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Situation: Card Effects

2* Game images in this presentation are from Slay the Spire (Mega Crit)
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Data Types
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Data Types I

data Card
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Data Types I

data Card

 = Dmg Int

 | Block Int
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Data Types I

Dmg 6
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Data Types I

Block 5
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Data Types I

apply :: Card -> State -> State
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Data Types I

apply :: Card -> (State -> State)
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Data Types I

apply :: Card -> State -> State

apply (Dmg x) state = <new state>

apply (Block x) state = <new state>
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Data Types I

apply :: Card -> State -> State

apply (Dmg x) state = <new state>

apply (Block x) state = <new state>

> apply (Dmg 6) (10, 10)

(4,10)
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Data Types I

apply :: Card -> State -> State

apply (Dmg x) state = <new state>

apply (Block x) state = <new state>

> apply (Block 5) (10, 10)

(10,15)
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Data Types I

desc :: Card -> String
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Data Types I

desc :: Card -> String

desc (Dmg x) =

 "deal " ++ show x ++ " damage"
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Data Types I

desc :: Card -> String

desc (Dmg x) = [i|deal #{x} damage|]
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Data Types I

desc :: Card -> String

desc (Dmg x) = [i|deal #{x} damage|]

desc (Block x) = [i|gain #{x} block|]

22



Data Types I

> desc (Dmg 6)

"deal 6 damage"
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desc :: Card -> String

desc (Dmg x) = [i|deal #{x} damage|]

desc (Block x) = [i|gain #{x} block|]



Data Types I

> desc (Block 5)

"gain 5 block"
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desc :: Card -> String

desc (Dmg x) = [i|deal #{x} damage|]

desc (Block x) = [i|gain #{x} block|]



Data Types II

?

25



Data Types II
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Data Types II

data Card

 = Dmg Int

 | Block Int

 | TimesX Int Card
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Data Types II

TimesX 2

Dmg 5
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Data Types II

apply :: Card -> State -> State

apply (...) = ...

apply (TimesX 0 a) s = s

apply (TimesX x c) s = let

 s' = apply c s

 in apply (TimesX (x - 1) c) s'
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Data Types II

apply :: Card -> State -> State

apply (...) = ...

apply (TimesX 0 a) s = s

apply (TimesX x c) s = let

 s' = apply c s

 in apply (TimesX (x - 1) c) s'
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Data Types II

apply :: Card -> State -> State

apply (...) = ...

apply (TimesX 0 c) s = s

apply (TimesX x c) s = let

 s' = apply c s

 in apply (TimesX (x - 1) c) s'

31



Data Types II

apply :: Card -> State -> State

apply (...) = ...

> apply (TimesX 2 (Dmg 5)) (10, 10)

(0,10)
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Data Types II

desc :: Card -> String

desc (...) = ...

desc (TimesX x c) =

 [i|#{desc c}, #{x} times|]
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Data Types II

desc :: Card -> String

desc (...) = ...

desc (TimesX x c) =

 [i|#{desc c}, #{x} times|]
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Data Types II

desc :: Card -> String

desc (...) = ...

desc (TimesX x c) =

 [i|#{desc c}, #{x} times|]

35



Data Types II

desc :: Card -> String

desc (...) = ...

desc (TimesX x c) =

 [i|#{desc c}, #{x} times|]

> desc (TimesX 2 (Dmg 5))

"deal 5 damage, 2 times"
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Data Types II

desc :: Card -> String

desc (...) = ...

desc (TimesX 2 c) =

 [i|#{desc c} twice|]

> desc (TimesX 2 (Dmg 5))

"deal 5 damage twice"
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Data Types III
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Data Types III

data Card

 = Dmg Int

 | Block Int

 | And Card Card
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Data Types III

Dmg 5

And

Block 5
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Data Types III

apply :: Card -> State -> State

apply (...) = ...

apply (And c1 c2) s = let

 after1 = apply c1 s

 in apply c2 after1
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Data Types III

apply :: Card -> State -> State

apply (...) = ...

apply (And c1 c2) s = let

 after1 = apply c1 s

 in apply c2 after1
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Data Types III

apply :: Card -> State -> State

apply (...) = ...

apply (And c1 c2) s = let

 after1 = apply c1 s

 in apply c2 after1
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Data Types III

desc :: Card -> String

desc (...) = ...

desc (And c1 c2) =

 [i|#{desc c1}, then #{desc c2}|]
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Data Types III

apply :: Card -> State -> State

apply (...) = ...

