Index
Symbols

! operator
in property files 263
operator 18,23

I= operator 18,23, 24
for wrapper classes 52

" 27,29,156

" 34

"..." (single quotes, for strings)
for strings 7
in javadoc hyperlinks 101
in text blocks 35

# (number sign)
flag (for output) 39
in javadoc hyperlinks 101
in option files 443
in property files 263

$ (dollar sign)
flag (for output) 40
in regular expressions 329, 330, 333, 338, 339
in variable names 16

% (percent sign)
conversion character 38, 39
operator 18, 20

%% 217

%= operator 18

%g 217

%h 217

%t 217

%u 217

& (ampersand) 18,24

& operator
in regular expressions 331
operator 18, 23

&= operator 18

> (right angle bracket)
in shell syntax 37
operator 23

>>=, >>>= operators 18

>z, >>, >>> operators 18, 23, 24
< (left angle bracket)
flag (for output) 40
in shell syntax 37
operator 23
<>
for constructors of generic classes 222
<< operator 18,24
<<= operator 18
<...> (angle brackets)
for element types, in array lists 51
for type parameters 117, 222
in javadoc hyperlinks 101
in regular expressions 332
<= operator 18,23
'..." (for character literals)
for character literals 14
( (left parenthesis) 39
(...) (parentheses)
empty, for anonymous classes 138
for casts 23,109
in regular expressions 329, 332, 336
operator 18
* (asterisk)
for annotation processors 420
in documentation comments 99
in regular expressions 329, 332, 337
operator 18, 20
wildcard
in class path 88
in imported classes 91
*= operator 18
+ (plus sign)
flag (for output) 39
in regular expressions 329, 332
operator 18, 20
for strings 25, 29, 156
++ operator 18, 20
+= operator 18

, (comma)
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flag (for output) 39
normalizing 338
trailing, in arrays 50
- (minus sign)
flag (for output) 39
in regular expressions 329
operator 18, 20
-> operator 121, 124
-- operator
in command-line options 88
operator 18, 20
-= operator 18,19
. (period) 318
in method calls 7
in package names 3, 86
in regular expressions 329, 330, 339
operator 18
... (ellipsis) 60
/ (slash)
file separator (Unix) 264, 317
in javac path segments 3
operator 18, 20
root component 317
JEELK/ 98
//, /*...*/ comments 2
/= operator 18
0
as default value 75,77
flag (for output) 39
prefix (for octal literals) 13
Ob 13
0x 13,40
OxFEFF 309
: (colon)
in assertions 208
in switch statement 42
path separator (Unix) 88, 264
switch 42
switch statement 42,172
i1 (C++ operator) 124, 147
; (semicolon)
path separator (Windows) 88, 264
= operator 18, 19
== operator 18, 23, 24,158

for class objects 176
for enumerations 164
for strings 27
for wrapper classes 52
? (question mark)
in regular expressions 329, 330, 332
replacement character 313
wildcard, for types 225, 230, 241
?: 18,24
@ (at sign)
in java command 442
in javadoc comments 98
[...] (brackets)
for arrays 48, 49, 56
in regular expressions 329, 331
operator 18
[I 157,175
[L 175
\ (backslash)
character literal 15
file separator (Windows) 264, 317
in option files 442
in regular expressions 329, 330, 339
in text blocks 35
\0 330
\a, \A, in regular expressions 330, 333
\b (backslash character literal) 15
\b, \B, in regular expressions 333
\c¢ 331
\d, \D, in regular expressions 331
\e, \E, in regular expressions 330
\f (form feed character literal) 330
\G 333
\h, \H, in regular expressions 331
\k 332
\n (newline character literal)
for character literals 15
in property files 263, 264
in regular expressions 330, 332, 339
\p, \P, in regular expressions 331
\Q 330,331
\r (carriage return character literal)
for character literals 15
in property files 264
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\r, \R, in regular expressions 330, 333
\s, \S, in regular expressions 331
\t (tab character literal)
in regular expressions 330
tab, for character literals 15
\tu (Unicode character literal)
for character literals 14
in regular expressions 330
\v, \V, in regular expressions 331
\w, \W, in regular expressions 331
\x 330
\z,\Z, in regular expressions 333
 (caret)
for function parameters 122
in regular expressions 329, 333, 339
operator 18, 24
= operator 18
_ (underscore)
in number literals 13
in variable names 16, 71
{...} (braces)
in annotation elements 405
in lambda expressions 122
in regular expressions 329, 332, 338
with arrays 50
{{...}} 147
| operator
in regular expressions 329, 332
operator 18, 24
|= operator 18
|| operator 18,23
~ operator 18, 24

A

a, A conversion characters 38
abstract keyword 109, 149
abstract classes 149

abstract methods 123
AbstractCollection class 114
AbstractMethodError class 114
AbstractProcessor class 420
accept 128,130

acceptEither method 378

AccessibleObject class
setAccessible method 185, 187
trySetAccessible method 185

accessors 66

accumulate 382

accumulateAndGet method 381

accumulator functions 297

ActionListener interface 120

add method
of ArrayDeque 268
of ArrayList 51, 66
of BlockingQueue 369
of Collection 247
of List 249
of ListIterator 254
of LongAdder 381

addAll method
of Collection 228, 247
of Collections 251
of List 249

addExact method 21

addition 20
identity for 297

addSuppressed method 202

aggregators 444

allMatch method 285

allof method
of CompletableFuture 378
of EnumSet 267

allProcesses method 396

and, andNot methods (BitSet) 265

and, andThen methods (functional interfaces) 128

Android 121, 379

AnnotatedConstruct interface 421

AnnotatedElement interface 417,419

Annotation interface
extending 412
annotation interfaces 409
annotation processors 419
annotations
accessing 411, 444
applicability of 413
container 416,418
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declaration 405
documented 413,414
generating source code with 421
inherited 413, 415, 418
key/value pairsin 404, 411
meta 410, 416
modifiers and 408
multiple 405
processing
atruntime 416
source-level 419
repeatable 405, 413, 416, 418
standard 412
type use 407
anonymous classes 138
anyMatch method 285
any0f method 378, 379
Apache Commons CSV 440
API documentation 30, 32
generating 97
Applet 178
apply, applyAsXxx methods (functional interfaces) 128,130
applyToEither method 378
arithmetic operations 18
Array class 188
array lists 50
anonymous 147
checking for nulls 229
constructing 51
converting between 225
copying 54
elements of 51,52
filling 54
instantiating with type variables 236
size of 51
sorting 54
variables of 51
array variables
assigning values to 50
copying 53
declaring 48, 49
initializing 48
ArrayBlockingQueue class 370
ArrayDeque class 268

ArrayIndexOut0fBoundsException class 49
ArraylList class 50, 250
add method 51, 66
clone method 163, 164
fortach method 124
get, remove methods 51
removelf method 124
set, size methods 51
arrays 48, 50
accessing nonexisting elements in 49
allocating 236
annotating 407
asList method 267
casting 189
checking 188
comparing 158
computing values of 372
constructing 48, 49
constructor references with 126
converting
to a reference of type Object 155
to/from streams 290, 300, 373
copying 53
copy0f method 53, 189
covariant 225
deepToString method 157
equals method 158
fill method 54
filling 50, 54
generating Class objects for 175
growing 188,189
hash codes of 161
hashCode method 161
length of 49, 50, 134
multidimensional 56, 157
of bytes 306
of generic types 126, 237
of objects 49, 372
of primitive types 372
of strings 337
parallelXxx methods 54, 372
passing into methods 59
printing 54, 58, 157
serializable 340
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setAll method 127 binary data, reading/writing 314
sort method 54,118,119, 123, 124 binary numbers 13, 14
sorting 54,117, 372 binary trees 254
stream method 277,298 BinaryOperator interface 129
superclass assignmentin 145 binarySearch method 252
toString method 54, 157 BiPredicate interface 129
using class literals with 175 BitSet class 264
ArrayStoreException class 145, 225, 237 collecting streams into 298
ASCII 30, 308 methods of 265
ASM tool 423 bitwise operators 24
asMatchPredicate, asPredicate methods (Pattern) 335 block statement, labeled 46
assert keyword 208 blocking queues 368
AssertionError class 208 BlockingQueue interface 369, 370
assertions 208 boolean type 15, 52
checking 407 default value of 75,77
enabling/disabling 209 formatting for output 39
assignment operators 19 reading/writing 314
associative operations 297 streams of 298
asSubclass method 241 BooleanSupplier interface 130
asynchronous computations 373 bootstrap class loader 179
AsyncTask 380 boxed 299
atomic operations 365, 367, 380, 386 branches 40
performance and 381 break keyword 42, 43, 45
AtomicXxx classes 380, 381 bridge methods 232
@author annotation 99, 102 clashes of 239
autoboxing 52,130 BufferedReader class 311
AutoCloseable interface 201, 223 build 326
close method 201 bulk operations 368
automatic modules 439, 441 byte type 12, 52, 307
availableCharsets method 310 MAX_VALUE, MIN_VALUE constants 12
availableProcessors method 355 streams of 298
average method (XxGStream) 299 toUnsignedInt method 13
type conversions of 22
B byte codes 3

byte order mark 309
ByteArrayXxxStream classes 306
ByteBuffer class 316

bytes

b, B conversion characters 39
Base classes. See Superclasses
BasicFileAttributes interface 322
BeanInfo interface 188

BiConsumer interface 128 arrays of 306
BiFunction interface 129, 130
big-endian format 309, 314, 316
BigDecimal class 14, 24, 343

