YHUVSUHLGLQJ#PHW#HONDDU#WH#YHUJHOLMNHQ1#,Q#KHW#PRGHO#ZRUGW#GH#EHUHNHQGH#YHUVSUHLGLQJ#YHUJHOHNHQ
PHW#GH#ZHUNHOLMNH#YHUVSUHLGLQJ1#'H#UHVXOWDWHQ#YDQ#GH#EHUHNHQLQJHQ#ZRUGHQ#JHYDOLGHHUG#GRRU#HHQ
YHOGWHVW1

$OV#GH#VQHOKHLG#YDQ#QDWXXUOLMNH#DIEUDDN#YROGRHQGH#JURRW#ZRUGW#EHYRQGHQ#]DO#HHQ#PRQLWRULQJVWUDWH0
JLH#ZRUGHQ#RSJHVWHOG/#ZDDUPHH#GH#YHUVSUHLGLQJ#NDQ#ZRUGHQ#JHYROJG1#$OV#QDWXXUOLMNH#DIEUDDN#ZHO
RSWUHHGW/#PDDU# LQ#RQYROGRHQGH#PDWH#RP#YHUVSUHLGLQJ# WH#EHKHHUVHQ/#]XOOHQ#H[SHULPHQWHQ#ZRUGHQ
XLWJHYRHUG#RP#GH#QDWXXUOLMNH#DIEUDDN#YDQ#3$.#WH#VWLPXOHUHQ1#2S#EDVLV#YDQ#GH]H#H[SHULPHQWHQ#]DO
ZRUGHQ#QDJHJDDQ#RI#HHQ#H[WHQVLHYH# LQ0VLWX#EHKHHUVLQJ#HHQ#UHsOH#VDQHULQJVYDULDQW# LV1#2RN#KLHUELM
]DO#HHQ#PRQLWRULQJVWUDWHJLH#ZRUGHQ#RSJHVWHOG1

417# 3URMHFWIDVHQ

9RRUDIJDDQG#DDQ#GLW#SURMHFW#LV#HHQ#YRRUVWXGLH#XLWJHYRHUG/#ZDDULQ#HHQ#SURHIORFDWLH#LV#JHVHOHFWHHUG
LQ#GH#SURYLQFLH#8WUHFKW1
+HW#WRWDOH#SURMHFW#ZDV#RRUVSURQNHOLMN#LQ#GULH#IDVHQ#YHUGHHOG/#WH#ZHWHQ=
)DVH#4=#0HWKRGH#RQWZLNNHOLQJ1
)DVH#5=#6LWH#NDUDNWHULVHULQJ#PHW#EHKXOS#YDQ#GH#RQWZLNNHOGH#PHWKRGHQ1
)DVH#6=#%HUHNHQHQ#YDQ#GH#YHUVSUHLGLQJ1
,Q# IDVH#4#ZRUGW#HHQ#DDQWDO#PHWKRGHQ#EHVFKUHYHQ#HQ#JHWHVW#RP#GH#QDWXXUOLMNH#DIEUDDN#YDQ#3$.
YDVW#WH#VWHOOHQ#HQ#DI#WH#ZHJHQ#WHJHQ#GH#YHUVSUHLGLQJ#YDQ#GH#3$.1#'H#PHWKRGLHN#]DO#KHW#PRJHOLMN
PRHWHQ#PDNHQ#RP#QDWXXUOLMNH#DIEUDDN#ELM#GH#EHSDOLQJ#YDQ#GH#UHsOH#YHUVSUHLGLQJVULVLFR*V#YDQ#3$.
WH#EHWUHNNHQ1

0HW#GH#PHWKRGHQ#GLH#RQWZLNNHOG#ZRUGHQ#LQ#IDVH#4#NDQ#LQ#IDVH#5#HHQ#NDUDNWHULVHULQJ#ZRUGHQ#XLWJH0
YRHUG#YDQ#GH#SURHIORFDWLH/#ZDDUELM#GH#VQHOKHLG#YDQ#QDWXXUOLMNH#DIEUDDN#NDQ#ZRUGHQ#EHSDDOG1#,QGLHQ
EOLMNW#GDW#HHQ#YHUVSUHLGLQJ#YDQ#3$.#LV#WH#YHUZDFKWHQ/#NDQ#RS#EDVLV#YDQ#GH#NDUDNWHULVHULQJ#YHUYRO0
JHQV#LQ#IDVH#6#HHQ#YHUVSUHLGLQJVPRGHO#ZRUGHQ#RSJHVWHOG1#,Q#ILJXXU#4#]LMQ#GH#SURMHFWIDVHQ#DDQJH0
JHYHQ1
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)LJ1#41# 3URMHFWIDVHQ1

418# 'RHO#YDQ#IDVH#4

'H#GRHOVWHOOLQJ#YDQ# IDVH#4# LV#KHW#RQWZLNNHOHQ#YDQ#PHWKRGLHNHQ#ZDDUPHH#KHW#DO#RI#QLHW#RSWUHGHQ
YDQ#QDWXXUOLMNH#DIEUDDN#YDQ#3$.#NDQ#ZRUGHQ#DDQJHWRRQG#HQ#PHWKRGLHNHQ#ZDDUPHH#GH#VQHOKHLG
YDQ#QDWXXUOLMNH#DIEUDDN#NDQ#ZRUGHQ#EHSDDOG1#9RRUWV#LV#KHW#GRHO#PHWKRGLHNHQ#YRRU#GH#EHSDOLQJ#YDQ
VRUSWLHSDUDPHWHUV#WH#RQWZLNNHOHQ1#+HW#RQGHU]RHN#ULFKW#]LFK#RS#GH#ODJHUH#3$.#+WRW#YLHU#ULQJHQ,#GDDU
GH]H#KHW#PHHVW#PRELHO#]LMQ1

419# $DQYXOOLQJ#IDVH#4

2PGDW#LQ#IDVH#4#EOHHN#GDW#GH#RPVWDQGLJKHGHQ#QLHW#DDQVORWHQ#ELM#GH#YHUZDFKWLQJHQ#LV#EHVORWHQ#ID0
VH#5#HQ#6#QLHW#PHHU#XLW#WH#YRHUHQ1#9HUYROJHQV#LV#HHQ#DDQYXOOHQGH#IDVH#XLWJHYRHUG#RP#GH#LQ#IDVH#4
RSJHGDQH#HUYDULQJHQ#LQ#HHQ#EUHGHU#NDGHU#WH#SODDWVHQ1#'H]H#DDQYXOOHQGH#IDVH#EHVWDDW#XLW#HHQ#EH0
SHUNWH#YHOG0NDUDNWHULVDWLH#YDQ#UHGR[VLWXDWLH/#ERGHPRSERXZ#HQ#JHRK\GURORJLH#HQ#HHQ#OLWHUDWXXUVWX0
GLH#QDDU#VQHOKHGHQ#YDQ#QDWXXUOLMNH#DIEUDDN#HQ#VRUSWLHSDUDPHWHUV1

'H#JHYRQGHQ# OLWHUDWXXUZDDUGHQ#]LMQ#YHUJHOHNHQ#PHW#GH#JHPHWHQ#ZDDUGHQ#YRRU#GH#SURHIORFDWLH#WH
9HHQHQGDDO1#0HW#GH# OLWHUDWXXUZDDUGHQ#]LMQ#YHUYROJHQV#HQNHOH# LQGLFDWLHYH#PRGHOEHUHNHQLQJHQ#XLW0
JHYRHUG1#'H#EHUHNHQLQJHQ# OHLGHQ# WRW#HHQ#HHUVWH# LQ]LFKW# LQ#GH#PDWH#ZDDULQ#QDWXXUOLMNH#DIEUDDN#GH
YHUVSUHLGLQJ#EHwQYORHGW1

6HOHFWLH#JHVFKLNWH#ORFDWLH

)DVH#4#0HWKRGHRQWZLNNHOLQJ

)DVH#5#.DUDNWHULVHULQJ#ORFDWLH

)DVH#6#0RGHOEHUHNHQLQJ#YHUVSUHLGLQJ
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+22)'678.#5

%(6&+5,-9,1*#352()/2&$7,(

514# 6HOHFWLH#SURHIORFDWLH

,Q#GH#YRRUVWXGLH#LV#GH#SURHIORFDWLH#JHVHOHFWHHUG#>+$6.21,1*/#4<<:@1
8LW#GH#DUFKLHYHQ#YDQ#GH#SURYLQFLH#8WUHFKW#]LMQ#GH#PHW#3$.# YHURQWUHLQLJGH# +GHHO,ORFDWLHV# YHU]D0
PHOG/#ZDDURS#QRJ#JHHQ#YROOHGLJH#VDQHULQJ#ZDV#XLWJHYRHUG#RI#ZDDURS#VDQHULQJ# WHQ# WLMGH#YDQ#GH
YRRUVWXGLH#QRJ#LQ#XLWYRHULQJ#ZDV1

2S#EDVLV#YDQ#GH#YROJHQGH#FULWHULD#LV#HHQ#JURYH#VFUHHQLQJ#JHPDDNW=
0# $DQZH]LJKHLG#YDQ#]ZDUH#PHWDOHQ#HQ2RI#F\DQLGHQ>
0# %HUHLNEDDUKHLG>
0# *URQGVRRUW1
+LHUXLW#]LMQ#9#ORFDWLHV#QDDU#YRUHQ#JHNRPHQ1

1DGHUH#VHOHFWLH#WRW#6#ORFDWLHV#YRQG#SODDWV#RS#EDVLV#YDQ#GH#FULWHULD=
0# *URQGVRRUW#+SXLQ/#YHHQ/#H1G1#]LMQ#XLWJHVORWHQ,>
0# %HVFKLNEDDUKHLG#YDQ#LQIRUPDWLH>
0# 9HURQWUHLQLJLQJVEURQ>
0# $DQZH]LJKHLG#YDQ#ODJHUH#3$.#+QDWXXUOLMNH#GHJUDGDWLH#HQ#WUDQVSRUW#YDQ#KRJHUH#3$.#LV#ELQQHQ

GH#EHVFKLNEDUH#SURMHFWWLMG#ZDDUVFKLMQOLMN#QLHW#DDQ#WH#WRQHQ,1

2S#GH#GULH#JHVHOHFWHHUGH# ORFDWLHV# LV#YHOGRQGHU]RHN#XLWJHYRHUG#RP#QD# WH#JDDQ#RI#HQ#KRH#HU#EH0
PRQVWHUG#NRQ#ZRUGHQ#HQ#RI#HU#ELRORJLVFKH#DFWLYLWHLW#PHW#EHWUHNNLQJ#WRW#3$.#DIEUDDN#DDQZH]LJ#ZDV/
KHW#KRRIGFULWHULXP#YRRU#HHQ#JHVFKLNWH#SURHIORFDWLH1

2S#EDVLV#YDQ#GH#UHVXOWDWHQ#YDQ#KHW#YHOGRQGHU]RHN#LV#GH#ORFDWLH#.HUNHZLMN#45;#WH#9HHQHQGDDO#+KHW
YRRUPDOLJH#JDVIDEULHNVWHUUHLQ,#JHVHOHFWHHUG1#'H]H# ORFDWLH# LV#JRHG#EHUHLNEDDU/#RRN#YRRU#PRQVWHU0
QDPH1#2S#DOOH#JHQRPHQ#PRQVWHUV# LV#DsUREH#JURHL#ZDDUJHQRPHQ/#KHWJHHQ#EHWHNHQW#GDW#HU#ZDDU0
VFKLMQOLMN#DI#HQ# WRH#]XXUVWRI# LQ#KHW#JURQGZDWHU#DDQZH]LJ# LV#JHZHHVW1# ,Q#KHW#JURQGZDWHU# LV# WHYHQV
DsUREH#DFWLYLWHLW#RS#QDIWDOHHQ#DDQJHWRRQG1

$DQZLM]LQJHQ#YRRU#+DsUREH,#ELRORJLVFKH#DFWLYLWHLW#EOLMNHQ#XLW=
0# $DQZH]LJKHLG#YDQ#WXVVHQSURGXFWHQ#GLH#RQWVWDDQ#ELM#3$.0DIEUDDN>
0# *URHL#RS#QDIWDOHHQ>
0# 9RUPLQJ#YDQ#50K\GUR[\PXFRQ]XXU#VHPL0DOGHK\GH#XLW#FDWHFKRO1

515# $OJHPHQH#EHVFKULMYLQJ#SURHIORFDWLH

'H#SURHIORFDWLH#EHWUHIW#GH#YRRUPDOLJH#*DVIDEULHN#DDQ#GH#.HUNHZLMN#45;#WH#9HHQHQGDDO1#'H#ORFDWLH
LV#JHOHJHQ#ELQQHQ#GH#EHERXZGH#NRP#YDQ#9HHQHQGDDO#HQ#EHVODDW#HHQ#RSSHUYODNWH#YDQ#FLUFD#7#KD1
'H#ORFDWLH#LV#JRHG#EHUHLNEDDU1#'H#VLWXHULQJ#YDQ#GH#ORFDWLH#LV#DDQJHJHYHQ#RS#ELMODJH#$1

,Q#4<;804<;9# LV#HHQ#JURQGVDQHULQJ#XLWJHYRHUG/#ZDDUELM#HHQ# UHVWYHURQWUHLQLJLQJ#RQGHU#GH#EHERX0
ZLQJ#LV#DFKWHUJHEOHYHQ1

,Q#ELMODJH#$#HQ#%# LV#GH# UHVWYHURQWUHLQLJLQJ# LQ#HHQ#ERYHQDDQ]LFKW# UHVSHFWLHYHOLMN#]LMDDQ]LFKW#ZHHU0
JHJHYHQ1
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7RW# 4<<9# LV#PHW#HHQ# ODDJ#GHELHW#JURQGZDWHU#RQWWURNNHQ#DOV#EHKHHUVPDDWUHJHO1#6LQGV# 4<<5# ]LMQ
WRHQHPHQGH#JHKDOWHQ# LQ#KHW#RQWWURNNHQ#JURQGZDWHU#JHFRQVWDWHHUG/#DOV#JHYROJ#YDQ#GH#UHVWYHURQW0
UHLQLJLQJ1

516# %RGHPRSERXZ

'H#ERGHP#RS#GH# ORFDWLH#NDQ#RS#EDVLV#YDQ#HHUGHU#XLWJHYRHUG#ERGHPRQGHU]RHN# +*URQWPLM/#4<<5>
2UDQMHZRXG/#4<<7,#DOV#YROJW#VFKHPDWLVFK#ZRUGHQ#EHVFKUHYHQ=

3#0#6/8#j#7#P0PY HHQ#PDWLJ# WRW#]HHU#KXPHX]H# WRSODDJ#YDQ#3/8#P#JHYROJG#GRRU#HHQ
PDWLJ#ILMQH#OHHPDUPH#]DQGODDJ/#LQ#GH#GLHSWH#JURINRUUHOLJHU>
+)RUPDWLH#YDQ#7ZHQWH>#HHUVWH#ZDWHUYRHUHQGH#]DQGODDJ,

6/8#j#7#0#7#j#7/8#P0PY RYHUZHJHQG#YHQLJ#PDWHULDDO/#SODDWVHOLMN#+OHPLJ,#]DQGLJ>
7#j#7/8#0#<#P0PY PDWLJ#JURYH#]DQGODDJ/#SODDWVHOLMN#JULQGKRXGHQG>

+)RUPDWLH#YDQ#.UHIWHQKH\H>#WZHHGH#ZDWHUYRHUHQGH#]DQGODDJ,
<#0#45/8#P0PY RYHUZHJHQG#ILMQ]DQGLJH#DI]HWWLQJHQ/#SODDWVHOLMN#GXQQH#KXPHX]H#HQ

OHHPKRXGHQGH#YDVWH#]DQGODJHQ>
+(HPIRUPDWLH,

45/8#0#58#P0PY PDWLJ#ILMQ#WRW#PDWLJ#JURI#]DQG#PHW#RQGHULQ#JULQGELMPHQJLQJ1
+)RUPDWLH#YDQ#.UHIWHQKH\H#HQ#'UHQWKH>#HHUVWH#ZDWHUYRHUHQG#SDN0
NHW/#DDQJHGXLG#DOV#GHUGH#ZDWHUYRHUHQGH#]DQGODDJ,

517# *HRK\GURORJLH

+HW#IUHDWLVFK#JURQGZDWHU#LQ#GH#HHUVWH#ZDWHUYRHUHQGH#]DQGODDJ#EHYLQGW#]LFK#URQG#4#P0PY1#'H#VWLMJ0
KRRJWH#YDQ#KHW#JURQGZDWHU#LQ#GH#WZHHGH#ZDWHUYRHUHQGH#]DQGODDJ#LV#FLUFD#3/5#j#3/7#P#ODJHU1#(U#LV
GHUKDOYH#VSUDNH#YDQ#LQ]LMJLQJ1
'H#VWLMJKRRJWH#YDQ#KHW#JURQGZDWHU# LQ#GH#GHUGH#ZDWHUYRHUHQGH#]DQGODDJ# LV#QDJHQRHJ#JHOLMN#DDQ
GLH#LQ#GH#WZHHGH#ZDWHUYRHUHQGH#]DQGODDJ1

+HW#IUHDWLVFK#JURQGZDWHU#ZRUGW#JHYRHG#GRRU#JURQGZDWHU#YDQXLW#KHW#]XLGZHVWHQ#HQ#GRRU#QHHUVODJ1
+HW#JURQGZDWHU#LQ#]RZHO#GH#HHUVWH#DOV#WZHHGH#ZDWHUYRHUHQGH#]DQGODDJ#VWURRPW#JOREDDO# LQ#QRRUG0
RRVW#WRW#QRRUGHOLMNH#ULFKWLQJ1
'H#KRUL]RQWDOH#YHUSODDWVLQJVVQHOKHLG#EHGUDDJW#FLUFD#9#0#:/8#P2MDDU#YRRU#GH#HHUVWH#ZDWHUYRHUHQGH
]DQGODDJ#HQ#FLUFD#45/8#0#48#P2MDDU#YRRU#GH#WZHHGH#ZDWHUYRHUHQGH#]DQGODDJ1#+HW#JURQGZDWHU#LQ#GH
GHUGH#ZDWHUYRHUHQGH#]DQGODDJ#EHZHHJW#]LFK#HYHQHHQV# LQ#QRRUGHOLMNH# ULFKWLQJ#PHW#HHQ#VQHOKHLG
YDQ#63#0#73#P2MDDU1

518# 5HVWYHURQWUHLQLJLQJ

(U#]LMQ#GLYHUVH#UHVWYHURQWUHLQLJLQJHQ#RS#KHW# WHUUHLQ#DFKWHUJHEOHYHQ1#'H#EHODQJULMNVWH#]LMQ#JHOHJHQ
ELM#GH#]XLGJHYHO#YDQ#GH#*&10JDUDJH#HQ#WHQ#RRVWHQ#YDQ#GH#ELM#GH#JURQGVDQHULQJ#JHSODDWVWH#GDP0
ZDQG#RQGHU#GH#JDUDJH#9DQ#GHU#.RON1

,Q#GH#YRRUVWXGLH#]LMQ#RS#GH# ORFDWLH#9HHQHQGDDO#JURQGPRQVWHUV#JHQRPHQ# LQ#KHW# WUDMHFW#YDQ#FLUFD
4/805/3#P0PY# +GXV# URQG#HQ#RQGHU#JURQGZDWHUQLYHDX,#HQ#JURQGZDWHUPRQVWHUV#XLW#KHW# WUDMHFW#YDQ
FLUFD# 5/306/3#P0PY# +GH# HHUVWH#ZDWHUYRHUHQGH# ]DQGODDJ,1#'H# +UHVW,# FRQFHQWUDWLHV#3$.# +43# /HL0
GUDDG,# LQ#GH#JURQG#EHGURHJHQ# YROJHQV#RQGHU]RHN#XLW# 4<<5# FLUFD# 433#j# 41:33#PJ2NJ#G1V1# ,Q#GH
YRRUVWXGLH#]LMQ#FRQFHQWUDWLHV#JHPHWHQ#WXVVHQ#543#HQ#5:3#PJ2NJ#G1V1#'H#+UHVW,#FRQFHQWUDWLHV#3$.
+43#/HLGUDDG,#LQ#KHW#JURQGZDWHU#YDULHHUGHQ# LQ#KHW#RQGHU]RHN#YDQ#4<<5#WXVVHQ#633#HQ#61:33#PJ2O1
,Q#GH#YRRUVWXGLH#]LMQ#FRQFHQWUDWLHV#JHPHWHQ#WXVVHQ#443#HQ#;63#PJ2O1



:

'H#RPYDQJ#YDQ#GH#UHVWYHURQWUHLQLJLQJ#LQ#KHW#JURQGZDWHU#YDQ#3#0#7#P0PY#HQ#LQ#GH#JURQG#WXVVHQ#4
HQ#6/8#P0PY#LV#YRRU#4<<524<<7#ZHHUJHJHYHQ#LQ#ELMODJH#$1
,Q#ELMODJH#%# LV#VFKHPDWLVFK#HHQ#JHRK\GURORJLVFK#GZDUVSURILHO#PHW#GH#VLWXHULQJ#YDQ#GH#]LQWXLJOLMN
ZDDUJHQRPHQ#+JURQG,YHURQWUHLQLJLQJ#JHJHYHQ1

'H#VDQHULQJ#YDQ#KHW#JURQGZDWHU#VWDJQHHUW#DOV#JHYROJ#YDQ#GH]H#UHVWYHURQWUHLQLJLQJHQ#LQ#GH#JURQG/
ZDDUGRRU#QDOHYHULQJ#QDDU#KHW#JURQGZDWHU#RSWUHHGW1



;
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02167(51$0(#(1#&+(0,6&+(#$1$/<6(6

614# ,QOHLGLQJ

,Q#KHW#SURMHFW#]LMQ#RS#GULH#PRPHQWHQ#PRQVWHUV#JHQRPHQ#HQ#JHDQDO\VHHUG#WLMGHQV=
0# GH#YRRUVWXGLH=#GRHO#ZDV#RP#GH#JHVFKLNWKHLG#YDQ#GH#ORFDWLH#YDVW#WH#VWHOOHQ>
0# IDVH#4=#GRHO#ZDV#GH#PHWKRGHQ#WH#WHVWHQ#HQ#VRUSWLHSDUDPHWHUV#WH#PHWHQ>
0# GH#DDQYXOOHQGH# IDVH=#GRHO#ZDV#HHQ#EHSHUNWH# VLWHNDUDNWHULVDWLH#XLW# WH# YRHUHQ/#JHULFKW#RS#KHW

YDVWVWHOOHQ#YDQ#GH#DDQZH]LJKHLG#YDQ#]XXUVWRI#HQ#QXWULsQWHQ#HQ#GH#KHHUVHQGH#UHGR[FRQGLWLHV1

615# 0RQVWHUQDPH#JURQG#HQ#JURQGZDWHU

'H#PRQVWHUQDPH#YRRU#GLW#SURMHFW#KHHIW#SODDWVJHYRQGHQ#LQ#6#URQGHV1#'H# ORFDWLHV#YDQ#GH#JURQGER0
ULQJHQ#HQ#SHLOEXL]HQ#]LMQ#ZHHUJHJHYHQ#LQ#ELMODJH#$#HQ#&1
'H#HHUVWH#URQGH# LV#XLWJHYRHUG# LQ#KHW#NDGHU#YDQ#GH#YRRUVWXGLH/#PHW#DOV#GRHO#VHOHFWLH#YDQ#HHQ#JH0
VFKLNWH#VLWH1#2S#GH# ORFDWLH#*DVIDEULHN#9HHQHQGDDO#]LMQ#GDDUYRRU#6#RQGLHSH#JURQGPRQVWHUV#JHQR0
PHQ# XLW# GH# NHUQ# YDQ# GH# YHURQWUHLQLJLQJ# +534/# 537# HQ# 539,1# 7HYHQV# ]LMQ# GULH# SHLOEXL]HQ# LQ# GH
YHURQWUHLQLJLQJ#EHPRQVWHUG#+67$/#/#HQ#3,1

'H#WZHHGH#PRQVWHUQDPHURQGH#LV#XLWJHYRHUG#RP#HHQ#DDQWDO#VFKRQH#HQ#YHURQWUHLQLJGH#PRQVWHUV#WH
NULMJHQ# YRRU# GH# H[SHULPHQWHQ# YRRU# KHW# DDQWRQHQ# YDQ# QDWXXUOLMNH# DIEUDDN# HQ# YRRU# GH# VRUSWLH0
H[SHULPHQWHQ#+]LH#KRRIGVWXNNHQ#7/#8#HQ#9,1#9ROJHQV#GH#RRUVSURQNHOLMNH#SODQQLQJ#YDQ#GH]H#URQGH
]RXGHQ#RS# YLHU#SODDWVHQ#JURQG0#HQ#JURQGZDWHUPRQVWHUV#ZRUGHQ# JHQRPHQ/#ZDDUYDQ# ppQ# ]ZDDU
YHURQWUHLQLJG/#WZHH# OLFKW#YHURQWUHLQLJG#HQ#ppQ#ERYHQVWURRPV#QLHW0YHURQWUHLQLJG1#'H#JHSODQGH#PH0
WLQJ#LQ#ERYHQVWURRPV#JURQGZDWHU#EOHHN#QLHW#PRJHOLMN#GRRUGDW#GH#ERYHQVWURRPVH#SHLOEXL]HQ#+68#HQ
;6,#QLHW#]LMQ#DDQJHWURIIHQ1#2P#GLH#UHGHQ#]LMQ#GH#QLHW0YHURQWUHLQLJGH#PRQVWHUV#EHQHGHQVWURRPV#JH0
QRPHQ1#2PGDW#RRN#GH#EHQHGHQVWURRPVH#SHLOEXLV#;8#QLHW# LV#DDQJHWURIIHQ# LV#KLHUYRRU#SHLOEXLV#65
JHEUXLNW1#'H#EHVWDDQGH#SHLOEXLV#5#LV#QLHW#DDQJHWURIIHQ#HQ#RS#GH]HOIGH#SODDWV#DOV#DDQJHJHYHQ#KHU0
SODDWVW1

'H#JURQGPRQVWHUV#]LMQ#YODN#RQGHU#KHW#JURQGZDWHUQLYHDX#JHQRPHQ#GRRU#PLGGHO#YDQ#VWHHNEXVVHQ
PHW#HHQ#GLDPHWHU#YDQ#FLUFD#6#FP#HQ# OHQJWH#3/5#P1#2PGDW# LQ#KHW#QDDU#YHUZDFKWLQJ#]ZDDU#YHURQW0
UHLQLJGH# JURQGPRQVWHU# +3,# HHQ# ODJH# FRQFHQWUDWLH# DDQ#3$.# LV# JHYRQGHQ# ]LMQ# WZHH# DDQYXOOHQGH
JURQGPRQVWHUV#JHQRPHQ#+5#HQ#537,1#9LMI#YDQ#GH#]HV#JURQGPRQVWHUV#]LMQ#RS#YHURQWUHLQLJGH#SODDW0
VHQ#JHQRPHQ# +GULH#]ZDDU#YHURQWUHLQLJG#HQ# WZHH# OLFKW#YHURQWUHLQLJG,#HQ#ppQ#YDQ#GH#PRQVWHUV#RS
HHQ#QLHW0YHURQWUHLQLJGH#SODDWV#RS#GH#ORFDWLH1

'H#GHUGH#PRQVWHUQDPHURQGH# LV#XLWJHYRHUG# LQ#KHW#NDGHU#YDQ#GH#DDQYXOOHQGH#VWXGLH#RS#GH#HHUVWH
IDVH#YDQ#KHW#SURMHFW1#+HW#GRHO#YDQ#GLW#DDQYXOOHQGH#RQGHU]RHN#ZDV#HHQ#EHSHUNWH#NDUDNWHULVDWLH#YDQ
GH#UHGR[FRQGLWLHV#YDQ#KHW#JURQGZDWHU#ELQQHQ#HQ#EXLWHQ#GH#YHURQWUHLQLJGH#]RQH#HQ#HHQ#EHSHUNWH
DFWXDOLVDWLH#YDQ#GH#YHURQWUHLQLJLQJVVLWXDWLH1#+LHUWRH#]LMQ# WZHH#QLHXZH#SHLOEXL]HQ# +134/#135,#JH0
SODDWVW#HQ#]LMQ#GH#YROJHQGH#;#SHLOEXL]HQ#EHPRQVWHUG=#134/#135/#+%4/#5/#55/#65/#67#+GLHS,#HQ#645
+]LH#ELMODJH#$#HQ#&,1
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616# &KHPLVFKH#DQDO\VHV

'H#PRQVWHUV#YDQ#GH#HHUVWH#URQGH#]LMQ#JHDQDO\VHHUG#RS#3$.#+DOOH#PRQVWHUV,/#]XXUVWRI/#S+/#QLWUDDW
HQ#VXOIDDW#+JURQGZDWHUPRQVWHUV,1

'H#PRQVWHUV#YDQ#GH#WZHHGH#URQGH#]LMQ#JHDQDO\VHHUG#RS
0 JURQGPRQVWHUV= 0#3$./#PLQHUDOH#ROLH/#%7(;>

0#RUJDQLVFK0VWRIJHKDOWH>
0 JURQGZDWHUPRQVWHUV= 0#3$./#PLQHUDOH#ROLH/#%7(;>

0#VXOIDDW/#IRVIDDW/#QLWUDDW#HQ#QLWULHW>
0#F\DQLGH>
0#25/#UHGR[SRWHQWLDDO/#S+1

,Q#GH# ODDWVWH#PHHWURQGH#]LMQ#GH#JURQGZDWHUPRQVWHUV#JHDQDO\VHHUG#RS#GH#YROJHQGH#SDUDPHWHUV=
3$./#%7(;/#PLQHUDOH#ROLH/#]XXUVWRI/#S+/# WHPSHUDWXXU/#QLWUDDW/#VXOIDDW/#)H+,,,/#VXOILGH#HQ#PHWKDDQ1
%LM#SHLOEXLV#135#LV#DDQYXOOHQG#QRJ#HHQ#72&0DQDO\VH#XLWJHYRHUG1

'H#DQDO\VHV#RS#3$./#DURPDWHQ/#PLQHUDOH#ROLH/#QLWUDDW/#VXOIDDW#HQ#72&#]LMQ#XLWJHYRHUG#LQ#KHW#ODER0
UDWRULXP#YROJHQV#GH#JHOGHQGH#QRUPHQ1#6XOILGH#HQ#)H+,,,#]LMQ# LQ#KHW#YHOG#JHPHWHQ#PHW#HHQ#FRORUL0
PHWULVFKH#EHSDOLQJVPHWKRGH1#=XXUVWRI/#S+#HQ# WHPSHUDWXXU# ]LMQ# LQ#KHW# YHOG#EHSDDOG#PHW#EHKXOS
YDQ#HOHNWURGHV#LQ#GRRUVWURRPFXYHWWHQ1

617# 5HVXOWDWHQ

'H#UHVXOWDWHQ#YDQ#GH#JURQGDQDO\VHV#VWDDQ#VDPHQJHYDW#LQ#WDEHO#4#KLHURQGHU1

7DEHO#41 &KHPLVFKH#DQDO\VHV#JURQGPRQVWHUV1

FRGH GLHSWH
+P0PY,

GURJH#VWRI
+(#P2P,

OXWXP
+(#YDQ#G1V1,

KXPXV
+(#YDQ#G1V1,

3$.
+PJ2NJ#G1V1,

PLQHUDOH
ROLH
+PJ2NJ#G1V1,

%7(;
+PJ2NJ#G1V1,

F\DQLGH
+PJ2NJ#G1V1,

HHUVWH#PHHWURQGH#+4<<9,
534 4/805 QJ QJ 543 QJ QJ QJ
537 4/805 QJ QJ 593 QJ QJ QJ
539 4/805 QJ QJ 5:3 QJ QJ QJ
WZHHGH#PHHWURQGH#+4<<:,
/ 4/;05 ;6 ?#4 4 G G G G
3 4/;05 ;; ?#4 6 914 4<333 717 G
5 5/605/8 ;7 5 4 75 4833 31;: 4
537 4/;05 ;9 ?#4 5 85 7633 41: 6
65 4/;05 ;5 ?#4 4 3186 G G G
;5$ 4/;05 ;5 ?#4 4 3149 G G G

QJ= QLHW#JHPHWHQ
G= NOHLQHU#GDQ#GHWHFWLHJUHQV
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,Q#WHJHQVWHOOLQJ#WRW#ZDW#ZDV#YHUZDFKW/#EOHHN#JHHQ#YDQ#GH#JURQGPRQVWHUV#YDQ#GH#WZHHGH#PHHWURQ0
GH#YHURQWUHLQLJLQJHQ# WH#EHYDWWHQ#PHW#3$.#ERYHQ#533#j#633#PJ2NJ#G1V1#2RN#HHQ# WZHHWDO#JURQG0
PRQVWHUV# +PRQVWHUV#5#HQ#537,#GDW#DDQYXOOHQG# LV#JHQRPHQ/#EOHHN#QLHW# LQ#GLH#PDWH#YHURQWUHLQLJG
PHW#3$.1

9HUGHU# LV#JHYRQGHQ#GDW#DOOH#3$.0YHURQWUHLQLJGH#JURQGPRQVWHUV# WHYHQV#DDQ]LHQOLMN#YHURQWUHLQLJG
]LMQ#PHW#PLQHUDOH#ROLH1

'H#UHVXOWDWHQ#YDQ#GH#JURQGZDWHUDQDO\VHV#]LMQ#VDPHQJHYDW#LQ#WDEHO#51#,Q#GH#ILJXUHQ#LQ#ELMODJH#'#]LMQ
GH#UHVXOWDWHQ#JUDILVFK#ZHHUJHJHYHQ1#'H]H#ILJXUHQ#]LMQ#JHJHQHUHHUG#PHW#HHQ#VWDWLVWLVFK#SURJUDP0
PD/#ZDDULQ#JHHQ# UHNHQLQJ#ZRUGW#JHKRXGHQ#PHW# IDFWRUHQ# DOV# JURQGZDWHUVWURPLQJ1#'H]H# ILJXUHQ
JHYHQ#GHUKDOYH#VOHFKWV#HHQ#VFKHPDWLVFK#EHHOG#RP#GH#FRQFHQWUDWLHV#DDQ#YHUVFKLOOHQGH#VWRIIHQ# WH
NXQQHQ#YHUJHOLMNHQ#HQ#]LMQ#QLHW#EHGRHOG#DOV#UHsOH#ZHHUJDYH#YDQ#GH#ZHUNHOLMNH#YHURQWUHLQLJLQJVVLWX0
DWLH1
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618# ,QWHUSUHWDWLH

9HURQWUHLQLJLQJ
,Q#YHUJHOLMNLQJ#PHW#GH#HHUGHU#XLWJHYRHUGH#ERGHPRQGHU]RHNHQ#+*URQWPLM/#4<<5>#2UDQMHZRXG/#4<<7,
]LMQ# ELM# GH# GULH# YRRU# GLW# SURMHFW# XLWJHYRHUGH#PHHWURQGHV# ]RZHO# LQ# GH# JURQGPRQVWHUV# DOV# LQ# GH
JURQGZDWHUPRQVWHUV#RYHU#KHW#DOJHPHHQ#ODJHUH#FRQFHQWUDWLHV#DDQ#YHURQWUHLQLJLQJHQ#JHPHWHQ1

+RHZHO#WXVVHQ#GH#HHUVWH#WZHH#HQ#GH#ODDWVWH#PHHWURQGH#FLUFD#5#MDDU#YHUVFKLO#]LW/#]LMQ#VOHFKWV#WZHH#SHLO0
EXL]HQ#EHLGH#NHUHQ#JHPHWHQ1#9HUJHOLMNLQJ#WXVVHQ#GH#JHJHYHQV#XLW#4<<924<<:#HQ#GLH#XLW#4<<<#ODDW#]LHQ
GDW#JHYRQGHQ#FRQFHQWUDWLHV#LQ#GH#SHLOEXLV#5#YULMZHO#JHOLMN#]LMQ#JHEOHYHQ1#,Q#SHLOEXLV#65#ZHUG#LQ#4<<:#DOV
HQLJH#YHURQWUHLQLJLQJ#8:#�J2/#QDIWDOHHQ#DDQJHWURIIHQ>#LQ#4<<<#NRQ#HFKWHU#JHHQ#QDIWDOHHQ#PHHU#JHPH0
WHQ#ZRUGHQ1

5HGR[SDUDPHWHUV
,Q#]RZHO#GH#VFKRQH#DOV#GH#YHURQWUHLQLJGH#JURQGZDWHUPRQVWHUV#]LMQ# ODJH#]XXUVWRIFRQFHQWUDWLHV#JH0
YRQGHQ#+PD[LPDDO#FLUFD#4#PJ2/,/#ZDDUELM#LQ#GH#NHUQ#YDQ#GH#YHURQWUHLQLJLQJ#JHHQ#]XXUVWRI#NRQ#ZRU0
GHQ# DDQJHWRRQG1# 1LWUDDW# ZRUGW# DOOHHQ# LQ# GH# SHLOEXL]HQ# 134# HQ# +%4# WHQ# QRRUGHQ# YDQ# GH
YHURQWUHLQLJLQJ# LQ#KRJH#FRQFHQWUDWLHV# +7:#HQ#:4#PJ2/,#JHYRQGHQ/# LQ#GH#YHURQWUHLQLJGH#]RQH#NDQ
JHHQ#QLWUDDW#ZRUGHQ#DDQJHWRRQG1#2QYHURQWUHLQLJG#ERYHQVWURRPV#JURQGZDWHU#EHYDW#VXOIDDW#LQ#FRQ0
FHQWUDWLHV#YDQ#8:045<#PJ2/>#LQ#GH#YHURQWUHLQLJGH#]RQH#HQ#EHQHGHQVWURRPV#GDDUYDQ#ZRUGHQ#ODJHUH
VXOIDDW0FRQFHQWUDWLH#JHPHWHQ1
6XOILGH#HQ#PHWKDDQ#]LMQ#DOOHHQ# LQ#GH#NHUQ# YDQ#GH# YHURQWUHLQLJLQJ#DDQJHWURIIHQ1# ,-]HU+,,,# NRPW# LQ
YULMZHO#DOOH#ZDWHUPRQVWHUV#YRRU/#PDDU#LV#GXLGHOLMN#YHUKRRJG#DDQZH]LJ#LQ#GH#NHUQ#YDQ#GH#YHURQWUHL0
QLJLQJ

6LWXDWLH#YRRU#ELRORJLVFKH#DIEUDDN
'H#ERGHP# LQ#KHW#RQGHU]RFKWH#JHELHG#EHYDW#RS#JHULQJH#GLHSWH#HHQ#DDQWDO#YHQLJH# ODJHQ#+]LH#ERRU0
EHVFKULMYLQJHQ,#HQ#KHW#JURQGZDWHU#KHHIW#GDDUGRRU#HHQ#KRRJ#JHKDOWH#DDQ#RSJHORVW#RUJDQLVFK#VWRI
+75#PJ2/# LQ#VFKRQH#SHLOEXLV#135,1#9ULMZHO#DOOH#EHVFKLNEDUH#]XXUVWRI#ZRUGW#EOLMNEDDU#JHEUXLNW#YRRU
GH#RP]HWWLQJ# YDQ#KHW#QDWXXUOLMN#RUJDQLVFK# VWRI/# ]RGDW#KHW#JURQGZDWHU#RRN#RS#GH# JHULQJH# GLHSWH
ZDDU#GH#PHHVWH#PRQVWHUV#]LMQ#JHQRPHQ# +41806#P0PY,#YDQ#QDWXUH#DO#YULMZHO#DQR[LVFK# LV1#$DQ#GH
KDQG#YDQ#GH#FRQFHQWUDWLHV#DDQ#QLWUDDW#HQ# LM]HU+,,,#LQ#KHW#VFKRQH#JURQGZDWHU# OLMNW#QLWUDDWUHGXFWLH#HQ
LQ#PLQGHUH#PDWH#RRN#LM]HUUHGXFWLH#YDQ#QDWXUH#RS#WH#WUHGHQ1

,Q#GH# YHURQWUHLQLJGH# ]RQH# WUHGHQ#GDDUQDDVW#RRN#QRJ# VXOIDDWUHGXFWLH#HQ#PHWKDDQYRUPLQJ#RS# HQ
ZRUGHQ# VLJQLILFDQW# YHUKRRJGH# LM]HU+,,,# FRQFHQWUDWLHV# JHYRQGHQ1# +HW# LV# GXV# GXLGHOLMN# GDW# ppQ# RI
PHHUGHUH#YDQ#GH#DDQZH]LJH#YHURQWUHLQLJLQJHQ# +ROLH/#%7(;#HQ#3$.,#YLD#YHUVFKLOOHQGH#DQDsUREH
SURFHVVHQ#ELRORJLVFK#ZRUGHQ#DIJHEURNHQ1#'LW#ZRUGW#RQGHUVWHXQG#GRRU#KHW#IHLW#GDW#HU#ELM#GH#PHWLQ0
JHQ#YRRU#GLW#SURMHFW#RYHU#KHW#DOJHPHHQ#ODJHUH#FRQFHQWUDWLHV#DDQ#YHURQWUHLQLJLQJHQ#]LMQ#DDQJHWURI0
IHQ#GDQ#RS#EDVLV#YDQ#HHUGHU#XLWJHYRHUG#ERGHPRQGHU]RHN#ZHUG#YHUZDFKW1

+RHZHO#XLW#GH# OLWHUDWXXU#EHNHQG# LV#GDW#]RZHO#%7(;/#DOV#GH# ODJHUH#3$.#RQGHU#DQDsUREH#FRQGLWLHV
NXQQHQ#ZRUGHQ#DIJHEURNHQ/# LV#KHW#RS#EDVLV#YDQ#GH#JHYRQGHQ#UHVXOWDWHQ#QLHW#PRJHOLMN#DDQ# WH#JH0
YHQ#ZHONH#YDQ#GH#DDQZH]LJH#YHURQWUHLQLJLQJHQ# LQ#GLW#JHYDO#DIJHEURNHQ#ZRUGHQ1#8LW#GH#UXLPWHOLMNH
YHUGHOLQJ#YDQ#GH#PLQHUDOH#ROLH/#3$.#]XXUVWRI#HQ#PHWKDDQ# +%LMODJH#',# LV#HFKWHU#HYLGHQW#GDW#KRJH
FRQFHQWUDWLHV#PLQHUDOH#ROLH#VDPHQYDOOHQ#PHW#KHW#YRRUNRPHQ#YDQ#GH#KRRJVWH#PHWKDDQ#HQ#GH#ODDJ0
VWH#]XXUVWRI#FRQFHQWUDWLHV1#'LW#]RX#NXQQHQ#VXJJHUHUHQ#GDW#GH#DQDsUREH#DIEUDDN#YDQ#PLQHUDOH#ROLH
KHW# EHODQJULMNVW# LV# YRRU# GH]H# ORFDWLH1#9DQZHJH# GH# JHULQJH# GLHSWH#ZDDURS# GH# YHURQWUHLQLJLQJHQ
YRRUNRPHQ#LV#KHW#QLHW#XLW#WH#VOXLWHQ#GDW#HU#LQFLGHQWHHO#WRFK#]XXUVWRIKRXGHQG#ZDWHU#NDQ#LQILOWUHUHQ#HQ
GDW#RRN#DsUREH#DIEUDDN#RSWUHHGW1
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+22)'678.#7

0(7+2'(1#9225#$$1721(1#1$7885/,-.(#$)%5$$.

