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Overview
1. IntroducAon & Design Decisions 
2. ImplementaAon Details 
3. Effect Handlers in Java
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Part	I	
Effect Handlers: 
IntroducAon & 
Library Design 
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Effect	Handlers
… split effecNul programs into three parts / responsibiliAes:

Effect Signatures 
Interfaces, specifying available effect operaAons



Ξ Effekt
gi

th
ub

.c
om

/b
-s

tu
di

os
/j

av
a-

eff
ek

t

00
 4

Effect	Handlers
… split effecNul programs into three parts / responsibiliAes:

Effect Signatures 
Interfaces, specifying available effect operaAons

EffecNul Program 
Using effect operaAons
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Effect	Handlers
… split effecNul programs into three parts / responsibiliAes:

Effect Signatures 
Interfaces, specifying available effect operaAons

Effect Handlers 
Giving semanAcs to effect operaAons

EffecNul Program 
Using effect operaAons
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Effect	Handlers	for	Java
- Effect handlers can be seen as structured	programming with delimited conAnuaAons:	

- Effect handlers support many use cases of delim. cont. but with simplified	typing

00
 5
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Effect	Handlers	for	Java
- Effect handlers can be seen as structured	programming with delimited conAnuaAons:	

- Effect handlers support many use cases of delim. cont. but with simplified	typing
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 5

goto                                           vs.                    if / for / while

delimited conAnuaAons         vs.                    effect handlers
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Effect	Handlers	for	Java
- Effect handlers can be seen as structured	programming with delimited conAnuaAons:	

- Effect handlers support many use cases of delim. cont. but with simplified	typing

00
 5

goto                                           vs.                    if / for / while

delimited conAnuaAons         vs.                    effect handlers

ContribuEons	
- The first library design for effect handlers in	Java	
- Our effect handler library only requires simple generics 
- An implementaAon of mulA-prompt delim. conAnuaAons in Java 
- A type-selecAve bytecode transformaAon using closures
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String drunkFlip(Amb amb, Exc exc) throws Effects { 
  if (amb.flip()) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 

Example:	Drunk	Coin	Flipping
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String drunkFlip(Amb amb, Exc exc) throws Effects { 
  if (amb.flip()) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 

      amb.flip() 
           exc.raise("too drunk") 

           amb.flip() 
  } 
} 

00
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Example:	Drunk	Coin	Flipping
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String drunkFlip(Amb amb, Exc exc) throws Effects { 
  if (amb.flip()) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 

      amb.flip() 
           exc.raise("too drunk") 

           amb.flip() 
  } 
} 

00
 7

Example:	Drunk	Coin	Flipping

Effect OperaAons 
SemanAcs of the operaAons is leV open
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String drunkFlip(Amb amb, Exc exc) throws Effects { 
  if (amb.flip()) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 

Example:	Drunk	Coin	Flipping
                 Amb amb  Exc exc  throws Effects 
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String drunkFlip(Amb amb, Exc exc) throws Effects { 
  if (amb.flip()) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 

Example:	Drunk	Coin	Flipping
                 Amb amb  Exc exc  throws Effects 

Effect CapabiliAes 
EnAtles the funcAon to use these effects
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String drunkFlip(Amb amb, Exc exc) throws Effects { 
  if (amb.flip()) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 

Example:	Drunk	Coin	Flipping
                 Amb amb  Exc exc  throws Effects 

Effect CapabiliAes 
EnAtles the funcAon to use these effects

Marker ExcepAon 
Communicates the usage of effects
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Example:	Drunk	Coin	Flipping

interface Exc {  
  <A> A raise(String msg) throws Effects;  
} 
interface Amb {  
  boolean flip() throws Effects;  
} 

Effect Signatures 
Declare and group effect operaAons

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  if (amb.flip()) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 
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Example:	Drunk	Coin	Flipping

class Native implements Exc { 
  <A> A raise(String msg) throws Effects { throw new NativeExc(msg); } 
} 
class Random implements Amb { 
  boolean flip() throws Effects { return Math.random > 0.5; } 
} 

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  if (amb.flip()) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 
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Example:	Drunk	Coin	Flipping

class Native implements Exc { 
  <A> A raise(String msg) throws Effects { throw new NativeExc(msg); } 
} 
class Random implements Amb { 
  boolean flip() throws Effects { return Math.random > 0.5; } 
} 

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  if (amb.flip()) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} drunkFlip(new Native(), new Random()) 
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1

