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4
Finding self-loops

How would you automatically detect that the following rule admits a self-loop?

$oF) > s(5(s(o), glF,

Idea: for a rule £ — C[r] show that (0 = ry

If this is the case, then ¢yd = Cvd[rvd] = D[(¢76)d]

Note: this is a first-order idea!

The primary higher-order difficulty is extending semi-unification techniques.

But instead of extending first-order non-termination techniques, let us focus on particularly higher-order approach.
Recall the first lecture. Without types, we often run into nasty counterexamples for termination. But even with
types, we can often reproduce such examples!

Non-termination of the untyped A-calculus
Recall:

Self-loop:

o Let w:= Az

e Then: w-w =g w-w!
As a (simply-typed) HTRS:

A [term = term] = term
@ : [term X term] = term

QAF),x) - Fea

Self-loop: Let w := A(Az.C

6
The ww self-loop

@(a( F ), T ) — F-x

term=>term term

term

The key danger is that a term of higher type, F' :: term = term, is hidden inside a strictly smaller type, Lambda(.
term. The rule takes the function out of the constructor, and then applies it.

7
Finding ww elsewhere

A different example:

(A=B=0C=A
A=B=A=C
C=C

g(w, z,w) =% h(g(w, z,w))

8
Not examples

A

(t

erm = term) = term

term = term = term
term = term

Q(A(F), z) — F - c(x)

(a=b)=b
b=a=b

Q(N(F),z) = F -z

9

The general shape of ww occurrences

e Reduction: C[D| ] =* E[F-s1-

|

e Variables: Flio1=...=20,=...=0,=7and z:0;

e C[D[

:7 and D[F]: o,

e /" and = do not appear at other positions in C' or D

e Then let w := D[Azy ... 2;.C|:

Il

e We have: Clw,w] =* E[ (Az1...24.C

w] =5 B[ Clw,u] ]

10
Exercises

Construct a (general) self-loop for the follow HTRSs:

f

g
h

0=0=0
0 =0
(0=0)=



