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Abstract

Modern artificial intelligence systems can analyse source code, identify defects, generate
recommendations and automate engineering workflows. However, a fundamental limitation remains: the
ability to retain, retrieve and reuse previously acquired engineering knowledge across independent
analysis sessions.

Without a persistent knowledge retrieval architecture, Al systems may repeatedly investigate problems
that have already been analysed, consuming computational resources and limiting the accumulation of
institutional knowledge.

Agentic Al Systems is developing DF Codex, an incremental Al-assisted source-code analysis system
integrated with DF Memory Ontology Edition, a governed knowledge repository.

DF Codex V1 has completed operational acceptance testing across its tested scope, including Smart
Archive snapshot and manifest verification, incremental execution, concurrency controls, checkpoint
integrity, interruption recovery and scheduled operation.

DF Codex V1.1 extends this foundation by introducing vector-based semantic retrieval. This capability is
designed to allow engineering knowledge to be discovered through contextual meaning rather than
depending exclusively on exact keywords or identifiers.

The initial semantic embedding engine has been deployed and successfully tested on local hardware.
Persistent vector indexing, retrieval APls and automated integration with DF Codex remain under
development.

1. Introduction

Large language models have substantially improved the automation of software engineering tasks. Their
ability to interpret source code, explain complex systems and identify potential defects creates
opportunities for more autonomous engineering operations.
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Yet generating an intelligent response and maintaining a reliable engineering knowledge base are
fundamentally different capabilities.

An Al model can analyse a repository today without necessarily having access to the evidence, decisions
or findings generated during previous analyses.

This creates several operational challenges:

* Repeated analysis of previously investigated issues.

» Difficulty locating historical engineering decisions.

* Increased inference and computational overhead.

* Fragmented technical knowledge across projects.

* Limited traceability between Al recommendations and historical evidence.
* Reduced continuity between independent agent execution sessions.

DF Codex addresses these challenges through a staged engineering architecture combining incremental
analysis, governed memory and semantic knowledge retrieval.

2. DF Codex V1 - Operational Foundation

DF Codex V1 establishes the underlying source-code analysis and execution framework. Its architecture
incorporates incremental repository scanning, execution-state management, archival checkpoints,
concurrency protection and recovery mechanisms.

2.1 Incremental Analysis

Rather than automatically reprocessing an entire repository during every scheduled execution, DF Codex
maintains state information to identify whether additional processing is required. This approach is
designed to reduce redundant analysis and improve operational efficiency.

2.2 Smart Archive - Intelligent Snapshot and Evidence Management

A core component of DF Codex V1 is its Smart Archive, implemented by smart_archive.py. It captures or
discovers repository source snapshots and records associated manifests. These archived records provide
the historical reference points used by the snapshot resolver and incremental planner to determine
whether a repository has changed.

Smart Archive is therefore more than a document repository: it is an evidence and
snapshot-management component within the analysis pipeline. Its manifest records support comparison
against prior checkpoints, enabling an unchanged repository to follow the UP_TO_DATE path without
unnecessary semantic inference or checkpoint advancement.

The verified processing sequence is: repository scan - Smart Archive snapshot/manifest - snapshot
resolution and checkpoint verification - incremental planning - conditional semantic analysis - validated
checkpoint advancement. The archive stores snapshots and manifests separately from incremental state
and per-run analysis outputs.
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Operational acceptance evidence included verification of four archive manifests against their canonical
hashes and repository identities. Recorded checkpoint references to the last and previous successful
manifests were also checked for existence and matching digests. These tests support integrity claims for
the inspected records, not for every possible archive artifact or failure scenario.

2.3 Execution Integrity

DF Codex V1 includes mechanisms for preventing overlapping execution against the same repository,
managing state transitions and preserving checkpoint information. Operational acceptance testing
covered concurrency controls, atomic state recovery, interruption scenarios and analyser failure
handling.

2.4 Historical Evidence

Smart Archive manifests, analysis state and archival mechanisms preserve operational records that can
support subsequent investigation and verification. Historical evidence is particularly important when
Al-generated engineering findings must be reviewed, compared or reproduced.