Effect	Handlers
class Maybe<R>   implements Exc, Handler<R, Optional<R>> { ... } 
class Collect<R> implements Amb, Handler<R, List<R>>     { ... }
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Effect	Handlers
class Maybe<R>   implements Exc, Handler<R, Optional<R>> { ... } 
class Collect<R> implements Amb, Handler<R, List<R>>     { ... }
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Effect	Handlers
class Maybe<R>   implements Exc, Handler<R, Optional<R>> { ... } 
class Collect<R> implements Amb, Handler<R, List<R>>     { ... }

Original Result Type Effect Domain
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Effect	Handlers

    drunkFlip(???, ???) : String 

class Maybe<R>   implements Exc, Handler<R, Optional<R>> { ... } 
class Collect<R> implements Amb, Handler<R, List<R>>     { ... }
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Effect	Handlers

  handle(new Maybe<String>(), exc -> 
    drunkFlip(???, exc) : String 
  ) :  Optional<String> 

class Maybe<R>   implements Exc, Handler<R, Optional<R>> { ... } 
class Collect<R> implements Amb, Handler<R, List<R>>     { ... }
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Effect	Handlers

handle(new Collect<Optional<String>>(), amb -> 
  handle(new Maybe<String>(), exc -> 
    drunkFlip(amb, exc) : String 
  ) :  Optional<String> 
) : List<Optional<String>>

class Maybe<R>   implements Exc, Handler<R, Optional<R>> { ... } 
class Collect<R> implements Amb, Handler<R, List<R>>     { ... }
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Effect	Handlers

handle(new Collect<Optional<String>>(), amb -> 
  handle(new Maybe<String>(), exc -> 
    drunkFlip(amb, exc) : String 
  ) :  Optional<String> 
) : List<Optional<String>>

class Maybe<R>   implements Exc, Handler<R, Optional<R>> { ... } 
class Collect<R> implements Amb, Handler<R, List<R>>     { ... }

res> [Optional["heads"], Optional["tails"], Optional.empty]
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Effect	Handlers

handle(new Maybe<List<String>>(), exc -> 
  handle(new Collect<String>(), amb -> 
    drunkFlip(amb, exc) : String 
  ) :  List<String> 
) : Optional<List<String>>

class Maybe<R>   implements Exc, Handler<R, Optional<R>> { ... } 
class Collect<R> implements Amb, Handler<R, List<R>>     { ... }
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Effect	Handlers

handle(new Maybe<List<String>>(), exc -> 
  handle(new Collect<String>(), amb -> 
    drunkFlip(amb, exc) : String 
  ) :  List<String> 
) : Optional<List<String>>

class Maybe<R>   implements Exc, Handler<R, Optional<R>> { ... } 
class Collect<R> implements Amb, Handler<R, List<R>>     { ... }

res> Optional.empty
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Handlers provide local 
capabiliAes

0 1
5

Effect	Handlers

handle(new Maybe<List<String>>(), exc -> 
  handle(new Collect<String>(), amb -> 
    drunkFlip(amb, exc) : String 
  ) :  List<String> 
) : Optional<List<String>>

class Maybe<R>   implements Exc, Handler<R, Optional<R>> { ... } 
class Collect<R> implements Amb, Handler<R, List<R>>     { ... }

res> Optional.empty
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Effect	Handler	ImplementaEons
class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}



Ξ Effekt
gi

th
ub

.c
om

/b
-s

tu
di

os
/j

av
a-

eff
ek

t

0 1
6

Effect	Handler	ImplementaEons
class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}



Ξ Effekt
gi

th
ub

.c
om

/b
-s

tu
di

os
/j

av
a-

eff
ek

t

class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}

0 1
7

Effect	Handler	ImplementaEons

  List<R> pure(R r) { return Lists.singleton(r); } 
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class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}

0 1
8

Effect	Handler	ImplementaEons

    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    );
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class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}

0 1
8

Effect	Handler	ImplementaEons

    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    );

Optional<List<String>> res =  
  handle(new Maybe<>(), exc -> 
    handle(new Collect<>(), amb -> 
      amb.flip() ? "heads" : "tails" 
    ) 
  );
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Effect	Handler	ImplementaEons
class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}

Optional<List<String>> res =  
  handle(new Maybe<>(), exc -> 
    handle(new Collect<>(), amb -> 
      amb.flip() ? "heads" : "tails"  
    ) 
  );

    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    );

                         
    handle(new Collect<>(), amb -> 
                 ? "heads" : "tails" 
    )

= k
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Effect	Handler	ImplementaEons
class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}

    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    );

                         
    handle(new Collect<>(), amb -> 
                 ? "heads" : "tails" 
    )

