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Abstract

In the casdhat more than one natural time serieme availablein different measuring
stations, orin the same station for different timescales, the issue of simultaneousstudy
of the all samples arises in order to improve theeliability of the estimations, assumg that
the homogeneity hypothesis stands for the study region. If theit statistical samples are
assumed independent and identically distributed (11D), gindication of samplesesults in a
significant increase of theeliability of the results sine the length of the overall sample,
which represents theeliability of the statistical estimations, equals the sum of thesaé
lengths (statioryearsmethod). However, theunificationis acceptable and in the casthat
intersite correlationexistsbut in such cases theeliability does not increase in the same
manneras in the caseof stochastically independent samples. In the present master thesis,
the possibility ofunification and the respectiveincrease ofreliability are investigatedThe
latter is quantifiedin terms ofthe effectivenumber of independent sitesyhose uncertainty
is equal to that in thecase of intersite correlatiorit turns out that the intersite correlations
results in adramatic increase of uncertainty in statistical estimoatin comparison to the
results produced btthe simplifying assumption of serially independent sampl&kis
indicatesthe weakness of the classical statistics to define the stochastic nature of the
hydrological processeand the importance of considering the autocorrelation and cross

correlation properties of hydrological processes.
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Extended abstract

Introduction
The study madén the framework of this master thes@ncerns the concept of the so

calledsubstitution of space for timthrough the transfer of information from other sites in

order to improve the information gained at a site. If the regional samples do not exhibit

either spatial or temporal correlation ghunification of records at different locations results

in a significant increase of the reliability of the results since the length of the overall sample,
which represents theeliability of the statistical estimations, equals the sum of thesaé

lengths (stationyears method). However, the integration is possible and in the cases of
samples which exhibit spatial correlation. Still, in such casesetiabilityR2 Say Qi Ay ONB |

the same way as in the cases of stochastically independent samples.

Themainaim of the thesis thusyas to investigatethrough simulationthis possibility
of integration inthe cases of samplethat exhibit spatial correlatiorand to express the
resultingincrease ofreliability in terms of effective number of independesites. Besides
the main aim described abovean additional objective was to compare the estimations
derived from the Monte Carlo experimentswith the existing corresponding analytical
relations. Inthe cases of weakness detecténl express the effective maber of independent
sites through those analytical relationsffort was given to improve the existing relations or
to establish a new relation to express the equivalent number of independent sites as a

function of the correlation coefficient.

Method overview
In orderto make thestudy of substitution of space for time possibke series of Monte

Carlo experiments were conducted tdetermine the sequencesto represent the
investigated sampledn this thesis the samples were assumed to be Gaussian with sample

mean‘ and standard deviation.

The estimation of theequivalent number of independent sites was initially conducted
under the assumption of serially independent samplesnce under the assumption of
sampleswhich exhibit zero autocorrelationThe estimation of the effective number of

stations in that casewvas then based on the estimatiaf the variance of the sample mean,

viii



on the estimation ofthe variance of the sample variance and the estimation of the
empirical return period For the first two estimationsthere are corresponding analytical
relations which express the effective number of sites as a function of the-coresation

coefficient {fule 1945 and Stedingey 1983 respectively.

The sameapproach,i.e. conduction of simulation Monte Carlo for the estimation of
the effective number of independent sites based on the estimations described above, was
adopted inthe case of samples serially dependgmidopting two diffeent approaches
accounting fotthe kind ofthe autocorrelationstructure of the investigated samples. The first
approach refers to samplewhich exhibit short term persistenc€STP) and in order to
generate sequences consistent to that kind of behaw& simplest STP model was used,
which is the AR(1) model. The second approach refers to sartié®xhibit long term
persistence (LTP). Several models, sudinaasional Gaussianoise (FGN)Modes have been
proposed to reproduce the dynamics of the HugsKolmayorov phenomenon. In this study
a multiple timescale fluctuation approach is used to generate samplted exhibit LTP
which implies that the sum of three Markovian processes can give aeptable
approximation of the FGN autocorrelation function the basic time scale (Kisoyiannis,

2002).

Statistical analysis of serially independent samples
As it has been already mentionetthe main objectiveof this thesis was to investigate,

through smulation, the possibility ofntegrating atsite crosscorrelated samples so as to
guantify the information gainedh terms of effective number of independent sites. In order

to express the problem described abovéreear stochastic model was developed tlescribe

the stochastic stationary process 0 to represent the investigated samplddence, Monte
Carlo experiments were conducted to generate for each station 10,000 realizations of the

stochastic proces® 0 eachoflengtle v T

An estimation of the equivalent number of independent sifeiows, through the
statistical analysis of the overall sample, based on three diffegstimation$ estimation of
the variance of the sample mean estimator, estimatiohthe variance of thesample
variance estimator and estimation based on the empirical return period of the maximum

value of the overall sample.



The results of the above estimation$ the equivalent number of independent sitas
a function of the crossorrelation coefficient ee presented at the following diagra(figure
1) for number of stationsQ p mWe can observe thatfor the estimation based on the
variance of the sample mean estimatdhe equivalent number of independent site®
equals only ther® i R for i T®. This estimation is clearlyigher for the cases of
estimation based on the variance of the sample variance estimator and estimation based on

the empirical return period, hence® ¢ ZBandt& d /B respectively.

Equivalent number of independent sites k=10, n=50
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1 the variance of the sample mean estimator |_|
= Estimation through simulation based on

_\{cu N\ the variance of the sample variance estimatp!
0 9 & Estimation through simulation based on -+
8 \ \ \ the empirical return period
‘»
£8 N
@ \
o
OC.) \
a7
()
©
£
— 6
o
9]
o] 5 \
>
c
£ 4 R
Q
g
53
o
L

2

1t r

r r r r r
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Cross-correlation coefficiemij
Figurel: Equivalent number of independent sites as a function of the ciamselation coefficienty:
between the stationsh for number of stationg:

Statistical analysis of serially dependent sampleMarkov model
The above simplifying assumption sérially uncorrelatedsamples fails to reproduce

the stochastic nature of the hydrological procesdesthe framework of this master thesis
an approachtaking into consideratiorthe short term persistence that hydrolagal samples
exhibit is initially adopted. Thus, in order to generate sequences to mgEnt the
investigated samples which exhibit STig Multivariate Autoregressive model MAR(1) was

used.



Given that thestochastic stationary process 0 is described by thé1AR(1), Monte
Carlo experiments were conducted to generate for each station 10,000 realizations of the

stochastic proces® 0 each of lengtlt v

As in the case of serially independent sample®stimation of the equivalent nuber
of independent sites follows, through the statistical analysis of the overall sample, based on
three different estimations estimation of the variance of the sample mean estimator,
estimation of the variance of the sample variance estimator and estiombased on the

empirical return period of the maximum value of the overall sample.

However, in this case thequivalent number of independent sitesfers to samples of
length¢ ¢, whereg standsfor the equivalent sample size in tlotassical statists
sense. Thus, for each one thie at-site sampleghree different effective samplsizes were
calculatedfor the estimationsbased onthe variance of the ample mean estimatorthe
variance of the sample variance estimator afiod the estimation based onhie empirical

return period.

The estimations ofhe equivalent sample size versus the autocorrelation coefficient
and the estimationsof the equivalent number of independent sites as a function of the
crosscorrelation coefficient forautocorrelation coefficient” e AT A are
presented at the following diagram&igure 2 and Figures 3, 4, 5 and 6, respectively)

number of stationsQ p m

Xi



equivalent sample sizeauto for n =50 - Markov sense
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Figure2: Equivalensample size 1, (versusthe autocorrelation coefficientz for sample size

Equivalent number of independent sites k =10, n =306 0.2
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Figure3: Equivalent number of independent sites as a function of the ecoslation coefficient»:
between the stationsh for autocorrelation coefficientz 8 and for number of stations
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Equivalent number of independent sites k =10, n :’§O; 0.4
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Figure4: Equivalent number of independent sites as a function of the ecoselation coefficien
between the stationgh for autocorrelation coefficientz 8 and for number of stations

Equivalent number of independent sites k =10, n =305 0.6
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Figure5: Equivalent number of independent sites as a function of the ecosselation coefficien

between the station or autocorrelation coefficientz 8 and for number of stations
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Equivalent number of independent sites k = 10, n :’§0; 0.8
i f i f i

Estimation through simulation based on
the variance of the sample mean estimator
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Figure6: Equivalent number of independent sites as a function of the ecoseelation coefficient
between the stationgh for autocorrelation coefficientz 8 and for number of stations

Statistical analysis of serially dependent sampleS$S3nodel
Although the approach described above takes into consideration the seraglation

that the hydrologicalsamples exhibit reproducing their short term persistence fails to
reproduce thelong term memory that is observed in hydrological processes. ¢Janche
framework of this studyin order to generate sequences to resent the investigated
samplesthat exhbit LTPa multiple timescale fluctuation approach is used which implies
that the sum of three Markovian processes can give an acceptable approximation of the FGN

autocorrelation function on the bastane scale

Exactly a in the Markovianapproach an estimation of the equivalent number of
independent sites follows, through the statistical analysis of the overall sample, bagkd on
variance of the sample mean estimatding variance of the sample variance estimator and
estimation based on the empiritaeturn period of the maximum value of the overall
sample.In this caseoo, the equivalent number of independent siteefers to samples of

lengthe which is calculated the same way as in the case of sampleh exhibit STP.

Xiv



The estimations ofhe equivalent sample size versus thirst exponent Hand the
estimations of the equivalent number of independent sites as a function of the eross
correlation coefficient forHurst exponentO 1@ brphrhr YA 1 8o are presented at
the following diagramgFigure 7 and Figures 8, 9, 10, 11 andr&&pectively) for number of

stations’Q p m
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Figure7: Equivalensample size L, (versus the Hurst exponent for sample size

Equivalent sample size n Auto
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Equivalent number of independent sites k =10, n =50, H = 0.55
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Figure8: Equivalent number of independent sites as a function of the etos®lation coefficien
between the stationshi for Hurst exponeng 8 and for number of stationg
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Figure9: Equivalent number of independent sites as a function of the ecoselation coefficien
between the stationsh for Hurst exponeng 8 and for number of station
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Equivalent number of independent sites k =10, n =50,H =0.7
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Equivalent number of independent sites k =10, n =50,H =0.9
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Figurel2: Equivalent number of independent sites as a function ofdfesscorrelation coefficient
> between the stationsg r Hurst exponeny, 8 and for number of station§

Attempt to establisha relationto expressthe equivalent number of independent
sites as dunction of the correlationcoefficient
In the framework of the study of substitution of space for time, effort was given to

adjust the existing analytical expressions of grgpiivalent number of independent sites

order to fit the corresponding estimations through simulation (Yule45 and Stedinger,
1983 for the estimations based on the variances of the sample mean and the sample
variance, respectivelyf-or the estimation othe equivalent number of independent sites
based onthe empirical return period of the maximum value dfet overall sample the
expressiorof the equivalent numbeintroduced by Koutsoyiannis et §2010)wasadjusted

soasto become consistent to the corresponding estimations through simulation.

Thus, for every case studied in this thesis andefeery estimation of theequivalent
number of independent sitesmade a graphical illustration of the adjustments occurred
(through a series of Monte Carlo experiments) follpfes 'Q  p mAdjustments were made
only in cases that the existing expressionerevfoundinconsistent to the corresponding

estimations through simulation.
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Figurel3: Equivalent number of independent sites as a function of the ecos=lation coefficient

i Case of serviallvv dependent samplédarkov model (Figures 14, 15, 16 and 17
for” mRhm@ Al #8) respectively)
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U Case of serially dependent sampl&S3nodel(Figures 18, 19, 20, 21 and 22

for'0 1@ brpheyhir YA T #8) respectively)
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Conclusiong Suggestions for further investigation
The results of the investigations allow usciancludethat all relationhips derived show

satisfactory agreement with theorrespondingestimations through simulation. Special care
has been given to the development of these relationships in a manner that the
corresponding relationships of serially independesamples is recovered when zero

autocorrelation is substituted to the former.

It must be pointed out that in this thesis some simplifying assumptions were made
which may affect the applicability of the resultSurther analysisshould investigatethe

effeds of the following issues

U Different values of intersite correlations
U Different autocorrelation model
u Different series lengths within the region

U Non Gaussian distribution of variables.

XXV



1_11_';V| W'B‘/\hl

G W B Ah”ha>h ¥ - >como ¢y T h - <h >  tnh hoooon
L oAb _ ot h hyr ¥ oon T <<h T <A 4T T T O LA
. AN BC TS T8 O AD

r]_‘-‘_'l _V‘ Jh"qv, ‘_'AV"B"BZ”A>W"‘¢37\‘_'"_'2>3_U
4 oAb o T T T AT T T < <h <_- A AR T R B\ 1 B8
{‘5’5’/\"' _I. ‘\/\B“h.l')lﬂ/\'l h,V"I. _I. h oy
D ¢ B 7 "__“I w o, B " A h ¢ h AB ! > B ! "J¢"
. - h Y . * CI h A h <. _{' 1Y w_ B ""‘IW‘/hB,""‘I”Zh‘ Bj“/\s_lg{‘_l’f’ . ! ‘ _
AR B h ~ . ""' oKUK h >"J/\"Wlh‘l‘>V\1 ‘hl.. we¢ 7~ h o . T .
h"‘>"’ ‘_h‘>_/\z h Ah <Y 1 h > B _'/\ \,“_h>|5/\' N

CE h vy - >+ <<h™ <_ A ST T T T AL B s S
<BJ U >BA' 7 TTCh A h TS ort gh AT hts T
{‘h,"’s_“.‘wl ‘W‘B'I . ""4’/\h>"‘ 5/\‘h"" 1 B
1 *h 2 ¢ *h h(’)’rh“_" vy st h A Al’l",/\hq'thJGY\Z ‘HAMnO " - VB‘ T B
‘_h_"_'Ch ,{B’J>h_h . A B_‘>W'V‘I ‘_h‘>_/\ B
wll;s‘lh“’_w<|5‘>h YA ' ' >h A e h,v"' _I. ‘_h_
h, ™ 7 >" T T BAT T TN SwAT L 2L 7\ S
Y oh ot e A BC > " B AT B > Ah oY > B 7 h ¢
Coh s AONGT L KT T AT U O

e -~ Y " h*tBB'h 57 h“l‘ h/\'W;hVIJ "‘.*\_N“: . ' \‘/v\?{”y\h >“I . h -
Coh s _YAL s B Y AR L Y kT g e
! Y <Yt QWIZ 1"y '¢c¢hh v g I{“>" o h‘ o7 . taw ot
181 >h L AD nA- <7 " T A h Ah >wAzs h * Vo B¢t >
h =~ B <w ' >h_ h A h Ah <. YA LT wWAEY LG A ‘h_/\'ls/\vh"ls_"
{5‘J>zh_h,Mh>W/\s_h‘ >B8 1 h < h =" ¢ <« ‘_'/\ - B
*rl"">h’AB_h‘ T ' >w T T o hye > =¥ " T Y <<h T <L
hve x> 7 h - A B O " Bdzent914). - ° 7 _ Rt s h 7 A



,," o« A ‘l"'<vl‘¢_l\ I *“hy " ¢h > " _ AOD
12 r 86" "1 7 <Y1 > h C“_‘hl_h“‘/_\h‘Qf:"”' IhK_'V‘WJ )t ! .

J”"CB‘ nW/\"C‘h_h‘_s’ 1 /\h__'"l '{‘y\hg'lf'll\h‘l' h v
TV <<hT <A 47T NS O A LT >h A BT HMonte! ! '
Carlo> & _' I W AB ! ,{_ifLﬁ’>VyA' Ih’J¢‘hh_>ﬁ_A"/\>"hl/\h‘h’h‘ _h‘
BVhW‘_' ‘{’V<VJ'¢_A 45‘1>h_,/\¢) n]' h _'. h/\hJCBI
_h . - BVW_h" 1 B >h_h h<.“’<"‘ ‘4’0QC/\h'¢ h_/\“"/\”ﬁ‘(‘""
h = "¢ 400" '

rl_l‘B!,"‘qu <> ' " " AY A h BC > s > ““4’
T ohhoyg v S R hag vh o 7 h R, N T
>'45/\‘¢"I h\_“““w_"" J‘hlf,‘_h‘/\W/\hs’H_'_,_‘h th
¢ <«h > ¢n _"Eh_ 5“_‘ I ANhhA B~ B "SB1 QB 5_"h , A ~
1 h 1" SAad

G B¢ >t T T4 Ah>T LI ohts
{‘h““’hl . >W‘I. _‘>"I Ch‘_l ¢ ht YA B
{‘h“"’hl _"‘ B/\V_V">W/\V‘ {B’J)h_vlz > B -
ol o AS v A L w sy T T s LT A A
“/\h'_"' o ‘_ﬁ';v“hl B_BIV\“;W_\YUIGII C h
19456 h * (G SORFNYAISNI[ T Alkcxkd<h 87 s TGy sk
o R R R N B S L . R YA E >~
>t T BAT T T >Sw AT t 871 >h T (0))

CE 1 Y h L “hygp *©¢h*>hy¥ 1 " <h " BC_’>"' _"‘ !
B _ >t B A >k YT n Tt Monte"Carlg> T 8 L R T ST R Gt
L T Bvh ™ " S>SwA, A LT T AR T T T O A LB
S Bt. - s h . > * v LY sy Cﬂ“__ v_‘_‘,,
- oY Y wroa ! h , YU Rt s ' A ISWEA B " Lo _V. ‘_h
>V/\_Wh<‘v_‘v_h<‘ AL T >'|\/|AF(]_)Z __hVV'VI_VMZ -l‘h_' T _V
h Y L w_ ot sE >YAhgthY Y Ate j"shy



(J-, h . - s 1 ] K >r‘ h qu>v>le/\hllAll - V_‘ B 1Y t > r ‘Ll)tDW ‘IEJ !{ B', h ,
IwaAs ! h =" " >_ A >68 ' ! > A W<, A T C h AN
, h A BupstATT T 1 " w B _ . ‘{ VoYt CW. /1 ' hygp ¢ h >
1.3 CRocoer K 7 1 h )
ce ~ h ] h B 1 h h h - B <_I5V\} ~ h=¢ h” “hhh ~ ~ "5>,h__ hh J
-~ h B‘A‘hjf;u;:ﬁisc')l‘r‘svh<h“’ M O ""V‘s_s’ _" ‘_""
! > Y 1 Y <Y1 7 h - e U ! - Y h ¢ Y <V L
* C B¢ " SswA" w B A h b
1 M rs , h <h v~ H - h 1 >nh A S 'h * S haAf¢ <f
- ‘V>v’+"‘ ¢ h* o« A " ‘_h"'/\_+/\ ‘_v;h‘_
! -~ h 1 >h Yooy v ! b J’h'h<<'<h I h ¢ h A
o LS I S E RN, hS WAL AT LB WL Sh AL AS A Sw
h, ""i\|5‘<_"/;\‘I _" h v' ¥~ ‘_)h. A 5¢_'>"‘5
qu<v“5>z ‘B_qv_’r:B',‘h'<h |"I Oli_h VI‘II _lI "l.
> B h v e A AR Y Y ¢ 1 BT wShHh, bom ¢ h j) !
1 _IV\V>>BV)‘|\/{ z|,1,|,,|4.\/L|| _‘ —II(;\BI hr th
{I h{u ,{B’J)h h >'-|.B/\r¢" h ~ooN ‘;W L N | q)
CE 1 Y h 1l “hygp *©¢h*hy¥ ! * ¥, h* tcon T <w Y A
nx 1 h 1 8w phh h'" ¥¥yYh /" Y mnp' h Y ¢ ht .. S h oD
1 ~ rs,h<h“’ p - h ¥ Y hy YA h * h h -~
- J>h v—V|B> ht c [ +/\ BC I>II‘B‘A 1
B¢t >" TN T 71T oA " R o hAh < ‘
B¢“<"z‘“5_’“ r@;’jhaf‘i""’h ! _I. "“"h‘s‘hl
to. o w e h = Y | AN >T h N : h s
. - v ¥ : A B <B T " B T oowoo . A 1
BV h ot * h vt e SwaoB ¢ b
1 ¥ B <8 h <h’ ™ ¢h B " ! B 1 h > > h S rs,h
h - B <wW ' >h h ! * I ¢ B ¢’ S>SW A w B A h



ot h W AB h ~ v v s _ A
] . A - ! B VvV W h » 1

[h A’ " >h @ Thh W RCh TRy WA wh s h
.Z t h)"’h N A B

[ hoh " s h m h ¢~ h™™ ¢
LA A CThT YO P SAT T B, A > B
oAb > ot s h s
A L



2 u_4‘j<“’1t5"h‘,“(.‘(.‘"""‘

-l_‘l B <’ | B “" h¢“<"“"’/\ J’/\s_h‘ >’ h
i ") <" Y1 “thy,"’hh’ > B w s> 6 h ! A YA L A O ! .
(.‘h‘_l ¢ ht ‘_‘I >w , 7 __’h ""“h‘s‘sl “""_
Y- Y > h ‘h’w"ls‘_lkl"'h“"’Il_‘is"Jphh,‘i\’s’:‘lﬁ‘wl“"{vy‘/\lkl>‘l’
5/\‘h"" {5"]’5h§_"|¢hh‘>\51‘h<’_5" P U 1 " h "¢
21 [~ 7 7 7 > Monte'Carlo

s A “(Simulatiop ¥ AAT T > A B LA E
Toha>h et msh Yy T (Winstoh, B94) ) K Ve < s
""“’>"’+"‘ _B’I/\h“ 3 5>’5‘<,W"_"hl B/\'I “‘_">h_
_B*/\'C‘"OZ '_h/\ ! B , h " s> " h Ah <« ¢ _ A " h <« <,
“4th s hop S LT Y TV hAAY Y HAANTOOD

n]'h VA - I >h oot o -y Y sy,
IR “.>‘“'si,mula1ti1)n models).j' et it h w AR ’ ANT<T
<|5‘_""J’h _"‘ “_">h_"lz B¢, "h > >SwAaA, A “‘
¢ h AT c ., ey - YrErY swA, A B -7 ' 1 7 h>>h '
2007).

