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$UWLFOH ,QIR $EVWUDFW

%ODVWLQJ LV D |3QWIPRLHQWD ®R REHMWLRQ QHFHVVDU\ I

S5HFHLY$XGXVW
EXXWYp LW DOVR JHQHUDWHY VLIQLILFDQW HQYLURQPHQWD!

5HFHLYHG LQ S5HYLVHG

6HSWHPEHU EODVWLQJ QRW RQO\ HQGDQJHUV KHDOWK EXW DOVR S
SFFHSWHMGEHPEHU UHJXODWDR®VY.FXODUO\ LQ UHJLRQV ZKHUH DFRXVWLF
3XEOLVKHG 'REBREHU ,QGRQHVLD V XVH RI ERWK G%/ DQG G%$ VWDQGDUGV 7K

UHOLDEOH BMGHKFREHMIWWSUHGLFWLYH PRGHOV IRU EOD!
FRPSDUH DQDOWLFDO DR P MDYV ZLWK PDFKLQH OHDUQL!
SUHGLFWLRQ OHDVXUHPHQWY ZHUH SRW&GRDMOHBLDW L QE

2, MPH ,QGRQHVLD BRXWK 6XPDWUD XVLQJ KRPRJHQHRXV DFRX
H\ZRUGV SRLQWV IRU IUHTXHQFP W HKBGWRB %D 2ANEDWHG GDWD »
) 5DQGRP )RUHVW 5) DQG $UWLILFLDO 1HXUDO 1HWZRUN

»ODVWLQJ QRLVH PHDVXUHG IUHTXHQF\ DQG G%/ DV SUHGLFWLYH YDULDEO

ODFKLQH OHDUQLQJ WKDW XWGHOWDNYRGQG HTXDWLRYHKDRF XBERB\SOHWK FHVJWURUYV H|
(QYLURQPHQWDO LPSDFW $PRQJ WKH DQDO\WLFDO DQG HPSLULFDO PRGHOV (T
LIRLVH SUHGLEWLRO PRG LWK DQ DYHUDJH HUURVSRIVLILEZ KLIDH DVVLR/@AH PRGHO
Q ﬁﬂbVXUHPHQWV KDG DQ LPSURYHG HUURBGUHDWH RI
RXWSHUIRUPHG DOO PRGHOV ZLWK WKH 5) PRGHO H[KLE
GHPRQVWUDWLQJ KLIJKHU VWDELOLW\ DQG FRQVLVWHQF\
ZLWK PRUH YDULDWLRQ DQG VRPH RYHUHVWLPDWLRQYV

,QWURGXFWLRQ

%ODVWLQJ LV RQH RI WKH SULPDHU PMMRR VY WNHD QG WKH VXUURX
PLQLQJ DFWLYLWLHY WR EUHDN>URFN@ D%\DHW WHRZHYQRLVH LQ SDUYV
EHVLGHV SURGXFLQJ WKH GHVLEMGRQRBFEHILDUPHOWOWDRRQQYLURQPF
EODVWLQJ DFWLYLWLHV DOVR SRWHDR® YR URIQPX QYNNG AW BICQWRE QR
RQH Rl ZKLFK LV QRI@GVH7BROIRUWRI@PHYQ WKDW GLUHFWO\ LPSDF\
OHYHOQYHUDWHG E\ EODVWLQJ BRAWEWLWHBOWVNUHRRISRUDWH VRFLDO
VLIJQLILFDQW FRQFHUQ DV WK HUIRDN) ARPFEDEMD QUSHHW KIPHD@DHRB B QH O RF D
RI ZRUNHUV DQG WKH VXUURXGH®WLQUHRFPHK@AUIMO DUHDV WKH Q.
SRWHQWLDOO\ FDXVLQJ VXEVVWRGWQDW LRQW LALRYMHE KQMIEBG WH.Y N DIO/G
GLVWXUEDQFHV QRW DOZD\V OLPLWHG WR HPSOR\HHV

1RLVH LQ WKH PLQLQJ LQGXVWUAVIRF RI)WM HRE FRKHV PR X MIQ F H V
SUHYDOHQW HQYLURQPHQWDO LVVXHVPRVYYLERHABPRQVXEKHUWVH KHDOWK
GULOOLQJ ULJV ORDGHUV WUXWRY SEROBGQRHEUH[FRXXBEHUWR QRLVI
VFUHHQV DQG RWKHU IUHTXHQ®IOKRX\GHI \HTEAHBPIPQQYI LP SDLUPHQW V
VXUIDFH PLQLQJ DV ZHOO DV EOBNWRIQF KOHDWLW LGALIVHMD VHV )RU LQVW
LQKIKW O\ QRLV\ &RQVHTXHQWO\ @QRLYKIO KIKWBO® KIRZ QRLVH IURP P
EHHQ UHFRJQL]JHG DV D ULVN WRLHPS CLEERIPMY CDEWXRHM QUR WKH LQFUF

4 &RUUHVSRQGDQE DXMIKRWR # % Q X VWEIR PP D®
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GLVRUGHU FDVHV DPRQJ SRSXODWRRQMNVSIRQWH QRDW KRBHD GUDZEDFN!
SLW PLQHV $GGLWLRQDOO\ UH¥HD@FKKEYBHUYVWBBDNWWQDO\ SURSRV}H
> @ IRXQG MKIWHQRYZ QRLVH PBREKKQHY OHDUQLQJ 0/ SUHGLFWLR!
GRPLQDQW LQ PLQLQJ DFWLYLWLBWQRMDQ\L QERINMNFWOURSIHFOWLRQ S|
WKH KXPDQ QHUYRXV V\VWHP L®&BSQBWILRIOSURBXEWLGRSWLYHO\ 0/ W]
DQG WIPQ KHDOWK DPRQJ PLQH ZHRRHNHIU\G DV D VXS HURR G UMHS/SALRD FK K|
‘RUNHUV H[SRVHG WR SURORQIRGWQRILRHDVORY HD@WD O\WLFDO PRGHC
RIWHQ H[SHULHQFH IDWLJXH UHXW NG HFR\QKFHH QEREFMDHR QJEARQWLRQV
DQG LQFUHDVHG LUULWDELOLWD PRQF K XPOHNIRPOMWIHD'O BHBFMWQJ IDFWF
WKHLU RYHUDOO ZRUN SURGXF\WDYRWLWKPWHRWHAK QORLYBWLILFLDO
SROOXWLRQ FDQ GLVUXSW FRPRXQLFDWARGDIQE PR QIRUHVWY 5) >
HQYLURQPH@W\SRVLQJ VLIQLILPXGRIWDIHRWRU ODFKLQHV 690 >
ULVNV GXULQJ FULWLFDO RSHUDMLRQIVG V7 IGHVR R M D/Q\B W H G HHFWWAF W L Y H
PD\ OHDG WR FRPSODLQWYV D/@WLRKNILDEBXEVEXHWYSDFWY ORUH U}
&RQVHTXHQWO\ WKHVH SUREOHPBNVHDY FOKYW GHOB\V HHBORUHG DG\
VKXWGRZQV LQ RSHUDWLRQV DQRBRGKHIOW WKH FROPRHIMH) RARPELQDWLRQ
EHLQJ VROHO\ HQEMHFARFLRHQW M WWARKW *UH\ :ROI 2SWLPL]Q@WLRQ *:2
ILQDQFLDO DQG RSHUDWLRQDO BRDWKHRRVW SDLUHG ZLWK WKH %XWW
7R DGGUHVV WKHVH LPSDFWV $@XRUPWEPQJ %Q% XVRDUINH VKRZQ LP
KDV UHOLHG RQ SUHGLFWLYH PFRSGWHHG\ FWKHWHH DFFXRDFKHVZLWK FRF
KDYH XQGHUJRQH VLJQLILFDQ®HWRODQDMRIR QIURP H[FHHGLQJ
FRQYHQWLRQDO DQDO\WLFDO IRURXODV WR PRGHUQ GDWD
GULYHQ PHWKRGV 7UDGLWLRQDOBVSDYBOMNHEDOVRRBHIRWLW\ LQ GL
KDYH VHUY H®@Q GUWLRK) IRU SUHGRIMMLQ IDERLFVBLWLFLVP GXH WR WKH
JHQHUDWHG E\ H[SORVLRQV NHYXFWRGHOKLBKHDQ PDNH LW FKD
W\SLFDOO\ EDVHG RQ WKH H[SOSVHFHVFHODUJH IS\WUF®WO D\LQWHUSUHW
© DQG WKH GLVWDQFH WR WKH PROQHUNRKHQH\D\R FDMKLHRQFEQWLQXRXV
> @ +RZHYHU GHVSLWH LQRRUSWHUWMWR HESIOLNVLQWHUSUHWDE
SK\WLFDO SDUDPHWHUM EWEHWS LRAGDRWHY BUBIBQFWLYH DFFXUDF\ LV
WKHVH PRGHOV UHPDLQV OLPLWHHIX)QB®& WMWPOGMWM VFRQMWHQG ZLWK W
HW DO > @ KDYH FRQVLVWHQWGUVRBEZWLWKDWQRD QG BUWMVLQJ WKLV
VSHFLILF YDULDEOHV LQWURGXNHPS@FHUGWOL GWLEQONQ® LFDW DQG H
GLIILFXOW WR DFFRXQW IRU LRIIVWD QGIDUE/ SPUSERIFVRIQ HYWRZ HRBI U |
PRGHOV 6XFK YDULDE O HVWIKQ F OSXUGHHS VRWWHIPRPQ ) J DOHR JXQUHOLDEOH D
URFN SURSHUWLHY PHWHRURORUHELE WALRGIGEWILFQM QLI WKDW PD
WRSRJUDSK\ MXVWLILFDWLRQ &RQVHTXHQWO\ IRU
$WPRVSKHULF FRQGLWLRQV LQENK@EILIQMI® MSHKFE&PSOLDQFH ZLV
DQG GLUHFWLRQ WHPSHUDWXQRILVHQEGHIJXKDDRRRWYYLFVRKH DPDLQ Q
SUHVVXUH IXUWKHU FRPSOLFDWH MK WLYBPLWRRO QRLVIHWY SURY H!
GLVSHUVLRQ $V D UFD/OXIOBA D \MUMHEDQ D EHO DW \
HPSLULFDO PRGHOV RIWHQ IDLO WR SGWOGIL QRW FRQNLYWRUQW VYV VXE)
SUHGLFWLRQVLQXUQ G LYRQPHQWIBWHMUFXK UHPDLQ ,Q UHJLRQV ZLWK
RSHUDWLRQDO FRQGLWLRQV \%WHEBRVHRQRI SMWKHMHWHQW LVVXH F
XQUHOLDELOLWLHY GLUHFW SUNPWLBEQPH@PR EHWZHQFHVHOG DFRX
IUHTXHQWO\ UHTXLUH H[FHVVLYSO0D F\R QNH\ YODVGL WK N DUHWXLUHPHQW \
IDFWRUV WR FRPSO\ ZLWK UHJXQDWHRQV N Y, QL3R QWHE I/Q FFR QW H[W 6\
WKRXJK UHDVRQDEOH XQWlPDWHQR QYHGXFKHIREODMVN 61,
HIILFLHQF\ OHQJWKHQV SURMHW\HKHO(QJLD:\MDRQWLG}QI]_QJFD\QVBR‘BHIEHDVXL
H[SHQVHV 7KH QHFHVVLW)\ IRU UQR XD WVHRSXW FRASJLWRAHKVH Rl OLQF
LV EURDGO\ VHHQ DV VFLHQWLOHYDHOOA GHIISBHMPWG 7KQV GHFLEHOV
UHYHDOV DQ RQJRLQJ JDS RARRIMIHUWMHLOAQ W HULFO D RSU E\l MDKPHH Z R U 1
NQRZOHGJH LQGXVWU\ SUDFWDEBYVWWG RHIXQPMRRQPHQW DQG
IUDPHZRIAM\EMAKRPHY D IXQGDPHQWPIQWNXEHDWKDWWINXQIDQt+LGXS GD
FRQWLQXHV WR KLQGHU HIIHFWLYH HIBF)XMGIRRXHVLD UHTXLUH QRLVH
EH UHSRUNNHGKWHE GHFLEHOV G%$



