


XVII

Preface

Java for Aliens is structured in such a way as to facilitate the learning of the Java language (Ver-
sion 13), even for those who have never programmed, or for those who have programmed with 
functional languages. The structure, writing and contents have been chosen carefully, based 
on the experience I have accumulated as a trainer and mentor over a twenty-year career. In 
particular, for Sun Microsystems, for Oracle, and as a freelancer, I’ve had the opportunity to 
deliver about 250 courses, for thousands of learners, on Java technology, architecture, object-
oriented analysis, design and UML. This book also covers complex topics that even the most 
experienced Java programmers might not master. These topics are marked with appropriate 
icons to warn the reader about the frequency of use, complexity and importance.
This two-volume book represents an evolution of the most popular book on Java in Italy, which 
since 2006, has been recommended as a reference book in all the most important Italian uni-
versities. The “Java Manual”, (published by Hoepli), boasts the highest number of reviews on 
Amazon Italy compared to all other programming books, even those of the most established 
international authors. Furthermore, my free book on Java 5 (http://www.claudiodesio.com), has 
been downloaded over 450,000 times out of a total of about 2 million Italian programmers of 
all languages.
The book you have in your hands is therefore the result of years of work, based not only on 
practical and educational experience, but also on extensive feedback from readers.

What’s New?
From Version 9 of Java onwards, a new six-monthly release cycle has been introduced. This 
book is being published at the same time as Version 13, and also covers all of the new features 
in Versions 9, 10, 11 and 12, often with a very high level of detail. Each topic introduced in these 
versions will be presented with a specific icon that is clearly identifiable. After the Java 8 revolu-
tion, Versions 9 to 13 have brought new constructs (switch expressions, text boxes, modules...), 
new ways to launch applications ( JShell, Launch Single Source Files...), new Garbage Collectors 
(G1, Epsilon, ZGC, Shenandoah...), new syntax words (var, opens, exports...), new application 
types (Modules, Custom Runtime Images, Modular Jar...), new JDK tools (jlink, jmod...) and much  
more ... including loads of challenging insights for more skilled aliens!
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Book Structure
Java for Aliens is divided into 7 parts within two volumes:

Part I, “Java Language Basics” (Chapters 1 to 5 of  Volume 1), presents all the fundamental 
concepts of Java programming, such as the development environment, essential compo-
nents, programming constructs (including novelties such as the switch expression), data 
types, etc. The study of the first five chapters should therefore allow the reader to write 
their first programs, and also to be confident in the development environment. Nothing 
will be taken for granted, and notions of basic computer science will also be introduced. 
Furthermore, the reader will receive support in the form of simplified examples, exer-
cises and explanations. However, there will also be an in-depth analysis, especially on the 
latest new features. I have also created a simple, free and open source development tool 
called EJE, to support the initial learning phases.

Part II, “Object Orientation” (Chapters 6 to 10 of Volume 1), explains the fundamental 
concepts for correctly designing our programs. How do we organize a program from 
scratch? How many classes do we need to create? What should these classes be called? 
What methods will they have to define? How can we create a program capable of evolving 
without changing parts that have already been written? These and many other questions 
are answered by the theory of Object Orientation with its paradigms (abstraction, re-
use, encapsulation, inheritance, polymorphism and then cohesion and coupling, and the 
principle of inversion of dependence, etc.). In this part, particular emphasis is placed on 
the support that the language offers to Object Orientation. Usually, the major difficulty 
that a Java programmer faces is being able to exploit the paradigms of object-oriented 
programming in practice. This text then strives to provide all the information needed by 
the reader in order to follow the path of Java programming in the most correct way pos-
sible, that is, the object-oriented way. Further, important features such as abstract classes, 
interfaces, packages, initializers, design by contract with assertions, handling exceptions, 
errors and warnings, etc. will be presented contextually.

