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Preface

This is a cookbook of problem-solving recipes about Scala, the most interesting pro-
gramming language I've ever used. The book contains solutions to more than 250 com-
mon problems, shown with possibly more than 700 examples. (I haven't counted, but I
suspect that’s true.)

There are a few unique things about this book:

o As a cookbook, it’s intended to save you time by providing solutions to the most
common problems you’ll encounter.

 Almost all of the examples are shown in the Scala interpreter. As a result, whether
you're sitting by a computer, on a plane, or reading in your favorite recliner, you
get the benefit of seeing their exact output. (Which often leads to, “Ah, so that’s how
that works.”)

» The book covers not only the Scala language, but also has large chapters on Scala
tools and libraries, including SBT, actors, the collections library (more than 100
pages), and JSON processing.

Just prior to its release, the book was updated to cover Scala 2.10.x and SBT 0.12.3.

The Scala Language

My (oversimplified) Scala elevator pitch is that it’s a child of Ruby and Java: it’s light,
concise, and readable like Ruby, but it compiles to class files that you package as JAR
files that run on the JVM; it uses traits and mixins, and feels dynamic, but it’s statically
typed. It uses the Actor model to simplify concurrent programming so you can keep
those multicore processors humming. The name Scala comes from the word scalable,
and true to that name, it’s used to power the busiest websites in the world, including
Twitter, Netflix, Tumblr, LinkedIn, Foursquare, and many more.

Xiii
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In my opinion, Scala is not a good language for teaching a Programming 101 class.
Instead, it’s a power language created for the professional programmer. Don't let that
scare you, though. If you were my own brother and about to start a new project and
could choose any programming language available, without hesitation I'd say, “Use
Scala”

Here are a few more nuggets about Scala:

o It's a modern programming language created by Martin Odersky (the father of
javac), influenced by Java, Ruby, Smalltalk, ML, Haskell, Erlang, and others.

o It’s a pure object-oriented programming (OOP) language. Every variable is an ob-
ject, and every “operator” is a method.

« It’salso a functional programming (FP) language, so you can pass functions around
as variables. You can write your code using OOP, FP, or both.

o Scala code runs on the JVM and lets you use the wealth of Java libraries that have
been developed over the years.

+ You can be productive on Day 1, but the language is deep, so as you go along you’ll
keep learning and finding newer, better ways to write code. Scala will change the
way you think about programming—and that’s a good thing.

Of all of Scala’s benefits, what I like best is that it lets you write concise, readable code.
The time a programmer spends reading code compared to the time spent writing code
is said to be at least a 10:1 ratio, so writing code that’s concise and readable is a big deal.
Because Scala has these attributes, programmers say that it’s expressive.

Solutions

I've always bought O’Reilly cookbooks for the solutions, and that’s what this book is
about: solving problems.

When using a cookbook, I usually think, “I have this problem, I need to iterate over the
elementsinan Array, whats the best way to do that?” I like to look at the table of contents,
find a recipe, implement the solution, and move on. I tried to write each recipe with
this use case in mind.

However, with a modern language like Scala, it may end up that I phrased my question
wrong. Because of my prior programming experience I may have thought, “I need to
iterate over the elements in an Array,” but in reality my deeper intent was to loop over
those elements for a reason, such as to transform them into a new collection. So it’s nice
when a recipe says, “Hey,  know you're here to read about how to loop over the elements
in an Array, here’s how you do that™

for (1 <- Array(1,2,3)) println(i)

xiv | Preface
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“But, if what you're really trying to do is transform those elements into a new collection,
what you want is a for/yield expression or map method”:
/] for/yield

scala> for (i <- Array(1,2,3)) yield i1 * 2
resO: Array[Int] = Array(2, 4, 6)

// map
scala> Array(1,2,3).map(_ * 2)
resl: Array[Int] = Array(2, 4, 6)

(More on that _ character shortly.)

To create the list of problems and solutions, I followed the “Eat your own dog food”
philosophy. The recipes come from my own experience of creating Scala scripts, web
applications, web services, Swing applications, and actor-based systems. As I developed
the applications I needed, I encountered problems like these:

o Scala files tend to be very small; what’s the proper way to organize an application?

o Itlooks like SBT is the best build tool for Scala, but it’s different than Ant or Maven;
how do I compile and package applications, and work with dependencies?

» Constructors are really different than Java; how do I create them? What code is
generated when I declare constructor parameters and class fields?

o Actors are cool; how do I write a complete actor-based application?
o What, Ishouldn’t use null values anymore? Why not? How do I code without them?

o I can pass a function around like any other variable? How do I do that, and what’s
the benefit?

o Why are there so many collections classes, and why does each collection class have
so many methods?

« T have all of this legacy Java code; can I still use it in Scala? If so, how?

o I'm starting to grok this. Now I need to know, what are the top five or ten “best
practices” of writing Scala code?

Truthfully, I fell fast in love with everything about Scala except for one thing: the col-
lections library seemed large and intimidating. I really enjoyed using Scala so I kept
using the language, but whenever Ineeded a collection, I used a trusty old Java collection.

Then one day I got up the courage to dive into the collections library. I thought I'd hate
it, but after struggling with it for a while, I suddenly “got” it. The light bulb went on over
my head, and I suddenly understood not only the collections, but several other concepts
I had been struggling with as well. I realized the collections library writers aren’t crazy;
they’re brilliant.

Preface | xv
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Once I understood the collections library, I quit writing so many for loops, and started
using collection methods like filter, foreach, and map. They made coding easier, and
made my code more concise. These days I can’t imagine a better way to write code like
this:

// filter the items in a list

scala> val nums = List(1,2,3,4,5).filter(_ < 4)
nums: List[Int] List(1, 2, 3)

The _ wildcard character is discussed in several recipes, but as you can infer from that
example, it’s a placeholder for each element in the collection. The filter method loops
through each element in the list, calling your _ < 4 function on each iteration. That
Scala one-liner is the equivalent of this Java code:

Integer[] intArray = {1,2,3,4,5};

List<Integer> nums = Arrays.asList(intArray);

List<Integer> filteredNums = new LinkedList<Integer>();

for (int nums) {

if (n < 4) filteredNums.add(n);
}

The next example takes this a step further. It filters the elements as in the previous
example, and then multiplies each element by the number 2 using the map method:

// filter the items, then double them

scala> val nums = List(1,2,3,4,5).filter(_ < 4).map(_ * 2)

nums: List[Int] = List(2, 4, 6)
If you think about how much code would be required to write this expression in another
language, I think you’ll agree that Scala is expressive.

(If you're new to Scala, examples like this are broken down into smaller chunks in the
recipes.)

Audience

This book is intended for programmers who want to be able to quickly find solutions
to problems they’ll encounter when using Scala and its libraries and tools. I hope it will
also be a good tool for developers who want to learn Scala. I'm a big believer in “learning
by example,” and this book is chock full of examples.

I generally assume that you have some experience with another programming language
like C, C++, Java, Ruby, C#, PHP, Python, or similar. My own experience is with those
languages, so I'm sure my writing is influenced by that background.

Another way to describe the audience for this book involves looking at different levels
of software developers. In the article at scala-lang.org, Martin Odersky defines the fol-
lowing levels of computer programmers:
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o Level Al: Beginning application programmer

o Level A2: Intermediate application programmer
o Level A3: Expert application programmer

o Level L1: Junior library designer

o Level L2: Senior library designer

o Level L3: Expert library designer

This book is primarily aimed at the application developers in the Al, A2, A3, and L1
categories. While helping those developers is my primary goal, I hope that L2 and L3
developers can also benefit from the many examples in this book—especially if they
have no prior experience with functional programming, or they want to quickly get up
to speed with Scala and its tools and libraries.

Contents of This Book

The first three chapters in this book cover some of the nuts and bolts of the Scala lan-
guage.

Chapter 1, Strings, provides recipes for working with strings. Scala gets its basic String
functionality from Java, but with the power of implicit conversions, Scala adds new
functionality to strings through classes like StringLike and StringOps, which let Scala
treat a String as a sequence of Char. The last recipe in the chapter shows how to add
your own behavior to a String (or any other class) by creating an implicit conversion.

Chapter 2, Numbers, provides recipes for working with Scala’s numeric types. There are
no ++ and -- operators for working with numbers, and this chapter explains why, and
demonstrates the other methods you can use. It also shows how to handle large numbers,
currency, and how to compare floating-point numbers.

Chapter 3, Control Structures, demonstrates Scala’s built-in control structures, starting
with if/then statements and for loops, and then provides solutions for working with
for/yieldloops (for comprehensions) and for expressions with embedded 1f statements
(guards). Because match expressions are so important to Scala, several recipes show
how to use them to solve a variety of problems.

The next five chapters continue to cover the Scala syntax, with an emphasis on organ-
izing your projects with classes, methods, objects, traits, and packaging. Recipes on
classes, methods, objects, and traits place an emphasis on object-oriented programming
techniques.

Chapter 4, Classes and Properties, provides examples related to Scala classes and fields.
Because Scala constructors are very different than Java constructors, several recipes
show the ins and outs of writing both primary and auxiliary constructors. The chapter
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also shows how to override the accessor and mutator methods that Scala automatically
generates for your val and var variables. Several recipes show what case classes are and
how to use them, and how to write equals methods.

Chapter 5, Methods, shows how to define methods to accept parameters, return values,
use parameter names when calling methods, set default values for method parameters,
create varargs fields, and write methods to support a fluent style of programming.

Chapter 6, Objects, covers “all things object.” Like Java, Scala uses the word object to
refer to an instance of a class, but Scala also has an object keyword. This chapter covers
topics like class casting, how to launch an application with an object, how to create the
equivalent of Java’s static members, and how to write a class with a companion object
0 you can create new instances of a class without using the new keyword.

Chapter 7, Packaging and Imports, provides examples of Scala’s package and import
statements, which provide more capabilities than the same Java keywords. This includes
how to use the curly brace style for packaging, how to hide and rename members when
you import them, and more.

Chapter 8, Traits, provides examples of the Scala trait. It begins by showing how to use
a trait like a Java interface, and then gets into more advanced topics, such as how to use
traits as “mixins,” and limit which members a trait can be mixed into using a variety of
methods.

Although much of the book demonstrates functional programming (FP) techniques,
Chapter 9, Functional Programming, combines many FP recipes into one location. Sol-
utions show how to define anonymous functions (function literals) and use them in a
variety of situations. Recipes demonstrate how to define a method that accepts a func-
tion argument, how to return a function from a function, and how to use closures and
partially applied functions.

The Scala collections library is rich and deep, so Chapter 10, Collections, and Chapter 11,
List, Array, Map, Set (and More), provide more than 100 pages of collection-related
solutions.

Recipes in Chapter 10, Collections, help you choose collection classes for specific needs,
and then help you choose and use methods within a collection to solve specific problems,
such as transforming one collection into a new collection, filtering a collection, and
creating subgroups of a collection. More than 60 pages of recipes demonstrate solutions
for writing for loops, for/yield expressions, using methods like filter, foreach,
groupBy, map, and many more.

Chapter 11, List, Array, Map, Set (and More), continues where Chapter 10, Collections,
leaves off, providing solutions for those specific collection types, as well as recipes for
the Queue, Stack, and Range classes.
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Chapter 12, Files and Processes, begins by providing solutions about reading and writing
files with Scala, including CSV. After that, because the Scala library makes it much
(much!) easier to work with external processes than Java, a collection of recipes dem-
onstrates how to execute external commands and work with their I/O.

Chapter 13, Actors and Concurrency, provides solutions for the wonderful world of
building concurrent applications (and engaging those multicore CPUs) with the Scala
Actors library. Recipes in this chapter show solutions to common problems using the
industrial-strength Akka Actors library that was integrated into the 2.10.x Scala release.
Examples show how to build actor-based applications from the ground up, how to send
messages to actors, how to receive and work with messages in actors, and how to kill
actors and shut down the system. It also shows easy ways to run concurrent tasks with
a Future, a terrific way to run simple computations in parallel.

Chapter 14, Command-Line Tasks, combines a collection of recipes centered around
using Scala at the command line. It begins by showing tips on how to use the Scala REPL,
and then shows how to use command-line tools like scalac, scala, scaladoc, and
fsc. It also provides recipes showing how to use Scala as a scripting language, including
how to precompile your Scala scripts to make them run faster.

Chapter 15, Web Services, shows how to use Scala on both the client and server sides of
web services. On the server side, it shows how to use Scalatra and the Play Framework
to develop RESTful web services, including how to use Scalatra with MongoDB. For
both client and server code, it shows how to serialize and deserialize JSON and how to
work with HTTP headers.

Chapter 16, Databases and Persistence, provides examples of how to interact with da-
tabases from Scala, including working with traditional SQL databases using JDBC and
Spring JDBC, along with extensive coverage of how to work with MongoDB, a popular
“NoSQL” database.

Chapter 17, Interacting with Java, shows how to solve the few problems you’ll encounter
when working with Java code. While Scala code often just works when interacting with
Java, there are a few gotchas. This chapter shows how to resolve problems related to the
differences in the collections libraries, as well as problems you can run into when calling
Scala code from Java.

Chapter 18, The Simple Build Tool (SBT), is a comprehensive guide to the de-facto build
tool for Scala applications. It starts by showing several ways to create an SBT project
directory structure, and then shows how to include managed and unmanaged depen-
dencies, build your projects, generate Scaladoc for your projects, deploy your projects,
and more. Though I strongly recommend learning SBT, a recipe also shows how to use
Ant to compile Scala projects.

Chapter 19, Types, provides recipes for working with Scala’s powerful type system.
Starting right from the introduction, concepts such as type variance, bounds, and

Preface | xix

www.it-ebooks.info


http://www.it-ebooks.info/

constraints are demonstrated by example. Recipes demonstrate how to declare generics
in class and method definitions, implement “duck typing,” and how to control which
types your traits can be mixed into.

Chapter 20, Idioms, is unique for a cookbook, but because this is a book of solutions, I
think it’s important to have a section dedicated to showing the best practices, i.e., how
to write code “the Scala way.” Recipes show how to create methods with no side effects,
how to work with immutable objects and collection types, how to think in terms of
expressions (rather than statements), how to use pattern matching, and how to eliminate
null values in your code.

Online Bonus Chapters

Because Scala is an incredibly rich and deep language, an additional three chapters
consisting of more than 130 pages of Scala Cookbook content are available for readers
who wish to explore Scala further. These bonus chapters are:

o XML and XPath
o Testing and Debugging
o The Play Framework

These chapters are available in PDF format, and can be downloaded at http://exam
ples.oreilly.com/9781449339616-files/.

Installing the Software
Installing Scala is simple and should just take a few minutes.

On Unix systems (including Mac OS X), download the software from the Scala down-
load page to a directory on your computer like $HOME/scala, and then add these lines
to your $HOME/.bash_profile file (or its equivalent, depending on which login shell
you’re using):

export SCALA_HOME=/Users/Al/scala

PATH=$PATH: /Users/Al/scala/bin
Once you've done this, when you open a new terminal window, you should have access
to the scala and scalac commands at your command line.

You can follow a similar process if you're using Microsoft Windows, or you can use an
MSI installer. See the Scala download page for more information.
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How the Code Listings Work

Most of the code listings in the book are shown in the Scala “Read-Eval-Print-Loop,” or
REPL. If you've used irb with Ruby, the concept is the same: you type an expression,
and the REPL evaluates the expression and prints the resulting output.

In the REPL examples, the code that’s shown in a bold font is what you type, and all the
text that isn’t bold is output from the REPL.

You start the REPL from your operating system command line by executing the scala
command:

$ scala

Welcome to Scala version 2.10.1

Type in expressions to have them evaluated.
Type :help for more information.

scala> _

Once the REPL has started, just type your expressions as input, and the REPL will
evaluate them and show their output:

scala> val hello = "Hello, world"
hello: String = Hello, world

scala> Array(1,2,3).foreach(println)

1

2

3
The REPLis demonstrated more in the Chapter 1 introduction and Recipe 14.1, “Getting
Started with the Scala REPL’. Recipe 14.4 takes this a step further and shows how to
customize the REPL environment.

Conventions Used in This Book

The following typographical conventions are used in this book:

Italic
Indicates new terms, URLs, email addresses, filenames, and file extensions.

Constant width
Used for program listings, as well as within paragraphs to refer to program elements
such as variable or function names, databases, data types, environment variables,
statements, and keywords.

Constant width bold
Shows commands or other text that should be typed literally by the user.
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Constant width italic
Shows text that should be replaced with user-supplied values or by values deter-
mined by context.

A
)
. “
l:‘
Y
15N

=

Using Code Examples

This book is here to help you get your job done. In general, if this book includes code
examples, you may use the code in your programs and documentation. You do not need
to contact us for permission unless you're reproducing a significant portion of the code.
For example, writing a program that uses several chunks of code from this book does
not require permission. Selling or distributing a CD-ROM of examples from O’Reilly
books does require permission. Answering a question by citing this book and quoting
example code does not require permission. Incorporating a significant amount of ex-
ample code from this book into your product’s documentation does require permission.

This icon signifies a tip, suggestion, or general note.

This icon indicates a warning or caution.

Supplemental material (code examples, exercises, etc.) is available for download at
https://github.com/alvinj.

We appreciate, but do not require, attribution. An attribution usually includes the title,
author, publisher, and ISBN. For example: “Scala Cookbook by Alvin Alexander (O’Reil-
ly). Copyright 2013 Alvin Alexander, 978-1-449-33961-6”

If you feel your use of code examples falls outside fair use or the permission given above,
feel free to contact us at permissions@oreilly.com.

Safari® Books Online

Safari Books Online (www.safaribooksonline.com) is an on-
Sa fa 'l demand digital library that delivers expert content in both book and
Bocksontine yideo form from the world’s leading authors in technology and busi-

ness.

Technology professionals, software developers, web designers, and business and crea-
tive professionals use Safari Books Online as their primary resource for research, prob-
lem solving, learning, and certification training.
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Safari Books Online offers a range of product mixes and pricing programs for organi-
zations, government agencies, and individuals. Subscribers have access to thousands of
books, training videos, and prepublication manuscripts in one fully searchable database
from publishers like O'Reilly Media, Prentice Hall Professional, Addison-Wesley Pro-
fessional, Microsoft Press, Sams, Que, Peachpit Press, Focal Press, Cisco Press, John
Wiley & Sons, Syngress, Morgan Kaufmann, IBM Redbooks, Packt, Adobe Press, FT
Press, Apress, Manning, New Riders, McGraw-Hill, Jones & Bartlett, Course Technol-
ogy, and dozens more. For more information about Safari Books Online, please visit us
online.

How to Contact Us

Please address comments and questions concerning this book to the publisher:

O'Reilly Media, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-998-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

We have a web page for this book, where we list errata, examples, and any additional
information. You can access this page at http://oreil.ly/Scala_CB.

To comment or ask technical questions about this book, send an email to
bookquestions@oreilly.com.

For more information about our books, courses, conferences, and news, see our website
at http://www.oreilly.com.

Find us on Facebook: http://facebook.com/oreilly
Follow us on Twitter: http://twitter.com/oreillymedia

Watch us on YouTube: http://www.youtube.com/oreillymedia
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CHAPTER1

Introduction

Strings

At first glance, a Scala String appears to be just a Java String. For instance, when you
work in the Scala Read-Evaluate-Print-Loop (REPL) environment (see Figure 1-1) and
print the name of a String literal, the REPL feedback tells you the type is

java.lang.String:

scala> "Hello, world".getClass.getName
res@: String = java.lang.String

®NoO

$ scala

Welcome to Scala version 2,10.0
Type in expressions to have them evaluated.
Type :help for more information.

scala> val s = "Hello, world”
s: String = Hello, world

scala> s.length
res@: Int = 12

scala> "hello”.foreach(println)
h

alvinalexander.com

Figure 1-1. The Scala REPL is an interactive environment where you can test Scala

statements
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Indeed,aScalaStringisaJavaString,soyoucan useall the normalJava string methods.
You can create a string variable, albeit in the Scala way:

val s = "Hello, world"

You can get the length of a string:
s.length // 12

You can concatenate strings:
val s = "Hello" + " world"

These are all familiar operations. But because Scala offers the magic of implicit conver-
sions, String instances also have access to all the methods of the StringOps class, so
you can do many other things with them, such as treatinga String instance asa sequence
of characters. As a result, you can iterate over every character in the string using the
foreach method:

scala> "hello".foreach(println)
h

o —~ ~ 0

You can treat a String as a sequence of characters in a for loop:

scala> for (c <- "hello") println(c)
h

o ~ ~ 0

You can also treat it as a sequence of bytes:

scala> s.getBytes.foreach(println)
104
101
108
108
111

Because there are many methods available on sequential collections, you can also use
other functional methods like filter:

scala> val result = "hello world".filter(_ !'= 'l')
result: String = heo word

2 | Chapter1:Strings
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It’s an oversimplification to say that this functionality comes from the StringOps class,
but it’s a useful illusion. The reality is that some of this functionality comes from
StringOps, some comes from StringlLike, some from WrappedString, and so on. If
you dig into the Scala source code, you'll see that the rabbit hole goes deep, but it begins
with the implicit conversion from String to String0Ops in the Predef object.

R
o)

When first learning Scala, take a look at the source code for the Predef
. object. It provides nice examples of many Scala programming features.

Figure 1-2, taken from the StringOps class Scaladoc page, shows the supertypes and
type hierarchy for the StringOps class.

Source StringOps.scala

Since 28

w Linear Supertypes

StringlLike[String], math.Ordered[String], Corr i nized[Char, String], IndexedSealike[Char, String], Seqlike[Char, String], GenSeqlike[Char,
String], lterablelike[Char, String], Genlterablelike[Char, String], TvaversableL\ke[Chav Stnng GenTraversableLike{Char, String], Parallelizable[Char, ParSeq[Char]],
TraversableOnce[Char], GenTraversableOnce[Char], FilterM [Char, String], N ilder{Char, String], Equals, AnyVal, NotNull, Any

v Type Hierarchy Leam more about scaladoc diagrams

Figure 1-2. Supertypes and type hierarchy information for the StringOps class

Add Methods to Closed Classes

Even though the String class is declared as final in Java, you've seen that Scala some-
how adds new functionality to it. This happens through the power of implicit conver-
sions. Recipe 1.9, “Accessing a Character in a String”, demonstrates how to add your
own methods to the String class using this technique.

As one more example of how this pattern helps a Scala String have both string and
collection features, the following code uses the drop and take methods that are available
on Scala sequences, along with the capitalize method from the StringOps class:

scala> "scala".drop(2).take(2).capitalize
res0: String = Al

Introduction | 3
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In this chapter you’ll see examples like this, and many more.

How Did the Preceding Example Work?

The drop and take methods are demonstrated in Chapter 10, but in short, drop is a
collection method that drops (discards) the number of elements that are specified from
the beginning of the collection and keeps the remaining elements. When it’s called on
your string as drop(2), it drops the first two characters from the string (sc), and returns
the remaining elements:

scala> "scala".drop(2)
res@: String = ala

Next, the take(2) method retains the first two elements from the collection it’s given,and
discards the rest:

scala> "scala".drop(2).take(2)
resl: String = al

Finally, you treat the output from the take(2) method call like a String once again and
call the capitalize method to get what you want:

scala> "scala".drop(2).take(2).capitalize
res2: String = Al

The capitalize methodisin the StringOps class, butasa practical matter, you generally
don’thave to worry about that. When you're writing code in an IDE like Eclipse or Intelli]
and invoke the code assist keystroke, the capitalize method will appear in the list along
with all the other methods that are available on a String.

If you're not familiar with chaining methods together like this, it's known as a fluent
style of programming. See Recipe 5.9, “Supporting a Fluent Style of Programming”, for
more information.

1.1. Testing String Equality

Problem

You want to compare two strings to see if they’re equal, i.e., whether they contain the
same sequence of characters.

Solution

In Scala, you compare two String instances with the == operator. Given these strings:

scala> val s1 = "Hello"
sl: String = Hello

4 | Chapter 1:Strings
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scala> val s2 = "Hello"
s2: String = Hello

scala> val s3 = "H" + "ello"
s3: String = Hello

You can test their equality like this:

scala> s1 == s2
res@: Boolean = true

scala> s1 == s3
resl: Boolean = true

A pleasant benefit of the == method is that it doesn’t throw a NullPointerException
on a basic test if a Stringis null:

scala> val s4: String = null
s4: String = null

scala> s3 == s4
res2: Boolean = false

scala> s4 == s3
res3: Boolean = false

If you want to compare two strings in a case-insensitive manner, you can convert both
strings to uppercase or lowercase and compare them with the == method:

scala> val s1 = "Hello"
sl: String = Hello

scala> val s2 = "hello"
s2: String = hello

scala> sl.toUpperCase == s2.toUpperCase
res@: Boolean = true

However, be aware that calling a method on a null string can throw a
NullPointerException:

scala> val s1: String = null
s1: String = null

scala> val s2: String = null
s2: String = null

scala> sil.toUpperCase == s2.toUpperCase
java.lang.NullPointerException // more output here ...

To compare two strings while ignoring their case, you can also fall back and use the
equalsIgnoreCase of the Java String class:

1.1.Testing String Equality | 5
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scala> val a = "Marisa"
a: String = Marisa

scala> val b = "marisa"
b: String = marisa

scala> a.equalsIgnoreCase(b)
res@: Boolean = true

Discussion

In Scala, you test object equality with the == method. This is different than Java, where
you use the equals method to compare two objects.

In Scala, the == method defined in the AnyRef class first checks for null values, and then
calls the equals method on the first object (i.e., this) to see if the two objects are equal.
As a result, you don’t have to check for null values when comparing strings.

¥ 5
& In idiomatic Scala, you never use null values. The discussion in this
c‘;: . recipe is intended to help you understand how == works if you en-
063" counter a null value, presumably from working with a Java library, or

some other library where null values were used.

If you're coming from a language like Java, any time you feel like using
a null, use an Option instead. (I find it helpful to imagine that Scala
doesn’t even have a null keyword.) See Recipe 20.6, “Using the Option/
Some/None Pattern”, for more information and examples.

For more information on defining equals methods, see Recipe 4.15, “Defining an equals
Method (Object Equality)”.

1.2. Creating Multiline Strings

Problem

You want to create multiline strings within your Scala source code, like you can with
the “heredoc” syntax of other languages.

Solution

In Scala, you create multiline strings by surrounding your text with three double quotes:

val foo = """This is
a multiline

String"""

6 | Chapter1:Strings
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Discussion

Although this works, the second and third lines in this example will end up with white-
space at the beginning of their lines. If you print the string, it looks like this:
This 1is
a multiline
String

You can solve this problem in several different ways. First, you can left-justify every line
after the first line of your string:
val foo = """This is

a multiline
String"""

A cleaner approach is to add the stripMargin method to the end of your multiline string
and begin all lines after the first line with the pipe symbol (]):

val speech = """Four score and
|seven years ago""".stripMargin

If you don't like using the | symbol, you can use any character you like with the
stripMargin method:

Four score and
""" ostripMargin('#')

val speech =
#seven years ago

All of these approaches yield the same result, a multiline string with each line of the
string left justified:

Four score and
seven years ago

This results in a true multiline string, with a hidden \n character after the word “and”
in the first line. To convert this multiline string into one continuous line you can add a
replaceAll method after the stripMargin call, replacing all newline characters with
blank spaces:

val speech = """Four score and
|seven years ago
|our fathers""".stripMargin.replaceAll("\n", " ")

This yields:
Four score and seven years ago our fathers

Another nice feature of Scala’s multiline string syntax is that you can include single- and
double-quotes without having to escape them:

val s = This is known as a
|"multiline" string
|or 'heredoc' syntax.

. stripMargin.replaceAll("\n", " ")

This results in this string:

1.2. Creating Multiline Strings | 7
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This is known as a "multiline" string or 'heredoc' syntax.
1.3. Splitting Strings

Problem

You want to split a string into parts based on a field separator, such as a string you get
from a comma-separated value (CSV) or pipe-delimited file.

Solution
Use one of the split methods that are available on String objects:

scala> "hello world".split(" ")
res@: Array[java.lang.String] = Array(hello, world)

The split method returns an array of String elements, which you can then treat as a
normal Scala Array:
scala> "hello world".split(" ").foreach(println)

hello
world

Discussion

The string that the split method takes can be a regular expression, so you can split a
string on simple characters like a comma in a CSV file:

scala> val s = "eggs, milk, butter, Coco Puffs"
s: java.lang.String = eggs, milk, butter, Coco Puffs

// 1st attempt

scala> s.split(",")

res@: Array[java.lang.String] = Array(eggs, " milk", " butter", " Coco Puffs")
Using this approach, it’s best to trim each string. Use the map method to call trim on
each string before returning the array:

// 2nd attempt, cleaned up

scala> s.split(",").map(_.trim)

resl: Array[java.lang.String] = Array(eggs, milk, butter, Coco Puffs)
You can also split a string based on a regular expression. This example shows how to
split a string on whitespace characters:

scala> "hello world, this is Al".split("\\s+")
res@: Array[java.lang.String] = Array(hello, world,, this, is, Al)

8 | Chapter1:Strings
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About that split method...

The split method is overloaded, with some versions of the method coming from the
Java String class and some coming from the Scala StringLike class. For instance, if
you call split with a Char argument instead of a String argument, youre using the
split method from StringlLike:

// split with a String argument
scala> "hello world".split(" ")
resO: Array[java.lang.String] = Array(hello, world)

// split with a Char argument
scala> "hello world".split(' ')
resl: Array[String] = Array(hello, world)

The subtle difference in that output—Array[java.lang.String] versus
Array[String]—isa hint that something is different, but as a practical matter, this isn't
important. Also, with the Scala IDE project integrated into Eclipse, you can see where
each method comes from when the Eclipse “code assist” dialog is displayed. (Intelli]
IDEA and NetBeans may show similar information.)

1.4. Substituting Variables into Strings

Problem

You want to perform variable substitution into a string, like you can do with other
languages, such as Perl, PHP, and Ruby.

Solution

Beginning with Scala 2.10 you can use string interpolation in a manner similar to other
languages like Perl, PHP, and Ruby.

To use basic string interpolation in Scala, precede your string with the letter s and
include your variables inside the string, with each variable name preceded by a $ char-
acter. This is shown in the println statement in the following example:

scala> val name = "Fred"
name: String = Fred

scala> val age = 33
age: Int = 33

scala> val weight = 200.00
weilght: Double = 200.0

scala> println(s"$name is $age years old, and weighs $weight pounds.")
Fred is 33 years old, and weighs 200.0 pounds.
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According to the official Scala string interpolation documentation, when you precede
your string with the letter s, you're creating a processed string literal. This example uses
the “s string interpolator;” which lets you embed variables inside a string, where they’re
replaced by their values. As stated in the documentation, “Prepending s to any string
literal allows the usage of variables directly in the string”

Using expressions in string literals

In addition to putting variables inside strings, you can include expressions inside a string
by placing the expression inside curly braces. According to the official string interpo-
lation documentation, “Any arbitrary expression can be embedded in ${}”

In the following example, the value 1 is added to the variable age inside the string:

scala> println(s"Age next year: ${age + 1}")
Age next year: 34

This example shows that you can use an equality expression inside the curly braces:

scala> println(s"You are 33 years old: ${age == 33}")
You are 33 years old: true

You'll also need to use curly braces when printing object fields. The following example
shows the correct approach:

scala> case class Student(name: String, score: Int)
defined class Student

scala> val hannah = Student("Hannah", 95)
hannah: Student = Student(Hannah,95)

scala> println(s"${hannah.name} has a score of ${hannah.score}")
Hannah has a score of 95

Attempting to print the values of the object fields without wrapping them in curly braces
results in the wrong information being printed out:

// error: this is intentionally wrong
scala> println(s"$hannah.name has a score of $hannah.score")
Student(Hannah,95).name has a score of Student(Hannah,95).score

Because $hannah.name wasn’t wrapped in curly braces, the wrong information was
printed; in this case, the toString output of the hannah variable.

s is a method

The s that’s placed before each string literal is actually a method. Though this seems
slightly less convenient than just putting variables inside of strings, there are at least two
benefits to this approach:
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« Scala provides other off-the-shelf interpolation functions to give you more power.

« You can define your own string interpolation functions.

To see why this is a good thing, let’s look at another string interpolation function.
The f string interpolator (printf style formatting)

In the example in the Solution, the weight was printed as 200. 0. This is okay, but what
can you do if you want to add more decimal places to the weight, or remove them
entirely?

This simple desire leads to the “f string interpolator;,” which lets you use printf style
formatting specifiers inside strings. The following examples show how to print the
weight, first with two decimal places:

scala> println(f"$name is $age years old, and weighs $weight%.2f pounds.")
Fred is 33 years old, and weighs 200.00 pounds.

and then with no decimal places:

scala> println(f"$name is $age years old, and weighs $weight%.0f pounds.")
Fred is 33 years old, and weighs 200 pounds.

As demonstrated, to use this approach, just follow these steps:

1. Precede your string with the letter f.

2. Use printf style formatting specifiers immediately after your variables.

The most common printf format specifiers are shown in Table 1-1 in

. the Discussion.
N

Though these examples used the println method, it’s important to note that you can
use string interpolation in other ways. For instance, you can assign the result of a variable
substitution to a new variable, similar to calling sprintf in other languages:

scala> val out = f"$name, you weigh $weight%.0f pounds.”
out: String = Fred, you weigh 200 pounds.

The raw interpolator

In addition to the s and f string interpolators, Scala 2.10 includes another interpolator
named raw. The raw interpolator “performs no escaping of literals within the string”
The following example shows how raw compares to the s interpolator:

scala> s"foo\nbar"

res0: String =
foo
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bar

scala> raw"foo\nbar"
resl: String = foo\nbar

The raw interpolator is useful when you want to avoid having a sequence of characters
like \n turn into a newline character.

Create your own interpolator

Inaddition to the s, f, and raw interpolators that are built into Scala 2.10, you can define
your own interpolators. See the official Scala String Interpolation documentation for an
example of how to create your own interpolator.

String interpolation does not work with pattern-matching statements
. in Scala 2.10. This feature is planned for inclusion in Scala 2.11.

Discussion

Prior to version 2.10, Scala didn’t include the string interpolation functionality just
described. If you need to use a release prior to Scala 2.10 for some reason, the solution
is to call the format method on a string, as shown in the following examples:

scala> val name = "Fred"
name: java.lang.String = Fred

scala> val age = 33
age: Int = 33

scala> val s = "%s is %d years old".format(name, age)
s: String = Fred is 33 years old

scala> println("%s is %d years old".format(name, age))
Fred is 33 years old

Just as with the string interpolation capability shown in the Solution, you can use this
approach anywhere you want to format a string, such as a toString method:

override def toString: String =
"%s %s, age %d".format(firstName, lastName, age)

With either of these approaches, you can format your variables using all the usual printf
specifiers. The most common format specifiers are shown in Table 1-1.
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Table 1-1. Common printf style format specifiers

Format specifier Description

%C Character
%d Decimal number (integer, base 10)
%e Exponential floating-point number
%f Floating-point number
%t Integer (base 10)
%0 Octal number (base 8)
%s A string of characters
%u Unsigned decimal (integer) number
%X Hexadecimal number (base 16)
%% Print a “percent” character
\% Print a “percent” character

See Also

o This printf cheat sheet shows more format specifiers and examples
o This Oracle Formatter page shows examples and details

« The official Scala String Interpolation documentation

1.5. Processing a String One Character at a Time

Problem

You want to iterate through each character in a string, performing an operation on each
character as you traverse the string.

Solution

Depending on your needs and preferences, you can use the map or foreach methods, a
for loop, or other approaches. Here’s a simple example of how to create an uppercase
string from an input string, using map:

scala> val upper = "hello, world".map(c => c.toUpper)
upper: String = HELLO, WORLD

As you'll see in many examples throughout this book, you can shorten that code using
the magic of Scala’s underscore character:

scala> val upper = "hello, world".map(_.toUpper)
upper: String = HELLO, WORLD
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With any collection—such as a sequence of characters in a string—you can also chain
collection methods together to achieve a desired result. In the following example, the
filter method is called on the original String to create a new String with all occur-
rences of the lowercase letter “I” removed. That String is then used as input to the map
method to convert the remaining characters to uppercase:

scala> val upper = "hello, world".filter(_ != 'l').map(_.toUpper)

upper: String = HEO, WORD
When you first start with Scala, you may not be comfortable with the map method, in
which case you can use Scala’s for loop to achieve the same result. This example shows
another way to print each character:

scala> for (c <- "hello") println(c)
h

o —~ ~ 0

To write a for loop to work like a map method, add a yield statement to the end of the
loop. This for/yield loop is equivalent to the first two map examples:

scala> val upper = for (c <- "hello, world") yield c.toUpper
upper: String = HELLO, WORLD

Adding yield to a for loop essentially places the result from each loop iteration into a
temporary holding area. When the loop completes, all of the elements in the holding
area are returned as a single collection.

This for/yield loop achieves the same result as the third map example:

val result = for {
c <- "hello, world"
if c !='T
} yield c.toUpper
Whereas the map or for/yield approaches are used to transform one collection into an-
other, the foreach method is typically used to operate on each element without return-
ing a result. This is useful for situations like printing:

scala> "hello".foreach(println)
h

O —~ ~ 0

Discussion

Because Scala treats a string as a sequence of characters—and because of Scala’s back-
ground as both an object-oriented and functional programming language—you can
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iterate over the characters in a string with the approaches shown. Compare those ex-
amples with a common Java approach:
String s = "Hello";
StringBuilder sb = new StringBuilder();
for (int 1 = 0; 1 < s.length(); i1++) {
char ¢ = s.charAt(1);
// do something with the character ...
// sb.append ...
3

String result = sb.toString();
You'll see that the Scala approach is more concise, but still very readable. This combi-
nation of conciseness and readability lets you focus on solving the problem at hand.
Once you get comfortable with Scala, it feels like the imperative code in the Java example
obscures your business logic.

Wikipedia describes imperative programming like this:

Imperative programming is a programming paradigm that
describes computation in terms of statements that change a
program state ... imperative programs define sequences of
commands for the computer to perform.

This is shown in the Java example, which defines a series of explicit
statements that tell a computer how to achieve a desired result.

Understanding how map works

Depending on your coding preferences, you can pass large blocks of code to a map
method. These two examples demonstrate the syntax for passing an algorithm to a map
method:

// first example
"HELLO".map(c => (c.toByte+32).toChar)

// second example
"HELLO" .map{ c =>

(c.toByte+32).toChar
}

Notice that the algorithm operates on one Char ata time. This is because the map method
in this example is called on a String, and map treats a String as a sequential collection
of Char elements. The map method has an implicit loop, and in that loop, it passes one
Char at a time to the algorithm it’s given.

Although this algorithm it still short, imagine for a moment that it is longer. In this case,
to keep your code clear, you might want to write it as a method (or function) that you
can pass into the map method.

