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The Apt-calculus [2] is a combination between
A 3] and Godel’s System T

o,7T:=N|L|o—rT types
t,r,s i=x | Ax:ot|ts| terms
uao.c |

O|St|nrec, rst

c = laft | [T]t

named terms

enrec, r s t—primitive recursion on the built-
in natural numbers (from System T).

o yo:0.c—a new binding form: « IS a -
variable, disjoint from A-variables; o is the
type of the whole expression.

e —abort, a u-constant; it behaves like a tfree
p-variable with respect to substitution; it can
never be bound by a p.

eln pao.(...lajt...), a is a channel on
which the value of ¢ is transmitted, from |«
to ua:o.

CONTRIBUTIONS

1. \ut formalisation using de Bruijn indices.
2. Mechanised Type Satety prootfs.
3. Correspondence to full classical logic [1].

4. Datatypes in ‘direct style’:
booleans, products and tagged unions.

5. uML: a prototype programming language
with classical types, based on Ayt

6. Verified interpreter for uML.
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Potential uIML applications:
1. Classical proof terms.

2. Proot exchange mechanism.

3. Expressive algorithmic representation
(e.g. backtracking via control).

Work in progress:

1. Extensions: higher-order polymorphism (£,)

2. Prototype theorem prover.
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Au-calculus with 1

BETA-REDUC

Structural substitution, s|a .= § FE], acts
on subterms of s labelled by (a free) «, as below:

- B Contexts:
[a]l ] E:=0|FEt]
| ) S E
! tla =5 E| nrec, r s E

(loft)la =5 E| = |fEltla = § E]

Reduction rules for 1 and named terms:

(pa:o—1.c) s — pact.cla =« (O s)] (uR)

S (nao.c) — paco.cla =« (S )| (us)

nrec, r s (ua:o.c) —

VR

puo:t.cla = « (nrec; v s )] (1N)

paco.lalt — tif anot freeint  (un)

oppo.c — clf = al] (1)

CONTROL OP

catch « in t = pa:7.|alt

throw s to a = ,LLB:O‘.[O&]S B # «, B not free in s

FExample: catch « in ((throw 0 to «) (S 0))
pocN. o] ((uB:N—N.|a|0) (S 0))
— (ur) paN.[a]pfN.(l00)[5 = 5 (LI (80))

= pa:N.|a|(pB:N.|a]0)  since B8 not free in [a]0

— (i) pa:N.|a]0

— (1) O since « is not free in 0

This can be generalised to:

>k

catch « in (F|throw s to a]) —" s
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De Bruijn indices of free p-variables need to be
carefully adjusted when performing structural
substitution, in order to preserve typing:
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Similarly, during reduction:

[ 1N F peNL{O] (N [3]0) —=up, T LN = 1:NL|2]0
(p)



