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(IILFLHRQAMAHLVPLF ZDYH YHORFLW\ DQG HOHFWUL
OLPHVWRQH URFN PD¥V4]XDOLW\ LQGLF

& D WAV X&UPDIRW P DWLRWD Q

6 0 )DWHPL ®IJKGDQSRXU DQG 0 7DONKDEORX

'"HSDUWPHQW RDUDRPRBQLYHUVLW\ 7HKUDQ ,UDQ

S5HFHLYHBUXDU\UHFHLYHG LQ UHEUXBDW\IRRPH DWW H 6K

H\ZRI $SEVW
,Q WKLV ZRUN WKH UHO DADLYRIQ V K OR FAHWWEZ HWHKCQH W& HF3V U L
igggf%?“ggﬁf5HVLVWLvLW\ (5 SDUDPHWHUV ZLWK URFN PDVV TXDOLYV
VXFK DV URKDCALDWAVFOBVVOQIF PRGRQHG V\VWHP IRU VHGL
$VPDUL /LPHVW @ue JRU PDNLQJ SUHGLFWLYH P RGHEHW H [MERXMIV H G

IURPHFWLRQV 6GURDDMHB UX@DP 6LWHYV 6°6 DI@EPDUL
*HRSK\VLFDO 0OI)RUPDWLRQ 6: ,UDQ 7KH VWDWLVWLFDWR DWWGBX GX]]W KPHH

UHODWLRQVKLSY EHWZHHQ WKH JHRSK\VLBEDQF&DIW® MWHKWH |
.DUVWLILFDWLR4,y, FODVVLILFDWLRQ WKH H[LV\WHQ®B RQ G DUNRAMNL HWH [ W

FRQVLGHUHG LQ DGGLWLRQ WR ¥ kB B\DWD PHMWHILRQFRQ/NVEL
(PSLU('-F)DEDWLRQI%/HWWHU GHVFULSWLRQ RI URFN PDVVIRO®® GWIHKBORVHO\ |

)X1]1\ ,QIHUHQFHHTXDWLRQV REWDL® H®QER,W SRAGE PWKHIQ IGHWHUPLQDWLRC(
5 WR EH DQG UHVSHFWLYHO\ DQG WKH FRHIILI
4,, ZD¥DOFXODWMNKEHPRGWE®H )DEDOQOBEVROXWH 'HYLDWLRQ
9DULDQFH $FFRXQWRG FRRWOPHDQ 6GDED WHI YU URRH G
FKHFN WKH SUHGLFWLRQ SHUIRUPDQFH RI WKH VWDWLVW
FDOFXODWHG HUURUV DOVR VKRZHG WKDW WKH IX]]\ PRG

JRRG DFFXUDF\ KR SO HGCALEGMWYERPD ELN QI WNOHU B WILUIHHNVR R G
WKH HIILFLHQF\ RI WKH JHRSK\VI4FCABFRHWKRG RS HFW\LFP
ZDV GXH WR LJQRULQJ WKH FDYLWLHV LQ WKLV FDWHJRU)

J QWURGXFWLRQ

$ NQRZOHGJH RI URFN LFMWE T XEDOLWINONRGL QF OX G W KERMDFEUW WRF
GLITHUHQW \DDSHEWYRUWDQW S WRMULHHIQIW KW HMRDQWR @ SDWLRD MR
GHVILQ®WKHALYLO HQJLQHHULQJ DWGHWVYQLMIPEHU DRQGMR LIGIWWVH
DFWLYLWLHV 1XPHURXV UHVHDUFKKQE ZODHGGLHYHRAR AWK H W
URFN PDVV FODVVLILFDWLRQ V\

VIVWHPY WR EH GHYHORSHG L\\(/’W 5%%%%‘?@@%9”%
'"HVLJQDWLRQ 54 '@NKMW MROWHP &RPSDDIMEK 4,, KDV IRXU RWKHU I
DFFRXQWYV IRU WKH IUHTXHKQRB\ RT XdRUGHL Q>

URFN PDVV /D WKEKWISIRVFHNP UD V V

5DWLQJ $@Q& V\VWHRBRW RQOA > uvyu 2z pv

XVH 54' DV RQH RI WKHLU PHDVXUDE®H" %B@DPHV%HUV

B4 &RUUHVSRQGLIW HPA{WK RKOD FDWHPL $JKGD
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ZKHWKHLY WKH UDWLQJ IRU WKH ,BH QVXIRYINWR L R PWBH RS K\VLFDO D (
UDWLQJ IRU GLSSLQJ RI WKH ODIHRWHFHKYWKKE ,'8 D\ QDRUPIRWLRQ O

WKH WH[WXUH RIDWGHQU.R/FM/I@I—D\(.W@LQ{54 DQ&,, ZHUMHU HD VEN
IRU WKH SUHVHQFH RI FDYLWLH

7RGD\WKBQJLQHHULQJ SURMHFW BWﬁWMH@FWHG I

ULHV$DQG Gl
SURMHFWY  HQJLQHBRIGQJ FLML LQV\ZH/LIHHHWDLQHG IURP JDOO

HQILQHHULQIZDWHHORIF,WD QG  GULOOHG E RIUHKIGHEM PDWHK
(OHFWEHMAD/QVLY LW\ (5XVIHEH ZLEHW@KY DQ& 6'66:L@DQ )LQDOO\ X
URFN PHFKDQLF>D@®BMFG WE DMV KH PXOWLYDULDWH UHXUHVVLR(

