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Preface





Who is this Book For?


The focus of Data Science is to extract actionable insights and intelligence from data. Graph Data Science is an important domain of Data Science that stitches together data architecture and design, data analytics, statistical analysis, and machine learning.


In Graph Data Science with Python and Neo4j, you will find a comprehensive analysis of data analytics with graph theory, accompanied by practical exercises that cover multiple aspects and domains of graph data science. Readers will grasp both the fundamentals as well as the practical experience to implement this form of data analytics on their own. The book covers topics in graph data science related to exploratory data analysis, supervised machine learning, unsupervised machine learning, recommendation systems, and more.


Whether you are new to data science or a seasoned veteran, you will find this book to be a refreshingly simple introduction and application of this form of analytics.


At its core, graph data science is simply an intuitive representation of connected data. This book will illustrate how we can leverage this intuitive, connected data design to supercharge our data analytics.


What this Book Covers


This book expands beyond a surface-level explanation and delves into the nitty-gritty details of network structures, graph algorithms, and similarity networks. This book provides a comprehensive understanding of graph data science concepts.


Chapter 1. Introduction to Graph Data Science


This chapter is an introduction to graph data science. It starts with the basics of graph theory and emphasizes the value of graph visualizations in making data insights accessible. It explores the synergy between data science, machine learning, and graph technology. Additionally, it introduces Python programming as a crucial skill for leveraging Neo4j's capabilities and sets a foundation for advanced graph-based analysis in the chapters that follow.


Chapter 2. Getting Started with Python and Neo4j


This chapter guides you through the initial steps of setting up your environment for graph data science with Python and Neo4j. It begins with a walkthrough of installing Python, followed by an introduction to the Cypher Query Language, which is used to interact with Neo4j databases. The chapter also introduces Neo4j's interfaces, providing clarity on how to navigate and utilize them effectively including how to establish a connection between Python and the Neo4j database.


Chapter 3. Importing Data into the Neo4j Graph Database


This chapter compares graph databases to traditional relational databases and speaks to the benefits of the Neo4j graph database. It introduces graph database terminology, providing a foundation for understanding graph data structures. The chapter also covers the basics of the Neo4j Cypher query language which is used to query and manipulate data in Neo4j. Finally, it guides readers through the process of importing data into Neo4j.


Chapter 4. Cypher Query Language


This chapter centers around crafting Cypher queries. It starts with basic MATCH, WHERE, and RETURN operations and moves to advanced techniques using COLLECT, CONTAINS, and EXISTS. It introduces the concept of counting relationships or "degrees" of nodes. This chapter contains a section on generating Graph Data Science (GDS) projections and creating "similar" relationships between nodes based on common attributes. Finally, the chapter covers Cypher query "explain" plans for optimizing query performance.


Chapter 5. Visualizing Graph Networks


This chapter dives into using Neo4j Bloom for graph visualization. The chapter begins with setup instructions. It explains rules-based styling as well as exporting data to CSVs for sharing and further analysis. The chapter also speaks to the integration of graph data with Power BI for advanced visual analytics, streamlining the process from setup to creating compelling graph visualizations.


Chapter 6. Enriching Data with ChatGPT


This chapter begins by introducing the ChatGPT technology which lays the groundwork for integrating AI-driven insights into graph data analysis. The chapter explores a patent dataset, showcasing how to uncover patterns and insights from a rich network of patents. The chapter explores enriching data using the ChatGPT API in Python. Next, it details creating embeddings of patent summaries, a step crucial for understanding and leveraging the semantic content of patents. Finally, it concludes with techniques for reducing the size of vector embeddings, enabling their visualization with Plotly in Python.


Chapter 7. Neo4j Vector Index and Retrieval-Augmented Generation (RAG)


 This chapter covers vector indexing in Neo4j, starting with the preparation of stock market text data for vector embeddings. It outlines the process of creating and storing these embeddings in Neo4j, demonstrating how to enhance the depth and utility of a knowledge graph with contextual data.


Chapter 8. Graph Algorithms in Neo4j


This chapter explores advanced graph analysis techniques, starting with centrality measures to identify the most influential nodes within a network. It then explores community detection algorithms, which segment graphs into closely connected clusters. The chapter also introduces network embeddings and graph neural networks which are cutting-edge methods that translate graph structures into numerical representations, facilitating machine learning applications on graph data.


Chapter 9. Recommendation Engines Using Embeddings


This chapter walks readers through the process of loading a patent database dump into the Neo4j Desktop environment. It introduces two approaches to building recommendation engines: 1) the Retrieval-Augmented Generation (RAG) approach and 2) the RetrievalQA approach. The RAG section explores how to enhance recommendation systems by integrating retrieval capabilities with generative models, while the RetrievalQA part covers question-answering models for more precise recommendations.


Chapter 10. Fraud Detection


This chapter discusses fraud detection analysis which is a common use case for graph databases due to the nature of interconnected data. It discusses the importance of data engineering and the processes involved in enriching the fraud dataset. Furthermore, the chapter introduces graph data science techniques tailored for fraud detection.


Closing Summary: The Future of Graph Data Science


This concluding chapter envisions the future of graph data science. It emphasizes the role of graph technology in deriving actionable insights and the synergy between knowledge graphs and Large Language Models like GPT for deeper contextual understanding. This forward-looking perspective aims to inspire continued exploration in the field of graph data science.




