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Translations [Ehrhard and Guerrieri 16]

Call-by-Name Call-by-Value
x" = x xV = Ix
(Ax.M)" == Ax.M" | (Ax.M)" = 1x.M"
(MN)" == M"INT (MN)” == der(M")N"

Theorem: preservation of reduction sequences

If M —5 N then M" — N".
If M —5, N then MV —2 NV.
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Meaningfulness

I = Ax.x Ix =35 x
Q= xxx)Mxxx) Qo Q—op-—2Q—p- -

Y = M. (Ax.f(xx))(Ax.f(xx)) Y =g M.(F((Ax.f(xx))(Ax.f(xx))))
—g ML(F(F((Ax.f(xx))(Ax.f(xx)))))

=g AL(F(F(F(---))))

CbN M solvable if dxq,...x,, My,..., My
sit. (Axt...xp.M)My - - M =5 Ax.x

CbV M scrutable if 3xy,... x5, M1,..., M, V
s.t. ()\Xl .. .Xn.M)M]_ - My —*8, 74
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Approximation Theory

Bohm Tree Taylor Expansion
[Barendregt 77] [Ehrhard and Regnier 03]
oo-normal form > linear approximants
o0

Theorem: Commutation [Ehrhard and Regnier 08]

NF(T(M)) = T(BT(M))

Theorem: Solvability and Béhm Tree [Barendregt 77]
M insolvable iff BT(M) = L.
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LOX.MIN =g L(M[N/x])
MIL{IN)/x] —ar L(M{N/x})

(Ayxxy)Aw.w)(lz)  —a (Axxy)[(Aw.w)/y](!2)
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Taylor Expansion for dBang

Ressource-calculus

myn:z=x | Ax.m | mn | der(m) | m[n/x] | [mi,..., mg]
m[[n, ..., nk]/x] =5
{ U (m{ng(l)/xl,...,na(k)/xk}> if k= dx(m)
g€ePy
0 otherwise.
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Taylor Expansion for dBang

Ressource-calculus

myn:=x | Ax.m | mn | der(m) | m[n/x] | [m,..., mg]
m[[n1, ..., nk]/x] =s
U (m{no@y/xt, -5 Ny /xi}) i k = de(m).
O'EPk
0 otherwise.
Approximant of terms:
m<1;l\/l m1<1!M mk<1!M
keN
X < X )\x.m<1! Ax.M [ml,...,mk]<1gll\/l ( < )

Ti(M) = {m| ma M}

T(Axxx)ly) = {(Ax.xx) [y,...,y]|n >0}
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Approximation Tree for dBang

Approximants are terms in normal form with a subterm L

VM c dBang |, L C M
A(M):{A‘ M_»d! N,AEN}

Ax.x in NF A(Mx.x) = {L, Ax.L, Ax.x}
Q —d! Q A(Q) = {J-}
YT =5t XY =g xIxVY" =g - | A(Y") = {L,xL, xIL,xIxL,---}
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Commutation Theorem in dBang

T(L)=0  T(ATI(M)) = UrcamTi(A)

NF(T(M)) = | NF(m)

m< M

Theorem: Commutation

Ti(AT\(M)) = NF(T,(21))
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Taylor Expansion for dCBN and dCBV

Approximants Translations
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m[[nla'--gnk]/X] <n M[N/X] ( [ / ]) [ / ]

ney M N N Vo v v X
A m[n/x] <, M[N/x] (MIN/X])" = MY[NY/x]
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Taylor Expansion for dCBN and dCBV

Approximants Translations

m<, M m <N - ng<y N n.._ MIIND  x
BN |/ MNx | (N = MPRN? ]

m<, M n<, N Vol MVINY x
dCBV min/x] <y MIN/x] (M[N/x])" =:== MY[NY/x]

Ta(M)={m | m<, M} To(M)={m| m<, M}

Theorem: translation of Taylor

Ta(M) = Ti(M") T.(M) = Ti(M")
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Approximation Trees for dCBN and dCBV

dCBN dCBV
A =Ny | Mx.A| A[Ny/x]
A == Ny|Ax.A
Ny = x| L | N\A| Ax[Ny/x]
Ny == x|L|NA

Ny = NyA | Ny [Ny /x]
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dCBN dCBV
A =Ny | Mx.A| A[Ny/x]
A == Ny|Ax.A
Ny = x| L | N\A| Ax[Ny/x]
Ny == x|L|NA

Ny = NxA | Ny [Ny /x]

.A(M) = {A‘ M—»d! N,AE /V}
AT(M) = UA(M)
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Link with dBang

Embedding Lemma:
o if M" =4 N, then 3P st. M —»4, P and N —4 P".
o if MV -4 N, then P s.t. M —4, P and N —»4 PY.

Theorem: translation of Bohm

(ATA(M))" = AT\(M") (AT, (M))" = ATy(M")
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Theorem: translation of Bohm

(ATA(M))" = AT\(M") (AT, (M))" = ATy(M")

y

Theorem: Commutations

T(AT (M) = NF(T,(M))  Ta(ATa(M)) = NF(T,(M))

\
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Taylor Expansion and Meaningfulness

dBang M meaningful if Ixq,...x0, My,..., M, N
()\Xl M)Ml Mk _»d!!N

Theorem: Meaningfulness and Taylor Expansion

dCBN M is solvable if and only if NF(T,(M)) # 0.
dCBV M is scrutable if and only if NF(7,(M)) # 0.
dBang if M is meaningful, then NF(7{(M)) # 0.

@ xy dBang-meaningfull, but not xx,
Taylor expansion can not distinguish them.

@ Restriction to a clash-free fragment: (x!x)(x!x) is meaningless
cannot be given an empty Taylor normal form.

= Restriction to terms reached by a translation from dCBN and
dCBV.
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Conclusion

Relative work:

@ introduction and study of meaningfulness in dBang
[Kesner, Arrial, Guerrieri 24]
@ \J-calculus
[Carraro and Guerrieri 14], [Kerinec, Manzonetto, Pagani 20]
@ Bohm tree and Taylor expansion for a language representing
untyped proof structures
[Dufour and Mazza. B6hm and Taylor for Alll 24]
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Relative work:

@ introduction and study of meaningfulness in dBang

[Kesner, Arrial, Guerrieri 24]

@ \J-calculus

[Carraro and Guerrieri 14], [Kerinec, Manzonetto, Pagani 20]

@ Bohm tree and Taylor expansion for a language representing
untyped proof structures
[Dufour and Mazza. B6hm and Taylor for Alll 24]

Futur work:
@ study of the "good" fragment of dBang
@ study of an extensional version

@ study equational theories
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