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  front matter


  foreword


  Successful programming languages are invented to solve problems existing languages and tools do not address well. When I asked José Valim what problem he was trying to solve when creating Elixir, he responded that he wanted to bring the power of Erlang and the BEAM to other communities of programmers. He started with the web through the Phoenix framework, followed by successful inroads into the embedded and machine learning spaces. “What problem were you trying to solve?” is a question I have asked dozens of language inventors, with varied answers. José was the first, who, in his reply, said his focus was on the adoption of ideas, semantics, and runtime of another extremely powerful language, Erlang. He did it by approaching the problem with a different syntax, tools, and development approach.


  What problems were Erlang co-inventors, Joe Armstrong, Robert Virding, and Mike Williams, trying to solve? They set out on a quest to understand how to better and more efficiently build and maintain scalable, fault-tolerant systems. These systems in the early ’90s were typically associated with telecom switches, but soon, they became applicable to any piece of software connected to the internet. Their solution happened to be a programming language, even if they had not set out to invent one. Erlang ended up being used in major infrastructure projects at Cisco, Ericsson, Klarna, Goldman Sachs, T-Mobile, WhatsApp, and Amazon, alongside many other top companies. As more programming languages were added to the BEAM, Erlang and its runtime became an Ecosystem of languages today referred to as the Erlang ecosystem. Elixir is, without a doubt, the most popular of these languages.


  So how does all of this relate to the book you are about to read? It is simple. To truly understand and embrace the power of Elixir, you need to understand both Erlang and OTP. I am not suggesting you go off and learn these languages but, instead, learn Elixir from someone who has used Erlang professionally for many years before making the transition. Saša Jurić, by explaining what makes Erlang special, shows you how to efficiently use Elixir. Explaining why Erlang works the way it does shows you the what and the how of Elixir. This is what differentiates Elixir in Action from all of the other books on the topic. I hope you enjoy it as much as I did, learning not only about a programming language but about the philosophy of the ecosystem as a whole.


  Happy coding!


  —Francesco Cesarini

  Founder of Erlang Solutions;

  Member of the team who worked on the R1 release of OTP;

  Coauthor of Erlang Programming and Designing for Scalability with Erlang/OTP;

  Founding member of the Erlang Ecosystem Foundation;

  Senior lecturer at the University of Oxford


  preface


  In 2010, I was given the task of implementing a system to transmit frequent updates to a few thousand connected users in near-real time. My company at the time was mostly using Ruby on Rails, but I needed something more suitable for such a highly concurrent challenge. Following the suggestion of my CTO, I looked into Erlang, read some material, made a prototype, and performed a load test. I was impressed with the initial results and moved on to implement the whole thing in Erlang. A few months later, the system was shipped, and it’s been doing its job ever since.


  As time passed, I began to increasingly appreciate Erlang and the way it helped me manage such a complex system. Gradually, I came to prefer Erlang over the technologies I had used previously. I began to evangelize the language, first in my company and then at local events. Finally, at the end of 2012, I started the blog The Erlangelist (http://theerlangelist.com), where I aim to showcase the advantages of Erlang to programmers from OO backgrounds.


  Because Erlang is an unusual language, I began experimenting with Elixir, hoping it would help me explain the beauty of Erlang in a way that would resonate with OO programmers. Despite the fact that it was at an early stage of development (at the time, it was at version 0.8), I was immediately impressed with Elixir’s maturity and the way it integrated with Erlang. Soon, I started using Elixir to develop new features for my Erlang-based system.


  A few months later, I was contacted by Michael Stephens of Manning Publications, who asked me if I was interested in writing a book about Elixir. At the time, two Elixir books were already in the making. After some consideration, I decided there was space for another book that would approach the topic from a different angle, focusing on Elixir concurrency and the OTP way of thinking. Writing the book took a lot of work, but it was a rewarding experience.


  This is the third edition of the book, and it isn’t radically different from the first or second ones. Rather, it focuses on bringing the book up to date with the latest developments in Elixir and Erlang, such as the new ways of working with application configuration and OTP releases.


  At this point, Elixir in Action is again fully up to date and teaches you the most recent techniques for building software systems with Elixir. I hope you enjoy reading the book, learn a lot from it, and have a chance to apply your new knowledge in your work!
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  about this book


  Elixir is a modern functional programming language for building large-scale, distributed, fault-tolerant, scalable systems for the Erlang virtual machine (VM). Although the language is compelling in its own right, arguably, its biggest advantage is that it targets the Erlang platform.


  Erlang was made to help developers deal with the challenge of high availability. Originally, the product was intended for developing telecommunication systems, but today, it’s used in all kinds of domains, such as collaboration tools, online payment systems, real-time bidding systems, database servers, and multiplayer online games, to name only a few examples. If you’re developing a system that must provide service to a multitude of users around the world, you’ll want that system to function continuously without noticeable downtime, regardless of any software or hardware problems that occur at run time. Otherwise, significant and frequent outages will leave end users unhappy, and ultimately, they may seek alternative solutions. A system with frequent downtime is unreliable and unusable and, thus, fails to fulfill its intended purpose. Therefore, high availability becomes an increasingly important property—and Erlang can help you achieve that.


  Elixir aims to modernize and improve the experience of developing Erlang-powered systems. The language is a compilation of features from various other languages, such as Erlang, Clojure, and Ruby. Furthermore, Elixir ships with a toolset that simplifies project management, testing, packaging, and documentation building. Arguably, Elixir lowers the entry barrier into the Erlang world and improves developer productivity. Having the Erlang runtime as the target platform means Elixir-based systems are able to use all the libraries from the Erlang ecosystem, including the battle-tested OTP framework that ships with Erlang.


  Who should read this book


  This book is a tutorial that will teach you how to build production-ready Elixir-based systems. It’s not a complete reference on Elixir and Erlang—it doesn’t cover every nuance of the language or every possible aspect of the underlying Erlang VM. It glosses over or skips many topics, such as floating-point precision, Unicode specifics, file I/O, unit testing, and more. Although they’re relevant, such topics aren’t this book’s primary focus, and you can research them yourself when the need arises. Omitting or dealing quickly with these conventional topics gives us space to treat more interesting and unusual areas in greater detail. Concurrent programming and the way it helps bring scalability, fault tolerance, distribution, and availability to systems are the core topics of this book.


  Some of the techniques covered in this book aren’t discussed in full detail. I’ve omitted some fine-print nuances for the sake of brevity and focus. My goal is not to provide complete coverage but, rather, to teach you about the underlying principles and how each piece fits into the bigger picture. After finishing this book, you should find it simple to research and understand the remaining details on your own. To give you a push in the right direction, mentions of and links to further interesting topics appear throughout the book.


  Because this book deals with upper-intermediate topics, there are some prerequisites you should meet before reading it. I’ve assumed you’re a professional software developer with a couple of years of experience. The exact technology you’re proficient in isn’t relevant: it can be Java, C#, Ruby, C++, or another general-purpose programming language. Any experience in development of backend (server-side) systems is helpful.


  You don’t need to know anything about Erlang, Elixir, or other concurrent platforms. In particular, you don’t need to know anything about functional programming. Elixir is a functional language, which, if you come from an OO background, may scare you a bit. As a long-time OO programmer, I can sincerely tell you not to worry. The underlying functional concepts in Elixir are relatively simple and should be easy to grasp. Of course, functional programming is significantly different from whatever you’ve seen in a typical OO language, and it takes some getting used to. But it’s not rocket science, and if you’re an experienced developer, you should have no problem understanding these concepts.


  How this book is organized: A road map


  The book is divided into three parts. Part 1 introduces the Elixir language, presents and describes its basic building blocks, and then treats common functional programming idioms in more detail:


  
    	
      Chapter 1 provides a high-level overview of Erlang and Elixir and explains why those technologies are useful and what distinguishes them from other languages and platforms.

    


    	
      Chapter 2 presents the main building blocks of Elixir, such as modules, functions, and the type system.

    


    	
      Chapter 3 gives a detailed explanation of pattern matching and how it’s used to deal with flow control.

    


    	
      Chapter 4 explains how to build higher-level abstractions on top of immutable data structures.

    

  


  Part 2 builds on these foundations and focuses on the Erlang concurrency model and its many benefits, such as scalability and fault-tolerance:


  
    	
      Chapter 5 explains the Erlang concurrency model and presents basic concurrency primitives.

    


    	
      Chapter 6 discusses generic server processes—building blocks of highly concurrent Elixir and Erlang systems.

    


    	
      Chapter 7 demonstrates how to build a more involved concurrent system.

    


    	
      Chapter 8 presents the idioms of error handling, with a special focus on errors and faults in concurrent systems.

    


    	
      Chapter 9 provides an in-depth discussion of how to isolate all kinds of errors and minimize their impact in production.

