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» Data Mining

» Time Series Analysis

» Database Management

* Design of Experiments

*» Applied Probability Models

= Undergraduate course
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A2 Z20F Research area

» Data Mining, Text Mining, Machine Learning, Pattern Recognition

» Process Mining, Social Network Analysis, Enterprise Service Computing
 Bioinformatics, Biostatistics, Statistical Computing

» Time Series Analysis, Wavelet Analysis, Frequency Data Analysis
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Work Experiences
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» 2001-2006, Tmax Soft (172)  FmaxSoft
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» 2010-2011, Georgia Tech, Emory Univ. (Post- doctoral Researcher)
Georgia | W EMORY

Tech UNIVERSITY

+1998, KAIST AHQ{ Zd ISt} (SHAD)

B D MR

— =
28 S MRSt

S|
«2000, KAIST A2 Sk0t (A A})
M| &: Human Computer Interaction
2010, Georgia Institute of Technology 4+ &5t 1t (& AlSHEFAL
2 HAEY

<
oS
=
12
El



=X}
B Introduction

B AAE OolH &4
- 24, Fayd
- MEH YYs
— Box-Jenkins Bt
- ZRlEs
- oY AY Y

e

" zE

(& 2as 4 AAIE CIoIE 2 SHA =4 &




Introduction

B A|AE OO|E (A time series)= A|ZHY| Al =Xt O 2 (sequentially)

NESE 7HE S
S0t UEe A

— Continuous vs. discrete time series

B 13, Q. Discretize o= 2227
— 1) continuous time series ZFH =&

- 2) §3d J|2t S0t9l gt=2 &l Jl(accumulating)

B P E T AOIL] A[ZE Ty, Ty Ty AIHOIN 2S5 E 4SS OF2H Rt
Zt [e}
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— X(tq), X(T9),-., X(Tpy)
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Introduction (cont.)
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— Time periods =
— missing values J} 82

B Q. Missing valueJdt U2H HEH H2l?

— Expectation-Maximization Bt#H O 2 X 2| (Missing valueE 2 S S3f 0|Z)
UL G4|O|E{3F Missingst 4% 7t

B Johnson & Johnson quarterly earnings per share
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— AlAH|ED AlO| A 2 M (Transfer function 2 Zd)
Ol: x(tq) 2t y(zq)2| 2tA EA

- ZERN2A Eel/Ed Uy

— 0= (Forecasting)
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(Self-projecting)
- g
29| HolH=Z
o, gA =4
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Self-projecting 2| classical 28 (cont.)

B MM E=CE AOlLs WHE
- 222 EAMEXN|7(detrended),

LK (residual)S +otC}
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Self-project
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I x}=ATEA| 2 8F4 (ACF, auto-correlation function) S EZ|Xoz ¢ £ 9l
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Self-projecting 2| classical 28 (cont.)

B Autocorrelation (ACs), Autocorrelation Function(ACF)

— X}7| 4 2HAH| = Autocorrelation?

_ XY El(X - Y —
MR com(x,y) = EY) PN Z ) (Y~ )
Ty Ty T x Ty
— OI[]I’?
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Self-projecting 2| classical 28 (cont.)

B Autocorrelation (ACs), Autocorrelation Function(ACF)
— X}7| 4 2tA| = Autocorrelation? (cont.)
~ oJop?

L™ xpn| AAIE ClolE LHoflA YojLt MEE datdo] =Tt

lag k2| 2|O]?

=" 7,9t k Bt shift A7l z,, Ato|o] G

O{EAH| A
sample autocorrelation Nz_i( (z, -7)(z,., -7)
t t+k
r, == k=0212,.k

Z (Zt _7)2
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Self-projecting 2| classical 28 (cont.)

B Global Temperature |0|E{2]| Autocorrelation Function(ACF)

gtemp
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Self-projecting 2| classical & &

o (cont.)
B UHHY EGHE HOot= U
— Polynomial Regression:
Ty = fe + i
fi = Bo+ Bt + -+ —I—EPLLP
= A HAEE ol 7P £2 A2 RE S XHOotd
— Moving Average Smoother:
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ecting 2| classical 22 (cont.)

