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			Foreword

			We founded Comet in 2017 to provide machine learning developers with tools and empower them to create business value with artificial intelligence. Since then, tens of thousands of community practitioners worldwide have adopted Comet to manage and optimize models across the complete MLOps life cycle.

			We work with organizations across industries, including Affirm, Ancestry, Etsy, The RealReal, Uber, and Zappos, who use Comet to increase productivity, accelerate model development, and achieve value with AI.

			We were thrilled to have Dr. Angelica Lo Duca join our community when she shared her work on Heartbeat, Comet’s editorially independent publication. As she learned more about our MLOps platform, she shared those learnings with readers through clear, concise language and detailed code snippets and model visualizations.

			A data journalist, Dr. Lo Duca guides the reader through the machine learning development journey with Comet, from exploratory data analysis through model deployment, showing the process of creating business value. In reading this book, you will come to understand Dr. Lo Duca’s strategic use of Comet and her perspectives on how our platform plays a key role in the modern MLOps stack.

			Writing a book is a huge undertaking, and while Dr. Lo Duca wrote and produced this book independently, we have supported her by reviewing the content. We hope it is useful as you explore what is possible when you use Comet to manage and optimize machine learning and deep learning models across the complete development life cycle.

			Sign up for your free Comet account and join our Slack community. Simply visit Comet’s website (www.comet.com) to find us. Also, I personally invite you to share your work with our community! We look forward to learning about the amazing discoveries and business value you create with Comet. 

			Happy reading,

			Gideon Mendels CEO and Founder Comet
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			Preface

			A recent survey of machine learning professionals (https://www.comet.com/site/about-us/news-and-events/press-releases/comet-releases-new-survey-highlighting-ais-latest-challenges-too-much-friction-too-little-ml/) concluded that about 40%–60% of interviewed professionals abandoned their data science projects because they were not able to manage the full life cycle process of their data science projects. I’m a data science researcher, and before encountering Comet, I belonged to that 40%–60% of professionals who abandon their data science projects. In fact, during my working experience, I have abandoned many projects without concluding them because of the nature of research, where you test an idea and, if it does not work, you drop it.

			Almost a year ago, I discovered Comet, a platform for model tracking and monitoring, and some wonderful people from its team, who opened my mind to the many features provided by Comet. I began to study it, with the hope of keeping my projects organized and moving them from early stages to production. I realized that I was able to conclude all the projects I implemented in Comet because of the simplicity of the platform.

			Comet for Data Science is the result of my studies and tests, as well as the countless biweekly meetings with the Comet team. The book aims at helping you to learn how to manage a data science project workflow, from its early stages up to project deployment and reporting. In a single sentence, Comet for Data Science is written to help you to conclude your data science projects successfully.

			By picking this book, you will look at the general concepts of data science from a Comet perspective, with the hope that you will increase your productivity. The book will take you through the journey of building a data science project and integrating it into Comet, including exploratory data analysis, model building and evaluation, report building, and, finally, moving the model to production. Throughout the book, you will implement many practical examples that you can use to better understand the described concepts, as well as starting points for your projects.

			I hope that this book will add something to your knowledge, and – why not? – help you to become a better data scientist!

			Happy reading! 

			Who this book is for

			This book is for data scientists and data analysts who want to learn how to manage and optimize a complete data science project life cycle using Comet and other DevOps platforms. This book is also useful for those who aim at increasing their productivity by means of a practical tool for model tracking and monitoring. Prior programming knowledge of Python is assumed.

			What this book covers

			Chapter 1, An Overview of Comet, is a general introduction to Comet, an experimentation platform, which allows you to manage and optimize machine learning projects, from their early stages to their final deployment. First, you will learn what Comet is and who its target users are. Then, you will get familiar with the Comet basic concepts, including projects, experiments, workspaces, and panels. Finally, you will build two basic use cases in Comet.

			Chapter 2, Exploratory Data Analysis in Comet, guides you to use Comet to perform Exploratory Data Analysis (EDA). First, you will be introduced to the main steps to perform EDA, including problem setting, data preparation, preliminary data analysis, and preliminary results. Then, you will review the main two techniques used to perform EDA: visual and non-visual EDA. Finally, you will learn how to use Comet for EDA through a practical example.

			Chapter 3, Model Evaluation in Comet, guides you to use Comet to perform model evaluation. First, you will be introduced to the main concepts to evaluate the performance of a model, such as data splitting, how to choose metrics for evaluation, and the basic concepts behind error analysis. Then, you will see the main model evaluation techniques for different data science tasks (classification, regression, and clustering). Finally, you will learn how to use Comet for model evaluation, through a practical example.

