3 UREDE LAOVWYVFKH VHIJ P HQWWH HQ IX]]\
FODVVLILFDWH YDQ QDW X UOLMNH YHJ HW WH

LQ K\ SHUYSHFWIDOH EHHOGHQ

6 FULSWH YRRUGH RSOHLGLQJ * HRGHVLH

7HFKQLVFKH 8 QLYHUVLWHLW' HAOW

-RFKHP / HVS DUUH

] =
TU Delft 5 6 %

$ IGHAQJ * HRGHVLH 0 HHWXQGLIH ' LHQVW






9 RRUZ RRUG

‘' HIH VFUSWH LV GH VFKULWAQAQMH YHU/V®J HJJIQJ YDQ P LM DIVWKGHHURQGHU RHN YRRU GH RSMLGLQJ
* HRGHVLH DDQ GH 7HFKQLFKH 8 QLYHUVIWHLW ' HAQW + HW RQGHU RHN Lv. XMW HYRHUG EWM GH
0 HHWXQGLWH ' HQVW 0 YDQ 5 LWVZ DWHUVWODW ,Q GH ®RRS YDQ ]DO GH]H GLHQVW

1 $ GYIHVGIHQVW* HR LQIRUP DWH HQ ,&7§ $* , JDDQ KHWQ

+ H®DV VWODWGH] H VFUSWH YROP HWQLHW1 HGHUDQGVH Z RRUGHQ DO IX]]\ N QHDUHVW QHLI KERX UV
FOVVULFDWH HQ UHP RWH VHQVLQJ EHHG ,N KHE HU EHZ XVWYRRU JHNR]HQ GH]H Z RRUGHQ QLHW WH
YHUW HQ RP GDW GH WNVW DQGHW RQGXLGHAQMWM ]JRX Z RUGHQ YRRU HHQWHGHU GLWH KHMP DDO

YHUWMIRXZ G LV P HWGH]H WHUP HQ

* UDDJ Z IO IN GH 0 HHWXQGL H ' LHQVW EHGDQNHQ YRRU GH JHERGHQ RQGHU RHNVIDFLAOW LWHQ

8 IMHUDDUG EHQ IN RRN DDQ HQNHMH P HQVHQ GDQN YHUVFKXGLU G IQ GH HHUYWH S®ODW DDQ

GU W % * + * R UWH 78 ' HAOw 5 ! -RUGDQV o HQ S URI GU W o * 9 RVVH® DQ 78
‘' HOW YRRUKXQ EHJHMLGLQJ ,Q GH WZ HHGH S®DW Z LOIN W ) . HQVH®ODU GUV ( + . RRVWUP DQ
GUv 5 GH / DQJH GU . 6FKP LGW SURI GU $ . 6NLGP RUH W ( O - 9 DHVVHQ GUvV 0 6 GH : DDO

HQ GH EHZ RQHW YDQ + XUH [ GDNM EHGDQNHQ YRRUKXQ DGYLH]HQ RI SUDNWVFKH KX G
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I/ HHVZ M HU

0 UHG SU HO HQ IX]]\ FM®VVLLFDWH
0 UUHG SU HW
) X]11\ F®VVLULFDWH

/ LQHDLUH YHUP HQJLQJ YDQ VS HFWD

%HVFKUWILQJ YDQ KHWVWGIHJ HELHG HQ GH GDW
6 WGLHJ HELHG
%HHG P DWHULDDO
9 H@GJHIJHYHQV

@DVVHQLQGHAQJ
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%HVFKRXZ IQJ HQ DDQEHYHQQJHQ
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6DP HQYDWAQJ

$ DQOHLGLQJ

"' H 0 HHWXQGWH ' LHQVW GRHW YRRU 5 LWVZ DWHU/WDDW RQGHU RHN QDDU VHP LDXWP DWVFKH
LQWHUS UHWWH YDQ UHP RWH VHQVIQJ EHHG@GHQ RP GH SURGXFWYIMHIWHQ P HWQDP H GH RE MFWY LW LW
YDQ GH YHJ HWOWHNDUWULQJ WH YHUEHWHUHQ (UGRHQ ]LFK KLHUELMW HH SUREP HQ YRRU 7 HQ HHUVW
QM HQ EIMYHUJHAOWMIQJ YDQ W HH DIJ]RQGHUAMH F®VVULFDWHY GRRU WRHYDGJ KHGHQ YHUDQGHULQJ HQ
RS WH WHGHQ GLH LQ Z HUNHOMKHLG JHHQ YHUDQGHURQJHQ ] + HW W HHGH SUREMHP LV GDW
JHOMIGHAQWH YHUDQGHUQJ HQ YDQ P HQJYHUKRXGLQJHQ YDQ N®VVHQ QLHWRI SDV ®MDW]LFKW DDU ] LW

RP GDWGH]H YDDN JHHQ DDQMLGLQJ JHYHQ WWF®VVULFDWH LQ HHQ DQGHUH NM®VVH ' H RS ®RVVLQJ

YRRUGH]H W HH SUREQMP HQ Z RUGWJ HIRFKWLQ KHWJ HEUXINHQ YDQ IX]]\ WHFKQLHNHQ

(HQ DQGHU SURE HHP IV GDW DXWRP DWVFKH F®VVULFDWH YDQ QDW XUQWH YHJHWWH UHGHQW
P RHLUDDP LV GDDUGH YHUVFKLOHQGH N®VVHQ YDDN VSHFWDDO®VWJ WH RQGHUVFKHLGHQ ]I ' DDURP

IV KHW Z HQVHQM JHEUXIN W P DNHQ YDQ K\ SHUVSHFWDM VFDQQHUV HQ Z RUGW HU JH]RFKW QDDU
QLHXZ H WHFKQWHNHQ GLH RS HHQ VAP P HUH P DQLHU F®VVULFHUHQ GRRU ELWRRUEHHGS JHEUXIN W

P DNHQ YDQ H[ SHUMHQQLY RI UXLP WHQMWMH VDP HQKDQJ

' RHO/WHOAQJ

' RHO YDQ KHW DIVWXGHHUSURMFW LV WH RQGHU RHNHQ LQ KRHYHUUH KHW JHEUXIN YDQ HHQ [IX]]\

F@OVVLULFDWH YDQ K\ SHUYSHFWDM®MH EHHGHQ P HW EHKXGG YDQ HHQ SUREDELAQVWVFKH VHJP HQW WH
>* R UWH @ YHUEHWUQJ JHHIW WQ RS]JLFKW YDQ HHQ FULVS SUHQHZ IMH F®OVVULFDWH YRRU
P RQMWRUQJ YDQ QDW X UQMH YHJ HWOWH (UZ RUGWYHUZ DFKWGDWSUREDELAQVWVFKH VHJP HQWMWH HHQ
YHUEHWUQJ JHHIWRP GDWGH]H P HWKRGH QDDVWGH VSHFWD®MH HL HQVFKDSSHQ RRN UHNHQLQJ KRXGW
P HW GH UXLP WHAQMH NHQP HUNHQ YDQ GH WUUHLQ HHQKHGHQ ' H SUREDELQOVWVFKH VHJP HQW WH

P HWRGH V. RQW INNHGE YRRU P XOMVSHFWDM™ GDW YDQ DJ UDULVFKH JHELHGHQ 1 DWX X UQMN H
YHJ HWODWH JURHLW QWHW J]R JHVWXFWUHHUG DO FXOWXUJ HZ DVVHQ P DDU RRN QLHW XNUDDN GRRU
HONDDU ' DDURP Z RUGWRRN YRRUQDW XUQMH YHJ HWOWH HHQ YHUEHWURQJ YDQ GH F®OVVULFDWH GRRU

VHJ P HQWWH YHUZ DFKW

HUNZ LM H

‘'HJHYRQGH Z HUNZ M H EHKHOWKHWWHSDVVHQ YDQ GH SUREDE LQVWVFKH VHJ P HQWWHP HWRGH RS
K\ SHUYVYSHFWIDM EHHGHQ YDQ QDW XUQMNH YHJHW WH $ DQYXOAHQG Lv. HHQ EHNQRSW QWHUDWX X U
RQGHU RHN XMW HYRHUG + HW RSHUDWRQDQVHUHQ HQ DDQSDVVHQ YDQ VRIW DUH YHUIW YHHO WM
‘' DDUGRRU QI WGH QDGUXN YDQ KHWDIVWKGHHURQGHU RHN RS KHW XIMEUHILGHQ YDQ SUREDELAVWVFKH
VHJ P HQWWH YRRU WRHSDVVLQJ RS K\ SHUYSHFWDO®H EHHGHQ YDQ QDWXUQMH YHJHWMWH HQ KHW
SURJ UDP P HUHQ KLHUYDQ

7 MHQV KHWRQGHU RHN RQWWQG KHWIGHH YRRUHHQ QLHXZ H P HWKRGH YRRU IX]]\ WDLQLQJ YRRU
P D[P XP GQNHAQK RRG F®OVVLU LFDWH 8 LWHLQ GHAQM v HU YRRU N QHDUHVWQHL KERXUV FM®VVULFDWH
JHNR]HQ LQ S®DW YDQ HHQ P D[LP XP QNHAQK RR G F@®VVLU LFDWH ' DDURP LV GH IX]]\ WDLQLQJV

P HWKRGH DAHHQ EHVFKUHYHQ HQ QLHWWRHJHSDVW

" DWD

+ HW JHEUXINW EHHGP DWUDDO LV LQJHZ RQQHQ P HW KHW + \0 DS V\VWHHP + \ SHUVS HFWID O
0 DSSLQJ 6\ VWP " WLV HHQ K\ SHU/SHFWID® VFDQQHU YRRU LQ HHQ YQHJ WL GLH EDQGHQ
RSQHHP W + LHUP HH LV GH NZ HG@GHU YDQ 6FKLHUP RQQINRRJ RSJHQRP HQ ' H UXLP WHQMH UHVR OX WH
YDQ GH EHHGHQ LV P HWHU

9 RRUGH WIDLQLQJ HQ YDAGDWH YDQ GH FMVVULFDWH LV J HEUXIN JHP DDNWYDQ WM HQV YHGBZ HUN
IQJHZ RQQHQ YHG@RSQDP HQ ' H]H YHG@RSQDP HQ ]IM RQJHYHHU KDQ RP KDQ JHVSAQWW LQ



WD LQLQJ VVDP SQHV HQ YDAGDWHVDP SQHV 7IMHQV KHW RQGHU RHN JIM YLHU YHUVFKLGHQGH N@MVVHQ
IQGHAQJ HQ YRRU GH YHG@RSQDP HQ JHEUXINW + HWRSVWGOHQ YDQ GH]H LQGHQQJHQ LV KDQGP DWJ
JHVFKIHG KIHUGRRU]IM GH]H UHGHQMW VXEMFWHI ' IWUHVXOMHHUWLQ NM®DVVHQ P HWHHQ UHMWHI J URWH

VSHFWDM™ RYHUDS

) X111\ WDLQLQJ YRRUP D[ LP XP ONHOKRRG FOOVVLI LFDWH

‘H P HHVWH EHVWDQGH WHFKQIHNHQ KHEEHQ SXUH S HW QRGL YRRU GH WDLQLQJ ‘' LW P DDNW GH
WDLQLQJ YRRU QDWX X UQMH YHJ HWWH @ VWJ : DQWGRRU KHWYRRUNRP HQ YDQ YHHOP U HG Sl HWV LV
KHW P RHLOMW RP YRG@GRHQGH SXUH WDLQLQJVVDP SMHV W YLQGHQ + HW JHEUXIN YDQ ELMD SXUH
WDLQLQJ VVDP SMHV LV VXERSWP DDO + LHUEWMZ RUGWQDP HGW HHQ GHHOYDQ GH JHVFKDWM VS UHLGLQJ
YDQ HHQ N®VVH QWHW YHURRU DDNW GRRU GH QDW XUQMH YDUDWH LQ KHW VS HFWXP YDQ GLH N®VVH
P DDUGRRUGH P DW Z DDUQ DDQGHMQ YDQ DQGHUH N®VVHQ DDQZ H]JL JWM ' HRS®VVIQJ YRRUHHQ
JHEUHN DDQ SXUH WDLQLQJ VVDP SMHV P RHWIJH]RFKWZ RUGHQ LQ KHWVFKDWWHQ YDQ SXUH VSHFWD X LW
P JUHG WDLLQJVVDP SM™V ) : DQJ > @ VWHOV HHQ P HWKRGH YRRU Z DDUEWM HHQ JHZ RJHQ
JHP LGGHGH HQ HHQ JHZ RJHQ HP SLUVFKH FR YDUDQWH Z RUGHQ EHUHNHQG P HWGH IUDFWH YDQ GH
EHWHIIHQGH N®VVH D JHZ LFKW ' H]H SURFHGXUH HIGWHFKW U QI HWW W] XLYHUH VFKDWAMQJHQ YRRU
GH VSHFWD YDQ GH SXUH N®MVVHQ

0 HWEHKXG®G YDQ GH YHUHIIHQLQJVWHRUH HQ NDQVP RGHOWFKDWAQJ LV KHWZ HOP RJHQW HHQ IX]]\
P D[P XP OQNHAQKRRG WHDLQLQJ XWW YRHUHQ GLH XIWP L HG S HOW VSHFWD YDQ SXUH NM®VVHQ VFKDW
J]RQGHU V\ VWHP DWVFKH IRXW 9 RRUGHHO YDQ IX]]\ WUD LQ LQ J v GDW P HHU S HY LQ KHW EHHG
EUXINEDDU ] IM YRRU WIDLQLQJ + HUGRRU LV KHWP RJHQW RP KHWURJHQH JHEWHHGHQ WH JHEUXINHQ
YRRU WDLQLQJ RI RP GH WDLQLQJ VVDP SMHV RS UDQGRP SMO®DWHQ LQ WH Z LQQHQ 9 RRUZ DDUGH YRRU
KHWJHEUXIN YDQ GH]H P HWKRGH YRRU IX]]\ WDIQLQJ LV GDWP HQ EHVFKINWRYHU VFKDWMQJ HQ YDQ
GH NOVVHQDDQGH®Q YDQ GH P | HG WDIQILQJVSL HO HQ GDWGH NM®VVHQ LQ HHQ S HOVSHFWDDOQQHDLU
YHUP HQJG J]IM 2 P GH EUXINEDDUKHLG YDQ IX]]\ WDILQLQJ YRRUP D[P XP QNHAQKRR G F®VVULFDWH
W EHRRUGHMHQ YHUGIHQWKHW DDQEHYHQQJ RP GH P HWKRGH W WVWQ RS HHQ EHHG Z DDUYRRU

WMEHQV YHGGZ HUN GH N®VVHQDDQGHM™Q YDQ IX]]\ WDLQLQJVVDP SGV ] LM YDVW HVW G

3UREDELAVWVFKH VHJ P HQW WH

3 UREDELOVWVFKH VHJ P HQWWH EHVWDWXIWHHQ LQWHJ UDWH YDQ EHHGVHJP HQWWH HQ F®VVLLFDWH

" H FOVVULFDWH YLQGWS ®DW RS JURQG YDQ GH IRUP X YDQ %D\ HV ' H D SURULNDQV RS HHQ N@MVVH
IQ GH]H IRUP XH Z RUGWYDDN YRRUDGH N®VVHQ JHAWJ HKRXGHQ RP GH FMVVLULFDWH QLHWWH YHHOW
VW UHQ LQ GH UFKWQJ YDQ GH P HHVW YRRUNRP HQGH N®VVHQ %LM SUREDELQVWVFKH VHJ P HQW WH
Z RUGWKLHU MKLVW Z HOJ HEUXIN YDQ JHP DDNW ' H P HWKRGH VFKDWGH]H NDQV (RNDDO X LW KHW E HHG5
P HWEHKX® YDQ KHWUHVX ODWYDQ HHQ VWWVWVFKH F®VVULFDWHP HWRGH ' RRUGH]H NDQV (RNDDO
WH VFKDWAHQ NDQ GH FMVVULFDWH YHUEHWUWZ RUGHQ + HWLV ELWRRUEHHGS Z DDUVFKIMAQMHU GDW HHQ
JHHOSL HOLQ HHQ JHHOYHGS WUZ H GDQ JUDV LV WHUZ IMMHHQ ]HQGH JHHOSL HOLQ HHQ JURHQ YHGB
Z DDUVFKIMQAQWHU YHUGURRJG JUDV GDQ WUZ H LV + LHUYRRU LV HHQ RSGHQQJ YDQ KHW EHHG LQ
VHJP HQWQ QRGL Z DDUELMGH VHJP HQWQ ]R YHHOP RJHQW VDP HQYDGMQ P HW WHUUHLQRE MFWHQ
J]RGDWHUVAHFKW ppQ RI HQNHOG N®VVHQ SHUVHJP HQWDDQZ H] LW ] LW

" H JHEUXLNWH VHJP HQWWHP HWRGH YRHJW RS EDVLY YDQ GH VSHFWDM NHQP HUNHQ YDQ GULH
EDQGHQ DDQJUHQ]HQGH SI HO VDP HQ WRWVHJP HQWQ 31 H¥ Z RUGHQ VDP HQJHYRHJIG LQGLHQ GH
(XFQGLVFKH DIVWQG LQ GH IHDWKUHVSDFH WKVVHQ GH SL HO NGHLQHU LV GDQ HHQ GUHP SHQ@ DDUGH HQ
GH FR YDUDQWHY YDQ GH JHFUHsHUGH VHJP HQWQ QLHWJURWU Z RUGHQ GDQ HHQ DQGHUH GUHP SHO

Z DDUGH (HQ SUREMHP LV GDWKHWRQGXLGHAW LV Z HONH GUHP SHQ@ DDUGH GH EHVWH VHJP HQW WH
RSAHYHUW %RYHQGLHQ LV YRRU YHUVFKLOHQGH GHMQ YDQ KHWEHHG@ HHQ DQGHUH GUHP SHQ@ DDUGH KHW
EHVWH ' H RS®VVIQJ KLHUYRRUL/ KHWP DNHQ YDQ HHQ VHJP HQWMWHSLUDP LGH GRRUMW VHJP HQW UHQ
P HW RS®RSHQGH GUHP SHQ@ DDUGHQ 9 HUYRQ HQV Z RUGHQ XLW GH YHUVFKLOMQGH QLYHDXV YDQ GH
SLUDP LGH VHI P HQWQ JHVHMFWHUG RS EDVLY YDQ GH N®VVHQDDQGHQQ LQ GH VHJP HQWQ + LHUYRRU
P RHWHQ YRRUGH JHKHM SLUDP LGH GH N®VVHQDDQGHMQ SHUVHJP HQWJHVFKDWZ RUGHQ Z DDUYRRU
GH P HWKRGH YRRUKHWVFKDWMHQ YDQ GH D SURULNDQVHQ RS GH N®VVHQ JHEUXINWZ RUGW (UZ RUGHQ

VHIJ P HQWQ JHVHMHFWHUG P HW]R P LQ P RJHQW N®VVHQ $ & HUP HHUGHUH NDQGLGDWQ ] LM Z RUGHQ



]R JURRWP RJHQWH VHIJP HQWQ JHNR]HQ RP GDWGH VFKDWAMQJHQ YDQ GH D SURUL NDQVHQ YRRU

JURWH VHIJ P HQWHQ QDX Z NHXUL HU] LM

& RQFOX VLHV

9 RRU GH JHEUXINW EHHG@GHQ HQ EWMEHKRUHQGH YHGJHJHYHQV JHHIW GH N QHDUHVW QHLI KERX UV
F®OVVULFDWH GH EHVW JHVFKDWMW NDQVHQ DO LQYRHU YRRU GH SUREDELQVWVFKH VHJ P HQW WH 9 RRU
WR HS DVVLQJ YDQ S UR E DE LOVWVFK H VHJ P HQW WH RS K\ S HUVS HFWJD H EHHGHQ YDQ Q DWX X UQM H
YHJ HWODWH P HWHHQ EHSHUNWDDQWOWDLQLQJ VVDP SAHV J]IM W HH DDQSDVVIQJHQ JHGDDQ 7HQ HHUVWH
LV . HU JHNR]J]HQ YRRU HHQ LP SHP HQWWH YDQ GH N QHDUHVWQHLI KERXU F®OVVULFDWH GLH K\ SHU
VSHFWDO®M GDW NDQ YHUZ HUNHQ 7HQ WZ HHGH LV KHW VHJ P HQWHFWHFUMWMH ULX P ]R DDQJHSDVWGDW
GH YRRUNHXU QUHHW ®@QJHU DOHHQ QDDU SXUH VHJP HQWQ XWJDDW P DDU GDWHU JHVWHHIG Z RUGW
QDDUVHIJP HQWQ P HW]R P LQ P RJHQW NM®VVHQ

3 UREDE LQOVWVFKH VHJP HQWWH JHHIW HHQ QFKW YHUEHW UQJ YDQ GH RYHUDG®DFFXUDF\ YDQ GH
F®VVLU LF DWH ' HIH YHUEHWUQJ LYV DIKDQNHQW YDQ GH N®VVHQLQGHQQIJ ' H JURRWMW YHUEHW UQJ
WHHGWRS EWMHHQ LQGHQQJ LQ N@® VVHQ QLYHDX Z DDUEIMGH RYHUD@®@DFFXUDF\ YDQ

QDDU VWM W ' H LQGHQQJ P HW GH NO®HLQVWH YHUEHWUQJ KHHIW N® VVHQ QLYHDX

+ IHUYRRU VWHHJ GH RYHUDG®@DFFXUDF\ YDQ QDDU + HWLYV RQGXLGHQMWM Z DDURP GH
YHUEHWUQJ GRRU SUREDELQVWVFKH VHJP HQWWH VAHFKW NMHLQ LV ' LWNDQ DDQ GH GDW Q@ JHQ RI
DDQ GH SUREDELAVWVFKH VHJ P HQWOWHP HWRGH + HWHHUVWH NDQ YHURRU DDNWZ RUGHQ GRRUHHQ WH
JURW VSHFWDMH RYHUDS WKVVHQ GH N®VVHQ P DDUKHWNDQ RRN Q@ JHQ DDQ HHQ WH MJH UXLP WHAMH
UHVROXWH YDQ KHWEHHG RI KHWJHUQJH DDQWOWPDILQLQJ VVDP SOV ' DWGH VHIJP HQWHOMFWH YDQ GH
SUREDE LOVWVFKH VHJ P HQWWHP HWRGH HHQ WH JURW YRRUNHXUKHHIWYRRU SXUH VHJP HQWQ RRN

DO/ GH]H KHHONGILQ ] IM) NDQ RRN HHQ RRU DDN ] L\

$ DQEHYHOQJ HQ

2 S GH HHU/WH S®DW ]RX RQGHU RFKWP RHWQ Z RUGHQ Z DWGH RRUDDN LV GDW GH YHUEHW UQJ
GRRU SUREDELAQVWVFKH VHJP HQWWH VHFKW N®HLQ LV HQ KRH KHW NRP W GDW YHHO HW NOHLQH
VHIJ P HQWQ JHVHMHFWHUG Z RUGHQ ' RRU KHW WRHSDVVHQ YDQ SUREDELOVWVFKH VHJP HQWWH RS
DQGHUH GDW NDQ JHYHUULWHHUG Z RUGHQ RI GH GDW KHWSUREMHP ]IM@ ' RRUJHEUXIN W P DNHQ
YDQ HHQ KDQGP DWJ JHGHILQWHHUGH VHJP HQWWH J]RX JHFRQWRM®MHHUG NXQQHQ Z RUGHQ RI GH
VHJ P HQWHMHFWHP HWRGH GH RRU] DDN LV

9 HUGHU LV KHW VWUN DDQ W UDGHQ RP HHQ P HWRGH WH RQW HUSHQ Z DDUP HH HHQ IX]]\

F@OVVULFDWH JHYDAQGHHUG NDQ Z RUGHQ

YL






6 XP P DW

JQWUR G X FWR Q

7KH 6XUYH\ ' HSDUW HQW 0 HHWXQGL H ' LHQVW LQYHVWJDW YV VHP L DXWP DWG LQWUS UHWWRQ RI
UHP RWH VHQVLQJ LP DJHV IRU 5 LWVZ DWHUWDW W P SURYH WH HIILFLHQF\ DQG HVSHFLD@ WK H
R E MH FWLY LW RI LW YHJHWMWRQ P DSSLQJ 7KLV VKRZ V W R SUREM®™P V ) LWWW WHUH VHHP W EH
GUIHUHQFHV Z KHQ FRP SDUQJ W R VXFFHVVLYH F@OVVULFDWRQV WDWDUH FDXVHG E\ FKDQFH QRWE\
UHDO FKDQJHV 7KH VHFRQG SUREM™P LV. WKDW JUDGXDO FKDQJHV LQ P L LQJ SURSRUWRQV RI W R
F®VVHY DUH GHWHFWG QRWDWD®MRUWR ®DOW EHFDXVH WKH\ RIWQ JLYH QR FDXVH IRUF®VVULFDWRQ LQ
DQRWHUF®VV 7KH VRXWRQ W WKHVH WVR SUREM™P V LV H[ SHFWHG W EH IRXQG LQ IX]]\ FOVVULFDWRQ
P HWKRGV

$ QRWHU SUREMHP LV WH SRRUVSHFWDOGLVWQFWRQ EHW HHQ F@®VVHV RI QDWUDOYHJ HWWRQ Z KLFK
FRP SAQFDWV DXWP DWG F®OVVUIFDWRQ 7KHUHIRUH RQH GHVLUHV WKH XVH RI K\ SHUYSHFWUDOVFDQQHUV
DQG UHVHDUFKHV WKH XVH RI QHZ VP DUW FOVVULFDWRQ P HWRGV WDWIRU LQVWQFH P DNH XVH RI

H[ SHUWNQRZ (HGJH RUVSDWDOVWX FW UHV

2 EMIFWYH

7KH REMFWYH RI WL P DVWHU WHVLY LV W QYHVWIDW W Z KDW H[WQG WH XVH RI IX]]\
F@®OVVULFDWRQ E\ P HDQV RI SUREDELAQVWF VHJP HQWWRQ >* RUWH @ JLYHV DQ P SURYHP HQW
FRP SDUHG W FUWS SI HOE\ SIHO F®OVVULFDWRQ IRU P RQIWULQJ RI QDWUDO YHJ HW WR Q $Q
LP SURYHP HQW E\ SUREDE LQVWF VHJP HQWWRQ LV H[ SHFWG EHFDXVH WL P HWRG WNHV LQW
DFFRXQWVSDWDOFKDUDFWUWWFYV RI WKH IlHG REMFW 3 UREDELQVWF VHJ P HQWWRQ LV GHYH®RSHG RQ
P XOMVSHFWDOGDW RI DJUFXOWUDODUHDY 1 DWKUDOYHJHWMWRQ GRHV QRWJURZ WDWVWXFWUHG DV
FXOMYDWG FURSV EXW W LV QRW FRP SHWOQ UDQGRP HIWKHU + HQFH DQ P SURYHP HQW RI WH

F®OVVULFDWRQ E\ VHJP HQWWRQ LV H[ SHFWG IRUQDWUDOYHJ HWWRQ WRR

0 HWRGR®RIJ\

7KH XVHG P HWKRG FRQVLVYWHG RI WKH DSSQFDWRQ RI WH SUREDELQVWF VHJ P HQWWRQ P HWRG RQ
K\ SHUYSHFWDO P DJHV RI QDWUDO YHJ HWWRQ $ GGIWRQD@ D EUHI QWHUDWUH UHVHDUFK Z DV
H[ HFXWHG $V WH GHYH®RSP HQWDQG P RGULFDWRQ RI VRIW DUH WONH D RWRI WP H WLV UHVHDUFK LV
IRFXVHG RQ WH H[WQVIRQ RI SUREDELAQVWF VHJP HQWWRQ IRU DSSQAQFDWRQ RQ K\ SHUVSHFWDO
IP DJHV RI QDWKUDOYHJ HWWRQ DQG SURJUDP P LQJ WLV

toXuJ WH UHVHDUFK WH LGHD DURVH IRU D QHZ P HWKRG RI IX]]\ WUD LQ LQ J IRU P D[ LP XP

AQNHAQKRRG FM®OVVULFDWRQ $ V IWZ DV GHFIGHG W XVH N QHDUHVWQHL KERXUV FOVVULFDWRQ LQVWDG RI
P D[P XP QONHQKRRG FOVVULFDWRQ LQ WKH HQG WH IX]]\ WDLLQJ P HWRG LV RQQ GHVFUEHG DQG

KDV QRWEHHQ DSSQHG

' DWD

7KH XVHG P DJHV DUH DFTXLUHG E\ WH + \0 DS + \ SHUYSHFWIDO 0 DSSLQJ VN VWH P 7KLV LV D

K\ SHUYSHFWIDODLE RUQH VFDQQHU WKDWUHFR UGV EDQGV 7KLV VFDQQHU LV XVHG WR DFT X LUH WH VDWW
P DUVK RQ WKH ' XWK ) UHVIDQ ,V®QG 6FKLIHUP RQQINRRJ Z IWK D VSDWDOUHVROXWRQ R P HWHUV
) RUWDLQLQJ DQG YDAGDWRQ RI WH F®OVVULFDWRQ ILH@G S ®W DUH XVHG Z KLWFK Z HUH DFTXLUHG

GXUQJ IHGZ RUN 7KHVH KDYH EHHQ VSQW DERXW ILUW IULW LQ D VHW RI WDLQLQJ VDP SMHV DQG
YDAQGDWRQ VDP SAHV ,Q WKLV VWXKG\ IRXUGUIHUHQWGLYLVIRQV LQ F@OVVHV DUH XVHG 7KH DSSRLQW HQW
RI WCHVH GLYLWVIRQV LV P DGH P DQXD@ Z KIFK P DNHV WKHP TXIMH VXEMFWYH 7KLV UHVXOW LQ FMDVVHV

Z IWK UDWKHU @WUW H VSHFWDORYHU®DSV



) X]1\ WUDLQLQJ IRUP D[LP XP ONHOKRRG FMVVLI LFDWR Q

0 RVWH[ LVWQJ P HWRGV QHHG SXUH S HW IRU WDLQLQJ Z KLFK FRP SQFDWHV WUDIQLQJ IRU QDW UDO
YHJ HW WR Q %HFDXVH RI WH RFFXUUHQFH RI P DQ\ P UHG SUHW LW L GUILFXOV WR REWLQ D

VXIIFIHQW @UIH QXP EHU RI SXUH WDILQLQJ VDP SV 7KH XVH RI D® RVW SXUH VDP SOV LV QRW
DGYLVDE OH 7KHVH FDXVH WKH HVWP DWG YDUDQFH W EH FRP SRVHG SDUW E\ WH GHJUHH RI

RFFXUUHQFH Rl RWHU F®VVHV LQVWDG RI WKH QDWUDOYDULDWRQ LQ WKH VSHFWXP Rl WKH F®VV 7KH

VROXWRQ IRUWH ®FN RI SXUH WDLQLQJ VDP SV LV WR EH IRXQG LQ WH XVH RI P LHG SL HO W

HVWP DWH WH VSHFWD RI SXUH FM®VVHV ) : DQJ > @ VXJJHVW D P HWRG W FDGEX®W D

Z HWU KWG DYHUDJH DQG FR YDUDQFH E\ XVIQJ WKH IUDFWRQ RI D F®OVV DV WH Z HWUKW 7KLV P HWRG

GRHV QRWJLYH DQ XQEIDVHG HVWP DWRQ RI WKH VSHFWD RI WKH SXUH F@OVVHV

,WLV SRVVIEMH WR H[ HFXWH DQ XQELWDVHG P D[P XP AQNHQKRRG WDLQLQJ W DWHVWP DWHV S XUH VS HFWD

RXWRI P IJHG SUHWOV E\ XVIQJ WH DGMVW HQWWHRU DQG SUREDELOW P RGHO HVWP DWRQ 7 KH

DGYDQWJH RI IX]]\ WDOWWQJ LV WWDWP RUH S HW LQ WH P DJH FDQ EH XVHG IRU WDLQLQJ Z KLFK

HQDE®HV WH XVH RI KHWURJHQHRXY DUHDV IRU WDLQLQJ RU UDQGRP VDP S QQJ 7KHUH DUH W R

FRQGWMRQV RQ WKLV IX]]\ WDILLQJ P HWRG ) LWUWW RQH QHHGV WR KDYH HVWP DWRQV RI WH IUDFWRQV
RI WKH F®OVVHV IRUWH P I HG WDILQLQJ VDP SMHV 6HFRQGOQ WH VSHFWUD RI WKH P Ll HG S HOW VKR X G

EH D QQHDU P | WKUH RI WKH FRP SRVILQJ FM®VVHV ,Q RUGHU WVR WHVWWKH XwWaw Rl IX]]\ WDOLLJI IRU
P D[P XP AQNHAQKRR G F®OVVULFDWRQ LWLV UHFRP P HQGHG W DSSQ WH P HWRG W DQ P DJH IRU

Z KIFK FOVV IUDFWRQV RI WKH WDLQLQJ VDP SMHV KDYH EHHQ GHWUP LQHG GXUQJ ILHGZ RUN

3 UREDELAVWF VHJ P HQW WR Q

3 UREDE LOVWF VHJP HQWWRQ LV DQ LQWJUDWRQ RI P DJH VHJP HQWWRQ DQG FM®VVULFDWRQ 7KH
FOVVULFDWRQ LV FDUUIHG RXWDFFRUGLQJ WR %D\ HV IRUP X® 7KH SURUSUREDELOWHY RI D FDVV LQ W LV
IRUP X® DUH QRUP D@ NHSWHTXDOIRUD®F®VVHY VR WH FOVVULFDWRQ LV QRWIDYRXUHG WRR P XFK
WZ DUGV WKH SUHYDLAQJ F®VVHV 3 UREDE LQVWF VHIJ P HQWWRQ KRZ HYHU GRHV GR WLV 7KH P HWRG
HVWP DWHV WKLV SUREDELOW ®RFD® RQ WH EDVLY RI WKH [P DJH XVIQJ WH UHVXQVRI D SUREDELAQVWF
IX]1\ F®VVULFDWR Q %\ HVWP DWQJ W LV S UREDE LOW ®RFD@ LWev S RVVLE H WR IP SURYH WH
FOVVUILFDWRQ $ \HGRZ S HOLQ D\HGRZ IlHG@G IRULQVWQFH LV P RUH QNHQ W EH Z KHDWWDQ J UDVV
Z KLIH WKH VDP H \ HGRZ S HOLQ D JUHHQ IHG LV P RUH ONHQO W EH SDUFKHG JUDVV WKDQ Z KHDW
7R HVWP DW WKH RFDOSURU SUREDELQWHY D VXEGLYLWIRQ RI WKH P DJH LQ VHIJP HQW LV QHHGHG LQ
Z KIFK VHJP HQW FRIQFIGH Z IWK ILH@G REMFW DV P XFK DV SRVVIEH 6R RQQ RQH RUD IHZ F®DVVHV
DUH SUHVHQWSHUVHJ P HQW

7KH DSSQHG VHJP HQWWRQ P HWRG P HUI HV DGMFHQW SL HO/ WR VHJP HQW RQ WH EDVLY RI WH
VSHFWDO FKDUDFWHULVWFYVY RI WKUHH EDQGVYV 3 HWW DUH P HUIHG U WH (XFQGHDQ GLVYWQFH LQ WH
IHDWK UH VSDFH EHW HHQ WH S HO LV VP DAHU WKDQ D W UHVKR G DQG WKH FR YDUDQFHV RI WH
FUHDWHG VHJP HQW L VP DGHU WKDW DQRW HU W UHVK R G WV QRW FAHDU KRZ HYHU Z KLWFK WUHVKR G
JLYHV WKH EHVWVHJ P HQWWRQ 0 RUHRYHU WKH EHVWWUHVKRGG VHHP VW YDUW IRUGUIHUHQWDUHDYV LQ
WH P DJH 7KH VRXWRQ W WL LV EXL&BLJ D VHIP HQWWRQ S\ UDP LG E\ VHIJP HQWQJ WH LP DJH
Z IWK LQFUHDVIQJ WKUHVKRGV 1 H[W VHJP HQW DUH VHMHFWG IURP GUIHUHQW HYHO/ RI WKH S\ UDP LG
RQ WKH EDVLY RI WH F®VV SURSRUWMRQV LQ WKH VHJP HQW 7R GR WLV FDOVV SURSRUWRQV SHU
VHJ P HQWDUH QHHGHG IRUWH HQWUH S\ UDP LG Z KLFK DUH DFTXLWHG E\ WH HVWP DWRQ P HWRG IRU
WH SURU SUREDELQWHY 7KH VHJP HQW Z IMK DV IHZ DV SRVVIEM FM®VVHV DUH VHMHFWHG 0 WKHUH LV
P RUH WKDQ RQH FDQGLGDW WH DU HVWVHJ P HQWLY VHHFWG EHFDXVH WH HVWP DWV RI WKH SURU

SUREDELOWHY DUH P RUH DFFXUDW IRU®MUIH VHJP HQW

& RQFOX VLRQV

) RU WH XWQVHG P DJH DQG DFFRP SDQ\ILQJ IlHG GDW WH N QHDUHVW QHLI KERXUV FM®VVULFDWRQ
JLYHV WK H EHVW HVWP DWHG S UREDE LQOWHV DV LQSXW IRU SUREDELAVWF VHJ P HQW WR Q 7Z R
P RGULFDWRQV Z HUH FDUUHG RXW IRU DSSQ LQJ SUREDE LQOVWF VHJP HQWWRQ RQ K\ SHUVSHFWDO
LP DJHV RI QDWUDO YHJHW WR Q Z WK D QP LWHG QXP EHU RI WUD LQ LQJ VDP SOV ) LUvwW DQ

