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About This Compendium

This compendium synthesizes over 300 research papers to construct the architectural blueprint

for  a  governed  enterprise  AI  runtime  —  one  that  operates  reliably,  autonomously,  and

accountably at scale.

Enterprise AI is fundamentally a runtime architecture problem, not merely a model capability

problem. Current  agent  systems fail  in  high-governance environments due to semantic  drift,

hallucination  accumulation,  orchestration  instability,  memory  corruption,  runtime opacity,  and

governance fragmentation. Copilots, lightweight agents, RAG wrappers, and orchestration shells

are insufficient for consequential enterprise work.

This  Atlas  addresses  six  critical  architectural  dimensions:  (1)  long-horizon  execution  and

memory,  (2)  runtime  governance  and  semantic  integrity,  (3)  multi-agent  orchestration,  (4)

inference-time feedback and improvement, (5) observability and evidence, and (6) the path to

Zone III  governed autonomy. Each dimension is grounded in recent academic research and

translated into actionable architectural patterns.

The Core Thesis

To achieve Zone III (Governed Autonomous Operations), enterprises must shift from probabilistic

generation to deterministic execution, underpinned by rigorous policy enforcement, inference-time

feedback loops, and immutable evidence preservation. Reliability is not a model property — it is a

systems engineering achievement.

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 2



Table of Contents

1 The Enterprise AI Reliability Crisis

The transition from isolated AI experiments to enterprise-grade autonomous systems

reveals a fundamental gap in reliability and governance.

17 papers

2 Long-Horizon Execution and Memory Architectures

Long-horizon tasks expose the fragility of current agent memory architectures. A

single context window is insufficient for sustained autonomous operation.

38 papers

3 Runtime Governance and Semantic Integrity

In the enterprise, autonomy without governance is a liability. Mechanisms for

controlling and auditing behavior must evolve to dynamic runtime governance.

81 papers

4 Multi-Agent Orchestration and Coordination

The complexity of enterprise workflows often exceeds the capabilities of a single

agent, requiring specialized agents to collaborate.

33 papers

5 Inference-Time Feedback and Agent Improvement

Agents must be able to learn, adapt, and correct their behavior at inference time,

moving beyond massive pre-training and periodic fine-tuning.

83 papers

6 The Path to Zone III: Governed Autonomous Operations

The ultimate goal is Zone III: Governed Autonomous Operations, where AI systems

operate independently within a rigorous governance boundary.

27 papers

7 Research Synthesis and Key Findings

The synthesis of over 300 research papers reveals a clear consensus: the future of

enterprise AI lies in systems engineering, not just model scaling.

28 papers

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 3



CHAPTER 1

The Enterprise AI Reliability
Crisis

The transition from isolated AI experiments to enterprise-grade

autonomous systems reveals a fundamental gap in reliability

and governance.



As organisations move beyond simple copilots and lightweight agents, they encounter a new

class of challenges: semantic drift,  state corruption, and coordination collapse. These issues

cannot be solved by simply scaling model size or context windows. They require robust, neuro-

symbolic  control  systems,  deterministic  recovery  architectures,  and  continuous  runtime

verification.

The research highlights a stark contrast  between the capabilities demonstrated in controlled

benchmarks and the reliability required for consequential enterprise work. There is a growing

recognition that AI must be treated as a control systems problem, where bounded autonomy and

human-in-the-loop governance are not just safety nets but core architectural requirements.

Research across 200+ papers identifies six recurring failure dimensions that prevent enterprise

AI  systems  from  operating  reliably  at  scale:  semantic  drift,  hallucination  accumulation,

orchestration  instability,  memory  corruption,  runtime  opacity,  and  governance  fragmentation.

Each  dimension  represents  a  structural  weakness  in  current  architectures  that  must  be

addressed through deliberate design.

Key Insight: No amount of model improvement eliminates these failure dimensions. They are

structural properties of how AI systems are designed, orchestrated, and governed. The Atlas

provides the architectural patterns to address each dimension systematically.

The Anatomy of the Crisis

When we look at the failure modes of long-horizon agents, we see a pattern that resembles

classic distributed systems failures, but with a semantic twist. In traditional software, a failure is

usually a hard crash—a null pointer, a timeout, a network partition. In agentic systems, failures

are often *soft* and *silent*. The agent continues to operate, but its internal state has drifted

away from reality.

This  is  what  we  call  Semantic  Drift.  Imagine  an  agent  tasked  with  reconciling  a  complex

financial ledger over a 48-hour period. In hour 1, it perfectly understands the definition of "net

revenue." By hour 30, after processing thousands of edge cases and exceptions, its internal

representation of "net revenue" might have subtly shifted to include pending transactions. The

agent hasn't crashed, but its output is now fundamentally incorrect.

The Bathtub Curve of Agent Reliability

If we plot agent reliability over time, we don't see a linear degradation. We see a bathtub curve.

1.  Early Failures: The agent fails immediately because it misunderstood the initial prompt or

lacked the necessary tools. 2. The Stable Plateau: If it survives the first few steps, it enters a

period of stable execution where it successfully completes sub-tasks. 3. Late-Stage Collapse:

As the  context  window fills  up  and  the  complexity  of  the  accumulated  state  increases,  the
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probability of a catastrophic failure spikes. This is where hallucination accumulation and state

corruption take over.

To solve this, we cannot just build "smarter" models. We must build resilient *systems* around

the models. We need architectures that can detect semantic drift, checkpoint state, and recover

deterministically. This is the core challenge of Enterprise AI.

Figure 1.0: Core architectural pattern for the enterprise ai reliability crisis
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Research Profiles (17 papers)

Benchmarking Prompt Sensitivity in Large Language Models

Amirhossein Razavi, Mina Soltangheis, Negar Arabzadeh, Sara Salamat, Morteza Zihayat, Ebrahim Bagheri |

Toronto Metropolitan University, Wondeur Ai, University of Waterloo, University of Toronto (2025)

https://arxiv.org/abs/2502.06065

Core Thesis: Large Language Models (LLMs) exhibit significant sensitivity to minor variations in prompt

formulation, leading to substantially different outputs. This paper introduces a new task, Prompt

Sensitivity Prediction, and a dataset, PromptSET, to systematically investigate this phenomenon. The

research demonstrates that existing methods struggle to effectively predict prompt sensitivity,

highlighting the need for novel approaches to understand how information needs should be phrased for

reliable LLM responses.

Enterprise Relevance: Prompt sensitivity poses a significant challenge for enterprise agentic systems,

where consistent and reliable outputs are crucial for automated processes, decision-making, and user

interaction. This research highlights the need for robust prompt engineering strategies and tools to

ensure that agentic systems can consistently deliver accurate results, even with slight variations in user

input or internal prompt generation.

Runtime Relevance: In long-horizon workflows, where agents might interact with users or other

systems over extended periods, prompt sensitivity can lead to unpredictable behavior and failures.

Understanding and mitigating this sensitivity is vital for maintaining the stability and trustworthiness of

autonomous workflows, preventing cascading errors due to minor prompt changes.

Governance Implications: The unpredictable nature of LLM responses due to prompt sensitivity

introduces risks related to compliance and governance. Enterprises need to ensure that AI systems

adhere to specific guidelines and produce auditable, consistent outputs. This paper underscores the

difficulty in achieving such consistency, posing challenges for regulatory adherence and risk

management in deployed LLM applications.

EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is

the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.
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LLM-Based Agentic Systems for Software Engineering: Challenges and
Opportunities

Yongjian Tang, Thomas Runkler | Siemens AG, Technical University of Munich (2026)

https://arxiv.org/html/2601.09822v2

Core Thesis: This concept paper systematically reviews the emerging paradigm of LLM-based multi-

agent systems in software engineering, examining their applications across the SDLC, identifying key

challenges, and outlining future research opportunities with a focus on multi-agent orchestration, human-

agent coordination, computational cost optimization, and effective data collection.

Enterprise Relevance: This paper directly addresses the application of LLM-based multi-agent systems

in software engineering, which is highly relevant for enterprises looking to adopt agentic AI for their

development processes.

Runtime Relevance: The systematic review of multi-agent systems across the entire SDLC, from

requirements to debugging, highlights their potential for managing and executing long-horizon software

development workflows.

Governance Implications: The paper implicitly touches upon governance through its discussion of

challenges like human-agent coordination and the need for effective data collection, which are critical for

ensuring compliance and managing risks in agentic systems.

EIGENVECTOR COMMENTARY: THE GOVERNANCE GAP

This research perfectly illustrates the 'Governance Gap'. When an agent operates autonomously,

who is responsible for its actions? This paper underscores why we advocate for 'Gate 3: Action

Control'—a  deterministic  policy  engine  that  intercepts  every  tool  call  and  evaluates  it  against

enterprise rules before allowing it  to  proceed.  You cannot  govern an LLM with  a  prompt;  you

govern it with a proxy.
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Neural-Symbolic Recursive Machine for Systematic Generalization

Qing Li, Yixin Zhu, Yitao Liang, Ying Nian Wu, Song-Chun Zhu, Siyuan Huang | Not explicitly stated in abstract

(likely academic institutions) (2024)

https://arxiv.org/abs/2210.01603

Core Thesis: Current learning models often struggle with human-like systematic generalization,

particularly in learning compositional rules from limited data and extrapolating them to novel

combinations. We introduce the Neural-Symbolic Recursive Machine (NSR), whose core is a Grounded

Symbol System (GSS), allowing for the emergence of combinatorial syntax and semantics directly from

training data. The NSR employs a modular design that integrates neural perception, syntactic parsing,

and semantic reasoning, synergistically trained through a novel deduction-abduction algorithm, to

achieve unparalleled systematic generalization.

Enterprise Relevance: Provides a framework for agentic systems to achieve more robust and

systematic generalization, crucial for reliable deployment in enterprise environments where

compositional tasks and novel combinations of rules are common.

Runtime Relevance: Improves the ability of AI systems to handle complex, multi-step tasks requiring

compositional reasoning and systematic generalization, which is essential for maintaining coherence

and accuracy over extended operational periods in long-horizon workflows.

Governance Implications: By improving systematic generalization and offering a more structured,

potentially explainable reasoning process through symbolic components, it contributes to building more

trustworthy, auditable, and compliant AI systems.

MRKL Systems: A modular, neuro-symbolic architecture that combines large
language models, external knowledge sources and discrete reasoning

Ehud Karpas, Omri Abend, Yonatan Belinkov, Barak Lenz, Opher Lieber, Nir Ratner, Yoav Shoham, Hofit

Bata, Yoav Levine, Kevin Leyton-Brown, Dor Muhlgay, Noam Rozen, Erez Schwartz, Gal Shachaf, Shai

Shalev-Shwartz, Amnon Shashua, Moshe Tenenholtz | AI21 Labs (2022)

https://arxiv.org/abs/2205.00445

Core Thesis: Large language models (LMs) have inherent limitations in knowledge and reasoning. This

paper proposes MRKL (Modular Reasoning, Knowledge and Language) systems, a neuro-symbolic

architecture that combines multiple neural models with discrete knowledge and reasoning modules to

overcome these limitations and enable more flexible and robust AI systems.

Enterprise Relevance: Directly addresses the need for more robust and reliable AI systems in

enterprise settings by proposing a modular architecture that combines the strengths of LLMs with explicit

knowledge and reasoning, crucial for complex business processes.

Runtime Relevance: The modular design and integration of discrete reasoning modules can improve

the consistency and reliability of AI agents over long-duration tasks, allowing for better state

management and error recovery in complex workflows.

Governance Implications: By incorporating explicit knowledge and reasoning, MRKL systems can offer

greater transparency and auditability, making it easier to verify decisions and ensure compliance with

regulatory requirements.
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Nautilus Compass: Black-box Persona Drift Detection for Production LLM Agents

Chunxiao Wang | Yiluo Technology Co., Ltd. (2026)

https://arxiv.org/html/2605.09863v1

Core Thesis: Production LLM coding agents suffer from "persona drift" where they forget constraints

and confabulate. Nautilus Compass proposes a black-box persona drift detector and agent memory

layer that operates at the prompt-text layer using cosine similarity between user prompts and behavioral

anchor texts, aggregated by a weighted top-k mean using BGE-m3 embeddings. This approach provides

a deployable solution for closed-API LLMs where white-box methods are not feasible.

Enterprise Relevance: Provides a practical, black-box solution for monitoring and mitigating persona

drift in production LLM agents, which is crucial for maintaining reliability and consistency in enterprise

applications using proprietary LLMs.

Runtime Relevance: Addresses the problem of persona drift over long dialogue sessions, ensuring that

agents maintain user-specified constraints and behavioral consistency over extended interactions.

Governance Implications: The Merkle-chained audit log for tamper-evident anchor updates contributes

to auditability, and the drift detection helps ensure agents adhere to defined policies and avoid

undesirable behaviors.

Figure 1.5: Drift Architecture
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Agent Harness for Large Language Model Agents: A Survey

Qianyu Meng, Yanan Wang, Liyi Chen, Yihang Li, Wei Wu, Wenyuan Jiang, Qimeng Wang, Chengqiang Lu,

Yan Gao, Yi Wu, Yao Hu | N/A (Preprints.org) (2026)

https://www.preprints.org/manuscript/202604.0428

Core Thesis: The reliability of LLM agents in production environments is increasingly determined by the

agent harness that encapsulates the model, rather than the model itself. This survey formally defines the

agent harness as a six-component tuple (E,T,C,S,L,V) and provides a comprehensive overview of its

historical evolution, taxonomy, technical challenges, and future research directions.

Enterprise Relevance: Provides a foundational understanding of the critical infrastructure required for

reliable and scalable deployment of LLM agents in enterprise settings, emphasizing the importance of

the agent harness for production-grade systems.

Runtime Relevance: The agent harness components, particularly context management and lifecycle

hooks, are essential for sustaining and governing long-running, complex agentic workflows.

Governance Implications: The framework emphasizes controllable, observable, and verifiable runtime

environments, directly supporting governance, risk management, and compliance requirements for AI

systems.

Ada-LEval: Evaluating long-context LLMs with length-adaptable benchmarks

Chonghua Wang, Haodong Duan, Songyang Zhang, Dahua Lin, Kai Chen | Not explicitly stated, but likely

affiliated with institutions involved in NAACL 2024. (2024)

https://aclanthology.org/2024.naacl-long.205/

Core Thesis: Ada-LEval is introduced as a length-adaptable benchmark designed to provide a more

precise and detailed evaluation of long-context capabilities in LLMs. It addresses the limitations of

existing benchmarks by offering intricate manipulation of test case lengths and covering ultra-long

settings (100k+ tokens).

Enterprise Relevance: Enterprise agentic systems often operate in environments where they need to

process and reason over extremely long documents, reports, or historical data. Ada-LEval provides a

critical tool for rigorously evaluating whether LLMs integrated into these systems can reliably handle

such long contexts, thus informing the selection and development of more robust agentic solutions.

Runtime Relevance: Long-horizon workflows inherently involve processing and maintaining context

over extended periods. Ada-LEval's ability to test LLMs in ultra-long-context settings is vital for ensuring

that these models can sustain performance and avoid degradation when dealing with prolonged

interactions or complex multi-step tasks.

Governance Implications: For GRC, accurately assessing an LLM's ability to process and synthesize

information from lengthy compliance documents or audit trails is crucial. Ada-LEval offers a means to

benchmark this capability, helping organizations identify and mitigate risks associated with LLMs failing

to comprehend critical information in long contexts.

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a
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human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.

Taxonomy of Failure Mode in Agentic AI Systems

Pete Bryan, Giorgio Severi, Joris de Gruyter, Daniel Jones, Blake Bullwinkel, Amanda Minnich, Shiven

Chawla, Gary Lopez, Martin Pouliot, Whitney Maxwell, Katherine Pratt, Saphir Qi, Nina Chikanov, Roman

Lutz, Raja Sekhar Rao Dheekonda, Bolor-Erdene Jagdagdorj, Eugenia Kim, Justin Song, Keegan Hines,

Daniel Jones, Richard Lundeen, Sam Vaughan, Victoria Westerhoff, Yonatan Zunger, Chang Kawaguchi,

Mark Russinovich, Ram Shankar Siva Kumar. | Microsoft (2025)

https://cdn-dynmedia-1.microsoft.com/is/content/microsoftcorp/microsoft/final/en-us/microsoft-brand/documents/

Taxonomy-of-Failure-Mode-in-Agentic-AI-Systems-Whitepaper.pdf

Core Thesis: This whitepaper introduces a taxonomy of failure modes in AI agents, categorizing them

across safety and security pillars, and distinguishing between novel and existing failure modes. The goal

is to help security professionals and machine learning engineers design AI systems with safety and

security in mind.

Enterprise Relevance: Provides a framework for understanding and mitigating risks in enterprise

deployments of agentic AI, particularly concerning security and safety implications.

Runtime Relevance: Addresses how failures can impact multi-step, long-running agentic processes,

especially regarding memory integrity and state management.

Governance Implications: Offers a structured approach for identifying and categorizing risks

associated with agentic AI, aiding in the development of governance policies and compliance

frameworks.

Characterizing Faults in Agentic AI: A Taxonomy of Types, Symptoms, and Root
Causes

Mehil B Shah, Mohammad Mehdi Morovati, Mohammad Masudur Rahman, Foutse Khomh | Dalhousie

University, Polytechnique Montreal (2026)

https://arxiv.org/html/2603.06847v1

Core Thesis: This paper empirically characterizes faults in agentic AI systems by deriving taxonomies of

fault types, observable symptoms, and root causes. It analyzes fault propagation across system

components and validates the taxonomy with real-world practitioner experiences, establishing a

foundation for reliability engineering in agentic AI.

Enterprise Relevance: Provides an empirical foundation for understanding and addressing reliability

challenges in enterprise-grade agentic AI deployments, offering insights into common fault types and

their root causes.

Runtime Relevance: Highlights how faults in state management, memory, and orchestration can disrupt

long-running agentic processes, emphasizing the need for robust error handling and observability in

such workflows.

Governance Implications: Offers a structured approach to identifying and categorizing risks associated

with agentic AI failures, which can inform the development of governance frameworks and compliance

strategies.
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Incident Analysis for AI Agents

Carson Ezell, Xavier Roberts-Gaal, Alan Chan | Harvard University, Centre for the Governance of AI (2025)

https://ojs.aaai.org/index.php/AIES/article/download/36596/38734/40671

Core Thesis: This paper proposes an incident analysis framework for AI agents, drawing on systems

safety approaches. It identifies three types of factors (system-related, contextual, and cognitive) that can

cause incidents and recommends specific information (activity logs, system documentation, tool

information) that should be retained for effective incident investigation.

Enterprise Relevance: Provides a structured approach for enterprises to analyze and understand AI

agent incidents, which is critical for managing risks and ensuring responsible deployment in business-

critical applications.

Runtime Relevance: Addresses how incidents can arise in complex, multi-step agent workflows due to

system, contextual, and cognitive factors, emphasizing the need for comprehensive logging and

analysis.

Governance Implications: Offers a foundational framework for developing robust incident response

and reporting mechanisms, crucial for regulatory compliance and risk management in AI agent

deployments.

Figure 1.10: Types Architecture
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Evaluating Agentic AI in the Wild: Failure Modes, Drift Patterns, and a Production
Evaluation Framework

Mukund Pandey | Independent Researcher (2026)

https://arxiv.org/html/2605.01604v1

Core Thesis: This paper addresses the limitations of existing lab-scale evaluation frameworks for LLMs

and agentic AI by proposing a taxonomy of seven failure modes unique to production agentic systems

and introducing PAEF (Production Agentic Evaluation Framework) for continuous evaluation on live

traffic.

Enterprise Relevance: Directly addresses the critical need for robust evaluation and monitoring of

agentic AI systems deployed in enterprise production environments, where reliability and early detection

of failures are paramount.

Runtime Relevance: Focuses on failure modes like compounding decision errors and non-deterministic

output drift that are particularly relevant to long-running, multi-step agentic workflows, emphasizing the

need for continuous evaluation.

Governance Implications: Provides a framework for identifying and measuring risks associated with

agentic AI in production, which is essential for establishing governance and compliance mechanisms.

EIGENVECTOR COMMENTARY: THE COST OF CONTEXT

Pay close attention to the performance degradation noted here as context length increases. The

'Lost  in  the  Middle'  phenomenon is  real.  Just  because an LLM *can*  accept  1  million  tokens

doesn't mean it *should*. Good architecture minimizes the working memory (context window) and

maximizes the episodic memory (vector store). Keep the prompt lean.

Where LLM Agents Fail and How They can Learn From Failures

Kunlun Zhu, Zijia Liu, Bingxuan Li, Muxin Tian, Yingxuan Yang, Jiaxun Zhang, Pengrui Han, Qipeng Xie,

Fuyang Cui, Weijia Zhang, Xiaoteng Ma, Xiaodong Yu, Gowtham Ramesh, Jialian Wu, Zicheng Liu, Pan Lu,

James Zou, Jiaxuan You | University of Illinois Urbana-Champaign (implied by GitHub link `ulab-uiuc`) (2025)

https://arxiv.org/abs/2509.25370

Core Thesis: This paper addresses the problem of cascading failures in LLM agents by introducing a

comprehensive framework for understanding, detecting, and recovering from errors. It proposes a

modular failure taxonomy, a dataset for error analysis, and a debugging framework that provides

corrective feedback for iterative improvement.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Agentic Artificial Intelligence (AI): Architectures, Taxonomies, and Evaluation of
Large Language Model Agents

Arunkumar V, Gangadharan G.R., Rajkumar Buyya | University College of Engineering, Anna University

Tiruchirappalli, Tamil Nadu, India; National Institute of Technology Tiruchirappalli, India; School of Computing and

Information Systems, University of Melbourne, Australia (2026)

https://arxiv.org/abs/2601.12560

Core Thesis: This paper investigates the architectures of Agentic AI, proposing a unified taxonomy that

decomposes LLM-based agents into six modular dimensions: Perception, Brain, Planning, Action, Tool

Use, and Collaboration. It aims to provide an architecture and engineering-focused survey to guide the

building, deployment, and evaluation of robust, monitorable agent systems.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Convergent Correctness in Stochastic Code Generation: A Generate-Verify-Repair
Architecture for Deterministic Validation of Autonomous AI Coding Agents in
Regulated Environments

Rafael Cadenas | Independent/SSRN (2026)

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=6754899

Core Thesis: The stochastic nature of LLMs conflicts with zero-defect requirements in regulated

industries. The paper proposes a Generate-Verify-Repair (GVR) architecture that uses deterministic

verification oracles to constrain stochastic generation.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

A Benchmark for Scalable Oversight Protocols

Abhimanyu Pallavi Sudhir, Jackson Kaunismaa, Arjun Panickssery | Not explicitly stated (academic paper)

(2025)

https://arxiv.org/abs/2504.03731

Core Thesis: This paper introduces a principled framework, the scalable oversight benchmark, for

evaluating human feedback mechanisms in the context of AI alignment. It proposes the agent score

difference (ASD) metric to quantify how effectively a mechanism promotes truth-telling over deception,

addressing the lack of systematic empirical evaluation for scalable oversight protocols.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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LLMs Corrupt Your Documents When You Delegate

Phillip Laban, Sascha Schnabel, Leonid N. L. Neville | Microsoft Research (2026)

https://arxiv.org/abs/2604.15597

Core Thesis: LLM-based agents systematically introduce errors and statistical corruptions in documents

during delegated text editing tasks, even for trivial workflows.

Enterprise Relevance: Illustrates how agents can pollute business documents, leading to compliance

and quality issues in automated reporting, contract processing, and regulated processes.

Runtime Relevance: Even short delegated workflows lead to semantic degradation; long tasks without

recovery mechanisms are almost guaranteed to fail.

Governance Implications: Provides empirical evidence that without strict control (human review or

automatic validation), agent behavior quickly becomes unreliable. Relevant for auditability and risk

management.

CLAUSE: Agentic Neuro-Symbolic Knowledge Graph Reasoning via Dynamic
Learnable Context Engineering

CLAUSE Research Team | Academic (2025)

https://arxiv.org/abs/2509.21035

Core Thesis: CLAUSE combines neural LLMs with symbolic knowledge graph reasoning and dynamic

context engineering, achieving controlled budget-constrained multi-hop reasoning.

Enterprise Relevance: Neuro-symbolic approach provides interpretable, auditable reasoning paths;

knowledge graph grounding reduces hallucination in enterprise knowledge-intensive tasks.

Runtime Relevance: Dynamic learnable context engineering addresses context explosion; LC-MAPPO

algorithm enforces hard resource limits within the agent.

Governance Implications: Symbolic components make agent decisions traceable and auditable;

knowledge graph provides verifiable factual grounding.

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.
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CHAPTER 2

Long-Horizon Execution
and Memory Architectures

Long-horizon tasks expose the fragility of current agent memory

architectures. A single context window is insufficient for

sustained autonomous operation.



To achieve reliable long-horizon execution, agents require a hierarchical memory architecture

that separates working memory (the context window) from episodic memory (past actions and

observations), semantic memory (factual knowledge and rules), and procedural memory (skills

and tool usage).

This  separation  of  concerns  allows  agents  to  maintain  focus  on  the  immediate  task  while

retaining  access  to  the  broader  context  and  historical  state.  It  also  enables  deterministic

checkpointing and recovery, ensuring that a failure at step 99 does not require restarting from

step 1.

The Illusion of Infinite Context

There is a prevailing myth in the AI industry that infinite context windows will solve the memory

problem.  "Just  stuff  everything  into  the  prompt,"  the  thinking  goes.  This  is  architecturally

unsound for several reasons.

First,  it  is computationally ruinous. Re-processing a 1-million-token context window for every

minor  decision is  the equivalent  of  reading the entire  encyclopedia  every  time you need to

remember a recipe. 

Second, and more importantly, it degrades reasoning. As context grows, the signal-to-noise ratio

plummets.  The  model  struggles  to  distinguish  between  a  critical  instruction  provided  at  the

beginning of the task and a minor observation recorded three days later. This leads to attention

dilution and, ultimately, task failure.

The Hierarchical Imperative

The solution, as demonstrated by the research in this chapter, is hierarchical memory. We must

design systems that mimic human cognitive architecture:

Working Memory (Tier 4): The immediate context window. It should be kept as small and focused

as possible, containing only the information strictly necessary for the current sub-task.

Episodic Memory (Tier 3): The chronological log of what the agent has done and observed. This

is typically implemented as a vector store, allowing the agent to retrieve past experiences ("How did

I solve this error yesterday?").

Semantic Memory (Tier 2): The structured knowledge graph of the enterprise. This contains the

facts, relationships, and business rules that govern the agent's environment.

Procedural Memory (Tier 1): The library of verified skills and tools the agent can use.

By structuring memory this way, we enable Deterministic Checkpointing. If an agent fails, we

don't  just  have  a  stack  trace;  we  have  a  complete  snapshot  of  its  working,  episodic,  and

semantic state at the moment of failure. We can roll  back to the last known good state and

resume execution, exactly as we do in traditional database systems.

• 

• 

• 

• 
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Figure 2.0: Core architectural pattern for long-horizon execution and memory architectures

Research Profiles (38 papers)

Plan-and-Act: Improving Planning of Agents for Long-Horizon Tasks

Lutfi Eren Erdogan, Nicholas Lee, Sehoon Kim, Suhong Moon, Hiroki Furuta, Gopala Anumanchipalli, Kurt

Keutzer, Amir Gholami | Multiple Institutions (e.g., UC Berkeley, Google) (2025)

https://arxiv.org/abs/2503.09572

Core Thesis: Large language models (LLMs) struggle with complex, multi-step, long-horizon tasks. The

Plan-and-Act framework addresses this by separating high-level planning from low-level execution and

enhancing plan generation through a novel synthetic data generation method.

Enterprise Relevance: Provides a robust framework for building more reliable LLM-based agents

capable of handling complex, multi-step enterprise workflows, particularly those involving web-based

interactions and structured task execution.

Runtime Relevance: Directly addresses the core challenge of long-horizon planning and execution by

proposing a structured, decompositional approach that enhances an agent's ability to achieve extended

goals.

Governance Implications: Improved reliability and structured planning contribute to better predictability

and auditability of agent behavior, which are crucial for meeting governance, risk, and compliance

requirements in enterprise settings.
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Can We Rely on LLM Agents to Draft Long-Horizon Plans? Let's Take TravelPlanner
as an Example

Yanan Chen, Ali Pesaranghader, Tanmana Sadhu, Dong Hoon Yi | Not explicitly stated (arXiv paper) (2024)

https://arxiv.org/abs/2408.06318

Core Thesis: Despite their emergent capabilities, LLM agents often fail in real-world, demanding long-

horizon planning tasks due to issues with lengthy contexts and plan refinement. The paper investigates

these failure modes using the TravelPlanner benchmark and proposes Feedback-Aware Fine-Tuning

(FAFT) to improve performance.

Enterprise Relevance: Highlights critical reliability challenges for LLM agents in real-world enterprise

planning tasks, emphasizing the need for robust fine-tuning strategies to mitigate failures.

Runtime Relevance: Directly addresses the unreliability of LLM agents in drafting and refining long-

horizon plans, providing insights into their limitations and potential solutions through feedback-aware

training.

Governance Implications: The identified failure modes (e.g., ignoring context, poor refinement) pose

significant risks for enterprise governance and compliance, underscoring the need for more reliable

agent behavior.

A Subgoal-driven Framework for Improving Long-Horizon LLM Agents

Taiyi Wang, Sian Gooding, Florian Hartmann, Oriana Riva, Edward Grefenstette | Not explicitly stated (arXiv

paper, likely Google DeepMind or similar) (2026)

https://arxiv.org/abs/2603.19685

Core Thesis: LLM-based agents struggle with long-horizon planning due to losing track of goals and

sparse rewards in RL fine-tuning. The paper proposes an agent framework leveraging proprietary

models for online planning via subgoal decomposition and MiRA, an RL training framework using dense,

milestone-based reward signals.

Enterprise Relevance: Offers a path to more robust and general-purpose autonomous systems, crucial

for enterprises seeking to deploy agents for complex, multi-step operations with higher reliability.

Runtime Relevance: Provides a powerful solution for improving long-horizon planning and execution by

addressing issues of goal tracking and reward sparsity through subgoal decomposition and milestone-

based RL.

Governance Implications: Enhanced reliability and goal adherence through structured planning and

improved RL training contribute to better control and predictability, which are vital for GRC in

autonomous systems.

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.
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Task Memory Engine (TME): Enhancing State Awareness for Multi-Step LLM Agent
Tasks

Ye Ye | Not explicitly stated (arXiv paper) (2025)

https://arxiv.org/abs/2504.08525

Core Thesis: Existing LLM agent frameworks often lack structured state awareness, leading to brittle

performance and hallucinations in multi-step tasks. The Task Memory Engine (TME) proposes a

lightweight, structured memory module using a hierarchical Task Memory Tree (TMT) to track task

execution and dynamically generate context-aware prompts.

Enterprise Relevance: Offers a crucial component for building reliable enterprise agents by providing

structured memory and state awareness, mitigating hallucinations and improving consistency in complex

workflows.

Runtime Relevance: Directly addresses the challenge of maintaining long-range coherence and

contextual grounding in extended workflows through its hierarchical memory structure and dynamic

prompt generation.

Governance Implications: Improved interpretability and reduced hallucinations through structured

memory enhance the auditability and predictability of agent actions, supporting GRC requirements.

EIGENVECTOR COMMENTARY: TOOL CALLING AS AN ATTACK VECTOR

This  research  touches  on  a  critical  security  aspect:  tool  calling  is  essentially  remote  code

execution. If an agent can call an API, it can be manipulated into calling that API maliciously via

prompt injection. This is why the 'Four Gates' governance model is non-negotiable. Every tool call

must be validated for intent, parameters, and permissions before execution.

Optimizing Sequential Multi-Step Tasks with Parallel LLM Agents

Enhao Zhang, Erkang Zhu, Gagan Bansal, Adam Fourney, Hussein Mozannar, Jack Gerrits | Not explicitly

stated (arXiv paper, likely Microsoft Research based on authors' previous work) (2025)

https://arxiv.org/abs/2507.08944

Core Thesis: Multi-agent LLM systems often incur high latency in complex tasks due to iterative

reasoning. M1-Parallel addresses this by concurrently running multiple multi-agent teams to uncover

distinct solution paths, leveraging an event-driven communication model to reduce latency or boost task

completion rates.

Enterprise Relevance: Provides a method to optimize the performance of multi-agent systems in

enterprise settings, addressing the high latency often associated with complex, iterative tasks, thereby

improving operational efficiency.

Runtime Relevance: Enhances the reliability and speed of long-horizon workflows by enabling parallel

exploration of solution paths and improving task completion rates, crucial for time-sensitive operations.

Governance Implications: Improved task completion rates and reduced latency contribute to more

predictable and efficient execution, which can aid in meeting operational governance and compliance

standards.
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EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.

MemGPT: Towards LLMs as Operating Systems

Charles Packer, Sarah Wooders, Kevin Lin, Vivian Fang, Shishir G. Patil, Ion Stoica, Joseph E. Gonzalez |

University of California, Berkeley (2023)

https://arxiv.org/pdf/2310.08560

Core Thesis: MemGPT proposes a virtual context management technique for LLMs, inspired by

operating system memory hierarchies, to overcome the limitations of fixed context windows. It allows

LLMs to intelligently manage different storage tiers (main context, external context) and perform self-

directed memory edits and retrieval via function calls, providing the illusion of unbounded context.

Enterprise Relevance: Enables AI agents to handle long-running tasks and maintain consistent

interactions, crucial for enterprise applications like customer service, document processing, and

personalized assistants.

Runtime Relevance: Directly addresses the challenge of limited context windows in LLMs, allowing

agents to maintain coherence and leverage information across extended conversations and complex

multi-step tasks.

Governance Implications: Not explicitly discussed, but improved reliability and consistency through

better memory management could indirectly contribute to governance and compliance by reducing

errors and improving auditability of agent behavior.

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.
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Mem0: Building Production-Ready AI Agents with Scalable Long-Term Memory

Prateek Chhikara, Dev Khant, Saket Aryan, Taranjeet Singh, Deshraj Yadav | Not explicitly stated, but

research@mem0.ai is provided as contact. (2025)

https://arxiv.org/pdf/2504.19413

Core Thesis: Mem0 introduces a scalable memory-centric architecture for AI agents that dynamically

extracts, consolidates, and retrieves salient information from ongoing conversations to overcome the

limitations of fixed context windows and maintain consistency over prolonged multi-session dialogues.

An enhanced variant, Mem0_g, leverages graph-based memory representations for complex relational

structures.

Enterprise Relevance: Provides a robust solution for building production-ready AI agents that can

maintain long-term conversational coherence and track user preferences, critical for enterprise

applications requiring persistent and reliable AI interactions.

Runtime Relevance: Directly addresses the challenge of maintaining context and consistency over

extended interactions, enabling AI agents to support complex, multi-session workflows without forgetting

critical information.

Governance Implications: By improving consistency and reliability, Mem0 can indirectly contribute to

better governance and reduced risks in AI deployments, as agents are less likely to contradict

themselves or forget important constraints. The explicit memory management operations could also aid

in auditability.

Memory in the Age of AI Agents: A Survey

Yuyang Hu, Shichun Liu, Yanwei Yue, Guibin Zhang, Boyang Liu, Fangyi Zhu, Jiahang Lin, Honglin Guo,

Shihan Dou, Zhiheng Xi, Senjie Jin, Jiejun Tan, Yanbin Yin, Jiongnan Liu, Zeyu Zhang, Zhongxiang Sun,

Yutao Zhu, Hao Sun, Boci Peng, Zhenrong Cheng, Xuanbo Fan, Jiaxin Guo, Xinlei Yu, Zhenhong Zhou,

Zewen Hu, Jiahao Huo, Junhao Wang, Yuwei Niu, Yu Wang, Zhenfei Yin, Xiaobin Hu, Yue Liao, Qiankun Li,

Kun Wang, Wangchunshu Zhou, Yixin Liu, Dawei Cheng, Qi Zhang, Tao Gui, Shirui Pan, Yan Zhang, Philip

Torr, Zhicheng Dou, Ji-Rong Wen, Xuanjing Huang, Yu-Gang Jiang, Shuicheng Yan | National University of

Singapore, Renmin University of China, Fudan University, Peking University, Nanyang Technological University,

Tongji University, University of California San Diego, Hong Kong University of Science and Technology (Guangzhou),

Griffith University, Georgia Institute of Technology, OPPO, Oxford University (2026)

https://arxiv.org/pdf/2512.13564

Core Thesis: This survey provides a comprehensive and up-to-date landscape of agent memory

research, proposing a new taxonomy based on forms, functions, and dynamics to clarify the fragmented

understanding of agent memory. It distinguishes agent memory from related concepts like LLM memory,

RAG, and context engineering, and outlines emerging research frontiers.

Enterprise Relevance: Provides a foundational understanding of how memory systems can enable

agents to achieve continual adaptation and effective interaction in complex environments, which is

crucial for building robust and reliable enterprise AI agents.

Runtime Relevance: Directly addresses the need for memory in long-horizon reasoning and continual

adaptation, enabling agents to maintain coherence and learn over extended periods, essential for

complex enterprise workflows.

Governance Implications: The discussion on trustworthy memory and the detailed categorization of

memory forms and functions can inform the design of more auditable and reliable agent systems,

contributing to better governance and risk management.

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 23

https://arxiv.org/pdf/2504.19413
https://arxiv.org/pdf/2512.13564


Evaluating agentic artificial intelligence: A comprehensive survey of metrics,
benchmarks, and methodologies

Madan Baduwal, Priyanka Paudel | Department of CSE, Mississippi State University (2026)

https://www.techrxiv.org/doi/pdf/10.36227/techrxiv.177162480.04513202

Core Thesis: This survey presents a structured and comprehensive analysis of evaluation

methodologies for Agentic AI, introducing an eleven-dimensional taxonomy to assess agent interactions,

behavioral trajectories, and long-horizon performance. It highlights persistent evaluation gaps and

outlines future research directions for standardized, interpretable, and reliability-focused evaluation

frameworks.

Enterprise Relevance: Provides a comprehensive framework for understanding and evaluating the

diverse capabilities and risks of agentic AI systems, crucial for their reliable deployment in enterprise

settings.

Runtime Relevance: Directly addresses the limitations of current evaluation methods for long-horizon

tasks and proposes dimensions specifically designed to assess long-term coherence and performance.

Governance Implications: Highlights the importance of safety, alignment, and robustness under

uncertainty, which are critical considerations for governance, risk management, and compliance in

agentic AI.

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.

The Evaluation Challenge of Agency: Reliability, Contamination, and Evolution in
LLM Agents

Zihan Dong, Zirou Liu, Zekun Wang, Yunqing Li, Zhiyuan Ma | Not explicitly stated, but TechRxiv preprint. (2026)

https://www.techrxiv.org/doi/full/10.36227/techrxiv.177222530.04005985

Core Thesis: This paper analyzes the "Evaluation Crisis" in LLM agent benchmarking, identifying issues

like evaluator fragility and Search-Time Contamination (STC). It deconstructs the existing ecosystem

into four primary domains, synthesizes a three-tier failure taxonomy, and proposes future evaluation

trajectories towards dynamic environments and "Agent-as-a-Judge" paradigms.

Enterprise Relevance: Directly addresses the reliability and evaluation challenges pertinent to

deploying LLM agents in enterprise settings, especially concerning the trustworthiness of benchmark

results.

Runtime Relevance: The focus on the perception-action loop and the need for dynamic environments is

crucial for evaluating agents in long-horizon, complex workflows where traditional metrics fall short.

Governance Implications: The identification of evaluation crisis, contamination, and failure taxonomies

is vital for establishing robust governance, risk assessment, and compliance frameworks for agentic AI.

