
�ƚżɾʕɟƚ ߝ
ëɔŏɾǞȩࡷɾƚȒɔȩɟŏȀ Ƈŏɾŏ ॆ �ǞȘƚŏɟ �ȩƇƚȀɯ

+ȩȀǞȘ áʕȘƇƚȀ
ߤߝߜߞࡕߢߝࡕߝ

ߝ



ëɔŏɾǞȩࡷɾƚȒɔȩɟŏȀ Ƈŏɾŏ

ߞ



÷ǞȒƚ ëƚɟǞƚɯ 4ŏɾŏ ࡷ 4Ǟɯżɟƚɾƚ

Jan 02
2018

Jan 12
2018

S&P 500 Open (^GSPC) 2018−01−02 / 2018−01−12

2700

2720

2740

2760

2700

2720

2740

2760

ߟ



÷ǞȒƚ ëƚɟǞƚɯ 4ŏɾŏ ࡷ +ȩȘɾǞȘʕȩʕɯ

5

10

15

20

Jan 2007 Apr 2007 Jul 2007 Oct 2007 Jan 2008
date

pm
25

FRN Measured PM25

ߠ



ëɔŏɾǞŏȀ 4ŏɾŏ ࡷ �ɟƚŏȀ

SID
74

SID
79

0
10
20
30
40
50

value

ߡ



ëɔŏɾǞŏȀ 4ŏɾŏ ࡷ ÚȩǞȘɾ ɟƚǀƚɟƚȘżƚƇ

copper lead zinc

0.25

0.50

0.75

1.00
% of max

Meuse River

ߢ



ÚȩǞȘɾ ÚŏɾɾƚɟȘ 4ŏɾŏ ࡷ ÷ǞȒƚ

500 1000 1500

2
3

4
5

Old Faithful Eruption Duration

time

du
ra
tio
n

ߣ



ÚȩǞȘɾ ÚŏɾɾƚɟȘ 4ŏɾŏ ࡷ ëɔŏżƚ

ߤ



ÚȩǞȘɾ ÚŏɾɾƚɟȘ 4ŏɾŏ ࡷ ëɔŏżƚ ࣹ ÷ǞȒƚ

ߥ



࡬ŏʿƚɯǞŏȘ$࡫ �ǞȘƚŏɟ �ȩƇƚȀɯ

ߜߝ



�ǞȘƚŏɟ �ȩƇƚȀɯ

Úɟƚɾɾʿ ȒʕżǕ ƚʲƚɟʿɾǕǞȘǃ ʶƚ ŏ ǃȩǞȘǃ ɾȩ ɯƚƚ ǞȘ ɾǕǞɯ żȩʕɟɯƚ ʶǞȀȀ ǀŏȀȀ ʕȘƇƚɟ ɾǕƚ
ʕȒųɟƚȀȀŏ ȩǀ ȀǞȘƚŏɟ ȩɟ ǃƚȘƚɟŏȀǞˌƚƇ ȀǞȘƚŏɟ ȒȩƇƚȀɯࡏԎք � ᅬЈ � ᅬφ ԧքφ � ੈ � ᅬ֋ ԧք֋ � ᅯքᅯք ୽ ԃ	�
 ᅼϵ

ʶǕǞżǕ ʶƚ żŏȘ ŏȀɯȩ ƚʾɔɟƚɯɯ ʕɯǞȘǃ ȒŏɾɟǞʾ ȘȩɾŏɾǞȩȘ ŏɯב։੎φ � ։੎֋׏ ሗ֋੎φ � ሚ։੎φሚ ୽ ԃ	 
։੎φו ᅼϵ 1։։੎։


