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Preface

Clojure for Domain-specific Languages is an example-oriented guide to building custom
languages. Many of the core components of Clojure are covered to help you better
understand your options when making a domain-specific language. By the end of
this book, you should be able to make an internal DSL.

What this book covers

Chapter 1, An Overview of Domain-specific Languages with Clojure, will help you learn
specifically what a domain-specific language (DSL) is and why you may use one. This
will include a comparison of many existing DSLs, both in Clojure and other languages.

Chapter 2, Design Concepts with Clojure, will go over some basic concepts that apply to
software development in any programming language. Each section will explain what
the concept is and why the concept should be applied to your projects. As with all
sources of information, choose what works for you.

Chapter 3, Clojure Editing and Project Creation, will help you get started with the Emacs
text editor and the Lein project utility. Because entire books can be written on either
of the software discussed in this chapter, each section will only go over the basics to
help you get started.

Chapter 4, Features, Functions, and Macros, briefly goes over some of Clojure's key
components. More specifically, Clojure namespaces, Java classes, immutability,
metadata, lazy sequences, collection destructuring, functions, relationships,

and macros.

Chapter 5, Collections and Sequencing, specifically focuses on Clojure's collection data
structures and ways to construct, use, and manipulate them. Each section will focus
on a certain data structure, and the end of the chapter will focus more on operations
that can be used on sequences.
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Chapter 6, Assignment and Concurrency, starts off by getting more hands-on with
variables and how to manipulate them. The variable section explains the most common
variable definition methods and functions for handling Clojure variables. It's also okay
to skip sections if you feel that you already know the material well enough.

Chapter 7, Flow Control, Error Handling, and Math, starts off by explaining and
displaying examples of common flow control methods, then it moves on to object
comparison and casting. We will also be covering error handling and, finally, we will
move on to the Arithmetic section that contains a lot of surprises for those who aren't
familiar with Clojure. After reading all of the sections, remember to try some of the
examples in a REPL session while reviewing the chapter.

Chapter 8, Methods for Abstraction, starts off with an explanation of the classes we need
for the multimethod polymorphism tutorial. By the end of this chapter, you should
be familiar with making classes, polymorphic functions, and your own data types.

Chapter 9, An Example Twitter DSL, is focused on building a Twitter DSL but it starts
off by covering some of the key concepts of building layers of Clojure code on

top of Java libraries. Some concepts you may already be familiar with, but you're
encouraged to read the initial part of this chapter to better understand the concepts
presented in this chapter.

Chapter 10, Unit Testing, will briefly cover the clojure.test, expectations, midje,
and speclj unit testing frameworks. Each framework will be used to make tests for
the Twitter mini-DSL created in the last chapter.

Chapter 11, Clojure DSLs inside Java, will help you learn about generating Java classes
and making them available in your Java project. The first half of this chapter will
cover how to build a Clojure class that can be called from both Java and Clojure. The
second part will cover the importing and use of Clojure source files from within Java.

What you need for this book

You will need the following software for this book:

* Clojure: Clojure 1.5.x

* Leiningen: Leiningen 2.x (Optional, but heavily used in the book. You can
still use the examples with the project manager of your choice.)

* Emacs: Emacs 24.x (Optional, but required for Chapter 3, Clojure Editing and
Project Creation.)

[2]




Preface

Who this book is for

If you've already developed a few Clojure applications and wish to expand your
knowledge on Clojure or domain-specific languages in general, this book is for you.
If you're an absolute Clojure beginner, you may only find the detailed examples of
the core Clojure components of value. If you've developed DSLs in other languages,
this Lisp- and Java-based book might surprise you with the power of Clojure.

Conventions

In this book, you will find a number of styles of text that distinguish between
different kinds of information. Here are some examples of these styles, and an
explanation of their meaning.

Code words in text, database table names, folder names, filenames, file extensions,
pathnames, dummy URLs, user input, and Twitter handles are shown as follows:
"The anonymous function for the setup option declares that the image should use
an anti-aliasing filter with the function named smooth."

