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ABSTRACT

Enterprise Al agents consistently underperform in production decision-making—not because foundation models lack
reasoning capacity, but because they lack structured access to the institutional knowledge required for grounded
decisions. We present the Intelligence Warehouse, a three-layer knowledge architecture (business ontology, codified
metrics, executable decision rules) implemented as a curated knowledge graph that sits between enterprise data systems
and Al decision agents. Drawing on principles from cognitive neuroscience—specifically hierarchical knowledge
representation, procedural memory encoding, and context-dependent retrieval—we argue that structured knowledge
intermediation is a necessary condition for reliable autonomous decision-making. In production deployments across
Fortune 500 FMCG and retail enterprises, the architecture has delivered 98% decision accuracy with a 4-week
implementation timeline, compared to 62—73% accuracy in control architectures lacking structured knowledge layers.
This paper describes the architecture, reports deployment results, presents a comparative analysis against four prevalent
alternatives, and discusses implications for the design of enterprise Al systems at scale.

Keywords: Intelligence Warehouse - Knowledge Graphs - Enterprise Al - Decision Agents - Cognitive Architecture - Business Ontology -
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1. Introduction

The rapid maturation of large language models (LLMs) has created a paradox in enterprise Al deployment. Models
capable of sophisticated reasoning, multi-step planning, and natural language generation are widely available—yet
the majority of enterprise Al agent deployments fail to produce decisions that business operators trust enough to
act upon. Industry surveys consistently report that fewer than 20% of enterprise Al pilot projects progress to
production deployment (Gartner, 2025; McKinsey, 2025).

The conventional diagnosis attributes these failures to model limitations: hallucination, reasoning errors, or
insufficient domain training. This paper argues for a different explanation. Through extensive deployment
experience across Fortune 500 FMCG, retail, and consumer goods companies, we have observed that the primary
failure mode is not model incapacity but knowledge architecture deficit—the absence of structured, queryable
representations of institutional business logic at inference time.

Consider a seemingly straightforward enterprise decision: whether to mark down a slow-moving SKU in a
particular geography. A correct decision requires entity resolution across product and organizational hierarchies,
metric computation using institutionally defined formulas, application of conditional business rules, exception
verification, and identification of the appropriate approval authority. No foundation model, however capable, can
reliably produce this decision without structured access to each of these knowledge types.
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We draw an analogy from cognitive neuroscience. Human expert decision-making relies on multiple
interacting memory systems: semantic memory for domain knowledge, procedural memory for practiced routines
and rules, and episodic memory for context-specific retrieval (Tulving, 1985; Squire, 2004). An experienced sales
manager does not re-derive markdown policy from first principles each time—they retrieve it from well-structured
procedural knowledge and apply it with contextual adaptation. Enterprise Al agents require an analogous
architecture.

This paper introduces the Intelligence Warehouse—a three-layer knowledge architecture that provides Al
decision agents with the structured institutional knowledge they need to produce grounded, auditable, and
policy-compliant decisions. We describe the architecture, present production deployment results, compare against
four prevalent alternatives, and discuss implications for enterprise Al design.

2. The Knowledge Gap in Enterprise Al

2.1 From Data Access to Decision Competence

Most enterprise Al architectures implicitly assume that providing an LLM with access to enterprise data is sufficient
for decision-making. In practice, we have identified a systematic gap between data access and decision
competence. This gap manifests in four characteristic failure patterns, each observed across multiple production
deployments.

Failure Pattern Root Cause Observed

Frequency

Hallucinated entities No structured ontology; agent invents product or org 38% of decisions
relationships

Wrong formula application Metric definitions not codified; agent approximates 44% of decisions
calculations

Missing decision rules Business policies not in agent context; agent improvises 72% of decisions
recommendations

Authority/persona errors Org hierarchy and approval chains not represented 81% of decisions

Table 1. Characteristic failure patterns in enterprise Al decision agents without structured knowledge layers. Frequencies observed
across 12 production deployments (N = 2,400 decisions sampled).

