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Some more properties

The representation of LPj
Cj

as a composition of
three functions, or equivalently, concatenation of
three programs, may not be unique. All we have
to do is find some representation in which the re-
quired sub-structure isomorphism can be estab-
lished.

1 A mechansim to enumerate all programs that
are type-1 isomorphic to some given program

2 The commutative diagram, seen as a directed
graph, G, contains connected components that
are sets of mutually type-1 isomorphic
programs.

3 A special component - one containing infinite
loops. We denote this cluster by H1. Any
program, LP

C belonging to H1, must be
sub-structure transformationally isomorphic to
an infinite loop, Lid

True, which means that it
must contain some non-terminating
component.

4 The only programs in G1\H1 that do not halt
are the ones that enter the undefined
state some time during their
execution and then cease to come out of this
state, rendering the machine perform bogus
computations forever. The program
corresponding to id⊥ must be type-1
isomorphic to all such outliers of G1\H1, and
hence, it forms yet another connected
component in G1, say K1.

5 The programs in ((G1\H1)\K1) are
guaranteed to halt in finite time.

6 Turing machine reducibility, in general, is a
direct consequence of the existence of a type-1
arrows. However, the inverse may not be true.

7 Non-recursive enumerability of establishing the
existence of type-1 arrows.

Categorization

Many possible ways to form categories of sequential programs:
1 Objects - Blocks in the control flow diagram
Arrows - Directed links connecting these blocks and depicting control flow
Identity Arrow - Self loops over blocks
Composition of arrows - Concatenation of blocks in order along a path
Every diagram represents a complete computer program, for which the topological
alignment of objects and arrows provides the corresponding control-flow
All the sub-diagrams of a given diagram correspond to programs that are type-1 isomorphic to the
program for the original diagram. This categorization fails to capture type-2 isomorphism, and in most
cases, type-0 isomorphism as well.

2 Objects : State assignments
Arrows : Computer programs
In such a model, we say that there exists an arrow between two objects if there exists a
computable function which will transform the state assignment of object-1 into the
state assignment of object-2.

3 Product category, Ck

Objects : Collections of k-state assignments
Arrows L Computable bijective functions, mapping each of these k-assignments to its corresponding
assignment in the other object
The different arrows that exist between the same pair of objects represent programs
that are type-0 reducible to each other.

Type-2 arrows - Turing-machine
Reducibility

Let Pi, Pj ∈ P be two computer programs, and,
TMi and TMj be two Turing machines that accept
languages L(Pi) and L(Pj), respectively. Then there
exists an arrow of type-2, A2

i,j ∈ A2
i,j between Pi

and Pj, denoted by Pi
A2

i,j−−→ Pj, if the language L(Pi)
is Turing reducible to language L(Pj), i.e. L(Pi) is
decidable relative to L(Pj).

Pi : Si,⊥i
→ Si,⊥i

Pj : Sj,⊥j
→ Sj,⊥j

A2
i,j

Figure 1: Diagrammatic representation of type-2 arrow

Properties of type-2 arrows

1 Turing machines corresponding to Pi and Pj to
accept at least L(Pi) and L(Pj), respectively.

2 We do not require L(TMi) to be Turing reducible
to L(TMj) for a type-2 arrow to exist.

3 The true nature of Pi and Pj is not necessarily
simulated in the exact sense these programs are
coded, but possibly in some other way such that
the transformations these programs
provide to their input state assignments
is replicated by the Turing machines on
the same set of inputs.
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