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$EVWUDRKMUH DUH FKDOOHQJHV LQ DWWHPSWLQJ WR DFTXLUH VXIILFLHQW DWPRYV:
PRGHO WKH SK\VLFDO DWPRVSKHULF UHIUDFWLRQ HIIHFWV IRU DOO WUDQVPLVVLI
FROOHFWLRQ LQWHUYDO ,Q SDUWLFXODU DWPRVSKHULF WXUEXOHQFH FDQ LQGXF
SK\VLFDO YDULDEOHV DORQJ WKH VIQWKHWLF DSHUWXUH ZKLFK FDQ KDYH GLIIHL
GHOD\ Rl HDFK RI WKH WUDQVPLVVLRQ SXOVHV 7KH SULPDU\ JRDO RI WKH FXUUF
EDVHG RQ GDWD GULYHQ WHFKQLTXHV LQ RUGHU WR GHYHORS PHWKRGV IRU DXV
HIITHFWV RQ 6$5 LPDJH GDWD 7KLV DOWHUQDWH PHWKRGRORJ\ DSSOLHV WZR GLPHC
LQ RUGHU WR HVWLPDWH DQG FRPSHQVDWH IRU WKH UHIUDFWLRQ LQGXFHG SKDVH
LPSURYHG VFHQH UHIRFXV ZKHUHLQ WKH PDMRULW\ Rl WKH UHIUDFWLRQ LQGXFHG
WKLV GDWD GULYHQ DSSURDFK LV GHPRQVWUDWHG WKURXJK WKH LQMHFWLRQ RI I
EDQG 6%$5 GDWD

N, QWURGXFWLRQ 7KH UHIUDFWLRQ EDVHG DXWRIRFXV PHW

*
W LV ZHOO NQRZQ WKDW DWPRVSKHULFFL%EI R@\l@(é fﬁ
EHQGLQJ DQG GHOD\ RI UDGDU UD\ SD & D WL|
J Rlg; pHW

, LR% DQC

e
\% I_VFL
UHIUDFWLRQ HIIHFWV FDQ FRQWULEXW ﬁ\/l
VIQWKHWLF DSHUWXUH UDGDU 6%$5 LP
LQYHVWLIJDWLRQ LV WR GHYHORS D VL k iﬁ{v
IRFXV RI 6$5 LPDJHU\ LV LPSURYH
ORVW H[LVWLQJ PHWKRGV IRU FRUUH F X W%&g @M}?}_EI-FTQGL?_‘(]D
EDVHG RQ WKH HVWLPDWLRQ RI DWPRVSLO V\T })é—'&?
|
KR F

HVWLPDWLQJ DQG FRPSHQVDWLQJ IRU v E
UD\ SDWK RI StRiSDION ISRPBWLFDO DSS KH%HY;J:]JQDO b
% LHvwLPD\
%q: YDOLGI
'S KLFK N

PHWKRGV RIWHQ UHTXLUH UDGLRVRQGH

SDUDPH@WHIUY BPRQMXQFWLRQ ZLWK QXP @ F?J
FRGHVY WKDW LQFRUSRUDWH UHIUDFW }JZI? B
UHIUDFWLYH HIIHFWV SUHGLFWLRQ V\VW
/REDO VSDWLDO YDULDWLRQV LQ WKH "U% LU%'YLWLV%BGFD))J‘\QI-P%O})GVQ%H FR(

RI UDGDU UD\V RYHU D ZLGH E@)QZSKRFFKJ u TXHQFLHV >
EH VR VLIQLILFDQW DV WR LOGXFH GXFWJQJ BOG UD\ EHQGLQJ DZD\ IURP
WKH HDUWK UDWKHUY \@KD/KHNVRRBMY QW LRWN§H-(§@%:Q PRGH
DQG GHOD\ FDQ H[KLELW VLJQLILFDQW 7%V IDWIOR Q@ IVv Gy MO/ DWW R VE K HWHAW LR Q!
WXUEXO@BQRRW WKH FXUUHQW 6$5 LPDJ\KNUVR/\FXWMIR@@M)RJ $IWW|-KVOHQJlWI-KOIWLWKIH‘
SRVVLEOH WKDW WKH EHQGLQJ HIIHFWWRKMNQV¥BY\F WHRP JFUQQH( %HWR@W BYRK QW
QH[W DORQJ WKH V\QWKHWLF DSHUW XU K i \{SHLBWOR \y_ﬁ@_\pﬁ_’) Rl WKF
UDGDU SODWIRUPV 7KH FXUUHQW LQYHVYWWiI K lemQ),g\ngxggW\(\th\ X QthLp@@FWB,.
H[DPLQH 6$5 IRFXVLQJ XQGHU WKH FRQGHWHDBYY R \/\y%ﬁ&HDL\M_P@[y\ﬁEﬂgV LSV
WXUEXOHQFH 5DGDU UD\ SDWKV DQ EH G HLWKHU WR:

7KH FXUUHQW LQYHVWLIDWLRQ DSS@WtYoRRoPRWHWQAPWHWBEEYROFKKH ORFE
LQYROYLQJ WKH HVWLPDWLRQ RI WKH F KD L@D KhWk IED WVW@BM@MW@%@I
RQH UDQJH FRPSUHVVHG UDGDU SXOVH \QQB@ R I Hy WARDY. H%

QY WK R Wk D\

HVWLPDWHG SXOVH WR SXOVH YDULDWL QM\,L,QFWQ H EEVQG BQ %8 Q,@Clﬁ'{,)\[p'\eHLQj)}ELQH
DFFXUDWH 6$5 IRFXVLQJ 7KLV PHWKRGRORJYLRIYBRABHY I QR WKLY LRRH WZR Z1
HIWHQVLRQ RI FRQYHQWLRQDO DXWRIRFXYMHHIOQH RIIYURP WKH UDGDU WR D JLYH
635 DXWRIRFXV WHFKQLTXHV HVWLPRWHWRGS vKRTSERVEMNE EBEN WR WKH U
XQNQRZQ SKDVH HUURUV GXH WR XQFH%‘@@B@‘QUP%\(NH%\V\%@P \W/@P[b’ W R MAEDNR Y
7KH QRQ SDUDPHWULF SKDVH JUDGLHQW BXWRIMAEXYE DA cRIHBKR D &RE WKH FKDOQ.
:DKO  -DNRADWRO+@ LV GHULYHG XVLQJyEbPdlePSBLpDULOV RQ WKH DWPRVSKHULF
OLNHOLKRRG 0/ WKHRU\ DSSOLHG WR é*d% BWHpP VLQJIOH “SKDVH HUURU
YHFWRU DORQJ WKH VIQWKHWLF DSHUWXU¥lH ppPRXQW Rl EHQGLQJ FDQ YDU\ IURP
QH[W DORQJ WKH VIQWKHWLF DSHUWXUH
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SDUWLFXODU SDLY IRY SKOWRAWHG WHRQEH W
*53 |[RU WKLV SDUWLFXODU SXOVH SDLU

