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   foreword
 

  
 

   

   DSLs seem like a very well-kept secret because of our failures as a community to explain them in simple words. Personally, it took getting a PhD and working many years in the field to understand what can be achieved with a DSL, and it was not very tempting for others to follow. Meinte draws another path with this book. He presents the clearness of thought you would expect from a mathematician, but he spares us the complications. We, as a community, needed a pragmatic mathematician to show us the way. 
 

  
 

   

   I always admired the elegance of Meinte’s thoughts when he was sharing his experience on projects like ALEF (a DSL built for the Dutch Tax and Custom Agency), or his experience designing Más, his own Language Workbench, or what he learned at Mendix, a company later acquired by Siemens. Naturally, when I learned he was working on this book, I took the opportunity to interview him, to learn more about it. Since then, I have been waiting patiently for this book to be in your hands. 
 

  
 

   

    So, what can you expect to get from this book? 
 

  
 

   

   The book throws away the historical baggage of building DSLs and traditional approaches, which are better suited to create heavy IDEs. Meinte instead adapts those ideas to a world where lightweight solutions running in the browser are the norm. 
 

  
 

   

    You will learn everything that is necessary to understand what DSLs are for and how they can be concretely built. While keeping things simple, Meinte manages to cover the basic and advanced topics. For example, you’ll really appreciate the discussion of mechanisms for managing change. 
 

  
 

   

   Reading this book will give you a deep understanding of what scenarios DSLs open and how they work, without leaving any mysteries or dark corners. This understanding will serve you well, as the principles will still be valid even when the implementation techniques change. In this sense, reading this book is highly likely to prove an excellent investment for you. 
 

  
 

   

    I genuinely envy you, as this book will save you a lot of trouble learning this topic. I am also sure you will enjoy reading it. 
 

  
 

   

   Have fun, and welcome to the DSL community!
 

  
 

   

   —Federico Tomassetti, Software Architect & Founder at Strumenta
 

  


 

   

   preface
 

  
 

   

   Domain-specific languages (DSLs) have existed essentially since the beginning of programming and software development, in various shapes and forms. Many DSLs have been implemented, and they’ve been used, often with great success, to drive software development. It’s therefore surprising that hardly any standard, go-to textbooks (specifically) on DSLs exist. Even fewer can be considered to be entry-level, in the sense that they don’t assume the reader has prior knowledge about several aspects of software language engineering.
 

  
 

   

   Despite their longevity and their usefulness, DSLs still occupy a relatively small niche in software development. In fact, plenty of software developers are not aware of their benefits or even their existence. Those who are aware often find themselves unable to adopt a DSL-based approach in their daily job precisely because of its obscurity. Moreover, software developers are a hard crowd to “sell to”: they tend to be strongly opinionated and are used to an abundance of readily available open source tooling.
 

  
 

   

   That is why I eagerly accepted when Manning Publications asked me to write a book on DSLs. I was glad to learn that they asked me specifically because of my focus on projectional editing. Projectional editing does not rely on parsing textual DSL content. Instead, it takes DSL content, represented as structured data, and projects it in a syntax that also serves as a UI to change the DSL content. This approach allows for a very straightforward learning path across the fundamentals of DSLs.
 

  
 

   

   I’ve been implementing DSLs based on projectional editing for more than a decade. In that time, tooling has improved significantly, especially on the web side of things. It’s now entirely possible to implement a fully functional DSL without relying on language engineering–specific tools, libraries, or frameworks, instead of just using mainstream, open source web technology. That makes for an ideal starting point for learning to implement DSLs without getting locked in to any particular framework.
 

  
 

   

   For many, the COVID-19 pandemic offered an ideal opportunity to achieve focus-intensive projects like writing a book. For those like me, having a family of three young children who had to be entertained and home-schooled throughout lockdowns, that was decidedly less true. This explains in part why this book took a “tad” longer than anyone could originally anticipate.
 

  
 

   

   Another reason is that I had to learn that it’s better to take the time and space to explain one thing well than to explain many things too quickly. Because of that, about half of the proposed table of contents got slashed. At the same time, the number of pages, listings, and figures ended up being a lot higher than originally projected. I’m convinced all of that has made for a much better and more useful book that’s focused on bringing the power of projectional editing to non-software development businesses.
 

  
 

   

   The final reason is that I grossly underestimated the amount of work that goes into a book of this size and detail. Over the course of this book, we’ll evolve an entire codebase, continuously adding new, but also changing existing, code. This means that changing something anywhere in the book often had a cascading effect that was error-prone to address.
 

  
 

   

   For me, the result was well worth the effort. I hope the same will be true for you.
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   about this book
 

  
 

   

   In this book, you’ll learn how to implement and use DSLs that are user friendly, using mainstream web technology. User-friendly DSLs are targeted to, and implemented for, people who are not software developers or programmers themselves, but are subject matter experts (SMEs) in their business domain —I’ll refer to such SMEs as domain experts from now on.
 

  
 

   

   Software developers empower domain experts by implementing DSLs with which the domain experts can capture the business knowledge or subject matter expertise that should go into a desired software system. This is a win for the software developers because this approach scales: the tedious, repetitive, and monotonous parts of software development are relegated to the domain experts, who can handle those parts efficiently using the DSLs at their disposal. You can see this approach in action with no/low-code software development platforms. Such platforms rely heavily on languages that are specific to the domain of specifying some type of application. These no/low-code languages are often visually oriented and implemented through projectional editing.
 

  
 

   

   Who should read this book?
 

  
 

   

   Building User-Friendly DSLs is written for readers interested in
 

  
 

   

   	 Learning the basics of software language engineering 
 

   	 Implementing DSLs using projectional editing, using mainstream web technology 
 

   	 Adopting a DSL-based approach to software development in a business-oriented context (business domains) 
 

  
 

   

   This book offers the following takeaway skills:
 

  
 

   

   	 Recognizing the potential for user-friendly DSLs in business domains 
 

   	 Adopting a DSL-based approach through implementing a Domain IDE that exposes a DSL 
 

   	 Being able to work with ASTs in code 
 

   	 Implementing a basic web editor for the DSL, including content assist and validation (constraints checking) 
 

   	 Implementing expressions and business rules 
 

   	 Implementing a type system and code generator as part of a DSL 
 

  
 

   

   The reader should possess the following skills:
 

  
 

   

   	 JavaScript (medium) —The reader should be able to code nontrivial programs using JavaScript. I’ll explain the JavaScript idiom we’ll be using in detail in appendix B, which includes some features introduced in recent years. It should be feasible for a reader to understand this book and the code in it despite not knowing JavaScript if they are familiar with another modern general-purpose programming language (GPL). In principle, it’s also possible to port all the code and do all the exercises using another GPL and its ecosystem—in particular, its backend and UI frameworks/libraries and development tooling. 
 

   	 Web development (basic) —It’s not required that the reader already be able to code complete web applications on their own, because I’ll be providing step-by-step instructions, but it would be beneficial. We’ll touch on the following aspects of web development: 

     

     	 Node.js, npm, command-line interface (CLI) (basic) —The reader must be able to (follow instructions to) install Node.js (https://nodejs.org) and to use either npm or Yarn from the command line to do dependency management and web bundling. The latter really boils down to being able to execute commands like npm install --save-dev parcel, npm start, and such. I’ll provide the commands to execute. 
 

     	 HTML (basic) —The reader should have an understanding of HTML, and more specifically, the existence of the DOM and Event APIs. I’ll be using the most common tags (<div>, <span>, <input>, etc.) and the event handlers that can be attached to these (onChange, etc.). We’ll use React and the JSX syntax for this. 
 

    


 

  
 

   

   The following skills are optional, as the relevant required knowledge will be explained in appendix B:
 

  
 

   

   	 React (basic, optional) —It would be beneficial if the reader already has some knowledge of and skill with React and its JSX syntax, and more generally, Reactive programming. However, I’ll be using, and explaining, React in a very formulaic style in combination with the state management library MobX, so this is not a hard prerequisite. For more in-depth knowledge about React, I recommend reading React Quickly, Second Edition, by Morten Barklund and Azat Mardan (Manning, 2023). 
 

   	 Web bundling (basic, optional) —I’ll be using Parcel to do web bundling. I’ll explain how to do it, what goes into this process, and why it’s necessary. 
 

   	 CSS (basic, optional) —It’s not necessary for the reader to have knowledge of and skill with CSS to do a smidgen of basic styling, as I’ll provide all the styling required. 
 

  
 

   

   How this book is organized: A roadmap
 

  
 

   

   This book has 15 chapters and 2 appendixes:
 

  
 

   

   	 Chapter 1 explains what DSLs are, what their key aspects are, and more importantly, what the benefits of adopting a DSL-based approach can be. This chapter has no code, and can—and should —be read by anyone who is involved in software development. 
 

