Full-Math Enforcement:

Six Layers, One Constraint Engine
How native geometry collapses the coupled multiphysics search space of accelerator-chip
design — the complete derivation, both ways
a computer-implemented design system; NVIDIA-style, not NVIDIA-adopted; no fabricated
performance claimed

[Author] - physics.magflowmeters.com

What this note is — and is not. This is a constraint-first design-engine
note, not a fabricated chip and not a performance claim. It is an NVIDIA-style
accelerator-design problem — the word ‘style’ is load-bearing: there is no claim
that NVIDIA built, adopted, or reviewed this. The mathematics below is real
and complete; the numbers a real chip would need — collapse factors, gate
evidence, simulation logs — are not in any frozen manifest, so they are written
as BLOCKED tokens rather than invented. The honest output is search-space
collapse and cleaner constraint accounting, pending simulation.

Before we start

Modern accelerator chips are not limited by any one subsystem. They are limited by
coupled constraints across six concerns at once — compute density, memory locality,
routing, control timing, power and thermal, and noise and reliability — where
optimizing each alone breaks the others: compute wants density but thermal wants
spacing; memory wants proximity but routing wants clean paths; power wants wide
channels but routing wants area. The result is search-space explosion under coupled
multiphysics constraints.

This note does the full math two ways. Route A is the ordinary constrained-
optimization formulation — design vector, objective, constraint equations, coupling
matrix, and the optimality conditions. Route B treats the chip as one native
geometric design object with six layer projections and an admissibility projector. The
point is an equivalence: when the projector encodes the ordinary constraints, the
two routes define the same feasible set, and the native route is simply that problem
pulled back onto a smaller parameter space. Every numeric chip value remains
blocked pending simulation; nothing here asserts a fabricated chip works.

1. The challenge: six coupled layers, one object

The six layers are compute (where computation happens), memory and state (where
data lives), routing and interconnect (how information moves), control and
synchronization (how operations are coordinated in time), power and thermal
(whether the chip can be powered and cooled), and noise and reliability (whether it
stays correct under variation and defects). The thesis is to stop optimizing six layers
separately and instead optimize one parent design object whose six projections must
all pass.
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Figure 1. One parent design object Z(z), six layer projections. Each layer is a projection
o/ of the same object; the dashed edges are the cross-layer couplings that make
independent per-layer optimization fail. The whole construction exists to handle those
couplings in one place.

2. Route A — the ordinary multiphysics math
The design vector collects the six layer blocks, each with its own state variables:
T = (Ze, Tny Tpy Togy Tty Tpy) € Xe X Xy X X X Xy X Xy X Xy, (compute, memory, routing, control, thermal, noise)

The objective is a weighted sum over performance, energy, latency, area, yield, and
reliability (weights symbolic until a frozen objective manifest exists):

J(I> = wpcrprcrf (I) + Wenergy Jcncrgy (I> + Wiat Jlat (l’) + warcajarca('r) + Wyield incld (I> + wrcljrcl (I)
and the design problem is its constrained minimization:
min J(z) subject to Ci(x) <0, i=1,...,N
The constraints are real physics, not placeholders — the steady-state heat equation

bounds temperature, edge utilization bounds routing congestion, IR-drop bounds
power delivery, and a distance-decaying covariance bounds crosstalk:

—V(H(I)VT) = P($), CYT = maXT(y,il?) — Tmax < 07 Ue = &7 Cr = MaX Ue — Umax < 0:
Yy e
CIR = max “/z - Vnoml - A‘/max < 07 Eij = 0,05 e_dij /)‘mrr: Cxtalk = I’Il;;%X Tij — Tlmax <0
7 i#]
The hard part is that these constraints are coupled. The cross-layer sensitivity matrix

has nonzero off-diagonal blocks — compute heats (K ct), compute loads routing
(K cr), routing drives crosstalk (K rn), thermal gradients drive reliability (K tn):
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a,b € {c,m,r,u,t,n}; Koty Kery Ky Ky Kin, 7 0 (the off-diagonal couplings are the hard part)
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diagonal = self-constraint; shaded off-diagonal = cross-layer coupling (the hard part)

Figure 2. The 6x6 coupling matrix. Diagonal blocks are self-constraints; the shaded off-
diagonal blocks are the cross-layer couplings that defeat independent optimization. A
design feasible layer-by-layer can still fail globally through these blocks.

