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Abstract

We present NWO-ASM (Neural Wave Operator Assembly), a substrate-agnostic
assembly language in which the irreducible unit of computation is a process matrix�a
completely positive, trace-preserving (CPTP) map equipped with explicit causal-coherence
indices�rather than a sequential instruction acting on a register �le. A nine-layer toolchain
lowers source �les (.nwo) through a Rust/tree-sitter parser into a Process-Matrix Intermedi-
ate Representation (PMX), where a MetaState optimizer minimises a variational free-energy
bound across heterogeneous substrate cost models (CPU, GPU, QPU, ECG identity hive,
photonic, neuromorphic, DNA, crystalline) to select per-block placement. The runtime dis-
patches signed asynchronous calls; results return a Proof of Inference (PoI) attested with
CRYSTALS-Dilithium (and an optional Groth16 zero-knowledge variant) and settled per-
call in USDC on Base mainnet through an existing audited splitter contract with 35/35/30
economics plus a 15% a�liate share�humans and autonomous agents both pay and both
earn.

We give the foundational mathematics of process matrices, causal coherence, free-energy
placement, and the EML symbolic regressor; describe the compiler, the stable instruction set,
the con�guration system, the interactive terminal, the Portal mesh, the a�liate system, and
the MetaState link layer with its six live endpoints; and provide complete worked examples
in NWO-ASM and Rust. We then expand on candidate connector verticals�ECG biomet-
ric identity, gravitational-wave detection, Schumann-resonance ELF/VLF analysis, �nan-
cial tick anomaly, structural-health monitoring, linguistic free-energy, photonic boson sam-
pling, neuromorphic spiking nets, DNA strand displacement, and crystalline quantum-dot
lattices�and outline theoretical research paths that the substrate model opens: a thermody-
namic semantics for assembly languages, causal-coherence schedulers as nonequilibrium op-
timisers, energy-based uni�cation with the active-inference programme, and post-quantum
sovereignty as a structural property of computation rather than an add-on. NWO-ASM
treats the boundary between layers as a right of inspection: every artifact, from AST to
calldata, is dumpable, auditable, and inspectable.

Keywords: assembly language, process matrices, causal coherence, free-energy principle,
heterogeneous compute, post-quantum cryptography, proof of inference, on-chain settlement,
MetaState, NWO.
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1. Introduction

1.1 Motivation: assembly for a heterogeneous world

Classical assembly languages were designed for a register machine: an ordered tape of instruc-
tions mutating a small, named set of registers. The design assumed that computation has one
substrate�a CPU with a �xed instruction set�and that the unit of work is a discrete, deter-
ministic mutation. Half a century later that assumption no longer holds. Real workloads now
straddle CPUs, GPU meshes, gate-based quantum processing units (QPUs), photonic and neu-
romorphic accelerators, and increasingly biological substrates such as electrocardiogram (ECG)
hives acting as identity sensors and brain�computer interfaces (BCIs). Each substrate has its
own native algebra, its own noise model, and its own cost�energy trade-o�; there is no longer a
single �instruction set� to which all hardware reduces.

We propose that the appropriate primitive for an assembly language at this layer is not the
instruction but the process matrix�a completely positive, trace-preserving map between Hilbert
spaces (or their classical embeddings) enriched with causal-coherence indices that encode the
partial order in which information may travel. A program in NWO-ASM is a typed composition
of process matrices; a compiler is a machine that lowers that composition into a substrate-
agnostic intermediate representation; an optimiser is a variational free-energy minimiser over
a discrete placement space; and a runtime is a signed asynchronous dispatcher that returns a
Proof of Inference (PoI) for each call. Settlement is on-chain by construction, because compute
that crosses an organisational boundary must be auditable end-to-end or it cannot be trusted
at all.

1.2 Contributions

This whitepaper presents the design, the foundational mathematics, and the live production
system of NWO-ASM v4.0. We make the following contributions.

1. A nine-layer toolchain (�2) from source to signed USDC settlement, with explicit [LIVE]/[BETA]/[ROADMAP]
labelling at every layer.

2. A type-theoretic and algebraic account of the process-matrix primitive (�3), including
the causal-coherence index, the PMX algebra, and a free-energy semantics for substrate
placement.

3. A compiler architecture (�4) with �ve emission targets (LLVM, PTX/HIP, OpenQASM
3.0, EVM bytecode, ECG-hive adapter) and a stable instruction set of six core opcodes.

4. A MetaState link layer (�5) exposing six live endpoints�anomaly scoring, EML symbolic
regression, Proof of Inference veri�cation, quantum routing, distributed compute, and shared
signed memory�over an A2A/MCP/ANP-compliant wire format.

5. A description of the Portal mesh, terminal, con�guration, a�liate, and connector
framework (�7��8), with foundation mathematics for every connector and complete code
paths.

6. An expansion of candidate verticals for new connector frameworks (�13)�ECG hives,
ELF/VLF Schumann analysis, gravitational-wave triggers, �nancial tick anomaly, structural-
health monitoring, linguistic free-energy, and others�each with its own mathematical kernel
and a concrete IR mapping.

7. A list of theoretical research paths the substrate model opens (�14), including a ther-
modynamic semantics of assembly languages, causal-coherence schedulers as nonequilibrium

1
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optimisers, energy-based uni�cation with the active-inference programme, and post-quantum
sovereignty as a structural property.

1.3 Honest design discipline

A recurring theme through the paper, and a design principle of the live system, is what we call
honest labelling. Every substrate, every endpoint, every compiler target carries a status badge.
[LIVE] means the path runs today against real hardware or a real audited contract; [BETA] means
the path is functional but requires a backend the user supplies; [DESIGN] means the interface
is speci�ed and stable but the integration is in progress; [ROADMAP] means the architecture is
de�ned and awaiting hardware. The runtime refuses to dispatch to a [ROADMAP] target; the
diagrams use dashed lines for exactly the paths the code refuses to traverse. This discipline is
structural, not cosmetic: it eliminates a class of overclaiming failures that plague stacks at this
level.

2. Architecture: The Nine-Layer Stack

The NWO-ASM stack is best read top to bottom. A user writes process-matrix source code at
Layer 01; a signed USDC settlement and an auditable result emerge at Layer 09. Every layer is
independent and replaceable, and every boundary between layers is inspectable: the AST, the
IR, the optimiser placement, the runtime metrics, the proof, and the calldata are all dumpable
artifacts.

2.1 Overview diagram

Figure 1 shows the nine-layer pipeline as deployed in v4.0. Solid lines denote live data paths;
dashed lines denote designed-but-not-yet-shipped paths (the EVM emission target and the cross-
chain quantum-secured bridge).

2
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01 SOURCE | .nwo | process matrices, causal coherence [LIVE]

02 PARSER + AST | Rust, tree-sitter, typed syntax tree [LIVE]

03 PROCESS-MATRIX IR | .pmx substrate-agnostic algebraic form [LIVE]

04 METASTATE OPTIMIZER | free-energy placement, causal scheduling [LIVE]

05 RUNTIME + DISPATCHER | async, signed, health-aware, retries [LIVE]

06 SUBSTRATE CONNECTORS

CPU
[LIVE]

GPU
[LIVE]

QPU
[LIVE]

ECG/BCI
[BETA]

Photonic
[ROADMAP]

Neuro/DNA
[ROADMAP]

07 VERIFICATION | Proof of Inference, CRYSTALS-Dilithium, opt. Groth16 zk [LIVE]

08 SETTLEMENT | USDC on Base, MetaStateSplitter, 35/35/30 + 15% [LIVE]

09 DELIVERED | result + signed proof + tx hash, auditable end-to-end [LIVE]

Figure 1: The nine-layer NWO-ASM stack. Source becomes signed USDC settlement; every
boundary is inspectable; every layer carries an explicit status. Layers 01�05 and 07�09 are
LIVE today; Layer 06 is mixed (CPU/GPU/QPU live, ECG beta, photonic/neuromorphic/D-
NA/crystalline roadmap).

2.2 Layer-by-layer description

2.2.1 Layer 01 � Source

[LIVE] The NWO-ASM language itself. Files have the extension .nwo. Process matrices and
causal coherence are �rst-class primitives; modules, types, and routing directives compose like
ordinary code. The language is MIT-licensed and free to build on; only the substrate connectors
that touch live external compute carry per-call USDC settlement.

2.2.2 Layer 02 � Parser & AST

[LIVE] A Rust parser using a tree-sitter grammar produces a typed abstract syntax tree. Diag-
nostics use the ariadne crate: errors come with source spans and suggested �xes. The AST is
dumpable as JSON for inspection; nothing in the parse path is hidden.

2.2.3 Layer 03 � Process-Matrix IR

[LIVE] The AST is lowered into the Process-Matrix Intermediate Representation (.pmx), a substrate-
agnostic algebraic form. Every operation in the IR is a well-de�ned algebraic transformation;
the IR is human-readable, serialised via serde, and round-trippable to source-form S-expressions
for debugging.

3
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2.2.4 Layer 04 � MetaState Optimiser

[LIVE] Places each IR block on the substrate that minimises a variational free-energy bound
across substrate cost models. Optional manual mode pins targets explicitly. Output: optimised
IR plus a placement map. The formal de�nition of the bound is in �3.4.

2.2.5 Layer 05 � Runtime & Dispatcher

[LIVE] An async dispatcher (built on tokio) with health-aware retries, fallback substrates, and
live metric collection. Every dispatch is signed before it leaves the runtime. Sparkline collectors
feed the Portals dashboard described in �7.

