Data Science

Time Series Analysis

Lolg =

(kafad6@hongik.ac.kr)



mailto:kafa46@hongik.ac.kr

Lecture Goals

Al A€ Ci|o]E o]sh

HlolE| ZH|t T

AMAE 2l (Time Series Decomposition)

M

MAd 3t XM (Stationarity & Differencing)

ARIMA A€ maa

ot Bt AN EF

2 /52




Al A (Time Series) H|O|E{ 0|5}

3/52




MAEL| Belet 578

TIME SERIES!

- AZEEMTE OIS BR (@AM EHRIE T E A4) G}

- Xp7| &2 (Autocorrelation) 217 A|E ZH |AHS EX

- Ol 2= H AET < oM U= MEF

m H’dHE (Non-stationarity)

- AlZh Botof| mef a2 4h0] H)

(LI

Tt SAZE TN 7= 29 ofdS

4 /52
e



N
—
m
a0
P
v
V)
L
E
=
S
o
v
o
c
Q
c
o
Q.
£
o
<
4
o]
%0
Im
gl
R
<

B Trend (EAM)

~
Ko

10
KK

JoO

0
Kd

~NO

ol
m|o
10|

M

K
|
5l
4
T
IH

B Seasonality (AlE4)

ol
=]
A

Hr

—t

Rl

of
qr
~
10l
B
ol

H of

[=2
=

- Of: Al

Kk

5/52




AMAY 74 24 (Components of Time Series) - 2/2

B Cycle (F7]8)
- AZEEL 2 A HE
- Of: 7| Btz Qlok iz S

- = ZE: HABH X[&met 2 s Y

B Residual / Noise (E1134d)
- FMAREFVIR AEEX| e LA BT

P

ot
qn

- O

il

P2 5% HA 018 3

Ol

ro

- BN ZQIE: A

on

/ Ol SX| BA P

23

0ot

=}

1o

6 /52




AMAE= Yl 7t 242

Time Series Decomopoition Components

1. Trend: Long-term Movement
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https://www.deepshark.org/courses/data_science/w/07_time_series#airpassengers_dataset
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AirPassengers C|O|E| & &

- https://www.deepshark.org/courses/data science/w/07 time series#time series practice

Monthly Number of Air Passengers (1949-1960)
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https://www.deepshark.org/courses/data_science/w/07_time_series#time_series_practice
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- Dataset: https://www.deepshark.org/courses/data science/w/07 time series#airquality dataset
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https://www.deepshark.org/courses/data_science/w/07_time_series#airquality_dataset

X (2F }EE o7t L= 82)

ImportError: Missing optional dependency 'openpyx!'. Use pip or conda to install openpyxl.

pip install openpyxl

m E5 3E

- https://www.deepshark.org/courses/data science/w/07 time series#airquality codes

CO(GT) Concentration Over Time
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https://www.deepshark.org/courses/data_science/w/07_time_series#airquality_codes
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- https://www.deepshark.org/courses/data science/w/07 time series#correction before after

CO(GT) - Before Correction
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https://www.deepshark.org/courses/data_science/w/07_time_series#correction_before_after
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7 (Moving Average)
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https://www.deepshark.org/courses/data science/w/07 time series#outlier detection visualization

Outlier Detection using IQR Method
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https://www.deepshark.org/courses/data_science/w/07_time_series#outlier_detection_visualization

- https://www.deepshark.org/courses/data science/w/07 time series#outlier correction median
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https://www.deepshark.org/courses/data_science/w/07_time_series#outlier_correction_median
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- https://www.deepshark.org/courses/data science/w/07 time series#airquality overall practice
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https://www.deepshark.org/courses/data_science/w/07_time_series#airquality_overall_practice
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Concentration (unit varies)

Seasonality: Monthly Mean
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Concentration (unit varies)

Daily Pattern: Mean by Hour of Day
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NO2(GT) NOX(GT) CO(GT)

CEHB6(GT)

Sensor/Target Correlation (Pearson)

CO(GT) NOx(GT) NO2(GT) C6H6{GT)
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MAE =ol

(Time Series Decomposition)
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MAEL| 44 84 (Components of a Time Series)
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# A 7K 2X]

pip install statsmodels

Al
=

o>

b =

- https://www.deepshark.org/courses/data science/w/07 time series#decompose practice
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https://www.deepshark.org/courses/data_science/w/07_time_series#decompose_practice
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881 A&