ߝߝ



�ʕȀɾǞʲŏɟǞŏɾƚ �ȩɟȒŏȀ 4ǞɯɾɟǞųʕɾǞȩȘ

_ȩɟ ŏȘ ԝࡷƇǞȒƚȘɯǞȩȘ ȒʕȀɾǞʲŏɾƚ ȘȩɟȒŏȀ ƇǞɯɾɟǞųʕɾǞȩȘ ʶǞɾǕ żȩʲŏɟǞŏȘżƚ Ⴟ
ɔȩɯǞɾǞʲƚ࡫ ɯƚȒǞƇƚ˙ȘǞɾƚ࡬ żŏȘ ųƚ ʶɟǞɾɾƚȘ ŏɯ

։੎φב ୽ ԃ	 ሢ։੎φ
 Ⴟ։੎։
 ʶǕƚɟƚ \Ⴟ^քօ � ᅻքօᅼքᅼօ
৉ৈেԎφԎੇ։ৌো৊ ୽ ԃ ৉ৈে৉ৈেᅷφᅷੇ։ৌো৊ 
 ৉ৈেᅻφφᅼφᅼφ ੈ ᅻφ։ᅼφᅼ։ੇ ੊ ੇᅻ։φᅼ։ᅼφ ੈ ᅻ։։ᅼ։ᅼ։ৌো৊ৌো৊

ߞߝ



�ʕȀɾǞʲŏɟǞŏɾƚ �ȩɟȒŏȀ 4ǞɯɾɟǞųʕɾǞȩȘ ࡷ 4ƚȘɯǞɾʿ

_ȩɟ ɾǕƚ ԝ ƇǞȒƚȘɯǞȩȘŏȀ ȒʕȀɾǞʲŏɾƚ ȘȩɟȒŏȀ ǃǞʲƚȘ ȩȘ ɾǕƚ Ȁŏɯɾ ɯȀǞƇƚࡈ Ǟɾɯ ƇƚȘɯǞɾʿ Ǟɯ
ǃǞʲƚȘ ųʿ

	�ᅺ
਷։�ϵ /2i	Ⴟ
਷φ�ϵ 2tT ভ਷��	ב ਷ ሢ
஥φ੎։ Ⴟ਷φ։੎։ ב	 ਷ ሢ
։੎φ ম
ŏȘƇ Ǟɾɯ Ȁȩǃ ƇƚȘɯǞɾʿ Ǟɯ ǃǞʲƚȘ ųʿ

਷ԝ� HQ; �ᅺ ਷ �� HQ; /2i	Ⴟ
 ਷ ב	�� ਷ ሢ
஥φ੎։ Ⴟ਷φ։੎։ ב	 ਷ ሢ
։੎φ

ߟߝ



�ŏʾǞȒʕȒ �ǞǺƚȀǞǕȩȩƇ ࡷ ሗ

ߠߝ

bitingly
.ee#max.x.s

&
-

ng
lo

,
or . { t.ly - xp )

'

IK xD )

÷inky )

=p
x [ txl

'

IY . xp ) + th
'

lkxn ) )

L -2 x
' I Y.  xp )

pxn
^× '  nxp P× '



x
' ( y - xp ) =O

X
'

y - x 'xp=o

×ly= Xxp

( x'xYx' y =
Bma



�ŏʾǞȒʕȒ �ǞǺƚȀǞǕȩȩƇ ࡷ ᅼϵ

ߡߝ

jl I P
, otl XY )

#
2 Eton *teyt

't  xD )
'

ly . xp )

x To.
( - n + to ,

IY - xp )
'

l 't . xD ) )
Assume or

'

> 0

ol = tn ( Y -
XBT '