714# ,QOHLGLQJ

'RHO#YDQ#GLW#RQGHUGHHO# LV#KHW#RQWZLNNHOHQ#HQ#EHVFKULMYHQ#YDQ# 7#PHWKRGHQ#ZDDUPHH#QDWXXUOLMNH
DIEUDDN#YDQ#3$.#NDQ#ZRUGHQ#DDQJHWRRQG#HQ#KHW#EHSDOHQ#YDQ#GH# WRHSDVEDDUKHLG#YDQ#GH]H#PH0
WKRGHQ1# ,Q#SULQFLSH#ZRUGW#KLHUELM#HHQ# MD2QHH#DQWZRRUG#JH]RFKW/#PDDU# LQGLHQ#PRJHOLMN#ZRUGHQ#RRN
NZDQWLWDWLHYH#XLWVSUDNHQ#JHGDDQ1#9RRUDI# LV#YDVWJHVWHOG#GDW#GH#PHWKRGHQ#HHQYRXGLJ# WRHSDVEDDU
PRHWHQ#]LMQ#HQ#JHHQ#KRJH#NRVWHQ#PHW#]LFK#PHH#PRJHQ#EUHQJHQ1# ,Q#GH#YRRUVWXGLH#]LMQ#GH#RQGHU0
VWDDQGH#YLHU#PHWKRGHQ#JHEUXLNW#YRRU#GH#VLWH0VHOHFWLH=
0# DDQWRQHQ#YDQ#3$.0DIEUHNHQGH#RUJDQLVPHQ>
0# DDQWRQHQ#YDQ#DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW>
0# DDQWRQHQ#YDQ#WXVVHQSURGXFWHQ#YDQ#3$.0DIEUDDN>
0# EHSDOLQJ#VWDELHOH#NRROVWRILVRWRSHQ#YHUKRXGLQJ1

,Q#GLW#RQGHU]RHN#]LMQ#GH]H#PHWKRGHQ#YRRU#]RYHU#QRGLJ#JHRSWLPDOLVHHUG#HQ# WRHJHSDVW#RS#GH#PRQ0
VWHUV#YDQ#KHW#WHUUHLQ#YDQ#GH#*DVIDEULHN#9HHQHQGDDO1#,Q#KHW#ELM]RQGHU#LV#DDQGDFKW#EHVWHHG#DDQ#GH
ELMGUDJH#YDQ#GH#PHWKRGHQ#DDQ#KHW#RQGHUERXZHQ#YDQ#GH#EHZLMVYRHULQJ# WHQ#DDQ]LHQ#YDQ#KHW#DO#RI
QLHW#RSWUHGHQ#YDQ#QDWXXUOLMNH#DIEUDDN1
,Q#GLW#KRRIGVWXN#ZRUGW#WHONHQV#KHW#SULQFLSH#YDQ#GH#PHWKRGHQ#EHVFKUHYHQ#HQ#YHUYROJHQV#GH#UHVXO0
WDWHQ1#,Q#ELMODJH#(#]LMQ#GH#PHWKRGHQ#XLWYRHULJ#EHVFKUHYHQ#+SULQFLSH/#XLWYRHULQJ/#FULWHULXP#HQ#VSHFL0
ILFLWHLW,1

715# 0HWKRGH#4=#$DQWRQHQ#3$.0DIEUHNHQGH#RUJDQLVPHQ

0LFUR0RUJDQLVPHQ#GLH#LQ#VWDDW#]LMQ#RQGHU#DsUREH#FRQGLWLHV#3$.#DOV#EURQ#YDQ#NRROVWRI#HQ#HQHUJLH#WH
JHEUXLNHQ#ZRUGHQ#DDQJHWRRQG#GRRU#YHUVFKLOOHQGH#YHUGXQQLQJHQ#YDQ#JURQGZDWHUPRQVWHUV#RI#VXV0
SHQVLHV#YDQ#JURQGPRQVWHUV#RS#DJDUSODWHQ#DI# WH#VWULMNHQ#HQ#ELM# LQFXEDWLH#QDIWDOHHQ#DOV# VXEVWUDDW
DDQ#WH#ELHGHQ1#'RRU#QDIWDOHHQ#YLD#GH#JDVIDVH#WRH#WH#GLHQHQ#ZRUGW#KHW#JHEUXLN#YDQ#KRJH#FRQFHQWUD0
WLHV#LQ#GH#ZDWHUIDVH#YHUPHGHQ#+WR[LFLWHLW,1#1D#47#GDJHQ#ZRUGW#GH#JURHL#EHRRUGHHOG#GRRU#KHW#WHOOHQ
YDQ#NRORQLHV#RS#GH#SODWHQ1#+HW# UHVXOWDDW#YDQ#HHQ#GHUJHOLMNH# WHVW# LV#KHW#DDQWDO# NRORQLHYRUPHQGH
HHQKHGHQ#+.9(,#SHU#JUDP#JURQG#RI#PO#JURQGZDWHU1#2P#WH#WHVWHQ#RI#HU#JURHL#RS#DJDU#RSWUHHGW#ZRU0
GHQ#EODQFR*V#]RQGHU#QDIWDOHHQ# LQJH]HW1#'H]H#PHWKRGH#PRHW#ZRUGHQ#JH]LHQ#DOV#HHQ# OLFKW#DDQJH0
SDVWH#YRUP#YDQ#EHVWDDQGH#PHWKRGHQ1

716# 0HWKRGH#5=#$sUREH#DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW

'H# DDQZH]LJKHLG# YDQ# DsUREH# DURPDWHQ0RP]HWWHQGH# DFWLYLWHLW# LQ# JURQG0# HQ# JURQGZDWHUPRQVWHUV
ZRUGW#EHRRUGHHOG#GRRU#KHW#EHSDOHQ#YDQ#GH#RP]HWWLQJVVQHOKHLG#YDQ#FDWHFKRO# +4/5#GLK\GUR[\EHQ0
]HHQ,/#HHQ#WXVVHQSURGXFW#ELM#GH#DIEUDDN#YDQ#3$.1#%LM# LQFXEDWLH#YDQ#3$.0DIEUHNHQGH#RUJDQLVPHQ
PHW#FDWHFKRO#YLQGW#HHQ#VQHOOH#RP]HWWLQJ# WRW#50K\GUR[\PXFRQ]XXU#VHPL0DOGHK\GH#SODDWV/#HHQ#YHU0
ELQGLQJ#PHW# HHQ# NHQPHUNHQGH# JHOH# NOHXU# +VWHUNH# DEVRUSWLH# YDQ# OLFKW# PHW# HHQ# JROIOHQJWH# YDQ
6;4#QP,1#2P#HYHQWXHOH#DELRWLVFKH# UHDFWLHV#XLW# WH#NXQQHQ#VOXLWHQ#ZRUGHQ#JHILOWUHHUGH#HQ#YHUKLWWH
+JHVWHULOLVHHUGH,#EODQFR*V#JHEUXLNW1



49

717# 0HWKRGH#6=#7XVVHQSURGXFWHQ#YDQ#ELRORJLVFKH#DIEUDDN

%LM#GH#ELRORJLVFKH#DIEUDDN#YDQ#3$.#ZRUGHQ#YDDN#WXVVHQSURGXFWHQ#JHYRUPG1#'H#EHODQJULMNVWH#WXV0
VHQSURGXFWHQ# ELM# GH# EDFWHULsOH# DIEUDDN# YDQ# WZHH0# HQ# GULH0ULQJV# 3$.# ]LMQ=# VDOLF\ODDW/# 4/50
GLK\GUR[\QDIWDOHHQ/# 4/50K\GUR[\QDIWHHQ]XXU/# 5/40K\GUR[\QDIWHHQ]XXU# HQ# 5/60K\GUR[\QDIWHHQ]XXU1
'H#DDQZH]LJKHLG#YDQ#GH]H#WXVVHQSURGXFWHQ#LV#HHQ#HHQGXLGLJH#LQGLFDWLH#YRRU#3$.0DIEUHNHQGH#DF0
WLYLWHLW1

718# 0HWKRGH#7=#6WDELHOH#NRROVWRILVRWRSHQ0YHUKRXGLQJ

.RROVWRI046# LV#HHQ#VWDELHOH# LVRWRRS#GLH#RQJHYHHU#4144#(#YDQ#DO#KHW#DDQZH]LJH#NRROVWRI#XLWPDDNW
>:HDVW#HW#DO1/#4<;<@1#+HW#46&0JHKDOWH#ZRUGW#XLWJHGUXNW#DOV#/46&/#HHQ#PDDW#GLH#KHW#46&0JHKDOWH#WHQ
RS]LFKWH#YDQ#GDW#YDQ#HHQ#JHNR]HQ#VWDQGDDUGPDWHULDDO#+3HHGHH#EHOHPQLHW>#HHQ#PDULHQH#NDONVRRUW,
ZHHUJHHIW1#+RHZHO# 46&#HHQ#VWDELHOH# LVRWRRS# LV/#EHVWDDQ#HU# WRFK#GXLGHOLMNH#YHUVFKLOOHQ# LQ#GH#/46&
YDQ#YHUVFKLOOHQGH#PDWHULDOHQ#RPGDW#PHW#QDPH#ELM#ELRORJLVFKH#WUDQVIRUPDWLHSURFHVVHQ#+DVVLPLODWLH/
GLVVLPLODWLH,#HHQ#YHUVFKXLYLQJ#YDQ#GH#/46&#WXVVHQ#XLWJDQJVVWRI#HQ#SURGXFW#RSWUHHGW>#GLW#ZRUGW#IUDF0
WLRQHULQJ#JHQRHPG1#0HW#GH#/46&#NDQ#ZRUGHQ#DDQJHGXLG#KRH#GH# 46&# LVRWRSHQ#]LMQ#YHUGHHOG#RYHU
YHUVFKLOOHQGH#PHGLD1#'H#RUJDQLVFKH#VWRIIHQ# LQ#GH#ERGHP#]XOOHQ#HHQ#DQGHU#/46&#VLJQDDO#YHUWRQHQ
GDQ#GH#µIRVVLHOH¶#PLQHUDOH#ROLH#HQ#DQGHUH#YHURQWUHLQLJLQJHQ1

%LM#DsUREH#ELRGHJUDGDWLH#YDQ#RUJDQLVFKH#YHUELQGLQJHQ#WUHHGW#VOHFKWV#HHQ#EHSHUNWH#IUDFWLRQHULQJ#RS
>&RQUDG#HW#DO1/#4<<:/#9DQ#GH#9HOGH#HW#DO1/#4<<8@1#'H#/46&#YDQ#KHW#JHSURGXFHHUGH#&25#]DO#GXV# LQ
GH#EXXUW#YDQ#GLH# YDQ#GH#XLWJDQJVVWRIIHQ# OLJJHQ1#%LM#DQDsUREH#ELRGHJUDGDWLH# VSHHOW# IUDFWLRQHULQJ
HHQ#VWHUNHUH#URO1#(U#]LMQ#JHHQ#JHJHYHQV#JHYRQGHQ#RYHU#GH# IUDFWLRQHULQJ#GLH#RSWUHHGW#ELM#DIEUDDN0
SURFHVVHQ# RQGHU# GHQLWULILFHUHQGH/# LM]HU0UHGXFHUHQGH# RI# VXOIDDW0UHGXFHUHQGH# RPVWDQGLJKHGHQ/
PDDU#YDQ#DIEUDDN#RQGHU#PHWKDQRJHQH#RPVWDQGLJKHGHQ#LV#KHW#EHNHQG#GDW#HU#HHQ#VWHUNH#PDWH#YDQ
IUDFWLRQHULQJ#NDQ#RSWUHGHQ1#'H#/46&#YDQ#KHW#ELM#DFHWDDW0IHUPHQWDWLH#RQWVWDQH#PHWKDDQ#OLJW#53063Å
ODJHU#HQ#GLH#YDQ#KHW#RQWVWDQH#&25#OLJW#53063Å#KRJHU#GDQ#GH#/46&#YDQ#KHW#VXEVWUDDW1

719# 5HVXOWDWHQ

0HWKRGH#4=#3$.0DIEUHNHQGH#PLFUR0RUJDQLVPHQ
'H#UHVXOWDWHQ#YDQ#GH#EHSDOLQJ#YDQ#KHW#WRWDDO#DsURRE#NLHPJHWDO#+WRWDOH#DDQWDO#DsUREH#RUJDQLVPHQ,
HQ#YDQ#KHW# WRWDDO#DDQWDO#QDIWDOHHQ0DIEUHNHQGH#RUJDQLVPHQ# LQ#GH#JURQG0#HQ#JURQGZDWHUPRQVWHUV
]LMQ#ZHHUJHJHYHQ#LQ#WDEHO#61

=RDOV#EOLMNW#XLW#GH#DsUREH#WRWDDO#NLHPJHWDOOHQ# LV# LQ#DOOH#JURQGZDWHUPRQVWHUV#HHQ#JHULQJ#DDQWDO#PL0
FUR0RUJDQLVPHQ#DDQZH]LJ>#HU#OLMNW#JHHQ#FRUUHODWLH#WXVVHQ#KHW#NLHPJHWDO#HQ#GH#PDWH#YDQ#YHURQWUHL0
QLJLQJ#+3$./#PLQHUDOH#ROLH/#%7(;,#WH#]LMQ1
,Q#GH#JURQGZDWHUPRQVWHUV#]LMQ#JHHQ#PHHWEDUH#KRHYHHOKHGHQ#QDIWDOHHQ0DIEUHNHQGH#EDFWHULsQ#JH0
YRQGHQ1

,Q# DOOH# JURQGPRQVWHUV# ]LMQ# DDQ]LHQOLMNH# KRHYHHOKHGHQ# DsUREH#PLFUR0RUJDQLVPHQ# DDQZH]LJ># GH
DDQWDOOHQ# LQ#GH#YHURQWUHLQLJGH#PRQVWHUV# OLJJHQ#KRJHU#GDQ#GLH# LQ#GH#VFKRQH#PRQVWHUV1#1DIWDOHHQ0
DIEUHNHQGH#RUJDQLVPHQ#]LMQ#DOOHHQ#LQ#PHHWEDUH#KRHYHHOKHGHQ#JHYRQGHQ#LQ#GH#JURQGPRQVWHUV#PHW
YHUKRRJGH#3$.0FRQFHQWUDWLHV1



4:

7D
EH
O#6
1

9H
UR
QW
UH
LQ
LJ
LQ
J#
HQ
#E
DF
WH
ULH
0D
DQ
WD
OOH
Q#
JU
RQ
G#
HQ
#J
UR
QG
Z
DW
HU
P
RQ
VW
HU
V1

*
5
2
1
'
:
$7

(5
0
2
1
67

(5
6

*
5
2
1
'
0
2
1
67

(5
6

&
RQ
FH
QW
UD
WLH
#Y
HU
RQ
WUH

LQ
LJ
LQ
J

ED
FW
HU
LH
0D
DQ
WD
OOH
Q

FR
QF
HQ
WUD

WLH
#Y
HU
RQ
WUH

LQ
LJ
LQ
J

ED
FW
HU
LH
0D
DQ
WD
OOH
Q

P
RQ
VW
HU

FR
GH

3$
.

+ P
J2
/,

P
LQ
HU
DO
H

RO
LH

+ P
J2
/,

%7
(;

+ P
J2
/,

F\
DQ
LG
H

+ P
J2
/,

NL
HP

JH
WD
O

55
�&

+.
9(
2P
O,

QD
IWD
OH
HQ

DI
EU
HN
HU
V

+.
9(
2P
O,

3$
.

+P
J2
NJ

G1
V1
,

P
LQ
HU
DO
H

RO
LH

P
J2
NJ
#G
1V
1

%7
(;

P
J2
NJ

G1
V1

NL
HP

JH
WD
O

55
�&

+.
9(
2J
,

QD
IWD
OH
HQ

DI
EU
HN
HU
V

+.
9(
2J
,

/
49
71
8

78
3

45
3

8:
3

?#
4(
.5

3
3

3
41
45
H.
39

?#
4(
.6

2
<<
15
;

45
3

47
57
3

51
4(
.6

?#
4(
.5

QG
QG

QG
QG

QG

3
48
63

49
33

85
;

54
63

?#
4(
.5

91
4

4<
33
3

71
7

61
33
H.
3:

?#
4(
.6

5
4:
<1
6

47
33

57
76

43
?#
4(
.5

75
48
33

31
;:

51
93
H.
3:

81
33
H.
37

53
7

QG
QG

QG
QG

QG
QG

85
76
33

41
:

91
33
H.
3:

41
63
H.
38

65
8:
1:

31
5

3
3

41
9(
.7

?#
4(
.5

31
86

3
3

41
77
H.
3:

?#
4(
.6

;5
$

74
18

3
3

53
83

?#
4(
.5

31
49

3
3

51
73
H.
39

?#
4(
.6

QG
=

QL
HW
#E
HS
DD
OG

3=
NO
HL
QH
U#G

DQ
#G
HW
HF
WLH
OLP

LH
W



4;

7D
EH
O#7
1

%L
RO
RJ
LV
FK
H#
DF
WLY
LWH
LW#
JU
RQ
G#
HQ
#J
UR
QG
Z
DW
HU
P
RQ
VW
HU
V1

FR
GH

YH
UR
QW
UH
LQ
LJ
LQ
J

DF
WLY
LWH
LW#
W# 
#3
#K

DF
WLY
LWH
LW#
W# 
#:
5#
K

*
UR
QG
Z
DW
HU

3$
.

+P
J2
/,

2
OLH

+P
J2
/,

%7
(;

+P
J2
/,

RP
]H
WWL
QJ

FD
WH
FK
RO
#-

+P
P
RO
2/
1P
LQ
,

2
50
RS
QD
P
H

+P
J2
/1
P
LQ
,

2
50
RS
QD
P
H

.#
QD
IWD
OH
HQ

+P
J2
/1
P
LQ
,

RP
]H
WWL
QJ

FD
WH
FK
RO
.

QD
IWD
OH
HQ
#-

+P
P
RO
2/
1P
LQ
,

2
50
RS
QD
P
H

0#Q
DI
WD
OH
HQ

+P
J2
/1
P
LQ
,

2
50
RS
QD
P
H

.#
QD
IWD
OH
HQ

+P
J2
/1
P
LQ
,

Z
DW
HU
#/

49
71
8

78
3

45
3

3
3

3
47

31
45
8

31
46

Z
DW
HU
#2

<<
15
;

45
3

47
3

3
3

9
31
35
9

31
39
;

Z
DW
HU
#3

48
63
14
9

49
33

85
;

3
3

3
56

31
43
;

31
75
5

Z
DW
HU
#5

4:
<1
5<

47
33

57
3

3
3

45
31
3;
9

31
49
6

Z
DW
HU
#6
5

8:
1:
7

31
5

3
3

3
3

8
31
36
9

31
56
6

Z
DW
HU
#;
5$

74
18
7

3
3

3
3

3
3

3
3

*
UR
QG

3$
.

+P
J2
NJ
#G
1V
1,

2
OLH

+P
J2
NJ
#G
1V
1,

%7
(;

+P
J2
NJ
#G
1V
1,

RP
]H
WWL
QJ

FD
WH
FK
RO
-

+P
J2
NJ
1P
LQ
,

2
50
RS
QD
P
H

+P
J2
NJ
1P
LQ
,

2
50
RS
QD
P
H

.#
QD
IWD
OH
HQ

+P
J2
NJ
1P
LQ
,

RP
]H
WWL
QJ

FD
WH
FK
RO
.

QD
IWD
OH
HQ
-

+P
J2
NJ
1P
LQ
,

2
50
RS
QD
P
H

0#Q
DI
WD
OH
HQ

+P
J2
NJ
1P
LQ
,

2
50
RS
QD
P
H

.#
QD
IWD
OH
HQ

+P
J2
NJ
1P
LQ
,

JU
RQ
G#
/

3
3

3
3

3
3

3
3

3

JU
RQ
G#
3

91
4

4<
33
3

71
7

3
31
35
5

31
39

3
31
38

31
4

JU
RQ
G#
5

75
48
33

31
;:

3
31
34
8

31
36

3
31
3<
5

31
6

JU
RQ
G#
53
7

85
76
33

41
:

3
QG

QG
QG

QG
QG

JU
RQ
G#
65

31
86

3
3

3
3

3
3

31
38

31
37
8

JU
RQ
G#
;5
$

31
49

3
3

3
3

3
3

31
3:
8

31
49
6

QG
=

QL
HW
#E
HS
DD
OG

3=
NO
HL
QH
U#G

DQ
#G
HW
HF
WLH
OLP

LH
W

-=
YR
UP
LQ
J#
50
K\
GU
R[
\P

XF
RQ
]X
XU
#V
HP

L0D
OG
HK
\G
H



4<

0HWKRGH#5=#$sUREH#DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW#HQ#]XXUVWRIRSQDPH
'H# UHVXOWDWHQ# YDQ# GH# DFWLYLWHLWVPHWLQJHQ# ]LMQ#ZHHUJHJHYHQ# LQ# WDEHO# 71#%HSDOLQJ# YDQ# GH# DsUREH
DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW#YDQ#GH#PRQVWHUV#GRRU#KHW#YROJHQ#YDQ#GH#RP]HWWLQJ#YDQ#FDWHFKRO
JDI/#LQ#WHJHQVWHOOLQJ#WRW#HHUGHUH#EHSDOLQJHQ#>+$6.21,1*/#4<<:@#JHHQ#GXLGHOLMNH#UHVXOWDWHQ1#,Q#GH
JURQGZDWHUPRQVWHUV#//#3#HQ#5#ZHUG#VSHFWURIRWRPHWULVFK#ZHO#RP]HWWLQJ#YDQ#FDWHFKRO#HQ#HHQ#GXL0
GHOLMN#WRHQDPH#YDQ#GH#$6;4#ZDDUJHQRPHQ/#PDDU#GH#VSHFLILHNH#JHOH#NOHXU#GLH#ELM#GH#RP]HWWLQJ# WRW
50K\GUR[\0PXFRQ]XXU#VHPL0DOGHK\GH#RQWVWDDW# LV#QLHW#ZDDUJHQRPHQ1#2PGDW#JHHQ#DFWLYLWHLW# LV#JH0
PHWHQ#]LMQ#GH#PRQVWHUV#YHUYROJHQV#:5#XXU#JHwQFXEHHUG# LQ#GH#DDQZH]LJKHLG#YDQ#QDIWDOHHQ1# ,Q#GH
JURQGZDWHUPRQVWHUV#EOHHN#KHW#QD#GH#LQFXEDWLH#JRHG#PRJHOLMN#FDWHFKRO0RP]HWWLQJ#WH#PHWHQ>#ELM#GH
JURQGPRQVWHUV#ZHUG#GLWPDDO# LQ#DOOH#JHYDOOHQ#HHQ#WRHQDPH#YDQ#GH#$6;4#JHPHWHQ#PHW#GH#NHQPHU0
NHQGH#JHHONOHXULQJ1
2PGDW#GH#DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW# LQ#HHUVWH# LQVWDQWLH#JHHQ#JRHGH#SDUDPHWHU#EOHHN#WH#]LMQ/
]LMQ#DDQYXOOHQGH#DFWLYLWHLWVPHWLQJHQ#JHGDDQ#ZDDULQ#GH#]XXUVWRIRSQDPH#LQ#GH#PRQVWHUV#YRRU#HQ#QD
LQFXEDWLH#YDQ#QDIWDOHHQ#ZHUG#EHSDDOG1#'H#UHVXOWDWHQ#KLHUYDQ#EHYHVWLJHQ#GLH#YDQ#GH#EHSDOLQJ#YDQ
GH#DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW1

0HWKRGH#6=#7XVVHQSURGXFWHQ#YDQ#3$.0DIEUDDN
,Q#JHHQ#YDQ#GH#JURQGPRQVWHUV# LV#GXLGHOLMN#ppQ#YDQ#GH#JHPHWHQ# WXVVHQSURGXFWHQ#VDOLF\ODDW/#4/50
GLK\GUR[\QDIWDOHHQ/# 4/50K\GUR[\QDIWHHQ# ]XXU/# 5/40K\GUR[\QDIWHHQ]XXU# HQ# 5/60K\GUR[\QDIWHHQ]XXU
DDQJHWURIIHQ1# ,Q# GH# JURQGPRQVWHUV# 5# HQ# 3# ]LMQ# ZHO# FRPSRQHQWHQ# DDQJHWURIIHQ#PHW# HHQ# 890
VSHFWUXP#GDW#VWHUN# OLMNW#RS#GDW#YDQ#HHQ#DURPDWLVFKH#VWRI#PHW#HHQ#FDUER[\O0JURHS/#PDDU#GH#UHWHQ0
WLHWLMG#HQ#KHW#890VSHFWUXP#NRPHQ#QLHW#RYHUHHQ#PHW#ppQ#YDQ#GH#EHVFKLNEDUH# WXVVHQSURGXFWHQ1# ,Q
GH#FKURPDWRJUDPPHQ#YDQ#GH]H# WZHH#PRQVWHUV#ZDUHQ#ZHO#]HHU#NOHLQH#SLHNHQ#RS#GH# MXLVWH#UHWHQ0
WLHWLMGHQ# WH#]LHQ/#PDDU#KHW#VLJQDDO#KLHUYDQ#ZDV#QLHW#VWHUN#JHQRHJ#RP#DDQ# WH# WRQHQ#GDW#KHW#GDDG0
ZHUNHOLMN#RP#GH#ERYHQJHQRHPGH#WXVVHQSURGXFWHQ#JDDW1#'H#GHWHFWLHOLPLHW#YRRU#GH# LQWHUPHGLDLUHQ
LV#FLUFD#318#PJ2/1

0HWKRGH#7=#%HSDOLQJ#VWDELHOH#NRROVWRILVRWRSHQ#YHUKRXGLQJ
'H# VWDELHOH# NRROVWRILVRWRSHQ# YHUKRXGLQJ# LV# EHSDDOG# YDQ# WZHH# VFKRQH# HQ# GULH# YHURQWUHLQLJGH
JURQGZDWHUPRQVWHUV/#YDQ#RUJDQLVFK#ERGHPPDWHULDDO#HQ#YDQ#GH#YHURQWUHLQLJLQJ1#'H#UHVXOWDWHQ#YDQ
GH#JURQGZDWHUPRQVWHUV#]LMQ#ZHHUJHJHYHQ#LQ#WDEHO#81

7DEHO#81 9HURQWUHLQLJLQJ/#/46&#HQ#ELRORJLVFKH#DFWLYLWHLW#JURQGZDWHUPRQVWHUV1

PRQVWHU 3$.
+PJ2/,

PLQHUDOH#ROLH
+PJ2/,

%7(;
+PJ2/,

/46&
&25
+Å,

QDIWDOHHQ0DIEUHNHQGH#DFWLYLWHLW
+]LH#WDEHO#7,

ZDWHU#/ 49718 783 453 0541;7 .
ZDWHU#2 <<16 453 47 0471;: .
ZDWHU#3 4863 4933 85; 0431<4 .
ZDWHU#65 8:1: 315 3 053164 .
ZDWHU#;5D 7418 3 3 054164 0

'H#/46&#YDQ#KHW#ERGHPPDWHULDDO#ZDV#05</86Å1#(HQ#/46&0ZDDUGH#YDQ#FLUFD#053/#]RDOV#GLH# LV#JH0
YRQGHQ#ELM#//#65#HQ#;5$# LV#QRUPDDO#YRRU#JURQGZDWHU# LQ#9HHQHQGDDO#>0H\HU/#4<<:@1#%LM#GH#YHURQW0
UHLQLJGH#PRQVWHUV#PHW# ELRORJLVFKH# DFWLYLWHLW# +2# HQ#3,# LV# HHQ# VWHUNH# DIZLMNLQJ# YDQ# GH# /46&# WHQ
RS]LFKWH#YDQ#GH]H#DFKWHUJURQGZDDUGH#JHYRQGHQ1#'H#DIZLMNLQJ# LV#HFKWHU#HHQ#VWLMJLQJ#YDQ#KHW#46&0
JHKDOWH#HQ#NDQ#GDDURP#QLHW#LQ#YHUEDQG#ZRUGHQ#JHEUDFKW#PHW#DsUREH#DIEUDDNSURFHVVHQ1#(HQ#GHU0
JHOLMNH#VWHUNH#VWLMJLQJ#YDQ#KHW#46&0JHKDOWH#NDQ#YULMZHO#XLWVOXLWHQG#ZRUGHQ#YHURRU]DDNW#GRRU#PHWKD0
QRJHQH# RP]HWWLQJHQ/# LQ# GLW# JHYDO# YDQ# ppQ# YDQ# GH# DDQZH]LJH# YHURQWUHLQLJLQJHQ1# +RHZHO# GH



53

UHVXOWDWHQ#YDQ#GH#NRROVWRILVRWRSHQ#DQDO\VH#GXV#HHQ#JRHGH#DDQZLM]LQJ#YRRU#KHW#RSWUHGHQ#YDQ#QD0
WXXUOLMNH#DIEUDDN#JHYHQ/#EHWUHIW#KHW#DDQZLM]LQJHQ#YRRU#PHWKDQRJHQH#RP]HWWLQJ1

71:# 'LVFXVVLH#HQ#FRQFOXVLHV

'H#JHQRPHQ# YHURQWUHLQLJGH#JURQGPRQVWHUV#ZDUHQ# WHJHQ#GH# YHUZDFKWLQJ# LQ#QLHW# RI# VOHFKWV# OLFKW
YHURQWUHLQLJG#PHW#3$.#HQ#EHYDWWHQ#KRJH#JHKDOWHV#DDQ#PLQHUDOH#ROLH1#'DDUQDDVW#EOHHN#KHW#JURQG0
ZDWHU#LQ#DOOH#JHYDOOHQ#DQDsURRE1#'LW#KHHIW#HHQ#QHJDWLHYH# LQYORHG#RS#GH#JHVFKLNWKHLG#YDQ#GH#PRQ0
VWHUV#XLW#9HHQHQGDDO#RP#GH#YLHU#PHWKRGHQ#WH#WHVWHQ1

0HWKRGH#4=#$DQWRQHQ#3$.0DIEUHNHQGH#RUJDQLVPHQ1
9DQ#GH#PHWKRGHQ#EOHHN#ELM#GH#PRQVWHUV#YDQ#GH#JHNR]HQ#ORFDWLH#DOOHHQ#GH#EHSDOLQJ#YDQ#QDIWDOHHQ0
DIEUHNHQGH#RUJDQLVPHQ#JHVFKLNW1# ,Q#GH#JURQGPRQVWHUV/#GLH#PRJHOLMN#GHHOV#DsURRE# ]LMQ#JHZHHVW
NRQGHQ# DsUREH# RUJDQLVPHQ#ZRUGHQ# DDQJHWRRQG# HQ# LQ# GH# YHURQWUHLQLJGH#PRQVWHUV#ZHUGHQ# RRN
3$.0DIEUHNHQGH#RUJDQLVPHQ#JHYRQGHQ1

0HWKRGH#5=#$sUREH#DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW
,Q#GH#JURQGZDWHUPRQVWHUV#NRQ#JHHQ#RP]HWWLQJ#YDQ#DURPDWHQ#ZRUGHQ#DDQJHWRRQG1#:HO#EOHHN#KHW
PRJHOLMN#DFWLYLWHLW# WH#VWLPXOHUHQ#GRRU#GH#PRQVWHUV#RQGHU#DsUREH#FRQGLWLHV# WH# LQFXEHUHQ1# ,Q# WZHH
YDQ#GH#JURQGPRQVWHUV#ZHUG#HHQ# OLFKWH#]XXUVWRIRSQDPH#JHPHWHQ/#PDDU#HU#NRQ#JHHQ#DsUREH#RP0
]HWWLQJ#YDQ#FDWHFKRO#ZRUGHQ#ZDDUJHQRPHQ1#$sUREH# LQFXEDWLH#YDQ#GH#PRQVWHUV#KDG#HHQ#VWLPXOH0
UHQGH#ZHUNLQJ#RS#GH#]XXU0VWRIRSQDPHVQHOKHLG/#PDDU#RP]HWWLQJ#YDQ#FDWHFKRO#ZHUG#QLHW#JHPHWHQ1
$OV# UHIHUHQWLH# LV# WLMGHQV#GH#PHWLQJHQ# RRN# GH# FDWHFKRO0RP]HWWHQGH# DFWLYLWHLW# EHSDDOG# YDQ# JURQG0
PRQVWHUV#DINRPVWLJ#YDQ#HHQ#3$.0YHURQWUHLQLJGH#VLWH#ZDDU#DFWLHI#ZRUGW#JHVDQHHUG1#+LHULQ#EOHHN
KHW#ZHO#PRJHOLMN#GXLGHOLMNH#DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW#ZDDU#WH#QHPHQ1
'H#PHWKRGH#OLMNW#GXV#ZHO#EUXLNEDDU/#PDDU#QLHW#JHYRHOLJ#JHQRHJ#YRRU# ORFDWLHV#PHW# ODJH#FRQFHQWUD0
WLHV#3$.1

0HWKRGH#6=#7XVVHQSURGXFWHQ#YDQ#3$.0DIEUDDN
(U#]LMQ#JHHQ#WXVVHQSURGXFWHQ#YDQ#3$.0DIEUDDN#DDQJHWRRQG#GRRU#GH# ODJH#FRQFHQWUDWLHV#DDQ#3$.
HQ#]XXUVWRI#LQ#GH#PRQVWHUV1

0HWKRGH#7=#6WDELHOH#NRROVWRI#LVRWRSHQ#DQDO\VH
$sUREH#RP]HWWLQJ#NRQ#QLHW#ZRUGHQ#DDQJHWRRQG1#0HW#GH#NRROVWRI#LVRWRSHQ#DQDO\VH#LV#ZHO#VWHUN#EH0
ZLMV#YRRU# +DQDsUREH,#DIEUDDN#YDQ#YHURQWUHLQLJLQJHQ#JHYRQGHQ/#PDDU#GRRU#GH#KRJH# FRQFHQWUDWLH
DDQ#RYHULJH#YHURQWUHLQLJLQJHQ#+PHW#QDPH#PLQHUDOH#ROLH,#NDQ#GLW#QLHW#HHQGXLGLJ#ZRUGHQ#JHUHODWHHUG
DDQ#3$.0DIEUDDN1

'H#DOJHPHQH#FRQFOXVLH#RYHU#GH#YHURQWUHLQLJLQJ#ELM#GH#YRRUPDOLJH#*DVIDEULHN#9HHQHQGDDO#LV#GDW#HU
LQ# GH# JURQGPRQVWHUV# GXLGHOLMNH# EHZLM]HQ# ]LMQ# JHYRQGHQ# YRRU# KHW# RSWUHGHQ# YDQ# DsUREH# DIEUDDN
+DDQWDOOHQ#PLFUR0RUJDQLVPHQ#HQ#DFWLYLWHLWVPHWLQJHQ,1#9HUGHU#]LMQ#VWHUNH#DDQZLM]LQJHQ#YRRU#DQDsUR0
EH#DIEUDDNSURFHVVHQ#JHYRQGHQ# +NRROVWRI# LVRWRSHQ#DQDO\VH,1#'RRU#GH# ODJH#JHKDOWHQ#DDQ#3$.#HQ
]XXUVWRI# LQ#FRPELQDWLH#PHW#KRJH#JHKDOWHQ#DDQ#PLQHUDOH#ROLH# LV#KHW#HFKWHU#QLHW#PRJHOLMN#RS#EDVLV
YDQ#GH#JHYRQGHQ#UHVXOWDWHQ#YHUDQWZRRUGH#XLWVSUDNHQ#WH#GRHQ#RYHU#GH#DIEUDDN#YDQ#3$.1



54

+22)'678.#8

0(7+2'(1#9225#%(3$/(1#1$7885/,-.(#$)%5$$.61(/+(,'

814# ,QOHLGLQJ

+HW#GRHO#YDQ#GLW#RQGHUGHHO# LV#KHW#YDVWVWHOOHQ#YDQ#PRJHOLMNH# OLPLWDWLHV#YDQ#QXWULsQWHQ/# WR[LFLWHLW#HQ
ELREHVFKLNEDDUKHLG/#DOVPHGH#KHW#EHSDOHQ#YDQ#GH#PD[LPDOH#HQ#GH# LQ0VLWX#ELRGHJUDGDWLHVQHOKHLG1
+HW#YDVWVWHOOHQ#YDQ# OLPLWDWLHV#HQ#EHSDOLQJ#YDQ#GH#PD[LPDOH#GHJUDGDWLHVQHOKHLG#JHEHXUW# LQ#EDWFK0
H[SHULPHQWHQ/#GH#EHSDOLQJ#YDQ#GH#LQ0VLWX#GHJUDGDWLHVQHOKHLG#JHEHXUW#LQ#NRORP0H[SHULPHQWHQ1

'H#ELRGHJUDGDWLH#H[SHULPHQWHQ#]LMQ#EHGRHOG#RP#QD#WH#JDDQ#RI#HYHQWXHOH#OLPLWDWLHV#LQ#GH#ELRGHJUD0
GDWLHVQHOKHLG#HQ#GH#PD[LPDOH#HQ#DFWXHOH#DIEUDDNVQHOKHLG#EHSDDOG#NXQQHQ#ZRUGHQ1

'RRU#GH#ODQJ]DPH#GHJUDGDWLH#LV#PHWLQJ#YDQ#GH#3$.0DIEUDDNVQHOKHLG#LQ#KHW#YHOG#+QRJ,#QLHW#PRJH0
OLMN1#7RFK# LV#KHW#YRRU#HHQ#JRHG#EHJULS#YDQ#KHW# WUDQVSRUW2GHJUDGDWLHV\VWHHP#YDQ#EHODQJ# LQ]LFKW# WH
NULMJHQ#LQ#GH#LQ#KHW#YHOG#RSWUHGHQGH#GHJUDGDWLHVQHOKHLG1#,Q#GLW#RQGHUGHHO#LV#HHQ#PHWKRGH#EHVFKUH0
YHQ#ZDDUPHH#GH#VQHOKHLG#YDQ#GHJUDGDWLH# LQ#KHW#ERGHPV\VWHHP#NDQ#ZRUGHQ# LQJHNDGHUG1#7HYHQV
]LMQ#VQHOKHGHQ#YDQ#QDWXXUOLMNH#DIEUDDN#EHVFKUHYHQ#]RDOV#GLH#LQ#GH#OLWHUDWXXU#]LMQ#YHUPHOG1

%LM#RSWLPDOH#FRQGLWLHV#NDQ#GH#ELRGHJUDGDWLH#YDQ#3$.#VQHO#YHUORSHQ1# ,Q#KHW#YHOG#]LMQ#GH#FRQGLWLHV
HFKWHU#YHUUH#YDQ#RSWLPDDO/#ZDDUELM#YDDN#+QLHW#DOWLMG,#ppQ#RYHUZHJHQGH# IDFWRU#GH#VQHOKHLG#YDQ#KHW
SURFHV# LQ#KHW#YHOG#EHSHUNW1# ,V#GH#EHSHUNLQJ#YDQ#GH]H# IDFWRU#ZHJ# WH#QHPHQ/#GDQ#]RX#PHQ#GH#GH0
JUDGDWLHVQHOKHLG# NXQQHQ# YHUKRJHQ/# YDQ]HOIVSUHNHQG# WRWGDW# HHQ# YDQ# GH# DQGHUH# DIEUDDNIDFWRUHQ
EHSHUNHQG#ZRUGW#YRRU#KHW#SURFHV1

9RRU#KHW#RQGHUKDYLJH#V\VWHHP#]LMQ#GH#PRJHOLMN#EHSHUNHQGH#IDFWRUHQ=
0# PLFURELRORJLVFKH#3$.0DIEUHNHQGH#DFWLYLWHLW>
0# DDQZH]LJKHLG2DDQYRHU#YDQ#HOHNWURQHQ#DFFHSWRUHQ>
0# ELREHVFKLNEDDUKHLG#YDQ#GH#YHURQWUHLQLJLQJ>
0# DDQZH]LJKHLG#QXWULsQWHQ>
0# RYHULJH#IDFWRUHQ/#]RDOV/#S+/#WR[LFLWHLW#HQ#WHPSHUDWXXU1

815# 0DWHULDOHQ#HQ#PHWKRGHQ

%HSDOLQJ#OLPLWHUHQGH#IDFWRUHQ#+EDWFKH[SHULPHQWHQ,
9DQ#GH#JURQGPRQVWHUV#//#3/#5/#537#HQ#;5$#ZHUG#83#J#JHGXUHQGH#;#ZHNHQ#ELM#48�&#LQ#DIJHVORWHQ
IOHVVHQ#JHwQFXEHHUG/#ZDDUELM#YROJHQV#KHW#RQGHUVWDDQGH#VFKHPD#DDQ#HHQ#DDQWDO#IOHVVHQ#QXWULsQWHQ
+3/8#PPRO#VWLNVWRI/#3/38#PPRO#IRVIDDW,#RI#DFHWDDW#ZHUG#WRHJHYRHJG1

&RGH HQW QXWULsQWHQ DFHWDDW RYHULJ
$ #0 0 ##0 0
% #. 0 ##0 0
& #0 . ##0 0
' #0 . #. 0
( #0 0 ##0 PHQJLQJ
) #0 . ##0 PHQJLQJ
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'H#ELRGHJUDGDWLH# LV#JHYROJG#GRRU# 5[#SHU#ZHHN#GH#]XXUVWRIRSQDPH#HQ# LHGHUH# 5#ZHNHQ#GH#&250
SURGXNWLH#WH#EHSDOHQ1#1D#DIORRS#ZHUG#YDQ#EDWFK#)#YDQ#GH#YHURQWUHLQLJGH#PRQVWHUV#GH#UHVWFRQFHQ0
WUDWLH#EHSDDOG1#$OV#HQWPDWHULDDO#LV#3/8#PO#YDQ#HHQ#DFWLHYH#3$.0DIEUHNHQGH#FXOWXXU#JHEUXLNW1

%HSDOLQJ#YDQ#GH#+PD[LPDOH,#LQ0VLWX#ELRGHJUDGDWLHVQHOKHLG#+NRORPH[SHULPHQWHQ,
0HW#]RYHHO#PRJHOLMN#RQJHVWRRUGH/#JHVWRNHQ#PRQVWHUV#+6/:#[#54#FP/#FLUFD#633#J,#YDQ#GH#YHURQWUHL0
QLJGH#PRQVWHUSXQWHQ#3/#5#HQ#537#]LMQ#JHGXUHQGH#5#PDDQGHQ#NRORPH[SHULPHQWHQ#XLWJHYRHUG1#'H
NRORPPHQ#]LMQ#JHGXUHQGH#5#PDDQGHQ#ELM#48�&#GRRUVSRHOG#PHW#]XXUVWRIKRXGHQG#ZDWHU#PHW#HHQ
GHELHW#YDQ#FLUFD#93#PO2GDJ/#ZDW#QHHUNRPW#RS#HHQ#GRRUVWURPLQJ#YDQ#FLUFD#8/5#FP2GDJ#RI#4<#P#SHU
MDDU1#'H#HIIOXHQWHQ#ZHUGHQ#RSJHYDQJHQ# LQ# IOHVVHQ#PHW#GDDULQ#HHQ#NOHLQH#KRHYHHOKHLG#JHFRQFHQ0
WUHHUG#ORRJ1#+LHUGRRU#ZDV#GH#S+# LQ#GH#RSYDQJIOHVVHQ#!#45/#]RGDW#JHHQ#ELRORJLVFKH#DIEUDDN# LQ#GH
IOHVVHQ#RSWUHHGW#HQ#KHW#JHSURGXFHHUGH#&25# LQ#GH#YORHLVWRI#EOLMIW1#'HJUDGDWLHUHVXOWDWHQ#]LMQ#EHRRU0
GHHOG#DDQ#GH#KDQG#YDQ#GH#&250SURGXNWLH/#ZHONH#ZHUG#EHSDDOG#GRRU#WLWUDWLH#YDQ#53#PO#YDQ#KHW#HI0
IOXHQW#PHW# 3/38#0#+1261# 7HYHQV#ZHUG# KHW# GHELHW# HQ# GH# ]XXUVWRIFRQFHQWUDWLH# YDQ# KHW# HIIOXHQW
EHSDDOG1#%LM#HHQ#DDQWDO#YDQ#GH#HIIOXHQWPRQVWHUV#LV#GRRU#DQDO\VH#YDQ#GH#VWDELHOH#NRROVWRI#LVRWRSHQ
YHUKRXGLQJ#+]LH#PHWKRGH#7#YDQ#KRRIGVWXN#7,#EHSDDOG#ZHON#GHHO#YDQ#GH#&25# LQ#KHW#HIIOXHQW# LV#JH0
SURGXFHHUG#DOV#UHVXOWDDW#YDQ#GH#DIEUDDN#YDQ#YHURQWUHLQLJLQJ1#1D#DIORRS#YDQ#KHW#H[SHULPHQW#ZHUGHQ
GH#JHKDOWHQ#DDQ#PLQHUDOH#ROLH#HQ#3$.#LQ#GH#NRORPPHQ#EHSDDOG1