=DH @D O -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

DUH PRUH UHSUHVHQWDWLYH IRU KWRDQE IDXIGLWRR\ KULKG WKW G % $
VHQVLWLYLW\ DFURVV GLIIHUHQW DPHEZRMWNFRHYQGRQHVLDQ UHJXODWF
7R UHFRQFLOH WKHVH GLIITHULQYN VNWBQBDHWEGWYV BMKH ILUVW WLPH \
LQFRUSRUZHUBINWALIOH $RUGHWEWHRQFRPSDULVRQ KDV EHHQ FRQ
PHWKRG SURSRVHG E\ )LQQ > V®H Fii QIFEPR QW HWK H
FRQYHUVLRQ RI G%/ WR G%$ 1HYHNQEHOHNVDQ IV WKH QRLVH SD
PHWKRGRORJLFDO GLYHUJHQFHEDQWWRGXFWY LW HMHVHIFDRK DLPV WR
FKDOOHQJHV LQQWHKI)VDHTIUWMMINMEROP D@RGDWLRQV IRU FRQWUROOL
UHJXODWRU\ YDOLGDWLRQ RI DHARPS\DFWY GIDW P LQOKR JQ EOGWWR. QJ DFW
QDYLJDWH EHWZHHPDVXQWE UXOREMPMNVH PDQDJIJHPHQW LQ PLQLQJ RSHUI
YDOXHV DQG SHUFHSWXDOO\ FRRSUHKM® GIMAMWDREGLQJ RI QRLVH
XQGHUVFRUHV WKH LPSRUWD QFFHFXRIDWHHD UBRGGILOWLRQ PRGHOV
PHDVXUHPHQW SURWRFROV DQ IHWQKIDQFLLRG DWQDDWHIEBY 7KLV VWX
DFFRUCLQ HQYLURQPHQWDO QRLQWLIJEKWAM WP HRKY QFH HQYLURQPHC
ZLWKLQ PLQLQJ RSHUDWLRQV 7HKEG RMRUNMVD RMFEXQWHQMF EDVLV IR
UHVHDUFK FRQWUDVWYV RQH RUW{BE RU VW RGHHO VIHEHIMADEY DOD W MRDID 8 D QG V
VLQJOH DQDO\WLFDO RU HPSLULFDO IRUPXOD 7KHUH LV D
VLIJQLILFDQW ODFN RI VWXGLHV WKDWKRBRGRFW D WKRURXJIK
VLPXOWDQBREKVRERP®RQJ D ZLGH BDWHHEXKIDUDFWHUL]DWLRQ DQG (Q
PRGHOV > @ $ WKRURXJK EHQRRPDWNROQNTXLUHV
HYDOXDWLQJ VHYHUDO HVWDEOLVGQM)GG\D@JD—IGD\WLFDO DQG
HPSLULFDO PDGIM(XVWH/GWPIRGHO

GLYHUVH 0/ IUDPHZRUNV DOO D I-}Q{ HBRJF WLRQ LV VLV

%XNLW $V
FRQVLVWHQW GDWDVHW BIOWII[(L L5 fDQMXQJ (QLP

RSHUDWLRQDO HQYLURQPHQW R w 6 X P URYLOFH
7KLV VWXG\ DLPV WR DGGUHV\. E HDUFSDU
HPSLULFDOO\ HYDOXDWHV D Q LQJ VW UL
DFRXVWLF FRQYHUVLRQ PHWKR JUR I%XLSPHQW DUH
SURYLGHV D FRPSUHEKDi\Q—}vGL £\ UHVLGHQWLDO [

QW%FV@ UHSUHVHQW

FRPSDUDWLYH DQDO\VLV
WKUHH HVWDEOLVKHG DQDO\WLR qp MM%DGVY_IE
D VVWHFLILF UHJUHVVLRQ PRGH 669 |B

DSSURDFKHV LQH’(BIK%G).LQQJQ\M—K‘H—K
OHDUQLQJ DUFKLWHFWXUHYV DQG

$UWLILFLDO 1HXUDO 1HWZRUN (DFK PRGHO LV DVVHVVHG
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6 XPDWUD %DVLQ IRUPHG E\ WHFW

Rainfall (mm/month) EHWZHHQ WKH V$KGMWRDIOQD ,QGDW H I
w WKH (XUDVLDQ SODWH 'XULQJ WKH |
g ZKLFK ODVWHG | 7RE WLKHJ O IR HVKHHH [
5 7HUWLDU\ WKH PRYHPHQW Rl WKH SC
£ 20 'HVW GLUBVWARK PRVW FRPPRQ LQ WK
 io | 7KHVH EDVDQVLDIUHG FV IRUHODQG EL
o habulialulud gt Lo bilalh neo EDENUF EDVLQV JHR@RJLFDOO\ >
x@°°1§«°”‘ & \ov@‘,\og@e&@eof;f“ s $FFRUGLQJ WR 'DUPDQ DQG 6LGL >
o w2023 LQ WKH 6XPDWUD UHJLRQ H[KLELWYV

FKDUDFWHUL]HG E\ D FORFNZLVH
JLIXUH 5DLQIDOO GLVWULEXWLR® RFRWPKIHDQH\HHD FKDUMDY LQ WKH RUL
IURP WR VXEGXFWLRQ JRQH 7KLV SDWWHUQ UH
RULHQWHG BROWRQWIXFWXUH ZKLFK

*HRORJLFDO DQG *HRWHFKQL/RQP pRPBBARUN RI WKH VWUDLQ DQG

7KH JHRORJLFDO FRQGLWLRQWPWREH SWYWLHOUBOHIEHEHWR WKH  L(
D SULQFLSDO GHWHUPLQDQW RIE¥EBDBDYWWDLSHANRWPH\YMHBoEY VKRZQ L
DUH WKH SULQFLSDO VHULHV RI"RBPRIWPHOBODE &t WKH /DKM E\ *DI

LQ WKH VWXG\ 7KH VLWH ORFDW®RR&FDW HNVWW K& WPWLKVE QURNRRVW K E KDD R
WKH$LU %HQDNDW )RUPDWLRQ

SWAMP DEPOSITS
Mud, silt and sand

2 = ALUVIUM
Sand, sitt and clay
AR
KASAI FORMATION
Tuff, sandy tuff and tuffaceous sandstone containing pumice

= YOUNG VOLCANIC UNIT
Andesite volcanic breccia, lava and tuff
ANDESITE
Andesite igneous rock, in the form of rocks

AIRBENAKAT FORMATION
Alternation of mucstone with siltstone and shale, generally
calcareous and carbonate

n MUARAENIM FORMATION
MPM | Mudstone, siltstone and tuffaceous sandstone with coal intercalations

GUMAI FORMATION
Claystone, shale, in some places limestone, limestone intercalations

TALANGKAR FORMATION
Very coarse - fine sandstone, siltstone and claystone
limestone and shale

~N\_~~— River

= Straightness
.......... Straightness Indication

—+—+ Sinkin

¥ —4——{ SinkliinIndication

% Antikin

‘_ - -3 - —i Antiklin Indication

J)LIXUH *HRORJLFDO 0ODS RI WKH /DKDW 6KHHW E\ *DIRHU HW D

$FFRUGLQJ WR %LVKRS > @ WOKWDI6 RR WD BRIV WD N

EDVLQ JHRORJLFDOO\ FRQVLVWV Rl TH U\ .V H \
URFNV WKDW XQFRQIRUPDEO\ %R7 L l‘?;?ﬁgl év)?RVUED\vsi(SSE
EDVHPHQW URFNV WKDW ZHUH , Qn VWLQJ RI FRI
7THUWLDU\ SHULRG $V FDQ EH VH (?gé) P ! gé Iy

