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1. Introduction

ZeroTlrain.ai is a deterministic knowledge-based inference engine engineered for extremely
fast, explainable, and rule-driven decision-making. Unlike neural networks or statistical ML
systems, Zerolrain performs symbolic reasoning derived from explicit rules authored by
subject-matter experts, business operators, or developers.

This whitepaper provides a deep architectural overview of:
e The Zerolrain inference stack
e Internal node and state mechanics
e Parallel plan execution
e The structural execution path
e Semantic and numeric evaluation
¢ Performance design goals
e Determinism and reproducibility

e Container and ONNX portability

Its purpose is to enable architects, engineering teams, and enterprise evaluators to
understand how ZeroTrain works under the hood and why its deterministic engine is
fundamentally more transparent and auditable than machine learning systems.

zerotrain.ai - © 2025 Gambrell Software LLC



2. Architectural Overview

ZeroTrain is built from five cooperating layers:
1. Language Parsing Layer
2. Model Construction Layer
3. Inference Engine (Core Execution Pipeline)
4. Trace & Explainability Layer
5. Deployment Layer (API, Container, ONNX)

Each layer is modular, allowing ZeroTrain to scale from lightweight cloud deployments to
on-prem enterprise installations with strict audit/control requirements.
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3. Language Parsing Layer

3.1 ZeroTrain Rule Language (ZRL)

ZRL is a declarative rules language designed for clarity and precision.
A rule consists of:

e Inputs
o Conditions
e Actions
e Semantic relationships
e Variables and dynamic values
e Concepts and weights
3.2 Parsing Pipeline
The parser performs:
e Lexical analysis
e Operator classification
e Semantic path resolution
e Control-flow normalization
e Tree-building for rule structure

This produces a Model Representation Tree (MRT) — a deterministic structure describing
the rule’s branching logic.
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4. Model Construction Layer

After parsing, ZeroTrain constructs internal objects:

4.1 Nodes
Nodes represent:
o Conditions
¢ Branch entry/exit points
e MUST constraints
¢ Semantic/numeric evaluation regions
e Actions
Nodes form a directed inference graph.
4.2 Features & States
Each input becomes a Feature, and the runtime values populate a State object.
The engine allows for:
e n-to-1feature reduction
¢ weighted features
e semantic features (e.g., PART_OF, SAME_AS)
e numeric features
¢ symbolic features
4.3 Ranges and Normalization
Zerolrain tracks:
e evolving min/max ranges
¢ dynamic value stabilization
e concept weight normalization

This enables fast proximity scoring where applicable.
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5. Inference Engine — Core Execution Pipeline
ZeroTrain’s inference engine is engineered around three mandates:
e Determinism
e Speed
¢ Traceability

Performance benchmarks show ZeroTrain can process 1.4M nodes in 74 ms (2.3 ms hot)
on CPU-only environments.

5.1 Execution Plans
Every rule produces one or more Plans. A plan is a compiled representation of:
e« the condition sequence
e possible branches
e related semantic checks
e terminal actions

Plans allow ZeroTrain to perform inference with O(n) traversal, regardless of model
complexity.
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5.2 Parallel Plan Execution
ZeroTrain supports optional parallel execution, where each plan:
1. Receives the feature set
2. Executes independently
3. Reportsits outcome
4. Participates in plan arbitration
Arbitration modes include:
o Firstto Finish
e Lastto Finish
e Priority Mode
Parallelism preserves determinism because arbitration rules resolve ambiguity.
5.3 Condition Evaluation
Each condition evaluates:
¢ literal comparisons
e numeric comparisons
e range checks
¢ semantic relationships
e variable substitution
e dynamic values
Evaluation returns:
e Pass
e Fail
¢ Partial (weighted)
¢ Semantic Strength (if applicable)

This feeds the branching logic.
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5.4 Branch Resolution
ZeroTrain handles nested branching:
WHEN ...
THEN ...
ELSE
WHEN ...
THEN ...
ELSE ...
END
Each branch becomes a structural path.

Only one branch produces the final action — ZeroTrain does not allow ambiguous
outcomes.

5.5 Structural Execution Path (Engine Backbone)

The structural execution path is the deterministic trail through:
e Rule » Condition > Else Chain > Action

Example:

R1 > C1(F) » C2(F) > E1(P) » E2(P) » A(Fly)

This path is the backbone of explainability and replaceable across inference replays.
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6. Semantic Evaluation Engine

ZeroTrain supports high-performance semantic evaluation:
6.1 Concept Relationships
Concepts can define:

e PART_OF

e SAME_AS

e SYNONYM_OF

e CUSTOM_WEIGHT pairs

6.2 Semantic Arrows
Forms like:
A->B
A > B (numeric proximity)
A -{key}-> B (obfuscated semantic)

are normalized into evaluatable expressions.

6.3 Semantic Strength
The engine computes:
e similarity
o distance
e hierarchical relationship strength
e weighted directionality

Semantic checking remains deterministic, not statistical.
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7. Performance & Scaling

Zerolrain is optimized for:

7.1 Microsecond-Level Inferences

Cold start: ~10-20 ms
Hot inference: .35 ms

7.2 Memory Efficiency

Zero allocation inference loops (where possible).
Static node graphs.
Aggressive caching.

7.3 Horizontal Scaling
The system:
e does notrequire GPU
e scales linearly with CPU cores
e supports container-per-customer deployments

e integrates into Kubernetes environments
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8. Reproducibility & Determinism
Reproducibility is enforced by:

¢ |Immutable model versions

e Deterministic rule parsing

e Ordering guarantees in evaluation

e Explicit operator precedence

e Static plan generation

e Norandomness or statistical components

Given identical inputs + model version > ZeroTrain always produces identical outputs
and identical trace paths.
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9. Deployment Architecture
Zerolrainruns in:
9.1 SaaS APl Mode

Requests come through standard REST endpoints.
Inference is stateless.

9.2 Container Mode

Per-customer isolation.
Enhanced security.
Offline-capable.

9.3 ONNX Mode

ZeroTrain can export deterministic rule logic into ONNX, enabling:
e on-prem inference
e edge devices
e hybrid clouds

e highly regulated environments
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10. Conclusion

ZeroTlrain’s architecture is a deliberate departure from the opaque nature of traditional Al.
Its deterministic pipeline, transparent execution path, and symbolic inference allow
enterprises to deploy high-speed decision engines without sacrificing auditability, safety,
and regulatory alignment.

This whitepaper provides the deep architectural insight required for technical evaluators,
regulators, and internal engineering teams.
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