MATHTRIX

Dual-Axis Architecture

for Education and Research Across Domains

MATH LIBRARY (Universal Foundation)
!

DOMAIN LIBRARIES (Al, Quantum, Finance, Biology, ...)
i

GENERATOR (12 Steps, G.E.E.O., R1-R12)
{

AXIS 1: EDUCATION AXIS 2: RESEARCH

Curriculum Generation Algorithm Optimization

Core Principle: One mathematical foundation, multiple domain applications, two
operational axes.



1. The Vision: Mathematics as Universal Foundation

MATHTRIX is built on a fundamental insight: mathematics is the common language across all computational
domains. Whether we are designing Al architectures, quantum circuits, financial models, or biological

simulations, the underlying mathematical structures are shared.

This insight leads to a powerful architectural principle:

"Build the mathematical foundation once. Apply it everywhere. Use it for both teaching and

research."

The Three-Layer Architecture

Layer Name Role Shared or
Specific

Layer 0 Math Library Universal mathematical foundation: 10 SHARED (one for
Pillars, 152 Roads, Cross-Roads, Path all domains)
Steps, Concepts

Layer 1 Domain Domain-specific epistemology: how SPECIFIC (one

Libraries mathematics manifests in each field per domain)

Layer 2 Generator 12-step processing engine with G.E.E.O. SHARED (same

and R1-R12 mechanism)

The Two Axes

On top of this three-layer architecture, MATHTRIX operates on two axes:

Axis

Axis 1
Education

Purpose Input

Build understanding Student profile +
through structured learning | Learning goals

Output

Personalized curriculum

Axis 2
Research

Optimize algorithms Problem + Constraints
through mathematical
navigation

Optimized
implementation

Key Insight: The same infrastructure (Math Library + Domain Library + Generator) serves both axes. The

difference is not in the mechanism, but in the goal: learning vs. optimization.




2. Layer 0: The Math Library (Universal Foundation)

The Math Library is the semantic network of mathematics that underlies all domains. It is built once and
shared across all applications.

2.1 Structure of the Math Library

Component Count Description Example
Pillars 10 Major mathematical Abstract Algebra, Analysis, Geometry,
domains Optimization, Statistics, ...
Roads 152 Theory sequences within CR-ALG-2: Vector Spaces - Matrices —»
pillars Eigenstructure - Tensors
Cross-Roads ~50 Bridges between pillars XR-ALG-AN: Algebra « Analysis
(spectral theory)
Path Steps ~750 | Specific theorems and Spectral Theorem, Cayley-Hamilton,
methods Parseval, FFT, ...
Concepts ~2000 | Mathematical atoms Eigenvalue, unitary matrix, Fourier
coefficient, gradient, ...

2.2 The 10 Mathematical Pillars

# Pillar Core Focus Domain Applications
1 Abstract Algebra Groups, rings, fields, linear | Quantum (unitaries), Al
maps (symmetries), Crypto
2 Abstract Analysis Limits, continuity, Fourier, Signal processing, PDEs, Quantum
functional
3 Abstract Geometry | Manifolds, topology, Al (latent spaces), Physics, Robotics
differential
4 Applied Numerical methods, All computational domains
Mathematics algorithms
5 Statistics Inference, estimation, Al (learning), Biology, Finance
testing
6 Stochastics Probability, random Finance, Physics, Al (genertic)
processes
7 Logic & Algorithms | Computability, complexity CS theory, Verification, Al
8 Discrete Graphs, combinatorics Networks, Biology, Optimization
Mathematics
9 Optimization Continuous, discrete, Al (training), Operations, Finance
constrained
10 |Business Financial math, game theory | Finance, Economics, Strategy
Mathematics

Key Point: Every domain draws from multiple pillars. The Math Library captures the universal structure of

mathematics that all domains share.




3. Layer 1: Domain Libraries (Epistemological Overlays)

Each domain has its own epistemological structure — the way knowledge is organized, the key concepts, the
standard problems, the evaluation criteria. Domain Libraries capture this structure as an overlay on top of the
Math Library.

3.1 Complete Structure of a Domain Library

Every Domain Library follows the same architectural pattern established by the Al Library. This ensures
consistency and enables the Generator to work uniformly across all domains:

Component Description Al Library Example
Hierarchy (L1-L5 | 5-level taxonomy from L1: Functional Goals (24) L2: Structural
or Q1-Q5) goals to implementations Mechanisms (11) L3: Model Families (25+)

L4: Geometry/Latent Tags (16) L5: Named
Instances (100+)

Axis Systems Input/Output/Task type Input: 10 types (Vector, Sequence, Graph,
taxonomies Image, ...) Output: 10 types (Scalar,
Distribution, Policy, ...) Task: 50+ types
(Classification, Generation, ...)

Spines Core 5 Spines: Optimization, Inference,
cognitive/computational Representation, Decision, Cognition
dimensions

Meta-Spines Orthogonal epistemological | 4 Meta-Spines: Data, Uncertainty,
dimensions Compositionality, Causality

Math Mappings How domain concepts map | Neural Network — Linear Algebra
to Math Library Backprop — Calculus Attention - Dot

Product
Backends Computational engines for TensorFlow, PyTorch, scikit-learn

evaluation




3.2 Al Library — The Reference Model

The Al Library is the first and most complete Domain Library. It establishes the pattern that all other Domain
Libraries follow:

Level Name Count Examples
L1 Functional Goals 24 Supervised Prediction, Representation Learning,
Generative Modeling, Policy Learning, ...
L2 Structural 11 Parametric, Non-Parametric, Generative,
Mechanisms Discriminative, Bayesian, Graph-Based, ...
L3 Model Families 25+ Linear Models, Kernel Methods, Tree Ensembles,
Neural Networks, Transformers, ...
L4 Geometry/Latent 16 Euclidean, RKHS, Spectral, Manifold, Graph, Latent
Tags States, Attention-Based, ...
L5 Named Instances 100+ |GPT-2, ResNet-50, XGBoost, BERT, Stable Diffusion, ...

Al Library Spines & Meta-Spines:

5 Core Spines 4 Meta-Spines

Optimization — Learning algorithms, Data — Geometry, modalities, structure
parameter updates Inference — Predictions, | Uncertainty — Belief, noise, epistemic
uncertainty estimation Representation — variability Compositionality — Modular
Feature learning, embeddings Decision — design, hierarchy Causality — Interventions,
Policy learning, action selection Cognition — | counterfactuals

Abstract reasoning, meta-learning




3.3 Quantum Library — Applying the Pattern

The Quantum Library follows the same architectural pattern as the Al Library, adapted for quantum
computing:

Level Name Count Examples
Q1 Functional Goals ~15 State Preparation, Unitary Synthesis, Measurement,
Error Correction, Simulation, ...
Q2 Structural ~8 Gate-Based, Adiabatic, Measurement-Based,
Mechanisms Topological, Variational, ...
Q3 Algorithm Families | ~20 Fourier-Based, Amplitude Amplification, Phase
Estimation, VQE, QAOA, ...
Q4 Geometry/Quantum | ~12 Hilbert Space, Unitary Manifold, Tensor Network,
Tags Clifford, Non-Clifford, ...
Q5 Named Instances ~50 Shor, Grover, QFT, HHL, QAOA-MaxCut, VQE-H2, ...

Quantum Axis Systems:

Input Types Output Types Task Types

* Quantum State |y) * Measurement Outcome *  State Preparation * Unitary
Classical Data (to encode) Probability Distribution « Compilation « Measurement
Hamiltonian H « Unitary U Quantum State ¢ Classical * Error Correction

(target) « Density Matrix p « | Bits * Expectation Value (O) | Simulation « Optimization
Measurement Basis ¢ Error * Fidelity Score * Error Rate | (QAOA) * Sampling *
Syndrome Verification

Quantum Spines & Meta-Spines:

5 Core Spines (Quantum) 4 Meta-Spines (Quantum)

Optimization — Gate synthesis, circuit Data — Hilbert space dimension, qubit count
compilation Inference — State tomography, Uncertainty — Quantum noise, decoherence
parameter estimation Representation — Compositionality — Tensor products,

State encoding, ansatz design Execution — modularity Causality — Measurement

Gate scheduling, error mitigation Verification | backaction, entanglement
— Fidelity checking, benchmarking

Quantum Math Mappings:

Quantum Concept Math Library Road Key Theorems/Methods

Qubit |y) CR-ALG-2 (Linear) Vector in C?, Bloch sphere

Gate U CR-ALG-4 Unitary matrix, SU(2), SU(2")
(Representation)

Entanglement CR-ALG-2 + XR-ALG-AN | Tensor product, Schmidt decomposition

QFT CR-AN-10 (Harmonic) DFT, roots of unity, FFT

Circuit Optimization | OPT2 (Combinatorial) DAG scheduling, gate cancellation

Error Correction CR-ALG-4 + CR-DISC Group codes, stabilizer formalism




3.4 Domain Libraries Summary

Every Domain Library has the SAME structural components:

Component Structure Role

5-Level Hierarchy L1/Ql -» L2/Q2 - L3/Q3 —» L4/Q4 | From paradigms to
- L5/Q5 implementations

3 Axis Systems Input Types, Output Types, Task | Classification of problems
Types

5 Spines Domain-specific cognitive How to "do" in the domain
dimensions

4 Meta-Spines Domain-specific epistemological | Fundamental governing laws
principles

Math Mappings Domain concepts —» Math Library | Connection to universal foundation
roads

Backends Domain-specific computational Evaluation engines
tools

Key Insight: This uniformity enables the Generator to work identically across all domains using the same
12-step process. Add a new domain = create its Domain Library following this pattern.



4. Complete MATHTRIX Components (Beyond the Generator)

The Generator is just ONE component of MATHTRIX. The complete system includes 13+ major components,
each with analogues across all domains. This section shows ALL components and how they map to different
domains.

