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Learning Objectives in this Part of the Lesson

e Apply the fork-join framework in practice

* Implement operations on BigFractions
using several different fork-join pool
programming models

<<Java Class>>

(®BigFraction
(default package)

" mNumerator: BigInteger
" mDenominator: Biglnteger

@' valueOf(Number):BigFraction

@ valueOf(Number,Number):BigFraction

@ valueOf(String):BigFraction
@’valueOf(Number,Number,boolean):BigFraction

@' reduce(BigFraction):BigFraction
& getNumerator():BigInteger

& getDenominator():Biginteger

@ add(Number):BigFraction

@ subtract(Number):BigFraction
@ multiply(Number):BigFraction

@ divide(Number):BigFraction

@ gcd(Number):BigFraction

@ toMixedString():String

See qgithub.com/douglascraigschmidt/LivelLessons/tree/master/Java8/ex22
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Applying the Java Fork-Join Pool Framework

* Reduce & multiply big fractions
using several different models

of programming the Java fork-
join pool framework
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See qgithub.com/douglascraigschmidt/LivelLessons/tree/master/Java8/ex22
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Applying the Java Fork-Join Pool Framework
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Applying the Java Fork-Join Pool Framework

* Reduce & multiply big fractions using the Java fork-join pool framework

public static void main(String[] argv) throws 10Exception {
List<BigFraction> fractionList = Stream
.generate(() -> makeBigFraction(new Random(), false))
- Iimit(sMAX_FRACTIONS)
.collect(toList());

Function<BigFraction, BigFraction> op = bigFraction ->
BigFraction
-.reduce(bigFraction)
-multiply(sBigReducedFraction);

testApplyAlllter(fractionList, op);
testApplyAllSplit(fractionList, op);
testApplyAllSplitindex(fractionList, op);

See LiveLessons/blob/master/Java8/ex22/src/ex2?2.java
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Applying the Java Fork-Join Pool Framework

* Reduce & multiply big fractions using the Java fork-join pool framework

public static void main(String[] argv) throws 10Exception {
List<BigFraction> fractionList = Stream
.generate(() -> makeBigFraction(new Random(), false))

_1imit(sMAX_FRACTIONS) R““aax

_.collect(toList()); Generate random BigFractions

up to sMAX FRACTIONS

Function<BigFraction, BigFraction> op = bigFraction ->
BigFraction
-.reduce(bigFraction)
-multiply(sBigReducedFraction);

testApplyAlllter(fractionList, op);
testApplyAllSplit(fractionList, op);
testApplyAllSplitindex(fractionList, op);

2



Applying the Java Fork-Join Pool Framework

* Reduce & multiply big fractions using the Java fork-join pool framework

public static void main(String[] argv) throws 10Exception {
List<BigFraction> fractionList = Stream
.generate(() -> makeBigFraction(new Random(), false))
- Iimit(sMAX_FRACTIONS)
.collect(toList());

Function<BigFraction, BigFraction> op = bigFraction ->

BigFraction \\\\\
-reduce(bigFraction) ) A function that reduces
-multiply(sBigReducedFraction); & multiplies a big fraction

testApplyAlllter(fractionList, op);
testApplyAllSplit(fractionList, op);
testApplyAllSplitindex(fractionList, op);
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Applying the Java Fork-Join Pool Framework

* Reduce & multiply big fractions using the Java fork-join pool framework

public static void main(String[] argv) throws 10Exception {
List<BigFraction> fractionList = Stream
.generate(() -> makeBigFraction(new Random(), false))
- Iimit(sMAX_FRACTIONS)
.collect(toList());

Function<BigFraction, BigFraction> op = bigFraction ->

BigFraction
-.reduce(bigFraction)
-multiply(sBigReducedFraction);

testApplyAlllter(fractionList, op);
testApplyAllSplit(fractionList, op);
testApplyAllSplitindex(fractionList, op);

This function takes a surprisingly long time to run!