2.2 A Cognitive Neuroscience Perspective

The failure patterns in Table 1 map directly onto well-studied phenomena in cognitive neuroscience. Human expert
performance depends critically on the availability of structured knowledge representations in working memory at
the point of decision (Ericsson & Kintsch, 1995). Expert—novice studies across domains—from chess (Chase &
Simon, 1973) to medical diagnosis (Norman & Eva, 2010)—consistently demonstrate that expertise resides not in
superior reasoning capacity but in the richness and accessibility of domain-specific knowledge structures.

Three findings from the cognitive literature are particularly relevant. First, hierarchical knowledge
organization enables rapid scope resolution. Expert chess players perceive board positions not as 32 individual
pieces but as hierarchically organized patterns (chunks), enabling rapid pattern matching across contexts (Gobet &
Simon, 1996). This parallels the ontology layer of the Intelligence Warehouse, which enables agents to resolve
multi-hop entity queries by traversing structured hierarchies. Second, procedural memory encoding enables
consistent rule application. Experts do not re-derive decision procedures from first principles; they retrieve and
execute well-rehearsed production rules (Anderson, 1983). This corresponds to the explicit decision rule encoding
in Layer 3 of the architecture. Third, context-dependent retrieval ensures that the right knowledge is activated for
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the right situation. The encoding specificity principle (Tulving & Thomson, 1973) predicts that knowledge retrieval is
most effective when retrieval cues match encoding conditions—which is precisely what a structured knowledge
graph provides through typed relationships and scope constraints.

3. The Intelligence Warehouse Architecture

The Intelligence Warehouse is a three-layer knowledge architecture, implemented as a curated knowledge graph,
that provides Al decision agents with the structured institutional knowledge required for grounded decision-making.
Each layer corresponds to a distinct knowledge type; together, they constitute the complete knowledge context
necessary for autonomous business decisions.

L3 — RULES How the business acts on what it knows

L2 — METRICS How the business measures itself

L1 — ONTOLOGY What the business is

Figure 1. The three-layer Intelligence Warehouse architecture. Each layer encodes a distinct knowledge type: structural (L1),
computational (L2), and procedural (L3).

3.1 Layer 1: Business Ontology ("What the Business Is")

The foundation layer encodes the structural reality of the enterprise: product hierarchies (Company - Business
Unit - Category — Brand - SKU), geographic hierarchies, sales organization structures, and channel definitions.
Each node in the graph carries typed properties; edges encode relationships such as which Regional Sales
Manager manages which territory, which SKU belongs to which brand family, and which distributor serves which
region.

Without this layer, agents cannot resolve multi-hop queries ("What is the sell-through for all skin care SKUs
managed by the North zone RSM?") or correctly scope metric computations. In our deployments, ontology-related
errors accounted for approximately 38% of incorrect decisions in agents that lacked structured entity resolution.

3.2 Layer 2: Codified Metrics ("How the Business Measures Itself")

The metrics layer encodes the precise computational definitions by which the enterprise measures performance.
Each metric node carries an explicit formula (e.g., Sell-Through Rate = Secondary Sales Qty + Opening Stock x
100), an applicable scope (SKU x Distributor x Month), threshold bands (green / amber / red), and computation
frequency. Composite metrics encode their component weights as typed graph edges, enabling agents to
decompose and recompute at arbitrary granularity.

This layer addresses a critical limitation of Bl-mediated architectures: pre-computed metrics are available only
at the granularity at which they were defined. When an agent needs to recompute a metric at a different
scope—say, sell-through at the brand level rather than SKU level—it requires the formula itself, not merely the
pre-computed result.

3.3 Layer 3: Decision Rules ("How the Business Acts on What It Knows")

The rules layer encodes the institutional decision logic that governs action. Each decision rule specifies trigger
conditions (e.g., Days of Inventory > 120 AND Sell-Through < 30%), conditional action logic with tiered responses
(e.g., if margin > 35% then markdown 15%; if 25—35% then markdown 10%), persona authority (who proposes,
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who approves), escalation paths, and exception conditions. Crucially, rules cross-reference each other within the
graph: a markdown rule may invoke a redistribution rule; a new-launch rule may override standard markdown

policy.

