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    Preface

    The Structured Query Language, better known as SQL, has been the main workhorse for data professionals over the past five decades. It is one of the most sought-after skills in the job market and is frequently tested in various job interviews. It is widely taught in colleges around the world, from computer science majors to business/statistics schools, and from undergraduate studies to doctoral programs. Yet, as popular as it is, there is a common complaint that the teaching and studying of SQL are isolated from the actual usage patterns in the real world. The authors have personally heard many new grads complaining that although they learned SQL in school, they still don’t know how to start writing SQL statements when they are assigned to their first projects at work. The traditional way of teaching is very well structured and detail-oriented but focuses on functionalities instead of the purpose and usage scenarios, creating a disconnect for beginners.

    This disconnect is exactly why this book is here. From the very first edition, this book has focused on one goal: to help beginners understand not only what is in SQL, but also when and how to use it. With this in mind, the contents of this book have been arranged based on the natural flow of everyday data usage, instead of following the semantic definitions of relational databases. The book also utilizes a combination of discussions, hands-on exercises, and exploratory activities, with GitHub-based sample code, to get you more involved in the learning process. Based on the overwhelmingly (thankfully!) positive feedback we have received, this goal has been well achieved.

    As positive as the response has been, ever since the third edition of this book, we have also noticed opportunities to improve. During the 2020 pandemic, the authors were engaged in several semesters of remote teaching of SQL, and had the opportunity to test different arrangements of SQL content and learning activities. It was observed that while students benefit from a mixture of lectures and hands-on exercises, the most welcomed approach is to have hands-on exercises immediately following lectures, and then have a related activity shortly after the exercises. As such, in this fourth edition, we have adjusted the topics to follow a learning path that is more natural for beginners, which was derived from our experience in remote teaching. We have added hands-on exercises right after each topic. Finally, as the chapters wrap up, we offer activities without step-by-step instructions for you to practice the skills you just obtained. We hope this new format makes the learning process easier. 

    SQL is already 55 years old, even older than the authors! Yet it is still evolving, and still dominating the data management practices. The authors, having been in the data management field for so long, are also actively learning and adapting. This book is also a part of this learning/adapting process. We would like to invite you to join us in this journey, and welcome your feedback so that this book can evolve too. Bon voyage!

    Who this book is for

    This book is primarily for beginners who would like to teach themselves how to use SQL for data analytics, but could also be useful for analytics professionals who would like to learn specific features and functionalities of SQL.

    What this book covers

    Chapter 1, Introduction to Data Management Systems, introduces how to represent real-world objects using data and provides a foundational understanding of relational databases and SQL. It also guides you through setting up a PostgreSQL database on your machine to store, organize, and analyze data effectively.

    Chapter 2, Creating Tables with Solid Structures, introduces the fundamentals of working with relational data using SQL, including creating tables, inserting data, and performing CRUD operations. It also covers defining data types, creating tables from existing datasets, and deleting tables, giving you a solid foundation for managing the full life cycle of relational data.

    Chapter 3, Exchanging Data Using COPY, introduces how to export data from and import data into a PostgreSQL database. These skills enable you to transfer data between PostgreSQL and external filesystems for tasks such as backup, migration, and integration.

    Chapter 4, Manipulating Data with Python, introduces the basics of getting started with Python and using it to manage data. You will learn how to set up a Python environment, connect to a relational database, and perform data manipulation tasks within the database.

    Chapter 5, Presenting Data with SELECT, introduces how to use SQL SELECT expressions to retrieve data from a database. It also covers filtering query results, enabling you to extract specific subsets of data based on defined conditions.

    Chapter 6, Transforming and Updating Data, introduces how to modify existing data and table structures in a database to reflect changes in real-world scenarios. It also covers applying data transformation functions and creating user-defined functions for more advanced and customized data processing.

    Chapter 7, Defining Datasets from Existing Datasets, introduces techniques for creating derived datasets, joining multiple tables, and performing set operations in SQL. These skills enable you to analyze complex relationships and combine data from various sources to support advanced data exploration and research.

    Chapter 8, Aggregating Data with GROUP BY, introduces how to aggregate data in SQL to summarize and extract key insights from raw datasets. It covers the use of GROUP BY and HAVING clauses to organize and filter aggregated results, helping you understand overall patterns and trends in your data.

    Chapter 9, Inter-Row Operation with Window Functions, introduces window functions in SQL, which allow you to perform calculations across rows related to the current row without collapsing the result set. It also covers advanced window definitions, enabling you to analyze row positions and relationships within partitions of your dataset.

    Chapter 10, Performant SQL, introduces how PostgreSQL scans databases and indexes to retrieve data efficiently. Understanding these mechanisms will help you write optimized queries that improve database performance.

    Chapter 11, Processing JSON and Arrays, introduces JSON and array data types in PostgreSQL. You will learn how to parse and work with these complex types, expanding your ability to manage data beyond traditional relational formats.