2.5 Operational Acceptance

DF Codex V1 completed its defined operational acceptance tests in October 2026. The acceptance
process included recovery testing, scheduled operation and post-reboot service verification. This
acceptance establishes a tested operational baseline. It does not establish universal reliability across
every possible repository, workload or failure scenario.

3. DF Memory Ontology Edition

DF Memory provides a governed storage layer for information generated or used by Al systems. Its
architecture distinguishes between knowledge records, entities, relationships and lifecycle states.

A memory record progresses through a controlled lifecycle: STAGED —» APPROVED —» COMMITTED.

This separation allows information to be recorded and reviewed before becoming committed knowledge.
The existing implementation uses SQLite as its authoritative database and exposes local APl endpoints
for managing memory and ontology records.

The DF Codex V1 operational acceptance document has been successfully stored, independently
hash-verified and committed to DF Memory. This establishes a verified example of a complete
engineering document preserved within the governed knowledge repository.

However, persistent storage alone does not provide semantic retrieval. That capability is the primary
objective of DF Codex V1.1.
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4. Why Vector-Based Semantic Retrieval?

Traditional keyword searches depend on the words appearing in a document or associated metadata.
Semantic retrieval uses mathematical representations of text, commonly called embeddings, to estimate
relationships between passages and queries.

For example, a stored engineering record might describe: "Atomic checkpoint recovery following
interrupted execution."

A subsequent query might ask: "Can the system recover if a scan stops unexpectedly?"

Although the wording differs, the underlying engineering concepts are related. An embedding-based
retrieval engine can identify this relationship through vector similarity.

4.1 Embedding Representation

Text is processed by an embedding model to produce a numerical vector. For the initial DF Codex V1.1
implementation, each embedding contains 384 numerical dimensions. These dimensions collectively
represent learned characteristics of the text.

4.2 Similarity Search

Query embeddings can be compared against stored document embeddings using cosine similarity. This
produces a mathematical similarity score that supports ranking candidate passages. Similarity does not
establish factual correctness. Retrieved evidence must still be verified against its original source.

4.3 Contextual Knowledge Reuse

The intended result is a system capable of retrieving relevant historical evidence before generating or
evaluating a new engineering conclusion. This can support continuity between analysis sessions without
requiring the language model to retain every previous document within its active context window.

5. DF Codex V1.1 - Technical Architecture

The proposed architecture separates four responsibilities. The V1 Smart Archive operates inside the
analysis layer and is distinct from the V1.1 vector index: Smart Archive manages source snapshots and
manifests; the vector index is intended to support meaning-based retrieval of committed knowledge.

Layer 1 - DF Codex Analysis Engine and Smart Archive. Captures repository snapshots and manifests,
resolves historical state, and performs conditional incremental analysis.

Layer 2 - DF Memory Ontology Edition. Maintains authoritative, governed records, including their
lifecycle state, identity, provenance and relationships.

Layer 3 - Semantic Embedding and Vector Index. Transforms eligible knowledge passages into numerical
embeddings and maintains a searchable index.
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Layer 4 - Knowledge Retrieval. Receives engineering questions, identifies relevant stored passages and
returns evidence with source attribution.

The vector index is designed as a derived, rebuildable structure. It does not replace the authoritative

memory database. Only committed knowledge is intended to be eligible for production retrieval.

6. Local Embedding Engine

The initial implementation uses the following technology stack:

Component Implementation

Embedding model all-MiniLM-L6-v2

Model execution ONNX Runtime 1.31.0
Embedding dimensions 384

Numerical processing NumPy

Tokenisation Hugging Face Tokenizers
Processing hardware AMD Ryzen 9 5900X
Execution mode Local CPU inference

Python 3.14.4

Intended similarity metric Cosine similarity

Intended vector persistence Separate SQLite-backed index

The system is deployed in an isolated Python environment on a local engineering server equipped with
an AMD Ryzen 9 5900X processor, approximately 60 GiB of system memory and two NVIDIA RTX 3090
GPUs.