			Chapter 4, Workspaces, Projects, Experiments, and Models, deepens some concepts regarding Comet. First, you will see some advanced concepts on workspaces, projects, and experiments, as well as how to perform parameter optimization in Comet. Then, you will learn how to implement a Comet experiment using R or Java as the main programming language. Finally, you will extend the basic examples implemented in Chapter 1, An Overview of Comet.

			Chapter 5, Building a Narrative in Comet, describes some strategies to build a good report in Comet. First, you will review the basic concepts and techniques to build a narrative from data, including an overview of the DIKW pyramid, and how to turn your data into a story. Then, you will learn how to build a narrative in Comet through two practical examples. 

			Chapter 6, Integrating Comet into DevOps, provides you with practical concepts and examples on DevOps and MLOps and how to integrate them into Comet. First, you will review the basic concepts and best practices related to DevOps and MLOps. Then, you will learn how to integrate Comet into the DevOps/MLOps paradigm through the concept of the REST API. Next, you will analyze Docker and Kubernetes, two of the most common frameworks for DevOps. Finally, you will learn how to integrate Comet in Docker and Kubernetes through two practical examples.

			Chapter 7, Extending the GitLab DevOps Platform with Comet, describes the concept of Continuous Integration (CI) and Continuous Delivery (CD), how to implement it using GitLab, and how to integrate Comet in a CI/CD workflow. First, you will review the basic concepts of CI/CD, including the CI/CD workflow and the concept of a source control system. Then, you will see the GitLab basic concepts, including an overview of its architecture, how versioning works, and the basic GitLab commands. 

			Then, you will configure GitLab to work with Comet. Finally, you will see a practical example that will help you to get familiar with the described concepts. 

			Chapter 8, Comet for Machine Learning, provides you with an overview of the Machine Learning (ML) concepts, with a focus on the scikit-learn library, and how to integrate them in Comet. First, you will review the basic ML concepts, including a classification of the main ML systems, the main ML models, and their main challenges. Then, you will review the scikit-learn package, with a focus on preprocessing, dimensionality reduction, model selection, supervised learning, and unsupervised learning. Finally, you will learn how to integrate Comet with scikit-learn through a practical example.

			Chapter 9, Comet for Natural Language Processing, illustrates the main concepts behind Natural Language Processing (NLP), with a focus on the Spark NLP library, and how to integrate the main concepts in Comet. First, you will review the basic NLP workflow and also learn how to classify the main NLP systems and what their main challenges are. Then, you will review the Spark NLP library, including the concepts of annotation and pipeline. Finally, you will learn how to integrate Comet with Spark NLP through a practical example.  

			Chapter 10, Comet for Deep Learning, describes the main concepts behind Deep Learning (DL), with a focus on the TensorFlow library, and how to integrate them in Comet. First, you will review the basic concepts behind neural networks, their difference with respect to DL networks, and how to classify DL networks. Then, you will review the TensorFlow library, with a focus on how to load a dataset, as well as how to build a train a model. Finally, you will learn how to integrate Comet with TensorFlow through a practical example.   

			Chapter 11, Comet for Time Series Analysis, reviews the main concepts related to Time Series Analysis (TSA), with a focus on the Prophet library, and how to integrate them into Comet. First, you will review the basic concepts behind TSA, including the concept of stationarity, the time series components, and how to check the presence of breakpoints in a time series. Then, you will be introduced to the Prophet library, with a focus on how to build a prediction model. Finally, you will learn how to integrate Comet with Prophet through a practical example.

			To get the most out of this book

			You should have a basic knowledge of data science, as well as its general objectives. In addition, you should be familiar with the Python language, and, in particular with the pandas and matplotlib libraries.

			You will need a version of Python installed on your computer – Python 3.8, if possible. Almost all code examples have been tested using macOS Monterey 12.0.1, with the exception of software in Chapter 10, Comet for Deep Learning, which has been tested on Google Colab. However, code examples should work with future version releases too.

			[image: ]

			You should notice that the code examples described in Chapter 4, Workspaces, Projects, Experiments, and Models, require a different version of Java with respect to those described in Chapter 9, Comet for Natural Language Processing.

			In addition, to make Comet work, you need to sign up to the Comet platform (https://www.comet.com/signup) and create an account.

			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 (a link is available in the next section). Doing so will help you avoid any potential errors related to the copying and pasting of code.

			Download the example code files

			You can download the example code files for this book from GitHub at https://github.com/PacktPublishing/Comet-for-Data-Science. 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/sJpZu.

