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About the Tutonial

Clojure is a high level, dynamic functional programming language. It is designed, based
on the LISP programming language, and has compilers that makes it possible to be run
on both Java and .Net runtime environment.

This tutorial is fairly comprehensive and covers various functions involved in Clojure. All
the functions are explained using examples for easy understanding.

Audience

This tutorial is designed for all those software professionals who are keen on learning the
basics of Clojure and how to put it into practice.

Prerequisites

Before proceeding with this tutorial, familiarity with Java and LISP programming language
is preferred.

Copyright & Disclaimer

© Copyright 2016 by Tutorials Point (I) Pvt. Ltd.

All the content and graphics published in this e-book are the property of Tutorials Point (I)
Pvt. Ltd. The user of this e-book is prohibited to reuse, retain, copy, distribute or republish
any contents or a part of contents of this e-book in any manner without written consent
of the publisher.

We strive to update the contents of our website and tutorials as timely and as precisely as
possible, however, the contents may contain inaccuracies or errors. Tutorials Point (I) Pvt.
Ltd. provides no guarantee regarding the accuracy, timeliness or completeness of our
website or its contents including this tutorial. If you discover any errors on our website or
in this tutorial, please notify us at contact@tutorialspoint.com
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1. CLOJURE - OVERVIEW

Clojure is a high level, dynamic functional programming language. Clojure is designed based
on the LISP programming language and has compilers which makes it run on both Java and
.Net runtime environment.

Before we talk about Clojure, let’s just have a quick description of LISP programming
language. LISPs have a tiny language core, almost no syntax, and a powerful macro facility.
With these features, you can bend LISP to meet your design, instead of the other way around.
LISP has been there for a long time dating back to 1958.

Common LISP reads in an expression, evaluates it, and then prints out the result. For
example, if you want to compute the value of a simple mathematical expression of 4+6 then
you type in

USER(1) (+ 4 6)

Clojure has the following high-level key objectives as a programming language.

e It is based on the LISP programming language which makes its code statements
smaller than traditional programming languages.

e It is a functional programming language.

e It focuses on immutability which is basically the concept that you should not make any
changes to objects which are created in place.

e It can manage the state of an application for the programmer.
e It supports concurrency.

e It embraces existing programming languages. For example, Clojure can make use of
the entire Java ecosystem for management of the running of the code via the JVM.

The official website for Clojure is http://clojure.org/
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http://clojure.org/

D@ Clojure - home

x

&« - C |[ clojure.org

QA

Rationale
Features
Download
Getting Started

Documentation

Libraries

Welcome. Learn more about what \Wikispaces has to offer.

[ Search
Clojure o ooy
Google Group IRC
Videos Blog
Contrib Libraries Wiki

Clojure is a dynamic programming language that targets the Java Virtual Machine (and the
CLR, and JavaScript). It is designed to be a general-purpose language, combining the
approachability and interactive development of a scripting language with an efficient and
robust infrastructure for multithreaded programming. Clojure is a compiled language - it
compiles directly to JVM bytecode, yet remains completely dynamic. Every feature
supported by Clojure is supported at runtime. Clojure provides easy access to the Java
frameworks, with optional type hints and type inference, to ensure that calls to Java can
avoid reflection.
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2.CLOJURE —ENVIRONMENT

There are a variety of ways to work with Clojure as a programming language. We will look at
two ways to work with Clojure programming.

e Leiningen - Leiningen is an essential tool to create, build, and automate Clojure
projects.

e Eclipse Plugin - There is a plugin called CounterClockwise, which is available for
Eclipse for carrying out Clojure development in the Eclipse IDE.

Leiningen Installation

Ensure the following System requirements are met before proceeding with the installation.

System Requirements

JDK JDK 1.7 or above

Memory 2 GB RAM (recommended)

Step 1: Download the binary installation. Go to the link http://leiningen-win-
installer.djpowell.net/ to get the Windows Installer. Click on the option to start the download
of the Groovy installer.

13
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http://leiningen-win-installer.djpowell.net/
http://leiningen-win-installer.djpowell.net/

Step 2: Launch the Installer and click the Next button.