[h > A_w<gh ¥ T s>Yeo ot " h e AYOAMoNte o
CarI()" A B B>t A" T T §ne Cbl&_h‘j5<'4_'whl¢’Q'h__hh‘_h"
1 " h ¢ 7t oW .Y /\“‘Q/\WB " 1 >w .0

€ 4t hitonco L T T s U T ushhah g T b <
Bt A LY <h L MHazen! Mmomn . " WA T
, 7 7 h “/\‘5_‘¢wl Y N 5"wl B >Sh <«<W <th ° b ¥
"""h‘s'hl Ah ~h A1 ' “/\‘5_‘¢vw” LA s
tth, Y2 oA 7Y h>s_ Ay T T s K2 o h A A
T hrsTan sy >80 YL ' (Grygler& $tedingef1990.¢ . > f T4 T



G E - ¢ O I>"Alqll £B>B<’+‘I 1 N ‘h‘ t

Y. mMqpna'IAa > ha Mbnte Carlgs s CHTTIYwh<w st
h AR~ "v' 17 Y<Y1 ¢ g SWEYYLIYC hAh T, Gk
[GFYAEEE S L ELY Sh'  ° A Tsh s
>80 h<¥ >h > h " (John von Nelimiann,.Nicholas Metropolis, Enrico
Fermi) _ ° | 6 A" _ ' 1L0s Alambswiat_h Yt _hore -
T Ot o >h oA T T - Y we = haA ¢h A s T
,h " A" > AT o tth e AB T AT LAND E BT

1 ¥ z_‘ h , Y " h _{"’/\'h/ﬁh“_ >\ qh"“ 4‘_h'
- . NS _" - __" ¢ h ¥~ t _‘Q i " >h _"“"5
B " LA LB T SWAL AATBAT ATES ST BIOW T B A
s~ 1 h " " Maass etaldmcpc HThomash&'Fiemg (1962 ~ . h . 7 A '
.Y AT Ch T LB N T SWAL A LB L T >WAT A MGpBeprdsTh €
h ' 6 h 3" Matalasmtpe® ~ 8 " A _ ' 8 ah o )
Thoha e o T SWAL A LT T AT YT B B ARL TN

J 71970¢ ¢ <7, C<eh TG "FmeSeriesAnalysis Forecastingand Control(Box&

Jenking 1970) _ ©~ "~ Y Y T 7 htiaA>hh mh g 'TChita fCshtte R

hv: A" > AN TohE TS TALS T M WL LTAT TEShT

T A AR T @ T wmtpT € S <7, T 7 0 h ] YT <SyStemApproachtd

Water Management(Matalas& Walli€ M T ¢ 0 X~ ~h 47> h" =" e~ s "¢ “h™~

~ - v ~

. A L h T T LA > A_ W<, A < >8 _hj <t 7 M<T

~

1871 h> " AT B AL M ®gnplom ‘Funttiens iAlydrotogy (Bras'& |

(o) - _ BI e w , Bt . ulam-* 't h- '_“"/\‘ hh‘/\sh“s_l‘ v_'“ ‘_' . >80 LY .
_" ~h " , A1 _I. ‘h“W/\_yhlz (.‘h_h _'1_{"/ﬁ1"¢'5“‘h7\ﬂn_"sl
R S R I S L N N A T S - S B .
‘h’““‘hy“/\_h/\ '{‘h’:BWb_'BC‘B"7\h\5|5'ﬁhh<hwj_u"‘ _“
ALY YA R T <cw YA AT hTE'>8 SEALThEL ARRY LAY <7
S At T s hShy B < T ThOER tECUA E S hon AVt Badad
hah,w”s h' MonteCard_ "y " N~ AR T ¥ ¥ “ 77"~ B 75 T ¢ wUlam A _
(Ulam, 1983).



Rodriguedturbe, 1985 _ ~ 7SR T As N . <
(Grygier& Stedinger 1990)

211 v~ " >7

1 v AL h ' C 7 2 fBh ~“hott Y 2w g ovorrt NS Y R h ot e
.- vy S N . . Cw e gk - . hoo o~
rs T AT IR e ThyaswiBisyT O T w AT >R Th T <
Thohs>se ¥ TR oAt >w o h TY(Papulish1990) _ h << <7 T A
r s TN h s o T ohTmoyem oshsAaw <yt h T T T T
I L h ot > A > 8 L TN . NT X o
~h ” h >swAaAY A * h* 8 "~ h ¢ h h A v h "~ ! h 199@). s A
r s YA Y AN Y YR a8 T 7 hia o >h "“’"‘h'/\5><”’hv5*‘ e
L <hye " waAh AT 0 T HOR YT sy Ab ] hoq(Rapoulis,A T .7
1990).
E “Ah’_l‘l (:h_h/\v>|| ‘(I)‘O,{Ill<h_1-‘"1h')hl >B_hj<'_
Oowp h 0 OO © (2.1)
TAT >hys AT Ctht o th AT st ot thvihAw<St VY D BA_ T
* AR 7 oo ¢ h h AT >" 1 B B 7! h v '
ool hoddo whhho (2.2)
Ch * ¢ h Q 8- w¢ R v : AR 7
F(X Xt ,ennt,) = POX(L) € X, X(E,) € X)) (2.3)
(6 ~4th_aiht ot DA Ah "= h" " sa YA >Csh h*A ™~ sh"pa 0 Vo
- ¢ A ' h > h™A '~ ' h h ‘¢ h AW<® v K> Ah' : h
_ 1 N . /\h ’ ) 1 ‘rl_ thh'_lh NV'jq" lﬁ@rt VB‘ --\‘ V>J||l h._K/\‘I l Z M¢)¢)T l')
B <™ . R A YL v PhAawewy: “ " ggpyp” T
1997)
0O & >w> "' "> 4" <hh Aw&® v'Ah > A" >EH! >t



‘oK Omo @@Ap Qo (2.4)

a e P _ 7 A4 h> ¥R o hAaw<s" v' 3 1" <hyg™ '
ARIELTAYG
6 0o h 6€ Ho hdo O o ‘0 ®O ‘0 (2.5)
1I>Bl /\B_hr l_l 1 {!h‘—"'h _|I hA&‘G’lVIIZ
B ADOD O Gov.rh _h AW T B ' h ~ A B < " h

el 6O doO 6 o
"o h Y——— ———— (2.6)
WOWO WWWO OO0 0ohd
[ s h Ah <> 1 ~ S vy ht 'O S BIFO AL h T Y
6 OfF h 6éwohdo O wo ‘o0 wo t o fT (2.7)
rh h * AW A ‘Bhe B " B B Y0 .w OO S ht LA
@O0 i "”ys_h‘ h - ! o,ow
o . 6¢dohdo T 0o oy
L O N = ——— ‘ (2.8)
WAOWO wOwo T 0O doo o tho T
(B Y A< B0 AN > B >’ h h ¢ ¥ <« ¢ h h >~ ¢
> hj <' _ A >8 YA Lt h ¢h hAY>" or - STt h A
s _ AT ST BT T > oYt hypm T YooE o< < T h A
BA-I.'h)W’V‘/\ v oot >I5_""'{>I:$B’I.lh)\‘l‘h—{,‘lﬁ"_">_WB7\lf_‘lqy \r:Bhv_<W/\
> B L S\ 1 ' h ¥ N I ¢ B¢ Tt SswAY Tt st (’)r"
pe - at>ht A € <ch ot eyt atw thY T HINC By he Y 0. h > h > B
M > b - ¢ A ' h "Q@ ' ¢ hah ' >k h ghhoaA™s<y™ “* "'h, h A, A
>B_hj<(’bﬁ_b%m S K C ¥t oA TS AT Qo h ST YhRt Y s h
L1 >h ¢ e (Papoulis1990) h ‘s > h h - OhA_58 Hf gy’
* ! 1 A D w B ¢ j h > B¢ >’ h >W(’bc|j'B‘,'" "y ¢ hg  <hg "
vt > B ot gt S 1 ' h ¢ h* B >’h > B hj <! " ‘ h w o, v >
*S-v\ _Z‘ LIV/\tq" “-qu\n



h A A

© ¢

>

"'AChY T Y hT h¢hhe™ "SBSW'AY h 71 &~ 1 >h

MphpT O D

B‘/\‘/\)\ﬁ

-
’

> B

'C h

> hij <' _A Y1 s0 bR, & U LT STV RAAY T MpOT

rs _ M. S L sy ’_H I' h = h 'nh_>"W‘_ ""<" ) /}/{">w ”>|5 >’ h * _ h
“/\h’_"l D, -:Q(I)&F’fb'zuul ¥ - ¥ > h ng/\hl_ch_BQSP§l‘l
o ThohpWw YT AN T MPPT O D

( * h ~ ) h _ t N _ to¢ o N A ﬁo’ _“Q(I)‘FE'FII) _BI)I/\"" >>Bv rr .) {'I - ) "
G _ U >"' U hh T BBYOO TED pth, T st Ch s’ Ah S 7Y <
L NDO R W B EN T ST h T R AA S MDdT O

( t h N h [ to¢on ~ ‘®hw§2d‘)r‘éF&‘)| B '/\‘h !/\jﬁvg "l‘) nt s © v R
o ThokEBW T L h >0 & ¢ g >N T >' L WA > B
Y hAE 8 OAE ‘D TpthhT, s s Y S AT ABGE T h T h AN
1997).
212 [ h b PALE™ 7 h hAasy " "< 10 -M" >08 ™1 >Shch A

‘_h_l _TCII U

1_1/\ —rn"rp/\thLB\ I/\ \_h_r\_lqu >’h h‘k‘)(bv<v‘1)
B > Ah* h/\lsvh’_'_' ¢h|‘|D)'I'T’/>"¢hf}js&'ﬁlf'tfﬁqs’?"jsvv/\'_'@\
Ch h AQCG»®S8 -~ S A" ' hQEEShth A > Ahhhi A viH -~ '+ 1 o
1 l/\ - B L “‘l h n

6ol "ol m (2.9)

$<| 1 IB+”h -lI q<h ‘ICIII ‘-h-l‘-tqul
rl"">h’/\|5_h‘ -*. ! ~h > h g ¥ v h‘_" B ¢ h >’ h
. . A LRI AL AR T Y R A S U AR hm R

J - h . . - 1 1 K A >| Z > h q ‘(I‘ -h L 1 Z B ] hi Y _5 |> >\: Hurst—hv‘ ‘AI > " /\V
1 " w T oB ! 1 h” Y Cqhsy & wap ~h " h1T"Y,"™A h>h ™ <& " hyY ;
g >“_rﬂIJjFﬂ)<F§FI_:JV‘LI' h ¢ “ggs” AW h h Asvh ' _B(Ibﬁbhé/ﬁbu‘hrsksl o

.. "1 0RO proib@dapRRED O O O G 0 o



..
&

5>y

¢ h*

ne .

' >sB " h ¢ w B ¢ s Tt B - Y h Ah , w~”™ ¥
AB v h ~ } ! _ B . 'Ow o‘r“’/\ h_ o _"'J tt 'h:./\ AS h _Zh IMVMIT.O
>II 4 t h .{B t J:>h t (I‘ n >W‘ 1 t >II

~ P n

W T (2.10)

€
<h h7 748 00WA CQ "Moo , — oh>s " " <" 7
- n B q‘ t >II 4 t h 0¢
<l - t q‘ " B q‘ t >”II w ot h - <l [ {‘>h Al - ~ ’ h
B &® ®
% : (2.11)
€
_B,x— +‘| ch/\"/\l(;‘ll hq—h"{hs/\v(:)\n B hl"
' <| - _I B (;‘ ) t >||"__'Vl\h —_<||It ‘{\l>hvxl— ~ - h‘
B & ®
"y : (2.12)
€ p
- K I3 > - . A 1 (: h /\V /\l (;‘ n (I‘ h h AV >||
Y —
<l - _ t q n B q ~ € >|| _"’ B h\l +| T <r l‘ (\I >h A —XI : hl
]
Y : (2.13)
€
' 1 - ) 1 K ¢ ) t >|| } "’ t m/\ .- I. I- <\ |‘ ‘/\‘-{ e >hv‘ ’_ X-{’ ,h VI
1Y
Y ‘ (2.14)
e p
>" _ 7 th v UM BRET Y ALE &Y ws
B < B ° " * LW o o0¢h h -y w1 A

10

e 1



YY OV Y . oo (2.15)

2.1.3 Zrh’ﬁ‘vjr]'Ih'/("‘W.lJ“'

ceh AL wooo, Thohgp oo ' A N h AN v.h”’ '
- YhAh,w’ "' CKy h =~ 1, hAs A h h {short-terms °
persistence- STh= * *~ ¢ h* ' >h C(ongferm pérdistence- LTH> > 7 A"
. h " h¢ ! oy B¢ ! 1 YY1 " Cw . YN B ° w (0))
B ¢ B w - ¥ B 1o Bt w o, v A - ¥ h ¢ 8’ > B
. h 7 h¢o mh . A 17 Y <Y oA 4 thpteh O AD BET <
- YU wao YTy vy Y YK th A ' h L, N T BYYISTTC SsM ST Y
r * h h/ﬂ)\l\b{'\‘/'_'/\ Y- Y > h h A B ° Ah? .I/\“_ _" - h
Y This<t A hc<h >'AY  h- ' Markov (Matkov ‘chal) < w i

> . _  ~12000A{ S "' 6 hg 10' hot ht T

0O t OO RNHO Do T Gado (2.16)
|‘7)/\U|5’/\hl ‘_h">l h Aw<® v B _{':hC"_' . NT >
(AN AN W (2.17)
E ho <Y @mh” s’ <s ¢ p O
> A _Magkoy s Lt h ¢t L0 AT " h <<t autoregréssionw <7 h
_hveC o v T ARD)). N
BaA ¢hiy v SW R C NS SWA Pt Th's ALt h@y T Y R
1t h ‘m,v’\f""{"h"(bt."fﬁ” ¢ her Yo o B C B ADS'h "¢ w
G MA_ T TULhE s ST ch 7O T A0 AT T C
6t o6& ho mh
s e e , (2.18)
OEwhw , MED hw w, & T
[ ©Of RUIVJM 2R MY (2.19)
‘ p &' h 1 p &N p &’ (2.20)

11



CE “>‘ Tt Y 7 h h‘_" “" ., h~ _' Yy B
thjh"_' h ‘_‘I 5C_‘>"‘|s‘l . h Y
C <ch > v _hov g Ah _'h "h™>'ha s S8 ARWh AT L
h o >k o ¢ <h®> " ¢w. ohot v o
Thohue T h Y HOMOPH D

e ' > YU U A ¢ h ' A ARLY, T T v _~h
h_<v,‘_5’ > > A w<Y h Ah ~h h 1 "
I h* ' ¢ows LI S h -
LI S L R L R S T
oo CET T T ARD s ¢ Ty > A w.(RoutSoYianmis”
2002):

vor o P <P K (2.21)
'3 P

e TS >'TTyr koA >80, i n>"¢
L"’/\"‘l{"Jl’ﬁ‘IBQ">W/\h 1t h h Ch_ _ -
R S R ’ TE@ T SL AR S>SSE ST T _ "B
- .8

R I N (2.22)
3 p 7 NEee

I’T]t h > . /\V>‘"5q'v"§ﬂl '< TYTT'YA R - h ¥ lf "
ioh T o T3 ¥ S 3T A"A hee” >>".CAh > 8 o
¢<h“'(.‘"l “’_\h_h')“’_"Bﬂ‘ﬂ:"{\l">'_"/\ _I. - ".
- B 11y _h‘ . hC"<"" .

¢ ¢ P ‘ (2.23)
p 7 ¢"p " T
*1,>,,/\h S K N c"\e(‘)hz;j‘&l__c" h oo

12



214 BAs <hvk" St vk oo

GC (rh ¢ i ha"p ~ 7Y wia oy ThtgY T h - ~
"_v""qv_/X\v‘B"_/\z h‘“_‘J‘h/\B‘ /\h h_v,{_‘B'

‘.{'V<V.I’¢_/\ ,{'h,{‘qh"_/\z ¢h‘_l Yo .{'h_"v,:
.Y 2 AY. A h hh 1 h .Y A' 6 h i " >h h S K h e S

18 hn 70 0 <" 7T " AT >8 o AD A S A A L
LT AT s T w w., Y oA L T>"E 1 <hygr v L he T Cw
s v h ~’ '>W/\I5I >5_hvl _"‘Icp r " h S I ¢h_'1"”
*IVA'CW. ¢<’>h¢|5l Huystﬁmh<lwu‘5”¢wQh}\'m","_f")\A‘l_"’ﬁif
L s vh ot > 1 h <t ¢ <’ >h¢h 5 >hHusth™ ' ‘8 °
Hurst>8 <w ' ' 8 >’ h st 7 h L S B O I
_ .. he £ a0 h s Y >h | ¥ L Ah <A Ah [ BEB"RKR_NAN"
L o Ah 8>, hA’ Yy~ A h “ 6 (Hurst™195%)® T T4t 8~ s b
w , B " 4‘h“‘_,‘5’ _’. ! “>‘|5","’h h‘_" Al
{'B'Jh"lﬂl ‘_' ,"'Z _'/\ _BL/\V<VJ’|’I ¢ h* _
: >, 777 h E > Ah' T o< Tt>hAa " Cw ¥ LB LT S>SWAT '
o7, hmor ' (Keutsoyiammis20(8)." ¢ 4 h T 7 s

[ 7Tt pw AN T Y ' oY . hro ho o
¢ h Vo R LA Lt h Y A Soh ottt e A
o ha>h ot Mandelbrotom gpc po o T " has A WAAT R T
“ ¥ | “(fractional Gaussiannoise ¢ FGN)z 1 ' h A Tt T h -

R - T W ¢

1.4 S8 " >wAah 3 v C<h™>h >"¢ "> mahy “7 A o
AN L U L hAwset v' ¥ Yo Y h *¢haAY " Yt
X T - & d (2.24)
a
—_ noo h” k = hQ p (Koutsoyiannis2002)
Llrl/\h <<h €t Cwh A QA TVSRTY 0 B T ocn Y Yt Y g Y Yt A Cho st U svie Jha vt

(stationaryincrementsof selfsimilarprocessep

13



- ~ ~ 4

I ">' S he’ A Bt o ' h * A O~ B -8 h > >wAp

N -

Sh hAQOQE * At " 1"~ s hew’h' > GF tsh s gnhs'” Aht

>"h * h*s " h ona0f &fF M0OZ ! A.Hurst(Koutsoyianhis2002)s < °~ _ " "

B,Bq v h <cd ' 7 ' © S Yt YA “h"A¥h ~hh* s’y , 2 " !