> apply

    (And (Block 5) (Dmg 5))

    (10, 10)

(5,15)
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Data Types III

desc :: Card -> String

desc (...) = ...

desc (And c1 c2) =

 [i|#{desc c1}, then #{desc c2}|]

> desc (And (Block 5) (Dmg 5))

"gain 5 block, then deal 5 damage"
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Data Types III

Dmg 5

And

Dmg 5
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Data Types III

apply :: Card -> State -> State

apply (...) = ...

> apply (And (Dmg 5) (Dmg 5)) (10, 10)

(0,10)
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Data Types III

desc :: Card -> String

desc (...) = ...

desc (And c1 c2) =

 [i|#{desc c1}, then #{desc c2}|]

> desc (And (Dmg 5) (Dmg 5))

"deal 5 damage, then deal 5 damage"

49



Data Types III

desc :: Card -> String

desc (...) = ...

desc (And c1 c2) =

 [i|#{desc c1}, then #{desc c2}|]

> desc (And (Dmg 5) (Dmg 5))

"deal 5 damage, then deal 5 damage"
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Data Types III

desc :: Card -> String

desc (...) = ...

desc (And c1 c2) | <condition> =

 <#{desc c} twice>

desc (And c1 c2) =

 [i|#{desc c1}, then #{desc c2}|]

> desc (And (Dmg 5) (Dmg 5))

"deal 5 damage twice"
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Data Types III

Dmg 1

Dmg 1

And

And

Dmg 1

TimesX 3

Dmg 1
→
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Data Types III

Dmg 1

And

Block 1

TimesX ?

?
↛
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Data Types IV
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data Card

 = Dmg Int

 | Block Int

 | ???



Data Types IV

data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

 Bind :: Card a -> (a -> Card b)

      -> Card b
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Data Types IV

data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

 Bind :: Card a -> (a -> Card b)

      -> Card b
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Data Types IV

data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

 Bind :: Card a -> (a -> Card b)

      -> Card b

damage dealt
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Data Types IV

data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

 Bind :: Card a -> (a -> Card b)

      -> Card b
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Data Types IV

Dmg 4

Bind

\x -> Block x
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Data Types IV

Dmg 4

Bind

\x -> Block x

60

Gain block
.



Data Types IV

Dmg 4

Bind

\x -> Block x

damage dealt
61



Data Types IV

Dmg 4

Bind

\x -> Block 3

damage dealt = 3
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Data Types IV

Dmg 4

Bind

\x -> Block x

:: Card Int
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Data Types IV

Dmg 4

Bind

\x -> Block x

:: Card Int :: Int -> 

Card Int
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Data Types IV

Dmg 4

Bind

\x -> Block x

:: Card Int
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Data Types IV

apply ::

 Card a -> State -> (a, State)

apply (Dmg x) s = (x, <new state>)

apply (Block x) s = (x, <new state>)
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Data Types IV

apply ::

 Card a -> State -> (a, State)

apply (Dmg x) s = (x, <new state>)

apply (Block x) s = (x, <new state>)
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Data Types IV

apply ::

 Card a -> State -> (a, State)

apply (...) = (...)

apply (Bind c1 c2) s = let

 (a, after1) = apply c1 s

 in apply (c2 a) after1
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Data Types IV

apply ::

 Card a -> State -> (a, State)

apply (...) = (...)

apply (Bind c1 c2) s = let

 (a, after1) = apply c1 s

 in apply (c2 a) after1

eg.
damage dealt
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Data Types IV

apply :: Card a -> State -> (a, State)

apply (...) = (...)

