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THE IDEA



ordinary reductions

⇝M1 M2 M3 M4⇝ ⇝ M5⇝



algebraic effects

↑𝗈𝗉 ↓𝗋𝖾𝗌
⇝M1 M2 M3 M4⇝ M5⇝



asynchronous requests

↑𝗋𝖾𝗊 ↓𝗋𝖾𝗌𝗉

⇝
MP

⇝M1 MS M2 M3⇝ ⇝ M4⇝



serving requests

↓𝗋𝖾𝗊 ↑𝗋𝖾𝗌𝗉
⇝M1 MW MP MS⇝ ⇝ MW⇝



preemptive multithreading

↓𝗌𝗍𝗈𝗉 ↓𝗀𝗈
⇝M1 M2 Mw

2 M2⇝ ⇝ M3⇝



timer

↑𝗍𝗈𝖼𝗄
⇝M1 M2 M1 M2⇝ ⇝ M1⇝

↑𝗍𝗂𝖼𝗄 ↑𝗍𝗈𝖼𝗄↑𝗍𝗂𝖼𝗄



BASIC CALCULUS



Γ ⊢𝗏 V : A

Γ ⊢𝖼 M : A



(x : A) ∈ Γ
Γ ⊢𝗏 x : A

Γ ⊢𝗏 () : 𝗎𝗇𝗂𝗍

Γ, x : A ⊢𝖼 M : B
Γ ⊢𝗏 𝖿𝗎𝗇 x ↦ M : A → B



Γ ⊢𝗏 V : A
Γ ⊢𝖼 𝗋𝖾𝗍𝗎𝗋𝗇 V : A

Γ ⊢𝖼 M : A Γ, x : A ⊢𝖼 N : B
Γ ⊢𝖼 𝖽𝗈 x ← M 𝗂𝗇 N : B

Γ ⊢𝗏 V : A → B Γ ⊢𝗏 W : A
Γ ⊢𝖼 V W : B



M ⇝ M′ 



(𝖿𝗎𝗇 x ↦ M) V ⇝ M[V/x]

𝖽𝗈 x ← 𝗋𝖾𝗍𝗎𝗋𝗇 V 𝗂𝗇 N ⇝ N[V/x]

M ⇝ M′ 

𝖽𝗈 x ← M 𝗂𝗇 N ⇝ 𝖽𝗈 x ← M′ 𝗂𝗇 N



live demo



OPERATIONS & HOOKS



𝗈𝗉 : A ∈ Σ Γ ⊢𝗏 V : A Γ ⊢𝖼 M : B
Γ ⊢𝖼 𝗈𝗉↑ (V, M) : B

𝗈𝗉 : A ∈ Σ Γ ⊢𝗏 V : A Γ ⊢𝖼 M : B
Γ ⊢𝖼 𝗈𝗉↓ (V, M) : B

not meant 
for the user



𝖽𝗈 x ← 𝗈𝗉↑ (V, M) 𝗂𝗇 N ⇝ 𝗈𝗉↑ (V, 𝖽𝗈 x ← M 𝗂𝗇 N)

𝗈𝗉↓ (V, 𝗈𝗉′ 
↑ (W, M)) ⇝ 𝗈𝗉′ 

↑ (W, 𝗈𝗉↓ (V, M))

M ⇝ M′ 

𝗈𝗉↓ (V, M) ⇝ 𝗈𝗉↓ (V, M′ )

𝗈𝗉↓ (V, 𝗋𝖾𝗍𝗎𝗋𝗇 W) ⇝ 𝗋𝖾𝗍𝗎𝗋𝗇 W



𝗈𝗉 : A ∈ Σ Γ, x : A ⊢𝖼 M : B Γ, y : B ⊢𝖼 N : C
Γ ⊢𝖼 𝗐𝗂𝗍𝗁 𝗈𝗉 x ↦ M 𝖺𝗌 y 𝖽𝗈 N : C



N ⇝ N′ 

𝗐𝗂𝗍𝗁 𝗈𝗉↓ x ↦ M 𝖺𝗌 y 𝖽𝗈 N
⇝ 𝗐𝗂𝗍𝗁 𝗈𝗉↓ x ↦ M 𝖺𝗌 y 𝖽𝗈 N′ 

𝖽𝗈 x ← (𝗐𝗂𝗍𝗁 𝗈𝗉↓ y ↦ M1 𝖺𝗌 z 𝖽𝗈 M2) 𝗂𝗇 N
⇝ 𝗐𝗂𝗍𝗁 𝗈𝗉↓ y ↦ M1 𝖺𝗌 z 𝖽𝗈 (𝖽𝗈 x ← M2 𝗂𝗇 N)

open terms!