    Chapter 12, Advanced Data Types: Date, Text, and Geospatial, introduces how to work with specialized data types such as date and time, text, and geospatial data in PostgreSQL. By mastering their unique processing rules, you’ll enhance your ability to analyze complex real-world scenarios within a relational database.

    Chapter 13, Inferential Statistics Using SQL, introduces key inferential statistical concepts, including hypothesis testing, confidence intervals, and regression analysis. It covers how to use SQL for data processing alongside statistical knowledge to gain insights and support data-informed decisions.

    Chapter 14, A Case Study for Analytics Using SQL, introduces the fundamentals of data analytical systems and how to apply SQL for data analysis. You will learn how to connect your SQL skills with a real-world case study and gain an overview of the modern data management workflow.

    To get the most out of this book

    To get the most out of this book, do the following:

    
      	Combine the concepts you learn in this book with real-world examples that you run into at school or work

      	Access the SQL code in the GitHub repository of this book

    

    Download the example code files

    The code bundle for the book is hosted on GitHub at https://github.com/PacktPublishing/SQL-for-Data-Analytics-Fourth-Edition. 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/diagrams used in this book. You can download it here: https://packt.link/gbp/9781836646259.

    Conventions used

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

    CodeInText: Indicates code words in text, database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles. For example: “Here is an example of using the \COPY command to copy rows into a table from a file on the local machine.”

    A block of code is set as follows:

    SELECT product_id, model, base_msrp FROM products;


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

         product_name      | discount | discounted_price
-----------------------+----------+------------------
 Lemon                 |      0.9 |          359.991
 Lemon Limited Edition |      0.9 |          719.991
 Lemon                 |      0.9 |          449.991


    
      Warnings or important notes appear like this. 

    

    
      Tips and tricks appear like this. 

    

    Get in touch

    Feedback from our readers is always welcome.

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

    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 reported this to us. Please visit http://www.packtpub.com/submit-errata, click Submit 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@packtpub.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 http://authors.packtpub.com/.

    

    Share your thoughts

    Once you’ve read SQL for Data Analytics, 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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    Part 1

    Data Management Systems

    The first part of this book introduces how to describe and analyze real-world objects using data, starting with an understanding of relational databases and SQL. It guides you through setting up a PostgreSQL database to store and query data effectively. You will learn how to create, insert, and delete tables and perform CRUD operations using SQL. This part also covers how to import and export data between PostgreSQL and external filesystems. Finally, it introduces Python for database interaction and data manipulation, enabling you to manage relational data programmatically.

    This part of the book includes the following chapters:

    
      	Chapter 1, Introduction to Data Management Systems

      	Chapter 2, Creating Tables with Solid Structures

      	Chapter 3, Exchanging Data Using COPY

      	Chapter 4, Manipulating Data with Python

    

  


  
    1

    Introduction to Data Management Systems

    Data collection and analysis is an old practice dating back to the beginning of civilization. Records from ancient Egyptian papyrus suggest that pharaohs collected census information from villages, possibly to determine the number of soldiers that could be enlisted for war. Local authorities would collect the census and send it to the pharaoh’s court, where the data would be analyzed to determine the possible size of the army. The same process has been repeated thousands of times in the years since then. However, it was after the arrival of modern computers that the art of data analytics became a significant phenomenon that is changing people’s lives every day.

    This book, as its name suggests, teaches you how to use Structured Query Language (SQL) for data analytics. SQL is the language that you will be focusing on in the rest of the book. But before diving into SQL, this chapter will provide an overview of data management. You will be introduced to fundamental concepts of a typical data management system, which will lay the foundation for the concepts that future chapters will be based on, define the purpose of the SQL operations that you will learn about, and set up the infrastructure for analytics on which the SQL operations will run.

    The following topics are covered in this chapter:

    
      	Describing the world with data

      	Understanding relational databases and SQL

      	Setting up a PostgreSQL relational database

    

    With these topics, you will be able to analyze and interpret real-world objects using data effectively. You will also set up a PostgreSQL database on your machine to store, organize, and query data.

    Technical requirements

    In order to complete the exercises in this chapter, you need to have a computer that has internet connectivity, and you need to have the privilege to install software on the computer.

    
      
        
          
            	
              Free Benefits with Your Book

              Your purchase includes a free PDF copy of this book along with other exclusive benefits. Check the Free Benefits with Your Book section in the Preface to unlock them instantly and maximize your learning experience.

            
          

        
      

    

    Describing the world with data

    Start with a simple question: What is data? Data is the recorded description or measurements of something in the real world. A real-world object or event is a unit of observation. For example, an exam participation of one student is a unit of observation. Data is used to describe observations. In the case of these grades, a list of exam grades is data; that is, exam grades are a measure of the performance of students in exams.

