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Section 4. Mathematical Backbone

This section specifies the core mathematical objects required throughout Paper A-18. At this stage, we
do not provide full derivations; instead, we lock the canonical set of equations and operators that will
be repeatedly referenced. The goal is to ensure that the CUWF Quantum Information Architecture

(QIA) remains internally consistent and mathematically traceable across later sections.

4.1 State representation

In QIA, the physical state of a subsystem may be represented in two equivalent forms. For localized

discussions, we may use a wavefunction in configuration space, W(x). For the full CUWF language, we
use a functional representation W[u], where U denotes the underlying wave-substrate configuration of
the universe (or of the relevant entropic domain). The functional form is preferred whenever the state is

not naturally reducible to a simple particle-like coordinate description.

Y(x) or W[U]

4.2 Information functional

Information in QIA is defined through a functional that maps the state description into a quantitative
and structural measure. At the pure-state level we denote this as I[[W]. When a subsystem is described
statistically (for example, under partial tracing or limited accessibility), the density-operator form I[P] is
used. These functionals will later be constrained so that they differentiate between total information

conservation and locally accessible information.

[ = I[¥] and/or I = I|p]

]
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4.3 Entropy in CUWF form

CUWEF introduces an entropic description that functions as the key stability driver of routing dynamics.
We denote the relevant entropic functional as S_E, which depends on the state W, the substrate
configuration U, and boundary conditions that encode node/channel constraints. This entropic
structure determines compatibility and thereby governs whether information-flow remains stable or

must re-route.

S E = S_E(¥,U; boundary conditions)

4.4 Network action / routing cost functional

To make re-routing dynamics mechanistic, QIA introduces a network action functional A This action
integrates the total routing cost across the relevant evolution parameter T. The integrand contains (i) a
routing-cost term quantifying the effort of maintaining a given routing configuration, (i) an entropic
penalty term enforcing stability toward low-cost attractors, and (i) explicit constraint terms

representing measurement injection or environmental restrictions.

A = [ [routing cost + entropic penalty
+ constraint terms | dt

4.5 Routing operator R and update rule

A central mathematical object of QIA is the routing operator R which updates the state description
when constraints are introduced. Instead of an axiomatically discontinuous collapse, QIA formalizes
collapse as a constrained state-update driven by compatibility K and entropic distance d_E.

Measurement constraints are summarized as €C_meas. The core update rule is written as follows.
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Y - RW|C_meas,k,d_E)

4.6 Born rule as emergent routing equilibrium

In standard quantum mechanics, measurement probabilities are postulated by the Born rule. In QIA,
these probabilities emerge as routing equilibrium weights. Each possible outcome i corresponds to a
distinct routing attractor in the compatibility landscape. The probability of obtaining outcome i is
therefore modeled as a function of its routing attractor weight w_i. The central requirement of QIA is

that, under appropriate limits, this emergent form becomes equivalent to the Born rule expression

(iIW)Pe.

P(outcome i) = f(w_i) with f(w_i)
- i|¥)|?® in the standard limit

4.7 No-signaling condition as a constraint on R

Finally, QIA must satisfy the empirical no-signaling condition. Although routing updates may involve
global consistency adjustments, the routing operator R must be constrained such that no controllable
classical information can be transmitted faster than light. Formally, this requires that local outcome
statistics at any node remain invariant under remote measurement-choice when marginalizing over
inaccessible degrees of freedom. In later sections, this will be treated as an admissibility constraint on

the allowed class of routing operators.

No
— signaling: local marginals invariant under remote measurement
— choice
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