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Foreword

Venkat Subramaniam would never be described as a “waterfall” sort of guy.
So, when he mentioned that he was starting on a Java 8 book—long before
the design of Java 8 was settled—I was not at all surprised. It was clear this
was going to be an “agile” book project.

Despite having to more than occasionally rework the text as the language
and library features evolved, Venkat had a secret advantage—he knew where
we were going. The Java 8 design was heavily influenced by the core principles
of functional programming: functions as values, immutability, and stateless-
ness. We didn’t do this because functional programming is trendy or cool; we
did this because programs that are expressed as stateless transformations
on immutable data, rather than as modification of mutable data structures,
tend to be easier to read and maintain and less error-prone, and to parallelize
more gracefully.

The new features introduced in Java 8 were designed together to facilitate
development of more expressive and parallel-friendly libraries. Lambda
expressions reduce the syntactic overhead of encoding behavior as data;
default methods allow existing libraries to evolve over time, enabling core JDK
classes such as Collections to take advantage of lambda expressions; the
java.util.stream package leverages these language features to offer rich
aggregate operations on collections, arrays, and other data sources in a
declarative, expressive, and parallel-friendly manner. All of this adds up to
more powerful and performant code, as well as a more pleasant programming
experience.

This book provides not only lots of examples of how to use these new features,
but offers readers a peek into the underlying principles behind their design,
and why they result in better code. Let Venkat be your guide to this new and
improved Java—you're in for a treat.

Brian Goetz
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Java language architect, Oracle Corporation
September 2013
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Preface

You're in for a treat. One of the most prominent and widely used languages
in the world has evolved. Until now Java gave us one set of tools—an object-
oriented set —and we did the best we could with it. Now there’s another, more
elegant way to solve the common problems we encounter when developing
applications. Now we can do quite effectively in Java what was previously
possible only on the Java Virtual Machine (JVM) using other languages—this
means more power for Java users.

I'm thankful to have had the privilege over the past few decades to program
with several languages: C, C++, Java, C#, F#, Ruby, Groovy, Scala, Clojure,
Erlang, JavaScript... When asked which one’s my favorite, my resounding
answer has been that it's not the language that excites me, but the way we
program.

The science and engineering in programming drew me in, but the art in pro-
gramming keeps me. Coding has a lot in common with writing—there’s more
than one way to express our ideas. Java helped us write code using objects.
Now we have an additional way to implement our designs and ideas.

This is a new way in Java, one that will make our code more expressive,
easier to write, less error prone, and easier to parallelize than has been the
case with Java until now. This way has been around for decades and widely
used in languages like Lisp, Clojure, Erlang, Smalltalk, Scala, Groovy, and
Ruby. It’s not only a new way in Java, but a better way.

Since coding is like writing, we can learn a few things from that field. In On

brevity. To create better applications, we can start by making the code simpler,
clear, and concise. The new style of programming in Java provides exactly
that, as we will explore throughout this book.
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Preface ® xvi

Who's This Book For

This book is for programmers well versed in object-oriented programming in
Java and keen to learn and apply the new facilities of lambda expressions.
You’'ll need good experience programming in previous versions of Java, espe-
cially Java 5, to make the best use of this book.

Programmers mostly interested in JVM languages like Scala, Groovy, JRuby,
and Clojure can benefit from the examples in this book and can relate back
to the facilities offered in those languages. They can also use the examples
to help fellow Java programmers on their teams.

Programmers experienced with the functional style of programming in other
languages and who are now involved in Java projects can use this book, as
well. They can learn how what they know translates to the specifics of the
lambda expressions’ usage in Java.

Programmers who are familiar with lambda expressions in Java can use this
book to help coach and train their team members who are getting up to speed
in this area.

What'’s in This Book

This book will help you get up to speed with Java 8 lambda expressions, to
think in the elegant style, and to benefit from the additions to the Java
Development Kit (JDK) library. We'll take an example-driven approach to
exploring the concepts. Rather than discuss the theory of functional program-
ming, we’ll dive into specific day-to-day tasks to apply the elegant style. This
approach will quickly get these concepts under our belts so we can put them
to real use on projects right away.

On the first read, take the time to go over the chapters sequentially as we
build upon previously discussed concepts and examples. Each chapter closes
with a quick summary to recap what was covered. Later, when working on
applications, take a quick glance at any relevant example or section in the
book. There’s also a syntax appendix for quick reference.

Here’s how the rest of the book is organized:

We discuss the functional style of programming, its benefits, and how it differs
from the prevalent imperative style in Chapter 1, Hello, Lambda Expressions!,

chapter.
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What's in This Book ® xvii

The JDK collections have received some special treatment in Java 8, with
new interfaces, classes, and methods that support functional-style operations.
We will explore these in Chapter 2, Using Collections, on page 19.

tional-style and lambda expressions to work with strings, implement the
Comparator interface, and use filters for file selection.

In addition to using the functional-style facilities in the JDK, we can benefit
from applying the elegant style in the design of methods and classes we create.
We'll cover functional-style design techniques in Chapter 4, Designing with
Lambda Expressions, on page 63.

The lambda expressions facilitate a code structure that helps delineate oper-
ations to manage object lifetimes and resource cleanup, as we’ll discuss in
Chapter 5, Working with Resources, on page 89.

they provide us the ability to postpone instance creation and method evalua-
tions, create infinite lazy collections, and thereby improve the code’s perfor-
mance.

In Chapter 7, Optimizing Recursions, on page 123, we will use lambda expres-

sions to optimize recursions and achieve stellar performance using memoiza-
tion techniques.

We'll put the techniques we cover in the book to some real use in Chapter 8,

objects, implement map-reduce, and safely parallelize a program with little
effort.

In Chapter 9, Bringing It all Together, on page 149, we’ll go over the key concepts

and the practices needed to adopt those techniques.

In Appendix 1, Starter Set of Functional Interfaces, on page 157, we'll take a

glance at some of the most popular functional interfaces.

A quick overview of the Java 8 syntax for functional interfaces, lambda
expressions, and method/constructor references is in Appendix 2, Syntax
Overview, on page 159.

The URLs mentioned throughout this book are gathered together for your
convenience in Appendix 3, Web Resources, on page 165.
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Preface ® xviii

Java Version Used in This Book

To run the examples in this book you need Java 8 with support for lambda
expressions. Using automated scripts, the examples in this book have been
tried out with the following version of Java:
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How to Read the Code Examples ® xix

java version "1.8.0-ea"
Java(TM) SE Runtime Environment (build 1.8.0-ea-b120)
Java HotSpot(TM) 64-Bit Server VM (build 25.0-b62, mixed mode)

Take a few minutes to download the appropriate version of Java for your
system. This will help you follow along with the examples in this book.

How to Read the Code Examples

When writing code in Java, we place classes in packages, and executable
statements and expressions in methods. To reduce clutter, we’ll skip the
package names and imports in the code listings. All code in this book belongs
to a package:

package fpij;

Any executable code not listed within a method is part of an undisplayed
main() method. When going through the code listings, if you have an urge to
look at the full source code, remember it's only a click away at the website
for this book.

Online Resources

A number of web resources referenced throughout the book are collected in
Appendix 3, Web Resources, on page 165. Here are a few that will help you get

started with this book:

The Oracle website for downloading the version of Java used in this book is
https://jdk8.java.net/download.html.

book. You can also provide feedback by submitting errata entries or posting
your comments and questions in the forum.

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

Now for some fun with lambda expressions...
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CHAPTER 1

Hello, Lambda Expressions!

Our Java coding style is ready for a remarkable makeover.

The everyday tasks we perform just got simpler, easier, and more expressive.
The new way of programming in Java has been around for decades in other
languages. With these facilities in Java we can write concise, elegant, and
expressive code with fewer errors. We can use this to easily enforce policies
and implement common design patterns with fewer lines of code.

In this book we’ll explore the functional style of programming using direct
examples of everyday tasks we do as programmers. Before we take the leap
to this elegant style, and this new way to design and program, let’s discuss
why it’s better.

Change the Way You Think

Imperative style—that’s what Java has provided us since its inception. In this
style, we tell Java every step of what we want it to do and then we watch it
faithfully exercise those steps. That’s worked fine, but it’s a bit low level. The
code tends to get verbose, and we often wish the language were a tad more
intelligent; we could then tell it—declaratively—what we want rather than
delve into how to do it. Thankfully, Java can now help us do that. Let’s look
at a few examples to see the benefits and the differences in style.

The Habitual Way

Let’s start on familiar ground to see the two paradigms in action. Here’s an
imperative way to find if Chicago is in a collection of given cities—remember, the
listings in this book only have snippets of code (see How to Read the Code

Examples, on page xix).

introduction/fpij/Cities.java
boolean found = false;
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for(String city : cities) {
if(city.equals("Chicago")) {
found = true;
break;
}
}

System.out.println("Found chicago?:" + found);

This imperative version is noisy and low level; it has several moving parts.
We first initialize a smelly boolean flag named found and then walk through each
element in the collection. If we found the city we're looking for, then we set
the flag and break out of the loop. Finally we print out the result of our finding.

A Better Way

As observant Java programmers, the minute we set our eyes on this code
we’d quickly turn it into something more concise and easier to read, like this:

introduction/fpij/Cities.java
System.out.println("Found chicago?:" + cities.contains("Chicago"));

That’s one example of declarative style—the contains() method helped us get

directly to our business.

Tangible Improvements

That change improved our code in quite a few ways:
¢ No messing around with mutable variables
e Iteration steps wrapped under the hood
e Less clutter
* Better clarity; retains our focus
¢ Less impedance; code closely trails the business intent
e Less error prone

e Easier to understand and maintain

Beyond Simple Cases

That was simple—the declarative function to check if an element is present
in a collection has been around in Java for a very long time. Now imagine not
having to write imperative code for more advanced operations, like parsing
files, working with databases, making calls to web services, concurrent pro-
gramming, and so on. Java now makes it possible to write concise, elegant,
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less error-prone code, not just for simple cases, but throughout our applica-
tions.

