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Learning Objectives in this Part of the Lesson

« Understand other interfaces related

to ExecutorService

<<Java Interface>>
€3 Future<Vv>

@ cancel(boolean):boolean
@ isCancelled():boolean

@ isDone():boolean

@ get()

@ get(long, TimeUnit)

<<Java Interface>>
&3 Callable<V>

@ call()

<<Java Interface>>
## Runnable

@ run():void

Interface ExecutorService

All Superinterfaces:

Executor

All Known Subinterfaces:

ScheduledExecutorService

All Known Implementing Classes:

AbstractExecutorService, ForkJoinPool,
ScheduledThreadPoolExecutor, ThreadPoolExecutor

public interface ExecutorService
extends Executor

An Executor that provides methods to manage termination and
methods that can produce a Future for tracking progress of one or
more asynchronous tasks.

An ExecutorService can be shut down, which will cause it to reject
new tasks. Two different methods are provided for shutting down an
ExecutorService. The shutdown() method will allow previously
submitted tasks to execute before terminating, while the
shutdownNow () method prevents waiting tasks from starting and
attempts to stop currently executing tasks. Upon termination, an
executor has no tasks actively executing, no tasks awaiting
execution, and no new tasks can be submitted. An unused
ExecutorService should be shut down to allow reclamation of its
resources.
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Overview of Interfaces Related to ExecutorService

« ExecutorService uses several other interfaces to

manage task lifecycles

<<Java Interface>>
&9 Future<Vv>

@ cancel(boolean):boolean
@ isCancelled():boolean

@ isDone():boolean

@ get()

@ get(long, TimeUnit)

<<Java Interface>>
€ Runnable

@ run():void

<<Java Interface>>
&3 Callable<V>

@ call()




Overview of Interfaces Related to ExecutorService

« ExecutorService uses two interfaces to define tasks e e i Eee

¢ Runnable

@ run():void

<<Java Interface>>
ésCallable<V>

@ call()




Overview of Interfaces Related to ExecutorService

- ExecutorService uses two interfaces to define tasks, €.9. [_java Interface>>
* Runnable € Runnable

« A “one-way” task that does not return a result

@ run():void

/

Runnable is a functional interface

See docs.oracle.com/javase/8/docs/api/java/lang/Runnable.html



https://docs.oracle.com/javase/8/docs/api/java/lang/Runnable.html

Overview of Interfaces Related to ExecutorService

» ExecutorService uses two interfaces to define tasks, €.9. [.<java Interface>>
& Callable<V>
* Callable o call()
« A"two-way” task that returns a result /
(R N\

Callable is also a functional interface

‘ See docs.oracle.com/javase/8/docs/api/java/util/concurrent/Callable.html |



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

Overview of Interfaces Related to ExecutorService

« ExecutorService uses two interfaces to define tasks, e.g.

e Callable

- Typically used to run two-way async tasksa _

<<Java Interface>>
&3 Callable<V>

@ call()




Overview of Interfaces Related to ExecutorService

- ExecutorService uses two interfaces to define tasks, €.9. [..java Interface>>
@ Callable<V>
* Callable o call()
« Implements the Active Object pattern
. _— L Active object
| — method_1 I e | T insert Scheduler thread |
| Client melthod 2 | execute | e)l(ecute Component |
| E— | Objectified | I g implementation |
=S Component _ —> '
TN TN
Decouples the thread that invokes a method |/ opjectiied request |

from the thread that executes the method

See en.wikipedia.org/wiki/Active object



http://en.wikipedia.org/wiki/Active_object

Overview of Interfaces Related to ExecutorService

- ExecutorService uses the Future interface to represent | __ " rceos
& control a task’s lifecycle @ Future<Vv>

@ cancel(boolean):boolean
@ isCancelled():boolean

@ isDone():boolean

@ get()

@ get(long, TimeUnit)

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



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

Overview of Interfaces Related to ExecutorService

« ExecutorService uses the Future interface to represent

& control a task’s lifecycle, e.q.,
« Can be used to retrieve a two-way task’s result

ThreadPoolExecutor

<<Java Interface>>
€3 Future<V>

@ cancel(boolean):boolean
@ isCancelled():boolean
@ isDone():boolean

@ get()
ResultType result @ get(long, TimeUnit
WorkQueue @ _ futzie get () ; get(long )
callable eé p
S8
callable . 9§9§ Future
Fixe : .
callable WorkerThreads Q
< 4.take() 2 . Return future Thread _:.g
\ 5.run() // (main thread)
3.o0ffer() - p=
Smeltp 1.submit (task) | callable
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Overview of Interfaces Related to ExecutorService