Part III, “Java Language Advanced Features” (Chapters 11 and 12 of  Volume 1), introduces  
some more complex topics such as enumerations, generic types, erasure, wildcards, 
bounded wildcards, bounded parameters, generic methods, intersection types, wildcard 
capture, helper methods, covariant parameters, nested types, and anonymous classes. 
These arguments are in preparation for those that will be presented in the chapters that 
follow. Furthermore, at this point and in other chapters, the discussion is extensively  
developed with a view to supporting possible Oracle certification (both OCA and OCP).

1.

2.

3.
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Part IV, “Java API Fundamentals” (Chapters 13 to 15 of  Volume 2), presents the fundamen-
tal standards libraries for language and utilities. These include the Date & Time API, the 
Reflection API and all the fundamental classes such as Object, System, String, Runtime, 
Math, etc. Further, it introduces APIs for managing string formatting, internationalizing 
our applications, creating configuration files, using regular expressions. It also explains 
how to manage concurrent (multi-threaded) programming and the related libraries that sup-
port it.

Part V, “Java Language Evolution” (Chapters 16 to 19 of Volume 2), presents the main 
features introduced in recent years that have revolutionized the language, such as func-
tional programming with lambda expressions and method references, the Fluent API with 
streams, meta-programming with annotations, and the Java Platform Module System that 
has changed the way we design Java programs today - a key part for keeping up with the 
times.

Part VI, “Java Integration API” (Chapters 20 to 22 of  Volume 2), introduces the Java sup-
port structures that allow us to interact with other technologies or systems. The Java Na-
tive Interface, the java.io, java.nio packages (and the sub-packages that define NIO 2 
API), networking support with java.net, the JDBC interface to connect with databases, 
and libraries for interacting with programs and technologies based on XML, are featured 
in this part of the book.

Finally, Part VII, “Java Graphical User Interfaces” (Chapters 23 and 24 of  Volume 2), pres-
ents the libraries that will allow us to create graphical user interfaces with Java. In particu-
lar, we will learn to use the AWT, Swing and JavaFX libraries, with a view to creating any 
kind of user interface for standalone programs. 

This is therefore a book that should satisfy the expectations of both the aspiring programmer 
and the expert programmer.
Moreover, in order not to burden the body and the cost of the work too much, a lot of material  
(including over 500 exercises) has been moved to a special space available online at this  
address: http://www.javaforaliens.com.

Text Styles
The text is stylized to capture attention, highlighting words, sentences or entire paragraphs. In 
particular: with the Italic style, particular or important terms are highlighted; the Bold style 
highlights key words, important concepts of the Java language, names of technologies or other 
things the author considered important and sought to draw attention to; the Interface style is 
used, within the text, for links, commands and everything that can be typed in the interfaces of 

4.
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an operating system; the Code in the text style is used to distinguish parts of the code in the 
explanations from the rest of the text. The code lines are inserted in highlighted blocks similar 
to the following:

public class MyFirstJava13Class {
    //This is Java 13 code!
}

while the command line inputs and execution outputs are formatted in blocks with a black 
background:

this is the output of my program

Finally, notes like this add information to the topic before or after it. 
They can be insights, suggestions, or even simple references to other 
parts of the work.

Semantic Icons
To help visually identify parts of the text with particular semantic characteristics, the following 
icons have been used.

New Feature 
in Java 9

New Feature 
in Java 10

New Feature 
in Java 11

New Feature 
in Java 12

New Feature 
in Java 13

Curiosity 
(Non-essential 

concept or story) Trick Common Error Rarely Used
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Best Practice Very Important Complex Concept Only for Aliens

We recommend the novice reader not to dwell on the parts marked 
with the icon “Only for Aliens” and “Rarely Used”, in case they are too 
complicated. These are not essential parts for language learning, and 
you can go back to reading them when you feel ready.

Who Should Read This Book?
Java for Aliens has been structured to meet the expectations of:

 Aspiring programmers who want to become pro: nothing is taken for granted, you can 
learn to program even from scratch, and enter the world of work from the front door.

 University students: the previous versions of this work have been adopted as a textbook 
for many university courses in all the major Italian universities.

 Expert Java programmers: who need to upgrade to Version 13 and keep up with the 
times.

