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CANCELABLE IO

CATS-EFFECT

▸ 1.0.0-RC 

▸ 1.0.0-RC2 (soon)

�5





CANCELABLE IO

CATS-EFFECT HISTORY
▸ Beginning 2017: 

▸ Monix had a Task 

▸ FS2 had a Task 

▸ Scalaz 7 had its own Task 

▸ Libraries like Http4s and Doobie 
had to pick one
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semaphore.acquire(10) +  
semaphore.acquire(10) 

val value = semaphore.acquire(10) 
value + value
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atomic.incrementAndGet(10) +  
atomic.incrementAndGet(10) 

val value = atomic.incrementAndGet(10) 
value + value
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EFFECTS
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val value: IO[Int] =  
  atomic.incrementAndGet(10) 

for { 
  r1 <- value 
  r2 <- value 
} yield r1 + r2
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EFFECTS
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def readLine(in: BufferedReader): IO[String] = 
  IO(in.readLine()) 
   

def readLine(file: File): IO[String] = { 
  val in = IO(new BufferedReader(new FileReader(file))) 

  in.bracket(readLine)(in => IO(in.close())) 
}
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EFFECTS
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def forked[A](thunk: => A) 
  (implicit ec: ExecutionContext): IO[A] = 

  IO.async { cb => 
    ec.execute(() => cb( 
      try Right(thunk)  
      catch { case NonFatal(e) => Left(e) } 
    )) 
  }
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EFFECTS
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def forked[A](thunk: => A) 
  (implicit timer: Timer[IO]): IO[A] = 

  timer.shift.flatMap(_ => IO(thunk))



CANCELABLE IO

WHAT IS IO?
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A pure abstraction representing the 
intention to perform a side effect
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WHAT IS IO?
�19

type IO[+A] = () !=> Future[A] *

* Not actually true ;-)
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ORIGINAL PHILOSOPHY
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▸ Handling of Effect Capture 

▸ Atomic evaluation 

▸ No concurrency, no race conditions, no 
cancelation 

▸ Type classes meant for abstracting over effects 

▸ Avoids a Scalaz 7 Task situation
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CANCELATION INCEPTION
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▸ Monix Task has been  
cancelable since 2016
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CANCELATION INCEPTION
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▸ Monix Task has been  
cancelable since 2016 

▸ John De Goes announces  
Scalaz 8's new IO circa Aug 2017



COMPETITION MODE: ON



CREDITS: @impurepics

https://twitter.com/impurepics/status/996460536136118272
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CANCELATION
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def delay[A](delay: FiniteDuration)(f: !=> Future[A]) 
  (implicit sc: Scheduler): Future[A] = { 

  val p = Promise[A]() 
  sc.scheduleOnce(delay)(() !=> p.completeWith(f)) 
  p.future 
} 

def timeout[A](f: Future[A], after: FiniteDuration) 
  (implicit sc: Scheduler): Future[A] = { 

  val err = delay(after)(Future.failed(new TimeoutException)) 
  Future.firstCompletedOf(List(f, err)) 
}
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CANCELATION
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def timeout[A](f: Future[A], after: FiniteDuration) 
  (implicit sc: Scheduler): Future[A] = { 

  val p = Promise[A]() 
  val token = SingleAssignCancelable() 
   
  token !:= sc.scheduleOnce(after) { 
    p.tryFailure(new TimeoutException) 
  } 
   
  p.tryCompleteWith(f) 
  p.future.onComplete(_ !=> token.cancel()) 
  p.future 
}
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THE NAIVE WAY
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def sleep(delay: FiniteDuration, sc: ScheduledExecutorService) = 