	Libraries/Tools/Software/Platforms/Programming Languages/Tech:


	Neo4j: Graph database platform


	Python: Programming language for data science


	Cypher: Query language for Neo4j


	Neo4j Bloom: Tool for visualizing graph data


	Graph Embeddings: Techniques for node embeddings and representations














A Note from the Author





Dear readers,


Welcome to this exciting journey into the world of graph data science! I wrote this book to help others understand the concepts of graph data science more quickly, so they can begin to explore and implement these concepts on their own data. This topic has significantly changed my perception of best data practices because so many data use cases are truly graph problems. I am confident that you will quickly understand and embrace this as you read through this book. My goal is to help people like you get up to speed as quickly as possible. Code examples and a GitHub repo with all the code are provided to ensure that you are able to follow along with the examples and get your hands dirty with graph data science straight away!


We will start by introducing concepts of knowledge graphs, which exist all around us, along with the technologies used in this book to communicate and implement graph data science, including Neo4j and Python. Once we have set the foundation, we will dive into practical applications such as constructing knowledge graphs from structured and unstructured data using NLP techniques, implementing graph algorithms, and visualizing graph data to gain insights and knowledge from the data.


Furthermore, we will walk through many graph algorithms with helpful code examples along the way to enable you to follow along and digest the information in a meaningful way. Graph algorithms help us answer routine (yet difficult) questions. For example, “Who is the most ‘important’ person in this social graph?” or “Which item will this person ‘most likely’ choose to purchase next?”, or “Which of these businesses could be involved in illegal money laundering schemes?”


As you will see, the topic of graph data science stretches across many verticals, which is why I wanted to write this book - to assist data practitioners in their quest to better represent and interpret their data. Let’s prepare to embark on this graph data science journey together. All you have to do is follow along and stay curious – your brain will weave a knowledge graph from the contents of this book, delivering wisdom amidst the vast landscape of graph data science!


- Tim Eastridge
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https://github.com/ava-orange-education/Graph-Data-Science-with-Python-and-Neo4j
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In case there’s an update to the code, it will be updated on the existing GitHub repository.


Errata


We take immense pride in our work at Orange Education Pvt Ltd and follow best practices to ensure the accuracy of our content to provide an indulging reading experience to our subscribers. Our readers are our mirrors, and we use their inputs to reflect and improve upon human errors, if any, that may have occurred during the publishing processes involved. To let us maintain the quality and help us reach out to any readers who might be having difficulties due to any unforeseen errors, please write to us at :


errata@orangeava.com
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CHAPTER 1


Introduction to Graph Data Science



Introduction

In this chapter, we will provide an introduction and overview of graph data science as a method to explore contextual relationships in data. We will explore the significance and versatility of graphs in various domains. Our daily lives are full of graphs, from social media to the maps we use to drive to work, to the recommendations provided to us on our favorite TV streaming network.

We will analyze Python and Neo4j as the tools to learn and explore graphs. These tools offer extensive libraries as well as robust community support, which makes them a great choice for the journey of graph data science.

Structure

In this chapter, the following topics will be covered:


	Understanding Graphs, Graph Networks, and their Relevance

	Introduction to Neo4j Graph Database

	Overview of the Importance of Graph Visualizations

	Data Science and Machine Learning

	Introduction to Graph Data Science

	Introduction to the Python Programming Language




Data Science and Machine Learning


Before we jump into the fascinating world of graph data science, it’s important to clarify two fundamental terms: “data science” and “machine learning.” While we assume a certain level of familiarity with these concepts, we will guide you along the way.

Data Science is a multidisciplinary field that involves extracting knowledge and insights from data through various techniques such as data mining, data visualization, and statistical analysis. Data science involves the end-to-end process of acquiring, cleaning, transforming, and analyzing data to uncover patterns, make predictions, and drive better decision-making:
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Figure 1.1: Visual of end-to-end data analysis (Source: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRXeY_2rpyHpnH9QJYk61usUIQ1NTXrWrQefA&usqp=CAU)

Machine Learning, on the other hand, is a subset of data science that focuses on developing algorithms and models that enable computers to learn from data and make predictions or take actions without being explicitly programmed. Machine learning algorithms learn from historical data to identify patterns, make predictions, and automate decision-making processes on new, never-before-seen data.
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Figure 1.2: Visual of a computer processing a large amount of historical data and then exporting predictions (Source: https://www.dataversity.net/future-analytics-hype-real/)

In summary, while the two are often used as synonyms, data science provides the foundation and tools to explore, interpret, and gain insights from data, while machine learning leverages the data to build predictive models and make accurate predictions and/or automated decisions. Together, the two form a powerful combination that drives innovation and enables data-driven solutions.

Defining Graph

While you might first think of a graph as a pie chart or an x and y axis, we refer to a graph in this book as something else entirely. In discrete mathematics and graph theory, a graph is a structure that consists of objects or nodes (illustrated as dots in Figure 1.3) where pairs of objects or nodes are connected or related in some way. These objects can be referred to as vertices, nodes, or points. In this book, we will refer to these objects as nodes.

The connections between the vertices are referred to as edges, relationships, or links (illustrated as lines connecting the dots in Figure 1.3). In this book, we will refer to the connections between nodes as relationships.

In Neo4j, data can be stored on both nodes and relationships. We will refer to this data as properties of either the node or relationship:


[image: ]


Figure 1.3: Nodes and Relationships (created using DALL-E)
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