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Learning Objectives in this Part of the Lesson

 Know how Java 8 parallel streams are
applied in the SearchStreamGang

Starting SearchStreamGangTest

PARALLEL_SPLITERATOR executed in 409 msecs

COMPLETABLE FUTURES | INPUTS executed in 426 msecs
OMP R A executed in 427 msecs

PARALLEL STREAMS executed in 437 msecs

PHASES executed in 440 msecs

RXJAVA | PHASES executed in 485 msecs

Search Phrases

!

PARALLEL_STREAM_INPUTS executed in 802 msecs
RXJAVA_INPUTS executed in 866 msecs
SEQUENTIAL_LOOPS executed in 1638 msecs
SEQUENTIAL_STREAM executed in 1958 msecs
Ending SearchStreamGangTest

L

filter(not(SearchResults::isEmpty))

~

collect(toList())

|
|
|
|
|
|
|
|
|
map(phrase -> searchForPhrase(...)) :
|
|
|
|
|
|
|
|
|
|

See qgithub.com/douglascraigschmidt/LiveLessons/tree/master/SearchStreamGang



https://github.com/douglascraigschmidt/LiveLessons/tree/master/SearchStreamGang

Learning Objectives in this Part of the Lesson

* Understand the pros & cons of the
SearchWithParallelStreams class

<<Java Class>=>
(9 SearchWithParallelStreams

< processStream():List<List<SearchResults>>
m processinput(CharSequence):List<SearchResults>

See SearchStreamGang/src/main/java/livelessons/streamganqgs/SearchWithParallelStreams.java



https://github.com/douglascraigschmidt/LiveLessons/blob/master/SearchStreamGang/src/main/java/livelessons/streamgangs/SearchWithParallelStreams.java

Applying Parallel Streams
to SearchStreamGang




Applying Parallel Streams to SearchStreamGang

« We focus on parallel streams In <<Java Class>>
processStream() & processinput() (@ SearchWithParallelStreams
from SearchWithParallelStreams

< processStream():List<List<SearchResults>>
m processinput(CharSequence):List<SearchResults>

See qgithub.com/douglascraigschmidt/LivelLessons/tree/master/SearchStreamGang



https://github.com/douglascraigschmidt/LiveLessons/tree/master/SearchStreamGang

Applying Parallel Streams to SearchStreamGang

« We focus on parallel streams In <<Java Class>>
processStream() & processinput() (@ SearchWithParallelStreams
from SearchWithParallelStreams _ & processStream():List<List<SearchResults>>
m processinput(CharSequence):List<SearchResults>

(getlnput()
-parallelStream()
-map(this: :processlinput)
.collect(toList());

p
return mPhrasesToFind

-parallelStream()

-map(phrase -> searchForPhrase(phrase, input, title, false))
. Filter(not(SearchResults: :1sEmpty)

.collect(toList());

. J

See SearchStreamGang/src/main/java/livelessons/streamganqgs/SearchWithParallelStreams.java



https://github.com/douglascraigschmidt/LiveLessons/blob/master/SearchStreamGang/src/main/java/livelessons/streamgangs/SearchWithParallelStreams.java

Applying Parallel Streams to SearchStreamGang

« We focus on parallel streams In <<Java Class>>
processStream() & processinput() (@ SearchWithParallelStreams

from SearchWithParallelStreams _ & processStream():List<List<SearchResults>>
m processinput(CharSequence):List<SearchResults>

(getlnput()
-parallelStream()
-map(this: :processlinput)
.collect(toList());

p
return mPhrasesToFind

-parallelStream()
-map(phrase -> searchForPhrase(phrase, i1nput, title, false))

.Filter(not(SearchResults: :1sEmpty)
.collect(toList());
J

l.e., the map(), filter(), & collect() aggregate operations




Applying Parallel Streams to SearchStreamGang

« We focus on parallel streams in ILpuLoImngs 1o Search
processStream() & processinput() ‘]_’ ]_’ _"
from SearchWithParallelStreams

Search Phrases

e processStream()

» Uses a parallel stream to search
a list of input strings in parallel




Applying Parallel Streams to SearchStreamGang

« We focus on parallel streams in nput Strings to Search

processStream() & processinput() ‘!’ ’!’ !| ‘!’

from SearchWithParallelStreams

Search Phrases

e processinput()

» Uses a parallel stream to search
each input string to locate all
occurrences of phases

parallelStream()

4

map(phrase -> searchForPhrase(...))

Sy

filter(not(SearchResults::iSEmpty))

y
collect(toList())

——————————————————————————




Visualizing processStream()
& processinput()

10



Visualizing processStream() & processinput()

 processStream() search a list of input strings In

parallel

List
<String>

Input a list of input strings

Input Strings to Search

..

