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Foreword

Forecasting as a discipline has evolved significantly. For decades, the field was dominated by simple
models that often outperformed more complex ones. Machine learning methods, in various compe-
titions, were repeatedly shown to be uncompetitive or, at best, to add little value. This period, during
which I began my work in forecasting as a PhD student, has been termed the forecasting winter by some.

Since then, much has changed, and we now live in a different world in forecasting. With developments
like the global modeling paradigm and the availability of more data and data with higher frequencies,
machine learning methods have become highly competitive in many forecasting situations, and fore-
casting research is now driven by these approaches. Similarly, on the practitioner side, forecasting
is often carried out by data scientists with a machine learning background but limited specialized
training in forecasting. Their preferred programming tool is usually Python.

Manu'’s book is the first and most comprehensive resource reflecting this profound shift that I am
aware of. It brings together many concepts and ideas into a coherent and understandable format that
data scientists would otherwise struggle to acquire and understand. It should be the go-to resource
for any data science practitioner working in forecasting.

This second edition acknowledges the rapid developments in the field. It offers an update using the
most established software frameworks, such as the NIXTLAverse, introduces some of the latest models,
and also covers methods for probabilistic forecasting, most notably conformal prediction.

Manu and his co-author for this edition, Jeffrey, both have extensive practical experience and clearly
know their subject. Even I learned a few new things while reading the book.

Christoph Bergmeir

Maria Zambrano (Senior) Fellow
Department of Computer Science and AI
University of Granada

Spain
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Preface

Mankind has always sought the ability to predict the future. Since the earliest civilizations, people have
tried to predict the future. Shamans, oracles, and prophets used anything ranging from astrology and
palmistry to numerology to satisfy the human need to see into the future. In the last century, with the
developments in IT, the mantle of predicting the future landed on data analysts and data scientists.
And how do we predict the future? It’s not by examining the lines and creases on our hands or the
positions of the stars anymore but by using data that has been generated in the past. And instead of
prophecies, we now have forecasts.

Time, being the fourth dimension in our world, makes all the data generated in the world time series
data. All the data that is generated in the real world has an element of time associated with it. Wheth-
er the temporal aspect is relevant to the problem or not is another question altogether. However, to
be more concrete and immediate, we can find time series forecasting use cases in many industries,
such as retail, energy, healthcare, and finance. We might want to know how many units of a particular
product are to be dispatched to a particular store, or we might want to know how much electricity is
to be produced to meet demand.

In this book, using a real-world dataset, you will learn how to handle and visualize time series data
using pandas and plotly, generate baseline forecasts using darts, and use machine learning and
deep learning for forecasting, using popular Python libraries such as scikit-1learn and PyTorch. We
conclude the book with a few chapters that cover seldom-touched aspects, such as multi-step fore-
casting, forecast metrics and cross validation for time series.

The book will enable you to build real-world time series forecasting systems that scale to millions
of time series by mastering and applying modern concepts in machine learning and deep learning.

Who this book is for

The book is ideal for data scientists, data analysts, machine learning engineers, and Python developers
who want to build industry-ready time series models. Since the book explains most concepts from the
ground up, basic proficiency in Python is all you need. A prior understanding of machine learning
or forecasting would help speed up the learning. For seasoned practitioners in machine learning
and forecasting, the book has a lot to offer in terms of advanced techniques and traversing the latest
research frontiers in time series forecasting.
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What this book covers

Part 1—Getting Familiar with Time Series

Chapter 1, Introducing Time Series, is all about introducing you to the world of time series. We lay down
a definition of time series and talk about how it is related to a Data Generating Process (DGP). We will
also talk about the limits of forecasting and talk about what we cannot forecast, and then we finish
off the chapter by laying down some terminology that will help you understand the rest of the book.

Chapter 2, Acquiring and Processing Time Series Data, covers how you can process time series data. You
will understand how different forms of time series data can be represented in a tabular form. You will
learn different date-time-related functionalities in pandas and learn how to fill in missing data using
techniques suited for time series. Finally, using a real-world dataset, you will go through a step-by-step
journey in processing time series data using pandas.