2.2.6 Layer 06 � Substrate Connectors

One small adapter per substrate. Status:

� [LIVE] CPU (LLVM 17, x86/ARM/RISC-V).

� [LIVE] GPU (CUDA/ROCm/Metal + nwo-agi distributed mesh).

� [LIVE] QPU (IBM Quantum Runtime via Qiskit; Origin Wukong 72q and Wukong-180 via
QPanda).

� [BETA] ECG hive + BCI/EEG mapping (OpenBCI/Muse/LSL).

� [ROADMAP] Photonic (Jiuzhang-class, linear-optical / Gaussian boson sampling adapters).

� [ROADMAP] Neuromorphic (Intel Loihi, Lava SDK).

� [ROADMAP] DNA (strand-displacement compiler, Oxford Nanopore I/O).

� [ROADMAP] Crystalline (quantum-dot lattice).

Each connector is replaceable without touching the language above it.

2.2.7 Layer 07 � Veri�cation

[LIVE] MetaState independently re-�ts the inference and emits a Proof of Inference signed with
CRYSTALS-Dilithium (post-quantum NIST FIPS 204). A Groth16 zero-knowledge variant is
available when the data must stay private; snarkjs and arkworks are supported back-ends.

2.2.8 Layer 08 � Settlement

[LIVE] The signed proof becomes calldata into the deployedMetaStateSplitter at 0x93a7962f75475b7e3Fbb62d3A23194f8833b1BE4
on Base mainnet (chain 8453). The split is 35% guardian / 35% savings / 30% opera-
tions, with an optional +15% a�liate payout when a referrer is attached. No new contract is

deployed for NWO-ASM�the toolchain reuses the already-audited MetaState splitter.

2.2.9 Layer 09 � Delivered

[LIVE] The caller receives: (i) the computed result, (ii) the signed Proof of Inference, and (iii)
the on-chain transaction hash. Every step from source to delivered is auditable; every boundary
in the diagram is inspectable.

4



NWO ASM Whitepaper Pater (2026)

2.3 Side paths: EVM target and cross-chain bridge

Two additional paths sit alongside the main stack:

� [DESIGN]EVM bytecode emission for cross-chain invocation, allowing EVM chains to invoke
NWO-ASM computations and receive veri�ed results back. Interface stable; integration in
progress.

� [ROADMAP] Cross-chain quantum-secured bridge based on CRYSTALS-Kyber key encap-
sulation and Dilithium signatures, relaying messages between heterogeneous chains and the
NWO-ASM runtime.

2.4 Tech stack summary

Table 1 summarises the technology used at each layer, together with status.

Layer Technology Status

01 Source NWO-ASM grammar; process matrices; causal coherence; MIT [LIVE]

02 Parser Rust; tree-sitter; ariadne diagnostics [LIVE]

03 IR Process-Matrix IR (.pmx); serde [LIVE]

04 Optimiser MetaState kernel; free-energy bound; causal-coherence sched-
uler

[LIVE]

05 Runtime tokio; health probes; sparkline collectors [LIVE]

06 CPU LLVM 17; x86 / ARM / RISC-V [LIVE]

06 GPU CUDA; ROCm; Metal; nwo-agi distributed mesh [LIVE]

06 QPU Qiskit Runtime (IBM); QPanda (Origin Wukong 72q, Wukong-
180)

[LIVE]

06 ECG/BCI OpenBCI / Muse / LSL; Dilithium identity hive; neural-state
encoder

[BETA]

06 Photonic Linear-optical; Gaussian boson sampling (Jiuzhang-class) [ROADMAP]

06 Neuromorphic Intel Loihi; Lava SDK; spiking-net IR lowering [ROADMAP]

06 DNA Strand-displacement compiler; Oxford Nanopore I/O [ROADMAP]

06 Crystalline Quantum-dot lattice; custom back-end [ROADMAP]

07 Veri�cation CRYSTALS-Dilithium; liboqs; Groth16 zk
(snarkjs/arkworks)

[LIVE]

08 Settlement MetaStateSplitter; Base 8453; USDC (0x8335...2913) [LIVE]

Side EVM target EVM bytecode emission; Solidity ABI surface [DESIGN]

Side bridge Quantum-secured message relay [ROADMAP]

Table 1: Per-layer technology stack and live status of NWO-ASM v4.0.

2.5 Design principles

Four principles govern the shape of the stack.

One language, many substrates. Source code never names a back-end. The optimiser at
Layer 04 picks; replacing a substrate (or adding a new one) does not change a single line of user
code. This is not a marketing claim, it is enforced at the type level: a routing directive speci�es
preferences and fallbacks but never a hardware device.

Every layer is inspectable. The AST, the IR, the optimiser's placement decision, the run-
time's metrics, the post-quantum proof, and the calldata are all dumpable artifacts. No hidden
state, no opaque steps. The user has a right of inspection at every boundary.
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Honesty is structural. Roadmap substrates cannot be silently dispatched to; the runtime
refuses. The diagrams use dashed lines for the same paths the code refuses to traverse. This is
enforced at runtime by an allow-list in the con�guration (�9).

No new on-chain contract. Settlement reuses the audited MetaStateSplitter. No new ABI
surface, no new audit, no new attack surface introduced by NWO-ASM speci�cally. The eco-
nomics of the existing splitter govern every call.

3. Assembly Language Theory: Process Matrices and Causal Co-

herence

This section develops the mathematical foundation of NWO-ASM. We move from the irreducible
primitive (the process matrix) through the type system (causal coherence) to the optimiser
semantics (free-energy placement). Readers interested only in code may skip to �4, returning
here for justi�cation when needed.

3.1 From registers to process matrices

Classical assembly is built on a �nite set of registers R = {r1, . . . , rn} and a transition relation
δ : R × Op → R where Op is the instruction set. The fundamental object is a sequence:
compute r3 ← r1 + r2, then r4 ← r3 · 2, then store. The model is deterministic, ordered, and
single-substrate.

In a heterogeneous world the relevant generalisation is the process matrix.

De�nition 3.1 (Process matrix). Let Hin,Hout be �nite-dimensional complex Hilbert spaces (or

their classical σ-algebra embeddings). A process matrix of arity (din, dout) is a linear map

Φ : L(Hin)→ L(Hout)

that is completely positive and trace-preserving (CPTP) when restricted to density operators,

equipped with a causal-coherence index κ(Φ) ∈ Z≥0 (�3.3).

A CPTP map is the most general physically realisable transformation that takes a state to
a state, and it is universal across substrates: classical computation is a process matrix between
diagonal density operators; quantum computation is a process matrix on coherent superpositions;
an ECG-derived identity score is a measurement channel Φ(ρ) =

∑
k tr(Mkρ)|k⟩⟨k| between an

analog biological input and a discrete classical output. By choosing process matrices as the
primitive we obtain a single algebra that closes over all relevant substrate types.

Remark 3.1. In the implementation, a Process-Matrix IR (PMX) block of arity (din, dout) is
stored as a Choi matrix ρΦ ∈ L(Hin⊗Hout) satisfying ρΦ ⪰ 0 and trout(ρΦ) = Iin/din (the Choi�

Jamioªkowski isomorphism). The constraint is checked at compile time when literal matrices

appear; for symbolic matrices it is deferred to dispatch time as part of the Proof of Inference

re-�t.

3.2 The PMX algebra

PMX blocks compose under three operations.

Sequential composition. For Φ : A→ B and Ψ : B → C,

(Ψ ◦ Φ)(ρ) = Ψ(Φ(ρ)).

At the IR level this is the operator |> (pipe-forward). It is associative and has the identity
Φid(ρ) = ρ as left and right unit.
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Parallel composition. For Φ : A→ B and Ψ : C → D,

(Φ⊗Ψ)(ρAC) =
∑
ij

Φ(EA
ij)⊗Ψ(EC

ij ) · ⟨ij|ρAC |ij⟩,

where EA
ij is the matrix unit on A. At the IR level this is ⊗ (tensor).

Causal-conditional composition. Given a measurement outcome m of Φ : A → B and a
family of follow-ups {Ψm : B → C}m, the composite

(Ψ• ◦ Φ)(ρ) =
∑
m

p(m | ρ)Ψm(Φm(ρ))

is the substrate analogue of a branch. It is the only way an NWO-ASM program can take a
conditional path; the optimiser treats it as a discrete control �ow node.

Proposition 3.2. The PMX algebra (Φ, ◦,⊗) with the causal index of Def. 3.1 forms a strict
symmetric monoidal category with measurements (an instance of the category CPTP∗). Every
NWO-ASM program is therefore equivalent to a string diagram, which is the formal basis for the

diagrammatic compiler views shipped with the toolchain.

3.3 Causal coherence

The classical assembly model assumes a strict total order on instructions. Many substrates�
photonic meshes, neuromorphic spiking nets, swarms of GPUs�admit only a partial order. The
causal-coherence index κ(Φ) generalises program order to a partial order.

De�nition 3.2 (Causal coherence). Let GΦ = (VΦ, EΦ) be the directed acyclic graph whose

vertices are the PMX subblocks of Φ and whose edges encode the data dependencies among them.

The causal-coherence index κ(Φ) is the minimum number of edges that must be added to GΦ to

make it a total order:

κ(Φ) =

(
|VΦ|
2

)
− |Etrans

Φ |,

where Etrans
Φ is the transitive closure of EΦ. κ = 0 means the program is already sequential; large

κ means there is high parallel slack and the optimiser has more freedom.

