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.ƛƎ 5ŀǘŀ !ǊŎƘƛǘŜŎǘǳǊŜǎ
¢ƛƳŜ {ŜǊƛŜǎ ϧ hǇǘƛƳƛȊŀǘƛƻƴǎ 
п {ƳŀǊǘ /ƛǘȅ !ǇǇƭƛŎŀǘƛƻƴǎ



н

¢ƛƳŜ {ŜǊƛŜǎ .ŀǎƛŎǎ

ïWhat is time series Data?

ïWhat can you do with time series analysis (TSA)

ï{ǘŜǇƭŀŘŘŜǊ ǘƻ ŎƻƴŘǳŎǘ ŀ ƎǊŜŀǘ ǘƛƳŜ ǎŜǊƛŜǎ ŀƴŀƭȅǎƛǎΧ ǿƛǘƘ 
examples



¢ƛƳŜ {ŜǊƛŜǎ 5ŀǘŀ 

ÅEach instant represents a timestep
ÅThe values associated with that time are the 
attributes

ÅThe data typically arrives in time order
ÅTime-intervals can be regular(metrics) or irregular 
irregular (events)

A collection of observations obtained through 

repeated measurements of time





Time Series Data Analysis (TSA)

What can you do with time-series data?

Analyze change (past -present -future)

3 main analysis types:

A)Access the impact of a single event (descriptive)

B)Study the interaction between a set of values

C)Forecast Future Values of a Time-Series using the previous values of one 

series (or also values from others) (prediction)



!ύ !ŎŎŜǎǎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŀ ǎƛƴƎƭŜ ŜǾŜƴǘ 



.ύ {ǘǳŘȅ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ŀ ǎŜǘ ƻŦ ǾŀƭǳŜǎ



C) Forecast Future Values of a Time-Series



{ǘŜǇƭŀŘŘŜǊ ǘƻ ŎƻƴŘǳŎǘ ŀ ƎǊŜŀǘ ǘƛƳŜ ǎŜǊƛŜǎ ŀƴŀƭȅǎƛǎ





hōǘŀƛƴ 5ŀǘŀ
The very first step of a data science project is straightforward. We obtain the data 
that we need from available data sources.

- ¸ƻǳΩƭƭ ƴŜŜŘ ǘƻΥ
- ǉǳŜǊȅ ŘŀǘŀōŀǎŜǎ
- ǊŜŎŜƛǾŜ Řŀǘŀ ƛƴ ŦƛƭŜ ŦƻǊƳŀǘǎ ƭƛƪŜ 
- ƎŀǘƘŜǊ Řŀǘŀ Ǿƛŀ ŎƻƴƴŜŎǘƛƴƎ Ǿƛŀ ²Ŝō
- ƎŜƴŜǊŀǘŜ {ȅƴǘƘŜǘƛŎ 5ŀǘŀ ǘƻ ǿƻǊƪ ƻƴ

https://www.snap4city.org/dashboardSmartCity/

view/Baloon.php?iddasboard=MzcxNw==

https://www.snap4city.org/dashboardSmartCity/view/Baloon.php?iddasboard=MzcxNw==
https://www.snap4city.org/dashboardSmartCity/view/Baloon.php?iddasboard=MzcxNw==


{ŎǊǳō 5ŀǘŀ
After obtaining data, the next immediate thing to do is scrubbing data. This process is 
for us to ñcleanò and to filter the data.

DƻƻŘ Řŀǘŀ ƛǎ ƳƻǊŜ ƛƳǇƻǊǘŀƴǘ ǘƘŀƴ ŀƴȅ 
ŀƴŀƭȅǎƛǎ ƳŜǘƘƻŘ
- Dƻ ǘƻ !ŎǘƛƻƴǎΥ
π ¢ƛƳŜ ƎǊŀƴǳƭŀǊƛǘȅ ŎŀǎǘƛƴƎ
π IŀƴŘƭƛƴƎ 5ŀǘŀ ƳƛǎǎƛƴƎ πLƳǇǳǘŀǘƛƻƴ 
{ǘǊŀǘŜƎƛŜǎ