« ExecutorService uses the Future interface to represent

& control a task’s lifecycle, e.q.,

 Can be tested for completion

ThreadPoolExecutor

<<Java Interface>>
€3 Future<V>

@ cancel(boolean):boolean
@ isCancelled():boolean

@ isDone():boolean

@ ge
WorkQueue @ if (future.isDone()) @ get(long, TimeUnit)
callable eé -
S

callable . 9§9§ Future

Fixe . . .
callable WorkerThreads MQ()

< 4.take() 2 . Return future Thread —:»g
\ 5.run() / (main thread)
3.o0ffer() - p
Smeltp 1.submit (task) | callable
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Overview of Interfaces Related to ExecutorService

« ExecutorService uses the Future interface to represent

<<Java Interface>>

& control a task’s lifecycle, e.q., € Future<V>
@ cancel(boolean):boolean
():boolean
» Can be tested for cancellation & cancelled G
if (!'future.isCancelled()) @ get(long, TimeUnit)
WorkQueue @ future.cancel () ;
callable &
callable F_éjéeéég Future
callable WorkerThreads 6.cancel ()
/ = \
4.take() Thread £
S~ 5.run () /2./@% (m;ﬁathread) _>§
3.0ff :
otfer() _Submit0 < 1 submit (task) [ canable

ThreadPoolExecutor
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Overview of Interfaces Related to ExecutorService

A Java future defines a proxy to represent & control the result of an async
computation. Result get_result ()
Rest
/ eg;#n Suspend calling thread until result is available.
/ if (result == NULL) then
"Clientthread Future // re;ﬂ:sagémi;();
| [ ,/ end
| get result | —— " —  _ _ _ _ _ _ _ _
r Service thread |
| write_result
]

Service

2. Result obtained only after
the computation completes 1. Asynchronous
computation

See en.wikipedia.org/wiki/Futures and promises



https://en.wikipedia.org/wiki/Futures_and_promises

Overview of Interfaces Related to ExecutorService

A Java future defines a proxy to represent & control the result of an async

computation. Result get_result ()

begin

/ ## Suspend calling thread until result is available.

/ if (result == NULL) then

/ thread.wait ();
Future // return result;

[ ; end

get_result

L— — —

Service thread_|

write_result | |

Table tent #5 are
12 T— a human-known-

@ use of futures!

-

See www.citygrafx.com/table-numbers-table-markers
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Overview of Interfaces Related to ExecutorService

A Java future defines a proxy to represent & control the result of an async
computation. Result get_result ()

begin
/ ## Suspend calling thread until result is available.
/ if (result == NULL) then
/ thread.wait ();
Future /’ return result;
[ ; end

get_result

Service thread_|

write_result | |

L— " __ — -

Table tent #5 are
12 T— a human-known-

@ use of futures!

- AL 8

e.g., McDonald’s vs Wendy’s model of preparing fast food




Overview of Interfaces Related to ExecutorService

» ExecutorService.submit() can initiate an async computation in Java.

ExecutorService

L

~ submit() run ()

\3 .offer () m

Thread < _
(main thread) callable Fixed
WorkerThreads

/ callable /

callable
ExecutorService executorService = 4.take ()
Executors.newFixedThreadPool (sMAX THREADS) ; callable 5.run()
WorkQueue

ThreadPoolExecutor

See next part of this lesson on “Java ExecutorService: Key Methods”




Overview of Interfaces Related to ExecutorService

» ExecutorService.submit() can initiate an async computation in Java.

2. Return future ExecutorService

1
[sarasion ]~~~ <ubmig run ()

/////7 Future \ QZ—_—§T>
6.get() 3.offer()
\ &
. 9?9 <
Thread _>§ 1l.submit — S é
(main thread) k callable IxXe
(task) WorkerThreads
Callable callable /
callable
Callable<BigFraction> task = () -> { 4.take ()
BigFraction bfl = new BigFraction (fl); callable 5.run|()
BigFraction bf2 = new BigFraction(£f2); WorkQueue
return bfl.multiply (b£f2) ;
}; ThreadPoolExecutor

Future<BigFraction> future = mExecutorService.submit (task) ;

18



Overview of Interfaces Related to ExecutorService

» ExecutorService.submit() can initiate an async computation in Java.

« It returns a Future implemented 2. Retumn future ExecutorService
as a FutureTask [eigrsion] "~ supmig run ()

Future \
6.get()/ 3.0ffer () C D

Thread _>§ 1.submit é

(main thread) (task) e \Ij\i/)(;‘flgerTh reads

/ m— callable /

Callable<BigFraction> task = () -> { = 4.take ()
BigFraction bfl = new BigFraction (fl); callable 5.run|()
BigFraction bf2 = new BigFraction (£f2); WorkQueue
return bfl.multiply (b£f2) ;

}; ThreadPoolExecutor

Future<BigFraction> future = mExecutorService.submit (task) ;

See upcoming lesson on “Java Futurelask’




Overview of Interfaces Related to ExecutorService

» ExecutorService.submit() can initiate an async computation in Java.