=

m.

||

I

parallelStream()

v
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Visualizing processStream() & processinput()
» processStream() search a list of input strings in Input Strings to Search

e U!’ ’!I !’ !’
o e S |1 . m J L

parallelStream()

Convert collection to a parallel stream, i.e., substreams with chunks of input strings




Visualizing processStream() & processinput()

» processStream() search a list of input strings in Input Strings to Search

parallel Output a stream of input strings ‘!’ ’!I !’ !’
I;ig[tring> eé r__-l I I I _IN @

parallelStream()

Stream
<String>

Chunks of input strings are processed in parallel on separate threads/cores




Visualizing processStream() & processinput()

» processStream() search a list of input strings in Input Strings to Search

parallel Input a stream of input strings U!’ ’!I !’ !’

List o TE===========c===s======-==n
<I§tring> 9? I I I I _IN @

parallelStream()

Stream
<String>

Y obs O

map(this::processinput)
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Visualizing processStream() & processinput()

» processStream() search a list of input strings in Input Strings to Search

parallel U!’ ’!I !’ !’

List o TE===========c==s======-==n
<I§tring> 9? I I I I _I: @

parallelStream()

Stream
<String>

G ms O

map(this::processinput)

Call processinput() to search for phrases in each input string in parallel




Visualizing processStream() & processinput()

» processStream() search a list of input strings in Input Strings to Search

parallel Output a stream of lists of search results U!’ ’!l !’ !’

__________________________

List | !
9
<String> é

parallelStream()

Stream
<String>

-

map(this::processinput)

|
|
I
| |
| |
I |
| |
| I
|
Stream<List : \ 4 v \ AT/ v L A
<searchResults>>1 () ( ) O:O O O : 5
: I
| |
| |
| |
|
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Visualizing processStream() & processinput()

 processStream() search a list of input strings In

parallel

Input a stream of lists of search results

List
9
<String> é

Stream
<String>

Stream<List
<SearchResults>>

e e e e e e mm e e e e e e e e e e e e e e e e e m

e
:@ = ;
O

—O

Input Strings to Searc

h

T T N

|

~>

parallelStream()

-

map(this::processinput)

L

collect(toList())
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Visualizing processStream() & processinput()

» processStream() search a list of input strings in Input Strings to Search

e U!’ ’!I !’ !’
o e S I L J L

|
e R S parallelStream()
|
Stream Y v \ BN PR v v
<String> | | :: | | |9§ @
_ i map(this::processinput)
Stream<List

<SearchResults>>

collect(toList())

Trigger intermediate operation processing to run on multiple threads/cores




Visualizing processStream() & processinput()

» processStream() search a list of input strings in Input Strings to Search

parallel -

List L FE======= oo o=
<String> eé I I I I @

.

parallelStream()

Stream
<String>

~>

A

map(this::processinput)

Stream<lList L Y LAl y
<SearchResults>>: ( ) C) C): I( ) ( ) C @
|

collect(toList())

Stream<List : A

|
<SearchResults>> 1 ‘( )( )
|

|

Return a list of lists of search results based on “encounter order”




Visualizing processStream() & processinput()

e processinput() finds phrases in an input string in Search Phrases
parallel

Input a list of phrases to find

List
<String> | | | | | . N

parallelStream()

20



Visualizing processStream() & processinput()

e processinput() finds phrases in an input string in Search Phrases
parallel

List
9
<String> é

parallelStream()

L R e e e |

Convert collection to a parallel stream, i.e., substreams with chunks of phrases




Visualizing processStream() & processinput()

e processinput() finds phrases in an input string in Search Phrases
parallel

Output a stream of phrases to find

LiSt eé _________________________ I\
<String>

Stream
<String>

parallelStream()

L R e e e |

Different chunks of phrases are processed in parallel on separate threads/cores




Visualizing processStream() & processinput()

e processinput() finds phrases in an input string in Search Phrases
parallel S

Input a stream of phrases to find

List
9
<String> é

parallelStream()

Stream
<String>

5 )

map(phrase -> searchForPhrase(...))

L R e e e |




Visualizing processStream() & processinput()

e processinput() finds phrases in an input string in Search Phrases
parallel

List ey 1
<I§tring> eé | I | | I j | !

parallelStream()

Stream
<String>

s b

map(phrase -> searchForPhrase(...))

