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Motivation
● Concurrent and distributed programming with 

asynchronous events is indispensible
● Many applications: event processing, web 

applications, algorithmic trading, ...
● In Scala: actors via embedded DSL
● Problem: bad performance of innocent code patterns
● Idea:

– Selectively enrich run-time type information to 
avoid performance hazards
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Actors in Scala
● Actors: processes that exchange messages

● Send is asynchronous: messages are buffered in 
actor's mailbox

● r eact  waits for next message that matches any of the 
patterns ms gpat

i

act or  !  mes s age            // mes s age s end

r eact  {                     // mes s age r ecei ve
  cas e ms gpat

1
 => ac t i on

1

  . . .
  cas e ms gpat

n
 => ac t i on

n

}
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Example

l oop {
  r eact  {  cas e Put ( x)  =>
    r eact  {  cas e Get ( f r om)  =>
      f r om !  x
    }
  }
}

Simple buffer actor:

Loops indefinitely
Remove message from current 
actor's mailbox

Scenario:
● Lots of Put messages in mailbox
● Get messages arrive slowly
➔ Outer react finishes quickly
➔ Inner react searches entire mailbox in most cases
➔ Worst case: for every Get message: go through all 

Put messages in mailbox!
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Optimization by Hand

val  put Q = new Queue[ I nt ]
val  get Q = new Queue[ Act or ]
l oop {
  r eact  {
    cas e Get ( f r om)  =>
      i f  ( put Q. i s Empt y)
        get Q enqueue f r om
      el s e
        f r om !  Put ( put Q. dequeue)

    cas e Put ( x)  =>
      i f  ( get Q. i s Empt y)
        put Q enqueue x
      el s e
        get Q. dequeue !  Put ( x)
  }
}

Explicit queues 
replace actor's 
mailbox
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Partial Functions in Scala
{
  cas e ms gpat

1
 => ac t i on

1

  . . .
  cas e ms gpat

n
 => ac t i on

n

}

t r ai t  Par t i al Funct i on[ -A, +B]  ext ends  Funct i on1[ A, B]  {
  def  i s Def i nedAt ( x:  A) :  Bool ean }

t r ai t  Funct i on1[ -A, +B]  {
  def  appl y( x:  A) :  B }

is compiled to 
(anonymous) class 
that extends
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Implementing r eact

. . .
r eact
{
  cas e Get ( f r om)  =>
    // handl e ms g
}

def  r eact ( handl er :  Par t i al Funct i on[ Ms g,  Uni t ] )  = {
  mai l box. ext r act Fi r s t ( handl er . i s Def i nedAt )  mat ch {
    cas e None => wai t i ngFor  = handl er ;  s us pendAct or ( )
    cas e Some( ms g)  => handl er ( ms g)
  }
}

“Blindly” tests each 
message in mailbox

simplified...
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Idea: Reify Matched Types
● Add method to Par t i al Funct i on[ A,  B] :

● Split mailbox into subqueues:

● ext r act Fi r s t ( handl er )  skips uninteresting 
subqueues
– Only search queue mai l box( cl azz )  if 

handl er . def i nedFor  cont ai ns  c l azz

def  def i nedFor  :  Ar r ay[ Cl as s [ _] ]

val  mai l box :  Map[ Cl as s [ _] ,  Queue[ Ms g] ]

1

2

3
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Translucent Functions

● Each class in def i nedFor  represents a case 
class that is the type of a pattern, e.g.

● t f  has type Tr ans l ucent Funct i on[ Ms g,  I nt ]  

and t f . def i nedFor  == Ar r ay( cl as s Of [ Put ] )

t r ai t  Tr ans l ucent Funct i on[ - A,  +B]
      ext ends  Par t i al Funct i on[ A,  B]  {
  def  def i nedFor :  Ar r ay[ Cl as s [ _] ]
}

abs t r act  cl as s  Ms g
cas e cl as s  Put ( x:  I nt )  ext ends  Ms g
cas e cl as s  Get ( f r om:  Act or )  ext ends  Ms g

val  t f  = {  cas e Put ( y)  => y }
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Applying Translucency to Actors
● Let f un:  Tr ans l ucent Funct i on[ A,  B]  such that

– f un. def i nedFor  == Ar r ay( C
1
,  . . . ,  C

n
)

– t ypeof ( ms g)  == Ms g  for all ms g  in s ubqueue

– Ms g <:  C
i
 for all i = 1..n

● We want to conclude that

f un i s Def i nedAt  ms g == f al s e for all 
ms g  in s ubqueue
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Getting def i nedFor  Right: Subtyping

● Problem: will not find Put ( 42)  if only 
mai l box( cl as s Of [ Ms g] )  is searched!