π άоέ πҔ о ǎǘǊƛƴƎ ƴǳƳōŜǊǎΚΚ



Scrub Data - Completeness

LƴŦƻǊƳŀǘƛƻƴ vǳŀƭƛǘȅ tƛƭƭŀǊǎ κ /ƻƳǇƭŜǘŜ 5ŀǘŀΥ
π !ǊŜ ǘƘŜǊŜ ŀƴȅ ƎŀǇǎ ƛƴ ǘƘŜ Řŀǘŀ ǊŜŦŜǊǊƛƴƎ ǘƻ ǘƘŜ ǇŜǊƛƻŘ ǎŜƭŜŎǘŜŘ ŦǊƻƳ ǿƘŀǘ ǿŀǎ ŜȄǇŜŎǘŜŘ ŀƴŘ ƻƴ 
ǿƘŀǘ ǿŀǎ ŀŎǘǳŀƭƭȅ ǘƘŜǊŜ



{ŎǊǳō 5ŀǘŀ π!ŎŎǳǊŀŎȅ

LƴŦƻǊƳŀǘƛƻƴ vǳŀƭƛǘȅ tƛƭƭŀǊǎ κ !ŎŎǳǊŀǘŜ 5ŀǘŀΥ
π ŀǊŜ ǘƘŜ ŎƻƭƭŜŎǘŜŘ Řŀǘŀ ŎƻǊǊŜŎǘ κ  Řƻ ǘƘŜȅ 
ŀŎŎǳǊŀǘŜƭȅ ǊŜǇǊŜǎŜƴǘ ǿƘŀǘ ƛǘ ǎƘƻǳƭŘ

5ŀǘŀ !ŎǉǳƛǎƛǘƛƻƴΧ 
π Lƻ¢ ŜƴǾƛǊƻƴƳŜƴǘ ǎŜƴǎƻǊ ǿƛǘƘ ŀƛǊ 
Ǉƻƭƭǳǘŀƴǘǎ ōǊŜŀƪǎΦ

!ύƪŜŜǇ ǎŜƴŘƛƴƎ ǘƘŜ ƭŀǎǘ ǾŀƭǳŜ
.ύǎŜƴŘǎ ǘƘŜ Řŀǘŀ ƻƴƭȅ ƛŦ ŀǾŀƛƭŀōƭŜ



Scrub Data - Information Quality Pillars 

VID_20221020_155205.mp4

Ƴƛƭƭƛƻƴǎ ƻŦ ŘŀǘŀΚ wŀƴŘƻƳƭȅ ǎŀƳǇƭŜ мπн҈ ƻŦ ȅƻǳǊ ŘŀǘŀΦ фл҈Ҍ 
ƻŦ ȅƻǳǊ Řŀǘŀ ƛǎǎǳŜǎ ǿƛƭƭ ōŜ ǇǊŜǎŜƴǘ ƛƴ ǘƘƛǎ ǎŀƳǇƭŜ ŀǎ Řŀǘŀ 
ƛǎǎǳŜǎ ŀǊŜ ǳǎǳŀƭƭȅ ǎȅǎǘŜƳƛŎΦ 
wŀƴŘƻƳ Řŀǘŀ ƛǎǎǳŜǎ πҔ ǎŀƳǇƭŜ ƳǳŎƘ ƳƻǊŜ ŘŀǘŀΦΦ ǳǇ ǘƻ ŜǾŜǊȅ 
ǎƛƴƎƭŜ Ǌƻǿ

π ±ŀƭƛŘƛǘȅΥ Řŀǘŀ ǊŜŀƭƭȅ ƳŜŀǎǳǊŜ 
ƳŜŀǎǳǊŜ ǿƘŀǘ ƛǎ ƛƴǘŜƴŘŜŘΚ

π ¢ƛƳŜƭȅΥ Řŀǘŀ ǎƘƻǳƭŘ ōŜ ǊŜŎŜƛǾŜŘ ƛƴ ƻǊŘŜǊ ŀƴŘ 
ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǊŜŀƭƭȅ ŦŀǎǘΗ 

http://drive.google.com/file/d/14M6WOtKcEfyyQKf0OxZU7Bx0KZjB0bsu/view


Explore Data
Once your data is ready to be used, and right before you jump into AI and Machine 
Learning, you will have to examine the data.