2. Return future

ExecutorService

[esraeion ]~~~ Submitg run ()
. Future \ m
* Async computation runs get () 3.0ffer ()
in a worker thread P \ 5.< o
Thread & 1.submit ’9§9§
i _’é callable Fixed
e ) (task) WorkerThreads
/ Callable callable /
callable
Callable<BigFraction> task = () -> { 4.take ()
BigFraction bfl = new BigFraction (fl); callable 5.run|()
BigFraction bf2 = new BigFraction(£f2); WorkQueue
return bfl . multiply (b£f2) ;
}; ThreadPoolExecutor

Future<BigFraction> future = mExecutorService.submit (task) ;

See upcoming part of this lesson on “Overview of Java ThreadPoolExecutor”




Overview of Interfaces Related to ExecutorService

« When the async computation completes the future is triggered & the result is

available 2. Return future ExecutorService
[esraeion ]~~~ Submitg run ()
/ Future T\ m
6.get 3.offer()
BigFraction result | _— g/() Y eé -
= future.get(); : _ 9§9§9§
;I'n:lgaa:ihread) _’é 1 s(léla)r:]t;: callable Fixed
WorkerThreads
Callable callable /
callable
4. take ()
callable 5.run()
WorkQueue
ThreadPoolExecutor

See www.nurkiewicz.com/2013/02/javautilconcurrentfuture-basics.html



http://www.nurkiewicz.com/2013/02/javautilconcurrentfuture-basics.html

Overview of Interfaces Related to ExecutorService

« When the async computation completes the future is triggered & the result is

available 2. Return future ExecutorService
- get() can block or (timed-)poll  [Eermston]” ~~ soomitg run ()
Future \
6,get()/ 3.offer() m
BigFraction result | _— P Y eé -
Z . eg g
future.get() ; — < 1. submit — g —> eé
(main thread) callable IxXe
(task) — WorkerThreads
Callable eellEldls
callable /
4. take ()
callable 5.run()
WorkQueue
ThreadPoolExecutor

See docs.oracle.com/javase/8/docs/api/java/util/concurrent/Future.html#get



https://docs.oracle.com/javase/8/docs/api/java/util/concurrent/Future.html#get--

Overview of Interfaces Related to ExecutorService

« When the async computation completes the future is triggered & the result is

available CALLER CALLEE

i submit(), -

. . e ————————
 Results can occur in a different order future; 'y
than the original calls were made submit(),

e ’

future,
g )

future result, r:*
L

OUT OF s,

future,
0 RD E R _ future result,
\- /

future result,

23



Overview of Interfaces Related to ExecutorService

 Futures are applied in the Result get_result ()
. . begin
Active Object pattern ;"I ## Suspend calling thread until result is available.
/ if (result == NULL) then
= / thread.wait ();
Future /’ return result;
| [ ; end
i get_result - — — — — — —
Service thread

PATTERN-ORIENTED
SOFTWARE
ARCHITECTURE

-
| write_result | |

1. Async computation
runs in a pool thread

2. Client uses future to obtain a result
only after async computation completes

See en.wikipedia.org/wiki/Active object



http://en.wikipedia.org/wiki/Active_object

Overview of Interfaces Related to ExecutorService

« Other variants of Future are applied by implementations of

the ExecutorService

<<Java Interface=>=
& RunnableFuture<V>

@ run():void

T

<<Java Interface==>
& Future<V>

@ cancel(boolean):boolean
@ isCancelled():boolean

@ isDone():boolean

@ get()

@ get(long, TimeUnit)
<<Java Class>>

(& Future Task<V>

& FutureTask(Callable<V>)
& FutureTask(Runnable, V)
@ isCancelled():boolean

@ isDone():boolean

@ cancel(boolean):boolean
@ get()

@ get(long, TimeUnit)

@ run():void

25



Overview of Interfaces Related to ExecutorService

« Other variants of Future are applied by implementations of <Java Intertace:>
. <\V>
the ExecutorService, e.g. e
@ cancel(boolean):boolean
° @ isCancelled():boolean
FUtu reTaSk @ isDone():boolean
: @ get()
* Conveys reSUIt from thread runnlng d <<Java Interface>> {}th{Iong,'ﬁmeUnit)
task to thread(s) retrieving result © RunnableFuture<v> 7?
@ run():void

T

<<Java Class=>>
(& Future Task<V>

& FutureTask(Callable<V>)
& FutureTask(Runnable, V)
@ isCancelled():boolean

@ isDone():boolean

@ cancel(boolean):boolean
@ get()

@ get(long, TimeUnit)

@ run():void

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



http://docs.oracle.com/javase/7/docs/api/java/util/concurrent/FutureTask.html

Overview of Interfaces Related to ExecutorService

 Other variants of Future are applied by implementations of

the ExecutorService, e.g.