    


    	
      Chapter 10 discusses a couple of alternatives to generic server processes that are sometimes more appropriate for implementing parts of your system.

    

  


  Part 3 deals with systems in production:


  
    	
      Chapter 11 explains OTP applications, which are used to package reusable components.

    


    	
      Chapter 12 discusses distributed systems, which can help you improve fault tolerance and scalability.

    


    	
      Chapter 13 presents various ways of preparing an Elixir-based system for production, particularly focusing on OTP releases.

    

  


  About the code


  This book contains many examples of source code both in numbered listings and in line with normal text. In both cases, source code is formatted in a fixed-width font like this to separate it from ordinary text.


  In some cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate the available page space in the book. Additionally, comments in the source code have been removed from the listings when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.


  You can get executable snippets of code from the liveBook (online) version of this book at https://livebook.manning.com/book/elixir-in-action-third-edition. The complete code for the examples in the book is available for download from the Manning website at https://www.manning.com/books/elixir-in-action-third-edition, and from GitHub at https://github.com/sasa1977/elixir-in-action/tree/3rd-edition.


  


  liveBook discussion forum


  Purchase of Elixir in Action, Third Edition, includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach comments to the book globally or to specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to https://livebook.manning.com/book/elixir-in-action-third-edition/discussion. You can also learn more about Manning’s forums and the rules of conduct at https://livebook.manning.com/discussion.


  Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions lest their interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.
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  Saša Jurić is a developer with extensive experience implementing high-volume, concurrent, server-side systems—desktop and kiosk applications—using various programming languages, such as C#, Ruby, and JavaScript. For the past 14 years, his main professional focus has been on the BEAM languages, primarily Elixir. In recent years, he’s been working as an Elixir mentor, helping teams adopt Elixir and use it in production. He occasionally blogs about Elixir and Erlang at https://www.theerlangelist.com/.


  about the cover illustration


  The figure on the cover of Elixir in Action, Third Edition, “A Russian Girl,” is taken from a book by Thomas Jefferys, published between 1757 and 1772.


  In those days, it was easy to identify where people lived and what their trade or station in life was just by their dress. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional culture centuries ago, brought back to life by pictures from collections such as this one.


  Part 1 Functional Elixir


   The first part of the book is an introduction to Elixir as a functional language. We start by providing a high-level overview of Elixir and Erlang, discussing the goals and benefits of both technologies. In chapter 2, you’ll learn about the basic building blocks of the Elixir language, such as modules, functions, and the type system. Chapter 3 details the treatment of pattern-matching and control-flow idioms. In chapter 4, you’ll learn how to implement higher-level data abstractions with immutable data structures.


  1 First steps


  This chapter covers 


  
    	An overview of Erlang


    	The benefits of Elixir

  


  This marks the beginning of your journey into the world of Elixir and Erlang, two efficient and useful technologies that can significantly simplify the development of large, scalable systems. Chances are, you’re reading this book to learn about Elixir. But because Elixir is built on top of Erlang and depends heavily on it, you should first learn a bit about what Erlang is and the benefits it offers. So let’s take a brief, high-level look at Erlang.


  1.1 About Erlang


  Erlang is a development platform for building scalable and reliable systems that constantly provide service with little or no downtime. This is a bold statement, but it’s exactly what Erlang was made for. Conceived in the mid-1980s by Ericsson, a Swedish telecom giant, Erlang was driven by the needs of the company’s own telecom systems, where properties like reliability, responsiveness, scalability, and constant availability were imperative. A telephone network should always operate regardless of the number of simultaneous calls, unexpected bugs, or hardware and software upgrades taking place.


  Despite being originally built for telecom systems, Erlang is in no way specialized for this domain. It doesn’t contain explicit support for programming telephones, switches, or other telecom devices. Instead, Erlang is a general-purpose development platform that provides special support for technical, nonfunctional challenges, such as concurrency, scalability, fault tolerance, distribution, and high availability.


  In the late 1980s and early ’90s, when most software was desktop-based, the need for high availability was limited to specialized systems, such as telecoms. Today, we face a much different situation: the focus is on the internet and the web, and most applications are driven and supported by a server system that processes requests, crunches data, and pushes relevant information to many connected clients. Today’s popular systems are more about communication and collaboration; examples include social networks, content-management systems, on-demand multimedia, and multiplayer games.


  These systems have some nonfunctional requirements in common. The system must be responsive, regardless of the number of connected clients. The effects of unexpected errors must be minimal, instead of affecting the entire system. It’s acceptable if an occasional request fails due to a bug, but it’s a major problem if the entire system to becomes completely unavailable. Ideally, the system should never crash or be taken down, not even during a software upgrade. It should always be up and running, providing service to its clients.


  These goals might seem difficult to reach, but they’re imperative when building systems that people depend on. Unless a system is responsive and reliable, it will eventually fail to fulfill its purpose. Therefore, when building server-side systems, it’s essential to make the system constantly available.


  This is the intended purpose of Erlang. High availability is explicitly supported via technical concepts, such as scalability, fault tolerance, and distribution. Unlike with most other modern development platforms, these concepts were the main motivation and driving force behind the development of Erlang. The Ericsson team, led by Joe Armstrong, spent a couple of years designing, prototyping, and experimenting before creating the development platform. Its uses may have been limited in the early ’90s, but today, almost any system can benefit from it.


  Erlang has recently gained more attention. It powers various large systems such as the WhatsApp messaging application, the Discord instant messaging platform, the RabbitMQ message queue, financial systems, and multiplayer backends, and has been doing so for three decades. It’s truly a proven technology, both in time and scale. But what is the magic behind Erlang? Let’s take a look at how Erlang can help you build highly available, reliable systems.


  1.1.1 High availability


  Erlang was specifically created to support the development of highly available systems—systems that are always online and provide service to their clients even when faced with unexpected circumstances. On the surface, this may seem simple, but as you probably know, many things can go wrong in production. To make systems work 24/7 without any downtime, you must first tackle some technical challenges:


  
    	
      Fault tolerance—A system must keep working when something unforeseen happens. Unexpected errors occur, bugs creep in, components occasionally fail, network connections drop, or the entire machine where the system is running crashes. Whatever happens, you want to localize the effect of an error as much as possible, recover from the error, and keep the system running and providing service.

    


    	
      Scalability—A system should be able to handle any possible load. Of course, you don’t buy tons of hardware just in case the entire planet’s population might start using your system someday, but you should be able to respond to a load increase by adding more hardware resources without any software intervention. Ideally, this should be possible without a system restart.

    


    	
      Distribution—To make a system that never stops, you need to run it on multiple machines. This promotes the overall stability of the system: if a machine is taken down, another one can take over. Furthermore, this gives you the means to scale horizontally—you can address load increase by adding more machines to the system, thus adding work units to support the higher demand.

    


    	
      Responsiveness—It goes without saying that a system should always be reasonably fast and responsive. Request handling shouldn’t be drastically prolonged, even if the load increases or unexpected errors happen. In particular, occasional lengthy tasks shouldn’t block the rest of the system or have a significant effect on performance.

    


    	
      Live update—In some cases, you may want to push a new version of your software without restarting any servers. For example, in a telephone system, you don’t want to disconnect established calls while you upgrade the software.

    

  


  If you manage to handle these challenges, the system will truly become highly available and be able to constantly provide service to users, rain or shine.


  Erlang provides tools to address these challenges—that’s what it was built for. A system can gain all these properties and, ultimately, become highly available through the power of the Erlang concurrency model. Let’s look at how concurrency works in Erlang.


  1.1.2 Erlang concurrency


  Concurrency is at the heart and soul of Erlang systems. Almost every nontrivial Erlang-based production system is highly concurrent. Even the programming language is sometimes called a concurrency-oriented language. Instead of relying on heavyweight threads and OS processes, Erlang takes concurrency into its own hands, as illustrated in figure 1.1.
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  Figure 1.1 Concurrency in the Erlang virtual machine


  The basic concurrency primitive is called an Erlang process (not to be confused with OS processes or threads), and typical Erlang systems run thousands, or even millions, of such processes. The Erlang virtual machine, called Bogdan/Björn’s Erlang Abstract Machine (BEAM), uses its own schedulers to distribute the execution of processes over the available CPU cores, thus parallelizing execution as much as possible. The way processes are implemented provides many benefits. 


  Fault tolerance


  Erlang processes are completely isolated from each other. They share no memory, and a crash of one process doesn’t cause a crash of other processes. This helps you isolate the effect of an unexpected error. If something bad happens, it has only a local effect. Moreover, Erlang provides you with the means to detect a process crash and do something about it; typically, you start a new process in place of the crashed one.


  Scalability


  Sharing no memory, processes communicate via asynchronous messages. This means there are no complex synchronization mechanisms, such as locks, mutexes, or semaphores. Consequently, the interaction between concurrent entities is much simpler to develop and understand.