A block of code is set as follows:

(def right (atom 55))

(defsketch drawing
:title "Book Example"
:setup (fn []
(smooth)
(frame-rate 3))
:draw (fn []
(let [x2 (do (swap! right inc)
@right) ]
(stroke-weight 9)
(line 50 100 x2 100)))
:size [200 200])

When we wish to draw your attention to a particular part of a code block, the
relevant lines or items are set in bold:

user> (defmacro example4 [& args]
1 (println ~args))

#'user/example4d

user> (example4 1 2 3)

(clojure.core/println (1 2 3))

[31]
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user> (defmacro example5 [& args]
' (println ~@args))

#'user/example5

user> (example5 1 2 3)

(clojure.core/println 1 2 3)

user> (defmacro example6 [s]
“(let [s-name# ~s]
(println 's-name# "Binding holds" s-name#)))
#'user/example6
user> (example6 "String")
s-name 28785 auto  Binding holds String
nil

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

— doc

L— intro.md

T-

project.clj
README .md

—

— resources

— src

| L— test project
| L— core.clj
L— test

L— test project

L— core test.clj

New terms and important words are shown in bold. Words that you see on the
screen, in menus or dialog boxes for example, appear in the text like this: "Click on
the Details tab of your application's API page and then click on Create my access
token at the bottom of the page."

Warnings or important notes appear in a box like this.

a1

~Q Tips and tricks appear like this.

[4]
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Reader feedback

Feedback from our readers is always welcome. Let us know what you think about
this book —what you liked or may have disliked. Reader feedback is important for
us to develop titles that you really get the most out of.

To send us general feedback, simply send an e-mail to feedbacke@packtpub.com,
and mention the book title via the subject of your message.

If there is a topic that you have expertise in and you are interested in either writing
or contributing to a book, see our author guide on www.packtpub.com/authors.

Customer support

Now that you are the proud owner of a Packt book, we have a number of things
to help you to get the most from your purchase.

Downloading the example code

You can download the example code files for all Packt books you have purchased
from your account at http: //www.packtpub.com. If you purchased this book
elsewhere, you can visit http: //www.packtpub. com/support and register to have
the files e-mailed directly to you.

Errata

Although we have taken every care to ensure the accuracy of our content, mistakes
do happen. If you find a mistake in one of our books —maybe a mistake in

the text or the code —we would be grateful if you would report this to us. By doing
s0, you can save other readers from frustration and help us improve subsequent
versions of this book. If you find any errata, please report them by visiting
http://www.packtpub.com/submit-errata, selecting your book, clicking on

the errata submission form link, and entering the details of your errata. Once
your errata are verified, your submission will be accepted and the errata will be
uploaded on our website, or added to any list of existing errata, under the Errata
section of that title. Any existing errata can be viewed by selecting your title from
http://www.packtpub.com/support.

[51]
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Piracy

Piracy of copyright material on the Internet is an ongoing problem across all media.
At Packt, we take the protection of our copyright and licenses very seriously. If you
come across any illegal copies of our works, in any form, on the Internet, please
provide us with the location address or website name immediately so that we can
pursue a remedy.

Please contact us at copyright@packtpub.com with a link to the suspected pirated
material.

We appreciate your help in protecting our authors, and our ability to bring you
valuable content.

Questions

You can contact us at questionse@packtpub.com if you are having a problem with
any aspect of the book, and we will do our best to address it.

[6]



An Overview of Domain-
specific Languages with
Clojure

In this chapter, you'll learn specifically what a domain-specific language (DSL) is and
why you should use one. This will include the comparison of many existing DSLs
both in Clojure and other languages.

This chapter will cover examples for the following domains:

* Clojure libraries

* Database domain

e HTML domain

* ECMA/JavaScript domain
e Audio domain

* Image domain

This chapter will also go over a few internal and external DSLs, but this book is
aimed at the development of an internal DSL. That doesn't mean the information
presented in this chapter or book can't be applied to the development of an external
DSL. After learning the pros and cons of external and internal DSLs, examples of
both will be presented and explained.

After learning the difference between a Clojure library and a Clojure DSL, this
chapter will cover several problem domains. Each domain has several examples
surrounding different DSLs and compares the solutions of each example. This
includes comparing non-Clojure solutions to Clojure-based solutions.

By the end of this chapter, you should have an understanding as to when and where
to use a DSL.



An Overview of Domain-Specific Languages with Clojure

Domain-specific languages (DSL)

A domain-specific language (DSL) is the opposite of a general-purpose language

in the sense that it's designed from beginning to end to solve a very specific set of
problems. A DSL can only help solve a single set of problems and is limited by design.
The limits of the language are not bound to the expressiveness of the language but to
the scope of the problems it can handle. Now we will look at this in more detail.