Setup - Leiningen -0 -

Welcome to the Leiningen Setup
Wizard

This will install Leiningen version 1.0 on your computer,

Itis recommended that you dose all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup,

Mext = || Cancel

¢
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Step 3: Specify the location for the installation and click the Next button.

Select Destination Location
Where should Leiningen be installed?

l Setup will install Leiningen into the following folder.
e

To continue, didk Mext. If you would like to select a different folder, dids Browse.

C:hlein Browse. ..

At least 22,2 MB of free disk space is required.

' tutorialspoint
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Step 4: The setup will detect the location of an existing Java installation. Click the Next button
to proceed.

Select the path to a Java Development Kit for Leiningen to use:

(®) 32-hit DK 1.7.0 79 { C:\Program Files (x85)Javaljdk1.7.0 79}

() Custom location...

16
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Step 5: Click the Install button to begin the installation.

Ready to Install
Setup is now ready to begin installing Leiningen on your computer.,

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

Destination location:
C:\lein
1CK Path:
C:\Program Files (x8a)Javaljdkl. 7.0_72\binYjava.exe

' tutorialspoint
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After the installation is complete, it will give you the option to open a Clojure REPL, which is
an environment that can be used to create and test your Clojure programs.

x

Setup - Leiningen

Completing the Leiningen Setup
Wizard

Setup has finished installing Leiningen on your computer. The
application may be launched by selecting the installed icons.

Click Finish to exit Setup.

Run a Clojure REPL

¢
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Eclipse Installation

Ensure the following System requirements are met before proceeding with the installation.

System Requirements

JDK

JDK 1.7 or above

Eclipse

Eclipse 4.5 (Mars)

Step 1: Open Eclipse and click the Menu item. Click Help -> Eclipse Marketplace.

&
Eile Edit

Tul

Mavigate

Search Project Bun

Window

B it Q- Q@-#H G

[5p 3| Jul

B %

=

|

Mo consoles to display at t
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Java - Eclipse

Help

== |

e
o)
o &

&

ey

Welcome

Help Contents

Search

Dynamic Help

Key Assist...

Tips and Tricks...
Report Bug or Enhancement...
Cheat Sheets...
Perform Setup Tasks...
Check for Updates
Install New Software...
Installation Details

Ctrl+Shift+L

Eclipse Marketplace...

[ & & & &

About Eclipse

| 72 JavaEE

@Task... wo= O

f'%? L

M) Cannart Mulun
= 0

s

EE Qutline 3

An outline is not available,
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Step 2: Type in the keyword Clojure in the dialog box which appears and hit the ‘Go’ button.

The option for counterclockwise will appear, click the Install button to begin the installation
of this plugin.

Eclipse Marketplace

Select sclutions to install. Press Finish to proceed with installation.
Press the information button to see a detailed overview and a link to more information.

Search | Recent | Pupulall Installedl . December Newsletter|

Find: | Clojure] &) .{E| All Markets v | | All Categories

Counterclockwise 0.34.0.5TABLEDO1

Counterclockwise is an Eclipse plugin helping developers write Clojure code, It

also ships with support for Leiningen projects. It is available as an Eclipse...
maore info

by Counterclockwise Team, EPL
java clojure cow counterclockwise paredit

,‘ Installs: 22.4K (536 last month)

Marketplaces

[,

@ Install Now > Finish
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Step 3: In the next dialog box, click the Confirm button to begin the installation.

Confirm Selected Features %

Confirm the features to include in this provisioning operation. Or go back to choose H
more sclutions to install,

4 [ 4§ Counterclockwise 0.34.0.5TABLEOD1 http://updatesite.cow-ide.org/stable/
[l ¢ Counterclockwise (Clojure plugin for Eclipse) (required)

<Install More | Confim> | Finish

EIMPLYEAGSYLEARNINIG
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Step 4: In the next dialog box, you will be requested to accept the license agreement. Accept
the license agreement and click the Finish button to continue with the installation.