Chapter 3, Analyzing and Visualizing Time Series Data, furthers your introduction to time series by learn-
ing how to visualize and analyze time series. You will learn different visualizations that are commonly
used for time series data and then learn how to go one level deeper by decomposing time series into its
components. To wrap it up, you will also look at ways to identify and treat outliers in time series data.

Chapter 4, Setting a Strong Baseline Forecast, gets right to the topic of time series forecasting as we use
tried and tested methods from econometrics, such as ARIMA and exponential smoothing, to generate
strong baselines. These efficient forecasting methods will provide strong baselines so that we can
go beyond these classical techniques and learn modern techniques, such as machine learning. You
will also get an introduction to another key topic—assessing forecastability using techniques such as
spectral entropy and coefficient of variation.

Part 2—Machine Learning for Time Series

Chapter 5, Time Series Forecasting as Regression, starts our journey into using machine learning for
forecasting. A short introduction to machine learning lays down the foundations of what is to come
in the next chapters. You will also understand, conceptually, how we can cast a time series problem
as a regression problem so that we can use machine learning for it. To close off the chapter, we tease
you with the possibility of global forecasting models.

Chapter 6, Feature Engineering for Time Series Forecasting, shifts gear into a more practical lesson. Using
a real-world dataset, you will learn about different feature engineering techniques, such as lag fea-
tures, rolling features, and Fourier terms, which help us formulate a time series problem as a regression
problem.

Chapter 7, Target Transformations for Time Series Forecasting, continues the practice of exploring differ-
ent target transformations to accommodate non-stationarity in time series. You will learn techniques
such as the augmented Dickey-Fuller test and Mann-Kendall test to identify and treat non-stationarity.

Chapter 8, Forecasting Time Series with Machine Learning Models, continues from where the last chapter
left off to start training machine learning models on the dataset we have been working on. Using the
standard code framework present in the book, you will train models such as linear regression, random
forest, and gradient-boosted decision trees on our dataset.
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Chapter 9, Ensembling and Stacking, takes a step back and explores how we can use multiple forecasts
and combine them to create a better forecast. You will explore popular techniques such as best fit, dif-
ferent versions of the hill-climbing algorithm, simulated annealing, and stacking to combine the different
forecasts we have generated to get a better one.

Chapter 10, Global Forecasting Models, concludes your guided journey into machine learning-enabled
forecasting to an exciting and new paradigm—global forecasting models. You will learn how to use
global forecasting models and industry-proven techniques to improve their performance, which
finally lets you develop scalable and efficient machine learning forecasting systems for thousands of
time series.

Part 3—Deep Learning for Time Series

Chapter 11, Introduction to Deep Learning, we switch tracks and start with a specific type of machine
learning—deep learning. In this chapter, we lay the foundations of deep learning by looking at different
topics such as representation learning, linear transformations, activation functions, and gradient descent.

Chapter 12, Building Blocks of Deep Learning for Time Series, continues the journey into deep learning by
making it specific to time series. Keeping in mind the compositionality of deep learning systems, you
will learn about different building blocks with which you can construct a deep learning architecture.
The chapter starts off by establishing the encoder-decoder architecture and then talks about different
blocks such as feed forward networks, recurrent neural networks, and convolutional neural networks.

Chapter 13, Common Modeling Patterns for Time Series, strengthens the encoder-decoder architecture
that you saw in the previous chapter by showing you a few concrete and common patterns in which
you can arrange building blocks to generate forecasts. This is a hands-on chapter where you will be
creating forecasts using deep learning-based tabular regression and different sequence-to-sequence models.

Chapter 14, Attention and Transformers for Time Series, covers the contemporary topic of using atten-
tion to improve deep learning models. The chapter starts off by talking about a generalized attention
model with which you will learn different types of attention schemes, such as scaled dot product and
additive. You will also tweak the sequence-to-sequence models from the previous chapter to include
attention and then train those models to generate a forecast. The chapter then talks about transformer
models, which is a deep learning architecture that relies solely on attention, and then you will use
that to generate forecasts as well.