    As you can imagine, there is a lot of data you can gather to describe a person. For a student, that can include their age, height, courses registered, exam grades, and more. One or more of these measurements used to describe a specific unit of observation is called a data point, and each measurement in a data point is called a variable (also referred to as a feature). When you have several data points together, you have a dataset. For example, you may have Student A, who is a 19-year-old male, and Student B, who is a 22-year-old female. Here, age is a variable. The age of student A is one measurement, and that of student B is another. 19 and 22 are the values of measurement. A compilation of data points with measurements such as the ages, heights, and exam grades of various people is called a dataset.

    For a given object of observation, there can be many measurements. It is important to note that data is collected for analytics as well as functional purposes. Not all measurements are relevant to the questions that you want to ask. For example, height, weight, and blood pressure measurements are very important if you are analyzing the students’ health conditions, but may not be relevant if you would like to evaluate their academic performances. In the latter case, exam grades are more relevant. Identifying relevant measurements is an important step to start the analytical process. You will do this in the process of data modeling.

    Data modeling

    Data modeling is the process of identifying the content of relevant data and its relationships. It helps in designing databases and structuring data in a way that supports business processes, ensures data integrity, and improves efficiency. Data modeling usually consists of three steps: conceptual, logical, and physical. It starts with the conceptual definition of concepts, and each following step is built on top of the step before.

    [image: Figure 1.1: Data modeling process]
    Figure 1.1: Data modeling process

    The first step of the general modeling process is the conceptual data model. A conceptual data model is a high-level abstract of real-world concepts and scenarios. It defines what data should be considered in the system, without considering the implementation details. For example, when you study the data model for an e-commerce system, you would first identify independent parties such as customers and products. Then you would identify the relationship between parties (e.g., customers purchase products). When you dive deeper into the operational process of the e-commerce system, you will see that the process requires a customer to place an order, which includes one or more product items. This study drives the general concept of product further into quantifiable value of purchased item counts and introduces conceptual parties such as order and order date. Conceptual data models provide a simplified, high-level representation of all the concepts in the system and help users understand, communicate, and collaborate on complex ideas or systems by offering a clear and shared understanding of its fundamental principles and functionality.

    The most popular conceptual data model is the entity-relationship model, or ER model. In an ER model, real-world objects are defined as entities (such as a customer or product) and relationships between different entities, usually with the help of a diagram (entity-relationship diagram, or ERD). The end product is a data model containing a set of entities, interconnected by relationships.

    The following diagram shows such an entity-relational diagram, which depicts an e-commerce system. In this model, the real-world scenario of e-commerce sales is broken down into multiple entities such as Customer, Salespeople, and Product. These entities meet each other at the Sales event:

    [image: Figure 1.2: An example entity-relationship diagram (ERD)]
    Figure 1.2: An example entity-relationship diagram (ERD)

    When discussing the relationship between entities, one important aspect is the degree to which each entity relates to others. This is called cardinality (i.e., the number of entities that can be associated with each other within a relationship). A customer can place many orders, but each order is only associated with one customer. This type of cardinality, in which one entity (customer and product) can be mapped to many other entities (order), is called one-to-many cardinality, or a 1:M relationship. If an entity can only have one mapping for another entity, this is called one-to-one cardinality, or a 1:1 relationship. For example, in the United States, each state has only one capital city, and each capital city can only be the capital of one state. This is a 1:1 relationship.

    The third and last cardinality type is many-to-many, also called an M:M relationship. It occurs when each of two entities can be mapped to multiple instances of the other. For example, each movie has multiple actors/actresses. Most actors/actresses play in multiple movies. Note that in an M:M relationship, it is possible that some individual entity relationships are 1:M. For example, a particular actor may only play in one movie. But as long as there is an instance where the relationship is M:M, the whole relationship’s cardinality is M:M.

    There are many ways of representing cardinality in an ER diagram. One of the most popular ways is Crow’s Foot Notation. In this notation, the 1 side of the relationship is represented by a short vertical line, as depicted in the customer ID on the customer entity side in Figure 1.2. The M side of the relationship is represented by a three-pronged fork, resembling a crow’s foot (hence the name), as depicted in the customer ID on the sales side in Figure 1.2. For M:M relationships, both sides will be depicted as the crow’s foot. 

    After you define what entities/relationships are needed and how they are related to each other in the data modeling process, you convert your conceptual model into a logical data model. A logical data model is a mid-level model that defines how the data will be structured mathematically and logically, typically using collections, tables, and attributes. Logical models are technology-independent. They follow the rules of a particular data organization (relational, document-oriented, etc.). For example, a relational logical model converted from the preceding conceptual model would have tables for customers, salespersons, products, and sales, with attributes such as Customer_ID, Product_ID, and Sales_Transaction_Date.