   	 Chapter 2 explains how to represent DSL content as structured data, using a notation for object-relation diagrams that we’ll use throughout the rest of the book. We call DSL content represented this way an abstract syntax tree (AST). This chapter also has no code. 
 

   	 Chapter 3 explains how to encode ASTs (represented as object-relation diagrams) as JavaScript values in code, how to interact with them, and how to traverse them algorithmically. The code in this chapter forms the basis for everything else we’ll do in this book. 
 

   	 Chapter 4 explains the concept of projectional editing: an AST representing content according to a DSL is projected as a visualization in the form of an HTML DOM. This projection is built on and extended throughout the rest of the book until chapter 15. 
 

   	 Chapter 5 explains how to modify the projection to turn it into a DSL editor with which domain experts can manipulate individual values in the projected AST. 
 

   	 Chapter 6 explains how to modify the projection so the domain experts can interact with and manipulate the AST on an object level. 
 

   	 Chapter 7 explains how to turn ASTs into JSON and back again, so that we can transport and store/persist them. 
 

   	 Chapter 8 explains how to turn an AST into a working software system by generating code from it and integrating that in a codebase. 
 

   	 Chapter 9 explains how we can avoid generating failing code by adding constraints to the DSL. 
 

   	 Chapter 10 explains how to manage changes to the DSL content and the DSL itself. 
 

   	 Chapter 11 explains how to add expressions, particularly binary operations like 1 + 1, to a DSL. 
 

   	 Chapter 12 explains how to deal with the peculiarities of expressions—in particular, the order of operations—when using projectional editing. 
 

   	 Chapter 13 explains how to add a type system to a DSL. 
 

   	 Chapter 14 explains how to add business rules to a DSL, including how to generate the code that runs these. 
 

   	 Chapter 15 discusses a number of topics that we didn’t cover in earlier chapters, but that are important to touch on. This chapter can be read separately. 
 

   	 Appendix A explains how to set up the development environment used to implement the example DSL in chapters 3 through 14, and how to use it. This is probably the daily “bread-and-butter” for many readers, who can skim through this appendix, or potentially skip it entirely. 
 

   	 Appendix B details the JavaScript idiom we’ll be using to implement the example DSL. This includes how we use React, in combination with the MobX state management framework, to implement a frontend according to a coding style that achieves Transparent Functional Reactive Programming (TFRP). We’ll rely on that coding style from chapter 5 onwards. 
 

  
 

   

   Chapters 3 through 14 evolve a complete codebase. Whenever a chapter uses knowledge from an appendix, an explicit reference is made.
 

  
 

   

   A reader already familiar with DSLs, software language engineering, or model-driven software development should be able to read this book according to this alternative organization:
 

  
 

   

   	 Appendixes A and B: JavaScript development of web apps 
 

   	 Chapters 2, 3, 7, 10: Fundamentals of ASTs, structure 
 

   	 Chapters 4–6: Projectional DSL editor, notation 
 

   	 Chapter 8: Code generation, meaning 
 

   	 Chapters 9 and 13: Constraints 
 

   	 Chapters 11–12: Expressions 
 

   	 Chapter 14: Business rules 
 

   	 Chapter 15: Miscellaneous 
 

  
 

   

   All of the contents in this book have been produced by a human—me—and not by an LLM such as ChatGPT.
 

  
 

   

   About the code
 

  
 

   

   You can get executable snippets of code from the liveBook (online) version of this book at https://livebook.manning.com/book/building-user-friendly-dsls. All source code in this book is available for download from the Manning website at https://www.manning.com and from GitHub at https://github.com/dslmeinte/Building-User-Friendly-DSLs-code. Each of chapters 3 through 15 and appendix B have their own directory/folder containing the relevant code. Each of those directories contains a README.md file explaining what exactly is in that directory and how to run the code in it.
 

  
 

   

   To be able to run it, you’ll need to have a development environment set up—see appendix A for details on that. Any personal computer that’s moderately recent should suffice. Thanks to the existence of web IDEs (see also section B.3), a computing device such as a tablet or even a large mobile phone might be enough.
 

  
 

   

   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. Sometimes, some of the code is typeset in bold to highlight code that has changed from previous steps in the chapter, such as when a feature is added to an existing line of code.
 

  
 

   

   In many 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. In some cases, even this was not enough, and listings include line-continuation markers (↪). Additionally, comments in the source code have often been removed from the listings when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.
 

  
 

   

   Why JavaScript (and not TypeScript)
 

  
 

   

   It’s been obvious to me for a long time that DSL implementation should target the web: domain experts should not need more than a browser—and probably a working internet/intranet connection—to use DSLs. This almost evidently means that I’d be using a JavaScript-based development environment.
 

  
 

   

   With a heavy heart, I decided against using TypeScript. TypeScript is an extension of JavaScript that primarily adds optional strong static typing to JavaScript. Leaning on TypeScript’s type system to determine whether your code will break at run time helps tremendously with writing good code efficiently.
 

  
 

   

   So why not use it? There are a few reasons:
 

  
 

   

   	 It adds complexity to the toolchain in the form of a “transpiler” (a compiler that produces source code instead of bytecode). This transpiler has to be integrated into the build process, including with the web bundling framework we use—see section B.2. Using something like the Deno runtime (https://deno.land/) would help a lot here, but Deno is not as mainstream as Node.js (yet). 
 

   	 Not everyone knows TypeScript, which narrows the potential reader base of this book. I could explain every TypeScript feature I used explicitly, but that would cost extra time and space, and the book is heavy enough as it is. 
 

   	 TypeScript is especially helpful while changing existing, and writing new, code. The payoff for the code in the book, which is already written, would be limited. 
 

  
 

   

   Nevertheless, I strongly advise anyone implementing a JavaScript application to use TypeScript on top of JavaScript. The return on investment (ROI) of leaning on the support you can get from TypeScript’s type system is huge. To learn how to use TypeScript, you could pick up the book TypeScript Quickly by Yakov Fain and Anton Moiseev (Manning, 2020).
 

  
 

   

   Why projectional editing (and not parsing)
 

  
 

   

   This book focuses exclusively on using the paradigm of projectional editing to implement a DSL. There are three reasons for that choice:
 

  
 

   

   	 Plenty of books and other kinds of resources exist that explain using parsing to implement software languages, of which DSLs are a subfamily. See section 15.1 for references, and some explanation about, parsing. 
 

   	 No books exist that explain projectional editing in general, without being tied to a particular tool that specifically helps with implementing software languages and DSLs. See section 15.4.1 for more explanation about such tools, which are called language workbenches. 
 

   	 Projectional editing has many advantages over a parsing-based approach—see section 15.1 for a discussion of these. Projectional editing also has a few disadvantages, but in my experience, those are outweighed by the advantages, especially in the context of DSLs for business domains and their domain experts. 
 

  
 

   

   We’re not going to discuss anything about parsing, grammars, syntax highlighting, and all these things that are only intrinsically relevant for textual DSLs. If you expected this book to be about those topics, then I hope you can turn that disappointment around and learn about projectional editing instead.
 

  
 

   

   liveBook discussion forum
 

  
 

   

   Purchase of Building User-Friendly DSLs 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/building-user-friendly-dsls/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 for as long as the book is in print.
 

  
 

 

   

   about the author
 

  
 

    

   Meinte Boersma has been an active practitioner of model-driven software development and DSL engineering since 2007. He designs, implements, and deploys DSLs for various companies and organizations, using a multitude of technologies. Furthermore, he speaks at conferences, publishes blogs, participates in the development of open source standards and frameworks for DSL engineering, and is actively involved with the software language/DSL engineering community.
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   about the cover illustration
 

  
 

   

   The figure on the cover of Building User-Friendly DSLs is captioned “Marchand Juif à Constantinople,” or “a Jewish tradesman in the city now known as Istanbul.” He is holding a couple of bolts—rolls of fabric—woven on a loom. The fabric shows figures or patterns introduced by the weaving.
 

  
 

   

   Even though this person predates the advent of computers by centuries, textile weaving and DSLs are connected through the Jacquard loom (or machine).1 The Jacquard machine can be thought of as a rudimentary computer executing “programs” that are fed to it in the form of punch cards. The language that those “programs” are written in is far from general-purpose: it’s rather closer to a domain-specific language. The connection between textiles and DSLs doesn’t stop there: knitting patterns are typically described using a DSL. 
 

  
 

   

   The cover image is taken from a collection by Jacques Grasset de Saint-Sauveur, published in 1797. Each illustration is finely drawn and colored by hand. 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.
 

  
 

   

   [1] See the Wikipedia article at https://en.wikipedia.org/wiki/Jacquard_machine, or the more colorful exposé by the Science and Industry Museum in Manchester (https://mng.bz/PNrP).
 

  


 

   

   
1  What is a domain-specific language?

 

  
 

   

   This chapter covers 
 

    

    	What a domain-specific language is
 

    	What adopting a DSL-based approach does for an organization
 

    	When to use a DSL
 

    	What the key aspects of a DSL are
 

   
 

  
 

   

   If you’re reading this book, you’ve probably already heard about domain-specific languages (DSLs). You might even have realized that you may need to use one. But do you really? And what is a DSL, and how would you build one?
 