7KLV PRGHO FRQVLGHUV WKH FKDQJH LQ
FRUUHVSRQGLQJ WR WKH LOOXPLQDWLRQ
VEFDWWHULQJ FHQWUH IRU VXFFHVVLYH SX¢
WKHUH LV QR FKDQJH LQ WKH DPSOLWXGH
7KH GRPLQDQW FKDQJHV EHWZHHQ VXFFH\
SRVVLEOH FKDQJHV LQ WKH SDWK OHQJWK
\LHOGV D SKDVH FKDQJH EXW QRW DQ DPS
QRQ LGHDO VFDWWHULQJ FHQWUHV WKH
DPSOLWXGH EHWZHHQ VXFFHVVLYH SXOVH\
SDWWHUQ RQ WKH JURXQG FDQ FKDQJH VO
FRQWULEXWLRQ WR VPDOO FKDQJHV LQ UH
SXOVHV 1HYHUWKHOHVV WKH SULPDU\ F
GLIIHUHQFHV GXH WR WKH SDWK DQG HOH
OHDGV WR WKH PRGHO XVHG KHUHLQ

7KH VHFRQG UHFHLYHG VLJQDO IURP D SI
WKH VDPH IRUPRDNYHU WKLV VHFRQG VLJ
SRWHQWLDOO\ GLIkH DHEW HDHW REVIDRE \U K J
WKHUHIRUH D &LIITHUHQW SKDVH

r,= foexqj' 2)+ Ny,
*2°2,, ¢S, 9+ xcosE)} .

7KH DGGLWL YRIUQRKYHM VHFRQG UHFHLYHG \
EH XQFRUUHIO VWOIBHZWWHK QRLVH YDOXHV C
REWDLQHG IURP LQGHSHQGHQW VDPSOHYV

SKDVH QWR WKH FRPSOHI[f,Yy DQXRGPLBSIOD V)
FRQVWD®WY WKH VLIJQDO PRGHO IRU VXFF

ri=fot Ny
ra= foeXp(j€e ) + N,
€e o2, [s, s+ xcosE,), xcos€)}.

7KH SKDVH DUJXPHXWERWY D QRQOLQHD
GHSHQGHQFH RQ WIKH +HRIHYBIW L R\XK IDVQ HO B L
EH H[SUHVVHG LQ OLQHDU IRUP ZLWKRXW
E\ XVLQJ WKH GLEHFWLRQ FRVLQH RI

yLJ (OIHFWV RI DWPRVSKHULF UHIUDFWLRQ RQ UDGDU UD\ SDWLJQ\(:
D 6WUDLJKW DQG XQGHOD\HG SDWKV IRU XQUHIUDFWHG UD\V VKRZLQJ WKH SDWK OHQJWK RI

xcos€) UHODWLYH WROWEHXB3HWDQG GHOD\HG SDWKVHBygwlﬁzDFJ\/Hgoé(@\ os(€) WR EH HTXDO WR W
LQFOXGLQJ WKH D WQIE H® I3 DM RABDDDIMIKO EK L F K Fx%\&?i UHVSHFW WR VXFFHVVASYH, SXOVHV
IURP WKH HDUW KD @EQRU YSIDOMKKI ¥ X U Y DW X U i SHRZCOMEMWK HEHP UMK H SDWK OHQJWK GLIIHUHQEH IRL
VLIQDO PRGHO IRU UHIUDFWLRQ HIIHFWYV FDQ EH H[SUHVVHG LQ WKH IRO@RZLQJ

DCﬁG WKURXJK
VSDWLDO YDULDWLRQV RI WKH DWPRVSKHULF SDUDPHWHUV UHVXOWLQJ IURP

WXUEXOHQFH 7KH JRDO RI WKLV DQDO\M! ™ v win gupnting o & me s n mn AR g\
IRU FRPSHQVDWLQJ WKH UHVXOWLQY YL o winwy o v o owwn u..\gJWK

DQG WKH HOHYDWRR® WRHOMQWKHWLF L
FROOHFWLRQ 7KH RYHUDOO VWUDWHJ\ ?
GHYHORS D VLJQDO WKHRUHWLF DOJRUL§/§§ ﬁ%&%ﬁ%g%% JQI
SDWK OHDRQWKIOHYB&VER QY DHH@ WXFFHVV

7KH GHILQLWLRQV DERYH HQDEOH WK

HV {7\? GDUH
HWLF

PRGHO IRU DWPRVSKHULF UHIUDFWERQ€ WA PR |

'"HILQHWR HTXDO WKH SKDVH RI D JLYHQ u RBIW

RI D QRWLRQDO XQUHIUDFWHG UD\ ZKLFK WWﬁME%%LMYH %QBEW& g%wy\ﬂ@wom

YDOXH®RI 'HILQH WKH VSDWPRDQ IZHW}(H R

HTXDO WR WKH SXOVH FHQWUH IUHTXHQ S_;OWLSIROH A% VI\SIL%HLRY ORZ
DPSOLWXGH GXH WR WKH SXOVH VFDWW, % % .
WKH VFHQH LV FKDUDFWHULVHG EYOWK)-% [P_QY\Q-IJ( %ﬁﬁ

7TKHQ WKH UHKEHDYHEH/H]DWWVVHG DV

) Ok frx+ Ny
= Foexp(e o+ Ny ‘ '

hce fiexp(j€e 1) + N

€2, JEs+XEU
7KLV HTXDWLRQ LQFOXGHYV m@@mwwwmv..uwm..r..kaf\{.\ﬁ{v.. X&}-

SXOVH RI D JLYSHRVSWKH WOD¥RFWHG UDQJH UHIHUHQFH IRU WKLYV

v102,, s, S+ xcos€)}.
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7KLV PRGHO LV YDOLG SURYLGHG WKDW Rq* E{&&:T}- RQ RI
LOQWHUHVW 52, RQ WKH HDUWK V VXUIDFH LV PXFK VPDUOUHU WKDY WKH
GLVWDQFH IURP WKH 52, FHQWUH WR W& H RRGDU pRYLUX¥YFWKFROMHM HDFK
LQGLYLGXDO UDQJH FRPSUHVVHG SXOVH DORQJ WKH VIQWKHWLF DSHUWXUH LV
FKDUDFWHULVHG E\ D VLQJOH SDWK OH™ " 777 "rrnrrm e "{”gk'ék} ‘{'g'khsk?}”"' """" DWLRQ
DQJOH HUURU IRU HDFK VSDWLDO SRVL , UWK V
VXUIDFH 7KLV DSSUR[LPDWLRQ EHFRPH E{hag} E{hdy)

DQG 52, OHQJWK VFDOHVY DUH FRPSDUDEOH VR WKDW GLIIHUHQW SDWK OHQJWK
DQG HOHYDWLRQ DQJOH HUURUV RFFEXU URUVEYPRHOERY SBEYGW ILR@W X RN\ 0Q QUAKIH

52, VLPLODU WR WKDW ZLWKLQ \@K H [G-HHIS MY DWK L
) WKH FXUUHQW D QD Gy L&/H S\HKHG 8 KODS/RHQ HW K IF
NO/ HVWLPDWLRQ GRZQ UDQJH¥XRRUGLQDWH