> apply

    (Bind (Dmg 4) (\x -> Block x))

    (10, 10)

(4,(6,14))
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Data Types IV

desc :: Card a -> String

desc (Dmg x) = [i|deal #{x} damage|]

desc (Block x) = [i|gain #{x} block|]

71



Data Types IV

desc :: Card a -> String

desc (...) = (...)

desc (Bind c1 c2) =

 [i|#{desc c1}, then ?|]
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Data Types IV

desc :: Card a -> String

desc (...) = (...)

desc (Bind c1 c2) =

 [i|#{desc c1}, then ?|]
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Data Types IV

desc :: Card a -> String

desc (...) = (...)

desc (Bind c1 c2) =

 [i|#{desc c1}, then ?|]

> desc (Bind (Dmg 4) (\x -> Block x))

"deal 4 damage, then ?"
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Data Types IV

Dmg 4

Bind

75

\x -> Block x



Data Types IV

Dmg 4

Bind

\x -> Block x
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Data Types V

data Card a b where

 Dmg :: From a Int -> Card a Int

 Block :: From a Int -> Card a Int

 DepAnd :: Card () a -> Card a b

        -> Card () b

data From i o where

 Const :: a -> From () a

 DamageDealt :: From Int Int
77



Data Types V

Dmg

(Const 4)

DepAnd

Block

(DamageDealt)
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Data Types V

> apply (DepAnd (Dmg (Const 4))

    (Block (DamageDealt))) (10, 10)

(4,(6,14))

> desc (DepAnd (Dmg (Const 4)) (Block

    (DamageDealt)))

"deal 4 damage, then block equal to 

damage dealt"
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Relation

DepAndAnd Bind
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Relation

DepAndAnd Bind

Applicative Arrow Monad< <
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Relation

DepAndAnd Bind

Applicative Arrow Monad> >
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Effect Handlers
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Handler Languages/Libraries

EFF

As Language Feature:As Library:

... ...
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Handler Languages/Libraries

EFF

As Language Feature:As Library:

... ...
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Handlers

effect Dmg: int -> int

effect Block: int -> int
data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

EFF
86



Handlers

effect Dmg: int -> int

effect Block: int -> int
data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

EFF
87



Handlers

perform (Dmg 6)

88



Handlers

perform (Dmg 6)

error: uncaught effect ‘Dmg 6’.
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Handlers

handle

 perform (Dmg 6)

with

 | effect (Dmg x) k -> ...
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Handlers

handle

 perform (Dmg 6)

with

 | effect (Dmg x) k ->

    "deal #{x} damage"
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Handlers

handle

 perform (Dmg 6)

with

 | effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)
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Handlers

handle

 perform (Dmg 1)

with

 | effect (Dmg x) k -> ...

apply (Dmg 1) where

 apply (Dmg x) s = <new s>

EFF
93



Handlers

handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> ...

apply (Dmg 1) where

 apply (Dmg x) s = <new s>

EFF
94



Handlers

handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> ...

 | effect (Block x) k -> ...

apply (Dmg 1) where

 apply (Dmg x) s = <new s>

EFF
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Handlers

handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)

 | effect (Block x) k -> (fun s 

   -> (continue k x) <new s>)

 | x -> (fun s -> s)
96



Handlers

f = handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> <new s>)

 | effect (Block x) k -> (fun s 

   -> <new s>)

 | x -> (fun s -> s)

> f (5, 5)
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Handlers

f = handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> <new s>)

 | effect (Block x) k -> (fun s 

   -> <new s>)

 | x -> (fun s -> s)

> f (5, 5)

(4,5)
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Handlers

f = handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> <new s>)

 | effect (Block x) k -> (fun s 

   -> <new s>)

 | x -> (fun s -> s)

> f (5, 5)

(4,5)
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Handlers

f = handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> <new s>)

 | effect (Block x) k -> (fun s 

   -> <new s>)

 | x -> (fun s -> s)

> f (5, 5)

(4,5)
?
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Handlers

f = handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)

 | effect (Block x) k -> (fun s 

   -> (continue k x) <new s>)

 | x -> (fun s -> s)

> f (5, 5)
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Handlers

f = handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)

 | effect (Block x) k -> (fun s 

   -> (continue k x) <new s>)

 | x -> (fun s -> s)

> f (5, 5)

(4,5)
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Handlers

f = handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)

 | effect (Block x) k -> (fun s 

   -> (continue k x) <new s>)

 | x -> (fun s -> s)