			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 extensions, pathnames, dummy URLs, user input, and Twitter handles. Here is an example: “We note that some columns, such as country and reservation_status_date, have a high cardinality.”

			A block of code is set as follows:

			import pandas as pd

			import matplotlib.pyplot as plt

			import seaborn as sns

			from datetime import datetime

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

			pip install pandas-profiling

			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: “Regarding the Variables section, we can distinguish between categorical and numerical data.”

			Tips or Important Notes	

			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.

			Share Your Thoughts

			Once you’ve read Comet for Data Science, we’d love to hear your thoughts! Please click here to go straight to the Amazon review page for this book and share your feedback.

			Your review is important to us and the tech community and will help us make sure we’re delivering excellent quality content.
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			Section 1 – Getting Started with Comet

			This section will introduce the basic concepts behind Comet, including the main Comet components: workspaces, projects, experiments, and panels (Chapter 1, An Overview of Comet). In addition, you will learn how to use Comet to perform exploratory data analysis (Chapter 2, Exploratory Data Analysis in Comet) and model evaluation in Comet (Chapter 3, Model Evaluation in Comet). Throughout this section, we do not cover model building because we will deal with this aspect in a later section, with more details and examples.

			To get more familiar with the described concepts, you will be guided to implement some basic use cases, through step-by-step and commented examples in Python.

			The main focus of this section is to get you ready to work with all the main features provided by Comet.  

			This section includes the following chapters:

			
					Chapter 1, An Overview of Comet

					Chapter 2, Exploratory Data Analysis in Comet

					Chapter 3, Model Evaluation in Comet

			

		

	


		
			Chapter 1: An Overview of Comet

			Data science is a set of strategies, algorithms, and best practices that we exploit to extract insights and trends from data. A typical data science project life cycle involves different steps, including problem understanding, data collection and cleaning, data modeling, model evaluation, and model deployment and monitoring. Although every step requires some specific skills and capabilities, all the steps are strictly connected to each other and, usually, they are organized as a pipeline, where the output of a module corresponds to the input of the next one.

			In the past, data scientists built complete pipelines manually, which required much attention: a little error in a single step of the pipeline affected the following steps. This manual management led to an extension of the time to market for complete data science projects. 

			Over the last few years, thanks to the improvements introduced in the fields of artificial intelligence and cloud computing, many online platforms have been deployed, for the management and monitoring of the different steps of a data science project life cycle. All these platforms allow us to shorten and facilitate the time to market of data science projects by providing well-integrated tools and mechanisms.

			Among the most popular platforms for managing (almost) the entire life cycle of a data science project, there is Comet. Comet is an experimentation platform that provides an easy interface with the most popular data science programming languages, including Python, Java, JavaScript, and R software. This book provides concepts and extensive examples of how to use Comet in Python. However, we will give some guidelines on how to exploit Comet with other programming languages in Chapter 4, Workspaces, Projects, Experiments, and Models.

			The main objective of this chapter is to provide you with a quick-start guide to implementing your first simple experiments. You will learn the basic concepts behind the Comet platform, including accessing the platform for the first time, the main Comet dashboard, and two practical examples, which will help you to get familiar with the Comet environment. We will also introduce the Comet terminology, including the concepts of workspaces, projects, experiments, and panels. In this chapter, we will also provide an overview of Comet, by focusing on the following topics:

			
					Motivation, purpose, and first access to the Comet platform

					Getting started with workspaces, projects, experiments, and panels

					First use case – tracking images in Comet

					Second use case – simple linear regression

			

			Before moving on to how to get started with Comet, let's have a look at the technical requirements to run the experiments in this chapter. 

			Technical requirements

			The examples illustrated in this book use Python 3.8. You can download it from the official website at https://www.python.org/downloads/ and choose version 3.8. 

			The examples described in this chapter use the following Python packages:

			
					comet-ml 3.23.0

					matplotlib 3.4.3

					numpy 1.19.5

					pandas 1.3.4

					scikit-learn 1.0

			

			comet-ml

			comet-ml is the main package to interact with Comet in Python. You can follow the official procedure to install the package, as explained at this link: https://www.comet.ml/docs/quick-start/.

			Alternatively, you can install the package with pip in the command line, as follows:

			pip install comet-ml==3.23.0

			matplotlib

			matplotlib is a very popular package for data visualization in Python. You can install it by following the official documentation, found at this link: https://matplotlib.org/stable/users/getting_started/index.html.