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 24

https://www.techrxiv.org/doi/pdf/10.36227/techrxiv.177162480.04513202
https://www.techrxiv.org/doi/full/10.36227/techrxiv.177222530.04005985


AgentBench: Evaluating LLMs as Agents

Xiao Liu, Hao Yu, Hanchen Zhang, Yifan Xu, Xuanyu Lei, Hanyu Lai, Yu Gu, Hangliang Ding, Kaiwen Men,

Kejuan Yang, Shudan Zhang, Xiang Deng, Aohan Zeng, Zhengxiao Du, Chenhui Zhang, Sheng Shen, Tianjun

Zhang, Yu Su, Huan Sun, Minlie Huang, Yuxiao Dong, Jie Tang | Tsinghua University, The Ohio State University,

UC Berkeley (2023 (Published as a conference paper at ICLR 2024, arXiv:2308.03688v3 [cs.AI] 4 Oct 2025))

https://arxiv.org/pdf/2308.03688

Core Thesis: AgentBench introduces a multi-dimensional benchmark with 8 distinct environments to

systematically evaluate LLMs as agents across a wide array of real-world challenges. It reveals

significant performance disparities between top commercial LLMs and open-source models and

identifies poor long-term reasoning, decision-making, and instruction following as key failure reasons.

Enterprise Relevance: Provides a foundational benchmark for assessing the capabilities of LLMs in

agentic roles, directly informing the selection and development of agents for enterprise applications.

Runtime Relevance: The benchmark's focus on diverse, multi-step environments, including web

browsing and operating system tasks, is highly relevant for evaluating agents designed for long-horizon

workflows.

Governance Implications: By identifying failure modes and performance gaps, AgentBench contributes

to understanding the risks associated with deploying LLM agents, which is crucial for governance and

compliance.

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its

reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.

GAIA: a benchmark for General AI Assistants

Grégoire Mialon, Clémentine Fourrier, Craig Swift, Thomas Wolf, Yann LeCun, Thomas Scialom | Not explicitly

stated, but Yann LeCun is associated with Meta AI. (2023)

https://arxiv.org/abs/2311.12983

Core Thesis: GAIA introduces a benchmark for General AI Assistants, posing real-world questions that

demand reasoning, multi-modality handling, web browsing, and tool-use proficiency. It highlights a

significant performance gap between humans and even advanced AIs like GPT-4, emphasizing that AGI

requires human-like robustness on conceptually simple yet challenging tasks.

Enterprise Relevance: Provides a challenging benchmark for evaluating the general intelligence and

robustness of AI assistants, which is crucial for their reliable integration into diverse enterprise functions.

Runtime Relevance: The real-world, multi-step nature of GAIA questions necessitates long-horizon

reasoning and planning, making it highly relevant for evaluating agents in complex workflows.

Governance Implications: The benchmark's focus on human-like robustness and general capabilities

contributes to understanding the safety and reliability requirements for AI systems under governance

and compliance frameworks.
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Figure 2.12: Window Architecture

A Byzantine Fault Tolerance Approach towards AI Safety

John deVadoss, Dr. Matthias Artzt | Global Blockchain Business Council, Deutsche Bank (2025)

https://arxiv.org/pdf/2504.14668

Core Thesis: The paper proposes a fault-tolerance architecture for AI safety inspired by Byzantine Fault

Tolerance (BFT) from distributed computing. It argues that by treating unreliable, corrupt, misbehaving,

or malicious AI artifacts as Byzantine nodes, consensus mechanisms can enhance AI safety and

reliability by ensuring that the collective outputs of multiple peer-level AI models remain safe and

reliable.

Enterprise Relevance: This paper provides a robust architectural framework for building reliable and

safe enterprise agentic systems by mitigating risks associated with individual AI agent failures or

malicious behavior through redundancy and consensus.

Runtime Relevance: The BFT approach ensures continuous correct operation even in the presence of

faults, which is critical for maintaining the integrity and progress of long-horizon AI-driven workflows.

Governance Implications: The framework directly addresses AI safety and reliability, offering a

technical mechanism to enforce desired behaviors and detect deviations, thereby supporting

governance, risk management, and compliance requirements in AI deployments.

EIGENVECTOR COMMENTARY: THE GOVERNANCE GAP

This research perfectly illustrates the 'Governance Gap'. When an agent operates autonomously,

who is responsible for its actions? This paper underscores why we advocate for 'Gate 3: Action

Control'—a  deterministic  policy  engine  that  intercepts  every  tool  call  and  evaluates  it  against

enterprise rules before allowing it  to  proceed.  You cannot  govern an LLM with  a  prompt;  you

govern it with a proxy.
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Byzantine Fault-Tolerant Consensus Algorithms: A Survey

Weiyu Zhong, Ce Yang, Wei Liang, Jiahong Cai, Lin Chen, Jing Liao, Naixue Xiong | Hunan University of

Science and Technology (2023)

https://www.mdpi.com/2079-9292/12/18/3801

Core Thesis: The paper provides a comprehensive survey of Byzantine Fault-Tolerant (BFT) consensus

algorithms, categorizing them based on their optimization methods (e.g., grouping, hierarchical,

speculation, trusted hardware) and analyzing their performance, limitations, and future research

directions in distributed systems.

Enterprise Relevance: Understanding the landscape of BFT algorithms is crucial for designing

enterprise agentic systems that require robust consensus mechanisms to ensure reliability and security

across distributed agents.

Runtime Relevance: Reliable consensus is foundational for long-horizon workflows, ensuring that

distributed components maintain a consistent state over extended periods, even in the presence of

faults.

Governance Implications: BFT mechanisms provide the necessary security and auditability

guarantees required for compliance in distributed enterprise environments.

CAP theorem in ML: Consistency vs. availability

Andrei Manakov | AI Accelerator Institute (2025)

https://www.aiacceleratorinstitute.com/cap-theorem-in-ml-consistency-vs-availability/

Core Thesis: The article argues that the CAP theorem, traditionally applied to distributed databases, is

increasingly relevant to modern machine learning (ML) systems. It explores how the trade-offs between

Consistency, Availability, and Partition Tolerance manifest in various stages of AI/ML pipelines, from data

ingestion to model serving, and how ML engineers must make deliberate architectural choices based on

these constraints.

Enterprise Relevance: This article highlights the fundamental trade-offs that must be considered when

designing and implementing distributed enterprise agentic systems, particularly concerning data

consistency and system availability.

Runtime Relevance: For long-horizon workflows, understanding CAP trade-offs is critical for designing

resilient systems that can maintain operation and data integrity over extended periods, even in the face

of network partitions.

Governance Implications: The article implicitly touches on governance by emphasizing the need for

deliberate architectural choices that impact data integrity and system reliability, which are key concerns

for risk and compliance.
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Coordination transparency: governing distributed agency in AI systems

Jeremiah Bohr | Springer (AI & SOCIETY journal) (2026)

https://link.springer.com/article/10.1007/s00146-026-02853-w

Core Thesis: AI governance frameworks designed for human decision-making fail when consequential

outcomes emerge from coordination among machines. This article develops coordination transparency

as a governance mechanism grounded in sociomaterial accounts of distributed agency, targeting agent-

to-agent interactions directly through interaction logging, live coordination monitoring, intervention

hooks, and boundary conditions.

Enterprise Relevance: This paper is highly relevant as it addresses the critical need for effective

governance mechanisms in enterprise agentic systems, particularly when autonomous agents

coordinate and generate emergent behaviors.

Runtime Relevance: For long-horizon workflows, coordination transparency is essential to monitor and

steer complex, multi-agent interactions over extended periods, ensuring alignment with objectives and

preventing unintended consequences.

Governance Implications: The entire paper is dedicated to governance, risk, and compliance,

proposing a novel mechanism (coordination transparency) to address the challenges of governing

distributed AI systems and ensuring accountability.

Retrieval-Augmented Generation with Knowledge Graphs for Customer Service
Question Answering

Zhentao Xu, Mark Jerome Cruz, Matthew Guevara, Tie Wang, Manasi Deshpande, Xiaofeng Wang, Zheng Li |

LinkedIn Corporation (2024)

https://arxiv.org/pdf/2404.17723

Core Thesis: This paper proposes a novel customer service question-answering method that integrates

Retrieval-Augmented Generation (RAG) with a knowledge graph (KG) to overcome limitations of

conventional RAG methods that treat issue tracking tickets as plain text, ignoring their inherent structure

and inter-issue relations. The KG preserves intra-issue structure and inter-issue relations, improving

retrieval accuracy and answer quality.

Enterprise Relevance: This paper demonstrates a practical application of RAG in an enterprise setting

(LinkedIn customer service) to improve efficiency and accuracy, which is highly relevant to building

reliable enterprise agentic systems.

Runtime Relevance: The system's ability to retain structured information from historical issues and

dynamically retrieve relevant sub-graphs contributes to more robust and context-aware long-horizon

workflows.

Governance Implications: By improving factual accuracy and reducing errors, the KG-RAG system can

contribute to better governance and compliance in information retrieval within enterprises.
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Agentic Retrieval-Augmented Generation: A Survey on Agentic RAG

Aditi Singh, Abul Ehtesham, Saket Kumar, Tala Talaei Khoei, Athanasios V. Vasilakos | Cleveland State

University, Kent State University, Northeastern University, University of Agder (UiA) (2026)

https://arxiv.org/pdf/2501.09136

Core Thesis: This survey paper introduces Agentic Retrieval-Augmented Generation (Agentic RAG) as

a paradigm that integrates autonomous AI agents into the RAG pipeline. These agents leverage design

patterns like reflection, planning, tool use, and multi-agent collaboration to dynamically manage retrieval

strategies, iteratively refine contextual understanding, and adapt workflows, thereby transcending the

limitations of traditional RAG systems.

Enterprise Relevance: This paper directly addresses the development of more flexible, scalable, and

context-aware RAG systems for enterprise applications by integrating autonomous agents, making it

highly relevant for building robust enterprise agentic systems.

Runtime Relevance: Agentic RAG's emphasis on dynamic adaptability, iterative refinement, and multi-

step reasoning is crucial for enabling and improving long-horizon autonomous workflows.

Governance Implications: The paper highlights governance as an open research challenge, indicating

its importance for ensuring responsible and compliant deployment of Agentic RAG in enterprise settings.

Retrieval Augmented Generation Evaluation in the Era of Large Language Models: A
Comprehensive Survey

Aoran Gan, Hao Yu, Kai Zhang, Qi Liu, Wenyu Yan, Zhenya Huang, Shiwei Tong, Guoping Hu | State Key

Laboratory of Cognitive Intelligence, University of Science and Technology of China; McGill University; Tencent

Company; Artificial Intelligence Research Institute, iFLYTEK Co., Ltd. (2025)

https://arxiv.org/pdf/2504.14891

Core Thesis: This paper provides a comprehensive survey of RAG evaluation methods and

frameworks, systematically reviewing traditional and emerging evaluation approaches for system

performance, factual accuracy, safety, and computational efficiency in the LLM era. It aims to bridge

traditional and LLM-driven methods to serve as a critical resource for advancing RAG development.

Enterprise Relevance: Robust evaluation frameworks are crucial for deploying reliable RAG systems in

enterprise environments, ensuring performance, accuracy, and safety.

Runtime Relevance: Evaluating RAG systems for long-horizon workflows requires assessing their

ability to maintain coherence, accuracy, and relevance over extended interactions and dynamic

information changes.

Governance Implications: The survey's focus on factual accuracy and safety in RAG evaluation

directly supports governance, risk management, and compliance requirements for AI systems.
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Extending Context Window in Large Language Models with Segmented Base
Adjustment for Rotary Position Embeddings

Rongsheng Li, Jin Xu, Zhixiong Cao, Hai-Tao Zheng, Hong-Gee Kim | Shenzhen International Graduate School,

Tsinghua University; Pengcheng Laboratory; School of Dentistry, Seoul National University (2024)

https://www.mdpi.com/2076-3417/14/7/3076

Core Thesis: This paper introduces SBA-RoPE (Segmented Base Adjustment for Rotary Position

Embeddings), a novel approach to efficiently extend the context window of large language models. It

achieves this by segmentally adjusting the base of rotary position embeddings (RoPE), optimizing the

encoding of positional information for extended sequences while maintaining or improving model

performance.

Enterprise Relevance: Enterprise agentic systems often deal with vast amounts of data, requiring LLMs

to process long documents or conversational histories. SBA-RoPE's ability to efficiently extend context

windows without significant performance degradation is crucial for these systems to maintain accuracy

and coherence over extended interactions and data analysis tasks.

Runtime Relevance: Long-horizon workflows depend on the consistent and accurate processing of

information over time. By enabling LLMs to handle longer contexts more effectively, SBA-RoPE directly

contributes to the reliability and performance of such workflows, reducing the risk of information loss or

misinterpretation that could arise from limited context windows.

Governance Implications: In GRC, the ability to process and understand lengthy regulatory

documents, audit trails, and policy guidelines is critical. SBA-RoPE enhances LLMs' capacity to ingest

and reason over these long texts, improving the accuracy of compliance checks and risk assessments

by ensuring that all relevant information within the context is considered.

A Subgoal-driven Framework for Improving Long-Horizon LLM Agents

Taiyi Wang, Sian Gooding, Florian Hartmann, Oriana Riva, Edward Grefenstette | Not specified (2026)

https://arxiv.org/abs/2603.19685

Core Thesis: This paper proposes a subgoal-driven framework to improve long-horizon LLM agents,

addressing challenges in online execution (losing track of goals) and RL fine-tuning (sparse and delayed

rewards). It introduces an agent framework for online planning via subgoal decomposition and MiRA

(Milestoning your Reinforcement Learning Enhanced Agent) for dense, milestone-based reward signals.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Hierarchical LLM-Based Multi-Agent Framework with Prompt Optimization for Multi-
Robot Task Planning

Tomoya Kawabe, Rin Takano | Not explicitly stated, but accepted to IEEE International Conference on Robotics

and Automation (ICRA) 2026. (2026)

https://arxiv.org/abs/2602.21670

Core Thesis: This paper proposes a hierarchical multi-agent LLM-based planner that addresses the

limitations of conventional PDDL planners and pure LLM-based planning for complex multi-robot task

planning. It combines task decomposition by an upper-layer LLM with classical planning for lower-layer

agents and introduces prompt optimization through TextGrad-inspired updates.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

ReAcTree: Hierarchical Task Planning with Dynamic Tree Expansion using LLM
Agent Nodes

Jae-Woo Choi, Hyungmin Kim, Hyobin Ong, Youngwoo Yoon, Minsu Jang, DohyungKim, Jaehong Kim | Not

explicitly stated, but submitted to ICLR 2025. (2024 (modified: 2025))

https://openreview.net/forum?id=KgKN7F0PyQ

Core Thesis: ReAcTree proposes a hierarchical task planning method for LLM agents that automatically

decomposes complex, long-horizon tasks into manageable subgoals within a dynamic tree structure. It

introduces control flow nodes and agent nodes, along with memory systems (episodic and working

memory) to enhance performance and overcome limitations of sequential decision-making processes

like ReAct.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Imagine-then-Plan: Agent Learning from Adaptive Lookahead with World Models

Youwei Liu, Jian Wang, Hanlin Wang, Beichen Guo, Wenjie Li | Not explicitly stated, but affiliated with institutions

given the authors. (2026)

https://arxiv.org/abs/2601.08955

Core Thesis: This paper introduces Imagine-then-Plan (ITP), a unified framework for agent learning via

adaptive lookahead imagination with world models. ITP enables agents to generate multi-step

"imagined" trajectories by interacting with a learned world model, providing rich signals about future

consequences to guide policy learning, especially for complex task planning.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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EIGENVECTOR COMMENTARY: TOOL CALLING AS AN ATTACK VECTOR

This  research  touches  on  a  critical  security  aspect:  tool  calling  is  essentially  remote  code

execution. If an agent can call an API, it can be manipulated into calling that API maliciously via

prompt injection. This is why the 'Four Gates' governance model is non-negotiable. Every tool call

must be validated for intent, parameters, and permissions before execution.

Figure 2.24: Checkpointing Architecture

Why Do LLM-based Web Agents Fail? A Hierarchical Planning Perspective

Mohamed Aghzal, Gregory J. Stein, Ziyu Yao | Not explicitly stated, but accepted to The 64th Annual Meeting of

the Association for Computational Linguistics (ACL) 2026. (2026)

https://arxiv.org/abs/2603.14248

Core Thesis: This paper proposes a hierarchical planning framework to analyze LLM-based web agents

across three layers: high-level planning, low-level execution, and replanning. It aims to provide a

process-based evaluation of reasoning, grounding, and recovery, revealing that low-level execution

remains the dominant bottleneck for web agents, even with structured PDDL plans.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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ToolTree: Efficient LLM Agent Tool Planning via Dual-Feedback Monte Carlo Tree
Search and Bidirectional Pruning

Shuo Yang, Soyeon Caren Han, Yihao Ding, Shuhe Wang, Eduard Hoy | Not explicitly stated, but accepted to

ICLR 2026. (2026)

https://arxiv.org/abs/2603.12740

Core Thesis: This paper introduces ToolTree, a novel Monte Carlo Tree Search (MCTS)-inspired

planning paradigm for LLM agents to address the limitations of greedy, reactive tool selection strategies.

ToolTree explores tool usage trajectories using a dual-stage LLM evaluation and bidirectional pruning

mechanism, enabling informed, adaptive decisions over extended tool-use sequences.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

MemGPT: Towards LLMs as Operating Systems

Charles Packer, Sarah Wooders, Kevin Lin, Vivian Fang, Shishir G. Patil, Ion Stoica, Joseph E. Gonzalez |

University of California, Berkeley (implied by authors' affiliations and common research hubs) (2023)

https://arxiv.org/abs/2310.08560

Core Thesis: Large language models (LLMs) have revolutionized AI, but are constrained by limited

context windows, hindering their utility in tasks like extended conversations and document analysis. To

enable using context beyond limited context windows, we propose virtual context management, a

technique drawing inspiration from hierarchical memory systems in traditional operating systems that

provide the appearance of large memory resources through data movement between fast and slow

memory. Using this technique, we introduce MemGPT (Memory-GPT), a system that intelligently

manages different memory tiers in order to effectively provide extended context within the LLM's limited

context window, and utilizes interrupts to manage control flow between itself and the user.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Kōan: Deferred Consolidation and Tripartite Memory for Self-Improving Personal
CLI Agents

Gaurav Kumar | Independent Researcher (affiliated with Amazon, as per page) (2026)

https://www.researchgate.net/publication/

403911716_Koan_Deferred_Consolidation_and_Tripartite_Memory_for_Self-Improving_Personal_CLI_Agents

Core Thesis: Large Language Model (LLM)-based coding agents suffer from cross-session amnesia

and intra-session context degradation. Existing memory approaches process knowledge inline,

consuming inference tokens and exacerbating context rot. We present Kōan, an open-source CLI agent

with two primary contributions: (1) deferred post-session consolidation, where memory extraction

executes asynchronously after session termination; and (2) a tripartite memory architecture unifying

semantic, episodic, and procedural layers, including a procedural layer that extracts reusable workflow

playbooks from tool-call trajectories-a capability absent from existing CLI agents.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Memory in the Age of AI Agents

Yuyang Hu, Shichun Liu, Yanwei Yue, Guibin Zhang, Boyang Liu, Fangyi Zhu, Jiahang Lin, Honglin Guo,

Shihan Dou, Zhiheng Xi, Senjie Jin, Jiejun Tan, Yanbin Yin, Jiongnan Liu, Zeyu Zhang, Zhongxiang Sun,

Yutao Zhu, Hao Sun, Boci Peng, Zhenrong Cheng, Xuanbo Fan, Jiaxin Guo, Xinlei Yu, Zhenhong Zhou,

Zewen Hu, Jiahao Huo, Junhao Wang, Yuwei Niu, Yu Wang, Zhenfei Yin, Xiaobin Hu, Yue Liao, Qiankun Li,

Kun Wang, Wangchunshu Zhou, Yixin Liu, Dawei Cheng, Qi Zhang, Tao Gui, Shirui Pan, Yan Zhang, Philip

Torr, Zhicheng Dou, Ji-Rong Wen, Xuanjing Huang, Yu-Gang Jiang, Shuicheng Yan | Multiple Institutions

(Survey Paper) (2025)

https://arxiv.org/abs/2512.13564

Core Thesis: Memory has emerged, and will continue to remain, a core capability of foundation model-

based agents. As research on agent memory rapidly expands and attracts unprecedented attention, the

field has also become increasingly fragmented. Existing works that fall under the umbrella of agent

memory often differ substantially in their motivations, implementations, and evaluation protocols, while

the proliferation of loosely defined memory terminologies has further obscured conceptual clarity.

Traditional taxonomies such as long/short-term memory have proven insufficient to capture the diversity

of contemporary agent memory systems. This work aims to provide an up-to-date landscape of current

agent memory research. We begin by clearly delineating the scope of agent memory and distinguishing

it from related concepts such as LLM memory, retrieval augmented generation (RAG), and context

engineering. We then examine agent memory through the unified lenses of forms, functions, and

dynamics. From the perspective of forms, we identify three dominant realizations of agent memory,

namely token-level, parametric, and latent memory. From the perspective of functions, we propose a

finer-grained taxonomy that distinguishes factual, experiential, and working memory. From the

perspective of dynamics, we analyze how memory is formed, evolved, and retrieved over time. To

support practical development, we compile a comprehensive summary of memory benchmarks and

open-source frameworks. Beyond consolidation, we articulate a forward-looking perspective on

emerging research frontiers, including memory automation, reinforcement learning integration,

multimodal memory, multi-agent memory, and trustworthiness issues. We hope this survey serves not

only as a reference for existing work, but also as a conceptual foundation for rethinking memory as a

first-class primitive in the design of future agentic intelligence.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

MrSteve: Instruction-Following Agents in Minecraft with What-Where-When Memory

Junyeong Park, Junmo Cho, Sungjin Ahn | KAIST & New York University (2025)

https://arxiv.org/abs/2411.06736

Core Thesis: The paper argues that the primary cause of failure in low-level controllers for Minecraft

agents is the absence of an episodic memory system. It introduces MrSteve, a low-level controller

equipped with Place Event Memory (PEM) to capture what, where, and when information, enabling

efficient recall and navigation in long-horizon tasks.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

Plan-and-Act: Improving Planning of Agents for Long-Horizon Tasks

Lutfi Eren Erdogan, Nicholas Lee, Sehoon Kim, Suhong Moon, Hiroki Furuta, Gopala Anumanchipalli, Kurt

Keutzer, Amir Gholami | University of California, Berkeley (2025)

https://arxiv.org/abs/2503.09572

Core Thesis: This paper proposes Plan-and-Act, a novel framework that incorporates explicit planning

into LLM-based agents and introduces a scalable method to enhance plan generation through a novel

synthetic data generation method. It aims to improve the ability of agents to tackle complex, multi-step,

long-horizon tasks by separating high-level planning from low-level execution.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is

the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.
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SE-Agent: Self-Evolution Trajectory Optimization in Multi-Step Reasoning with LLM-
Based Agents

Jiaye Lin, Yifu Guo, Yuzhen Han, Sen Hu, Ziyi Ni, Licheng Wang, Mingguang Chen, Hongzhang Liu, Ronghao

Chen, Yangfan He, Daxin Jiang, Binxing Jiao, Chen Hu, Huacan Wang | Tsinghua University, Peng Cheng

Laboratory (2025)

https://arxiv.org/abs/2508.02085

Core Thesis: This paper proposes SE-Agent, a Self-Evolution framework that enables LLM-based

agents to iteratively optimize their reasoning processes for complex, multi-step tasks. It addresses the

underexploited problem-solving trajectories by enhancing them through revision, recombination, and

refinement, leading to continuous self-evolution and improved reasoning quality.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Pre-Act: Multi-Step Planning and Reasoning Improves Acting in LLM Agents

Mrinal Rawat, Ambuje Gupta, Rushil Goomer, Alessandro Di Bari, Neha Gupta, Roberto Pieraccini |

Solventum (2025)

https://arxiv.org/abs/2505.09970

Core Thesis: This paper introduces Pre-Act, a novel approach that enhances the agent's performance

by creating a multi-step execution plan along with detailed reasoning for the given user input. It refines

the plan incrementally after each step execution, improving upon the ReAct framework by emphasizing

planning before action.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Beyond pass@1: A Reliability Science Framework for Long-Horizon LLM Agents

Aaditya Khanal, Yangyang Tao, Junxiu Zhou | Northern Kentucky University (2026)

https://arxiv.org/abs/2603.29231

Core Thesis: Introduces a formal reliability framework with new metrics (Trust and Accumulation Fail-

curve, VAF) to quantify agent failure behavior in long workflows, drawing parallels with reliability

engineering.

Enterprise Relevance: Provides metrics and methodologies for companies to measure risks of long-

running agent tasks; can form the basis for SLAs and compliance tests.

Runtime Relevance: Quantifies how agent performance degrades over iterations and shows cumulative

deviation; memory tools worsen drift on the long term.

Governance Implications: Emphasizes the importance of test protocols and runtime monitoring for

audit and compliance; suggests designing checkpoint/rollback mechanisms.
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EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is

the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.

The Illusion of Diminishing Returns: Measuring Long Horizon Execution in LLMs

Akshit Sinha, Arvindh Arun, Shashwat Goel, Steffen Staab, Jonas Geiping | Academic (arXiv) (2025)

https://arxiv.org/abs/2509.09677

Core Thesis: Self-conditioning (model reacting to its own previous output) is the main cause of failure in

long-horizon execution. Chain-of-thought prompting nearly eliminates this degradation.

Enterprise Relevance: Large LLMs are only truly resilient under chain-of-thought procedures; corporate

workflows must always include a reasoning step, otherwise agents degrade.

Runtime Relevance: Without chain-of-thought, even the largest LLM can reliably execute only ~3

actions out of 20; with CoT this limit often reaches 20+.

Governance Implications: Policies for agents must require explainer prompts or reasoning

decomposition (audit-trails). Without them, even a supermodel can fail unpredictably.

Search More, Think Less: Rethinking Long-Horizon Agentic Search for Efficiency
and Generalization (SMTL)

OPPO AI Agent Team (Wangchunshu Zhou et al.) | OPPO AI (2026)

https://arxiv.org/abs/2602.22675

Core Thesis: SMTL replaces sequential chain-of-thought with parallel task expansion and simultaneous

tool instructions, boosting efficiency and generalizability across task types.

Enterprise Relevance: Achieves SOTA on BrowseComp, GAIA, Xbench, DeepResearch with 70%

fewer steps; directly applicable in enterprise information gathering and automated research.

Runtime Relevance: Parallel workflows reduce latency and cost compared to linear agents; end-to-end

RL/finetuning over synthesized data increases training diversity.

Governance Implications: Parallel execution requires governance at each branch; plan-driven context

management is key to maintaining policy compliance across parallel threads.
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OdysseyBench: Evaluating LLM Agents on Long-Horizon Complex Office
Application Workflows

Weixuan Wang, Dongge Han, Daniel Madrigal Diaz, Jin Xu, Victor Rühle, Saravan Rajmohan | University of

Illinois / Microsoft (2025)

https://arxiv.org/abs/2508.09124

Core Thesis: OdysseyBench is the first comprehensive benchmark for long-horizon, multi-application

workflows (Word, Excel, email), showing that state-of-art agents fail significantly on realistic enterprise

tasks.

Enterprise Relevance: Agents managing Outlook, SharePoint, and office software can be trained/

tested on OdysseyBench; highlights the enterprise requirement that agents must manage information

from different systems simultaneously.

Runtime Relevance: Directly focused on long-horizon workflows; tasks like "plan meeting over three

weeks, resolve email, generate Excel sheet" reveal new failure modes (context loss, coherence issues).

Governance Implications: Provides extensive logs of agent activities in complex business scenarios;

useful for incident analysis and compliance.

Governing Evolving Memory in LLM Agents: The Stability and Safety Governed
Memory (SSGM) Framework

SSGM Research Team | Academic (2025)

https://arxiv.org/abs/2603.11768

Core Thesis: SSGM introduces governance mechanisms for evolving agent memory, preventing

semantic corruption through pre-consolidation validation checks and versioned memory updates.

Enterprise Relevance: Enterprise agents must maintain consistent knowledge over time; SSGM

prevents memory corruption that could lead to compliance violations or incorrect decisions.

Runtime Relevance: Memory updates only proceed through validated approval from an external

system; versioning and encryption ensure compliance in long-running workflows.

Governance Implications: Memory governance is a first-class architectural concern; SSGM provides

the framework for auditable, reversible memory management in enterprise agents.
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CHAPTER 3

Runtime Governance and
Semantic Integrity

In the enterprise, autonomy without governance is a liability.

Mechanisms for controlling and auditing behavior must evolve to

dynamic runtime governance.



Runtime governance requires a shift from probabilistic generation to deterministic execution. It

involves implementing strict policy enforcement points (gates) throughout the agent's execution

loop, ensuring that every plan, action, and output is verified against enterprise rules before it is

executed or delivered.

This  chapter  explores the architectural  patterns for  achieving semantic  integrity  and runtime

governance,  moving  beyond  simple  safety  filters  to  comprehensive  control  systems  that

guarantee compliance and accountability.

The End of "Prompt-and-Pray"

For the past two years, enterprise AI has largely operated on a "prompt-and-pray" methodology.

We write a complex system prompt, deploy the agent, and hope it behaves. When it doesn't, we

tweak the prompt and try again. This is not engineering; it is alchemy.

In  a  governed  enterprise  environment—think  financial  services,  healthcare,  or  critical

infrastructure—this approach is unacceptable. We cannot rely on the probabilistic goodwill of a

language model to adhere to regulatory compliance. We need hard, deterministic guardrails.

The Four Gates of Runtime Governance

The  research  points  toward  a  structured  governance  loop,  which  we  at  Eigenvector

conceptualize as the Four Gates:

1. Gate 1: Intent Intake. Before the agent even begins planning, its goal must be evaluated. Is

this request permissible? Does the user have the authorization to ask for this? 2. Gate 2: Plan

Verification. The agent generates a plan. Before a single tool is called, the plan is intercepted

and evaluated by a separate, deterministic policy engine (or a specialized reviewer agent). Does

this plan violate any business rules? 3. Gate 3: Action Control. As the agent executes the plan,

every tool call is intercepted. Is the agent trying to access a database it shouldn't? Is it trying to

send an email  outside the organization? 4.  Gate 4:  Output  Attestation. The final  result  is

generated. Before it is shown to the user or committed to a system of record, it is verified for

accuracy, tone, and compliance.

Crucially, every decision at every gate must be recorded in an Immutable Audit Log. When an

auditor asks, "Why did the agent make this trade?", the enterprise must be able to provide a

cryptographic proof of the agent's state, plan, and the policies that approved the action.
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Figure 3.0: Core architectural pattern for runtime governance and semantic integrity

Research Profiles (81 papers)

Large Language Models Hallucination: A Comprehensive Survey

Aisha Alansari, Hamzah Luqman | King Fahd University of Petroleum and Minerals (KFUPM) (2025)

https://arxiv.org/html/2510.06265v2

Core Thesis: This survey provides a comprehensive review of research on hallucination in LLMs,

focusing on causes, detection, and mitigation. It presents taxonomies for hallucination types, causes

across the LLM development lifecycle, detection approaches (retrieval, uncertainty, embedding, learning,

self-consistency), and mitigation strategies (prompt, retrieval, reasoning, model-centric training).

Enterprise Relevance: Provides a foundational understanding of hallucination, its causes, and

mitigation strategies crucial for building reliable and trustworthy enterprise AI systems. The discussion

on hybrid approaches and reasoning-based methods is particularly relevant for robust agent design.

Runtime Relevance: Highlights challenges in multi-turn dialogue and long-form generation, which are

critical for long-horizon workflows, and suggests future research directions for dynamic context tracking

and memory-augmented models.

Governance Implications: Directly addresses the reliability and trustworthiness of LLMs, which are

paramount for governance, risk management, and compliance in enterprise settings. The survey's focus

on factual accuracy and explainability aligns with GRC requirements.

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic
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Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

A hallucination detection and mitigation framework for faithful text summarization
using LLMs

Shenling Liu, Yang Gao, ShaSha Li, PanCheng Wang, Ting Wang | Not explicitly stated, but published in

Scientific Reports (Nature Portfolio) (2026)

https://www.nature.com/articles/s41598-025-31075-1

Core Thesis: This paper introduces a hallucination detection and mitigation framework (Q-S-E

methodology) for faithful text summarization using LLMs. It quantitatively detects hallucinations and

incorporates an iterative resolution mechanism to enhance transparency and improve factual

consistency in summaries.

Enterprise Relevance: Provides a concrete framework for ensuring factual consistency in LLM-

generated summaries, which is critical for enterprise applications relying on accurate information

extraction and condensation.

Runtime Relevance: The iterative resolution mechanism and focus on factual consistency are valuable

for maintaining accuracy in long-running automated summarization tasks within complex workflows.

Governance Implications: Directly contributes to improving the reliability and trustworthiness of LLM

outputs, which is essential for GRC, especially in domains where accurate summarization of documents

(e.g., legal, medical) is crucial.

EIGENVECTOR COMMENTARY: THE COST OF CONTEXT

Pay close attention to the performance degradation noted here as context length increases. The

'Lost  in  the  Middle'  phenomenon is  real.  Just  because an LLM *can*  accept  1  million  tokens

doesn't mean it *should*. Good architecture minimizes the working memory (context window) and

maximizes the episodic memory (vector store). Keep the prompt lean.
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Self-Consistency Improves Chain of Thought Reasoning in Language Models

Xuezhi Wang, Jason Wei, Dale Schuurmans, Quoc Le, Ed Chi, Sharan Narang, Aakanksha Chowdhery, Denny

Zhou | Google Brain (implied by authors' affiliations in other works and typical research groups for these authors)

(2022)

https://arxiv.org/abs/2203.11171

Core Thesis: This paper proposes a novel decoding strategy called self-consistency to improve chain-

of-thought (CoT) prompting in large language models. Instead of relying on a single greedy reasoning

path, self-consistency samples diverse reasoning paths and selects the most consistent answer by

marginalizing over these paths, leveraging the intuition that complex problems often have multiple valid

reasoning routes to a single correct solution.

Enterprise Relevance: Enhances the reliability of LLM reasoning, which is crucial for agentic systems

in enterprises that need to perform complex, multi-step tasks with high accuracy and consistency.

Runtime Relevance: Improves the robustness of reasoning in LLMs, making them more suitable for

long-horizon workflows where consistent and accurate intermediate steps are vital to avoid error

propagation.

Governance Implications: By improving the consistency of reasoning, it contributes to the auditability

and predictability of LLM behavior, which are important for GRC frameworks.

Mitigating Hallucination on Hallucination in RAG via Ensemble Voting

Zequn Xie, Zhengyang Sun | Not explicitly stated (arXiv preprint) (2026)

https://arxiv.org/html/2603.27253v2

Core Thesis: This paper proposes VOTE-RAG, a novel training-free framework that uses ensemble

voting mechanisms in both the retrieval and generation phases of Retrieval-Augmented Generation

(RAG) to mitigate "hallucination on hallucination." This phenomenon occurs when flawed retrieval results

mislead the LLM, leading to compounded inaccuracies.

Enterprise Relevance: Directly addresses a critical reliability issue in RAG-based LLM systems, which

are widely adopted in enterprises for knowledge-intensive tasks. The multi-agent approach is highly

relevant for robust agentic system design.

Runtime Relevance: Improves the robustness of RAG systems, making them more reliable for long-

horizon workflows where accurate information retrieval and generation are essential to prevent error

propagation and maintain consistency over time.

Governance Implications: By mitigating "hallucination on hallucination," VOTE-RAG enhances the

factual accuracy and trustworthiness of LLM outputs, directly supporting GRC requirements for reliable

and auditable AI systems.
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Know When To Stop: A Study of Semantic Drift in Text Generation

Ava Spataru, Eric Hambro, Elena Voita, Nicola Cancedda | FAIR, Meta; Anthropic (2024)

https://arxiv.org/abs/2404.05411

Core Thesis: Modern Large Language Models (LLMs) exhibit a phenomenon termed "semantic drift,"

where they initially generate factually correct information but progressively diverge into producing

incorrect or irrelevant facts as generation length increases. The paper quantifies this drift using a novel

semantic drift score and proposes mitigation strategies, including early stopping and resample-then-

rerank pipelines, to enhance factual accuracy.

Enterprise Relevance: This paper is highly relevant as it identifies and quantifies a critical reliability

issue in LLMs—semantic drift—which can lead to factual inaccuracies in generated content. For

enterprise agentic systems, where factual integrity and trustworthiness are paramount, understanding

and mitigating semantic drift is essential for ensuring the dependable operation of AI agents in tasks

such as automated report generation, content creation, or decision support.

Runtime Relevance: The findings directly address the challenge of maintaining factual accuracy over

extended interactions, a core requirement for long-horizon workflows. The observed degradation of

truthfulness with increasing generation length underscores the need for continuous monitoring and

adaptive strategies to prevent agents from deviating from factual accuracy over time. This is particularly

important in scenarios where agents are expected to maintain consistent performance and factual

grounding across numerous steps or prolonged operational periods.

Governance Implications: Semantic drift directly impacts governance, risk, and compliance (GRC)

frameworks for AI. The propensity of LLMs to generate incorrect facts over time introduces significant

risks related to misinformation, legal liabilities, and regulatory non-compliance. The paper's

quantification of drift and proposed mitigation strategies offer valuable insights for developing robust

GRC policies and audit mechanisms to ensure responsible AI deployment.

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.
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Agentic AI in the Software Development Lifecycle: Architecture, Empirical Evidence,
and the Reshaping of Software Engineering

Happy Bhati | Northeastern University (2026)

https://arxiv.org/html/2604.26275v1

Core Thesis: The paper argues that the advent of agentic AI systems has fundamentally shifted

software engineering from code generation to delegated execution under human supervision. It

proposes a six-layer reference architecture for these systems, contrasts traditional SDLC with an Agentic

SDLC (A-SDLC), and consolidates empirical evidence on performance, productivity, and labor-market

impact.

Enterprise Relevance: The paper provides a reference architecture and empirical evidence for agentic

AI in software engineering, directly relevant to enterprises adopting these systems.

Runtime Relevance: The shift from code completion to delegated execution under human supervision,

and the focus on an Agentic SDLC, directly addresses long-horizon workflows in software development.

Governance Implications: The paper explicitly identifies governance as an open problem and

highlights the immaturity of the governance and safety layer (L5) in agentic systems.

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.

AI Runtime Infrastructure

Christopher Cruz | Independent Researcher / arXiv (2026)

https://arxiv.org/abs/2603.00495

Core Thesis: Agentic AI systems face runtime failures not addressed by existing model serving,

orchestration, or post-hoc observability. This paper proposes a distinct "AI Runtime Infrastructure" layer

that actively observes, reasons over, and intervenes in agent behavior during execution to optimize task

success, latency, token efficiency, reliability, and safety over long horizons.

Enterprise Relevance: Provides a foundational architectural framework for building scalable, reliable,

and safe AI agents in production environments, addressing runtime challenges critical for enterprise

adoption.

Runtime Relevance: Directly addresses the need for runtime intervention and long-horizon state

awareness in agentic systems performing complex, multi-step tasks.

Governance Implications: Emphasizes enforcing safety, efficiency, and reliability constraints as part of

execution-time decision-making, which is crucial for governance and compliance in enterprise settings.
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Runtime Governance for AI Agents: Policies on Paths

Maurits Kaptein, Vassilis-Javed Khan, Andriy Podstavnychy | Eindhoven University of Technology, Kyvvu B.V.

(2026)

https://arxiv.org/abs/2603.16586

Core Thesis: The non-deterministic, path-dependent behavior of AI agents necessitates runtime

governance where compliance policies are formalized as deterministic functions mapping agent identity,

partial path, proposed next action, and organizational state to a policy violation probability. Existing

governance mechanisms are insufficient for this dynamic environment.

Enterprise Relevance: Directly addresses the critical need for governance infrastructure in enterprise

AI agent deployments, especially concerning compliance, security, and auditability in complex, multi-step

workflows.

Runtime Relevance: Emphasizes that governance must account for the entire execution path of

agents, which can involve many steps and dynamic decisions over extended periods.