Optimality is then the standard Karush-Kuhn-Tucker system — stationarity, primal
feasibility, dual feasibility, and complementary slackness:

L(z,\) = J(z)+ Z)\iCi(ac) : Vad(x%) + Z)\;-‘VZCZ-(JU*) =0, Ci(z") <0, Ay >0, A\Ci(z*)=0

3. Route B — the native-geometry route

The native route defines one parent design manifold and reads the six layers off it as
projections, so a single candidate E(z) induces the entire ordinary design vector:

G13 = Menip X Kfunction X Fy, E(z) € I'(Gi3), 2(z) = II(E(2)) = (B, T B, mp B, Ty B, T2, mp E)

Admissibility is an idempotent projector with a weighted defect that includes both
per-layer defects and the cross-layer incompatibility terms — the same couplings
that were off-diagonal blocks in Route A, now inside one norm:

Maam(®) =5, €aam(®) = |E = Maam @[3y = D welmeAZI* + D werl| Aek[|* < emax
4 <k

4. Same result both ways: the equivalence theorem

The bridge is an equivalence. If a candidate is admissible exactly when it satisfies the
ordinary constraints, then the native feasible set is the ordinary feasible set
intersected with the image of the projection map:
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The proof is direct: take x in the native set; then x = I1(E) with I1 adm(Z) = =, so by
the equivalence every C i(II(E)) = 0, hence x is in the ordinary feasible set and in the
image; the reverse inclusion is the same argument run backward.
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Figure 3. The honest boundary. The native route pulls a small parameter space into the
ordinary one; its feasible set is the ordinary feasible set intersected with the image of the
projection. If that image does not cover the whole feasible set, the native route is a
disciplined admissible subspace — not universal optimality.

The key honesty boundary. If the image of the projection covers all feasible
designs, the two feasible sets are equal. If it does not, the correct claim is that
native geometry defines a disciplined admissible subspace, not universal
optimality — a smaller, cleaner search region that may, in principle, exclude
some feasible ordinary designs. Absent a proof that the image is onto the
feasible set, this note claims search-space restriction only.

5. Why the native route is cleaner: the pullback

Native geometry does not change the constraints; it pulls them back onto a smaller
geometry-parameter space. With the Jacobian of the projection, the native gradients
are the pulled-back ordinary gradients, and the native optimality system is exactly
the ordinary one composed with that Jacobian:
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V.J =JIV.J, JL | Vad (@) + ) XV.Ci(2*)| =0 (native KKT = pulled-back ordinary KKT)
So the native optimization is provably the projected version of the ordinary
optimization — same stationarity, same multipliers, fewer free variables. The benefit
is a search-space collapse, stated as a dimension ratio and a count ratio; both
numeric factors require a frozen manifest, so absent one they are blocked:

Do  dim& |Sbrute|
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[BLOCKED_BY MISSING_SEARCH_SPACE_COUNTS]



The same collapse acts on the coupling graph: an edge survives only if it is
geometrically close, layer-compatible, and within the noise and thermal admissibility
thresholds, which prunes the candidate connectivity before any simulation:

A11]3D = l[dgeom(iy .7) S rmax] I[Xlayer(iaj) = 1] 1[77noise(iaj) S 77max] l[ethermal(i,j) S emax]

6. The six-layer gate table

Each layer is a gate: state variables, a constraint, a projection, a pass threshold, and
the simulation evidence that would certify it. With no frozen simulation logs, every
evidence cell is blocked and every verdict is pending — stated honestly, not glossed:

Layer State vars Constraint Threshold Evidence -
verdict

L1 compute pcacfcpc p_compute < p max density / timing BLOCKED -
PENDING_SIM

L2 memory bm £ mem B req = B avail bandwidth /locality = BLOCKED -
PENDING_SIM

L3 routing Gr,Br,Lr max u_e < u_max congestion / latency = BLOCKED -
PENDING_SIM

L4 control Tu @usu skew = A max timing / skew BLOCKED -
PENDING_SIM

L5 power / Pt Ttkt CT,CIR=0 T max, AV_max BLOCKED -
thermal PENDING_SIM
L6 noise / reliab. 2 n, A n, p fail C xtalk, C fail = 0 n_max, p_fail max BLOCKED -