IP SHP HQWOWRQ RI N QHDUHVW QHLI KERXU F®OVVULFDWRQ W DWW DEMH W GHDOZ WK K\ SHUYVSHFWDO



GDW LV DGRSWG 6HFRQGAQ WH VHIJP HQWVHMHFWRQ UXMHV DUH DGDSWG LQ D Z D\ WKDWQR (RQJHU
RQQ SXUH VHJP HQW DUH SUHIHUUHG EXWVHJP HQW Z WK DV (HDVWF®VVHVY DV SRVVLEMXH DUH DLP HG IRU
3 UREDELQVWF VHJ P HQW WRQ JLYHV D VQJKW [P SURYHP HQW LQ WK H RYHUD@ DFFX UDF\ R WK H

F@®OVVULFDWRQ 7KH UDWH RI LP SURYHP HQWGHSHQGV RQ WKH XVHG GLYLIRQ LQ F®OVVHV 7KH P D[ LP XP

IP SURYHP HQWRFFXUUHG Z IWK D GLYLVIRQ LQ F®OVVHV ®™IYHO 7KH RYHUDM®DFFXUDF\ LQFUHDVHG
IUR P WR 7KH GLYWWLRQ Z I\K WKH P LQLP XP LP SURYHP HQWKDV F@®OVVHVY QYHO
+ HUH WH RYHUDO DFFXUDF\ LQFUHDVHG IURP WR W LV XQFM®HDU Z K\ WK H

IP SURYHP HQW DUH TXWMH VP D® 7KH GDW RU WH SUREDELQVWF VHJP HQWOWRQ P HWRG FRXGG EH
WH FDXVH 7KH GDW FDQ FDXVH WLV E\ D WRR ®DUIH VSHFWDORYHU®S RI WKH F@VVHV EXWDOR E\ D
WR RZ VSDWDO UHVROXWRQ RU E\ WRR IHZ WDILQLQJ VDP SAHV $ WR @®@UIH SUHIHUHQFH IRU S XUH
VHJ P HQW HYHQ Z KHQ WHVH DUH UHD®@ VP D® LQ WH VHJP HQW VHAHFWRQ RI WKH SUREDELAVWF

VHJ P HQWWRQ P HWRG FRXG DO/R FDXVH W LV

5 HFRP P HQGDWRQV

,Q WKH ILUWWWS @WFH WKH FDXVH RI WKH P LQRULP SURYHP HQWE\ SUREDELAQVWF VHJP HQWMWRQ VKRXG EH
H[ DP LQHG DV Z H® DV WH UHDVRQ IRU WH VHMHFWRQ RI P DQ\ VP D@® VHIJP HQW %\ DSSsSQ LQJ
SUREDE LQVWF VHJ P HQWWRQ RQ RWHUGDW IWFRXGG EH YHUUIHG Z KHWHUWH GDW LV WKH SUREM™P
%\ XVIQJ D P DQXD@® GHIWQHG VHIP HQWWRQ IWFRXG EH FKHFNHG Z KHWHUWH VHIJP HQWVHMHFWRQ
P HWKRG LV WKH FDX VH

) XUAWKK HUP R UH WH GHVWQ RI D P HWRG W YDAQGDW D IX]]\ FOVVULFDWRQ FRXG EH VWRQJOQ

UHFRP P HQGHG






,QCHLG LQJ

$ DQOHLGLQJ

(PQ YDQ GH WONHQ YDQ 5 LWVZ DWHUVWDWLY GH YHUGHGLI LQJ YDQ GH 1 HGHU®QGVH NXVWWHJ HQ GH ] HH
,Q NXVW HELHGHQ QJJHQ YDDN Z DDUGHYRGH QDWK XUJ HELHGHQ ] RDO/ NZ HGHUW ' IW]LM EHJURHLGH
JRXW RI EUDNNH JHELWHGHQ RS GH JUHQV YDQ ®QG HQ ]HH ]JLH ILXXU 6LlQGV GH P LGGHO
HHXZ HQ ] IM) GRRUKHWERXZ HQ YDQ GIWHQ WHQ EHKRHYH YDQ YHLAJ KHLG HQ WQGERXZ JURQG YHHO
NZ H@BHUW YHURUHQ JHJDDQ ' H DWW GHFHQQL LV HFKWHU HHQ RQW LNNHQQJ RS JDQJ JHNRP HQ
Z DDUEIMP HQ GH QDWKXUP HHU YUM®mDW 9 RRUZ DDUGH LV QDWK XUGMW GDWGH YHLQJ KHLG YDQ KHW ®QG
JHZ DDUERUW G EQMW ' DDURP LV P RQLWUQJ YDQ GH QDWKXUAMH SURFHVVHQ JHERGHQ RP GDW GLH
HHQ LQGLFDWH JHYHQ YRRU WHUUHLQYHUDQGHULQJ + LHUGRRU KHHIW5 LM\VZ DWHUVWODWRRN HHQ QDWX XU
EHKHHUWDDN

9 RRU P RQIMRUQJ YDQ GH 1 HGHU®QGVH NZ HGHW YHUYDDUGLI W GH 0 HHWXQGL H ' LHQVW YDQ
5 LMVZ DWHUVWDDW YHJ HWOWHNDDUWHQ GRRU YL/XHO LQWUSUHWWH YDQ IDOWH FR®RXU XFKWRW &V
+ RHZ HO GH]H P HWRGH HIIHFWHI LV Z RUGW HU RQGHU RHN JHGDDQ QDDU VHP L DXWP DWVFKH
LQWHUS UHWOWH YDQ UHP RWH VHQVILQJ EHHG@HQ RP GH SURGXFWYLWHIWHQ P HW QDP H GH RE MFWY LW LW

YDQ GH YHJ HWOWHNDUWHULQJ WH YHUEHWUHQ >6 NLGP RUH H D EQ @

" H JHEUXINHQWH JHDXWP DWVHHUGH P HWRGHQ YRRU YHJ HWWHF®VVLULFDWH ]IM HFKWHU QLHW ] R
JHVFKINWYRRUP RQIMRUQJ YDQ NQHLQH RI JHMLGHAQWH YHUDQGHULQJ HQ >-DQVVHQ EQ @ (u
GRHQ ]JLFK QDP HQM W HH SUREQP HQ YRRU 7HQ HHU/WH QWHQ ELM YHUJHQWLQJ YDQ W HH
DI]RQGHUOMH F®VVLLFDWHY YHUDQGHUQJHQ RS WH WHGHQ GLH HL HQAW JHHQ YHUDQGHUQJHQ ] LW

P DDUZ DDUGRRUHHQ QHWLHW DQGHUH EHP RQVWHULQJ YDQ P L[ HG SL HO/ HQ DQGHUH WRHYDGLI KHGHQ
YHUVFKLOHQGH N®VVHQ WHJHNHQG Z RUGHQ DDQ RYHUHHQNRP VWJH SL HO/ + HWW HHGH SURE QHHP LV
GDWJHMIGHAOWH YHUDQGHURQJHQ YDQ P HQJYHUKRXGLQJHQ QLHWRI SDV ®DW]LFKWDDU ]I RP GDW
GH]H YDDN JHHQ DDQOLGLQ) JHYHQ WRWF®VVLLFDWH LQ HHQ DQGHUH NM®VVH

" H RSRVVIQJ YRRU GH]H SUREMP HQ Z RUGW JH]RFKW LQ KHW JHEUXINHQ YDQ IX]]\ MWHFKQLHNHQ

+ IHUEIMZ RUGHQ P HQJVHO/ YDQ GH YHJ HWWHN®VVHQ YHURQGHUWG GLWLQ WHJ HQVWGQJ WRW FULVS
FOVVULFDWHY Z DDUE IMVOHFKW ppQ NM®VVH SHU HMHP HQWEHSDDG Z RUGW + RHZ HOHHUGHUH S UR M FWQ
YDQ GH 0 HHWXQGL H ' LHQVW YDQ 5 LMWVZ DWHUVWDDW DO JHEUXIN P DDNWQ YDQ IX]]\ WHFKQLHNHQ
> URHVHQ @RQWE UHHNWHU QRJ HHQ RSHUDWRQHHOIX]]\ FMVVULFDWHS URJ UDP P D

(HQ DQGHU SUREMHP LV GDW DXWP DWVFKH F®VVULFDWH YDQ QDW XUQMH YHJHWWH WP HQW
P RHL DDP LV GDDUGH YHUVFKIOHQGH NM®VVHQ YDDN VSHFWIDDOM®VWI WH RQGHUVFKHLGHQ ]I ' DDURP

IV KHW Z HQVHQM JHEUXIN WH P DNHQ YDQ K\ SHUSHFWUDM VFDQQHUV HQ Z RUGW HU JH]RFKW QDDU
QHXZ H WHFKQIHNHQ GIH RS HHQ VAP P HUH P DQLHU FOVVLULFHUHQ GRRU ELWRRUEHHGS JHEUXIN W

P DNHQ YDQ H[ SHUMHQQLV RI UXLP WHAMH VDP HQKDQJ

) LI X XU . Z HOGGHURS 6FKLHUP RQQLNRRJ



" RHO/WHOOLQ J

‘' RHO YDQ KHW DIVWXGHHUSURMFW LV WH RQGHU RHNHQ LQ KRHYHUUH KHW JHEUXIN YDQ HHQ IX]]\
F@OVVLULFDWH YDQ K\ SHUYSHFWDMH EHHGHQ P HW EHKXG YDQ HHQ SUREDELAQVWVFKH VHJP HQW WH
>* R UWH @ YHUEHWURQJ JHHIW WQ RS]JLFKW YDQ HHQ FULVS SUHQHZ IMH F®OVVULFDWH YRRU

P RQMWUQJ YDQ QDWK X UQMNH Y HJ HW WH

(U Z RUGW YHUZ DFKW GDW SUREDELAVWVFKH VHJP HQWMWH HHQ YHUEHWUQJ JHHIW RP GDW GH]H
P HW/KRGH QDDVWGH VSHFWHID M HL HQVFKDSSHQ RRN UHNHQLQJ KRXGWP HWGH UXLP WHAMH NHQP HUNHQ
YDQ GH WUUHLQ HHQKHGHQ 3 UREDELAVWVFKH VHJ P HQWMWH JHEUXINW KLHUYRRU HHQ LQWHJ UDWH YDQ
EHH@GVHIP HQWWH HQ F®VVULFDWH * H VHJP HQWWH YHUGHHOV HHQ EHHG LQ DDQHHQJ HV®RWQ
JURHSHQ S HO/ + [HUEIMLV KHWGH EHGRHQAQJ GDWGH]H RYHUHHQNRP HQ P HWWHUUHLQREMFWQ ]J]RGDW
HU VHFKW ppQ RI HQNHG NM®MVVHQ SHUVHJP HQWDDQZ H]L ]LM (HQ VWWVWVFKH IX]]\ F®VVLLFDWH
SHU SIUHOYRRU LHWGH]H VHJP HQWQ YDQ HHQ VFKDWAQJ YDQ GH NMVVHQDDQGHMQ ' H LQWHJ UDWH
]RUIWHUYRRUGDW]R KRP RIJHHQ P RJHQMH VHIJP HQWQ JHYRUP G Z RUGHQ 9 HUYRQ HQV NXQQHQ GH
N@DVVHQDDQGHMQ SHU VHIJP HQW JHEUXINW Z RUGHQ RP GH VW WVWVFKH IX]]\ FM®VVULFDWH YDQ GH
SUHO ELQQHQ KHWVHJ P HQWWH YHUE HWHUHQ

" H SUREDELOVWVFKH VHJ P HQWMWHP HWRGH LV RQW INNHG@ YRRUP XOMVS HFWIDQ GDW YDQ DJ UDULVFK H
JHELWHGHQ ' DW KHW RQGHUVFKHIGHQ YDQ REMFWQ LQ DJUDUWFKH JHELHGHQ GH F®VVULFDWH
YHUEHWHUW QJW YRRU GH KDQG ' H YHU/FKIOMQGH JHZ DVVHQ VWDQ QDP HAQW P HHVWO RS
DI]RQGHUQMH DNNHUV 1 DWKXUQMWH YHJ HWOWH J URHIWQLHW] R J HVWX FWKUHHUG P DDURRN QLHWOX NUDDN
GRRU HONDDU & RP SRQHQWHQ YDQ QDWKXUAMH ®QGVFKDSSHQ NXQQHQ UHDAVWVFK Z RUGHQ
JHP RGHAHHUG DO/ HHQ P R]DWN YDQ VFKHUS EHJUHQVGH UXLP WQAMH REMFWQ P HW JUDGXHHO
YDUS UHQGH LQWHUQH YHG@HQ > URHVHQ @ ' DDURP Z RUGWRRN YRRU QDWK X UGMH YHJ HWWH HHQ
YHUE HWHULQJ YDQ GH F®VVULFDWH GRRU VHJP HQWWH YHUZ DFKW 2 P GH JUDGXHHO YDULs UHQGH
LQWHUQH YHGHQ DFFXUDDWWH EHVFKUMWHQ LV IX]]\ FMVVULFDWH EHQRGL G + HWJHEUXIN YDQ K\ SHU

VSHFWDM™H LQ S®DW YDQ P XOMVSHFWIDMH GDW LV Z HQVHAOM RP GDWGH]H H[ WD LQIRUP DWH JHHIW

5 DQGYRRUZ DDUGHQ HQ XLW DQJ VS X QW Q
(ULV JHNR]HQ RP JHEUXIN W P DNHQ YDQ + \0 DS EHHGHQ YDQ KHWNZ HGHUJ HELHG RS RRVW QMW
6 FKIHUP RQQINRRJ ' H]H EHHGHQ ]I HHQP DQJ RSJHQRP HQ $ O JHYRQ KLHUYDQ ] DO KHW QLHW
P RIJIHQOW ]I RP XLWSUDNHQ W GRHQ RYHU KHWDQDQ VHUHQ YDQ P XOM WHP SRUHQ{ GDW ' DDUKHW
Z HOKHWGRHOYDQ P RQLWUQJ LVRP YHUDQGHUQJHQ LQ GH WMs WH EHVFKUMHQ LV GIWHHQ RQGHUZ HUS
YRRUHYHQWKHHOYHUYRQ@ RQGHU] RHN

" HIH ]HAQGH + \0 DS EHHG@HQ ]IM HHUGHU JHEUXINWYRRU KHWRSVWGAHQ YDQ HHQ H[ SHUW\ VWHHP

GDWEIMKHW ,7& ,QWUQDWRQDO ,QVWWXWH IRU * HR ,QIRUP DWRQ 6FLHQFH DQG (DUW 2 EVHUYDWRQ

(QVFKHGH LV RQW INNHG LQ VDP HQZ HUNLQJ P HWGH 0 ' >6NLGP RUH H D @ %LMGILW H[ SHUW
V\ VW HHP Z RUGWHU QHWDO/ ELMS URE DE LOVYWVFKH VHJ P HQWWH HHQ IX]]\ F®VVULFDWH YHUNUHJ HQ GRRU
GH NDQVHQ RS GH YHUFKLOHQGH N®VVHQ WH EHUHNHQHQ %IMKHWH[ SHUW\ VWHHP YHUEHWUHQ H[ WID
NDQVHQ RS JURQG YDQ DDQYXOHMQGH JHJHYHQV ]RDO KRRJW ERYHQ ]HHQLYHDX RI NDNJHKDOM LQ
GH JURQG KHW UHVXOMDW ' H SUREDELAQVWVFKH VHJP HQWWH P DDNW JHHQ JHEUXIN YDQ GHUJ HaOMH
DDQYXOHMQGH LQIRUP DWH P DDU YDQ GH UXLP WHQMH VDP HQKDQJ RP H[WD NDQVHQ W EHUHNHQHQ
GLH KHWUHVX O\DDWMWH Y HUE HWH UH Q

+ HWFRP P HUFLsH SURJUDP P D H& RJILQIMRQ YDQ ' HILQLHQV ,P DJIQJ JHEUXINWRRN HHQ LQWHJ UDWH
YDQ EHHGVHIJ P HQWWH HQ F®VVULFDWH (UL JHNR]JHQ RP RQGDQNV KHWEHVWDQ YDQ HHQ NDQW
HQ N®DU SURJUDP P D DO/ H& RJLQIMRQ WFK KHW QRJ QLHW XIMRQW INNHGH SURJUDP P D YRRU
SUREDELOVWVFKH VHJP HQWWH Wi JHEUXINHQ ' H HHUVWH UHGHQ KLHUYRRU LV GDWKHW RQGXLGHQMW LV
Z DW H& RJQMWRQ SUHFLHY GRHW RP GDW GLW RP EHGUMVWFKQLVFKH UHGHQHQ JHKHLP JHKRXGHQ
Z RUGW (HQ W HHGH UHGHQ LV GDWH& RJLQIWRQ GH YHUNUHJHQ VHJP HQWQ F®VVULFHHUWRS JURQG
YDQ KHWJ HP LGGHGGH VSHFWXP YDQ GDWVHJP HQW WHUZ IMSUREDELAVWVFKH VHI P HQWOWH GH VS HFWD

YDQ DAH S HO LQ RIJIHQVFKRXZ QHHP WYRRUKHWF®OVVULFHUHQ YDQ HHQ VHJP HQW



HUNZ LM H
" HJHYRQGH Z HUNZ IMH EHKHO/WKHWWHSDVVHQ YDQ GH SUREDE LQVWVFKH VHJ P HQWWHP HWRGH RS
GH K\ SHU/YSHFWUDM™ EHHGHQ YDQ 6FKLHUP RQQINRRJ + LHUYRRU ]JIM GH & SURJUDP P D& HQ EDVK
VFUSW GLH GRRU % * RUW JHVFKUHYHQ ] LM JHEUXINW ,Q YHHOJHYDGHQ P RHVWQ GH]H DDQJHSDVW
Z RUGHQ YRRU ]H WRHSDVEDDU Z DUHQ YRRU K\ SHUYSHFWUDM™ GDW RI YRRU QDW XUQMH YHJ HW WH
9 HUGHU ] LM DDQYXA@HQGH URXWQHV JHVFKUHYHQ HQ ]LM GH RVVH URXWQHV DDQ HONDDU JHNRSSHG
]J]RGDWGH JHKHM SURFHGXUH P HWHHQ HQNHOFRP P DQGR XLW HYRHUG NDQ Z RUGHQ
" H]H Z HUN]DDP KHGHQ ]LM DDQJHYX@@ P HWHHQ EHVWGHUQJ YDQ GH EHVFKINEDUH GDW HQ HHQ
EHNQRSW QWHUDWKXURQGHU RHN 7IMHQV KHW QWHUDWKXURQGHU RHN RQWWQG KHW LGHH YRRU HHQ
QHXZ H P HWKRGH YRRU IX]]\ WDLQLQJ YRRUP D[LP XP QNHQKRRG FMVVLULFDWH ' H]H P HWRGH LV
JHSURJUDP P HHUG + RHZ HO HHQ WHVW DDQJDI GDW GH P HWRGH ]RX NXQQHQ Z HUNHQ LV GHI]H
XIMMHLQGHAQW QLHW LQ KHW F®VVLULFDWHSURJUDP P D RSJHQRP HQ " H UHGHQ GDDUYRRU LV GDW
X LWH LQ G H QMW QHW P D[P XP QNHQKRRG F®VVLLFDWH P DDU N QHDUHVW QHLI KERX U/ F®VVL LFDWH
JHEUXINWL %RYHQGLHQ EMHN GH JHEUXINW GDW YDQ 6FKLHUP RQQLNRRJ JLFK QLHW]R YRRU IX]]\
WWIDLQLQJ WH HQHQ
+ HWRSHUDWRQDQVHUHQ HQ DDQSDVVHQ YDQ VRIW DUH YHUI WYHHOWM ' DDUGRRU QI WGH QDGUXN YDQ
KHWDIVWGHHURQGHU RHN RS KHW XLMEUHLGHQ YDQ GH SUREDELAVWVFKH VHJP HQWWHP HWRGH YRRU
WHSDVVLQJ RS GH +\0 DS EHHG@GHQ YDQ 6FKLHUP RQQLNRRJ HQ KHWSURJUDP P HUHQ KLHUYDQ + HW
RQGHU RHN LV DIJHVRWQ P HWHHQ DDQWOH[ SHUP HQWHQ + LHUEWMLY YRRU YHUWFKLEHQGH NM®VVHQ
IQGHAQJ HQ GH DDQJHSDVW P HWRGH YDQ SUREDELAVWMVFKH VHJ P HQWWH XLW HYRHUG HQ YHUJ HHNHQ

P HWF®VVULFDWH ]RQGHU SUREDE LQAVWVFKH VHJ P HQW WH

/ HHVZ LM HU

,Q KRRIGVWXN ]DOHHUYWDFKWUJ URQGILQIRUP DWH JHJHYHQ Z RUGHQ RYHU P IJHHG S HW HQ IX]]\
F®VVLU LF DWH 9 HUWYRQ HQV ] XAHQ LQ KRRIGVWN GH +\0 DS EHHGHQ HQ GH GDDUEWMEHKRUHQGH
YHGGJHIJHYHQVY Z DDU GH P HWRGH RS JHWVW LV EHVFKUHYHQ Z RUGHQ ,Q KRRIGVWN Z RUGW

EHVSURNHQ KRH LQ KHWJHYDOYDQ IX]]\ YHGJHJHYHQV GH WIDLQLQJ YRRU P D[P XP QNHQKRRG
FOVVULFDWH HU XIW ]RX P RHWQ ]LHQ ' H SUREDELAVWVFKH VHJP HQWMWH Z RUGW LQ KRRIGVWN
EHKDQGHGS DO/P HGH GH JHP DDNWH DDQSDVVIQJ YRRU QDWKXUQMH YHJHWWH ‘' H NHX]H YRRU HHQ
FOVVULFDWHP HWRGH YRRU KHW VFKDWMHQ YDQ GH QRRG]DNHQWH NDQVHQ Z RUGW LQ KRRIGVW N
JHP DDNW ' H UHVXOMWQ YDQ GH WHSDVVIQJ YDQ SUREDELAVWVFKH VHJP HQWWH Z RUGHQ
JHSYDXHHUG LQ KRRIGVW N & RQFOXVIHV HQ DDQEHYHQQJHQ QDDU DDQ@LGLQJ YDQ KHWRQGHU RHN
]I WHQVARWAH WH YIQGHQ LQ KRRIGVW N

" H UHVXOMWQ YDQ GH WRHSDVVIQJ YDQ SUREDELOVWVFKH VHJP HQWWH RS GH EHHGGHQ YDQ
6 FKIHUP RQQINRRJ ]IM WH YLQGHQ LQ ELMDJ H ,Q ELMDJI H IV HHQ KDQGMHLGLQJ YRRUKHWJ HE UX LNWH

SURJUDP P D YRRUSUREDELQVWVFKH VHIJP HQWWH RSJHQRP HQ






0 L[HG SL[HO/ HQ IX]]\ FODVVLILFDWH

0 L[HG SL[ HOV

(HQ GLI IMDDOEHHG LV RSJHERXZ G XIW SUHW Z HNH YRRUI HVWHG@ Z RUGHQ DO/ YLHUNDQWH EHHGB
Y®ONMY GIH LQ HHQ UHJH® DWJ J UG KHWYRGOHMGLI H RSSHUY®N EHGHNNHQ ' H VSHFWD® LQIRUP DWH
YDQ HHQ SU HOLV DINRP VWJ XWHHQ JHELHG GDWEHGHNWZ RUGWGRRU GH ! LQUVWDQWQHRXV ILHG RI
YLHZ § ,)2 9 YDQ GH VHQVRU ' H WIDGLMRQHOM P HWRGHQ YRRU KHW F@VVULFHUHQ YDQ UHP RWH
VHQVIQJ EHHG@GHQ NHQQHQ RS JURQG YDQ GH]H VSHFWIDQ® LQIRUP DWH DDQ LHGHU SL HOppQ NMVVH
WRH ,Q YHHOJHYDOMQ LV KHWHFKWHU]R GDWILQ GH Z HUNHAMWK HLG GLH KHWS L HOEHVFK UMW QLHWVMHFK W
ppQ N®VVH YRRU NRP W (HQ SLU HO Z DDUQ LQ P HHU RI P LQGHUH P DWH W HH RI P HHU N®VVHQ
YRRUNRP HQ Z RUGW HHQ P L[ HG SLU HO JHQRHP G (U NXQQHQ YLHU W SHQ P LHG S HO
RQGHUVFKHLGHQ Z RUGHQ RS JURQG YDQ GH RRU DDN YDQ GH DDQZ H]WKHLG YDQ P HHU GDQ ppQ
NMVVH >) LVK HU EQ @

D * UHQV WKVVHQ WZ HH RI P HHUN®VVHQ ELW HHQ ERVUDQG

E * HHIGHOMH RYHUW DQJ WKVVHQ N@VVHQ ELW ! HFRWRQHS

F / LQHDLWH VXESLU HOREMFWQ ELW HHQ Z HJ

G . HIQH VXESL HOREMFWQ ELW HHQ KXLVRI ERRP

LI X XU ' H YLHUW SHQ YDQ P L[HG SL[ HO/ >) LVKHU EQ

+ HWLV QIHWP HWHHQ KHQP DDOGXLGHQW Z DWKHWRYHU DQJVSIL HO W SH E QX HWHQAW LQKRXGW
) LWKHU > EQ @]HIJWGDWKLHU VSUDNH LV YDQ HHQ RYHUI DQJ LQWHUJUDGH WXVVHQ FHQWD
FRQFHSWQ YDQ NDUWHUEDUH IHQRP HQHQ + HW QWW HU GXV RP WH JDDQ GDW LQ GH DQGHUH GULH
JHYDGHQ GH JUHQV WKVVHQ GH N®VVHQ LQ GH Z HUNHQMKHLG Z HOGXLGHQW LV P DDUGDWGH]H ELMW SH
E LQ KHWWUUHLQ RRN RQGXLGHQW LV ' DWKDQJWHFKWUQRJDODI YDQ GH VFKDDOZ DDURS M NIWNW $ O
M P DDUJHQRHJ LQJRRP W Z RUGWGH VFKHUSH JUHQV YDQ HHQ ERV Z HJ RI ]HQV KXLV YDDJ (HQ
SXQWRI JUHQV KHHIWHHQ JHRP HWLWFKH SUHFL/IH Z DDUP HH M KHP 1Q KHWWUUHLQ NXQWDDQZ LM HQ
" IWZ RUGWLQ GH @WQGP HHWXQGH GH LGHDQVDWHS UHFLVIH J HQRHP G

DWP HWHHQ EHSDDGH UXLP WHOAMH UHVROXWH QRJ HHQ EHSDDG W SH P L[ HG S HOLV NDQ ELMHHQ
KRJHUH RI ®JHUH UHVROXWH Z HOHHQV HHQ DQGHU W SH J]IM (HQ YRRUEHHG KLHUYDQ LV HHQ J UHQV
WKVVHQ ERV HQ KHL GIH EIMSL HO/ YDQ P HWHU JUHQVS L  HO/ W SH D KHHIW %IMSL HO/ YDQ
P HWHU NDQ GH ERVUDQG Z HO HHQV QLHW ]JR VFKHUS P HHU EQWHQ WH ] GRRU HHQ ®QJ]DDP
DIQHP HQGH GLFKWKHLG YDQ GH ERP HQ ,Q GH RYHUIDQJV]RQH NRP HQ GDQ SL HO/ YDQ W SH E YRRU
%MS L HV YDQ P HWHUNDQ ppQ DI]RQGHUQOMH ERRP HHQ VXESL HOREMFW]IM WSHG %LMSL HO/
YDQ P HWHUNDQ GH J UHQV WK VVHQ HHQ ERRP HQ GH KHLZ HHUHHQ SIL HOYDQ W SH D RSQYHUHQ
%RYHQVWDQG YRRUEHHG LOXVWHHUW RRN GDW P L[ HG SLU HO/ QLHW (RV VWDQ YDQ N®VVHQGHILQLWHV

DQWEIMZ HONH GLFKW HLG YDQ ERP HQ LV HUQRJ VSUDNH YDQ ERV" : DWM LQ KHWWDLQLQJ VVW G LX P
YDQ HHQ F®VVULFDWH EHQRHP WDO/ SXXUERV EHSDDOVZ DWSXUH HQ Z DWP L HG S HO ] L\
(HQ UHP RWH VHQVIQJ EHHG ]DODOMMSs HHQ FRP ELQDWH YDQ SXUH HQ P L[HG SLU HO EHYDWMHQ + HW
DDQWO P [HG SLUHOX LV DIKDQNHQW YDQ GH UXLP WHQWH FRP SOH[ LWHLW YDQ GH Z HUNHAWKHLG GH

UXLP WHOMH UHVROXWH HQ GH JHEUXINWH N®@VVHQGHILQMHV



) X111\ FODVVLILFDWH

0 UHG SUHOK ]WM HHQ FRP SQFDWH EWMF®VVULFDWH & ®DVVULFDWHP HWRGHQ GIWH DGH S HO RS JURQG

YDQ HHQ EHVAQVUHJ HOLQ ppQ YDQ GH N®DVVHQ LQGHMQ Z RUGHQ FUWS RI KDUGH F®VVULFDWHP HWRGHQ

JHQRHP G ' HIH GHILQLLUHQ HHQGXLGL Z DWQRJ WWZ HNH N®VVH EHKRRUWHQ Z DWQLHWP HHU
6RP V LV KHWHFKWU EHWU RP GH YDDJKHLG QWHWZ HJ W Z HUNHQ P DDU GH]H W EHKRXGHQ ] LH
SDUDJ UDDI GRRU KHW S HO ILQ P HHU RI P LQGHUH P DWH LQ W GHMQ LQ P HHUGHUH N®VVHQ

0 HWKRGHQ GIH GIWGRHQ Z RUGHQ IX]]\ F®VVULFDWHP HWRGHQ JHQRHP G

+ HWZ RRUG IX]]\ EHWNHQW]RYHHODO YDDJ ' H RRUVSURQJ YDQ GH WHUP QJWELMGH LQWR GX FWH
YDQ IX]]\ VHW DO JHQHUDQVDWH YDQ GH %RRMDDQVH (RJLFD + HUEIM KRHIW HHQ EHZ HUQJ QLHW
®QJHU MKLVYW RI RQMLVYW W ]LM RIWZ HO R P DDU NDQ GH]H RRN DGOMH Z DDUGHQ GDDUW VVHQ
DDQQHP HQ 1 DDVWGDWIX]]\ YDDJ EHWNHQW LV KHWLQ KHWJHYDOYDQ IX]]\ FM®VVULFDWH RRN HHQ
EHHWH HHQ YDJH WHUP HU Z RUGW QLHW DOMMs KHW HOGH RQGHU YHUVWDDQ ,Q GH]H VFUSWH ] DO GH

YRQ HQGH GHILQIWH JHEUXINWZ RUGHQ

(HQ IX]]\ FMVVULFDWH LV HHQ FMVVULFDWH Z DDUEIMHHQ REMFW QLHW LQ VAHFKW ppQ N®VVH
IQJ HGHHG NDQ Z RUGHQ P DDU LQ P HHU RI P LQGHUH P DWH  WW P HHUGHUH N®VVHQ NDQ

EHKRUHQ XM HGUXNWLQ HHQ Z DDUGH SHUN®VVH

'IWLY HHQ YUMUXIP H GHILQWH YRRU IX]]\ F®VVULFDWH + HWNRP WHURS QHHU GDWDGOH P HWRGHQ

GLH QIHWFULVS ]I IX]]\ ]I

(HQ DDQ IX]]\ FMOVVULFDWH YHUZ DQWH WHUP LV VXESL HFM®VVULFDWH 2 RN ELMVXESL HG®VVLLFDWH
Z RUGWHHQ SL HOLQJHGHHG LQ P HHUGHUH NMVVHQ + HUEIMJ DDWKHWHFKWHU RP KHWVFKDWAHQ YDQ
DDQGHMQ YDQ GH YHUVFKLOHQGH NMVVHQ 7HUZ IMEIMIX]]\ FOVVULFDWH GH Z DDUGHQ SHU NMVVH QLHW
DOMMS DO/ DDQGH@MQ J HWWHUS UHWHHUG P RJHQ Z RUGHQ + HWNDQ ELWRRUEHHGG RRN RP GH NDQV RS
HHQ N®VVH JDDQ RI GH P DW YDQ QGP DDWFKDS )X]]\ FM®MVVULFDWH LV YRQ@ HQV ERYHQVWDQGH
GHILQLMWMH GXV HHQ UXLP HU EHJUS GDQ VXESL HF®VVULFDWH ' LW QHHP W HFKWHU QLHW Z HJ GDW HU
JHSRRJG NDQ Z RUGHQ RP XLW HHQ IX]]\ F®VVULFDWH P HW NDQVHQ SHU NM®VVH DDQGHQQ DI WH
HIGHQ (U] LM QDP HAM GUH P HWKRGHQ YRRUVXESI HF®VVLLFDWH > DVW DQ HQ / DQH\ @

$ DQGHMQ VFKDWAHQ X W) DDQGH YDQ QQHDLUH YHUP HQJLQJ YDQ GH VSHFWID YDQ SXUH NM®VVHQ

+ HWDI] RQGHUQW WUIDLQHQ YRRUYHUVFKLOHQGH P HQJ YHUKRXGLQJ HQ

$ DQGHMHQ DIHIGHQ XLWHHQ IX]]\ F@®OVVLULFDWH

/ LQHDLUH YHUP HQJ LQJ YDQ VS HFWD

6RP P JH P HWRGHQ YRRU VXESLU HGCG®VVULFDWH JDDQ XLW YDQ QQHDLWH YHUP HQJLQJ YDQ GH
VSHFWD + HW VSHFWXP YDQ HHQ P U HG S HOP HWKDQ N®VVH HQ KDQO NO®@VVH QI WGDQ LQ GH
IHDWK UHVS DFH SUHFLWIHV WKVVHQ GH VSHFWD YDQ GH NM®MVVHQ HQ LQ 9 RRU SLUHW Z DDULQ WZ HH
N®VVHQ QDDVW RI GRRU HWNDDU YRRUNRP HQ ]J]RQGHU HWNDDW UHIGHFWH W EHWY®HGHQ LV GH]H
DDQQDP H WHUHFKW (U] HFKWU RRN P IJHG SUHOV P HWQLHWAQAQQHDLWU YHUP HQJGH VSHFWD 9 RRU
P LQHUDMQ P RHW YRRU GH YHUNMULQJ KLHUYDQ RS P RAHFXX@®@LYHDX JHNHNHQ Z RUGHQ QDDU GH
LQWHUDFWH YDQ GH P DWUDMHQ P HWRSYDGHQG QFKW >& MUN SDUDJ UDDI @ 2 S KHW HHUVWH
JH]WFKW]RX JHVWG@G NXQQHQ Z RUGHQ GDWILQ KHWJHYDOYDQ YHJHWMWH GLWVRRUW]DNHQ ] LFK QLHW
YRRUGRHQ 2 QGHU/WDQG YRRUEHHGG WRQWHFKWUDDQ GDWQWHW]RQGHUP HHUZ DDULY ' IWEHWHIW

HHQ GXILGHAMWH VIWVKXDWH P DDUGHUJ HOMH HITHFWHQ NXQQHQ ]J]LFK RRN P LQGHURSYDAHQG YRRUGRHQ

9 RR UE HH GG
'H YHUKRXGLQJ YDQ ERP HQ HQ VWXINHQ LV LQ 1L XXU D KHWHOGH DO LQ 1L XXU E
7RFK ]1]DO KHW VS HFWXP YDQ ILXXU E P HHU RS GDW YDQ ERP HQ QGWHQ GDQ KHW

VS HF WX P YDQ 1L XXU D $ & YHUYRQ HQV HHQ VFKDWMQJ JHP DDNW]RX Z RUGHQ YDQ GH



DDQGHMQ ERP HQ HQ VWIXINHQ J]RX GH]H YRRUIL XXU D HHQ DQGHU UHVXOMDWJ HYHQ GDQ

YRRUIL XXU E

D E
) LI X XU D (HQ VIWKDWH GLH HLGWWWHHQ QQHDLUH YHUP HQJLQJ YDQ GH VSHFWD YDQ GH
SXUH NODVVHQ E (HQ VIWKDWH GLH HLGWWWHHQ QLHW AQHDLUH YHUP HQJLQJ YDQ GH VS HFWPD

YDQ GH SXUH NOVVHQ

0 HW UHP RWH VHQVLQJ LV GLW SURE HHP QHWRS W ®RVVHQ ' H JHEUXINHU ] DO ILQGIHQ KIM UHP RWH
VHQVIQJ Z IOJHEUXINHQ YRRU GH NDUWUQJ P RHWQ DFFHSWUHQ GDWGHUJ HAMH HIITHFWQ ]LFK YRRU
GRHQ HQ GDWGXV I XXU D SHUGHILQWMWWH HHQ DQGHUH YHUKRXGLQJ JHHIWGDQ E ' HJHEUXINHU
P RHWHQL H YRRU] IFKWJ KHLG EHWD DFKWQ EWMKHWLQWUS UHWHUHQ YDQ GH YHUKRXGLQJHQ GLH XLWGH
UHP RWH VHQVIQJ GDW JHVFKDWZ RUGHQ ' H]H NRP HQ QDP HAOM QLHWDOMMS RYHUHHQ P HWGH P DQLHU