πҔ 5ƻŜǎ ȅƻǳǊ Řŀǘŀ ƳŜŜǘ ǘƘŜ ŀǎǎǳƳǇǘƛƻƴǎ ƻŦ ȅƻǳǊ ƛƴǘŜƴŘŜŘ ŀƴŀƭȅǎƛǎ ǘȅǇŜ
ǒ 5ƛǎǘǊƛōǳǘƛƻƴǎ
ǒ tŀǘǘŜǊƴǎ κ ¢ǊŜƴŘǎ
ǒ /ƭǳǎǘŜǊƛƴƎ



aƻŘŜƭ
CƻǊǘǳƴŀǘŜƭȅ ǘƘŜǊŜ ŀǊŜ ǘǿƻ Ƴŀƛƴ ƪƛƴŘǎ ƻŦ ŀƴŀƭȅǎƛǎΥ

ǒ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ tǊƻōƭŜƳǎ
- CƻŎǳǎ ƻƴ ǇǳǘǘƛƴƎ ƻƴŜ Řŀǘŀ ǊŜŎƻǊŘ ƛƴǘƻ ƻƴŜ ƻŦ ŀ ǎŜǘ ƻŦ ƎǊƻǳǇǎ

ǒ wŜƎǊŜǎǎƛƻƴtǊƻōƭŜƳǎ
- .ŀǎŜŘ ƻƴ ǘƘŜ ǾŀƭǳŜǎ ǊŜŎƻǊŘŜŘ ǇǊŜŘƛŎǘ ǘƘŜ ǾŀƭǳŜ ƻŦ ǎƻƳŜ 
ƻǘƘŜǊ ǾŀǊƛŀōƭŜ ƻŦ ƛƴǘŜǊŜǎǘ



Interpret
ǒ Cƛƴŀƭƭȅ ǳǎƛƴƎ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ŀƴŘ ƻǘƘŜǊ ǘŜŎƘƴƛǉǳŜǎ ǿŜ ǿƛƭƭ ƛƴǘŜǊǇǊŜǘ 
ǘƘŜ ǊŜǎǳƭǘǎΦ
- aƻƴƛǘƻǊƛƴƎ 5ŀǎƘōƻŀǊŘǎ
- ²ƘŀǘπƛŦπŀƴŀƭȅǎƛǎ ǘƻƻƭǎ
- ²ŜōκaƻōƛƭŜ !ǇǇƭƛŎŀǘƛƻƴ
- 9ŘƎŜ ŘŜǾƛŎŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ
- 9ŀǊƭȅ ǿŀǊƴƛƴƎ ǎȅǎǘŜƳǎ



мф

wƻŀŘ ǘƻ ¢ƛƳŜ {ŜǊƛŜǎ CƻǊŜŎŀǎǘƛƴƎ

ïTime Series Characteristics
ǒ Mathematical formulation of Time Series
ǒ Autocorrelation
ǒ Seasonality
ǒ Stationarity 

CƻǊŜŎŀǎǘƛƴƎ aŜǘƘƻŘǎ {ŜƭŜŎǘƛƻƴ



aŀǘƘŜƳŀǘƛŎŀƭ CƻǊƳǳƭŀǘƛƻƴ ƻŦ ¢ƛƳŜ {ŜǊƛŜǎ
¢ƛƳŜ {ŜǊƛŜǎ ƛǎ ǘƘŜ ǎŜǘ ƻŦ ǎŜǾŜǊŀƭ ƻōǎŜǊǾŀǘƛƻƴǎ ƻŦ ŀ ǇƘŜƴƻƳŜƴƻƴ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƛƳŜΦ

¢ƘŜ ƻōǎŜǊǾŜŘ ǇƘŜƴƻƳŜƴƻƴΣ ŎŀƭƭŜŘ ŀ ǾŀǊƛŀōƭŜ      Σ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ŀǘ ƎƛǾŜƴ ƛƴǎǘŀƴǘǎ ƻŦ ǘƛƳŜ ŀƴŘ ƛǘ 
Ŏŀƴ ōŜ ŘŜƴƻǘŜŘ ǿƛǘƘ     ǿƛǘƘ                           ǘƘŜ ǘƛƳŜ ƛƴǎǘŀƴǘΦ

{ƻ ŀ ¢ƛƳŜ {ŜǊƛŜǎ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ ŦƻƭƭƻǿǎΥ 

For example, if one were to survey quarterly GDP in 
millions of euros at chain-linked values (reference year: 
2000; raw data) from Q1 1981 to Q2 2008, one would 
have 110 observations, including:

