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Learning Objectives in this Part of the Lesson

* Understand the structure & functionality of Java 8 streams, e.g.,

™ e ——
e

e Terminating a stream
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* Understand the structure & functionality of Java 8 streams, e.g.,

e Terminating a stream

« We’'ll show how to
Implement collectors

Interface Collector<T,A,R>

Type Parameters:

T - the type of input elements to the reduction operation

A - the mutable accumulation type of the reduction operation (often hidden as
an implementation detail)

R - the result type of the reduction operation

public interface Collector<T,A,R>

A mutable reduction operation that accumulates input elements into a mutable result
container, optionally transforming the accumulated result into a final representation after
all input elements have been processed. Reduction operations can be performed either
sequentially or in parallel.

Examples of mutable reduction operations include: accumulating elements into a
Collection; concatenating strings using a StringBuilder; computing summary
information about elements such as sum, min, max, or average; computing "pivot table"
summaries such as "maximum valued transaction by seller", etc. The class Collectors
provides implementations of many common mutable reductions.

A Collector is specified by four functions that work together to accumulate entries into a
mutable result container, and optionally perform a final transform on the result. They are:

See docs.oracle.com/javase/8/docs/api/java/util/stream/Collector.html



https://docs.oracle.com/javase/8/docs/api/java/util/stream/Collector.html

Terminating a Stream




Terminating a Stream

» Every stream finishes with a terminal
operation that yields a non-stream

result
4 ; Input X

Intermediate operation (behavior f)

! | Output f(x)

Intermediate operation (behavior Q)

! | Output g(f(x))

Terminal operation (behavior h)

See docs.oracle.com/javase/8/docs/api/java/util/stream/Stream.html#forEach



https://docs.oracle.com/javase/8/docs/api/java/util/stream/Stream.html#forEach-java.util.function.Consumer-

Terminating a Stream
» Every stream finishes with a terminal void runForEach() {

operation that yields a non-stream Stream

result, e.g. .of(""horatio",
""laertes',

* no value at all “Hamlet™, ...)

.Filter(s -> toLowerCase
(s.charAt(0)) == "h")
-map(this::capitalize)
.sorted()
.forEach
(System.out::printin);

See docs.oracle.com/javase/8/docs/api/java/util/stream/Stream.html#forEach



https://docs.oracle.com/javase/8/docs/api/java/util/stream/Stream.html#forEach-java.util.function.Consumer-

Terminating a Stream

» Every stream finishes with a terminal void runCollect() {

operation that yields a non-stream List<String> characters =
result, e.g. Arrays.asList("'horatio",
"laertes',
"Hamlet',
 a collection _2);
List<String> results =
characters
.stream()
_filter(s —>

toLowerCase(..) =="h")
-map(this::capitalize)
.sorted()
.collect(toList());

See docs.oracle.com/javase/8/docs/api/java/util/stream/Stream.html#collect



https://docs.oracle.com/javase/8/docs/api/java/util/stream/Stream.html#collect-java.util.stream.Collector-

Terminating a Stream

» Every stream finishes with a terminal void runCollect() {

operation that yields a non-stream List<String> characters =

result, e.g. Arrays.asList("'horatio",
"laertes',
"Hamlet',

--);

 a collection i
Map<String, Long> results =

_collect

(groupingBy
collect() can be used with a range / (identity(),
of powerful collectors ,e.g., to TreeMap: :new,
group by name & length of name summinglLong

(String::length)));

See docs.oracle.com/javase/8/docs/api/java/util/stream/Collectors.html



https://docs.oracle.com/javase/8/docs/api/java/util/stream/Collectors.html

Terminating a Stream
» Every stream finishes with a terminal void runCollect() {

operation that yields a non-stream List<String> characters =

result, e.g. Arrays.asList("'horatio",
"laertes',
"Hamlet',

* a collection .
Map<String, Long> results =
.collect
(groupingBy
(identity(),
TreeMap: :new,
summinglLong
(String::length)));

See docs.oracle.com/javase/8/docs/api/java/util/stream/Collectors.html#qgroupingBy



https://docs.oracle.com/javase/8/docs/api/java/util/stream/Collectors.html#groupingBy-java.util.function.Function-java.util.function.Supplier-java.util.stream.Collector-