K >>Y A" ¢ h i ! I w AB 'Y YT A OB YC AL ".>ShY AT Y Bt
¢ <' ' >8 ATsymmetficmoOving agerage- SMA, h <+ "7t > T T o
< 1 v ¢ L h LAY & T <cSh AC &, ah € h ¢ h ¢ _ ¢ ht h <
o> Y Lt hyp Yy n e BT > Tt > Y

Be " < ,h'Ah < T A _ N 7 L. " >h T .o >>8 reT
h <t ' 7t s~ C¢xh*Bgh, 61 oo~ méh~> ~thA AR )
ARLE © "ttty e gratem g nt A
,{B B'v h 1 h<J-'u:>v ;h *’I‘E>V—Vl|157
LT NS h YO ALTTTALS T A 1 ' h ! h Ah 1 € B ! - h ’
21.4.1 |3<.1 L . ~h ~ hag¢ ™ ," ‘ mCC h< ~h “ s 'h h_/\“ ) LY ) i . 0

tthe >ha>s ., A T <<hT <" <’ >hCh oy

E A‘8 *¢" hAh-h~ ha B am 'S’ h>h 7 YAt ising >~ 51~
hAs <’ hyis’, s CA 8 h'200y2dz0 828ARYYAIADAAR LT "
w A h he r > 0hh, oA 1 he >h A . A mulfiple <time-scéle ¢ <’
fluctuation).

1., >, . A0 > T A 71 KoutSoyianmg2002)< h ‘<z A W < gV ]
“h - h1 s h - Rt 7" " AR @O "0 -0 Oh A8 <V EA AB <B T
h (O ‘1W“‘W"'\J"h MZ h/\ >N vrlh

" op® e ™ 2 h Tuvox®ap & 8 h
8o ¢ TELYGH @ T @ (2.25)
’ TBOWOTAITIGh @ T @
S L e e A N A AL
h o v N . N LW ) [ ] ) ~ . h ¢« 7 v >.n > hp_ V(I)I (:)_”+ ANQe b_),_ A h ANB <
*(’b DB ALY L ' “/\h"“‘>wk/\' h Awee® v! N ! ¢ <’ >h ¢ h

14



s M ¢ h° Mnano®
s Y ~h h 1, mﬁ‘ h ¥ ¢ <"hh>A>"h te Y i 01 "
‘ >8 A7 >w Y §]
L >h T T > > U symimetricmévingaveragetSMA W . s>'w T
LA h = _ Kootsoyiahnjs 20y @ M A A8 _hg™ . ' >h "y 8"
VT B > h hxfeY <ht Y Chiyy , wh ot Ry CLoow e
W s 0w EO0OW® DO WWw g O (2.26
AB hah * A B < B ° w Jf'r']”s"’/\h‘Ch"B“’"h"‘ﬁ“h>'h
" h v <h>j h AB >’ h T T BT h T >swA! ot >" o
h v L w o FGNE' A T T BT AL ¥ h
B < B ° w j h Y B > AhT
< ¢ o' 4 - . "
P 8 E p 8 CcE 8 T (2.27)
g ¢
h Ahi ¢ h > ¥ h mov s s h A
8
R a@alh= d | (2.28)
W TE UL
s A oh e N S - W -
‘h 6" d.d i I adanamd o6r  _ _  “ 1 han' X
S Yh Ah, WY PR T BESCEK ST Y h DA LY <Y
t h]B]h" 1 h N t K C t>||‘Bl . A {!
¢ h v o g A h h - ~ 1, h AB " A h h - ~
> ‘ € @wh > B¥CCW>S"" "Hh ' p
K j h ' h h "y SEY R O ASTEYCT B ST AN
_ ' (Koutsoyiannis20®)z' >" >, . Ah >8 ' Cy o, T
t g “ h “h¢¥ B YA ~“h’ hGe¢h , A>T

15



Yo = (2.29)
e
TR L >h g SW TG Mt REy G0l T3 h €Chh vt AR Y
>wuos Y T B0 >h 7 @

[",I' _I. >h¢’“""5‘>'l 5>>"/\"4I'5"J"h“’45‘
B,h’>'y|5_h‘ Y ‘h’hCh_* _"""“’">W/\"I ADO>
(Koutsoyiannis2002):

YOO — (2.30)
€

J' h~h ' "8’ h* o> h Nt et e "_lf"?l[\ *>'>w¢‘}1;"“" VTSR
h/\_"_"“' 5¢_'>"_"hz I_*. h‘_" - Y Y B0y
+*h TR <Y T Ay > hvo oA 0T BV T OB LA
CUA_s<E " EY sA-. 12t h @ [ o adp T 47 sv'o
BAh<VJB. 1 " h V'WI ‘h’h_"",/\_h‘ ¢ h B h « <8

€ T ¢ _ > h TYUt <o AEY st
l’“/\“‘_l{"ﬁl’ﬁ‘lwvv\‘n‘w‘h A h ¢h h* 82 _’V’h/\". '
R TER TS . A >SEST Y w0t st ~
- .8

T The (2.31)

m' h > h Y U S D ) P >"‘<.‘h“"““ ' hy B¢
>h ¢ -7ttt >y B>STAM o gAh >3, AT T > o B ¢
¢<h\‘.¢,,l ’_‘v_‘ _h.’\v_,.vq’,,/\l C A 5 ¢ 0 st o -
-y BJJ’ys_h > B h Ah <Y 1 ¥ _"'“ I-*. ‘_'/\'B

¢ ¢ (2.32)

rl' Y ' s h? AB h “ Tq, ". _ B V_"le"‘h'1 . -7 .I T 8B >'_¢Ih !
>h ¢~ ¥ - I'5‘>|5>‘“I§/\'"WJ ¢ 8 ' _/\h h =, " ! . >w )t ! ' B A oY
Zrh’t.“’jrl‘h’/\""‘IWJJ“'l ! >8 1" _""’" ! _I. B/\_'
¢ <’ >h ¢ hs sC'h “hs< "Mavkbz _ 8 Al YA ':BKJ""_:“"V’_'V“' '
“’<<h1"<"W/\I‘CW ¢ <«’ >h ¢ B ¢ h

Montanari, 2007)

h <" 1 7 (Keutsoyiarfnigs Vv h

16



22 v T - Y <«<h < - A T SR Y N - >
A - o~ o~ - St h Sy A h ot - s s K ° h -

1 +
Y U S \ h - {‘h*z"hAh(.'C" B " * h ¢ y™ ' > h
SE < W ! ~ B AT DY sw AT T <w YA 45’J>h11_" 1t
CE B h «"™ ¢ B T ! Tt Ts'wEr Tt 1,8 7 1 >h hy -7 Y w .
T < ¢ s " h -~ B <V A 1 B 1 >h h ! > 1 " h
-y R S g A h - ¥ >+ > ¢h‘5'1>h{"/>‘>51hégh E Y
W< 1o, ¥ ! h A w7, -t Y e h T wYT o BCh A hY o h AtBC

K B>~ B "' 7wl CBEW<ckA, Y, C <«' >h togrn Yos
- K lVlIII C')DBQ:W’_'_’+" >| ,_h,vl‘ ‘_h_l‘_lq‘h
* h £on * ¢ h S h "BhaG_ e L 1 Y h . ¥ KrliskaF A B
Wallis6 mcppHO + N Chi s  Uxh@mhsths TASWHY T8 7t 7 h s
or - . _ Tt hAanN T MphpTO

15 T T T VTN S h * h v * ¢ h 1 B 7 1 >h h . A
* h £ e h A v A~ L hh ¥ W et ASHT O™ A'h " Wwl B A
\_h_r‘_rqnl thV—l‘_:hl _./\ BC_'>"‘B,/\Z h)V
Yooy oy ., h " h¢ vy B A h vt Y-~ ©* > h . A * h !
e AN BT S>Swe T A g>WET LAY T > A

G & (2.33)

T 'm T >" e v EAT "N S>SEANCT 1 87 >Shh¥ e s~ " >
¢ hk™ h =ttt s . A LB "1 >h . ANOD

rh_h_h“"/\_hl _" B AT YT sw oA <wW Y A 1 B2 1 >h
h ) v Y A BI h v >rén,k9,‘l "y J'h<‘|sn>lv"_%‘w'éh AB ., ' >h" 8 B
B - >w ~ Yh Ch's 1> <Y1 >y~ S8 >Sw"™ K ¢ “ "1 B 1 >h
*n ch( h- _v/\ ‘{tv _h;>l h<<h J(h .{'h)v B_":W s ~
L‘",. ' A T Tt o BC >t oB LA TR hsw T oA >
L. A 8 oL Shove oh C>L A C>_AS Tt sy T



iL"B i (2.34)
€
BA " <h _h 7" >S>w”T L7 >h o h WAl SKABET R A
i o e h T < 4 picE IUh AT 78 SPFhh Y h WS WA
‘->h/\_‘¢h >5_h\/’ -V‘.(D B‘_I V{IJBKFUSkaL-' R
Wallis(1952F '~~~ h A4 _hys' Y sw > jht>v
9 PS5 o 2P (2.35)
a & p C
B/\ _ h B~ " >sw "~ Y o 1 B’ J‘>_h h_ _h‘ ‘5_"/\¢h"' ‘h\/\/\{fhv’h_"_"'_ h
Cr>Ethem we st BHEA hh'C Y '« ¥ ~ h 6 RSHEMI haASS" |
K<k ‘8 h d 1 _"'A ‘B’"_."*_'hl\_‘""5"5&‘2\":"{‘0‘5/\[‘{_
T T4 Ah >E > ' A T s T ThT <A T i TE T % th
BS '>' Cht A T T s hoove
B > Ah? 1 Ah_l. ¥ ‘_h_"_‘ﬁ"l W<BJ*VI l.“h‘_‘ 1
_ ' s <h ot Y TREIVRTOY <Y s T A w s AT > h
m‘hl/\sh‘ w wij h* h A ' >h ~ ~h > h ™~ h A, horr ot
{B’J)h_h “" h/\h,w"’/\_h‘ ‘_'/\ 1 " h 1 " h " ¢ B ° h
_'. ‘_h_“_'C"I h/\svh’_"’hl B<w115_h‘ ¢ h*
1 B A “'st'fjh (.‘h_hJ’h,wl LA T Y \ S8 1 B Y _ A
{‘h,“’s_‘ﬁ‘wl L¢"¢wl ‘W‘B‘IZ Y ¢ h ho
CUA_ BB w T Y Y CANA A LT M ST 0>
N~ "' >h A _ht T WY Yy s A T T w T ke
S B >' ¢ h ChBE 4 >8h s 11 >h hR T ERATEA
¢h‘_l ' f ot o w ¢ j h o _“‘ I5<W.I‘V‘ Sooh oo one
' ' >sh >’ AB h=h"h> * h ¢ h > K hy\u:évrr_r;‘_/\_- TYCaht R AAA
1997)
*B W<BJLVI>H‘:hl'h|§>’lﬁ/_\|'f_“'¢/\'IW/\/\V‘h '_‘ 1 B A ¢ h AB ¢ h >"'"h "
T h e <y 77 ' Sw’” thij'<hyg A7 A7 7 h> " 2T’ 0 >h h g~ 771" A
Llm'h Ah Ch _h* s’ 4 Ah o KA T Y hAh' B> ah® - Swee" s h'
h A _ L R 2

18



1 " h ]B<_’+" _l. hv“’"‘_’hl . A BC_‘>'
231 [ 77 T waoa b > hAh< " Cw TLaw s

5_ . -7 Y h Ab W"_“’h\/\ﬁ"s'z > B S\h_ L B ¢ B h _/\‘Hn_‘h _‘ N _ t ¢ -
h/\svh’_'_hz ! ’I:fh/\“"“_"w<5“'>hwl_5"/\ ">h/\_'<.‘" h’v
hye~>-«> >h A BC_ ">" E,aAy h, ¥ T smwe~
‘h’hc_"’ys‘ A hv“’“‘_’h LA ‘_h_“_‘Q_/\
5">‘wl"’>'<.‘_/\cp M Y ! B AT - Y v B ° AhT L
ST .h e B vh oot > h v A LA BT TLS>Tw T T s
hv“’“‘_’h 1 B A h‘vh/\s h _" P RS "+‘ ‘_'

NT_.4 T <Tater se _ hj<' " yx ' YT ghoov
‘_h‘>v,. >'h‘ ¢<‘>h_'th_““>[“‘1h5‘/w“‘,‘l>“‘5>""C““"I{ts
¢ h ¢ B ‘(_hi_>'*’“/\h ,{Bn)qj >t hs <.‘>_"‘<.‘>“"\‘I|s'o'!ié _l.“'hl‘ >w "o
LOh S TR et e s Th s s @ (it AN W T A
¢ <’ >hg§vh seChA*> ¥ & ©_ht >(Yevjévicky, 1972)" hA > . h

g D h i g O O (2.36)

B/\ _h “' > <w ! 45hj?h:m(?“5{“|iAh"¢"I_"‘L‘h/\_ﬁé
B_B"’“)*Qtw‘_'ﬁ‘ﬂ‘ls B_'>W'V‘l ] B"'J>j1h/\_V\il¢|5"‘ h>"_"“_‘
6 T A_s<s " h T pFLwC AR L AN ABET AT S
L1810 >h A Ch : 1> Y <wiT AR e s > g XY TR OSTW A
o>w*' 1Y - WAL AET T S>w T > t 87 4 >h h 87 AN
L8 T sMAM<EG " B PEQ)LTE B AW T A
v h "t >waA LA BT ww T Bh TS AT 3 h s AL LB
B>~ B 7 'w B < '“‘ h/\_“‘s_““,lmﬁ”’"‘s' > B
SRR ‘_h_“:_é‘q"<lé hATQ@h.E,,:,_hVI.\V{,Ah>V
>" ¢ . 1 8 1 >h _ ¥ . ) ">‘h _’B‘/I\_“V'lvh“'_>'w<.‘/\h" . B V.{hB"_J' SW A,

J.B,,_ N -~ S 8 h - @ - g N "OA g L <", h A v h



G BC l>ll ’lh 1 >W‘I |>II B/\
B ¢ <h  >7 Y T Ah st LB YeyevichY, 1972) hy “ A _ " .
5 wh (2.37)
Q
VW I W = = i iip 2.38
5 = ; (2:38)
ooy h Hos S _ " >_ A_h>, whi2:36) { H's * Ah" Vo -t Cw h -
h A ot _ vy . y B ; 1Y L . N T8 ““>/w_’|5"<‘sl“ ‘_["QIWJ_5>_h5_"+I"/\
> _ hv' h‘{ NG A
-l_'/\ ‘5”‘_+" “’\ Wwh % B |>W">W’_"“>I" 1>8' 7] JwsAh
I’ A_j.'.n_ n.'._l'nz _I_B 1 >W" _r>|| _V‘ BAV>-|\1!W|A>WAV
0 s(23P)¢ h* o> w T o AN_ B <BE T " (evjevichlv, 1972). w _ ¢ T
._¢B B 1
ir — (2.39)
QQ p
E oFV L C@RIBRNT AR STOAT YV
, i -
| —=p IfQ p (2.40)
Q
[hoh ' ow(@4Dy . T TN —> Sh i i *in
N . <K AT T4 Ah>T h g > h T R > _savh
17T <Y ¢ A LT AN Y T NS 1 ! 1 “h >~ Y "h B
i —® V' AT A_h B NMOWR T AT ¥s >s A
- o)
N — (2.41)
p 1IQ p

b . - 8_ N ¢t teg tx Tt T A", T h@ ¥ A"

Cheme BT 0TS 07T O QROBON

p il s
p Qpilp Qcil

(2.42)

20



"ohAh T ¢ en o~ B 20l
€ p Q pil
Gl W (241)h " T4 7 L T Yile and Alexander (Yule, 1945 Matalas and

Langbein 1962 Yevjevich 1972, . 245 National Research Councllo88," . 25 Castellarin
et al, 2005).

(2.43)

VoA TET TR LB AL pQ p (e M@M)L AR >

~

h"‘>'l "Q_hs"y\_h/{ h’Cs_h B‘h""_"l ‘_‘I h
5_5’“‘\‘]||j'§‘vsh_“ “"’I<’ < ' U '_5"’ B\h"‘ ' _V. ‘_' . >
> <w ! L ONERI S SUEMNEY. U e AL W ST UYL AR ST >
h"‘>'l TQ_B")9‘15}\>";I|___r'h/\_ h_“\/\w‘s'hz \‘h"s‘ w A h
>w i B f Y - Y >“"”B"’4/\,h/\h)>_"hl‘|5h‘"'>'I ‘_h‘>_/\
BAT T TN SWIATYY LY 1 > h

jo! mr (2.44)
BQ > ! ¢ ht 1 ' h >t ¢ w _‘>W‘ _"‘ N _ B <H o
h © L nA >" Y 7B A h h‘v"B’Jhk““h"_vh‘h(?'_5" GhHo
Lrhew S s A BEATTSAT O UTAPANE P S h s vh T wW>wAL, A L
h_VIfW;ih _' {'>'V".I’h B/\'I {5”h>‘h‘:“’lh/‘\"' _5">"
>t ¢ ‘?'Bﬁ""’l 45(’)"JL>|5h{_"’A")‘“‘_B" * 'JC ot > B _'_' A B
Sh_ot e b AWM T SWY T U >h ] WRES BT, A
LU h o w> * > hy siAs "1 >aAhh th 7 Y(YebjéviehV,M972) © ' > w A h
[ 8 h Ah <Y > "8"""Ah O ~ ' M| /\h>“l
LR F YR s st h i (Stedinger$983¢n vt D . 1 ' h 9o p D
'Y T Y Ch, hyls_h‘ .
Gi
0 Wi mp irQ p (2.45)
Cht ¥ Yy Ah>SYQ.Rh 5 _ht >
*1_'/\'5”'_*" ‘_h_“_‘C"I h/\rsvh’_"’hl ' “.IQBC">W
B ¢ s t h 9 Wi hyx h*

21



|

(2.46)
p IFQp
s_ha ¥ hre sy A Lt hrwr tS AT T ABST AR
St sea T Lhoh e ey st Y A T YT W WA by s T
I " h*tw "' s _ A 45‘1>h_’/\ - _B’/\s‘ _"_h‘s' ¥
has vh® ' (Stedinger1o83h _ h
[(h o Q 8- we _h ' (242) (243).5wh'@44F 1 ' h, T T A
or~ . _ T+t haAapnt S Oh DT HAMANOD
1
: S L U— (2.47)
p Qpifp Qcil
©han ¢ eh o~ 0 20l (2.48)
€ p Qpil
Ko pir (2.49)
€ ST (QADANRATE hE has S A s T Lot
B > Ah? > B .I_h'</\’ _‘55”" B ' B .iaAh B¢ __">"4"|5h¢‘/\‘ ¥ h !
1 * h _V';hWI‘>'B‘B_‘ h/\_"_"' B 5¢_'>" B > B j h
rl’/\h‘ - Y, h Aw -, h Ah <Y 1 B LW B " > - Y ~
Loh T w < A TS oI A ST ARt s 0 h o
h *  >>s8cStedinger1983-n v’ " 4)0'®d G % Wi & h" ~<w A Ch h<<!