The Old Way

Let’s look at another example. We'll define a collection of prices and try out
a few ways to total discounted price values.

final List<BigDecimal> prices = Arrays.asList(
new BigDecimal("10"), new BigDecimal("30"), new BigDecimal("17"),
new BigDecimal("20"), new BigDecimal("15"), new BigDecimal("18"),
new BigDecimal("45"), new BigDecimal("12"));

Suppose we're asked to total the prices greater than $20, discounted by 10%.
Let’s do that in the habitual Java way first.

introduction/fpij/Discountimperative.java
BigDecimal totalOfDiscountedPrices = BigDecimal.ZERO;

for(BigDecimal price : prices) {
if(price.compareTo(BigDecimal.value0f(20)) > 0)
totalOfDiscountedPrices =
totalOfDiscountedPrices.add(price.multiply(BigDecimal.value0f(0.9)));
}

System.out.println("Total of discounted prices: " + totalOfDiscountedPrices);

That’s familiar code; we start with a mutable variable to hold the total of the
discounted prices. We then loop through the prices, pick each price greater
than $20, compute each item’s discounted value, and add those to the total.
Finally we print the total value of the discounted prices.

And here’s the output from the code.

Total of discounted prices: 67.5

It worked, but writing it feels dirty. It’s no fault of ours; we had to use what
was available. But the code is fairly low level—it suffers from “primitive
obsession” and defies the single-responsibility principle. Those of us working
from home have to keep this code away from the eyes of kids aspiring to be
programmers, for they may be dismayed and sigh, “That’s what you do for a
living?”

A Better Way, Again

Now we can do better, a lot better. Our code can resemble the requirement
specification. This will help reduce the gap between the business needs and
the code that implements it, further reducing the chances of the requirements
being misinterpreted.
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Rather than tell Java to create a mutable variable and then to repeatedly
assign to it, let’s talk with it at a higher level of abstraction, as in the next
code.

introduction/fpij/DiscountFunctional.java
final BigDecimal totalOfDiscountedPrices =
prices.stream()
.filter(price -> price.compareTo(BigDecimal.value0f(20)) > 0)
.map(price -> price.multiply(BigDecimal.value0f(0.9)))
.reduce(BigDecimal.ZERO, BigDecimal::add);

System.out.println("Total of discounted prices: + totalOfDiscountedPrices);

Let’s read that aloud—filter prices greater than $20, map the prices to dis-
counted values, and then add them up. The code flows along with logic in the
same way we’'d describe the requirements.

The code is concise, but we're using quite a number of new things from Java
8. First, we invoked a stream() method on the prices list. This opens the door to
a special iterator with a wealth of convenience functions, which we’ll discuss
later.

Instead of explicitly iterating through the prices list, we're using a few special
methods, such as filter() and map(). Unlike the methods we're used to in Java
and the Java Development Kit (JDK), these methods take an anonymous
function—a lambda expression—as a parameter, within the parentheses ().
(We’ll soon explore this further.) We invoke the reduce() method to compute
the total on the result of the map() method.

The looping is concealed much like it was under the contains() method. The
map() method (and the filter() method), however, is more sophisticated. For each
price in the prices list, it invokes the provided lambda expression and puts the
responses from these calls into a new collection. The reduce() method is invoked
on this collection to get the final result.

Here’s the output from this version of code:

Total of discounted prices: 67.5

The Improvements

This is quite an improvement from the habitual way:
¢ Nicely composed, not cluttered
¢ Free of low-level operations

¢ Easier to enhance or change the logic
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e Iteration controlled by a library of methods
¢ Efficient; lazy evaluation of loops
e Easier to parallelize where desired

Later we’ll discuss how Java provides these improvements.

Lambdas to the Rescue

Lambdas are the functional key to free us from the hassles of imperative
programming. By changing the way we program, with a feature now baked
into Java, we can write code that’s not only elegant and concise, but also less
prone to errors; more efficient; and easier to optimize, enhance, and parallelize.

The Big Gains of Functional-Style Code

Functional-style code has a higher signal-to-noise ratio; we write fewer lines
of code, but each line or expression achieves more. We gained quite a bit from
the functional-style version, compared with the imperative-style version:

e We avoided explicit mutation or reassignment of variables, which are often
sources of bugs and make it hard to keep the code concurrent. In the
imperative version we repeatedly set the totalOfDiscountedPrices variable
within the loop. In the functional-style version, there is no explicit muta-
tion in our code. Fewer mutations leads to fewer errors in code.

e The functional version can easily be parallelized. If the computation was
time consuming, we can easily run it concurrently for each element in
the list. If we parallelized the imperative version, we'd have to worry about
concurrent modification of the totalOfDiscountedPrices variable. In the func-
tional version we gain access to the variable only after it's fully baked,
which removes the thread-safety concerns.

e The code is more expressive. Rather than conveying the intent in multiple
steps—create an initial dummy value, loop through prices, add discounted
values to the variable, and so on—we simply ask the list’s map() method
to return another list with discounted values, and summed it.

e The functional-style version is more concise; it took us fewer lines of code
to achieve the same result as the imperative version. More concise code
means less code to write, less code to read, and less code to maintain—
see Does concise just mean less code?, on page 7.

¢ The functional-style version is intuitive—code reads more like how we’d
state the problem—and it’s easier to understand once we’re familiar with
the syntax. The map() method applies the given function (which computes
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the discount) to each element of the collection and produces the resulting
collection, as we see in the following figure.

10 ——» —» 9.0
15 ———» —» 135
° price * 0.9 ®
° °
° °
50 ———» map ——»45.0

Figure 1—map applies the given function on each element of the collection.

With the support for lambda expressions, we can fully utilize the power of
the functional style of programming in Java. If we embrace this style, we can
create more expressive, more concise code with less mutability and fewer
errors.

One of Java’s key strengths has been its support of the object-oriented (OO)
paradigm. The functional style is not counter to OO. The real paradigm shift
is from the imperative to the declarative style of programming. With Java 8,
we can now intermix functional and OO styles of programming quite effectively.
We can continue to use the OO style to model domain entities, their state,
and relationships. In addition, we can model the behavior or state transfor-
mation, business workflows, and data processing as a series of function
composition.

Why Code in the Functional Style?

We saw the general benefits of the functional style of programming, but is it
worth picking up this new style? Should we expect a marginal improvement,
or is it life altering? Those are genuine questions that we need answered
before we commit our time and effort.

Writing Java code is not that hard; the syntax is simple. We've gotten quite
familiar and comfortable with the libraries and their application programming
interfaces (APIs). What really gets us is the effort required to code and maintain
the typical enterprise applications we use Java to develop.

We must ensure that fellow programmers have closed the database connec-
tions at the right time, that they’re not holding on to transactions any longer
than needed, that they're handling the exceptions well and at the right level,
that they’re securing and releasing locks properly...and the list goes on.
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Concise is short, devoid of noise, and boiled down to its essence to convey the intent
effectively. The benefits are far reaching.

Writing code is like throwing ingredients together; making it concise is like turning
that into a sauce. It often takes more effort to write concise code. It’s less code to
read, but effective code is transparent. A short code listing that’s hard to understand
or hides details is terse rather than concise.

Concise code equals design agility. Concise code has less ceremony.? This means we
can quickly try out our design ideas and move forward if they’re good, or move on if
they turn sour.

a. Stuart Halloway on essence versus ceremony: http://thinkrelevance.com/blog/2008/04/

Each one of these in isolation may not seem like a big deal. But when com-
bined with the domain’s inherent complexities, things get quite overwhelming,
labor intensive, and hard to maintain.

What if we could encapsulate each of these decisions into tiny pieces of code
that can manage the constraints well? Then we wouldn’t have to continuously
expend energy to enforce policies. That would be a big win, so let’s see how
the functional style can help.

Iteration on Steroids

We write iterations all the time to process a list of objects and to work with
sets and maps. The iterators we're used to in Java are familiar and primitive,
but not simple. Not only do they take a few lines of code to work with; they're
also quite hard to compose.

How do we iterate and print each element in a collection? We could use a for
loop. How do we select some elements from a collection? With the same for
loop, but some extra mutable variables have to step in to support the opera-
tion. Now after selecting the values, how do we reduce the operations into a
single value, like the min, the max, or an average? More looping, more
mutable variables.

That's like having a jack-of-all-iterations, but a master of none. Java now
provides specialized internal iterators for various operations: one to simply
loop, one to map data values, one to filter out select values, one to reduce,
and several convenience functions to pick the min, the max, the average, and

report erratum -« discuss
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so on. In addition, these operations nicely compose so we can combine a
variety of them to implement the business logic with greater ease and less
code. When we're done, the code is easier to understand, as it logically flows
thought the sequence described in the problem. We’'ll see several examples
of this in Chapter 2, Using Collections, on page 19, and throughout the book.

Enforcing Policies

Policies rule enterprise applications. For instance, we may have to ensure an
operation has proper security credentials. We may have to ensure that
transactions run fast and update audit trails properly. These tasks often turn
into mundane service-tier code like the following pseudocode form:

Transaction transaction = getFromTransactionFactory();
//... operation to run within the transaction ...

checkProgressAndCommitOrRollbackTransaction();
UpdateAuditTrail();

There are two issues with this kind of approach. First, it often leads to
duplication of effort and, in turn, increases maintenance cost. Second, it’s
easy to forget about exceptions that may be thrown in the application code,
thus jeopardizing the transaction lifetime and the update of audit trails. We
could implement a proper try-finally block, but every time someone touches
that code, we’d have to reverify that it’s not broken.