Applying the Java Fork-Join Pool Framework

* Reduce & multiply big fractions using the Java fork-join pool framework

public static void main(String[] argv) throws 10Exception {
List<BigFraction> fractionList = Stream
.generate(() -> makeBigFraction(new Random(), false))
- Iimit(sMAX_FRACTIONS)
.collect(toList());

Function<BigFraction, BigFraction> op = bigFraction ->
BigFraction

-.reduce(bigFraction)

_multiply(sBigReducedFraction) / Run various fork-join tests

testApplyAlllter(fractionList, op);
testApplyAllSplit(fractionList, op);
testApplyAllSplitindex(fractionList, op);
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Applying the Java Fork-Join Pool Framework

» Test the applyAlllter(), applyAllSplit(), & applyAllSplitindex() utility methods

void testApplyAlllter(List<BigFraction> fractionList,
Function<BigFraction, BigFraction> op)
{ applyAlllter(fractionList, op, new ForkJoinPool()); }

void testApplyAllSplit(List<BigFraction> fractionList,
Function<BigFraction, BigFraction> op)
{ applyAllSplit(fractionList, op, new ForkJoinPool()); }

void testApplyAllSplitindex
(List<BigFraction> fractionList,
Function<BigFraction, BigFraction> op)
{ applyAllSplitindex(fractionList, op, new ForkJoinPool()); }
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Applying the Java Fork-Join Pool Framework

» Test the applyAlllter(), applyAllSplit(), & applyAllSplitindex() utility methods

void testApplyAlllter(List<BigFraction> fractionList,
Function<BigFraction, BigFraction> op)
{ applyAlllter(fractionList, op, new ForkJoinPool()); }

void testApplyAllISplit(List<BigFraction> fractionList,
Function<BigFraction, BigFraction> op)
{ applyAllSplit(fractionList, op, new ForkJoinPool()); }

void testApplyAllISplitindex
(List<BigFraction> fractionList,
Function<BigFraction, BigFraction> op)
{ applyAllSplitindex(fractionList, op, new ForkJoinPool()); }

Each utility method uses a different means of applying the fork-join framework




Applying the Java Fork-Join Pool Framework

» Test the applyAlllter(), applyAllSplit(), & applyAllSplitindex() utility methods

void testApplyAlllter(List<BigFraction> fractionList,
Function<BigFraction, BigFraction> op)
{ applyAlllter(fractionList, op, new ForkJoinPool()); }

void testApplyAllISplit(List<BigFraction> fractionList,
Function<BigFraction, BigFraction> op)
{ applyAllSplit(fractionList, op, new ForkJoinPool()); }

void testApplyAllISplitindex
(List<BigFraction> fractionList,
Function<BigFraction, BigFraction> op)
{ applyAllSplitindex(fractionList, op, new ForkJoinPool()); }

Each call to a utility method gets its own fork-join pool instance




Implementing the
applyAlllter() Method
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Implementing the applyAlllter() Method

» Apply op to all items in the list by calling fork-join methods iteratively

<T> List<T> applyAlllter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) {
return fjPool
.Invoke(new RecursiveTask<List<T>>() {
protected List<T> compute() {

.
P;

See LiveLessons/blob/master/Java8/ex22/src/utils/ForkJoinUtils.java
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Implementing the applyAlllter() Method

» Apply op to all items in the list by calling fork-join methods iteratively

<T> List<T> applyAlllter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) {
return fTjPool
.Invoke(new RecursiveTask<List<T>>() {
protected List<T> compute() {

} \
P;

b Create an anonymous Recursivelask
& Invoke it on the fork-join pool

Code is verbose due to lack of functional interface (& thus can’t use lambdas)..




Implementing the applyAlllter() Method

» Apply op to all items in the list by calling fork-join methods iteratively

<T> List<T> applyAlllter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
protected List<T> compute() {
List<ForkJoinTask<T>> forks\= new LinkedList<>();
List<T> res = new LinkedList<>();

for (T t : list) Implements the main fork-join task

forks.add(new RecursiveTask<T>() {
protected T compute() { return op.apply(t); }

}-TforkQ)):

for (ForkJoinTask<T> task : forks) res.add(task.join());
return res;

} ...
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Implementing the applyAlllter() Method

» Apply op to all items in the list by calling fork-join methods iteratively

<T> List<T> applyAlllter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
protected List<T> compute() {
List<ForkJoinTask<T>> forks = new LinkedList<>();
List<T> res = new LinkedList<>(); ///

G

for (T t :© list)

forks.add(new RecursiveTask<T>() {

protected T compute() { return op.apply(t); }

}-TforkQ)):

for (ForkJoinTask<T> task : forks) res.add(task.join());
return res;

} ...

Lists that hold the forked tasks & the results

18



Implementing the applyAlllter() Method

» Apply op to all items in the list by calling fork-join methods iteratively

<T> List<T> applyAlllter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
protected List<T> compute() {
List<ForkJoinTask<T>> forks = new LinkedList<>();
List<T> res = new LinkedList<>();

Iterate through input list,
fork all the tasks, & add

for (T t o list) them to the forks list

forks.add(new RecursiveTask<T>() {
protected T compute() { return op.apply(t); }

}-Tfork()):

for (ForkJoinTask<T> task : forks) res.add(task.join());
return res;

} ...

