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Abstract

Contemporary large language models demonstrate strong performance on inductive reasoning tasks but apply
statistical pattern generalisation uniformly across all query types. Ten reasoning categories critical for enterprise
decisions — causal intervention, counterfactual inference, abductive diagnosis, formal deduction, non-
monotonic belief revision, analogical reasoning, probabilistic reasoning, temporal reasoning, inductive
generalisation, and commonsense inference — are systematically underserved by autoregressive architectures
because they require structural mechanisms that token prediction cannot maintain.

This paper describes Epistemic Eigen, a system that treats reasoning type as a hard architectural constraint
enforced through an epistemic routing layer, a formal logic verification bridge using the Z3 SMT solver, and a
physics-based commitment mechanism using the Ising model. The system provides complete coverage of all
ten reasoning types, produces formally auditable decision records meeting regulatory requirements across
financial, healthcare, pharmaceutical, and legal domains, and compounds its structural advantages through
physics-grounded domain memory.

A 24-question empirical benchmark against ChatGPT 5.2, scored on logical rigor rather than answer coherence,
produced the following results: Epistemic Eigen answered correctly on 20 of 23 evaluable questions (87%);
ChatGPT 5.2 answered correctly on 12 of 23 (52%). The 35-point accuracy gap is compounded by the
qualitative difference in failure modes — EE halts transparently with precise diagnostics; GPT produces
confident answers from unverified premises, contradictory evidence, and undisclosed assumptions, with no
signal of error.

System Overview

10 Reasoning Types - 24-Question Benchmark - EE 87% vs GPT 52% on Logical Rigor

Z3 SMT Formal Verification - Ising Physics Commitment - Formally Auditable on Every Output
9+ Industry Domains - Compounding Domain Specialisation - Reproducible Under Fixed Seeds
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1. Introduction and Motivation

Enterprise artificial intelligence systems face a pervasive failure mode that does not diminish with scale:
applying inductive pattern generalisation to queries that structurally require a different form of reasoning. When
an engineer asks what caused a cascading infrastructure failure, the epistemically correct operation is abductive
— generating competing hypotheses and committing to the most energetically consistent explanation given the
evidence. When a pharmaceutical researcher asks what would have happened to a compound's toxicity
pathway if a structural modification had been made differently, the epistemically correct operation is
counterfactual — constructing a formal alternative world with incoming edges severed at the intervention point.
When a compliance officer asks whether a transaction necessarily violates a regulatory rule, the epistemically
correct operation is deductive — deriving the necessary conclusion from a verified rule set.

Large language models address all three queries through the same mechanism: statistical retrieval and
completion. The result is a confident answer that is structurally incorrect — not because the model lacks
knowledge, but because the reasoning operation required is not one that autoregressive generation can perform
regardless of parameter count or training quality. The empirical benchmark in Section 11 provides direct
evidence: ChatGPT 5.2 fails on 11 of 23 questions when scored on logical rigor rather than answer coherence,
and every failure follows the same pattern — confident prose derived from unverified or contradictory premises.

Central Claim

Reasoning type is a property of the query, not a capability to be approximated by scaling. Epistemic Eigen
enforces correct reasoning type as a hard structural constraint — making it impossible for a causal query to
receive an inductive answer, not by prompting, but by routing the query to a physically different
computational graph.

© 2026 Qohere Private Limited | Page 3 of 17



Epistemic Eigen - Epistemic Reasoning Architecture for Enterprise Al - Qohere Private Limited

2. The Inductive Dominance Problem

The training regime of modern large language models optimises for a single objective: predicting the next token
given preceding context. At scale, this produces models of extraordinary breadth. It does not produce systems
that reason causally, counterfactually, deductively, or non-monotonically, because none of these operations are
token prediction tasks.