4.1 Complete Component Inventory

# Component PURPOSE Al Domain Example
1 World Module Geographic organization of 26 Continents 117
knowledge space (Continents - Clusters ~1000
Clusters - Classes) Classes
2 World Router Routes queries to appropriate Input: Query Output:
Continent/Cluster based on content World Anchor
3 World Anchor Fixed coordinates in World space 8 fields per anchor
(Continent, Cluster, Class, Phase)
4 Domain Library Hierarchical taxonomy + Axes + L1-L5: ~200 nodes
(Al/Quantum/etc.) | Spines + Meta-Spines for domain Axes: 3 x 10+ types
Spines: 5 + 4 meta
5 Classifier Classifies query to TreePath Input: Query Output:
(hierarchy + Axes + Spines) TreePath
6 Validator Validates TreePath legality, checks 5 validation rules
policies
7 Topology Pack Multi-dimensional overlay specifying |13 dimensions
execution context
8 Math Library Universal mathematical foundation 10 Pillars 152 Roads
(shared by all domains) ~50 Cross-Roads
9 RoadsetBuilder Resolves domain concepts to Math Input: Topology Pack
Library paths Output: Roadset
10 |Curriculum Shells | Template archetypes for different Al has 128 shells
learning/task patterns (domain-specific
count)
11 |Seed Schema Complete specification structure for a | Al has 150+ fields
problem/task (domain-specific)
12 | HEART System Structured instruction tables Al: 24+422+15 fields
(Instantiation + Bridge + Final) (domain-specific)
13 | Generator N-step processing engine with 12 steps G.E.E.O.

G.E.E.O. and RL R1-R12 RL




4.2 Complete Component Analogues: Al vs Quantum

This section shows the complete mapping of ALL MATHTRIX components from Al to Quantum domain:

Foundation Components:

Component

Math Library
(SHARED)

Al Domain Content

10 Pillars, 152 Roads — SAME for all
domains (Linear Algebra, Analysis,
Optimization, ...)

Quantum Domain Content

10 Pillars, 152 Roads — SAME for all
domains (Linear Algebra underlies
quantum mechanics)

Hierarchy Level
1

L1: Functional Goals Supervised
Prediction, Unsupervised Learning,
Representation Learning,
Generative Modeling, Policy
Learning, ...

Q1: Functional Goals State
Preparation, Unitary Synthesis,
Measurement, Error Correction,
Hamiltonian Simulation, Optimization,

Hierarchy Level
2

L2: Structural Mechanisms
Parametric, Non-Parametric,
Generative, Discriminative,
Bayesian, Graph-Based, ...

Q2: Structural Mechanisms
Gate-Based, Adiabatic,
Measurement-Based, Topological,
Variational, Fault-Tolerant, ...

Hierarchy Level
3

L3: Model Families Linear Models,
Kernel Methods, Tree Ensembles,
Neural Networks, Transformers, ...

Q3: Algorithm Families Fourier-Based
(QFT, Shor), Amplitude Amplification
(Grover), Phase Estimation, VQE,
QAOA, QML, ...

Hierarchy Level
4

L4: Geometry/Latent Tags
Euclidean, RKHS, Spectral,
Manifold, Graph, Latent States,
Attention-Based, ...

Q4: Circuit/Structure Tags Hilbert
Space, Unitary Manifold, Tensor
Network, Clifford, Non-Clifford,
Layered, Brickwork, ...

Hierarchy Level
5

L5: Named Instances GPT-2,
ResNet-50, XGBoost, BERT, Stable
Diffusion, sklearn.SVC, ...

Q5: Named Instances Shor, Grover,
QFT, HHL, QAOA-MaxCut, VQE-H2,
Surface Code, Steane Code, ...




Axis Systems:

Axis Al Domain Types Quantum Domain Types
Input Types Vector, Sequence, Image/Grid, Quantum State |y), Classical Data,
Graph, Set, Manifold, Multimodal, Hamiltonian H, Unitary U (target),
Hierarchical, Sparse, Streaming Density Matrix p, Measurement
Basis, Error Syndrome, Ansatz
Template
Output Types | Scalar, Class Label, Multi-Label, Measurement Outcome, Probability
Sequence, Distribution, Structured Distribution P(x), Quantum State |¢),
Output, Policy/Action, Embedding, Expectation Value (O), Fidelity Score,
Ranking, Generation Circuit Specification, Error Rate,
Gradient VO
Task Types Classification, Regression, State Preparation, Circuit Synthesis,
Clustering, Generation, Gate Decomposition, Depth
Segmentation, Detection, Optimization, Gate Count
Translation, Summarization, Minimization, Error Correction,
Recommendation, RL, Anomaly Variational Optimization, Hamiltonian
Detection, ... Simulation, Transpilation, Noise
Mitigation, ...

Spines & Meta-Spines:

Component Al Domain Quantum Domain

Spine 1 Optimization — Learning algorithms, | Synthesis — Circuit construction,
parameter updates, loss minimization | state preparation, unitary compilation

Spine 2 Inference — Making predictions, Analysis — Circuit decomposition,
uncertainty estimation, posterior verification, tomography
computation

Spine 3 Representation — Feature learning, Optimization — Gate reduction, depth
embeddings, latent spaces minimization, resource optimization

Spine 4 Decision — Policy learning, action Simulation — Classical simulation,
selection, control tensor network contraction

Spine 5 Cognition — Abstract reasoning, Execution — Hardware mapping,
meta-learning, planning error mitigation, noise adaptation

Meta-Spine 1 | Data — Geometry, modalities, Superposition — Quantum
structural properties parallelism, basis states, state

combination

Meta-Spine 2 | Uncertainty — Belief, noise, epistemic | Entanglement — Non-local
variability correlations, Bell states, multipartite

Meta-Spine 3 | Compositionality — Modular design, | Interference — Amplitude
hierarchical structure manipulation,

constructive/destructive

Meta-Spine 4 | Causality — Interventions, Decoherence — Noise, error,

counterfactuals, structural environment interaction




World Module:

Component

Al Domain Content

Quantum Domain Content

Continents A: Supervised Learning B: A: Gate-Based Algorithms B:

(Thematic Self-Supervised C: Reinforcement Variational Methods C: Error

clusters) Learning D: Generative Models E: Correction D: Quantum Simulation E:
Transformers/NLP F: Computer Quantum Optimization F: Quantum
Vision G: Graph Learning ...Z: ML G: Adiabatic Computing ...Z:
Specialized Specialized

Clusters Each continent has clusters: Al: Each continent has clusters: Al:

(Groups within | Linear Models A2: Tree Methods A3: | Fourier-Based (QFT, Shor) A2:

continent) Neural Networks A4: Kernel Methods | Amplitude Amplification A3: Phase

Estimation A4: Hidden Subgroup ...

Classes (Atomic
units)

Specific curriculum units: CL:A1-01:
Linear Regression CL:A3-05: CNN
Architecture CL:E2-03: BERT
Fine-tuning ...

Specific algorithm units: CL:A1-01:
QFT Implementation CL:A2-01:
Grover Search CL:B1-03: VQE for H2

World Router

Routes "teach me CNNs" -
Continent F (Vision), Cluster F3
(Architectures)

Routes "optimize QFT circuit" -
Continent A (Gate-Based), Cluster Al
(Fourier)

World Anchor (8
fields)

continent_id, cluster_id, class_id,
phase_id, coordinates, prerequisites,
unlocks, phase_gate

continent_id, cluster_id, class_id,
phase_id, coordinates, prerequisites,
unlocks, phase_gate (SAME
structure, different values)




Processing Components:

Component

Al Domain Content

Quantum Domain Content

Prerequisites met ¢ Difficulty
appropriate ¢ Policy compliance

Classifier Parses "teach me transformers" into: | Parses "optimize 3-qubit QFT" into:
L1: Representation Learning L2: Q1: Unitary Synthesis Q2:
Neural, Attention-Based L3: Gate-Based Q3: Fourier-Based Q4:
Transformers L4: Autoregressive L5: | Layered Circuit Q5: QFT-3
GPT-2, BERT

Validator Validates:  L1-L5 path is legal * Validates: * Q1-Q5 path is legal ¢

Prerequisites met * Hardware
constraints « Resource limits

Topology Pack
(Multi-D
overlay)

objective: likelihood inference:
variational optimization: stochastic
geometry: sequential
representation: contextual data:
sequences uncertainty: calibrated ...

objective: fidelity synthesis:
decomposition optimization: greedy
hilbert: 2~n dimensional ansatz:
hardware-efficient noise:
depolarizing connectivity: linear ...

RoadsetBuilder

Maps Al concepts to Math:
Transformer -» CR-ALG-2 (Linear)
Attention - CR-AN-5 (Calculus)
Softmax - STAT-3 (Probability)

Maps Quantum concepts to Math:
QFT - CR-AN-10 (Harmonic) Gates -
CR-ALG-2 (Linear) Optimization —»
OPT2 (Combinatorial)

Curriculum
Shells

Templates for Al learning: ¢
Theory-Heavy Shell « Hands-On
Coding Shell « Research Paper Shell
* Interview Prep Shell (Al has 128
shells)

Templates for Quantum:
Theory-Heavy Shell
Simulation-Based Shell
Hardware-Focused Shell « Research
Paper Shell (Quantum has its own
count)

Seed Schema

Al Seed has blocks for: * Al Library
(L1-L5) = Al Topology ¢ Al Spines « Al
Content (150+ Al-specific fields)

Quantum Seed has blocks for:
Quantum Library (Q1-Q5) «
Quantum Topology ¢ Quantum
Spines ¢ Quantum Content
(Quantum-specific fields)




HEART System & Generator:

Component

HEART
Instantiation

Al Domain Content

Initialize Al curriculum: title,
difficulty, prerequisites,
learning_outcomes, theory_ratio,
code_ratio, spines, math_pillars,
weekl focus, approach, ...