B UHtY ERHE Ol = Y (cont)
— Kernel Smoothing:
— Moving Average Smoother HLC} ZIg}E dtHo 2 715 X| wi & O|O|E{L] 27X /d
off 7|%t5to] £ 0f5t= HiH
i}
fo=D_ wilt)ai wlt) = K (%) | 3K ()
i=1 =1
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ecting 2| classical 22 (cont.)
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H EME HOIL= Y (cont)

— Smoothing Spline:
— 3%} cubic polynomial & AI23510] Z} knots 2 polynomial H= E|EE
fittingat 0

DT A }\/ (f;)gdt

t=1

— mO}2t0jE{ 2 2 smoothing =& At
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ecting 2| classical 22 (cont.)

ue

HI™H EsiE AHOFL = HHH (cont)

— Exponential smoothing:

- X2 BEXQ X Z HFX|e HA2E O HIFX|E A= W
- Lt=0| 2|2 ARIMA 2¥9| E4 ZHL7} EICt, ARIMA(0,1,1)

- 7P Zterst el =

-

Tn+1 = (1 — ANz, + A2y,

— Exponentially Weighted Moving Averages (EWMA)Zt1 & =&

- O|ARLCI £ EME(MY, A|I=E 5)2 8tds}7| ¢
smoothing B QIC}

o

CIE & 52| Exponential
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Self-projecting 2| classical 28 (cont.)

m by EfiE ROt = W (cont)

— Nearest Neighbor Regression

— Lowess Regression
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Self-projecting 2| classical 28 (cont.)
B Classical gttHo| £~
- BES &= HAN WHo| g8

— Trial-and-error 2 2 &2 %to}of &t

Box-Jenkins 2829
ARIMA 2§ 0|2

|

oy 3gana 22 AHE CIOIEIS] SHE 24w



ARIMA models

B Autoregressive Integrated Moving-average

- H2 Hlel MAIE HolHE molE = AS

AL
2 T M

— O] &=X|of cjgt Confidence Interval = &t

Y
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16 1

HL Origin
— 1960's Box 2} JenkinsZ} x| & 0= AL
. by George E. P. Box and Gwilym M.
Jenkins
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ARIMA models (cont.)

Box-Jenkins models

== (Transfer function)

B Transfer function model

— Lagged regression2 O|sljg = AZ

]' |
l‘”l“lL

oty Uy s kg Uy Uy

Impulse:Résponse Function

> 5 % Dynamic R
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ARIMA models (cont.)

B Transfer function model (cont.)
— Lagged regression 2 & [ XIAM|5| Mo H

= Y, = v(B)X; where
e v(B) =vg+v,B +v,B2 +
- B is the backshift operator

© B™X;=X¢-m

I MA 220l 0l AL S S

< Control Equation
Feed-forward 22, Feed-back 2 & S

— &3 & (Deterministic) H3l(F, EE 220 HZ2) 2
— cigst g 22= sA0 1HE
/
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ARIMA models (cont.)

B Transfer function model (cont.)

BE 35 a7

Model identification

Ll
»

'

Model estimation

|

Modify No Is model %aljl' OIE" é"i}Om_ E%
model AEIIED Y SE2= SefAo =2 11406}t

l Yes

Forecasts
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ARIMA models (cont.)

B Model identification

— Autocorrelation g2}
— Partial-autocorrelation g+& A2

W

Modell =2 22 &=
B Model estimation
— Sum of squares of errors& %|A7} £|A| 5t= 2 LW{o| ni2t0jg =4

Noise7} 12X E [ECtD 71™Hst AL
Maximum Likelihood EstimationO| gtX{ QI HitH

Model W =Xl Z3&:
O, xt = 3 + 2xt-1 + at - 4at-1

W

B Model validation

- SA HXE SS Soto| 29| EIFE 4T
ol S| E|AEQt AIC/BIC 3

Cross-Validation 7jd9| L} 5 0|=™ HAE S22 0|

> =2 Model 843

B Model forecasting
— Future ZtEX| 2] =& X|2} confidence interval #A| At
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=2 W4s

Normal =2 M| A

Stationary = & M| A /Invertibility/Causality

AC, Partial AC

AR, MA B

White £O|= T2 M|A

MY W 2hY
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Normal (Gaussian) =2 ;| A

m Z} 2t=X| z, & probability density function =

I
0
s
iy
ILL

S| pdfE Gz =Zet 7pge
AL

B Random H=z=9| A== =X 7F A A E G| O|EO|LC}

1 —_ L=

m 0| E0f = joint probability density function
CZ2H FO{ZIC
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White Noise T2 A|A

B Box-Jenkins BEIO|AM = Xt 7} X| 21} O O|F A|™e
uncorrelatedEl 0| =E0| sko 2 WAMSICI D 7} SIC}