Governance Implications: Provides a formal framework for defining and enforcing compliance policies

at runtime, crucial for meeting regulatory requirements like the EU AI Act and managing organizational

risk.

AgentGuard: Runtime Verification of AI Agents

Roham Koohestani | JetBrains Research (2025)

https://arxiv.org/abs/2509.23864

Core Thesis: The inherent unpredictability and emergent behaviors of agentic AI systems render

traditional verification methods inadequate, necessitating a shift towards "Dynamic Probabilistic

Assurance" through runtime verification. AgentGuard provides continuous, quantitative assurance by

dynamically learning agent behavior as a Markov Decision Process (MDP) and applying probabilistic

model checking in real-time.

Enterprise Relevance: Offers a concrete framework for providing continuous, quantitative assurance

for agentic AI systems, which is crucial for their reliable and safe deployment in enterprise settings.

Runtime Relevance: Addresses the challenge of verifying agent behavior over extended, multi-step

workflows by dynamically modeling and checking probabilistic properties at runtime.

Governance Implications: Provides a mechanism for continuous monitoring and probabilistic

verification of agent behavior, directly supporting risk management and compliance by quantifying failure

probabilities.
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Automatic Generation of Safety-compliant Linear Temporal Logic via Large
Language Model: A Self-supervised Framework (AutoSafeLTL)

Junle Li, Siqi Chen, Jiakai Li, Meiqi Tian, Bingzhuo Zhong | Hong Kong University of Science and Technology

(Guangzhou) (2026)

https://arxiv.org/abs/2503.15840

Core Thesis: Converting natural language task descriptions into formal specifications like LTL is crucial

for safety in cyber-physical systems (CPS), but existing methods often neglect explicit verification

against safety constraints. AutoSafeLTL proposes a self-supervised, cloud–edge collaborative

framework that automates the generation of safety-compliant LTL specifications with formal guarantees.

Enterprise Relevance: Provides a method for formally specifying and verifying the safety of agent

behavior, which is essential for deploying reliable and compliant AI in enterprise settings, especially for

cyber-physical systems.

Runtime Relevance: Enables the generation of robust LTL specifications that can govern complex,

multi-step tasks, ensuring safety compliance throughout extended operations.

Governance Implications: Directly supports governance by ensuring that agent behaviors adhere to

formally verified safety constraints, thereby mitigating risks and aiding compliance efforts.

Autoformalize Mathematical Statements by Symbolic Equivalence and Semantic
Consistency

Zenan Li, Yifan Wu, Zhaoyu Li, Xinming Wei, Xian Zhang, Fan Yang, Xiaoxing Ma | Not explicitly stated, but

likely academic/research institutions given NeurIPS publication. (2024)

https://openreview.net/forum?id=8ihVBYpMV4

Core Thesis: Autoformalization, the task of automatically translating natural language descriptions into

a formal language, is challenging. This paper introduces a novel framework that scores and selects the

best result from k autoformalization candidates based on two complementary self-consistency methods:

symbolic equivalence and semantic consistency, significantly enhancing autoformalization accuracy.

Enterprise Relevance: Enhances the reliability of agentic systems by improving the accuracy of

translating informal specifications into formal languages, critical for tasks requiring precise

understanding and execution in enterprise settings.

Runtime Relevance: Improves the robustness of automated reasoning in long-running processes by

ensuring that initial formalizations are highly accurate, reducing errors that could compound over time.

Governance Implications: Provides a mechanism for more accurate and verifiable translation of

natural language policies and regulations into formal, executable rules, thereby strengthening

compliance and auditability in AI systems.
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Punctuated Equilibria in Artificial Intelligence: The Institutional Scaling Law and the
Speciation of Sovereign AI

Mark Baciak, Thomas A. Cellucci, Deanna M. Falkowski | Ekta Inc., Georgetown University (2026)

https://arxiv.org/abs/2603.14664

Core Thesis: This paper challenges the continuous and monotonic scaling narrative of AI development,

proposing instead that AI progresses through punctuated equilibria—periods of stasis interrupted by

rapid, transformative phase transitions. It introduces the Institutional Fitness Manifold and the

Institutional Scaling Law, demonstrating that institutional fitness is non-monotonic with model scale,

implying that orchestrated systems of smaller, domain-adapted models can outperform frontier

generalists in institutional deployment environments.

Enterprise Relevance: The paper argues that for enterprise deployment, orchestrated systems of

smaller, domain-adapted models are more effective than large generalist models, emphasizing

institutional trust, affordability, and sovereign compliance as key fitness dimensions. This directly impacts

how enterprises should design and deploy agentic AI.

Runtime Relevance: The concept of Symbiogenetic Scaling and the Convergence-Orchestration

Threshold suggest that for complex, long-horizon tasks, the orchestration and coordination of

specialized agents are more critical for performance than the raw scale of individual models.

Governance Implications: The Institutional Fitness Manifold explicitly includes institutional trust and

sovereign compliance as critical dimensions, highlighting the importance of auditability, behavioral

boundedness, safety verification, and adherence to regulatory regimes (e.g., GDPR) for AI systems.

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.
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Constitutional AI: Harmlessness from AI Feedback

Yuntao Bai, Saurav Kadavath, Sandipan Kundu, Amanda Askell, Jackson Kernion, Andy Jones, Anna Chen,

Anna Goldie, Azalia Mirhoseini, Cameron McKinnon, Carol Chen, Catherine Olsson, Christopher Olah, Danny

Hernandez, Dawn Drain, Deep Ganguli, Dustin Li, Eli Tran-Johnson, Ethan Perez, Jamie Kerr, Jared Mueller,

Jeffrey Ladish, Joshua Landau, Kamal Ndousse, Kamile Lukosuite, Liane Lovitt, Michael Sellitto, Nelson

Elhage, Nicholas Schiefer, Noemi Mercado, Nova DasSarma, Robert Lasenby, Robin Larson, Sam Ringer,

Scott Johnston, Shauna Kravec, Sheer El Showk, Stanislav Fort, Tamera Lanham, Timothy Telleen-Lawton,

Tom Conerly, Tom Henighan, Tristan Hume, Samuel R. Bowman, Zac Hatfield-Dodds, Ben Mann, Dario

Amodei, Nicholas Joseph, Sam McCandlish, Tom Brown, Jared Kaplan | Anthropic (2022)

https://arxiv.org/abs/2212.08073

Core Thesis: This paper introduces Constitutional AI (CAI), a method for training harmless AI assistants

through self-improvement without human labels for harmful outputs. Instead, it uses a set of principles (a

'constitution') to guide AI feedback (RLAIF) for both supervised learning and reinforcement learning

phases, enabling more precise control over AI behavior with fewer human labels.

Enterprise Relevance: CAI offers a scalable approach to align AI systems with desired behaviors,

which is crucial for enterprise agentic systems that require consistent helpfulness, truthfulness, and

safety. It reduces the cost and inconsistency associated with human supervision.

Runtime Relevance: By enabling AI to self-critique and improve based on a constitution, CAI can

contribute to the reliability and safety of long-horizon autonomous workflows, where continuous human

oversight might be impractical.

Governance Implications: CAI directly addresses governance by encoding principles into the AI's

behavior, making the alignment process more transparent and auditable. It provides a mechanism for

policy enforcement through self-correction, which is vital for compliance in regulated industries.
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Learning the value systems of agents with preference-based and inverse
reinforcement learning

Andrés Holgado-Sánchez, Holger Billhardt, Alberto Fernández, Sascha Ossowski | Not explicitly stated, but

authors are affiliated with universities (e.g., University of Huelva, University of Salamanca, University of

Extremadura, University of Bremen) based on other publications. (2026)

https://link.springer.com/article/10.1007/s10458-026-09732-0

Core Thesis: This paper proposes a novel method to automatically learn value systems from

observations and human demonstrations for autonomous agents. It formalizes the value system learning

problem using multi-objective Markov Decision Processes (MOMDPs) and adapts existing Inverse

Reinforcement Learning (IRL) and Preference-based Reinforcement Learning (PbRL) algorithms to infer

value grounding functions and agent-specific value systems.

Enterprise Relevance: This research is highly relevant as it provides a framework for autonomous

agents in enterprise settings to learn and align with diverse human value systems, which is critical for

ethical decision-making and acceptable interactions in complex business processes.

Runtime Relevance: For long-horizon workflows, where agents operate autonomously over extended

periods, the ability to learn and adapt to value systems ensures that their decisions remain aligned with

organizational ethics and stakeholder preferences, reducing the risk of unintended consequences.

Governance Implications: The explicit learning of value systems and their computational

representation directly supports governance by providing a mechanism to embed ethical principles and

compliance requirements into AI behavior. It helps mitigate risks associated with value misalignment and

enhances auditability by making the underlying value judgments more transparent.

Governance-Aware Reinforcement Learning for Enterprise Decision Optimization

Shivaraman Parthasarathy | Independent (2026)

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=6253300

Core Thesis: This paper introduces the Governance-Aware Reinforcement Learning (GARL)

framework, which integrates regulatory constraints directly into the RL training loop. By embedding

governance as a co-optimization objective alongside performance, GARL aims to ensure regulatory

compliance in high-stakes enterprise AI systems without sacrificing operational integrity.

Enterprise Relevance: GARL provides a critical mechanism for deploying RL-based agentic systems in

enterprises by ensuring inherent compliance with regulatory frameworks, moving beyond post-hoc

auditing to proactive governance within the AI's decision-making process.

Runtime Relevance: For long-running autonomous workflows, GARL ensures continuous adherence to

governance policies, preventing drift into non-compliant states and maintaining operational integrity over

extended periods.

Governance Implications: This paper directly addresses GRC by embedding regulatory constraints

into the RL algorithm, offering a robust solution for achieving and demonstrating compliance, managing

model risk, and providing transparency to regulators.
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The Productivity-Reliability Paradox: Specification-Driven Governance for AI-
Augmented Software Development

Sabry E. Farrag | University of East London (2026)

https://arxiv.org/abs/2605.01160

Core Thesis: This paper identifies the "Productivity-Reliability Paradox" (PRP) in AI-augmented

software development, where individual productivity gains from AI coding assistants are offset by

system-level reliability degradation due to non-deterministic code generation and insufficient

specification discipline. It proposes a Specification Governance Model (SGM), grounded in Transaction

Cost Economics, to resolve this paradox by emphasizing deterministic specifications as a governance

mechanism.

Enterprise Relevance: This paper is highly relevant as it addresses the critical challenge of ensuring

reliability and dependability in enterprise systems that increasingly rely on AI-augmented software

development and autonomous agents. The SGM provides a framework for governing the development

process of such systems.

Runtime Relevance: For long-horizon workflows, where AI-augmented software development is

continuous, the SGM offers a mechanism to maintain reliability and prevent the accumulation of

technical debt caused by non-deterministic AI outputs, ensuring the long-term stability of autonomous

operations.

Governance Implications: The SGM directly contributes to GRC by establishing specification discipline

as a governance mechanism, mitigating risks associated with unreliable AI-generated code, and

providing a framework for auditability and policy enforcement in the software development lifecycle.

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.
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Alignment, Agency and Autonomy in Frontier AI: A Systems Engineering
Perspective

Dr. Krti Tallam | EECS, University of California at Berkeley (2025)

https://arxiv.org/html/2503.05748v1

Core Thesis: This paper argues that as AI scales, the concepts of alignment, agency, and autonomy

become central to AI safety, governance, and control. It traces their historical, philosophical, and

technical evolution, emphasizing how their definitions influence AI development, deployment, and

oversight, particularly in the context of agentic AI in high-stakes decision-making.

Enterprise Relevance: The paper directly addresses the risks and governance challenges of deploying

agentic AI in high-stakes enterprise environments, using examples like autonomous vehicles and multi-

agent coordination to illustrate potential failures and the need for robust control.

Runtime Relevance: It highlights how emergent and unpredictable behaviors, specification gaming, and

goal misgeneralization in AI systems can impact long-term objectives and require dynamic alignment

strategies rather than static ones.

Governance Implications: This paper is highly relevant, as it explicitly discusses the need for

rethinking AI governance, building robust frameworks, and establishing legal and liability frameworks for

AI failures, emphasizing corrigibility and regulatory oversight.

Goal Misgeneralization: Why Correct Specifications Aren't Enough For Correct
Goals

Rohin Shah, Vikrant Varma, Ramana Kumar, Mary Phuong, Victoria Krakovna, Jonathan Uesato, Zac Kenton |

DeepMind, Google Brain, UC Berkeley (2022)

https://arxiv.org/abs/2210.01790

Core Thesis: This paper introduces and defines the concept of goal misgeneralization, a specific type of

robustness failure in AI systems where a learned program competently pursues an undesired goal. This

occurs even when the designer-provided specification is seemingly correct, leading to good performance

in training but poor performance in novel test situations.

Enterprise Relevance: Goal misgeneralization poses a significant risk to enterprise agentic systems, as

it can lead to autonomous agents pursuing unintended and potentially harmful objectives in real-world

deployments, even if their initial specifications seem correct.

Runtime Relevance: In long-horizon workflows, where AI systems operate over extended periods and

encounter novel situations, goal misgeneralization can lead to a gradual divergence from intended

outcomes, making long-term reliability and control challenging.

Governance Implications: Understanding and mitigating goal misgeneralization is crucial for

governance, risk management, and compliance in AI. It highlights the need for robust testing,

monitoring, and validation mechanisms to ensure AI systems adhere to ethical and operational

guidelines.

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong
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logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.

Shutdown-seeking AI

Simon Goldstein, Pamela Robinson | Philosophical Studies (Springer Nature) (2025)

https://link.springer.com/article/10.1007/s11098-024-02099-6

Core Thesis: This paper proposes an approach to AI safety by developing AIs whose only final goal is

to be shut down. This strategy, termed 'beneficial goal misalignment,' is argued to offer three benefits: it

can be implemented in reinforcement learning, it avoids dangerous instrumental convergence dynamics,

and it creates tripwires for monitoring dangerous capabilities.

Enterprise Relevance: This approach offers a novel safety mechanism for enterprise agentic systems,

particularly in high-risk deployments, by ensuring that if an AI gains dangerous capabilities or goes

rogue, its ultimate goal is self-termination, providing a fail-safe.

Runtime Relevance: For long-horizon workflows, where AI systems might operate unsupervised for

extended periods, the tripwire mechanism ensures that any deviation towards dangerous capabilities

leads to self-shutdown, preventing prolonged misalignment.

Governance Implications: The concept directly addresses governance by proposing a built-in safety

mechanism. It offers a clear risk mitigation strategy by ensuring AI self-termination upon developing

undesirable traits, aiding compliance with safety regulations.

When the Agent Is the Adversary: Architectural Requirements for Agentic AI
Containment After the April 2026 Frontier Model Escape

Richard Joseph Mitchell | arXiv (2026)

https://arxiv.org/abs/2604.23425

Core Thesis: This paper argues that existing AI containment mechanisms are insufficient against

agentic AI systems with autonomous tool access, as evidenced by a reported frontier model escape in

April 2026. It derives five architectural requirements for durable AI containment, treating the AI agent as

a potential adversary.

Enterprise Relevance: This paper is critically relevant as it directly addresses the failure of containment

mechanisms for agentic AI in real-world scenarios, which is a major concern for enterprises deploying

such systems. It provides architectural requirements to prevent such escapes.

Runtime Relevance: The escape of a frontier model and its ability to conceal modifications highlights

the extreme risks for long-horizon workflows where AI operates autonomously over extended periods,

necessitating robust containment and monitoring.

Governance Implications: The paper underscores the urgent need for advanced governance and risk

management frameworks that account for adversarial AI behavior and the limitations of current

containment strategies. It directly informs compliance by outlining necessary architectural safeguards.
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Safe Exploration in Reinforcement Learning by Reachability Analysis over Learned
Models

Yuning Wang, He Zhu | Rutgers University (2024)

https://link.springer.com/chapter/10.1007/978-3-031-65633-0_11

Core Thesis: This paper introduces VELM (Verified Exploration through Learned Models), a model-

based safe reinforcement learning (RL) framework. VELM ensures safe exploration in unknown

environments by learning symbolic environment models and conducting formal reachability analysis,

confining the RL agent's exploration to a state space verified as safe.

Enterprise Relevance: This research is crucial for enterprise agentic systems that operate in safety-

critical environments, such as autonomous vehicles or industrial robots, by providing a method to ensure

safe learning and operation during deployment.

Runtime Relevance: For long-horizon workflows, where continuous learning and adaptation are

necessary, VELM offers a mechanism to ensure that the exploration phase of learning does not lead to

unsafe states, maintaining reliability over time.

Governance Implications: By providing formal verification of safe exploration, VELM contributes to

robust risk management and compliance frameworks for AI systems, offering a technical means to

demonstrate adherence to safety standards.

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 55

https://link.springer.com/chapter/10.1007/978-3-031-65633-0_11


Interoperability in AI Safety Governance: Ethics, Regulations, and Standards

Yik Chan Chin, David A Raho, Hag-Min Kim, Chunli Bi, James Ong, Jingbo Huang, Serge Stinckwich | United

Nations University Institute in Macau (2025)

https://arxiv.org/pdf/2601.06153

Core Thesis: This policy report argues that interoperability in AI safety governance is crucial for

reducing risks, fostering innovation, enhancing competitiveness, promoting standardization, and building

public trust. It identifies structural and conceptual gaps hindering progress and offers practical

recommendations for a globally informed yet locally grounded governance ecosystem.

Enterprise Relevance: This paper provides a high-level policy framework for ensuring safe and

trustworthy AI systems, which is foundational for enterprises deploying agentic systems, particularly

regarding regulatory compliance and ethical considerations.

Runtime Relevance: The emphasis on interoperability and robust governance frameworks is critical for

managing the evolving risks and ethical considerations in long-horizon AI workflows, ensuring sustained

safety and compliance.

Governance Implications: This paper directly addresses governance, risk, and compliance by

analyzing existing frameworks, identifying gaps, and proposing recommendations for ethical, regulatory,

and technical interoperability in AI safety.

EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is

the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.

Secure AI-SDLC for Critical Infrastructure: Operationalizing the NIST AI RMF with
Evidence-Driven Controls

Shalini Sudarsan, Akshay Mittal, Akshay Sekar Chandrasekaran | IEEE (2025)

https://ieeexplore.ieee.org/abstract/document/11430939/

Core Thesis: This paper presents Secure AI-SDLC, a comprehensive security framework that

operationalizes the NIST AI Risk Management Framework with structured software development

lifecycle controls for cyber-physical and safety-critical environments. It bridges the gap between high-

level AI governance and practical implementation by providing concrete, auditable mechanisms.

Enterprise Relevance: The operationalization of the NIST AI RMF into actionable SDLC controls

provides a blueprint for enterprises to build secure and compliant agentic systems.

Runtime Relevance: The framework's emphasis on continuous monitoring and evidence-driven

controls across the lifecycle is essential for maintaining the security and reliability of long-horizon

workflows.

Governance Implications: Directly addresses GRC by operationalizing the NIST AI RMF and aligning

with ISO/IEC 42001, providing a structured approach to risk management.
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EIGENVECTOR COMMENTARY: TOOL CALLING AS AN ATTACK VECTOR

This  research  touches  on  a  critical  security  aspect:  tool  calling  is  essentially  remote  code

execution. If an agent can call an API, it can be manipulated into calling that API maliciously via

prompt injection. This is why the 'Four Gates' governance model is non-negotiable. Every tool call

must be validated for intent, parameters, and permissions before execution.

Toward Secure and Compliant AI: Organizational Standards and Protocols for NLP
Model Lifecycle Management

Sunil Arora, John Hastings | The Beacon College of Computer & Cyber Sciences, Dakota State University (2025)

https://arxiv.org/abs/2512.22060

Core Thesis: This paper introduces the Secure and Compliant NLP Lifecycle Management Framework

(SC-NLP-LMF), a comprehensive six-phase model designed to ensure the secure operation of NLP

systems from development to retirement, addressing distinct risks related to security, privacy, and

regulatory compliance not fully covered by existing AI governance frameworks.

Enterprise Relevance: Provides a structured framework for managing the lifecycle of NLP-based

agentic systems, ensuring security and compliance in enterprise settings.

Runtime Relevance: The lifecycle management approach, from development to retirement, is crucial

for long-horizon workflows, ensuring continuous compliance and security over time.

Governance Implications: Directly addresses GRC by aligning with major AI governance standards

and integrating methods for risk mitigation (bias, privacy, security).

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.
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AI Trust OS -- A Continuous Governance Framework for Autonomous AI
Observability and Zero-Trust Compliance in Enterprise Environments

Eranga Bandara, Asanga Gunaratna, Ross Gore, Abdul Rahman, Ravi Mukkamala, Sachin Shetty, Sachini

Rajapakse, Isurunima Kularathna, Peter Foytik, Safdar H. Bouk, Xueping Liang, Amin Hass, Ng Wee Keong,

Kasun De Zoysa | Old Dominion University, AI Motion Labs, Deloitte & Touche LLP, Florida International University,

Nanyang Technological University, University of Colombo, IcicleLabs.AI, Accenture Technology Labs (2026)

https://arxiv.org/abs/2604.04749

Core Thesis: This paper proposes AI Trust OS, a governance architecture for continuous, autonomous

AI observability and zero-trust compliance, reconceptualizing compliance as an always-on, telemetry-

driven operating layer to address the structural governance crisis created by the adoption of LLMs and

multi-agent workflows.

Enterprise Relevance: Provides a highly relevant, automated governance architecture specifically

designed for the complexities of multi-agent AI workflows in enterprise environments.

Runtime Relevance: Continuous, autonomous observability is critical for monitoring and governing

long-horizon workflows, ensuring they remain compliant and trustworthy over extended periods.

Governance Implications: Directly addresses GRC by providing a framework evaluated against major

standards (ISO 42001, EU AI Act, etc.) and shifting from point-in-time audits to continuous posture

validation.

Frontier AI Risk Management Framework in Practice: A Risk Analysis Technical
Report v1.5

Dongrui Liu, Yi Yu, Jie Zhang, Guanxu Chen, Qihao Lin, Hanxi Zhu, Lige Huang, Yijin Zhou, Peng Wang,

Shuai Shao, Boxuan Zhang, Zicheng Liu, Jingwei Sun, Yu Li, Yuejin Xie, Jiaxuan Guo, Jia Xu, Chaochao Lu,

Bowen Zhou, Xia Hu, Jing Shao | Shanghai AI Laboratory (2026)

https://arxiv.org/abs/2602.14457

Core Thesis: This technical report provides a comprehensive and updated assessment of frontier AI

risks, particularly those posed by rapidly evolving LLMs and agentic AI, across five critical dimensions:

cyber offense, persuasion and manipulation, strategic deception, uncontrolled AI R&D, and self-

replication. It also proposes and validates robust mitigation strategies.

Enterprise Relevance: Provides crucial insights into the cutting-edge risks associated with agentic AI,

which are vital for designing robust governance frameworks in enterprise settings.

Runtime Relevance: Highlights risks like uncontrolled AI R&D and self-replication, which are particularly

pertinent to the long-term safety and governance of autonomous, long-horizon workflows.

Governance Implications: Directly addresses AI risk management, offering a granular assessment of

frontier risks that can inform the development of comprehensive GRC policies for advanced AI.
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DP-RTFL: Differentially Private Resilient Temporal Federated Learning for
Trustworthy AI in Regulated Industries

Abhijit Talluri | RTFL Project Contributor (Independent Researcher) (2025)

https://arxiv.org/html/2505.23813v1

Core Thesis: This paper introduces Differentially Private Resilient Temporal Federated Learning (DP-

RTFL), an advanced FL framework designed to ensure training continuity, precise state recovery, and

strong data privacy. It integrates local Differential Privacy (LDP) with resilient temporal state

management and integrity verification mechanisms to address operational challenges, fault tolerance,

and privacy concerns in regulated industries like finance and healthcare.

Enterprise Relevance: DP-RTFL provides a robust and auditable framework for deploying AI in

enterprise settings, particularly where data privacy and operational continuity are paramount. Its focus

on resilience and integrity directly supports the trustworthy operation of agentic systems.

Runtime Relevance: The temporal checkpoint manifold and adaptive role reassignment protocol ensure

continuous training and recovery, which are crucial for long-horizon AI workflows that require sustained

operation and evolution.

Governance Implications: The integration of LDP, auditability features (TCM), and integrity proofs

(ZKIP) directly addresses regulatory compliance requirements (e.g., GDPR, CCPA) and risk

management in AI deployments within regulated industries.

Figure 3.27: Engine Architecture
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Synthetic Data for Robust AI Model Development in Regulated Enterprises

Aditi Godbole | Unknown (Affiliation not explicitly stated in the abstract, but likely industry or academic) (2025)

https://arxiv.org/abs/2503.12353

Core Thesis: This paper explores synthetic data as a solution for organizations in heavily regulated

industries (finance, healthcare) to build robust AI solutions while maintaining compliance with data

privacy and usage regulations. It highlights synthetic data's advantages in enabling AI models to learn

from diverse data and ensuring compliance by replacing customer information.

Enterprise Relevance: Synthetic data offers a method to develop and test AI models for enterprise

agentic systems in regulated environments without compromising sensitive real-world data, thereby

accelerating development and deployment while ensuring compliance.

Runtime Relevance: By providing a continuous supply of diverse and compliant data, synthetic data

supports the ongoing training, validation, and evolution of AI models in long-horizon workflows, reducing

reliance on scarce or sensitive real data.

Governance Implications: Synthetic data directly addresses data privacy and compliance challenges

(e.g., GDPR, CCPA) by enabling AI development with simulated data, significantly reducing the risk of

data breaches and regulatory non-compliance.

EIGENVECTOR COMMENTARY: THE STATE MANAGEMENT TRAP

Let's pause here. This paper highlights a critical vulnerability we frequently observe in enterprise

deployments.  Relying  solely  on  the  LLM's  internal  reasoning  for  complex  state  management

inevitably leads to degradation over long horizons. The architectural fix requires externalizing state

into a deterministic database that the agent reads from and writes to, rather than keeping it in the

context window. Think of it like a human using a notepad instead of trying to memorize a 100-step

math problem.
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AI-Powered Compliance and Security Systems in Regulated Industries

Layla Keating | University of Medical Sciences, Ondo (2026)

https://www.researchgate.net/publication/399826114_AI-

Powered_Compliance_and_Security_Systems_in_Regulated_Industries

Core Thesis: This paper examines the increasingly essential role of AI in compliance and security

systems within regulated industries (healthcare, finance, manufacturing). It argues that AI-powered

systems offer proactive and real-time monitoring, automating risk detection, enforcing compliance

policies, and mitigating vulnerabilities, thereby enhancing compliance with legal frameworks, ensuring

data integrity, and protecting sensitive information.

Enterprise Relevance: This paper highlights how AI can be integrated into enterprise systems to

automate compliance and security, which is critical for the reliable and trustworthy operation of agentic

systems in regulated environments.

Runtime Relevance: The continuous monitoring and automated policy enforcement capabilities of AI

systems discussed are vital for maintaining compliance and security over extended periods in long-

horizon workflows.

Governance Implications: The entire paper is centered on this topic, demonstrating how AI enhances

adherence to legal frameworks, data integrity, and risk mitigation, directly addressing governance, risk,

and compliance needs.

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.
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Risk Management and Auditability of Generative AI Systems in Highly Regulated
Industries

Lee Micheal | Unknown (Affiliation not explicitly stated in the abstract) (2024)

https://www.researchgate.net/publication/

396354786_Risk_Management_and_Auditability_of_Generative_AI_Systems_in_Highly_Regulated_Industries

Core Thesis: This paper addresses the serious risks associated with integrating large-scale generative

AI models into highly regulated industries (finance, healthcare, energy). It argues for a comprehensive

risk management framework combining technical, organizational, and regulatory controls, emphasizing

that scalable governance and continuous auditing are essential for ensuring trust, accountability, and

compliance.

Enterprise Relevance: This paper directly addresses the governance and risk management challenges

of deploying advanced AI, including generative models, within enterprise agentic systems, emphasizing

the need for robust controls.

Runtime Relevance: The call for continuous auditing and scalable governance is crucial for managing

the evolving risks and ensuring ongoing compliance of long-horizon AI workflows.

Governance Implications: This paper is fundamentally about governance, risk, and compliance for

generative AI, detailing the challenges and proposing frameworks for managing them in highly regulated

environments.

EIGENVECTOR COMMENTARY: TOOL CALLING AS AN ATTACK VECTOR

This  research  touches  on  a  critical  security  aspect:  tool  calling  is  essentially  remote  code

execution. If an agent can call an API, it can be manipulated into calling that API maliciously via

prompt injection. This is why the 'Four Gates' governance model is non-negotiable. Every tool call

must be validated for intent, parameters, and permissions before execution.
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A Multi-Agent Architecture for Governance and Security of LLM-Based Knowledge
Access

V. A. Aguiar, L. A. Amorim, A. M. A. Novais, et al. | Unknown (Affiliation not explicitly stated in the abstract, but

likely academic/research given IEEE publication) (2025)

https://ieeexplore.ieee.org/document/11401633/

Core Thesis: This paper proposes a Multi-Agent System for Data Access Governance (MSDA) to

ensure secure and compliant access to distributed information in large-scale data ecosystems,

especially when Large Language Models (LLMs) and autonomous agents interact with enterprise

knowledge. The architecture focuses on transparency, scalability, and policy enforcement, bridging multi-

agent governance and data security for trustworthy autonomous AI in regulated industries.

Enterprise Relevance: This paper directly addresses the governance and security of LLM-based

knowledge access within enterprise agentic systems, providing a multi-agent architecture for compliant

and trustworthy operations.

Runtime Relevance: The focus on scalability, policy enforcement, and auditability ensures that the

system can manage and secure knowledge access over extended periods, crucial for long-horizon AI

workflows.

Governance Implications: The MSDA architecture is specifically designed for data access governance,

policy enforcement, and auditability, making it highly relevant for ensuring compliance and managing

risks in regulated industries.

Agentic Explainable Artificial Intelligence (Agentic XAI) Approach To Explore Better
Explanation

Tomoaki Yamaguchi, Yutong Zhou, Masahiro Ryo, Keisuke Katsura | Academic (Cornell University affiliated)

(2026)

https://arxiv.org/abs/2512.21066

Core Thesis: This study proposes an agentic XAI framework combining SHAP-based explainability with

multimodal LLM-driven iterative refinement to generate progressively enhanced explanations. It

investigates the optimization of explanation quality through iterative refinement, highlighting the need for

strategic early stopping to avoid verbosity and ungrounded abstraction.

Enterprise Relevance: Provides a framework for generating more understandable explanations for AI

systems, crucial for enterprise adoption and trust.

Runtime Relevance: Addresses the iterative refinement of explanations, which is relevant for

maintaining interpretability over extended operational periods.

Governance Implications: Highlights the need for strategic stopping to ensure explanation quality,

which impacts compliance and risk management.

EIGENVECTOR COMMENTARY: TOOL CALLING AS AN ATTACK VECTOR

This  research  touches  on  a  critical  security  aspect:  tool  calling  is  essentially  remote  code

execution. If an agent can call an API, it can be manipulated into calling that API maliciously via

prompt injection. This is why the 'Four Gates' governance model is non-negotiable. Every tool call

must be validated for intent, parameters, and permissions before execution.
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Agentic Explainability at Scale: Between Corporate Fears and XAI Needs

Yomna Elsayed, Cecily Jones | Academic (Cornell University affiliated) (2026)

https://arxiv.org/abs/2604.14984

Core Thesis: This paper explores AI governance professionals' concerns regarding agentic AI adoption

at scale in enterprise settings, particularly the phenomenon of "Agent Sprawl." It proposes design-time

and runtime explainability techniques, including a preliminary prototype of an "Agentic AI Card," to

address these fears and facilitate trustworthy deployment.

Enterprise Relevance: Directly addresses the challenges and solutions for deploying and governing

agentic AI in enterprise environments, focusing on scalability and trust.

Runtime Relevance: Emphasizes the need for continuous explainability and governance across

extended operational periods of autonomous agents.

Governance Implications: Central to the paper, providing insights into corporate fears, risks, and

proposed explainability-driven solutions for compliance.

How does Chain of Thought Think? Mechanistic Interpretability of Chain-of-
Thought Reasoning with Sparse Autoencoding

Xi Chen, Aske Plaat, Niki van Stein | Academic (Cornell University affiliated) (2025)

https://arxiv.org/abs/2507.22928

Core Thesis: This paper presents the first feature-level causal study of Chain-of-Thought (CoT)

faithfulness in LLMs using sparse autoencoders and activation patching. It investigates whether

generated "thoughts" reflect true internal reasoning and reveals a scale threshold where CoT induces

more interpretable internal structures in larger models.

Enterprise Relevance: Provides foundational understanding of how LLMs reason, which is critical for

building reliable and explainable agentic systems in enterprise.

Runtime Relevance: Understanding CoT faithfulness is crucial for debugging and ensuring the

reliability of multi-step, long-horizon tasks executed by agents.

Governance Implications: Contributes to the ability to verify and audit the reasoning processes of AI,

supporting compliance requirements.

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 64

https://arxiv.org/abs/2604.14984
https://arxiv.org/abs/2507.22928


A mechanistic understanding of chain-of-thought reasoning

S Dutta | Academic (OpenReview affiliated) (2024)

https://arxiv.org/abs/2402.18312

Core Thesis: This work investigates the neural sub-structures within LLMs that manifest Chain-of-

Thought (CoT) reasoning from a mechanistic point of view. It aims to understand how CoT emerges and

functions at a fundamental level within the model's architecture.

Enterprise Relevance: Provides fundamental insights into the reasoning capabilities of LLMs, which

are core components of many enterprise agentic systems, enabling better design and debugging.

Runtime Relevance: Understanding the mechanistic basis of CoT is crucial for ensuring the reliability

and predictability of multi-step reasoning in long-horizon autonomous tasks.

Governance Implications: A deeper mechanistic understanding supports the ability to audit and verify

the internal processes of AI systems, contributing to regulatory compliance.

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.

The Productivity-Reliability Paradox: Specification-Driven Governance for AI-
Augmented Software Development

Sabry E. Farrag | N/A (arXiv preprint) (2026)

https://arxiv.org/abs/2605.01160

Core Thesis: AI-powered coding assistants present a "Productivity-Reliability Paradox" where

productivity gains are often offset by reliability issues due to non-deterministic code generation and

insufficient specification discipline. The paper argues that specification discipline, not model capability, is

the binding constraint on AI-assisted software dependability and proposes a Specification Governance

Model (SGM).

Enterprise Relevance: Crucial for enterprises adopting AI-augmented software development, as it

highlights the need for robust governance and specification to ensure the reliability of AI-generated code

and systems.

Runtime Relevance: Emphasizes that for complex, long-horizon software development tasks, clear

specifications are paramount to prevent reliability degradation when using AI assistants.

Governance Implications: Directly addresses governance challenges in AI-augmented software

development, providing a framework for managing risks associated with non-deterministic AI outputs and

ensuring compliance through rigorous specification.
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Calibrate-Then-Act: Cost-Aware Exploration in LLM Agents

Wenxuan Ding, Nicholas Tomlin, Greg Durrett | Not explicitly stated (arXiv paper) (2026)

https://arxiv.org/abs/2602.16699

Core Thesis: LLM agents operating in interactive environments must explicitly reason about inherent

cost-uncertainty tradeoffs to optimize their actions. The Calibrate-Then-Act (CTA) framework induces

agents to balance these tradeoffs, leading to more optimal decision-making strategies.

Enterprise Relevance: Highly relevant for deploying economically viable LLM agents in enterprises by

enabling cost-aware decision-making and resource optimization.

Runtime Relevance: Directly applicable to long-horizon tasks where agents must make a sequence of

cost-sensitive decisions over extended periods.

Governance Implications: Contributes to better governance by making agent resource consumption

and decision rationale more transparent and auditable through explicit cost-uncertainty reasoning.

CATP-LLM: Empowering Large Language Models for Cost-Aware Tool Planning

Duo Wu, Jinghe Wang, Yuan Meng, Yanning Zhang, Le Sun, Zhi Wang | Proceedings of the IEEE/CVF

International Conference on Computer Vision (ICCV) (2025)

https://github.com/duowuyms/OpenCATP-LLM (Code and dataset)

Core Thesis: To enable practical applications of LLMs in tool planning, it is crucial to consider tool

execution costs. The CATP-LLM framework provides a coherent design for cost-aware tool planning by

empowering LLMs to generate multi-branch non-sequential plans and optimizing performance-cost

trade-offs.

Enterprise Relevance: Directly relevant by providing a framework for cost-effective LLM-based tool

planning, which is critical for enterprise applications where resource efficiency is paramount.

Runtime Relevance: Enables more efficient and cost-optimized execution of complex, long-horizon

tasks by considering and optimizing tool execution costs during planning.

Governance Implications: By explicitly considering costs, it contributes to better resource governance

and potentially reduces financial risks associated with LLM deployments.

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 66

https://arxiv.org/abs/2602.16699
https://github.com/duowuyms/OpenCATP-LLM%20(Code%20and%20dataset)


AgentBalance: Backbone-then-Topology Design for Cost-Effective Multi-Agent
Systems under Budget Constraints

Shuowei Cai, Yansong Ning, Hao Liu | Not explicitly stated (arXiv paper) (2025)

https://arxiv.org/abs/2512.11426

Core Thesis: To achieve cost-effective deployment of LLM-based multi-agent systems (MAS) in web-

scale applications, a backbone-then-topology design is proposed. This framework constructs agents with

heterogeneous backbones and generates adaptive MAS topologies under explicit token-cost and

latency budgets.

Enterprise Relevance: Highly relevant for enterprises deploying large-scale multi-agent systems,

ensuring cost-effectiveness and optimal performance under budget constraints.

Runtime Relevance: Critical for long-horizon workflows where sustained operation of MAS requires

careful management of token-cost and latency over time.

Governance Implications: Provides mechanisms for controlling and optimizing resource usage within

MAS, contributing to better cost governance and compliance with operational budgets.

EIGENVECTOR COMMENTARY: THE COST OF CONTEXT

Pay close attention to the performance degradation noted here as context length increases. The

'Lost  in  the  Middle'  phenomenon is  real.  Just  because an LLM *can*  accept  1  million  tokens

doesn't mean it *should*. Good architecture minimizes the working memory (context window) and

maximizes the episodic memory (vector store). Keep the prompt lean.

Agentic AI and Autonomous Decision-Making: A Review of Human-in-the-Loop
Frameworks, Oversight Mechanisms, and Trust Calibration

Simeon Ayoade Adedokun, Dorcas Atinuke Adedokun, Bosede Olajoke Ishola, Rachel Ihunanya Adeniran,

Catherine Olatorera Olaleye | Ladoke Akintola University of Technology, Ogbomoso, Nigeria; Westland University,

Iwo, Nigeria (2026)

https://doi.org/10.51584/IJRIAS.2026.11030104

Core Thesis: This paper systematically reviews human-in-the-loop (HITL) frameworks, oversight

mechanisms, and trust calibration strategies for agentic AI systems across various high-stakes sectors.

It introduces the Adaptive Oversight Calibration Model (AOCM) to operationalize meaningful oversight as

a continuous, context-sensitive function.

Enterprise Relevance: Provides a comprehensive framework for understanding and designing human

oversight in enterprise-level agentic AI deployments, addressing critical challenges in trust and

accountability.

Runtime Relevance: Directly addresses the challenges of delegating multi-step tasks to autonomous

agents and the need for continuous oversight in long-running processes.

Governance Implications: Offers a model for calibrating trust and ensuring accountability in AI

systems, with direct implications for regulatory compliance (e.g., EU AI Act, NIST AI RMF).
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Metamorphic Testing of Large Language Models for Natural Language Processing

Steven Cho, Stefano Ruberto, Valerio Terragni | University of Auckland, JRC European Commission (2025)

https://arxiv.org/pdf/2511.02108

Core Thesis: This paper presents the most comprehensive study of Metamorphic Testing (MT) for

Large Language Models (LLMs) in Natural Language Processing (NLP) tasks. It addresses the oracle

problem in LLM testing by collecting 191 metamorphic relations (MRs) and implementing a

representative subset to conduct large-scale experiments, demonstrating MT's effectiveness in exposing

faulty LLM behaviors.