Z DDURS KIMJHZ HQG LW RYHUYHUKRXGLQJHQ W GHQNHQ

(HQ YROHQG SXQWYDQ DDQGDFKWYRRUGH DDQQDP H YDQ QQHDLUH YHUP HQJLQJ YDQ VSHFWD LV KHW
HITHFWYDQ GH VHQVRU ' H ,)2 9 LQVWQWQHRXV ILHG RI YLHZ LV IQ Z HUNHAGWKHLG P HHVW OFLUNHO
YRUP LJ LQ WHJHQVW®@QJ WRWKHWSL HOGDWDO/ YIHUNDQW Z HHUJ HJHYHQ Z RUGW ' DDUQDDVWQHP HQ
VRP P LWH VHQVRUHQ P HHU QFKWRS 1Q KHWP IGGHQ YDQ GH ,)2 9 GDQ DDQ GH UDQG %M DQGHUH
VHQVRUHQ KHEEHQ GH ,)2 9 RYHU®S P HWGLH YDQ DDQJ UHQ] HQGH SL HO/ RI HU]LM VW NNHQ YDQ KHW
WHUUHLQ ELQQHQ JHHQ HQNHO,)2 9 YDOMQ + HWHIIHFWYDQ GH UHIGHFWH YDQ HHQ GHHOYDQ GH ,)2 9

RS GH JHUHJ LWWHHUGH Z DDUGH YRRUGH S HOLY RQGXLGHQW ] HNHU DO GH]H UHIGHFWH VWHUN DIZ LWW
YDQ GIH YDQ GH UHVWYDQ GH ,) 2 9 >) LVKHU EQ @

+ RHZ HOHUGXV YHUVFKLOHQGH RRU DNHQ P RJHQMW ] M YRRUQLHW QQHDLUH YHUP HQJ LQJ YDQ VSHFWD

]DO HU LQ GH]H VFUSWH LQ KRRIGVW N XLW HI DDQ Z RUGHQ YDQ QQHDLU VDP HQJ HVWHGH P L[ HG
SUHO 0 HQ P RHW HFKWHU LQ GH JDWQ KRXGHQ GDW QDDVW P HHWXL HQ KHW HIIHFW YDQ GH

DW RVIHHUHUVSUDNH NDQ ] LM YDQ V\ VWVHP DWVFKH HIITHFWHQ DO/ JHYRQ YDQ QLHW QQ HD LULWH LW






%HVFKUMWLQJ YDQ KHWVWGLHJ HELHG HQ GH GDWD

6 WWGLHJ HELHG

6 FKLHUP RQQINRRJ LV HHQ YDQ GH 1 HGHUD®QGVH : DGGHQHLDPQGHQ RQWWDQ GRRUGH GHSRVLWH YDQ
VHGIP HQWXIWGH 5IM /DQJV GH QRRUG HQ Z HVWNXVWEHYLQGHQ JLFK GXLQHQ 2 P GH SRG@GHU P HW
DJ UDUWFK JHELHG HQ KHW GRUS 6FKLHUP RQQLNRRJ WH EHVFKHUP HQ Z RUGHQ GH GXLQHQ RS GH
Z HVWHQMH KHOWYDQ KHWHLD®QG NXQVW DWJ YHUVWHUNWHQ QJWHU ®QJV GH ] XLGNXVWHHQ ] HHG LW
2 S KHW RRVWOQAMW GHHO YDQ KHW HL®QG NDQ GH ]HH GRRU RSHQLQJHQ LQ GH GXLQHQUWM HQ GH
DIZ HIW KHLG YDQ HHQ ]J]HHGIW KHW ®QG ELQQHQ GUQJHQ + HWGDDU JHMJIHQ QDWXXUJ HELHG GDW
YRRUKHWJ URRWW  JHGHHOM XIWNZ HGBHUEHVWDW LV KHWRQGHUZ HUS YDQ GIWRQGHU RHN (UL YRRU

GIWJHEIHG JHNR]HQ RP GDWKILHUYDQ K\ SHUWSHFWDM EHHGGHQ EHVFKINEDDU Z DUHQ LQ FRP ELQDWH
P HWYHGJHJHYHQV
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) LI X XU / RFDWH YDQ KHWVW GLHJHE LHG

%HHOGP DWULDDO

+ HW JHEUXINWH EHHGP DWHUDDO ]LH IL XXU IV LQJHZ RQQHQ P HW KHW + \0 DS V\ VWHHP
+ \ SHUWSHFWDOO DSSLQJ 6\ VWP " WL HHQ K\SHUVSHFWIDQ Z KL/NEURRP VFDQQHU DFUR VV
WWDFN VFDQQHU YRRULQ HHQ YQHIWKL ' H VWRRNEUHHGWH Z RUGWEHSDDG GRRUGH RSHQLQJVKRHN
YDQ GH VFDQQHU f KLWHUELQQHQ Z RUGHQ SUHO RSJHQRP HQ ' H VFDQQHU RQGHUVFKHLGW

EDQGHQ YDQ QP EUHHG LQ KHWJROGMQJW LQWUYDOYDQ QP WRW QP P HW
HHQ UDGLRP HWILVFKH UHVROXWH YDQ E LW JUWZ DDUGHQ ' H UXLP WHQMWH UHVROXWH YDQ GH

VFDQQHULY DIKDQNHQWM YDQ GH YQHJKRRJW HQ VQHXHLG DWP HGH GH LQWHJ UDWHWM YDQ GH VHQVRU

" H YXFKWYRQG S®DW RS P HL LQ (U] YLHU VWRNHQ JHY®JHQ LQ RRVW Z HVWLFK WQJ
" H YQHJKRRJW YDQ FD P HWHU UHVX OMMHUGH LQ HHQ VWRRNEUHHGWH YDQ HHQ NQHLQH W HH
NLRP HWHU HQ HHQ SLU HQ URRWAH YDQ ] R®@Q E LM P HWHU + HW' /5 ' HXWFKHV =HQWXP I U

/' XIW XQG 5DXP IDKUW KHHIW GH DEVROXW HQ UHM®WHYH RUSQWUQJ YDQ GH VWRNHQ HQ GH
JHRP HWIWFKH FRUUHFWHV JHR UHIHUHQWH EHSDDG P HWEHKXG® YDQ GUIHUHQWsS M * 36 P HWQJHQ
HQ RUS QWWHZ DDUQHP [QJHQ LQ KHW YQHI WL ' H UHVXOMUHQGH JHRP HWLFKH SUHFLVIH YDQ GH
EHHGHQ LV QLHW JHNZ DQWILFHHUG P DDU GH VWQGDDUGDIZ LWLQJ LV ] HNHU JURWU GDQ HHQ SLU HO
>6 NLGP RUH H D EQ @ ' WP DDNWKHWWHSDVVHQ YDQ HHQ IX]]\ WDLQLQJVP HWRGH

]IH KRRIGVW N RS GH]H EHHGHQ RQP RJHQW ' IWZ HUG HFKWU SDV WMMHQV KHWVFKUWHQ YDQ
KRRIGVWN G X LG HOMW



‘' HIH +\P DS EHHGHQ ]WMM HHUGHU JHEUXINW YRRU KHW H[ SHUW\ VWHHP GDW EWM KHW ,7 & LQ
VDP HQZ HUNLQJ P HWGH 0 ' RQW INNHGS LV >6NLGP RUH H D @ 7 MHQV KHWRQGHU RHN GDW LQ
GH]H VFUSWH EHVFKUHYHQ Z RUGW LM HFKWU GH QHW JHRP HWLFK JHWDQVIRUP HHUGH EHHGHQ

JHEUXINW : HO LV HU JHEUXIN JHP DDNW YDQ GH YHG@GJHJHYHQV GIWH YRRU GLW H[ SHUW\ VWHHP

YHU DP HG ] LW

1km

) LIX XU & RP SRVLWH YDQ GH YLHU + \'0 DS VWRNHQ ' H EDQGHQ HQ J HE UX LNW

UHVX OMHUHQG LQ HHQ UHGHOM QDWXUJHWRXZ H DIEHHOGLQJ YDQ GH NOHXUHQ

2 P HHQYRXGL JHEUXIN W NXQQHQ P DNHQ YDQ WDLQLQJVVDP SOV LQ DGH VWRNHQ ] GH YLHU
VWRNHQ DFKWHU HONDDU JHS®NW UHVXOMHUHQG LQ ppQ EHHGG YDQ E M SUHO ]LH
1L XXU 2 P GDWGH VRIW DUH DG@HHQ EDQGHQ P HWppQ E\ W SHU SL HODDQ NDQ ]LM EDQGHQ
YDQ W HH E\ WV SHU SIf HOWUXJJHEUDFKWQDDU ppQ E\ W SHUSL HO + LHUYRRU LV JHEUXIN JHP DDNW
YDQ HHQ VWHWKP HWRGH 2 P QLHW W YHHO UDGLRP HWIVFKH UHVROCWH GRRU XLWFKLHWU WH

YHUQH] HQ ] LM GH S HO P HWGH ®DJVW HQ GH KRRJVW UHIHFWHV UHVSHFWHYHQM RS GH Z DDUGHQ

HQ JHVWG ' WLV JHGDDQ YRRUGH S HO GWH LQ KHWFXP X®MWHYH KLVYWJUDP RQGHUGH
RI ERYHQ GH YDAHQ ' H]H VWHWK LV SHUEDQG DI]RQGHUGW XIW HYRHUG P DDUYRRUDGH YLHU
GH VWRNHQ WHJ HQM + HUGRRU YHUDQGHUW GH VSHFWHD®M VL QDWXU YDQ GH N®VVHQ =R®QJ GH

WDLQLQJ VVDP SAHV XIWKHWW F®OVVULFHUHQ EHHG JHKDDG®G Z RUGHQ KHHIWGIWHFKW U JHHQ LQY®RHG
RS GH F®VVULFDWH + HW YRRUGHHO YDQ HHQ VWHWK SHU EDQG LV GDW KHW VSHFWD®M RQGHUVFKHLG

W VVHQ GH N®VVHQ ]R JRHG P RJHQW EHZ DDUG EQMW EIMKHW WHUXJEUHQJHQ QDDU ppQ E\W SHU

S HO

) LIX XU ' HDDQ HONDDUJHS ONW VWRNHQ HQ

9 HOGJ HJ HYHQV

9 RRUGH WDILQLQJ HQ YDAGDWH YDQ GH FM®OVVULFDWH LV JHEUXIN JHP DDNWYDQ GH YHGGJHJHYHQV GLH

IQ P HLHQ MQL YDQ KHWMDU YDQ GH EHHGRSQDP H LQJHZ RQQHQ ]IM ,Q WRWDOZ HUGHQ RS

S®DWHQ 1Q KHW YHGG YHJHWWHJHJIJHYHQV YHU DP HG YHG@GRSQDP HS MDWHQ ' HIH RSQDP HQ
EHVWQGHQ XWJHEWHGMY YDQ YWIM EWMYWM P HWU Z DDU GH YHJ HWWHVDP HQVW@MQJ LV EHSDDGG ' H
S RVIWHYV YDQ GH RSQDP HQ ] LM LQJHP HWQ P HW EHKXG YDQ GUIHUHQWs (H * 36 " H

RSQDP HS®DWHQ JIM P LQ RI P HHUUDQGRP YHUGHHGG RYHUKHWQDW XUJ HELHG ( ULV LQ KHW WHUUH LQ
JH]RFKWQDDU JHELHGMY GLH UHSUHVHQW WHI ] IM) YRRUHHQ EHSDDG@H YHJ HWDWHNMVVH HQ KHWQHIVW
]R GDWGH GLUHFWH RP JHYLQJ YDQ KHWRSQDP HJHELHG RRN WRWGLH N®VVH EHKRRUW

(U] LM W HH W SHQ YHG@RSQDP HQ QJHZ RQQHQ JHZ RQH YHG@RSQDP HQ HQ VQHGH YHGRSQDP HQ

9 RRU GH JHZ RQH YHG@GRSQDP HQ ] M JHGHWILHHUGH VRRUWMHQVDP HQVW@MQJ HQ RSSHUY®NW



VFKDWAMQJ HQ YDQ GH DDQZ H]WH VRRUWHQ EHSDDG %LM YDQ GH]H JHZ RQH YHGRSQDP HQ ] LW
YH@VSHFWRP HWUP HWQJHQ XLW HYRHUG 9 RRUGH VQHGH YHGRSQDP HQ ] IM DAHHQ GH VDP HQ
VWH@®@QJ HQ GH RSSHUY®NWVFKDWAMQJ HQ EHSDDG YDQ GH GRP LQHUHQGH VRRUWMQ HQ YDQ GH VRRUWQ
GIH YDQ EH®QJ ]I YRRU KHW YDVWWIGHQ YDQ KHW YHJHWWHW SH IQGLFDWR U VSHFLHV

%RYHQVWDQGH LQIRUP DWH LV RQWHHQG DDQ 6NLGP RUH H D > EQ @

" H YH@GRSQDP HQ P RHWQ JHEUXINWZ RUGHQ YRRU]RZ HOKHWWDLQHQ YDQ GH FMVVULFDWH DO/ KHW
YDAGHUHQ YDQ KHWUHVX OADDW + LHUYRRU]IM GH YHGRSQDP HQ JHVSAWWLQ HHQ WIDLQLQJ VVHWHQ HHQ
YDAQGDWHVHW RRN Z HOWVWHW $ O/ WIDLQLQJ VVDP SQHV ]I GH JHZ RQH YHGRSQDP HQ JHEUXINWHQ
YRRU GH YDQGDWH GH VQHGM YHG@RSQDP HQ ' H]H Z RUGHQ DO/ YRGRHQGH RQDIKDQNHQM
EHVFKRXZ G

9 RRUGH NMVVHQ VWWDQG HQ Z DWHU ] LM QDXZ HAMV RI JHHQ YHGRSQDP HQ JHP DDNW RP GDWGH]H
GXLGHAQW LQ KHWEHHG KHUNHQEDDU]LM ' H VDP SOV YRRUGH]H N®VVHQ ]I GDQ RRN LQ KHWE HHGB
RSJHJHYHQ 9 RRUEHLGH NDVVHQ LV HHQ JURHS YDQ DDQHHQJHVRWHQ S HO DDQJHZ H]HQ YRRU
GH WWDLQLQJVVHW 2 S HHQ DQGHUH (RFDWH HQ LQ HHQ DQGHUH VWRRN ]IM YRRU EHLGH N®VVHQ HHQ

JURHS YDQ HYHQHHQV SUHW DDQJHZ HIHQ YRRUGH YDQGDWH

2 P GH RFDWHYV YDQ GH YHGRSQDP HS ®DWHQ LQ KHWEHHG Wi YLQGHQ LV GH LQYHUVH J HRP HWILVFK H
WWDQVIRUP DWH WRHJHSDVW RS GH * 36 FR| UGLQDWQ YDQ GH YHGRSQDP HQ ]JRGDW EHHG

FR| UGLQDWQ YRRUGH RQJHWNDQVIRUP HHUGH EHHGHQ YHUNUHJ HQ Z HUGHQ 9 HUP RHGHQM DO/ JHYRQ
YDQ GH JURWH VWQGDDUGDIZ IWLQJ YRRU GH JHRP HWLFKH SUHFL/IH YDQ KHW EHHG NZ DP HQ GH
EHHGVSHFWD YDQ HHQ DDQWO YHGM@RSQDP HQ QLHW RYHUHHQ P HW GH YHGJHJHYHQV ' DDURP ]LWQ
DAH YHGRSQDP HQ KDQGP DWJ JHFRQWRMHHUG HQ LQGLHQ P RJHQW JHFRUUJ HHUG GRRU HHQ
DDQJUHQ]HQG SL HO DO/ KHW MLVWH WH LGHQWILFHUHQ ' LW WMSURYHQGH Z HUN Z DV JHXNNL DO
XMW HYRHUG WHQ EHKRHYH YDQ KHWH[ S HUW\ VWHHP

3XQWQ GIH LQ GH RYHU®S YDQ W HH VWRNHQ YDGMQ ]IM VAHFKW LQ ppQ VWRRN WUXJJH]RFKW
7WMHQV GH FOOVVULFDWH P HWGH P HWRGH GLH LQ GH]H UDSSRUWJH EHVFKUHYHQ Z RUGW EQ@HN YRRU
HHQ DDQWO YDQ GH]H SXQWQ QLHW KHW MLVW VWRRNQXP P HU JHUHJLMWHHUG W ]LQ ' W
RSHQEDDUGH ] LFK GRRUGDWKHWZ DG DO/ YHJ HWWH J HF®VVULFHHUG Z HUG 0 HWEHKXG YDQ GH * 36

FR| UGLQDWHQ NRQGHQ GH]H SXQWQ HHQYRXGL JHWHQWI LFHHUG Z RUGHQ HQ NRQ GH MLVWH VWRRN

EHSDDG Z RUGHQ

)y LIX XU ,QZ LQQHQ YDQ GH YHOGJHJIHYHQV

DVVHQLQGHAOQJ

" H YHGBRSQDP HQ ]IM LQJHGHHG LQ VXEW SHQ ' H]H VXEW SHQ NXQQHQ YHUYRQ HQV LQ NMDVVHQ
VDP HQJHYRHJG Z RUGHQ 7LMHQV KHW RQGHU RHN ]JLM YLHU YHUFKLOHQGH N®VVHQLQGHQQJ HQ
JHEUXINW ' UH GDDUYDQ ]M GRRU @WQGVFKDSVHFR®RJ + . RRVWUP DQ JHNR]JHQ RS JURQG YDQ

YHUVFKLOHQGH P DW YDQ DJJUHJDWH ]WlH RQGHUVYWDQGH WEHO



@®VVHQLQGHAQJ HQ P HWYHUWFKLGOHQGH P DW YDQ DJJUHJ DWH

1 LYHDX

1 LYHDX

1 LYHDX

6XEW SHQ

D JURQG HQ LMH YHJ HW WH

DM JURQG HQ LMH YHJ HW WH

DM JURQG HQ LMH YHJ HW WH

3LRQLHUNZ HGGHU

6DAFRUQLD 6 XDHGD YHJ HW WH

6DAFRUQLD KW K FRYHU

6DAFRUQLD 6 XDHGD

6 XDHGD /P RQLXP

I/ DJH NZ HGHU

3 XFFLQHGD YHJ HW WH

3XFFLQH@MD 6DAFRUQLD / IP RQLXP

3XFFLQH@MD * DX

/I'lP RQWXP YHJ HW WH

/P RQLXP

+ DAP LRQH YHJ HW WH

+ DAP LRQH

0 IGGHXRJH NZ HGHU

-XQFXV JHU YHJHW WH

-XQFXV 6XDHGD /P RQLXP

-XQFXV ) HVWX FD

) HYWK FD YHJ HW WH

) HVWK FD

$ UMHP LVLD

-XQFXV P DU YHJ HW WH

-XQFXV P DU

(QP XV YHJ HW WH

(aP XV

+ RJH NZ HGHU

3 RWQWAD YHJ HW WH

3RWQWAD -XQFXV

$ J UR VWYV 3 RWHQWaD

6DJ QD YHJ HW WH

6DJLQD $ UP HULD

2 YHUWDQJ GXLQ NZ HGHU

2 YHUW DQJ GXLQ NZ HGHUYHJ

2 YHUW DQJ GXLQ NZ HGHU

X 1Q X 1Q X 1Q
6 WD Q G 6 WD QG 6 WD QG
DWHU DWHU DWHU

' H YIHUGH LQGHAQQJ GLWH J

] J]WH RQGHUVWDQGH WEHO

HEUXINWL KHHIWGH] HOGH NM®VVHQ DO YRRU KHWH[ SHUW\ VWHHP

@@VVHQLQGHAQJ J]RDW JHEUXINWLQ 6 NLGP RUH H D > @
1 DDP $ INRUWQJ
DWU

DM JURQG HQ LMH YHJ HW WH

6XDHGD 6DQFRUQLD YHJ HW WH

6DAFRUQLD /P RQLXP

Y HJ HW WH

I'lP RQWXP YHJ HW WH
3XFFLQHGMD YHJ HW WH
+ DAQP LRQH YHJ HW WH

) HYWKFD $ UMHP LVID YHJ HW WH

-XQFXV 6XDHGD /P RQWXP Y HJ HW WH

-XQFXV $ UMILS H[ ) HVWKX FD YHJ HW WH

) HYWKFD YHJ HW WH
-XQFXV P DU YHJ HW WH
(QP XV YHJ HW WH

$ J URVWYV YHJ HW WH

$ JURVWY / RWKV YHJ HW WH

6DJ QD $ UP HULD YHJ HW WH

XLWQYRHW

X LQ

6 WD QG

J HE UX INW




+ HW IQGHMQ YDQ GH YHGRSQDP HQ LQ VXEW SHQ HQ KHW VDP HQYRHJHQ YDQ GH]H VXEW SHQ (Q
NDOVVHQ ] LM FOVVULFDWHYV RS JLFK]HQO + HWRSVWGHQ YDQ GH]H LQGHQQJHQ LV KDQGP DWJ JHVFKLHG
KIHUGRRU]IM GH]H UHGHQMW VXEMFWHI ' H VXEW SHQ ]IM RS ]LFK]HQ QDP HQW RRN Z HHUP HQJ VHW
YDQ YHUVFKLOHQGH S®QWQVRRUWHQ Z DDUEWMppQ VRRUWLQ P HHUGHUH VXEW SHQ YRRU NDQ NRP HQ

' IWUHVXOMHHUWILQ N®OVVHQ P HWHHQ UH®MWHI J URW VSHFWD®™ RYHU®DS






) X]1\ WDLQLQJ YRRUP D[ LP XP ONHOKRRG FOOVVLILFDWH

7UDIQLQJ LV GH HHUVWH VWDS YDQ HHQ VXSHUYLVHG FMVVLLFDWH + HWGRHOYDQ GH WDLQLQJ LV RS W
JHYHQ Z HONH NM®VVHQ HU RQGHUVFKHIGHQ GLHQHQ WH Z RUGHQ HQ Z DW GH NHQP HUNHQ YDQ GH]H
N@VVHQ ]I 2 P DDQ GH VSHFWWDM NHQP HUNHQ YDQ GH NMVVHQ WH NRP HQ Z RUGW ELMYHJ HW WH

FOVVULFDWH P HHVWO JHHQ JHEUXIN JHP DDNW YDQ EHNHQGH VSHFWD XIW HHQ ELEQRWKHHN ' H
DW RVIHUVFKH RP VW QGLI KHGHQ HQ KHWJ URHLVW GILXP YDQ GH YHJ HWOWH WQ WMH YDQ GH RSQDP H
EHWQY®HGHQ GH VSHFWHD QDP HAWM VWHUN ' DDURP Z RUGHQ YRRU [HGHUH N®VVH HHQ DDQWO

UHSUHVHQWWHYH S HO/ LQ KHWEHHG DO/ WIDLQLQJ VVDP SV J HVHM FW HUG

$ DQOHLGLQJ
" H P HHVWH EHVWDQGH WFKQIHNHQ KHEEHQ SXUH S HO QRGL YRRU GH WDLQLQJ ' WP DDNW GH
WIDLQLQJ YRRUIX]]\ FMVVULFDWH YDQ QDWX X UOMH YHJ HWWH MVWJ : DQWGH UHGHQ RP YRRUIX]]\
FOVVULFDWH WH NLH] HQ LV MKLVW GDW P HQ XLW HUYDULQJ Z HHW GDW HU ELM QDWX X UOMH YHJ HWWH YHHO
P UHG SIUHW LQ KHW WHUUHLQ YRRUNRP HQ + IHUGRRU Z RUGW KHW P RHLOM RP YRGRHQGH SXUH
WD LQLQJ VVDP SGHV WH YLQGHQ
(HQ YDQ GH P RJHAMKHGHQ RP GLW SUREMHP KHW KRRIG W ELHGHQ LV ELMD SXUH S HO/ W
JHEUXINHQ YRRU GH WWDLQLQJ (U ]I ]HAV P HWRGHQ RP GH SXXUMH SIU HO LQ HHQ EHHG Wi
YIQGHQ GRRU WH ]JRHNHQ QDDU XIMHUVWHQ LQ GH IHDWKUHVSDFH ]RDO/ GH 31 HO3 XUM ,QGH[ 33,
>(1 9, 7XWUDO/ EQ @ + HW JHEUXIN YDQ ELMD SXUH WDLQLQJVVDP SQHV LV HFKWiU
VXERSWP DDO + LHUEIMZ RUGW QDP HAMW HHQ GHHOYDQ GH JHVFKDWAH VSUHIGLQJ YDQ HHQ NMVVH QLHW
YHURRU DDNWGRRU GH QDW XUQMH YDUDWH LQ KHWVSHFWXP YDQ GLH N®VVH P DDU GRRU GH P DW
Z DDUQ HUDDQGHMQ YDQ DQGHUH NMVVHQ DDQZ H] L ]IM %IMFUVS FMVVLULFDWH ] DOGLWQLHW] R VQHO
WRWSUREMP HQ GHIGHQ RP GDWYRRUGH P HHVWH S HO/ GH P HHVWZ DDUFKIMQAWH NM®VVH QRJ VWHHGV
GH JRHGH NMVVH | DO] M) %IMIX]]\ FMVVULFDWH Z LOP HQ HFKWHU GH NDQVHQ RI HHQ DQGHUH IX]]\
Z DDUGH DO/ HLQGUHVXOMDW JHYHQ HQ GLH ]XAHQ RS GH]H P DQLHU HHQ V\ VWP DWVFKH IRXW

EHYDWWHQ

9 RRUE HHGOG
6WHO Z H Z LAOHQ GH N®VVHQ ERV HQ KHL RQGHUVFKHLGHQ : H YHURQGHUVWHOHQ GDW GH]H

EHLGH HHQ JHQWMH VSUHLGLQ) KHEEHQ HQ GDWGH EDQGHQ RQGHUAQJ RQJHFRUUHQHHUG ] L\

JWH 1L XXU

(]
o
o
<
O
hei
*
»
&
L ] L]
band 1 -
) LIX XU ) HDWKUHVSDFH P HW SXUH VDP SOHV YDQ GH NOVVH KHL HQ VOHFKW GHHO/ S X UH

VDP SOHV YDQ GH NOMVVH ERV



9 RRUGH WDILQLQJ YDQ GH N®VVH KHLEHVFKINNHQ Z H RYHU SXUH VDP SV P DDUYRRUGH
N®VVH ERV JHEUXINHQ Z H SXUH VDP SOV HQ VDP SOV Z DDU KHLLQ YRRUNRP W
,Q GDWJHYDO]DOGH JHVFKDWMH VS UHLGLQJ GH HA@MSV LQ 1L XXU YDQ GH N@VVH ERV J URWU
]I GDQ GH Z HUNHQMH GH FLUNHO + IHUGRRU ] DO HHQ S HOP HW KDQ ERV HQ KDQO KHL

JHF®DVVULFHHUG Z RUGHQ DO/ ] IMMGH P HHUERV GDQ KHL

'H RS®RVVIQJ YRRU HHQ JHEUHN DDQ SXUH WDLQLQJ VVDP SAHY P RHWQWHW IJH]RFKWZ RUGHQ LQ KHW
JHEUXIN YDQ ELMD SXUH VDP SAHV DO/RI GH]JH SXXU]WM P DDULQ KHWVFKDWWHQ YDQ SXUH VSHFWD X LW
P IUHG WDLQLQJ VVDP SAHV ,Q GH ILGHDOH VIWKDWH ]ILM GH WDLQLQJ GH F®OVVULIFDWH HQ GH YDQGDWH

IX]]1\ > RRG\ @

1 LHXZ HP HWRGH YRRUIX]]\ WDLQLQJ

%MP D[ LP XP QNHQKRRG F®VVULFDWH Z RUGWYRRULHGHUH N®VVH X IWGH WIDLQLQJ VVHWGH J HP LGGHGH
JUMWZ DDUGH SHUVSHFWDMH EDQG EHUHNHQG HQ GH VSUHLGLQJ HQ FRUUH®WH P HWGH DQGHUH EDQGHQ
+ IHUEIM Z RUGW GH QRUP DO YHUGHQQJ YHURQGHUVWG + RH NXQQHQ GH]H NHQP HUNHQ JHVFKDW
Z RUGHQ P HWP L[ HG SLU HO" ) : DQJ > @ VWHOV HHQ P HWKRGH YRRU Z DDUEIMHHQ JHZ RJHQ
JHP LGGHG@®H HQ HHQ JHZ RJHQ HP SLUWFKH FR YDUDQWH Z RUGHQ EHUHNHQG P HWGH IUDFWH YDQ GH
EHWWHIIHQGH NMVVH DO/ JHZ LFKW ' H]H SURFHGXUH QHIGWHFKWHU QLHWW W] XLYHUH VFKDWAMQJ HQ YRRU
GH VSHFWID YDQ GH SXUH N®VVHQ >( DVW DQ HQ / DQH\ EQ @ ' H QLHW SXUH WDLQLQJV
VDP SQHV WHNNHQ QDP HAW RQGDQNV KXQ @®JHUH JHZ LFKW KHW JHZ RJHQ JHP LGGHGH LQ GH
UFKWQJ YDQ GH QLHW S X UH VS HFWD

(HQ DQGHUH P DQLHU RP P LLHG SIUHX DO WDLQLQJVVDP SQHV WH JHEUXINHQ JDDW XLW YDQ KHW
DI]JRQGHUAGMW WNDLQHQ YRRU YHUVFKLEOHQGH P HQJYHUKRXGLQJHQ + LHUYRRU ]I HFKWU WDLQLQJ V
VDP SQHV YRRU DG W RQGHUWFKHIGHQ YHUKRXGLQJHQ EHQRGL G + LHUYRRU ]J]RXGHQ HUJ] YHHO
WD LQLQJ VVDP SOV QRGL] ]I Z DW]HHURP YDQJ UM YHGZ HUN P HW]LFK P HH JRX EUHQJ HQ

,Q GH]H SDUDJUDDI Z RUGW GDDURP HHQ QWHXZ H P HWRGH EHVFKUHYHQ Z DDUP HH ] XLYHUH

VFKDWAMQJ HQ YDQ SXUH VSHFWID HQ KXQ FR YDUDQWH YHUNUHIHQ NXQQHQ Z RUGHQ XLW P L[ HG

WIDLQLQJ VVDP S MV + IHUELM Z RUGW X LW HJDDQ YDQ QQ HD LUH YHUP HQJ LQJ YDQ GH VS HFWJD ] WH
SDUDJ UDDI 9 RRUGH JUuWZ DDUGH YDQ HHQ P | HG SL HOJHG GDQ
K
Coe = foeXCue + foiXCpe + . =@ foo XCoc
iS Cs iCL 25 iCo S iCi
k=L
P HW Cb-s JUWZ DDUGH YRRUEDQG | YDQ vDP sai |
]
kaS IUDFWH YDQ NOMVVH k LQ VDP S O™ I
chk JHP IGGHGGH JUMWZ DDUGH YRRUEDQG J YDQ N@MmVVH k
|
K KHWDDQWON®VVHQ
' ' H JUuwzZ DDUGH chi LV HHP HQW J YDQ GH IHDWKUHYHFWU YDQ VDP S ™ I (HQ IHDWKUHYHFW U LV
|

HHQ YHFWUP HWGH VSHFWDMH VLW QDWXU YDQ HHQ SL HO ' HIH Z RUGWKIHU DDQJHGXLG P HWGH C

FKL GH HHUVYWH OHWMHU YDQ KHW* UHNVH Z RRUG FKURP D GDWNMXUEHWNHQW

‘' HVRP YDQ DGH IUDFWHV P RHW ]IM GXV IHGWWYHQV

Qox
—
|

Cysi

=
1
[y

9 R@HQV ERYHQVWODQG P RGHO QJJHQ 1Q GH IHDWUHVSDFH SXQWQ P HW YHUVFKLOHQGH P HQJ

YHUKRXGLQJHQ YDQ W HH N®VVHQ RS HHQ UHFKW aOM WKVVHQ GH SXQWQ YDQ GH W HH S XUH VS HFWPD



IQ " H SRVIWH RS GH]H QM) LV UHFKWHYHQUHGL P HWGH P HQJYHUKRXGLQJ ' IWP DDNWKHWP RJHQMW
RP XWJHP HQJGH WDLQLQJ VVDP SMHV GH VSHFWD YDQ GH SXUH N®VVHQ WH EHSDMHQ P LW GH P HQJ

YHUKRXGLQJHQ YDQ GH VDP SMHV EHNHQG J]IM ]JLWlH RQGHUVWDQG YRRUEHHG

9 RRUE HHGOG
6 WOGDWZ H W HH VDP SV KHEEHQ ppQ P HW ERV HQ KHLHQ ppQ P HW ERV
HQ KHL $ & Z H IQ GH IHDWUHVSDFH HHQ QM WHNNHQ W VVHQ GH]H W HH VDP SM™V HQ

GH]H DDQ EHIGH ] IMMHQ QRJ HHQV GH KHOWYDQ ] @ GHQJW GRRUMHNNHQ GDQ NRP HQ Z H X LW

RS VFKDWAMQJHQ YRRU VDP SV ERV HQ KHL JWH ILIXXU
T 100% bos

(]

2

= 75% bos, 25% hei

25% bos, 75% hei

100% hei

band 1 =

) LIX XU ) HDWKUHVS DFH P HW VFKDWAQJ YDQ W HH SXUH VSHFWD XLW W HH P L[ HG

VDP SOHV

$ & Z HHFKWU QWHWRYHU W HH P DDURYHU YHM VDP SMHV EHVFKINNHQ ]XGOHQ GH]H QRRIWH[DFWRS
HHQ O QJJHQ ]J]RGDW]WMQWHWP HHU HHQGXLGL HHQ Z DDUGH YRRU GH SXUH VSHFWD YDVWHJJHQ
0 HWEHKXG®G YDQ GH NMHILQVWNZ DGUDWQYHUHIIHQLQJ NDQ GDQ HHQ VFKDWAMQJ YDQ GH SXUH VS HFWD

YHUNUHJ HQ Z RUGHQ ] LH ILXXU

CHLQVWHNZ DGUDWQVFKDWMQJ YDQ S XUH VS HFWD

9 RRUKHWVFKDWHQ YDQ GH VSHFWD YDQ GH SXUH NM®VVHQ NDQ JHEUXIN JHP DDNWZ RUGHQ YDQ GH
YHUHIITHQLQJ VWK HRUMH ]RDOY EHVFKUHYHQ LQ 7HXQLVWHQ > @ %YRYHQVWDQGH IRUP XAHV J HVFKUHYHQ

DO/ Z DDUQHP LQJ VYHUJ HOMLQJ HQ E{y} = A(X) 1 1Q

E{ ijﬁ} - é- (fcksi xcbjck) + g[- Ké_l(fcksi )QXCbJCK
k=1 e k=1 %)
E{fct="f

|
E{ fCK-lsi} = fCK-lsi

+ IHUEIM] LM GH Z DDUQHP LQIHQ Y GH VSHFWID YDQ GH WDLQLQJVVDP SGHV HQ GH N®VVHQDDQGHGQ

YDQ GH]H VDP SQHV ' H RQEHNHQGHQ X JIM GH VSHFWD YDQ GH SXUH N®VVHQ HQ GH NMVVHQ
DDQGHMQ YDQ GH WIDLQLQJ VVDP SCGHV ' H]H YHUJHOWIQJHQ ] IM HFKWUQLHWQAQHDL HQ | XGHQ YRRUGH
NOHLQVWHNZ DGUDWHQYHUHIITHQLQJ J HQQ HD ULVH H UG P RHWQ Z RUGHQ " H J HAQHDULVHHUG H

YHUJ HAOWLQJ HQ ] I\



K-1
E{DC, } =8 (fe 20, ) + gi
k=1
E{Df.,} =Dfg,
)

Ck-1Si

E{Df. .}=Df

Ck.1Si

P HW

Z DDUGHQ YRRUGH RQEHNHQGHQ X ] W

yo YHUNUHJ HQ Z R UG W X LW yo = A(Xo)

H JHAQQHDULHHUGH YHUJHAQWLQJ HQ

)2 - Xo + (ATQ;,lA)—lATQ;/lljy

1
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IQ P DWI YRUP

» v Q, =D{y)

K-1

k=1

%MQMHWKHHOQDXZ NHXUWJH EHQDGHUGH Z DDUGHQ ] DOKHWQRGLUW

RRU HHQ DDQWO P DDO GH XLWRP VW DO/ QLHXZ H

EHQDGHUGH

YRG@GRHQGH QDXZ NHXUWUH VFKDWAMQJ YHUNUWM HQ Z RUGHQ

9 RRUE HHGG

9 RRU W HH N®VVHQ

JHAOQHDUWHHUGH P RGHOYDQ Z DDUQHP LQJVYHUI HOMLQJ HQ
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GH Z DDUQHP LQJHQ Dy—y- Y~ HQ GH RQEHNHQGHQ Dx=xXx- X" z oouew X EHQDGHUGH