  
 

   

   Teaching about DSLs is tricky because it’s a very broad topic and is interconnected with other topics in both software development and computer science. This book will not try to teach you everything about DSLs or overwhelm you with myriad details. Instead, it will take you on a carefully planned route through a set of connected topics that cover all the basics and skills you’ll need to craft your own DSLs. This learning path will be example driven, quite literally going from the concrete to the abstract.
 

  
 

   

   This book will also focus on business -oriented DSLs to empower domain experts, who are first and foremost business stakeholders and who generally don’t have backgrounds as software developers. The “user-friendly” part of this book’s title is meant to encompass qualities like “easy to understand and learn,” “practical,” etc. To that end, we’ll start by sketching out an example business case for which we’ll build a complete DSL throughout the course of this book.
 

  
 

   

   
1.1 A business case: A car rental company
 

  
 

   

   In this section, I’ll introduce a concrete and representative business case in some detail. We’ll use this business case throughout the book as a running example, to keep our discussions concrete and grounded. 
 

  
 

   

   Imagine a local car rental company that is in the business of renting vehicles to individuals. The company has a sizable fleet of cars of different types, makes, and configurations. Consider a prospective customer interested in renting a car from this company. They would input parameters like the rental period, type of car, and contract type into the company’s website, or in an app on a mobile device, and ask it to produce a price quote (see figure 1.1). Once they find a combination of parameters that produces a favorable outcome, they can continue and reserve a vehicle with those parameters. You’ve probably done this a couple of times yourself.
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Figure 1.1 A prospective customer uses a car rental company’s app to get a price quote for a rental


  
 

   

   Let’s take a closer look at how this piece of software (web or native app) computes a price based on the input parameters: rental period, type of car, and contract type. A few factors go into computing the price:
 

  
 

   

   	 Discounts may apply, based on the length of the rental period or the presence of holidays within the date range. 
 

   	 Each type of car has its specific rate. 
 

   	 The contract type determines whether there’s a flat rate per day, a rate based on the distance driven, or a combination of those, possibly with a mileage cap. 
 

   	 Discounts may be given for other reasons, like marketing campaigns. 
 

  
 

   

   Determining a car rental price based on the input parameters involves a lot of business knowledge, which often takes the form of business logic. If we were to look at the code that computes the price quote, it would probably be quite complicated, with a lot of nested conditional logic in the form of if or similar statements. We’d probably also see some intermediate state in the form of variables that are initialized, set, or manipulated based on certain conditions. How did the developers who wrote the code know what they should be writing? Let’s assume that the developers weren’t already experts on car rentals—they must have been handed some kind of specification by the people in the company who set rules for these things. 
 

  
 

   

   But how would the business’s experts write that specification down? Typically, you’d expect a collection of documents that use natural language to describe business knowledge. For example, table 1.1 could be part of the specification for how to compute a price quote.
 

  
 

   

   
Table 1.1 Natural language expressing car rental business knowledge
 

    

     

      

      	  If the rental period contains a national holiday, then a surcharge rate of 10% is applied to the rental price for that holiday. 

 

     
 

      

      	  If the length of the rental period exceeds a whole week, then a discount rate of 5% is applied to the per-day rate. 

 

     
 

      

      	  If the car is a genuine gas guzzler, then an additional environmental fee of $10/day is applied. 

 

     
 

     

   
 

  
 

   

   These business rules take the form “If <condition>, then <consequence>.” The condition part specifies when the rule should trigger, or fire, and the consequence part specifies what should happen in that case. Business rules interact with each other to determine the various price components, and, subsequently, the total price, based on the input parameters. This is an often-used format for specifying business knowledge that’s useful for, and usable by, business experts. We’ll look at a more precise definition of business rules in chapter 14. 
 

  
 

   

   Computing a price for a prospective customer constitutes a very small part of all software-based business processes within the car rental company. Other business processes could include
 

  
 

   

   	 Confirming a reservation with the customer 
 

   	 Having the customer change or cancel their reservation 
 

   	 Processing a customer who is coming in to pick up their rental 
 

   	 Processing a car after it’s been dropped off by the customer 
 

   	 Invoicing 
 

   	 Doing administrative chores for the cars in the fleet 
 

  
 

   

   Translating a specification of all of an organization’s business knowledge and processes into working code is a lot of work. It’s not just that there’s a lot of business knowledge. The specification itself must be checked for completeness, consistency, and ambiguities. That requires plenty of back and forth between the software developers and the business experts. Implementing business knowledge in this way is therefore usually time consuming, tedious, and expensive.
 

  
 

   

   Software development is like this, in part, because business experts normally don’t have the background, knowledge, or skills to develop software themselves. Even though they tend to be highly educated, they typically have had no education in programming. Business experts may be great at specifying the what, but they’re usually not great at specifying the how. Wouldn’t it be great if they didn’t have to learn all about software development and could just write down their business knowledge using helpful tools?
 

  
 

   

   In this book, we’re going to explore how we can develop software tools for business experts that will allow them to write down their business knowledge in a way that’s both understandable for them and that can be automatically translated into working software. This puts the business experts, rather than the software developers, at the center of software development. Our goal isn’t just to make the business experts feel more important—we’ll look at all the advantages (and some disadvantages) of this approach in section 1.3.
 

  
 

   

    

    DSLs vs. programming languages
 

   
 

    

    We call the form in which experts can write their business knowledge a domain-specific language, or DSL for short. It’s a software language that’s specifically crafted for the domain that the business experts inhabit, or own.
 

   
 

    

    A software language is an artificial language that exists through software. It’s very precisely defined (usually through some kind of “grammar”), and “prose” written in it has a precise meaning—we say that it’s a formal language. A software language has a clear “notation” or “syntax”: a system of writing that’s readily understood by its readers and writers. This notation can (and often does) look like text, or even like natural language. However, even if the language looks like a natural one, it doesn’t allow ambiguity like natural languages typically do. A software language comes with a set of software tools that allow users of the language to write it down and process it further. 
 

   
 

    

    All programming and modeling languages are software languages, but the converse is not true, which leaves space for DSLs, as well as a couple of other kinds of software languages. A DSL is not a genuine programming language, nor is it a general modeling language, but it shares a lot of characteristics with those types of languages. We’ll go into what makes a software language domain-specific in section 1.4.
 

   
 

  
 

   

   In the course of this book, we’re going to develop DSL tools for the car rental company’s business experts so they can specify their business knowledge. Along the way, you will learn how to create original DSLs to meet your own needs. The next section explains more precisely what DSL tools we’re going to be creating. 
 

  
 

   

   
1.2 Using a DSL-based approach for software development
 

  
 

   

   We’re going to break up software development to put business experts at the center. Our key enabler in doing this is a DSL. Instead of having the business experts write their business knowledge in documents using natural language, the experts will use a tool called the Domain IDE to write down their business knowledge as DSL content. 
 

  
 

   

   Typically, software developers use an integrated development environment (IDE) to write software in one or more programming languages. Our Domain IDE will target business experts, so it won’t include most of the bells and whistles that software developers are used to. Instead, it will provide the business experts with enough functionality to empower them to write the desired DSL content. If we design the DSL and the Domain IDE properly, this DSL content will not only be understandable, writable, and maintainable by business experts, but it will be precise enough to serve as a specification. We’ll call this a DSL-based approach for software development. 
 

  
 

   

   Note  To keep our naming aligned with the term DSL, we’ll talk about domain experts rather than business experts. We can consider all businesses to be domains in their own right. We’ll come back to this in section 1.4. 
 

  
 

   

   Instead of implementing the required business software by translating a specification to code, we, as software developers, will primarily develop a Domain IDE that the domain experts will use. We will also make sure that the Domain IDE builds working software, generating code directly and automatically from the DSL content. We’ll also build any parts of the working software that can’t be specified by the domain experts.
 

  
 

   

   To avoid getting bogged down in whether a piece of software should be called an “app” or “application,” or whether it’s even really running, we’ll call our entire desired software system the Runtime. This Runtime (with a capital “R”) is not to be confused with runtimes like the JVM, .NET, Node.js, etc. Those runtimes operate on a level much closer to the OS and are just technology—they’re not business-centric or domain-specific at all. In the case of our car rental company, the Runtime will consist of both the app that customers use to arrange a rental, and the point-of-sale systems that employees use to execute the business processes. Both the customers and the employees are business stakeholders. We won’t call them domain stakeholders, since not all of them are really inhabitants of the domain: customers, in particular, are just serviced by the domain. 
 