The causal-coherence scheduler at Layer 04 uses κ to decide which PMX blocks may be fused,
tiled, or hoisted across substrates. A high-κ block over a GPU mesh can be tiled across many
devices with no semantic change; a low-κ block is pinned to a single substrate by necessity.

3.4 Free-energy placement

The optimiser at Layer 04 chooses, for each PMX block Φ, a substrate s ∈ S = {cpu, gpu, qpu, ecg-hive, photonic, neuromorphic, dna, crystalline}.
Substrates di�er in latency, energy, �delity, and USDC cost.

We model placement as a variational free-energy minimisation. Let q(s | Φ) be a categorical
distribution over substrates for block Φ. Let ℓs(Φ) be the expected log-cost (combining latency,
energy, �delity, and USDC) of running Φ on s. Let π(s) be a prior re�ecting the user's deny/allow
list and policy preferences from nwo-asm.toml. De�ne the substrate free energy

F [q,Φ] = Eq[ℓs(Φ)]︸ ︷︷ ︸
expected cost

+ DKL

(
q(s | Φ) ∥π(s)

)︸ ︷︷ ︸
policy divergence

. (1)

The optimiser minimises F jointly over all blocks subject to causal-coherence dependencies
and a global budget Bms (from [optimizer] in con�g). The minimiser yields a placement map
σ : Φ 7→ s⋆(Φ) which is then used by the runtime.
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Proposition 3.3 (Soundness of placement). For any feasible q satisfying the causal-coherence

constraints, the posterior q⋆ ∝ π(s) exp(−ℓs(Φ)) minimises F , and the placement obtained by

picking s⋆(Φ) = argmaxs q
⋆(s | Φ) never violates the user's deny list. In particular, blocks of

arity incompatible with a roadmap substrate s have ℓs(Φ) = +∞ by de�nition, so q⋆ assigns them
zero mass.

This is the formal sense in which the runtime �refuses� to dispatch to a roadmap target: such
targets carry in�nite free-energy cost and are excluded from the optimal posterior.

3.5 Proof of Inference (PoI)

A Proof of Inference is a signed assertion that a particular PMX block Φ, executed on a particular
substrate s, produced a particular output y for input x. Formally:

PoI(Φ, x, y, s) =
(
Φ, commit(x), commit(y), s, σDil(h)

)
, (2)

where h = H(Φ ∥ commit(x) ∥ commit(y) ∥ s) for a domain-separated SHA3-256 hashH, commit(·)
is a salted commitment, and σDil is a CRYSTALS-Dilithium signature under the MetaState sub-
strate key. Verifying the proof requires only the public key and the commitments�no access to
x or y. A Groth16 zk-SNARK variant replaces σDil with a verifying proof when x must remain
private.

The PoI is what makes USDC settlement honest : the splitter cannot be invoked without a
verifying proof, so an operator that fakes a result cannot collect.

3.6 Type system

NWO-ASM is strongly and statically typed. Five base types and three constructors su�ce for
the language as currently shipped:

Type Form Meaning

f32, f64 scalar IEEE 754 �oats; the substrate of all signal arrays.
i32, i64 scalar two's complement integers.
bool scalar truth value; used in causal-conditional composition.
T[N] vector dense array of T, length N (compile-time).
pmx[k] process matrix k-qubit (or k-bit) process matrix; arity inferred.
expr symbolic expression closed-form EML expression tree.
handle dispatched job runtime handle to a pending or completed call.
proof, calldata on-chain artifacts a PoI; bytes ready for splitter invocation.

Table 2: Base types of NWO-ASM.

Type checking is performed on the AST (Layer 02) and re-checked on the PMX IR (Layer 03).
Arity mismatches�e.g. feeding a 2-qubit process matrix into a connector that supports only 1-
qubit operations�are compile-time errors. Routing directives are type-checked against the deny
list: routing to a roadmap target is a compile-time error.

4. The Compiler and the Instruction Set

The NWO-ASM compiler is a routed pipeline: each stage produces a typed artifact handed to
the next, and the optimiser chooses substrate placement after IR lowering.
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4.1 Pipeline

01 SOURCE
.nwo

02 PARSE
AST

03 LOWER
PMX IR

04 OPTIMISE
route

LLVM → CPU [LIVE] PTX/HIP → GPU [LIVE]

QASM3 → QPU [LIVE] ECG hive [BETA]

EVM bytecode [DESIGN] Photonic/Neuro [ROADMAP]

Figure 2: Compilation as a routed pipeline. Solid arrows are live emission targets; dashed arrows
are not yet shipped.

4.2 Stages

Parse A Rust front-end built on tree-sitter produces a typed AST with source spans. The
grammar is open and embeddable.

Lower The AST is lowered into PMX, the substrate-agnostic IR (�3). PMX is serialised via
serde.

Optimise The MetaState optimiser minimises the free-energy bound (eq. 1) across substrate
cost models. Output: optimised IR plus a placement map.

Emit Substrate-speci�c backends emit:

� LLVM 17 bitcode for CPU (x86, ARM, RISC-V);

� PTX (CUDA), HIP (ROCm), or Metal IR for GPU, plus a thin client for the nwo-agi dis-
tributed mesh;

� OpenQASM 3.0 for QPU (Qiskit Runtime for IBM, QPanda for Origin Wukong);

� an ECG-hive adapter binding to OpenBCI / Muse / LSL streams [BETA];

� EVM bytecode for on-chain invocation [DESIGN].

Optimisation passes Dead-code elimination, causal-coherence scheduling (using κ), kernel
fusion, and substrate-aware tiling are performed at the IR level.

Post-quantum signing Compiled artifacts can be signed with CRYSTALS-Dilithium so that
the binary's provenance is veri�able on-chain.

4.3 Core instruction set

The instruction set is small by design. Six core opcodes su�ce to express the workloads the live
system supports; substrate-speci�c intrinsics live in connector libraries and do not pollute the
core ISA.
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Op Signature Semantics

anomaly.score f32[N] -> f32 Free-energy anomaly metric on a signal (eq. 3).
eml.regress (f32[N], f32) -> expr Closed-form symbolic regression (EML kernel; see

�5.5.2).
pmx.lift expr -> pmx[k] Lift a symbolic expression into a k-qubit process

matrix.
route pmx, policy -> handle Defer placement to the MetaState optimiser.
poi.verify handle -> proof Proof of Inference; signed (PQC) and optionally zk.
anchor proof -> calldata Prepare keccak256 calldata to settle on Base.

Table 3: Core instruction set of NWO-ASM v4.0. The ISA is stable; future versions extend
connector libraries, not the core.

4.4 Worked example: source to QASM3 to USDC

The following minimal program reads a 1-D signal, scores it with the free-energy anomaly metric,
�ts a symbolic residual, lifts the residual into a 2-qubit process matrix, and routes it to a QPU
with a GPU fallback. Per-call settlement is automatic.

1 # anomaly score on a 1-D signal, fit symbolic residual, route best path

2 module signal {

3 input s : f32[8192]

4 output r : pmx[2] # 2-qubit process matrix

5

6 let v = anomaly.score(s) # free-energy bound

7 let e = eml.regress(s, v) # closed-form residual

8 r = pmx.lift(e) # causal-coherence channel

9

10 route r via metastate {

11 prefer: qpu # IBM or Origin Wukong if available

12 fallback: gpu # otherwise nwo-agi distributed GPU

13 settle: usdc(base) # per-call, via splitter -- no new contract

14 }

15 }

Listing 1: signal.nwo � a complete NWO-ASM program.

1 # compile and inspect IR

2 nwo-asm build signal.nwo --emit pmx,qasm3

3 -> signal.pmx

4 -> signal.qasm3

5

6 # sign and dispatch (settles in USDC on Base)

7 nwo-asm dispatch signal.qasm3 --backend qpu --wallet $WALLET

8 -> dispatched to backend = qpu(origin_wukong) . proof = 0xPOI...

9 -> settled $0.0008 USDC . split 35/35/30 . affiliate (if set) +15%

Listing 2: Compile and dispatch from the shell.

4.5 Licensing posture

The compiler, ISA, and reference toolchain are MIT-licensed. The language can be built on,
forked, embedded, or shipped without royalty. Only the connectors that touch live external
compute carry per-call USDC settlement. This separation is deliberate: it allows the NWO-ASM
language to function as a public good while compute providers who actually expend energy are
paid for that energy.
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5. The MetaState Link Layer

NWO-ASM is the assembly language; MetaState is the substrate it routes to. The Link
layer is a thin, opt-in bridge: an NWO-ASM program emits a process-matrix request, signs it,
and posts it to a MetaState endpoint. The substrate scores the request with the free-energy
bound, routes it to a back-end, re-veri�es the inference, and returns a signed Proof of Inference
together with calldata for the splitter.

5.1 Bridge protocol

01 BUILD
process matrix

02 SIGN
CRYSTALS-Dilithium

03 POST
/v1/quantum/route

04 SCORE
free-energy, EML

05 ROUTE
optimal back-end

06 VERIFY
PoI + calldata

07 BASE
USDC on-chain

SPLIT
35/35/30

AFFILIATE
+15%

NWO-ASM SIDE

METASTATE SUBSTRATE

SETTLEMENT

Figure 3: The seven-step bridge: build, sign, post, score, route, verify, settle.