Quantum Domain Content

Initialize Quantum task: title,
complexity, prerequisites,
optimization_goal, theory_ratio,
simulation_ratio, spines,
math_pillars, iterationl_focus,
approach, ...

HEART Bridge

Connect Al concepts:
canonical_roads, cross_roads,
unlocks, section_templates,
weekly_schedule, exercises,
emphasis_router, quality_metrics, ...

Connect Quantum concepts:
canonical_roads, cross_roads,
unlocks, transformation_templates,
iteration_schedule, test_cases,
emphasis_router, quality_metrics, ...

HEART Final

Al output specification: assessments,
real_world_apps, tags,
validation_passed, ready _for_lim,
next_steps, estimated_quality, ...

Quantum output specification:
verification_tests, applications, tags,
validation_passed,
ready_for_backend, next_directions,
estimated_fidelity, ...

Generator Steps
1-4

CLASSIFY: Parse student query
ATTACH: Load Al seeds, roads
ENFORCE: Pedagogical rules
PROJECT: Curriculum space

CLASSIFY: Parse optimization query
ATTACH: Load Quantum seeds,
roads ENFORCE: Hardware
constraints PROJECT: Algorithm
space

Generator Step
5: G.E.E.O.

Generate: lesson candidates
Evaluate: understanding metrics
Explore: new pedagogies Exploit:
proven methods Optimize: for
student

Generate: circuit candidates
Evaluate: fidelity, depth, gates
Explore: new decompositions
Exploit: known optimizations
Optimize: for hardware

Generator Steps
6-12

HEART: Apply Al templates
INSTRUCTIONS: LLM prompt LLM:
Generate content QUALITY: XP
metrics CACHE: Store paths
DELIVERY: Format curriculum
OUTCOME: Track learning

HEART: Apply Quantum templates
INSTRUCTIONS: Backend call
BACKEND: Execute optimization
QUALITY: Fidelity metrics CACHE:
Store results DELIVERY: Format
algorithm OUTCOME: Track
improvement




RAG & RL Components:

Component

Al Domain Content

Quantum Domain Content

Vector Indexer

Index Al knowledge: « 1000 Al seeds
¢ 1000 Al classes ¢ Al Library (L1-L5)
* Al Math mappings

Index Quantum knowledge: ¢
Quantum seeds ¢ Quantum classes *
Quantum Library (Q1-Q5) *
Quantum Math mappings

Similarity Find similar Al content: "CNN Find similar Quantum content: "QFT
Search architecture" - similar seeds optimization" = similar seeds "gate
"backpropagation" - related roads | cancellation" — related roads
Knowledge Retrieve Al context: « Math context | Retrieve Quantum context: « Math
Retriever for neural networks ¢ Example Al context for quantum gates ¢
classes (Gold tier) * Related Al seeds | Example Quantum classes ¢ Related
Quantum seeds
R1-R6 Real-time Al decisions: R1: Select Real-time Quantum decisions: R1:

(Real-time RL)

best Al seed R2: Adjust difficulty R3:
Plan learning path R4:
Explore/exploit R5: Reward learning
R6: Meta-learning

Select best transformation R2:
Adjust search depth R3: Plan
optimization path R4: Explore/exploit
R5: Reward learning R6:
Meta-learning

R7-R12 (Batch
RL)

Batch Al learning: Update Al seeds
based on student outcomes, refine
HEART templates, improve World
routing

Batch Quantum learning: Update
Quantum seeds based on
optimization results, refine HEART
templates, improve World routing

Backend

Al computational engines:
TensorFlow, PyTorch, JAX,
scikit-learn, Hugging Face, NumPy,
pandas

Quantum computational engines:
Qiskit, Cirg, PennyLane, PyQuil,
Amazon Braket, NumPy (for
simulation)

KEY INSIGHT: The component names, purposes, and relationships are IDENTICAL across domains. Only the
domain-specific content (categories, values, mappings, backends) changes.




4.3 The Topology Pack — 13 Dimensions

The Topology Pack specifies the execution context for any task. It has 13 dimensions that must be filled for

both education AND research:

# Dimension

1 objective

Al Values

risk, likelihood, posterior,
minimax

Quantum Values

fidelity, depth, gate_count, error

2 inference

exact, variational, MCMC,
message_passing

exact, tomography, variational

3 optimization

convex, non-convex, stochastic,
bilevel

greedy, branch_bound, heuristic

4 geometry

euclidean, spectral, manifold,
graph

hilbert, unitary_manifold,
tensor_network

5 representation

sparse, latent, hierarchical,
symbolic

state_vector, density_matrix,
stabilizer

6 data

vectors, images, sequences,
graphs

classical_input, quantum_state,
hamiltonian

7 composition

linear, layered, modular, recursive

sequential, parallel,
tensor_product

8 temporal

iid, autoregressive, markov, event

static, dynamic, time_dependent

9 uncertainty

deterministic, bayesian,
calibrated, robust

noiseless, depolarizing,
amplitude_damping

10 |capacity margins, norms, priors, qubit_count, connectivity,
augmentations gate_set

11 |evaluation predictive, causal, agentic, fidelity, diamond_norm,
efficiency circuit_depth

12 |topology family |feedforward, recurrent, attention, |layered, brickwork, random,
hybrid hardware

13 | complexity 0O(n), O(n?), O(n3), O(exp) O(poly), O(exp), BQP, QMA




4.4 The HEART System — Template Fields for Al and Quantum

HEART (Hierarchical Epistemic Action Reflection Topology) provides structured instruction fields organized in

3 tables. The table structure is the same across domains; the field interpretations differ:

Table

Instantiation

PURPOSE

Initialize context,

Al Field Examples

title, difficulty,

Quantum Field
Examples

title, complexity,

progression

weekly_schedule,
exercises,
section_templates

(Initialize) deep semantics, prerequisites, prerequisites,
identity learning_outcomes, optimization_goal,
theory_ratio, code_ratio, theory_ratio,
spines, math_pillars simulation_ratio, spines,
math_pillars
Bridge Connect concepts, | canonical_roads, canonical_roads,
(Connect) define schedule, cross_roads, unlocks, cross_roads, unlocks,

iteration_schedule,
test_cases,
transformation_templates

Final (Output)

Synthesis,
assessment,
output
specification

assessments,
real_world_apps,
next_steps,
estimated_quality,
ready_for_llm

verification_tests,
applications,
next_directions,
estimated_fidelity,
ready_for_backend

HEART on Two Axes:

HEART Table

Axis 1: Education

Axis 2: Research

Instantiation

Define curriculum: title, difficulty,
prerequisites, learning outcomes,
theory/code ratios

Define task: target, constraints,
cost function, algorithm
parameters, optimization ratios

quality metrics, next learning steps

Bridge Build connections: roads to Build search: transformations to
traverse, concepts to unlock, try, metrics to track, iteration
weekly schedule, exercises schedule, candidates

Final Deliver output: assessments, Deliver output: optimized result,

performance metrics, unexplored
directions




4.5 The Seed: 150-Field DNA - Blueprints System

The Seed is the DNA of every MATHTRIX output. For Education, Seeds define curriculum blueprints. For
Research, Seeds define optimization task blueprints. The Seed has 150 fields organized in 11 canonical
blocks. After HEART processing, the Seed expands into a complete Blueprint specification — 305 data points
for Education, with Research using the same structure but potentially different field counts.

4.5.1 The 150-Field Seed Schema (11 Blocks)

Block Field Purpose Key Fields
s

1. Identity 12 Core seed_id, class_id, title, continent, cluster,
identification prerequisites, unlocks

2. Domain 7 Hierarchy I1_goal, I2_mechanism, 13_family, 14_geometry,

Library TreePath I5_instance

3. Topology 13 13-D overlay objective, inference, optimization, geometry,

representation, data, ...

4. Spines 5 Spine spine_weights[5], meta_spine_weights[4]
activations

5. Math Tree | 6 Math pillar, canonical_road, sequential_road,
connections cross_roads, annotation

6. Curriculu 5 Structure spec | objectives, outcomes, competencies,

m/Task assessments, duration

7. Canonical 5 Core content equations, algorithms, geometry_patterns,

Content proofs, examples

8. Narrative 6 Story & big_idea, story_arc, analogies, epistemology,
context connections

9. Flow 3 Section section_a, section_b, section_c templates

Template structure

10. 3 LLM prompts, constraints, emphasis

Generator instructions

11. 6 Admin data version, created, updated, author, status, tags

Metadata

SUBTOTAL 71 Primary Fields

Part 2: Nested Sub-Fields (79 fields)

Category Fields Description

Axis Details 12 Input types (10), output types, task specifications
Triple Engine 9 Analysis, Algebra, Geometry connection strengths
Kernels (4 weeks x 6) 24 kernel_id, type, title, focus, hours, activities per week
Canonical Equations (4 16 id, name, formula, description per equation

X 4)

Algorithms (3 x 3) 9 id, name, description per algorithm

Geometry Patterns 3 space, dimension, distance_metric

Flow Templates 6 Section A, B, C structure templates

SUBTOTAL 79 Nested Sub-Fields

TOTAL SEED SCHEMA: 71 + 79 = 150 FIELDS



4.5.2 The Blueprints System (Education: 305 Points)

The 150-field Seed is the INPUT. After HEART processing (Step 6 of Generator), for Education Axis we get 305

data points — the complete specification for curriculum generation:

Component Size Type Description
A. Seed Schema | 150 INPUT Pre-designed DNA (71 primary + 79 nested fields in
11 blocks)
B. HEART Tables | 61 OUTPU Instantiation (24) + Bridge (22) + Final (15) —
T generated by Step 6
C. PhaseMap 28 OUTPU 4 phases x 7 fields (phase_id, week_range, spines,
T milestone, anchor, archetype, hook)
D. Left-Brain 44 OUTPU 6 spine-specific tag sets (28) + 16-column
Tags T derivation schema
E. Right-Brain 22 OUTPU 9 pedagogical categories: intuition, visualization,
Tags T analogy, debugging, ...
TOTAL 305 Complete Education Blueprint Specification
(Education)

4.5.3 The Blueprints on Two Axes

Both axes use the same STRUCTURE (Seed — HEART - Blueprint), but with different content. Education uses
305 data points. Research uses the same structural components but the exact field count may differ — to be

determined based on optimization task requirements:

Component AXIS 1: Education AXIS 2: Research

A. Seed (150) Curriculum Seed ¢ Learning Optimization Seed * Target

Pre-designed objectives * Prerequisites & specification (U_target)

INPUT unlocks * Canonical equations & Constraints (gate set, depth,
algorithms « 4-week kernel noise) * Known methods &
structure ¢ Theory/code/visual baselines ¢ Iteration structure «
ratios Search/compute ratios

B. HEART (61) Pedagogical Templates Optimization Templates «

Generated by Instantiation: difficulty, duration, Instantiation: target, cost function,

Step 6 approach ¢ Bridge: weekly bounds ¢ Bridge: iteration
schedule, exercises ¢ Final: schedule, candidates ¢ Final:
assessments, next learning steps verification tests, metrics, GO

DEEPER paths

C. PhaseMap Learning Phases Phase 1: Search Phases Phase 1: INITIALIZE

(28) 4 phases x EXPLORE (Week 1) Phase 2: (baseline) Phase 2: EXPLORE

7 fields FOUNDATION (Week 2) Phase 3: (candidates) Phase 3: EXPLOIT
CONSTRUCT (Week 3) Phase 4: (best found) Phase 4: REFINE
INTEGRATE (Week 4) (local search)

D. Left-Brain Teaching Derivations ¢ Proof steps | Optimization Derivations ¢ Cost

(44) Derivation to show student « Equation function gradients ¢ Constraint

focus derivations ¢ Algorithm satisfaction proofs « Complexity
walkthroughs ¢ Error analysis analysis * Convergence
explanations arguments

E. Right-Brain Pedagogical Intuition * Analogies, Optimization Intuition * Search

(22) Intuition metaphors ¢ Visual intuitions heuristics « When to prune vs

focus Debugging heuristics * Real-world | explore ¢ Architecture intuitions
applications Practical trade-offs

KEY INSIGHT: The 150-field Seed is the DNA. Step 6 (HEART) transforms it into a complete Blueprint
specification — 305 points for Education, with Research using the same structure (potentially different count).

Same architecture, different pipelines per axis.




4.6 Complete Processing Pipeline

All components work together in a unified pipeline. The STRUCTURE is domain-agnostic:

Step Component Input Output

1 Classifier User Query TreePath (Hierarchy + Axes + Spines)

P Validator TreePath Validated TreePath

3 World Router Validated TreePath World Anchor (Continent/Cluster/Class)

4 Pack Builder TreePath + Anchor Topology Pack (multi-D overlay)

5 RoadsetBuilder |Topology Pack Roadset (Pillars - Roads - Cross-Roads)

6 Math Validator |Roadset Validated Roadset

7 Shell Selector All above Appropriate Template Shell

8 Seed Builder All above Complete Seed (domain-specific fields)

9 HEART Emitter |Seed HEART Tables (Instantiation + Bridge +

Final)

10 Generator Seed + HEART Final Output (domain-specific result)

Step Al Output Quantum Output

1. Classifier L1-L5 TreePath + Al Axes + Al Q1-Q5 TreePath + Quantum Axes +
Spines Quantum Spines

5. Al concepts —» Math roads (e.g., CNN | Quantum concepts - Math roads

RoadsetBuilder |- Linear Algebra) (e.g., QFT = Harmonic Analysis)

8. Seed Builder | Al Seed with learning content, Quantum Seed with circuits, test
exercises cases

10. Generator 4-week curriculum with theory + Optimized circuit with metrics +
code + exercises verification

Key Insight: The PIPELINE STRUCTURE is domain-agnostic. Same 10 steps for Al, Quantum, Finance, Biology —

only the domain-specific CONTENT changes at each step.




4.7 The RAG System — Knowledge Retrieval

MATHTRIX includes a complete RAG (Retrieval Augmented Generation) system for semantic search across all
knowledge:

Component Purpose Al Domain Quantum Domain

Vector Indexer Index all knowledge

with embeddings

Index 1000 seeds,
classes, Al Library

Index quantum
algorithms, circuits,
gates

Semantic search
across knowledge

Similarity Search Find similar circuits,

transformations

Find similar models,
techniques

Retrieve context for
generation

Knowledge
Retriever

Math context, Al
context, examples

Math context, quantum
context, examples

RAG Enhancer Enhance Al curriculum

generation

Orchestrate retrieval
pipeline

Enhance quantum
optimization

Build context from
retrieved docs

Context Builder Build Al learning

context

Build optimization
context

Link to source
algorithms/papers

Link to source
classes/seeds

Extract citations from
responses

Citation Extractor

4.8 The R1-R12 Reinforcement Learning System

The R1-R12 system provides adaptive optimization at every step of the Generator. The PURPOSE is the same
across domains; the decision variables differ:

PURPOSE Al Decisions

Quantum Decisions

R1 Content Select best seed, cluster, road | Select best transformation,
selection for student template for circuit
R2 Difficulty Match curriculum to student Match search depth to problem
adjustment level complexity
R3 Path planning Plan optimal learning path Plan optimal optimization
sequence
R4 Exploration Explore new pedagogical Explore new circuit
policy approaches transformations
R5 Reward learning | Learn what improves Learn what improves
understanding fidelity/depth
R6 Meta-learning Learn to classify students Learn to classify problems faster
faster
R7-12 | Structure Update Seeds, HEART from Update templates from results
learning outcomes

R1-R12 on Two Axes:

RL Module

Axis 1: Education Axis 2: Research

R1-R6
(Real-time)

Select best curriculum path for this
student in < 50ms

Select best optimization move for
this problem in < 50ms

R7-R12 (Batch) | Update Seeds, HEART templates

based on student outcomes

Update search heuristics based on
optimization results




4.9 Master Component Table — PURPOSE of Each Component

Every component has a PURPOSE that remains the same across domains. The structure and logic are identical

— only the domain-specific content differs:

# Component PURPOSE What Changes Per
Domain
— FOUNDATION
1 Math Library Universal mathematical foundation |[NOTHING — shared across all
that underlies ALL domains domains
2 Domain Library |Hierarchical taxonomy of domain The concepts, categories,
concepts (paradigms - primitives) |and instances
3 Axis Systems Classification of Input types, Output |The specific types in each
types, Task types axis
4 Spines Operational dimensions — HOW The 5 domain-specific
things are done in the domain operations
5 Meta-Spines Fundamental principles — governing | The 4 domain-specific
laws of the domain principles
— WORLD
MODULE —
6 World Map Geographic organization of The continents and their
knowledge space themes
7 Clusters Groups of related Seeds within a The cluster definitions and
continent contents
Classes Atomic curriculum/task units The actual class content
World Router Route query to appropriate location |The routing rules and
in World mappings
10 |World Anchor Fixed coordinates in World space The coordinate values
11 |World Validator |Validate that anchor is legal and The validation rules
complete
— PROCESSING
12 |Classifier Parse query into semantic TreePath |The classification categories
structure
13 |Validator Validate TreePath legality and policy | The validation policies
compliance
14 |Topology Pack |Multi-dimensional overlay specifying |The dimension values and
execution context options
15 |Pack Builder Construct Topology Pack from The construction rules
TreePath + constraints
16 |RoadsetBuilder |Resolve domain concepts to Math The mapping from domain to
Library roads math
17 |Math Validator |Validate math roads are correct and |The validation rules for math
complete
18 |Curriculum Template archetypes for different | The shell definitions and
Shells task patterns count
19 |Shell Selector Select appropriate shell for this task | The selection criteria
20 |Seed Schema Complete specification structure for |The fields and their
a task meanings
21 |Seed Builder Construct complete Seed from all The field values
inputs




# Component

PURPOSE

What Changes Per
Domain

— HEART SYSTEM
22 |HEART Emitter Convert Seed into structured The emission rules
instruction tables
23 |Instantiation Table |Initialize context and deep The field definitions
semantics for task
24 |Bridge Table Connect concepts and define The connection logic
progression schedule
25 |Final Table Synthesis, assessment, and output|The output fields
specification
26 |HEART Validator |Validate HEART tables are The validation rules
complete and consistent
— GENERATOR
(12 Steps) —
27 |CLASSIFY Parse and classify the incoming Classification categories
request
28 |ATTACH Attach all relevant knowledge to |What knowledge to attach
the request
29 |ENFORCE Apply constraints and validate The constraints
structure
30 |PROJECT Project onto search/solution space |The target space
31 |G.E.E.O. Generate candidates, Evaluate, Evaluation function
Explore/Exploit, Optimize
32 |HEART Apply structured templates to The templates
guide generation
33 |INSTRUCTIONS Generate instructions for LLM or | The instruction format
backend
34 |LLM/Backend Execute generation or Which backend to call
computation
35 |QUALITY Measure output quality against The quality metrics
criteria
36 |CACHE Store successful outputs for reuse |What to cache
37 |DELIVERY Format and deliver final output The output format
38 |OUTCOME Track results and feed back to RL |What outcomes to track
system
— RAG & RL —
39 |Vector Indexer Index knowledge for semantic What to index
search
40 |Similarity Search |Find semantically similar content |The similarity space
41 |Knowledge Retrieve relevant context for What context to retrieve
Retriever generation
42 |RAG Enhancer Orchestrate retrieval-augmented | The enhancement strategy
generation
43 |R1-R6 (Real-time) |Make real-time adaptive decisions |The decision variables
(< 50ms)
44 |R7-R12 (Batch) Learn from outcomes and update |What structures to update
structures
45 |Backend Interface |Connect to computational engines |Which backends

CORE PRINCIPLE: The PURPOSE of each component is domain-agnostic. The STRUCTURE is identical. Only the
CONTENT (categories, rules, values, mappings) changes per domain.