BigInteger class 12,24

converting to strings 310
reading 306

skipping 307

writing 307
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c character classes 329
character encodings 308
native 310

partial 309, 313
character literals 14
characters 305
formatting for output 39

C# programming language, type parameters in 229
¢, C conversion characters 39
C/C++

#include directive in 91

allocating memory in 365

integer types in 12 reading/writing 314

charAt method 33
CharSequence interface 30, 278
chars, codePoints methods 298

pointersin 66
C:\ 317
CachedRowSetImpl 442

calculators 166
Charset class

availableCharsets method 310
defaultCharset method 310
forName method 310

checked exceptions 197, 200
combining in a superclass 198

calendars 64

call by reference 73
Callable interface

call method 357
callbacks 120, 375
registering 373 declaring 198
camel case 16 .
cancel method documenting 199
of CompletableFuture 375
of Future 357

cancellation requests 360

generic typesand 239
in lambda expressions 199
no-argument constructors and 186

not allowed in a method 206
CancellationException class 375

cardinality 265
carriage return 15

rethrowing 204
checked views 234,271
checkedXxx methods (Collections) 253,271
case keyword 41 Checker Framework 407
cast 241 checkIndex method 207
cast operator 22 Child classes. See Subclasses
casts 23,109, 146 Church, Alonzo 121
annotating 407 Class class 174, 175, 176, 241
asSubclass, cast methods 241
comparing objects of 176
forName method 175, 176, 180, 198, 206
generic 240
getCanonicalName method 175,176
getClassLoader method 177
getComponentType method 177, 188
getConstructor(s) methods 178, 184, 186, 240, 241
getDeclaredConstructor(s) methods 178, 184, 241
getDeclaredField(s) methods 177
getDeclaredVethod(s) methods 177, 186

generic types and 234
inserting 231
catch keyword 200
annotating parameters of 405
in try-with-resources 202
no type variablesin 239
ceiling 256
Channel interface 112
channels 315
char type 14
streams of 298

type conversions of 22
52 getDeclaringClass method 177

getEnclosingXxx methods 177

Character class
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getEnumConstants method 241
getField(s) methods 177,184
getInterfaces method 176
getMethod(s) methods 177, 184, 186
getModifiers method 176
getName method 175,176
getPackage method 176
getPackageName method 177
getPermittedSubclasses method 177
getRecordComponents method 178
getResource method 178
getResourceAsStrean method 177,178
getSimpleName method 176
getSuperclass method 176, 241
getTypeName method 176
getTypeParameters method 242
isxxx methods 177,188
newInstance method 186, 240
toGenericString, toString methods 176
class declarations
annotations in 405, 415
initialization blocks in 76
class files 3,179
paths of 86
processing annotations in 423
class literals 175
no annotations for 407
no type variablesin 235
class loaders 179, 180
class objects 175
class path 88, 427
(lassCastException class 110, 234
classes 2, 64
abstract 109, 116, 149
accessing from a different module 444
adding to packages 90
anonymous 138
companion 114
constructing objects of 15
deprecated 100, 412, 413
deserialization of 348
documentation comments for 98, 99
encapsulation of 425, 426
evolving 346

extending 142

fields of 141

final 148

generic 51

immutable 30, 366

implementing 68, 162

importing 90

inner 94

instances of 6, 68, 85

loading 184

local 137

members of 141

enumerating 168, 183

naming 16, 86, 175

nested 92,407

not known at compile time 175, 190

protected 150

public 90, 432

sealed 152

serializable 342, 343

static initialization of 180

static methods of 84

system 209

testing 90

utility 90, 180

wrapper 52
classes winrule 161
classifier functions 293
(lassLoader class

defineClass method 442

findClass, loadClass methods 180

setXxxAssertionStatus methods 209
classloader inversion 180
(lassNotFoundException class 198
CLASSPATH 89
clear method

of BitSet 265

of Collection 248

of Map 259
clone method

of ArrayList 163, 164

of Enum - 165

of Message 163, 164

of Object 151, 155, 161, 186

457
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protected 161
(loneable interface 162
(loneNotSupportedException class 162, 165
cloning 161
close method
of AutoCloseable, Closeable 201
of PrintWriter 201
throwing exceptions 202
(loseable interface 112
close method 201
closures 133
code 98
code generator tools 414
code points 33, 280, 308
code units 14, 33, 298
in regular expressions 330
codePoints method
of CharSequence 298
Collator class 28
collect 290, 298
collectingAndThen method 295
Collection interface 114, 247
add method 247
addAll method 228, 247
clear, contains, containsAll methods 248
isEmpty method 248
iterator method 249

parallelStream method 249, 276, 299, 371

remove, removeXxx, retainAll methods 248
size method 248
spliterator method 249
streammethod 249, 276
toArray method 249
Collections class 114, 247,251, 271
addAll method 251
binarySearch method 252
branching 296
copy method 251
disjoint method 251
fill method 54, 252
frequency method 252
generic 271
given elements of 266

index0fSubList, lastIndex0fSubList methods
iterating over elements of 275
mutable 267
nCopies method 250, 252
processing 251
replaceAll method 252
reverse method 55, 252
rotate method 252
serializable 340
shuffle method 55, 252
sort method 54, 228, 229, 242, 252
swap method 252
synchronizedXxx methods 252
threadsafe 370
unmodifiable views of 267, 270
unmodifiableXxx methods 252
vs. streams 276
Collector interface 290
Collectors class 92
counting method 294
filtering method 296
flatMapping method 295
groupingBy method 293, 296
groupingByConcurrent method 294, 301
joining method 291
mapping method 295
maxBy, minBy methods 295
partitioningBy method 293, 296
reducing method 296
summarizingXxx methods 291, 295
summingXxx methods 294
teeing method 296
toCollection method 291
toConcurrentMap method 293
toMap method 291
toSet method 291, 294
Collectors class
collectingAndThen method 295
mapping method 295
command-line arguments 55
comments 2
documentation 97
commonPool method 302, 374

252
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companion classes 114
Comparable interface 117, 165, 228, 255
compareTo method 117
priority queues with 269
streams of 283
Comparator interface 92,119, 135, 255
comparing, comparingXxx methods 136
naturalOrder method 136
nullsFirst, nullsLast methods 136
priority queues with 269
reversed method 136
reverse0rder method 137
streams of 283
thenComparing method 136
compare 118
compareTo method
of Enun 165
of String 28, 117
compareToIgnoreCase method 124
compareUnsigned method 21
compatibility, drawbacks of 230
compilation 3
compile 334, 339
compile-time errors 16, 111
compiler
instruction reordering in 362
completable futures 373, 379
combining 379
composing 375
interrupting 375
CompletableFuture class 373, 379
acceptEither method 378
allof, any0f methods 378
applyToEither method 378
cancel method 375
complete, completeExceptionally methods 374
completeOnTimeout method 378
exceptionally method 377
exceptionallyCompose method 377
handle method 377
isDone method 375
orTimeout method 378
runAfterXxx methods 378

supplyAsync method 374, 375
thenAccept method 373, 377
thenAcceptBoth method 378

thenApply, thenApplyAsync methods

thenCombine method

378

thenCompose method 376, 377
thenRun method 377

whenComplete method 374, 377

CompletionStage interface 379

compose 128
computations

asynchronous 373

mutator 66
precision of 14

compute method

of ConcurrentHashMap 367

ofMap 259

computeIfXxx methods

of ConcurrentHashMap 367

of Map 259
concat 282
concatenation 25

objects with strings

156
concurrent programming 353, 395

access errors in 134

strategies for 365

ConcurrentHashMap class

computeIfXxx methods
forEachXxx methods
keySet method 371
merge method 367

367, 388
compute method 367

367

368

newKeySet method 371

no null valuesin 258

putIfAbsent method

reduceXxx, searchXxx methods

threadsafe 384

ConcurrentModificationException class

ConcurrentSkipListXxx clas

conditional operator

configuration files
editing 214
locating 178

368

ses
24

370

375,377

368

254,371



'4c0 [

resolving paths for 317
confinement 365
connect 325
Console class 37
ConsoleHandler class 215, 217
constants 17,112
naming 17
static 82
using in another class 17
Constructor class 183
getModifiers, getName methods 183
newInstance method 186, 187
constructor references 126
annotating 407
constructors 73
abstract classes and 149
annotating 237, 405, 407
canonical, compact, custom 80
documentation comments for 98
executing 73
for subclasses 144
implementing 73
invoking another constructor from 74
no-argument 77,144,186
overloading 74
public 73, 184
references in 366
Consumer interface 128
contains method (String) 29
contains, containsAll methods (Collection) 248
containsXxx methods (Map) 260
context class loaders 180
continue keyword 46, 47
control flow 40
conversion characters 38
cooperative cancellation 359
Cooperative scheduling 355
copy method
of Collections 251
of Files 308, 319, 324
copy0f method 53, 189
CopyOnWriteArrayXxx classes 370
CORBA 426
count 276,284

counters

atomic 380

de/incrementing 203
counting 294
country codes 293
covariance 225
createDirectory, createDirectories, createFile methods (Files)
createInstance method 180, 181
createTempXxx methods (Files) 319
critical sections 365, 383, 389
current method

of ProcessHandlex 395

of ThreadLocalRandom 391

D

D 14
conversion character 38
daemon threads 392
Databases 403
persisting objects in 435
DataInput/Output interfaces 314
read/writeXxx methods 314, 315
DataXxxStream classes 315
date classes
immutability of 366
DayOfWeek enumeration 65
deadlocks 365, 384, 388, 389
debugging
messages for 196
overriding methods for 148
primary arrays for 54
streams 283
threads 391
using anonymous subclasses for 146
with assertions 208
DecimalFormat class 85
declaration-site variance 229
decomposition
of classes 58
decrement operator 20
decrementExact method 21
deep copies 162
deepToString method 157
default keyword 114, 411