B gm T hf AR

R

> 8 Monté Carlo” >~

- ¥ B ¢ h° Y

B ¢ B w - oYY T ht*t B Y oB w o, Y A 1 A B - v ¥ ey -
Tt T, T h > 8 L 8 AMonte fCarllx T wT hTAs> T T, T T T T w
h Ah <« e w LW B " - v -~ h Y U A ' ¢ B -~ h h = h A

g ‘Castellarin Vogel ¢ h Matalas (2005)," _ '"~ © ° ~ h * s * h ¢h A7 '

h e "h?<'A>>

t ¢ A B>"" Bh'

" "YRegionaEhvelopeCurve- REG> & A

T > A h A L oA }
hv <> " A ¢ _t>" st Memte Cafox
- Y SIS B R A AL L B ¢
B~ haAh , ¥ " h

1<'*hs>SA Wh "AIY BAY hh

>|| N B 1

22



< >> B T O L L SR D S
- v‘{.VN,‘S.‘v{ /\h>v h |‘>v ~ v‘h‘ ¢ h h/\IS
T<'>> e A T h YL LA

n]' h A D H.“h_'h B8 v ¢ o 1 " B /\BMGntECQ”dj”” h - e VISWY A B,

HAZnnk_ ~.h@h m™ A €Y 77 Y ASTWIAE AT AT TR ER Mt w

' LN -

Ch _hAGumbeE B85 >' . k&2 5 10, 20) 50, 100, 200h ' pnan=
_h‘_'""/\+/>"¢hn“¢lh’>‘|{s>‘w"“" “/\_5<5‘_" 5_5"’“‘*w
COTOAT W TR el e g AN T L T A > T
1 " h A BC_’>"Ch!\"l/\'ﬁ“’h""*"""SfN_l/\"'>*""""" “" h A
¢ h B "‘h/\'_Z_h"‘\CJ’/\I{/Bj_h"I‘+I ' 1 “h>=Y "h o
-y . : AL WE h « > B IR 1V, NS A AU I L 2L

- T T ' (edstellariret al., 2005)

m‘h ¢h<“’5':"‘57\_<"1’y5_h' ! "‘h/\'_'_h>|5‘_h\v"jh‘
ke T AT O-emEZ A Tt hAat 8 0 ShT AT AE
R B .Y S I STw o h o A T T
"_h/\ ‘_"lh‘_'(?h h/\BVf‘I'_'_B‘ ! “JQBC"’”L>'W/\' l
L. 7 " S lloucks etal., 1984 "

Q
0 WN T Qo (2.50)

e s8¢ o>t T R Y N L LT N e
o TtthAat ot RO h aw”hH hTA A ARSC TR A T S>>
IR Ot >t G ke N heA Y T W (Q®OY. U h' o COR Se
> o Lt h> YR ot TOTHSRYA B ata ARt T r ¢t wAT joh

SO Y >MonteCarl@ ¢t b SRAR s

K 'L <ARSTAC > shet Si_hA t A ]

' ~

1 B T'h AW th> e T T " SMente’Carfo™ ¢ T T s 4 0 Ty s 0

~ [ '

(Castellariret al., 2005)

1 A T B T L, - h 1 B 1 >h h " h A ¥, h> ' ¢ h h A v h
>4 h* ' ' A h>s < T - A T h A Weibll T ow b
r~ .. "1 hAA T MPHPTO D

23



) T hThp8p — (2.51)

rl“>‘h"/\|s_h‘|5¢‘”h‘l‘ﬁ|'_p_‘|8 h =~ 5;5\7\/"15\' _‘>WI
LAY DA L Y A TUAN_B<<ET A
Lhohe n A CWT L YSY A weY  <h>johAs !
“/\_5<5‘__/\ 5_5"’“‘*W_“'I ¢ h* _“ Ch“‘_
h‘__/\(p

A R o T that b w T Gringomteh b b T
(1963) ¢ h * ' A hAgCw ™ > > "0 "ch” " =" A R T
5/\"“’">W/\"Z\ _{'BV"JB>}hH_’VXIB_/\h'h("<V\" 5C_'>"_
Tt h hv' "< ot ¢y ¢ht - h <MontexCarlo(Castellarinet A w ’
al, 2005)

‘ ™o .

B¥<™  “w* >hT O™ oTQqQ b3 7 T T4 Aah > h ot
0 X ST h B¢ " >MonteCarl@g>w * h ™ LT Ths T8 L
5_5"’“‘1w_“'l hy\_"‘_/\h"tsl" >§.w.)_/)§_'h',lhh"_
E>T 8700 2 WARL)E< Y A L 2R T h Y “hy"/\_hL“ i
¢ h >- <s B O >t I - U B L Y
L8 1 >h A YA B¢ > T _+ A PARBAAT S8 R, A
TSN BT T LA T >"h ~ v
" ‘W' ' C“Gringorteir h' w8t h > <t T s 8¢ >"CGQuhbel T 7 Y
(Stendigeret al, 1993.
L‘m‘ h _‘ L B‘C’_"‘>“'>‘“B""‘ "t C\Weibulx "w‘“"""Lh|544”h{‘K'“ h > ' <" ~
TCCYhAYT " A Tw jhtt 0t h Chis Sh_ hAY>S"OD

24



2.5 1 20

. . 150
M =2 sites M =20 sites M =200 sites
8 15 .
78 20 100
zZ =
5 = «&>” Mean cross- 10 1
52 15/ oﬁg: correlation 50 | .
—= o P i
g © 908 ©0.6 1
S H 004 02
10 T T 1 0 T T T 1 0 T T 1
1.0 1.5 2.0 2.5 0 s 10 15 20 0 50 100 150
No. of effective sites
Monte Carlo
1 - "2 "+ Ah>T hAR?S >">" " h* SMonteCarle ™ .~ 'ah 7 " 7 >
! hAage” 55" w " T Y[ > "niCastellarin et a) 2005) A _ w <7
200 200 200
L VAR C B N1 et (- [N e L e -
170 e 170 Foforpef e 170 - f o ‘
A - s e
w T \ 2 a5 | = ) 1 \
S Hory ' X 14088 g Mo \
. p— = (4]
@ 1391 | \ \ 1200 | \ A\ 120 I 2
S 1100 \ 17001 g \ 110 - 3
£ 100 - 100 | % A 100 F+--- 8 \
] 2 =]
g NI’y AT N A o | 1\
E Rral 18 -0 £ I W B 00 3
Z 60 ] b s 60813 3, 60 \
50 kBt F I N 50 \ .
20\ 200\ 40 ) B
305\ ~ 30 L % 30 \ =
20 -] 20 20 3
10 T 10 S 10 o i
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
Sample Length

BG LA AAATM g AR > A" SBAL ASHhTY 02 A A" 80 0T

., ‘/\h'_"' _"‘ >"¢V‘I _"‘ 45’J>h_"l ¢ h't _"‘

CoA_s<E " s @=0.2,) W.mdn(c)sL0.60 ‘00 " Y [ | 5008%).f | NRYy S

I h ' <™ - v . B ¥ * . 1 B¢ " sw AR Y SY C/\h_ w7t _h ‘/\Jh - f‘l_/§|f
A h h - Ah = " hCihh 4,8 *h =" YA L N o TexLiBh "¢
B vh o v U, U R L U S LT AT YT A > B A
I B A" C B B ! h L " A B v h ~ ! Tt ¢ h . VA vh>_|5'>‘t5_'1"lh/\< )
""p i 8 o l" - vy TU>hoA o i wij ht*h B ° AN ' t¢
1 " <h " -*. 1 " h “/\_5<|5‘_" B_B'V““W_"' .
ha_ 0 _ 7' .8 ‘Castellarinetd, 2005) _ ' >w

J’h">“‘h 'h’<.""‘<¢v“1‘1“5"'_h‘ ¢ h h - _V‘. r“‘_
_h'h_' - , s A Y “ h ;"“>V_V"‘V,/\
-~ h Y sS'sh h - B, "1 hh¢ ™ h ()

25



e B >~ " 7t ¢mnm O B - h Ah Y 7 h ! >w e
Cw Tt T h Weibulld b 1 B >rn’|5§|g\hW‘ ¥¢ h h h 1A, h 0
1997)

Yo€£ pw (2.53)
T U@ L A meo et et L

1-h T <h > Yt h _'. “JCBC">W/\'I >SE < W ! B -
L8 7 1 >gh txxPrXEe txdBXR _ oY T o ¢h Qo oAt T LY
g8 - h Ah Y 7 h e B AT T sw AT 1 B 1 >h e

Y€ P W (2.54)

rs T 7T T > LT a2Yy S A FNIE ATt S - h
. -y A B >" 8 "~ ¢mn ‘5’1’“J{¢"55\Mmhn,"”lﬂ11>h""
- oY Y Y sy 2t i1 " h 1 ~ ., h B > B hj <! w ¢S h A~
h o t.ow oo 0. 1T ARGCH "B A VHESW! s Y v 1 Ah B <8
" PR S ow § R @ . K C Coon ot . - vy
““{'/\h>§93§;3g'_¢““‘“‘“’“ Lh’hC_"’yB‘ ' oYt
bR _V"ﬁ“q_)h”h>ylﬁf)_rhvt‘ e IVQJd)mCﬂz\'HI'IM}'IL')

geeep 1 & (2.55)

B Wb Jo, ¥ jwij hthy ! h ¢~ > j B ' h ! A . w
h A >t yoroo B G s ' h h -~ B <8’ h A ¢ B >8 A7
1" h SR | DA h = v ¢ 5y 1 B ' 1 >~h . A h « <« h ! 1
N 1 {V>n 1 h v o ";W wooN {‘-w<vjlth¢'wq : wM\B‘

€E ~haAah - fm 7Y > wy g -3y s oo g BT ST W B A Na Y oh Y
> 0T h Tt ST URa4ARs  spvt  _CROA b X HAMAL

‘ p il
3 — ¢ (2.56)
p if
K 'S YA v e s g
*1_'/\ ~h ~ h B 1 h h w . M w_“

26



m-

| |r
< Y Y T A S B hj < w 17 A B h t ' ~h "~ h gy >~y "
Q (2.58)
p ifQp
. p 1T
h Ah 4 > & ‘ ¢ (2.59)
p Qpilp Qcil
0 Pir (2.60)
B¢v<v fg “|>h £ ¢cn -~ h 7~ Y 2 h Yo |é’
Ft . ¢ <h > >h ¥ T 'ph FP>h 1 8¢ >h>™YC Y o o,
PR ‘1W [ S 1 ' h 1 TL"‘2.B)¢15IHAIbWIAhB)
7N LI B—r—<WVA—'~&|‘“>‘B)H‘h’<’hB’I N I/\ v+
¢ l>n‘5r J)/\v/\ h ¢ . - 7 v N B>_B'
q‘ l>ll‘Bl >|5 Jh‘l 1 »{'h‘_v'h 1 >W
*h >~ Y " h ()
£
:E
£
=
£
=
23 N

> B
w !
1 sh’t
g
T
AR |

fw B



B T ow AL A8V X2A2B2I4R h(2.5@)h A T (T b

r>._. > "+ haAan'  COh DI HAMAD
[ vV o > - ¢ st ul , -~ -
n - A h<l B A > h B > B ¢ 'Il “-J”|=>u viy 9, B h A
h ! >8 1 h < B 7! "';\s">‘5"‘"4¢B"J‘j‘h’J"‘1" h X ~"h AhY ¥
Vo ARz wh S TW e L
¢ oh dX HAmMANO
0 |
v 2P S (2.61)
Q w ’
danugdi1zcl Kgl ps&Emc " >" ", bt th ¢,
Q pz ¢ ht B AT YL o, T "p'y AT BT >waAp T
¢ h B < 6 Y
. 0 p ¢ P
Y S pr— 3 W (2.62)
€ pQuUu ¢
n-~" " '">h’" A8 _h" " MonteCaroc "h3i¥%Ss” 27" >80
. Tt > hj <" wo h e < [ "7, MA_Ch AT " " Ch Wt
vy Yt h gm0y B h <« <! ¢ h h AY > -y - Y ¢ - B " .
ChaAY A" CM ¢ h h AY > O~ hA"¢h' e h AY " BiSwiBh* *hh ITYA ~
* A B < B ° " Bh xW “w "~ 8B ,w* © 1 v A > B h > ' >h Y s wo
>s _hj <t " or T 7Tt At CONOY HAMAO® " A
' h -, ¢nm S B hj <! S LB AT BA A &E Y g ih s BY hY
_'I thVAlCV—VIIbWMHh)%BB_hj—<Y§|’|lh—l _v/\ \‘A_
i ! h , ¢ > B hj <! " b m‘h ~h " hyp "1 >h ¥y
hAah< v @ S ws =~ AL WHEY  hT Y VIORORY WS DB O
i P 9 P (2.63)
0}
' ¥~ Y > h 1 ' h . 0B ' ¢ h > ¢ 1L A A BEgSB " " > B hj <!
*,.S-+ Thoh 8’ ht o K" Swoof B I
A B <8 " > B hj <! ' h S hAtoh VE B AR A > n«



3 1.t ethAB RS T AL LTINS SR A L8 S
rl)h > J ¢ < h ¢ . _h_ ) ¢ .
K Yt h o ey hooon BT ECERS T hAE
o LT AT T sw SRR T ¥ ' 1

rr

hve >~ > " h Cfo AT SEECt StwA™ s . omhdp € hh s h y
S_ohot e hah< 0 T St Yt o mt o T hvYoc

[~ . _hore oL K Ah ' we , ThtwoaAlY -
oY L h S YIAC YW Yt oh hAh-h " h o Y S
‘,/\"<" \“"w‘s‘/\ 1 " h _' <|5'_""J’h _"‘ “‘_"

N . . P Hh s h] @zt ¥ - Y h WA &™  Cuft” hQal p
¢ h _h AGausy> b S>w e oh ey s e s pitlkQn Tt >h A b
L s , ho o ho oo ICOAE _h g, T h YR At T o
ChaAayar ¢ ¢h hA”>" 3 € hads vh ST h RIAC A< > " hj <
(I)(‘)Fﬂ)(‘)ﬁgﬁb(‘) S B C ¥ oA TS AT _"MQehe T M h R ALY T T A
h A vh > yshat ¢ 0 “/\_5<|5_‘||D*)'cplCEh“_‘Ah‘"_'LWl‘\T‘h._h
ChAYA" C" TCh ' hA™S3I" seswhj <o o A
B¢, Thy g “h Y uthaA" T MPpPTO

o - o Q0 (3.1)
» N
Ch * y ha > e QeS A ' _h Tt haAt ot b
Qd  ——0 (32)
» NC”

E >65 h(j)é:'<:'“"h'A/\_‘""‘+'|5’5‘ _'. 4‘h‘w">5l
h - 1 “h Y B 'Ck)vv?lh“vpv“’s‘+‘”/\é_ws‘<_5¢‘_"l B_B'V“‘lw
Coh e SoE LWt T T AL W E D T T Y TS (S hwf <t
T o< S hpghy s kS . B v

" IndependentidenticallyDistributed- 11D
29



® 0 WWOo wo (3.3)

b V(I)Z * AN _ B <8 oo . -y . E ¢, " hy'€h- YN I?Qv_lfnh"‘_j" !
woX Y . - . B ¢, " hy@p" 7 <5 ¢ Lo . i 1 ' <h
> B hj <! w - h ¢¢¥he “h A" > "A OBLIB'LhY > wip! h Ah it ¢ B

J”“Cs'>wA“‘ <V ' T AS A h B¢, 7~ h > s T -
5/\"“’""I ‘{'V<VJ'¢_/\{B‘J>h_+/\J'h h’v"'
(‘h_h’*hl A h ,{'>"?‘W'IJ""WIAA‘B“,{"WVI{VJV” "“”sl
“' va_h" ‘,{'V<VJ'Ch {thbh‘_’t\q)<“|5:/\"'"h\l">|3
o _\‘h’hI(bOils_'h'j+<"_h"‘l_" ‘B’mfhh$ﬁ¢u K R ~ W AL
OW K .. T A hUTESY g0 T A hs vymwEyEmumon. T AT > ho T T
hAw<®HWO)E <h>i h A" A_h ST ! > _hv 7 )
B3P 1. 4SS SwARPLI ST Y1 WS h mMaZama . .h
R he <™ 7 A YA ChA" A" CYmfth hAaT o™ %" C>aw
” pT[Z'[ > " 5 VQ]'I[I’T]r_hV o . - I‘<_vh”_>Zvv‘,'”,_v”/\ h /\_ C0 B Tt LB ,
R L S ‘ h "“Q’,“‘(3@)>5 B , h " >>¥ " o Y,

B/\h‘.‘s,h<h_'h_/\1’|;\1:’ﬁl$v\h/\’rﬁ>5_"" "“Clh“_’lv‘ﬁ‘{h““’“"
Thhg Y w T chwe AR AT AL wS T T g™ v
BV:"I

U[h’h{"lwl

V h/\v(’b<(‘)‘th"’<"“t5’ ChaAY At ¢ Ch_h/\">"
V & h AWH<O BV’ A h S oh sy
V & N"MAwEdw'™ Ah h g "h<A’s vV R*"h_ ' h."A A >  hj <!
GofdoORMO >6 € ' A" = S A" Qa6 hTrhiha
N hopd v AT b A s <D h v
V B <|5‘C"(b(‘)‘h'c’“‘<j"(."rl1‘/\5"’/\‘¢" ¢h hAaAv>r"
V B COA_ B <" ‘IBEEBKFT’”f/\"b'WSh"ﬁQyB’JV'
Tpsd T >wAhpsE ho A RTY 0 T T Ecwas T hA T s W
-h v s

h B 1 h > h



31

Vi_h_ "> _ v¢h L h hHoy ™ Ttfl hpawK' V'
VAR SR SN
VE >, D_dthpmz
V BS  ERETTTh TS hoa > h Y ThYATWIKQEg. hAA R . h* >'S he-
= 10,000
[h h>e =~ - N T N
Vl‘A_B{l}B‘_WI
Vi_h_*>_“¢h _h he o Ce AT < B TEU_GAT ChYT
I Y S T . AN hA_o Y r,
he <y ©Y A ChAYA"C" ©CChh th ALY >™0 G h>w! ¢
LR Y s s Sh e st YT A S h 3t % R, T s
oA s<E N s s 0T Y w4 OseE Chtvsw oAb, AT
i< o . A BicE U™ ECBRCW W sw Y
wAhS 008 . MO
h TUAT T s Th AN s sy so gt he Y <Y
Yot s Y ) I N) thD' E>"hA N> _>"_‘/\TQBQI‘ hh'_hv_.{’B"BV/\B_‘h"
‘h’B\_’_'>h
Ko c< ™" "AY 1 ' oB K Ah T B0 Sh B AK K> 1 " h ¥ &
- Y h BQ,’hy"/\_h h - _‘l BV"I ¥ h AB <’ Vv
w0
o | Do o A?0E (3.4)
>B-:hj<l-w.
O o
O o (3.5)
O wo ‘ 8
! "V',hAWI T
8 ‘ Tt
h ‘ o (3.6)