ELIWRRUEHHG EHSDDGG XWGH SXXUWW VDP SV HQ

WH KHUVFKUWHQ DO/ E{Dy}:A>DX

NGHLQVWHNZ DGUDW QRS RVVIQJ YDQ GH RQEHNHQGHQ VSHFWD HQ N®VVHQDDQGHMQ

WH VFK DWMHQ

W HH VSHFWDMH EDQGHQ HQ YLM VDP SV Z RUGW KHW XMW HVFKUHYHQ

ocooooooaoaaoc



119%
ol
o
o
©
0
100%

band 1 —»
) LIX XU ) HDWKUHVSDFH P HW NOHLQVWHNZ DGUDWQVFKDWMQJ YDQ W HH SXUH VSHFWD X LW
YM P L[ HG SLIHO ' H SHUFHQWJHYVY JHYHQ KHWDDQGHHOYDQ ppQ NOMVVH Z HHU KHWDDQGHHO
YDQ GH DQGHUH NOVVH LV P LQ GLWS HUFHQWDJ H

(UL YHURQGHUVWHG GDW GH NMVVHQDDQGHMQ ]J]R LQJHZ RQQHQ ]IM GDW]H YRRU HGHU WDLQLQJ V
VDP SO VDP HQ JHYHQ ' DDURP LV KHW DDQGHHO YDQ G6H NovwwH K YRRU LHGHU VDP SO J HHQ
RQDIKDQNHQMH Z DDUQHP LQJ HQ LV GH]JH QLHW RSJHQRP HQ LQ GH Z DDUQHP LQJ VYHUJ HOMLQJ HQ

DQQHHU GH DDQGHMQ QLHW DOMM, VDP HQ JHYHQ LW KHw DDQGHHO Yypo NovwH K 2z Ho HHo
RQDIKDQNHQMH Z DDUQHP LQJ P DDU QRJ VWHHGV JHHQ RQDIKDQNHQAMWH RQEHNHQGH ,Q GDWJHYDO
NRP WHUYRRULHGHUWDILQLQJ VVDP SO S, ppQ Z DDUQHP LQJ VYHUJ HOMLQJ E M

K-1
[o]

B fCKs} =1-a kas

k=1

+ HW RQGHUNHQQHQ YDQ GH DDQZ H]W KHLG YDQ HHQ RQEHNHQGH NMVVH LV LQ SUQFILSH P RJHQW
" H]JH ]RX GDQ RRN JHVFKDWP RHWQ Z RUGHQ =HHU Z DDUVFKLM QW LV HFKWHU GH YHURQGHUVWH@QJ

YDQ HHQ QRUP DO YHUGHAQJ YRRUGH]H RQEHNHQGH N®VVH RQWUHFK W

" H FRYDUDQWHP DWI[ YDQ GH VFKDWAQJ YDQ GH RQEHNHQGHQ X NDQ EHUHNHQG Z RUGHQ P HW
— TA-1 -1
Q=(A' QA

' WL Z DWDQGHUW GDQ GH VSUHLGLQJ YDQ GH SXUH VSHFWD GWH LQ GH YRQHQGH VXESDUDJUDDI
JHVFKDWZ RUGW ,Q KHWJHYDOYDQ SXUH S HO ®DWGLW YHUWFKLO]LFK HHQYRXGL HU XIMWHJJHQ ' H
VSUHLGLQJ YDQ GH SXUH VSHFWD GWH LQ GH YRQ HQGH VXESDUDJ UDDI JHVFKDWZ RUGW LV GH YDULDWH
GLlH YRRUNRP W LQ KHW VSHFWXP YDQ SUHO YDQ HHQ NM@VVH ' LW LV GH FR YDUDQWH YDQ GH

X
SUHFLVIH GH RQEHNHQGHQ R D GH YHUZ DFKWQJVZ DDUGH YDQ GH SXUH VS HFWD EHSDDGG NXQQHQ

Z DDUQHP LQJ HQ Qy ‘' H FRYDUDQWHP DWL YDQ GH RQEHNHQGHQ Q" JHHIWDDQ P HW Z HONH

Z RUGHQ XIWGH Z DDUQHP LQJ HQ

9 DUUDQWHFRP SRQHQWQP RGHO/FKDWAMQJ YDQ S XUH VS HFWD

9 RRU HHQ P D[ LP XP QNHAQKRRG F®VVULFDWH LV RRN GH VSUHIGIQJ YDQ GH VSHFWD QRGL YRRU
F®VVLU LF DWH 1 RUP DDO JHVSURNHQ Z RUGW HHQ VFKDWAMQJ YDQ KHW NDQVP RGHO YRRU HHQ N®@VVH

YHUNUHJ HQ P HWGH IRUP XXH YRRUGH HP SLUWFKH FR YDULDQWH
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%MKHWEHSDMQ YDQ SXUH VSHFWD XLWP L[ HG S HO/ LV GH]H IRUP X QLHWP HHUWHUHINHQG ,Q GDW
JHYDOP RHWGH P HHU DO HP HQH P HWRGH YDQ YDUDQWHFRP SRQHQWQP RGHOFKDWAQJ J HE UXINW
Z RUGHQ QHW JRDO/ GH IRUP X YRRU KHW JHP [GGHGSH YHUYDQJHQ P RHVW Z RUGHQ YRRU HHQ
NOHLQVWHNZ DGUDW QVFKDWAMQJ 2 QGHU EHSDDG@H RP VWWQGLI KHGHQ QHLGHQ GH DA HP HQH IRUP XV
YDQ GH NGLQVWINZ DGUDWHQYHUHIIHQLQJ HQ GH YDUDQWHFRP SRQHQWQP RGHOFKDWAMQJ WRW GH
YHUHHQYRXGLI GH IRUP XHV YDQ JHP LGGHGH HQ HP SIWIVFKH FR YDULDQWH

%M YDUDQWHFRP SRQHQWQP RGHO/FKDWAMQJ ]J]RDO/ EHVFKUHYHQ LQ 9 HUKRHI > EQ @
Z RUGW GH FRYDULDQWHP DZV\UL[ Qy JHVFKUHYHQ DO/ GH JHZ RJHQ VRP YDQ P ere SRQHQW Q Qp

Z DDUEIMGH JHZ LFKW-!Qsp JHVFKDWZ RUGHQ
J
—c? 2 2 — 2
Qy_lel + 52Q2 Tt Spr—aspr
p=1

P HW S RQEHNHQGH FR YDUDQWHIDFW U p

Qp FRIDFW U Dwy [

' HRS®RVVIQJ YRRUGH FR YDUDQWHIDFWUHQ YRQ WX LW
$ =N

P HW S Z(Slz...ss)T
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$ DQJH]HQ Qy GWH EHSDDGG Z RUGW RRN LQ GH IRUP XM YRRU Npl YRRUNRP W ]DOP HQ RYHU
EHQDGHUGH Z DDUGHQ YRRUGH FR YDUDQWHIDFWUHQ P RHWQ EHVFKINNHQ + LHUYRRUNDQ KHW HQGH
NDQVP RGHOJHEUXINWZ RUGHQ GDWYRRUGH YHUHIIHQLQJ YHURQGHUVWHG LV ' H EHUHNHQLQJ ]DOGDQ
IMVHUDWHI P RHWQ S®ODWYLQGHQ Z DDUEWMYRRU HWNH IWHUDWHVWS GH EHQDGHUGH Z DDUGHQ Z RUGHQ

Y HUE HWH UG

2 SVWHOHQ YDQ KHWP RGHO

,Q SURQFISH NXQQHQ GH FRP SRQHQWQ Qp RS YHHO P DQLHUHQ JHNR]HQ Z RUGHQ 1 LHW LHGHUH
NHX]H LV HFKWHUHYHQ ] IQYRO : H Z LGHQ QHWDO/ EIMGH DDQZ H] LI KHLG YDQ SXUH WIDLQLQJ VVDP S QHV
GH VSUHLGLQJ YDQ GH SXUH VSHFWD VFKDWAMQ ' DDURP P RHWGH FRYDUDQWHP DWL YDQ HHQ VDP S
P HWHHQ Z LOHNHXUJH P HQJ YHUKRXGLQJ XLW HGUXNWZ RUGHQ DO/ IXQFWH YDQ GH FRYDUWDQWHP DWW

YDQ GH S XUH VS HFWD
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YRQ WXLWGH YRRUW @WQWQJVZ HWWHQ YDQ YDUDQWHY KRH GH FRYDUWDQWHP DWL YDQ GH VDP SOV P HW

Z LAOHNHXUWJ H P HQJ YHUKRXGILQJ DIKDQNHQOM ] IM YDQ GH FRYDUDQWHP DWLFHY YDQ GH S XUH VS HFWD
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H WHUP HQ GIWH GH FRUUH@®OWH WKVVHQ GH N®OVVHQ EHVFKUMHQ ]JLM Z HJJHD®OWQ RP GDW GH]H ELWM
FUWVWS P D[ LP XP AQNHAQKRRG WWDIQLQJ RRN QWHWJIHVFKDWZ RUGHQ ' W] IM WHUP HQ GLH GH FRYDULDQWH
YDQ GH JUWZ DDUGHQ YDQ ppQ EDQG Rl W HH YHUVFKLOHQGH EDQGHQ W VVHQ WZ HH NMVVHQ ] LW
XMGUXNNHQ JRDWY scblclcb1C2

H FRYDUDQWHP DWILFHV YDQ GH SXUH VS HFWD Qc NXQQHQ YHUYRQ HQV XIW HGUXNWZ RUGHQ LQ P
Ck

WH NIWH]HQ FRP SRQHQWIQ Qp : DQQHHU Z H HYHQYHHO SDUDP HWHU YDQ GH VSUHLGLQJ Z LOHQ
VFKDWMHQ DO/ ELM JHZ RQH P D[LP XP QNHQKRRG WDLQLQJ ]DO YRRU LHGHUH YDUDQWH HQ LHGHUH

—1 2
FRYDUDQWH HHQ FRP SRQHQW RSJHVWHG P RHWQ Z RUGHQ ' LW UHVXOMHUW LQ P—E(J*‘J )

FRP SRQHQWQ P HW J KHWDDQWOEDQGHQ 2 P KHWP RGHOFRP SGHHWW NUMHQ P RHWRRN HHQ
YDUDQWH YRRU GH Z DDUQHP IQJHQ YDQ GH N®VVHQDDQGHMQ JHVFKDW Z RUGHQ + RHZ HO GH]H
Z DDUQHP IQJHQ JHFRUUHMHHUG ]J]RXGHQ NXQQHQ ] LW ] XOHQ KLHU JHHQ IDFWUHQ YRRU JHVFKDW

Z RUGHQ

9 RR UE HH GG

%MW HH EDQGHQ HQ W HH N®VVHQ JHGWYRRUGH FRYDULDQWHP DWL YDQ GH VDP SM™V
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‘' H WHUP HQ DO JHYRQ YDQ GH FRUUH®WH WVVHQ GH N®OVVHQ ] Z HGHURP Z HJJHM®OWHQ
2 P KHWP RGHOFRP SOHHWW NUMHQ Z RUGHQ RRN YDUDQWHY YRRUGH Z DDUQHP LQJHQ YDQ

GH NOVVHQDDQGHMHQ JHVFKDW HYHQWHOMH FRYDUDQWHY ] LM YHUZ DDURRVG

1 HW DO/ EWM FULVS WDLQLQJ YRRU P D[ LP XP QNHAQKRRG F®OVVULFDWH P RHWQ HU Z HO YRG@GRHQGH
WDLQLQJ VVDP SMHV EHVFKINEDDU ] LM RP D aH FR YDUDQWHV WH VFKDWHQ (HQ QHJDWHYH VFKDWAMQJ
YRRUHHQ YDUDQWHIDFWUGXLGWP HHVWORS HHQ VHFKWJHNR]HQ P RGHORI W Z HLQL VDP SV ' H
S UHFLVLH YDQ GH J HVF K DWWH IDFWR UHQ Lv. QDP HAQM DIKDQNHOQMW YDQ GH R Y HUW GJ K HLG ' H

FRYDUDQWHP DWL YDQ GH JHVFKDWM FR YDUDQWHY NDQ EHUHNHQG Z RUGHQ P HW
— -1 — -1p” -1p”

Q; =2N o ww N =spoor (Q;'PrQ,Q;'PL Q,)

' IWJ HHIWGH SUHFLVIH Z DDUP HH GH SUHFLVIH J HVFKDWLV

,W\H UD WLH

‘' H NDQVP RGHOUFKDWAMQJ Z RUGWX MW HYRHUG QD GH YHUHIIHQLQJ + HWUHVX OADDWYDQ GH YHUHIIHQLQJ
Lv. QDP HGQMN QRGL YRRU GH NDQVP RGHOFKDWAQJ 2 P GDWKHWUHVXOMDMDW YDQ GH YHUHIIHQLQJ RRN
DIKDQNHQMWM LV YDQ KHWYHURQGHUVWHGGH NDQVP RGHO]DOHHQ MHUDWH XMW HYRHUG P RHWQ Z RUGHQ

' WLV HHQ GHUGH I\HUDWH GIH RYHUGH W HH HHUGHUJ HQRHP GH IWVHUDWHV XIW HYRHUG P RHWZ RUGHQ

,MHUDWH EWMGH YHUHITHQLQJ YRRU QLHW QQ HD LUMWH LW

LWH UD WH

,2ZWHUDWH EIMGH NDQVP RGHOFKDWAMQJ YRRUGH DIKDQNHAMKHLG YDQ GH IQYRHUYDQ GH XIWRHU

([ SHULP HQW

" H P HWRGH YRRU IX]]\ WDIQLQJ LV JHWVWGRRU HHQ H[ SHUP HQWXLWW! YRHUHQ 2 P KILHUEIMDDQ
P UHG SUHW P HWHHQ EHNHQGH N®VVHQYHUGHQAQJ W NRP HQ ] HHQ EHHG HQ HHQ ELMEHKRUHQG
UDVWHUE HYWDQG P HWYHGJHJHYHQV JURYHUJHUHVDP SQHG + HWJHEUXINW EHHG LV HHQ GHHOYDQ HHQ
RSQDP H XLwW YDQ GH / DQGVDW7 KHP DWF 0 DSSHU ' LWEHHG P HWSL HO YDQ E LM P HWHU
EHVDODWHHQ JHELHG URQG %IGGILQJKXIUHQ LQ ) HYR®MQG ] LH I XXU D ' HEDQGHQ HQ 1 LR
JHEUXINW 9 RRU GLW H[ SHUP HQW ] LM) DGHHQ GH GUH P HHVW YRRUNRP HQGH JHZ DVVHQ JHEUXINW

WUZ H DDUGDSSHO/ HQ VXINHUELHWQ ] LH ILIXXU E
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) LI X XU D /DQGVDWEHHOG EDQGHQ URRG JURHQ HQ EMMXZ E 5 DVWUEHVWQG

P HWYHOGJHJHYHQV NOMVVHQ WUZ H URRG DDUGDSSHO/ JURHQ VXINHUELHWQ EOXZ

=RZ HOKHW/ DQGVDWEHHG DO KHWUDVWUEHVWQG P HWYHGJHJHYHQV ]J]IM JHUHVDP SMHG P HWHHQ

IDFWRUDFKW ,Q HNH EDQG YDQ KHWEHHG LV SHUJHELWHGM YDQ E M SUUHWW GH JHP LGGHGH J uuw
Z DDUGH JHQRP HQ UHVX OMHUHQG LQ GUWH QHXZ H EDQGHQ P HWSIL HO YDQ E WM P HWU ] LWH
I X XU D ,Q KHW UDVWHUEHVWQG YDQ GH YHGGJHJHYHQV JLM SHU JHELHGM YDQ SUHW GH
DDQGHMQ YDQ GH GUH NM®DVVHQ EHUHNHQG JLH ILJXXU E

D
) LI X XU D * HUHVDP SOHG / DQGVDWEHHOG DOWRI KHWLV RSJHQRP HQ GRRUHHQ VHQVRUP HW
JURWHUH SL[ HO/V E * HUHVDP SOHG UDVWHUEHVWQG P HWYHOGJHIJIHYHQV P HWGH RSSHUYOMMNW
DDQGHOMHQ YDQ GH GULH JHZ DVVHQ DO/ URRG JURHQ HQ EOMXZ

' RRUGDWHU LQ GH RULJ LQHMH YHGGJHIJIHYHQV P HHUNM®VVHQ DDQZ H]L ]LM GDQ WUZ H DDUGDSSHO HQ

VXINHUELHWHQ ] WM QMW DAH JHUHVDP SMHGH S HO EUXINEDDU YRRU IX]]\ WUD LQ LQ J 9 RRU FULVS

WDILQLQJ ] IM HFKWUQRJ P LQGHU VDP SV EHVFKINEDDU (U] LW S HOD Z DDUQ GH GUWH NM®VVHQ

VDP HQ P HHU GDQ EHGHNNHQ HQ P DDU SUHW Z DDU ppQ NOM®VVH EHGHNW JLH ILJXXU

D E
) LIX XU D 9 RRUFULVS WIDLQLQJ EUXLNEDUH JHUHVDP SCOHGH SLLHO/V E 9 RRUIX]]\ WDLQLQJ
EUXLNEDUH JHUHVDP SCOHGH SL[ HOV
‘''H KHAOW YDQ GH YHGJHJHYHQV YDQ GH SUHO XLW IL XXU E LV JHEUXINW YRRU IX]]\
WDIQLJ RS KHWJHUHVDP SMHGH EHHG ‘' HIH LV YHU HHNHQ P HW FULVS WDIQLQJ RS GH Sy HW XLW
I X XU IQ KHWRQJHUHVDP SMHGH EHHG ‘''H YHUNUHJHQ VSHFWHD HQ KXQ FRYDUDQWHP DWILFHV
Z DUHQ YHUVFKLOHQG ‘'H RYHUDG®@DFFXUDFLHY YDQ F®OVVULFDWHY YRRU IX]]\ HQ FULVS J HVFK DWWH

VSHFWD ®JHQ HFKWUEHLGH URQG GH HQ YHUVFKILGHQ VHFKW HQNHOM SURFHQWQ



) LIX XU 9 RRUFULVS WIDLQLQJ JHEUXLNW RQJHUHVDP SCOHGH SL[ HOV

+ HWJ UWZ DDUGHEHUHIN YDQ KHWEHHG LV "' H IX]]\ JHVFKDWWH JHP LGGHG@GHQ YDQ GH S XUH
N®VVHQ YHUVFKLOHQ SHU EDQG FD P HW GH VSHFWD EHSDDG XLWW IL XXU E ‘' H GRRUVQHH

VWQGDDUGDIZ LWLQJ YDQ GH]H VFKDWAQJHQ S v + HW YHUVFKLO LQ GH JHVFKDWWH

ijCk
JHP LGGHGH JUMWZ DDUGHQ LV GXV J]R@ GUH NHHU GH VWQGDDUGDIZ LWLQJ ' H VSHFWD EHSDDG X LW
I X XU YHUVFKLGBBHQ HFKWU RRN FD P HWGH VSHFWD EHSDDG XILWIL XXU E HQ FD

P HWGH IX]]\ JHVFKDWM VSHFWD %QWEDDUL GH DIZ IMLQJ WFK QLHW]R XMW RQGHUAQM J URRW

A
" H JHVFKDWAH VS UHLGLQJ VWDQGDDUGDIZ IMIQJ LQ HHQ EDQG YRRUHHQ NM®VVH stc LV ] REQ " H
iCk
VWQGDDUGDIZ IMNLQJ YDQ GH]H JHVFKDWWH VWQGDDUGDIZ LWLQJ 5§ Lv ] REQ ' H VSUHLGLQJ
ChiCy
jCk
JHVFKDWXLWIL X XU D V] REQ ' LIWNRP WGXV RYHUHHQ P HWIX]]\ JHVFKDWM VS UHLGLQJ

‘' H VWADQGDDUGDIZ LWILQJ Z DDUP HH GH N®VVHQDDQGHM®MHQ LQ GH YHUHIIHQLQJ EHSDDG Z RUGHQ S .

kas
IV FD " H VFKDWAQJ YDQ GH P HHWS UHFLVLH VW QGDDUGDIZ LWLQJ Z DDUP HH GH
! Z DDUQHP LQJHQSE§ YDQ GH N®OVVHQDDQGHMQ JHGDDQ ]LW AkaS‘ LV P HW KHW YDULDQWH
FRP SRQHQWQP RGHOJHVFKDWRS ' H SUHFLVIH VW QGDDUGDIZ LMLQJ Z DDUP HH GH]H P HHW
SUHFLVLH J HVFK DWLV SSAfC5 EHGUDDJ W
K

2 P GDW HU JHHQ EHSHUNLQJ LV RSJHJHYHQ YRRU KHW LQWUYDO Z DDUELQQHQ GH IUDFWHV P RHWHQ
YDGHQ Z RUGHQ RRN HQNHM NM®VVHQDDQGHMQ JHVFKDWHQ GLH NGHIQHU] M GDQ RI JURWU GDQ

" H YHUYWE XIMHQ KHWILQWHUYDOJHMJHQ VFKDWAQJ Z DV © DQQHHU KHW] HNHU]RX ]IM GDWGH
P UHG SLUHO YROHGL VDP HQJHVWG ] XLW GH GUH JHZ DVVHQ LV GLW QLHW JRHG %M GLW
H[ SHUP HQWLV HFKWHU W W SURFHQWYDQ HHQ RQEHNHQGH NM®MVVH LQ HHQ P [ HG S I HOWHJ HVW DQ

" DDURP ]IM) VFKDWAMQJHQ WWHHQ WHQGH NQLQHU GDQ RI JURWU GDQ QHWYHUZ RQGHUAQM + RH
GH YHUHIIHQLQJ XMW HYRHUG NDQ Z RUGHQ P HWHHQ YRRUZ DDUGHQ GDWGH N®VVHQDDQGHMQ WK VVHQ

HQ QJJHQ ]J]RX RQGHU RFKWP RHWQ Z RUGHQ

o (o]

$ O/ D SURUL Z DDUGHQ YRRU KHW NDQVP RGHO] LM S HQ Sfc JHQRP HQ ' H
kS

ijCk
IQY®RHG YDQ GLW DDQJHQRP HQ NDQVP RGHO EQWMW JHUQJ W ]I %M DQGHUH Z DDUGHQ ]RDO
UHVS HFWHY HQMW HQ YHUVFKLGBHQ GH JHVFKDWMW VSHFWD P LQGHU GDQ : DQQHHU KHW
EHQDGHUGH NDQVP RGHOHFKWUW YHHODIZ LMW FRQYHUJ HHUWGH P HWRGH HHQ YHUNHHUGH NDQWRS

%MGH D SURULZ DDUGHQ YDQ UHVSHFWHYHQMW HQ UHVX OMHUGH GWLQ VWQGDDUGDIZ LWLQJ HQ

YRRU GH JUWZ DDUGHQ YDQ %RYHQGLWHQ HNHQ GH JHVFKDWM SXUH VSHFWD LQ GH YHUVWH Y HUW

QWHWP HHURS GLWH YDQ GH ELMD SXUH VDP SV GH DIZ IMILQJHQ QHSHQ LQ GH WHQWQHQ

‘' HYRRUI HVWHGH QWHXZ HP HWRGH YRRUIX]]\ WDILQLQJ EAQMWWH NXQQHQ Z HUNHQ 2 | GH P HWRGH

RRN IQ GH SUDNWM HHQ YHUEHWUQJ NDQ JHYHQ ]J]RX XWYHUGHURQGHU RHN P RHWQ EQMWMHQ



%HVFKRXZ LQJ HQ DDQEHYHOQJHQ

,Q GIWKRRIGVWKN LV EHVFKUHYHQ RS Z HONH Z LM H XLWP L HG S HO GH SXUH VSHFWID J HVFKDWNXQQHQ
Z RUGHQ LQFXVIHI KXQ VSUHLGLQJ ]RGDW YHUYRQ@ HQV HHQ P D[LP XP QNHQKRRG F@®VVLLFDWH
XM HYRHUG NDQ Z RUGHQ DO/RI HUZ HOSXUH VDP SQV EHVFKINEDDU Z DUHQ

(HQ YRRUGHHOYDQ GH]H P HWRGH LV GDWGH]H VFKDWAQJ HQ JHHIW]RQGHU VI VWHP DWVFKH IRXW DO/
JHYRQ YDQ KHWJHEUXIN YDQ ELMD SXUH WDLQLQJVVDP SQHV (HQ W HHGH YRRUGHHO LY GDW P HHU
SIUHO LQ HHQ EHHG EUXINEDDU ]IM DO/ WDLQLQJVVDP SQH ' LW EUHQJW YHUVFKLOHQGH QIHXZ H
P RIHOMWKHGHQ P HW]LFK P HH (pQ P RJHAWKHLG LV KHMH JHELHGHQ RQGDQNV KHWURJHQLAHLW YRRU
WIDLQLQJ WH JHEUXINHQ Z DDUGRRU VQHOP HHU VDP SOV YHUNUHJHQ NXQQHQ Z RUGHQ (HQ DQGHUH
P RIJHOWKHLG LV WDLQLQJVVDP SQHV RS UDQGRP S®DWHQ LQ WH Z LQQHQ Z DW GH UHS UHVHQ WD WY L\WH LW
Z HOFKWWHQ JRHGH NRP W

(HQ QDGHHOLY GDW YRRU DGH WIDLQLQJ VVDP SV GH IUDFWHV YDQ GH YHUVFKLOHQGH N®VVHQ EHNHQG
P RHWQ ]I : DQQHHU GH]H NM®MVVHQDDQGHMQ LQ KHW YHG® LQJHZ RQQHQ Z RUGHQ EHWNHQW GLW
ERYHQGIHQ GDW GH WDLQLQJ VVDP SQHV P HW YRG@RHQGH SUHFLVIH LQ KHW EHHG WHUXJJHYRQGHQ
P RHWHQ NXQQHQ Z RUGHQ (HQ HYHQWKHHOW HHGH QDGHHOLY GDWHU QLHW @QJ HU HHQ HHQYRXGL H
UFKWOM WH JHYHQ LV YRRUKHWDDQWOVDP SQHVY GDWEHQRGLI G LV YRRUHHQ JRHGH EHVFKUMILQJ YDQ
GH N®VVHQ + HWEHQRGL GH DDQWO LV QDP HAOM QLHW ®QJHU DGHHQ DIKDQNHQM YDQ KHW DDQWO
N®OVVHQ HQ EDQGHQ P DDU RRN YDQ GH NM®VVHQYHUKRXGLQJHQ YDQ GH VDP SQGHV 0 HW ELMD SXUH
VDP SQHV | XGHQ HUP LQGHU QRGL] ]IM GDQ P HWVDP SQHV YDQ DGH YHUKRXGILQJHQ ,Q KHWJHYDOGDW
DOGH VDP SV GH]HOGH P HQJYHUKRXGLQJ KHEEHQ LV KHW]HQV RQP RJHQW RP SXUH VSHFWD W
VFKDWAHQ ' H FRYDUDQWHP DWILFHV YDQ GH VSHFWD QA HQ YDQ GH FR YDUDQWHYV Q§ ]I HHQ

X
P DDWYRRUGH NZ DAQWHWYDQ GH EHVFKUWILQJ YDQ GH SXUH NM®MVVHQ

8 IMHLQGHAQM LV HU YRRU HHQ N QHDUHVW QHLI KERXUV FOVVULFDWH JHNR]JHQ LQ S®DW YDQ HHQ
P D[P XP QNHQKRRG F®VVULFDWH ]LlH SDUDJ UDDI " DDURP LV GH EHVFKUHYHQ P HWRGH YRRU
IX]]\ P D[P XP QONHQKRRG WWDIQLQJ QIHW YHUGHU RQGHU RFKW 9 RRU WRHSDVVIQJ YDQ GH]H
P HWKRGH ] I HQLW H DDQEHYHAQQJHQ YRRUYHUGHURQGHU RHN WH JHYHQ

- (UL DDQJHWRQG GDWGH P HWRGH J]RX NXQQHQ Z HUNHQ P DDUQRJ QLHWRI GH]H LQ EHSDDGH
VUMK DWHV RRN EHWHU LV + LHUYRRU LV HHQ DDQYXGOHQG H[ SHUP HQWQRGL RS HHQ EHHG Z DDUYRRU
FUWVS WWDLQLQJ QLHW P RJHQW LV HQ Z DDUYRRU WMSHQV YHGZ HUN GH NM®VVHQDDQGHMQ YDQ IX]]\
WWDLQLQJ VVDP SOV YDVW HVWHGS ] L\

=" H FRUWLH®WH WKVVHQ GH NMVVHQ LV VWHHGV YHUZ DDURRVG 9 HUGHU RQGHU RHN ]JRX XLWP RHWQ
Z IMHQ RI GH]H FRUUIH®WH DDQZ H]L LV HQ RI KHW YHUZ DDUR]HQ RI ML/W VFKDWMHQ YDQ GH]H
FRUULH®WH EHWHUH UHVXOMWQ JHHIW 2 RN DQGHUH P RJHQMWH YDUDWHY LQ KHW RSVWHGAHQ YDQ KHW
YDUDQWHFRP SRQHQWQP RGHO]JRXGHQ RQGHU RFKWNXQQHQ Z RUGHQ

- : HO@FKWLV KHWP RJHQW GH IRUP XV YRRU GH NDQVP RGHO/FKDWAMQJ WH YHUHHQYRXGL HQ YRRU
GH]H WRHSDVVIQJ QHW JRDO GH JHEUXINHQWH IRUP XH YRRU GH HP SLUWFKH FR YDUDQWH HHQ
YHUHHQYRXGL IQJ LV %IMYHHOXGL JHEUXIN YDQ GH]H P HWKRGH YRRU IX]]\ WDIQLQJ J]RX KHWGH
P RHLMH Z DDUG NXQQHQ ] LM GLWXLWWH ] RHNHQ

-~ 7HQVRWAH LV KHWWRHSDVVHQ YDQ GH WRHWIQJ VW HRUMH DDQ WH EHYHMQ )RXW VDP SQHV NXQQHQ
IP P HUWW JURW LQY®RHG KHEEHQ RS GH JHVFKDWM VSHFWD HQ FR YDUDQWHV %RYHQGLHQ NDQ GDQ
RRN KHW YHURQGHUVWHG@GH NDQV P RGHO JHWHWW Z RUGHQ |RDO/ GH QQHDLUH YHUP HQJLQJ HQ GH

QRUP DMH YHUGHQQJ YDQ GH SXUH VS HFWD






3 UREDELOVWYVFKH VHJ P HQW WH

3 UREDE LOVWVFKH VHJ P HQWWH >* R UWH @EHVWDWXIWHHQ LQWHJ UDWH YDQ EHHGVHJP HQWMWH HQ
F®OVVULFDWH ' H F@OVVULFDWH YLQGWS ®DW RS JURQG YDQ GH IRUP XXH YDQ %D\ HV SDUDJUDDI

0 HWEHKXG®G YDQ KHWUHVXOMDWYDQ HHQ VW WVWVFKH F@OVVULFDWHP HWRGH SDUDJ UDDI Z RUGHQ
RNDXMH D SURUL NDQVHQ RS GH N®VVHQ JHVFKDW SDUDJUDDI ‘' HIH RNDOM D SURUL NDQVHQ

NXQQHQ YHUYRQ HQV JHEUXINW Z RUGHQ RP GH F®OVVULFDWH WH YHUEHW UHQ + IHUYRRU LV HHQ
RSGHAQAQJ YDQ KHWEHHG LQ VHJP HQWQ QRGLU Z DDUEWMGH VHJP HQWQ J]R YHHOP RJHQW VDP HQ
YDOHQ P HWWHUUHIQREMFWQ SDUDJ UDDI ,Q GIWKRRIGVWN ] DOGH WKHRUWH YDQ SUREDE LQVWVFKH
VHJ P HQW WH EHVFKUHYHQ Z RUGHQ (HQ KDQGM™HILGLQJ YRRU KHW J HE UXLNWH SURJ UDP P D Lv

RSJHQRP HQ LQ ELMDIJI H

& D VVLILFDWH

+ HWGRHOYDQ HHQ F®VVULFDWH LV KHWILQGHMHQ YDQ REMFWQ LQ N®DVVHQ %WMUHP RWH VHQVLQJ LV KHW
JHEUXINHQW RP SHUSIL HOW F®VVUIFHUHQ P DDURRN JURHSHQ S HO VHJP HQWQ LM P RJHQMWH
REMFWQ YRRU F®OVVULFDWH (U] YHHOYHUWFKLOHQGH P HWRGHQ RQW INNHG P HWDGHP DDOKXQ
YRRU HQ QDGHMHQ 9 DQ EH®QJ EWMMGIWRQGHU] RHN LV GDWGH P HWRGH SHUSLI HO GH NDQV RS LHGHUH
N @® VVH P RHW JHYHQ ‘'lWW LV QDP HQM QRRG] DNHQMW D& LQYRHU YRRU GH S UREDE LOAVWVFK H
VHJ P HQWWH ' DDUQDDVWP RHWGH P HWRGH LQVWDW] IMQ RP K\ SHUYSHFWUD®MH GDW WH FM®OVVULFHUHQ

& @VVULFDWHP HWRGHQ GWlH GH NDQV RS HGHUH N®MVVH EHUHNHQHQ RP GH N®VVH P HWGH J URRWW
NDQV WH VHMHFWUHQ Z RUGHQ VW WVWVFKH F@OVVULFDWHP HWRGHQ JHQRHP G (U]LM RRN FM®VVULFDWH

P HWKRGHQ GLWH RS DQGHUH JURQGHQ FM®MVVULFHUHQ DQQHHU QIHWGH N®VVH P HWGH KRRJVW NDQV
P DDUGH NDQV SHUN®VVH DO XIWRHU Z RUGWJHJHYHQ Z RUGWHHQ IX]]\ VWWVWVFKH F®VVULFDWH
SHUSL HOYHUNUHJHQ ' H]H IX]]\ F®VVULFDWH J]RX DO HLQGUHVXOMDDWJHEUXINWNXQQHQ Z RUGHQ %M
GIW RQGHU RHN GIWHQW GH]H HFKWU DO IQYRHU YRRU GH YROQ@HQGH VWS 1Q GH SUREDELAQVWVFKH

VHJ P HQWWH QDP HAQW KHWEHSDMHQ YDQ GH N®VVHQDDQGHMQ SHUVHJP HQW ]JLH SDUDJ UDDI

) RUP XCH YDQ %D\ HV

(HQ VWDWVWVFKH F®VVULFDWHP HWRGH EHSDDOVSHU S HOGH P HHVWZ DDUFKLMAQWH N®VVH + LHUYRRU
P RHWGH NDQV RS LHGHUH N@VVH EHNHQG ]I ' H]H NDQV GDWHHQ S I HO p P HWIHDWK UHYHFWR U Cp

WR WN @® VVH k EHKRRUW NDQ EHUHNHQG Z RUGHQ P HWGH IRUP XM YDQ %D\ HV

P(c, |C,)>P(C,
SRPSELCALNGES

P HW P(Cklcp) D SRVWHURULNDQV RS HHQ N®MVVH
P(Cplck) FRQGIMWRQHM NDQV RS HHQ IHDWUHYHFW U
P(Ck) D SURULNDQV RS HHQ N®VVH

P(Cp) NDQV RS HHQ IHDWUHYHFW U

9 RRUE HHGOG

‘' H IRUP XH YDQ %D\HV ®DW ]JLFK DDQ GH KDQG YDQ 1L XXU HHQYRXGL XLMWHJIJHQ
+ IHUQ LV VFKHP DWVFK HHQ JHELWHG Z HHUIHJHYHQ P HWHHQ NZ DUWKXL HQ HHQ NZ DUWERYV
HQ HHQ KHAOWJUDV ,Q HHQ UHP RWH VHQVILQJ EHHG YDQ GWJHEIHG ]I GH S HO YDQ GH
KXl HQ DGHP DDOURRG GH SU HY YDQ KHWERV ] LM DGHP DDOJURHQ P DDUGH SL HO/ YDQ KHW

JUV ]IM YRRUGUH NZ DUWJ URHQ HQ YRRUHHQ YIHUGH JHHO 0 HWGH IRUP XM YDQ %D\ HV NDQ



EHUHNHQG Z RUGHQ Z DW GH NDQV LV GDWHHQ JURHQ SL HOJUDV LV ' H]H NDQV LV QDP HQMW
JHAQW DDQ GH NDQV RS JURHQ JUDV P DDOGH NDQV RS JUDV JHGHHG GRRUGH NDQV RS HHQ

JURHQ SU HO

P(groen| gras) > P(gras)
P(groen

P(gras| groen =

P(gras| groen =—~—*=

,Q L X XU LV W ] IHQ GDWGULH YIMGH YDQ DAHV Z DWJ URHQ LV IQGHUGDDG J UDV LV

Huizen Bos

by
sty | Ty Al

Gras Gras

) LIX XU * HELHG P HWx KXLHQ x ERVHQ O JUDV Z DDUYDQ x JHHOHQ @ JURHQ

(HQ F®OVVULFDWHP HWRGH RS JURQG YDQ GH IRUP XMH YDQ %D\HV JHHIW GH EHVW P RJHQWH
F@OVVLULFDWH RQGHU YRRUZ DDUGH GDWDGOH W SHQ IRXWQ HYHQ RQJHZ HQVW] LM + LHUYRRU P RHWQ
QDWX XUQM GH WHUP HQ LQ GH IRUP XM YDQ %D\ HV QDXZ NHXUL EHSDDG Z RUGHQ + RH GH]H GUH