319
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default label (in switch) 41 atomic operations on 382
default methods 114, 116 compare method 118

conflicts of 115, 154 equals method 158

in interfaces 161 functional interfaces for 130
defaultCharset method 310 isFinite, isInfinite methods 14
defaultReadObject method 343, 347 NaN, NEGATIVE INFINITY, POSITIVE INFINITY values 14
defaultWriteObject method 343 parseDouble method 29
defensive programming 208 streams of 298
deferred execution 127 toString method 29
defineClass method 442 type conversions of 21
delete, deleteIfExists methods (Files) 320 double brace initialization 146
delimiters, for scanners 311 DoubleAccumulator, DoubleAdder classes 382
@deprecated annotation 100, 412, 413 DoubleConsumer, DoubleXxxOperator, DoublePredicate, DoubleSupplier,
Deque interface 251, 268 DoubleToXxxFunction interfaces 130
Derived classes. See Subclasses DoubleFunction interface 130, 233
destroy, destroyForcibly methods doubles 299

of Process 395 DoubleStream interface 298

of ProcessHandle 396 DoubleSummaryStatistics class 291, 299
diamond syntax downstream collectors 294, 301

for array lists 51 Driver.parentLogger method 443

for constructors of generic classes 222 dropWhile method 282
directories 317 dynamic method lookup 145, 232, 233

checking for existence 319, 321

creating 319, 321 E

deleting 320, 323 E 21

moving 319 "

temporary 319
user 318

visiting 321
working 392
directory 392
disjoint 251

distinct 283, 300
divideUnsigned method 21

conversion characters 38
Eclipse 5
effectively final variables 133, 134
efficiency, and final modifier 148
element 369, 420, 421
Flements 404, 411
else keyword 40

- e em 98
d1v1s:;n empty method

o . of Optional 288
doc-files 98

of Streamn 277
empty string 27, 156

concatenating 29
encapsulation 64, 425, 426, 427, 435
Encodings. See Character encodings
end 335,337
End-of-line character. See Line feed

documentation comments 97
@ocumented annotation 413, 414
domain names

for modules 427

for packages 86
dot notation 7,17
double type 13, 52
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endsWith method 29
enhanced for loop 52, 58,133
for collections 253
for enumerations 165
for iterators 182
for paths 318
enhanced form 42,172
Entry 230
entrySet method 260
enun keyword 18, 164, 165
enum instances
adding methods to 166
construction 166
referred by name 168
enumeration sets 267
enumerations 164
annotating 405
comparing 164, 165
constructing 166
customizing serialization of 345
defining 18
nested inside classes 168
serialization of 345
static members of 167
traversing instances of 165
using in switch 168
EnumMap, EnumSet classes 267
environment variables 394
equality, testing for 23, 24
equals method
final 159
null-safe 158
of Arrays 158
of Double 158
of Object 155, 159
of Objects 158
of records 79
of String 27, 28
of subclasses vs. superclass 158
of wrapper classes 52
overriding 157, 159
symmetric 159
values from different classes and 159

equalsIgnoreCase method 28

Error class 196

error messages, for generic methods
errorReader method 393

errors

AbstractMethodError 114
AssertionError 208

even numbers 20

Exception class 196
exceptionally 377
exceptionallyCompose method 377
exceptions 195

annotating 407
ArrayIndexOut0fBoundsException 49
ArrayStoreException 145, 225, 237
CancellationException 375
catching 200, 204

chaining 205

checked 186,197, 200
(lassCastException 110, 234
ClassNotFoundException 198
CloneNotSupportedException 162, 165
combining in a superclass 198
ConcurrentModificationException 254, 371
creating 198

documenting 199
ExecutionException 357
FileNotFoundException 197
generic types and 239
hierarchy of 196
IllegalArgumentException 208
IllegalStateException 291, 369
InaccessibleObjectException 185, 436
IndexOut0fBoundsException 207
InterruptedException 359
InvalidClassException 347
InvalidPathException 317
I0Exception 197,202, 311
NoSuchElementException 287, 369

NullPointerException 28, 50, 68, 75, 198, 207, 257, 284

NumberFormatException 198
ReflectiveOperationException 175
rethrowing 202, 206
RuntimeException 196

223
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SecurityException 185
ServletException 205
suppressed 202

throwing 196

TimeoutException 357

uncaught 206

unchecked 196
UncheckedIOException 311

exec 392

Executable class

getModifiers method 187
getName method 187
getParameters method 184, 187
ExecutableElement interface 420
ExecutionException class 357
Executor interface 376

executor services 355, 374
ExecutorCompletionService class 358
Executors class

newFixedThreadPool method 355
newVirtualThreadPerTaskExecutor method 356
ExecutorService interface

execute method 355

invokeAll, invokeAny methods 358
exhaustiveness 42

exists 319, 321

exitValue method 395

exports keyword 429, 431, 435
qualified 444

extends keyword 112, 142, 223, 228

Externalizable interface, read/writeExternal methods 344

F

F 14,38
factory methods 73, 85
failures, logging 204
false literal 15

as default value 75,77
Field class 183

get method 185, 187

getBoolean, getByte, getChar, getDouble, getFloat, getInt, getlong

methods 185, 187
getModifiers, getName methods 183, 187

getShort method 185, 187

getType method 183

set, setXxx methods 187
fields 141

enumerating 183

final 363

provided 150

public 184

retrieving values of 185

setting 185

transient 342
File class 319
file attributes

copying 320

filtering paths by 322
file handlers 217
file pointers 315
file.separator package 263
FileChannel class

get, getXxx methods 316

lock method 316

open method 315

put, putXxx methods 316

tryLlock method 316
FileFilter interface 129
FileHandler class 215,217
FileNotFoundException class 197
files

archiving 324

channelsto 315

checking for existence 197, 319, 321

closing 201

copy method 308, 319, 324
copying 319

createTempXxx methods 319
createXxx methods 319
creating 317, 321

delete, deleteIfExists methods
deleting 320

empty 319

encoding of 308, 309
exists method 319, 321
find method 321, 322

320

isDirectory, isRegularFile methods 319, 321
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lines method 278, 301, 311
list method 321
locking 316
memory-mapped 301, 315
move method 319
moving 319
newBufferedReader method 311
newBufferedWriter method 312, 320
newXxxStrean methods 306, 320, 340
random-access 315
read method 307
readAllBytes method 307
readAllLines method 310
reading from/writing to 37,197,307
read\Bytes method 307
skipNBytes method 307
temporary 319
walk method 321, 324
walkFileTree method 321, 323
write method 312, 320
FileSystem, FileSystems classes 324
FileVisitor interface 323
fill method
of Arrays 54
of Collections 54, 252
Filter class 217
of Optional 286
of Stream 276, 280, 284
filtering 296
final keyword 17,76, 148
final fields 363
final methods 366
final variables 362, 366
finalize 156
finally keyword 203
for locks 383
return statements in 203
financial calculations 14
find 321, 322
findAll method 336
findAny method 284
findClass method 180
findFirst method 183, 284

first 256
flag bits, sequences of 264
flatMap method
of Optional 288, 289
of Stream 281
flatMapping method 295
flip 265
float type 13, 52
streams of 298
type conversions of 21
floating-point types 13
binary number system and 14
comparing 118
division of 20
formatting for output 38
in hexadecimal notation 14
type conversions of 21
floor 256
floorMod method 20
for keyword 44, 45
declaring variables for 48
enhanced 52, 58, 133, 165, 253, 318
multiple variablesin 45
foreach method
of ArrayList 124
of Map 259
of Streamn 290
forEachOrdered method 290
forEachXxx methods (ConcurrentHashMap) 368
ForkJoinPool class 376
commonPool method 302, 374
format specifiers 38
formatted 40
formatted output 37
Formatter class 217
forms, posting data from 326, 328
forName method
of Charset 310
of Class 175,176, 180, 198, 206
frequency 252
Function interface 128, 291
function types 121, 128
functional interfaces 123,413,414
as method parameters 226
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common 128 get method

contravariant in parameter types 227 of Array 190

for primitive types 130 of ArrayList 51

implementing 130 of BitSet 265
@Functionallnterface annotation 131, 413,414 of Field 185,187, 316
functions 63 of Future 357, 373

higher-order 135 of List 250

Functions. See Methods

Future interface 358

of LongAccumulator 382
of Map 257,258

cancel, isCancelled, isDone methods 357 of Optional 287, 289
get method 357, 373 of Path 318
futures 357

of ServiceLoader.Provider 183
of Supplier 128
G GET requests 326
getAndXxx methods (Atomickxx) 381
getAnnotation, getAnnotationsByType methods
of AnnotatedConstruct 421
of AnnotatedElement 417,419
getAsXxx methods
of OptionalXxx 299
of XxxSupplier 130
getAudioClip method 178
getAverage method 291
getBoolean method
of Array 190
271 of Field 185,187
of FileChannel 316

