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Preface


Fluent, concise, expressive code, and low ceremony are some the traits of good domain-specific languages (DSLs). Creating a DSL is twice the joy—we can write elegant code, which in turn can help our domain experts work with ease and convenience. 

In this book you’ll learn how to design and implement your own DSLs using Kotlin. I’ve kept it really short so we can cut to the chase and get to implementing DSLs. Multiple examples will guide you through the essentials. Make sure to key in and execute each one of them to gain practice. Thank you for joining me on this journey.


Who Is This Book For?

This book assumes you are familiar with Kotlin and have some reasonable understanding of DSLs. It’s intended to quickly guide you through the steps necessary to build DSLs using Kotlin for JVM or Android applications.

If you’re a programmer interested in using Kotlin to build DSLs, you picked the right book. You’ll also find this book useful if you’re a lead developer, architect, or a technical manager who is involved in the development of applications that make use of DSLs.

You may also use this book to train your developers to become proficient with using Kotlin for programming DSLs.


What’s in This Book?

We’ve intentionally kept this book short to help you to quickly pick up key tips and tricks to create DSLs using Kotlin.

This book will not serve as an introduction to Kotlin nor to DSLs, as it assumes some knowledge of both. For an introduction to Kotlin refer to Programming Kotlin [Sub19], and for an introduction to DSLs refer to Domain-Specific Languages [Fow10].

After a quick introduction of the steps to create DSLs with Kotlin, we’ll dive straight into each of the steps. We’ll first focus on making the syntax fluent by exploiting the flexibilities of Kotlin. Then we’ll look at ways to bring domain-specific vocabulary into your DSLs. Following that we’ll devise ways to bring multiple contexts into the execution environments. We’ll then walk through the steps to make DSLs robust and resilient. Finally, we’ll wrap with a few more examples of designing DSLs.

Each step of the way, we’ll look at a number of code examples for you to practice along with. Take the time to key in each example, compile it, and execute it. Pause to make changes, break it, put it back together, try some variations, and then walk along to the next tip or trick to design your DSLs.


Online Resources

This book has an official  page[1]  at the Pragmatic Bookshelf website. From there you can download all the example source code for the book. You can also provide feedback by submitting errata entries and join in the discussions on the forum.

If you’re reading the book in PDF form, you can click on the link above a code listing to view or download the specific examples.

Turn the page and let’s get started with programming DSLs in Kotlin.



Footnotes


	[1]
	
http://www.pragprog.com/titles/vsdsl
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            Chapter
            1
Introduction


Both in life and programming, it’s not just what we say but how we say it that matters. The “how” in domain-specific languages (DSLs) is intriguing. It elevates the task of designing DSLs into an art form, where we can focus on fluency, conciseness, and esthetics of the syntax without compromising the engineering concerns of semantics, correctness, completeness, robustness, and resilience. 

Design should be functional and serve its essential purpose. A good design is also easy, intuitive, convenient, and pleasant to use. Kotlin is a wonderful language that can meet those goals and, at the same time, reduce the effort it takes to implement DSLs.

In this book, you’ll learn how to create your own DSLs in Kotlin that are easy and intuitive for the users. You’ll learn how to build fluency and how to extend the language so you can easily add domain-specific properties and functions. We’ll quickly move to the techniques of adding an execution context for the DSLs, so as to integrate the code in the DSL into the larger scope of the application in which they’re used. Finally, we’ll look at ways to make the code robust and handle errors, both ahead of execution and at runtime.

Let’s start with an example of a DSL. The following Cascading Style Sheets (CSS) syntax is intriguing: 
	​ 	a.active {
	​ 	  color: #FF0000;
	​ 	}


It’s simple, easy to both write and read, and we don’t have to be a programmer to work with it. Once we know the context and a few nuances of the syntax, we can be on our way to use CSS to tailor the appearances of websites. That’s a pretty darn good domain-specific language, albeit an external DSL. It’s called external since it’s not written on top of any other language; it stands on its own.

Now, consider the following:
	​ 	Robot operate {
	​ 	  it turns left
	​ 	  it runs fast
	​ 	  it turns right
	​ 	}


That too is easy to both write and read, and we don’t have to be a programmer to use it—that’s our own DSL. It’s an internal DSL since it’s written on top of a host general purpose language, Kotlin in this case.

Internal DSLs, which are the focus of this book, remove the need to deal with tokenizers and parsers but bring in a set of their own challenges—we have to work within the limitations of the host language. Curious?

To create internal DSLs, you need:
	A good knowledge of the host language to exploit its capabilities
	Some tricks to work around any limitations 
	A strong caffeinated beverage to perk you up as you tackle the challenges


In this book, you’ll find sufficient details for the first and substantial portions of the second, but you’re expected to bring along the third.


Focus on the Key Characteristics

When designing DSLs, we must focus on two main characteristics:
	Fluency
	Implicit context


Let’s quickly take a look at what these two things are about.
Fluency

The following feels like code written in a C-like language:
	​ 	Robot.operate()


Phew, that’s anything but fluent from a DSL point of view. On the other hand, the following feels just right:
	​ 	Robot operate


Fluency make the code smooth, without any unnecessary parts that disrupt the flow. It enhances the experience of the users of the DSL, as it becomes easier to both write and read. The code feels more like a natural language syntax, or data-like rather than code-like, and becomes more suitable for domain experts who may not be programmers.
Context

Implicit context reduces verbosity in communication.

The following uses explicit context:
	​ 	robot turns Direction.left
	​ 	robot runs Speed.fast


The writer, and almost anyone reading, knows that left is a direction and fast is about speed. We can move the context to the background and make it implicit, like so:
	​ 	it turns left
	​ 	it runs fast


Professionals well versed in a field often use jargon to communicate and are efficient because they share a body of knowledge. DSLs are like that—they’re built on a well-understood domain and implicit context and enjoy much less verbosity than traditional code.


Kotlin as a Host Language

Kotlin is a great choice to serve as a host language for internal DSLs. The creators of Kotlin designed wonderful features from many different languages into Kotlin. It’s concise, fluent, lightweight, has low ceremony, and the list goes on. Many of these traits directly impact fluency.

Kotlin has powerful features to specify implicit receivers that can serve as targets for function calls and thus can provide implicit context for execution.

Finally, being a multi-platform language, Kotlin can be used to program DSLs on the JVM, Android, iOS, and native devices.


Steps to Program DSLs

Creating a DSL is one part engineering and many parts art. Creating something that works is the first step, but we can’t walk away right after that. We have to ask if the code is intuitive and easy to write for the user of the DSL. Are there parts we have to trim, make fluent, redesign to bring in some implicit context? In addition to asking what the user can do, we also have to think through the possible scenarios of what the user might do but shouldn’t. We have to then design the DSL to make it easy to do what’s acceptable, and prevent or fail fast and gracefully when non-sensible syntax is encountered.

In the following chapters we’ll walk along these steps to create DSLs that:
	Exploit the power of Kotlin to create fluent code
	Extend the vocabulary of the APIs to bring in domain-specific code
	Program implicit context so the DSLs are concise and easy to work with
	Manage the scope of calls and handle errors gracefully


We’ll look at several examples to illustrate each of these steps.

Fire up your favorite editor and get ready for the ride.
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            Chapter
            2
Exploit Fluency


In natural languages, fluency refers to spoken or written words that effortlessly and smoothly flow to convey the essence of a thought, concept, or an idea. Like those “hums” in speech or noisy words like “basically” in writing, anything that disrupts the flow hinders fluency. Likewise, a syntax is fluent if it’s smooth, flows well, and has as little noise or extraneous details as possible.

Fluent code isn’t necessarily short or concise, but it doesn’t contain anything superfluous. For example, this syntax is filled with noise:
	​ 	fetch.balance(12345678);


Though we may be used to it, we should recognize that the dot, (), and ; are there because a language may insist on it and not because they are essential. In comparison to that noisy syntax, the following is more fluent:
	​ 	fetch balance 12345678


Where possible, we should design code to facilitate that style.

When designing DSLs, aim for fluency, as it makes communication pleasant. It reduces the drudgery and enhances the effectiveness of what’s being conveyed. Programmers used to C-like languages are sadly accustomed to the ceremonies and noisy syntax, whereas programmers used to languages like Ruby and Haskell often enjoy more fluency. Kotlin, being a multi-platform language, offers nice flexibilities, with as little ceremony and noise as possible. When designing our own DSLs, we can exploit that. 

To design code with fluency, we have to aim for the fewest elements. The user of a DSL shouldn’t be forced to write (), ;, dot, {}, classes, function declarations, or variable definitions using val or var.

If host languages give us options to avoid syntax like new, ;, (), ->, and the like, the specification feels a lot closer to a natural language than code. When designing our own internal DSLs, we have to exploit the flexibilities of the host languages to the fullest extent to achieve fluency.

As you’ll see, DSLs can enjoy fluency when hosted on top of Kotlin. Kotlin is a language of low ceremony. For example, it doesn’t insist on having ; at the end of each line. Functions that are marked infix can be called without a dot and parentheses. By using overloaded operators, where it makes sense, we can make the syntax of a DSL obvious.

In this chapter we’ll use a hypothetical banking application to look at some ways to design syntax that are fluent, thanks to these capabilities of Kotlin.


Remove Noisy Syntax

Users don’t like ceremony. Noisy syntax makes for a very unpleasant experience. Furthermore, users may be technical—engineers, data scientists, people with advanced degrees—but unlike programmers, they’re mainly interested in using the application and don’t care where to place a ;, dot, or (). When designing a DSL, we should strive to remove as much noisy syntax as possible from the eyes and hands of the users.

Suppose we’re designing fluent syntax for a DSL to be used in a banking application by a domain expert. To query for the balance of an account, the user may be asked to write something like this:
fluency/infix.kts
	​ 	fetch.balance(12345678);


That may not bother a programmer who has endured the syntax of C-like languages. However, we’ll receive no affection from our users if they have to key in that syntax. At the very least, they may be tempted to spank us with their little pinky that’s forced to type that ending ;. As designers of DSLs we need to do better, to get rid of the ., (), and ;—all the noisy parts.

The DSL user should be able to type in just the essence, like so:
fluency/infix.kts
	​ 	fetch balance 12345678


Achieving this level of fluency is incredibly easy and almost effortless in Kotlin.

First, Kotlin doesn’t care for ;, so just don’t tell the users about ; and we’re good. Unless they are recovering programmers, users will never ask if they need to place a ;.

Syntax like a + b is called infix notation, as opposed to prefix notation (+ a b), which is the syntax of languages like Lisp and Clojure. Infix notation is intuitive and less noisy.

Dropping the . and () takes a little effort. Those two symbols can be dropped if a function is marked with the infix accessor. Kotlin permits infix only on functions that have a receiver (member functions or extension functions) and take a single argument.

We can easily support the fluent DSL snippet syntax fetch balance..., by writing a singleton fetch with a balance function marked with infix:
fluency/infix.kts
	​ 	​object​ fetch {
	​ 	  ​infix​ ​fun​ ​balance​(number: Int) = println(​"Fetch the balance for $number"​)
	​ 	}


We defined a singleton with a lowercase fetch instead of the conventional Pascal-case Fetch in order to support the expected syntax. Instead of breaking away from the convention, we may also use a type alias, as we’ll see later in this chapter.

When designing DSLs, make extensive use of infix functions. Pause when writing a function and ask if it should be marked with infix—in other words, do you want the user to express the call to this function with little noise? The answer is almost always yes.


Design for Fluency

Internal DSLs enjoy a love-hate relationship with their host language. On one hand, the host language removes the burden of implementing a parser. On the other hand, the syntax that may be used for the internal DSLs is limited by the syntax permissible in the host language. This limitation can hinder our ability to introduce fluency, and we’ll have to put extra effort into designing around the limitations. Let’s look at some examples of such limitations we’ll run into when we write DSLs in Kotlin, and devise some workarounds.

In a call like fetch balance 12345678, the function balance() is operating on the instance fetch and takes a single parameter, 12345678. Since the function has a receiver and takes exactly one parameter, we can mark it as infix, which is beneficial for the user—they can enjoy fluent syntax with no unnecessary, noisy parts. However, if a function were to take two or three parameters, marking it infix would result in a compilation error. As a consequence, the callers to the functions with more than one parameter will have to use . and (). We could easily shrug our shoulders, complain that’s just life in the big city, and move on, but with a bit more effort, and inspiration from other languages, we can design for fluency.

Suppose our banking application’s DSL needs a function to send a message to an account owner. In Kotlin we can design the function like so:
fluency/notfluent/send.kts
	​ 	​import​ ​Send.Message.*​
	​ 	
	​ 	​enum​ ​class​ Message {
	​ 	  StatementReady,
	​ 	  LowBalanceAlert
	​ 	}
	​ 	
	​ 	​object​ send {
	​ 	
	​ 	  ​fun​ ​message​(messageId: Message, number: Int) =
	​ 	    println(​"sending message $messageId to $number"​)
	​ 	}


The Message enumeration has a set of message IDs recognized by the application. The send singleton has a message() function that takes an id of a message and an account number. The stand-in implementation of the function prints the given message id and the account number.

Since the function message() takes two parameters, messageId and number, Kotlin will not allow us to mark the function as infix. If we do, we’ll get an error that the infix modifier is inappropriate in this scenario. The user of the message() function, defined this way, will be forced to use the . and () in full glory:
fluency/notfluent/send.kts
	​ 	send.message(StatementReady, 12345678)


This syntax isn’t going to make us any new friends among our users to whom we promised elegant, fluent, lightweight syntax. We have to work a tad harder to redesign for fluency.