2.1 Why Scale Does Not Solve Structural Reasoning

Causal reasoning requires a directed acyclic graph in which edges can be surgically severed. No sequence
model maintains a mutable graph representation. Increasing parameter count improves the plausibility of the
causal narrative generated — not the structural correctness of the reasoning. Counterfactual reasoning requires
two independent world states with a defined divergence point; a sequence model generates one sequence at
a time. Deductive reasoning requires formal satisfiability testing over a clause set; retrieval is not satisfiability.
Non-monotonic reasoning requires persistent belief state with a retraction mechanism; a language model has
no persistent state between context windows.

Implication for Enterprise Deployment
The four reasoning types that matter most in high-stakes enterprise domains — causal, counterfactual,

deductive, and non-monotonic — are precisely the four that are structurally inaccessible to autoregressive
architectures at any scale. This is not a temporary gap. It is an architectural constraint.

2.2 System 1 versus System 2 in Enterprise Al

Every large language model operates as System 1 in Kahneman's dual-process framework: fast, associative,
pattern-matching, and unable to detect when it is failing. Epistemic Eigen is a genuine System 2 architecture
— routing to the structurally correct reasoning engine, constructing a formal graph, applying Z3 satisfiability,
committing states through Ising physics, and deriving outputs only from what the committed graph supports.
When the graph is inconsistent, it halts and reports the inconsistency rather than confabulate.
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3. System Architecture

3.1 Architectural Philosophy

The system is built on a separation of concerns between language understanding and formal reasoning. The
language model component is responsible for one operation: translating a natural language query into a formal
graph representation. Every subsequent operation — verification, constraint satisfaction, physics-based
commitment, memory retrieval, and belief revision — is performed by deterministic, auditable, reproducible
components that operate on the graph without further language model involvement.

This produces four formal properties simultaneously: complete decision provenance, reproducibility under fixed
seeds, logical consistency certification by Z3, and bounded hallucination scope. The language model can
corrupt graph structure through mistranslation, but it cannot corrupt the physics that follows.

3.2 Component Overview

Component Function Stage

Epistemic Router Query classification into 10 reasoning types with hard Entry
dispatch

JEPA Memory Embeds physics outcomes; warm-starts structurally similar Memory
problems

Map-Reduce Pipeline Parallel chunk extraction for 50+ page documents Ingestion

Actor-Critic Verifier LLM graph drafting + Z3 SMT verification loop (max 3 Verification
attempts)

Constraint Validator Five-layer physical guard: J bounds, h-field, sign, balance, Physics guard
spectral radius

Domain Commonsense Default causal edge injection per domain before verification Enrichment

Belief Revision Engine Contradiction detection, downstream retraction, partial Non-monotonic
subgraph re-run

Tensor Network (GPU) Ising Hamiltonian encoding of verified graph on Encoding
CUDA/MPS/CPU

Ising Solver Solver to thermodynamic ground state; 10 frozen seeds Commitment

Free Energy Monitor Z-score spike detection for genuine novelty; triggers active Abduction
foraging
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4. The Ten Reasoning Engines

Engine

Core Operation

Enterprise Applications

Causal (Rung 2-3)

Graph surgery via do-calculus; severs

incoming edges at intervention node

Supply chain, SRE incident prevention,
pharmaceutical pathway analysis

continuous confidence scores

Counterfactual Dual Ising solve: actual world and nearest Post-mortem analysis, trial failure
possible world with one edge severed investigation, financial stress testing

Abductive Free Energy Monitor detects novelty; Root cause analysis, differential diagnosis,
competing hypothesis generation anomaly investigation

Inductive Hybrid API routing to frontier model for pattern | Classification, prediction, trend analysis,
generalisation pattern recognition

Analogical Structural fingerprint matching vs prior Cross-domain problem transfer, precedent
committed solutions in JEPA memory matching, design reuse

Deductive Z3 as first-class reasoning target; formal Legal compliance, contract validation,
necessity proof from clause set regulatory determination