56\

LWV 7KLV
0DS RI WKH /WKIDQV) BEKKHWH W KH
VWXG\ LV LQ D VHULHV RI VHGE x O WM Rk [PXYLDO HQYL

$LUEHQDNDW )RUPDWLRQ 7PD E%Q§H7 QQB%L%%BDWLRQ 7PD

JRUPDWLRQ 7PSP LQ PDMRU

VWUDWLJUDSK\ WKDW LV UHOHYKoaW | RURP DWKLR QE OW RV LA RFHQH WR

RSHUDWLRQ LV FRPSULVLQJ VDQGVWRQH VLOWVWRC
XQLWV 7KLV IRUPDWLRQ UHIOHFWV L



=DH @D O -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

VKDOORZ PDULQH WR D GHOWD WUD@QDNWILRD NWVIGILPHQWDU\

HQYLURQPHQW 7KH GHVLJQ RI EODVW JHRPHWU\ LQ
RSHUDWLRQV LV FUXFLDO IRU WKH V>
OXDUD (QLP )RUPDWLRQ 7PSP  \\ i "EODVWLQJ SURFHVY 7R HQVXUH |
7KLV IRUPDWLRQ LV RI /DWH OGR¥WQHEXR/ 13FQ RAHAHSDUDPHWHUV
DJH FRQVLVWLQJ RI FOD\VWRGH FLQUOWBVYWRQHKR®HGHSWK SRZGH
VDQGVWRQH XQLWYV ZLWK FRDO MQW ¥V HGV FR &N LFGDUCH R XORGW HRYHU
LQ WKH 7PSP IRUPDWLRQ LV IR@RZKHVIRWEODNW VLWHY XQGHU VW>
HFRQRPLFDOO\ YLDEOH FRDO FRRWVOH®WH D GWMHMWH FRIDFWY 7KH JHRP
%ODVWLQJ DFWLYLWLHV LQ WEHVPULBB\LRBURH WRAHE GRVWLQJ LQ W
KDUG DQG PDVVLYH VHGLPHQWDU® Y RPN R D VIYVVIRRLORINVW R
WKH QDWXUH RI WKH $LUEHQDNDW DQG .DVDL IRUPDWLRQV
7KHVH URFN PDVVHV ZRXOG W\S - Frec o
MRLQWY DQG EHGGLQJ SOI :
GLVFRQWL ®XDWYWWRGQMW LQIOXH
HIITHFWLYHQHVV RI H[SORVLYH
IRUPHG IUDJPHQWDWLRQ

Hole depth

$WPRVSKHULF &RQGLWLRQV .
e e g, . Stemming
IRZIUHTXHQF\ DFRXVWLF HQH *\

VXFK DV QRLVH JHQHUDWHG IUF H
WR ZHDWKHU FRQGLWLRQV &RC Charge. . g 5
VSHHG DQG GLUHFWLRQ YHUWL £ zlQw

DQG UHODWLYH KXPLGLW\ FDC(
VRXQG SWHMHQM DW D GLVWIE
SRVVLELOLW\ &% YDULDWLRQ . ‘
6SHFLILFDOO\ WHPSHUDWXUH LQYRHbIW U BPREYWVWRRMMARPHWULF GHYV
ZKHUH LQFUHDVLQJ WHPSHUDWXUH ZLWK HOHYDWLR
GRZQZLQG SURSDJDWLRQ FDQ FD®P®VWRAGAZTWEI' SDUDPHWHUV
UHIUDFWLRQ RI VRXQG ZDYHV 'KIWKLNVRRQWXEVLREH EODVW JHRPHW
DFRXWMHUJ\ DPSOLILHV VRXQBV BWHWGHYWPRPQWQ 7DEOH '"HOD\ WL
UHFHSWRUYV &RQYHUVHO\ WHPRBK YBWXEHW RIODBMWHDQG PV 7KF
FRQGLWLRQV ZKLFK DUH W\SLFRO RIHEO@OWNDWLFNKHQRY GRUXFLDO IRU U
XSZLQG SURSDJDWLRQ OHDGV WRWRIDWGROHWHOKWMORF® EHWZHHQ K
ZKLFK FUHDWHV DFRXVWLF VKDRE FRQHYONVQED WIS XSRHREHVY ZLWKR X
VRXQG OHYHOV > @ H[FHVVLYH SUHVVXUH WKDW FRXOG
7R HQVXUH WKDW WKH QRLVNWIEDMLUHPRIR WY LDYHU GDQJIJHURXV Y
UHSURGXFLEOH DQG PLQLPL]H WKHH{KFR @ORRQ GLCDIVIMWP IR HW U\ LQ WK
RI PHWHRURORJLFDO IOXFWXDWLRQW DRODH-E IEYV WKW LRRSHUDWLRQD
RI' WKH PRGHOLQJ RI WKLV VIVARULWLIWEKDPWDIHHOQA DQG PLQLPL]LC
PHDVXUHPHQWY ZHUH WDNHQ XESDHW W bREODRL P PEP GXH WR WKH
FRPSDUDEOH DWPRWSKRQULFFRRQGEXMWHRLQJ VLWHV WR UHVLGHQWLDO
ZLWK WKLV DVVXPSWLRQ DOO RWMKHWV VAHH W BFIREUEGEHES BUV/G LQJIO\  V
PLGGD\ SHULRGV WR ORBPQ WERHHF¥WQRFHUZDV WKH LPSOHP
JRRG DWPRVSKHULF FRQGLWLRQNR QWY RO FRODHMWLIRIOWHWKRG  V
ZHUH FRQVLGHUHG DV FOHDUVWNUHMHPEVHQF¥FHUROPHQWDO UHJIXC
WHPSHUDWXUH LQYHUVLRQGOD\HWESURPE KORENRHRYGHG PHYHWKQW RYH
VSHHGVY EHORZ PV 7KLV PHWHBGRAAQYWUWLWXWHYLWKXHLFDQW IDFW
EHVW RSHUDWLQJ SUDFWLFH IRJG HRUALY RQ PHFRQWD @ XRRLEY KLJIK JUR
PHDVXUHPHQW DQG ZDV XWLOL]HQ MFDO VR Y Yol VOKDWFW KH @
REVHUYHG IOXFWXDWLRQV LQ PHRYHURIGWIRH Pid MRX FR EHDFWHU LV W |
DWWULEXWHG WR SDUDPHWHURUKXQGWHG FRIAWUBOA VZWWHK XVH RI D
PLQLPDO XARURQULHURP X QF RDWBERH@QOBISGW LR + % RU EXUGHQ VWLI
DWPRVSKHULF IDFWRUYV EODVWY WKH + % UDWLR ZDV PD

Detonator ...
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FRQVWDQW RI 7KLV LV D VKWW HEORSAQ B NXLILF VAW FRQILQHP HC
FRQVFLRXVO\ GHYLDWHV IURPURFNWRBVV WLSMKERXOW\FDXVLQJ XQGH
UHFRPPHQGHG IRU PD[LPXP |UDYPHQMWDVRIRQ W R@ RVKH FRAPIGEWR UK
/JRZ VWLIIQHVV UDWLR LV REV6SDHBRIR GHIX Ve %0 HVIYVW LRV ZHUH P
HIILFLHQW HQHUJ\ XVH IRU |UZLAMHQVQDWKIR RSWILWRODUDQJH RI W
WHQGHQF\ WR ($UBDBXFHQWNUJHKLRRBGDVQWHUDFWLRQ DPRQJ QHLJKERU
KRZHYHU D GHVLJQ UHTXLUHPHQW O\DR/WHGX Ml VWK 8 RFIDYWHM®R QV DUH S|
RI FRQILQHPHQW RQ WKH H[SORVMLYWWHRIQQUZ B VDRIGU WIKHE RXW RQ WKF
SULPDU\ FDXVHV Rl DLUEODVW WRIE ODRXD R | YALEVUHDW URGN WKDW P X\
> @ 7KH UHVXOWLQJ FRDUVHU BD¥WHY®HWXBIWSHOL\PINDD\F WRXUEH 7KH Fl
URFN ZDV GHHPHG DFFHHXWQRRNHIRAXUGHEY DUH XVXDOO\ KDUG
PHFKDQLFDO H[FDYDWLRQ E\ VKWRKHOH RIMDIY KRH IFKHQMW EODVWLQJ SI
WZWRWDJH UHPRYDO SURFHVV IRU § WOI\DIGMIGY W R UHDXMLHYH DGHTXDWH 1

6LPLODUO\ WKH FKRRXQGHBQYHRPPEIQHIQW H[SORVLYHV ZKLOH PDLQW
7 % UDWLRV RI W R ZHUHRID WMWK HR | ZRKIN DIJIMV\DQG HQVXULQ.
IRFXVHG DSSURDFK 7KH\ ZHUH HEHHQO/LHRHG MERWMDHOS USIVRWWFWLRQ 7K
D EDODQFH EHWZHHQ JDV FRQILQHPHEW VD PR O/H.E QHDRVALEQW HQN LD
UHVWULFWLR®W PR QIYRQ WKH R\QKHURDRHDWY ZKHUH GHVLJQV D
LPSURY®IMQFRPHQW DQG FDQ ORBGLWRIGKLUUKRPU SURGXFWLRQ RSWLP
JURXQG YLEUDWLRQV > @ 7KH VHDHFIWHREUUDWGRWRRLDOOWUHTXLUHPH
ZHUH WKHUASIREWH LFLARP SURPLVHY DLPHG DW

TDEO®WODVWLQJ JHRPHWU\ SDUDPHWHU

%ODVWLQJ *HRPHWU\
1R™ 'LDPHV/HWXUGH@SDFLQBWHPPLQJ &ROXP(Q 7RWDO 'HSWK
PP P P P &KDUJH P P
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JLIXUH %ODVWLQJ VLWH ORFDWLRQ

([SORVLYH 3URSHUWLHYV DQ(%%%%%%@Q%%? %GDQVIHCD(;\ALISI:J'I:I:NUHHGQEI:INF‘

7KH HQWLUH EODVW KROHV BGHLWKDHGEHEWKLY KRDP ZLQGVFUHH(
$PPRQLXP 1LWUDWH )XHO 2LO ©®IHZXHQFALGROYH FDXVHG E\ ZLQG SD
XVHG H[SORVLYH LQ PLQLQJ ZKREFRKURBYXRQBHRMVILSKUBDIP ZKLFK ZRX
J FPA $1)2 ZDV VHOHFWHG RRRYWH EIBYGWWMDMKVKH PRQLWRULQJ X
DGYDQWDJHV ZKLFK DUH ORZ VWRVXDWH® DM BLWASRFEDO VHFXUH GL
SURGXFWLRQ DY®GWORVR VMHMIDFMLIMKIHFE@QDVWLQJ VLWH LQ DFFRUGDQF!
VKRFEN RQ FKDUJLQJ 7KH FKDUJWWDWQY&BUJGFSO RMAFG PWRIDIDWLRQ HI
LQLWLDWHGIOWHFERVD LERIAR LWL D W LSRRV OALVOQIDRVAN GIRU HDFK PHDVXUHPHC
XS Rl VXUI|IDERIOBIQGHIO® GHWRQDRERMUDAL QHG HMKGD* XD QBFHLYHU 7KH
PHDVXUHPHQW SODQ DQG ILHOG