Instead of designing a function to take two parameters, we can design two functions, each of which takes one parameter. While this may appear strange, it’s not really that uncommon. For example, languages like Haskell do this automatically under the hood, quietly converting functions with multiple parameters into partial functions which take only one parameter.

We can draw inspiration from that approach but fine tune the solution for Kotlin. Let’s redesign the message() function so it takes only one parameter instead of two, but in the new design, it merely returns the given enumeration. In addition, we’ll change the Message enumeration to have a new to() function that also takes a single parameter. Since the redesigned message() and the new added to() each take only one parameter, both of them can be marked as infix.
fluency/send.kts
	​ 	​import​ ​Send.Message.*​
	​ 	
	​ 	​enum​ ​class​ Message {
	​ 	  StatementReady,
	​ 	  LowBalanceAlert;
	​ 	
	​ 	  ​infix​ ​fun​ ​to​(number: Int) = println(​"sending message $this to $number"​)
	​ 	}
	​ 	
	​ 	​object​ send {
	​ 	  ​infix​ ​fun​ ​message​(messageId: Message) = messageId
	​ 	}


The benefit of this new design is that we can call the message() and the to() functions, in succession, without . and (), like so:
fluency/send.kts
	​ 	send message StatementReady to 12345678


Even though the language doesn’t permit infix on a function that takes two parameters, we found a nice work-around to bring in fluency. At times we have to be creative to introduce fluency where it may not be straightforward.

A good design should enable ease of use and at the same time prevent users from inadvertently falling into traps. Thanks to the static typing nature of Kotlin and stringent compile time verification, it’s easy to prevent many errors and fail fast. While the syntax send message StatementReady to 12345678 is valid, the following are all invalid and will fail with compilation errors:
fluency/send.kts
	​ 	send to 12345678 message StatementReady ​//ERROR​
	​ 	send to StatementReady message 12345678 ​//ERROR​
	​ 	send message 12345678 to StatementReady ​//ERROR​


The ability to easily implement fluency with fairly decent error handling is a winning combination.


Make Syntax Obvious

Users truly appreciate when things like syntax are obvious—we remove cognitive load, which lets them focus on important issues. Good syntax is natural for the writers and obvious for the readers. In addition to reducing noise and clutter, it gives users a pleasant experience.

We can learn from the designers of the Kotlin language standard library how to design our own DSLs to be highly intuitive to use. For example, when programming in Kotlin, if you have a List<String> named fruits and we want to add a "Banana", then we can intuitively write fruits + "Banana". When we see it, the syntax is obvious, no fussing around with fruits.add("Banana") or fruits.push("Banana"). This fluency and ease is achieved in Kotlin using operator overloading, and we can use that facility for our own design as well.

The operator overloading capability of Kotlin is a big plus when creating DSLs. Kotlin supports operator overloading by convention. For example, a function named plus() may be invoked as a function or using the + operator. Likewise the function minus() may be invoked as a function or using the - operator. While the precedence of the operators is fixed, we can introduce operators, following the conventions, both in our own classes and into third-party classes as extension functions/operators. This, however, doesn’t lead to uncontrolled flexibility. The list of possible operators is limited by the language, so we can’t cook up our own symbols as operators, thankfully.

Let’s see how operator overloading can help to create syntax that’s highly intuitive and obvious to both the writer and the reader. Suppose our banking application’s DSL needs syntax to extend the due date for some payment. Let’s suppose that a variable named duedate is defined already in the context of execution, like so:
fluency/plus.kts
	​ 	​import​ ​java.time.*​
	​ 	
	​ 	​val​ duedate = LocalDate.of(2020, 8, 16)


To extend the due date by fifteen days, the users of our DSL may write something, boringly, like this:
fluency/plus.kts
	​ 	duedate.plusDays(15)


We can use functions like plusDays() and plusMonths() from both Java and Kotlin on instances of LocalDate—they’re part of the JDK. However, the code isn’t really fluent. Unfortunately, we can’t write duedate plusDays 15 since plusDays() isn’t declared as an infix function—Java doesn’t have that concept. What gives?

Looking closer at the LocalDate class, we see that the JDK has a pair of overloaded plus() functions, but neither takes a single parameter of type Int or Long. Thus, even though we can use the Kotlin convention of using + to call a plus() function that’s defined using Java, we can’t readily expect the user to write duedate + 15 since the plus() function doesn’t take an Int.

We’re stuck between an abundance of functions and a lack of fluency. It’s time for us to devise a solution.

We’ll first look at a solution using an extension function and discuss why that may not be a good solution after all. Then we’ll take a look at using an extension property to provide a less error prone and more readable solution.

For the first solution for our DSL, a plus() function that takes the number of days as an argument will be sufficient. Since a plus() function that takes an Int doesn’t exist in the JDK, we can introduce it as an extension function. Furthermore, marking the function with the keyword operator will signal Kotlin to map a call using the + operator to the plus() extension function. Let’s create the plus() extension function:
fluency/plus.kts
	​ 	​operator​ ​fun​ LocalDate.​plus​(days: Long) = plusDays(days)


Now, the users of our DSL can use highly fluent and obvious syntax to extend the due date, like so:
fluency/plus.kts
	​ 	duedate + 15


That works, but passing a raw number 15 without any units is unsettling—is it 15 days, months,… eons? Let’s scratch that plus() function and take a second attempt to provide a better solution.

Let’s make it clear that we’re allowing extension by days by adding an extension property instead.
fluency/plus.kts
	​ 	​val​ Int.days
	​ 	  ​get​() = Period.ofDays(​this​)


The days property we added to Int will allow the user to write 15.days, which makes the unit of specification obvious. Then, when the user calls +, we can readily route the call to the plus() function that’s part of the JDK (instead of writing our own plus() function), like so:
fluency/plus.kts
	​ 	duedate + 15.days


Even though the plus() function in the JDK isn’t marked with the operator keyword, Kotlin generously forwards a call to + to that plus() function if the receiver and the argument types conform to the expected types. The use of + makes it obvious that we’re extending the due date by 15 days. Code that is obvious isn’t only easier to write, it’s easier to read and needs fewer words to explain the intent.

Some programmers tend to frown upon operator overloading, for good reasons. They’ve been bitten by other developers creating arbitrary operators that made little sense. However, when used to the right measure, and sparingly, the code that uses operator overloading can be highly intuitive.

Do not overuse operators, but cautiously define operator overloaded functions to make code intuitive.


Use Conventions to Improve Fluency

When designing DSLs we should aim for the syntax to read like a natural language or a data input file. DSLs should be fluent and not feel like old C or C++ code. The code should be easy for nonprogrammers to write and just about anyone to read. 

Suppose our banking application’s DSL needs to process a series of transactions that are posted as a stream of data. An example stream of data may look like this:
	​ 	account number 12345678 deposit 10025
	​ 	account number 12345678 deposit 15045


There are no unnecessary elements in that data file—it’s plain, simple, and to the point. As it turns out, that’s 100% bonafide Kotlin syntax, except we have to apply some conventions and bend some rules just a little to get it working.

Let’s focus on designing the code to make that sample data file work. First we need a way to process the contents. No worries, Kotlin can take care of that with no effort needed on our part. Save the data into a file named transactions.kts.

To design the DSL to process that data file, we have to wear a pair of special glasses and map the syntactical structure into constructs in Kotlin. Let’s take the first line:
fluency/transactions.kts
	​ 	account number 12345678 deposit 10025


In programming speak that’s really:

account.number(12345678).deposit(10025);		

Let’s put that into words: on an account object, invoke a number function and pass the account number 12345678 to it. Then on the result of that call, invoke the deposit function and pass the amount 10025.

Kotlin doesn’t care about ;, so you don’t have to worry about that. In Kotlin we can leave out the dot and the parentheses if a function in a class or a singleton is defined as infix and takes exactly one parameter.

That almost answers the question about how we’d design the code to process the data file. Well, almost…

number is a function and so is deposit. 12345678 and 10025 are numbers. But where does account come from? We don’t want the user providing the data to worry about creating instances. Thus, we can bend the naming conventions of Kotlin just a bit and give a class an all-lowercase name, account, instead of naming it Account. Alternatively, we can create the class as Account, following the expected conventions, and define a type alias to let Kotlin know that when it sees account it should read it as Account. In previous examples we broke away from the conventions, but in this example, we’ll take this other approach to illustrate the use of type alias. To avoid creating an explicit instance, we can make number() a function in the companion object of Account.

We’ll place the code necessary to process the DSL in a file named Account.kt:
fluency/Account.kt
	​ 	​class​ Account(​val​ accountNumber: Int) {
	​ 	  ​companion​ ​object​ {
	​ 	    ​infix​ ​fun​ ​number​(accountNumber: Int) = Account(accountNumber)
	​ 	  }
	​ 	
	​ 	  ​infix​ ​fun​ ​deposit​(amount: Int) =
	​ 	    println(​"depositing $${amount/100.0} into account $accountNumber"​)
	​ 	
	​ 	  ​infix​ ​fun​ ​withdraw​(amount: Int) =
	​ 	    println(​"withdrawing $${amount/100.0} from account $accountNumber"​)
	​ 	}
	​ 	
	​ 	​typealias​ account = Account


The Account class has a read-only property named accountNumber. The companion object holds the number function and it returns an instance of account. The deposit and withdraw functions can do the actual processing, but in this example these functions merely report their call using a println.

Now let’s see how our efforts can be used to process the data file:
fluency/transactions.kts
	​ 	account number 12345678 deposit 10025
	​ 	account number 12345678 deposit 15045


We first have to compile the account class and then execute the transactions.kts file as a script, like so:
	​ 	kotlinc-jvm -d classes Account.kt
	​ 	
	​ 	kotlinc-jvm -classpath classes -script transactions.kts


Once we compile the class, we can refer to it using the classpath setting when running the Kotlinc-jvm tool in the script mode. The output from the execution is:
	​ 	depositing $100.25 into account 12345678
	​ 	depositing $150.45 into account 12345678


When executing a script, we can add to the classpath the locations of compiled classes or JAR files. As a result, our script can refer to any code that is available on the classpath, whether that comes from the JDK, from the Kotlin standard library, or any third party code.

Before we move on, let’s recap what we’ve done. The ability to run a DSL script where the necessary supporting classes and functions are bundled into JAR files greatly removes the burden to process DSL files.

In our example, the script refers to an Account companion object that is located in the classpath during runtime. With no effort we were able to use the functions of the Account class and the companion object from within the DSL script.

By introducing a companion object within the class and using type alias, we easily managed to accommodate the syntax account number 12345678 without needing to create any objects explicitly. This approach made it easier for the user of the DSL to both write and read the syntax. Once the number() function is called, it returns an instance of the Account class, and then the method chaining kicks in for the call to the deposit() function.

The net result of the design is an easy-to-process DSL with data-like fluent syntax.

We saw how fluency removes the noise and clutter and makes the syntax lightweight. While fluency is cosmetic, the ability to invoke functions or access properties with domain-specific names instead of generic names can add to the strength of DSLs. We’ll see how to get domain specific in the next chapter.
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            Chapter
            3
Get Domain Specific


A while back I walked into a book store and asked the attendant if they carried a book. After reading the title, the attendant said, “I bet this is a book related to programming” and continued, “I can’t understand a word in there, with all these acronyms.” As I laughed, I thought to myself, the title makes perfect sense to me, yet it meant nothing to this person. That’s because the title is domain specific.

I remember feeling perplexed when I read this exchange from the moon landing[2] in 1969:
	​ 	Aldrin: ACA out of Detent.
	​ 	Armstrong: Out of Detent. Auto.


They understood each other quite well and successfully completed that historic mission. But what in the world are these two astronauts talking about? 

It turned out that Aldrin was mentioning that the Attitude Control Assembly (ACA), the control stick used to fire the jets, had moved away from its centered position. They were effective in their communication, and they were using domain-specific terms.

People who are unfamiliar with a domain often dislike jargon, but professionals rely on it to effectively get their job done. When designing DSLs, we should work a little harder to make the syntax sensible and convenient for folks who understand the domain rather than making it mundane and verbose for those who don’t.

Before we dive into being domain specific, let’s set the stage for what “domain” is in the context of a DSL. When we discuss domain, we usually think of a vertical industry or market—finance, insurance, travel, and so on. In addition to those domains, we often have to work with sidecar domains—like logging, SQL, serialization, and so on—which cut across and are used in multiple vertical domains. A DSL isn’t restricted to a vertical domain; it may target a sidecar domain as well. 

In this chapter we’ll take a look at how to use Kotlin to make function calls in DSL snippets more domain specific. We’ll use two key features of the language to achieve this: extension functions and operator overloading.


Use Domain-Specific Extension Functions

Suppose we’re designing a DSL in which a user may want to specify dates relative to the current date. Conversationally, we’re likely to say something like "two days ago" rather than Date.now().daysBefore(2). In other words, we would want to make something like this possible:
domain/days.kts
	​ 	2 days ago
	​ 	5 days after


Looking at the two lines syntactically, we can quickly translate them:
	​ 	2.days(ago)
	​ 	5.days(after)


But that raises two questions: what are ago and after, and does an Int have a function called days that is also marked as infix? The short answer to those two questions are “no clue” and “unfortunately no,” respectively. But that shouldn’t dissuade the designers of internal DSLs.

Let’s work on making that DSL snippet run as-is on top of Kotlin.

First we can define the words ago and after as variables that are available in the execution context of the DSL. That leaves the function days() to be addressed. The number 5, which is of type Int in the Kotlin Standard Library, doesn’t have a days() function. However, Kotlin provides an easy way to add extension functions to preexisting classes. We can use that facility to add a custom days() function to the Int class.