: GDP at the end of Q1 1981 (193,505);
: GDP at the end of Q4 1983 (215,584);
: GDP at the end of Q3 1994 (263,660).



aƻƳŜƴǘǎ ƻŦ ¢ƛƳŜ {ŜǊƛŜǎ
The "moments" of a time series are statistical measures that describe various characteristics of the distribution 

of the observed data over time. These moments are important for analyzing the central tendency, variability, 

and correlations present in the time series.



aƻƳŜƴǘǎ ƻŦ ¢ƛƳŜ {ŜǊƛŜǎ
The "moments" of a time series are statistical measures that describe various characteristics of the distribution 

of the observed data over time. These moments are important for analyzing the central tendency, variability, 

and correlations present in the time series.



aƻƳŜƴǘǎ ƻŦ ¢ƛƳŜ {ŜǊƛŜǎ



aƻƳŜƴǘǎ ƻŦ ¢ƛƳŜ {ŜǊƛŜǎ

Practical Example:

Suppose you have quarterly GDP data for a country over several years, as in your example, and you want to calculate the 

variance or autocovariance of this GDP. If you calculate the meanof the GDP values, you get the average growth rate of the 

GDP for the considered period. The variancetells you how much the GDP values deviate from this average, i.e., how volatile 

the GDP is. The autocovariancehelps you understand whether the GDP in one quarter is correlated with the GDP in another 

quarter. For example, whether an increase in GDP in one quarter is followed by an increase in the next quarter.

https://colab.research.google.com/drive/1s9N_bGmAwWyeLiOh-9GSRdLH5IJcpyls?usp=sharing

https://colab.research.google.com/drive/1s9N_bGmAwWyeLiOh-9GSRdLH5IJcpyls?usp=sharing


¢ƛƳŜ {ŜǊƛŜǎ /ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ

!ǳǘƻŎƻǊǊŜƭŀǘƛƻƴ ƛǎ ǘƘŜ ǎƛƳƛƭŀǊƛǘȅ ōŜǘǿŜŜƴ ƻōǎŜǊǾŀǘƛƻƴǎ ŀǎ ŀ ŦǳƴŎǘƛƻƴ 
ƻŦ ǘƘŜ ǘƛƳŜ ƭŀƎ ōŜǘǿŜŜƴ ǘƘŜƳΦ

¢ƘŜ ŦƛǊǎǘ ǾŀƭǳŜ ŀƴŘ ǘƘŜ нпǘƘ ǾŀƭǳŜ ƘŀǾŜ ŀ ƘƛƎƘ 
ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴΦ {ƛƳƛƭŀǊƭȅΣ ǘƘŜ мнǘƘ ŀƴŘ осǘƘ 
ƻōǎŜǊǾŀǘƛƻƴǎ ŀǊŜ ƘƛƎƘƭȅ ŎƻǊǊŜƭŀǘŜŘΦ ¢Ƙƛǎ ƳŜŀƴǎ 
ǘƘŀǘ ǿŜ ǿƛƭƭ ŦƛƴŘ ŀ ǾŜǊȅ ǎƛƳƛƭŀǊ ǾŀƭǳŜ ŀǘ ŜǾŜǊȅ нп 
ǳƴƛǘǎ ƻŦ ǘƛƳŜΦ

bƻǘƛŎŜ Ƙƻǿ ǘƘŜ Ǉƭƻǘ ƭƻƻƪǎ ƭƛƪŜ ǎƛƴǳǎƻƛŘŀƭ ŦǳƴŎǘƛƻƴΦ ¢Ƙƛǎ 
ƛǎ ŀ Ƙƛƴǘ ŦƻǊ ǎŜŀǎƻƴŀƭƛǘȅΣ ŀƴŘ ȅƻǳ Ŏŀƴ ŦƛƴŘ ƛǘǎ ǾŀƭǳŜ ōȅ 
ŦƛƴŘƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ƛƴ ǘƘŜ Ǉƭƻǘ ŀōƻǾŜΣ ǿƘƛŎƘ ǿƻǳƭŘ ƎƛǾŜ 
нпƘAutocorrelation Function Plot (ACF)



