
Chapter 4
Intrinsic Self-representation

Having explored the limits and the “negative” effects of the type of self-exploration
and self-examination embedded observers are bound to we shall now examine the
“positive” side of self-description. In particular, we shall prove that, at least for “non-
trivial” deterministic systems (in the sense of recursion theory and, by the Church-
Turing thesis, capable of universal computation), it is possible to represent a complete
theory or “blueprint” of itself within these very systems.

Von Neumann created a cellular automaton model [555] which does exactly that: it
is capable of universal communication, as well as of containing a “blueprint” or code
of itself, as well as of “self-reproduction” based on this blueprint. Later such cellular
automaton examples included Conway’sGame of Life, or Wolfram’s examples [575].

To avoid any confusion one must differentiate between determinism and pre-
dictability [375]. As has already been pointed out by Suppes [497], any embodiment
of a Turing machine, such as in ballistic n-body computation [510] is deterministic;
and yet, due to the recursive undecidability of the halting problem, certain aspects
of its behaviour, or phenomenology, are unpredictable.

The possibility of a complete formal representation of a non-trivial system (capa-
ble of universal computation) within that very system is a consequence of the recur-
sion theorem [579] and Kleene’s s-m-n theorem: Denote the partial function g that
is computed by the Turing-machine program with description i by ϕi .

Suppose that f : N −→ N is a total (defined on its entire domain) computable
function. Then there exists an n0 ∈ N such that ϕ f (n0) = ϕn0 . For a proof, see
Yanofsky [579].

The s-m-n theorem states that every partial recursive function ϕi (x, y) can be
represented by a total recursive function r(i, x) such that ϕi (x, y) = ϕr(i,x)(y),
thereby hard-wiring the input argument x of ϕi (x, y) into the index of ϕr(i,x).

Now we are ready to state that a complete formal representation or description of
a non-trivial system (capable of universal computation) is given by the number n0 of
the computable function ϕn0 which always (that is, for all input x) outputs its own
description; that is, ϕn0(x) = n0.
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For the sake of a proof, suppose that p : N × N −→ N is the projection function
p(m, n) = m. By the s-m-n theorem there exists a totally computable function r such
that ϕr(y)(x) = p(y, x) = y. And by the recursion theorem, there exists a complete
description n0 such that ϕn0(x) = ϕr(n0) = p(n0, x) = n0.
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