  Typical Erlang systems are divided into a large number of concurrent processes, which cooperate together to provide the complete service. The virtual machine can efficiently parallelize the execution of processes as much as possible. Because they can take advantage of all available CPU cores, this makes Erlang systems scalable.


  Distribution


  Communication between processes works the same way regardless of whether these processes reside in the same BEAM instance or on two different instances on two separate, remote computers. Therefore, a typical, highly concurrent, Erlang-based system is automatically ready to be distributed over multiple machines. This, in turn, gives you the ability to scale out—to run a cluster of machines that share the total system load. Additionally, running on multiple machines makes the system truly resilient; if one machine crashes, others can take over.


  Responsiveness


  The runtime is specifically tuned to promote the overall responsiveness of the system. I’ve mentioned Erlang takes the execution of multiple processes into its own hands by employing dedicated schedulers that interchangeably execute many Erlang processes. A scheduler is preemptive—it gives a small execution window to each process and then pauses it and runs another process. Because the execution window is small, a single long-running process can’t block the rest of the system. Furthermore, I/O operations are internally delegated to separate threads, or a kernel-poll service of the underlying OS is used, if available. This means any process that waits for an I/O operation to finish won’t block the execution of other processes.


  Even garbage collection is specifically tuned to promote system responsiveness. Recall that processes are completely isolated and share no memory. This allows per-process garbage collection; instead of stopping the entire system, each process is individually collected, as needed. Such collections are much quicker and don’t block the entire system for long periods of time. In fact, in a multicore system, it’s possible for one CPU core to run a short garbage collection while the remaining cores are doing standard processing.


  As you can see, concurrency is a crucial element in Erlang, and it’s related to more than just parallelism. Owing to the underlying implementation, concurrency promotes fault tolerance, distribution, and system responsiveness. Typical Erlang systems run many concurrent tasks, using thousands or even millions of processes. This can be especially useful when you’re developing server-side systems, which can often be implemented completely in Erlang. 


  1.1.3 Server-side systems


  Erlang can be used in various applications and systems. There are examples of Erlang-based desktop applications, and it’s often used in embedded environments. Its sweet spot, in my opinion, lies in server-side systems—systems that run on one or more servers and must serve many clients simultaneously. The term server-side system indicates that it’s more than a simple server that processes requests. It’s an entire system that, in addition to handling requests, must run various background jobs and manage some kind of server-wide in-memory state, as illustrated in figure 1.2. 
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  Figure 1.2 Server-side system


  A server-side system is often distributed on multiple machines that collaborate to produce business value. You might place different components on different machines, and you also might deploy some components on multiple servers to achieve load balancing or support failover scenarios.


  This is where Erlang can make your life significantly simpler. By providing you with primitives to make your code concurrent, scalable, and distributed, it allows you to implement the entire system completely in Erlang. Every component in figure 1.2 can be implemented as an Erlang process, which makes the system scalable, fault-tolerant, and easy to distribute. By relying on Erlang’s error-detection and recovery primitives, you can further increase reliability and recover from unexpected errors.


  Let’s look at a real-life example. I’ve been involved professionally in the development of two web servers, both having similar technical needs: serving a multitude of clients, handling long-running requests, managing server-wide in-memory state, persisting data that must survive OS processes and machine restarts, and running background jobs. Table 1.1 lists the technologies used in each server.


  Table 1.1 Comparison of technologies used in two real-life web servers


  
    
      
      
      
    

    
      	
        Technical requirement

      

      	
        Server A

      

      	
        Server B

      
    


    
      	
        HTTP server

      

      	
        NGINX and Phusion Passenger

      

      	
        Erlang

      
    


    
      	
        Request processing

      

      	
        Ruby on Rails

      

      	
        Erlang

      
    


    
      	
        Long-running requests

      

      	
        Go

      

      	
        Erlang

      
    


    
      	
        Server-wide state

      

      	
        Redis

      

      	
        Erlang

      
    


    
      	
        Persistable data

      

      	
        Redis and MongoDB

      

      	
        Erlang

      
    


    
      	
        Background jobs

      

      	
        cron, Bash scripts, and Ruby

      

      	
        Erlang

      
    


    
      	
        Service crash recovery

      

      	
        Upstart

      

      	
        Erlang

      
    

  


  Server A is powered by various technologies, most of them well known in the community. There were specific reasons for using these technologies: each was introduced to resolve a shortcoming of those already present in the system. For example, Ruby on Rails handles concurrent requests in separate OS processes. We needed a way to share data between these different processes, so we introduced Redis. Similarly, MongoDB is used to manage persistent frontend data, most often user-related information. Thus, there’s a rationale behind every technology used in server A, but the entire solution seems complex. It’s not contained in a single project; the components are deployed separately, and it isn’t trivial to start the entire system on a development machine. We had to develop a tool to help us start the system locally!


  In contrast, server B accomplishes the same technical requirements while relying on a single technology, using platform features created specifically for these purposes and proven in large systems. Moreover, the entire server is a single project that runs inside a single BEAM instance—in production, it runs inside only one OS process, using a handful of OS threads. Concurrency is handled completely by the Erlang scheduler, and the system is scalable, responsive, and fault tolerant. Because it’s implemented as a single project, the system is easier to manage, deploy, and run locally on the development machine.


  It’s important to notice that Erlang tools aren’t always full-blown alternatives to mainstream solutions, such as web servers like NGINX, database servers like MongoDB, and in-memory key-value stores like Redis. But Erlang gives you options, making it possible to implement an initial solution using exclusively Erlang and resorting to alternative technologies when an Erlang solution isn’t sufficient. This makes the entire system more homogeneous and, therefore, easier to develop and maintain.


  It’s also worth noting that Erlang isn’t an isolated island. It can run in-process code written in languages such as C, C++, or Rust and can communicate with external components such as message queues, in-memory key-value stores, and external databases. Therefore, when opting for Erlang, you aren’t deprived of using existing third-party technologies. Instead, you have the option of using them when they’re called for rather than because your primary development platform doesn’t give you a tool to solve your problems. Now that you know about Erlang’s strengths and the areas in which it excels, let’s take a closer look at what Erlang is. 


  1.1.4 The development platform


  Erlang is more than a programming language. It’s a full-blown development platform consisting of four distinct parts: the language, the virtual machine, the framework, and the tools. 


  Erlang the language is the primary way of writing code that runs in the Erlang virtual machine. It’s a simple, functional language with basic concurrency primitives.


  Source code written in Erlang is compiled into bytecode that’s then executed in the BEAM. This is where the true magic happens. The virtual machine parallelizes your concurrent Erlang programs and takes care of process isolation, distribution, and the overall responsiveness of the system.


  The standard part of the release is a framework called Open Telecom Platform (OTP). Despite its somewhat misleading name, the framework has nothing to do with telecom systems. It’s a general-purpose framework that abstracts away many typical Erlang tasks, including the following:


  
    	
      Concurrency and distribution patterns

    


    	
      Error detection and recovery in concurrent systems

    


    	
      Packaging code into libraries

    


    	
      Systems deployment

    


    	
      Live code updates

    

  


  OTP is battle tested in many production systems and is such an integral part of Erlang that it’s hard to draw a line between the two. Even the official distribution is called Erlang/OTP. 


  The tools are used for several typical tasks, such as compiling Erlang code, starting a BEAM instance, creating deployable releases, running the interactive shell, connecting to the running BEAM instance, and so on. Both BEAM and its accompanying tools are cross-platform. You can run them on most mainstream operating systems, such as Unix, Linux, and Windows. The entire Erlang distribution is open source, and you can find the source on the official site (https://www.erlang.org/) or on the Erlang GitHub repository (https://github.com/erlang/otp). Ericsson is still in charge of the development process and releases a new version once a year. 


  1.1.5 Relationship to microservices


  Due to its concurrency model and how it is used to increase the availability of the system, Erlang is sometimes compared to microservices. So let’s spend some time analyzing the similarities and differences between the two. For the purpose of this section, a service means a part of the system running in a separate OS process. Such a definition is oversimplified and very mechanical, but it’s sufficient for our needs. 


  Splitting the system into multiple services can improve system fault tolerance and scalability. Because the system is powered by multiple OS processes, if one crashes, it will have a smaller effect on the entire system. Furthermore, the services can be spread out across multiple machines, which makes the system more resilient against hardware failures. Finally, running multiple instances of services makes the system horizontally scalable.


  At first glance, it seems we can get all the benefits of Erlang by splitting the system into services, especially if we keep the services smaller in size and scope (i.e., microservices).


  While it is true that there is some overlap between microservices and Erlang concurrency, it’s worth pointing out that the latter leads to much more fine-grained concurrency. For example, in an online multiplayer game, you’d run at least one process per each participating player as well as per game session. This would improve the system responsiveness, provide the potential for vertical scalability, and increase fault tolerance.