Limited scope

The limited scope of problems that a DSL can handle is one of the key differences
between a general-purpose language and a domain-specific language. It's important
for the DSL to remain within its problem domain. For example, a language
specifically designed for image manipulation shouldn't contain the expressive ability
to manipulate audio, and vice versa.

Syntax

The way you would think about solving a problem in a specific problem domain is
the same way you would express the solution in the DSL. Some DSLs can fall short in
some way, but a solid DSL usually covers most, if not all, aspects of a problem domain
and is developed gradually from the ground up. In general, the concept is to make the
complex simpler in terms of literal expression.

Making the complex simpler doesn't necessarily mean to simplify in terms of a DSL.
The reason to use a DSL is to separate the user from the complexity of the problem
domain. Using a DSL can simplify the solution-building process, but the DSL doesn't
actually change the problem in the problem domain.

All well-written DSLs should be recognizable by a person familiar with the problem
domain. If you were to write a language specifically designed to handle the process
of ordering food, assuming the user knows how to make an order, a nontechnical
user should be able to understand the syntax of the language without any knowledge
of the language's complexities. Nevertheless, depending on the DSL's requirements
and the intended user audience, some knowledge of the parent language may be
required for the end user to fully understand the expressions of the DSL.

Syntax might be the first thing you see in any language, but that's not the real
difference between a good language and a not-so-good language. A good DSL makes
expressing a specific solution easier in comparison to expressing the same solution in
a general-purpose language.

[8]
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Using a DSL

For instance, if we want to build a website, we'll probably need a web language for
a much simpler development process. If we want to express something in the web
browser, we'll probably write a web page in HTML. If we want to add or modify
the styles of our web page, we'll use CSS. Then, if we wish to add event-related
functionality, we would use ECMAScript (also known as JavaScript) to do so.

Popular DSLs

DSL Domain
Structured Query Language (SQL) Databases
HyperText Markup Language (HTML) Websites
Postscript Publishing

Websites are some of the best examples of DSLs working together in concert.

The dynamic results of a page are often rendered by languages and frameworks
such as PHP, Node.js, Ruby on Rails, or Django. The content of the page is often
retrieved from a database with SQL, SQL object-relational mapping (ORM), or a
solution-specific NoSQL DSL. When the dynamic page is requested, the language
or framework decides what to display and what not to display. If the page requires
content from a database, the language or framework will use a database DSL to get
the requested content. Then, the retrieved content is formatted with the DSL HTML.
The HTML itself may contain other DSLs such as ECMAScript and/or CSS. Many
web languages often have their own templating system that can also be its very own
DSL.

A contract between language and domain

We can also think of DSL as an agreement or a protocol. The user agrees to be
ignorant of its inner workings and not of the problem, and the DSL agrees to ignore
everything not related to the problem. This agreement allows for the DSL to act as a
loyal intermediary between the solution and the problem.

A better way to understand this protocol or agreement is to think about your everyday
activities. For example, if you were to pick up the phone and order a pizza, you would
be speaking a DSL. The problem is that you need a pizza, and the solution can only be
expressed in a contextual manner for that very specific problem. This is the agreement
of that DSL. Now, if you were to go into a video game store and try to order a pizza,
the people there may understand the language, but you wouldn't get a pizza, because
that domain is outside the agreement of that type of language.

[o]
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The language of trust

The user must be able to trust that the DSL is doing what it says it's doing in the
expressions. The actions of the DSL, either hidden or verbose, must be in direct
relation to what's explicitly being expressed to avoid unwanted side effects or
mutations. For example, you wouldn't want to use a DSL if a statement such as roll
the ball actually did more than just rolling the ball.

Internal versus External DSLs

Although many DSLs strive to do the same thing, not all DSLs are built the same.
Many try to hide as much of the host language as they possibly can get away with,
and some are completely outside the host language. Then there's the in-between,
where the host language is used for leverage and becomes a power tool for the user
instead of a burden.

The use of a DSL is restricted to the way it's implemented. A DSL that requires itself
to be embedded within the host language can be called an Internal DSL. A DSL with
its own syntax and that isn't required to be embedded within another language can
be called an External DSL.

Regardless of the type of DSL we may end up building, the concept remains the
same. We need to separate the user from the complexities of the problem without
separating the user from the problem itself. We'll look at the major differences
between an Internal and an External DSL, although this book will mostly focus on
Internal DSL development with Clojure. That doesn't mean that the information
expressed in this book can't be applied to External DSL development or to the
development of other languages as well.