Online Resources
A lot of resources have been moved online for this edition. This could easily have given rise to 
a third volume! In particular, in addition to fifteen appendices, the errata, all the source code of 
the examples, there are about 500 exercises (and their solutions), fundamental for learning the 
concepts presented in the paper book.
You can download all the exercises and the appendices and the other files in a special space 
available online accessible at http://www.javaforaliens.com. 
You can also subscribe to the Telegram channel https://t.me/java4aliens in order to be notified 
about future updates of the online material.

E

E

E
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Source Code
Working with the code examples in this book, you can decide to write the whole code by hand, 
or to use the source files that come with the book. All of the source code written in this book is 
available for download at http://www.javaforaliens.com.

Errata
Every effort has been made to avoid errors in the text and in the code.
However, nobody is perfect, and mistakes happen. If you find a spelling error or a part of the 
code that is not working, the author would be grateful for the feedback and it will be reported in 
a new version of the errata. Other readers will thus avoid hours of frustration and, at the same 
time, it will help to ensure the highest possible standards in terms of quality of information. 
You can do this by writing to the author at claudio@javaforaliens.com. As usual, the reference ad-
dress remains: http://www.javaforaliens.com.

Author
Since 1999, I have worked as a freelance IT consultant. Today I am a specialist in training, 
technical writing, development, analysis, design, Java technologies, architecture and object-ori-
ented methodologies. I am the author of several technical articles and the “Manuale di Java” se-
ries from Version 6 to 9, Italian bestsellers, all published by Hoepli. I have worked with several 
universities, ministerial authorities and IT companies including Sun Microsystems, as a trainer 
and mentor. Today, I mainly work as a training consultant for Oracle.

Contacts
You can contact me through the following channels:

 Internet: 	 http://www.claudiodesio.com

 E-mail:		 claudio@claudiodesio.com

 Facebook: 	 http://www.facebook.com/claudiodesiocesari

 Twitter: 	 http://twitter.com/cdesio

 LinkedIn: 	 http://www.linkedin.com/in/claudiodesio

 YouTube:	 https://www.youtube.com/c/claudiodesiocesari
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Symbols
! (NOT)  129–130, 132
!= (different from)  129, 130, 132
% 122, 132
%= (modulo and assignment)  123, 132
& (AND)  126, 130, 132
&& (AND)  126, 130-132
&= (AND and assignment)  131, 132
* 122, 132
*= (multiplication and assignment)  123, 132
+ 122, 132
++ (pre-increment of a unit)  124-126, 132
+= (sum and setting)  123-124, 132
-  122, 132
-- (pre-decrease of one unit)  124-126, 132
-= (subtraction and setting)  123-124, 132
-> (used for switch and lambda)  62, 153–162, 357
-disableassertions  372
-enableassertions  372
-Xlint  157, 365, 462–464, 467, 486
/  122, 132
/= (division and assignment)  123-124, 132
< (lower than)  129, 132
<< (left shift)  126, 128, 132, 133
<<= (left shift and assignment)  126, 128, 132, 133, 169
<= (lower than or equal to)  129, 132
== (equal to)  129–132
> (greater than)  129, 131, 132
>= (greater than or equal to)  129, 132
>> (shift to the right)  126–128, 132
>>= (shift to the right and assignment)  126, 128, 

132, 133

>>> (shift to the right without sign)  126, 128, 132
>>>= (shift to the right without sign and assignment)  

126, 128, 132, 133
@interface (keyword)  60, 71, 72
\n  78, 88, 91, 93, 96, 276
\r  91, 94
\t  91
^ (XOR)  126, 131, 132
^= (XOR and assignment)  126, 127, 131, 132
| (OR)  126, 130, 132
|| (OR)  126, 130-132
|= (OR and assignment)  126, 127, 131-132
||= (OR and assignment)  126, 127, 131-132
~ (NOT)  126, 127, 132	

A
abstract (keyword)  70, 182, 206, 263, 269, 

282–288, 290–292, 295–301, 330–335, 356, 
386, 416, 423, 425, 428, 430, 431, 433, 434, 
458, 472, 475, 476, 484

