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Learning Objectives in this Part of the Lesson

« Understand parallel stream internals, e.g.
: Map<K, V> I = Collector<T, A, R>

¢ = ConcurrentMapCollector<T, K, V, M>

» Learn how to implement a concurrent Map collector
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Rationale for a
Concurrent Map Collector




Rationale for a Concurrent Map Collector

<<Java Class>>

- The Java Collectors utility class o
provides factory methods that coectorso

@'toCollection(Supplier<C>):Collector<T,?,C>

make non-concurrent collectors i colestoret 2 Lo

0$toSet():CoIIector<T,?,Set<T>>

@'toMap(Function<? super T,? extends K> Function<? super T,? extends U>):Collector<T,?,Map<K,U>>

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



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

Rationale for a Concurrent Map Collector
° The Java CO”eCtorS Utlllty CIaSS static <T,K,U> Collector<T,?,ConcurrentMap<K,Us> ;Zcﬁgsaggggwaﬁﬁs::;zizl?‘iu;:?e;,;'in:ﬁzzds

U> valueMapper)

p rOV i d es fa Cto ry m et h Od S th at Returns a concurrent Collector that accumulates

elements into a ConcurrentMap whose keys and

1 th 1t of lying th ided
make non-concurrent collectors e
static <T,K,U> Collector<T,?,ConcurrentMap<K,U>> toConcurrentMap (Function<? super T,? extends

° It aISO Contains Some factory K> keyMapper, Function<? super T,? extends

U> valueMapper,

BinaryOperator<U> mergeFunction)

m eth Od S th at m a ke CO I I ecto rS Returns a concurrent Collector that accumulates

elements into a ConcurrentMap whose keys and
ba Sed O n CO n C u rre ntM a p values are the result of applying the provided
mapping functions to the input elements.
static <T,K,U,M extends ConcurrentMap<K,U>> toConcurrentMap (Function<? super T,? extends
° e g Concu rrentHaSh Map & Collector<T,?,M> K> keyMapper, Function<? super T,? extends
" 4 U> valueMapper,
= - BinaryOperator<U> mergeFunction,
CO n C u rre ntS kl p LI St M a p Supplier<M> mapSupplier)
Returns a concurrent Collector that accumulates
elements into a ConcurrentMap whose keys and

values are the result of applying the provided
mapping functions to the input elements.

See docs.oracle.com/javase/8/docs/api/java/util/concurrent/ConcurrentMap.html



https://docs.oracle.com/javase/8/docs/api/java/util/concurrent/ConcurrentMap.html

Rationale for a Concurrent Map Collector

» The Java Collectors utility class
provides factory methods that
make non-concurrent collectors

« However, there are no pre-
defined concurrent collectors
provided by Java that return
sorted maps

* e.g., TreeMap

Class TreeMap<K,V>

java.lang.Object
java.util.AbstractMap<K,vV>
java.util. TreeMap<K,V>

Type Parameters:

K - the type of keys maintained by this map
V - the type of mapped values

All Implemented Interfaces:

Serializable, Cloneable, Map<K,V>, NavigableMap<K,V>,
SortedMap<K, V>

public class TreeMap<K,V>
extends AbstractMap<K,V>
implements NavigableMap<K,V>, Cloneable, Serializable

A Red-Black tree based NavigableMap implementation. The map is sorted
according to the natural ordering of its keys, or by a Comparator provided
at map creation time, depending on which constructor is used.

This implementation provides guaranteed log(n) time cost for the
containsKey, get, put and remove operations. Algorithms are adaptations
of those in Cormen, Leiserson, and Rivest's Introduction to Algorithms.