Alternatively, we could get rid of the factory and turn this code on its head.
Instead of receiving a transaction, we could send the processing code to a
well-managed function, like so (in pseudocode):

runWithinTransaction((Transaction transaction) -> {
//... operation to run within the transaction ...
b

This is such a small step with a huge savings. The policy to check the status
and update the audit trails is abstracted and encapsulated within the runWith-
inTransaction() method. To this method we send a piece of code that needs to
run in the context of a transaction. We no longer have to worry about forgetting
to perform the steps or about the exceptions being handled well. The policy-
enforcing function takes care of all that.

We'll cover how to use lambda expressions to enforce such policies in Chapter
5, Working with Resources, on page 89.
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Extending Policies

Policies seem to grow around us—beyond their being enforced, enterprise
applications require ways to extend them. Based on some configuration
information we may have to add or remove a series of operations that, in turn,
may have to be processed before core logic in a module is executed. This is
a common task in Java, but it requires much forethought and design.

The machinery for extensibility is often one or more interfaces. We could
carefully design these interfaces and the hierarchy of classes that will imple-
ment them. The result may be effective, but this effort possibly leaves a
number of interfaces and classes that we have to maintain. The design can
easily become heavyweight and hard to maintain, jeopardizing the very goal
of extensibility we set out for.

There’s an alternative—functional interfaces and lambda expressions, which
let us design extensible policies. This way we're not forced to create extra
interfaces or conform to a method name, but instead we can focus on the
core behaviors we’d like to provide, as we’ll see in Decorating Using Lambda

Expressions, on page 73.

Hassle-Free Concurrency

A big application is close to its delivery milestone when a huge performance
issue comes to the surface. The team quickly figures out that the bottleneck
is in the titanic module of the application, which involves processing large
volumes of data. Someone on the team suggests that we can improve perfor-
mance if we more effectively exploit the available multiple cores. But the
excitement from the suggestion is likely short lived if the titanic module is
like typical old-style Java code.

The team quickly realizes that converting the titanic module’s code from a
sequential to a concurrent version would take substantial effort, create
additional complexity, and open doors for many multithreading-related bugs.
Isn’t there an easier way to get better performance?

What if there is no difference between sequential and concurrent code, and
the effort to run it sequentially versus concurrently is merely the flip of a
switch to clearly express our intent?

That may seem possible only in Narnia, but it’s quite real if we develop our
modules with functional purity. The internal iterators and functional style
remove the last roadblock to easy parallelism. The JDK library has been
designed to make the switch between serial and parallel execution require
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only a small and explicit but unobtrusive code change, as we'll see in Taking
a Leap to Parallelize, on page 144.

Telling the Story

So much is lost in the translation between what the business wants and how
the code implements it. The bigger that gap, the greater the chance of errors
and higher the cost of maintenance. If the code reads more like the way the
business states the problem, it becomes easier to read, easier to discuss with
the business folks, and easier to evolve to meet their changing demands.

For instance, you hear the business say, “Get the prices for all the tickers,
find the prices that are less than $500, and total the net asset value of only
the stocks that make the cut.” Using the new facilities available, we can write
something like this:

tickers.map(StockUtil::getprice).filter(StockUtil::priceIsLessThan500).sum()

There’s little chance of losing something in translation here, as there’s not
much to translate. This is function composition at work, and we’ll see more
of it in this book, especially in Chapter 8, Composing with Lambda Expressions,
ompage 18T,

Separation of Concerns

A common need in applications is the separation of the core computations
from the fine-grained logic it depends on. For example, an order-processing
system may want to apply different tax computations based on the origin of
transaction. Separating the tax-computation logic from the rest of the process-
ing will help us create more reusable and extensible code.

In OO programming we call this separation of concern and often use the
strategy pattern to solve it. The effort typically involves creating one or more
interfaces and a bunch of classes to implement it.

We can achieve the same now, but with far less code. And we can try out our
design ideas really fast without being bogged down by a hierarchy of code
that we have to lay out first. We'll cover how to create this pattern and separate
concerns using lightweight functions in Separating Concerns Using Lambda
Expressions, on page 63.

Delaying Evaluation

When creating enterprise applications, we may have to interact with web
services, make database calls, process XML...the list goes on. There are so
many operations that we have to perform, but not all of them are necessary
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all the time. Avoiding some operations or at least postponing the ones that
don’t have to be performed yet is one of the easiest ways to improve perfor-
mance and application start-up or response time.

It's a simple goal, but one that may be quite hard to implement using a pure
OO approach. We would have to fuss with object references and null checks
to postpone initialization of heavyweight objects, for instance.

Alternatively, we can minimize our effort and make the intent more explicit
by using the new Optional class and the functional-style API it provides, as we’ll
see in Delayed Initialization, on page 105.

Improving Testability

Fewer things tend to break in code that has few moving parts. By nature,
functional-style code is more resilient to change and requires relatively less
testing effort.

In addition, as we’ll see in Chapter 4, Designing with Lambda Expressions,

expressions can stand in as lightweight mocks or stubs, and can help create
highly expressive exception tests. Lambda expressions can also serve as a
great testing aid. A common set of test cases can receive and exercise lambda
expressions. The tests can capture the essence of behaviors that need to be
tested for regression. At the same time, the lambda expressions being passed
in can serve as variations of implementations that need to be exercised.

The automated tests that are part of the JDK itself are great examples of this
—for more details browse through the JDK source code in the OpenJDK
repository.’ These tests show how lambda expressions help parameterize the
test cases’ key behaviors; for example, they help compose the tests as “make
a container for the results” followed by “assert some parameterized postcon-
ditions.”

We've discussed how the functional style not only helps us write better-
quality code, but also solves elegantly so many of our common application-
development challenges. That means we can create applications more quickly,
with less effort and fewer errors—as long as we follow a few guidelines, as
we'll discuss next.

1. http://hg.openjdk.java.net
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Evolution, Not Revolution

To reap the benefits of functional style, we don’t have to switch over to
another language; we simply have to change the way we use Java.

Languages like C++, Java, and C# started out with support for imperative
and OO programming. Now all these languages also embrace the functional
style of programming. We just saw examples of these two styles and discussed
the benefits we derived from the functional style. Now let’s look into some key
concepts and practices that will help us adopt the new style.

The Java language team has put in substantial time and effort to bring
functional capabilities to the language and the JDK. To reap the benefits, we
have to pick up a few new concepts. We can improve our code if we follow a
few guidelines:

¢ Be declarative.

e Promote immutability.

¢ Avoid side effects.

¢ Prefer expressions over statements.
¢ Design with higher-order functions.

Let’s quickly look at these practices.

Be Declarative

At the core of the familiar imperative style are mutability and command-
driven programming. We create variables or objects and modify their state
along the way. We also provide detailed commands or instructions to execute,
such as create a loop index, increment its value, check if we reached the end,
update the nth element of an array, and so on. It made sense for us to program
this way in the past due to the nature of the tools and the hardware limita-
tions.

We saw how the declarative use of the contains() method—when used on an
immutable collection—was far easier to work with than the imperative style.
All the hard work and the lower-level details were moved into the library
function and we don’t have to deal with those details. We would prefer doing
everything this way if it were only easier. Immutability and declarative pro-
gramming are the essence of the functional style of programming, and Java
now makes them quite approachable.
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Promote Immutability

Mutable code has many moving parts. The more things change, the easier it
is for components to break and for errors to creep in. Code where multiple
variables change is hard to understand and quite difficult to parallelize.
Immutability removes all these problems at the root.

Java supports immutability but does not enforce it—but we can. We need to
change our old habits of mutating objects’ states. As much as possible, we
must use immutable objects.

When declaring variables, fields, and parameters, lean toward declaring them
final, following the sage advice “Treat objects as immutable” from Effective
Java [Blo0O8], by Joshua Bloch et al.

When creating objects, promote immutable objects such as the String class.
When working with collections, create immutable or unmodifiable collections
using functions like Arrays.asList() or the Collections class’s unmodifiableList() method,
for example.

By avoiding mutability we can create pure functions—that is, functions with
no side effects.

Avoid Side Effects

Imagine writing a piece of code to go out to the Web to fetch a stock price and
then update a shared variable. If we have a number of prices to fetch, we're
forced to run these time-consuming operations sequentially. If we resort to
multithreading, then we have to burden ourselves with threading and syn-
chronization issues to prevent race conditions. The net result is poor applica-
tion performance and/or lack of sleep trying to manage multiple threads. We
can totally eliminate the problems by removing the side effect.

A function with no side effects honors immutability and does not change its
input or anything in its reach. These functions are easier to understand, have
fewer errors, and are easier to optimize. The lack of side effects removes any
concerns of race conditions or simultaneous updates. As a result we can also
easily parallelize execution of such functions, as we’ll see in Taking a Leap to

Parallelize, on page 144.

Prefer Expressions Over Statements

Statements are stubborn and force mutation. Expressions promote
immutability and function composition. For example, we first used the for
statement to compute the total of discounted prices. This version promoted
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mutation and verbose code. By switching over to the more expressive declar-
ative version using the map() and sum() methods, which are expressions, we
avoided mutations and were able to chain or compose functions.

It's better to design with expressions and use them more than statements in
our code. This will not make the code concise and easier to understand. The
code will flow logically, in the same order in which we would state the problem.
The concise version is easier to change if the problem changes.

Design with Higher-Order Functions

Unlike some functional programming languages, such as Haskell, that enforce
immutability, Java lets us modify variables at will. In that regard Java is not,
and will never be, a pure functional programming language. However, we can
write code in the functional style in Java by using higher-order functions.

A higher-order function takes the concept of reuse to the next level. Instead
of solely relying on objects and classes to promote reuse, with higher-order
functions we can easily reuse small, focused, cohesive, and well-written
functions.