Chapter 15, Strategies for Global Deep Learning Forecasting Models, tackles yet another important aspect
of deep learning-based forecasting. Although the book talked about global forecasting models earlier,
there are some differences in how it is implemented for deep learning models. In this chapter, you will
learn how to implement global deep learning models and techniques on how to make those models
better. You will also see them working in the hands-on section, where we will be generating forecasts
using the real-world dataset we have been working with.
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Chapter 16, Specialized Deep Learning Architectures for Forecasting, concludes your journey into deep
learning-based time series forecasting by talking about a few popular, specialized deep learning archi-
tectures for time series forecasting. Using the concepts and building blocks you have learned through
the previous chapters, this chapter takes you to the cutting edge of research and exposes the leading
state-of-the-art models in time series forecasting such as N-BEATS, N-HiTS, Informer, Autoformer, and
Temporal Fusion Transformer. In addition to understanding them, you will also learn how to use these
models to generate forecasts using a real-world dataset.

Chapter 17, Probabilistic Forecasting and More, take you into the realm of probabilistic forecasting with
techniques like Conformal Prediction, Monte Carlo Dropout, Quantile Functions, and Probability Den-
sity Functions and enable you to practically implement these using popular open-source frameworks.
The chapter also takes the road less travelled in time series forecasting and talk about Intermittent
Forecasting, Interpretability, Cold Start Forecasting, and Hierarchical forecasting at a high level to
serve as a starting point in your journey into those.

Part 4—Mechanics of Forecasting

Chapter 18, Multi-Step Forecasting, tackles the rarely talked-about but highly relevant topic of multi-step
forecasting. You will learn about different strategies for generating forecasts for more than one time
step into the future, such as Recursive, Direct, DirRec, RecJoint, and Rectify. The book also talks about
the merits and demerits of each of them and helps you choose the right strategy for your problem.

Chapter 19, Evaluating Forecast Errors—A Survey of Forecast Metrics, traverses yet another topic that is
rarely talked about and rife with controversy, with many opinions from different quarters. You will
learn about different ways to measure the goodness of a forecast and through experiments, which you
can run, expose the strengths and weaknesses of different metrics. The chapter concludes by laying
down some guidelines that can help you choose the correct metric for your problem.

Chapter 20, Evaluating Forecasts—Validation Strategies, concludes the evaluation of forecasts and the
book by talking about different validation strategies we can use for time series. You will learn different
validation strategies such as hold-out, cross-validation, and their variations. The chapter also touches
upon aspects to keep in mind while designing validation strategies for global settings as well. At the
conclusion of the chapter, you will come across a few guidelines for choosing your validation strategies
and answers to questions such as can we use cross-validation for time series?

To get the most out of this book

The book has to be considered bundled with the notebooks and associated code base in GitHub and
is best used when both are used together. There are three levels of learning that you can do with the
book. The first one is enabled by the text in the book alone and it will take you through the theory,
build you intuitions and go through basic codes to get something implemented fast. To solidify the
learning, we recommend you take the next step and use the provided notebooks and experiment with
them. In most notebooks, we show how to do one thing in a particular way. But there are many levers,
like hyperparameters, that you can tweak and run to understand how the output changes with these
changes. This level of learning will make you understand the code and have a deeper understanding
of the concepts you learning from the book.
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And lastly, we have abstracted some code into src folder in the repository which is used in the note-
books. Your last and final level of learning is to go through and understand those so that you know how
it works under the hood. Most of the code is well commented so that its easier for you to understand
what’s happening under the hood of the functions and classes you used in the notebooks. This will
elevate your learning to a level where you can confidently apply these techniques to other use-cases
like a boss.

You should have basic familiarity with Python programming, as the entire code that we use for the
practical sections is in Python. Familiarity with major libraries in Python, such as pandas and scikit-
learn, are not essential (because the book covers some basics) but will help you get through the book
much faster. Familiarity with PyTorch, the framework the book uses for deep learning, is also not
essential but would accelerate your learning. Any of the software requirements shouldn't stop you
because, in today’s internet-enabled world, the only thing that is standing between you and a world
of knowledge is the search bar in your favorite search engine.

Setting up an environment

Setting up an environment, preferably a separate one, for the book is highly recommended. There
are two main ways we suggest to create the environment—Anaconda/Mamba or a Python virtual
environment.