  You can’t really simulate this with microservices alone because it would require too many OS processes. Instead, you’d typically have one service instance manage multiple activities. To improve the responsiveness and vertical scalability, you’d need to use a combination of nonblocking I/O and OS-level concurrency (e.g., run a few instances of the service on each machine). To improve fault tolerance, you’d need to reach for defensive coding, manually placing try...catch or similar constructs all over the code. The end result is more complicated code with inferior guarantees.


  On the other hand, microservices offer some important benefits that are not easily achieved with BEAM. In particular, the ecosystem developed around the practice, including tools such as Docker and Kubernetes, significantly simplifies the operational tasks, such as deployment, horizontal scaling, and coarse-grained fault tolerance. In theory, you could get these benefits by using BEAM alone, but it would require a lot of low-level manual work.


  Therefore, BEAM concurrency and microservices complement each other well, and they are often used together, in practice. Packaging a BEAM-powered service into a Docker container is possible and straightforward. Once the service is containerized, you can easily deploy it to some managed environment, such as a Kubernetes cluster.


  Owing to its concurrency model, Erlang gives you a lot of flexibility when choosing your architecture, without forcing you to compromise the availability of the system. You can opt for a coarser-grained split, using only a few services aligned with the organization structure. In many cases, a plain monolith deployed to a PaaS, such as Heroku, Fly.io, or Gigalixir, will suffice. If that stops being the case, perhaps because the system grows in size and complexity, you can gradually move to the (micro)services architecture.


  That concludes the story of Erlang. But if Erlang is so great, why do you need Elixir? The next section aims to answer this question. 


  1.2 About Elixir


  Elixir is an alternative language for the Erlang virtual machine that allows you to write cleaner, more compact code that does a better job of revealing your intentions. You write programs in Elixir and run them normally in BEAM.


  Elixir is an open source project, originally started by José Valim. Unlike Erlang, Elixir is more of a collaborative effort; presently, it has about 1,200 contributors. New features are frequently discussed on mailing lists, the GitHub issue tracker, and the #elixir-lang IRC channel on Libera.Chat (https://libera.chat/). José has the last word, but the entire project is a true open source collaboration, attracting an interesting mixture of seasoned Erlang veterans and talented young developers. The source code can be found on the GitHub repository at https://github.com/elixir-lang/elixir.


  Elixir targets the Erlang runtime. The result of compiling the Elixir source code is BEAM-compliant bytecode files that can run in a BEAM instance and can normally cooperate with pure Erlang code—you can use Erlang libraries from Elixir, and vice versa. There’s nothing you can do in Erlang that can’t be done in Elixir, and usually, the Elixir code is as performant as its Erlang counterpart.


  Elixir is semantically close to Erlang: many of its language constructs map directly to their Erlang counterparts. But Elixir provides some additional constructs that make it possible to radically reduce boilerplate and duplication. In addition, it tidies up some important parts of the standard libraries and provides some nice syntactic sugar and a uniform tool for creating and packaging systems. Everything you can do in Erlang is possible in Elixir, and vice versa, but in my experience, the Elixir solution is usually easier to develop and maintain.


  Let’s take a closer look at how Elixir improves on some Erlang features. We’ll start with boilerplate and noise reduction.


  1.2.1 Code simplification


  One of the most important benefits of Elixir is its ability to radically reduce boilerplate and eliminate noise from code, which results in simpler code that’s easier to write and maintain. Let’s see what this means by contrasting Erlang and Elixir code. 


  A frequently used building block in Erlang concurrent systems is the server process. You can think of server processes as something like concurrent objects—they embed private state and can interact with other processes via messages. Being concurrent, different processes may run in parallel. Typical Erlang systems rely heavily on processes, running thousands, or even millions, of them.


  The following example Erlang code implements a simple server process that adds two numbers.


  Listing 1.1 Erlang-based server process that adds two numbers

  -module(sum_server).
-behaviour(gen_server).
 
-export([
  start/0, sum/3,
  init/1, handle_call/3, handle_cast/2, handle_info/2, terminate/2,
  code_change/3
]).
 
start() -> gen_server:start(?MODULE, [], []).
sum(Server, A, B) -> gen_server:call(Server, {sum, A, B}).
 
init(_) -> {ok, undefined}.
handle_call({sum, A, B}, _From, State) -> {reply, A + B, State}.
handle_cast(_Msg, State) -> {noreply, State}.
handle_info(_Info, State) -> {noreply, State}.
terminate(_Reason, _State) -> ok.
code_change(_OldVsn, State, _Extra) -> {ok, State}.


  Even without any knowledge of Erlang, this seems like a lot of code for something that only adds two numbers. To be fair, the addition is concurrent, but regardless, due to the large amount of code, it’s hard to see the forest for the trees. It’s definitely not immediately obvious what the code does. Moreover, it’s difficult to write such code. Even after years of production-level Erlang development, I still can’t write this without consulting the documentation or copying and pasting it from previously written code.


  The problem with Erlang is that this boilerplate is almost impossible to remove, even if it’s identical in most places (which, in my experience, is the case). The language provides almost no support for eliminating this noise. In all fairness, there is a way to reduce the boilerplate using a construct called parse transform, but it’s clumsy and complicated to use. In practice, Erlang developers write their server processes using the preceding pattern. 


  Because server processes are an important and frequently used tool in Erlang, it’s unfortunate that Erlang developers must constantly copy and paste this noise and work with it. Surprisingly, many people get used to it, probably due to the wonderful things BEAM does for them. It’s often said that Erlang makes hard things easy and easy things hard. Still, the previous code leaves an impression that you should be able to do better.


  Let’s look at the Elixir version of the same server process.


  Listing 1.2 Elixir-based server process that adds two numbers

  defmodule SumServer do
  use GenServer
 
  def start do
    GenServer.start(__MODULE__, nil)
  end
 
  def sum(server, a, b) do
    GenServer.call(server, {:sum, a, b})
  end
 
  def handle_call({:sum, a, b}, _from, state) do
    {:reply, a + b, state}
  end
end


  The Elixir version requires significantly less code and is, therefore, easier to read and maintain. Its intention is more clearly revealed, and it’s less burdened with noise. And yet, it’s as capable and flexible as the Erlang version. It behaves exactly the same at runtime and retains the complete semantics. There’s nothing you can do in the Erlang version that’s not possible in its Elixir counterpart.


  Despite being significantly smaller, the Elixir version of a sum server process still feels somewhat noisy, given that all it does is add two numbers. The excess noise exists because Elixir retains a 1:1 semantic relation to the underlying Erlang library that’s used to create server processes.


  But Elixir gives you tools to further eliminate whatever you may regard as noise and duplication. For example, I’ve developed my own Elixir library, called ExActor, that makes the server process definition dense, as shown next.


  Listing 1.3 Elixir-based server process

  defmodule SumServer do
  use ExActor.GenServer
 
  defstart start
 
  defcall sum(a, b) do
    reply(a + b)
  end
end


  The intention of this code should be obvious, even to developers with no previous Elixir experience. At run time, the code works almost exactly the same as the two previous versions. The transformation that makes this code behave like the previous examples happens at compile time. When it comes to the bytecode, all three versions are similar.


  Note I mention the ExActor library only to illustrate how much you can abstract away in Elixir. You won’t use that library in this book because it’s a third-party abstraction that hides important details of how server processes work. To completely take advantage of server processes, it’s important that you understand what makes them tick, which is why in this book, you’ll learn about lower-level abstractions. Once you understand how server processes work, you can decide for yourself whether you want to use ExActor to implement server processes.


  This final implementation of the sum server process is powered by the Elixir macros facility. A macro is Elixir code that runs at compile time. Macros take an internal representation of your source code as input and can create alternative output. Elixir macros are inspired by Lisp and shouldn’t be confused with C-style macros. Unlike C/C++ macros, which work with pure text, Elixir macros work on an abstract syntax tree (AST) structure, which makes it easier to perform nontrivial manipulations of the input code to obtain alternative output. Of course, Elixir provides helper constructs to simplify this transformation. 


  Let’s take another look at how the sum operation is defined in listing 1.3:

  defcall sum(a, b) do
  reply(a + b)
end


  Notice the defcall at the beginning. There’s no such keyword in Elixir. This is a custom macro that translates the given definition to something like the following:

  def sum(server, a, b) do
  GenServer.call(server, {:sum, a, b})
end
 
def handle_call({:sum, a, b}, _from, state) do
  {:reply, a + b, state}
end


  Because macros are written in Elixir, they’re flexible and powerful, making it possible to extend the language and introduce new constructs that look like an integral part of the language. For example, the open source Ecto project, which aims to bring LINQ-style (https://learn.microsoft.com/en-us/dotnet/csharp/linq/) queries to Elixir, is also powered by Elixir macro support and provides an expressive query syntax that looks deceptively like part of the language:

  from w in Weather,
  where: w.prcp > 0 or w.prcp == nil,
  select: w


  Due to its macro support and smart compiler architecture, most of Elixir is written in Elixir. Language constructs like if and unless are implemented via Elixir macros. Only the smallest possible core is done in Erlang—everything else is then built on top of it in Elixir!