B,h‘ _/\_h(l3_4)b'5'_‘_l'/\h/\_"_erB > W B _'>W
8 ®»w o 8
®» o | ® o0 | ° wo
" (3.7)
8 w
&) ® 0O
nA ‘/\B‘B’h T <Y1y hv ' G)BQFﬁ‘)’bvgs‘ AH L h ™S YT R
! (W et oh ew ot T
N\ LA \ € " \ ¢ " 3 ¢ 8
O W ohy o O wo ® O
8 L, e s e s o 8
O£ W OoOhw o Ow hw
. § (3.8)
O¢E® Oy 0 OW ) (6]
b OEM O o O] o OoO® O
NELYSWAY T L O Al <t h Wt w st e
LN\ L ] \ ¢ " \ ¢ ’ \ ¢ 8
OfE W Ohw O T O wo w 0 T
o (3.9)
oW O ]
E  .(88)< " " T AY 1 A8 ht
N T 8
O£ O O O o Ow O
N T . w
O£ O O O o Y
b 0&€m Oohd o (O
(3.10)
G O o ., o
O ohd o 8
g |
8 A}
i i
1 ¥ Y h , ¥ " h A "“‘4‘“"‘>'<§,‘$«‘\_/‘\_h_
o> 6. O - L " h1*¢h" "h - Y U Kh ChYt e Yh ¢ MM Cly ., - huthl
* - ¢ h h.{B'(/\ Bt ((3h4)| 1 >v n -n w Yot
32



h‘>TQ/\<Z B A _ v hA_)‘_VFQ*E.Z. 'h>“’"‘4h|ﬁ’y|§'l‘h!h

res 1 h " @4H<™ A TAST Ty T At Tt A T e >

(3.11)

=
<
'A

nA . As bt T RET D NAHDT Vs s, h > -

@By 'O O( TSR YL UHR RN N v

33



0 ¢ 0 (%)
O w
8 ., , . " " o~ 8
EW O w T W Tt Ow w
8 ., , . o~ " .
€ Ow | @)
h 8
g 0¢ & | 0 ®© Oo® O
h 8
” | ” 'O(I) 'O
8 . , . .
N O] w ©O O ¥ (3.12)
. . h 8
H)) ” | O(L)O OO
h 8 .
” | ” OO
o—
9_
” ” ” 8
8 \ ”
p | 1 —
” ” p | ‘l
B J N 1 B (3-11)¢‘h(3m2)4 A ll - ! A Z - [ 'l. t A T 9 B”_ h t 1
(S ,,_Z' Ch</\‘_""’ "‘<pr‘1¢"0”o(‘)2‘hj"hj""“>'7Q‘§_h‘>_/\
B TN TOT Tt Tt st ShA L T RhE < T AN T D
h ¢ ' o ¢ _ A ,dy\(‘)Z<BCh¢‘_’/\‘ h™>Y h '] ,"AcWY A 1 A h
> " Monte Carlo! * b _ " L>t T T h R U B
-y ., B ¥ A h - B VW h * (3_3))_"<"J‘¢h 1 B
Tt >h o MsE LhT S wIAY Y T Y < At Ch A'ERD00 B L OAS Y
> h Vo=V t n N B T, pl 1 t h Chh/\‘WB{‘ VI h 1‘ ’>||I ‘l')l ~ - v <
s A -7 h >h(’!:)‘c‘),‘““ TYnTtYE YA _5‘(‘ , “hhayws <t V_" A h ¢~ j s
h <« <8 h A D B A h h " h_v'“‘_'h‘v_"h >5_J,W/\‘ Yy G 13" LB A



, < <Excek " h A T 7 hu >h Yoo¥oor ot o S oYY sy,
rl‘s<w1',14"h“_"/\l h/\hJQBI _I. ‘h’“"hl B 1 h >
T ha>h o ovTYrr B "'<VJ' ¢ Matkab, 5% h < <A A 1
hoah = ov? - ha_ 27707 0 -4 ¢h @&kl P

s~ . - Y haAh,w’ "¢y ¥ Yoot ht e A Y
-'. {‘/\h_'_'_hl B'hlv"'l -'. ‘{'v<v1‘¢..l _
{B'J>h_+/\ h - {‘h)"’s_'Cwl ‘W‘B‘Iz ! ¥ - Y > h B
5/\"“’">W/\"\ {5’J>h_"lq) n]‘h _'/\ 5_’_5‘V' _"
hahe oA L7 7T<7 oA 07T AT S T DA 0T h QST
T TSN, VO AT EC st Y Y QARE>B SRSt s
‘ h I 3>, j h ! 1 " h > - "_’ 'hl>w_"' . B_G' _>"'>I"Z_ ’_‘ 'h o * h
5?_‘>"_"h‘l¢"l'I{‘{hx“.ls‘nfll B A _ ~h " h<c<<c' <h ‘ h -
. _,V. _'/\ B >~ ' 2t ¢m - 7YY B‘h/\h,"’hl _

B¢V<V\‘B’ S I | LA h/\+_w’, -0 Y Y B o *
YL AN > Y U h Yt € B RTAB VERA T T CUAS WIATh s
A A _' {‘5’5’/\"' _'. B_h'V ". _" ‘4"’<
31 n" 8" 8 A ' K = h v L R R >8 <§j A~

1 " h - Y 7 h _l. >W"I _'>"I

1 ¢ Y h , ¥ " h YA - Y w1t S h ‘>‘B>“"’ YUY OYh Y
o EAT T TN Sw AT te’ 10 >h 7 > B iAo " Lt h -
1 " h g * ¢ h > h “" h<.“’<"l“u"v""l<.‘|5 N /\",’yl:s_h'

LS_*. T YhaAah w0 OBy ¢ h * B B_'>W'V10,OIOO 1B 7 1S
T 7hay >h o vooovoroms A Om_' 'h . CHh AW< 'BY "(lk>‘w_’w/\‘ . h ¢ b St Shh
¢ h ‘¢ & T ohas>h YT RETOA B A W o> > T }
|5<.‘_‘>*':?B‘h5l,h'>"1" (2._10)(:)M1'I‘ZIYVI'I\I'| I>W‘|5| _'>Wl TR
BS "<~ . T4ty iy ht U AhNMARIAAA 5D SIS Vs
STt (BRMWI0000. T >W 0@ ), >, AR TSE M AMEER T o
) > "h /\_+'_Iw¢ . st Y . “h -yt e B_J'J/\’ yhs?_'h<"’: . ‘o CEY ) s _
*rli.‘ _ s _ t h 1 B J(?hh>_5"C'"<' > w '¢‘h ‘_ S "A B T . s ¢ _ s _ ~* h



(3.13)

. h/\lﬁvh’_"’hl
O B AL - 7Y, h Aw
“ EE Swoo
L D T

I T <!
htw®>" > Ah' 1~ 7 <
Thitstht ST >"LON B TS

- [ - N '

CSWRAT MEE AR LT hA WS ¥

(0V) (0] T -
€ €
1. ' A T8 - o R N
_"““W_ o 1 h ¢ h * B ‘_h S
v b C A 56 st e Lt h -
CO@IY LA TE T T L e
oo B ¢, " hy B _'/\ h/\_"_" L
45’J>h_"lcp
B ¥ <™ ‘s B AY T T o+ A 1]
t>h ot 5 A EATTRY T QU
‘1 >h A m'h Qi RT T
AT T T hA BC SWYsh " T s NSy
SAnNn R >w ot
., ! ~ tecon _ s 5(‘%3_13)):hy|5 h * ‘

WO o » .

W o G T =N
""‘(‘)>B_hj <' " R B ¢, hyls‘TQ_c"
1.' A "~ T Ty Y :
B AT - Y v . A B_‘>W'V‘I 1
o> h T >"Ep s 4 h228 T (29330 @
o>t > T 7T T >T T ! 1
oo ' B14)D >k 0 AW <
f>w oY o sty >h oA >, BT AN
. BC_‘>" "hl -'. >W". _
Y B ¢ ) > h ) h * h = ! _' A 'h'/\"_"w‘z_.l""‘
¥ B <w® >h h JE ST T >
> A h ' W'oZ>8 4" <™ 1™ ">
T T4 Ah > >" e o T .
YooY h > B h - Bt A T B - !

nzl V—Vlh
<& Y AN KB _Sh"
" ‘Qj_f‘/"h/\BVh’ 1
PN v h ' ¢ h h

“h " h ™ h A, ' 1
> dh A > LA,
|
(3.14)
pB]‘[/\V Cos>sw AT 1

A



w (0] S 1
€
(3.15)
b &
w 0]

K ' T4 Ah > <T U T IMY h et s h g v QT AL A
’hf.‘_"’yts‘ _" E AT T Y " sw AT 1 8 1 >h R A
YooYt s w /\“é‘ 1>68° J_>Vh__5“"”(.‘ C .h fB B Tt >€wB ,""‘” <Y thTt s
"‘4“’”‘_".‘5 1 " h _" B AT T Y sw AT h{’s"‘1>>"h, ’
1> 6 A W3ASP S 4t s As 18’ [dnte CarlgittTh> T 2Lt w A S
YT A st >h A R T AR SSh th “ AZS B ""sh | B
h,"’sl _‘>wl _"\ ‘\/\_5<5‘_" "ﬁ"QL‘BJ’(."BQ:“")yvyAH'
> h >B_hj"<"l _"\ ‘\A_ZB < Bt """Bh_l?sw""‘_“‘>‘wwl_‘_“"
1 WA ¢ h w Q.06 o, T G

I L L > S N
’hC_"’ys‘ _" B AT Y swAaAY 1 8 1 >h 1 " h 1 " h 0
_hv o LRIGEhithh>hAY ST pENTSoA M T T we
s AW 4 s ' h T NonteCadoQ '.-">E). [ Ao dMA -0 T T 0D ¢ " >h _h
“ho 2t B A ht Lu‘_" Th o h ot >h

37



c 1574 Aah>Y h v s _hrsoA T
11 r
ne _ >' T Ty > . >
+_' B _'>"_ ‘' h _' >w o
10
A 9
o\
. 8
7
A 6
<
. 5
i 4
3
2
1
0

1"y > "4 Abh> h >
> h v
32p'5 5,/\"' I:S_h’V
R ¢ I _'. B
°(h ~h > h ™~ h A, i h ’
s BEAT T TN S>sweET LUk
5¢_’>"' _'. B‘h’v'
5¢_‘>"_"hl _'. 1 B
¢ h * B 5">w"" 1 8
RIS O h A
>W‘I5I {‘Jh“h"’(‘ﬁv‘ls ‘_
t " h > =YY AN 8N >t
' >w o g@dh >, . " A S <h
|5C_’>"'I B¢, "~ hyes h *
WOTY

' 1 8 1 >h . A . '
. s>

1 1 I ‘ch¢_<v>'¢'|l >B <|J’h"‘
1 >h £t ¢ l] ' 'h > Y h

{ r/\h A -t v 4 hB (: [ >|| B‘(;B vt >ll‘ 71t h

rsm:>wi gt ! h ¢ Y <V o h *
YTt h S <Y At e

> h 'C"J>h{“’h‘qj"r’rﬁ h ~ h I8 N
> h ¢ h I Y h ¢'h ¢ BB ""1"shhi >*h¢
S Tt ot B9 (212(10,000 b T >
h > 0 BET <Y L T
. A  _ ' QY BW21®h 10000 L h

A N t (I‘ n - 4 h’ A ‘W ‘J ,I'" (l‘ " h /\'4 ‘WK " ’

S (3.16)

P

38



, LA e hAasvho 0t h oA LT T T OO A
h> =~ e o> p BRI >h o LY h s =Y h A h b
< L R e AL
T oo, T hy sz A hA T TP A

n A “’NB"hB ’_h" B AT T sw AT T < w Y'AD ‘,{WB"'J>>BhIZ M T 2h
YATWSE B G S A h ¢ h h = ., h Yot , Y h > =Y " w . A
W (3.16)b BS ™~ <~ g ¢ h h h AL h 5 ¢ s
YCsaa s A ' B6 > qho> . 3ph s A 0 SkhC T
h [ t.¢ o 1 ¢ . [ t¢on ’,l t rh> Ny crY TQh,{BNﬁ‘T.’, J'ijhy+ EY B! >
01 . (8.16):
AR Cn Cn
OOTY = — (3.17)
Qe p Qe p
Wo>s _hio<t " I B‘-‘,’hYB‘TQ_q“ PETIA 7 A 1
S_¢ ‘Chr/\ —BBQ—’>|‘|\| .{lh‘_V’h 1 E ¢ r>|| 4
B AT T T 8 S wIATh m's wesh’ 3 5 ! {1 " h > =Y " h
1 >h t¢comn {‘h“"(3_1ﬁ7) TS OB BA ST PN " h i1 >h toc
" - Y Y B 11y B h > B ' I "B AW BT 8" Y Ath s
, 7 he I’ et 'Y A hg'Y ¥ ,hh"tt ftSgYVA h A B thQ’ >K' . A 1
h<™ ™ LT T wE Tt
8 AR Cn
WOTY — }
Qe p
c ) (3.18)
t Q — - T
WOTY ¢ €

r s ! I "B AW~ 1 B " h - oY Y Y sy <" T ' AT 1 th
h 1 “h Y 8B s w ¥ * A B<B‘"‘~Q B B "t YST_ A Lha
St , 7 h Vot h A i A s w ’QZ"" YOV AT
“ h ¢ ' y B¢ ¥ B AT Y " Ssw AT 1 8 1 >h

39



h"‘>"’ .[TQ+'IJ>ﬁ:‘:I/\ T A _ B < B_B'“’ﬁQ“‘W_'
¢ h 1t h h = 7O > T h e Spy YA hHC 'u<LYh ”Vc(].hf " hsTh
32 [h hA_ Q. @ hUBhChEAT R g Y T h’h ' >h
- 10T A>T oot s Che s A 1T
11 .
ne _ ' vooT oY Y > 7 ' > 8
+' B C s *h ' 181>

A6
<
. 5
4 \\.\
3
2
1 E
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1 A B <B O " Br. 8 ¥ W_r '
1¢'I321 v{,Ah>vl ht‘>l,{BlJ>h_'A', “ '_u‘n
> hv _ht>_ A
33 nr K 7 B ) /\l A | K " h ) Vl N 1 I ) 'L 'I ~ <—V'Jvrlq ||_I| A— <B|>'—V

1 . CrSE Y ot T &h Tt h hCTh TUYCC_ AA fThY h o w T " A hs A Ah S

_ ¥ I I" L Y1 ' h /\/’\h'(.‘ "C<qj’h‘quB ’H_J'Ihl\/fﬂ >’ h 1 ' h Y 8 _" ¢ " -7
> T TS vy h T ARS>SY T P s emT T T Sswen Y s
B¢_’>"' h‘_“ _' , 7 7 h ‘ h 1 A BT . ""I _'/\t
_‘>"l _"‘ B/\V'V">W/\V‘ {B’J>h_vlq) CE’{y‘Bh_{h”Ch‘
. BV".

“h Ah Y 7 h : * . "“”2_3|_2 17 AB h N M s | h Y

40



m‘h ¢ h* B 5"[;?\/\1_’“'/‘\ h 1 %° %50 Hh 1t h C’h‘u -
¢ _ ' >h bt ' h R h " 87<hLLS ™ S>EwR X an e ¢ ht MNZANJ
s w 1 * h ¢ h * B h >

n]'h ¢ h * B ‘_hh'Cﬁ"BCI‘b”th' _' MAOXNAnn >w ol
(.‘_‘>_/\_h‘ v h/\_’ _V“Q"O‘ T."h"Oh/\h_/\'__B?‘B‘>:hL’)“
h ! A ChaAaYyaAt ¢ h ¢ Vo t ¢ ¢ h hAY >" 3 !

) W‘(S'l), >|5>W ~ 1 \_'[ T[Tf hr ) -t (;‘ n , hp_T[I.TEBQN \<|V ‘ .
oY I Yy B h ¢ 1" h ¢ h ¢ B * h ¢ > ! >w C ! s
_W'j1h_ ! ¥ 1" h L" ¥ >SWwh ¢ 1.8 h _E‘ CE _ k&fﬁl’>¢)' !
oY ">"<"’+“1‘J"‘/\h ¢ h * B _h‘>' _' *_fva"'q_v- 5_“h)s\
A hyov
e ¥ P L
B B @] P @]
Y = P “op
w (3.19)
- ¥ ¥
' S
e B Y%
UJ -(th TQ
&R um [ L e JRSQMRIYL A s Y
rr ll[lg/\ON\I'hl_ﬂgY’/(ZUl’-’{
i AUZ 4 SRz o RgsmMBMm] KRNU & | 3DINC Y

re [OfliaﬁlsUWZRa_f tH ReYZatyor 1 4eROY

re 4 SR{ZoRgsmMBM] RNU & | 308WC Y

w t Or1 A% 62802 R © 1 {H B WCYAZSRY ¢ ? 1ZA Z ROw

h " h «c<"heh s 11 >hg' >e8i>W ‘g™ 7~ ¢ ¢ " .t Y Y B - h Ah
‘>"l 7 45’J>h_"l >61"1'(\2_53):/\h B¢, " h > B . B
Y E p (3.20)

1-| /\ - B > - _ . ] -I l . VA! (;‘ ||l h/\B Vh -I A ) hl

Y h AW - tohAL w6 AT T YW e sAh >
TS T B9) A T T <7 An h "3

h ¢ >~ S ~ YooYy B ¢ hy " A h A B Yoy

h 1 >h et >" ¢ v ¥ 1 8 1 >h ¥ ()

[ - _‘“"Qﬁ‘o“‘ Tt that ot Sw 7 oh ' ¢ h S ~w j h '



rl/\‘ AB . B’ h 1 " h ¥ B AT T Y sw AT T<<w Y A | B

. A YT w S ECY " s>swyJ4 hH T € h £ h ' h YN BIRAAY B B

h o Ad BS Y <h Gsa’, TCH RGO SUAT ST LA T WA 00T
- ¥ B 11 B, A ! >w ol ! ¢ h . A MAaOSnnn
(’O 1-{"@ 1h /\_ > E h L3 . *‘ %_ > >l 1 _ 1 >W 1 _ t >|| h
CE BC _ ’ >| 1 >B - ~ ~ >V ’ . 1 <V t - /\ __t|>|| - B
~ BAV—V! ] >W/\V { B 1 >h ~ 1 > A B h ¢ . BVII
P P
e Y 5
B B O p
. P P
oo Y . (3.21)
. 0 0
. Y Y
Y
C

o WwtRrRZY r’lv@B‘lB?) M&llﬂmlU/\_UHSHS@leUTQ ¢ pm

Ip & h& VS L edtzBE@MT | AsY

e {1zrnOmrfpegohzuy ?y
v 4 SRIZOBSHBML RNUE | 3DWC Y
J"U,‘% t Or1 A BZBUORRB UA VL], JROB N7 Z UV Y

e tRCASUYOr ABRROY

ry 4 SRIZOBSKABML RNU & | 3SWC Y 5

'y t Or1 A BZBUORRB UA UV JRO® Nz Z UV Y

w t ® C AZsIRV C ?12A Z ROv

r s j h > (3_'20)" A T R S 11 IO L w ih*A*h 'Y
B AT Y " sw AT ,‘J<V\h"/\7§'\s{¢’5"1’>TQL»h“’“‘”B’ A h E ¢ 7 h° B

Y 0t p (3.22)

G Bq !>I 1 1 - B t I{V B— h /\h , ~ h ~ B A
(3.22)‘ - B 4 B q _ t > h ) ] I - h 1 > h ) t (1" n ) ] I _ t > n z ' - . I
i T . A8 T '_hj w < 7Y, Y h - L hheg 0 7y
h/\_“_“‘;B’>"‘B“I>'¥§!é"1_bff§§q) 71 AT S ML S 2
1 B ' >""Q,"", AN . h " h ¢ vy B YOO BBOA TTTSTRY T hstw AT 188V’"1 > h

8 e 7 1
Y Qe pt
oy 0 (3.23)
t Q — -+
€ €
h j) h SIB A, ' h B AW 1 B ' h - ¥ Yos Yo, ! 1t
ro . - _hE
1 8 1 >h . A ¢ h 1 ' h 1 h Y B s w ¥ A B <