A typical FMCG enterprise operates with 10-25 core decision rules covering markdown, redistribution,
replenishment, assortment change, pricing adjustment, and promotional planning. This bounded scope is a critical
insight for implementation feasibility: the rules layer is a weeks-scale extraction project, not a months-scale
knowledge engineering effort.

4. Query Traversal: An lllustrative Example

To demonstrate the architecture's operation, consider a representative enterprise decision query: "Should we
markdown GlowMax Men 50ml in North zone?" with current data showing DOI = 140 days, sell-through = 22%, and
margin = 30%. A correct answer requires coordinated retrieval across all three layers.

1. Entity Resolution L1: Ontology Resolve GM-M-50ml - GlowMax - Skin Care. North - 3
regions -~ RSM assignments.

2. Metric Computation ~ L2: Metrics Compute DOI = 140d, Sell-through = 22%, Margin = 30% via
explicit formulas with scope validation.

3. Rule Application L3: Rules Match rule D1: DOI > 120 [0 AND ST < 30% [J. Margin in 25—-35%
tier -~ markdown 10%.

4. Exception Check L3: Rules Stock > 100 0. Not new launch 0. Not strategic SKU [0. No
exceptions triggered.

5. Authority Chain L1+1L3 RSM proposes - ZSM approves. RSM for North zone resolved
from org graph.

Table 2. Five-step query traversal for a markdown decision. No single layer is sufficient; the correct answer requires coordinated retrieval
across all three.

The critical observation is that no individual layer produces a correct decision in isolation. Without Layer 1, the
agent cannot determine which RSM manages the North zone. Without Layer 2, it approximates the sell-through
formula and may produce inconsistent computations. Without Layer 3, it generates a plausible-sounding
recommendation (e.g., "markdown 15-20%") that does not match institutional policy. The architecture's value
emerges from the interaction of all three layers.

5. Production Deployment Results

5.1 Accuracy Analysis

We evaluated decision accuracy across 12 production deployments in FMCG and organized retail enterprises,
comparing agents equipped with the full Intelligence Warehouse against control configurations. Accuracy was
defined as exact match with the decision that a human domain expert would produce given the same inputs,
validated by independent review panels at each client organization.

Error Category Without IW With IW

Hallucinated entities Frequent (38%) Rare (<2%) 95%
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Error Category Without IW With IW

Wrong formula Frequent (44%) Rare (<2%) 96%
Missing decision rule Near-certain (72%) Rare (<2%) 97%
Persona / authority error Near-certain (81%) Rare (<1%) 99%
Exception not checked Near-certain (72%) Occasional (8%) 89%

Table 3. Error reduction by category across 12 production deployments (N = 2,400 decisions). The Intelligence Warehouse reduces all
error categories by 89—99%, with residual errors concentrated in edge-case exception logic.

The residual errors (approximately 2% of total decisions) are concentrated in two categories: novel exception
scenarios not yet encoded in the rules layer, and genuinely ambiguous situations where institutional policy itself is
under-specified. Critically, these are errors that human decision-makers also find challenging—they represent the
genuine frontier of decision complexity rather than preventable knowledge gaps.

5.2 Implementation Timeline

A key finding from our deployments is that the Intelligence Warehouse can be implemented in a 4-week timeline.
This is possible because the three layers are constructed in parallel and each draws from existing enterprise
artefacts.

InPUt sourees ethod

L1: Ontology ERP master data, org charts, channel Extraction + curation
definitions
1-2 L2: Metrics KPI definitions, Bl tool configurations, Cadification + validation

reporting standards

2-4 L3: Decision Rules SME interviews, policy documents, SOPs Extraction + iterative
validation

3-4 Integration Data connectors, agent framework Wiring + end-to-end
testing

Table 4. Parallel implementation timeline for the Intelligence Warehouse. A typical FMCG enterprise has 10-25 core decision rules,
making the rules layer a bounded extraction project.