« RunnableFuture

« Execution of run() method will
complete the future & allow
access to its results

<<Java Interface=>=
& RunnableFuture<V>

<<Java Interface==>
& Future<V>

@ cancel(boolean):boolean
@ isCancelled():boolean

@ isDone():boolean

@ get()

@ get(long, TimeUnit)

@ run():void

<<Java Class=>>
(& Future Task<V>

& FutureTask(Callable<V>)
& FutureTask(Runnable, V)
@ isCancelled():boolean

@ isDone():boolean

@ cancel(boolean):boolean
@ get()

@ get(long, TimeUnit)

@ run():void

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



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

Overview of Interfaces Related to ExecutorService
« A CompletableFuture is an implementation of Future that supports dependent

actions triggered upon an async <<lava Class>>

i : (& CompletableFuture<T>
operation completion

& CompletableFuture()
& supplyAsync(Supplier<U=)-CompletableFuture<U:=

PRIYASY PP P
Gsaupplyhsyncisupplier::LJ:aExecutl:ur}:CnmpletabIeFutureiU}

&’runAsync(Runnable):CompletableFuture<Void=

&’runAsync(Runnable Executor):CompletableFuture<Void=
&’ completedFuture(U):CompletableFuture<U=

@ isDone() boolean

@ get()

@ get(long, TimelUnit)

@ join{)

@ complete(T):-boolean

@ thenApply(Function<7=):.CompletableFuture<l=
@ thenAccept{Consumer<? super T>).CompletableFuture<Void=
@ thenCombine(CompletionStage<? extends U= BiFunction=7?=).CompletableFuture<\/=

@ thenCompose(Function=?=):CompletableFuture<U:

Comp/etab/eFutu/—e /:gn’tpart Of @ whenComplete(BiConsumer<?=):CompletableFuture<T=

& allOf{CompletableFuture[]<?:=):CompletableFuture<Void>
the .]ava EX@CUtOf ﬁ‘amE'WO/‘/( & anyOfiCompletableFuture[]<?:=):CompletableFuture <Object:

@ isCancelled():boolean

See docs.oracle.com/javase/8/docs/api/java/util/concurrent/CompletableFuture.html
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Overview of Interfaces Related to ExecutorService
« A CompletableFuture is an implementation of Future that supports dependent

actions triggered upon an async <<lava Class>>

. . (® CompletableFuture<T>
operation completion
{fCDmpIetabIeFuture(_}
° ThIS tOpIC |S Covered elsewhere @ supplyAsync({Supplier<U=):CompletableFuture<U=

& supplyAsync(Supplier<U= Executor):CompletableFuture<Us
&’runAsync(Runnable):CompletableFuture<Void=
&’runAsync(Runnable Executor):CompletableFuture<Void=

&’ completedFuture(U):CompletableFuture<U=

@ isDone() boolean

@ get()

@ get(long, TimelUnit)

@ join{)

@ complete(T):-boolean

@ thenApply(Function<7=):.CompletableFuture<l=

@ thenAccept{Consumer<? super T>).CompletableFuture<Void=
@ thenCombine(CompletionStage<? extends U= BiFunction=7?=).CompletableFuture<\/=
@ thenCompose(Function=?=):CompletableFuture<U:

@ whenComplete(BiConsumer<?=):CompletableFuture<T=

& allOf{CompletableFuture[]<?:=):CompletableFuture<Void>

& anyOfiCompletableFuture[]<?:=):CompletableFuture <Object:
@ isCancelled():boolean

See www.dre.vanderbilt.edu/~schmidt/DigitalLearning
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Overview of Interfaces Related to ExecutorService

- ExecutorService also forms the basis for key Java <<Java Interface>>
Executor framework subclasses & Executor

T

<<Java Interface>>
% ExecutorService

<<Java Class>>
(* AbstractExecutorService

<<Java Class>> T

(& ThreadPoolExecutor <<Java Class>>

T (®ForkJoinPool

<<Java Class>>
(9 ScheduledThreadPoolExecutor

See src/share/classes/java/util/concurrent



http://hg.openjdk.java.net/jdk8/jdk8/jdk/file/687fd7c7986d/src/share/classes/java/util/concurrent

End of Java Executor
Service: Related Interfaces
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