Terminating a Stream

« Every stream finishes with a terminal void runCollectReduce() {

operation that yields a non-stream Map<String, Long>
result, e.g. matchingCharactersMap =

Pattern.compile(',™)
-SplitAsStreanm
('horatio,Hamlet,.."")
a primitive value long countOfNamelLengths =
matchingCharactersMap
-values()
.stream()
.reduce(OL,
(X, ¥y) -> X +Yy);
// Could use .sum()

See docs.oracle.com/javase/8/docs/api/java/util/stream/Stream.html#reduce



https://docs.oracle.com/javase/8/docs/api/java/util/stream/Stream.html#reduce-T-java.util.function.BinaryOperator-

Terminating a Stream

e Every stream finishes with a terminal void runCollectReduce() {
operation that yields a non-stream Map<String, Long>
result, e.g. matchingCharactersMap =
Pattern.compile(”,')
-SplitAsStreanm
('horatio,Hamlet,.."")
* @ primitive value long countOfNamelLengths =
matchingCharactersMap
-values()
.stream()

_reduce(OL,
0 is the “identity,” i.e., the initial value X, y) -> X +Yy);
of the reduction & the default result if // Could use .sum()

there are no elements in the stream
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Terminating a Stream

e Every stream finishes with a terminal void runCollectReduce() {
operation that yields a non-stream Map<String, Long>
result, e.g. matchingCharactersMap =
Pattern.compile(”,')
-SplitAsStreanm
('horatio,Hamlet,.."")
* @ primitive value long countOfNamelLengths =
matchingCharactersMap
-values()
.stream()
-reduce(OL,

This lambda is the “accumulator,” which is a m(x , Y) =2 X+ Y);
stateless function that combines two values ould use .sum()

12



Terminating a Stream

« Every stream finishes with a terminal void runCollectReduce() {
operation that yields a non-stream Map<String, Long>
result, e.g. matchingCharactersMap =
Pattern.compile(”,')
-SplitAsStreanm
('horatio,Hamlet,.."")
* @ primitive value long countOfNamelLengths =
matchingCharactersMap
-values()
.stream()
.reduce(OL,

; X, y) > x +vy,
There's a 3 parameter “map/reduce” version |, Y) > X+ Y):

of reduce() that's used in parallel streams

See www.youtube.com/watch?v=0WIWEKNM5Aw



http://www.youtube.com/watch?v=oWlWEKNM5Aw

Implementing a Collector
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Implementing a Collector

» Collector defines an interface
whose implementations can
accumulate input elements
In a mutable result container

Interface Collector<T,A,R>

Type Parameters:

T - the type of input elements to the reduction operation

A - the mutable accumulation type of the reduction operation (often hidden as
an implementation detail)

R - the result type of the reduction operation

public interface Collector<T,A,R>

A mutable reduction operation that accumulates input elements into a mutable result
container, optionally transforming the accumulated result into a final representation after
all input elements have been processed. Reduction operations can be performed either
sequentially or in parallel.

Examples of mutable reduction operations include: accumulating elements into a
Collection; concatenating strings using a StringBuilder; computing summary
information about elements such as sum, min, max, or average; computing "pivot table"
summaries such as "maximum valued transaction by seller", etc. The class Collectors
provides implementations of many common mutable reductions.

A Collector is specified by four functions that work together to accumulate entries into a
mutable result container, and optionally perform a final transform on the result. They are:

See docs.oracle.com/javase/8/docs/api/java/util/stream/Collector.html



https://docs.oracle.com/javase/8/docs/api/java/util/stream/Collector.html

Implementing a Collector

» The Collector interface defines e
three generic types @ collector<T A,R>|

@ supplier():Supplier<A>

@ accumulator():BiConsumer<A,T>

@ combiner():BinaryOperator<A>

@ finisher():Function<A,R>

@ characteristics():Set<Characteristics>

See www.baeldung.com/java-8-collectors



http://www.baeldung.com/java-8-collectors

Implementing a Collector

* The Collector interface defines <<Java Interface>>
three generic types @ Collector{TJA,R>

T — The type of objects available - :
@ supplier():Supplier<A>

@ accumulator():BiConsumer<A,T>

@ combiner():BinaryOperator<A>

@ finisher():Function<A,R>

@ characteristics():Set<Characteristics>

e e.g., Integer or Long
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Implementing a Collector