completable 373, 379

9,6
conversion characters 38
gadget chains 349
garbage collector 269
generate 277,298
@Generated annotation 413, 414
generators, converting to streams 300
generic classes 51,222
constructing objects of 222
information available at runtime 241
instantiating 222
generic collections
generic constructors 242

generic methods 222 getByte method
calling 223 of Array 190
declaring 223 of Field 185,187
information available at runtime 241 of FileChannel 316
generic type declarations 241, 242 getCanonicalName method 175,176
generic types 117 getChar method
annotating 407 of Array 190
arrays of 126 of Field 185,187
casting 234 of FileChannel 316
exceptions and 239 getClass method 148, 155, 158, 174, 235, 240
inJVM 230 getClassLoader method 177
invariant = 225, 227 getComponentType method 177, 188
lambda expressions and = 227 getConstructor(s) methods (Class) 178, 184, 186, 240, 241

reflection and 240
restrictions on 233

getContextClassLoader method 181
getCountry method 293

GenericArrayType interface 241 getCurrencyTnstance method 85
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getDay0fXxx methods getLong method

of LocalDate 65 of Array 190
getDeclaredAnnotationXxx methods (AnnotatedElement) 417, 419 of Field 185,187
getDeclaredConstructor(s) methods (Class) 178,184, 241 of FileChannel 316
getDeclaredField(s) methods (Class) 177 getLongThreadID method 219

getDeclaredMethod(s) methods (Class) 177, 186 getMax method 291

getDeclaringClass method

of Class 177

of Enum 165
getDefault method

of RandonGenerator 7
getDouble method

of Array 190

of Field 185,187

of FileChannel 316
getElementsAnnotatedwith method 420
getEnclosedElements method 421
getEnclosingXxx methods (Class) 177
getEnumConstants method 241
getErrorStrean method 393, 394
getField(s) methods (Class) 177,184
getFileName method 318
getFilePointer method 315
getFloat method

of Array 190

of Field 185,187

of FileChanmnel 316
getHead method 218
getHeaderFields method 325
getInputStrean method

of Process 393

of IRL 325

of URLConnection 325
getInstant method 218
getInt method

of Array 190

of Field 185,187

of FileChannel 316
getInterfaces method 176
getLength method 190
getLevel method 218
getLogger method 210, 212
getLoggerName method 218

getMessage method 218

getMethod(s) methods (Class) 177, 184, 186

getModifiers method

of Class 176

of Constructor 183

of Executable 187

of Field 183,187

of Method 183
getMonthValue method

of Localdate 65
getName method

of Class 175,176

of Constructor 183

of Executable 187

of Field 183,187

of Method 183

of Parameter 187

of Path 318

of PropertyDescriptor 188

of System.Logger 213
getOrDefault method 257, 258
getOutputStrean method

of Process 393

of URLConnection 325
getPackage method 176
getPackageName method 177
getParameters method

of Executable 184, 187

of LogRecord 218
getParent method 318
getPath method 324
getPercentInstance method 85
getPermittedSubclasses method 177
getProperties method 263
getProperty method 179, 207, 263
getPropertyDescriptors method 188

getPropertyType, getReadMethod methods (PropertyDescriptor)
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getQualifiedName method 421
getRecordComponents method 178
getResource method 178
getResourceAsStream method

of Class 177,178

of Module 437

getResourceBundle, getResourceBundleName methods (LogRecord) 218

getRoot method 318
getSequenceNumber method 219
getShort method

of Array 190

of Field 185, 187

of FileChamnel 316
getSimpleName method

of Class 176

of Element 421
getSourceXxxName methods (LogRecord) 218
getSuperclass method 176, 241
getSuppressed method 202
getTail method 218
Getter/setter pairs. See Properties
getThrown method 218
getType method

of Field 183

of Parameter 187
getTypeName method 176
getTypeParameters method 242
getURLs method 179
getValue method 65
getWriteMethod method 188
Goetz, Brian 353
graphemeClusters method

of String 282
group 335, 337
grouping 293

classifier functions of 293

reducing to numbers 294
groupingBy method 293, 296
groupingByConcurrent method 294, 301
GUI

callbacks in 120

long-running tasks in 379

H

h, H conversion characters 39
handle 377
Hansen, Per Brinch 386
hash 160
hash codes 160
computing in String class 160
formatting for output 39
hash functions 160, 255
hash maps
concurrent 367
weak 269
hash tables 254
hashCode method
of Arrays 161
of Enum 165
of Object 155, 157, 160
of records 79
HashMap class 257
null values in 258
HashSet class 254
readObject, writeObject methods 343
Hashtable class 385
hasNext method
declaring 107
of Iterator 253
of Scanner 36, 311
hasNextXxx methods (Scanner) 36, 311
headMap method 270
headSet method
of NavigableSet 256
of SortedSet 256, 270
heap pollution 234, 271
Hello, World! program 1
modular 428
helper methods 230
hexadecimal numbers 13, 14
formatting for output 38
higher 256
higher-order functions 135
hn, hr elements (HTML) 98
Hoare, Tony 386
HTML
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generating documentation in 423
including code in 34
HTTP connections 325
HTTP/2 support 325
HttpClient class 325, 328
enabling logging for 328
newBuilder, newHttpClient methods 326, 373
HttpHeaders class 328
HttpResponse interface 327, 328
HttpURLConnection class 325
hyperlinks
in documentation comments 100
regular expressions for 328

IDE 3,5
identity method

of Function 128, 291

of UnaryOperator 128
identity values 297
if keyword 40
ifPresent, ifPresentOrElse methods (Optional) 285
IllegalArgumentException class 208
IllegalStateException class 291, 369
ImageIcon class 178
images, locating 178
img 98
immutability 365
immutable classes 366
implements keyword 107, 108
import keyword 8, 90

no annotations for 407

static 92
import static 168
InaccessibleObjectException class 185, 436
increment 381
increment operator 20
incrementAndGet method 380
incrementExact method 21
index0f method

of List 250

of String 30
index0fSubList method 252

Index0ut0fBoundsException class

info 396

Information hiding. See Encapsulation

inheritance

142, 164

207

classes win rule 155, 161
default methods and 154
@Inherited annotation 413, 415

initCause method 205
initialization blocks 76

static 83

inlining 148

inner classes 94

anonymous 138

invoking methods of outer classes

local 133,137

syntax for
input

96

reading 36, 310
splitting along delimiters 337

input prompts 37

input streams 305

copying
obtaining

308
306

reading from 306
inputReader method 393
InputStream class 306

transferTo method 308
InputStreamReader class 310

INSTANCE

345

instance methods 6, 70

instance variables 68, 70

abstract classes and 149

annotating 405

comparing 158
default values of 75

final 76

in records

78, 80

initializing 76, 144

not accessible from static methods

of deserialized objects

protected

150

setting 74

transient

vs. local

342
75

345,347

96

85
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instanceof keyword 110, 146, 158, 159 multiple 112
annotating 407 methods of 107,108
with pattern matching 110 nested, enumerating 183
instances 2,6 no instance variables in 113
instruction reordering 362 no redefining methods of the Object classin 161
int type 12 views of 269
functional interfaces for 130 interrupted 360
processing values of 127 interrupted status 360
random number generator for 7 InterruptedException class 359
streams of 298 intersects 266
type conversions of 21 IntFunction interface 130, 233
using class literals with 175 IntPredicate interface 130
IntBinaryOperator interface 130 intrinsic locks 384
IntConsumer interface 127,129, 130 ints 299
Integer class 52 IntSequence 108, 137
compare method 118 IntStrean interface 298
MAX_VALUE, MIN_VALUE constants 12 parallel method 299
parseInt method 29, 198 IntSummaryStatistics class 291, 299
toString method 29 IntSupplier, IntToXxxFunction, IntUnaryOperator interfaces 130
unsigned divisionin 13 InvalidClassException class 347
xxxUnsigned methods 21 InvalidPathException class 317
integer types 12 InvocationHandler interface 190
comparing 118 invoke 186,187
computing 20, 21 invokeAll, invokeAny methods (ExecutorService) 358
formatting for output 38 I0Exception class 197, 311
in hexadecimal notation 13 addSuppressed, getSuppressed methods 202
reading/writing 314, 315 isAbstract method 178,183
type conversions of 21 isAlive method
values of of Process 395
even/odd 20 of ProcessHandle 396
signed 13 of Thread 389
interface keyword 107, 409, 411 isAnnotation method 177
sealed 152

isAnonymousClass method 177
isArray method 177, 188
isAssignableFrom method 177
isCancelled method 357
isDirectory method 319, 321
isDone method

of CompletableFuture 375

evolution of 114 of Future 357
extending 112 isEmpty method
functional 123,413,414 of BitSet 266
implementing 107 of Collection 248

interface methods 114,116
interfaces 106
annotating 405, 407
compatibility of 114
declarations of 106
defining variables in 112
documentation comments for 98
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ofMap 259 --module-version option 439
isknun method 177 -Coption 438
iskqual method 129 -d option 438
isFinite, isInfinite methods (Double) 14 JAR files 87
isInstance method 177 dependencies in 446
isInterface method 178, 183 for split packages 438
isInterrupted method 360 manifest for 440
isLocalClass method 177 modular 438

isLoggable method processing order of 89
of Filter 217 resourcesin 178

of systen.Logger 213 scanning for deprecated elements 413

isMemberClass method 177
isNamePresent method 187
isNative method 178,183
isNull method 124
1SO 8601 format 414 -cp (--class-path, -classpath) option 88, 89
1SO 8859-1 encoding 309, 313 -da (-disableassertions) option 209
isPresent method 287, 289
isPrimitive method 177
isPrivate, isProtected, isPublic methods (Modifier) 178,183
isRecord method 177
isRegularfFile method 319, 321
isSealed method 177
isStatic, isStrict, isSynchronized methods (Modifier) 178, 183
isSynthetic method 177
isVolatile method 178,183
ITterable interface 253,318

iterator method 253
iterate 278, 283, 298, 372

Java 3
--add-exports, --add-opens options 442
--add-module option 439
--illegal-access option 441