Using Anaconda/Miniconda/Mamba

The easiest way to set up an environment is by using Anaconda, a distribution of Python for scientific
computing. You can use Miniconda, a minimal installer for Conda, as well if you do not want the
pre-installed packages that come with Anaconda. And you can also use Mamba, a reimplementation of
the conda package manager in C++. It is much faster than conda and is a drop-in replacement for conda.
Mamba is the recommended way because it has much less chances of getting stuck at the dreaded
Resolving dependencies... screen in Anaconda. If you are using Anaconda version 23.10 or above, then
you need not worry about Mamba that much because the fast and efficient package resolver is part
of anaconda by default.

1. Install Anaconda/Miniconda/Mamba/MicroMamba: Anaconda can be installed from https://
www . anaconda. com/products/distribution. Depending on your operating system, choose the
corresponding file and follow the instructions. Alternatively, you can install Miniconda from
here: https://docs.anaconda.com/miniconda/. You can install Mamba and MicroMamba
from here: https://mamba.readthedocs.io/en/latest/. If you are using Mamba, in all the
instructions below replace “conda" with “mamba".

2. Open conda prompt: To open Anaconda Prompt (or Terminal on Linux or macOS), do the
following:

+  Windows: Open the Anaconda Prompt (Start | Anaconda Prompt)
+  macOS: Open Launchpad and then open Terminal. Type conda activate.

«  Linux: Open Terminal. Type conda activate.


https://www.anaconda.com/products/distribution
https://www.anaconda.com/products/distribution
https://docs.anaconda.com/miniconda/
https://mamba.readthedocs.io/en/latest/
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Create a new environment: Use the following command to create a new environment of your
choice. For instance, to create an environment named modern_ts_2E with Python 3.10 (recom-
mended to use 3.10 or above), use the following command:

conda create -n modern_ts_2E python=3.10

Activate the environment: Use the following command to activate the environment:

conda activate modern_ts 2E

Install PyTorch from the official website: PyTorch is best installed from the official website. Go
to https://pytorch.org/get-started/locally/ and select the appropriate options for your
system. You can replace conda with mamba if you want to use Mamba to install.

Navigate to the downloaded code: Use operating systeg-specific commands to navigate to the
folder where you have downloaded the code. For instance, in Windows, use cd.

Install the required libraries: Use the provided anaconda_env.yml file to install all the required
libraries. Use the following command:

conda env update --file anaconda_env.yml

This will install all the required libraries in the environment. This can take a while.

Checking the installation: We can check if all the libraries required for the book is installed
properly by executing a script in the downloaded code folder, python test_installation.py.
If the GPU is not showing up, install PyTorch again on top of the environment.

Activating the environment and Running Notebooks: Every time you want to run the notebooks,
first activate the environment using the conda activate modern_ts_2E command and then
use Jupyter Notebook (jupyter notebook) or Jupyter Lab (jupyter lab) according to your
preference.

Using Python Virtual environments and pip

If you prefer to stick to native Python for environment management, we have provided an alternate
requirements.txt as well, which should help you with that:

1.

Install Python: You can download Python from https://www.python.org/downloads/. Rec-
ommended to use 3.10 or above.

Create a virtual environment: Use the following command to create a virtual environment
named modern_ts_2E:

python -m venv modern_ts_2E

Activate the environment: Use the following command to activate the environment:

. Windows: modern_ts_2E\Scripts\activate

. macOS/Linux: source modern_ts_2E/bin/activate

Install PyTorch: PyTorch is best installed from the official website. Go to https://pytorch.
org/get-started/locally/ and select the appropriate options for your system.


https://pytorch.org/get-started/locally/
https://www.python.org/downloads/
https://pytorch.org/get-started/locally/
https://pytorch.org/get-started/locally/
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5. Navigate to the downloaded code: Use operating-system-specific commands to navigate to the
folder where you have downloaded the code. For instance, in Windows, use cd.

6. Install the required libraries: Use the provided requirements.txt file to install all the required
libraries. Use the following command:

pip install -r requirements.txt

This will install all the required libraries in the environment. This can take a while.