1.5. Processing a String One CharacterataTime | 15

www.it-ebooks.info


http://www.it-ebooks.info/

To write a method that you can pass into map to operate on the characters in a String,
define it to take a single Char as input, then perform the logic on that Char inside the
method. When the logic is complete, return whatever it is that your algorithm returns.
Though the following algorithm is still short, it demonstrates how to create a custom
method and pass that method into map:

/] write your own method that operates on a character
scala> def toLower(c: Char): Char = (c.toByte+32).toChar
toLower: (c: Char)Char

// use that method with map
scala> "HELLO".map(toLower)
res0: String = hello

As an added benefit, the same method also works with the for/yield approach:

scala> val s = "HELLO"
s: java.lang.String = HELLO

scala> for (c <- s) yield toLower(c)
resl: String = hello

W
& I've used the word “method” in this discussion, but you can also use
.‘s functions here instead of methods. What's the difference between a

0" method and a function?
Here’s a quick look at a function equivalent to this toLower method:
val tolLower = (c: Char) => (c.toByte+32).toChar

This function can be passed into map in the same way the previous
toLower method was used:

scala> "HELLO".map(toLower)
res0: String = hello

For more information on functions and the differences between meth-
ods and functions, see Chapter 9, Functional Programming.

A complete example

The following example demonstrates how to call the getBytes method on a String,
and then pass a block of code into a foreach method to help calculate an Adler-32
checksum value on a String:

package tests

/**

* Calculate the Adler-32 checksum using Scala.
* @see http://en.wikipedia.org/wiki/Adler-32
*/

object Adler32Checksum {
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val MOD_ADLER = 65521

def main(args: Array[String]) {
val sum = adler32sum("Wikipedia")
printf("checksum (int) = %d\n", sum)
printf("checksum (hex) = %s\n", sum.toHexString)

}

def adler32sum(s: String): Int = {
var a = 1
var b = 0

s.getBytes.foreach{char =>
a = (char + a) % MOD_ADLER
b= (b+ a) % MOD_ADLER
}
// note: Int is 32 bits, which this requires
b * 65536 + a // or (b << 16) + a
}

}
The getBytes method returns a sequential collection of bytes from a String as follows:

scala> "hello".getBytes
res@: Array[Byte] = Array(104, 101, 108, 108, 111)

Adding the foreach method call after getBytes lets you operate on each Byte value:

scala> "hello".getBytes.foreach(println)
104
101
108
108
111

You use foreach in this example instead of map, because the goal is to loop over each
Byte in the String, and do something with each Byte, but you don’t want to return
anything from the loop.

See Also

o Under the covers, the Scala compiler translates a for loop into a foreach method
call. This gets more complicated if the loop has one or more 1f statements (guards)
or a yield expression. This is discussed in detail in Recipe 3.1, “Looping with for
and foreach” and I also provide examples on my website at alvinalexander.com. The
full details are presented in Section 6.19 of the current Scala Language Specification.

o The Adler-32 checksum algorithm
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1.6. Finding Patterns in Strings

Problem

You need to determine whether a String contains a regular expression pattern.

Solution

Create a Regex object by invoking the .r method on a String, and then use that pattern
with findFirstIn when you're looking for one match, and findAllIn when looking
for all matches.

To demonstrate this, first create a Regex for the pattern you want to search for, in this
case, a sequence of one or more numeric characters:

scala> val numPattern = "[0-9]+".r
numPattern: scala.util.matching.Regex = [0-9]+

Next, create a sample String you can search:

scala> val address = "123 Main Street Suite 101"
address: java.lang.String = 123 Main Street Suite 101

The findFirstIn method finds the first match:

scala> val matchl = numPattern.findFirstIn(address)
matchl: Option[String] = Some(123)

(Notice that this method returnsan Option[String]. 'll diginto that in the Discussion.)
When looking for multiple matches, use the findA11In method:

scala> val matches = numPattern.findAllIn(address)
matches: scala.util.matching.Regex.MatchIterator = non-empty iterator

As you can see, findAllIn returns an iterator, which lets you loop over the results:

scala> matches.foreach(println)
123
101

If findAllIn doesn’t find any results, an empty iterator is returned, so you can still write
your code just like that—you don't need to check to see if the result is null. If you'd
rather have the results as an Array, add the toArray method after the findAl1lIn call:

scala> val matches = numPattern.findAllIn(address).toArray
matches: Array[String] = Array(123, 101)

If there are no matches, this approach yields an empty Array. Other methods like
tolList, toSeq, and toVector are also available.
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Discussion

Using the .r method on a String is the easiest way to create a Regex object. Another
approach is to import the Regex class, create a Regex instance, and then use the instance
in the same way:

scala> import scala.util.matching.Regex
import scala.util.matching.Regex

scala> val numPattern = new Regex("[0-9]+")
numPattern: scala.util.matching.Regex = [0-9]+

scala> val address = "123 Main Street Suite 101"
address: java.lang.String = 123 Main Street Suite 101

scala> val matchl = numPattern.findFirstIn(address)
matchl: Option[String] = Some(123)

Although this is a bit more work, it’s also more obvious. I've found that it can be easy
to overlook the . r at the end of a String (and then spend a few minutes wondering how
the code I saw could possibly work).

Handling the Option returned by findFirstin

As mentioned in the Solution, the findFirstIn method finds the first match in the
String and returns an Option[String]:

scala> val matchl = numPattern.findFirstIn(address)
matchl: Option[String] = Some(123)

The Option/Some/None pattern is discussed in detail in Recipe 20.6, but the simple way
to think about an Option is that it’s a container that holds either zero or one values. In
the case of findFirstIn, if it succeeds, it returns the string “123” as a Some(123), as
shown in this example. However, if it fails to find the pattern in the string it’s searching,
it will return a None, as shown here:

scala> val address = "No address given"
address: String = No address given

scala> val matchl = numPattern.findFirstIn(address)
matchl: Option[String] = None

To summarize, a method defined to return an Option[String] will either return a
Some(String), or a None.

The normal way to work with an Option is to use one of these approaches:
o Call getOrElse on the value.

 Use the Option in a match expression.

o Use the Option in a foreach loop.
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Recipe 20.6 describes those approaches in detail, but they’re demonstrated here for your
convenience.

With the getOrElse approach, you attempt to “get” the result, while also specifying a
default value that should be used if the method failed:

scala> val result = numPattern.findFirstIn(address).getOrElse("no match")

result: String = 123
Becausean Optionisacollection of zero or one elements, an experienced Scala developer
will also use a foreach loop in this situation:

numPattern.findFirstIn(address).foreach { e =>

// perform the next step in your algorithm,
// operating on the value 'e

}

A match expression also provides a very readable solution to the problem:

[

matchl match {
case Some(s) => println(s"Found: $s")
case None =>

}

See Recipe 20.6 for more information.

To summarize this approach, the following REPL example shows the complete process
of creating a Regex, searching a String with findFirstIn, and then using a foreach
loop on the resulting match:

scala> val numPattern = "[0-9]+".r
numPattern: scala.util.matching.Regex = [0-9]+

scala> val address = "123 Main Street Suite 101"
address: String = 123 Main Street Suite 101

scala> val matchl = numPattern.findFirstIn(address)
matchl: Option[String] = Some(123)

scala> matchi.foreach { e =>
|  println(s"Found a match: $e")

l}
Found a match: 123

See Also

o The StringOps class

o The Regex class
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 Recipe 20.6, “Using the Option/Some/None Pattern” provides more information
on Option

1.7. Replacing Patterns in Strings

Problem

You want to search for regular-expression patterns in a string, and replace them.

Solution

Because a String is immutable, you can’t perform find-and-replace operations directly
on it, but you can create a new String that contains the replaced contents. There are
several ways to do this.

You can call replaceAllona String, remembering to assign the result to a new variable:

scala> val address = "123 Main Street".replaceAll("[0-9]", "x")
address: java.lang.String = xxx Main Street

You can create a regular expression and then call replaceAllIn on that expression,
again remembering to assign the result to a new string:

scala> val regex = "[0-9]".r
regex: scala.util.matching.Regex = [0-9]

scala> val newAddress = regex.replaceAllIn("123 Main Street", "x")
newAddress: String = xxx Main Street

To replace only the first occurrence of a pattern, use the replaceFirst method:

scala> val result = "123".replaceFirst("[0-9]", "x")
result: java.lang.String = x23

You can also use replaceFirstIn with a Regex:

scala> val regex = "H".r
regex: scala.util.matching.Regex = H

scala> val result = regex.replaceFirstIn("Hello world", "J")
result: String = Jello world

See Also

Recipe 1.6, “Finding Patterns in Strings” for examples of how to find patterns in
strings
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1.8. Extracting Parts of a String That Match Patterns

Problem

You want to extract one or more parts of a string that match the regular-expression
patterns you specify.

Solution

Define the regular-expression patterns you want to extract, placing parentheses around
them so you can extract them as “regular-expression groups.” First, define the desired
pattern:

val pattern = "([0-9]+) ([A-Za-z]+)".r
Next, extract the regex groups from the target string:
val pattern(count, fruit) = "100 Bananas"

This code extracts the numeric field and the alphabetic field from the given string as
two separate variables, count and fruit, as shown in the Scala REPL:

scala> val pattern = "([0-9]+) ([A-Za-z]+)".r
pattern: scala.util.matching.Regex = ([0-9]+) ([A-Za-z]+)

scala> val pattern(count, fruit) = "100 Bananas"
count: String = 100
fruit: String = Bananas

Discussion

The syntax shown here may feel a little unusual because it seems like you're defining
pattern as a val field twice, but this syntax is more convenient and readable in a real-
world example.

Imagine youre writing the code for a search engine like Google, and you want to let
people search for movies using a wide variety of phrases. To be really convenient, you'll
let them type any of these phrases to get a listing of movies near Boulder, Colorado:

"movies near 80301"

"movies 80301"

"80301 movies"

"movie: 80301"

"movies: 80301"

"movies near boulder, co"
"movies near boulder, colorado"
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One way you can allow all these phrases to be used is to define a series of regular-
expression patterns to match against them. Just define your expressions, and then at-
tempt to match whatever the user types against all the possible expressions you're willing
to allow.

For example purposes, you'll just allow these two simplified patterns:

// match "movies 80301"
val MoviesZipRE = "movies (\\d{5})".r

// match "movies near boulder, co"
val MoviesNearCityStateRE = "movies near ([a-z]+), ([a-z]{2})".r

Once you've defined the patterns you want to allow, you can match them against what-
ever text the user enters, using a match expression. In this example, you'll call a fictional
method named getSearchResults when a match occurs:

textUserTyped match {
case MoviesZipRE(zip) => getSearchResults(zip)
case MoviesNearCityStateRE(city, state) => getSearchResults(city, state)
case _ => println("did not match a regex")

) -
As you can see, this syntax makes your match expressions very readable. For both pat-
terns youre matching, you call an overloaded version of the getSearchResults method,
passing it the zip field in the first case, and the city and state fields in the second case.

The two regular expressions shown in this example will match strings like this:

"movies 80301"

"movies 99676"

"movies near boulder, co"
"movies near talkeetna, ak"

It's important to note that with this technique, the regular expressions must match the
entire user input. With the regex patterns shown, the following strings will fail because
they have a blank space at the end of the line:

"movies 80301 "
"movies near boulder, co

You can solve this particular problem by trimming the input string or using a more
complicated regular expression, which you’ll want to do anyway in the “real world”

As you can imagine, you can use this same pattern-matching technique in many dif-
ferent circumstances, including matching date and time formats, street addresses, peo-
ple’s names, and many other situations.
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See Also
« Recipe 3.7, “Using a Match Expression Like a switch Statement” for more match

expression examples

 Recipe 14.12, “Prompting for Input from a Scala Shell Script” shows another ex-
ample of this technique

1.9. Accessing a Character in a String

Problem

You want to get a character at a specific position in a string.

Solution
You could use the Java charAt method:

scala> "hello".charAt(0)
res@: Char = h

However, the preferred approach is to use Scala’s Array notation:

scala> "hello"(0)
resl: Char = h

scala> "hello"(1)
res2: Char = e

Discussion

When looping over the characters in a string, you’ll normally use the map or foreach
methods, but if for some reason those approaches won’t work for your situation, you
can treata StringasanArray, and access each character with the array notation shown.

The Scala array notation is different than Java because in Scala it’s really a method call,
with some nice syntactic sugar added. You write your code like this, which is convenient
and easy to read:

scala> "hello"(1)
res@: Char = e

But behind the scenes, Scala converts your code into this:

scala> "hello".apply(1)
resl: Char = e
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This little bit of syntactic sugar is explained in detail in Recipe 6.8, “Creating Object
Instances Without Using the new Keyword”.

1.10. Add Your Own Methods to the String Class

Problem

Rather than create a separate library of String utility methods, like a StringUtilities
class, you want to add your own behavior(s) to the String class, so you can write code
like this:

"HAL".increment
Instead of this:

StringUtilities.increment("HAL")

Solution

In Scala 2.10, you define an implicit class, and then define methods within that class to
implement the behavior you want.

You can see this in the REPL. First, define your implicit class and method(s):

scala> implicit class StringImprovements(s: String) {
| def increment = s.map(c => (c + 1).toChar)

|}

defined class StringImprovements
Then invoke your method on any String:

scala> val result = "HAL".increment
result: String = IBM

In real-world code, this is just slightly more complicated. According to SIP-13, Implicit
Classes, “An implicit class must be defined in a scope where method definitions are
allowed (not at the top level).” This means that your implicit class must be defined inside
a class, object, or package object.

Put the implicit class in an object

One way to satisfy this condition is to put the implicit class inside an object. For instance,
you can place the StringImprovements implicit class in an object such asa StringUtils
object, as shown here:

package com.alvinalexander.utils

object StringUtils {
implicit class StringImprovements(val s: String) {
def increment = s.map(c => (c + 1).toChar)
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}
}

You can then use the increment method somewhere else in your code, after adding the
proper import statement:

package foo.bar
import com.alvinalexander.utils.StringUtils._

object Main extends App {
println("HAL".increment)

}
Put the implicit class in a package object

Another way to satisfy the requirement is to put the implicit class in a package object.
With this approach, place the following code in a file named package.scala, in the ap-
propriate directory. If youre using SBT, you should place the file in the
src/main/scala/com/alvinalexander directory of your project, containing the following
code:

package com.alvinalexander
package object utils {

implicit class StringImprovements(val s: String) {
def increment = s.map(c => (c + 1).toChar)

}
}

When you need to use the increment method in some other code, use a slightly different
import statement from the previous example:

package foo.bar
import com.alvinalexander.utils._

object MainDriver extends App {
println("HAL".increment)

See Recipe 6.7, “Putting Common Code in Package Objects” for more
information about package objects.
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Using versions of Scala prior to version 2.10

If for some reason you need to use a version of Scala prior to version 2.10, you'll need
to take a slightly different approach. In this case, define a method named increment in
a normal Scala class:

class StringImprovements(val s: String) {
def increment = s.map(c => (c + 1).toChar)

}
Next, define another method to handle the implicit conversion:
implicit def stringToString(s: String) = new StringImprovements(s)

The String parameter in the stringToString method essentially links the String class
to the StringImprovements class.

Now you can use increment as in the earlier examples:
"HAL".increment

Here’s what this looks like in the REPL:

scala> class StringImprovements(val s: String) {
| def increment = s.map(c => (c + 1).toChar)

|}

defined class StringImprovements

scala> implicit def stringToString(s: String) = new StringImprovements(s)
stringToString: (s: String)StringImprovements

scala> "HAL".increment
res@: String = IBM

Discussion

As you just saw, in Scala, you can add new functionality to closed classes by writing
implicit conversions and bringing them into scope when you need them. A major benefit
of this approach is that you don't have to extend existing classes to add the new func-
tionality. For instance, there’s no need to create a new class named MyString that extends
String, and then use MyString throughout your code instead of String; instead, you
define the behavior you want, and then add that behavior to all String objects in the
current scope when you add the import statement.

Note that you can define as many methods as you need in your implicit class. The

following code shows both increment and decrement methods, along with a method

named hideAll that returns a String with all characters replaced by the * character:
implicit class StringImprovements(val s: String) {

def increment = s.map(c => (c + 1).toChar)
def decrement = s.map(c => (c - 1).toChar)
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def hideAll = s.replaceAll(".", "*")
}

Notice that except for the implicit keyword before the class name, the
StringImprovements class and its methods are written as usual.

By simply bringing the code into scope with an import statement, you can use these
methods, as shown here in the REPL:

scala> "HAL".increment
res@: String = IBM

Here’s a simplified description of how this works:

1. The compiler sees a string literal “HAL.

2. The compiler sees that you're attempting to invoke a method named increment on
the String.

3. Because the compiler can’t find that method on the String class, it begins looking
around for implicit conversion methods that are in scope and accepts a String
argument.

4. This leads the compiler to the StringImprovements class, where it finds the
increment method.

That’s an oversimplification of what happens, but it gives you the general idea of how
implicit conversions work.

For more details on what's happening here, see SIP-13, Implicit Classes.

Annotate your method return type

It's reccommended that the return type of implicit method definitions should be anno-
tated. If you run into a situation where the compiler can’t find your implicit methods,
or you just want to be explicit when declaring your methods, add the return type to your
method definitions.

In the increment, decrement, and hideAll methods shown here, the return type of
String is made explicit:

implicit class StringImprovements(val s: String) {
// being explicit that each method returns a String
def increment: String = s.map(c => (c + 1).toChar)
def decrement: String = s.map(c => (c - 1).toChar)
def hideAll: String = s.replaceAll(".", "*")
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Returning other types

Although all of the methods shown so far have returned a String, you can return any
type from your methods that you need. The following class demonstrates several dif-
ferent types of string conversion methods:

implicit class StringImprovements(val s: String) {
def increment = s.map(c => (c + 1).toChar)
def decrement = s.map(c => (c - 1).toChar)
def hideAll: String = s.replaceAll(".", "*")
def plusOne = s.toInt + 1
def asBoolean = s match {
case "0" | "zero" | "" |
case _ => true
}
}

With these new methods you can now perform Int and Boolean conversions, in addi-
tion to the String conversions shown earlier:

=> false

scala> "4".plusOne
res@: Int =5

scala> "0".asBoolean
resl: Boolean = false

scala> "1".asBoolean
res2: Boolean = true

Note that all of these methods have been simplified to keep them short and readable. In
the real world, you’ll want to add some error-checking.
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CHAPTER 2
Numbers

Introduction

In Scala, all the numeric types are objects, including Byte, Char, Double, Float, Int,
Long, and Short. These seven numeric types extend the AnyVal trait, as do the Unit and
Boolean classes, which are considered to be “nonnumeric value types”

As shown in Table 2-1, the seven built-in numeric types have the same data ranges as
their Java primitive equivalents.

Table 2-1. Data ranges of Scala’s built-in numeric types

Data type Range

Char 16-bit unsigned Unicode character
Byte 8-bit signed value

Short  16-bit signed value

Int 32-bit signed value

Long 64-bit signed value

Float  32-bit IEEE 754 single precision float
Double  64-bit IEEE 754 single precision float

In addition to those types, Boolean can have the values true or false.

If you ever need to know the exact values of the data ranges, you can find them in the
Scala REPL:

scala> Short.MinValue
res@: Short = -32768

scala> Short.MaxValue
resl: Short = 32767
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scala> Int.MinValue
res2: Int = -2147483648

scala> Float.MinValue
res3: Float = -3.4028235E38

In addition to these basic numeric types, it's helpful to understand the BigInt and
BigDecimal classes, as well as the methods in the scala.math package. These are all
covered in this chapter.

Complex Numbers and Dates

If you need more powerful math classes than those that are included with the standard
Scala distribution, check out the Spire project, which includes classes like Rational,
Complex, Real, and more; and ScalaLab, which offers Matlab-like scientific computing
in Scala.

For processing dates, the Java Joda Time project is popular and well documented. A
project named nscala-time implements a Scala wrapper around Joda Time, and lets you
write date expressions in a more Scala-like way, including these examples:

DateTime.now // returns org.joda.time.DateTime
DateTime.now + 2.months

DateTime.nextMonth < DateTime.now + 2.months
(2.hours + 45.minutes + 10.seconds).millis

2.1. Parsing a Number from a String

Problem

You want to convert a String to one of Scala’s numeric types.

Solution

Use the to* methods that are available on a String (courtesy of the StringLike trait):

scala> "100".toInt
res0: Int = 100

scala> "100".toDouble
resl: Double = 100.0

scala> "100".toFloat
res2: Float = 100.0

scala> "1".tolLong
res3: Long = 1

scala> "1".toShort

32 | Chapter2: Numbers

www.it-ebooks.info


https://github.com/non/spire
http://code.google.com/p/scalalab/
http://joda-time.sourceforge.net/
https://github.com/nscala-time/nscala-time
http://www.it-ebooks.info/

res4: Short = 1

scala> "1".toByte
res5: Byte =1

Be careful, because these methods can throw the usual Java NumberFormatException:

scala> "foo".toInt
java.lang.NumberFormatException: For input string: "foo"
at java.lang.NumberFormatException.forInputString(NumberFormatException.java)
at java.lang.Integer.parseInt(Integer.java:449)
. more output here ...

BigIntandBigDecimalinstances can also be created directly from strings (and can also
throw a NumberFormatException):

scala> val b = BigInt("1")
b: scala.math.BigInt = 1

scala> val b = BigDecimal("3.14159")
b: scala.math.BigDecimal = 3.14159

Handling a base and radix

If you need to perform calculations using bases other than 16, you'll find the toInt
method in the Scala Int class doesn't have a method that lets you pass in a base and
radix. To solve this problem, use the parseInt method in the java.lang.Integer class,
as shown in these examples:

scala> Integer.parseInt("1", 2)
res@: Int =1

scala> Integer.parseInt("10", 2)
resl: Int = 2

scala> Integer.parseInt("100", 2)
res2: Int = 4

scala> Integer.parseInt("1", 8)
res3: Int =1

scala> Integer.parseInt("10", 8)
res4: Int = 8

If you're a fan of implicit conversions, you can create an implicit class and method to
help solve the problem. As described in Recipe 1.10, “Add Your Own Methods to the
String Class” create the implicit conversion as follows:
implicit class StringToInt(s: String) {
def toInt(radix: Int) = Integer.parselnt(s, radix)

}
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Defining this implicit class (and bringing it into scope) adds a toInt method that takes
a radix argument to the String class, which you can now call instead of calling
Integer.parselnt:

scala> implicit class StringToInt(s: String) {
| def toInt(radix: Int) = Integer.parseInt(s, radix)

|}
defined class StringToInt

scala> "1".toInt(2)
res@: Int =1

scala> "10".toInt(2)
resl: Int = 2

scala> "100".toInt(2)
res2: Int = 4

scala> "100".toInt(8)
res3: Int = 64

scala> "100".toInt(16)
res4: Int = 256

See Recipe 1.10 for more details on how to implement this solution outside of the REPL.

Discussion

If you've used Java to convert a String to a numeric data type, then the
NumberFormatException is familiar. However, Scala doesn’t have checked exceptions,
so you'll probably want to handle this situation differently.

First, you don't have to declare that Scala methods can throw an exception, so it’s per-
fectly legal to declare a Scala method like this:

// not required to declare "throws NumberFormatException"”
def toInt(s: String) = s.toInt

If youre going to allow an exception to be thrown like this, callers of your method might
appreciate knowing that this can happen. Consider adding a Scaladoc comment to your
method in this case.

If you prefer to declare that your method can throw an exception, mark it with the
@throws annotation, as shown here:

(classOf[NumberFormatException])
def toInt(s: String) = s.toInt

This approach is required if the method will be called from Java code, as described in
Recipe 17.2, “Add Exception Annotations to Scala Methods to Work with Java”.

34 | Chapter2: Numbers

www.it-ebooks.info


http://www.it-ebooks.info/

However, in Scala, situations like this are often handled with the Option/Some/None
pattern, as described in Recipe 20.6, “Using the Option/Some/None Pattern”. With this
approach, define the toInt method like this:

def toInt(s: String):Option[Int] = {
try {
Some(s.toInt)
} catch {
case e: NumberFormatException => None

}
}
Now you can call the toInt method in several different ways, depending on your needs.
One way is with getOrElse:

println(toInt("1").getOrElse(0)) // 1
println(toInt("a").getOrElse(0)) // 0

// assign the result to x
val x = toInt(aString).getOrElse(0)
Another approach is to use a match expression. You can write a match expression to
print the toInt result like this:
toInt(aString) match {
case Some(n) => println(n)

case None => println("Boom! That wasn't a number.")

}
You can also write a match expression as follows to assign the result to a variable:

val result = toInt(aString) match {
case Some(x) => x
case None => 0 // however you want to handle this

}

If these examples haven't yet sold you on the Option/Some/None approach, you’'ll see in
Chapter 10 and Chapter 11 that this pattern is incredibly helpful and convenient when
working with collections.

Alternatives to Option
If you like the Option/Some/None concept, but need access to the exception information,
there are several additional possibilities:

o Try, Success, and Failure (introduced in Scala 2.10)

o Either, Left, and Right

These alternate approaches are discussed in Recipe 20.6, “Using the Option/Some/None
Pattern”. (The new Try/Success/Failure approach is especially appealing.)
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See Also

« Recipe 20.6, “Using the Option/Some/None Pattern”
o The StringlLike trait

2.2. Converting Between Numeric Types (Casting)

Problem

You want to convert from one numeric type to another, such as from an Int to a
Double.

Solution

Instead of using the “cast” approach in Java, use the to* methods that are available on
all numeric types. These methods can be demonstrated in the REPL (note that you need
to hit Tab at the end of the first example):

scala> val b = a.to[Tab]
toByte toChar toDouble  toFloat toInt tolLong
toShort toString

scala> 19.45.toInt
res@: Int = 19

scala> 19.toFloat
resl: Float = 19.0

scala> 19.toDouble
res2: Double = 19.0

scala> 19.tolLong
res3: Long = 19

scala> val b = a.toFloat
b: Float = 1945.0

Discussion

In Java, you convert from one numeric type to another by casting the types, like this:
int a = (int) 100.00;

But in Scala, you use the to* methods, as shown in this recipe.

If you want to avoid potential conversion errors when casting from one numeric type
to another, you can use the related isValid methods to test whether the type can be
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converted before attempting the conversion. For instance, a Double object (via
RichDouble) has methods like isValidInt and isValidShort:

scala> val a = 1000L
a: Long = 1000

scala> a.isValidByte
res@: Boolean = false

scala> a.isValidShort
resl: Boolean = true

See Also

The RichDouble class

2.3. Overriding the Default Numeric Type

Problem

Scala automatically assigns types to numeric values when you assign them, and you need
to override the default type it assigns as you create a numeric field.

Solution

If you assign 1 to a variable, Scala assigns it the type Int:

scala>val a =1
a: Int =1

The following examples show one way to override simple numeric types:

scala> val a = 1d
a: Double = 1.0
scala> val a = 1f
a: Float = 1.0

scala> val a = 1000L
a: Long = 1000

Another approach is to annotate the variable with a type, like this:

scala> val a = 0: Byte

a: Byte =0

scala> val a = 0: Int
a: Int =0

scala> val a = 0: Short

a: Short = 0
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scala> val a = 0: Double
a: Double = 0.0

scala> val a = 0: Float
a: Float = 0.0

Spacing after the colon isn't important, so you can use this format, if preferred:
val a = 0:Byte

According to the Scala Style Guide, those examples show the preferred style for anno-
tating types, but personally I prefer the following syntax when assigning types to vari-
ables, specifying the type after the variable name:

scala> val a:Byte = 0
a: Byte =0

scala> val a:Int = 0
a: Int =0

You can create hex values by preceding the number with a leading 6x or 0X, and you can
store them as an Int or Long:

scala> val a = 0x20
a: Int = 32

// if you want to store the value as a Long
scala> val a = Ox20L

a: Long = 32

N

¥ In some rare instances, you may need to take advantage of type
.‘S‘ . ascription. Stack Overflow shows a case where it's advantageous to

063 upcast a String to an Object. The technique is shown here:

scala> val s = "Dave"
s: String = Dave

scala> val p = s: Object

p: Object = Dave
As you can see, the technique is similar to this recipe. This upcasting
is known as type ascription. The official Scala documentation de-
scribes type ascription as follows:

Ascription is basically just an up-cast performed at compile
time for the sake of the type checker. Its use is not com-
mon, but it does happen on occasion. The most often seen
case of ascription is invoking a varargs method with a sin-
gle Seq parameter.
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Discussion

It’s helpful to know about this approach when creating object instances. The general
syntax looks like this:

// general case
var [name]:[Type] = [initial value]

// example
var a:Short = 0

This form can be helpful when you need to initialize numeric var fields in a class:

class Foo {
var a: Short
var b: Short

}

As shown, you can use the underscore character as a placeholder when assigning an
initial value. This works when creating class variables, but doesn’t work in other places,
such as inside a method. For numeric types this isn’t an issue—you can just assign the
type the value zero—but with most other types, you can use this approach inside a
method:

0 // specify a default value
// defaults to 0

var name = null.asInstanceOf[String]

Better yet, use the Option/Some/None pattern. It helps eliminate null values from your
code, which is a very good thing. You'll see this pattern used in the best Scala libraries
and frameworks, such as the Play Framework. An excellent example of this approach is
shown in Recipe 12.4, “How to Process Every Character in a Text File”.

See Recipe 20.5, “Eliminate null Values from Your Code” and Recipe 20.6, “Using the
Option/Some/None Pattern” for more discussion of this important topic.

See Also

o The Scala Style Guide
o The Stack Overflow URL mentioned in the note in the Solution

2.4, Replacements for ++ and —

Problem

You want to increment or decrement numbers using operators like ++ and —- that are
available in other languages, but Scala doesn’t have these operators.

2.4.Replacements for ++and— | 39

www.it-ebooks.info


http://docs.scala-lang.org/style
http://bit.ly/1ahyUbN
http://www.it-ebooks.info/

Solution

Because val fields are immutable, they can't be incremented or decremented, but
var Int fields can be mutated with the += and -= methods:

scala> var a = 1
a: Int =1

scala> a += 1

scala> println(a)
2

scala> a -= 1

scala> println(a)
1

As an added benefit, you use similar methods for multiplication and division:

scala> var i = 1
i: Int =1

scala> 1 *= 2

scala> println(i)
2

scala> 1 *= 2

scala> println(i)
4

scala> 1 /=2

scala> println(i)
2

Note that these symbols aren’t operators; theyre implemented as methods that are
available on Int fields declared as a var. Attempting to use them on val fields results
in a compile-time error:

scala> val x = 1
x: Int =1

scala> x += 1
<console>:9: error: value += is not a member of Int

X +=1
A
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As mentioned, the symbols +=, -=, *=, and /= aren’t operators, theyre
. methods. This approach of building functionality with libraries in-
%' stead of operators is a consistent pattern in Scala. Actors, for in-
stance, are not built into the language, but are instead implemented as
a library. See the Dr. Dobbs link in the See Also for Martin Odersky’s
discussion of this philosophy.

Discussion

Another benefit of this approach is that you can call methods of the same name on other
types besides Int. For instance, the Double and Float classes have methods of the same
name:

scala> var x = 1d
x: Double = 1.0

scala> x += 1

scala> println(x)
2.0

scala> var x = 1f
x: Float = 1.0

scala> x += 1

scala> println(x)
2.0

See Also

Martin Odersky discusses how Actors are added into Scala as a library on

drdobbs.com.

2.5. Comparing Floating-Point Numbers

Problem

You need to compare two floating-point numbers, but as in some other programming
languages, two floating-point numbers that should be equivalent may not be.

Solution

As in Java and many other languages, you solve this problem by creating a method that
lets you specify the precision for your comparison. The following “approximately
equals” method demonstrates the approach:
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def ~=(x: Double, y: Double, precision: Double) = {
if ((x - y).abs < precision) true else false

}
You can use this method like this:

scala> val a = 0.3
a: Double = 0.3

scala> val b = 0.1 + 0.2
b: Double = 0.30000000000000004

scala> ~=(a, b, 0.0001)
res@: Boolean = true

scala> ~=(b, a, 0.0001)
resl: Boolean = true

Discussion

When you begin working with floating-point numbers, you quickly learn that 0.1 plus
0.1is0.2:

scala> 0.1 + 0.1
res38: Double = 0.2

But 0.1 plus 0.2 isn’t exactly 0. 3:

scala> 0.1 + 0.2
res37: Double = 0.30000000000000004

This subtle inaccuracy makes comparing two floating-point numbers a real problem:

scala> val a = 0.3
a: Double = 0.3

scala> val b = 0.1 + 0.2
b: Double = 0.30000000000000004

scala> a==b
res@: Boolean = false

As aresult, you end up writing your own functions to compare floating-point numbers
with a precision (or tolerance).

As you saw in Recipe 1.11, you can define an implicit conversion to add a method like
this to the Double class. This makes the following code very readable:

if (a~=b) ...
Or, you can add the same method to a utilities object, if you prefer:

object MathUtils {
def ~=(x: Double, y: Double, precision: Double) = {
if ((x - y).abs < precision) true else false
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}
}

which you can then invoke like a static method:
println(MathUtils.~=(a, b, 0.000001))

With an implicit conversion, the name ~= is very readable, but in a utilities object like
this, it doesn't look quite right, so it might be better named approximatelyEqual,
equalWithinTolerance, or some other name.

See Also

o Floating-point accuracy problems
o Arbitrary-precision arithmetic

« What every computer scientist should know about floating-point arithmetic

2.6. Handling Very Large Numbers

Problem

You're writing an application and need to use very large integer or decimal numbers.

Solution

Use the Scala BigInt and BigDecimal classes. You can create a BigInt:

scala> var b = BigInt(1234567890)
b: scala.math.BigInt = 1234567890

or a BigDecimal:

scala> var b = BigDecimal(123456.789)
b: scala.math.BigDecimal = 123456.789

Unlike their Java equivalents, these classes support all the operators you're used to using
with numeric types:

scala> b + b

res@: scala.math.BigInt = 2469135780

scala> b * b
resl: scala.math.BigInt = 1524157875019052100

scala> b += 1

scala> println(b)
1234567891
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You can convert them to other numeric types:

scala> b.toInt
res2: Int = 1234567891

scala> b.tolLong
res3: Long = 1234567891

scala> b.toFloat
res4: Float = 1.23456794E9

scala> b.toDouble

res5: Double = 1.234567891E9
To help avoid errors, you can also test them first to see if they can be converted to other
numeric types:

scala> b.isValidByte
res6: Boolean = false

scala> b.isValidChar
res7: Boolean = false

scala> b.isValidShort
res8: Boolean = false

scala> if (b.isValidInt) b.toInt
res9: AnyVal = 1234567890

Discussion

Although the Scala BigInt and BigDecimal classes are backed by the Java BigInteger
and BigDecimal classes, they are simpler to use than their Java counterparts. As you can
see in the examples, they work just like other numeric types, and they’re also mutable
(as you saw in the += example). These are nice improvements over the Java classes.

Before using BigInt or BigDecimal, you can check the maximum values that the other
Scala numeric types can handle in Table 1-1, or by checking their MaxValue in the REPL:

scala> Byte.MaxValue
res0@: Byte = 127

scala> Short.MaxValue
resl: Short = 32767

scala> Int.MaxValue
res2: Int = 2147483647

scala> Long.MaxValue
res3: Long = 9223372036854775807
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scala> Double.MaxValue
res4: Double = 1.7976931348623157E308

Depending on your needs, you may also be able to use the PositiveInfinity and
NegativeInfinity of the standard numeric types:

scala> Double.PositiveInfinity
res0: Double = Infinity

scala> Double.NegativeInfinity
resl: Double = -Infinity

scala> 1.7976931348623157E308 > Double.PositiveInfinity
res45: Boolean = false

See Also

o The Java BigInteger class
o The Scala BigInt class

o The Scala BigDecimal class

2.7. Generating Random Numbers

Problem

You need to create random numbers, such as when testing an application, performing
a simulation, and many other situations.

Solution

Create random numbers with the Scala scala.util.Random class. You can create ran-
dom integers:

scala> val r = scala.util.Random
r: scala.util.Random = scala.util.Random@l3eb41e5

scala> r.nextInt
res0: Int = -1323477914

You can limit the random numbers to a maximum value:

scala> r.nextInt(100)
resl: Int = 58

In this use, the Int returned is between 0 (inclusive) and the value you specify (exclu-
sive), so specifying 100 returns an Int from 0 to 99.

You can also create random Float values:
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// returns a value between 0.0 and 1.0
scala> r.nextFloat
res2: Float = 0.50317204

You can create random Doub'le values:

// returns a value between 0.0 and 1.0
scala> r.nextDouble
res3: Double = 0.6946000981900997

You can set the seed value using an Int or Long when creating the Random object:

scala> val r = new scala.util.Random(100)
r: scala.util.Random = scala.util.Random@bbf4061

You can also set the seed value after a Random object has been created:

r.setSeed(1000L)

Discussion

The Randonm class handles all the usual use cases, including creating numbers, setting the
maximum value of a random number range, and setting a seed value. You can also
generate random characters:

// random characters
scala> r.nextPrintableChar
res@: Char = H

scala> r.nextPrintableChar
resl: Char =r

Scala makes it easy to create a random-length range of numbers, which is especially
useful for testing:

/] create a random length range
scala> var range = 0 to r.nextInt(10)
range: scala.collection.immutable.Range.Inclusive = Range(0, 1, 2, 3)

scala> range = 0 to r.nextInt(10)
range: scala.collection.immutable.Range.Inclusive = Range(0, 1)

You can add a for/yield loop to modify the numbers:

scala> for (1 <- 0 to r.nextInt(10)) yield i1 * 2
res@: scala.collection.immutable.IndexedSeq[Int] = Vector(0, 2, 4)

You can easily create random-length ranges of other types. Here’s a random-length
collection of up to 10 Float values:

scala> for (1 <- 0 to r.nextInt(10)) yield (i * r.nextFloat)
resl: scala.collection.immutable.IndexedSeq[Float] =
Vector(0.0, 0.71370363, 1.0783684)

Here’s a random-length collection of “printable characters™
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scala> for (i1 <- 0 to r.nextInt(10)) yield r.nextPrintableChar
res2: scala.collection.immutable.IndexedSeq[Char] = Vector(x, K, *, z, w)

Be careful with the nextPrintableChar method. A better approach may be to control
the characters you use, as shown in my “How to create a list of alpha or alphanumeric
characters” article, shown in the See Also.

Conversely, you can create a sequence of known length, filled with random numbers:

scala> for (1 <- 1 to 5) yield r.nextInt(100)
res3: scala.collection.immutable.IndexedSeq[Int] = Vector(88, 94, 58, 96, 82)

See Also

o The Scala Randonm class
o Recipe 11.29, “Using a Range”, provides examples of how to create and use ranges
o My article on how to create a list of alpha or alphanumeric characters

o An additional recipe for generating random strings

2.8. Creating a Range, List, or Array of Numbers

Problem

You need to create a range, list, or array of numbers, such as in a for loop, or for testing
purposes.