NDQVHQ EHUHNHQG Z RUGHQ ]| DOKLHURQGHUEHVFKUHYHQ Z RUGHQ

" H NDQV RS HHQ IHDWKUHYHFWRU P(Cp) Z RUGW YDDN EXIMHQ EHVFKRXZ IQJ JH®WQ ELM FULVS
FOVVULFDWHY RP GDWGH]H YRRUDGOH N®VVHQ JHAMW LV HQ GXV JHHQ LQY®RHG KHHIWRS GH EHVAVVLQJ
Z HONNH GH P HHVWZ DDUWFKIMAOWH LV %LMHHQ IX]]\ F®VVULFDWH GLH NDQVHQ DO/ XIWRHUJHHIWLY GH] H
NDQV LV HFKWHU Z HOYDQ EH®QJ ' H NDQV RS HHQ EHSDDGH IHDWCUHYHFW U NDQ QLHWJ RHG EHSDDGS
Z RUGHQ XMW KHWDDQWONHHU GDWGH]H LQ KHWEHHG YRRUNRP W 2 P GDWHU YHHOP HHU P RJHQMH
IHDWK UHYHFWR UHQ ]I GDQ HULQ HHQ EHHG DDQZ H]L ]I LV HHQ EHHGS KLHUYRRU QDP HQMW HHQ WH

NHLQH VWHHNSURHI ' H NDQV RS HHQ IHDWKUHYHFWUNDQ GDDURP EHWUEHUHNHQG Z RUGHQ P HW
&

P(c,)=a P(c, [C)*P(C,)
k=1

' RRUKHWWHSDVVHQ YDQ GH]H IRUP XH Z RUGWGH VRP YDQ GH D SRVWURULNDQVHQ YRRUHHQ SIL HO
JHAQW DDQ ' DDURP Z RUGW GLW RRN Z HO QRUP DQVDWH YDQ GH NDQVHQ JHQRHP G 2 RN

ERYHQVWDQGH IRUP XH NDQ WRHJHQFKWZ RUGHQ DDQ GH KDQG YDQ ILI XXU

' H D SURUL NDQV RS HHQ NOVVH P(Ck) Z RUGWYDDN YRRUDGOGH N®DVVHQ JHAOWMWJIHKRXGHQ RP GH
FOVVULFDWH QWHW W YHHO W VWUHQ LQ GH UFKWQJ YDQ GH P HHVW YRRUNRP HQGH NO®MVVHQ % LM
SUREDE LOVWVFKH VHJP HQWWH Z RUGWKLHU KLVYWZ HOJHEUXIN YDQ JHP DDNW ' RRUGH]H NDQV (RNDDO

WH VFKDWMQ NDQ GH F®OVVULFDWH YHUEHWUG Z RUGHQ ] LH SDUDJ UDDI

' H FRQGIWRQHOM NDQV RS HHQ IHDWUHYHFWR U P(Cplck) YRUP WGH NHUQ YDQ HHQ VW WVWVFKH
FOVVULFDWHP HWRGH 9 HUVFKIOHQGH F®VVULFDWHP HWRGHQ VFKDWWHQ GH]H NDQV RS YHUVFKLOHQGH

P DQLHUHQ ]lH YRQ HQGH SDUDJ UDDI



& RQGIWRQHOH NDQV RS HHQ IHDWUHYHFWR U

,Q GH]H VXESDUDJUDDI ] XOHQ HQNHM F®OVVUILFDWHP HWRGHQ EHVFKUHYHQ Z RUGHQ Z DDUP HH GH
NDQV P(Cplck) EHUHNHQG NDQ Z RUGHQ (HUVW]XGHQ GH P D[ LP XP QNHAQKRRG FM®VVULFDWH HQ
W HH DIJHMLGH P HWRGHQ EHKDQGHG Z RUGHQ YHUYRQ HQV GH N QHDUHVW QHLI KERX U
FOVVULFDWH (U]WMM QRJ YHHOP HHUP RJHQWH P HWRGHQ HQ WKVVHQYRUP HQ 9 RRUGIWRQGHU RHN

]I HFKWUDGHHQ GH]H YIHUP HWRGHQ RYHUZ RJHQ

0 D[LP XP ONHOAKRRG FODVVLILFDWH
,Q KHW WUIDLQLQJ VVWG LX P YDQ HHQ P D[LP XP QNHAQKRRG F@®OVVULFDWH Z RUGHQ XWW GH WDLQLQJV
VDP SAMHV GH N®VVHQJHP LGGHGHQ HQ VSUHILGLQJ EHSDDG XLWDDQGH YDQ GH QRUP DM YHUGHQQJ

' IWIJ HEHXUWP HWGH IRUP XAHV YRRU KHW JHP LGGHG@GH HQ GH HP SLULFKH FR Y DULDQWH ] lH VXE

SDUDJ UDDI & UVS FMVVULFDWH YLQGWS ®DW RS JURQG YDQ GH P D[P DMH Z DDUVFK LM QMK HLG
JWH 1LXXU ‘' H FRQGWRQHM®H NDQV RS HHQ IHDWUHYHFWU NDQ EHUHNHQG Z RUGHQ P HW GH
IRUP XX

P(c,IC)=(20)""1Q,,

P HW 0 DKDQD®REL DIVWQG M :\/(Cp' CCk)T >Q;i-k ><Cp' Cck)

J KHWDDQWOEDQGHQ

(]
5 3 ON
o
1]
ie]
band 1 -
) LIX XU 0 D[LP XP AONHOKRRG FODVVLILFDWH '"H FRQGLWRQHOMH NDQV RS GH IHDW UH

YHFWUYDQ KHWSIL[ HO p LV KHWJURRWWYRRUNOVVH

0 LQLP XP GLVWODQFH FOOVVLILFDWH

,Q KHW WDLQLQJ VVWG LX P YDQ P LQLP XP GLVWQFH F®OVVULFDWH Z RUGHQ XMW GH WDLQLQJ VVDP S O™V
DOHHQ GH N®OVVHQJHP LGGHGHQ EHSDDG & ULVS F@OVVULFDWH YLQGW S®DW RS JURQG YDQ GH
P IQLP DO ( XFAQGLVFKH DIVW QG LQ GH IHDWKX UHVS DFH ] H I X XU 0 QP XP GLVWDQFH
F@OVVULFDWH LV HHQ QWHWVWWVWVFKH F®VVULFDWHP HWRGH P DDU HU NXQQHQ NDQVHQ EHUHNHQG
Z RUGHQ XWW GH (XFQGLFKH DIVWQGHQ P HW HHQ YHUHHQYRXGLI GH YHUVIH YDQ ERYHQVWDQGH
IRUP XXH + LHUYRRUP RHW Qch YHUYDQJHQ Z RUGHQ GRRUHHQ HHQKHLGVP DWL JHVFKDDG P HWppQ

2
YDUWD QWHIDFWR U SE YRRUDGH N®VVHQ HQ DAH EDQGHQ

E2

oo, 10.)= o) s 06

P HW (XFQGLVFKH DIVWQG E:\/(Cp - ch)T X(Cp - CCk)

J KHWDDQWOEDQGHQ



band 2 -»
o

band 1 -

) LIX XU 0 LQLP XP GLYWOQFH FOOVVLILFDWH ' H FRQGLWRQHO NDQV RS GH IHDWUHYHFW U

YDQ KHWSL[ HO p LV KHWJURRWWYRRUNO VVH

" LW NRP W RYHUHHQ P HW HHQ P D[LP XP QNHQKRRG F®VVLLFIDWH Z DDUEIM DGH N®VVHQ JHQMW
JHVSUHIG ]I GH N®OVVHQ LQ HMNH EDQG GH]HOGH VSUHLGLQJ KHEEHQ HQ GH EDQGHQ QLlHW

JHFRUUHGHHUG ] L\Q

6 SHFWDODQJ OH P DSSHU

,Q KHW WIDLQLQJ VVWGIXP YDQ HHQ F®VVULFDWH P HW GH VSHFWDODQJM™ P DSSHU Z RUGHQ XLW GH

WUDLQLQJ VVDP SQHV GH N®VVHQJ HP LGGHG@GHQ EHSDDG & UVS FMOVVULFDWH YLQGWS ®DW RS JURQG YDQ

GH P LQLP DH VSHFWIDM™ KRHN LQ GH IHDWKUHVSDFH JLH ILXXU ' H VSHFWUDODQJM™ P DSSHU LV
HHQ YHUHHQYRXGL LQJ YDQ P LQLP XP GLVWQFH FMVVULFDWH (U JIM W HH XIW DQJVSXQWQ GLH

DDQMLGLQ) JHYHQ WWGH]H YHUHHQYRXGL LQJ 7HQ HHUVWH KHGBWGH LQWQVIMHIWYDQ HHQ SL HOQLHW
YHHO EIM KHW RQGHUWFKHLGHQ YDQ YHUVFKLOHQGH NMVVHQ 7HQ W HHGH YHURRU DNHQ LQW Q VLW LW

YHUVFKLOHQ ELQQHQ HHQ N®VVH ELWRRUEHHG® GRRURQJHQWP DWJH EHAQFKWQJ YHHOKHWURJ HQ LW LW
" DDURP Z RUGWYHURQGHUMW G GDWKHWEHWULY GH DIVWDQG WWGH RRUVSURQJ EXLWQ EHVFKRXZ LQJ

WH ®WHQ E LMF®VVL LFDWH

2 RN GH VSHFWIDO DQJ® P DSSHU LV HHQ QLHW VW WVWVFKH FMVVLULFDWHP HWRGH P DDU RRN P HW
EHKXG KLHUYDQ NDQ JHSUREHHUG Z RUGHQ NDQVHQ WH EHSDMQ %MKHWH[ SHUW\ VWHHP >6 NLGP RUH
H D @Z RUGW GLWELWRRUEHHG JHGDDQ GRRU JHGHHG@ GRRU GH KRHN WH QHP HQ + HW]RX

Z HOFKWEHWU] MM RP HHQ DDQJHSDVW YHUVIH YDQ ERYHQVWDQGH IRUP XH WH J HEUXLNHQ

band 2 »

band 1 =

) LI X XU 6 SHFWDODQJM™ P DSSHU " H FRQGLWRQHOMH NDQV RS GH IHDWKUHYHFWU YDQ KHW

S L[ HO p LV KHWJURRWWYRRUNOGO VVH

N 1 HDUHVW QHLI KERXU FOVVLILFDWH

,Q KHW WIDLQLQJ VVWGLX P YDQ N QHDUHVWQHL KERXUV F®OVVULFDWH Z RUGHQ GH WDLQLQJVVDP S ™V
DOHHQ JHMEHG P HW HHQ N @® VVH N 1 HDUHVW QHW KERXUV F®OVVULFDWH LV QDP HAQMW HHQ QLHW
SDUDP HWLFKH F®OVVULFDWHP HWRGH ''IW KRXGW LQ GDW HU JHHQ SDUDP HWHUW DO NM®VVHQ

JHP LGGHGH RI FR YDUDQWHY JHVFKDWZ RUGHQ %HM®mQJUM JHYRQ KIWHHUYDQ LV GDWGH]H P HWRGH
YRRUKHWVFKDWHQ YDQ GH NDQVHQ QLHWX LW DDWYDQ GH QRUP DMH YHUGHAQQJ J]RGDWRRN YRRU QLHW
QRUP DDO YHUGHHGH N®VVHQ NDQVHQ JHVFKDWNXQQHQ Z RUGHQ ‘' HIH P HWRGH JDDW XLW YDQ GH

GLFKWWE M IMGH N WDLQLQJVVDP SXHV IQ GH IHDWUHVSDFH URQG HHQ W FO®OVVULFHUHQ SLU HO ] LWH



I X XU %M FUVS F®OVVULFDWH Z RUGW GH N®VVH WRHJHNHQG Z DDUYDQ KHW MEHO KHW YDDNVW
YRRUNRP W RQGHU GH]JH N VDP SV ' H NDQV RS HHQ N®VVH LV SURSRUWMRQHHO P HW KHW DDQWO
WDLQLQJ VVDP SMHV YDQ HHQ NO®VVH EIM GH]H N QHDUHVW QHL KERXUV : DQQHHU HU WMEHQV KHW
WD LQLQJ VVW G LX P QUHWYRRUDGH N®VVHQ HYHQ YHHOVDP SHV RSJHJHYHQ J]LM ]DOGH NDQV RS HHQ
N®VVH P HWP HHU VDP SV WH KRRJ JHVFKDWZ RUGHQ + LHUYRRUP RHWJHFRUULJ HHUG Z RUGHQ GRRU

W GHMHQ GRRUKHWDDQWOVDP SV YDQ GLH N®VVH

P(Cp|C,)~i >* R UWH EQ @
NC.

P HW nCI KHWDDQWOWDLQLQJ VWVDP SV YRRUN®VVH I RQGHUGH N QHDUHVWQHL KER X UV

NC- KHWWWDODDQWOWDLQLQJ VVDP SMHYVY YRRUN®VVH |
i

T

o
o~ 3
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band 1 -

) LIX XU N 1 HDUHVW QHLIKERXUV FODVVLILFDWH P HW N " H FRQGLWRQHGH NDQV RS GH

IHDWKUHYHFWUYDQ KHWSL[ HO p LV KHWJURRWWYRRUNGOVVH

‘' H NHX]J]H YRRUppQ YDQ GH P HWKRGHQ LV HUI DIKDQNHQMW YDQ GH WRHSDVVLQJ ' H HQH P HWRGH
HHQW ] LFK P HHU YRRU HHQ EHSDDG W SH GDW GDQ HHQ DQGHUH P HWRGH ' H NHX]H YRRU HHQ

F®OVVULFDWHP HWRGH YRRUGH 6FKLHUP RQQINRRJ GDW Z RUGWJHP DDNWLQ KRRIGVWN

/ RNDOH D SULRUL NDQVHQ

" H D SURUL NDQV RS HHQ N®VVH P(Ck) Z RUGW YRRU F@VVLLFDWHY YDDN YRRU DGH NMVVHQ J HQM
JHKRXGHQ (QHU IMMV JHEHXUW GLW RP GDW GH]H NDQVHQ RQEHNHQG ]LW HU Z RUGW M LVW
JHF®VVULFHHUG RP W EHSDMQ Z DDU Z HONH NMVVHQ DDQZ H]L ]JIM $ QGHU LMY Z LOP HQ GH
FOVVULFDWH QLHW WH YHHO VW UHQ LQ GH UFKWQJ YDQ GH P HHVW YRRUNRP HQGH NM®MVVHQ RP GDW
DQGHUV NMVVHQ GLH Z HIQL YRRUNRP HQ QDXZ HAWV QRJ JHYRQGHQ J]RXGHQ Z RUGHQ $ SURUL
NDQVHQ GIH YRRU KHW JHKHM EHHG JHGBHQ JHYHQ GDQ RRN VHFKW HHQ QFKWH YHUEHWHUQJ $ o/
GH]H NDQV HFKWHU ®RNDDO EHNHQG LV NXQQHQ Z HO IQQNH YHUEHWHUQJHQ YHUNUHJHQ Z RUGHQ

DQQHHUGH NM®VVHQ QDP HOM LQ DQGHUH RQGHUAQJH YHUKRXGILQJHQ LQ GH VHJP HQWQ YRRUNRP HQ
GDQ LQ KHWW WO EHHG® |]XGHQ GH D SURUL NDQVHQ GH FMVVULFDWH JHP LGGHG Z DWP HHU LQ GH
JRHGH UFKWQJ VW UHQ + HWP DDNWKLHUEIMQIHWX IWRI GH NDVVHQ ELQQHQ HHQ VHIJP HQWZ HORI QLHW
UXLP WHAM J HVFKHIGHQ ]I ' LW]RX GDDURP GH FMVVLULFDWH YDQ VFKHUS EHJUHQVGH UXLP WHQMH
REMFWQ P HW JUDGXHHO YDUSUHQGH LQWUQH YHGHQ LQ QDWKXUQMH YHJHWMWH Z HOHHQV NXQQHQ

YHUE HWHUHQ

9 RRUEHHGOG

DQQHHU KHWQQNHU VHJ P HQWILQ LI XXU JHF®VVULFHHUG Z RUGWP HWGH D SURULNDQVHQ
P(CAkker) HQ P(CBOS) NDQ HHQ KRJHUH RYHUD@DFFXUDF\ YHUZ DFKWZ RUGHQ
GDQ EIMJ HOMWH D SURULNDQVHQ + HWHOGH JH@GWYRRUKHWUHFKWUVHJP HQWDOO P(CAkker)

HQ P(CBOS) JHEUXINWZ RUGHQ >* R UW EQ @



) LI X XU 7Z HH VHJP HQWQ P HWYHUVFKLOHQGH NMVVHQDDQGHM™HQ

/ RNDMH D SURUL NDQVHQ NXQQHQ HHQ RS®VVIQJ YRUP HQ YRRU VSHFWDMH RYHU®DS YDQ NM®VVHQ
>* R UWH EQ @ ' H D SURULNDQV KHG®BWGDQ QDP HAQM EMKHWP DNHQ YDQ GH JRHGH NHX]H
9 RRUDOZ DQQHHU GH N®VVHQ P HWGH VSHFWD DM RYHU®S 1Q YHU/FKLGOHQGH VHJP HQWQ YRRUNRP HQ
]DOGWIJIRHG Z HUNHQ P DDURRN DO ]H GRRUHWNDDU LQ HHQ VHJP HQWYRRUNRP HQ ]DOHHQ RND®™ D

SURULNDQV GH F®OVVULFDWH JHP LGGHG YDNHUGH JRHGH NHX]H ®WQ P DNHQ

9 RRUE HHGOG

9 HUGURRJ G J UDV NDQ QHW]R JHHO] LW DO/ WUZ H Z DDUGRRUHHQ VSHFWDM RYHU®DS EHVWDW
WX VVHQ GH NM®VVHQ JUDV HQ WOUZ H (HQ JHHOSL HO]DOLQ KHWDQHP HHQ Z DWYDNHU WUZ H
GDQ JUDV ]IM (HQ JHHOSI HOLQ HHQ JURHQ VHJP HQWLY HFKWHU Z DDUVFK LM QW J UDV WHUZ L\
HHQ ]HOGH JHHOSL HOLQ HHQ JHHOVHJP HQWZ DDUVFKLM QM W UZ H LV

2 S KHWP RP HQWGDW HU VHIJP HQWQ J]RXGHQ ]IM P HWHHQ P HQJVHOYDQ JUDV HQ WUZ H
Z RUGWGLWP RHLOMHU W EHSDMHQ ,Q DJUDUWFKH JHELHGHQ NRP WLHW GHUJ HOMYV QDX Z HQMWV
YRRU P DDU ELMQDW X UOMH YHJ HWOWH Z HO $ & GH YHUKRXGLQJ YDQ JUDV HQ WUZ H (RNDDO
EHNHQG LV ] XOGHQ GH D SURULNDQVHQ HUYRRU]RU HQ GDWGH F®VVULFDWH HHUGHU YRRU GH

P HHVWYRRUNRP HQGH N®VVH NWHVW ' IWYHUEHWUWGH F®»VVLULFDWH

2 P HHQ F®VVULFDWH WH YHUEHWUHQ P HWEHKXG YDQ (RNDOM D SURUL NDQVHQ P RHWHU DDQ WZ HH
YRRUZ DDUGHQ YRGDDQ Z RUGHQ >* R UWH EQ @ 0 HQ P RHWEHVFKINNHQ RYHU
(HQ RSGHQOQJ 1Q VHJP HQWQ ]RGDW YHUWFKIOHQGH N®VVHQYHUKRXGLQJHQ YHUNUHJHQ Z RUGHQ
]IH KRRIGVWXN
6 FKDWMQJ HQ YRRUGH N®OVVHQDDQGHMQ LQ GH VHIJIP HQWQ GLH JHEUXINWNXQQHQ Z RUGHQ DO/ D

SURULNDQVHQ P(Ck) ]IH YROHQGH VXESDUDJ UDDI

,MHUDWHI VEFKDWMHQ YDQ ORNDOH NDQVHQ

/ RNDMH D SURULNDQVHQ NXQQHQ GH F®VVULFDWH YHUEHWUHQ 3 UREMHP LV GDWGH] H D SURULNDQVHQ
P HHVWOQLWHWEHNHQG J]IM + HW]DORYHUKHWDQ HP HHQ JHHQ RSWH JIM GH]H JHJHYHQV LQ KHWYHGS
IQ WH Z LQQHQ ' LWAHYHUWQDP HAOM ]R YHHOYHGGZ HUN RS GDWKHWYRRUGHHOYDQ UHP RWH VHQVLQJ WHQ

RS]LFKW YDQ KHWNDUWUHQ P LGGHO/ YHG Z HUN WHQLHW HGDDQ J]RX NXQQHQ Z RUGHQ

+ HW LV HFKWHU P RJHQW RP GH ®RNDM D SURUL NDQVHQ WH VFKDWMHQ XLW HHQ DXWP DWVFKH
FOVVULFDWH YDQ KHW UHP RWH VHQVLQJ EHHG + LHUYRRU LV HHQ JHZ RQH %D\ HVIDDQVH F@®VVLULFDWH
QRGL GH DO XIMYRHU GH NDQVHQ JHHIW =RDO/ LQ SDUDJ UDDI EHVFKUHYHQ LV Z RUGW K LHUE LMGH
NDQV P(Cp|Ck) JHVFKDW ' H]H NDQVHQ Z RUGHQ RP GDWGH YHUKRXGLQJHQ QRJ QLHWEHNHQG
]I YHUP HQL YXG@LW G P HW D SURUL NDQVHQ P(Ck) GWH YRRU DOH NM®VVHQ JHQMJHKRXGHQ

Z RUGHQ 9 HUWWYRQ HQV Z RUGW HU JHQRUP DQVHHUG ]J]RGDW HU D SRVWULRUL NDQVHQ P(Ck | CD)

R Q WWD D Q
(HQ GHUJHQWH D SRVWHURUL NDQV ELWRRUEHHGS P(C1|cp) EHWNHQW GDW DO/ HU
S HO P HWIHDW UHYHFWR U Cp ]IM HU Z DDUVFKIMQQAM YLHU WRW N VVH ] XA@HQ EHKRUHQ : DQQHHU

Z HIQ HGHUVHIJP HQWSHUN®VVH GH VRP RYHUDGOGH D SRVWHULRRULNDQVHQ EHUHNHQHQ OMYHUWGDWHHQ

RS SHUY @ NW VFKDWALQ J SHU N®VVH 1Q GDW VHJP HQW RS > XGD HQ + DUwW IQ * RUWH



EQ @ : DQQHHU Z H GH]H RSSHUY®MNWHVFKDWMQJHQ GHMQ GRRU GH VHJP HQW URRWAH Z RUGHQ
N@DOVVHQDDQGHMQ YRRUGDWVHIP HQWYHUNUHJHQ ' H]H NOOVVHQDDQGHMQ NXQQHQ JHEUXINWZ RUGHQ
DO/ RNDOG D SURUL NDQVHQ 9 RRU JURWH VHJP HQWQ ]XAGHQ GH DDQGHQMQ QDXZ NHXUL HU ]IM GDQ

YRRUNMHLQH VHI P HQWQ RP GDW]H RS EDVLY YDQ P HHUSL HO EHSDDG ] LM

‘' HIRUP XH YRRUGH D SURULNDQV RS HHQ N®VVH LQ HHQ VHJ P HQWLV

1 &
P(Cy) :ﬁxa P(C, | Cp)

p=1
P HW N KHWDDQWOS | HW LQ KHWVHJ P HQW

" H]R YHUNUHJHQ D SURULNDQVHQ ] XGHQ HHQ IRXWEHYDWMQ GRRUGDWHU YRRUKHWEHSDMQ KLHUYDQ
XLW HIJDDQ LV YDQ JHQOMH D SURUL NDQVHQ RS DAH NM®MVVHQ + HW]DOHFKWHU EHWU ]JIM RP GH]H W
JHEUXINHQ GDQ WH YHURQGHUVWHGHQ GDWDGH NMVVHQ LQ DGM VHJP HQWQ JHQWH DDQGHMQ KHEEHQ

" IWJHHIWGH P RJHAMKHIG RP GH (RNDM D SURUL NDQVHQ IMHUDWHI WH VFKDWAHQ ' H YRRUZ DDUGH

KIHUYRRULY GDWZ DQQHHUGH JHEUXINW D SURULNDQVHQ HHQ EHQDGHUWRQJ ]M GH JHVFKDWMH D S ULR UL

NDQVHQ QDXZ NHXUWHU]LM GDQ GH HHUVWH EHQDGHULQJ ' DWDDQ GH]H YRRUZ DDUGH YRGDDQ Z RUGW
LV EHZ HIHQ GRRU * RUW > EQ @YRRU GH VFKDWAIQJ YDQ QHWSDUDP HWLFKH D SURUL
NDQVHQ ' H IMHUDWH SURFHGXUH ] LHWHUDO/ YRQ WX LW

,MWHUDWHS URFHG X UH
,QIWDAQVHHUGH D SURULNDQVHQ EWWRRUEHHG DQGHP DDOl/K
3DV GH IRUP XXH YDQ %D\HV WRH 9 HUP HQLI YXG@GL HQ P HWGH D SURUL NDQVHQ 1 RUP DQVHUHQ
YDQ GH NDQVHQ
1 HHP YRRU IHGHUH N®VVH GH VRP RYHU GH SU HW SHU VHJP HQW ' HHOGRRU GH VHJP HQW
JURRWMH ' WWJHHIWYHUEHWUGH D SURULNDQVHQ

* D QDDU

‘' HIJHVFKDWWH RNDMH D SURULNDQVHQ NXQQHQ JHEUXINWZ RUGHQ RP GH IRUP XXH YDQ %D\ HV WVRH WH
S DVVHQ ]J]RGDW HHQ YHUEHWUGH SUHQHZ IMH VWWVWVFKH [IX]]\ FOVVULFDWH YHUNUHJHQ Z RUGW
1 DWXXUQM NXQQHQ QRJ IRXWQ JHP DDNW Z RUGHQ VRP V ]HOV RS S®DWHQ Z DDU GDW J]RQGHU
RNDOMH D SURULNDQVHQ Z HOJRHG JLQJ 2 YHUKHWJHKHM EHHG: ] DOGH F®OVVULFDWH HUHFKWUEHWU

YDQ Z RUGHQ P LW GH NDQVHQ P(Cp |Ck) Z DDUXIWGH D SURULNDQVHQ EHSDDG ]I N®RSSHQ

6 HJ P HQMW WH

" H VHJP HQWHQ Z DDUGH RNDM D SURULNDQVHQ YRRUJHVFKDWZ RUGHQ NXQQHQ RS YHUVFKLOMQGH
P DQLHUHQ YHUNUHJHQ Z RUGHQ ELWRRUEHHG XLWDGGLWRQHM JHJHYHQV =HQV HHQ FMVVULFDWH P HW
SRVWRGHJHELHGHQ DO/ VHIJP HQWQ NDQ VXFFHVYRO] LM >* R UWH EQ @ 2 P GDWDGGLMRQHM™
JHIJHYHQV QIHWDONM, EHVFKINEDDU ]IM LV KHWZ HQVHAGW GDWRRN GH RSGHQQJ XIWGH EHHGHQ ]HOQ
JHKDDG® Z RUGWGRRUP LGGHOYDQ EHHGVHJ P HQWWH ' RHOYDQ ]R@Q VHJP HQWWH LV KHWEHHG WH
YHUGHMQ LQ DDQHHQJHV®RWQ JURHSHQ SLUHW RS JURQG YDQ KXQ VSHFWHIDM™ NHQP HUNHQ + HW LV
KIHUEIMGH EHGRHQQJ GDWGH VHJP HQWHQ ]RYHHOP RJHQWM FRUUHVSRQGHUHQ P HW WHUUHLQRE M FWHQ
7HUUHIQREMFWQ ] XOHQ QDP HQW RYHU KHW DQ@ HP HHQ EHVWDQ XIW ppQ RI HQNHOM N®VVHQ

Z DDUGRRUKHWJHEUXIN YDQ D SURULNDQVHQ KHWP HHVWHIIHFWHI LV

6H)J P HQWWHS LUDP LGH

‘'H P HWRGH YRRU EHHGVHJP HQWWH JDDW XW YDQ KHW VDP HQYRHJHQ YDQ UHJILROY UHJ LR
P HU LQJ JHEDVHHUG RS ]RJHQDDP GH TXDGWHHY + HWEQWW GDW GLW YRRU DJ UDUWFKH JHELHGHQ

JRHGH UHVXOMDWQ HQ UHMOWHI NRUW UHNHQWMHQ J HHIW>* R UWH EQ @



(HQ TXDGWHH LV HHQ P HWRGH RP UDVWUGDW RS WH V®DQ JLH ILXXU + LHUEM Z RUGHQ
]JRIJHQDDP GH GHDYHV RQGHUFKHLGHQ GLH HHQ Z DDUGH KHEEHQ + HWYHUVFKLOP HWSI HO/ LV GDW GH
HDYHV YHUVFKLOHQGH JURRWAHY NXQQHQ KHEEHQ " H JURRWAH YDQ HHQ QDI Z RUGWEHSDDG GRRU
KHW QLYHDX (HQ DI LQ KHW ®DJ VW QLYHDX LV JR JURRWDO/ ppQ SL HO LQ LHGHU KRJHU QLYHDX
EHV®DWHHQ QGiDI YHU HHDYHV X IWKHWQLYHDX GDDURQGHU (HQ TXDGWHH EHVWDWXLWW HH EHVWQGHQ
HHQ TWOEHVWQG P HW GDDULQ KHW QLYHDX YDQ GH QGiDYHV HQ HHQ TW EHVWQG P HW GDDULQ GH
Z DDUGHQ YDQ GH GHDYHV

%M TXDGWHHY KRHIWLQ JHELHGHQ P HWGH]HQOGH SIU H® DDUGH GH]H Z DDUGH QLHW YRRU HQN S HO
DI]JRQGHUAGW RSJHVDIHQ W Z RUGHQ + HWJURW YRRUGHHOYDQ TXDGWHHV LV HFKWHU QLHW] R] HHU GH
GDWFRP SUHVVIH P DDU KHW JHEUXIN YDQ SURJUDP P D& GIH GLUHFW P HW TXDGWHHY Z HUNHQ
3URJUDP P D& GLH TXDGWHHYV JHEUXINHQ ]RQGHU GH]H HHUWW WH FRQYHUMUHQ QDDU HHQ UDVWHU
EHVWQG NXQQHQ DDQ]HQQOM VQHGHU ]I GDQ SURJUDP P D& GIH P HW UDVWHUEHVWQGHQ Z HUNHQ
" DDURP Z RUGHQ YRRU GH VHJP HQWWH GH EHHGHQ QDDU TXDGWHHYV JHFRQYHUMHUG HQ SDV DDQ
KHW HILQG YDQ GH SUREDELAVWVFKH VHJP HQWWHSURFHGXUH Z RUGHQ GH UHVXOMWQ Z HHU

JHFRQYHUWHUG QDDU UDVWHUE HVWQGHQ

5(5|5|5|5(5|5|5 5 |5 |5
5[5|51515(5|5]5
5(518]8[5[5|5]|5 5 |8
5|5|8]8(5(5|5]|5
5|515|5171515[5 5 /1515
5|515|5|5(5]|5(5 515
5[5|515(5(5|5]|5 5 |5
5|5[5|515(5]1515] » E
) LI X XU D 5 DVWHUVWUXFW XU E 4 XDGWHH VWXFW XU >* R UW EQ @
+ HWSURJ UDP P D JHEUXINWGUH EDQGHQ YRRUGH VHIP HQWWH ' H VHJP HQWWHP HWRGH YRHJWRS

JURQG YDQ GH]H GUH EDQGHQ UHFXUWIHI DDQJUHQ]HQGH MDYHV HQ UHJLR® VDP HQ WRW UHJ LRG&V
IQGLHQ
" H (XFQGLWFKH DIVWQG LQ GH IHDWUHVSDFH WKVVHQ W HH NDQGLGDWQ NMHLQHU LV GDQ HHQ
GUHP SHQ@ DDUGH d1
" H YDUDQWH YDQ GH SL{ HZ DDUGHQ LQ HONH EDQG YDQ KHWVDP HQJHYRHJGH VHIJP HQW DOQP HGH
GH FRYDUDQWHVY WCVVHQ GH EDQGHQ LQ GDWVHJP HQW QLHWJURWU Z RUGHQ GDQ HHQ GUHP SHO

Z DDUGH d2

‘' HIH W HH GUHP SH@ DDUGHQ Z RUGHQ VDP HQ XLW ppQ GUHP SHQ@ DDUGH d EHS DDG 2 P GDW
FR YDUDQWHY NZ DGUDWVFK ]JIM LV GH GUHP SHO d2 JHGHIWQWMHHUG DO KHW NZ DGUDDW YDQ d ' H
YHUKRXGLQJ WK VVHQ dl HQ d2 LV HQL V] LQV Z LGHNHX Ul ,Q KHWJHEUXIN LV JHEMWNHQ GDWHHQ IDFWU

lQ RQGHUVWDDQGH IRUP X UHGHQM J RHGH UHVX OMDWHQ J HHIW
— — A2
d1—3xd HOQ d2—d

/ HDYHV HQ UHJ LR® J UHQ] HQ DDQ HNDDUZ DQQHHU]H HHQ JHP HHQVFKDSSHQWH UDQG KHEEHQ ,HGHU
S HOKHHIWGDDUP HH YLHU EXUHQ ]JWH ILXXU ' H = VFDQ YRQ RUGH JWH ILXXU Z DDULQ
JHSUREHHUG Z RUGW RP HDYHV HQ UHJLR® VDP HQ WH YRHJHQ LV YDQ LQY®RHG RS KHW UHVXOMDDW
+ HUGRRU RQWWDQ KRHNL JHYRUP GH VHJP HQWQ 2 P GIW W YRRUNRP HQ NDQ HU LWHUDWHI
JHVHIJ P HQWHUG Z RUGHQ P HWHHQ JHMHILGHAQWMW WHQHP HQGH GUHP SHQ DDUGH ,Q GH HHUVWH VWS
Z RUGHQ @®DYHV VDP HQJHYRHJG YROHQV ERYHQVWDQGH UHJHO P HWHHQ ®WJH GUHP SHQ DDUGH
9 HUYRQ HQV Z RUGHQ LQ GH W HHGH VWS P HWHHQ QHWIHW KRJHUH GUHP SHQ@ DDUGH GH LQ VWS ppQ
RQWW QH VHJ P HQWHQ VDP HQJHYRHIG YRQ HQV GH]HQOGH ERYHQVWDQGH UHJ HO/ %M LHGHUH

YRQ HQGH VWS Z RUGWGH GUHP SHQ DDUGH YHUGHUYHUKRRIJG



) LIXXU ‘' HYLHUDDQJUHQ]HQGH SL[ HO/V YDQ HHQ SL[ HO

) LI X XU 9 RRUEHHGOG YDQ GH = VFDQ YRQ RUGH >* R UW EQ @

+ HWIMMHUDWHI VHJ P HQWUHQ P HWRS®SHQGH GUHP SHQ@ DDUGH HYHUWHHQ VHJP HQWMWHSLUDP LGH RS
Z DDUEIM LHGHUH GUHP SHQ@ DDUGH HHQ QLYHDX YDQ GH SLUDP LGH JHHIW JLH ILXXU ,Q GH
KRJHUH ®JHQ YDQ GH SLUDP LGH ] LM HUP LQGHU VHJP HQWQ HQ ]IM GH VHJP HQWQ JURWU RP GDW
KHWDJ JUHJ DWHV ] LM YDQ GH NOHLQHUH VHJ P HQWHQ LQ HHQ ®J HUQLYHDX (N VHIJP HQWKHHIWGDDURP

IQ LHGHU KRJHU QLYHDX ppQ VXSHU/HJP HQW WHUZ LM KHW LQ LHGHU @JHU QLYHDX P HHUGHUH
VXEVHJP HQWQ NDQ KHEEHQ 8 IWGH]H VHJP HQWMWHSLUDP LGH NDQ HHQ JHZ HQVWQLYHDX JHNR]HQ

NDQ Z RUGHQ

D E F

) LI X XU 6HIJP HQWOWHS LUDP LGH P HWGULH QLYHDXV D E HQ F >* RUWH EQ @

%MGH VHJ P HQWWH RQWWDQ RS GH JUHQ]HQ YDQ JURWH VHJP HQWHQ VRP V NGHLQH VHJP HQWIQ YDQ
ppQ SLUHO ' W] P UHG SUHX¥ GLH W YHUFKLOHQG ]IM RP EWMppQ YDQ GH W HH J URWUH
VHI P HQWQ WHJHYRHJG W Z RUGHQ 1 DGHHO YDQ GH]H NOQILQH VHJP HQWQ LV GDW ]H
RQQDXZ NHXUJH D SURUL NDQVHQ ]XGHQ JHYHQ + HWLV HFKWHU GH YUDDJ RI KHWZ HQVHQW LV RP
GHUI HQWH SL HO DDQ HHQ JURRW VHJP HQWWH W YRHJHQ ' LW]RX GDW VHJP HQW DGHHQ P DDU
YHUYXLHQ ' H P DWH Z DDUQ NQGHLQH VHIJP HQWQ DDQ HHQ JURRWVHJP HQWZ RUGHQ WRHJHYRHJIG LV
DIKDQNHQM YDQ GH YHUKRXGLQJ d1 HQ d2 ,Q EHSDDGH VIWXDWHYV NDQ GDDURP HHQ Z DWKRJHUH RI