Abstraction  214, 215, 260, 445
algorithm  164–168, 170, 216, 217, 388, 392, 430
Annotation  318
args[]  17–19, 22, 23, 113, 172, 176, 392, 393
Array  110
Arrays (class)  108, 111, 313
assert (keyword)   31, 70, 212, 252, 340, 370–

379, 397, 442
Autoboxing   458
Automatic Type Inference  460
Autounboxing  457
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B
bitwise  124, 126, 127, 131
boolean (keyword)  70, 78, 87, 102, 115, 118, 127, 

129–131, 134–139, 141–143, 145, 150, 180, 
183, 184, 221, 309, 370, 374, 376, 379, 430, 
431, 455, 458, 461, 469

break (keyword)  70, 113, 138, 144–156, 377, 378, 
437, 441, 442

C
Cast  83
Class (class)  22, 23, 28, 35, 37, 217, 222, 225, 

226, 230, 232, 248, 253, 258, 265, 268, 270, 
283, 297, 379, 416

ClassCastException  329, 342, 354–356, 366, 
452, 453, 456, 485

clone()  111
Collection (interface)  8, 446, 447, 454, 459
Collections (class)  111, 142, 323–325, 405, 

454, 457, 458, 465, 486, 487
Constructor  28, 49, 51, 253, 310, 385, 386
Conventions  72

D
Decorator (pattern)  112, 391
Deprecated (annotation)  464
Design by contract  372, 379
Diamond Problem  293–296

E
Eclipse  5, 10, 24, 191–193, 235, 239, 240, 260, 363, 

364, 394, 396, 398, 399, 428, 442
EJE  24, 26, 55, 67, 104, 107, 108, 113, 149, 156, 

196, 221, 235, 239, 259, 270, 363, 365
Enhanced for Loop  142
enum (keyword)  22, 23, 59, 70, 159, 162, 431–441, 

444
Enumeration  431, 434
equals()  111

Error  23, 32, 87, 179, 181, 281, 340, 342, 380, 466, 
471, 478, 480, 484, 485

exports (keyword)  60, 70, 71, 464
extends (keyword)  70, 242, 243, 263–301,  

305–336, 343, 354, 356, 361–364, 386, 389, 
390, 416, 417, 422, 425, 431, 433, 454, 
461–463, 471–473, 475–477, 480, 482, 484

F
Factory Method (pattern)  375

G
Garbage Collector  9, 351
Generalization  267
Generics  452, 454, 457, 458

H
HashMap (class)  459–461
HelloWorld  17, 18, 20–23, 28, 29, 109, 110, 177, 

186, 421
helper  405, 451, 468, 479, 486, 487
Heterogeneous Collections  323

I
immutable  106, 118
implements (keyword)  12, 58, 70, 252, 287–290, 

292–299, 301, 325, 327, 334, 352, 364, 375, 
434, 446, 456, 475–477, 481–484

import (keyword)  27, 54, 56, 57, 63, 64, 66, 70, 
71, 103, 104, 119, 147, 153, 184–186, 188, 
189, 206, 238, 242, 244, 245, 253, 254, 261, 
279, 280, 396, 397, 400, 439, 442–450

inheritance  10, 58, 59, 209, 212, 214, 216, 242, 245, 
260, 263–301, 305–336, 372, 384–386, 422, 
428, 451, 465–467, 480, 486, 487

Initializers  61, 63, 251, 253, 276, 278, 302
instanceof (keyword)  70, 132, 305, 325–329, 

337, 338, 389, 390, 453, 455, 482
Iterator  XV, 457–459, 462, 463, 467, 468, 472, 473
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J
JAR  187
Javadoc  69, 70, 117, 119
Java documentation  119, 374
JShell  2, 24, 78, 171, 177–190, 192, 206, 208, 248, 