-ea (-enableassertions) option 209
-esa (-enablesystemassertions) option 209
-m, -p (--module, --module-path) options 429, 438
compatibility with older versions of 153, 155, 230
online API documentation on 30, 32
option files for 442
option names in 88
strongly typed 15
Unicode supportin 30
uniformity of 2,116
Java Persistence Architecture 403
Java Platform Module System 425
layers in 439

iterator method migration to 439, 441
next, hasNext methods 253 no support for versioning in 427, 429, 439
of Collection 249 service loading in 445
of ServiceLoader 182 java.awt package 90, 426
of Stream 290 java.awt.geom package 342
renove, removelf methods 253 java.base package 430
iterators 253, 290 java.class.path package 263

converting to streams 279, 300
invalid 254
traversing 182

java.desktop package 430
java.home package 263
java.io.tmpdir package 263
weakly consistent 371 java.lang, java.lang.annotation packages 412
J java.lang.reflect package 183

java.logging package 443

jar 87 java.time package
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immutability of classes 366
java.util package 8, 371
java.util.concurrent package 367,370
java.util.concurrent.atomic package 380
java.util.logging package 210,213
java.util.random package 106
java.version package 263
JavaBeans 187
javac 3

-author option 102

-cp (--class-path, -classpath) option 88

-d option 87,102

-link, -linksource options 102

-parameters option 184

-processor option 419

-version option 102

-XprintRounds option 423
javadoc 97

including annotations in 414
JavaFX 121, 379
javan.log files 215
JavaServer Faces framework 261
javax.annotation package 412
javax.swing package 430
JAXB 435
JCommander 403
jconsole 215
jdeprscan 413
jdeps 446
JDK 3

obsolete features in 426
JEP 246 (platform logging API) 210
jlink 447
jmod 448
job scheduling 268
join method

of String 26

of Thread 389
joining 291
JPA 435
JShell 8

imported packagesin 11

loading modules into 439
JSON 151

JUnit 403, 404

K

key/value pairs
in annotations 404, 411
in maps 256
removed by garbage collector 269
Key/value pairs. See Properties
keySet method
of ConcurrentHashMap 371
ofMap 260, 269
keywords 16
contextual 153

L

L 13
L64X128MixRandom 106
labeled statements 46, 47
lambda expressions 121
annotating targets for 414
capturing variables in 132
executing 127
for loggers 212
generic types and 227
parameters of 122
processing 126
return type of 122
scope of 131
this reference in 131
throwing exceptionsin 199
using with streams 280, 372
language codes 293
language model API 420
last 256
lastIndex0f method
of List 250
of String 30
lastIndex0fSubList method 252
lazy operations 276, 280, 283, 337
length method
of arrays 49
of RandomAccessFile 315
of String 7, 33
Jdevel 214
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lib/modules 448
limit 282, 301
line feed 35
character literal for 15
formatting for output 39
in regular expressions 333
line.separator package 264
lines method
of BufferedReader 311
278,301, 311
@link annotation 100
linked lists 250, 254
LinkedBlockingQueue class
LinkedHashMap class 261
LinkedList class 250
228,249, 250, 321
add, addAll, get, index0f, lastIndex0f, listIterator methods 249
of method 51, 54, 250, 266
remove, replaceAll, set, sort methods 250
sublList method 250, 270
ListIterator interface 254

of Files

370, 388

List class

lists
converting to streams 300
mutable 267
printing elements of 124
removing null values from 124
sublists of 270
unmodifiable views of 270
literals
character 14
floating-point 14
integer 13
string 27,28, 34
little-endian format 309
load 182,446
load balancing 340
loadClass method 180
local classes 137
local variables 47
annotating 405, 406
vs. instance 75
LocalDate class 64
getXxx methods 65
now method 73, 84

of method 64,73

plus, plusXxx methods
Locale class 292

getCountry method 293
292,295
LocalTime class

final 148
lock method

of FileChannel 316

of ReentrantLock 383
locks 365

error-prone 365

locales

intrinsic 384
reentrant 383
releasing 203, 362

log handlers 215
filtering/formatting 217
Log4j 210

Logback 210

Logger class (java.util.logging) 443
Logger interface (System) 210, 213

getName method 213
isLoggable method 213
log method 211, 213
loggers
filtering/formatting 217
hierarchy of 215
naming 210
logging 210
configuring 213, 215
failures 204
levels of 211, 215

overriding methods for 148
LogRecord class, methods of 218, 219

long type 12,52

atomic operations on 381, 382
130

functional interfaces for

MAX VALUE, MIN VALUE constants

streams of 298

type conversions of 21

unsigned divisionin 13

xxxUnsigned methods 21
long-term persistence 346

LongAccumulator class 381

65, 66, 68
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accunulate, get methods 382
LongAdder class 381, 382

add, increment, sun methods 381

threadsafe 384

LongConsumer, LongXxxOperator, LongPredicate, LongSupplier,

LongToXxxFunction interfaces 130
LongFunction interface 130, 233
longs 299
LongStream interface 298
LongSummaryStatistics class 291, 299
Lookup 437
lookup method (MethodHandles) 438
loops 43

exiting 45

infinite 45
lower 256

M

main 2,6
decomposing 58
string array parameter of 55
Map interface 251
clear method 259
compute method 259
computeIfXxx methods 259
containsXxx methods 260
entrySet method 260
fortach method 259
get, getOrDefault methods 257, 258
isEmpty method 259
keySet method 260, 269
merge method 257, 259
of method 260, 266
of Optional 286
of Stream 280
ofEntries method 266
put method 256, 258
putAll method 259
putIfAbsent method 258
remove method 259
replace, replaceAll methods 259
size method 259
values method 260, 269

mapping method 295

of Collectors 295
maps 256

concurrent 259, 293

empty 259

iterating over 260

of stream elements 291, 301

order of elementsin 261

views of 260

unmodifiable 270

mapToInt method 297
mapToXxx methods (XxxStream) 299
marker interfaces 162
Matcher class 334, 337

methods of 338
matcher, matches methods (Pattern) 334
MatchResult interface 335, 339
Math class

E constant 21

floorMod method 20

max, min methods 21

PI constant 21, 82,92

pow method 21, 84, 92

round method 23

sqrt method 21

TAU constant 21

xxxExact methods 21, 23
max method

of Stream 284

of XxxStream 299
MAX_VALUE 12
maxBy method

of BinaryOperator 129

of Collectors 295
memory

allocating 365

caching 362

concurrent access to 362
memory-mapped files 315
merge method

of ConcurrentHashMap 367

of Map 257,259
Message 163, 164
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meta-annotations 410, 416 public 107,108, 184
META-INF/MANIFEST.MF 440 restricted to subclasses 150
META-INF/services 446 return value of 2, 69
Method class 183 returning functions 135

getModifiers, getName methods 183 static 58, 84, 85,92, 113

invoke method 186, 187 storing in variables 7
method calls 6 symmetric 159

receiver of 70 synchronized 384, 387
method expressions 124, 147 used for serialization 412, 414
method references 124, 235 utility 90

annotating 407 variable number of arguments of 59
MethodHandles. lookup method 438 Microsoft Notepad 309
methods 2 Microsoft Windows

abstract 123,149 line ending in 35

accessor 66,79 path separator in 88, 264

annotating 237, 405 nin method

atomic 367 of Math 21

body of 69 of Stream 284

chaining calls of 65 of XxxStream 299

clashes of 238 MIN_VALUE 12

compatible 160 minBy method

declarations of 69 of BinaryOperator 129

default 114,116 of Collectors 295

deprecated 100, 412, 413 Modifier class

documentation comments for 98, 99 isxxxmethods 178,183

enumerating 183 toString method 178

factory 73,85

final 148, 366 module keyword 429

for throwing exceptions 207 module path 429, 438, 440, 441
header of 69 module-info.class 429, 438
inlining 148 module-info.java 428