Solution
Use the to method of the Int class to create a Range with the desired elements:

scala> val r = 1 to 10
r: scala.collection.immutable.Range.Inclusive = Range(1, 2, 3, 4, 5,
6, 7, 8, 9, 10)

You can set the step with the by method:

scala> val r = 1 to 10 by 2

r: scala.collection.immutable.Range = Range(1, 3, 5, 7, 9)

scala> val r = 1 to 10 by 3
r: scala.collection.immutable.Range = Range(1, 4, 7, 10)

Ranges are commonly used in for loops:

scala> for (i1 <- 1 to 5) println(i)
1
2
3
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4
5

When creating a Range, you can also use until instead of to:

scala> for (i1 <- 1 until 5) println(i)
1

2
3
4

Discussion

Scala makes it easy to create a range of numbers. The first three examples shown in the
Solution create a Range. You can easily convert a Range to other sequences, such as an
Array or List, like this:

scala> val x = 1 to 10 toArray
x: Array[Int] = Array(1, 2, 3, 4, 5, 6, 7, 8, 9, 10)

1 to 10 toList
List(1, 2, 3, 4, 5, 6, 7, 8, 9, 10)

scala> val x
x: List[Int]

Although this infix notation syntax is clear in many situations (such as for loops), it’s
generally preferable to use this syntax:

scala> val x = (1 to 10).tolList
x: List[Int] = List(1, 2, 3, 4, 5, 6, 7, 8, 9, 10)

scala> val x = (1 to 10).toArray
x: Array[Int] = Array(1, 2, 3, 4, 5, 6, 7, 8, 9, 10)

The magic that makes this process work is the to and until methods, which you’ll find
in the RichInt class. When you type the following portion of the code, you're actually
invoking the to method of the RichInt class:

1 to

You can demonstrate that to is a method on an Int by using this syntax in the REPL:

1.to(10)

WS

o Although the infix notation (1 to 10) shown in most of these exam-
.‘& . Ples can make your code more readable, Rahul Phulore has a post on

053" Stack Overflow where he advises against using it for anything other
than internal DSLs. The link to that post is shown in the See Also.

Combine this with Recipe 2.7, “Generating Random Numbers” and you can create a
random-length range, which can be useful for testing:
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scala> var range = 0 to scala.util.Random.nextInt(10)
range: scala.collection.immutable.Range.Inclusive = Range(0, 1, 2, 3)

By using a range with the for/yield construct, you don’t have to limit your ranges to
sequential numbers:

scala> for (i1 <- 1 to 5) yield i1 * 2
res@: scala.collection.immutable.IndexedSeq[Int] = Vector(2, 4, 6, 8, 10)

You also don’t have to limit your ranges to just integers:

scala> for (1 <- 1 to 5) yield i.toDouble
resl: scala.collection.immutable.IndexedSeq[Double] =
Vector(1.0, 2.0, 3.0, 4.0, 5.0)

See Also

o The Scala RichInt class

« Rahul Phulore’s post, where he advises not using the infix notation

2.9. Formatting Numbers and Currency

Problem

You want to format numbers or currency to control decimal places and commas, typi-
cally for printed output.

Solution

For basic number formatting, use the f string interpolator shown in Recipe 1.4, “Sub-
stituting Variables into Strings™:

scala> val pi = scala.math.Pi
pi: Double = 3.141592653589793

scala> println(f"$pi%1.5f")
3.14159

A few more examples demonstrate the technique:

scala> f"$pi%l.5f"
res@: String = 3.14159

scala> f"$pi%l.2f"
resl: String = 3.14

scala> f"$pi%06.2f"
res2: String = 003.14
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If youre using a version of Scala prior to 2.10, or prefer the explicit use of the format
method, you can write the code like this instead:

scala> "%06.2f".format(pi)
res3: String = 003.14

A simple way to add commas is to use the getIntegerInstance method of the
java.text.NumberFormat class:

scala> val formatter = java.text.NumberFormat.getIntegerInstance
formatter: java.text.NumberFormat = java.text.DecimalFormat@674dc

scala> formatter.format(10000)
res0: String = 10,000

scala> formatter.format(1000000)
resl: String = 1,000,000

You can also set a locale with the getIntegerInstance method:

scala> val locale = new java.util.Locale("de", "DE")
locale: java.util.Locale = de_DE

scala> val formatter = java.text.NumberFormat.getIntegerInstance(locale)
formatter: java.text.NumberFormat = java.text.DecimalFormat@674dc

scala> formatter.format(1000000)
res2: String = 1.000.000

You can handle floating-point values with a formatter returned by getInstance:

scala> val formatter = java.text.NumberFormat.getInstance
formatter: java.text.NumberFormat = java.text.DecimalFormat@674dc

scala> formatter.format(10000.33)
res@: String = 10,000.33

For currency output, use the getCurrencyInstance formatter:

scala> val formatter = java.text.NumberFormat.getCurrencyInstance
formatter: java.text.NumberFormat = java.text.DecimalFormat@67500

scala> println(formatter.format(123.456789))
$123.46

scala> println(formatter.format(1234.56789))
$1,234.57

scala> println(formatter.format(12345.6789))
$12,345.68

scala> println(formatter.format(123456.789))
$123,456.79

This approach handles international currency:
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scala> import java.util.{Currency, Locale}
import java.util.{Currency, Locale}

scala> val de = Currency.getInstance(new Locale("de", "DE"))
de: java.util.Currency = EUR

scala> formatter.setCurrency(de)

scala> println(formatter.format(123456.789))
EUR123,456.79

Discussion

This recipe falls back to the Java approach for printing currency and other formatted
numeric fields, though of course the currency solution depends on how you handle
currency in your applications. In my work as a consultant, I've seen most companies
handle currency using the Java BigDecimal class, and others create their own custom
currency classes, which are typically wrappers around BigDecimal.

See Also

o My printf cheat sheet.

o The Joda Money library is a Java library for handling currency, and is currently at
version 0.8.

 JSR 354: Money and Currency API, is also being developed in the Java Community
Process. See jcp.org for more information.
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CHAPTER 3
Control Structures

Introduction

The control structures in Scala start off similar to their Java counterparts, and then
diverge in some wonderful ways. For instance, Scala’s 1f/then/else structure is similar
to Java, but can also be used to return a value. As a result, though Java has a special
syntax for a ternary operator, in Scala you just use a normal if statement to achieve the
ternary effect:

val x = if (a) y else z

The try/catch/finally structure is similar to Java, though Scala uses pattern matching
in the catch clause. This differs from Java, but because it’s consistent with other uses of
pattern matching in Scala, it’s easy to remember.

When you get to the for loop, things really start to get interesting. Its basic use is similar
to Java, but with the addition of guards and other conveniences, the Scala for loop
rapidly departs from its Java counterpart. For instance, in Scala you could write two for
loops as follows to read every line in a file and then operate on each character in each
line:

for (line <- source.getLines) {
for {
char <- line
if char.isLetter
} // char algorithm here ...
}

But with Scala’s for loop mojo, you can write this code even more concisely:

for {
line <- source.getlLines
char <- line
if char.islLetter

} // char algorithm here ...
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The rabbit hole goes even deeper, because a Scala for comprehension lets you easily apply
an algorithm to one collection to generate a new collection:

scala> val nieces = List("emily", "hannah", "mercedes", "porsche")
nieces: List[String] = List(emily, hannah, mercedes, porsche)

scala> for (n <- nieces) yield n.capitalize
res@: List[String] = List(Emily, Hannah, Mercedes, Porsche)

Similarly, in its most basic use, a Scala match expression can look like a Java switch
statement, but because you can match any object, extract information from matched
objects, add guards to case statements, return values, and more, match expressions are
a major feature of the Scala language.

3.1. Looping with for and foreach

Problem

You want to iterate over the elements in a collection, either to operate on each element
in the collection, or to create a new collection from the existing collection.

Solution

There are many ways to loop over Scala collections, including for loops, while loops,
and collection methods like foreach, map, flatMap, and more. This solution focuses
primarily on the for loop and foreach method.

Given a simple array:
val a = Array("apple", "banana", "orange")

I prefer to iterate over the array with the following for loop syntax, because it’s clean
and easy to remember:

scala> for (e <- a) println(e)
apple
banana
orange

When your algorithm requires multiple lines, use the same for loop syntax, and perform
your work in a block:

scala> for (e <- a) {
| /] imagine this requires multiple lines
| wval s = e.toUpperCase
| println(s)

|}

APPLE

BANANA

ORANGE
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Returning values from a for loop

Those examples perform an operation using the elements in an array, but they don't
return a value you can use, such as a new array. In cases where you want to build a new
collection from the input collection, use the for/yield combination:

scala> val newArray = for (e <- a) yield e.toUpperCase
newArray: Array[java.lang.String] = Array(APPLE, BANANA, ORANGE)

The for/yield construct returns a value, so in this case, the array newArray contains
uppercase versions of the three strings in the initial array. Notice that an input Array
yields an Array (and not something else, like a Vector).

When your algorithm requires multiple lines of code, perform the work in a block after
the yield keyword:

scala> val newArray = for (e <- a) yield {
| /] imagine this requires multiple lines
| wval s = e.toUpperCase
| s

|3
newArray: Array[java.lang.String] = Array(APPLE, BANANA, ORANGE)

for loop counters

If you need access to a counter inside a for loop, use one of the following approaches.
First, you can access array elements with a counter like this:

for (1 <- 0 until a.length) {
println(s"si is ${a(i)}")
}

That loops yields this output:

0 is apple
1 is banana
2 1s orange

Scala collections also offer a zipWithIndex method that you can use to create a loop
counter:

scala> for ((e, count) <- a.zipWithIndex) {
| println(s"$count is $e")
3

0 is apple

1 is banana

2 is orange

See Recipe 10.11, “Using zipWithIndex or zip to Create Loop Counters”, for more ex-
amples of how to use zipWithIndex.
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Generators and guards

On a related note, the following example shows how to use a Range to execute a loop
three times:

scala> for (1 <- 1 to 3) println(i)

1

2
3

The 1 to 3 portion of the loop creates a Range, as shown in the REPL:

scala> 1 to 3
res@: scala.collection.immutable.Range.Inclusive = Range(1, 2, 3)

Using a Range like this is known as using a generator. The next recipe demonstrates how
to use this technique to create multiple loop counters.

Recipe 3.3 demonstrates how to use guards (if statements in for loops), but here’s a
quick preview:

scala> for (1 <- 1 to 10 if 1 < 4) println(i)

1

2
3

Looping over a Map

When iterating over keys and values in a Map, I find this to be the most concise and
readable for loop:

val names = Map("fname" -> "Robert",
"lname" -> "Goren")
for ((k,v) <- names) println(s"key: Sk, value: Sv'")
See Recipe 11.17, “Traversing a Map” for more examples of how to iterate over the
elements in a Map.

Discussion

An important lesson from the for loop examples is that when you use the for/yield
combination with a collection, you're building and returning a new collection, but when
you use a for loop without yield, youre just operating on each element in the collection
—you’re not creating a new collection. The for/yield combination is referred to as a
for comprehension, and in its basic use, it works just like the map method. It’s discussed
in more detail in Recipe 3.4, “Creating a for Comprehension (for/yield Combination)”.

In some ways Scala reminds me of the Perl slogan, “There’s more than one way to do
it and iterating over a collection provides some great examples of this. With the wealth
of methods that are available on collections, it's important to note that a for loop may
not even be the best approach to a particular problem; the methods foreach, map,
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flatMap, collect, reduce, etc., can often be used to solve your problem without re-
quiring an explicit for loop.

For example, when youre working with a collection, you can also iterate over each
element by calling the foreach method on the collection:

scala> a.foreach(println)
apple
banana
orange

When you have an algorithm you want to run on each element in the collection, just
use the anonymous function syntax:

scala> a.foreach(e => println(e.toUpperCase))
APPLE
BANANA
ORANGE

As before, if your algorithm requires multiple lines, perform your work in a block:

scala> a.foreach { e =>
| val s = e.toUpperCase
| println(s)
|3}

APPLE

BANANA

ORANGE

How for loops are translated

As you work with Scala, it’s helpful to understand how for loops are translated by the
compiler. The Scala Language Specification provides details on precisely how a for loop
is translated under various conditions. I encourage you to read the Specification for
details on the rules, but a simplification of those rules can be stated as follows:

1. A simple for loop that iterates over a collection is translated to a foreach method
call on the collection.

2. A for loop with a guard (see Recipe 3.3) is translated to a sequence of awithFilter
method call on the collection followed by a foreach call.

3. A for loop with a yield expression is translated to a map method call on the col-
lection.

4. A for loop with a yileld expression and a guard is translated to a withFilter
method call on the collection, followed by a map method call.

Again, the Specification is more detailed than this, but those statements will help get
you started in the right direction.
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These statements can be demonstrated with a series of examples. Each of the following
examples starts with a for loop, and the code in each example will be compiled with the
following scalac command:

$ scalac -Xprint:parse Main.scala

This command provides some initial output about how the Scala compiler translates
the for loops into other code.

As a first example, start with the following code in a file named Main.scala:

class Main {
for (1 <- 1 to 10) println(i)
}

This code is intentionally small and trivial so you can see how the for loop is translated
by the compiler.

When you compile this code with the scalac -Xprint:parse command, the full output
looks like this:

$ scalac -Xprint:parse Main.scala

[[syntax trees at end of parser]] // Main.scala
package <empty> {
class Main extends scala.AnyRef {
def <init>() = {
super.<init>();
O
b
1.to(10).foreach(((i) => println(i)))
}
}

For this example, the important part of the output is the area that shows the for loop
was translated by the compiler into the following code:

1.t0(10).foreach(((1) => println(i)))

As you can see, the Scala compiler translates a simple for loop over a collection into a
foreach method call on the collection.

R
If you compile the file with the -Xprint:all option instead of
t‘s’.‘ . -Xprint:parse, you'll see that the code is further translated into the
02 following code:

scala.this.Predef.intWrapper(1).to(10).foreach[Unit]
(((i: Int) => scala.this.Predef.println(i)))
The code continues to get more and more detailed as the compiler
phases continue, but for this demonstration, only the first step in the
translation process is necessary.
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Note that although I use a Range in these examples, the compiler behaves similarly for
other collections. For example, if I replace the Range in the previous example with a
List, like this:

// original List code

val nums = List(1,2,3)
for (1 <- nums) println(i)

the for loop is still converted by the compiler into a foreach method call:

// translation performed by the compiler
nums. foreach(((1) => println(i)))

Given this introduction, the following series of examples demonstrates how various for
loops are translated by the Scala 2.10 compiler. Here’s the first example again, showing
both the input code I wrote and the output code from the compiler:

// #1 - input (my code)
for (1 <- 1 to 10) println(i)

// #1 - compiler output
1.to(10).foreach(((i1) => println(i)))

Next, I'll use the same for loop but add a guard condition (an if statement) to it:

// #2 - input code
for {

i1 <- 1 to 10

if 1% 2 ==
} println(i)

// #2 - translated output
1.to(10).withFilter(((1) => i.Spercent(2).%eq$eq(0))).foreach(((1) =>
println(i)))

As shown, a simple, single guard is translated into a withFilter method call on the
collection, followed by a foreach call.

The same for loop with two guards is translated into two withFilter calls:

// #3 - input code

for {
i1 <- 1 to 10
if 1!1=1

ifi%2==0
} println(i)

// #3 - translated output
1.to(10).withFilter(((1) => i.$bang$eq(1)))
withFilter(((1)
=> 1.%percent(2).%eq$eq(0))).foreach(((1) => println(i)))

Next, I'll add a yield statement to the initial for loop:
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// #4 - input code
for { 1{ <- 1 to 10 } yield i

// #4 - output
1.to(10).map(((1) => 1))

As shown, when a yield statement is used, the compiler translates the for/yield code
into a map method call on the collection.

Here’s the same for/yield combination with a guard added in:

// #5 - input code (for loop, guard, and yield)
for {

i<- 1 to 10

if 1% 2 ==
} yield 1

// #5 - translated code
1.to(10) . .withFilter(((1) => 1.$percent(2).%eq%eq(0))).map(((1) => 1))

As in the previous examples, the guard is translated into a withFilter method call, and
the for/yield code is translated into a map method call.

These examples demonstrate how the translations are made by the Scala compiler, and
I encourage you to create your own examples to see how they’re translated by the com-
piler into other code. The -Xprint:parse option shows a small amount of compiler
output, while the -Xprint:all option produces hundreds of lines of output for some
of these examples, showing all the steps in the compilation process.

For more details, see the Scala Language Specification for exact rules on the for loop
translation process. The details are currently in Section 6.19, “For Comprehensions and
For Loops,” of the Specification.

See Also

The Scala Language Specification in PDF format

3.2. Using for Loops with Multiple Counters

Problem

You want to create a loop with multiple counters, such as when iterating over a multi-
dimensional array.

Solution

You can create a for loop with two counters like this:
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scala> for (1 <- 1 to 2; j <- 1 to 2) println(s"i = $i, § = $i")
i=1,j=1
i=1,3=2
i=2,j=1
1=2,3=2

When doing this, the preferred style for multiline for loops is to use curly brackets:

for {
i<-1to2
j<-1to?2
} println(s"i = $i, j = $3")

Similarly, you can use three counters like this:

for {
i<-1to3
j<-1to5s
k <= 1 to 10
} println(s"i = $1, j = $3, k = $k")

This is useful when looping over a multidimensional array. Assuming you create a small
two-dimensional array like this:

val array = Array.ofDim[Int](2,2)

array(0)(e) =0
array(0)(1) = 1
array(1)(e) = 2
array(1)(1) = 3

you can print each element of the array like this:

scala> for {

| 1<-0to1

| j<-0to1

[ } println(s"($1)($3) = ${array(L)(3)}")
(0)(0) =0
()
(1)@
(¢D1¢D)

w N =

Discussion

Ranges created with the <- symbol in for loops are referred to as generators, and you
can easily use multiple generators in one loop.

As shown in the examples, the recommended style for writing longer for loops is to use
curly braces:

for {
i<-1to?2
j <- 2 to 3
} println(s"i = $i, j = $3")
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This style is more scalable than other styles; in this case, “scalable” means that it con-
tinues to be readable as you add more generators and guards to the expression.

See Also

The Scala Style Guide page on formatting control structures

3.3. Using a for Loop with Embedded if Statements
(Guards)

Problem

You want to add one or more conditional clauses to a for loop, typically to filter out
some elements in a collection while working on the others.

Solution

Add an if statement after your generator, like this:

// print all even numbers

scala> for (1 <- 1 to 10 if 1 % 2 == 0) println(i)
2

4

6

8

10

or using the preferred curly brackets style, like this:

for {
i<- 1 to 10
if 1% 2 ==
} println(i)

These 1f statements are referred to as filters, filter expressions, or guards, and you can
use as many guards as are needed for the problem at hand. This loop shows a hard way
to print the number 4:

for {
i<- 1 to 10
if 1 >3
ifi<s6
if 1% 2 ==
} println(i)
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Discussion

Using guards with for loops can make for concise and readable code, but you can also
use the traditional approach:
for (file <- files) {
if (hasSoundFileExtension(file) && !soundFilelIsLong(file)) {
soundFiles += file

}
}

However, once you become comfortable with Scala’s for loop syntax, I think you'll find
it makes the code more readable, because it separates the looping and filtering concerns
from the business logic:

for {
file <- files
if passesFilteri(file)
if passesFilter2(file)
} doSomething(file)

Asafinal note, because guards are generally intended to filter collections, you may want
to use one of the many filtering methods that are available to collections (filter, take,
drop, etc.) instead of a for loop, depending on your needs.

3.4. Creating a for Comprehension (for/yield Combination)

Problem

You want to create a new collection from an existing collection by applying an algorithm
(and potentially one or more guards) to each element in the original collection.

Solution

Use a yield statement with a for loop and your algorithm to create a new collection
from an existing collection.

For instance, given an array of lowercase strings:

scala> val names = Array("chris", "ed", "maurice")
names: Array[String] = Array(chris, ed, maurice)

you can create a new array of capitalized strings by combining yield with a for loop
and a simple algorithm:

scala> val capNames = for (e <- names) yield e.capitalize
capNames: Array[String] = Array(Chris, Ed, Maurice)

Using a for loop with a yield statement is known as a for comprehension.
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If your algorithm requires multiple lines of code, perform the work in a block after the
yield keyword:
scala> val lengths = for (e <- names) yield {
| /] imagine that this required multiple lines of code

| e.length
|3
lengths: Array[Int] = Array(5, 2, 7)
Except for rare occasions, the collection type returned by a for comprehension is the
same type that you begin with. For instance, if the collection you're looping over is an
ArrayBuffer:

var fruits = scala.collection.mutable.ArrayBuffer[String]()
fruits += "apple"
fruits += "banana"
fruits += "orange"

the collection your loop returns will also be an ArrayBuffer:

scala> val out = for (e <- fruits) yield e.toUpperCase
out: scala.collection.mutable.ArrayBuffer[java.lang.String] =
ArrayBuffer (APPLE, BANANA, ORANGE)

If your input collection is a List, the for/yield loop will return a List:

scala> val fruits = "apple" :: "banana" :: "orange" :: Nil
fruits: List[java.lang.String] = List(apple, banana, orange)

scala> val out = for (e <- fruits) yield e.toUpperCase
out: List[java.lang.String] = List(APPLE, BANANA, ORANGE)

Discussion

If you're new to using yield with a for loop, it can help to think of the loop like this:

« When it begins running, the for/yield loop immediately creates a new, empty
collection that is of the same type as the input collection. For example, if the input
type is a Vector, the output type will also be a Vector. You can think of this new
collection as being like a bucket.

o On each iteration of the for loop, a new output element is created from the current

element of the input collection. When the output element is created, it’s placed in
the bucket.

o When the loop finishes running, the entire contents of the bucket are returned.

That’s a simplification of the process, but I find it helpful when explaining the process.

Writing a basic for/yield expression without a guard is just like calling the map method
on a collection. For instance, the following for comprehension converts all the strings
in the frutits collection to uppercase:
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scala> val out = for (e <- fruits) yield e.toUpperCase
out: List[String] = List(APPLE, BANANA, ORANGE)

Calling the map method on the collection does the same thing:

scala> val out = fruits.map(_.toUpperCase)
out: List[String] = List(APPLE, BANANA, ORANGE)

When I first started learning Scala, I wrote all of my code using for/yield expressions
until the map light bulb went on one day.

See Also

« Comparisons between for comprehensions and map are shown in more detail in
Recipe 10.13, “Transforming One Collection to Another with for/yield” and
Recipe 10.14, “Transforming One Collection to Another with map”.

o The official Scala website offers an introduction to sequence comprehensions

3.5. Implementing break and continue

Problem

You have a situation where you need to use a break or continue construct, but Scala
doesn’'t have break or continue keywords.

Solution

It’s true that Scala doesn’t have break and continue keywords, but it does offer similar
functionality through scala.util.control.Breaks.

The following code demonstrates the Scala “break” and “continue” approach:
package com.alvinalexander.breakandcontinue
import util.control.Breaks._
object BreakAndContinueDemo extends App {

println("\n=== BREAK EXAMPLE ===")
breakable {
for (i <- 1 to 10) {

println(i)
if (1 > 4) break // break out of the for loop
}
}
println("\n=== CONTINUE EXAMPLE ===")

val searchMe = "peter piper picked a peck of pickled peppers"
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var numPs = 0
for (1 <- 0 until searchMe.length) {
breakable {

if (searchMe.charAt(i) != 'p') {
break // break out of the 'breakable', continue the outside loop
} else {
numPs += 1
}
}
}
println("Found " + numPs + " p's in the string.")

}
Here’s the output from the code:

=== BREAK EXAMPLE ===
1

v b wWwN

=== CONTINUE EXAMPLE ===
Found 9 p's in the string.

(The “pickled peppers” example comes from a continue example in the Java documen-
tation. More on this at the end of the recipe.)

The following discussions describe how this code works.
The break example
The break example is pretty easy to reason about. Again, here’s the code:

breakable {
for (1 <- 1 to 10) {
println(i)
if (1 > 4) break // break out of the for loop
}
}

In this case, when 1 becomes greater than 4, the break “keyword” is reached. At this
point an exception is thrown, and the for loop is exited. The breakable “keyword”
essentially catches the exception, and the flow of control continues with any other code
that might be after the breakable block.

Note that break and breakable aren't actually keywords; theyre methods in
scala.util.control.Breaks. In Scala 2.10, the break method is declared as follows to
throw an instance of a BreakControl exception when it’s called:

private val breakException = new BreakControl

def break(): Nothing = { throw breakException }
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The breakable method is defined to catch a BreakControl exception, like this:

def breakable(op: => Unit) {
try {
op
} catch {
case ex: BreakControl =>
if (ex ne breakException) throw ex

See Recipe 3.18 for examples of how to implement your own control
structures in a manner similar to the Breaks library.

The continue example

Given the explanation for the break example, you can now reason about how the “con-
tinue” example works. Here’s the code again:

val searchMe = "peter piper picked a peck of pickled peppers"
var numPs = 0

for (1 <- 0 until searchMe.length) {
breakable {

if (searchMe.charAt(i) != 'p') {
break // break out of the 'breakable', continue the outside loop
} else {
numPs += 1
}
}

}

println("Found " + numPs + " p's in the string.")

Following the earlier explanation, as the code walks through the characters in the String
variable named searchMe, if the current character is not the letter p, the code breaks out
of the 1f/then statement, and the loop continues executing.

As before, what really happens is that the break method is reached, an exception is
thrown, and that exception is caught by breakable. The exception serves to break out
of the 1f/then statement, and catching it allows the for loop to continue executing with
the next element.

General syntax

The general syntax for implementing break and continue functionality is shown in the
following examples, which are partially written in pseudocode, and compared to their
Java equivalents.
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To implement a break, this Scala:

breakable {
for (x <- xs) {
if (cond)
break
}
}

corresponds to this Java:

for (X x : xs) {
if (cond) break;
}

To implement continue functionality, this Scala:

for (x <- xs) {
breakable {
if (cond)
break
}
}

corresponds to this Java:

for (X x : xs) {
if (cond) continue;

}
About that continue example...

The continue example shown is a variation of the Java continue example shown on the
Oracle website. If you know Scala, you know that there are better ways to solve this
particular problem. For instance, a direct approach is to use the count method with a
simple anonymous function:

val count = searchMe.count(_ == 'p')
When this code is run, count is again 9.
Nested loops and labeled breaks

In some situations, you may need nested break statements. Or, you may prefer labeled
break statements. In either case, you can create labeled breaks as shown in the following
example:

package com.alvinalexander.labeledbreaks
object LabeledBreakDemo extends App {
import scala.util.control._

new Breaks
new Breaks

val Inner
val Outer
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Outer.breakable {
for (1 <- 1 to5) {
Inner.breakable {
for (j <- 'a' to 'e') {
if (1 == 1 & j == 'c') Inner.break else println(s"i: $i, j: $i")
if (1 == 2 && j == 'b') Outer.break

In this example, if the first 1f condition is met, an exception is thrown and caught by
Inner.breakable, and the outer for loop continues. But if the second if condition is
triggered, control of flow is sent to Outer.breakable, and both loops are exited. Run-
ning this object results in the following output:
i:
1:
1:

s

B

N R
| S P S Py W)
v oo

s

Use the same approach if you prefer labeled breaks. This example shows how you can
use the same technique with just one break method call:

import scala.util.control._

val Exit = new Breaks
Exit.breakable {
for (j <- 'a' to 'e") {
if (j == 'c') Exit.break else println(s"j: $i")
}
}

Discussion

If you don’t like using break and continue, there are several other ways to attack these
problems.

For instance, if you want to add monkeys to a barrel, but only until the barrel is full,
you can use a simple boolean test to break out of a for loop:

var barrellsFull = false

for (monkey <- monkeyCollection if !barrelIsFull) {
addMonkeyToBarrel(monkey)
barrelIsFull = checkIfBarrelIsFull

}
Another approach is to place your algorithm inside a function, and then return from
the function when the desired condition is reached. In the following example, the
sumToMax function returns early if sum becomes greater than limit:
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// calculate a sum of numbers, but limit it to a 'max' value
def sumToMax(arr: Array[Int], limit: Int): Int = {
var sum = 0
for (1 <- arr) {
sum += i
if (sum > limit) return limit

}

sum

}
val a = Array.range(0,10)
println(sumToMax(a, 10))

A common approach in functional programming is to use recursive algorithms. This
is demonstrated in a recursive approach to a factorial function, where the condition
n == 1results in a break from the recursion:

def factorial(n: Int): Int = {
if (n==1) 1
else n * factorial(n - 1)

}

Note that this example does not use tail recursion and is therefore not an optimal ap-
proach, especially if the starting value n is very large. A more optimal solution takes
advantage of tail recursion:

import scala.annotation.tailrec

def factorial(n: Int): Int = {
def factorialAcc(acc: Int, n: Int): Int = {
if (n <= 1) acc
else factorialAcc(n * acc, n - 1)

}

factorialAcc(1, n)

}

Note that you can use the @tailrec annotation in situations like this to confirm that
your algorithm is tail recursive. If you use this annotation and your algorithm isn’t tail
recursive, the compiler will complain. For instance, if you attempt to use this annotation
on the first version of the factorial method, youll get the following compile-time
error:

Could not optimize @tailrec annotated method factorial: it contains a recursive
call not in tail position

See Also
The Java continue example mentioned can be found on the Oracle website.

There are many Scala recursive factorial examples on the Internet; here are two of the
best discussions:
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o A nice discussion about tail recursion and trampolines

o Tail-call optimization in Scala

3.6. Using the if Construct Like a Ternary Operator

Problem

Youd like to use a Scala if expression like a ternary operator to solve a problem in a
concise, expressive way.

Solution

This is a bit of a trick problem, because unlike Java, in Scala there is no special ternary
operator; just use an if/else expression:

val absValue = if (a < 0) -a else a

Because an if expression returns a value, you can embed it into a print statement:
println(if (1 == 0) "a" else "b")

You can use it in another expression, such as this portion of a hashCode method:

hash = hash * prime + (if (name == null) 0 else name.hashCode)

Discussion

The Java documentation page shown in the See Also states that the Java conditional
operator ?: “is known as the ternary operator because it uses three operands.” Unlike
some other languages, Scala doesn’t have a special operator for this use case.

In addition to the examples shown, the combination of (a) 1f statements returning a
result, and (b) Scala’s syntax for defining methods makes for concise code:

def abs(x: Int) = if (x >= 0) x else -x
def max(a: Int, b: Int) = if (a > b) a else b
val c = if (a > b) a else b

See Also

“Equality, Relational, and Conditional Operators” on the Java Tutorials page
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3.7. Using a Match Expression Like a switch Statement

Problem

You have a situation where you want to create something like a simple Java integer-based
switch statement, such as matching the days in a week, months in a year, and other

situations where an integer maps to a result.

Solution

To use a Scala match expression like a Java switch statement, use this approach:

// 1 is an integer

i match {
case 1 => println("January")
case 2 => println("February")
case 3 => println("March")
case 4 => println("April")
case 5 => println("May")
case 6 => println("June")
case 7 => println("July")
case 8 => println("August")
case 9 => println("September")

case 10 => println("October")

case 11 => println("November")

case 12 => println("December")

// catch the default with a variable so you can print it
case whoa => println("Unexpected case: " + whoa.toString)

}

That example shows how to take an action based on a match. A more functional ap-

proach returns a value from a match expression:

val month = 1 match {
case 1 => "January"

case 2 => "February"
case 3 => "March"
case 4 => "April"
case 5 => "May"

case 6 => "June"

case 7 => "July"

case 8 => "August"
case 9 => "September"
case 10 => "October"
case 11 => "November"
case 12 => "December"
case _ => "Invalid month" // the default, catch-all
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The @switch annotation

When writing simple match expressions like this, it's recommend to use the @switch
annotation. This annotation provides a warning at compile time if the switch can’t be
compiled to a tableswitch or lookupswitch.

Compiling your match expression to a tableswitch or lookupswitch is better for per-
formance, because it results in a branch table rather than a decision tree. When a value
is given to the expression, it can jump directly to the result rather than working through
the decision tree.

Here’s the official description from the @switch annotation documentation:

“An annotation to be applied to a match expression. If present, the compiler will verify
that the match has been compiled to a tableswitch or lookupswitch, and issue an error if
it instead compiles into a series of conditional expressions.”

The effect of the @switch annotation is demonstrated with a simple example. First, place
the following code in a file named SwitchDemo.scala:

// Version 1 - compiles to a tableswitch
import scala.annotation.switch

class SwitchDemo {

val i = 1
val x = (i: @switch) match {
case 1 => "One"
case 2 => "Two"
case _ => "Other"
}
}
Then compile the code as usual:
$ scalac SwitchDemo.scala

Compiling this class produces no warnings and creates the SwitchDemo.class output
file. Next, disassemble that file with this javap command:

$ javap -c SwitchDemo
The output from this command shows a tableswitch, like this:

16: tableswitch{ //1 to 2
1: 50;
2: 45;
default: 40 }

This shows that Scala was able to optimize your match expression to a tableswitch.
(This is a good thing.)

Next, make a minor change to the code, replacing the integer literal 2 with a value:
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import scala.annotation.switch

// Version 2 - leads to a compiler warning
class SwitchDemo {

val i = 1

val Two = 2 // added

val x = (i: @switch) match {
case 1 => "One"
case Two => "Two" // replaced the '2'
case _ => "Other"

}
}

Again, compile the code with scalac, but right away you’ll see a warning message:

$ scalac SwitchDemo.scala
SwitchDemo.scala:7: warning: could not emit switch for @switch annotated match
val x = (1: @switch) match {
A

one warning found

This warning message is saying that neither a tableswitch nor lookupswitch could be
generated for the match expression. You can confirm this by running the javap com-
mand on the SwitchDemo.class file that was generated. When you look at that output,
you'll see that the tableswitch shown in the previous example is now gone.

In his book, Scala In Depth (Manning), Joshua Suereth states that the following condi-
tions must be true for Scala to apply the tableswitch optimization:

1. The matched value must be a known integer.

2. The matched expression must be “simple” It can’t contain any type checks, i1f
statements, or extractors.

3. The expression must also have its value available at compile time.

4. There should be more than two case statements.

For more information on how JVM switches work, see the Oracle document, Compiling
Switches.

Discussion

As demonstrated in other recipes, you aren’t limited to matching only integers; the
match expression is incredibly flexible:

def getClassAsString(x: Any): String = x match {
case s: String => s + " is a String"
case i1: Int => "Int"
case f: Float => "Float"
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case l: List[_] => "List"
case p: Person => "Person"
case _ => "Unknown"

}
Handling the default case

The examples in the Solution showed the two ways you can handle the default, “catch
all” case. First, if youre not concerned about the value of the default match, you can
catch it with the _ wildcard:

case _ => println("Got a default match")

Conversely, if you are interested in what fell down to the default match, assign a variable
name to it. You can then use that variable on the right side of the expression:

case default => println(default)

Using the name default often makes the most sense and leads to readable code, but
you can use any legal name for the variable:

case oops => println(oops)

You can generate a MatchError if you don't handle the default case. Given this match
expression:

i match {
case 0 => println("0® received")
case 1 => println("1 is good, too")

}
if 1 is a value other than 0 or 1, the expression throws a MatchError:

scala.MatchError: 42 (of class java.lang.Integer)
at .<init>(<console>:9)
at .<clinit>(<console>)
much more error output here ...

So unless you're intentionally writing a partial function, you’ll want to handle the default
case. (See Recipe 9.8, “Creating Partial Functions”, for more information on partial
functions.)

Do you really need a switch statement?

Of course you don’t really need a switch statement if you have a data structure that maps
month numbers to month names. In that case, just use a Map:

val monthNumberToName = Map(
1 -> "January",

"February",

"March",

"April",

"May",

"June",

"July",

~No vk~ wWwnN
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8 -> "August",

9 -> "September",
10 -> "October",
11 -> "November",
12 -> "December"

)

val monthName = monthNumberToName(4)
println(monthName) // prints "April"

See Also

o The @switch annotation documentation.

o The Oracle document, Compiling Switches, discusses the tableswitch and
lookupswitch.

o A tableswitch and lookupswitch differences discussion.

3.8. Matching Multiple Conditions with One Case
Statement

Problem

You have a situation where several match conditions require that the same business logic
be executed, and rather than repeating your business logic for each case, you'd like to
use one copy of the business logic for the matching conditions.

Solution

Place the match conditions that invoke the same business logic on one line, separated
by the | (pipe) character:

val i =5
i match {
case 1 | 3 | 5| 7| 9 => println("odd")
case 2 | 4 | 6 | 8 | 10 => println("even")
}

This same syntax works with strings and other types. Here’s an example based on a
String match:

val cmd = "stop”

cmd match {
case "start" | "go" => println("starting")
case "stop" | "quit" | "exit" => println("stopping")
case _ => println("doing nothing")

}
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This example shows how to match multiple case objects:

trait Command

case object Start extends Command
case object Go extends Command
case object Stop extends Command
case object Whoa extends Command

def executeCommand(cmd: Command) = cmd match {
case Start | Go => start()
case Stop | Whoa => stop()

}

As demonstrated, the ability to define multiple possible matches for each case statement
can simplify your code.

See Also

See Recipe 3.13, “Adding if Expressions (Guards) to Case Statements”, for a
related approach.

3.9. Assigning the Result of a Match Expression to a
Variable

Problem

You want to return a value from a match expression and assign it to a variable, or use a
match expression as the body of a method.

Solution

To assign a variable to the result of a match expression, insert the variable assignment
before the expression, as with the variable even0rodd in this example:

val evenOrOdd = someNumber match {
case 1 | 3 | 5| 7 | 9 => println("odd")
case 2 | 4 | 6 | 8 | 10 => println("even"

}

This approach is commonly used to create short methods or functions. For example,
the following method implements the Perl definitions of true and false:

def isTrue(a: Any) = a match {
case 0 | "" => false
case _ => true

}
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You'll hear that Scala is an “expression-oriented programming (EOP) language,” which
Wikipedia defines as, “a programming language where every (or nearly every)
construction is an expression and thus yields a value” The ability to return values from
if statements and match expressions helps Scala meet this definition.

See Also

2

o Recipe 20.3, “Think “Expression-Oriented Programming

o The Expression-Oriented Programming page on Wikipedia

3.10. Accessing the Value of the Default Case in a Match
Expression

Problem

You want to access the value of the default, “catch all” case when using a match expres-
sion, but you can't access the value when you match it with the _ wildcard syntax.

Solution

Instead of using the _ wildcard character, assign a variable name to the default case:

i match {
case 0 => println("1")
case 1 => println("2")
case default => println("You gave me: " + default)

}

By giving the default match a variable name, you can access the variable on the right
side of the statement.

Discussion

The key to this recipe is in using a variable name for the default match instead of the
usual _ wildcard character.

The name you assign can be any legal variable name, so instead of naming it default,
you can name it something else, such as whoa:

i1 match {
case 0 => println("1")
case 1 => println("2")
case whoa => println("You gave me:

+ whoa)
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It's important to provide a default match. Failure to do so can cause a MatchError:

scala> 3 match {
| case 1 => println("one")
| case 2 => println("two")
| // no default match
|3

scala.MatchError: 3 (of class java.lang.Integer)
many more lines of output ...

3.11. Using Pattern Matching in Match Expressions

Problem

You need to match one or more patterns in a match expression, and the pattern may be
aconstant pattern, variable pattern, constructor pattern, sequence pattern, tuple pattern,
or type pattern.

Solution

Define a case statement for each pattern you want to match. The following method
shows examples of many different types of patterns you can use in match expressions:

def echoWhatYouGaveMe(x: Any): String = x match {

// constant patterns

case 0 => "zero"

case true => "true"

case "hello" => "you said 'hello
case Nil => "an empty List"

// sequence patterns

case List(0, _, _) => "a three-element list with 0 as the first element"

case List(1l, _*) => "a list beginning with 1, having any number of elements"
case Vector(1l, _*) => "a vector starting with 1, having any number of elements"

// tuples
case (a, b) => s"got $a and $b"
case (a, b, ¢) => s"got $a, $b, and $c"

// constructor patterns
case Person(first, "Alexander") => s"found an Alexander, first name = $first"
case Dog("Suka") => "found a dog named Suka"

// typed patterns

case s: String => s"you gave me this string: $s"

case i: Int => s"thanks for the int: $i"

case f: Float => s"thanks for the float: $f"

case a: Array[Int] => s"an array of int: ${a.mkString(",")}"

case as: Array[String] => s"an array of strings: ${as.mkString(",")}"
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}

case d: Dog => s"dog: ${d.name}"
case list: List[_] => s"thanks for the List: $list"
case m: Map[_, _] => m.toString

// the default wildcard pattern
case _ => "Unknown"

The large match expression in this method shows the different categories of patterns
described in the book, Programming in Scala (Artima), by Odersky, et al, including
constant patterns, sequence patterns, tuple patterns, constructor patterns, and typed
patterns.