This implementation relies on “work-stealing” to disperse tasks to worker threads




Implementing the applyAlllter() Method

» Apply op to all items in the list by calling fork-join methods iteratively

<T> List<T> applyAlllter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
protected List<T> compute() {
List<ForkJoinTask<T>> forks = new LinkedList<>();
List<T> res = new LinkedList<>();

for (T t : list)
forks.add(new RecursiveTask<T>() {
protected T compute() { return op.apply(t); }

F-TorkQ): Join all results of forked tasks & add to results list

for (ForkJoinTask<T> task : forks) res.add(task.join());
return res;

} ...
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Implementing the applyAlllter() Method

» Apply op to all items in the list by calling fork-join methods iteratively

<T> List<T> applyAlllter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
protected List<T> compute() {
List<ForkJoinTask<T>> forks = new LinkedList<>();
List<T> res = new LinkedList<>();

for (T t : list)
forks.add(new RecursiveTask<T>() {
protected T compute() { return op.apply(t); }

}-TforkQ)):

for (ForkJoinTask<T> task : forks) res.add(task.join());

return res: .
1 ———— Return the results list

21



Implementing the applyAlllter() Method

» Apply op to all items in the list by calling fork-join methods iteratively

<T> List<T> applyAlllter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
protected List<T> compute() {
List<ForkJoinTask<T>> forks = new LinkedList<>();
List<T> res = new LinkedList<>();

for (T t : list)
forks.add(new RecursiveTask<T>() {
protected T compute() { return op.apply(t); }

}-Tfork()):

for (ForkJoinTask<T> task : forks) res.add(task.join());
return res;

} ...

This implementation is very simple to program & understand since it’s iterative




Implementing the applyAlllter() Method

 Visualizing applyAlllter()

<T> List<T> applyAlllter Shared
(List<T> list, Queue
Function<T, T> op,
ForkJoinPool fjPool) {
fjPool . invoke
(new RecursiveTask<List<T>>() {
protected List<T> compute() {

, .-

See LiveLessons/blob/master/Java8/ex22/src/utils/ForkJoinUtils.java
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Implementing the applyAlllter() Method

 Visualizing applyAlllter()
<T> Llst<T>_appIyAI I Iter Shared
(List<T> list, Queue
Function<T, T> op,
ForkJoinPool fjPool) { Task,
fjPool . invoke
(new RecursiveTask<List<T>>() {
protected List<T> compute() {\
¥ The invoke() method enables a
¥ non-ForkJoiniask client to insert a

task into the internal shared queue

24



Implementing the applyAlllter() Method

 Visualizing applyAlllter()
<T> List<T> applyAlllter Worker thread WT, Shared
(List<T> list, creates n new sub- Queue
Function<T, T> opQ tasks that run an op
ForkJoinPool TjPqg on each list element
for (T t - list) / S —S =S
forks.add(new RecursiveTask<T>() {\ W' WT2 WTs s
protected T compute() l 1 1
E rEturr_l op.apply(t); } Sub-Task, ,
}- or ())’ Sub-Task; 5
for (ForkJoinTask<T> task : forks) Sub-Task, ,
results.add(task.join()); Sub-Task, ,

WorkQueue WorkQueue WorkQueue

25



Implementing the applyAlllter() Method

 Visualizing applyAlllter()
<T> List<T> applyAlllter Wr,& WT; Shared
(List<T> list, “steal” work Queue
Function<T, T> op, from WT,
ForkJoinPool fTjPool) { \
for (T t - list) S S S
forks.add(new RecursiveTask<T>() { WTh: Wiz Wi
protected T compute() l T T
i rEtU I"f:] Op-apply(t); } Sub-Task, , Sub-Task, , Sub-Task, ,
}' or ()) 7 Sub-Task, 5 /
for (ForkJoinTask<T> task : forks) /
results.add(task.join()); "
“Work-stealing” is high, but copying & method calls are low




Implementing the applyAlllter() Method

 Visualizing applyAlllter()

<T> List<T> applyAlllter
(List<T> list,
Function<T, T> op,

All worker threads

ForkJoinPool fTjPool) { \\\

for (T t - list)

forks.add(new RecursiveTask<T>() { W'h:

protected T compute()
{ return op.apply(t); }
}-TorkQ);

for (ForkJoinTask<T> task :
results.add(task.join());

b i o Shared
bitch in” to Queue
compute sub-tasks
W, S WT, S
Sub-Task, , Sub-Task, , Sub-Task, ,
Sub-Task; 5

forks)