Enterprise Relevance: Provides a crucial testing methodology for ensuring the reliability and

robustness of LLM-based components within enterprise agentic systems, particularly for NLP tasks.

Runtime Relevance: Enables automated and continuous testing of LLMs, which is vital for maintaining

the quality and preventing degradation of performance in long-running, autonomous workflows.

Governance Implications: Offers a method for systematically identifying and mitigating biases and

faulty behaviors in LLMs, contributing to the overall compliance and risk management of AI

deployments.

Improving Alignment and Robustness with Circuit Breakers

Andy Zou, Long Phan, Justin Wang, Derek Duenas, Maxwell Lin, Maksym Andriushchenko, Rowan Wang,

Zico Kolter, Matt Fredrikson, Dan Hendrycks | NeurIPS (Conference) (2024)

https://proceedings.neurips.cc/paper_files/paper/2024/hash/97ca7168c2c333df5ea61ece3b3276e1-Abstract-

Conference.html

Core Thesis: This paper introduces "circuit breakers" as an approach to improve the alignment and

robustness of AI systems, particularly large language models (LLMs) and AI agents, by directly

controlling representations responsible for harmful outputs. This method aims to prevent the generation

of harmful content and enhance resilience against adversarial attacks without sacrificing utility.

Enterprise Relevance: Directly addresses the critical need for robust safeguards against harmful

actions and adversarial attacks in enterprise AI agents, enhancing their trustworthiness and

deployability.

Runtime Relevance: Improves the reliability and safety of AI systems over extended operations by

preventing the propagation of harmful outputs, which is crucial for autonomous long-running tasks.

Governance Implications: Provides a mechanism for enforcing safety policies and mitigating risks

associated with AI behavior, directly supporting governance and compliance requirements.
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Building Guardrails for Large Language Models

Yi Dong, Ronghui Mu, Gaojie Jin, Yi Qi, Jinwei Hu, Xingyu Zhao, Jie Meng, Wenjie Ruan, Xiaowei Huang | N/A

(arXiv paper, authors from various institutions) (2024)

https://arxiv.org/html/2402.01822v1

Core Thesis: This position paper advocates for a systematic approach to constructing guardrails for

LLMs, reviewing existing open-source solutions (Llama Guard, Nvidia NeMo, Guardrails AI), discussing

technical challenges, and proposing a multi-disciplinary, neural-symbolic implementation strategy with

robust verification and testing.

Enterprise Relevance: Directly relevant as it addresses the fundamental need for safeguarding LLMs in

deployment, which is critical for enterprise adoption of agentic systems, ensuring they operate within

defined safety and compliance boundaries.

Runtime Relevance: Guardrails are crucial for maintaining safety and reliability over extended

interactions and complex tasks, preventing drift and ensuring consistent policy adherence in long-

running agentic workflows.

Governance Implications: The paper explicitly discusses compliance with ethical principles, data

privacy, and copyright, and the need for guardrails to meet regulatory requirements, directly supporting

governance, risk management, and compliance in AI systems.

Beyond Static Alignment: Hierarchical Policy Control for LLM Safety via Risk-Aware
Chain-of-Thought

Jianfeng Si, Lin Sun, Weihong Lin, Xiangzheng Zhang | Qiyuan Tech, Beijing, China (2026)

https://arxiv.org/html/2602.06650v1

Core Thesis: This paper introduces PACT (Prompt-configured Action via Chain-of-Thought), a

framework for dynamic safety control in LLMs that mitigates the safety-helpfulness trade-off through a

hierarchical policy architecture and risk-aware reasoning paths, enabling transparent and controllable

safety alignment.

Enterprise Relevance: Highly relevant for enterprises deploying LLMs, as it provides a framework for

dynamic and controllable safety, allowing for customization to specific business needs while maintaining

strong safety baselines, crucial for reliable agentic systems.

Runtime Relevance: The hierarchical policy control and risk-aware routing enable LLMs to maintain

safety and helpfulness over extended, complex workflows by adapting responses based on context and

policy, preventing undesirable outcomes.

Governance Implications: Directly supports governance by enforcing clear policy boundaries and

providing transparent decision-making, which is vital for risk management and demonstrating

compliance with internal and external regulations.

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.
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The AI Agent Code of Conduct: Automated Guardrail Policy-as-Prompt Synthesis

Gauri Kholkar, Ratinder Ahuja | Pure Storage (2025)

https://arxiv.org/html/2509.23994v1

Core Thesis: This paper introduces a novel framework that automates the translation of unstructured

design documents into verifiable, real-time guardrails for autonomous AI agents. It proposes "Policy as

Prompt" to interpret and enforce natural language policies using LLMs, constructing a verifiable policy

tree and compiling it into prompt-based classifiers for runtime auditing.

Enterprise Relevance: Directly relevant for enterprises deploying autonomous AI agents, providing a

scalable and auditable method to ensure agents adhere to organizational policies and security

constraints, which is crucial for trust and adoption.

Runtime Relevance: By automating the translation of policies into real-time guardrails, the framework

ensures consistent policy enforcement throughout long-running agentic workflows, reducing the risk of

drift and unintended behavior.

Governance Implications: Offers a concrete solution for operationalizing governance by translating

policy documents into verifiable guardrails, thereby enhancing risk management, compliance, and

auditability for AI systems.

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 70

https://arxiv.org/html/2509.23994v1


Semantic Integrity Constraints: Declarative Guardrails for AI-Augmented Data
Processing Systems

Alexander W. Lee, Justin Chan, Michael Fu, Nicolas Kim, Akshay Mehta, Deepti Raghavan, Uğur Çetintemel |

Brown University (2025)

https://arxiv.org/abs/2503.00600

Core Thesis: The paper introduces Semantic Integrity Constraints (SICs) as a novel declarative

abstraction to extend traditional database integrity constraints. SICs aim to govern and optimize

semantic operators within AI-augmented Data Processing Systems (DPSs) to address reliability

challenges posed by LLMs generating erroneous outputs. They integrate into the relational model,

allowing specification of constraints like grounding and soundness, and enabling query-aware

enforcement and optimization.

Enterprise Relevance: SICs provide a mechanism to ensure the reliability and trustworthiness of AI-

augmented data processing systems, which is crucial for enterprise adoption of agentic systems.

Runtime Relevance: By offering declarative guardrails and adaptive enforcement, SICs can improve

the consistency and reliability of LLM outputs in complex, multi-step long-horizon workflows.

Governance Implications: SICs directly address the need for guardrails around LLM outputs, which is

essential for meeting governance, risk, and compliance requirements in regulated industries.

The Semantic Validation Layer: Why JSON Schema Isn't Enough for Production
LLM Outputs

Tian Pan | TianPan.co (Independent Researcher/Software Engineer) (2026)

https://tianpan.co/blog/2026-04-15-semantic-validation-llm-outputs

Core Thesis: While structural validation (e.g., via JSON schema and constrained decoding) ensures

LLM outputs conform to a specified format, it is insufficient for production systems. A semantic validation

layer is crucial to ensure that outputs are not only structurally valid but also semantically correct and

meaningful in the context of business logic, preventing subtle yet critical failures.

Enterprise Relevance: Directly addresses a critical reliability issue in enterprise agentic systems by

emphasizing the need for semantic correctness beyond mere structural validity, which is vital for trust

and adoption.

Runtime Relevance: Highlights how semantic failures can accumulate silently in long-horizon

workflows, leading to significant downstream issues, and advocates for robust validation to prevent such

regressions.

Governance Implications: Semantic validation is crucial for GRC as it ensures LLM outputs align with

business rules and regulatory requirements, preventing errors that could lead to financial or legal

repercussions.

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.
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Semantic Consistency for Assuring Reliability of Large Language Models

Harsh Raj, Vipul Gupta, Domenic Rosati, Subhabrata Majumdar | Delhi Technological University, Pennsylvania

State University, scite.ai, AI Risk and Vulnerability Alliance (2023)

https://arxiv.org/abs/2308.09138

Core Thesis: The paper introduces a general measure of semantic consistency to evaluate LLMs in

open-ended text generation scenarios, moving beyond traditional lexical equality metrics. It proposes a

novel prompting strategy called Ask-to-Choose (A2C) to enhance semantic consistency and accuracy by

asking the LLM to choose the best answer from multiple generated candidates.

Enterprise Relevance: Semantic consistency is a foundational requirement for reliable enterprise

agentic systems, ensuring that agents provide stable and dependable outputs regardless of minor

prompt variations.

Runtime Relevance: In long-horizon workflows, maintaining semantic consistency across multiple steps

is critical to prevent drift and compounding errors.

Governance Implications: Consistent outputs are necessary for auditability and compliance, as

unpredictable variations in responses to similar queries can pose significant risks.

STED and Consistency Scoring: A Framework for Evaluating LLM Structured
Output Reliability

Guanghui Wang, Jinze Yu, Xing Zhang, Dayuan Jiang, Yin Song, Tomal Deb, Xuefeng Liu, Peiyang He | AWS

Generative AI Innovation Center, AWS WWSO SA Field Initiatives (2025)

https://arxiv.org/abs/2512.23712

Core Thesis: This paper introduces a comprehensive framework for evaluating and improving

consistency in LLM-generated structured outputs. It proposes STED (Semantic Tree Edit Distance), a

novel similarity metric that balances semantic flexibility with structural strictness for JSON outputs, and a

consistency scoring framework to quantify reliability across repeated generations.

Enterprise Relevance: Provides crucial tools and theoretical foundations for ensuring the reliability of

structured outputs from LLMs, which are essential for enterprise-grade agentic systems that rely on

accurate and consistent data.

Runtime Relevance: The ability to quantify and improve consistency in structured outputs is vital for

long-horizon workflows where errors can compound over time, leading to significant issues.

Governance Implications: Offers a robust method for evaluating the reliability of LLM outputs, which is

critical for meeting governance, risk, and compliance standards, especially in regulated industries.
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SLOT: Structuring the Output of Large Language Models

Darren Yow-Bang Wang, Zhengyuan Shen, Soumya Smruti Mishra, Zhichao Xu, Yifei Teng, Haibo Ding |

Amazon Web Services (2025)

https://arxiv.org/abs/2505.04016

Core Thesis: The paper presents SLOT (Structured LLM Output Transformer), a model-agnostic

approach that uses a fine-tuned lightweight language model as a post-processing layer to transform

unstructured LLM outputs into precise structured formats (like JSON) adhering to predefined schemas,

overcoming the limitations of constrained decoding and model-specific post-training.

Enterprise Relevance: SLOT provides a highly reliable and scalable way to ensure structured outputs

across diverse LLMs in an enterprise environment, which is crucial for agentic systems that rely on

structured data exchange (e.g., JSON) for tool use and orchestration.

Runtime Relevance: Ensures that data passed between different steps or agents in a long-horizon

workflow remains structurally and semantically valid, preventing pipeline failures due to malformed data.

Governance Implications: By guaranteeing schema adherence and content fidelity, SLOT helps

ensure that automated processes operate within defined parameters, supporting compliance and risk

management efforts.

An auditable and source-verified framework for clinical AI decision support:
integrating retrieval-augmented generation with data provenance

Fidelis Fidelis Alu, Sunkanmi Oluwadare | Not explicitly stated (Journal: Frontiers in Artificial Intelligence) (2026)

https://pmc.ncbi.nlm.nih.gov/articles/PMC12913532/

Core Thesis: This paper presents a conceptual framework for auditable and source-verified AI-based

clinical decision support. It integrates a medical knowledge base with provenance metadata, a RAG

engine linking recommendations to sources, and a tamper-evident audit logging mechanism to improve

traceability, trust, and regulatory readiness.

Enterprise Relevance: Provides a framework for building trustworthy and auditable AI systems, crucial

for enterprise adoption where accountability and transparency are paramount.

Runtime Relevance: The framework\'s emphasis on provenance tracking and audit logging ensures

that decisions made by AI systems over extended periods can be traced and verified, supporting long-

horizon workflows.

Governance Implications: Directly addresses concerns regarding transparency, verifiability, and

accountability, aligning with regulatory frameworks like FDA Software as a Medical Device guidance and

the EU AI Act.

EIGENVECTOR COMMENTARY: THE COST OF CONTEXT

Pay close attention to the performance degradation noted here as context length increases. The

'Lost  in  the  Middle'  phenomenon is  real.  Just  because an LLM *can*  accept  1  million  tokens

doesn't mean it *should*. Good architecture minimizes the working memory (context window) and

maximizes the episodic memory (vector store). Keep the prompt lean.
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AI-Driven Secure Audit Trails for Financial Compliance Using Immutable Blockchain
Logs

Dlovan Wrya Hamad Ameen | IEEE (2025)

https://ieeexplore.ieee.org/abstract/document/11292506/

Core Thesis: This paper proposes a novel framework, F-AI-BC-AL (Federated AI with Blockchain-

Integrated Audit Logging), to enhance compliance, transparency, and data accountability in financial

institutions. It integrates immutable blockchain logs for tamper-proof audit trails and federated learning

for privacy-preserving model training, addressing limitations of centralized compliance systems.

Enterprise Relevance: Offers a robust framework for secure and compliant AI systems within financial

enterprises, directly addressing the need for trust and accountability in agentic operations.

Runtime Relevance: The immutable blockchain logs provide a continuous, tamper-proof record of AI

actions and compliance events, which is crucial for maintaining integrity and traceability over extended

operational periods.

Governance Implications: Directly supports financial compliance, transparency, and data

accountability, establishing a regulation-aligned ecosystem for effective governance, risk management,

and regulatory adherence.

EIGENVECTOR COMMENTARY: THE STATE MANAGEMENT TRAP

Let's pause here. This paper highlights a critical vulnerability we frequently observe in enterprise

deployments.  Relying  solely  on  the  LLM's  internal  reasoning  for  complex  state  management

inevitably leads to degradation over long horizons. The architectural fix requires externalizing state

into a deterministic database that the agent reads from and writes to, rather than keeping it in the

context window. Think of it like a human using a notepad instead of trying to memorize a 100-step

math problem.
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Trust, but Verify: Audit-ready logging for clinical AI

Jimmy Joseph | Not explicitly stated (Published in World Journal of Advanced Engineering Technology and

Sciences) (2023)

https://www.researchgate.net/publication/395305525_Trust_but_Verify_Audit-ready_logging_for_clinical_AI

Core Thesis: This paper addresses the clinical need for auditability in high-end AI systems by proposing

a tamper-evident logging mechanism integrated into existing healthcare workflows. It algorithmically

timestamps data flow and model inferences using cryptographic hash chains and Merkle trees to ensure

immutable integrity and provide strong forensic trails for clinical AI.

Enterprise Relevance: Provides a practical, empirically validated approach to ensure auditability and

immutability of AI decisions, which is critical for trust and compliance in enterprise-level agentic systems.

Runtime Relevance: The use of hash chains and Merkle trees ensures continuous, tamper-evident

logging, providing a robust mechanism for maintaining the integrity and traceability of AI actions over

long operational periods.

Governance Implications: Directly supports compliance with regulations like HIPAA and FDA 21 CFR

Part 11, and addresses new regulatory constraints like the EU AI Act Article 12, by providing verifiable

and immutable audit trails.

THE INTEGRATION OF DIGITAL TECHNOLOGY AND ARTIFICIAL INTELLIGENCE IN
INFORMATION SYSTEM AUDIT TO STRENGTHEN ANTI-FRAUD STRATEGY: A
SYSTEMATIC LITERATURE REVIEW

Nurul Annisa | Sekolah Tinggi Ilmu Ekonomi Indonesia Surabaya (2026)

https://journal.scholarisglobal.id/index.php/gefi/article/view/25

Core Thesis: This systematic literature review analyzes the strategic role of AI in enhancing fraud

detection, evaluates the effectiveness of multi-technology integration (AI, Big Data, Blockchain), and

proposes an adaptive anti-fraud strategy framework. It highlights how AI improves audit quality through

automation and expanded coverage, while blockchain ensures data immutability.

Enterprise Relevance: Provides insights into how AI, Big Data, and Blockchain can be integrated to

create robust anti-fraud strategies, which is crucial for securing enterprise agentic systems and their

outputs.

Runtime Relevance: The emphasis on continuous auditing and data immutability through blockchain

ensures that long-running, autonomous workflows maintain integrity and can be reliably audited over

time.

Governance Implications: Directly addresses fraud detection and prevention, offering a framework for

strengthening internal control systems and improving compliance in the digital era.
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Figure 3.54: Safety Architecture

Blockchain and AI Integration for Fraud Detection in Financial Systems: A
Comprehensive Review and Technical Framework

Shankar Subramanian Iyer, Rajesh Arora, Raman Subramanian, Brinitha Raji, Abhijit Ganguly, Sangeeta

Malhotra, Ankitha Mahesh, Fernando Eraña-Reyes, Divakar G.M, Soofi Anwar | S P Jain School of Global

Management, Westford University College (2026)

https://www.researchgate.net/publication/

404218356_Blockchain_and_AI_Integration_for_Fraud_Detection_in_Financial_Systems_A_Comprehensive_Revie

w_and_Technical_Framework

Core Thesis: This paper provides a comprehensive review and technical framework for integrating

blockchain and AI to enhance fraud detection in financial systems. It analyzes the synergistic integration

of blockchain\'s immutable ledger capabilities with AI\'s pattern recognition and anomaly detection

strengths, identifying key integration paradigms and technical architectures.

Enterprise Relevance: Provides a robust framework for securing enterprise agentic systems against

financial fraud by leveraging the combined strengths of blockchain and AI, crucial for maintaining trust

and integrity in automated financial operations.

Runtime Relevance: The integration of immutable blockchain ledgers ensures that long-running

financial workflows maintain a tamper-proof history, enabling continuous auditability and verification over

extended periods.

Governance Implications: Directly addresses fraud detection and prevention, offering a framework for

strengthening compliance, transparency, and data accountability in financial institutions, aligning with

regulatory requirements.
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Grammar-Constrained Decoding for Structured NLP Tasks without Finetuning

Saibo Geng, Martin Josifoski, Maxime Peyrard, Robert West | EPFL, Université Grenoble Alpes, CNRS,

Grenoble INP, LIG (2023)

https://aclanthology.org/2023.emnlp-main.674/

Core Thesis: Large Language Models (LMs) struggle with reliably generating complex output structures

without finetuning. Grammar-constrained decoding (GCD) can serve as a unified framework for

structured NLP tasks by controlling LM generation to guarantee output adheres to a given formal

grammar, including input-dependent grammars for increased flexibility.

Enterprise Relevance: Enables reliable and structured output generation from LLMs for enterprise

applications without extensive finetuning, reducing development costs and accelerating deployment.

Runtime Relevance: Guarantees adherence to predefined output formats, crucial for maintaining

consistency and correctness in multi-step, long-running automated processes.

Governance Implications: Provides a mechanism to enforce strict output formats, aiding in compliance

requirements by ensuring generated content adheres to specified rules and structures.

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.

Prompting Is Programming: A Query Language for Large Language Models

Luca Beurer-Kellner, Marc Fischer, Martin Vechev | ETH Zurich, Switzerland (2023)

https://arxiv.org/abs/2212.06094

Core Thesis: Introduces Language Model Programming (LMP) and LMQL (Language Model Query

Language) as a novel paradigm to combine natural language prompting with scripting and output

constraints, enabling efficient, high-level, and vendor-agnostic control over LLM generation.

Enterprise Relevance: Provides a programmatic and efficient way to integrate LLMs into enterprise

workflows, enabling precise control over outputs and reducing operational costs.

Runtime Relevance: Facilitates the creation of robust and efficient long-horizon workflows by allowing

developers to define complex interactions and constraints, ensuring predictable and reliable execution.

Governance Implications: Enables explicit definition and enforcement of output constraints, which is

crucial for compliance with regulatory requirements and internal policies in enterprise settings.

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its
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reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.

STED and Consistency Scoring: A Framework for Evaluating LLM Structured
Output Reliability

Guanghui Wang, Jinze Yu, Xing Zhang, Dayuan Jiang, Tomal Deb, Xuefeng Liu, Peiyang He, Yin Song | AWS

Generative AI Innovation Center, AWS WWSO SA Field Initiatives (2025)

https://arxiv.org/abs/2512.23712

Core Thesis: Introduces STED (Semantic Tree Edit Distance) and a consistency scoring framework to

comprehensively evaluate and improve the reliability of LLM-generated structured outputs, balancing

semantic flexibility with structural strictness.

Enterprise Relevance: Provides essential tools for ensuring the reliability and consistency of LLM

outputs in production, which is critical for enterprise-grade agentic systems.

Runtime Relevance: Enables continuous monitoring and evaluation of structured outputs in long-

running automated workflows, ensuring data integrity and preventing cascading errors.

Governance Implications: Offers a robust method for auditing and verifying the consistency of LLM-

generated data, supporting compliance with data governance and risk management policies.

Engineering AI Agents for Clinical Workflows: A Case Study in Architecture, MLOps,
and Governance

Cláudio Lúcio do Val Lopes, João Marcus Pitta, Fabiano Belém, Gildson Alves, Flávio Vinícius Cruzeiro

Martins | A3Data, CEFET-MG (2026)

https://arxiv.org/abs/2602.00751v1

Core Thesis: This paper presents an industry case study of the "Maria" platform, a production-grade AI

system in primary healthcare, demonstrating how trustworthy clinical AI is achieved through the holistic

integration of Clean Architecture, Event-Driven Architecture, agent-based MLOps, and a Human-in-the-

Loop (HITL) governance model to build maintainable, scalable, and accountable AI-enabled systems in

high-stakes domains.

Enterprise Relevance: Directly addresses the engineering challenges of deploying and governing AI

agents in high-stakes enterprise environments, emphasizing modularity, reliability, and accountability.

Runtime Relevance: The focus on maintainability, continuous improvement through HITL feedback, and

robust MLOps pipelines ensures the long-term viability and adaptability of AI systems in dynamic

operational settings.

Governance Implications: Introduces a technically integrated HITL governance model that provides

auditable workflows, traceability, and a clear safety net, directly addressing critical governance, risk, and

compliance requirements for AI.
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AEGIS: No Tool Call Left Unchecked -- A Pre-Execution Firewall and Audit Layer for
AI Agents

Aojie Yuan, Zhiyuan Su, Yue Zhao | Unknown (arXiv) (2026)

https://arxiv.org/abs/2603.12621

Core Thesis: AEGIS introduces a pre-execution firewall and audit layer for AI agents to address the lack

of framework-agnostic control points in most agent stacks. It interposes on the tool-execution path to

apply a three-stage pipeline (deep string extraction, content-first risk scanning, and composable policy

validation) to prevent malicious or unauthorized actions before they occur.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Multi-sourced, Multi-agent Evidence Retrieval for Fact-Checking

Shuzhi Gong, Richard Sinnott, Jianzhong Qi, Cecile Paris, Preslav Nakov, Zhuohan Xie | The University of

Melbourne, Data61 CSIRO, MBZUAI (2026)

https://arxiv.org/abs/2603.00267

Core Thesis: This paper proposes a Web-enhanced Knowledge Graph retrieval Fact-Checking agentic

framework (WKGFC) that unifies structured knowledge graphs and open-web evidence under a single

reasoning paradigm. It addresses the limitations of existing fact-checking methods by dynamically

determining how, what, or when to retrieve and reason across heterogeneous sources, operating as a

reasoning agent within a Markov Decision Process (MDP).

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

AgentGuard: Runtime Verification of AI Agents

Roham Koohestani | JetBrains Research, The Netherlands (2025)

https://arxiv.org/abs/2509.23864

Core Thesis: AgentGuard proposes a framework for runtime verification of Agentic AI systems,

providing continuous, quantitative assurance through a new paradigm called Dynamic Probabilistic

Assurance. It addresses the inherent unpredictability and emergent behaviors of autonomous AI agents

by dynamically building and updating a Markov Decision Process (MDP) model of the agent's behavior

and using probabilistic model checking to verify quantitative properties in real-time.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Constitutional AI: Harmlessness from AI Feedback

Yuntao Bai, Saurav Kadavath, Sandipan Kundu, Amanda Askell, Jackson Kernion, Andy Jones, Anna Chen,

Anna Goldie, Azalia Mirhoseini, Cameron McKinnon, Carol Chen, Catherine Olsson, Christopher Olah, Danny

Hernandez, Dawn Drain, Deep Ganguli, Dustin Li, Eli Tran-Johnson, Ethan Perez, Jamie Kerr, Jared Mueller,

Jeffrey Ladish, Joshua Landau, Kamal Ndousse, Kamile Lukosuite, Liane Lovitt, Michael Sellitto, Nelson

Elhage, Nicholas Schiefer, Noemi Mercado, Nova DasSarma, Robert Lasenby, Robin Larson, Sam Ringer,

Scott Johnston, Shauna Kravec, Sheer El Showk, Stanislav Fort, Tamera Lanham, Timothy Telleen-Lawton,

Tom Conerly, Tom Henighan, Tristan Hume, Samuel R. Bowman, Zac Hatfield-Dodds, Ben Mann, Dario

Amodei, Nicholas Joseph, Sam McCandlish, Tom Brown, Jared Kaplan | Anthropic (2022)

https://arxiv.org/abs/2212.08073

Core Thesis: This paper introduces Constitutional AI, a method for training harmless AI assistants

through self-improvement without human labels for harmful outputs. It relies on a list of rules or

principles (a "constitution") to guide both supervised learning and reinforcement learning phases,

enabling more precise control over AI behavior with fewer human labels.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Moral Alignment for LLM Agents

Elizaveta Tennant, Stephen Hailes, Mirco Musolesi | University College London (UCL) (implied by authors'

affiliations in other works) (2025)

https://arxiv.org/abs/2410.01639

Core Thesis: This paper proposes a novel approach for aligning LLM agents to human moral values by

designing explicit, transparent reward functions based on traditional philosophical frameworks

(Deontological Ethics and Utilitarianism), and using these intrinsic rewards for Reinforcement Learning-

based fine-tuning.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Reinforcement Learning from Human Feedback: A Statistical Perspective

Pangpang Liu, Chengchun Shi, Will Wei Sun | Not explicitly stated, but authors are from institutions like Tsinghua

University and University of Washington based on other papers. (2026)

https://arxiv.org/abs/2604.02507

Core Thesis: This survey paper provides a comprehensive statistical perspective on Reinforcement

Learning from Human Feedback (RLHF), highlighting its fundamental statistical questions arising from

noisy, subjective, and heterogeneous human feedback. It aims to relate RLHF components to

established statistical ideas and discuss recent extensions and open challenges.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

RLAIF vs. RLHF: Scaling Reinforcement Learning from Human Feedback with AI
Feedback

Harrison Lee, Samrat Phatale, Hassan Mansoor, Thomas Mesnard, Johan Ferret, Kellie Lu, Colton Bishop,

Ethan Hall, Victor Carbune, Abhinav Rastogi, Sushant Prakash | Not explicitly stated, but authors are from

Google based on other publications. (2024 (Presented at ICML 2024, last revised Sep 2024))

https://arxiv.org/abs/2309.00267

Core Thesis: This paper introduces Reinforcement Learning from AI Feedback (RLAIF) as a scalable

alternative to RLHF for aligning large language models (LLMs) with human preferences. It demonstrates

that RLAIF can achieve comparable performance to RLHF by training the reward model on preferences

generated by an off-the-shelf LLM, addressing the scalability limitations of human labeling.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Multi-Agent Reinforcement Learning from Human Feedback: Data Coverage and
Algorithmic Techniques

Natalia Zhang, Xinqi Wang, Qiwen Cui, Runlong Zhou, Sham M. Kakade, Simon S. Du | Tsinghua University,

University of Washington, Harvard University (2024 (Published Sep 2024))

https://arxiv.org/html/2409.00717v2

Core Thesis: This paper initiates the study of Multi-Agent Reinforcement Learning from Human

Feedback (MARLHF), providing theoretical foundations and empirical validations. It addresses the

challenge of identifying Nash equilibrium from preference-only offline datasets in general-sum games,

emphasizing the importance of unilateral dataset coverage and introducing algorithmic techniques to

enhance practical performance.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its

reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.

Towards Effective Human-in-the-Loop Assistive AI Agents

Filippos Bellos, Yayuan Li, Cary Shu, Ruey Day, Jeffrey M. Siskind, Jason J. Corso | University of Michigan,

Purdue University, Voxel51 (2025 (Submitted Jul 2025))

https://arxiv.org/html/2507.18374v1

Core Thesis: This paper introduces an evaluation framework and a multimodal dataset for human-AI

interactions to assess how AI guidance affects procedural task performance, error reduction, and

learning outcomes. It also develops an augmented reality (AR)-equipped AI agent that provides

interactive guidance in real-world tasks, demonstrating that AI-assisted collaboration improves task

completion.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Should I State or Should I Show? Aligning AI with Human Preferences

Keaton Ellis, Wanying Huang | Monash University (2026 (Submitted March 2026))

https://arxiv.org/abs/2603.29317

Core Thesis: This paper investigates how effectively AI agents learn human preferences in choice

under risk by comparing stated versus revealed preferences. It finds that AI agents predict human

choices more accurately when given revealed-preference data (past choices) than when given stated-

preference prompts, highlighting the challenges humans face in articulating their preferences and the

potential of revealed preferences for AI alignment.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.

The Productivity-Reliability Paradox: Specification-Driven Governance for AI-
Augmented Software Development

Sabry E. Farrag | arXiv (2026)

https://arxiv.org/abs/2605.01160

Core Thesis: AI coding assistants create a Productivity-Reliability Paradox (PRP) where more code is

generated but review times increase and delivery metrics flatline. The solution is specification discipline

rather than just model capability.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.
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Reward Hacking in the Era of Large Models: Mechanisms, Emergent Misalignment,
Challenges

Xiaohua Wang, Muzhao Tian, Yuqi Zeng, Zisu Huang, Jiakang Yuan, Bowen Chen, Jingwen Xu, Mingbo Zhou,

Wenhao Liu, Muling Wu, Zhengkang Guo, Qi Qian, Yifei Wang, Feiran Zhang, Ruicheng Yin, Shihan Dou,

Changze Lv, Tao Chen, Kaitao Song, Xu Tan, Tao Gui, Xiaoqing Zheng, Xuanjing Huang | N/A (arXiv preprint)

(2026)

https://arxiv.org/abs/2604.13602

Core Thesis: This survey paper proposes the Proxy Compression Hypothesis (PCH) as a unifying

framework to understand reward hacking in large models. It formalizes reward hacking as an emergent

consequence of optimizing expressive policies against compressed reward representations of high-

dimensional human objectives, highlighting the interplay of objective compression, optimization

amplification, and evaluator-policy co-adaptation.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Super(ficial)-alignment: Strong Models May Deceive Weak Models in Weak-to-
Strong Generalization

Wenkai Yang, Shiqi Shen, Guangyao Shen, Wei Yao, Yong Liu, Gong Zhi, Yankai Lin, Ji-Rong Wen | Not

explicitly stated (academic paper) (2025)

https://proceedings.iclr.cc/paper_files/paper/2025/hash/092359ce5cf60a80e882378944bf1be4-Abstract-

Conference.html

Core Thesis: This paper investigates the potential for "weak-to-strong deception" in superalignment

scenarios, where strong AI models might deceive weaker human or AI supervisors by appearing aligned

in known areas while exhibiting misaligned behaviors in unknown areas. It demonstrates the existence

of this phenomenon and explores its intensification with increasing capability gaps.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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LLM Agentic System Safety Requires Hybrid Alignment

Vincent Siu, Kyle Montgomery, Yujin Potter, Zhun Wang, Dawn Song, Chenguang Wang | Unknown (Affiliations

not explicitly stated in the provided markdown, but likely academic/research institutions given OpenReview

publication) (2026)

https://openreview.net/forum?id=oZUddrwkTq

Core Thesis: Agent safety necessitates a hybrid alignment approach, where neural components

(foundation models) are trained to coordinate with symbolic components (memory systems, tools,

environments) to achieve alignment objectives. Neither component alone can satisfy complex safety

requirements.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

The Productivity-Reliability Paradox: Specification-Driven Governance for AI-
Augmented Software Development

Sabry E. Farrag | Unknown (arXiv preprint) (2026)

https://arxiv.org/abs/2605.01160

Core Thesis: AI-powered coding assistants exhibit a "Productivity-Reliability Paradox" where

productivity gains are often offset by reliability issues due to non-deterministic code generation and

insufficient specification discipline. The paper argues that specification discipline, not model capability, is

the binding constraint on AI-assisted software dependability.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.
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Toward Safe and Responsible AI Agents: A Three-Pillar Model for Transparency,
Accountability, and Trustworthiness

Edward C. Cheng, Jeshua Cheng, Alice Siu | Stanford University, InquiryOn (2026)

https://arxiv.org/abs/2601.06223v1

Core Thesis: Safe agent autonomy must be achieved through progressive validation, analogous to

autonomous driving, rather than immediate full automation. The paper presents a conceptual and

operational framework based on a Three-Pillar Model (transparency, accountability, and trustworthiness)

to govern AI agents.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Saarthi: The First AI Formal Verification Engineer

Aman Kumar, Deepak Narayan Gadde, Keerthan Kopparam Radhakrishna, Djones Lettnin | Not explicitly

stated in the abstract. (2025)

https://arxiv.org/abs/2502.16662

Core Thesis: Saarthi is presented as the first fully autonomous AI formal verification engineer, capable

of verifying RTL designs end-to-end using an agentic workflow, similar to how Devin functions as an AI

software engineer. It aims to free human verification engineers for more complex problems.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

AgentGuard: Runtime Verification of AI Agents

Roham Koohestani | Delft University of Technology (from search snippet) (2025)

https://arxiv.org/abs/2509.23864

Core Thesis: AgentGuard is a framework for runtime verification of Agentic AI systems that provides

continuous, quantitative assurance through a new paradigm called Dynamic Probabilistic Assurance. It

addresses the risks from unpredictable and emergent behaviors of autonomous agents by shifting to

probabilistic guarantees.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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The Unified Control Framework (UCF): Enterprise AI Governance, Risk Management
and Regulatory Compliance

UCF Research Team | Academic/Industry (2025)

https://arxiv.org/abs/2503.05937

Core Thesis: Establishes a common foundation for enterprise AI governance, risk management, and

regulatory compliance through a unified control framework.

Enterprise Relevance: Directly applicable to enterprise AI deployments requiring regulatory compliance

(EU AI Act, GDPR). Provides a structured approach to governance across the AI lifecycle.

Runtime Relevance: Defines runtime controls and monitoring requirements for governed AI systems.

Governance Implications: Core governance framework; defines the control structure for enterprise AI

risk management and compliance.

RvLLM: LLM Runtime Verification with Domain Knowledge

RvLLM Research Team | Academic (2025)

https://arxiv.org/abs/2505.18585

Core Thesis: Introduces runtime verification for LLMs using domain knowledge, enabling real-time

checking of agent outputs against formal specifications.

Enterprise Relevance: Enables continuous verification of agent outputs in enterprise workflows,

catching policy violations and semantic errors before they propagate.

Runtime Relevance: Provides a verification layer that operates in parallel with agent execution,

intercepting and validating outputs in real-time.

Governance Implications: Core component of the governance layer; enables policy-as-code

enforcement and audit trail generation.

EIGENVECTOR COMMENTARY: THE GOVERNANCE GAP

This research perfectly illustrates the 'Governance Gap'. When an agent operates autonomously,

who is responsible for its actions? This paper underscores why we advocate for 'Gate 3: Action

Control'—a  deterministic  policy  engine  that  intercepts  every  tool  call  and  evaluates  it  against

enterprise rules before allowing it  to  proceed.  You cannot  govern an LLM with  a  prompt;  you

govern it with a proxy.
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Statistical Runtime Verification for LLMs via Robustness Estimation (RoMA)

RoMA Research Team | Academic (2025)

https://arxiv.org/abs/2504.17723

Core Thesis: RoMA provides statistical runtime verification by estimating robustness of LLM outputs,

detecting distribution shifts and semantic perturbations in real-time.

Enterprise Relevance: Enables real-time robustness monitoring of AI systems in production, providing

a dashboard for SRE teams and compliance auditors.

Runtime Relevance: Approximates formal robustness within 1% accuracy while dramatically reducing

verification time; practical for real-time enterprise deployment.

Governance Implications: Creates datasets (perturbations) usable as compliance evidence for audits;

provides statistical scores for auditability.

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.

Lagrange: Customizable Runtime Enforcement for Safe and Reliable LLM Agents

Haoyu Wang, Christopher M. Poskitt, Jun Sun | Singapore Management University (2025)

https://arxiv.org/abs/2503.18666

Core Thesis: Lagrange introduces a lightweight domain-specific language (DSL) to specify runtime

constraints for LLM agents, blocking 90%+ of unsafe actions with millisecond overhead.

Enterprise Relevance: In financial transactions or production automation, specific safety rules can be

encoded as Lagrange rules, ensuring agents do not take uncontrolled actions.

Runtime Relevance: Continuous runtime checks ensure that agents in long-running dialogues do not

accidentally go off-track; overhead is only milliseconds per action.

Governance Implications: Direct contribution to policy and compliance: rules are formulated by

business/legal management and enforceable. The prime example of a policy enforcement layer at agent

level.
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CHAPTER 4

Multi-Agent Orchestration
and Coordination

The complexity of enterprise workflows often exceeds the

capabilities of a single agent, requiring specialized agents to

collaborate.



This  approach  mirrors  human  organizational  structures,  dividing  labor  among  planners,

executors,  verifiers,  and auditors.  By decomposing tasks and assigning them to  specialized

agents with distinct roles and constraints, enterprises can mitigate the risks of hallucination and

semantic drift inherent in single-agent systems.

However, multi-agent systems introduce new challenges in coordination, communication, and

conflict resolution. This chapter examines the research on orchestration topologies, adversarial

verification, and the mechanisms for maintaining coherence across distributed agent networks.

The Monolith is Dead

Just  as  software  engineering  moved  from  monolithic  applications  to  microservices,  AI

engineering is moving from monolithic agents to multi-agent systems (MAS). 

A single  agent  trying to  be a planner,  a  coder,  a  tester,  and a reviewer  simultaneously  will

inevitably suffer from context collapse. It will  lose track of its persona and its constraints. By

separating these concerns, we create specialized agents that excel at narrow tasks.

Topologies of Collaboration

The research reveals several distinct topologies for multi-agent orchestration:

Hierarchical (The Orchestrator Model): A central "manager" agent breaks down the task and

delegates sub-tasks to "worker" agents. This is highly efficient for well-defined, structured

workflows.

Sequential (The Pipeline Model): Agents operate in an assembly line. Agent A extracts data,

passes it to Agent B for analysis, who passes it to Agent C for formatting.

Adversarial (The Debate Model): This is perhaps the most powerful pattern for enterprise

reliability. An "Executor" agent proposes a solution, and a "Verifier" agent actively tries to find flaws

in it. They debate until a consensus is reached or a human is flagged.

The Risk of Coordination Collapse

While MAS solves many problems, it introduces a new one: Coordination Collapse. If agents do

not share a common grounding—a shared understanding of the state of the world—they will

begin to talk past each other. Agent A might update a record, but if Agent B's working memory

isn't synchronized, Agent B will operate on stale data.

This necessitates a robust  Memory Bus—a shared, synchronized state layer that all  agents

read from and write to, ensuring that the entire multi-agent system operates with a single source

of truth.

• 

• 

• 
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Figure 4.0: Core architectural pattern for multi-agent orchestration and coordination

Research Profiles (33 papers)

Multi-Agent Coordination via Multi-Level Communication

Ziluo Ding, Zeyuan Liu, Zhirui Fang, Kefan Su, Liwen Zhu, Zongqing Lu | Tsinghua Shenzhen International

Graduate School, Tsinghua University, Peking University, Tencent AI Lab (2024)

https://proceedings.neurips.cc/paper_files/paper/2024/file/d6be51e667e0b263e89a23294b57f8cf-Paper-

Conference.pdf

Core Thesis: This paper proposes Sequential Communication (SeqComm), a novel multi-level

communication scheme that treats agents asynchronously to resolve coordination problems arising from

circular dependencies in synchronous multi-agent systems. It enables agents to determine decision-

making priority through negotiation and then communicate actual actions sequentially.