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



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

Rationale for a Concurrent Map Collector

» The ConcurrentMapCollector is
designed to overcome this
omission with the Java class
library

9 @O © © © © €

€ = ConcurrentMapCollector<T, K, V, M>

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>)

finisher() Function <Map <K, V>, M>
accumulator() BiConsumer <Map<K, V>, T>
characteristics() Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>
supplier() Supplier<Map <K, V> >

combiner() BinaryOperator <Map <K, V> >

See Java8/ex37/src/main/java/utils/ConcurrentMapCollector.java



https://github.com/douglascraigschmidt/LiveLessons/blob/master/Java8/ex36/src/main/java/utils/ConcurrentMapCollector.java
https://github.com/douglascraigschmidt/LiveLessons/blob/master/Java8/ex37/src/main/java/utils/ConcurrentMapCollector.java
https://github.com/douglascraigschmidt/LiveLessons/blob/master/Java8/ex36/src/main/java/utils/ConcurrentMapCollector.java

Rationale for a Concurrent Map Collector

» The ConcurrentMapCollector is
designed to overcome this
omission with the Java class
library

9 @O © © © © €

€ = ConcurrentMapCollector<T, K, V, M>

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>)

finisher() Function<Map<K, V>, M>
accumulator() BiConsumer <Map<K, V>, T>
characteristics() Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>

supplier() Supplier<Map <K, V> >
combiner() BinaryOperator <Map <K, V> >

/

The Supplier param can be used to customize
the type of Map returned from this collector

See docs.oracle.com/javase/8/docs/api/java/util/function/Supplier.html



https://docs.oracle.com/javase/8/docs/api/java/util/function/Supplier.html

Implementing a Generic
Concurrent Map Collector




Implementing a Generic Concurrent Map Collector

« ConcurrentMapCollector defines
four generic types

€ ConcurrentMapCoIIectct<T, KV, M> I

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>)

finisher()
accumulator()

characteristics()

Function <Map <K, V>, M>
BiConsumer <Map<K, V>, T>

Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>

supplier()
compiner()

Supplier<Map <K, V> >
BinaryOperator <Map <K, V> >




Implementing a Generic Concurrent Map Collector

« ConcurrentMapCollector defines
four generic types

« T - The type of objects
available from the Stream

» e.g., String, GCDParam,
SimpleImmutableEntry, etc.

9 @O © © © © €

€ ConcurrentMapCoIIectorI:T, I( V, M>

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>)

finisher() Function <Map <K, V>, M>
accumulator() BiConsumer <Map<K, V>, T>
characteristics() Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>
supplier() Supplier<Map <K, V> >

combiner() BinaryOperator <Map <K, V> >

See docs.oracle.com/javase/8/docs/api/java/util/AbstractMap.SimpleImmutableEntry.html



https://docs.oracle.com/javase/8/docs/api/java/util/AbstractMap.SimpleImmutableEntry.html

Implementing a Generic Concurrent Map Collector

« ConcurrentMapCollector defines
four generic types

« K- The type of the key used
in the map

» e.g., Double, String, etc.

9 @O © © © © €

€ = ConcurrentMapCollector< II K, I/ M>

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>)

finisher() Function <Map <K, V>, M>
accumulator() BiConsumer <Map<K, V>, T>
characteristics() Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>
supplier() Supplier<Map <K, V> >

combiner() BinaryOperator <Map <K, V> >
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Implementing a Generic Concurrent Map Collector

« ConcurrentMapCollector defines
four generic types

« V — The type of the value
used in the map

* e.g., SearchResults, Integer,
GCDResult, etc.

9 @O © © © © €

€ = ConcurrentMapCollector<T, IM/I>

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>)

finisher() Function <Map <K, V>, M>
accumulator() BiConsumer <Map<K, V>, T>
characteristics() Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>
supplier() Supplier<Map <K, V> >

combiner() BinaryOperator <Map <K, V> >

13




Implementing a Generic Concurrent Map Collector

« ConcurrentMapCollector defines
four generic types

9 @O © © © © €

€ = ConcurrentMapCollector<T, K, VI Mi

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>)

finisher() Function <Map <K, V>, M>
accumulator() BiConsumer <Map<K, V>, T>
characteristics() Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>
supplier() Supplier<Map <K, V> >

combiner() BinaryOperator <Map <K, V> >

« M — The type of Map returned
from the collector

* e.g., ConcurrentHashMap,
TreeMap, LinkedHashMap, etc.