( it xD

= t { 1 Yi - xi
. n5=In { ( k .  -

%5



$ŏʿƚɯǞŏȘ �ȩƇƚȀ

�ǞǺƚȀǞǕȩȩƇࡇ

ב ] ሗ
 ᅼϵ ୽ ԃ	׏ሗ
 ᅼϵ 1։


ÚɟǞȩɟɯࡇ ᅬք ୽ ԃ	�
 ᅼϵᇀ
 ȩɟ ሗ ୽ ԃ	ו
 ᅼϵᇀ 1֋

ᅼϵ ୽ vȘʲࡷbŏȒȒŏ	Ԑ
 ԑ


ߢߝ



$ŏʿƚɯǞŏȘ �ȩƇƚȀ

�ǞǺƚȀǞǕȩȩƇࡇ

ב ] ሗ
 ᅼϵ ୽ ԃ	׏ሗ
 ᅼϵ 1։

ÚɟǞȩɟɯࡇ ᅬք ୽ ԃ	�
 ᅼϵᇀ
 ȩɟ ሗ ୽ ԃ	ו
 ᅼϵᇀ 1֋


ᅼϵ ୽ vȘʲࡷbŏȒȒŏ	Ԑ
 ԑ


ߢߝ



4ƚɟǞʲǞȘǃ ɾǕƚ ɔȩɯɾƚɟǞȩɟ

ॅቫӴ ᇐɞ ] ّӴ ُॆ � <ّ ] ُӴ ቫӴ ᇐɞ><ّ ] ُ> <ቫӴ ᇐɞ>ϑ <ّ ] ُӴ ቫӴ ᇐɞ><ቫӴ ᇐɞ>ϑ <ّ ] ُӴ ቫӴ ᇐɞ><ቫ ] ᇐɞ><ᇐɞ>

ʶǕƚɟƚࡈ

ց	ّ ] ُӴ ቫӴ ᇐɞ
 � िϵᇎᇐɞी਷Փ�ɞ 2tT গ਷ φϵᇐɞ 	ّ ਷ ُቫ
஬	ّ ਷ ُቫ
ঘ
ց	ቫ ] ᇐɞᆖ
 � 	ϵᇎᇐɞᆖ
਷Օ�ɞ 2tT ৃ਷ φϵᇐɞᆖ ቫ஬ቫৄ
ց	ᇐɞ ] ռӴ ս
 � սՆ္	ռ
 	ᇐɞ
਷Ն਷ȯ 2tT গ਷ սᇐɞ ঘ

ߣߝ



4ƚɟǞʲǞȘǃ ɾǕƚ ɔȩɯɾƚɟǞȩɟ

ॅቫӴ ᇐɞ ] ّӴ ُॆ � <ّ ] ُӴ ቫӴ ᇐɞ><ّ ] ُ> <ቫӴ ᇐɞ>ϑ <ّ ] ُӴ ቫӴ ᇐɞ><ቫӴ ᇐɞ>ϑ <ّ ] ُӴ ቫӴ ᇐɞ><ቫ ] ᇐɞ><ᇐɞ>
ʶǕƚɟƚࡈ

ց	ّ ] ُӴ ቫӴ ᇐɞ
 � िϵᇎᇐɞी਷Փ�ɞ 2tT গ਷ φϵᇐɞ 	ّ ਷ ُቫ
஬	ّ ਷ ُቫ
ঘ

ց	ቫ ] ᇐɞᆖ
 � 	ϵᇎᇐɞᆖ
਷Օ�ɞ 2tT ৃ਷ φϵᇐɞᆖ ቫ஬ቫৄ
ց	ᇐɞ ] ռӴ ս
 � սՆ္	ռ
 	ᇐɞ
਷Ն਷ȯ 2tT গ਷ սᇐɞ ঘ

ߣߝ



4ƚɟǞʲǞȘǃ ɾǕƚ ɔȩɯɾƚɟǞȩɟ

ॅቫӴ ᇐɞ ] ّӴ ُॆ � <ّ ] ُӴ ቫӴ ᇐɞ><ّ ] ُ> <ቫӴ ᇐɞ>ϑ <ّ ] ُӴ ቫӴ ᇐɞ><ቫӴ ᇐɞ>ϑ <ّ ] ُӴ ቫӴ ᇐɞ><ቫ ] ᇐɞ><ᇐɞ>
ʶǕƚɟƚࡈ

ց	ّ ] ُӴ ቫӴ ᇐɞ
 � िϵᇎᇐɞी਷Փ�ɞ 2tT গ਷ φϵᇐɞ 	ّ ਷ ُቫ
஬	ّ ਷ ُቫ
ঘ
ց	ቫ ] ᇐɞᆖ
 � 	ϵᇎᇐɞᆖ
਷Օ�ɞ 2tT ৃ਷ φϵᇐɞᆖ ቫ஬ቫৄ