			In pip, you can easily install matplotlib, as follows:

			pip install matplotlib== 3.4.3

			numpy

			numpy is a package that provides useful functions on arrays and linear algebra. You can follow the official procedure, found at https://numpy.org/install/, to install numpy, or you can simply install it through pip, as follows:

			pip install numpy==1.19.5

			pandas

			pandas is a very popular package for loading, cleaning, exploring, and managing datasets. You can install it by following the official procedure as explained at this link: https://pandas.pydata.org/getting_started.html.

			Alternatively, you can install the pandas package through pip, as follows:

			pip install pandas==1.3.4

			scikit-learn

			scikit-learn is a Python package for machine learning. It provides different machine learning algorithms, as well as functions and methods for data wrangling and model evaluation. You can install scikit-learn by following the official documentation, as explained at this link: https://scikit-learn.org/stable/install.html.

			Alternatively, you can install scikit-learn through pip, as follows:

			pip install scikit-learn==1.0

			Now that we have installed all the required libraries, we can move on to how to get started with Comet, starting from the beginning. We will cover the motivation, purpose, and first access to the Comet platform.

			Motivation, purpose, and first access to the Comet platform

			Comet is a cloud-based and self-hosted platform that provides many tools and features to track, compare, describe, and optimize data science experiments and models, from the beginning up to the final monitoring of a data science project life cycle. 

			In this section, we will describe the following: 

			
					Motivation – why and when to use Comet

					Purpose – what Comet can be used for and what it is not suitable for

					First access to the Comet platform – a quick-start guide to access the Comet platform

			

			Now, we can start learning more about Comet, starting with the motivation.

			Motivation

			Typically, a data science project life cycle involves the following steps:

			
					Understanding the problem – Define the problem to be investigated and understand which types of data are needed. This step is crucial, since a misinterpretation of data may produce the wrong results.

					Data collection – All the strategies used to collect and extract data related to the defined problem. If data is already provided by a company or stakeholder, it could also be useful to search for other data that could help to better model the problem.

					Data wrangling – All the algorithms and strategies used to clean and filter data. The use of Exploratory Data Analysis (EDA) techniques could be used to get an idea of data shape.

					Feature engineering – The set of techniques used to extract from data the input features that will be used to model the problem.

					Data modeling – All the algorithms implemented to model data, in order to extract predictions and future trends. Typically, data modeling includes machine learning, deep learning, text analytics, and time series analysis techniques.

					Model evaluation – The set of strategies used to measure and test the performance of the implemented model. Depending on the defined problem, different metrics should be calculated.

					Model deployment – When the model reaches good performance and passes all the tests, it can be moved to production. Model deployment includes all the techniques used to make the model ready to be used with real and unseen data.

					Model monitoring – A model could become obsolete; thus, it should be monitored to check whether there is performance degradation. If this is the case, the model should be updated with fresh data. 

			

			We can use Comet to organize, track, save, and make secure almost all the steps of a data science project life cycle, as shown in the following figure. The steps where Comet can be used are highlighted in green rectangles:

			
				
					[image: Figure 1.1 – The steps in a data science project life cycle, highlighting where Comet is involved in green rectangles ]
				

			

			Figure 1.1 – The steps in a data science project life cycle, highlighting where Comet is involved in green rectangles

			The steps involved include the following:

			
					Data wrangling – thanks to the integration with some popular libraries for data visualization, such as the matplotlib, plotly, and PIL Python libraries, we can build panels in Comet to perform EDA, which can be used as a preliminary step for data wrangling. We will describe the concept of a panel in more detail in the next sections and chapters of this book.

					Feature engineering – Comet provides an easy way to track different experiments, which can be compared to select the best input feature sets.

					Data modeling – Comet can be used to debug your models, as well as performing hyperparameter tuning, thanks to the concept of Optimizer. We will illustrate how to work with Comet Optimizer in the next chapters of this book.

					Model evaluation – Comet provides different tools to evaluate a model, including panels, evaluation metrics extracted from each experiment, and the possibility to compare different experiments.

					Model monitoring – Once a model has been deployed, you can continue to track it in Comet with the previously described tools. Comet also provides an external service, named Model Production Monitoring (MPM), that permits us to monitor the performance of a model in real time. The MPM service is not included in the Comet free plan.

			

			We cannot exploit Comet directly to deploy a model. However, we can easily integrate Comet with GitLab, one of the most famous DevOps platforms. We will discuss the integration between Comet and GitLab in Chapter 7, Extending the GitLab DevOps Platform with Comet. 