ERWK IXQFWLRQV RI UR®N poVYHYKRE URRGROY IRU 4SUWHEAFWL
SDUWLEXDQE (5 DUM KHRDQGD WGy L@VPDAULPHVWRQBUHVHQWHG

SDUDPHWRHDUY WKBWVHIXO @QIRUPDWERQ DERSRLQW GBRMIMG IRU
7KH FRUUHODWIR®GEH® zZHMK TREHDAE DQG 216 FRQVLGMKHG DV

FKDUDFWHULVWEFW R INDQERW L‘@GHSHQGHQW SDUDPHWHUV ~)LJ!
EHHGHVFULEHG LQ D QXPEHU R“'lHW'FﬁB\P RN OHHY/B RIKI7 K H

VWXGERIMUHQ H\@ RLQ HODOWHG VoW QRl PXOWLYDULDWH UHJ
YHORFLW\ ZLWK PHFKDQLFDO UWND%LFERFPFE\NQDWW@\KL@\VF@VFD\QC

IUDFWXUH IUHTXHQFLHV DQG 547K YaRRGVH BRI ER@Y DUH QRW SR
> ®URSRVHG D IUDFWBERELPRGHQ VAP QO BRR G H WAMNPDWLR BV RIR Q H
'LVSODFHPHQW "L/FRIQWLYNLWRMAWDELOLW\ SDUDPHWHUV WKDW KI

ZDYH SURSDJDWLRQ LQ IUDFWXYHG_ dEtjﬁt.D o’ b ERFIHD  GxH WR
WENM LQWR WRBRXQWUH VL]H IUDEW

VXUIDFH DUHDV LQ FRQWDFW W'FWFLFW/LLW\UU-@@\W%WH@VH
PDWHWLP® IUDFWXUH D SH UGV X UWMHKNMHDARDGLXA HF DUHIFR QW KH MV KHFL H Q
VWXGLHG HPSLULFDO OHDVW JNRERUHVDOHJPHWKRREY IRU S

UHODWLRQV KR IEVHRY. EHEDY H Yhh,ORLFQﬁ/\(J\HDp\ﬂ.R/SDUmG WR
DQG WKH SHUPLHFI&IEEDVW\SIDJ(B(SH

%DUWR@URSRVHG DOQ HPSLULF %%‘g)%%ﬁvfg(gwlgﬂ voPt
EHWZHHQ WKH 4ZCDFW R ORG GWA\

RQVKIDWD IURP KDUG URFN WXQ W @*%%VEWV\F}\WK%U DH®IO vV

VHYHUDO F RX®\E G IRMMKRHUV@>
FRQGXPWOG RWKHU VWXGLHV | H|B Ilil\(/') é NJURX%QV?W%IHVW
EHWZHHQ WKH URFN PDVYV TXD LV RULJLQ

SDUDPHWHVN VWXGLHVHIRPR K
RI WKH IDFWRUV WKWBMO PW L RQ ORRXQM@W%HLDV\?\?VLWI
VXFK DV URFN W\SH PLQHUDO f Q?)?,E\fgvv[ﬁ HWKH 6: Ul
FDYL\MQHBVIDFWRWHGD\ZVWFKLI]IQFU (X IHHVWUDWLJUD
GHSWRZHYHU UHVHDUFK WR DV V. KWKH My DOG
TXDOLW\ LV VWLOO RQH RI IEEWLRQ
UHVHDUFKHUV DQG WKH HPSL
SUHGLFW URFN PDVV TXDOLW\ u
DOQEDQERWQHUDOL]HG V\X/RPI]))G)I(BI\D F&,PHUDWH EHORQJLOQJ
FKRRVLQJ WKH HTXDWLR@\)/UGLIIHE@@ L RSP AEGWRRRAQOH FRQJORF
KDUDUBBMQ FDOFXODWHG DQG L@YHVWLJDWHG LQ
,UDQ V JHROROLNBO RMRILHRIQN $PRQJ W K H GLIIHUHQW IRUP
SXUSRVHZRUMKLWR FKHFN WKH MRBEWHRMDKH $WORPHYWRQH ZL
H[SHULPHQWY DQG DUMMWRRQ RQLTXH FKDUDFWHULVWLFV VXFK
SUH®USWPDWULPHVWRQH TXDOLW)\PRUGKRDRYXEKN VXLWDEOH IRU W
DV URFN PDV¥ TX®OLWG PRGLNMI#@JL([;RNHD +RZHYH[l; éVKLVQIRUP[
VRPH GHJUHHV RI H[SDQVLRQ RI N
VHGLPHQWD U\ URFA'NU'W@L\@TXDO'D\&& YHU\ HIITHFW L Y\HV RTQX DACKLIW U R
,UDQ IRUPDWLRQ LQ LWV SDUWV LQFO
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OLPHVWRQH DQG OLPHVWRQH P®V/HSRYDW B GGROREPPH WK BDDEG P
O DAOHL J R HDQAOR F B Q i@ ILQDOO\ $VPRANU DV P LQ
7KHEVPDBRUPDMOLQR EH GLYLGHG LWWER NMKUMNH PHGLXP DQG WKLFN
GLIITHUHQW XQLWV EDVHG RQ W RHFIRRFDWWRQ CIRIES OMKE-R QW RIVHW:
DQG WWHQR URFNV DV IROORZ URFNV VWXGLHG LQ WKLV ZRUN FR
8SSHUPDYL DV P LQ WKLMNGMPDRBUPDWLRQ DQG TPRIO/MUW W
PRGHUDWH WR WKLQ EHGGLQJ CALPNWDRK HE DRBBURMR XD QGRFNV ZL
PDUO OLPHVWR®BYULGO®OH P LEDYLWLHV