  IO.async[Unit] { cb !=> 
    val r = new Runnable { def run() = cb(Right(())) } 
    sc.schedule(r, delay.length, delay.unit) 
  }
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THE REALISTIC WAY
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def sleep( 
  after: FiniteDuration,  
  sc: ScheduledExecutorService): IO[(IO[Unit], IO[Unit])] = IO { 

  val complete = Promise[Unit]() 
  val r = new Runnable { def run() = complete.success(()) } 
  val token = sc.schedule(r, after.length, after.unit) 

  val io = IO.async { cb !=> 
    complete.future.onComplete(r !=> cb(r.toEither)) 
  } 

  val cancel = IO { token.cancel(false); () } 
  (io, cancel) 
}
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THE REALISTIC WAY
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case class Fiber[A](join: IO[A], cancel: IO[Unit]) 

def sleep( 
  after: FiniteDuration, 
  sc: ScheduledExecutorService): IO[Fiber[Unit]] = 

  IO { 
    !// !!... 
    Fiber(io, cancel) 
  }
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THE IDEAL
�33

def sleep( 
  delay: FiniteDuration,  
  sc: ScheduledExecutorService): IO[Unit] = { 

  IO.cancelable { cb !=> 
    !// Scheduling of execution 
    val r = new Runnable { def run() = cb(Right()) } 
    val token = sc.schedule(r, delay.length, delay.unit) 
    !// Cancellation 
    IO(token.cancel(false)) 
  } 
}
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THE IDEAL
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def timeout[A](io: IO[A], after: FiniteDuration) 
  (implicit timer: Timer[IO]): IO[A] = { 

  val fallback =  
    timer.sleep(after).flatMap { _ !=> 
      IO.raiseError[A](new TimeoutException(s"$after")) 
    } 

  IO.race(io, fallback).map(_.fold(a !=> a, b !=> b)) 
}



THE REALIZATION
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THE REALIZATION
�36

val task: IO[Unit] = sleep(10.seconds, scheduler) 

val forked: IO[Fiber[Unit]] = task.start 

!// or in other words 

val forked: IO[(IO[Unit], IO[Unit])] = task.start
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THE REALIZATION
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IO[A] !=> IO[(IO[A], IO[Unit])]



Cancelability is nothing more than the 
ability to carry the cancelation token 
around, to use it in race conditions

Myself 😜

CANCELABLE IO �38
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TYPECLASSES: BRACKET
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trait Bracket[F[_], E] extends MonadError[F, E] { 
   
  def bracketCase[A, B](acquire: F[A]) 
    (use: A !=> F[B]) 
    (release: (A, ExitCase[E]) !=> F[Unit]): F[B] 

}
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TYPECLASSES: BRACKET
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def readFile(file: File): IO[String] = 
  IO(scala.io.Source.fromFile("file.txt")).bracket { in !=> 
    !// Usage part 
    IO(in.mkString) 
  } { in !=> 
    !// Release 
    IO(in.close()) 
  }
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TYPECLASSES: CONCURRENT
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trait Concurrent[F[_]] extends Async[F] { 
   
  def cancelable[A](k: (Either[Throwable, A] !=> Unit) !=> IO[Unit]): F[A] 

  def uncancelable[A](fa: F[A]): F[A] 

  def onCancelRaiseError[A](fa: F[A], e: Throwable): F[A] 

  def start[A](fa: F[A]): F[Fiber[F, A]] 

  def racePair[A,B](fa: F[A], fb: F[B]):  
    F[Either[(A, Fiber[F, B]), (Fiber[F, A], B)]] 
}
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TYPECLASSES: CONCURRENT
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def bracket[A, B](acquire: IO[A])(use: A !=> IO[B]) 
  (release: (A, ExitCase[Throwable]) !=> IO[Unit]): IO[B] = { 

  acquire.flatMap { a !=> 
    use(a).onCancelRaiseError(new CancellationException).attempt.flatMap { 
      case Right(a) !=> 
        !// Success 
        release(a, Completed).uncancelable !*> IO.pure(a) 
      case Left(_:CancellationException) !=> 
        !// Cancelation 
        release(a, Canceled(None)).uncancelable !*> IO.never 
      case Left(e) !=> 
        !// Error 
        release(a, Error(e)).uncancelable !*> IO.raiseError(e) 
    } 
  } 
}