42



e

"no B € s

A

h

¢

f

B

6 . w323Pd RS < ‘s

N

~

Y 7 h v ot h A

CL RN ey T

N

AN _ B < s o8 ‘*W_!ﬁQ‘Ierbmﬁbhv/\
J**ch-h'h ¢ ¥ A h W v - h "~ h " s oh
- 10 Ah > hroe o> _ht s
1 f YR
‘ nt._ ' > >
+_'/\ B >~ B ' e -
9
A \
. 8
_XCD
.7
, 6
A
- ‘\\
N 4
> \
-3
2
1 ! ! ! !
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
1/\5<|5 " Br. B e w_l
1 "33 "4 Ah>T >' 4t a>h AL
> hvy _ s _ht>_ A
r]__“'>h’/\5 hot Vo~ . v s Y
CA BT WY RO S S Y
Py s v gy -~ - o~ SRy ok h h -
'V“{‘ﬁwqu-"l" >| B>>V/\" - v h

43



44

41_h_"_‘¢’B'VFh'A_h'<J?'W")\AZ‘/\C‘m"’<"J‘¢_A L Bt

€ h o hy L. VN has vh o, h,
7Y h Ah  wo ¢y h‘“_‘J‘h/\s‘ A h h ~“shortterms _'
persistence- SThz =~~~ ¢ h* ! > h ¢ Jongferm pérgistencé- LTH>>7 A" 0O
‘h’hC_"’ys‘ _!. ‘.{'V<VJ‘¢WI "V/\V‘B"WI(D

B ¢ B W - oY B0 B . 'WA, "h‘/y\h __h:"h*.lh"‘.lis_"” B B _ °
‘h’hf.‘_"’h . A \{"’{h"j"‘(.‘s_l/\ hl—r-h{:_g;h\rv__/(,él -
nh.,20mh ' A we, h ' <Yt Ay Y T Yj<">h
hvyo > T T <<h T <o A R R ST I Y S 2 I L
1" > Y . 1 7 h _ ¥ . hC/\"_” A ?"”}\5:‘\]@§<"N‘h ! N B ‘_' B ¢ h
Zrh €Y " hA" Q@& ZFhWEY ] " hAa"qp>,” "3 “whiargy -y h
o T T S >A" > _+ A C T TS A A
She >y 7" >' v>>YA" LA ATV <lUKSUAT  Sshas €
>YA_w<¥Y b ¥t st AT oA o h h
S v, 2438 L W T

B¢ ho<w LY UASTT Y h e 1t h A h Ah - h "~
|5>>"/\"‘ ‘.‘h_h _' I w A B ! ‘\/\‘5_“.‘_/\ Y U S
¢ <' ' >8 AYsymmetticmoving average- SMA, h <1 " 7t > T T ot
<74 v o Lo T hESsEh T s DT <&kt <l s T >
o> LT Lt he e Tt >0 T > D

m‘h _'I h/\ﬁJ('Bl _I. ‘h"’"hl wvihh > " hwaA§ R
YA SR Y LT RTYES AN S h s Y g v
¢ <h>>h ¢~ mSsh> " hA” CY D TAR MO T R Tt s
ot oy st hgratem o h A " h e SshATE LA T T << T o<

BS <™ 8 ThoY ot h o C_oh o e h
Evh U SwWAL A LY AT SRS >EL T YUKW SUCAT LB A SR YA



41 h "¢ j " haA"™ ~— Y wiy g © >
NSO <T U ThAFhT SE b &0, " Yo Y h h e <™
¢ h _h X" >Th  IGausy>'s >w T o e >EQ pFﬁEg<Ff§ﬂ5 ' CE
S B hJ<| n h n h/\ !—""+_|5 Bt ' .{‘h
1 “h Y 78 ‘GQN “AWD%H“>‘VQ_‘)‘“ L A B < B ° " B B Y
oA T U MAQ3 1R plth AQC Q pgh AQ Q¢ pm.oy >, . AR >
Zrh'qvj'!h/\ur] -2 Y Y w1 v 1 ‘{lh_’—’*>“’|/\___"<:’
L AL L B2 ) SV T (R AR L A A ¢
. v (4.1)
w w w w w
o418 ¢ ' - o> T <y s ! . TN
L hA s s WwWARNIRY T O A >s  hijg<gt
B v h’ '"SWAL, A >8 h v v ¢ h S B
R e L A YR A U S
Wi hAaQ@sher oA L h LA > o<
h AB v h 7 ! . A > B h v M hgy ¢ he h -
AL B >S6EAL A B L AN ©hT
ul"'?‘> 1 ’ _ h - h ’ h > w ’?‘Qr ’?’QA ||:> BVJI w . ~
o - Q - S o E @
ool o 1] » » E o
; 100 7 10 /e (A)’ (A)’ ~ (A)’ F]
11N 1EN e e E e
wy wo w w E
5 5 = 5 (42)
W E
~x 0w w E
(k) ~ ~ o ~
e e E e
W W E
1 . Al A B AL AL 7 cht AT T SW <<
>|Av h—| u~g\_'h>/h|;/\/m5-hl —“I -v h/\+_W’+

45



COATTST U L4 oA S _h ot O A T h T h W SN T T
or - . _ T4 RAAN" T HANTO
uJ’h’h>5_"" _*/\ -8 T _ T Y A “/\h’_"‘s’/\ Ch_

Vrew s " >w o A > hj <" _A

vaprh>"rrw oA > _ hj<' _A

V-l‘/\_|5<|5‘_wl h‘\>>5é¢’h"hzl C_h_/\h >‘5‘_,hvj/‘<3‘_h_z\
@ [ h h>e _ h~' CTAANT " s A S P4 KRS

V1. A_8<8" W B 7T T w0t s s Bh > B AR S

{‘h)"’s_‘f;"l ‘W"I

V1. A_8<8" W ho > 7 Ah 17 Lhw =0 707 ¥ AS 80 i A >h > B

o ’{'d:fllf'“w‘_Hl" 5"<“'| > B oy - " 1

V-l‘/\_|5<|5‘_wl h _"““W_"'I > B >Y Ah 1 " h”°

> hj <" " ¢ ht B S o L7 L LI S A S 2 AL I

Gt _<"’(I)‘. S
I'V¢5'>W/\V‘B¢<)V"h_"/\l:$z A h” -7 '] «<«' >h _'. 1 "B 7
|5/\"“’""I ‘,{'V<VJ'¢_/\ {5‘J>h_,/\ .I'hWhlf\/"'
(.‘h_h’lhl A h T R R A A L A YooY
“' va_h" T N | {B’J)h_hq) B Y U S
) _‘Lh’hl(bgz_h'j’<,'l_"|:l‘_" T O hh TS B Thhm
"“‘w;_n:]”h"cl’)h‘s <"Qk“_'“/\/\‘h_’h"‘>>"l’) .{'>‘V".IV’/\_h'
omnZaan - Chas>h YT RO <h > hAT AAWK v v T
“‘LV[_"“'V ¢ h ! 1 Y > h‘_“‘?Blv!_"A"sl,h_’“>‘“1l'.'
T LW (33)

B/\h(.‘s,h<h'_/\"/\*2'1 Yh T s 8 [ Y SwAH YCh T Y Y h Yy s

'h’h{"*wl "" WJ‘/\h/\‘_h " <h > Y th B"<“'I )
BV:"I
U[h'h{"1wl
V h/\v('b<(‘)‘hv<.""<"“5’ ChaAY At ¢ Ch_h/\">“
V & h AWH<O BV’ A h S oh sy
*Zp51“>WAhr|z h = " A R T BT B <wa T hoaA T _t>w Y
-~ .

h B 1 h > h



o

V & ;Y > ! h v . w‘OWB_C‘ o hly B__'hl' hsABw <j* h

Zrh’C"J‘h/\"n"“‘WJJ“'
VB“/\_"<“‘_"I h‘_"“”zws_‘/\h'l J"h“"l‘_
W e (BALF baw  ~ A8 Y
V B <B O @OotheT <YYo ChaAYA' ¢ ¢h h A~
V K “/\_5<5‘_"I I‘fBB"/\Th""J)\'lCh\{\h_"B"y':ﬁQ’JVI
c’)">"15/\wl T L)
U psli”>wAah
Vg _h_ ot e oh g aT M T fft hpamie Vv
Vr"sY L YRYOR oAl
VE "> D _dohpm
VEBS “igg"h > T hus>h YR MAR ., A hAw<s
he s h [ wMaIann
G [h ' h>s ° > - R T B
Vr' -7 Thigsw 7oA
r' 2T T hdsw T A
rw:* " o> <t ¢ _A B B AP\ I<®h ©_ AN A
R R A h/\"_v';./\L'V/\V‘
ChAYA" ©" ©h _ hAY S$SHt>s SwTm o3 o
K 4‘h,“’5l BC_'>"‘B‘I ‘“‘ ‘ h h¢“<““" “‘
B s w . B ¥ . _‘5‘ ’/\"_‘5‘<‘5l‘w__"' Ty . >B'ﬁ:Q-t| v ¢ B ¢ A >‘W_/\hh‘ > “A
> _hj < o SN _ BB ¥R CWw W sw e Y
¢ h w Ah S 0:055_1, "ty ¢t h Y 7 hh “__““‘ ““‘/\W__B'<‘B"I’: Mot .
""’"’l B ¢, " hy@g'!" A h‘d)_(‘jz“"‘w_s‘ﬁ“_”>'l‘sl'Ih/\WIz
{‘h,"’sl _‘>wl h‘_“’ Ch“. B> AhC -’V’hAW.
LY AT B Y T A “h ' w7 'hoas Ryt YOt QR ‘4_'"*41“’Jh‘<.‘¢_"""<3z'5"
1‘J¢C'5‘>wv\ﬂn_h‘_'ch/\z B 'z_'h‘h_>‘”"‘h"“’\7\/'_"‘>w‘“‘/\_5
" Ch T ohRss T L >k ¢ v - ' wo - <k o~ o~ P~

a7



T[&anﬁn@l .{T[fﬂJ. B‘ ¥ 7 ' h ¢ \nl/\h ,ow >'\N/§I_' hl‘ S - N
N ] N X W_q'h"_ +l/\‘ . ’ - . , Vl’}\.r'cvh/\v“‘lﬁ"*'lﬁ__/\‘z‘ j~|W/\/\_+)/\‘
m' h YA STl A BB T AN Ly, SR T A
< I Bl NS LA TTTEYI B K DI WET RAAY S HANTO
B 2 O v s e v 1w <.
€ ho Em ho
2 2 O] (4.3)

A_B<BXT -'A B

jodh MBHEOH jOodd

n]'h _'. h/\hJQBI _'I "hJ""h"_h"l/\ B~ 1 h ™7
/\h<<h¢_'<.‘" h‘<"“_|5‘>W/\' -
N >hURE R NS ARLS "
’>'y"/\_h‘ Ch_h h Ah <Y1 > h s
h ‘5 ~ w q) 1 COA -5 - “u - -

1 ¢ DI h, > " h CYTAST YL Y@ Eh R s W TN
WJQB‘_h' ‘_V/\ ‘_V<(:BJ(B&)>'Z _'“(1:‘)"1"/\‘1’])\%/‘\"_""
>'_’_""c[" J‘A'>BNB“J)<“B‘¢‘,"/{IZB h * h - YA
6r > . Tat AN T HANTO

® O 6 €& Y OOEmd )
o 0] v s e v s o <.
0€¢& ho £ ho |
T e MEHD _host o sadht b T
h AE < B pen “h L7 T AOFOW p  hiaw e Y
(4.4)
> € M +
O 06¢&dMh E 6¢& M 8
v - - g . |
5 & o |®£Ugho osoi |§ oaog 5
1] e e E e 1l
HDEMhY O0&dhd E 0 dhd U
rs R R - YAt Ch haAsvVvHh LA
l’lJ‘B l—__ Bl ” V_,_[&JV-‘BII\!’L-'A ?AhA _A hl _I R AR |



8 o’ ” 5 l,, Il
A & ITI) 1h u’\, ” . E,\ l u’\, |’|
e e E ern
l.ju ‘lu E ” U
K - Tty s (’,I) h_‘ - ‘ _$'A_ ,__hv,‘h - A /\(44):)‘ BW SATh é'[
. ‘s vhag , 1" ! B ’(f;pj ’o[/\"‘C""'j’<"y>hh h ¥~ ' N
,’,, ,&T’Béhy‘&v _,vl SN R SR hj/\f‘_v,
K ha , A" " QS hGh Y s > B’ A'hGC'h - Nh ¢ hs h
" h AT O "y h
I~ - “h = h A, -7 '] <" >h B> ANhC h1e ADT 775 648 A W
Ah ¢ h >'(j‘|55’/\'h¢‘h YOt Y s wAY S ¢ ht heg - *° = T ow T B
> Ah ¢ h O &’ Ah: ‘8 " Ch VU S WA o AT A
¢ B h 1 " h 1 B1 Y >wAaAY® h < " 71 " BBTY " 8B"RhC_ AABA T WA
T e00Mm ANt X
UBV"/\‘B" B Ch_¢_"1¢/\'¢‘ >'_’_“ > B
U B V"ALB‘I B —<||’|5I >|_’_V S B AC’ [ LI | .
Oh<t " 7" > W O020A0
I Y, h h 5 - h*t ' C B W AhT 7 YITBIATTYCTBY TSSwWYA Y > 'hhg
o TQO Y2 dalhE e AL Y ¥R AT MdFdPpOT T Hw AT gh e
f} O,_ V\BJJI‘ !qn < ‘IU(D
BT A @AY ARSI TSy Qe r svRe AT
_ h 1 AT O . ’ ’, th‘lh __“V‘/\ V"'VV'”{“ Y e >(j), o+ A
h 1 >h “'“‘5’_h' >5Ch0|e’sky" _“‘ h<J"">“‘
m'h '<TWABXANY BT O AY v V'V’BI “ h h/\_“’
R ¢ h 1*5’1>h_(4h1)z1'55>WV\l5h'SVJ'"'V_"ll‘V"‘>'l
A< SN BHE I SAST  hT et AT csh E s
/\f).lCEh *'h ) * ¢h > h - ha>“" Y Yyoempae™Yedg Y 3t h . A B
’h_’ B_h‘ h"Q"C@“’ﬁﬂjtlz ¥ * 'hh = ' 1 B ' v . A h/\_"
" h ’ B h * B ¥ ~h ~ h "~ ' > h

49



¥~ Y " h B ¢, " hy YA h h = ¢ B vy " 1 ¥ h AB < v B '
: ; & 6
4 4 ] T (4-5)
W w W w
B~ '"@5)° "7 4T By hA A ) ) ThT oS> w8 ht L AW
<6 S _ A CQOhRIE.AA_ Tt hy L sVt
8 @ O ® W W
1 (I)l (bl
v v v, T, T,
W W W w
1 (I)I (I)l
. v v T, T, iv} (46)
W W W W
W
v . . . " v
,’ p W W
o W
rs YA T T LT T YR ShA L ARW KB A A ASC A
<t S _ A 'wX GhfaAr R ht T <cw¥ A L AR MontéCarlot 8 AW T
1 Y h _u .{'>‘V".I’h “l’V<VJIq_A LIVAV\B:,_AZ
B VW h ~ 1 " Y <Y 1 " ¢ h 45(4_]5)).>h h o, h " >>Yu " to,ow Y
AT <Y st h ot nem hARE BT T O AAT T LT T kST VS
¢ h h ! L *h YT HRSYhHh TN --¥F >B A B C st hrr 8 Y vl
: h ¢ A C hotg =7 ' A ' . A AR N | h A vh~ ' . A
Bq->>|‘| h‘-u th J)/\Bl >B Jhl |-t>||| I{z( h_\'-v.{,‘hh\_
|5<.‘_‘>"_ ‘hl _'. .{B‘J>h_‘¢"l {‘h""'hl B A _ - h
. - ¥ A B >" " 2t ¢mnm B A E - h Aah Y " h !
E ~ b 1 " h " . A h/\+l_'w"'+ > "% 1A 8B "M B ¢
T4 Ah > >" e T AT T TN S>SwAT Lttt > h T
! I S L S T 7Y, Y " h ¥y -7 h 1 >h ¥ ~h¥y ' g’ h

- ' N [

412412 41> hAa_ 00 7" .hQ

50



I,v o>, - h 1 >h YooYt r by YT th L A Y &, ‘hisa’h .
h J Ah >’ h . A C <h > ¢ _ A N h v ¢ _ A B ¢ st .
. A T (Y h v 0 "¢ _ A S8 18 _ A Y
G614 h2130h2 1 e ~ _ " .h e AL RTETIUA LA
hj s j h ! h ey B € " hg "> "~ h 5 "*"" " h ™ ht
> 7 s’ aAh 80 (Koltsoyiamis, 2010) v v "

. 'O“? ”

‘ oy |, (4.7)
'—Viz1£ZVl é‘;B ICW L') >|5,V<")I5 1 Bq r>|| ’
h= ' ¢t " T QWAL Ch AR S ERIAT e A BC t>" Ctho
Ch@"Y ' hAah>s A" > A" o> ' R '

m' h ¢ h ‘B KT kWU A h ¥ pS5H Qht ;' oh ¢ h ‘B -
<Y """ AY 8BS *sSh ht o+ sw: sy -t ¢m h-o'g
E ¢ s ' h ! 'C‘?"<hcb‘|r‘lf{"‘ AB hg *Hh B?B‘}Fh‘ﬂ‘ '
t Bq l>||‘Bt h w é>W‘B I>W -I_'h‘_V’h
ha_ >0 " L8 >80T < (AT h T >sL T8 TR USTTIAY h t o > o
MAZNAnn R E I R ' L " h >~ ¥ "n ¢ h '

n?
nY ‘
p z
Y (4.8)
!\Y
p z
I-V“Y ,“Y v h>|_5’l<|— B BC I>II‘B! 1
h = "¢ < 0 S WA Y T T h o Skt Y o<t T T w PRy Cos g

! A L h = " SqE< '’ 1" " hy th*ah > ¢ h” ™’ hh B~ h Ah <h >
B AT Y Ssw AT L8 1 >h O
*CE Is‘;\-t>u_ t h -| >W' _(>" B)Ah( h>B' < _-,

L‘l >, . Ah > A ! S <h >t gom ohot e



411 ptv s AT s h oyt I S e L T
>W‘I _l>ll
ml h _l A Bq_)>l A | _"‘ l‘V‘{ ,Ah >V‘ h:>lB‘ >V’ N
Jh‘l 1 {rm‘q—\('>h| 'uh 1 >W" t>||’| ~
1 “h g ¢ h > h B > Ah*' h Ah <Y 1! > B A T8 7 - .
1 I ¢ ¢ " " SswAhD 1 h ¢ h * B B~ ' >sw Y /1 B> 1 >nh B C
MAZSAAn ¥S > L A " VRO T Ut AT ST T T L h AW
h/\+_w" I(WC‘__G)&)H)‘O' )Z < ' 1, _I. ‘h’*"“hl h
. —VBQ_ t >h_ hl h—l _l /\ h/\é_l)a‘\(B_:IB).GEI . _‘VBB. Q' _I >_>l|(;‘ TN ] _
>" 7 7 B’ A h 5¢,’h‘_5*>z" q‘vlt‘ I'ZV.\”: B'V"vli ,/\h >v‘
8 ., .. WO O ,
WwWww o 2 n t
€ €
(4.9)
w 0
1 /\51_1‘_h ¥ B AY B Y1 Yhlsw AT t e B'"C¢ **ths ™ Y7 'hh !
>W‘II _lé3:14)_6ijw*‘rl B)_hl ‘I BV"‘
8 ., ... WO 0 , ,
WwOw o % % = (4.10)
G G
R B >w oot st AN E TS LHTOANRS A YT LA LB
CE ~h > h~hnATY " Y" " SwA" B C ot B > A h 't T <w Y A
 C B > > 1 N 1 _ 1 I " - v h" N V_ $ VA > . =g ’IV> [l ) 15 Aol > w Y V‘ . I ) h ‘ >
h * . N ;Wl‘ ‘T[_.é' . -évsq__l’l>l'l‘”h‘_v’hl _| l (4.2071‘”[]. _l >
i - S v s A h |5¢,’h‘_|5’ <y .,V.Q’I>B‘ ‘_w{.,_ﬂ,h>
h Ah <Y 1 ¥ > B _'/\'5”‘_," _,AL’“/\'Ch h/\th'_
U AC SR hAsBVAT 0 LA LB 0 >h A
l'l.n B A h - h _ K _ h 1 t ' '0_:1 +x ‘B', ’_<l'->llz¢ "_>'I5 " ~ L’<A . <’ 'h(KOKISOy‘Iaﬁn_IS> >| N . "
2002):
s b E f————— Q1 "I B 0,1 —, -
‘S ‘8 ‘8 . ) - "'_u! BH ] t _l$ L_ .