JLHOG OHDVXUHPHQW VFKHPDWLFDOO\ LOOXVWUDWHG LQ )L

, QVWUXPHQWDWLRQ UHVSHFWLYHO\

7KH PHDVXUHPHQW ZDV FRQGXFWHG. X J.D
,QVWDQWHO OLFURPDWH VHLVPRJL%\%PR $%+>%}§’#¥$LD%?’DUDPHWHUV
GHVLJQHG LQVWUXPHQWQ GRU HGH FRU G IQWX B0 BRWVLVWHQF\ DQG UHSL
HQYLURQPHQWDO HIIHFWV 7KHFVXLVPWRIBRSKD ZDVHWHUV RQ WKH 0
HTXLSSHG ZLWKFRPGOLBQW OL@BIOGDUGL]HG DFURVV DOO PRQLW
PLFURSKRQH 7KH VHQVRW\KDW HWWQQYSHFHULF FRRVHQ WR DOLJQ
DSSOLHG IRU PHDVXULQJ DLUEQZHUNR UWDRREWY N VADHMG DUGWWRU VHLVI
IUHTXHQF\ UHVSRQVH IURP +] WRG EH|VWKSBEMRIGLMWRULQJ DLU RYH
XVHIXO IRU HITHFWLY HOW UKHFR B®IRQ 3 URIGKIBRIBILIK, GDWD UHFRUGLQJ\
DFRXVWLF HQHUJ\ FKDUDFWHULBWYACGRRDLU @%HIZSPWVHYNZEHHEWHG DV
IURP OMRDIMH EODVWLQJ FXMMI VLJQLILFDQWO\ DERYH QRUP
,Q WKH ILHOG WKH PLFURSK RHMY ZDR QPHIMAH® RIQ/BD OHYHOV LQ WK
WULSRG DW D VWDQGDUG KHLJIWWIIRELH QR (D EWRE VO EYOHD WWR HQH/QEW
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PLVVHG $ VDPSOH UDWH RI DK SXOWHYGSIHRW DHOFRBBHQWY SURYLGL!
ZDV XVHG PRUH WKDQ WZLFH WAKAIH GRXLWWR IBESWKQH WKH HQWLUH
RI WKH VHQVRU V +] XSSHU FXRWRIUSWRWYXOK R2DKMHIKR URY HEW O X G L Q
UHVROXWLRQ GLJLWDO UHSUHVHDQDWDONIORHQIRU WKWLPOWORJIXMPELHQW
SUHVVXUH ZDYHIRUP $ IL[HG DQGIFRBSOQWPOHNQIQYKO GHFD\ IROORZ

YLIXUH %ODVWLQJ DFRXVWLHE PHMHV X UACBQYWLQJ DFRXVWLF PHDVXUHPHQ
VEKHPH PHDVXUHPHQW DUHD

([LVWLQJ 1RLVH 5HIJXODWLRQLWRFPLOQOPQIJHDFWLYLWLHYV SDUWLFXC
SUHYHQWLRQ &ULWHULD RSHUDWLRQV 7KH OLQLVWHU RI (QYLI

QGRQHVLDQPLQLQJRSHUDWL ﬁﬂ;ﬁﬁgﬁg?%ﬁ
D PXOMHUHG UHJXODWLRQ DLP h CLol Wi
HQYLURQPHQWDO SURWHEWLRQO Q 7KU
VDIHW\ 9DULRXV QDWLRQDO UH Vv SRUW

GHFUHHYV VSHFLI\ SHUPLVVLEOH

DLUEODMW I LE FBWLRQ VKRXOG E# % % J\DQGOLQHU
UHJXODWLRQV JRYHUQLQJ JHOQ S CAUN 5 (o
PHDVXUHG RHQLIKKAFHHE GHFELEHO 7 | HEWV DOG WK
DQG WKRVH JRYHUQLQJ LPSXO \H%% Y ﬂéﬁ%b%é 01 JoLoLe
FDXVHG E\ EODVWLQJ PHDVXUH H 5 PRQLWRU

VFDOH G%/ 7KHUGMXNWE@DBOHHILV
WR PLPLF WKH KXPDQ HDU DQG

v SSURSULDW!
QRLVH VRXUFHV ZKLOH WKH G% F“ﬁ | VﬁSSﬁf@Eﬁ
DQG LV UHTXLUHG WR DFFXUDW 5 H HPSKDV

SUHVVXUH RI WUDQVLHQW HYHQ \é |
7KH PRVW GLUHFWO\ UHOHYD &4%1_ mﬁPPEQf jfh
VWXG\ LV 61, D UHYL QLQ

iV RQ PHDVXULQ.

m@? R
) Ké*ﬁW o x v

RI ! VH 5HJXODW
W TS

ZKLFK UHIXODWHV QRLVH ]
DFWLYLWLHV LQFOXGLQJ WKRV
7KLV VWDQGDUG HVWDEOLVKH
PHDVXUHPHQW QWKHX\HTX L SP®
LQWHUSUHWDWLRQ RI PHDVXUH
QRLVH OHYHOV SURGXFHG E\ E
VSHFLILHG OSBHWVXUHJELU EO w
JHQHUDWHYV VLJQLILFDQW QR
UHJXODWLRQ FDQ VHUYWLQY W Nb¥ DQDJHPHQW |

H DQG GLVWULEXW
DFRXVWLF LPSDFW RI EODVWLQJ"} w oIV
9DULRXV UHJXODWLRQV LQ ,0&RIEMNY WVHERQYHRA

VWDQGDUGYV DQG HQYLURQPHQWDO LPSDFWV DVVRFLDWHG

U \4
H
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RWKHU UHJXODWLRQV WKLV UX3H$ | R DXOWKHHW PZROUH LRQF OKIGFHG WR SU
VHFXULW\ DVSHFWV RI H[SORVLYHRQVHUYDWLYH HVWLPDWLRQ IUDPHZ
2YHUDOO DOWKRXJK WKHVHSWHGXOWWLHR QPR GHIOWH ZHUH DOVR H
GLIIHUHQW IRFXVHV WKH\ DROLJE®DWIUQE XWRPY SMREDLLR/X\H G MODX G
HQYLURQPHQWDO PDQDJHPHQW DKHY H RRRGOO¥HDWHM HMOO LPSOHPHQ
LQ PLQLQJ DUHDV 7KH ODWHVWVVWOBGWDQVH VKRERGEWBWLRIL IRl EOD)\
SURYLGH PRUH WHFKQLEPDSDFXL.GBQHABLRYLRQ HVKMKHFRQFH

QRLVH PHDVXUHPHQW A\QRW KWMRP HRSXIUGYRQ] VFDOLQJ ODZ ZKLFK UH
RSHUDWLRQV UHPDLQ ZLWKLQ VRQGDRARQWD CDQEDGRQQRWZ LQ H[SOR
GLVWXUE WKH VXUURXQGLQJ HOQXYHBQWRQBUHGLFW WKH HIIHFWV RI
GLIIHUHQW GLVWDQFHV DQG FKDUJH

5HVXOWV DQG 'LVFXVVLRQ H[SORVLYH HQHUJ\ \LHOG EODVWV :
2YHUYLHZ RI 'DWD DQG $RMIOMWUHDOXUH ZDYHV DW WKH VDPH
JUDPHZRUN =—% ZKHUH 'LV WKH GLVWDQFH IUR

7KH GDWD VHW DQDO\]JHG VRREQORQMDUDW®HLF IRUP RI WKHVH HT.

FRPSULVHV EODVWLQJ VLWHV WK URBRWHWUIHGVEUMWKGILQY) DQG DWW

IUHTXHQF\ G%$ DQG G%/ OHYHQ@WWYHIDVXUHG DV ZHOO

DV WKH FRUUHVSRQGLQJ SUHGLFMH RQUVVWDSWHGEVEWIRQ PRGHO ZD

YDULRXV DFRXVWLF SUHGLFWLR®DL PERGHO V@ 7 MMV R PREZHO V

HQFRPSDVV D S®QREBFRHVD LQFOXGLQJ

DQDO\WLFDO HTXDWLR GV \EDNG BIER R LVVFP%HrtVZFD—é;—!:JpE{)v:

FRQFHSW WKH )AQWLFRGBUHFYWLMRIRQ DQG 9=

VLWSHFLILF UHJUHVVLRQ PRGHOV +HKSHGH Q R WIFRW MIXQFPID[LPXP FKDUJH

PXVW ILUVW EH XQGHUVWRRG E\ NG HIHOID& UGDBMBEK\HH KNV LWERE GLVWDQF

SURFHVVHV WKHWDLP WR UHSUHWRIQUFH P 7KH VHFRQG PRGHO S
%ODQWXFHG DLU RYHUSUHVVX2H61% DARRABDUHVVHG DV

SK\WLFDO HIIHFW FDXVHG E\ WKH GHWRQDWLRQ RI

HISORVLYHV 7KH KHDW LV UHQ@:BVIHBs NHUY—EXERND\

WKURXJK DQ H[RWKHUPLF FKHPLFDO UHD®WLRO

JHQHUDWLQJ D WUHPHGGRXVXYROXPHHIRUKSUKIVHQWY WKH PD[LPXP FK

VXSHUKHDWHG JDYSWROWYV Y ISKOVBEQD\ MJ GEOWDQBYGERU WKH GLVWD

WKH VXUURXQGLQJ DLU RXWZDUGUR® G WRHWWROQUFB S WKWV XWKLUG QRL

ZDYH VSKHULFDOOW |WG@YRHVEBYWRAMBPM LRQ GHYHORSHGE@\ VPRI QG .L

DOVR FDOOHG D EODVW ZDYH EWOR@H ZKHUH SUHVVXUH

UDSLGO\ LQFUHDVHV DW WKH ZDYH IURQW IURP DPELHQW WR

D PD[LPXP YDOXH WKHQ GHFUHDVFS 2 QHR YDA

H[SRQHQWLDOO\ EDFN WR DPELHQW SUHVVXUH IROORZHG

E\ D QHJDWLYH SUHVVXUH SKDVH EHIRLFK HFIX MKIHEVH. XPTXBWLRQ PRGF

UHUW®R 7KH SDUW RI WKLV SUHMSKBW H® G % KDWXHW DV D IXQFWL

DXGLEOH W\SLFDOO\ FRUUHVSRQGDQSE VPR DVHOUMARAQFYFDOH GLVWD

JUHDWHU WKDQ +] LY SBTKAHLSHG OY@RLWRG KROH FRQILJXUDWLF

)LQQ HTXDWLRQ PRGHO ZDV GHWDWDG UWHRA GIHBHY WLHIRQ G%$ RI DSS

DQDO\VLV EDVHG RQ PRROUXHA/GLER® WAL W §RD $U D QUR G% 7KH PHDVX!