B White noise et= [}SS 0=l T2 M| AO|C}
Ele,]=0 varle,]=0c?
1 k=0
Pic= 0 k=0

B e, €1/ €y = White noise T E M| A2} SHLY,

—
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Stationary T 2 M| A

B Stationary: @A Ql, F2I0|X| E=

=2, AAE HolHS] SE0| (= =& Bel0AN) g 2185
S

B SHEOSZ (ZtEHS)): of CH&l 2= tof| CHal =Yt
~ O ZEst 7ty

W Strictly stationary
- m7Q| 2t=X| ty, ty, o, b, & Joint pdfet t, L\, t 4 oo 4 2 joint pdf

ot EE
B Weakly stationary > 0l J§=2l stationarityE ==
- WP EXJ7} 0] OJESIX| 1 e
—  Xt@} Xt+kQ| Correlation/covariance 0| t0f Q| =3&IX| &&
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Stationary T E M| A (cont.)

m ozt stationary TEMAO0|MH O749| XHO| Vzy, =2, -2, 4, (E= 11
XH&lo| XIO| V zt) LSt stationary T E M A7 =ICH

B 229 A|AE G O|E| = stationary S}X| Lt

m Stationary 3 A|AY H0/E BEOE BHE 7] $8) X0|E HpMEI
(Istorder) WVxi= (1 —B)X; = X;— X¢1
(2" order) VX, = (1 — B)2X; = X;— 2X;. 1 + X¢»
W= (1-B)d

= backward shift operator 2t £&

/
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Stationary T E M| A (cont.)

B Cha=3t X}O| 7} stationary T2 MAZ HAL|X| (S M= QLCH

B O|™9| trendE MHol= B E= At80te A T2 LHO|CE

 Var[Xt] of FE{ZL A2t tof] [HE HEHO|| 2} SAH L= HYN Higts Aot

@ -1/x A #£0,
= log =, A=0.

« O7IMA=1-a 0|l a = o x u®
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Stationary T E M| A (cont.)

B =0 XtE BHE Al7|= A

—

H
O
rlo
0L
IE
©
—l._l—
(2}
@)
=1

1Y Xt
Sqrt(x,)
) ¥
— 0O: England £ X|&o| &7t }
=
N=x = -
E|ﬁ-lo O7|- xt |og Xt A |
.72|0| -> X‘”‘E_QE Ié‘ﬁ'Ol \\\ EII 1EIID 2EIID scllo 4E‘IEI 5EIIEI GEIIEI
Rate -> q#g %E‘ A||7_|' %% \\\ log(varve)
w — \\¥
é 1$o 2$o 3&0 430 5&0 aéu
/
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Stationary T E M| A (cont.)

® Nonstationary A| A€ OOl HER

Series Values
Series Values

AA

ol

x i ‘-.
Ii i, Time l: /
} Time : i /
\ A Nongtationary Series:‘Rafidoim Chénges in Levél
A Nonstationary Series: Overall Trend q'.‘ v v/ *
: Qo™ o2, Change-
220! tol 2 =& of-point 2822 XA
of FASES HE + U
Box-Jenkins 2&0M= O 2tEol
A ACF, Partial ACF2Z Z2& (XI0|
A== Ee)2 S EE S
/
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ACF, Partial ACF

<k
Pa)
B0 <+
Pa)
o | B0
A o)
Ok
= ~ <+
Bl M i
= . —
- {0
o MJ 70
S
v - AT\
H o}
IRRE
(N
< <+
ol I
E ol
|4
of
@)
N

X2}y

o
—

B Partial auto-correlation
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ACF, Partial ACF (cont)

L] I:-| H=2SEAH A A LA lag kO CHBt Partial auto-correlation Of2f 2f
22 2|3 A2l 0y = AlttSt= AO|LL
- 11 AtO|2e] EH=X| 9| %D'%ké Mot &gt A+=E ALSHA &
B O: Xt= 1.5 Xt-1 -0.75 Xt-2 + at €1 AR(2) 29| A|A < G|O|H

(= = _|
e = —
= =
u S
2 o ‘ L. = < Al
= | | L L =
A A
,/1-,"; Ly ’/
< ==,
1 Ill
II
I I T I /1 I I I I
“ 5 10 15 20 £ 5] 10 15 20
1 2t
ExponeRtlallv = lag 200 PACF 28t O lag
pll Iy
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AR, MA B

S E RS
— Autoregressive (AR) models
— Moving-average (MA) models
— (Mixed) ARMA models
— Non stationary models (ARIMA models)
— The mean parameter

— The trend parameter
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AR, MA 2 &
B X} pO| Autoregressive A|H| QY 2HL Ct2 1 ZC}
Xy = 04X g + Xy +o 0 X + €,
(I)(B)Xt =€,
(B)=1-¢,B—¢,B* —...— B’