USE CASES
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USE-CASE: TIMER
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trait Timer[F[_]] { 

  def clockRealTime(unit: TimeUnit): F[Long] 
   
  def clockMonotonic(unit: TimeUnit): F[Long] 

  def sleep(duration: FiniteDuration): F[Unit] 

  def shift: F[Unit] 
}
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USE-CASE: TIMEOUTS
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def never: IO[Nothing] = IO.async(_ !=> ()) 

never.timeout(10.seconds)
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USE-CASE: INTERVALS
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package monix.tail 

!//!!... 
object Iterant { 

  def intervalAtFixedRate[F[_]](period: FiniteDuration) 
    (implicit F: Async[F], timer: Timer[F]): Iterant[F, Long] = ??? 
} 

Iterant[IO].intervalAtFixedRate(10.seconds) 
  .mapEval(_ !=> task)
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USE-CASE: CANCELABLE LOOPS
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def fib(n: Int, a: Long, b: Long): IO[Long] = 
  IO.suspend { 
    if (n > 0) { 
      val next = fib(n - 1, b, a + b) 
      !// Handles cancellation 
      if (n % 128 !== 0) IO.cancelBoundary !*> next 
      else next 
    } else { 
      IO.pure(a) 
    } 
  }
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USE-CASE: LOCKS
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import cats.effect.concurrent.MVar 

final class MLock(mvar: MVar[IO, Unit]) { 
  def acquire: IO[Unit] = 
    mvar.take 

  def release: IO[Unit] = 
    mvar.put(()) 

  def withPermit[A](fa: IO[A]): IO[A] = 
    acquire.bracket(_ !=> fa)(_ !=> release) 
} 

object MLock { 
  def apply(): IO[MLock] = 
    MVar[IO].empty[Unit].map(ref !=> new MLock(ref)) 
}
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USE-CASE: LOCKS
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lock.withPermit(IO(somethingExpensive)) 
  .timeout(10.seconds)
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USE-CASE: SEMAPHORE
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import cats.effect.concurrent.Semaphore 

for { 
  semaphore !<- Semaphore[IO](1) 
  !// .... 
  task1 = semaphore.withLock(IO(somethingExpensive1)) 
  task2 = semaphore.withLock(IO(somethingExpensive2)) 
  !// !!... 
  r !<- IO.race(task1, task2) { 
  } 
} yield r
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USE-CASE: APP INTERRUPT
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object Main extends IOApp { 
  import ExitCode.Success 

  def run(args: List[String]): IO[ExitCode] = 
    IO.unit.bracket { _ !=> 
      for { 
        _ !<- IO(println("Started!")) 
        _ !<- IO.never 
      } yield Success 
    } { _ !=> 
      IO(println("Canceled!")) 
    } 
}
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▸ Keeps the simplicity ideals of the project alive 

▸ IO is not and will not be as sophisticated as 
Monix's Task 

▸ IO is explicit by design 

▸ IO.shift 

▸ IO.cancelBoundary
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DESIGN CHOICES
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▸ Separation of concerns  

▸ Sync vs Async, Async vs Concurrent 

▸ No auto-cancelation 

▸ Simplifies everything 

▸ Auto-cancelation infects the entire type-class 
hierarchy (e.g. a Monad restriction is no longer 
just a Monad restriction)
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▸ Separation of concerns  

▸ Sync vs Async, Async vs Concurrent 

▸ No auto-cancelation 

▸ Simplifies everything 

▸ Auto-cancelation infects the entire type-class 
hierarchy (e.g. a Monad restriction is no longer 
just a Monad restriction)



CANCELABLE IO

CATS-EFFECT
▸ 1.0.0-RC2 (soon) 

▸ Ref 

▸ Deferred 

▸ Semaphore 

▸ MVar 

▸ IOApp
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QUESTIONS?

typelevel.org/cats-effect
@typelevel/cats-effect
@alexelcu

http://typelevel.org/cats-effect