52



o v Q Q(,‘o""'b
(4.11)
”
€ WO o
'“wwwo ' R R B¢ >
'>"(Ib('bﬂ)h(f)' . ha e EC > o - r v~
B(‘ Vo< ¥ \5‘ B L 'SBE ASW Y1 BT ShY Monte Ca,rIoJ * h _ ! . I WA T )Y " ¢ _ A
L 0 >h A g 80 s hAHSSY N 3 A AT >swAT
01 - 4:11)z + " h LT e > w T oA B < T B
ﬁQ h <« <h ¢ h* 1t h 1 h T . _'>WI _‘“>‘W’“’“/\I_5
‘{'V<VJ‘¢_/\ 1{‘BJ'¢JB$h'_'.V>/\WQJ\jh">|h|jV§B‘_ “_7\q5<5‘_"
B_B'V‘\“I‘ZW_"”"VI"hQWI _‘>wl _":s:""O_(E_‘.“lsss’/\h'
DI h ., Y 7 h T : N _ B <BY "y Y Qh‘\>_h““_"‘¢‘hW/\_ v
" TRE e
e~ <~ tw3h oo ThO Y BT R S ST g YY1 Ah >
- ‘ T ‘h“/\:_js‘<L5w‘E_h"‘ o 'Clh e ¢ > e ‘“4 ] Ah >~ . h
{B‘J>TQ_HI/\ _,V‘.‘A_B<B‘_" B_B'V“‘LW_"ﬁQU I'h>|5_h
* /\_5<|5‘ " h v T,w t LT Y e Y A AT ST

& ma e [ | @ Q
"t R-pR h hoA

TAIC MLt SHhOR X

ndoX Mmedn? “h*h fgipp >

>0 "‘:“@ c‘w"'h>'hh h> *ah h* LL{ ¥ - h~

53



40 \

2 35

3 \
=

N

< 30

_; 25 \
’ 20

10 RN

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
L A s<s v ow S w

Ue A T ARSI ST AR T A ks DT gw s

> ~

1 B 1 >ah

3
2
1
O 01 02 03 04 05 06 07 08 09 1
1‘/\_B<B‘_"‘ Br. B M . ‘W_'
V."&X) "4 Ah>Y  hC st gt sh A

54



=
J
'S
~
!
—
\
=
'
<
!
>
<
v
<
\%
<
]
~
'
v/

2
it !
0 01 02 03 04 05 06 07 08 09 1
1.A_B<B‘_". Br, ® e . ‘W_'
1 "431° "4 Ah>T hot o> e >h LA

K

S >
(63} »

2
| _
O 01 02 03 04 05 06 07 08 09 1
1‘/\ B < B _ ) BrHB R W_
1."&a 1 "4 Ah> L T

55



- 17T Ah>T hooo > =08 >- A
11 I r r r r r
. VN S~
1 _<_i1'-{ h - il _ g ¢
_A o
=\
. 8
7

56



m‘h ¢ h * B B - ' sw 7Y ’{BBC’_J‘>>hh_(hH A tht h 1 R Y

YO LSW AL 1 BB 0 A h N )] 4r‘hh“‘v"h/\ - S
ha, w-' B Conly' ! 9, 1. " R AT Y W
Y oB ¢ 'S h h ¢ h - "' A h A > v'(&lB)’)CD*‘CE"'V'ch"
" EC S hA yyw sy © Y S e > . o B W
8 LR Y c’l
WY z p+
(4.12)
.I.é C” p
WY
m h T BAT T T ISTSWANIAZE Y T SR o B¢t >" 7 th
t 1 >h ; t ¢ n C'I).l r{ (B‘m?):)— \: O I— A A :B > ) h ¢ . I BV n I
AR Cn Cn
WOTY - - (4.13)
¢ p @ p
¢ >w st A ET TS L TOARS L A YT LA
CE ~h > h ™~ hAA, _"’“"B")\bW/\"<w!‘/_\’>‘"‘/\'B""
SR ' HJ_.,hv‘v§vA,+_‘B,,,_ R -~ v ot
“;W_‘l"T[_ rr]”lhc')n'>.,@.13)"“5¢_‘>ﬁ _'/\ T ohou
h = Y ¥ h /] 81 >h = ¢mn L *h>->"h 3 T, ¢ h
v v o ¢ - v k¢ SR h " K8 YUKy s
~ 1 ] /\h >v . h TQ:||>_Vv’r N ) h ¢ S _ A
8 . (g P
0P Y Q —= ‘ ‘ 4.14
WOiY ¢ 3 ( )
V(.O(A)‘IY ! s € S S I 11 I ! 1L 8h)>Sh "~ hCY
TSN Ssw AT 1871 >h Y 3 > ST Y sy,
B¢“<" o ¢ h ©BAC B S L N | B S | /\hTQ,"“ h
Yo-oY ot >W/\V‘ {5’(4414>)_')hz_" I.I ¢ h(’)L 1.{V\f:h')>"V\/IB _"‘ N
O TLow ! >SEO htw<<h , ah v h* h»_ n"h 7 "8
P A S 1 R e I N N S S I L N )
1, >B’“<‘(4_8))h. c')l‘W“
- S hoh o mop vt wg  mtly >k Y ZTYCh 3 h 1A
“ > “"Monte Carlo' i ]

57



B¢ >0t > Rt U YhjTttyhh > b SweMt T
B g~ T.3Sw Yt 'Y 7t h ¢ w s w ~ "“’0_(‘5_1 BB > Ah®
Ly h , ¥ " h * ~ A A B <8BS "1 Y Cht S AT "¢ hwa>w® !

" e h® [ | i

RN

G . S®h “thY ot oopc LA ML QW )1 B8 h St u h

N - - -

TLatm>h_h oY he ¥ <™ " Qap L S OTE> N Oy Hh [ € 0

hoa_ " Yt . hQ g "wEhh hh 1 tths A h oy Y T hC R " S h

S .

30
)

- ™
15 \

10
5t L L L L
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
L. A _E<s " Hl_v““w_"'.
Vs AB T T L AR L, g T ATt T T A ek e T
1 8 7 1 >ash ¥

58



A
< O
)—«4 \
- 3
2
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
1/\5<5 " BrB"’“W_“
1:-"&™N 1 T4 oAb hoo o> 11 >h A
>B_hv _ Jhl‘l>‘_/\/\_|5<5 _Z" B_"
_ 1571 Ah>Y hooot > "1;0‘.4‘>_A 1
! A A A A
. RPN o~
9 .fl_s¢_ > h _ ﬁ
A
., 8
3 “
= 1 \
, 6
A
< 5
)*’4 \
- 3
2
1t
0 0.1 0.9 1
W
1 - "4&8Y 1 T A
>5_hv B\_“ _

59



:: 1 ! Ah >~ homoot > "1501.6‘>_/\ 1
o1 I I I I I I
c ANV o
9 . rl_ rsﬁ‘_ >"_ h _ 1 B
A
-w8
. W
PR
, 6
A
< 5
)-“ 4
- 3
2
1t
0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1
1‘/\ B < B _ ) BrHB N W_
1:-"49% 1 7L Ah>T L L1 >h A
>8 hv L I hh ST AN B <H z" 8 7 _
:: 1774 Ah>Y o ht s 1=08 >- a1
- A A A A A
< >t o Ty > >
9 i il-_ N h i 8t e
-/\
-w8
=
. 7 \
, 6
A
< 5
;4 \\
- 3
2
1t I I I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1 A B < B " Br. B 7 Y " : woot e
1 - "4y 1 "4 Ah>T L L8 >h A

- N -

60



[hoh *h h AL YW s € LTSSt Bht Y A h > T
R Tt >wRaToh LB AL ShTECha Syt Y
s - Y . ‘B*’W/\_h”‘ '>I52 h <, B ~ B . h - '~ "_“ ._ ’h"/w_C"‘T_h"/\‘ ‘Cshl
h o« toen h Ah < o .Y A" Coh h ges viy'D ' A AL The
j h * h h L D N _’ A H *h h_ ! >w o _ ¥ . ‘Z‘ /\-,_-[85_ < B "

" h _ w7 .8 h AR < “ vl o ¢ B ¢ ”h‘¢>vw</("" “ By ! _‘5__>"h _<.“’|5 , h <h
n's B A ' B - h V' ! 1 S T S T <! o h
8~ h ah B ~ h

18 sy h Y h WY YA B¢ > ' T v

A R B~ h At " %h it Sswar EAT T T Sw AT 1B
ha T T TR T T RAN, AGh B Eh 412 - D Ah < s T

. h 7> S ow 0t A A T T YA O . T <Yt -
rh_h _h JA+3.3)Zth'F[4¢‘h"B B‘k“_>‘W/("h’l"{;u”g>Chh"

hao >h =¥ h\_“ > ¢ ' >h ht ' ha > !

“ MaXaan s<h.t S st >w a1 h ¢ht Ch s
n']h ¢ h* B oht s ¢ h ' h ¢ h * B >’ h h - o N

> AN h v h _"_"‘L(‘O‘ Th™Oh Ah A" B._>‘B'>;hl’)“

v A ChAYAr ¢ _gﬁﬁ““’{"' e CYhT JhtATY >’y 8 h )|

o o> LA MAaOSnnn B¢ >t A ! Tt h b

~ ¢ ht 1 % h _‘l B<h*"_5. ‘>WI(D e 8¢ > e

M B B_h/\h>V'h"YlF, 'l’.l > AV BI _‘ h* '_'>l|s (3_‘19§h"’l>"1 " _
Mm-S Thia Y e O ,>:"'_‘*’|s”’¢h'"' 1 . E - h Ah , Y "~ h _

>". (:éao)bw“’ls’lﬁ(.‘_‘>h _'/\ "h.|>h_‘¢" -'. s

AT G svhTon Tt DA AT TR CIAT BN S AdD
S6 _QIORA_" D T L E ST S UG o (E g Wt

8 Y E p \
Y & P (4.15)
8 ) 1%
€ Y P

n A o AB B 7 1t h 7 EAT T T Sw AT T <w YA 18

>t v 4 - v YT B ”V_{"’ SBWT1 ht A h_, I’ h_l‘ > " . h



(3.21).n]‘h ” B AT T T Ssw AT 1 B> 1 >h <TTU T NS T Y

E - h /\h , N~ hl _I Io’.l}v(\@‘zz):)‘ __I'IV —_Vl—>V||lI:B > ; h ¢ . I B Vll I
Y @ P (4.16)
R : >w o St oA g T U TORRS L A BT C TR LB
q h'Y 1 4 ~ - ~ - ~ t 1 >WAI ] B . L | t (I‘ n Bq t >ll 4 t h
rB {l K /\W’ 1 K h - 7 ¥ N v >V > . AR | I o A o nEA D LU '>(|\NB/\'
BC_ st LB A /‘\’h7\151 ] _’ykj ! BC_ st Y ! -y
-~ Vo E - ' sw 7Y * hi > s 5> Ah " hnh t'Chw "' h A h
01 1 ¢ B ¢ ' S>w AhD @’r{\‘hﬁ<\/\>m'1h<""s"/\x) 1 h ! h A B
A h B ¢, " h°"° B ¢ e My Ah S o oY B v "
Y 7 p
¢ D - (4.17)
Q
,_S_ ” ‘"Y T ' g ¢ _,’>>K' oo ‘,'_>'V .) A . B - h Ah |
>Sw g e ! s ¥ ’Js‘j\h" It > w AT 1 B 1 >h ¥
B t N v‘{ /\h ,>hv'Ir to\ﬂr - I{T@Zu Jv>hv _.V/\’ vl . h 4 h q _l 4 > y Br
L 8’ 1 >h 3y B v >h h * .
. Y p
0 ‘ (4.18)
€
rh_h _h >JB/\,_"_hZ‘B/\W’JB'h _’V‘V>V’*\I. 1t
1 B ' 1 >h . A ¢ h* 1 h S | DA 1 s w ¥ * A B <
A < < h ¢ h 1t h LY h Y s w v A B <B n
L T R * N o LR . :2) L T S
Bq ~ <v‘ 1‘ 'B>’h IO SR TR B Al oV SR K ¢ > >| A v é t .V-l. /\h >
-’ Vl _ ~ ‘h /\:_VB ‘<‘BW_H|‘ |-I| lq hstq_-l> >| N 1 I _ ~ t N V‘l.
{B‘J>TQH/\ -y e N A B < B ° " B B'V"ﬁQ“JW ht
. A Ko< " h N W ¢ . A K- U sw Y

~ - - N - N - - ' -

v TRASA®[ (TG - " > MMM AT dmo Ih ALBMN Shh
Q pR[h haAa_ Y Th ¢t wth>hho h a4 bt oy Y T h R

\/

62



1 {,/\h>ﬁ ;>“h"'>"<.“" {5’J>h"' yr'
.5 \

40

2 35
E \
=
" 30
< ¥
_ 25
’q 20 ¢ - v > . - ¥
_._il_ B> 8 [y -y v K’.h/\h,vl'hl
15
10
5t L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
1‘/\_5<B‘_"| h'l_v W_' 1
1;"421*12]“'1,Ah>;03"|¢'“Ah'_'" _"‘ “/\Z'u{m‘_>"'¢h’“
1 8 1 >sh M
- =02 >- A |
1 r r
vvvvv >
-1 ¢ -
-/\
:_\‘cu
A
<
)ﬂ-‘ 4
- 3
2
1 \

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1 - "4y 1 74 Ab

63



1

1

" 41U

4
3
2
1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1 A B < B " " By, B M W_‘
Y Ah >~ homor s L1 >h A

64



- 1 Yy Ah >~ h > "1;01.8‘>_/\1
1 T T T T T
NS >t v 5
+_'/\ B >~ B ' e ‘Bn
_/\
.o 8
=
- \
, 6
N
< 5
)ﬂd 4
-3
2
1t
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1 A B <8 " ". urﬁu e . *w_‘
1 "4&l6 " 7L AR ST hooonot s Lt >h A ) oo

-‘. lh'hC_' Yy B D

I Y ¢ Bt >W/\V . Ah h - ~ 1 voe g "-l ""_<’\/1Jhl\¢-_t/€’"1 rhv‘/\-v"-
‘oh Lot sy Ty ey G h gt e ShY O TR A LhIAh e
mq h ~ i N t h AV ) 3 ~ 4 ) J ~ . . I ARI),V VoV~ \sh ~ N Y e-:u ./\l<thBt-d‘huV
.. h oAt h e Sh AT B AN UTh2%4LY T <" < >h O h

65



~

Pt i° 0 pic o 0 ¢

2002):

<7 SMOANE s ARt ot T T T h h 6T T e P
I T e BB pich RGP >6 _hio<t
. - ” o L' h ¢ w s K "'<:Q‘J_"¢/(V
Vo A B <8 oo " v ‘*‘xﬁ_ﬂél‘"@. S B
PT. & _ _ . h 7 hh A@<®OVT R hu s h
>h 7 CARIE htAE<T v oA
6 5 MRYE< “VE s s S, Ry aM)ch t . s v
o) ® 0 ® W
o) ®» 0 O W
k< w ho W s w s wh2RB) h Yt L h
d " ) ™ °
8 @ + TuoxBwp @ °
& OO QT YGh O T @ (4.21)
' TR WoTBITIGh @ T O
i U >w ¢ h Yt ARL)s ST hwy Y Koutsdyiannist - OA

(4.22)

66

h

N



"“‘(f),_&)sc_‘>_/\_h‘ L - B ! h‘_"“ LW
hAas <’ VE . p 0 w7 Qe (:),’ A h _h 2y _hr S B !
h‘_v“‘*“wt?‘_<‘h“'>h_‘C"’ mé¢h~> " ha¥ Y Y 5t
rl“">h /\B_h‘ '_" “ “B_Tiqz‘{s/\“{l'>‘“"15’
-7 '] «' >h ‘_' * A‘B_'C" h Ah~=h " hiJgHiz" h_,"’" Swe
J’h>>‘(."_'_h _I. 5¢_'>"_"hl “" 1 " w B !
h s>t e >5_(}b"(’bz>h‘__"‘h/>/\"h"2‘|’h1+JCE' >h|5__h't]bl<¢)_"
wo, B U A¥Th % h C o Lh T h @ s TR S Ew S >
[h T K vw _hoo U K& AR AT I B ERY S KT Y g
s h > h . >(‘§)_,'h_l *<.I A o "¢ B " J/\m'Fth TG fipt B <‘"§Ik‘ A A ~
T A h >0 l'>'V\IJV,/\_h' MN2ZnNnnn A
G) <h>IhA~A_h " 7 ose _hv T g
h ST o aw e . > 8 8 ,Chh"jﬁvj"'_(4|_1]__g)'>l" Caw
B/\h‘.‘s,h<h' /\"/\_521I"‘_h‘h{’5m>"5>_w’/\"h ¢h"_ll‘¢l’1'4""
‘h’h{"Lw‘ -y w AN h A ‘_h " <h > Yt h 5"<“'| ~
BV:"‘
U[h’h{"lwl
V & h/\W(IKhQ/"<"“B’ Ch AY A C Ch_h/\">"
V & h Awgxt 'VAh ' ‘_h“>'
V & +7 >" h 7 LWt AN T Shiphw & v s
h/\h‘h’hJ,J"l e >h ¢~ ¥~ "B‘>'I B > >
h AB <’ VB . h-<". YVos Y vt Y obog ’hl
V ¥ * A BH"SIFStB_V\Ih‘ ¢"‘/\'I 1 ' h '<I5I _‘.
0 B 1 Y ">"JB/\WI()
V B <|s‘<."l('bh‘<."“’<vj‘“‘l|5’ ChAY A" O™ ¢h hAY>
" - Qop Qp ¢Q RQ n
Llrh_h ‘/\W'B‘hz ¢ ht Vot ha > > v <“‘¢V’(I)Z'":_r" W, o~
OO G0 oo mmoe T
“Tpsd T >wAah s h- A R T T KT8 <wa ' S ha Y sw ~
-~ . hos h

h B 7

67



V ¥ A A B < B ° " Bi B ~ ACAY* " aA,"wh * ¢ R * B y B

~ - - [ - [

V. h = _+¢h L h T h QY Tt T 'DNVPT<‘ v
VARSI N I SRS 3
VE >, D ddhpmz
VB¢”jc|43"H‘>'I "h’J/\>hI’_1)\W('§“h\'//\"h55 ‘_h‘>'
he s h [ mMaIann
G [h ' h>s ° > - R B R B
Vr'_h‘_h’h>W®”(b/\¢hd5
V' hZh " h>wg " @ AS h(
rw:' ! _'>" <B‘¢_/\ ‘V"j‘+*Z\ J<'5h\¢__/\"
R R A h/\"_v';+/\l'v/\v
ChAYA" ©" ©h _ hAY SHt>s SwTm 3w o
K 4‘h,“’5‘ B Ot >t st - ‘ h h ¢ Y < o
h/\h<“' h‘_"ZJ‘h {‘h,"’sl _'>w‘ _"‘ “/\_5
'ﬁQ‘JCBQ">W/\h _" j " >nh >5_hj“<1'lz:"‘""'hfw<5
. "“’"" B > A Q' >'01‘(E/_1/\|5 Qﬁz_“\/\/_/{lfh‘,z"_’“%,w’l" ‘_"’Q‘B A
Hurst ~ “‘“’“_I' /\st.‘h,"_h“y‘s“‘Lw_d)E' ot IBQ|’1)\V§>&"V" )
h,“’sl _‘>wl h‘_“’ Ch". _5"l/\hh‘_‘“"“‘)‘hl/\ww_l'
YA B YT A ‘ h B~ ' T hy s Cn"ChTTgr YA YH AR Y

