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Distributed RP
[OOPSLA’14]

Incrementality
[OOPSLA’14]

Fault tolerance
[ECOOP’18]
[OOPSLA’19]

Multiple 
consistency levels
[TSE’18]

Debugging RP
[ICSE’16]

Controlled experiments on RP
[FSE’14] [TSE’17]

Formalization of RP/CEP
[ICFP’18] Adaptive placement for CEP

[SEAMS’17] [DEBS’18]

CEP on mobile devices
[DEBS’18]

Engineering Distributed 
Data-intensive Applications
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Concurrent RP
[OOPSLA’18]

ScalaLoci: Tierless Programming
[OOPSLA’18]

Privacy-preserving Queries
[OOPSLA’19]

Tierless Modules
[ECOOP’19]

Refactoring RP
[ASE’19]

class TaskManagerGateway {
def disconnectFromJobManager(instanceId: InstanceID, cause: Exception,

mgr: ActorRef) = {
mgr ! Disconnect(instanceId, cause)

}
def stopCluster(applicationStatus: ApplicationStatus, message: String,

mgr: ActorRef) = {
mgr ! StopCluster(applicationStatus, message)

}
def requestStackTrace(mgr: ActorRef) = {
(mgr ? SendStackTrace).mapTo[StackTrace]

}
def submitTask(tdd: TaskDeploymentDescriptor, mgr: ActorRef) = {
(mgr ? SubmitTask(tdd)).mapTo[Acknowledge]

}
def stopTask(executionAttemptID: ExecutionAttemptID, mgr: ActorRef) = {
(mgr ? StopTask(executionAttemptID)).mapTo[Acknowledge]

}
def cancelTask(executionAttemptID: ExecutionAttemptID, mgr: ActorRef) = {
(mgr ? CancelTask(executionAttemptID).mapTo[Acknowledge]

}
def updatePartitions(executionAttemptID: ExecutionAttemptID,

partitionInfos: Iterable[PartitionInfo], mgr: ActorRef) = {
(mgr ? UpdateTaskMultiplePartitionInfos(executionAttemptID, partitionInfos))
.mapTo[Acknowledge]

}
def failPartition(executionAttemptID: ExecutionAttemptID, mgr: ActorRef) = {
mgr ! FailIntermediateResultPartitions(executionAttemptID)

}
def notifyCheckpointComplete(executionAttemptID: ExecutionAttemptID,

jobId: JobID, checkpointId: long, timestamp: long, mgr: ActorRef) = {
mgr ! NotifyCheckpointComplete(jobId, executionAttemptID, checkpointId,
timestamp)

}
def triggerCheckpoint(executionAttemptID: ExecutionAttemptID, jobId: JobID,

checkpointId: long, timestamp: long, checkpointOptions: CheckpointOptions,
mgr: ActorRef) = {

mgr ! TriggerCheckpoint(jobId, executionAttemptID, checkpointId, timestamp,
checkpointOptions)

}
def requestTaskManagerLog(logTypeRequest: LogTypeRequest, mgr: ActorRef) = {
(mgr ? RequestTaskManagerLog(logTypeRequest)).mapTo[BlobKey]

}
}

class TaskManager extends Actor {
def receive = {
case SendStackTrace => sendStackTrace() foreach { message =>
sender ! decorateMessage(message)

}
case Disconnect(instanceIdToDisconnect, cause) =>
if (instanceIdToDisconnect.equals(instanceID)) {
handleJobManagerDisconnect("JobManager requested disconnect: " +
cause.getMessage())

triggerTaskManagerRegistration()
} else {
log.debug("Received disconnect message for wrong instance id " +
instanceIdToDisconnect)

}
case StopCluster(applicationStatus, message) =>
log.info(s"Stopping TaskManager with final application status " +
s"$applicationStatus and diagnostics: $message")

shutdown()
case RequestTaskManagerLog(requestType) =>
blobService match {
case Some(_) =>
handleRequestTaskManagerLog(requestType, currentJobManager.get) match {
case Left(message) => sender() ! message
case Right(message) => sender() ! message

}
case None =>
sender() ! akka.actor.Status.Failure(new IOException(
"BlobService not available. Cannot upload TaskManager logs."))