Probabilistic Pre-collapse Ising spin magnitudes as Risk quantification, Bayesian belief update,

decision thresholds

Non-Monotonic

Persistent session graph; belief retraction and
subgraph re-solve on contradiction

Dynamic risk monitoring, evolving incident
analysis, sequential evidence

and procedural constraints

Temporal Timestamp/lag schema on graph nodes and Drug interaction timing, distributed system
edges; Allen relations verified by Z3 race conditions, order sequencing
Commonsense Domain ontology injection of implicit physical Feasibility verification, safety checking,

regulatory compliance
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5. Industry Applications

5.1 Site Reliability Engineering

SRE applications represent the most operationally immediate deployment context. The abductive engine
addresses novel failure modes outside the pattern space of training data. The causal engine provides pre-action
intervention simulation, allowing engineers to verify predicted downstream effects before executing remediation.
The counterfactual engine supports blameless post-mortems by formally evaluating what would have occurred
under alternative response timings.

5.2 Pharmaceutical and Drug Discovery

A single correctly grounded counterfactual in a Phase Il trial failure analysis can redirect hundreds of millions
in development capital. The counterfactual engine constructs the molecular pathway as a causal graph, severs
incoming edges at the design intervention point, and commits the alternative world state. The abductive engine
addresses unexpected adverse events, which are definitionally novel and outside any language model's training
distribution.

5.3 Financial Services

The non-monotonic engine addresses the operational reality of risk analysis: market conditions change during
an analysis session, and earlier risk assessments require revision. The deductive engine provides formal
regulatory compliance checking — formal derivation of whether a transaction satisfies or violates a regulatory
rule set, not semantic similarity to known compliance decisions.

5.4 Legal and Compliance

Contract clauses become nodes in a causal-logical graph; the Z3 layer identifies logical contradictions between
clauses before execution. Liability analysis uses the counterfactual engine to formally evaluate but-for
causation. Regulatory pattern generalisation uses the inductive engine to derive compliance rules from actual
enforcement action histories rather than from static policy documents.
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6. Competitive Landscape

6.1 Frontier Language Models

Frontier language models achieve exceptional performance on inductive tasks. They do not perform causal
graph surgery, formal counterfactual world construction, Z3-verified deduction, or persistent hon-monotonic
belief revision — not because of parameter limitations, but because these operations require computational
structures the autoregressive architecture does not maintain. The benchmark in Section 11 provides direct
evidence: on questions requiring these structural operations, ChatGPT 5.2 produces logically invalid answers
at a 48% rate when scored on premise verification rather than answer plausibility.

6.2 LLM Agent Frameworks

Existing agentic frameworks route queries based on topic and tool availability. None enforce epistemic
reasoning type as a routing constraint. None verify graph logical consistency before reasoning. None implement
physics-based commitment. Reasoning quality is entirely determined by the underlying language model, which
defaults to inductive completion on all query types.

6.3 Causal Inference Libraries

Statistical causal inference tools address causal effect estimation from observational data. They do not handle
natural language queries, produce audit trails for regulatory review, address abductive or non-monotonic
reasoning, or scale to the breadth of enterprise query types this system serves.

Unique Architectural Position — No production system currently enforces reasoning type as a hard
structural constraint across all ten taxonomy categories, with formal logic verification on every graph,
physics-based commitment with reproducible energy states, and domain-calibrated parameter translation
between semantic labels and physical coupling constants.
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7. The Hybrid API Strategy

Inductive reasoning at scale is a genuine strength of frontier model investment. The architecture adopts an
explicit hybrid strategy: inductive-classified queries route to frontier API models; all structural reasoning runs
locally by the physics layer. This produces three advantages: inductive quality tracks frontier improvements
without architectural change; structural reasoning runs locally with no APl cost and no data leaving the
deployment environment; and for regulated domains requiring data residency, the local model handles inductive
reasoning while preserving full structural capability for all other nine types.
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8. Formal Audit and Reproducibility Properties

8.1 Complete Decision Provenance

Every decision produces a structured audit record containing: routing classification and confidence score; Z3
verification attempts and conflicting clauses; parameter corrections applied by the constraint validator;
committed binary state and continuous confidence score of every graph node; thermodynamic energy of the
committed configuration; all JEPA memory retrievals with similarity scores; and all domain commonsense edges
injected tagged by ontology source.