6. Comparative Analysis

We evaluated the Intelligence Warehouse against four prevalent architectural alternatives using a standardized
test scenario: the GlowMax markdown decision described in Section 4. A correct answer requires identifying the
relevant decision rule, checking trigger conditions, applying margin-tier logic, verifying exceptions, and naming the
complete approval chain.

6.1 Alternative Architectures
LLM + Data Warehouse.

This configuration connects the agent directly to enterprise data warehouse tables via SQL generation. Agents
retrieve accurate numbers when the schema is well-documented, but lack any representation of business rules,
threshold definitions, or organizational authority. In our evaluations, this configuration produced confidently wrong
recommendations (e.g., 15-20% markdown instead of the policy-correct 10%) because the agent had data but no
institutional logic.
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LLM + Bl Tool.

Bl-mediated architectures provide pre-computed metrics with correct formulas, resolving the computation accuracy
problem. However, metrics are available only at pre-defined granularity, the agent cannot recompute at different
scopes, and no conditional decision logic is present. The agent has reliable numbers but must improvise the
action, producing varied and inconsistent recommendations across identical scenarios.

LLM + Prompt Engineering.

Encoding business rules directly in LLM prompts is effective for small, contained rule sets (typically fewer than 5
rules). However, this approach does not scale: rules compete for context window space, are not version-controlled
or auditable, and degrade unpredictably as rule complexity increases. In production enterprise environments with
10-25 interacting rules, prompt-embedded logic produced decision accuracy below 65%.

LLM + Ontology Only.

Ontology-only architectures provide excellent entity resolution—correctly mapping SKU to brand to category to
responsible manager. However, they encode what exists without representing how to measure it or what to do
about it. Agents with ontology access but no metrics or rules produced structurally coherent but substantively
incorrect decisions, improvising both formulas and action recommendations.

6.2 Capability Scorecard

O O - O O

Data retrieval

Entity resolution O O - O O
Metric formulas O O - O O
Decision rules O O - O O
Exception handling O O - O O
Persona / authority O O - - O
Auditable & versioned O O O O O
Model-agnostic O O O O O
Table 5. Capability scorecard across five architectural configurations. O = Full capability, — = Partial, [J= Absent. The Intelligence

Warehouse is the only architecture that provides full coverage across all eight capability dimensions.

7. Two Architectural Properties Worth Noting

7.1 Curated Knowledge Compounds

Auto-constructed knowledge graphs—built through NLP extraction or statistical co-occurrence analysis—reflect
textual patterns, not business truth. A curated graph encodes precise institutional relationships, and each
incremental addition improves decision quality across the entire graph. When a new exception is added to one
decision rule, it immediately affects every related query for every SKU in every region. This compounding effect
means that the marginal cost of knowledge curation decreases while the marginal value increases—a rare and
valuable property in enterprise systems.

This mirrors the cognitive science observation that expert knowledge structures exhibit graceful accretion: new
information integrates into existing schemas rather than creating isolated additions (Rumelhart & Norman, 1978).
The result is that well-curated Intelligence Warehouses become increasingly valuable over time, creating a
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compounding knowledge asset that is difficult to replicate.

7.2 Knowledge Separated from Model

When business logic is embedded in prompts, it is fragile: tightly coupled to a specific model, not
version-controlled, not independently auditable, and not queryable. Moving institutional knowledge into the graph
makes rules versioned, auditable, and queryable as first-class data objects. Change one policy node and every
agent across the enterprise reflects the update instantly. Swap the underlying LLM—from one provider to another,
or from one generation to the next—without touching the knowledge layer.

This separation of concerns is not merely an engineering convenience; it is an architectural requirement for
enterprise-grade Al systems. Regulatory environments increasingly demand auditability of Al decision logic. When
that logic is distributed across prompt templates, it is effectively un-auditable. When it lives in a structured graph, it
can be inspected, version-controlled, and formally verified.