5. Layer 2: The Generator (Dual-Axis Engine)

The Generator is the 12-step processing engine that operates on both axes. The same mechanism is used for
curriculum generation (Axis 1) and algorithm optimization (Axis 2). Only the interpretation of each step

changes.

5.1 The 12 Steps on Two Axes

Step Axis 1: Education Axis 2: Research
1. CLASSIFY Classify student (level, goals, style) | Classify problem (type, domain,
constraints)
2. ATTACH Attach to relevant Roads/Seeds Attach to mathematical structures
3. ENFORCE Enforce pedagogical rules Enforce constraints (gate set,
resources)
4. PROJECT Project onto curriculum space Project onto algorithm/circuit space
5. G.E.E.O. Generate lessons, Evaluate Generate candidates, Evaluate via
understanding backend
6. HEART Apply pedagogical templates (61 Apply optimization templates
rules) (transformations)
7. Instructions for LLM (explain Instructions for backend (compute
INSTRUCTIONS | concept) metric)
8. LLM LLM generates explanations LLM assists with reasoning
9. QUALITY Quality: understanding metrics (XP) | Quality: performance metrics
(fidelity, depth)
10. CACHE Cache successful learning paths Cache successful optimizations
11. DELIVERY Deliver curriculum to student Deliver optimized algorithm
12. OUTCOME Track learning outcomes Track optimization outcomes




5.2 G.E.E.O. on Two Axes

The G.E.E.O. engine (Generate-Evaluate-Explore-Exploit-Optimize) is the core of Step 5. It operates identically
on both axes, but with different search spaces and evaluation functions:

Axis 1: Education Axis 2: Research

Generate Candidate learning paths, lesson Candidate algorithms, circuits,
sequences, exercises architectures

Evaluate Understanding metrics: XP gain, Performance metrics: fidelity, speed,
concept mastery, test scores accuracy, resource usage

Explore New pedagogical approaches, New algorithm variants,
alternative explanations transformations, decompositions

Exploit Proven teaching methods, successful | Successful optimizations, known
lesson patterns good transformations

Optimize Refine curriculum based on student Refine algorithm based on
feedback performance metrics

5.2.1 Navigation Scheme Integration (Research Axis)

On the Research Axis, G.E.E.O. gains DIRECTED exploration by querying the Navigation Scheme (6-level
hierarchy stored in Math Library). Instead of random exploration, G.E.E.O. navigates the mathematical
structure to find promising optimization directions:

Without Navigation With Navigation Scheme
GENERATE Use Seed's methods only + Query: "What Path Steps apply here?"
EVALUATE Score candidates (metrics) Same — metric-based
EXPLORE Random (g-greedy) No DIRECTED: Query adjacent Roads,
direction Cross-Roads, untried Path Steps from
Math Library
EXPLOIT Refine best locally + Query: "What Tasks apply to this
Concept?"
OPTIMIZE Select best Same — metric-based

5.2.2 Navigation Queries in G.E.E.O.

Query Input Output Used In

get_adjacent_roads(road | Current Road | Nearby Roads with EXPLORE

_id) different methods

get_cross_roads(pillar_id) | Current Pillar | Cross-domain EXPLORE
connections

get_path_steps(road_id) |Road Methods within theory GENERATE

get_untried_steps(road, |Road + Unexplored methods EXPLORE

tried[]) history

get_tasks(concept_id) Concept Applicable operations EXPLOIT

5.2.3 Component Roles in Navigation-Guided Optimization

Component Role

Seed Block 5 (Math STARTING POSITION: Initial Pillar, Road, Path Steps for this problem
Tree) type - WHERE TO START

Navigation Scheme EXPLORATION MAP: Adjacent Roads, Cross-Roads, untried methods —
(Math Library Graph) | WHERE TO GO NEXT




R1-R6 Bandits SELECTION: Which navigation option to try? (UCB1, Thompson
Sampling) - HOW TO CHOOSE

TRACKER LEARNING: Which Roads led to success? Updates R7-R12 - WHAT WE
LEARNED

Key Insight: Navigation Scheme transforms RANDOM search into DIRECTED search. G.E.E.O.
queries the Math Library graph to find promising directions, R1-R6 select which to try, TRACKER
learns what works.

5.3 R1-R12 Reinforcement Learning

The R1-R12 system provides adaptive selection at different levels. On both axes, it uses the same bandit/RL
mechanisms with different reward signals:

RL Level Axis 1 Reward Axis 2 Reward

R1-R6 Real-time Student engagement, immediate | Quick feasibility check, constraint
(<50ms) feedback satisfaction

R7-R12 Batch Long-term learning outcomes, Final performance metrics,
learning concept retention optimization quality




6. The Key Insight: MATHTRIX as Semantic Meta-Controller

This section highlights the fundamental architectural principle that enables the dual-axis operation.

6.1 What MATHTRIX Is NOT

MATHTRIX is not another neural network. It does not learn representations from data. It does not train on
examples. It does not have weights to optimize.

6.2 What MATHTRIX IS

MATHTRIX is a semantic meta-controller (G.E.E.O. + R1-R12) that "sits on top of" computational backends.
The backends do the calculations; MATHTRIX does the reasoning.

Architecture: Symbolic Layer over Computational Kernels

MATHTRIX — SYMBOLIC / SEMANTIC LAYER

Math Library (Roads, Cross-Roads) + Domain Libraries (Al, Quantum, Finance...)

Seeds (problem definitions: target, constraints, cost function)

HEART (templates: pedagogical rules OR optimization transformations)

G.E.E.O. (Generate-Evaluate-Explore-Exploit-Optimize) — THE REASONING ENGINE

R1-R12 (RL for adaptive selection: UCB1, LinUCB, etc.)
!l CALLS (sends instructions) {

BACKENDS — COMPUTATIONAL KERNELS

Linear Algebra: NumPy, LAPACK, SciPy

Quantum: Qiskit, Cirg, PennyLane

Al/ML: TensorFlow, PyTorch

Finance: Monte Carlo engines, pricing libraries

Other: Domain-specific computational tools
T RETURNS (metrics: fidelity, accuracy, depth, etc.) T

6.3 The Division of Labor

Aspect MATHTRIX (Symbolic) Backends (Computational)

Role REASONING: What to try, how to COMPUTATION: Execute the
evaluate, where to search calculation

Nature Symbolic / Semantic / Algorithmic Numerical / Computational

Component | Math Library, Seeds, HEART, G.E.E.O., | NumPy, Qiskit, TensorFlow, etc.

S R1-R12

Knows WHAT "good" means (cost functions, HOW to compute (fidelity, gradient,
constraints, pedagogy) simulation)

Decides Which candidates to generate, which Nothing — just executes instructions

to explore, when to stop

CORE INSIGHT

MATHTRIX does not DO the calculations — it ORGANIZES them.




The "intelligence" is in the semantic layer: knowing what to try, how to evaluate, and where to search. The
backends are interchangeable computational tools.



6.4 How This Enables the Two Axes

The separation of reasoning (MATHTRIX) from computation (backends) is what enables the same architecture

to serve both education and research:

Key Point: GENERATOR is a META-CONTROLLER of LLM. R1-R12 gives DIRECTION to LLM. BOTH axes are Al

POWERED.

Component Axis 1: Education Axis 2: Research
MATHTRIX Reasoning about curriculum: Which | Reasoning about optimization:
reasoning Roads? What sequence? Which Which candidates? What
explanations? What exercises? transformations? Which search
direction? When to stop?
Backend Optional: Visualization, simulation Essential: Compute fidelity |U-O|,

computation

for teaching, interactive demos

accuracy, speed, resource usage

G.E.E.O. Lesson sequences, exercises, Circuit variants, architecture
generates explanations, learning paths candidates, algorithm modifications
G.E.E.O. Understanding metrics: XP, test Performance metrics: Fidelity,
evaluates scores, concept mastery depth, gate count, accuracy, speed

* Axis 1: Seeds —» LLM — Curriculum (Backend optional for visualization)

* Axis 2: Seeds —» LLM —» CODE_TOOL - Backend — Optimization (CODE_TOOL translates theory—code,
Backend verifies)

6.5 CODE_TOOL: The Theory —» Code Bridge (Research Axis)

The critical question for Research Axis: How does a mathematical theory direction become executable code
that Backend can verify?

The Problem:

Navigation Scheme says "try cyclic group Zs symmetry" — but Backend needs actual Qiskit code to test. LLM
alone may generate incorrect or non-compilable code.

The Solution: CODE_TOOL

CODE_TOOL is a specialized tool (not an agent) that:

1. Receives theory direction from G.E.E.O. (e.g., "apply Zs symmetry")

2. Uses LLM with code-specific prompts + few-shot examples to generate code
3. Validates generated code (syntax, type checking, constraints)

4. Sends valid code to Backend for execution and measurement

5. Returns metrics (fidelity, CNOT count, depth) to G.E.E.O.

Method Input Output
generate() theory: "cyclic group Zs" Executable code string:
target: "QFT-3" def optimized_qgft():
constraints: {fidelity>99%, gc = QuantumCircuit(3)...
backend: Qiskit}
validate() code: the generated code {valid: true/false, errors: [...1}
run() code + backend reference {fidelity: 99.2%, cnots: 6, depth: 7}

Why Tool, Not 6th Agent?