7. Checking the installation: We can check if all the libraries required for the book is installed
properly by executing a script in the downloaded code folder

python test_installation.py

8. Activating the environment and Running Notebooks: Every time you want to run the notebooks,
first activate the environment using the command modern_ts_2E\Scripts\activate (Win-
dows) or source modern_ts_2E/bin/activate (macOS/Linux) and then use Jupyter Notebook
(jupyter notebook) or Jupyter Lab (jupyter 1lab) according to your preference.

What to do when environment creation throws an error?

Considering the wide variety of computers around the world and ever-changing library dependencies,
there is a very real chance that the environment setup we are providing with the book (which is tested
and working as of Sept 2024) may not stand the test of time. In such cases, we recommend you open
the requirements.txt and see which libraries we are installing and try to figure out if downgrading
or upgrading versions will help you along.

Another way to tackle this will be to just install the packages that you need for a notebook when you
are using those. Mostly conflicts occur when we try to install different libraries into a same environ-
ment. For instance, one of the libraries needs PyTorch < 1.0.0, but some other library needs PyTorch >
1.0.0. In such cases, it makes sense to separate the two libraries into two environments or find another
version of the library that is compatible with others.

Your best friend in such situations is a Google search and subsequent trawling of GitHub comments
that complain of the same issue. As a last resort, you can also raise an issue in the book repository,
and we can try to help you out.

Download the data

You are going to be using a single dataset throughout the book. The book uses London Smart Meters
dataset from Kaggle for this purpose. Many of the notebooks from early chapters are dependencies
for some of the later chapters. As such, to remove this dependency if you want to run the notebooks
out of order, we have included a data.zip file with all the required datasets.

To set up, follow these steps:

1. Download the data from AWS: https://packt-modern-time-series-py.s3.eu-west-1.
amazonaws.com/data.zip.

2. Unzip the content.


https://packt-modern-time-series-py.s3.eu-west-1.amazonaws.com/data.zip
https://packt-modern-time-series-py.s3.eu-west-1.amazonaws.com/data.zip
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3. Copy over the data folder to the Modern-Time-Series-Forecasting-with-Python-2E folder
you pull from GitHub.

That’s it! You are now ready to start running the code.

If you are using the digital version of this book, we advise you to type the code yourself or access the
code from the book’s GitHub repository. Doing so will help you avoid any potential errors related to
the copying and pasting of code.

The code that is provided along with the book is in no way a library but more of a guide for you to
start experimenting on. The amount of learning you can derive from the book and code is directly
proportional to how much you experiment with the code and stray outside your comfort zone. So, go
ahead and start experimenting and putting the skills you pick up in the book to good use.

Download the example code files

You can download the example code files for this book from GitHub at https://github.com/
PacktPublishing/Modern-Time-Series-Forecasting-with-Python-2E. If there’s an update to the
code, it will be updated in the GitHub repository.

We also have other code bundles from our rich catalog of books and videos available at https://
github.com/PacktPublishing/. Check them out!

Download the color images

We also provide a PDF file that has color images of the screenshots and diagrams used in this book.
You can download it here: https://packt.link/gbp/9781835883181.

Conventions used

There are a number of text conventions used throughout this book.

Code in text:Indicates code words in text, database table names, folder names, filenames, file exten-
sions, pathnames, dummy URLSs, user input, and Twitter handles. Here is an example: “statsmodels.
tsa.seasonal has a function called seasonal_decompose.”

A block of code is set as follows:

res = seasonal_decompose(ts, period=7*48, model="additive", extrapolate_
trend="freq")

Any command-line input or output is written as follows:

conda env create -f anaconda_env.yml

Bold: Indicates a new term, an important word, or words that you see onscreen. For instance, words
in menus or dialog boxes appear in bold. Here is an example: “But if you look at the Time Elapsed
column, it stands out.”


https://github.com/PacktPublishing/Modern-Time-Series-Forecasting-with-Python-2E
https://github.com/PacktPublishing/Modern-Time-Series-Forecasting-with-Python-2E
https://github.com/PacktPublishing/
https://github.com/PacktPublishing/
https://packt.link/gbp/9781835883181
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; ﬂ,> IMPORTANT NOTES Appear like this.