27




Implementing the applyAlllter() Method

 Visualizing applyAlllter()

| N 2
<T> List<T> applyAlllter @jlffyllJbe

) ) Shared
(List<T> list, Queue
Function<T, T> op,
ForkJoinPool fjPool) {
for (T t - list) S S S
forks.add(new RecursiveTask<T>() { WTh: WT . WTs 3
protected T compute() T T T
{ return 0p - apply(t) ) } Sub-Task; 4 Sub-Task; , Sub-Task, ;
}-TorkQ);
Sub-Task; 5

for (ForkJoinTask<T> task : forks)

results.add(task.join());

“Collaborative Jiffy Lube” model of processing!




Implementing the
Method applyAllSplitter()
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJdoinPool fjPool) {
class SplitterTask extends RecursiveTask<List<T>> { ... }

return fjPool
-.invoke(new SplitterTask(list));

See LiveLessons/blob/master/Java8/ex22/src/utils/ForkJoinUtils.java
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJdoinPool fjPool) {
class SplitterTask extends RecursiveTask<List<T>> { ... }

AN

This task partitions list recursively & runs each half in a ForkJoinlask

return fjPool
-.invoke(new SplitterTask(list));

31



Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJdoinPool fjPool) {
class SplitterTask extends RecursiveTask<List<T>> { ... }

Invoke a new Splitter7ask in the fork-join
/ pool & then wait for & return the results

return fjPool
-.invoke(new SplitterTask(list));
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {

private List<T> mList;
\ This task partitions list recursively

& runs each half in a ForkJoinTask

private SplitterTask(List<T> list) {
mList = list;

}
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {
private List<T> mList;

Stores a reference to a

\
/ portion of the original list

private SplitterTask(List<T> list) {
mList = list;

}
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {
protected List<T> compute() {
if (nList.size() <= 1) { — ———— Recursively perform the
List<T> result = computations in paralle/
new ArrayList<>();

for (T t : mList) result.add(op.apply(t));

return result;
} else {

35



Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {
protected List<T> compute() {
IT (nList.size() <= 1) {
List<T> result = —— If the list has 1 or O elements
new ArrayList<>(); create an empty ArrayList

for (T t : mList) result.add(op.apply(t));

return result;
} else {
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {
protected List<T> compute() {

IT (nList.size() <= 1) { Apply op to the element in

List<T> result = g :
new ArrayList<>(); / this list & add it to the results

for (T t : mList) result.add(op.apply(t));

return result;
} else {
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {
protected List<T> compute() {
IT (nList.size() <=1) {
List<T> result =
new ArrayList<>();

for (T t : mList) result.add(op.apply(t));

Return the result list

return result;
1 else { T
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,

ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {

protected List<T> compute() { . ' _ .
. else { —— Determine mia-point of the list

int mid = mList.size() 7/ 2;

ForkJoinTask<List<T>> It =
new SplitterTask(mList.subList(0, mid)).fork();

mList = mList.subList(nid, mList.size());

List<T> rightResult = compute();

List<T> leftResult = It_join();

leftResult.addAll(rightResult);

return leftResult;
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {
protected List<T> compute() {
. else { Creaz‘g a hew tas/( to hana’{e
int mid = mList-size() / 2- / left-side of the list & fork it
ForkJoinTask<List<T>> It =

new SplitterTask(mList.subList(0, mid)).fork();
mList = mList.subList(nid, mList.size());
List<T> rightResult = compute();
List<T> leftResult = It_join();
leftResult.addAll(rightResult);
return leftResult;

Y.L

This implementation uses recursive decomposition to disperse tasks to worker threads




Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {
protected List<T> compute() {

. else {

int mid = mList.size() 7/ 2;

ForkJoinTask<List<T>> It =

new SplitterTask(mList.subList(0, mid)).fork();

mList = mList.subList(nid, mList.size());

List<T> rightResult = Compute();““aaxx )

List<T> leftResult = It.join(): . Ugldalf‘/‘j mL.’;’;md
leftResult.addAll(rightResult); ‘;’7 € et”g 5/; €
return leftResult; compute resuits

Y.L

This implementation uses recursive decomposition to disperse tasks to worker threads




Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {
protected List<T> compute() {
. else {
int mid = mList.size() 7/ 2;
ForkJoinTask<List<T>> It =
new SplitterTask(mList.subList(0, mid)).fork();
mList = mList.subList(nid, mList.size());
List<T> rightResult = compute();
List<T> leftResult = It.join();
leftResult.addAll(rightResult); ——1