WKLENQHVYV  WKLFNND URHCRFANDG DQG

Site Visit and Data
Geophysical, Collection from
Geotechnical, Structural » Boreholes and Galleries » Data Analyses opr,

and Stratigraphic Survey for Q and Qg ER, Q and Qg
of KDS and SDS Classification of Asmari
Limestone
s :
Interpolation Between Create Raster Layers of Extract Random
Datapoint Sets by Vp- ER, Q and Q,, Multivalues (Vp. ER, Q
ArcGIS = ez and Q) to Point from

Raster Layers

RS\ F .

Vp+ER=0Q
Vp + ER = Q, S Vp +ER = Qi Testing of FIS and
Regression Approach ArcGIS Fuzzy Method - Statistical Models

Between Extracted Point

JLIXUHORZFKI/VBPFWHW KRGV XVHG L QZWHMAY HUMYDMEERMMN PDVV TXDOLW\
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LGHQWLI\LQJ DQRPDOLHV VXFK D\
5HFHQW JHRSK\VLFDO ZRUNV LBDFLWLO H@PRIHBSKQJ ZDV SHU
£5?SbWLf%WE§'§§§$ﬂﬁEK¥&FB LIXUMKRZYV WKH ORFDWLRQ
Q Q ML URYLOHVY JDOOHULHV DQG WKt
SHUIRUPLQJ WKH WRPRBIUDB®\ 'ﬁ*ﬁi“(ﬂ/'ﬁ'ﬁlﬁQRWKHP LQ 6'6 DQG .'6 '
(5 7KH PDLQ SXUSRVH RI WRMLYRREKINRSHKOVLFDO GDWD DFT>
LQYHVWLIDWLRQV ZDV WR DVVH\WQG \ERKH HKEIHWD ®E ORFRWLRQ R

ODWHULDPHWERRQG YV

PDVV DW WKHHGDPOWOWHY DQG WRQALQOQYBGOWUVEWHHKROHYV

WKHIHVHQFH

R

WKH

A)

3586000

3585900

B)

ER Profiles

)

E)

704700

D)

SUREDEOH

3537400

3537300

ZHDN

402300

402500

402400
402350

JRQHV

Site Area Location of receiver Location of source No of No of Type of
Min & max depth, m Min & max depth, m file seismograph source
SDS TTH2 «152-44 TTHI1 «<172-40 71 852 sparker
TTH3 «160-44 TTH2 «172-40 46 768 Sparker
TTH3 <142-44 TTH4 <142-40 50 600 Sparker
TTHS5 <148-44 TTH4 <152-40 56 672 Sparker
TTH6 «459-46 TTH10 <162-40 67 804 Sparker
TTH6 <160-46 TTHS8 <162-40 68 816 Sparker
TTHI0 <172-46 TTHS <172-40 68 816 Sparker
TTHY <162-46 TTH8 <162-40 67 804 Sparker
GR1 GR3 80 1600 Explosion
KDS BHI BH7 85 1800 Explosion
GL1 GL2 90 2010 Explosion
GRI1 GR2 80 1600 Explosion

JLIXUHRFDWLRQ RI (5 SURILOHVY JDOOHULHV DQG VWXGLHG ERUHKROH\
JHRPHWU\ RI VHLVPLF JHRSK\VLFDO GDWD DFTXLVLWLRQ RQ® VRXOHH IDHNG
UHFHLYHUV LQ JDOOHU\ ERUHKROHV (
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JRU DSSO\LQIDWHEH FODVVLILFDWKRERUHKROUMHY ORFDWHGZDWBU

VIVWHPV RQ WKH URFN PDVV© \P\/BPgQGLLQﬂ /i Q GEHRG HW R OW K HY |
DQOG D VLWEDVLENUWDQJH&E DQY" o a VDM‘CQ)OHYF(';OV RI
' P DUH UHODWHG WR VI

DQ@&, ,,FODVVLILFDWAHRERD OFXWBMHG DQRPDO\ ZDV FOHDUO\ VHHQ |

IRU FODVVLI\EQUMWKB @UJURGEN VHFWRRAR¥KH 7+ VHFWLRQ ,Q W
WKH VHOHFWHG ERUHKROHV DQ@@¢ 7DddHHL/Hv VEEWHERE XD® LW\
GLIIHUHQW URFN XQDWWVIWRRVRERFN ZDV JRRG DQG SURYHG WKI