In OO programming we're used to passing objects to methods, creating objects
within methods, and returning objects from within methods. Higher-order
functions do to functions what methods did to objects. With higher-order
functions we can

e Pass functions to functions
e Create functions within functions
e Return functions from functions

We already saw an example of passing a function to another function, and
we’ll see examples of creating and returning functions later. Let’s look at our
“passing a function to a function” example again.

prices.stream()
.filter(price -> price.compareTo(BigDecimal.value0f(20)) > 0)
.map(price -> price.multiply(BigDecimal.value0f(0.9)))
.reduce(BigDecimal.ZERO, BigDecimal::add);

In this example we're sending a function, price -> price.multiply(BigDecimal.valueOf(0.9)),
as an argument to map. The function being passed is created just in time, at
the point of call to the higher-order function map. Generally a function has a
body, a name, a parameter list, and a return type. The just-in-time function
created here has a parameter list followed by an arrow (->), and then the short
body. The type of the parameter may be inferred by the Java compiler here
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and the return type is implicit. This function is anonymous; it has no name.
Rather than referring to them as anonymous functions, we call them lambda
expressions.

Passing anonymous functions is not a totally unknown concept in Java; we're
used to passing instances of anonymous classes. If our anonymous class had
only one method, we still had to go through the ceremony of creating a class,
albeit anonymous, and instantiating it. Instead we can now enjoy a lightweight
syntax in Java with lambda expressions. Additionally, we're accustomed to
abstracting concepts with objects. Now we can combine that with abstracting
behavior using lambda expressions.

It takes some rethinking to design applications with this style of programming.
We have to tune our imperative-ingrained minds to think functionally. This
may seem a bit difficult at the beginning, but we’ll get used to it in no time,
and can leave those dysfunctional APIs far behind as we move forward.

Let’s now switch gears and look at how Java handles lambda expressions.
We're used to passing objects to methods, but now we can store functions
and pass them around. Let’s look at the magic behind how Java accepts a
function as an argument.

A Little Sugar to Sweeten

We could implement all the ideas with what was already available in Java,
but lambda expressions remove the ceremony and sweeten our efforts by
adding a little syntax sugar. This quickly translates into code that’s faster to
create and makes it easier to express our ideas.

In the past we've used a number of interfaces that only have single methods:
Runnable, Callable, Comparable, and so on. These interfaces are common in the
JDK library and often appear where just a single function is expected. All
these existing library methods that expect a single method interface can now
accept lightweight functions, thanks to the brilliant syntax sugar provided
though functional interfaces.

A functional interface is an interface with one abstract—unimplemented—
method. Again think single-method interfaces like Runnable, Callable, Comparable,
and so on, which all fit that definition. JDK 8 has more of these types of
interfaces—Function, Predicate, Consumer, Supplier, and so on (for a summary of the
starter set of functional interfaces see Appendix 1, Starter Set of Functional

default methods, which are implemented right within the interface.
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We can mark a functional interface with the @Functionalinterface annotation. The
compiler does not require this annotation, but it is helpful to explicitly state
the purpose that the interface serves. Furthermore, if we mark an interface
with this annotation, the compiler will enforce the rules for the interface to
qualify as a functional interface.

If a method takes a functional interface as a parameter, then we can pass
the following:

e An anonymous inner class, the old-fashioned way (but why would we?)
¢ A lambda expression, like we did when we called the map() method
¢ A method or constructor reference (as we’ll see later)

The compiler readily accepts a lambda expression or a method/constructor
reference as an argument if the method’s corresponding parameter is a refer-
ence to a functional interface.

When we pass a lambda expression to a method, the compiler will convert
the lambda expression to an instance of the appropriate functional interface.
This conversion is not a mere generation of an inner class in place. The syn-
thesized method of this instance conforms to the abstract method of the func-
tional interface that corresponds to the argument. For example, the map()
method takes the functional interface Function<T, R> as its parameter. In a call
to the map() method, the Java compiler synthesizes it, as the following figure
shows.
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Call:
prices.stream().map(price -> price * 0.9);

—. /Isynthesized by the Java Compiler

... Double apply(Integer param) {
int price = Integer.intValue(param);
return Double.valueOf(price * 0.9d);
}

In Stream... ‘A
Stream<R> map(Function<T, R> mapper) {

... = mapper.apply(...);

Figure 2—Simplified view of the promotion from lambda expression to functional
interface

The parameters of the lambda expression must match the parameters of the
interface’s abstract method. This synthesized method returns the lambda
expression’s result. If the return type doesn’t directly match that of the abstract
method, the synthesized method may convert the return value to a proper
assignable type.

We took a peek at how lambda expressions are passed as arguments to
methods. Let's quickly review what we covered and move on to explore
lambda expressions.

Recap

It’s a whole new world in Java. We can now program in an elegant and fluent
functional style, with higher-order functions. This can lead to concise code
that has fewer errors and is easier to understand, maintain, and parallelize.
The Java compiler works its magic so we can send lambda expressions or
method references where functional interfaces are expected.

We're all set to dive into the fun parts of lambda expressions and the JDK
library that’s been fine-tuned to work with lambda expressions. In the next
chapter we’ll start by using lambda expressions in one of the most fundamen-
tal programming tasks: working with collections.
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Using Collections

We often use collections of numbers, strings, and objects. They are so com-
monplace that removing even a small amount of ceremony from coding collec-
tions can reduce code clutter greatly. In this chapter we explore the use of
lambda expressions to manipulate collections. We use them to iterate collec-
tions, transform them into new collections, extract elements from them, and
easily concatenate their elements.

After this chapter, our Java code to manipulate collections will never be the
same—it’ll be concise, expressive, elegant, and more extensible than ever
before.

Iterating through a List

Iterating through a list is a basic operation on a collection, but over the years
it’s gone through a few significant changes. We'll begin with the old and evolve
an example—enumerating a list of names—to the elegant style.

We can easily create an immutable collection of a list of names with the fol-
lowing code:

final List<String> friends =
Arrays.asList("Brian", "Nate", "Neal", "Raju", "Sara", "Scott");

Here’s the habitual, but not so desirable, way to iterate and print each of the
elements.

collections/fpij/Iteration.java

for(int i = 0; i < friends.size(); i++) {
System.out.println(friends.get(1i));

}

This style is verbose and error prone—we have to stop and wonder, is iti< or
i <=? This is useful only if we need to manipulate elements at a particular
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index in the collection, but even then, we can opt to use a functional style
that favors immutability, as we’ll discuss soon.

Java also offers a construct that is a bit more civilized than the good old for
loop.

collections/fpij/Iteration.java

for(String name : friends) {

System.out.println(name);

}

Under the hood this form of iteration uses the Iterator interface and calls into
its hasNext() and next() methods.

Both these versions are external iterators, which mix how we do it with what
we’'d like to achieve. We explicitly control the iteration with them, indicating
where to start and where to end; the second version does that under the hood
using the Iterator methods. With explicit control, the break and continue statements
can also help manage the iteration-control flow.

The second construct has less ceremony than the first. Its style is better than
the first if we don’t intend to modify the collection at a particular index. Both
of these styles, however, are imperative and we can dispense with them in
modern Java.

There are quite a few reasons to favor the change to the functional style:
¢ The for loops are inherently sequential and are quite difficult to parallelize.

e Such loops are non-polymorphic; we get exactly what we ask for. We
passed the collection to for instead of invoking a method (a polymorphic
operation) on the collection to perform the task.

e At the design level, the code fails the "Tell, don’t ask” principle. We ask
for a specific iteration to be performed instead of leaving the details of the
iteration to underlying libraries.

It’s time to trade in the old imperative style for the more elegant functional-
style version of internal iteration. With an internal iteration we willfully turn
over most of the hows to the underlying library so we can focus on the
essential whats. The underlying function will take care of managing the iter-
ation. Let’s use an internal iterator to enumerate the names.

The Iterable interface has been enhanced in Java Development Kit (JDK) 8 with
a special method named forEach(), which accepts a parameter of type Consumer.
As the name indicates, an instance of Consumer will consume, through its
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accept() method, what’s given to it. Let’s use the forEach() method using the all-
too-familiar anonymous inner class syntax.

collections/fpij/Iteration.java
friends.forEach(new Consumer<String>() {
public void accept(final String name) {
System.out.println(name);
}
1)

We invoked the forEach() on the friends collection and passed an anonymous
instance of Consumer to it. The forEach() method will invoke the accept() method
of the given Consumer for each element in the collection and let it do whatever
it wants with it. In this example we merely print the given value, which is the
name.

Let’s look at the output from this version, which is the same as the output
from the two previous versions:

Brian
Nate
Neal
Raju
Sara
Scott

We changed just one thing: we traded in the old for loop for the new internal
iterator forEach(). As for the benefit, we went from telling it how to iterate to
focusing on what we want to do for each element. The bad news is the code
looks a lot more verbose—so much that it can drain away any excitement
about the new style of programming. Thankfully, we can fix that quickly; this
is where lambda expressions and the new compiler magic come in. Let’s make
one change again, replacing the anonymous inner class with a lambda
expression.

collections/fpij/lteration.java
friends.forEach((final String name) -> System.out.println(name));

That'’s a lot better. We look at less code, but watch closely to see what’s in
there. The forEach() is a higher-order function that accepts a lambda expression
or block of code to execute in the context of each element in the list. The
variable name is bound to each element of the collection during the call. The
underlying library takes control of how the lambda expressions are evaluated.
It can decide to perform them lazily, in any order, and exploit parallelism as
it sees fit.

This version produces the same output as the previous versions.
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The internal-iterator version is more concise than the other ones. However,
when we use it we're able to focus our attention on what we want to achieve
for each element rather than how to sequence through the iteration—it's
declarative.

This version has a limitation, however. Once the forEach method starts, unlike
in the other two versions, we can’t break out of the iteration. (There are
facilities to handle this limitation.) As a consequence, this style is useful in
the common case where we want to process each element in a collection.
Later we’ll see alternate functions that give us control over the path of itera-
tion.

