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Bang-Calculus

(Terms) t, u ::= x | λx.t | t u
| !t (value)
| der(t) (computation)

(λx.t) !u 7→β t{x := u}
der(!t) 7→! t

S ::= □ | λx.S | S t | t S | der (S )
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CbN and CbV Embeddings [GuerrieriManzonetto’19]
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Bang Calculus: A Subsuming Paradigm

NFBang

ImCBN

NFCBN

⇝

Static Properties: [EhrhardGuerrieri’16][GuerrieriManzonetto’19]

t normal form t
N

normal form

t normal form ⇔ t
V

normal form

Dynamic Properties: [EhrhardGuerrieri’16][GuerrieriManzonetto’19]

t ↠ u ⇔ t
N
↠ u N

t ↠ u ⇒ t
V
↠ u V
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L ::= □ | L[x\u]

V ::= □ | V t | t V

| V[x\t] | t[x\V]
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Call-by-Name and Call-by-Value [AccattolliPaolini’12][AccattoliGuerrieri’16]

Different Models of Computation:

Call-by-Name Call-by-Value

(Terms) t, u ::= x | λx.t | t u | t[x\u]
(Terms) t, u ::= v | t u | t[x\u]
(Values) v ::= x | λx.t

L ⟨λx.t⟩ u 7→dβ L ⟨t[x\u]⟩
t[x\u] 7→s t{x := u}

L ⟨λx.t⟩ u 7→dβ L ⟨t[x\u]⟩
t[x\L ⟨v⟩] 7→sV L ⟨t{x := v}⟩

L ::= □ | L[x\u]
N ::= □ | N t | λx.N | N[x\t]

L ::= □ | L[x\u]
V ::= □ | V t | t V | V[x\t] | t[x\V]
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A Unifying Framework:

Distant

Bang-Calculus [BucciarelliKesnerRı́osViso’20,’23]

Bang-Calculus

(Terms) t, u ::= x | λx.t | t u

| t[x\u]

| !t (value)
| der (t) (computation)

λx.t !u 7→β t{x := u}

t[x\L ⟨!u⟩] 7→s! L ⟨t{x := u}⟩

der (!t) 7→! t

L ::= □ | L[x\u]

S ::= □ | λx.S | S t | t S | der (S )

| S [x\t] | t[x\S ]
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Bang-Calculus

(Terms) t, u ::= x | λx.t | t u | t[x\u]
| !t (value)
| der (t) (computation)

L ⟨λx.t⟩ u 7→β L ⟨t[x\u]⟩
t[x\L ⟨!u⟩] 7→s! L ⟨t{x := u}⟩
der (L ⟨!t⟩) 7→! L ⟨t⟩

L ::= □ | L[x\u]
S ::= □ | λx.S | S t | t S | der (S )

| S [x\t] | t[x\S ]
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A Unifying Framework: Distant Bang-Calculus [BucciarelliKesnerRı́osViso’20,’23]

Bang-Calculus

(Terms) t, u ::= x | λx.t | t u | t[x\u]
| !t (value)
| der (t) (computation)

L ⟨λx.t⟩ u 7→β L ⟨t[x\u]⟩
t[x\L ⟨!u⟩] 7→s! L ⟨t{x := u}⟩
der (L ⟨!t⟩) 7→! L ⟨t⟩

L ::= □ | L[x\u]
S ::= □ | λx.S | S t | t S | der (S ) | S [x\t] | t[x\S ]
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CbN and CbV Embeddings [BucciarelliKesnerRı́osViso’20,’23]

t
N

: −→

x N := x

λx.t
N

:= λx. t
N

t u
N

:= t
N

! u N

t[x\u]
N

:= t
N

[x\

!

u N]

t
V

: −→

x V := !x

λx.t
V

:= !λx. t
V

t u
V

:= der ( t
V

) u V

+ superdevelopment

t[x\u]
V

:= t
V

[x\ u V ]
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Distant Bang Calculus: A Subsuming Paradigm

NFBang

ImCBN

NFCBN

⇝
f

Static Properties: [BucciarelliKesnerRiosViso’20,’23]

t normal form ⇔ t
N

normal form

t normal form ⇔ t
V

normal form

Dynamic Properties: [BucciarelliKesnerRiosViso’20,’23]

t ↠ u ⇔ t
N
↠ u N

t ↠ u ⇒ t
V
↠ u V
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Counterexamples

x y ⇝ der (!x) (!y)

y
y

x (!y)

(λx.Ω) y

⇝

y
y

(λx.(zz)[z\∆]) y ⇝ (λx.(z!z)[z\! ∆
V

]) (!y)

Substituability

VS Accessibility
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CbN and CbV Embeddings

t
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t
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V

:= !λx.

!

t
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V
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Conclusion

Summary:
More faithful embeddings

Normal forms
Simulation
Reverse simulation

Highlights double role of the bang

Futur work:

General methodology to define embeddings

Formally split the roles of bang into two different modalities

Understanding the logical counterpart of these modalities

Thank you for your attention !
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