    A logical data model is about data organization. The data inside the model can be presented in many different forms. One of the most natural ways of recording data is to use the JavaScript Object Notation (JSON) document format. JSON represents data as key-value pairs. Keys are strings, and values can be strings, numbers, booleans, objects, or null. Some examples of key-value pairs include the following:

    "First Name": "John",
"Last Name": "Smith",


    When you have a collection of key-value pairs describing one single entity/relationship, you have a document. Each document is enclosed with a pair of curly braces {}. Key-value pairs within one document are separated by commas. For example, the following JSON document describes the relevant information of a student:

    {
  "First Name": "John",
  "Last Name": "Smith",
  "Age": 27,
  "ID": 1
}


    After data is defined, it must be collected and recorded. It must be properly received, stored within a location, retrieved as requested by the user, and sent out in the proper format. This must be done at the physical level and thus requires a physical data model.

    A physical data model is a low-level, technology-specific model. It defines how the data will be stored physically in a computer system. It includes table structures, indexes, partitions, storage details, access paths, and so on, and is optimized for performance by considering hardware, file organization, and storage methods. For example, a physical model built on top of the preceding logical model would specify data types (text, integer), indexes, tablespaces, and storage engine settings for each document collection.

    At the center of the physical model is the database. A database is an organized collection of data that is stored and managed electronically. It allows users to efficiently store, retrieve, update, and delete information. Database operations are usually handled by specific software, which is called the database management system (DBMS). If the DBMS handles the operations of JSON document databases, it is called a document-oriented database. There are many different types of DBMS, but the most important type is the relational DBMS, or RDBMS.

    A detailed explanation and implementation of data modeling is beyond the scope of this book. For beginner data analysts and data engineers, the key takeaway is to understand that before the collection and processing of data, efforts must be made to analyze the business questions and identify what data can/should be used. Equally important is how datasets are related to each other. For example, courses are taught by teachers and offered to students, sales orders are placed by customers for product items, and doctors’ appointments are tightly associated with patients, insurance, and specific health conditions. All these are defined during the data modeling process, and the data analysts and data engineers will build their data analytical tasks on the data model that is the result of the modeling process.

    Now that you have learned about the general data modeling process, in the next section, you will dive deeper into a specific data model, the relational model.

    Understanding relational databases and SQL

    Now that you have learned how to describe a real-world entity/relationship using a document comprised of key-value pairs, it is time to consider the downside of it (i.e., the inherited complexity of this modeling approach).First of all, key-value pairs within a document do not require any order. For example, the First Name key-value pair can show up either before or after the Last Name key-value pair. Furthermore, documents describing the same type of observation units (such as customers) can have different keys in different documents. A customer may have key-value pairs such as pets or children, or both, but also may not have either. These two characteristics, the lack of order and the flexibility of definition, reflect the real-world scenario and provide flexibility to the usage. The downside of them is that the applications utilizing these databases must carry the burden of checking key existence and searching for key-value pairs in an unsorted list. This can increase code complexity and degrade performance.

    In most real-world scenarios, documents in a dataset do share the same set of keys, and the key-value pairs will benefit from a defined order. For this type of dataset, it is possible to apply a modeling technique called the relational data model to make data organization simpler.

    The relational data model, invented by Dr. Edgar F. Codd in 1970, organizes data as relations, or sets of tuples. Tuple is the mathematical term for a series of attributes grouped together in a particular order. A more common (and more practical) name for a tuple is record. Each record consists of the same series of attributes that generally describe the record. 

    For instance, a fast-moving consumer goods company wants to track its customers and has the following documents:

    [
  {
    "First Name": "John",
    "Last Name": "Smith",
    "Age": 27,
    "ID": 1
  },
  {
    "ID": 2,
    "Age": 53,
    "First Name": "Mary",
    "Last Name": "Higgins"
  }
]


    The attributes in each record include information such as the customer’s last name, first name, age, date of signup, delivery address, and others. When converting this document array into a relational data model, you can save customer information in a relation called customers. Each record in this relation contains details about one customer. While the key-value pairs can be of any order in the JSON document, all these attributes in a relational model are arranged in a predefined order. This relation and its first two records will look like this: 
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    Table 1.1: An example relation – customers

    As shown, each relation is indeed a two-dimensional table that looks like an Excel spreadsheet. This two-dimensional table consists of rows with predefined columns. A row, also called a tuple or a record, represents a single record in the table. Furthermore, it represents a unique instance of a real-world object or event (i.e., an entity or relationship). For example, in the customers table, each row represents a single customer. In the products table, each row represents a single product. A column represents a specific attribute or characteristic of the data, such as the first name and last name of a customer. Each column has a name (field name) and a specific data type (e.g., VARCHAR, INT, DATE). All rows must have values under the same set of columns, and each column holds the same type of information for all rows in the table. There cannot be duplicate rows; otherwise, you will have two rows representing the same real-world object. There cannot be duplicate columns either, as you should not have duplicate descriptions of the same attribute of the entity/relationship.

    Finally, when you place these relations into a database, you get a relational database. A database that utilizes the relational model of data for the bulk of its datasets is called a relational database. Relational databases, built on top of a solid mathematical foundation, can be manipulated using a tool called relational algebra. This tool can be further implemented as a descriptive computer language for interaction with databases. This standard language for relational database operation is the Structured Query Language, or SQL. SQL is the language utilized by users of a relational DBMS to access and interact with the database. With the popularity of relational databases, SQL is arguably one of the most utilized computer languages in the world, and definitely the number one choice for operations in the data management field.