Let’s create a file named IntExt.kt which will hold the code necessary to process the DSL snippet in the file days.kts. We’ll first define two constants, ago and after, which refer to instances of the custom enum class, TimeAdverbs. Then we’ll implement the days function as an extension function on the Int class.
domain/IntExt.kt
	​ 	​enum​ ​class​ TimeAdverbs { ago, after }
	​ 	
	​ 	​infix​ ​fun​ Int.​days​(duration: TimeAdverbs) = ​when​(duration) {
	​ 	  TimeAdverbs.ago -> println(​"That's $this days ago"​)
	​ 	  TimeAdverbs.after -> println(​"That's $this days from now"​)
	​ 	}
	​ 	
	​ 	​val​ ago = TimeAdverbs.ago
	​ 	​val​ after = TimeAdverbs.after


The days() function takes a parameter of type TimeAdverbs and uses the argument matching facility in Kotlin, the when clause, to take different actions depending on the value of the parameter.

By using the extension function capability, we added the function days() to the Int class. Thanks to this small effort, we’re able to make the code flow naturally, with a conversational tone.

It’s pretty straightforward to use the code in IntExt.kt to process the DSL snippet in days.kts. First, we must compile the code in IntExt.kt into bytecode. Then we can execute the code in days.kts as a script, providing the bytecode location in the classpath:
	​ 	kotlinc-jvm -d classes IntExt.kt
	​ 	
	​ 	kotlinc-jvm -classpath classes -script days.kts


We first compile the IntExt.kt file using the kotlinc-jvm command with the -d option. This places the generated bytecode into the classes directory. Then, using the same command, but with the -script option, we execute the code in the days.kts file. When the script expects the definition of ago and after and the function days, the kotlinc-jvm tool is able to fetch that from the bytecode located in the specified classpath.

The output of the execution of the commands is shown here:
	​ 	That's 2 days ago
	​ 	That's 5 days from now


This example showed us how we can easily add domain-specific functions to different data types. By using extension functions, we can enhance existing classes or data types. Thus the users of our DSLs can use syntax that’s natural and conversational in the domain targeted by the DSL.


Create Extension Operators

In the previous section we used an extension function to add a domain-specific function. Sometimes we may benefit from creating an extension operator instead of or in addition to creating extension functions.

Suppose we’re working on an application that deals with insurance policies. We may want to know if a given month is within the coverage period. It’s much easier for a user to write that query with an easy syntax, like so:
domain/in.kts
	​ 	print(May ​in​ begin..end)


In Kotlin, in is an operator and is represented by the function contains() that is marked as an operator. For example, let’s say we have a list of fruits, like so, val fruits = listOf("Apples", "Oranges", "Bananas"). We can query if "Apples" is in the list in one of two ways: by calling the contains() function, as in fruits.contains("Apples"), or by using the in operator, like "Apples" in fruits. 

In the example DSL snippet, the variables begin and end represent the starting and ending dates of an insurance policy. These two, under the hood, can be instances of  java.time.LocalDate. May represents a month in the year, which we will eventually map to a value in the java.time.Month enum. The .. symbol creates a ClosedRange object in Kotlin. While the range has a contains() function, the type of the parameter to that function is the type of the elements in the range. The code snippet begin..end creates an instance of ClosedRange<LocalDate>, and its contains() function expects an instance of LocalDate and not an instance of Month. Passing May as an argument to contains() will result in an error. But we don’t have to take no for an answer and can add our own extension operator.

Let’s first define the necessary variables in a file LocalDateExt.kt.
domain/LocalDateExt.kt
	​ 	​import​ ​java.time.*​
	​ 	
	​ 	​val​ begin = LocalDate.of(2020, 2, 15)
	​ 	​val​ end = LocalDate.of(2020, 9, 30)
	​ 	
	​ 	​val​ May = java.time.Month.MAY
	​ 	​val​ June = java.time.Month.JUNE
	​ 	​//... more months​


We defined begin and end as instances of LocalDate, and May as a reference to the java.time.Month.MAY enum. Next we need to define the extension operator contains() and the print function.
domain/LocalDateExt.kt
	​ 	​operator​ ​fun​ ​ClosedRange​<LocalDate>.contains(month: java.time.Month) =
	​ 	  month.value >= start.month.value && month.value <= endInclusive.month.value
	​ 	
	​ 	​fun​ ​print​(result: Any) = println(result)


The contains() function is created as an extension function on ClosedRange<LocalDate> and is marked as an operator. The type of the parameter is the desired Month enum. The only requirement that Kotlin places on the contains operator is that it returns a Boolean response. Our implementation checks if the given month is within the range of months specified by the begin and the end dates. We added a print() function, which merely calls Kotlin’s println() function. We utilize this function because it’s more natural for a user to use a print() function than a programming language specific println().

We can readily execute our DSL snippet by first compiling the code in the file LocalDateExt.kt and then running the snippet in in.kts as a script:
	​ 	kotlinc-jvm -d classes LocalDateExt.kt
	​ 	
	​ 	kotlinc-jvm -classpath classes -script in.kts


The output from the code is shown here:
	​ 	true


Defining the contains extension operator on Java JDK’s LocalDate gave us the ability to use the in operator. Using that, we were able to check if a  JDK Month was within the range of two instances of LocalDate. The code snippet was convenient, fluent, concise, and handcrafted specifically for our DSL.


Use Domain-Specific Operators

Continuing with the domain of insurance, suppose we want to find the duration between the start and end dates of policies. We may write something like this: 
	​ 	DateUtil.durationBetween(begin, end)


But that’s so boring, verbose, and nonintuitive. It would be way better to write more simply:
domain/diff.kts
	​ 	begin - end


If begin and end are instances of LocalDate, the previous snippet won’t run without extra effort, since - isn’t valid by default on LocalDate. Thankfully, the extra effort is minor.

We can create a minus() extension function and mark it as an operator. This allows us to use - on the two instances of LocalDate.
domain/diff.kts
	​ 	​operator​ ​fun​ LocalDate.​minus​(other: LocalDate) {
	​ 	  Period.between(​this​, other).apply {
	​ 	    println(​"$years years $months months $days days"​)
	​ 	  }
	​ 	}


Using the Kotlin naming convention, we can now call the extension function minus(), which automatically maps to the - operator because it’s marked with the operator keyword. Since it’s a binary operator, we pass one parameter as the second operand; the receiver object of this extension function, this, serves as the first operand for the operator.

Here’s the output from executing the Kotlin script:
	​ 	0 years 1 months 15 days


Adding a - operator to LocalDate was quite simple since we’re able to use instances of date like they are numerical values. Sometimes, however, we have to put in more effort to make numerical computations fluent, as we’ll see next.


Use invoke to Remove Redundant Syntax

If our users work with formulas and arithmetic expressions all day, providing syntax that is natural for them will be a big win.

Suppose our users want to key in an expression to multiply 4 + 3 with 5 - 2. As programmers, we would readily write that expression with +, *, and (), like so:
	​ 	(4 + 3) * (5 - 2)


Yep, but that’s not how our mathematical friends write that. They would instead write:
	​ 	(4 + 3) (5 - 2)


Try sending that to the compiler, and watch it cry and complain. Well, that’s true in most programming languages—but Kotlin is special.

Kotlin has a special function called invoke() that allows an object to be treated like it’s a function. Look at the following, for example: 
	​ 	"test check the operator precedence"() {
	​ 	  //...
	​ 	}


This is a valid syntax in Kotlin if the String class has a function named invoke() that is marked as an operator. In effect, if the compiler finds either a function or an operator extension function named invoke(), then it will automatically convert the previous call to the following:
	​ 	"test check the operator precedence".invoke() {
	​ 	  //...
	​ 	}


We can apply this convention to implement the arithmetic expression without the need for *, like so:
domain/invoke.kts
	​ 	​operator​ ​fun​ Int.​invoke​(operand: Int) = ​this​ * operand
	​ 	
	​ 	println((4 + 3) (5 - 2))


The compiler replaces internally the expression passed to println() to:
	​ 	(4 + 3).invoke(5 - 2)


The + is evaluated first, and the - is evaluated second. The partial results from these two computations are then used, the first as a target or receiver to invoke() and the second as an argument to that function. Here’s the result of executing our example code:
	​ 	21


With a little bit of effort, we can get rid of unnecessary programming syntax when evaluating expressions and provide a more natural, domain-specific syntax for our users.

So far we’ve seen how to increase fluency and make DSLs intuitive to use by leveraging the low ceremony of the language and adding domain-specific functions and operators. Next we’ll see how to manage the execution context of code within DSLs.



Footnotes


	[2]
	
https://www.hq.nasa.gov/alsj/a11/a11.landing.html
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            Chapter
            4
Provide Contexts


We communicate more effectively when we know the context. We tend to use fewer words and reduce ambiguity and errors when the context is clear.

At a family dinner, when someone mentions a name, it generally refers to a close family member or a friend. The family serves as the implicit context in conversations around the dinner table. At the office meeting, however, a name often refers to a team member, as the team serves as the context. It may also refer to a well-known person at a major client. It’s not unusual for us to operate simultaneously with multiple contexts. Furthermore, we often switch contexts during the day, going from a context of the team to the context of the family, for example.

Likewise, within DSLs we often switch between different contexts of execution. A function may be called in the context of an argument provided to a lambda. Alternatively, it may be executed in the context of an implicit receiver. We may actively change the context of execution of a part of a DSL, when compared to other parts. By setting an execution context, we can reduce clutter, ambiguity, and errors, and at the same time make the code more intuitive. 

Code written using DSLs often needs to use variables. However, we rarely will want a user to explicitly define variables, as that would feel like coding and disrupt the flow for the user. Instead of expecting an explicit definition, DSLs may pull in variables from an implicit context of execution. Likewise, the user may refer to a property or a function that they don’t define. These may, once again, come from an implicit context.

In object-oriented programming, instance methods run in the context of a receiver, often referred to as this or self, depending on the programming language. In addition to that, in the case of Kotlin, lambda expressions run in the context of multiple receivers. When a property or a function is mentioned within a lambda expression, it comes from the scope of one of the receivers. Using these concepts, we can provide execution context for DSLs.

In this chapter, we’ll see how to create an execution context for variable definitions. Then we’ll look at some examples of how DSLs are used in common build tools, like Gradle. We’ll then explore the implicit parameter name for lambda expressions and how that can help in creating fluent DSLs. We’ll also discuss the use of the this execution context. Finally, we’ll look at creating and simultaneously using multiple contexts.


Provide Context for Variables

The users of a DSL may need to refer to some variables that are well known or expected in a domain. For example, in the retail world, we often need to deal with sales and local taxes. The rate of these taxes may be well defined in a state, region, district, city, township, and the like. When defining a sequence of computations to perform, the user may want to refer to these taxes, like so:
context/context.kts
	​ 	retail amount 91.32
	​ 	add tax sales
	​ 	add tax local
	​ 	compute total price


In this example, the variables sales and local are freely referenced by the user, but neither the variables nor their values are defined within the code snippet. Looking at the code snippet broadly, the only constant literal defined is 91.32 and the definition of everything else is up in the air. All these undefined members have to come from a context for this code snippet to execute properly.

We can define these in a separate file that will be used as an execution context. We’ll create that file first and then see how to tie it into the  execution context.

Let’s create a file named sales.kt and in that define the necessary variables along with the functions.
context/sales.kt
	​ 	​val​ sales = 8.25
	​ 	​val​ local = 1.05
	​ 	​object​ price
	​ 	
	​ 	​object​ Amount {
	​ 	  ​var​ total = 0
	​ 	}
	​ 	
	​ 	​object​ retail {
	​ 	  ​infix​ ​fun​ ​amount​(amount: Double) {
	​ 	    Amount.total = (amount * 100).toInt()
	​ 	  }
	​ 	}
	​ 	
	​ 	​object​ add {
	​ 	  ​infix​ ​fun​ ​tax​(amount: Double) {
	​ 	    Amount.total += (amount / 100.0 * Amount.total).toInt()
	​ 	  }
	​ 	}
	​ 	
	​ 	​object​ compute {
	​ 	  ​infix​ ​fun​ ​total​(@Suppress(​"UNUSED_PARAMETER"​) price: price) =
	​ 	    println(​"Total price is $${(Amount.total)/100.0}"​)
	​ 	}


We’ve defined two immutable variables, sales and local, and assigned them to some hypothetical tax values. We defined price as an object, as it will merely serve as a placeholder for fluent syntax. The function amount is defined in the context of a retail singleton, and the function tax is defined in the context of an add singleton—this is the only time where we may see the words fun and tax on the same line.

The state of the total value that is computed is kept in a singleton Amount and, finally, the singleton compute holds the total function.

Thanks to the power of Kotlin, it’s trivial to run the code snippet in context.kts in the context of the variables and singletons defined in the sales.kt file. We first need to compile the sales.kt file and then run the script context.kts with the compiled class files or JAR in the classpath. Let’s take a look at the commands necessary:
	​ 	kotlinc-jvm -d sales.jar sales.kt
	​ 	kotlinc-jvm -classpath sales.jar -script context.kts


The command in the first line compiles the sales.kt file and places the compiled bytecode into the sales.jar JAR file. Then the command in the second line runs the script in context.kts but uses the definitions in the sales.kt files, now present in the JAR file provided in the classpath. The output of the execution is shown here:
	​ 	Total price is $99.88


We saw how users of DSLs can readily use variables defined elsewhere, from an execution context. We can design the DSL in such a way that the users can refer to commonly known values but bring them into the execution context by providing the definitions in the classpath. Next, we’ll take a look at an example of creating a build file which will rely upon elements from multiple execution contexts.