  
 

   

   The Domain IDE is a separate application that the domain experts use to write down their business knowledge. These days, it makes sense that the Domain IDE should be a web app, running in a browser. That not only avoids domain experts having to install and update an application, but web apps are also easier to make work on multiple types of computing devices. Developing web apps is a mainstream skill, so a lot of software developers already have that skill. Finally, implementing a Transparent Functional Reactive frontend (see appendix B) is well understood in the web world. 
 

  
 

   

   Note  If you’re already familiar with DSLs, chances are that you expect to be implementing a textual DSL as part of the Domain IDE. Doing that would involve coming up with a grammar, generating a parser from it, and so on. This book uses a different approach, called projectional editing. It works directly with and on the abstract syntax tree (AST). For a textual DSL, the AST would be produced by a parser as an intermediate representation of the DSL content. I’ll explain this choice more later on, in sections 1.2.3 and 15.1. 
 

  
 

   

   The DSL-based approach for software development is summarized in figure 1.2. 
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Figure 1.2 Using a DSL-based approach to develop a Runtime using a Domain IDE


  
 

   

   
1.2.1 The design of the Domain IDE
 

  
 

   

   To get an idea of what a Domain IDE looks like, I’m going to cheat and use my prescient crystal ball to take some screenshots of the Domain IDE for the car rental company. 
 

  
 

   

   Note  The Domain IDE that we’ll be building over the course of this book will differ from the screenshots that follow. The Domain IDE we’ll build will be as lean as possible and will focus exclusively on editing the DSL content. The parts of the Domain IDE that are necessary but aren’t specifically DSL-based will be left as an exercise for you to explore.
 

  
 

   

   Domain experts should be able to express the following kinds of business knowledge in the Domain IDE (as noted previously in table 1.1):
 

  
 

   

   	 If the rental period contains a national holiday, then a surcharge rate of 10% is applied to the rental price for that holiday. 
 

   	 If the length of the rental period exceeds a whole week, then a discount rate of 5% is applied to the per-day rate. 
 

   	 If the car is a genuine gas guzzler, then an additional environmental fee of $10/day is applied. 
 

  
 

   

   Domain experts should be able to create, change, update, and maintain DSL content that truthfully represents this business knowledge in the Domain IDE. Let’s look in my crystal ball to see what a similar set of rules could look like. Figure 1.3 shows two business rules that are a bit simpler than the preceding ones, but they’re still actual business rules.
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Figure 1.3 Two simple business rules, as seen in the Domain IDE


  
 

   

   These rules check the date range of the intended rental and apply discounts if their conditions hold. For example, if the rental period lasts from December 4 until December 10, 2020, the customer should be given a discount of 15%, because that date range contains both a Saturday and it starts in December.
 

  
 

   

   As you can see in figure 1.4, these business rules are not just text: different parts of the sentences have different font styles, colors, and backgrounds. Not only are the business rules nicely rendered in the browser, the domain experts can edit them. They don’t do this by adding or deleting individual characters, like they would in a text editor. Instead, domain experts can interact with the DSL content in precise ways that will make sense to them. This might seem restrictive, but it also serves as guidance, making it difficult to input DSL content that is patently wrong.
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Figure 1.4 The same two business rules, with explanatory annotations


  
 

   

   Here are some examples of how this is different from textual editing:
 

  
 

   

   	 Since we know we’re dealing with business rules, it doesn’t make sense to edit the If and then text, or the punctuation (the comma separating the if and then parts of the sentence, and the period ending it). 
 

   	 We don’t force the domain experts to type the or the % symbol after the percentage. Such adornments are rendered automatically. 
 

   	 When adding content, the domain expert is guided such that they can only input content that makes sense at that place. For example, we provide the domain expert with a drop-down menu for choosing the day after the contains a text (see figure 1.5). 
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Figure 1.5 Choosing a weekday for a contains a operation


  
 

   

   	 Likewise, when adding or changing the condition of a business rule, the domain expert can choose from a limited number of constructs that make sense there (see figure 1.6). 
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Figure 1.6 Choosing a construct when editing the condition of a business rule


  
 

   

   	 The then text in a business rule should always be followed by an action, so it doesn’t make sense to allow conditions (like rental period starts in December) there. 
 

   	 If the domain expert tries to add peanuts to the discount, they are greeted with an error message (see figure 1.7). 
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Figure 1.7 A business rule with an error


  
 

   

   To be useful, the Domain IDE has to do more than just show the business rules on the screen. Figure 1.8 zooms out with the crystal ball a bit. This part of the Domain IDE is called the editor, and it shows all the DSL content we’re focusing on in editable form.
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Figure 1.8 The same two business rules, shown inside the Domain IDE editor


  
 

   

   Figure 1.9 explains these new parts of the editor.
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Figure 1.9 The same two business rules in the editor, with explanatory annotations


  
 

   

   At this point, you should wonder where the rental period referenced in the business rules comes from. It seems to point to a piece of data in the context of a rental. It stands to reason that the domain experts will have to say something about what data the Runtime will be dealing with. Could that have something to do with the Rental context referenced at the top? It sure does, as you’re about to see.
 

  
 

   

   Let’s take another look in my crystal ball and see what defining a data structure could look like in the Domain IDE (figure 1.10).
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Figure 1.10 Origin of the referenced rental period: the Rental record type


  
 

   

   This is a different kind of DSL content that doesn’t specify conditional business logic, but rather defines the shapes of pieces of data. Figure 1.11 provides some more explanation.
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Figure 1.11 The same Rental record type, with explanatory annotations


  
 

   

   This definition conveys the following information:
 

  
 

   

   	 It specifies a record type, meaning that the Runtime will be able to store data conforming to this record type’s specification. In particular, such a record holds the data associated with an intended car rental, as suggested by the name “Rental.” The record type describes such records, but it doesn’t store any of the Runtime data. This description could correspond to any number of things in the Runtime, such as  

     

     	 Tables in the database 
 

     	 Classes used in the code for the business rules’ execution 
 

     	 Forms in the UI 
 

    


 

   	 The Rental record type has four attributes, laid out in an indented section suggestively captioned “attributes.” These could correspond to multiple things in the Runtime, such as 

     

     	 Columns in a table in the database 
 

     	 Fields on a class or object 
 

     	 Fields on a form in the UI 
 

    


 

   	 Each attribute consists of one line with the following form: 
 

  
 

   

   [image: figure] 

  
 

   

   In other words, an attribute has a name, a type, and, optionally, an initial value. The value of the attribute in a newly created record is initialized to that initial value, provided it’s specified.
 

  
 

   

   	 

     

     	 The name of an attribute is human readable. In particular, it’s allowed to contain whitespace. 
 

     	 The type of an attribute determines what values are stored in the database column corresponding to the attribute, and how these values are presented and processed by the Runtime. The type of an attribute can be 

       

       	 A date range consisting of from and to dates 
 

       	 A monetary amount in dollars 
 

       	 A percentage 
 

      


 

     	 The optional initial value of an attribute is an expression that produces a value of the attribute’s type, which the attribute in a newly created record will be initialized to. 
 

    


 

  
 

   

   As you can see, the DSL content isn’t simple text, so the Domain IDE editor can’t be a regular text editor. We’ve already seen at least two kinds of DSL content: business rules and record types. That implies that the Domain IDE must let domain experts organize and navigate around the various kinds of content. The Domain IDE must also provide a way to delete or rearrange content, or to input and change section metadata. This aspect of the UI is generally called the chrome of the IDE: the part of the IDE’s UI that doesn’t show actual DSL content but that is nevertheless necessary to be able to work with the IDE. 
 

  
 

   

   So far, we’ve only seen the editor part of the IDE, with some chrome in the form of buttons for creating or deleting content. Figure 1.12 zooms out even more and shows the whole Domain IDE.
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Figure 1.12 A view of the whole Domain IDE, again focused on the Standard section containing business rules


  
 

   

   For completeness’ sake, figure 1.13 focuses the editor on the Rental section
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Figure 1.13 A view of the whole Domain IDE, now focused on the Rental section containing the Rental record type


  
 

   

   To summarize, the Domain IDE’s design consists of the following:
 

  
 

   

   	 An editor—A pane that shows DSL content (business rules or record types) in editable form. This pane also shows editable section metadata, such as the name of the section, a date range for when the business rules are valid or active, and a referred context in the case of the business rules section. The editor is not a text editor: this editor allows only DSL content to be input, and it assists and guides the domain experts. 
 

   	 IDE chrome—This includes 

     

     	 A title pane 
 

     	 A sections pane that provides an overview of both kinds of DSL content 
 

     	 Buttons in the editor for creating new items (business rules or record types) or for deleting existing ones in the DSL content 
 

    


 

  
 

   

   
1.2.2 The architecture of the Domain IDE
 

  
 

   

   Having outlined what we should be implementing for the domain experts, we can now start to think about how we’ll do that. Since we’ve already decided that the Domain IDE will be a web app, much of the architecture is going to be pretty standard—we’ll at least have the components illustrated in figure 1.14. 
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Figure 1.14 The architecture of the Domain IDE


  
 

   

   First there is a frontend, which domain experts interact with through a browser. We laid out the desired functionality of the frontend in the previous section.
 

