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  Task	
  Execu>on	
  
Mo+va+on	
  and	
  Concepts 	
  	
  

•  Mo+va+on:	
  

–  Divide	
  applica+on	
  into	
  discrete	
  units	
  of	
  work	
  (tasks)	
  in	
  order	
  to:	
  
•  Simplify	
  program	
  execu+on	
  
•  Facilitate	
  error	
  recovery	
  (transac+on	
  boundaries)	
  
•  S+mulate	
  setup	
  which	
  promotes	
  work	
  paralleliza+on	
  
	
  

•  Concepts:	
  
	
  

–  Task	
  Boundary	
  
–  Independent	
  Ac+vity	
  	
  

•  NO	
  state,	
  result,	
  or	
  side	
  effects	
  DEPENDANCIES	
  on	
  other	
  tasks.	
  
–  Processing	
  capacity	
  	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
Single	
  vs.	
  Mul+threaded	
   	
  	
  

Single	
  Thread	
  	
  

	
  
	
  	
  
	
  

	
  

Mul+	
  Thread	
  

•  Poor	
  Performance	
  
•  Low	
  Throughput	
  
•  Bad	
  Responsiveness	
  
•  GUI	
  EDT	
  excep+on	
  

•  Greater	
  Responsiveness	
  
•  Higher	
  Throughput	
  
•  Thread-­‐safe	
  code	
  

requirement	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
The	
  Dark	
  Side	
  of	
  Mul+threading 	
  	
  

•  Thread	
  Lifecycle	
  Overhead	
  	
  
•  Resource	
  Consump+on	
  
•  Stability	
  
•  Point	
  of	
  Diminishing	
  Returns	
  

	
  
	
  

Threads	
  

Performance	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
The	
  Executor	
  Framework 	
  	
  

•  Mo+va+on:	
  
–  Abstract	
  thread	
  management	
  from	
  	
  
	
  	
  	
  	
  	
  applica+on	
  (life	
  cycle,	
  usage,	
  scheduling…)	
  

•  Classes:	
  
–  Executors:	
  U+lity	
  Class/Factory	
  
–  Executor:	
  Interface	
  with	
  a	
  method	
  “void	
  execute(Runnable	
  command);”	
  
–  ExecutorService:	
  Methods	
  to	
  handle	
  life	
  cycle	
  
–  ScheduledExecutorService:	
  	
  Methods	
  related	
  to	
  scheduling	
  
–  Thread	
  Pools:	
  Worker	
  threads	
  request	
  a	
  new	
  task	
  from	
  queue,execute,	
  

wait/get	
  next	
  from	
  queue	
  	
  
•  Executors	
  class:	
  Factory	
  method	
  to	
  create	
  thread	
  pools:	
  

–  Executors.newFixedThreadPool(int	
  nThreads)	
  
–  Executors.newCachedThreadPool(ThreadFactory	
  threadFactory)	
  
–  Executors.newSingleThreadExecutor()	
  
–  Executors.newScheduledThreadPool(int	
  corePoolSize,	
  ThreadFactory	
  threadFactory)	
  

–  Create	
  customized	
  thread	
  pools	
  (ThreadPoolExecutor,	
  
ScheduledThreadPoolExecutor,	
  ForkJoinPool)	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
The	
  Executor	
  Framework	
  …con+nued	
  	
  

	
  

•  Task	
  Execu+on	
  Policy:	
  ”What	
  ,	
  where,	
  when,	
  and	
  how”	
  	
  
•  Thread	
  Pools:	
  Reuse	
  threads,	
  avoid	
  create/tear	
  down	
  costs,	
  

eliminate	
  latency..	
  
•  ScheduledThreadPoolExecutor:	
  Manages	
  Execu+on	
  of	
  Deferred	
  and	
  

Periodic	
  Tasks.	
  
•  Executor	
  Lifecycle:	
  ExecutorService	
  (also	
  supplies	
  submit	
  method	
  for	
  

Callable	
  and	
  Future	
  objects)	
  
•  ExecutorService	
  States:	
  Running,	
  Shuang	
  Down,	
  Terminated	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
Web	
  Server	
  	
  with	
  Shutdown	
  Support 	
  	
  

	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
Exploitable	
  Parallelism	
  

•  Task	
  defined	
  as	
  Runnable	
  	
  
•  Task	
  boundary	
  not	
  always	
  obvious!	
  
•  Define	
  independent,	
  homogeneous,	
  parallel	
  exploit	
  capable	
  

tasks.	
  	
  

	
  
•  Result-­‐bearing	
  tasks:	
  Callable	
  and	
  Future	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
Execu+onService:	
  Future,	
  Callable	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
Comple+onService	
  

•  Intent:	
  Decouple	
  produc+on	
  of	
  new	
  asynchronous	
  tasks	
  
from	
  the	
  consump+on	
  of	
  results	
  by	
  completed	
  tasks.	
  	