The standard syntax for lambda expressions expects the parameters to be
enclosed in parentheses, with the type information provided and comma
separated. The Java compiler also offers some lenience and can infer the
types. Leaving out the type is convenient, requires less effort, and is less
noisy. Here’s the previous code without the type information.

collections/fpij/Iteration.java
friends.forEach((name) -> System.out.println(name));

In this case, the Java compiler determines the name parameter’s a String type,
based on the context. It looks up the signature of the called method, forEach()
in this example, and analyzes the functional interface it takes as a parameter.
It then looks at that interface’s abstract method to determine the expected
number of parameters and their types. We can also use type inference if a
lambda expression takes multiple parameters, but in that case we must leave
out the type information for all the parameters; we have to specify the type
for none or for all of the parameters in a lambda expression.

The Java compiler treats single-parameter lambda expressions as special: we
can leave off the parentheses around the parameter if the parameter’s type
is inferred.

collections/fpij/Iteration.java
friends.forEach(name -> System.out.println(name));

There’s one caveat: inferred parameters are non-final. In the previous example,
where we explicitly specified the type, we also marked the parameter as final.
This prevents us from modifying the parameter within the lambda expression.
In general, modifying parameters is in poor taste and leads to errors, so
marking them final is a good practice. Unfortunately, when we favor type
inference we have to practice extra discipline not to modify the parameter, as
the compiler is not there to protect us.
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We have come a long way with this example and reduced the code quite a bit.
But there’s more. Let’s take one last step to tease out another ounce of con-
ciseness.

collections/fpij/Iteration.java
friends.forEach(System.out::println);

In the preceding code we used a method reference. Java lets us simply replace
the body of code with the method name of our choice. We will dig into this
further in the next section, but for now let’s reflect on the wise words of
Antoine de Saint-Exupéry: “Perfection is achieved not when there is nothing
more to add, but when there is nothing left to take away.”

Lambda expressions helped us concisely iterate over a collection. Next we’ll
cover how they help remove mutability and make the code even more concise
when transforming collections.

Transforming a List

Manipulating a collection to produce another result is as easy as iterating
through the elements of a collection. Suppose we're asked to convert a list of
names to all capital letters. Let’s explore some options to achieve this.

Java’s String is immutable, so instances can’'t be changed. We could create
new strings in all caps and replace the appropriate elements in the collection.
However, the original collection would be lost; also, if the original list is
immutable, like it is when created with Arrays.asList(), then the list can’t change.
Another downside is it would be hard to parallelize the computations.

Creating a new list that has the elements in all caps is a better option.

That suggestion may seem quite naive at first; performance is an obvious
concern we all share. Surprisingly, the functional approach often yields better
performance than the imperative approach, as we’ll see in Performance Con-
cerns, on page 153.

Let’s start by creating a new collection of uppercase names from the given
collection.

collections/fpij/Transform.java
final List<String> uppercaseNames = new ArrayList<String>();

for(String name : friends) {
uppercaseNames .add (name. toUpperCase());

}

In this imperative style, we created an empty list then populated it with all-
uppercase names, one element at a time, while iterating through the original
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list. As a first step to move toward a functional style, we could use the internal
iterator forEach() method from IteratmgthroughaLlst 99..?.?59._1.9’ to replace
the for loop, as we see next.

collections/fpij/Transform.java

final List<String> uppercaseNames = new ArrayList<String>();
friends.forEach(name -> uppercaseNames.add(name.toUpperCase()));
System.out.println(uppercaseNames);

We used the internal iterator, but that still required the empty list and the
effort to add elements to it. We can do a lot better.

Using Lambda Expressions

The map() method of a new Stream interface can help us avoid mutability and
make the code concise. A Stream is much like an iterator on a collection of
objects and provides some nice fluent functions. Using the methods of this
interface, we can compose a sequence of calls so that the code reads and
flows in the same way we’d state problems, making it easier to read.

The Stream’s map() method can map or transform a sequence of input to a
sequence of output—that fits quite well for the task at hand.

collections/fpij/Transform.java
friends.stream()

.map(name -> name.toUpperCase())

.forEach(name -> System.out.print(name + " "));
System.out.println();

The method stream() is available on all collections in JDK 8 and it wraps the
collection into an instance of Stream. The map() method applies the given
lambda expression or block of code, within the parenthesis, on each element
in the Stream. The map() method is quite unlike the forEach() method, which
simply runs the block in the context of each element in the collection. In
addition, the map() method collects the result of running the lambda expression
and returns the result collection. Finally, we print the elements in this result
using the forEach() method.

The names in the new collection are in all caps:

BRIAN NATE NEAL RAJU SARA SCOTT

The map() method is quite useful to map or transform an input collection into
a new output collection. This method will ensure that the same number of
elements exists in the input and the output sequence. However, element types
in the input don’t have to match the element types in the output collection.
In this example, both the input and the output are a collection of strings. We
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could have passed to the map() method a block of code that returned, for
example, the number of characters in a given name. In this case, the input
would still be a sequence of strings, but the output would be a sequence of
numbers, as in the next example.

collections/fpij/Transform.java
friends.stream()
.map (name -> name.length())
.forEach(count -> System.out.print(count + " "));

The result is a count of the number of letters in each name.

544445

The versions using the lambda expressions have no explicit mutation; they’re
concise. These versions also didn’t need any initial empty collection or garbage
variable; it quietly receded into the shadows of the underlying implementation.

Using Method References

We can nudge the code to be just a bit more concise by using a feature called
method reference. The Java compiler will take either a lambda expression or
a reference to a method where an implementation of a functional interface is
expected. With this feature, a short String::toUpperCase can replace name ->
name.toUpperCase(), like so:

collections/fpij/Transform.java
friends.stream()
.map(String: :toUpperCase)
.forEach(name -> System.out.println(name));

Java knows to invoke the the String class’s given method toUpperCase() on the
parameter passed in to the synthesized method—the implementation of the
functional interface’s abstract method. That parameter reference is implicit
here. In simple situations like the previous example, we can substitute method
references for lambda expressions; see When should we use method refer-
eneos?, o page 26,

In the preceding example, the method reference was for an instance method.
Method references can also refer to static methods and methods that take
parameters. We'll see examples of these later.

Lambda expressions helped us enumerate a collection and transform it into
a new collection. They can also help us concisely pick an element from a
collection, as we’ll see next.
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We'd normally use lambda expressions much more than method references when
programming in Java. That doesn’t mean method references are unimportant or less
useful, though. Method references are nice replacements when the lambda expressions
are really short and make simple, direct calls to either an instance method or a static
method. In addition to conciseness, we gain the ability to use more directly the names
already chosen for these methods.

There’s quite a bit of compiler magic under the hood when we use method references.
The method reference’s target object and parameters are derived from the parameters
passed to the synthesized method. This makes the code with method references much
more concise than the code with lambda expressions. However, we can’t use this
convenience if we have to manipulate parameters before sending them as arguments
or tinker with the call’s results before returning them.

Finding Elements

The now-familiar elegant methods to traverse and transform collections will
not directly help pick elements from a collection. The filter() method is designed
for that purpose.

From a list of names, let’s pick the ones that start with the letter N. Since
there may be zero matching names in the list, the result may be an empty
list. Let’s first code it using the old approach.

collections/fpij/PickElements.java
final List<String> startsWithN = new ArrayList<String>();
for(String name : friends) {
if(name.startsWith("N")) {
startsWithN.add(name);
}
}

That’s a chatty piece of code for a simple task. We created a variable and
initialized it to an empty collection. Then we looped through the collection,
looking for a name that starts with the desired letter. If found, we added the
element to the collection; otherwise we skipped it.

Let’s refactor this code to use the filter() method, and see how it changes things.

collections/fpij/PickElements.java
final List<String> startsWithN =
friends.stream()
.filter(name -> name.startsWith("N"))
.collect(Collectors.toList());

report erratum - discuss
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The filter() method expects a lambda expression that returns a boolean result.
If the lambda expression returns a true, the element in context while executing
that lambda expression is added to a result collection; it’s skipped otherwise.
Finally the method returns a Stream with only elements for which the lambda
expression yielded a true. In the end we transformed the result into a List using
the collect() method—we’ll discuss this method further in Using the collect
Method and the Collectors Class, on page 52.

Let’s print the number of elements in the result collection.

collections/fpij/PickElements.java
System.out.println(String.format("Found %d names", startsWithN.size()));

From the output it’s clear that the method picked up the proper number of
elements from the input collection.

Found 2 names

The filter() method returns an iterator just like the map() method does, but the
similarity ends there. Whereas the map() method returns a collection of the
same size as the input collection, the filter() method does not. It may yield a
result collection with a number of elements ranging from zero to the maximum
number of elements in the input collection. However, unlike map(), the elements
in the result collection that filter() returned are a subset of the elements in the
input collection.

The conciseness we've achieved by using lambda expressions so far is nice,
but code duplication may sneak in quickly if we’re not careful. Let’s address
that concern next.

Reusing Lambda Expressions

Lambda expressions are deceivingly concise and it’s easy to carelessly dupli-
cate them in code. Duplicate code leads to poor-quality code that’s hard to
maintain; if we needed to make a change, we’d have to find and touch the
relevant code in several places.

Avoiding duplication can also help improve performance. By keeping the code
related to a piece of knowledge concentrated in one place, we can easily study
its performance profile and make changes in one place to get better perfor-
mance.

Now let’s see how easy it is to fall into the duplication trap when using
lambda expressions, and consider ways to avoid it.