ց	ᇐɞ ] ռӴ ս
 � սՆ္	ռ
 	ᇐɞ
਷Ն਷ȯ 2tT গ਷ սᇐɞ ঘ

ߣߝ



4ƚɟǞʲǞȘǃ ɾǕƚ ɔȩɯɾƚɟǞȩɟ

ॅቫӴ ᇐɞ ] ّӴ ُॆ � <ّ ] ُӴ ቫӴ ᇐɞ><ّ ] ُ> <ቫӴ ᇐɞ>ϑ <ّ ] ُӴ ቫӴ ᇐɞ><ቫӴ ᇐɞ>ϑ <ّ ] ُӴ ቫӴ ᇐɞ><ቫ ] ᇐɞ><ᇐɞ>
ʶǕƚɟƚࡈ

ց	ّ ] ُӴ ቫӴ ᇐɞ
 � िϵᇎᇐɞी਷Փ�ɞ 2tT গ਷ φϵᇐɞ 	ّ ਷ ُቫ
஬	ّ ਷ ُቫ
ঘ
ց	ቫ ] ᇐɞᆖ
 � 	ϵᇎᇐɞᆖ
਷Օ�ɞ 2tT ৃ਷ φϵᇐɞᆖ ቫ஬ቫৄ
ց	ᇐɞ ] ռӴ ս
 � սՆ္	ռ
 	ᇐɞ
਷Ն਷ȯ 2tT গ਷ սᇐɞ ঘ

ߣߝ



4ƚɟǞʲǞȘǃ ɾǕƚ bǞųųɯ ɯŏȒɔȀƚɟ ᅼϵ࡫ ɯɾƚɔ࡬
ज़ቫӴ ᇐɞ ] ّӴ ُड़ ϑ ॕϵᇎᇐɞॖ਷Փ�ɞ 2tT গ਷ φϵᇐɞ 	ّ ਷ ُቫ
஬	ّ ਷ ُቫ
ঘ	ϵᇎᇐɞᆖ
਷Օ�ɞ 2tT ৃ਷ φϵᇐɞᆖ ቫ஬ቫৄսՆ္	ռ
 	ᇐɞ
਷Ն਷ȯ 2tT গ਷ սᇐɞ ঘ

ߤߝ

÷ .

04 . x ( o
' 5

"

exp tztn ( x - xD
'

( 4- xrs ))
of )

- & - '

exp ( . toe b )

x@thlpfobtktxPYxBDM.LInvEannaCatq.bttzlY.x
a)

' Has ))





4ƚɟǞʲǞȘǃ ɾǕƚ bǞųųɯ ɯŏȒɔȀƚɟ ሗ࡫ ɯɾƚɔ࡬

ज़ቫӴ ᇐɞ ] ّӴ ُड़ ϑ ॕϵᇎᇐɞॖ਷Փ�ɞ 2tT গ਷ φϵᇐɞ 	ّ ਷ ُቫ
஬	ّ ਷ ُቫ
ঘ	ϵᇎᇐɞᆖ
਷Օ�ɞ 2tT ৃ਷ φϵᇐɞᆖ ቫ஬ቫৄսՆ္	ռ
 	ᇐɞ
਷Ն਷ȯ 2tT গ਷ սᇐɞ ঘ

ߜߞ

=
,

⇐ ¥
/ - expf

,
I. a P)

Pl . & exp [ - ton ( Y . xp )
'

ly . xD . for P
'

B)

L exp [ for ( YY- P 'x '

y - Y
'

xD + B' XXP + P 's
D)

x exp [ for ( - A x 'y - y
'

xp + D
'

( × 'x ts 1) D ) ]



B - N ( µp ,
{ p )

DI . a exp [ tz lamp )
'

Ep
"

( Amp ) ]

& exp [ I ( B
' E

p

"

B - D
'

{
p

"

Mp
- .