  

•  Mo+va+on:	
  Retain	
  results	
  of	
  Callable	
  tasks	
  as	
  they	
  come	
  
available	
  –	
  

•  Op+on	
  1:	
  V	
  Future.get(long	
  +meout,	
  TimeUnit	
  unit)	
  throws	
  
InterruptedExcep+on,	
  Execu+onExcep+on,	
  TimeoutExcep+on)	
  

	
  	
  	
  	
  	
  Waits	
  if	
  necessary	
  for	
  at	
  most	
  the	
  given	
  +me	
  for	
  the	
  computa+on	
  to	
  complete,	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  and	
  then	
  retrieves	
  its	
  result,	
  if	
  available. 	
  	
  
•  Op+on	
  2:	
  Use	
  Compli+onService	
  to	
  decouple.	
  Producers	
  submit	
  tasks	
  for	
  

execu+on,	
  consumers	
  take	
  completed	
  tasks	
  and	
  process	
  their	
  results	
  in	
  order	
  
they	
  complete.	
  	
  

•  Example:	
  Manage	
  asynchrous	
  IO	
  (decouple	
  reads	
  from	
  
	
   	
   	
  	
  ac+ons	
  on	
  reads)	
  

	
  	
  

	
  

	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
Comple+onService	
  Example	
  

	
  
	
  	
  

	
  

	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
Timed	
  Tasks	
  

	
  
	
  	
  

	
  

	
  

•  How	
  long	
  should/can	
  be	
  waited	
  on	
  a	
  task	
  to	
  complete?	
  
•  What	
  is	
  +me	
  budget?	
  

•  Use	
  V	
  Future.get(long	
  +meout,	
  TimeUnit	
  unit)	
  throws	
  
InterruptedExcep+on,	
  Execu+onExcep+on,	
  
TimeoutExcep+on)	
  

•  Returns	
  when	
  results	
  are	
  done	
  or	
  throws	
  
TimeoutExcep+on	
  –	
  act	
  upon	
  the	
  Excep+on.	
  

	
   Task	
  boundary:	
  One	
  bid	
  
•  Executes	
  the	
  given	
  tasks,	
  returning	
  a	
  list	
  of	
  

Futures	
  holding	
  their	
  status	
  and	
  results	
  when	
  
all	
  complete.	
  

•  <T>	
  List<Future<T>> 	
  	
  
invokeAll(Collec+on<?	
  extends	
  
Callable<T>>	
  tasks)	
  

•  Executes	
  the	
  given	
  tasks,	
  returning	
  a	
  list	
  of	
  
Futures	
  holding	
  their	
  status	
  and	
  results	
  when	
  
all	
  complete	
  or	
  the	
  +meout	
  expires,	
  
whichever	
  happens	
  first.	
  

•  <T>	
  List<Future<T>>
	
  invokeAll(Collec+on<?	
  extends	
  
	
  Callable<T>>	
  tasks,	
  long	
  +meout,
	
  	
   	
  TimeUnit	
  unit)	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Task	
  Execu>on	
  
Exercises	
  

1)	
  	
  
	
  Describe	
  an	
  execu+on	
  setup	
  where	
  	
  Comple+onService	
  would	
  
	
  be	
  preferred	
  over	
  ExecutorService.	
  	
  	
  Mo+vate	
  your	
  answer.	
  

	
  
2)	
  
	
   	
  Use	
  Executors	
  to	
  implement	
  execu+on	
  of	
  tasks	
  that	
  list	
  files	
  in	
  

	
  the	
  first	
  level	
  directories	
  under	
  root	
  	
  based	
  on	
  the	
  first	
  leier	
  of	
  
	
  directory	
  name	
  (a-­‐z,	
  A	
  –	
  Z).	
  

	
   	
  Results	
  of	
  the	
  file	
  lis+ngs’	
  process	
  by	
  other	
  set	
  of	
  tasks	
  
	
  responsible	
  for	
  sor+ng	
  the	
  results	
  of	
  each	
  lis+ng	
  (e.g.	
  all	
  files	
  
	
  under	
  directory	
  whose	
  name	
  starts	
  with	
  leier	
  A)	
  and	
  print	
  out	
  
	
  names	
  of	
  	
  the	
  first	
  and	
  the	
  last	
  file	
  in	
  the	
  sorted	
  list.	
  
	
  The	
  file	
  lis+ng	
  tasks	
  should	
  be	
  processed/sorted	
  upon	
  
	
  comple+on	
  by	
  its	
  corresponding	
  Future	
  without	
  having	
  to	
  use	
  
	
  Future.done()	
  or	
  +med	
  method	
  on	
  Future.get	
  to	
  check	
  if	
  task	
  has	
  
	
  completed.	
  	
  


