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ABSTRACT

The enterprise data landscape is navigating a critical inflection point where the exponential growth of
unstructured data has rendered traditional Data Stewardship models unsustainable. While the industry
has historically relied on Rule-Based Systems and Human-Guided Machine Learning, these
approaches fail to scale linearly with data volume, precipitating a stewardship crisis defined by high
latency and prohibitive costs. This paper presents an exhaustive analysis of a novel Level 5
Autonomous Data Fabric that fundamentally reimagines Master Data Management and Governance.
By leveraging a Graph-Based Multi-Agent System rooted in a Neo4j graph state, this framework
utilizes Generative Al Agents to perform semantic data cleaning and Entity Resolution. Unlike linear
data pipelines that move data through a fragile series of transformations, this system treats data as a
mutating state, employing Worker and Critic agent pods to ensure accuracy while mitigating
hallucination risks through Epistemic Uncertainty Estimation. Key findings from a controlled
simulation of 100,000 records indicate that this agentic architecture achieves a 99.9% cost reduction
and a 750x throughput improvement compared to human baselines, while maintaining a Pairwise F1-
Score of 0.968. This research validates that the transition from Human-in-the-Loop to Human-
Exception governance is not only technically feasible but economically imperative for modern
enterprises.
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Introduction

Master Data Management (MDM) and Governance (MDGQG) serve as the foundational pillars of the
modern digital economy, ensuring consistency across siloed systems. However, the mechanisms for
maintaining this consistency have not kept pace with the complexity of data generation. The industry
is currently facing a stewardship crisis where the volume of data has outpaced the capacity of
traditional Level 2 (Rule-Based) and Level 3 (Human-in-the-Loop) systems. These legacy
architectures rely on linear "flow-based" pipelines that are brittle in the face of schema drift and
require significant manual intervention for edge cases, creating a prohibitive cost structure that turns
data governance into a cost center rather than a strategic asset.

Current "Modern Data Fabrics" function primarily as Co-pilots, relying on human operators to
validate probabilistic matches, which caps throughput at human processing speeds. This paper
introduces a Level 5 Autonomous framework that operates as an Autopilot. By utilizing a Graph State
architecture rather than a linear pipeline and employing Multi-Agent Systems (MAS) capable of self-
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correction and Epistemic Uncertainty Estimation, the proposed framework decouples data volume
from human capacity. This shift breaks the historical "Iron Triangle" of data quality, offering a
solution that is simultaneously fast, cheap, and accurate.

Research Methodology

The proposed solution necessitates a fundamental re-evaluation of underlying data architecture,
moving from "Flow-Based" to "Graph State" systems.

Graph State Architecture

In traditional MDM, data is treated as a transient stream passed through rigid transformation logic.
This flow-based model is hostile to agentic reasoning as it does not offer a persistent environment for
agents to reflect or self-correct. The Level 5 framework utilizes a pure Graph State architecture,
specifically leveraging Neo4j. Data remains stationary as a persistent node, while agents scan the
graph for specific states (e.g. Raw Data), perform work, and mutate the node properties to the next
state (e.g. Golden Record). This "In-Place State Mutation" allows for asynchronous autonomy, where
an agent can take the necessary time to "think" about a complex record without blocking the
processing of other nodes’.

Multi-Agent Pods

The system is segmented into specialized "Pods" to ensure reliability. A "Supervisor Agent" acts as a
context-aware router, determining optimal workflows based on metadata statistics'®. The core
processing is handled by a "Resolution Pod" which employs a "Worker + Critic" architecture. The
Worker proposes matches based on semantic reasoning, while a separate Critic agent—governed by
strict logic—audits the decision to prevent hallucinations. If the system detects high entropy or
uncertainty, it triggers a "Reflector" agent to engage in Chain-of-Thought reasoning, only requesting
human intervention for novel scenarios.
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Figure 1: The System architecture for the Level 5 agent
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Theory and Calculation

The theoretical foundation of this framework lies in the shift from syntactic to semantic matching.
Legacy systems utilize Levenshtein Distance algorithms which calculate single-character edits. While
effective for typos, these metrics fail at semantic equivalence (e.g., linking "Bill Gates" to "William
Gates").

The Level 5 Agent utilizes vector embeddings and transformer attention mechanisms to interpret
context. The critical innovation is the implementation of Epistemic Uncertainty Estimation. The
system assigns a confidence probability ($P) to every decision. The system functions autonomously
where $P > Threshold, and routes to a "Quarantine Queue" for active learning when $P < Threshold.
This ensures that human effort is exclusively reserved for high-value edge cases, which are then
vector-embedded into the system's episodic memory for one-shot learning.

Results and Discussion

To validate the architecture, a simulation was conducted using a "poisoned dataset" of 100,000
synthetic customer records containing 30% hidden duplicates, 20% typos, and 10% null values.

Autonomy Records above 98.1% High level of autonomy
confidence threshold
Resolution Quality Pairwise F1-Score 0.968 High balance of Precision/Recall.
Efficiency Reduction Ratio (RR) 98.4% Drastic reduction in search space.
Trust Cluster Purity 97.2% Golden Records are clean.
Hygiene Transformation 100% Perfect standardization of 20k items.
Accuracy
Compliance PII Detection Rate 100% Zero leakage of sensitive data.
Safety Hallucination Rate 0% Validates the "Critic" architecture.

Table 1: Performance Metrics Summary (Poisoned Dataset) for Level 5 agent
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The results demonstrated a massive divergence in operational efficiency. A human steward, averaging
250 records per hour, would require approximately 400 hours to process the dataset. The Level 5
Agent completed the task in 32 minutes, achieving a throughput of 187,500 records per hour—a 750x
improvement. Economically, this reduced the processing cost from an estimated $14,400 (at $36/hr
labor) to approximately $5.00 in API token costs, representing a 99.9% reduction.

Crucially, speed did not come at the expense of quality. The system achieved a Pairwise F1-Score of
0.968 and a Cluster Purity of 97.2%, indicating that the "Golden Records" created were highly
accurate. The "Critic" architecture successfully nullified hallucinations, achieving a 0% hallucination
rate during the transformation of 20,000 messy phone numbers. Only 1.9% of records (1,914 rows)
fell below the confidence threshold and were sent to the Quarantine queue.

Conclusions

The research validates that the transition from Human-Centric to Human-Exception Data Stewardship
is technically feasible and economically advantageous. The Level 5 Autonomous Data Fabric breaks
the "Iron Triangle" of data quality, delivering results that are simultaneously fast, cheap, and accurate.
By decoupling data volume from human capacity through Graph State architectures and Epistemic
Uncertainty Estimation, organizations can transform data governance from a bottlenecked operational
expense into a scalable, real-time utility. Future implementations should focus on shifting human roles
from row-level operators to logic-level auditors, managing the "mind" of the agent rather than its
output.

Declarations
Study Limitations

The simulation was conducted on synthetic text data; performance on multi-modal data (images/audio)
was not tested.
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