= k.resume(true)
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Effect	Handler	ImplementaEons
class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}

    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    );

                         
    handle(new Collect<>(), amb -> 
          true   ? "heads" : "tails" 
    )

= k.resume(true)
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Effect	Handler	ImplementaEons
class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}

    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    );

                         
    handle(new Collect<>(), amb -> 
         "heads" 
    )

= k.resume(true)
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Effect	Handler	ImplementaEons
class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}

                         
    handle(new Collect<>(), amb -> 
         "heads" 
    )

= k.resume(true)

  List<R> pure(R r) { return Lists.singleton(r); } 
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Effect	Handler	ImplementaEons
class Collect<R> implements Amb, Handler<R, List<R>> { 
  List<R> pure(R r) { return Lists.singleton(r); } 
  boolean flip() throws Effects {  
    return use(k -> 
      Lists.concat(k.resume(true), k.resume(false)) 
    ); 
  } 
}

                         
    Lists.singleton("heads") = k.resume(true)

  List<R> pure(R r) { return Lists.singleton(r); } 
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The	Design	of	the	Effekt	Library

00
 25

Effect Signatures 
Interfaces, specifying available effect operaAons

Java Interfaces 
Marking effecNul methods with a special excepAon
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The	Design	of	the	Effekt	Library

00
 25

Effect Signatures 
Interfaces, specifying available effect operaAons

Java Interfaces 
Marking effecNul methods with a special excepAon

EffecNul Program 
Using effect operaAons

Java Method 
Parametrized over effect handler instances / capabiliAes
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The	Design	of	the	Effekt	Library
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 25

Effect Signatures 
Interfaces, specifying available effect operaAons

Java Interfaces 
Marking effecNul methods with a special excepAon

EffecNul Program 
Using effect operaAons

Java Method 
Parametrized over effect handler instances / capabiliAes

Effect Handlers 
Giving semanAcs to effect operaAons

Java Classes 
ImplemenAng the effect signatures, potenAally using  
control effects / delimited conAnuaAons
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Part	II	
ImplemenAng 
Effect Handlers & 
Delimited Control
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Architectural	Overview	of	Java	Effekt

- Programs are wri\en in direct style, but CPS translated via bytecode	transformaEon	
- Translated programs use a separate	Stack interface for effecNul frames 

- Delimited	control is implemented as a library, implemenAng the Stack interface	
- RestricEon: TranslaAon preserves signatures, we only transform method bodies

0 2
7
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For	effec+ul	methods,	we	maintain	our	own	custom	stack,	which	allows	us	
to	manipulate	it	(searching,	slicing,	copying).

Example.flip:5 

Maybe.pure:2 

Example.flip:7 

Example.flip:5 

Collect.pure:2 

Effekt.run:32 

Example.main:12

JVM	Stack Effekt	Stack

Replacing	the	JVM	Stack

Example.flip:5 

Effekt.run:32 

Example.main:12

JVM	Stack

Maybe.pure:2 

Example.flip:7 

Example.flip:5 

Collect.pure:2
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For	effec+ul	methods,	we	maintain	our	own	custom	stack,	which	allows	us	
to	manipulate	it	(searching,	slicing,	copying).

Example.flip:5 

Maybe.pure:2 

Example.flip:7 

Example.flip:5 

Collect.pure:2 

Effekt.run:32 

Example.main:12

JVM	Stack Effekt	Stack

Replacing	the	JVM	Stack

Example.flip:5 

Effekt.run:32 

Example.main:12

JVM	Stack

Maybe.pure:2 

Example.flip:7 

Example.flip:5 

Collect.pure:2

exc

amb
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9

CPS	TranslaEon
- TransformaAon of bytecode 
- Uses a separate stack (Effekt.push(frame)) 
- Uses its own calling convenAon (Effekt.returnWith(result), Effekt.result()) 
- Preserves signatures
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0 2
9

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  boolean dropped = amb.flip(); 
  if (dropped) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 

CPS	TranslaEon
- TransformaAon of bytecode 
- Uses a separate stack (Effekt.push(frame)) 
- Uses its own calling convenAon (Effekt.returnWith(result), Effekt.result()) 
- Preserves signatures
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CPS	TranslaEon

0 3
0

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  Effekt.push(() -> drunkFlip1(amb, exc)); 
  amb.flip(); 
  return null; 
} 

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  boolean dropped = amb.flip(); 
  if (dropped) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 
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CPS	TranslaEon