Suppose we have a few collections of names: friends, comrades, editors, and so
on.
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final List<String> friends =
Arrays.asList("Brian", "Nate", "Neal", "Raju", "Sara", "Scott");

final List<String> comrades =
Arrays.asList("Kate", "Ken", "Nick", "Paula", "Zach");

final List<String> editors =
Arrays.asList("Brian", "Jackie", "John", "Mike");

We want to filter out names that start with a certain letter. Let’s first take a
naive approach to this using the filter() method.

collections/fpij/PickElementsMultipleCollection.java
final long countFriendsStartN =
friends.stream().filter(name -> name.startsWith("N")).count();

final long countComradesStartN =
comrades.stream().filter(name -> name.startsWith("N")).count();

final long countEditorsStartN =
editors.stream().filter(name -> name.startsWith("N")).count();

The lambda expressions made the code concise, but quietly led to duplicate
code. In the previous example, one change to the lambda expression needs
to change in more than one place—that’s a no-no. Fortunately, we can assign
lambda expressions to variables and reuse them, just like with objects.

The filter() method, the receiver of the lambda expression in the previous
example, takes a reference to a java.util.function.Predicate functional interface.
Here, the Java compiler works its magic to synthesize an implementation of
the Predicate’s test() method from the given lambda expression. Rather than
asking Java to synthesize the method at the argument-definition location, we
can be more explicit. In this example, it's possible to store the lambda
expression in an explicit reference of type Predicate and then pass it to the
function; this is an easy way to remove the duplication.

Let’s refactor the previous code to make it DRY." (See the Don’t Repeat Yourself
—DRY——principle in The Pragmatic Programmer: From Journeyman to Master

collections/fpij/PickElementsMultipleCollection.java
final Predicate<String> startsWithN = name -> name.startsWith("n");

final long countFriendsStartN =
friends.stream().filter(startsWithN).count();
final long countComradesStartN =

1.  http://c2.com/cgi/wiki?DontRepeatYourself.
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comrades.stream().filter(startswWithN).count();
final long countEditorsStartN =
editors.stream().filter(startsWithN).count();

Rather than duplicate the lambda expression several times, we created it once
and stored it in a reference named startsWithN of type Predicate. In the three calls
to the filter() method, the Java compiler happily took the lambda expression
stored in the variable under the guise of the Predicate instance.

The new variable gently removed the duplication that sneaked in. Unfortu-
nately, it’s about to sneak back in with a vengeance and we need something
a bit more powerful to thwart it, as we’ll see next.

Using Lexical Scoping and Closures

There’s a misconception among some developers that using lambda expres-
sions may introduce duplication and lower code quality. Contrary to that
belief, even when the code gets more complicated we still don’'t need to com-
promise code quality to enjoy the conciseness that lambda expressions give,
as we'll see in this section.

We managed to reuse the lambda expression in the previous example; however,
duplication will sneak in quickly when we bring in another letter to match.
Let’s explore the problem further and then solve it using lexical scoping and
closures.

Duplication in Lambda Expressions

Let’s pick the names that start with N or B from the friends collection of names.
Continuing with the previous example, we may be tempted to write something
like the following:

collections/fpij/PickDifferentNames.java

final Predicate<String> startsWithN = name -> name.startsWith("n");
final Predicate<String> startsWithB = name -> name.startsWith("B");

final long countFriendsStartN =
friends.stream().filter(startsWithN).count();

final long countFriendsStartB =
friends.stream().filter(startsWithB).count();

The first predicate tests if the name starts with an N and the second tests for
a B. We pass these two instances to the two calls to the filter() method,
respectively. Seems reasonable, but the two predicates are mere duplicates,
with only the letter they use being different. Let’s figure out a way to eliminate
this duplication.
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Removing Duplication with Lexical Scoping

As a first option, we could extract the letter as a parameter to a function and
pass the function as an argument to the filter() method. That’s a reasonable
idea, but the filter() method will not accept some arbitrary function. It insists
on receiving a function that accepts one parameter representing the context
element in the collection, and returning a boolean result. It’s expecting a Predicate.

For comparison purposes we need a function that will cache the letter for
later use, and hold onto it until the parameter, name in this example, is
received. Let’s create such a function.

collections/fpij/PickDifferentNames.java
public static Predicate<String> checkIfStartsWith(final String letter) {
return name -> name.startsWith(letter);

}

We defined checkifStartsWith() as a static function that takes a letter of type String
as a parameter. It then returns a Predicate that can be passed to the filter()
method for later evaluation. Unlike the higher-order functions we’ve seen so
far, which accepted functions as parameters, the checklfStartsWith() returns a
function as a result. This is a higher-order function, as we discussed in Evo-
lution, Not Revolution, on page 12.

The Predicate that checklfStartsWith() returned is different from the lambda
expressions we've seen so far. In return name -> name.startsWith(letter), it’s clear
what name is: it’s the parameter passed to this lambda expression. But what’s
the variable letter bound to? Since that’s not in the scope of this anonymous
function, Java reaches over to the scope of the definition of this lambda
expression and finds the variable letter in that scope. This is called lexical
scoping. Lexical scoping is a powerful technique that lets us cache values
provided in one context for use later in another context. Since this lambda
expression closes over the scope of its definition, it’s also referred to as a clo-
sure. For lexical scope access restriction, see Are there restrictions to lexical
scoping?, on page 30.

From within a lambda expression we can only access local variables that are final or
effectively final in the enclosing scope.

A lambda expression may be invoked right away, or it may be invoked lazily or from
multiple threads. To avoid race conditions, the local variables we access in the

report erratum -« discuss
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enclosing scope are not allowed to change once initialized. Any attempt to change
them will result in a compilation error.

Variables marked final directly fit this bill, but Java does not insist that we mark them
as such. Instead, Java looks for two things. First, the accessed variables have to be
initialized within the enclosing methods before the lambda expression is defined.
Second, the values of these variables don’t change anywhere else—that is, theyre
effectively final although they are not marked as such.

When using lambda expressions that capture local state, we should be aware that
stateless lambda expressions are runtime constants, but those that capture local
state have an additional evaluation cost.

We can use the lambda expression returned by checkifStartsWith() in the call to
the filter() method, like so:

collections/fpij/PickDifferentNames.java
final long countFriendsStartN =
friends.stream().filter(checkIfStartsWith("N")).count();

final long countFriendsStartB =
friends.stream().filter(checkIfStartswWith("B")).count();

In the calls to the filter() method, we first invoke the checklfStartswith() method,
passing in a desired letter. This call immediately returns a lambda expression
that is then passed on to the filter() method.

By creating a higher-order function, checkifStartsWith() in this example, and using
lexical scoping, we managed to remove the duplication in code. We did not
have to repeat the comparison to check if the name starts with different letters.

Refactoring to Narrow the Scope

In the preceding (smelly) example we used a static method, but we don’t want
to pollute the class with static methods to cache each variable in the future.
It would be nice to narrow the function’s scope to where it’s needed. We can
do that using a Function class.

collections/fpij/PickDifferentNames.java
final Function<String, Predicate<String>> startsWithLetter =
(String letter) -> {
Predicate<String> checkStartsWith =
(String name) -> name.startsWith(letter);
return checkStartsWith;
}

report erratum - discuss
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This lambda expression replaces the static method checklfStartsWith() and can
appear within a function, just before it’s needed. The startsWithLetter variable
refers to a Function that takes in a String and returns a Predicate.

This version is verbose compared to the static method we saw earlier, but we’ll
refactor that soon to make it concise. For all practical purposes, this function
is equivalent to the static method; it takes a String and returns a Predicate. Instead
of explicitly creating the instance of the Predicate and returning it, we can
replace it with a lambda expression.

collections/fpij/PickDifferentNames.java
final Function<String, Predicate<String>> startsWithLetter =
(String letter) -> (String name) -> name.startsWith(letter);

We reduced clutter, but we can take the conciseness up another notch by
removing the types and letting the Java compiler infer the types based on the
context. Let’s look at the concise version.

collections/fpij/PickDifferentNames.java
final Function<String, Predicate<String>> startsWithLetter =
letter -> name -> name.startsWith(letter);

It takes a bit of effort to get used to this concise syntax. Feel free to look away
for a moment if this makes you cross-eyed. Now that we've refactored that
version, we can use it in place of the checkifStartswith(), like so:

collections/fpij/PickDifferentNames.java
final long countFriendsStartN =
friends.stream().filter(startsWithLetter.apply("N")).count();

final long countFriendsStartB =
friends.stream().filter(startsWithLetter.apply("B")).count();

We've come full circle with higher-order functions in this section. Our examples
illustrate how to pass functions to functions, create functions within functions,
and return functions from within functions. They also demonstrate the con-
ciseness and reusability that lambda expressions facilitate.

We made good use of both Function and Predicate in this section, but let’s discuss
how they're different. A Predicate<T> takes in one parameter of type T and
returns a boolean result to indicate a decision for whatever check it represents.
We can use it anytime we want to make a go or no-go decision for a candidate
we pass to the predicate. Methods like filter() that evaluate candidate elements
take in a Predicate as their parameters. On the other hand, a Function<T, R> rep-
resents a function that takes a parameter of type T and returns a result of
type R. This is more general than a Predicate that always returns a boolean. We
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can use a Function anywhere we want to transform an input to another value,
so it’s quite logical that the map() method uses it as its parameter.

Selecting elements from a collection was easy. Next we’ll cover how to pick
just one element out of a collection.

Picking an Element

It’s reasonable to expect that picking one element from a collection would be
simpler than picking multiple elements. But there are a few complications.
Let’s look at the complexity introduced by the habitual approach and then
bring in lambda expressions to solve it.