ConcurrentMapCollector uses ConcurrentHashMap internally




Implementing a Generic Concurrent Map Collector

. The tOMap() faCtOry mEthOd € = ConcurrentMapCollector<T, K, V, M>
Creates a neW Instance Of ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>)

finisher() Function<Map<K, V>, M>
COnCU rrentMa pCO”eCtOr that accumulator() BiConsumer <Map<K, V>, T>
is parameterized by Java characteristics() Set < Characteristics >

I toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) [Collector<T, ?, M>

functional interface objects

supplier() Supplier<Map<K, V> >

9 @O © © © © €

combiner() BinaryOperator <Map <K, V> >

15



Implementing a Generic Concurrent Map Collector

° The tOMap() faCtOry methOd ¢ “ ConcurrentMapCollector<T, K, V, M>
creates a new instance Of

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>)

m
m finisher() Function<Map<K, V>, M>

COnCU rrentMa pCO”eCtOr that m accumulator() BiConsumer <Map<K, V>, T>
is pa ra meterized by Java m ‘s_characteristics() Set < Characteristics >
. . . m I toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) [Collector<T, ?, M>
functional interface objects 7 T ir <Map<, Vo>
m ‘i combiner() BinaryOperator <Map <K, V> >

°* €.J., return new
ConcurrentMapCollector<>
(keyMapper,
valueMapper,
mergeFunction,
mapSupplier) ;

16



Implementing Concurrent
Map Collector Methods

17



Implementing Concurrent Map Collector Methods

 Five key methods are defined in
the ConcurrentMapCollector

PN

€ = ConcurrentMapCollector<T, K, V, M>

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>)

finisher() Function <Map <K, V>, M>
accumulator() BiConsumer <Map<K, V>, T>
characteristics() Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>
supplier() Supplier<Map <K, V> >

combiner() BinaryOperator <Map <K, V> >

18




Implementing Concurrent Map Collector Methods

 Five key methods are defined in
the ConcurrentMapCollector
« characteristics() — provides

additional info to optimize
the collector, e.qg.

 UNORDERED

 The collector need not
preserve encounter order

€ = ConcurrentMapCollector<T, K, V, M>

m ‘i ConcurrentMapCollector (Function<T, K>, Function <T, V>, BinaryOperator <V>, Supplier<M>)
m finisher() Function<Map<K, V>, M>
m accumulator BiConsumer <Map<K, V>, T>
m characteristics() Set<Characteristics >
m oMap(Function<T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>) Collector<T, ?, M>
m ‘s supplier() Supplier<Map <K, V> >
m ‘i combiner() BinaryOperator <Map <K, V> >
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Implementing Concurrent Map Collector Methods

 Five key methods are defined in ¢ “ ConcurrentMapCollector<T, K, V, M>
the Concu rrentMa pCOI Iector m % ConcurrentMapCollector (Function <T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>)
m finisher() Function <Map <K, V>, M>
° CharacteristiCS() —_— prOV|deS m ‘= accumulator BiConsumer <Map<K, V>, T>
_— . . . m | characteristics() Set<Characteristics >
addltlonal Info to Optlmlze m oMap(Function<T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>) Collector<T, ?, M>
the COIIeCtor, e_g_ m ‘s supplier() Supplier<Map <K, V> >
m ‘i combiner() BinaryOperator <Map <K, V> >

« CONCURRENT

« accumulator() is called concurrently
on the ConcurrentHashMap
mutable result container

ConcurrentHashMap methods are all synchronized!!

See www.geeksforgeeks.org/concurrenthashmap-in-java



https://www.geeksforgeeks.org/concurrenthashmap-in-java/

Implementing Concurrent Map Collector Methods

 Five key methods are defined in ¢ “ ConcurrentMapCollector<T, K, V, M>
the Concu rrentMa pCOI Iector m % ConcurrentMapCollector (Function <T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>)
m finisher() Function<Map<K, V>, M>
° CharacteristiCS() —_— prOV|deS m ‘= accumulator BiConsumer <Map<K, V>, T>
g = . . . m characteristics() Set<Characteristics >
addltlonal Info to Optlmlze m ;o;ap;;uncilon T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>
the collector, e.qg. @ % supplier() Supplier <Map <K, V>>
m ‘i combiner() BinaryOperator <Map <K, V> >

Anyy/all characteristics can
be set using EnumSet.of()

