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Learning Outcomes

1. Understand time series data

2. Time series decomposition (Components of time series)
3. Autocorrelation and lagged series

4. Autocorrelation Function - ACF and Correlogram
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1. Time Series Analysis




Time Series Data

) ) ) DayOf Bottled Cinnamon

A time series is a se- Date Week Time_t Sandwiches-Asst Water Chips-Asst  Rolls
quence of data points

lected ded 1/22/2015 Thu 1 15 10 12 9
collected, recorded, or 1/23/2015 Fri 2 0 8 3 1
measured at successive, 1/26/2015 Mon 3 5 8 4 4
d d 1/27/2015 Tue 4 1" 10 9 6
egually spaced points in 1/28/2015 Wed 5 4 7 8 3
time. 1/29/2015 Thu 6 7 1 15 2
. 1/30/2015 Fri 7 0 3 2 0
Examples: stock prices, 2/2/2015 Mon 8 6 4 2 0
daily/monthly tempera- 2/3/2015  Tue 9 20 1 14 3
+ terly/ | 2/4/2015 Wed 10 5 8 2 5
Lz, el i el nE 2/5/2015  Thu n 26 12 5 12
business performance 2/6/2015  Fri 12 1 4 2 7
ey 2/9/2015  Mon 13 8 1 8 4
2/10/2015 Tue 14 20 1 6 7
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1.1 Concept of Time Series Data

Time-Series Analysis
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1.2 Why Time Series Data Is Important

Nhiéu dic diém khac biét so v&i cac
loai di¥ liéu théng thwerng

Phé bién trong nhiéu bai toan

Time Series

History repeats itself!

Cengage (2024) Business Analytics
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2. Components of Time Series




2.1 Components of Time Series

Xu huéng (Trend)

Tinh thai vu (Seasonality)
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Nhiéu (Noise)

Tac dong dac biét (Irregular
Impact/Outliers)

Chu ky (Cyclical)
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2.2 Components of Time Series - Trend
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2.3 Components of Time Series - Seasonality
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2.4 Components of Time Series - Cyclical

CAPITAL
CYCLICAL TRENDS OF COMMODITY PRICES (1991-2020)
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2.5 Components of Time Series - Impact Effect

Bardak restaurant (Russia) profit in 2016 - 2018
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2.6 Components of Time Series - Noise

Random White Noise
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Ex: Sales Analysis Over Time
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Sales Analysis Over Time
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Sales Analysis Over Time
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Sales Analysis Over Time
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Sales Analysis Over Time
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3. Time Series Representations




Time Series Representations - Line Graph

Lugt hang dudc ban ra theo thang qua tirng nam
céc mét hang CLEANING, DAIRY, FROZEN FOODS

Nam @2
5.0M

Luot hang

Thdang
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Time Series Representations - Scatter Plot

Tuong quan trung binh lugt ban va gia dau

Luot ban trung binh

Gid déu
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Correlogram (ACF & PACF)
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4. Auto-Correlation




4. Auto-Correlation

Components of auto-correlation:
1. Correlation
2. Lagged Series

pe HAY LA EM
cua ngay hém qua

b . s
trén cling mot dong sing

- Heraclitus
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4.1 Correlation

o _| coin 1
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X6i Yén

How can we estimate the amount of sticky rice that can be sold each day in order to
prepare the right amount of rice and ingredients?

Based on historical data:

® Quantity of sticky
rice sold yesterday,
the day before, or
over the past 7 days

e \Weather conditions,
holidays, and special

events
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4.2 Lagged Series

Lagged Series y(t-k): A time series created by shifting the original series y(t) backward by k
values. The value k is called the lag.

Date Value Value, , Value,,

1/1/2017

1/2/2017 220 (200 ) NA
1/3/2017 215 220 (200 )
1/4/2017 230 215 220
1/5/2017 235 230 215
1/6/2017 225 235 230
1/7/2017 220 225 235
1/8/2017 225 220 225
1/9/2017 240 225 220
1/10/2017 245 240 225

| S
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4.2 Lagged Series

Téng lugt ban cia chudi géc va chudi cé lag = 7
tol thing 1/2013

@ Luct ban ca chudi gdc @Luct ban cia chudi lag 7

Luct ban

Jan 06 Jan 13 Jan 20 Jan 27

Thai gian
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4.2 Lagged Series
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4.2 Lagged Series