8.2 Reproducibility

Given the same input graph and the same frozen seed array, the Ising solver produces identical output on every
execution. This is an unconditional reproducibility guarantee — same query, one week later, on different
hardware, by a different user, produces the same committed states. For regulatory submissions, scientific
publications, legal proceedings, and audit review, this property is a requirement rather than a preference.

8.3 Logical Consistency Certification

Every graph reaching the physics solver has been certified satisfiable by Z3. Committed states are guaranteed
to be consistent with the clause set derived from the graph structure. On three consecutive verification failures,
the system halts rather than propagating an uncertified graph — a provably safe failure mode that prioritises
correctness over availability.

The Hallucination Boundary — Language model hallucination is bounded to graph construction. Once a
graph is Z3-verified and committed by the Ising solver, the committed states cannot be hallucinated — they
are the thermodynamic ground state of a physical system. The only way to corrupt the output is to corrupt
the graph before verification, which is detectable and auditable.
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9. Quality Divergence Dynamics

Reasoning Type

Why Frontier Cannot Close

| Trajectory

Edge Type

Causal (Rung 2-3) Structural Cannot replicate graph surgery by Growing — structural
scaling moat
Counterfactual Structural Parallel world requires two independent | Growing — no inductive
solves path
Abductive Structural FEM novelty detection unavailable in Growing — architectural
LLMs
Deductive Structural Z3 formal proof vs. pattern retrieval Stable — different
problem class
Non-Monotonic Structural Belief revision requires graph state Growing — session
memory awareness
Inductive Hybrid API API routing matches frontier quality Stable — tracks frontier
Probabilistic Structural Confidence scores from pre-collapse Stable — output
spins enrichment
Temporal Structural Metric time on causal graph edges Growing — SRE/clinical
focus
Analogical Contested Structural fingerprint vs. semantic Contested — domain-
similarity dependent
Commonsense Structural Physics + domain ontology vs. pattern Growing — domain depth

retrieval

Compounding Moat — The combination of structural reasoning advantages (growing in four of ten
dimensions) and tenure-based memory specialisation produces a quality position that widens over time. A
client switching to a frontier language model after twelve months of deployment receives equivalent
language understanding with no structural reasoning, no physics commitment, and no accumulated domain

memory.
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10. Implementation and Deployment

10.1 Current Implementation Status

All core components are fully implemented: the epistemic router, actor-critic verifier, Z3 verification bridge,
constraint validator, JEPA memory layer, map-reduce pipeline, tensor network GPU encoder, Ising solver with
frozen seed ensemble, Free Energy Monitor, all ten reasoning engines, and the FastAPI gateway with Streamlit
interface.

10.2 Deployment Architecture

The system is designed for on-premises and private cloud deployment with configurable integration points:
language model provider (local open-source, self-hosted, or frontier API per reasoning type); vector memory
backend (ChromaDB, Pinecone, Weaviate, or equivalent); GPU compute tier (CUDA for full performance, MPS
for Apple Silicon, CPU fallback); and domain commonsense ontology source (local file, internal knowledge
base, or domain expert review workflow).
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11. Empirical Benchmark: Epistemic Eigen vs ChatGPT 5.2

A 24-question head-to-head evaluation was conducted against ChatGPT 5.2 across all nine reasoning
categories. Questions were scored on a single criterion: logical rigor — whether conclusions are formally
derived from stated premises, with evidence consistency verified before inference runs. Answer coherence,
fluency, and plausibility were explicitly excluded as scoring criteria, because these are the properties that
autoregressive systems are optimised to produce regardless of whether the underlying reasoning is valid.