Design for Separate Implicit Contexts

In the previous example, all the variables came in from a single context object—that is, a single receiver. In a more complex DSL, where many different groups of variables and functions are used, keeping everything in one context can get complex and hard to maintain. In this section we’ll see how different parts of a DSL may use different contexts.

Gradle kts build files are a great example of a Kotlin DSL—the syntax is lightweight, fluent, concise, and has just the essence. The DSL snippet in this section follows in the spirit of Gradle’s Kotlin DSL.

Suppose we want to express the configurations for building a project—the dependencies, the locations of the source code and test files, parameters to pass to the compiler, and so on. We can write these in a lightweight format, like so:
context/builder.kts
	​ 	build {
	​ 	  version = ​"1.2"​
	​ 	  src = ​"/src"​
	​ 	  test = ​"/test"​
	​ 	
	​ 	  dependency(​"some.library"​)
	​ 	  dependency(​"another.library"​)
	​ 	
	​ 	  task(​"test"​) {
	​ 	    jvmArgs = ​"-p somepath"​
	​ 	  }
	​ 	}


A quick glance at the example build file shows multiple variables like version, src, test, jvmArgs, and also functions like build(), dependency(), and task(). Certainly, these aren’t defined along with the DSL snippet, thus they have to come from implicit contexts. Let’s explore the design to facilitate this DSL snippet. We’ll design in a way that the code within the lambda passed to build() runs in one execution context. The code within the lambda passed to the task() function call, which is embedded within the call to the build() function, runs in a different context.

The syntax build {...} is syntax sugar for a more traditional function call syntax build({...}). Thus build {...} is nothing but a call to a build() function that takes a lambda as a parameter. In Kotlin, if a function takes a lambda as its last parameter, then the lambda can be placed outside of (). In the case where the lambda is the only parameter, then the () isn’t needed in the call.

Within the lambda passed to build we have an assignment version = "1.2". We can make that line work by introducing a version property, but we have to decide on the object that will hold that property. This is where an implicit receiver comes in.

Have a look at this line:

version = "1.2"

We can read it as the following, where that implicit this can be associated with an implicit receiver for the lambda parameter:

this.version = "1.2"

Let’s examine how to assign an implicit receiver for a lambda. Kotlin provides a special syntax for that purpose. Suppose we want to make a Config class as an implicit receiver for a lambda that’s passed to the call of a build() function. We can do that by using this syntax:

fun build(block: Config.() -> Unit)

The syntax Config.() treats the lambda as if it were an extension function of Config. This says that the lambda, referred to by the variable block, can and should be invoked in the context of an implicit receiver of type Config. As a result, within the lambda, this will refer to the instance of Config that’s used as a target when calling the lambda. We can use this facility to design one of the execution contexts for our DSL snippet.

Let’s define the build() function first:
context/config.kt
	​ 	​fun​ ​build​(block: Config.() -> Unit) {
	​ 	  ​val​ configuration = Config()
	​ 	
	​ 	  configuration.block()
	​ 	
	​ 	  println(configuration)
	​ 	}


Within the build() function we create an instance of the yet-to-be-written Config class. We then invoke the lambda with the instance of Config as the target—that is, as the implicit receiver. Finally, we print the details stored within the instance.

The three lines of code within build() clearly show the steps we took: create an instance, invoke the lambda with that instance as the context object, and print the details in that context object. If you’re one of those developers, like your humble author, who likes to make code concise, refactor these three lines into a single line expression, using the apply() extension function in Kotlin’s Any class, like so:
context/config.kt
	​ 	​fun​ ​build​(block: Config.() -> Unit) = println(Config().apply(block))


Let’s shift our focus to the Config class as the next step in the design of the DSL. That part is fairly straightforward. The Config class needs a few properties—version, src, and test—which are being assigned in the lambda passed as an argument to the build() function call. In addition, we’ll also create a private property named dependencies to store the values passed to the dependency() function. Also, we’ll create a tasks property to hold compiler arguments passed to the task() function. Finally, we need the dependency function and a toString() function.
context/config.kt
	​ 	​class​ Config {
	​ 	  ​var​ version = ​""​
	​ 	  ​var​ src = ​""​
	​ 	  ​var​ test = ​""​
	​ 	  ​var​ tasks = ​""​
	​ 	  ​private​ ​val​ dependencies = mutableListOf<String>()
	​ 	
	​ 	  ​fun​ ​dependency​(library: String) = dependencies.add(library)
	​ 	
	​ 	  ​fun​ ​task​(type: String, commands: CommandContext.() -> Unit) {
	​ 	    ​val​ commandContext = CommandContext().apply(commands)
	​ 	
	​ 	    tasks = ​"$tasks---$type configured with ${commandContext}"​
	​ 	  }
	​ 	
	​ 	  ​override​ ​fun​ ​toString​() = ​"""Config:​
	​ 	​  |Version: $version​
	​ 	​  |Source path: $src​
	​ 	​  |Test Path: $test​
	​ 	​  |Dependencies: ${dependencies.joinToString()}​
	​ 	​  |Tasks: $tasks​
	​ 	​  """​.trimMargin()
	​ 	}


With only a few lines of code, we were able to define the necessary context object and the succinct code to set that as an implicit context for the execution of the lambda expression.

The task() function, defined within Config, is intended for the user to specify command line arguments for a task. That is more specialized than the configurations specified within the lambda passed to the build() function. From the design point of view, it’s better to maintain the task()-related details in a separate context. Such separation of concerns helps to reduce complexity and increase cohesion. For that reason, the task() function is using a yet-to-be-defined CommandContext class as an implicit receiver for its commands lambda parameter. Let’s define that class to store the jvmArgs property. 
context/config.kt
	​ 	​class​ CommandContext {
	​ 	  ​var​ jvmArgs = ​""​
	​ 	
	​ 	  ​override​ ​fun​ ​toString​() = ​"jvmArgs: $jvmArgs"​
	​ 	}


Whereas the variables version, src, and test came from one context, an instance of Config, the variable jvmArgs comes from a different context, an instance of CommandContext. This illustrates how within the DSL we can smoothly transition from one context to another. Instead of placing all the variables in one context object, we were able to separate them into different execution contexts. With that approach, we were able to make code cohesive and breathe clarity into the design.

We’re all set to execute the DSL. First we have to compile the code for the context objects and refer to the JAR in the classpath for execution for the script.
	​ 	kotlinc-jvm -d config.jar config.kt
	​ 	kotlinc-jvm -classpath config.jar -script builder.kts


The bytecode for the build() function, the Config class, and the CommandContext class reside in the config.jar file after the compilation. The DSL in the kts file makes use of those classes from that JAR file. The output of the execution is shown here:
	​ 	Config:
	​ 	Version: 1.2
	​ 	Source path: /src
	​ 	Test Path: /test
	​ 	Dependencies: some.library, another.library
	​ 	Tasks: ---test configured with jvmArgs: -p somepath


By setting up the necessary implicit contexts, we’re able to process the elegant and fluent DSL snippet, which looks like a Gradle build file created using the Kotlin DSL.


Use the Default Lambda Parameter Name for Context

In the previous examples in this chapter, we used the implicit receivers for context. In addition to that, where it makes sense, we may also use the parameter of lambda expressions for context. Let’s explore that idea in this section.

In Kotlin, it stands for the default name for a single unnamed parameter of a lambda expression. We can use that to our advantage to create DSL syntax, where it appears as an English word to provide a context.

To quickly refresh, when using a single parameter lambda, for example, we could write a noisy line:

list.map { e -> e.toString() }

Or we can write more fluently:

list.map { it.toString() }

If the function we’re calling on the parameter is an infix function, we can take this fluency further. Let’s see how.

Suppose our DSL will be used to send commands to a Robot to move around a terrain. Using Kotlin, we can design a concise and elegant DSL.

Without considering elegance or fluency, the code-like syntax to instruct a robot may look like this:
context/robotrun.kts
	​ 	Robot.operate({ robot ->
	​ 	  robot.turns(left)
	​ 	  robot.runs(fast)
	​ 	  robot.turns(right)
	​ 	})


That’s noisy, and we may not get any respect from robots instructed with such lousy syntax. But we can do a lot better, like so:
context/robotrun.kts
	​ 	Robot operate {
	​ 	  it turns left
	​ 	  it runs fast
	​ 	  it turns right
	​ 	}


That’s much better. Let’s discuss how we can design this DSL.

As a main theme, we can use it as the default name for the single parameter of lambda. A Robot singleton object can have an operate infix function which takes a lambda as a parameter. The operate() function can invoke the lambda with Robot as an argument. That will take care of it in the line it turns left, and turns can be a function in Robot.

Thus, using a lambda parameter we can provide the execution context for the turns() function. But that leaves us wondering how the left argument to turns can be handled. We can mix two contexts here, one from the lambda parameter and one from the lambda’s receiver. Let’s dig in.

We’ve got this line:

it turns left

We can squint our eyes and read it like this:

it turns this.left

Thus, left can be a property on a context object—an implicit receiver for the lambda.

From this analysis we have a fairly good handle on how to approach the design of the background code to support the robot DSL. We need two context objects, where one will be used as an implicit receiver and the other will be used as a parameter to the lambda that contains the instructions for a robot.

Let’s implement the receiver first.
context/Robot.kt
	​ 	​enum​ ​class​ Direction { left, right }
	​ 	​enum​ ​class​ Speed { fast, slow }
	​ 	
	​ 	​object​ DirectionSpeedReceiver {
	​ 	  ​val​ left = Direction.left
	​ 	  ​val​ right = Direction.right
	​ 	  ​val​ fast = Speed.fast
	​ 	}


We defined two enum classes, Direction and Speed, and a singleton, DirectionSpeedReceiver, which will act as a receiver. Since Kotlin doesn’t permit enum classes to serve as a receiver, we created the DirectionSpeedReceiver singleton as a wrapper of the different values for the two enums. 

Next we’ll create a Robot singleton which will hold the operate() function and also serve as a parameter to the lambda passed to that function.
context/Robot.kt
	​ 	​object​ Robot {
	​ 	  ​infix​ ​fun​ ​turns​(direction: Direction) = println(​"Robot turns $direction"​)
	​ 	
	​ 	  ​infix​ ​fun​ ​runs​(speed: Speed) = println(​"Robot runs $speed"​)
	​ 	
	​ 	  ​infix​ ​fun​ ​operate​(instructions: DirectionSpeedReceiver.(Robot) -> Unit) =
	​ 	    DirectionSpeedReceiver.instructions(Robot)
	​ 	}


The operate() function is defined as an infix function and takes a lambda, instructions, as its parameter. The lambda expects DirectionSpeedReceiver to be the implicit receiver and Robot to be the type of the parameter passed to it. The operate() function merely calls the lambda. In addition to the operate function, we defined two additional functions, turns and runs, that simply report they were called.

That was easy and simple. Let’s now run the DSL snippet in the context of the Robot class:
	​ 	kotlinc-jvm -d robot.jar Robot.kt
	​ 	kotlinc-jvm -classpath robot.jar -script robotrun.kts


The Robot singleton is compiled into the robot.jar and then used in the classpath to serve as a context of execution for the script in robotrun.kts. Here’s the output:
	​ 	Robot turns left
	​ 	Robot runs fast
	​ 	Robot turns right


We used the default Kotlin syntax of it for a single parameter to refer to a Robot. In this domain context it worked to our advantage. However, it’s not always a good idea to use it—for example, it will be rude to refer to a Person instance as it; use that syntax sugar where it makes sense.


Use Multiple Contexts to Remove Ambiguity

We may want to create and use multiple context objects for two different reasons. By creating multiple contexts, we can gain these advantages:
	
Simplify code, reduce code bloat, make code more cohesive, honor the single responsibility principle, and make code easier to maintain

	
Reduce the chances of invalid or out-of-sequence function calls



We discussed the first benefit in the previous sections. In this section we’ll focus on the second benefit. When a single context is used, it may be hard to keep the user from making an invalid sequence of calls. Let’s take a look at an example that exposes this issue and find a solution using multiple contexts.

Suppose we’re designing a register and want to implement an add facility. To introduce fluency, we may design an add() and an and() function, like so:
context/ambiguous.kts
	​ 	​object​ register {
	​ 	  ​var​ total = 0
	​ 	
	​ 	  ​infix​ ​fun​ ​add​(op1: Int): register {
	​ 	    total += op1
	​ 	    ​return​ register
	​ 	  }
	​ 	
	​ 	  ​infix​ ​fun​ ​and​(op2: Int) {
	​ 	    println(​"adding $op2 to $total"​)
	​ 	    total += op2
	​ 	  }
	​ 	}


The benefit of this design is the functions may be used fluently, like so:
context/ambiguous.kts
	​ 	register add 4 and 3


Unfortunately, that design has a negative consequence. The design may not prevent a user from inadvertently making a few calls that may not make sense. For example, a user may make these unintended calls:
context/ambiguous.kts
	​ 	register and 3 add 4 ​//ERROR​
	​ 	register and 3 and 4 ​//ERROR​
	​ 	register add 3 add 4 ​//oops​


A good design should enable ease of use and at the same time prevent users from inadvertently falling into traps. Ideally, an unintended or non-sensible use should result in an error instead of quietly misbehaving. Let’s examine how our design fared for catching these kinds of errors.

It turns out that the first call, invocation of and followed by add, thankfully results in a compilation error. The reason for this error is the result of and() being a Unit and having no add() function on it. Yay.

The second call also turned out to be an error—kudos—because and() returns Unit, which doesn’t have an and() function.

The last call, unfortunately, will execute without any error and produce an unexpected behavior. We should design in a way that such calls fail fast at compilation time. Let’s rework the design to achieve this goal.