(

\'/

_,@\_ Tips Appear like this.

Get in touch

Feedback from our readers is always welcome.

General feedback: If you have questions about any aspect of this book, email us at customercare@
packtpub.com and mention the book title in the subject of your message.

Errata: Although we have taken every care to ensure the accuracy of our content, mistakes do happen.
If you have found a mistake in this book, we would be grateful if you would report this to us. Please
visit www. packtpub.com/support/errata and fill in the form.

Piracy: If you come across any illegal copies of our works in any form on the internet, we would
be grateful if you would provide us with the location address or website name. Please contact us at
copyright@packt.com with a link to the material.

If you are interested in becoming an author: If there is a topic that you have expertise in and you are
interested in either writing or contributing to a book, please visit authors.packtpub. com.


www.packtpub.com/support/errata
authors.packtpub.com
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Don’t worry, now with every Packt book you get a DRM-free PDF version of that book at no cost.
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Part 1

Getting Familiar with Time
Series

We dip our toes into time series forecasting by understanding what a time series is, how to process and
manipulate time series data, and how to analyze and visualize time series data. This part also covers
classical time series forecasting methods, such as ARIMA, to serve as strong baselines.

This part comprises the following chapters:

*  Chapter 1, Introducing Time Series

«  Chapter 2, Acquiring and Processing Time Series Data

. Chapter 3, Analyzing and Visualizing Time Series Data
«  Chapter 4, Setting a Strong Baseline Forecast






Introducing Time Series

Welcome to Modern Time Series Forecasting with Python! This book is intended for data scientists or
machine learning (ML) engineers who want to level up their time series analysis skills by learning
new and advanced techniques from the ML world. Time series analysis is something that is commonly
overlooked in regular ML books, courses, and so on. They typically start with classification, touch upon
regression, and then move on. But it is also something that is immensely valuable and ubiquitous in
business. We look at the world from a three-dimensional perspective. Time is the hidden dimension
that we rarely think about, but is all-pervasive. And as long as time is one of the four dimensions in
the world we live in, time series data is all-pervasive too.

Analyzing time series data unlocks a lot of value for a business. Time series analysis isn’t new—it’s been
around since the 1920s. But in the current age of data, the time series that are collected by businesses
are growing larger and wider by the minute. Combined with an explosion in the quantum of data
collected and the renewed interest in ML, the landscape of time series analysis also changed consid-
erably. This book attempts to take you beyond classical statistical methods such as AutoRegressive
Integrated Moving Average (ARIMA) and introduce to you the latest techniques from the ML world
in time series analysis.

We are going to start with some fundamental concepts and quickly scale up to more complex topics.
In this chapter, we’re going to cover the following main topics:

. What is a time series?
«  Data-generating process (DGP)
. What can we forecast?

«  Forecasting terminology and notation

Technical requirements

You will need to set up the Anaconda environment by following the instructions in the Preface of the
book to get a working environment with all the libraries and datasets required for the code in this
book. Any additional library will be installed while running the notebooks.
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The associated code for the chapter can be found at https://github. com/PacktPublishing/Modern-
Time-Series-Forecasting-with-Python-2E/tree/main/notebooks/Chapterol.

What is a time series?

To keep it simple, a time series is a set of observations taken sequentially in time. The focus is on the
word time. If we keep taking the same observation at different points in time, we will get a time series.
For example, if you keep recording the number of bars of chocolate you have in a month, you’ll end
up with a time series of your chocolate consumption. Suppose you are recording your weight at the
beginning of every month. You get another time series of your weight. Is there any relation between
the two time series? Most likely, yeah. But we will be able to analyze that scientifically by the end of
this book.

A few other examples of time series are the weekly closing price of a stock that you follow, daily rainfall
or snowfall in your city, and hourly readings of your pulse rate from your smartwatch.

Types of time series

There are two types of time series data based on time intervals, as outlined here:

+  Regular time series: This is the most common type of time series, where we have observations
coming in at regular intervals of time, such as every hour or every month. For example, if
we take a time series of temperature in a city, we will get the time series in a regular interval
(whichever frequency we choose for observation).