GDWD DV JRYHU@DE EFKRZIQLQ BREOHYHUDJIH ZDV G% LQGLFDWLC
7KLFRUWUHFWLRQ LV UHIHUHQ@QIHBXUD RWBEBORYEYH EODVWY DOE!

1DVLRQDO ,QGRQHVLD 61, DWWHQXMRWLRQZHRIJBWGHIGEOHRXQG OHY |

FRQYHUWLQJ WKH G%/ YDOXH WR K& $BGILWILRK DAGIODWLRQVKLS 3F

VHSDUDWH UHJUHVVLRQ PRGHO HIDVWG® R G HWGHGHRE BRIV H V
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7TDEOBIHDVXUHG UHVXOWV RI G%$ DQG G%/ YDOXHV DV ZHOO DV G%$ SUHGL

1R

)

G%$G%/
OHDWHDV

G%$ BUHGLFWLRQ G%$ B3UHGLFWLR®R$ 3UHGLFWIGRAS 3UHGLFWIGRAS BUHGLFWLRQ

%\ )LQQ

E\ 5HJU

E\ (T E\ (T E\ (T

$ 8RUUHBWIBREODOBRU G%$ &DOFURU G%$ &DOFJRU G%$ &DOAURU G%$ &DOFURU

7TDEOSZHLIKWLQJ UHVSRQVH

JUHTXHQF\ +]

$ ZHLIKWLQJ G%

&RPSDUDWLYH $FFXUDF\ RI 3UI
(TXDWLRQV

7R DVVHVV PRGHO DFFXUDF\ WK
SHUFHQWDJH HUURU ZDV FDOFXODWH¢
DQG PBBHOGLFWHG G%$ YDOXHV 7KH
SRLQWVY RXW LPSRUWDQW GLVDGYL
DSSOLFDWLRQ RI JHQHUDOL]HG DQDO!
PRGHOV DQG LQ&VEDIW HNREIMNKIEWEFH F H
FDOLEUDWLRQ 7KH )LQQ HTXDWLRQ
XVHG LQ PLQLQJ DFRXVWLFV PRGHOL

,QGRQHVLD H[KLELWYV LQIHULRU
SHUIRUPDQFH ZLWK DQ DYHUDJH HUL
PD[LPXP HUURU H[FHHGLQJ TKLV G

VXJIHVWV D V\WWHPLF LQFRQVLVWHC
PRGHO V DVVXPSWLRQV DQG WKH DI
REVHUYHG LQ WKH VWXG\ V RSHUDWL
7KLV SURIRXQG XQUHOLDELOLW)\ LV D
HPSLULFDO PRGHOV LQKHUHQW OLPL
WKHP X QGRHM QM UD OL]DE O@7 kKD W X U H

PRGHOV FRQVLVW RI D IXQFWLRQ RI
LQWHJUDWHY WKH FRPELQHG LQWH
QXPHURXV YDULDEOHV EHVLGHV FKI
GLVWDQFH LQFOXGLQJ EODVW GHVLJ
KHLJKW EXUGHQ IDFH RULHQWDWLI
WRSRJUDSIKHEG L@IKH FRQVWDQW DO
LPSOLFLWO\ LQFOXGHV WKH PHWHRU!
XQGHU ZKLFK WKH RULJLQDO FDOLEL
PDGH OHWHRURORJLFDO IDFWRUV O
ZLQG GLUHFWLRQ DQG WHPSHUDWXL
FRQVLGHUDEO\ LQIOXHQFH WKH VRXQ
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UHIUDFWLRQ DQG WKXV FDXVH FRUUBEWERQW KQRXHOWHKRUIHIJUHVYV
GHFUHDVH RI QRLVH OHYHOV ZLWR\GR ¥ORQAE\ $BEORQWRR  OLQH R
HPSLULFDO IRUPXOD WR D QHZ ORFDWLRQ ZLWKRXW
UHFDOLEUDWLRQ LV WKHUHIRUH VFLHQWLILFDOO\ XQFHUWDLQ
7KH JURVV GLVFUHSDQFLHV REVHUYHG KHUH MXVWLI\ WKDW
WHRSOLFLW DVVXPSWLRQV LQFRUSRUDWHG LQWR WKH )LQQ
HTXDWLRQ FRHIILFLHQWY DUH LQKHUHQWO\ XQVXLWDEOH IRU
WKH SURSDJDWLRQ FRQGLWLRQ RI WKLV FXUUHQW UHVHDUFK
DUHD

+RZHYHU WKH HTXDWLRQV (TV DQG
\LHOGHG LPSURYLQJ UHVXOWV ZLWK PHDQ HUURUV RI

DQG UHVSHFWLYHO\ 21 WKHVH
(TXDWLRQ ZDV WKH PRVW UHOLDEOH PRGHO ZLWK DQ
HIWUHPHO\ ORZ HUURU Rl WR D PD[LPXP HUURU RI
7KLV ILQGLQJ W KR Z HGU HDIQD

H[SHULPHQW FRQFOXGHG WKDW WKH PRVW LQ DJUHHPHQW
ZLWK WKHLU ILHOG GDWD PHDVXURKBHQWYVvEBYwWKHuRU FRPSDULVR

21(&5& HTXDWLRQ @TKH SUHVHQW  SUHGLFWLYH HTXDWLRQ PRGHOV
UHVHDUFK RQ WKH RWKHU KDQG UDWHV WKH <DQJ DQG .LP

PRGHO DV VXSHULRU 7KLYV SURYLG(biryFRQdQUH—DYU.@H—@JFlgluR{IGL|:W|_YH OF

WKH IDFW WKDW WKH FRPSDUDW %FF)é}JDF\ S/I
D | WKH HPSL
JHQHUDOL]JHG DQDO\WLFDO DQ %% MY DHR ELOLW\WR oL

L
ODUJHO\ GHSHQGV RQ WKH VL |
ORFDRMLBSOLFDWLRQ ZLWK WK %% USRVPSDV\Z?GQJWE?
ZKLFK WKH PRGHO ZDV LQLWL

UH
SUHLWH WHVWLQJ RU VHOHFW E%g REPE! OLHRG 5R5UHHF|5’F,
GHYHORSHG XQGHU RWILKRD OV Q Q

SHUIRUPDQFH RI DQDO\WLFDO DFKHV > @
RSHUDWLRQDO FRQGLWLRQV / DOJRULWKPV VXFK DV 5DQGF

GHSHQGV RQ WKH FRQWH[W ZK LRIJPDFKLQ

7KH PHDVXACHAHRQWRUUHFWLR LDF@ 1HXUDO IHWZRUNV $11
WKH UHJWHYMWIR® HTXDWLRQ E DQG RWKHUGHQ VHPEC
PHDVXUHG GDWD SHUIRUPHG E %%?KIHHBWD’LLRI E
DYHUDJH HUURU RI RQO\ URXQG YLE
HPSLULFDO VRXQG PRGHOLQJ EF HTHWY<R SUHFLVLRQ

LQYROYH XWIHBELREWHHFWLRQ |[5'|Pv§ Wc/

LKy &’Hﬁfﬁ%‘%@@ﬁ VR
DFFRXQW IRU WHUUDLQ PHWHR L I.C-% DWLRC

IDFWRUV@GYDQFHG SUHGLFWLY

LQ UHIJXODWRU\ DQG SODQQLQJ L'W\ﬂ%ggg VAVWH
$UP\ V 81$36 PRGHOV LQ IDF \ Q URDFK <D
SULQFLSOH UHTXLULQJ SUHFL H #WGRZEDVEVQI_I—?

SUHGLF@ KH LPSURYHG SHUIRU
VLWHHFLILF FDOLEUDWHG PRGH '%’EP WR HYDO
LOWHUQDO WHVW RI WKLV SULQ k B Q\q\é\%‘@"
HYHQ D VLPSOH UHJUHVVLRQ 5%% WU UDO
GUDPDWLFDOO\ EHWWHU WKDQ >E W'#|G %ﬁ ‘FP@KLQH

HTXDWLRQV LOZD\ YLEUDWLR lL\YHNKUR

7KHVH YDOXHV DUH LOOXVW |§P DV\(gL Kﬁlﬁs@%wH DOJRULWK

VKRZQLURUHZKLFK UHSUHVHQWVPL(S \5% SHFWRU 0D
DEVROXWH HUURUV DFURVV W i T

PRGHOV 7KH PHDVXEIHH G RRRGHH W WHL‘%&PF\%}B%Q’MWLRC
DOVR KDV D VPDOO LQWHUTXDTR/\‘/?L UDDQQJI—>| R@L%\R/WHG DQ H|
RFFXUUHQFH RI RXWOLHUV DV v %‘%gﬁb%%WQUQLQJ
6FDWW HU) ISIXRMN EVH T XHQW O\ |ir|9 JKERUV

WKDW (TXDWLRQ DQGEDN/IHKB QW*XUDO IHWZRUNV DQG
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5HJUHVVLRQ DV ZHOO DV K\EUL G PRREGOW UDSVWH.® LYXSG YWIDRU SHUIRUPI
WKH $ULWKPHWLF 2SWLPL]DWIFRQVBOWRIQIFW KBQGWR REXVWQHVYV DI
LQYHVWLIDWH SHDN SDUWLFOH MHORKMAMFL BB ID QXK B %W OEYHOV 4XDC
UHSRUWHG WKDW W KGH YHDER § R GOHHODW GIUQRIG XFHG DYHUDJH SHUFHC
PRGHO DFKLHYHG VXSHULRU SUSSGUIR[WR Y WAHDRHFXUWRKH 5) PRGHO VKR
2YHUDOO PRERUQAFD QHIRWHQW LD CFW\RFHYHWHRGELG XDO JURXSLQJ DURXC
PRGHOV WKDW RIIHU VLJIQLILFINM@MW QIGHDBIAR GHIYHQWY ROQOQLQ HUURU UD
SUHGLFWLYH DFFXUDF\ UREXVBAQWKM 5V R RGRIOVHHODQA WKLQ WKH H
DGDSWDELOLW\ WR FRPSOH[ VWRHPVZLARR RDQUHGD WRZ FDVHV H[FHH
WUDGLWLRQDO HPSLULFDO RU QKREOW UBDNW P HWIKHR G¥1IWHBRGHEBDW HL E
+HUH ZH LQYHVWLJDWH WKH BSLWHIGDFWILWH PRGWKOHBE\WURU UDWHYV UH
XWLOL]LQJ 5DQGRP )RUHVW DQI&KHMHNDIQRPDOLHVWXUZBOH SDUWLFXOD
IHWZRUN WR FDOFXODWH WKHPE®SHYROQIH MIRPIHWKHRU H[DPSOH
IUHTXHQF\ DQG G%/ PHDVXUHG LQ 5gWXGEKRURKHVKH G%$ YDOXHYV
SUHGLFWHG G%$ YDOXHV REWDNLQRGILFDLONOS IRYGIRIHVWLPDWHG RU
JRUHVW DQG $UWLILRLD® SIGHXXGIOR HHMW Z BPR G H
DUH SUHVHQWHG LQ 7DEOH 7KH 5) PRGHO