?nstan.ce 70 Module.getResourceAsStrean method 437
mvol.qrfg 186 ] modules 425
modifying functions 135 444

aggregator
mutator 66, 270, 366 888
naming 16,79

modifiers, checking 183

annotating 429

automatic 439, 441

bundling up the minimal set of 447
declaration of 428

documentation comments for 98, 101
explicit 441

illegal access to 441

native 83
overloading 74, 125
overriding 114, 143, 148,199, 412, 413
parameters of 184
null checks for 207

passing arrays into 59 inspecting files in 448

priva.te 116 loading into JShell 439
proxied 191 naming 427, 440
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open 437

reflective access for 184, 185
required 429, 443

tools for 446

transitive 443

unnamed 441

versioning and 427, 429, 439
monitors (classes) 386

move 319

multiplication 20

mutators 66

unmodifiable views and 270

n
conversion character 39
name 165

NaN 14

native encoding 310

native methods 83

naturalorder method 136
navigable maps/sets 270
NavigableMap interface 370
NavigableSet interface 251, 255, 270
methods of 256

nCopies method 250, 252

negate 129

negateExact method 21

negative values 12
NEGATIVE_INFINITY 14
nested classes 92

annotating 407

enumerating 183

inner 94
public 93
static 92

new keyword 7,15,18,73
as constructor reference 126
for anonymous classes 138
for arrays 48, 49, 56
newBufferedReader method 311
newBufferedWriter method 312, 320
newBuilder method 326, 373
newFileSysten method 324

newFixedThreadPool method
of Executors 355
newHttpClient method 326, 373
newInputStream method 306, 320, 341
newInstance method
of Array 190
of Class 186, 240
of Constructor 186, 187
newKeySet method 371
newOutputStream method 306, 320, 340
newProxyInstance method 190
newVirtualThreadPerTaskExecutor method
of Executors 356
next method
declaring 107
of Iterator 253
of Scamer 36
nextClearBit method 265
nextDouble method
common for all generators 106
of Scanner 36, 311
nextInt method
common for all generators 106
of Random 7
of Scamer 36
nextLine method 36
nextSetBit method 265
nominal typing 128
non-sealed keyword 153
noneMatch method 285
none0f method 267

noninterference, of stream operations 279

@NonNull annotation 407
normalize 318
NoSuchElementException class 287, 369
notify, notifyAll methods (Object) 387, 388
now method
of LocalDate 73, 84
null literal 27, 67
as default value 75,77
checking parameters for 207
comparing against 158
converting to strings 156
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NullPointerException class 28, 50, 68, 75, 198, 207, 257 encapsulation in 425, 426
vs. Optional 284 object-relational mappers 435
nullsFirst, nullsLast methods (Comparator) 136 ObjectInputStream class 341
NumberFormat class defaultReadObject method 343, 347
getXxxInstance methods 85 readDouble method 343
NumberFormatException class 198 readFields method 347
numbers read0bject method 341, 349
average of 107,108 ObjectInputValidation interface 348, 349
big 24 ObjectOutputStrean class 340
comparing 118 defaultWriteObject method 343
converting to strings 29 writeDouble method 343
default value of 75,77 writeObject method 340, 343
even or odd 20 objects 2, 63
formatting 38 calling methods on 7
from grouped elements 294 casting 109
in regular expressions 331 checkIndex method 207
non-negative 208, 264 cloning 161
printing 37 comparing 52, 157
random 7,106, 277,282, 299 constructing 7, 73, 186
reading/writing 311, 314, 315 converting
rounding 14, 23 to JSON 436
type conversions of 21 to strings 156
unsigned 13,21 converting to streams 278
with fractional parts 13 deep/shallow copies of 161,163
o deserialized 345, 347
equals method 158
o 38 hash method 160
Object class 155 immutable 66
clone method 151, 155, 161, 186 initializing variables with 15
equals method 155, 159 inspecting 185
finalize method 156 invoking static methods on 84
getClass method 148, 155, 158, 174, 235, 240 isNull method 124
hashCode method 155, 157, 160 mutable 77
notify, notifyAll methods 387, 388 requireNonNull, requireNonNullXxx methods 207
toString method 155, 157 serializable 340
vait method 387, 388 sorting 117
object references 66 state of 64
attempting to change 72 ObjXxxConsumer interfaces 130
comparing 157 octal numbers 13
default value of 75,77 formatting for output 38
nwll 67 octonions 33

passed by value 73 odd numbers 20
serialization and 341 of method

object-oriented programming 63 of EnumSet 267
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of IntStream 298

of List 51, 54, 250, 266

of LocalDate 64, 73

of Map 260, 266

of Optional 288

of Path 317, 318, 324

of ProcessHandle 395

of Set 266

of Stream 277
ofEntries method 266
offer 369
ofNullable method

of Optional 288

of Stream 278, 290
ofString method 327
onkxit method

of Process 395

of ProcessHandle 396
open keyword 315
open keyword 437
openConnection method 325
opens keyword 437

qualified 445
openStrean method 306
Operation 167
operations

associative 297

atomic 365, 367, 380, 386

bulk 368
lazy 276,280, 283, 337
parallel 371

performed optimistically 381

stateless 300
threadsafe 367
operators 18

cast 22

precedence of 19
option files 442
Optional class 284, 289
creating values of 288
empty method 288
filter method 286
flatMap method 288, 289

for empty streams 296, 297

for processes 396
get method 287, 289
ifPresent method 285

ifPresentOrElse method 286
isPresent method 287,289

map method 286

of, ofNullable methods 288

or method 286
orElse method 284

orElseThrov method 285, 287

proper usage of 287

streammethod 289
OptionalXxx classes 299
or method

of BitSet 265

of Predicate, BiPredicate 129

order 316

ordinal 165

orElseThrow method 285, 287
org.omg.corba package 426
orTimeout method 378

0s.arch, 0s.name, 0s.version system properties

OSGi 426

output

formatted 37
writing 312
output streams 305
closing 308
obtaining 306
writing to 307
OutputStream class 340
write method 307
OutputStreamiiriter class 312
outputWriter method 393

263

@verride annotation 144, 342, 345, 412, 413

overriding 143

for logging/debugging 148

overview.html package 102

P

package keyword 86
package declarations 86
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package-info.java 101, 406
packages 2,85

accessing 90, 150, 426, 432, 434, 437, 440

adding classes to 90
annotating 405, 406
default 86
documentation comments for 98, 101
exporting 431, 437
naming 86
not nesting 86
split 438
parallel 299
parallel streams 371
parallelStrean method 249, 276, 299, 371
parallelxxx methods (Arrays) 54, 372
@param annotation 99
Parameter class 187
parameter variables 72
annotating 405
scope of 47
Parameterized types. See Type parameters
ParameterizedType interface 241
Parent classes. See Superclasses
parentLogger method (Driver) 443
parseDouble method 29
parseInt method 29, 198
partitioning 365
partitioningBy method 293, 296
Pascal triangle 56
passwords 37
Path interface 114, 317
get method 318
getXxx methods 318
normalize method 318
of method 317, 318, 324
relativize method 318
resolve, resolveSibling methods 317
subpath method 318
toAbsolutePath, toFile methods 318
path separators 317
path.separator package 264
Paths class 114, 317
absolute vs. relative 317, 318
combining 318

filtering 322
resolving 317
taking apart 318
Pattern class
asMatchPredicate, asPredicate methods 335
compile method 334, 339
flags 339
matcher, matches methods 334
split method 337
splitAsStream method 278, 337
splitWithDelimiters method 337
pattern variables 217
Pattern.quote method 330
PECS (producer extends, consumer super) 227
peek method
of BlockingQueue 369
of Strean 283
performance
atomic operations and 381
big numbers and 24
combined operators and 21
memory caching and 362
permits keyword 152
@Persistent annotation 416
PI 21,82,92
Picocli 403
platform class loader 179
platform logging API 210, 214
Platform threads 354
plugins, loading 179
plus, plusXxx methods
of LocalDate 65, 66, 68
Point class 156
poll 369, 370
polLxxx methods (NavigableSet) 256
pools, for parallel streams 302
pop 268
POSITIVE_INFINITY 14
POST requests 327
postVisitDirectory method 323
pow 21, 84,92
predefined character classes 329, 331, 333
Predicate interface 123,124,129
and method 129
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isEqual method 129
or, negate methods 129
test method 129, 226
predicate functions 293
previous method
of ListIterator 254
previousClearBit method 265
previousSetBit method 265
preVisitDirectory method 323
primitive types 12
comparing 158
converting to strings 156
functions interfaces for 129
passed by value 73
streams of 297, 299
type parameters and 233
variables of, no updating for 72
wrapper classes for 52
printStackTrace method 206
PrintStream class 6, 157, 312
print method 6, 37, 210, 312
printf method 38, 39, 59, 312
println method 6, 7, 36, 37, 55, 124, 312
PrintWriter class 312
close method 201
print method 312
printf method 312
println method 312
priority queues 268
private keyword 2, 90
for enum constructors 166
Process class 392
destroy, destroyForcibly methods 395
errorReader method 393
exitValue method 395
getErrorStream method 393, 394
getInputStream, getOutputStrean methods 393
inputReader method 393
isAlive method 395
onExit method 395
outputWriter method 393
supportsNormalTermination method 395
toHandle method 395

waitFor method 395
ProcessBuilder class 392

directory method 392
redirectXxx methods 393, 394
start, startPipeline methods 394
processes 392

building 392

getting info about 395
killing 395

running 394

ProcessHandle interface 395
allProcesses method 396
current method 395

destroy, destroyForcibly methods 396
info method 396

isAlive method 396

of method 395

onExit method 396
supportsNormalTermination method 396
processing pipeline 375, 394
Processor interface 420
programming languages
functional 105
object-oriented 2

programs

compiling 3

configuration options for 262
packaging 448

responsive 379

running 3

testing 208

promises (in concurrent libraries) 374
properties 187, 262
loading from file 263
naming 188
read-only/write-only 188
testing for 226

property files

encoding 263

generating 423

protected keyword 150
Provider.get, Provider.type methods 183
provides keyword 446

Proxy class 190
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newProxyInstance method 190
public keyword 2, 90
for interface methods 107, 108
method overriding and 144
push 268
put method
of BlockingQueue 369
of FileChannel 316
of Map 256, 258
putAll method 259
putBoolean method
of FileChannel 316
putByte method 316
putChar method 316
putDouble, putFloat methods
of FileChamnel 316
putIfAbsent method
of ConcurrentHashMap 368
of Map 258
putInt, putLong methods
of FileChannel 316
putShort method 316