7KLV VHFWLRQ DSSOLHV WKH NQJQDGHI%JRXB?H%JOF PSXWLQJ WKH HI[SHHRWD UM B WXPMX
GHULYH WKH MRLQW ' 0/ HVYWLPDWE RI '}hH’\leR HZ%O@UBQQWFQI@FHMN FRPSOH]

DE& %HJILQ E\ GHY)QMURIEH WKH GHIRFXWPYY XFRPS WKH QRLVH VDPSOHV DW

YDOXHG LPDJH DIWHU 635 LPDJH KRUWDWY %\/\%Kﬁ%h t'é’ X, SRR RE
WKH JURXQG GRZQ UDQJH FRRUGLQI]&IWHA. H [QHQW E

DQGYOHWXDO WKH JURXQG FURVV UDQJH V% H b |_ E UREHVY RIW
LQWHJIAKH QH[W VWHS LQ WKH SURFHVVW@, 5 I-(SWFR/ W HWH GXH WR ERW
LQYHUVH )RXULHU WUDQVIRUP LQ WKH UpP WKE'UIBMB*JQQQJM@JN/EW RQ LQZRM(@@U
WR REWDLQ WKH FRPSOH[ YDOXHG UDQJYRFHRAV WA T RILREVIRY Y HRdDOo\VLY

6$5 LPDJH GDWD DQG KXPDQ PDGH VWUXFWXUH WKDW LV
LPDJHU\ LH D UHDO ZRUOG 6$5 FOXWW]}

. _1 FRQWULEXWLRQV ZKLFK DUH QRW LQFOXGFH

Yn g(xk"")_L G(Xky)eXp(JZuy - UHDVRQ WKH FXUUHQW 0/ DSSURDFK IRU H
YDOLGDWHG E\ DSSO\LQJ NQRZQ SKDVH HlI

7KLV WUDQVIRUP LV H[SUHVVHG LQ WH@J%E\/E F MWIUR W ¥ LQ GHF
IUHTXHQRBR\GH[HG E\ WKH LQWHJHU '%V‘WHU%%%WSV‘?QR%V W\:%w DQD
$SSO\ WKH UHG$EHG DOWDWLREU WZ[&QGHSHQGHQW RI Mmﬂmwm WEPR SO HW W\

VXFFHVVLYH SXOQI—H)\Q]GiQGlHH[-II-W(SHEF\WLYHO\O \V'-':D: '\DAX\ché\l/\I/_EESVLgDQF:\E%F\QNx}i
VXSSUHVV WKH QBEHUWXBK RQ &HH |Roo(§ ﬁ LWV Q
Vk'ryF

7KLV VLPSOLILFDWLRQ LV SRVVLEOH VL 'P\(g\/% 4] gm WXUC
DSSOLHG LQGHSHQGHQWO\ RQ HDFK SDU W\%—( g %5 Q/EQQWK""H
VIQWKHWLF DSHUWXUH DPSOHG IURP JHUR

7KH VFDWWHULQJ SURSHUWLHV IURP DSQJLRYFHﬁQ’W‘DVVD/\)‘/HWIK@JJ'F'HLQ/W\UHS'D@-IOQR\QR S
NQRZQ D SULRUL 7KXV WKH FRPSOH[ YVOWXS QEWRRWOLRQ) QY RPDOY IHWHHOXWWHL
GRPLQDQW VFDWWHULQJ FHQWUH LQ WHKPRQVFR QG GPLWMR QEHW KR GHROLOMHIGSURFHV
VWDWLVWLFDOO\ ,Q WKH DEVHQFH RI DN@EWLNMVWLQWFDMLSM@SUU\WiZWLLFﬂﬂ@UL\&H
W\SLFDOO\ XVHG DV D PRVW EDVLF DWHDWREBBOH HI RPREHEG WKRPW WKH UDGD
DVVXPSWLRQ LV DOVR MXVWLILHG IURP G/\ILNNVE#QWWUBB WKL WS v R QP ) RUQWKH
WKH PHDVXUHG VFDWWHULQJ DW D JL%HD FROQIH VOURAAYV cHEEHOWVRQIBRQGFRUUHFW
PXOWLSOH SK\WLFDO HIIHFWV LQFOXGLEU 2RKY DEQAVHOEHFWULF DQG PDJQHWLF
SURSHUWLHYVY RI WKH PDWHULDO WKH VKBYH RKWKMWRREBDPWE UQ ROYW DM IUREF HR UnwM( K H
ZDYHIRUP SRODULVDWLRQ WKH SURSD JDOMNVRWYHW KSPRNWI R Rt H BDWRPRHAMMHMI HUHV SH
DQG WKH DFWXDO ORFDWLRQ ZLWKLQ WKH RYHUDOO VFHOH

L

7KH DQDO\WLYV FRQWLQXHV E\ GHILQLC 5« E{Ifuf},
FRQVLVWHG RI WKH UDQJH FRPSUHVVHG D]JLPXWK VSUHDG GDWD YHFWRUV IRU
WZR VXFFHVVLYH SXOVHV e E[INLP) = E{IN,) -

z+ & hJ', 7KH IROORZLQJ IRUP IRU WKH FRYDULDQFH

ZKHUH WKH VXSHUVFULSW 7 GHQRWHV W tH+ 1 trexp(L i€ W O\VLV
LQYRNHVY WKH VWDQGDUG WKHRUHWLFD Ra= t2exp(j€* ) T2+T2 - HQWV RI
WKH VELIHBW HVHQW D VHW RI *DXVVLDC oo Trexpuer W PN L
DUH PXWXDOO\ LQGHSHQGHQW DQGal GHQ WL WUWQ%W&WWHL#&%DQWQFH P
LV DVVXPHG WR FRQIRUP WR D PXOWL YDULDWH ZRCWH QRLVH R
SURFHVYV

1H[W FRPSXWH WKH FRQGLWLRQDO coeiicewceoe o, IR = {TN+2Tf}TN N

3') Rl WKH XDBRRBEQWLRQHG XSR@kWK Hé%/b
DG 7KLV FRQGLWLRQDO 3') KDV WKH IR L IPSWY@J&%V\'?HF\W WlKH FRYDULD!

XQNQRZQ HUESRNEGHFWRUYV R = 1 T/"'TN ,Tfexp(,1€-k)
R .

, texp(j€s ) 5+ 1R

1
p(z|€s €u) = IR, eXp( 4R Z),
'"HILQH WKH H[SRQHQW RI WKH FRQGLWLRQLE
ZLWK GHQRWLQJ WKH FRPSOH[ FRQMXJDWH WIIDOVSRVH SOYR 10

IR& GHQRWHV WKH GHWHUPLQDQRY RKLWI - TuEs €. A'Ri4.