0 3
0

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  Effekt.push(() -> drunkFlip1(amb, exc)); 
  amb.flip(); 
  return null; 
} 
static void drunkFlip1(Amb amb, Exc exc) throws Effects { 
  boolean dropped = Effekt.result(); 
  if (dropped) { exc.raise("too drunk"); }  
  else { 
    Effekt.push(() -> drunkFlip2(amb, exc, dropped)); 
    amb.flip(); 
  } 
}

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  boolean dropped = amb.flip(); 
  if (dropped) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 
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CPS	TranslaEon

0 3
0

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  Effekt.push(() -> drunkFlip1(amb, exc)); 
  amb.flip(); 
  return null; 
} 
static void drunkFlip1(Amb amb, Exc exc) throws Effects { 
  boolean dropped = Effekt.result(); 
  if (dropped) { exc.raise("too drunk"); }  
  else { 
    Effekt.push(() -> drunkFlip2(amb, exc, dropped)); 
    amb.flip(); 
  } 
}

static void drunkFlip2(Amb amb, Exc exc, boolean dropped) throws Effects { 
  Effekt.returnWith(Effekt.result() ? "heads" : "tails"); 
}

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  boolean dropped = amb.flip(); 
  if (dropped) { 
    return exc.raise("too drunk"); 
  } else { 
    return amb.flip() ? "heads" : "tails"; 
  } 
} 
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CPS	TranslaEon	-	Saving	FuncEon	Local	State

0 3
1

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  Effekt.push(() -> drunkFlip1(amb, exc)); 
  amb.flip(); 
  return null; 
} 
static void drunkFlip1(Amb amb, Exc exc) throws Effects { 
  boolean dropped = Effekt.result(); 
  if (dropped) { exc.raise("too drunk"); }  
  else { 
    Effekt.push(() -> drunkFlip2(amb, exc, dropped)); 
    amb.flip(); 
  } 
}

static void drunkFlip2(Amb amb, Exc exc, boolean dropped) throws Effects { 
  Effekt.returnWith(Effekt.result() ? "heads" : "tails"); 
}

  Effekt.push(() -> drunkFlip1(amb, exc)); 

  return null; 
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CPS	TranslaEon	-	Saving	FuncEon	Local	State

0 3
1

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  Effekt.push(() -> drunkFlip1(amb, exc)); 
  amb.flip(); 
  return null; 
} 
static void drunkFlip1(Amb amb, Exc exc) throws Effects { 
  boolean dropped = Effekt.result(); 
  if (dropped) { exc.raise("too drunk"); }  
  else { 
    Effekt.push(() -> drunkFlip2(amb, exc, dropped)); 
    amb.flip(); 
  } 
}

static void drunkFlip2(Amb amb, Exc exc, boolean dropped) throws Effects { 
  Effekt.returnWith(Effekt.result() ? "heads" : "tails"); 
}

  Effekt.push(() -> drunkFlip1(amb, exc)); 

  return null; 

  boolean dropped = Effekt.result(); 

    Effekt.push(() -> drunkFlip2(amb, exc, dropped)); 
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CPS	TranslaEon	-	Saving	FuncEon	Local	State

0 3
1

String drunkFlip(Amb amb, Exc exc) throws Effects { 
  Effekt.push(() -> drunkFlip1(amb, exc)); 
  amb.flip(); 
  return null; 
} 
static void drunkFlip1(Amb amb, Exc exc) throws Effects { 
  boolean dropped = Effekt.result(); 
  if (dropped) { exc.raise("too drunk"); }  
  else { 
    Effekt.push(() -> drunkFlip2(amb, exc, dropped)); 
    amb.flip(); 
  } 
}

static void drunkFlip2(Amb amb, Exc exc, boolean dropped) throws Effects { 
  Effekt.returnWith(Effekt.result() ? "heads" : "tails"); 
}

  Effekt.push(() -> drunkFlip1(amb, exc)); 

  return null; 

  boolean dropped = Effekt.result(); 

    Effekt.push(() -> drunkFlip2(amb, exc, dropped)); 

  Effekt.returnWith(Effekt.result()                    ) 
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Part	III	
Modularity through 
Effect Handlers & 
Object Orientated 
Programming
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Effect	Handlers	in	Java
Consequences of represenAng Effect Signatures as Interfaces: 

- Signatures can be mixed to a desired granularity 

- One	handler can implement	mulEple	effect	signatures and share the effect domain 

- One	effect	signature can be implemented by mulEple	handlers with potenAally 
different effect domains 