{ Eclipse Marketplace = |0 -

FReview Licenses %
Licenses must be reviewed and accepted before the software can be installed. |_§ 5

License text (for Counterclockwise (Clojure plugin for Eclipse) 0.34.0.5TABLEDOT):

Eclipse Public License - v 1.0

THE ACCOMPAMNYING PROGRAM |5 PROVIDED UMDER THE TERMS OF THIS
ECLIPSE PUBLIC LICEMSE ("AGREEMENT"). ANY USE, REPRODUCTION OR
DISTRIBUTION OF THE PROGRAM COMSTITUTES RECIPIEMT'S ACCEPTAMCE
OF THIS AGREEMENT.

1. DEFINITIONS

"Contribution” means:

a) in the case of the initial Contributor, the initial code and

documentation distributed under this Agreement, and

b} in the case of each subsequent Contributor:

i} changes to the Program, and

ii) additions to the Program;

where such changes and/or additions to the Program originate

from and are distributed by that particular Contributor, A Contribution
‘originates’ from a Contributor if it was added to the Program

by such Contributor itself or anyene acting on such Contributor's

behalf. Contributions do not include additions to the Program

which: (i) are separate modules of software distributed in conjunction

#

(®)1 accept the terms of the license agreement

1a
()1 do not accept the terms of the license agreement

—

\_?3' < Back ext » Einish Cancel

22
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The installation will begin, and once completed, it will prompt you to restart Eclipse.

Once Eclipse is restarted, you will see the option in Eclipse to create a new Clojure project.

File

Edit Mavigate Search Project Run  Window Help

@ Welcome 231

@ P 4

Tutorials Samples What's New

Overview

Workbench basics

Learn about basic Eclipse workbench
concepts

Team support with CVS

Find out how to collaborate with other
developers using CVS

New Clojure Project
Create a new Clojure Project

AT AA = oa

Java development

Get familiar with developing Java progra
using Eclipse

Eclipse plug-in development

Learn how to extend Eclipse by building |
plug-ins

Counterclockwise Documentat

Consult the Counterclockwise online
documentation
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3.CLOJURE - BASIC SYNTAX

In order to understand the basic syntax of Clojure, let’s first look at a simple Hello World
program.

Hello World as a Complete Program

Write *Hello world’ in a complete Clojure program. Following is an example.

(ns clojure.examples.hello
(:gen-class))

(defn hello-world []

(println "Hello World"))

(hello-world)

The following things need to be noted about the above program.

e The program will be written in a file called main.clj. The extension *clj’ is the extension
name for a clojure code file. In the above example, the name of the file is called
main.clj.

e The ‘defn’ keyword is used to define a function. We will see functions in details in
another chapter. But for now, know that we are creating a function called hello-world,
which will have our main Clojure code.

e In our Clojure code, we are using the ‘printin’ statement to print “Hello World” to the
console output.

e We then call the hello-world function which in turn runs the ‘println’ statement.

The above program produces the following output.

Hello World

General Form of a Statement

The general form of any statement needs to be evaluated in braces as shown in the following
example.

24

@ tutorialspoint

EIMPLYEAGSYLEARNINIG




(+12)

In the above example, the entire expression is enclosed in braces. The output of the above
statement is 3. The + operator acts like a function in Clojure, which is used for the addition
of numerals. The values of 1 and 2 are known as parameters to the function.

Let us consider another example. In this example, ‘str’ is the operator which is used to
concatenate two strings. The strings “Hello” and “World” are used as parameters.

(str "Hello" "World")

If we combine the above two statements and write a program, it will look like the following.

(ns clojure.examples.hello
(:gen-class))

(defn Example []

(println (str "Hello World"))

(println (+ 1 2)))

(Example)

The above code produces the following output.

Hello World
3

Namespaces

A namespace is used to define a logical boundary between modules defined in Clojure.

Current Namespace

This defines the current namespace in which the current Clojure code resides in.

Syntax

25
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Example

In the REPL command window run the following command.