  
 

   

   The frontend receives data representing the DSL content from the backend, visualizes it in an appropriate way, and allows domain experts to manipulate it. The most important part of the frontend is the editor for the DSL content. You’ve already seen in section 1.2.1 that the editor is not a plain text editor but rather a UI for the data representing the DSL content. This sort of editor is called a projectional editor, because it projects the data representing the DSL content without losing its underlying structure. Alternatively, it’s called a structured editor because it works directly on the structure of the data representing the DSL content, rather than manipulating plain text on a character-by-character basis. We call a DSL with a projectional editor a projectional DSL. 
 

  
 

   

   The backend of the Domain IDE consists of an API for the frontend to communicate with and a storage facility, or repository, where the business knowledge is stored.
 

  
 

   

   The build system has a code generator at its heart. The business knowledge stored in the repository is fed into the generator, which uses it to generate code for the Runtime. The build system then combines the generated code with nongenerated, manually crafted code and configuration, and completely builds the Runtime. This generation process can be triggered from the Domain IDE, from the command line, or through Continuous Integration (CI). 
 

  
 

   

   Later, we’ll discuss which technology stack we’re going to use to create the Domain IDE. For now, I’ll just say that the stack is going to be based on JavaScript with mainstream tools, frameworks, and packages from the JavaScript world. 
 

  
 

   

   
1.2.3 What we’ll be doing in this book
 

  
 

   

   In this book, we’ll be developing the Domain IDE I’ve outlined in the previous sections. I won’t assume you have prior knowledge of anything directly related to DSLs or software language engineering. Instead, we’ll draw on mainstream technologies, knowledge, and skills to teach you just enough language engineering to craft an actual DSL. 
 

  
 

   

   “Just enough” here means that I’ll teach as few topics as possible, but I’ll teach those thoroughly, with plenty of examples and context. That, unfortunately, also means that I won’t cover many topics that should be part of a broader understanding of DSLs. This will keep the book focused, so you can work through it alongside a demanding day job and still learn enough to apply your new skills immediately. In chapter 15, I’ll point out a number of topics that I don’t cover in this book, and I’ll provide references to outside material so you can follow up on those topics if you’re interested.
 

  
 

   

   The following fundamental topics of language engineering will be among those I do cover in this book:
 

  
 

   

   	 Abstract syntax trees (ASTs) —What they are and how to work with them. 
 

   	 Projectional editing 
 

   	 Code generation 
 

   	 Expressions with binary operators —This includes the treatment of precedence and priority, and left-, right-, and no-associativity. 
 

   	 Type systems 
 

   	 DSL evolution 
 

  
 

   

   These are some things we won’t be covering in this book:
 

  
 

   

   	 We won’t be learning about textual DSLs —In particular, we won’t be learning about parsing, grammars, syntax highlighting, and other things that are only relevant for textual DSLs. This is not an oversight but completely intentional. I’ll provide a very brief introduction to textual DSLs in section 15.1, and I’ll also explain there why I chose projectional editing over a parsing-based approach. 
 

   	 We won’t be learning about internal DSLs —Internal DSLs are DSLs that live inside a host language by piggybacking on the syntax of an existing language. That makes them hard to use in a high-quality Domain IDE intended for business experts who aren’t software developers. 
 

   	 We won’t specify the DSL itself using a DSL —We’ll implement the DSL, but we won’t be eating our own dog food. We will touch on this topic again in section 15.4.1, when we discuss language workbenches. 
 

   	 We won’t fully develop the Runtime —We’ll only generate the parts of the Runtime’s code that can be described in the developed Domain IDE. 
 

   	 We won’t target business-rules engines —The DSL-based approach tends to be really effective for specifying business logic using business rules, but we’ll generate JavaScript code that runs on its own, without using an existing business-rules engine. 
 

   	 We won’t build an interpreter for DSL content —Instead of generating code from DSL content as part of the Runtime, we could implement the Runtime to directly interpret the DSL content. Both approaches have their pros and cons. I chose to explain code generation, because the result is tangible and should be close to what you’d build using a traditional software development approach. 
 

  
 

   

   
1.3 Why use a DSL-based approach for software development?
 

  
 

   

   Adopting a DSL-based approach should have several positive effects on the software development process. I say “should,” because adopting a DSL-based approach is not always the right choice. We’ll get back to that later, in section 1.3.4.
 

  
 

   

   Let’s look at a few broad categories of positive effects.
 

  
 

   

   
1.3.1 Empowering the domain experts
 

  
 

   

   Having a DSL empowers domain experts:
 

  
 

   

   	 Domain experts can write a precise specification themselves, using the Domain IDE. They don’t have to rely on software developers to manually translate every detail to the Runtime. Instead, the build system component of the Domain IDE will automatically generate and build a Runtime from the specification the domain experts write in the Domain IDE. This improves their effectiveness considerably. It also improves their efficiency, because the DSL editor assists and guides them in efficiently writing valid DSL content. 
 

  
 

   

   Another way to say this is that the DSL approach makes software development much more agile for domain experts, since they can add or change features of the Runtime and test them on their own.
 

  
 

   

   	 There are usually more domain experts than software developers around, so “scaling out,” or scaling horizontally, is a viable way to increase productivity. This is compounded by the fact that the domain experts are already—by definition—knowledgeable about the domain. 
 

  
 

   

   The same is not true for most software developers. Software developers are experts in specifying the how using general programming languages, but they’re rarely experts in any specific domain. They will have to learn the domain well enough to start translating the specification written by the domain experts into working code. That learning process takes time, which translates to costs and longer running times for the entire software development effort. 
 

  
 

   

   
1.3.2 Improving the efficiency of the software development process
 

  
 

   

   Using a DSL improves efficiency:
 

  
 

   

   	 Large parts of the Runtime code are automatically derived by the build system from the DSL content. This relieves software developers of the more tedious aspects of software development. How often have you had to add a field to a form, a column to a database table, a field to a class, and all kinds of handling just because someone added a single item to a specification? That kind of work takes time and energy, so eliminating it not only improves efficiency, it leaves more time to do more interesting things, like work on the Domain IDE. 
 

   	 Because the specification is turned into working code automatically, it should be possible to verify changes almost instantly. It should also be possible to deploy changes really quickly—essentially at the touch of a button. Again, this improves the agility of the Runtime development. 
 

   	 The specification in the Domain IDE becomes the center of communications for the whole development, with the DSL acting as a common language. You could say that expressing the specification as DSL content captures the domain and builds understanding between domain experts and software developers at the same time. 
 

  
 

   

   
1.3.3 New possibilities
 

  
 

   

   A DSL-based approach also opens up new possibilities that don’t exist in a traditional software development approach: 
 

  
 

   

   	 Because the specification is machine processable, it also becomes machine checkable. This means that you can automatically verify whether the specification is complete, unambiguous, and satisfies other desirable properties. This is not something you can really do with a non-formal specification, because that would involve a lot of people and time. 
 

   	 The specification can be extended with tests that are written by the domain experts themselves. Such tests reside “near” the specification of the business knowledge that the tests are meant to validate. They can even be executed on the fly in the Domain IDE, giving domain experts immediate feedback on the correctness and completeness of their specification. This builds confidence across the software development process, and it saves a lot of time and effort. 
 

   	 The core of the business domain is encoded precisely, unambiguously, and independently of the technology used to implement the Runtime in a DSL, making it quite future proof. It requires much less effort, and it’s much less tedious, error prone, and risky, to 

     

     	 Change the architecture, technology stack, or overall design of the Runtime 
 

     	 Reuse the business knowledge for another Runtime, or for some other purpose 
 

    


 

  
 

   

   
1.3.4 Criteria for adopting a DSL-based approach
 

  
 

   

   Does this mean you should always use a DSL? The simple answer is “No.” As always, “it depends,” and unfortunately not in the hard science way. The trick—or rather, the knack—lies in recognizing the potential of a DSL in a given situation, and gauging whether it would be a sensible idea. 
 

  
 

   

   In this book, we’ll be focusing on domains that I like to call business domains. A business domain is a domain that’s not really computer dependent. The car rental business—especially computing rental prices and such—is a good example of a business domain: in theory, you don’t even need software for it. Often, there are ulterior reasons for developing software for the domain, such as cost effectiveness, efficiency, or regulatory compliance. The software itself (which we call the Runtime) is not the domain’s core business–it’s just something you need, and it preferably doesn’t get in the way and doesn’t cost too much. 
 

  
 

   

   Business domains are often good targets for a DSL-based approach. Developing software for business domains usually has two main challenges:
 

  
 

   

   	 There are not enough on-site software developers to initiate a software development project and follow it through to the end. This means outsourcing at least part of the development effort, which means extra time, costs, and risks. A DSL-based approach can mitigate this by being more time- and cost-effective. 
 