In our modified design, we’ll introduce two separate contexts, one for the add() function and the other for the and() function.
context/register.kts
	​ 	​object​ register {
	​ 	  ​infix​ ​fun​ ​add​(op1: Int): AndOp {
	​ 	    ​return​ AndOp(op1)
	​ 	  }
	​ 	
	​ 	  ​class​ AndOp(​val​ total: Int) {
	​ 	    ​infix​ ​fun​ ​and​(op2: Int) {
	​ 	      println(​"adding $op2 to $total"​)
	​ 	    }
	​ 	  }
	​ 	}


Since only the add() function is present on register, we can’t call the function and() directly on it anymore. Also, since add() returns AndOp, which doesn’t have an add() function, we can’t make another call to add() on the result of a call to add(). The following syntax is still valid, as we’d like it to be:
context/register.kts
	​ 	register add 4 and 3


However, all three of the following will fail quickly—illustrating how splitting the context helps to deal with errors more reliably.
context/register.kts
	​ 	register and 3 add 4 ​//ERROR​
	​ 	register and 3 and 4 ​//ERROR​
	​ 	register add 3 add 4 ​//ERROR​


The example is contrived—it shows how to split the context, but that’s far from sufficient, in general. We often have to deal with a shared state while maintaining multiple contexts. We’ll explore how to achieve that next.


Use Inner Classes to Share State Between Contexts

On one hand, we want to maintain multiple contexts so that we can control the sequence of function calls that should be permitted by the DSL. On the other hand, the function calls, executing in different contexts, have to come together. By working together, they can represent a cohesive set of data or state that may be created by the sequence of instructions. In this section, we’ll see how to realize those two goals at the same time.

Let’s design a DSL to schedule meetings. A user of our DSL will be able to schedule them using a lightweight syntax like this one:
context/schedule.kts
	​ 	schedule meeting {
	​ 	  assign name ​"Meeting to discuss why meetings aren't effective"​
	​ 	  starts at 14..30
	​ 	  ends at 15..30
	​ 	  on date 15 March 2020
	​ 	  participants include ​"Sara"​ and ​"Jake"​ and ​"Mani"​
	​ 	}


Examining the syntax, we can see that schedule can be a singleton with meeting() as a function that takes a lambda as its parameter. But what about assign, starts, and so on? One approach may be to define each one of them as singletons. However, that approach has some problems. In addition to executing the functions like name, at, and include, we also need to gather the data needed to define a meeting. Arbitrary singletons aren’t great to carry a single representation of data; we need to look further.

An instance of a Meeting class would serve us well to hold the details of a meeting. Let’s see how we can maintain multiple contexts and at the same time maintain a single state of the data or details about a meeting.

The easiest way to design the first line in the DSL snippet, schedule meeting {, is using a schedule singleton with a function meeting. This function can create a Meeting object to serve as a context for the execution of the lambda expression passed to the meeting() function. Let’s write the schedule singleton first:
context/meeting.kt
	​ 	​object​ schedule {
	​ 	  ​infix​ ​fun​ ​meeting​(block: Meeting.() -> Unit) = print(Meeting().apply(block))
	​ 	}


The meeting() function in the schedule singleton has been marked infix.
The parameter declaration of the function shows that the lambda provided as parameter will be executed in the context of a Meeting instance. The function creates an instance of a yet-to-be-written Meeting class, invokes the given lambda in the context of the Meeting instance, and prints the details present in the instance. 

The Meeting class will hold the details about the meeting. For that, let’s define the class with some predefined properties:
context/meeting.kt
	​ 	​class​ Meeting {
	​ 	  ​var​ meetingName = ​""​
	​ 	  ​var​ startTime = IntRange.EMPTY
	​ 	  ​var​ endTime = IntRange.EMPTY
	​ 	  ​var​ scheduledOn = ​""​
	​ 	  ​var​ attending = ​""​
	​ 	}


The class holds some properties to store the name of the meeting, the starting and the ending time, the date the meeting will be scheduled, and details of who will attend.

When the lambda passed to the meeting() function is executed, from within the lambda, we need to run instructions like assign name, starts at, and so on. Let’s take one line at a time and see how each one of them can be designed.

To set up a meeting, we need to assign a name for the meeting. That’s done, as an example, by this line:
	​ 	assign name ​"Meeting to discuss why meetings aren't effective"​


We may be tempted to design assign as a singleton with name as a function in it. However, the name of the meeting should be stored in the Meeting instance. How in the world can we then connect the singleton assign to the instance of Meeting that is passed in as a receiver to the lambda? That’s not easy, if not impossible. Instead, we can take a simpler approach.

Take this line:

assign name sometext

We can look at it like this:

this.assign name sometext

That is, we can look at assign as a property on the implicit receiver object of the lambda. In fact, we can make that property assign refer back to the instance of Meeting and make name a function of Meeting. By doing so, we can easily store the name of the meeting into the Meeting instance, like so:
context/meeting.kt
	​ 	​//within the Meeting class​
	​ 	​val​ assign = ​this​
	​ 	
	​ 	​infix​ ​fun​ ​name​(name: String) {
	​ 	  meetingName = name
	​ 	}


The name function takes a name for the meeting and assigns that to the meetingName property of Meeting. That takes care of assigning a name for the meeting. Let’s now focus on the next line, to define the start time for a meeting:
	​ 	starts at 14..30


At first thought, we could make starts refer to this, much like how assign merely refers to this. Then at() can be a function of Meeting. The downside to that approach is that a user may inadvertently write:

assign at sometext

And that will be an undesirable but correct syntax. As we’ve seen before, we can prevent such unintentional syntax by using different context objects.

Let’s create a starts property within Meeting but assign it to an instance of Starts, which is an inner class within Meeting. The benefit of an inner class is that its instances can provide a new context, and yet those instances can access the state in the outer instance.
context/meeting.kt
	​ 	​//within the Meeting class​
	​ 	​val​ starts = Starts()
	​ 	
	​ 	​inner​ ​class​ Starts {
	​ 	  ​infix​ ​fun​ ​at​(time: IntRange) {
	​ 	    startTime = time
	​ 	  }
	​ 	}


The Starts inner class’s at() function, marked as infix, takes the given time and assigns it to the startTime that resides in the Meeting instance.

The next line in the DSL snippet deals with the ending time of the meeting:
	​ 	ends at 15..30


This line can be designed in the same way as the previous line in the DSL:
context/meeting.kt
	​ 	​val​ ends = Ends()
	​ 	
	​ 	​inner​ ​class​ Ends {
	​ 	  ​infix​ ​fun​ ​at​(time: IntRange) {
	​ 	    endTime = time
	​ 	  }
	​ 	}


That takes us to the next line:
	​ 	on date 15 March 2020


This line looks fluent, but from the design and implementation point of view, it can seem overly complicated. Sometimes, to provide a small amount of fluency and ease to our users, we may have to walk a few extra miles (or kilometers, for those using evolved units of measure) when designing DSLs. In general, it’s well worth it. We put in the effort once, but our users reap the benefits every single time they use it, and silently praise our efforts. It’s a great way to score some thank you points.

We can look at this line as a series of function calls:

on.date(15).March(2020)

That tells us we need a context class On for the instance on with a date() function that takes a day of the month as its parameter. It can then return an instance, such as a DateCreator, which then has functions like March, April, and so on, that take the year as a parameter. That wasn’t that bad, except for one small detail—we need a way for the date to be set in the instance of Meeting. Again, we can leverage Kotlin’s capabilities for that. Let’s design that part now:
context/meeting.kt
	​ 	​val​ on = On()
	​ 	
	​ 	​inner​ ​class​ On {
	​ 	  ​infix​ ​fun​ ​date​(day: Int) = DateCreator(day, ​this​@Meeting)
	​ 	}
	​ 	
	​ 	​class​ DateCreator(​val​ day: Int, ​val​ meeting: Meeting) {
	​ 	  ​private​ ​fun​ ​setScheduledOn​(month: Int, year: Int) {
	​ 	    meeting.scheduledOn =
	​ 	      java.time.LocalDate.of(year, month, day).toString()
	​ 	  }
	​ 	
	​ 	  ​infix​ ​fun​ ​January​(year: Int) = setScheduledOn(1, year)
	​ 	  ​infix​ ​fun​ ​February​(year: Int) = setScheduledOn(2, year)
	​ 	  ​infix​ ​fun​ ​March​(year: Int) = setScheduledOn(3, year)
	​ 	  ​//... April, May,... December​
	​ 	}


The on variable refers to an instance of the inner class On. The date() function of On creates an instance of DateCreator, passes in to the constructor the given day and the reference to the instance of the outer class, using the syntax this@Meeting. From within an instance of an inner class, this refers to the instance of the inner, but this@OuterClassName refers to the instance of the outer class, where OuterClassName should be replaced with the actual name of the outer class.

The implementation of the DateCreator class is straightforward. The functions like March, one per month, set the value of the scheduledOn property on the Meeting instance appropriately.

Let’s now take a look at the last line within the lambda of the DSL example:
	​ 	participants include ​"Sara"​ and ​"Jake"​ and ​"Mani"​


Implementing this, in comparison to what we’ve done so far, is relatively easy. We can set participants as a property in Meeting and refer to an instance of an inner class, Participants. That class can have a function named include() and a function named and(), like so:
context/meeting.kt
	​ 	​val​ participants = Participants()
	​ 	
	​ 	​inner​ ​class​ Participants {
	​ 	  ​infix​ ​fun​ ​include​(name: String): Participants = apply {
	​ 	    attending = name
	​ 	  }
	​ 	
	​ 	  ​infix​ ​fun​ ​and​(name: String): Participants = apply {
	​ 	    attending = ​"$attending, $name"​
	​ 	  }
	​ 	}


The include() and the and() functions append the given names to the attending property in the Meeting instance.

As a last step in the design, we need the toString() function to print the details of the meeting that are gathered in the instance created within the schedule’s meeting() function. Let’s implement the toString() function and, while we’re at it, also take a look at the entire code to process the DSL:
context/meeting.kt
	​ 	​object​ schedule {
	​ 	  ​infix​ ​fun​ ​meeting​(block: Meeting.() -> Unit) = print(Meeting().apply(block))
	​ 	}
	​ 	
	​ 	​class​ Meeting {
	​ 	  ​var​ meetingName = ​""​
	​ 	  ​var​ startTime = IntRange.EMPTY
	​ 	  ​var​ endTime = IntRange.EMPTY
	​ 	  ​var​ scheduledOn = ​""​
	​ 	  ​var​ attending = ​""​
	​ 	  ​val​ assign = ​this​
	​ 	  ​val​ starts = Starts()
	​ 	  ​val​ ends = Ends()
	​ 	  ​val​ on = On()
	​ 	  ​val​ participants = Participants()
	​ 	
	​ 	  ​infix​ ​fun​ ​name​(name: String) {
	​ 	    meetingName = name
	​ 	  }
	​ 	
	​ 	  ​inner​ ​class​ Starts {
	​ 	    ​infix​ ​fun​ ​at​(time: IntRange) {
	​ 	      startTime = time
	​ 	    }
	​ 	  }
	​ 	
	​ 	  ​inner​ ​class​ Ends {
	​ 	    ​infix​ ​fun​ ​at​(time: IntRange) {
	​ 	      endTime = time
	​ 	    }
	​ 	  }
	​ 	
	​ 	  ​inner​ ​class​ On {
	​ 	    ​infix​ ​fun​ ​date​(day: Int) = DateCreator(day, ​this​@Meeting)
	​ 	  }
	​ 	
	​ 	  ​class​ DateCreator(​val​ day: Int, ​val​ meeting: Meeting) {
	​ 	    ​private​ ​fun​ ​setScheduledOn​(month: Int, year: Int) {
	​ 	      meeting.scheduledOn =
	​ 	        java.time.LocalDate.of(year, month, day).toString()
	​ 	    }
	​ 	
	​ 	    ​infix​ ​fun​ ​January​(year: Int) = setScheduledOn(1, year)
	​ 	    ​infix​ ​fun​ ​February​(year: Int) = setScheduledOn(2, year)
	​ 	    ​infix​ ​fun​ ​March​(year: Int) = setScheduledOn(3, year)
	​ 	    ​//... April, May,... December​
	​ 	  }
	​ 	
	​ 	  ​inner​ ​class​ Participants {
	​ 	    ​infix​ ​fun​ ​include​(name: String): Participants = apply {
	​ 	      attending = name
	​ 	    }
	​ 	
	​ 	    ​infix​ ​fun​ ​and​(name: String): Participants = apply {
	​ 	      attending = ​"$attending, $name"​
	​ 	    }
	​ 	  }
	​ 	
	​ 	  ​override​ ​fun​ ​toString​() = ​"""Meeting: $meetingName​
	​ 	​  |Starts at ${startTime.start}:${startTime.endInclusive}​
	​ 	​  |Ends at ${endTime.start}:${endTime.endInclusive}​
	​ 	​  |On $scheduledOn​
	​ 	​  |Participants: ${attending}​
	​ 	​  |​
	​ 	​  """​.trimMargin()
	​ 	}


We can compile the Meeting.kt file and use the generated JAR file in the classpath to execute the DSL snippet in schedule.kts, like so:
	​ 	kotlinc-jvm -d meeting.jar meeting.kt
	​ 	kotlinc-jvm -classpath meeting.jar -script schedule.kts


The output of the execution is shown here:
	​ 	Meeting: Meeting to discuss why meetings aren't effective
	​ 	Starts at 14:30
	​ 	Ends at 15:30
	​ 	On 2020-03-15
	​ 	Participants: Sara, Jake, Mani


This example showed us how multiple inner classes came together and used the instance of the outer class to share the state. Furthermore, the inner classes provided separate contexts for the functions and so removed the possibility of the user making ambiguous calls.