Output

When we run the above command, the output will defer depending on what is the current
namespace. Following is an example of an output. The namespace of the Clojure code is:

clojure.examples.hello

(ns clojure.examples.hello
(:gen-class))

(defn Example []

(println (str "Hello World"))

(println (+ 1 2)))

(Example)

Require Statement in Clojure

Clojure code is packaged in libraries. Each Clojure library belongs to a namespace, which is
analogous to a Java package. You can load a Clojure library with the ‘Require’ statement.

Syntax

(require quoted-namespace-symbol)

Following is an example of the usage of this statement.

(ns clojure.examples.hello
(:gen-class))

(require ‘clojure.java.io’)

(defn Example []

(.exists (file "Example.txt"))
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(Example)

In the above code, we are using the ‘require’ keyword to import the namespace clojure.java.io
which has all the functions required for input/output functionality. Since we not have the
required library, we can use the *file’ function in the above code.

Comments in Clojure

Comments are used to document your code. Single line comments are identified by using the
;; at any position in the line. Following is an example.

(ns clojure.examples.hello
(:gen-class))
;5 This program displays Hello World
(defn Example []
(println "Hello World"))
(Example)

Delimiters

In Clojure, statements can be split or delimited by using either the curved or square bracket
braces.

Following are two examples.

(ns clojure.examples.hello

(:gen-class))

55 This program displays Hello World
(defn Example []
(println (+ 1 2

3))

)
(Example)

The above code produces the following output.
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6

Following is another example.

(ns clojure.examples.hello (:gen-class))
;5 This program displays Hello World
(defn Example []
(println [+ 1 2
31
)
(Example)

The above code produces the following output.

[#object[clojure.core$ PLUS_ ©x10f163b "clojure.core$ PLUS_@10f163b"] 1 2 3]

Whitespaces

Whitespaces can be used in Clojure to split different components of a statement for better
clarity. This can be done with the assistance of the comma (,) operator.

For example, the following two statements are equivalent and the output of both the
statements will be 15.

(+ 123 45)
(+1, 2, 3, 4, 5)

Although Clojure ignores commas, it sometimes uses them to make things easier for the
programmer to read.

For instance, if you have a hash map like the following (def a-map {:a 1 :b 2 :c 3}) and ask
for its value in the REPL window, Clojure will print the output as {:a 1, :b 2, :c 3}.

The results are easier to read, especially if you're looking at a large amount of data.

Symbols

In Clojure, symbols are equivalent to identifiers in other programming languages. But unlike
other programming languages, the compiler sees symbols as actual string values. As a symbol
is a value, a symbol can be stored in a collection, passed as an argument to a function, etc.,
just like any other object.

28
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A symbol can only contain alphanumeric characters and ** + ! /. : - _ ?’ but must not begin
with a numeral or colon.

Following are valid examples of symbols.

tutorial-point!
TUTORIAL

+tutorial+

Clojure Project Structure

Finally let’s talk about a typical project structure for a Clojure project. Since Clojure code runs
on Java virtual machine, most of the project structure within Clojure is similar to what you
would find in a java project. Following is the snapshot of a sample project structure in Eclipse
for a Clojure project.
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%)

R

[ Project Explorer 32 [ {ﬁ'} 5

4 (= Demo

t- @ JRE System Library [jre7]
4 B src

4 2 demo_1

(0 core.cl]

B test
b (% resources
(M target/classes
I @ Leiningen dependencies
B2 classes
b = doc
4 [ target

4 f~ classes

4 (= META-INF
4 [ maven
4 [ demo-1
4 [~ demo-1
= pom.properties
= stale
= repl-port

=| LICEMNSE

(D project.cl]

|w| README.md

< m
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Following key things need to be noted about the above program structure.
e demo_1 - This is the package in which the Clojure code file is placed.

e core.clj - This is the main Clojure code file, which will contain the code for the Clojure
application.

e The Leiningen folder contains files like clojure-1.6.0.jar which is required to run any
Clojure-based application.

e The pom.properties file will contain information such as the groupld, artifactld and
version of the Clojure project.

e The project.clj file contains information about the Clojure application itself. Following
is a sample of the project file contents.