¦ƴŘŜǊǎǘŀƴŘƛƴƎ !/C tƭƻǘǎ
²Ŝ ŘŜŦƛƴŜŘ ŀ ¢ƛƳŜ {ŜǊƛŜǎ ŀǎ ŦƻƭƭƻǿǎΥ

[ŜǘΩǎ ƴƻǿ ŎƻƴǎƛŘŜǊ ǘƘŜ ŘŜƭŀȅŜŘ ¢ƛƳŜ {ŜǊƛŜǎ ƛƴ ŀ ƴŜǿ ǾŀǊƛŀōƭŜ

²ƘŜǊŜ ƪ ƛǎ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ƭŀƎΦ {ŜǘǘƛƴƎ          Σ 

ƛŦ      ƛǎ ǘƘŜ Lǘŀƭƛŀƴ D5t ƻŦ нллтΣ 

ƛǎ ǘƘŜ Lǘŀƭƛŀƴ D5t ƻŦ нллпΦ 

¢ƻ ŎƻƴǎǘǊǳŎǘ ŀ ŎƻǊǊŜƭƻƎǊŀƳΣ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴǎ 
ōŜǘǿŜŜƴ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ǎŜǊƛŜǎ ŀƴŘ ǎŜǾŜǊŀƭ ƭŀƎƎŜŘ 
ǎŜǊƛŜǎ ƻŦ ƪ ǇŜǊƛƻŘǎ ŀǊŜ ŜȄŀƳƛƴŜŘΤ ŦƻǊ ŜȄŀƳǇƭŜΣ ƎƛǾŜƴ 
ǘƘŜ ǎŜǊƛŜǎΦ
hƴŜ ƛŘŜŀƭƭȅ ŎƻƴǎǘǊǳŎǘǎ ŀ ǘŀōƭŜ ƭƛƪŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΣ 
ǿƘŜǊŜ Y ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƳŀȄƛƳǳƳ ǾŀƭǳŜ ƻŦ ƪΥ 
!ƴŘ ǘƘŜ Y ŎƻǊǊŜƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ¸ǘπŎƻƭǳƳƴ ŀƴŘ 
ŜŀŎƘ ƻŦ ǘƘŜ ¸ǘπƪ ŎƻƭǳƳƴǎ ŀǊŜ ŜȄŀƳƛƴŜŘΦ



Understanding ACF Plots
¢ƻ ŎƻƴǎǘǊǳŎǘ ŀ ŎƻǊǊŜƭƻƎǊŀƳΣ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴǎ 
ōŜǘǿŜŜƴ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ǎŜǊƛŜǎ ŀƴŘ ǎŜǾŜǊŀƭ ƭŀƎƎŜŘ 
ǎŜǊƛŜǎ ƻŦ ƪ ǇŜǊƛƻŘǎ ŀǊŜ ŜȄŀƳƛƴŜŘΤ ŦƻǊ ŜȄŀƳǇƭŜΣ ƎƛǾŜƴ 
ǘƘŜ ǎŜǊƛŜǎΦ
hƴŜ ƛŘŜŀƭƭȅ ŎƻƴǎǘǊǳŎǘǎ ŀ ǘŀōƭŜ ƭƛƪŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΣ 
ǿƘŜǊŜ Y ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƳŀȄƛƳǳƳ ǾŀƭǳŜ ƻŦ ƪΥ 
!ƴŘ ǘƘŜ Y ŎƻǊǊŜƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ¸ǘπŎƻƭǳƳƴ ŀƴŘ 
ŜŀŎƘ ƻŦ ǘƘŜ ¸ǘπƪ ŎƻƭǳƳƴǎ ŀǊŜ ŜȄŀƳƛƴŜŘΦ

¢ƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ƛǎ ŘƻƴŜ ōȅ ǾŀǊȅƛƴƎ ƪ ŦǊƻƳ м ǘƻ Y ŀƴŘ ƴƻǘƛƴƎ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴ Ǌ ōŜǘǿŜŜƴ ǘƘŜ ŎƻƭǳƳƴ     ŀƴŘ ǘƘŜ 
ƭŀƎƎŜŘ ǾŀǊƛŀōƭŜ ŎƻƭǳƳƴ          Υ

The autocovariance divided by the product of the 

standard deviations, i.e. the variance