  Elixir macros are something of a dark art, but they make it possible to flush out nontrivial boilerplate at compile time and extend the language with your own DSL-like constructs.


  But Elixir isn’t all about macros. Another worthy improvement is some seemingly simple syntactic sugar that makes functional programming much easier. 


  1.2.2 Composing functions


  Both Erlang and Elixir are functional languages. They rely on immutable data and functions that transform data. One of the supposed benefits of this approach is that code is divided into many small, reusable, composable functions. 


  Unfortunately, the composability feature works clumsily in Erlang. Let’s look at an adapted example from my own work. One piece of code I’m responsible for maintains an in-memory model and receives XML messages that modify the model. When an XML message arrives, the following actions must be completed:


  
    	
      Apply the XML to the in-memory model.

    


    	
      Process the resulting changes.

    


    	
      Persist the model.

    

  


  Here’s an Erlang sketch of the corresponding function:

  process_xml(Model, Xml) ->
  Model1 = update(Model, Xml),
  Model2 = process_changes(Model1),
  persist(Model2).


  I don’t know about you, but this doesn’t look composable to me. Instead, it seems fairly noisy and error prone. The temporary variables Model1 and Model2 are introduced here only to take the result of one function and feed it to the next.


  Of course, you could eliminate the temporary variables and inline the calls:

  process_xml(Model, Xml) ->
  persist(
    process_changes(
      update(Model, Xml)
    )
  ).


  This style, known as staircasing, is admittedly free of temporary variables, but it’s clumsy and hard to read. To understand what goes on here, you have to manually parse it inside out. 


  Although Erlang programmers are more or less limited to such clumsy approaches, Elixir gives you an elegant way to chain multiple function calls together:

  def process_xml(model, xml) do
  model
  |> update(xml)
  |> process_changes()
  |> persist()
end


  The pipe operator |> takes the result of the previous expression and feeds it to the next one as the first argument. The resulting code is clean, contains no temporary variables, and reads like prose—top to bottom, left to right. Under the hood, this code is transformed at compile time to the staircased version. This is again possible because of Elixir’s macro system.


  The pipe operator highlights the power of functional programming. You treat functions as data transformations and then combine them in different ways to get the desired effect. 


  1.2.3 The big picture


  There are many other areas where Elixir improves on the original Erlang approach. The API for standard libraries is cleaned up and follows some defined conventions. Syntactic sugar is introduced that simplifies typical idioms. A concise syntax for working with structured data is provided. String manipulation is improved, and the language has explicit support for Unicode manipulation. In the tooling department, Elixir provides a tool called Mix that simplifies common tasks, such as creating applications and libraries, managing dependencies, and compiling and testing code. In addition, a package manager called Hex (https://hex.pm/), which makes it simpler to package, distribute, and reuse dependencies, is available. 


  The list goes on and on, but instead of presenting each feature, I’d like to express a personal sentiment based on my own production experience. Personally, I find it much more pleasant to code in Elixir. The resulting code seems simpler, more readable, and less burdened with boilerplate, noise, and duplication. At the same time, you retain the complete runtime characteristics of pure Erlang code. You can also use all the available libraries from the Erlang ecosystem, both standard and third party.


  1.3 Disadvantages


  No technology is a silver bullet, and Erlang and Elixir are definitely no exceptions. Thus, it’s worth mentioning some of their shortcomings.


  1.3.1 Speed


  Erlang is certainly not the fastest platform out there. If you look at various synthetic benchmarks on the internet, you usually won’t see Erlang high on the list. Erlang programs are run in BEAM and, therefore, can’t achieve the speed of machine-compiled languages, such as C and C++. But this isn’t accidental or poor engineering on the part of the Erlang/OTP team.


  The goal of the platform isn’t to squeeze out as many requests per second as possible but to keep performance as predictable and within limits as possible. The level of performance your Erlang system achieves on a given machine shouldn’t degrade significantly, meaning there shouldn’t be unexpected system hiccups due to, for example, the garbage collector kicking in. Furthermore, as explained earlier, long-running BEAM processes don’t block or significantly affect the rest of the system. Finally, as the load increases, BEAM can use as many hardware resources as are available. If the hardware capacity isn’t enough, you can expect graceful system degradation—requests will take longer to process, but the system won’t be paralyzed. This is due to the preemptive nature of the BEAM scheduler, which performs frequent context switches that keep the system ticking and favors short-running processes. And of course, you can address higher system demand by adding more hardware.


  Nevertheless, intensive CPU computations aren’t as performant as, for example, their C/C++ counterparts, so you may consider implementing such tasks in some other language and then integrating the corresponding component into your Erlang system. If most of your system’s logic is heavily CPU bound, you should probably consider some other technology.


  1.3.2 Ecosystem


  The ecosystem built around Erlang isn’t small, but it definitely isn’t as large as that of some other languages. At the time of writing, a quick search on GitHub reveals about 20,000 Erlang-based repositories and about 45,000 Elixir repositories. In contrast, there are more than 1,500,000 Ruby-based repositories and almost 7,000,000 based on JavaScript. 


  You should be aware that your choice of libraries won’t be as abundant as you may be used to, and in turn, you may end up spending extra time on something that would take minutes in other languages. If that happens, keep in mind all the benefits you get from Erlang. As I’ve explained, Erlang goes a long way toward making it possible to write fault-tolerant systems that can run for a long time with hardly any downtime. This is a significant challenge and a specific focus of the Erlang platform. Although it’s admittedly unfortunate that the ecosystem isn’t as robust as it could be, in my experience, Erlang’s significant aid in solving hard problems makes it a useful tool. Of course, those difficult problems may not always be important. Perhaps you don’t expect a high load or a system doesn’t need to run constantly and be extremely fault tolerant. In such cases, you may want to consider some other technology stack with a more evolved ecosystem.


  Summary


  
    	
      Erlang is a technology for developing highly available systems that constantly provide service with little or no downtime. It has been battle tested in diverse, large systems for three decades.

    


    	
      Elixir is a modern language that makes development for the Erlang platform much more pleasant. It helps organize code more efficiently and abstracts away boilerplate, noise, and duplication.

    

  


  2 Building blocks


  This chapter covers


  
    	Using the interactive shell


    	Working with variables


    	Organizing your code


    	Understanding the type system


    	Working with operators


    	Understanding the runtime

  


  It’s time to start learning about Elixir. This chapter presents the basic building blocks of the language, such as modules, functions, and the type system. This will be a somewhat lengthy, not particularly exciting, tour of language features, but the material presented here is important because it prepares the stage for exploring more interesting, higher-level topics.


  Before starting, make sure you’ve installed Elixir version 1.15 and Erlang version 26. There are several ways to install Elixir, and it’s best to follow the instructions from the official Elixir site at https://elixir-lang.org/install.html.


  With that out of the way, let’s start our tour of Elixir. The first thing you should know about is the interactive shell.


  
    Detailed information


    This book doesn’t provide a detailed reference on any of the language or platform features. That would take up too much space, and the material would quickly become outdated. Here are some other references you can check out:


    
      	
        For an alternative syntax quick start, you should look at the Getting Started guide on the Elixir official site: https://mng.bz/NVRn.

      


      	
        A more detailed reference can be found in the online documentation: https://hexdocs.pm/elixir.

      


      	
        For specific questions, you can turn to the Elixir forum (https://elixirforum.com/) or the Slack channel (https://elixir-lang.slack.com/).

      


      	
        Finally, for many things, you’ll need to look into the Erlang documentation: https://www.erlang.org/doc. If you’re not familiar with Erlang syntax, you may also need to read Elixir’s crash course on Erlang (https://elixir-lang.org/crash-course.html).

      

    

  


  2.1 The interactive shell


  The simplest way to experiment and learn about a language’s features is through the interactive shell. You can start the Elixir interactive shell from the command line by running the iex command:

  $ iex
Erlang/OTP 26 [erts-14.0] [source] [64-bit] [smp:20:20] [ds:20:20:10]
 
Interactive Elixir (1.15.0) - press Ctrl+C to exit
  (type h() ENTER for help)
 
iex(1)>


  Running iex starts an instance of BEAM and then an interactive Elixir shell inside it. Runtime information is printed, such as the Erlang and Elixir version numbers, and then the prompt is provided, so you can enter Elixir expressions:

  iex(1)> 1 + 2    ❶
3                ❷


  ❶ Elixir expression


  ❷ Result of the expression


  After you type an expression, it’s interpreted and executed. Its return value is then printed to the screen.