External DSLs

An External DSL is like making a completely new language from beginning to end.
The language itself is separate from your development language and requires many
programming concepts found in the development of a general-purpose high-level
language. Some of the main programming concepts of an External DSL encompass
other major concepts such as code generation, compilation, symbol parsing, and
language interpretation.

[10]
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There are many reasons to build and use an External DSL. You might need a
language with a simpler or more expressive syntax than what the host language is
able to provide. You might also need a language that is completely separated from
the host language.

Martin Fowler, in a 2005 blog article about language tools, once stated that some
XML configuration files can be thought of as an External DSL that uses XML to
help simplify the parsing process.

His point rings true in the sense that an XML configuration file uses a special
grammar that's independent from the host language parsing the configuration file.

One of the many positive things about an External DSL is that you can choose the
environment in which the code can be executed. Another advantage is that you
essentially have an unlimited amount of expressiveness that can be built into the
language because you're not restricted by the host language used to build the parser.
This type of freedom allows for a custom syntax that the host language wouldn't be
able to provide.

Although the custom syntax or grammar of your External DSL can make life easier
in some ways, there are a few pitfalls that must be taken into consideration if you
wish to develop an External DSL. Developing a new language that is separate from
the host language means that the features of your language are restricted to the
capabilities of your parser. Another major concern might be the lack of utilities that
support the use of your language. For example, existing Integrated Development
Environments (IDEs) won't be able to give you many common features such as
syntax highlighting and support for enhanced error exception handling. You'll also
have to figure out a practical way to handle, warn about, and report errors whenever
they might occur.

Clojure has many language-building friendly features that can transform the
structure of the Clojure language itself to fit most of your expressive needs. This
brings us back to the concept of an Internal DSL and how we can use Clojure as just
another building block.

Internal DSLs

An Internal DSL is essentially a language that is either built on top of an existing
language or extends another language, and is most commonly packaged as a
language library. As with an External DSL, an Internal DSL is written in a very
specific grammar, but unlike the External DSL, the grammar is restricted to the legal
syntax of the host language. This means that your DSL will instantly adopt all the
nice and not-so-nice syntactical features.

[11]
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Adopting the host language's syntactical features means that you'll have to design
your language in a way that also makes sense in the host language. This also means
that all of the features and problems of the host language will have great influence
on how your DSL will be implemented. An Internal DSL instantly gives us a great
advantage over an External DSL in the sense that we have tools that can already
understand our language, because we are using a language that has to follow the
same syntax rules of the host language. Another great advantage is that our language
can easily be integrated with existing projects of the host language. Error handling
and reporting are also simplified in many ways, because the Internal DSL can just
hitch a ride on the host language's error-handling methods. We can also see how an
Internal DSL might greatly decrease the learning curve for a group of developers
who already know the host language of the DSL.

Using an Internal DSL is a nicer way of interacting with a specific problem domain
from within a general-purpose language. This allows for the host language to act as
an intermediary between other Internal DSLs that might be required for a completely
different set of problems within the project. For example, you can query results from
a SQL database with a database DSL and use the host language to format the query
results, so that another DSL can handle the query results properly.

If it's not already obvious, you generally wouldn't use an Internal DSL when the
problem you're trying to solve can be reasonably expressed without much effort in
your general-purpose language. For example, fetching data from a URL probably
wouldn't require a DSL, but being able to safely handle and manipulate a PDF file
type may very well require a DSL. Every general-purpose language has its strong
and weak points, like all languages, so where you might need an Internal DSL will
mostly depend on how well the host language can generically handle the problem.

Some Internal DSLs are actually built on top of an existing set of Internal DSLs and
libraries to bring forth the overall functionality of the language. Usually, language
libraries are often bundles of well-established libraries and DSLs working together
in concert to handle the actions of the parent library's methods. Not every DSL or
library will depend on another DSL or library, but development time can be greatly
decreased by using existing code instead of starting from nothing.

Clojure libraries

Many libraries in Clojure could be classified as an Internal DSL. Clojure's LISP-based
syntax, and the unique ability to define variables and methods with nonalphabetical
characters, makes many Clojure libraries feel like their own language. The difference
between a Clojure library and an Internal DSL isn't all that much.
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