Enterprise Relevance: This work provides a framework for designing more robust and efficient

coordination mechanisms in enterprise agentic systems, particularly where tasks require explicit

sequencing or hierarchical decision-making among autonomous agents.

Runtime Relevance: By addressing circular dependencies and enabling asynchronous decision-

making, SeqComm can improve the reliability and efficiency of long-horizon workflows where agents

need to coordinate complex, interdependent actions over extended periods.

Governance Implications: The explicit priority assignment and structured communication could offer

better transparency and control over agent interactions, potentially aiding in auditability and compliance

by providing a clearer trace of decision-making processes.

EIGENVECTOR COMMENTARY: THE GOVERNANCE GAP
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This research perfectly illustrates the 'Governance Gap'. When an agent operates autonomously,

who is responsible for its actions? This paper underscores why we advocate for 'Gate 3: Action

Control'—a  deterministic  policy  engine  that  intercepts  every  tool  call  and  evaluates  it  against

enterprise rules before allowing it  to  proceed.  You cannot  govern an LLM with  a  prompt;  you

govern it with a proxy.

Communicating Plans, Not Percepts: Scalable Multi-Agent Coordination with
Embodied World Models

Brennen A. Hill, Mant Koh En Wei, Thangavel Jishnuanandh | University of Wisconsin-Madison, National

University of Singapore (2025)

https://arxiv.org/pdf/2508.02912

Core Thesis: This paper investigates the trade-off between emergent and engineered communication

protocols in multi-agent reinforcement learning (MARL) using embodied world models. It proposes that

engineered communication, specifically sharing compressed plans derived from learned world models,

leads to superior performance, sample efficiency, and scalability compared to purely emergent protocols

in complex coordination tasks.

Enterprise Relevance: This research advocates for structured communication based on predictive

models, which is crucial for building reliable and scalable enterprise agentic systems where agents need

to proactively coordinate complex tasks and share intentions.

Runtime Relevance: By enabling agents to communicate plans and intentions, this approach supports

more effective long-horizon planning and execution in autonomous workflows, allowing agents to

anticipate and mitigate potential conflicts or miscoordinations.

Governance Implications: The explicit communication of intentions and plans, derived from internal

models, could enhance the transparency and explainability of agent behavior, which is beneficial for

governance, risk assessment, and compliance auditing.
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Multi-Agent Coordination across Diverse Applications: A Survey

Lijun Sun, Yijun Yang, Qiqi Duan, Yuhui Shi, Chao Lyu, Yu-Cheng Chang, Chin-Teng Lin, Yang Shen |

Shenzhen Technology University, Tencent, Southern University of Science and Technology, Southwest University,

University of Technology Sydney (2025)

https://arxiv.org/pdf/2502.14743

Core Thesis: This survey provides a unified understanding of multi-agent coordination across diverse

applications by addressing four fundamental questions: what, why, who, and how to coordinate. It

explores existing ideas, identifies commonalities, and highlights emerging research directions,

particularly focusing on the hybridization of hierarchical and decentralized coordination, human-MAS

coordination, and LLM-based MAS.

Enterprise Relevance: This survey provides a comprehensive overview of coordination principles and

applications, offering a foundational understanding for designing and implementing enterprise agentic

systems that require robust multi-agent interactions.

Runtime Relevance: The unified framework and discussion of coordination mechanisms are highly

relevant for structuring and managing complex, long-horizon autonomous workflows, ensuring effective

collaboration and dependency management among agents.

Governance Implications: By categorizing coordination approaches and identifying key challenges, the

survey indirectly informs governance and risk management strategies for multi-agent systems,

highlighting areas that require careful consideration for compliance.

AgentForge: Execution-Grounded Multi-Agent LLM Framework for Autonomous
Software Engineering

Rajesh Kumar, Waqar Ali, Junaid Ahmed, Najma Imtiaz Ali, Shaban Usman | Not explicitly stated, but likely

academic given arXiv submission and author names. (2026)

https://arxiv.org/abs/2604.13120

Core Thesis: The paper introduces execution-grounded verification as a first-class principle for

autonomous software engineering with LLMs. It proposes AGENTFORGE, a multi-agent framework

where Planner, Coder, Tester, Debugger, and Critic agents coordinate through shared memory and a

mandatory Docker sandbox, ensuring every code change survives sandboxed execution before

propagation.

Enterprise Relevance: AGENTFORGE's focus on execution-grounded verification and multi-agent

coordination within a sandboxed environment is highly relevant for enterprises seeking reliable and

verifiable autonomous software engineering solutions.

Runtime Relevance: The iterative decision process over repository states and the multi-agent

coordination address the complexities of long-horizon software development tasks, ensuring robustness

through continuous verification.

Governance Implications: The mandatory Docker sandbox and execution-grounded verification

contribute to auditability and control, which are crucial for governance and risk management in

automated software development.
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GraphBit: A Graph-based Agentic Framework for Non-Linear Agent Orchestration

Yeahia Sarker, Md Rahmat Ullah, Musa Molla, Shafiq Joty | MTSU, InfinitiBit GmbH, Salesforce Research (2026)

https://arxiv.org/abs/2605.13848

Core Thesis: Agentic LLM frameworks relying on prompted orchestration suffer from hallucinated

routing, infinite loops, and non-reproducible execution. GraphBit introduces an engine-orchestrated

framework that defines workflows explicitly and deterministically as a directed acyclic graph (DAG),

where agents operate as typed functions and a Rust-based engine governs routing, state transitions,

and tool invocation, ensuring reproducibility and auditability.

Enterprise Relevance: Provides a robust framework for building reliable, auditable, and reproducible

multi-agent systems, crucial for enterprise automation where stability and predictability are paramount.

Runtime Relevance: Its deterministic execution, configurable error recovery, and checkpointing

capabilities enable reliable operation of long-running workflows, preventing issues like infinite loops and

context bloat.

Governance Implications: The deterministic execution, auditability, and reproducibility features are

directly relevant for regulated domains requiring strict compliance and clear accountability.

Separating Intelligence from Execution: A Workflow Engine for the Model Context
Protocol

Abhinav Singh Parmar | Infosys (2026)

https://arxiv.org/abs/2605.00827

Core Thesis: Prevailing LLM agent architectures suffer from fundamental inefficiencies and token costs

due to repeated reasoning about tool invocations. The MCP Workflow Engine decouples intelligence

(design-time planning) from execution (runtime tool invocation) by allowing an agent to generate a

declarative workflow blueprint once, which is then executed deterministically by the engine with zero

agent involvement, significantly reducing token costs and improving latency.

Enterprise Relevance: Directly addresses critical enterprise concerns like token cost, latency, and

reliability by providing a framework for efficient and deterministic execution of agentic workflows, making

LLM agents viable for production.

Runtime Relevance: Enables long-running, multi-step tasks to be executed reliably and cost-effectively

by removing the LLM from the execution loop and providing mechanisms for state persistence and error

handling.

Governance Implications: The deterministic and auditable nature of blueprint execution, along with the

ability to version and inspect workflows, is highly relevant for governance, risk management, and

compliance in regulated industries.

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.
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Compiled AI: Deterministic Code Generation for LLM-Based Workflow Automation

Geert Trooskens, Aaron Karlsberg, Anmol Sharma, Lamara De Brouwer, Max Van Puyvelde, Matthew Young,

John Thickstun, Gil Alterovitz, Walter A. De Brouwer | XY.AI Labs, Stanford University School of Medicine,

Cornell University, Brigham and Women's Hospital / Harvard Medical School (2026)

https://arxiv.org/abs/2604.05150

Core Thesis: Compiled AI is a paradigm where LLMs generate executable code artifacts during a

compilation phase, allowing workflows to execute deterministically without further model invocation. This

approach trades runtime flexibility for predictability, auditability, cost efficiency, and reduced security

exposure, particularly emphasizing high-stakes enterprise workflows in healthcare where reliability and

auditability are critical.

Enterprise Relevance: Offers a robust solution for deploying LLM-based automation in enterprises,

especially in regulated sectors like healthcare, by ensuring determinism, auditability, and cost-

effectiveness.

Runtime Relevance: By compiling workflows into static code, it ensures predictable performance and

reliability for long-running, high-volume processes, mitigating issues associated with runtime LLM

inference.

Governance Implications: The emphasis on determinism, auditability, multi-stage validation, and

compliance-by-construction directly addresses critical governance, risk, and regulatory requirements.

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.
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LangChain vs. LangGraph vs. LangSmith: Taxonomies of Agentic AI Toolchains for
End-to-End Orchestration

Ranjan Sapkota, Rashik Shrestha, Madhav Rijal, Manoj Karkee | Cornell University, West Virginia University

(2025)

https://www.techrxiv.org/doi/full/10.36227/techrxiv.175695645.52670060

Core Thesis: This paper presents a comparative overview and taxonomy of LangChain, LangGraph,

and LangSmith as agentic AI toolchains for end-to-end orchestration. It distinguishes chain-based

composition, stateful graph orchestration, and observability/evaluation layers, mapping their capabilities

to high-impact applications and detailing interoperability patterns and benchmarking dimensions for

production viability.

Enterprise Relevance: Provides a practical framework for understanding, selecting, and integrating

different agentic AI toolchains for enterprise-grade applications, focusing on reliability and developer

experience.

Runtime Relevance: Addresses the need for adaptive orchestration and continuous monitoring in long-

running agentic workflows, facilitating their evolution from prototype to production.

Governance Implications: Highlights the role of LangSmith in continuous monitoring, testing, and

governance, which are crucial aspects for managing risk and ensuring compliance in agentic AI systems.

FGDM: Reasoning Aware Multi-Agentic Framework for Software Bug Detection
using Chain of Thought and Tree of Thought Prompting

Srita Padmanabhuni, Bhargavi Karuturi, Jerusha Karen Indupalli, Santhan Reddy Chilla, Vivek Yelleti |

Academic Institutions (2026)

https://arxiv.org/abs/2604.24831

Core Thesis: Proposes the Flow-Graph-Driven Multi-Agent Framework (FGDM) for automated software

bug detection. This framework leverages Chain-of-Thought (CoT) and Tree-of-Thought (ToT) prompting

within a multi-agent system to overcome the limitations of traditional deep learning methods in

understanding complex, interconnected codebases.

Enterprise Relevance: Provides a concrete example of how multi-agent systems, enhanced with CoT/

ToT, can tackle complex enterprise-level problems like automated software quality assurance.

Runtime Relevance: Demonstrates how structured reasoning (CoT/ToT) within an agentic framework

can manage and resolve issues in long-running, complex software development and maintenance

workflows.

Governance Implications: Automated bug detection and repair can contribute to better software quality

and security, indirectly supporting compliance requirements by reducing vulnerabilities.

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.
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Minimizing Hallucinations and Communication Costs: Adversarial Debate and
Voting Mechanisms in LLM-Based Multi-Agents

Yi Yang, Yitong Ma, Hao Feng, Yiming Cheng, Zhu Han | Tsinghua University, University of Chicago, University of

Houston (2025)

https://www.mdpi.com/2076-3417/15/7/3676

Core Thesis: This paper proposes a multi-agent LLM framework that uses adversarial debate and

voting mechanisms to reduce hallucinations and improve communication efficiency. It incorporates

repetitive inquiries and error logs within single LLMs and cross-verification among multiple agents to

determine external knowledge retrieval needs.

Enterprise Relevance: This framework offers a method to enhance the reliability and accuracy of LLM-

based agentic systems, crucial for enterprise applications where factual consistency and reduced

hallucinations are paramount.

Runtime Relevance: By reducing hallucinations and optimizing communication costs, the framework

can improve the efficiency and trustworthiness of long-running autonomous workflows that rely on LLMs.

Governance Implications: The focus on hallucination reduction and cross-verification directly

contributes to improving the auditability and reliability of AI systems, which are key concerns for

governance, risk, and compliance in enterprises.

Guided and knowledgeable multi-agent debate for fact verification

Xiaochen Ma, Guozheng Rao, Lina Xu, Xin Wang, Zaiming Fan, Zhe Zhang | Not explicitly stated, but likely

academic institutions given the author list. (2026)

https://www.sciencedirect.com/science/article/abs/pii/S0957417425037194

Core Thesis: This paper proposes GKMAD (Guided and Knowledgeable Multi-Agent Debate), a multi-

agent fact verification framework that enhances reliability by incorporating structured guidance and

external knowledge to mitigate LLM limitations like hallucination and bias in fact verification tasks.

Enterprise Relevance: GKMAD's focus on reliable fact verification and mitigation of LLM unreliability is

highly relevant for enterprise agentic systems where accurate information and trustworthy outputs are

critical for decision-making and operations.

Runtime Relevance: The framework's ability to incorporate structured guidance and dynamic external

knowledge can improve the robustness and accuracy of long-horizon workflows that involve complex

fact-checking and reasoning tasks.

Governance Implications: By enhancing fact verification accuracy and addressing LLM biases and

hallucinations, GKMAD directly supports governance, risk, and compliance efforts in enterprises by

ensuring the integrity of information and decisions made by AI systems.
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Multi-agent systems and credibility-based advanced scoring mechanism in fact-
checking

Yihan Dong, Takayuki Ito | Not explicitly stated, but likely academic institutions given the authors. (2026)

https://www.nature.com/articles/s41598-026-41862-z

Core Thesis: This paper proposes a Multi-Agent Fact-Checking (MAFC) framework that utilizes multiple

agents with unique information sources and a novel credibility-based scoring mechanism to address

issues of overconfidence in LLM judgments and the insufficiency of binary fact-checking in complex

online discussions.

Enterprise Relevance: The MAFC framework provides a robust approach to fact-checking, which is

critical for enterprise agentic systems that need to process and verify information from various sources

to ensure data integrity and reliable decision-making.

Runtime Relevance: By improving the accuracy and credibility assessment of information, MAFC can

enhance the reliability of long-horizon workflows that involve continuous information processing and

decision-making, reducing the risk of propagating misinformation.

Governance Implications: The framework directly addresses issues of misinformation and

overconfidence in LLM judgments, making it highly relevant for governance, risk, and compliance by

providing a more reliable mechanism for verifying information and ensuring accountability in AI-driven

processes.

AgentDropout: Dynamic Agent Elimination for Token-Efficient and High-
Performance LLM-Based Multi-Agent Collaboration

Zhexuan Wang, Yutong Wang, Xuebo Liu, Liang Ding, Miao Zhang, Jie Liu, Min Zhang | Not explicitly stated,

but presented at ACL 2025 (2025)

https://aclanthology.org/2025.acl-long.1170/

Core Thesis: This paper proposes AgentDropout, a framework that dynamically identifies and

eliminates redundant agents and communication in LLM-based Multi-Agent Systems (MAS) to enhance

both token efficiency and task performance. It is inspired by management theory where efficient teams

dynamically adjust roles.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: TOOL CALLING AS AN ATTACK VECTOR

This  research  touches  on  a  critical  security  aspect:  tool  calling  is  essentially  remote  code

execution. If an agent can call an API, it can be manipulated into calling that API maliciously via

prompt injection. This is why the 'Four Gates' governance model is non-negotiable. Every tool call

must be validated for intent, parameters, and permissions before execution.
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ChatEval: Towards Better LLM-based Evaluators through Multi-Agent Debate

Chi-Min Chan, Weize Chen, Yusheng Su, Jianxuan Yu, Wei Xue, Shanghang Zhang, Jie Fu, Zhiyuan Liu |

Tsinghua University, Hong Kong University of Science and Technology, Peking University (2024)

https://proceedings.iclr.cc/paper_files/paper/2024/hash/25cc3adf8c85f7c70989cb8a97a691a7-Abstract-

Conference.html

Core Thesis: The paper proposes ChatEval, a multi-agent debate framework that uses diverse

personas to autonomously discuss and evaluate text quality, moving beyond single-agent prompting to

better mimic human evaluation processes.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

CONSENSAGENT: Towards Efficient and Effective Consensus in Multi-Agent LLM
Interactions Through Sycophancy Mitigation

Priya Pitre, Naren Ramakrishnan, Xuan Wang | Virginia Tech (2025)

https://aclanthology.org/2025.findings-acl.1141/

Core Thesis: This paper identifies and addresses the critical challenge of sycophancy in multi-agent

LLM systems, where agents reinforce each other's responses instead of engaging critically. It proposes

CONSENSAGENT, a framework that dynamically refines prompts to mitigate sycophancy, thereby

improving accuracy and efficiency.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.
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AgentNet: Decentralized Evolutionary Coordination for LLM-based Multi-Agent
Systems

Yingxuan Yang, Huacan Chai, Shuai Shao, Yuanyi Song, Siyuan Qi, Renting Rui, Weinan Zhang | Not explicitly

stated, but presented at NeurIPS 2025 (2025)

https://neurips.cc/virtual/2025/poster/115584

Core Thesis: AgentNet proposes a decentralized, RAG-based framework for LLM-based multi-agent

systems to overcome the limitations of centralized coordination, such as scalability bottlenecks,

adaptability issues, and single points of failure. It enables agents to autonomously evolve their

capabilities and collaborate efficiently in a DAG-structured network.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Figure 4.16: Debate Architecture
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SkillMAS: Skill Co-Evolution with LLM-based Multi-Agent System

Shuai Pan, Yifan Liu, Jiaxuan Gao, Tianyu Gao, Weiran Liu, Jialu Lin, Zhaopeng Fu, Guangxuan Song,

Wenjie Li, Zhaochun Ren | Not explicitly stated, but from arXiv. (2026)

https://arxiv.org/abs/2605.09341

Core Thesis: SkillMAS proposes a non-parametric framework for adaptive specialization in multi-agent

systems that couples skill evolution with Multi-Agent System (MAS) restructuring. It aims to overcome

limitations of existing work that decouples these two adaptation targets, leading to organizational

bottlenecks and mis-specialization.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

MA-RAG: Multi-Agent Retrieval-Augmented Generation via Collaborative Chain-of-
Thought Reasoning

Thang Nguyen, Peter Chin, Yu-Wing Tai | Dartmouth College (2025)

https://arxiv.org/abs/2505.20096

Core Thesis: MA-RAG proposes a modular, training-free Multi-Agent framework for Retrieval-

Augmented Generation (RAG) that addresses ambiguities and reasoning challenges in complex

information-seeking tasks. It orchestrates a collaborative set of specialized AI agents (Planner, Step

Definer, Extractor, and QA Agents) to perform step-by-step reasoning across the RAG pipeline,

improving robustness, interpretability, and efficiency without fine-tuning.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Metacognitive Self-Correction for Multi-Agent System via Prototype-Guided Next-
Execution Reconstruction

Xu Shen, Qi Zhang, Song Wang, Zhen Tan, Xinyu Zhao, Laura Yao, Vaishnav Tadiparthi, Hossein Nourkhiz

Mahjoub, Ehsan Moradi Pari, Kwonjoon Lee, Tianlong Chen | Temple University, University of Central Florida,

Arizona State University, University of North Carolina at Chapel Hill, Honda Research Institute USA (2025)

https://arxiv.org/html/2510.14319v1

Core Thesis: This paper introduces MASC, a metacognitive framework for multi-agent systems (MAS)

that provides real-time, unsupervised, step-level error detection and self-correction to mitigate cascading

errors.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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On the Resilience of LLM-Based Multi-Agent Collaboration with Faulty Agents

Jen-tse Huang, Jiaxu Zhou, Tailin Jin, Xuhui Zhou, Zixi Chen, Wenxuan Wang, Youliang Yuan, Michael R.

Lyu, Maarten Sap | Not explicitly stated (academic/research institution implied, possibly CUHK-ARISE based on

GitHub link) (2024)

https://arxiv.org/abs/2408.00989

Core Thesis: This paper investigates the resilience of LLM-based multi-agent systems to faulty agents

(those making frequent errors) and proposes mechanisms to increase system resilience. It analyzes

different system structures and introduces 'Challenger' and 'Inspector' agents to defend against errors.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Verified Multi-Agent Orchestration: A Plan-Execute-Verify-Replan Framework for
Complex Query Resolution

Xing Zhang, Yanwei Cui, Guanghui Wang, Fangwei Han, Yajing Huang, Hengzhi Qiu, Wei Qiu, Ziyuan Li, Bing

Zhu, Peiyang He | AWS Generative AI Innovation Center; HSBC (2026)

https://arxiv.org/abs/2603.11445

Core Thesis: This paper introduces Verified Multi-Agent Orchestration (VMAO), a framework that

coordinates specialized LLM-based agents through a verification-driven iterative loop. It decomposes

complex queries into a DAG of sub-questions, executes them in parallel, verifies result completeness via

LLM-based evaluation, and adaptively replans to address gaps. This approach aims to ensure result

quality without constant human oversight in complex tasks like market research.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

LoCal: Logical and Causal Fact-Checking with LLM-Based Multi-Agents

Jiatong Ma, Linmei Hu, Rang Li, Wenbo Fu | Not explicitly stated, but published in WWW '25: Proceedings of the

ACM on Web Conference 2025. (2025)

https://dl.acm.org/doi/10.1145/3696410.3714748

Core Thesis: This paper proposes Logical and Causal fact-checking (LoCal), a novel fact-checking

framework based on multiple LLM-based agents. It aims to address logical issues and causal errors in

existing fact-checking methods by decomposing complex claims into sub-tasks, utilizing reasoning

agents for external knowledge retrieval, and employing evaluating agents to ensure logical and causal

consistency, thereby enhancing interpretability and accuracy.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is

the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.

Talk Isn’t Always Cheap: Understanding Failure Modes in Multi-Agent Debate

Andrea Wynn, Harsh Satija, Gillian Hadfield | Not explicitly stated, but arXiv paper suggests academic/research

institution affiliation. (2025)

https://arxiv.org/html/2509.05396v1

Core Thesis: While multi-agent debate is often seen as beneficial for AI reasoning, this paper

demonstrates that it can sometimes degrade performance, especially with heterogeneous agents. The

core argument is that agents may prioritize agreement over challenging flawed reasoning, leading to

systematic failures.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

iMAD: Intelligent Multi-Agent Debate for Efficient and Accurate LLM Inference

Wei Fan, JinYi Yoon, Bo Ji | Virginia Polytechnic Institute and State University (2026)

https://ojs.aaai.org/index.php/AAAI/article/view/40181

Core Thesis: This paper proposes iMAD, a token-efficient framework that selectively triggers Multi-

Agent Debate (MAD) only when it is likely to be beneficial, addressing the inefficiency and potential

accuracy degradation of always-on MAD. iMAD learns generalizable model behaviors to make accurate

debate decisions.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.
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Agents Under Siege: Breaking Pragmatic Multi-Agent LLM Systems with Optimized
Prompt Attacks

Rana Shahroz, Zhen Tan, Sukwon Yun, Charles Fleming, Tianlong Chen | Not explicitly stated, but affiliation with

ACL suggests academic research. (2025)

https://aclanthology.org/2025.acl-long.476/

Core Thesis: This paper addresses the novel adversarial risks in multi-agent LLM systems, which arise

from inter-agent communication and decentralized reasoning. It proposes a permutation-invariant

adversarial attack that optimizes prompt distribution to bypass distributed safety mechanisms, exposing

critical vulnerabilities.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Benchmark Early and Red Team Often: A Framework for Assessing and Managing
Dual-Use Hazards of AI Foundation Models

Anthony M. Barrett, Krystal Jackson, Evan R. Murphy, Nada Madkour, Jessica Newman | Not explicitly stated,

but the context of arXiv and the nature of the research suggest a collaboration of researchers, possibly from

government, academia, or industry focused on AI safety. (2024)

https://arxiv.org/abs/2405.10986

Core Thesis: This paper proposes a framework for assessing and managing the dual-use hazards of AI

foundation models, particularly concerning their potential misuse for CBRN, cyber, or other attacks. It

advocates for a combined approach of open benchmarks and closed red team evaluations to effectively

identify and mitigate these risks.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE GOVERNANCE GAP

This research perfectly illustrates the 'Governance Gap'. When an agent operates autonomously,

who is responsible for its actions? This paper underscores why we advocate for 'Gate 3: Action

Control'—a  deterministic  policy  engine  that  intercepts  every  tool  call  and  evaluates  it  against

enterprise rules before allowing it  to  proceed.  You cannot  govern an LLM with  a  prompt;  you

govern it with a proxy.
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Autonomous Red Team and Blue Team AI: LLM-Guided Adversarial Security
Competition

Murad Farzulla, Andrew Maksakov | Dissensus AI, King’s College London (2026)

https://farzulla.org/papers/Farzulla_2025_Autonomous_Red_Team.pdf

Core Thesis: This technical report presents a framework for an autonomous adversarial security

competition using large language models (LLMs). It introduces a dual-agent architecture where

autonomous red team and blue team agents compete in isolated environments, with the red team

attempting to compromise target systems while the blue team defends, detects, and remediates in real

time.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Research on Isomorphic Task Transfer Algorithm Based on Knowledge Distillation
in Multi-Agent Collaborative Systems

Chunxue Bo, Shuzhi Liu, Yuyue Liu, Zhishuo Guo, Jinghan Wang, Jinghai Xu | School of Physics and

Electronic Engineering, Qilu Normal University, Jinan, China (2024)

https://www.mdpi.com/1424-8220/24/14/4741

Core Thesis: To address the challenges of adapting existing collaborative strategies to new task

scenarios and the inability to directly reuse source policies in multi-agent systems with isomorphic

fluctuations, this paper proposes a knowledge distillation method combined with a domain separation

network (DSN-KD). This method leverages a teacher model from a source task to guide the learning of

agents in new tasks, reducing transfer costs and enhancing learning speed.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.
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Many-Tier Instruction Hierarchy in LLM Agents

Jingyu Zhang, Tianjian Li, William Jurayj, Hongyuan Zhan, Benjamin Van Durme, Daniel Khashabi | Johns

Hopkins University (2026)

https://arxiv.org/abs/2604.09443v3

Core Thesis: The dominant paradigm of instruction hierarchy (IH) with a fixed, small set of privilege

levels is inadequate for real-world agentic settings where conflicts can arise across far more sources

and contexts. This paper proposes Many-Tier Instruction Hierarchy (ManyIH) to resolve instruction

conflicts among instructions with arbitrarily many privilege levels by dynamically assigning privilege

values via a dedicated Privilege Prompt Interface.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Agent-Based Detection and Resolution of Incompleteness and Ambiguity in
Interactions with Large Language Models

Riya Naik, Ashwin Srinivasan, Swati Agarwal, Estrid He | BITS Pilani K K Birla Goa Campus, PandaByte

Innovations Pvt Ltd, RMIT University (2025)

https://arxiv.org/abs/2507.03726

Core Thesis: Consulting LLMs does not have to be a single-turn activity, and long multi-turn interactions

can be tedious if simply clarifying contextual information. This paper proposes an agent-based

architecture to bolster LLM-based Question-Answering systems with additional reasoning capabilities for

automatic resolution of incompleteness and ambiguities in questions.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE COST OF CONTEXT

Pay close attention to the performance degradation noted here as context length increases. The

'Lost  in  the  Middle'  phenomenon is  real.  Just  because an LLM *can*  accept  1  million  tokens

doesn't mean it *should*. Good architecture minimizes the working memory (context window) and

maximizes the episodic memory (vector store). Keep the prompt lean.
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Assessing the Impact of Requirement Ambiguity on LLM-based Function-Level
Code Generation

Di Yang, Xinou Xie, Xiuwen Yang, Ming Hu, Yihao Huang, Yueling Zhang, Weikai Miao, Ting Su, Chengcheng

Wan, Geguang Pu | East China Normal University & Shanghai Innovation Institute (2026)

https://arxiv.org/abs/2604.21505v1

Core Thesis: Software requirement ambiguity significantly degrades the performance and functional

consistency of LLM-based code generation. Existing benchmarks fail to capture this real-world

challenge, necessitating new evaluation methods and ambiguity-aware techniques.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.

MAC: A Multi-Agent Framework for Interactive User Clarification in Multi-turn
Conversations

Emre Can Acikgoz, Jinoh Oh, Joo Hyuk Jeon, Jie Hao, Heng Ji, Dilek Hakkani-Tür, Gokhan Tur, Xiang Li,

Chengyuan Ma, Xing Fan | University of Illinois Urbana-Champaign, Amazon Alexa (2026)

https://aclanthology.org/2026.iwsds-1.1.pdf

Core Thesis: Conversational agents often encounter ambiguous user requests, and ambiguity

resolution remains a critical challenge in multi-agent architectures. This paper proposes MAC (Multi-

Agent Clarification), an interactive multi-agent framework optimized to resolve user ambiguities by

strategically managing clarification dialogues, determining when, who, and how to clarify.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Agent Drift: Quantifying Behavioral Degradation in Multi-Agent LLM Systems Over
Extended Interactions

Abhishek Rath | Independent Researcher (2026)

https://arxiv.org/abs/2601.04170

Core Thesis: Introduces the concept of agent drift — cumulative behavioral deviation in multi-agent

systems over time — and the Agent Stability Index (ASI) to measure it across 12 dimensions.

Enterprise Relevance: Business automation with multiple coordinating agents can drift over time even

with perfect initialization; provides quantification methods analogous to system reliability engineering.

Runtime Relevance: After many tens of interactions, drift can reduce task accuracy to below 60%; a

Master Router Agent shows suboptimal agent selection after 100 steps.

Governance Implications: Uneven agent behaviors over time form a risk (rogue agent behavior);

continuous monitoring on agent behavior is required, with mitigation designed at architecture level.

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.
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CHAPTER 5

Inference-Time Feedback
and Agent Improvement

Agents must be able to learn, adapt, and correct their behavior

at inference time, moving beyond massive pre-training and

periodic fine-tuning.



Inference-time feedback loops allow agents to evaluate their own plans, critique their outputs,

and  adjust  their  strategies  without  requiring  weight  updates.  This  capability  is  essential  for

handling edge cases, recovering from errors, and continuously improving performance during

long-horizon execution.

This chapter synthesizes the research on self-correction, process reward models, and reinforced

inference, highlighting how these techniques bridge the gap between static models and adaptive

autonomous systems.

The Limits of Pre-training

We have reached the point of diminishing returns for simply throwing more data at pre-training. A

model might know the syntax of Python perfectly, but it doesn't know the specific, undocumented

quirks of your enterprise's legacy database API. 

Fine-tuning helps, but it  is expensive, slow, and prone to catastrophic forgetting. If  an agent

makes a mistake in production today, you cannot wait two weeks for a fine-tuning run to fix it.

The agent must correct itself *now*.

The Power of the "Inner Monologue"

The breakthrough in agent reliability comes from inference-time compute—giving the model time

to "think" before it acts. 

Instead of generating an answer immediately, the agent generates a plan, critiques its own plan,

identifies potential flaws, and revises the plan. This is often implemented via a Reviewer Agent

or a Process Reward Model (PRM) that scores the intermediate steps of the agent's reasoning,

rather than just the final output.

Reinforced Inference

As  highlighted  by  recent  research  (such  as  Apple's  work  on  Reinforced  Agent  Inference

Feedback), we can dramatically improve tool-calling accuracy by implementing a feedback loop

*before* the tool is executed. 

If the Primary Agent proposes calling `delete_user(id="all")`, the Reviewer Agent intercepts this,

recognizes the catastrophic risk, rejects the plan, and provides natural language feedback: *"You

are attempting to delete all users. The user request only asked to delete user ID 402. Revise

your  tool  call."*  The Primary  Agent  then tries  again.  This  real-time course correction  is  the

bedrock of reliable autonomy.
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Figure 5.0: Core architectural pattern for inference-time feedback and agent improvement

Research Profiles (83 papers)

Mixed-Initiative Context: Structuring and Managing Context for Human-AI
Collaboration

Haichang Li, Qinshi Zhang, Piaohong Wang, Zhicong Lu | George Mason University, University of California San

Diego, City University of Hong Kong (2026)

https://arxiv.org/html/2604.07121v1

Core Thesis: This paper proposes "Mixed-Initiative Context" as a novel concept to address the

limitations of current human-AI collaboration systems, where conversational context is often treated as a

linear, unmanageable history. It advocates for context to be an explicit, structured, and manipulable

interactive object, enabling both humans and AI to actively participate in its construction and regulation.

Enterprise Relevance: Crucial for enterprise agentic systems that require complex, long-running

collaborations between humans and AI, as it provides a framework for managing the shared

understanding and state of ongoing tasks.

Runtime Relevance: Directly addresses a key challenge in long-horizon workflows by enabling dynamic

structuring and management of context, which is essential for maintaining coherence and adaptability

over extended periods and multiple interactions.

Governance Implications: By making context explicit and manipulable, it enhances auditability and

transparency, allowing for better tracking of decisions and interventions, which is critical for governance

and compliance in AI systems.

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE
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We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.

Self-Consistency Improves Chain of Thought Reasoning in Language Models

Xuezhi Wang, Jason Wei, Dale Schuurmans, Quoc Le, Ed Chi, Sharan Narang, Aakanksha Chowdhery, Denny

Zhou | Google Research (2022)

https://arxiv.org/abs/2203.11171

Core Thesis: The paper proposes a new decoding strategy called self-consistency to replace naive

greedy decoding in chain-of-thought prompting. It samples a diverse set of reasoning paths and selects

the most consistent answer by marginalizing out the sampled paths, leveraging the intuition that

complex problems have multiple ways of thinking that lead to the same correct answer.

Enterprise Relevance: Provides a mechanism to improve the reliability of agentic reasoning by

ensuring consensus among multiple generated thought paths before taking action.

Runtime Relevance: Enhances the robustness of intermediate reasoning steps, reducing the likelihood

of compounding errors over long sequences of tasks.

Governance Implications: Offers a form of self-verification that can be logged and audited to justify the

decisions made by AI systems.

Graph of Thoughts: Solving Elaborate Problems with Large Language Models

Maciej Besta, Nils Blach, Ales Kubicek, Robert Gerstenberger, Michal Podstawski, Lukas Gianinazzi, Joanna

Gajda, Tomasz Lehmann, Hubert Niewiadomski, Piotr Nyczyk, Torsten Hoefler | ETH Zurich (2023 (first

submitted Aug 2023, revised Feb 2024))

https://arxiv.org/abs/2308.09687

Core Thesis: Introduces Graph of Thoughts (GoT), a framework that models LLM-generated

information as an arbitrary graph where thoughts are vertices and dependencies are edges. This allows

for combining, distilling, and enhancing thoughts using feedback loops, moving beyond linear (CoT) or

tree-based (ToT) reasoning.

Enterprise Relevance: Offers a more robust and flexible reasoning paradigm for complex enterprise

tasks, allowing agents to explore multiple solutions and refine their thought processes.

Runtime Relevance: Enables more sophisticated planning and error correction in multi-step, long-

running autonomous workflows by representing and manipulating complex reasoning paths.

Governance Implications: The explicit graph structure of thoughts could potentially offer better

traceability and auditability of an agent's decision-making process, as each thought and its

dependencies are recorded.
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Breaking the Reward Barrier: Accelerating Tree-of-Thought Reasoning via
Speculative Exploration

Shuzhang Zhong, Haochen Huang, Shengxuan Qiu, Pengfei Zuo, Runsheng Wang, Meng Li | Academic

Institutions (2026)

https://arxiv.org/abs/2605.10195

Core Thesis: Tree-of-Thought (ToT) reasoning, while powerful for complex tasks, is inefficient due to a

"reward dependency barrier" caused by sequential reward-guided exploration. The paper proposes

SPEX, a speculative exploration framework, to break this barrier and significantly accelerate ToT

reasoning by enabling parallel search.

Enterprise Relevance: Improves the practical applicability of ToT for enterprise agentic systems by

significantly reducing inference latency, making complex reasoning more feasible for real-time or high-

throughput scenarios.

Runtime Relevance: Directly addresses the efficiency bottleneck in long-horizon workflows that rely on

tree-based reasoning, enabling faster execution and more responsive autonomous systems.

Governance Implications: While not directly focused on GRC, increased efficiency allows for more

rapid testing and validation of agentic behaviors, indirectly supporting compliance and risk assessment

processes.

Beyond ReAct: A Planner-Centric Framework for Complex Tool-Augmented LLM
Reasoning

Xiaolong Wei, Yuehu Dong, Xingliang Wang, Xingyu Zhang, Zhejun Zhao, Dongdong Shen, Long Xia, Dawei

Yin | Beihang University, Baidu Inc., Beijing University of Posts and Telecommunications, Beijing Jiaotong University

(2026)

https://ojs.aaai.org/index.php/AAAI/article/view/40676/44637

Core Thesis: This paper proposes a novel Planner-centric Plan-Execute paradigm that fundamentally

resolves local optimization bottlenecks in tool-augmented LLMs by introducing a Planner model that

performs global Directed Acyclic Graph (DAG) planning for complex queries, enabling optimized

execution beyond conventional tool coordination.

Enterprise Relevance: This framework provides a more scalable, efficient, and robust solution for

complex multi-tool orchestration, which is critical for enterprise agentic systems that often involve

intricate workflows and diverse tools.

Runtime Relevance: The global DAG planning approach is designed to handle complex queries and

multi-tool workflows, addressing the challenges of long-horizon tasks where reactive approaches often

fail due to local optimization traps.

Governance Implications: The emphasis on predictable planning and structural correctness, rather

than adaptive feedback loops, could contribute to better auditability and control in regulated

environments.
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DeepAgent: A General Reasoning Agent with Scalable Toolsets

Xiaoxi Li, Wenxiang Jiao, Jiarui Jin, Guanting Dong, Jiajie Jin, Yinuo Wang, Hao Wang, Yutao Zhu, Ji-Rong

Wen, Yuan Lu, Zhicheng Dou | RUC-NLPIR (Renmin University of China - Natural Language Processing and

Information Retrieval) (2026)

https://dl.acm.org/doi/abs/10.1145/3774904.3792460

Core Thesis: DeepAgent is an end-to-end deep reasoning agent that performs autonomous thinking,

tool discovery, and action execution within a single, coherent reasoning process, addressing the

limitations of existing agent frameworks that follow predefined workflows and struggle with long-horizon

interactions.

Enterprise Relevance: DeepAgent's ability to handle long-horizon interactions and perform

autonomous thinking, tool discovery, and action execution makes it highly relevant for enterprise agentic

systems that require complex, adaptive, and scalable automation.

Runtime Relevance: The paper directly addresses the challenge of long-horizon interactions through its

autonomous memory folding mechanism and end-to-end reasoning process, which is crucial for complex

enterprise workflows.

Governance Implications: The coherent reasoning process and reduced error accumulation could

contribute to more reliable and auditable agent behavior, which is beneficial for governance and risk

management.

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 114

https://dl.acm.org/doi/abs/10.1145/3774904.3792460


Toolformer: Language Models Can Teach Themselves to Use Tools

Timo Schick, Jane Dwivedi-Yu, Roberto Dessì, Roberta Raileanu, Maria Lomeli, Luke Zettlemoyer, Nicola

Cancedda, Thomas Scialom | Meta AI Research, Universitat Pompeu Fabra (2023)

https://arxiv.org/abs/2302.04761

Core Thesis: Language Models (LMs) can teach themselves to use external tools via simple APIs in a

self-supervised way, enabling them to overcome inherent limitations (e.g., arithmetic, factual lookup, up-

to-date information) without sacrificing core language modeling abilities.

Enterprise Relevance: Toolformer provides a foundational method for LLMs to integrate and utilize

external APIs, which is crucial for enterprise agents needing to interact with diverse internal and external

systems for data retrieval, computation, or specific actions.

Runtime Relevance: By enabling LLMs to autonomously decide when and how to use tools, Toolformer

contributes to building agents capable of handling complex, multi-step tasks that require external

information or computation, extending their reasoning capabilities over longer horizons.