, return leftResult; Join with left-side results
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {
protected List<T> compute() {
. else {
int mid = mList.size() 7/ 2;
ForkJoinTask<List<T>> It =
new SplitterTask(mList.subList(0, mid)).fork();
mList = mList.subList(nid, mList.size());
List<T> rightResult = compute();
List<T> leftResult = It_join();

leftResult.addAll(rightResult);

return leftResult; — N
3 Ssize & return results
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Implementing the Method applyAllSplitter()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitter(List<T> list, Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveTask<List<T>> {
protected List<T> compute() {
. else {
int mid = mList.size() 7/ 2;
ForkJoinTask<List<T>> It =
new SplitterTask(mList.subList(0, mid)).fork();
mList = mList.subList(nid, mList.size());
List<T> rightResult = compute();
List<T> leftResult = It.join();
leftResult.addAll(rightResult);
return leftResult;

Y.L

This implementation is harder to program & understand since it's recursive




Implementing the Method applyAllSplitter()

 Visualizing applyAllSplitter()

<T> List<T> applyAllSplitter

) ) Shared
(List<T> list, Queue
Function<T, T> op,

ForkJoinPool fjPool) { Task,

return fjPool

-invoke(new SplitterTask
(list)); HH““HRHH
¥ The invoke() method enables a

non-fForkJoinTask client to insert a
task into the internal shared queue
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Implementing the Method applyAllSplitter()

 Visualizing applyAllSplitter()

<T> List<T> applyAllSplitter

(List<T> list, ] :
Function<T, T> ( Sub-tasks recursively

ForkJoinPool fjl decompose onto worker

class SplitterTask ... { threads in thepo\o/ \\

Shared
Queue

protected List<T> compute() { < < <
i} else { WT, 3 WT, 3 WT; 3
ForkJoinTask<List<T>> It = l l l

new SplitterTask

(mList.subList(0, mid))
) fOI"k() - Sub-Task; 5 Sub-Task; , 4 Sub-Task, ,

SUb-TaSk131 SUb-TaSk1_2_2 SUb-TaSkl_l_l

Sub-Task, ,

List<T> rightResult =
compute(); --- WorkQueue WorkQueue WorkQueue

“Work-stealing” is lower, but copying & method calls are higher




Implementing the Method applyAllSplitter()

 Visualizing applyAllSplitter()

<T> List<T> applyAllSplitter Shared
(List<T> list, Queue
Function<T, T> op,
ForkJoinPool fjPool) { ...

clace CQnlattarTacle {

The fork()d sub-task & tompute() { _ < < _<

the compute() sub-task WT, 3 WT, 3 WT; 5
can run in parallel <List<T>> It = l l l

new SplitterTask

(mList.subList(0, mid))
) fOI"k() . Sub-Task; 5 Sub-Task; , 4 Sub-Task, ,

SUb-TaSk131 SUb-TaSk1_2_2 SUb-TaSkl_l_l

Sub-Task, ,

List<T> rightResult =
compute(); --- WorkQueue WorkQueue WorkQueue

compute() runs in the same task as its “parent” to optimize performance




Implementing the Method applyAllSplitter()

 Visualizing applyAllSplitter()

<T> List<T> applyAllSplitter Shared
(List<T> list, Queue
Function<T, T> op,
ForkJoinPool fjPool) { ...

class SplitterTask ... {
protected void compute() { S < _<
. else { WT, 3 WT, 3 WT; 3
o Join() returns a value l l l
L1 St<T> _ leftResult = Sub-Task; 5 Sub-Task, , Sub-Task, ,
It.join(Q);
leftResult

.addAll(rightResult);
return leftResult;

} WorkQueue WorkQueue WorkQueue

There is a “balanced tree” of join() calls




Implementing the Method
applyAllSplitterindex()
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Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) {
T[] results = (T[]) Array.newlnstance(list.get(0).getClass(),
list.si1ze());

class SplitterTask extends RecursiveAction { ... }

TjPool.1invoke(new SplitterTask(0, list.size()));

return Arrays.asList(results);

See LiveLessons/blob/master/Java8/ex22/src/utils/ForkJoinUtils.java



https://github.com/douglascraigschmidt/LiveLessons/blob/master/Java8/ex22/src/utils/ForkJoinUtils.java

Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) {
T[] results = (T[]) Array.newlnstance(list.get(0).getClass(),

///,/f’ list.size());

Create a new array to hold the results (yes, it's ugly...)