● Solution: def i nedFor  is empty if a pattern type is 
not subtype of a case class

● All subqueues searched if def i nedFor  empty

abs t r act  cl as s  Ms g
cas e cl as s  Put ( x:  I nt )  ext ends  Ms g

mai l box = Map( cl as s Of [ Ms g]  - > Queue( ) ,
              c l as s Of [ Put ]  - > Queue( Put ( 42) ) )

r eact  {  cas e any:  Ms g => . . .  }
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Getting def i nedFor  Right: Modularity
● Consider usage of translucent function

● Adding separately compiled

● Problem: find Put Twi ce messages without 
recompiling translucent function!
● Adding a separately compiled class should not 

affect def i nedFor

● Solution: def i nedFor  contains only case classes

cl as s  Put Twi ce( x:  I nt )  ext ends  Put ( x)

r eact  {  cas e Put ( x)  => . . .  }

Assume no case 
class inheritance



April 15, 2010 Philipp Haller 13/21

Translucent Functions, Precisely
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Optimizing Actors
● Foundation:

● Split mailbox: using case classes C
1
, ..., C

n

– if typeof(msg) <: C
1
 then typeof(msg) <: C

i
 (i = 1)

● Insert msg such that typeof(msg) <: C
i
 into 

subqueue for C
i
; into global queue otherwise

● search only subqueues for classes in def i nedFor
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Optimizing Join Patterns

j oi n {
  cas e Excl us i ve( f r om)  => j oi n {
    cas e Shar i ng( 0)  => f r om !  OK
  }
  cas e Rel eas eExcl us i ve( f r om:  React or )  =>
    s el f  !  Shar i ng( 0) ;  f r om !  OK
  cas e Shar ed( f r om:  React or )  => j oi n {
    cas e Shar i ng( n)  =>
      s el f  !  Shar i ng( n+1) ;  f r om !  OK
  }
  cas e Rel eas eShar ed( f r om)  => j oi n {
    cas e Shar i ng( n)  i f  n > 0 =>
      s el f  !  Shar i ng( n- 1) ;  f r om !  OK
  }
}

● Extending partial match requires 
matching messages received so far 
against next pattern

● Skip subqueues with messages that 
cannot match
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Implementation
● Small extension to Scala 2.8 compiler
● Partial function literals are translucent:

● Add def  def i nedFor :  Ar r ay[ Cl as s [ _] ] , populated 
with cl as s Of [ C]  for each case class C such that 
the type of a pattern is a subtype of C

● def i nedFor  is empty iff one of the pattern types 
is not subtype of a case class

def  r eact ( f un:  Tr ans l ucent Funct i on[ Ms g,  Uni t ] )  = . . .
r eact  {  cas e Put ( x)  => . . .  }



April 15, 2010 Philipp Haller 17/21

Implementation (2)
● Drop-in replacement for actors message queue
● Incremental queue splitting

– Unknown class in def i nedFor ? Create new 
subqueue and populate with conforming messages 
from global queue (operate on queue nodes)

● Queue nodes contain time stamps to maintain 
ordering across subqueues

● Cache mappings between concrete message 
classes and target subqueues (for superclass)
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Experiments
● Worst-case overhead in chameneos-redux

– No nested/sequenced receives: translucent 
functions only incur overhead!

● Baseline 18% slower than ActorFoundry
● 23% overhead compared to baseline

Nested receives Time [ms]
Scala 2.8.0 Yes 11151
ActorFoundry Yes 9435
Akka 0.6 No 8065
translucent Yes 13731
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Experiments (2)
● Producer/consumer scenario

● Default does not scale (quadratic factor!)
– Affects all other actor implementations!

● Overhead compared to manual optimization 
shrinks from 58% (20,000) to 14% (200,000)

20000 200000 2000000
Scala 2.8.0, default 3102 387669
Scala 2.8.0, explicit 166 1693 16894
translucent 262 1931 16461
translucent-explicit 305 1745 18241

Impl./time[ms]
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Code Size
● No execution overhead when used in place of 

partial functions; class files get bigger, though
➔ Can we make all partial functions translucent?
● Only very small increase in code size

– Generated class files for compiler and standard 
library: increase by 0.26% or 140 KB

● Actor-based benchmark code:
– chameneos-redux: 3.7% increase
– producer-consumer: 8.9% increase
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Conclusion
● Minimal compiler extension (not syntax)
● Refinement of Scala's partial functions
● Potential for significant performance 

improvements of concurrency abstractions
● Future work: apply lessons learned in compiler 

plug-in for optimizing join patterns
● Questions?
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