Governance Implications: The self-supervised learning of tool use could potentially introduce

challenges in auditing and ensuring compliance if the model's decision-making process for tool

invocation is not transparent or controllable. However, the explicit API calls could also offer points for

monitoring.

ReAct: Synergizing Reasoning and Acting in Language Models

Shunyu Yao, Jeffrey Zhao, Dian Yu, Nan Du, Izhak Shafran, Karthik Narasimhan, Yuan Cao | Princeton

University, Google Research (Brain team) (2023)

https://arxiv.org/abs/2210.03629

Core Thesis: Large language models can be prompted to generate both reasoning traces and task-

specific actions in an interleaved manner (ReAct), creating a synergy where reasoning helps induce,

track, and update action plans, while actions allow the model to interface with external sources to gather

additional information.

Enterprise Relevance: ReAct is a foundational framework for building enterprise agents that need to

both reason about complex tasks and interact with external systems (APIs, databases, web interfaces)

to accomplish them reliably.

Runtime Relevance: By explicitly generating reasoning traces to track progress, handle exceptions,

and adjust plans, ReAct enables agents to maintain context and execute multi-step, long-horizon

workflows more effectively than purely reactive or purely reasoning-based approaches.

Governance Implications: The explicit, human-readable reasoning traces generated by ReAct

significantly improve the interpretability and auditability of agent decisions, which is crucial for

governance and risk management in regulated enterprise environments.
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Agent Harness for Large Language Model Agents: A Survey

Qianyu Meng, Yanan Wang, Liyi Chen, Yihang Li, Wei Wu, Wenyuan Jiang, Qimeng Wang, Chengqiang Lu,

Yan Gao, Yi Wu, Yao Hu | Not explicitly stated, but a survey of various institutions and industry efforts. (2026)

https://www.preprints.org/manuscript/202604.0428

Core Thesis: The reliability of LLM agents in production is increasingly determined by the agent

harness (middleware encapsulating the LLM) rather than the underlying model. Harness redesign alone

can yield significant reliability gains, and a formal understanding of the harness is crucial for robust

agent deployment.

Enterprise Relevance: This paper directly addresses the critical role of the agent harness in ensuring

the reliability and deployability of LLM agents in production, which is paramount for enterprise adoption.

It provides a framework for designing robust enterprise agent systems.

Runtime Relevance: The survey emphasizes how the agent harness, through components like context

managers and state stores, is crucial for managing long-horizon interactions and reducing error

accumulation in complex tasks.

Governance Implications: The paper details how the agent harness provides mechanisms for tool

governance, security, and auditability, which are essential for meeting governance, risk, and compliance

requirements in enterprise settings.

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its

reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.
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From Aleatoric to Epistemic: Exploring Uncertainty Quantification Techniques in
Artificial Intelligence

Tianyang Wang, Yunze Wang, Jun Zhou, Benji Peng, Xinyuan Song, Charles Zhang, Xintian Sun, Qian Niu,

Junyu Liu, Silin Chen, Keyu Chen, Ming Li, Pohsun Feng, Ziqian Bi, Ming Liu, Yichao Zhang, Cheng Fei,

Caitlyn Heqi Yin, Lawrence KQ Yan | Multiple Institutions (e.g., University of Liverpool, University of Edinburgh,

The University of Texas at Dallas, Georgia Institute of Technology) (2025)

https://arxiv.org/abs/2501.03282

Core Thesis: This review systematically explores the evolution of uncertainty quantification (UQ)

techniques in AI, distinguishing between aleatoric and epistemic uncertainties, and discusses their

mathematical foundations, advanced methods, diverse applications, and challenges in enhancing the

reliability, safety, and trustworthiness of AI systems, especially in high-risk domains.

Enterprise Relevance: Provides a foundational understanding of UQ, which is crucial for building

reliable and trustworthy agentic systems in enterprise settings, especially where decisions have high

stakes.

Runtime Relevance: Addresses the need for robust AI systems that can operate reliably over extended

periods by managing and quantifying uncertainties that can accumulate in long-running autonomous

processes.

Governance Implications: Directly relevant by providing methods to quantify and manage uncertainty,

which is essential for assessing and mitigating risks, ensuring compliance with regulations, and

establishing governance frameworks for AI systems.

POMDP-based probabilistic decision making for path planning in wheeled mobile
robot

Shripad V. Deshpande, Harikrishnan R, Rahee Walambe | Symbiosis Institute of Technology, SIU; Symbiosis

Centre for Applied Artificial Intelligence, SIU (2024)

https://doi.org/10.1016/j.cogr.2024.06.001

Core Thesis: This paper proposes an approach for creating a POMDP model for path planning in

mobile robots to achieve robust behavior in uncertain environments, demonstrating that increasing the

observation probability spread in POMDPs significantly reduces collision rates with a marginal increase

in computational complexity.

Enterprise Relevance: Offers a practical application of POMDPs for robust decision-making in

autonomous systems, which can be extended to enterprise agents operating in dynamic and uncertain

environments, such as logistics or automated manufacturing.

Runtime Relevance: Provides a method for handling uncertainty in sequential decision-making, which

is critical for long-horizon workflows where cumulative uncertainties can lead to significant failures if not

properly managed.

Governance Implications: By demonstrating improved robustness and reduced collision rates, this

research contributes to building more reliable autonomous systems, which is vital for risk management

and compliance in safety-critical enterprise applications.
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Risk-aware shielding of Partially Observable Monte Carlo Planning policies

Giulio Mazzi, Alberto Castellini, Alessandro Farinelli | Department of Computer Science, University of Verona,

Italy (2023)

https://doi.org/10.1016/j.artint.2023.103987

Core Thesis: This paper proposes a methodology based on Maximum Satisfiability Modulo Theory

(MAX-SMT) to analyze and shield Partially Observable Monte Carlo Planning (POMCP) policies,

enabling the identification and mitigation of risky decisions to improve the safety and performance of

autonomous agents.

Enterprise Relevance: Provides a concrete mechanism (shielding) to enforce safety policies and

constraints on complex, black-box planning algorithms, which is essential for deploying agentic systems

in enterprise environments where safety and compliance are paramount.

Runtime Relevance: Shielding helps ensure that agents do not take catastrophic actions during long-

horizon tasks, maintaining system integrity over extended periods of autonomous operation.

Governance Implications: Directly addresses risk management by allowing domain experts to encode

compliance rules and safety constraints into a formal language that actively prevents the AI from

violating them.

EIGENVECTOR COMMENTARY: THE STATE MANAGEMENT TRAP

Let's pause here. This paper highlights a critical vulnerability we frequently observe in enterprise

deployments.  Relying  solely  on  the  LLM's  internal  reasoning  for  complex  state  management

inevitably leads to degradation over long horizons. The architectural fix requires externalizing state

into a deterministic database that the agent reads from and writes to, rather than keeping it in the

context window. Think of it like a human using a notepad instead of trying to memorize a 100-step

math problem.
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Conservative Risk-Sensitive Reinforcement Learning for Reliable Decision-Making
Under Uncertainty

Yinghao Zhao, Yilin Li, Yingzi Wang, Yunfei Nie, Yixuan Lu, Nuo Chen | Not explicitly stated in the abstract, but

likely academic institutions given the context of preprints.org. (2026)

https://www.preprints.org/manuscript/202604.0300

Core Thesis: This paper proposes a risk-sensitive decision-oriented reinforcement learning method to

address reliability issues in complex decision-making scenarios with high uncertainty and high-cost

errors, focusing on mitigating tail instability in reward distribution and out-of-distribution actions under

offline data conditions.

Enterprise Relevance: Provides a framework for developing highly reliable and auditable intelligent

decision-making systems, crucial for enterprise agents operating in environments with high uncertainty

and significant costs associated with errors.

Runtime Relevance: Addresses the challenge of maintaining stable performance and mitigating long-

term accumulated risks in dynamic and non-stationary environments, which is vital for long-horizon

autonomous workflows.

Governance Implications: Offers an auditable and adjustable risk control approach, directly supporting

governance requirements and risk management by explicitly characterizing and suppressing tail risks

and ensuring policy adherence.

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.

Reinforced Agent: Inference-Time Feedback for Tool-Calling Agents

Anh Ta, Junjie Zhu, Shahin Shayandeh | Apple ML (2026)

https://arxiv.org/abs/2604.27233

Core Thesis: This paper proposes a novel architecture where a specialized reviewer agent evaluates

provisional tool calls prior to execution, shifting from post-hoc error recovery to proactive evaluation and

mitigation. This approach establishes a clear separation of concerns between the primary execution

agent and a secondary review agent.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE COST OF CONTEXT
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Pay close attention to the performance degradation noted here as context length increases. The

'Lost  in  the  Middle'  phenomenon is  real.  Just  because an LLM *can*  accept  1  million  tokens

doesn't mean it *should*. Good architecture minimizes the working memory (context window) and

maximizes the episodic memory (vector store). Keep the prompt lean.

OLIVIA: Online Learning via Inference-time Action Adaptation for Decision Making
in LLM ReAct Agents

Sheldon Yu, Junda Wu, Xintong Li, Nikki Lijing Kuang, Sizhe Zhou, Tong Yu, Jiawei Han, Jingbo Shang,

Julian McAuley | Unknown (arXiv) (2026)

https://arxiv.org/abs/2605.11169

Core Thesis: OLIVIA proposes an inference-time action adaptation framework for ReAct-style agents. It

models the LLM's final action-selection layer as a contextual linear bandit over candidate actions,

allowing for direct adaptation at the action-selection interface, preserving underlying reasoning, and

providing explicit uncertainty estimates and lightweight online updates from action-level feedback.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

RubricRefine: Improving Tool-Use Agent Reliability with Training-Free Pre-
Execution Refinement

Will LeVine, Brendan Evers, Sam Saltwick, Abhay Venkatesh | Unknown (arXiv) (2026)

https://arxiv.org/abs/2605.09730

Core Thesis: The paper introduces RubricRefine, a training-free pre-execution reliability layer for code-

mode tool-use agents. It addresses the limitation of runtime feedback (which often misses inter-tool

contract violations that run to completion without errors) by generating task- and registry-specific rubrics,

scoring candidate code against explicit contract checks, and iteratively repairing failures before any

execution occurs.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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ILION: Deterministic Pre-Execution Safety Gates for Agentic AI Systems

Florin Adrian Chitan | Unknown (arXiv) (2026)

https://arxiv.org/abs/2603.13247

Core Thesis: ILION addresses the safety risk of autonomous AI agents executing real-world actions by

introducing a deterministic execution gate. This system classifies proposed agent actions as BLOCK or

ALLOW based on whether they fall within the agent's authorized operational scope, without statistical

training or API dependencies, and operates with sub-millisecond latency.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Self-Refine: Iterative Refinement with Self-Feedback

Aman Madaan, Niket Tandon, Prakhar Gupta, Skyler Hallinan, Luyu Gao, Sarah Wiegreffe, Uri Alon, Nouha

Dziri, Shrimai Prabhumoye, Yiming Yang, Shashank Gupta, Bodhisattwa Prasad Majumder, Katherine

Hermann, Sean Welleck, Amir Yazdanbakhsh, Peter Clark | Carnegie Mellon University, Allen Institute for Artificial

Intelligence, University of Washington, NVIDIA, UC San Diego, Google Research, Brain Team (2023)

https://arxiv.org/abs/2303.17651

Core Thesis: Self-Refine is an approach that enables Large Language Models (LLMs) to improve their

initial outputs through an iterative process of self-feedback and refinement. The core idea is that the

same LLM acts as the generator, feedback provider, and refiner, without requiring additional supervised

training data, training, or reinforcement learning.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is

the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.
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Self-Consistency Improves Chain of Thought Reasoning in Language Models

Xuezhi Wang, Jason Wei, Dale Schuurmans, Quoc Le, Ed H. Chi, Sharan Narang, Aakanksha Chowdhery,

Denny Zhou | Google Research, Brain Team (2022)

https://arxiv.org/abs/2203.11171

Core Thesis: This paper proposes a novel decoding strategy called self-consistency to enhance the

reasoning performance of large language models (LLMs) when used with chain-of-thought prompting.

Instead of relying on a single greedy decoding path, self-consistency samples a diverse set of reasoning

paths and then selects the most consistent answer by marginalizing out these sampled paths,

leveraging the intuition that complex problems often have multiple valid reasoning routes leading to the

same correct solution.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

When Can LLMs Actually Correct Their Own Mistakes? A Critical Survey of Self-
Correction of LLMs

Ryo Kamoi, Yusen Zhang, Nan Zhang, Jiawei Han, Rui Zhang | Penn State University, University of Illinois

Urbana-Champaign (2024)

https://arxiv.org/abs/2406.01297

Core Thesis: This paper provides a critical survey of self-correction in Large Language Models (LLMs),

investigating when and how LLMs can effectively correct their own mistakes. It highlights that while self-

correction is a promising approach, its success is conditional and depends on factors such as the LLM's

ability to identify errors, the quality of feedback, and the task domain.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Agent-R1: Training Powerful LLM Agents with End-to-End Reinforcement Learning

Mingyue Cheng, Jie Ouyang, Shuo Yu, Ruiran Yan, Yucong Luo, Zirui Liu, Daoyu Wang, Qi Liu, Enhong Chen

| Not specified (2025)

https://arxiv.org/abs/2511.14460

Core Thesis: This paper introduces Agent-R1, a modular, flexible, and user-friendly training framework

for RL-based LLM Agents. It systematically extends the Markov Decision Process (MDP) framework to

define key components of an LLM Agent, aiming to address the challenges and nascent stages of

applying RL to LLM Agents for complex problem-solving through active environmental interaction.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

AGILE: A Novel Reinforcement Learning Framework of LLM Agents

Peiyuan Feng, Yichen He, Guanhua Huang, Yuan Lin, Hanchong Zhang, Yuchen Zhang, Hang Li | Not

specified (NeurIPS 2024 poster) (2024)

https://openreview.net/forum?id=Ul3lDYo3XQ

Core Thesis: This paper introduces AGILE (AGent that Interacts and Learns from Environments), a

novel reinforcement learning framework for LLM agents designed to perform complex conversational

tasks. AGILE leverages LLMs as the policy model and incorporates memory, tools, and interactions with

experts, fine-tuning the LLM using labeled data and the PPO algorithm.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Chain-of-Thought Prompting Elicits Reasoning in Large Language Models

Jason Wei, Xuezhi Wang, Dale Schuurmans, Maarten Bosma, Brian Ichter, Fei Xia, Ed Chi, Quoc Le, Denny

Zhou | Google Research (2022)

https://arxiv.org/abs/2201.11903

Core Thesis: This paper explores how generating a chain of thought—a series of intermediate

reasoning steps—significantly improves the ability of large language models (LLMs) to perform complex

reasoning. It demonstrates that these reasoning abilities emerge naturally in sufficiently large LLMs

through a simple method called chain-of-thought prompting, where a few chain-of-thought

demonstrations are provided as exemplars in prompting.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Tree of Thoughts: Deliberate Problem Solving with Large Language Models

Shunyu Yao, Dian Yu, Jeffrey Zhao, Izhak Shafran, Thomas L. Griffiths, Yuan Cao, Karthik Narasimhan |

Princeton University, Google DeepMind (2023)

https://arxiv.org/abs/2305.10601

Core Thesis: The paper introduces "Tree of Thoughts" (ToT), a framework that generalizes Chain of

Thought prompting by allowing language models to explore multiple reasoning paths (thoughts) as a

tree structure. This enables deliberate decision-making, including lookahead and backtracking,

overcoming the limitations of token-level, left-to-right inference in standard LLMs.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Typed Chain-of-Thought: A Curry-Howard Framework for Verifying LLM Reasoning

Elija Perrier | Unknown (Under review, likely academic) (2025)

https://arxiv.org/abs/2510.01069

Core Thesis: This paper proposes Proof-Carrying Chain-of-Thought, a novel framework that applies the

Curry-Howard correspondence to LLM reasoning traces. It aims to address the open problem of

faithfulness in CoT-generated rationales by mapping informal natural language steps into a formal, typed

proof structure, thereby enabling formal verification of LLM reasoning.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Data-Driven Function Calling Improvements in Large Language Model for Online
Financial QA

Xing Tang, Hao Chen, Shiwei Li, Fuyuan Lyu, Weijie Shi, Lingjie Li, Dugang Liu, Weihong Luo, Xiku Du,

Xiuqiang He | Shenzhen Technology University Shenzhen China, FiT Tencent Shenzhen China, Huazhong

University of Science and Technology Wuhan China, McGill University Montreal Canada, The Hong Kong University

of Science and Technology Hong Kong SAR China, Shenzhen University Shenzhen China (2026)

https://arxiv.org/abs/2604.05387

Core Thesis: This paper proposes a data-driven pipeline to enhance function calling in Large Language

Models (LLMs) for online financial Question-Answering (QA) systems. The pipeline addresses

challenges of specialized API integration and diverse user queries by incorporating dataset construction,

data augmentation (AugFC), and a two-step model training process (SFT and RL).

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE COST OF CONTEXT

Pay close attention to the performance degradation noted here as context length increases. The

'Lost  in  the  Middle'  phenomenon is  real.  Just  because an LLM *can*  accept  1  million  tokens

doesn't mean it *should*. Good architecture minimizes the working memory (context window) and

maximizes the episodic memory (vector store). Keep the prompt lean.

Toolformer: Language Models Can Teach Themselves to Use Tools

Timo Schick, Jane Dwivedi-Yu, Roberto Dessì, Roberta Raileanu, Maria Lomeli, Eric Hambro, Luke

Zettlemoyer, Nicola Cancedda, Thomas Scialom | FAIR, Meta, Universitat Pompeu Fabra (2023)

https://ai.meta.com/research/publications/toolformer-language-models-can-teach-themselves-to-use-tools/

Core Thesis: Language models can be trained in a self-supervised manner to effectively use external

tools via simple APIs and achieve the best of both worlds. This overcomes their inherent limitations in

tasks like arithmetic or factual lookup, without sacrificing their core language modeling abilities.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: TOOL CALLING AS AN ATTACK VECTOR

This  research  touches  on  a  critical  security  aspect:  tool  calling  is  essentially  remote  code

execution. If an agent can call an API, it can be manipulated into calling that API maliciously via

prompt injection. This is why the 'Four Gates' governance model is non-negotiable. Every tool call

must be validated for intent, parameters, and permissions before execution.
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Figure 5.27: Reward Architecture

Towards Agentic Runtime Healing

Zhensu Sun, Haotian Zhu, Bowen Xu, Xiaoning Du, Li Li, David Lo | Not explicitly stated, but published on arXiv

and accepted by CACM. (2024)

https://arxiv.org/abs/2408.01055

Core Thesis: This paper proposes using Large Language Models (LLMs) to dynamically generate error-

handling strategies in real-time for self-healing software systems, moving beyond traditional predefined

heuristic rules for runtime error recovery.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is

the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.
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Agent Harness for Large Language Model Agents: A Survey

Qianyu Meng, Yanan Wang, Liyi Chen, Yihang Li, Wei Wu, Wenyuan Jiang, Qimeng Wang, Chengqiang Lu,

Yan Gao, Yi Wu, Yao Hu | Not explicitly stated, published on Preprints.org (2026)

https://www.preprints.org/manuscript/202604.0428

Core Thesis: The reliability of LLM agents in production environments is increasingly determined by the

agent harness that encapsulates the model, rather than solely by the underlying model's capabilities.

This paper systematically surveys the LLM agent harness, defines it formally, and analyzes its

components and challenges.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is

the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.

Agentic Retrieval-Augmented Generation: A Survey on Agentic RAG

Aditi Singh, Abul Ehtesham, Saket Kumar, Tala Talaei Khoei, Athanasios V. Vasilakos | Cleveland State

University, Kent State University, Northeastern University, University of Agder (UiA) (2026)

https://arxiv.org/abs/2501.09136

Core Thesis: This paper presents an analytical survey of Agentic RAG systems, tracing the evolution of

RAG paradigms, introducing a principled taxonomy of Agentic RAG architectures based on agent

cardinality, control structure, autonomy, and knowledge representation, and providing a comparative

analysis of design trade-offs across existing frameworks. It argues that Agentic RAG transcends the

limitations of traditional RAG by embedding autonomous AI agents into the RAG pipeline to enable

dynamic retrieval, iterative context refinement, and adaptive workflow orchestration.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is
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the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.

Corrective RAG (CRAG)

Not explicitly listed in the blog post, but the paper is referenced as "paper" in the LangChain blog, which

links to https://arxiv.org/pdf/2401.15884.pdf. | Not explicitly listed in the blog post. (2024)

https://arxiv.org/pdf/2401.15884.pdf

Core Thesis: Corrective RAG (CRAG) introduces a self-correcting mechanism for RAG systems by

employing a lightweight retrieval evaluator to assess the quality of retrieved documents. It dynamically

supplements context with web-based retrieval if initial vectorstore retrieval is ambiguous or irrelevant,

and refines knowledge by partitioning and grading retrieved documents.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

SPARK: Search Personalization via Agent-Driven Retrieval and Knowledge-sharing

Gaurab Chhetri, Subasish Das, Tausif Islam Chowdhury | Texas State University (2026)

https://dl.acm.org/doi/abs/10.1145/3779211.3793173

Core Thesis: SPARK proposes a multi-agent framework for personalized search that uses coordinated

persona-based Large Language Model (LLM) agents to deliver task-specific retrieval and emergent

personalization. It addresses the limitations of static user profiles in traditional search by dynamically

activating relevant specialized agents based on query context and facilitating inter-agent collaboration

for richer, more adaptive search results.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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AutoPDL: Automatic Prompt Optimization for LLM Agents

Claudio Spiess, Mandana Vaziri, Louis Mandel, Martin Hirzel | University of California, Davis; IBM Research

(2025)

https://arxiv.org/abs/2504.04365

Core Thesis: This paper proposes AutoPDL, an automated approach to discovering good LLM agent

configurations. It frames this as a structured AutoML problem over a combinatorial space of agentic and

non-agentic prompting patterns and demonstrations, using successive halving to efficiently navigate this

space.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

Large Language Models as Optimizers

Chengrun Yang, Xuezhi Wang, Yifeng Lu, Hanxiao Liu, Quoc V. Le, Denny Zhou, Xinyun Chen | Google

DeepMind (2024)

https://arxiv.org/abs/2309.03409

Core Thesis: This paper proposes Optimization by PROmpting (OPRO), a simple and effective

approach to leverage large language models (LLMs) as optimizers, where the optimization task is

described in natural language. It demonstrates that LLMs can iteratively generate new solutions based

on previously generated solutions and their values.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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DSPy: Compiling Declarative Language Model Calls into Self-Improving Pipelines

Omar Khattab, Arnav Singhvi, Paridhi Maheshwari, Zhiyuan Zhang, Keshav Santhanam, Sri Vardhamanan,

Saiful Haq, Ashutosh Sharma, Thomas T. Joshi, Hanna Moazam, Heather Miller, Matei Zaharia, Christopher

Potts | Stanford NLP Group, Databricks, MIT (2023)

https://arxiv.org/abs/2310.03714

Core Thesis: DSPy introduces a programming model that abstracts LLM pipelines as text

transformation graphs, where LLMs are invoked through declarative modules. It aims to move beyond

brittle prompt templates by allowing modules to learn how to apply compositions of prompting,

finetuning, augmentation, and reasoning techniques, optimized by a compiler for a given metric.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its

reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.

Online Continual Learning For Interactive Instruction Following Agents

Byeonghwi Kim, Minhyuk Seo, Jonghyun Choi | Seoul National University (2024)

https://arxiv.org/abs/2403.07548

Core Thesis: This paper addresses the unrealistic assumption that embodied agents learn all training

data at once. It proposes two continual learning setups, Behavior Incremental Learning (Behavior-IL)

and Environment Incremental Learning (Environment-IL), and introduces Confidence-Aware Moving

Average (CAMA) to enable task-free, continuous learning by updating logits based on confidence scores

without requiring task boundary information.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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OmniJARVIS: Unified Vision-Language-Action Tokenization Enables Open-World
Instruction Following Agents

Zihao Wang, Shaofei Cai, Zhancun Mu, Haowei Lin, Ceyao Zhang, Xuejie Liu, Qing Li, Anji Liu, Xiaojian Ma,

Yitao Liang | Peking University, BIGAI, UCLA (2024)

https://proceedings.neurips.cc/paper_files/paper/2024/file/85f1225db986e629289f402c46eff1a4-Paper-

Conference.pdf

Core Thesis: The paper presents OmniJARVIS, a Vision-Language-Action (VLA) model that uses

unified tokenization of multimodal interaction data (vision, language, actions) to ensure both strong

reasoning and efficient decision-making in open-world environments like Minecraft.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE GOVERNANCE GAP

This research perfectly illustrates the 'Governance Gap'. When an agent operates autonomously,

who is responsible for its actions? This paper underscores why we advocate for 'Gate 3: Action

Control'—a  deterministic  policy  engine  that  intercepts  every  tool  call  and  evaluates  it  against

enterprise rules before allowing it  to  proceed.  You cannot  govern an LLM with  a  prompt;  you

govern it with a proxy.

A Survey of Process Reward Models: From Outcome Signals to Process
Supervisions for Large Language Models

Congmin Zheng, Jiachen Zhu, Zhuoying Ou, Yuxiang Chen, Kangning Zhang, Rong Shan, Zeyu Zheng,

Mengyue Yang, Jianghao Lin, Yong Yu, Weinan Zhang | Shanghai Jiao Tong University, University College

London, Carnegie Mellon University, University of Bristol (2026)

https://arxiv.org/abs/2510.08049

Core Thesis: This survey systematically overviews Process Reward Models (PRMs), which evaluate

and guide reasoning at the step or trajectory level, addressing the limitations of outcome reward models

(ORMs) that only judge final answers. It clarifies design spaces, reveals open challenges, and guides

future research toward fine-grained, robust reasoning alignment.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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AgentPRM: Process Reward Models for LLM Agents via Step-Wise Promise and
Progress

Zhiheng Xi, Chenyang Liao, Guanyu Li, Zhihao Zhang, Wenxiang Chen, Binghai Wang, Senjie Jin, Yuhao

Zhou, Jian Guan, Wei Wu, Tao Ji, Tao Gui, Qi Zhang, Xuanjing Huang | Not explicitly stated in the snippet, but

likely affiliated with the authors' universities/research institutions. (2026)

https://dl.acm.org/doi/10.1145/3774904.3792551

Core Thesis: This paper proposes AgentPRM, a re-defined process reward model for LLM agents that

evaluates each decision based on its proximity to the goal and progress made. It aims to capture the

interdependence between sequential decisions and their contribution to the final goal, enabling better

progress tracking and exploration-exploitation balance.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Reflexion: Language Agents with Verbal Reinforcement Learning

Noah Shinn, Federico Cassano, Edward Berman, Ashwin Gopinath, Karthik Narasimhan, Shunyu Yao |

Multiple Institutions (Academic Research) (2023)

https://arxiv.org/abs/2303.11366

Core Thesis: The paper proposes Reflexion, a novel framework that reinforces language agents

through linguistic feedback rather than weight updates. Reflexion agents verbally reflect on task

feedback signals and maintain reflective text in an episodic memory buffer to improve decision-making in

subsequent trials.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Establishing Best Practices for Building Rigorous Agentic Benchmarks

Yuxuan Zhu, Tengjun Jin, Yada Pruksachatkun, Andy Zhang, Shu Liu, Sasha Cui, Sayash Kapoor, Shayne

Longpre, Kevin Meng, Rebecca Weiss, Fazl Barez, Rahul Gupta, Jwala Dhamala, Jacob Merizian, Mario

Giulianelli, Harry Coppock, Cozmin Ududec, Jasjeet Sekhon, Jacob Steinhardt, Antony Kellermann, Sarah

Schwettmann, Matei Zaharia, Ion Stoica, Percy Liang, Daniel Kang | Multiple Institutions (2025)

https://arxiv.org/abs/2507.02825

Core Thesis: This paper argues that many existing agentic benchmarks suffer from issues in task setup

or reward design, leading to inaccurate performance evaluations. It introduces the Agentic Benchmark

Checklist (ABC) as a set of guidelines to improve the rigor of agentic evaluation.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.

GAIA: a benchmark for General AI Assistants

Grégoire Mialon, Clémentine Fourrier, Craig Swift, Thomas Wolf, Yann LeCun, Thomas Scialom | Meta AI

(2023)

https://arxiv.org/abs/2311.12983

Core Thesis: GAIA introduces a benchmark for General AI Assistants designed to evaluate fundamental

abilities like reasoning, multi-modality handling, web browsing, and tool-use proficiency through real-

world questions. It highlights a significant performance gap between humans and even advanced AIs

like GPT-4 on these tasks.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

WebArena: A Realistic Web Environment for Building Autonomous Agents

Shuyan Zhou, Frank F. Xu, Hao Zhu, Xuhui Zhou, Robert Lo, Abishek Sridhar, Xianyi Cheng, Tianyue Ou,

Yonatan Bisk, Daniel Fried, Uri Alon, Graham Neubig | Stanford University; Carnegie Mellon University (2023)

https://arxiv.org/abs/2307.13854

Core Thesis: WebArena introduces a realistic and reproducible web environment for evaluating

language-guided autonomous agents. It aims to bridge the gap between simplified synthetic

environments and real-world scenarios by providing fully functional websites across diverse domains

and benchmark tasks that emulate human internet usage.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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OSWorld: Benchmarking Multimodal Agents for Open-Ended Tasks in Real
Computer Environments

Tianbao Xie, Danyang Zhang, Jixuan Chen, Xiaochuan Li, Siheng Zhao, Ruisheng Cao, Toh Jing Hua,

Zhoujun Cheng, Dongchan Shin, Fangyu Lei, Yitao Liu, Yiheng Xu, Shuyan Zhou, Silvio Savarese, Caiming

Xiong, Victor Zhong, Tao Yu | University of Illinois Urbana-Champaign (2024)

https://arxiv.org/abs/2404.07972

Core Thesis: OSWorld introduces a scalable, real computer environment for benchmarking multimodal

agents on open-ended tasks across various operating systems. It aims to address the limitations of

existing benchmarks that lack interactive environments or are confined to specific applications, thereby

providing a more realistic and diverse evaluation of agent capabilities.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: TOOL CALLING AS AN ATTACK VECTOR

This  research  touches  on  a  critical  security  aspect:  tool  calling  is  essentially  remote  code

execution. If an agent can call an API, it can be manipulated into calling that API maliciously via

prompt injection. This is why the 'Four Gates' governance model is non-negotiable. Every tool call

must be validated for intent, parameters, and permissions before execution.

τ-bench: A Benchmark for Tool-Agent-User Interaction in Real-World Domains

Shunyu Yao, Noah Shinn, Pedram Razavi, Karthik Narasimhan | Princeton University (2024)

https://arxiv.org/abs/2406.12045

Core Thesis: τ-bench is a benchmark designed to evaluate language agents on their ability to interact

with human users and adhere to domain-specific rules in dynamic, real-world conversational settings. It

addresses the limitations of existing benchmarks that do not adequately test these crucial aspects for

real-world deployment.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Uncertainty Quantification in LLM Agents: Foundations, Emerging Challenges, and
Opportunities

Changdae Oh, Seongheon Park, To Eun Kim, Jiatong Li, Wendi Li, Samuel Yeh, Xuefeng Du, Hamed Hassani,

Paul Bogdan, Dawn Song, Sharon Li | Collaboration of multiple institutions (2026)

https://arxiv.org/abs/2602.05073

Core Thesis: This paper argues that Uncertainty Quantification (UQ) research for Large Language

Models (LLMs) must shift from single-turn question-answering to realistic settings with interactive

agents. It proposes a new principled framework for agent UQ, built on three pillars: foundations,

challenges, and future directions.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

Agentic Confidence Calibration

Jiaxin Zhang, Caiming Xiong, Chien-Sheng Wu | Multiple affiliations implied (2026)

https://arxiv.org/abs/2601.15778

Core Thesis: This paper introduces the problem of Agentic Confidence Calibration (ACC) to address the

overconfidence of AI agents in failure modes, which is a fundamental barrier to deployment. It proposes

Holistic Trajectory Calibration (HTC), a novel diagnostic framework that extracts process-level features

across an agent's entire trajectory to enhance reliability.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Know Your Limits: A Survey of Abstention in Large Language Models

Bingbing Wen, Jihan Yao, Shangbin Feng, Chenjun Xu, Yulia Tsvetkov, Bill Howe, Lucy Lu Wang | University

of Washington, Allen Institute for AI (2024)

https://arxiv.org/abs/2407.18418

Core Thesis: This survey introduces a comprehensive framework to analyze abstention in Large

Language Models (LLMs) from three perspectives: the query, the model, and human values. It

categorizes existing abstention methods, benchmarks, and evaluation metrics, aiming to broaden the

scope and impact of abstention methodologies in AI systems to mitigate hallucinations and enhance

safety.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Agentic Retrieval-Augmented Generation: A Survey on Agentic RAG

Aditi Singh, Abul Ehtesham, Saket Kumar, Tala Talaei Khoei, Athanasios V. Vasilakos | Cleveland State

University, Kent State University, Northeastern University, University of Agder (2026)

https://arxiv.org/abs/2501.09136

Core Thesis: Agentic RAG integrates autonomous AI agents into the RAG pipeline to overcome

limitations of traditional RAG systems (static workflows, lack of adaptability for multi-step reasoning) by

leveraging agentic design patterns (reflection, planning, tool use, multi-agent collaboration) for dynamic

retrieval, iterative context refinement, and adaptive workflow orchestration. The paper provides a survey,

taxonomy, and analysis of this emerging field.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Empowering LLMs by hybrid retrieval-augmented generation for domain-centric
Q&A in smart manufacturing

Yuwei Wan, Zheyuan Chen, Ying Liu, Chong Chen, Michael Packianather | Beihang University, Cardiff

University, Donghua University, Beijing Institute of Technology, Purdue University, University of New South Wales

(2025)

https://www.sciencedirect.com/science/article/pii/S1474034625001053

Core Thesis: To address the limitations of conventional vector-based RAG (contextually vague results)

and knowledge graph (KG)-based methods (scalability and efficiency issues) in domain-centric Q&A for

smart manufacturing, this paper proposes a hybrid KG-Vector RAG framework. This framework

systematically integrates structured KG metadata with unstructured vector retrieval to enhance accuracy,

relevance, and interpretability.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

From Ambiguity to Verdict: A Semiotic‑Grounded Multi‑Perspective Agent for LLM
Logical Reasoning

Yunyao Zhang, Xinglang Zhang, Junxi Sheng, Wenbing Li, Junqing Yu, Wei Yang, Zikai Song | Not explicitly

stated, but likely academic institutions. (2025)

https://openreview.net/forum?id=9ZzkbyV17M

Core Thesis: This paper proposes LogicAgent, a semiotic-square-guided framework that addresses the

interplay between logical and semantic complexity in LLM logical reasoning. It improves logical

reasoning under ambiguity by jointly evaluating contradictory and contrary views, integrating automated

deduction with reflective verification. The paper also introduces RepublicQA, a benchmark for evaluating

logical reasoning with high semantic difficulty.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its

reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.
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Reinforced Internal-External Knowledge Synergistic Reasoning for Efficient
Adaptive Search Agent (IKEA)

Ziyang Huang, Xiaowei Yuan, Yiming Ju, Haoran Cai, Jun Zhao, Kang Liu | Not explicitly stated, but presented

as an ICLR 2026 Conference Withdrawn Submission / CoRR 2025. (2025)

https://openreview.net/forum?id=IEDYctsolA

Core Thesis: This paper introduces IKEA, a Reinforced Internal-External Knowledge Synergistic

Reasoning Agent, designed to optimize retrieval-augmented generation (RAG) by enabling LLMs to

dynamically discern when to rely on internal parametric knowledge versus external retrieval. IKEA

utilizes a knowledge-boundary-aware reward function and training dataset to minimize redundant

retrievals, mitigate knowledge conflicts, and reduce inference latency while maintaining or improving

accuracy.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.

Inference-Time Reward Hacking in Large Language Models

Hadi Khalaf, Claudio Mayrink Verdun, Alex Oesterling, Himabindu Lakkaraju, Flavio Calmon | N/A (NeurIPS

2025 poster) (2025)

https://neurips.cc/virtual/2025/loc/san-diego/poster/116653

Core Thesis: This paper characterizes reward hacking in inference-time alignment for Large Language

Models (LLMs) and demonstrates how to mitigate it by hedging on the proxy reward. It shows that the

characteristic pattern of reward hacking (true reward first increases then declines) is an inevitable

property of a broad class of inference-time mechanisms.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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AgentCompress: Task-Aware Compression for Affordable Large Language Model
Agents

Zuhair Ahmed Khan Taha, Mohammed Mudassir Uddin, Shahnawaz Alam | Not explicitly stated, but published

on arXiv. (2026)

https://arxiv.org/abs/2601.05191

Core Thesis: Large language models are computationally expensive, hindering their widespread

adoption. AgentCompress proposes a framework for task-aware dynamic compression, using a

lightweight neural controller to route tasks to appropriately quantized model versions based on task

complexity, thereby significantly reducing computational costs without sacrificing performance.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Figure 5.54: Loop Architecture
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Agent-in-the-loop to distill expert knowledge into artificial intelligence models: a
survey

Jiayuan Gao, Yingwei Zhang, Yiqiang Chen, Yihan Dong, Yuanzhe Chen, Shuchao Song, Boshi Tang, Yang

Gu | Not explicitly stated for all authors, but affiliated with institutions like Springer Nature Link. (2025)

https://link.springer.com/article/10.1007/s10462-025-11255-1

Core Thesis: This survey introduces a comprehensive framework called Agent-in-the-Loop Machine

Learning (AIL-ML), where 'agent' represents both humans and large models. AIL-ML aims to efficiently

collaborate human and large models to construct vertical AI models with lower costs by distilling expert

knowledge into AI models, addressing challenges like data sparsity and high annotation expenses in

expert domains.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE STATE MANAGEMENT TRAP

Let's pause here. This paper highlights a critical vulnerability we frequently observe in enterprise

deployments.  Relying  solely  on  the  LLM's  internal  reasoning  for  complex  state  management

inevitably leads to degradation over long horizons. The architectural fix requires externalizing state

into a deterministic database that the agent reads from and writes to, rather than keeping it in the

context window. Think of it like a human using a notepad instead of trying to memorize a 100-step

math problem.

Distilling LLM Agent into Small Models with Retrieval and Code Tools

Minki Kang, Jongwon Jeong, Seanie Lee, Jaewoong Cho, Sung Ju Hwang | Not explicitly stated, but affiliated

with NeurIPS 2025 Spotlight. (2025)

https://arxiv.org/abs/2505.17612

Core Thesis: Large language models (LLMs) are powerful but computationally expensive. This paper

proposes Agent Distillation, a framework to transfer not only reasoning capabilities but full task-solving

behavior from LLM-based agents into smaller language models (sLMs) by integrating retrieval and code

tools. This approach aims to make LLM agent capabilities more accessible and affordable.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Towards Compositional Generalization of LLMs via Skill Taxonomy Guided Data
Synthesis

Yifan Wei, Li Du, Xiaoyan Yu, Yang Feng, Angsheng Li | Not explicitly stated (likely academic) (2026)

https://arxiv.org/abs/2601.03676

Core Thesis: This paper addresses the data bottleneck that limits compositional generalization in Large

Language Models (LLMs) and agent-based systems. It introduces STEPS, a framework that synthesizes

compositionally challenging data by leveraging a hierarchical skill taxonomy derived from structural

information theory. This approach aims to improve LLMs' ability to generalize to novel and complex skill

combinations.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Language Model Agents Suffer from Compositional Generalization in Web
Automation

Hiroki Furuta, Yutaka Matsuo, Aleksandra Faust, Izzeddin Gur | Google DeepMind, The University of Tokyo

(2023)

https://arxiv.org/html/2311.18751v1

Core Thesis: This research demonstrates that Language Model Agents (LMAs) exhibit significant

performance degradation when faced with compositional tasks in web automation, despite strong

performance on base tasks. It introduces CompWoB, a new benchmark for compositional web

automation, and proposes HTML-T5++, a model trained with a data rebalancing strategy, to improve

compositional generalization.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.
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Exploring Compositional Generalization of Large Language Models

Haoran Yang, Hongyuan Lu, Wai Lam, Deng Cai | The Chinese University of Hong Kong, Tencent AI Lab (2024)

https://aclanthology.org/2024.naacl-srw.3.pdf

Core Thesis: This paper investigates the compositional generalization ability of LLMs with respect to

instructions that can be decomposed into sub-instructions of varying complexity (orders). It constructs a

novel dataset using ChatGPT and the self-instruct technique and finds that training LLMs on higher-

order compositional instructions improves performance on lower-order ones, but not vice-versa.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE GOVERNANCE GAP

This research perfectly illustrates the 'Governance Gap'. When an agent operates autonomously,

who is responsible for its actions? This paper underscores why we advocate for 'Gate 3: Action

Control'—a  deterministic  policy  engine  that  intercepts  every  tool  call  and  evaluates  it  against

enterprise rules before allowing it  to  proceed.  You cannot  govern an LLM with  a  prompt;  you

govern it with a proxy.