\RXQJIHVW 4 DM@, ,LQGLFHY zHAUHSWHORFHMIHDVHG 7KH LQIRUPE

50 £ X0 W ol B GTBRMITROBES 5 F ) LIXU | UK DovE cHbLYiG

*5 JDOOHULHV LQ 6'6 [E@G"”QR%“![)?\%ESOOHULH\%BQBR%HKROHV LQ

DQG *5 *5  DQG *JDOOHUL L
LQ6 DQG LQ ERUHKROHYV GULOC%V i 5, @GJ;SVOUSSLDHV\U

7KH UHVXOWV Rl WHKH DRGHOLRIGPMHNG WR IDXOWV DQBKMRLQ
4,,,FODVVLILFDWLRQV )DIXUHS UHWHQWNEFWQRQ DQRPDO\ EWV FO

/RRNLQJ DW W KA W DIODKHN\H F R H PP W@V Rl WR P

YHU\ SRRU WR JRRG‘W%DQWNVDQG&MHODWLR@VLEPBBMZIHHSQMQG

FRQILUP WKH YHUXDIRR WRWEHYWXGLHG

URFN PDVVHV S

,Q DGGLWLRIQH XMLOBWKRG |IRUSDERWDULIOHG FRMESDOIGY RE VRHFWKR

WKH JHRSKUWHRWBFRBEM:BD @H PDGH WKW WKH FRUUHVSRQGLQJ URFN |

SRVVLEOH WR FDUU\ RXW9,' UDWMHJ \ODRHUVFROWKHKHDV SHUIRUPH
R.X Vi Rl GDWD IURP U|

(5 4 DQIG,YHFWLRQV E\ WKH LBQ’&%\%&%%WQIEQV@/RLQW WHFKQLTXH

PHWKRGV $00 WKH FUHDWHG *,¢ppbWkU 8B \H XY WRI YYDRIANHVH UH.

PDVV TXDOLW\ DQG JHRBKWLF § H%%@W\Q\WHFRUGHG YDO

VKRZQLURUHYV DQG ,Q )LJIX
VHFWLRQV RI WKH LQIRUPDWLRQGIHSBHQ G HREWD YON&D KOG (ZLWK

DUH VKRWQ WKH*5*5 VHFWLRQ WEHHSHQGHQW YDULDEOHV )LJX
LQIRUPDWLRQ OD\HUV DUH G&ldypWHRI WK VIVKSOH UHJUHVVLF
LQWHUSRODWLRQ RI GDWD WDNH :FﬂJ H VEHYHUDO
ERUHKROHY GULOOHG EHWZHHQL%\;‘:' PéR{OQQF\'/\%WA\é)Mth

WKH PDS RI D VPDOO DEHRIRMHM IKDOW BQ (84, 5

VORSH DQG LV UHODWHG W OWHG ]RQH
JXUWKHUPWRHKH 7™*W VHFWRRQ QL (2 05! BHH SUHVHQWH

DQRPIXGIUHV REVHUYHG EHJLQQLTRHP Uy WD, ik JHRSKIVLFDO

RI P XS WR WKH GHSWKV DQGEBUWHOHORWLRQMKIGEGN[ZLWK WKH
DQG WK 7+ VHFWLRQ 7KH DQRPDO\
REVHUYHG LQ WKH OHYHO RI P LQ

Number of Data
=R 8823 3
: |

Parameter | RQD% 1, J. T, Jy SRF R, S T A\

Range 1590  9-15 052 0.75-8 0.2-1 1-10 0.5-1 05-5 0.5-2  0.5-5

JLIXUH/KH UDQJH R, 40E®WLWLHYV RI WKH VWXGLHG FDOFDUHRXV URFN
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JLIXUHHRSK\VLFDQ U DVMEHU OD\HUV LQ 6'6

JLJXUHHRSK\VLFD@, 4UD¥® HU OD\HUV LQ .'6
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JLIXUKBHJUHVVLRQ DQDO\WHVIRI(BHODAQERQ EHWZHHQ

J)LIXUH&RQW RXRI SJCBIIR)\NWLRS% EQ® I QWK 4, BDQG

JLIXUH VKRZV D VFKHPDWLF LRDJH RI WKH FRQWRXU
SORW RI UHOMWDRG EH W IZANHR oo . 4o 5

S S
4,,0 3V VKRZQ LQ )LIXUHV D DQG E WKH RQH

REWDLQHG ERQYHEDWRQQVKH KLIKHYWH VKRZV FRPSDULVRQ |
GHWHUPLQDWLRQ ,Q9LDIFANG [RFUHDVKQHG KNG BRBGLFS\RHG WKH

SDUDPHWHUYV VLPX\QF\NQQHRXVWK\ZW\KW RlI (TUX,jDéNLRQV |_|DQ§U D’C?GWV\l;
UHJXOMUHQG LQFUHDVHV EXW W §

WKH 4 LQGQH[ L\? DFFRPSDQLHG EV%%%HE§§§BD§E%L& U%&ZHG PRUH
7KH EHVW ILW REWDLQHG PXOWPYHUR H T % DR @ V\RFPREY WK
HV W L# D/, DU H Z DWW QW LR QUKH YRRXHBLITHUHQFA RITHUURU

DQG UHVSHFWLYHO\ )LJXUHD%§ G R UFL'J“&{%'SWQ/UFYV‘[L'LVSEFV:’LGRLC'
REWDLQHG VKRZ WKDW WRH EH\W TP Q'UR—%SLI’H/@’I%%”‘IEQQ(TXDWLRQ