   	 Communicating business knowledge in the domain (in any form) to software developers is difficult and error prone, as illustrated in figure 1.15. Even if the domain experts are able to write precise enough specifications in free-form documents—and this is a big if—the software developers still have to learn enough about the domain to properly read and understand them. Often, software developers unintentionally end up being domain experts by the end of the development. A DSL-based approach can mitigate this in two ways: 

     

     	 With a Domain IDE, domain experts can effectively take over a large part of the software development effort by writing DSL content that serves as a specification for the Runtime. 
 

     	 The DSL serves as a common, shared language between domain experts and software developers. This improves the efficiency and effectiveness of that communication considerably, which usually translates into improved time- and cost-effectiveness. 
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Figure 1.15 The chasm of software development


  
 

   

   None of this is quantifiable up front, so we could do with some criteria to help us make the right decisions. Table 1.2 lists some helpful criteria. The more boxes you can confidently tick, the likelier it is that you could—or should—use a DSL-based approach. 
 

  
 

   

   
Table 1.2 Criteria for judging when a DSL-based approach could be helpful 
 

    

     

      

      	  •  

 

      	  The domain is a business domain. 

 

     
 

      

      	  •  

 

      	  The business knowledge to be specified is of considerable size. 

 

     
 

      

      	  •  

 

      	  Any piece of knowledge has plenty of detail, with complicated relationships and connections between pieces. 

 

     
 

      

      	  •  

 

      	  The specification will be written by more than one person. 

 

     
 

      

      	  •  

 

      	  The specification will be based on a set of clearly identifiable concepts that are applied consistently. A concept is a construct with a specific and clearly defined meaning. In our car rental example, we already have the following concepts: business rule, condition, action, record type, and attribute. 

 

     
 

      

      	  •  

 

      	  The specification contains a lot of expressive business logic, along the lines of “When the customer has paid interest in every of the last 12 months, they are eligible for a discount of 10% on the interest of the next month.” Award bonus points if this business logic is naturally or comfortably expressible using business rules. 

 

     
 

      

      	  •  

 

      	  The specification is dynamic: it changes often, and these changes must be propagated to the Runtime quickly. 

 

     
 

      

      	  •  

 

      	  There’s a potentially complicated, but clear, path from pieces of the specification to pieces of code for the Runtime. This implies it’s possible to implement a generator. 

 

     
 

     

   
 

  
 

   

   There’s no such thing as a free lunch. Apart from the advantages of having a DSL, implementing and using one comes with certain costs and accompanying risks.
 

  
 

   

   	 Implementing a Domain IDE takes time and effort, for both the software developers and the domain experts. The software developers will craft the Domain IDE, which requires understanding the domain. The domain experts will clarify the domain as much as is needed for the software developers to create the Domain IDE. 
 

   	 Implementing a DSL requires additional skills and knowledge on the part of the software developers. This is precisely why you should be reading this book, of course. However, even having read this book and sticking as much as possible to mainstream technologies, implementing a Domain IDE is never going to be as easy as implementing a regular software system. 
 

   	 The domain experts need to transition to using the Domain IDE. They’ll have to change their old way of working that captures their business knowledge in free-form documents. This requires education and migration, as well as support from the software developers that crafted the Domain IDE. 
 

   	 Using a DSL complicates software development technologically. 

     

     	 It’s necessary to keep the Domain IDE working in order to use the Runtime. 
 

     	 The build system part of the Domain IDE must be integrated with the rest of the project. Some aspects that need to be integrated are versioning, Continuous Integration/Continuous Delivery (CI/CD), and release management. 
 

    


 

  
 

   

   As always, these disadvantages must be weighed against the advantages. 
 

  
 

   

    

    Exercise 1.1
 

   
 

    

    	 For every criterion in table 1.2, discuss whether and to what extent it applies to the case of the car rental company. 
 

    	 Do the same for a project from your daily working life. 
 

   
 

  
 

   

   
1.4 What is a DSL?
 

  
 

   

   I have already stated that DSL is short for domain-specific language, and that a DSL is a software language. In this section, we’ll dive deeper into what makes a software language a domain-specific one, and what key aspects it has. 
 

  
 

   

   Let’s decipher all the elements in figure 1.16. As a first step, let’s see what the D stands for. A domain is a particular, focused area of knowledge. It comes with a group of domain experts who inhabit or own the domain: they are people who possess, shape, and extend that area’s knowledge, and they share it with business stakeholders and other interested parties. In the case of our example car rental company, the domain experts are the employees responsible for formulating all business knowledge around computing price quotes, executing business processes, safeguarding regulatory compliance, etc. 
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Figure 1.16 What is a domain?


  
 

   

   Domain experts typically converse with each other using a domain-specific ubiquitous language. This language is usually based on a natural language, but it’s enriched with domain-specific terms and notations that are given precise, domain-specific meanings. Even if domain experts aren’t aware they’re doing it, their way of speaking, working, and reasoning tends to converge over time. 
 

  
 

   

   Such a domain-specific ubiquitous language is not a proper DSL yet—it generally comes in both a verbal and a written form. The written form is used for the domain’s body of knowledge and for task-specific documents, such as the specification of a Runtime. The verbal form I like to call “domain speak,” and it’s used by the domain experts to discuss the body of knowledge and task-specific documents. This ubiquitous language is not a software language because it lacks a solid definition, as well as software tools. It’s certainly a precursor to a software language, though: you could call it a “pre-DSL.”
 

  
 

   

   Once you’ve decided to use a DSL-based approach to undertake a particular software development project, it becomes your job to extract a proper DSL from this pre-DSL, as illustrated in figure 1.17. This means you have to identify the core principles, concepts, and constructs in the pre-DSL, provide precise definitions for them, determine how to notate them suitably, and give them precise meanings. You also have to create software tools so the domain experts can work with the extracted DSL—in our case, that’s the Domain IDE.
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Figure 1.17 Extracting a DSL from the pre-DSL


  
 

   

   Central to figure 1.18 is the actual DSL content, which is what the domain experts will see and manipulate. The other elements of this diagram illustrate the key aspects of any DSL, and the relations between them.
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Figure 1.18 The key aspects of a DSL


  
 

   

   Let’s take a look at each of these key aspects and see what they entail in general, as well as how they relate to our car rental example specifically.
 

  
 

   

   
1.4.1 A DSL’s notation
 

  
 

   

   The most immediate and captivating part of a DSL is undoubtedly its notation: a system of writing that visually represents the DSL content so it can be understood by the domain experts. For most intents and purposes, a notation is the DSL. Figure 1.19 zooms in on the relation between DSL content and its visualization using a notation. 
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Figure 1.19 Zooming in on the notation aspect of a DSL


  
 

   

   The notation can be anything. Often, it is “boxology”: boxes containing text and sub-boxes, with lines or arrows between them. Sometimes there are graphical elements that are not boxes, but icons (or other symbology) or tables.
 

  
 

   

   The DSL notation doesn’t need to be graphical: many DSLs are purely textual. It doesn’t need to look like code in a monospaced font, though we can leverage good typesetting to improve readability, or even to convey specific meanings and to make it look like a well-designed document. This is certainly the case for our car rental DSL. 
 

  
 

   

   Sometimes, rarely, the notation is something else entirely.
 

  
 

   

   Regardless of its type, a DSL’s notation is typically built from a small set of visual building blocks. For textual DSLs, these building blocks would be keywords, identifiers, strings, and numbers—various categories of text, each with their specific meaning, often typeset in a specific style to help convey that meaning. An example in the car rental scenario is the way references to attributes are typeset as web links. For graphical DSLs, these building blocks would be boxes, slots in those boxes, lines or arrows, labels next to the arrows, and so on. Keeping the number of visual building blocks small makes the language easier to parse visually, and therefore to understand.
 

  
 

   

   We’re going to give our DSL a notation by implementing a projection for our DSL content. This is a software component that takes the DSL content as input and outputs a visualization of it—in our context, as content rendered in a web browser. In chapters 5 and 6, you’ll learn how to turn that projection into an editor, so the DSL content is more than just a pretty picture. In chapters 11 and 12, you’ll learn how to extend the editor to make it work nicely for expressions, such as 1 + 2 * 3. 
 

  
 

   

   
1.4.2 A DSL’s structure
 

  
 

   

   Notation is not thrown together happenstance—every DSL has a certain fixed structure. This structure makes it possible for the domain experts to understand the DSL, but also for a computer to process it automatically. 
 

  
 

   

   The starting point of the structure is the notion of a concept. A concept is the blueprint for a fundamental construct in the DSL. It has a name and a collection of properties, each of which also has a name as well as a type. A property’s type determines what can be stored as that property’s value. 
 

  
 

   

   We’ll see in chapter 2 how to represent DSL content entirely using instances of concepts. Instances assign values that occur in the DSL content to properties as settings. 
 