  Note Everything in Elixir is an expression that has a return value. This includes not only function calls but also constructs like if and case. 


  Tip You’ll use iex extensively throughout the book, especially in the initial chapters. The expression result often won’t be particularly relevant, and it will be omitted to reduce noise. Regardless, keep in mind that each expression returns a result, and when you enter an expression in the shell, its result will be presented.


  You can type practically anything that constitutes valid Elixir code, including relatively complicated multiline expressions:

  iex(2)> 2 * (      ❶
          3 + 1    ❶
        ) / 4      ❷
2.0


  ❶ The expression isn’t finished.


  ❷ The expression is finished, so it’s evaluated.


  Notice how the shell doesn’t evaluate the expression until you finish it on the last line. In Elixir, you need no special characters, such as semicolons, to indicate the end of an expression. Instead, a line break indicates the end of an expression, if the expression is complete. Otherwise, the parser waits for additional input until the expression becomes complete. If you get stuck (e.g., if you miss a closing parenthesis), you can abort the entire expression with #iex:break written on a separate line:

  iex(3)> 1 + (2
...(3)> #iex:break
** (TokenMissingError) iex:1: incomplete expression
 
iex(3)>


  The quickest way to leave the shell is to press Ctrl-C twice. Doing so brutally kills the OS process and all background jobs that are executing. Because the shell is mostly used for experimenting and shouldn’t be used to run real production systems, it’s usually fine to terminate it this way. But if you want a more polite way of stopping the system, you can invoke System.stop.


  Note There are several ways to start Elixir and the Erlang runtime as well as to run your Elixir programs. You’ll learn a bit about all of them by the end of this chapter. In the first part of this book, you’ll mostly work with the iex shell because it’s a simple and efficient way of experimenting with the language.


  You can do many things with the shell, but most often, you’ll use it to enter expressions and inspect their results. You can research for yourself what else can be done in the shell. Basic help can be obtained with the h command:

  iex(3)> h


  Entering this in the shell will output an entire screen of iex-related instructions. You can also look for the documentation of the IEx module, which is responsible for the shell’s workings:

  iex(4)> h IEx


  You can find the same help in the online documentation at https://hexdocs.pm/iex.


  Now that you have a basic tool with which to experiment, you are ready to research the features of the language. You’ll start with variables. 


  2.2 Working with variables


  Elixir is a dynamic programming language, which means you don’t explicitly declare a variable or its type. Instead, the variable type is determined by whatever data it contains at the moment. In Elixir terms, assignment is called binding. When you initialize a variable with a value, the variable is bound to that value:

  iex(1)> monthly_salary = 10000     ❶
10000                              ❷


  ❶ Binds a variable


  ❷ The result of the last expression


  Each expression in Elixir has a result. In the case of the = operator, the result is whatever is on the right side of the operator. After the expression is evaluated, the shell prints this result to the screen. 


  Now, you can reference the variable:

  iex(2)> monthly_salary   ❶
10000                    ❷


  ❶ The expression that returns the value of the variable


  ❷ The value of the variable


  The variable can, of course, be used in complex expressions:

  iex(3)> monthly_salary * 12
120000


  In Elixir, a variable name always starts with a lowercase alphabetic character or an underscore. After that, any combination of alphanumeric characters and underscores is allowed. The prevalent convention is to use only lowercase ASCII letters, digits, and underscores:

  valid_variable_name
also_valid_1
validButNotRecommended
NotValid


  Variable names can also end with the question mark (?) or exclamation mark (!) characters:

  valid_name?
also_ok!


  Variables can be rebound to a different value:

  iex(1)> monthly_salary = 10000      ❶
10000
 
iex(2)> monthly_salary              ❷
10000
 
iex(3)> monthly_salary = 11000      ❸
11000
 
iex(4)> monthly_salary              ❹
11000


  ❶ Sets the


  

  

  

  

  

  

  2.3 Organizing your code


  

  2.3.1 Modules


  

  
  iex(1)> IO.puts("Hello World!")    ❶
Hello World!                       ❷
:ok                                ❸


  

  

  

  

  

  
  defmodule Geometry do             ❶
  def rectangle_area(a, b) do     ❷
    a * b                         ❷
  end                             ❷
end                               ❸


  

  

  

  
  $ iex geometry.ex


  
  $ iex geometry.ex
 
iex(1)> Geometry.rectangle_area(6, 7)    ❶
42                                       ❷


  

  

  

  

  
  defmodule Module1 do
  ...
end
 
defmodule Module2 do
  ...
end


  
  defmodule Geometry.Rectangle do
  ...
end
 
defmodule Geometry.Circle do
  ...
end


  
  defmodule Geometry do
  defmodule Rectangle do
    ...
  end
  ...
end


  

  

  

  2.3.2 Functions


  

  

  
  defmodule Geometry do
  def rectangle_area(a, b) do    ❶
    ...                          ❷
  end
end


  

  

  

  

  
  defmodule Program do
  def run do
    ...
  end
end


  

  

  
  defmodule Geometry do
  def rectangle_area(a, b) do
    a * b                       ❶
  end
end


  

  
  $ iex geometry.ex
 
iex(1)> Geometry.rectangle_area(3, 2)    ❶
6                                        ❷


  

  

  
  defmodule Geometry do
  def rectangle_area(a, b), do: a * b
end


  
  iex(1)> Geometry.rectangle_area(3, 2)
6


  
  iex(2)> area = Geometry.rectangle_area(3, 2)    ❶
6
 
iex(3)> area                                    ❷
6


  

  

  
  iex(4)> Geometry.rectangle_area 3, 2
6


  

  
    

    

    
    defmodule Client
do
def run do
Geometry.rectangle_area 3,2
end
end


    
    defmodule Client do
  def run do
    Geometry.rectangle_area(3, 2)
  end
end


    
  


  
  defmodule Geometry do
  def rectangle_area(a, b) do
    a * b
  end
 
  def square_area(a) do
    rectangle_area(a, a)    ❶
  end
end


  

  
  iex(5)> -5 |> abs() |> Integer.to_string() |> IO.puts()
5


  
  iex(6)> IO.puts(Integer.to_string(abs(-5)))
5


  
  prev(arg1, arg2) |> next(arg3, arg4)


  
  next(prev(arg1, arg2), arg3, arg4)


  
  -5                            ❶
|> abs()                      ❷
|> Integer.to_string()        ❸
|> IO.puts()                  ❹


  

  

  

  

  
    

    
    iex(1)> -5
-5                                ❶
 
iex(2)> |> abs()
5                                 ❶
 
iex(3)> |> Integer.to_string()
"5"                               ❶
 
iex(4)> |> IO.puts()
5                                 ❶


    

    
  


  2.3.3 Function arity


  
  defmodule Rectangle do
  def area(a, b) do       ❶
    ...
  end
end


  

  

  

  
  defmodule Rectangle do
  def area(a), do: area(a, a)    ❶
 
  def area(a, b), do: a * b      ❷
end


  

  

  
  iex(1)> Rectangle.area(5)
25
 
iex(2)> Rectangle.area(5,6)
30


  

  

  

  
  defmodule Calculator do
  def add(a), do: add(a, 0)    ❶
  def add(a, b), do: a + b     ❷
end


  

  

  
  defmodule Calculator do
  def add(a, b \\ 0), do: a + b    ❶
end


  

  

  
  defmodule MyModule do
  def fun(a, b \\ 1, c, d \\ 2) do     ❶
    a + b + c + d
  end
end


  

  
  def fun(a, c), do: fun(a, 1, c, 2)
def fun(a, b, c), do: fun(a, b, c, 2)
def fun(a, b, c, d), do: a + b + c + d


  

  2.3.4 Function visibility


  

  
  defmodule TestPrivate do
  def double(a) do       ❶
    sum(a, a)            ❷
  end
 
  defp sum(a, b) do      ❸
    a + b
  end
end


  

  

  

  

  
  iex(1)> TestPrivate.double(3)
6
 
iex(2)> TestPrivate.sum(3, 4)
** (UndefinedFunctionError) function TestPrivate.sum/2
...