DQG (5 2L \WHK LV PRUH UHGURBOWKH,, LQGLFDWHV WKH Gt

WKDQ WKH EHWDQLE HW ZHHQ NDUVWLILFDWLRQ RI WKH URFN 7

IRU WKLV LV WR FRQVLGHU FDYLW

4vup u9 g . WK, ,,FODVVLILFDWLRQ 9 LQGLFD)
ug g u(s RI FDYLWLHYV LQ WKH URFN PDVYV

ILOOLQJ RI WKH FDYLWLHV ZLWK F
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gLHU\éVDLQO\ WKH SUHVHQFH RW@YE(@VGM[VLQQ@HMWLJQLILF[
URSHUWLHY KDYH D JUHDW F
CHaRUtediaalifie qupunn r

JHRSK\VLFDO SDUDPHWHUV EXW
WKHFODVVLILFDWLRQ EZKBBHIRIUH WKH HIILF

JLIXUHOXOWLYDULDWH WODRW LB EIEWKW 2 BEDQG

JLIXUH7KH EHWVWLQH GHWHUPLQHG EHWAHHE) SWRIR PXWMWGE YD DL D/ U H.
DQDO\WHYVY DQG PHDVXUHG YDOXHV

JLIXUHCRQWRXILRBIXSH YRBO)YBEWGLIITIHUHQFH RI HUURU SHUFHQWDJH DQC

'DWD DQDOXYJLWHWKR GV HITHFWLYHQHVV RI 1X]]\ PHWKRGV
7KH XVH RI LQGLUHFW PHWKRGMPEQJREUWGRPWHQ®W KMRFSUREOHP
PDVV SURSHUWLHYV HVSHFLDOOWHWHRQLOQHHIJURFN2QM BOXDKHW ILUVW
DVVRFLDWHG ZLWK DPELJXLWLHX]P QORXNFFWEWRUDQWN UREN PHFKI
IDU H[WHQVLYH VWXGLHV KDYHRHKEHNQVERQHDWQORWKKNVWHP ZDV
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GRQH E\ 1JX\HQ DQG $VKZRUWK|RU &, %H—HW[DQ)]XIDWQRQ UXOHV ZHL

/HH > @ IXMMG®HWKRGV IRU SUH Q. Rl
URFN PDVV FODVVLILFDWLRQV \\/ L\P): E)OF% PRGNO ZDVARUHVHQ!

PRGHOV DOVR LPSURYHG E\ <DRH—M/€D®>©DWLI@Q K WUROHO GHVLIQE
> @ DQG &0RXVH > @ KDYH DOMRWS LB @IHAWHG WKUHDUREQJ VWHS\
PDVV DQG VHLVPLF GDWD OHDVW DQ HUURU

0DQ\ FRPSUHKHQVLYH UHVHDUFKHV KDYH DOVR
FRQGXFWHK&HWRH IX]]\ SULQFLS VOXI'DQNLRQ Rl PRGHOV
HQIJLQHHULQJ JE@ROMIN >X]]\ /RIAF WHVW WKH ),6 PRGHO WKH SUI
BULQFLSOHV LQWURGXFHG E\ =BGH > 7@ DYHcWHHE 7BHVWHFWLRQV
PHDQV RI FRQWUROOLQJ XQFHUWDRY QWRIY GPWIPG @ iy R=Ud & b Ligu:®
WZR SKDVHV RI WKH IX]]\ ORJLRAyRULRELHQ DI SRS HOWHUSROD)

IX]]\ LQSXW GDWD DQG IWKHQ
IXQFWLRQV IRU DQDO\ILQJ |X]]\\W<Wiv ALCRELEDWRU LQIRUPDW

Y H U

QRIX]]\ VHWV WR IX]]\ VHYHUDC%‘/J&%W % ?4’ .6 PrRaHO Do
XVHG DV PHPEHUVKLS IXQFWLR E) LRk M”E)LIM/I—IBJXUH WKH |
SKDVH RI IX]]\I\LQJ RI WKH GDWDY uELRP WRKH ), 6 PRGHO
HVWDEOLVK D ORJLFDO UHODWL&QH@LEV\EQMZW@ LY EXw ¥ HQXUH
RXWSXWYHUDO FRQGLWLRQDO USDHY/L P\Q 6 GDYODMR H WY FORMR WEIOHRW H

DUH UHTXLUHG > @ ,Q DGGLWLRQ WR FKHFN WKH DF
,Q WKLV VWXG\ 6XJHQR V IX]]\ W&HRWIWWKROWV@EHWZHHQ WKH )
FKRVHQ WR &\ NBLWWPWKHVK IX]JRRWMWRGY WHKBQ S$EVROXWH 'HY

7KLV DOJRULWKP LV WKH PRVMS sup@wPPHOED@EH\ SFFRXQWHG )
DOJRULWKP LQ URFN HQJLQHHRRY 0HIQ jAHXRPK (UURUV 5
SULQFLSOHV RI WKH 6XJHQR IXTFEPRWHE 1@ wRLWHH (TXDWLRQ
UHVHDUFK ZRUN DUH DV IROORZ