%HSDOLQJ#YDQ#GH#PD[LPDOH#GHJUDGDWLHVQHOKHLG#+VOXUU\WHVW,
0HW#JURQGPRQVWHU#3# LV#HHQ#VOXUU\WHVW#XLWJHYRHUG1#+LHUWRH#ZHUG# 4# NJ#QDWJHZLFKW# YDQ#KHW#JURQG0
PRQVWHU#VDPHQ#PHW#4#/#PLQHUDDO#PHGLXP#+RYHUPDDW#QXWULsQWHQ,#LQ#HHQ#DsUREH/#JRHG#JHPHQJGH
VOXUU\UHDFWRU#JHEUDFKW#HQ#JHGXUHQGH#9#ZHNHQ#ELM#48�&#JHwQFXEHHUG1#'DJHOLMNV#ZHUG#GH#S+#HQ#GH
]XXUVWRIFRQFHQWUDWLH#YDQ#GH#YORHLVWRI#EHSDDOG>#RS#GULH#WLMGVWLSSHQ#LV#HHQ#PRQVWHU#YDQ#GH#JURQG#JH0
QRPHQ#YRRU#EHSDOLQJ#YDQ#GH#JHKDOWHQ#DDQ#PLQHUDOH#ROLH#HQ#3$.1

816# 5HVXOWDWHQ#HQ#GLVFXVVLH

/LPLWHUHQGH#IDFWRUHQ#+EDWFKH[SHULPHQWHQ,
'H# UHVXOWDWHQ# YDQ# ]XXUVWRIRSQDPH# YDQ# GH# YHUVFKLOOHQGH# JURQGPRQVWHUV# WLMGHQV# GH# EDWFK0
H[SHULPHQWHQ#]LMQ#JHJHYHQ#LQ#WDEHO#91

'H#]XXUVWRIRSQDPHVQHOKHLG#NDQ#ZRUGHQ#JH]LHQ#DOV#HHQ#PDDW#YRRU#GH#ELRORJLVFKH#DFWLYLWHLW1#,Q#GH
PHHVW#DFWLHYH#PRQVWHUV#+3/#5/#537,# OHLGW#KHW# WRHYRHJHQ#YDQ#QXWULsQWHQ# WRW#HHQ#GXLGHOLMNH#VWLMJLQJ
YDQ#GH#]XXUVWRIRSQDPHVQHOKHLG1#'H#PRQVWHUV#;5$#+QLHW#YHURQWUHLQLJG,#HQ#/#KHEEHQ#HHQ#ODJH#DFWL0
YLWHLW#HQ#KHW#WRHYRHJHQ#YDQ#QXWULsQWHQ#KHHIW#KLHURS#JHHQ#HIIHFW1

7DEHO#91 =XXUVWRIRSQDPHVQHOKHGHQ#+PPRO2NJ1GDJ,#ELM#EDWFK0H[SHULPHQWHQ1

]XXUVWRIRSQDPHVQHOKHLG#+PPRO#252NJ1GDJ,
2PVFKULMYLQJ JURQG#/ JURQG#3 JURQG#5 JURQG#537 JURQG#;5$
EODQFR 3/6; 3/64 3/74 3/64 3/57
HQW 3/9< 3/7; 3/64 3/64 3/4:
QXWULsQWHQ 3/4: 4/;5 3/<6 4/:5 3/57
QXWULsQWHQ.DFHWDDW 3/54 6/94 3/<9 4/;5 3/57
PHQJLQJ 3/54 3/74 4/47 3/67 3/64
QXWULsQWHQ.PHQJLQJ 3/57 5/78 4/4; 5/3;7 3/57
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'H#3$.0FRQFHQWUDWLHV#LQ#GH#YHURQWUHLQLJGH#EDWFKHV#+3/#5/#537,#PHW#QXWULsQWHQ#HQ#PHQJLQJ#QD#DI0
ORRS#YDQ#KHW#H[SHULPHQW#]LMQ#JHJHYHQ#LQ#WDEHO#:1

7DEHO#:1 %HJLQ0#HQ#HLQGFRQFHQWUDWLHV#3$.#HQ#PLQHUDOH#ROLH#EDWFK0H[SHULPHQWHQ1

%HJLQFRQFHQWUDWLH#+PJ2NJ#G1V1, HLQGFRQFHQWUDWLH#+PJ2NJ#G1V1,

NRORP 3$. 0LQHUDOH#ROLH 3$. 0LQHUDOH#ROLH
3 9/4 4<333 4/9 49333
5 75 4833 58 783
537 86 7633 5; 7533

'RRU#GH#ODJH#3$.0FRQFHQWUDWLH#HQ#GH#KRJH#FRQFHQWUDWLHV#PLQHUDOH#ROLH#LV#GH#DIEUDDNVQHOKHLG#YRRU
3$.#VOHFKWV#LQGLFDWLHI#EHSDDOG=#3/3:#0#3/7#PJ2NJ1GDJ1

0D[LPDOH#LQ0VLWX#GHJUDGDWLHVQHOKHLG#+NRORPH[SHULPHQWHQ,
'H#+PD[LPDOH,#LQ0VLWX#GHJUDGDWLHVQHOKHLG#ZHUG#EHSDDOG#GRRU#GULH#JHVWRNHQ#YHURQWUHLQLJGH#JURQG0
PRQVWHUV#ELM# 48�&#PHW#HHQ# ODDJ#GHELHW# WH#GRRUVSRHOHQ#PHW# ]XXUVWRIULMN#ZDWHU1#9DQ# KHW# HIIOXHQW
ZHUG#GH#]XXUVWRI0#HQ#&250FRQFHQWUDWLH#JHPHWHQ1#,Q#GH#HIIOXHQWHQ#NRQ#JHHQ#]XXUVWRI#PHHU#ZRUGHQ
JHPHWHQ1#'H#&250FRQFHQWUDWLHV#LQ#GH#HIIOXHQWHQ#YDQ#GH#GULH#NRORPPHQ#]LMQ#JUDILVFK#ZHHUJHJHYHQ
LQ#ELMODJH#*1#+HW# LQIOXHQW#EHYDWWH#JHHQ#PHHWEDUH# KRHYHHOKHGHQ#&251#%LM# DOOH# GULH# GH#PRQVWHUV
ZRUGW#HHQ#YULMZHO#FRQVWDQWH#&250SURGXFWLH#JHYRQGHQ/#ZDDUELM# LQ#FLUFD#5#PDDQGHQ#43#PPRO#&25
JHSURGXFHHUG#ZRUGW1# ,Q#GLH#SHULRGH# LV#FLUFD#6/8#/# LQIOXHQW#PHW#HHQ#]XXUVWRIFRQFHQWUDWLH#YDQ#44/3
PJ2/#25#DDQ#GH#NRORPPHQ#WRHJHYRHUG/# LQ#WRWDDO#GXV#FLUFD#4/5#PPRO#251#%LM#HHQ#&22#YHUKRXGLQJ
YDQ#3/9/#HHQ#QRUPDOH#ZDDUGH#YRRU#DsUREH#DIEUDDN#YDQ#RUJDQLVFKH#YHURQWUHLQLJLQJHQ#DOV#PLQHUDOH
ROLH/#LV#GH#WRHJHYRHUGH#KRHYHHOKHLG#]XXUVWRI#JHQRHJ#YRRU#GH#SURGXFWLH#YDQ#VOHFKWV#FLUFD#3/:#PPRO
&251#+HW# OLMNW# GXV# ]HHU#ZDDUVFKLMQOLMN# GDW# LQ# GH# NRORPPHQ# DQDsUREH# DIEUDDNSURFHVVHQ# KHEEHQ
SODDWVJHYRQGHQ1#8LWJDDQGH#YDQ#HHQ#EUXWRIRUPXOH#YDQ#GH#YHURQWUHLQLJLQJ#YDQ#&53+75#+OLQHDLUH#&530
DONDDQ,#HQ#YROOHGLJH#RP]HWWLQJ#WRW#&25#ZRUGW#ELM#43#PPRO#&250SURGXNWLH#FLUFD#473#PJ#+79:#PJ2NJ,
YHURQWUHLQLJLQJ#DIJHEURNHQ1#2PGDW#HU#QRRLW#YROOHGLJH#RP]HWWLQJ#WRW#&25#SODDWVYLQGW# LV#GLW#GH#PLQL0
PDDO#RPJH]HWWH#KRHYHHOKHLG1

'H#/46&#YDQ#KHW#JHSURGXFHHUGH#&25#ODJ#YRRU#GH#PRQVWHUV#3/#5#HQ#537#WXVVHQ#043#HQ#045Å1#'H]H
KRJH#ZDDUGHQ#ZLM]HQ#HURS#GDW#LQ#GH#NRORPPHQ#PHWKDQRJHQH#DFWLYLWHLW#KHHIW#SODDWVJHYRQGHQ1
'H#EHJLQ0#HQ#HLQGFRQFHQWUDWLHV#DDQ#3$.#HQ#PLQHUDOH#ROLH#YRRU#GH#GULH#NRORPPHQ#]LMQ#JHJHYHQ#LQ
WDEHO#;1#2PGDW#KHW#QLHW#PRJHOLMN#ZDV#GH#EHJLQFRQFHQWUDWLH#YDQ#GH#RQJHVWRRUGH#PRQVWHUV#WH#PHWHQ
LV#KLHUYRRU#XLWJHJDDQ# YDQ#GH#EHJLQFRQFHQWUDWLHV# YDQ# KHW#PHQJPRQVWHU# GDW# LV# JHEUXLNW# YRRU# GH
RYHULJH#H[SHULPHQWHQ#HQ#DQDO\VHV1

'H#DIQDPH# LQ#GH#KRHYHHOKHLG#YHURQWUHLQLJLQJ#+PHW#QDPH#YDQ#PLQHUDOH#ROLH,#LV#WH#JURRW#RP#DOOHHQ
WH#NXQQHQ#ZRUGHQ#YHUNODDUG#PHW#ELRGHJUDGDWLH1#8LWJDDQGH#YDQ#GH#FRQFHQWUDWLHV#DDQ#PLQHUDOH#ROLH
LQ#KHW#JURQGZDWHU#YDQ#GH#PRQVWHUV#3#HQ#5#+]LH#WDEHO#5,#LV#HU#YLD#KHW#HIIOXHQW#VOHFKWV#FLUFD#8#PJ#XLW0
JHVSRHOG1#+HW# OLMNW#GDDURP#ZDDUVFKLMQOLMN#GDW#GH#EHJLQFRQFHQWUDWLHV# LQ#GH# NRORPPHQ#DDQ]LHQOLMN
ODJHU#ZDUHQ#GDQ#GLH# LQ#GH#PHQJPRQVWHUV/#KRHZHO#GH#PRQVWHUV#DOOHQ#DINRPVWLJ#]LMQ#XLW#VWHHNEXV0
VHQ#GLH#GLUHFW#QDDVW#HONDDU#LQ#ppQ#ERRUJDW#]LMQ#JHVWRNHQ1#8LWJDDQGH#YDQ#GH#&250SURGXNWLH#ZRUGW#LQ
GH#NRORPPHQ#HHQ#PLQLPDOH#GHJUDGDWLHVQHOKHLG#YDQ#FLUFD#;#PJ2NJ1GDJ#JHYRQGHQ#YRRU#PLQHUDOH
ROLH1
'RRU#RQ]HNHUKHGHQ# LQ#GH#EHJLQFRQFHQWUDWLHV# LV#GH#DIEUDDNVQHOKHLG#YRRU#]RZHO#3$.#DOV#PLQHUDOH
ROLH#QLHW#QDXZNHXULJ#YDVW#WH#VWHOOHQ#RS#EDVLV#YDQ#GH#EHJLQ0#HQ#HLQGFRQFHQWUDWLHV1
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7DEHO#;1 %HJLQ0#HQ#HLQGFRQFHQWUDWLHV#3$.#HQ#PLQHUDOH#ROLH#NRORP0H[SHULPHQW1

%HJLQFRQFHQWUDWLH#+PJ2NJ#G1V1, HLQGFRQFHQWUDWLH#+PJ2NJ#G1V1,
.RORP 3$. 0LQHUDOH#ROLH 3$. 0LQHUDOH#ROLH
3 914 4<333 3135 483
5 75 4833 5< :33
537 86 7633 47 753

0D[LPDOH#GHJUDGDWLHVQHOKHLG#+VOXUU\WHVW,
7DEHO#<#JHHIW#GH#UHVXOWDWHQ#YDQ#GH#DQDO\VH#YDQ#GH#YHURQWUHLQLJLQJVFRQFHQWUDWLHV# LQ#PRQVWHU#3#WLM0
GHQV#GH#VOXUU\WHVW1#'H#YORHLVWRI# LQ#GH# UHDFWRU#ZDV#JHGXUHQGH#KHW#KHOH#H[SHULPHQW#DsURRE# +]XXU0
VWRIFRQFHQWUDWLH#!#;#PJ2/,>#GH#S+#GDDOGH#YDQ#9/<#WRW#FD#9/4#DDQ#KHW#HLQG#YDQ#KHW#H[SHULPHQW1

7DEHO#<1 $QDO\VHUHVXOWDWHQ#YDQ#PRQVWHU#3#WLMGHQV#GH#VOXUU\WHVW1

FRQFHQWUDWLH#+PJ2NJ#G1V1,
9HURQWUHLQLJLQJ W# #3 W# #5#ZHNHQ W# #7#ZHNHQ W# #9#ZHNHQ
3$. 9/4 7/< 4/3 3/9
PLQHUDOH#ROLH 4<333 47333 44333 ;;33

'H#JHYRQGHQ#HHUVWH#RUGH#DIEUDDN#FRQVWDQWH# LQ#GLW#H[SHULPHQW# LV#FLUFD# 3/35#G04#YRRU#3$.# +55# 
3/<9,>#GLH#YRRU#PLQHUDOH#ROLH#LV#FD#3/39#G041#'H#ZDDUGH#YRRU#3$.#NRPW#JRHG#RYHUHHQ#PHW#GH#LQ#GH
OLWHUDWXXU#JHYRQGHQ#ZDDUGHQ#YRRU#JHVWLPXOHHUGH#DIEUDDN#LQ#KHW#ODERUDWRULXP#+]LH#SDUDJUDDI#817,1

817# /LWHUDWXXUVWXGLH#3$.0DIEUDDN

2YHU#GH#ELRORJLVFKH#DIEUDDN#YDQ#SRO\F\FOLVFKH#DURPDWLVFKH#NRROZDWHUVWRIIHQ# LV#YHHO# OLWHUDWXXU#EH0
VFKLNEDDU1#'H]H# LV#JURIZHJ# LQ# WZHH#FDWHJRULHsQ# WH#YHUGHOHQ=# IXQGDPHQWHHO# +PLFURELRORJLVFK,#RQ0
GHU]RHN# HQ# SUDNWLMNJHULFKW# RQGHU]RHN1# 8LW# KHW# IXQGDPHQWHOH# RQGHU]RHN# LV# JHEOHNHQ# GDW# RQGHU
DsUREH# FRQGLWLHV# YULMZHO# DOOH#3$.# LQ# SULQFLSH# ELRORJLVFK# NXQQHQ#ZRUGHQ# DIJHEURNHQ1#'H# ODJHUH
3$.#+507#DURPDWLVFKH#ULQJHQ,#NXQQHQ#DsURRE#YROOHGLJ#JHPLQHUDOLVHHUG#WRW#&25#HQ#+52/#ELM#GH#KR0
JHUH#3$.#ZRUGW#PHHVWDO#HHQ#JHGHHOWHOLMNH#DIEUDDN#JHYRQGHQ1

2RN#RQGHU#DQDsUREH#FRQGLWLHV#LV#3$.#LQ#SULQFLSH#PRJHOLMN/#KLHURYHU#LV#HFKWHU#YHHO#PLQGHU#EHNHQG1
2PGDW#LQ#KHW#NDGHU#YDQ#GLW#SURMHFW#DOOHHQ#RQGHU]RHN#QDDU#DsUREH#DIEUDDN# LV#XLWJHYRHUG/#ZRUGW#RS
GH#DQDsUREH#DIEUDDN#QLHW#YHUGHU#XLWJHEUHLG#LQJHJDDQ1

'H#DIEUDDNNLQHWLHN#NDQ#ZRUGHQ#EHVFKUHYHQ#PHW#GH#0RQRG0YHUJHOLMNLQJ/#ZDDUELM#GH#PD[LPDOH#H[0
SRQHQWLsOH#JURHLVQHOKHLG#YDQ#GH#EDFWHULsQ#DIKDQNHOLMN# LV#YDQ#GH#3$.0FRQFHQWUDWLH1#2RN#RQGHU#GH
RSWLPDOH#RPVWDQGLJKHGHQ#GLH#PHHVWDO#ELM#GLW#W\SH#RQGHU]RHN#ZRUGHQ#JHEUXLNW/#EHwQYORHGW#GH# ODJH
RSORVEDDUKHLG#YDQ#GH#3$.#GH#JHYRQGHQ#DIEUDDNVQHOKHGHQ=#YRRU#KRJH#3$.#]LMQ#GH#RSORVEDDUKH0
GHQ#GHUPDWH#ODDJ#GDW#GH#0RQRG0YHUJHOLMNLQJ#JHOLMN#ZRUGW#DDQ#GH#4H0RUGH#DIEUDDN#YHUJHOLMNLQJ=

Y# #NG#[#F

PHW=
Y# #DIEUDDNVQHOKHLG#+PJ2/1G,
NG# #4H#RUGH#DIEUDDNFRQVWDQWH#+42G,
F# #FRQFHQWUDWLH#+PJ2/,
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'H# DIEUDDNVQHOKHLG# LV# GXV# HYHQUHGLJ#PHW# GH#3$.0FRQFHQWUDWLH># KLHUELM# LV# VSUDNH# YDQ# HHQ# KDOI0
ZDDUGHWLMG#YDQ#GH#3$.#GLH#NDQ#ZRUGHQ#EHUHNHQG#DOV#WG# #OQ+5,2NG1
%LM#KHW#SUDNWLMNJHULFKW#RQGHU]RHN#ZRUGW#GRRUJDDQV#GH#DIEUDDN#YDQ#PHW#3$.#YHURQWUHLQLJGH#JURQG
RQGHU]RFKW1#2RN#KLHUELM#EOLMNW#YDDN#HHQ#4H0RUGH#DIEUDDNNLQHWLHN# WH#ZRUGHQ#JHYRQGHQ1#'H# WDEHOOHQ
43#HQ#44#KLHURQGHU#JHYHQ# LQ#GH# OLWHUDWXXU#JHYRQGHQ#ZDDUGHQ#YRRU#GH#4H0RUGH#DIEUDDNFRQVWDQWHV
YRRU#QDIWDOHHQ#HQ# IHQDQWUHHQ1#(U# LV#HHQ#RQGHUYHUGHOLQJ#JHPDDNW#QDDU# ODERUDWRULXP0#HQ#YHOGVWX0
GLHV>#ZDDUELM#GH# ODERUDWRULXP0VWXGLHV#RQGHUYHUGHHOG#]LMQ# LQ#H[SHULPHQWHQ#PHW#QDWXXUOLMNH#HQ#PHW
JHVWLPXOHHUGH#FRQGLWLHV1

$OOHHQ# YRRU# QDIWDOHHQ# ]LMQ# EHWURXZEDUH# JHJHYHQV# XLW# YHOGVWXGLHV# EHVFKLNEDDU/# YRRU# GH# RYHULJH
3$.#LV#GH#EHWURXZEDUH#LQIRUPDWLH#EHSHUNW#WRW#ODERUDWRULXPJHJHYHQV1

7DEHO#431 /LWHUDWXXUJHJHYHQV#QDIWDOHHQDIEUDDN#LQ#JURQG1

UHIHUHQWLHV H[SHULPHQW PHWKRGH 4H#RUGH
DIEUDDNFRQVWDQWH

FRQGLWLHV

>5LIDL#HW#DO1#4<<8@ YHOG PDVVDEDODQV 3/3397#G04 DsURRE
>7KLHUULQ#HW#DO1#4<<6@ YHOG WUDFHUH[SHULPHQW 3/337#+«3/3338,#G04 DQDsURRE
>6WDXIIHU#HW#DO#4<<7@ YHOG PRGHOEHUHNHQLQJ 3/3396#G04 DsURRE
>1LHOVHQ#HW#DO1#4<<9@ +ODE,#QDWXXUOLMN LQ0VLWX#PLFURFRVP 3/39#G04 DsURRE
>6KLDULV#4<;<@ ODE#QDWXXUOLMN 47&#EDWFK 3/376#+«3/33<,#G04 DsURRE
>'XUDQW#HW#DO1#4<<8@ ODE#QDWXXUOLMN 47&#EDWFK 3/33903/39#G04 DsURRE
>/DQGPH\HU#HW#DO1#4<<;@ ODE#JHVWLPXOHHUG 47&#EDWFK 3/;;#G04 DsURRE
>5RFNQH#)#6WUDQG#4<<;@ ODE#JHVWLPXOHHUG EDWFK 3/346 DQDsURRE
>+HLWNDPS#HW#DO1#4<;:@ ODE#JHVWLPXOHHUG EDWFK 3/353 DsURRE

7DEHO#441 /LWHUDWXXUJHJHYHQV#IHQDQWUHHQ0DIEUDDN#LQ#JURQG1

UHIHUHQWLH ODE2YHOG PHWKRGH 4H#RUGH
DIEUDDNFRQVWDQWH

FRQGLWLHV

>*LQQ#HW#DO14<<8@ ODE#QDWXXUOLMN 47&#EDWFK 3/336+«3/3349,#G04 DsURRE
>'XUDQW#HW#DO1#4<<8@ ODE#QDWXXUOLMN 47&#EDWFK 3/33:03/34<#G04 DsURRE
>6KLDULV#4<;<@ ODE#QDWXXUOLMN 47&#EDWFK 3/376#+1113/33<,#G04 DsURRE
>5RFNQH#)#6WUDQG#4<<;@ ODE#JHVWLPXOHHUG EDWFK 3/348 DQDsURRE
>+HLWNDPS#HW#DO1#4<;:@ ODE#JHVWLPXOHHUG EDWFK 3/345 DsURRE
>0F5DH#)#+DOO#4<<;@ ODE#JHVWLPXOHHUG EDWFK 3/346#0#3/349 PLFURDsURRE

'H#DIEUDDNVQHOKHGHQ#YDQ#GH#KRJHUH#3$.#OLJJHQ#GRRUJDDQV#DDQ]LHQOLMN#ODJHU#GDQ#GLH#YDQ#GH#50#HQ
60ULQJ#3$.1#'LW#ZRUGW#JHwOOXVWUHHUG#LQ#ILJXXU#5/#ZDDULQ#GH#GRRU#6KLDULV#>4<;<@#JHYRQGHQ#DsUREH#4H0
RUGH#DIEUDDNFRQVWDQWHV#YRRU#YHUVFKLOOHQGH#3$.#]LMQ#ZHHUJHJHYHQ#DOV#IXQFWLH#YDQ#GH#ORJ#.RZ/#HHQ
PDDW#YRRU#GH#K\GURIRELFLWHLW#YDQ#HHQ#YHUELQGLQJ1#'H]H#VWHUNH#QHJDWLHYH#FRUUHODWLH# WXVVHQ#GH#K\0
GURIRELFLWHLW#HQ#GH#DIEUDDNVQHOKHLG#ZRUGW#LQ#GH#PHHVWH#VWXGLHV#JHYRQGHQ1

+RHZHO#GLW#WKHRUHWLVFK#NDQ#ZRUGHQ#YHURRU]DDNW#GRRU#GH#ODJH#RSORVEDDUKHLG#+]LH#ERYHQ,/#JHHIW#KHW
IHLW#GDW#GH#DIEUDDNFRQVWDQWHV#LQ#JURQGVRRUWHQ#PHW#HHQ#KRRJ#RUJDQLVFK#VWRI#JHKDOWH#+PHHU#VRUSWLH0
FDSDFLWLHLW,#PHHVWDO#ODJHU#OLJJHQ#GDQ#LQ#ELMYRRUEHHOG#]DQGLJH#JURQGHQ/#DDQ#GDW#QLHW#GH#ELRORJLVFKH
DIEUDDNFDSDFLWHLW#PDDU#GH#ELREHVFKLNEDDUKHLG#GH#OLPLWHUHQGH#IDFWRU#LV1
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)LJ1#51 'RRU#6KLDULV# >4<;<@# JHYRQGHQ# DIEUDDNVQHOKHGHQ# YRRU# YHUVFKLOOHQGH# 3$.# DOV# IXQFWLH
YDQ#GH#ELMEHKRUHQGH#ORJ#.RZ1

818# &RQFOXVLHV

,Q#GH#YHURQWUHLQLJGH#JURQGPRQVWHUV#ZRUGW#HHQ#KRJHUH#]XXUVWRIRSQDPH# +DsUREH#ELRORJLVFKH#DFWL0
YLWHLW,#JHYRQGHQ#GDQ#LQ#GH#QLHW0YHURQWUHLQLJGH#PRQVWHUV1#7RHYRHJLQJ#YDQ#QXWULsQWHQ#JHHIW#HHQ#GXL0
GHOLMNH# YHUKRJLQJ# YDQ# GH]H# DFWLYLWHLW/# ]RGDW# RQGHU# DsUREH# FRQGLWLHV# HU# GXV# VSUDNH# LV# YDQ# HHQ
QXWULsQWHQOLPLWDWLH1#2PGDW#HU# LQ#KHW#YHURQWUHLQLJGH#JURQGZDWHU#HFKWHU#YULMZHO#JHHQ#]XXUVWRI# LV#JH0
PHWHQ/#]DO#GH]H#QXWULsQWHQOLPLWDWLH#ELM#QDWXXUOLMNH#DIEUDDN#RS#GH# ORFDWLH#YDQ#GH#YRRUPDOLJH#*DVID0
EULHN#9HHQHQGDDO#KRRJVWZDDUVFKLMQOLMN#QLHW#RSWUHGHQ1

'H#EHSDOLQJ#YDQ#GH#DIEUDDNVQHOKHLG#YDQ#3$.#ZHUG#EHPRHLOLMNW#GRRU#ODJH#3$.0FRQFHQWUDWLHV#HQ#GH
DDQZH]LJKHLG#YDQ#KRJH#FRQFHQWUDWLHV#DDQ#PLQHUDOH#ROLH1#'H#PD[LPDOH#DIEUDDNVQHOKHLG#+VOXUU\WHVW,
LV#EHSDDOG#LQ#HHQ#PRQVWHU#PHW#HHQ#]HHU#ODJH#3$.0FRQFHQWUDWLH#HQ#]HHU#KRJH#ROLH0FRQFHQWUDWLH1#'H
HHUVWH#RUGH#DIEUDDNFRQVWDQWH#YRRU#PLQHUDOH#ROLH#ZDV#3/39#G04>#GLH#YRRU#3$.#3/35#G041#'H]H#VQHO0
KHLG#NRPW#JRHG#RYHUHHQ#PHW#LQ#GH#OLWHUDWXXU#JHYRQGHQ#ZDDUGHQ#YRRU#JHVWLPXOHHUGH#3$.0DIEUDDN1

,Q#GH#EDWFK0#HQ#NRORPH[SHULPHQWHQ#NDQ#JHHQ#RQGHUVFKHLG#ZRUGHQ#JHPDDNW# WXVVHQ#DIEUDDN#YDQ
ROLH#HQ#YDQ#3$.1#,Q#GH#NRORP0H[SHULPHQWHQ/#ZDDUELM#GH#LQ0VLWX#DIEUDDNVQHOKHLG#ZHUG#JHVLPXOHHUG/
LV#YRRU#GULH#YHURQWUHLQLJGH#JURQGPRQVWHUV#+3/#5/#537,#HHQ#DIEUDDNVQHOKHLG#+YRRU#PLQHUDOH#ROLH,#LQ
GH#RUGH#YDQ#JURRWWH#YDQ#;#PJ2NJ1GDJ#JHYRQGHQ1

'H#KDOIZDDUGHWLMG#YRRU#3$.#LV#JURI#JHVFKDW#RS#WHQPLQVWH#HQNHOH#PDDQGHQ/#KHWJHHQ#UHGHOLMN#RYHU0
HHQNRPW#PHW#GH#DIEUDDNVQHOKHGHQ#GLH#PHW#DQGHUH#ODERUDWRULXPPHWKRGHQ#YRRU#KHW#VLPXOHUHQ#YDQ
QDWXXUOLMNH#DIEUDDN#ZRUGHQ#JHYRQGHQ1#+HW#EHSDOHQ#YDQ#DIEUDDNVQHOKHGHQ# LQ#GH#NRORPPHQ#ZHUG
EHPRHLOLMNW#GRRU#KHW#IHLW#GDW#KHW#ELM#JHVWRNHQ#NRORPPHQ#QLHW#JRHG#PRJHOLMN#LV#GH#EHJLQFRQFHQWUDWLH
WH#EHSDOHQ1

+RHZHO#PHQJLQJ#GH#ERGHPRSERXZ#YHUVWRRUW/# OLMNW#KHW#GDDURP# WRFK#EHWHU#GLW#VRRUW#H[SHULPHQWHQ
PHW#JHURHUGH#PRQVWHUV#XLW#WH#YRHUHQ1



5:

+22)'678.#9

0(7+2'(1#9225#+(7#%(3$/(1#9$1#62537,(3$5$0(7(56

914# ,QOHLGLQJ

2P#GH#YHUVSUHLGLQJ#WH#NXQQHQ#PRGHOOHUHQ#PRHWHQ#GH#VRUSWLHSDUDPHWHUV#ZRUGHQ#EHSDDOG1#'H#SD0
UDJUDIHQ#915#WRW#HQ#PHW#917#EHKDQGHOHQ#KHW#WHVWHQ#YDQ#PHWKRGHQ#RP#VRUSWLHSDUDPHWHUV#YDQ#3$.
WH#EHSDOHQ1#,Q#918#]LMQ#GH#GULH#PHWKRGHQ#JHsYDOXHHUG1#(HQ#UHVXOWDDW#YDQ#KHW#WHVWHQ#YDQ#GH#PHWKR0
GHQ# LV#GDW#HU#YRRU#GH#SURHIORFDWLH#9HHQHQGDDO#ZDDUGHQ#YRRU#GH#VRUSWLHSDUDPHWHUV#YDQ#QDIWDOHHQ
HQ# IHQDQWUHHQ# ]LMQ# EHSDDOG1#'H# UHVXOWDWHQ# YDQ# HHQ# OLWHUDWXXUVWXGLH# LQ# 919# SODDWVHQ# GH# JHPHWHQ
ZDDUGHQ# LQ#GH#FRQWH[W#YDQ#ZDDUGHQ#YDQ#3$.#VRUSWLHSDUDPHWHUV#]RDOV#GLH#GRRU#DQGHUHQ#]LMQ#JH0
YRQGHQ#YRRU#DQGHUH#JURQGHQ1

,Q#RQGHUVWDDQGH#SDUDJUDIHQ#ZRUGHQ#GH#PHWKRGHQ#EHVFKUHYHQ#+SULQFLSH/#UHVXOWDWHQ#HQ#FRQFOXVLHV,1
,Q#ELMODJH#)#ZRUGHQ#GH#PHWKRGHQ#XLWYRHULJ#EHVFKUHYHQ#+SULQFLSH/#PDWHULDDO#HQ#XLWYRHULQJ,1

915# 0HWKRGH#4=#6FKXGH[SHULPHQWHQ

3ULQFLSH
'H#ELM#6&0'/2#JHEUXLNHOLMNH#PHWKRGH#YRRU#GH#EHSDOLQJ#YDQ#VRUSWLH0SDUDPHWHUV#YDQ#RUJDQLVFKH
PLFUR0YHURQWUHLQLJLQJHQ# +GRRUJDDQV# EHVWULMGLQJVPLGGHOHQ,# DDQ# ERGHPPDWHULDDO# >YDQ# GHU#3DV@# LV
GH#EDVLV#JHZHHVW# YRRU#HHQ#DDQWDO#H[SHULPHQWHQ#RP# VRUSWLH0SDUDPHWHUV# YRRU#3$.# DDQ# VFKRQH
9HHQHQGDDOJURQG#WH#EHSDOHQ1

+HW#SULQFLSH#YDQ#GH#PHWKRGH# LV#RP#VFKRQH#JURQG# WH#VFKXGGHQ#PHW#ZDWHU#ZDDULQ#HHQ#EHNHQGH
KRHYHHOKHLG#YDQ#GH#WH#WHVWHQ#VWRI#LV#RSJHORVW1#1D#KHW#VFKXGGHQ#ZRUGW#GH#FRQFHQWUDWLH#LQ#KHW#ZDWHU
JHPHWHQ1#+HW#YHUVFKLO#WXVVHQ#GH#LQLWLsOH#FRQFHQWUDWLH#HQ#GH#FRQFHQWUDWLH#LQ#KHW#ZDWHU#QD#VFKXGGHQ
ZRUGW# WRHJHVFKUHYHQ#DDQ#DGVRUSWLH#DDQ#RUJDQLVFKH# VWRI# LQ#GH#JURQG1#2S#GH]H#ZLM]H#ZRUGHQ#HU
JHHQ#IRXWHQ#JHPDDNW#DOV#JHYROJ#YDQ#GH#RQ]HNHUKHLG#LQ#H[WUDFWLH0HIILFLsQWLH#ELM#KHW#EHSDOHQ#YDQ#KHW
JHKDOWH#LQ#GH#JURQG1#'H#JHDGVRUEHHUGH#PDVVD#ZRUGW#EHUHNHQG#XLW=

0
,+.F,+490+P# #;

J

ZV +4,

PHW#=
;  JHKDOWH#JHDGVRUEHHUGH#VWRI#+PJ#NJ04,>
P  PDVVD#WRHJHYRHJGH#VWRI#+PJ,>
9V  WRWDOH#YROXPH#ZDWHU#LQ#KHW#V\VWHHP#+O,>
F  JHPHWHQ#FRQFHQWUDWLH#+PJ#O04,>
+Z  YRFKWJHKDOWH#YDQ#GH#JURQG#RS#EDVLV#YDQ#GH#PDVVD#GURJH#JURQG#+NJ#NJ04,>
0J  PDVVD#JURQG#LQ#KHW#V\VWHHP#+NJ,1
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'H#)UHXQGOLFK#DGVRUSWLH0LVRWKHUP#ZRUGW#EHUHNHQG#PHW#GH#YHUJHOLMNLQJ=

,
F
F+F.# #; Q

U
UI +5,

PHW#=
.I  GH#)UHXQGOLFK#FRsIILFLsQW#+O#NJ04,>
FU  GH#UHIHUHQWLHZDDUGH#YDQ#F#+PJ#O04,>
Q  GH#)UHXQGOLFK#H[SRQHQW#+0,1

'H#SDUDPHWHUV#.I#HQ#Q#NXQQHQ#ZRUGHQ#JHVFKDW#XLW#GH#PHHWJHJHYHQV#YLD#OLQHDLUH#UHJUHVVLH#QD# OR0
JDULWPLVFKH# WUDQVIRUPDWLH1#'H#UHIHUHQWLHZDDUGH#YDQ#F#ZRUGW#]R#JHNR]HQ#GDW#KLM#ELQQHQ#KHW#PHHW0
WUDMHFW#YDQ#F#OLJW1

(U#ZDV#HFKWHU#JHHQ#HUYDULQJ#PHW#3$.0FRPSRQHQWHQ# LQ#FRPELQDWLH#PHW#GH]H#PHWKRGH1#*H]RFKW
ZHUG#QDDU# HHQ# JHVFKLNWH# YHUKRXGLQJ#ZDWHU2JURQGPDWHULDDO# LQ# UHODWLH#PHW# GH# YRRUKDQGHQ# ]LMQGH
DSSDUDWXXU#HQ#GLPHQVLHV1#'H#YHUKRXGLQJ#43=4#ZDV#ZHQVHOLMN#ZDDUGRRU#HU#QLHW#PHHU#GDQ#8#JUDP
JURQG#NRQ#ZRUGHQ#LQJHZRJHQ1#'RRU#GH#ODJH#RSORVEDDUKHLG#YDQ#QDIWDOHHQ/#PDDU#YRRUDO#IHQDQWUHHQ/
LQ#ZDWHU#]RX#VQHO#GH#GHWHFWLHJUHQV#EHUHLNW#ZRUGHQ1#'H#H[SHULPHQWHQ#]LMQ#JHGDDQ#PHW#QDIWDOHHQ#HQ
IHQDQWUHHQ#RPGDW#]H#LQ#GH#3$.0UHHNV#UHODWLHI#]ZDN#DGVRUEHUHQG#]LMQ#HQ#GH#KRRJVWH#RSORVEDDUKHLG
EH]LWWHQ1

5HVXOWDWHQ
'H#UHVXOWDWHQ#YDQ#GH#H[SHULPHQWHQ#]LMQ#ZHHUJHJHYHQ# LQ# WDEHO#451#+LHUXLW#EOLMNW#GDW#GH#FRQFHQWUD0
WLHV# LQ#GH#RSORVVLQJ#QD# 57#XXU# WHQ#RS]LFKWH# YDQ#GH#EHJLQFRQFHQWUDWLH#QRJ#EHKRRUOLMN#JURRW# ]LMQ1
'RRU#GH#EHSHUNWH#RSORVEDDUKHLG#YDQ#QDIWDOHHQ#+63#PJ2O,#HQ#IHQDQWUHHQ#+4#PJ2O,#LV#KHW#]HHU#PRHLOLMN
RP#HHQ#JHVFKLNWH#UHHNV# WH#FUHsUHQ#ZDDUELM#GH#YHUKRXGLQJ#ZDWHU0JURQG#QLHW# WH#JURRW#ZRUGW# +43=4,
HQ#GH#KRHYHHOKHLG#VWRI#QLHW# WH# ODDJ# +GHWHFWLHJUHQV,1#+HW#RUJDQLVFKH#VWRI#JHKDOWH#YDQ#GH#JURQG# LV
EHSDDOG#RS#3/94(1

7DEHO#451 &RQFHQWUDWLH#QDIWDOHHQ#HQ# IHQDQWUHHQ# LQ#PJ2O# UHVS1#PJ2NJ#G1V1# LQ#GH#RSORVVLQJHQ#YRRU
HQ#QD#VFKXGGHQ#HQ#JHDGVRUEHHUG#DDQ#GH#JURQG1

RSORVVLQJ FRQFHQWUDWLH#QDIWDOHHQ#+PJ2O, FRQFHQWUDWLH#IHQDQWUHHQ#+PJ2O,
RSORVVLQJ
+W 3,
+PJ2O,

RSORVVLQJ
+W 57,
+PJ2O,

JHDGVRUEHHUG
+PJ2NJ#G1V1,

RSORVVLQJ
+W 3,
+PJ2O,

RSORVVLQJ
+W 57,
+PJ2O,

JHDGVRUEHHUG
+PJ2NJ#G1V1,

4#[ 9/553: 4/5685 7;/445 3/84:< 3/49<9 6/6843
43#[ 3/966: 3/864: 3/<;86 3/3938 3/3474 3/7::5
433#[ 3/3933 3/38;6 3/443; 3/3375 3/3355 3/356:
4333#[ 3/3385 3/3338 3/3336 3/3349
43333#[ 3/3357 3/334: 3/3399
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'LVFXVVLH#HQ#FRQFOXVLHV
%LM#KHW#VFKXGGHQ# LV#GH#KRHYHHOKHLG#RUJDQLVFKH#VWRI# LQ#83#PO#RSORVVLQJ#4/8#PJ# +72&0JHKDOWH#4<
PJ2O/#RUJ1VWRI272&# # 4/9,# WHQ#RS]LFKWH#YDQ# 64#PJ#RUJDQLVFKH#VWRI# LQ#GH# 8#J#JURQG# +RUJDQLVFKH
VWRIJHKDOWH#LV#3/94(,1#%LM#GH#VFKXGYHUKRXGLQJ#YDQ#83#PO#RSORVVLQJ#RS#8#J#JURQG#EHYLQGW#]LFK#GXV
FLUFD#8(#YDQ#KHW#EHODQJULMNVWH#VRUEHQV# LQ#GH#RSORVVLQJ1#'H#JHPHWHQ#FRQFHQWUDWLHV#]LMQ# LQFOXVLHI
KHW#DDQ#RSJHORVW#RUJDQLVFK#PDWHULDDO#JHDGVRUEHHUGH#3$.1#'LW#UHVXOWHHUW#LQ#HHQ#RYHUVFKDWWLQJ#YDQ
GH#FRQFHQWUDWLH#LQ#RSORVVLQJ/#HUYDQ#XLWJDDQGH#GDW#GH#RUJDQLVFKH#VWRI#LQ#RSORVVLQJ#LV#JHNRPHQ#GRRU
GH#RS]HW#YDQ#KHW#H[SHULPHQW#QDPHOLMN#KHW#VFKXGGHQ#HQ#FHQWULIXJHUHQ1#'H#IRXW#LQ#GH#RS#GH]H#ZLM]H
EHSDDOGH#VRUSWLH#QHHPW#WRH#QDDUPDWH#GH#LQLWLsOH#FRQFHQWUDWLH#NOHLQHU#LV1

,Q# WDEHO# 46# ]LMQ# GH# YHUGHOLQJVFRsIILFLsQWHQ# HQ# VRUSWLHFRsIILFLsQWHQ# YRRU# QDIWDOHHQ# HQ# IHQDQWUHHQ
JHJHYHQ1#'H#YHUGHOLQJVFRsIILFLsQWHQ/#EHUHNHQG#XLW#GH#YHUKRXGLQJ# WXVVHQ#JHDGVRUEHHUGH#3$.#HQ
3$.0FRQFHQWUDWLH# LQ#RSORVVLQJ/#ZRUGHQ#NOHLQHU#PHW#KHW#DIQHPHQ#YDQ#GH# LQLWLsOH#FRQFHQWUDWLH1#'LW
VWURRNW#QLHW#PHW#GH#YHUZDFKWLQJ#GDW#ELM#QLHW0OLQHDLUH#)UHXQGOLFK#DGVRUSWLH#GH#VRUSWLH#WRHQHHPW#PHW
KHW#NOHLQHU#ZRUGHQ#YDQ#GH#FRQFHQWUDWLH# LQ#RSORVVLQJ1#6RUSWLH#DDQ#RUJDQLVFKH#VWRI# LQ#GH#RSORVVLQJ
YHUVWRRUW#GH#UHVXOWDWHQ#YDQ#GH#FRQFHQWUDWLHUHHNV1