  

  2.3.5 Imports and aliases


  
  defmodule MyModule do
  import IO                             ❶
 
  def my_function do
    puts "Calling imported function."   ❷
  end
end


  

  

  

  

  
  defmodule MyModule do
  alias IO, as: MyIO                          ❶
 
  def my_function do
    MyIO.puts("Calling imported function.")   ❷
  end
end


  

  

  
  defmodule MyModule do
  alias Geometry.Rectangle, as: Rectangle    ❶
 
  def my_function do
    Rectangle.area(...)                      ❷
  end
end


  

  

  
  defmodule MyModule do
  alias Geometry.Rectangle   ❶
 
  def my_function do
    Rectangle.area(...)      ❷
  end
end


  

  

  

  2.3.6 Module attributes


  

  
  iex(1)> defmodule Circle do
          @pi 3.14159                         ❶
 
          def area(r), do: r*r*@pi            ❷
          def circumference(r), do: 2*r*@pi
        end
 
iex(2)> Circle.area(1)
3.14159
 
iex(3)> Circle.circumference(1)
6.28318


  

  

  

  

  
  defmodule Circle do
  @moduledoc "Implements basic circle functions"
  @pi 3.14159
 
  @doc "Computes the area of a circle"
  def area(r), do: r*r*@pi
 
  @doc "Computes the circumference of a circle"
  def circumference(r), do: 2*r*@pi
end


  
  iex(1)> Code.fetch_docs(Circle)
{:docs_v1, 2, :elixir, "text/markdown",
 %{"en" => "Implements basic circle functions"}, %{},
 [
   {{:function, :area, 1}, 5, ["area(r)"],
    %{"en" => "Computes the area of a circle"}, %{}},
   {{:function, :circumference, 1}, 8, ["circumference(r)"],
    %{"en" => "Computes the circumference of a circle"}, %{}}
 ]}


  
  iex(2)> h Circle                               ❶
                                     Circle
Implements basic circle functions
 
iex(3)> h Circle.area                          ❷
                                 def area(r)
Computes the area of a circle


  

  

  

  

  

  

  
  defmodule Circle do
  @pi 3.14159
 
  @spec area(number) :: number            ❶
  def area(r), do: r*r*@pi
 
  @spec circumference(number) :: number   ❷
  def circumference(r), do: 2*r*@pi
end


  

  

  

  

  
  @spec insert_at(list, integer, any) :: list


  

  

  2.3.7 Comments


  
  # This is a comment
a = 3.14 # so is this


  

  

  2.4 Understanding the type system


  

  2.4.1 Numbers


  
  iex(1)> 3        ❶
3
 
iex(2)> 0xFF     ❷
255
 
iex(3)> 3.14     ❸
3.14
 
iex(4)> 1.0e-2   ❹
0.01


  

  

  

  

  
  iex(5)> 1 + 2 * 3
7


  
  iex(6)> 4/2
2.0
 
iex(7)> 3/2
1.5


  
  iex(8)> div(5,2)
2
 
iex(9)> rem(5,2)
1


  
  iex(10)> 1_000_000
1000000


  
  iex(11)> 999999999999999999999999999999999999999999999999999999999999
999999999999999999999999999999999999999999999999999999999999


  

  2.4.2 Atoms


  
  :an_atom
:another_atom


  
  :"an atom with spaces"


  

  
  variable = :some_atom


  

  

  
  AnAtom


  
  iex(1)> AnAtom == :"Elixir.AnAtom"
true


  
  iex(2)> AnAtom == Elixir.AnAtom
true


  
  iex(3)> alias IO, as: MyIO
 
iex(4)> MyIO.puts("Hello!")
Hello!


  
  iex(5)> MyIO == Elixir.IO
true


  

  

  
  iex(1)> :true == true
true
 
iex(2)> :false == false
true


  
  iex(1)> true and false
false
 
iex(2)> false or true
true
 
iex(3)> not false
true
 
iex(4)> not :an_atom_other_than_true_or_false
** (ArgumentError) argument error


  

  

  
  iex(1)> nil == :nil
true


  

  
  iex(1)> nil || false || 5 || true
5


  

  
  iex(1)> true && 5
5
 
iex(2)> false && 5
false
 
iex(3)> nil && 5
nil


  
  read_cached() || read_from_disk() || read_from_database()


  
  database_value = connection && read_data(connection)


  

  2.4.3 Tuples


  
  iex(1)> person = {"Bob", 25}
{"Bob", 25}


  
  iex(2)> age = elem(person, 1)
25


  
  iex(3)> put_elem(person, 1, 26)
{"Bob", 26}


  
  iex(4)> person
{"Bob", 25}


  
  iex(5)> older_person = put_elem(person, 1, 26)
{"Bob", 26}
 
iex(6)> older_person
{"Bob", 26}


  
  iex(7)> person = put_elem(person, 1, 26)
{"Bob", 26}


  

  

  

  2.4.4 Lists


  
  iex(1)> prime_numbers = [2, 3, 5, 7]
[2, 3, 5, 7]


  
  iex(2)> length(prime_numbers)
4


  
    

    

    
  


  
  iex(3)> Enum.at(prime_numbers, 3)
7


  

  
  iex(4)> 5 in prime_numbers
true
 
iex(5)> 4 in prime_numbers
false


  
  iex(6)> List.replace_at(prime_numbers, 0, 11)
[11, 3, 5, 7]


  
  iex(7)> new_primes = List.replace_at(prime_numbers, 0, 11)
[11, 3, 5, 7]


  
  iex(8)> prime_numbers = List.replace_at(prime_numbers, 0, 11)
[11, 3, 5, 7]


  
  iex(9)> List.insert_at(prime_numbers, 3, 13)      ❶
[11, 3, 5, 13, 7]


  

  
  iex(10)> List.insert_at(prime_numbers, -1, 13)      ❶
[11, 3, 5, 7, 13]


  

  

  
  iex(11)> [1, 2, 3] ++ [4, 5]
[1, 2, 3, 4, 5]


  

  

  

  

  

  
  a_list = [head | tail]


  

  
  iex(1)> [1 | []]
[1]
 
iex(2)> [1 | [2 | []]]
[1, 2]
 
iex(3)> [1 | [2]]
[1, 2]
 
iex(4)> [1 | [2, 3, 4]]
[1, 2, 3, 4]


  

  
  iex(1)> [1 | [2 | [3 | [4 | []]]]]
[1, 2, 3, 4]


  

  
  iex(1)> hd([1, 2, 3, 4])
1
 
iex(2)> tl([1, 2, 3, 4])
[2, 3, 4]


  

  

  
  iex(1)> a_list = [5, :value, true]
[5, :value, true]
 
iex(2)> new_list = [:new_element | a_list]
[:new_element, 5, :value, true]


  

  2.4.5 Immutability


  

  

  
  a_tuple = {a, b, c}
new_tuple = put_elem(a_tuple, 1, b2)


  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
  def complex_transformation(data) do
  data
  |> transformation_1(...)
  |> transformation_2(...)
  ...
  |> transformation_n(...)
end


  

  

  

  
  def complex_transformation(original_data) do
  original_data
  |> transformation_1(...)
  |> transformation_2(...)
  ...
end


  

  

  2.4.6 Maps


  

  

  
  iex(1)> empty_map = %{}


  
  iex(2)> squares = %{1 => 1, 2 => 4, 3 => 9}


  
  iex(3)> squares = Map.new([{1, 1}, {2, 4}, {3, 9}])
%{1 => 1, 2 => 4, 3 => 9}


  
  iex(4)> squares[2]
4
 
iex(5)> squares[4]
nil


  

  
  iex(6)> Map.get(squares, 2)
4
 
iex(7)> Map.get(squares, 4)
nil
 
iex(8)> Map.get(squares, 4, :not_found)
:not_found


  
  iex(9)> Map.fetch(squares, 2)
{:ok, 4}
 
iex(10)> Map.fetch(squares, 4)
:error


  

  
  iex(11)> Map.fetch!(squares, 2)
4
 
iex(12)> Map.fetch!(squares, 4)
** (KeyError) key 4 not found in: %{1 => 1, 2 => 4, 3 => 9}
    (stdlib) :maps.get(4, %{1 => 1, 2 => 4, 3 => 9})


  
  iex(13)> squares = Map.put(squares, 4, 16)
%{1 => 1, 2 => 4, 3 => 9, 4 => 16}
 
iex(14)> squares[4]
16


  

  

  

  
  iex(1)> bob = %{:name => "Bob", :age => 25, :works_at => "Initech"}


  
  iex(2)> bob = %{name: "Bob", age: 25, works_at: "Initech"}


  
  iex(3)> bob[:works_at]
"Initech"
 
iex(4)> bob[:non_existent_field]
nil


  
  iex(5)> bob.age
25


  
  iex(6)> bob.non_existent_field
** (KeyError) key :non_existent_field not found


  
  iex(7)> next_years_bob = %{bob | age: 26}
%{age: 26, name: "Bob", works_at: "Initech"}


  
  iex(8)> %{bob | age: 26, works_at: "Initrode"}
%{age: 26, name: "Bob", works_at: "Initrode"}


  
  iex(9)> %{bob | works_in: "Initech"}
** (KeyError) key :works_in not found


  

  