* Clean Architecture: 5 agents remain as topological primitives (COACH, GENERATOR, ASSESSOR,
EXPLORER, TRACKER)

* Stateless: CODE_TOOL uses GENERATOR state, no separate memory needed
» Swappable: Can upgrade CODE_TOOL without changing agent topology
* Focused: GENERATOR decides WHAT to try, CODE_TOOL executes HOW to code it



6.6 Concrete Example: QFT Optimization with Full Navigation

For the question "Given QFT, find optimal implementation on 3 qubits". This shows the complete flow:

Navigation Scheme —» R1-R12 - CODE_TOOL - Backend - Verified Result.

Navigation Resources Used:

6 Roads

Analysis)

Structures)

CR-ALG-2 (Linear
Computation)

CR-ALG-4 (Representation)
CR-AN-10 (Harmonic

CR-AN-14 (Complex

Al (Numerical LinAlg)
OPT2 (Combinatorial Opt)

5 Cross-Roads

XR-ALG-AN
(AlgebraeAnalysis)
XR-ALG-APPL
(AlgebraeApplied)
XR-AN-APPL
(AnalysiseApplied)
XR-APPL-OPT
(AppliedeOptimization)
XR-ALG-OPT
(AlgebraeOptimization)

7 Concepts

DFT2 matrix - Hadamard
gate

Root of unity w”~k - CP
gates

Tensor factorization -
Recursive circuit

Butterfly operation - H + CP
Bit reversal - SWAP gates
Parallel independence -
Layers

Cyclic group character »
Patterns

Complete Flow with CODE_TOOL:

Step

1. ATTACH
Load Seed

GENERATOR (META-CONTROLLER)

Seed provides STARTING POSITION: -
Pillar: Analysis (primary), Algebra
(secondary) ¢ Road: CR-AN-10
(Harmonic Analysis) ¢ Path Steps: [DFT,
FFT, Twiddle factors] * Cross-Roads:
XR-ALG-AN, XR-AN-APPL

CODE_TOOL + Backend

(waiting for instructions)

2. G.E.E.O.
GENERATE
Round 1

Navigation Query:
get_path_steps("CR-AN-10") - [DFT,
FFT, Twiddle, Butterfly] R1-R12 gives
DIRECTION: "Apply FFT restructuring
(Cooley-Tukey)"

CODE_TOOL.generate():
theory="FFT butterfly",
target="QFT-3" - produces Qiskit
code CODE_TOOL.validate(): v
Backend.run(): 10 CNOTSs, Fidelity:
100%

3. G.E.E.O.
EXPLORE
Round 1

Navigation Query:
get_cross_roads("CR-AN-10") - «
XR-ALG-AN (to Algebra) * XR-AN-APPL
(to Applied) R3 (UCB1) decides:
EXPLORE via XR-ALG-AN R1-R12 gives
DIRECTION: "Try CR-ALG-4
(Representation Theory)"

(waiting for theory direction)

4. G.E.E.O.
GENERATE
Round 2

Navigation Query:
get_path_steps("CR-ALG-4") -
[Maschke, Schur, Character
Orthogonality] R1-R12 gives DIRECTION:
"Apply cyclic group Zs symmetry"

CODE_TOOL.generate(): theory="Zs
cyclic symmetry" - produces
optimized Qiskit code
CODE_TOOL.validate(): v
Backend.run(): 7 CNOTs (42% !),
Fidelity: 99.5%

5. G.E.E.O.
EXPLOIT
Round 2

R5 (Thompson) decides: EXPLOIT
Navigation Query:

get tasks("CR-ALG-4") -
[merge_phases, pattern_reuse] R1-R12
gives DIRECTION: "Apply phase merging
via XR-ALG-OPT"

CODE_TOOL.generate():
theory="phase merging + OPT2" -
produces final Qiskit code
CODE_TOOL.validate(): v
Backend.run(): 6 CNOTs (50% )
Depth: 7, Fidelity: 99.2%

6. OUTCOME
Log + Learn

TRACKER logs successful path:
CR-AN-10 - XR-ALG-AN - CR-ALG-4 -
XR-ALG-OPT - OPT2 R7-R12 batch
learning: "For QFT-type, cross to Algebra
early" "Phase merging after symmetry =
effective"

Final Output: Optimized QFT circuit *
6 CNOTSs (was 12) « Depth 7 (was
15) « Fidelity 99.2% 50% CNOT
reduction 53% depth reduction

Key Insight: Navigation + CODE_TOOL = Automated Algorithm Optimization

* Navigation Scheme: Provides DIRECTED search through mathematical structure (6 Roads, 5 Cross-Roads)

* R1-R12: Selects WHICH theory direction to try (UCB1 bandit for explore/exploit)




* CODE_TOOL: Translates mathematical theory into executable code (the critical bridge)
* Backend: Verifies code works and returns metrics (fidelity, CNOT count, depth)

* G.E.E.O.: Loops until optimized or budget exhausted

Complete Research Axis Flow:

Navigation - R1-R12 (selects direction) -» CODE_TOOL (theory-code) - Backend (verifies) -» G.E.E.O.
(evaluates) - Loop

6.7 Why This Architecture Matters

The semantic meta-controller architecture provides:

* Domain Independence: Same reasoning engine, different backends per domain
* Dual Purpose: Same infrastructure for education and research

* Extensibility: Add new domains by connecting new backends

* Transparency: Reasoning is symbolic and inspectable (not a black box)

* Efficiency: Backends handle computation; MATHTRIX handles intelligence



7. Case Studies: The Two Axes Across Domains

The following detailed examples show how ALL MATHTRIX components work together for different domains on

both axes.

7.1 Quantum Computing Domain — Complete Walkthrough

Task Comparison:

Axis 1: Education

Axis 2: Research

User Query "Teach me QFT. | know linear "Optimize QFT circuit for 3 qubits
algebra." on IBM hardware"

Goal Build understanding of Quantum Minimize gate count and depth
Fourier Transform while maximizing fidelity

Component Activation:

Component

Classifier Output
(Q1-Q5
TreePath)

Axis 1: Education

Q1: Understanding Q2:
Gate-Based Q3: Fourier-Based Q4:
Layered Q5: QFT-generic

Axis 2: Research

Q1: Unitary Synthesis Q2:
Gate-Based Q3: Fourier-Based Q4:
Hardware-Efficient Q5: QFT-3-IBM

Spines Activated

Analysis (60%) — decompose QFT
Synthesis (30%) — build
understanding Simulation (10%)

Optimization (50%) — reduce
gates Synthesis (30%) — build
circuit Execution (20%) —

Unitaries CR-AN-10: Fourier
Analysis = DFT -» QFT

— visualize hardware mapping

Meta-Spines Superposition — explain Decoherence — noise constraints
parallelism Interference — explain | Entanglement — preserve
phase kickback correlations

Math Roads CR-ALG-2: Vector Spaces - 6 Roads: CR-ALG-2, CR-ALG-4,

CR-AN-10, CR-AN-14, A1, OPT2 5
Cross-Roads: XR-ALG-AN,
XR-ALG-APPL, XR-AN-APPL,
XR-APPL-OPT, XR-ALG-OPT

World Anchor

Al (Fourier Algorithms) Class:
CL-A1-03 (QFT Introduction)

Continent: A (Gate-Based) Cluster:

Continent: E (Optimization)
Cluster: E2 (Circuit Optimization)
Class: CL-E2-07 (QFT Depth
Reduction)

Topology Pack
(key
dimensions)

objective: understanding
inference: exact geometry:
hilbert_2”n temporal: static

objective: fidelity + depth
optimization: greedy connectivity:
linear (IBM) noise: depolarizing

HEART Tables

Instantiation: 4-week curriculum
Bridge: DFT-»QFT—Applications
Final: Exercises + Quiz

Instantiation: Target U,
constraints Bridge:
Transformations to try Final:
Verification + GO DEEPER

gates Week 3: QFT circuit Week 4:
Applications Product 2: Exercises
Quiz, project, assessment

G.E.E.O. Action Generate: Lesson sequences Generate: Circuit candidates
Evaluate: Comprehension tests Evaluate: Fidelity |U-U]|, depth,
Explore: Alternative explanations gates Explore: New
Optimize: For student level decompositions Optimize: Pareto
front
CODE_TOOL + Optional: Qiskit for visualization CODE_TOOL: theory-Qiskit code
Backend Call Simulate QFT for demo validate() » syntax check
Backend: run() —» metrics {fidelity,
CNOTs, depth}
Output (2 Product 1: Curriculum Week 1: Product 1: Optimized Algorithm «
Products) DFT review Week 2: Quantum 50% CNOT reduction * Depth: 15

- 7 (53% 1) ¢ Fidelity: 99.2% -
Verified by Backend Product 2: GO
DEEPER Unexplored paths,
theories to try




7.2 Artificial Intelligence Domain — Complete Walkthrough

Task Comparison:

Aspect Axis 1: Education Axis 2: Research

User Query "Teach me Transformers. | know "Optimize BERT for mobile
neural networks." deployment"

Goal Build understanding of attention Minimize latency and memory
mechanisms while preserving accuracy

Component Activation:

Component

Classifier Output
(L1-L5 TreePath)

Axis 1: Education

L1: Representation Learning L2:
Neural, Attention-Based L3:
Transformers L4:
Encoder-Decoder L5: BERT-base

Axis 2: Research

L1: Efficient Inference L2: Neural,
Compressed L3: Distilled
Transformers L4:
Mobile-Optimized L5: BERT-mobile

Spines Activated

Representation (50%) —
embeddings Inference (30%) —
forward pass Cognition (20%) —
attention