2 2 O| transfer functionO| white noise e, 0 C{d}]
MEE A £2 2YO|LCH
[ 0 = Ol [ invertible ot A| A Y 20| T|10 EESH

o
O =

JA
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AR, MA B2 (cont.)
B X} g9 Moving-average A|A|Y &L Cteat ZC}
Xy =€ — ﬁlet—l — BZet—Z T T ﬁqet—q
X, =0(B)e,
6(B)=1-B,B—B,B° —...— BB

R O| transfer functionO| white noise e, 0f| Clis{ &
&l At 42 ZF0|0}
- g s44ojatn w20t
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B AR MA B2 A
B 02 MA(Q)S| 2= A4S EX}

MA(1) 28 T )Xz‘ — (1 - 015)32‘
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AR, MA B3 (cont)

m Cf

AL
- -

Ot

FE¥EE X7] floll ARIF MAE & 2YS A2t

—

® ARMA(pq) 2% ¢(B)x; = O(BJa,
()
#( B)

Xt =

B ARMA(p,q) 2& 2 white noise at0f transfer function
Ol &= Al &2 2YO|LCL
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Model Identification

A — differencing S
| DDI S of

v

Sample AC, PACH|
At

v

Ol & ACs and
PACs 2} H| 1!

v

_[jLC:II(

NEIN
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Model Identification (cont.)

B ARMA &0 i3t O|2X ACQ} PACO| HE|

AR(p) MA(q) ARMA (p, q)
ACF Tails off Cuts off Tails off
after lag g
PACFEF Cuts off Tails off Tails off

after lag p

B Of2fet Z2 ACF, PACF= AR(2)E L}IEtL = AL

n = - |
Exponentially 2
= ‘ S| A
& | s ‘
=T g II|||II|II|II'{J—"‘__L4‘T E g - ‘ ’
- o | [ 27 PACF 28t O} =
T T 7 A =5
[ ]
|
T
5 10 15 20 5 10 15 20
lag lag
/
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Model Identification (cont.)

B OfZfet €2 ACF, PACF= MA(1)S LIEIH = A

10~

00 -ttt
1 ) 10
-1.0% ic) ACs 1.0 {d} PACS
{1 MA) {1 WA

B OfZl|ef &2 ARMA(p,q)E LIEIL= A Y

1.0~ 1.0~

0.0 Lag

_1_U|_ -10%

b} PACS
(a) ACs (b) /
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Model Identification (cont.)

B 2 X5 white noise 0| dL2t1 7t &= = 95% Confidence
IntervalS AlASIH £ 20| =ICH

(:écf \ll||||trll.'l-ll" _____ r _—I11_|______.____l_l_l_l_l'l"
N . EEE TR ERERREERS L B B L
go I _______________ i I i Sy B -l—l ______ | I A |
=] ___I_______ZEII!__________l_|__J _______ [ N P L
B H2ASLA StLto| RHE FZAE|= AO| OfL|2f =N RRIO| S HE
= 1 St
=
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Model Identification (cont.)
B Q Oj2 SEEC DE X0 22 HS K0P B O?

— Golden rule: §|==0| £2 2= &= Zd0|LC}
1) 02X 0%20| L %
— AIC: Akaike's Information Criterion

. nt2k
AIC = log 52 + 2

mE
~
rir
abi
dI%
St
o
nt
[
>
=
1>

6%2= model estimationO| A 78| X|= error 7| &
— BIC: Bayesian Information Criterion

klogn
BIC = log 73 +

T
— AICL} BICZIO| M E|= 22 AOfLHCH
- AIC, BIC Ho|= XA}, SWHOIL CHE 4= =0, W& H|10= X 7F ALt
— 0| I}H 2 model selectionO|2t1 2 LESH =& QILC}

b
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Model Identification (cont.)

B Of: Tef AR(p)E2¥= AFEoHOF St

st

Ckd 7H8opA

Information Criteria

>
\
N

-140

-1.50

AlIC

-1.55

B AR(15)EE= AR(16)°| 2
B BIC 7|== AtE8E I & C

L mlo
-

H>
rot
HO
gt
[0
ne
[0
_|

4%
in}
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Model Identification (cont.)

= 2) 4F () 050 B2 U2 DEHE
— Cross-validation} Z& S AL2910 £2 2 H S AHOFLHLCT
— FPE (Forward Prediction Error) X|==7}
- T A4 380l ALk
- FEOEE TN IHE S22 W
_ MM AIHE OIS EFE
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Model Validation
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Model Validation (cont))
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Model Estimation (24 o|=)
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