  
 

   

   It’s often quite easy to discern instances and their settings in the notated DSL content because of distinctive visual cues. In the car rental example, we can readily identify the following concepts and their properties:
 

  
 

   

   	 The instances of the business rule concept look like this: 
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   In this example, “condition” and “consequence” correspond to the concept’s properties. The visual cues are “If the” and “then,” respectively.
 

  
 

   

   	 Instances of the record type concept look like this: 
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   This concept has properties representing its name and its attributes. The instance as a whole is cued by the text “Record Type,” and the location of the attributes is cued by the text “attributes.” An instance of this or any such concept groups data together that intrinsically belongs to that instance.
 

  
 

   

   	 Instances of the attribute concept look like this: 
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   This concept has properties representing its name, its type, and, optionally, an initial value. The visual cues are “the,” “is a,” and “initially,” respectively.
 

  
 

   

   Instances of concepts don’t live in isolation but work together through relations. For example, an instance of the record type concept holds instances of the attribute concept as values of its “attributes” property. In general, relations between instances are represented by settings.
 

  
 

   

   The DSL’s structure is governed by the concepts and their properties. The properties’ types govern how instances can relate to each other. Figure 1.20 summarizes what a DSL’s structure is made of and how it relates to DSL content. In chapter 2, you’ll learn how to represent DSL content as structured data, and we’ll discover the structure of the car rental company’s DSL in the process. 
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Figure 1.20 Zooming in on the structure aspect of a DSL


  
 

   

   
1.4.3 A DSL’s meaning
 

  
 

   

   A DSL has to mean something. A much-used synonym for meaning is semantics, but what that word really means is hotly debated among software language practitioners. Personally, I like to keep it simple: the meaning of a DSL is what it produces from DSL content. In our case, we’re generating code for the Runtime from the DSL content, building the Runtime, and running it—see figure 1.21. As far as I’m concerned, the runtime behavior of the Runtime as it ranges over all possible DSL content is the meaning (or semantics) of the DSL. 
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Figure 1.21 Zooming in on the meaning aspect of a DSL


  
 

   

   In chapters 8 and 14, you’ll learn how to use templates to implement a code generator for the two kinds of DSL content that we saw: record types and business rules. 
 

  
 

   

   
1.4.4 A DSL’s constraints
 

  
 

   

   Not everything you can write down in accordance with a DSL’s structure makes sense. Even if the DSL’s structure allows the domain expert to add dollar amounts to dates, the build system would probably object to that. In the worst case, the Runtime will choke on it during execution. 
 

  
 

   

   We can prevent the build system or Runtime from failing as a result of nonsensical DSL content by augmenting the DSL’s structure with a set of constraints. In this sense, giving the DSL meaning leads to a DSL having constraints. A constraint runs queries against the DSL content to check for patterns that would cause problems in the build system or Runtime. If such a pattern is found, the Domain IDE warns the domain expert about it with a meaningful message that highlights the offensive DSL content. Figure 1.22 summarizes this.
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Figure 1.22 Zooming in on the constraints aspect of a DSL


  
 

   

   In the car rental Domain IDE, this would look like the following:
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   In chapter 9, we’ll find constraints for our car rental DSL, and we’ll implement them.
 

  
 

   

   In this chapter, we’ve explored what a DSL is, what key aspects it’s made up of, why you should (or shouldn’t) use one, and how you would use one. We’ve also seen a design for a Domain IDE for domain experts in a car rental company. In most of the rest of the book, you’ll learn how to build that Domain IDE. 
 

  
 

   

   Summary
 

  
 

   

   	 A domain-specific language (DSL) is a software language that targets a specific domain. That domain is “inhabited” or “owned” by domain experts. The DSL, and the software tools supporting it, typically empowers these domain experts and assists them in achieving greater effectiveness and efficiency. 
 

   	 Within business domains, domain experts produce a specification of the software system (the Runtime) they require. In a DSL-based approach, software developers provide domain experts with a Domain IDE that allows them to author this specification as precise DSL content that can be used to generate much of the Runtime. 
 

   	 A Domain IDE is a piece of software that consists of a frontend and a backend. The frontend primarily provides a DSL editor that allows domain experts to author DSL content. The backend provides an API, a repository for DSL content, and a build system that generates and builds the Runtime from that DSL content. 
 

   	 One style of DSL editor is the projectional kind: the editor projects the DSL content to a UI used by the domain experts to manipulate it in accordance with the allowed structure. 
 

   	 A DSL has four key aspects: 

     

     	 A DSL’s notation is the system of writing used to visually represent the DSL content. The notation is implemented through the projection, which typically presents DSL content in a web browser. By adding editing functionality to the projection, it becomes a DSL editor. 
 

     	 A DSL’s structure determines what can be expressed in the DSL by defining concepts, which have properties, each of which has a type. Concepts can be instantiated, and settings on an instance hold the values of the properties the instance was instantiated from. Some settings represent relations between instances; this is governed by the type of their properties. 
 

     	 A DSL is given meaning by what is produced from the DSL content and what that content does. In our case, the DSL’s meaning is the way that the Runtime—built from code generated from DSL content—behaves when it’s executing. 
 

     	 A violation of a constraint warns the domain expert about DSL content that will cause problems for the build system—specifically its code generator—or for the Runtime. 
 

    


 

   	 Adopting a DSL-based approach can empower domain experts by giving them the tools to develop large parts of the Runtime themselves, without needing traditional software developers as much. It also means that the core of the business domain is encoded precisely, unambiguously, and independently of the technology in a DSL, making it much more future proof. 
 

   	 Using a DSL can look like a “silver bullet,” but there are ramp-up costs for implementing the DSL and risks in transitioning to a DSL-based software development process. Domain experts need to be aware of these and to weigh them against the benefits. For many business domains, the benefits of crafting a DSL start to outweigh the costs only in the longer run. 
 

   	 A number of criteria (or “tells”), listed in table 1.2, can help you determine whether it’s worth implementing a DSL for your (business) domain.  
 

  


 

   

   
2  Representing DSL content as structured data

 

  
 

   

   This chapter covers
 

    

    	Learning to represent structured data using a notation for object-relation diagrams
 

    	Representing the details in DSL content as tree-like structured data
 

    	Learning common terms for the new things we encounter
 

   
 

  
 

   

   In the previous chapter, we showed that one of the key aspects of a DSL is its structure, which underlies all DSL content. In this chapter, we’re going to make that structure explicitly visible, as shown in figure 2.1. More precisely, we’re going to represent DSL content as structured data. Data is good, data we can handle, right? This will allow us to start writing code for that structure in the next chapter.
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Figure 2.1 What we’re going to do in this chapter


  
 

   

   In section 2.1, you’ll learn how to write down structured data precisely, using the object-relation diagram (ORD) notation. This notation will be used throughout the book to graphically represent DSL content in an abstract syntax. In section 2.2, we’ll extract ORDs from example DSL content. This extraction process works for all notated DSL content, producing what software language engineers call abstract syntax trees (ASTs). Later, in chapter 4, we’ll reverse this process: given an AST represented in code, we’ll reconstruct the notated DSL content in what is also known as concrete syntax. The projection we’ll implement for this will be the basis for our DSL editor. In chapters 5 and 6, we’ll make this visualization editable. 
 

  
 

   

   
2.1 Establishing an object-relation diagram notation for structured data
 

  
 

   

   Before we can represent the details in DSL content as structured data, let’s agree on a representation for structured data. Many notations for structured data already exist, but I’ll use my own flavor of object-relation diagrams (ORDs). (You can think of this notation as a super-simplified variant of UML’s object diagrams.) 
 

  
 

   

    

    ORD and ERD
 

   
 

    

    An ORD is not the same thing as an entity-relationship diagram (ERD). An ORD describes actual objects, including the data they hold and relations they have with other objects in the diagram. An ERD, on the other hand, prescribes what data can be present in objects—as instances of entities—and what relations may exist between instances. So an ERD describes the range of all ORDs you might encounter in a certain context, instead of capturing one particular piece of structured data. 
 

   
 

    

    For this book, however, you can forget I ever mentioned ERDs.
 

   
 

  
 

   

   It probably comes as no surprise that the fundamental building block of ORDs is the object. An object groups data in a meaningful way, and it’s visually represented as a box, as shown in figure 2.2.
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Figure 2.2 A simple ORD containing only one object


  
 

   

   The object’s box has two compartments:
 

  
 

   

   	 The upper compartment holds the concept label, indicating what concept the object represents—in this case, Thing. You can think of the concept label as the object’s type, but the word “type” is used so often that it easily causes confusion.  
 

   	We say that an object with the concept label Thing is “an instance of Thing.” We’ll almost always leave the “instance of” part out entirely, saying, “this is a Thing.” Likewise, we’ll favor the term “object” over “instance” from here on.
 

   	 The lower compartment holds any number (including zero) of simple settings. Each simple setting assigns a simple value to a particular property: <property’s name> = <value>. A simple value can be a string, a number, a Boolean, or an enumerated value. 
 