			To summarize, Comet provides a single point of access to almost all the steps in a data science project, thanks to the different tools and features provided. With respect to a traditional and manual pipeline, Comet permits automating and reducing error propagation during the whole data science process.

			Now that you are familiar with why and when to use Comet, we can move on to looking at the purpose of Comet.

			Purpose

			The main objective of Comet is to provide users with a platform where they can do the following:

			
					Organize your project into different experiments – This is useful when you want to try different strategies or algorithms or produce different models.

					Track, reproduce, and store experiments – Comet assigns to each experiment a unique identifier; thus, you can track every single change in your code without worrying about recording the changes you make. In fact, Comet also stores the code used to run each experiment.

					Share your projects and experiments with other collaborators – You can invite other members of your team to read or modify your experiments, thus making it easy to extract insights from data or to choose the best model for a given problem.

			

			Now that you have learned about the purpose of Comet, we can illustrate how to access the Comet platform for the first time.

			First access to the Comet platform

			Using Comet requires the creation of an account on the platform. The Comet platform is available at this link: https://www.comet.ml/. Comet provides different plans that depend on your needs. In the free version, you can have access to almost all the features, but you cannot share your projects with your collaborators. 

			If you are an academic, you can create a premium Comet account for free, by following the procedure for academics: https://www.comet.ml/signup?plan=academic. In this case, you must provide your academic account.

			You can create a free account simply by clicking on the Create a Free Account button and following the procedure. 

			Getting started with workspaces, projects, experiments, and panels

			Comet has a nested architecture, as shown in the following figure:

			
				
					[image: Figure 1.2 – The modular architecture in Comet ]
				

			

			Figure 1.2 – The modular architecture in Comet

			The main components of the Comet architecture include the following:

			
					Workspaces

					Projects

					Experiments

					Panels

			

			Let's analyze each component separately, starting with the first one – workspaces.

			Workspaces

			A Comet workspace is a collection of projects, private or shared with your collaborators. When you create your account, Comet creates a default workspace, named with your username. However, you can create as many workspaces as you want and share them with different collaborators.

			To create a new workspace, we can perform the following operations:

			
					Click on your username on the left side of the page on the dashboard.

					Select Switch Workspace | View all Workspaces.

					Click on the Create a workspace button.

					Enter the workspace name, which must be unique across the whole platform. We suggest prepending your username to the workspace name, thus avoiding conflicting names.

					Click the Save button.

			

			The following figure shows an account with two workspaces:

			
				
					[image: Figure 1.3 – An account with two workspaces ]
				

			

			Figure 1.3 – An account with two workspaces

			In the example, there are two workspaces, alod83, which is the default and corresponds to the username, and alod83-test.

			Now that we have learned how to create a workspace, we can move on to the next feature: projects.

			Projects

			A Comet project is a collection of experiments. A project can be either private or public. A private project is visible only by the owner and their collaborator, while a public project can be seen by everyone.

			In Comet, you can create as many projects as you want. A project is identified by a name and can belong only to a workspace, and you cannot move a project from one workspace to another.

			To create a project, we perform the following operations:

			
					Launch the browser and go to https://www.comet.ml/.

					If you have not already created an account, click on the top-right Create a free account button and follow the procedure. If you already have an account, jump directly to step 3.

					Log in to the platform by clicking the Login button located in the top-right part of the screen.

					Select a Workspace.

					Click on the new project button in the top-right corner of the screen.

					A new window opens where you can enter the project information, as shown in the following figure:

			

			
				
					[image: Figure 1.4 – The Create new project window ]
				

			

			Figure 1.4 – The Create new project window

			The window contains three sections: Name, where you write the project name, Description, a text box where you can provide a summary of the project, and Project Visibility, where you can decide to make the project either private or public. Enter the required information.

			
					Click on the Create button.

			

			The following figure shows the just-created Comet dashboard:

			
				
					[image: Figure 1.5 – A screenshot of an empty project in Comet ]
				

			

			Figure 1.5 – A screenshot of an empty project in Comet

			The figure shows the empty project, with a top menu where you can start adding objects.

			Experiments

			A Comet experiment is a process that tracks how some defined variables vary while changing the underlying conditions. An example of an experiment is hyperparameter tuning in a machine learning project. Usually, an experiment should include different runs that test different conditions.

			Comet defines the Experiment class to track experiments. All the experiments are identified by the same API key. Comet automatically generates an API key. However, if for some reason you need to generate a new API key, you can perform the following steps:

			
					Click on your username on the left side of the page on the dashboard.

					Select Settings from the menu.

					Under the Developer Information section, click Generate API Key. This operation will override the current API key. 