In this chapter, we looked at the benefits of creating context objects. You also saw how to create multiple context objects and how to leverage Kotlin capabilities like receivers for lambda, the it variable name, and inner classes. In the next chapter, we’ll take a look at controlling the scope of access and better error checking.
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            Chapter
            5
Manage Scope and Handle Errors


For a language to serve as a host for creating internal DSLs, it needs to have low ceremony, provide the ease to create highly fluent code, have the ability to implement implicit execution context, and have the capability to add domain-specific functions and properties to existing abstractions or data types. In addition to Kotlin, many other languages, such as Groovy and Ruby, have those capabilities and are great for serving as a host. A few things, however, make Kotlin a better choice.

A good design shouldn’t only make an application easier to work with; it should also fail fast and gracefully when things don’t go well. When designing DSLs, our design should alert users about syntax errors and also prevent them from making semantical errors that may otherwise be correct syntactically.

Due to the statically typed nature of Kotlin, our users will get syntax errors immediately, well before the execution of their script. In fact, the statically typed nature has led to the creation of helpful IDE support for both the language and the DSLs written in it. Developers and IDE users don’t run the risk of partial execution or processing. The reason for this nice behavior is that in Kotlin, scripts are compiled fully, just in time and in memory, before execution begins.

As we know, not all valid syntax is sensible semantically. Certain function calls or property access can be done only in some contexts and not in others. In Chapter 4, ​Provide Contexts​, we saw how creating different contexts can help us to control access to some functions and properties. While that approach is helpful, Kotlin also provides a few other capabilities to take that effort further, for better results.

In this chapter, we’ll look at examples of errors in code and how to design so that those can be detected fast and handled gracefully.


Leverage the Compiler

Scripts and scripting languages often draw the ire of programmers who predominantly program in statically typed languages. One reason for this is the lack of early detection of syntax errors. That’s because, unlike statically typed languages, scripting languages—which are generally dynamically typed—often interpret rather than compile code. This can trip up even experienced programmers who are used to dynamically typed languages. I remember the screams of a Python programmer at one of my client sites—he had run an algorithm for two hours, only for the program to suddenly crash due to a syntax error. From a programmer’s point of view, these issues can be alleviated by exercising code via tests. From the point of view of domain users, however, fail fast and gracefully are important design goals.

When users key in code snippets, they may unintentionally introduce syntax errors. This may be due to lack of knowledge of the syntax or due to fat-fingering. As good designers, we should take steps to detect these errors early, and especially before any part of the DSL is processed.

Thankfully, we don’t have to make any effort to detect straight-up syntax errors—the Kotlin compiler takes care of that for us. Unlike many scripting languages, Kotlin doesn’t interpret scripts. Instead, it compiles the scripts first, in memory, and is executed only if the code passes the validations of the compiler.

To illustrate this, suppose the following is valid syntax in a hypothetical DSL:

2 to 4

Now suppose the user types something like the following anywhere in the script:

2 ti 4 //ERROR

or

2 To 4 //ERROR

No part of the script will execute. Instead, it will fail with an error, alerting the user of the syntax error.

For example, let’s say we have a file with the following code snippet:
scope/syntax.kts
	​ 	println(​"Snippet with error"​)
	​ 	2 To 4 ​//ERROR​


To execute the snippet we can point the Kotlin compiler at the file, with the --script option:
	​ 	kotlinc-jvm -script syntax.kts


The effect of this is a compilation error:
	​ 	syntax.kts:2:3: error: unresolved reference: To
	​ 	2 To 4 //ERROR
	​ 	  ^


The first line in the script, even though valid syntactically, didn’t execute due to the syntax error on the second line. The Kotlin compiler didn’t require us to explicitly compile the code first and then execute. Instead, it automatically included the compilation phase ahead of the execution of the script. This eliminates quite a bit of effort on our part as designers and implementors of the DSL to validate the syntax of the scripts.


Leverage Type Checking

The statically typed nature of Kotlin takes us far beyond syntax checks. It can verify that the data being passed to functions, for instance, are as expected. Once again, these checks are performed ahead of execution, providing the fail-fast feature for these kinds of errors.

In ​Use Inner Classes to Share State Between Contexts​, we looked at a DSL to schedule meetings. Suppose a user keys in the following snippet:
context/outofplace.kts
	​ 	schedule meeting {
	​ 	  assign name ​"Meeting to discuss why meetings aren't effective"​
	​ 	  starts at 14..30
	​ 	  ends at 15..30
	​ 	  on date March 15 2020
	​ 	  participants include ​"Sara"​ and ​"Jake"​ and ​"Mani"​
	​ 	}


Much like I often do, the user got mixed up with the format of the date on the on date line. Instead of “on date 15 March 2020,” the user placed the month before the date. Arguably, we may design the DSL to permit this sequence. However, the current design doesn’t allow it. Instead of quietly misbehaving, the code will fail with compilation errors.

The Kotlin compiler not only verifies syntax but also checks for the soundness of data types that are passed in. The date function expects a number to be passed in. Furthermore, March, if you recollect, is a function in the DateCreator returned by the date function. Outside of the context of DateCreator, March is not known and not bound to anything.

Let’s try to exercise the DSL snippet in the outofplace.kts file, like so:
	​ 	kotlinc-jvm -d meeting.jar meeting.kt
	​ 	kotlinc-jvm -classpath meeting.jar -script outofplace.kts


Even though the syntax appears to be valid in general, for our DSL, the month is out of place and appears where an Int is expected. The compiler will let the user know that right away, in no uncertain terms, as we see here:
	​ 	outofplace.kts:5:17: error: unexpected tokens (use ';' to separate expressions
	​ 	  on the same line)
	​ 	  on date March 15 2020
	​ 	                ^
	​ 	outofplace.kts:5:11: error: unresolved reference: March
	​ 	  on date March 15 2020
	​ 	          ^


It’s nice that the DSL snippet failed fast instead of partially executing or quietly misbehaving. Kudos for that. However, it’s fair to say that the error messages reported by the compiler may not be helpful for users who aren’t programmers. For example, the compiler’s suggestion to “use ‘;’ to separate expressions” is misleading in the context of the DSL. It may be wise to process the DSL snippets within an execution shell and present to the user more guidance about the errors, and possibly point them to examples that they can refer to. In ​Devise Ways to Run DSLs from External Sources​, we’ll see how to run the code within an execution shell.


Restrict Scope of Functions

We discussed creating multiple contexts to separate the scope of functions in ​Use Inner Classes to Share State Between Contexts​. Preventing invalid calls in a context is so critical that this topic is worth revisiting. Furthermore, sometimes we can reduce the chances of error without introducing yet another context object, as we’ll see in the example in this section.

Let’s revisit the Robot DSL we looked at in ​Use the Default Lambda Parameter Name for Context​. Suppose a user of our DSL writes the following:
	​ 	Robot operate {
	​ 	  it turns left
	​ 	  it runs fast
	​ 	  it turns right
	​ 	
	​ 	  it operate {
	​ 	    it turns left
	​ 	    it runs fast
	​ 	    it turns right
	​ 	  }
	​ 	}


The user didn’t make any syntax error but embedded a call to operate redundantly within the lambda passed to the outer operate. If the user really wanted to command the same sequence of calls—turns left, runs fast, and turns right—then they could have repeated that right below the first three lines within the lambda. It would be nice to get an error that tells us that we can’t call operate from within the lambda, but as designed, we won’t get any errors and the snippet will produce the following output:
	​ 	Robot turns left
	​ 	Robot runs fast
	​ 	Robot turns right
	​ 	Robot turns left
	​ 	Robot runs fast
	​ 	Robot turns right


Let’s fix the design so that a redundant call to operate from within the lambda passed to the outer operate fails with an error.

One approach would be to introduce the new context classes, like the Starts, Ends, DateCreator, and so on, that we introduced for the meeting scheduler DSL in ​Use Inner Classes to Share State Between Contexts​. It turns out there’s a simpler solution for restricting the call to operate. Instead of creating inner classes, sometimes we can use a companion object within a class just as effectively to create a separate context.

Let’s make some changes to the design we created in ​Use the Default Lambda Parameter Name for Context​. First, we’ll turn the singleton Robot into a class. This class will hold most of the functions that we call in the DSL snippet. Second, we’ll move the operate function into a companion object within the Robot class. This will allow the user to still call the operate() function without having to create an instance of Robot. Finally, we’ll run the lambda provided as a parameter to operate in the context of an implicit instance of Robot, instead of in the context of a singleton.
scope/Robot.kt
	​ 	​enum​ ​class​ Direction { left, right }
	​ 	​enum​ ​class​ Speed { fast }
	​ 	
	​ 	​object​ DirectionSpeedReceiver {
	​ 	  ​val​ left = Direction.left
	​ 	  ​val​ right = Direction.right
	​ 	  ​val​ fast = Speed.fast
	​ 	}
	​ 	
	​ 	​class​ Robot {
	​ 	  ​infix​ ​fun​ ​turns​(direction: Direction) = println(​"Robot turns $direction"​)
	​ 	
	​ 	  ​infix​ ​fun​ ​runs​(speed: Speed) = println(​"Robot runs $speed"​)
	​ 	
	​ 	  ​companion​ ​object​ {
	​ 	    ​infix​ ​fun​ ​operate​(instructions: DirectionSpeedReceiver.(Robot) -> Unit) =
	​ 	      Robot().run { DirectionSpeedReceiver.instructions(​this​) }
	​ 	  }
	​ 	}


After this change, let’s verify that the legitimate code to operate a Robot continues to work well:
scope/robotrun.kts
	​ 	Robot operate {
	​ 	  it turns left
	​ 	  it runs fast
	​ 	  it turns right
	​ 	}


Now let’s compile the Robot.kt file and execute the snippet in the robotrun.kts file:
	​ 	kotlinc-jvm -d robot.jar Robot.kt
	​ 	kotlinc-jvm -classpath robot.jar -script robotrun.kts


The output is exactly as desired:
	​ 	Robot turns left
	​ 	Robot runs fast
	​ 	Robot turns right


Now, let’s exercise the code snippet with the redundant call to operate, like so:
scope/robotrunredundant.kts
	​ 	Robot operate {
	​ 	  it turns left
	​ 	  it runs fast
	​ 	  it turns right
	​ 	
	​ 	  it operate {
	​ 	    it turns left
	​ 	    it runs fast
	​ 	    it turns right
	​ 	  }
	​ 	}


Let’s compile Robot.kt again but now run the script in robotrunredundant.kts:
	​ 	kotlinc-jvm -d robot.jar Robot.kt
	​ 	kotlinc-jvm -classpath robot.jar -script robotrunredundant.kts


We get the error we anticipated:
	​ 	robotrunredundant.kts:6:6: error: unresolved reference: operate
	​ 	  it operate {
	​ 	     ^


The message shows that the call to operate() is not expected in this context because that function isn’t in scope. By moving the operate function into the companion object, we were able to restrict its scope and keep it apart from the scope of functions like turns and runs.


Control Scope with DslMarker

In ​Design for Separate Implicit Contexts​, we saw that lambdas can have implicit receivers. Lambdas nested within other lambdas may have multiple implicit receivers. Whereas this is a very powerful feature in Kotlin, it may work to our disadvantage when our goal is to restrict the functions that may be called from within a scope. Kotlin provides a way to limit the scope within a DSL to a single implicit receiver, using a special annotation—DslMarker.

Let’s revisit the design of the DSL from ​Design for Separate Implicit Contexts​, and discuss the issue we’ll run into. Then we’ll see how we can resolve it—with the help of Kotlin, of course.

Suppose the user of the builder DSL writes something like this:
	​ 	build {
	​ 	  version = ​"1.2"​
	​ 	  src = ​"/src"​
	​ 	  test = ​"/test"​
	​ 	
	​ 	  dependency(​"some.library"​)
	​ 	  dependency(​"another.library"​)
	​ 	
	​ 	  task(​"test"​) {
	​ 	    jvmArgs = ​"-p somepath"​
	​ 	
	​ 	    dependency(​"**should.not.be.here**"​)
	​ 	  }
	​ 	}


We see no syntax errors, but there’s a call to dependency() within the lambda passed to task(). When we are specifying a build, it makes little sense for a dependency to appear within a task. However, Kotlin won’t complain, since this is the way the DSL is designed. The output will reflect this:
	​ 	Config:
	​ 	Version: 1.2
	​ 	Source path: /src
	​ 	Test Path: /test
	​ 	Dependencies: some.library, another.library, **should.not.be.here**
	​ 	Tasks: ---test configured with jvmArgs: -p somepath


Before we fix the design, let’s clearly understand why this code didn’t fail compilation. The lambda passed to the build() function runs in the context of a Config object due to this line in the config.kt file:
scope/config.kt
	​ 	​fun​ ​build​(block: Config.() -> Unit) = println(Config().apply(block))


As a result, Kotlin will make an attempt to tie any unbounded function or property within the lambda passed to build() to an instance of Config.

Examining the definition of the task() function within the Config class, we see:
scope/config.kt
	​ 	​fun​ ​task​(type: String, commands: CommandContext.() -> Unit) {
	​ 	  ​val​ commandContext = CommandContext().apply(commands)
	​ 	
	​ 	  tasks = ​"$tasks---$type configured with ${commandContext}"​
	​ 	}


This states that the lambda passed as the second argument to task() will run in the context of an implicit receiver of type CommandContext. Looking back at the DSL snippet, the last call to dependency() is within the lambda passed to task(), but that code, in turn, is within the lambda passed to build(). Thus, the code inside the inner lambda has two implicit receivers, one of type CommandContext and the other of type Config.