7DEHO#461 9HUGHOLQJVFRsIILFLsQWHQ#+.,#HQ#VRUSWLHFRsIILFLsQWHQ#YRRU#RUJDQLVFKH#VWRI#+.RP,#EHUHNHQG
XLW#UHVXOWDWHQ#VFKXGSURHI1

1DIWDOHHQ )HQDQWUHHQ

9HUGXQQLQJVIDFWRU .
+O2NJ,

.RP

+O2NJ,
.
+O2NJ,

.RP

+O2NJ,
4 6</3 96;9 4</; 6586
3/4 55/8 69<8 67/: 89;<
3/34 5/5< 6:9 54/; 68:4
3/334 0 0 8/33 ;53

+HW#72&0JHKDOWH# LQ#KHW#VXSHUQDWDQW#YDQ#GH#VFKXGSURHI# LV# ODJHU#GDQ# LQ#GH#YHOGVLWXDWLH/#RQGDQNV
KHW#VFKXGGHQ#HQ#FHQWULIXJHUHQ#LQ#KHW#H[SHULPHQW1#'H#FRQFOXVLH#LV#GDW#GH#VFKXGPHWKRGH#LQ#GH#KXL0
GLJH#RS]HW#RQJHVFKLNW#LV#RP#HHQ#VRUSWLH0LVRWKHUP#WH#EHSDOHQ#YRRU#3$.1

%LM#KHUKDOLQJ#YDQ#KHW#KLHUERYHQ#EHVFKUHYHQ#H[SHULPHQW#]DO#JHZHUNW#PRHWHQ#ZRUGHQ#PHW#DQGHUH
KRHYHHOKHGHQ/#HQ#GXV#DQGHUH#GLPHQVLHV#RS#KHW#JHELHG# YDQ#GH# FHQWULIXJH#HQ#EXL]HQ1# ,QGLHQ#HU
QDPHOLMN#PHHU# RSORVVLQJ# LQ# EHKDQGHOLQJ# JHQRPHQ# NDQ#ZRUGHQ# +H[WUDFWLH,# NDQ# HU# QDXZNHXULJHU
JHPHWHQ#ZRUGHQ#HQ#NXQQHQ#ODJHUH#FRQFHQWUDWLHV#3$.#JHPHWHQ#ZRUGHQ1#+LHUYRRU#]LMQ#JURWHUH#JOD0
]HQ#FHQWULIXJHEXL]HQ#QRGLJ1#7HYHQV#LV#KHW#]LQYRO#GH#3$.#JHDGVRUEHHUG#DDQ#GH#JURQG#WH#DQDO\VH0
UHQ/#RP#]RGRHQGH#HHQ#PDVVDEDODQV#WH#PDNHQ1

916# 0HWKRGH#5=#.RORPSURHYHQ

3ULQFLSH
+HW#PLFURNRORPV\VWHHP# LV#HHQ#PHHWV\VWHHP#GDW#RQWZLNNHOG# LV#RP#GH#VRUSWLH#YDQ#PRGHOFRPSR0
QHQWHQ#DDQ#JURQG# WH#NXQQHQ#EHVFKULMYHQ1#'LW#V\VWHHP# LV#DO# LQ#PHHUGHUH#RQGHU]RHNHQ# WRHJHSDVW
>:HLW]#HW#DO1/#4<<7>#2VWp/#4<<7>#'LMNVWUD/#4<<9@1#+HW#GRHO#YDQ#GLW#RQGHU]RHN# LV#RP#GH#VRUSWLHSDUD0
PHWHUV#YDQ#GH#3$.0FRPSRQHQWHQ#QDIWDOHHQ#HQ#IHQDQWUHHQ#WH#EHSDOHQ#LQ#HHQ#JURQG#DINRPVWLJ#YDQ
HHQ#YRRUPDOLJ#JDVIDEULHNVWHUUHLQ#LQ#9HHQHQGDDO1

+HW#SULQFLSH#YDQ#KHW#NRORPH[SHULPHQW# LV#GDW#HHQ#3$.0RSORVVLQJ#YDQ#EHNHQGH#FRQFHQWUDWLH#GRRU
HHQ#FLOLQGHU#JHYXOG#PHW#JURQG#ZRUGW#JHSRPSW/#HQ#GDW#GH#3$.0FRQFHQWUDWLH# LQ#KHW#HIIOXHQW#ZRUGW
JHPHWHQ1#$OV#GH#FRQFHQWUDWLH#LQ#KHW#HIIOXHQW#JHOLMN#LV#DDQ#GH#FRQFHQWUDWLH#LQ#KHW#LQIOXHQW/#ZRUGW#KHW
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H[SHULPHQW#EHsLQGLJG#RPGDW#GH#JURQG#GDQ#YHU]DGLJG# LV#PHW#3$./#HQ#GXV#JHHQ#3$.#PHHU#ZRUGW
JHDGVRUEHHUG1#+HW#FRQFHQWUDWLHYHUORRS# LQ#KHW#HIIOXHQW#ZRUGW#JHEUXLNW#RP#GH#VRUSWLHSDUDPHWHUV# WH
EHSDOHQ1#'H#3$.0YHU]DGLJGH#JURQGNRORP#ZRUGW#GDDUQD#GRRUJHVSRHOG#PHW#VFKRRQ#ZDWHU/#ZDDUELM
GH#3$.0FRQFHQWUDWLH# LQ#KHW#HIIOXHQW#ZHHU#ZRUGW#JHPHWHQ/# WRWGDW#HU#JHHQ#3$.#PHHU#XLW#GH#NRORP
NRPHQ1#'H#GHVRUSWLHFXUYH/#GH#FRQFHQWUDWLH# LQ#KHW#HIIOXHQW/#ZRUGW#ZHHU#JHEUXLNW#RP#GH#VRUSWLHSD0
UDPHWHUV#WH#EHSDOHQ1

5HVXOWDWHQ
,Q#ILJXXU#6#LV#GH#YHUKRXGLQJ#YDQ#GH#FRQFHQWUDWLH#YDQ#GH#XLW0#HQ# LQJDDQGH#3$.0RSORVVLQJ#GRRU#GH
NRORP#XLWJH]HW#WHJHQ#KHW#HOXWLHYROXPH#GRRU#GH#NRORP1#,V#GH]H#YHUKRXGLQJ#3#GDQ#ZRUGHQ#DOOH#3$.0
FRPSRQHQWHQ# LQ#GH#NRORP#JHDGVRUEHHUG1# ,V#GH]H#YHUKRXGLQJ#4#GDQ# LV#GH# LQJDDQGH#FRQFHQWUDWLH
JHOLMN#DDQ#GH#XLWJDDQGH#FRQFHQWUDWLH#HQ#ZRUGHQ#GH#3$.0FRPSRQHQWHQ#QLHW#PHHU# LQ#GH#NRORP#JH0
DGVRUEHHUG1# ,Q# ILJXXU#6# LV#]RZHO#GH#DGVRUSWLH#DOV#GH#GHVRUSWLHFXUYH#YDQ#QDIWDOHHQ#HQ# IHQDQWUHHQ
DDQ#9HHQHQGDDOJURQG#ZHHUJHJHYHQ1

)LJ1#61 $G0#HQ#GHVRUSWLH#YDQ#QDIWDOHHQ#HQ#IHQDQWUHHQ#DDQ#5/9#JUDP#9HHQHQGDDOJURQG#JHPHWHQ
PHW#EHKXOS#YDQ#KHW#PLFURNRORPV\VWHHP1

+HW# GRRUEUDDNYROXPH# LV# KHW# YROXPH# ZDDUELM# GH# KHOIW# YDQ# GH# WRWDOH# KRHYHHOKHLG# YDQ# GH# 3$.0
FRPSRQHQWHQ# LV#JHDGVRUEHHUG#RI# LV#JHGHVRUEHHUG1#9RRU#QDIWDOHHQ#EHGUDDJW#GLW#YROXPH#47#PO#HQ
YRRU# IHQDQWUHHQ# LV#GLW#93#PO1#+HW#GRRUEUDDNYROXPH# LV#HHQ#PDDW#YRRU#GH#VRUSWLHVQHOKHLG#YDQ#GH
3$.0FRPSRQHQWHQ1#'H#VRUSWLH#DDQ#9HHQHQGDDOJURQG#YDQ#QDIWDOHHQ#YHUORRSW#GXV#GXLGHOLMN#VQHOOHU
GDQ#GH#VRUSWLH#YDQ# IHQDQWUHHQ1#'H#DG0#HQ#GHVRUSWLH#FXUYHQ#YDQ#QDIWDOHHQ# ORSHQ#QDJHQRHJ#V\P0
PHWULVFK/# YRRU# IHQDQWUHHQ# LV# GLW# QLHW# KHW# JHYDO1#+HW# OLMNW# HU# RS# GDW# GH# GHVRUSWLH# YDQ# IHQDQWUHHQ
VQHOOHU#YHUORRSW#GDQ#GH#DGVRUSWLH1#%RYHQGLHQ#EOLMIW#HU#QD#GHVRUSWLH#QRJ#HHQ#EHSDDOGH#QDOHYHULQJ
SODDWVYLQGHQ#YDQ#IHQDQWUHHQ1
'LW#GXLGW#RS#KHW# ODQJ]DDP#YULMNRPHQ#YDQ# IHQDQWUHHQ#JHVRUEHHUG#DDQ#GH# WLMGVDIKDQNHOLMNH#VRUSWLH0
SODDWVHQ#LQ#GH#ERGHPPDWUL[1

2PGDW#3$.0FRPSRQHQWHQ#QLHW#DOOHHQ#DDQ#JURQG#PDDU#RRN#DDQ# OHLGLQJHQ/#NUDQHQ#HQ#SRPSHQ#DG0
VRUEHUHQ#LV#RRN#GH#DG0#HQ#GHVRUSWLH#YDQ#QDIWDOHHQ#HQ#IHQDQWUHHQ#DDQ#KHW#V\VWHHP#EHSDDOG1#+LHU0
YRRU# LV#ZHHU#HHQ#DG0#HQ#GHVRUSWLH0H[SHULPHQW#XLWJHYRHUG/#PDDU#QX#EHYDWWH#GH#NRORP#JHHQ#JURQG
PDDU#DOOHHQ#JODVSDUHOV#HQ#JODVZRO1#8LW#GH]H#H[SHULPHQWHQ#EOLMNW#GDW#QDIWDOHHQ#HQ# IHQDQWUHHQ#RRN
DDQ#KHW#V\VWHHP#DGVRUEHUHQ/#HQ#GDDUELM#HHQ#]HOIGH#VSUHLGLQJVSDWURRQ#LQ#GH#WLMG#WRQHQ#DOV#GH#H[SH0
ULPHQWHQ#PHW#JURQG1#2P#YRRU#GH]H#V\VWHHPVRUSWLH#WH#FRUULJHUHQ#LV#ELM#GH#DGVRUSWLHFXUYHQ#GH#FRQ0
FHQWUDWLH0WLMG#FXUYH#YDQ#KHW#V\VWHHP#DIJHWURNNHQ#YDQ#GH#FRQFHQWUDWLH0WLMG#FXUYH#YDQ#KHW#V\VWHHP
PHW#JURQG#+]LH#ILJXUHQ#7#HQ#8,1
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'H#GRRUEUDDNFXUYHQ#XLW#ILJXXU#6#PRHWHQ#RRN#QRJ#JHFRUULJHHUG#ZRUGHQ#YRRU#KHW#GRGH#YROXPH#YDQ
KHW#V\VWHHP1#'LW#GRGH#YROXPH#LV#EHSDDOG#PHW#EHKXOS#YDQ#HHQ#QDWULXPQLWUDDW#RSORVVLQJ#+3/4#PJ2O,1
1LWUDDW#RQGHUYLQGW#JHHQ#VRUSWLH# LQ#KHW#V\VWHHP#HQ#]DO#GXV#DOOHHQ#KHW#GRGH#YROXPH# LQQHPHQ1#(HQ
DGVRUSWLH0H[SHULPHQW# +GRRUEUDDNFXUYH,#PHW#HHQ#QLWUDDWRSORVVLQJ# LV#GXV#HHQ#PDDW#YRRU#KHW#GRGH
YROXPH#YDQ#KHW#V\VWHHP#LQFOXVLHI#GH#JURQGNRORP1#:RUGW#HHQ#GRRUEUDDNFXUYH#YDQ#QLWUDDW#JHPHWHQ
]RQGHU#JURQGNRORP#GDQ# LV#RRN#KHW#GRGH#YROXPH#YDQ#GH#JURQGNRORP# WH#EHUHNHQHQ#+GRGH#YROXPH
V\VWHHP#LQFOXVLHI#JURQGNRORP#0#GRGH#YROXPH#]RQGHU#JURQGNRORP,1#+HW#GRGH#YROXPH#YDQ#KHW#V\V0
WHHP# LQFOXVLHI#GH#JURQGNRORP# LV#6/58#PO1#+HW#GRGH#YROXPH#YDQ#KHW#V\VWHHP#H[FOXVLHI#GH#JURQG0
NRORP#LV#5/53#PO#HQ#KHW#GRGH#YROXPH#YDQ#GH#JURQGNRORP#LV#4/38#PO1
'LW#GRGH#YROXPH# LV#KHW#SRULHYROXPH#YDQ#GH#JURQG/#KHW#SRULHYROXPH#YDQ#GH#JODVSDUHOV#HQ#KHW#SR0
ULHYROXPH#YDQ#GH#JODVZRO1#'H#FXUYHQ#XLW# ILJXXU#6#PRHWHQ#GXV#QRJ#5/5#PO# ULFKWLQJ#GH#<0DV#RSJH0
VFKRYHQ#ZRUGHQ1#'H#JHFRUULJHHUGH#FXUYHV#]LMQ#XLWJH]HW#LQ#GH#ILJXUHQ#7#HQ#81#+HW#GRRUEUDDNYROXPH
YDQ#QDIWDOHHQ#ZRUGW#GDQ#44/;#PO#HQ#KHW#GRRUEUDDNYROXPH#YDQ#IHQDQWUHHQ#ZRUGW#GDQ#8:/;#PO1

)LJ1#71 9RRU#V\VWHHPVRUSWLH#HQ#GRRG#YROXPH#JHFRUULJHHUGH#DGVRUSWLH# YDQ#QDIWDOHHQ#DDQ# 5/9
JUDP#9HHQHQGDDOJURQG#JHPHWHQ#PHW#EHKXOS#YDQ#KHW#PLFURNRORPV\VWHHP#+SXQWHQ,#HQ
GH#PHW#&;7),7#JHILWWH#FXUYH#+OLMQ,1

)LJ1#81 9RRU#V\VWHHPVRUSWLH#HQ#GRRG#YROXPH#JHFRUULJHHUGH#DGVRUSWLH#YDQ# IHQDQWUHHQ#DDQ#5/9
JUDP#9HHQHQGDDOJURQG#JHPHWHQ#PHW#EHKXOS#YDQ#KHW#PLFURNRORPV\VWHHP#+SXQWHQ,#HQ
GH#PHW#&;7),7#JHILWWH#FXUYH#+OLMQ,1
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2RN# YRRU#GH#GHVRUSWLHFXUYHQ#PRHW#ZRUGHQ#JHFRUULJHHUG# YRRU#GHVRUSWLH# YDQDI#KHW# V\VWHHP1#'H
GHVRUSWLH#YDQDI#KHW#V\VWHHP#LQ#HHQ#V\VWHHP#]RQGHU#JURQGNRORP#LV#EHSDDOG1#,Q#GDW#H[SHULPHQW#ZDV
GH# WRWDOH# KRHYHHOKHLG#3$.# GLH# GHVRUEHHUGH# JURWHU# GDQ# GH# WRWDOH# KRHYHHOKHLG# GLH# GHVRUEHHUGH
YDQDI#KHW#V\VWHHP#PHW#JURQGNRORP1#(HQ#PRJHOLMNH#YHUNODULQJ#KLHUYRRU# LV#GDW#HU#WRFK#DIEUDDN#YDQ
QDIWDOHHQ#HQ# IHQDQWUHHQ#KHHIW#SODDWVJHYRQGHQ# LQ#GH#NRORP#HQ#KHW#V\VWHHP# WXVVHQ#KHW#DGVRUSWLH
HQ#GHVRUSWLH0H[SHULPHQW1#9RRU#GH#UHVXOWDWHQ#YDQ#KHW#DGVRUSWLH0H[SHULPHQW#KHHIW#GDW#JHHQ#FRQVH0
TXHQWLHV/#RPGDW#DDQ#KHW#HLQG#YDQ#KHW#H[SHULPHQW#GH#FRQFHQWUDWLHV#LQ#LQIOXHQW#HQ#HIIOXHQW#JHOLMN#ZD0
UHQ1#9RRU#KHW#GHVRUSWLH0H[SHULPHQW#NDQ#QX#QLHW#ZRUGHQ#JHFRUULJHHUG#YRRU#V\VWHHPVRUSWLH1

'H#DG0#HQ#GHVRUSWLHFXUYHQ#YDQ#QDIWDOHHQ#]LMQ#V\PPHWULVFK/#GH#DG0#HQ#GHVRUSWLHFXUYHQ#YDQ#IHQDQ0
WUHHQ#]LMQ#QLHW#YROOHGLJ#V\PPHWULVFK1#%LM# IHQDQWUHHQ# LV#GH#DGVRUSWLH# WUDJHU#GDQ#GH#GHVRUSWLH1#1LHW
DOOH#IHQDQWUHHQ#ZRUGW#GLUHFW#JHGHVRUEHHUG/#HU#EOLMIW#HHQ#UHVWIUDFWLH#LQ#GH#NRORP#DFKWHU#GLH#HHQ#FRQ0
WLQXH#QDOHYHULQJ#JHHIW1
'LW#LV#GH#IHQDQWUHHQ#GLH#LV#JHDGVRUEHHUG#DDQ#GH#WUDJH#VRUSWLHSODDWVHQ#YDQ#GH#9HHQHQGDDOJURQG1

2P#GH# VRUSWLHSDUDPHWHUV# WH# NXQQHQ#EHUHNHQHQ# LV#KHW# YDQ#EHODQJ#RP#KHW# SRULHYROXPH# YDQ# GH
JURQG#WH#NHQQHQ1#+HW#WRWDOH#YROXPH#YDQ#GH#NRORP#+48#[#3/79#FP,#LV#5/7<#PO1#+HW#WRWDOH#YROXPH#YDQ
GH# 5/8<<:# JUDP# 9HHQHQGDDOJURQG# LV# 5/8<<:24/9#  # 4/96#PO1# +HW#PLQHUDOH# YROXPHGHHO# YDQ# GH
5/8<<:#JUDP#JURQG# LV#5/8<<:25/9# #4/33#PO# +'#]DQG# WRWDDO# #4/9#NJ2GP6/#'#]DQG#PLQHUDDO# #5/9
NJ2GP6,1#+HW#SRULHYROXPH#YDQ#GH#JURQG#ZRUGW#GDQ#3/96#PO#HQ#KHW#SRULHYROXPH#YDQ#GH#JODVSDUHOV
HQ#GH#JODVZRO#3/75#PO1

+HW#JURWH#GRGH#YROXPH#YDQ#KHW#PLFURNRORPV\VWHHP#ZRUGW#YHURRU]DDNW#GRRU#KHW#GRGH#YROXPH#YDQ
GH#SRPS#HQ#GH#GUXNUHVWULFWLH#YDQ#GH]H#SRPS1#:DDUVFKLMQOLMN#NDQ#GRRU#RSWLPDOLVDWLH#YDQ#KHW#V\V0
WHHP# KHW# GRGH# YROXPH# QRJ# JHUHGXFHHUG# ZRUGHQ# WRW# FLUFD# 3/8# PO1# +LHUGRRU# ]DO# RRN# GH# V\V0
WHHPVRUSWLH#DIQHPHQ1

,Q# WHJHQVWHOOLQJ# WRW#NOHL2]DYHO#JURQGHQ#JHHIW#GH#]DQGHULJH#9HHQHQGDDOJURQG# LQ#GH#NRORP#HHQ#JH0
ULQJH#GUXNRSERXZ1#%LM#HHQ#YROJHQG#H[SHULPHQW#NDQ#HYHQWXHHO#ZDW#PHHU#9HHQHQGDDOJURQG# LQ#EH0
ZHUNLQJ#JHQRPHQ#ZRUGHQ1

)LWWHQ#YDQ#GH#SDUDPHWHUZDDUGHQ
2P#GH#VRUSWLHSDUDPHWHUV#WH#EHSDOHQ#XLW#GH#ERYHQVWDDQGH#UHVXOWDWHQ#]LMQ#GH#GRRUEUDDNFXUYHV#JHILW
PHW#KHW#SURJUDPPD#&;7),7#>3DUNHU#HQ#YDQ#*HQXFKWHQ/#4<;7@1#'RRU#PLGGHO#YDQ#HHQ#QLHW0OLQHDLUH
NOHLQVWH#NZDGUDWHQ#LQYHUVLH#PHWKRGH#NXQQHQ#KLHUPHH#SDUDPHWHUV#ZRUGHQ#JHILW#XLW#JHPHWHQ#GRRU0
EUDDNFXUYHQ#YDQ#NRORPSURHYHQ1#+HW#%WZR0VLWH%#PRGHO#YRRU#IOX[FRQFHQWUDWLHV#LV#JHEUXLNW1

9RRU#KHW#WRHSDVVHQ#YDQ#&;7),7#]LMQ#GH#YROJHQGH#YHURQGHUVWHOOLQJHQ#JHGDDQ=
0# LQ#GH#NRORP#LV#GH#ZDWHUVWURPLQJ#VWDWLRQDLU#HQ#XQLIRUP>
0# LQ#GH#NRORP#YLQGW#JHHQ#RP]HWWLQJ#YDQ#3$.#SODDWV>
0# 3$.#DGVRUEHHUW#DDQ#GH#RUJDQLVFKH#VWRI#LQ#GH#ERGHP>
0# 3$.#DGVRUEHHUW#YROJHQV#HHQ#OLQHDLUH#VRUSWLH0LVRWKHUP>
0# GH#DGVRUSWLHFDSDFLWHLW# YDQ#GH#JURQG# LV# RQGHU# WH# YHUGHOHQ# LQ# WZHH# IUDFWLHV=# HHQ# HYHQZLFKWV0

DGVRUEHUHQGH#IUDFWLH#GLH#]LFK#EHYLQGW#LQ#GH#PDFURSRULsQ/#HQ#HHQ#WLMGVDIKDQNHOLMN#DGVRUEHUHQGH
IUDFWLH#GLH#]LFK#EHYLQGW# LQ#GH#PLFURSRULsQ1#'H#3$.#DGVRUEHUHQ# LQVWDQWDDQ#DDQ#GH#HYHQZLFKW0
DGVRUEHUHQGH# IUDFWLH1#$GVRUSWLH# DDQ# GH# WLMGVDIKDQNHOLMN# DGVRUEHUHQGH# IUDFWLH#ZRUGW# EHSDDOG
GRRU#GH#WLMG#QRGLJ#YRRU#GLIIXVLH#QDDU#GH#VRUSWLHSODDWVHQ#LQ#GH#PLFURSRULsQ/#ZDDUQD#RRN# LQVWDQ0
WDQH#DGVRUSWLH#RSWUHHGW1

'H#YHURQGHUVWHOOLQJ#YDQ#OLQHDLUH#DGVRUSWLH#LV#VWULMGLJ#PHW#GH#DDQQDPH#GDW#3$.#DGVRUEHUHQ#YROJHQV
HHQ#QLHW0OLQHDLUH#DGVRUSWLH#LVRWKHUP1#+HW#HIIHFW#YDQ#QLHW0OLQHDLUH#DGVRUSWLH#RS#VRUSWLH0LVRWKHUPHQ#LV
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GDW# GH# GRRUEUDDNFXUYH#PLQGHU# VSUHLGLQJ# YHUWRRQG/# HQ# GDDUGRRU# VWHLOHU#ZRUGW1#%LM# KHW# ILWWHQ# YDQ
VRUSWLHSDUDPHWHUV#PHW#HHQ# OLQHDLU#VRUSWLHPRGHO#ZRUGW#GDQ#GH# IUDFWLH#HYHQZLFKWV0VRUSWLHSODDWVHQ
RYHUVFKDW/# RPGDW# GH# VSUHLGLQJ# LQ# GH# GRRUEUDDNFXUYH# ELM# KHW# ILWWHQ/# EXLWHQ# GLVSHUVLH2GLIIXVLH/# DOV
WLMGVDIKDQNHOLMNH#VRUSWLH#ZRUGW#YDVWJHVWHOG1

7LMGHQV#GH#DGVRUSWLH#ZDV#GH#VWURRPVQHOKHLG#YDQ#GH#RSORVVLQJ#GRRU#GH#NRORP#53/6#P2GDJ1#'H#GLV0
SHUVLHFRsIILFLsQW#YRRU#GLW#V\VWHHP#LV#3/3:<5#P52GDJ1#'H]H#LV#JHILW#PHW#&;7),7#XLW#GH#FRQFHQWUDWLH0
WLMG#FXUYH#YDQ#QLWUDDW1#*HILW#]LMQ#GH#VRUSWLHFRsIILFLsQW#.WRW/#GH#IUDFWLH#HYHQZLFKWVDGVRUEHUHQGH#SODDW0
VHQ/#I4/#HQ#GH#VQHOKHLGVFRQVWDQWH#N#YRRU#GH#VQHOKHLG#ZDDUPHH#VRUSWLH#DDQ#GH#WLMGVDIKDQNHOLMNH#VL0
WHV/# I5/#SODDWVYLQGW1#)LJXXU#7#JHHIW#YRRU#QDIWDOHHQ#GH#JHPHWHQ#FRQFHQWUDWLHV# +UHODWLHI# WHQ#RS]LFKWH
YDQ#GH# LQJHYRHUGH#FRQFHQWUDWLH,#DOV# IXQFWLH#YDQ#KHW#DDQWDO#GRRUVSRHOGH#SRULHYROXPHV# +4/38#PO,1
)LJXXU#8#JHHIW#GH]H#YRRU#IHQDQWUHHQ1#'H#JHILWWH#ZDDUGHQ#YRRU#GH#QDIWDOHHQ#HQ#IHQDQWUHHQ#]LMQ#JH0
JHYHQ#LQ#WDEHO#471

7DEHO#471 3DUDPHWHUZDDUGHQ# JHILW# RS# DGVRUSWLHGRRUEUDDNFXUYHQ# YDQ# QDIWDOHHQ# HQ# IHQDQWUHHQ
YRRU#JURQG##YDQ#KHW#WHUUHLQ#YDQ#YRRUPDOLJH#JDVIDEULHN#9HHQHQGDDO1

3$. .WRW#+O2NJ, EHUHNHQGH#.RP
+O2NJ,

I4 N#+G04,

QDIWDOHHQ ;/84 46<8 3/58 4/<:
IHQDQWUHHQ 5;/; 7:54 3/84 4/96

'H# ILJXUHQ#7#HQ#8# ODWHQ#]LHQ#GDW#QD#FLUFD#43#SRULHYROXPHV#QDIWDOHHQ#GRRUEUHHNW/#HQ#QD#88#SRULH0
YROXPHV# IHQDQWUHHQ#GRRUEUHHNW1#'H#HYHQZLFKWV0VRUSWLHSODDWVHQ#]LMQ#YHU]DGLJG1#'DDUQD#QHHPW#GH
FRQFHQWUDWLH#LQ#KHW#HIIOXHQW#ODQJ]DDP#WRH1#'H#WLMGVDIKDQNHOLMNH#VRUSWLHSODDWVHQ#ZRUGHQ#RSJHYXOG1
7DEHO#47# ODDW#]LHQ#GDW#GH#VRUSWLHFRsIILFLsQWHQ# LQ#GH]HOIGH#RUGH#YDQ#JURRWWH# OLJJHQ#DOV# LQ# WDEHO#46
YDQ#KHW#VFKXGH[SHULPHQW1#'H#ZDDUGHQ#]LMQ# UHODWLHI# ODDJ# WHQ#RS]LFKWH#YDQ# OLWHUDWXXUZDDUGHQ# +R1D1
>9RONHULQJ#4<<9@,1#'H#IUDFWLH#HYHQZLFKWV0VRUSWLHSODDWVHQ#LV#YRRU#QDIWDOHHQ#58(#HQ#YRRU#IHQDQWUHHQ
84(#YDQ#KHW#WRWDDO#DDQ#VRUSWLHSODDWVHQ1

'H# WLMGVFRQVWDQWHQ# OLJJHQ#YRRU#GH# WZHH#VWRIIHQ# LQ#GH]HOIGH#RUGH#YDQ#JURRWWH1#'H#ZDDUGH#YRRU# IH0
QDQWUHHQ# LV#PRJHOLMN# ODJHU#RPGDW#KHW#RQGHUVFKHLG# WXVVHQ#HYHQZLFKWV0VRUSWLHSODDWVHQ#HQ# WLMGVDI0
KDQNHOLMNH# VRUSWLHSODDWVHQ# NDQ#ZRUGHQ# JHwQWHUSUHWHHUG# DOV# HHQ# GLIIXVLH0DIKDQNHOLMN# SURFHV1# +HW
PROHFXXO#YDQ#IHQDQWUHHQ#LV#JURWHU#GDQ#YDQ#QDIWDOHHQ/#HQ#]DO#WUDJHU#GLIIXQGHUHQ1

1DIWDOHHQ#EUDN#UHODWLHI#VQHO#GRRU#LQ#KHW#HIIOXHQW#YDQ#GH#NRORP#GRRU#KHW#ODJH#RUJDQLVFKH#VWRIJHKDOWH
LQ#GH#JURQG#HQ#GH# ODJH#VRUSWLHFRsIILFLsQW#YRRU#QDIWDOHHQ#DDQ#GH#9HHQHQGDDOJURQG1#'H# UHODWLHYH
IRXW#LQ#GH#JHILWWH#VRUSWLHSDUDPHWHUV#]DO#GDDUGRRU#UHODWLHI#JURRW#]LMQ/#PHW#QDPH#YRRU#GH#JHILWWH#IUDFWLH
HYHQZLFKWVVRUSWLHSODDWVHQ1

1LHW0OLQHDLUH# VRUSWLH# ]RX# OHLGHQ# WRW# VWHLOHUH# GRRUEUDDNFXUYHV/# HQ# GDDUPHH# WRW# NOHLQHUH# IUDFWLHV
HYHQZLFKWV0VRUSWLHSODDWVHQ1#'H# JHILWWH# IUDFWLHV# HYHQZLFKWVVRUSWLHSODDWVHQ# ]LMQ# UHODWLHI# NOHLQ/# GXV
ZH#YHURQGHUVWHOOHQ#GDW#HHQ#HYHQWXHOH#IRXW#DOV#JHYROJ#YDQ#QLHW0OLQHDLUH#VRUSWLH#NOHLQ#LV1

9RRU#KHW#GHVRUSWLH0H[SHULPHQW#NRQ#QLHW#ZRUGHQ#JHFRUULJHHUG#YRRU#V\VWHHPVRUSWLH1#'DDURP#]LMQ#GH
VRUSWLHSDUDPHWHUV#QLHW#JHILW#RS#GH#GHVRUSWLHFXUYH1
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&RQFOXVLHV
'H#YRRUQDPHOLMN#XLW#JURI#]DQG#EHVWDDQGH#9HHQHQGDDOJURQG# LV#JRHG#JHVFKLNW#YRRU#KHW#XLWYRHUHQ
YDQ#VRUSWLH0H[SHULPHQWHQ#PHW#EHKXOS#YDQ#KHW#PLFURNRORPV\VWHHP1

'H#DGVRUSWLHFXUYHQ#YDQ#QDIWDOHHQ#HQ#IHQDQWUHHQ#JHYHQ#HHQ#JRHG#EHHOG#YDQ#GH#VRUSWLH#YDQ#GH]H
3$.0FRPSRQHQWHQ# DDQ# 9HHQHQGDDOJURQG1# &RUUHFWLH# YRRU# V\VWHHPVRUSWLH# LV# YRRU# GH# DSRODLUH
VOHFKW#LQ#ZDWHU#RSORVEDUH#3$.0FRPSRQHQWHQ#ZHO#QRRG]DNHOLMN1#9RRU#GH#GHVRUSWLHFXUYHQ#ZDV#GH]H
FRUUHFWLH# QLHW#PRJHOLMN1#'RRU# RSWLPDOLVDWLH# YDQ# KHW#PLFURNRORPV\VWHHP# NDQ# GH# V\VWHHPVRUSWLH
YHUPLQGHUG#ZRUGHQ1

'H#UHVXOWDWHQ#YDQ#GH#PHWKRGH#]LMQ#JHVFKLNW#RP#SDUDPHWHUV#RS#WH#ILWWHQ#RP#RQGHUVFKHLG#WH#NXQQHQ
PDNHQ#WXVVHQ#GH#IUDFWLHV#HYHQZLFKWVVRUSWLHSODDWVHQ#HQ#WLMGVDIKDQNHOLMNH#DGVRUSWLHSODDWVHQ1

'H#VRUSWLHFRsIILFLsQWHQ#YDQ#QDIWDOHHQ#HQ#IHQDQWUHHQ#]LMQ#ODJHU#GDQ#OLWHUDWXXUZDDUGHQ1#'LW#EHWHNHQW
GDW#]H#PRELHOHU#]LMQ#GDQ#RS#EDVLV#YDQ#GH#OLWHUDWXXUZDDUGHQ#YHUZDFKW#ZRUGW/#DDQJH]LHQ#HHQ#ODJHUH
VRUSWLHFRsIILFLsQW#HHQ#JURWHUH#YHUVSUHLGLQJ#LQKRXGW#GDQ#HHQ#KRJHUH#VRUSWLHFRsIILFLsQW1
9RRU#QDIWDOHHQ# LV#GH# IUDFWLH#HYHQZLFKWVVRUSWLHSODDWVHQ#3/58/#HQ#GH# WLMGVDIKDQNHOLMNH#VRUSWLHSODDW0
VHQ#31:81#9RRU#IHQDQWUHHQ#]LMQ#GH#IUDFWLHV#UHVSHFWLHYHOLMN#3/84#HQ#3/7<1#'H#IRXW# LQ#GH#IUDFWLHV#YRRU
QDIWDOHHQ#LV#UHODWLHI#JURRW#DOV#JHYROJ#YDQ#KHW#ODJH#RUJDQLVFKH#VWRIJHKDOWH#YDQ#GH#9HHQHQGDDOJURQG
HQ#GH#ODJH#VRUSWLHFRsIILFLsQW1

917# 0HWKRGH#6=#([WUDFWLHSURHYHQ

3ULQFLSH
,Q#KHW#NDGHU#YDQ#KHW#6WRZD#SURMHFW#7751889# %.DUDNWHULVHULQJ#YDQ#EDJJHUVSHFLH#YRRU#ELRORJLVFKH
UHLQLJLQJ%#LV#HHQ#PHWKRGH#LQ#RQWZLNNHOLQJ#RP#GH#ELRORJLVFK#EHVFKLNEDUH#IUDFWLH#3$.#LQ#EDJJHUVSH0
FLH#WH#YRRUVSHOOHQ#PHW#EHKXOS#YDQ#HHQ#FKHPLVFK0DQDO\WLVFKH#PHWKRGH1#+RHZHO#KHW#SURMHFW#WHQ#WLMGH
YDQ#XLWYRHULQJ#YDQ#IDVH#4#QRJ#QLHW#ZDV#DIJHURQG/#EOHHN#XLW#H[SHULPHQWHQ#GDW#HU#HHQ#UHODWLH#EHVWRQG
WXVVHQ#GH#ELRORJLVFK#EHVFKLNEDUH#IUDFWLH#3$.#LQ#GULH#PRGHOVSHFLHV#+2YHUVFKLH#5RWWHUGDP/#3HWUR0
OHXPKDYHQ#$PVWHUGDP#HQ#9RRUZHWHULQJ#1LHXZNRRS,#HQ#GH#DQDO\WLVFK#EHVFKLNEDUH# IUDFWLH#3$.
ZDQQHHU#GH#VSHFLH#ZRUGW#JHs[WUDKHHUG#PHW#HHQ#:3(#D]LMQ]XXURSORVVLQJ# >'RGGHPD#HW#DO/#4<<:@1
'H]H#UHODWLH/#ZDDUELM#HHQ#]HOIGH#SHUFHQWDJH#3$.#ZRUGW#JHs[WUDKHHUG#DOV#ZRUGW#YHUZLMGHUG#PHW#EL0
RORJLVFKH# WRHWVHQ/#ZRUGW#PRPHQWHHO#JHWRHWVW#RS#PHHU#YHUVH#VSHFLHV1#'H#ELRORJLVFK#EHVFKLNEDUH
IUDFWLH#LV#PRJHOLMN#RRN#HHQ#JRHGH#EHQDGHULQJ#YRRU#GH#IUDFWLH#DDQ#HYHQZLFKWVVRUSWLHSODDWVHQ#I41#'H
PHWKRGH#LV#WRHJHSDVW#RS#HHQ#DDQWDO#PRQVWHUV#YDQ#GH#9HHQHQGDDOJURQG1

5HVXOWDWHQ
+HW#H[WUDFWLHUHQGHPHQW#NRPW#RYHUHHQ#PHW#GH#IUDFWLH#GLH#ELRORJLVFK#EHVFKLNEDDU#]RX#]LMQ/#HQ#LQ#KHW
NDGHU#YDQ#GLW#RQGHU]RHN#PHW#GH#HYHQZLFKWVJHDGVRUEHHUGH#IUDFWLH#I41#9RRU#QDIWDOHHQ#LV#GH]H#IUDFWLH
YRRU#HON#YDQ#GH#PRQVWHUV#JURWHU#GDQ#GLH#YDQ#IHQDQWUHHQ1

'H# IUDFWLHV#YDQ#QDIWDOHHQ#HQ# IHQDQWUHHQ#]LMQ# UHODWLHI#JURRW/#ZDW#HURS#GXLGW#GDW#HHQ# UHODWLHI#JURRW
GHHO#HYHQZLFKWVJHDGVRUEHHUG#]RX#]LMQ#DDQ#GH#9HHQHQGDDOJURQG1#'H#H[WUDFWLHUHQGHPHQWHQ#YDQ#GH
43#3$.#YDQ#9520#]LMQ# ODJHU/#GRRUGDW#GDDU#RRN#]ZDDUGHUH#3$.# WRH#EHKRUHQ1#'LW#NRPW#RYHUHHQ
PHW#GH#YHURQGHUVWHOOLQJ#GDW#YRRU#]ZDDUGHUH#3$.#KHW#DDQGHHO#HYHQZLFKWVJHDGVRUEHHUG#DIQHHPW
HQ# WLMGVDIKDQNHOLMN#JHDGVRUEHHUG# WRHQHHPW1#8LW# WDEHO#48#YROJW#GDW#YRRU#QDIWDOHHQ#GH# IUDFWLH#HYHQ0
ZLFKWVVRUSWLHSODDWVHQ#I4#OLJW#WXVVHQ#3/:<#HQ#3/<8/#HQ#YRRU#IHQDQWUHHQ#WXVVHQ#3/67#HQ#3/<:1

'H#UHVXOWDWHQ#+WDEHO#48,#ODWHQ#]LHQ#GDW#XLW#DOOH#PRQVWHUV#HHQ#]HHU#NOHLQH#KRHYHHOKHLG#3$.#JHs[WUD0
KHHUG#ZRUGW#PHW#]RZHO#:3(#D]LMQ]XXU#DOV#PHW#DFHWRQ2SHWUROHXPHWKHU1#8LW#KHW#SDUDOOHO#XLWJHYRHUGH
SURMHFW#+6WRZD#7751889,#LV#JHEOHNHQ#GDW#GH#PHWKRGH#YRRU#QLHW0YHUVH#VSHFLHV#+GHSRW0VSHFLHV/#ELR0
ORJLVFK#EHKDQGHOGH#VSHFLHV,#HQ#VSHFLHV#PHW#HHQ# ODJH#FRQFHQWUDWLH#3$.#QLHW#EUXLNEDDU# LV/#RPGDW
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JHHQ# GXLGHOLMNH# UHODWLH# WXVVHQ# KHW# H[WUDFWLHUHQGHPHQW# HQ# GH# ELRORJLVFK# EHVFKLNEDUH# IUDFWLH# NRQ
ZRUGHQ#DDQJHWRRQG1#'H#JHKDOWHQ# LQ#GH#9HHQHQGDDOPRQVWHUV#]LMQ#GHUPDWH# ODDJ#GDW#JHULQJH#YHU0
VFKLOOHQ#LQ#PHHWUHVXOWDWHQ#JURWH#JHYROJHQ#YRRU#GH#H[WUDFWLHUHQGHPHQWHQ#NXQQHQ#KHEEHQ1#'HUKDOYH
LV#GH#H[WUDFWLHPHWKRGH#YRRU#GH]H#JURQGPRQVWHUV#PLQGHU#JHVFKLNW1
'H#WRWDDOJHKDOWHQ#+F[.FU,#]LMQ#EHGXLGHQG#ODJHU#GDQ#GH#EHSDOLQJHQ#GLH#]LMQ#JHGDDQ#YRRU#GH#NDUDNWH0
ULVHULQJ#YDQ#GH#PRQVWHUV#+WDEHO#5,1#0RJHOLMNH#RRU]DDN#KLHUYDQ#LV#GDW#GH#PRQVWHUV#KHWHURJHQHU#]LMQ
GDQ#ZDV#YHURQGHUVWHOG1#'H#H[SHULPHQWHQ#]LMQ#XLWJHYRHUG#PHW#8#J#YHOGYRFKWLJH#JURQG1#%LM#GH]H#JH0
ULQJH#PDVVD#]RX#KHWHURJHQLWHLW#HHQ#URO#NXQQHQ#VSHOHQ1#+LHUELM#ZRUGHQ#HFKWHU#JHHQ#V\VWHPDWLVFKH
ODJHUH#WRWDDOJHKDOWHQ#YHUZDFKW1#%LM#GH#DDQJHWURIIHQ#ODJH#JHKDOWHQ#]LMQ#GH#YHUVFKLOOHQ#WXVVHQ#DQDO\0
VHV#YDDN#ZHO#JURWHU/#]RDOV#EOLMNW#XLW#GH#GXSOREHSDOLQJ#YDQ#PRQVWHU#/=#KHW#JHKDOWH#YRRU#GH#43#3$.
YDQ#9520#YHUVFKLOW#PHHU#GDQ#HHQ#IDFWRU#6#WXVVHQ#GH#EHSDOLQJHQ1

7DEHO# 481#&RQFHQWUDWLH#3$.# +43# YDQ#9URP/# QDIWDOHHQ/# IHQDQWUHHQ,# LQ#PJ2NJ# G1V1# H[WUDKHHUEDDU
+VXSHUQDWDQW,#HQ#QLHW#H[WUDKHHUEDDU#+UHVLGX,#PHW#:3(#D]LMQ]XXU#HQ#KHW#GDDUXLW#EHUHNHQ0
GH#H[WUDFWLHUHQGHPHQW#YRRU#7#JURQGPRQVWHUV1