Q

qualified exports 444

Queue class 251, 268
synchronizing methods in 386
using ArrayDeque with 268

quote method (Pattern) 330

quoteReplacement method 339

R

race conditions 300, 363
Random class 7, 106
nextInt method 7
random numbers 7, 106
streams of 277,282,299
RandomAccess interface 250
RandomAccessFile class 315
getFilePointer method 315
length method 315
seek method 315

RandomGenerator interface 106

getDefault method 7
methods of 299
RandomNumbers 84, 85
range 267
range, rangeClosed methods (XxxStream) 298
ranges 270
converting to streams 300
raw types 230, 234
read method
of Files 307
of InputStrean 306
of InputStreanReader 310
readAlLXxx methods (Files) 307, 310
readByte, readChar methods (Datalnput) 314
readDouble method
of DataInput 314
of ObjectInputStream 343
Reader class 310
readers 305
readExternal method 344
readFields method 347
readFloat, readFully methods (Datalnput) 314
readInt method 314, 315
readLine method
of BufferedReader 311
of Console 37
readlong method 314
read\Bytes method 307
readObject method
of HashSet 343
of ObjectInputStream 341, 349
readPassword method 37
readResolve method 345
readShort method 314
readUnsignedXxx, readUTF methods (DataOutput) 314
receiver parameters 70, 409
records 78
customizing serialization of 345
serializable 348
redirection syntax 37
redirectXxx methods (ProcessBuilder) 393, 394
reduce 296
reduceXxx methods (ConcurrentHashMap) 368
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reducing 296
reductions 284, 296
ReentrantLock class 383

lock, unlock methods 383
reflection 183

generic types and 235, 240

module system and 184, 185, 435, 442

processing annotations with 416

security and 349
ReflectiveOperationException class 175
regular expressions 328

flags for 339

groupsin 336

replacing matches with 338

splitting input with 337

testing matches of 334, 336

turning into predicates 335
relational operators 23, 24
relativize 318
remainderUnsigned method 21
remove method

of ArrayDeque 268

of ArrayList 51

of BlockingQueue 369

of Collection 248

of Iterator 253

of List 250

ofMap 259
removeAll method 248
removelf method

of ArrayList 124

of Collection 248

of Iterator 253
@Repeatable annotation 413, 416
(@RepeatedTest annotation 405
replace method

of Map 259

of String 30
replaceAll method

of Collections 252

of List 250

of Map 260

of Matcher 338, 339

of String 338
replaceFirst method 339
requireNonNull, requireNonNullXxx methods (Objects)
requires keyword 429, 430, 435, 440, 443
Reserved words. See Keywords
resolve, resolveSibling methods (Path) 317
resources 174
loading 178, 437
managing 201
resume 389
retainAll method 248
@Retention annotation 410, 413
return keyword 58, 69, 99
in finally blocks 203
in lambda expressions 122
return types, covariant 144, 233
return values
as arrays 59
missing 284
providing type of 58
reverse 55,252
reverse domain name convention 86, 427
reversed 136
reverseOrder method 137
rotate 252
round 23
RoundEnvironment interface 420
roundoff errors 14
RowSetProvider class 442
runAfterXxx methods (CompletableFuture) 378
Runnable interface 120, 128, 356, 357
executing on the Ul thread 380
run method 128, 354, 359, 389
using class literals with 175
runtime
availableProcessors method 355
exec method 392
raw types at 234
safety checks at 231
runtime image file 448

RuntimeException class 196

S

s, S conversion characters 38

207



3 ..

safety checks, as runtime 231
@SafeVarargs annotation 237,412,414
sample code 6
Scala 229
Scanner class 36

findAll method 336

hasNext, hasNextXxx methods 36, 311

next, nextXxx methods 36, 311

tokens method 278, 311
sealed keyword 152,153
sealed types 151
searchXxx methods (ConcurrentHashMap) 368
security 90, 348
SecurityException class 185
@see annotation 100
seek 315
sequences, producing 278
@Serial annotation 342, 345,412,414
serial numbers 341
Serializable interface 340

readResolve, writeReplace methods 345
serialization 340

filters for 349
serialVersionUID method 347
server-side software 340
ServicelLoader class 181, 445

iterator method 182

load method 182, 446
Serviceloader.Provider interface 183
services

configurable 181

loading 181, 445
ServletException 205
set method 251, 370

of Array 190

of ArrayList 51

of BitSet 265

of Field 187

of List 250

of ListIterator 254

of method 266

working with EnunSet 267
setAccessible method 185, 187

setAll method 127
setBoolean, setByte, setChar methods

of Array 190

of Field 187
setClassAssertionStatus method 209
setContextClassLoader method 181
setDaemon method 392
setDefaultAssertionStatus method 209

setDefaultUncaughtExceptionHandler method 206

setDoOutput method 325
setDouble, setFloat, setInt, setlong methods
of Array 190
of Field 187
setOut method 83
setPackageAssertionStatus method 209
setProperty method 214
setRequestProperty method 325
sets 254
immutable 366
threadsafe 370
unmodifiable views of 270
setShort method
of Array 190
of Field 187
setUncaughtExceptionHandler method 389
shallow copies 161, 163
shared variables 363, 365
atomic mutations of 380
locking 383
shell
redirection syntax of 37
scripts for, generating 423
shift operators 24
Shift_JIS encoding 309
short type 12, 52
MAX VALUE, MIN VALUE constants 12
streams of 298
type conversions of 22
short circuit evaluation 23
short-term persistence 346
shuffle 55,252
SimpleFileVisitor class 323

@since annotation 100
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singletons 345
size method
of ArrayList 51
of Collection 248
of Map 259
skip 282
skipNBytes method 307
sleep 359
SLF4] 210, 427
SOAP protocol 426
SocketHandler class 215
sort method
of Arrays 54,118,119, 123,124
of Collections 54, 228, 229, 242, 252
of List 250
sorted 283
sorted maps 270
sorted sets 251, 270
traversing 255
unmodifiable views of 270
sorted streams 300
SortedMap interface 270
SortedSet interface 251, 255
first method 256
headSet method 256, 270
last method 256
subSet, tailSet methods 256, 270
sorting
array lists 54
arrays 54,117
chaining comparators for 136
changing order of 135
streams 283
strings 28, 124
source code, generating 413, 414, 421
source files
documentation comments for 102
placing, in a file system 87
space flag (for output) 39
spaces
in regular expressions 331
removing 30
split method
of Pattern 337

of String 27, 337
splitAsStreamn method 278, 337
spliterator 249
Spliterators class
spliteratorUnknownSize method 279
splitWithDelimiters method 337
SQL 34
sqrt 21
square root, computing 288
Stack class 268
stack trace 206, 207
Stackilalker class 206
standard output 2
StandardCharsets class 310
start method
of Matcher, MatchResult 335, 337
of ProcessBuilder 394
of Thread 388
startPipeline method 394
startsWith method 29
stateless operations 300
statements, combining 48
static keyword 2,17, 58, 81, 167
for modules 444
static constants 82
static imports 92
static initialization 180
static methods 58, 84, 85
accessing static variables from 85
importing 92
in interfaces 113,114
static nested classes 92
static variables 82
accessing from static methods 85
importing 92
visibility of 362
stop 389
Stream interface
anyMatch method 285
collect method 290, 298
concat method 282
count method 276, 284
distinct method 283, 300
dropWhile method 282
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empty method 277 noninterference of 279
filter method 276, 280, 284 of primitive type values 297, 299
findAny method 284 of random numbers 299
findFirst method 183, 284 ordered 300
flatMap method 281 parallel 276, 284, 290, 293, 294, 297, 299, 371
forEach, forEachOrdered methods 290 processed lazily 276, 280, 283
generate method 277, 298 reductions of 284
iterate method 278, 283, 298, 372 removing duplicates from 283
iterator method 290 returned by Files.lines 301
sorting 283

linit method 282, 301

map method 280

mapToInt method 297

max, min methods 284

noneMatch method 285

of Arrays 277,298

of BitSet 266

of Collection 249, 276

of method 277

of Optional 289

of StreamSupport 279

ofNullable method 278, 290

peek method 283

reduce method 296

skip method 282

sorted method 283

takeWhile method 282

toArray method 126, 290

toList method 279

unordered method 300
streams 275,279

collecting elements of 290, 293

splitting 282
summarizing 291, 299
terminal operation for 277,284
transformations of 280, 299
vs. collections 276
StreamSupport class
stream method 279
String class 7, 29
charAt method 33
compareTo method 28, 117
compareToIgnoreCase method 124
contains method 29
endsWith method 29
equals method 27, 28
equalsIgnoreCase method 28
final 148
formatted method 40
graphemeClusters method 282
hash codes 160
immutability of 30, 366
index0f, lastIndex0f methods 30
join method 26
length method 7, 33
replace method 30
replaceAll method 338
split method 27, 337
startsWith method 29
substring method 26

combining 282

computing values from 296

converting to/from arrays 277,290, 300, 373
creating 277

debugging 283

empty 277,284,296, 297

filtering 289

finite 278 toLowerCase method 30, 280
flattening 281, 289 toUpperCase method 30
infinite 276, 277, 282, 283 StringBuilder class 26
intermediate operations for 277 strings 7, 25

locating services with 183 comparing 27

concatenating 25, 156
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converting
from byte arrays 310
from objects 156
to numbers 29
converting to code points 280
empty 27,29,156
formatting for output 38
internal representation of 34
sorting 28,124
splitting 26, 278
transforming to lower/uppercase 280
StringWriter class 313
strip 30
strong 98
subclasses 142
anonymous 146, 167
calling toString method in 156
constructors for 144
inheriting annotations 413
initializing instance variables in 144
methodsin 142
preventing 148
public 144
superclass assignments in 145
subList method 250, 270
subMap method 270
subpath 318
subSet method
of NavigableSet 256
of SortedSet 256, 270
substring 26
subtractExact method 21
subtraction 20
accurate 25
not associative 297
subtypes 109
wildcards for 225
sun method
of LongAdder 381
of XxxStream 299
summarizingXxx methods (Collectors) 291,295
summaryStatistics method 299
summingXxx methods (Collectors) 294
super keyword 115, 143, 144, 147, 226, 229

superclasses 142
annotating 407
calling equals method on 158
default methods of 154
methods of 143
public 144
serializability of 341
supertypes 109, 110, 112
wildcards for 226
Supplier interface 128, 374
supplyAsync method 374, 375
supportsNormalTermination method
of Process 395
of ProcessHandle 396

