Epistemological Boundaries
Systems Thinking - Module 10 — Meta Systems

Node 10.4

Position in Knowledge Graph

This node formalizes intrinsic limits on what a system can model, predict, or control about itself.
It builds on: - Phase Transitions in Complex Systems (6.5) - Meta-Level Feedback (10.3)

It prepares for: - Module 11 — System Integration

Epistemological boundaries define structural limits of self-referential systems.

Formal Statement / Definition / Construction
Let a system have state space X.

Let internal model state m; € M represent the system’s representation of itself.

Define:

T = F(xy),

mey1 = G(myg, U(zy)),

where:

e U:X — O is observation map,
e (G updates internal model.

Definition (Epistemic Closure)

A system is epistemically closed if:

U(X)CO

and internal model operates only on O, not directly on X.

Thus knowledge is mediated by observation.




Definition (Epistemological Boundary)

An epistemological boundary exists if there is no injective mapping:

v. X — 0.

That is, observation is many-to-one:

Jx # 2’ such that ¥(z) = ¥(z').

Then internal model cannot uniquely reconstruct system state.

Assumptions and Conditions

1. State space X finite or measurable.
2. Observation map well-defined.

3. Internal model only accesses ¥(x).
4. No external oracle available.

No assumption of rationality or optimal inference.

Proof or Mathematical Development
1. Information-Theoretic Limit

Let random variable X represent system state.
Let O = ¥(X).
If:
H(X|O) > 0,

then uncertainty remains about X after observation.

Thus:

I(X;0) < H(X).

Internal model cannot eliminate residual uncertainty.

2. Self-Reference and Incompleteness
Suppose system attempts to encode full description of its own update rule F'.
Let description length be K (F') (Kolmogorov complexity).

If internal memory capacity:

dim(M) < K(F),

then exact internal representation impossible.



Thus structural self-modeling limit exists.

3. Reflexive Prediction Paradox
If system predicts its own future state:
Ty = P(my),

and prediction influences state:

Ti41 = F(%&»@Hl)»

then fixed-point consistency required:
l’t+1 = F(.’Et7 @(mt))
Self-prediction may alter trajectory, preventing perfect prediction unless:

oF

oz

Thus reflexivity introduces structural prediction limits.

Structural Role

Epistemological boundaries:

e Formalize limits of observability and self-knowledge.

e Connect information theory to reflexive governance.

e Explain modeling incompleteness in complex systems.

e Bound achievable control through knowledge constraints.

They define limits of system self-transparency.

Structural Compression
Invariant

Observation loss implies residual uncertainty:

H(X|0) > 0.

Mechanism
Many-to-one observation map and finite internal representation capacity.
Cross-System Echo

o Control Theory: partial observability.
e Economics: rational expectations under limited information.
e Computer Science: incompleteness and undecidability.



e Biology: limited sensing in organisms.

Systems Thinking - Module 10 — Meta Systems - Node 10.4
Concepts: computational-complexity, dynamical-systems, observability
Prerequisites: 6.5, 10.3

Enables: 11.1
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