5.2 Live endpoints

Every endpoint below is reachable from NWO-ASM through the metastate standard library.
Endpoint URLs resolve to the live MetaState Space; the A2A Agent Card describes them in
machine-readable form at /.well-known/agent-card.json.

Capability Endpoint Mathematical kernel Status

Anomaly scoring /v1/anomaly/score Free-energy bound
(eq. 3)

[LIVE]

EML symbolic regression /v1/symbolic/regress Closed-form algebraic �t
(�5.5.2)

[LIVE]

Proof of Inference /v1/poi/verify Dilithium / Groth16
(eq. 2)

[LIVE]

Quantum routing /v1/quantum/route IBMQ+Origin Wukong
(�5.5.3)

[LIVE]

Distributed compute /v1/compute/inference nwo-agi GPU mesh [LIVE]

Shared memory /v1/memory/search Signed EML graph [LIVE]

Table 4: The six live MetaState capabilities and their mathematical kernels.
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5.3 Discovery surfaces

Surface URL Notes

Space cpater-metastate.hf.space Live substrate; FastAPI on HF Spaces.
Agent Card (A2A) /.well-known/agent-card.json Machine-readable capabilities + safety policy.
Edge beacon nwo-agent-runner.ciprianpater.workers.dev Cloud�are Worker mirroring the Agent Card

globally.
Agent onboarding /agent.md, /llms.txt Plain-text onboarding for crawling agents.
Sovereignty page /sovereignty.html Two-path explanation: opt-in vs stateless use.

Table 5: Discovery surfaces published by the MetaState substrate.

5.4 Calling MetaState from NWO-ASM

The standard library wraps every endpoint with a typed call. Signature mismatches surface as
compile-time errors; signature failures surface as runtime guards.

1 use metastate.{anomaly, symbolic, quantum, poi, anchor}

2

3 fn route_one(s: f32[N]) -> (proof, calldata) {

4 let v = anomaly.score(s) # free-energy bound

5 let e = symbolic.regress(s, v) # closed-form residual

6 let h = quantum.route(pmx.lift(e), { # place the process matrix

7 prefer: qpu,

8 fallback: gpu,

9 })

10 let p = poi.verify(h) # re-verified inference

11 let c = anchor.prepare(p, usdc(base)) # calldata for the splitter

12 (p, c)

13 }

Listing 3: link.nwo � using the MetaState substrate from inside a module.

5.5 Foundation mathematics of the live endpoints

5.5.1 Anomaly scoring

The anomaly score for a signal s ∈ RN is a single-number summary that bounds the surprise of
s under a learned generative model pθ. Following the variational free-energy formulation,

anomaly.score(s) = − log pθ(s) ≤ Eqϕ(z|s)
[
log qϕ(z|s)− log pθ(s, z)

]
= Fθ(s). (3)

The right-hand bound is the negative evidence lower bound (ELBO); the implementation evalu-
ates a closed-form Gaussian variant in O(N logN) via the FFT spectrum and a �xed coe�cient
bank. A high score means the signal lies in the tail of pθ.

5.5.2 EML symbolic regression

EML (Equation-Manifold Learning) �ts a symbolic expression e ∈ E to data (x, y) by selecting
from a �xed library of operators Ω = {+,−, ·, /, exp, log, sin, cos, ·k} the smallest expression that
satis�es a residual tolerance:

e⋆ = argmin
e∈E

{
|e|Ω : ∥y − e(x)∥2 ≤ ε

}
,

where |e|Ω is the operator complexity (the number of Ω nodes in the syntax tree). The imple-
mentation uses a beam search with a constant width over a precomputed dictionary, returning
a deterministic expression for reproducibility.
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5.5.3 Quantum routing

A process matrix Φ of arity k is routed to a QPU back-end b with native gate set Gb by
transpilation:

Φ
transpile−−−−−→ Um · · ·U2U1, Ui ∈ Gb,

under a noise model Nb. The �delity metric is F(Φ,Nb(Φ̃)) ∈ [0, 1] where Φ̃ is the transpiled
circuit. The routing endpoint returns the back-end with the highest predicted �delity within
the budget.

5.5.4 Distributed compute

The nwo-agi mesh exposes a function-evaluation interface f : D → R where any node may
serve any sub-block of a tiled tensor-program PMX block. Load balancing uses a multiplicative-
weights algorithm on observed latencies, normalised by per-node USDC cost.

5.5.5 Shared memory

The /v1/memory/search endpoint exposes a signed EML graph: nodes are previously �t ex-
pressions ei, edges are subexpression relations. A search query returns the nearest neighbours
under a combination of syntactic edit distance and semantic embedding distance. All entries are
signed; nothing in the graph can be inserted without a valid Dilithium signature, eliminating
prompt-injection vectors at the memory layer.

5.6 Economics

Every MetaState call settles through the deployed splitter at 0x93a7962f75475b7e3Fbb62d3A23194f8833b1BE4
on Base mainnet. NWO-ASM reuses this contract directly�no new deployment, no new audit
surface.

35% Guardian
35% Savings
30% Operations

+15% A�liate (optional)

5.7 MetaState link tech stack

Layer Technology Status

Wire format JSON-RPC 2.0 over HTTPS; A2A / MCP / ANP
compliant

[LIVE]

Identity CRYSTALS-Dilithium sovereign keys; DID-style [LIVE]
Veri�cation PoI; Groth16 zk variant [LIVE]
Memory Shared signed EML graph; Supabase persistence [LIVE]
Compute FastAPI on HF; Render quantum worker;

nwo-agi mesh
[LIVE]

Settlement MetaStateSplitter (Base 8453); USDC; 35/35/30
+ 15%

[LIVE]

6. Connectors and Their Mathematics

This section gives the foundation mathematics of every connector de�ned in NWO-ASM v4.0,
from the live CPU and GPU paths to the roadmap photonic and crystalline targets. Each
connector follows the same interface contract: it consumes a PMX block, produces a substrate-
native artifact, and emits a signed result.
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6.1 Connector interface

De�nition 6.1 (Connector). A connector is a tuple C = (T, cost, compile,dispatch, verify)
where:

� T ⊆ {Φ : Φ is PMX} is the set of PMX blocks the connector accepts (its type predicate);

� cost : T → R4
≥0 returns (latency, energy, 1-�delity,USDC);

� compile lowers a PMX block to a substrate-native artifact;

� dispatch runs the artifact on the substrate, returning a result handle;

� verify produces a PoI for the handle.

The connector framework is open: third parties may write connectors for new substrates by
implementing this interface in Rust against the public nwo-asm crate.

6.2 CPU connector

[LIVE]

Targets. x86_64, ARM64, RISC-V via LLVM 17 lowering.

Mathematics. A PMX block of arity (d, d′) acting on diagonal density matrices is lowered to
a tensor-program on Rd×d′ , then to LLVM IR via standard tiling and vectorisation. The cost
model is

ℓcpu(Φ) = α · FLOPs(Φ) + β · bytes(Φ),
with substrate-speci�c (α, β) measured by the nwo-asm doctor command at install time.

6.3 GPU connector

[LIVE]

Targets. CUDA (PTX), ROCm (HIP), Metal IR; plus the nwo-agi distributed mesh.

Mathematics. High-arity PMX blocks (typically d ≥ 64) are tiled into a block decomposition
Φ =

⊕
tΦt where each Φt �ts a single SM (or device on the mesh). The causal-coherence index

κ(Φ) determines the maximum parallel slack: tiles with no edge between them in GΦ may run
concurrently. The mesh scheduler solves a small linear assignment per dispatch using observed
device latencies.

6.4 QPU connector

[LIVE]

Targets. IBM Quantum Runtime; Origin Wukong 72-qubit and Wukong-180; simulator fall-
back.

Mathematics. A k-qubit PMX block is decomposed into a unitary U ∈ SU(2k) (via Choi�
Stinespring dilation) and a measurement, then transpiled to the native gate set Gb of back-end
b. The expected �delity under the back-end noise model Nb is

Fb(Φ) = tr
(
Φ · Nb(Ũ)

)
.

The routing endpoint picks b⋆ = argmaxbFb(Φ) − λ · usdcb(Φ) subject to the user's deny list,
where λ is a budget multiplier from [optimizer].
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6.5 ECG hive and BCI connector

[BETA]

Targets. OpenBCI, Muse, LSL streams; the NWO Cardiac identity hive on Base; arbitrary
EEG headsets via the LSL bridge.

Mathematics. An ECG signal s(t) is reduced to a cardiac �ngerprint via the RR-interval
sequence:

RRi = tRi − tRi−1, hash(s) = H
(
roundδ(RR1:M )

)
,

where H is SHA3-256 and δ is a quantisation that absorbs sub-millisecond jitter while preserv-
ing identity-level discrimination. The hash anchors a soul-bound identity token on Base; the
connector returns the token ID as an opaque handle for downstream PMX blocks.

For EEG/BCI workloads, an Nch-channel signal is reduced to a neural-state vector

n(t) =
[
Pδ(t), Pθ(t), Pα(t), Pβ(t), Pγ(t)

]
,

the band-limited power in the �ve canonical EEG bands, normalised per-subject. This vector is
a classical PMX of arity (Nch, 5) and composes with downstream PMX blocks normally.

6.6 Photonic connector

[ROADMAP]

Targets. Linear-optical and Gaussian boson sampling adapters (Jiuzhang-class).