* The Collector interface defines <<Java Interface>>
three generic types @ Collector<TA|R>

@ supplier():Supplier<A>
* A—The type Of_ a mutable _ @ accumulator():BiConsumer<A,T>
accumulator object for collection o combiner():BinaryOperator<A>

e e.g., ArrayList of T @ finisher():Function<A R>
@ characteristics():Set<Characteristics>

18



Implementing a Collector

 The Collector interface defines <<Java Interface>>
three generic types @ Collector<T,A[Rp

@ supplier():Supplier<A>
@ accumulator():BiConsumer<A,T>
* R — The type of a final result @ combiner():BinaryOperator<A>

« e.g., ArrayList of T @ finisher():Function<A,R>
@ characteristics():Set<Characteristics>

See www.baeldung.com/java-8-collectors



http://www.baeldung.com/java-8-collectors

Implementing a Collector

* Five methods are defined in the Bl —
Collector interface @ Collector<T.A.R>
/\ @ supplier():Supplier<A>

N\ @ accumulator():BiConsumer<A,T>
/\ @ combiner():BinaryOperator<A>
| @ finisher():Function<A,R>

N @ characteristics():Set<Characteristics>

A

e

20



Implementing a Collector

* Five methods are defined in the Bl —
Collector interface @ Collector<T,A,R>

o supplier() —returns a Supplier
Instance that generates an empty
accumulator

* .9, return ArrayList::new

c.lsupplier():SuppIier<A>|

@ accumulator():BiConsumer<A,T>

@ combiner():BinaryOperator<A>

@ finisher():Function<A,R>

@ characteristics():Set<Characteristics>

21



Implementing a Collector

* Five methods are defined in the Bl —
Collector interface @ Collector<T.A.R>

_ @ supplier():Supplier<A>
« accumulator() —returns a function o[ accumulator():BiConsumer<A, T>

thf_’lt gdds a new element to an @ combiner():BinaryOperator<A>
existing accumulator @ finisher():Function<A,R>
e e.g., return ArraylList::add | @ characteristics():Set<Characteristics>

22



Implementing a Collector

* Five methods are defined in the
Collector interface

<<Java Interface>>
&3 Collector<T,A,R>

@ supplier():Supplier<A>
@ accumulator():BiConsumer<A,T>

 combiner() — returns a function & combiner():BinaryOperator<A> |
that merges two accumulators @ finisher():Function<A,R>
together @ characteristics():Set<Characteristics>

e e.g., return(List<T> one,
List<T> another) -> {
one.addAll (another);
return one;

};

23




Implementing a Collector

* Five methods are defined in the
Collector interface

» finisher() — returns a function
that converts an accumulator to
final result type

<<Java Interface>>
&3 Collector<T,A,R>

@ supplier():Supplier<A>
@ accumulator():BiConsumer<A,T>
@ combiner():BinaryOperator<A>

o

finisher():Function<A,R> |

@ characteristics():Set<Characteristics>

* e.g., return Function.identity()

‘ May be a no-op, depending on characteristicsl




Implementing a Collector

* Five methods are defined in the Bl —
Collector interface @ Collector<T,A,R>

@ supplier():Supplier<A>

@ accumulator():BiConsumer<A,T>
@ combiner():BinaryOperator<A>
@ finisher():Function<A,R>

L. : '.:l characteristics():Set<Characteristics>I
e characteristics() — provides a

stream with additional information
used for internal optimizations

e e.¢g., UNORDERED, IDENTIFY_FINISH, CONCURRENT

25



Implementing a Collector

* The Java class library defines
collectors for common types

Class Collectors

java.lang.Object
java.util.stream.Collectors

public final class Collectors
extends Object

Implementations of Collector that implement
various useful reduction operations, such as
accumulating elements into collections,
summarizing elements according to various
criteria, etc.

The following are examples of using the predefined
collectors to perform common mutable reduction
tasks:

See docs.oracle.com/javase/8/docs/api/java/util/stream/Collectors.html



https://docs.oracle.com/javase/8/docs/api/java/util/stream/Collectors.html

Implementing a Collector

e The Java class library defines final class Collectors {
collectors for common types

public static <T> Collector<T, ?,

e e.g., returns a Collector that List<T>>
accumulates input elements toList() {
into a new (Array)List return new Collectorimpl<>

((Supplier<List<T>>)
ArrayList::Inew,
List::-add,

(left, right) -> {
left.addAll(right);
return left;

¥,

CH_ID);

¥} o--.