JLIXUH BUHGLFWHG G%$ GHULYHG E\ YDULRXV HTXDWLRQ PRGHOV DJ
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7TDEOBRPSDULVRQ RI PDFKLQH OHDUQLQJ SUHGLFWHG G%$ YDOXHV GHULYHG

G%$ G%/ SUHGLFWHGBG%$3HMNMHQYLFWHGBG%$ E\ $11
OHDV OHDV G%$ &DORUURU G%$ &DOJURU

1R )

JLIXUH GHSLFWV D FRPSDULVRJQ XIURENV IPRYHGMVMREELVWLFDWHG W X
SUHGLFWHG G%$% YDOXHV IRU EGMMKDP RGH @OV KEZ HMHRYRBMWALPHD O$% DQ
PRGHO LV FRQVLVWHQWO\ DFFXUBIQWHP HOKL BIOVRQLWKRLBDP®LWLJIDWH"
GHYLDWLRQV IURP WKH DFWXDONKHBRXIKHPKIPWY HRBQIWRH RI SUHGLFV
RWKHU KDQG WKH $11 SUHGLFWHFRVY UHRDBLMG GGPIRUWLRQ WUHHV
SURQRXQFMEARQXFWRDWLFXODUDQKIQUWRW @Q\RUREXVW DQG SDUWLFX
G%%$ UDQJIH a G%n$ VXJIHVWIMPID B QU DWDWIHWVWRKHUH D VLQJOH
LQSXW YDULDELOLW\ DQG SRWHRMWIKMNW RWHNYIUWWLWR HHROQFHOURPWL]H >
DQDO\WVLV LQ )LJIXUH IXUWKBDO WKRXDL IKMMGD WHKHUHFRIJQL]HG DV
DGYDQWDJH RI WKH 5) PRGHO DY 3SWRKRZIMWELD DD UWLRBAHUDQJIJH RI1 IXQTF
LQWHUTXDUWEZEBH BERQYIDH DG WHKIVR WKKOHY H1 KLJKHU YDULDQFH LQ PRV
PRGHO 7KLY GHPRQVWUDWHVFKDUPRWHULMWWREOHDQ FDXVH WKHL
GLVWULEXWLRQ RI HUURUV ZKLFEXIEFW KD XA DAHHNRXIOSWIDEMA BWYO FR P S D
DSSOLFDWLRQV LQ QRLVH LPSDRWEBWUHRRBHQW LQ FHUWDLQ FRQWH]

$GGLWLRQDO LQVLIKWYV LQWRHWMKHE PRGHIOM KENKDQYILRMULWY LW\ WR Q.
DFURVV WKH DFRXVWLF VSHFWUX®PFDONXE8 LWKRAPKHQ YISHARIHLF QHWZRU

D 7KH 5) PRGHO PDLQWDLQHX\SHOBDUYRPWNW VEHOMFWLRQ DQG W
HUURU PDUJLQV DFURVY DOO IUHHSHENFHEWOGM Y HQHHIVNEB® IO WAKKIH WHU D L
WKH $11 PRGHO V HUURUV ZHIDFWRWMMH JHHDWOLAQIOXHQFH WKH R
HVSHFLDOQOMLRH WKH Oy YDULDEQGLMWINHFWLYHQHVV RI WKH PRGHO >
FDQ EH DWWULEXWHG WR WKH LIQXGUADOQWH PMRPBW HJRW \WRH LW KSIDU W L F X (
$11 VWUXFWXUH ZKLFK ZKLOH WE&WRPRHEHWH FICDONDFMSHDIELOW LFY R1 5)
RI SHUIRUPLQJ PRUH HIILFLHQWVQ/PDEOIHQRBOW FIRPGIH GKQJEEL OZIMWNK JUH
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LV PRUH GHPDQGLQJ LQ WHUPV RLVGDWLE XWH &L BIURRQBWERH JHQR®LFD
7KLV VXJIHVWYV WKDW 5) ZRXOG EHQRRDKW VWVAAMVMWHEPOAMWEZKRHELDY &RQYHL
GDWD DUH OLPLWHG DV LW RIPRGWHO/GEDESDMD \SHG G LFFRVULHR GV VSHU V H (
ZLWKRXW VDFULILFLQJ UHOLDELDUWK VRPH GDWD SRLQWYV GHYLDWLQJ

JLIXUHV E DQG F LOOXVWUDMWKH MAKIRUHOIODMWLRBUYKLIGLYVSHUVLRQ V
EHWZHHQ SUHGLFWLRQ HUURU $DODRR GHGI GIDARWEHE O8%S UHOLDEOH IR
SURYLGLQJ IXUWKHU HYLGHQFH WBRHTWKHY LERIGHEERK SUHEDFWLRQV VXFK
JRU WKH 5) PRGHO WKH UHVLGWDPOM Q@RUWHXRRQRWRO\LQJ DQG UHJXO

YLIXUH 7KH PHDVXUHG YV SUHQELUKWHG G$&VRUXBRWHKUURU FRPSDULVRQ
WKH 5DQGRP )RUHVW 5) DQG $UWLILFLDO DHXG BHD1
1IHWZRUN $11 PRGHOV

JLIXUH D $EVROXWH HUURU EHKDYLRXU RI 5) DQG $11 PR6HPRBHLRVYV WKF
DV D IXQFWLRQ RI PHDVXUHG G%$ F 5HVLGXDO SORW RI $11 PRGHO DV

ORVW 0/ VWXGLHV IRU EODVWFBQWGE[WWRR QY HIWWDDODMHG HQYLURQPF
EODVW GHVLJQ IDFWRUV LOQFOPX®DICOHGEBDUUHYRBYHWDURXQG WKH
EXUGHQ VSDFLQJ DQG VWHPPIEHWZAHHQ@HOBHBYQURMWNKH PRGHO LQW
PDVV IDFWRUV WR SUHGLFW RXWHFRIAHY PGID VKLUIKY SAXKHFELEBEWLYH SUHFL
DLU RYHUSUHVVXUH RU JURXQEDOYDRFBWERWZHH@ WKHVH WZR QHHC(
FROQWUDVW LMWOKMW KPLR/GM@X G\ XV NVWEVHKRGGH XW WQ HDH)GG WR GWU VWD QG
DFRXVWLF GDWD G%/ DQG IUHRGQFY DWE PWHBHIKAHWVYDPH WLPH EH
DQRWKHU DFRXVWLF IDFWRU WI%$DFFKHDPRREBHOWHGLFWLYH FDSDE!
GHPRQVWUDWH D SDUDGLJP IRU DG ®UIPWVYOW HKWD ULKAHDUWH PXOWLSOH \
OLPLWDWLRQVY DQG SURYLGH DG\Q®LPEPOB\ LWHKIRJ® FWRWZ LWK HDFK |
GHULYLQJ G%$ IURP G%/ PHDWNKQGPWDRRQN IRKKDQJH WKURXJIKRXW

UHJX OBPRWPRBW\LDQFH QHFHVVDU\ WR XVH SUHGLFWLRQ P
DGDSWLYH WR FKDQJHV LQ QRLVH ZKL
7KH &KDOOHQJH R YHDUOUDRQUF LAHY HOY H DD® KQQ PRGHOV OLN