Set<Characteristics> characteristics () {
return|Collections.unmodifiableSet
(EnumSet.of (Collector.Characteristics.CONCURRENT,
Collector.Characteristics.UNORDERED) ) ;

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



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

Implementing Concurrent Map Collector Methods

e Five key mEthOdS are deﬁned in € = ConcurrentMapCollector<T, K, V, M>

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>)
the ConcurrentMapCollector P yoP PP

finisher() Function<Map<K, V>, M>

accumulator() BiConsumer <Map<K, V>, T>

characteristics() Set<Characteristics >

« supplier() — returns a Supplier
that acts as a factory method

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>

supplier() Supplier<Map <K, V> >

9 @O © © © © €

combiner() BinaryOperator <Map <K, V> >

to generate an empty result
container

22



Implementing Concurrent Map Collector Methods

e Five key mEthOdS are deﬁned in € = ConcurrentMapCollector<T, K, V, M>

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>)
the ConcurrentMapCollector P yoP PP

finisher() Function<Map<K, V>, M>

accumulator() BiConsumer <Map<K, V>, T>

characteristics() Set<Characteristics >

« supplier() — returns a Supplier
that acts as a factory method

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>

supplier() Supplier<Map <K, V> >

9 @O © © © © €

combiner() BinaryOperator <Map <K, V> >

to generate an empty result
container, e.q.

* return ConcurrentHashMap: :new

23



Implementing Concurrent Map Collector Methods

e Five key mEthOdS are deﬁned in € = ConcurrentMapCollector<T, K, V, M>

the Concu rre ntMa pCOI Iector m % ConcurrentMapCollector (Function <T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>)
m finisher() Function<Map<K, V>, M>
m accumulator() BiConsumer <Map<K, V>, T>
m characteristics() Set<Characteristics >
m ‘i toMap(Function<T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>) Collector<T, ?, M>
m & supplier() Supplier<Map <K, V> >

* accumUIator() - retu rns a m ‘i combiner() BinaryOperator <Map <K, V> >

BiConsumer that adds a new
element to the existing
ConcurrentHashMap

24



Implementing Concurrent Map Collector Methods

 Five key methods are defined in
the ConcurrentMapCollector

« accumulator() —returns a
BiConsumer that adds a new

€ = ConcurrentMapCollector<T, K, V, M>

finisher()

accumulator()

characteristics()

supplier()

9 @O © © © © €

combiner()

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>)

Function <Map <K, V>, M>
BiConsumer <Map<K, V>, T>

Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>

Supplier<Map <K, V> >
BinaryOperator <Map <K, V> >

element to the existing
ConcurrentHashMap, e.q.

ConcurrentHashMaps merge()
method is efficiently synchronized

* return (Map<K, V> map, T element) -> map
.merge (mKeyMapper . apply (element),
mValueMapper. apply (element),
mMergeFunction) ;

See codepumpkin.com/hashtable-vs-synchronizedmap-vs-concurrenthashmap



https://codepumpkin.com/hashtable-vs-synchronizedmap-vs-concurrenthashmap

Implementing Concurrent Map Collector Methods

e Five key mEthOdS are deﬁned in € = ConcurrentMapCollector<T, K, V, M>
the Concu rrentMa pCOI Iector ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>)

finisher() Function<Map<K, V>, M>
accumulator() BiConsumer <Map<K, V>, T>
characteristics() Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>

supplier() Supplier<Map <K, V> >
I combiner() BinaryOperator <Map <K, V> >

9 @O © © © © €

« combiner() — returns a Binary
Operator that merges two result
containers together

26



Implementing Concurrent Map Collector Methods

 Five key methods are defined in
the ConcurrentMapCollector

« combiner() — returns a Binary
Operator that merges two result

containers together, e.g.

* return (one, another)

9 @O © © © © €

€ = ConcurrentMapCollector<T, K, V, M>

ConcurrentMapCollector (Function<T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>)

finisher() Function<Map<K, V>, M>
accumulator() BiConsumer <Map<K, V>, T>
characteristics() Set<Characteristics >

toMap (Function<T, K>, Function<T, V>, BinaryOperator <V >, Supplier<M>) Collector<T, ?, M>

supplier() Supplier<Map <K, V> >
I combiner() BinaryOperator <Map <K, V> >

-> {
one.putAll (another); return one;

This method is only called for non-concurrent collectors..