FRYDULDQFH PDWUL[ LV GHILQHG WKURXQJ\}}H R DOG LPSOLHV WKDW FDOQ ¢
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T(€s €u) “{In( p(g, h|€s,€u))}

_ 1 2 2 2 2 € S}
—E{Tf+TN}{|gk| +|hk|} 12 K
= g oo (hKex2,, (€5+ x&u))
k=1

. Oeheexp(j2 ., f€ s+ x£€u})} =0.

LT
, mlohkexni2, {(€s+ xeu)

+gchexp(.j2 ., €5+ x%€u))}.

7KH SDUWLDO GHULYDWLNMB8&WLWK UHVSHFW
7KLY DQDO\VLV XVHV WKH GHILQLWLRQV DERYH WR H[SUHVV WKH FRQGLWLRQDO
3') IRUD VLQJOH UDQBIHQ WKH LRBP[HG | “in( p(g, h|€s, €u))}

€ u}
1
€s,€u) = exp(,t «(€s €u). +2 K .
p(z| ) R p(, T W ) E{---{Xk@hgkééquzm {Es+ xEu))
k=1

&RQVLGHU WKH FRQGLWLERD®H QGRIE)ME IL ,&gﬁ%kexr(,jZ . €S+ %Eu})} = 0.
DSSOLHG VLPXOWDQHRXVO\

K 7KH H[SRQHQWLDO DG&PHDMKY FIRQWDLQV I

D(Zc|€s, €U) = ZKl + exp(, 1 W(€s EW)). Rk ZKLFK SUHYHQWV WKH HQWLUH H[SRQ

RN =1 IDFWRUHG RXWVLGH RI WKH VXPPDWLRQ |

7KXV LW LV XVHIXO WR DR&BXF\1DQIMBSSUR

+HEZHLY D YHFWRQJRIOLQHYV ZLWKLQ WKH $PODJHUDQG LQ RUGHU WR OLQHDULVH WK

"HILQH WKH HOHPHOQW D RIWWRKEHYWRW RIUB/B PHQ Q@ P®BY WKXV \LHOGLQJ
FRPSUHVVHG D]JLPXWK VSUHDG GDWD IRU DOO RI WKH UDOJH OLOHV 7KXV
WKH FRQGLWLRQDO 3') IRU DOO RI W K

VLPXOWDQHRXVO\ JLYHQ WREGIHDVXUH 20 .o HONcH GRCHE S+ X&)
1 “ "
p(a.hl€s €€ = ——F exp(,1 Es€U)). = .{ghe oy,
” R)k:l k=1
7R REWDLQ WKH GHVLUHG HVWLPDWHV K JV
DQ@B LW LV QHFHVVDU\ WR PDRRQEHWL 1200 ¢ .o (3G NG HE S+ XEU})
XSRQ WKH GO WG HEM/RSVREOHP LV HT k=1
WDVN RI PD[LPLVLQJ DQ\ PRQRWRQLF = e X
FRQYHQLHQW VWUDWHJ\ LV WR PD[LPLV = o {dhe xadc) ‘H

LW WUDQVIRUPV WKH SURGXFW RYHU YLuiLrav forwnruv tLuwn U varruwceRQ RI

FRUUHVSRQGLQI WHUPV 7KLV ORJIDULWKR RIS 3R FRORENG T PG %6 survL

WKH GDWD KDV WKH IRUP QRQ SDUDPHWSY IDFEG HFWR WXIILFLHQWO\ VP
‘ €,31 LQ 7KLV FRQGLWLRQ LV VDWLVILHG
In(p(g, h[€S, €W) = £, ... T ES €U), EHWZHHQ VXFFHVVLYH WUDQVPLVVLRQ SXC
o1 WKH VIQWKHWLF DSHUWXUH OLWLJDWLRQ
FDVHV L€ ZXKILFKRHV QRW DSSO\ LV EH\RQG

LQ WHUPV R I%DWKDQW WD QWGHSHQGHQW FRIUWKB WS HY Y BN @& LOR@/ LR Q
SDUDPHWUES XEEWBQE WKH UDGDU PHDVXKHPIWGWXEQWDDSSH RIDOEHZRE WEE UH
Y HF Yy RO\G LPDJL@RIG\{z, #}/{2]} IRUPV L®QG VXJIHVWV
WKH XVH RI WKH IROORZLQJ FRQYHQLHQW «

fe,2 KInG), KIn(Ry).

K

7KH DQDO\VLYV SURFHHGV E\ H[SUHVVLQJ <pn® k._..l{xk}pg;nhk,n.

In(p(g, h|€s, €u) +HUH WKH SQDWH KRBHMH[SOLFLWO\ LQ RU

g GHSHQGHQFLHYV LQ WKH ILQD G QEREDHNL R\
=%+ g ... {odkexp(iz, {€ s+ xEu) IXUWKHU VLPSOLIREBWWRQ\LRHOG WKH IROO
k=1 OLQHDU HTXDWLRQV LQ WHUPV RI WKH H\
+gchexp(,j2., fE€s+x£Eu}) }. LQFUHBHQWYN s, DE@* th.:, i, IRU DQ\ SDLU

VXFFHVVLYH WUDQVPLVMURDQ@IHBXOVHYV LQGH
+HUH WKH, ARQ&MIDQMWG E\
1
1 K Re< on]€s+ Re[< 1 nl€u, = z_clm[‘ onls
Le h, E{T;Z‘Jfﬁz\l} oo {lacP + The},

k=1

1
R€[< 1,n]€51+ Re[( 2,n]€un = 7
ZKLFK LV D IXQFWLRQ RI Wi H @EDDORQH G wnwr vv o 1 111 wvin o v " C
;éV&EPGLT/i%QGHQW RI'WKHEQRQEGDURFEHYYLR | WIENBHY0 NORZQ OLQHDU PEWKRGYV
7KH QH[W VWHS LQ WKH MRt Q@& LV WRFBSFRxbD wLRBAE IRU DQ\ SDLU RI VXFFH!
WKH SDUWLDO GHDIWRWILHHSIREFW WR HDEKKR|ILREY YRBQH UHIRFXV GHSHQGV FUL
SDUDPHWULF YHFWRU®s WRBGE HD R SWLRHQHGRHVHRMI UDFWLRQ LQGRFHG 73KD ¥ B OFXIDRDW |
ERWK RI WKH UHVXOWLQJ HTXDWLRQV HYWWIb MR IS RQGH QBURIMAHSP® MEAL YWHLR X P
ZLWK UH8ESHF\M W R LQWHJUDWLQJ WKH IROORZLQJ HTXDWLRQ\

Im[< ]
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DSHUWXUH WR WKH RWEHQG +HOWAH W R B Z4(t)
TXDQWLW\ €radalln) = arcta K+ va”
"HILQH WKH HVWLPDWH RI WKH GHWHU. L)+ Yilt))

— <~ - < --

“neRe[< onRE< 5n], {Re< 1]} $OVRY, 3= {Xp(t), Yp(t), Zp(t)} JLYHV WKH LQVWD
n on. 2nl> il UDGDU SRVLWLRQ UHJgRWzZY{H0MWR WKLIH *53