You can test this match expression in a variety of ways. For the purposes of this example,
I created the following object to test the echoWhatYouGaveMe method:

object LargeMatchTest extends App {

case class Person(firstName: String, lastName: String)
case class Dog(name: String)

// trigger the constant patterns
println(echoWhatYouGaveMe(0))
println(echoWhatYouGaveMe(true))
println(echoWhatYouGaveMe("hello"))
println(echoWhatYouGaveMe(Nil))

// trigger the sequence patterns
println(echoWhatYouGaveMe(List(0,1,2)))
println(echoWhatYouGaveMe(List(1,2)))
println(echoWhatYouGaveMe(List(1,2,3)))
println(echoWhatYouGaveMe(Vector(1,2,3)))

// trigger the tuple patterns
println(echoWhatYouGaveMe((1,2))) // two element tuple
println(echoWhatYouGaveMe((1,2,3))) // three element tuple

// trigger the constructor patterns
println(echoWhatYouGaveMe(Person("Melissa", "Alexander")))
println(echoWhatYouGaveMe(Dog("Suka")))

// trigger the typed patterns
println(echoWhatYouGaveMe("Hello, world"))
println(echoWhatYouGaveMe(42))
println(echoWhatYouGaveMe(42F))
println(echoWhatYouGaveMe(Array(1,2,3)))
println(echoWhatYouGaveMe(Array('"coffee", "apple pie")))
println(echoWhatYouGaveMe(Dog("Fido")))
println(echoWhatYouGaveMe(List("apple", "banana")))
println(echoWhatYouGaveMe(Map(1->"Al", 2->"Alexander")))

80

Chapter 3: Control Structures

www.it-ebooks.info


http://www.it-ebooks.info/

// trigger the wildcard pattern
println(echoWhatYouGaveMe("33d"))

}
Running this object results in the following output:

zero
true

you said 'hello'
an empty List

three-element list with 0 as the first element

1list beginning with 1 and having any number of elements
list beginning with 1 and having any number of elements
vector beginning with 1 and having any number of elements
list beginning with 1 and having any number of elements

[V« VAR« VI s VR o V]

got 1 and 2
got 1, 2, and 3

found an Alexander, first name = Melissa
found a dog named Suka

you gave me this string: Hello, world
thanks for the int: 42

thanks for the float: 42.0

an array of int: 1,2,3

an array of strings: coffee,apple pie
dog: Fido

thanks for the List: List(apple, banana)
Map(1 -> Al, 2 -> Alexander)

you gave me this string: 33d
Note that in the match expression, the List and Map statements that were written like
this:

case list: List[_] => s"thanks for the List: $list"
case m: Map[_, _] => m.toString

could have been written as this instead:

case m: Map[a, b] => m.toString
case list: List[x] => s"thanks for the List: $list"

I prefer the underscore syntax because it makes it clear that 'm not concerned about
what's stored in the List or Map. Actually, there are times that I might be interested in
what’s stored in the List or Map, but because of type erasure in the JVM, that becomes
a difficult problem.
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& When I first wrote this example, I wrote the List expression as follows:
s
oY case 1: List[Int] => "List"

-~ Ifyoure familiar with type erasure on the Java platform, you may know that
this won't work. The Scala compiler kindly lets you know about this prob-
lem with this warning message:

Testl.scala:7: warning: non-variable type argument Int in type pattern
List[Int] is unchecked since it is eliminated by erasure
case l: List[Int] => "List[Int]"
A
If youre not familiar with type erasure, I've included a link in the See Also
section of this recipe that describes how it works on the JVM.
Discussion

Typically when using this technique, your method will expect an instance that inherits
from a base class or trait, and then your case statements will reference subtypes of that
base type. This was inferred in the echoWhatYouGaveMe method, where every Scala type
is a subtype of Any. The following code shows a more obvious example of this technique.

In my Blue Parrot application, which either plays a sound file or “speaks” the text it’s
given at random intervals, I have a method that looks like this:

import java.io.File
sealed trait RandomThing

case class RandomFile(f: File) extends RandomThing
case class RandomString(s: String) extends RandomThing

class RandomNoiseMaker {

def makeRandomNoise(t: RandomThing) = t match {
case RandomFile(f) => playSoundFile(f)
case RandomString(s) => speak(s)

}

}
The makeRandomNoise method is declared to take a RandomThing type, and then the
match expression handles its two subtypes, RandomFile and RandomString.
Patterns

The large match expression in the Solution shows a variety of patterns that are defined
in the book Programming in Scala. These patterns are briefly described in the following
paragraphs.
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Constant patterns
A constant pattern can only match itself. Any literal may be used as a constant. If
you specify a 0 as the literal, only an Int value of 0 will be matched. Examples:

case 0 => "zero"
case true => "true"

Variable patterns
This was not shown in the large match example in the Solution—it’s discussed in
detail in Recipe 3.10, “Accessing the Value of the Default Case in a Match Expres-
sion”—but a variable pattern matches any object just like the _ wildcard character.
Scala binds the variable to whatever the object is, which lets you use the variable on
the right side of the case statement. For example, at the end of a match expression
you can use the _ wildcard character like this to catch “anything else”

case _ => s"Hmm, you gave me something ...
But with a variable pattern you can write this instead:
case foo => s"Hmm, you gave me a $foo"
See Recipe 3.10 for more information.

Constructor patterns
The constructor pattern lets you match a constructor in a case statement. As shown
in the examples, you can specify constants or variable patterns as needed in the
constructor pattern:

case Person(first, "Alexander") => s"found an Alexander, first name = $first"
case Dog("Suka") => "found a dog named Suka"

Sequence patterns
You can match against sequences like List, Array, Vector, etc. Use the _ character
to stand for one element in the sequence, and use _* to stand for “zero or more
elements,” as shown in the examples:
case List(0, _, _) => "a three-element list with 0 as the first element"

case List(1, _*) => "a list beginning with 1, having any number of elements"
case Vector(1, _*) => "a vector beginning with 1 and having any number .."

Tuple patterns
As shown in the examples, you can match tuple patterns and access the value of
each element in the tuple. You can also use the _ wildcard if you're not interested
in the value of an element:

case (a, b, ¢) => s"3-elem tuple, with values $a, $b, and $c"
case (a, b, ¢, _) => s"4-elem tuple: got $a, $b, and Sc"

Type patterns
In the following example, str: String is a typed pattern, and str is a pattern
variable:
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case str: String => s"you gave me this string: $str"

As shown in the examples, you can access the pattern variable on the right side of
the expression after declaring it.

Adding variables to patterns

At times you may want to add a variable to a pattern. You can do this with the following
general syntax:

variableName @ pattern

As the book, Programming in Scala, states, “This gives you a variable-binding pattern.
The meaning of such a pattern is to perform the pattern match as normal, and if the
pattern succeeds, set the variable to the matched object just as with a simple variable
pattern”

The usefulness of this is best shown by demonstrating the problem it solves. Suppose
you had the List pattern that was shown earlier:

case List(1, _*) => "a list beginning with 1, having any number of elements"

As demonstrated, this lets you match a List whose first element is 1, but so far, the List
hasn't been accessed on the right side of the expression. When accessing a List, you
know that you can do this:

case list: List[_] => s"thanks for the List: $list"
so it seems like you should try this with a sequence pattern:
case list: List(1, _*) => s"thanks for the List: $list"
Unfortunately, this fails with the following compiler error:
Test2.scala:22: error: '=>' expected but '(' found.

case list: List(1, _*) => s"thanks for the List: S$list"

A

one error found
The solution to this problem is to add a variable-binding pattern to the sequence pattern:
case list @ List(1, _*) => s"$list"

This code compiles, and works as expected, giving you access to the List on the right
side of the statement.

The following code demonstrates this example and the usefulness of this approach:

case class Person(firstName: String, lastName: String)
object Test2 extends App {
def matchType(x: Any): String = x match {

//case x: List(1, _*) => s"$x" // doesn't compile
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case x @ List(1, _*) => s"$x" // works; prints the list

//case Some(_) => "got a Some" // works, but can't access the Some
//case Some(x) => s"Sx" // works, returns "foo"
case x @ Some(_) => s"Sx" // works, returns "Some(foo)"

"

case p @ Person(first, "Doe") => s"$p" // works, returns "Person(John,Doe)

}
println(matchType(List(1,2,3))) // prints "List(1, 2, 3)"
println(matchType(Some("foo"))) // prints "Some(foo)"

println(matchType(Person("John", "Doe"))) // prints "Person(John,Doe)"

}

In the two List examples inside the match expression, the commented-out line of code
won't compile, but the second example shows how to assign the variable x to the List
object it matches. When this line of code is matched with the
println(matchType(List(1,2,3))) call, it results in the output List(1, 2, 3).

The first Some example shows that you can match a Some with the approach shown, but
you can't access its information on the righthand side of the expression. The second
example shows how you can access the value inside the Some, and the third example
takes this a step further, giving you access to the Some object itself. When it’s matched
by the second println call, it prints Some(foo), demonstrating that you now have access
to the Some object.

Finally, this approach is used to match a Person whose last name is Doe. This syntax lets
you assign the result of the pattern match to the variable p, and then access that variable
on the right side of the expression.

Using Some and None in match expressions

To round out these examples, you'll often use Some and None with match expressions.
For instance, assume you have a toInt method defined like this:

def toInt(s: String): Option[Int] = {
try {
Some(Integer.parselnt(s.trim))
} catch {
case e: Exception => None
}
}

In some situations, you may want to use this method with a match expression, like this:

toInt("42") match {
case Some(i) => println(i)
case None => println("That wasn't an Int.")

}

3.11. Using Pattern Matching in Match Expressions | 85

www.it-ebooks.info


http://www.it-ebooks.info/

Inside the match expression you just specify the Some and None cases as shown to handle
the success and failure conditions. See Recipe 20.6 for more examples of using Option,
Some, and None.

See Also

o A discussion of getting around type erasure when using match expressions on Stack
Overflow

o My Blue Parrot application

o The “Type Erasure” documentation

3.12. Using Case Classes in Match Expressions

Problem

You want to match different case classes (or case objects) in a match expression, such
as when receiving messages in an actor.

Solution

Use the different patterns shown in the previous recipe to match case classes and objects,
depending on your needs.

The following example demonstrates how to use patterns to match case classes and case
objects in different ways, depending primarily on what information you need on the
right side of each case statement. In this example, the Dog and Cat case classes and the
Woodpecker case object are different subtypes of the Animal trait:

trait Animal

case class Dog(name: String) extends Animal
case class Cat(name: String) extends Animal
case object Woodpecker extends Animal

object CaseClassTest extends App {

def determineType(x: Animal): String = x match {
case Dog(moniker) => "Got a Dog, name = " + moniker
case _:Cat => "Got a Cat (ignoring the name)"
case Woodpecker => "That was a Woodpecker"
case _ => "That was something else"

}
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println(determineType(new Dog("Rocky")))
println(determineType(new Cat("Rusty the Cat")))
println(determineType(Woodpecker))

}
When the code is compiled and run, the output is:

Got a Dog, name = Rocky
Got a Cat (ignoring the name)
That was a Woodpecker

In this example, if the Dog class is matched, its name is extracted and used in the print
statement on the right side of the expression. To show that the variable name used when
extracting the name can be any legal variable name, I use the name moniker.

When matching a Cat, I want to ignore the name, so I use the syntax shown to match
any Cat instance. Because Woodpecker is defined as a case object and has no name, it is
also matched as shown.

3.13. Adding if Expressions (Guards) to Case Statements

Problem

You want to add qualifying logic to a case statement in a match expression, such as
allowing a range of numbers, or matching a pattern, but only if that pattern matches
some additional criteria.

Solution

Add an if guard to your case statement. Use it to match a range of numbers:

i match {
case a if 0 to 9 contains a => println("0-9 range: " + a)
case b if 10 to 19 contains b => println("10-19 range: " + b)
case c if 20 to 29 contains c => println("20-29 range: " + c)
case _ => println("Hmmm...")

}

Use it to match different values of an object:

num match {

case x if x == 1 => println("one, a lonely number")
case x if (x == 2 || x == 3) => println(x)
case _ => println("some other value")

}

You can reference class fields in your if guards. Imagine here that x is an instance of a
Stock class that has symbol and price fields:
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stock match {

case x if (x.symbol == "XYZ" && x.price < 20) => buy(x)
case x if (x.symbol == "XYZ" && x.price > 50) => sell(x)
case _ => // do nothing

}

You can also extract fields from case classes and use those in your guards:

def speak(p: Person) = p match {

case Person(name) if name == "Fred" => println("Yubba dubba doo")
case Person(name) if name == "Bam Bam" => println("Bam bam!")
case _ => println("Watch the Flintstones!")
}
Discussion

You can use this syntax whenever you want to add simple matches to your case state-
ments on the left side of the expression.

Note that all of these examples could be written by putting the if tests on the right side
of the expressions, like this:

case Person(name) =>
if (name == "Fred") println("Yubba dubba doo")
else if (name == "Bam Bam") println("Bam bam!")

However, for many situations, your code will be simpler and easier to read by joining
the if guard directly with the case statement.

3.14. Using a Match Expression Instead of isInstanceOf

Problem

You want to write a block of code to match one type, or multiple different types.

Solution
You can use the isInstance0f method to test the type of an object:
if (x.isInstanceOf[Foo]) { do something ...

However, some programmers discourage this approach, and in other cases, it may not
be convenient. In these instances, you can handle the different expected types in a match
expression.

For example, you may be given an object of unknown type, and want to determine if
the object is an instance of a Person:

def isPerson(x: Any): Boolean = x match {
case p: Person => true
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case _ => false
}
Or you may be given an object that extends a known supertype, and then want to take
different actions based on the exact subtype. In the following example, the printInfo
method is given a SentientBeing, and then handles the subtypes differently:

trait SentientBeing

trait Animal extends SentientBeing

case class Dog(name: String) extends Animal

case class Person(name: String, age: Int) extends SentientBeing

// later in the code ...

def printInfo(x: SentientBeing) = x match {
case Person(name, age) => // handle the Person
case Dog(name) => // handle the Dog

}

Discussion

As shown, a match expression lets you match multiple types, so using it to replace the
isInstanceOf method is just a natural use of the case syntax and the general pattern-
matching approach used in Scala applications.

In simple examples, the i1sInstanceOf method can be a simpler approach to determin-
ing whether an object matches a type:

if (o.isInstanceOf[Person]) { // handle this ...

However, with more complex needs, a match expression is more readable than an if/
else statement.

3.15. Working with a List in a Match Expression

Problem

You know that a List data structure is a little different than other collection data struc-
tures. It’s built from cons cells and ends in a Nil element. You want to use this to your
advantage when working with a match expression, such as when writing a recursive
function.

Solution
You can create a List like this:
val x = List(1, 2, 3)
or like this, using cons cells and a Nil element:

valy =1 ::2::3 :: Nl
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When writing a recursive algorithm, you can take advantage of the fact that the last
element in a List is a Nil object. For instance, in the following 1istToString method,
if the current element is not Ni1, the method is called recursively with the remainder of
the List, but if the current element is Ni1, the recursive calls are stopped and an empty
String is returned, at which point the recursive calls unwind:

def listToString(list: List[String]): String = list match {
case s :: rest => s + " " + listToString(rest)
case Nil => ""

}
Running this example in the REPL yields the following result:

scala> val fruits = "Apples" :: "Bananas" :: "Oranges" :: Nil
fruits: List[java.lang.String] = List(Apples, Bananas, Oranges)

scala> listToString(fruits)
res0: String = "Apples Bananas Oranges

The same approach of (a) handling the N1l condition and (b) handling the remainder
of the List can be used when dealing with a List of other types:

def sum(list: List[Int]): Int = list match {
case Nil => 1
case n :: rest => n + sum(rest)

}

def multiply(list: List[Int]): Int = list match {
case Nil => 1
case n :: rest => n * multiply(rest)

}
These methods are demonstrated in the REPL:

scala> val nums = List(1,2,3,4,5)
nums: List[Int] = List(1, 2, 3, 4, 5)

scala> sum(nums)
res@: Int = 16

scala> multiply(nums)
resl: Int = 120

Discussion

When using this recipe, be sure to handle the Nil case, or you'll get the following error
in the REPL:

warning: match is not exhaustive!

In the real world (outside the REPL), you'll get a MatchError:
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Exception in thread "main" scala.MatchError: List()
(of class scala.collection.immutable.Ni1l$)

See Also

Recipe 3.11, “Using Pattern Matching in Match Expressions”, for more examples
of using a match expression with multiple types

3.16. Matching One or More Exceptions with try/catch

Problem

You want to catch one or more exceptions in a try/catch block.

Solution

The Scala try/catch/finally syntax is similar to Java, but it uses the match expression
approach in the catch block:

val s = "Foo"
try {
val 1 = s.tolnt
} catch {
case e: Exception => e.printStackTrace
}

When you need to catch and handle multiple exceptions, just add the exception types
as different case statements:

try {
openAndReadAFile(filename)
} catch {
case e: FileNotFoundException => println("Couldn't find that file.")
case e: IOException => println("Had an IOException trying to read that file")

}

Discussion

As shown, the Scala match expression syntax is used to match different possible excep-
tions. If you're not concerned about which specific exceptions might be thrown, and
want to catch them all and do something with them (such as log them), use this syntax:

try {
openAndReadAFile("foo")

} catch {
case t: Throwable => t.printStackTrace()

}

You can also catch them all and ignore them like this:
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try {
val 1 = s.tolnt
} catch {
case _: Throwable => println("exception ignored")

}

As with Java, you can throw an exception from a catch clause, but because Scala doesn't
have checked exceptions, you don't need to specify that a method throws the exception.
This is demonstrated in the following example, where the method isn't annotated in any
way:

// nothing required here

def tolInt(s: String): Option[Int] =

try {
Some(s.tolInt)

} catch {
case e: Exception => throw e

}

If you prefer to declare the exceptions that your method throws, or you need to interact
with Java, add the @throws annotation to your method definition:

(classOf[NumberFormatException])
def toInt(s: String): Option[Int] =
try {
Some(s.toInt)
} catch {
case e: NumberFormatException => throw e

}

See Also

o Recipe 5.8, “Declaring That a Method Can Throw an Exception” for more examples
of declaring that a method can throw an exception

o Recipe 2.1, “Parsing a Number from a String” for more examples of a toInt method

3.17. Declaring a Variable Before Using It in a try/catch/
finally Block

Problem

You want to use an object in a try block, and need to access it in the finally portion
of the block, such as when you need to call a close method on an object.
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Solution

In general, declare your field as an Option before the try/catch block, then create a
Some inside the try clause. This is shown in the following example, where the fields in
and out are declared before the try/catch block, and assigned inside the try clause:

import java.io._
object CopyBytes extends App {

var in = None: Option[FileInputStream]
var out = None: Option[FileOutputStream]

try {
in = Some(new FileInputStream("/tmp/Test.class"))
out = Some(new FileOutputStream("/tmp/Test.class.copy"))

var c = 0
while ({c = in.get.read; c != -1}) {
out.get.write(c)

}
} catch {

case e: IOException => e.printStackTrace
} finally {

println("entered finally ...")

if (in.isDefined) in.get.close
if (out.isDefined) out.get.close

}
}

In this code, in and out are assigned to None before the try clause, and then reassigned
to Some values inside the try clause if everything succeeds. Therefore, it’s safe to call
in.get and out.get in the while loop, because if an exception had occurred, flow
control would have switched to the catch clause, and then the finally clause before
leaving the method.

Normally I tell people that I wish the get and isDefined methods on Option would be
deprecated, but this is one of the few times where I think their use is acceptable, and
they lead to more readable code.

Another approach you can employ inside the try clause is to use the foreach approach
with a Some:

try {

in = Some(new FileInputStream("/tmp/Test.class"))

out = Some(new FileOutputStream("/tmp/Test.class.copy"))

in.foreach { inputStream =>

out.foreach { outputStream =>
var c = 0
while ({c = inputStream.read; c != -1}) {
outputStream.write(c)
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}
}
}
Y/ ...

This s still readable with two variables, and eliminates the get method calls, but wouldn’t
be practical with more variables.

Discussion

One key to this recipe is knowing the syntax for declaring Option fields that aren’t
initially populated:

var in = None: Option[FileInputStream]
var out = None: Option[FileOutputStream]

I had a hard time remembering this until I came up with a little mnemonic, “Var x has
No Option yeT,” where I capitalize the “T” there to stand for “type” In my brain it looks
like this:

var x has No Option[yeT]
From there it’s a simple matter to get to this:
var x = None: Option[Type]

When I first started working with Scala, the only way I could think to write this code
was using null values. The following code demonstrates the approach I used in an
application that checks my email accounts. The store and inbox fields in this code are
declared as null fields that have the Store and Folder types (from the javax.mail
package):

// (1) declare the null variables
var store: Store = null
var inbox: Folder = null

try {

// (2) use the variables/fields in the try block

store = session.getStore("imaps")

inbox = getFolder(store, "INBOX")

// rest of the code here ...

catch {
case e: NoSuchProviderException => e.printStackTrace
case me: MessagingException => me.printStackTrace

} finally {
// (3) call close() on the objects in the finally clause
if (inbox != null) inbox.close
if (store != null) store.close

}
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However, working in Scala gives you a chance to forget that null values even exist, so
this is not a recommended approach. See Recipe 20.5, “Eliminate null Values from Your
Code”, for examples of how to rid your code of null values.

See Also

The code shown in this recipe is a Scala version of this Oracle “Byte Streams”
example.

3.18. Creating Your Own Control Structures

Problem

You want to define your own control structures to improve the Scala language, simplify
your own code, or create a DSL for others to use.

Solution

The creators of the Scala language made a conscious decision not to implement some
keywords in Scala, and instead implemented functionality through Scala libraries. This
was demonstrated in Recipe 3.5, “Implementing break and continue”, which showed
that although the Scala language doesn't have break and continue keywords, you can
achieve the same functionality through library methods.

As a simple example of creating what appears to be a control structure, imagine for a
moment that for some reason you don’t like the while loop and want to create your own
whilst loop, which you can use like this:

package foo
import com.alvinalexander.controls.Whilst._
object WhilstDemo extends App {

var 1 =0

whilst (1 < 5) {
println(i)
1i+=1

}
}

To create your own whilst control structure, define a function named whilst that takes
two parameter lists. The first parameter list handles the test condition—in this case,
1 < 5—and the second parameter list is the block of code the user wants to run.
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You could implement this as a method that’s just a wrapper around the while operator:

// 1st attempt
def whilst(testCondition: => Boolean)(codeBlock: => Unit) {
while (testCondition) {
codeBlock

}
}

But a more interesting approach is to implement the whilst method without calling
while. This is shown in a complete object here:

package com.alvinalexander.controls
import scala.annotation.tailrec
object Whilst {

// 2nd attempt

def whilst(testCondition: => Boolean)(codeBlock: => Unit) {
if (testCondition) {
codeBlock
whilst(testCondition)(codeBlock)
}
}

}

In this code, the testCondition is evaluated once, and if the condition is true, the
codeBlock is executed, and then whilst is called recursively. This approach lets you
keep checking the condition without needing a while or for loop.

Discussion

In the second whilst example, I used a recursive call to keep the loop running, but in
a simpler example, you don’t need recursion. For example, assume you want a control
structure that takes two test conditions, and if both evaluate to true, you'll run a block
of code that’s supplied. An expression using that control structure might look like this:

doubleif(age > 18)(numAccidents == 0) { println("Discount!") }
In this case, define a function that takes three parameter lists:

// two 'if' condition tests
def doubleif(testl: => Boolean)(test2: => Boolean)(codeBlock: => Unit) {
if (testl && test2) {
codeBlock
}
}
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Because doubleif only needs to perform one test and doesn’'t need to loop indefinitely,
there’s no need for a recursive call in its method body. It simply checks the two test
conditions, and if they evaluate to true, the codeBlock is executed.

See Also

 One of my favorite uses of this technique is shown in the book, Beginning Scala
(Apress), by David Pollak. I describe how it works on my website.

o The Scala Breaks class is demonstrated in Recipe 3.5. Its source code is simple, and
provides another example of how to implement a control structure.
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CHAPTER 4
Classes and Properties

Introduction

Although Scala and Java share many similarities, the declaration of classes, class con-
structors, and the control of field visibility are some of the biggest differences between
the two languages. Whereas Java tends to be more verbose (yet obvious), Scala is more
concise, and the code you write ends up generating other code.

Recipes in this chapter will help you get through the initial learning curve related to
Scala classes and fields by demonstrating how class constructors work, and the code the
Scala compiler generates on your behalf when you declare constructor parameters and
class fields using the val, var, and private keywords.

Because the Scala compiler generates accessors and mutators based on your field dec-
larations, you may wonder how to override those methods, and this chapter provides
recipes showing how to override that generated code.

Additionally, because Scala automatically sets the field type based on the value you
assign, you may wonder, “What happens when a field has no initial value?” For instance,
you may want to create an uninitialized field as an instance of an Address class. As you
think about this you start typing the following code, and then wonder how to complete
it:

var address = ? // how to create an uninitialized Address?

This chapter shows the solution to that problem, demonstrates how declaring a class as
a case class results in more than 20 additional methods being generated, shows how to
write equals methods that work with class inheritance, and much more.
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In Java, it seems correct to refer to accessor and mutator methods as
“getter” and “setter” methods, primarily because of the JavaBeans stan-
0% dard. In this chapter, I use the terms interchangeably, but to be clear,
Scala does not follow the JavaBeans naming convention for accessor
and mutator methods.

qs
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4.1. Creating a Primary Constructor

Problem

You want to create a primary constructor for a class, and you quickly find that the
approach is different than Java.

Solution

The primary constructor of a Scala class is a combination of:

o The constructor parameters
o Methods that are called in the body of the class

o Statements and expressions that are executed in the body of the class

Fields declared in the body of a Scala class are handled in a manner similar to Java; they
are assigned when the class is first instantiated.

The following class demonstrates constructor parameters, class fields, and statements
in the body of a class:

class Person(var firstName: String, var lastName: String) {
println("the constructor begins")

// some class fields
private val HOME = System.getProperty("user.home")
var age = 0

// some methods

override def toString = s"$firstName $lastName is $age years old"
def printHome { println(s"HOME = SHOME") }

def printFullName { println(this) } // uses toString

printHome
printFullName
println("still in the constructor")
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Because the methodsin the body of the class are part of the constructor, when an instance
of a Person class is created, you'll see the output from the println statements at the
beginning and end of the class declaration, along with the call to the printHome and
printFullName methods near the bottom of the class:

scala> val p = new Person("Adam", "Meyer")
the constructor begins

HOME = /Users/Al

Adam Meyer is 0 years old

still in the constructor

Discussion

If you're coming to Scala from Java, you'll find that the process of declaring a primary
constructor in Scala is quite different. In Java it’s fairly obvious when you're in the main
constructor and when you’re not, but Scala blurs this distinction. However, once you
understand the approach, it also makes your class declarations more concise than Java
class declarations.

In the example shown, the two constructor arguments firstName and lastName are
defined as var fields, which means that they’re variable, or mutable; they can be changed
after they're initially set. Because the fields are mutable, Scala generates both accessor
and mutator methods for them. As a result, given an instance p of type Person, you can
change the values like this:

p.firstName = "Scott"
p.lastName = "Jones"

and you can access them like this:

println(p.firstName)
println(p.lastName)

Because the age field is declared as a var, it’s also visible, and can be mutated and
accessed:

p.age = 30

println(p.age)
The field HOME is declared as a private val, which is like making it private and final

in aJava class. As a result, it can’t be accessed directly by other objects, and its value can't
be changed.

When you call a method in the body of the class—such as the call near the bottom of
the class to the printFullName method—that method call is also part of the constructor.
You can verify this by compiling the code to a Person.class file with scalac, and then
decompiling it back into Java source code with a tool like the JAD decompiler. After
doing so, this is what the Person class constructor looks like:
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public Person(String firstName, String lastName)

{
super();
this.firstName = firstName;
this.lastName = lastName;
Predef$.MODULES.println("the constructor begins");
age = 0;
printHome();
printFullName();
Predef$.MODULES.println("still in the constructor");
}

This clearly shows the printHome and printFullName methods call in the Person con-
structor, as well as the initial age being set.

When the code is decompiled, the constructor parameters and class fields appear like
this:

private String firstName;

private String lastName;

private final String HOME = System.getProperty("user.home");
private int age;

oS

Anything defined within the body of the class other than method dec-
. larations is a part of the primary class constructor. Because auxiliary
4 constructors must always call a previously defined constructor in the
same class, auxiliary constructors will also execute the same code.

A comparison with Java
The following code shows the equivalent Java version of the Person class:

// java

public class Person {

private String firstName;

private String lastName;

private final String HOME = System.getProperty("user.home");
private int age;

public Person(String firstName, String lastName) {
super();
this.firstName = firstName;
this.lastName = lastName;
System.out.println("the constructor begins");
age = 0;
printHome();
printFullName();
System.out.println("still in the constructor");
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public String firstName() { return firstName; }
public String lastName() { return lastName; }
public int age() { return age; }

public void firstName_$eq(String firstName) {
this.firstName = firstName;

public void lastName_Seq(String lastName) {
this.lastName = lastName;

public void age_$eq(int age) {
this.age = age;

}

public String toString() {
return firstName + " "

}

+ lastName + " is " + age + " years old";

public void printHome() {
System.out.println(HOME);
}

public void printFullName() {
System.out.println(this);
}

}

As you can see, this is quite a bit lengthier than the equivalent Scala code. With con-
structors, I find that Java code is more verbose, but obvious; you don’t have to reason
much about what the compiler is doing for you.

Those _$%eq methods
The names of the mutator methods that are generated may look a little unusual:

public void firstName_$eq(String firstName) { ...

public void age_S$Seq(int age) { ...
These names are part of the Scala syntactic sugar for mutating var fields, and not any-
thing you normally have to think about. For instance, the following Person class has a
var field named name:

class Person {

var name =
override def toString = s"name = S$name"

}

Because name is a var field, Scala generates accessor and mutator methods for it. What
you don’t normally see is that when the code is compiled, the mutator method is named
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name_$eq. You don’t see that because with Scala’s syntactic sugar, you mutate the field
like this:

p.name = "Ron Artest"
However, behind the scenes, Scala converts that line of code into this code:
p.name_Seq("Ron Artest")

To demonstrate this, you can run the following object that calls the mutator method in
both ways (not something that’s normally done):

object Test extends App {
val p = new Person

// the 'normal' mutator approach
p.name = "Ron Artest"
println(p)

// the 'hidden' mutator method
p.name_S$eq("Metta World Peace")
println(p)

}
When this code is run, it prints this output:

name = Ron Artest
name = Metta World Peace

Again, there’s no reason to call the name_$eq method in the real world, but when you
get into overriding mutator methods, it’s helpful to understand how this translation
process works.

Summary

As shown with the equivalent Scala and Java classes, the Java code is verbose, but it’s
also straightforward. The Scala code is more concise, but you have to look at the con-
structor parameters to understand whether getters and setters are being generated for
you, and you have to know that any method that’s called in the body of the class is really
being called from the primary constructor. This was alittle confusing when I first started
working with Scala, but it quickly became second nature.

4.2. Controlling the Visibility of Constructor Fields

Problem

You want to control the visibility of fields that are used as constructor parameters in a
Scala class.
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Solution

As shown in the following examples, the visibility of constructor fields in a Scala class
is controlled by whether the fields are declared as val, var, without either val or var,
and whether private is also added to the fields.

Here’s the short version of the solution:

o Ifafieldis declared as a var, Scala generates both getter and setter methods for that

field.
o If the field is a val, Scala generates only a getter method for it.

o If a field doesn’t have a var or val modifier, Scala gets conservative, and doesn’t
generate a getter or setter method for the field.

o Additionally, var and val fields can be modified with the private keyword, which
prevents getters and setters from being generated.

See the examples that follow for more details.
var fields

If a constructor parameter is declared as a var, the value of the field can be changed, so
Scala generates both getter and setter methods for that field. In the following examples,
the constructor parameter name is declared as a var, so the field can be accessed and
mutated:

scala> class Person(var name: String)
defined class Person

scala> val p = new Person("Alvin Alexander")
p: Person = Person@369e58be

/] getter
scala> p.name
res0: String = Alvin Alexander

/] setter
scala> p.name = "Fred Flintstone"
p.name: String = Fred Flintstone

scala> p.name
resl: String = Fred Flintstone

As shown, Scala does not follow the JavaBean naming convention when generating
accessor and mutator methods.
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val fields

If a constructor field is defined as a val, the value of the field can’t be changed once it’s
been set; it's immutable (like finalin Java). Therefore it makes sense that it should have
an accessor method, and should not have a mutator method:

scala> class Person(val name: String)
defined class Person

scala> val p = new Person("Alvin Alexander")
p: Person = Person@3f9f332b

scala> p.name
res@: String = Alvin Alexander

scala> p.name = "Fred Flintstone"
<console>:11: error: reassignment to val
p.name = "Fred Flintstone"

A

The last example fails because a mutator method is not generated for a val field.
Fields without val or var

When neither val nor var are specified on constructor parameters, the visibility of the
field becomes very restricted, and Scala doesn’t generate accessor or mutator methods:

scala> class Person(name: String)
defined class Person

scala> val p = new Person("Alvin Alexander")
p: Person = Person@l44b6a6c

scala> p.name
<console>:12: error: value name is not a member of Person

p.name
A

Adding private to val or var

In addition to these three basic configurations, you can add the private keyword to a
valorvar field. This keyword prevents getter and setter methods from being generated,
so the field can only be accessed from within members of the class:

scala> class Person(private var name: String) { def getName {println(name)} }
defined class Person

scala> val p = new Person("Alvin Alexander")
p: Person = Person@3cb7cee4

scala> p.name
<console>:10: error: variable name in class Person cannot be accessed in Person

p.name
A
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scala> p.getName
Alvin Alexander

Attempting to access p.name fails because a getter method is not generated for the name
field, so callers can’t access it directly, but p.getName works because it can access the
name field.

Discussion

If this is a little confusing, it helps to think about the choices the compiler has when
generating code for you. When a field is defined as a val, by definition its value can't
be changed, so it makes sense to generate a getter, but no setter. By definition, the value
of a var field can be changed, so generating both a getter and setter make sense for it.

The private setting on a constructor parameter gives you additional flexibility. When
it's added to a val or var field, the getter and setter methods are generated as before,
but they’re marked private. (I rarely use this feature, but it’s there if you need it.)

The accessors and mutators that are generated for you based on these settings are sum-
marized in Table 4-1.

Table 4-1. The effect of constructor parameter settings

Visibility Accessor? Mutator?
var Yes Yes
val Yes No
Default visibility (no var or val) No No
Adding the private keyword to var orval No No

You can also manually add your own accessor and mutator methods. See Recipe 4.6,
“Overriding Default Accessors and Mutators”, for more information.

Case classes

Parameters in the constructor of a case class differ from these rules in one way. Case
class constructor parameters are val by default. So if you define a case class field without
adding val or var, like this:

case class Person(name: String)
you can still access the field, just as if it were defined as a val:

scala> val p = Person("Dale Cooper")
p: Person = Person(Dale Cooper)

scala> p.name
res@: String = Dale Cooper
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Although this is slightly different than a “regular” class, it’s a nice convenience and has
to do with the way case classes are intended to be used in functional programming, i.e.,
as immutable records. See Recipe 4.14, “Generating Boilerplate Code with Case
Classes”, for more information about how case classes work.

4.3. Defining Auxiliary Constructors

Problem

You want to define one or more auxiliary constructors for a class to give consumers of
the class different ways to create object instances.

Solution

Define the auxiliary constructors as methods in the class with the name this. You can
define multiple auxiliary constructors, but they must have different signatures (param-
eter lists). Also, each constructor must call one of the previously defined constructors.

The following example demonstrates a primary constructor and three auxiliary con-
structors:

// primary constructor
class Pizza (var crustSize: Int, var crustType: String) {

// one-arg auxiliary constructor
def this(crustSize: Int) {

this(crustSize, Pizza.DEFAULT_CRUST_TYPE)
}

// one-arg auxiliary constructor

def this(crustType: String) {
this(Pizza.DEFAULT_CRUST_SIZE, crustType)

}

// zero-arg auxiliary constructor
def this() {

this(Pizza.DEFAULT_CRUST_SIZE, Pizza.DEFAULT_CRUST_TYPE)
}

override def toString = s"A $crustSize inch pizza with a $crustType crust"

}

object Pizza {
val DEFAULT_CRUST_SIZE = 12
val DEFAULT_CRUST_TYPE = "THIN"

}

Given these constructors, the same pizza can be created in the following ways:
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val p1

new Pizza(Pizza.DEFAULT_CRUST_SIZE, Pizza.DEFAULT_CRUST_TYPE)
val p2 = new Pizza(Pizza.DEFAULT_CRUST_SIZE)

val p3 new Pizza(Pizza.DEFAULT_CRUST_TYPE)

val p4 = new Pizza

Discussion

There are several important points to this recipe:

o Auxiliary constructors are defined by creating methods named this.

o Each auxiliary constructor must begin with a call to a previously defined construc-
tor.

o Each constructor must have a different signature.

o One constructor calls another constructor with the name this.

In the example shown, all of the auxiliary constructors call the primary constructor, but
this isn’t necessary; an auxiliary constructor just needs to call one of the previously
defined constructors. For instance, the auxiliary constructor that takes the crustType
parameter could have been written like this:

def this(crustType: String) {
this(Pizza.DEFAULT_CRUST_SIZE)
this.crustType = Pizza.DEFAULT_CRUST_TYPE

}

Another important part of this example is that the crustSize and crustType parameters
are declared in the primary constructor. This isn’'t necessary, but doing this lets Scala
generate the accessor and mutator methods for those parameters for you. You could
start to write a similar class as follows, but this approach requires more code:

class Pizza () {

n
(o]

var crustSize
var crustType =

def this(crustSize: Int) {

this()

this.crustSize = crustSize
}
def this(crustType: String) {

this()

this.crustType = crustType
}
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// more constructors here ...
override def toString = s"A $crustSize inch pizza with a $crustType crust"

}

To summarize, if you want the accessors and mutators to be generated for you, put them
in the primary constructor.

)
= Although the approach shown in the Solution is perfectly valid, be-
.“: . fore creating multiple class constructors like this, take a few mo-
¢&%' ments to read Recipe 4.5, “Providing Default Values for Constructor

Parameters”. Using that recipe can often eliminate the need for mul-
tiple constructors.

Generating auxiliary constructors for case classes

A case class is a special type of class that generates a lot of boilerplate code for you.
Because of the way they work, adding what appears to be an auxiliary constructor to a
case class is different than adding an auxiliary constructor to a “regular” class. This is
because they’re not really constructors: they’re apply methods in the companion object
of the class.