+  Irregulartime series: There are a few time series where we do not have observations at regular
intervals of time. For example, consider we have a sequence of readings from lab tests of a
patient. We see an observation in the time series only when the patient heads to the clinic and
carries out the lab test, and this may not happen at regular intervals.

This book only focuses on regular time series, which are evenly spaced in time. Irregular

\E/\/ time series are slightly more advanced and require specialized techniques to handle them.
A couple of survey papers on the topic is a good way to get started on irregular time series,
and you can find them in the Further reading section of this chapter.

Main areas of application for time series analysis

There are broadly three important areas of application for time series analysis, outlined as follows:

+  Time series forecasting: Predicting the future values of a time series, given the past values—for
example, predict the next day’s temperature using the last 5 years of temperature data. This
use case is one of the most popular and important ones because any kind of planning we need
to do needs some visibility into the future. For instance, planning how many chocolates to
produce next month needs a forecast of expected demand.


https://github.com/PacktPublishing/Modern-Time-Series-Forecasting-with-Python-2E/tree/main/notebooks/Chapter01
https://github.com/PacktPublishing/Modern-Time-Series-Forecasting-with-Python-2E/tree/main/notebooks/Chapter01
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«  Time series classification: Sometimes, instead of predicting the future value of the time series,
we may also want to predict an action based on past values. For example, given historical
measurements from an electroencephalogram (EEG; tracking electrical activity in the brain)
or an electrocardiogram (EKG; tracking electrical activity in the heart), we need to predict
whether the result of an EEG or an EKG is normal or abnormal.

*  Outlier detection: There are some situations where we only want to detect if something is going
wrong or if something is out of the ordinary. In such cases, we need to use classification or
forecasting, but instead, we can do outlier detection. For instance, the wearable tech on your
body records accelerometer readings across time and can use outlier detection to identify
falls or accidents.

+  Interpretation and causality: You can use time-series analysis to understand the whats and
whys of the time series based on past values, understand the relationships between several
related time series, or derive causal inferences based on time series data. For example, we have
a time series of market share for a brand and another time series of advertising spend. Using
interpretation and causality techniques, we can start to understand how much advertising
investment is affecting the market share and possibly take appropriate action.

The focus of this book is predominantly on time series forecasting, but the techniques that
\@// you learn will help you approach time series classification problems also, with minimal
changes in the approach. Interpretation is also addressed, although only briefly, but causality
is an area that this book does not address because it warrants a whole different approach.

Now that we have an overview of the time series landscape, let’s build a mental model of how time
series data is generated.

Data-generating process (DGP)

We have seen that time series data is a collection of observations made sequentially along the time
dimension. Any time series is, in turn, generated by some kind of mechanism. For example, time se-
ries data of daily shipments of your favorite chocolate from the manufacturing plant is affected by a
lot of factors, such as the time of the year (holiday season, for example), the availability of cocoa, the
uptime of the machines working on the plant, and so on. In statistics, this underlying process that
generates the time series is referred to as the DGP. Time series data is produced by stochastic and
deterministic processes. The deterministic processes involve quantities that evolve in a predictable
manner over time. An example of this is the radioactive decay of an element, where the remaining
quantity diminishes according to a precise mathematical formula, leading to a consistent reduction
over time. But most of the interesting time series (from a forecasting perspective) are generated by
a stochastic process. A stochastic process is a way to describe how things change over time in a ran-
dom but somewhat predictable manner, like how the weather changes daily with some patterns and
probabilities involved. So, let’s discuss more about time series generated from stochastic processes.
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If we had complete and perfect knowledge of reality, all we would need to do would be to put this DGP
together in a mathematical form and you would get the most accurate forecast possible. But sadly,
nobody has complete and perfect knowledge of reality. So, what we try to do is approximate the DGP,
mathematically, as much as possible so that our imitation of the DGP gives us the best possible fore-
cast (or any other output we want from the analysis). This imitation is called a model that provides a
useful approximation of the DGP.