1, QSXW [ $1° 25 ,QSXW  \gWKHQY

L pp &, b Y DU

ZKHUH D E DQG N DUH WKH SDUDPHWHUV SUHYHQWHG E\
PDWULFHV GHULYHG IURP®g6 ,W P'HD:Q \w R b
DQGLV (5 IRU HDFK VHFWLRQ 7KHLQDO RYWSXW RI D

IX]]\ PRGHO LQ IDFW WKH DYHUDJH RI DOO RXWSXWYV
REWDLQHG XVLQJ WKH UXOHV ZDV [I)QFXODWHG E\

(TXDWLRQ 506 ( T Vo
1
;W ZKHUHDQG \ FRUUHVSRQG UHVSH
LQDO 2X W——
)LQ FV% : DFWXDO YDOXHV PHDVXUHG UHOD

TXDOLW\ GDWD DQG WKH YDOXH\

F'ﬁ G C%P%V B >P\W-|R3 HY;(?ZOXKDHWSU

t ).6 UHVX
fﬁﬁm oy
€§8¥WBQQWKH UHJUHVVLRQ

\EVXOWV R

7KH RXWSXW LV ZHLJKHG IURP
YDOXH Rl ODE®OWW G V\VWHPV LQ
WKDQ RQH UXOH )LQDOO\ WK
DJJUHJDWLRQ RI WKH UHVXOW
YDULRXV IX]]\ IXQFWLRQV 7KH§H
PHWKRGV IRU DJJUHJDWLRQ RI U
FRPPRQ DQG GLIIHUI-RC[)V\UD(IINHN’GF
EH FRPELQHG XVLQJ WKH $1'

> @

O)V GHVLJQHG KHUH DUH LQ IDIZ@ lrlg%ggl/R Wéglll?

IXQFWLRQV ZKRVH FRHIILFLHQ \};LSRKQ\VEFQDDC‘
GHULYHG IURP D PDWUL[ P i

FDOFXODWLRQV (DFK FROXPQ r!i'l\"(X/ FL‘%W&@W@Q[WLK/HVMH\ PHWKRC
SK\VQF®DUDPHWHUV Rl WKH 0) FEOHWSWMIRDBBQRBFWKDQ WKH RWKH!
URZ LV HTXLYDOHQW WR DQ 0) VOKWWK INHVHY BB ZIRZRUN



)DWHPL B¥YKGD -RXUQDO RI OLORQJ (QRLURQPHQW

JLJIXUH),6 PRGHO SUHVHQWH&,JRU HVWLPDWLQJ RI

JLIXUHWBDVWHU OD\HUV RI PHDVA(YUMES )DO BREUHG LEWMEB XVHG IRU WHVWL



)DWHPL B¥YKGD -RXUQDO RI OLORQJ (QRLURQPHQW

JLJXUH5HODWLRQ EHWZHHQ WKH SUHGLFWHGLWRO XBDOXBHWK ),6 DQG PFL

7DEOBHVXO®WYV R$' 0$3( DQG 506( IRU UHJUHVVXRRRGBGDMO\VLY DQG
ORGHO 3UHGLFWHG SBUDPHBWHU 0$' 9$)
%HVW UHJUHVVHURQ
%HVW UHJUHVMLRQ
)X]11\ OHWKRG 4y ,p

&RQFOXVLRQV DUH PXFK PRUH UHOLDEOH WKDQ
7KH SUHVHQW ZRUN IRFXVHG RQ WIGGMWALRQLFEDQGQFUHDVLQJ
HOHFWULFDO SDUDPHWHUV XVHGDWR/\WWUHG DM RACK R IT X RE&/NWHRIR V

WKH $VPDUL OLPHVWRQH PDVWKHKHRSROORFHDREDUDPHWHUV L

FRQFOXVLRQMWRIDF VEMG IURP WKH FXUUHQW pvHY ZLWK UHV:

ZRUN FODVVLILFDWLRQV VWXGLHG GXH \
7KH PHDQ IRMOXHWK (59D@®H WKLV FODVVLILFDWLRQ 7KH UHV

UHODWHG WR D PXOWLYDULDE®RNYNHAFROWHRIVHGWIKRWIKHVERLOB,
FRHIILFLHQW RI DQG AykH PHOBOVIERRY RRQGLWLRQV EXW D !
ZLWK WKH HTXDWLRQ ZLWK WKH)%VMRNLQR%WEF'HH%V\/HBV

6LQAH,FRQVLGHUV D ZLGH UD Qi R uWRyFN PDVV
SURSHUWLHV LQFOXGLQJ FDYBR@WHHVHDQG 7 HAXGIUFD@®IGHVFULSWL

UHV IRU HQJLQHHULQJ SXUSRVHV
JHQHUDOON  WKH, S\EN GLRFRELLRXQ JLQHHULQRXHRDRJIRI 5RFN OHFKDC

WKH JHRSK\WAHWBUVSDKDV D (hlkMWuLQJ] “HRORI\

FRHIILFLHQW RI GHWHUPLQDWLR& DQQG OQHVV HUURU WKD%
SUHGLFWLRQ RI 4 >@LHQLEBZVNL (QJLQHHULQJ FODVVL

.Q WKLV ZRUN IX]]\ PHWKRGV ziUMBOAYE G RRENVIHOREY 7UbRV 6

SUHGLFWLYH PRGHQ) BRWSUHGLEWLQ 0o 1 /lHo 5 Dpoc /XQGI

0$" DQG 506( ZHUH DQG ( JLQHHUL%WLF VRIL URFN PDVVHV
UHVSHFWLYHO\ IRU WKH ),6 PRGNOIQ7KHWHK b WKKEHRUW -RXUQ
UHVXOWV RI WKH ),6 PRGHO ZHUWH AQRWHBUQWR WKH DFWXDO