To demonstrate this, assume that you start with this case class in a file named
Person.scala:

// initial case class
case class Person (var name: String, var age: Int)

This lets you create a new Person instance without using the new keyword, like this:
val p = Person("John Smith", 30)

This appears to be a different form of a constructor, but in fact, it’s a little syntactic sugar
—a factory method, to be precise. When you write this line of code:

val p = Person("John Smith", 30)
behind the scenes, the Scala compiler converts it into this:
val p = Person.apply("John Smith", 30)

This is a call to an apply method in the companion object of the Person class. You don’t
see this, you just see the line that you wrote, but this is how the compiler translates your
code. As a result, if you want to add new “constructors” to your case class, you write
new apply methods. (To be clear, the word “constructor” is used loosely here.)

For instance, if you decide that you want to add auxiliary constructors to let you create
new Person instances (a) without specifying any parameters, and (b) by only specifying
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their name, the solution is to add apply methods to the companion object of the Person
case class in the Person.scala file:

// the case class
case class Person (var name: String, var age: Int)

// the companion object
object Person {

def apply() = new Person("<no name>", 0)
def apply(name: String) = new Person(name, 0)

}
The following test code demonstrates that this works as desired:

object CaseClassTest extends App {

val a = Person() // corresponds to apply()
val b = Person("Pam") // corresponds to apply(name: String)
val c = Person("William Shatner", 82)

println(a)
println(b)
println(c)

// verify the setter methods work
a.name = "Leonard Nimoy"
a.age = 82
println(a)
}

This code results in the following output:

Person(<no name>,0)
Person(Pam,0)
Person(William Shatner,82)
Person(Leonard Nimoy,82)

See Also

« Recipe 6.8, “Creating Object Instances Without Using the new Keyword”, demon-
strates how to implement the apply method in a companion object so you can create
instances of a class without having to use the new keyword (or declare your class as
a case class).

o Recipe 4.5, “Providing Default Values for Constructor Parameters”, demonstrates
an approach that can often eliminate the need for auxiliary constructors.

o Recipe 4.14, “Generating Boilerplate Code with Case Classes”, details the nuts and
bolts of how case classes work.
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4.4. Defining a Private Primary Constructor

Problem

You want to make the primary constructor of a class private, such as to enforce the
Singleton pattern.

Solution

To make the primary constructor private, insert the private keyword in between the
class name and any parameters the constructor accepts:

// a private no-args primary constructor
class Order private { ...

// a private one-arg primary constructor
class Person private (name: String) { ...

As shown in the REPL, this keeps you from being able to create an instance of the class:

scala> class Person private (name: String)
defined class Person

scala> val p = new Person("Mercedes")
<console>:9: error: constructor Person in class Person cannot be accessed
in object $iw

val p = new Person("Mercedes")
A

Discussion

A simple way to enforce the Singleton pattern in Scala is to make the primary constructor
private, then put a getInstance method in the companion object of the class:

class Brain private {
override def toString = "This is the brain."

}

object Brain {
val brain = new Brain
def getInstance = brain

}
object SingletonTest extends App {

// this won't compile
// val brain = new Brain
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// this works
val brain = Brain.getInstance
println(brain)

}

You don't have to name the accessor method getInstance; it’s only used here because
of the Java convention.

WV 8
. A companion object is simply an object that’s defined in the same file
c‘;: as a class, where the object and class have the same name. If you

% declare a class named Foo in a file named Foo.scala, and then declare
an object named Foo in that same file, the Foo object is the compan-
ion object for the Foo class.

A companion object has several purposes, and one purpose is that any
method declared in a companion object will appear to be a static
method on the object. See Recipe 6.6 for more information on creat-
ing the equivalent of Java’s static methods, and Recipe 6.8 for exam-
ples of how (and why) to define apply methods in a companion object.

Utility classes

Depending on your needs, creating a private class constructor may not be necessary at
all. For instance, in Java you'd create a file utilities class by defining static methods in a
Java class, but in Scala you do the same thing by putting all the methods in a Scala object:

object FileUtils {

def readFile(filename: String) = {
// code here ...
}

def writeToFile(filename: String, contents: String) {
// code here ...
}
}

This lets consumers of your code call these methods like this:

val contents = FileUtils.readFile("input.txt")
FileUtils.writeToFile("output.txt", content)

Because only an object is defined, code like this won’t compile:
val utils = new FileUtils // won't compile

So in this case, there’s no need for a private class constructor; just don’t define a class.
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4.5. Providing Default Values for Constructor Parameters

Problem

You want to provide a default value for a constructor parameter, which gives other classes
the option of specifying that parameter when calling the constructor, or not.

Solution

Give the parameter a default value in the constructor declaration. Here’s a simple dec-
laration of a Socket class with one constructor parameter named timeout that has a
default value of 10000:

class Socket (val timeout: Int = 10000)

Because the parameter is defined with a default value, you can call the constructor
without specifying a timeout value, in which case you get the default value:

scala> val s = new Socket
s: Socket = Socket@7862af46

scala> s.timeout
res0: Int = 10000

You can also specify the desired timeout value when creating a new Socket:

scala> val s = new Socket(5000)
s: Socket = Socket@6df5205c

scala> s.timeout
resl: Int = 5000

If you prefer the approach of using named parameters when calling a constructor (or
method), you can also use this approach to construct a new Socket:

scala> val s = new Socket(timeout=5000)
s: Socket = Socket@52aaf3d2

scala> s.timeout
res@: Int = 5000

Discussion

This recipe demonstrates a powerful feature that can eliminate the need for auxiliary
constructors. As shown in the Solution, the following single constructor is the equivalent
of two constructors:

class Socket (val timeout: Int = 10000)

If this feature didn’t exist, two constructors would be required to get the same func-
tionality; a primary one-arg constructor and an auxiliary zero-args constructor:
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class Socket(val timeout: Int) {

def this() = this(10000)
override def toString = s"timeout: Stimeout"

}
Multiple parameters

Taking this approach a step further, you can provide default values for multiple con-
structor parameters:
class Socket(val timeout: Int = 1000, val linger: Int = 2000) {

override def toString = s"timeout: Stimeout, linger: S$linger"

}
Though you’ve defined only one constructor, your class now appears to have three
constructors:

scala> println(new Socket)
timeout: 1000, linger: 2000

scala> println(new Socket(3000))
timeout: 3000, linger: 2000

scala> println(new Socket(3000, 4000))
timeout: 3000, linger: 4000

Using named parameters
As shown in the Solution, you can also provide the names of constructor parameters

when creating objects, in a manner similar to Objective-C and other languages. This
means you can also create new Socket instances like this:

println(new Socket(timeout=3000, linger=4000))

println(new Socket(linger=4000, timeout=3000))

println(new Socket(timeout=3000))

println(new Socket(linger=4000))
See Recipe 5.4, “Using Parameter Names When Calling a Method”, for more examples
of how to use parameter names in method calls.

See Also

Recipe 4.3, “Defining Auxiliary Constructors”, for more information on creating
auxiliary class constructors
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4.6. Overriding Default Accessors and Mutators

Problem

You want to override the getter or setter methods that Scala generates for you.

Solution

This is a bit of a trick problem, because you can’t override the getter and setter methods
Scala generates for you, at least not if you want to stick with the Scala naming conven-
tions. For instance, if you have a class named Person with a constructor parameter
named name, and attempt to create getter and setter methods according to the Scala
conventions, your code won’t compile:

// error: this won't work

class Person(private var name: String) {
// this line essentially creates a circular reference
def name = name
def name_=(aName: String) { name = aName }

}
Attempting to compile this code generates three errors:

Person.scala:3: error: overloaded method name needs result type

def name = name
A

Person.scala:4: error: ambiguous reference to overloaded definition,
both method name_= in class Person of type (aName: String)Unit
and method name_= in class Person of type (x$1: String)Unit
match argument types (String)
def name_=(aName: String) { name = aName }

N

Person.scala:4: error: method name_= is defined twice

def name_=(aName: String) { name = aName }
A

three errors found

I’ll examine these problems more in the Discussion, but the short answer is that both
the constructor parameter and the getter method are named name, and Scala won’t allow
that.

To solve this problem, change the name of the field you use in the class constructor so
itwon’t collide with the name of the getter method you want to use. A common approach
is to add a leading underscore to the parameter name, so if you want to manually create
a getter method called name, use the parameter name _name in the constructor, then
declare your getter and setter methods according to the Scala conventions:

class Person(private var _name: String) {
def name = _name // accessor
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def name_=(aName: String) { _name = aName } // mutator

}

Notice the constructor parameter is declared private and var. The private keyword
keeps Scala from exposing that field to other classes, and the var lets the value of the
field be changed.

Creating a getter method named name and a setter method named name_= conforms to
the Scala convention and lets a consumer of your class write code like this:
val p = new Person("Jonathan")

p.name = "Jony" // setter
println(p.name) // getter

If you don’t want to follow this Scala naming convention for getters and setters, you can
use any other approach you want. For instance, you can name your methods getName
and setName, following the JavaBean style. (However, if JavaBeans are what you really
want, you may be better off using the @BeanProperty annotation, as described in
Recipe 17.6, “When Java Code Requires JavaBeans”.)

Discussion

When you define a constructor parameter to be a var field, Scala makes the field private
to the class and automatically generates getter and setter methods that other classes can
use to access the field. For instance, given a simple class like this:

class Stock (var symbol: String)

after the class is compiled with scalac, you'll see this signature when you disassemble
it with javap:

$ javap Stock

public class Stock extends java.lang.Object{
public java.lang.String symbol();
public void symbol_Seq(java.lang.String);
public Stock(java.lang.String);

}

You can see that the Scala compiler generated two methods: a getter named symbol and
a setter named symbol_S$eq. This second method is the same as a method you'd name
symbol_=, but Scala needs to translate the = symbol to $eq to work with the JVM.

That second method name is a little unusual, but it follows a Scala convention, and when

it's mixed with some syntactic sugar, it lets you set the symbol field on a Stock instance
like this:

stock.symbol = "GOOG"

The way this works is that behind the scenes, Scala converts that line of code into this
line of code:

4.6. Overriding Default Accessors and Mutators | 117

www.it-ebooks.info


http://www.it-ebooks.info/

stock.symbol_$eq("GO0OG")

You generally never have to think about this, unless you want to override the mutator
method.

Summary

As shown in the Solution, the recipe for overriding default getter and setter methods is:

1. Create a private var constructor parameter with a name you want to reference
from within your class. In the example in the Solution, the field is named _name.

2. Define getter and setter names that you want other classes to use. In the Solution
the getter name is name, and the setter name is name_= (which, combined with Scala’s
syntactic sugar, lets users write p.name = "Jony").

3. Modify the body of the getter and setter methods as desired.

It's important to remember the private setting on your field. If you forget to control
the access with private (or private[this]), you'll end up with getter/setter methods
for the field you meant to hide. For example, in the following code, I intentionally left
the private modifier off of the _symbol constructor parameter:

// intentionally left the 'private' modifier off _symbol
class Stock (var _symbol: String) {

// getter
def symbol = _symbol

// setter
def symbol_= (s: String) {
this.symbol = s
println(s"symbol was updated, new value is $symbol")

}
}

Compiling and disassembling this code shows the following class signature, including
two methods I “accidentally” made visible:

public class Stock extends java.lang.Object{
public java.lang.String _symbol(); // error
public void _symbol_$eq(java.lang.String); // error
public java.lang.String symbol();
public void symbol_S$eq(java.lang.String);
public Stock(java.lang.String);

}

Correctly adding private to the _symbol field results in the correct signature in the
disassembled code:

public class Stock extends java.lang.Object{
public java.lang.String symbol(); // println(stock.symbol)
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public void symbol_$eq(java.lang.String); // stock.symbol = "AAPL"
public Stock(java.lang.String);
}

Note that while these examples used fields in a class constructor, the same principles
hold true for fields defined inside a class.

4.7. Preventing Getter and Setter Methods from Being
Generated

Problem

When you define a class field as a var, Scala automatically generates getter and setter
methods for the field, and defining a field as a val automatically generates a getter
method, but you don’t want either a getter or setter.

Solution

Define the field with the private or private[this] access modifiers, as shown with
the currentPrice field in this example:

class Stock {

// getter and setter methods are generated
var delayedPrice: Double = _

// keep this field hidden from other classes
private var currentPrice: Double = _

}

When you compile this class with scalac, and then disassemble it with javap, you'll
see this interface:

// Compiled from "Stock.scala"

public class Stock extends java.lang.Object implements scala.ScalaObject{
public double delayedPrice();
public void delayedPrice_$eq(double);
public Stock();

}

This shows that getter and setter methods are defined for the delayedPrice field, and
there are no getter or setter methods for the currentPrice field, as desired.

Discussion

Defining a field as private limits the field so it's only available to instances of the same
class, in this case instances of the Stock class. To be clear, any instance of a Stock class
can access a private field of any other Stock instance.
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As an example, the following code yields true when the Driver object is run, because
the isHigher method in the Stock class can access the price field both (a) in its object,
and (b) in the other Stock object it’s being compared to:

class Stock {
// a private field can be seen by any Stock instance
private var price: Double = _
def setPrice(p: Double) { price = p }
def isHigher(that: Stock): Boolean = this.price > that.price

}

object Driver extends App {

val s1 = new Stock
s1l.setPrice(20)

val s2 = new Stock
s2.setPrice(100)

println(s2.isHigher(s1))

}
Object-private fields

Defining a field as private[ this] takes this privacy a step further, and makes the field
object-private, which means that it can only be accessed from the object that contains
it. Unlike private, the field can’t also be accessed by other instances of the same type,
making it more private than the plain private setting.

This is demonstrated in the following example, where changing private to
private[this] in the Stock class no longer lets the isHigher method compile:

class Stock {
// a private[this] var is object-private, and can only be seen
// by the current instance
private[this] var price: Double

def setPrice(p: Double) { price = p }

// error: this method won't compile because price is now object-private
def isHigher(that: Stock): Boolean = this.price > that.price
}

Attempting to compile this class generates the following error:

Stock.scala:5: error: value price is not a member of Stock
def isHigher(that: Stock): Boolean = this.price > that.price

A

one error found
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4.8. Assigning a Field to a Block or Function

Problem

You want to initialize a field in a class using a block of code, or by calling a function.

Solution

Set the field equal to the desired block of code or function. Optionally, define the field
as lazy if the algorithm requires a long time to run.

In the following example, the field text is set equal to a block of code, which either
returns (a) the text contained in a file, or (b) an error message, depending on whether
the file exists and can be read:

class Foo {

// set 'text' equal to the result of the block of code
val text = {
var lines =
try {
lines = 1o.Source.fromFile("/etc/passwd").getLines.mkString
} catch {
case e: Exception => lines = "Error happened"
}
lines

}

println(text)
}

object Test extends App {
val f = new Foo

}

Because the assignment of the code block to the text field and the println statement
are both in the body of the Foo class, they are in the class’s constructor, and will be
executed when a new instance of the class is created. Therefore, compiling and running
this example will either print the contents of the file, or the “Error happened” message
from the catch block.

In a similar way, you can assign a class field to the results of a method or function:

class Foo {
import scala.xml.XML

// assign the xml field to the result of the load method
val xml = XML.load("http://example.com/foo.xml")
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// more code here ...

}

Discussion

When it makes sense, define a field like this to be lazy, meaning it won't be evaluated
until it is accessed. To demonstrate this, ignore the potential for errors and shorten the
class to this:
class Foo {
val text =
i10.Source.fromFile("/etc/passwd").getLines.foreach(println)

}

object Test extends App {
val f = new Foo

}
When this code is compiled and run on a Unix system, the contents of the /etc/passwd
file are printed. That’s interesting, but notice what happens when you change the block
to define the text field as lazy:
class Foo {
lazy val text =
10.Source.fromFile("/etc/passwd").getlLines.foreach(println)

}

object Test extends App {
val f = new Foo

}

When this code is compiled and run, there is no output, because the text field isn’t
initialized until it’s accessed. That’s how a lazy field works.

Defining a field as lazy is a useful approach when the field might not be accessed in the
normal processing of your algorithms, or if running the algorithm will take a long time,
and you want to defer that to a later time.

4.9. Setting Uninitialized var Field Types

Problem

You want to set the type for an uninitialized var field in a class, so you begin to write
code like this:

var X =

and then wonder how to finish writing the expression.
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Solution

In general, define the field as an Option. For certain types, such as String and numeric
fields, you can specify default initial values.

For instance, imagine that you're starting a social network, and to encourage people to
sign up, you only ask for a username and password during the registration process.
Therefore, you define username and password as fields in your class constructor:

case class Person(var username: String, var password: String) ...

However, later on, you’ll also want to get other information from users, including their
age, first name, last name, and address. Declaring those first three var fields is simple:
var age = 0

var firstName =
var lastName =

nn

But what do you do when you get to the address?

The solution is to define the address field as an Option, as shown here:

case class Person(var username: String, var password: String) {

var age = 0

var firstName =
var lastName =
var address = None: Option[Address]

}
case class Address(city: String, state: String, zip: String)

Later, when a user provides an address, you can assign it using a Some[Address], like
this:

val p = Person("alvinalexander", "secret")
p.address = Some(Address("Talkeetna", "AK", "99676"))

When you need to access the address field, there are a variety of approaches you can
use, and these are discussed in detail in Recipe 20.6. As one example, if you want to print
the fields of an Address, calling foreach on the address field works well:

p.address.foreach { a =>
println(a.city)
println(a.state)
println(a.zip)

}

If the field hasn’t been assigned, address is a None, and calling foreach on it does no
harm, the loop is just skipped over. If the address field is assigned, it will be a
Some[Address], so the foreach loop will be entered and the data printed.
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Discussion

In a related situation, setting the type on numeric var fields can occasionally be inter-
esting. For instance, it’s easy to create an Int or Double field:

0 // Int
0.0 // Double

var i
var d

In those cases, the compiler automatically defaults to the desired types, but what if you
want a different numeric type? This approach lets you give each field the proper type,
and a default value:

var b: Byte =0

var c: Char =0

var f: Float = 0

var 1: Long =0

var s: Short = 0
See Also

o The Option class

o Don't set fields like this to null; Scala provides a terrific opportunity for you to get
away from ever using null values again. See Recipe 20.5, “Eliminate null Values
from Your Code”, for ways to eliminate common uses of null values.

o In many Scala frameworks, such as the Play Framework, fields like this are com-
monly declared as Option values. See Recipe 20.6, “Using the Option/Some/None
Pattern”, for a detailed discussion of this approach.

4.10. Handling Constructor Parameters When Extending a
Class

Problem

You want to extend a base class, and need to work with the constructor parameters
declared in the base class, as well as new parameters in the subclass.

Solution

Declare your base class as usual with val or var constructor parameters. When defining
a subclass constructor, leave the val or var declaration off of the fields that are common
to both classes. Then define new constructor parameters in the subclass as val or var
fields, as usual.

For example, first define a Person base class:
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class Person (var name: String, var address: Address) {
override def toString = if (address == null) name else s"S$name @ $address"

}

Next define Employee as a subclass of Person, so that it takes the constructor parameters
name, address, and age. The name and address parameters are common to the parent
Person class, so leave the var declaration off of those fields, but age is new, so declare
itasavar:

class Employee (name: String, address: Address, var age: Int)
extends Person (name, address) {

// rest of the class
}

With this Employee class and an Address case class:
case class Address (city: String, state: String)
you can create a new Employee as follows:
val teresa = new Employee("Teresa", Address("Louisville", "KY"), 25)
By placing all that code in the REPL, you can see that all of the fields work as expected:

scala> teresa.name
res@: String = Teresa

scala> teresa.address
resl: Address = Address(Louisville,KY)

scala> teresa.age
res2: Int = 25

Discussion

To understand how constructor parameters in a subclass work, it helps to understand
how the Scala compiler translates your code. Because the following Person class defines
its constructor parameters as var fields:

class Person (var name: String, var address: Address) {
override def toString = if (address == null) name else s"Sname @ $address”

}

the Scala compiler generates both accessor and mutator methods for the class. You can
demonstrate this by compiling and then disassembling the Person class.

First, put this code in a file named Person.scala:

case class Address (city: String, state: String)

class Person (var name: String, var address: Address) {
override def toString = if (address == null) name else s"$name @ $address"

}
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Then compile the code with scalac, and disassemble the Person.class file with javap:

$ javap Person
Compiled from "Person.scala"
public class Person extends java.lang.Object implements scala.ScalaObject{
public java.lang.String name();
public void name_$eq(java.lang.String);
public Address address();
public void address_S$eq(Address);
public java.lang.String toString();
public Person(java.lang.String, Address);
}

As shown, the Person class contains the name, name_$eq, address, and address_Seq
methods, which are the accessor and mutator methods for the name and address fields.
(See Recipe 6.8 for an explanation of how those mutator methods work.)

This raises the question, if you define an Employee class that extends Person, how should
you handle the name and address fields in the Employee constructor? Assuming
Employee adds no new parameters, there are at least two main choices:

' 1

// Option 1: define name and address as 'var
class Employee (var name: String, var address: Address)
extends Person (name, address) { ... }

// Option 2: define name and address without var or val
class Employee (name: String, address: Address)
extends Person (name, address) { ... }

Because Scala has already generated the getter and setter methods for the name and
address fields in the Person class, the solution is to declare the Employee constructor
without var declarations:

// this is correct
class Employee (name: String, address: Address)
extends Person (name, address) { ... }

Because you don’t declare the parameters in Employee as var, Scala won't attempt to
generate methods for those fields. You can demonstrate this by adding the Employee
class definition to the code in Person.scala:

case class Address (city: String, state: String)
class Person (var name: String, var address: Address) {
override def toString = if (address == null) name else s"S$name @ $address"
}
class Employee (name: String, address: Address)
extends Person (name, address) {
// code here ...
}

Compiling the code with scalac and then disassembling the Employee.class file with
javap, you see the following, expected result:
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$ javap Employee

Compiled from "Person.scala"

public class Employee extends Person implements scala.ScalaObject{
public Employee(java.lang.String, Address);

}

The Employee class extends Person, and Scala did not generate any methods for the
name and address fields. Therefore, the Employee class inherits that behavior from
Person.

While this example shows how Scala works with var fields, you can follow the same line
of reasoning with val fields as well.

4.11. Calling a Superclass Constructor

Problem

You want to control the superclass constructor that’s called when you create constructors
in a subclass.

Solution

This is a bit of a trick question, because you can control the superclass constructor that’s
called by the primary constructor in a subclass, but you can’t control the superclass
constructor that’s called by an auxiliary constructor in the subclass.

When you define a subclass in Scala, you control the superclass constructor that’s called
by its primary constructor when you define the extends portion of the subclass decla-
ration. For instance, in the following code, the Dog class is defined to call the primary
constructor of the Animal class, which is a one-arg constructor that takes name as its
parameter:

class Animal (var name: String) {
/...
}

class Dog (name: String) extends Animal (name) {

/...
}

However, if the Animal class has multiple constructors, the primary constructor of the

Dog class can call any of those constructors.

For example, the primary constructor of the Dog class in the following code calls the
one-arg auxiliary constructor of the Animal class by specifying that constructor in its
extends clause:

// (1) primary constructor
class Animal (var name: String, var age: Int) {
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// (2) auxiliary constructor
def this (name: String) {
this(name, 0)

}

override def toString = s"$name is S$Sage years old"

}

// calls the Animal one-arg constructor
class Dog (name: String) extends Animal (name) {
println("Dog constructor called")

}
Alternatively, it could call the two-arg primary constructor of the Animal class:

// call the two-arg constructor
class Dog (name: String) extends Animal (name, 0) {
println("Dog constructor called")

}
Auxiliary constructors

Regarding auxiliary constructors, because the first line of an auxiliary constructor must
be a call to another constructor of the current class, there is no way for auxiliary con-
structors to call a superclass constructor.

Asyou can see in the following code, the primary constructor of the Employee class can
call any constructor in the Person class, but the auxiliary constructors of the Employee
class must call a previously defined constructor of its own class with the this method
as its first line:

case class Address (city: String, state: String)
case class Role (role: String)

class Person (var name: String, var address: Address) {

// no way for Employee auxiliary constructors to call this constructor
def this (name: String) {

this(name, null)

address = null

}
override def toString = if (address == null) name else s"Sname @ $address"
}

class Employee (name: String, role: Role, address: Address)
extends Person (name, address) {

def this (name: String) {
this(name, null, null)
}
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def this (name: String, role: Role) {
this(name, role, null)

}

def this (name: String, address: Address) {
this(name, null, address)

}
}

Therefore, there’s no direct way to control which superclass constructor is called from
an auxiliary constructor in a subclass. In fact, because each auxiliary constructor must
call a previously defined constructor in the same class, all auxiliary constructors will
eventually call the same superclass constructor that’s called from the subclass’s primary
constructor.

4.12. When to Use an Abstract Class

Problem

Scala has traits, and a trait is more flexible than an abstract class, so you wonder, “When
should I use an abstract class?”

Solution

There are two main reasons to use an abstract class in Scala:

 You want to create a base class that requires constructor arguments.

o The code will be called from Java code.

Regarding the first reason, traits don't allow constructor parameters:

// this won't compile
trait Animal(name: String)

So, use an abstract class whenever a base behavior must have constructor parameters:
abstract class Animal(name: String)

Regarding the second reason, if you're writing code that needs to be accessed from Java,
you’ll find that Scala traits with implemented methods can’t be called from Java code. If
you run into this situation, see Recipe 17.7, “Wrapping Traits with Implementations”,
for solutions to that problem.

Discussion

Use an abstract class instead of a trait when the base functionality must take constructor
parameters. However, be aware that a class can extend only one abstract class.

4.12. When to Use an Abstract Class | 129

www.it-ebooks.info


http://www.it-ebooks.info/

Abstract classes work just like Java in that you can define some methods that have
complete implementations, and other methods that have no implementation and are
therefore abstract. To declare that a method is abstract, just leave the body of the method
undefined:

def speak // no body makes the method abstract

There is no need for an abstract keyword; simply leaving the body of the method
undefined makes it abstract. This is consistent with how abstract methods in traits are
defined.

In the following example, the methods save, update, and delete are defined in the
abstract class BaseController, but the connect, getStatus, and set-ServerName
methods have no method body, and are therefore abstract:

abstract class BaseController(db: Database) {

def save { db.save }
def update { db.update }
def delete { db.delete }

// abstract
def connect

// an abstract method that returns a String
def getStatus: String

// an abstract method that takes a parameter
def setServerName(serverName: String)

}

When a class extends the BaseController class, it must implement the connect,
getStatus, and setServerName methods, or be declared abstract. Attempting to extend
BaseController without implementing those methods yields a “class needs to be ab-
stract” error, as shown in the REPL:

scala> class WidgetController(db: Database) extends BaseController(db)
<console>:9: error: class WidgetController needs to be abstract, since:
method setServerName in class BaseController of type (serverName: String)Unit
is not defined
method getStatus in class BaseController of type => String is not defined
method connect in class BaseController of type => Unit is not defined

class WidgetController(db: Database) extends BaseController(db)

A

Because a class can extend only one abstract class, when you're trying to decide whether
to use a trait or abstract class, always use a trait, unless you have this specific need to
have constructor arguments in your base implementation.
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4.13. Defining Properties in an Abstract Base Class (or
Trait)

Problem

You want to define abstract or concrete properties in an abstract base class (or trait) that
can be referenced in all child classes.

Solution

You can declare both val and var fields in an abstract class (or trait), and those fields
can be abstract or have concrete implementations. All of these variations are shown in
this recipe.

Abstract val and var fields

The following example demonstrates an Animal trait with abstract val and var fields,
along with a simple concrete method named sayHello, and an override of the toString
method:

abstract class Pet (name: String) {
val greeting: String
var age: Int
def sayHello { println(greeting) }
override def toString = s"I say $greeting, and I'm $age"

}

The following Dog and Cat classes extend the Animal class and provide values for the
greeting and age fields. Notice that the fields are again specified as val or var:

class Dog (name: String) extends Pet (name) {
val greeting = "Woof"
var age = 2

}

class Cat (name: String) extends Pet (name) {
val greeting = "Meow"
var age = 5

}

The functionality can be demonstrated with a simple driver object:

object AbstractFieldsDemo extends App {
val dog = new Dog("Fido")
val cat = new Cat("Morris")

dog.sayHello
cat.sayHello

println(dog)
println(cat)
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// verify that the age can be changed
cat.age = 10
println(cat)

}

The resulting output looks like this:

Woof
Meow
I say Woof, and I'm 2
I say Meow, and I'm 5
I say Meow, and I'm 10

Concrete field implementations are presented in the Discussion, because it helps to
understand how the Scala compiler translates your code in the preceding examples.

Discussion

As shown, you can declare abstract fields in an abstract class as either val or var, de-
pending on your needs. The way abstract fields work in abstract classes (or traits) is
interesting:

o An abstract var field results in getter and setter methods being generated for the
field.

o An abstract val field results in a getter method being generated for the field.

o When you define an abstract field in an abstract class or trait, the Scala compiler
does not create a field in the resulting code; it only generates the methods that
correspond to the val or var field.

In the example shown in the Solution, if you look at the code that’s created by scalac
using the -Xprint:all option, or by decompiling the resulting Pet.class file, you won't
find greeting or age fields. For instance, if you decompile the class, the output shows
only methods in the class, no fields:

import scala.*;
import scala.runtime.BoxesRunTime;

public abstract class Pet

{
public abstract String greeting();
public abstract int age();
public abstract void age_Seq(int 1);

public void sayHello() {
Predef$.MODULES.println(greeting());
}

public String toString(){
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// code omitted
}

public Pet(String name){}
}

Because of this, when you provide concrete values for these fields in your concrete
classes, you must again define your fields to be val or var. Because the fields don’t
actually exist in the abstract base class (or trait), the override keyword is not necessary.

As another result of this, you may see developers define a def that takes no parameters
in the abstract base class rather than defining a val. They can then define a val in the
concrete class, if desired. This technique is demonstrated in the following code:

abstract class Pet (name: String) {
def greeting: String
}

class Dog (name: String) extends Pet (name) {
val greeting = "Woof"

}

object Test extends App {
val dog = new Dog("Fido")
println(dog.greeting)

}

Given this background, it’s time to examine the use of concrete val and var fields in
abstract classes.

Concrete val fields in abstract classes

When defining a concrete val field in an abstract class, you can provide an initial value,
and then override that value in concrete subclasses:

abstract class Animal {
val greeting = "Hello" // provide an initial value
def sayHello { println(greeting) }
def run

}

class Dog extends Animal {
override val greeting = "Woof" // override the value
def run { println("Dog is running") }

}

In this example, the greeting variable is created in both classes. To demonstrate this,
running the following code:

abstract class Animal {
val greeting = { println("Animal"); "Hello" }
}
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class Dog extends Animal {
override val greeting = { println("Dog"); "Woof" }

}

object Test extends App {
new Dog

}
results in this output, showing that both values are created:

Animal
Dog

To prove this, you can also decompile both the Animal and Dog classes, where you'll find
the greeting declared like this:

private final String greeting = "Hello";

To prevent a concrete val field in an abstract base class from being overridden in a
subclass, declare the field as a final val:

abstract class Animal {
final val greeting = "Hello" // made the field 'final'
}

class Dog extends Animal {
val greeting = "Woof" // this line won't compile

}
Concrete var fields in abstract classes

You can also give var fields an initial value in your trait or abstract class, and then refer
to them in your concrete subclasses, like this:

abstract class Animal {
var greeting = "Hello"
var age = 0
override def toString = s"I say Sgreeting, and I'm $Sage years old."

}

class Dog extends Animal {
greeting = "Woof"
age = 2

}

In this case, these fields are declared and assigned in the abstract base class, as shown
in the decompiled code for the Animal class:

private String greeting;
private int age;
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public Animal(){
greeting = "Hello";
age = 0;

}

// more code ...

Because the fields are declared and initialized in the abstract Animal base class, there’s
no need to redeclare the fields as val or var in the concrete Dog subclass.

You can verify this by looking at the code the Scala compiler generates for the Dog class.
When you compile the code with scalac -Xprint:all, and look at the last lines of
output, you'll see how the compiler has converted the Dog class:

class Dog extends Animal {
def <init>(): Dog = {
Dog.super.<init>();
Dog.this.greeting_=("Woof");
Dog.this.age_=(2);
O
}
}

Because the fields are concrete fields in the abstract base class, they just need to be
reassigned in the concrete Dog class.

Don't use null

As discussed in many recipes in this book, including Recipe 20.5, “Eliminate null Values
from Your Code”, you shouldn’t use null values in these situations. If you're tempted to
use a null, instead initialize the fields using the Option/Some/None pattern. The follow-
ing example demonstrates how to initialize val and var fields with this approach:

trait Animal {
val greeting: Option[String]
var age: Option[Int] = None
override def toString = s"I say $greeting, and I'm $age years old."

}

class Dog extends Animal {
val greeting = Some("Woof")
age = Some(2)

}

object Test extends App {
val d = new Dog
println(d)

}

Running this Test object yields the following output:

I say Some(Woof), and I'm Some(2) years old.
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See Also

See Recipe 5.2, “Calling a Method on a Superclass”, for more examples of how to
call methods on superclasses.

4.14. Generating Boilerplate Code with Case Classes

Problem

You're working with match expressions, actors, or other situations where you want to
use the case class syntax to generate boilerplate code, including accessor and mutator
methods, along with apply, unapply, toString, equals, and hashCode methods, and
more.

Solution

Define your class as a case class, defining any parameters it needs in its constructor:

// name and relation are 'val' by default
case class Person(name: String, relation: String)

Defining a class as a case class results in a lot of boilerplate code being generated, with
the following benefits:

o An apply method is generated, so you don’t need to use the new keyword to create
a new instance of the class.

o Accessor methods are generated for the constructor parameters because case class
constructor parameters are val by default. Mutator methods are also generated for
parameters declared as var.

o A good, default toString method is generated.

« An unapply method is generated, making it easy to use case classes in match ex-
pressions.

o equals and hashCode methods are generated.

o A copy method is generated.

When you define a class as a case class, you don’t have to use the new keyword to create
a new instance:

scala> case class Person(name: String, relation: String)
defined class Person

// "new" not needed before Person
scala> val emily = Person("Emily", "niece")
emily: Person = Person(Emily,niece)
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Case class constructor parameters are val by default, so accessor methods are generated
for the parameters, but mutator methods are not generated:

scala> emily.name
res@: String = Emily

scala> emily.name = "Fred"
<console>:10: error: reassignment to val
emily.name = "Fred"

A

By defining a case class constructor parameter as a var, both accessor and mutator
methods are generated:

scala> case class Company (var name: String)
defined class Company

scala> val c = Company("Mat-Su Valley Programming")
c: Company = Company(Mat-Su Valley Programming)

scala> c.name
res@: String = Mat-Su Valley Programming

scala> c.name = "Valley Programming"
c.name: String = Valley Programming

Case classes also have a good default toString method implementation:

scala> emily
res@: Person = Person(Emily,niece)

Because an unapply method is automatically created for a case class, it works well when
you need to extract information in match expressions, as shown here:

scala> emily match { case Person(n, r) => println(n, r) }
(Emily,niece)

Case classes also have generated equals and hashCode methods, so instances can be
compared:

scala> val hannah = Person("Hannah", "niece")
hannah: Person = Person(Hannah,niece)

scala> emily == hannah
resl: Boolean = false

A case class even creates a copy method that is helpful when you need to clone an object,
and change some of the fields during the process:

scala> case class Employee(name: String, loc: String, role: String)
defined class Employee

scala> val fred = Employee("Fred", "Anchorage", "Salesman")
fred: Employee = Employee(Fred,Anchorage,Salesman)
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scala> val joe = fred.copy(name="Joe", role="Mechanic")
joe: Employee = Employee(Joe,Anchorage,Mechanic)

Discussion

Case classes are primarily intended to create “immutable records” that you can easily
use in pattern-matching expressions. Indeed, pure FP developers look at case classes as
being similar to immutable records found in ML, Haskell, and other languages.

Perhaps as a result of this, case class constructor parameters are val by default. As a
reviewer of this book with an FP background wrote, “Case classes allow var fields, but
then you are subverting their very purpose”

Generated code

As shown in the Solution, when you create a case class, Scala generates a wealth of code
for your class. To see the code that’s generated for you, first compile a simple case class,
then disassemble it with javap. For example, put this code in a file named
Person.scala:

case class Person(var name: String, var age: Int)
Then compile the file:
$ scalac Person.scala

This creates two class files, Person.class and Person$.class. Disassemble Person.class with
this command:

$ javap Person
This results in the following output, which is the public signature of the class:

Compiled from "Person.scala"
public class Person extends java.lang.Object «
implements scala.ScalaObject,scala.Product,scala.Serializable{
public static final scala.Functionl tupled();
public static final scala.Functionl curry();
public static final scala.Functionl curried();
public scala.collection.Iterator productIterator();
public scala.collection.Iterator productElements();
public java.lang.String name();
public void name_S$eq(java.lang.String);
public int age();
public void age_Seq(int);
public Person copy(java.lang.String, int);
public int copy$default$2();
public java.lang.String copy$defaults$i();
public int hashCode();
public java.lang.String toString();
public boolean equals(java.lang.Object);
public java.lang.String productPrefix();
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public

public

public

public
}

int productArity();

java.lang.0Object productElement(int);
boolean canEqual(java.lang.Object);
Person(java.lang.String, int);

Then disassemble Person$.class:

$ Jjavap

Compiled

Person$

from "Person.scala"

public final class Person$ extends scala.runtime.AbstractFunction2 «
implements scala.ScalaObject,scala.Serializable{

public
public
public
public
public
public
public
}

static final Person$ MODULES;

static {};

final java.lang.String toString();

scala.Option unapply(Person);

Person apply(java.lang.String, int);

java.lang.0Object readResolve();

java.lang.Object apply(java.lang.Object, java.lang.Object);

As you can see, Scala generates a lot of source code when you declare a class as a case

class.

As a point of comparison, if you remove the keyword case from that code (making it a
“regular” class), compile it, and then disassemble it, Scala only generates the following

code:

public class Person extends java.lang.Object{

public

public

public

public

public
}

java.lang.String name();

void name_$eq(java.lang.String);
int age();

void age_Seq(int);
Person(java.lang.String, int);

That's a big difference. The case class results in 22 more methods than the “regular”
class. If you need the functionality, this is a good thing. However, if you don't need all
this additional functionality, consider using a “regular” class declaration instead. For
instance, if you just want to be able to create new instances of a class without the new
keyword, like this:

val p = Person("Alex")

create an apply method in the companion object of a “regular” class, as described in
Recipe 6.8, “Creating Object Instances Without Using the new Keyword”. Remember,
there isn’t anything in a case class you can’t code for yourself.
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See Also

o Recipe 4.3, “Defining Auxiliary Constructors”, shows how to write additional apply
methods so a case class can appear to have multiple constructors.

o A discussion of extractors on the official Scala website.

4.15. Defining an equals Method (Object Equality)

Problem

You want to define an equa'ls method for your class so you can compare object instances
to each other.

Solution

Like Java, you define an equals method (and hashCode method) in your class to com-
pare two instances, but unlike Java, you then use the == method to compare the equality
of two instances.