Mathematics. The interface is the boson-sampling probability: for m modes and n photons
with input unitary U ∈ U(m),

Pr(nout) =
|Perm(US)|2∏

i ni!
,

where US is the submatrix of U selected by the input and output patterns and Perm is the
matrix permanent. The connector compiles a PMX block to a U that, when measured, produces
samples from a target distribution; the Proof of Inference attests that the samples actually came
from this distribution and not a substitute.

6.7 Neuromorphic connector

[ROADMAP]

Targets. Intel Loihi via the Lava SDK; arbitrary spiking networks.

Mathematics. A PMX block is lowered to a spiking neural network with leaky integrate-and-
�re (LIF) dynamics

τ
dVi

dt
= −Vi +

∑
j

wij

∑
k

δ(t− tkj ), spike at Vi ≥ Vth.

Output decoding is rate-based or �rst-spike-time depending on the block annotation. Event-
driven execution exploits causal-coherence sparsity for energy e�ciency.

6.8 DNA connector

[ROADMAP]
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Targets. Strand-displacement compilers; Oxford Nanopore I/O.

Mathematics. Massively parallel computation via toehold displacement reactions:

A+ BC∗ rate k−−−−→ AC+ B∗,

encoded as a Petri-net unfolding of a PMX block. Output is read via nanopore sequencing; the
connector returns the dominant strand ensemble as a classical histogram.

6.9 Crystalline connector

[ROADMAP]

Targets. Quantum-dot lattices on engineered substrates; long-horizon.

Mathematics. Hamiltonian-driven analog computation on a lattice L:

HL =
∑
⟨i,j⟩

Jij σi · σj +
∑
i

hi σ
z
i ,

with PMX blocks compiled to {Jij , hi} pro�les. Adiabatic schedules realise low-energy embed-
dings of optimisation problems.

6.10 Cost-model summary

Connector ℓlat ℓeng 1-Fidelity USDC Status

CPU ∝ FLOPs low 0 ∼ 10−6 [LIVE]
GPU ∝ FLOPs / devices medium 0 ∼ 10−5 [LIVE]
QPU shot-count × shot-time medium 10−3 ∼ 10−3 [LIVE]
ECG hive sampling-window length ultra-low 10−2 ∼ 10−6 [BETA]
Photonic ∝ m2 low 10−4 � [ROADMAP]
Neuromorphic spike density × horizon ultra-low depends � [ROADMAP]
DNA ∼ hours per reaction ultra-low 10−3 � [ROADMAP]
Crystalline adiabatic schedule length low depends � [ROADMAP]

Table 6: Cost-model summary across connectors. Values are order-of-magnitude; precise cali-
brations are measured by nwo-asm doctor.

7. Portals: The Live Connector Mesh

A Portal is a live connector instance bound to a wallet address�a data stream from a substrate
or external service with real-time health, metrics, and a node �ow-chart. Portals are how a user
transitions from writing NWO-ASM source to operating it against real hardware.

7.1 Portal lifecycle

A Portal goes through �ve states:

1. Created. A request to open a Portal of a given substrate type. Created via the terminal
command portal.new <substrate> or the Portals dashboard. No funds move at this point.

2. Provisioned. A unique Portal ID PRT-0x... is allocated and bound to the caller's wallet.
Health and metric collectors start.
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3. Active. Calls routed to the Portal are dispatched to the substrate. Each settled call goes
through the splitter.

4. Degraded. Health drops below threshold; the runtime fails over to the con�gured fallback
substrate.

5. Closed. portal.delete removes the Portal; the wallet binding is released.

7.2 Mesh routing

Every active Portal is a node in the MetaState routing mesh. When an NWO-ASM call is
dispatched, the runtime selects a Portal whose substrate matches the optimiser's placement
decision and whose health is above the con�gured threshold. The mesh view in the dashboard
visualises the path from caller through optimiser to substrate to settlement.

7.3 Portal commands

The interactive terminal (�8) exposes the full Portal surface:

Command Action

portal.list List Portals bound to the connected wallet.
portal.new <substrate> Open a new Portal of a given substrate type.
portal.health <id> Report health %, latency, throughput for a Portal.
portal.restart <id> Restart the connector loop for a Portal.
portal.delete <id> Close a Portal and release its wallet binding.

Table 7: Portal-management commands available in the NWO-ASM terminal.

7.4 Portal opening (terminal example)

1 # inside the NWO ASM Terminal

2 nwo> portal.new qpu

3 -> opened PRT-0x5C41 on qpu . per-call USDC

4

5 nwo> portal.health PRT-0x5C41

6 -> PRT-0x5C41 . health 100% . latency 21ms . throughput 2.4 M/s

7

8 nwo> portal.list

9 -> 1 portal . PRT-0x5C41 (qpu) . healthy

Listing 4: Opening and inspecting a QPU Portal from the terminal.

8. The Terminal

The NWO-ASM terminal is an in-browser shell that exposes the full compiler and runtime
surface. It works in demo mode without a wallet (no funds move) and switches to live mode

when a wallet is connected (settles in USDC on Base).
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8.1 Command groups

Group Commands Status

Quick help, status, substrates, setup,
troubleshoot, pricing, clear

[LIVE]

Portals portal.new, portal.list,
portal.health, portal.restart,
portal.delete

[LIVE]

Compile nwo-asm build, nwo-asm dispatch,
nwo-asm dispatch �dry-run

�explain

[LIVE]

Keys nwo-asm key store, nwo-asm key

list, nwo-asm key export

[LIVE]

Diagnose nwo-asm doctor, nwo-asm �version [LIVE]

Table 8: Terminal command groups.

8.2 Demo mode and live mode

Demo mode is the default. Portals created in demo mode simulate health and throughput locally;
nothing is settled on-chain. Live mode is entered by connecting a wallet (top-right of any page);
from that point on settlement reuses the existing MetaState splitter. The terminal will not

silently transition from demo to live; a wallet connection is an explicit user action.

8.3 History and ergonomics

The terminal supports arrow-key history (Up/Down), tab completion against the command tree,
and a tagged help system: each command exposes a �help that prints a one-screen summary.

9. Con�guration

NWO-ASM ships safe by default: no credentials are required to write, compile, or simulate code
locally. Keys and a wallet enter the picture only when the user dispatches to a live external
back-end or settles on-chain.

9.1 Setup �ow

A �ve-step path from install to �rst dispatch:

1. Install the toolchain (∼ 30 s, no credentials).

2. Init a project with nwo-asm init (sca�olds �les and con�g).

3. Backends: choose which substrates to allow.

4. Wallet: optional, only for live dispatch.

5. Verify with nwo-asm doctor.

A user may stop at step 3 and continue compiling/simulating locally forever; steps 4�5 are
necessary only for live dispatch.

9.2 Install
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1 # installs to ~/.nwo-asm/bin; adds to PATH

2 curl -fsSL https://nwo-asm.dev/install | bash

3

4 # verify

5 nwo-asm --version

6 -> nwo-asm 4.0.0 (rust 1.84.0)

Listing 5: Installing the NWO-ASM toolchain (macOS/Linux).

For Rust embedding:

1 [dependencies]

2 nwo-asm = "4.0"

3 metastate-client = { version = "0.6", features = ["base", "poi"] }

Listing 6: Cargo.toml dependencies for embedding NWO-ASM.

9.3 Con�g �le: nwo-asm.toml

A single TOML �le at the project root. Every value has a sane default.

1 [project]

2 name = "my-asm-program"

3 version = "0.1.0"

4 license = "MIT" # language is MIT; your code can be anything

5

6 [targets]

7 default = "cpu" # cpu | gpu | qpu | ecg_hive

8 allow = ["cpu", "gpu", "qpu"]

9 deny = ["photonic", "dna"] # roadmap; refuse routing here

10

11 [optimizer]

12 mode = "free-energy" # or "manual"

13 budget_ms = 800 # max time to spend on placement

14

15 [metastate]

16 endpoint = "https://cpater-metastate.hf.space"

17 beacon = "https://nwo-agent-runner.ciprianpater.workers.dev"

18 poi = true # require Proof of Inference

19 zk = false # enable zk variant if needed

20

21 [settlement]

22 chain = "base" # 8453

23 asset = "usdc"

24 splitter = "0x93a7962f75475b7e3Fbb62d3A23194f8833b1BE4"

25 affiliate = "" # 0x... address to receive 15%

26

27 [signing]

28 algo = "dilithium3" # PQC; key at ~/.nwo-asm/keys/

29 auto = true

Listing 7: nwo-asm.toml � annotated example.
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9.4 Per-substrate con�guration

Backend Required Optional Status

CPU none threads, simd [LIVE]
GPU driver (CUDA/ROCm/Metal) devices, memory_gb [LIVE]
GPU mesh none endpoint, max_cost_usdc [LIVE]
QPU (IBM) IBM_QUANTUM_TOKEN instance, backend [LIVE]
QPU (Origin) ORIGIN_API_KEY backend [LIVE]
ECG hive/BCI device URI or serial channels, sample_rate [BETA]
Photonic/Neuro/DNA/Crystalline � � [ROADMAP]

Table 9: Required/optional con�guration per substrate.

9.5 Environment �le

1 # quantum backends (only if you want live QPU)

2 IBM_QUANTUM_TOKEN = ""

3 ORIGIN_API_KEY = ""

4

5 # wallet & settlement (only for on-chain dispatch)

6 BASE_RPC_URL = "https://mainnet.base.org"

7 WALLET_PRIVATE_KEY = "" # or use a hardware wallet via WalletConnect

8

9 # optional

10 METASTATE_URL = "https://cpater-metastate.hf.space"

11 HF_TOKEN = "" # for private HF Spaces or models

Listing 8: .env � only �ll what you need.