PRQVWHU FRPSRQHQWHQ
+JURHS,

FRQFHQWUDWLH#LQ
VXSHUQDWDQW
+PJ2NJ#G1V1,

FRQFHQWUDWLH#LQ
UHVLGX
+PJ2NJ#G1V1,

H[WUDFWLH0UHQGHPHQW
+(,

/#4 43#9520 3157 314< 77
QDIWDOHHQ 313< 3134 ;:
IHQDQWUHHQ 3139 3143 6;

/5 43#9520 313: 3138 8;
QDIWDOHHQ 3139 3134 ;;
IHQDQWUHHQ 3134 3136 67

34 43#9520 31:8 3187 8;
QDIWDOHHQ 313; 3135 :<
IHQDQWUHHQ 3145 313; 94

35 43#9520 31:3 3184 93
QDIWDOHHQ 313; 3134 <3
IHQDQWUHHQ 3146 3136 ;3

54 43#9520 <186 41;3 ;7
QDIWDOHHQ 5173 QG
IHQDQWUHHQ 6166 31:4 ;5

55 43#9520 8178 316< <8
QDIWDOHHQ 4189 313< <8
IHQDQWUHHQ 5144 313: <:

65#4 43#9520 3145 313: 97
QDIWDOHHQ 313: QG
IHQDQWUHHQ QG QG

65#5 43#9520 314: 3137 ;4
QDIWDOHHQ 3143 3134 <7
IHQDQWUHHQ 3134 3134 85
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&RQFOXVLHV
8LW#GH]H#PHWKRGH#YROJW#GDW#YRRU#QDIWDOHHQ#GH#IUDFWLH#HYHQZLFKWVVRUSWLHSODDWVHQ#I4#OLJW#WXVVHQ#3/:<
HQ#3/<8/#HQ#YRRU#IHQDQWUHHQ#WXVVHQ#3/67#HQ#3/<:1#(HQ#]ZDDU#YHURQWUHLQLJG#PRQVWHU#RQWEUDN# LQ#GH
VHULH/#ZDDUGRRU#GH#PHWKRGH#QLHW#YROOHGLJ#LV#JHWHVW1

'H#PHWKRGH# LV#PLQGHU#JHVFKLNW#YRRU# ODJH#JHKDOWHQ#DDQ#3$./#]RDOV#ELM#GH#RQGHU]RFKWH#PRQVWHUV1
'HUKDOYH#PRHW#GH]H#PHWKRGH#PHW#GH#QRGLJH#YRRU]LFKWLJKHLG#ZRUGHQ#JHEUXLNW#YRRU#KHW#WHUUHLQ#YDQ
GH#JDVIDEULHN#LQ#9HHQHQGDDO#YRRU#]RYHU#KHW#GHUJHOLMNH#ODJH#JHKDOWHQ#EHWUHIW1

918# (YDOXDWLH#PHWKRGHQ#VRUSWLHSDUDPHWHUV

(U# ]LMQ# GULH#PHWKRGHQ# RQGHU]RFKW# YRRU# KHW# EHSDOHQ# YDQ# VRUSWLHSDUDPHWHUV# YDQ# GH# OLFKWH#3$./
QDIWDOHHQ#HQ#IHQDQWUHHQ/#LQ#JURQG#DINRPVWLJ#YDQ#KHW#WHUUHLQ#YDQ#GH#YRRUPDOLJH#JDVIDEULHN#WH#9HH0
QHQGDDO1#(HQ# VFKXGPHWKRGH#RP#SDUDPHWHUV# YRRU#QLHW0OLQHDLUH# VRUSWLH# WH# EHSDOHQ# +.RP/# Q,/# HHQ
NRORPPHWKRGH#RP#GH#IUDFWLHV#HYHQZLFKWVVRUSWLH#SODDWVHQ#HQ#WLMGVDIKDQNHOLMNH#VRUSWLHSODDWVHQ#+I4/
I5/#.RP,#HQ#GH#VQHOKHLGVFRsIILFLsQW#YRRU#WLMGVDIKDQNHOLMNH#VRUSWLH#+NG,#WH#EHSDOHQ/#HQ#HHQ#H[WUDFWLH0
PHWKRGH#RP#GH#KLHUYRRU#JHQRHPGH#IUDFWLHV#+I4/#I5,#WH#EHSDOHQ1
(HQ#VFKXGPHWKRGH#RP#GH#SDUDPHWHUV# WH#EHSDOHQ#YRRU#QLHW0OLQHDLUH#DGVRUSWLH# LV#DDQJHSDVW#YRRU
GH#3$.1#+HW#RUJDQLVFKH#VWRIJHKDOWH#YDQ#GH#JURQG# LV#3/94(1#'RRU#HHQ#UHODWLHI#JURRW#DDQGHHO#YDQ
RSJHORVW# RUJDQLVFK#PDWHULDDO# LQ# GH# VFKXGRSORVVLQJ# WHQ# RS]LFKWH# YDQ# GH# RUJDQLVFKH# VWRI# LQ# GH
JURQG# LV#HU#JHHQ#FRQVLVWHQW#YHUEDQG#JHYRQGHQ#WXVVHQ#GH#FRQFHQWUDWLH# LQ#RSORVVLQJ#HQ#GH#PDVVD
JHDGVRUEHHUG#DDQ#GH#YDVWH#IDVH1#+LHUGRRU#NRQ#JHHQ#JRHGH#VRUSWLH0LVRWKHUP#ZRUGHQ#JHPDDNW1#'H
PHWKRGH# PRHW# YHUGHU# ZRUGHQ# DDQJHSDVW# RP# JHVFKLNW# WH# ]LMQ# YRRU# KHW# EHSDOHQ# YDQ# VRUSWLH0
LVRWKHUPHQ#YRRU#3$.#LQ#JURQGHQ#PHW#HHQ#ODDJ#RUJDQLVFKH#VWRIJHKDOWH1

'H#NRORPPHWKRGH#ZHUNW#YRRU#GH#JURQG#YDQ#KHW#JDVIDEULHNVWHUUHLQ>#KHW#]DQGLJH#PDWHULDDO# LV#JRHG
JHVFKLNW#RP#JHGXUHQGH#ODQJHUH#WLMG#ZDWHU#PHW#HHQ#FRQVWDQWH#VQHOKHLG#GRRU#GH#NRORP#WH#SRPSHQ1
8LW#GH#GRRUEUDDNFXUYHQ#YDQ#DGVRUSWLH#YDQ#QDIWDOHHQ#HQ#IHQDQWUHHQ#]LMQ#GH#VRUSWLHSDUDPHWHUV#JHILW1
9RRU#QDIWDOHHQ# LV#GH# IUDFWLH#HYHQZLFKWVVRUSWLHSODDWVHQ# +I4,# 3/58/#HQ#GH# WLMGVDIKDQNHOLMNH# VRUSWLH0
SODDWVHQ#+I5#,#31:81#9RRU#IHQDQWUHHQ#]LMQ#GH#IUDFWLHV#I4#HQ#I5#UHVSHFWLHYHOLMN#3/84#HQ#3/7<1#'H#IRXW#LQ
GH# IUDFWLHV#YRRU#QDIWDOHHQ# LV#UHODWLHI#JURRW#DOV#JHYROJ#YDQ#KHW# ODJH#RUJDQLVFKH#VWRIJHKDOWH#YDQ#GH
9HHQHQGDDOJURQG#HQ#GH# ODJH#VRUSWLHFRsIILFLsQW1#8LW#GH#GHVRUSWLHFXUYHQ#NRQGHQ#JHHQ#SDUDPHWHUV
ZRUGHQ#JHILW#RPGDW#QLHW#NRQ#ZRUGHQ#JHFRUULJHHUG#YRRU#GHVRUSWLH#YDQ#GH#3$.#DDQ#KHW#NRORPV\V0
WHHP1

8LW#GH#H[WUDFWLHPHWKRGH#YROJW#GDW#YRRU#QDIWDOHHQ#GH# IUDFWLH#HYHQZLFKWV0VRUSWLHSODDWVHQ# I4# OLJW# WXV0
VHQ#3/:<#HQ#3/<8/#HQ#YRRU# IHQDQWUHHQ# WXVVHQ#3/67#HQ#3/<:1#'H# IUDFWLHV# WLMGVDIKDQNHOLMNH#VRUSWLH0
SODDWVHQ# I5# OLJJHQ#GDQ# YRRU#QDIWDOHHQ# WXVVHQ# 3/64#HQ# 3/38/# HQ# YRRU# IHQDQWUHHQ# WXVVHQ# 3/97# HQ
3/361#(HQ#]ZDDU#YHURQWUHLQLJG#PRQVWHU#RQWEUDN# LQ#GH#VHULH/#ZDDUGRRU#GH#PHWKRGH#QLHW#YROOHGLJ# LV
JHWHVW1#'H#PHWKRGH# LV#PLQGHU# JHVFKLNW# YRRU# ODJH# JHKDOWHQ# DDQ#3$./# ]RDOV# ELM# GH# RQGHU]RFKWH
PRQVWHUV/#ZDDUGRRU#GH#VSUHLGLQJ#LQ#IUDFWLHV#UHODWLHI#JURRW#LV1

'H#VRUSWLHFRsIILFLsQWHQ#.#EHSDDOG# LQ#KHW#VFKXGH[SHULPHQW#HQ#KHW#NRORPH[SHULPHQW# OLJJHQ# LQ#GH0
]HOIGH#RUGH#YDQ#JURRWWH1#'H#YHUZDFKWLQJ#ZDV#GDW#GH#VFKXGPHWKRGH#]RX#OHLGHQ#WRW#JURWHUH#VRUSWLH0
FRsIILFLsQWHQ# RPGDW# GH# EHVFKLNEDDUKHLG# YDQ# GH# VRUSWLHSODDWVHQ# LQ# HHQ# GHUJHOLMN# H[SHULPHQW
RSWLPDDO#LV/#WHUZLMO#ELM#HHQ#NRORPH[SHULPHQW#HHQ#GHHO#YDQ#GH#VRUSWLHSODDWVHQ#PRJHOLMN#QLHW#EHUHLN0
EDDU# LV1#'H# ODJHUH# VRUSWLHFRsIILFLsQWHQ# YDQ#GH# VFKXGSURHI# ]LMQ#ZDDUVFKLMQOLMN#KHW# JHYROJ# YDQ# GH
KXLGLJH#SURHIRS]HW#ZDDUELM#KHW#DDQGHHO#RUJDQLVFKH#VWRI#LQ#GH#RSORVVLQJ#WH#JURRW#LV#WHQ#RS]LFKWH#YDQ
KHW#RUJDQLVFKH#VWRIJHKDOWH# LQ#GH#ERGHP1#8LW#EHLGH#H[SHULPHQWHQ#YROJW#GDW#GH#VRUSWLHFRsIILFLsQWHQ
NOHLQHU#]LMQ#GDQ#OLWHUDWXXUZDDUGHQ1#'LW#EHWHNHQW#GDW#QDIWDOHHQ#HQ#IHQDQWUHHQ#PRELHOHU#]LMQ#GDQ#YHU0
ZDFKW1



6:

'DDUHQWHJHQ#LV#KHW#RUJDQLVFKH#VWRIJHKDOWH#KRJHU#GDQ#LQ#GH#YRRUVWXGLH#ZHUG#DDQJHQRPHQ#YRRU#GH
JURQGZDWHU]RQH/#3/94(#LQ#SODDWV#YDQ#3/4(1#'H#ODJHUH#VRUSWLHFRsIILFLsQWHQ#OHLGHQ#PRJHOLMN#WRW#HHQ
HQLJV]LQV#JURWHUH#YHUVSUHLGLQJ#YDQXLW#GH#YHURQWUHLQLJLQJ#YDQ#GH#YRRUPDOLJH#JDVIDEULHN1#'H#KRJHUH
RUJDQLVFKH#VWRI#JHKDOWHQ#OHLGHQ#GDDUHQWHJHQ#WRW#HHQ#JHULQJHUH#PDWH#YDQ#YHUVSUHLGLQJ1
'H#IUDFWLHV#HYHQZLFKWVVRUSWLH#SODDWVHQ#HQ#WLMGVDIKDQNHOLMNH#VRUSWLHSODDWVHQ#+I4#HQ#I5,#EHSDDOG#GRRU
PLGGHO#YDQ#GH#NRORPSURHI#HQ#GRRU#PLGGHO#YDQ#GH#H[WUDFWLHPHWKRGH#NRPHQ#YRRU#IHQDQWUHHQ#UHGH0
OLMN#RYHUHHQ1

'H#VSUHLGLQJ# LQ#GH# IUDFWLHV#EHSDDOG#PHW#H[WUDFWLH# LV#JURRW/#]RGDW#GH#PHWKRGH#PLQGHU#JHVFKLNW# LV
YRRU#JURQGHQ#PHW#ODJHUH#3$.0JHKDOWHQ1
9RRU#QDIWDOHHQ#ZLMNHQ#GH#UHVXOWDWHQ#XLW#GH# WZHH#PHWKRGHQ#DI>#PRJHOLMN#YDQZHJH#GH#UHODWLHI#JURWH
IRXW#GLH#JHPDDNW#NDQ#]LMQ#LQ#KHW#EHSDOHQ#YDQ#GH#GRRUEUDDN#YDQ#QDIWDOHHQ#ELM#GH#NRORPSURHI/#ZDDU0
GRRU#GH#IUDFWLH#HYHQZLFKWVJHDGVRUEHHUGH#SODDWVHQ#ZRUGW#RYHUVFKDW1

919# /LWHUDWXXUVWXGLH#VRUSWLHSDUDPHWHUV

'RHO#YDQ#GLW#RQGHUGHHO# LV#RP#PHW#ZDDUGHQ#XLW#GH# OLWHUDWXXU#HHQ# LQGLFDWLH# WH#NULMJHQ#YDQ#GH# UDQJH
YDQ#SDUDPHWHUZDDUGHQ#GLH#EHWUHNNLQJ#KHEEHQ#RS#VRUSWLH#YDQ#QDIWDOHHQ#HQ# IHQDQWUHHQ1#'H]H#]XO0
OHQ#ZRUGHQ#JHEUXLNW#RP#PHW#KHW#PRGHO#GH#EDQGEUHHGWH#YDQ#GH#PRJHOLMNH#YHUVSUHLGLQJ#YDQ#QDIWD0
OHHQ#HQ#IHQDQWUHHQ#WH#EHSDOHQ#+]LH#KRRIGVWXN#:,1

,Q#GH# OLWHUDWXXU# LV#HHQ#DDQWDO#VWXGLHV#JHYRQGHQ#ZDDUELM#VRUSWLHSDUDPHWHUV#]LMQ#JHPHWHQ#YRRU#QDI0
WDOHHQ#HQ2RI# IHQDQWUHHQ1#(U# ]LMQ# JHHQ# VWXGLHV# DDQJHWURIIHQ# GLH# HHQ# FRPELQDWLH# YDQ# QLHW0OLQHDLUH
VRUSWLH#HQ#QLHW0HYHQZLFKWV#VRUSWLH#EHKDQGHOHQ1# ,Q#VWXGLHV#YDQ#:HEHU#)#+XDQJ# >4<<9@#ZRUGHQ#ELM
)UHXQGOLFK#DGVRUSWLH# WLMGVDIKDQNHOLMNH# VRUSWLHFRsIILFLsQWHQ#.#HQ#)UHXQGOLFK# H[SRQHQWHQ# Q# YHURQ0
GHUVWHOG>#KLHUPHH#RS#DQGHUH#ZLM]H#HHQ#QLHW0HYHQZLFKWV#VLWXDWLH#PRGHOOHUHQG1

+HW#PDWHULDDO#ZDDUPHH#GH#VRUSWLHSDUDPHWHUV#]LMQ#EHSDDOG#EHVWRQG#XLW##ERYHQJURQG/#DTXLIHUPDWH0
ULDDO#RI#VHGLPHQW1#+HW#RUJDQLVFKH#VWRI#JHKDOWH#YDQ#DTXLIHUPDWHULDDO# LV#RYHU#KHW#DOJHPHHQ#YHHO# OD0
JHU#GDQ#YDQ#ERYHQJURQG#HQ#VHGLPHQW1#'H#PHWKRGHQ#GLH#JHEUXLNW#ZRUGHQ#RP#VRUSWLHSDUDPHWHUV#WH
EHSDOHQ#]LMQ#EDWFK#HQ#NRORP#H[SHULPHQWHQ1#'H#VRUSWLHSDUDPHWHUV#]LMQ#EHSDDOG#GRRU#GH#3$.# WH
ODWHQ# DGVRUEHUHQ# HQ2RI# WH# GHVRUEHUHQ1#$DQJHQRPHQ#ZRUGW# GDW# VRUSWLH# YDQ#3$.# YROOHGLJ# SODDWV
YLQGW#DDQ#GH#RUJDQLVFKH#VWRI# IUDFWLH1# ,Q#GH# OLWHUDWXXU#JHJHYHQ#YHUGHOLQJVFRsIILFLsQWHQ#.#]LMQ#PHW
EHKXOS# YDQ# GH# JHJHYHQ# RUJDQLVFK# NRROVWRIJHKDOWHQ# +IRF,# RPJHUHNHQG# QDDU# HHQ#.RP# GRRU# ]H# WH
YHUPHQLJYXOGLJHQ#PHW#HHQ#IDFWRU#4/:1

3LDWW#HW#DO1# >4<<9@#EHSDDOGHQ#HYHQZLFKWV0#HQ#QLHW0HYHQZLFKWV#VRUSWLHSDUDPHWHUV#GRRU#PLGGHO#YDQ
EDWFK#HQ#NRORPH[SHULPHQWHQ#PHW#DTXLIHUPDWHULDDO#PHW#31365(#RUJDQLVFK#NRROVWRI1#'H#UDQJHV#YDQ
GH#GRRU#KHQ#EHSDDOGH#VRUSWLHSDUDPHWHUV#]LMQ#JHJHYHQ#LQ#WDEHO#49#HQ#4:1#%D\DUG#HW#DO1#>4<<;@#EH0
SDDOGHQ#VRUSWLHSDUDPHWHUV#YRRU#QDIWDOHHQ#DDQ#8#JURQGHQ#GRRU#WH#ILWWHQ#RS#UHVXOWDWHQ#YDQ#EDWFK#HQ
NRORP#H[SHULPHQWHQ1#=H# YRQGHQ# OLQHDLUH# VRUSWLH# YDQ#QDIWDOHHQ/#PRJHOLMN#GRRUGDW# LQ# HHQ# UHODWLHI
VPDOOH#FRQFHQWUDWLHUDQJH#YDQ#4058#PJ2/#LV#JHPHWHQ1

'H#VRUSWLHFRsIILFLsQWHQ# OLJJHQ# LQ#GH#UDQJH#4:7#0#;568#/#NJ04/#GH# ODDJVWH#HQ#KRRJVWH#ZDDUGH#YHU0
VFKLOOHQ# HHQ# IDFWRU# 7:1#'H# VRUSWLHFRsIILFLsQW# LV# VWHUN# DIKDQNHOLMN# YDQ# KHW# VRRUW#PDWHULDDO# +ZHONH
JURQG2DTXLIHU,1#'H#VRUSWLHFRsIILFLsQW#EHSDDOG#YRRU#GH#9HHQHQGDDOJURQG#YDQ#46<8#/#NJ04#YDOW#ELQ0
QHQ#GH#UDQJH#]RDOV#LQ#GH#OLWHUDWXXU#JHYRQGHQ1#'H#IUDFWLHV#HYHQZLFKWVVRUSWLH#YDULsUHQ#YDQ#3/3:#WRW
3/<9>#GH#EUHGH#UDQJH#KDQJW#ZDDUVFKLMQOLMN#DI#YDQ#KHW#PDWHULDDO#HQ#GH#SHULRGH#YDQ#EORRWVWHOOLQJ# LQ
KHW#JHYDO#YDQ#GHVRUSWLH#H[SHULPHQWHQ1#'H#VQHOKHLGVFRsIILFLsQWHQ#YDULsUHQ#YDQ#3#WRW#9/57#G041#(U#LV
HHQ#)UHXQGOLFK#H[SRQHQW#EHSDDOG#YDQ#3/;81#'H#IUDFWLH#HYHQZLFKWVRUSWLH#HQ#GH#VQHOKHLGVFRsIILFLsQW
GLH#]LMQ#EHSDDOG#YRRU#GH#9HHQHQGDDOJURQG#YDOOHQ#ELQQHQ#GH# UDQJHV#]RDOV# LQ#GH# OLWHUDWXXU#JHYRQ0
GHQ1
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7DEHO#491 /LWHUDWXXUZDDUGHQ#VRUSWLH#YDQ#QDIWDOHHQ1

0HWKRGH *HPHWHQ 6RUSWLH0
FRsIILFLsQW
.RP
+/#NJ04#,

)UDFWLH
HYHQZLFKWV0
VRUSWLH#I4
+0,

6QHOKHLGV0
FRsIILFLsQW
NG
+G04,

)UHXQGOLFK
H[SRQHQW
1
+0,

5HIHUHQWLH

$TXLIHU
31365(
RUJ1VWRI

EDWFK GHVRUSWLH :4;; 3/3:03/75 3/7;03/9: 0 3LDWW#HW#DO1
>4<<9@

8#JURQGHQ
517081;(
RUJ1VWRI

%DWFK2NRO
RP

DG0#HQ
GHVRUSWLH

4:70533 3/8303/9: 9/5704/3 0 %D\DUG#HW
DO1#>4<<;@

6#JURQGHQ
516069(

EDWFK GHVRUSWLH 0 3/4403/84 303/35< 0 :LOOLDPVRQ
HW#DO1#>4<<;@

DTXLIHU
5186(

EDWFK DGVRUSWLH :56 0 0 3/;8 ;LD#)#%DOO
>4<<<@

6#VHGL0
PHQWHQ

EDWFK GHVRUSWLH 0 3/4803/<9 3/34<0
3/379-

0 &RUQHOLVVHQ
>4<<<@

-#JHPLGGHOGH#YDQ#48#3$.

'H# VRUSWLHFRsIILFLsQWHQ# YDQ# IHQDQWUHHQ# OLJJHQ# WXVVHQ# 5583# 0# 8479<# /# NJ04># KHW# YHUVFKLO# WXVVHQ
ODDJVWH#HQ#KRRJVWH#ZDDUGH# LV#FLUFD#HHQ# IDFWRU# 561#'H# VRUSWLHFRsIILFLsQW#JHPHWHQ# YRRU#9HHQHQ0
GDDOJURQG#YDQ#7:54#/#NJ04#YDOW#ELQQHQ#GH#UDQJH#]RDOV# LQ#GH# OLWHUDWXXU#JHYRQGHQ/#HQ# LV#FLUFD# WZHH
PDDO#GH# ODDJVWH# OLWHUDWXXUZDDUGH1#'H# IUDFWLHV#HYHQZLFKWV#VRUSWLH#YDULsUHQ#YDQ# 3/47# WRW# 3/:<1#'H
VQHOKHLGVFRsIILFLsQWHQ#YDULsUHQ#YDQ#3/338#WRW#4:/;1#'H#KRRJVWH#ZDDUGHQ#]LMQ#JHPHWHQ#ELM#HHQ#NR0
ORPPHWKRGH1#'H#IUDFWLH#HYHQZLFKWVVRUSWLH#HQ#GH#VQHOKHLGVFRsIILFLsQW#JHYRQGHQ#YRRU#GH#9HHQHQ0
GDDOJURQG# YDOOHQ#ELQQHQ#GH# UDQJHV# ]RDOV# LQ# GH# OLWHUDWXXU# JHYRQGHQ1#'H#)UHXQGOLFK# H[SRQHQWHQ
YDULsUHQ#YDQ#3/9:#WRW#3/<91

7DEHO#4:1 /LWHUDWXXUZDDUGHQ#VRUSWLH#YDQ#IHQDQWUHHQ1

0DWHULDDO 0HWKRGH *HPHWHQ 6RUSWLH0
FRsIILFLsQW
.RP
+/#NJ04,

)UDFWLH
HYHQZLFKWV0
VRUSWLH#I4
+0,

6QHOKHLGV0
FRsIILFLsQW
NG
+G04,

)UHXQGOLFK
H[SRQHQW
Q
+0,

5HIHUHQWLH

$TXLIHU
31365(
RUJ1VWRI

EDWFK GHVRUSWLH <6:8 3/5503/73 3/9506/;7 0 3LDWW#HW#DO1
>4<<9@

LGHP NRORP GHVRUSWLH 5583 3/7403/85 </9304:/; 0 3LDWW#HW#DO1
>4<<9@

6#JURQGHQ
516069(

EDWFK GHVRUSWLH 0 314703178 3/3380
3/364

0 :LOOLDPVRQ
HW#DO1#>4<<;@

8#JURQGHQ
31:90717(

EDWFK DG0#HQ
GHVRUSWLH

9:950:896 0 0 3/9:03/<9 +XDQJ#HW#DO1
>4<<;@

4#JURQG#HQ
6#VHGL0
PHQWHQ
41:0713(

EDWFK DGVRUSWLH 75<7;0
8479<

0 0 3/:603/;< :HEHU#HQ
+XDQJ
>4<<9@

DTXLIHU
5186(

EDWFK DGVRUSWLH 9:44 0 0 3/:7 ;LD#)#%DOO
>4<<<@

6#VHGL0
PHQWHQ

EDWFK GHVRUSWLH 0 3/5303/:< 3/34<0
3/379-

0 &RUQHOLVVHQ
>4<<<@

-#JHPLGGHOGH#YDQ#48#3$.



6<

(HQ#]HHU#EUHGH#UDQJH#DDQ#ZDDUGHQ#LV#JHYRQGHQ#YRRU#DOOH#SDUDPHWHUV/#]RZHO#.RP/#I4/#NG#DOV#Q1#'LW
JHHIW#DDQ#GDW#KHW#EHSDOHQ#YDQ#GH]H#SDUDPHWHUV#YRRU#VWRIIHQ#DOV#QDIWDOHHQ#HQ#IHQDQWUHHQ#QLHW#HHQ0
YRXGLJ# LV1#=RZHO#KHW#JHEUXLNWH#PDWHULDDO#DOV#GH#PHWKRGH#ZDDUPHH#GH#VRUSWLHSDUDPHWHUV#ZRUGHQ
EHSDDOG#+]LH#>3LDWW#HW#DO1/#4<<9@,#]LMQ#YDQ#LQYORHG1
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+22)'678.#:

02'(//(5,1*#$)%5$$.#(1#9(5635(,',1*

:14# ,QOHLGLQJ

'RHO#YDQ#GLW#RQGHUGHHO#LV#HHQ#LQGLFDWLH#WH#YHUNULMJHQ#YDQ#GH#PDWH#YDQ#DIEUDDN#YHUVXV#GH#YHUVSUHL0
GLQJ#YDQ#3$.# LQ#JURQGZDWHU1#'H# LQ#KRRIGVWXN#8#HQ#9#YHUNUHJHQ# UHVXOWDWHQ#YRRU#GH#VQHOKHLG#YDQ
ELRGHJUDGDWLH#HQ#DGVRUSWLH2GHVRUSWLH#]LMQ#LQ#HHQ#YHUVSUHLGLQJVPRGHO#LQJHYRHUG1#7HU#YHUJHOLMNLQJ#LV
FRQVHUYDWLHI#WUDQVSRUW#JHPRGHOOHHUG1

,Q#GLW#RQGHUGHHO#ZRUGW#DOOHUHHUVW#HHQ#YHUVSUHLGLQJVPRGHO#YRRU#GH#VLWH#RSJHVWHOG#JHEDVHHUG#RS#KHW
YHUVSUHLGLQJVPRGHO#3(67/$1

3(67/$#LV#RQWZLNNHOG#GRRU#KHW#6&0'/2#HQ#5,90#HQ#EHYDW#GHWDLO#LQIRUPDWLH#WHQ#DDQ]LHQ#YDQ#QLHW
OLQHDLU#FRQYHFWLHI# WUDQVSRUW#HQ#GHJUDGDWLH1#+HW# LV#HHQ#FRQVHQVXVPRGHO# LQ#1HGHUODQG# LQ#KHW# WRHOD0
WLQJVEHOHLG#YDQ#SHVWLFLGHQ1
,Q#KHW#PRGHO#3(67/$#]LMQ#YHUGHU#SURFHVVHQ#EHVFKUHYHQ#ZDDUYRRU#JHHQ#SDUDPHWHUV#EHKRHYHQ#WH
ZRUGHQ#EHSDDOG/#PDDU#GLH#ZHO#EHODQJULMN#]LMQ#ELM#GH#YHUVSUHLGLQJ#HQ#DIEUDDN#YDQ#3$.1#+HW#EHWUHIW
KLHU#PHW#QDPH#GLIIXVLH0DIKDQNHOLMNH#HYHQZLFKWVLQVWHOOLQJHQ1#+LHUYRRU#]LMQ#SDUDPHWHUV#EHVFKLNEDDU1
9HUGHU#]LMQ#LQ#KHW#PRGHO#RPJHYLQJVSDUDPHWHUV#DOV#RUJDQLVFKH#VWRI#HQ#JHRK\GURORJLH#LQJHYRHUG1

:15# +HW#YHUVSUHLGLQJVPRGHO

7UDQVSRUW# YDQ#3$.# YLD# KHW# JURQGZDWHU# LV# WH# EHVFKULMYHQ#PHW# GH# FRQYHFWLH0GLVSHUVLHYHUJHOLMNLQJ
YRRU#HHQGLPHQVLRQDOH#VWURPLQJ1#+HW#YHUVSUHLGLQJVPRGHO#LV#LQ#ILJXXU#9#VFKHPDWLVFK#ZHHUJHJHYHQ1

)LJ1#91 6FKHPDWLVFKH#ZHHUJDYH#YDQ#KHW#YHUVSUHLGLQJVPRGHO1



75

2QGHUVWDDQGH#YHUJHOLMNLQJHQ#JHYHQ#KHW#WUDQVSRUWPRGHO1

F#0#
[
F#Y#0#

[
F#'# #

W
;##.#

W
F# 5

5

TPTTUT
w
w

w
w

w
w

w
w

+6,

+LHULQ#LV=
T  YROXPHWULVFK#YRFKWJHKDOWH#YDQ#GH#JURQG#+/6#/06,>
F  GH#FRQFHQWUDWLH#LQ#GH#YORHLEDUH#IDVH#+0#/06,>
W  GH#WLMG#+7,>
;  GH#KRHYHHOKHLG#3$.#JHDGVRUEHHUG#DDQ#GH#YDVWH#IDVH#+0#004,>
U  GH#EXONGLFKWKHLG#+0#/06,>
Y  GH#LQWHUVWLWLsOH#VWURRPVQHOKHLG#+/#704,>
'  GH#GLVSHUVLH2GLIIXVLH0FRsIILFLsQW#+/5#704,>
[  GH#DIVWDQG#+/,>
P  RP]HWWLQJVVQHOKHLGVFRsIILFLsQW#+704,1

2P]HWWLQJ#YDQ#3$.#YLQGW#SODDWV# LQ#GH#ZDWHUIDVH# YROJHQV#GH#HHUVWH0RUGH# NLQHWLHN1# ,Q#KHW#PRGHO
ZRUGW#GH#JHDGVRUEHHUGH#PDVVD#;#EHVFKUHYHQ#PHW=

;#.; ; 54 +7,

,Q#GH]H#EHQDGHULQJ# LV#GH#WRWDOH#VRUSWLH#YHUGHHOG# LQ#HHQ#HYHQZLFKWV#)UHXQGOLFK#DGVRUSWLH#+;4,/#GLH
]LFK# LQVWDQWDDQ# LQVWHOW/#HQ#HHQ# WLMGVDIKDQNHOLMNH#)UHXQGOLFK#DGVRUSWLH# +;5,# YRRU# VRUSWLH# YDQ#3$.
DDQ#GH#YDVWH#IDVH1#+LHUELM#JHOGW=

,
F
F+F.# ; Q

U
UI4 4 +8,

HQ

,;#0,
F
F+F.+#N# W

;
5

Q

U
UIG

5
5w

w
+9,

0HW=
FU#  UHIHUHQWLHFRQFHQWUDWLH# +0#/06,#GLH# OLJW# LQ#GH# FRQFHQWUDWLHUDQJH#ZDDUELM#GH# VRUSWLH0

LVRWKHUP#H[SHULPHQWHHO#EHSDDOG#LV>
.I[#  VRUSWLHFRsIILFLsQW#YRRU#IUDFWLH#I[#+/6#004,>
Q  )UHXQGOLFKWH[SRQHQW#+0,>
NG#  VQHOKHLGVFRsIILFLsQW# YRRU# DG0# HQ# GHVRUSWLH# YDQ# GH#3$.# DDQ# GH# WLMGVDIKDQNHOLMNH

VRUSWLHSODDWVHQ#+704,1

1LHW0OLQHDLUH# VRUSWLH0LVRWKHUPHQ# NXQQHQ#ZRUGHQ# EHVFKUHYHQ#PHW# GH# )UHXQGOLFK# YHUJHOLMNLQJ1# %LM
HHQ#WRHQHPHQGH#+FRQYH[H,#NURPPLQJ#YDQ#GH# LVRWKHUP# LV#HHQ#NOHLQHUH#Q#QRGLJ#RP#GH#NURPPLQJ
YDQ#GH#LVRWKHUP#WH#EHVFKULMYHQ1

%LM#KRJH#FRQFHQWUDWLHV# LV#HHQ#JURRW#GHHO#GLUHFW#EHVFKLNEDDU#HQ# LV#DDQQHPHOLMN#GDW#HU#PD[LPDDO
WUDQVSRUW#SODDWVYLQGW#DOV#JHYROJ#YDQ#GH#YHURQGHUVWHOGH#LQVWDQWDQH#HYHQZLFKWVVRUSWLH1#%LM#ODJH#FRQ0
FHQWUDWLHV#LV#HHQ#UHODWLHI#JURWHU#GHHO#YDQ#GH#WRWDOH#KRHYHHOKHLG#3$.#JHDGVRUEHHUG#DDQ#GH#DGVRUS0
WLHSOHNNHQ# GDQ# ELM# KRJH# FRQFHQWUDWLHV1# 'LW# KHHIW# WRW# JHYROJ# GDW# GH# VSUHLGLQJ# URQG# KHW# ]LFK
YHUSODDWVHQGH#FRQFHQWUDWLHIURQW#DDQ#GH# UDQG# YDQ#GH# YHURQWUHLQLJLQJ# NOHLQ# LV1#3$.#GLH#QDDU#HHQ
VFKRQH#]RQH#ZRUGW#YHUSODDWVW#PHW#KHW#JURQGZDWHU#DGVRUEHHUW#PRPHQWDDQ1#$OV#JHYROJ#YDQ#GH#LQLWL0
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HHO# ODJH#JHKDOWHQ#RS#HHQ# %VFKRRQ%#GHHO/#GHVRUEHHUW#KHW#VOHFKW#YDQDI#GLH#SOHN#HQ# LV#RRN#GH#YHU0
SODDWVLQJ#YDQ#KHW#3$.0IURQW#NOHLQ1

'H#VRUSWLHFRsIILFLsQWHQ#.I4#HQ#.I5#]LMQ#WH#EHUHNHQHQ#XLW#GH#IUDFWLHV#HYHQZLFKWVVRUSWLHSODDWVHQ#I4#HQ
WLMGVDIKDQNHOLMNH#VRUSWLHSODDWVHQ#I5#HQ#GH#JHPHWHQ#WRWDOH#VRUSWLHFRsIILFLsQW#.WRW#GRRU#PLGGHO#YDQ=

.I# #.########.I #. WRW5IWRW4I 54
+:,

$G0#HQ#GHVRUSWLH#YDQ#3$.#YLQG#SODDWV#DDQ#GH#RUJDQLVFKH#VWRI#LQ#GH#ERGHP1#,Q#ERYHQVWDDQGH#YHU0
JHOLMNLQJHQ#JHOGW#YRRU#GH#VRUSWLHFRsIILFLsQW#.WRW

.I# #. RPRPWRW +;,

,Q#YHUJHOLMNLQJ#+;,#LV=
IRP#  GH#PDVVDIUDFWLH#RUJDQLVFKH#VWRI#LQ#GH#JURQG#+0,>
.RP  GH#VRUSWLHFRsIILFLsQW#YRRU#3$.#DDQ#RUJDQLVFKH#VWRI#+/6#004,1

0HW#KHW#ERYHQVWDDQGH#PRGHO#ZRUGW#GH#EHVFKLNEDDUKHLG#YDQ#3$.#YRRU#RP]HWWLQJ#EHVFKUHYHQ1#$OV
DOOH# SDUDPHWHUV# ]LMQ# YDVWJHVWHOG# HQ# HU# ]LMQ# JHHQ# OLPLWHUHQGH# IDFWRUHQ# YRRU# RP]HWWLQJ/# GDQ# NDQ
KLHUPHH#KHW#YHUVSUHLGLQJVULVLFR#ZRUGHQ#EHSDDOG/#QD#YDVWVWHOOLQJ#YDQ#GH#UDQG0#HQ#EHJLQYRRUZDDU0
GHQ1

$OV#HU# OLPLWHUHQGH# IDFWRUHQ#]LMQ#YRRU#GH#RP]HWWLQJ#YDQ#3$./#PHW#QDPH#GH#EHVFKLNEDDUKHLG#YDQ
]XXUVWRI/#GDQ#PRHW#KHW#PRGHO#ZRUGHQ#XLWJHEUHLG1#'H#EHQRGLJGH#XLWEUHLGLQJHQ#]LMQ#GDQ=#4,# UHODWLH
YRRU#RP]HWWLQJ# LQ#YHUJHOLMNLQJ#6#DDQJHSDVW# WRW#HHQ#UHODWLH#ZDDUELM#GH#VQHOKHLG#ZRUGW#JHFRUULJHHUG
YRRU#GH#FRQFHQWUDWLH#]XXUVWRI/#HQ#5,#GH#DDQZH]LJKHLG#HQ2RI#DDQYRHU#YDQ#]XXUVWRI#PRGHOOHUHQ/#HQ
PRJHOLMN#6,#PRGHOOHUHQ#YDQ#GH#DIQDPH#YDQ#]XXUVWRI#GRRU#YHUEUXLN#HUYDQ#ELM#GH#RP]HWWLQJ#YDQ#GH
3$.1

:16# ,QGLFDWLHYH#YHUVSUHLGLQJVEHUHNHQLQJHQ

0HW#KHW#40GLPHQVLRQDOH#PRGHO#]RDOV#EHVFKUHYHQ#LQ#:15#LV#HHQ#DDQWDO#LQGLFDWLHYH#EHUHNHQLQJHQ#XLW0
JHYRHUG1#$OV#VSLQ0RII#YDQ#GH#PHWKRGHRQWZLNNHOLQJ#]LMQ#HHQ#DDQWDO#ZDDUGHQ# YDQ#GH# VRUSWLHSDUD0
PHWHUV#YRRU#GH#9HHQHQGDDOJURQG#EHSDDOG1#'H]H#ZDDUGHQ#]LMQ#JHEDVHHUG#RS#VOHFKWV#HHQ#PRQVWHU/
HQ#NXQQHQ#GDDURP#QLHW#DOV#UHSUHVHQWDWLHI#ZRUGHQ#EHVFKRXZG1#'H#EHUHNHQLQJHQ#]LMQ#GDDURP#YDQ
HHQ# LQGLFDWLHI# NDUDNWHU1# 'H# VWURRPVQHOKHLG# YDQ# KHW# JURQGZDWHU# LV# RS# 69/8# P# M04# JHVWHOG1# 'H
VWURRPVQHOKHLG#YDQ#KHW#JURQGZDWHU#RS#GH#ORFDWLH#LQ#9HHQHQGDDO#LV#LQ#GH#ERYHQVWH#5#ZDWHUYRHUHQ0
GH#SDNNHWWHQ# ODJHU/#HQ# LQ#KHW#GHUGH#ZDWHUYRHUHQGH#SDNNHW# LQ#GH#RUGH#YDQ#JURRWWH#YDQ#GH#DDQJH0
QRPHQ#VWURRPVQHOKHLG#+]LH#KRRIGVWXN#5,1

(HUVW#]LMQ#EHUHNHQLQJHQ#XLWJHYRHUG#QDDU#YHUVSUHLGLQJ#YDQ#QDIWDOHHQ#HQ#IHQDQWUHHQ#]RQGHU#QDWXXU0
OLMNH#DIEUDDN#YDQ#GH#VWRIIHQ1#'DDUQD# LV#HHQ#YRRUEHHOG#GRRUJHUHNHQG#PHW#QDWXXUOLMNH#DIEUDDN#YDQ
QDIWDOHHQ/#GRRU#JHEUXLN# WH#PDNHQ#YDQ#GH#UHVXOWDWHQ#YDQ#GH# OLWHUDWXXUVWXGLH#QDDU#GH#VQHOKHLG#YDQ
QDWXXUOLMNH#DIEUDDN#YDQ#3$.#+SDUDJUDDI#817,1

:17# 9HUVSUHLGLQJ#]RQGHU#QDWXXUOLMNH#DIEUDDN

(HUVW#]LMQ#EHUHNHQLQJHQ#JHGDDQ#PHW#GH#JHPHWHQ#SDUDPHWHUZDDUGHQ#YRRU#GH#9HHQHQGDDOJURQG1
(U#]LMQ#JHHQ#)UHXQGOLFK#H[SRQHQWHQ#Q#YDVWJHVWHOG#ELM#GH#PHWKRGHRQWZLNNHOLQJ1#'DDURP# LV#JHUH0
NHQG#PHW#WZHH#XLWHUVWHQ>#VWHUN#QLHW0OLQHDLUH#VRUSWLH#PHW#Q# #3/6/#HQ#]ZDN#QLHW0OLQHDLUH#VRUSWLH#PHW
Q# #3/<#+ELMQD#OLQHDLU,1#'H#ZDDUGHQ#YDQ#VRUSWLHSDUDPHWHUV#EHSDDOG#PHW#GH#NRORPH[SHULPHQWHQ#]LMQ
JHEUXLNW1#'H#JHEUXLNWH#SDUDPHWHUV#HQ# UHVXOWDWHQ#YDQ#GH#EHUHNHQLQJHQ#VWDDQ#ZHHUJHJHYHQ# LQ# WD0
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EHO#4;1#%HUHNHQLQJ#4#LV#XLWJHYRHUG#PHW#Q# #3/6/#EHUHNHQLQJ#5#PHW#Q# #3/<1#'H#YHUSODDWVLQJ#YDQ#KHW
QDIWDOHHQ0#HQ#IHQDQWUHHQIURQW#QD#4/#8#HQ#43#MDDU#LV#EHUHNHQG1