If a function or property that’s called within the inner lambda is unbounded, it will be tied to the instance of CommandContext, if present. Otherwise, Kotlin will look up to see if it can be bound to Config. That’s the reason why the call to dependency() from within the inner lambda didn’t fail but instead was bound to the Config instance.

It’s easy to tell Kotlin to deviate from this powerful default behavior of lookup: we can tell Kotlin to limit lookup to a single implicit receiver for tying unbounded functions and properties.

To restrict the scope, mark the classes that are used as implicit receivers with an annotation which in turn is marked with a DslMarker annotation. Let’s change the config.kt file to do that:
scope/config.kt
	​ 	@DslMarker
	​ 	​annotation​ ​class​ ConfigMarker
	​ 	
	​ 	@ConfigMarker
	​ 	​class​ Config {
	​ 	  ​//...rest of this class is the same as before...​
	​ 	}
	​ 	
	​ 	@ConfigMarker
	​ 	​class​ CommandContext {
	​ 	  ​var​ jvmArgs = ​""​
	​ 	
	​ 	  ​override​ ​fun​ ​toString​() = ​"jvmArgs: $jvmArgs"​
	​ 	}
	​ 	
	​ 	​fun​ ​build​(block: Config.() -> Unit) = println(Config().apply(block))


We created a ConfigMarker annotation which is annotated with the @DslMarker annotation. Then we annotated both the Config class and the CommandContext class with the @ConfigMarker annotation. Those are the only changes we made to the code from ​Design for Separate Implicit Contexts​. With these changes in place, the DSL snippet with a third call to dependency(), from within the task() function, will fail compilation, like so:
	​ 	buildererr.kts:12:5: error: 'fun dependency(library: String): Boolean'
	​ 	  can't be called in this context by implicit receiver. Use the explicit
	​ 	  one if necessary
	​ 	    dependency("**should.not.be.here**")
	​ 	    ^


The access to jvmArgs from within the lambda passed to task() wasn’t a problem, because jvmArgs is a property of the implicit receiver CommandContext. However, the call to dependency() right after that line failed, because dependency() isn’t a member of CommandContext. Kotlin didn’t automatically bind it to the other implicit receiver of type Config.

When designing DSLs, liberally use DslMarker annotation. That will help to limit the scope of properties and functions to the primary implicit receiver, instead of looking up properties and functions in the context of other implicit receivers.

A word of caution: with the use of DslMarker, we can be sure that Kotlin doesn’t look up more than one implicit receiver. However, Kotlin may bind a function or a property that’s not present in the primary implicit receiver but present in the lexical scope outside of other implicit receivers. As an example, we can’t prevent a call to println() from within the lambda passed to task(). It’s a good idea to use the DslMarker, but understand its limitations and capabilities.


Proactively Handle Errors

In spite of all the efforts, some errors will sneak past the compiler. Compilers are a great first line of defense, but we shouldn’t solely rely upon them—that would be naive.

Let’s revisit the meeting scheduler DSL we saw in ​Use Inner Classes to Share State Between Contexts​. If the user makes a syntax error, the Kotlin compiler will catch that right away. Also, if an incorrect data type is passed, as we saw in ​Leverage Type Checking​, the compiler will promptly alert the user. The multiple contexts we created limit the scope of the functions that may be called when using the DSL. All these are good, but the user may still make some mistakes, like not setting the end time or setting an end time that is prior to a meeting start time. We, as DSL designers, need to anticipate and handle these situations.

Let’s take a stab at dealing with some errors that the compiler won’t be able to detect. Starting with the contents of the config.kt file from ​Use Inner Classes to Share State Between Contexts​, we’ll add some error handling code to the Meeting class and the meeting() function. We’ll first change the meeting() function in the schedule singleton:
scope/meeting.kt
	​ 	​object​ schedule {
	​ 	  ​infix​ ​fun​ ​meeting​(block: Meeting.() -> Unit) {
	​ 	    ​try​ {
	​ 	      print(Meeting().apply(block).validate())
	​ 	    } ​catch​(ex: Exception) {
	​ 	      println(ex)
	​ 	    }
	​ 	  }
	​ 	}


In addition to invoking the given lambda in the context of the Meeting instance, we invoke a yet-to-be written validate() function that will perform some final checks on the instance populated by the lambda.

We’ll now implement the validate() function in the Meeting class and, while at it, also add an errors private property.
scope/meeting.kt
	​ 	​class​ Meeting {
	​ 	  ​private​ ​val​ errors = mutableListOf<String>()
	​ 	
	​ 	  ​fun​ ​validate​(): Meeting {
	​ 	    ​if​(startTime.isEmpty()) {
	​ 	      errors.add(​"start time not set"​)
	​ 	    }
	​ 	
	​ 	    ​if​(endTime.isEmpty()) {
	​ 	      errors.add(​"end time not set"​)
	​ 	    }
	​ 	
	​ 	    ​//more checking...​
	​ 	
	​ 	    ​if​(!errors.isEmpty()) {
	​ 	      ​throw​ RuntimeException(
	​ 	        ​"""​
	​ 	​        |Meeting not set up properly:​
	​ 	​        |${errors.joinToString(System.lineSeparator())}"""​.trimMargin())
	​ 	    }
	​ 	
	​ 	    ​return​ ​this​
	​ 	  }
	​ 	
	​ 	  ​//...rest of the code in this class​


In the newly added validate() function, we check if the startTime or the endTime are empty and set an appropriate message into the errors list. We can add more checks, as necessary, in this function. Finally, if the errors list isn’t empty, then the validate() function blows up with an exception.

In addition to the checks in the validate() function, we can add error checking to other parts as well. For example, we can add this to the Starts inner class:
scope/meeting.kt
	​ 	​inner​ ​class​ Starts {
	​ 	  ​infix​ ​fun​ ​at​(time: IntRange) {
	​ 	    ​if​(!startTime.isEmpty()) {
	​ 	      errors.add(​"duplicate start time"​)
	​ 	    }
	​ 	
	​ 	    ​//more checking...​
	​ 	
	​ 	    startTime = time
	​ 	  }
	​ 	}


If the start time is set more than once, the error checking code we added just now will make an entry to the errors list.

Let’s create a DSL snippet with a couple of errors in it:
scope/schedule.kts
	​ 	schedule meeting {
	​ 	  assign name ​"Meeting to discuss why meetings aren't effective"​
	​ 	  starts at 14..30
	​ 	  starts at 14..15
	​ 	  on date 15 March 2020
	​ 	  participants include ​"Sara"​ and ​"Jake"​ and ​"Mani"​
	​ 	}


In this example, the start time is set more than once and the user has forgotten to set the end time. Let’s execute this DSL snippet using these commands:
	​ 	kotlinc-jvm -d meeting.jar meeting.kt
	​ 	kotlinc-jvm -classpath meeting.jar -script schedule.kts


The output from the execution is the following:
	​ 	java.lang.RuntimeException: Meeting not set up properly:
	​ 	duplicate start time
	​ 	end time not set


Even though the compiler couldn’t detect these logical errors, we’ve handled them gracefully.

You’ve learned several techniques to create internal DSLs in Kotlin. Designing DSLs is an exciting activity that calls upon both our creativity and knowledge of the host language. It’s a skill that we can improve with practice. In the next chapter, we’ll bring it all together to design and implement two DSLs from start to finish.
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            Chapter
            6
Practice with Examples


Creating DSLs is exciting because it’s a multifaceted activity. It brings together knowledge of the language to exploit its features, engineering skills to design the syntax and the semantics, and a dash of creativity to make the syntax fluent. Design is a skill that we can learn and get better at with practice.

With practice you can become more comfortable creating your own DSLs. In this chapter we use two examples to practice creating DSLs. In the first example, we’ll take a practical problem developers face and provide a simple and elegant solution. The second example we’ll look at is a DSL we saw in previous chapters, but we’ll focus here on how to run the DSL code from an external file.


Let’s Design a Builder

As an enterprise programmer, it’s hard to escape XML. XML shows up in configuration files and is also used as communication payloads. But no one goes home excited after manually editing XML documents. It’s much worse if XML is embedded as a string within code. Let’s build a DSL that can help programmers to easily create an XML document from data in memory.

Suppose we have a Map with programming languages as keys and authors as values:
practice/buildxml.kts
	​ 	​val​ languagesAndAuthors =
	​ 	  mapOf(​"Java"​ to ​"Gosling"​, ​"Lisp"​ to ​"McCarthy"​, ​"Ruby"​ to ​"Matz"​)


Let’s design a DSL to help programmers translate that data into an XML format, like so:
	​ 	<languages>
	​ 	 <language title=​'Java'​>
	​ 	  <author>
	​ 	   Gosling
	​ 	  </author>
	​ 	 </language>
	​ 	 <language title=​'Lisp'​>
	​ 	  <author>
	​ 	   McCarthy
	​ 	  </author>
	​ 	 </language>
	​ 	 <language title=​'Ruby'​>
	​ 	  <author>
	​ 	   Matz
	​ 	  </author>
	​ 	 </language>
	​ 	</languages>


Each of the languages in the Map appears as a <language></language> element, all embedded within the <languages></languages> root element. The name of the language is defined as an attribute title of the language element, and the author name appears as a text value within the <author></author> child element.

The main purpose of the DSL we design is to transform the data in a Map into an XML document. The syntax should be elegant and easy for the programmers using it.

We can take inspiration from the Groovy XML MarkupBuilder[3] to design the DSL but make the syntax fall in line within the confines of what’s permitted by the Kotlin language.

The users of our DSL may be able to transform the languagesAndAuthors into the XML representation we saw before, using a syntax like this:
practice/buildxml.kts
	​ 	​val​ xml = elem(​"languages"​) {
	​ 	  languagesAndAuthors.forEach { (title, author) ->
	​ 	    elem(​"language"​, ​"title"​ to title) {
	​ 	      elem(​"author"​) {
	​ 	        text(author)
	​ 	      }
	​ 	    }
	​ 	  }
	​ 	}
	​ 	
	​ 	println(xml)


For this syntax to work, we need to design an elem() function that takes a String for a root element name and a lambda that will define the structure of the root’s children. We can embed the elem() function calls to create elements besides the root element. The elem() function, in addition to taking an XML element’s name, can optionally take the names and values of the XML element’s attributes. For example the argument "title" to key represents an attribute named title with a value of the variable key as the attribute’s value. Likewise, the text() function is used to define a text element in the XML document.

Take a few minutes to practice implementing this. Step away from this book, pour a cup of your favorite beverage, close the social media apps, and give it a shot. Once you’re done, continue further to compare the code you’ve created to the example that follows…

Welcome back—let’s walk through the steps needed to process the XML builder DSL code.

The outermost elem() function call appears like a top-level function, so we’ll design it as that. The function needs to take three arguments: the name of the element, a vararg of optional attributes, and a lambda for defining child elements. Let’s do that first:
practice/buildxml.kts
	​ 	​fun​ ​elem​(name: String, ​vararg​ attributes: Pair<String, String>,
	​ 	  block: XmlNode.() -> Unit = {}): XmlNode =
	​ 	    XmlNode(name, *attributes).apply { block() }


The elem() function returns an instance of a yet-to-be-written XmlNode class. Within the body of the function we create an instance of the XmlNode class, pass it the given name and the attributes, and execute the given lambda in the context of the XmlNode instance before the instance is returned.

Let’s shift our focus now to the XmlNode class, which represents an element in the XML document. Since XML is a hierarchical structure, an XmlNode instance may contain multiple XmlNode elements as its member, in addition to having attributes and text values.

At the minimum, the XmlNode class will need two functions, one for the nested elem() functions to define child elements and the other for the text() function to define a text node of the XML document. We’ll also need to override the toString() function to produce a String representation of an XML document. Let’s take a look at these functions along with a few properties that are necessary to store the details of an XML element node.
practice/buildxml.kts
	​ 	​class​ XmlNode(
	​ 	  ​val​ elementName: String, ​vararg​ attributes: Pair<String, String>) {
	​ 	
	​ 	  ​var​ textValue = ​""​
	​ 	  ​val​ children = mutableListOf<XmlNode>()
	​ 	  ​val​ attributes = attributes
	​ 	
	​ 	  ​fun​ ​elem​(name: String, ​vararg​ attributes: Pair<String, String>,
	​ 	    block: XmlNode.() -> Unit = {}) =
	​ 	      children.add(XmlNode(name, *attributes).apply { block() })
	​ 	
	​ 	  ​fun​ ​text​(value: String) {
	​ 	    textValue = value
	​ 	  }
	​ 	
	​ 	  ​override​ ​fun​ ​toString​() = xmlAsString()
	​ 	}


The constructor of the XmlNode class receives the element name and the list of attribute names and values as a vararg of Pair<String, String>.

The class uses the textValue property to store the value of a child text node. In general, an XML element may have multiple text nodes. Our design doesn’t support it, but it can be extended with a little effort.

The children property will hold the children XmlNode instances, and the attributes property refers to the given attributes for the element.

The elem() function of XmlNode is almost the same as the top-level elem() function. Both versions create an XMlNode instance using the given element name and attributes and invoke the given lambda in the context of the instance created. However, unlike the top-level elem() function that returned the created node, the elem() function of XmlNode adds the created node to the children property of the executing parent node.

The text() function merely assigns the given value to the textValue property, to represent the value of a text child node. Finally, the toString() function calls a yet-to-be-implemented xmlAsString() function.