    Primary keys and foreign keys

    The preceding discussion regarding uniqueness raises an interesting question: how do you identify each unique real-world instance? For example, how do you map the first row of the customers table to a real customer? In the real world, entity instances come with different attributes that can uniquely identify them. For a customer, this can be the social security number or any system ID, such as an insurance policy number. For a product, this can be a manufacturer’s serial ID number. Such an attribute that can uniquely identify the instance is called a primary key. When defining your entity-relationship model, you must also define the primary key as an attribute of the entity/relationship and carry this key definition into the following logical/physical models.

    It is also possible that the primary key consists of multiple columns. This is common in relationships. For example, to identify a sales event, you need to identify the customer, the product, and the date/time that the sales occurred. So, the sales relationship’s primary key will include the primary key of the customer, the primary key of the product, and the transaction date/time. This is called a compound key. Here, the keys of customer and product are primary keys from outside tables (customers and products). They are called foreign keys in the sales table. They are used to establish relationships and ensure data consistency between tables.

    So far, the keys you have seen are all natural keys (i.e., an existing real-world attribute such as a social security number or email address. One issue with natural keys is that they may change over time, causing referential integrity issues. A common practice in data modeling is to create a surrogate key. A surrogate key is an artificially generated unique identifier for a record in a table, rather than using a natural key. Surrogate keys are guaranteed to be unique and never change. Surrogate keys are usually also faster for indexing, searching, and joining tables compared to long text-based natural keys because numeric keys require less storage and perform better in queries. For these reasons, surrogate keys are widely used in data modeling. For example, the ID column in Table 1.1 is a surrogate key that is automatically assigned to the customer and does not have business implications. Having a larger ID does not mean the customer is more important or less so. You can also create a surrogate key for sales events to simplify the data model.

    Normalization

    In practice, different data modelers can create different models for the same real-world usage scenario. All of them can help with the data analytics that you would like to perform. However, some models may contain redundancies, be more prone to mistakes in operation, or have less-than-ideal performance.

    In practice, the most common issue for data models is that the relationships between attributes are too complex. Models with this issue can be further optimized by applying normalization. Normalization is the practice of reviewing the definition of existing data models and applying a series of normal forms to these models. These normal forms are design principles that, when applied, can reduce the complexity of the model and make the data operation simpler.

    There are several normal forms; the most notable ones are the First Normal Form (1NF), Second Normal Form (2NF), and Third Normal Form (3NF), each built on top of the previous. A brief explanation is as follows:

    
      	First Normal Form: Data with substructures, such as arrays, is broken into smaller pieces that are easily accessible

      	Second Normal Form: Data depending only on a portion of a compound key is moved into separate tables to avoid redundancy

      	Third Normal Form: Data that does not depend on the key is broken into separate tables to simplify the processing

    

    The common trait, apparently, is to split overly complex tables into smaller ones. The process of applying these normal forms will generate a more optimized model.

    This book is a beginner’s book about SQL. It teaches the usage of SQL statements and functions, as well as their application in the data analytical process. As such, it will not dive deep into data modeling theories and practices. However, it is very important for data analysts and engineers to be aware of the preceding concepts, including the entity-relationship model and the normalization process, and their importance in setting up the framework in which later analytics take place. Understanding these concepts will help you create more efficient work.

    Advantages and disadvantages of SQL databases

    Since the invention of the relational model, SQL has become an industry standard for data management in nearly all computer applications—and for good reasons. SQL databases provide a range of advantages that make them the de facto choice for many applications:

    
      	Intuitive: Relations represented as tables serve as a common data structure that almost everyone understands. As such, working with and reasoning about relational databases is much easier than doing so with other models, such as graph models.

      	Efficient: Relational databases allow the representation of data without unnecessarily repeating it with the help of normalization. As such, relational databases can represent large amounts of information while utilizing less space. This reduced storage footprint also allows the database to reduce operation costs, making well-designed relational databases quick to process.

      	Declarative: SQL is a declarative language, meaning that when you write code, you only need to tell the computer what data you want, and the database takes care of determining how to execute the SQL code. You never have to worry about telling the computer how to access and pull data from the table.

      	Robust: Most popular SQL databases have a property known as atomicity, consistency, isolation, and durability (ACID) compliance, which guarantees the validity of the data, even if the hardware fails.

    

    That said, there are still some downsides to SQL databases, which are as follows:

    
      	Relatively lower specificity: While SQL is declarative, its functionality can often be limited to what has already been programmed into it. Although most popular relational database software is updated constantly with new functionality being built all the time, it can be difficult to process and work with data structures and algorithms that are not programmed into a relational database.

      	Limited scalability: SQL databases are incredibly robust, but this robustness comes at a cost. As the amount of information you have doubles, the cost of resources increases even more than double. When very large volumes of information are involved, other data stores such as NoSQL databases may be better.