					Click Continue on the pop-up window. You can copy the value of the new API key by clicking on the API Key button.

			

			We can add an experiment to a project by taking the following steps:

			
					Click on the Add button, located in the top-right corner.

					Select New Experiment from the menu.

					Copy the following code (Ctrl + C on Windows/Linux environments or Cmd + C on macOS) and then click on the Done button:# import comet-ml at the top of your file
from comet-ml import Experiment
# Create an experiment with your api key
experiment = Experiment(
    api_key="YOUR API KEY",
    project_name="YOUR PROJECT NAME",
    workspace="YOUR WORKSPACE",
)


			

			The previous code creates an experiment in Comet. Comet automatically sets the api_key, project_name, and workspace variables. We can paste the previous code after the code we have already written to load and clean the dataset.

			In general, storing an API key in code is not secure, so Comet defines two alternatives to store the API key. Firstly, in a Unix-like console, create an environment variable called COMET_API_KEY, as follows:

			export COMET_API_KEY="YOUR-API-KEY"

			Then, you can access it from your code:

			import os

			API_KEY = os.environ['COMET_API_KEY']

			The previous code uses the os package to extract the COMET_API_KEY environment variable.

			As a second alternative, we can define a .comet.config file and put it in our home directory or our current directory and store the API key, as follows:

			[comet]

			api_key=YOUR-API-KEY

			project_name=YOUR-PROJECT-NAME,

			workspace=YOUR-WORKSPACE

			Note that the variable values should not be quoted or double-quoted. In this case, when we create an experiment, we can do so as follows:

			experiment = Experiment()

			We can use the Experiment class to track DataFrames, models, metrics, figures, images, metrics, and artifacts. For each element to be tracked, the Experiment class provides a specific method. Every tracking function starts with log_. Thus, we have log_metric(), log_model(), log_image(), and so on.

			To summarize it in one sentence, experiments are the bridge between your code and the Comet platform.

			Experiments can also be used as context managers, for example, to split the training and test phases into two different contexts. We will discuss these aspects in more detail in Chapter 3, Model Evaluation in Comet.

			Now that you are familiar with Comet experiments, we can describe the next element – panels.

			Panels

			A Comet panel is a visual display of data. It can be either static or interactive. You can choose whether to make a panel private, share it with your collaborators, or make it public. While charts refer to a single experiment, panels can display data across different experiments, so we can define a panel only within the Comet platform and not in our external code.

			Comet provides different ways to build a panel:

			
					Use a panel template.

					Write a custom panel in Python.

					Write a custom panel in JavaScript.

			

			Let's analyze the three ways separately, starting with the first one: Use a panel template.

			From the main page of our project, we can perform the following operations:

			
					Click on the Add button located in the top-right corner of the page.

					Select New Panel.

					Choose the panel and select Add in the new window, as shown in the following figure:

			

			
				
					[image: Figure 1.6 – The main window to add a panel in Comet ]
				

			

			Figure 1.6 – The main window to add a panel in Comet

			The figure shows the different types of available panels, divided into four main categories, identified by the top menu: 

			
					BUILT-IN – Comet provides some basic panels.

					FEATURED – The most popular panels implemented by the Comet community and made available to everyone.

					WORKSPACE – Your private panels, if any.

					PUBLIC – All the public panels implemented by Comet users.

			

			We can configure a built-in panel by setting some parameters in the Comet interface, as shown in the following figure:

			
				
					[image: Figure 1.7 – Parameter configuration in a built-in Comet panel ]
				

			

			Figure 1.7 – Parameter configuration in a built-in Comet panel

			The figure shows the form for parameter configuration on the left and a preview of the panel on the right.

			While we can configure built-in panels through the Comet interface, we need to write some code to use the other categories of panels – featured, workspace, and public. In these cases, we select the type of panel, and then we configure the associated parameters, in the form of key-value pairs, as shown in the following figure:

			
				
					[image: Figure 1.8 – Parameters configuration in a featured, workspace, or public panel ]
				

			

			Figure 1.8 – Parameters configuration in a featured, workspace, or public panel

			On the left, the figure shows a text box, where we can insert the configuration parameters in the form of a Python dictionary: 

			{"key1" : "value1",

			 "key2" : "value2", 

			 "keyN" : "valueN"

			}

			Note the double quotes for the strings. The key-value pairs depend on the specific panel. 

			The previous figure also shows a preview of the panel on the right, with the possibility to access the code that generates the panel directly, through the Edit Code button.