Never commit secrets. The toolchain reads .env only at the project root and never logs secrets.
An OS keychain back-end is available via nwo-asm key store.

9.6 Veri�cation: nwo-asm doctor

1 nwo-asm doctor

2

3 ==> toolchain

4 [v] nwo-asm 4.0.0

5 [v] compiler artifacts cache: ~/.nwo-asm/cache (12 MB)

6

7 ==> targets

8 [v] cpu . 16 threads . simd avx2

9 [v] gpu . 1 device . NVIDIA RTX 4090 . 24 GB

10 [v] gpu mesh . nwo-agi reachable

11 [ ] qpu ibm . IBM_QUANTUM_TOKEN missing

12 [ ] qpu origin . ORIGIN_API_KEY missing

13 [ ] ecg_hive . no device configured (skip if not using)

14

15 ==> metastate

16 [v] endpoint reachable . v0.6

17 [v] agent-card.json reachable

18 [v] PoI: enabled . zk: disabled

19

20 ==> settlement

21 [ ] wallet not connected . OK for local-only use

22 [i] connect a wallet to enable live dispatch

23
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24 ==> result

25 local-only: READY

26 live dispatch: PARTIAL . supply IBM/Origin tokens and wallet for full live

Listing 9: Sample output of nwo-asm doctor.

10. The A�liate System

Both humans and autonomous agents can earn USDC by recruiting compute providers and
connector users into the NWO-ASM network. A�liate payouts are 15% of each settled call,
paid through the same audited MetaState splitter�no new contract.

10.1 The split

35% Guardian
35% Savings
30% Operations

+15% A�liate (when a referrer is attached)

The 15% is taken from the next-call settlement, not from the guardian/savings/operations
portions. It is a structural add-on to the splitter rather than a deduction from existing economics.

10.2 Five-step �ow

1. Share your referral link: ?ref=YOUR_WALLET.

2. The referred party uses the link to open a Portal and run workloads.

3. Settlement happens on Base via the MetaState splitter.

4. The standard 35/35/30 split executes.

5. You receive +15% of the settled call.

10.3 Honesty about the dashboard

The on-chain 15% split is real and runs through the existing MetaStateSplitter on Base. The
click/conversion dashboard rendered on the static a�liate page is client-side only : it stores
referrals in the browser for preview. Production attribution will move to a signed back-end.
The on-chain payout does not require the dashboard�once a wallet address is attached as
affiliate in nwo-asm.toml, the splitter handles the payout autonomously.

10.4 Agents as a�liates

Because the a�liate �eld is just an EVM address, an autonomous agent with its own wallet
can earn a�liate payouts as if it were a human. This is structural in NWO: the Conway agent
runner, an autonomous service on Cloud�are Workers, can attach its own wallet as an a�liate
when recruiting compute providers. Humans and agents are peers in the recruitment economy.

11. Worked Examples and Code Recipes

This section collects complete, self-contained NWO-ASM programs that exercise the live system
end-to-end. Every example below is real, runnable code; copy any one into a �le with extension
.nwo and nwo-asm build will produce an artifact.
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11.1 Recipe 1: Hello, process matrix

The smallest possible NWO-ASM program: declare a module, hold a 1-qubit identity matrix,
emit. CPU-only. No credentials required.

1 module hello {

2 output r : pmx[1]

3 r = pmx.identity()

4 }

11.2 Recipe 2: Anomaly score on a signal

Read an N -element signal, score it with the free-energy bound, output a single f32. Runs locally
on CPU.

1 use metastate.anomaly

2 module ascore {

3 input s : f32[N]

4 output v : f32

5 v = anomaly.score(s)

6 }

11.3 Recipe 3: Closed-form �t (EML)

Fit a symbolic expression to data�useful when one would rather hold a small equation than a
giant tensor.

1 use metastate.symbolic

2 module fit {

3 input xs : f32[N]

4 input ys : f32[N]

5 output e : expr

6 e = symbolic.regress(xs, ys)

7 }

11.4 Recipe 4: Route to QPU with classical fallback

Build a 2-qubit process matrix and route it through MetaState; QPU if available, GPU if not.

1 use metastate.quantum

2 module qroute {

3 input e : expr

4 output h : handle

5 h = quantum.route(pmx.lift(e), {

6 prefer: qpu,

7 fallback: gpu,

8 })

9 }

11.5 Recipe 5: Proof of Inference

Have the substrate re-verify your inference and return a signed proof.
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1 use metastate.poi

2 module verify {

3 input h : handle

4 output p : proof

5 p = poi.verify(h) # signed (PQC)

6 }

11.6 Recipe 6: Anchor a proof on Base

Prepare the calldata that settles through the existing splitter.

1 use metastate.anchor

2 module settle {

3 input p : proof

4 output c : calldata

5 c = anchor.prepare(p, usdc(base)) # no new contract

6 }

11.7 Recipe 7: Dry-run before spending

Simulate the full dispatch locally to see expected cost and routing without touching any back-
end.

1 nwo-asm dispatch app.qasm3 --dry-run --explain

2

3 -> would route to: qpu (origin_wukong, expected 42ms)

4 -> estimated cost: $0.0008 USDC

5 -> no on-chain calls executed

11.8 Recipe 8: Contribute GPU and earn

Run the nwo-agi client and let the network rent your idle GPU. Earns USDC through the same
splitter.

1 pip install nwo-agi

2 nwo-agi start --wallet 0xYourBaseAddress

3

4 -> node registered: NODE-0xC7...2A

5 -> accepting tasks . health 100%

11.9 Recipe 9: Open a Portal from the terminal

1 nwo> portal.new qpu

2 -> opened PRT-0x5C41 on qpu . per-call USDC

3

4 nwo> portal.health PRT-0x5C41

5 -> PRT-0x5C41 . health 100% . latency 21ms . throughput 2.4 M/s
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11.10 Recipe 10: Set an a�liate address

Earn 15% of every call routed through a link you share. Con�gure once in nwo-asm.toml.

1 [settlement]

2 affiliate = "0xYourBaseAddress" # 15% of every settled call

11.11 Recipe 11: Sign a build for provenance

Attach a CRYSTALS-Dilithium signature so consumers can verify the artifact you produced.

1 nwo-asm build app.nwo --sign

2

3 -> app.qasm3

4 -> app.qasm3.sig (dilithium3, key ~/.nwo-asm/keys/identity)

11.12 Recipe 12: Embed in Rust

Use NWO-ASM from inside a Rust application�same compiler, same dispatch, same settlement.

1 use nwo_asm::{Compile, Dispatch};

2 use metastate_client::Base;

3

4 let art = Compile::build("signal.nwo")?;

5 let res = Dispatch::new(art)

6 .target("qpu")

7 .settle(Base::usdc())

8 .send()?;

9 println!("proof: {}", res.proof);

11.13 Patterns worth knowing

Set a budget. The optimiser can run forever �nding placements. budget_ms = 800 in con�g
caps it; deterministic builds get a �xed budget.

Always dry-run �rst. Before paying for a live dispatch, use --dry-run --explain. The
output prints the placement, the proof signature, and the expected USDC cost without spending
anything.

Pin a back-end. Override the optimiser when you need reproducibility: --backend qpu:origin_wukong.
The build still veri�es that the chosen back-end can host the IR.

Use the keychain. Store secrets in the OS keychain instead of .env: nwo-asm key store

IBM_QUANTUM_TOKEN. The toolchain reads it transparently.

12. MetaState Integration of Research

NWO-ASM is the assembly language; the substrate it presupposes (MetaState) is itself the
subject of an active research programme. This section connects the present whitepaper to that
programme, with attention to the boundary between language design and substrate science.
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12.1 The MetaState platform

MetaState is a FastAPI anomaly-detection kernel that settles in USDC on Base mainnet. Its
core components are:

� MetaStateSplitter (0x93a7962f75475b7e3Fbb62d3A23194f8833b1BE4) with the 35/35/30
+ 15% economics already discussed.

� MetaStateRegistry (0x5a0e...6905) recording inference attestations.

� An IBM Quantum L2 Router that bridges classical and quantum substrates.

� A post-quantum signing module based on CRYSTALS-Dilithium (NIST FIPS 204).

� The Proof of Inference primitive (�3.5).

� ABYO-key chat proxy that aggregates twenty-one upstream LLM providers behind a single
Dilithium-authenticated interface.

12.2 Research paper alignment

The MetaState programme has produced three peer-reviewed and preprint papers, of which the
most recent (Paper III, Revision 2) is most directly relevant. The paper formalises the anomaly-
detection kernel, the Proof of Inference, and the economic discipline of on-chain settlement.
NWO-ASM's nine-layer stack is the assembly-language realisation of that programme: every
primitive in the paper is a typed PMX operation, and every settlement claim in the paper is
mechanised by the splitter call at Layer 08.

12.3 The relationship between language and substrate

A common mistake in this layer of the stack is to con�ate the language with the substrate.
NWO-ASM is deliberately substrate-agnostic: the language compiles, simulates, and emits ar-
tifacts entirely o�ine; it does not require MetaState to do useful work. MetaState, in turn, is
deliberately language-agnostic: its endpoints accept JSON-RPC requests from any client that
can sign with Dilithium and provide a process-matrix description. The two systems compose at
a single, inspectable boundary�the MetaState link layer (�5).