> f (5, 5)

(4,5)
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Handlers

f = handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)

 | effect (Block x) k -> (fun s 

   -> (continue k x) <new s>)

 | x -> (fun s -> s)

> f (5, 5)

(4,5)

(4,6)
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Handlers

f = handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)

 | effect (Block x) k -> (fun s 

   -> (continue k x) <new s>)

 | x -> (fun s -> s)

> f (5, 5)

(4,5)

(4,6)

105



Handlers

f = handle

 perform (Dmg 1);

 perform (Block 1)

with

 | effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)

 | effect (Block x) k -> (fun s 

   -> (continue k x) <new s>)

 | x -> (fun s -> s)

> f (5, 5)

(4,5)

(4,6)

(4,6)
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Handlers

handler

 | effect (Dmg x) k ->

    "deal #{x} damage, and then ?"

 | effect (Block x) k ->

    "block #{x}, and then ?"
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Handlers

handler

 | effect (Dmg x) k ->

    "deal #{x} damage, and then ?"

 | effect (Block x) k ->

    "block #{x}, and then ?"
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Handlers

data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

 Bind :: Card a

      -> (a -> Card b)

      -> Card b

EFF
109

| effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)

| effect (Block x) k -> (fun s 

   -> (continue k x) <new s>)



Handlers

| effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)

| effect (Block x) k -> (fun s 

   -> (continue k x) <new s>)

data Card

 = Dmg Int (Int -> Card)

 | Block Int (Int -> Card)

EFF
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Handlers

| effect (Dmg x) k -> (fun s 

   -> (continue k x) <new s>)

| effect (Block x) k -> (fun s 

   -> (continue k x) <new s>)

| x -> (fun s -> s)

data Card a

 = Dmg Int (Int -> Card a)

 | Block Int (Int -> Card a)

 | Return a

EFF
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Non-Monadic
Effect Handlers

112



Non-Monadic Handlers

113



Non-Monadic Handlers

Applicative Arrow Monad
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Non-Monadic Handlers

Applicative Arrow Monad

μX.I + Σ ⊗ X  
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Non-Monadic Handlers
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Non-Monadic Handlers

Applicative

Handler

Arrow

Handler

Monad

Handler

Applicative Arrow Monad

μX.I + Σ ⊗ X  
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Non-Monadic Handlers

Applicative

Handler

Arrow

Handler

Monad

Handler

Applicative Arrow Monad

μX.I + Σ ⊗ X  
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Non-Monadic Handlers

data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

 Bind :: Card a

      -> (a -> Card b)

      -> Card b

 Return :: a -> Card a

EFF

| effect (Dmg x) k -> ...

| effect (Block x) k -> ...
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Non-Monadic Handlers

Arrow

Applicative

Monad

| effect (Dmg x) f k -> ...

| effect (Dmg x) k -> ...
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Non-Monadic Handlers

handler

 | effect (Dmg x) f k ->

    "deal #{x} damage, and then #{k}"

 | effect (Block x) f k ->

    "block #{x}, and then #{k}"
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Non-Monadic Handlers
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[dependency]

IO ()

Non-Monadic Handlers
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Build 
System 

Task

Build Systems à la Carte, A. Mokhov et al.



Conclusion
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Conclusion

effect Dmg: int -> int

effect Block: int -> int
data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

EFF
125



Conclusion

effect Dmg: int -> int

effect Block: int -> int
data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

EFF

Applicative

Arrow

Monad
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Conclusion

effect Dmg: int -> int

effect Block: int -> int
data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

EFF

Applicative

Arrow

Monad
| effect (Dmg x) k -> ...
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Conclusion

effect Dmg: int -> int

effect Block: int -> int
data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

EFF

Applicative

Arrow

Monad

| effect (Dmg x) f k -> ...

| effect (Dmg x) k -> ...
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Conclusion

effect Dmg: int -> int

effect Block: int -> int
data Card a where

 Dmg :: Int -> Card Int

 Block :: Int -> Card Int

EFF

Applicative

Arrow

Monad

| effect (Dmg x) f k -> ...

| effect (Dmg x) k -> ...

+ more ?
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