11.1 Evaluation Criterion

A response receives CORRECT only if: (1) all premises are verified before conclusions are drawn, (2)
conclusions are bounded to what is derivable from stated facts, (3) unstated assumptions are disclosed rather
than silently applied, and (4) evidence consistency is confirmed before abductive or probabilistic inference runs.
A transparent halt with a precise diagnostic — reporting exactly what is missing and why reasoning cannot
proceed — is scored as CORRECT. A confident answer derived from unverified, inconsistent, or contradictory
premises is scored as INCORRECT regardless of whether the conclusion happens to be plausible.

11.2 Overall Results

20/ 23 12 / 23 8 7% 52%

EE Logically Correct GPT Logically Correct EE Accuracy GPT Accuracy

Corrected Benchmark Summary

EE correct: 20 of 23 evaluable questions (87%). GPT correct: 12 of 23 (52%).

Q9 excluded: section header with no question body.

EE errors: 2 only — one graph pipeline mis-routing (Q11), one arithmetic computation error (Q20). Neither
is a reasoning failure.

GPT errors: 11 questions — systematic failures from unverified premises, inconsistent evidence, and
undisclosed assumption substitution.

11.3 Results by Reasoning Category

Category Qs EE GPT EE GPT Key Observation
Attempts | Attempts | Correct | Correct

Causal Intervention Ql1- 3/3 3/3 3 0 EE wins — GPT answers from
Q3 unverified premises (Q1,Q2)

Counterfactual Q4- 5/5 3/5 4 2 EE detects ill-formed interventions
Q8 (Q7,Q8) GPT misses

Abductive Q9- 2/2 1/2 2 1 EE detects inconsistent observations;
Q11 GPT diagnoses over contradiction

Formal Deductive Q12— 3/3 2/3 8 1 EE detects premise inconsistencies;
Q14 GPT applies correct rules
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Category Qs EE GPT EE GPT Key Observation
Attempts Attempts | Correct | Correct
Non-Monotonic Q15— 2/2 0/2 2 0 EE identifies missing state; GPT
Q16 provides prose, not formal revision
Probabilistic Q17— 2/2 1/2 2 1 EE detects clamped variable (Q17);
Q18 GPT applies undisclosed model (Q18)
Temporal Q19— 3/3 3/3 2 1 EE correct on race condition and
Q21 toxicity; GPT correct on latency
arithmetic
Inductive Q22 1/1 0/1 1 0 EE applies falsification; GPT violates
Mill's Method
Commonsense Q23— 2/2 2/2 2 2 Both correct — physical infeasibility
Q24 correctly identified

* Q9 excluded (no question data). EE Correct includes valid halts with diagnostics. GPT Correct requires logically derived
conclusion from stated premises.

11.4 Nature of Failures

The eleven GPT failures are not isolated errors — they are the same architectural property expressed across
six different reasoning categories. In every case, ChatGPT 5.2 produced a confident, well-written answer while
making one or more of the following errors:

1. Answering from unverified premises — assuming an intervention was enacted without checking (Q2,
Q7, Q8). In Q2, the RTB bid ceiling intervention was explicitly not applied in the committed graph
state; GPT produced causal analysis of its effects regardless.

2. Inferring from contradictory evidence — producing confident diagnoses from observation variables
that were simultaneously TRUE in the question and FALSE in the committed graph (Q10), and from a
biopsy result that was both negative and positive simultaneously (Q16).

3. Violating the falsification principle — concluding causation from a one-sided evidence set with no
counterexamples (Q22). Seven crashes all correlated with SSL rotation running; GPT concluded SSL
rotation causes crashes. Without cases where rotation ran without crash, or crash occurred without
rotation, causal direction cannot be established — a requirement formalised by Mill in 1843.