CPU inference was selected for the initial implementation to avoid competing with existing GPU
workloads. The deployment does not require PyTorch for embedding inference.

7. Initial Semantic Validation Results

The first embedding-engine test was completed successfully on 21 October 2026. Three sentences were
processed to verify model loading, tokenisation, embedding dimensions, mean pooling, vector
normalisation and basic semantic discrimination.

The test compared a source-code analysis statement against a related engineering statement and an
unrelated weather statement.
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7.1 Results

Measurement Result

Embedding dimensions 384

Related sentence similarity 0.6665

Unrelated sentence similarity 0.1861
Related/unrelated score ratio Approximately 3.58x
CPU inference PASS

Tokeniser validation PASS

Vector normalisation PASS

Basic semantic ranking PASS

The related engineering sentences received a substantially higher similarity score than the unrelated
sentence. This result demonstrates that the deployed embedding engine can distinguish these examples
according to semantic similarity.

It does not establish production retrieval accuracy, comprehensive relevance performance or measured
improvements in engineering productivity. Those outcomes require additional evaluation against a
representative knowledge collection.

8. Incremental Vector Indexing
The next development stage is the creation of a persistent vector index. The proposed indexing workflow
is:
¢ |[dentify committed records within DF Memory.
* Retrieve their authoritative content and metadata.
* Divide long documents into meaningful passages.
* Generate embeddings for each passage.
* Store embeddings alongside references to their originating memory records.
* Detect content changes using cryptographic hashes.
* Re-embed only records or passages requiring updates.
* Return ranked passages with verifiable source attribution.

This approach is intended to avoid unnecessary repeated embedding computation. The index must also
support reconstruction from authoritative committed records following corruption or data loss.
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At the time of publication, this indexing capability remains in development and has not completed
acceptance testing.

9. Knowledge Governance and Evidence Integrity

Semantic retrieval introduces additional requirements beyond similarity ranking. A retrieved passage
must be traceable to the knowledge record from which it originated.

DF Codex V1.1 is therefore being designed to retain provenance information including:

* Memory identifier and associated entity identifier.
» Authoritative source reference.

* Document or content hash.

* Knowledge lifecycle state.

» Passage location or chunk reference.

* Embedding model and indexing version.

These controls are intended to support repeatability, auditability and evidence-based engineering
decisions. Importantly, a high similarity score must not be interpreted as proof that a retrieved
statement is correct. The original evidence remains authoritative.

10. Engineering Benefits and Expected Outcomes

The potential benefits of combining incremental analysis with semantic retrieval include reduced
repeated investigation, faster access to historical engineering evidence and improved continuity
between Al agent sessions.

The architecture also creates opportunities for cross-project knowledge reuse. For example, a previously
resolved configuration issue may be relevant to another repository even when filenames, project names
or descriptive terminology differ.

However, these benefits are engineering objectives rather than demonstrated production outcomes.
Future evaluation will need to measure retrieval precision, relevance, indexing latency, query latency,
resource consumption and the effect of retrieved context on downstream analysis quality.

11. Conclusion

DF Codex represents an engineering approach to combining incremental Al-assisted code analysis with
governed, persistent knowledge.

Version 1 establishes the tested operational analysis foundation, including Smart Archive snapshot and

manifest handling. Version 1.1 introduces the infrastructure required for semantic knowledge retrieval,

enabling the future possibility of identifying relevant historical engineering evidence through contextual
meaning.
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Initial local embedding tests have confirmed successful execution of a 384-dimensional ONNX-based
semantic model and basic similarity discrimination. The remaining engineering work is to build, integrate
and validate persistent retrieval against authoritative DF Memory records.

The longer-term objective is not simply to build an Al system that can analyse code. It is to develop an Al
engineering system capable of accumulating, retrieving and applying verified knowledge across
successive operations.

DF Codex V1 analyses. DF Memory preserves. DF Codex V1.1 is being developed to retrieve and reuse.
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