Let’s create a method that will look for an element that starts with a given
letter, and print it.

collections/fpij/PickAnElement.java
public static void pickName(
final List<String> names, final String startinglLetter) {

String foundName = null;
for(String name : names) {
if(name.startsWith(startinglLetter)) {
foundName = name;
break;
}
}

System.out.print(String.format("A name starting with %s: ", startinglLetter));

if (foundName != null) {
System.out.println(foundName);

} else {
System.out.println("No name found");

}
}

This method’s odor can easily compete with passing garbage trucks. We first
created a foundName variable and initialized it to null—that’s the source of our
first bad smell. This will force a null check, and if we forget to deal with it the
result could be a NullPointerException or an unpleasant response. We then used
an external iterator to loop through the elements, but had to break out of the
loop if we found an element—here are other sources of rancid smells: primitive
obsession, imperative style, and mutability. Once out of the loop, we had to
check the response and print the appropriate result. That’s quite a bit of code
for a simple task.
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Let’s rethink the problem. We simply want to pick the first matching element
and safely deal with the absence of such an element. Let’s rewrite the pickName()
method, this time using lambda expressions.

collections/fpij/PickAnElementElegant.java
public static void pickName(
final List<String> names, final String startingLetter) {

final Optional<String> foundName =
names.stream()
.filter(name ->name.startsWith(startinglLetter))
.findFirst();

System.out.println(String.format("A name starting with %s: %s",
startingLetter, foundName.orElse("No name found")));

}

Some powerful features in the JDK library came together to help achieve this
conciseness. First we used the filter() method to grab all the elements matching
the desired pattern. Then the findFirst() method of the Stream class helped pick
the first value from that collection. This method returns a special Optional
object, which is the state-appointed null deodorizer in Java.

The Optional class is useful whenever there may be a result. It protects us from
getting a NullPointerException by accident and makes it quite explicit to the
reader that “no result found” is a possible outcome. We can inquire if an
object is present by using the isPresent() method, and we can obtain the current
value using its get() method. Alternatively, we could suggest a substitute value
for the missing instance, using the method orElse(), like in the previous code.

Let’s exercise the pickName() function with the sample friends collection we've
used in the examples so far.

collections/fpij/PickAnElementElegant.java
pickName(friends, "N");
pickName(friends, "Z");

The code picks out the first matching element, if found, and prints an
appropriate message otherwise.

A name starting with N: Nate
A name starting with Z: No name found

The combination of the findFirst() method and the Optional class reduced our
code and its smell quite a bit. We’re not limited to the preceding options when
working with Optional, though. For example, rather than providing an alternate
value for the absent instance, we can ask Optional to run a block of code or a
lambda expression only if a value is present, like so:
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collections/fpij/PickAnElementElegant.java
foundName.ifPresent(name -> System.out.println("Hello " + name));

When compared to using the imperative version to pick the first matching
name, the nice, flowing functional style looks better. But are we doing more
work in the fluent version than we did in the imperative version? The answer
is no—these methods have the smarts to perform only as much work as is
necessary (we’ll talk about this more in Leveraging the Laziness of Streams,
ompage 118, e S

The search for the first matching element demonstrated a few more neat
capabilities in the JDK. Next we’ll look at how lambda expressions help
compute a single result from a collection.

Reducing a Collection to a Single Value

We've gone over quite a few techniques to manipulate collections so far:
picking matching elements, selecting a particular element, and transforming
a collection. All these operations have one thing in common: they all worked
independently on individual elements in the collection. None required com-
paring elements against each other or carrying over computations from one
element to the next. In this section we look at how to compare elements and
carry over a computational state across a collection.

Let’s start with some basic operations and build up to something a bit more
sophisticated. As the first example, let’s read over the in friends collection of
names and determine the total number of characters.

collections/fpij/PickALongest.java
System.out.println("Total number of characters in all names: " +
friends.stream()
.mapToInt(name -> name.length())
-sum());

To find the total of the characters we need the length of each name. We can
easily compute that using the mapToint() method. Once we transform from the
names to their lengths, the final step is to total them. This step we perform
using the built-in sum() method. Here’s the output for this operation:

Total number of characters in all names: 26

We leveraged the mapToint() method, a variation of the map operation (variations
like mapTolnt(), mapToDouble(), and so on create type-specialized steams such as
IntStream and DoubleStream) and then reduced the resulting length to the sum
value.
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Instead of using the sum() method, we could use a variety of methods like max()
to find the longest length, min() to find the shortest length, sorted() to sort the
lengths, average() to find the average of the length, and so on.

The hidden charm in the preceding example is the increasingly popular map-
reduce pattern,” with the map() method being the spread operation and the
sum() method being the special case of the more general reduce operation. In
fact, the implementation of the sum() method in the JDK uses a reduce() method.
Let’s look at the more general form of reduce.

As an example, let’s read over the given collection of names and display the
longest one. If there is more than one name with the same highest length,
we'll display the first one we find. One way we could do that is to figure out
the longest length, and then pick the first element of that length. But that'd
require going over the list twice—not efficient. This is where a reduce() method
comes into play.

We can use the reduce() method to compare two elements against each other
and pass along the result for further comparison with the remaining elements
in the collection. Much like the other higher-order functions on collections
we’ve seen so far, the reduce() method iterates over the collection. In addition,
it carries forward the result of the computation that the lambda expression
returned. An example will help clarify this, so let’s get down to the code.

collections/fpij/PickALongest.java
final Optional<String> alLongName =
friends.stream()
.reduce((namel, name2) ->
namel.length() >= name2.length() ? namel : name2);
aLongName.ifPresent(name ->
System.out.println(String.format("A longest name: %s", name)));

The lambda expression we're passing to the reduce() method takes two
parameters, namel and name2, and returns one of them based on the length.
The reduce() method has no clue about our specific intent. That concern is
separated from this method into the lambda expression that we pass to it—
this is a lightweight application of the strategy pattern.’

This lambda expression conforms to the interface of an apply() method of a
JDK functional interface named BinaryOperator. This is the type of the parameter

2.  http://research.google.com/archive/mapreduce.html

3. See Design Patterns: Elements of Reusable Object-Oriented Software [GHJV95], by

Gamma et al.
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the reduce() method receives. Let’s run the reduce() method and see if it picks
the first of the two longest names from our friends list.

A longest name: Brian

As the reduce() method iterated through the collection, it called the lambda
expression first, with the first two elements in the list. The result from the lambda
expression is used for the subsequent call. In the second call namel is bound to
the result from the previous call to the lambda expression, and name2 is bound
to the third element in the collection. The calls to the lambda expression continue
for the rest of the elements in the collection. The result from the final call is
returned as the result of the reduce() method call.

The result of the reduce() method is an Optional because the list on which reduce()
is called may be empty. In that case, there would be no longest name. If the
list had only one element, then reduce() would return that element and the
lambda expression we pass would not be invoked.

From the example we can infer that thereduce() method’s result is at most one
element from the collection. If we want to set a default or a base value, we
can pass that value as an extra parameter to an overloaded variation of the
reduce() method. For example, if the shortest name we want to pick is Steve,
we can pass that to the reduce() method, like so:
collections/fpij/PickALongest.java
final String steveOrlLonger =

friends.stream()

.reduce("Steve", (namel, name2) ->
namel.length() >= name2.length() ? namel : name2);

If any name was longer than the given base, it would get picked up; otherwise
the function would return the base value, Steve in this example. This version
of reduce() does not return an Optional since if the collection is empty, the default
will be returned; there’s no concern of an absent or nonexistent value.

Before we wrap up this chapter, let’s visit a fundamental yet seemingly difficult
operation on collections: joining elements.

Joining Elements

We've explored how to select elements, iterate, and transform collections. Yet
in a trivial operation—concatenating a collection—we could lose all the gains
we made with concise and elegant code if not for a newly added join() function.
This simple method is so useful that it’s poised to become one of the most
used functions in the JDK. Let’s see how to use it to print the values in a list,
comma separated.
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Let’s work with our friends list. What does it take to print the list of names,
separated by commas, using only the old JDK libraries?

We have to iterate through the list and print each element. Since the Java 5
for construct is better than the archaic for loop, let’s start with that.
collections/fpij/PrintList.java

for(String name : friends) {

System.out.print(name + ", ");

}
System.out.println();

That was simple code, but let’s look at what it yielded.

Brian, Nate, Neal, Raju, Sara, Scott,

Darn it; there’s a stinking comma at the end (shall we blame it on Scott?).
How do we tell Java not to place a comma there? Unfortunately, the loop will
run its course and there’s no easy way to tell the last element apart from the
rest. To fix this, we can fall back on the habitual loop.

collections/fpij/PrintList.java

for(int i = 0; i < friends.size() - 1; i++) {

System.out.print(friends.get(i) + ", ");

}

if(friends.size() > 0)
System.out.println(friends.get(friends.size() - 1));

Let’s see if the output of this version was decent.
Brian, Nate, Neal, Raju, Sara, Scott

The result looks good, but the code to produce the output does not. Beam us
up, modern Java.

We no longer have to endure that pain. A Stringjoiner class cleans up all that
mess in Java 8 and the String class has an added convenience method join() to
turn that smelly code into a simple one-liner.

collections/fpij/PrintList.java
System.out.println(String.join(", ", friends));

Let’s quickly verify the output is as charming as the code that produced it.
Brian, Nate, Neal, Raju, Sara, Scott

Under the hood the String’s join() method calls upon the Stringjoiner to concatenate
the values in the second argument, a varargs, into a larger string separated by
the first argument. We're not limited to concatenating only with a comma
using this feature. We could, for example, take a bunch of paths and concate-
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nate them to form a classpath quite easily, thanks to the new methods and
classes.

We saw how to join a list of elements; we can also transform the elements
before joining them. We already know how to transform elements using the
map() method. We can also be selective about which element we want to keep
by using methods like filter(). The final step of joining the elements, separated
by commas or something else, is simply to use a reduce operation.

We could use the reduce() method to concatenate elements into a string, but
that would require some effort on our part. The JDK has a convenience method
named collect(), which is another form of reduce that can help us collect values
into a target destination.