4,,p)YDOXHV ,Q IDFW WKH UHDVR@ dRYUWK&Y 6V WKHxX¥MH +  opuy

RI TXDOLWDWLYH ERXQGDULHVODRQRWHKHLRAAHIUPRGHO ,QWHJUDWHG

ZKLFK LV FORVHU WR WKH QDWXRFKRVIWRE BOREBEGBRPRIQOFDO LQYH
U\ URFN PDVV FKDUDFWH

V, H
DGGLWLRQ FRPSDULGJ WE&H Y@%%éEUSW\ RI 6DOHQWR 'HSDUWRPE

08" DQG 506( RI WKH HTXDWLRQpWRWDHRRBEIVRP RI JHRSK\VLFV
WKH UHJUHVVLRQ DQDO\VLYV DQG RZ

)& WHEKQLTXHY VKRZ
WKDW WKH DSSURDFKHV &yLQJ L8 i%%%%?ﬂ%]%ﬁt’am UHLVJFKOXWE%%



)DWHPL B¥YKGD -RXUQDO RI OLORQJ (QRLURQPHQW

JHRHOHFWULFDO WRPRJUDSKLHV L® @GQYKBIQVVDXVAHURDQGDIRARVYIBHVRXUFI
ODQGVOLGH VRXWKHUQ ,WDO\ WBROOHWLIQQ RO 5RSROMHBLGRFN OHFKE
*HRORJ\ DQG WKH (QYLURQPHQW 'DP 7THKUDQ ,UDQ

>@HPPDWL 1RXUDQL 0 UD®WGL 0RIEPCGDYL 0 5HJLRQRD WKANHU DW
6DIDUL O &ODVVLILFDWLRQ DQG BDVHRVWIHROW®/ WI EHOW RI ,UDQ DQG
URFN PDVV SDUDPHWHUV LQ &KRJKHWMMO XD RQRRL P KWLPDQ3-RXUQDO RI

e R Rt a PHFKBRE o RSA o (QILQHHULQJ
DVVHVVF’HQW DQG URFN PDVV FKDU

>@]ZLQ1l , 6GD5 6DLGLQ 0 1RUGLEWPDULOIRUPDWLRQ =DJURV UDQJH
%HU\$ DQG +LGO\DK , &RPELQHGIRKQGDWLRQ URFNV LQ VRXKHMHANWH |
DQDO\WLMH®BHFWULFDO UHVLVWLYLV\B\QN\FI—LUV‘PH.W\UR—IIIGDHWRRJG;D BRXWK $1U
DQG JHRWHFKQLFDO LQYHVWLJDWL % SV V HA
FRPSOH[ FUDWHU ,Q ,23 &RQIHUH Fg\/ FL?D Ay z% U RULILO L
(QOYLURQPHQWDO 6FLHQFH 9RO

'3 3XEOLVKLOJ HUKRXVH RI B6H\PDUHK GDP ,OL

(QJLQHHULIQJ *HROR
>@7HOIRUG HOGDUWOQGKHULI
G 3RZHU 5HVRXUF!
$SSOLHG JHRSK\VLFV &DPE%IR@H-P%)(EE%/M'H[\@

UW RI 5RFN JHRSK
3UHVV &DPEULGJH 8. DUXQDP
>S@6RMUAH QY VWK XD/GOGQGEHUJ

6HLVPLF FODVVLILFDWLRQ RI U ﬁ/l‘]&ﬁ% %Vfﬁzf“kﬁﬁ%&( EWKSQ]F]';I VH\

*

HRSKIVLFV SURVSHFW 6\PSRVLXP RQ 5RFN OHFKDQLSS 5DSL

> @HRDGX DQRQI/ (IIHFWV RI

IUDFWXUHV RQ VHLVPLF ZDYH YHOR@L%N BQQQQ%W_'WHQXDWLRQSRFN 5DV
*

QWHUQDWLRQDO -RXUQDO RI HRS'r@b \BLILFDWLRQ XVLQJ IX]]\ VHWV 7

> @%RDG X +\GUDXOLF FRQGXFYWRWWRFKRILFDO &RQIHUHQFH &KLQH\
VRLOV IURP]HUBLLDW U L E X W LRQU QTHYDPREGHGUDXOLF (QJBSHHULQJ 7DLSHL
RI *HRWRBRQDQG (QYLURQPHQWDO (QJLOHHULQ] nevpo - 2RRO ZH

GHWHFWLRQ ZLWHK WAIRQ FOD@GE& VADYHOH
> @DUWRQ IBRFN TXDOLW\ VHLVPDHXUBDKRFELMWYZRUN ,QWHUQDWLRQDO
DWWHOMXIVQULRRWURS\ /RQGRQ 7DVDRXIDBWEBIHY