Optimization (60%) —
compression Inference (30%) —
speed Representation (10%) —
pruning

CR-AN-5: Softmax, normalization
CR-STAT-3: Probability attention

Meta-Spines Compositionality — layer stacking Uncertainty — accuracy tradeoff
Data — sequence modeling Causality — which layers matter
Math Roads CR-ALG-2: Matrices, projections CR-ALG-2: Low-rank

approximation OPT-2: Constrained
optimization CR-STAT-3:
Quantization error

World Anchor

Continent: E (Transformers/NLP)
Cluster: E3 (Architectures) Class:
CL-E3-05 (BERT Deep Dive)

Continent: X (Edge/Efficient)
Cluster: X1 (Model Compression)
Class: CL-X1-03 (BERT Distillation)

HEART Tables

Instantiation: 6-week curriculum
Bridge:
Attention»BERT—Fine-tuning
Final: Project + Assessment

Instantiation: Target latency,
memory Bridge:
Pruning—Distillation—»Quantize
Final: Benchmark results

Attention mechanism Weeks 3-4:
BERT architecture Weeks 5-6:
Fine-tuning project

G.E.E.O. Action Generate: Lesson sequences Generate: Compression configs
Evaluate: Coding exercises Evaluate: Latency vs accuracy
Explore: Visual explanations Explore: Pruning strategies
Optimize: For prerequisites Optimize: Pareto front

Backend Call PyTorch for demos Hugging Face PyTorch + ONNX Mobile
examples benchmarks

Output 6-week curriculum: Weeks 1-2: Optimized model: * 4x faster

inference * 3x smaller memory *
1.2% accuracy loss « ONNX
exported




7.3 Finance Domain — Complete Walkthrough

Component Activation:

Component
User Query

Axis 1: Education

"Teach me Black-Scholes. | know
calculus."

Axis 2: Research

"Optimize Monte Carlo for barrier
options"

Classifier Output
(F1-F5 TreePath)

F1: Pricing F2: Continuous-Time
F3: Black-Scholes Family F4:
European Options F5: Vanilla
Call/Put

F1: Pricing F2: Simulation-Based
F3: Monte Carlo Methods F4:
Path-Dependent F5: Barrier
Options

Spines Activated

Pricing (60%) — valuation Risk
(20%) — Greeks Hedging (20%) —
delta hedge

Pricing (40%) — accuracy
Execution (40%) — speed Risk
(20%) — variance

CR-AN-5: PDEs, heat equation
CR-STAT-3: Normal distribution

Meta-Spines Risk-Neutral — Q-measure Arbitrage — variance reduction
No-Arbitrage — pricing bounds Completeness — convergence
Math Roads CR-STOCH-3: Brownian motion CR-STOCH-3: Path simulation

CR-STAT-3: Variance reduction
OPT-2: Optimal sampling

World Anchor

Continent: A (Derivatives) Cluster:
A2 (Options Theory) Class:
CL-A2-01 (Black-Scholes)

Continent: A (Derivatives) Cluster:
A5 (Numerical Methods) Class:
CL-A5-03 (MC Optimization)

HEART Tables

Instantiation: 4-week course
Bridge: Brownian—-It6—BS PDE
Final: Pricing project

Instantiation: Target variance,
time Bridge:
Antithetic»Control-Quasi-MC
Final: Performance benchmark

Stochastic calculus Week 2: BS
derivation Week 3: Greeks &
hedging Week 4: Implementation

Backend Call NumPy for simulation Spreadsheet | QuantLib + NumPy Performance
examples profiling
Output 4-week curriculum: Week 1: Optimized MC: « 10x variance

reduction ¢ 5x speedup *
Quasi-MC integration
GPU-accelerated

7.4 Biology Domain — Complete Walkthrough

Component

User Query

Axis 1: Education

"Teach me gene regulatory
networks"

Axis 2: Research

"Optimize network inference from
RNA-seq"

Classifier Output
(B1-B5
TreePath)

B1: Understanding B2: Systems
Biology B3: Network Analysis B4:
Regulatory Networks B5: GRN
basics

B1: Inference B2: Computational
Biology B3: Network Inference B4:
RNA-seq Based B5:
GENIE3/GRNBoost

Spines Activated

Analysis (50%) — network
structure Simulation (30%) —
dynamics Inference (20%) — from
data

Inference (60%) — learn edges
Optimization (30%) — accuracy
Analysis (10%) — validate

Math Roads

CR-DISC-4: Graph theory
CR-DYN-2: ODEs, dynamics
CR-STAT-3: Correlation

CR-STAT-3: Mutual information
CR-DISC-4: Graph algorithms
OPT-2: Feature selection

HEART Tables

Instantiation: 5-week course
Bridge:
Graphs—Dynamics—Inference
Final: Network analysis project

Instantiation: Target AUROC, time
Bridge: Correlation-»MI-Ensemble
Final: Benchmark on DREAM

Output

5-week curriculum: Weeks 1-2:
Graph theory Week 3: Regulatory
logic Weeks 4-5: Inference
methods

Optimized inference: « AUROC:
0.85 - 0.91 « 3x faster
Ensemble method « Validated on
DREAM5

KEY PATTERN ACROSS ALL DOMAINS:

* Same component structure — Classifier, Spines, Math Roads, World Anchor, HEART, G.E.E.O., Backend

* Same 12-step Generator — processes both Education and Research queries identically

* Different content per domain — TreePath values, Spine weights, Road mappings, Backend tools

« Different goals per axis — Understanding metrics (Axis 1) vs Performance metrics (Axis 2)




8. Complete Architecture Overview

This section provides the complete technical architecture of MATHTRIX with all components, data flows, and
integration points.

8.1 Three-Layer Stack
LAYER 0: MATH LIBRARY (Universal Foundation)

Compone Coun Description Example

nt t

Pillars 10 Major mathematical Abstract Algebra, Analysis, Geometry,
domains Optimization, Statistics...

Roads 152 Theory sequences CR-ALG-2: Vector Spaces - Matrices —»
within pillars Eigenstructure

Cross-Road | ~50 Bridges between pillars | XR-ALG-AN: Algebra « Analysis (spectral

3 theory)

Path Steps | ~750 | Specific theorems and Spectral Theorem, Cayley-Hamilton,
methods FFT...

Concepts ~200 | Mathematical atoms Eigenvalue, unitary matrix, gradient...

0
{

LAYER 1: DOMAIN LIBRARIES (Epistemological Overlays)

Domain Hierarchy Axes Spines Meta-Spines

Al L1-L5 (Goal-=In | 10 In, 10 Out Opt, Inf, Rep Dec, Data, Unc Comp,
stance) 50+ Task Cog Caus

Quantum | Q1-Q5 8 1In, 8 Out Syn, Ana, Opt Sup, Ent Int, Dec
(Goal-»Gate) 10+ Task Sim, Exe

Finance F1-F5 6 In, 6 Out Price, Hedge Risk, | Arb, Risk-N No-Arb,
(Goal-Instr) 15+ Task Port, Exe Comp

Biology B1-B5 (Goal- 51n, 5 Out Ana, Sim, Inf Opt, Evo, Reg Mod, Unc
Method) 10+ Task Val

{

LAYER 2: GENERATOR (Dual-Axis Engine)

12-Step Pipeline

1.CLASSIFY - 2.ATTACH - 3.ENFORCE - 4.PROJECT - 5.G.E.E.O. » 6.HEART -
7.INSTRUCTIONS - 8.LLM/Backend - 9.QUALITY - 10.CACHE - 11.DELIVERY -
12.0UTCOME

G.E.E.O. Engine: Generate candidates —» Evaluate metrics - Explore new directions —»
Exploit known good - Optimize output

R1-R12 RL System: R1-R6 real-time selection (<50ms) | R7-R12 batch structure learning
(nightly)




8.2 Complete Component Inventory

Layer Components Count Purpose

Foundation | Math Library, Pillars, Roads, 6 Universal mathematical
Cross-Roads, Path Steps, Concepts knowledge graph

Domain Domain Library, Hierarchy (5 levels), 5 per Domain-specific
Axes (3), Spines (5), Meta-Spines (4) domain | epistemology

World World Map, Continents, Clusters, 7 Geographic knowledge
Classes, Router, Anchor, Validator organization

Processing | Classifier, Validator, Topology Pack, 8 Query - Seed
Pack Builder, RoadsetBuilder, Math transformation
Validator, Shell Selector, Seed Builder

Templates Curriculum Shells, Seed Schema, 7 Structured instruction
HEART Emitter, Instantiation, Bridge, generation
Final, HEART Validator

Generator 12 Steps (CLASSIFY through 13 Core processing pipeline
OUTCOME), G.E.E.O. Engine

RL System R1-R6 (real-time), R7-R12 (batch), 5 Adaptive optimization
UCB1, LinUCB, Reward Signals

RAG Vector Indexer, Similarity Search, 6 Knowledge retrieval
Knowledge Retriever, RAG Enhancer,
Context Builder, Citation Extractor

Backends Backend Interface, Domain Variabl Computational execution
Connectors (NumPy, Qiskit, PyTorch, e
QuantLib...)