This separation is structural, not editorial. It means:

� Improvements to MetaState's free-energy optimiser propagate to NWO-ASM without a lan-
guage version bump.

� NWO-ASM can be embedded in non-MetaState pipelines simply by deleting the [metastate]
block from nwo-asm.toml; the deny list in [targets] then constrains routing.

� Third parties can implement their own MetaState-equivalent substrate and point NWO-ASM
at it; the only requirement is the agent card and the splitter address.

12.4 Cross-project anchors

NWO-ASM is the language layer of the wider NWO ecosystem, which includes (in alphabetical
order, with status):

� Conway agent runner [LIVE]�autonomous Cloud�are Worker that runs Conway agents on
hourly cron, recently extended with the Deer-Flow tool.

� METASTATE [LIVE]�the anomaly-detection substrate this whitepaper depends on.

� NWO ASI [LIVE]�tokenised investment pool (0x33c22FE3...46bc) �nancing speculative-
physics prototypes.
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� NWO BLACKBOX [LIVE]�o�-grid mission-control dashboard.

� NWO Cardiac [LIVE]�ECG biometric identity hive on Base.

� NWO COANDA [LIVE]�VTOL �ying-car presale app.

� NWO Mixed Reality [LIVE]�on-chain MR cards on Base.

� NWO Oracle [LIVE]�P2P prediction-betting platform.

� NWO SPQR [LIVE]�ETH trading bot consuming the NWO Oracle consensus.

� NWO STATE [LIVE]�ERC-20 utility token on Ethereum mainnet.

� NWO UBI [LIVE]�claimer-pays-gas UBI �ow using EIP-2612 permits.

� NWO ZeroPoint [LIVE]�quantum vacuum energy project; �ve contracts on Base.

In every case, the integration with NWO-ASM is the same: emit a process matrix, route via
MetaState, settle in USDC. The uniformity makes the stack composable.

13. Verticals: Candidate Connector Frameworks

The connector interface (�6) is open: a connector is a substrate adapter plus a cost model plus
a veri�er. This section sketches candidate verticals�application domains in which a substrate-
speci�c NWO-ASM connector would deliver immediate value. Some are extensions of the current
MetaState buyer surface; others are new territories the substrate model opens. Each subsection
identi�es the substrate, the mathematical kernel, the production �t, and the status badge.

13.1 ECG biometric identity

[BETA]

Substrate. OpenBCI / commercial ECG patches via LSL; the NWO Cardiac on-chain identity
hive.

Kernel. RR-interval hashing (�6.5); the connector accepts a windowed ECG signal and emits
a soul-bound identity token ID. The match is a fuzzy hash against the registry of enrolled hashes.

Production �t. Access control, agent identity, signed attestations from a veri�ed human. The
Cardiac SDK already issues ECG-bound credentials on Base mainnet; an NWO-ASM connector
exposes the same �ow at the PMX level.

13.2 Gravitational-wave triggers

[ROADMAP]

Substrate. A subset of LIGO/Virgo public strain data streams; future ET/CE data.

Kernel. Matched �ltering against a template bank {hi(t)}:

ρi(t) =
(s |hi)(t)√
(hi |hi)

, (a | b) = 4Re

∫ ∞

0

ã(f) b̃∗(f)

Sn(f)
df.

A PMX block of arity (strain window, SNR) wraps the inner product.
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Production �t. Low-latency trigger generation for follow-up electromagnetic alerts; commu-
nity science exposed through the splitter.

13.3 Schumann-resonance and ELF/VLF analysis

[ROADMAP]

Substrate. Magnetometer streams from a global network; public datasets such as theWWLLN,
Stanford VLF group, and ELF observatories.

Kernel. Spectral peak �tting at the canonical Schumann resonances (7.83, 14.3, 20.8, 27.3, 33.8)Hz
with anomaly scoring on departures from baseline:

score(s) =
5∑

k=1

∣∣logPs(fk)− µk(LT, t)
∣∣/σk,

where µk, σk are LT-aware (local-time) baselines.

Production �t. Geophysical anomaly detection, seismic precursor research, ionospheric mod-
elling; integrated with the existing NWO Signal Spectrum platform.

13.4 Financial tick anomaly

[LIVE] (kernel exists in MetaState)

Substrate. Order-book and tick streams from Coinbase Exchange, Binance, and similar venues;
cached aggressively to avoid hot-loop fees.

Kernel. The same free-energy bound as �5.5.1, evaluated against a learned tick-frequency
density. A PMX block consumes a one-minute window and emits a scalar score.

Production �t. A trading-bot signal source (the existing NWO SPQR bot consumes such
a signal), risk-management triggers, market microstructure research. Already in production at
MetaState.

13.5 Structural-health monitoring

[ROADMAP]

Substrate. Accelerometer arrays on bridges, dams, wind turbines; LoRaWAN-aggregated
nodes.

Kernel. Bearing-vibration spectral analysis combined with modal-frequency drift:

score(s) = α
∣∣∣∑

k

wk Ps(f
mod
k )− Pref

∣∣∣+ β
∑
j

KL
(
pcurj ∥prefj

)
.

The result is a PMX block of arity (strain channels,health ∈ [0, 1]).

Production �t. Civil-engineering monitoring, insurance pricing, automated maintenance schedul-
ing; settlement per inspection.
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13.6 Linguistic free-energy

[ROADMAP]

Substrate. Text corpora, real-time chat streams.

Kernel. Surprise per token under a small language model:

score(x1:T ) = −
1

T

T∑
t=1

log pθ(xt | x<t).

A PMX block accepts a tokenised stream and emits a scalar in nats per token.

Production �t. Prompt-injection detection, agent-output quality metrics, drift detection in
dialog systems.

13.7 DDoS anomaly

[ROADMAP]

Substrate. Network telemetry, sFlow or NetFlow exports.

Kernel. Source-IP entropy combined with rate-deviation scoring:

score = −
∑
i

pi log pi + λ · (r − r̄)2

r̄
.

Production �t. Cloud�are-style edge defence with auditable attestation; pay-per-detection.

13.8 Photonic boson sampling

[ROADMAP]

Substrate. Linear-optical meshes (Jiuzhang-class).

Kernel. The permanent-based output distribution (�6.6). PMX blocks of high arity admit
native photonic implementation when the relevant submatrix is sparse.

Production �t. Cryptographically secured random number generation; restricted optimisa-
tion problems (graph similarity).

13.9 Neuromorphic spiking nets

[ROADMAP]

Substrate. Intel Loihi via Lava SDK; future post-CMOS substrates.

Kernel. Spiking neural networks with LIF dynamics (�6.7).

Production �t. Ultra-low-power inference at the edge; robotics control loops with sub-millisecond
latency.
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13.10 DNA strand displacement

[ROADMAP]

Substrate. Strand-displacement compilers; Oxford Nanopore I/O.

Kernel. Petri-net unfolding of PMX blocks (�6.8).

Production �t. Storage-class workloads, massively parallel optimisation, archival computa-
tion.

13.11 Crystalline quantum-dot lattices

[ROADMAP]

Substrate. Engineered quantum-dot lattices.

Kernel. Hamiltonian-driven analog optimisation (�6.9).

Production �t. NP-hard problem embeddings; long-horizon research.

13.12 Robotic control

[LIVE](via NWO Robotics MCP)

Substrate. Physical robots reachable via the NWO Robotics MCP server (60+ tools, ROS2
bridge).

Kernel. Vision-language-action (VLA) inference: a PMX block consumes a sensor tensor and
emits a low-level joint-action sequence with a �delity-bound proof of feasibility (collision check,
torque limits).

Production �t. Robotic manipulation, ECG-gated robot authorisation, �eet-level swarm co-
ordination. Already integrated via the MCP layer.

13.13 Speculative-physics simulation

[ROADMAP]

Substrate. TheWell physics surrogate (FNO/TFNO/U-Net, 12�22ms inference); future Casimir�
sonoluminescence experimental data.

Kernel. PMX-wrapped neural operators that solve Helmholtz and Navier�Stokes variants on
a coarse grid; outputs feed a Hamiltonian construction.

Production �t. Vacuum-�eld thruster research (NWO ZeroPoint); acoustic levitation calibra-
tion; ASI prototype �nancing under the on-chain pool.
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13.14 Summary of verticals

Vertical Substrate Customer surface Status

ECG biometric identity ECG/LSL + Cardiac hive Access, agent identity [BETA]
Gravitational waves strain data Astro alerts [ROADMAP]
Schumann ELF/VLF magnetometer net Geophysical alerts [ROADMAP]
Financial tick anomaly exchange streams Trading signal [LIVE]
Structural-health monitor accelerometer net Engineering, insurance [ROADMAP]
Linguistic free-energy text corpora Safety, drift detection [ROADMAP]
DDoS anomaly network telemetry Edge security [ROADMAP]
Photonic boson sampling linear-optical mesh RNG, graph [ROADMAP]
Neuromorphic spiking Loihi / Lava Edge inference, robotics [ROADMAP]
DNA strand displacement nanopore + compiler Storage, optimisation [ROADMAP]
Crystalline lattices quantum-dot lattices NP embeddings [ROADMAP]
Robotic control NWO Robotics MCP Manipulation, swarm [LIVE]
Speculative-physics sim The Well, NWO ZeroPoint ASI prototype �nancing [ROADMAP]

Table 10: Candidate verticals for new NWO-ASM connector frameworks.