*

URXGS > @X & +DFDOQ®EKRX < ) X1\
> @XGPDQ $ - IDMALEIV )0 ( UDQGRMEDELOLVWLF DQDO\VLV RI UF
7UDQVIRUPDWLRQ RI UWHWQRMLWL\DWIRR [\SHMRARYH ORDGV -RXUQDO F
"RXUQDGPHULFDQ $VVRFLDWLRQ RH RWHIW K @ DF\X P

*

HRORJLVWYV > @.ORVH &' ) XDV HIGX OHH S H U W
> @XWWD 1 3 6HLVPLF UHIUDRWWRE PRHWE&KEBUMRLVPLF SUHGLFWLR
VWXG\ WKH IRXQGDWLRQ URFN RIEFPSBEWHURXQQIERRFLHQFH

*

HRSK\WLFDO 3URVSHFWLQJ > @RNFHRJOX & <HVLOQDBRG ( 6

> @&DUGDUHOOL ( DQBUOPRQKR & /.D\DEDVL § IX$])QPRGRO IRU PRGX
(YDOXDWLRQ RI WXQQHO VWDHEIOGWRUWRQW LIRW RJUR KIREW RO OURFN

JHRSK\VLFDORHWIWRGRI $SSOLHG ®HRSSHAWIHUWN DQG *HRWHFKQLFV

> @)LUQH $ @& DYHUGL 7
> HXFFIDQ& RUJL /' ([SHULPHQWBOHGLFWLRQ RI HQYLURQPHQWDO LPS
VWXGLHV RQ WKH HIITHFWV Rl IUDFWSHUDRM)L RUKX\VALQ D GXP|\ZORBHLF (QYLU
YHORFLW\ SURSDJDWLRQ LQ VHGLPBHQW DVVHR¥RHOMWDOFDUHQLWH
'"H®EDOHQVWVRXUQDOLRHHULQJ *HRORJ>\

@*KDVHPL ( $WQEKDKOLDU .
SUHGLFWLRQ RI URRI IDOO UDWH LQ
> @.HDUH\ 3 %WRRBLVO0, $0Q ®JILF 3URFHHGIOQWHUQDKMH.RQDO &R
LOQWURGXFWLRQ WR JHRSK\VLFDO RH) STOURKXIMVEL RA Q WORENIZG O QLQJ 8C
/IRQGRQ 9LUJLQLD ORUJDESNRZQ :9
> @ODKDE*KBRBYVXOWLQJ (QJLQHHYMWV@*KDVHPL ( $QEBVKHEPROKRVVHLQ

(QJLQHHULQJ JHRORJ\ UHSRUW RQ 6H\PDHYHORSPHQ@WKBD®@ IX]]\ PRGHO |
,UDQ JURXQG YLEUDWLRQ FDXVHG E\ URFN



)DWHPL B¥YKGD -RXUQDO RI OLORQJ (QRLURQPHQW

PLQLQJ -RXUQDO RI 9LEUDWLRQ DQ(G( & RIWHWRKQFH RQ GHFLVLRQ DQG F
WK/\PSRVLXP RQ DGMHSWLYH SURFHV

> @-DODOLIDU + ORMBEHHLU $6 $> @6XJHQR 0 ,QGXVWULDO DS
BUHGLFWLRQ RI URFNXRADVV IXDWIEF@RDWYRQ@J 1HZ <RUN 86$% (OVHY

ORJLF DQ®DPXMEOH 505 UHJUHVV&RQ 3PRGHO

,QWHUQDWLRQDO -RXUQDO RI 0LQLQA\6FLHQFH DQG . ooy r 7wk

7THFKQRORJ\ DSSOLFDWLRQW OFIHDPZRUN

> @QORVDGHJKL 5 :DUQNHQ DQG7RPO %]
WRRGZL 3 JDLQVMW
OLUIHQGHUHVN  + &RESDULY g?) ?SEU Ii/l\(é(GJPHQ\(/gV" +RZ RUJ%QL]%W[

DOG $+3 LQ D VEDWHDIOD RO YL R
PRGHO IRU XMEBQSODQGLQJ -rXUJ4DR FRAQRDPIHPHQW MXGJIPHQW LQ IR
&RPSXWHUV (QYLURQPHQW DQG XUEDQ V\VWHPYV

YDUH] *U IDRD® DE X VN D
> @)HL]L ) 5DPH]IDRO@GDQ WRXUL (> ]@$Op uHl oty U o SUHGSLFWLRQ
&DOFLF LURQ VNDUQ SURVSHF \Fl,\g \ WG UREN VDPSO
RQ IX]]\ $+3 PHWKRG D FDVH VWX }'? VBSD R HFKDQLFV DQG OL
ODUND]L SURYLQFH -RXUQDO RI *HR &FH Q Q
> @DGHK / $ 2XWOLQH RI D QH RDFK .
WKH DQDO\VLV RI FRPSOH| V\VWHE%%SJ@HF é_g ‘QIJRU, - SU$H(l_J3)L<I(:)\N|_
AU oW LE L TUPRVPRWLRQV RO, RPN R PRI 3MWQRID HX®G 6
(QJLQHHULQJ

> @*XVWDIVR@CGHVVHO ) X171\
FOXVWHULQJ ZLWK D IX]]\ FRYDULDQFH PDWUL[ ,Q
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