7KHQ FRPSXWH WKH XQNQRES D@BAJHPH&MIHW\MQIJDWHWKH & QW HIQ® WV RRHBRQWW
WEKURXJK OFH WKH € EUHFHEBAVRI * GR QRW
GHSHQG H[SGLELWIB\ XSRQ

_ 1 $IJDLQ WK HgQRIMDWLIFRUUHVSRQGY WR W

€5 = —{Re<anlim< onl, RE [ nlim[< ]}, FRPSUHVVHG DJLPXWK VSUHDG GDWD RI W
v SDUWLFXODU LWHUDWLRQ LQ WKH RYHUD
B . PRGHO HTXDWLR®$O\ WKDW WKH IRFXVHG
€un=2 ~—(Re[< on]lm[< 1 n] ,Re [ 4 p]im[< o]} - DUH FRPSXWHG IURP WK Hy GWIRFRXYHG LPDJ}
1y C N
W LV SRVVLEOH WR LQFOXGH DOV RI D Yo owwiw. .f\(.xk’.".)\Yfknu?‘:‘.e\pr(JJu" i3V WR
VROYHDQG LQFOXGLQJ GLDJRQDO ORD
,Q WKH FXUUHQW DSSURDFK WKH FDVH ‘ﬁ% W"y ‘E"‘R‘H
LQ LV PLWLJDWHG E\ DVVXPLQJ WKDW @P HULF U‘E

HITHFWV VHW HT€(|JQ=OOW¢RH].HM[RLQ_OI\-I RWKI'GU_LPI-LW\X/\KLJIE@ILLR]Q RUGHU WR REWDLQ WKH G
VWUDWHJILHV IRU VXFK VLQJXODU FRQ®IHWDRMQIVRQFDQ EH DSSOLHG $
FRPSDULVRQ RI GLIITHUHQW DSSURDFKHV WR WKLYV LVVXH LV EH\RQG WKH

VFRSH RI WKH FXUUHQW LQYHVWLJDWLI "WXUH
UHVHDUFK F(XY,) = ...f(Xk,.n)exp(,]Z,,y".n).
7KH HVWERRWRIORIRZV IURP n=1
. . OXOWLSOH LWHUDWLRQV FDQ EH DSSOLHG
€ kn=2,, [ES+ XEUn} . REWDLQHG WKURXJK HLWKHU KXPDQ LQWH

PHWULF 7KLV +' UHIUDFWLRQ EDVHG DXW
7KH ILQDO LQWHJUDWLRQ HTXDWLRQV |RW F HIVYHRKHW H UQ WILIRHY G.RP WD § VR WHE D VN
" UHIUDFWLRQ EDVHG DXWRIRFXV PHWKRG RORID LIHG WHKH O ROPIRZNIQI] WKH FRPSH
UHJLRQ RXWVLGH WKH YLFLQLW\ RI WKLYV

§.1=8,+€8y  Unes = On+€ Uy, FHQWUH DV ZLWK 3KH >3*$ PHWKRG DSSOL!

VKLIW RI HDFK UDQJH OLQH VR WKDW WKF

A _ < HDFK LWHUDWLRQ LV FLUFXODUO\ VKLIWEF
*kni1=*kntE€®kn.

PDVNLQJ WKH FRPSHWLQJ VFDWWHULQJ FH

DORQJ WKH V\QW K H WL FKBISIHUWEKILUHD W KR DW LR
DUH QRW UHTXLUHG IRU WKH ILQDO AR (7 QupFE

EXW DGGLWLRQDO LQVLJKW FDQ EH JO

WKHVH HVWLPDWHV RI WKH SK\VLFDO U \X/ RQ

7KH ILQDO HV W4, RyD WALR O RW XAKHO\ L QY R'OR \MbR\ﬁKH

UHPRYDO RI WZR GLIIHUHQW VHWV RI UVW_VH YROYHV WKH

UHPRYDO RI WKH OLQuthakgKBS(Hqu-LLENDd%?&//'RéU\ Yod e bW &3

PHDQ¥sRD@G, ZLWK UHQDUE WIRPRYHG L KqHJéthSvRNHG " UHIUDFWLRQ EDVHG DX\

HOLPLQDWH WKH OL Q& DOLQS K DI/ W WUHG 635 GDWD FRQWDLQ'—QJ NQRZC

7KH HUURU HVWLPDWHV DUH FRPGEWH G, E} %%R@%@WKLHR%thXVOWDHUSO{‘\/”?LS]%%I
DQJOH Pé

PLQLPLVHV WKH VKLIW RI WKH UHIRFXYV g lﬁl%) ﬁl qgwb *% §%W<VXO‘
LPDJH &RUUHVSRQGLQJO\ D VLQJOH P Cpige T 5 WK H

OLQHV LV UH@RYHBRWLFR WKDW VKLIW lQ, hd‘%‘Rj’\F (R RX K FRPSDULVR ZLwH
WKURXJK OLQHDU SKDVH WHUPV GRHYV Q/vaﬂllnyR\(\ﬁ@-}(WK@#pﬁ Vr\MR\) Wi SHU
UHVXOWLQJ UHIRFXVHG LPDJH VR WKDW ) vBiyX G Is QW VIW U P B J R B RxQLP FB

WKH PDJQLWXGH RI WKHVH OLQHDU VKLIMRG G HOWWRYY VR VEKHk @\S VG 55 H HRAFY gs
LPDJH E\ WKLV UHPR¥BEWR | EKG, PHDQV RI7KLV LQYHVWLJIJDWLRQ XVHV FRPSOH[ YDC

7KH VHFRQG VHW RI PHDQ UHPRYDOV EZWUWHH XEROOHBWH®R WKKUR X HY HIWW IDQ U ER U G
Rl DUELWUDU\ SKDVY BRQ@VWBEWMLFIDOBURWENLGH JB@RPRIWWKEY FROOHFWLRQ W
PHDQY RIFG DUH UHPRYHG DIWHU QUWH VOWRIJEW LRQCRYHYHO 10 L2 K WAIE MADKQ BL W K
FRPSOHWH VLQFH WKHVH YDOXHYV DUHDSK§VW@IZR§§13\W/I§%VV‘\'7| iRB%l@&&@ZE%UDQJH

DEVRUEHG LQWR WKH FRPSOH[ YDOXHGDWPSWY WX % VW WKHWLF
DIIHFW WKH UHVXOWDQW PDJQLWXGH LPW¥ytPDJHUX, D284k DN\K H UDGD WUDQVPL

7KHUH LV QR PHDQ UlPRQFG DKWL MEBUAEE OHKHY6$5 FROOHFWMIOBIG GOW BWAIRRK R
W\SLFDOO\ QRQ JHUR D Q@®sihe/RG MWKHUB D G BitQi\HAK HU HEXIBL®GHz PIQG D EDQGZL®WK R
HOHYDWER QQ DQK D HH Vi LWEW LFQQVRUUDWLRY FRQVWDQW LV
VHOHFWHG WR EH @ RibhflY+ostELH(GL) @RQJ 7/KH PDIQLWXGH RI WKH RULJLQDO FR