  2.4.7 Binaries and bitstrings


  
  iex(1)> <<1, 2, 3>>
<<1, 2, 3>>


  
  iex(2)> <<256>>
<<0>>
 
iex(3)> <<257>>
<<1>>
 
iex(4)> <<512>>
<<0>>


  
  iex(5)> <<257::16>>
<<1, 1>>


  

  
  iex(6)> <<1::4, 15::4>>
<<31>>


  

  
  iex(7)> <<1::1, 0::1, 1::1>>
<<5::size(3)>>


  
  iex(8)> <<1, 2>> <> <<3, 4>>
<<1, 2, 3, 4>>


  

  2.4.8 Strings


  

  

  
  iex(1)> "This is a string"
"This is a string"


  

  
  iex(2)> "Embedded expression: #{3 + 0.14}"
"Embedded expression: 3.14"


  
  iex(3)> "\r \n \" \\"


  
  iex(4)> "
        This is
        a multiline string
        "


  
  iex(5)> ~s(This is also a string)
"This is also a string"


  
  iex(6)> ~s("Do... or do not. There is no try." -Master Yoda)
"\"Do... or do not. There is no try.\" -Master Yoda"


  
  iex(7)> ~S(Not interpolated #{3 + 0.14})
"Not interpolated \#{3 + 0.14}"
 
iex(8)> ~S(Not escaped \n)
"Not escaped \\n"


  
  iex(9)> """
        Heredoc must end on its own line """
        """
"Heredoc must end on its own line \"\"\"\n"


  
  iex(10)> "String" <> " " <> "concatenation"
"String concatenation"


  

  

  
  iex(1)> IO.puts([65, 66, 67])
ABC


  
  iex(2)> IO.puts(~c"ABC")
ABC


  
  iex(3)> IO.puts('ABC')
ABC


  
  iex(4)> ~c"ABC"
~c"ABC"
 
iex(5)> [65, 66, 67]
~c"ABC"
 
iex(6)> 'ABC'
~c"ABC"


  

  
  iex(7)> String.to_charlist("ABC")
~c"ABC"


  
  iex(8)> List.to_string(~c"ABC")
"ABC"


  

  2.4.9 First-class functions


  

  
  iex(1)> square = fn x ->
          x * x
        end


  

  

  
  iex(2)> square.(5)
25


  

  

  
  iex(3)> print_element = fn x -> IO.puts(x) end   ❶
iex(4)> Enum.each(
          [1, 2, 3],
          print_element                          ❷
        )
 
1                                                ❸
2                                                ❸
3                                                ❸
 
:ok                                              ❹


  

  

  

  

  
  iex(5)> Enum.each(
          [1, 2, 3],
          fn x -> IO.puts(x) end      ❶
        )
 
1
2
3


  

  

  
  iex(6)> Enum.each(
          [1, 2, 3],
          &IO.puts/1    ❶
        )


  

  
  iex(7)> lambda = fn x, y, z -> x * y + z end


  
  iex(8)> lambda = &(&1 * &2 + &3)


  
  iex(9)> lambda.(2, 3, 4)
10


  

  

  
  iex(1)> outside_var = 5
5
 
iex(2)> my_lambda = fn ->
  IO.puts(outside_var)     ❶
end
 
iex(3)> my_lambda.()
5


  

  

  
  iex(1)> outside_var = 5
iex(2)> lambda = fn -> IO.puts(outside_var) end    ❶
iex(3)> outside_var = 6                            ❷
iex(4)> lambda.()                                  ❸
5


  

  

  

  

  2.4.10 Other built-in types


  

  
    	
      
    


    	
      
    


    	
      
    

  


  

  

  2.4.11 Higher-level types


  

  

  
  iex(1)> range = 1..2


  
  iex(2)> 2 in range
true
 
iex(3)> -1 in range
false


  
  iex(4)> Enum.each(
          1..3,
          &IO.puts/1
        )
 
1
2
3


  

  

  
  iex(1)> days = [{:monday, 1}, {:tuesday, 2}, {:wednesday, 3}]


  
  iex(2)> days = [monday: 1, tuesday: 2, wednesday: 3]


  

  
  iex(3)> Keyword.get(days, :monday)
1
 
iex(4)> Keyword.get(days, :noday)
nil


  
  iex(5)> days[:tuesday]
2


  

  
  iex(6)> IO.inspect([100, 200, 300])              ❶
[100, 200, 300]                                  ❶
 
iex(7)> IO.inspect([100, 200, 300], [width: 3])  ❷
[100,                                            ❷
 200,                                            ❷
 300]                                            ❷


  

  

  
  iex(8)> IO.inspect([100, 200, 300], width: 3, limit: 1)
[100,
 ...]


  
  def my_fun(arg1, arg2, opts \\ []) do
  ...
end


  

  

  

  
  iex(1)> days = MapSet.new([:monday, :tuesday, :wednesday])  ❶
MapSet.new([:monday, :tuesday, :wednesday])
 
iex(2)> MapSet.member?(days, :monday)                       ❷
true     
 
iex(3)> MapSet.member?(days, :noday)                        ❸
false     
 
iex(4)> days = MapSet.put(days, :thursday)                  ❹
MapSet.new([:monday, :tuesday, :wednesday, :thursday])


  

  

  

  

  

  
  iex(5)> Enum.each(days, &IO.puts/1)
monday
thursday
tuesday
wednesday


  

  

  

  
  iex(1)> date = ~D[2023-01-31]
~D[2023-01-31]


  
  iex(2)> date.year
2023
 
iex(3)> date.month
1


  
  iex(1)> time = ~T[11:59:12.00007]
 
iex(2)> time.hour
11
 
iex(3)> time.minute
59


  

  
  iex(1)> naive_datetime = ~N[2023-01-31 11:59:12.000007]
 
iex(2)> naive_datetime.year
2023
 
iex(3)> naive_datetime.hour
11


  
  iex(1)> datetime = ~U[2023-01-31 11:59:12.000007Z]
 
iex(2)> datetime.year
2023
 
iex(3)> datetime.hour
11
 
iex(4)> datetime.time_zone
"Etc/UTC"


  

  2.4.12 IO lists


  

  
    	
      
    


    	
      
    


    	
      
    

  


  
  iex(1)> iolist = [[[~c"He"], "llo,"], " worl", "d!"]


  

  
  iex(2)> IO.puts(iolist)
Hello, world!


  

  
  iex(3)> iolist = []                             ❶
iolist = [iolist, "This"]                       ❷
iolist = [iolist, " is"]                        ❷
iolist = [iolist, " an"]                        ❷
iolist = [iolist, " IO list."]                  ❷
 
[[[[[], "This"], " is"], " an"], " IO list."]   ❸


  

  

  

  
  iex(4)> IO.puts(iolist)
This is an IO list.


  

  2.5 Operators


  

  

  

  

  
    
      
      
    

    
      	
        
      

      	
        
      
    


    
      	
        
      

      	
        
      
    


    
      	
        
      

      	
        
      
    


    
      	
        
      

      	
        
      
    

  


  
  iex(1)> 1 == 1.0    ❶
true
 
iex(2)> 1 === 1.0   ❷
false


  

  

  

  

  

  
    

    
  


  

  2.6 Macros


  

  

  

  
  unless some_expression do
  block_1
else
  block_2
end


  
  if some_expression do
  block_2
else
  block_1
end


  

  

  

  
    

    
  


  

  2.7 Understanding the runtime


  

  2.7.1 Modules and functions in the runtime


  

  

  

  

  
  defmodule Geometry do
  ...
end


  
  iex(1)> Geometry == :"Elixir.Geometry"
true


  
  $ elixirc source.ex


  

  

  
  $ iex -pa my/code/path -pa another/code/path


  

  
  $ iex my_source.ex


  

  
  iex(1)> defmodule MyModule do      ❶
          def my_fun, do: :ok
        end
 
iex(2)> MyModule.my_fun
:ok


  

  

  

  
  :code.get_path      ❶


  

  

  
  defmodule :my_module do
  ...
end


  

  

  

  
  iex(1)> apply(IO, :puts, ["Dynamic function call."])
Dynamic function call.


  

  2.7.2 Starting the runtime


  

  

  

  

  

  
  $ elixir my_source.ex


  

  
    	
      
    


    	
      
    


    	
      
    


    	
      
    

  


  

  

  
  defmodule MyModule do
  def run do
    IO.puts("Called MyModule.run")
  end
end
 
MyModule.run     ❶


  

  
  $ elixir script.exs


  

  
  $ elixir --no-halt script.exs


  

  

  

  
  $ mix new my_project


  
  $ cd my_project
$ mix compile
 
$ mix compile
Compiling 1 file (.ex)
Generated my_project app


  

  
  $ mix run -e "IO.puts(MyProject.hello())"
world


  
  $ mix test
..
 
Finished in 0.03 seconds
2 tests, 0 failures


  

  

  Summary
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