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Abstract

The ® function models the evolution of systems based on three interacting quantities: com-
plexity (C), entropy (S), and energy efficiency (E). This paper investigates the nuanced
relationship between E and C', especially the cases where increasing energy efficiency may
paradoxically reduce system complexity. We explore why the & function separates these
terms, and how tradeoffs between structural richness and resource optimization must be
navigated for sustainable evolution.

1. 1. Overview of the & Function

The ® function is defined as:
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In simplified form (when weights are normalized), it becomes:
b=C-S+F
Where:
e C' = complexity (structured information, organizational richness)
e S = entropy (disorder, randomness)

e F = energy efficiency (how effectively the system uses its energy)

2. 2. The Apparent Paradox

Question: Why might an increase in F (efficiency) lead to a decrease in C' (complexity)?

At first glance, higher energy efficiency should support more sophisticated structures.
However, in some systems, maximizing F requires the elimination of redundancies, parallel
pathways, or subsystems, which are key contributors to measured C.
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3. 3. Mechanism: Optimization vs. Redundancy

Energy optimization often leads to simplification. Consider:
e A biological system may evolve fewer metabolic pathways to conserve energy.
e A neural network may prune connections to increase speed and reduce energy use.
e A computer algorithm may compress data to reduce processing time.

In each case, F T may come at the cost of C' |.

4. 4. When E Supports C

The inverse is also possible. When a system gains energy efficiency by improving coordination
or reducing waste, it may have more available resources to build complex structures:

e A star system with stable fusion sustains planets and chemistry.
e A city that manages power better can grow infrastructure.
e A digital Al system that uses resources efficiently can expand its network.

Thus, E T can also lead to C' 1.

5. 5. Justification for Separate Terms in ¢

Because the relationship between C' and F is context-dependent and non-linear, the ® func-
tion tracks them separately. This allows it to:

e Detect systems that are structurally rich and efficient.
e Avoid overvaluing simplicity that loses useful complexity.

e Reward intelligent design patterns that optimize energy without flattening organiza-
tion.

6. 6. Conclusion

The ® function must consider complexity and energy efficiency as distinct, but dynamically
related. While both are essential for system evolution, their interaction can produce tradeoffs.
Proper weighting of C' and E allows ® to distinguish shallow optimization from genuine
systemic intelligence.