TOTAL: 45+ core components (exact count depends on domain libraries)

8.3 Data Flow: Query - Output

Stage Input Processing Output
1. Classifica | User query + Classifier parses into TreePath (Hierarchy +
tion context TreePath Axes + Spines)
2. TreePath Validator checks Validated TreePath
Validation legality, policies
3. Routing Validated TreePath World Router finds World Anchor

location (Continent/Cluster/Class)
4. Pack TreePath + Anchor Pack Builder constructs | Topology Pack (13+
Building overlay dimensions)
5. Road Topology Pack RoadsetBuilder maps to | Roadset (Pillars » Roads
Resolution Math - Cross-Roads)
6. Shell All above Shell Selector picks Curriculum Shell
Selection template
7. Seed All above Seed Builder assembles | Complete Seed (all fields
Building spec populated)
8. HEART Seed HEART Emitter HEART Tables (Inst +
Emission generates tables Bridge + Final)
9. Seed + HEART Generator 12 steps + Candidate outputs
Generation G.E.E.O.
10. Delivery | Best candidate Format and deliver Final output (Curriculum

OR Algorithm)




8.4 Dual-Axis Output Specification

Aspect AXIS 1: EDUCATION

Input Student profile + Learning goals +
Prerequisites

AXIS 2: RESEARCH

Problem specification +
Constraints + Cost function

TreePath Understanding, Pedagogy,
Focus Progression

Optimization, Performance,
Efficiency

Spine Weights | Higher: Representation, Cognition
Lower: Optimization

Higher: Optimization, Execution
Lower: Cognition

outcomes Bridge: Weekly
schedule, progression Final:
Assessments, next steps

G.E.E.O. Lesson sequences, exercises, Algorithm candidates,

Generate explanations configurations

G.E.E.O. Understanding: XP, test scores, Performance: fidelity, speed,
Evaluate mastery accuracy

G.E.E.O. Alternative pedagogies, New transformations,

Explore visualizations decompositions

G.E.E.O. Proven teaching patterns Known good optimizations
Exploit

HEART Focus Instantiation: Prerequisites, Instantiation: Target, constraints

Bridge: Iteration schedule,
candidates Final: Verification,
metrics, GO DEEPER

Backend Optional: Visualization, demos Essential: Compute metrics
Usage

R1-R6 Best learning path for THIS student | Best optimization move for THIS
Decisions problem

Output Format | Structured curriculum:
Week-by-week plan ¢ Theory +
Code + Exercises ¢ Assessments
Next learning paths

Optimized implementation:
Algorithm/circuit specification
Performance metrics « Comparison
to baseline « Unexplored directions

KEY ARCHITECTURAL PRINCIPLE:

The same 45+ components, same 12-step Generator, same G.E.E.O. engine, and same R1-R12 RL system

serve BOTH axes across ALL domains. The only differences are:

* Domain Library content — different hierarchies, spines, meta-spines per domain

» Axis-specific weights — education emphasizes understanding; research emphasizes performance

* Backend selection — different computational tools per domain




9. Implementation: What Stays, What Changes

This section details the complete implementation structure, showing exactly what is universal, what is
domain-specific, and what is axis-specific.

9.1 Three-Tier Classification

Tier Scope Components Build
Effort
UNIVERSAL All Domains Math Library (10 Pillars, 152 Roads, ~50 High initial
(Build Once) Both Axes Cross-Roads) 12-Step Generator Pipeline Zero per
G.E.E.O. Engine R1-R12 RL System domain
150-Field Schema Structure RAG
Infrastructure
PER DOMAIN One Domain Domain Library (Hierarchy, Axes, Spines, Medium
(Build per Both Axes Meta-Spines) Domain Seeds (~1000 per per
Library) domain) World Module Content domain
(Continents, Clusters, Classes) Backend Reuses

Connectors (Qiskit, PyTorch, QuantLib...) universal
Topology Pack Dimension Values

PER AXIS (Build One Domain HEART Templates (61 fields customized) Low per

per Use Case) One Axis PhaseMap Configuration (28 fields) axis
Left-Brain Tag Activation (44 tags) Reuses
Right-Brain Tag Activation (22 tags) domain

Evaluation Metrics & Rewards

9.2 The Blueprints System: INPUT vs OUTPUT (Education: 305 Points)
Critical distinction: Seeds are PRE-DESIGNED inputs; HEART/PhaseMap/Brain Tags are GENERATED outputs.

Component Siz Type When Created By Whom
e
A. Seed Schema 150 | INPUT Before runtime Domain experts
(150 fields) (expert-curated) ~1000
seeds/domain

B. HEART Tables 61 OUTPU Step 6 of Generator from

(24+22+15) T Generator Seed + User
(runtime) Context

C. PhaseMap (4 28 OUTPU Step 6 of Generator assigns

phases x 7) T Generator phase structure
(runtime)

D. Left-Brain (6 44 OUTPU Step 6 of Generator

spines + schema) T Generator activates
(runtime) derivation tags

E. Right-Brain (9 22 OUTPU Step 6 of Generator

categories) T Generator activates intuition
(runtime) tags

TOTAL 305 Complete

(Education) Education Spec




Component
Math Library

9.3 Complete Component Inventory by Tier
TIER 1: UNIVERSAL (Shared Across All Domains & Axes)

Structure

10 Pillars, 152 Roads, ~50 Cross-Roads,
~750 Path Steps, ~2000 Concepts

Purpose

Universal mathematical
foundation

Generator 12 Steps: CLASSIFY-ATTACH-ENFORCE—-P | Processing engine
Pipeline ROJECT—-G.E.E.O.-HEART—=INSTRUCTIONS
-LLM-QUALITY-CACHE-DELIVERY-0UTC
OME
G.E.E.O. Engine Generate-Evaluate-Explore-Exploit-Optimiz | Agentic optimization
e loop
R1-R12 RL R1-R6 real-time (<50ms), R7-R12 batch Adaptive learning
System (nightly)
Schema 11 blocks, 71 primary + 79 nested = 150 Data contract
Structure field positions
RAG Vector Indexer, Similarity Search, Knowledge retrieval
Infrastructure Knowledge Retriever, Context Builder

Component
Hierarchy

TIER 2: PER DOMAIN (Built Once Per Domain Library)

Al Domain
L1-L5 (Goal—Instance)

Quantum Domain
Q1-Q5 (Goal-Gate)

Axis Systems

10 Input, 10 Output, 50+ Task
types

8 Input, 8 Output, 10+ Task types

Spines Optimization, Inference, Synthesis, Analysis, Optimization,
Representation, Decision, Simulation, Execution
Cognition

Meta-Spines Data, Uncertainty, Superposition, Entanglement,
Compositionality, Causality Interference, Decoherence

World Module 26 Continents (A-Z Al themes), 117 | Quantum Continents, Quantum
Clusters, ~1000 Classes Clusters, Quantum Classes

Seeds ~1000 Al Seeds (150 fields each) ~1000 Quantum Seeds (150 fields

each)
Backend PyTorch, TensorFlow, JAX, Qiskit, Cirq, PennyLane, Amazon

scikit-learn, Hugging Face

Braket

Component

HEART
Instantiation (24
fields)

TIER 3: PER AXIS (Configured Per Use Case)

AXIS 1: Education

title, difficulty, duration,
prerequisites, learning_outcomes,
approach, theory_ratio,
code_ratio...

AXIS 2: Research

title, complexity, constraints,
target_spec, optimization_goal,
approach, search_ratio,
compute_ratio...

HEART Bridge
(22 fields)

canonical_roads, cross_roads,
weekly_schedule, exercises,
section_templates,
emphasis_router...

canonical_roads, cross_roads,
iteration_schedule, test_cases,
transformation_templates,
emphasis_router...

HEART Final (15
fields)

assessments, real_world_apps,
next_steps, estimated_quality,
ready_for_lIm...

verification_tests, applications,
next_directions,
estimated_fidelity,
ready_for_backend...

PhaseMap (4 x
7 = 28)

EXPLORE-FOUNDATION-CONSTR
UCT-INTEGRATE (Weekly learning
progression)

INITIALIZE-EXPLORE—-EXPLOIT-R
EFINE (Optimization search
phases)

Evaluation

XP, understanding scores,
mastery levels, completion rates

Fidelity, gate count, depth,
speedup, accuracy

R1-R6 Rewards

Student engagement,
comprehension, skill progression

Performance improvement,
constraint satisfaction




9.4 Adding a New Domain: Step-by-Step

To add a new domain (e.g., Finance, Biology, Physics), follow these steps:

Ste Action Deliverable Effort

p

1 Define Domain Hierarchy Create Domain Library 1-2
5-level taxonomy (F1-F5 for Finance) specification weeks

2 Map to Math Library Identify which Math mapping tables 1 week
Pillars, Roads, Cross-Roads apply

3 Define Domain Spines & Meta-Spines Spine configuration 3-5 days
Identify 5 core + 4 meta cognitive
dimensions

4 Build World Module Define World Module content | 2-3
Continents, Clusters, Classes for weeks
domain

5 Create Seeds (~1000) Expert-curated | Seed database 4-8
150-field templates weeks

6 Configure HEART for Both Axes HEART template sets 1-2
Education templates + Research weeks
templates

7 Connect Backend Integrate Backend connector 1-2
domain-specific tools (QuantLib, etc.) weeks

8 Test & Validate End-to-end testing on | Validated domain 1-2
both axes weeks

Total effort for new domain: 12-20 weeks (reusing 100% of Universal tier)

Key insight: Math Library, Generator, G.E.E.O., and R1-R12 require ZERO modification.




10. Conclusion: One Platform, Infinite Applications

The MATHTRIX dual-axis architecture achieves a powerful combination:

Universality: One mathematical foundation serves all domains.

Extensibility: New domains are added as overlays, not rewrites.

Duality: The same infrastructure serves both education and research.

Efficiency: Shared components reduce development and maintenance.

Layer

Math Library

Build Once

10 Pillars, 152 Roads, Cross-Roads, Path
Steps, Concepts

Use For

All domains, both axes

Generator

12 steps, G.E.E.O., R1-R12

All domains, both axes

Domain Library

One per domain (Al, Quantum, Finance, ...)

That domain, both axes

HEART
Templates

One set per axis per domain

That domain, that axis

CORE PRINCIPLE

Mathematics is the universal language.
Domains are epistemological overlays.
The Generator serves both learning and optimization.

Build the foundation once. Apply it everywhere.