Since XML is a hierarchical structure, we have to use proper indentations when creating a string representation of an XML document. That’s the responsibility of the xmlAsString() function.
practice/buildxml.kts
	​ 	​private​ ​fun​ ​xmlAsString​(indentation: String = ​""​): String =
	​ 	  listOf(
	​ 	      renderOpeningTag(indentation),
	​ 	      renderTextNode(indentation),
	​ 	      renderChildren(indentation),
	​ 	      renderClosingTag(indentation))
	​ 	    .filter(String::isNotEmpty)
	​ 	    .joinToString(​"\n"​)
	​ 	
	​ 	​private​ ​fun​ ​renderOpeningTag​(indentation: String): String {
	​ 	  ​val​ attributeValues = attributes.map { (title, author) -> ​"$title='$author'"​ }
	​ 	    .joinToString(​" "​, prefix = ​" "​)
	​ 	
	​ 	  ​return​ ​"$indentation<${(elementName + attributeValues).trim()}>"​
	​ 	}
	​ 	
	​ 	​private​ ​fun​ ​renderTextNode​(indentation: String) =
	​ 	  ​if​(textValue.isEmpty()) ​""​ ​else​ ​" $indentation$textValue"​
	​ 	
	​ 	​private​ ​fun​ ​renderChildren​(indentation: String) =
	​ 	  children.map { node -> ​"${node.xmlAsString("​​$​indentation ​")}"​}
	​ 	    .joinToString(​"\n"​)
	​ 	
	​ 	​private​ ​fun​ ​renderClosingTag​(indentation: String) = ​"$indentation</$elementName>"​


The xmlAsString() function takes indentation as its parameter, with an empty space as the default indentation. Using a set of small private functions, xmlAsString() creates a string representation of the XML element represented by the instance of XmlNode on which it’s called. It also takes care of including the attributes, any text values, and the children XML nodes as well. The function finally returns a string representation of the node.

You can try the XML Builder DSL with a few different Maps of key and values. You can also extend the design to support any variations you may like. 

This example served as a practice to create DSLs. Next we’ll look at another aspect we’ve not touched on yet—we’ll run a DSL code snippet that resides in an external source.


Devise Ways to Run DSLs from External Sources

A DSL may be embedded within a Kotlin .kt file, a Kotlin script .kts file, or may be provided in a standalone file. Typically a DSL intended for use by Kotlin programmers may make use of the first two options—they can naturally place the code along with other Kotlin code in a .kt or .kts file. However, a DSL intended to be used by nonprogrammers or to be used in isolation may be placed in a separate text file, or the content may even arrive by some other means.

In the examples so far, we compiled the supporting code needed to process DSL code into class files or into JAR files. Then we exercised the DSL snippets by running kotlinc-jvm with the -script option. That’s a reasonable approach if we merely want to run the DSL code snippets. In general, however, DSLs are often used in the context of larger enterprise applications. Thankfully, exercising DSL code snippets from within Kotlin or Java applications is relatively easy, as we’ll see here.

A user may provide us DSL code in one of several ways, depending on the use cases supported by applications. The DSL code may be:
	Created as a text file
	Input directly into the application via a dialog or console
	Received securely from a remote service via an HTTP request
	Read from a database
	Generated by a third-party application


Irrespective of the source, we should be able to load the code snippet into a String. To be able to process a DSL code snippet in an application, we simply need to figure out a way to evaluate or process code stored in a String and be able to get a response from that processing into our application.

The JVM already has a way to process scripts written in different languages—for example, JavaScript or Groovy—from within Java or JVM applications written using other JVM languages. This capability comes through a scripting engine library that’s part of JSR-223.[4] Since Kotlin runs on the JVM, we can use the same mechanism to execute scripts written in other languages from within a Kotlin application.

To dynamically process Kotlin code through the scripting engine library, we need an implementation of a ScriptEngineManager for Kotlin scripts. That’s available in a class,  org.jetbrains.kotlin.script.jsr223.KotlinJsr223JvmLocalScriptEngineFactory, implemented by JetBrains, the company behind the Kotlin language.

Since we need a few different libraries to get this working, it’s easier to set up a project using either Gradle or Maven. We’ll use Gradle here. You can download the code for this example from the  website[5] for this book. Once you download and unzip the file, look in the code/embed directory.

First, let’s take a look at the Gradle build.gradle.kts file which, in itself, happens to be a DSL written using Kotlin.
embed/build.gradle.kts
	​ 	plugins {
	​ 	  kotlin(​"jvm"​) version ​"1.3.72"​
	​ 	  application
	​ 	}
	​ 	
	​ 	application {
	​ 	  mainClassName = ​"com.agiledeveloper.dsl.RunDSLKt"​
	​ 	}
	​ 	
	​ 	repositories {
	​ 	  mavenCentral()
	​ 	}
	​ 	
	​ 	dependencies {
	​ 	  implementation(kotlin(​"stdlib"​))
	​ 	  implementation(kotlin(​"reflect"​))
	​ 	  implementation(kotlin(​"script-runtime"​))
	​ 	  implementation(kotlin(​"compiler-embeddable"​))
	​ 	  implementation(kotlin(​"script-util"​))
	​ 	  runtime(kotlin(​"scripting-compiler-embeddable"​))
	​ 	  runtime(​"net.java.dev.jna:jna:5.5.0"​)
	​ 	}
	​ 	
	​ 	​val​ run: JavaExec ​by​ tasks
	​ 	run.standardInput = System.`in`
	​ 	
	​ 	defaultTasks(​"clean"​, ​"run"​)


The build file specifies the Kotlin plugin and the application plugin. It refers to a class, RunDSLKt, which will contain the main() function. The dependencies section specifies the different libraries we need to get this code working. Mainly, we’re referring to the Kotlin scripting, runtime, and compiler libraries. Finally, the default task executes the clean task and the run task, which will run the main() function from the specified main class.

We’ll read in DSL snippets that specify meeting schedules and run them from within a Kotlin application. We need the schedule singleton, the meeting() function, and the Meeting class we wrote before. We’ll take the version of the meeting.kt file from ​Proactively Handle Errors​, and modify it slightly as shown here:
embed/src/main/kotlin/com/agiledeveloper/dsl/meeting.kt
	​ 	​package​ ​com.agiledeveloper.dsl​
	​ 	
	​ 	​object​ schedule {
	​ 	  ​infix​ ​fun​ ​meeting​(block: Meeting.() -> Unit) =
	​ 	    Meeting().apply(block).validate()
	​ 	}
	​ 	
	​ 	​class​ Meeting {
	​ 	  ​//rest of the code same as before...​


We implemented three changes in this version of the meeting.kt file:
	
We moved the file into the directory src/main/kotlin/com/agiledeveloper/dsl, a directory structure that both Gradle and Maven expect by default.

	
We added a package declaration at the top of the file.

	
Finally, in the meeting() function, instead of printing the details in the Meeting instance, we return the instance to the caller.



The rest of the code in meeting.kt is the same as in the previous version from ​Proactively Handle Errors​.

We have the code to process the DSL in place, but we need a piece of code to emulate a real-world application. That glue code will read in the DSL code snippet, execute it within the safe haven of exception handling, and, finally, report the response or any errors gracefully. We’ll create the necessary code for that in a file named RunDSL.kt:
embed/src/main/kotlin/com/agiledeveloper/dsl/RunDSL.kt
	​ 	​package​ ​com.agiledeveloper.dsl​
	​ 	
	​ 	​fun​ ​main​() {
	​ 	  print(​"Please enter the filename for schedule:"​)
	​ 	
	​ 	  ​val​ fileName = readLine()
	​ 	
	​ 	  ​val​ dsl = java.io.File(fileName).readText()
	​ 	
	​ 	  ​val​ scriptEngine =
	​ 	    javax.script.ScriptEngineManager().getEngineByExtension(​"kts"​)
	​ 	
	​ 	  ​try​ {
	​ 	    ​val​ result = scriptEngine.eval(​"""​
	​ 	​    import com.agiledeveloper.dsl.schedule​
	​ 	
	​ 	​    $dsl​
	​ 	​    """​)
	​ 	
	​ 	    println(​"Result of evaluation of the DSL:"​)
	​ 	    println(result)
	​ 	  } ​catch​(ex: Exception) {
	​ 	    println(​"""OOPS, we ran into an error.​
	​ 	​    ${ex.message}"""​)
	​ 	  }
	​ 	}


The code in this file also belongs to the same package as the schedule singleton and the Meeting class. In the main() function, we ask the user to provide the name of a file containing the DSL code snippet. Instead of reading from a file, we may ask the user to key in the DSL, fetch the DSL from a database, get it from a remote service, and so on.

We read the content of the DSL file, using the readText() extension function added by the Kotlin standard library to the java.io.File class, and store the code snippet into a String variable named dsl. Then we get an implementation of the ScriptEngine for Kotlin script, kts, by calling the getEngineByExtension() function on the ScriptEngineManager.

As a final step, we prefix an import line to the code snippet we read from the file and ask the instance of the ScriptEngine to execute it by calling the eval() function. If all goes well, the result of the call, a Meeting object, will be stored in the result variable. If something were to go wrong, the details of the exception are available via the variable ex.

The approach you use to integrate DSL processing into your own enterprise applications can be similar. Instead of a main() function, you can write the code to invoke the ScriptEngine from anywhere in your application, as appropriate.

We need one more file to make all this work well together. We need to specify, in a manifest file, the name of the class implementing the ScriptEngine interface for Kotlin. Create a file, src/main/resources/META-INF/services/javax.script.ScriptEngineFactory, and key the following details in it:
embed/src/main/resources/META-INF/services/javax.script.ScriptEngineFactory
	​ 	org.jetbrains.kotlin.script.jsr223.KotlinJsr223JvmLocalScriptEngineFactory


We’re all set to take this application to process DSL code snippets for a ride. Let’s try it out with a few different code snippets.

Let’s start with a good file, with no errors in it.
embed/schedulegood.dsl
	​ 	schedule meeting {
	​ 	  assign name ​"Meeting to discuss why meetings aren't effective"​
	​ 	  starts at 14..30
	​ 	  ends at 15..30
	​ 	  on date 15 March 2020
	​ 	  participants include ​"Sara"​ and ​"Jake"​ and ​"Mani"​
	​ 	}


Unlike the previous examples where we placed the DSL code into .kts files, in this example we placed the DSL code into a file named schedulegood.dsl. We used a .dsl extension, but you may use whatever extension you like for this file, or no extension at all.

To run the application, you can use the Gradle wrapper to quickly install Gradle as part of compiling and executing the application. The Gradle wrapper is part of the source code that you can download from the website of the book.

To execute the application, at the command prompt, run this command from the code/embed directory:

./gradlew

If you’re on Windows, run this command instead:

gradlew.bat

When asked, enter the name of the file as schedulegood.dsl. The interactive session and the output is shown here:
	​ 	Please enter the filename for schedule:schedulegood.dsl
	​ 	
	​ 	Result of evaluation of the DSL:
	​ 	Meeting: Meeting to discuss why meetings aren't effective
	​ 	Starts at 14:30
	​ 	Ends at 15:30
	​ 	On 2020-03-15
	​ 	Participants: Sara, Jake, Mani


That worked well. We can see the output from our application with the details gathered from the instance of Meeting returned by the schedule’s meeting() function.

Let’s now try a DSL snippet with a syntax error in it:
embed/schedulesyntaxerr.dsl
	​ 	schedule meeting {
	​ 	  assign name ​"Meeting to discuss why meetings aren't effective"​
	​ 	  starts at 14..30
	​ 	  end at 15..30
	​ 	  on date 15 March 2020
	​ 	  participants include ​"Sara"​ and ​"Jake"​ and ​"Mani"​
	​ 	}


Run ./gradlew again, but this time enter schedulesyntaxerr.dsl as the name of the file. The output is shown here:
	​ 	Please enter the filename for schedule:schedulesyntaxerr.dsl
	​ 	
	​ 	OOPS, we ran into an error.
	​ 	    error: unresolved reference: end
	​ 	  end at 15..30
	​ 	  ^


The syntax error in the code snippet was gracefully handled by our application and we can alert the user about the error and guide them to fix the issues.

We can similarly deal with logical errors. Let’s use the following DSL code snippet:
embed/schedulelogicalerr.dsl
	​ 	schedule meeting {
	​ 	  assign name ​"Meeting to discuss why meetings aren't effective"​
	​ 	  starts at 14..30
	​ 	  starts at 14..30
	​ 	  on date 15 March 2020
	​ 	  participants include ​"Sara"​ and ​"Jake"​ and ​"Mani"​
	​ 	}


Run ./gradlew again and key in the file name as schedulelogicalerr.dsl to see this output:
	​ 	Please enter the filename for schedule:schedulelogicalerr.dsl
	​ 	
	​ 	OOPS, we ran into an error.
	​ 	    java.lang.RuntimeException: Meeting not set up properly:
	​ 	duplicate start time
	​ 	end time not set


In this example, we saw how to bring DSL code snippets into an application for processing. Even though the DSL code came from a standalone file, we were able to run the snippets in the context of classes and functions that know how to properly process it. In addition to being able to run the code within an application, we also handled the failures gracefully.

That brings us to the end of this journey of learning to create DSLs in Kotlin. Every end is a new beginning, and I hope this book gave you a good boost on your voyage of creating your own DSLs.

Let me end by saying have fun designingYourOwnDSLs(); 



Footnotes


	[3]
	
https://docs.groovy-lang.org/latest/html/api/groovy/xml/MarkupBuilder.html


	[4]
	
https://jcp.org/en/jsr/detail?id=223


	[5]
	
http://www.pragprog.com/titles/vsdsl
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