But we must remember that the model is not the DGP, but a representation of some essential aspects
of reality. For example, let’s consider an aerial view of Bengaluru and a map of Bengaluru, as repre-

sented here:
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Figure 1.1: An aerial view of Bengaluru (left) and a map of Bengaluru (right)

The map of Bengaluru is certainly useful—we can use it to go from point A to point B. But a map of
Bengaluru is not the same as a photo of Bengaluru. It doesn’t showcase the bustling nightlife or the
insufferable traffic. A map is just a model that represents some useful features of a location, such
as roads and places. The following diagram might help us internalize the concept and remember it:

. . Generates
Generates Learning from history

Figure 1.2: DGP, model, and time series
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Naturally, the next question would be this: Do we have a useful model? Every model has limitations and
challenges. As we have seen, a map of Bengaluru does not perfectly represent Bengaluru. But if our
purpose is to navigate Bengaluru, then a map is a very useful model. What if we want to understand
the culture? A map doesn't give you a flavor of that. So, now, the same model that was useful is utterly
useless in the new context.

Different kinds of models are required in different situations and for different objectives. For example,
the best model for forecasting may not be the same as the best model for making a causal inference.

We can use the concept of DGPs to generate multiple synthetic time series of varying degrees of
complexity.

Generating synthetic time series

Synthetic time series, or artificial time series, are excellent tools with which you can understand the
time series space, experiment with different techniques, and even test new models or modeling setups.
These time series are designed to be predictable, even though a bit challenging. Let’s take a look at a
few practical examples where we can generate a few time series using a set of fundamental building
blocks. You can get creative and mix and match any of these components, or even add them together
to generate a time series of arbitrary complexity.

White and red noise

An extreme case of a stochastic process that generates a time series is a white noise process. It has
a sequence of random numbers with zero mean and constant variance. This is also one of the most
popular assumptions of noise in a time series.

Let’s see how we can generate such a time series and plot it:

time = np.arange(200)

values = np.random.randn(200)*100
plot_time_series(time, values, "White Noise")
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Here is the output:

300
200

100

Value

-100

-200

-300

-400
0 20 40 60 80 100 120 140 160 180

Time
Figure 1.3: White noise process

Red noise, on the other hand, has zero mean and constant variance but is serially correlated in time.
This serial correlation or redness is parameterized by a correlation coefficient r, such that:

1
Xjp1 =7 x5+ (1 —=1r3)2-w

where w is a random sample from a white noise distribution.

Let’s see how we can generate that, as follows:

r=20.4

time = np.arange(200)

white_noise = np.random.randn(200)*100
values = np.zeros(200)

for i, v in enumerate(white_noise):

if i==0:
values[i]

0]
<

else:
values[i] = r*values[i-1]+ np.sqrt((1-np.power(r,2))) *v

plot_time_series(time, values, "Red Noise Process")
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Here is the output:
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Figure 1.4: Red noise process

Cyclical or seasonal signals
Among the most common signals you see in time series are seasonal or cyclical signals. Therefore,

you can introduce seasonality into your generated series in a few ways.

Let’s take the help of a very useful library to generate the rest of the time series—TimeSynth. For more
information, refer to https://github.com/TimeSynth/TimeSynth.

This is a useful library for generating time series. It has all kinds of DGPs that you can mix and match
and create an authentic synthetic time series.

Notebook alert:

&

For the exact code and usage, please refer to the associated Jupyter notebooks.

Let’s see how we can use a sinusoidal function to create cyclicity. There is a helpful function in
TimeSynth called generate_timeseries that helps us combine signals and generate time series. Have
a look at the following code snippet:

signal 1 =ts.signals.Sinusoidal(amplitude=1.5, frequency=0.25)

signal 2 = ts.signals.Sinusoidal(amplitude=1, frequency=0.5)


https://github.com/TimeSynth/TimeSynth
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samples_1, regular_time_samples, signals_1, errors_1 = generate_
timeseries(signal=signal_1)

samples_2, regular_time_samples, signals_2, errors_2 = generate_
timeseries(signal=signal_2)
plot_time_series(regular_time_samples,

[samples 1, samples 2],

"Sinusoidal Waves",

legends=["Amplitude =

1.5 | Frequency = 0.25", "Amplitude = 1
| Frequency = 0.5"])

Here is the output:
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Figure 1.5: Sinusoidal waves

Note the two sinusoidal waves are different with respect to the freq