L R e e e |

Search for phrases in each input string in parallel




Visualizing processStream() & processinput()

 processinput() finds phrases in an input string in

parallel

List
9
<String> é

Stream
<String>

Stream
<SearchResults>

Output a stream of search results

L R e e e |

— e o o O O O O O O O e e e e e e e e e e e o)

Search Phrases

map(phrase -> searchForPhrase(...))




Visualizing processStream() & processinput()

 processinput() finds phrases in an input string in

parallel

List
9
<String> é

Stream
<String>

Stream
<SearchResults>

Input a stream of search results

L R e e e |

— e o o O O O O O O O e e e e e e e e e e e o)

Search Phrases

parallelStream()

T s N O

map(phrase -> searchForPhrase(...))

A

filter(not(SearchResults::iSEmpty))




Visualizing processStream() & processinput()

e processinput() finds phrases in an input string in Search Phrases
parallel

List ey 1
<I§tring> eé | I | | I j | !

parallelStream()

Stream
<String>

ICICICILD -~ CIPs <&

map(phrase -> searchForPhrase(...))

filter(not(SearchResults::iSEmpty))

e esais= | () Q000 -0 L
| I I

L R e e e |

Remove empty search results from substreams in parallel




Visualizing processStream() &

processinput()

 processinput() finds phrases in an input string in

Search Phrases

parallel

Output a stream of non-empty search results

List
9
<String> é

parallelStream()

Stream
<String>

~~

map(phrase -> searchForPhrase(...))

\ b

filter(not(SearchResults::iSEmpty))

Stream
<SearchResults>

L R e e e |

e QO OO O - O
00 O




Visualizing processStream() & processinput()

e processinput() finds phrases in an input string in Search Phrases
parallel S

Input a stream of non-empty search results

List
9
<String> é

parallelStream()

Stream
<String>

~~

| map(phrase -> searchForPhrase(...))

filter(not(SearchResults::iSEmpty))

Stream
<SearchResults>

N

collect(toList())

L R e e e |

I I
I I
! I
I |
! I
! I
I I
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St I v v v I v v v 1
ream | I ;
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I
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! I
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Visualizing processStream() & processinput()

e processinput() finds phrases in an input string in Search Phrases
parallel

List eé ————————————————————— .
<String> | !

parallelStream()

Stream
<String>

s b

map(phrase -> searchForPhrase(...))

filter(not(SearchResults::iSEmpty))

Stream
<SearchResults>

~~

collect(toList())

e esais= | () Q000 -0 L
i N

L R e e e |

Trigger intermediate operation processing to run on multiple threads/cores




Visualizing processStream() & processinput()

e processinput() finds phrases in an input string in Search Phrases
parallel

List eé ————————————————————— .
<String> | !

parallelStream()

s b

map(phrase -> searchForPhrase(...))

I I
I I
! I
. i
! I
! o [
! I
I 1
St I v v v I v v v 1
ream I I I
<SearchResults> :O ::O O : 4 ;
! !
: I
! I
! I
! I
! I
i
I
1

Stream
<String>

filter(not(SearchResults::iSEmpty))

909 -9
Qs Q =t

Stream
<SearchResults>

List
<SearchResults>

Return a list of search results in the originating thread based on “encounter order”




Visualizing processStream() & processinput()

* Note that the actual processing of (parallel)
streams differs from this visualization..

List
9
<String> é

Stream
<String>

Stream
<SearchResults>

Stream
<SearchResults>

List
<SearchResults>

Search Phrases

o

parallelStream()

~~

map(phrase -> searchForPhrase(...))

~>

filter(not(SearchResults::iSEmpty))

~~

collect(toList())

- O o o o o O o e e e e e e e o o ow)

See www.ibm.com/developerworks/library/j-java-streams-3-brian-goetz



http://www.ibm.com/developerworks/library/j-java-streams-3-brian-goetz

Implementing
processStream() as
a Parallel Stream

33



Implementing processStream() as a Parallel Stream
« Parallel processStream() has one minuscule change wrt the sequential version

protected List<List<SearchResults>> processStream() {
List<CharSequence> i1nputList =
getinput();
return getlnput()
-parallelStream()

-map(this: :processlinput)

.collect(toList());

34



Implementing processStream() as a Parallel Stream
« Parallel processStream() has one minuscule change wrt the sequential version

protected List<List<SearchResults>> processStream() {
List<CharSequence> i1nputList =
getinput();

return getlnput()
I
-.parallelStream()

Creates a parallel stream
that searches a list of
Input strings in parallel

-map(this: :processlinput)

.collect(toList());
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Implementing processStream() as a Parallel Stream
« Parallel processStream() has one minuscule change wrt the sequential version

protected List<List<SearchResults>> processStream() {
List<CharSequence> i1nputList =
getinput();

return getlnput()