@D@JHUH IDFWRUGDQ IQ ERYHQVWDQGH IRUP XXH JHSUHIHUHHUG Z RUGHQ

6HJ P HQWHOHFWH

(HQ SUREMHP LV GDW KHW RQGXLGHQAMW LV Z HON QLYHDX XLW GH SLUDP LGH GH EHVW VHJP HQW WH
RSQHYHUW (Q DO/ HHQ UHGHQMW QLYHDX JHYRQGHQ LV ] XOHQ LQ VRP P LJH JHELHGHQ LQ KHWEHHG GH
VHIJ P HQWQ W JURRW NXQQHQ ]I WHUZ IM LQ DQGHUH GHMQ MLVW QRJ WH NOQLQH VHJP HQWQ
DDQZ H]W ] (HQ VHIJP HQWZ DDUQ ELWRRUEHHG W HH N®VVHQ YRRUNRP HQ LV W JURRWDO KHW
RSJHVSAQWW] RX NXQQHQ Z RUGHQ LQ W HH VHJP HQWQ P HWDGHEHLP DDUppQ NMVVH (HQ VHIJP HQW
YDQ P DDUHHQ SDDU SLU HO LV WH NOHLQ DO/ DDQJ UHQ]HQGH VHJP HQWQ GH]HQGH NM®VVHQ EHYDWWHQ
"' H RS®VVIQJ KIWHUYRRU LV KHW VHHFWHUHQ YDQ VHJP HQWHQ XLW YHUVFKIGOHQGH QLYHDXV YDQ GH
SLWWDP LGH RS EDVLY YDQ GH N®VVHQDDQGHMQ ' H]H N®VVHQDDQGHMQ Z RUGHQ YRRU GH JHKHM
VHJ P HQWWHS LUDP LGH EHSDDG |RDX EHVFKUHYHQ LV LQ SDUDJ UDDI * RUWH > EQ @

VHAHFWHUWDGAH SXUH VHI P HQWHQ S Z DDUYRRUJHGW

S:(N(S) =1) U(" 11 aparsy :N(T) £ 1)



HQ DOH JHP HQJGH VHJP HQWQ Z DDUYRRUJHGW
S:((S)* D U(" 11 aparsy 1N DU(" 11 0ty N Y U(" 11 aperiey Bt s MUY =1)

P HW super(S) VXSHUVHJ P HQWQ YDQ S lQ DOH ERYHQQJJHQGH QLYHDXV
SJb(S) VXEVHIJP HQWHQ YDQ S LQ DOH RQGHUQI J HQGH QLYHDXV
n(S) DDQWONMVVHQ LQ VHI P HQW S

' IWNRP WHURS QHHU GDW IQGLHQ P RJHAQWM SXUH VHJP HQWQ JHVHMHFWHUG Z RUGHQ $ GHHQ Z DDU
GDWQWHWP RJHAQWM LV Z RUGHQ KHWURJHQH VHJP HQWQ JHVHMFW HUG ,Q EHILGH JHYDGHQ JDDWGH

YRRUNHXUXWQDDU]R JURRWP RJHQMWMH VHIJP HQWQ

1 LHXZ HP HWRGH YRRUVHJP HQWHOOFWH

+ RHZ HOGLIW JRHG Z HUNW YRRU DJ UDUWFKH JHELHGHQ Z HUG EIMGLWRQGHU RHN YHUZ DFKW GDW G LW
YRRU QDWX X UOMH YHJ HWDWH P LVVFKIHQ QLHW]R VXFFHVYRO]JRX ]IM (U]J]RXGHQ QDP HQM Z HOHHQV
Z HIQL SXUH VHIJP HQWQ JHYRQGHQ NXQQHQ Z RUGHQ P HW DO/ UHVXOMDDW KHM J URWH KHWHURJ HQH
VHIJ P HQWQ =XONH JURWH VHIJP HQWQ ] XGHQ QHWDO/ D SURULNDQVHQ YRRUKHWJHKHM EHHG VAHFKW
Z HIQL YHUEHWHUQJ JHYHQ 2 P GDWGH VHMFWH QW LQ HHQ RSHUDWRQHHO SURJUDP P D YHUZ HUNW
Z DV LV GDDURP HHQ DQGHUH VHGFWHUHJ HOJHSURJUDP P HHUG + LHUEIMZ RUGHQ DGH VHJP HQWQ S

S: (" T acs) - N(T) 2 n(S)) U(" 11 super(9) Pui sunry - NU) < n(T))

" H]H IRUP XOH FRQWR GHHUW LQ W HH VWSSHQ RI HHQ VHJP HQW JHVHMHFWHUG P RHW Z RUGHQ + HW
HHUYWH GHHOYDQ GH IRUP X4 JRUJWHU YRRU GDWHU JHHQ VXEVHJP HQWHQ ] LM P HWP LQGHU NMVVHQ
Q GDW JHYDO]RXGHQ GLH QDP HAW JHVHMFWHUG P RHWHQ Z RUGHQ ,Q GH W HHGH VWS Z RUGW
JHNHNHQ RI HUJHHQ VXSHUVHIP HQWHQ ] LM GLH EHWU JHVHMFWHUG ] RXGHQ NXQQHQ Z RUGHQ (HQ
VXSHUVHJ P HQWLV EHWUDO/ GIWVXSHUVHJ P HQWHYHQYHHORI P LQGHU N®DVVHQ KHHIWGDQ DOJ] LM HL HQ
VXEVHIJ P HQWQ

" IWNRP WHURS QHHU GDWGH VHJP HQWQ P HW]JR P LQ P RJHQAW NM®MVVHQ J HVHMHFWHHUG Z RUGHQ $ O/

HUP HHUGHUH NDQGLGDWQ JLM Z RUGHQ J]R JURRWP RJHQWH VHIP HQWQ JHNR]JHQ JLH ILXXU

‘ ‘ QLYHDX V

) LIX XU 6 FKHP DWVFKH Z HHWDYH YDQ HHQ VHJP HQWWHSLUDP LGH P HW LQ LHGHU
VHJP HQWKHWDDQWODDQZ H]LJH NODVVHQ ' H JHVHOMHFWHUGH VHIP HQWHQ ] LM JHP DUNHHUG

,Q ppQ EHSDDG@H VIMKDWH QHHP W GH]H VHMFWHP HWRGH HHQ YUHHP GH EHVAVVIQJ (HQ JURRW
VHJP HQW P HW P DDU HHQ SDDU NM®MVVHQ GDW IQ ppQ YDQ GH VXEVHJP HQWHQ ppQ NM®VVH P LQGHU
KHHIW ] DO QWHW J HVHAHFWHUG Z RUGHQ ,Q S®DW GDDUYDQ ] XGHQ P HHUGHUH NQGLQHUH VHJP HQWQ
JHVHMFWHUG Z RUGHQ ] LH ILIXXU . DQQHHUGLWYHHOHUJ NOGHLQH VHIJP HQWHYV JRXGHQ ] LM LV
GIW HL HQAW RQZ HQVHAM RP GDW GLWRQQDXZ NHXUWH D SURUL NDQVHQ RS ]DO GYHUHQ ' LW NDQ
HQL V] LQV WHJ HQJ HIJDDQ Z RUGHQ GRRUGH IXQFWH n(S) IHW DDQ WH SDVVHQ + HWSURJUDP P D ELHGW
QDP HQW GH P RJHAWKHLG RP NOMILQH DDQGHMQ YDQ HHQ NMVVH XIW HGUXNWLQ HHQ IUDFWH YDQ KHW
VHJ P HQWRI HHQ DDQWOSL HO/ WH YHUZ DDUR]HQ + LHUP HH NDQ GH JURRWMH YDQ GH JHVHMFW HUGH
VHJ P HQWHQ LHW EHWY®HG Z RUGHQ ' H]H YHUZ DDUR]LQJ LV DOHHQ YDQ LQY®RHG RS KHWVHMFWUHQ
YDQ GH VHIP HQWQ 9 RRUKHWEHSDMQ YDQ GH RNDM D SURULNDQVHQ YLQGWJHHQ YHUZ DDUR] LQJ

S @®DbDw



‘ ‘ QLYHDX V

) LIX XU 6 FKHP DWVFKH Z HHUDYH YDQ HHQ VHJP HQWMWHSLUDP LGH P HW LQ LHGHU

VHJP HQWKHWDDQWODDQZ H]LJH NODVVHQ ' H JHVHOMHFWHUGH VHIP HQWHQ ] LM JHP DUNHHUG

%HVFKRXZ LQJ HQ DDQEHYHOQJHQ

%MGH SUREDELAOVWVFKH VHIJ P HQWWH Z RUGWX LW HJDDQ YDQ HHQ IX]]\ VWWVWVFKH F@OVVULFDWH GIH
RS JURQG YDQ DOH EDQGHQ GH NDQVHQ RS GH YHWFKLOHQGH N®VVHQ EHUHNHQW ' DDUQDDVWZ RUGW
HHQ VHJP HQWWHSLUDP LGH JHP DDNWRS JURQG YDQ GUH EDQGHQ 9 HUYRQ HQV Z RUGHQ YRRU GH
JHKHMH sSsLUWDP LGH GH N®VVHQDDQGHMQ SHU VHJP HQW EHSDDGS 8 LW YHUWFKLOHQGH @JHQ YDQ GH
SLWUDP LGH Z RUGHQ VHJP HQWQ JHVHMHFWHUG P HW]R P IQ P RJHAQM N®VVHQ ' H NM®VVHQDDQGHM™Q
YDQ GH JHVHMFWHUGH VHJP HQWQ NXQQHQ JHEUXINWZ RUGHQ DO/ D SURUL NDQVHQ RP RS JURQG

YDQ GH IRUP XXH YDQ %D\ HV GH HHUVWH F@OVVULFDWH WH YHUEHWUHQ ] LH ILXXU

(LUHQAM Z RUGHQ HUGUWH IX]]\ FOVVULFDWHY JHP DDNW
- )X]]\ F®OVVULFDWH SHUSL HO GH NDQV RS LHGHUH N®VVH
= )X]]\ F®OVVULFDWH SHUVHJP HQW HHQ RSSHUY®NWDDQGHHOSHU N®VVH

= 9 HEHWUGH IX]]\ FOVVULFDWH SHUSL HO GH NDQV RS LHGHUH N®VVH

" RRUGH P D[P DGH NDQV RI KHWJ URRWW RSSHUY®NWDDQGHHO WH VHOHFWHUHQ Z RUGHQ GULH FULVS
FOVVULFDWHY YHUNUHJ HQ ' H YHUEHWHUGH IX]]\ HQ FUWS FMVVULFDWHY ]IM GH EHVWH FM®VVULFDWHYV
9 RRUP RQLWRUQJ J]RX HFKWURRN GH YRRUNHXUJHJHYHQ NXQQHQ Z RUGHQ DDQ HHQ YDQ GH DQGHUH
F®VVLULFDWHV

" RRUGDWGH VHJP HQWJHZ IMH IX]]\ F@OVVULFDWH EHSDDG LV RS EDVLY YDQ P HHUGHUH S HO/ LV GH] H
P IQGHUJHYRHQ YRRUP HHWXL GDQ HHQ SLUHQ HZ INMH IX]]\ F@OVVULFDWH 9 RRUZ DDUGH KLHUYRRU LV
QDWX X UM GDWGH VHIJP HQWHQ QLHWWH NQHLQ ] IMQ ' H]H DDQGHQQ SHUVHJP HQWMQHQ ] LFK GDDURP
Z HOFKW EHWHU YRRU P RQLWUQJ YDQ JHOQIGHAQWH YHUDQGHUQJHQ GDQ HHQ SLUHQHZ INH
FOVVULFDWH 2 P Wi YRRUNRP HQ GDW YRRUQDP HAM YHUVFKLEHQ WHQ JHYRQH YDQ HHQ DQGHUH
VHJ P HQWOWH WH ]LHQ ]JIM ]JRX EHVRWQ NXQQHQ Z RUGHQ RP YRRU DGH EHHG@GHQ GH]HAGH
VHI P HQWOWH WH J HE UX INHQ

(pPQ YDQ GH YRRUGHQMQ YDQ SUREDELAVWVFKH VHJP HQWWH LV GDW VSHFWDM RYHUDS YDQ NM®VVHQ
HHQ P LQGHU JURRWSUREQIHP LV GDQ ELMHHQ SU HGO HZ IMH FOVVULFDWH ‘' DWZ LOHFKWU QLHW] HJJHQ
GDW GLW DAH SUREMP HQ RS®RVW %IMVSHFWDM RYHUDS ] DO QDP HAW RRN KHW VFKDWAHQ YDQ GH D
SURULNDQVHQ P RHLAMHU]IM : DQQHHUEIMKHWVFKDWAHQ YDQ GH D SURULNDQVHQ RS GH NMVVHQ LQ
HHQ VHJP HQWHHQ IRXWJHP DDNWZ RUGW ] DOGLWJ URW JHYRQG HQ KHEEHQ YRRUGH F@VVULFDWH YDQ

GH SUHO ELQQHQ GDWVHJP HQW

" H YHUVFKLOHQGH NDQVHQ LQ GH IRUP X YDQ %D\ HV P RHWQ RS KHWHQGH JHELHG YDQ WRHSDVVLQJ
]I * H NDQVHQ P(cp|Ck) HQ P(Ck) ]I GIW HFKWHU QLHW ' H NDQV P(Ck) Z RUGW RNDDO
EHSDDG WHUZ LAD P(Cplck) XIWGH WIDLQLQJ VVHWEHSDDG Z RUGWYRRUKHWJHKHM EHHG : DQQHHU
GH]H NDQV WRFK JHEUXINW Z RUGW LQ FRP ELQDWH P HW GH ®RND®™ P(Ck) Z RUGW P SQAFLHW
YHURQGHUVWHG GDW GH Z DDUGHQ GLH YRRU KHW JHKHO EHHG JHG@GHQ RRN (RNDDOYDQ WRHSDVVLQJ

1M ' WLV QIHWDOMMS WHUHFKW ] LH YRR UE HH G

9 RR UE HH GG

‘' H NDQV RS HHQ JHHOSL HO JHIJHYHQ GDWKHWHHQ JUDVSL HOLY ] DOLQ KHWDQ@ HP HHQ YRRU
KHWJHKHM EHHG NOHLQ ] LM / RNDDONDQ GH]H NDQV GDDU HFKWHU YDQ DIZ LMHQ ,Q HHQ
YHG®G GDWHHQ DQGHUH ERGHP VRRUWKHHIWGIH VQHGHU WVRW YHUGURJ IQJ OLGW Z DDUGRRU GLW

KHM YHGS EIMD JHKHHOXLWJHHOJUV EHVWDW LV GH]H NDQV YHHOJURWU ,Q KHW QQNHU



VHIJ P HQWLQ 1L XXU LV GH NDQV P(Geel |GraS) WHUZ IMGH]H NDQV YRRUKHWJ HKHM

JHELWHG v

b e
R A A )

Gras Tarwe Gras

) LIX XU *HELHG P HWWZ HH VHJP HQWQ (HQ JHHOVHJP HQWP HWJUDV HQ WUZ H HQ HHQ

JURHQ VHJP HQWP HWDOHHQ J UDV

* RUWH > EQ @ EHVFKUMWHHQ P HWRGH Z DDUP HH RRN GH FRQGIWRQHM NDQV RS HHQ
IHDWKUHYHFW U RNDDOJ HVFKDWNDQ Z RUGHQ ' H]H P HWKRGH LV HFKWU DGHHQ WRHSDVEDDU Z DQQHHU
P HQ RYHU HU YHHOWDLQLQJ VVDP SMV EHVFKINW 2 P GDWGDWEIWMGIWRQGHU RHN QLHWKHWJHYDO LV

Z RUGWHU YDQ XMW H)JDDQ GDWGH NDQVHQ GWH YRRUKHWJHKHM EHHG EHSDDG ]M RRN RNDDOYDQ

WRHSDVVIQJ ] LW\

‘' H UHNHQWM YDQ KHWSURJUDP P D NDQ RS®RSHQ WW XXU " IW]J]RX QRJ HW YHUEHW UG NXQQHQ
Z RUGHQ GRRUKHWSURJ UDP P D HIILFlsQWHUW P DNHQ EWMWRRUEHHG GRRUHHQ WHW RS VL QULFDQWH
EIMGH IMHUDWHYH VFKDWMQJ YDQ GH D SURUL NDQVHQ WRH WH YRHJHQ 2 RN ]J]RX KHWVFKUMWHQ YDQ

& SURJUDP P DO LQ SMODW YDQ GH EDVK VFUSW HHQ YHUEHWUQJ NXQQHQ JHYHQ

+ HWSURJUDP P D JHEUXINWGUH EDQGHQ YRRU GH VHJP HQWWH %MGDW P HWP HHU EDQGHQ LV KHW
Z HQVHOM GDW GH LQIRUP DWH XIW DOH EDQGHQ JHEUXINW Z RUGW + HW SURJUDP P D ]RX KLHUYRRU
DDQJHSDVW P RHWQ Z RUGHQ ' LW LV XLW WMVRYHUZ HJLQJ QLHW JHGDDQ ' H UHJHO YRRU KHW
VDP HQYRHJHQ YDQ GHDYHV HQ UHJLR® |RXGHQ GDQ RRN JHZ IMLJG P RHWQ Z RUGHQ ,Q LHGHUJHYDO
P RHW GH YHUKRXGLQJ WKVVHQ GH W HH GUHP SHQ@ DDUGHQ GDQ DDQJHSDVW Z RUGHQ DDQ GH

WHQHP HQGH VSHFWDM DIVWOQGHQ LQ HHQ P HHUGLP HQVIRQDM IHDWKUHVSDFH : DQQHHU GH GUH WH

JHEUXINHQ EDQGHQ JRHG JHNR]JHQ Z RUGHQ Rl Z DQQHHU ELWRRUEHHG GH HHUVW GUH

FRP SRQHQWQ YDQ HHQ SUQFLSDOFRP SRQHQW DQDQVH 3&$ Z RUGHQ JHQRP HQ JHHIW GLW
Z DDUVFKIMQAW HHQ QHW]R JRHGH VHJ P HQW WH

$1JH]HQ KIHUYDQ LV GH HQLU H QRRG]DNHQMH DDQSDVVIQJ YRRU KHWJHEUXIN YDQ K\ SHUVS HFWD ™

EHHG@GHQ YRRU SUREDELOVWVFKH VHJP HQWWH KHW EHSDMQ YDQ NDQVHQ RS GH YHUVFKLAHQGH

NDQVHQ ' RRU KHW UH®WHI JURWH DDQWO EDQGHQ WHQ RS]LFKWH YDQ KHW DDQWO VDP SQHV LV KHW
P RHLOM GH]H NDQVHQ Wi VFKDWAMQ ]LH SDUDJUDDI " LW SURE QHHP RQGHUYLQGW LHGHUH

VWD WVWVFKH FDOVVUILFDWHP HWRGH GIH RS K\ SHUVSHFW DM EHHG@GHQ WHJHSDVWZ RUGW



WD LQLQJ VVDP SV

i EDQG
I Epqec
} EDQG
[
1 Epoc J
\4 \4 Y

FOVVULFDWHP HWRGH

UHJ LRQ P HUI LQJ VHJP HQW WH

P(c,1C)
M VHJ P HQWDWHS LUDP LGH

P(c, 1C«)

QLYHDX : N

Y

IMHUDWHI VFKDWMHQ YDQ (RNDM NDQVHQ

PC SHUVHJP HQWYRRUQLY : N
1
\
PC SHUVHJP HQWYRRU QLY : N
K

VHIJ P HQWHFWH

P(Cl) SHUVHJP HQW
\
P(CK) SHUVHJP HQW
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SHUSL HO SHUSL HO SHUVHJ P HQW

) LIXXU 6 FKHP D YDQ GH SUREDE LOAVWVFKH VHJP HQW WH






& RQGLWRQHOH NDQV RS HHQ IHDWX UHYHFWR U

,Q KHW YRUWH KRRIGVWN VXESDUDJ UDDI ]IM HQNHMH P HWRGHQ EHVSURNHQ YRRU KHW
VFKDWHQ YDQ GH FRQGMMWRQH™®M NDQV RS HHQ IHDWUHYHFW U P(Cplck) ,Q GIWKRRIGVWN ]DOGH
NHX]H YRRU ppQ YDQ GH]H VFKDWAMQJVP HWRGHQ JHP RWYHHUG Z RUGHQ 9 DQ EH®QJ LV GDW GH
P HWKRGH UHDQVWVFKH NDQVHQ VFKDWYRRUGH JHEUXINW K\ SHUWSHFWD DM EHHGHQ HQ HHQ EHSHUNW

KRHYHHXHLG YHGJ HJHYHQV ' DDURP P RHWGH]H QUHHWWH JHYRHQ J]WM YRRUGH RYHUWDLQLQJ

2 YHUWDLQLQJ

9 HHO FM®VVULFDWHP HW RGHQ Z DDURQGHU P D[P XP QNHQKRRG F@®VVULFDWH HQ N QHDUHVW
QHL KERXUW F®VVULFDWH NXQQHQ (®ODVWKHEEHQ YDQ GH ]RJHQDDP GH FXUH Rl GLP HQVIRQDAQW >-DLQ
HQ : DGMU CX1IQ HQ YDQ 2 WAMU®RR HQ <RXQJ LQ + RHNVWD SDUDJ UDDI @
" LWL KHW YHUVFKIMJVHO GDW GH F®VVULFDWH VOHFKWU SUHVWHHUW GRRU KHWWHYRHJHQ YDQ IHDW UHV
EDQGHQ EIM JHOMW HHQ DDQWO WDLQLQJVVDP SQHV ]JLH 1L XXU %M KHW JHEUXIN YDQ

K\ SHUYSHFWIDM GDW NDQ GLW]LFK DOVQHOYRRUGRHQ

T
-
=
o
Y
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) LIX XU & XUVH RI GLP HQVLRQDAOW 9 RRU HHQ YDVW DDQWO WWIDLQLQJVVDP SCOHV ] DO GH

FOOVVLILFDWHIRXW YDQ HHQ FOOVVLILFDWHP HWRGH XLWLQGHOAM WHQHP HQ Z DQQHHU KHW

DDQWOIHDWUHV Z RUGWYHUKRRJG >+ RHNVWD SDUDJUDDI @

' H YHUVGHFKWUQJ Z RUGWYHURRU DDNWGRRUGDWE IMKHWJ HEUXIN YDQ YHHOIHDWUHYVY GH F®mVVU LFDWH

P HWKRGH ]JLFK P HHU JDDW DDQSDVVHQ DDQ GH UXLY LQ GH WDLQLQJVVHW %M YDAGDWH P HW GH
WDLWQLWJ VVHWAMWKHWWHYRHJHQ YDQ IHDWUHY GDQ YHUEHWUQJ W JHYHQ P DDUELWMYDAQAGDWH P HW
HHQ RQDIKDQNHAQWH WHVWHWE QWWGIWQIIHWKHWJHYDOW ]IM ' DWKHWWHYRHJHQ YDQ H[ WUWD |IHDW UHV
HQ GXV IQIRUP DWH YRRU GH WIDLQLQJ VRP V WRFK HHQ YHUVAHFKWUQJ JHHIW LV GH UHGHQ GDW GLWW

RRN Z HORYHUWDIQLQJ JHQRHP G Z RUGW + HW RQGHUVWDQGH YRRUEHHG P RHW KHW YHUVFK LM VHO

HQL V] LQV YHUK HGB HUHQ

9 RRUE HHGOG
H EHVFKRXZ HQ GH VIWKDWH P HWWZ HH N®VVHQ \] IHDWK UHV HQ \]+1 WDLQLQJ VVDP SOV

,HG HUH F®OVVULFDWHP HWRGH Y HUW X IMHLQ G HAOM HHQ EHVQVVLQJ VJ UHQV GLH GH
J GLP HQVIRQD®H IHDWUHVSDFH RSGHHOV ' H HHQYRXGL VW EHVQVVLQJ VI UHQV LV HHQ QQHDLUH
GHHQXLP WH P HWGLP HQVLH \]' 1 JWH 1L XXU ,Q KHWJ HYDO\]+1 WD LQLQJ VVDP SMV NDQ
]HOV HHQ F®OVVULFDWHP HWRGH P HW J]R@ HHQYRXGL H JUHQV GH]H ]R NLHJHQ GDW GH
WDLQLJ VVDP SMHV SHUHFW IQ GH W HH NO®VVHQ RSJHGHHG Z RUGHQ 9 DAQGDWH RS GH
WDILQLQJ VGDW J]RX HHQ RYHUDMDFFXUDF\ YDQ JHYHQ GH FM®OVVULFDWHP HWRGH LV

YRAHGL DDQJHSDVWDDQ GH UXLV LQ GH WIDLQLQJ VVHW



——-0

) LIX XU ,Q HHQ GLP HQVLRQDGOH IHDWKUHVSDFH NXQQHQ VDP SCHV JHVFKHLGHQ Z RUGHQ
GRRU HHQ SXQW ,Q HHQ GLP HQVLRQDGOH IHDWKUHVSDFH NXQQHQ VDP SQHV JHVFKHLGHQ
Z RUGHQ GRRU HHQ aM ,Q HHQ GLP HQVLRQDGOH IHDWUHVSDFH NXQQHQ VDP S CHV

JHVFKHLGHQ Z RUGHQ GRRUHHQ YON

+ HWEQWWGDWHHQ F®OVVULFDWHP HWRGH GXV HQL V] IQV P RHWJ HQHUDQVHUHQ RP JRHGH UHVX OADWHQ

RS WH HYHUHQ DQQHHUGH RYHUW @J KHLG WH NAHLQ Z RUGWZ RUGHQ GH UHVXOMWQ VAHFK WU

(HQ UHP HGWMH WHJHQ RYHUMWIDIQLQJ LV KHWYHUKRJHQ YDQ KHWDDQWOVDP SV P DDUYDDN LV GDWQLHW
P RJHOW ' IW]RX QDP HAQM J]HHURP YDQJUM YHGZ HUN YHUHLVHQ (HQ DQGHUH RSWH LV HHQ DQGHUH
FOVVULFDWHP HWRGH MH NIWH]HQ GLWH P LQGHU JHYRHQJ YRRU RYHUWMDLQLQJ LV ,Q KHW JHYDO YDQ

SDUDP HWLWFKH F®OVVULFDWHP HWRGHQ ]IM GW EWMWRRUEHHG P HWRGHQ GLH P LQGHU SDUDP HWHUV

VFK DWM\HQ (HQ GHUGH P RJHQOWMH RS®VVIQJ LV IHDWUH UHGX FWH ' RRU JHEUXIN WH P DNHQ YDQ
P IQGHU EDQGHQ NDQ RYHUWDLQLQJ YRRUNRP HQ Z RUGHQ HQ Z RUGHQ GH UHVXODWQ EHWU ' LwAaww
YUHHP G Z DQWGH LQIRUP DWH LQ GH QLHWJHEUXINW EDQGHQ Z RUGWZ HJJHJRRLG ' H NXQVWL GDQ

RRN RP KHW DDQWO EDQGHQ |J]R W UHGXFHUHQ GDW HU J]R YHHO P RJHQW YDQ GH LQIRUP DWH
EHKRXGHQ Z RUGGW (U ]WM W HH YHUVFKLGHQGH VWWDWJLWHsQ YRRU IHDWUH UHGX FWH QDP HAOM
IHDWK UH VHMHFWH HQ IHDWKUH H[ WDFWH %WMVHMHFWH Z RUGWHHQ GHHOYDQ GH EDQGHQ JHVHMFWHUG
YRRUGH F®OVVULFDWH GH RYHUW HQ Z RUGHQ QLHWJHEUXINW %WMH[ WDFWH Z RUGHQ QLHXZ H EDQGHQ

JHYRUP G P HWGDDULQ ]RYHHOP RJHQMWM LQIRUP DWH YDQ DGH EDQGHQ

(QNHM P RIJHQWMH P HWRGHQ YRRU IHDWK UH UHG X FWH
- 3UQFISDOFRP SRQHQW DQDQ VH 36&S$

- + HWJ HP LGGHGH YDQ P HHUGHUH EDQGHQ QHP HQ
- 6HGHFWH YDQ EDQGHQ RS JURQG YDQ H[ SHUMHQQLV

= 6HMHFWH YDQ EDQGHQ RS JURQG YDQ VWOWVWVFK EHSDDGH IQIRUP DWH LQKRXG YDQ GH EDQGHQ

HX]H YRRUHHQ VFKDWMQJ VP HW RGH

+ HWHQLI H FUMHULX P YRRUHHQ JHVFKINWH P HWRGH YRRUKHWVFKDWHQ YDQ GH FRQGWMWMRQHM™ NDQV
RS HHQ IHDWUHYHFWU LV GDW GH]H UHDQVWVFKH NDQVHQ P RHW VFKDWWHQ ''IW P RHW EQWHQ X LW
YHUEHWUGH F®OVVULFDWHUHVXODWQ EMWHSDVVIQJ YDQ SUREDELOVWVFKH VHJP HQWWH ,Q KHWJHYDO
YDQ GH JHEUXINWH GDW LV KHWYDQ EH®QJ GDWGH VFKDWAMQJ VP HWRGH JHVFKINW LY YRRU K\ SHU
VSHFWDMH EHHG@GHQ HQ P DDUHHQ EHSHUNWDDQWOWDILQLQJ VVDP SMHV SHUN®VVH ' DDURP P RHWGH]H

QHWW JHYRHQ J]IM YRRURYHUWDLQLQJ

,Q HHUVWH LQVWDQWH LV HU YDQ XMW HJDDQ GDW P D[ LP XP QNHAQKRRG FOVVULFDWH JHEUXINW ]RX
Z RUGHQ YRRUKHWVFKDWWHQ YDQ GH NDQVHQ (HQ SUREMHP GDWGDQ RSIJH®RVW]RX P RHWQ Z RUGHQ
Lv. KRH HU YRRU K\ SHUVS HFWJD M G D WD J HWD LQ G NDQ Z RUGHQ 9 RRU P D[LP XP QNHAQK RRG
F@OVVULFDWH ] M@ QDP HQAM WK VVHQ GH HQ WD LQLQJ VVDP SAHV SHUEDQG SHUN®VVH EHQRGLW G
>* R UWH EQ @ 2 QGDQNV KHW XIMWRHUWJH YHGZ HUN LM GH WDLQLQJ VVDP SOV
KRRJVWQV YR@GRHQGH YRRU KHW EHVFKUWHQ YDQ HHQ VWN RI N®VVHQ LQ HHQ SDDU EDQGHQ
+ RHZ HO FULVS P D[ LP XP QNHQKRRG F®VVULFDWH P HW NM®MVVHQLQGHQOQJ QLYHDX ]WH SDUDJUDDI
RS EDQGHQ QRJ UHGHQM JRHGH UHVXOMWQ JDI EMHHN KHWWHSDVVHQ YDQ SUREDE LQVWVFKH
VHJ P HQWOWH P HW GH EHUHNHQGH NDQVHQ GH UHVXOMWQ W YHUVAHFKWUHQ LQ S®DW YDQ WH
YHUE HWHUHQ ' LW GXLGW HU RS GDW GH EHUHNHQGH NDQVHQ QLHW MLVW ] LM ' W NDQ YHURRU] DDNW

Z RUGHQ GRRU HHQ WHANRUWDDQ WDILQLQJVVDP SV RI GRRUGDW GH N®VVHQ QLHWQRUP DDO YHUGHHGS



]I ' LWODWMW J]RX RYHUJ HQV QLHWYHUZ RQGHUQMW ] IM RP GDWGH NDVVHQ VDP HQJ HVWHGS ] LM X LW
P HHUGHUH YHJ HWDWHW SHQ 6DP HQJHVWGGH N®VVHQ | IM) P HHVWDOQLHWQRUP DDOYHUGHHG ]HQV QLHW

DO GH VDP HQVWHGHQGH GHMQ GDWZ HO] LM

+ HW RQGHUVFKHILGHQ YDQ P LQGHU GDQ N®DOVVHQ HYHUW QMHW YRGGRHQGH HFR®J LVFKH LQIRUP DWH
P HHURS %WMKHWJHEUXIN YDQ P IQGHU GDQ GUH EDQGHQ EHVWDWHU ] HNHURQYRGRHQGH VSHFWDDO
RQGHUVFKHLG WKVVHQ GH N®VVHQ + HWYHUZ HUYHQ YDQ P HHUWDLQLQJ VVDP SV LV RRN QLHWP RJ HQMW
‘' H HQUH RSWH RP RYHUWMDLQLQJ WH YRRUNRP HQ GLWH GDQ QRJ RYHUEQMW LV KHW NLH]HQ YDQ HHQ
DQGHUH F®OVVULFDWHP HWRGH GWHH EWWRRUEHHG HHQ NMILQHU DDQWO SDUDP HWUY EHSDDOW YRRU GH

EHVFKUMWILQJ YDQ GH NM®VVHQ

‘' H VWADWWWVFKH F@OVVULFDWH RS JURQG YDQ P LQLP XP GLWWQFH F®OVVULFDWH [JRDO LQ VXESDUDJ UDDI
LV EHVFKUHYHQ VFKDWVMHFKW HHQ JHP IGGHGH SHU N®VVH HQ ppQ YDUDQWH LQ DAH EDQGHQ
YRRU DGH N®VVHQ + LHUGRRU ]LM DDQ] LHQQAM P LQGHU VDP SV QRGLU (QNHMH H[ SHUP HQWHQ P HW
P QP XP GLVYWDQFH F®VVULFDWH JDYHQ HFKWU QRJ VO F K WH UH UH VX OAD WH Q GDQ P D[ LP XP
QNHAQKRRG F®OVVULFDWH %AQWEDDUL GH VFKDDUWW YDQ VDP SV QU HWGH EHSHUNHQGH IDFWU P DDU LV
GH YHURQGHUVYWH®@MQJ YDQ JHQWH VSUHILGIQJ YRRUDGOGH EDQGHQ HQ N®VVHQ QWHHW MNLVYW 2 SP HUNHAQM
Z DV GDWHU Z HOYUMUHGHQOMH FUWVS F®@VVULFDWHY YHUNUHJ HQ Z HUGHQ Z DQQHHUHU HHUYWYHHON®VVHQ

Z HUGHQ RQGHUWFKHILGHQ HQ GH]H QD GH F®OVVULFDWH Z HUGHQ VDP HQJHYRHIJIG

$ DQJH]HQ GH VSHFWDO DQJM P DSSHU QRJ Z HHU HHQ YHUGHUH VIP SQILFDWH YDQ P D[LP XP
QNHQKRRG F®VVULFDWH LV GDQ P LQLP XP GL/WQFH FM®OVVULFDWH NDQ YHUZ DFKW Z RUGHQ GDW GH]H
JHHQ YHUEHWHUQJ ]DOJHYHQ %M KHW H[ SHUW\ VWHHP >6NLGP RUH H D @ LV HU HFKWHU P HW
VX FFHV JHEUXIN JHP DDNWYDQ GH VSHFWODQJM P DSSHU 1 X EQMWWKHW]R WH ] IM GDWKLHUELMJ HHQ
VSHFWDODQJ M P DSSHUP HWN®VVHQJ HP IGGHG®GHQ LV XIW HYRHUG P DDUP HWIHGHU WIDLQLQJ VVDP S O
DO DSDUM NM®VVH 1 D GH F®VVULFDWH Z RUGHQ DO GH]H N®VVHQ GDQ VDP HQJHYRHJG WW GH
JHZ HQVWH N®VVHQLQGHQAQJ ' LWEQWMWEHWUH UHVX OMDWQ WH JHYHQ GDQ KHWJHEUXIN YDQ N®VVHQ

JHP LGGHGHQ

9 RRUP D[P XP OQNHQKRRG F®VVULFDWH P HWP HHUGDQ N®OVVHQ ]I YRRUGH 6FKLHHUP RQQLNRRJ

GDW GXV WH Z HIQL VDP SOV EHVFKINEDDU ' H N®VVHQ YDQ KHWHHUYWH QLYHDX YDQ GH NOM®MVVHQ

LQGHAQQJ ]WH SDUDJ UDDI ]M@ QLHW QRUP DDO YHUGHHG RI HU ] P HHU VDP SV QRGL YRRU
P D[P XP QNHAQKRR G WDLQLQJ ' H P QP XP GLVWQFH F®VVULFDWH HQ GH VSHFWDODQJ ™ P DSSHU
JHEUXINHQ WH Z HILQL SDUDP HWUY RP GH N®VVHQ JRHG WH EHVFKUWHQ : DQQHHUHFKWUHHUWWYHHO