      	Sacrificing performance for consistency: Relational databases are generally designed for consistency, which means they will take extra steps to make sure multiple users will see the same data when they try to access/modify the data at the same time. To achieve this, relational databases implement some complex checking and data locking mechanisms into their operational logic. For usage scenarios that do not require consistency, especially for high-performance operations such as search engines or social network sites, this is an unnecessary burden and will hurt the performance of the application.

      	Lack of semi-structured and unstructured data processing ability: The fundamental theory that SQL is built on is relational theory, which, by definition, handles only pre-defined data. Relational databases can store and fetch semi-structured and unstructured data. But to process this data, it requires processing power and functionalities that are beyond standard SQL. Later chapters of this book will cover some examples of this type of processing.

    

    Even with these disadvantages, relational databases are no doubt the dominant databases in the market. This book will help you understand the usage of relational databases, with the popular SQL tool. To begin this journey, you will set up a relational database on your own machine first, as detailed in the following section.

    Setting up a PostgreSQL relational database

    Relational DBMS (RDBMS) is the dominant DBMS in the current market. There are many different types of RDBMS. They can be loosely categorized into two groups, commercial and open source. Different RDBMSs differ slightly in the way they operate data and even in some minor parts of the SQL syntax. There is an American National Standards Institute (ANSI) standard for SQL, which is largely followed by all RDBMSs. But each RDBMS may also have its own interpretations and extensions of the standard.

    In this book, you will use one of the most popular open source RDBMSs, PostgreSQL. In this section, you will go through a series of exercises, install a copy of PostgreSQL on your local machine, launch its user interface, and import a sample database into your local PostgreSQL DBMS server. This PostgreSQL database will be used for the activities described in the rest of this book. After the installation, the PostgreSQL DBMS server will be running on the backend of your computer. Your data will be stored on the local machine’s hard disk. Users will access the data by communicating with the server via a client tool. There are many popular client tools that you can choose from. PostgreSQL itself comes with two tools, a graphical user interface called pgAdmin (sometimes called pgAdmin4), and a command-line tool called psql. You will check out both in this exercise. For the rest of this book, you will use psql for SQL operations.

    Exercise 1.1: Installing PostgreSQL on your local machine

    In this exercise, you will install PostgreSQL on your local machine. The instructions provided here are for installing and setting up PostgreSQL 17 (the most current version) on Windows. However, the basic workflow is the same for Linux and macOS. At the end of this exercise, you will find links to instructions for installing and setting up PostgreSQL 17 on Linux and macOS.

    Perform the following steps to complete the exercise:

    
      	Visit the PostgreSQL official site at https://www.postgresql.org/ and click on Download. You will see the following web page:

    

    [image: Figure 1.3: PostgreSQL download page]
    Figure 1.3: PostgreSQL download page

    
      	Click on the operating system that matches your local machine. Since you are using Windows for these instructions, the following page will appear:

    

    [image: Figure 1.4: PostgreSQL Windows installer page]
    Figure 1.4: PostgreSQL Windows installer page

    
      	Click on the Download the installer link. You will be provided with links for installation packages. For Windows, it is an EXE application. Note that the latest version that you see may be different from version 17.3, shown in Figure 1.5.

    

    [image: Figure 1.5: Current PostgreSQL version]
    Figure 1.5: Current PostgreSQL version

    
      	Once downloaded, you can run the application to start the installation process. The installer’s initial screen looks like the following:

    

    [image: Figure 1.6: PostgreSQL installer interface]
    Figure 1.6: PostgreSQL installer interface

    
      	You need to record the installation path of PostgreSQL, as later you will need to access programs inside the PostgreSQL folder. You should choose all the default settings, except that, on the Select Components page, you should uncheck the Stack Builder component. Stack Builder is a graphical tool that helps you download and install additional PostgreSQL modules. It is out of the scope of this book.

    

    [image: Figure 1.7: Select desired components]
    Figure 1.7: Select desired components

    
      	On the Password page, enter the superuser password. Each PostgreSQL installation comes with one superuser called postgres. You must set up its password in this step. You will need this password to log in to the PostgreSQL server and perform administrative work.

    

    [image: Figure 1.8: Enter superuser password]
    Figure 1.8: Enter superuser password

    After the password page, you will be asked about a few setup options, such as the port number and locale. For all these settings, choose the default values. After all these steps are completed, PostgreSQL is successfully set up on your local machine. The PostgreSQL server now runs in the background.

    You have seen how to install PostgreSQL on Windows systems here. For instructions to install it on other operating systems, please refer to the PostgreSQL documentation for your OS. The PostgreSQL download page for Linux can be found at https://www.postgresql.org/download/. This page provides the links for installation on different Linux flavors. The PostgreSQL download page for macOS can be found at https://www.postgresql.org/download/macosx/.