- Interface subtyping immediately also gives effect	subtyping

0 3
3



Ξ Effekt
gi

th
ub

.c
om

/b
-s

tu
di

os
/j

av
a-

eff
ek

t

Effect	ModularizaEon	(Handler	Passing)
Using effect signatures

0 3
4

interface Exc   { <A> A raise(String msg) throws Effects; } 
interface Amb   { boolean flip() throws Effects; } 
interface Input { char read() throws Effects; } 

we can implement parsers
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Effect	ModularizaEon	(Handler	Passing)
Using effect signatures

0 3
4

interface Exc   { <A> A raise(String msg) throws Effects; } 
interface Amb   { boolean flip() throws Effects; } 
interface Input { char read() throws Effects; } 

we can implement parsers
void accept(char c, Input in, Exc exc) throws Effects { 
  if (in.read() != c) exc.raise("Expected " + c); 
}
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Effect	ModularizaEon	(Handler	Passing)
Using effect signatures

0 3
4

interface Exc   { <A> A raise(String msg) throws Effects; } 
interface Amb   { boolean flip() throws Effects; } 
interface Input { char read() throws Effects; } 

we can implement parsers
void accept(char c, Input in, Exc exc) throws Effects { 
  if (in.read() != c) exc.raise("Expected " + c); 
}

// <P> ::= 'A' <P> | 'B' 
int parse(Input in, Exc exc, Amb amb) throws Effects { 
  if (amb.flip()) { accept('A', in, exc); return parse(in, exc, amb) + 1; } 
  else            { accept('B', in, exc); return 0; } 
}
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Effect	ModularizaEon	(ComposiEon)
Using effect signatures

0 3
5

interface P extends Exc, Amb, Input { 
  default void accept(char c) throws Effects { 
    if (this.read() != c) this.raise("Expected " + c); 
  } 
} 

interface Exc   { <A> A raise(String msg) throws Effects; } 
interface Amb   { boolean flip() throws Effects; } 
interface Input { char read() throws Effects; } 
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Now "this" is the capability

Effect	ModularizaEon	(ComposiEon)
Using effect signatures

0 3
5

interface P extends Exc, Amb, Input { 
  default void accept(char c) throws Effects { 
    if (this.read() != c) this.raise("Expected " + c); 
  } 
} 

interface Exc   { <A> A raise(String msg) throws Effects; } 
interface Amb   { boolean flip() throws Effects; } 
interface Input { char read() throws Effects; } 
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Now "this" is the capability

Effect	ModularizaEon	(ComposiEon)
Using effect signatures

0 3
5

interface P extends Exc, Amb, Input { 
  default void accept(char c) throws Effects { 
    if (this.read() != c) this.raise("Expected " + c); 
  } 
} 

// <P> ::= 'A' <P> | 'B' 
int parse(P p) throws Effects { 
  if (p.flip()) { p.accept('A'); return parse(p) + 1; } 
  else          { p.accept('B'); return 0; } 
}

interface Exc   { <A> A raise(String msg) throws Effects; } 
interface Amb   { boolean flip() throws Effects; } 
interface Input { char read() throws Effects; } 
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Modularity	Benefits
- Effect Signatures just describe the parser interface 

- Handlers can implement different	parsing	strategies: 
- backtracking vs. enumeraAng all parse results 
- depth first vs. breadth first 
- pull vs. push 

- Compose	with	other	effects like ANF transformaAon / Let-inserAon

0 3
6
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Conclusions
- "handler- / capability passing style" 
- user defined effects   ✔ 
- dynamic effect instances   ✔ 
- modular and extensible effect signatures and handlers   ✔ 
- user programs are wri\en in direct style  ✔ 
- performance: compeAAve with JVM conAnuaAon libraries   ✔ 
- safety (capabiliAes can leak) ✘

0 3
7
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Conclusions
- "handler- / capability passing style" 
- user defined effects   ✔ 
- dynamic effect instances   ✔ 
- modular and extensible effect signatures and handlers   ✔ 
- user programs are wri\en in direct style  ✔ 
- performance: compeAAve with JVM conAnuaAon libraries   ✔ 
- safety (capabiliAes can leak) ✘

0 3
7

! github.com/b-studios/java-effekt

 dl.acm.org/citaAon.cfm?id=3276481
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Conclusions
- "handler- / capability passing style" 
- user defined effects   ✔ 
- dynamic effect instances   ✔ 
- modular and extensible effect signatures and handlers   ✔ 
- user programs are wri\en in direct style  ✔ 
- performance: compeAAve with JVM conAnuaAon libraries   ✔ 
- safety (capabiliAes can leak) ✘

0 3
7

Thank you!

! github.com/b-studios/java-effekt

 dl.acm.org/citaAon.cfm?id=3276481