See docs.oracle.com/javase/8/docs/api/java/util/stream/Collectors.html#toList



https://docs.oracle.com/javase/8/docs/api/java/util/stream/Collectors.html#toList--

Implementing a Collector

* Collectorlmpl defines a simple (private) <<Java Interface>>
. . & Collector<T,A,R>
Implementation class for Collector

@ supplier():Supplier<A>

<<Java Class>> @ accumulator():BiConsumer<A,T>
(®Collectors © combiner():BinaryOperator<A>

@ finisher():Function<A,R>

@ characteristics():Set<Characteristics>

<<Java Class>>
(® Collectorimpl<T,A,R>

DFsuppIier: Supplier<A>

o accumulator: BiConsumer<A,T>

of combiner: BinaryOperator<A>

o finisher: Function<A,R>

o characteristics: Set<Characteristics>
ACCollectorImpI(SuppIier¢A>,BiConsumerﬂA,T'—",BinaryOperatorcAb,FunctioncA,R>,Set¢Characteristics>)
a.CCollectorlmpI(SuppIier<A>,BiConsumer<A,T>,BinaryOpera1or<A>,Se1<Characteris1ics>)
@ accumulator():BiConsumer<A,T>

@ supplier():Supplier<A>

@ combiner():BinaryOperator<A>

@ finisher():Function<A,R>

@ characteristics(): Set<Characteristics>

See openjdk/8-b132/java/util/stream/Collectors.java#Collectors.Collectorimpl



http://grepcode.com/file/repository.grepcode.com/java/root/jdk/openjdk/8-b132/java/util/stream/Collectors.java#Collectors.CollectorImpl

Implementing a Collector

« Collector.of() defines a simple interface Collector<T, A, R> {

(public) factory method that -
implements a Collector using static<T, R> Collector<T, R, R> of

Collectorlmpl (Supplier<R> supplier,
BiConsumer<R, T> accumulator,

BinaryOperator<R> combiner,
Characteristics... chars) {

return new Collectors
.Collectorimpl<>
(supplier,
accumulator,
combiner,
Cs);

Yo

See openjdk/8-b132/java/util/stream/Collectors.java#Collectors.Collectorimpl



http://grepcode.com/file/repository.grepcode.com/java/root/jdk/openjdk/8-b132/java/util/stream/Collectors.java#Collectors.CollectorImpl

Implementing a Collector

e You can implement custom mList
collectors via Collector.of() .stream()
.collect(Collector.of
(O -> new StringJdoiner('|™),
(, result) ->
J-add(result.toString()),
StringJoiner::merge,
Starting SimpleSearchStream

Word "Re" matched at index [131]141]151]202]212|222| StringJoiner::toString));
979]1025]1219]1259]

1278(1300|1351|1370|1835
1875|1899|1939|2266/2295
Word "Ti" matched at index [237]994|1272|1294]1364| 1850|

1860[1912|1915|1952|1955]

2299
Word "La" matched at ind ZMAUE%S%QMIN7 -
ore T matehed at naex E247‘1239‘1£91‘1E39Y1361l SearchResults’s custom

1742
2161
Ending SimpleSearchSTream

1847
2254

1863
2276

1909
2283

199 collector formats itself

See SimpleSearchStream/src/main/java/search/SearchResults.java



https://github.com/douglascraigschmidt/LiveLessons/blob/master/SimpleSearchStream/src/main/java/search/SearchResults.java

Implementing a Collector

More information on implementing custom collectors can be found online

GO TEBORG)

example - accumulator

e(String nextLine) {

STREAMS IN JAVA 8 (PART 02/02):

pEDUCE S cotte e

exofLastEntry);

asténtry, current.substring
rent.length()-1) + n

P IBrlidd) 312875111

See www.youtube.com/watch?v=H7VbRz9aj7c



http://www.youtube.com/watch?v=H7VbRz9aj7c

End of Overview of
Java 8 Streams (Part 4)
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