class SplitterTask extends RecursiveAction { ... }

TjPool.1invoke(new SplitterTask(0, list.size()));

return Arrays.asList(results);

}

See stackoverflow.com/a/18137953



https://stackoverflow.com/a/18137953

Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) {
T[] results = (T[]) Array.newlnstance(list.get(0).getClass(),
list.si1ze());

This task partitions list recursively & runs each half in a ForkJoiniask

class SplitterTask’éiE;nds RecursiveAction { ... }

TjPool.1invoke(new SplitterTask(0, list.size()));

return Arrays.asList(results);
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Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) {
T[] results = (T[]) Array.newlnstance(list.get(0).getClass(),
list.si1ze());

class SplitterTask extends RecursiveAction { ... }

TfjPool.1invoke(new SplitterTask(0, list.size()));

_ \ Invoke a new SplitterTask in the
return Arrays.asList(results); fork-foin pool & wait for results
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Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) {
T[] results = (T[]) Array.newlnstance(list.get(0).getClass(),
list.si1ze());

class SplitterTask extends RecursiveAction { ... }

TjPool.1invoke(new SplitterTask(0, list.size()));

return Arrays.asList(results); 7/ CITEENIE o (U €1
3 from the array of results

o4



Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool,
T[] results) {

An alternative—more streamlined—approach
IS to pass the results array as a parameter

class SplitterTask extends RecursiveAction { ... }

TjPool.1nvoke(new SplitterTask(0, list.size()));
+
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Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveAction {

private Int mLo; \\“\\\M ' i - .
orivate int mHi; This task partitions list recursively
’ & runs each half in a ForkJoinTask

private SplitterTask(int lo, int hi) {
mLo = lo;
mHI = hi;

56



Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveAction {

private int mLo; ——171 | - ,
_ _ _ It uses indices to avord the
private int mHi; )
/ overhead of copy sub-lists
private SplitterTask(int lo, Int hi) {

mLo 10;
mHi hi;

o7



Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveAction {

protected void compute() { :
int mid = (mLo + mHi) >>> 1; Recursively perform the

if (mLo == mid) computations in parallel

results[mLo] = op.apply(list.get(mL0));
else {
ForkJoinTask<Void> It =
new SplitterTask(mLo, mLo = mid).fork();
compute();
It.join(Q;
} o--.

o8



Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveAction {
protected void compute() {

int mid = (mLo + mHi) >>> 1;—
1T (mLo == mid)

Find mid-point in current range

results[mLo] = op.apply(list.get(mL0));
else {
ForkJoinTask<Void> It =
new SplitterTask(mLo, mLo = mid).fork();
compute();
It.join(Q;
} o--.
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Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveAction {

protected void compute() { Apply op if there’s

Iint mid = (mLO + mHi) >>> 1;/ ot y "
if (mLo == mid) Just one elemen
results[mLo] = op.apply(list.get(mL0));

else {
ForkJoinTask<Void> It =
new SplitterTask(mLo, mLo = mid).fork();
compute();
It.join(Q;
} o--.
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Implementing the Method applyAllSplitterindex()
» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveAction {
protected void compute() {
int mid = (mLo + mHiI) >>> 1;
iIfT (nLo == mid)
results[mLo] = op.apply(list.get(mL0));
else {
ForkJdoinTask<Void> It =
new SplitterTask(mLo, mLo = mid).fork();

compute(); \ Create a new task to handle the

, I't.joinQ); Jeft-hand side of the list & fork it

This implementation uses recursive decomposition to disperse tasks to worker threads




Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveAction {
protected void compute() {
int mid = (mLo + mHiI) >>> 1;
iIfT (nLo == mid)
results[mLo] = op.apply(list.get(mL0));
else {
ForkJdoinTask<Void> It =
new SplitterTask(mLo, mLo = mid).fork();

(;zmr.)g?ﬁ 8  ——— | Compute the right-hand side
) -J ’ in parallel with left-hand side
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Implementing the Method applyAllSplitterindex()

» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveAction {
protected void compute() {
int mid = (mLo + mHiI) >>> 1;
iIfT (nLo == mid)
results[mLo] = op.apply(list.get(mL0));
else {
ForkJdoinTask<Void> It =
new SplitterTask(mLo, mLo = mid).fork();
compute();
It.join(Q);
} o--.