@SuppressWarnings annotation 234, 412, 414, 429

suspend 389
swap 252
Swing GUI toolkit 120, 379
SwingConstants interface 112
SwingWorker class 380
switch keyword 41
enhanced 42,172
exhaustive 42
fall-through variant of 42
using enumerations in 168
with pattern matching 151
symbolic links 321, 322
synchronized keyword 383, 387
synchronized views 271
synchronizedXxx methods (Collections) 252
System class
getLogger method 210, 212
getProperties method 263
getProperty method 179, 207, 263
setOut method 83
setProperty method 214
system class loader 179, 181

system classes, enabling/disabling assertions for 209

system properties 263, 264

System.err 206, 215, 391

System.in 36

System.Logger interface 210, 213
getName method 213
isLoggable method 213
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Index

log method 211, 213
System.Logger.Level enumeration 211
System.out 6, 7,17, 36, 39, 55, 59, 83, 124, 210, 312

T

t, T conversion characters 39
tab completion 10
tagging interfaces 162
tailMap method 270
tailSet method

of NavigableSet 256

of SortedSet 256, 270
take 369
takewhile method 282
tar 87,88
@Target annotation 410, 413
tasks 354

canceling 358
combining results from 357
computationally intensive 355
coordinating work between 368
defining 120
executing 355
executing in a thread 120
groups of 391
long-running 379
running 354
submitting 357
vs. threads 355
working simultaneously 374
TAU 21
teeing 296
terminal window 3, 4
test method 404, 409
of BiPredicate 129
129, 226
of XxxPredicate 130
text blocks 34
thenAccept method 373, 377
thenAcceptBoth method 378
thenApply, thenApplyAsync methods (CompletableFuture) 375, 377
thenCombine method 378
thenComparing method 136
thenCompose method 376, 377

of Predicate

thenRun method 377

third-party libraries 439, 440
this keyword 70

annotating 408

in constructors 75, 366

in lambda expressions 131

in method references 125
Thread class

getContextClassLoader method 181

interrupted, isInterrupted methods 360

isAlive method 389

join method 389

properties 391

resune method (deprecated) 389
setContextClassLoader method 181
setDaemon method 392

setDefaultUncaughtExceptionHandler method 206

setUncaughtExceptionHandler method 389

sleep method 359
start method 355, 388

stop, suspend methods (deprecated)

ThreadLocal class 390
ThreadLocalRandom. current method 391
threads 354, 388

atomic mutations in 380
daemon 392

groups of 391
interrupting 358, 359
locking 383

names of 391

platform 354

priorities of 391

race conditions in 300, 363
running tasks in 120
starting 388

states of 391

terminating 357

389

uncaught exception handlers of 391

virtual 354

visibility and 361, 385
vs. tasks 355

waiting on conditions 386
worker 379

throw keyword 196
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Throwable class 196

in assertions 208

initCause method 205

no generic subtypes for 239

printStackTrace method 206
@throws annotation 99, 198, 199

type variablesin 239
TimeoutException class 357
Timestamp class 159
toAbsolutePath method 318
toArray method

of Collection 249

of Stream 126, 290

of XxxStream 299
toByteArray method

of BitSet 266

of ByteArrayOutputStrean 306
toCollection method 291
toConcurrentMap method 293
ToDoubleFunction interface 130, 233
tofFile method 319
toGenericString method 176
toHandle method 395
toIntExact method 23
ToIntFunction interface 130, 233
tokens 278, 311
toList method 279
toLongArray method 266
ToLongFunction interface 130, 233
toLowerCase method 30, 280
toMap method 291
toPath method 319
toSet method 291, 294
toString method

calling from subclasses 156

of Arrays 54, 157

of BitSet 266

of Class 176

of Double 29

of Enum 165

of Integer 29

of Modifier 178

of Object 155, 157

of Point 156
of records 79
toUnsignedInt method 13
toUpperCase method 30
transferTo method 308
transient keyword 342
transitive keyword 443
TreeMap class 257, 292
TreeSet class 254
Troubleshooting. See Debugging
true literal 15
try keyword 200, 204
for visiting directories 321
try-with-resources 201
closing output streams with 308
for file locking 316
trylock method 316
trySetAccessible method 185
Type interface 241
type bounds 223, 242
annotating 407
type erasure 230, 238
clashes after 238
type method (Serviceloader.Provider) 183
type parameters 117, 222
annotating 405
primitive types and 222, 233
type variables
exceptions and 239
in static context 238
no instantiating of 235
wildcards with 228
TypeElement interface 421
TypeVariable interface 241

U

U+ 33
UnaryOperator interface 129
uncaught exception handlers 389, 391
unchecked exceptions 196
documenting 199
generic types and 239
UncheckedIOException class 311
Unicode 30, 298, 308

487



488 Index

replacement characterin 313
Unit tests 403
Unix
executable filesin 4
path separator in 88, 264
wildcard in classpath in 89
unlock 383
unmodifiableXxx methods (Collections) 252
unordered 300
updateAndGet method 381
URI class 327
URL class 327
final 148
getInputStreamn method 325
openConnection method 325
openStrean method 306
URLClassLoader class 179
URLConnection class 325
connect method 325
getHeaderFields method 325
getInputStream method 325
getOutputStream method 325
setDoOutput method 325
setRequestProperty method 325
URLs, reading from 306, 325
user.dir, user.home, user.name system properties 263
uses keyword 446
UTF-16 14, 33, 298, 309
in regular expressions 330
UTF-8 308
modified 314
Util.createInstance 180, 181
utility classes 90, 180

\'

validateObject method 348, 349
value0f method
of BitSet 266
of Enun 164, 165
values method
of Enun 164
ofMap 260, 269
var keyword 15, 16

varargs parameters
declaring 60
safety of 412,414

VarHandle class 437

variable handles 437

VariableElement interface 420

variables 7,15
atomic mutations of 380
capturing, in lambda expressions 132
declaring 15,17
defined in interfaces 112
deprecated 100, 412, 413
documentation comments for 98, 100
effectively final 133, 134
final 362, 366
holding object references 66
initializing 15, 17

instance 68,70, 74,76, 78, 80, 85, 144, 149, 150, 158,

342, 345, 347

local 47

naming 16

parameter 72

private 68, 90

public static final 112

redefining 48

scope of 47,90

shared 363, 365, 383

static 82, 85, 92, 362

thread-local 390

using an abstract class as type of 149

visibility of 361, 385

volatile 362, 363
@version annotation 99, 102
versioning 346
views 269
virtual machine 3

instruction reordering in 362
Virtual threads 354
visibility 361

guaranteed with locks 385
visitFile, visitFileFailed methods (FileVisitor) 323
void keyword 2, 58

using class literals with 175
volatile keyword 363
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W

wait 387, 388
waitFor method 395
waiting on a condition 387
walk 321, 324
walkFileTree method 321, 323
warning 412
warnings, suppressing 234, 237, 414
weak references 269
weaker access privilege 144
WeakHashMap class 269
weakly consistent iterators 371
WeakReference class 269
web pages
extracting links from 375
reading 376,379
whenComplete method 374, 377
while keyword 43, 44
breaking/continuing 45, 46
declaring variables for 47
white space
in regular expressions 331
in text blocks 35
removing 30
wildcards
annotating 407
capturing 229
for annotation processors 420
for types 225, 227
in class path 88
unbounded 229
with imported classes 91
with type variables 228
WildcardType interface 241
Window class 90
WindowAdapter class 114
WindowListener interface 114
words

in regular expressions 331

reading from a file 311
working directory 318, 392
wrapper classes 52
write method

of Files 312, 320

of QutputStream 307

of Writer 312

writeByte, writeChar methods (DataOutput) 314

writeDouble method

of Datalutput 314

of ObjectOutputStrean 343
writeExternal method 344

writeFloat, writeFully methods (DataOutput) 314

writeInt method 314, 315
writeLong method 314
writeObject method

of HashSet 343

of ObjectOutputStream 340, 343
Writer class 312,313

write method 312
writeReplace method 345
writers 305

489

writeShort, writeUnsignedXxx, writeUTF methods (DataOutput) 314

X

X, X

conversion characters 38
XML descriptors, generating 423
xor 265
Xoroshiro128PlusPlus 106

Y

yield keyword 42, 43
yield method (Thread) 355

y 4

ZIP file systems 324

ZipInputStream, ZipOutputStream classes

324