N®OVVHQ RQGHUVFKHIGHQ Z RUGHQ GIH QD GH FMVVLLFDWH VDP HQJHYRHJG Z RUGHQ WWHHQ NM®VVHQ
IQGHAQJ P HWP LQGHUNM®VVHQ Z RUGHQ EHWHUH UHVX OWOMWHQ YHUNUHJHQ ' H]H Z IMH YDQ F®VVULFHUHQ
IV HHQ VRRUWN QHDUHVW QHL KERXUV F@VVULFDWH P HWN (HQ EH®QJ UM QDGHHOYDQ N JHQW DDQ
NLH]HQ LV GDW HHQ GHUJ HOMH F®VVULFDWHP HWRGH HUJ] JHYRHQJ LV YRRU IRXWHYH WDLQLQJV
VDP SQHV %RYHQGLHQ NXQQHQ HU ELMN DGHHQ NDQVHQ EHUHNHQG Z RUGHQ DO/ RRN QRJ HHQV GH
DIVWOQG RI KRHN LQ RIJHQVFKRXZ Z RUGWJHQRP HQ Z DDUGRRUHHQ VRRUWW VVHQYRUP RQWWDW
2 P GDW * RUM > @ P HW VXFFHVY HHQ N QHDUHVW QHLI KERXUY FMVVLULFDWH WRHJHSDVW KHHIW LV
EHVRWQ RP RRN EIMGIWRQGHU RHN GH]H F®VVULFDWHP HWRGH WH JHEUXINHQ YRRU KHW VFK DWAHQ

YDQ GH FRQGMWRQHM™ NDQV RS HHQ IHDWKUHYHFW U

N 1 HDUHVW QHLI KER XUV FOOVVLILFDWH

(U] YHWFKLOHQGH P DQLHUHQ RP HHQ N QHDUHVW QHLI KERXUW F®VVULFDWH WH LP SQGHP HQW UHQ
(PQ P HWRGH LV HHQ DO RUMP H LQ GH IHDWKUHVSDFH W M®WHQ ]RHNHQ QDDU WDILQLQJ VVDP SV LQ GH
QDELWHLG YDQ KHW WH F®VVULFHUHQ SLU HO + LHUEWM Z RUGW JHGHLGHQM GH VWDDO YDQ KHW W
GRRU RHNHQ JHELHG RSJHYRHUG WWSDW N VDP SQHV JHYRQGHQ ]LW ' H]JH P HWRGH LV JHEUXINW
GRRU* RUW > @HQ LV ]HHU JHVFKINWYRRUWHSDVVIQJHQ P HWYHHOWDLQLQJ VVDP SQHV HQ Z HLQL

GLP HQVIHV %IIMYHHOGLP HQVIHV Z RUGWGH]H P HWKRGH HFKWU] HHUUHNHQLQWQVIHI ' DDURP LV ELMGLW



RQGHU RHN JHNR]HQ YRRU HHQ SURJUDP P D P HW HHQ DQGHUH P SOHP HQW WH ‘' LW SURJ UDP P D
EHUHNHQW YRRU HHQ WH F®VVULFHUHQ Sy HOGH DIVWQGHQ LQ GH IHDWUHVSDFH QDDU DGH WHDLQLQJ V
VDP SAHV RP YHUYRO HQV GH GILFKWWIMIMGH N VDP SAHV WH VHHFWUHQ 8 IMHUDDUG Z HUNWGIWDGHHQ
JRHG EMHHQ QWHWMW JURRWDDQWO WDLQLQJVVDP SV P DDU HHQ JURRWDDQWO GLP HQVLHV JHHIW
JHHQ RQDFFHSWEHO @@QJH UHNHQWNM HQ + HWJ HEUXINW SURJUDP P D LV RQGHUGHHOYDQ GH $ 1 1

SURJ UDP P DELEQRWHHN $ SSUR[ P DWH 1 HDUHVW 1 HL KERXU ' HIH SURJUDP P DELEQRWHHN LV
RQW INNHGE EIM GH 8 QLYHUVLIWHLW YDQ 0 DU M®DQG >0 RXQW @ + HW SURJUDP P D ELWHGW GH
P RJHAOMKHLG RP GH UHNHQWM; WH YHUNRUWQ GRRUKHWVMHFKW HHQ EHQDGHULQJ DSSUR[ LP DWH WH

DWHQ JHYHQ ' H]J]H RSWH LV HFKWHU QLHWJ HE UX INW

1 HW ]RDO DQGHUH F®VVULFDWHP HWRGHQ KHHIW GH N QHDUHVWQHL KERXUY F®OVVULFDWHP HWRGH
]J]RYHHO P RJHQW VDP SV QRGU 2 YHUWDLQLQJ NDQ QDP HOM RRN EWM N QHDUHVW QHLI KERX UV
FOVVLULFDWH RSWHGHQ >+ RHNVWD SDUDJ UDDI @ ,Q KHWNDGHU YDQ GIWRQGHU RHN LV QLHW
XMW H] RFKW LQ Z HNH P DWH ] LFK GW EWMM GH 6 FKLIHUP RQQINRRJ GDW YRRUGRHW N 1 HDUHVW
QHW KERXU FMOVVULFDWH P HW $ 1 1 JDlI HFKWU RQGDQNV KHW EHSHUNW DDQWO WDILQLQJ VVDP S MHV
UHGHQMWMH UHVX OADWHQ ' H NDQVHQ Z DUHQ JRHG JHQRHIJ RP SUREDE LQVWVFKH VHJP HQWWH GH

UHVX ODWHQ WH ®OWHQ YHUEHWUHQ ]JLH KRRIGVWN

HX]H YRRUN

H FOVVULFDWHIRXWYDQ HHQ N QHDUHVW QHL KERXUY FOVVULFDWH LV DIKDQNHQM YDQ GH NHX]H YRRU
N JLH ILXXU ' H FOVVULFDWHIRXWEQWWEWMKHWYHUKRJHQ YDQ N HHUYWDI W QHP HQ WRWHHQ
RS WP XP RP YHUYRQ HQV Z HHUWH W QHP HQ UFKWQJ HHQ P D[LP DH Z DDUGH & ®@VVULFDWH P HW

N JHQW DDQ N KHWWWDODDQWOWDLQLQJ VVDP SQHV LV JHQW DDQ FM®OVVULFDWH YRQ HQV GH D S ULR UL

NDQVHQ $ O/ YXLVWHJ HOYRRUGH RSWP DM NHX]H JH®BW N » N > X 1Q @

4
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) LIX XU 7\ SLVFK JHGUDJ YDQ GH N QHDUHVW QHLIKERXUV FAOVVLI LFDWHIR X W E LM
YHUVFKLOHQGH NHX]HV YRRUN > XLQ @

+ HWLV GXLGHAQW GDWN QHWJ URWUJHNR]HQ P RHWZ RUGHQ GDQ KHWDDQWOWDLQLQJ VVDP SAHYV YDQ GH
N®VVHQ P HWGH P LQVWH WIDILQLQJ VVDP SMHV %WMKHWVFKDWWHQ YDQ NDQVHQ P RHWN JHNHURRN QLHWW

NHLQ JHNR]J]HQ Z RUGHQ GDDUGH P DWW YDQ GHWILOZ DDUP HH GH NDQVHQ EHSDDGG NXQQHQ Z RUGHQ

DIKDQNHQM YDQ N LV 9 RRU FULVS FMDMVVULFDWH LV GH NHX]H N Z HOP RJHOWN P HWDOO QDGHHOGDW
GH]H GH FOVVULFDWH HU) JHYRHQJ P DDNWYRRUIRXWHYH WDLQLQJ VVDP SAHV ' H H[ DFWH NHX]H YDQ N
EQMWQLHW] R HUI YDQ IQY®RHG RS KHWUHVXOMDDWWH ] LM >* R UWH EQ @

) X]]\ WUIDLQLQJ YRRUN QHDUHVW QHLJ KERXUV FCDVVLI LFDWH

,Q KRRIGVWN LV HHQ QWHXZ H IX]]\ WDLQLQJVP HWRGH YRRU P D[ LP XP QNHAQK RR G F®VVU LFDWH
JHWWRGXFHHUG + HWLYV RRN P RJHQW RP GH N QHDUHVWQHL KERXUW F®OVVULFDWHP HWRGH ]R DDQ
W SDVVHQ GDWGH]H JHEUXIN NDQ P DNHQ YDQ IX]]\ WDLQLQJ VVDP SMHV 2 P GDWILQP LGGHO JHE ®MHNHQ
Z DV GDWIX]]\ WDLQLQJ YRRUGH EHVFKINEDUH YHGZ HUNGDW QLWHW]R ]lQQL Z DV LV GIWQLIHWP HHU
XMW HYRHUG ' RRUGH JHUQJH SUHFLVIH YDQ GH JHRP HWLWFKH WDQVIRUP DWH YDQ KHWEHHG LV KHW
QDP HAM RQP RJHQW H[DFW KHW MLVW SL HOLQ KHWEHHG W LGHQW LFHUHQ + LHUGRRU ] XAGHQ GH
N®VVHQDDQGHMQ GWH XIWKHWYHGGZ HUN EHSDDGG Z RUGHQ QWMHWRYHUHHQNRP HQ P HW GH NM®VVHQ

DDQGHMHQ LQ KHW WDLQLQJIVSLY HO ' RRUGDW ERYHQGLHQ QDDU ]JR SXXU P RJHQWH VDP SOV LQ KHW



WHUUHLQ JH]RFKW Z DV YDOV HU YDQ IX]]\ WDLQLQJ P HW GH]H GDW QLHW YHHO YHUEHW UQJ WH
YHUZ DFKWHQ

* HJIHQ GH YRRUGHMQ GIH KHW JHEUXIN YDQ IX]]\ WDLQLQJVVDP SQHV P HW]LFK P HH ]RX NXQQHQ
EUHQJHQ ]RX GIWWHHQ RQGHUZ HUS YRRU YHUGHU RQGHU RHN NXQQHQ JIM 7H GHQNHQ YDOVDDQ HHQ
P HWKRGH Z DDUE IMQHWDO/ EIMJHZ RQH N QHDUHVW QHL KERXUV FOVVLULFDWH ]LH VXESDUDJ UDDI

YRRU HHQ WH FMVVULFHUHQ S HO GH GLFKWWE IMIMQGH N WDLQLQJVVDP SQHV LQ GH IHDWXUHVSDFH
JHVHO{FWHHUG Z RUGHQ 9 DQ GH]H VDP SQGV P RHWQ GH DDQGHMQ YDQ GH YHUVFKLEAHQGH N®VVHQ
EHNHQG ]IM GRRUGDW]H ELWRRUEHHG WMHQV YH@Z HUN EHSDDG ]LM 9 HUYRQ HQV Z RUGHQ GH
N®OVVHQDDQGHMQ RYHU GH N WDLQLQJ VVDP SV SHU N®VVH RSJHWHG ' DQ Z RUGW SHU N®VVH HHQ
Z DDUGH YHUNUHJ HQ YHUJHQWEDDU P HWKHWDDQWOQHL KERXU/ EIMJHZ RQH N QHDUHVW QHL) KR X UV
FOVVLULFDWH ' H]H Z DDUGHQ NXQQHQ RS GH QRUP DM P DQLHU J HEUXINWZ RUGHQ YRRUKHWEHSDMQ
YDQ NDQVHQ ' LW GHYHUW HHQ IX]]\ FM®VVULFDWH SHU SL HORS YHUNUHJHQ XIW IX]]\ WDLQLQJV
VDP SQHV 2 QGHU RFKW]RX P RHWQ Z RUGHQ RI GIWJRHGH VFKDWAQJHQ YDQ GH NDQVHQ RS GH

NDVVHQ ] LM

%HVFKRXZ LQJ HQ DDQEHYHOQJ HQ

%M KHW JHEUXIN YDQ K\ SHUYSHFWDM®M GDW RQWWDW KHW JHYDDU RS RYHUWDLQLQJ ‘' H EHVWH
P HWKRGH YRRU KHW VFKDWHQ YDQ GH FRQGIMWRQHM NDQV RS HHQ IHDWUHYHFW U EQWMWWN QHDUHVW
QHL KERXU F®»VVULFDWH WH ] M ' H]H JHHIW YRRU GH 6 FKIHUP RQQLNRRJ GDW UHGHQMWH
FOVVUILFDWHUHVX OMDWQ GIH JRHG JHQRHJ J]IM RP SUREDELAVWVFKH VHIJP HQWWH GH FM®VVULFDWH WH

GRHQ YHUE HWHUHQ
* HIJlHQ GH P RJHQGWMH YRRUGHMQ YDQ KHW JHEUXIN YDQ IX]]\ WDLQLQJVVDP SQHV YHUGLHQW KHW
DDQEHYHQQJ RP YHUGHU RQGHU RHN W GRHQ QDDUKHWJHEUXIN YDQ IX]]\ WDLQLQJ VVDP SQHV YRRU

N QHDUHVW QHLI KERX UV F®»VVULFDWH

+ HWJ HEUXINW SURJUDP P D YRRUN QHDUHVWQHLI KERXUV F®OVVULFDWH LV ppQ YDQ GH RQGHUGHM™Q

YDQ GH $1 1 SURJUDP P DELEQRWHHN ' LW SURJUDP P D KHHIW WHNVWEHVWQGHQ QRGL YRRU GH
IQYRHU ' DDURP ]IM YRRU GIW RQGHU RHN GH UDVWHUEHVWQGHQ YDQ GH EDQGHQ HQ WDLQLQJ YV
VDP SAHV JHFRQYHUWHUG YDQ E\ WHEHVWQGHQ QDDU WHNVWE HVWQGHQ ' RRUGH JURW GDW RP YDQJ

YDQ GH EHHGHQ NRVW GLW YHHO WM + HW SURJ UDP P D ]RX DDQ]JLHQQAM YHUVQHGG NXQQHQ Z RUGHQ
Z DQQHHU P HW EHKXG YDQ GH ELEQRWHHN HHQ SURJUDP P D JHVFKUHYHQ ]JRX Z RUGHQ GDW

UHFK WWUHHNV E\ WIEHVWQGHQ LQ NDQ GH] HQ






( Y DOX DWH

,Q GW KRRIGVWN ]DO GH SUREDELQVWVFKH VHJP HQWWH RS GH 6FKLWHUP RQQINRRJ GDW J HWVW
Z RUGHQ 2 S EDVLY YDQ GH YDAQGDWH YDQ GH UHVXOMWQ ] XOHQ FRQFXVLHV JHWRNNHQ Z RUGHQ RYHU
GH WHSDVEDDUKHILG YDQ SUREDELAQVWVFKH VHJP HQWWH RS GH K\ S HUVS HF WD H EHHG@GHQ YDQ

QDWX X UGMNH NZ H@GHUYHJ HWWH RS 6 FKLHUP RQQLNRRJ

9 DOLG DWH

" H YHGJHJHYHQV EHVWDQ X LW JHZ RQH YHGRSQDP HQ HQ VQHAH YHGRSQDP HQ ] LH
SDUDJ UDDI 9 RRU WIDLQLQJ ]IM GH JHZ RQH YH@BRSQDP HQ JHEUXINWHQ YRRU GH YDQGDWH GH
VQHG@Y YHGRSQDP HQ 0O HW EHKX®G YDQ GH YDQAGDWHVDP SOV ]IM YRRU GH FUWS F®VVULFDWHV
FRQIXVIRQP DWLFHY EHSDDG + RH HHQ IX]]\ FO®VVULFDWH JHYDQGHHUG J]RX P RHWQ Z RUGHQ LV

RQGXLGHAQMWN 9 RRUGH KDQG QJWGDWYRRUJRHGH YDAQGDWH YDQ HHQ IX]]\ F®OVVULFDWH RRN IX]]\

YDAQGDWHVDP SAHV QRGU ]RXGHQ ] LN + RH KWMHUP HH JHYDQGHHUG ] RX P RHWHQ Z RUGHQ v
RQGHUZ HUS YRRU HYHQWHHO DDQYXGOHQG QWH UD WK X U RQGHU RHN ‘' DDURP ] XAHQ GH IX]1\
F®OVVULFDWHYVY EHRRUGHHG Z RUGHQ RS EDVLY YDQ GH YDQGDWH YDQ GH FULS F®OVVULFDWHYV ' H]H

FUWVS FM®VVULFDWHV ] IM QDP HAQM YHUNUHJHQ GRRUGH N®VVH P HWGH JURRWW NDQV RI DDQGHHO X LW

GH IX]]\ F@OVVULFDWH WH VHMHFWUHQ

%M KHW XMW HYRHUGH H[ SHUP HQW LV S UREDE LQVWVFKH VHJ P HQW WH WRHJHSDVW RS GH

6FKLHUP RQQINRRJ GDW P HW YHUVFKLEHQGH NMVVHQLQGHAQJHQ ' H JHEUXINWH LQGHQAQJHQ ]IM
QLYHDX HQ HQ GH LQGHQAQJ XILW 6NLGP RUH H D > @ ]H SDUDJUDDI 9 RRU GH
N QHDUHVW QHLI KERXUW FMVVULFDWH ]RX YRG@ HQV GH YXLVWUIHJ HO ]LH VXESDUDJ UDDI P HW
WD LQLQJ VVDP SQHV HHQ N JHNR]JHQ P RHWHQ Z RUGHQ YDQ 2 P GDWW HH NM®VVHQ LQ QLYHDX

HFKWUP DDU WDLQLQJ VVDP SAHV KHEEHQ ]J]RX N HFKWURRN QHHWJURWUJHNR]JHQ P RIJIHQ Z RUGHQ
GDQ $ & FRP SURP LV LV GDDURP N JHEUXINW 9 RRUGH VHJP HQWWH ]M GH EDQGHQ HQ

JHEUXINW RP GDWGH]H RQJHYHHU RYHUHHQNRP HQ P HWGH NMHXUHQ YDQ GH IDOWH FR®R XU XFKW

IRWVRO GLH JHEUXINW Z RUGHQ YRRU YLVXHO LQWHUS UHW WH ' H JHKDQWHUGH GUHP SHQ DDUGHQ d
YRRUGH VHIJP HQWOWHS LUDP LGH ] LM HQ ] H
SDUDJ UDDI ' H YHUZ DDUR]IQJ YDQ NM®HIQH N®OVVHQDDQGHMQ YRRU KHW EHSDMQ YDQ KHW
DDQWO N®DVVHQ LQ HHQ VHJP HQW LV YDVW HVWHGG RS HHQ IUDFWH YDQ KHW VHJP HQW ' H]H

YHUZ DDUR] LQJ LV DGAHHQ YDQ IQY®RHG RS GH VHJP HQWMWH ]JLH VXESDUDJ UDDI

%MKHWF®VVULFHUHQ YDQ ppQ EHHG YDQ DAM YLHU GH VWRNHQ VDP HQ P LORHQ SLU HO/ JLH ILJXXU
NXQQHQ P D[LP DDO EDQGHQ JHEUXINWZ RUGHQ %IMP HHUEDQGHQ Z RUGWppPQ YDQ GH WHNVW
EHVWQGHQ YRRUKHWS$ 1 1 F®OVVULFDWHSURJUDP P D JURWU GDQ WZ HH * LIDE\WH ' HUJ HQWH J URWH

EHVWQGHQ NXQQHQ ELWM KHW JHEUXINW EHVW ULQJ VV\ VWHHP QHW GRRU DGH SURJUDP P DO P HHU

QRUP DDOYHUZ HUNWZ RUGHQ ' LWKDG HHQYRXGL RP ]HL®B NXQQHQ Z RUGHQ GRRU GH VW NNHQ Z DG
YDQ GH VWRNHQ DI WH NQLSSHQ $ DQJH]LHQ EMJHEUXIN YDQ DaH EDQGHQ Z DDUVFK LM QW WRFK
RYHUWMDLQLQJ J]RX RSWHGHQ LV KHW H[ SHUP HQW XLW HYRHUG RS EDQGHQ + LHUYRRU ]LW GH
HH UVWH EDQGHQ JHEUXINW Z DDUEIMGH EDQGHQ HQ RYHUI HV®DJ HQ ] LM RP GDW
GH]H HHQ QRJDO VHFKWH VLI QDDOUXLYHUKRXGLQJ KHEEHQ ]JLH ILXXU " LW LV HHQ QRJDO
DUE IMUDLUH NHX]H : DQQHHU HU YHUGHU RQGHU RHN JHGDDQ ]RX Z RUGHQ QDDU GH P DW  Z DDULQ

RYHUWMDLQLQJ ]LFK YRRUGRHWYHUGIHQWKHWDDQEHYHQQJ GDWKIHUEWMRRN QDJHJDDQ Z RUGWZ DWGH

EHVWH P HWKRGH YRRUIHDWUH UHGXFWH LV ]LH SDUDJ UDDI
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) LI X XU 6 SHFWD YDQ W HH Z LOGHNHXULJH SL[ HO/

5 HVX OAD WH Q

‘' H YDAQGDWH YDQ GH UHVXOMWQ ®DWHHQ YHUEHWUQJ ]WHQ GRRUKHWJHEUXIN YDQ SUREDELAQVWVFKH
VHJ P HQWWH WHQ RS]LFKW YDQ FUVS N QHDUHVW QHL KERXUV FOVVULFDWH ]JlH RQGHUVWDQGH WEHO

* HGHW IOHHUGH UHVXOMDWQ J]RDO/ ILJ XUHQ HQ FRQIXVIRQP DWLFHV ] IM@ WH YILQGHQ LQ ELMDJ H

2 YHUDOQO DFFX UDF\ . WVVHQLQGHAQJ
XLW6NLGP R UH
QLYHDX QLYHDX QLYHDX
HD > @
N@MVVHQ N@MVVHQ N@MVVHQ
N@® VVHQ

N QHDUHVW QHLI KERX UV F®mVVULFDWH

SUREDE LQVWVFKH VHJ P HQW WH

7HU YHUJI HOMNLQJ Z RUGW IQ RQGHUYWODQGH WEHO GH NZ DOWHLW YDQ HQNHOM DQGHUH FO®@VVULFDWH

P HWKRGHQ JHJHYHQ >6NLGP RUH H D EQ @

2 YHUDOO DFFX UDF\

IDOV/H FRR XU XFKWRW LQWUSUHWWH GRRURSHUDW XU

WX VVHQYRUP YDQ VSHFWDODQJ ™ P DSSHUHQ QHDUHVW QHL KERXU F®VVU LFDWH

H[ S HUW\ VWHHP

N 1 HDUHVW QHLI KERXUW F®VVULFDWH QMWW HHQ 1QQNH YHUEHWHUQJ RS WH GHYHUHQ WHQ RS]LFKWH YDQ
GH RYHUDG@ DFFXUDF\ GLH P HWGH VSHFWODQJ M P DSSHUJHKDDG LV LQ 6NLGP RUH H D > @
(U] HFKWU HQNHM YHUWFKLOHQ LQ GH JHEUXINWH GDW GLH GH YHUIHAWLQJ EHP RHLAOMWHQ 7HQ
HHUVWH ] I LQ 6NLGP RUH H D > @GH JHRP HWLWFK JHFRUUL HHUGH EHHGGHQ JHEUXINWLQ S ®DW
YDQ GH RQJHFRUULJ HHUGH 9 HUGHU ] LM LQ 6NLGP RUH H D > @GH EDQGHQ QLHW WHUXJJHEUDFKW
YDQ QDDU E\W HQ ]I\ DaM EDQGHQ JHEUXINWLQ SM®DW YDQ DAHHQ GH HHUVWH (HQ
®DWWH HQ EH®QJ UM YHUVFKLOLY GDWLQ 6NLGP RUH H D > @YRRU GH N®VVHQ Z DWHU HQ VWDQG
EHLGH VAHFKW VDP SQHV JHEUXINW Z RUGHQ %M GH N QHDUHVWQHLI KERXUV F®OVVULFDWH YRRU GH
SUREDELOVWVFKH VHJP HQWMWH ]I YRRU EHLGH N®VVHQ VDP SQHV JHEUXINW 2 P GDWGH N®VVHQ
Z DWVHUHQ VWIDQG JRHG JHF®VVULFHHUG Z RUGHQ WHNWGIWGH RYHUDG® DFFX UDF\ HUJ RP KRRJ

DQQHHU YRRU KHW YHUFKLOLQ KHWDDQWOVDP SQV YRRU Z DWHU HQ VWIDQG JHFRUUL HHUG Z RUGW
NRP WGH RYHUD®@DFFXUDF\ YRRUN QHDUHVW QHLI KERXUV FVVULFDWH X LWRS HQ GH RYHUD®
DFFXUDF\ YRRU SUREDELAQVWVFKH VHJP HQWMWH RS 2 P GDW N QHDUHVW QHL] KERX UV
FOVVULFDWH GDQ VMHFKWHUH FUWS UHVXOMWQ JHHIW GDQ GH P DQLHU Z DDURS LQ 6NLGP RUH H D
> @ GH VSHFWDO DQJO P DSSHU JHEUXINW Z RUGW EQMW GH RYHUD®DFFXUDF\ RRN QD

SUREDE LOVWVFKH VHIJ P HQWWH QRJ RQGHUGH




& RQFOXVLHY HQ DDQEHYHOQJ HQ

' DW GH RYHUDG®DFFXUDF\ YDQ N QHDUHVWQHL KERXU F®OVVULFDWH RQGHU GH EQMW ]RX
YHURRU DDNW NXQQHQ Z RUGHQ GRRU KHW JHEUXIN YDQ DQGHUH GDW GDQ 6NLGP RUH H D > @
P IQGHU EDQGHQ HQ HHQ ®JHUH UDGLRP HWLWFKH UHVR X WH (HQ DQGHUH P RJHQWH RRU DDN LV GDW
N QHDUHVW QHLW KERXUY F@OVVULFDWH GRRUHHQ JURWUH JHYRHQJKHLG YRRURYHUWDLQLQJ P HHU @Vvw
KHHIWYDQ KHWJHUQJH DDQWOWDILQLQJ VVDP SHV 2 QGHU RFKW]RX NXQQHQ Z RUGHQ RI GH W VVHQ

YRUP YDQ VSHFWDODQJ®™H P DSSHUHQ QHDUHVW QHLW KERXU F@OVVULFDWH GLH 6NLGP RUH H D > @
JHEUXINHQ QWHWDGHHQ EHWUH FUWS UHVXOMWQ RSMHYHUW P DDU RI GH NDQVHQ RRN JRHG JHQRHIJ

]IMQ RP WH JHEUXINHQ YRRUSUREDELQVWVFKH VHJ P HQW WH

+ RHZ HOKHW WRHSDVVHQ YDQ SUREDELQVWVFKH VHJP HQWWH HHQ YHUEHWUQJ JHHIWWQ RS]LFKW
YDQ DGHHQ N QHDUHVW QHL KERXU F®OVVULFDWH LV GH]H YHUEHWUQJ VMHFKW NMHILQ : DWRSYDON LV

GDWLQ VRP P WJH JHELWHGHQ HUJ YHHONGMLQH SXUH VHIJP HQWQ JHVHMHFWHUG ]IM * URW GHQiQ YDQ

GH NZ HOG3HU Z RUGHQ EHGHNWP HWNGLQH VHIJP HQWQ YDQ WRW S HO/ JURRW WHUZ LMOLQ DQGHUH
GHMQ YDQ GH NZ HGBHUVHIJP HQWQ YRRUNRP HQ YDQ KRQGHUGHQ SL HO/ JURRW ] LH ILI XXU Y
Z DVRRN GH UHGHQ RP YRRUHHQ YHUZ DDUR] LQJ VIUDFWH YDQ WH NIH]HQ =RQGHU YHUZ DDUR] LQJ

Z HUGHQ HU QRJ P HHU NQILQH VHJP HQWQ JHVHMFWHUG HQ YLHO GH RYHUD®DFFXUDF\ YDQ GH

FOVVULFDWH RQJHYHHU SURFHQW®JHUXLW %MKHWJHEUXIN YDQ ppQ JRHG JHNR]HQ QLYHDX XLWGH

VHJ P HQWWHS LUDP LGH ]I GH UHVXOMWQ ELWQD HYHQ JRHG DO ELMVHMFWH YDQ VHJP HQWQ XLw

P HHUGHUH QLYHDXV ' LW GRHW YHUP RHGHQ GDW GH VHJP HQWHOMFWH QLHW RSWP DDO LV $ DQ GH

DDQSDVVIQJHQ LQ GH P HWRGH QJWKHW QLHW Z DQW RS DJUDUWFK JHELHG Z RUGW Z HOHHQ JRHGH

VHJ P HQWWH YHUNUHJHQ : DDUKHWZ HOGRRU YHURRU DDNWZ RUGW]RX XLWDDQYXAHQG RQGHU RHN

P RHWHQ EQWHQ 0 RJHQWH RRU DNHQ ] LW

- 7H ®@JH NZ DAWHIW YDQ GH JHVFKDWAH NDQVHQ P HW GH N QHDUHVWQHLI KERXUV F®VVL LFDWH
YHURRU DDNW GRRU RYHUMDLQLQJ DO JHYRQ YDQ KHWJHEUXIN YDQ K\ SHU/SHFWDQ® GDW ELMHHQ
JHUQJ DDQW OWDLQLQJ VVDP S QHV

-~ ' H DDQZ H]LJKHLG YDQ JURWH VSHFWUDMH RYHUDS WKVVHQ NM®VVHQ DOGDQ QLHWYHURRU DDNW GRRU
IRXWHYH WIDLQLQJ VVDP SQGHV DO/ J HYRQ YDQ JHRP HWILFKH RQQDXZ NHX UL K HLG

= 7H @JH UXLP WHOMH UHVROXWH YDQ GH EHHGHQ WHQ RS]LFKWH YDQ GH RE M FW URR WAH

- (HQ WH JURWH YRRUNHXUYDQ GH VHJP HQWHMFWHP HWRGH YRRUSXUH VHIJP HQWQ Z DDUGRRUHHQ
JURRW IX]]\ JHELHG GRRU NQLQH SXUH VWNMYVY GDDUELQQHQ Z RUGW RSJHGHHG LQ YHM NOQILQH

VHI P HQWQ

) LIX XU ‘' HWLOYDQ GH VHJP HQWWH YRRU NODVVHQLQGHAOQJ QLYHDX ,HGHU VHJP HQW

KHHIWHHQ UDQGRP NOGHXU

DQQHHU GH RRU DDN WH YHUKHGBHQ LV ]DOGH RYHUDMDFFXUDF\ YDQ SUREDELAVWVFKH VHJ P HQW WH

]HHU Z DDUVFKIM QM GH RYHUWHIIHQ =R©@ VWUNH YHUEHWUQJ DO KHWH[ SHUW\ VWHHP EHUHINW



]DOQIHWEHKDDG@ Z RUGHQ P DDU HHQ LQWHUHVVDQWH YHUEHWHULQJ ] RX GDQ ]J]HNHUP RJHQW P RHWQ
]IM ,Q GDW JHYDO ]DO GH JHDXWP DWVHHUGH F®VVULFDWH GRRU SUREDELAVWVFKH VHJP HQW WH
]RQGHUKHWWHYRHJHQ YDQ H[ WD LQIRUP DWH P LQVWHQV ]R QDXZ NHXUL ]IM DO/ LQWHUS UHWOWH YDQ
IDOVH FRARXU XFKWRW & GRRU HHQ RSHUDWXU + HW YRRUGHHO YDQ SUREDELAVWVFKH VHJ P HQW WH
WHQ RS]JLFKW YDQ GH KXLGLH SURGXFWHP HWRGH YDQ YHJHWWHNDDUWHQ JRX ]IM GDW
DXWP DWVFKH FOVVULFDWH REMFWHYHULY HQ HHQ IX]]\ F®VVLULFDWH RS HYHUW

" H YUDDJ ]RX JHVWG@ NXQQHQ Z RUGHQ Z DW GH Z DDUGH LV YDQ HHQ YHJHWMWHNDDUW P HW HHQ
RYHUD@DFFXUDF\ YDQ RQGHU GH 9 RRU KHW GHWHFWHUHQ YDQ VYHUDQGHUQJHQ LV HHQ
FOVVULFDWH P HWHHQ GHUJ HOMH ®JH QDXZ NHXUL KHLG HL HQAMW RQJHVFKINW =RX KHW QLHW E HWHU
]I RP P LQGHU N®VVHQ W RQGHUVFKHLGHQ RI GH N®VVHQ ]R WH NWH]HQ GDW]H VSHFWIDDOEHWU W
RQGHUVFKHLGHQ ]LW" + IHUYRRU J]RXGHQ RRN P LQGHU XIWRHULJ YHGZ HUN QRGL LW Z DW KHW
P RIJHQW P DDNW RP P HHU W/DLQLQJVVDP SQHV LQ WH Z LQQHQ + LHUGRRU ]RX HHQ F®VVULDWH
YHUNUHJ HQ NXQQHQ Z RUGHQ P HW Z HQVZ DDU P LQGHU HFR®JLVFKH LQIRUP DWH P DDU P HW HHQ
QDXZ NHXUL KHLG GLH KRRJ JHQRHJ LV RP P HW YRGRHQGH ]HNHUKHLG YHUDQGHUQJHQ YDVW WH

VWH GH Q

2 QGDQNV GH P DWJH F®VVLULFDWHUHVX OADW Q EQMW SUREDE LQAVWVFKH VHJP HQWWH J®REDDODDQ GH
YHUZ DFKWQJHQ W YRGRHQ GRRU HHQ YHUEHWURQJ YDQ GH N QHDUHVWQHL KERXUY F®OVVULFDWH WH

JHYHQ



& RQFOXVLHY HQ DDQEHYHOQJ HQ

,Q GLW KRRIGVWN ] XOGHQ GH EH®QJUMVW FRQFXVIHV HQ DDQEHYHQAQJHQ XIW KHW XIW HYRHUGH
RQGHU RHN EHVFKUHYHQ Z RUGHQ + LHUEWM Z RUGW RQGHUVFKHLG JHP DDNW WKVVHQ FRQFXVLHV HQ
DDQEHYHAQJHQ WHQ DDQJLHQ YDQ IX]]\ WUD LQ LQ J YRRU P D[P XP QNHQKRRG F@®VVULFDWH
KRRIGVW N HQ KHWWHSDVVHQ YDQ SUREDELOVWVFKH VHJP HQWWH RS K\ SHU/SHFWDM EHHGHQ

YDQ QDWX X UQMH YHJ HW WH

) X]]\ WDLQLQJ YRRUP D[ LP XP ONHOKRRG FOOVVLILFDWH

& RQFOX VLHV

0 HW EHKX® YDQ GH YHUHIIHQLQJ VW HRUH HQ NDQVP RGHOWFKDWAQJ LV KHW P RJHQW HHQ [IX]]\
P D[P XP OQNHAQKRRG WWDLQILQJ XWW YRHUHQ GILH XIWP L HG S HOW VSHFWD YDQ SXUH NM®VVHQ VFKDW
J]RQGHU V\ VWHP DWVFKH IRXW 9 RRUGHHO YDQ [IX]]\ WUD LQ LQ J v GDW P HHU S H LQ KHW EHHG
EUXINEDDU ] IM YRRU WIDLQLQJ + HUGRRU LV KHWP RJHQMW RP KHWURJHQH JHEWHHGHQ WH JHEUXINHQ
YRRU WDLQLQJ RI RP GH WWOLLQJVVDP SHV RS UDQGRP S®DWHQ LQ WH Z LQQHQ 9 RRUZ DDUGH YRRU
KHWJHEUXIN YDQ GH]H P HWKRGH YRRU IX]]\ WDILQLQJ LV GDWP HQ EHVFKINWRYHU VFKDWMQJ HQ YDQ
GH NOVVHQDDQGH®Q YDQ GH P | HG WDIQILQJVSL HO HQ GDWGH NM®DVVHQ LQ HHQ S HOVSHFWDDOQQHDLU

YHUP HQJ G ] L\

$ DQEHYHAQOQJ
2 P GH EUXINEDDUKHLG YDQ IX]]\ WDILQLQJ YRRUP D[LP XP QNHAQKRRG F®OVVULWFDWH W EHRRUGHM™Q
YHUGIHQW KHWDDQEHYHQQJ RP GH P HWKWKRGH WH WHVWQ RS HHQ EHHG Z DDUYRRU WMsHQV YHGEZ HUN

GH N®VVHQDDQGHMQ YDQ IX]]\ WDLQLQJ VVDP SQiV ] LM YDVW HVWH GG

B3 UREDELOAVWYVFKH VHJ P HQW WH

& RQFOX VLHV

3 UREDE LOVWVFKH VHJP HQWWH LV WHJHSDVW RS GH K\ SHUYSHFWD®H + \0 DS EHHGHQ YDQ GH
QDWX X UQMNH NZ HG@GHUYHJ HWWH RS 6FKLHUP RQQINRRJ 9 RRUGH]H EHHGHQ HQ EWIMEHKRUHQGH YHG
JHIJHYHQV P HW HHQ EHSHUNW DDQWO VDP SMHV SHU NO®VVH JHHIW GH N QHDUHVW QHL KERXUV
FOVVULFDWH YDQ GH $1 1 VRIW DUH GH EHVWJ HVFKDWM NDQVHQ DO IQYRHUYRRUGH SUREDELAVWVFKH
VHJ P HQ W WH ‘' HIH VFKDWAQJHQ ] LM EHWU GDQ G P HW P D[LP XP QNHAQK RR G F®@VVU LFDWH