Join with left-hand side (this
IS a synchronization point)

See stackoverflow.com/questions/4800503/memory-visibility-in-fork-join



https://stackoverflow.com/questions/4800503/memory-visibility-in-fork-join

Implementing the Method applyAllSplitterindex()
» Apply op to all items in list by recursively splitting via fork-join method calls

<T> List<T> applyAllSplitterindex(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask extends RecursiveAction {
protected void compute() {
int mid = (mLo + mHiI) >>> 1;
iIfT (nLo == mid)
results[mLo] = op.apply(list.get(mL0));
else {
ForkJdoinTask<Void> It =
new SplitterTask(mLo, mLo = mid).fork();
compute();
It.join(Q);
} o--.

This implementation is also harder to program & understand since it’s recursive




Implementing the Method applyAllSplitterindex()

 Visualizing applyAllSplitterindex()

<T> List<T> applyAllSplitterindex

) ) Shared
(List<T> list, Queue
Function<T, T> op,

ForkJoinPool fjPool) { Task,

TjPool

-invoke(new SplitterTask
(01 \

list.s1ze())); The invoke() method enables a
non-fForkJoinTask client to insert a
task into the internal shared queue
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Implementing the Method applyAllSplitterindex()

 Visualizing applyAllSplitterindex()
<T> List<T> applyAllSplitterindex Shared
(List<T> l1st, Sub-tasks recursively Queue
Function<T, T> ¢
_ _ | decompose onto worker
ForkJoinPool TjF .
_ threads in the pool
class SplitterTask ... < \\
protected void compute() { S S S
. else { WT, 3 WT, 3 WT; 3
ForkJoinTask<Void> It = l l l
new Spl 1tte rTask(mLo ’ _ Sub-Task; 5, |Sub-Task;,,| |Sub-Task,,;
mLo = mid)
_fork () - Sub-Task; 5 Sub-Task; , 4 Sub-Task, ,
compute(); Sub-Task ,
It.join(Q);
} WorkQueue WorkQueue WorkQueue

“Work-stealing” & copying are low, but method calls are high




Implementing the Method applyAllSplitterindex()

 Visualizing applyAllSplitterindex()

<T> List<T> applyAllSplitterindex
(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) { ...

class SplitterTask ... {
protected void compute() {
. else {

ForkJdoinTask<Void> It =
new SplitterTask(mLo,
mLo = mid)

Corhfa'::gg E\ The fOfk() d sub-task
It ?0 inQ i & compute() sub-task
1 e ’ can run in parallel

Shared
Queue
WT, § WT, S WT, S
SUb-TaSk131 SUb-TaSk1_2_2 SUb-TaSkl_l_l
Sub-Task, ,

WorkQueue WorkQueue WorkQueue

compute() runs in the same task as its “parent” to optimize performance




Implementing the Method applyAllSplitterindex()

 Visualizing applyAllSplitterindex()
<T> List<T> applyAllSplitterindex

- - Shared
(LlSt<T> I lSt, Queue
Function<T, T> op,
ForkJoinPool fjPool) { ...
class SplitterTask ... {
protected void compute() { S < _<
. else { WT, 3 WT, 3 WT; 3
ForkJoinTask<Void> It = l l l
new Sp litte rTask(mLo ’ _ Sub-Task; 5 Sub-Task, , Sub-Task, ,
mLo = mid)
-Tork() Join() returns no value
compute(); g
- ’ & Just serves as a
It.join(); o )
synchronization point
} WorkQueue WorkQueue WorkQueue

There is a “balanced tree” of join() calls




Wrapping Up

69



Wrapping Up

« Each Java fork-join programming
model has pros & cons
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Wrapping Up

e Each Java fork-join programming <T> List<T> applyAlllter

model has pros & cons, e.g.

* lterative fork()/join() is simple
to program/understand

(List<T> list,
Function<T, T> op,
ForkJoinPool fjPool) {

for (T t :
forks.add
(new RecursiveTask<T>() {
protected T compute()
{ return op.apply(t); }
}-Tork());

for (ForkJoinTask<T> task :
results.add(task.join());

list)

forks)
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Wrapping Up

« Each Java fork-join programming
model has pros & cons, e.g.
* lIterative fork()/join() is simple
to program/understand

e but it iIncurs more work-
stealing

"C:\Program Files\Java\jdkl.8.0 121\bin\java" ...

applyAllIter () steal count = 31

applyAllSplit() steal count = 15

invokeAll () steal count = 30

[1] Printing 4 results from fastest to slowest
testApplyAllSplitIndex () executed in 7108 msecs
testApplyallSplit () executed in 7257 msecs

testInvokeAll () executed in 7401 msecs
testApplyAllIter () executed in 7954 msecs
[1] Finishing ForkJoinTest
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Wrapping Up

« Each Java fork-join programming
model has pros & cons, e.g.