8QGHUVWDQGDELOLW\ DQG 3UHRLDYWR®I\ WKLY FRQGLWLRQ RZLQJ WHF

FH WR RYHL
TR G I e F et A

WKH II—'—lKLWHFWXU
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UHJXODUL]DWLRQ DUH DOVR SUBRBHWGLGWER®W UMJE L BH RVWIMUWUDQYV
WUDLQLQJ VHWV WR RIIVHW WK HLIJF K LJKFHLD ¥ DAUKHD R EW IGH FRR@HO S R Z H U
+RZHYHU WKH LQWHUSUHWDEIZ®HWH RILVWD¥FKL@ERUH LQWHJIJUDWH
OHDUQLQJ PRGHOV UHPDLQV OHQW IV K®LQ/ ALKSION RHQDIRND R3KG V. BIDWG K L Q H
HTXDWLRQV WKHUHIRUH SHUKDHSU®IKM EHOW DRSS UHRRFEOMHGK\VLF
ZRXOG EH D K\EULG PRGHO ZKH WH XRIDRX LIGINV DRIDNWY LN 1V LQFRUSRU
FRPSOHPHQWY DQG GRHV QRW USKODRFB G K VXBEWQRQEDVIHNGH DFRXVWL
SUHGLFWLR®UPRGHDYHHULQJ DSITEDMILRIQRQY @W R RWY HIXRRFGH.RQ GX |
7KLV LQWHUSUHWDELOLW\ LV QRWD P@IUPDO> D@W RKRW HFROMWOUDLQW J
EHQHILW EXW KDV SUDFWLFDO PRGXODIHRUWU DWBVVFRAEXWLRFV LQ OL
LPSOLFDWLRQV WKDW VXVWDLQ @XW DF RIQQVEL. QXBG AHHOHWDQFBEKRYVLFD O
WKHVH PRGHOV LQ QRLVH SUHGIRPELRQQ HQ PIDUFKQ P HQ WDMDVLGLQ J V
LPSDFW DV\Q/ OPWEBODQQLQJ IEFQ SIREAVD LW\ ZLWK WKH \WRKIHRUHWLF
PLQLQJ FRQWH[WYV SK\VEPWHG PRGHOLQJ WKHVH K\EULG
$QDO\WLFDO RU SK\VLFDOO\ ENDYBIKEY PRWE HOR/H MUHW I[URQWLHU LQ
FRQVWUXFWHG RQ WKH IRXQGQWWRMXRW HKMWKBDOLDKABUDWH VRO X
SK\WLFDO SULQFLSOHV 7KLV RODUMWARSWRY DRMEVLPWHUSUHWDEOH
LQYDOXDEOH GHJUHH RI WUDQWSQXPBHU RIKHODFWLFDO UHFRPPHQ
SUHGLFWLRQ LV PDGH XVLQJIURPFIWKMHVARGHGLQJIV )LUVW PLQL
SUDFWLWLRQHUV FDQ HEBEWDEQG\ WKR¥EGW KWW RXWHSXWR XVH ORFDOC
WKURXJK WKH FRQWULEXWLQJ PBIPW RUHED WaEE B YUSWDWQVELRDIWLRQ PRG
H[DFWO\ KRZ FKDQJHV LQ HQYL PRIGWHHREW DIOH PRYG PRURIQWBUHFLVH UH
RU VRXUFH FKDUDFWHULVWLFV HQKDXHRLEH WHH WIRNDPE\E MDY RS DHFQV
OHYHO Rl WUDQVSDUHQF\ FRQWV\N DWW PAHK@W 'S O6 HZALR\QKG GD@' BDV HV ZKF
GULYHQ PRGHOV SDUWLFXODS®WUPLGMHEKHOHOPQXQURQ Rl 5DQGRP
DUFKIWMANFWOKLFK RIWHQ IXQFWRREXLIM €68DBRLQJ PRGHOV FDQ S
ER[HV ,Q WKHVH PRGHOV WKHSWHGR®WRQN KLFF XWWM2AHHYSHFLDOO\ L
LQSXW IHDWXUHV DQG RXWSXWHRUYH G RRP HRDWW LYKHQERGHFEWHWLR Q
ZLWKLQ FRPSOBI\HURDCWHWZRUNDXIKIRRMMH ZKHQ DSSO\LQJ RXWGDWHG
LQWHUQDO ZRUNLQJV DUH QRW MQXWMX)L\QIQYHDX MFERYV SPOMLFXODUO\
'QWHUSUHWDELOLW\ PD\ DOVRLQODLIRBRKWLBBHOXOR®HR ULQ UHIJLPHV
UHJXODWRU\ DQG OHJDO IUDPHBRBNEHQ@PHLIR@INQWDO
LPSDFW DVVHVVPHQW VWDQGDUGY W\SLFDOO\ UHTXLUH WKDW
DQ\ PRGHO XVHG IRU LPSDFW&RQIFFGIXPV\NFRQQ EH

WUDQVSDUHQW WUDFHDEOH DOQ 0 oQ\
EDVHG PRIGOOVWKBVH FULWHUL, 7K k % %H$ﬁ\}:§§9 D H%%;ﬂ%
{/\5‘ FR

WKHLU VWUXFWXUH DQG DVVXP
DQG VFLHQWLILFDOO\ YDOLGDW DUQLQJ
E/é LQGLQJ

LY H
GYDQFHG DOJRL!

EODVWLQJ SDUDPHWHU LV PHDV \§ L
WKH RXWSXW LV ORJLFDOO\ GH V
HQV X UM\ RVGKHDO RXWSXWYV FDQ E L
V'_LRU PRGHO LQWHI

FRQWH[WY DQG WUXVWHGD @\ u
DGYDQWDJH WKDW LV FUXFLDO 7 '?3’\% SEEXUDW F
UQJLf!?U RI DQG PL

VWDNH RU ZKHQ HQYLURQPHOQ
VXEMHFWHG WR SXEOLF RU MXG
7KH IXWXUH RI EODVW LPSDFW Ef \[\'TVX(KQEJSS\\
LQ WKH FKRLFH EHWZHHQ WZR
GHYHORSPHQW RI K\EULG IUDPH
VWUHQJWKV RI ERWK 2QH VXF
FROODERUDWLRQ ZLWK ([SOD
WHFKQLTXH@FHNRWW QWWIBIDVLEO
WHFKQLTXHV VXFK DV 6KDSOH\
6+$3 RQ ERDPPRGHOV 7KHVH
TXDQWLI\ WKH FRQWULEXWLRQ R|

%\/PRQLWRULQJ
Q& PRGHOLC
RLEYWHG KLJIKF
UHOLDEOH SDUWLEX

H
%%QD%W&TQHV? LPSODX\
WP RWEDWTR 7D e x
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DGGHG EHQHILWY RI LQWHUSYKWWDEBHOLW\ DQQGIIHFR RI /RZ JUHTXH
FRPSXWDWLRQDO GHPDQG 6XFRQS PRPERWDRRAVRQ(®RILURQPHQWDO DQ
IHDWXUHV LV ZHOO VXLWHG DV BtUMYDHISMEWPIRRH GAIPWK RE@ YRYWRQPHQWD
UHJXODWRU\ FRPSOLDQFH $OWKRXJIK W KH
PHDVXUBPHQWHG HTXDWLRQ VKRZY WKHGQREHWMWAWQG 9 - 6 ODUN 6 6\
HUURU (T SURYLGBY QF EUDHWIRSEBO E = 6WUXFWXUH 5HVSRQVH DQG 'DP
SK\VLFDO LQWHUSUHWDELOLW)\ BDQGLOK®RVUW FDOR R U BXEHBIRRI@ 0 LRIL Q J
PDNLQJ LW D VWURQJ FDQGLGERBWHYWRIPVERRBOLDQRRLWHG 6WDWHV *
DVVHVVPHQWY RU XVH LQ HGCWHREFFHHRWIHDE RYEELAHV
FRQVWUDLQHG FRPSXWDWLRQDG L@IUDMYLE XFWXUWWXG\ RQ H[DPLQLQJ ¥
7KLV IUDPHZRUN KDV LPSRUWDRWH PROGHHLWKFWIRHODWLRQVKLS IRU
VPDUW PLQLQJ RSHUDWLRQV ,®P QFXQGRWH RQQRRELREEWPKD RAFHDVW2IILFH R
LQFUHDVHV ZRUNHU VDIHW\ )URPWHBQRABYLURGPRARMHRW DO  &RQIOLF
PDQDJHPHQW SHUVSHFEWLYH L%REUKNYEBRY H[FHOOHQW
WRROV IRU FRQGXFWLQJ (QYLUBRQPHQWMOXQP SYDFWODVWLQJ GHVLJC
$VVHVVPHQWY E\ HQWXUZQWK FRRPSDAMWQRJI QRLVH DQG YS5MUDWLRQ UH
UHJXODWLRQV )LQDOO\ WKLV DQRXRDURQIISUHRYAHE RV&EP@QHUHQFH
RXWORRN RQ SUDFWLFDO PHWKRGY WRsY¥HOHFW W?Iﬁofﬁdﬁ/\q HYDO XD

DSSURSULDWH SUHGLFWLYH PR&GIHNAIQARIHGWHEEOWER® DQG QRLVH DW
RSHUDWLRQDO DOQG UHJIXODWS&RMIW URITXWHUHRRQWWUXFRRIRMQIDUHD R

PLQLQJ (ISUHVVROWLWXWH RI (QILQHHULQJ 5HVH
IDWLRQDO 8QLYHUVLW\

SHIHUHQFHV > @ 'XPDXSRV 1 . $U\D 6  -KD $

> @ &KE 0OLV4 &DRB 9DQJ - \:X % $GYDQFHV LQGXODVWPSDFWS$ SUHGLFWLI

—KDQJ < {HL /IBXT : <DQP < 5HYLHZ RI ODFKLQH /HDURIQHUPHSOLFDW

(YDOXDWLRQ RI ZDWHU UHVRXUFHV FDUU\LQJ FDSDFLW\ LQ

HFRORJLFDOO\ IUDJLOH PLQLQJ DUHD Y, XQGHtk KB ANRXHPHOR < < = gol
XQGHUJURXQG UHVHUXYHRRUY QID® PG kixu JQGOCFIMGN 1RLVH /HYHO 3UHGI
&OHDQHU 3URGXFWLRQ ORGHO %DVHG RQ %UDLQ ,QVSLUHG (PR
> @ I/HH &P - D@l * )X00 1HWZRRXUQDO RI 6XVWDLQDEOH 0LQLQJ

6FDOH 7HVWV IRU $VOWEXNHQ IR bk G $UPDIKDQL ' +DMLKDVVDOL
DQG 1RKRHEN DQG 9LEUDWLRQ 7RQQL]DP ORKDPDG ( ODUWR $ ORWDJK
> @ .DUDJLDQQL $ /D]RV , &KDW]LSHWDRR\$ WHFKQLTXH WR SUHGLF\
5SHPRWH 6HQVLQJ 7THFKQLTXHV LQ 'RYBVWWHIVYXYHJIH@SYRMEE D FFOOMNDLA R |
$P\QWHRQ OLQH /DQGV@MVEHWUPKHHRMEFLHQFHY

3KRWRJUDPP 5HPRWH 6HQV Z6SDWLPO@,Q|_DWG ;$UPDJKDQL ' +DVDQLSDQ
7TRQQL]DP ORKDPDG ( $ FRPELQDWIL
> @ +LOVRQ * "KVED VK AUQLESHIYIRRGHO WR BYUHGIEMVDXUH UHVXO\

MHELDVY6IDXKVNEQ MQGF®VH 3ROLF\ IURP EODYIMRBIHULQJ ZLWK &RPSXWHUV

> @ 7LZDUL 6 . .XPDUDVZDPLGKDV @ $DKHGS$YPDIKDQL ' +DVDQLSDQDK
$VVHVVPHQW RI QRLVH SROOXWISEG DOMLEGVVRFEDWHINKVKDQGHK $PQ
VXEMHFWLYH KHDOWK FRPSODLQWVDRIQLUKDDULD &RDOILHOEEO®Y W SUHGLFWL