8. Enterprise Execution Considerations

The transition from architectural concept to production deployment introduces practical challenges that merit
discussion. We share observations from 12 deployments across Fortune 500 organizations.

8.1 The SME Extraction Bottleneck

Layer 3 (decision rules) requires extraction of institutional knowledge from subject matter experts who often cannot
articulate their decision processes in formal terms. We have developed a structured interview
methodology—presenting concrete scenarios and asking experts to walk through their reasoning step by
step—that reliably extracts decision rules in 2—3 sessions per business domain. The key insight is that experts can
recognize correct decision logic more easily than they can generate it from scratch, so iterative validation against
worked examples is more productive than open-ended elicitation.

8.2 Organizational Change Management

Deploying decision agents that follow codified rules surfaces a secondary benefit: it forces organizations to make
their implicit decision logic explicit. In multiple deployments, the process of building the Intelligence Warehouse
revealed inconsistencies in how different business units applied the same ostensible policy. The graph becomes
not just an Al artefact but an institutional knowledge management tool—a single source of truth for how decisions
should be made.

8.3 Governance and Auditability

Because every decision traversal is logged—which entities were resolved, which formulas applied, which rules
triggered, which exceptions checked—the Intelligence Warehouse provides a complete audit trail for every
Al-generated decision. This is increasingly critical in regulated industries and for organizations subject to
board-level Al governance requirements. Each decision can be reconstructed and explained in business terms, not
in model-internal representations.

8.4 Scaling Across Business Units

A common concern is whether the Intelligence Warehouse must be rebuilt for each business unit or geography. In
practice, Layers 1 and 2 share significant structural commonality across business units (product hierarchies and
metric definitions tend to be enterprise-standard), while Layer 3 rules exhibit regional variations. Our deployment
methodology handles this through a "core + delta" approach: a shared foundation is built once, and
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business-unit-specific rules are layered incrementally. Second and third deployments within an enterprise typically
require 40—60% less effort than the first.

9. Limitations and Future Work

Several limitations of the current architecture merit acknowledgment. First, the 98% accuracy figure reflects
deployments in FMCG and organized retail—domains with relatively well-structured decision logic. Extension to
domains with more ambiguous or rapidly evolving decision rules (e.qg., strategic pricing in competitive markets) may
yield different accuracy profiles. Second, the architecture currently handles deterministic and tiered decision rules
well, but does not natively represent probabilistic or optimization-based decision logic. Third, while the 4-week
implementation timeline holds for organizations with reasonably mature data infrastructure, organizations with
fragmented or poorly documented systems may require longer data preparation phases.

Future work includes extending the architecture to support probabilistic decision rules, developing automated
methods for detecting rule staleness and recommending updates, exploring federated Intelligence Warehouse
configurations for multi-enterprise supply chain decisions, and formal benchmarking against a broader set of
industry verticals.

10. Conclusion

The Intelligence Warehouse addresses what we believe is the central bottleneck in enterprise Al deployment: the
absence of structured, queryable representations of institutional business logic at inference time. By separating
business knowledge into three distinct layers—ontology, metrics, and rules—and implementing them as a curated
knowledge graph, the architecture enables Al decision agents to produce grounded, policy-compliant, auditable
decisions with 98% accuracy in production enterprise environments.

The bottom line: Data warehouses tell you what happened. Bl tools tell you why. The Intelligence Warehouse tells
Al agents what to do about it, who should do it, and what exceptions to watch for. The result is agents that don't
just sound knowledgeable—but actually are.

As enterprises move from Al experimentation to Al-driven operations, the question is not whether foundation
models are capable enough—they are. The question is whether the knowledge architectures surrounding them are
adequate. The Intelligence Warehouse provides one answer: a practical, deployable, and proven architecture for
bridging the gap between enterprise data and enterprise decisions.
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