𝗈𝗉↓ (V, 𝗐𝗂𝗍𝗁 𝗈𝗉↓ x ↦ M 𝖺𝗌 y 𝖽𝗈 N)
⇝ 𝖽𝗈 y ← M[V/x] 𝗂𝗇 𝗈𝗉↓ (V, N)

𝗈𝗉′ 
↓ (V, 𝗐𝗂𝗍𝗁 𝗈𝗉↓ x ↦ M 𝖺𝗌 y 𝖽𝗈 N)

⇝ 𝗐𝗂𝗍𝗁 𝗈𝗉↓ x ↦ M 𝖺𝗌 y 𝖽𝗈 𝗈𝗉′ 
↓ (V, N)

𝗐𝗂𝗍𝗁 𝗈𝗉↓ x ↦ M 𝖺𝗌 y 𝖽𝗈 𝗈𝗉′ 
↑ (V, N)

⇝ 𝗈𝗉′ 
↑ (V, 𝗐𝗂𝗍𝗁 𝗈𝗉↓ x ↦ M 𝖺𝗌 y 𝖽𝗈 N)

nondeterministic



𝗈𝗉↓ (V, 𝗋𝖾𝗍𝗎𝗋𝗇 W) ⇝ 𝗋𝖾𝗍𝗎𝗋𝗇 W

𝖽𝗈 x ← (𝗐𝗂𝗍𝗁 𝗈𝗉↓ y ↦ M1 𝖺𝗌 z 𝖽𝗈 M2) 𝗂𝗇 N
⇝ 𝗐𝗂𝗍𝗁 𝗈𝗉↓ y ↦ M1 𝖺𝗌 z 𝖽𝗈 (𝖽𝗈 x ← M2 𝗂𝗇 N)

𝗈𝗉↓ (V, 𝗐𝗂𝗍𝗁 𝗈𝗉↓ x ↦ M 𝖺𝗌 y 𝖽𝗈 N)
⇝ 𝖽𝗈 y ← M[V/x] 𝗂𝗇 𝗈𝗉↓ (V, N)

𝗈𝗉′ 
↓ (V, 𝗐𝗂𝗍𝗁 𝗈𝗉↓ x ↦ M 𝖺𝗌 y 𝖽𝗈 N)

⇝ 𝗐𝗂𝗍𝗁 𝗈𝗉↓ x ↦ M 𝖺𝗌 y 𝖽𝗈 𝗈𝗉′ 
↓ (V, N)

homomorphism

algebraic 
operation



live demo



PARALLELISM



M1 ∥ ⋯ ∥ Mn
⇝

M′ 1 ∥ ⋯ ∥ M′ n



Mi ⇝ M′ i

M1 ∥ ⋯ Mi ⋯ ∥ Mn ⇝ M1 ∥ ⋯ M′ i ⋯ ∥ Mn

M1 ∥ ⋯ 𝗈𝗉↑ (V, Mi) ⋯ ∥ Mn

⇝ 𝗈𝗉↓ (V, M1) ∥ ⋯ M′ i ⋯ ∥ 𝗈𝗉↓ (V, Mn)



live demo



FUTURE WORK



TX ≅ X + ∐
𝗈𝗉:A∈Σ

(A × TX) + ∐
𝗈𝗉:A∈Σ

(A ⇒ TTX)



𝗁𝖺𝗇𝖽𝗅𝖾 M 𝗐𝗂𝗍𝗁 H



M ⇓ V



M1 ∥ ⋯ ∥ Mn
⇝

M′ 1 ∥ ⋯ ∥ M′ n



QUESTIONS?