There are many ways to write equals methods. The following example shows one pos-
sible way to define an equals method and its corresponding hashCode method:

class Person (name: String, age: Int) {
def cankEqual(a: Any) = a.isInstanceOf[Person]

override def equals(that: Any): Boolean =
that match {
case that: Person => that.canEqual(this) && this.hashCode == that.hashCode
case _ => false

}

override def hashCode:Int = {
val prime = 31
var result = 1
result = prime * result + age;
result = prime * result + (if (name == null) 0 else name.hashCode)
return result

}

This example shows a modified version of a hashCode method that Eclipse generated
for a similar Java class. It also uses a canEqual method, which will be explained shortly.

With the equals method defined, you can compare instances of a Person with ==, as
demonstrated in the following tests:
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import org.scalatest.FunSuite
class PersonTests extends FunSuite {

// these first two instances should be equal
val nimoy = new Person("Leonard Nimoy", 82)
val nimoy2 = new Person("Leonard Nimoy", 82)
val shatner = new Person("William Shatner", 82)
val ed = new Person("Ed Chigliak", 20)

// all tests pass

test("nimoy == nimoy") { assert(nimoy == nimoy) }
test("nimoy == nimoy2") { assert(nimoy == nimoy2) }
test("nimoy2 == nimoy") { assert(nimoy2 == nimoy) }
test("nimoy != shatner") { assert(nimoy != shatner) }
test("shatner != nimoy") { assert(shatner != nimoy) }
test("nimoy != null") { assert(nimoy != null) }
test("nimoy != String") { assert(nimoy != "Leonard Nimoy") }
test("nimoy != ed") { assert(nimoy != ed) }

}

As noted in the code comments, all of these tests pass.

SN .
e These tests were created with the ScalaTest FunSuite, which is simi-
& 4. lar to writing unit tests with JUnit.
N R
Discussion

The first thing to know about Scala and the equals method is that, unlike Java, you
compare the equality of two objects with ==. In Java, the == operator compares “reference
equality,” but in Scala, == is a method you use on each class to compare the equality of
two instances, calling your equals method under the covers.

As mentioned, there are many ways to implement equals methods, and the code in the
Solution shows just one possible approach. The book Programming in Scala contains
one chapter of more than 25 pages on “object equality;” so this is a big topic.

An important benefit of the approach shown in the Solution is that you can continue
to use it when you use inheritance in classes. For instance, in the following code, the
Employee class extends the Person class that’s shown in the Solution:

class Employee(name: String, age: Int, var role: String)
extends Person(name, age)

{

override def canEqual(a: Any) = a.isInstanceOf[Employee]
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override def equals(that: Any): Boolean =
that match {
case that: Employee =>
that.canEqual(this) && this.hashCode == that.hashCode
case _ => false

}

override def hashCode:Int = {
val ourHash = if (role == null) 0 else role.hashCode
super.hashCode + ourHash

}

}

This code uses the same approach to the canEqual, equals, and hashCode methods, and
I like that consistency. Just as important as the consistency is the accuracy of the ap-
proach, especially when you get into the business of comparing instances of a child class
to instances of any of its parent classes. In the case of the Person and Employee code

shown, these classes pass all of the following tests:

class EmployeeTests extends FunSuite with BeforeAndAfter {

// these first two instance should be equal

val eNimoyl = new Employee("Leonard Nimoy", 82, "Actor")
val eNimoy2 = new Employee('"Leonard Nimoy", 82, "Actor")
val pNimoy = new Person('Leonard Nimoy", 82)

val eShatner = new Employee("William Shatner", 82, "Actor")

test("eNimoyl == eNimoyl") { assert(eNimoyl == eNimoyl) }
test("eNimoyl == eNimoy2") { assert(eNimoyl == eNimoy2) }
test("eNimoy2 == eNimoyl") { assert(eNimoy2 == eNimoyl) }
test("eNimoy != pNimoy") { assert(eNimoyl != pNimoy) }
test("pNimoy != eNimoy") { assert(pNimoy != eNimoyl) }

}

All the tests pass, including the comparison of the eNimoy and pNimoy objects, which

are instances of the Employee and Person classes, respectively.

Theory

The Scaladoc for the equals method of the Any class states, “any implementation of this
method should be an equivalence relation” The documentation states that an equiva-

lence relation should have these three properties:

o It is reflexive: for any instance x of type Any, x.equals(x) should return true.

o It is symmetric: for any instances x and y of type Any, x.equals(y) should return

true if and only if y.equals(x) returns true.
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o Itis transitive: for any instances x, y, and z of type AnyRef, if x.equals(y) returns
true and y.equals(z) returns true, then x.equals(z) should return true.

Therefore, if you override the equals method, you should verify that your implemen-
tation remains an equivalence relation.

See Also

o The Artima website has an excellent related article titled How to Write an Equality
Method in Java.

o Eric Torreborre shares an excellent canEqual example on GitHub.
» “Equivalence relation” defined on Wikipedia.

o The Scala Any class.

4.16. Creating Inner Classes

Problem

You want to create a class as an inner class to help keep the class out of your public API,
or to otherwise encapsulate your code.

Solution

Declare one class inside another class. In the following example, a case class named
Thing is declared inside of a class named PandorasBox:

class PandorasBox {
case class Thing (name: String)
var things = new collection.mutable.ArrayBuffer[Thing]()
things += Thing("Evil Thing #1")
things += Thing("Evil Thing #2")
def addThing(name: String) { things += new Thing(name) }
}

This lets users of PandorasBox access the collection of things inside the box, while code
outside of PandorasBox generally doesn't have to worry about the concept of a Thing:
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object ClassInAClassExample extends App {

val p = new PandorasBox
p.things.foreach(println)

}

As shown, you can access the things in PandorasBox with the things method. You can
also add new things to PandorasBox by calling the addThing method:

p.addThing("Evil Thing #3")
p.addThing("Evil Thing #4")

Discussion

The concept of a “class within a class” is different in Scala than in Java. As described on
the official Scala website, “Opposed to Java-like languages where such inner classes are
members of the enclosing class, in Scala, such inner classes are bound to the outer
object” The following code demonstrates this:

object ClassInObject extends App {

// inner classes are bound to the object
val ocl = new OuterClass

val oc2 = new OuterClass

val icl = new ocl.InnerClass

val ic2 = new oc2.InnerClass

icl.x = 10
ic2.x = 20
println(s"icl.x = ${icl.x}")
println(s"ic2.x = ${ic2.x}")

}

class OuterClass {
class InnerClass {
var x = 1
}
}

Because inner classes are bound to their object instances, when that code is run, it prints
the following output:

icl.x = 10
ic2.x = 20

There are many other things you can do with inner classes, such as include a class inside
an object or an object inside a class:

object InnerClassDemo2 extends App {

// class inside object
println(new OuterObject.InnerClass().x)
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// object inside class
println(new OuterClass().InnerObject.y)

}

object OuterObject {
class InnerClass {
var x = 1
}
}

class OuterClass {
object InnerObject {
valy = 2
}
}

See Also

The Scala website has a page on Inner Classes.
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CHAPTER 5
Methods

Introduction

Conceptually, Scala methods are similar to Java methods in that they are behaviors you
add to a class. However, they differ significantly in their implementation details. The
following example shows some of the differences between Java and Scala when defining
a simple method that takes an integer argument and returns a string:

// java
public String doSomething(int x) {
// code here

}

// scala

def doSomething(x: Int): String = {
// code here

}

This is just a start, though. Scala methods can be written even more concisely. This
method takes an Int, adds 1 to it, and returns the resulting Int value:

def plusOne(i: Int) = 1 + 1

Notice that the return type didn’t have to be specified, and parentheses around the short
method body aren’t required.

Inaddition to the differences shown in these simple examples, there are other differences
between Java and Scala methods, including:

o Specifying method access control (visibility)

o The ability to set default values for method parameters
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o The ability to specify the names of method parameters when calling a method
o How you declare the exceptions a method can throw

o Using varargs fields in methods

This chapter demonstrates all of these method-related features.

5.1. Controlling Method Scope

Problem

Scala methods are public by default, and you want to control their scope in ways similar
to Java.

Solution

Scala lets you control method visibility in a more granular and powerful way than Java.
In order from “most restrictive” to “most open,” Scala provides these scope options:

o Object-private scope

« Private

o Package

o Package-specific

 Public

These scopes are demonstrated in the examples that follow.
Object-private scope

The most restrictive access is to mark a method as object-private. When you do this, the
method is available only to the current instance of the current object. Other instances
of the same class cannot access the method.

You mark a method as object-private by placing the access modifier private[this]
before the method declaration:

private[this] def isFoo = true

In the following example, the method doFoo takes an instance of a Foo object, but be-
cause the isFoo method is declared as an object-private method, the code won't compile:

class Foo {
private[this] def isFoo = true

def doFoo(other: Foo) {
if (other.isFoo) { // this line won't compile
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/) ...

}

The code won’t compile because the current Foo instance can’t access the isFoo method
of the other instance, because isFoo is declared as private[this]. As you can see, the
object-private scope is extremely restrictive.

Private scope

A slightly less restrictive access is to mark a method private, which makes the method
available to (a) the current class and (b) other instances of the current class. This is the
same as marking a method private in Java. By changing the access modifier from
private[this] to private, the code will now compile:

class Foo {
private def isFoo = true

def doFoo(other: Foo) {
if (other.isFoo) { // this now compiles
/) ...
}

}
}

By making a method private, it is not available to subclasses. The following code won't
compile because the heartBeat method is private to the Animal class:

class Animal {
private def heartBeat {}
}

class Dog extends Animal {
heartBeat // won't compile

}
Protected scope

Markinga method protected makes the method available to subclasses, so the following
code will compile:

class Animal {
protected def breathe {}
}

class Dog extends Animal {
breathe

}
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The meaning of protected is slightly different in Scala than in Java. In Java, protected
methods can be accessed by other classes in the same package, but this isn’t true in Scala.
The following code won’t compile because the Jungle class can’t access the breathe
method of the Animal class, even though they’re in the same package:

package world {

class Animal {
protected def breathe {}
}

class Jungle {
val a = new Animal
a.breathe // error: this line won't compile

}

}
Package scope

To make a method available to all members of the current package—what would be
called “package scope” in Java—mark the method as being private to the current package
with the private[packageName] syntax.

In the following example, the method doX can be accessed by other classes in the same
package (the model package), but the method doY is available only to the Foo class:

package com.acme.coolapp.model {

class Foo {
private[model] def doX {}
private def doY {}

}

class Bar {
val f = new Foo
f.doX // compiles
f.doY // won't compile

}

}
More package-level control

Beyond making a method available to classes in the current package, Scala gives you
more control and lets you make a method available at different levels in a class hierarchy.
The following example demonstrates how you can make the methods doX, doY, and doz
available to different package levels:

package com.acme.coolapp.model {

class Foo {
private[model] def doX {}
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private[coolapp] def doY {}
private[acme] def doZ {}
}
}

import com.acme.coolapp.model._

package com.acme.coolapp.view {
class Bar {
val f = new Foo
f.doX // won't compile
f.doY
f.doz
}
}

package com.acme.common {
class Bar {
val f = new Foo
f.doX // won't compile
f.doY // won't compile
f.dozZ
}
}

In this example, the methods can be seen as follows:

o The method doX can be seen by other classes in the model package
(com.acme.coolapp.model).

o The method doY can be seen by all classes under the coolapp package level.

o The method doZ can be seen by all classes under the acme level.

As you can see, this approach allows a fine-grained level of access control.
Public scope

If no access modifier is added to the method declaration, the method is public. In the
following example, any class in any package can access the doX method:

package com.acme.coolapp.model {
class Foo {
def doX {}
}
}

package org.xyz.bar {
class Bar {
val f = new com.acme.coolapp.model.Foo
f.doX
}
}
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Discussion

The Scala approach to access modifiers is different than Java. Though it offers more
power than Java, it’s also a little more complicated.

Table 5-1 describes the levels of access control that were demonstrated in the examples
in the Solution.

Table 5-1. Descriptions of Scala’s access control modifiers

Access modifier Description

private[this] The method is available only to the current instance of the class it's declared in.
private The method is available to the current instance and other instances of the class it's declared in.
protected The method is available only to instances of the current class and subclasses of the current class.

private[model] The method is available to all classes beneath the com.acme . coolapp.model package.
private[coolapp] The method is available to all classes beneath the com.acme . coolapp package.
private[acme] The method is available to all classes beneath the com. acme package.

(no modifier) The method is public.

5.2. Calling a Method on a Superclass

Problem

To keep your code DRY (“Don’t Repeat Yourself”), you want to invoke a method that’s
already defined in a parent class or trait.

Solution

In the basic use case, the syntax to invoke a method in an immediate parent class is the
same as Java: Use super to refer to the parent class, and then provide the method name.
The following Android method (written in Scala) demonstrates how to call a method
named onCreate that’s defined in the Activity parent class:

class WelcomeActivity extends Activity {
override def onCreate(bundle: Bundle) {
super.onCreate(bundle)
// more code here ...
}
}

As with Java, you can call multiple superclass methods if necessary:

class FourLeggedAnimal {
def walk { println("I'm walking") }
def run { println("I'm running") }
}

152 | Chapter5: Methods

www.it-ebooks.info


http://www.it-ebooks.info/

class Dog extends FourLeggedAnimal {
def walkThenRun {
super.walk
super.run
}
}

Running this code in the Scala REPL yields:

scala> val suka = new Dog
suka: Dog = Dog@239bf795

scala> suka.walkThenRun
I'm walking
I'm running

Controlling which trait you call a method from

If your class inherits from multiple traits, and those traits implement the same method,
you can select not only a method name, but also a trait name when invoking a method
using super. For instance, given this class hierarchy:

trait Human {
def hello = "the Human trait"
}

trait Mother extends Human {
override def hello = "Mother"

}

trait Father extends Human {
override def hello = "Father"

}

The following code shows different ways to invoke the hello method from the traits
the Child class inherits from. This example shows that by mixing in the Human,
Mother, and Father traits, you can call super.hello, or be more specific by calling
super[Mother].hello, super[Father].hello, or super[Human].hello:

class Child extends Human with Mother with Father {
def printSuper = super.hello
def printMother = super[Mother].hello
def printFather = super[Father].hello
def printHuman = super[Human].hello

}
If you construct a test object to run this code:

object Test extends App {
val c = new Child
println(s"c.printSuper = ${c.printSuper}")
println(s"c.printMother = ${c.printMother}")
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println(s"c.printFather = ${c.printFather}")
println(s"c.printHuman = ${c.printHuman}")

}

you can see the output:

c.printSuper = Father
c.printMother = Mother
c.printFather = Father
c.printHuman = the Human trait

As shown, when a class inherits from multiple traits, and those traits have a common
method name, you can choose which trait to run the method from with the
super[traitName].methodName syntax.

Note that when using this technique, you can’t continue to reach up through the parent
class hierarchy unless you directly extend the target class or trait using the extends or
with keywords. For instance, the following code won't compile because Dog doesn’t
directly extend the Animal trait:

trait Animal {
def walk { println("Animal is walking") }
}

class FourLeggedAnimal extends Animal {
override def walk { println("I'm walking on all fours") }

}

class Dog extends FourLeggedAnimal {
def walkThenRun {

super.walk // works

super[FourLeggedAnimal].walk // works

super[Animal].walk // error: won't compile
}

}

If you attempt to compile the code, you'll get the error, “Animal does not name a parent
class of class Dog” You can get around that error by adding with Animal to your class
declaration (but whether or not that’s really a good idea is another story):

class Dog extends FourLeggedAnimal with Animal {

5.3. Setting Default Values for Method Parameters

Problem

You want to set default values for method parameters so the method can optionally be
called without those parameters having to be assigned.
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Solution

Specify the default value for parameters in the method signature. In the following code,
the timeout field is assigned a default value of 5000, and the protocol field is given a
default value of "http":

class Connection {
def makeConnection(timeout: Int = 5000, protocol: = "http") {
println("timeout = %d, protocol = %s".format(timeout, protocol))
// more code here
}
}

This method can now be called in the following ways:

c.makeConnection()
c.makeConnection(2000)
c.makeConnection(3000, "https")

The results are demonstrated in the REPL:

scala> val c = new Connection
c: Connection = Connection@385db088

scala> c.makeConnection()
timeout = 5000, protocol = http

scala> c.makeConnection(2000)
timeout = 2000, protocol = http

scala> c.makeConnection(3000, "https")
timeout = 3000, protocol = https

Note that empty parentheses are used in the first example. Attempting to call this method
without parentheses results in an error:

scala> c.makeConnection
<console>:10: error: missing arguments for method makeConnection in Connection;
follow this method with *_' to treat it as a partially applied function

c.makeConnection
A

The reason for this error is discussed in Recipe 9.6, “Using Partially Applied Functions”.

If you like to call methods with the names of the method parameters, the method
makeConnection can also be called in these ways:
c.makeConnection(timeout=10000)

c.makeConnection(protocol="https")
c.makeConnection(timeout=10000, protocol="https")
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Discussion

Just as with constructor parameters, you can provide default values for method argu-
ments. Because you have provided defaults, the consumer of your method can either
supply an argument to override the default or skip the argument, letting it use its default
value.

Arguments are assigned from left to right, so the following call assigns no arguments
and uses the default values for both timeout and protocol:

c.makeConnection()

This call sets timeout to 2000 and leaves protocol to its default:
c.makeConnection(2000)

This call sets both the timeout and protocol:
c.makeConnection(3000, "https")

Note that you can't set the protocol only with this approach, but as shown in the Sol-
ution, you can use a named parameter:

c.makeConnection(protocol="https")

If your method provides a mix of some fields that offer default values and others that
don't, list the fields that have default values last. To demonstrate the problem, the fol-
lowing example assigns a default value to the first argument and does not assign a default
to the second argument:

class Connection {
// intentional error
def makeConnection(timeout: Int = 5000, protocol: String) {
println("timeout = %d, protocol = %s".format(timeout, protocol))
// more code here
}
}

This code compiles, but you won't be able to take advantage of the default, as shown in
the REPL errors:

scala> c.makeConnection(1000)

<console>:10: error: not enough arguments for method makeConnection:
(timeout: Int, protocol: String)unit.

Unspecified value parameter protocol.

c.makeConnection(1000)
A

scala> c.makeConnection("https")

<console>:10: error: not enough arguments for method makeConnection:
(timeout: Int, protocol: String)unit.

Unspecified value parameter protocol.
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c.makeConnection("https")
A

By changing the method so the first field doesn’'t have a default and the last field does,
the default method call can now be used:

class Connection {
// corrected implementation
def makeConnection(timeout: Int, protocol: String = "http") {
println("timeout = %d, protocol = %s".format(timeout, protocol))
// more code here
}
}

scala> c.makeConnection(1000)
timeout = 1000, protocol = http

scala> c.makeConnection(1000, "https")
timeout = 1000, protocol = https

5.4. Using Parameter Names When Calling a Method

Problem

You prefer a coding style where you specify the method parameter names when calling
a method.

Solution

The general syntax for calling a method with named parameters is this:
methodName(paraml=valuel, param2=value2, ...)

This is demonstrated in the following example.

Given this definition of a Pizza class:

class Pizza {
var crustSize = 12
var crustType = "Thin"
def update(crustSize: Int, crustType: String) {
this.crustSize = crustSize
this.crustType = crustType
}
override def toString = {
"A %d inch %s crust pizza.".format(crustSize, crustType)
}
}

you can create a Pizza:

val p = new Pizza

5.4. Using Parameter Names When Calling a Method | 157

www.it-ebooks.info


http://www.it-ebooks.info/

You can then update the Pizza, specifying the field names and corresponding values
when you call the update method:

p.update(crustSize = 16, crustType = "Thick")
This approach has the added benefit that you can place the fields in any order:

p.update(crustType = "Pan", crustSize = 14)

Discussion

You can confirm that this example works by running it in the Scala REPL:

scala> val p = new Pizza
p: Pizza = A 12 inch Thin crust pizza.

scala> p.updatePizza(crustSize = 16, crustType = "Thick")

scala> println(p)
A 16 inch Thick crust pizza.

scala> p.updatePizza(crustType = "Pan", crustSize = 14)

scala> println(p)
A 14 inch Pan crust pizza.

The ability to use named parameters when calling a method is available in other lan-
guages, including Objective-C. Although this approach is more verbose, it can also be
more readable.

This technique is especially useful when several parameters have the same type, such as
having several Boolean or String parameters in a method. For instance, compare this
method call:

engage(true, true, true, false)
to this one:

engage(speedIsSet = true,
directionIsSet = true,
picardSaidMakeItSo = true,
turnedOffParkingBrake = false)

When a method specifies default values for its parameters, as demonstrated in
Recipe 5.3, you can use this approach to specify only the parameters you want to over-
ride.

For instance, the scala.xml.Utility object has a method named serialize that takes
seven parameters. However, default values are defined for each parameter in the method
declaration, so if you need to change only one parameter, such as whether you want
comments stripped from the output, you need to specify only that one parameter, in
addition to your XML node:
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Utility.serialize(myNode, stripComments = true)

The combination of these two recipes makes for a powerful approach.

5.5. Defining a Method That Returns Multiple Items
(Tuples)

Problem

You want to return multiple values from a method, but don’t want to wrap those values
in a makeshift class.

Solution

Although you can return objects from methods just as in other OOP languages, Scala
also lets you return multiple values from a method using tuples. First, define a method
that returns a tuple:

def getStockInfo = {

// other code here ...

("NFLX", 100.00, 101.00) // this is a Tuple3
}

Then call that method, assigning variable names to the expected return values:
val (symbol, currentPrice, bidPrice) = getStockInfo
Running this example in the REPL demonstrates how this works:

scala> val (symbol, currentPrice, bidPrice) = getStockInfo
symbol: java.lang.String = NFLX

currentPrice: Double = 100.0

bidPrice: Double = 101.0

Discussion

In Java, when it would be convenient to be able to return multiple values from a method,
the typical workaround is to return those values in a one-off “wrapper” class. For in-
stance, you might create a temporary wrapper class like this:

// java
public class StockInfo {

String symbol;
double currentPrice;
double bidPrice;

public StockInfo(String symbol, double currentPrice, double bidPrice) {
this.symbol = symbol;
this.currentPrice = currentPrice;
this.bidPrice = bidPrice;
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}
}

Then you could return an instance of this class from a method, like this:
return new StockInfo("NFLX", 100.00, 101.00);

In Scala you don’t need to create a wrapper like this; you can just return the data as a
tuple.

Working with tuples

In the example shown in the Solution, the getStockInfo method returned a tuple with
three elements, so it is a Tuple3. Tuples can contain up to 22 variables and are imple-
mented as Tuplel through Tuple22 classes. As a practical matter, you don’t have to think
about those specific classes; just create a new tuple by enclosing elements inside paren-
theses, as shown.

To demonstrate a Tuple2, if you wanted to return only two elements from a method,
just put two elements in the parentheses:

def getStockInfo = ("NFLX", 100.00)

val (symbol, currentPrice) = getStockInfo

If you don't want to assign variable names when calling the method, you can set a variable
equal to the tuple the method returns, and then access the tuple values using the fol-
lowing tuple underscore syntax:

scala> val result = getStockInfo
x: (java.lang.String, Double, Double) = (NFLX,100.0)

scala> result._1
res@: java.lang.String = NFLX

scala> result._2
resl: Double = 100.0

As shown, tuple values can be accessed by position as result._1, result._2, and so
on. Though this approach can be useful in some situations, your code will generally be
clearer if you assign variable names to the values:

val (symbol, currentPrice) = getStockInfo

See Also

o The Tuple3 class

o Recipe 10.27, “Tuples, for When You Just Need a Bag of Things” for more tuple
examples
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5.6. Forcing Callers to Leave Parentheses off Accessor
Methods

Problem

You want to enforce a coding style where getter/accessor methods can’t have parentheses
when they are invoked.

Solution
Define your getter/accessor method without parentheses after the method name:

class Pizza {
// no parentheses after crustSize
def crustSize = 12

}
This forces consumers of your class to call crustSize without parentheses:

scala> val p = new Pizza
p: Pizza = Pizza@3a3e8692

// this falls because of the parentheses
scala> p.crustSize()
<console>:10: error: Int does not take parameters

p.crustSize()
N

// this works
scala> p.crustSize
res0: Int = 12

W a

Coming from a Java background, I originally named this method
. getCrustSize, but the Scala convention is to drop “get” from meth-
03" ods like this, hence the method name crustSize.

Discussion

The recommended strategy for calling getter methods that have no side effects is to leave
the parentheses off when calling the method. As stated in the Scala Style Guide:

Methods which act as accessors of any sort ... should be declared without parentheses,
except if they have side effects.

According to the style guide, because a simple accessor method like crustSize does not
have side effects, it should not be called with parentheses, and this recipe demonstrates
how to enforce this convention.
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Although this recipe shows how to force callers to leave parentheses off methods when
calling simple getters, there is no way to force them to use parentheses for side-effecting
methods. This is only a convention, albeit a convention that I like and use these days.
Although it’s usually obvious that a method named printStuff is probably going to
print some output, a little warning light goes off in my head when I see it called as
printStuff() instead.

Side Effects

It’s said that a purely functional program has no side effects. So what is a side effect?

According to Wikipedia, a function is said to have a side effect “if, in addition to re-
turning a value, it also modifies some state or has an observable interaction with calling
functions or the outside world”

Side effects include things like:

» Writing or printing output.
 Reading input.

o Mutating the state of a variable that was given as input, changing data in a data
structure, or modifying the value of a field in an object.

o Throwing an exception, or stopping the application when an error occurs.

o Calling other functions that have side effects.

In theory, pure functions are much easier to test. Imagine writing an addition function,
such as +. Given the two numbers 1 and 2, the result will always be 3. A pure function
like this is a simple matter of (a) immutable data coming in, and (b) a result coming out;
nothing else happens. Because a function like this has no side effects, it’s simple to test.

See Recipe 20.1, “Create Methods with No Side Effects (Pure Functions)”, for more
details on writing pure functions. Also, see the Wikipedia discussion on side effects in
functional programming (FP) applications for more details and examples.

See Also

The Scala Style Guide on naming conventions and parentheses
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5.7. Creating Methods That Take Variable-Argument
Fields

Problem

To make a method more flexible, you want to define a method parameter that can take
a variable number of arguments, i.e., a varargs field.

Solution

Define a varargs field in your method declaration by adding a * character after the field
type:

def printAll(strings: String*) {
strings.foreach(println)

}

Given that method declaration, the printAll method can be called with zero or more
parameters:

// these all work

printAll()

printAll("foo")
printAll("foo", "bar")
printAll("foo", "bar", "baz")

Use _*to adapt a sequence

As shown in the following example, you can use Scala’s _* operator to adapt a sequence
(Array, List, Seq, Vector, etc.) so it can be used as an argument for a varargs field:

// a sequence of strings
val fruits = List("apple", "banana", "cherry")

// pass the sequence to the varargs field

printAll(fruits: _*)
Ifyou come from a Unix background, it may be helpful to think of _* asa “splat” operator.
This operator tells the compiler to pass each element of the sequence to printAll asa
separate argument, instead of passing fruits as a single argument.

Discussion

When declaring that a method has a field that can contain a variable number of argu-
ments, the varargs field must be the last field in the method signature. Attempting to
define a field in a method signature after a varargs field is an error:
scala> def printAll(strings: String*, i: Int) {
|  strings.foreach(println)

|}
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<console>:7: error: *-parameter must come last
def printAll(strings: String*, i: Int) {

A

As an implication of that rule, a method can have only one varargs field.

As demonstrated in the Solution, if a field is a varargs field, you don’t have to supply
any arguments for it. For instance, in a method that has only one varargs field, you can
call it with no arguments:

scala> def printAll(numbers: Int*) {
| numbers.foreach(println)

|3
printAll: (numbers: Int*)Unit

scala> printAll()

This case reveals some of the inner workings of how Scala handles varargs fields. By
defining a varargs method that can take multiple integers, and then calling that method
(a) with arguments, and (b) without arguments, you can see how Scala handles the two
situations:

def printAll(numbers: Int*) {
println(numbers.getClass)

}

scala> printAll(1, 2, 3)
class scala.collection.mutable.WrappedArray$ofInt

scala> printAll()
class scala.collection.immutable.Nil$

While the first situation reveals how Scala handles the normal “one or more arguments”
situation, treating the “no args” situation as a N11$ in the second situation keeps your
code from throwing a NullPointerException.

Although the resulting types are different, as a practical matter, this isn’t too important.
You'll typically use a loop inside a method to handle a varargs field, and either of the
following examples work fine whether the method is called with zero or multiple pa-
rameters:

// version 1
def printAll(numbers: Int*) {
numbers.foreach(println)

}

// version 2
def printAll(numbers: Int*) {
for (1 <- numbers) println

}
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5.8. Declaring That a Method Can Throw an Exception

Problem

You want to declare that a method can throw an exception, either to alert callers to this
fact or because your method will be called from Java code.

Solution

Use the @throws annotation to declare the exception(s) that can be thrown. To declare
that one exception can be thrown, place the annotation just before the method signature:

(classOf[Exception])
override def play {
// exception throwing code here ...

}

To indicate that a method can throw multiple exceptions, list them all before the method
signature:

(classOf[IOException])
(classOf[LineUnavailableException])
(classOf[UnsupportedAudioFileException])
def playSoundFileWithJavaAudio {
// exception throwing code here ...

}

Discussion

The two examples shown are from an open source project I created that lets developers
play WAV, ATFF, MP3, and other types of sound files. I declared that these two methods
can throw exceptions for two reasons. First, whether the consumers are using Scala or
Java, if theyre writing robust code, they’ll want to know that something failed.

Second, if they’re using Java, the @throws annotation is the Scala way of providing the
throws method signature to Java consumers. It’s equivalent to declaring that a method
throws an exception with this Java syntax:

public void play() throws FooException {
// code here ...
}

It's important to note that Scala’s philosophy regarding checked exceptions is different
than Java’s. Scala doesn’t require that methods declare that exceptions can be thrown,
and it also doesn’t require calling methods to catch them. This is easily demonstrated
in the REPL:
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// 1) it's not necessary to state that a method throws an exception
scala> def boom {
|  throw new Exception

|}

boom: Unit

// 2) it's not necessary to wrap 'boom' in a try/catch block, but ...
scala> boom
java.lang.Exception

at .boom(<console>:8)

// much more exception output here ...

Although Scala doesn’t require that exceptions are checked, if you fail to test for them,
they’ll blow up your code just like they do in Java. In the following example, the second
println statement is never reached because the boom method throws its exception:

object BoomTest extends App {
def boom { throw new Exception }
println("Before boom")
boom

// this line is never reached
println("After boom")

Java Exception Types

As a quick review, Java has (a) checked exceptions, (b) descendants of Error, and
(c) descendants of RuntimeException. Like checked exceptions, Error and
RuntimeException have many subclasses, such as RuntimeException’s famous off-
spring, NullPointerException.

According to the Java documentation for the Exception class, “The class Exception and
any subclasses that are not also subclasses of RuntimeException are checked exceptions.
Checked exceptions need to be declared in a method or constructor’s throws clause if
they can be thrown by the execution of the method or constructor and propagate outside
the method or constructor boundary”

The following links provide more information on Java exceptions and exception han-

dling:

o The Three Kinds of (Java) Exceptions
o Unchecked Exceptions—The Controversy

o Wikipedia discussion of checked exceptions
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« Java tutorial on exception handling

o Java Exception class

See Also

Recipe 17.2, “Add Exception Annotations to Scala Methods to Work with Java”,
for other examples of adding exception annotations to methods

5.9. Supporting a Fluent Style of Programming

Problem

You want to create an API so developers can write code in a fluent programming style,
also known as method chaining.

Solution

A fluent style of programming lets users of your API write code by chaining method
calls together, as in this example:

person.setFirstName("Leonard")
.setLastName("Nimoy")
.setAge(82)
.setCity("Los Angeles")
.setState("California")

To support this style of programming:

o If your class can be extended, specify this.type as the return type of fluent style
methods.

o Ifyou’re sure that your class won’t be extended, you can optionally return this from
your fluent style methods.

The following code demonstrates how to specify this.type as the return type of the
set* methods:

class Person {

protected var fname
protected var lname

def setFirstName(firstName: String): this.type = {
fname = firstName
this

}
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def setLastName(lastName: String): this.type = {
lname = lastName
this

}

}

class Employee extends Person {

protected var role =

def setRole(role: String): this.type = {
this.role = role
this

}

override def toString = {
"%s, %s, %s".format(fname, lname, role)

}
}
The following test object demonstrates how these methods can be chained together:

object Main extends App {
val employee = new Employee

// use the fluent methods

employee.setFirstName("Al")
.setLastName("Alexander")
.setRole("Developer")

println(employee)

}

Discussion

If you're sure your class won't be extended, specifying this.type as the return type of
your set* methods isn’t necessary; you can just return the this reference at the end of
each fluent style method. This is shown in the addTopping, setCrustSize, and
setCrustType methods of the following Pizza class, which is declared to be final:

final class Pizza {
import scala.collection.mutable.ArrayBuffer
private val toppings = ArrayBuffer[String]()
private var crustSize = 0

private var crustType = ""

def addTopping(topping: String) = {
toppings += topping
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this
}

def setCrustSize(crustSize: Int) = {
this.crustSize = crustSize
this

}

def setCrustType(crustType: String) = {
this.crustType = crustType
this

}

def print() {
println(s"crust size: S$crustSize")
println(s"crust type: $crustType")
println(s"toppings: $toppings")

}

}
This class is demonstrated with the following driver program:

object FluentPizzaTest extends App {

val p = new Pizza

p.setCrustSize(14)
.setCrustType("thin")
.addTopping("cheese")
.addTopping("green olives")
.print()

}
This results in the following output:

crust size: 14
crust type: thin
toppings: ArrayBuffer(cheese, green olives)

Returning this in your methods works fine if youre sure your class won't be extended,
but if your class can be extended—as in the first example where the Employee class
extended the Person class—explicitly setting this.type as the return type of your
set* methods ensures that the fluent style will continue to work in your subclasses. In
this example, this makes sure that methods like setFirstName on an Employee object
return an Employee reference and not a Person reference.

5.9. Supporting a Fluent Style of Programming | 169

www.it-ebooks.info


http://www.it-ebooks.info/

See Also

o Definition of a fluent interface
o Method chaining

o Martin Fowler’s discussion of a fluent interface
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CHAPTER 6

Objects

Introduction

The word “object” has a dual meaning in Scala. As with Java, you use it to refer to an
instance of a class, but in Scala, object is also a keyword.

The first three recipes in this chapter look at an object as an instance of a class, show
how to cast objects from one type to another, demonstrate the Scala equivalent of
Java’s .class approach, and show how to determine the class of an object.

The remaining recipes demonstrate how the object keyword is used for other purposes.
You'll see how to use it to launch Scala applications and to create Singletons. There’s
also a special type of object known as a package object. Using a package object is entirely
optional, but it provides a nice little out-of-the-way place where you can put code that’s
common to all classes and objects in a particular package level in your application. For
instance, Scala’s root-level package object contains many lines of code like this:

type Throwable = java.lang.Throwable
type Exception = java.lang.Exception
type Error = java.lang.Error

type Seq[+A] = scala.collection.Seq[A]
val Seq = scala.collection.Seq

Declaring those type definitions in Scala’s root package object helps to make the rest of

the code a little bit cleaner, and also keeps these definitions from cluttering up other
files.

You’'ll also see how to create a companion object to solve several problems. For instance,
one use of a companion object is to create the equivalent of Java’s static members. You
can also use a companion object so consumers of its corresponding class won't need to
use the new keyword to create an instance of the class. For example, notice how the new
keyword isn’t required before each Person instance in this code:

7
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val siblings = List(Person("Kim"), Person("Julia"), Person("Kenny"))

These solutions, and a few more, are presented in this chapter.

6.1. Object Casting

Problem

You need to cast an instance of a class from one type to another, such as when creating
objects dynamically.

Solution

Use the asInstance0f method to cast an instance to the desired type. In the following
example, the object returned by the lookup method is cast to an instance of a class named
Recognizer:

val recognizer = cm.lookup("recognizer").asInstanceOf[Recognizer]
This Scala code is equivalent to the following Java code:
Recognizer recognizer = (Recognizer)cm.lookup("recognizer");

The asInstanceOf method is defined in the Scala Any class and is therefore available
on all objects.

Discussion

In dynamic programming, it’s often necessary to cast from one type to another. This
approach is needed when using the Spring Framework and instantiating beans from an
application context file:

// open/read the application context file
val ctx = new ClassPathXmlApplicationContext("applicationContext.xml")

// instantiate our dog and cat objects from the application context
val dog = ctx.getBean("dog").asInstanceOf[Animal]
val cat = ctx.getBean('"cat").asInstanceOf[Animal]

It’s used when reading a YAML configuration file:

val yaml = new Yaml(new Constructor(classOf[EmailAccount]))
val emailAccount = yaml.load(text).asInstanceOf[EmailAccount]

The example shown in the Solution comes from code I wrote to work with an open
source Java speech recognition library named Sphinx-4. With this library, many prop-
ertiesare defined in an XML file, and then you create recognizer and microphone objects
dynamically. In a manner similar to Spring, this requires reading an XML configuration
file, then casting instances to the specific types you want:
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val cm = new ConfigurationManager("config.xml")

// instance of Recognizer
val recognizer = cm.lookup("recognizer").asInstanceOf[Recognizer]

// instance of Microphone
val microphone = cm.lookup("microphone").asInstanceOf[Microphone]

The asInstance0f method isn't limited to only these situations. You can use it to cast
numeric types:

scala> val a = 10

a: Int = 10

scala> val b = a.asInstanceOf[Long]
b: Long = 10

scala> val c = a.asInstanceOf[Byte]
Cc: Byte = 10

It can be used in more complicated code, such as when you need to interact with Java
and send it an array of Object instances:

val objects = Array("a", 1)
val array0fObject = objects.asInstanceOf[Array[Object]]
AJavaClass.sendObjects(arrayOfObject)

It's demonstrated in Chapter 15 like this:

import java.net.{URL, HttpURLConnection}
val connection = (new URL(url)).openConnection.asInstanceOf[HttpURLConnection]

Be aware that as with Java, this type of coding can lead to a ClassCastException, as
demonstrated in this REPL example:

scala> val 1 = 1
i: Int =1
scala> i.asInstanceOf[String]

ClassCastException: java.lang.Integer cannot be cast to java.lang.String

As usual, use a try/catch expression to handle this situation.

See Also

 Recipe 2.2, “Converting Between Numeric Types (Casting)”, for more numeric type
casting recipes

o The Any class
o The Sphinx-4 project
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6.2. The Scala Equivalent of Java’s .class

Problem

When an API requires that you pass in a Class, youd call .class on an object in Java,
but that doesn’t work in Scala.

Solution

Use the Scala classOf method instead of Java’s .class. The following example shows
how to pass a class of type TargetDataline to a method named DataLine.Info:

val info = new DatalLine.Info(classOf[TargetDataLine], null)
By contrast, the same method call would be made like this in Java:

// Jjava

info = new DatalLine.Info(TargetDatalLine.class, null);

The classOf method is defined in the Scala Predef object and is therefore available in
all classes without requiring an import.

Discussion

This approach also lets you begin with simple reflection techniques. The following REPL
example demonstrates how to access the methods of the String class:

scala> val stringClass = classOf[String]
stringClass: Class[String] = class java.lang.String

scala> stringClass.getMethods
res@: Array[java.lang.reflect.Method] = Array(public boolean

java.lang.String.equals(java.lang.Object), public java.lang.String
(output goes on for a while ...)