Searches each input string to

-parallelStream()
/’/ locate all occurrences of phases

-map(this: :processlinput)

.collect(toList());

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



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

Implementing processStream() as a Parallel Stream
« Parallel processStream() has one minuscule change wrt the sequential version

protected List<List<SearchResults>> processStream() {
List<CharSequence> i1nputList =

Input Strings

getlnput(); [
Input Strings, Input Strings,
return getlnput() | |
I I I I
i p ara I I e I St ream () Input Sltringsl_1 Input Sltringsl_2 Input Sltringsz,l Input Sltringsz_2
Process Process Process Process
sequentially sequentially sequentially sequentially

-map(this: :processinput)

.collect(toList());

p 00l of worker thre2%®

“Chunks” of input strings are processed in parallel in the common fork-join pool




Implementing
processinput() as
a Parallel Stream

38



Implementing processinput() as a Parallel Stream

» Likewise, this processinput() implementation has just one minuscule change

List<SearchResults> processinput(CharSequence i1nputSeq) {
String title = getTitle(inputString);
CharSequence 1nput = 1nputSeq.subSequence(...);

List<SearchResults> results = mPhrasesToFind
-parallelStream()
-map(phase ->
searchForPhrase(phase, 1nput, title, false))
.Filter(not(SearchResults::i1sEmpty))

.collect(toList());
return results;

}

39



Implementing processinput() as a Parallel Stream

» Likewise, this processinput() implementation has just one minuscule change

List<SearchResults> processlnput(CharSequence i1nputSeq) {
String title = getTitle(inputString);
CharSequence 1nput = 1nputSeq.subSequence(...);

List<SearchResults> results = mPhrasesToFind
-.parallelStream()
-map(phase ->
searchForPhrase(phase, 1nput, title, false))
.Filter(not(SearchResults::i1sEmpty))

.collect(toList()); Create a parallel stream that
return results; searches each input string to
¥ locate all occurrences of phases

40



Implementing processinput() as a Parallel Stream

» Likewise, this processinput() implementation has just one minuscule change

List<SearchResults> processlnput(CharSequence i1nputSeq) {
String title = getTitle(inputString);
CharSequence 1nput = 1nputSeq.subSequence(...);

List<SearchResults> results = mPhrasesToFind
-parallelStream()
-map(phase ->
| searchForPhrase(phase, 1nput, title, false))

_Filter(not(SearchResults: : iSEmpty)) /////

.collect(toList()); In this implementation strategy the
return results; spliterator Is used to break the input into
¥ “chunks” that are processed sequentially

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



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

Implementing processinput() as a Parallel Stream
» Likewise, this processinput() implementation has just one minuscule change

List<SearchResults> processlnput(CharSequence i1nputSeq) {
String title = getTitle(inputString); TR

CharSequence 1nput = 1nputSeq. I [ I

_ Phrases; Phrases,
List<SearchResults> results =
_parallelStream() | | | |
Phrases; ; Phrases, , Phrases, ; Phrases, ,
-map(phase -> | | | |
Process Process Process Process
searc h F or P h rase ) sequentially sequentially sequentially sequentially

. Filter(not(SearchResults

.collect(toList());
return results;

} 4 Pool of worker threa%®

“Chunks” of phrases are processed in parallel in the common fork-join pool




Pros of the SearchWith
ParallelStreams Class

43



Pros of the SearchWithParallelStreams Class

» This example shows that the difference <<Java Class>>
between sequential & parallel streams © SearchWithParallelStreams
IS often minuscule! < processStream():List<List<SearchResults>>
m processinput(CharSequence):List<SearchResults>

See docs.oracle.com/javase/tutorial/collections/streams/parallelism.html



http://docs.oracle.com/javase/tutorial/collections/streams/parallelism.html

Pros of the SearchWithParallelStreams Class

« This example shows that the difference List<List<SearchResults>>

between sequential & parallel streams processStream() {
is often minuscule! return getlnput()
.stream()

-map(this::processinput)
Here’s processStream() from y -collect(toList());

SearchWithSequentialStream
that we examined earlier

45



Pros of the SearchWithParallelStreams Class

» This example shows that the difference
between sequential & parallel streams

Is often minuscule!

Here's processStream() in
SearchWithParalle/Streams

VS

List<List<SearchResults>>
A processStream() {
return getlnput()

-.parallelStream()
-map(this: :processlinput)
.collect(toList());

46



Pros of the SearchWithParallelStreams Class

« This example shows that the difference List<List<SearchResults>>

between sequential & parallel streams processStream() {
is often minuscule! return getinput()
.stream(Q)
) -map(this::processinput)
Changing all the stream() calls to _collect(toList()):

parallelStream() calls is the minuscule }
difference between implementations!!