.  - D

E
.

"

= ( x
'

x + s1) ⇒ Ep :( Xxtstt )
"

= ( x 'x+E÷1Y
. ✓{ j

'

µp=
-Xx '

y =) µp= {
p ( x

'

y )

= ( x 'xt Fa AT
'

''
'

Y



� ßʕǞżǺ CʾŏȒɔȀƚ

ߞߞ



ëȩȒƚ _ŏǺƚ 4ŏɾŏ
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�ƚŏɯɾ ɯɛʕŏɟƚɯ ˙ɾ
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�`; KBMቫ ։ంք�φ 	Ԏք ਷ 
քੁሗ׏ϵ
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ÈÐ��Â и
ЋÈÐ��ÂϨ
Ϙ ;°¿�Â°­ÐÐ�
§ÐßϬ° °É ΁ϓÂ�É¨ê­ϬxϭϭϨ
xϪ°ϫ д �ÉÐßÈϬÈïϪ°ϫϔ ê�ïϭ
ÈïϪ°ϫ и ��ê�Ϫ΁ϫ я ��ê�Ϫ΂ϫϏw΁Ϫ°ϫ я ��ê�Ϫ΃ϫϏw΂Ϫ°ϫ я ��ê�Ϫ΄ϫϏw΃Ϫ°ϫ

ϩ

Ϙ Tß°Ðß §Ðß ��ê�
§ÐßϬ¼ °É ΁ϓ΄ϭϨ
��ê�Ϫ¼ϫ д �ÉÐßÈϬ΀ϔ΁ϟ΁΀΀ϭ

ϩ

Ϙ Tß°Ðß §Ðß ã°¨È� ϟ ê�ï΂
ê�ï д �¨�ÈÈ�Ϭ΁ϔ ΁ϭ
ã°¨È�΂ и ΁ϟê�ï

ϩЋ

ߣߞ



$ŏʿƚɯǞŏȘ ȒȩƇƚȀ ˙ɾɾǞȘǃ ࡬��bë࡫

È и ß¼�¨ãϓϓ¼�¨ãϙÈÐ��ÂϬ
ê�Āê�ÐÉÉ��ê°ÐÉϬÈÐ��Âϭϔ
��ê� и �

ϭ

ϘϘ �ÐÈÜ°Â°É¨ ÈÐ��Â ¨ß�Ü­
ϘϘ W�ãÐÂú°É¨ ïÉ���Â�ß�� ú�ß°��Â�ã
ϘϘ �ÂÂÐ��ê°É¨ ÉÐ��ã
ϘϘ $ß�Ü­ °É§ÐßÈ�ê°ÐÉϓ
ϘϘ H�ã�ßú�� ãêÐ�­�ãê°� ÉÐ��ãϓ ΁΀΀
ϘϘ fÉÐ�ã�ßú�� ãêÐ�­�ãê°� ÉÐ��ãϓ ΅
ϘϘ aÐê�Â ¨ß�Ü­ ã°Ć�ϓ Έ΁΀
ϘϘ
ϘϘ ,É°ê°�Â°Ć°É¨ ÈÐ��Â

ïÜ��ê�ϬÈϔ Éϙ°ê�ßи΁΀΀΀ϔ ÜßÐ¨ß�ããϙ��ßиЋÉÐÉ�Ћϭ

ã�ÈÜ и ß¼�¨ãϓϓ�Ð��ϙã�ÈÜÂ�ãϬ
Èϔ ú�ß°��Â�ϙÉ�È�ãи�ϬЋ��ê�ЋϔЋã°¨È�΂Ћϭϔ
Éϙ°ê�ßи΅΀΀΀ϔ ÜßÐ¨ß�ããϙ��ßиЋÉÐÉ�Ћ

ϭ ߤߞ
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áƚɯʕȀɾɯ ࡬ȩȩȒˌ࡫

beta[4] sigma2
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