}
case UpdateTaskMultiplePartitionInfos(executionID, partitionInfos) =>
sender ! decorateMessage(updateTaskInputPartitions(executionID, partitionInfos))

case FailIntermediateResultPartitions(executionID) =>
log.info(s"Discarding the results produced by task execution $executionID")
try {
network.getResultPartitionManager.releasePartitionsProducedBy(executionID)

} catch {
case t: Throwable => killTaskManagerFatal(
"Fatal leak: Unable to release intermediate result partition data", t)

}
case SubmitTask(tdd) =>
sender ! decorateMessage(submitTask(tdd))

case StopTask(executionID) =>
val task = runningTasks.get(executionID)
if (task != null) {
try {
task.stopExecution()
sender ! decorateMessage(Acknowledge.get())

} catch {
case t: Throwable =>
sender ! decorateMessage(Status.Failure(t))

}
} else {
log.debug(s"Cannot find task to stop for execution $executionID)")
sender ! decorateMessage(Acknowledge.get())

}
case CancelTask(executionID) =>
val task = runningTasks.get(executionID)
if (task != null) {
task.cancelExecution()
sender ! decorateMessage(Acknowledge.get())

} else {
log.debug(s"Cannot find task to cancel for execution $executionID)")
sender ! decorateMessage(Acknowledge.get())

}
case TriggerCheckpoint(jobId, taskExecutionId, checkpointId, timestamp,

checkpointOptions) =>
log.debug(s"Receiver TriggerCheckpoint $checkpointId@$timestamp " +
s"for $taskExecutionId.")

val task = runningTasks.get(taskExecutionId)
if (task != null) {
task.triggerCheckpointBarrier(checkpointId, timestamp, checkpointOptions)

} else {
log.debug(s"TaskManager received a checkpoint request " +
s"for unknown task $taskExecutionId.")

}
case NotifyCheckpointComplete(jobId, taskExecutionId, checkpointId, timestamp) =>
log.debug(s"Receiver ConfirmCheckpoint $checkpointId@$timestamp " +
ś"for $taskExecutionId.")

val task = runningTasks.get(taskExecutionId)
if (task != null) {
task.notifyCheckpointComplete(checkpointId)

} else {
log.debug(s"TaskManager received a checkpoint confirmation " +
s"for unknown task $taskExecutionId.")

}
}

}

@multitier trait TaskManagerGatewayClusterTask {
trait JobManager extends Peer { type Tie <: Multiple[TaskManager] }
trait TaskManager extends Peer { type Tie <: Single[JobManager] }
def disconnectFromJobManager(instanceId: InstanceID, cause: Exception,

mgr: Remote[TaskManager]) = placed[JobManagerPeer] {
remote.on(mgr).capture(instanceId, cause){
if (instanceId.equals(instanceID)) {
handleJobManagerDisconnect(s"JobManager requested disconnect: " +
cause.getMessage())

triggerTaskManagerRegistration()
} else {
log.debug(s"Received disconnect message for wrong instance id " +
instanceId)

}
}

}
def stopCluster(applicationStatus: ApplicationStatus, message: String,

mgr: Remote[TaskManager]) = placed[JobManagerPeer] {
remote.on(mgr).capture(applicationStatus, message){
log.info(s"Stopping TaskManager with final application status " +
s"$applicationStatus and diagnostics: $message")

shutdown()
}

}
def requestStackTrace(mgr: Remote[TaskManager]) = placed[JobManagerPeer] {
remote.on(mgr).capture(tdd){ sendStackTrace() }.asLocal.map(_.left.get)

}
def submitTask(tdd: TaskDeploymentDescriptor,

mgr: Remote[TaskManager]) = placed[JobManagerPeer] {
remote.on(mgr).capture(tdd){ submitTask(tdd) }.asLocal.map(_.left.get)

}
def stopTask(executionAttemptID: ExecutionAttemptID,

mgr: Remote[TaskManager]) = placed[JobManagerPeer] {
remote.on(mgr).capture(executionAttemptID){
val task = runningTasks.get(executionAttemptID)
if (task != null) {
try {
task.stopExecution()
Left(Acknowledge.get())

} catch {
case t: Throwable =>
Right(Status.Failure(t))

}
} else {
log.debug(s"Cannot find task to stop for execution $executionAttemptID)")
Left(Acknowledge.get())

}
}.asLocal.map(_.left.get)

}
def cancelTask(executionAttemptID: ExecutionAttemptID,

mgr: Remote[TaskManager]) = placed[JobManagerPeer] {
remote.on(mgr).capture(executionAttemptID){
val task = runningTasks.get(executionAttemptID)
if (task != null) {
task.cancelExecution()
Acknowledge.get()

} else {
log.debug(s"Cannot find task to cancel for execution $executionAttemptID")
Acknowledge.get()