WHUPV RI WKH YIORE WWPH HOHYDWLROQ Dm%isﬁwﬁg(gb\ék%@ %%%%%LMH%@W';%UE

UDGDU SODWIRUP SRVLWLRQ LV DUELWUDU\ SRO\QRPLDO IXQFWLRQV LQ R
HIITHFWV Rl UHIUDFWLRQ EDVHG GLVWRUWL
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)LJ O5HVXOWV DIWHU D VLQJOH LWHUDWLRQ |
DXWRIRFXV DSSOLHG WR WKH LQSXW LPDJH GDW
D (VWLPDWHG WRWDO SEBWRROEHRUWE& HUW R UNEDR LROIHW

IURP )EJE (VWLPDWHG HOHYIEAHWFLHRFQSDQH@HZSWH(IMOQ-DW R
€ne |/URP )EJF 5HIRFXVHG LPDJH PDJQLWXGH VKRZLQJ Ut
QRW \HW FRPSHQVDWHG DW WKH ILUVW LWHUDWLRQ

€w FDQ EH HVWLPDWHG DQG FRPSHQVDWH
VHOHFWHG SURILOHV DORQJ WKH VI\QWKHW
7KH HPXODWHG UHIUDFWLRQ EDVHG SKDV
RULJLQDO 6%$5 GDWD E\ PXOWLSO\LQJ WKH
VSUHD G e@FWD E\LWK
)LJ OOHDVXUHG FRPSOH[ YDOXHG 6$5 LPDJH GDWD XVHG IRU DXWRIRFXV
SURFHVVLQJ "LPDJH GDWD SURYLGHG FRXUWHV\ RI GQUQ)@,t_nP.zg\é\{srmé&@;u&tn))}l
D,PDJH PDIJQLWXGH EHIRUH LQFOXVLRQ RIBNKKHIHIUDFWLRQ LQGXFHG SKDVH HUURUV
UHIUDFWLRQ LQGXFHG SQ,WKLQ‘HQUQW(HHWHBULQWFNL@WV%JW@RH3®5 WKH GDWD DUH WUDQVIRU]
LPDJH GDWUXH HOHYDWLRQ. DOQWEH SHBRUDEM LRQ LQ@XFEF‘@LHGUWK[PN&JK D " JRXULHU WUDQVIF
LQMHFWHG LQWR WKH RULJLQDO 6$%$5 LPDJH GDWD JUQPQRRBEOW LVRQ RIWR MBI X0 6@ HPBYMHVIRRWD Z
DQJOH GMARIHOBWLYH WR W& DURXADGE GODXGH DIWHY K R VLRR KLY ODWWHU ILIJXUH JLYHV WK
WKH UHIUDFWLRQ LQGXFHG SKDVH HUURUV VHW ZKLFK LV LQSXW LQWR WKH SURSRV!
PHWKRGRORJ\
HDUWK V DWPRVSKHUH s{KB@&GSHRU LFDFKOHFMWMH® VLQIJOH LWHUDWLRQ RI WKLV
SXOVH DUH SUHVEHOQ®OE GOLRGAUWERQVRIHVWLPDWHG WRWDO SDWK OHQJWK HUURU
SUHVHQWY WKH SURILOH RI WKH HOHY DVWUR QR DBV OHK RYQMERE QUBIDGE DY B OWMRIROUP LW
UHODWLYH WR WKH JURXQG SODQH VXIILFLHQW WR REWDLQ DFFXUDWH HVWLI
,Q WKLV DQDO\VLV WKHUH LV QR DWWHPRBUW WR HF\DWLKP DOMH) MWMKH FSIK\ HIORHDYAD WL R
SURILOHV LQ ' VSDFH RI DWPRVSKHUHFRBOWHWEHWRAUIN DWXRK WKH ILUVW LWHI
WHPSHUDWXUH GHQVLW\ ZDWHU YDSRRXWRRRFX\Q W\ DWKLRY® YHH® ©) L QW KWVURRPH KL P S U
ZKLFK WKH SXOVHV KDYH WUDYHUVHG YKHWR D $BERD RK HUWH WKOE LHOSAKMW DWBIWM RI )L
WKH WRWDO LQWHJUDWHG UD\ SDWK OHQJWH MUKHR VHFGR® G O MWHIWDMRLCR © Q DO A DDAN R
VFDWWHULQJ WHUUDLQ IRU HDFK SDLU RIWHEFWHMY LYHS O KB G HYERXW WZWRKOHO GRRPLQD
WKLY QXPHULFDO H[HUFLVH LV WR DEHF RUID/AIBID WIHOW K MIWVWKBVHFBQURHUWDSSOLHG L
LOQYROYH DSSO\LQJ D PDVN DERXW HDFK
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ZKLFK LV KDOI RI WKH FURVV UDQJH H[WHQW UHODWLYH WR WKDW RI WKH
SUHYLRXV LWHUDWLRQ

7KLV VHFRQG LWHUBYWHROQVRIXYUWKHU LPSURYHPHQW LQ
WKH SDWK OHQJWK HUURU DQG HOHYDWLRQ DQJOH HVWLPDWHYV DV ZHOO LQ WKH
UHVXOWLQJ UHIRFXVHG VFHQH LPDJH 6WLOO IXUWKHU LPSURYHPHQWYV LQ WKH
HVWLPDWHY RI WKH LQMHFWHG HUURUY DQG WKH UHVXOWLQJ UHIRFXVHG LPDJHU\
DUH REWDLQHG DIWHU WKUHH LWHUDOMMRQY DV VKRZQ LQ )LJ
)L VKRZV WKDW WKH XVH RI WHQ LWHUDWLRQV \LHOGVY DQ H[FHOOHQW
DJUHHPHQW LQ WKH SDWK OHQJWK HUURU DQG HOHYDWLRQ DQJOH HVWLPDWHYV LQ
FRPSDULVRQ ZLWK WKH FRUUHVSRQGLQJ WUXH LQMHFWHG HUURUV ,Q DGGLWLRQ
WKH XVH RI WHQ LWHUDWLRQV JLYHW D UHIRFXVHG VFHQH LPDJH LQ )LJ
WKDW KDV H[FHOOHQW DJUHHPHQW ZLWK WKH RULJLQDO LPDJHU\ SULRU WR WKH
LQMHFWHG HUURDVY VKRZQ LQ )LJ

1RWLFH WKDW DQ\ UDGDU SXOVH SURSDJDWLRQ SDWK ZKLFK LV RWKHU WKDQ
D VWUDLJKW OLQH SDWK VHUYHV WR LQFUHDVH WKH RYHUDOO SDWK OHQJWK DQC
WKHUHIRUH LQFUHDVHV WKH HVWLPDWHG GLVWDQFH WR WDUJHW IRU HDFK
LQGLYLGXDO SXOVH DORQJ WKH VIQWKHWLF DSHUWXUH 7KH RYHUDOO UHVXOW RI
WKLV HIIHFW LV WR JLYH D ELDV LQ WKH FDOLEUDWLRQ RI H[DFWO\ ZKHUH WKH
LPDJH OLHV ZLWKLQ WKH FRQWH[W RI WKH HDUWK V VXUIDFH ,Q HIIHFW WKH
UDGDU ZLOO HUURQHRXVO\ FRQFOXGH WKDW WKH UHVXOWLQJ 6%$5 LPDJH OLHV
DW D VOLIJKWO\ ODUJHU GLVWDQFH IURP WKH UDGDU WKDQ WKDW FRUUHVSRQGLQJ
WR WKH WUXWK +RZHYHU WKH HWHQW RI WKH ELDV LV OLNHO\ WR EH UHODWLYHC
VPDOO XQOHVV WKH DWPRVSKHULF UHIUDFWLRQ HIIHFWV EHFRPH
DQRPDORXVO\ VLIJQLILFDQW

