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Call-by-Value

Syntax
A (Terms) M ==V | MM

(Values) V =z | Az.M

CbV-operational semantics
Given by a confluent reduction: (Az.M)N is fired only if N is a value.

Example

For A := \z.zx, we have:
A(Iz) —cov AT —cpv 2T Valid in CbV
A(lz)—p(Ix)(Iz) =g x(Iz) —p zx Not valid in CbV !
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Resource approximation for Call-by-Value
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Resource Call-by-Value

Syntax

A" (Resource Terms) s :=[v,...,v] | ss

(Resource Values) v ::=x | A\x.s

CbV-operational semantics

Given by a confluent and strongly normalising reduction from terms to finite
sets of terms.

Example

For § := [Az.[z][z]] and I := [Az.z], we have:

5[] =0

d[I[z]] = é[z] — O but no §[I[z]]—[I[z]][I[z]]
SI[x], I[y]] = o[z, y] — {[=][y], [yl=]} but no §[I{z], Iyl =1 [=]] [ y]]
SI1a), Iyl, 1[z]] — o[z, y, 2] — 0 but no §[I[z], I[y], I{=]]—[I[«]][I]y]] |
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Taylor expansion

It is the map

T:A— PN
defined by induction as:
T(z) = {z,™,2]|neN}
TOzM) = {Dz.s;, ", x.s,)|neEN, sy,...,s, € T(M)}
T(MN) = {8182 | S1 € T(Ml), S9 € T(Mg)}

Also define

NFT : A — 2(A"),  NFT(M):= ] nf(s)
SET (M)

We have an induced partial preorder on A:
M <N iff NFT(M)CNFT(N)

and its induced equivalence.
The quotient A/np7 is partially preordered by <.
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Some properties of the Taylor expansion

Monotonicity Property

Contexts C' : A/NpT X 5 x A/NrT — A/NpT are always monotone functions

v

A-theory
The equivalence NF7T is a A-theory

Capturing normal forms
If s € NFT (M) then 3N s.t. M — N and s € T(N)

Partition Property
NFT (M) is partitioned by the family {nf(s) | s € T(M) and nf(s) # 0}.
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Theorem (Stability Property)

Let C : A/NpT X &) X A/nr7 — A/NFT bE a context.
Let Xy,..., X, non-empty sets of values bounded in A/xp7 by a value.
If all inf X;’s are definable in A/xp7% by a value, then in A/NwpT we have:

C( inf Ny,..., inf N,)= inf C(Ny,...,Np).
NieXx, N,eX, Ny € X;
Nn..G.Xn

“Le. there is V € A s.t. NFT(V) = Ny, NFT(IV).
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Theorem (Stability Property)

Let C : A/NpT X @) X A/ne7 — A/NET bE a context.
Let Xy,..., X, non-empty sets of values bounded in A/xp7 by a value.
If all inf X;’s are definable in A/Np7% by a value, then in A/NpT we have:

C{ inf Nyp,..., inf N,) = inf  C(Ny,...,Np).
<N1€X1 ! Nn€X, n) M € A (M1 n)
No € X,

“Le. there is V € A s.t. NFT (V) = Ny, NFT(IV).

Corollary (No parallel-or)

There is no term por with the following specification in A/NpT:

por(M,N) = True if M #Q or N#Q
por(M,N)=Q fM=Q=N
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Theorem (Stability Property)

Let C : A/nFT X ) X A/nr7 — A/NFT be a context.
Let Xy, ..., X, non-empty sets of values bounded in A/xr7 by a value.
If all inf X;’s are definable in A/Np7% by a value, then in A/NwpT we have:

C( inf Ny,..., inf N,)= inf C(Ny,...,Np).
N,eXy N,eX, N1 € Xy
N, € X,

“Le. there is V € A s.t. NFT(V) = yex, NET(N).

Proof sketch for n = 1.
Hypotheses: 3L value s.t. NET(N) C NFT (L) VN € X

and 3V value s.t. NFT(V)= (| NFT(N).
Nex

If suffices to prove that: NET(C(V)) = (| NEFT(C(N)).
Nex
(©): immediate by Monotonicity.
(2): non-trivial. O
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Proof sketch of:

t € Nyex NET(C(N)) = t € NFT(C(V))

Fix N e X.
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Proof sketch of:

t € Nyex NET(C(N)) = t € NFT(C(V))

Fix N e X.

T(C<N>) > CN<77N> —_— nf(cN(f)'N>) >t
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Proof sketch of: t e ﬂA\'e\' NFT(('<AV>) =>te A\H‘T(('“ '>)

Fix N e .

T(C<N>) =) CN<17N> —_— nf(cN(z_)'N>) >t

en (nf(Un))
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Proof sketch of: t e ﬂA\'e\' NFT(('<AV>) =>te A\IFT(('“ '>)

NFT(N) eN (nf(UN))
So.. v
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Proof sketch of: t e ﬂA\'e\' NFT(('<AV>) =>te A\IFT(('“ '>)
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Proof sketch of:

t € Nyex NET(C(N)) = t € NFT(C(V))

NFT(N) c(nf(Fx))
S v
cg@\
S e
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Proof sketch of: t e ﬂA\'e\' NFT(('<AV>) =>te A\H‘T(('“ '>)
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Proof sketch of: t e ﬂA\'e\' NFT(('<AV>) =>te A\H‘T(('“ '>)

NFT(V)= (| NFT(N)

NeXx

T(C(V)) > c(h)

o = = E = wace
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