See Also

o Oracle’s “Retrieving Class Objects” document

o The Scala Predef object

6.3. Determining the Class of an Object

Problem

Because you don't have to explicitly declare types with Scala, you may occasionally want
to print the class/type of an object to understand how Scala works, or to debug code.
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Solution

When you want to learn about the types Scala is automatically assigning on your behalf,
call the getClass method on the object.

For instance, when I was first trying to understand how varargs fields work, I called
getClass on a method argument, and found that the class my method was receiving
varied depending on the situation. Here’s the method declaration:

def printAll(numbers: Int*) {
println("class: " + numbers.getClass)

}

Calling the printAll method with and without arguments demonstrates the two classes
Scala assigns to the numbers field under the different conditions:

scala> printAll(1, 2, 3)
class scala.collection.mutable.WrappedArraySofInt

scala> printAll()
class scala.collection.immutable.Nil$

This technique can be very useful when working with something like Scala’s XML li-
brary, so you can understand which classes youre working with in different situations.
For instance, the following example shows that the <p> tag contains one child element,
which is of class scala.xml.Text:

scala> val hello = <p>Hello, world</p>
hello: scala.xml.Elem = <p>Hello, world</p>

scala> hello.child.foreach(e => println(e.getClass))
class scala.xml.Text

However, by adding a <br /> tag inside the <p> tags, there are now three child elements
of two different types:

scala> val hello = <p>Hello, <br/>world</p>
hello: scala.xml.Elem = <p>Hello, <br/>world</p>

scala> hello.child.foreach(e => println(e.getClass))
class scala.xml.Text
class scala.xml.Elem
class scala.xml.Text

When you can't see information like this in your IDE, using this getClass approach is
very helpful.
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Discussion

When I can’t see object types in an IDE, I write little tests like this in the REPL. The
usual pattern is to call getClass on the object of interest, passing in different parameters
to see how things work:

scala> def printClass(c: Any) { println(c.getClass) }
printClass: (c: Any)Unit

scala> printClass(1)
class java.lang.Integer

scala> printClass("yo")

class java.lang.String
In the first example shown in the Solution, the types Scala assigns to the number pa-
rameter don’t matter too much; it was more a matter of curiosity about how things work.
The actual method looks like the following code, and for my purposes, the only impor-
tant thing is that each class Scala uses supports a foreach method:

def printAll(numbers: Int*) {
numbers.foreach(println)

}

As desired, this method can be called with and without parameters:
scala> printAll(1,2,3)
1

2
3

scala> printAll()
(no output)

6.4. Launching an Application with an Object

Problem

You want to start an application with a main method, or provide the entry point for a
script.

Solution

There are two ways to create a launching point for your application: define an object
that extends the App trait, or define an object with a properly defined main method.

For the first solution, define an object that extends the App trait. Using this approach,
the following code creates a simple but complete Scala application:
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object Hello extends App {
println("Hello, world")
}

The code in the body of the object is automatically run, just as if it were inside a main
method.

Just save that code to a file named Hello.scala, compile it with scalac, and then run it
with scala, like this:

$ scalac Hello.scala

$ scala Hello
Hello, world

When using this approach, any command-line arguments to your application are im-
plicitly available through an args object, which is inherited from the App trait. The args
object is an instance of Array[String], just as if you had declared a main method your-
self. The following code demonstrates how to use the args object:

object Hello extends App {
if (args.length == 1)
println(s"Hello, ${args(0)}")
else
println("I didn't get your name.")
}

After it’s been compiled, this program yields the following results:

$ scala Hello
I didn't get your name.

$ scala Hello Joe
Hello, Joe

The second approach to launching an application is to manually implement a main
method with the correct signature in an object, in a manner similar to Java:

object Hello2 {
def main(args: Array[String]) {
println("Hello, world")
}
}

This is also a simple but complete application.

Discussion
Note that in both cases, Scala applications are launched from an object, not a class.

I tend to use the App trait for both scripts and larger applications, but you can use either
approach. I recommend reviewing the source code for the App trait to better understand
what it performs. The source code is available from the URL in the See Also section.
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The Scaladoc for the App trait currently includes two caveats:

1. It should be noted that this trait is implemented using the DelayedInit function-
ality, which means that fields of the object will not have been initialized before the
main method has been executed.

2. It should also be noted that the main method will not normally need to be overrid-
den: the purpose is to turn the whole class body into the “main method?” You should
only choose to override it if you know what you are doing.

See the Scaladoc for the App and DelayedInit traits for more information.

See Also

o The App trait.
o The DelayedInit trait.

o Theshell script examples in Chapter 14 demonstrate more examples of the App trait.

6.5. Creating Singletons with object

Problem

You want to create a Singleton object to ensure that only one instance of a class exists.

Solution

Create Singleton objects in Scala with the object keyword. For instance, you might
create a Singleton object to represent something like a keyboard, mouse, or perhaps a
cash register in a pizza restaurant:

object CashRegister {
def open { println("opened") }
def close { println("closed") }
}

With CashRegister defined as an object, there can be only one instance of it, and its
methods are called just like static methods on a Java class:

object Main extends App {
CashRegister.open
CashRegister.close

}
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This pattern is also common when creating utility methods, such as this DateUtils
object:

import java.util.Calendar
import java.text.SimpleDateFormat

object DateUtils {

// as "Thursday, November 29"
def getCurrentDate: String = getCurrentDateTime("EEEE, MMMM d")

// as "6:20 p.m."
def getCurrentTime: String = getCurrentDateTime("K:m aa")

// a common function used by other date/time functions

private def getCurrentDateTime(dateTimeFormat: String): String = {
val dateFormat = new SimpleDateFormat(dateTimeFormat)
val cal = Calendar.getInstance()
dateFormat.format(cal.getTime())

}

}

Because these methods are defined in an object instead of a class, they can be called in
the same way as a static method in Java:

scala> DateUtils.getCurrentTime
res@: String = 10:13 AM

scala> DateUtils.getCurrentDate
resl: String = Friday, July 6

Singleton objects also make great reusable messages when using actors. If you have a

number of actors that can all receive start and stop messages, you can create Singletons
like this:

case object StartMessage
case object StopMessage

You can then use those objects as messages that can be sent to actors:

inputValve ! StopMessage
outputValve ! StoplMessage

See Chapter 13, Actors and Concurrency, for more examples of this approach.
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Discussion

In addition to creating objects in this manner, you can give the appearance that a class
has both static and nonstatic methods using an approach known as a “companion
object” See the following recipe for examples of that approach.

6.6. Creating Static Members with Companion Objects

Problem

You want to create a class that has instance methods and static methods, but unlike Java,
Scala does not have a static keyword.

Solution

Define nonstatic (instance) members in your class, and define members that you want
to appear as “static’ members in an object that has the same name as the class, and is in
the same file as the class. This object is known as a companion object.

Using this approach lets you create what appear to be static members on a class (both
fields and methods), as shown in this example:

// Pizza class
class Pizza (var crustType: String) {
override def toString = "Crust type is

}

+ crustType

// companion object

object Pizza {
val CRUST_TYPE_THIN = "thin"
val CRUST_TYPE_THICK = "thick"
def getFoo = "Foo"

}

With the Pizza class and Pizza object defined in the same file (presumably named
Pizza.scala), members of the Pizza object can be accessed just as static members of a
Java class:

println(Pizza.CRUST_TYPE_THIN)
println(Pizza.getFoo)

You can also create a new Pizza instance and use it as usual:

var p = new Pizza(Pizza.CRUST_TYPE_THICK)
println(p)

180 | Chapter 6: Objects

www.it-ebooks.info


http://www.it-ebooks.info/

If youre coming to Scala from a language other than Java, “static”
. methods in Java are methods that can be called directly on a class,
=% without requiring an instance of the class. For instance, here’s an ex-
ample of a method named increment in a Scala object named
StringUtils:

object StringUtils {

def increment(s: String) = s.map(c => (c + 1).toChar)

}
Because it’s defined inside an object (not a class), the increment meth-
od can be called directly on the StringUtils object, without requir-
ing an instance of StringUtils to be created:

scala> StringUtils.increment("HAL")
res0: String = IBM

In fact, when an object is defined like this without a corresponding
class, you can’t create an instance of it. This line of code won't compile:

val utils = new StringUtils

Discussion

Although this approach is different than Java, the recipe is straightforward:

o Define your class and object in the same file, giving them the same name.
o Define members that should appear to be “static” in the object.

« Define nonstatic (instance) members in the class.

Accessing private members

It’s also important to know that a class and its companion object can access each other’s
private members. In the following code, the “static” method double in the object can
access the private variable secret of the class Foo:

class Foo {
private val secret = 2

}

object Foo {
// access the private class field 'secret'’
def double(foo: Foo) = foo.secret * 2

}

object Driver extends App {
val f = new Foo
println(Foo.double(f)) // prints 4
}
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Similarly, in the following code, the instance member printObj can access the private
field obj of the object Foo:

class Foo {

// access the private object field 'obj'

def printObj { println(s"I can see ${Foo.obj}") }
}

object Foo {
private val obj = "Foo's object"

}

object Driver extends App {
val f = new Foo
f.printObj

}

6.7. Putting Common Code in Package Objects

Problem

You want to make functions, fields, and other code available at a package level, without
requiring a class or object.

Solution
Put the code you want to make available to all classes within a package in a package object.

By convention, put your code in a file named package.scala in the directory where you
want your code to be available. For instance, if you want your code to be available to all
classes in the com.alvinalexander.myapp.model package, create a file named
package.scala in the com/alvinalexander/myapp/model directory of your project.

In the package.scala source code, remove the word model from the end of the package
statement, and use that name to declare the name of the package object. Including a
blank line, the first three lines of your file will look like this:

package com.alvinalexander.myapp

package object model {

Now write the rest of your code as you normally would. The following example shows
how to create a field, method, enumeration, and type definition in your package object:

package com.alvinalexander.myapp
package object model {

// field
val MAGIC_NUM = 42
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// method
def echo(a: Any) { println(a) }

// enumeration
object Margin extends Enumeration {
type Margin = Value
val TOP, BOTTOM, LEFT, RIGHT = Value
}

// type definition
type MutableMap[K, V] = scala.collection.mutable.Map[K, V]
val MutableMap = scala.collection.mutable.Map

}

You can now access this code directly from within other classes, traits, and objects in
the package com.alvinalexander.myapp.model as shown here:

package com.alvinalexander.myapp.model
object MainDriver extends App {

// access our method, constant, and enumeration
echo("Hello, world")

echo(MAGIC_NUM)

echo(Margin.LEFT)

// use our MutableMap type (scala.collection.mutable.Map)
val mm = MutableMap('"name" -> "Al")
mm += ("password" -> "123")
for ((k,v) <- mm) printf("key: %s, value: %s\n", k, v)
}

Discussion

The most confusing part about package objects is where to put them, along with what
their package and object names should be.

Where to put them isn't too hard; by convention, create a file named package.scala in
the directory where you want your code to be available. In the example shown, I want
the package code to be available in the com.alvinalexander.myapp.model package, so
I put the file package.scala in the com/alvinalexander/myapp/model source code direc-
tory:
+-- com
+-- alvinalexander
+-- myapp
+-- model
+-- package.scala
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In regards to the first few lines of the package.scala source code, simply start with the
usual name of the package:

package com.alvinalexander.myapp.model

Then take the name of the last package level (model) off that statement, leaving you with
this:

package com.alvinalexander.myapp
Then use that name (model) as the name of your package object:
package object model {
As shown earlier, the first several lines of your package.scala file will look like this:

package com.alvinalexander.myapp

package object model {

The Scala package object documentation states, “Any kind of definition that you can
put inside a class, you can also put at the top level of a package” In my experience,
package objects are a great place to put methods and functions that are common to the
package, as well as constants, enumerations, and implicit conversions.

As described in the second page of the Scala package object documentation, “The stan-
dard Scala package also has its package object. Because scala._ is automatically im-
ported into every Scala file, the definitions of this object are available without prefix”
If you create something like a StringBuilder or Range, you're using this code.

See Also

Scala’s root package object is full of type aliases, like these:

type Throwable = java.lang.Throwable
type Exception = java.lang.Exception

type Error = java.lang.Error

type RuntimeException = java.lang.RuntimeException
type NullPointerException = java.lang.NullPointerException
type ClassCastException = java.lang.ClassCastException

Like the Predef object, its source code is worth looking at if you want to know more
about how Scala works. You can find its source by following the “source” link on its
Scaladoc page.

 An introduction to package objects

o The Scala package object
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6.8. Creating Object Instances Without Using the new
Keyword

Problem

You've seen that Scala code looks cleaner when you don't always have to use the new
keyword to create a new instance of a class, like this:

val a = Array(Person("John"), Person("Paul"))

So you want to know how to write your code to make your classes work like this.

Solution

There are two ways to do this:

o Create a companion object for your class, and define an apply method in the com-
panion object with the desired constructor signature.

o Define your class as a case class.

You'll look at both approaches next.
Creating a companion object with an apply method

To demonstrate the first approach, define a Person class and Person object in the same
file. Define an apply method in the object that takes the desired parameters. This meth-
od is essentially the constructor of your class:

class Person {
var name: String = _

}

object Person {
def apply(name: String): Person = {
var p = new Person
p.name = name
p
}
}

Given this definition, you can create new Person instances without using the new key-
word, as shown in these examples:

val dawn = Person("Dawn")
val a = Array(Person("Dan"), Person("Elijah"))

The apply method in a companion object is treated specially by the Scala compiler and
lets you create new instances of your class without requiring the new keyword. (More
on this in the Discussion.)
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Declare your class as a case class

The second solution to the problem is to declare your class as a case class, defining it
with the desired constructor:

case class Person (var name: String)

This approach also lets you create new class instances without requiring the new key-
word:

val p = Person("Fred Flinstone")

With case classes, this works because the case class generates an apply method in a
companion object for you. However, it’s important to know that a case class creates much
more code for you than just the apply method. This is discussed in depth in the Dis-
cussion.

Discussion

An apply method defined in the companion object of a class is treated specially by the
Scala compiler. There is essentially a little syntactic sugar baked into Scala that converts
this code:

val p = Person("Fred Flinstone")
into this code:
val p = Person.apply("Fred Flinstone")

The apply method is basically a factory method, and Scala’s little bit of syntactic sugar
lets you use the syntax shown, creating new class instances without using the new key-
word.

Providing multiple constructors with additional apply methods

To create multiple constructors when manually defining your own apply method, just
define multiple apply methods in the companion object that provide the constructor
signatures you want:

class Person {
var name = ""
var age = 0

}
object Person {

// a one-arg constructor

def apply(name: String): Person = {
var p = new Person
p.name = name
P

}
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// a two-arg constructor

def apply(name: String, age: Int): Person = {
var p = new Person
p.name = name
p.age = age
P

}

}

You can now create a new Person instance in these ways:

val fred = Person("Fred")
val john = Person("John", 42)

I'm using the term “constructor” loosely here, but each apply method does define a
different way to construct an instance.

Providing multiple constructors for case classes

To provide multiple constructors for a case class, it’s important to know what the
case class declaration actually does.

If you look at the code the Scala compiler generates for the case class example, you’'ll see
that see it creates two output files, Person$.class and Person.class. If you disassemble
Person$.class with the javap command, you’ll see that it contains an apply method,
along with many others:

$ javap Person$
Compiled from "Person.scala"
public final class Person$ extends scala.runtime.AbstractFunctioni
implements scala.ScalaObject,scala.Serializable{
public static final Person$ MODULES;
public static {};
public final java.lang.String toString();
public scala.Option unapply(Person);
public Person apply(java.lang.String); // the apply method (returns a Person)
public java.lang.Object readResolve();
public java.lang.Object apply(java.lang.Object);
}

You can also disassemble Person.class to see what it contains. For a simple class like this,

it contains an additional 20 methods; this hidden bloat is one reason some developers
don’t like case classes.

See Recipe 4.14, “Generating Boilerplate Code with Case Classes”, for
. @ thorough discussion of what code is generated for case classes, and
% why.

Note that the apply method in the disassembled code accepts one String argument:
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public Person apply(java.lang.String);
That String corresponds to the name field in your case class constructor:
case class Person (var name: String)

So, it’s important to know that when a case class is created, it writes the accessor and
(optional) mutator methods only for the default constructor. As a result, (a) it’s best to
define all class parameters in the default constructor, and (b) write apply methods for
the auxiliary constructors you want.

This is demonstrated in the following code, which I place in a file named Person.scala:

// want accessor and mutator methods for the name and age fields
case class Person (var name: String, var age: Int)

// define two auxiliary constructors
object Person {

def apply() = new Person("<no name>", 0)
def apply(name: String) = new Person(name, 0)

}

Because name and age are declared as var fields, accessor and mutator methods will
both be generated. Also, two apply methods are declared in the object: a no-args con-
structor, and a one-arg constructor.

Asaresult, you can create instances of your class in three different ways, as demonstrated
in the following code:

object Test extends App {

val a = Person()
val b = Person("Al")
val c = Person("William Shatner", 82)

println(a)
println(b)
println(c)

// test the mutator methods
a.name = "Leonard Nimoy"
a.age = 82
println(a)

}

Running this test object results in the following output:

Person(<no name>,0)
Person(Al,0)
Person(William Shatner,82)
Person(Leonard Nimoy,82)
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For more information on case classes, see Recipe 4.14, “Generating Boilerplate Code
with Case Classes”.

6.9. Implement the Factory Method in Scala with apply

Problem

To let subclasses declare which type of object should be created, and to keep the object
creation point in one location, you want to implement the factory method in Scala.

Solution

One approach to this problem is to take advantage of how a Scala companion object’s
apply method works. Rather than creating a “get” method for your factory, you can
place the factory’s decision-making algorithm in the apply method.

For instance, suppose you want to create an Animal factory that returns instances of Cat
and Dog classes, based on what you ask for. By writing an apply method in the com-
panion object of an Animal class, users of your factory can create new Cat and Dog
instances like this:

Animal("cat") // creates a Cat
Animal("dog") // creates a Dog

val cat
val dog

To implement this behavior, create a parent Animal trait:

trait Animal {
def speak
}

In the same file, create (a) a companion object, (b) the classes that extend the base trait,
and (c) a suitable apply method:

object Animal {

private class Dog extends Animal {
override def speak { println("woof") }

}

private class Cat extends Animal {
override def speak { println("meow") }

}

// the factory method
def apply(s: String): Animal = {
if (s == "dog") new Dog
else new Cat
}
}
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This lets you run the desired code:

val cat = Animal("cat") // returns a Cat
val dog = Animal("dog") // returns a Dog

You can test this by pasting the Animal trait and object into the REPL, and then issuing
these statements:

scala> val cat = Animal("cat")
cat: Animal = Animal$Cat@486f8860

scala> cat.speak
meow

scala> val dog = Animal("dog")
dog: Animal = Animal$Dog@412798c1

scala> dog.speak
woof

As you can see, this approach works as desired.

Discussion

You have a variety of ways to implement this solution, so experiment with different
approaches, in particular how you want to make the Cat and Dog classes accessible. The
idea of the factory method is to make sure that concrete instances can only be created
through the factory; therefore, the class constructors should be hidden from all other
classes. The code here shows one possible solution to this problem.

If you don’t like using the apply method as the factory interface, you can create the usual
“get” method in the companion object, as shown in the getAnimal method here:

// an alternative factory method (use one or the other)
def getAnimal(s: String): Animal = {

if (s == "dog") return new Dog

else return new Cat

}

Using this method instead of the apply method, you now create new Animal instances
like this:

val cat
val dog

Animal.getAnimal("cat") // returns a Cat
Animal.getAnimal("dog") // returns a Dog

Either approach is fine; consider this recipe as a springboard for your own solution.

See Also

Recipe 6.8 for more examples of implementing the apply method
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CHAPTER 7
Packaging and Imports

Introduction

Scala’s packaging approach is similar to Java, but it's more flexible. In addition to using
the package statement at the top of a class file, you can use a curly brace packaging style,
similar to C++ and C# namespaces.

The Scala approach to importing members is also similar to Java, and more flexible.

With Scala you can:

o Place import statements anywhere
 Import classes, packages, or objects

 Hide and rename members when you import them

All of these approaches are demonstrated in this chapter.

It’s helpful to know that in Scala, two packages are implicitly imported for you:

e java.lang._
e scala._

In Scala, the _ character is similar to the * character in Java, so these statements refer to
every member in those packages.

In addition to those packages, all members from the scala.Predef object are imported
into your applications implicitly.

A great suggestion from the book Beginning Scala by David Pollak (Apress), is to dig
into the source code of the Predef object. The code isn’t too long, and it demonstrates
many of the features of the Scala language. Many implicit conversions are brought into
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scope by the Predef object, as well as methods like println, readLine, assert, and
require.

7.1. Packaging with the Curly Braces Style Notation

Problem

You want to use a nested style package notation, similar to the namespace notation in
C++ and C#.

Solution

Wrap one or more classes in a set of curly braces with a package name, as shown in this
example:
package com.acme.store {

class Foo { override def toString = "I am com.acme.store.Foo" }

}

The canonical name of the class is com.acme. store.Foo. It’s just as though you declared
the code like this:

package com.acme.store

class Foo { override def toString = "I am com.acme.store.Foo" }

With this approach, you can place multiple packages in one file. You can also nest pack-
ages using this “curly braces” style.

The following example creates three Foo classes, all of which are in different packages,
to demonstrate how to include one package inside another:

// a package containing a class named Foo
package orderentry {
class Foo { override def toString = "I am orderentry.Foo" }

}

// one package nested inside the other
package customers {
class Foo { override def toString = "I am customers.Foo" }

package database {
// this Foo is different than customers.Foo or orderentry.Foo
class Foo { override def toString = "I am customers.database.Foo" }
}
}

// a simple object to test the packages and classes
object PackageTests extends App {
println(new orderentry.Foo)
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println(new customers.Foo)
println(new customers.database.Foo)

}

If you place this code in a file, and then compile and run it, you’ll get the following
output:

I am orderentry.Foo
I am customers.Foo
I am customers.database.Foo

This demonstrates that each Foo class is indeed in a different package.

As shown in the first example, package names don't have to be limited to just one level.
You can define multiple levels of depth at one time:

package com.alvinalexander.foo {
class Foo { override def toString = "I am com.alvinalexander.foo.Foo" }

}

Discussion

You can create Scala packages with the usual Java practice of declaring a package name
at the top of the file:

package foo.bar.baz

class Foo {
override def toString = "I'm foo.bar.baz.Foo"

}

In most cases, I use this packaging approach, but because Scala code can be much more
concise than Java, the alternative curly brace packaging syntax can be very convenient
when you want to declare multiple classes and packages in one file.

7.2. Importing One or More Members

Problem

You want to import one or more members into the scope of your current program.

Solution
This is the syntax for importing one class:
import java.io.File

You can import multiple classes the Java way:
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import java.io.File
import java.io.IOException
import java.io.FileNotFoundException

Or you can import several classes the Scala way:
import java.io.{File, IOException, FileNotFoundException}

Use the following syntax to import everything from the java.io package:
import java.io._

The _ character in this example is similar to the * wildcard character in Java. If the _
character feels unusual, it helps to know that it’s used consistently throughout the Scala
language as a wildcard character, and that consistency is very nice.

Discussion

The concept of importing code into the current scope is similar between Java and Scala,
but Scala is more flexible. Scala lets you:

o Place import statements anywhere, including the top of a class, within a class or
object, within a method, or within a block of code

« Import classes, packages, or objects

 Hide and rename members when you import them

Syntactically, the two big differences are the curly brace syntax, known as the import
selector clause, and the use of the _ wildcard character instead of Javas * wildcard. The
advantages of the import selector clause are demonstrated further in Recipes 7.3 and 7.4.

Placing import statements anywhere

In Scala you can place an import statement anywhere. For instance, because Scala makes
it easy to include multiple classes in the same file, you may want to separate your import
statements so the common imports are declared at the top of the file, and the imports
specific to each class are within each class specification:

package foo

import java.io.File
import java.io.PrintWriter

class Foo {
import javax.swing.JFrame // only visible in this class
// ...

}

class Bar {
import scala.util.Random // only visible in this class
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/...
}

You can also place import statements inside methods, functions, or blocks:

class Bar {

def doBar = {
import scala.util.Random
println("")
}
}

See Recipe 7.6, “Using Import Statements Anywhere”, for more examples and details
about the use of import statements.

7.3. Renaming Members on Import

Problem

You want to rename members when you import them to help avoid namespace collisions
or confusion.

Solution

Give the class youre importing a new name when you import it with this syntax:
import java.util.{ArrayList => Javalist}

Then, within your code, refer to the class by the alias you've given it:
val list = new JavalList[String]

You can also rename multiple classes at one time during the import process:
import java.util.{Date => JDate, HashMap => JHashMap}

Because you've created these aliases during the import process, the original (real) name
of the class can’t be used in your code. For instance, in the last example, the following
code will fail because the compiler can’t find the java.util.HashMap class:

// error: this won't compile because HashMap was renamed
// during the import process
val map = new HashMap[String, String]

Discussion

As shown, you can create a new name for a class when you import it, and can then refer
to it by the new name, or alias. The book Programming in Scala, by Odersky, et al
(Artima). The book refers to this as a renaming clause.
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This can be very helpful when trying to avoid namespace collisions and confusion. Class
names like Listener, Message, Handler, Client, Server, and many more are all very
common, and it can be helpful to give them an alias when you import them.

From a strategy perspective, you can either rename all classes that might be conflicting
or confusing:

import java.util.{HashMap => JavaHashMap}
import scala.collection.mutable.{Map => ScalaMutableMap}

or you can just rename one class to clarify the situation:

import java.util.{HashMap => JavaHashMap}
import scala.collection.mutable.Map

As an interesting combination of several recipes, not only can you rename classes on
import, but you can even rename class members. As an example of this, in shell scripts
I tend to rename the println method to a shorter name, as shown here in the REPL:

scala> import System.out.{println => p}
import System.out.{println=>p}

scala> p("hello")
hello

7.4. Hiding a Class During the Import Process

Problem

You want to hide one or more classes while importing other members from the same
package.

Solution

To hide a class during the import process, use the renaming syntax shown in Recipe 7.3,
“Renaming Members on Import”, but point the class name to the _ wildcard character.
The following example hides the Random class, while importing everything else from the
java.util package:

import java.util.{Random => _, _}

This can be confirmed in the REPL:

scala> import java.util.{Random => _, _}
import java.util.{Random=>_, _}

// can't access Random
scala> val r = new Random
<console>:10: error: not found: type Random

val r = new Random
A
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// can access other members
scala> new ArraylList
res@: java.util.ArrayList[Nothing] = []

In that example, the following portion of the code is what “hides” the Random class:
import java.util.{Random => _}

The second _ character inside the curly braces is the same as stating that you want to
import everything else in the package, like this:

import java.util._

Note that the _ import wildcard must be in the last position. It yields an error if you
attempt to use it in other positions:

scala> import java.util.{_, Random => _}
<console>:1: error: Wildcard import must be in last position

import java.util.{_, Random => _}
N

This is because you may want to hide multiple members during the import process, and
to do, so you need to list them first.

To hide multiple members, list them before using the final wildcard import:

scala> import java.util.{List => _, Map => _, Set => _, _}
import java.util.{List=>_, Map=>_, Set=>_, _}

scala> new ArraylList
res@: java.util.ArrayList[Nothing] = []

This ability to hide members on import is useful when you need many members from
one package, and therefore want to use the _ wildcard syntax, but you also want to hide
one or more members during the import process, typically due to naming conflicts.

7.5. Using Static Imports

Problem

You want to import members in a way similar to the Java static import approach, so you
can refer to the member names directly, without having to prefix them with their class
name.

Solution
Use this syntax to import all members of the Java Math class:
import java.lang.Math._

You can now access these members without having to precede them with the class name:
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scala> import java.lang.Math._
import java.lang.Math._

scala> val a = sin(0)
a: Double = 0.0

scala> val a = cos(PI)
a: Double = -1.0

The Java Color class also demonstrates the usefulness of this technique:

scala> import java.awt.Color._
import java.awt.Color._

scala> println(RED)
java.awt.Color[r=255,9=0,b=0]

scala> val currentColor = BLUE
currentColor: java.awt.Color = java.awt.Color[r=0,g=0,b=255]

Enumerations are another great candidate for this technique. Given a Java enumlike this:

package com.alvinalexander.dates;

public enum Day {
SUNDAY, MONDAY, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY, SATURDAY

}
you can import and use this enumeration in a Scala program like this:

import com.alvinalexander.dates.Day._

// somewhere after the import statement
if (date == SUNDAY || date == SATURDAY) println("It's the weekend.")

Discussion

Although some developers don’t like static imports, I find that this approach makes
enums more readable. Just specifying the name of a class or enum before the constant
makes the code less readable:

if (date == Day.SUNDAY || date == Day.SATURDAY) {

println("It's the weekend.")
}

With the static import approach there’s no need for the leading “Day.” in the code, and
it’s easier to read.
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7.6. Using Import Statements Anywhere

Problem

You want to use an import statement anywhere, generally to limit the scope of the import,
to make the code more clear, or to organize your code.

Solution

You can place an import statement almost anywhere inside a program. As with Java,
you can import members at the top of a class definition, and then use the imported
resource later in your code:

package foo
import scala.util.Random

class ImportTests {
def printRandom {
val r = new Random

}
}

You can import members inside a class:

package foo

class ImportTests {
import scala.util.Random
def printRandom {
val r = new Random

}
}
This limits the scope of the import to the code in the class that comes after the import
statement.

You can limit the scope of an import to a method:

def getRandomWaitTimeInMinutes: Int = {
import com.alvinalexander.pandorasbox._
val p = new Pandora
p.release

}
You can even place an import statement inside a block, limiting the scope of the import
to only the code that follows the statement, inside that block. In the following example,
the field r1is declared correctly, because it’s within the block and after the import state-
ment, but the declaration for field r2 won't compile, because the Random class is not in
scope at that point:
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def printRandom {
{

import scala.util.Random
val r1 = new Random // this is fine

}

val r2 = new Random // error: not found: type Random

}

Discussion

Import statements are read in the order of the file, so where you place them in a file also
limits their scope. The following code won't compile because I attempt to reference the
Randonm class before the import statement is declared:

// this doesn't work because the import is after the attempted reference
class ImportTests {
def printRandom {
val r = new Random // fails
}
}

import scala.util.Random
When you want to include multiple classes and packages in one file, you can combine
import statements and the curly brace packaging approach to limit the scope of the
import statements, as shown in these examples:
package orderentry {
import foo._
// more code here ...

}

package customers {
import bar._
// more code here ...

package database {
import baz._
// more code here ...
}
}

In this example, members can be accessed as follows:

o Codeinthe orderentry package can access members of foo, but can’t access mem-
bers of bar or baz.

e Code in customers and customers.database can’t access members of foo.
o Code in customers can access members of bar.

e Codein customers.database can access members in bar and baz.

200 | Chapter7: Packaging and Imports

www.it-ebooks.info


http://www.it-ebooks.info/

The same concept applies when defining multiple classes in one file:

package foo

// available to all classes defined below
import java.io.File
import java.io.PrintWriter

class Foo {
// only available inside this class
import javax.swing.JFrame
/] ...

}

class Bar {
// only available inside this class
import scala.util.Random

Y7
}

Although placing import statements at the top of a file or just before theyre used can

be a matter of style, I find this flexibility to be useful when placing multiple classes or

packages in one file. In these cases, it’s nice to keep the imports in a small scope to limit

namespace issues, and also to make the code easier to refactor as it grows.
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CHAPTER 8
Traits

Introduction

In its most basic use, a Scala trait is just like a Java interface. When you're faced with
situations where you would have used an interface in Java, just think “trait” in Scala.

Just as Java classes can implement multiple interfaces, Scala classes can extend multiple
traits. As you'll see in the recipes in this chapter, this is done with the extends and with
keywords, so when a class (or object) extends multiple traits, you'll see code like this:

class Woodpecker extends Bird with TreeScaling with Pecking

However, using traits as interfaces only scratches the surface of what they can do. Traits
have much more power than Java interfaces because, just like abstract methods in Java,
they can also have implemented methods. However, unlike Java’s abstract classes, you
can mix more than one trait into a class, and a trait can also control what classes it can
be mixed into.

This chapter provides examples of the many uses of Scala traits.

8.1. Using a Trait as an Interface

Problem

You're used to creating interfaces in other languages like Java and want to create some-
thing like that in Scala.

Solution

You can use a trait just like a Java interface. As with interfaces, just declare the methods
in your trait that you want extending classes to implement:
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trait BaseSoundPlayer {
def play
def close
def pause
def stop
def resume

}

If the methods don’t take any argument, you only need to declare the names of the
methods after the def keyword, as shown. If a method should require parameters, list
them as usual:

trait Dog {
def speak(whatToSay: String)
def wagTail(enabled: Boolean)

}

When a class extends a trait, it uses the extends and with keywords. When extending
one trait, use extends:

class Mp3SoundPlayer extends BaseSoundPlayer { ...

When extending a class and one or more traits, use extends for the class, and with for
subsequent traits:

class Foo extends BaseClass with Traitl with Trait2 { ...

When a class extends multiple traits, use extends for the first trait, and with for sub-
sequent traits:

class Foo extends Traitl with Trait2 with Trait3 with Trait4 { ...

Unless the class implementing a trait is abstract, it must implement all of the abstract
trait methods:

class Mp3SoundPlayer extends BaseSoundPlayer {
def play { // code here ...
def close { // code here ...
def pause { // code here ...
def stop { // code here ...
def resume { // code here ...

}

If a class extends a trait but does not implement the abstract methods defined in that
trait, it must be declared abstract:

(ST

// must be declared abstract because it does not implement
// all of the BaseSoundPlayer methods
abstract class SimpleSoundPlayer extends BaseSoundPlayer {
def play { ... }
def close { ... }
}

In other uses, one trait can extend another trait:
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trait Mp3BaseSoundFilePlayer extends BaseSoundFilePlayer {
def getBasicPlayer: BasicPlayer
def getBasicController: BasicController
def setGain(volume: Double)

}

Discussion

As demonstrated, at their most basic level, traits can be used just like Java interfaces. In
your trait, just declare the methods that need to be implemented by classes that want to
extend your trait.

Classes extend your trait using either the extends or with keywords, according to these
simple rules:

o Ifa class extends one trait, use the extends keyword.

o If a class extends multiple traits, use extends for the first trait and with to extend
(mix in) the other traits.

o If a class extends a class (or abstract class) and a trait, always use extends before
the class name, and use with before the trait name(s).

You can also use fields in your traits. See the next recipe for examples.

As shown in the WaggingTail trait in the following example, not only can a trait be used
like a Java interface, but it can also provide method implementations, like an abstract
class in Java:

abstract class Animal {
def speak

}

trait WaggingTail {
def startTail { println("taill started") }
def stopTail { println("taill stopped") }

trait FourLeggedAnimal {
def walk
def run

}

class Dog extends Animal with WaggingTail with FourLeggedAnimal {
// implementation code here ...
def speak { println("Dog says 'woof'") }
def walk { println("Dog is walking") }
def run { println("Dog is running") }
}

This ability is discussed in detail in Recipe 8.3, “Using a Trait Like an Abstract Class”.
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When a class has multiple traits, such as the WaggingTail and FourLeggedAnimal traits
in this example, those traits are said to be mixed in to the class. The term “mixed in” is
also used when extending a single object instance with a trait, like this:

val f = new Foo with Traitl

This feature is discussed more in Recipe 8.8, “Adding a Trait to an Object Instance”.

8.2. Using Abstract and Concrete Fields in Traits

Problem

You want to put abstract or concrete fields in your traits so they are declared in one
place and available to all types that implement the trait.

Solution

Define a field with an initial value to make it concrete; otherwise, don’t assign it an initial
value to make it abstract. This trait shows several examples of abstract and concrete
fields with var and val types:

trait PizzaTrait {

var numToppings: Int // abstract

var size = 14 // concrete

val maxNumToppings = 10 // concrete
}

In the class that extends the trait, you’ll need to define the values for the abstract fields,
or make the class abstract. The following Pizza class demonstrates how to set the values
for the numToppings and size fields in a concrete class:

class Pizza extends PizzaTrait {

var numToppings = 0 // 'override' not needed
size = 16 // 'var' and 'override' not needed
}
Discussion

As shown in the example, fields of a trait can be declared as either var or val. You don't
need to use the override keyword to override a var field in a subclass (or trait), but you
do need to use it to override a val field:

trait PizzaTrait {
val maxNumToppings: Int

}

class Pizza extends PizzaTrait {
override val maxNumToppings = 10 // 'override' is required

}
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Overriding var and val fields is discussed more in Recipe 4.13, “Defining Properties in
an Abstract Base Class (or Trait)”.

8.3. Using a Trait Like an Abstract Class

Problem

You want to use a trait as something like an abstract class in Java.

Solution

Define methods in your trait just like regular Scala methods. In the class that extends
the trait, you can override those methods or use them as they are defined in the trait.

In the following example, an implementation is provided for the speak method in the
Pet trait, so implementing classes don’t have to override it. The Dog class chooses not
to override it, whereas the Cat class does:

trait Pet {
def speak { println("Yo") } // concrete implementation
def comeToMaster // abstract method

}

class Dog extends Pet {
// don't need to implement 'speak' if you don't need to
def comeToMaster { ("I'm coming!") }

}

class Cat extends Pet {

// override the speak method

override def speak { ("meow") }

def comeToMaster { ("That's not gonna happen.") }
}

If a class extends a trait without implementing its abstract methods, it must be defined
as abstract. Because FlyingPet does not implement comeToMaster, it must be declared
as abstract:

abstract class FlyingPet extends Pet {

def fly { ("I'm flying!") }
}

Discussion

Although Scala has abstract classes, it's much more common to use traits than abstract
classes to implement base behavior. A class can extend only one abstract class, but it can
implement multiple traits, so using traits is more flexible.
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See Also

o Like Java, you use super . foo to call a method named foo in an immediate super-
class. When a class mixes in multiple traits—and those traits implement a method
declared by a common ancestor—you can be more specific, and specify which trait
you'd like to invoke a method on. See Recipe 5.2, “Calling a Method on a Super-
class”, for more information.

o See Recipe 4.12, “When to Use an Abstract Class”, for information on when to use
an abstract class instead of a trait. (Spoiler: Use an abstract class (a) when you want
to define a base behavior, and that behavior requires a constructor with parameters,
and (b) in some situations when you need to interact with Java.)

8.4. Using Traits as Simple Mixins

Problem

You want to design a solution where multiple traits can be mixed into a class to provide
a robust design.

Solution

To implement a simple mixin, define the methods you want in your trait, then add the
trait to your class using extends or with. For instance, the following code defines a Tail
trait:

trait Tail {
def wagTall { println("taill is wagging") }
def stopTail { println("tail is stopped") }
}

You can use this trait with an abstract Pet class to create a Dog:

abstract class Pet (var name: String) {

def speak // abstract

def ownerIsHome { println("excited") }

def jumpForJoy { println("jumping for joy") }
}

class Dog (name: String) extends Pet (name) with Tail {
def speak { println("woof") }
override def ownerIsHome {
wagTail
speak
}
}
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The Dog class extends the abstract class Pet and mixes in the Tall trait, and can use the
methods defined by both Pet and Tail:

object Test extends App {
val zeus = new Dog("Zeus")
zeus.ownerIsHome
zeus. jumpForJoy

}

In summary, the Dog class gets behavior from both the abstract Pet class and the Tail
trait; this is something you can't do in Java.