466, 478

L
List (interface)  184, 325, 327, 407, 445, 450, 

454–458, 461–463, 465, 466, 469, 470, 472, 
473, 478, 479, 489

Literals  78

M
Map (interface)  457, 459–461
Math (class)  247, 248, 250, 254, 255, 281, 290, 

315, 316, 388–390, 443, 448, 449
Method  28, 39, 41, 72, 285, 291, 295, 308, 330, 

375, 401, 428
module (keyword)   60, 70, 71, 172, 203, 241, 355, 

400, 464

N
NaN  84
native (keyword)  9, 70, 197, 278
NEGATIVE_INFINITY  84
Netbeans  5, 10, 24, 191, 192, 235, 239, 240, 260, 

363, 364, 394, 428

O
Object (class)  28, 31, 111, 265, 266, 272, 276, 

311, 323, 330, 375, 426, 452, 453, 455, 459, 
462, 463, 466–468, 472, 478, 479

Overload  307, 309, 311, 314
Override  276, 285, 315-336, 343, 352, 354, 356, 

363, 389, 390, 416, 420, 423–425, 427, 
434–436, 440, 461, 469, 475, 480

P
Package  28, 53, 55, 73, 237, 238
Polymorphism  214, 321, 324, 331, 334, 335, 433
POSITIVE_INFINITY  84
private (keyword)  61, 70, 205, 211–259, 	 

268–301, 306–324, 343, 354–379, 385, 386, 
388–390, 400, 401, 408–448, 450, 452, 453, 
469, 470, 479

Promotion  80, 83
protected (keyword)  70, 241–246, 261, 269, 

278, 279, 287, 302, 318, 374, 408, 410, 413, 
435

provides (keyword)  9, 14, 42, 70, 71, 105, 106, 
166, 296, 331, 351, 454

public (keyword)  17, 18, 22, 23, 27, 31–33, 38, 
40–61, 64, 67–71, 98, 100, 101, 104, 108, 
113, 114, 241–251, 253, 255–258, 264–301, 
305–335, 408–448

R
Reference  97, 188, 227, 306, 307, 330, 412
Reflection  401
Runnable (interface)  326, 327
Runtime  14

S
SAM (Single Abstract Method)  291, 303
Singleton  209, 211, 256–259, 261, 262, 290, 421
Specialization  267
static (keyword)  18, 37, 38, 40, 61, 247–259, 

268, 276, 277, 280–283, 286–292, 296–300, 
319–321, 326, 333–336, 364, 368, 369, 373, 
374, 396, 400, 407–449, 464, 470, 473

strictfp (keyword)  71, 86, 278
StringTokenizer (class)  188
super (keyword)  71, 263, 272–276, 295, 300, 302, 

303, 318, 335, 336, 343, 354, 356, 417, 461, 
472, 482

SuppressWarnings (annotation)  364, 465
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switch (keyword)   71, 121, 134, 144–150, 
152–163, 169, 170, 357, 375, 377, 378, 408, 
437, 438, 441, 442, 450, 464

synchronized (keyword)  71, 182, 203, 206, 278
System (class)  17, 33, 42, 103, 181, 251, 254, 309, 

355, 366, 393, 394, 442, 443, 449

T
Thread  327
toString()  111, 256, 276, 323, 330, 331, 343, 

345, 346, 352, 354–359, 427, 432, 435, 436, 
439, 469, 470, 472, 473

transient (keyword)  71, 278
transitive (keyword)  71, 216, 464
Two’s Complement  76

U
UML  121, 166–168, 170, 194, 198–202, 204, 206, 

207, 217, 218, 221, 226, 230, 232, 258, 260, 
265, 269, 284, 294, 338, 384

Underscore  87
Unicode  88–91, 93–96, 118
Unsigned  126

V
var  65, 66, 71, 113–117, 119, 120, 139, 140, 144, 

157, 158, 242, 244–246, 279, 293, 311, 312, 
322, 325, 352, 353, 355, 358, 359, 412, 425, 
426, 477, 478, 486

Varargs  43, 62, 312–314
volatile (keyword)  5, 71, 74, 278

W
Warnings  363, 463
Wildcard  467, 471, 478

X
XLint  462

Y
yield  71, 152, 154–160
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