    Exercise 1.2: Accessing and understanding PostgreSQL

    In the previous exercise, you installed PostgreSQL on your machine. In this exercise, you will use the client tools provided by PostgreSQL to connect to the local PostgreSQL server, look at different components in the system, and try some simple queries against the database.

    Perform the following steps to complete the exercise:

    
      	Run the pgAdmin 4 tool provided by PostgreSQL.

      	pgAdmin is an open source management tool for PostgreSQL. PostgreSQL installation packages for Windows and macOS automatically install pgAdmin on your machine. For Linux installations, you need to check whether you need to install pgAdmin separately, depending on your operating system.

      	Open the Servers entry to access the local server in Object Explorer.

      	As pgAdmin opens, you will see Object Explorer on the left panel.

    

    [image: Figure 1.9: The pgAdmin interface]
    Figure 1.9: The pgAdmin interface

    
      	Object Explorer provides you with a consolidated view of PostgreSQL servers you have access to, as well as the object hierarchies within each server. By default, pgAdmin has a connection to the local server. You can also add more servers if you have their connectivity information.

      	When opening pgAdmin, you will be requested to enter the superuser password that you specified in Step 6 of Exercise 1.01:

    

    [image: Figure 1.10: Enter superuser password to open pgAdmin]
    Figure 1.10: Enter superuser password to open pgAdmin

    
      	Inside the local server, browse through the object hierarchy.

      	As discussed, the fundamental data storage unit in a relational database is a table. In PostgreSQL, tables are collected in common collections called schemas, and schemas are stored inside databases. Schemas are like folders that organize tables and other objects inside databases. Each database contains one or several schemas. For example, a products table can be placed in the analytics schema, which is in the postgres database. Tables are usually referred to in the format [schema].[table]. For example, a products table in the analytics schema would generally be referred to as analytics.products. There is also a special schema called public. This is a default schema. When you first enter the database querying interface, the database assumes the table exists in the public schema. For example, once you open pgAdmin, when you specify the products table without a schema name, the database will assume you are referring to the public.products table.

      	Inside Object Explorer, you can open up the object hierarchy under the local server. By default, there is only one database called postgres, and one schema, public, under the postgres database. When you scroll down the object hierarchy, you will also see a Tables collection under the public schema, which is empty for now.

    

    [image: Figure 1.11: PostgreSQL Object Explorer]
    Figure 1.11: PostgreSQL Object Explorer

    
      	In the next exercises, you will learn how to run commands against PostgreSQL databases and how to import a database into the local server, which comes with a pre-defined schema and tables.

    

    Exercise 1.3: Utilizing PostgreSQL query tools

    In this exercise, you will learn how to run a simple SQL query via pgAdmin and psql.

    Perform the following steps to complete the exercise:

    
      	Inside pgAdmin, expand the postgres database and then expand the public schema. Right-click on the Tables entry of the pgAdmin Object Explorer and choose Query Tool.

    

    [image: Figure 1.12: Open SQL query window in pgAdmin]
    Figure 1.12: Open SQL query window in pgAdmin

    
      	You will be brought to the query interface of pgAdmin. You can run SQL in the query window of pgAdmin. For example, you can type the following SQL statement in the query editor and click the Execute Script button to run the statement:
        select current_timestamp;


      

    

    This statement returns the current time:

    [image: Figure 1.13: Selecting the current timestamp from PostgreSQL]
    Figure 1.13: Selecting the current timestamp from PostgreSQL

    
      	Run the psql tool provided by PostgreSQL.

    

    psql is the interactive command-line tool provided by PostgreSQL for interacting with a PostgreSQL database. It allows users to connect to an existing server, execute SQL queries, manage database objects, and perform administrative tasks. By default, PostgreSQL installation packages will install psql in your local environment regardless of what operating system you use.

    For Windows and macOS systems, psql is directly offered as an application. To run psql in Linux, however, you need to get into your local PostgreSQL folder, which was specified during your installation (Step 5 of Exercise 1.01). You may need to check the subfolders to identify the exact location of the psql command. Then, you will launch the psql application by typing psql.

    Once launched, psql will ask you for the server connectivity information.

    In the following screenshot, the localhost server, postgres database, and superuser postgres credential are used.

    Once connected, you can run the same SQL as in Step 2 and get the following result.

    [image: Figure 1.14: psql command interface]
    Figure 1.14: psql command interface

    
      	To exit psql, type exit:

    

    [image: Figure 1.15: Exiting psql]
    Figure 1.15: Exiting psql

    Exercise 1.4: Import a sample sqlda database

    In this exercise, you will use psql to import a sample database that is provided in this book into your local server. The sample database is based on a fictitious company called ZoomZoom, whose database name is sqlda. It will be used as the base of the code in the following chapters.

    Perform the following steps to complete the exercise:

    
      	Download the data.dump file from the Datasets folder in the GitHub repository of this course by clicking this link: https://github.com/PacktPublishing/SQL-for-Data-Analytics-Fourth-Edition/tree/main/Datasets.