			So far, we have described how to build a panel through an existing template. Comet also provides the possibility to write custom panels in Python or JavaScript. We will describe this advanced feature in the next chapter, on EDA in Comet.

			Now that you are familiar with the Comet basic concepts, we can implement two examples that use Comet:

			
					Tracking images in Comet

					Building a panel in Comet

			

			Let's start with the first use case – tracking images in Comet. 

			First use case – tracking images in Comet

			For the first use case, we describe how to build a panel showing a time series related to some Italian performance indicators in Comet. The example uses the matplotlib library to build the graphs.

			You can download the full code of this example from the official GitHub repository of the book, available at the following link: https://github.com/PacktPublishing/Comet-for-Data-Science/tree/main/01.

			The dataset used is provided by the World Bank under the CC 4.0 license, and we can download it from the following link: https://api.worldbank.org/v2/en/country/ITA?downloadformat=csv.

			The dataset contains more than 1,000 time series indicators regarding the performance of Italy's economy. Among them, we will focus on the 52 indicators related to Gross Domestic Product (GDP), as shown in the following table:

			
				
					[image: ]
				

			

			
				
					[image: Figure 1.9 – Time series indicators related to GDP used to build the dashboard in Comet ]
				

			

			Figure 1.9 – Time series indicators related to GDP used to build the dashboard in Comet

			The table shows the indicator name and its associated code. 

			We implement the Comet dashboard through the following steps:

			
					Download the dataset.

					Clean the dataset.

					Build the visualizations.

					Integrate the graphs in Comet.

					Build a panel.

			

			So, let's move on to building your first use case in Comet, starting with the first steps, downloading and cleaning the dataset.

			Downloading the dataset

			As already said at the beginning of this section, we can download the dataset from this link: https://api.worldbank.org/v2/en/country/ITA?downloadformat=csv. Before we can use it, we must remove the first two lines from the file, because they are simply a header section. We can perform the following steps:

			
					Download the dataset from the previous link.

					Unzip the downloaded folder.

					Enter the unzipped directory and open the file named API_ITA_DS2_en_csv_v2_3472313.csv with a text editor.

					Select and remove the first four lines, as shown in the following figure:

			

			
				
					[image: Figure 1.10 – Lines to be removed from the API_ITA_DS2_en_csv_v2_3472313.csv file ]
				

			

			Figure 1.10 – Lines to be removed from the API_ITA_DS2_en_csv_v2_3472313.csv file

			
					Save and close the file. Now, we are ready to open and prepare the dataset for the next steps. Firstly, we load the dataset as a pandas DataFrame:import pandas as pd
df = pd.read_csv('API_ITA_DS2_en_csv_v2_3472313.csv') 


			

			We import the pandas library, and then we read the CSV file through the read_csv() method provided by pandas. 

			The following figure shows an extract of the table:

			
				
					[image: Figure 1.11 – An extract of the API_ITA_DS2_en_csv_v2_3472313.csv dataset ]
				

			

			Figure 1.11 – An extract of the API_ITA_DS2_en_csv_v2_3472313.csv dataset

			The dataset contains 66 columns, including the following:

			
					Country Name – Set to Italy for all the records.

					Country Code – Set to ITA for all the records.

					Indicator Name – Text describing the name of the indicator.

					Indicator Code – String specifying the unique code associated with the indicator.

					Columns from 1960 to 2020 – The specific value for a given indicator in that specific year.

					Empty column – An empty column. The pandas DataFrame names this column Unnamed: 65.

			

			Now that we have downloaded and loaded the dataset as a pandas DataFrame, we can perform dataset cleaning.

			Dataset cleaning

			The dataset presents the following problems:

			
					Some columns are not necessary for our purpose.

					We need only indicators related to GDP.

					The dataset contains the years' names in the header.

					Some rows contain missing values.

			

			We can solve the previous problems by cleaning the dataset with the following operations:

			
					Drop unnecessary columns.

					Filter only GDP-based indicators.

					Transpose the dataset to obtain years as a single column.

					Deal with missing values.

			

			Now, we can start the data cleaning process from the first step – drop unnecessary columns. We should remove the following columns:

			
					Country Name

					Country Code

					Indicator Code

					Unnamed: 65 

			

			We can perform this operation with a single line of code, as follows:

			df.drop(['Country Name', 'Country Code', 'Indicator Code','Unnamed: 65'], axis=1, inplace = True)

			The previous code exploits the drop() method of the pandas DataFrame. As the first parameter, we pass the list of columns to be dropped. The second parameter, (axis = 1), specifies that we want to drop columns, and the last parameter, (inplace = True), specifies that all the changes must be stored in the original dataset.