Biéu d6 phan tan véi lag = 200
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4.3 Auto-Correlation

lagged Sales lagged lagged lagged Lagged
Quarter  Sales ($000) 1) Sales (2) Sales(3) Sales(d) Sales(s)

159501 5204
199502 58.42 5204
199503 55.66 59.42 5208
159504 53.86 55.66 =1+ 5204
199601 6129 53.86 1 59.42 52.04
199603 7374 75.28 6129 53.85 5566 5040
- H . 1 199604 68.59 7374 BB 6129 53.85 55.66
Auto-Correlation: The correlation o o e o
101 1 1 159702 85.52 7119 ®B3 73.74 75.28 6129
between an original time series i mu _Ihu av Bn Ea a2
1 1 155704 73.18 76.50 &.52 7119 68.55 7i4
and its own lagged series. Al 3 82 AN =8 AN
159802 B4TS 72.14 718 76.50 8552 e
159803 77.85 84.79 7214 7318 76.50 85.52
153804 75.84 7i85 B 7114 73.18 76.50
153301 8875 75.84 -] 8479 7214 73.18
199902 5854 BB.75 =R 7785 B4 7114
199503 5468 5854 B.75 7584 TT85 B4
159504 9041 5468 S5 B&TS T5.84 7.6
200001 8765 8041 “E 8854 BRTS T5.84
200002 5890 B7.65 041 9468 98.54 BB.TS
200003 9562 SB8.90 .6 8041 9468 9B8.54
00004 9158 8562 S8.90 8765 9041 S48
Correlation | oss| om o7s|  oss 0.6 |
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4.3 Auto-Correlation

2%
lag [1M]

For a time series with a trend, auto-correlation is typically large and positive at small
lag values (small k), and gradually decreases as the lag increases.
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4.3 Auto-Correlation

8
lag [1Q]

For data with seasonality, auto-correlation is usually high at lag values
corresponding to the seasonal lag.
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4.3 Auto-Correlation
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Time series that do not exhibit significant auto-correlation beyond a certain

threshold are often considered noise.
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5. Advanced Time Series Analysis




5.1 Time Series Decomposition

Chuéi Time Series = Trend + Seasonal + Cycle + Impact + Noise
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5.2 Time-scale Analysis

. . DAILY-SCALE TIME-SCALE

Time-scale Analysis: TIME SCALES
. . . . DAILY-SATA

¢ Definition: Analyzing time series T B T oA i

across multiple time scales
(short-term, long-term) to
understand behaviors and variations

at different periods. MONTHLY DATA

MOLY

—

¢ Significance: Helps capture data
characteristics at different time
horizons, enabling the detection of
cycles, long-term trends, or
short-term fluctuations.

\}

\2,

Mmoicy

—

L=

ToRY

Examples: Monthly revenue data, daily oil
prices, annual customer counts
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5.3 Frequency-based Analysis

Frequency-based Analysis:

¢ Definition: Analyzing data in the
frequency domain to identify
repeating cycles and hidden
patterns in time series. Data are
transformed from the time domain
to the frequency domain for easier
analysis.

¢ Significance: Enables the detection
of periodicities that may not be
obvious when directly observing the
time series.

e Examples: Using Fourier Transform
or Wavelet Transform to identify

cycles in weather or financial data.
FDA NEU
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6. Time Series Forecasting




6. Time Series Forecasting

Suppose we are given the Statistics
exam scores of class AI66A.

Consider the following question:

¢ |f a new student joins class AI66A
and takes this exam, what score
would you expect them to get?

Two fundamental properties of a
dataset:

® Centrality (mean)

® Dispersion (variance)
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Time Series Modeling: An Overview

e AR/ MA /ARIMA / SARIMA

® Model mean dynamics
® Assume simple variance

Time series forecasting extends this idea by
modeling how these quantities change over

time. structure
In particular, they focus on: ® GARCH family
® How the mean evolves over time ¢ sﬂaor?ai';;me“’arymg
® How the variance (uncertainty) changes e Deep Learning (RNN, LSTM,
® Recurrent patterns such as trend and Transformer)
seasonality ® Learn complex patterns
e Temporal dependencies across automatically
observations ° g;:;:r:s:;‘on“near
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Thank you for your attention!

Ngo Thai Hoa
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