(Stationarity & Differencing)
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M Ad (Stationarity) EHE

B T2 Z(Unit Root)?
- AAE 2EOA B2 (Unit Root)?
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ADF Test

B Augmented Dickey-Fuller Test (Tt

ry
oY
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- "AAE0 Erel20] EXot=7tE d8%te AN E

—

e s

2 Lk

AR (Ho) THOIZ EX) - Y A 2

7 (Ha) T glS - HA MY
=

21t 5l o o]
p-value < 0.05 g AAE (Kt =28)
p-value > 0.05 HZd AAE (K= ER)

from statsmodels.tsa.stattools import adfuller

adf _result

adfuller(df["Passengers"])

print(f"ADF Statistic: {adf_result[0]:.3f}")
print(f"p-value: {adf_result[1l]:.4f}")
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X2 (Differencing)

B X}&(Differencing)
- O] A|HOl 2t =X A|ZOf A tHf A,
- HotHS V[HeZ ot MEZR A[AES e IHd
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X2 (Differencing) % 0f Al

# 1Kt XF2 (Trend XMA)

df["diffl"] = df["Passengers"].diff(periods=1)

# AZEXE (Seasonal Difference): AZEM XA

# 12— Y HIO[HOA 18 F7|(12701&) & 2|0

df["diff seasonal"] = df["Passengers"].diff(periods=12)

Az =M+ AZE 25 HA

df["diff both"] = df["Passengers"].diff(periods=1).diff(periods=12)




Effect of Different A Values in Box-Cox Transformation
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X2 (Differencing) &&

- https://www.deepshark.org/courses/data science/w/07 time series#stationary differencing practice

Original Time Series
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https://www.deepshark.org/courses/data_science/w/07_time_series#stationary_differencing_practice

ARIMA A& mE=
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ARIMA A€

M ARIMA?

- ARIMA(Auto Regressive Integrated Moving Average)& H|® 4 A|A € HIO|HE
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ARIMA x}2}t0] E

B ARIMA Im2t0] g
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ARIMA(p, d, q)
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SARIMAX Results

Dep. Variable: Passengers No. Observations: 144
Model: SARIMAX(1, 1, Dx(1, 1, 1, 12) Log Likelihood -456.103
Date: Fri, 17 Oct 2025 AIC 922.205
Time: 12:24:02 BIC 936.016
Sample: 01-01-1949 HQIC 927.812
- 12-01-1960

Covariance Type: opg

Coef std err z P>z [0.025 0.975]
ar. -0.2298 0.401 -0.573 0567 -1.016  0.557
ma.L1 -0.0987 0374 -0264 0792 -0.832 0634

arS.L12 -0.5460 0299 -1825 0068 -1.133 0.041
ma.S.L12 0.3959 0.352 1125  0.261 -0.294  1.086
Sigma2 140.2945 17.997 7795 0.000 105.020 175.569

Ljung-Box (L1) (Q): 0.00 Jarque-Bera (JB): 542
Prob(Q): 0.95 Prob(JB): 0.07
Heteroskedasticity (H): 2.51 Skew: 0.12

Prob(H) (two-sided): 0.01 Kurtosis: 4.03




- https://www.deepshark.org/courses/data science/w/07 time series#sarimax practice

SARIMA Forecast for AirPassengers (1 year ahead)
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https://www.deepshark.org/courses/data_science/w/07_time_series#sarimax_practice
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A 7|18 AAE 2=

Prophet (by Facebook / Meta)
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M LSTM (Long Short-Term Memory)
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B TCN (Temporal Convolutional Network)

- 1D CNN 7|8F A AHE 2 &

- AE =ME fAo X EHE otE Tts
- RNNECL} #HE1 oHE N
A\ BALE 272 A|AE0ll= ds Xt

53 /52




Transformer 7|8t B &

Transformer 7|4t 2 &

_ Attention HHLIZ CZ A|IM Zt = =X &t

o
>

- CHE 22 Informer, TFT, FEDformer

T
AL

- CHEEEAIAE + 9% i 92 Ths

T

- 2y F7| @

]

1S €0 S& oE o5

/\ Cht2 C|O|EQF GPU E R, o4 o2&

B MAE o2 x4 EHE

- ElYY 4 Attention 7|HF ™ =7| tA 2 2=

54 / 52