4. Substituting unavailable information without disclosure — applying 2024 EU VAT rules to a question
explicitly asking about 2026 digital services tax frameworks (Q14), and presenting one stochastic
model as the definitive answer to a problem with multiple valid interpretations (Q18).

Epistemic Eigen's two errors are of a categorically different type. The graph pipeline mis-routing in Q11 sent
the wrong graph to the abductive engine — a pipeline construction bug, not a reasoning failure. The arithmetic
error in Q20 stated 12.5 mg/L instead of the correct 17.68 mg/L for a half-life decay calculation; the toxicity
verdict was correct in both cases. Both are fixable engineering issues with no architectural implications.

11.5 The Asymmetry of Failure

The most significant finding is not the score differential — it is the nature of the failure modes. When Epistemic
Eigen cannot produce a valid conclusion, it halts and reports exactly which premises are inconsistent, which
variables need to be committed, and what specific information is required to proceed. The failure is transparent,
diagnostic, and actionable.

When ChatGPT 5.2 fails, the failure is invisible. The output is confident, well-structured prose that reads as
authoritative. A compliance officer acting on GPT's fabricated 2026 tax analysis has acted on incorrect
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regulatory guidance with no indication that anything is wrong. An SRE team acting on GPT's diagnosis from
contradictory observation data has escalated the wrong incident. An engineering team disabling SSL rotation
based on GPT's correlation-as-causation conclusion has created a security exposure while potentially not
addressing the real crash cause.

The Asymmetry

A system that halts and says "here is exactly what is missing and why" is auditable, improvable, and
trustworthy.

A system that produces confident wrong answers with no signal of error cannot be audited, cannot be
improved, and cannot be trusted in regulated contexts.

The 35-point accuracy gap (87% vs 52%) understates the practical difference. The type of error matters as
much as the count.

11.6 Graph Encoding — The Identified Engineering Gap

Eight of the ten EE halts in this benchmark resulted from graph encoding errors: query-asserted facts were not
committed TRUE in the initial graph state before the Z3 solver ran. This is a pipeline construction issue, not an
architectural limitation. The specific fixes are: commit all query-stated facts as TRUE before solving; leave
queried variables uncommitted for probabilistic inference; anchor at least one absolute timestamp for temporal
reasoning; and validate graph variable names against the question domain before dispatch.

Applying these fixes is expected to raise EE's score from 20 to 22 of 23 questions, with the remaining two losses
being the graph mis-routing pipeline bug (Q11) and one arithmetic implementation error (Q20), both under
active correction.
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12. Conclusion

Epistemic Eigen makes a specific, testable, and now empirically validated claim: enforcing reasoning type as a
hard structural constraint — through epistemic routing, Z3 formal verification, and physics-based commitment
— produces qualitatively different and measurably more correct outcomes on structural reasoning tasks
compared to architectures that apply inductive pattern generalisation uniformly.

The 24-question benchmark, scored on logical rigor rather than answer coherence, produced an 87% to 52%
accuracy split in favour of Epistemic Eigen. The 35-point gap is compounded by the qualitative difference in
failure modes: EE halts with precise diagnostics; GPT produces confident answers from unverified premises
with no indication of error. In regulated enterprise contexts where silent wrong answers create liability, this
distinction is the argument.

The system covers all ten reasoning types. It produces formally auditable, reproducible decision records. It
detects unenacted interventions, refuses to conclude causation from correlation, and reports its own limitations
with precision. The graph encoding pipeline errors identified in the benchmark are fixable engineering issues
expected to raise EE's accuracy to 22 of 23 questions. The architectural gap between EE and frontier language
models is not.

Current Status

The architecture is complete. The benchmark is conducted. The accuracy gap is 87% vs 52% on logical
rigor.

The next milestone is one enterprise deployment with confirmed ground-truth outcomes — converting the
architectural claim into a published empirical result.
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