'H#EHUHNHQLQJHQ#5D# WRW#HQ#PHW#5F#]LMQ#XLWJHYRHUG#PHW#GH#XLWHUVWHQ#YDQ#ZDDUGHQ#XLW#GH# OLWHUDWXXU
+YHWJHGUXNW# LQ# WDEHO# 4;/#]LH#SDUDJUDDI# 919,#ZDDUELM#HHQ# WRHQDPH#YDQ#GH#YHUVSUHLGLQJ#ZRUGW# YHU0
ZDFKW#WHQ#RS]LFKWH#YDQ#EHUHNHQLQJ#51#9RRU#QDIWDOHHQ#LV#JHHQ#QLHXZH#EHUHNHQLQJ#JHGDDQ#PHW#HHQ
DQGHUH#)UHXQGOLFK#H[SRQHQW/#RPGDW#GH#HQLJH#LQ#GH#OLWHUDWXXU#JHYRQGHQ#ZDDUGH#ODJHU#LV#GDQ#GH#DOV
ZRUVW#FDVH#YHURQGHUVWHOGH#ZDDUGH#YDQ#3/<1#%LM#HHQ#NOHLQHUH#)UHXQGOLFK#H[SRQHQW# LV#GH#YHUVSUHL0
GLQJ#PLQGHU#JURRW1#(U#LV#JHHQ#QLHXZH#EHUHNHQLQJ#JHGDDQ#YRRU#IHQDQWUHHQ#PHW#HHQ#DQGHUH#YHUGH0
OLQJ# YDQ# GH# IUDFWLHV# HYHQZLFKWV# HQ# QLHW0HYHQZLFKWVSODDWVHQ/#ZDQW# GH# LQ# GH# OLWHUDWXXU# JHYRQGHQ
PD[LPDOH#ZDDUGH#YDQ#3/85#YRRU#I4#LV#VOHFKWV#3/34#KRJHU#GDQ#GH#ZDDUGH#JHPHWHQ#YRRU#GH#9HHQHQ0
GDDOJURQG>#KHW#UHVXOWDDW#YDQ#GH#EHUHNHQLQJ#]RX#QDXZHOLMNV#YHUVFKLOOHQ#YDQ#GH#RRUVSURQNHOLMNH#EH0
UHNHQLQJ1

9RRU#Q# #3/6#+EHUHNHQLQJ#4,# LV#GH#YHUSODDWVLQJ#YDQ#KHW# IURQW#YDQ#GH# WZHH#3$.# WH#YHUZDDUOR]HQ1
9RRU#Q# #3/<#+EHUHNHQLQJ#5,#YHUSODDWVW#KHW# IURQW#YDQ#QDIWDOHHQ/#ppQ#YDQ#GH#PHHVW#PRELHOH#3$./
]LFK#PLQGHU#GDQ#43#P#LQ#43#MDDU#HQ#KHW#IHQDQWUHHQIURQW##5/8#P1#'H]H#EHUHNHQLQJHQ#]LMQ#JHEDVHHUG
RS#ppQ#RUJDQLVFKH#VWRIEHSDOLQJ1#2S#KHW#JDVIDEULHNVWHUUHLQ#YDULHHUW#GDW#JHKDOWH#PRJHOLMN#VWHUN1# ,Q
KHW#PRGHO# LV#JHHQ#RSJHORVW#RUJDQLVFKH#VWRI#PHHJHQRPHQ1#+HW# LV#PRJHOLMN#GDW#GLW#ELM#GH#YHUVSUHL0
GLQJ#YDQ#3$.#HHQ#URO#VSHHOW1

8LW#GH#EHUHNHQLQJHQ#5D# WRW#HQ#PHW#5F#EOLMNW#GDW#YRRUDO#GH# ODDJVWH#ZDDUGH#XLW#GH# OLWHUDWXXU#YDQ#GH
VRUSWLHFRsIILFLsQW#.RP# OHLGW#WRW#HHQ#VXEVWDQWLHHO#JURWHUH#YHUVSUHLGLQJ#YDQ#QDIWDOHHQ1#%LM# IHQDQWUHHQ
LV#GH#WRHQDPH#LQ#YHUVSUHLGLQJ#PLQGHU#JURRW/#RPGDW#GH#ODDJVWH#.RP#ZDDUGH#XLW#GH#OLWHUDWXXU#VOHFKWV
HHQ# IDFWRU# WZHH#YHUVFKLOW#YDQ#GH#ZDDUGH#GLH# LV#JHPHWHQ#YRRU#GH#9HHQHQGDDOJURQG1#'H#H[WUHPH
ZDDUGHQ#YRRU#GH#DQGHUH#SDUDPHWHUV#KHEEHQ#HHQ#NOHLQ#HIIHFW#RS#GH#YHUVSUHLGLQJ#YDQ#QDIWDOHHQ#HQ
IHQDQWUHHQ1
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7DEHO#4;1 9HUSODDWVLQJ#YDQ#KHW# IURQW# +LQ#P,#YDQ#3$.#YLD#KHW#JURQGZDWHU# +SRVLWLH#YDQ#KHW# IURQW# LV
PLGGHQ#YDQ# IURQW>#FRQFHQWUDWLH#3$.# LV#833#PJ#/04,#PHW# IRP# #3/3394#YRRU#GH#9HHQHQ0
GDDOJURQG#HQ#VWURRPVQHOKHLG#YDQ#KHW#JURQGZDWHU#LV#69/8#P#M041

3$. 6RUSWLH0 )UDFWLH )UHXQGOLFK 6QHOKHLGV 9HUSODDWVLQJ#IURQW
FRsI1 ([SRQHQW FRsIILFLsQW LQ#P#QD
.RP I4 Q NG

/##NJ040 0 G04 4#M 8#M 43#M

QDIWDOHHQ

4 46<8 3/58 3/6 4/<: ?#3/4 ?#3/4 ?#3/4

5 46<8 3/58 3/< 4/<: 4/3 7/: <15

5D 4:7 3/58 3/< 4/<: :/7 69/9 :5/<

5E 46<8 319: 3/< 4/<: 4/4 7/< </9

5F 46<8 3/58 3/< 46/3 4/3 7/: </5

IHQDQWUHHQ

4 7:54 3/84 3/6 4/96 ?#3/4 ?#3/4 ?3/4

5 7:54 3/84 3/< 4/96 3/6 4/6 5/8

5D 497: 3/84 3/< 4/96 3/7 5/; 8/9

5E 7:54 3/84 3/<9 4/96 3/7 4/9 6/5

5F 7:54 3/84 3/< 4:/; 3/6 4/6 5/8

:18# 9HUVSUHLGLQJ#PHW#QDWXXUOLMNH#DIEUDDN

$OV#YRRUEHHOG#YRRU#KHW#HIIHFW#YDQ#QDWXXUOLMNH#DIEUDDN#RS#GH#YHUVSUHLGLQJ#YDQ#3$.#LV#EHUHNHQLQJ#5
YRRU#QDIWDOHHQ#XLWJHYRHUG1#'H#JHEUXLNW#HHUVWH#RUGH#DIEUDDNVQHOKHLGVFRsIILFLsQW# YDQ# 3/337#G04# LV
DINRPVWLJ#XLW#GH#OLWHUDWXXUVWXGLH#EHVFKUHYHQ#LQ#SDUDJUDDI#8171#+HW#LV#GH#ODDJVWH#ZDDUGH#JHYRQGHQ
XLW#YHOGZDDUQHPLQJHQ1#+HW#UHVXOWDDW#YDQ#GH#EHUHNHQLQJ#LV#WH#]LHQ#LQ#ILJXXU#:1

%LM#GH#ODDJVWH#RP]HWWLQJVVQHOKHLG# LV#QD#43#MDDU#FLUFD#HHQ#NZDUW#YDQ#KHW#RRUVSURQNHOLMNH#QDIWDOHHQ
DIJHEURNHQ1#'H#YHUVSUHLGLQJ#YDQ#QDIWDOHHQ#ZRUGW#QLHW#EHwQYORHG#GRRU#DIEUDDN#YDQ#KHW#QDIWDOHHQ1#,Q
GH#EHUHNHQLQJ#LV#GH#GHVRUSWLHVQHOKHLG#YDQ#QDIWDOHHQ#JHHQ#EHSHUNLQJ#YRRU#YHUVSUHLGLQJ#HQ#RRN#QLHW
YRRU#DIEUDDN#YDQ#QDIWDOHHQ1#1DWXXUOLMNH#DIEUDDN#KHHIW# WRW#JHYROJ#GDW#GH#FRQFHQWUDWLH#YDQ#GH#]LFK
YHUVSUHLGHQGH#3$.0YHURQWUHLQLJLQJ#LQ#GH#WLMG#DIQHHPW1

8LW#GH#LQGLFDWLHYH#EHUHNHQLQJHQ#EOLMNW#GDW#KHW#FUXFLDDO#LV#RP#GH#VRUSWLHFRsIILFLsQW#.RP#HQ#GH#IUDFWLH
RUJDQLVFKH#VWRI#IRP#YDQ#HHQ#JURQG#WH#EHSDOHQ#RP#HHQ#VFKDWWLQJ#WH#NXQQHQ#PDNHQ#YDQ#GH#PRJHOLM0
NH#YHUVSUHLGLQJ#YDQ#3$.1
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)LJ1#:1 +RUL]RQWDOH#YHUVSUHLGLQJ#YDQ#QDIWDOHHQ# LQ#JURQGZDWHU]RQH#QD# 4/# 8#HQ# 43# MDDU#ELM#HHQ
VWURRPVQHOKHLG#YDQ#69/8#P2M/#]RQGHU#QDWXXUOLMNH#DIEUDDN#+GRRUJHWURNNHQ# OLMQHQ,#HQ#PHW
HHQ#HHUVWH#RUGH#DIEUDDNVQHOKHLGVFRsIILFLsQW# YDQ# 3/337#G04# +VWUHHSMHV,# >7KLHUULQ#HW# DO1/
4<<6@1#2S#W# #3#LV#LQ#GH#HHUVWH#43#P#SHU#/#JURQG#4#J#QDIWDOHHQ#DDQZH]LJ1
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+22)'678.#;

$/*(0(1(#',6&866,(#(1#&21&/86,(

;14# (YDOXDWLH#PHWKRGHQ

)DVH#4#YDQ#GLW#SURMHFW#EHKHOVW#GH#RQWZLNNHOLQJ#YDQ#PHWKRGHQ#RP#QDWXXUOLMNH#DIEUDDN#YDQ#3$.#RS
GH#SURHIORFDWLH#YDQ#GH#YRRUPDOLJH#JDVIDEULHN#WH#9HHQHQGDDO#DDQ#WH#WRQHQ#HQ#]R#PRJHOLMN#WH#NZDQ0
WLILFHUHQ/#DOVPHGH#PHWKRGHQ#RP#GH#VRUSWLHSDUDPHWHUV# WH#EHSDOHQ#YDQ#EHODQJ#YRRU#GH# +PRGHOOH0
ULQJ#YDQ,#YHUVSUHLGLQJ#YLD#KHW#JURQGZDWHU1
9RRUDI#]LMQ#DOV#DOJHPHQH#FULWHULD#YRRU#GH#PHWKRGHQ#JHVWHOG=
0# HHQYRXGLJ#WRH#WH#SDVVHQ>
0# EHNHQGH#PHWKRGHQ>
0# JRHGNRSH#PHWKRGHQ1
'DDUQDDVW#]LMQ#SHU#PHWKRGH#YRRUDI#FULWHULD#JHVWHOG#RP#GH#UHVXOWDWHQ#YRRU#GH#SURHIORFDWLH# WH# WRHW0
VHQ#HQ#]R#HHQ#XLWVSUDDN#RYHU#GH#EUXLNEDDUKHLG#HQ#JHVFKLNWKHLG#YDQ#GH#PHWKRGH#+HQ#GH#SURHIORFD0
WLH,#WH#NXQQHQ#GRHQ1#%LM#GH#EHRRUGHOLQJ#YDQ#GH#PHWKRGHQ#]LMQ#RRN#GH#YHUZDFKWH#VSHFLILFLWHLW#YRRU
3$.#HQ#GH#NZDQWLILFHHUEDDUKHLG#EHWURNNHQ1
'H#PHWKRGHQ#]LMQ#RS#EDVLV#YDQ#ERYHQJHQRHPGH#FULWHULD#EHRRUGHHOG1# ,Q#GH#YROJHQGH#SDUDJUDIHQ
ZRUGHQ#GH#PHWKRGHQ#JHsYDOXHHUG#+�;15# W2P#;17,1#,Q# WDEHO#4<#]LMQ#GH#EHYLQGLQJHQ#YDQ#GH#JHWHVWH
PHWKRGHQ#VDPHQJHYDW#HQ#LV#HHQ#EHRRUGHOLQJ#YDQ#GH#JHVFKLNWKHLG#JHJHYHQ1#7HYHQV#]LMQ#PRJHOLMN0
KHGHQ#WRW#YHUEHWHULQJ#YDQ#GH#JHWHVWH#PHWKRGHQ#DDQJHJHYHQ1

;15# $DQWRQHQ#QDWXXUOLMNH#DIEUDDN#YDQ#3$.

$DQWRQHQ#3$.0DIEUHNHQGH#RUJDQLVPHQ=
0# 'H# DDQZH]LJKHLG# YDQ# GH]H# RUJDQLVPHQ# NDQ# ZRUGHQ# DDQJHWRRQG# GRRU# YHUGXQQLQJHQ# YDQ

JURQGZDWHUPRQVWHUV# RI# VXVSHQVLHV# YDQ# JURQGPRQVWHUV# RS# DJDU0SODWHQ# WH# ODWHQ# LQFXEHUHQ/
ZDDUELM#QDIWDOHHQ#DOV#VXEVWUDDW#ZRUGW#DDQJHERGHQ#YLD#GH#JDVIDVH1#+HW#WRWDDO#DDQWDO#DsUREH#RU0
JDQLVPHQ#ZRUGW# RS# GH]HOIGH#PDQLHU# EHSDDOG/#PDDU# ]RQGHU# WRHYRHJLQJ# YDQ# QDIWDOHHQ# VXE0
VWUDDW1#'H#PHWKRGH#LV#HHQ#DDQJHSDVWH#YRUP#YDQ#EHVWDDQGH#PHWKRGHQ>

0# ,Q# KHW# JURQGZDWHU# LV# VOHFKWV# HHQ# EHSHUNW# DDQWDO#PLFUR0RUJDQLVPHQ# DDQZH]LJ/# HU# ]LMQ# JHHQ
PHHWEDUH#KRHYHHOKHGHQ#QDIWDOHHQ0DIEUHNHQGH#RUJDQLVPHQ#JHYRQGHQ>

0# ,Q# GH# JURQGPRQVWHUV# ]LW# HHQ# DDQ]LHQOLMNH# KRHYHHOKHLG# DsUREH# PLFUR0RUJDQLVPHQ# +!4Â439

.9(2J,/#QDIWDOHHQ0DIEUHNHQGH#RUJDQLVPHQ#+!8Â437#.9(2J,#]LMQ#DOOHHQ#JHPHWHQ#LQ#GH#PRQVWHUV
PHW#KRJH#3$.#FRQFHQWUDWLH#+!75#PJ2NJ#G1V1,>

0# 'H#PHWKRGH# LV#JHVFKLNW# YRRU#KHW#DDQWRQHQ# YDQ#QDIWDOHHQ0DIEUHNHQGH#RUJDQLVPH# LQ#ERGHP0
PRQVWHUV#PHW#HHQ#YROGRHQGH#KRRJ#3$.#JHKDOWH1#:HOOLFKW#]RX#ELM#HHQ#PLQGHU#VWHUNH#YHUGXQ0
QLQJ#HHQ#EHWHU# UHVXOWDDW#YHUNUHJHQ#ZRUGHQ# +KXLGLJH#YHUGXQQLQJVJUDDG# LV# 4307#YRRU#ZDWHU#HQ
4309#YRRU#GH#ERGHPPRQVWHUV,1
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$DQWRQHQ#DsUREH#DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW=
0# 'H#DDQZH]LJKHLG#YDQ#DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW#ZRUGW#EHRRUGHHOG#GRRU#KHW#EHSDOHQ#YDQ

GH# RP]HWWLQJVVQHOKHLG# YDQ# FDWHFKRO1# +HW# JHYRUPGH# SURGXFW# +50K\GUR[\PXFRQ]XXU# VHPL0
DOGHK\GH,#KHHIW#HHQ#NHQPHUNHQGH#JHOH#NOHXU>

0# 'H# NOHXUPHWLQJ#JDI#JHHQ#GXLGHOLMNH# UHVXOWDWHQ1# ,Q#GH#JURQGZDWHUPRQVWHUV#ZHUG# VSHFWURIRWR0
PHWULVFK#ZHO# RP]HWWLQJ#ZDDUJHQRPHQ/#PDDU# GH# VSHFLILHNH# NOHXU# LV# QLHW#ZDDUJHQRPHQ1#'H
PHWKRGH# LV#XLWJHEUHLG#PHW# LQFXEDWLH#PHW#QDIWDOHHQ# +:5#XXU,/#YHUYROJHQV#ZDV#GH#JHHONOHXULQJ
ZHO#GXLGHOLMN#DDQZH]LJ# LQ#GH#JURQGPRQVWHUV/#HQ#ZHUG#RRN# LQ#DOOH#JURQGZDWHUPRQVWHUV#GH#DI0
EUDDN#YDQ#FDWHFKRO#DDQJHWRRQG1#0HWLQJHQ#YDQ#]XXUVWRI#RSQDPH# WLMGHQV#GH# LQFXEDWLH#EHYHVWL0
JHQ#GH#UHVXOWDWHQ>

0# 9RRU#HHQ#JRHG#PHHWUHVXOWDDW#PHW#GH#DDQJHSDVWH#PHWKRGH# LV#KHW#YDQ#EHODQJ#GDW#GH#FRQFHQ0
WUDWLH#3$.#KRRJ#LV#+KLHU#JHUDSSRUWHHUGH#ZDDUGHQ=#!433# J2/#RI#!83#PJ2NJ#G1V1,>

0# 1D#DDQSDVVLQJ#YDQ#GH#PHWKRGH#EOHHN#KHW#PRJHOLMN#DDQ#WH#WRQHQ#GDW#FDWHFKRO0DIEUHNHQGH#RU0
JDQLVPHQ#DDQZH]LJ#]LMQ1

$DQWRQHQ#WXVVHQSURGXFWHQ#YDQ#ELRORJLVFKH#DIEUDDN=
0# *URQG# HQ# JURQGZDWHU#ZRUGHQ# YROJHQV#1(18:64# JHs[WUDKHHUG/# HYHQWXHHO# DDQZH]LJH# 3$.0

LQWHUPHGLDLUHQ#ZRUGHQ#EHSDDOG#GRRU#DQDO\VH#PHW#HHQ#+3/&#HQ#GLRGH0DUUD\#GHWHFWLH>
0# ,Q#JHHQ#YDQ#GH#JURQGPRQVWHUV# LV#GXLGHOLMN#ppQ#YDQ#GH#JHVHOHFWHHUGH# WXVVHQSURGXFWHQ#DDQ0

JHWRRQG1# ,Q#VRPPLJH#JHYDOOHQ#ZDV#KHW#VLJQDDO#QLHW#VWHUN#JHQRHJ#HQ# LQ#DQGHUH#JHYDOOHQ#ZHU0
GHQ#YHUJHOLMNEDUH#FRPSRQHQWHQ#JHYRQGHQ#PDDU#PHW#YHUNHHUGH#UHWHQWLHWLMG#HQ#890VSHFWUXP>

0# (U#]LMQ#JHHQ#PHHWEDUH#FRQFHQWUDWLHV# WXVVHQSURGXFWHQ#YDQ#3$.0DIEUDDN# LQ#GH#PRQVWHUV#DDQ0
ZH]LJ/#PDDU#GDDUPHH#YDOW#QLHW#XLW#WH#VOXLWHQ#GDW#3$.0DIEUDDN#KHHIW#SODDWVJHYRQGHQ1

0HWLQJ#VWDELHOH#NRROVWRI#YHUKRXGLQJ=
0# 'H#YHUKRXGLQJ#YDQ#46&#LVRWRSHQ#WHQ#RS]LFKWH#YDQ#45&#LVRWRSHQ#YHUDQGHUW#GRRU#DOOHUOHL#ELRORJL0

VFKH#HQ# I\VLVFKH#SURFHVVHQ/#GDDUQDDVW# LV#GH]H#YHUKRXGLQJ#YHUVFKLOOHQG#YRRU#DOOHUOHL#RUJDQL0
VFKH#YHUELQGLQJHQ1#'H#PHWLQJ#HQ#YHUJHOLMNLQJ#YDQ#GH]H#YHUKRXGLQJ#NDQ#LQIRUPDWLH#YHUVFKDIIHQ
RYHU#KHW#DO#GDQ#QLHW#RSWUHGHQ#YDQ#DIEUDDN#YDQ#3$.>

0# 'H#JHPHWHQ# 46&#LV#DIZLMNHQG#YDQ#GLH#YDQ#VFKRRQ#ZDWHU#LQ#GH#JURQGZDWHUPRQVWHUV#PHW#KRJH
ELRORJLVFKH#DFWLYLWHLW1#'H#YHUDQGHULQJ#NDQ#HFKWHU#QLHW#YHUNODDUG#ZRUGHQ#PHW#IUDFWLRQHULQJ#GRRU
DsUREH#DIEUDDN#PDDU#ZHO#PHW#PHWKDQRJHQH#ELRORJLVFKH#SURFHVVHQ1#0RJHOLMN# LV#RRN#WLMGHQV#RI
QD#PRQVWHUQDPH#YHURQWUHLQLJLQJ#PHW#DQGHUH#&0EURQQHQ#RSJHWUHGHQ>

0# 'H#DQDsUREH#DIEUDDN#YDQ# +RUJDQLVFKH,#YHURQWUHLQLJLQJHQ# LV#GRRU#GH#KRJH#FRQFHQWUDWLHV#YDQ
PHW#QDPH#PLQHUDOH#ROLH#HFKWHU#QLHW#GLUHFW#DDQ#3$.0DIEUDDN#WH#UHODWHUHQ>

0# ,Q#HHQ#UHFHQW#UDSSRUW#>1LSVKDJHQ/#5334@#ZRUGW#HHQ#PHWKRGH#EHVFKUHYHQ#ZDDUELM#GH# LVRWRSHQ0
VDPHQVWHOOLQJ# YDQ# ppQ# VSHFLILHNH# FRPSRQHQW# NDQ# ZRUGHQ# EHSDDOG1# 'H# &6,$# +&RPSRQHQW
6SHFLILHNH# ,VRWRSHQ#$QDO\VH,#JHEUXLNW#HHQ#VFKHLGLQJ#P1E1Y1#HHQ#JDVFKURPDWRJUDDI#DOYRUHQV
GH# LVRWRSHQVDPHQVWHOOLQJ#SHU#FRPSRQHQW# WH#EHSDOHQ1#1DGHHO#YDQ#GH]H#PHWKRGH# LV#GH#KRJH
GHWHFWLHOLPLHW1#9RRUWV#ZRUGW# LQ#GLW# UDSSRUW#DDQJHJHYHQ#GDW#GH#PHWKRGH#QLHW#JHVFKLNW# LV# YRRU
PHWLQJ#YDQ#YHURQWUHLQLJLQJHQ#GLFKWELM#GH#JURQGZDWHUVSLHJHO#RPGDW#YHUGDPSLQJ#HHQ#JURRW#HI0
IHFW#KHHIW#RS#GH#IUDFWLRQHULQJ#YDQ#NRROVWRILVRWRSHQ1

8LW#KHW#ERYHQVWDDQGH#NDQ#ZRUGHQ#JHFRQFOXGHHUG#GDW#HU#PHW#GH#JHWHVWH#PHWKRGHQ#GXLGHOLMNH#EH0
ZLM]HQ#YRRU#DsUREH#HQ#DQDsUREH#DIEUDDNSURFHVVHQ#]LMQ#JHYRQGHQ/#PDDU#GDW#GH]H#PHW#QDPH#DOV
JHYROJ#YDQ#GH# ODJH#FRQFHQWUDWLHV#3$.#HQ#GH#KRJH#FRQFHQWUDWLHV#PLQHUDOH#ROLH#QLHW#HHQGXLGLJ# WH
UHODWHUHQ#]LMQ#DDQ#GH#QDWXXUOLMNH#DIEUDDN#YDQ#3$.1



7<

7DEHO#4<1 6DPHQYDWWLQJ#EHRRUGHOLQJ#JHWHVWH#PHWKRGHQ1

$DQWRQHQ#QDWXXUOLMNH#DIEUDDN#3$.

*URQG *URQGZDWHU
0HWKRGH 6SHFLILHN NZDQWLWDWLHI *HVFKLNW DDQSDVVLQJ

PRJHOLMN
*HVFKLNW DDQSDVVLQJ

PRJHOLMN
3$.0DIEUHNHUV -D .20 -D-- 6XVSHQVLH

PLQGHU#VWHUN#YHU0
GXQQHQ

-D-- 0RQVWHU#PLQGHU
VWHUN#YHUGXQQHQ

$sUREH#$URPDWHQ0
RP]HWWLQJ

1HH .20 -D- 6#GDJHQ#LQFXED0
WLH#PHW#QDIWDOHHQ
HQ#PHWLQJ#YDQ
250RSQDPH

-D- 6#GDJHQ#LQFXED0
WLH#PHW#QDIWDOHHQ

7XVVHQSURGXFWHQ -D 0 1HH /DJHUH#GHWHFWLH0
JUHQV#*&206

1HH /DJHUH#GHWHFWLH0
JUHQV#*&206

.RROVWRILVRWRSHQ 1HH .20 1HH *HEUXLN#GH#PHHU
VSHFLILHNH#&6,$
PHWKRGH

-D-- 9RRUVFKULIWHQ
YRRU#PRQVWHUQD0
PH#&25#VWULNWHU
PDNHQ

%HSDOHQ#OLPLWHUHQGH#IDFWRUHQ#HQ#DIEUDDNVQHOKHLG

%DWFK 1HH .20 -D 1YW 1YW 1YW

6OXUU\ -D .20 -D 1YW 1YW 1YW

.RORP 1HH .20 -D- 9HUEHWHUHQ#YDVW0
VWHOOHQ#EHJLQ0
FRQFHQWUDWLH

1YW 1YW

%HSDOHQ#VRUSWLHSDUDPHWHUV

6FKXGGHQ 1YW 0 1HH *URWHUH#KRHYHHO0
KHLG#PRQVWHU#YLD
JURWHUH#VFKXG0
YROXPHV

1YW 1YW

.RORP 1YW . -D 9HUNOHLQHQ#GRRG
YROXPH#GRRU#DQ0
GHUH#SRPS/#PHHU
PRQVWHU#JHEUXL0
NHQ

1YW 1YW

([WUDFWLH 1YW .20 -D-- 0HHU#PRQVWHU 1YW 1YW

- QLHW#RI#PLQGHU#JHVFKLNW#DOV#HU#QDDVW#3$.#RRN#DQGHUH#YHURQWUHLQLJLQJHQ#DDQZH]LJ#]LMQ
-- DOOHHQ#JHVFKLNW#ELM#KRJH#3$.0FRQFHQWUDWLHV
QYW QLHW#YDQ#WRHSDVVLQJ
.20 LQGLUHFW#RI#LQ#EHSHUNWH#PDWH#NZDQWLWDWLHI

;16# $IEUDDNVQHOKHLG

$OV# OLPLWHUHQGH# IDFWRU#YRRU#GH#QDWXXUOLMNH#DIEUDDN#YDQ#3$.# LV# LQ#KHW# ODE/#RQGHU#DsUREH#FRQGLWLHV/
QXWULsQWHQWRHYRHU#JHwGHQWLILFHHUG1# ,Q#KHW# YHURQWUHLQLJGH#JURQGZDWHU# YDQ#GH# VLWH# LV# HFKWHU# YULMZHO
JHHQ#]XXUVWRI#JHPHWHQ/#]RGDW#GH#OLPLWDWLH#GRRU#QXWULsQWHQWRHYRHU#ELM#GH#QDWXXUOLMNH#DIEUDDN#+RQGHU
DQDsUREH#FRQGLWLHV,#KRRJVWZDDUVFKLMQOLMN#QLHW#RSWUHHGW1#0HW#GH#EDWFKH[SHULPHQWHQ# LV#HHQ# LQGLFD0
WLHYH#DIEUDDNVQHOKHLG#YRRU#3$.#YDVWJHVWHOG#YDQ#FLUFD#3/3:#WRW#3/7#PJ2NJ1GDJ1
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'H#PD[LPDOH#DIEUDDNVQHOKHLG#YDQ#3$.#LQ#HHQ#VOXUU\WHVW#EHGUDDJW#FLUFD#3/403/5#PJ2NJ1GDJ#HQ#YRRU
PLQHUDOH#ROLH#FLUFD#4830583#PJ2NJ1GDJ1#'H#PHW#NRORPSURHYHQ#+GRRUVWURPLQJ#PHW#]XXUVWRIKRXGHQG
ZDWHU,#JHVLPXOHHUGH# +PD[LPDOH,# LQ0VLWX#DIEUDDNVQHOKHLG# OLJW/# RS# EDVLV# YDQ#&250PHWLQJHQ/# LQ# GH
RUGH#YDQ#JURRWWH#YDQ#FLUFD#;#PJ2NJ1GDJ/#ZDDUELM#JHHQ#RQGHUVFKHLG# WH#PDNHQ# LV# WXVVHQ#3$.#HQ
PLQHUDOH#ROLH1#(HQ#YHUNODULQJ#YRRU#KHW#YHUVFKLO#LQ#DIEUDDNVQHOKHLG#WXVVHQ#GH#WZHH#PHWKRGHQ#OLJW#LQ
KHW# IHLW#GDW#GH#PD[LPDOH#DIEUDDNVQHOKHLG#EHSDDOG# LV# LQ#HHQ#JURQGPRQVWHU#PHW# ]HHU# ODJH#3$.0
FRQFHQWUDWLH# HQ# UHODWLHI# KRJH#PLQHUDOH# ROLH# FRQFHQWUDWLH1# $DQJH]LHQ# GH# EHJLQFRQFHQWUDWLH# YRRU
3$.#ELM#GH#NRORPSURHYHQ#QLHW#JHPHWHQ#NRQ#ZRUGHQ#+JHVWRNHQ#JURQGPRQVWHU,/#LV#XLWJHJDDQ#YDQ#GH
DQDO\VHUHVXOWDWHQ#YDQ#KHW#JURQGPRQVWHU#GDW#LV#JHEUXLNW#YRRU#GH#RYHULJH#DQDO\VHV1

'H#HLQGFRQFHQWUDWLH#YDQ#PHW#QDPH#PLQHUDOH#ROLH#NDQ#HFKWHU#QLHW#YHUNODDUG#ZRUGHQ#XLW#ELRGHJUDGD0
WLH#DOOHHQ#+ELMYRRUEHHOG=#NRORP#3#EHJLQFRQFHQWUDWLH#4<33#PJ2NJ#G1V1/#HLQGFRQFHQWUDWLH#483#PJ2NJ
G1V1,#+RHZHO#GH#VWHHNPRQVWHUV#LQ#KHW]HOIGH#ERRUJDW#]LMQ#JHVWRNHQ#LV#KHW#QLHW#XLWJHVORWHQ#GDW#GH]H
PRQVWHUV#YDQ#HHQ#KRJHU#RI# ODJHU#QLYHDX#NRPHQ#GDQ#GH#DQGHUH#PRQVWHUV#XLW#GLW#ERRUJDW1#'LW#]RX
NXQQHQ#EHWHNHQHQ#GDW#GH#EHJLQFRQFHQWUDWLH#ZDDUVFKLMQOLMN#+DDQ]LHQOLMN,#ODJHU#LV#JHZHHVW1

8LW#GH# OLWHUDWXXU# ]LMQ# 4H#RUGH#DIEUDDNFRQVWDQWHQ# YRRU#QDWXXUOLMN#DIEUDDN# YDQ#QDIWDOHHQ# +3/3338#±
3/;;#G04,#HQ# IHQDQWUHHQ#+3/3349#±#3/376#G04,#JHYRQGHQ/#RQGHU#]RZHO#DsUREH#DOV#DQDsUREH#FRQGL0
WLHV1#'H#H[SHULPHQWHHO#EHSDDOGH#ZDDUGHQ#YRRU#GH#DIEUDDNFRQVWDQWH#YDQ#3$.# LQ#GH#9HHQHQGDDO0
JURQG#+3/35#G04,#YDOW#ELQQHQ#GH#UDQJH#YDQ#GH##OLWHUDWXXUZDDUGHQ1

;17# 6RUSWLHSDUDPHWHUV

'H#GULH#PHWKRGHQ#GLH#]LMQ#JHWHVW#YRRU#KHW#EHSDOHQ#YDQ#GH#VRUSWLHSDUDPHWHUV#YRRU#WZHH#OLFKWH#3$./
QDIWDOHHQ#HQ#IHQDQWUHHQ/#OHYHUHQ#GH#YROJHQGH#UHVXOWDWHQ=
0# VFKXGH[SHULPHQWHQ# ]LMQ# LQ#GH#KXLGLJH#RS]HW#QLHW# JHVFKLNW# YRRU# KHW# EHSDOHQ# YDQ# GH# VRUSWLH0

LVRWKHUP#YRRU#3$./#PHW#QDPH#GRRU#KHW# ODJH#RUJDQLVFKH#VWRIJHKDOWH#+3/94(#YDQ#G1V1,#YDQ#GH
RQGHU]RFKWH#JURQG#HQ#GH# ODJH#KRHYHHOKHLG#JURQG#GLH#NRQ#ZRUGHQ#JHEUXLNW1#9LD#DDQSDVVLQJ
YDQ#GH#YRRUKDQGHQ#]LMQGH#DSSDUDWXXU#HQ#GLPHQVLHV#NDQ#GH#KRHYHHOKHLG#JHEUXLNWH#JURQG#YHU0
JURRW#ZRUGHQ#ZDDUGRRU#GH#PHWKRGH#PRJHOLMN#ZHO#JHVFKLNW#LV#YRRU#GH#EHSDOLQJ#YDQ#KHW#VRUSWLH0
JHGUDJ#YDQ#3$.>

0# NRORPH[SHULPHQWHQ#NXQQHQ#ZRUGHQ#JHEUXLNW#RP#VRUSWLHSDUDPHWHUV#WH#EHSDOHQ/#]RDOV#GH#VRUS0
WLHFRsIILFLsQW#.WRW/#GH# IUDFWLH#HYHQZLFKWVDGVRUEHUHQGH#SODDWVHQ# I4#HQ#GH#VQHOKHLGVFRQVWDQWH#N
YRRU#GH#VQHOKHLG#ZDDUPHH#VRUSWLH#DDQ#GH# WLMGVDIKDQNHOLMNH#SODDWVHQ# I5#SODDWVYLQGW1#'H#VSUHL0
GLQJ# LQ#GH#UHVXOWDWHQ#]RX#NXQQHQ#ZRUGHQ#YHUEHWHUG#GRRU#PHHU#PRQVWHU# WH#JHEUXLNHQ#RI#GRRU
KHW#GRRG#YROXPH#YDQ#GH#SRPS#DDQ#WH#SDVVHQ>

0# H[WUDFWLH0H[SHULPHQWHQ#]LMQ#PLQGHU#JHVFKLNW#YRRU#GH#ODJH#JHKDOWHQ#DDQ#3$.#]RDOV#LQ#GH#RQGHU0
]RFKWH# JURQG# DDQZH]LJ# ]LMQ/# GDDUQDDVW# ]LMQ# ]H# RRN# JHYRHOLJ# YRRU# GH# KHWHURJHQLWHLW# YDQ# GH
PRQVWHUV#YDQZHJH#GH#JHULQJH#PDVVD#GLH#ZRUGW#JHEUXLNW1

'H#YRRU#9HHQHQGDDOJURQG#JHPHWHQ#VRUSWLHSDUDPHWHUV#]LMQ#YRRU#QDIWDOHHQ=#N 4/<:# >G04@/# I4 #3/580
3/<8/#.RP 46<8#>/2NJ@/#HQ#YRRU#IHQDQWUHHQ=#N 4/96#>G04@/# I4 3/6703/<:/#.RP 7:54#>/2NJ@1#'H# OLWHUD0
WXXUZDDUGHQ#YRRU#GH#VRUSWLHSDUDPHWHUV#YDQ#3$.#]LMQ=#N 309/57#>G04@/#I4 3/3:03/<9/#.RP #4:70;568
>/2NJ@1#'H#JHPHWHQ#ZDDUGHQ#YDOOHQ#ELQQHQ#GH#VSUHLGLQJ#YDQ#GH#OLWHUDWXXUZDDUGHQ1

;18# 'H#SURHIORFDWLH

,Q#GH#JURQGPRQVWHUV#+RQGHU#JURQGZDWHUQLYHDX,#YDQ#GH#VLWH#]LMQ#ODJHUH#FRQFHQWUDWLHV#3$.#JHPHWHQ
+PD[LPDDO# 85#PJ2NJ# G1V1,# GDQ# RS# EDVLV# YDQ# GH# DQDO\VHUHVXOWDWHQ# YDQ# GH# YRRUVWXGLH# YHUZDFKW
PRFKWHQ#ZRUGHQ#+FLUFD#533#j#633#PJ2NJ#G1V1,1#'DDUQDDVW#]LMQ#DDQ]LHQOLMNH#JHKDOWHQ#DDQ#PLQHUDOH
ROLH#JHPHWHQ1
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8LW# GH# DDQYXOOHQGH/# EHSHUNWH/# NDUDNWHULVDWLH# EOLMNW# GDW# KHW# JURQGZDWHU# ]RZHO# RS# GH# YHURQWUHLQL0
JLQJVORFDWLH#DOV#LQ#GH#RPJHYLQJ#GDDUYDQ#DQDsURRE#LV1#,Q#GH#YHURQWUHLQLJGH#]RQH#WUHGHQ#EOLMNHQV#GH
DQDO\VHUHVXOWDWHQ# ELRORJLVFKH# VXOIDDWUHGXFWLH/# YHUVWHUNWH# LM]HUUHGXFWLH# HQ# PHWKDDQYRUPLQJ# RS1
9HURQWUHLQLJLQJHQ#ZRUGHQ#GXV#YLD#YHUVFKLOOHQGH#DQDsUREH#SURFHVVHQ#ELRORJLVFK#DIJHEURNHQ1#2S
EDVLV#YDQ#GH#UHVXOWDWHQ#YDQ#GLW#RQGHU]RHN# LV#HFKWHU#QLHW#DDQ# WH#JHYHQ#ZHONH#YHURQWUHLQLJLQJHQ# LQ
GLW#JHYDO#DQDsURRE#DIJHEURNHQ#ZRUGHQ# +ODJHUH#3$./#%7(;#RI#PLQHUDOH#ROLH,1#'H#SRVLWLH#YDQ#GH
YHURQWUHLQLJLQJ#PHW#PLQHUDOH#ROLH#NRPW#RYHUHHQ#PHW#GH#KRRJVWH#PHWKDDQSURGXFWLH#HQ#GH# ODDJVWH
]XXUVWRIFRQFHQWUDWLH#YDQ#GH# ORFDWLH1#0RJHOLMN# LV#GH#FRQVXPSWLH#YDQ#PLQHUDOH#ROLH#GH#EHODQJULMNVWH
FRPSRQHQW#LQ#KHW#DQDsUREH#DIEUDDNSURFHV1

(U#ZDV#XLWJHJDDQ#YDQ#HHQ#DQDsUREH#NHUQ#+ZDDU#GH#]XXUVWRI#DOV#JHYROJ#YDQ#ELRORJLVFKH#DIEUDDN#LV
YHUEUXLNW,#HQ#HHQ#DsUREH#SOXLP/#ZDDU#PHW#QDPH#DDQ#GH#UDQGHQ#]XXUVWRI#DDQZH]LJ# LV1#'H]H#DDQ0
QDPH#VWURRNW#QLHW#PHW#GH#PHHWJHJHYHQV1

;19# 1DWXXUOLMNH#DIEUDDN#HQ#ULVLFREHRRUGHOLQJ

1DWXXUOLMNH#DIEUDDN#KHHIW# WRW#JHYROJ#GDW#HHQ#GHHO#YDQ#GH#YHURQWUHLQLJLQJ#ZRUGW#DIJHEURNHQ/#PDDU
KHHIW#JHHQ# LQYORHG#RS#GH#YHUVSUHLGLQJVVQHOKHLG1#'RRU#GH#DIEUDDN#ZRUGW#HHQ#YHLOLJH# ULVLFRZDDUGH
HHUGHU#EHUHLNW/#]RGDW#SHU#VDOGR#HHQ#JHULQJHUH#YHUVSUHLGLQJ#YDQ#HHQ#YHURQWUHLQLJLQJVFRQWRXU#+,#RI#6,
]DO#RSWUHGHQ1

%HODQJULMNH#SDUDPHWHUV#LQ#GLW#YHUEDQG#]LMQ=
0# HHUVWH#RUGH#DIEUDDNVQHOKHLG# +DIQDPH# YDQ#GH]H# SDUDPHWHU# EHWHNHQW#PLQGHU# DIEUDDN# HQ# HHQ

JURWHUH#YHUVSUHLGLQJ,>
0# VRUSWLHFRsIILFLsQW#+YHUKRJLQJ#YDQ#GH]H#ZDDUGH#UHVXOWHHUW#LQ#PLQGHU#YHUVSUHLGLQJ,>
0# RUJDQLVFKH#VWRIJHKDOWH#YDQ#GH#JURQG#+HHQ#KRJHU#JHKDOWH#RUJDQLVFK#PDWHULDDO# OHLGW# WRW#PLQGHU

YHUVSUHLGLQJ,1

8LW# LQGLFDWLHYH# YHUVSUHLGLQJVEHUHNHQLQJHQ# EOLMNW# GDW# ELM# DIZH]LJKHLG# YDQ# ELRORJLVFKH# DIEUDDN# GH
YHUSODDWVLQJ#YRRU#QDIWDOHHQ#LQ#43#MDDU#YDULHHUW#WXVVHQ#</9#HQ#:6#P1#0HW#HHUVWH#RUGH#DIEUDDN#+ODDJ0
VWH#OLWHUDWXXUZDDUGH,#LV#LQ#43#MDDU#FLUFD#HHQ#NZDUW#YDQ#GH#QDIWDOHHQ#YHUZLMGHUG1
9RRU#IHQDQWUHHQ#LV#GH#YHUSODDWVLQJ#LQ#43#MDDU#PD[LPDDO#8/9#P1

+HW#JHEUXLNWH#PRGHO#LV#LQ#RQGHUKDYLJ#SURMHFWGHHO#+IDVH#4,#HFKWHU#QRJ#QLHW#JHYDOLGHHUG#YRRU#3$.1

,Q#GLH#VLWXDWLHV#ZDDULQ#WKDQV#RS#EDVLV#YDQ#YHUVSUHLGLQJ#YDQ#GH#ODJHUH#3$.#VSUDNH#LV#YDQ#XUJHQWLH/
LV#KHW#GHQNEDDU#GDW/#PLWV#GH#RPVWDQGLJKHGHQ#JHVFKLNW#]LMQ/#QDWXXUOLMNH#DIEUDDN#OHLGW#WRW#HHQ#ODJHUH
XUJHQWLH1#'H#JHJHYHQV#YDQ#GLW#RQGHU]RHN#WRQHQ#DDQ#GDW#HU#HHQ#DDQWDO#IDFWRUHQ#YDQ#JURRW#EHODQJ#LV
YRRU#GH#ELRORJLVFKH#DIEUDDN#YDQ#3$.1
*XQVWLJH#RPVWDQGLJKHGHQ#]LMQ=
0# DsURRE>
0# YROGRHQGH#DDQYRHU#YDQ#]XXUVWRI>
0# YROGRHQGH#DDQZH]LJKHLG#YDQ#QXWULsQWHQ1

0LQGHU#JXQVWLJH#IDFWRUHQ#]LMQ=
0# ODJH#FRQFHQWUDWLH#3$.>
0# GH#DDQZH]LJKHLG#YDQ#DQGHUH#RUJDQLVFKH#YHURQWUHLQLJLQJHQ>
0# GH#KHWHURJHQLWHLW#YDQ#GH#ERGHP#RI#GH#YHURQWUHLQLJLQJ1