G O >swoaAh Hrst' B ks T O TR WWWI 1T

1Y Ly h .~ h T A _,V‘{‘V,.I‘dp’.d) < hh “A_
A h ABd<, BV 8.2 h A Y "yh3y wh pg, Y Sthoth ha >
_'_h B> AD blliw(A_rB)Jc_A‘/\M<<h¢_‘(.‘" h'<v“’_l5‘>W/\
>i hAYA_h T h"h<c<' <h 7 T YT A <,
~h hogoss * 77 Lo > B ¢ v - ! " ' T < B [N o j

p

68



® ® ® g @ 6EOM jond ”
8 . . . . w . ow
W W W 8 E0OM Jwwbd . (4.23)
® ® ® g G EOM jodb :
GE L " hy*¢hh -'“‘4=v"‘>VJ),,&)_gn&)>wj_c's_g_,\h'-h
CTA T T RNITATIR B AD O 0 O Ched D L
/\_’ ‘_"‘(4_41))2 C’)II*VW_‘V')h w , B T 7 " u41h B h A h <‘_‘
n]‘h ! I w A T <Y ' T A LT AT B EY T AAZHET T YT B

1~ Y <Y 1t Ch 1 B >h(4_l19;h TSTB>S WBA,Bht T ST T Y oty Yo n 5

LA <8 A TR AL A h A0V, A DA 0 E. T S o
L S <L A .+ A > hij <" _A . < 7 ‘o

., ., p)_og L hyg = ¢ h Chk Y <Y St r e 1 ' h T A -
o, 1_W“>5_’/\ B~ . h Ah ‘4__1*‘¢ htts Yoot _h"‘ Yy ko v . .
LW B A ‘h’h_"sB__h' T “hoh " ' >h

rh_h _h U N LS h¢“<“\‘5’ ' h ot ot h AP <
st Y S L S | B N ¢ h A ! 1 *hyg*®¢h> " h o -y
U AN ST h g ¥% SIS hA@Eh T T s
¥ . B V B _‘hh‘ _J"‘.‘/\hs/\'z > B j h o _' A I ¢ _' . s € ~
'. 5‘.‘_‘>"_"hl _'. .{B'J>h_'¢"l {‘h“"’hl
G B st . - ‘”I’ "_4"’/\ 55‘>h‘/\5h‘,""’¢h"l ‘_5' . >Sw gt _' .

I YT ) s, . T ha o >hoo YT Yt Y g g Y Thisy "I’T“’_'B |
R A U T T : ht Ah>7h . A S <h
R ¥ A ! - " hi1 >h CCw _/§‘>w1|5‘_,/x\ 1 t'ha Y "o

YA BT AANS R s v T 2130 RZAM) s @ h L Ihh o hrt T et A

LYYt A B TThA T hT BN Rt vt thy N N
h o _"_'CEC"thBrj'h"t."<_"‘_'hlh‘_" >h <* > h¥ A
> A h h ¢ ' s >BJh<',V_‘B"I:$‘th.I'B_IhC‘B"/\_"I B¢_‘>
h'hc_""_'c—/\Malﬂ(O\/_*‘<)VB+/\ _""‘

1. A7 - % T Tt S>Sw AT A h <' , ' B’ L '
¢ _txtctE TGRS T L hAh <Markoyo nt AMB T VE L A

69



h ¢ Y <« S S h * 'r{]mv"ﬁ‘lh‘{s‘hB{‘”C;H‘MI"_’“’h‘/\qI) hy 8 " 3N 6 h*

R L h‘_",Z 5C_‘>h_h‘ ! >w ! o>t 3
Lo o hna >0 70 . A e h’llﬁ ¢ .>h Cheth ot
>w > h .- ANO r s j h ! ‘I h g~ = h>." 8 h ‘I t\\
h - ¢ <“ Dl .<62 Y T A ht Vo L A w ‘(4>_75)<." e . > B
LY LAY A b S B o > wo h w h™ " ‘masaan' ©
h"C<“'I(4_8))c’)q5‘W1"h L1 ' hyg " ¢h > h B‘h/\h<h>jh/\|5_h

CE ‘5"_1(‘/{1’,""‘51JC’h“s,_/\/\ h/\_"_"‘z"‘ﬁ‘h‘h")_"s’zs"
COUA B S > T TSt s A>T T L h T h ey s
L aT>hE o> ho Y T Y s ht ot h s h 421 4276 hARF T <7
hA_ T o
421 pnts 8 A" B~ h vt AT TS s Y ey

>w ot >

m' h VA B O > T Y4 Ah > L :
joA>r g R T Y R . 5¢_‘>"_"hl . >w >
1 " h g * ¢ h > h h/\h<“'. B > A h? ‘h/\">""_“' > B ~
Ls "t a>h LAY > >Y 7 Makov RO ATD O L TA T s T L0
h AB <’ vE | A h = <" > v h - B v hy ™ >3
{‘5’5’/\"' _I. 5“”""I _'. W/\_h"l _I. h‘_
87 AR Y “Hurgt._ 8 <8 ° "

B¢ <> 8> ¢h _h _h 4 A, Y >sAMonteCaflor S8 L' 8 AW
1w A S ‘.{'V<VJ‘¢_/\ L1 >h LAY 5¢_’§§2'_‘“" _"‘
B/\V'V">W/\V‘ {5’(441})_')hz_"l1‘h6114W‘h',“'5I _‘>WI
5_5’“““w_"'l >"g‘§'th/<,<h_,<.‘/\h“_h“r>_1\‘h,“’sl )
Hurst _ . A L AR R B 1 "1 >h L AD
“/\_B<B " B_IBZV"“l"V\/_“h“."W“ _‘>wl _V‘ Yooy
teL.mrols e Xt b, T TR HursET 4T S >R T Oh A T

T brephvex e 4 o

70



€ .t >h_tem _ ThrBGC gt YR UL T AN S

- - ' N - f -

/\lsb;ls‘““*w"t.'h_"¢h‘|s_c st ~ Y A h

0. - .. Y A_B<B " s s HI T L Wb KISt . S8

O T@ﬁr@ﬁ[&miim{’{s_h' *h heq <™ >hh pdme > ht
NeEMTI ndMyI nodémM@pPI ndHa Sh' WOpmEhL hiva> "7

" >h g ogr hh oh s A b Y Th Rt sho

10740 Ah > "0 >v ¢~ 4y’ u>h Yy T

5 r r 4 E I r F
N b

45 —.—_' 1 “h >~ Y "h -‘.f-B
) \ ot >w ot >t
> 40 \
A 35

[e)
. \
ASO \
< 25

. \
. \\

05 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9

1. A_8<s " H" | dz2NB&EG
V- "4&l6) T T Ah =T gt e oA ANz v &dh o >m o
1 8 7 1 >sh ¥

71



- 1 | Ah>T h > L O |
'“i A A A A A
¢ >t Ty Y >,
_10\ ® il_{ h -~ f B u?_ﬁ>
-/\ o
e\
7\
7
. \
- &
5 \
> 4
3
2
1t L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
" Br, B~ Y " w N
_ . i _
1. "l g T AR BT Sh LA
>B hV _ h L /\
- 1 T AN > h > h>_nan
v 11 r r r r ; ;
¢ >t o Ty >0,
1 _._I:l -{'h - i} _ 5¢_r>

4

T3
2
o

1 - " 4181 T
> h v

72



1. "&I9Y 4 T4 Ah > ADE Y Sh A

> B _ h vV _ N ,l_ h h >_Hmslﬂ5 <|8‘¢_h]lllr h h 7t A
- 10T 4 Ah ST o h e s h s s A
.10\
- 9 3 > - v Yos Y [l
il_{ h - il _ ¢ >

A
-, 8
=
.7
, 6
A \
< 5 \
)_r‘ 4
- 3

2

o L L L L L

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1. A_8<8 _ . Bri‘j“ . LW
V- "&20Y 4 T4 Ah ST hEL S ADE I Sh LR
>B—hv, ) \J_hl‘l>‘_|\f{urslﬂ5<|8\¢_hjmrh h 7~ ot A

73



- 10 1 Ah >Y h s h © >_ A
1 i FF T T
. ¢ > Ty Y > 7 .
9 il'_{'h -y f ! rs¢_ >I'
_/\
~* 8
< 7 \
A 6
< \
- 5 \I\‘\
,_‘ 4
3
> L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
A B < B " " Br.. 8 v t,ow
1. - - . o -
1 - "&21Y 1 T4 Ah>T >t oAabhE Y S O A T
> B h v . ‘th>_|,a|mst_|—|5<|8‘¢h1"”h h vt
fhoh e Chih < AS Cws, Lt >hoh , e
LI hY > _sAT T Y >swpa Y oh LB AL Sh "h 5
B s - Y tLw ho= Yy ¢ S fish><An hh'B " & t h A N Yot
-7 Y w¢ . h A *¢ hh A* ¢ e "PIRKAVA T | " Y AAS HY <«¥ 1
Ls 1>k L8030 T ch .Y ANt Ch B vhT SMarkowv. A
rh<® > _hx 1" hHurstg A 8 B A6 <8 " ” o
“"{’/\h>"l h IB)\‘:T]'>'_)§W/\V‘ 1 B _"
4.2.2 J’]r B B AT ! B - V' ! qu’(l“’_<"’>||r‘(l‘ln > <j' B
1 B ' 1 >h teon 1 * h - h
$'+ ¢ h ~h " h~-ha, S 1 ' h A B ot
h As vh ' LN LB >h Y /A0y S jshCT 't st 7yt thh
¥ B AT DY Y Ssw AT 1 8B 1 >h ¥ S ! 1 h p * ¢ h
L T . A .7 AN O R B vh ™ ' >wA, Matkdv ¢
6nt 412
BC Vo< ¥ . B ¢ h _ h _ h A, T _’ [ ‘>KMohte‘C,'a|IpJ S B
I W AB 1 V<Y1t ¢ _ A 1 8 1 >h AT PNy 5 L

N

> h

\/

+ N



B A U >wW AT 1l B ’(4414>):)hz_" R hél AW Chr Y CH > w
B8 Y w >"§Q_hm<,<h_,c,\h"_h“r>_1\'h,V's )
Hurst. . A 8~ " >w ™~ 1 YY1 "¢ _ A | B2 >h CAD
& L VUSSh s G o TR LT TR s
AN _ B <8 " h _" _"IW_B'C_" >'¢‘h"l _"(."h” Yol Ah >7
0. - v A _ B < B_B"ﬁ@\]i%’_"]\—h‘“sjlﬁ;ﬁlﬁlh!

0 T T TeE L Lv _h 0 h Mt e Myt rsHh hh

NO®HOTS nNO®HNZ nNXHPE_ 'n'OHTC' .Chh "1 "Bomhd ‘[ h'a b > T

‘">h"~Q1cho‘hh’h BN h'ul‘ ¥~ h ~ h "~ ' s h
o p
50m
45 s ¢

L
> 40
=/\ 35
e
>C%
= 30
< 25
720
-~ 15
10
5
o L L L L L
0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9
V. A_s<s H" | dzN&

V- "4220 0 T AN =T @t T AR T Az e &t el

45’J>.h_"

75



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

A B <B " Br., 8~ 7" .
1. Mo - i . -

. ho- S L phts SRt LA
Tuohh o> opAukstgE <8 C Mt h b

1 - " 4281 0 T
> 8 h v

1 - " &2 0 T
> B h v

76



1

1

;‘CD
R 8
7
A6
<
. 5
> 4
3
2
1
" 426 )
> B h v

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1 A B < B " By, B e W_'
> h - >0 AnshtTa SR oA T
~ ,l_ h h s Hmslﬂs < |8 ¢ _hjllll h h st .

O L L T L A |

-/\

., 8

X

7

, 6

N

< 5

)-‘.' 4

- 3
1

" 4261

> B h v

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1 A K <8 " " Br., 8 7 ¢ TL.w £
N - - . ij R -
> h > Amha SR AT
BN _I_ h h s L Hmsl‘_ﬂs < |8 ¢ _hjmt h h - ¢t ‘

77



. 10w L B
9
N
X 8
S
>
A 6
<
-5
’_‘ i ¢ > ' - v o> ' ss[ j R
3
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
A B < B " " Br. 8 7 Y CLw ¢~
1. A - T . )
1 - " &27a T T AR ST h > Amhtu SR oA Y : o
Hukstgs <@ ¢ hamt hoh oo A
¢ h* K h "oA YA -5 - -
h -~ vr|>Wy\v‘ iB}\J>’hl_!‘hlz_'>" ]
B K 7 ¥ ‘LW N z BIAhI h ot~ ¢« A >|5,|h< P
- T w g 'rh/\ ¢ h h ! b h LI to¢on h/\h<"z \

L0 Y ShY  LSWALQh >EVHY T, ‘Markow h "

L 4 " hHurstg A 8 BT R _ B <s " - Yyt
> h - 5’J>h_"l B
A P S
. ho
Ch U ALELARS G N T T N TR S A wS s
B'h/\h,"'hlZ'h¢'2‘§:’|\7|0p]técal|1|o‘1B)\{W'_J'B‘JhW/\B
O oA L0 >h A ¢ h R UL o VR :
>w AT *“(441&)3h2_v,1‘héldw‘h',V'sl Csw
CLaw ot SEO hlve<h L ah T h o ath Y s
B >w T LT <Y S LA st sh LA

78

N



0 T GrTEiTE ITBE 1 b

n

1

A K

B

<

¢ >
BN

Koo

b r

w Y ¢ h "¢ h ‘B_¢C

x

LI > (o8

h f(l(.“'“qth‘H‘yh

PHPE ndonI ndoamI "ndo6H N hOdPEwHD > h
‘">h7Qchb)‘hh h Y B A h ¥ ~ h h ''>h o
T LR T S L >h T y I p
> >\
45 \\
> 40 \
A 35 K.
o
)Cg
n 30
< 25 s X e ——
- +_ -/\ B >~ B ¢ " YooY B - h A “\
, 20
- 15
10
5
ot L L L L
0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9
1.A_¥<s " H" | dzNRA
"4>.28:.l v{,/\h>\={*:()4?",¢‘h/\h,_l ' _V AZ‘H{H’]‘
{B’J>-h_v

>||| q h’

79

~

A A L T >
7 ' ! Ah >~
]:W_"HL'KS:["Bi“:r_]‘

Ch,t" >»h._ ">

“hoA ST



h

< J 1 Ah > homoo o s _ht>_ A
v 11 r r r r r
TR
1 \ _‘__ e .
- .
o
= 8 \\
7 \\
A e \\
- N
S \4\
3
2
1t L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1‘/\_5<5‘_"I Br.. 8 = 7 ¢ t,ow
1 "4290° "4+  Ah>7 h > 0 AmhtTr SR ot oA T
> B h v _ ‘J_hh>_HuKsIﬂB<|8‘¢_h'J"h h ¢t
- 104 Ah>T hooooe s _h>_ A
N : r : : r
Ne o>t v
1 \ +_ K >~ B ¢
A 9 \
e N
.8
7 \\
A 6 o
S s \‘\
g \«
3
2
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
I\A_B<B‘_". Br. 8~ Y ¢ LW
1 - "430:0° "4 Ah>T h > 0 ARt SThY ot oA T
>5_hv ‘J_hh>‘_|,o|urslﬂu<|8‘¢_hj'“'h h ~ v ¢

80



< J Ah > h oot > _ht >
11 r r r r r
TR
104}\ B B >~ B ¢
A 9
o
= 8 \\
7 AN
\\
N 6 \
<
. 5
’ 4
3
2
1t L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1. A B <8 ". Br., 8~ 7 * w
1 - " 431y 7 ” h >0 AahtTr ST AT
> B h v _ : hh > HUKSIT‘ <8 _hJ"" h h vt
= I N L LI _h i >_ A
o1 r r I r r
ne >t v
9 \ B B > 8 <
-A \
o 8 \\
- 7 \
6 \
A \\
< 5
)ﬂ-‘ 4
2
1t L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1A “rﬁﬂ . e
1 - " 432y . 1 Ah>Y h > AR BT Sh LR
> B h v I hh > HUFSIﬂ" <|8‘¢_h1'“' h h vt

81



K

/
/

- \.\
4

3

N

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

"4£3B1 0 T L ANbST h ,
& o ] hh >3 HWSIﬂB <18 _hj"" h

_ "Hurst <7 AT 8 45"

A
v ok ¢ |V\>||l\‘5|r

82



5 1, ! ¢« v B¢ " >" " 8 Monte Catlo ¢ h™'>~ "h .A'h '<|‘ ¢

LW B LA

S™ .~ ThAah,w'w™ e Egh = huy >h YK 8 <hh=® th ho oo
74 h o h h , ¥ " h N L Aah v o h IV -
<L T o hove ™= 'm'_h>h " LA TBEC AT B LA D L
B~ B <WISB ‘YT 4 Yo Y ar ‘h""l’{ U CBwaJdw T 1 B " h Monte Carlo & ™ _’ LT Z
1" h {_""I _'B_C__B‘IB?*'"'V‘ Bvs_h‘_'Ch/\ ‘)"_h/\_h‘ h
“W‘B'Iz Vo V_V’BI h“’{"4_"h\‘/>‘_"4\“’/\‘h"‘h“!.“{_"/(h’;yvs
E AT Y Y s w NVI {‘B"/\Jh>'h_z A __"" \5 _‘5"/\"_‘(}5(‘@‘ WM_qf)n‘p' I<.‘ h *
Stedinger198% h A _ i M".23.1n

1. A8 - 2 ' A T N 7T A" SR h As vh
_’V’hAW. _‘. _h h“’_|5<w‘>h_h _I. - oY Y sy
o>, . AT h > B OB AN AR <A A CEAT A WSEES, S A Y ¢ T
_\;h’lfl ‘B"WI <|5‘<.“’l Ly J"‘Z Vo 1 7Y <Y ar
T 2 N O R A S N VN "SR
T o j h > ¢ o <~ "“' AB "Jlfh"[\’hh"” ¢ h“_ " R L
“',' ‘_" B¢_'>"‘5‘IZ"‘_"Lh‘_‘¢'I h‘_‘l .

J’]B{V>W/\V‘ '_‘ v "oyt ‘_f’l'LV“BI h/\h<‘_‘¢w
LY AT © N h/\lsvh’_'_slz‘B<Bj,i‘d’,f>k"|§““:’¢"‘|§’
B A < ', S h,'w *Es, /\_B"___‘B‘l L"’/\‘Chlﬁ"lﬁ_/\/\‘l"/\"ls/\'b
(’)rs,heé,h'ﬁ”/\s_h' ‘"’“ﬂn“s_‘_b\Z‘"“'"h";h"‘J_"'l ¢ AE
- A< e Co ' E>>Y A" 7Y Lhohe

[h 7 h gt 2t h = 7Y wa ot Ut heEY Y he e hho At s ¢

B o> T "t TTrECT Y Y B~ h aAah Y " h SBY V) Yhs Y [ e CBY.CIATY ChSATAY!
CPhd® OHAMALE ~° Thoh ottt P S |
h Ah 1 C B ' -~ h ¥ *h E 1 h > ’ h b

1 8212 >h * ¢mnm L " h >~ > " h

83




















































































































































































































































































































































































































































