			Now that we have removed unnecessary columns, we can filter only GDP-based indicators. All the GDP-based indicators contain the following text: (% of GDP). So, we can select only these indicators by searching all the records where the Indicator Name column contains that text, as shown in the following piece of code:

			df = df[df['Indicator Name'].str.contains('(% of GDP)')]

			We can use the operation contained in square brackets (df['Indicator Name'].str.contains('(% of GDP)')) to extract only the rows that match our criteria, in this case, the rows that contain the string (% of GDP). We have exploited the str attribute of the DataFrame to extract all the strings of the Indicator Name column, and then we have matched each of them with the string (% of GDP). The contains() method returns True only if there is a match; otherwise, it returns False.   

			Now we have only the interesting metrics. So, we can move on to the next step: transposing the dataset to obtain years as a single column. We can perform this operation as follows:

			df = df.transpose()

			df.columns = df.iloc[0] 

			df = df[1:]

			The transpose() method exchanges rows and columns. In addition, in the transposed DataFrame, we want to rename the columns to the indicator name. We can achieve this through the last two lines of code. 
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1. tensorflow==2.8.2

Windows, macOS, or Linux

If you are using macOS, please make sure
that the chip is not Apple M1. To overcome
this problem, you can use Google Colab.

Java SE Development Kit 17.0.2 (optional for Chapter 4,
Workspaces, Projects, Experiments, and Models)

Windows, macOS, or Linux

Java libraries (optional for Chapter 4, Workspaces,
Projects, Experiments, and Models):

1. comet-java-sdk-1.1.10
weka 3.8.6

Windows, macOS, or Linux

R software (optional)

Windows, macOS, or Linux

R libraries (optional):
1. caret

2. cometr

Windows, macOS, or Linux

Docker Windows, macOS, or Linux
Kubernetes Windows, macOS, or Linux
git Windows, macOS, or Linux

Java 8 (required for Chapter 9, Comet for Natural
Language Processing)

Windows, macOS, or Linux

Apache Spark 3.1.2

Windows, macOS, or Linux
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Government expenditure per student, tertiary (% of GDP per capita) | SEXPD.TERT.PC.ZS
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Gross domestic savings (% of GDP) NY.GDS.TOTL.ZS
Gross fixed capital formation (% of GDP) NE.GDIL.FTOT.ZS
Gross fixed capital formation, private sector (% of GDP) NE.GDLFPRV.ZS
Gross national expenditure (% of GDP) NE.DAB.TOTL.ZS
Gross savings (% of GDP) NY.GNS.ICTR.ZS
Households' and NPISHs' final consumption expenditure (% of GDP) | NE.CON.PRVT.ZS
Imports of goods and services (% of GDP) NE.IMP.GNES.ZS
Industry (including construction), value added (% of GDP) NVIND.TOTL.ZS
Manufacturing, value added (% of GDP) NV.IND.MANEZS
Market capitalization of listed domestic companies (% of GDP) CM.MKT.LCAPGD.ZS
Merchandise trade (% of GDP) TG.VAL.TOTL.GD.ZS
Military expenditure (% of GDP) MS.MIL.XPND.GD.ZS
Mineral rents (% of GDP) NY.GDP.MINR.RT.ZS
Natural gas rents (% of GDP) NY.GDPNGAS.RT.ZS
Net acquisition of financial assets (% of GDP) GC.AST.TOTL.GD.ZS
Net incurrence of liabilities, total (% of GDP) GC.LBL.TOTL.GD.ZS
Net investment in nonfinancial assets (% of GDP) GC.NEN.TOTL.GD.ZS
Net lending (+) / net borrowing (-) (% of GDP) GC.NLD.TOTL.GD.ZS
Oil rents (% of GDP) NY.GDPPETR.RT.ZS
Personal remittances, received (% of GDP) BX.TREPWKR.DT.GD.ZS
Research and development expenditure (% of GDP) GB.XPD.RSDV.GD.ZS
Revenue, excluding grants (% of GDP) GC.REV.XGRT.GD.ZS
Services, value added (% of GDP) NV.SRV.TOTL.ZS
Stocks traded, total value (% of GDP) CM.MKT.TRAD.GD.ZS
Tax revenue (% of GDP) GC. TAX.TOTL.GD.ZS
Total natural resources rents (% of GDP) NY.GDPTOTL.RT.ZS
Trade (% of GDP) NE.TRD.GNFS.ZS
Trade in services (% of GDP) BG.GSR.NFSV.GD.ZS
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