5HFHQWH#VWXGLHV#WRQHQ#DDQ#GDW#RRN#PHW#DQGHUH#PHWKRGHQ#GH#YHUVSUHLGLQJVULVLFR¶V#PLQLPDDO#]LMQ1
(HQ#VWXGLH#QDDU#GH#DIEUDDNFDSDFLWHLW#YDQ#QHPDWRGHQ#YRRU#3$.#WRRQW#DDQ#GDW#GH]H#VWRI#QLHW#ELREH0
VFKLNEDDU# LV# LQ#GH#ERYHQJURQG#+12%,6#<906036,1#1HPDWRGHQ#NXQQHQ#QLHW#ZRUGHQ# LQJH]HW# LQ#HHQ
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DQDsURRE#PLOLHX1#0RPHQWHHO#ZRUGW# HHQ# KDQGOHLGLQJ# RQWZLNNHOG# YRRU# GH# EHVOXLWYRUPLQJ# RYHU# GH
WRHSDVVLQJ#YDQ#LQ0VLWX#ELRORJLVFKH#DIEUDDN#DOV#VDQHULQJVYDULDQW#+12%,6#<;04054,1

;1:# $DQEHYHOLQJHQ

2PGDW# GH# RQGHU]RHNVORFDWLH# DFKWHUDI# QLHW# JHVFKLNW# EOHHN# +DQDsURRE# LQ# SODDWV# YDQ# DsURRE/# HQ
PHHUGHUH#YHURQWUHLQLJHQGH#VWRIIHQ,/# LV#KHW#UDDG]DDP#ELM#GHUJHOLMN#RQGHU]RHN#YRRUWDDQ#YRRUDI#RRN
HHQ#EHSHUNWH#NDUDNWHULVDWLH#YDQ#GH#+UHGR[,RPVWDQGLJKHGHQ#LQ#GH#RPJHYLQJ#YDQ#GH#VLWH#WH#GRHQ#HQ
PHHU#DDQGDFKW#WH#EHVWHGHQ#DDQ#YHURQWUHLQLJLQJHQ#ZHONH#GH#RQGHU]RHNVUHVXOWDWHQ#PRJHOLMN#QHJD0
WLHI#NXQQHQ#EHwQYORHGHQ1#$OV#JHVFKLNWH#ORFDWLHV#YDOW#WH#GHQNHQ#DDQ#FUHRVRWHHUEHGULMYHQ#RI#HYHQWX0
HHO#DVIDOWHHUEHGULMYHQ1

2S#EDVLV#YDQ#GH#EHYLQGLQJHQ#YDQ# IDVH#4# OLJW#KHW#YRRUDOVQRJ#QLHW# LQ#GH# UHGH# IDVH#5#HQ#6#YDQ#KHW
SURMHFW#XLW#WH#YRHUHQ1

9RRU#GH#EHSHUNLQJ#YDQ#GH#+YHUGHUH,#YHUVSUHLGLQJ#HQ#GH#DIQDPH#YDQ#GH#YXLOYUDFKW#LV#KHW#VWLPXOHUHQ
YDQ#GH#QDWXXUOLMNH#DIEUDDN#PLGGHOV#]XXUVWRILQMHFWLH#HQ2RI#QXWULsQWHQ#HHQ#LQWHUHVVDQWH#RSWLH/#DDQJH0
]LHQ# LQ#RQGHUKDYLJH#VWXGLH#VWHUNH#DDQZLM]LQJHQ#]LMQ#JHYRQGHQ#YRRU#GH#DDQZH]LJKHLG#YDQ#DsUREH
3$.0DIEUHNHUV1
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$).257,1*(1

$6;4 DEVRUSWLH#YDQ#OLFKW#PHW#HHQ#JROIOHQJWH#YDQ#6;4#QP

IUDFWLRQHULQJ YHUVFKXLYLQJ#YDQ#GH#G46&# WXVVHQ#XLWJDQJVVWRI#HQ#SURGXFW#ELM#ELRORJLVFKH# WUDQV0
IRUPDWLHSURFHVVHQ

I4 IUDFWLH#HYHQZLFKWVVRUSWLHSODDWVHQ

I5 IUDFWLH#WLMGVDIKDQNHOLMNH#VRUSWLHSODDWVHQ

IRP IUDFWLH#RUJDQLVFK#VWRI

G46& KHW# NRROVWRI46# JHKDOWH# +LQ#Å,# YDQ# HHQ#PRQVWHU# WHQ# RS]LFKWH# YDQ# GDW# LQ# HHQ
VWDQGDDUG#PDWHULDDO

NG VQHOKHLGVFRsIILFLsQW#YRRU#DG0#HQ#GHVRUSWLH#DDQ#WLMGVDIKDQNHOLMNH#VRUSWLHSODDWVHQ

.I )UHXQGOLFK#FRsIILFLsQW

.RP VRUSWLHFRsIILFLsQW#DDQ#RUJDQLVFK#PDWHULDDO

.9( DDQWDO#NRORQLHYRUPHQGH#HHQKHGHQ

Q )UHXQGOLFK#H[SRQHQW
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/,7(5$7885

%D\DUG/#5101/#/1#%DUQD/#%1#0DKMRXE/#51#*RXUGRQ/#+4<<;,#,QYHVWLJDWLRQ#RI#QDSKWKDOHQH#VRUSWLRQ#LQ#VRLOV
DQG#VRLO#IUDFWLRQV#XVLQJ#EDWFK#DQG#FROXPQ#DVVD\V1#(QYLURQP1#7R[LFRO1#&KHP1#4:=#56;6056<31

%RXFKH]#01/#'1#%ODQFKHW/#-131#9DQGHFDVWHHOH#+4<<8,#'HJUDGDWLRQ#RI#SRO\F\FOLF#DURPDWLF#K\GURFDUERQV
E\#SXUH#VWUDLQV#DQG#E\#GHILQHG#VWUDLQ#DVVRFLDWLRQV=#LQKLELWLRQ#SKHQRPHQD#DQG#FRPHWDEROLVP1#$SSO1#0L0
FURELRO1#%LRWHFKQRO1#76=#4890497

&RQUDG#01(1/#31)1#'DOH\/#)LVFKHU#01//#%1%1#%XFKDQDQ/#71#/HLJKWRQ/#01#.DVKJDULDQ#+4<<:,#&RPELQHG
47&#DQG#/46&#PRQLWRULQJ#RI#LQ#VLWX#ELRGHJUDGDWLRQ#RI#SHWUROHXP#K\GURFDUERQV1#(QYLURQP1#6FL1#7HFKQRO1
64+8,=#47960479<1

&RUQHOLVVHQ/#*1/#+4<<<,#0HFKDQLVP#DQG#FRQFHTXHQFHV#RI#VORZ#GHVRUSWLRQ#RI#RUJDQLF#FRPSRXQGV#IRUP
VHGLPHQWV1#3URHIVFKULIW#8Y$/#$PVWHUGDP1

'RGGHPD/#+1-1/#0131#&X\SHUV/#*1'1#'HUNVHQ/# -171&1#*URWHQKXLV/#0131#+DUNHV/# -1#+DUPVHQ/#:1+1
5XONHQV/# +4<<:,# $1-1# =ZHHUV1# .DUDNWHULVHULQJ# YDQ# EDJJHUVSHFLH# YRRU# ELRORJLVFKH# UHLQLJLQJ1# 7120
UDSSRUW#71200(305<:26<<#+LQ#DIURQGLQJ,1

'XUDQW# 11'1/# &1$1$1# -RQNHUV/# /131#:LOVRQ/# DQG# (1-1# %RXZHU# +4<<8,# (QKDQFHG# ELRGHJUDGDWLRQ# RI
QDSKWKDOHQH# LQ#0*3#DTXLIHU#PLFURFRVPV#,Q=#51(1#+LQFKHH/#-171#:LOVRQ/#DQG#'1&1#'RZQH\#+HGV1,# ,Q0
WULQVLF#ELRUHPHGLDWLRQ/#S1#4;<04<9/#%DWWHOOH#3UHVV/#&ROXPEXV/#2+/#86$1

'XUDQW#11'1/#/131#:LOVRQ/#(1-1#%RXZHU/#+4<<8,#PLFURFRVP#VWXGLHV#RI#VXEVXUIDFH#3$+0GHJUDGLQJ#EDF0
WHULD#IURP#D#IRUPHU#PDQXIDFWXUHG#JDV#SODQW1#-1#&RQWDP1#+\GURO1/#4:+6,=#546056:1

'LMNVWUD#)1/#+4<<9,#0RGHOOHULQJ#YDQ#KHW#WUDQVSRUW#YDQ#3$.# LQ#JURQGNRORPPHQ1#'/206WDULQJ#&HQWUXP
,QWHUQH#PHGHGHOLQJ#7931

*LQQ/#-161/#51&1#6LPV/#DQG#31#0XUDUND# +4<<8,# ,Q#VLWX#ELRUHPHGLDWLRQ# +QDWXUDO#DWWHQXDWLRQ,#DW#D#JDV
SODQW#ZDVWH#VLWH# ,Q=#51(1#+LQFKHH/#-171#:LOVRQ/#DQG#'1&1#'RZQH\# +HGV1,# ,QWULQVLF#ELRUHPHGLDWLRQ/#S1
48604951#%DWWHOOH#3UHVV/#&ROXPEXV/#2+/#86$1

+$6.21,1*/#+4<<:,#6HOHFWLH#VLWHV#YRRU#KHW#YDVWVWHOOHQ#YDQ#LQWULQVLHNH#GHJUDGDWLH#YDQ#3$.1#(LQGUDS0
SRUW#YDQ#KHW#YRRURQGHU]RHN#YRRU#12%,6#SURMHFWQU#<906035/#RSGUDFKWQXPPHU#13651

+HLWNDPS#01$1/#-131#)UHHGPDQ/#&1(1#&HUQLJOLD/#+4<;:,#(IIHFWV#RI#FKHPLFDO#VWUXFWXUH#DQG#H[SRVXUH#RQ
WKH#PLFURELDO#GHJUDGDWLRQ#RI#SRO\F\FOLF#DURPDWLF#K\GURFDUERQV# LQ# IUHVKZDWHU#DQG#HVWXDULQH#HFRV\V0
WHPV1#(QYLURQPHQWDO#7R[LFRORJ\#)#&KHPLVWU\#9=#8680879

+XDQJ/#:1/1/#+1#<X/#:1-1#:HEHU/#+4<<;,#+\VWHUHVLV#LQ#WKH#VRUSWLRQ#DQG#GHVRUSWLRQ#RI#K\GURSKRELF#RU0
JDQLF#FRQWDPLQDQWV#E\#VRLOV#DQG#VHGLPHQWV#0#41#$#FRPSDUDWLYH#DQDO\VLV#RI#H[SHULPHQWDO#SURWRFROV1#-1
&RQWDP1#+\GURO1/#64=#45<047;1

.DVWQHU/#01/#01#%UHXHUMDPPDOL/#%1#0DKUR/# +4<<7,#(QXPHUDWLRQ#DQG# FKDUDFWHUL]DWLRQ#RI# WKH# VRLO#PL0
FURIORUD#IURP#K\GURFDUERQ0FRQWDPLQDWHG#VRLO#VLWHV#DEOH#WR#PLQHUDOL]H#SRO\F\FOLF#DURPDWLF#K\GURFDUERQV
+3$+,#$SSO1#0LFURELRO1#%LRWHFKQRO1#74=#59:05:6
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/DQGPH\HU#-1(1/#)1+1#&KDSHOOH/#01'1#3HWNHZLFK/#3101#%UDGOH\#+4<<;,#$VVHVVPHQW#RI#QDWXUDO#DWWHQXD0
WLRQ#RI#DURPDWLF#K\GURFDUERQV#LQ#JURXQGZDWHU#QHDU#D#IRUPHU#PDQXIDFWXUHG0JDV#SODQW/#6RXWK#&DUROLQD/
86$1#(QYLURQPHQWDO#*HRORJ\#67+7,=#5:<05<51

0DF5DH#-1'1/#.1-1#+DOO/#+4<<;,#%LRGHJUDGDWLRQ#RI#3RO\F\FOLF#$URPDWLF#+\GURFDUERQV#+3$+,#LQ#PDULQH
VHGLPHQW#XQGHU#GHQLWULI\LQJ#FRQGLWLRQV1#:DWHU#6FLHQFH#)#7HFKQRORJ\#6;+44,=#4::04;81

0H\HU/#+#+4<<:,1#3HUVRRQOLMNH#FRPPXQLFDWLH#ELM#KHW#&HQWUXP#YRRU# ,VRWRSHQRQGHU]RHN/#5LMNVXQLYHUVL0
WHLW#*URQLQJHQ

1LHOVHQ#31+1/#31/1#%MHUJ/#31#1LHOVHQ/#31#6PLWK/#71+1#&KULVWHQVHQ/#+4<<9,#,Q#VLWX#DQG#ODERUDWRU\#GHWHUPL0
QHG#ILUVW0RUGHU#GHJUDGDWLRQ#UDWH#FRQVWDQWV#RI#VSHFLILF#RUJDQLF#FRPSRXQGV# LQ#DQ#DsURELF#DTXLIHU1#(QYL0
URQP1#6FL1#7HFKQRO1#63+4,=#6406:1

1LSVKDJHQ/#$1$101/#61:1#0ROHQDDU/#&1'1#%DNNHU/#$1$101#/DQJHQKRII/#(1&1/1#0DUQHWWH/#)1#9RONHULQJ/
(1# WHQ# %UXPPHOHU/# +5334,# $QDHUREH# DIEUDDN# YDQ# %7(;# RS# ORFDWLHV# 6ORFKWHUHQ# HQ# 6FKRRQHEHHN
43:23,70SURMHFW# µ3XVK0SXOO¶=#3XVK0SXOO# H[SHULPHQWHQ/#PRGHOOHULQJ/# UDGLRDFWLHYH# LVRWRSHQIUDFWLRQHULQJ
HQ#EDWFKH[SHULPHQWHQ/#(LQGUDSSRUW/#&85212%,6/#*RXGD/#UDSSRUWQXPPHU#<8040762<936<1

2VWp#/1/# +4<<7,#%HWURXZEDDUKHLG#YDQ#KHW# WUDQVSRUW#YDQ#3$.# LQ#JURQGNRORPPHQ1#'/206WDULQJ#&HQ0
WUXP#,QWHUQH#PHGHGHOLQJ#5<81

3DUNHU/#-1&1/#DQG#017K1#YDQ#*HQXFKWHQ/#+4<;7,#'HWHUPLQLQJ#WUDQVSRUW#SDUDPHWHUV#IURP#ODERUDWRU\#DQG
ILHOG#WUDFHU#H[SHULPHQWV1#9LUJLQLD#$JULFXOWXUDO#([SHULPHQW#6WDWLRQ/#%XOOHWLQ#;7061

3DV/#/1-171#YDQ#GHU/#%HSDOLQJ#YDQ#DGVRUSWLH#YDQ#RUJDQLVFKH#PLFUR0YHURQWUHLQLJLQJHQ#LQ#ERGHPPDWHUL0
DDO#HQ#VOLE#PHW#GH#VOXUU\PHWKRGH#HQ#EHVFKULMYLQJ#YDQ#GH#DGVRUSWLH#PHW#GH#)UHXQGOLFK# YHUJHOLMNLQJ/
6:903384#+LQWHUQH#SXEOLNDWLH#LQ#KHW#NDGHU#YDQ#KHW#NZDOLWHLWVV\VWHHP/#FRQFHSW,

3LDWW/# -1-1/#'1$1#%DFNKXV/#31'1#&DSHO/#61-1#(LVHQUHLFK/# +4<<9,# 7HPSHUDWXUH0GHSHQGHQW# VRUSWLRQ# RI
QDSKWKDOHQH/# SKHQDQWKUHQH# DQG# S\URQH# WR# ORZ# RUJDQLF# FDUERQ# DTXLIHU# VHGLPHQWV1# (QYLURQP1# 6FL1
7HFKQRO1#63=#:840:93

5LIDL/#+161/#%RUGHQ/#51&1/#:LOVRQ/#-171/#:DUG/#&1+1/#+4<<8,#,QWULQVLF#ELRDWWHQXDWLRQ#IRU#VXEVXUIDFH#UHV0
WRUDWLRQ1#,Q=#51(1#+LQFKHH/#-171#:LOVRQ/#DQG#'1&1#'RZQH\#+HGV1,#,QWULQVLF#ELRUHPHGLDWLRQ/405<1#%DWWHOOH
3UHVV/#&ROXPEXV/#2+/#86$1

5RFNQH#.1-1#61(1#6WUDQG/#+4<<;,#%LRGHJUDGDWLRQ#RI#ELF\FOLF#DQG#SRO\F\FOLF#DURPDWLF#K\GURFDUERQV# LQ
DQDsURELF#HQULFKPHQWV1#(QYLURQP1#6FL1#7HFKQRO1#65+57,=#6<9506<9:1

6KLDULV#0131#+4<;<,#6HDVRQDO#ELRWUDQVIRUPDWLRQ#RI#QDSKWKDOHQH/#SKHQDQWKUHQH/#DQG#EHQ]R>D@S\UHQH#LQ
VXUILFLDO#HVWXDULQH#VHGLPHQWV1#$SSOLHG#DQG#(QYLURQPHQWDO#0LFURELRORJ\##88=#46<4046<<

6WDXIIHU#71%1/#&131#$QWZRUWK/#01-1#0RJJV/#:1*1#0DF,QW\UH/#+4<<7,#$#QDWXUDO#JUDGLHQW#WUDFHU#H[SHULPHQW
LQ#D#KHWHURJHQHRXV#DTXLIHU#ZLWK#PHDVXUHG#LQ#VLWX#ELRGHJUDGDWLRQ#UDWHV=#D#FDVH#IRU#QDWXUDO#DWWHQXDWLRQ1
6\PSRVLXP#RQ#QDWXUDO#DWWHQXDWLRQ#RI#JURXQGZDWHU1#(3$2933250<72495

7KLHUULQ/#-1/#*1%1#'DYLV/#&1#%DUEHU/#%101#3DWWHUVRQ/#)1#3ULEDF/#7151#3RZHU/#01#/DPEHUW/#+4<<6,#1DWXUDO
GHJUDGDWLRQ# UDWHV#RI#%7(;#FRPSRXQGV#DQG#QDSKWKDOHQH# LQ#D#VXOSKDWH# UHGXFLQJ#JURXQGZDWHU#HQYL0
URQPHQW1#+\GURORJLFDO#6FLHQFHV#-RXUQDO#6;=#63<06551
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9HOGH/#.1'1#YDQ#GH/#01&1#0DUOH\/#-1#6WXGHU/#'101#:DJQHU/#+4<<8,#6WDEOH#FDUERQ# LVRWRSH#DQDO\VLV# WR
YHULI\#ELRUHPHGLDWLRQ#DQG#ELRDWWHQXDWLRQ1#,Q=#+LQFKHH#5(/#'RXJODV#*6/#2QJ#6.#+HGV1,#0RQLWRULQJ#DQG
YHULILFDWLRQ#RI#ELRUHPHGLDWLRQ1#%DWWHOOH#3UHVV/#&ROXPEXV#2+/#86$

9RONHULQJ/#)1/# +4<<9,#%LRDYDLODELOLW\#DQG#ELRGHJUDGDWLRQ#RI#SRO\F\FOLF#DURPDWLF#K\GURFDUERQV/#3URHI0
VFKULIW#/8:/#:DJHQLQJHQ/#4:4#SS1

:HDVW#51&1/#'151#/LGH/#01-1#$VWOH/#:1+1#%H\HU/#+4<;<,#+DQGERRN#RI#FKHPLVWU\#DQG#SK\VLFV/#:3WK#HGLWL0
RQ1#&5&#3UHVV#,QF1/#%RFD#5DWRQ/#)//#86$1

:HEHU/#:1-1/#:1/1#+XDQJ/#+4<<9,#$#GLVWULEXWHG#UHDFWLYLW\#PRGHO#IRU#VRUSWLRQ#E\#VRLOV#DQG#VHGLPHQWV1#71
,QWUDSDUWLFOH#KHWHURJHQHLW\#DQG#SKDVH0GLVWULEXWLRQ#UHODWLRQVKLSV#XQGHU#QRQHTXLOLEULXP#FRQGLWLRQV1#(QYL0
URQP1#6FL1#7HFKQRO1#63=#;;40;;;1

:HLW]#$101/#'1#%RHOV/#+1-1-1#:LHJJHUV/#-1-1#(YHUV09HUPHHU/# +4<<7,#7RHSDVVLQJVPRJHOLMNKHGHQ#YDQ
75,623/$67#YRRU#GH#DIGLFKWLQJ#YDQ#DIYDO0#HQ# UHVWVWRIIHQEHUJLQJHQ1#'/206WDULQJ#&HQWUXP#5DSSRUW
QXPPHU#6331

:LOOLDPVRQ/#'1*1/#51&1#/RHKU/#<1#.LPXUD/# +4<<;,#5HOHDVH#RI#FKHPLFDOV# IURP#FRQWDPLQDWHG#VRLOV1#-1
6RLO#&RQWDP1#:=#876088;1

;LD/#*1#DQG#:131#%DOO/#+4<<<,#$GVRUSWLRQ0SDUWLWLRQLQJ#XSWDNH#RI#QLQH#ORZ0SRODULW\#RUJDQLF#FKHPLFDOV#RQ
D#QDWXUDO#VRUEHQW1#(QYLURQP1#6FL1#7HFKQRO1#5=#595059<1

2YHULJH#OLWHUDWXXU

$JJDUZDO#31.1/#01(1#)XOOHU/#0101#*XUJDV/#-1)1#0DQQLQJ/#01$1#'LOORQ#+4<<:,#8VH#RI#VWDEOH#R[\JHQ
DQG#FDUERQ# LVRWRSH#DQDO\VHV# IRU#PRQLWRULQJ# WKH#SDWKZD\V#DQG# UDWHV#RI# LQWULQVLF#DQG#HQKDQFHG# LQ
VLWX#ELRGHJUDGDWLRQ1#(QYLURQP1#6FL1#7HFKQRO1#64+5,=#8<308<91

%RHVWHQ/#-1-171,1/#$101$1#YDQ#GHU#/LQGHQ/#+4<<4,#0RGHOLQJ#WKH#LQIOXHQFH#RI#VRUSWLRQ#DQG#WUDQVIRUPDWLRQ
RQ#SHVWLFLGH#OHDFKLQJ#DQG#SHUVLVWHQFH/#-1#(QYLURQ1#4XDO1/#53=#75807681

%UHXNLQN#&101/#31#'RHOPDQ/#$10171#%RQJHUV/#+1#.HLGHO/#&1#YDQ#GHU#*XFKWH/#31:101#YDQ#0XOOH0
NRP/#7K1#(GHOPDQ/#-1$11101#+HHUVFKH1#5LVLFR0LQVFKDWWLQJ#YDQ#3$.0JURQGHQ#PHW#EHKXOS#YDQ#QH0
PDWRGHQ1#12%,6#SURMHFW#<906036

*HQXFKWHQ/#01#7K1#YDQ/#31-1#:LHUHQJD/#+4<:7,#6LPXODWLRQ#RI#RQH0GLPHQVLRQDO#VROXWH#WUDQVIHU#LQ#SRURXV
PHGLD/#1HZ#0H[LFR#6WDWH#8QLYHUVLW\*V#$JULFXOWXUDO#([SHULPHQWDO#6WDWLRQ#%XOOHWLQ#95;/#/DV#&UXFHV/#1HZ
0H[LFR/#73#SS1

-DFNVRQ#$1:1/#-1+1#3DUGXH/#51#$UDXMR/#+4<<9,#0RQLWRULQJ#FUXGH#RLO#PLQHUDOL]DWLRQ#LQ#VDOW#PDUVKHV=#8VH
RI#VWDEOH#FDUERQ#LVRWRSH#UDWLRV1#(QYLURQP1#6FL1#7HFKQRO1#63=#446<044771

/DQGPH\HU#-1(1/#'1$1#9UREOHVN\/#)1+1#&KDSHOOH/#+4<<9,#6WDEOH#FDUERQ# LVRWRSH#HYLGHQFH#RI#ELRGHJUD0
GDWLRQ#]RQDWLRQ#LQ#D#VKDOORZ#MHW0IXHO#FRQWDPLQDWHG#DTXLIHU1#(QYLURQP1#6FL1#7HFKQRO1#63=#44530445;

6LQNH#$1-1&1/#71-1#+HLPRYDDUD/#+1#7RQQDHU1#%HVOLVVLQJVRQGHUVWHXQHQG#PRGHO#QDWXXUOLMNH#DIEUDDN/
IDVH#51#12%,6#SURMHFW#<;04054
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6XFKRPHO#.1+1/#'1.1#.UHDPHU/#$1#/RQJ/#+4<<3,#3URGXFWRQ#DQG#WUDQVSRUW#RI#FDUERQ#GLR[LGH#LQ#D#FRQWD0
PLQDWHG#YDGRVH#]RQH=#D# VWDEOH#DQG# UDGLRDFWLYH# FDUERQ# LVRWRSH# VWXG\1#(QYLURQP1#6FL1#7HFKQRO1# 57=
4;5704;64

6\PRQV#%1'1/#51#/LQNHQKHLO/#'1#3ULWFKDUG/#&1$1#6KDQNH/#DQG#'1#6HHS/#+4<<8,#LQ#VLWX#JURXQGZDWHU#DH0
UDWLRQ#RI#SRO\F\FOLF#DURPDWLF#K\GURFDUERQV1#,Q=#51(1#+LQFKHH/#5111#0LOOHU/#DQG#31&1#-RKQVRQ#+HGV1,# LQ
VLWX#DHUDWLRQ=#DLU#VSDUJLQJ/#ELRYHQWLQJ/#DQG#UHODWHG#UHPHGLDWLRQ#SURFHVVHV/#S1#844084;/#%DWWHOOH#3UHVV/
&ROXPEXV#2+/#86$1

=LQN#*1#DQG#.1(1#/RUEHU/#+4<<8,#0DVV#VSHFWUDO#LGHQWLILFDWLRQ#RI#PHWDEROLWHV#IRUPHG#E\#PLFURELDO#GHJUD0
GDWLRQ#RI#SRO\F\FOLF#DURPDWLF#K\GURFDUERQV#+3$+,1#&KHPRVSKHUH#64=#73::073;7
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0HWKRGH#4=#$DQWRQHQ#3$.0DIEUHNHQGH#RUJDQLVPHQ

3ULQFLSH
0LFUR0RUJDQLVPHQ#GLH#LQ#VWDDW#]LMQ#RQGHU#DsUREH#FRQGLWLHV#3$.#DOV#EURQ#YDQ#NRROVWRI#HQ#HQHUJLH#WH
JHEUXLNHQ#ZRUGHQ#DDQJHWRRQG#GRRU#YHUVFKLOOHQGH#YHUGXQQLQJHQ#YDQ#JURQGZDWHUPRQVWHUV#RI#VXV0
SHQVLHV#YDQ#JURQGPRQVWHUV#RS#DJDUSODWHQ#DI# WH#VWULMNHQ#HQ#ELM# LQFXEDWLH#QDIWDOHHQ#DOV# VXEVWUDDW
DDQ#WH#ELHGHQ1##'RRU#GH#QDIWDOHHQ#YLD#GH#JDVIDVH#WRH#WH#GLHQHQ#ZRUGHQ#KHW#JHEUXLN#YDQ#KRJH#FRQ0
FHQWUDWLHV#LQ#GH#ZDWHUIDVH#YHUPHGHQ#+WR[LFLWHLW,1#1D#47#GDJHQ#ZRUGW#GH#JURHL#EHRRUGHHOG#GRRU#KHW
WHOOHQ#YDQ#NRORQLHV#RS#GH#SODWHQ1#+HW# UHVXOWDDW#YDQ#HHQ#GHUJHOLMNH# WHVW# LV#KHW#DDQWDO#NRORQLHYRU0
PHQGH#HHQKHGHQ#+.9(,#SHU#JUDP#JURQG#RI#PO#JURQGZDWHU1#2P# WH# WHVWHQ#RI#HU#JURHL#RS#DJDU#RS0
WUHHGW#ZRUGHQ#EODQFR*V#]RQGHU#QDIWDOHHQ#LQJH]HW1#'H]H#PHWKRGH#PRHW#ZRUGHQ#JH]LHQ#DOV#HHQ#OLFKW
DDQJHSDVWH#YRUP#YDQ#EHVWDDQGH#PHWKRGHQ1

8LWYRHULQJ#HQ#FRQGLWLHV
*URQGZDWHU
*URQGZDWHUPRQVWHUV#ZRUGHQ#YHUGXQG#GRRU#4#PO#PRQVWHU#WRH#WH#YRHJHQ#DDQ#<<#PO#YDQ#GH#VWHULHOH
JHEXIIHUGH#]RXWRSORVVLQJ# +YHUGXQQLQJ#4305,1#'LW#ZRUGW#KHUKDDOG# +YHUGXQQLQJ#4307,1# ,Q#GXSOR#ZRUGW
314#HQ#413#PO#XLW#GH#YHUGXQGH#RSORVVLQJHQ#RS#VWHULHOH#DJDUSODWHQ#PLQHUDDO#PHGLXP#JHSLSHWWHHUG
HQ#YHUVSUHLG#RYHU#GH#DJDUSODWHQ#PHW#HHQ#VWHULHOH#VSDWHO1#9HUYROJHQV#ZRUGHQ#GH#SODWHQ#RYHUQDFKW
ELM#NDPHUWHPSHUDWXXU#JHGURRJG1#'H#KHOIW#YDQ#SODWHQ#ZRUGW#ELM#53�&# LQ#HHQ#H[VLFFDWRU#ZDDULQ#GH
JDVIDVH#LV#YHU]DGLJG#PHW#QDIWDOHHQ#GRRU#GH#DDQZH]LJKHLG#YDQ#FLUFD#43#J#QDIWDOHHQNULVWDOOHQ#JHwQ0
FXEHHUG1#'H#RYHULJH#SODWHQ#ZRUGHQ#ELM#53�&#JHwQFXEHHUG#LQ#DIZH]LJKHLG#YDQ#QDIWDOHHQ1

*URQG
9RRU#JURQG#ZRUGHQ#PRQVWHUV#YDQ#43#J#QDWJHZLFKW#JHGXUHQGH#63#PLQ1#JHVFKXG#PHW#433#PO#YDQ#GH
JHEXIIHUGH# ]RXWRSORVVLQJ1# +LHUXLW# ZRUGHQ# ]RDOV# ERYHQ# EHVFKUHYHQ# YRRU# GH# ZDWHUPRQVWHUV/# LQ
VWDSSHQ#YDQ#4305/#YHUGXQQLQJHQ#WRW#4309#JHPDDNW1#,Q#GXSOR#ZRUGW#314#PO#HQ#413#PO#XLW#GH#YHUGXQ0
QLQJHQ#4307#HQ#4309#RS#DJDUSODWHQ#JHSLSHWWHHUG#HQ#YHUVSUHLG#RYHU#GH#SODWHQ#PHW#HHQ#VWHULHOH#VSD0
WHO1#9HUGHUH#EHKDQGHOLQJ#JHOLMN#DDQ#JURQGZDWHUPRQVWHUV1

%HRRUGHOLQJ
1D#5#ZHNHQ# LQFXEDWLH#ZRUGHQ#GH#SODWHQ#EHRRUGHHOG#GRRU#KHW# WHOOHQ#YDQ#NRORQLHV#RS#SODWHQ#ZDDU
WXVVHQ#GH#53#HQ#533#NRORQLHV#DDQZH]LJ#]LMQ1#+HW#DDQWDO#NRORQLHYRUPHQGH#HHQKHGHQ#ZRUGW#EHUH0
NHQG#GRRU#KHW#DDQWDO#NRORQLHV#RS#GH#SODDW#WH#GHOHQ#GRRU#GH#YHUGXQQLQJ#HQ#KLHUYDQ#KHW#JHPLGGHOGH
WH#QHPHQ1#+HW#DDQWDO#.9(#YDQ#QDIWDOHHQ0DIEUHNHUV#ZRUGW#EHUHNHQG#GRRU#KHW#JHPLGGHOGH#YDQ#GH
SODWHQ#PHW#QDIWDOHHQ#WH#YHUPLQGHUHQ#PHW#KHW#DDQWDO#.9(#ELM#LQFXEDWLH#]RQGHU#QDIWDOHHQ1

:DQQHHU#RS#GH#SODWHQ#QD#WZHH#ZHNHQ#QRJ#JHHQ#GXLGHOLMNH#NRORQLH0YRUPLQJ#LV#RSJHWUHGHQ/#PRHWHQ
GH#SODWHQ#RS#W# #6#ZHNHQ#HQ#W# #7#ZHNHQ#QRJPDDOV#EHRRUGHHOG#ZRUGHQ1#:DQQHHU#QD#7#ZHNHQ#QRJ
JHHQ# JURHL# LV# RSJHWUHGHQ/# NDQ# HUYDQ# ZRUGHQ# XLWJHJDDQ# GDW# LQ# KHW# PRQVWHU# JHHQ# QDIWDOHHQ0
DIEUHNHQGH#RUJDQLVPHQ#DDQZH]LJ#ZDUHQ1

&ULWHULXP
'H# DDQZH]LJKHLG# YDQ# 3$.0DIEUHNHUV#ZRUGW# JHDFKW# DDQJHWRRQG# WH# ]LMQ# ELM# HHQ# YHUVFKLO# WXVVHQ
PRQVWHU#HQ#EODQFR#+DOOHHQ#DJDU,#YDQ#PLQLPDDO#436#.9(2J#JURQG#RI#435#.9(2PO#JURQGZDWHU1

6SHFLILFLWHLW
2P#SUDNWLVFKH#UHGHQHQ#ZRUGW#QDIWDOHHQ#JHEUXLNW#DOV#VXEVWUDDW1#+RJHUH#3$.#]LMQ#WH#ZHLQLJ#YOXFKWLJ
RI#RSORVEDDU#RP#GXLGHOLMNH#NRORQLHJURHL#RS#DJDUSODWHQ#PRJHOLMN# WH#PDNHQ1#2PGDW#GH#DIEUDDNURX0
WHV#YDQ#GH#YHUVFKLOOHQGH#3$.#VWHUN#YHUJHOLMNEDDU#]LMQ# >9RONHULQJ/#4<<9@#HQ#RPGDW#QDIWDOHHQ#ppQ
YDQ#GH#EHVW#DIEUHHNEDUH#3$.# LV#%RXFKH]#HW#DO1/#4<<8@/# LV#KHW#DDQQHPHOLMN#GDW#GH#PHHVWH#3$.0



DIEUHNHQGH# PLFUR0RUJDQLVPHQ# RS# QDIWDOHHQ# JURHLHQ1# 'H# DDQZH]LJKHLG# YDQ# DsUREH# QDIWDOHHQ0
DIEUHNHQGH#PLFUR0RUJDQLVPHQ# LV# GLUHFW# EHZLMV# GDW# HU# DsUREH# 3$.0DIEUHNHQGH# FDSDFLWHLW# LQ# KHW
PRQVWHU#DDQZH]LJ#LV1

0HWKRGH#5=#$sUREH#DURPDWHQ0RP]HWWHQGH#DFWLYLWHLW

3ULQFLSH
'H# DDQZH]LJKHLG# YDQ# DsUREH# DURPDWHQ0RP]HWWHQGH# DFWLYLWHLW# LQ# JURQG# HQ# JURQGZDWHUPRQVWHUV
ZRUGW#EHRRUGHHOG#GRRU#KHW#EHSDOHQ#YDQ#GH#RP]HWWLQJVVQHOKHLG#YDQ#FDWHFKRO# +4/5#GLK\GUR[\EHQ0
]HHQ,/#HHQ#WXVVHQSURGXFW#ELM#GH#DIEUDDN#YDQ#3$.1#%LM# LQFXEDWLH#YDQ#3$.0DIEUHNHQGH#RUJDQLVPHQ
PHW#FDWHFKRO#YLQGW#HHQ#VQHOOH#RP]HWWLQJ# WRW#50K\GUR[\PXFRQ]XXU#VHPL0DOGHK\GH#SODDWV/#HHQ#YHU0
ELQGLQJ#PHW#HHQ#NHQPHUNHQGH#JHOH#NOHXU#+VWHUNH#DEVRUSWLH#YDQ# OLFKW#PHW#HHQ#JROIOHQJWH#YDQ#6;4
QP,1#2P#HYHQWXHOH#DELRWLVFKH#UHDFWLHV#XLW#WH#NXQQHQ#VOXLWHQ#ZRUGHQ#JHILOWUHHUGH#HQ#YHUKLWWH#+JHVWH0
ULOLVHHUGH,#EODQFR*V#JHEUXLNW1

9RRUEHUHLGLQJ
9RRU#JURQGZDWHUPRQVWHUV#ZRUGW#433#PO#JURQGZDWHU#WRHJHYRHJG#DDQ#5830PO#HUOHQPH\HUV#PHW#43
PO#EXIIHURSORVVLQJ1#9HUYROJHQV#ZRUGW#JHGXUHQGH# 7#K#JHVFKXG# +483# USP,#ELM# NDPHUWHPSHUDWXXU1
9RRU#GH#DFWLYLWHLWVEHSDOLQJ#DDQ#JURQGPRQVWHUV#ZRUGW#43#J#JURQG# LQ#HHQ#5830PO#HUOHQPH\HU#PHW
433#PO#JHEXIIHUGH#]RXWRSORVVLQJ#JHEUDFKW1#2RN#GH]H#ZRUGHQ#JHGXUHQGH#7#K#ELM#NDPHUWHPSHUDWXXU
JHVFKXG1#'H#JURQGVXVSHQVLHV#ZRUGHQ#4#K#YRRU#GH#DFWLYLWHLWVEHSDOLQJ#VWLOJH]HW#RP# WH#NXQQHQ#EH0
]LQNHQ1#9DQ#GH#PRQVWHUV#ZRUGW#6#PO#YDQ#GH#PRQVWHUV#LQ#UHDJHHUEXL]HQ#JHEUDFKW1#(U#]LMQ#WZHH#PD0
QLHUHQ#RP#YDQ#DELRWLVFKH#EODQFR*V#JHEUXLN#WH#PDNHQ># ILOWUDWLH#RYHU#HHQ#3178#PP# ILOWHU#HQ#YHUKLWWHQ
WRW#433#�&#JHGXUHQGH#48#PLQ1

$FWLYLWHLWVEHSDOLQJ
3HU#PRQVWHU#ZRUGW#HHQ#DFWLYLWHLWVPHWLQJ#JHGDDQ#DDQ#GH#RQEHKDQGHOGH/#GH#JHNRRNWH#HQ#GH#JHILO0
WUHHUGH#YORHLVWRI1#3ODDWV#KLHUWRH#HHQ#FXYHW#PHW#6#PO#YORHLVWRI#LQ#HHQ#VSHFWURIRWRPHWHU#HQ#EHSDDO#GH
DEVRUSWLH#ELM#6;4#QP#+$6;4,1# ,QGLHQ#GH#DEVRUSWLH#KRJHU#GDQ#318# LV#GLHQW#KHW#PRQVWHU#]RGDQLJ#YHU0
GXQG#WH#ZRUGHQ#GDW#GH#DEVRUSWLH#ODJHU#ZRUGW#318#LV1#9RHJ#DDQ#KHW#PRQVWHU#YHUYROJHQV#315#PO#YDQ
GH#4#J2/#FDWHFKRO0RSORVVLQJ#WRH#HQ#YROJ#GH#$6;4#JHGXUHQGH#63#PLQXWHQ>#GRH#KHW]HOIGH#YRRU#GH#DEL0
RWLVFKH#EODQFR1#8LW#GH#WRHQDPH#YDQ#GH#$6;4#NDQ#GH#FDWHFKRORP]HWWLQJ#ZRUGHQ#EHUHNHQG#YROJHQV
RQGHUVWDDQGH#IRUPXOH=

DFWLYLWHLW# #'#$6;4269-4306#+PPRO2/1PLQ,

ZDDUELM#GH#'#$6;4#GH#WRHQDPH#YDQ#GH#$6;4#LQ#H[WLQFWLH0HHQKHGHQ#SHU#PLQXXW#LV1#9RRU#JURQGPRQVWHUV
PRHW#GLW#ZRUGHQ#RPJHUHNHQG#QDDU#NJ#JURQG1

,QGLHQ#JHHQ# WRHQDPH#YDQ#GH#$6;4#NDQ#ZRUGHQ#JHPHWHQ#ZRUGW#KHW#PRQVWHU# LQ#KHW#GRQNHU#ELM#ND0
PHUWHPSHUDWXXU#EHZDDUG>#PHHW#GDQ#QD#57#HQ#7;#K#RSQLHXZ#GH#$6;41#3ODDWV#KLHUELM#RRN#5#EODQFR*V
PHW#6#PO#EXIIHURSORVVLQJ#HQ#315#PO#FDWHFKRO0RSORVVLQJ1

&ULWHULXP
+HW#FULWHULXP# LV#GDW#HU/#QD#FRUUHFWLH#YRRU#DELRWLVFKH#RP]HWWLQJHQ/#HHQ# WRHQDPH#YDQ#GH#$6;4#NDQ
ZRUGHQ# JHPHWHQ1# 'H]H# NDQ/# GRRUGDW# GH# H[WLQFWLH0FRsIILFLsQW# YDQ# 50K\GUR[\PXFRQ]XXU# VHPL0
DOGHK\GH#EHNHQG#LV/#ZRUGHQ#RPJHUHNHQG#QDDU#HHQ#RP]HWWLQJVVQHOKHLG#YDQ#FDWHFKRO1#'H#GHWHFWLH0
OLPLHW#OLJW#ELM#EHQDGHULQJ#URQG#GH#43043#PRO2J1K1



6SHFLILFLWHLW
&DWHFKRO#LV#HHQ#WXVVHQSURGXFW#ELM#GH#DIEUDDN#YDQ#DURPDWLVFKH#FRPSRQHQWHQ#]RDOV#%7(;#HQ#3$.1
'H#RP]HWWLQJ#YDQ#FDWHFKRO# LQ# 50K\GUR[\0PXFRQ]XXU# VHPL0DOGHK\GH#EHWHNHQW#GDW#HU#DsUREH#DUR0
PDWHQ0RP]HWWHQGH#DFWLYLWHLW# LQ#GH#ERGHP#DDQZH]LJ# LV>#GH#PHWKRGH# LV#GDQ#RRN#QLHW#VSHFLILHN#YRRU
3$.1#$DQJH]LHQ#GH#HQ]\PDFWLYLWHLW# YRRU# ULQJVSOLWVLQJ# ]HHU#DVSHFLILHN# LV/#EHWHNHQW#KHW#DDQWRQHQ
YDQ#FDWHFKRORP]HWWLQJ#GDW#HU#3$.#NDQ#ZRUGHQ#DIJHEURNHQ1#'H#D0VSHFLILFLWHLW#EHWHNHQW#RRN#GDW#GH
FDWHFKRO# UHDFWLH#HFKWHU#QLHW#EHZLMVW#GDW#HU#GDDGZHUNHOLMN#3$.#DIEUDDN#RSWUHHGW#RI#KHHIW#RSJHWUH0
GHQ1#,Q#HHUGHUH#H[SHULPHQWHQ#LV#UHHGV#DDQJHWRRQG#GDW#LQ#3$.0YHURQWUHLQLJGH#JURQG/#ZDDUYDQ#EH0
NHQG#LV#GDW#3$.0DIEUDDN#RSWUHHGW/#RRN#HHQ#VWHUNH#FDWHFKRO0RP]HWWLQJ#RSWUHHGW1