   	The first simple setting on our object reads name="Foo", meaning that the property called name is assigned (and holds) the value Foo. This is quite likely meant to convey that this object’s name is Foo. We’ll use that as a convention: if an object has a name property with a value of Foo, we’ll say “the object named Foo,” or “the Foo object.”
 

   	(The adjective “simple” implies that other kinds of settings might exist. Later on, we’ll encounter an additional kind.)
 

  
 

   

   For clarity, let’s annotate figure 2.2—see figure 2.3.
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Figure 2.3 A simple ORD containing only one object, with annotations


  
 

   

   We haven’t stated what it means for a value to be simple. Any value that’s not an object or collection of objects is considered to be simple. In particular, strings (text), numbers, and Booleans (true or false) are simple values. Paradoxically, we consider the absence of a value to be a simple value as well. It’s customary to denote that value as null, or undefined if you’re a JavaScript purist. This value is typically used to represent missing or optional content.
 

  
 

   

   Let’s make things a little bit more complex. Figure 2.4 contains the following things:
 

  
 

   

   	 The first object (the upper box) is again (an instance of) a Thing, and it’s named Foo. 
 

   	 The second object (the lower box) has Something else as its concept label, and it’s named Bar. 
 

   	 There’s a new diagram element in the form of a solid arrow going from the object named Foo to the object named Bar. This element indicates a relation from the first object to the second. The arrow is labeled with the property name other. All relations have a direction, going from a source object to a target object.  
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Figure 2.4 A slightly more complex ORD containing two objects with a relation


  
 

   

   A relation such as the one in figure 2.4 has a certain kind ; this one is of the containment kind, indicated visually by the arrow being solid. This means that this relation expresses that the Foo object contains the Bar object through a property named other. Containment is a form of ownership—any object can be contained by at most one other object. To avoid any existential crises, self-containment is not allowed. Let’s annotate figure 2.4 a bit—see figure 2.5. 
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Figure 2.5 Annotating the containment relation


  
 

   

   Containment relations are limited in the sense that any object can have at most one incoming containment relation. We’re going to need an additional, more permissive, kind of relation to work around this and represent general structured data: the reference relation. Let’s extend figure 2.4 with a reference relation; figure 2.6 expresses that the source object Bar references the target object Foo through the back property whose name labels the arrow. To distinguish between the containment and reference kinds of relations, the arrow of a reference relation is dashed. 
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Figure 2.6 Adding and annotating a reference relation


  
 

   

   It’s convenient to view any relation as a setting on its source object. We can do that as shown in figure 2.7.
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Figure 2.7 Viewing a relation as a setting


  
 

   

   The property that the relation is labeled with is also the property of the setting, and the target object is the value it’s assigned. A setting that corresponds to a relation is not a simple setting, because simple settings appear in the lower compartment of an object’s box. In effect, the settings of an object are the simple settings of that object plus all the relations originating in that object.
 

  
 

   

   Finally, we’ll add two rules to prevent confusion:
 

  
 

   

   	 A property’s name must be unique among all the properties of a concept. It’s OK for properties of different concepts to share a name, though. 
 

   	 A property can be used for exactly one kind of value: a containment relation, a reference relation, or a simple setting. You can’t have a setting on one object for a something property with a string value, and another setting on the same object for something that contains some other object, or that references yet another object. 
 

  
 

   

   Disregarding the reference relations, an ORD can be arranged as a tree, because an object can be contained by at most one other object.
 

  
 

   

    

    ORD rules
 

   
 

    

    To recap, ORDs play by the following rules:
 

   
 

    

    	 An object is represented by a box. The box has two compartments: 

      

      	 The upper compartment of the box only holds the concept label, identifying what concept the object is an instance of. It’s OK to have multiple objects with the same concept label. These are then separate instances of that concept. 
 

      	 The lower compartment of the box holds any number (including zero) of simple settings. Each simple setting assigns a simple value to one particular property, which occurs uniquely among the simple settings of the object: <property name> = <value>. Any value that’s not an object or collection of objects is considered simple: strings (text), numbers, Booleans (true or false), and null are simple values. The latter represents missing or optional content. 
 

     


 

   
 

    

    	 Any two objects can have a relation, which is represented as an arrow labeled with a property (name). 

      

      	 There are two kinds of relations: 

        

        	 Containment, with a solid arrow 
 

        	 Reference, with a dashed arrow 
 

       


 

      	 Any object can be contained, meaning it’s the target of a containment relation, by at most one object regardless of the property through which it is contained. No object can contain, or be contained by, itself. Self-references are OK. 
 

      	 There’s no limit on how many relations have a certain object as their source. In particular, a source object can have relations to multiple target objects, even through the same property. In this sense, relations are different from simple settings, but we still regard a relation as a setting on its source object. The property the relation is labeled with is also the property of the setting, and the target object is the value it’s assigned. 
 

     


 

    	 A property’s name must be unique among all properties of a concept. 
 

    	 A concept’s property can be used for exactly one kind of value: containment relation, reference relation, or simple setting. 
 

    	 The settings of an object are the simple settings of that object plus all the relations originating in that object. 
 

   
 

  
 

   

   This style of ORD will allow us to represent the data present in DSL content in a structured way. We’ll make use of that throughout this book to visualize ASTs more conveniently and clearly than we can through code. Relations between objects are much more visible in an ORD than they are in code.
 

  
 

   

    

    Exercise 2.1
 

   
 

    

    	 Pick some data from your daily work life, and represent it as an ORD. 
 

    	 Concepts and their properties so far seem to exist through the use of their names and the properties’ apparent types. Do you feel it’s necessary to make this more explicit? (There are no wrong answers here.) 
 

    	 I haven’t introduced any kind of relations between concepts, such as inheritance or mixins. Do you feel that’s necessary to have? (There are no wrong answers here, either.)  
 

   
 

  
 

   

   
2.2 Going from concrete to abstract syntax
 

  
 

   

   Notated DSL content is often called concrete syntax. We can say that figure 2.8 is a piece of concrete syntax, or we can talk about this DSL content’s concrete syntax. The adjective “concrete” implies—by symmetry—the existence of an abstract syntax, and such a syntax does exist. The structured data we’re going to extract from the DSL content’s concrete syntax is typically called “the abstract syntax of the concrete syntax.” The abstract syntax is intended to represent the DSL content abstractly, with all the essential pieces of information found in the notation, but independent of the notational details of the concrete syntax. 
 

  
 

    

   [image: figure] 

   
Figure 2.8 The DSL content defining the Rental record type


  
 

   

   Consider the DSL content in figure 2.8, defining the Rental record type from the car rental example. This DSL content describes the data found in any Rental record. In chapter 8, we’ll turn such descriptions into code that works with actual data. Before we do that, however, we should be able to work with these descriptions themselves, in the form of structured data. Let’s reduce the DSL content in this figure to structured data using an ORD. In other words, let’s take the concrete syntax in figure 2.8 and extract its abstract syntax.
 

  
 

   

   We’ll rely on visual cues in the example’s concrete syntax to guide us. Such visual cues can be keywords, symbols, or other visual markers such as boxes, arrows, etc. We’ll start by looking at the “thing” as a whole. We seem to be dealing with a Record Type that happens to be called Rental. There doesn’t seem to be a sensible way to divide up the information in it: both the name and attributes clearly belong to it. Let’s do the obvious thing and represent the Rental record type as a whole using one object. 
 

  
 

   

   What concept label shall we put on this object? Since it evidently represents a record type, we might as well use Record Type, as shown in figure 2.9.
 

  
 

    

   [image: figure] 

   
Figure 2.9 Extracting only the outline of the Rental record type


  
 

   

   The next piece of data is the name of the record type: Rental. Let’s add a simple setting for a property called name with a value of Rental (see figure 2.10).
 

  
 

    

   [image: figure] 

   
Figure 2.10 Extracting the name of the Rental record type


  
 

   

   The next piece of DSL content we’ll tackle are the attributes, of which Rental has four, laid out in an indented section suggestively captioned attributes. Each attribute consists of one line of the following form:
 

  
 

   

   [image: figure] 

  
 

   

   In other words, each attribute has a name, a type, and, optionally, an initial value, to which the value of the attribute in a newly created record is initialized. A record type can have any number of attributes, so it makes sense to represent each attribute by its own object. Let’s first create the outlines of the attributes (see figure 2.11).
 

  
 

    

   [image: figure] 

   
Figure 2.11 Sketching the outlines of the objects representing attributes


  
 

   

   Now we have an object for each attribute, but without details in the form of settings. Also, I’ve left these attribute objects dangling in this diagram. Let’s fix this by having the Rental object contain all of the attributes through containment relations. The rules for ORDs say that such relations are labeled with a property’s name. It seems obvious to use the name attributes for that. We can justify this by pointing to the visual cue attributes (see figure 2.12).
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