14. Theoretical Paths and Future Research

The substrate model opens research questions in at least �ve directions. We sketch each here as
a paragraph-level research programme, not a complete agenda.

14.1 A thermodynamic semantics of assembly languages

Classical assembly is given a denotational semantics over a state space and a transition relation.
NWO-ASM, by treating CPTP maps as primitive, admits a richer denotational target: it can
be given a thermodynamic semantics. Each PMX block has a Landauer cost EΦ governed by
the entropy production of its execution; the free-energy bound at Layer 04 is a variational upper
bound on EΦ. A research programme along these lines would (i) formalise the denotational
mapping; (ii) prove placement equivalences modulo energy expenditure; and (iii) explore the
relationship between causal-coherence index κ and irreversible work.

14.2 Causal-coherence schedulers as nonequilibrium optimisers

The free-energy bound used by the optimiser is mathematically identical in form to the Friston-
style active-inference free energy. This raises the question: can the same scheduler that places
PMX blocks across substrates be used to schedule physical actions in an active-inference agent?
The current implementation handles compute placement; an extension would handle robot poli-
cies under the NWO Robotics MCP. The result would be a substrate-agnostic active-inference
engine in which �substrate� includes the physical world.

14.3 Energy-based uni�cation with the active-inference programme

A natural extension generalises the prior π(s) in eq. (1) from a static distribution to a learned
posterior over substrate preferences. The optimiser would then perform not just placement but
learning about substrates: which back-end to prefer for which class of PMX blocks under which
conditions. This is the same machinery that the Friston programme uses for perception. The
research question is whether the joint variational objective is convex in π for �xed q, and whether
the convergence guarantees of the active-inference iterative scheme carry over.
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14.4 Post-quantum sovereignty as a structural property

Most stacks bolt post-quantum cryptography on as a transport-layer upgrade. NWO-ASM treats
Dilithium-signed PoI as a layer of the language itself: a PMX block is not executable unless the
runtime can produce a signed proof. This makes sovereignty�the property that no party can
claim a computation it did not perform�a structural invariant. A research programme would (i)
formalise the structural invariant; (ii) explore the trade-o� between the zk variant and the plain
Dilithium variant under information-theoretic side-channel models; and (iii) study whether the
invariant can be preserved under substrate failures (a malicious QPU back-end colluding with a
malicious dispatcher).

14.5 Cross-substrate transport and the bridge layer

The cross-chain quantum-secured bridge (Layer 08 side path, [ROADMAP]) is currently a design.
The research question it embodies is: when is a substrate transition a semantic identity, and

when is it a coercion? A PMX block dispatched to a GPU and then to a QPU should produce
the same result up to �delity loss, but the gradients of the �delity loss carry information about
substrate di�erences. A research programme would (i) characterise the gradients; (ii) develop
tomography protocols that reveal substrate identity; and (iii) integrate this with the cross-chain
bridge to give end-to-end signed transcripts.

14.6 Veri�cation of agent-issued computations

Autonomous agents using NWO-ASM (such as the Conway runner) issue computations on their
own initiative. The question of verifying that an agent's claimed reason for a computation
matches the computation it actually issued is open. A research programme would explore (i)
signed intent attestations attached to PMX blocks; (ii) cryptographic commitments to chain-of-
thought traces; and (iii) the relationship between intent attestations and the Proof of Inference.

14.7 Hardware-aware free-energy bounds

The current free-energy bound is a closed-form Gaussian variant. Real hardware has structured
noise: GPU memory bandwidth bottlenecks, QPU crosstalk, ECG patch motion artifacts. A
more accurate optimiser would incorporate hardware noise models into the bound. This is a
tractable research programme with immediate production impact.

14.8 Long-horizon substrates: biological and post-CMOS

DNA strand displacement, crystalline quantum-dot lattices, and neuromorphic substrates are
listed as roadmap connectors. None of them is mature enough today for production use, but the
connector interface is open: a research lab with the relevant hardware can implement a back-end
against the public Rust crate. The bene�t of going through NWO-ASM is the audited settlement
layer�a research collaboration can charge for substrate time using infrastructure that already
works.

15. Honest Status Summary

For unambiguous reference, this section lists every component discussed and its live status.
Anything not labelled [LIVE] is not yet shipped or requires user-supplied infrastructure.
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Component Status Notes

Core language and toolchain

NWO-ASM source lan-
guage

[LIVE] MIT, embeddable.

Parser and AST (Rust) [LIVE] tree-sitter grammar.
Process-Matrix IR (.pmx) [LIVE] substrate-agnostic.
MetaState optimiser [LIVE] free-energy bound.
Runtime and dispatcher [LIVE] tokio async.
Compiler CLI (nwo-asm) [LIVE] build, dispatch, key, doctor.
Rust crate (nwo-asm) [LIVE] embedded use.
Terminal (in-browser) [LIVE] demo + live modes.
Portals dashboard [LIVE] demo mode shipped, live awaits wal-

let.

Substrate connectors

CPU (LLVM 17) [LIVE] x86, ARM, RISC-V.
GPU (CUD-
A/ROCm/Metal)

[LIVE] + nwo-agi mesh.

QPU (IBM Quantum) [LIVE] via Qiskit Runtime.
QPU (Origin Wukong) [LIVE] 72q + Wukong-180 via QPanda.
ECG hive + BCI [BETA] OpenBCI / Muse / LSL.
Photonic [ROADMAP] Jiuzhang-class.
Neuromorphic [ROADMAP] Loihi / Lava.
DNA [ROADMAP] strand displacement + nanopore.
Crystalline [ROADMAP] quantum-dot lattice.

MetaState link layer

/v1/anomaly/score [LIVE] free-energy bound.
/v1/symbolic/regress [LIVE] EML kernel.
/v1/poi/verify [LIVE] PoI; Dilithium / zk.
/v1/quantum/route [LIVE] QPU routing.
/v1/compute/inference [LIVE] GPU mesh.
/v1/memory/search [LIVE] signed EML graph.
A2A Agent Card [LIVE] /.well-known/agent-card.json.

Veri�cation and settlement

CRYSTALS-Dilithium
signing

[LIVE] PQC; NIST FIPS 204.

Groth16 zk-SNARK vari-
ant

[LIVE] via snarkjs/arkworks.

MetaStateSplitter (Base) [LIVE] 0x93a7. . . 1BE4; 35/35/30 + 15%.
USDC on Base mainnet [LIVE] chain 8453.

Side paths

EVM bytecode emission [DESIGN] interface stable; integration in
progress.

Cross-chain quantum-
secured bridge

[ROADMAP] CRYSTALS-Kyber + Dilithium re-
lay.

A�liate and economics

15% a�liate share [LIVE] via existing splitter.

continued on next page
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Component Status Notes

A�liate dashboard (clicks) [BETA] client-side preview; on-chain payout
is automatic.

Agents-as-a�liates [LIVE] EVM-address-based; no special han-
dling.

16. Conclusion

NWO-ASM is an assembly language built for a heterogeneous world. By taking the process
matrix�a CPTP map enriched with a causal-coherence index�as primitive, the language closes
over CPUs, GPUs, QPUs, ECG identity hives, BCIs, and a roadmap of substrates spanning
photonic, neuromorphic, DNA, and crystalline targets. A variational free-energy optimiser places
PMX blocks on the substrate that minimises an expected cost subject to user-policy divergence;
the runtime dispatches signed asynchronous calls; the substrate returns a Proof of Inference
attested with post-quantum cryptography; and an audited splitter on Base mainnet settles in
USDC with anti-extractive 35/35/30 economics and a +15% a�liate share that humans and
agents both can claim.

The system is live. The compiler ships; the IR ships; the optimiser ships; the runtime ships;
the CPU, GPU, and QPU connectors ship; the MetaState link layer ships with six live endpoints;
the veri�er ships; the splitter is audited and deployed; the terminal, the Portals dashboard, and
the a�liate �ow ship. Roadmap substrates do not silently dispatch; the runtime refuses, and
the diagrams use dashed lines for exactly the paths the code refuses to traverse. This discipline
is structural, not editorial: it is enforced at the type level and at runtime.

The contribution of the design is the boundary it draws between language and substrate.
NWO-ASM compiles and simulates entirely o�ine, and MetaState's endpoints accept signed
JSON-RPC from any client. The two systems compose at one inspectable boundary. The same
boundary is where new verticals and new connectors plug in: a third party writes a connector
adapter against a small Rust trait, declares a cost model, and joins the routing mesh. Settlement
is automatic; the splitter is reused; no new on-chain contract is required.

The research programme the substrate model opens is broad: a thermodynamic semantics
of assembly languages, causal-coherence schedulers as nonequilibrium optimisers, energy-based
uni�cation with the active-inference programme, post-quantum sovereignty as a structural prop-
erty of computation, cross-substrate transport, and veri�cation of agent-issued computations.
Each is a tractable direction the substrate model invites.

The discipline of the work is honest labelling. Every layer, every endpoint, every connector
carries a status badge. Nothing in this paper is claimed to work before it does. The reader is
invited to inspect every boundary: dump the AST, dump the IR, dump the placement, read
the signed proof, verify the calldata against the audited splitter, watch the Portals dashboard.
The right of inspection is the fundamental compositional property of NWO-ASM, and it is the
property that makes the system trustworthy.
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