+HW#QLHW#DDQWRQHQ#YDQ#GH#FDWHFKRO0RP]HWWLQJ#EHWHNHQW#GDW#HU#JHHQ#DIEUDDN#YDQ#DURPDWLVFKH#YHU0
ELQGLQJHQ#GXV#RRN#JHHQ#3$.0DIEUDDN#SODDWVYLQGW1#:DDUVFKLMQOLMN#KHHIW#DIEUDDN#LQ#KHW#UHFHQWH#YHU0
OHGHQ# GDQ# RRN# QLHW# SODDWVJHKDG1# 'H# NOHXUUHDFWLH# ZDDUPHH# FDWHFKRO# ZRUGW# DDQJHWRRQG
+VSHFWURIRWRPHWULVFKH#DQDO\VH,# LV# YRRUDO# NZDOLWDWLHI># HFKWHU# XLW# GH# LQWHQVLWHLW# YDQ# GH# NOHXUUHDFWLH
NDQ#EHSHUNWH#NZDQWLWDWLHYH#LQIRUPDWLH#ZRUGHQ#YHUNUHJHQ1

0HWKRGH#6=#7XVVHQSURGXFWHQ#YDQ#ELRORJLVFKH#DIEUDDN

3ULQFLSH
%LM#GH#ELRORJLVFKH#DIEUDDN#YDQ#3$.#WUHHGW#YDDN#GH#YRUPLQJ#YDQ#WXVVHQSURGXFWHQ#RS1#'H#EHODQJ0
ULMNVWH#WXVVHQSURGXFWHQ#ELM#GH#EDFWHULsOH#DIEUDDN#YDQ#WZHH0#HQ#GULH0ULQJV#3$.#]LMQ=#VDOLF\ODDW/#4/50
GLK\GUR[\QDIWDOHHQ/# 4/50K\GUR[\QDIWHHQ]XXU/# 5/40K\GUR[\QDIWHHQ]XXU# HQ# 5/60K\GUR[\QDIWHHQ]XXU1
'H# DDQZH]LJKHLG# YDQ# GH]H# WXVVHQSURGXFWHQ# LV# HHQ# HHQGXLGLJH# LQGLFDWLH# YRRU#3$.0DIEUHNHQGH
DFWLYLWHLW1

8LWYRHULQJ#HQ#FRQGLWLHV
*URQG# HQ# JURQGZDWHU# ZRUGHQ# YROJHQV# 1(1# 8:64# JHs[WUDKHHUG1# 'H# DDQZH]LJKHLG# YDQ# 3$.0
LQWHUPHGLDLUHQ# LQ#GH#H[WUDFWHQ#ZRUGW#EHSDDOG#GRRU#DQDO\VH#PHW#EHKXOS#YDQ#HHQ#+3/&#PHW#HHQ
UHYHUVHG#SKDVH#&4;#NRORP#HQ#GLRGH0DUUD\#GHWHFWLH1#0HW#GLRGH0DUUD\#GHWHFWLH#ZRUGW#HHQ#FRQWLQXH
890VSHFWUXP#YDQ#KHW#HOXDDW#RSJHQRPHQ#HQ#LV#KHW#GXV#PRJHOLMN#YHUELQGLQJHQ#WH#LGHQWLILFHUHQ#GRRU
UHWHQWLHWLMGHQ# HQ#890VSHFWUD# YDQ# RQEHNHQGH# SLHNHQ# WH# YHUJHOLMNHQ#PHW# GLH# YDQ# VWDQGDDUGPRQ0
VWHUV1#$OV#VWDQGDDUG#]LMQ#RSORVVLQJHQ#YDQ#GH#ERYHQJHQRHPGH#WXVVHQSURGXFWHQ#JHEUXLNW1

&ULWHULXP
+HW# FULWHULXP# LV# KHW# NXQQHQ# DDQWRQHQ# YDQ# GH# DDQZH]LJKHLG# YDQ# GH# ERYHQJHQRHPGH# 3$.0
LQWHUPHGLDLUHQ1#'H#FRPELQDWLH#YDQ#GH#UHWHQWLHWLMG#HQ#KHW#890VSHFWUXP#YDQ#GH#YHUELQGLQJ#]LMQ#GHU0
PDWH#XQLHN#GDW#GH#YHUELQGLQJHQ#PHW#]HNHUKHLG#NXQQHQ#ZRUGHQ#JHwGHQWLILFHHUG1#'H#GHWHFWLHOLPLH0
WHQ#YDQ#GH#LQWHUPHGLDLUHQ#]XOOHQ#ZRUGHQ#EHSDDOG1

6SHFLILFLWHLW
+HW# DDQWRQHQ# YDQ#3$.0LQWHUPHGLDLUHQ# EHWHNHQW# GDW# HU# DIEUDDN# LV# RSJHWUHGHQ# YDQ#3$.0DFKWLJH
YHUELQGLQJHQ1#7HQHLQGH#KXPXV#HQ#QDWXXUOLMN#ERGHPPDWHULDDO#DOV#EURQ#YDQ#GH]H# WXVVHQSURGXFWHQ
XLW#WH#VOXLWHQ#ZRUGHQ#GH#DQDO\VHV#YDQ#KHW#YHURQWUHLQLJGH#GHHO#YDQ#KHW# WHUUHLQ#YHUJHOHNHQ#PHW#GDW
YDQ#KHW#QLHW0YHURQWUHLQLJGH#GHHO1#9HUZDFKW#ZRUGW#GDW#RS#KHW#QLHW0YHURQWUHLQLJGH#GHHO#YDQ#KHW# WHU0
UHLQ#JHHQ#WXVVHQSURGXFWHQ#YDQ#3$.0DIEUDDN#ZRUGHQ#DDQJHWURIIHQ1#+HW#QLHW#NXQQHQ#DDQWRQHQ#YDQ
3$.#DIEUDDN#WXVVHQSURGXFWHQ#JHHIW#JHHQ#XLWVOXLWVHO#RYHU#KHW#DO#RI#QLHW#+KHEEHQ,#RS+JH,WUHGHQ#YDQ
3$.#DIEUDDN1



0HWKRGH#7=#6WDELHOH#NRROVWRILVRWRSHQ0YHUKRXGLQJ

,QOHLGLQJ
.RROVWRI046# LV#HHQ#VWDELHOH# LVRWRRS#GLH#RQJHYHHU#4144#(#YDQ#DO#KHW#DDQZH]LJH#NRROVWRI#XLWPDDNW
>:HDVW#HW#DO#4<;<@1#+HW#46&0JHKDOWH#ZRUGW#XLWJHGUXNW#DOV#/46&/#HHQ#PDDW#GLH#KHW#46&0JHKDOWH#W1R1Y1
GDW#YDQ#HHQ#JHNR]HQ#VWDQGDDUGPDWHULDDO# +3HHGHH#EHOHPQLHW>#HHQ#PDULHQH#NDONVRRUW,#ZHHUJHHIW1
+RHZHO#46&#HHQ#VWDELHOH#LVRWRRS#LV/#EHVWDDQ#HU#WRFK#GXLGHOLMNH#YHUVFKLOOHQ#LQ#GH#/46&#YDQ#YHUVFKLO0
OHQGH#PDWHULDOHQ#RPGDW#PHW#QDPH#ELM#ELRORJLVFKH# WUDQVIRUPDWLHSURFHVVHQ# +DVVLPLODWLH/#GLVVLPLOD0
WLH,#HHQ#YHUVFKXLYLQJ#YDQ#GH#/46&#WXVVHQ#XLWJDQJVVWRI#HQ#SURGXFW#RSWUHHGW>#GLW#ZRUGW#IUDFWLRQHULQJ
JHQRHPG1#'H#/46&#JHHIW#GXV#DDQ#LQ#ZHON#PHGLXP#GH#46&#LVRWRRS#SUHIHUHQW#LV#RSJHVODJHQ1

%LM#DsUREH#ELRGHJUDGDWLH#YDQ#RUJDQLVFKH#YHUELQGLQJHQ#WUHHGW#VOHFKWV#HHQ#EHSHUNWH#IUDFWLRQHULQJ#RS
>&RQUDG#HW#DO/#4<<:/#9DQ#GH#9HOGH#HW#DO1/#4<<8@1#'H#/46&#YDQ#KHW#JHSURGXFHHUGH#&25#]DO#GXV#LQ#GH
EXXUW#YDQ#GLH#YDQ#GH#XLWJDQJVVWRIIHQ# OLJJHQ1#%LM#DQDsUREH#ELRGHJUDGDWLH#VSHHOW# IUDFWLRQHULQJ#HHQ
VWHUNHUH#URO1#(U#]LMQ#JHHQ#JHJHYHQV#JHYRQGHQ#RYHU#GH#IUDFWLRQHULQJ#GLH#RSWUHHGW#ELM#DIEUDDNSURFHV0
VHQ#RQGHU#GHQLWULILFHUHQGH/# LM]HU0UHGXFHUHQGH#RI#VXOIDDW0UHGXFHUHQGH#RPVWDQGLJKHGHQ/#PDDU#YDQ
DIEUDDN#RQGHU#PHWKDQRJHQH#RPVWDQGLJKHGHQ#LV#KHW#EHNHQG#GDW#HU#HHQ#VWHUNH#PDWH#YDQ#IUDFWLRQH0
ULQJ#NDQ#RSWUHGHQ1#'H#/46&#YDQ#KHW#ELM#DFHWDDW0IHUPHQWDWLH#RQWVWDQH#PHWKDDQ#OLJW#53063Å#ODJHU#HQ
GLH#YDQ#KHW#RQWVWDQH#&25#OLJW#53063Å#KRJHU#GDQ#GH#/46&#YDQ#KHW#VXEVWUDDW1

8LWYRHULQJ#HQ#PRQVWHUQDPH
'H#DQDO\VHV#NXQQHQ#LQ#1HGHUODQG#ZRUGHQ#XLWJHYRHUG#ELM#KHW#&HQWUXP#YRRU#,VRWRSHQRQGHU]RHN#YDQ
GH#5LMNVXQLYHUVLWHLW#*URQLQJHQ#HQ#ELM#GH#8QLYHUVLWHLW#YDQ#8WUHFKW1#+LHURQGHU#ZRUGW#HHQ#EHNQRSWH
EHVFKULMYLQJ#YDQ#GH#XLWYRHULQJ#JHJHYHQ1

'H#EHSDOLQJ#YDQ#GH#/46&#JHEHXUW#PHW#LVRWRSHQPDVVDVSHFWURPHWULH1#9RRU#EHSDOLQJ#YDQ#GH#/46&#LV
KHW#DDQ#WH#UDGHQ#PRQVWHUV#YRRUDI#WH#YHUJLIWLJHQ#PHW#ELMYRRUEHHOG#+J&O#RI#,50.,1#'H#RSZHUNLQJ#YDQ
&25#XLW#GH#PRQVWHUV#LV#]HHU#NULWLHN#HQ#NDQ#KHW#EHVW#JHEHXUHQ#GRRU#HHQ#GDDULQ#JHVSHFLDOLVHHUG#OD0
ERUDWRULXP1# 'H# PLQLPDOH# KRHYHHOKHLG# NRROVWRI# GLH# PRHW# ZRUGHQ# DDQJHOHYHUG# YRRU# GH# /46&0
EHSDOLQJ# LV# 314#PPRO>#GLW#EHWHNHQW#GDW#ZDWHUPRQVWHUV# YDQ# 4# OLWHU#HQ# JURQGPRQVWHUV# YDQ# 433# J
GRRUJDDQV#PHHU#GDQ#YROGRHQGH#]LMQ1#'H#PD[LPDOH#IRXW#YDQ#GH#DQDO\VH#LV#FD#314Å1#9RRU#GH#/46&0
EHSDOLQJ#YDQ#GH#YHURQWUHLQLJLQJ#KHHIW#KHW#GH#YRRUNHXU#DOV#HU#SXXU#SURGXFW#NDQ#ZRUGHQ#DDQJHOH0
YHUG1#%LM#YHURQWUHLQLJLQJHQ#GLH#HQLJV]LQV#YOXFKWLJ#]LMQ#NDQ#KHW#EHVW#RRN#GLUHFWH#DQDO\VH#ZRUGHQ#WRH0
JHSDVW1#*URQGPRQVWHUV#ZRUGHQ#GDQ#RQGHU#YDFX�P#WRW#;3�&#YHUKLW#HQ#YDQ#GH#GDPS#ZRUGW#GH#/46&
EHSDDOG1#:DWHUPRQVWHUV#NXQQHQ#GLUHFW#ZRUGHQ#DDQJHOHYHUG1

&ULWHULXP
'H#/46&#YDQ#&25#LQ#JURQGZDWHU# OLJW#PHHVWDO#URQG#GH#053Å/#GLH#YDQ#RUJDQLVFKH#YHURQWUHLQLJLQJHQ
LV#PHHVWDO# ODJHU#GDQ#058Å1#'H#EHSDOLQJ#YDQ#GH#YHUKRXGLQJ# LV#]HHU#QDXZNHXULJ#+r#3138Å,#HQ#GH
DIZLMNLQJ# WXVVHQ#YHUVFKLOOHQGH#PRQVWHUV# LV#NOHLQ1#:DQQHHU#GH#/46&#YDQ#KHW#&25#GXLGHOLMN#DIZLMNW
YDQ#GLH#YDQ#KHW#QDWXXUOLMNH#PDWHULDDO#+PHHU#GDQ#7Å,#ZRUGW#DDQJHQRPHQ#GDW#DIEUDDN#YDQ#GH#YHU0
RQWUHLQLJLQJ#LV#DDQJHWRRQG1

6SHFLILFLWHLW
0HW#EHKXOS#YDQ#GH#VWDELHOH#NRROVWRILVRWRSHQ#EHSDOLQJ#NDQ#H[SOLFLHW#ZRUGHQ#YDVWJHVWHOG#ZHON#GHHO
YDQ#GH# LQ#KHW#ERGHPJDV#DDQZH]LJH#&25#DINRPVWLJ# LV#YDQ#DFKWHUJURQGSURFHVVHQ#+RSORVVHQ#NDON0
EHVWDQGGHOHQ#HQ#DIEUDDN#QDWXXUOLMN#RUJDQLVFK#PDWHULDDO,#HQ#ZHON#GHHO#DINRPVWLJ# LV# YDQ#DIEUDDN
YDQ#GH#YHURQWUHLQLJLQJ1#+HW#LV#HFKWHU#QLHW#PRJHOLMN#RP#RQGHUVFKHLG#WH#PDNHQ#WXVVHQ#YHUVFKLOOHQGH
W\SHQ#YHURQWUHLQLJLQJHQ1#'H#PHWKRGH# LV#NZDOLWDWLHI/#PDDU# LQ#FRPELQDWLH#PHW#GH#KRHYHHOKHLG#YDQ
KHW#DDQZH]LJH#&25#NDQ#HHQ#JOREDOH#VFKDWWLQJ#YDQ#GH#PLQHUDOLVDWLHVQHOKHLG#ZRUGHQ#JHPDDNW1





%,-/$*(#)

%(6&+5,-9,1*#0(7+2'(1#9225#%(3$/(1#62537,(3$5$0(7(56



0HWKRGH#4=#6FKXGH[SHULPHQWHQ

3ULQFLSH
'H#ELM#6&0'/2#JHEUXLNHOLMNH#PHWKRGH#YRRU#GH#EHSDOLQJ#YDQ#VRUSWLH0SDUDPHWHUV#YDQ#RUJDQLVFKH
PLFUR0YHURQWUHLQLJLQJHQ# +GRRUJDDQV#EHVWULMGLQJVPLGGHOHQ,# DDQ# ERGHPPDWHULDDO# >YDQ# GHU#3DV@# LV
GH#EDVLV#JHZHHVW# YRRU#HHQ#DDQWDO#H[SHULPHQWHQ#RP# VRUSWLH0SDUDPHWHUV# YRRU#3$.# DDQ# VFKRQH
9HHQHQGDDOJURQG#WH#EHSDOHQ1

+HW#SULQFLSH#YDQ#GH#PHWKRGH# LV#RP#VFKRQH#JURQG# WH#VFKXGGHQ#PHW#ZDWHU#ZDDULQ#HHQ#EHNHQGH
KRHYHHOKHLG#YDQ#GH#WH#WHVWHQ#VWRI#LV#RSJHORVW1#1D#KHW#VFKXGGHQ#ZRUGW#GH#FRQFHQWUDWLH#LQ#KHW#ZDWHU
JHPHWHQ1#+HW#YHUVFKLO#WXVVHQ#GH#LQLWLsOH#FRQFHQWUDWLH#HQ#GH#FRQFHQWUDWLH#LQ#KHW#ZDWHU#QD#VFKXGGHQ
ZRUGW# WRHJHVFKUHYHQ#DDQ#DGVRUSWLH#DDQ#RUJDQLVFKH# VWRI# LQ#GH#JURQG1#2S#GH]H#ZLM]H#ZRUGHQ#HU
JHHQ#IRXWHQ#JHPDDNW#DOV#JHYROJ#YDQ#GH#RQ]HNHUKHLG#LQ#H[WUDFWLH0HIILFLsQWLH#ELM#KHW#EHSDOHQ#YDQ#KHW
JHKDOWH#LQ#GH#JURQG1#'H#JHDGVRUEHHUGH#PDVVD#ZRUGW#EHUHNHQG#XLW=

0
,+.F,+490+P# #;

J

ZV +4,

PHW#=
;  JHKDOWH#JHDGVRUEHHUGH#VWRI#+PJ#NJ04,
P  PDVVD#WRHJHYRHJGH#VWRI#+PJ,
9V  WRWDOH#YROXPH#ZDWHU#LQ#KHW#V\VWHHP#+O,
F  JHPHWHQ#FRQFHQWUDWLH#+PJ#O04,
+Z  YRFKWJHKDOWH#YDQ#GH#JURQG#RS#EDVLV#YDQ#GH#PDVVD#GURJH#JURQG#+NJ#NJ04,
0J  PDVVD#JURQG#LQ#KHW#V\VWHHP#+NJ,

'H#)UHXQGOLFK#DGVRUSWLH0LVRWKHUP#ZRUGW#EHUHNHQG#PHW#GH#YHUJHOLMNLQJ=

,
F
F+F.# #; Q

U
UI +5,

PHW#=

.I  GH#)UHXQGOLFK#FRsIILFLsQW#+O#NJ04,
FU  GH#UHIHUHQWLHZDDUGH#YDQ#F#+PJ#O04,
Q  GH#)UHXQGOLFK#H[SRQHQW#+0,

'H#SDUDPHWHUV#.I#HQ#Q#NXQQHQ#ZRUGHQ#JHVFKDW#XLW#GH#PHHWJHJHYHQV#YLD#OLQHDLUH#UHJUHVVLH#QD# OR0
JDULWPLVFKH# WUDQVIRUPDWLH1#'H#UHIHUHQWLHZDDUGH#YDQ#F#ZRUGW#]R#JHNR]HQ#GDW#KLM#ELQQHQ#KHW#PHHW0
WUDMHFW#YDQ#F#OLJW1

(U#ZDV#HFKWHU#JHHQ#HUYDULQJ#PHW#3$.0FRPSRQHQWHQ# LQ#FRPELQDWLH#PHW#GH]H#PHWKRGH1#*H]RFKW
ZHUG#QDDU#HHQ# JHVFKLNWH# YHUKRXGLQJ#ZDWHU2JURQGPDWHULDDO# LQ# UHODWLH#PHW# GH# YRRUKDQGHQ# ]LMQGH
DSSDUDWXXU#HQ#GLPHQVLHV1#'H#YHUKRXGLQJ#43=4#ZDV#ZHQVHOLMN#ZDDUGRRU#HU#QLHW#PHHU#GDQ#8#JUDP
JURQG#NRQ#ZRUGHQ#LQJHZRJHQ1#'RRU#GH#ODJH#RSORVEDDUKHLG#YDQ#QDIWDOHHQ/#PDDU#YRRUDO#IHQDQWUHHQ/
LQ#ZDWHU#]RX#VQHO#GH#GHWHFWLHJUHQV#EHUHLNW#ZRUGHQ1#'H#H[SHULPHQWHQ#]LMQ#JHGDDQ#PHW#QDIWDOHHQ#HQ
IHQDQWUHHQ#RPGDW#]H#LQ#GH#3$.0UHHNV#UHODWLHI#]ZDN#DGVRUEHUHQG#]LMQ#HQ#GH#KRRJVWH#RSORVEDDUKHLG
EH]LWWHQ1



8LWYRHULQJ
9RRUDIJDDQG#DDQ#GH#H[SHULPHQWHQ# LV#YDVWJHVWHOG#RI#KHW#VXSHUQDWDQW#QD#FHQWULIXJHUHQ#RUJDQLVFKH
VWRI#EHYDWWH1#+LHUYRRU#LV#HHQ#72&0EHSDOLQJ#XLWJHYRHUG#YDQ#KHW#VXSHUQDWDQW1#'H#JHYRQGHQ#ZDDUGH
LV#4<#PJ2O1#+HW#VXSHUQDWDQW#ZDV#YLVXHHO#KHOGHU/#GXV#FHQWULIXJHUHQ#YDQ#KHW#PRQVWHU#ELM#5;33#WRHUHQ
SHU#PLQXXW#JHGXUHQGH#43#PLQXWHQ#JHHIW#YROGRHQGH#VFKHLGLQJ##WXVVHQ#GH#YDVWH#GHOHQ#HQ#GH#YORHL0
VWRI# LQ#GH#VOXUU\1#'H#3$.0RSORVVLQJHQ#NRQGHQ#QLHW#YHUNUHJHQ#ZRUGHQ#GRRU#KHW#RSORVVHQ#YDQ#GH
FRPSRQHQW#LQ#ZDWHU#JH]LHQ#GH#EHSHUNWH#RSORVEDDUKHLG1#(HQ#3$.0RSORVVLQJ#PDNHQ#GRRU#GH#FRP0
SRQHQW#HHUVW#RS#WH#ORVVHQ#LQ#DFHWRQ#HQ#GLW#YHUYROJHQV#LQ#ZDWHU#RYHU#WH#EUHQJHQ/#ZDV#QLHW#ZHQVHOLMN
DDQJH]LHQ#DFHWRQ#LQYORHG#KHHIW#RS#GH#VWUXFWXXU#YDQ#GH#ERGHP1#'DDURP#ZHUGHQ#DDQ#HHQ#RSORVVLQJ
YDQ#QDIWDOHHQ#HQ#IHQDQWUHHQ#LQ#DFHWRQ#JODVSDUHOV#WRHJHYRHJG#+932;3PHVK,1#1D#GURRJGDPSHQ#YDQ
GH#JODVSDUHOV#ZHUG#KLHUPHH#HHQ#URHVWYULMVWDOHQ#NRORP#++3/&0NRORP,#JHYXOG1#'RRU#GH#NRORP#ZHUG
JHGXUHQGH#:5#XXU#NUDDQZDWHU#PHW#HHQ#VQHOKHLG#YDQ#RQJHYHHU#43#PO2XXU#JHSRPSW1#'H#KLHUXLW#YHU0
NUHJHQ#RSORVVLQJ#EHYDWWH#:/86#PJ2O#QDIWDOHHQ#HQ#3/5;#PJ2O#IHQDQWUHHQ1#'H#RSORVVLQJ#ZHUG#43/#433/
4333#HQ#43333#PDDO#YHUGXQG1#$DQ#8#JUDP#JURQG#ZHUG#83#PO#YDQ#GH#RSORVVLQJ# WRHJHYRHJG1#'H
VOXUU\#ZHUG#JHGXUHQGH#57#XXU#JHVFKXG#RS#HHQ# URWDWLHUDG#ELM#7#�&1#9HUYROJHQV#ZHUG#KHW#PRQVWHU
JHGXUHQGH#43#PLQXWHQ#JHFHQWULIXJHHUG#ELM#5;33#WRHUHQ#SHU#PLQXXW#ELM#7#�&1#+HW#VXSHUQDWDQW#ZHUG
JHVFKXG#PHW#83#PO#SHWUROHXPHWKHU#HQ#WZHH#PDDO#JHZDVVHQ#PHW#533#PO#ZDWHU1#1D#GURJHQ#YDQ#KHW
SHWUROHXPHWKHU0H[WUDFW#PHW#QDWULXPVXOIDDW#HQ#FRQFHQWUDWLH#YROJHQV#.XGHUQD#'DQLVK#ZHUG#GH#3$.
RYHUJHEUDFKW# LQ#DFHWRQLWULO#HQ#GH#SHWUROHXPHWKHU#PHW#VWLNVWRI#DIJHGDPSW1#$QDO\VH#YDQ#KHW#H[WUDFW
JHEHXUGH#PHW#EHKXOS#YDQ#YORHLVWRIFKURPDWRJUDILH1#'H#KLHUYRRU#JHEUXLNWH#DSSDUDWXXU#EHVWRQG#XLW
HHQ#PRQVWHUZLVVHODDU#+0DUDWKRQ/#6SDUN#+ROODQG,/#WZHH#KRJHGUXN0YORHLVWRISRPSHQ#+PRGHO#633#HQ
7;3/#*\QNRWHN,/#HHQ#RQ0OLQH#FOHDQ0XS#XQLW#+SURVSHFW#HQ#6'8/#6SDUN#+ROODQG,/#HHQ#SURJUDPPHHU0
EDUH# IOXRUHVFHQWLHGHWHFWRU# +)3<53/#-DVFR,/#HHQ#NRORPRYHQ# +6SDUN#+ROODQG,#HQ#HHQ#GDWDYHUZHU0
NLQJVV\VWHHP# +0XOWLFKURP/# )LVRQV,1#'H# LQJHVWHOGH# IORZ# GRRU# GH# DQDO\WLVFKH# NRORP# +9\GDF# 534
7387/#UHYHUVH#SKDVH#F4;,#ZDV#4/8#PO2PLQ1

0HWKRGH#5=#.RORPSURHYHQ

3ULQFLSH
+HW#PLFURNRORPV\VWHHP# LV#HHQ#PHHWV\VWHHP#GDW#RQWZLNNHOG# LV#RP#GH#VRUSWLH#YDQ#PRGHOFRPSR0
QHQWHQ#DDQ#JURQG# WH#NXQQHQ#EHVFKULMYHQ1#'LW#V\VWHHP# LV#DO# LQ#PHHUGHUH#RQGHU]RHNHQ# WRHJHSDVW
>:HLW]#HW#DO1/#4<<7>#2VWp/#4<<7>#'LMNVWUD/#4<<9@1#+HW#GRHO#YDQ#GLW#RQGHU]RHN#LV#RP#GH#VRUSWLHSDUD0
PHWHUV#YDQ#GH#3$.0FRPSRQHQWHQ#QDIWDOHHQ#HQ#IHQDQWUHHQ#WH#EHSDOHQ#LQ#HHQ#JURQG#DINRPVWLJ#YDQ
HHQ#YRRUPDOLJ#JDVIDEULHNVWHUUHLQ#LQ#9HHQHQGDDO1

+HW#SULQFLSH#YDQ#KHW#NRORPH[SHULPHQW# LV#GDW#HHQ#3$.0RSORVVLQJ#YDQ#EHNHQGH#FRQFHQWUDWLH#GRRU
HHQ#FLOLQGHU#JHYXOG#PHW#JURQG#ZRUGW#JHSRPSW/#HQ#GDW#GH#3$.0FRQFHQWUDWLH# LQ#KHW#HIIOXHQW#ZRUGW
JHPHWHQ1#$OV#GH#FRQFHQWUDWLH#LQ#KHW#HIIOXHQW#JHOLMN#LV#DDQ#GH#FRQFHQWUDWLH#LQ#KHW#LQIOXHQW/#ZRUGW#KHW
H[SHULPHQW#EHsLQGLJG#RPGDW#GH#JURQG#GDQ#YHU]DGLJG# LV#PHW#3$./#HQ#GXV#JHHQ#3$.#PHHU#ZRUGW
JHDGVRUEHHUG1#+HW#FRQFHQWUDWLHYHUORRS# LQ#KHW#HIIOXHQW#ZRUGW#JHEUXLNW#RP#GH#VRUSWLHSDUDPHWHUV# WH
EHSDOHQ1#'H#3$.0YHU]DGLJGH#JURQGNRORP#ZRUGW#GDDUQD#GRRUJHVSRHOG#PHW#VFKRRQ#ZDWHU/#ZDDUELM
GH#3$.0FRQFHQWUDWLH# LQ#KHW#HIIOXHQW#ZHHU#ZRUGW#JHPHWHQ/# WRWGDW#HU#JHHQ#3$.#PHHU#XLW#GH#NRORP
NRPHQ1#'H#GHVRUSWLHFXUYH/#GH#FRQFHQWUDWLH# LQ#KHW#HIIOXHQW/#ZRUGW#ZHHU#JHEUXLNW#RP#GH#VRUSWLHSD0
UDPHWHUV#WH#EHSDOHQ1

0DWHULDDO
'H#VRUSWLH0H[SHULPHQWHQ#]LMQ#XLWJHYRHUG#PHW#HHQ#PLFURNRORPV\VWHHP1#0HW#GLW#V\VWHHP#ZRUGW#ELM
HHQ#FRQVWDQWH#IORZ#+3/4#PO2PLQ,#HHQ#PRGHORSORVVLQJ#RYHU#HHQ#JURQGNRORP#JHSRPSW1#$IEUDDN#YDQ
GH#3$.0FRPSRQHQWHQ#ZRUGW#YRRUNRPHQ#GRRU#GH#NRORP#HQ#GH#3$.0RSORVVLQJ#LQ#KHW#GRQNHU#ELM#7R&
WH#SODDWVHQ1#1D#GRRUORSHQ#YDQ#GH#3$.0RSORVVLQJ#GRRU#JURQGNRORP#ZRUGW#GH#FRQFHQWUDWLH#YDQ#GH
3$.0FRPSRQHQWHQ#JHPHWHQ1#2RN#ZRUGW#DDQ#KHW#EHJLQ#HQ#HLQG#YDQ#HON#H[SHULPHQW#GH#FRQFHQWUDWLH



YDQ#GH#3$.0RSORVVLQJ#JHPHWHQ1#2PGDW#GH#FRQFHQWUDWLH#YDQ#GH#3$.0FRPSRQHQWHQ#LQ#GH]H#RSORV0
VLQJ#ODDJ#LV/#ZRUGW#GH#RSORVVLQJ#JHGXUHQGH#53#PLQXWHQ#JHFRQFHQWUHHUG#RYHU#HHQ#SUHFRQFHQWUDWLH0
NRORP1# 'DDUQD# ZRUGHQ# GH# FRPSRQHQWHQ# PHW# HHQ# DFHWRQLWULO2ZDWHU# JUDGLsQW# YDQ# KHW
SUHFRQFHQWUDWLHNRORP# JHGHVRUEHHUG# HQ# QDDU# GH# DQDO\WLVFKH# NRORP# JHYRHUG1# 'H# GHWHFWLH# YLQGW
SODDWV#PHW#EHKXOS#YDQ#HHQ# IOXRUHVFHQWLHGHWHFWRU1#+HW#JHKHOH#V\VWHHP# LV#JHDXWRPDWLVHHUG#]RGDW
FRQWLQX#JHPHWHQ#NDQ#ZRUGHQ1#,Q#GH#SUDNWLMN#NRPW#GLW#QHHU#RS#ppQ#HIIOXHQWPHWLQJ#YDQ#GH#JURQGNR0
ORP#SHU#<3#PLQXWHQ1

'H#PRGHORSORVVLQJ#ZRUGW#JHPDDNW#GRRU#YHUGXQQLQJ#YDQ#HHQ#YHU]DGLJGH#QDIWDOHHQ2IHQDQWUHHQ#RS0
ORVVLQJ#LQ#ZDWHU1#'H#YHU]DGLJGH#3$.0RSORVVLQJ#ZRUGW#JHPDDNW#GRRU#DDQ#4#OLWHU#ZDWHU#43#PDDO#GH
PD[LPDOH#KRHYHHOKHLG#3$.#WRH#WH#YRHJHQ#GLH#LQ#ZDWHU#RSORVW1

'H#JURQGNRORP#ZRUGW#JHPDDNW#GRRU#HHQ# OHJH#DQDO\WLVFKH#+3/&0NRORP#+483#[#7/9#PP,# WH#YXOOHQ
PHW#5/8#JUDP#9HHQHQGDDOJURQG1#2P#WH#YRRUNRPHQ#GDW#JURQG#XLW#GH#NRORP#VSRHOW#ZRUGHQ#GH#XLW0
HLQGHQ#YDQ#GH#NRORP#JHYXOG#PHW#JODVSDUHOV#HQ#JODVZRO1

8LWYRHULQJ
2P#GH#VRUSWLH#YDQ#QDIWDOHHQ#HQ#IHQDQWUHHQ#DDQ#VFKRQH#9HHQHQGDDOJURQG#WH#EHSDOHQ#]LMQ#VRUSWLH0
H[SHULPHQWHQ#PHW#KHW#PLFURNRORPV\VWHHP#XLWJHYRHUG1#9RRUGDW#GH#ZHUNHOLMNH#H[SHULPHQWHQ#XLWJH0
YRHUG#]LMQ#PRHVW#HHUVW#KHW#PLFURNRORPV\VWHHP#JHRSWLPDOLVHHUG#HQ#RSHUDWLRQHHO#JHPDDNW#ZRUGHQ1
9HUYROJHQV#LV#HHQ#3$.0RSORVVLQJ#JHPDDNW#GRRU#HHQ#YHU]DGLJGH#QDIWDOHHQ2IHQDQWUHHQ#RSORVVLQJ#LQ
ZDWHU# WH# YHUGXQQHQ# WRW# 58#PJ2PO#QDIWDOHHQ#HQ# 4/7#PJ2PO# IHQDQWUHHQ/# ]RGDW# GH]H#PHW# GH#+3/&
JRHG#WH#PHWHQ#]LMQ1#'LW# LV#WHYHQV#GH#FRQFHQWUDWLH#YDQ#GH#3$.0RSORVVLQJ#YRRUGDW#KHW#GH#JURQGNR0
ORP#LQJDDW1#1DGDW#KHW#JHKHOH#V\VWHHP/#H[FOXVLHI#GH#JURQGNRORP/#LV#JHVSRHOG#PHW#DFHWRQ#HQ#ZDWHU
RP#HYHQWXHOH#DDQZH]LJH#3$.#LQ#KHW#V\VWHHP#WH#YHUZLMGHUHQ/#LV#GH#JURQGNRORP#LQ#KHW#V\VWHHP#JH0
SODDWVW#HQ#LV#KHW#DGVRUSWLH0H[SHULPHQW#JHVWDUW1#1D#833#PO#+6/8#GDJHQ,#LV#GH# LQ0#HQ#XLWJDDQGH#FRQ0
FHQWUDWLH# YDQ# GH# 3$.0RSORVVLQJ# JHOLMN1#'LW# EHWHNHQW# GDW# GH# JURQG# YROOHGLJ# YHU]DGLJG# ZDV#PHW
QDIWDOHHQ# HQ# IHQDQWUHHQ1# 1D# EHsLQGLJLQJ# YDQ# KHW# DGVRUSWLH0H[SHULPHQW# LV# RSQLHXZ# GH# 3$.0
RSORVVLQJ#JHPHWHQ1#'H#FRQFHQWUDWLH#YDQ#GH]H#RSORVVLQJ#EOHHN#JHGXUHQGH#YLMI#GDJHQ#QLHW#WH#YHUDQ0
GHUHQ1# 9HUYROJHQV# LV# KHW# V\VWHHP/# ]RQGHU# JURQGNRORP/# ZHHU# JHVSRHOG#PHW# DFHWRQ# HQ# ZDWHU/
ZDDUQD#GH#YHU]DGLJGH#JURQGNRORP#ZHHU# LQ#KHW#PLFURNRORPV\VWHHP#JHSODDWVW# LV1#1X#ZHUG#QLHW#GH
PRGHORSORVVLQJ/#PDDU#+NUDDQ,ZDWHU#GRRU#GH#PHW#3$.#YHU]DGLJGH#JURQGNRORP#JHOHLGW1#%LM#GLW#H[SH0
ULPHQW#EOHHN#RRN#QD#833#PO#+6/8#GDJHQ,#YRRU#QDIWDOHHQ#JHHQ#GHVRUSWLH#PHHU#SODDWV#WH#YLQGHQ/#YRRU
IHQDQWUHHQ#ZDV#GH#GHVRUSWLH#JHVWDELOLVHHUG#ELM#HHQ#YHUKRXGLQJ#YDQ#FLUFD# 3/41#+HW#H[SHULPHQW# LV
GDDURP#QD#833#PO#+6/8#GDJHQ,#EHsLQGLJG1

0HWKRGH#6=#([WUDFWLHSURHYHQ

3ULQFLSH
,Q#KHW#NDGHU#YDQ#KHW#6WRZD#SURMHFW#7751889# %.DUDNWHULVHULQJ#YDQ#EDJJHUVSHFLH#YRRU#ELRORJLVFKH
UHLQLJLQJ%#LV#HHQ#PHWKRGH#LQ#RQWZLNNHOLQJ#RP#GH#ELRORJLVFK#EHVFKLNEDUH#IUDFWLH#3$.#LQ#EDJJHUVSH0
FLH# WH#YRRUVSHOOHQ#PHW#EHKXOS# YDQ#HHQ# FKHPLVFK0DQDO\WLVFKH#PHWKRGH1#+RHZHO#KHW#SURMHFW#QRJ
QLHW#LV#DIJHURQG#EOHHN#XLW#H[SHULPHQWHQ#GDW#HU#HHQ#UHODWLH#EHVWRQG#WXVVHQ#GH#ELRORJLVFK#EHVFKLNED0
UH#IUDFWLH#3$.#LQ#GULH#PRGHOVSHFLHV#+2YHUVFKLH#5RWWHUGDP/#3HWUROHXPKDYHQ#$PVWHUGDP#HQ#9RRU0
ZHWHULQJ# 1LHXZNRRS,# HQ# GH# DQDO\WLVFK# EHVFKLNEDUH# IUDFWLH# 3$.# ZDQQHHU# GH# VSHFLH# ZRUGW
JHs[WUDKHHUG#PHW#HHQ#:3(#D]LMQ]XXURSORVVLQJ# >'RGGHPD#HW#DO/#4<<:@1#'H]H# UHODWLH/#ZDDUELM#HHQ
]HOIGH#SHUFHQWDJH#3$.#ZRUGW#JHs[WUDKHHUG#DOV#ZRUGW#YHUZLMGHUG#PHW#ELRORJLVFKH# WRHWVHQ/#ZRUGW
PRPHQWHHO#JHWRHWVW#RS#PHHU#YHUVH#VSHFLHV1#'H#ELRORJLVFK#EHVFKLNEDUH#IUDFWLH#LV#PRJHOLMN#RRN#HHQ
JRHGH#EHQDGHULQJ#YRRU#GH#IUDFWLH#DDQ#HYHQZLFKWVVRUSWLHSODDWVHQ#I41#'H#PHWKRGH# LV# WRHJHSDVW#RS
HHQ#DDQWDO#PRQVWHUV#YDQ#GH#9HHQHQGDDOJURQG1



8LWYRHULQJ
,Q#KHW#NDGHU#YDQ#GLW#RQGHU]RHN# LV#HHQ#DDQWDO#PRQVWHUV#JHs[WUDKHHUG#PHW#:3(#D]LMQ]XXU#RP#HHQ
YRRUVSHOOLQJ# WH#GRHQ#QDDU#GH#ELRORJLVFK#EHVFKLNEDUH# IUDFWLH#3$.1#+LHUYRRU#ZHUG#8#JUDP#YDQ#GH
PRQVWHUV#//#3/#5#HQ#65#PHW#HHQ#ZDWHU0D]LMQXXURSORVVLQJ#PHW#:3(#D]LMQ]XXU#JHGXUHQGH#43#PLQX0
WHQ#JHVFKXG#PHW#4:8#VODJHQ#SHU#PLQXXW#+*HUKDUGW#6FKXWWHOPDVFKLQH#52#53,1#9HUYROJHQV#ZHUGHQ
GH#PRQVWHUV#JHFHQWULIXJHHUG#JHGXUHQGH#63#PLQXWHQ#ELM#5333#WRHUHQ#SHU#PLQXXW#++HUDHXV#YDULIXJH
613,1#$DQ#58#PO#JHILOWUHHUG#VXSHUQDWDQW#ZHUG#YHUYROJHQV#78#PO#SHWUROHXPHWKHU# WRHJHYRHJG#HQ# LQ
HHQ# VFKHLWUHFKWHU# JHZDVVHQ#PHW# WZHHPDDO# 433#PO#ZDWHU1#+HW# SHWUROHXPHWKHU0H[WUDFW#ZHUG/# QD
GURJHQ#PHW#QDWULXPVXOIDDW/#PHW#EHKXOS#YDQ#.XGHUQD#'DQLVK#JHFRQFHQWUHHUG#HQ#RYHUJHEUDFKW# LQ
DFHWRQLWULO#GRRU#KHW#SHWUROHXPHWKHU#DI# WH#GDPSHQ#PHW#VWLNVWRI1#+HW#UHVLGX#+QD#FHQWULIXJHUHQ,#ZHUG
JHGXUHQGH#43#PLQXWHQ#JHVFKXG#PHW#DFHWRQ#HQ#YHUYROJHQV# 43#PLQXWHQ#PHW#SHWUROHXPHWKHU1#1D
ILOWUHUHQ#YDQ#GH#VOXUU\#ZHUG#KHW#H[WUDFW#RS#GH]HOIGH#ZLM]H#DOV#KHW#VXSHUQDWDQW#EHKDQGHOG1#%HLGH#H[0
WUDFWHQ/#KHW# VXSHUQDWDQW0#HQ# UHVLGX0H[WUDFW/#ZHUGHQ#PHW#EHKXOS# YDQ# HHQ# YORHLVWRIFKURPDWRJUDDI
JHDQDO\VHHUG1#'H]H#EHVWRQG#XLW#HHQ#PRQVWHUZLVVHODDU#+0DUDWKRQ/#6SDUN#+ROODQG,/#WZHH#KRJHGUXN0
YORHLVWRISRPSHQ# +PRGHO# 633# HQ# 7;3/#*\QNRWHN,/# HHQ# RQ0OLQH# FOHDQ0XS# XQLW# +SURVSHFW# HQ# 6'8/
6SDUN# +ROODQG,/# HHQ# SURJUDPPHHUEDUH# IOXRUHVFHQWLHGHWHFWRU# +)3<53/# -DVFR,/# HHQ# NRORPRYHQ
+6SDUN#+ROODQG,#HQ#HHQ#GDWDYHUZHUNLQJVV\VWHHP#+0XOWLFKURP/#)LVRQV,1#'H#LQJHVWHOGH#IORZ#GRRU#GH
DQDO\WLVFKH#NRORP#+9\GDF#534#7387/#UHYHUVH#SKDVH#F4;,#ZDV#4/8#PO2PLQ1

+HW#H[WUDFWLHUHQGHPHQW#YDQ#:3(#D]LMQ]XXU#ZHUG#EHUHNHQG#GRRU#GH#FRQFHQWUDWLHV#YDQ#GH#YHUVFKLO0
OHQGH#3$.0FRPSRQHQWHQ#LQ#KHW#VXSHUQDWDQW#WH#GHOHQ#GRRU#GH#WRWDDOFRQFHQWUDWLH#YROJHQV#GH#YHUJH0
OLMNLQJ=

433####
&.&

&# #5
UV

V x +6,

PHW=

5  H[WUDFWLHUHQGHPHQW#+(,
&V  FRQFHQWUDWLH#LQ#VXSHUQDWDQW#+PJ2NJ#G1V1,
&U  FRQFHQWUDWLH#LQ#UHVLGX#+PJ2NJ#G1V1,
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