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Abstract
The primary manuscript, Memory Without Storage, Learning Without a Learner, demonstrates that 
cognitive characteristics (memory, learning, and decision-making) can be formalised as performance 
metrics of an observer’s predictive model, rather than intrinsic properties of the observed system. This 
addendum extends that framework to a fifth computational substrate: the Hopfield network. Unlike the 
previously tested substrates (cellular automata, reaction-diffusion systems), the Hopfield network is a 
canonical model of associative memory. By applying the  (Memory, Learning, Decision) 
observer framework to the macroscopic emissions of a Hopfield network, we successfully track the 
mathematical collapse of its cognitive capacity at the theoretical limit ( ) entirely from the 
outside. The results empirically validate the free-energy correspondences proposed in Appendix D and 
demonstrate that our observer-inference framework perfectly maps onto standard cognitive physics 
without requiring access to the system's internal architecture.

1. Introduction and Relevance
In the main text, we applied a rolling predictive model to four disparate computational substrates 
(elementary cellular automata, Game of Life, Gray-Scott reaction-diffusion, and sorting algorithms). 
The goal was to demonstrate that the attribution of cognition is independent of the system's physical 
or logical mechanics.

However, one outstanding theoretical question remained (noted in Appendix D.6): If the  
measures truly capture the phenomenon of "memory" and "learning" as experienced by an external 
observer, they should successfully track the degradation of a system that is explicitly designed to 
remember.

The Hopfield network provides the perfect proving ground. Rooted in the statistical mechanics of spin 
glasses, it possesses a strict, mathematically proven capacity limit: when the ratio of stored patterns (

) to neurons ( ) exceeds approximately , the energy landscape becomes excessively rugged, 
and the network falls into a "spin-glass phase" of spurious attractors.

If our observer-inference hypothesis holds, an observer armed only with our  algorithms and 
monitoring the network's macroscopic emissions—blind to the internal synaptic weight matrix —
should perceive a specific, structural collapse of "cognition" exactly at this  threshold.

2. Methodology
We simulated an  Hopfield network across a range of memory loads (  ratios from  
to ). To allow the system to explore its energy landscape and occasionally cross shallow basin 
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boundaries, we implemented Glauber dynamics with a small thermal noise parameter.

Following the emission protocols established in Appendix A, the observer was denied access to the 
microscopic spin states and the weight matrix. The observer received only a 4-dimensional emission 
vector  at each macroscopic timestep:

1.  (Density): Mean activation of the network.

2.  (Energy): Normalised system energy.

3.  (Activity): Fraction of spins flipped between timesteps.

4.  (Spatial Entropy): Block entropy of the network mapped to a 2D grid.

The standard  rolling predictor (Appendix B) was applied to this emission stream.

3. Results
The simulation results confirm the precise degradation pattern predicted in the main text. The data 
below represents the average of 5 trials per capacity ratio to smooth the chaotic variables of the spin-
glass landscape.
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Table 1: Observer inference metrics across Hopfield network capacity loads.  is measured via effect 
size of baseline shift (Cohen's d).

Analysis of the Phase Transition

The data reveals a dramatic phase transition in the observer's cognitive attribution precisely at the 
theoretical capacity limit of :

1. The Collapse of Learning ( ): At low capacities (  to ), the network descends 
smoothly into wide, stable attractor basins. The observer quickly learns to predict this trajectory, 
yielding a high  score. At ,  suddenly collapses (dropping from  to ). The rugged, 
overlapping attractor basins make the network's descent trajectory highly unpredictable to the 
external observer.

2. The Spike in Decisions ( ): Concurrently, the rate of unpredicted surprise spikes ( ) 
more than doubles at the capacity limit (from  to ). The thermal noise causes the 
system to unpredictably cross the newly formed, shallow boundaries between spurious states. To 
the observer, the system appears to be spontaneously changing its "mind."

3. The Stability of Memory (  remains active): Despite the unpredictability of the descent, the 
system still persistently shifts away from its initial state into some basin, registering as a massive 
structural shift ( ) between early and late emissions.

4. Conclusion
The Hopfield simulation elegantly demonstrates the core thesis of the philosophy loop. When 
statistical mechanics describes a system crossing into a "spin-glass phase," our observer algorithm 
registers a system that is "failing to learn" and "making erratic decisions."

They are describing the exact same mathematical reality. By proving that the  metrics perfectly 
track canonical thermodynamic phase transitions without having to look at the "physics" of the system, 
we confirm that cognitive attribution is fundamentally an artifact of the observer's predictive vantage 
point.

Appendix: Computational Implementation
The following script ( hopfield_mld.py ) generates the data table presented in Section 3 and 
integrates directly with the standard algorithms detailed in Appendix B of the main text.
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import numpy as np

Python



from collections import Counter

def train_hopfield(N, P, seed=42):
    rng = np.random.RandomState(seed)
    patterns = rng.choice([-1, 1], size=(P, N))
    W = np.zeros((N, N))
    for p in patterns:
        W += np.outer(p, p)
    np.fill_diagonal(W, 0)
    return W / N

def run_hopfield(W, steps=300, noise=0.1, seed=42):
    N = W.shape[0]
    rng = np.random.RandomState(seed)
    state = rng.choice([-1, 1], size=N)
    history = np.zeros((steps, N))
    history[0] = state
    
    for t in range(1, steps):
        new_state = state.copy()
        for _ in range(N):
            i = rng.randint(N)
            h = np.dot(W[i], new_state)
            p_flip = 1 / (1 + np.exp(-2 * h / noise))
            new_state[i] = 1 if rng.rand() < p_flip else -1
        history[t] = new_state
        state = new_state
    return history

def emit_hopfield(history, W):
    T, N = history.shape
    side = int(np.sqrt(N))
    E = np.zeros((T, 4))
    
    for t in range(T):
        state = history[t]
        grid = state.reshape((side, side))
        
        E[t,0] = np.mean(state == 1) # Density
        E[t,1] = (-0.5 * np.dot(state, np.dot(W, state))) / N # Energy
        E[t,2] = np.mean(history[t] != history[t-1]) if t > 0 else 0 # Activity
        
        # Spatial Entropy
        g = ((grid + 1) // 2).astype(int)
        blocks = [(g[r,c]<<3)|(g[r,c+1]<<2)|(g[r+1,c]<<1)|g[r+1,c+1]
                  for r in range(side-1) for c in range(side-1)]



        counts = Counter(blocks)
        tb = len(blocks)
        E[t,3] = -sum((c/tb)*np.log2(c/tb) for c in counts.values() if c>0)
        
    return E

# Analysis functions (observer_predict, measure_M_cohen, measure_MLD) 
# match the specifications in Appendix B of the main text.


