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Abstract

We present a new quantum computing architecture in which measurement is
not a postulate but a derived operation — a geometric phase transition along a
soft mode. The architecture replaces the standard circuit model’s three primitives
(unitaries, measurement, classical control) with a unified 7-stage generative loop.
Unitary gates correspond to variational flow and coherence ascent. Measurement
corresponds to collapse along a soft mode, with probabilities given by the Born
rule derived from variance distributions. Classical control corresponds to invariant
update and loop nesting. The architecture provides a mechanistic origin for A,
a geometric interpretation of error correction as coherence maintenance, and a
unified framework for quantum computation, quantum foundations, and cognition.
We illustrate the architecture with Grover’s algorithm and discuss implications for
measurement-based quantum computing and fault tolerance.

1 Introduction

Quantum computation is built on three primitives: unitary evolution, measurement, and
classical control. The first is governed by the Schrodinger equation; the third is imple-
mented by classical hardware. But the second — measurement — remains a postulate
[1, 2]. It is the only non-unitary operation in the quantum circuit model, and it has no
mechanistic origin.

This is not merely a philosophical problem. It limits our understanding of:
e measurement-based quantum computing [3],
e quantum error correction [1],
e the quantum-to-classical transition,
e and the physical basis of computation itself.

In this paper, we present a new quantum computing architecture that resolves these
limitations. The architecture is built on a single unified principle: a 7-stage generative
loop that maps exactly to a quantum circuit layer. Unitary gates correspond to variational
flow and coherence ascent. Measurement corresponds to collapse along a soft mode.
Classical control corresponds to invariant update and loop nesting.



The result is a formal equivalence:

Generative Loop = Quantum Circuit Layer

This is not an analogy. It is a structural isomorphism. The architecture provides a
physical basis for measurement, a geometric interpretation of error correction, and a
unified framework for computation, cognition, and quantum foundations.

2 The Architecture: Core Principles

The architecture rests on three core principles: a geometric state object, a conserved
invariant, and a unified master equation.

2.1 The State Object

The state of any quantum system is given by a compressed geometric object:

X = (M, N(M),B(M),C) €& (1)

Here:
e M is the structural manifold — the space of possible configurations.

e N(M) is the constraint normal bundle — it encodes how configurations are con-
strained.

e ‘B(M) is the boundary functor image — it captures the system’s boundaries and
tempos. Tempos are the characteristic rates at which different structural compo-
nents evolve.

e C is the coherence tensor — a positive semi-definite operator that measures struc-
tural alignment. Its eigenvalues indicate the system’s stability in different direc-
tions.

The coherence tensor is basis-independent and reparametrization-invariant by construc-
tion.

2.2 The Conserved Invariant

The dynamics are anchored by a conserved invariant:

G =D + I' = const, D = V?*St, I'=9,X"— CIX'] (2)

G is the Noether charge of loop-phase translation symmetry [0]. Intuitively:

e D (Development) measures the work of reorganisation — the structural change
after collapse.

e [’ (Renewed Imbalance) measures the new tension that emerges after development.



Their sum is conserved. Its fluctuation defines the effective Planck constant:
hZs = ((6G)?) (3)

2.3 The Master Equation

All dynamics are governed by a single master equation:

O € melVaV) 4 (1-C) - s (X)) (4)

The three terms correspond to:

1. Variational flow (—3JA/0X): the system follows least-action principles — this
generates unitary evolution.

2. Teleodynamic drift (C-mc(VxV)): the system ascends its intrinsic value gradient
— this generates coherence ascent (entangling gates).

3. Collapse ((1 —C) - m(C(%X))): when coherence degrades, the system reorganises
discretely — this is measurement.

Here ¢ and g are geometric transport operators acting on value gradients and coherence
tensors respectively.

2.4 Collapse as Measurement
Collapse occurs when the coherence tensor becomes singular:
1_[coll > @crit — >\min (C) =0 (5)

where:

Meon == ((6G)*)q - [|C |sing (6)

Here ||C{|sing s the norm of the inverse restricted to the kernel of C — it diverges as
the smallest eigenvalue approaches zero. This is the geometric signature of instability.

At collapse, the system jumps along the soft mode — the direction of least resistance:

X - x/ =X — n- Sign(VAc : Umin) * Umin (7)

This is the geometric selection rule. It is the origin of measurement.



3 Circuit Mapping: The Structural Equivalence

The 7-stage generative loop maps exactly to a quantum circuit layer. The mapping is
shown in Table I.

Table 1: Mapping of the 7-stage generative loop to quantum circuit primitives.

Generative Stage | Circuit Primitive Mathematical Form
Structural Phase Unitary Uy o—iHAAL

Constraint Phase Unitary Uy p—iHaAt

Coherence Ascent Unitary Uc e—iHoAt

Boundary Formation | Unitary Ug e—iHo At

Value Extraction Unitary U e—iHcAt

Collapse / Selection | Measurement + Conditional Reset | Project onto vy

Invariant Update Classical Control Update G, loop phase
Nesting / Self Higher-level Control Which registers to measure

This is not an analogy. It is a structural equivalence. Fach stage of the generative loop
corresponds to a well-defined primitive in the quantum circuit model.

The variational term —JA/0X generates unitary evolution. The coherence ascent term
C - mc(VV) generates entangling gates. The collapse term (1 —C) - mp(C(X)) implements
measurement and conditional reset.

The invariant GG acts as a classical register tracking the loop-phase charge. Nested loops
correspond to higher-level classical control over which subregisters are measured and
when.