(defproject demo-1 "@.1.0-SNAPSHOT"
:description "FIXME: write description”
:url "http://example.com/FIXME"
:license {:name "Eclipse Public License"
:url "http://www.eclipse.org/legal/epl-v10.html"}

:dependencies [[org.clojure/clojure "1.6.0"]1])
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4.CLOJURE - REPL

REPL (read-eval-print loop) is a tool for experimenting with Clojure code. It allows you to
interact with a running program and quickly try out if things work out as they should. It does
this by presenting you with a prompt where you can enter the code. It then reads your input,
evaluates it, prints the result, and loops, presenting you with a prompt again.

This process enables a quick feedback cycle that isn’t possible in most other languages.

Starting a REPL Session

A REPL session can be started in Leiningen by typing the following command in the command
line.

lein repl

This will start the following REPL window.

= Administrator: Command Prompt - lein repl

Microsoft Windows [Version 6.3.9600]
(c) 2013 Microsoft Corporation. A1l rights reserved.

C:\Users\Administrator>Tein repl
NREPL server started on port 53084 on host 127.0.0.1 - nrepl: 27.0.0.1:53084
REPL-Yy O.S.T", nREPL 0.2.10
Clojure 1.7.0
BEAYE] HotSpot(TH) Client VM 1.7.0_79-b1l5
Docs: (doc function-name- here)
(find-doc "part-of-name-here")

Source: (source function-name-here)
Javadoc: (javadoc java-object-or-class-here)
Exit: Control+D or (exit) or Cqu1t)
Results: Stored in vars *1, *2, *3, an exception in %e

user=>

You then start evaluating Clojure commands in the REPL window as required.
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To start a REPL session in Eclipse, click the Menu option, go to Run As -> Clojure Application.
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This will start a new REPL session in a separate window along with the console output.

¥ Java - Demo/src/demo_1/core.clj - Eclipse == -
File Edit Mavigate Search Project Run  Clojure Window Help
Tu = RN R R R el e SR R R R
e
[P =2 = 8 | *demo-lcore I = O Bl Tas.. 22 = O
=| <L==> e v MNamespace demo-1.core j - | g
4 = Demo 1 ns de.rf.o—l.cm.je: _ - -
b @ JRE System Librar 2 ;; This function Displays Hello Forld
b src 3 [faetn foo (@ Connect Mylyn
b test 4 "I don't do a whole lot.™ P I
4 5 [x]
H, O= =
b @ resources 6 println x "Hello, World!™ ) o= Out.. &3 =
- = Leiningen depem - a =
b = doc 4 N : z
_ @ demo-l.core: ns
I = target
\=| LICEMNSE ” @ foo:defn
() project.clj < >
README.md
= (3 REPL @ nrepl//127.0.0.%... 32 = B
BB N R B
el
W
<type clojure code hers> Trailing [Enter] sends valid content]
b
< m »| |« >
Writable Insert 6:31

Conceptually, REPL is similar to Secure Shell (SSH). In the same way that you can use SSH
to interact with a remote server, Clojure REPL allows you to interact with a running Clojure
process. This feature can be very powerful because you can even attach a REPL to a live

production app and modify your program as it runs.
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Special Variables in REPL

REPL includes some useful variables, the one widely used is the special variable *1, *2, and
*3. These are used to evaluate the results of the three most recent expressions.

Following example shows how these variables can be used.

user => "Hello"
Hello

user => "World"
World

user => (str *2 *1)

HelloWorld

In the above example, first two strings are being sent to the REPL output window as “Hello”
and “World” respectively. Then the *2 and *1 variables are used to recall the last 2 evaluated
expressions.
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5.CLOJURE - DATA TYPES

Clojure offers a wide variety of built-in data types.

Builtin Data Types

Following is a list of data types which are defined in Clojure.

¢ Integers - Following are the representation of Integers available in Clojure.

o Decimal Integers (Short, Long and Int) - These are used to represent whole
numbers. For example, 1234.

o Octal Numbers — These are used to represent numbers in octal representation.
For example, 012.

o Hexadecimal Numbers - These are used to represent numbers in hexadecimal
representation. For example, 0xff.

o Radix Numbers - These are used to represent numbers in radix representation.
For example, 2r1111 where the radix is an integer between 2 and 36, inclusive.