}
}.asLocal

}
}

@multitier trait TaskManagerGatewayPartitionCheckLog {
trait JobManager extends Peer { type Tie <: Multiple[TaskManager] }
trait TaskManager extends Peer { type Tie <: Single[JobManager] }
def updatePartitions(

executionAttemptID: ExecutionAttemptID,
partitionInfos: java.lang.Iterable[PartitionInfo],
mgr: Remote[TaskManager]) = placed[JobManagerPeer] {

remote.on(mgr).capture(executionAttemptID, partitionInfos){
updateTaskInputPartitions(executionAttemptID, partitionInfos)

}.asLocal.map(_.left.get)
}
def failPartition(executionAttemptID: ExecutionAttemptID,

mgr: Remote[TaskManager]) = placed[JobManagerPeer] {
remote.on(mgr).capture(executionAttemptID){
log.info(s"Discarding the results produced by task execution $executionID")
try {
network.getResultPartitionManager.releasePartitionsProducedBy(executionID)

} catch {
case t: Throwable => killTaskManagerFatal(
"Fatal leak: Unable to release intermediate result partition data", t)

}
}

}
def notifyCheckpointComplete(executionAttemptID: ExecutionAttemptID,

jobId: JobID, checkpointId: Long, timestamp: Long,
mgr: Remote[TaskManager]) = placed[JobManagerPeer] {

remote.on(mgr).capture(executionAttemptID, jobId, checkpointId, timestamp){
log.debug(s"Receiver ConfirmCheckpoint $checkpointId@$timestamp " +
s"for $executionAttemptID.")

val task = runningTasks.get(executionAttemptID)
if (task != null) {
task.notifyCheckpointComplete(checkpointId)

} else {
log.debug(s"TaskManager received a checkpoint confirmation " +
s"for unknown task $taskExecutionId.")

}
}

}
def triggerCheckpoint(executionAttemptID: ExecutionAttemptID, jobId: JobID,

checkpointId: Long, timestamp: Long, checkpointOptions: CheckpointOptions,
mgr: Remote[TaskManager]) = placed[JobManagerPeer] {

remote.on(mgr).capture(executionAttemptID, jobId, checkpointId, timestamp,
checkpointOptions){

log.debug(s"Receiver TriggerCheckpoint $checkpointId@$timestamp " +
s"for $executionAttemptID.")

val task = runningTasks.get(executionAttemptID)
if (task != null) {
task.triggerCheckpointBarrier(checkpointId, timestamp, checkpointOptions)

} else {
log.debug(s"TaskManager received a checkpoint request " +
s"for unknown task $executionAttemptID.")

}
}

}
def requestTaskManagerLog(logTypeRequest: LogTypeRequest,

mgr: Remote[TaskManager]) = placed[JobManagerPeer] {
remote.on(mgr).capture(logTypeRequest){
blobService match {
case Some(_) =>
handleRequestTaskManagerLog(logTypeRequest, currentJobManager.get)

case None =>
Right(akka.actor.Status.Failure(new IOException(
"BlobService not available. Cannot upload TaskManager logs.")))

}
}.asLocal.map(_.left.get)

}
}

Eliminated	23 non-exhaustive	pattern	matches	
and	8 type	castsConSysT Programming	Framework

class	Concert	{
Date	date;
Ref<@Weak ConcertHall>	hall;
Ref<@Weak Band>	band;
Ref<@Strong Counter>	soldTickets;
…
}

Programming	model	supports	
explicit	consistency	levels

Information	flow	static	analysis
ensures	safe	mixing	of	consistency	levels

Programming	for	Failures	in	
Edge	Computing

e2	=	e1.filter(x	>10)

e3	=	e2.map(x.toString)

fire	e1(10)

51
[R.Mogk,	L.Baumgaertner,	G.Salvaneschi,	B.Freisleben,	M.Mezini,	Fault-tolerant	disttributed reactive	
Programming,	ECOOP	2018]

[R.Mogk,	J.Drechler,	G.Salvaneschi,	M.Mezini,	A	Fault-tolerant	Programming	Model	for	Distributed	
Interactive	Applications,	OOPSLA	2019]

SecQL:	2	Steps Placement Strategy
Placement	Space	Reduction Cost	Model	Optimization

PERFORMANCE
MODEL

Secure	Optimal
Plecement

ConSysT Consistency Types
[OOPSLA’20]

Java generics and exceptions
[PLDI’15][PLDI’16]

Infrastraucture as Code
[FSE’20]
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