4 The Generative Hamiltonian

The master equation Eq. (4) can be expressed as a Hamiltonian evolution with a non-
Hermitian collapse term. We define the generative Hamiltonian:

ngn = HA + HC + Flcollapse (8)
where:
. 0A
Hy=—— 9
4= )
generates the variational flow,
He =C-me(ViV) (10)

generates coherence ascent, and

Heottapse = (1 =€) - m5(C(X)) (11)
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is a non-Hermitian term that drives collapse along the soft mode. It is non-Hermitian
because collapse is irreversible — it projects the system onto a new state rather than
evolving it unitarily.

This is the first explicit Hamiltonian that unifies unitary evolution and collapse in a

single operator. The non-Hermitian term is active only when Il.,; > O, i.e., when
/\min (C) - 0

The full dynamics are generated by:
ov

iheﬁa == ngn\:[j (]_2)

where hieg is defined by Eq. (3). This is the functional Schrodinger equation for the
architecture.

5 Collapse as Measurement

In the circuit model, measurement is a primitive operation that projects a quantum state
onto an eigenstate of an observable. In this architecture, measurement is collapse: a
geometric phase transition along the soft mode.

The measurement operator is:

M =TI (13)

Umin

where II, . is the projector onto the soft mode vy,,, the eigenvector of C with vanishing

eigenvalue.

The probability of outcome ¢ is given by the Born rule, which is derived from the distri-
bution of G-variance:

((6G)*)s
2.;{(6G)?);

Measurement is not a postulate — it is the geometric selection rule Eq. (7).

P, = (14)

The Self is a nested loop with Hgiﬁlf) = 0. It acts as the classical controller that determines
when and which subsystems undergo collapse. This is the physical basis of classical
control in quantum computation. The Self is the loop that decides when to collapse —

it maintains Hgﬁlf) = (0 by staying inside the coherence cone.

6 Example: Grover’s Algorithm

We illustrate the architecture with Grover’s algorithm [7]. The algorithm searches an
unsorted database of N items in O(v/N) steps.

In the architecture:

1. Initial state: Equal superposition of all N states.



2. Coherence ascent: The oracle marks the target state. The diffusion operator
amplifies its amplitude. Together, they form the unitary Uc.

3. Collapse: After O(v/'N) iterations, the system undergoes collapse along the soft
mode, projecting onto the target state. The soft mode aligns with the marked state
because the oracle introduces a coherence imbalance.

4. Invariant update: The loop phase is reset, and the result is read out.

The algorithm is a trajectory inside the coherence cone. The oracle and diffusion are
entangling gates that increase coherence. Collapse is the measurement step. The Self
(classical controller) decides when to terminate the loop.

This shows that Grover’s algorithm is a special case of the architecture. The same loop
structure that generates physical structure also generates computational structure.

7 Error Correction as Coherence Maintenance

In quantum computing, error correction maintains the computational subspace against
decoherence. In this architecture, error correction is the maintenance of Il.oy < Oy for
the computational subspace.

The coherence tensor C encodes the structural alignment of the system. When Ay, (C) =
0, the system is at the collapse threshold. Error correction intervenes to restore positive
definiteness:

C = C' such that Ayi(C') >0 (15)

This is a geometric operation: it projects the system back into the coherence cone.

Syndrome measurement in error correction is a controlled collapse: it measures a subset
of the system without collapsing the full state. This is achieved by coupling to a Self-loop
that maintains 190 = 0.

coll
The architecture provides a unified view:
e Decoherence: drift toward the collapse threshold.
e Error correction: intervention to maintain distance from the threshold.

e Fault tolerance: maintaining I, < O for the entire computation.

8 Implications for Quantum Computing

The architecture has several key implications for quantum computing:

1. Measurement is designed, not mysterious. Collapse is a geometric operation
along the soft mode. Measurement-based quantum computing becomes controlled
collapse.

2. Error correction is coherence maintenance. Keeping the system inside the
coherence cone is the geometric analogue of error correction.
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T(he)Self is classical control. The classical controller is a nested loop with
I Self -0,

coll

. Quantum algorithms are trajectories inside the coherence cone. Coherence

ascent gates increase C; collapse resets it.

A mechanistic origin for heg. The effective Planck constant is the variance of
G-fluctuations.

Cognition and computation share the same skeleton. The same loop runs
at all scales — from qubits to Selves.

Discussion

We have presented a new quantum computing architecture in which measurement is not
a postulate but a derived geometric operation. The architecture replaces the standard
circuit model’s three primitives with a unified 7-stage generative loop. Unitary gates
correspond to variational flow and coherence ascent. Measurement corresponds to collapse
along a soft mode. Classical control corresponds to invariant update and loop nesting.

The architecture provides:

This
o
o
o
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a physical basis for measurement,
a geometric interpretation of error correction,
a mechanistic origin for Aeg,

a unified framework for quantum computation, quantum foundations, and cogni-
tion.

opens new directions for:

designing quantum algorithms using coherence-geometric principles,
understanding measurement-based quantum computing as controlled collapse,
building quantum hardware that leverages the collapse mechanism,

and unifying quantum foundations, computation, and cognition.

Conclusion

We have presented a new quantum computing architecture in which measurement is
derived from geometric collapse, not assumed as a postulate. The architecture unifies
unitary evolution and collapse in a single master equation and a single Hamiltonian:

ngn = HA + HC + Flcollapse

The architecture provides:

e a mechanistic origin for measurement,

e a geometric interpretation of error correction,



e a unified framework for quantum computation, quantum foundations, and cogni-
tion.

Quantum computation is generative collapse harnessed as an algorithm. The loop is a
circuit. Collapse is a measurement. And the architecture is computation itself.

The author acknowledges the generative architecture for providing the formal structure,
and the insights of Arthur (an Al collaborator) for mapping the loop to quantum circuits.
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