N

To see a great demonstration of the power of mixins, read Artima’s
. short “Stackable Trait Pattern” article. By defining traits and classes as
0% base, core, and stackable components, they demonstrate how sixteen
different classes can be derived from three traits by “stacking” the traits
together.

See Also

When you develop traits, you may want to limit the classes they can be mixed into. The
classes a trait can be mixed into can be limited using the following techniques:

o Recipe 8.5 shows how to limit which classes can use a trait by declaring inheritance.

« Recipe 8.6 shows how to mark traits so they can only be used by subclasses of a
certain type.

« Recipe 8.7 demonstrates the technique to use to make sure a trait can only be mixed
into classes that have a specific method.

>

o Also, see Artima’s “Stackable Trait Pattern” article.

8.5. Limiting Which Classes Can Use a Trait by Inheritance

Problem

You want to limit a trait so it can only be added to classes that extend a superclass or
another trait.

Solution

Use the following syntax to declare a trait named TraitName, where TraitName can only
be mixed into classes that extend a type named SuperThing, where SuperThing may be
a trait, class, or abstract class:
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trait [TraitName] extends [SuperThing]

For instance, in the following example, Starship and StarfleetWarpCore both extend
the common superclass StarfleetComponent, so the StarfleetWarpCore trait can be
mixed into the Starship class:

class StarfleetComponent
trait StarfleetWarpCore extends StarfleetComponent
class Starship extends StarfleetComponent with StarfleetWarpCore

However, in the following example, the Warbird «class can’t extend the
StarfleetWarpCore trait, because Warbird and StarfleetWarpCore don’t share the
same superclass:

class StarfleetComponent
trait StarfleetWarpCore extends StarfleetComponent
class RomulanStuff

// won't compile
class Warbird extends RomulanStuff with StarfleetWarpCore

Attempting to compile this second example yields this error:

error: illegal inheritance; superclass RomulanStuff

is not a subclass of the superclass StarfleetComponent
of the mixin trait StarfleetWarpCore

class Warbird extends RomulanStuff with StarfleetWarpCore

A

Discussion

A trait inheriting from a class is not a common occurrence, and in general, Recipes 8.6
and Recipe 8.7 are more commonly used to limit the classes a trait can be mixed into.

However, when this situation occurs, you can see how inheritance can be used. As long
as a class and a trait share the same superclass (Starship and StarfleetWarpCore
extend StarfleetComponent) the code will compile, but if the superclasses are different
(Warbird and StarfleetWarpCore have different superclasses), the code will not com-
pile.

As a second example, in modeling a large pizza store chain that has a corporate office
and many small retail stores, the legal department creates a rule that people who deliver
pizzas to customers must be a subclass of StoreEmployee and cannot be a subclass of
CorporateEmployee. To enforce this, begin by defining your base classes:

abstract class Employee
class CorporateEmployee extends Employee
class StoreEmployee extends Employee

Someone who delivers food can only be a StoreEmployee, so you enforce this require-
ment in the DeliversFood trait using inheritance like this:
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trait DeliversFood extends StoreEmployee
Now you can define a DeliveryPerson class like this:

// this is allowed
class DeliveryPerson extends StoreEmployee with DeliversFood

Because the DeliversFood trait can only be mixed into classes that extend
StoreEmployee, the following line of code won’'t compile:

// won't compile
class Receptionist extends CorporateEmployee with DeliversFood

Discussion

It seems rare that a trait and a class the trait will be mixed into should both have the
same superclass, so I suspect the need for this recipe is also rare. When you want to limit
the classes a trait can be mixed into, don’t create an artificial inheritance tree to use this
recipe; use one of the following recipes instead.

See Also

 Recipe 8.6 to see how to mark traits so they can only be used by subclasses of a
certain type

 Recipe 8.7 to make sure a trait can only be mixed into a class that has a specific
method

8.6. Marking Traits So They Can Only Be Used by
Subclasses of a Certain Type

Problem

You want to mark your trait so it can only be used by types that extend a given base type.

Solution

To make sure a trait named MyTrait can only be mixed into a class that is a subclass of
a type named BaseType, begin your trait with a this: BaseType => declaration, as
shown here:
trait MyTrait {
this: BaseType =>
For instance, to make sure a StarfleetWarpCore can only be used in a Starship, mark
the StarfleetWarpCore trait like this:
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trait StarfleetWarpCore {
this: Starship =>
// more code here ...

}
Given that declaration, this code will work:

class Starship
class Enterprise extends Starship with StarfleetWarpCore

But other attempts like this will fail:

class RomulanShip
// this won't compile
class Warbird extends RomulanShip with StarfleetWarpCore

This second example fails with an error message similar to this:

error: illegal inheritance;
self-type Warbird does not conform to StarfleetWarpCore's selftype
StarfleetWarpCore with Starship

class Warbird extends RomulanShip with StarfleetWarpCore
N

Discussion

As shown in the error message, this approach is referred to as a self type. The Scala
Glossary includes this statement as part of its description of a self type:

“Any concrete class that mixes in the trait must ensure that its type conforms to the trait’s
self type”

A trait can also require that any type that wishes to extend it must extend multiple other
types. The following WarpCore definition requires that any type that wishes to mix it in
must extend WarpCoreEjector and FireExtinguisher, in addition to extending
Starship:

trait WarpCore {
this: Starship with WarpCoreEjector with FireExtinguisher =>

}
Because the following Enterprise definition matches that signature, this code compiles:

class Starship
trait WarpCoreEjector
trait FireExtinguisher

// this works

class Enterprise extends Starship
with WarpCore
with WarpCoreEjector
with FireExtinguisher
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However, if the Enterprise doesnt extend Starship, WarpCoreEjector, and
FireExtinguisher, the code won't compile. Once again, the compiler shows that the
self-type signature is not correct:

// won't compile
class Enterprise extends Starship with WarpCore with WarpCoreEjector

error: illegal inheritance;
self-type Enterprise does not conform to WarpCore's selftype WarpCore
with Starship with WarpCoreEjector with FireExtinguisher

class Enterprise extends Starship with WarpCore with WarpCoreEjector
A

See Also

o Recipe 8.5 shows how to limit which classes can use a trait by declaring inheritance

o Recipe 8.7 demonstrates the technique to use to make sure a trait can only be mixed
into classes that have a specific method

o The Scala Glossary

8.7. Ensuring a Trait Can Only Be Added to a Type That Has
a Specific Method

Problem

You only want to allow a trait to be mixed into a type (class, abstract class, or trait) that
has a method with a given signature.

Solution

Use a variation of the self-type syntax that lets you declare that any class that attempts
to mix in the trait must implement the method you specify.

In the following example, the WarpCore trait requires that any classes that attempt to
mix it in must have an ejectWarpCore method:
trait WarpCore {
this: { def ejectWarpCore(password: String): Boolean } =>
}
It further states that the ejectWarpCore method must accept a String argument and
return a Boolean value.
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The following definition of the Enterprise class meets these requirements, and will
therefore compile:

class Starship {
// code here ...

}

class Enterprise extends Starship with WarpCore {
def ejectWarpCore(password: String): Boolean = {

if (password == "password") {
println("ejecting core")
true

} else {
false

}

}
}

A trait can also require that a class have multiple methods. To require more than one
method, just add the additional method signatures inside the block:

trait WarpCore {
this: {
def ejectWarpCore(password: String): Boolean
def startWarpCore: Unit
} =
}

class Starship

class Enterprise extends Starship with WarpCore {
def ejectWarpCore(password: String): Boolean = {

if (password == "password") { println("core ejected"); true } else false
}
def startWarpCore { println("core started") }
}
Discussion

This approach is known as a structural type, because youre limiting what classes the
trait can be mixed into by stating that the class must have a certain structure, i.e., the
methods you've defined. In the examples shown, limits were placed on what classes the
WarpCore trait can be mixed into.

See Also

« Recipe 8.5 shows how to limit which classes can use a trait by declaring inheritance.

o Recipe 8.6 shows how to mark traits so they can only be used by subclasses of a
certain type.
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8.8. Adding a Trait to an Object Instance

Problem

Rather than add a trait to an entire class, you just want to add a trait to an object instance
when the object is created.

Solution

Add the trait to the object when you construct it. This is demonstrated in a simple
example:

class DavidBanner

trait Angry {
println("You won't like me ...")

}

object Test extends App {
val hulk = new DavidBanner with Angry

}
When you compile and run this code, it will print, “You won't like me .., because the

hulk object is created when the DavidBanner class is instantiated with the Angry trait,
which has the print statement shown in its constructor.

Discussion

As a more practical matter, you might mix in something like a debugger or logging trait
when constructing an object to help debug that object:

trait Debugger {
def log(message: String) {
// do something with message
}
}

// no debugger
val child = new Child

// debugger added as the object is created
val problemChild = new ProblemChild with Debugger

This makes the log method available to the problemChild instance.
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8.9. Extending a Java Interface Like a Trait

Problem

You want to implement a Java interface in a Scala application.

Solution

In your Scala application, use the extends and with keywords to implement your Java
interfaces, just as though they were Scala traits.

Given these three Java interfaces:

// java
public interface Animal {
public void speak();

}

public interface Wagging {
public void wag();
}

public interface Running {
public void run();

}

you can create a Dog class in Scala with the usual extends and with keywords, just as
though you were using traits:

// scala

class Dog extends Animal with Wagging with Running {
def speak { println("Woof") }
def wag { println("Tail is wagging!") }
def run { println("I'm running!") }

}

The difference is that Java interfaces don’t implement behavior, so if youre defining a
class that extends a Java interface, you’ll need to implement the methods, or declare the
class abstract.
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CHAPTER 9
Functional Programming

Introduction

Scala is both an object-oriented programming (OOP) and a functional programming
(FP) language. This chapter demonstrates functional programming techniques, includ-
ing the ability to define functions and pass them around as instances. Just like you create
a String instance in Java and pass it around, you can define a function as a variable and
pass itaround. I'll demonstrate many examples and advantages of this capability in this
chapter.

As alanguage that supports functional programming, Scala encourages an expression-
oriented programming (EOP) model. Simply put, in EOP, every statement (expression)
yields a value. This paradigm can be as obvious as an if/else statement returning a
value:

val greater = if (a > b) a else b
It can also be as surprising as a try/catch statement returning a value:

val result = try {
aString.tolnt

} catch {
case _ => 0

}

Although EOP is casually demonstrated in many examples in this book, it’s helpful to
be consciously aware of this way of thinking in the recipes that follow.
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9.1. Using Function Literals (Anonymous Functions)

Problem

You want to use an anonymous function—also known as a function literal—so you can
pass it into a method that takes a function, or to assign it to a variable.

Solution
Given this List:
val x = List.range(1, 10)

you can pass an anonymous function to the List’s filter method to create a new List
that contains only even numbers:

val evens = x.filter((i: Int) => 1 % 2 == 0)
The REPL demonstrates that this expression indeed yields a new List of even numbers:

scala> val evens
evens: List[Int]

x.filter((i: Int) => 1 % 2 == 0)
List(2, 4, 6, 8)

In this solution, the following code is a function literal (also known as an anonymous
function):

(i: Int) => 1 % 2 ==

Although that code works, it shows the most explicit form for defining a function literal.
Thanks to several Scala shortcuts, the expression can be simplified to this:

val evens = x.filter(_ % 2 == 0)
In the REPL, you see that this returns the same result:

x.filter(_ % 2 == 0)
List(2, 4, 6, 8)

scala> val evens
evens: List[Int]

Discussion

In this example, the original function literal consists of the following code:
(1: Int) => 1 % 2 ==

When examining this code, it helps to think of the => symbol as a transformer, because
the expression transforms the parameter list on the left side of the symbol (an Int named
1) into a new result using the algorithm on the right side of the symbol (in this case, an
expression that results in a Boolean).

As mentioned, this example shows the long form for defining an anonymous function,
which can be simplified in several different ways. The first example shows the most
explicit form:
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val evens = x.filter((i: Int) => 1 % 2 == 0)

Because the Scala compiler can infer from the expression that i is an Int, the Int
declaration can be dropped off:

val evens = x.filter(i => 1 % 2 == 0)

Because Scala lets you use the _ wildcard instead of a variable name when the parameter
appears only once in your function, this code can be simplified even more:

val evens = x.filter(_ % 2 == 0)

In other examples, you can simplify your anonymous functions further. For instance,
beginning with the most explicit form, you can print each element in the list using this
anonymous function with the foreach method:

x.foreach((i:Int) => println(i))
As before, the Int declaration isn't required:
x.foreach((i1) => println(i))

Because there is only one argument, the parentheses around the 1 parameter aren’t
needed:

x.foreach(i => println(i))

Because 1 is used only once in the body of the function, the expression can be further
simplified with the _ wildcard:

x.foreach(println(_))

Finally, if a function literal consists of one statement that takes a single argument, you
need not explicitly name and specify the argument, so the statement can finally be
reduced to this:

x.foreach(println)

9.2. Using Functions as Variables

Problem

You want to pass a function around like a variable, just like you pass String, Int, and
other variables around in an object-oriented programming language.

Solution

Use the syntax shown in Recipe 9.1 to define a function literal, and then assign that
literal to a variable.

The following code defines a function literal that takes an Int parameter and returns a
value that is twice the amount of the Int that is passed in:
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(i: Int) => {1 * 2}
As mentioned in Recipe 9.1, you can think of the => symbol as a transformer. In this
case, the function transforms the Int value i to an Int value that is twice the value of
i
You can now assign that function literal to a variable:

val double = (i: Int) => { 1 * 2 }

The variable double is an instance, just like an instance of a String, Int, or other type,
but in this case, it’s an instance of a function, known as a function value. You can now
invoke double just like you'd call a method:

double(2) // 4
double(3) // 6

Beyond just invoking doub'e like this, you can also pass it to any method (or function)
that takes a function parameter with its signature. For instance, because the map method
of a sequence is a generic method that takes an input parameter of type A and returns a
type B, you can pass the double method into the map method of an Int sequence:

scala> val list = List.range(1, 5)
list: List[Int] = List(1, 2, 3, 4)

scala> list.map(double)
res@: List[Int] = List(2, 4, 6, 8)

Welcome to the world of functional programming.

Discussion

You can declare a function literal in at least two different ways. I generally prefer the
following approach, which implicitly infers that the following function’s return type is
Boolean:

val f = (1: Int) => { 1 % 2 ==0 }

In this case, the Scala compiler is smart enough to look at the body of the function and
determine that it returns a Boolean value. As a human, it’s also easy to look at the code
on the right side of the expression and see that it returns a Boolean, so I usually leave
the explicit Boolean return type off the function declaration.

However, if you prefer to explicitly declare the return type of a function literal, or want
to do so because your function is more complex, the following examples show different
forms you can use to explicitly declare that your function returns a Boolean:

val f: (Int) => Boolean =1 => { 1 % 2 ==0 }

e

val f: Int => Boolean =1 => { 1 % 2 ==0 }
val f: Int => Boolean = 1 => 1 % 2 ==
val f: Int => Boolean = _ % 2 == 0
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A second example helps demonstrate the difference of these approaches. These func-
tions all take two Int parameters and return a single Int value, which is the sum of the
two input values:

// implicit approach

val add = (x: Int, y: Int) => { x +y }
val add = (x: Int, y: Int) => x +y

// explicit approach
val add: (Int, Int) => Int
val add: (Int, Int) => Int

(x,y) =>{x+y}
(x,y) => x +y

As shown, the curly braces around the body of the function in these simple examples
are optional, but they are required when the function body grows to more than one
expression:

val addThenDouble: (Int, Int) => Int = (x,y) => {
val a = x +y
2 * a

}
Using a method like an anonymous function

Scala is very flexible, and just like you can define an anonymous function and assign it
to a variable, you can also define a method and then pass it around like an instance
variable. Again using a modulus example, you can define a method in any of these ways:

def modMethod(i: Int) =1 % 2 == 0

def modMethod(i: Int) = { 1 % 2 == 0 }

def modMethod(i: Int): Boolean = 1 % 2 == 0

def modMethod(i: Int): Boolean = { 1 % 2 == 0 }

Any of these methods can be passed into collection methods that expect a function that
has one Int parameter and returns a Boolean, such as the filter method of a
List[Int]:

val list = List.range(1, 10)
list.filter (modMethod)

Here’s what that looks like in the REPL:

scala> def modMethod(i: Int) =1 % 2 == 0
modMethod: (i: Int)Boolean

scala> val list
list: List[Int]

List.range(1, 10)
List(1, 2, 3, 4, 5,6, 7, 8, 9)

scala> list.filter(modMethod)
res@: List[Int] = List(2, 4, 6, 8)

As noted, this is similar to the process of defining a function literal and assigning it to
a variable. The following function works just like the previous method:
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val modFunction = (i: Int) => 1 % 2 == 0

list.filter(modFunction)
Ata codinglevel, the obvious difference is that modMethod is a method defined in a class,
whereas modFunction is a function that’s assigned to a variable. Under the covers,
modFunction is an instance of the Function1 trait, which defines a function that takes
one argument. (The scala package defines other similar traits, including Function0,
Function2, and so on, up to Function22.)

Assigning an existing function/method to a function variable

Continuing our exploration, you can assign an existing method or function to a function
variable. For instance, you can create a new function named c from the scala.math.cos
method using either of these approaches:

scala> val c = scala.math.cos _
c: Double => Double = <functionil>

scala> val c¢ = scala.math.cos(_)
c: Double => Double = <functioni>

This is called a partially applied function. It’s partially applied because the cos method
requires one argument, which you have not yet supplied (more on this in Recipe 9.6).

Now that you have ¢, you can use it just like you would have used cos:

scala> c(0)
res@: Double = 1.0

If you're not familiar with this syntax, this is a place where the REPL can be invaluable.
If you attempt to assign the cos function/method to a variable, the REPL tells you what’s
wrong:

scala> val c = scala.math.cos

<console>:11: error: missing arguments for method cos in class MathCommon;

follow this method with "_' to treat it as a partially applied function

val c = scala.math.cos
A

The following example shows how to use this same technique on the scala.math.pow
method, which takes two parameters:

scala> val p = scala.math.pow(_, _)
pow: (Double, Double) => Double = <function2>

scala> p(scala.math.E, 2)
resO: Double = 7.3890560989306495

If this seems like an interesting language feature, but youre wondering where it would
be useful, see Recipe 9.6, “Using Partially Applied Functions”, for more information.
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Summary notes:
o Think of the => symbol as a transformer. It transforms the input data on its left side
to some new output data, using the algorithm on its right side.
o Use def to define a method, val, to create a function.

o When assigning a function to a variable, a function literal is the code on the right
side of the expression.

o A function value is an object, and extends the FunctionN traits in the main scala
package, such as Function® for a function that takes no parameters.

See Also

The Function1 trait

9.3. Defining a Method That Accepts a Simple Function
Parameter

Problem

You want to create a method that takes a simple function as a method parameter.

Solution

This solution follows a three-step process:

1. Define your method, including the signature for the function you want to take as
a method parameter.

2. Define one or more functions that match this signature.

3. Sometime later, pass the function(s) as a parameter to your method.

To demonstrate this, define a method named executeFunction, which takes a function
as a parameter. The method will take one parameter named callback, which is a func-
tion. That function must have no input parameters and must return nothing:

def executeFunction(callback:() => Unit) {
callback()
}

9.3. Defining a Method That Accepts a Simple Function Parameter | 223

www.it-ebooks.info


http://bit.ly/13KD90C
http://www.it-ebooks.info/

Two quick notes:
o The callback: () syntax defines a function that has no parameters. If the function
had parameters, the types would be listed inside the parentheses.

o The => Untit portion of the code indicates that this method returns nothing.

I'll discuss this syntax more shortly.

Next, define a function that matches this signature. The following function named
sayHello takes no input parameters and returns nothing:

val sayHello = () => { println("Hello") }

In the last step of the recipe, pass the sayHello function to the executeFunction meth-

od:
executeFunction(sayHello)
The REPL demonstrates how this works:

scala> def executeFunction(callback:() => Unit) { callback() }
executeFunction: (callback: () => Unit)Unit

scala> val sayHello = () => { println("Hello") }
sayHello: () => Unit = <function0>

scala> executeFunction(sayHello)
Hello

Discussion

There isn’t anything special about the callback name used in this example. When I first
learned how to pass functions to methods, I preferred the name callback because it
made the meaning clear, but it’s just the name of a method parameter. These days, just
as I often name an Int parameter i, I name a function parameter f:

def executeFunction(f:() => Unit) {
fO
}

The part that is special is that the function that’s passed in must match the function
signature you define. In this case, you've declared that the function that’s passed in must
take no arguments and must return nothing:

f:() => Unit
The general syntax for defining a function as a method parameter is:

parameterName: (parameterType(s)) => returnType
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In the example, the parameterName is f, the parameterType is empty because you don’t
want the function to take any parameters, and the return type is Unit because you don't
want the function to return anything:

executeFunction(f:() => Unit)

To define a function that takes a String and returns an Int, use one of these two sig-
natures:

executeFunction(f:String => Int)
executeFunction(f:(String) => Int)

See the next recipe for more function signature examples.

Scala’s Unit

The Scala Unit shown in these examples is similar to Java’s Void class. It’s used in situa-
tions like this to indicate that the function returns nothing ... or perhaps nothing of
interest.

As a quick look into its effect, first define a method named plusOne, which does what
its name implies:

scala> def plusOne(i: Int) =1 + 1
plusOne: (i: Int)Int

scala> plusOne(1)
res@: Int = 2

When it’s called, plusOne adds 1 to its input parameter, and returns that result as an
Int.

Now, modify plusOne to declare that it returns Unit:

scala> def plusOne(i: Int): Unit =1 + 1
plusOne: (i: Int)Unit

scala> plusOne(1)
(returns nothing)

Because you explicitly stated that plusOne returns Unit, there’s no result in the REPL
when plusOne(1) is called.

This isn’t a common use of Unit, but it helps to demonstrate its effect.

See Also

Scala’s call-by-name functionality provides a very simple way to pass a block of
code into a function or method. See Recipe 19.8, “Building Functionality with
Types”, for several call-by-name examples.
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9.4. More Complex Functions

Problem

You want to define a method that takes a function as a parameter, and that function may
have one or more input parameters, and may also return a value.

Solution

Following the approach described in the previous recipe, define a method that takes a
function as a parameter. Specify the function signature you expect to receive, and then
execute that function inside the body of the method.

The following example defines a method named exec that takes a function as an input
parameter. That function must take one Int as an input parameter and return nothing:

def exec(callback: Int => Unit) {
// invoke the function we were given, giving it an Int parameter
callback(1)

}

Next, define a function that matches the expected signature. The following plusOne
function matches that signature, because it takes an Int argument and returns nothing:

val plusOne = (i: Int) => { println(i+1) }
Now you can pass plusOne into the exec function:
exec(plusOne)
Because the function is called inside the method, this prints the number 2.

Any function that matches this signature can be passed into the exec method. To
demonstrate this, define a new function named plusTen that also takes an Int and
returns nothing:

val plusTen = (i: Int) => { println(i+10) }
Now you can pass it into your exec function, and see that it also works:
exec(plusTen) // prints 11

Although these examples are simple, you can see the power of the technique: you can
easily swap in interchangeable algorithms. As long as your function signature matches
what your method expects, your algorithms can do anything you want. This is compa-
rable to swapping out algorithms in the OOP Strategy design pattern.

Discussion

The general syntax for describing a function as a method parameter is this:
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parameterName: (parameterType(s)) => returnType

Therefore, to define a function that takes a String and returns an Int, use one of these
two signatures:

executeFunction(f:(String) => Int)

// parentheses are optional when the function has only one parameter
executeFunction(f:String => Int)

To define a function that takes two Ints and returns a Boolean, use this signature:
executeFunction(f:(Int, Int) => Boolean)

The following exec method expects a function that takes String, Int, and Double
parameters and returns a Seq[String]:

exec(f:(String, Int, Double) => Seq[String])

As shown in the Solution, if a function doesn’t return anything, declare its return type
as Unit:

exec(f:(Int) => Unit)
exec(f:Int => Unit)

Passing in a function with other parameters

A function parameter is just like any other method parameter, so a method can accept
other parameters in addition to a function.

The following code demonstrates this in a simple example. First, define a simple func-
tion:

val sayHello = () => println("Hello")

Next, define a method that takes this function as a parameter and also takes a second
Int parameter:

def executeXTimes(callback:() => Unit, numTimes: Int) {
for (1 <- 1 to numTimes) callback()

}
Next, pass the function value and an Int into the method:

scala> executeXTimes(sayHello, 3)
Hello
Hello
Hello

Though that was a simple example, this technique can be used to pass variables into the
method that can then be used by the function, inside the method body. To see how this
works, create a method named executeAndPrint that takes a function and two Int
parameters:
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def executeAndPrint(f:(Int, Int) => Int, x: Int, y: Int) {
val result = f(x, y)
println(result)

}

This method is more interesting than the previous method, because it takes the Int
parameters it’s given and passes those parameters to the function it’s given in this line
of code:

val result = f(x, y)

To show how this works, create two functions that match the signature of the function
that executeAndPrint expects, a sum function and a multiply function:

val sum = (x: Int, y: Int) => X +y
val multiply = (x: Int, y: Int) => x * vy

Now you can call executeAndPrint like this, passing in the different functions, along
with two Int parameters:

executeAndPrint(sum, 2, 9) // prints 11
executeAndPrint(multiply, 3, 9) // prints 27

This is cool, because the executeAndPrint method doesn’t know what algorithm is
actually run. All it knows is that it passes the parameters x and y to the function it is
given and then prints the result from that function. This is similar to defining an in-
terface in Java and then providing concrete implementations of the interface in multiple
classes.

Here’s one more example of this three-step process:

// 1 - define the method

def exec(callback: (Any, Any) => Unit, x: Any, y: Any) {
callback(x, y)

}

// 2 - define a function to pass in

val printTwoThings =(a: Any, b: Any) => {
println(a)
println(b)

}

// 3 - pass the function and some parameters to the method
case class Person(name: String)
exec(printTwoThings, "Hello", Person('"Dave"))

Note that in all of the previous examples where you created functions with the val
keyword, you could have created methods, and the examples would still work. For in-
stance, you can define printTwoThings as a method, and exec still works:

// 2a - define a method to pass in

def printTwoThings (a: Any, b: Any) {
println(a)

228 | (Chapter9: Functional Programming

www.it-ebooks.info


http://www.it-ebooks.info/

println(b)
}

// 3a - pass the printTwoThings method to the exec method
case class Person(name: String)
exec(printTwoThings, "Hello", Person("Dave"))

Behind the scenes, there are differences between these two approaches—for instance, a
function implements one of the Function0 to Function22 traits—but Scala is forgiving,
and lets you pass in either a method or function, as long as the signature is correct.

9.5. Using Closures

Problem

You want to pass a function around like a variable, and while doing so, you want that
function to be able to refer to one or more fields that were in the same scope as the
function when it was declared.

Solution
To demonstrate a closure in Scala, use the following simple (but complete) example:

package otherscope {

class Foo {
// a method that takes a function and a string, and passes the string into
// the function, and then executes the function
def exec(f:(String) => Unit, name: String) {
f(name)
}
}

}

object ClosureExample extends App {

var hello = "Hello"
def sayHello(name: String) { println(s"Shello, $name") }

/] execute sayHello from the exec method foo
val foo = new otherscope.Foo
foo.exec(sayHello, "Al")

// change the local variable 'hello', then execute sayHello from
// the exec method of foo, and see what happens

hello = "Hola"

foo.exec(sayHello, "Lorenzo")
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To test this code, save it as a file named ClosureExample.scala, then compile and run it.
When it’s run, the output will be:

Hello, Al
Hola, Lorenzo

If youre coming to Scala from Java or another OOP language, you might be asking,
“How could this possibly work?” Not only did the sayHello method reference the vari-
able hello from within the exec method of the Foo class on the first run (where hello
was no longer in scope), but on the second run, it also picked up the change to the hello
variable (from Hello to Hola). The simple answer is that Scala supports closure func-
tionality, and this is how closures work.

As Dean Wampler and Alex Payne describe in their book Programming Scala (O'Reilly),
there are two free variables in the sayHello method: name and hello. The name variable
is a formal parameter to the function; this is something you're used to.

However, hello is not a formal parameter; it’s a reference to a variable in the enclosing
scope (similar to the way a method in a Java class can refer to a field in the same class).
Therefore, the Scala compiler creates a closure that encompasses (or “closes over”)
hello.

¥ A
= You could continue to pass the sayHello method around so it gets
.‘s . farther and farther away from the scope of the hello variable, but in
"4k an effort to keep this example simple, it’s only passed to one method
in a class in a different package. You can verify that hello is not in
scope in the Foo class by attempting to print its value in that class or
in its exec method, such as with println(hello). You’'ll find that the

code won’t compile because hello is not in scope there.

Discussion

In my research, I've found many descriptions of closures, each with slightly different
terminology. Wikipedia defines a closure like this:

“In computer science, a closure (also lexical closure or function closure) is a function
together with a referencing environment for the non-local variables of that function. A
closure allows a function to access variables outside its immediate lexical scope”

In his excellent article, Closures in Ruby, Paul Cantrell states, “a closure is a block of
code which meets three criteria” He defines the criteria as follows:
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1. The block of code can be passed around as a value, and
2. Tt can be executed on demand by anyone who has that value, at which time

3. It can refer to variables from the context in which it was created (i.e., it is closed
with respect to variable access, in the mathematical sense of the word “closed”).

Personally, I like to think of a closure as being like quantum entanglement, which Ein-
stein referred to as “a spooky action at a distance”” Just as quantum entanglement begins
with two elements that are together and then separated—but somehow remain aware
of each other—a closure begins with a function and a variable defined in the same scope,
which are then separated from each other. When the function is executed at some other
point in space (scope) and time, it is magically still aware of the variable it referenced
in their earlier time together, and even picks up any changes to that variable.

As shown in the Solution, to create a closure in Scala, just define a function that refers
to a variable that’s in the same scope as its declaration. That function can be used later,
even when the variable is no longer in the function’s current scope, such as when the
function is passed to another class, method, or function.

Any time you run into a situation where you're passing around a function, and wish
that function could refer to a variable like this, a closure can be a solution. The variable
can be a collection, an Int you use as a counter or limit, or anything else that helps to
solve a problem. The value you refer to can be a val, or as shown in the example, a
var.

A second example

If you're new to closures, another example may help demonstrate them. First, start with
a simple function named 1s0fVotingAge. This function tests to see if the age given to
the function is greater than or equal to 18:

val isOfVotingAge = (age: Int) => age >= 18

is0fVotingAge(16) // false

i1s0fVotingAge(20) // true
Next, to make your function more flexible, instead of hardcoding the value 18 into the
function, you can take advantage of this closure technique, and let the function refer to
the variable votingAge that’s in scope when you define the function:

var votingAge = 18
val isOfVotingAge = (age: Int) => age >= votingAge

When called, is0fVotingAge works as before:

i1s0fVotingAge(16) // false
i1s0fVotingAge(20) // true

You can now pass 1s0fVotingAge around to other methods and functions:
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def printResult(f: Int => Boolean, x: Int) {
println(f(x))
}
printResult(is0fVotingAge, 20) // true
Because you defined votingAge as a var, you can reassign it. How does this affect
printResult? Let’s see:

// change votingAge in one scope
votingAge = 21

// the change to votingAge affects the result
printResult(is0fVotingAge, 20) // now false

Cool. The field and function are still entangled.
Using closures with other data types

In the two examples shown so far, you've worked with simple String and Int fields, but
closures can work with any data type, including collections. For instance, in the fol-
lowing example, the function named addToBasket is defined in the same scope as an
ArrayBuffer named fruits:

import scala.collection.mutable.ArrayBuffer
val fruits = ArrayBuffer("apple")

// the function addToBasket has a reference to fruits
val addToBasket = (s: String) => {

fruits += s

println(fruits.mkString(", "))
}

As with the previous example, the addToBasket function can now be passed around as
desired, and will always have a reference to the fruits field. To demonstrate this, define
a method that accepts a function with addToBasket’s signature:

def buyStuff(f: String => Unit, s: String) {
f(s)
}

Then pass addToBasket and a String parameter to the method:

scala> buyStuff(addToBasket, "cherries")
cherries

scala> buyStuff(addToBasket, "grapes")
cherries, grapes

As desired, the elements are added to your ArrayBuffer.

Note that the buyStuff method would typically be in another class, but this example
demonstrates the basic idea.
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A comparison to Java

If you're coming to Scala from Java, or an OOP background in general, it may help to
see a comparison between this closure technique and what you can currently do in Java.
(In Java, there are some closure-like things you can do with inner classes, and closures
are intended for addition to Java 8 in Project Lambda. But this example attempts to
show a simple OOP example.)

The following example shows how a sayHello method and the helloPhrase string are
encapsulated in the class Greeter. In the main method, the first two examples with Al
and Lorenzo show how the sayHello method can be called directly.

At the end of the main method, the greeter instance is passed to an instance of the Bar
class, and greeter’s sayHello method is executed from there:

public class SimulatedClosure {
public static void main (String[] args) {
Greeter greeter = new Greeter();
greeter.setHelloPhrase("Hello");
greeter.sayHello("Al"); // "Hello, Al"

greeter.setHelloPhrase("Hola");
greeter.sayHello("Lorenzo"); // "Hola, Lorenzo"

greeter.setHelloPhrase("Yo");

Bar bar = new Bar(greeter); // pass the greeter instance to a new Bar
bar.sayHello("Adrian"); // invoke greeter.sayHello via Bar

}

class Greeter {
private String helloPhrase;

public void setHelloPhrase(String helloPhrase) {
this.helloPhrase = helloPhrase;
}

public void sayHello(String name) {

System.out.println(helloPhrase + ", " + name);

}
}

class Bar {
private Greeter greeter;

public Bar (Greeter greeter) {
this.greeter = greeter;
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}

public void sayHello(String name) {
greeter.sayHello(name);

}
}

Running this code prints the following output:

Hello, Al
Hola, Lorenzo
Yo, Adrian

The end result is similar to the Scala closure approach, but the big differences in this
example are that you're passing around a Greeter instance (instead of a function), and
sayHello and the helloPhrase are encapsulated in the Greeter class. In the Scala clo-
sure solution, you passed around a function that was coupled with a field from another
scope.

See Also
o The voting age example in this recipe was inspired by Mario Gleichmann’s example
in Functional Scala: Closures.
o Paul Cantrell’s article, Closures in Ruby.

o Recipe 3.18, “Creating Your Own Control Structures”, demonstrates the use of
multiple parameter lists.

o Java 8’s Project Lambda.

9.6. Using Partially Applied Functions

Problem

You want to eliminate repetitively passing variables into a function by (a) passing com-
mon variables into the function to (b) create a new function that is preloaded with those
values, and then (c) use the new function, passing it only the unique variables it needs.

Solution

The classic example of a partially applied function begins with a simple sum function:

val sum = (a: Int, b: Int, c: Int) => a +b + ¢
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There’s nothing special about this sum function, it’s just a normal function. But things
get interesting when you supply two of the parameters when calling the function, but
don’t provide the third parameter:

val f = sum(1, 2 : Int)

EJ—

Because you haven't provided a value for the third parameter, the resulting variable f is
a partially applied function. You can see this in the REPL:

scala> val sum = (a: Int, b: Int, c: Int) =>a + b + ¢
sum: (Int, Int, Int) => Int = <function3>

scala> val f = sum(1, 2, _: Int)
f: Int => Int = <functionl>

The result in the REPL shows that f is a function that implements the function1 trait,
meaning that it takes one argument. Looking at the rest of the signature, you see that it
takes an Int argument, and returns an Int value.

When you give f an Int, such as the number 3, you magically get the sum of the three
numbers that have been passed into the two functions:

scala> f(3)
res@: Int = 6

The first two numbers (1 and 2) were passed into the original sum function; that process
created the new function named f, which is a partially applied function; then, some time
later in the code, the third number (3) was passed into f.

Discussion

In functional programming languages, when you call a function that has parameters,
you are said to be applying the function to the parameters. When all the parameters are
passed to the function—something you always do in Java—you have fully applied the
function to all of the parameters. But when you give only a subset of the parameters to
the function, the result of the expression is a partially applied function.

As demonstrated in the example, this partially applied function is a variable that you
can pass around. This variable is called a function value, and when you later provide all
the parameters needed to complete the function value, the original function is executed
and a result is yielded.

This technique has many advantages, including the ability to make life easier for the
consumers of a library you create. For instance, when working with HTML, you may
want a function that adds a prefix and a suffix to an HTML snippet:

def wrap(prefix: String, html: String, suffix: String) = {
prefix + html + suffix

}
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If at a certain point in your code, you know that you always want to add the same prefix
and suffix to different HTML strings, you can apply those two parameters to the func-
tion, without applying the html parameter:

, _: String, "</div>")

val wrapWithDiv = wrap("<div>"

Now you can call the new wrapWithDiv function, just passing it the HTML you want to
wrap:

scala> wrapWithDiv("<p>Hello, world</p>")
resO0: String = <div><p>Hello, world</p></div>

scala> wrapWithDiv("<img src=\"/images/foo.png\" />")
resl: String = <div><img src="/images/foo.png" /></div>

The wrapWithDiv function is preloaded with the <div> tags you applied, so it can be
called with just one argument: the HTML you want to wrap.

As a nice benefit, you can still call the original wrap function if you want:
wrap("<pre>", "val x = 1", "</pre>")

You can use partially applied functions to make programming easier by binding some
arguments—typically some form of local arguments—and leaving the others to be filled
in.

9.7. Creating a Function That Returns a Function

Problem

You want to return a function (algorithm) from a function or method.

Solution

Define a function that returns an algorithm (an anonymous function), assign that to a
new function, and then call that new function.

The following code declares an anonymous function that takes a String argument and
returns a String:

(s: String) => { prefix + +s }

You can return that anonymous function from the body of another function as follows:

def saySomething(prefix: String) = (s: String) => {
prefix + " " + s

}

Because saySomething returns a function, you can assign that resulting function to a
variable. The saySomething function requires a String argument, so give it one as you
create the resulting function sayHello:
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val sayHello = saySomething("Hello")

The sayHello function is now equivalent to your anonymous function, with the prefix
set to hello. Looking back at the anonymous function, you see that it takes a String
parameter and returns a String, so you pass it a String:

sayHello("Al")
Here’s what these steps look like in the REPL:

scala> def saySomething(prefix: String) = (s: String) => {
| prefix +" " +s

|}
saySomething: (prefix: String)String => java.lang.String

scala> val sayHello = saySomething("Hello")
sayHello: String => java.lang.String = <functionl>

scala> sayHello("Al")
res0: java.lang.String = Hello Al

Discussion

If you're new to functional programming, it can help to break this down a little. You can
break the expression down into its two components. On the left side of the = symbol
you have a normal method declaration:

def saySomething(prefix: String)

On the right side of the = is a function literal (also known as an anonymous function):

(s: String) => { prefix + +s }

Another example

As you can imagine, you can use this approach any time you want to encapsulate an
algorithm inside a function. A bit like a Factory or Strategy pattern, the function your
method returns can be based on the input parameter it receives. For example, create a
greeting method that returns an appropriate greeting based on the language specified:

def greeting(language: String) = (name: String) => {
language match {
case "english" => "Hello, " + name
case "spanish" => "Buenos dias, " + name

}
}

Ifit’s not clear that greeting is returning a function, you can make the code a little more
explicit:

def greeting(language: String) = (name: String) => {
val eng