VS

List<List<SearchResults>>
processStream() {
return getlnput()
-parallelStream()
-map(this: :processlinput)
.collect(toList());

47



Pros of the SearchWithParallelStreams Class

* This example shows that the difference ___ Input Strings to Search

between sequential & parallel streams . . . .

Is often minuscule!

Search Phrases

* Moreover, substantial speedups can
occur on multi-core processors!

Starting SearchStreamGangTest
PARALLEL_SPLITERATOR executed in 409 msecs
COMPLETABLE_FUTURES_INPUTS executed in 426 msecs

RXJAVA PHASES executed in 485 msecs
PARALLEL_STREAM_INPUTS executed in 802 msecs
RXJAVA INPUTS executed in 866 msecs

SEUENTIAL STREAM executed in 1958 msecs
Ending SearchStreamGangTest

Tests conducted on a 2.7GHz quad-core Lenovo P50 with 32 Gbytes of RAM




Pros of the SearchWithParallelStreams Class
 This example shows that the difference [Pt Strings fo Search

between sequential & parallel streams . . . .

Is often minuscule!

Search Phrases

* Moreover, substantial speedups can
occur on multi-core processors!

PARALLEL STREAMS executed in 373 msecs
COMPLETABLE_FUTURES_INPUTS executed in 377 msecs
COMPLETABLE_ FUTURES PHASES executed in 383 msecs

PARALLEL_STREAM_PHASES executed in 385 msecs
RXJAVA_PHASES executed in 434 msecs
PARALLEL_STREAM_INPUTS executed in 757 msecs
RXJAVA_INPUTS executed in 774 msecs

i 5 msecs
SEOQUENTIAL STREAM executed in 1578 msecs
Ending SearchStreamGangTest

Tests conducted on a 2.9GHz quad-core MacBook Pro with 16 Gbytes of RAM




Cons of the SearchWith
ParallelStreams Class
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Cons of the SearchWithParallelStreams Class
« Just because two minuscule changes are ___1Nput SNngs to Search

_needed does_n’t mean this is the best - . . .

Implementation!

Search Phrases

Other Java 8 concurrency/parallelism
Strategies are even more efficient..

COMPLETABLE FUTURES_INPUTS executed in 426 msecs
COMPLETABLE FUTURES PHASES executed in 427 msecs

PARALLEL STREAM_PHASES executed in 440 msecs
RXJAVA_PHASES executed in 485 msecs
PARALLEL_STREAM_INPUTS executed in 802 msecs
RXJAVA_INPUTS executed in 866 msecs
SEQUENTIAL_LOOPS executed in 1638 msecs
SEQUENTIAL_STREAM executed in 1958 msecs
Ending SearchStreamGangTest

‘ Tests conducted on a 2.7GHz quad-core Lenovo P50 with 32 Gbytes of RAM \



Cons of the SearchWithParallelStreams Class

» Just because two minuscule changes are

needed doesn’t mean this is the best
Implementation!

EPA Fuel Economy Estimates

CITY MPG

18

Expected range
for most drivers
15 to 21 MPG

These estimates reflect new EPA methods beginning with 2008 models.

HIGHWAY MPG

Estimated
Annual Fuel Cost

$2,039

basad on 15,000 miles
at $2.80 per gallon

Combined Fuel Economy
This Vehicle

21

10 4

Kl
All SUVs

25

Expected range
for most drivers
21 to 29 MPG

Your actual
mileage will vary
depending on how you
drive and maintain
your vehicle.

See the FREE Fuel Economy Guide at dealers or www.fueleconomy.gov @

Input Strings to Search

Starting SearchStreamGangTest

PARALLEL_SPLITERATOR executed in 409 msecs
COMPLETABLE_FUTURES_INPUTS executed in 426 msecs
COMPLETABLE_FUTURES_PHASES executed in 427 msecs
PARALLEL_STREAMS executed in 437 msecs
PARALLEL_STREAM_PHASES executed in 440 msecs
RXJAVA_PHASES executed in 485 msecs
PARALLEL_STREAM_INPUTS executed in 802 msecs
RXJAVA_INPUTS executed in 866 msecs
SEQUENTIAL_LOOPS executed in 1638 msecs
SEQUENTIAL_STREAM executed in 1958 msecs

Ending SearchStreamGangTest

There’s no substitute for systematic benchmarking & experimentation




End of Java 8 Parallel
SearchStreamGang Example
(Part 1)
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