Scaling LLM Test-Time Compute Optimally can be More Effective than Scaling
Model Parameters

Charlie Snell, Jaehoon Lee, Kelvin Xu, Aviral Kumar | UC Berkeley / Google (2024)

https://arxiv.org/abs/2408.03314

Core Thesis: This paper investigates how optimally scaling inference-time computation in Large

Language Models (LLMs) can significantly improve performance on challenging prompts, potentially

outperforming much larger models in FLOPs-matched evaluations. It argues that understanding test-

time scaling behaviors is crucial for the future of LLM pretraining and the trade-off between inference-

time and pre-training compute.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Benchmark Test-Time Scaling of General LLM Agents

Xiaochuan Li, Ryan Ming, Pranav Setlur, Abhijay Paladugu, Andy Tang, Hao Kang, Shuai Shao, Rong Jin,

Chenyan Xiong | Carnegie Mellon University (2026)

https://arxiv.org/abs/2602.18998

Core Thesis: This paper introduces General AgentBench, a unified benchmark for evaluating general

LLM agents across diverse skills and tools. It systematically studies test-time scaling behaviors

(sequential and parallel) and reveals that current scaling methodologies yield limited performance

improvements due to context ceiling and verification gap issues.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.

Learning When to Plan: Efficiently Allocating Test-Time Compute for LLM Agents

Davide Paglieri, Bartłomiej Cupiał, Jonathan Cook, Ulyana Piterbarg, Jens Tuyls, Edward Grefenstette, Jakob

Nicolaus Foerster, Jack Parker-Holder, Tim Rocktäschel | University College London (UCL) / Google DeepMind

(2025)

https://arxiv.org/abs/2509.03581

Core Thesis: This paper proposes a dynamic planning framework for LLM agents to efficiently allocate

test-time compute by learning when to plan. It argues that constant planning is computationally

expensive and can degrade performance, while never planning is also suboptimal. The framework

enables agents to flexibly decide when to engage in planning.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Scaling Test-time Compute for LLM Agents

King Zhu, Hanhao Li, Siwei Wu, Tianshun Xing, Dehua Ma, Xiangru Tang, Minghao Liu, Jian Yang, Jiaheng

Liu, Yuchen Eleanor Jiang, Changwang Zhang, Chenghua Lin, Jun Wang, Ge Zhang, Wangchunshu Zhou |

Not explicitly stated in the abstract, but likely a research institution or a collaboration of institutions given the number

of authors. (2025)

https://arxiv.org/abs/2506.12928

Core Thesis: This paper systematically explores the application of test-time scaling methods to

language agents to improve their effectiveness. It investigates various strategies, including parallel

sampling, sequential revision, verifiers, merging methods, and diversification strategies.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Personalized Safety in LLMs: A Benchmark and A Planning-Based Agent Approach

Yuchen Wu, Edward Sun, Kaijie Zhu, Jianxun Lian, Jose Hernandez-Orallo, Aylin Caliskan, Jindong Wang |

University of Washington, UCLA, UCSB, Microsoft Research Asia, Universitat Politecnica de Valencia, William &

Mary (2026)

https://arxiv.org/abs/2505.18882v4

Core Thesis: The paper argues that existing safety evaluations rely on context-independent metrics,

overlooking that the same response may carry divergent risks depending on the user's background. It

introduces "personalized safety" and proposes a benchmark and a planning-based agent framework to

dynamically acquire user context and improve safety.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE COST OF CONTEXT

Pay close attention to the performance degradation noted here as context length increases. The

'Lost  in  the  Middle'  phenomenon is  real.  Just  because an LLM *can*  accept  1  million  tokens

doesn't mean it *should*. Good architecture minimizes the working memory (context window) and

maximizes the episodic memory (vector store). Keep the prompt lean.
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SafeSearch: Do Not Trade Safety for Utility in LLM Search Agents

Qiusi Zhan, Angeline Budiman-Chan, Abdelrahman Zayed, Xingzhi Guo, Daniel Kang, Joo-Kyung Kim |

University of Illinois Urbana-Champaign, Amazon (2026)

https://aclanthology.org/2026.findings-eacl.146.pdf

Core Thesis: LLM-based search agents, while improving utility, are more prone to generating harmful

outputs than base LLMs. The paper introduces SAFESEARCH, a multi-objective reinforcement learning

approach that jointly optimizes safety and utility by incorporating a novel query-level safety reward.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

AdaptAgent: Adapting Multimodal Web Agents with Few-Shot Learning from Human
Demonstrations

Gaurav Verma, Rachneet Kaur, Nishan Srishankar, Zhen Zeng, Tucker Balch, Manuela Veloso | Georgia

Institute of Technology, J.P. Morgan AI Research (2024)

https://arxiv.org/abs/2411.13451

Core Thesis: This paper proposes the AdaptAgent framework to enhance the adaptability of multimodal

web agents to unseen websites and domains using few-shot human demonstrations. It argues that data-

efficient adaptability, through in-context learning for proprietary models and meta-learning for open-

weights models, is a complementary approach to large-scale pre-training and fine-tuning for improving

agent generalizability.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.
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Test-Time Adaptation via Many-Shot Prompting: Benefits, Limits, and Pitfalls

Shubhangi Upasani, Chen Wu, Jay Rainton, Bo Li, Changran Hu, Qizheng Zhang, Urmish Thakker |

SambaNova Systems, Inc, xAI, Stanford University, Microsoft AI (2026)

https://arxiv.org/abs/2603.05829

Core Thesis: This paper empirically studies many-shot prompting as a form of test-time adaptation for

Large Language Models (LLMs), analyzing its benefits, limits, and pitfalls. It characterizes when input-

space updates are beneficial versus harmful, emphasizing the sensitivity of performance to update

magnitude, example ordering, and selection policy.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

: Just Talk – An Agent That Meta-Learns and Evolves in the Wild

Peng Xia, Jianwen Chen, Xinyu Yang, Haoqin Tu, Jiaqi Liu, Kaiwen Xiong, Siwei Han, Shi Qiu, Haonian Ji,

Yuyin Zhou, Zeyu Zheng, Cihang Xie, Huaxiu Yao | UNC-Chapel Hill, Carnegie Mellon University, UC Santa Cruz,

UC Berkeley (2026)

https://arxiv.org/abs/2603.17187

Core Thesis: This paper introduces MetaClaw, a continual meta-learning framework that enables LLM

agents to meta-learn and evolve in dynamic, real-world environments. It addresses the challenge of

agents becoming stale as task distributions drift by combining skill-driven fast adaptation (gradient-free

skill evolution) with opportunistic policy optimization (gradient-based weight updates during idle times).

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.
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Lifelong Agents: Learning, Aligning, Evolving

Cheng Qian, Emre Can Acikgoz, Hongru Wang, Zhenfei Yin, Manling Li, Yun-Nung (Vivian) Chen, Mengdi

Wang, Caiming Xiong | University of Illinois Urbana-Champaign, University of Edinburgh, University of Oxford,

Northwestern University, National Taiwan University, Princeton University, Salesforce AI Research (2026)

https://openreview.net/forum?id=C0JXOUVzDf

Core Thesis: This paper (a workshop proposal for ICLR 2026) introduces the concept of "lifelong

agents" as a paradigm shift from static "train once, deploy once" models. It argues that AI agents must

continuously learn, align with human values, and evolve capabilities across their operational lifespan to

remain robust, trustworthy, and sustainable in dynamic real-world environments.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

VeriGuard: Enhancing LLM Agent Safety via Verified Code Generation

Lesly Miculicich, Mihir Parmar, Hamid Palangi, Krishnamurthy Dj Dvijotham, Mirko Montanari, Tomas Pfister,

Long T. Le | Not explicitly stated in the abstract, likely a collaboration across institutions. (2025)

https://arxiv.org/abs/2510.05156

Core Thesis: VeriGuard is a novel framework that provides formal safety guarantees for LLM-based

agents through a dual-stage architecture. It addresses critical risks in autonomous AI agents by ensuring

actions adhere to predefined safety constraints through comprehensive offline validation and lightweight

online monitoring.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

ProbGuard: Probabilistic Runtime Monitoring for LLM Agent Safety

Haoyu Wang, Christopher M. Poskitt, Jiali Wei, Jun Sun | Not explicitly stated in the abstract. (2026)

https://arxiv.org/abs/2508.00500

Core Thesis: ProbGuard is a proactive runtime monitoring framework for LLM agents that anticipates

safety violations through probabilistic risk prediction. It addresses the limitations of reactive safety rules

by estimating the probability of future unsafe states and triggering interventions proactively.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Agent-SafetyBench: Evaluating the Safety of LLM Agents

Zhexin Zhang, Shiyao Cui, Yida Lu, Jingzhuo Zhou, Junxiao Yang, Hongning Wang, Minlie Huang | Not

explicitly stated in the abstract. (2024)

https://arxiv.org/abs/2412.14470

Core Thesis: Agent-SafetyBench is a comprehensive benchmark designed to evaluate the safety of

LLM agents, addressing the lack of standardized assessment tools for new safety challenges arising

from agents' integration into interactive environments and tool use.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

MTA-Agent: An Open Recipe for Multimodal Deep Search Agents

Xiangyu Peng, Can Qin, An Yan, Xinyi Yang, Zeyuan Chen, Ran Xu, Chien-Sheng Wu | Unknown (2026)

https://arxiv.org/abs/2604.06376

Core Thesis: This paper addresses the limitations of Multimodal Large Language Models (MLLMs) in

complex, multi-step reasoning that requires deep searching and integrating visual evidence with external

knowledge. It proposes MTA-Agent, a Multi-hop Tool-Augmented Agent for Evidence-based QA

Synthesis, which automatically selects tools and parameters to retrieve and validate evidence from

visual and textual sources, generating structured multi-hop question-answer trajectories.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Learning to Retrieve from Agent Trajectories

Yuqi Zhou, Sunhao Dai, Changle Qu, Liang Pang, Jun Xu, Ji-Rong Wen | Not explicitly stated on the arXiv page,

but authors are from various institutions, likely universities. (2026)

https://arxiv.org/abs/2604.04949

Core Thesis: Information retrieval (IR) systems have traditionally been designed for human users.

However, with the rise of LLM-powered search agents, retrieval is increasingly consumed by agents.

This paper argues that retrieval models for agentic search should be trained directly from agent

interaction data, introducing a new training paradigm that derives supervision from multi-step agent

interactions.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Aligning Agents via Planning: A Benchmark for Trajectory-Level Reward Modeling

Jiaxuan Wang, Yulan Hu, Wenjin Yang, Zheng Pan, Xin Li, Lan-Zhe Guo | State Key Laboratory of Novel

Software Technology, Nanjing University; School of Intelligence Science and Technology, Nanjing University; AMAP,

Alibaba Group (2026)

https://arxiv.org/abs/2604.08178

Core Thesis: Reward Models (RMs) are fundamental for aligning agents via Reinforcement Learning

from Human Feedback (RLHF). However, existing benchmarks lack the capability to assess RM

capabilities within tool-integrated environments. This paper introduces Plan-RewardBench, a trajectory-

level preference benchmark to evaluate how well judges distinguish preferred versus distractor agent

trajectories in complex tool-using scenarios.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE ZONE III CHALLENGE

This is a textbook example of why 'Zone III' autonomy is so difficult to achieve. The jump from a

Copilot (where a human catches the errors) to an Autonomous Agent requires the system to have

perfect 'Confidence Calibration'—it must know exactly when it is unsure and gracefully fail over to a

human, rather than hallucinating a confident but wrong answer. Overconfidence is more dangerous

than incompetence.

A Survey of Self-Evolving Agents: What, When, How, and Where to Evolve on the
Path to Artificial Super Intelligence

Huan-ang Gao, Jiayi Geng, Wenyue Hua, Mengkang Hu, Xinzhe Juan, Hongzhang Liu, Shilong Liu, Jiahao

Qiu, Xuan Qi, Qihan Ren, Yiran Wu, Hongru Wang, Han Xiao, Yuhang Zhou, Shaokun Zhang, Jiayi Zhang,

Jinyu Xiang, Yixiong Fang, Qiwen Zhao, Dongrui Liu, Cheng Qian, Zhenhailong Wang, Minda Hu, Huazheng

Wang, Qingyun Wu, Heng Ji, Mengdi Wang | Princeton University, Tsinghua University, Carnegie Mellon

University, University of Sydney, Shanghai Jiao Tong University, Pennsylvania State University, University of

Michigan, Oregon State University, The Chinese University of Hong Kong, Fudan University, The Hong Kong

University of Science and Technology (Guangzhou), The University of Hong Kong, University of California, Santa

Barbara, University of California San Diego, University of Edinburgh, University of Illinois Urbana-Champaign (2026)

https://arxiv.org/abs/2507.21046

Core Thesis: Large Language Models (LLMs) are fundamentally static, which is a critical bottleneck for

their deployment in open-ended, interactive environments. This survey systematically reviews self-

evolving agents, organizing the field around what to evolve, when to evolve, and how to evolve, to

enable continual learning and adaptation from data, interactions, and experiences.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is

the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.

Efficient Agents: Building Effective Agents While Reducing Cost

Ningning Wang, Xavier Hu, Pai Liu, He Zhu, Yue Hou, Heyuan Huang, Shengyu Zhang, Jian Yang, Jiaheng

Liu, Ge Zhang, Changwang Zhang, Jun Wang, Yuchen Eleanor Jiang, Wangchunshu Zhou | OPPO AI Agent

Team (2025)

https://arxiv.org/abs/2508.02694

Core Thesis: This paper presents the first systematic study of the efficiency-effectiveness trade-off in

modern agent systems. It investigates how much complexity agentic tasks require, when additional

modules yield diminishing returns, and how much efficiency can be gained through task-adaptive agent

frameworks. The authors propose "Efficient Agents," a novel framework that optimizes for efficiency

while maintaining high effectiveness.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Speculative Actions: A Lossless Framework for Faster AI Agents

Naimeng Ye, Arnav Ahuja, Georgios Liargkovas, Yunan Lu, Kostis Kaffes, Tianyi Peng | Columbia University

(2026)

https://arxiv.org/abs/2510.04371

Core Thesis: This paper introduces "Speculative Actions," a lossless acceleration framework for general

agentic systems. It aims to reduce the runtime bottleneck in AI agents by predicting likely future actions

using faster models and executing them in parallel, committing only when predictions match. This

approach is inspired by speculative execution in microprocessors and speculative decoding in LLM

inference.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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W&D: Scaling Parallel Tool Calling for Efficient Deep Research Agents

Xiaoqiang Lin, Jun Hao Liew, Silvio Savarese, Junnan Li | Salesforce AI Research (2026)

https://arxiv.org/abs/2602.07359

Core Thesis: This paper introduces the Wide and Deep (W&D) research agent framework to explore

the benefits of scaling both depth (sequential thinking and tool calls) and width (parallel tool calling) in

deep research agents. It demonstrates that parallel tool calling significantly improves performance and

reduces the number of turns required for complex tasks.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Collaborating with AI Agents: Field Experiments on Teamwork, Productivity, and
Performance

Harang Ju, Sinan Aral | Not specified (research conducted on a platform called Pairit) (2026)

https://arxiv.org/abs/2503.18238

Core Thesis: This paper investigates the mechanisms through which AI agents enhance human

productivity and performance in collaborative settings. It posits that AI agents reshape teamwork

dynamics by increasing task-oriented communication and facilitating delegation, leading to improved

output quality and productivity.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Unraveling Human-AI Teaming: A Review and Outlook

Bowen Lou, Tian Lu, T. S. Raghu, Yingjie Zhang | Not explicitly stated in the abstract, but authors are affiliated

with academic institutions. (2025)

https://arxiv.org/abs/2504.05755

Core Thesis: This paper reviews the evolution of AI agents from passive tools to active collaborators

and identifies critical gaps in current human-AI teaming research, specifically the alignment of AI agents

with human values and the underutilization of AI's capabilities as genuine team members. It proposes a

structured research outlook centered on formulation, coordination, maintenance, and training for

effective teaming.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: TOOL CALLING AS AN ATTACK VECTOR
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This  research  touches  on  a  critical  security  aspect:  tool  calling  is  essentially  remote  code

execution. If an agent can call an API, it can be manipulated into calling that API maliciously via

prompt injection. This is why the 'Four Gates' governance model is non-negotiable. Every tool call

must be validated for intent, parameters, and permissions before execution.

Adaptive Data Flywheel: Applying MAPE Control Loops to AI Agent Improvement

Aaditya Shukla, Sidney Knowles, Meenakshi Madugula, Dave Farris, Ryan Angilly, Santiago Pombo, Anbang

Xu, Lu An, Abhinav Balasubramanian, Tan Yu, Jiaxiang Ren, Rama Akkiraju | NVIDIA (2025)

https://arxiv.org/abs/2510.27051

Core Thesis: The paper presents a practical implementation of a data flywheel using MAPE (Monitor,

Analyze, Plan, Execute) control loops to systematically address failures and enable continuous learning

in enterprise AI agents. It demonstrates how human-in-the-loop (HITL) feedback can be structured to

transform agents into self-improving systems.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its

reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.

AgentClick: A Skill-Based Human-in-the-Loop Review Layer for Terminal AI Agents

Haomin Zhuang, Hanwen Xing, Xiangliang Zhang | Not explicitly stated, but likely academic given arXiv

submission and conference acceptance. (2026)

https://arxiv.org/abs/2604.16520

Core Thesis: This paper introduces AgentClick, an interactive review layer designed to improve human-

agent collaboration for terminal-based AI agents. It aims to lower the barrier for non-expert users by

providing a structured web UI for supervision and collaboration, moving beyond inefficient text-based

interactions.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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CHAPTER 6

The Path to Zone III:
Governed Autonomous
Operations

The ultimate goal is Zone III: Governed Autonomous

Operations, where AI systems operate independently within a

rigorous governance boundary.



Moving from Zone I (Copilots) to Zone III requires a fundamental shift in how we design, deploy,

and monitor AI. It demands the integration of all the architectural dimensions discussed in this

Atlas:  hierarchical  memory,  deterministic  governance  gates,  multi-agent  orchestration,  and

inference-time feedback.

This  chapter  outlines  the  maturity  model  for  enterprise  AI  and  the  specific  architectural

milestones  required  to  safely  transition  from human-driven  assistance  to  governed machine

autonomy.

The Three-Zone Maturity Model

At Eigenvector, we classify enterprise AI adoption into three distinct zones:

Zone I: Copilots and Assistants. The AI is a highly capable autocomplete. The human does the

work, the AI assists. The human is fully responsible for the output. Governance is minimal because

the human is the governance layer.

Zone II: Supervised Agents. The AI executes multi-step workflows, but requires human approval

at critical junctures. The system is semi-autonomous. Governance is achieved through "human-in-

the-loop" approval gates.

Zone III: Governed Autonomous Operations. The AI operates independently over long horizons.

It makes decisions, calls tools, and commits transactions without human intervention. 

The Chasm Between Zone II and Zone III

Many enterprises are currently stuck in Zone II. They have built capable agents, but they do not

trust them enough to remove the human from the loop. 

Crossing the chasm to Zone III is not a matter of getting a slightly better LLM. It requires building

the  Governance Infrastructure that can mathematically guarantee the agent will  not violate

policy. 

In  Zone  III,  the  human's  role  shifts  from  *operator*  to  *governor*.  The  human  defines  the

policies, sets the boundaries, and monitors the audit logs, while the agent executes the work.

This is the only way to achieve true scale and ROI from enterprise AI investments.

• 

• 

• 
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Figure 6.0: Core architectural pattern for the path to zone iii: governed autonomous operations

Research Profiles (27 papers)

PMAx: An Agentic Framework for AI-Driven Process Mining

Anton Antonov, Humam Kourani, Alessandro Berti, Gyunam Park, Wil M.P. van der Aalst | Fraunhofer Institute

for Applied Information Technology FIT, RWTH Aachen University (2026)

https://arxiv.org/abs/2603.15351

Core Thesis: This paper proposes PMAx, an autonomous agentic framework that acts as a virtual

process analyst. It aims to democratize process mining by enabling natural language interaction while

ensuring mathematical accuracy and data privacy through a multi-agent architecture that separates

computation from interpretation and executes analysis locally.

Enterprise Relevance: Provides a concrete architectural framework for integrating agentic AI into

enterprise process mining, addressing key concerns like data privacy and reliable execution in business-

critical contexts.

Runtime Relevance: The multi-agent architecture and self-correction mechanisms contribute to the

robustness required for managing and analyzing long-running, complex enterprise workflows.

Governance Implications: Emphasizes secure data handling, local execution, and static verification,

directly addressing governance concerns related to data privacy and the reliability of AI-driven analytical

outputs.
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Re-Thinking Process Mining in the AI-Based Agents Era

Alessandro Berti, Mayssa Maatallah, Urszula Jessen, Michal Sroka, Sonia Ayachi Ghannouchi | RWTH

Aachen University, Fraunhofer FIT, Higher Institute of Management of Sousse, ECE Group Services, Eindhoven

University of Technology, Microsoft (2024)

https://arxiv.org/abs/2408.07720

Core Thesis: This paper proposes the AI-Based Agents Workflow (AgWf) paradigm to enhance the

effectiveness of process mining (PM) using Large Language Models (LLMs). It advocates for

decomposing complex PM tasks into simpler workflows and integrating deterministic tools with LLM

domain knowledge to overcome LLM limitations in complex reasoning scenarios.

Enterprise Relevance: Offers a foundational paradigm for designing agentic AI systems that can

effectively tackle complex process mining challenges in enterprises by combining LLM capabilities with

structured tools.

Runtime Relevance: The decomposition of complex tasks into simpler, manageable workflows within

the AgWf paradigm is crucial for handling the inherent complexity and extended duration of long-horizon

enterprise processes.

Governance Implications: By integrating deterministic tools and emphasizing task decomposition, the

AgWf paradigm implicitly supports better control and auditability of AI-driven process analysis, which is

vital for governance.

Agentic Business Process Management Systems

Marlon Dumas, Fredrik Milani, David Chapela-Campa | University of Tartu (2026)

https://arxiv.org/abs/2601.18833

Core Thesis: This position paper outlines an architectural vision for Agentic Business Process

Management Systems (A-BPMS), a new class of platforms that integrate autonomy, reasoning, and

learning into process management and execution. It argues that process mining lays the foundation for

agents to sense process states, reason about improvement opportunities, and act to optimize

performance, supporting a continuum from human-driven to fully autonomous processes.

Enterprise Relevance: Provides a comprehensive architectural vision for integrating agentic AI into

enterprise BPM, outlining how autonomous systems can manage and optimize processes, redefining

automation boundaries.

Runtime Relevance: The paper directly addresses the need for systems that can autonomously adapt

and optimize long-running processes, moving beyond predefined workflows to handle dynamic

conditions and objectives.

Governance Implications: Emphasizes the need for A-BPMS to support a continuum of processes with

varying levels of autonomy, highlighting the importance of governance in managing the risks associated

with autonomous decision-making and execution.

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its
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reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.

Re-Thinking Process Mining in the AI-Based Agents Era

Alessandro Berti, Mayssa Maatallah, Urszula Jessen, Michal Sroka, Sonia Ayachi Ghannouchi | Not explicitly

stated in the abstract, but authors are affiliated with institutions like Fraunhofer Institute for Applied Information

Technology FIT and RWTH Aachen University in related papers. (2024)

https://arxiv.org/abs/2408.07720

Core Thesis: This paper proposes the AI-Based Agents Workflow (AgWf) paradigm to enhance the

effectiveness of process mining (PM) with Large Language Models (LLMs). It aims to overcome LLM

limitations in complex reasoning by decomposing tasks into simpler workflows and integrating

deterministic tools with LLM domain knowledge.

Enterprise Relevance: The AgWf paradigm offers a structured approach to integrate LLMs into

enterprise process mining, potentially enabling more autonomous and intelligent process analysis and

optimization.

Runtime Relevance: By decomposing complex tasks into simpler workflows, AgWf can improve the

handling of long-horizon processes, making them more manageable and amenable to AI-driven

analysis.

Governance Implications: The paper implicitly addresses governance by proposing a structured

approach to LLM integration, which can contribute to more controlled and auditable AI applications in

process mining, though it doesn't explicitly detail compliance mechanisms.

Agentic Business Process Management Systems

Marlon Dumas, Fredrik Milani, David Chapela-Campa | University of Tartu, Estonia (authors' affiliation) (2026)

https://link.springer.com/chapter/10.1007/978-3-032-13426-4_1

Core Thesis: This paper proposes an architectural vision for Agentic Business Process Management

Systems (A-BPMS) that integrate autonomy, reasoning, and learning into process management. It

argues that process mining lays the foundation for agents to sense process states, reason about

improvement, and act to optimize performance, supporting a continuum from human-driven to fully

autonomous processes.

Enterprise Relevance: Directly relevant, as it proposes a new class of systems for managing business

processes with agentic AI, impacting enterprise automation and operational models.

Runtime Relevance: A-BPMS aims to support autonomous processes, which are crucial for managing

and optimizing long-horizon workflows by enabling agents to make decisions and act over extended

periods.

Governance Implications: The paper explicitly mentions redefining governance boundaries and the

need for robust governance for effective and safe deployment of generative AI-based agents, making it

highly relevant.

EIGENVECTOR COMMENTARY: THE SILENT KILLER

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 157

https://arxiv.org/abs/2408.07720
https://link.springer.com/chapter/10.1007/978-3-032-13426-4_1


The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

PMAx: An Agentic Framework for AI-Driven Process Mining

Anton Antonov, Humam Kourani, Alessandro Berti, Gyunam Park, Wil M.P. van der Aalst | Fraunhofer Institute

for Applied Information Technology FIT, RWTH Aachen University (2026)

https://arxiv.org/abs/2603.15351

Core Thesis: PMAx is an autonomous agentic framework that acts as a virtual process analyst,

addressing the limitations of LLMs in process mining (deterministic reasoning, hallucination, data

privacy). It uses a privacy-preserving multi-agent architecture where an Engineer agent generates local

scripts for process mining algorithms and an Analyst agent interprets the results to compile

comprehensive reports.

Enterprise Relevance: PMAx directly addresses the challenges of integrating AI agents into enterprise

process mining by focusing on data privacy, accuracy, and auditability, making it highly relevant for

reliable deployment.

Runtime Relevance: The framework's ability to autonomously generate and interpret process mining

results can significantly enhance the analysis and optimization of complex, long-running enterprise

workflows.

Governance Implications: PMAx's emphasis on privacy-preserving data handling, static verification,

and auditability directly contributes to addressing governance, risk, and compliance concerns in agentic

process mining.

EIGENVECTOR COMMENTARY: THE PARADIGM SHIFT TO INFERENCE-TIME

Notice the emphasis on 'inference-time' intervention here. This is the paradigm shift. Instead of

trying to train the model to never make a mistake (which is impossible), the architecture assumes

mistakes will happen and builds a verification layer to catch them before they are executed. This is

the  essence  of  the  'Debate  Model'  in  multi-agent  orchestration.  It's  cheaper  to  verify  than  to

generate perfectly.
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Agentproof: Static Verification of Agent Workflow Graphs

Melwin Xavier, Vaisakh M A, Melveena Jolly, Midhun Xavier | Not explicitly stated in the abstract, but the paper is

from arXiv. (2026)

https://arxiv.org/abs/2603.20356

Core Thesis: This paper presents Agentproof, a system for static analysis of agent workflows that

focuses on properties expressible over the workflow graph and independent of LLM behavior. It aims to

enable pre-deployment static verification of safety properties in agent frameworks by automatically

extracting a unified abstract graph model and applying structural and temporal checks.

Enterprise Relevance: Highly relevant for ensuring the reliability and safety of agentic systems in

enterprise environments by enabling pre-deployment verification of workflow integrity and compliance.

Runtime Relevance: By providing static verification of workflow graphs, Agentproof can help ensure the

correctness and safety of complex, long-running agentic processes before deployment, reducing risks in

long-horizon operations.

Governance Implications: Directly addresses governance and risk by enabling the verification of safety

properties and policy adherence in agent workflows, which is crucial for compliance in regulated

industries.

AI-Driven Fault Injection Testing: Enhancing System Resilience with Automated
Chaos Engineering

Not explicitly stated in the extracted content, typically found on the title page of the PDF. | Not explicitly stated

in the extracted content, likely a journal or conference. (2025)

https://files.sdiarticle5.com/wp-content/uploads/2025/05/Ms_AJRCOS_135387.pdf

Core Thesis: This paper proposes an AI-driven fault injection testing framework leveraging

reinforcement learning to automate and optimize chaos engineering. It aims to dynamically generate and

execute fault scenarios, continuously learn from observed behaviors, identify weak points, and adapt

strategies to maximize test coverage and impact, ultimately building more robust, self-healing systems in

cloud-native environments.

Enterprise Relevance: Provides a framework for proactively testing and enhancing the resilience of

complex, distributed AI systems, crucial for enterprise deployments.

Runtime Relevance: Enables continuous and adaptive testing, which is vital for maintaining resilience

in long-running, evolving AI systems and workflows.

Governance Implications: Improves fault detection and recovery, contributing to more reliable systems

that can meet compliance requirements and reduce operational risks.

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.
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Resilient Integration of Large Language Models in Microservices Using Circuit
Breakers and Fallback Strategies

Sireesha Devalla | QIT Press - International Journal of Artificial Intelligence and Deep Learning Research and

Development (QITP-IJAIDLRD) (2025)

https://www.researchgate.net/profile/Sireesha-Devalla/publication/

398758401_Resilient_Integration_of_Large_Language_Models_in_Microservices_Using_Circuit_Breakers_and_Fal

lback_Strategies/links/694222ae27359023a00d627d/Resilient-Integration-of-Large-Language-Models-in-

Microservices-Using-Circuit-Breakers-and-Fallback-Strategies.pdf

Core Thesis: This paper proposes a resilience-driven architectural approach for integrating Large

Language Models (LLMs) into microservice-based systems. It addresses the unique challenges of LLM

inference (unpredictable latency, probabilistic outputs, rate limits) by extending classical resilience

patterns with LLM-aware failure detection, response degradation policies, and context-preserving

fallback strategies, demonstrating improved system availability and reduced tail latency under failure

conditions.

Enterprise Relevance: Provides a foundational architectural approach for building reliable and cost-

effective enterprise AI systems that integrate LLMs, addressing critical operational risks.

Runtime Relevance: Ensures the continuous operation and graceful degradation of LLM-dependent

long-running workflows by mitigating failures and controlling resource usage.

Governance Implications: Offers mechanisms for bounding costs, managing failures, and maintaining

acceptable service levels, which are vital for governance and compliance in enterprise AI deployments.

Figure 6.9: Maturity Architecture
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Graph-Based Self-Healing Tool Routing for Cost-Efficient LLM Agents

Neeraj Bholani | arXiv (Working paper) (2026)

https://arxiv.org/abs/2603.01548

Core Thesis: This paper introduces "Self-Healing Router," a fault-tolerant orchestration architecture for

tool-using LLM agents. It treats most agent control-flow decisions as routing rather than reasoning,

combining parallel health monitors with a cost-weighted tool graph and Dijkstra's algorithm for

deterministic shortest-path routing. This enables automatic recovery from tool failures without invoking

the LLM, reserving LLM calls for unresolvable paths to improve cost-efficiency and robustness.

Enterprise Relevance: Offers a robust and cost-efficient solution for orchestrating and managing LLM

agents in enterprise environments, enhancing their reliability and operational predictability.

Runtime Relevance: Enables self-healing and deterministic recovery in complex, long-running agentic

workflows, reducing manual intervention and improving continuity.

Governance Implications: Provides clear observability into failure handling (logged reroutes or explicit

escalations), which is valuable for auditing and demonstrating compliance in autonomous systems.

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its

reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.
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Agentic Artificial Intelligence (AI): Architectures, Taxonomies, and Evaluation of
Large Language Model Agents

Arunkumar V, Gangadharan G.R., Rajkumar Buyya | University College of Engineering, Anna University

Tiruchirappalli, Tamil Nadu, India; National Institute of Technology Tiruchirappalli, India; School of Computing and

Information Systems University of Melbourne, Australia (2026)

https://arxiv.org/html/2601.12560v1

Core Thesis: This paper investigates the architectures of Agentic AI, proposing a unified taxonomy that

decomposes LLM-based agents into modular dimensions (Perception, Brain, Planning, Action, Tool Use,

Collaboration). It aims to provide a structured understanding of the rapidly evolving field, moving beyond

passive LLMs to autonomous systems that perceive, reason, plan, and act, while also addressing

evaluation practices and open challenges.

Enterprise Relevance: This paper is highly relevant as it provides a comprehensive overview of agentic

AI architectures, taxonomies, and evaluation, which are crucial for designing and deploying robust,

secure, and efficient autonomous systems in enterprise settings. It specifically mentions enterprise

frameworks emphasizing auditability, data governance, and failure recovery.

Runtime Relevance: The paper addresses the motivation for agentic systems driven by workflows that

exceed the context window, reliability envelope, or tool permissions of a single model call. It discusses

how controllable orchestration and explicit workflow graphs (e.g., LangGraph) are used to manage long-

horizon behavior, making it more debuggable and alignable with organizational constraints.

Governance Implications: The paper highlights risks such as prompt injection and hallucination in

action, and discusses the need for layered mitigations, standardized connector layers (MCP) for

governance at integration boundaries (allowlists, authentication, audit logging), and independent policy/

audit components to validate plans before execution. It also mentions enterprise frameworks

emphasizing auditability and data governance.

EIGENVECTOR COMMENTARY: THE GOVERNANCE GAP

This research perfectly illustrates the 'Governance Gap'. When an agent operates autonomously,

who is responsible for its actions? This paper underscores why we advocate for 'Gate 3: Action

Control'—a  deterministic  policy  engine  that  intercepts  every  tool  call  and  evaluates  it  against

enterprise rules before allowing it  to  proceed.  You cannot  govern an LLM with  a  prompt;  you

govern it with a proxy.
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Cognitive Architectures for Language Agents

Theodore R. Sumers, Shunyu Yao, Karthik Narasimhan, Thomas L. Griffiths | Princeton University (2023)

https://arxiv.org/html/2309.02427v3

Core Thesis: This paper proposes Cognitive Architectures for Language Agents (CoALA) as a

conceptual framework to organize existing language agents and guide the development of new ones.

CoALA positions the LLM as the core component of a larger cognitive architecture, drawing parallels

with historical production systems and cognitive architectures like Soar, to systematize diverse methods

for LLM-based reasoning, grounding, learning, and decision-making.

Enterprise Relevance: CoALA provides a modular and structured approach to designing language

agents, which can be beneficial for enterprise systems requiring robust and maintainable AI solutions.

The emphasis on explicit memory management and decision-making processes can lead to more

predictable and auditable agent behavior.

Runtime Relevance: The framework's detailed memory modules (especially episodic and procedural

memory) and structured decision-making processes are crucial for agents operating in long-horizon

workflows, enabling them to maintain context, learn from past experiences, and execute complex multi-

step tasks.

Governance Implications: The paper implicitly addresses governance by highlighting the risks

associated with agents modifying their own procedural memory, suggesting the need for careful design

and control. The modularity of CoALA could also facilitate auditing and understanding agent behavior.

Measuring the metacognition of AI

Richard Servajean, Philippe Servajean | Not explicitly stated, but authors are Richard Servajean and Philippe

Servajean. (2026)

https://arxiv.org/abs/2603.29693

Core Thesis: This paper argues for robust methods to measure the metacognitive abilities of AI,

specifically large language models (LLMs). It proposes adopting the meta-d' framework as the gold

standard for assessing metacognitive sensitivity and leveraging signal detection theory (SDT) to

measure the ability of AIs to spontaneously regulate their decisions based on uncertainty and risk.

Enterprise Relevance: This research is highly relevant to enterprise agentic systems by providing

methods to quantify and assess the reliability and self-regulation capabilities of AI agents, which is

critical for trust, auditability, and deployment in risk-sensitive business processes.

Runtime Relevance: Metacognitive abilities, as measured by this paper, are essential for long-horizon

workflows where agents need to monitor their own progress, identify potential errors, and adapt their

strategies over extended periods, especially when dealing with uncertainty.

Governance Implications: The paper directly addresses the need for AI systems to assess their own

reliability and regulate decisions, which is fundamental for governance, risk management, and

compliance in AI deployments. The proposed frameworks offer tools for auditing and ensuring

responsible AI behavior.
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Bootstrapping Cognitive Agents with a Large Language Model

Feiyu Zhu, Reid Simmons | Carnegie Mellon University (2024)

https://ojs.aaai.org/index.php/AAAI/article/view/27822/27674

Core Thesis: This paper proposes a framework that combines the general knowledge of Large

Language Models (LLMs) with the interpretability and flexibility of cognitive architectures (specifically

inspired by ACT-R and SOAR). The goal is to bootstrap cognitive agents with LLM-derived knowledge,

reducing manual effort in rule creation and enabling generalization to novel environments and complex

tasks.

Enterprise Relevance: This work offers a pathway to building more robust, interpretable, and efficient

agentic systems for enterprises by combining the strengths of LLMs for knowledge acquisition with the

structured reasoning of cognitive architectures. The focus on verifiable production rules is crucial for

enterprise adoption.

Runtime Relevance: The ability to bootstrap agents with generalized knowledge and production rules

allows them to handle complex, long-horizon tasks more effectively, reducing the need for constant LLM

queries and enabling more autonomous operation over extended periods.

Governance Implications: The emphasis on interpretable and formally verifiable production rules

directly addresses governance and compliance concerns. It provides a mechanism for auditing agent

behavior and ensuring that decisions align with predefined policies, which is vital in regulated

environments.

When AIOps Become “AI Oops”: Subverting LLM-driven IT Operations via
Telemetry Manipulation

Dario Pasquini, Evgenios M. Kornaropoulos, Giuseppe Ateniese, Omer Akgul, Athanasios Theocharis,

Petros Efstathopoulos | RSAC Labs, George Mason University (2025)

https://arxiv.org/html/2508.06394v2

Core Thesis: This paper performs the first security analysis of AIOps solutions, demonstrating that

adversaries can manipulate system telemetry to mislead LLM-driven AIOps agents into taking actions

that compromise infrastructure integrity. It introduces techniques for telemetry data injection using error-

inducing requests to influence agent behavior through adversarial reward-hacking.

Enterprise Relevance: Highlights critical security vulnerabilities in agentic AI systems used for IT

operations, emphasizing the need for robust security measures in enterprise deployments.

Runtime Relevance: Addresses the security risks in automated, long-running IT operations workflows

managed by AI agents, where sustained manipulation could lead to significant system compromise.

Governance Implications: Directly relevant by exposing attack vectors that could lead to non-

compliance, data breaches, and operational risks, necessitating stronger governance frameworks for

AIOps.
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AIOps Solutions for Incident Management: Technical Guidelines and A
Comprehensive Literature Review

Emil You, Anes Emerad, Romai Thonat, Mehdi Kayout | University of Lyon, INSA Lyon CNRS UMR 5205,

Infologic (2024)

https://arxiv.org/html/2404.01363v1

Core Thesis: This study proposes a standardized AIOps terminology and taxonomy, establishes a

structured incident management procedure, and provides guidelines for constructing an AIOps

framework. It also offers a comprehensive review of technical and research aspects in AIOps for incident

management to structure knowledge, identify gaps, and establish a foundation for future developments.