The collect() method does the reduction but delegates the actual implementation
or target to a collector. We could drop the transformed elements into an
ArrayList, for instance. Alternatively, to continue with the current example, we
could collect the transformed elements into a string concatenated with com-
mas.

collections/fpij/PrintList.java
System.out.println(
friends.stream().map(String: :toUpperCase).collect(joining(", ")));

We invoked the collect() on the transformed list and provided it a collector
returned by the joining() method, which is a static method on a Collectors utility
class. A collector acts as a sink object to receive elements passed by the collect()
method and stores it in a desired format: ArraylList, String, and so on.

Here are the names, now in uppercase and comma separated.

BRIAN, NATE, NEAL, RAJU, SARA, SCOTT

The StringJoiner gives a lot more control over the format of concatenation; we
can specify a prefix, a suffix, and infix character sequences, if we desire.

We saw how lambda expressions and the newly added classes and methods
make programming in Java so much easier, and more fun too. Let’s go over
what we covered in this chapter.

Recap

Collections are commonplace in programming and, thanks to lambda
expressions, using them is now much easier and simpler in Java. We can
trade the longwinded old methods for elegant, concise code to perform the
common operations on collections. Internal iterators make it convenient to
traverse collections, transform collections without enduring mutability, and
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select elements from collections without much effort. Using these functions
means less code to write. That can lead to more maintainable code, more code
that does useful domain- or application-related logic, and less code to handle
the basics of coding.

In the next chapter we’ll cover how lambda expressions simplify another
fundamental programming task: working with strings and comparing objects.
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CHAPTER 3

Strings, Comparators, and Filters

The Java Development Kit (JDK) has evolved to include convenience methods
that promote the functional style. When using familiar classes and interfaces
from the library—String, for example—we need to look for opportunities to use
these newer functions in place of the old style. Also, anywhere we used an
anonymous inner class with just one method, we can now use lambda
expressions to reduce clutter and ceremony.

In this chapter we’ll use lambda expressions and method references to iterate
over a String, to implement Comparators, to list files in a directory, and to observe
file and directory changes. Quite a few methods introduced in the previous
chapter will appear here again to help with the tasks at hand. Techniques
you pick up along the way will help turn long, mundane tasks into concise
code snippets you can quickly write and easily maintain.

Iterating a String

The chars() method is a new one in the String class from the CharSequence interface.
It’s useful for fluently iterating over the String’s characters. We can use this
convenient internal iterator to apply an operation on the individual characters
that make up the string. Let’s use it in an example to process a string. Along
the way we’ll discuss a few more handy ways to use method references.

compare/fpij/IterateString.java
final String str = "wo0t";

str.chars().forEach(ch -> System.out.println(ch));

The chars() method returns a Stream over which we can iterate, using the forEach()
internal iterator. We get direct read access to the characters in the String
within the iterator. Here’s the result when we iterate and print each character.
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The result is not quite what we’'d expect. Instead of seeing characters we're
seeing numbers. That’s because the chars() method returns a stream of Integers,
representing the characters instead of a stream of Characters. Let’s explore the
application programming interface a bit further before we fix the output.

In the previous code we created a lambda expression in the argument list for
the forEach() method. The implementation was a simple call where we routed
the parameter directly as an argument to the printin() method. Since this is a
trivial operation, we can eliminate this mundane code with the help of the
Java compiler. We can rely on it to do this parameter routing for us, using a
method reference like we did in Using Method References, on page 25.

We already saw how to create a method reference for an instance method.
For example, for the call name.toUpperCase(), the method reference is String::toUp-
perCase. In this example, however, we have a call on a static reference System.out.
We can use either a class name or an expression to the left of the double
colon in method references. Using this flexibility, it's quite easy to provide a
reference to the printin() method, as we see next.

compare/fpij/IterateString.java
str.chars().forEach(System.out::println);

In this example we see the smarts of the Java compiler for parameter routing.
Recall that lambda expressions and method references may stand in where
implementations of functional interfaces are expected, and the Java compiler
synthesizes the appropriate method in place (see A Little Sugar to Sweeten,

parameter to the synthesized method turned into the target of the method
call, like so: parameter.toUppercase();. That’s because the method reference is
based on a class name (String). In this example, the method reference, again
to an instance method, is based on an expression—an instance of PrintStream
accessed through the static reference System.out. Since we already provided a
target for the method, the Java compiler decided to use the parameter of the
synthesized method as an argument to the referenced method, like so: Sys-
tem.out.printin(parameter);. Sweet.

The code with the method reference is quite concise, but we have to dig into
it a bit more to understand what’s going on. Once we get used to method
references, our brains will know to autoparse these.
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In this example, although the code is concise, the output is not satisfactory.
We want to see characters and not numbers in their place. To fix that, let’s
write a convenience method that takes an int and prints it as a character.

compare/fpij/IterateString.java

private static void printChar(int aChar) {
System.out.println((char) (aChar));

}

We can use a reference to this convenience method to fix the output.

compare/fpij/IterateString.java
str.chars().forEach(IterateString::printChar);

We can continue to use the result of chars() as an int, and when it’s time to
print we can convert it to a character. The output of this version will display
characters.

+ ®©® © £

If we want to process characters and not int from the start, we can convert
the ints to characters right after the call to the chars() method, like so:

compare/fpij/lterateString.java

str.chars()
.mapToObj(ch -> Character.valueOf((char)ch))
.forEach(System.out::println);

We used the internal iterator on the Stream that the chars() method returned,
but we're not limited to that method. Once we get a Stream we can use any
methods available on it, like map(), filter(), reduce(), and so on, to process the
characters in the string. For example, we can filter out only digits from the
string, like so:

compare/fpij/lterateString.java

str.chars()
.filter(ch -> Character.isDigit(ch))
.forEach(ch -> printChar(ch));

We can see the filtered digits in the next output.

0
0

Once again, instead of the lambda expressions we passed to the filter() method
and the forEach() method, we can use references to the respective methods.
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compare/fpij/lterateString.java
str.chars().filter(Character::isDigit).forEach(IterateString::printChar);

The method references here helped remove the mundane parameter routing.
In addition, in this example we see yet another variation of method references
compared to the previous two instances where we used them. When we first
saw method references, we created one for an instance method. Later we
created one for a call on a static reference. Now we're creating a method refer-
ence for a static method—method references seem to keep on giving.

The one for an instance method and a static method look the same stucturally:
for example, String::toUppercase and Character::isDigit. To decide how to route the
parameter, the Java compiler will check whether the method is an instance
method or a static method. If it's an instance method, then synthesized
method’s parameter becomes the call’s target, like in parameter.toUppercase(); (the
exception to this rule is if the target is already specified like in System.out::printin).
On the other hand, if the method is static, then the parameter to the synthe-
sized method is routed as an argument to this method, like in Character.isDig-
it(parameter);. See Appendix 2, Syntax Overview, on page 159, for a listing of

method-reference variations and their syntax.

While this parameter routing is quite convenient, there is one caveat—method
collisions and the resulting ambiguity. If there’s both a matching instance
method and a static method, we’ll get a compilation error due to the reference’s
ambiguity. For example, if we write Double::toString to convert an instance of
Double to a String, the compiler would get confused whether to use the public
String toString() instance method or the static method public static String toString(double
value), both from the Double class. If we run into this, no sweat; we simply
switch back to using the appropriate lambda-expression version to move on.

Once we get used to the functional style, we can switch between the lambda
expressions and the more concise method references, based on our comfort
level.

We used a new method in Java 8 to easily iterate over characters. Next we’ll
explore the enhancements to the Comparator interface.

Implementing the Comparator Interface

The Comparator interface is used in hundreds of places in the JDK library, from
searching operations to sorting, reversing, and so on. In Java 8 this has
turned into a functional interface; the benefit is that we can use charmingly
fluent syntax to implement comparators.
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Let’s create a few different implementations of the Comparator to understand
the influence of the new style. Our fingers will thank us for all the keystrokes
saved by not having to create anonymous inner classes.

Sorting with a Comparator

We'll build an example to sort a list of people using a few different points of
comparisons. Let’s first create the Person JavaBean.

compare/fpij/Person.java

public class Person {
private final String name;
private final int age;

public Person(final String theName, final int theAge) {
name = theName;
age = theAge;

}

public String getName() { return name; }
public int getAge() { return age; }

public int ageDifference(final Person other) {
return age - other.age;

}

public String toString() {
return String.format("%s - %d", name, age);
}
}

We could implement the Comparable interface on the Person class, but that'd
limit us to one particular comparison. We would want to compare on different
things—on name, age, or a combination of fields, for example. To get this
flexibility, we’ll create the code for different comparisons just when we need
them, with the help of the Comparator interface.

Let’s create a list of people to work with, folks with different names and ages.

compare/fpij/Compare.java
final List<Person> people = Arrays.asList(
new Person("John", 20),
new Person("Sara", 21),
new Person("Jane", 21),
new Person("Greg", 35));

We could sort the people by their names or the ages and in ascending or
descending order. In the habitual way to achieve this we would implement
the Comparator interface using anonymous inner classes. But the essence here
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is the code for the comparison logic, and anything else we write would be
pure ceremony. We can boil this down to its essence using lambda expressions.

Let’s first sort the people in the list in ascending order by age.

Since we have a List, the obvious choice is the sort() method on the List. There
are downsides to using this method, however. That’s a void method, which
means the list will be mutated when we call it. To preserve the original list,
we’d have to make a copy and then invoke the sort() method on the copy; that’s
quite labor intensive. Instead we’ll seek the help of the Stream.

We can get a Stream from the List and conveniently call the sorted() method on
it. Rather than messing with the given collection, it will return a sorted collec-
tion. We can nicely configure the Comparator parameter when calling this
method.

compare/fpij/Compare.java
List<Person> ascendingAge =
people.stream()
.sorted((personl, person2) -> personl.ageDifference(person2))
.collect(toList());

printPeople("Sorted in ascending order of age: ", ascendingAge);

We first transformed the given List of people to a Stream using the stream() method.
We then invoked the sorted() method on it. This method takes a Comparator as
its parameter. Since Compa