N&RQFOXVLRQV

7KLV LQYHVWLIDWLRQ KDV GHYHORSHG D GDWD GULYHQ PHWKRGRORJ\ IRU
DXWRPDWLFDOO\ FRUUHFWLQJ UHIUDFWLRQ LQGXFHG GHIRFXV HIIHFWV LQ 6%5
LPDJHU\ 7KLV DSSURDFK DSSOLHV MRLQW ' 0/ VLIQDO WKHRUHWLF
PHWKRGY WR HVWLPDWH DQG FRPSHQVDWH SKDVH HUURUV EDVHG XSRQ WKH
LQSXW FRPSOH[ YDOXHG 6%$5 LPDJHU\ WKXV \LHOGLQJ LPSURYHG
UHIRFXVHG LPDJHU\ ZKHUHLQ WKH UHIUDFWLRQ LQGXFHG GHIRFXVLQJ
HITHFWV KDYH EHHQ UHPRYHG

7KLY UHIUDFWLRQ EDVHG DXWRIRFXV PHWKRG LQYRNHY DVVXPSWLRQV RI
UHODWLYHO\ VPDOO FKDQJHV LQ ERWK WKH SDWK OHQJWK HUURU DQG WKH
HOHYDWLRQ DQJOH IRU D JLYHQ UHFHLYHG SXOVH DORQJ WKH V\QWKHWLF
DSHUWXUH UHODWLYH WR WKDW RI WKH SUHYLRXV SXOVH +RZHYHU WKH WRWDO
DFFXPXODWHG HUURUV DORQJ WKH VIQWKHWLF DSHUWXUH IRU ERWK RI WKHVH

TXDQWLWLHYV DUH SHUPLWWHG WR EH T.X ILEDQW. ) HIDPS
SUHVHQWHG KHUHLQ WKH WRWDO SDW )ngéi% k@%ﬁ%@gwﬁggtﬁ%ﬁyﬁh
25 IXOO F\FOHV ,Q DGGLWLRQ WKH WR

Gt e L B oy & G et

HIDPSOH YDULHV E\ VHYHUDO GHJUHHV D¥RJY
1RWLFH WKDW WKHUH LV QR H[SOLFLW OYRFPLWWFUWMYE-HP KBS W RTH BVRRRDRS BE HASWEWETB YW R
HUURU IRU HLWKHU WKH SDWK OHQJWK &R UURPKEIFP HRYOUN € R BD IHQPPAE L WAFE HY KIHEREL @Y 1L
DXWRIRFXV PHWKRGRORJ\ LV DSSOLFDBWH VWARIQ R U WY DMDRAORR R RO HEDWRHWKDRM R1 WKH |
H[WUHPH UHIUDFWLRQ

7KLV DQDO\VLY GHYHORSY WKH WKHRUWMWUDIW ERQ GURIYL UG WPKHR WIYWZK b Wi il Qy iV K
GHOD\ DQG HOHYDWLRQ DQJOH FRUUHVERQIBNIQ P QR H® KM DINURSD PRWORJURIP RQH
VXFFHVVLYH SXOVHV IURP WKH UDGDU WRKbY LGHWD LYWIGY $R L W WRIRWYM URSE S UF
FHQWUH DQG EDFN 7KHUH DUH QR H[S IV FYWLRQ HWIHFOQWY SHMUWBVELBOHV R XH V
ZKHWKHU WKH FROOHFWLRQ JHRPHWU\ MU RQ WK WLSRQV B X PR'W V \RW DL § $5 DFSR OROH F W
VFDQ YDULBWVINHZLVH WKHUH DUH QR 'FRIQHWWDRDWIVROQHBHWKBGRPHOPRIV LV DSSOL
WR WKH W\SH Rl WKH LPDJH IRUPDWA R XAAMHHDPORRI P3IVOQWKHWLF DSHUWXUH L
LQFOXGLQJ WKH UDQJH PLJUDWLRQ DD3IROLWIKHYV iy RHWKRGN LOQFRYOEHY WR FRP
DOJRULWKP DQG WKH SRODU IRUPDWWIRYMI FIPYIHRU LR KR O RIRPS MM D/RORLWRMLRQ SX|
IRFXV TXDOLW\ EHWZHHQ WKH GLIIHUHQWKW\FRK HRU HRW OFH-RFMWA ROV LIRIRP IRW PHOW L S
DQG ,)3V DUH EH\RQG WKH VFRSH RI WKHMSHYWXWGW WKHRUHWLFDO DQDO\VLYV
DQG WKXV LV UHVHUYHG IRU IXWXUH ZRUN7KH HIILFDF\ Rl WKLV GDWD GULYHQ

,W VKRXOG DOVR EH FODULILHG WKDWGMRRRVWDRWRER AXKNURKXIWYRDO KM HOFRMLRQ R
RQO\ FRPSHQVDWHY IRU UHIUDFWLRQ LG HA GDWR FPHOMWKHHD G XHBEPHIBGWURGBD U
DQJOH HUURUV EXW DOVR \LHOGV H[SOLRIMA WG PHUNHRW \R IDWK HE D B GDRVQ R E IgW
WKHVH TXDQWLWLHY DORQJ WKH V\QWKHWIRU DEBEQG® WKKH HOHY WO R®W PRUOH QIVOR(
NQRZQ LI WKHVH H[SOLFLW SURILOH DH¥WUPBWRN WKBHYHVWGRRDWLR@ R0 WKH SD
LPSOLFDWLRQV SHUWDLQLQJ WR ORFDO DDONPRIVS KR ULAH Y DIWQ BUWH IRHN | L) \§ K\ WIDFAKO L
TXDQWLWLHY VXFK DV WHPSHUDWXUH ®KiyvVKYHQH DWGE3 RADW HRIONRQMPHBQ\R Y I X FAL W |
VSHFXODWLRQ DERXW SRVVLEOH QHZ DYP@ILFEDWLIRRY RUWKK M HIHDWYEO WVIRQ J XHPUU R BTH
HVWLPDWH SURILOHV DORQJ WKH V\QWKBRWERMEIHUM K Ukl IIHVF WM VRIUK HNRQ RRAR 1 MARX B E
ZRUN IXWXUH UHVHDUFK