¢ Floating point.

o The default is used to represent 32-bit floating point numbers. For example,
12.34.

o The other representation is the scientific notation. For example, 1.35e-12.

e char - This defines a single character literal. Characters are defined with the backlash
symbol. For example, /e.

e Boolean - This represents a Boolean value, which can either be true or false.

e String - These are text literals which are represented in the form of chain of
characters. For example, “Hello World".

e Nil - This is used to represent a NULL value in Clojure.

¢ Atom - Atoms provide a way to manage shared, synchronous, independent state.
They are a reference type like refs and vars.
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Bound Values

Since all of the datatypes in Clojure are inherited from Java, the bounded values are the same
as in Java programming language. The following table shows the maximum allowed values
for the numerical and decimal literals.

short -32,768 t0 32,767
int -2,147,483,648 to 2,147,483,647
long -9,223,372,036,854,775,808 to +9,223,372,036,854,775,807

float 1.40129846432481707e-45 to 3.40282346638528860e+38

double 4.94065645841246544e-324d to 1.79769313486231570e+308d

Class Numeric Types

In addition to the primitive types, the following object types (sometimes referred to as
wrapper types) are allowed.

Name

java.lang.Byte

java.lang.Short

java.lang.Integer

java.lang.Long

java.lang.Float

java.lang.Double

The following program shows a consolidated clojure code to demonstrate the data types in
Clojure.

(ns clojure.examples.hello

(:gen-class))

55 This program displays Hello World
(defn Example []
5> The below code declares a integer variable
(def x 1)
;5 The below code declares a float variable

(def y 1.25)
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;5 The below code declares a string variable
(def strl "Hello")

(println x)

(println y)

(println strl)

)
(Example)

The above program produces the following output.

1.25
Hello

EIMPLYEAEBYLEARNINIG
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6.CLOJURE - VARIABLES

In Clojure, variables are defined by the ‘def’ keyword. It's a bit different wherein the concept
of variables has more to do with binding. In Clojure, a value is bound to a variable. One key
thing to note in Clojure is that variables are immutable, which means that in order for the
value of the variable to change, it needs to be destroyed and recreated again.

Following are the basic types of variables in Clojure.
e short - This is used to represent a short number. For example, 10.
e int - This is used to represent whole numbers. For example, 1234.
e long - This is used to represent a long number. For example, 10000090.
e float - This is used to represent 32-bit floating point numbers. For example, 12.34.
e char - This defines a single character literal. For example, ‘/a’.
e Boolean - This represents a Boolean value, which can either be true or false.

e String - These are text literals which are represented in the form of chain of
characters. For example, “Hello World".

Variable Declarations

Following is the general syntax of defining a variable.

(def var-name var-value)

Where ‘var-name’ is the name of the variable and ‘var-value’ is the value bound to the
variable.

Following is an example of variable declaration.

(ns clojure.examples.hello

(:gen-class))

55 This program displays Hello World
(defn Example []
;5 The below code declares a integer variable
(def x 1)
;5 The below code declares a float variable

(def y 1.25)
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;5 The below code declares a string variable
(def strl "Hello")
;5 The below code declares a boolean variable
(def status true)

)
(Example)

Naming Variables

The name of a variable can be composed of letters, digits, and the underscore character. It
must begin with either a letter or an underscore. Upper and lowercase letters are distinct
because Clojure, just like Java is a case-sensitive programming language.

Following are some examples of variable naming in Clojure.

(ns clojure.examples.hello

(:gen-class))

55 This program displays Hello World
(defn Example []
;5 The below code declares a Boolean variable with the name of status
(def status true)
;5 The below code declares a Boolean variable with the name of STATUS
(def STATUS false)
;5 The below code declares a variable with an underscore character.
(def _numl 2)

)
(Example)

Note: In the above statements, because of the case sensitivity, status and STATUS are two
different variable defines in Clojure.

The above example shows how to define a variable with an underscore character.
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End of ebook preview
If you liked what you saw...
Buy it from our store @ https://store.tutorialspoint.com
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