Implementing Concurrent Map Collector Methods

e Five key mEthOdS are deﬁned in € = ConcurrentMapCollector<T, K, V, M>

the Concu rre ntMa pCOI Iector m ‘= ConcurrentMapCollector (Function<T, K>, Function <T, V>, BinaryOperator <V>, Supplier<M>)
m finisher() Function<Map<K, V>, M>
m accumulator() BiConsumer <Map<K, V>, T>
m characteristics() Set<Characteristics >
m ‘i toMap(Function<T, K>, Function<T, V>, BinaryOperator <V>, Supplier<M>) Collector<T, ?, M>
m ‘s supplier() Supplier<Map <K, V> >
m ‘i combiner() BinaryOperator <Map <K, V> >

« finisher() — returns a Function
that converts ConcurrentHashMap
to the final Map result type

28



Implementing Concurrent Map Collector Methods

 Five key methods are defined in return map -> {

the ConcurrentMapCollector M newMap =
mMapSupplier.get() ;

if (newMap instanceof

ConcurrentHashMap)
return (M) map;
else {
« finisher() — returns a Function newMap .putAll (map) ;
that converts ConcurrentHashMap return newMap;

to the final Map result type, e.g. }

o
4

Only copies data if M isn’t a ConcurrentHashMap

29



Implementing Concurrent Map Collector Methods

Bl File Edit View Navigate Code Refactor Build Run Tools Git Window Help  ex36 - ConcurrentMapCollectorjava [ex36.main] - X
ex36 ' src ' main  java & utils ' € ConcurrentMapCollector PSRN ex36 v b H G Gt ¥ v 20 9 Q0 P
g Project v @ = T B — @ ed6java © ConcurrentMapCollector java € RunTimer.java -
S [a)
@ v Irgex36 D:\Douglas Schmidt\Dropbox\D vig
B gadle /*% >
E i zf * A concurrent collector that accumulates input elements of type {@code T}
S mbid % into o {@Link ConcurrentHashMap} parameterized with {(@code K} and {{@code VF
> [ gradle * types and returns a type {@link M} that extends {@link Map}.
4 e src
! . M ¢/
% Y J”i‘ public class ConcurrentMapCollector<T, K, V, M extends Map<K, V>>
v utils .
X © ConcurrentHashset implements Collector<T,
€ ConcurrentMapColle Map<K V>
@ ConcurrentSetCollect ' '
€ RunTimer M> {
€ TestDataFactory /**
& ex36 ) .
> = resources * A {@link Function} that maps the key {@code K}.
build.gradle */
gradlew . . .
4 gradiewdbat private final Function<? super T, ? extends K> mKeyMapper;
settings.gradle
> Il External Libraries
> Y@ Scratches and Consoles /**
* A {@link Function} that maps the value {@code V}.
*/
private final Function<? super T, ? extends V> mValueMapper;
/**
% * A {@link Supplier} that returns a new, empty {@code Map} into
) * which the results will be inserted.
.g * /
X private final Supplier<M> mMapSupplier;
PGit » Run i=T0DO O Problems Terminal £ Dependencies Q Eventlog  [V] Vanderbilt Tools
I * daemon started successfully (42 minutes ago) 16:36 (22 chars) CRLF UTF-8 4spaces P master M

See Java8/ex37/src/main/java/utils/ConcurrentMapCollector.java



https://github.com/douglascraigschmidt/LiveLessons/blob/master/Java8/ex36/src/main/java/utils/ConcurrentMapCollector.java
https://github.com/douglascraigschmidt/LiveLessons/blob/master/Java8/ex37/src/main/java/utils/ConcurrentMapCollector.java
https://github.com/douglascraigschmidt/LiveLessons/blob/master/Java8/ex36/src/main/java/utils/ConcurrentMapCollector.java

End of Java Parallel Streams
Internals: Implementing a
Concurrent Map Collector
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