$ VWUXFWXUDO HTXDWRIRGH POROGISQ GIENG G/ LVMHQHW LEF1 1 D PRAHIGXBD O
&RPSXWLQJ DQG $SSOLFDWLRQV

> @ ORFHN 3 1RLVH LQ WRH @LORIKHG:RURDJKDQL ' +DMLKDVVDQL
(QYLURQP&MXWHY (IIHFWV DRD:G 7REHBWQL )DUDGRQEHK 5 ORKDPDG (

&RQIHUHQFH 6HULHV (DUWK DQG ({WH G REOW LHR@QBHOFBEP PYWHHRYHUSUHVVXUH
$,EDVHG SUHGLFOWULYHRO®RBAWDO ORQLWRI

D%G $VVHVVPHQW

> @ %DIIRH 3 ( 'XNHU.ZDWWHQ@HQNVLUH

(9 $VVHVVPHQW Rl KHDOWK LE@SHPWYV IRX\GRLWHS /H% XL% +
SROOXWLRQ LQ WKH 7DUNZD OLQLQR &RPPXQLWURGERHOBRXRHB GDVV2YHU

XVLQJ QRLVH PDSSOREWNHFKOQOWKKH VRXHIOWOIHILY DEQ@ $VVHVVPHQW RI 'LI
$UWLILFLDO ,QWHOQDMWXQUMO7ERAKRKURHV

SHVHDUEFK
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> @ :HQ 3 +XDQJ & 1RLVH 3UHGBLFWRRIQ 6 &REULH 7 3XUQRPR -
8VLQJ ODFKLQH /HDUQLQJ ZLWK OHDMRORBH @®W V KH-Q DDKDMW 4 X BEHSRQWH 6XP
$SSOLHG 6FLHQFHV *HRORJLFDO B5HVHDUFK DQG 'HYHORSP

> @ <DQJ < +RX . 6xQ + *xrPRQGXQI, .
5DQGRP YBUHBWBWDELOLW)\ BU®GLEMWIKRS 0 * BRXWK 6XPDW
ORGHOLQJ RI &ORVHGSPOHGREFERBBRYLQFH ,QGRQHVLD V&K RPKLUIFW 7DOD
WRWDO SHW UWFRSOINXPHVE M EREBWS 6

1 *
> @ &KL <XH < LQ = =KDQI3|SIE;UWPGl-kQQW ;RIWKH,QWHULRU 8 6 HR(

36290 ODFKLQH /HDUQLQJ IRY @OBDWRQJLSWDL O % .DWDUtQD /XN
9LEUDWLRQ 9HORFLW\ 3UHGLFWLRQ@IDXHRFHQ RBILVE WRRMHIKHULF &RQGLWLR
3UHSULQWYV 3URSDJDWORWKHPDWLFDO TEORGIHOLQJ

> @ .DJHPL 0 0 . 1DEDYL = . RELEHEZHPHWLR

SUHGLFWLRQGRFHG®ODMW RYHYUS@HVVXMWIHWK :LOVRQ & / 3 90DGLPLU
XVLQJ D K\EULG PDFKLQH OHDUQLQJ PR®RK@GD BWRISIPJMWLRQ LQ WKH $
H[SUHVVLRQ SURJUDPPLQJ *(3 $ BORMQEWNEHRWRNLFY 7RGD\

LURQ RUHOBLOHRVFLHQFHYV > @ 5DLQD $YWDU . :DQNKHGH 3 6

> @ 3HWHUVRQ 5 $ OF*UDWK 0 &RQDNR@IDIE EODVWLQJ IRU VDIH H[FDYI

&DQ D 7UDQVSDUHQW ODFKLQH UNDUDWQRGOFRQIDWKA Q FORVH YLFLQL
BUHGLFW %HWWHU WKDQ ,WV % O BRNR FPHRIGC BRXQWHWKMHUWRQIBUHQFH RQ 5H
%HQFKPDUNLQJ 6WXG\ 8VI@WURSIDWRIFNS MM QHHULQJ 5$5(

> @ )HUQIQGH] 3 5 5RGUtIJXH] 5 % D
> @ 3UDQMDO $WUH\ 0 3 % :X 0 'XWWOLWWLF $SSURDFK WR 'HILQH WKH
'"HP\VWLI\LQJ WK&V$HB%UBMREILOLWAXDUDMHQHUDO V

;R%[’zl\\//r;(lRGvagi;Rl ,QIHUULQJ $DWLQ;V@UR§]LE”:|YI$HZV ORRPLYDOG + g
' ’ $SSURDFK WR 5HSUHVHQW ,PSDFW RI 'LVF
> @ )LQQ -DFREVHQ 3 0 - D RGGDPHQ WDWVW 'RIVFULSWLRQ RQ WKH OF
*HQHUDO /LQHDU $FRXVWLFV -RKG@LJHORY %BGRQWH® GRFNV 8VLQJ ,PDJH $Q
8QLWHG .LQJGRP ODVSRFN OHFKDQLFV DQG 5RFN (QJLQHHL

> @ *DIRHU 6+DGBXWEWMR\R 0 0

7KH JHRORJ\ Rl 6RXWKHUQ 6XPDWUD D@ G6 KWKUELID OLQJ RKENGWRBDK 5 $ -HR
RFFXUUHQFH Rl PLYKNOOBWEBSRVRWBELPD® *KDQL - $ $ LWL 1 -XVR
5HVHDUFK DQG 'HYHORSPHQW &HQWUMHFW RI %HQFK +HLJKW WR %XUGHQ 5

. . . GXBHG FHJUR@VWLQJ
> @ 0 & 'DO\ % * ' + * BPLW \A%ng %}% Q%i% 2
7JHEWRQLFV DQG %DVLQ (YROX 'Q\?v @ vg? VApFN OHFKDQLFV 61PSF

BURFHHGLQJV RI ,QGRQHVLDQNXHW R GHXFRKVV R BIQIBW HtRQEROWDQDOLQHMDG
$QQXDO &RQYHQWLRQ ,QGRQHVLD $ 0 $VVHVVPHQW RI WKH RSWLPL]F
S Aaanes s e s QI S S g T
3UBHUWLDU\ DQG 7HUWLDU\ )onw >(@195/\'7 Eﬂ/ PRGN

RI WKH 6RXWK 6XPDWUD %®DIW $ "é

3URFHHGLQJV ,QGRQHVLDQ S‘H\WURSH@P%VIEFLQDV\HSLLF&D] ( %HUEHU 0
$QQXDO &RQYHQWLRQ -DNDUWD RQ WKH HIIHFW RI E XIUGGXF B GGYLE RWEGR

> @ 3 $GLzLGMDMD 7HUwLDUtSURHE PL@AWRQ *HRO

3DOHRWRSRJUDSK\ DQG 5HODWHG SHO@LPHOQWPMWLRQ 0\ BRXWK =LQQR 5
6XPDWRWDRFHHGLQJY RI ,QGRQHVLUDPSHUIRWQRODWOXPQG (PSLULFDO 6WXG\ IR
$VVRFLDWLRQ QG $QQXDO &RQYHQWLIROW RRBABLM G BIFQABFH V

> @ )DUDPDU]L (EUDKLPL )DUVDQJL
> @ 6RVURZLGMRMR , % 6DORQMRX®L + BLPXOWDQHRXV LQY]I
'HYHORSPHQW RI WKH ILUVW FRDCEWBWW UDQGXHFIS®RURWQRBQYLEUDWLRQ DQ
SURJUDP LQ ,QGRQHVLD 5HVHUY R/IDJHSW RBHUWHOL RV VRIUXAKWMXUHY DQG KXPD
OXDUDHQLP )RUPDWLRQQWRNQYBEWAREMMPOURDWLRQDO -RXUQDO RI O0LQLQJ
-RXUQDO RI &RDO *HRORJ\ 7HFKQRORJ\

> @ 'DUPDQ + 6LGL ) + $0 RXVBOE RBURVW EH % 3UHGLFWLRQ
JHRORJ\ Rl ,QOREAWNVDDQ $VVRFISDWIRRGHUSIUHVVXUH IURP+RQDNRQDJI LQ +F
*HRORJLVWVY -DNDUWD 6HODWDQ
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*HRWHFKQLFDO (QJLQHHULQJ 21ILFHR&HROU@IOQRIHYE YD @FHG 7UDQVSRUWD
'HYHORSPHQW 'HSDUWPHQW

> @ .X]X & 7KH LPSSMWMIDIOFRH ®1 &DWRH< /L % :LDQJ 4 =KDQJ -
FKDUDFWHUV LQ SUHGLE®XRIQGP RGRYPIBIRIPEQWW $QDO\VLV DQG ODFKLQH
YLEUDBRIRQMQDPLFV DQG (DUWKTXDNRXQGL@QHHWMURQV &DXVBESHE\GDQ (OHY

5DLOZD\ %DVHG RQ 5DQGRP )RUHVW D

> @ 5LFKDUGV $ % 3uHGLFWLRY bV R BRBOK IV

$LU 2YHUSUHVVXUH IURP %ODVWBEQ® LOQDGRQJ *RRJ- %DR 6 YJHL +
+RQJIJNRQJ *HRWHFKQLFDO (QJLQHHBUBGRFWERQ Rl SHDN SDUWLFOH YHORFLYV
> @ )RVWHU 5  7HDJXH 3 R WPERPBRO b yH SRUWY

DQG 9DOLGDWLRQ RI /RQJ 5DQJH 1RLV® XXRSDJIBWLRQ IGRRX - &KHQ

%ODVW TKH@WWYXDO &RQIHUHQFH RI WKH(HMXFWUDID ISIVY HVY B KDIMG RIURRDQ 8 W
$FRXVWLFDO 6RFLHW\ *ROG &RDVWILBUDWIIRGL BVLQJ DQ 2SWLPL]HG 5DQGRF

- @ et o 0 . ipeovi - ¥PIHRRBEEDG DUULY +DZNV ZswirLIOw
SUHGLFWLRQGRFH®ODMW RYH b

XVLQJ D K\EULG PDFKLQH OHDUQERQ® PRISZHFD LDM® J&HQBR\ 3 3 6LQJIK 5
H[SUHVVLRQ SURJUDPPLQJ *(3 $ FDVH VWXGWQRPWDRQGXFHG DLU RYHUSU
LURQ RUHOBLHRVFLHQFHV SUHGLFWLRQ XVLQJ DUWWDILGLOD QHXUD

> @ *XR * &XL 'X %)RUHVWJHE'&?}RORJ\

ODFKLQH /HDUQLQJ $SBURDFIDROZPLIEK 4LX /| =KX < :X & B5HQ * +X <
7UDFN 60DE 'HIRUPDWLRQ ,GHQGWLILFDWLRQ\BOARUPHID OMXUDO QHWZRUN RS
9LEUDWLRQ SBQDWIRG IBFLHQFHYV SDUWLFOH VZDUP DOJRULWKP IRU DFFX!

X S D U MDIMFKDBIO LY H Q R/F L\
. @ <R - )DQI I w9 BIRKENG G
BUHGLFWLRQ ,QGXFHG E\ ORYLQJ %T'J 8 ‘i Eb WE GRP
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