PENDING_SIM

The validation each gate awaits is concrete — for example, a yield gate is a Monte
Carlo pass fraction with its binomial standard error over manufacturing variation:

#{Monte Carlo samples with C;(z + §) < 0 Vi} 5 Y(1-Y)

y — , SE(Y) =

Nsamplcs Nsamplcs

7. What this shows, what is blocked, and the verdict

What it shows: the six-layer design attacks coupled search-space explosion; the
ordinary multiphysics math and the native-geometry math express the same
constraints; the native route is provably the ordinary problem pulled back onto a
smaller parameter space (same KKT, fewer variables); and the value is search-space
collapse and cleaner cross-layer constraint accounting.

What it does not show: that a fabricated chip works; that NVIDIA adopted it;
superiority over every electronic-design-automation method; foundry process-
design-kit closure; or any benchmark performance. Those are out of scope until
frozen simulation logs exist.



Objective weights w_perf ... w_rel BLOCKED_BY_MISSING_OBJECTIVE_ WEIGHTS
Projector equivalence IT adm = {C i = 0} DECLARED_CONDITIONAL

Search-space collapse C_dim, C_count BLOCKED_BY_MISSING_SEARCH_SPACE_COUNTS
Coupling-graph / mode-spectrum collapse BLOCKED_BY_MISSING_EDGE_AND_MODE_MANIFEST
Noise / crosstalk model values BLOCKED_BY_MISSING_NOISE_MODEL

Six-layer simulation evidence (L1-L6) BLOCKED_BY_MISSING_SIMULATION_LOGS
Universal optimality (F_13 = F_reg) UNIVERSAL_OPTIMALITY_NOT_CLAIMED

NVIDIA adoption / fabricated performance NOT_CLAIMED

Verdict: NVIDIA SIX LAYER FULL MATH COMPLETE PENDING SIMULATION. The
ordinary optimization, the six-layer constraint equations, the coupling matrix,
the KKT conditions, the native parent object, the projection maps, the
admissibility projector, the feasible-set equivalence, the pullback-KKT
derivation, and the search-space-collapse formulae are all present and
consistent. What is blocked is every numeric chip value — collapse factors, gate
evidence, simulation logs — which a frozen manifest must supply. The honest
contribution is a complete constraint-coupled design framework and a search-
space collapse, conditional on simulation replay; it is not a solved chip, an
NVIDIA-adopted design, or a fabricated-performance claim.

Notes and sources

[1] The native-geometry design engine — the idempotent admissibility projector I1 adm and
its defect metric € adm, the projection maps, and the fail-closed gate composition — is the
constraint-first / First-Failure design system of the corpus’s provisional patent (a computer-
implemented screening, classification, and reporting platform whose novelty is the pipeline
architecture, not a physical discovery). This note applies that engine to accelerator-chip
design: physics.magflowmeters.com

[2] The ordinary multiphysics formulation — weighted objective, the steady-state heat
equation, routing-congestion and IR-drop and crosstalk constraints, the cross-layer
sensitivity (coupling) matrix, and the Karush-Kuhn-Tucker optimality conditions — is
standard constrained design optimization; see any text on multiphysics / EDA optimization
and nonlinear programming.

[3] ‘NVIDIA-style’ denotes the class of high-throughput accelerator chips, used descriptively.
There is no claim that NVIDIA built, adopted, reviewed, or endorsed this design. Patent-safe
framing: a computer-implemented design system that receives accelerator-chip objectives,
projects them into a six-layer admissibility geometry, rejects candidates violating cross-layer
constraints, and emits a candidate topology plus a validation report.

[4] All numeric design values — objective weights, collapse factors, coupling-graph and
mode-spectrum counts, noise parameters, and per-layer simulation evidence — are blocked



pending frozen manifests and simulation logs, per the blocked-value ledger; none is invented
here.
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