      	Launch your psql application as instructed in Step 3 of Exercise 1.3.

      	Inside psql, run the following scripts to create and use a new database.

    

    The first statement creates a new database called sqlda:

    CREATE DATABASE sqlda;


    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
  




















































OEBPS/Images/B31925_01_10.png
Connect to Server X

Please enter the password for the user 'postgres’ to connect the server - "PostgreSQL 17"

Save Password

X Cancel





OEBPS/Images/B31925_01_15.png
postgres=# exit
Press any key to continue . . .





OEBPS/Images/B31925_01_3.png
< O () https://www.postgresql.org/download/

@ Home About Download Documentation Community Developers Support Donate Your account

Quick

Links

o Downloads
o Packages
o Source

o Software
Catalogue

o File Browser

February 13, 2025: PostgreSQL 17. 5 .16, and 13.19 Release

Downloads &,
PostgreSQL Downloads

PostgreSQL is available for download as ready-to-use packages or installers for various platform
you want to build it yourself.

Packages and Installers

Select your operating system family:

Linux macOS Windows

A [ o=






OEBPS/Images/B31925_01_8.png
Please provide a password for the database superuser (postgres).
Password






OEBPS/Images/blockquote-top.png





OEBPS/Images/cloud-computing.png





OEBPS/Images/Next_Gen.png
—

Next-Gen Reader





OEBPS/Images/epub_(2).png





OEBPS/Images/brightness-and-contrast_(1).png





OEBPS/Images/B31925_01_14.png
Server [localhost]:

Database [postgres]:

Port [5432]:

Username [postgres]:

Password for user postgres:

psql (17.3)

WARNING: Console code page (437) differs from Windows code page (1252)
8-bit characters might not work correctly. See psql reference
page "Notes for Windows users" for details.

Type "help" for help.

postgres=# select current_timestamp;
current_timestamp

2025-02-16 ©2:13:04.45345+00
(1 row)





OEBPS/Images/B31925_01_2.png
Salespeople

PK_[Salespeople ID
Name

Address

City

Integer

Customer

PK

‘Customer ID
Name
Address

Integer
String
String

PK [Product ID
Product Name

Category






OEBPS/Images/tip.png





OEBPS/Images/Free_version.png
4 v

EPUB

Free PDF and ePub
versions





OEBPS/Images/Unlock.png





OEBPS/Images/B31925_01_7.png
Select Components

Select the components you want to install; dear the components you do not want to install. Click Next when
you are ready to continue.

[/ PostgreSQL Server Click on a component to get a detailed description
pgAdmin 4

[ Stack Builder

‘Command Line Tools






OEBPS/Images/info.png





OEBPS/Images/blockquote-bottom.png





OEBPS/Images/B31925_01_13.png
¢ | postgres/postgres@PostgreSQL 17

m By /Y Y v Nolmt «

Query  Query History Execute script

(rs)

1 select current_timestamp;
2

Data Output Messages Notifications
S BRvEOvae & & ~ s

current_timestamp a
timestamp with time zone

1 2025-02-18 01:35:51.052136+00






OEBPS/Images/B31925_01_1.png
Conceptual
Data Model

High-level,
abstract model
that defines key
entities and
relationships
without technical
details.

Logical
Data Model

More detailed,
defining
attributes, keys,
and relationships
but still
independent of
any specific

database system.

Fully detailed
model that
includes
database-specific
structures like
tables, indexes,
and constraints.





OEBPS/Images/B31925_01_12.png
v

vV v v

~

[Ef Foreigi Create >

&
[E materi
% Operat
) Procec
1.3 Sequel
Tables!

Functic Refresh

Grant Wizard...
Search Objects...
PSQL Tool

Query Tool
1





OEBPS/Images/Packt_Logo_New.png
<packm





OEBPS/Images/B31925_01_6.png
Setup - PostgreSQL

Welcome to the PostgreSQL Setup Wizard.

PostgreSQL

Next > Cancel





OEBPS/Images/Unlock-01.png
" UNLOCK NOW
UNLOCK NOW





OEBPS/Images/B31925_Discord_QR.png
n]

=]





OEBPS/Images/B31925_MockupCover_LowRes.png
FOURTH EDITION <packh>

SQL for
Data Analytics

Analyze data effectively, uncover insights and master
advanced SQL for real-world applications
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February 13, 2025:
Windows installers =@

Interactive installer by EDB

Download the installer certified by EDB for all supported Postgres versions.

Note! This installer is hosted by EDB and not on the PostgreSQL community servers. If
on, please contact webmaster@enterprisedb.com.

This installer includes:
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Welcome

pgAdmin

Management Tools for PostgreSQL

Feature rich | Maximises PostgreSQL | Open Source

pgAdmin is an Open Source administration and management tool for the
PostgreSQL database. It includes a graphical administration interface, an
SQL query tool, a procedural code debugger and much more. The tool is
designed to answer the needs of developers, DBAs and system
administrators alike.
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