7KH GHYHORSHG " UHIUDFWLRQ EDVHQQBIXWRHRPMV | RY HNKWOQUHVIKRUN LV WKH
FDWHJRU\ Rl GDWD GULYHQ HVWLPDWLROUWWRRQWHXK QL EXSYL WRU L QRRUBEGRIDPRVH St

RI WKLY DSSURDFK LV WKDW LW LV DSSWKHD MO QR/P LW[WLIRHP ISXONRNSBEDVBWHRQ |
DWPRVSKHULF SDUDPHWHUV 7\SLFDOO\ RC
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YL OBHVXOWYV DIWHU WKUHH LWHUDWLRQV RI)WKK5HVY¥AWWD DVWRQ B\CHQ G VDEKWRWR RQW RI1 WKH
DSSOLHG WR WKH LQSXW LPDJH GDWD RI )LJ DESOLHG WR WKH LQSXW LPDJH GDWD RI )LJ G
D (VWLPDWHG WRWDO SBWRROERUWGE BUW R U&ED R LRODH (WKL RDWX MK W R W D O SBEWRROERUWE& HUW R UNEDR LROIHW

IURP )EJE (VWLPDWHG HOHYIﬁAnWFLHRI{)SDQH@HZSWH(IMDQ-D‘NJRIP WEKIHE WUYKLWPKO W H G HOHYIEAHWFLHRFQSDQH@HZSWH(IMOQ-DW R
€ue |IURP )EJF 5HIRFXVHG LPDJH PDJQLWXGH VKRZLQ&uONRYP YEHNISGXROXVABDULAMIHDADIQLWXGH UHYHDOLQJ
WKH WKLUG LWHUDWLRQ FRPSDUHG WR WKDW Rl WKWISHI RULRXQDMWZRFXVHG LPDJH RI )LJ

PHDVXUHPHQWY DUH DYDLODEOH VR WKDM GKFDWLREYVBGGP REMIOQV QRQR/I VRH QVK LV
WDFLWO\ DVVXPHV D ODWHUDOO\ KRPRXMQHRXZRDWPRVSKHUH DQG WKXV
HQDEOHV WKH JHQHUDWLRQ RI RQO\ FRXUVH JUDLQHG UHIUDFWLRQ HIIHFWV
+RZHYHU WKLV SK\VLFDO PRGHOOLQJ DSBHYRRHRFBR SUPH@ WY LPSURYHG

YDOXH IRU ELDV RIIVHW Ri; WKHFKQUAHDEBWLRG FR%\\L/(V@\/MDf W

LQ WKH HVWLPDWLRQ RI WKH HOHYRWLRR DoI\¥HL P—S\QLﬁe\QSDﬁ"hN/'?_ QW HFWROLPL
V H kLﬁﬁ KLV GRFXPHQW DUH WKR'

— V
EDVHG XSRQ L&V ¥ DARUWDUMHMVRSRQGLQJ H %1 VAR LFLDO SROLF\ RU SRVLWL
SK\VLFDO ELDV Rl WKH SDWK £ H®IW EHz QW kD W l6R Q« FRIQVIQM OHDVXUHG FR

REWDLQHG IURP SK\VLFV EDVHG PRGHOQLQJ] %% EHWD ESXUR YLIVG A GNHRX UMWH¥EHR T 6D C
OHVV LPSRUWDQW LQ REWDLQLQJ DFFXUDWRUWHH@HE sUHHRFXV 7KXV WKLV
SRVVLEOH IXWXUH DSSURDFK LV DQ DPDOJDP RI WKH FXUUHQW GDWD GULYHQ
DXWRIRFXV PHWKRGRORJLHV ZKLFK \LH%W&H@%H VVFDOH YDULDWLRQ LQ
WKH HVWLPDWHG TXDQWLWLHV ZKLFK DU U] "I_\é RUGHU WR REWDLQ VKDUS
VFHQH IRFXV DQG SK\VLFV EDVHG PRGHGEO WQUUDRYS B R D FIOMVERDKE FIKXFWIRQ PRGHOLQJ
DLG LQ UHPRYLQJ WKH ELDVHV LQ WKH >H¥W@#UW%@W§%WEWWV@@B@PvinﬁFWL
HOHYDWLRQ DQJOH 6XFK SRWHQWLDO "HYWHEMEROM Rb WK HR G W SWa QR SRy 5 1 5
GULYHQ PHWKRGV DUH UHVHUYHG IRU IXWXUHwhRYdDN 3urRsDI  SS +

7KH FXUUHQW ' IRFXV PHWKRGRORJ\ PDQGUEMRIWNS SO L*HGIUIIR'U ' BW) \BROWMUWPDWTIRQ RI U
VLWXDWLRQ LQ ZKLFK WKHUH DUH XQNQRZQUHYY yL v fé RY W R HOG-B v RO WIS ©
DQG WKH HOHYDWLRQ DQJOH RI WKH WDYJ

. R

ARRIOI P DDA kb ot WiCH | UD SR
PHDVXUHPHQW VA\VWHP 2QH SRVVLEOH H[DP&HDHW VTYOHWRWVRS sl ArHBr WU Rplr MY By 1
UHIRFXVY D PRELOH WDUJHW ZKLFK LV SLWEKLQJ XS DQG GRZQ DV LW

WUDYHUVHY D VHULHV RI KLOOV ZKLOH *PRYEGY 37D\ RYRWRQy K B DGHE DYYRSDWDWLRQ
WKHVH PHWKRGYV FDQ EH DSSOLHG ZKHQH H%%ﬁm%%@%m%ﬁNﬁBmm%g

RIWKHRRE R
HOHYDWLRQ DQJOH RI WKH VFDWWHULQJ FH¥DWibk Vo MR @HstJH@o@UMsm\%OM@M s
IURP RQH WUDQVPLVVLRQ SXOVH WR WK&RQQKHWG 2WISHUO SRLMVANDOKRPD &LW\ 2NO
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5RJHUV [ 7 M/LNHOLKRRG HVWLPDWLRQ RI WUR 8R6/FRBKMHWNR I IGXEVANSDPQDBHWRIQLWLRER VWDWLVWLFD

KRUL]JRQWDO SURSDJGWIGR® BADVXUHBHEQWA/ T DSSURDFKIOH\ DQG 6RQV 1HZ <RUN
%DUULRV $ ( H&RQVLGHUDWLRQV LQ WKH SHZBOAGOPHQW 8R| 68EHIPF WILXWPDBIFMG PDWLRQ DRG V\VW
SURSDJDWLRQ PRGHO $30 IRU 86 1DY\ DSSOLFDWLRQIMRJIHU 3HEPD,JQWHBX&D N
&RQl $GHODLGH $XVWUDOLD ss > @ -DNRZDW] & 9 :DKO ' ( p(LJHQYHFWRU PHWKRG
3BDWWHUVRQ :/ u$GYDQFHG UHIUDFWLYH HIIHFWVHSWHG DM RRQRV\SKMINWPH HEBRUYV LQ V\QSWKHBRFE DS
$YDLODKEVOW SDWZZZ GWLF PLO GWLF WU IXOOWH[W X P $ SGI s
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