P LQLP XP GLWWQFH F®VVULFDWH RI VSHFWDODQJMH P DSSHUEHSDDG Z RUGHQ

9 RRU WRHSDVVIQJ YDQ SUREDELQVWVFKH VHJP HQWWH RS K\ SHUVSHFW DM EHHGHQ YDQ QDW X UQMH
YHJ HWODWH P HWHHQ EHSHUNWDDQWOWDILQLQJ VVDP SAHV | IM) W HH DDQSDVVIQJHQ JHGDDQ 7HQ HHUVWH
LVv. HU JHNR]J]HQ YRRU HHQ P SOHP HQWWH YDQ GH N QHDUHVWQHL KERXU F®OVVULFDWH GLH K\ SHU
VSHFWD DM GDW NDQ YHUZ HUNHQ 7HQ W HHGH LV KHW VHJ P HQWHFWHF ULW ULX P ]R DDQJHSDVWGDW
GH YRRUNHXU QWHW ®QJHU DAHHQ QDDU SXUH VHJP HQWQ XLWJDDW P DDU GDWHU JHVWHHIG Z RUGW
QDDU VHJ P HQWQ P HW]JR P ILQ P RJHAQWMW N®VVHQ + IHUGRRU KHHIWELWMWRRUEHHG HHQ VHJP HQWP HW

W HH N®OVVHQ GH YRRUNHXUERYHQ HHQ VHJP HQWP HWGUWHH NM®DVVHQ

3 UREDE LOVWVFKH VHJP HQWWH JHHIW HHQ QFKW YHUEHWURQJ YDQ GH RYHUDG®@DFFXUDF\ YDQ GH

FOVVULFDWH ' H]H YHUEHWULQJ LV DIKDQNHQW YDQ GH N®OVVHQLQGHAQQJ ' H JURRWMW YHUEHW UQJ
WHHGW RS EWMHHQ LQGHQQJ LQ N@® VVHQ QLYHDX ' H RYHUD@WDFFXUDF\ VWM W KLIHUYRRU YDQ
QDDU ' H IQGHAQJ P HWGH NMHILQVW YHUEHWULQJ KHHIW N®VVHQ QLYHDX

+ IHUYRRUVWHJ GH RYHUD@DFFXUDF\ YDQ QDDU



+ HWLV RQGXLGHAQW Z DDURP GH YHUEHWUQJ GRRUSUREDELQVWVFKH VHIJ P HQWWH VHFKW N®HLQ LV ' LW
NDQ DDQ GH GDW Q@JHQ RI DDQ GH SUREDELQVWVFKH VHJP HQWWHP HWRGH (HQ P RJHQMWMH
RRU DDN DO JHYRQ YDQ GH GDW LV GH VSHFWD®H RYHUDS WKVVHQ GH N®VVHQ P DDURRN HHQ WH ®JH
UXLP WHOMNH UHVROXWH YDQ KHWEHHG RI KHWJHUQJH DDQWOWDLQLQJ VVDP SV NDQ GH RRU DDN ] LW
‘' DWGH VHJP HQWHMHFWH YDQ GH SUREDELOVWVFKH VHJP HQWWHP HWRGH HHQ W JURW  YRRUNHXU

KHHIWYRRUSXUH VHIJ P HQWQ RRN D GH]H KHHONGLQ ]IM NDQ RRN HHQ RRU DDN ] LM

$ DQEHYHOQJ HQ

2 S GH HHUWWH S®DW ]RX RQGHU RFKWP RHWQ Z RUGHQ Z DW GH RRU DDN LV GDW GH YHUEHW ULQJ
GRRU SUREDELAVWVFKH VHJP HQWWH VHFKW NMLQ LV HQ KRH KHW NRP W GDW YHHO HUJ] NO{LQH
VHIJP HQWHQ JHVHMFWHUG Z RUGHQ ' RRU KHW WHSDVVHQ YDQ SUREDELAVWVFKH VHJP HQWMWH RS
DQGHUH GDW NDQ JHYHUUIHHUG Z RUGHQ RI GH GDW KHWSUREMHP ]I ' RRUJHEUXLN W P DNHQ
YDQ HHQ KDQGP DWJ JHGHILQIHHUGH VHJP HQWMWH ]RX JHFRQWRMHHUG NXQQHQ Z RUGHQ RI GH

VHJ P HQWHMHFWHP HWRGH GH RRU] DDN LV

9 HUGHU LV KHW Z HQVHAOM RP WH EHSDMHQ LQ Z HWNH P DW RYHUWPDLQLQJ ]WH SDUDJ UDDI ] LFK
YRRUGRHW EWIM N QHDUHVW QHLI KERX UV F®VVLU LFDWH ,Q KHW JHYDO GDW RYHUWIDIQLQJ ]JLFK YRRUGRHW

P RHWHHQ P HWRGH JHNR]J]HQ Z RUGHQ RP GLWW YRRUNRP HQ

7HQ GHUGH LV KHW VWHUN DDQ WH UDGHQ RP HHQ YDAGDWHP HWRGH WH RQW HUSHQ Z DDUP HH HHQ

IX]]\ F®OVVULFDWH JHYDAGHHUG NDQ Z RUGHQ

$ DQYXOHQG RQGHU RHN QDDU EHWUH P HWRGHQ GDQ N QHDUHVW QHLI KERXUV F@VVULFDWH RP
NDQVHQ RS NM®VVHQ XLW K\ SHU/SHFWID M GDW WH VFKDWAMQ J]RX Z HQVHAWM ]JIM (pQ YDQ GH W
RQGHU RHNHQ P HWRGH KLHUYRRU LV KHW EHSDQQ YDQ NDQVHQ XLW GH VSHFWUDM™ KRHN QDDU KHW

GLFKWW IM IMGH WDLQLQJ VWVDP SMH ]RDWYW YRRUKHWH[ SHUW\ VWHHP >6NLGP RUH H D @JHGDDQ LV

7 HQ VAR WH 1RX RYHUZ RJHQ NXQQHQ Z RUGHQ R P KHW H[ SHUW\ VWHHP HQ S UREDE LQVWVFKH
VHJ P HQWWH WH LQWHJ UHUHQ GRRU GH NDQVHQ GLH KHWH[ SHUW\ VWHHP EHSDDG WH JHEUXINHQ YRRU

SUREDE LQVWVFKH VHJ P HQW WH
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FDVHV LQ WK H $ P VWHUGDP
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% LMD J H & CDVVLI LFDWHUHVX OAMD WH Q

,Q GH]H ELMDJH ]JIM HQNHMH UHVXODWQ RSJHQRP HQ YDQ GH WRHSDVVIQJ YDQ SUREDELAVWVFKH
VHJ P HQWWH RS GH 6FKLHUP RQQINRRJ GDW ]IH KRRIGVWN + LHUYRRU ] IM@ GH RQGHUVWDQGH

SDUDP HWHUV J HE UX LINW

DVVHQLQGHAQJ HQ QLYHDX HQ HQ 6NLGP RUH ]LH SDUDJ UDDI
N 1 HDUHVW QHLI KERXUW F®VVULFDWH N
" UHP SHQ@ DDUGHQ YRRUGH VHIJP HQWWHS LUDP LGH
HQ
" H YHUZ DDU®R] LQJ YDQ NQHLQH N®VVHQDDQGHMHQ YRRUKHWEHSDMQ YDQ KHWDDQWONMmVVHQ LQ HHQ
VHJ P HQW I UDFWH ]WH SDUDJ UDDI

EDQGHQ QXP P HU W WHQ P HW HQ QXP P HU W WHQ P HW



YLIXXU % & ULVS N QHDUHVW QHLIKERXUV FODVVLILFDWH YDQ VWRNHQ HQ YRRU NODVVHQLQGHOQJ QLYHDX 2 SYDOHQG LV GH RYHUWDQJ WX VVHQ

VWUR R N HQ DOV JHYRQ YDQ UDGLRP HWLVFKH YHUVFKLOOHQ WX VVHQ GH VWRNHQ



DVVHQLQGHAOQJ QLYHDX

& ULVS N QHDUHVW QHLI KERXUV FQVVLILFDWH

JWH I XXU%

=HAOV EIMGIWEHSHUNWDDQWON®VVHQ WHGHQ QRJ UH®WHI YHHOF®VVULFDWHIRXWQ RS (UYLQGWIQQNH

YHUZ DUUIQJ S ®DW WVVHQ GH N®VVHQ P LGGHXRJH HQ KRJH NZ HGHU : DW| P IGGHXRJH
NZ HGHUS8 LV Z RUGWYDDN JHF®VVULFHHUG DO KRJH NZ HG@GHU ' XLQ Z RUGWYDDN DO/ | RYHUW DQJ
GXLQ NZ HGHUS J HF®VVLU LFHHUG 7HUZ IMGH N®VVH | NDOH JURQG HQ LMH YHJ HW WH § E LM D
DOMMS DO/ SIRQLHUNZ HGEHU JHF®OVVULFHHUG Z RUGW 2 SYDOGHQG LV GDW GH N®VVHQ Z DDU YHHO

VDP SAHV YRRU] M EHWUJHF®VVULFHHUG Z RUGHQ

& RQIXVIRQP DWIL

JHP LGGHGH DFFXUDF\

RYHUDQ DFFX UDF\

/ HIHQGD YRRUFULVS FVVLULFDWHY YDQ NMVVHQLQGHAQJ QLYHDX
DMH JURQG HQ LMH YHJ HW WH

3IRQLHUNZ HGHU

/ DIJH NZ HAGHU

0 LGGHXRJH NZ HGHU

+ RJH NZ HGHU

2 YHUIDQJ GXLQ NZ HGBHU

"X LQ

6 WUD Q G

B ODEREOMD

DWHU



)L XXU % & ULVS FODVVLILFDWH SHU VHJP HQWYDQ VWRNHQ HQ YRRU NODVVHQLQGHAOQJ QLYHDX (HQ GXLGHAM YHUVFKLOP HWILIXXU % LV GDW

GH]H FODVVLILFDWH HHQ P LQGHU UXL] LJH NDDUWRS CHY HUW



DVVHQLQGHAOQJ QLYHDX

& ULVS FAOVVLILFDWH SHUVHJP HQW

JWH I XXU%

‘' H N®VVHQ P LIGGHXRJH NZ HGHU HQ I RYHUI DQJ G X LQ NZ HG5HUS§ Z RUGHQ EHWHU
J HF®VVLU LFHHUG GDQ E LM FULVS N QHDUHVW QHLI KERX UV FM®mVVU LFDWH + RJH NZ HGHU KHHIW
GDDUHQWHIJ HQ MK LVW HHQ KRJHUH F®OVVULFDWHIRXW ' H RYHUWUH N®VVHQ Z RUGHQ HYHQ JRHG

JHF®OVVULFHHUG RI QHWLHW EHWU ppQ VDP SO JHF®VVULFHHUG

& RQIXVIRQP DWIL

JHP LGGHGH DFFXUDF\

RYHUDQ DFFX UDF\

/ HIHQGD YRRUFULVS FVVLULFDWHY YDQ NMVVHQLQGHAQJ QLYHDX
DMH JURQG HQ LMH YHJ HW WH

3IRQLHUNZ HGHU

/ DIJH NZ HAGHU

0 LGGHXRJH NZ HGHU

+ RJH NZ HGHU

2 YHUIDQJ GXLQ NZ HGBHU

"X LQ

6 WUD Q G

B ODEREOMD

DWHU



)L XXU % & ULVS FOVVLILFDWH P HWSUREDELAVWVFKH VHJP HQWWH YDQ VWRNHQ HQ YRRU NODVVHQLQGHAOQJ QLYHDX 7HQ RS]LFKWH YDQ ILIJXXU

% NRP WLQ VRP P LJH JHELHGHQ LHW YDQ GH UXLV XLWILIXXU% LQ GH] H FOOVVLI LFDWH WHUX J ,Q DQGHUH JHELHGHQ EAQAMWGH]H DIZ H] LW



DVVHQLQGHAOQJ QLYHDX

& ULVS FADVVLI LFDWH P HWSUREDE LOVWVFKH VHJ P HQW WH

JWH I XXU%

' H N®VVHQ P LIGGHXRJH NZ HGHU HQ I RYHUI DQJ G X LQ NZ HG5HUS§ Z RUGHQ
J HF®VVLU LFHHUG GDQ E LM FULVS N QHDUHVW QHLI KERX UV FM®mVVU LFDWH + RJH NZ HGHU
GDDUHQWHIJ HQ MK LVW HHQ KRJHUH F®OVVULFDWHIRXW ' H RYHUWUH N®VVHQ Z RUGHQ HYHQ

JHF®OVVULFHHUG RI QHWIIHW EHWU ppQ VDP SO JHF®VVULFHHUG

EHWHU

KHHIW

JRHG

7HQ RS]LFKW YDQ GH FUWVS F®OVVULFDWH SHU VHJP HQWZ RUGWGH N®VVH P LGGHXRJH NZ HGHU

QRJ EHWU JHF®VVUIFHHUG WHUZ IMGH N®VVH | RYHUIDQJ GXLQ NZ HGHUS§ P LQGHU YDDN VAHFK WU

JHF®VVULFHHUG Z RUGW

& RQIXVIRQP DWIL

JHP LGGHGGH DFFX UDF\

RYHUDQ DFFX UDF\

/ HIHQGD YRRUFULVS FVVLULFDWHY YDQ NMVVHQLQGHAQJ QLYHDX
DMH JURQG HQ LMH YHJ HW WH

3IRQLHUNZ HGHU

/ DIJH NZ HAGHU

0 LGGHXRJH NZ HGHU

+ RJH NZ HGHU

2 YHUIDQJ GXLQ NZ HGBHU

"X LQ

6 WUD Q G

B ODEREOMD

DWHU



) LIX XU % ) X]1\V N QHDUHVW QHLIKERXUV FOOVVLILFDWH YDQ VWRNHQ HQ YRRUNODVVH GH | NDH JURQG HQ LMH YHJHW WH§ XLWNOOVVHQLQGHAQJ

QLYHDX 2 SYDOHQG LV GDWGH NDQV RS GH]H NOOVVH QLHWERYHQ GH XLWNRP WGRRUGH VSHFWUDO™ YHUZ DUULQJ P HWDQGHUH NOVVHQ

/ HIHQGD

| CINEEEN



) LIX XU % ) X]1\ FOVVLILFDWH P HW SUREDELOAVWVFKH VHJP HQWMWH YDQ VWRNHQ HQ YRRU NODVVH GH | NDOH JURQG HQ LMH YHJHW WHS§ X LW
NOOVVHQLQGHOQJ QLYHDX 2 P GDWYRRU LHGHU VHJP HQWHQNHOH NODVVHQ XLWHVRWQ Z RUGHQ [JLM GH JHVFKDWM NDQVHQ P HHU XLWHVSURNHQ GDQ LQ

LI X XU % 2 YHULJHQV ]LM QLHWDOMH NDQVHQ H[ DFWJHOM DDQ RI

/ HIHQGD

| CINEEEN



) LIX XU % 6HIJP HQWOWHEHVWQG YDQ VWRNHQ HQ YRRU NODVVHQLOQGHOQJ QLYHDX ,HGHU VHJP HQW KHHIWHHQ UDQGRP NOHXU ,Q VRP P LJH

JHELHGHQ Z RUGHQ YHHOHUJ NCHLQH VHJP HQWHQ JHNR] HQ



DVVHQLQGHAOQJ QLYHDX

FULVS N QHDUHVW QHLI KERXUVY FMOVVLILFDWH

& RQIXVIRQP DWIL

JHP LGGHGGH DFFXUDF\

RYHUD@ DFFX UDF\

& ULVS FODVVLILFDWH P HWSUREDE LOVWVFKH VHJ P HQW WH

& RQIXVIRQP DWIL

JHP LGGHGGH DFFXUDF\

RYHUD@ DFFX UDF\



MDVVHQLQGHAOQJ QLYHDX

& ULVS N QHDUHVW QHLI KERXUV FQVVLILFDWH

& RQIXVIRQP DWIL[

JHP LGGHGH DFFXUDF\

RYHUD@ DFFX UDF\

& ULVS FADVVLI LFDWH P HWSUREDE LOVWVFKH VHJ P HQW WH

& RQIXVIRQP DWIL[

JHP LGGHGH DFFXUDF\

RYHUD@ DFFX UDF\



®D®VVHQLQGHAQJHQ P HWYHUVFKILGOHQGH P DW YDQ DJ J UHJ DWH

1 LYHDX

1 LYHDX

1 LYHDX

6XEW SHQ

DXH JURQG HQ LMH YHJ

DH JURQG HQ LMH YHJ

DH JURQG HQ LMH YHJ HW WH

3LRQLHUNZ HGHU

6DAFRUQLD 6 XDHGD YHJ

6DAFRUQLD KW K FRYHU

6DAFRUQLD 6 XDHGD

6XDHGD /P RQLXP

/' DJH NZ HGHU

3XFFLQH@@MD YHJ HW WH

3XFFLQH@MD 6DAFRUQLD /P RQLXP

3XFFLQH@MD * X[

/'lP RQLXP YHJ HW WH

/P RQLXP

+ DAQP LRQH YHJ HW WH

+ DAQP LRQH

0 LGGHXRJH NZ HGHU

~XQFXV JHU YHJ HW WH

-XQFXV 6XDHGD /P RQLXP

“XQFXV ) HYWK FD

) HYWK FD YHJ HW WH

) HVWX FD

$ UMHP LVLD

-XQFXV P DU YHJ HW WH

-XQFXV P DU

(QP XV YHJ HW WH

(QaP XV

+ RJH NZ HGHU

3RWQWAD YHJ HW WH

3RVWHQWAD -XQFXV

$ J URVWYV 3 RWHQWaD

6DJ QD YHJ HW WH

6DJ QD $ UP HULD

2 YHUWDQJ GXLQ NZ HGHU

2 YHUW DQJ GXLQ NZ HGHU

2 YHUW DQJ GXLQ NZ HGHU

X Q X Q X Q
6 WUD Q G 6 WD Q G 6 WUD Q G
DWHU DWHU DWHU




MDVVHQLQGHAOAQJ J]RDO JHEUXLNWLQ 6NLGP RUH H D >

& ULVS N QHDUHVW QHLI KERXUV FQVVLILFDWH

& RQIXVIRQP DWIL[

JHP LGGHGGH DFFXUDF\

RYHUD@ DFFX UDF\

& ULVS FADVVLI LFDWH P HWSUREDE LOVWVFKH VHJ P HQW WH

& RQIXVIRQP DWIL

JHP LGGHGH DFFXUDF\

RYHUD@ DFFX UDF\



% LMD J H + DQGAHLGLQJ YRRUGH SURJUDP P DWX XU

9 RRU KHW RQGHU RHN LV JHEUXIN JHP DDNW YDQ GH SUREDELAQVWVFKH VHJP HQWWH VRIW DUH GIH
RQW INNHGG LV GRRU % * RUM EHVWDQGH XW& SURJUDP P D& HQ EDVK VFUSW 9 HHORQGHUGHM™Q
]I HFKWU YRRU GIWRQGHU RHN DDQJHSDVW 9 HUGHU ] LM DDQYXGOHQGH SURJUDP P DO JHVFKUHYHQ
HQ J]WM DI]RQGHUGMH SURJUDP P DO VDP HQ LQ HHQ VFUSW RSJHQRP HQ ' DDUQDDVW LV YRRU GLW
RQGHU RHN QRJ JHEUXIN JHP DDNWYDQ HHQ FM®MVVULFDWHSURJUDP P D $ 1 1 GDWRQW INNHG LV EWM
GH 8 QLYHUVIWHLW YDQ O DW ®QG 7HQVARWMH Z RUGHQ QRJ HQNHMH VWQGDDUG XQLU SURJUDP P D&
JHEUXINW ]RDO/ SDVWH HQ [ Y ,Q GH]H ELMDJH ]DO KHW JHEUXIN EHVFKUHYHQ Z RUGHQ YDQ GH
SURJUDP P DW XU GLH QRGU Lv. RP GH UH VX OAD VH Q WH UHS URGX FHUHQ " H FX UVLHI J HG UX NWH

FRP P DQGR® Z RUGHQ WRHJHQFKWLQ GH JHAQOWQDP LIH SDUDJ UDDI

5 HFK WH Q

3 UREDELOVWVFKH VHI P HQWWH SUREVHIJ
$ X WHX UV % * o+ * R UWH

- | HVS DUUH
& RS\ UJ KW ,7 & (QVFKHGH

o 'HOW

78 ' HOW ' HaAQWwW

$ SSUR[ LP DWH QHDUHVWQHLI KERXUY $ 1 1
$ X WHX uv ! 0 0 RXQW
6 $ U D

& RS\ UJKW 8 QLYHUVIMHIWYDQ 0 DU ®QG & RGHJH 3DUN 9 6

,Q VWD OCH UH Q

‘''H& SURJUDP P D& EDVK VFUSW HQ WHVWGDW ] LM W YIQGHQ LQ GH P DS S URE VHIJ 9 DQ GH &
SURJUDP P DO LQ GH P DS DQQ Lv DOHHQ DQQBVDP S EHQRGW G . RSIHHUDGOGH EHVWQGHQ QDDU
HHQ JHZ HQVWH RFDWH & RP SLHHULQGLWHQ QRGL DGH & SURJUDP P DOV F ELWMRRUEHHG P HWIJFF

9 HUU HHW QMHW KHW UHFKW RS XIMWRHUHQ LQ WH VWHOHQ P HW KHW FRP P DQGR FKP RG HQ LQGLHQ

JHZ HQVWGH P DS P HWGH SURJUDP P D& RS WH QHP HQ LQ GH S URILH

* HE UX LN

‘' H VRIW DUH JHEUXINW KHW GDWIRUP DDW YDQ ,/: , 6 YRRU EHHGHQ HQ WEHGHQ ,Q GLlw

IRUP DDWEHVWDWHHQ EHHG XWW HH EHVWQGHQ SHU EDQG HHQ GDWEHVWQG P HWppQ RI P HHU

E\WHV SHU SL HO P SG HQ HHQ KHDGHU EHVWQG P HW IQIRUP DWH ]RDO/ KHW DDQWO UMQ HQ
NR®RP P HQ P SL + HW DDQWO UMQ HQ NR®RP P HQ NDQ RSJHYUDDJG Z RUGHQ P HW KHW
FRP P DQGR P SL >QDDP @ QO QF ' H P SG EHVWQGHQ NXQQHQ YHUYDDUGLI G Z RUGHQ GRRU GH

P HHVWH EHHGYHUZ HUNLQJVSURJUDP P D& RI YHUNUHIJHQ Z RUGHQ GRRU HHQ EDQG VHTXHQWDO
EHVW QG EVT LQ (UGDV ,P DJIQH LQ VWK NNHQ WH NQILSSHQ ' H P SLEHVWQGHQ NXQQHQ JHP DDNW
Z RUGHQ P HW KHW SURJUDP P D P DNHP SL >QDDP @ > NRG@ > UM > E\W@ 2 P GDW GH]H P SL
EHVWQGHQ YRRU DGH EDQGHQ JHQWM ]IM NDQ HU ppQ P HW P DNHP SL JHP DDNW Z RUGHQ HQ
JHNRSLHHUG Z RUGHQ YRRUGH DQGHUH EDQGHQ

" H VRIW DUH NDQ DGHHQ EHVWQGHQ P HWppQ E\W SHU SL HODDQ (HQ XM RQGHUQJ KILHURS ]LW
VHJ P HQWOWHE HYWOQGHQ : DQQHHU GH WH JHEUXINHQ GDW XLW W HH E\ WHV ELW SHU SL HO

EHVWDWP RHWGH]H WHUXJJHEUDFKWZ RUGHQ WRWppQ E\ W ELW SHUSIL HO



" H WWDLQLQJVIHIJHYHQV P RHWQ RRN DDQJHMYHUG Z RUGHQ LQ GH YRUP YDQ HHQ UDVWHUE HVWD QG LQ
GLWIRUP DDW P SG P SL P HWHYHQ YHHOUMQ HQ NR®RP P HQ DO/ GH EHHG@GHQ ' H S HQ@ DDUGHQ
LQ GLW UDVWHUE HVYWDQG J HYHQ KHWN®VVHQQXP P HU Z HHU Z DDUEIMRQJ HWIDLQGH SL  HOY GH Z DDUGH
NUM HQ =REGQ UDVWHUEHVWQG P HW WHDLQLQJVIJHIJHYHQV NDQ JHP DDNW Z RUGHQ LQ HHQ EHHGS
YHUZ HUNLQJ VSURJ UDP P D QDDU NHX]H + HWNDQ RRN XLWHHQ WHNVWE HVW QG YHUYDDUGLI G Z RUGHQ
P HWKHW SURJUDP P D FKSL[ >Q@ >X W@ >WHNVWE HYMDQG@ + LHUYRRU KHE M HHQ HJ EHHG HQ HHQ
WHNVWE HVWDQG QRGL] + HW QHJH EHHG NDQ YHUNUHJHQ Z RUGHQ P HW GH EHHGFDGEX®WU P T
SXIW@ §>EHH®G@ § ,Q KHW WHNVWEHVWQG YRRU FKSL[ P RHWQ GH EHHGSFR| UGLQDWQ HQ GH
N@VVHQQXP P HU YDQ GH WIDLQLQJ VVDP SQHV VWDQ

%\ W EHHM@HQ NXQQHQ DIJHEHHG Z RUGHQ P HW KHW FRP P DQGR VKRZ >EHH®G@ (HQ NGXU
FRP SRVIWH YDQ P HHUGHUH EDQGHQ NDQ Z HHUJHJHYHQ Z RUGHQ P HW KHW FRP P DQGR VKRZ FF
S>EHH® @ >EHHG® @ >EHH® @ (HQ UDVWHUEHVW QG NDQ DIJHEHHG Z RUGHQ P HW VKRZ P DDU GDQ
]XOHQ GH N®VVHQQXP P HU DO/ JUMWZ DDUGHQ Z HHUJHJHYHQ Z RUGHQ (U NDQ RRN JHEUXIN
JHP DDNWZ RUGHQ YDQ HHQ GHJHQGD GRRUDI W EHHGHQ P HWKHWFRP P DQGR FROSLVS >HJHQGD@
S>EHH@ @ + IHUYRRU LV HHQ GHJHQGDEHVW QG FRO QRGL ' LWNDQ JHP DDNWZ RUGHQ LQ HHQ WHNVW
HGIMRU ] RDO/ QHGLW %IM] RZ HOKHWJHEUXIN YDQ VKRZ VKRZ FF DO/ FROGLVS Z RUGWKHWSURJ UDP P D
[ Y JHEUXINWYRRU KHWZ HHUJ HYHQ ' IWSURJUDP P D KHHIWRRN P RJHAOWKHGHQ RP GH NGXUHQ WH

P DQLSX®HUHQ LQ WH ]J]RRP HQ H G SUREHHUGH H WRHW HQ GH UHFKWHUP XLYNQRS

‘' H SUREDELQVWVFKH VHJP HQWWH EHVWDW XMW HHQ LW JUDWH YDQ F®VVULFDWH HQ VHJP HQW WH
2 P GDW YRRU YHUVFKLOHQGH W SHQ EHHGHQ HQ WDIQLQJVIHIHYHQV YHUVFKLOHQGH F®mVVULFDWH
P HWKRGHQ Z HQVHAOM ] LW Lv. GH F®VVULFDWH QW IQ KHW SURJUDP P D YRRU SUREDELQVWVFKH
VHJ P HQWOWH RSJHQRP HQ 2 P GDW KHW SURJUDP P D YRRU SUREDELOVWVFKH VHJP HQWWH GH
UHVX OMDWHQ YDQ GH F®OVVULFDWH QRGL KHHIW P RHWGH F@OVVULFDWH HHUVWX MW HYRHUG Z RUGHQ %LMGH

VRIW DUH ] WKHWF®VVUILFDWHSURJ UDP P D DQQFMMVV >EHVWQGHQAWW EHVWQG @

+ HW SURJUDP P D DQQF®VV KHHIW HHQ WHNVWEHVWQGM QRGL Z DDUQ GH EHVWQGVQDP HQ
JHVSHFULFHHUG Z RUGHQ YDQ KHWUDVWHUE HVW QG P HWWDLQLQJ VI HIHYHQV HQ GH EHHGGHQ YDQ GH WH
JHEUXINHQ EDQGHQ ' IW]J]RJHQDDP GH EHVWQGHQOMWW EHVW QG IQ NDQ JHP DDNWZ RUGHQ LQ HHQ
WH N VWH G LWR U

$ QQFOOVV JHEUXINW KHW SURJUDP P D DQQBVDP SGH 9 RRUGDW DQQBVDP S DDQJHURHSHQ NDQ
Z RUGHQ Z RUGHQ HHUVWGH M LVWH W SHQ LQYRHUEHVWQGHQ JHP DDNW ' H Z IMH Z DDURS GLWJ HE HX UW
IV HFKWHU QLHW KHHOHIILFLsQW 9 RRUDOGH URXWQH DVF DQQT LV HUI WDDJ EIMP HHU GDQ HHQ SDDU
EDQGHQ ' DDURP ]LM HU YRRU EHSDDGH KRHYHHXHGHQ EDQGHQ HQ VSHFLDO VQHGHUH
YDUDQWHQ JHP DDNW ' H]H Z RUGHQ DXWP DWVFK JHEUXINW Z DQQHHU HHQ GHUJHQWH YDUDQW
DDQZ H] W LV

+ HWLY RRN P RJHQM RP P HWHHQ EHHGYHUZ HUNLQJVSURJUDP P D QDDUNHX]H GH F@VVLULFDWH X LW WH
YRHUHQ 9 RRUZ DDUGH KLHUYRRULY GDWGH]H P HWKRGH YRRULHGHUH N®VVH HHQ NDQV RSQHYHUW ' H]H
NDQVHQ ] XGHQ GDQ DDQJHMYHUG P RHWQ Z RUGHQ DO/ HHQ EHHG SHU N®VVH P HWGH]HQGH QDDP

DO KHWEHVWQGHQOAMWW EHVWQG LQ P HWDFKWUYRHJ LQJ YDQ SG HQ KHWN®VVHQQXP P HU
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FRP P DQGR JHJHYHQ LV ' LW]LM ]HV FOVVULFDWHY HHQ FUWS HQ IX]]\ FOVVULFDWH RS JURQG YDQ
NDQVGLFKW HGHQ SG D SURUL NDQVHQ SHU VHJP HQW SURU HQ D SRVWURUL NDQVHQ SRVW ' H
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N @® VVH (HQ FRQIXVIRQP DWW YDQ HHQ F®VVULFDWH NDQ EHSDDG Z RUGHQ P HW KHW SURJUDP P D
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DQQF®VV >EHVWQGHQAWW EHVW QG @>N@
SEHVWODQGHQAWW EHVW QG @GH QDDP YDQ KHWEHVWQGHQAWW EHVW QG YRRU FMVVL LFDWH 1Q

>N@KHWDDQWOQHDUHVWQHL KERX UV

FKSLU >LQ@>X lW@>W NVWE HVW QG @
>lIQ@GH QDDP YDQ KHWWH Z LML HQ UDVWUE HVW QG P SG P SL
>X WM@GH QDDP YDQ KHWW P DNHQ UDVWHUE HVW QG P SG P SL

SWHNVWE HVMDQG@GH QDDP YDQ KHWWHNVWE HVYWDQG YRRUFKSL LQFOXXVLHI H[ WHQ VLH

FR@®GLVS >HIHQGD@>EHHGG @
>H)J HQGD@GH QDDP YDQ KHWMHJI HQGDEHVWQG FR O

>EHH@G @GH EHVWQGVQDDP YDQ KHWZ HHUW JHYHQ EHHG P SG P SL

FRP SDUH >WDLQ @>F®DVV@
>WDLQ@QDDP YDQ KHWUDVWHUEHVWQG P HWWIDLQLQJ VI HI HYHQV

>FDOVV@QDDP YDQ KHWUDVWHUEHVWQG P HWGH F@®VVL LFDWH

P DNHP SL>QDDP @> NRG@> UM> E\ WH@
>QDDP @GH QDDP YDQ KHWWH P DNHQ P SL EHVWQG
> NRG@KHWDDQWONR®P P HQ
> UM@K HW DD QWD O ULM Q

> E\WH@KHWDDQWOE\ WHV SHUSL HO



P DNHVHJ >EHHG@G @>VHJ P HQW WH @
>EHHG @QDDP YDQ EHVWQG YRRUVHIJP HQW WH P SG P SL

>VHJ P HQWOWH@QDDP YDQ KHWWH P DNHQ VHJP HQWWHEHVWQG

P SL>QDDP @QOQF

>QDDP @GH QDDP YDQ KHWP SL EHVWQG

P T >XIW §>HZ HUNLQJ >EHHG @ >EHHG @ @

>X W@QDDP YDQ KHWW P DNHQ EHVWQG P SG P SL
>EHHG @ HQ >EHHG @ GH EHVWQGVQDP HQ YDQ GH WH JHEUXINHQ EHHGHQ E\ WH P SG
P SL

9 RRUEHHG HQ
P T >XWo §>HH®G @ >EHH®G @ §

P T >XMW 88U >BEHHG @ >EHHG @ 8

SUHVHJ >QDDP @>VHJ P HQW WH @ >WH VWa
>QDDP @QDDP YDQ GH EHVWQGHQ JHP DDNWGRRUDQQF®VV H[ FXVLHI SG
>VHJ P HQWWWH@QDDP YDQ KHWVHJP HQWWHE HVW QG P SG P SL

>WHVW@GH QDDP YDQ KHWUDVWUEHVWQG YRRU YDQGDWH P SG P SL

S URE VHIJ >SEHVWQGHQAWW EHVWQG @
>EHVWQGHQAWW EHVWQG@ GH QDDP YDQ KHW EHVWQGHQAWWEHVWQG YRRU SUREDELAVWVFKH

VHJ P HQW WH Qs

VKRZ >EHHG @

>EHH@G @GH EHVWQGVQDDP YDQ KHWZ HHUW JHYHQ EHHG P SG P SL
VKRZ FF >EDQG @>EDQG @>EDQG @
>EDQG @ >EDQG @HQ >EDQG @GH EHVWQGVQDP HQ YDQ GH Z HHU W JHYHQ EDQGHQ P SG

P SL

VKRZ VHJ >VHJ P HQWWH®@

>VHJ P HQWOWH@VHJ P HQWODWHE HVW Q G

7HNVWE HVWDQGHQ

/ HIHQGDEHVWQG FRO
UH G JUHHQ E OXH
>5 @ >* @ >0 @

\ \ \
>s Ke > Ke > Ke

>5 @ 7 >5 K@GH URRGZ DDUGHQ WX VVHQ HQ YRRUN®VVH W WHQ P HWK
>* @ z >* K@GH JURHQZ DDUGHQ WX VVHQ HQ YRRUN®VVH W WHQ P HWK

>* @ z >* K@GH E®MXZ Z DDUGHQ WX VVHQ HQ YRRUN®VVH W WHQ P HWK




7 HNVWE HVWQG YRRUFKS L Z LAOHNHX UL H H[ WHQ VLH

>F @ >U @ > @
\ \ \

>F1 @ >Ul @ >Y1 @

>SF @ 2 >F1 @ GH NR®RP QXP P HU/ YDQ GH W Z INMWHQ SUHO WWHQ P HW1
U @ 2 >U1l @ GH UM XP P HUW YDQ GH WH Z LML HQ SLUHWY WWHQ P HW1
>y @ 2 >Y1 @ GH SUUHQ@ DDUGHQ YDQ GH WH Z IMLJHQ SUHO WWHQ P HW1

1 % + HWS | HOLQ GH QQNHUERYHQKRHN KHHIWNR®RP HQ UM XP P HU

%HVWQGHQAWW EHVWQG YRRUF®VVLU LFDWH LQ

>WUD LQ @
>EDQG @

>EDQ G Je

>WIDLQ@GH QDDP YDQ KHWUDVWHUEHVWQG P HWWIDLQLQJ VI HI HYHQV P SG P SL

>EDQG @72 >EDQGJ@GH EHVWQGVQDP HQ YDQ GH EDQGHQ P SG P SL

%HVWQGHQAWW EHVWQG YRRUSUREDE LQVWVFKH VHJ P HQW WH Qs

>WH VW@
>EDQG @
>EDQG @

>EDQG @

SWHVW@GH QDDP YDQ KHWUDVWHUEHVWQG YRRUYDQGDWH P SG P SL

>EDQG @ >EDQG @HQ >EDQG @GH EHVWQGVQDP HQ YDQ GH GUWH EDQGHQ P SG

SL







6\ P ERMHQ

2 QGHUWDQGH OWWEHYDWDAOH VI P ERMHQ GLH QIHWEIMIHGHU J HEUXIN WRHJ HAQFKWZ RUGHQ

—h

Cs

AN G«

n

P(C,)

P(Cylcy)

P(c,)
P(c, 1Cy)

P

X 0 0

< X

%HQDGHUGH Z DDUGH YRRU

0 DWU YHUEDQG wvvHo DX Hao Dy

) XQFWH YHUEDQG WwvvHQ X HQ Y

%DQG j

own K

" UHP SHQ@ DDUGH Z DDUXIW W HH DQGHUH GUHP SHQ@ DDUGHQ d1 HQ d2 YRRU GH
VHIP HQWMWH EHUHNHQG Z RUGHQ

y ubrFwH vyoo naovwH K o vor sai |

$ DQWOEDQGHQ

$ DQWDON@VVHQ

$ DQWWOQHLI ERXUW YRRUN QHDUHVW QHLI KERX U F@®VVL LFDWH

TA-LAV-1 AT A1

|- AXATQ'A)'ATQ

DOV GDWHHQ SU HOWRW N®VH K EHKRRUW RQJIHDFKW GH IHDWCUHYHFVRU YDQ KHW
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