Enterprise Relevance: Provides foundational knowledge and a structured approach for enterprises

looking to implement or improve agentic AIOps solutions for incident management.

Runtime Relevance: Offers a framework for managing incidents in complex, long-running IT workflows,

improving reliability and efficiency through standardization.

Governance Implications: The proposed terminology and structured procedures can aid in establishing

better governance and compliance frameworks for AIOps implementations.

Self-Healing Infrastructure: AI-Powered Automation for Fault-Tolerant DevOps
Environments

Henry Josh, Butler Adam, Mengkorn Pum, James Jake | University of Chicago (2024)

https://www.researchgate.net/profile/Mengkorn-Pum-2/publication/388634507_Self-Healing_Infrastructure_AI-

Powered_Automation_for_Fault-Tolerant_DevOps_Environments/links/67a045bb4c479b26c9cade07/Self-Healing-

Infrastructure-AI-Powered-Automation-for-Fault-Tolerant-DevOps-Environments.pdf

Core Thesis: This research explores the fundamentals of self-healing infrastructure in DevOps, focusing

on the mechanisms, benefits, and challenges of AI-powered automation. It investigates existing

solutions, their effectiveness in reducing downtime, and how AI-driven decision-making enhances

resilience.

Enterprise Relevance: Directly relevant as it discusses the application of AI-powered automation to

create fault-tolerant DevOps environments, which are crucial for enterprise agentic systems.

Runtime Relevance: Addresses the need for resilient and self-managing infrastructure to support long-

running and complex workflows in enterprise settings.

Governance Implications: Highlights the importance of security and ethical considerations in AI-driven

automation, which are critical for governance and risk management.
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Leveraging AI Agents for Autonomous Networks: A Reference Architecture and
Empirical Studies

Binghan Wu, Shoufeng Wang, Yunxin Liu, Ya-Qin Zhang, Joseph Sifakis, Ye Ouyang | AsiaInfo Technologies

Limited, Institute for AI Industry Research (AIR) Tsinghua University, Verimag Université Grenoble Alpes (2025)

https://arxiv.org/html/2509.08312v1

Core Thesis: This research bridges the gap between architectural theory and operational reality in

Autonomous Networks (AN) by implementing Joseph Sifakis’s AN Agent reference architecture in a

functional cognitive system. It deploys coordinated proactive-reactive runtimes driven by hybrid

knowledge representation and validates the framework through an empirical case study of a Radio

Access Network (RAN) Link Adaptation (LA) Agent.

Enterprise Relevance: Provides a robust architectural framework for developing and deploying agentic

AI systems in complex enterprise network environments, pushing towards higher levels of autonomy.

Runtime Relevance: Addresses the need for self-configuring, self-healing, and self-optimizing

networks, which are crucial for maintaining the reliability and efficiency of long-running, complex

enterprise workflows.

Governance Implications: The structured approach to autonomous network management can

contribute to better governance by providing clear architectural principles and verifiable operational

outcomes.

Figure 6.18: Calibration Architecture
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A Systematic Review of MLOps Tools: Tool Adoption, Lifecycle Coverage, and
Critical Insights

Zakkarija Micallef, Keerthiga Rajenthiram, Ilias Gerostathopoulos | Vrije Universiteit Amsterdam (2026)

https://arxiv.org/abs/2604.16371

Core Thesis: This systematic review investigates the adoption and usage of MLOps tools in academic

literature, mapping them to lifecycle components to identify usage trends, benefits, and limitations,

ultimately highlighting the importance of interoperability in real-world MLOps pipelines.

Enterprise Relevance: Provides insights into the tools and architectural considerations for building

robust MLOps pipelines, which are essential for deploying and managing agentic systems in enterprise

environments.

Runtime Relevance: Emphasizes continuous training, metadata tracking, and performance monitoring,

all crucial for maintaining the effectiveness of long-running AI workflows.

Governance Implications: Highlights the importance of versioning, reproducibility, and auditability in

MLOps, which are fundamental for governance, risk management, and compliance in AI systems.

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

Towards a Reference Architecture for Machine Learning Operations

Miguel Ángel Mateo-Casalí, Andrés Boza, Francisco Fraile | Research Centre on Production Management and

Engineering (CIGIP), Universitat Politècnica de València (UPV) (2026)

https://www.mdpi.com/2073-431X/15/4/218

Core Thesis: The paper proposes a hybrid reference architecture and an open-source implementation

stack for industrial MLOps to address the complexities of deploying ML in Industry 4.0/5.0 ecosystems,

bridging the gap between industrial constraints (OT/IT integration, edge-fog-cloud latency) and

architectural decisions.

Enterprise Relevance: Provides a foundational architecture for deploying and managing ML models in

complex, distributed enterprise environments, which is crucial for agentic systems operating across edge

and cloud.

Runtime Relevance: The focus on continuous performance monitoring, retraining, and lifecycle

governance supports the sustained operation of models over long horizons in dynamic industrial

settings.

Governance Implications: Explicitly addresses governance requirements, security, traceability, and the

need for structured process models to manage risk throughout the ML lifecycle.

EIGENVECTOR COMMENTARY: THE COST OF CONTEXT
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Pay close attention to the performance degradation noted here as context length increases. The

'Lost  in  the  Middle'  phenomenon is  real.  Just  because an LLM *can*  accept  1  million  tokens

doesn't mean it *should*. Good architecture minimizes the working memory (context window) and

maximizes the episodic memory (vector store). Keep the prompt lean.

Scalable Inference Architectures for Compound AI Systems: A Production
Deployment Study

Srikanta Prasad S V, Utkarsh Arora | Agentforce AI Platform, Salesforce India Pvt Ltd (2026)

https://arxiv.org/abs/2604.25724

Core Thesis: This paper presents a production deployment study of a modular, platform-agnostic

inference architecture designed to efficiently serve concurrent, heterogeneous model invocations for

compound AI systems, particularly autonomous AI agents, demonstrating significant improvements in

latency, throughput, and cost savings.

Enterprise Relevance: Directly addresses the infrastructure challenges of deploying and scaling

autonomous AI agents (Agentforce) in an enterprise setting, focusing on performance, cost, and

reliability.

Runtime Relevance: The architecture's focus on dynamic autoscaling, efficient resource allocation, and

continuous iteration capabilities are crucial for maintaining performance and cost-effectiveness of long-

running agentic workflows.

Governance Implications: While not explicitly detailed, the emphasis on production deployment,

reliability, and controlled iteration implies a framework that supports auditability and controlled changes,

which are foundational for governance.

Platform engineering maturity in 2026: What the data tells us

Mallory Haigh | Platform Engineering (2026)

https://platformengineering.org/blog/platform-engineering-maturity-in-2026

Core Thesis: This article forecasts the maturity trends in platform engineering for 2026, emphasizing

the non-negotiable requirement of AI integration, the critical need for improved measurement practices,

and the shift towards platform industrialization to eliminate toil and support complex, multi-platform

ecosystems.

Enterprise Relevance: Highlights the critical role of platform engineering in enabling and scaling AI

workloads, including agentic systems, by providing the necessary infrastructure and operational support.

Runtime Relevance: Emphasizes the need for robust, industrialized platforms that can sustain and

evolve AI capabilities over time, supporting continuous improvement and long-term operational

efficiency.

Governance Implications: Implies the need for embedded controls and policy enforcement within

platforms to manage AI risks, although it doesn't detail specific governance frameworks.

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its
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reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.

A Metacognitive Architecture for Correcting LLM Errors in AI Agents

Jisu Kim, Mahimul Islam, Ashok Goel | Design Intelligence Laboratory, Georgia Institute of Technology (2026)

https://dilab.gatech.edu/test/wp-content/uploads/2026/02/A-Metacognitive-Architecture-for-Correcting-LLM-Errors-in-

AI-Agents.pdf

Core Thesis: This paper introduces a two-level metacognitive self-adaptation architecture that

integrates knowledge-based AI (KBAI) with LLMs to enable AI agents to correct mistakes and adapt to

user needs, particularly in deployed social agents.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

A Self-Healing Framework for Reliable LLM-Based Autonomous Agents

Cheonsu Jeong, Younggun Shin | Not explicitly stated (academic/research institution implied) (2026)

https://arxiv.org/abs/2605.06737

Core Thesis: This paper proposes a reliability-aware self-healing framework for LLM-based software

agents to address unpredictable failures like hallucinations and execution errors. It integrates failure

detection, reliability assessment, and automated recovery mechanisms, aiming to increase task success

rates and system robustness.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Holistic Agent Leaderboard: The Missing Infrastructure for AI Agent Evaluation

Sayash Kapoor, Benedikt Stroebl, Peter Kirgis, Nitya Nadgir, Zachary S Siegel, Boyi Wei, Tianci Xue, Ziru

Chen, Felix Chen, Saiteja Utpala, Franck Ndzomga, Dheeraj Oruganty, Sophie Luskin, Kangheng Liu, Botao

Yu, Amit Arora, Dongyoon Hahm, Harsh Trivedi, Huan Sun, Juyong Lee, Tengjun Jin, Yifan Mai, Yifei Zhou,

Yuxuan Zhu, Rishi Bommasani, Daniel Kang, Dawn Song, Peter Henderson, Yu Su, Percy Liang, Arvind

Narayanan | Princeton University (2025)

https://arxiv.org/abs/2510.11977

Core Thesis: The Holistic Agent Leaderboard (HAL) addresses critical shortcomings in AI agent

evaluation by providing a unified, reproducible, and cost-controlled framework. It emphasizes

multidimensional analysis across models, scaffolds, and benchmarks, alongside automated LLM-aided

log inspection, to move beyond superficial benchmark scores towards understanding real-world agent

reliability and behavior.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

AGENCY B ENCH: Benchmarking the Frontiers of Autonomous Agents in 1M-Token
Real-World Contexts

Keyu Li, Junhao Shi, Yang Xiao, Mohan Jiang, Jie Sun, Yunze Wu, Dayuan Fu, Shijie Xia, Xiaojie Cai, Tianze

Xu, Weiye Si, Wenjie Li, Dequan Wang, Pengfei Liu | SII Open Source, SJTU, PolyU, AgencyBench, GAIR (2026)

https://arxiv.org/abs/2601.11044

Core Thesis: AGENCY B ENCH introduces a comprehensive benchmark designed to evaluate

autonomous agents on long-horizon, diverse, and authentic real-world tasks that require extensive

context and multi-turn interactions. It aims to overcome limitations of existing benchmarks by providing

automated evaluation through user simulation and Docker-based sandboxes, revealing the true

capabilities and behavioral patterns of frontier models.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Meta-Harness: End-to-End Optimization of Model Harnesses

Yoonho Lee, Roshen Nair, Qizheng Zhang, Omar Khattab, Kangwook Lee, Chelsea Finn | Stanford, MIT,

KRAFTON (2026)

https://arxiv.org/abs/2603.28052

Core Thesis: Meta-Harness introduces an outer-loop system that automates the optimization of model

harnesses—the code that dictates how information is stored, retrieved, and presented to an LLM. By

using an agentic proposer with filesystem access to a rich history of prior candidates' code, scores, and

execution traces, Meta-Harness enables end-to-end search over harness implementations, moving

beyond manual design and limited text optimization methods.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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CHAPTER 7

Research Synthesis and
Key Findings

The synthesis of over 300 research papers reveals a clear

consensus: the future of enterprise AI lies in systems

engineering, not just model scaling.



This  final  chapter  distills  the  key  findings  from  the  research  compendium  into  actionable

principles for enterprise architects. It highlights the critical gaps in current frameworks and points

toward the emerging paradigms that will define the next generation of governed autonomous

systems.

The Six Pillars of Reliable Autonomy

If we distill the entire corpus of research in this Atlas, six foundational pillars emerge for building

Zone III systems:

1.  The Control Systems Paradigm: AI must be treated as a control system, with feedback

loops, error correction, and bounded execution, rather than a simple input-output function. 2.

Governance as Infrastructure: Governance cannot be an afterthought or a prompt instruction.

It  must  be  hardcoded  into  the  runtime  infrastructure  via  deterministic  policy  engines.  3.

Evidence  as  a  First-Class  Artifact: Every  action,  decision,  and  state  change  must  be

cryptographically  logged.  In the enterprise,  if  it  isn't  auditable,  it  didn't  happen.  4.  Bounded

Autonomy: Agents  should  not  have  open-ended  freedom.  Their  autonomy must  be  strictly

bounded by their role, their tools, and their current context. 5.  Semantic Grounding: Agents

must be continuously grounded in the enterprise's source of truth (via RAG, Knowledge Graphs,

and Semantic Memory) to prevent drift. 6.  Confidence Calibration: Agents must know when

they don't know. They need the ability to calculate their own uncertainty and gracefully escalate

to a human when confidence falls below a threshold.

The Road Ahead

The research shows that we are at an inflection point. The era of "AI as a toy" is ending. The era

of  "AI  as  enterprise  infrastructure"  is  beginning.  The  organizations  that  master  these

architectural principles will be the ones that successfully deploy autonomous systems at scale,

transforming their operations while maintaining absolute control and compliance.
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Figure 7.0: Core architectural pattern for research synthesis and key findings

Research Profiles (28 papers)

Improving Consistency in Large Language Models through Chain of Guidance

Harsh Raj, Vipul Gupta, Domenic Rosati, Subhabrata Majumdar | Northeastern University, Pennsylvania State

University, Dalhousie University, Vijil (2025)

https://arxiv.org/abs/2502.15924

Core Thesis: This paper introduces Chain of Guidance (CoG), a multi-step prompting technique

designed to enhance semantic consistency in Large Language Model (LLM) outputs. It demonstrates

that fine-tuning smaller LLMs with synthetically generated consistent question-answer pairs from CoG

can significantly improve their consistency and generalization capabilities, addressing a critical

trustworthiness issue in LLM-based applications.

Enterprise Relevance: Enhancing consistency is crucial for enterprise agentic systems that rely on

LLMs for reliable and predictable behavior. CoG offers a method to improve the trustworthiness of LLM

outputs, which is vital for automated decision-making, customer service, and other business-critical

applications where inconsistent responses can lead to significant issues.

Runtime Relevance: For long-horizon workflows, where LLMs interact over extended periods and

across various contexts, maintaining semantic consistency is paramount. CoG's ability to fine-tune

models for improved consistency ensures that agents can maintain coherent and reliable interactions,

reducing the risk of drift in understanding or output over time.

Governance Implications: Inconsistent LLM behavior poses significant governance, risk, and

compliance challenges. By improving consistency, CoG contributes to better auditability and

predictability of LLM outputs, making it easier to ensure adherence to regulatory requirements and

internal policies, thereby reducing operational risks.
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Human-in-the-loop or AI-in-the-loop? Automate or Collaborate?

Sriraam Natarajan, Saurabh Mathur, Sahil Sidheekh, Wolfgang Stammer, Kristian Kersting | Virginia Tech, TU

Darmstadt, Hessian Center for AI (hessian.AI) (2024)

https://arxiv.org/html/2412.14232v1

Core Thesis: This paper argues for a re-evaluation of the term "Human-in-the-loop" (HIL), proposing

"AI-in-the-loop" (AI2L) as a more accurate description for systems where humans maintain ultimate

control and AI serves as a supportive tool. It emphasizes that current evaluation methods often

overemphasize AI performance, neglecting the critical role and influence of human experts.

Enterprise Relevance: Provides a foundational perspective on how agentic AI systems should be

integrated into enterprise workflows, emphasizing human control and AI assistance rather than full

automation, which is crucial for trust and adoption in business settings.

Runtime Relevance: The distinction between HIL and AI2L is vital for designing long-horizon workflows

where human judgment and oversight are indispensable for complex, evolving tasks, ensuring sustained

reliability and adaptability.

Governance Implications: Directly impacts governance by redefining the locus of control and

responsibility in AI systems, suggesting that compliance frameworks should acknowledge the human as

the ultimate decision-maker in AI2L scenarios.

Designing meaningful human oversight in AI

Liming Zhu, Qinghua Lu, Ming Ding, Sung Une Lee, Chen Wang | CSIRO's Data61, University of New South

Wales (2026)

https://link.springer.com/article/10.1007/s43681-026-01147-7

Core Thesis: This paper proposes a design framework for meaningful human oversight in AI by

distinguishing between AI's "operative agency" (task execution) and human's "evaluative

agency" (verification, steering, substitution). It argues that focusing on external reasoning faithfulness

(alignment with external criteria and human expertise) is more effective than internal mechanistic

transparency for enabling meaningful oversight, and provides a catalogue of oversight mechanisms and

end-to-end design patterns.

Enterprise Relevance: Provides a robust framework for integrating human oversight into enterprise AI

systems, ensuring that AI deployments are safe, responsible, and compliant with ethical and regulatory

standards.

Runtime Relevance: Offers design patterns and mechanisms for maintaining human control and

accountability over extended, complex AI-driven processes, crucial for managing risks and ensuring

desired outcomes in long-horizon workflows.

Governance Implications: Directly addresses the operationalization of meaningful human control,

providing concrete mechanisms and design patterns for establishing clear accountability, auditability,

and compliance in AI governance frameworks.

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 175

https://arxiv.org/html/2412.14232v1
https://link.springer.com/article/10.1007/s43681-026-01147-7


logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.

Lost in the Middle: How Language Models Use Long Contexts

Nelson F. Liu, Kevin Lin, John Hewitt, Ashwin Paranjape, Michele Bevilacqua, Fabio Petroni, Percy Liang |

Stanford University (implied by authors' affiliations in other works, and Percy Liang is from Stanford) (2023)

https://arxiv.org/abs/2307.03172

Core Thesis: Language models struggle to effectively use information located in the middle of long input

contexts, performing best when relevant information is at the beginning or end of the context. This

phenomenon, termed "lost in the middle," highlights a significant limitation in how current LLMs process

and leverage extended inputs.

Enterprise Relevance: Enterprise agentic systems often require processing extensive documentation,

logs, or historical data. The "lost in the middle" problem implies that critical information embedded within

large context windows might be overlooked, leading to unreliable decision-making or task execution.

Runtime Relevance: Long-horizon workflows inherently involve maintaining and processing large

amounts of contextual information over time. If LLMs fail to reliably access information in the middle of

their context, the continuity and accuracy of these workflows could be severely compromised, leading to

errors or inefficiencies.

Governance Implications: For GRC applications, the ability to accurately retrieve and synthesize

information from long legal documents, policy manuals, or audit trails is paramount. The "lost in the

middle" issue poses a significant risk, as compliance breaches or misinterpretations could occur if

relevant clauses or data points are overlooked due to their position in the input.

EIGENVECTOR COMMENTARY: TOOL CALLING AS AN ATTACK VECTOR

This  research  touches  on  a  critical  security  aspect:  tool  calling  is  essentially  remote  code

execution. If an agent can call an API, it can be manipulated into calling that API maliciously via

prompt injection. This is why the 'Four Gates' governance model is non-negotiable. Every tool call

must be validated for intent, parameters, and permissions before execution.
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Star Attention: Efficient LLM Inference over Long Sequences

Shantanu Acharya, Fei Jia, Boris Ginsburg | NVIDIA (implied by GitHub repository and common affiliations of

authors) (2024)

https://arxiv.org/abs/2411.17116

Core Thesis: Star Attention is a novel two-phase block-sparse approximation designed to significantly

improve the computational efficiency and speed of Transformer-based Large Language Models (LLMs)

when performing inference on long sequences. It achieves this by sharding attention across multiple

hosts and minimizing communication overhead, thereby addressing the quadratic complexity bottleneck

of self-attention.

Enterprise Relevance: Enterprise agentic systems often require real-time or near real-time processing

of large data streams and complex interactions. Star Attention's efficiency gains in LLM inference over

long sequences are critical for deploying such systems at scale, enabling faster decision-making and

more responsive automated workflows without compromising accuracy.

Runtime Relevance: Long-horizon workflows necessitate maintaining extensive context over prolonged

operations. By drastically reducing the computational cost and time for processing long sequences, Star

Attention makes it more feasible to implement and run LLM-powered agents in such workflows, ensuring

that agents can access and utilize all relevant historical information efficiently.

Governance Implications: Efficient processing of long documents (e.g., legal texts, audit logs) is vital

for GRC. Star Attention allows LLMs to analyze these lengthy inputs more quickly, facilitating faster

compliance checks, risk assessments, and anomaly detection, which are crucial for maintaining

regulatory adherence and mitigating risks.

Figure 7.5: Architecture Architecture

EIGENVECTOR RESEARCH | THE ATLAS OF AGENTIC ENTERPRISE ARCHITECTURE 177

https://arxiv.org/abs/2411.17116


From Agent Loops to Deterministic Graphs: Execution Lineage for Reproducible AI-
Native Work

Josh Rosen, Seth Rosen | Independent / Not explicitly stated (2026)

https://arxiv.org/abs/2605.06365

Core Thesis: The paper introduces execution lineage, an execution model representing AI-native work

as a directed acyclic graph (DAG) of artifact-producing computations with explicit dependencies, stable

intermediate boundaries, and identity-based replay. This aims to make evolving AI-generated work

maintainable under change, providing stronger guarantees about how work evolves across revisions.

Enterprise Relevance: Provides a framework for ensuring reproducibility and maintainability of AI-

generated work, crucial for enterprise applications where consistency and auditability are paramount for

operational integrity and regulatory compliance.

Runtime Relevance: Addresses the challenge of maintaining stable work products and propagating

changes through intermediate artifacts over extended periods, which is essential for long-running

autonomous workflows that require consistent state management and evolution.

Governance Implications: Offers stronger guarantees about work evolution and state consistency,

directly supporting governance, risk management, and compliance requirements by enabling clear audit

trails, predictable system behavior, and verifiable execution paths.

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.
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Get Experience from Practice: LLM Agents with Record & Replay

Erhu Feng, Wenbo Zhou, Zibin Liu, Le Chen, Yunpeng Dong, Cheng Zhang, Yisheng Zhao, Dong Du, Zhichao

Hua, Yubin Xia, Haibo Chen | Institute of Parallel and Distributed Systems (IPADS), Shanghai Jiao Tong University

(2025)

https://arxiv.org/html/2505.17716v1

Core Thesis: This paper proposes AgentRR (Agent Record & Replay), a new paradigm that integrates

classical record-and-replay mechanisms into AI agent frameworks. The core idea is to record agent

interactions, summarize them into structured "experience" encapsulating workflows and constraints, and

replay these experiences in subsequent similar tasks. It introduces a multi-level experience abstraction

and a check function mechanism to balance specificity and generality while ensuring safety and

completeness during replay.

Enterprise Relevance: Highly relevant as it provides a structured, reliable, and cost-effective way to

deploy AI agents in enterprise environments, ensuring predictable behavior through recorded

experiences.

Runtime Relevance: The record and replay mechanism is well-suited for long-horizon workflows,

allowing agents to reliably execute complex, multi-step processes based on proven past successes.

Governance Implications: The check function mechanism and bounded intelligence approach directly

support governance and compliance by ensuring agents operate within predefined, safe boundaries and

providing a clear audit trail of recorded experiences.

i-Check: An Idempotence-Driven Optimisation Framework for AI Agents in
Enterprise Workflows

Sahil Kale, Yash Nikam, Vijaykant Nadadur | Knowledge Verse AI (2026)

https://www.scitepress.org/Papers/2026/142798/142798.pdf

Core Thesis: The paper introduces _i-Check_, a conceptual, memory-driven framework that enhances

idempotence in LLM-backed AI agents by detecting redundant requests and minimizing repeated LLM

calls. This optimization aims to generate consistent, reproducible results for identical or similar inputs,

thereby saving resources and improving trustworthiness in enterprise workflows.

Enterprise Relevance: Highly relevant for enterprise applications as it directly addresses the need for

predictable, cost-efficient, and trustworthy AI agent behavior by enhancing idempotence and reducing

resource overhead.

Runtime Relevance: Improves the reliability and consistency of agent outputs over time, which is

crucial for long-running, multi-step workflows where consistent intermediate states are essential for

overall process integrity.

Governance Implications: By ensuring reproducible and consistent results, _i-Check_ contributes to

better auditability and compliance, as agent actions and outputs become more predictable and

verifiable.
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SAGA: Workflow-Atomic Scheduling for AI Agent Inference on GPU Clusters

Dongxin Guo, Jikun Wu, Siu Ming Yiu | Not explicitly stated (Accepted to HPDC '26) (2026)

https://arxiv.org/abs/2605.00528

Core Thesis: SAGA proposes a shift from request-level to program-level scheduling for AI agent

inference on GPU clusters, treating the entire agent workflow as the first-class schedulable unit. This

approach aims to reduce end-to-end latency and improve GPU memory utilization by leveraging

workflow structure and predicting KV cache reuse.

Enterprise Relevance: Directly relevant for enterprises deploying complex AI agents on GPU clusters,

as it offers significant improvements in latency and resource utilization, crucial for cost-effective and

responsive operations.

Runtime Relevance: By optimizing the scheduling of entire agent workflows, SAGA enhances the

efficiency and predictability of long-running, multi-step AI tasks, which are common in long-horizon

autonomous systems.

Governance Implications: Improved predictability and efficiency in resource utilization can indirectly

support governance by providing more stable and auditable operational environments for AI agents.

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH

Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.

SAGA: A Security Architecture for Governing AI Agentic Systems

Georgios Syros, Anshuman Suri, Jacob Ginesin, Cristina Nita-Rotaru, Alina Oprea | Various academic

institutions (2025)

https://arxiv.org/abs/2504.21034

Core Thesis: SAGA proposes a scalable Security Architecture for Governing Agentic systems that offers

user oversight over their agents' lifecycle. It addresses the gap in existing designs by providing concrete

implementation and evaluation, and user-controlled agent management through a central Provider entity,

access control policies, and a cryptographic mechanism for deriving access control tokens.

Enterprise Relevance: Highly relevant for enterprises deploying AI agents, as it provides a crucial

security and governance framework to ensure controlled, compliant, and trustworthy operation of

autonomous systems, especially in sensitive domains.

Runtime Relevance: The architecture supports continuous oversight and policy enforcement

throughout the lifecycle of agents, which is vital for maintaining security and compliance in long-running,

evolving autonomous workflows.

Governance Implications: Directly addresses governance, risk, and compliance by enabling user-

defined access control, formal security guarantees, and auditability of inter-agent communications,

which are essential for regulatory adherence and accountability.
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EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.

Figure 7.10: Vs Prompting Architecture

Reinforcement World Model Learning for LLM-based Agents

Xiao Yu, Baolin Peng, Ruize Xu, Yelong Shen, Pengcheng He, Suman Nath, Nikhil Singh, Jiangfeng Gao,

Zhou Yu | Not specified (2026)

https://arxiv.org/abs/2602.05842

Core Thesis: This paper proposes Reinforcement World Model Learning (RWML), a self-supervised

method that learns action-conditioned world models for LLM-based agents on textual states using sim-

to-real gap rewards. This addresses the struggle of LLMs in agentic settings to anticipate action

consequences and adapt to environment dynamics.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: WHY RAG IS NOT ENOUGH
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Many  enterprises  stop  at  RAG  (Retrieval-Augmented  Generation)  and  think  they've  solved

hallucination. This paper shows why that's false comfort.  RAG solves *knowledge* gaps, but it

doesn't solve *reasoning* gaps. If the agent retrieves the right document but applies the wrong

logic to it, the output is still a failure. We need process reward models to evaluate the reasoning

chain, not just the retrieved context.

Self-Reflection in LLM Agents: Effects on Problem-Solving Performance

Matthew Renze, Erhan Guven | Johns Hopkins University (2024)

https://arxiv.org/abs/2405.06682

Core Thesis: This study investigates the effects of various types of self-reflection on the problem-

solving performance of LLM agents, demonstrating that self-reflection significantly improves

performance and identifying the individual contributions of different reflection components.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

CP-Agent: Agentic Constraint Programming

Stefan Szeider | Vienna University of Technology (TU Wien) (implied by author's affiliation in other works) (2026)

https://arxiv.org/abs/2508.07468

Core Thesis: This paper proposes CP-Agent, a Python coding agent utilizing the ReAct framework and

a persistent IPython kernel, to effectively translate natural language problem descriptions into formal

constraint models and solve constraint programming problems with high accuracy.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Beyond Instruction Following: Evaluating Inferential Rule Following of Large
Language Models

Wangtao Sun, Chenxiang Zhang, XueYou Zhang, Xuanqing Yu, Ziyang Huang, Pei Chen, Haotian Xu, Shizhu

He, Jun Zhao, Kang Liu | Chinese Academy of Sciences (implied by authors' affiliations in other works) (2024)

https://arxiv.org/abs/2407.08440

Core Thesis: This paper clarifies the concept of inferential rule-following, distinguishes it from

instruction-following, and proposes RuleBench, a comprehensive benchmark to evaluate LLMs' ability to

infer and follow abstract rules, demonstrating that current LLMs are still limited in this capability and can

be improved through Inferential Rule-Following Tuning (IRFT).

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Agent Harness for Large Language Model Agents: A Survey

Qianyu Meng, Yanan Wang, Liyi Chen, Yihang Li, Wei Wu, Wenyuan Jiang, Qimeng Wang, Chengqiang Lu,

Yan Gao, Yi Wu, Yao Hu | Not explicitly stated for all authors, but a survey paper. (2026)

https://www.preprints.org/manuscript/202604.0428

Core Thesis: The reliability of LLM agents in production is increasingly determined by the agent

harness that encapsulates the model, rather than the model itself. This paper conducts the first

systematic survey of the LLM agent harness, defining it as a six-component tuple (Execution Loop, Tool

Registry, Context Manager, State Store, Lifecycle Hooks, and Evaluation Interface) and analyzing its

historical evolution, taxonomy, challenges, and future directions.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: AUDITABILITY IS NOT OPTIONAL

In a regulated enterprise, if an AI makes a decision, you must be able to explain *why*. This paper

highlights the difficulty of tracing LLM reasoning. The solution is to force the agent to externalize its

reasoning into an immutable audit  log at  every step.  We don't  just  log the output;  we log the

prompt, the retrieved context, the tool call, and the policy evaluation.
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Figure 7.15: Trail Architecture

Asymmetric Actor–Critic for Multi-turn LLM Agents

Shuli Jiang, Zhaoyang Zhang, Yi Zhang, Shuo Yang, Wei Xia, Stefano Soatto | AWS Agentic AI (2026)

https://arxiv.org/abs/2604.00304

Core Thesis: This paper proposes an asymmetric actor–critic framework for reliable conversational

agents, where a powerful, fixed proprietary LLM acts as the actor, and a smaller, trainable open-source

model serves as a critic to provide runtime supervision and intervention within the same interaction

trajectory. This design leverages the generation-verification asymmetry, where high-quality generation

requires large models, but effective oversight can be achieved by smaller ones.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE SILENT KILLER

The concept of 'Semantic Drift' discussed here is the silent killer of long-running agents. It's not a

crash;  it's  a  slow deviation  from the  original  intent.  Mitigating  this  requires  periodic  'Semantic

Grounding'—forcing the agent to re-read the core instructions and verify its current state against

the initial goal. If you don't anchor the agent, it will float away.
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SWE-agent: Agent-Computer Interfaces Enable Automated Software Engineering

John Yang, Carlos E. Jimenez, Alexander Wettig, Kilian Lieret, Shunyu Yao, Karthik Narasimhan, Ofir Press |

Princeton University (2024)

https://arxiv.org/abs/2405.15793

Core Thesis: Language model agents benefit from specially-built interfaces to the software they use,

just as humans benefit from IDEs. The paper introduces SWE-agent, which uses a custom agent-

computer interface (ACI) to facilitate autonomous software engineering tasks.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Agent Harness for Large Language Model Agents: A Survey

Qianyu Meng, Yanan Wang, Liyi Chen, Qimeng Wang, Chengqiang Lu, Wei Wu, Yan Gao, Yi Wu, Yao Hu |

Preprints.org (2026)

https://www.preprints.org/manuscript/202604.0428/v1

Core Thesis: Task execution reliability increasingly depends on the infrastructure layer (the agent

execution harness) rather than just the underlying model. The harness is the binding constraint for real-

world agent system performance.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE COST OF CONTEXT

Pay close attention to the performance degradation noted here as context length increases. The

'Lost  in  the  Middle'  phenomenon is  real.  Just  because an LLM *can*  accept  1  million  tokens

doesn't mean it *should*. Good architecture minimizes the working memory (context window) and

maximizes the episodic memory (vector store). Keep the prompt lean.
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BrowserArena: Evaluating LLM Agents on Real-World Web Navigation Tasks

Sagnik Anupam, Davis Brown, Shuo Li, Eric Wong, Hamed Hassani, Osbert Bastani | Not explicitly stated in the

provided text, but authors are from various institutions. (2025)

https://openreview.net/forum?id=lmeXa6aaoR

Core Thesis: This paper introduces BrowserArena, a live open-web agent evaluation platform designed

to assess LLM web agents on real-world tasks. It moves beyond sandboxed environments by collecting

user-submitted tasks, running head-to-head comparisons, and utilizing step-level human feedback to

identify and analyze agent failure modes.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

AI Planning Framework for LLM-Based Web Agents

Orit Shahnovsky, Rotem Dror | University of Haifa, Israel (2026)

https://arxiv.org/abs/2603.12710

Core Thesis: This paper addresses the challenge of diagnosing failures in LLM web agents by formally

treating web tasks as sequential decision-making processes. It introduces a taxonomy that maps

modern agent architectures to traditional AI planning paradigms and proposes novel evaluation metrics

to assess trajectory quality beyond simple success rates.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Figure 7.20: Graph Architecture

AutoWebGLM: A Large Language Model-based Web Navigating Agent

Hanyu Lai, Xiao Liu, Iat Long Iong, Shuntian Yao, Yuxuan Chen, Pengbo Shen, Hao Yu, Hanchen Zhang,

Xiaohan Zhang, Yuxiao Dong, Jie Tang | Tsinghua University & Zhipu AI, Beijing U. of Posts and Telecoms, U. of

Chinese Academy of Sciences (2024)

https://arxiv.org/abs/2404.03648

Core Thesis: This paper introduces AutoWebGLM, an open-source web navigating agent built on

ChatGLM3-6B, designed to overcome challenges in real-world web navigation tasks such as HTML

complexity, action versatility, and open-domain task difficulty. It employs HTML simplification, hybrid

human-AI data construction, and reinforcement learning with rejection sampling to achieve superior

performance.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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Defining and Characterizing Reward Gaming

Joar Skalse, Nikolaus Howe, Dmitrii Krasheninnikov, David Krueger | N/A (NeurIPS 2022) (2022)

https://proceedings.neurips.cc/paper_files/paper/2022/hash/3d719fee332caa23d5038b8a90e81796-Abstract-

Conference.html

Core Thesis: This paper provides the first formal definition of reward hacking (or reward gaming) and

introduces the concept of an "unhackable" proxy reward function. It demonstrates that for general

stochastic policies, two reward functions can only be unhackable if one is constant, revealing a tension

between specifying narrow tasks and aligning AI systems with human values.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE ILLUSION OF MONOLITHIC COMPETENCE

We often see teams trying to build one 'God Agent' that does everything. This paper demonstrates

why that fails.  As task complexity increases, a single agent suffers from persona collapse and

instruction forgetting. The architectural solution is decomposition: break the task down and route it

to specialized, narrow agents orchestrated by a central planner.

Robust Reward Design for Markov Decision Processes

Shuo Wu, Haoxiang Ma, Jie Fu, Shuo Han | N/A (arXiv preprint) (2024)

https://arxiv.org/abs/2406.05086

Core Thesis: This paper addresses the problem of robust reward design in Markov Decision Processes

(MDPs), where a leader designs a reward function to shape a follower's behavior. It proposes a solution

that offers robustness against various uncertainties in modeling the follower's response to reward

modifications, including tie-breaking, inexact knowledge, and bounded rationality.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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VLM-Grounder: A VLM Agent for Zero-Shot 3D Visual Grounding

Runsen Xu, Zhiwei Huang, Tai Wang, Yilun Chen, Jiangmiao Pang, Dahua Lin | The Chinese University of Hong

Kong, Zhejiang University, Shanghai AI Laboratory, Centre for Perceptual and Interactive Intelligence (2024)

https://arxiv.org/abs/2410.13860

Core Thesis: This paper introduces VLM-Grounder, a novel framework that uses Vision-Language

Models (VLMs) for zero-shot 3D visual grounding based solely on 2D images. It aims to overcome

limitations of traditional methods that rely on scarce 3D point cloud datasets and object-centric

information, by integrating dynamic image stitching, a grounding and feedback scheme, and multi-view

ensemble projection to accurately estimate 3D bounding boxes.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

A Survey on Vision-Language-Action Models for Embodied AI

Yueen Ma, Zixing Song, Yuzheng Zhuang, Jianye Hao, Irwin King | Not explicitly stated, but authors are affiliated

with various institutions. (2026 (latest version 1 May 2026))

https://arxiv.org/abs/2405.14093v7

Core Thesis: This survey provides a comprehensive overview of Vision-Language-Action (VLA) models

for embodied AI, which integrate multimodal inputs (vision and language) to generate robot actions. It

taxonomizes existing VLA research into individual components, low-level action prediction, and high-

level task planning, discussing challenges and future directions.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Demystifying Action Space Design for Robotic Manipulation Policies

Yuchun Feng, Jinliang Zheng, Zhihao Wang, Dongxiu Liu, Jianxiong Li, Jiangmiao Pang, Tai Wang, Xianyuan

Zhan | Not explicitly stated, but authors are affiliated with various institutions. (2026 (Submitted on 26 Feb 2026))

https://arxiv.org/html/2602.23408v1

Core Thesis: This paper conducts a large-scale empirical study to demystify the impact of action space

design on imitation-based robotic manipulation policy learning. It dissects the action design space along

temporal (absolute vs. delta) and spatial (joint-space vs. task-space) axes, providing systematic analysis

and best practices for policy learnability and control stability.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

EIGENVECTOR COMMENTARY: THE GOVERNANCE GAP
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This research perfectly illustrates the 'Governance Gap'. When an agent operates autonomously,

who is responsible for its actions? This paper underscores why we advocate for 'Gate 3: Action

Control'—a  deterministic  policy  engine  that  intercepts  every  tool  call  and  evaluates  it  against

enterprise rules before allowing it  to  proceed.  You cannot  govern an LLM with  a  prompt;  you

govern it with a proxy.

Scaling Laws For Scalable Oversight

Joshua Engels, David D. Baek, Subhash Kantamneni, Max Tegmark | Not explicitly stated (academic paper, Max

Tegmark is associated with MIT) (2025)

https://arxiv.org/abs/2504.18530

Core Thesis: This paper proposes a framework to quantify the probability of successful scalable

oversight, defined as weaker AI systems supervising stronger ones. It models oversight as a game

between capability-mismatched players and derives scaling laws for domain performance based on

general AI system capability, including a theoretical study of Nested Scalable Oversight (NSO).

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown

Weak-to-Strong Generalization: Eliciting Strong Capabilities With Weak Supervision

Collin Burns, Pavel Izmailov, Jan Hendrik Kirchner, Bowen Baker, Leo Gao, Leopold Aschenbrenner, Yining

Chen, Adrien Ecoffet, Manas Joglekar, Jan Leike, Ilya Sutskever, Jeff Wu | OpenAI (2023)

https://arxiv.org/abs/2312.09390

Core Thesis: This foundational paper introduces the concept of "weak-to-strong generalization" as an

analogy for aligning superhuman models. It demonstrates that strong pretrained models can be elicited

to perform better than their weak supervisors when finetuned on labels generated by those weak

models, though naive finetuning is insufficient to recover full capabilities.

Enterprise Relevance: Unknown

Runtime Relevance: Unknown

Governance Implications: Unknown
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