* lterative fork()/join() is simple
to program/understand

e but it iIncurs more work-
stealing

« which lowers performance

[1] Starting ForkJoinTest

applyAllIter () steal count = 31
applyAllSplitIndex () steal count = 16
applyAllSplit() steal count = 15

invokeAll () steal count = 30

[1] Printing 4 results from fastest to slowest
testApplyAllSplitIndex () executed in 7108 msecs
testApplyallSplit () executed in 7257 msecs

A0}

testApplyAllIter () executed in 7954 msecs
Finishing ForkJoinTest

"C:\Program Files\Java\jdkl.8.0 121\bin\java" ...
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Wrapping Up

« Each Java fork-join programming
model has pros & cons, e.g.

e Recursive decomposition
Incurs fewer “steals”

"C:\Program Files\Java\jdkl.8.0 121\bin\java"
[1] Starting ForkJoinTest

applyAllTlter steal count = 31
applyAllSplitIndex () steal count = 16

applyAllSplit() steal count = 15

[1] Printing 4 results from fastest to slowest
testApplyAllSplitIndex () executed in 7108 msecs
testApplyallSplit () executed in 7257 msecs
testInvokeAll () executed in 7401 msecs
testApplyAllIter () executed in 7954 msecs

[1] Finishing ForkJoinTest
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Wrapping Up

« Each Java fork-join programming
model has pros & cons, e.g.

e Recursive decomposition
Incurs fewer “steals”

« which improves performance

"C:\Program Files\Java\jdkl.8.0 121\bin\java" ...
[1] Starting ForkJoinTest
applyAllIter ()
applyAllSplitIndex () steal count = 16
applyAllSplit() steal count = 15

invokeAll () steal count = 30

1] Printing 4 results from fastest to slowest
testApplyAllSplitIndex () executed in 7108 msecs
testlnvokeA executed 1n /40Ul msecs

testApplyAlllIter ()
[1] Finishing ForkJoinTest

steal count = 31

executed 1n 7954 msecs




Wrapping Up

e Each Java fork-join programming class SplitterTask extends

model has pros & cons, e.g.

e Recursive decomposition
Incurs fewer “steals”

* but is more complicated to

RecursiveTask<List<T>> {

protected List<T> compute() {

int mid = mList.size() 7/ 2;
ForkJoinTask<List<T>> It =

new SplitterTask(mList.subList

(0, mid)).fork(Q);

mList = mList

.subList(mid, mList.size());
List<T> rightResult = compute();
List<T> leftResult = It.join();
leftResult.addAll(rightResult);
return leftResult;




Wrapping Up

« Each Java fork-join programming
model has pros & cons, e.g.

* Recursive decomposition
Incurs fewer “steals”

e & also does more “work” wrt
method calls etc.
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Wrapping Up

« Each Java fork-join programming
model has pros & cons, e.g.

» RecursiveAction’s overhead is
lower than RecursiveTask’s

"C:\Program Files\Java\jdkl.8.0 121\bin\java" ...

[1] Starting ForkJoinTest

applyAllIter () steal count = 31
applyAllSplitIndex () steal count = 16
applyAllSplit() steal count = 15

invokeAll () steal count = 30

1] Printing 4 results from fastest to slowest

testApplyAllSplitIndex () executed in 7108 msecs
testApplyallSplit () executed in 7257 msecs

testInvokelAll () executed i1in 7401 msecs
testApplyAlllIter ()
[1] Finishing ForkJoinTest

executed 1n 7954 msecs

b 4
vl H }
1 i

CoST
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Wrapping Up

e Each Java fork-join programming <T> List<T> applyAllSplitterindex
model has pros & cons, e.qg. (List<T> list,
Function<T, T> op,
ForkJoinPool fTjPool) {
T[] results = (T[]) Array
-newlnstance
(list.get(0).getClass(),
list.si1ze());

» RecursiveAction’s overhead is

lower than RecursiveTask’s /" A\\\‘Hllgh\ér =26
« But RecursiveAction is also & N )@3‘“ LY
more idiosyncratic I AETEN- R

-




Wrapping Up

e Each Java fork-join programming <T> List<T> applyAllSplitterIndex
model has pros & cons, e.qg. (List<T> list,
Function<T, T> op,
ForkJoinPool fTjPool) {
T[] results = (T[]) Array
-newlnstance
(list.get(0).getClass(),
list.si1ze());

» RecursiveAction’s overhead is
lower than RecursiveTask’s

 But RecursiveAction is also
more idiosyncratic

» Especially for generics




End of the Java Fork-Join
Pool Framework (Part 4)
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